&.Peugp
CTATUCTHYECKAS ®U3UKA
Kuaura mpexacraBiasier co0od TATBIA TOM Kypca oOmeid (U3WKH, CO3JaHHOTO
npenogasatensmu Kamudopauiickoro yausepcurera B bepxm. OcoOGeHHOCTh KHUTH B
TOM, YTO BONPOCHI CTATHCTHYECKOM (DU3MKH, KHUHETHKM W TEPMOIUHAMUKHA
paccMOTpeHBl B KOHIIE Kypca, a He IOCIieé MEXaHHWKH, Kak OObHO. OJTO Jenmaer
U3JIOKEHUE Ooliee CTPOTMM, WHTEPECHBIM M HArJIHBIM, MO3BOJISIET ONEPHPOBATH C
pasHBIMH TPOCTBIMH CHCTEMaMH, Kak, HampuMep, HWACalbHBI ra3 W CHCTeMa
HECKOJIBKHMX CIIMHOB B MarHMTHOM none. B xuure MNPUBOAUTCH 60J'II:IIIOC KOJIUYCCTBO
IPUMEPOB U 3aj1ad.
Conepxanue
IIpemucnoBue obmero peaakTopa pycckoro nepeBoja
IIpenucnoBue penakropa nepesoja V toma
U3 npenucnosus k bepkneesckomy Kypey usuku
W3 npeaucnoBus k V Tomy
Vkazanus s npenojiaBaTelieid U CTyJACHTOB
I'naga 1. XapakTepHbic 0CO0CHHOCTH MAKPOCKOMAYICCKAX CHCTEM 15
1.1. ®nykryaruu B coctosauu pasHoBecus (18). 1.2. Heobpatumocts u
npubmbkeHue K paBHoBecHIO (26). 1.3. JlonmonnurensHbie npuMeps! (38).
1.4. CroiicTea paBHOBecHOTO cocTostaus (41). 1.5. Temnora u Temneparypa
(45). 1.6. Uucnennsie onenku (50). 1.7. OcHOBHBIE MPOOIEMBI
Makpockommdeckoit pusuku (56). Croaxa ompenenenuii (60). 3agaum (61).
I'naBa 2. OcHoOBHBIC HOHATHA TCOPHH BCPOATHOCTCH 64
2.1. Cratuctuueckue ancam6mu (64). 2.2. OCHOBHBIE COOTHOIICHHUS MEXTY
BepostHocTsME (70). 2.3. bunomuanmsHoe pacnpeaenenue (73). 2.4.
Cpennue 3nauenus (81). 2.5. Cpeanue 3Ha9eHus I CHCTEMBI CITMHOB
(86). 2.6. Henpeprieabie pacnpeaenaenus BeposaTHocTeit (92). Cromka
onpeaenenui (97). OcaoBueie Gopmyisl (97). 3amaqn (97).
I'maBa 3. CTaTHCTHYECKOE OIMHCAHUE CHCTEM, COCTOAIIHX H3 YACTHIL 102
3.1. Ilepeuncnenue cocrosauii cucremsl (103). 3.2. Craructudaeckuii
ancam0ms (110). 3.3. Crarucrugeckue nocrynatsl (113). 3.4. Beraucnenue
BepostHocTeit (119). 3.5. Yncno cocTosauii, JOCTYTHBIX
Makpockonmdeckoit cucreme (121). 3.6. Orpanuuenus, paBHOBECHE U
HeoOpatumocts (127). 3.7. BzaumoneiictBue Mexay cucremamu (132).
Cgojxa onpeaenenuii (137). OcnoBnasie ¢popmyiel (138). 3amaqm (138).
I'aBa 4. TemioBoe B3anMOICHCTBHE 142
4.1. PacnpenieneHue SHEPTUU MEXKIY MaKpPOCKOTIMISCKUME CHCTEMaMH
(142). 4.2. TIpubnmxenue K TeioBoMy paBHoBecHio (148). 4.3.
Temmneparypa (149). 4.4. Tlepenoc nebonpmoro konugectsa temia (155).
4.5. Cractema B KOHTaKTe C TEIUIOBBIM pe3epByapom (157). 4.6.
ITapamarnerusm (161). 4.7. Cpeauss sHeprus uaeansHoro rasa (165). 4.8.
Cpennee masnenue uaeanmsnoro rasa (170). Croaka onpeaenenuii (173).
OcHoBusie Gpopmyisl (174). 3agaum (174).
I'maBa 5. Makpockonnieckasi TCOPHS H MAKPOCKONMIECKHE H3IMEpPEeHus 184

O 3N W

[um—
[



5.1. Onpenenenue abcomoTHOM Temmnepatypsl (184). 5.2. Beicokue u
Huskue abcomrotTHsle Temnepatypsl (188). 5.3. Pabota, BHyTpeHH
sueprus U temwiora (193). 5.4. Temmoemkocts, (199). 5.5. OaTpomnus (202).
5.6. IaTencuBHBIE M DKCTEHCHUBHEIE MapameTpsl (204), CBoska
onpeaenenuti (205). Ocuornrie hopmynnl (206). 3agaqn (206).

I'nasa 6. Kanonnyeckoe pacnpeaeicHne B KJIACCHIECKOM NMPHOIHKEHHH 212
6.1. Knaccuaeckoe nmpubnmxenue (212). 6.2. MakcBennoBckoe
pacnpejenenue ckopocrei (219). 6.3. ColicTBa MaKCBENTOBCKOTO
pactpenenenus (223). 6.4. Dpdysus u Monexyspasle mydku (229). 6.5.
Teopema 0 paBHOMepHOM pactpeneiaeanu (234). 6.6. Ilpunoxenus
TEOPEMEBI 0 PaBHOMEPHOM pactpeencauu (236). 6.7. Y aensHas
TEII0EeMKOCTh TBepABIX Tel (238). CBoxka onpenenenuit (244). OcHOBHEIE
dopMmynsl (244). 3agaum (244).

I'nasa 7. O6mee TepMoANHAMIYECKOE B3ANMO/ICHCTBHE 250
7.1. 3aBUCUMOCTD YHCIIa COCTOSTHAMA OT BHENTHUX mapameTpoB (250). 7.2.

O6mmume cooTHOMEHU JUIs coCcToAHUS paBHOBecus (255). 7.3. Ilpumenenus
K uaeanbHoMy rasy (260). 7.4. OCHOBHBIC MOJIOKEHUS CTATUCTHICCKON
TepMoaAuHaMHKH (264). 7.5. Ycnosus paBHoBecus (268). 7.6. PaBHoBecue
Mexy azamu (274). 7.7. Tlepexon 6ecnopsika B nopsaok (280). Coaxa
onpeaenenuti (287). Ocuornarie Ghopmynnl (288). 3amaqn (288).

I'masa 8. JiiemeHTapHAs KHMHETHYCCKANA TCOPHS MPOICCCOB NEPECHOCA 290
8.1. Cpeanss mmvHa cBoOoHOTO TIpobera (295). 8.2. BaskocTsk u nepeHoc
uMmitysbea (299). 8.3. TemmonporogHOCTE M IepeHoc dHeprun (306). 8.4.
Camonuddysus u neperoc monekyn (310). 8.5. DnexTponpoBogHOCTE U
neperoc 3apsana (314). Ceoaka onpenenenuit (316). OcHoBHBIE QoOpMYITHI
(317). 3amauu (317).

Ipuinoxenns 321
I1.1. Pacipenenenue I'aycca (321). I1. 2. Pacnpenenenue Ilyaccona (325).

I1.3. Benuuuna duykryarnuu sHepruu (328). I1. 4. CTonKkHOBEHUS MOJIEKYT
" gaBnenue rasa (330).

MaremaTHuecKHe 3aMeYaHHNA 333
M.1. O6o3nauenus cymmupoBanus (333). M.2. Cymma reoMeTpruIecKkoro
pana (333). M.3. ITpoussoanas ot In n! qa 6onemmx 7 (334). M.4.
3navenue In n! gus 6onenmx 7 (335). M.S. Hepagencteo Inx < x—1

(336). M.6. Brucnienne wHTErpajIa je‘xzdx (336). M.7. Beraucnenue

“+0
2
WHTErpaja THUIa Ie “ x"dx (338). M. 8. MaremaTiaeckue CUMBOIIBI
0

(338).
JlononnurensHIe 3a1a91 339
Hexotopsie puzniueckre KOHCTaHTHI 342

OTBeTHI Ha 33J]a9H1 343



JlomonaurensHag nuteparypa
IIpenmMeTHbIH yKazaTelb

346
348

IIpenMeTHBIN yKa3aTenb

Ab6comoTHas Temnepatypa 147, 153,
174

— —, ee u3mepenue 152, 184, 187

A6comoTHEIH HyIb TemrepaTypsl 191,

205
ABorajpo uucno 53, 188, 344
AuabaTHuecKkuii  KBa3sMCTaTHMYECKHUM
mporgecc 255

— nporecc 133, 138, 255

Amnabatudeckoe B3auMojeiicteue 134,
138

— CXKaTue HIealbHOro rasa 263, 264

Ancamb6is 64, 97

— B paBHOBecHH 69

—, WLTIOCTpAIMs C MOMOIIBIO KapTHH,
noay4yeHHeIX Ha OBM, 67—70

— Ka"HoHH4Yeckuii 160

—, CpeiHee 3HadeHue i ancamOms 81

At™mocdepa (equnuia gaBnenus) 344

ATomHuEIH Bec 53

Beckoneuno Manoe n3MeHeHHE
cocrosuaus 136

BunomuansHoe pacripenencaue 76—78,
321

buoxumuueckuit cuares 286

Boitns — Mapuotra 3akon 173

bonsimana muoxutens 159, 174

— noctosiaHan 147, 173, 188, 344

Bopa marseron 344

BpoyHnoBckoe nBuxenue 44, 257

BeposTHOocTH moTHOCTE 93—95, 97

Beposaraocts 20, 65, 97

— I HelTpepI:IBHLIX nepeMeHme
92— 96

— UCKITIOYAIOIIUX JPYT Apyra COOBITHI

— HE3aBHCHUMEIX COOBITHIA 72

—, HOpMHpoOBKa 71

— COBMECTHBIX cOOBITHIA 71

Bsaumoeiicteue 132—137

— aquabarndeckoe 134

— Beckoneuno Majoe 136

BzaumoeiictBue Temiosoe 45, 61,
133—138, 142—148

Buckozumerp 318

BuyTpennsas sneprus 138, 193—199

— —, ee uamepenue 193—195

Bo3z6yxaennoe cocrosaue 104

Bomnosoe gucno 106

Bceenennas, Bospact 24

Bsskocts 299—306, 316

—, 3aBUCUMOCTH OT JAaBienus 303—
308

—, — — Temneparypsl 305

—, MUKPOCKOTIMYECKOE BRIPAKCHUE
303

— paspexenHoro rasa 301

T'a3z 58

— BBIPOXKACHHEIH 165

— unpeansHeid. 18, 60, 165, 174

— —, ajymabaTUvecKoe CKaThue 1
pactmpenue 263, 264

— —, ero >Heprus 261

— —, CKOPOCTb 3ByKa B HEM 264

— —, cpenHee napneHue 50—752,
170— 173

— —, cpenss sHeprus 165—170

— —, TEIIOEMKOCTh 236

— —, — TIpY TIOCTOSTHHOM JIaBJIEHHAN
288

— —, ypaBHeHue coctosHus 172, 332

— MHOT0ATOMHBIH 166

— HEBBIPOXKICHHEBIN 165

— OJHOATOMHEIH 165

—, IPUMCHUMOCTH KJIIACCUYICCKOT'O
npubmxenus 227

T'azoBas mocrosanas 172, 187

T'apmonudeckwuit ocimustop 179

— — KBaHTOBOMeXaHudeckuit 179, 211

— — KkJaccudeckuii 238

T'aycca pacnpeaenenne 321—325, 338

I'efizenbepra npuHIUD
HeompeaenéHHOCTH 213



T'enemronsiia cBoGoHAS SHEprUs 177

I'u66ca cBoboHas >HEprus 272, 287

I'paxyc KensBuna 186, 344

JaBnenue 50

— ujeansHOro raa 50—52, 170—173,
330—332

— CMECH HJealTbHEIX Ta30B 177

— JIeKTPOMAarHUTHOTO U3IydeHus 178

JaBnenus tenzop 299

JlBurarens 283—286

—, €ro K. m. J1. 285

— HjcaNbHbIH 283

e bpoiina qnuna Bonse 106

Jhxoyns (emuunna) 187, 344

Jucniepcus 84, 85

—, ee BerauciaeHue 98

— CYMMBI HE3aBUCHMBIX IIEPEMEHHBIX
87

Juddysuu ypaBaenue 311

Juddysus 310

— B pa3pexxeHHoM rasze 311

— Kak ciiyqaifnoe omyxaanve 313

Jomneposckoe pacmmpenue 247

Jocrynnsle coctossaus 110

Jpo6Gosoii adpdext 100

Jeroapa cocyn 191

Jromonra u Iltu 3axon 240

Kugkocts 59, 195, 278

3apsi onemenTapHeii 344

Hneanvuenii ra3 18, 174 (cM. Takxke
I'a3)

HsomupoBannas cuctema 49, 112, 138

Kanopumerpus 157

Kanopus 136, 201, 344

Kanonnaeckuii ancam6ms 160

Kanonuueckoe pacnipenenenue 160,
174

— — B KJIACCHYECKOM MPHOIKEHIH
217,218

Kapno nuxin 292

KgBazucraruueckuii nponecc 119, 195,
205

— — aguabartudeckuii 255

— — 11pu 6ECKOHEYHO MaJioM

U3MEHEHUH cocTostaus 257, 258

KganroBoe uncmo 103

Ksanroseie cocrosaus 103

— — JIIg cUcTeMEI criuuoB 104

— — — yactwi] B saruke 106—109

KensBuna rpagxyc 344

— TemIeparypHas mkana 186, 187

Kunenus Touxa 189

Knaccuueckoe npubmmkenue 212—219

— —, KpUTEPHH - TPUMEHHUMOCTH
212—214

— —,——narasa 227

— —, — — — TBepjoro tena 241

Kinaysuyca — Knaneiipona ypaBaenue
278

KomnexrusHsii nporecc 59

Konduryparmus 19

K. n. 1, nBuraTens 286

Kpurnaeckas Touka 278

Kropu 3axon 164

JInysunns reopema 114

Marueron 344

MarnautHas BocnpuuMauBocTh 151, 163

Maxkpomornekynsl 245

Maxkpockonudeckas 6€CKOHEYHO Maias
93,94, 111

Maxkpococrosaue 25, 61, 134

Maxkcgenna pactpeaenenue 219—228

— — KOMITOHEHT cKopocTeit 223—225

— — ckopocreit 220—222

— —, OKCIICPUMCHTAJIbHOC
noaTBepxkaeHue 230—233

Manomerp 50

MeracTtabwisHoe paBHOBecue 270

Muxpococrosaue 25, 61, 137

MonexynspHsie mydku 229—234

MonekynsapHslii Bec 53

Mons 53, 344

Momnspnas TermnoeMkocTs 206

Hamarauaennocts 163

Heo6parumocts 31—73

—, HILTIOCTpaIus ¢ momomesio OBM
3337

Hexoppenuporannasie cOOBITHS 72



Heobparumeie nporneccer 61, 130, 138

Heonpeaenennoctu npunnun 213

Huskux temneparyp ¢pusuxa 188—192

O606mennas cuna 253, 287

O6patumerii mportecc 138

OO6pamennsrit BO BpeMeHH mpoiiecc 31

Orpannuenue 127, 138

Owma 3akon 314

Ocwmoc 63

OcnoBnoe cocrosuue 103

ITap 274

ITapa paBaenue 279, 289

— —, 3aBUCHMOCTh OT TEMITEPATyPHI
280

ITapamarsernsm 161 — 165

ITapamerp Bremnuit 111, 138

— uATeHCuBHLIH 204—206

— MakpOCKONUIeCKui 41

— tepMoMeTrpudeckuit 39, 61, 149, 173

— sKcTeHcHuBHEIN 204—206

IlepexonHbIE MHOXHUTENH JUIS €IHUI]
344

IInaBnenue 274

IInaBnenus Touka 189

IInanka nocrosnHas 344

ITnorsOCTE cocTOSHMIT 122

Tonspuszamnus ciuaos 177, 206

IMoctynarsr 113—119

— paBHOM alpHOPHOH BEPOSTHOCTU
117

— CTAaTHCTHYECKOM MeXaHukH 1J5—
117

IToroxa mnotHOCTE 30$

IIporona macca .noxos 344

IIponecc xBasucratuaeckuii 119,
193,205

— KOJJIEKTHUBHEIH 59

— HeoOpaTuMmsli 61, 130, 138

— obparumsrii 138

IIpy>xunasl nocrosiHHAA 238

ITyas 301

Iyaseiina dpopmyna 320

Ilyaccona pacnpenenenue 325—327,
339

Pabora 135, 138

—, ee u3Mepenue 193

— Mexanudeckasa 194

— onekTpudeckas 194

PaBnoBecue 26, 61, 138

—, ero obmrue croiicTea 41, 42

—r npubnmxenue k Hemy 29—31

—, bunykryanuu 18—27

PaBnoBecus ycmosus 115

— — JIJIsl U30JIMPOBAHHOM CUCTEMEI
269

— — — mo0BIX B3aMMO/IEHCTBHI
255—257

— — — CHCTCMBI B KOHTAKTC C
pesepByapom 270

— — Mexay dazamu 274

— — TIIPM TEIJIOBOM B3aUMOJICHCTBUH
142—145

PaBHOMEpHOTO pacnpeieeHus SHePTun
TeopeMa 234—238

Paspexennslii ras 18, 294, 295

Paccesnus nmonepedynoe cedeHue 55,
296, 316

Penakcamnuu Bpems 27, 61, 118

Camouddysus 310

CaepxnpoBoaumocTts 192

CrepxTeKydecTb WKUAKOro renus 192

Cser, ckopocTh B BakyyMe 344

Crobomuas sHeprus no ['enbMrosIry
177, 289

— — —T'ubbey 273, 287

Crobomuoro npobera Bpems 295, 316

— — mnuHa 55, 61, 295, 316

CxumaeMocTs 242

Cxopoctu cenexrop 231

Cxopoctb Monekyn 54

— — Haubonee BeposaTHad 226

— —, pacnpeaenenue 223—225

— — cpeaHss KBajpaTuaHas 226

CxpsrTas temmnora 278, 287

Crnyyaii 66, 97

Cnyuaitnocts 19, 20

—, ee craructudeckoe uamepenue 130,
131



CrunoB cuctema 38» 39

— —, pacueT HaMarHu4eHHoCTH 161—
165

Cpennee 3nauenue 97

— —, BBIUHCIeHue 86—92

— — s ancam6Oms 81, 82

Cpennee 3Hauenue, onpeaencuue 81,
82,97

— — 110 BpeMeHH 26

— — npousBeacHus 84

— — cyMMmHI 82

CranyaptHoe oTkioHeHue 85, 97

Craructudeckas Mexanuka 267

— HE3aBHCUMOCTb 72, 97

—cymma 167,178

— TepMoHamMuKa 267

Craructudeckoe onucanue 64—71

— — cucTeMsl 64—66, 128

— COOTHOIIECHHE TEPMOIUHAMUKH 267

Crenenu ceobonaer 109, 138, 215

Crupnunra dpopmyna 335

Cyo6nmumarus 274

CymmupoBanus o6o3nagenus 332

TBepnoe teno 59

Temmneparypa 48, 49, 61, 149—155, 173

— abcomotnas 147, 174

— —, u3Mmepenue 152, 184, 187

— —, onpeaenenue 151

Temmo 45—50, 61, 133, 138

—, ero usmepenue 197—199

—, IIOTHOCTh nmoToka 306

—, CBA3B C a0COTIOTHOM TeMIIEpaTypoit
155

TennoBoe B3auMoeiicTBue 45—48, 61,
132,133,138

Temmosoit Hacoc 291

— pesepByap 157, 174

TemmoemxocTs 199—202

— ujeanbpHOoro rasa 202

— O KBaHTOBOH MexaHuke 248, 249

— TBepjoro tena 238—240

—, TeMIIepaTypHas 3aBUCHUMOCTh TTPH
T->0 203

Temmouzomsus 133, 134

Temmonposoanocts 60, 306—310, 317

— paspexenHoro raza 306—310

Tepmogunamuka 257

TepmoHaMuky 3aKk0H Bropo 266

— — "yneBoit 150, 265

— — nepBhIA 265

— — tperuii 190, 266

TepmomeTp 49, 61, 150, 173

Tpotinas Touka 186, 205, 278

Vusrpaneatpudyra 245

Vpasuenue cocrosaus 173, 174

— — mujeanpHOTO Ta3za 173, 332

®a30BOTr0 paBHOBECH: KpuBasd 276, 288

®a3o0Boe npocTpancTBo 214—216, 244

®a3oBbIe EPEXOBI 59

®asml 59, 274, 287

—, paBHOBecHe Mex 1y HuMu 274—280

®akropuan aucia 76

— —, npubmmkenHoe 3HaueHue 334

®daxropuan grcia, NpubImKeHHOS
3HaYCHUE NPOU3BOIHOI 383

®dapeHreiita TeMneparypHas mkana 188

®usnyeckue KOHCTaHTHI 344

Onykryauu 18—26, 268—273

— 6onbmoii BenuauHbI 27

—, BRIMHCIIEHUE Ipu noMommy OBM
22—24

— KpYTHJIBHOTO MasATHHKA 43

— MarHuTHoro MomeHra 87

— IJIOTHOCTH HjeanbHOro raza 90—94

— Pa3HOCTH MOTCHIMAJIOB 44

—, Gusudeckue npumeps! 42—44

— oHepruu 328—330

OyH1TaMEeHTAIEHOE
TEePMOIMHAMUYECKOE
cooTHomeHue 259

Xumuaeckuii norexuan 290

Xumuueckoe paBHOBecHE 58

Xomox 48

—, CBsI3b C a0COIOTHON TeMITepaTypon
155

XonoaunsHuk 291

Ilenscus TemneparypHas nrkasna 188,
344



IMuxmmaeckuii nporece 207

Yucno cocrostamii 122

— —, 3aBUCUMOCTH OT BHENTHAX
napamerpoB 250—254

— —, obmrue cBoiictea 123—126

— — CHCTeMBI cIUHOB 141

— — 9acTHIl B Amuke 124

Yuca0 COCTOSHUM, YHCIIEHHBIE OIICHKH
140, 141

IllorTku anomamus 209

ITym 44

OnekTpudeckas MpoBOAUMOCTS 314,
317

— — paspexenHoro raza 315

OnekTpoHa Macca nokos 344

OnexkTpoH-BONET (36) 188, 344

Ouepruu yposau 104

— — BBIpOXxAeHHBIC 103

— — 719 CUCTEeMEBI cniHOB 104

— — — vactu1 B amquke 106, 107

OHeprus BHyTpeHH:s 138

— —, ee usMepenue 196

— —, — Gaykryarun 328—330

— nonyas 138

Onranenusg 208

OHTPONUY NPUHIUN KOMIIECHCAITIH 282

Ountponus 147, 202—204

—, €€ 3aBHCHMOCTh OT TEMITEPaTyPhl
npu T->0 190

—, ———>oHepruu 153, 189

—, — U3MEHEHHE B KBa3UCTATHIECKOM
aguabaTudecKoM mporecce 255

—, — — — —mporuecce 254

—, — u3Mepenue 202

— HJeabHOTO Ta3a 261

— W TIOTJIOIeHHoe Termio 156, 157

—, CBSI3aHHAY C SJCPHBIMU CITUHAMH
190

Oddyzus 229, 244

S nepnsiit MaraeToH 344



NPEAUCJ/IOBUE OBUIETO PEAAKTOPA PYCCKOroO NEPEBOJA

MBI sBasieMCa CBUAETEIsIMM BO3HMKHOBEHHMSl HOBBLIX oTpacefl -
3UKHU U Bce Gogee Ii1yOOKOro NPOHHKHOBEHUS €€ Bo Bce o0/1acTH COBpe-
MEHHOH HAVKHU H TeXHUKHU. BO3HHKaeT BONPOC: KaK MPH 3TOM NPaBH.1b-
HO MNOCTaBUTL MpenojaBanue ofbued (U3UKH, ABJISIOWEHCS OCHOBOIT
MHPOBO33pEHHS H CHELUHaJbHbIX 3HAaHUH OYAYLIEro YUYEHOTO M HHXKE-
Hepa? YTo NeACTBHTEIBbHO Ba:KHO TMOHATb M 3HATh U UEeM MOXKHO Mpe-
Hebpeun?

Bonpocet 00 yJy4lleHHH [OpenofaBaHus oOuero Kypca ¢GQUIHKH
4acTo OOCYIKIAWTCA, ONHAKO NPHHUMAEMBIE pellleHHsl OOblIHO He HIYT
Jlaabllie Ouepe/lHOr0 HW3MeHeHWsi nporpamm. ONHOH H3 NOMNBITOK CO31a-
HHS COBPEMEHHOrc Kypca obulen (PU3nKU Obli  «PefiHMaHOBCKHE JIeK-
LHMH N0 (GuU3HKe», MOJYUHUBIINE YV HAC 3aCJYAKEHHOE NpPu3Hanue. [Ipv-
ras HOIMbITKA PaiHKajbHOI'O pelieHHs 3TOH npobiemMbl Oblia Opelnpu-
Hata B yHuBepcurere bepkan (CHIA, Kanudopuus), rae B 1961 r. 6br1
CO3/aH CrielHadbHbIH KOMHTET, COCTOABUIMA M3 VUEHDBIX, MOCTABHUBILHX
cBOeH 11€/Ibl0 Co3/anHe yueODHHKA HOBOro TuMna. llepBbie nBa Toma sTOTO
vueGHHKa (MeXaHHKa, 3JeKTPHYeCTBO W MAarHeTuaM) BbIIWIM B 1965 r.,
B MOCJAEeIHHE TOAbl 3aKOHUEHO H3JlaHHEe TpPeX OCTaJbHBLIX TOMOB (BOJIHDI,
KBAHTOBAsA M CTatuctuyeckas (pusuka). Kpome toro, Tpu Hebo.1buiue
KHUTH COJepxKAT ONHCAaHHE TPHUALLATH liecTH paboT bepkieeBckoii ¢hu-
3HYECKOH a1abopaTopuu, HJACHHO CBA3aHHOH C HOBLIM OOLIHMM KYPCOM.

Coszgarenn bepkJjeeBckKoro kKypca CTpEMHJNCh H3JM0KHTb B vyeH-
HHUKE KJACCHUYECKYI0 (H3HKY, OPraHHUeCKH CBf3aB €€ ¢ OCHOBHBIMU
MACAMH CIleHanAbHOH TEOPHUH OTHOCHTEJbHOCTH, KBAHTOBOH (PH3UKH II
CTATUCTUKH,— HUMEHHO B 3TOM-TO U 3aKJIOUEHBI OCHOBHbIE NOCTOMHCTBA
yyebHHKa.

Kypc npeanasHaueH He TOALKO AJAs (PU3HKOB, HO H AJIs OVIVLIMX
HH KEHEPOB, XUMHKOB U OHoJ0roB. O6LemM ero 3HayuTebHO MPEBOCX0-
JUT TpeTeH3UWH Aarke (U3HKOB H OCTABJACT [MOSTOMY KAk Ipernoiasa-
TEJII0, TAK M CTYIeHTY 0o/bllyio cBoGoaY B BhIfope MartepHada.

CJllenyer OTMETHTb NpEKPacHyio opranusanuio kypca. llpesocxol-
Hbl€ DUCYHKH, OOJbIICE KOJHUYECTBO 32j7a4 Das3 jH4YHON TPYAHOCTH (ua-
CTO U3 CMEXHBIX C (PU3UKOH obsiacTel), OIHCAHHE KJAACCHYECKHX Ollbl-
TOB U BBbUIEPHKKH H3 OPHTHHAJBHBLIX paboT yBeJIHUYHBAIOT LEHHOCTb H
NpUBJIEKATE/NbHOCTh KYpcCa.



HMununatuBa nepeBofla Ha pyccku#d A3plk DepkieeBckoro kypea
$U3NKH B 3HAUUTEIbHOH cTeneHH npuHaziexur npod. C. I1. Kanuue.
Hacroawmit Tom orpenaktruposan npod. A. O. Baficenbeprom.

Mol yBepeHbl, 4To DepkiieeBCcKHIl KYpPC DH3MKHM OKaxKeTcs HHTEpec-
HbIM d MOJE3HBIM LWUPOKOMY KPYTy V4YalwHXcs W npenojasaresied.

A. H. HlasbHuxos

NPEAUCAOBUE PEAAKTOPA NMEPEBOOA V TOMA

ABTtop mocaenuero, OATOro, ToMa bepkieesckoro Kypca (QU3HKY —
Dpezepuk Pelip, npotdeccop ynuBepcutera B Depkad, H3BeCTHBIR
padoraMu B 00.1aCTH 3IKCOEPHMEHTAJNbLHOH QU3NKH TBEpAOro Teja H
HH3KHX TemnepaTtyp. [IaTeiit Tom BepkieeBckoro. Kypca COOTBETCTBYET
KypCy TepMOLUHAMHUKH H KHHETHYECKOH TEOpPHH BellecTsa, OOLIYHO
H3JaraeMoMy cpasy nocje MexaHuki. [lepesoc ctosb yHIaMeRTa bHBIX
M TOHKHX BOIPOCOB B KOHEll Kypca o0leld (PU3NKH HMEEeT MHOTO HIPEHMY-
mecTB. JJeHCTBHTENBHO, K 3TOMY BPEMEHH CTYAEHT YycClieBaeT O3HAKO-
MUTBLCS! ¢ OCHOBHBIMH HJEAMH CTPOCHHA aToMa H KBAHTOBOH MEXAHHKH
U npuobperaer, TakHM o0pasoM, XOPOHIYI0O OCHOBY /s IOHHMaHHA
craTucTUuecKoH ¢uankd. OTKa3aBWKHCh OT TPAJHIIHOHHOIO H3JOMEeHHS,
aBTOP NOAPOOHO U ¢ OOJbIIOH ACHOCTLIO paccMaTpHBAET OCHOBHBIE HieH
CTAaTHCTHYECKOH (PH3UKHK H HA Gase MocCJefHell M3/1araeT OCHOBHbIE Tep-
MOJHHAMUYECKH® 3aKOHBbl. JTa OporpaMMa BbIIOJIHEHAa BecbMa Hoc1e-
JOBATE/IbHO H Ha BHICOKOM Ile1arornyeckoM vposHe. OCOGEHHO cJjeayeT
OTMETHTb TILATeAbHOE H IOAPOOHOE paccMoTpeHHe (PpJayKTyaiui, noHs-
THS TEMOEPaTypbl, PHCYHKH pacnpeleieHds HacTHL, [1OJYYeHHblE C
NIOMOLIBIO 3/IEKTPOHHOH BHIYUCJHTENBHOH MAllMHBL, M CHCTEMaTHYyecKoe
HCIIOIb30BAHHE CHCTEMBI CHHHOB i HITIOCTPAUMH CTATHCTHYECKOTO
NOBEICHMS YaCTHIL.

Mbi Hazeemcst, 4TO KHHra OyleT Mnofje3Ha CTYAEHTaM pasJMYHBIX
CcrelHaJbLHOCTEH W 3aHHTEepecyeT Npernoxasare/ei.

A. O. Baticeutep2



N3 NPEIUCIIOBUSA K BEPKJEEBCKOMY KYPCY ¢U3UKH

Jlanubll y4eOHHK npeACTaBisieT COOOH ABYXTOAHYHBLIH Kypc obumed
(H3NKN, [PeAHA3HAYEHHBIH JJS CTYAEHTOB, CHEIHAMU3HDPYIOHIUXCS B
00J1acTH HUCCJIEN0BATEIbCKOM paboThbl, A TAK:Ke U A OVAYWIHUX HHXKE-
HEPOB. Mbl »kefaau MPeACTaBUTh KJAAaCCHUECKYIO (PH3HKY, HACKOJILKO
5TO BO3MOXKHO, B TOM BHJI€, B KAKOM OHA HCHOJb3Yyercs (PH3HKaMHU-I1PO-
teccHoHaaMH, paboTalOIKUMH Ha «[epejHeM Kpae» HCCAeloBaHHH. Mbl
NHITAJHCh CO3J4aTh KYPC, KOTOPBIM aKueHTHpOoBaj Obl OCHOBHBIE I10J0-
»kenus gu3ukH., Hamelt ocoboit 3anaueli ObIIO €CTECTBEHHOE BBeleHHE
B KVPC KJACCHUCCKOH (PH3NKH HAEH CneuHaJbHOH TEOPUH OTHOCHTEJb-
HOCTH, KBaHTOBOHU (PI3IIKII I CTATHCTHYECKOH (HU3HKH.

Kypc npennasnavaerca s o00ro CTyAeHTa, H3Yy4asllero QH3HKY
B cpefHcH mikose. Maremariika, BxJloUawmomas MareMarHyeckuil aHa-
JIM3, JOJI7KHA TPOXOAUTBHCA OJHOBPEMEHHO C JaHHBIM KYPCOM.

B nacroguiee Bpemsi B CIIIA coznaercss HECKOJBKO HOBBIX KYPCOB
u3uKky. MpiC/ib Hanucatb HOBbIH KYpe (U3HKHM OBJAAEeBAeT MHOTHMH
yaenbIMHA-(DH3HKAMH, C OIHOH CTOPOHBI, Gﬂaro,uapﬁ ycrexam pasBUTHSA
€CTeCTBEHHBIX W NPUKAAAHBIX HAYK, C APYrod CTOPOHBI, NOX BJAUSHUEM
TOTO BO3POCLLCIO HHTCPECd K HAYKe, KOTOPLIA Temepb CYIUECTBYET B
cpelHed ¢ BBICIIER 1nKOoJe.

OcHoBHBIE HIeH [JaHHOTO Kypca ObliH copmyauposanel P. Mop-
puconom H3 Kopueaabckoro ynusepcurera H Y. Kurreiem BO Bpems
oOcyaKAeHHs, HMeBlLIero MecTo B KoHue 1961 r. Mel no/1b3oBaiuch noj-
Jaepxkkoil Ik, Maiica n ero koaaer us HauuonanbHoro posna Hayku
n Y. Muwens, Toraausero NpeICenaTensi KOMHCCHH 110 NIPENoAaBaHHIo
(PU3HKH B KOJLIJIQIAX.

s BesieHusi paBoThl HA NEPBBIX CTaAHAX ObLT CO3MaH HeobHUIIA b~
Hblil KOMHTCT, B KOTOpBIt BHauaje Bxoauwau: JI. AabBapeu, Y. ®@per-
tep, H. Kurrean, ¥. Haiit, ®. Moppucoun, 3. [lapcesn, M. Pynepman
n k. 3axapuac. Komurer BlepBwe cobpades 8 Mae 1962 r. B Bepxau;
B 5TO BpeMmsi UM U Oblla HamedeHa NpeABApUTeNbHAsd NPHHUHIIHAIBHO
HOBasi CXeMa MOCTPOoeHUs Kypca GH3HKH. BBHAY 3aHATOCTH HEKOTOPLIX
4JICHOB KOMHTETA ero CocTaB ObL1 H3MeHeH B snBape 1964 r., u HbiHe
KOMHTET COCTOMT H3 aBTOPOB HacTosuiero ydyeGHHKa. Bxaan apyrux
YYACTHHKOB OTMeU€H B NPEAUCAOBUAX K OTAEAbHbIM TOMaM.



[IpenBapurensblil NJIdH U €r0 KOHLENUHH OKasa/dH 6oJbllIoe BJHSA-
HHEe Ha OKOHYaTelbHY!O pa3paboTKy maTepHasta Kypca. [lnan packpbi-
Baj B JIeTaNs1X TeMbl H HX COOTHOIIEHHS, KOTOPBE, KaK Mbl HOJArdeM,
JIOJI}KHBI H MOTYT OBITb IIDENOAHECEeHbl CTYAEHTaM HauaJbHBIX KYPCOB,
CIeLHATH3UPYIOWHMCA MO HCCAeN0BaTeNbCKOMY JHG0 HHIKEHEDHOMY
npoduso. B Hamin HamMepeHHsi HUKAK He BXOAWJIO CO3JdBaTh Kypc,
NpeiHa3HaueHHbll JHIUb 1/ ONAapeHHBIX CTYJIEHTOB HJAH CTYJIEHTOB,
NpoueIInX [PeIBAPHTEIbHYIO NOAMOTOBKY. Mbl HaMepeBaluch MNpel-
CTasUTh NPUHUMOb (PU3BKH C exHHOH ¥ HeOOBIMHOH TOUYKH 3peHHs, H
IIOTOMY OTAEAbHbIC YACTH KypCa MOTYT N0Ka3arbCfl HOBBIMH HE TOAbLKO
CTV/]EeHTaM, HO ¥ [pernolaBaTeqasM.

Kypc cocToMT H3 NSITH TOMOB:

I. Mexaunka (Kurreas, Haiit, Pynepman).

11, Daexrpuuecteo u marnetusm ([lapcenn).

ITI. Boaunr (Kpaydopa).

1V. Kganrosasi ¢uzuka (Buxman).

V. Crarucruueckasn dusuka (Pehd). _

ABTOpbHl KaxKJ10ro ToM3 OBLIM CBOOONHBI BHIOMPATBH CTHJAb H METOl
H3JIOKEHHS, KOTOpble Ka3a/MuCh Haubo/1ee MOAXOAAUWIMMH [/ KX Hpel-
meta. [lepBonauanbHas paspaborka faHHOro Kypca mpuseia A. Tlop-
THCA K MHICJAH O CO3JAHHH HOBOTO IMPAaKTHKYMa 10 KJACCHYECKO!
(bH3uKe, HblHe H3BECTHOTO Kaxk DepkiaeeBckas Qusnvyeckasa Jgadopa-
TOpHA.

Morker mokaszarbes, 4TO B HAILIEM KYpCe, U3JdTalonieM OCHOBBI ¢u-
3UXH, SKCIIePUMEHTY Y/IeJ1eHO HeJoCTaToyHoe BHUMaHnue. leno, oaHako,
B TOM, YTO BaKHEHILME IKCIIEPHMEHTHl BBIIOJHAIOTC B JabopaTopuii,
KOTOpasl Co3jaHa ChenHanbHO [AJA8 TOro, YTOObl JOMOJHHTB KYpC
JIEKIHH.

0. Kommune, <&D. Kpaygopd-maaduwui, &. Haiim,
@, Moppucon, A. Hopmuc, 3. Hapcear, &. Pelip,
M. Pyoepman, 3. Buxman, Y. Kummeap (npenceiatenn)

Bepkau, Kaniadophus



U3 NMPEAUCJOBHSA K V TOMY

[locneanut, nsToil, Tom DepkieeBckoro kypca QH3HKH MOCBSi-
WEeH H3Y4eHuio OOJbIIHX (T.€. MaKPOCKOMHYECKHUX) CHCTEM, COCTO-
SUMX H3 OFPOMHOIO YHCJIa aTOMOB MJAH MOJEKYJ, H SBJASIETCS BBeje-
HHEM K CTATHCTHUECKOH MeXaHHKe, KHHETHYeCKOH TeOPHUH U TepMo-
AHHAMUKE.

Ilpn paccmoTpenuu matepuana aBTOp HE MPHAEPKHBAICH HCTOPH-
YCCKOrO TIOAXOAA U OTolliesd OT TPagUUHOHHBIX METOJIOB H3JOXKEeHHS .
Ero uensio 6ul10 paccMOTperb NpeaMeT ¢ COBPEMEHHOR TOUKH 2peHUs
U 110Ka3aTb, C BO3MOKHO OOJbIleH SCHOCTBIO H NOCAEJ0BATENbHOCThIO,
4TO [JIaBHbIE HIEM 4TOMHOH TeOpHH 00pa3viorT 6as3y, KOTOpol jocTa-
TOYHO J/isl OTIUCaHUA U NPEACKA3dHUA OCHOBHBIX CBOUCTB MakPOCKOMHU-
JEeCKHX CHCTEM.

Co3znaBas 3Ty KHUTY, aBTOp HMeJ B BIJIY CTYAEHTA, KOTOPBI 1po-
el KYPChl 3JEMEHTApHOH (DU3HKH H CTPOCHHUS dTOMa M BHEPBLIE NPH-
CTYIaCT K CTaTHCTHYeCKOoH du3uke. Bce MagoxKenHe OCHOBAHO HAa elHH-
CTBEHHOM NpPHHLUIE, 4 UMEHHO Ha CTPEeMJIeHU! H30/IUPOBAHHON CHCTEMEI
JOCTHYDL COCTOSTHHS HAaWUMeHbIeH yHnopsJaQueHHOCTH. XOT# BHHMaHUe
COCPEIOTOUEHO Ha MPOCTEHIINX CHUCTeMaX, UX pAacCMOTpeHHe MpoH3BO-
JWUTCsI ¢ TOMOIUbIO BeCbMa OOWHMX METONOB, MMEIOWMX HIHPOKOe MpIIMe-
HeHHe. ABTOp crapaJjcst [OJAYYHTh BaKHEHIHe COOTHOUIEHH HauGo-
Jiee ObICTPBIM H NPAMBIM NYTEM, CTPeMsaCh MPOOYAHTb 3THM (PU3UYECK Y10
HHTYHULLHIO 4HTaTesls. |

ABTop noapo6Ho obcyxaaeT pUsduecKHe HieH, He BAaBasichb B Aa-
TEMATHYECK Y CTOPOHY NP0oO0JeMbl, MUPOKO HCHOAb3yeT NPOCThie MpH-
MepbI /sl HJJIOCTpalui OOWHX U abCTPAaKTHBIX KOHUENUWH, H OCTOsH-
HO MPOU3BOJIHT YHCJIEHHDbIE OUEHKH Hanbojee Ba:KHbIX BEJHYHH, C TeM,
yTOObl CBSI3aTh TEOPHIO C peajbHbIM MHPOM HAOIIOJEHIS H OMbITa.

Colep:kaHue 3TOro ToMa TUIATEbHO OTOOpaHO, TaK Kak IeJblo aB-
Topa ObLIO paccMOTpeTh Haubosee ¢yHIaMeHTaJAbHble HAEH, KOTOpble
HeoOXO/MMbl HE TOJLKC OyayweMy (hH3HKY, HO U XHMHKY, GHOJOIV
WJH HHXKeHePY. ¥YKasaHud s lpenogdaBareseld u CTYAEHTOB ABJAAITCSA
nyTeBOAUTEEM N0 KHHre. HeoObHbI cnoco6 pacnonoKeHusl Mare-
prajia OOBACHSETCS TEM, UYTO MAaKPOCKOIIHYECKOe H aTOMHoe pac-
CMOTpeHHS SIBJEHHH NPOBOAATCA napasienbHo. PaszyMeercsi, TakoH
NOAXOA HM B KOeH Mepe He JuiiuaeT CTYACHTa [PEeHMYILeCcTB
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TPAAHIHOHHOIO crocofa H3JI0KeHUsl. B 4yacTHOCTH, ClelyeT OTMETHThb
cJieyiolee:;

1. IMpoursa raasy 7 (¥ naxe nponycTus raaBy 6), CTymeHT OyAeT
TaK e XOPOLUO 3HAKOM C OCHOBHBIMH HACAMH H NPUJIOKEHHAMH K/ac-
cuyeckol TEpMOAHHAMHMKH, KakK €cJiH Obl OH cJejloBaj TPaAHLHOHHBIM
MeToj1aM Hu3y4denus. Ero npedmyuiecTBoM 6yneT, oaHAKO, Jydllee TOHH-
MaHHe (PH3MYECKOTO CMBIC/Ia 3HTPOMHH M 3HAKOMCTBO C METOAaMM CTa-
TUCTHYECKOH (PU3UKH.

2. ABrop crapaJcs 1M0KasaTb, YTO B psje CJAydaeB CTaTHCTHYecKas
TEOpHUs NPUBOAMT K pe3yJbraraM, KOTOpPHl¢ COBEPIIEHHO HE 3aBHCAT
OT MHUKPOCKONHYECKOH MOEJIH CTPOEHUSt pPaCCMATPHBAEMOH CHCTeMbl.
ITHM NoAYepKHBaeTcd oOIMH XapakTep 3aKOHOB KIaCCHYECKOH TepMo-
AMHAMHKH M UX HE3aBHCUMOCTb OT KOHKPETHBIX MoOJedeH.

UToObl U3YUHTL 3TY KHHTY, CTYJEHTY, KpoME 3JIeMEHTapPHLIX [03HA-
HUH B 00/1aCTH KJACCHYECKOH MEeXaHHKH H 3JEeKTpOMarHeTusma, Heol-
XOAMMO 3HAKOMCTBO C OCHOBHBIMH dTOMHEIMH MPEACTABJECHHAMH H MO-
HUMaHHe CIeAYIOMHX HJeH KBAHTOBOH MEXAHHKH: CMBICAa KBAaHTOBBLIX
COCTOAHHMH H YPOBHEH 3HEPrHH, NMPHHIUNA HeonpeleJeHHOCTH [ efizeH-
Oepra, BoJiH Ae bpo#as, cnuHa H 3a%aud o yacTHlUe B siLUHKe.

Marematugeckue TpeGOBaHUA HE BBHIXOAAT 32 Npele/ibl YMEHHsA BHI-
YUCJINTh NPOU3BOAHBIE H 1IPOCTBbIE HHTerpadbl U 3HaHuA panoB Telaopa.
JI1000H CTYIEeHT, 3HAKOMBIH C OCHOBHbIM COJeDXXKaHHeM TpeAbIIVIIHX
ToMOB bBepkieeBckoro xypea, OyAeT XOpOLIO HOATOTOBAEH K H3YVYEeHHIO
3TOI0 TOMA.

Kak Obl10 €KazaHO B Haya/e MNMPEeAuCJOBHA, LEIblo aBTopa OBbWIO
CleaTh JOCTYNHBIMH HAYHHAIOUIEMY CTYAEHTY BechbMa CJOKHBIE W TOH-
KHE TIOHATHS CTAaTHCTHYeCKOH (PU3UKH. DTY Uedb JerKo cQopMyaupo-
Batb, HO BHIMOJHHTBL ee TpyaHo. Kuura morpefoBaja oT aBTopa BecbMa
3HAUUTENLHHX YCHJAHH H OH MOAYUMT YIOBJETBOpPEHHE, €C/Jad M[OCTaB-

JeHHast 3a/a4d oKaxKercs BbHIOJMHEHHOH.
@, Pelldh



YKA3AHUSA IS NPENORXABATEJEN U CTYJAEHTOB

Opranuszaunnsg KHHTH. KHHUra coctouT 43 Tpex OCHOB-
HBIX YdCTeH.

Uacte A. llpeapapuresnbnble 2amedanua (raaBel 1 u 2).

IF'naBa 1. Ira ryiaBa nocBsaueHA NPeABAPHTEABHOMY U KadeCTBeH-
HOMY PAacCMOTPEHHIO TJIABHbIX NMPHHIHUIIOB, HA KOTOPLIX OCHOBAaHO H3-
JoxKeuue. Ee uenb — 1103HAKOMHTb CTY/NEHTA C OCHOBHBIMH CBOHCTBA-
MH MaKpOCKONUYECKHUX CHCTEM H NPHYYUThb €ro K COOTBETCTBYHOIIEMY
crioco6y MbILUJIeHHS. ,

[1aBa 2. B 3Tol rsaBe 70BOJIBHO MHOTO MaTeMaTHKH, UTO CBf-
3aHO C HEOOXOJHMMOCTbIO O3HAKOMHUTb YHTATeJfl C OCHOBHBIMH HIAEAMH
Teopuu BepoATHOCTH. llpennosaraercsi, 4To CTYAEHT BCTpedaercs ¢
STHMH HJeAMH BOepBble. Uepes BCIO IVIaBY NMPOXOAHT HJess aHcambis.
IIpusepul HMEIOT Le/ibio PAaCCMOTPETb HECKOJAbKO (PH3HYCCKH BaKHBIX
CHTYaIlHH.

M3ayuenue 3Tux raaB He TpefyeT MHOro BpeMeHH. B03MOXKHO, 4TO
HEKOTOPble CTYAEHTBHl B KaKOH-TO Mepe 3HaKOMbl C HAESMH NEpPBbIX
JBYX rJiaB. ABTOp COBeTYeT, OIHAKO, HE lepenpbiruBaTb 4epe3 3TH
IJ1aBbl, @ pacCMarpuHBaTb MX KaK HeoOXOAMMoOe BBejeHHE.

Yacte B. OcHoBB Teopun (riasbt 3, 4 1 5). 370 HeHTpaJdbHAA 4aCTb
Kuurd. C rJjaebt 3 HauMHAETCA I1OCAA0BATENbHOE H3J02KEHHE OCHOBHO-
ro CoJep:KaHus.

I'naBa 3. 3sech paccMoOTpen BONPOC O CTATUCTHYECKOM ONHCaHUU
CHCTEMbBI, cocTosied H3 GO/bILIOrO 4HUC/Ia YacTHIl, W HM3J0XKeHbl OCHOB-
HBIE NOCTYJIATH CTATUCTHUECKOR TEOPHH. K KOHILY TJiaBbl CTYACHT J0-
}eH MOHATb, YTO KOJHUEeCTBEHHBIH MOAX0[ K CBOHCTBAM MaKPOCKOMH-
YeCKHX CHCTEM OCHOBAH Ha MOJACYETE YHCAd JOCTYNHBIX COCTOAHHH.

I'naBa 4. 210 uenTpanbHan riaaBa KHMru. OHa HauHHAETCH C HCCe-
JIOBaHUA NMPOCTOH CHTYAUMU, KOTAd B3aUMoJAeHCTBHE JABYX CHCTEM OCy-
iecTrAseTca Ogaarojapa oOMeHY TelJIoM. DTO HCC/el0BaHHe BeChbMa
GbICTPO ITPUBOJIUT, O/IHAKO, K MOHATHAM 3HTPONHH, aOCOJIIOTHOH TeMIe-
paTypbl H K KaHOHHYECKOMY pacnpeneJeHuo (6oabIMaHO3CKOMY MHO-
XKUTEN0). K KOHILY IVIaBbl CTYAEHT OKa3bIBAETCS B COCTOSTHHHU NEPelTH
K NpakTHYeCKHM npobisemam. Tak, Hampumep, OH MOMWKET, HCXOJs H3
OCHOBHBIX NMPHHIUNOB, BBIUUC/AHUTh [apaMarHUTHBIE CBOACTBA BeWECTBa
HJIM JAaBJIeHHE HALaJbHOrO rasa.

It



[s1aBa 5. B 3Tol rsiaBe uieu TeOpHH NOMYHAIOT TPAaKTHYECKOE MpPH-
MeHeHne, 3/7ech 00CYXK1aeTcsl CBSI3Sb ATOMHBLIX NPEACTaBJEHHH € Mak-
POCKOMUYECKHMH H3MEPEHHAMH H BONPOC 06 9KCNEp UMMEHTaJbHOM Onpeje-
JIEHHH TakHX BEJIHYHH, KaK aOCOJI0THAS TeMIepaTypa U 3HTPOIHS.

B VCJIOBHAX CHJABHOTO HENOCTaTKa YueGHOIO BpeMEHH TipenclaBa-
Te/lb MOKeT, 0e3 YTrpbi3eHHH COBECTH, OTPAHHUHTBLCA MHATHIO PAaCCMOT-
peHHBbIMH TylaBamH. Ilpu atoMm crynent OyleT XOpoluo 3HakoM ¢ abco-
JIOTHOH Temneparypoil, auTponuel W OOJNBIMAHOBCKHM MHOMKUTEIEM,
T.€. C OCHOBHBIMH HJeAMH CTaTHCTHYECKOH MEX4HHKH U TepMOAHHAMH-
KH. (EXHHCTBEHHBIM TepMOAMHAMHYECKHM De3VJbTaToM, NPONYIIEHHBIM
npu stoM, Oyner yTBep:KIeHHEe, 4YTO NPH KBA3UCTATHYECKOM aJHa-
6aTHUeCKOM Npollecce 3HTPONHA OCTAETCS HEM3MEHHoi.) ABTOpY Ka-
KeTcs, uTo yacTH A ¥ DB KHHIM OTBeyamT onpeleseHHOMY MHHHMYMY
npecaeayeMbix UM uesei.

Yacrs B. Tlpunmenesuss teopHu (riaswl 6, 7 u 8). J1a yacrb KHHTH
COCTOMT H3 TPeX He3aBHCHMBIX IV1aB, Kak[asi W3 KOTOPBIX MOKeT ObITh
H3ydyeHa oTaelbHO. Kpome TOro, np HemoctTarke BPeMeHnHn B KaxKAol
rJ1aBe MOXKHO OrpaHHuHMTBLCsl pacCMOTPeHHeM HeCKOJbKHX MepPBbiX Na-
parpagos. Takol cnoco0 H3J0XKEHHS MO3BOJAHT NpenojaBatel] OTo-
OpaTh matepuas B COOTBETCTBHU CO CBOMMH CKJAOHHOCTAIMH H C NOTpe6-
HOCTAMM CTYyienToB. CelbMafl IVlaBa HMeeT oco00e 3HAYEeHHE, TaK Kak
B Heil 3aBepieH0 H3.I0XKeHHe OCHOBHBIX [IPHHLMNOB TePMOAUMHAMHKH,
B Hell paccMoTpedb! TAK)Ke HEKOTOPHIE NMPUMEHEHUd TeoDHM, OCOBEHHO
BAXKHBIE V151 CTYJCHTOB-XHMIKOB H OHOJMOIOB.

[1aBa 6. 3nech paccMOTPEeHbl HEKOTOphle 4aCTHBIE CJayuad npHme-
HEHUS KaHOHHYECKOTO pacnpefeseHus, KOTOPhIe N0NYCKAIOT KJaCCH-
qeckMH noaxox. OCHOBHBIM COLEPrKaHHEM IVIaBbl ABJGeTCA pacupesne-
JeHne MakxcBesasia M TeopeMa O PaBHOMEPHOM pacripeiedcHud. B ka-
YECTBE NPHMEPOB pPa&CCMOTPEeHh! MOJEKVAADHBIE NYYKiL, pasjeicHue
H30TOMOB H VyjeJdbHas TelIOeMKOCTh TBEPIAbIX TeJ.

[1aBa 7. Oxa HauHHAeTcst C A0Ka3arebCTBa HEM3NMCHHOCTH 3HTPO-
NUH B a1uabaTh4ecKkoM W KBA3HUCTAaTHUECKOM npoleccax. DTUM 3aBeplua-
eTcA 06CYAACHHe TEPMOMHHAMHUECKHX 3aKOHOB B MX Haubo/iee obuleH
thopne.  JaremM pacCMOTPEHbl HEKOTOPLIS MPHMEHEHMst TeOPHH, HMe-
e JoJbLIoe 3HayeHHe: o0luye VCJI0BUI PABHOBECUS, BK.IKO4ASH CBOH-
¢TBa THOOCOBCKOH CBOOCAHOH 2HEPrHH, paBHOBecHe MexXAY dasanii,
TEeNJI0Bbl€ MAIIHHBI H OHOJOMHUECKHE OpraHH3Mbl.

1apa 8. Zra nocaefansiss IJ1aga KHUIH HAJIOCTPUPYET CBOMICTBA
CHCTeM, HC HaxXxoAAlMXCH B COCTOAHHMH paBHOBecHs. B He#t paccmor-
peHbl ABJCHHA MEPEHOCA B DPa3PerKEHHOM rase, a HMEHHO BA3KOCTD,
TENJONPOBOAHOCTh, CaMOAMMPPY3HST M 3JEeKTPONPOBOAHOCTL. Paccmor-
peHHe MPOU3BOAUTCS ¢ NOMOUILIO NIPOCTOH MOJAEAH, OCHOBAHHOW Ha I110-
HATHH O CpejHeM CBOJOAHOM npoodere. ,

Ha sromM Mbi 3aKoH4YMM HaAUIH 3amMed4aHHst 00 OPraHH3daUHMH KHHUTH.

V3 n3aoeHHoro cjaenyer, 4To XOTS KHHUTA OTJIMYAeTCH HCOOBIYHbLIM
PACTO/IOKEHHEM MaTepHaJia, ee JIOTHYecKas CTPYKTypa TwaTteNbHo o6-
Aymana. Ilpunsitas Joruka H3/0KEHHs1 MOXKET Noka3arbcsa Oosee moOcC-
JeJloBaTe/IbHOH U eCTEeCTBeHHOH HEHCKYIIEHHOMY CTYJAEHTY, 4eM nperio-
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JAaBaTeJifo, CBA3aHHOMY CBOMMH COOCTBEHHBIMH TNPHUBBIYKAMH H TPARH-
UMMM Tpernojasanys. ABTOp COBETYeT NpPenojaBaTe/i0 NMPUBLIKHYTh
K HOBOMY I10AX0ly, TaK KaK CMEChb TP&JIHIMOHHOIO Crocofa H3Jjoxe-
HUs C NpeANaraeMbiM KypeoM HApYUIHT NOTHYECKYIO CTPYKTYpY Kypca
¥ 3aTPYIAHHUT €ro TOHHMaHHE.

Jlpyrue ocoOE€HHOCTH KHHTH.

[Tpumoxenns UYerbipe paszena NPUJIOKEHHH coxpepkar
BCIIOMOraTe/IbHbIE marepHan. B vacrtHoctu, noapo0HO paceMoOTpeHHl
uMeromie 6osbliyo 00,1aCThb NPUMEHEHHUA H LIHPOKO HCIOJb3YeMbie
B JgabopaTopHOil uwacTH Kypca pacnpejpenerus laycca u Ilyaccona.

MatTeMarnuecKkue 3amMeydyaHusd 3aecs cobpaHa
Y4aCThb MaTeMaTHYecKoro annapara, HCI0/J4b30BAHHOTO B TEKCTe KHUTH
HJAM B 3ajayax. MarteMaTHYeCKHe CHMBOJbl H HEKOTOpPLlE KOHCTAHTHI
NpIBEJCHbl B KOHile KHHIH.®

CBoagku onpenededuid. OHM 1daHbl B KOHLE KaXJOH TJa-
Bbl H HMEIOT UEJb OOJErduTh CChLIKH H NOBTOPEHHE MaTepHaJa.

3 anauu. llpuserennsie B kHure 160 sajpau sBIAIOTCA BecbMa
BAXXHOH ee wacTbio. ABTOp He HaJeeTcs, 4TO CTYAEHT DEUIHT Bee 3a-
JlauM, HO OH COBETYET Ioc/Ie H3YUeHHs KaxJIOH IJasbl PEUTh 3HauM-
TeJIbHYIO X 4acTh. B NPOTHBHOM cjyyae KHHTA He IIpHHECeT GOJbIIOof
NoJb3bl. 3pe3joukoll ofo3naueHbl Haubosee TpyaHble 3ajnadu. [l o-
NOJHHUTEeJdbHB € 3ajayvHn IIpeJHA3HAYeHBl [JaBHbIM o0pa-
30M J/IS OBJIAJeHUsA MaTepHaJjoM NPHJIOKEHHH.

OTperTn Ha 3agayy. B KoHUe KHUTH AaHbl OTBETHI HAa 00J1b-
LUIKHCTBO 3a/Jd4, YTO JOJKHCG OOJIEMYUTL CTYAEHTY CaMOCTOATENbHYVIO
pabory Han Kuuroid. Pasymeercs, CTyLeHT JOJKEH PEUINTb 3a1ady H
JHIIb TIOCJI€ 3TOro TOCMOTPETb OTBET, HO BO3MOXKHOCTh HEMELJIEHHO
OOHAPYXKHTb CBOIO OMHOKY HMEeT ONpeieseHHYI0 NeJdrorHyecKkyro meH-
EOCTb.

JdonoargurtedprHb it maTtepuada Ilpumepnl U pazauu-
Hbl€ 3aMEUaHHs HaneyaTaHbl MEAKUM WPUGTOM, € UENAbIO BLIACIHTD UX
M3 OCHOBHOro u3joxeHus. [Ipu mepBoM YTEHHH HX HE CJAEAYET Npo-
NycKaTh, Tak Kak pazbop 3THX NPHMEPOB CYIIECTBEHHO o0Jjeruaer Ino-
HUMaHHe,

Hyvmepauusg dopmya. DopMmMyas HYMEPYIOTCA CAMOCTOSN-
TeJILHO B npejenax kKaxioi raasbl. OfHo yHcno, Hanpumep (8), osna-
Yyaer BOCbMyIO (OopMYJy JAaHHOll riasbl. JIBoHHOH cHMBOJ 0003HaAuaeT
¢opMyay u3 apyroil raaspl. Hanpuwmep, (3.8) ofosHauaer BOCbMYIO
Gopmyay Tperbeir raasbl, (I1.8) — Bocbmyro qopmysly H3 npu/oxe-
Huit, (M.8) — BocbMYyi0O QOPMYJIy M3 MATEMATHYCCKUX 3AMEUAHMIL,

CoBeTh crtyanenrty. OGyueHHE fABAdETCS AKTHBHBIM IpO-
peccoM. Ilpocroe uyTeHHe M jAaxe 3alOMHHAHHE [1PAKTHYECKH HHYEro
He paer. IlpencraBbre cebe, 9TO Bbl CaMH IIbITAETECHh PACKPHITh 3aKOHBI,
M3JI0KEHHbIE B KHHIE€, U CYUTAHTE €€ BAalUUM [OMOIUIHUKOM U PYKOBOJAH-
TeseM. Llesp Hayku — HalTH cOOCO0 MBILJIEHUS, KOTOPLIH TIO3BOJIHJI
Obl O0BACHUTD U NPEACKA3aTh CBOMCTBA OKPYy2KAIOIIEro Hac Mupa. Eaus-
CTBEHHBIH MeTOJ HaXOXKIEHHA HOBBLIX CIIOCOGOB MbINIVICHHA 3aKJioua-
ercst B Mbilitennu. CrapaidTech pasBHTb CBOKO HHTYHIHIO, YTOOBL HATITH
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HOBbIE COOTHOLICHHA H IIPOCTOTY TaM, FJie Bbl UX padHbli€ He BHIE/IH.
He nbitafiteck 3anomuHats QOpMYyJibl, H3ydaliTe M 3anoMHHalTe cno-
coOLl MpIULIeHHS, DopMyJibl, KOTOpBIE HEOGXOAMMO [IOMHHTh, IOMe-
WEHBl B KOHLE KaxJOH IVIaBbl NOA PYOPHKOH «OCHOBHBIE (BOPMYJIbI»,
Ecau ux nefocrarouHo, 4ToObl B TeUEHHE HECKOJIbLKHX HECSATKOB CEKYHIL
BOCCTAHOBHTb B MaMATH OCTANbHbIE Ba:KHbE (OPMYALI JAHHOH TJaBhi,
TO Bbl IJIOXO H3VUHUJIH €e COJEpiKaHHEe.

3aMeTuM B 3aKJ/I0YeHHE, YTO 1edb O0YUeHHsI — OBJdAeTh OCHOBHbI-
MH (DyHZAMeHTAJIbHLIMH [OPEJCTABJIEHHAMH, 4 He 3arpy3uTh NaMaTh
cmechlo (hakToB U dopmya. B KHHUre NOAPOGHO M TWIATENLHO PACCMOT-
PEHbl MCK/IIOYUTENBHO NMPOCTHIE NMPHMEpLI, HAPHUMEp, CHCTEMa CIHHOB
HAH HJeaabHbIH ra3. DTo CHeJaHo NpefHaMepeHHO., B crarHcTHUYecko#l
(H3MKe U TEPMOAMHAMUKE OKa3biBaeTCs, 4TO HEKOTOpPbie NOJOXKeHHS,
Ka)KyUlHecs BecbMa MPOCTHIMH M HAHMBHBIMH, BEAYT K 2aMeEyaTe/IbHbIM
CIeACTBHAM, obsajaomun O0aboH oOUHOCTbIO. B TO Xe Bpemsi MHO-
rHe 3aJadu MOryT NPHBOIHWTb K MapalokcaM H BbI3blBaTb GoJbiline
TPYJHOCTH B NONBITKAX BLIYHCJIEHHH. PaccMoTpenue npocThiX TIPUMEPOB
yacTo paspelliaeT TakKHe HApaJOKChl H OTKPHIBAGT NYTh K HOBBIM CIO-
cofaM pacyeTa WJAH K pa3yMHbIM OpHOAHKeHHsIM. [locaeanuf coser
aBETOpa CBOJMUTCA K TOMY, YTO Bbl ROJKHBl XOPOWIO TNOHATb OCHOBHLIE
Hied W pelinTb GoJibllioe YHCJAO 3akady. YacTbh 3THX 3a4a4 NOMEDIeHa
B KHHUTE, JIPYTHE caMHi BO3HUKHYT Yy Bac B npolecce udvuenud. ToibKo
TAKHM CIIOCOOOM Bbl HAYYHTECh PasMBILLJIATE H CMOXKETE NOoJaraThCsk
Ha pe3yJbTaTbl Pa3MbILICHHH,



TTABA 1

- XAPAKTEPHBIE OCOBEHHOCTH MAKPOCKONUYECKUX
CUCTEM

Dass ich erkenne, was die Welf

Im Innersten zusammenhiit,

Schau’ alle Wirkenskrait und Samen,
Und tu’ nicht mehr in Worten kramen.

Goethe, Faust *)

Mup, nosHaBaeMblif HAMH C OMOUIBIO OLLYIIEHH, COCTOUT U3 MaKpo-
CKONUYEeCKUX OOBEKTOB, T.e. H3 O0OBEKTOB, KOTOPHIE BEJUKH [0 CpaB-
HEHHIO ¢ aTOMHBLIMH pasMepaMH H 06pa3oBaHbl OTPOMHBIM YHCJIOM MoJe-
KyJ. DTOT MHP UpE€3BBIUANHO PAa3sHOOOPAaseH H CJIOKEH, OH BKJ/IOYaAEer
B cebs1 rasbl, KMIKOCTH, TBep/Jble Tela H OHOJOTHYECKHE OPTaHU3MBbI
CaMbIX Pa3HbIX CTENEHEH PAa3BUTHA M cocraBa. Klayuennem 3THX OGBEK-
.TOB 3dHUMAIOTCA1 (PU3HKA, XHMUA, OHOJOTrHA U MHOTHE JpPYTrHe HAYKH.
B sToli xkHHre HaM OPEACTOUT TpVAHAsA W HHTEpecHasi 3ajjaya YCTAHOB-
JIeHHs1 (PYHIAMEHTATbHBIX 3aKOHOB, XapaKTepH3yoUUX J0ble Makpo-
cKonuueckue cucreMmbl. OcHOBHOH Haliedl neablo OVAeT BLIICHHTb, Ka-
KHM 00pa3oM, HCXOAA H3 HECKOJAbKHX OCHOBHBIX IOJIOXKEHHHA ATOMHOH
TEOPHHU, MOXKHO NPHHUTH K NOHUMAHHIO HaOJ01aEMOr0 Ha OINbITE IOBE-
JeHHA MAakKpPOCKONHYECKHX CUCTEM, Y3HaTb, KaK CBA3aHBI MEXKAY COOOH
BeJIMUHHbI, ONHUCLIBAIOUIHE HENOCPEACTBEHHO H3MepsieMble CBOHCTBA Ta-
KHX CHCTEeM, M KdK HOJYYUTb 53TH BEeJHUHHBI, 3HAs aTOMHbIE XapakKrTe-
PUCTHKH BeilecTBa.

Hayyubpiit nporpecc INepBOH ITOJOBHHBI HAIIEr0 CTOJNETHSI BeChbMa
paciuupua NOHUMAHHE CTPOEHUS BELIeCTBA Ha MHKDPOCKOIHYECKOM Y POB-
He, T.e. JJis pasMepoB 1nopsaka pasmepoB atroma (1078 c¢x). Orpomuoe

*) M3 moHosiora ®aycra (I'ere, «®ayct», yacts 1, akr I, cuena I, crpoku 382-—385). °
B nepesoge b. Jl. Ilacrepnaxa:

...A moxan 6ul, yeaHHACH,
BceseHHoOl BHYTPEHHIOID CBA3b,
[Toctur Bce cyluee B ocHOBe

W ue ppasascsa B cyechoBbe.
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YHCJIO TBEPAC YCTAHOBJEGHHBIX 3IKCIEPUMEHTANBbHBIX (AKTOB SBHJOCH
HaJEXKHOI OCHOBOH TEOPHH, KOTOpAdA Jajla KOJHYECTBEHHOE OHHCaHHe
noBejieHHs aroMa. MEeL 3HaeM, YTO BEUIECTBO MOCTPOEHO H3 MOJEKVJI,
MOJIEKYJIBI COCTOSIT M3 aTOMOB, KOTOpHIE B CBOIO Ou€pelb COCTOAT H3
sifiep U 3JMeKTpoHoB. HaMm H3BECTHBI Tak»Ke KBAaHTOBbIE 3aKOHBI MHKPO-
¢uzuKH, ynpaB/fOMIHE NOBEASCHUEM aTOMHBIX yacTHi. COBOKYIHOCTh
3THX CBCACHHH O MHKPOMHpPE $SBJSETCH XOPOIUEH OCHOBOH IJIsI 11po-
HHUKHOBEHHS B CBOHCTBA MAKPOCKOIIHUECKUX OGBEKTOB.

[loAacHMM Hamy ueab ¥ Halud HalexkAbn Gosee noapobuo. Jliobana
MAKPOCKONHUECKAA CHCTEMA COCTOMT H3 oueHb OGoJblIOre yHCaa aTo-
MOB. 3aKOHBI KBAaHTOBOH MEXAHHUKH, ONHCHIBAKOIUIHE JUHAMHUECKoe I10-
BC/EHHE ATOMHBIX YaCTHL, HaA€XKHO YCTAHOBJEHL!, 4 B MOHHMAHHUH NpH-
POAbLL 3JEKTPOMATHHTHBIX CHJI, OTBETCTBEHHbIX 334 B3aUMOJEHCTBUE
MEKAY aTOMHBIMH 9acTHIAMH, MBI JOCTHIJIH BECbMAa BBICOKOI'O YPOBHA.
3TC eIMHCTBEHHBIC CHJbI, KOTOPblE HeOOXOjJUMC MPHHHMATh BO BHHMA-
HUEe, TaK Kak TpaBHTALMOHHBIMH CHJAMH, JAEHCTBYIOUIMMH MEXKAY
aTOMHBIMH 4acTHLaMH, OObLIYHG MOKHO NpeHeOpeub. Hawm naxe Her He-
00X OAMMOCTH 3HATb MPHUPOAY SAEPHBIX CHJ, IOCKOJbKY B OOBLIUHBIX MaKPO-
CKOMHYECKHX (hU3HMUeCKHX CHCTEeMaX W BO BCeX XHMHUECKHX H OHOJIOIH-
YeCKHX CHCTeMaX 4aTOMHBble s/ipa He paspyuwatorca *). Takum obpa-
' 30M, MBI NPHUXOAMM K BbIBOAY, YTO HAUIEro NOHHUMaHUA (H3HUECKHX
34KOHOB MHKPOMHpA JAOJKHO ORiTh, B NpHHIMIE, AOCTATOYHO, 4TOOHI,
3Haf MHKPOCKONHYECKHH COCTaB JK000H MaKPOCKOIHYECKOH CHCTEMHI,
NOJIVUHTB CBOHCTBA NOCJAeIHEN.

bruio Obi, oxnako, 00IbUIOH OIIHOKOH OrpasuyMThCA 3THM ONTH-
MHCTHUECKHM YTBepAKAeHHeM. TUMHYHBIE MAKPOCKOMHYECKHEe OOBEKTHI,
C KOTOPBbIMH MBI CTAJIKHBaeMCsl B IIOBCEJHEBHOH KH3HH, COAEPIKAT MO-
paika 10?° B3auMOeNCTBYIOWMKX dTOMOB, M HAllla HayyHasl lUporpaw-
Ma 3aKJK4aeTcA B NOHUMAHHU H NPEACKA3aHHH CBOHCTB TAaKUX O0LEK-
TOB HA OCHOBAHUM MUHHMAJBHOI'O UHC/a (pyHAAMEHTAJAbHBIX Hiael. Mbr
MOKeM Ob{Tb yBepeHbl, YTO 3dKOHBl KBAHTOBOH MEXAHHKH U 3JEKTPO- -
MarteTHaMa JaloT MOJHOE ONMHCAHHE aTOMOB JOGOH CHCTEMBI, OYVAL TO
JKUIKOCTh, TBEP/OE TeJO HJIH KUBOH opraHusM. OJHAKO A4 BbINOJHe-
HUH Hallefd IporpaMMbl 3HAHHS 3THX 3aKOHOB COBEpPIUEHHO He JoCTa-
TOYHO, IIOKA MBI HE pacnoJgaraed MeTolaMH, KOTOPbIE HAaXOAHIHCh Obl B
CCOTBETCTBHH ¢ HeoOGbIYaHHOH CA0XKHOCTBIO TAKHX cHcTeM. Bosnukaruye
3/eCb TPVAHOCTH He MOTYT ObIThb pa3zpenieHbl ¢ MOMOLLbIO NPHMEHEHHU
Ece OGIBIUMX H JYUIIHX BBIYUCAHTEIbHLIX MallMu. 3afaua o 10%° Baan-
MOJAEHCTBYIOUIHX YacTHIAX NPEBOCXOAUT BO3MOXKHOCTH Haubojee ¢aH-
TaCTHYECKHX IIPOEKTOB MalllMHbl OYAYWIEero, H Jaxe ecad MallHHa
MorJia Obl JaTh HAM OTBeT O NOBEACHHHU J100OH 4acTHilbl, OH Obli Obi
CTOJIb CJIOXKEH, 9TO €r0 HHKOILA Hesdb3sl Obwio Gbl POUECTb H HCNHOJb-
30BaTth. ,

Jlerko, 0lHaKO, NOHATL, YTO CJAOXKHOCTL CHCTEMBI O3HAuaeT ropas-
2o 6oabliee, 4eM HEeBO3MOXKHOCTb HHTEPeCOBAThbCsl ITOBEJEHHEM KaxKJIoH

*) [I'papuTauHOHHble H ~fAjepHBlie  B3AMMOJLeficTBHST MOlYT, ONHAKO, HIpaTh
pellalomyl0 podk B HeKOTOPLIX ‘acTpohu3uuecKux mpobaeMax.
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monekyJipl. Bo MHOTHX ciayuyasx CJ0KHOCTb NpPHBOAMT K MOsiBJe-
HHIO HOBBIX KauecTs, KOTOPbIE MOIYT OKa3aTbCsl BECbMA HEOMKH-
JAHHBIMHU.

PaccmorpumM, nanpnmep, ra3, COCTOANIHA 13 OJHHAKOBBIX aTOMOB (Ha-
TPHMEDP, ATOMOB I'€Jinf), B3aUMOAeHCTBYIOIHX APYT C APYTOM C OMOLLBIG
NPOCTHIX ¥ H3BECTHBIX Ham cujd. COBEPHIGHHO HEe sCHO, Kak M3 3T0H
MHKPOCKOMUYECKOH HHEPOPMAIHUK CJaelyer, YTO Takofl ra3 MOmKeT ObiTh
BHE3aNHO CKOHACHCHPOBAH B XHIAKOCTb. B JICHCTBHTENbHOCTH e HMEH-
HO Takasl BHE3allHas KOHAEHCAlHsi H npoucxojur. Eule Goiee mopazil-
TEeJbHLIM HPHMEPOM SBJAETCA NOBeICHHe OHOJOTHYECCKHX OOBEKTOB.
MoxkHo J1H, onMpaschb HA 3HAaHHE ATOMHOH CTPYKTYDBI, OXKHA4Th, UYTO
HECKOJbKO ITPOCTLIX aTOMOB, O0pa3yIOUIHX MOJIEKYJbl ONPEIeJIEHHCIO
THIA, A4AYT HauaJo OHOJIOTMYeCKHM CHCTexaM, CHOCOOHBIM K POCTY i
€aMOBOCIIPOU3BE/eHHIO?

s mOHHMAHHA MAaKPOCKOIMUYECKHIX CHCTeM, COCTOSTUMX M3 OrpoM-
HOrO 4YHCJIa YacTHIL, HEOOXOAMMO npexiae Bcero chopMyJaHpoOBaTh HO-
Bble HOHATHS, OTBEUAIOIHE TAKOMY HOBOMY KadecTtBy, Kak Heofbuaii-
HaA CJIOXKHOCTh CHUCTEMBI. ITH MOHATHS, OCHOBAHHBIE HA (PYHIAMEHTAb-
HbIX 3dKOHAX MUKPO(H3HKH, NO3BOJNSIT VKAa3aTb niapameTphl, Haubogee
yaoOHble AJ5 OMUCAHHUS MAKPOCKONHMUECKHX CHCTeM, YCTaHOBHTb 3a-
KOHOMEPHOCTH, ACHCTBYIOUUle B MAKPOCKONUUECKUX CHCTEMAX, W JaivT
HaM OTHOCHT&ILHO HPOCTHIE METOAbl f KOJHYECTBEHHOTO Ofllpenee-
HUA H NpeACcKa3aHHsi CBOHCTB TakMX CHCTeM. Y CTAHOBJCHUE 3THX HO-
HATHH, HECOMHEHHO, SBJAETCA OTPOMHBIM HHTENJIEKTYaJbHbIM [OCTH-
JKEHHeM, jake ecJH 3aKoHbl MUKDODH3HKH H3BecTHBl 3apalee. He
VAUBHTE/JIbHO [103TOMY, YTO H3Y4CHHE CJIOXKHBIX CHCTEM, cocToawX
U3 MHOTHX 4TOMOB, HaXO[UTCH Ha MHepeineM QponTe (QI3HYECKOIT
HAYKH.

C npyroii cTopoHbl, 3aMe4aTeIbHO, 4TO OUEHb NPOCTHIE KOHLEMUMil
NPUBOAAT K CTO/b GO/ILIHOMY YCIEXY B NOHHMAaHHHU CBOHCTB MaKPOCKOIif-
YeCKHX cHucTeM. Mbl YBUIMM, 4TO OCHOBHAs NPHUYHHA TAKOro ychexa
B TOM, YTO Ha/lH4He OOJILILOFO 4HC/1a Y4acTHIL JdeT BO3MOKHOCTD aphei-
TUBHO HCNO/b30BaTb CTATHCTHYECKHE METOLHI.

Hrak, Mbi 3HdeM UeJb Hallero UCCJAeN0BaHHR, HO Kak MNPHCTYNHTL
K €€ oCcylecTs/eHHo? Beab CA0KHOCTL MaKPOCKOIIUECKHX CHCTeM Ka-
Ketcs yerpawaouled. [losTomy ocyillecTBieHHe HAWEH NTPOrPaMMBI Mbl
HAYHEM C TOro, 4To, CJeAVst OOLIMHO IIPHHSITHIM B HayKe MeToldM, pac-
CMOTPHM M H3YYUM HEKOTOphie O0COOEHHO npocTthle npuiepbl. Ha 3Toi
CTaAuN Haule BooOpaKeHHe He OyAeT OorpaHMueHO HEOHXOAUMOCTbIO
IPOBOAHTbL CTPOTHE PACCY:KICHHA.

[lesblo mepBoH TJIaBLL #B.ISCTCA YCTAHOBJEHHE CYIIECTBEHHBLIX OCO-
GEHHOCTEH MAKPOCKOMHUECKHX CHCTEM, KaueCcTBeHHOE PACCMOTPEeHHe 0C-
HOBHbBIX 3a/Ja4 M MOJYYeHHE MPENCTABJICHUS O HOpPAIKe BeJIHUHH BaixK-
HEAHIMX MMKDPOCKONHMYECKHX TapaMeTpoB. Takoe NpeABapHTeIbHOEe
‘PaccMOTpEHHE TIOMOXKET HaM OCBOMTb HEKOTOphble NPHOGAHXKEeHHbie
METO/Abl, C MOMOWUILIO KOTOPBIX B MOCAENYIOUIHX T/1aBaX Mbl HCCAELYEM
npoGaemy auaxpocxonnqecxux cucTeM Gojee CHCTeMAaTHYECKH M GoJiee

nOAPOGHO. L S ‘ :
M ll?
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1.1. OaykTyauun B COCTORHHH PABHOBECHA

[IpocTeiM NIPHMEPOM CHCTEMbI, COCTOALIEA H3 MHOXKCCTRA 4acTHI,
ABJAETCA OIHOPOAHLIH ra3, Hanpumep, aprod (Ar) uau azor (N,). Ecau
ras paspexeH (T.e. ec/JH YHCJIO MOJEKY] B elHHHUe o0bemMa Maio),
TO Cpe/iHee pACCTOAHHEe MEKIY MOTeKVJJIaMH BeIHKO W HX B3aHMOJeHCT-
BHe ADVI C APVIOM He3HauHTesJbHO. ['a3 HasbiBaeTCs HAeanbHbiM, eCcaH
OH pa3pekeH HACTOAbKO, YTO B3aHMOICHCTBHEM MeXKAV MOJEKYJaMH
MOKHO npeHeSpeub *). Hieanbublfi ras sasasietcs, TakuM o06pazom,
ypesBhiuaiHo npocroit cucremoil. Jlobas ero mMoneky.aa 00JAbIVIO YaCTh
BpeMeHH /IBHXKeTCH KakK cBOOOIHAs 49acTHIlA, HA KOTOPVIO HE OKa3biBalOT
BJHSIHAS ApVIHe MOJeKYJbl WIH CTeHKHM cocyaa. ToJbKO uzpelika Mo-
JIeKYJ/1a HacTONLKO OJHU3KO NOAXOAHT K APYIOH MOJeKyJ/e HJIH K CTeH-
KaM CoCyJa, 4TO MeXKIV HHMH MOXET BO3HHKHYTb B3auMOAeHCTBHe.
Kpome Toro, eciy ras CiAnHO paspexed, CpefHee PACCTOSHHE MEKAy
MOJICKY/AMH 3HAUUTEAbHO JoJblue, Yem [1e6pofJaeBCKas AJHHA BOJHBI
MOJEKYJbl. B 3TOM c/vdae kKBaHTOBOMeXaHHuYecKHe PQPeKTHl NpeHed-
PEXMUMO Majgbl, H MOJAEKY/IB MOMKHO CYHTAThb OGOCOOJEHHBIMH 4acTH-
HaMH, [ABHAKVIIHMHCA [10 KJACCHUYECKHM TPAEKTOPUSM *¥).

Paccemorpust naeanbHblil ras, coctoslinil u3 N MOIeKY/I H 3aHHMAlo-
wuit onpereeHnslil odveM. A Toro 4tobel 0OCYAHTH HApOCTEHuIHe
BO3MOXKHbBIE CHTYalIlMH, MPEANsJoxKiM, YTO BCS CHCTeMa Obl1a H30/U-
pOBaHa (T. e. 4YTO OHA He B3aHMOIefiICTBYeT ¢ JII0OOH JAPYrod CHCTEeMOH)
H JOAr0e BDEMA OCTaBajach HeBO3MYUICHHOHA. [lpedcrasum cebe, yTto
MBI MOxkem HAG/01aTh MOJCKYJbl rasa, He BO3NeHdCTBYA Ha HX [BHKe-
HHe, HanpumMep, C [MOMOUILIO COOTBeTCTBVIOWEeH KUHOKamepwt. Ilocneno-
BATEJbHbe KaJApbl $HaIbMa OyAYT [10Ka3blBaTh MOJOXKEHHE MOJAEKYJ
B onpereleHHbie MOMEHTBl BPEMeHH, OTJHYSIOUIHeCA Ha MaJbld Ipome-
JKYTOK BpemeHH T,. Mbl MOkewm paccMaTpHBaTh OTAeNbHblE KalApbl HJH
BOCIMO/bL30BATLCS MPOEKTOPOM. B nmocieiHeM cjaydae Mbl yBHIMM Ha
sKpaHe (pUIbM, MOKA3BIBAKOULHH MOCTOAHHOE ABUXKEHHE MOJIEKYJI rasa.
Mpl 00HapyKIM, YTO MOJCKYJa JABHAETCA N0 NpaMod JIHHUH, NOKAa He
CTONKHETC S ¢ APYroil MOJEeKYJI0i MK CO CTenkamu cocyaa. Ilocae crtonk-
HOBEHHS OHa ABMXKETCH MO APYrol npsiMOH J0 C/aAeAVIOIIero CTOJKHOBe-
HUS H Tak Aanee. KaxKAad MOJeKy./a ABHXKETCA B COOTBETCTBHUH C 33KO-
HAMH MeXaHuKkH, Ho N Mo/IeKy.l, ABHKYLIUXCA B COCYAE H CTaJKHBAIO-
MHUXCA APYr € APYroMm, [PeICTaBaAAT CODOH HAaCTOABKO CJAO0XKHYIO
CHCTEMY, UTO KAPTHHA Ha 3KpaHe KaxeTcA XaoTHYHOd (naxe ecan N
OUeHb MaJo).

PaccmoTpiy BHHMATEIbHO PACNONCHKEHHe MOJEKYJd U HX pacnpene-
JieHHe B npocTpaHcTBe. PasnenuM MBICJIeHHO SiHK ¢ T430M Ha [Be pas-
Heie vactd (puc. 1.1). O6Gosuauum 4YHCJAO MOJEKYJ B JeBOi 4acTd

*) BaaumopeficTBHe NMOYTH OTCYTCTBYET, €C/IH MOJNHAsi MOTCHIHANIbHAA SHeprHs
B3aHMOAEHCTBHSA MEXKIY MOJEKYJ/1aMH MpeHeOpe MO Maja MO CPABHEHHIO C HX MOIHOH
_KHHETHYECKOil SHeprHeil, HO JOCTaTOYHO BeJHKAa AJf TOTO, 4TOOBI MOJIEKYJBl MOLJIA
B3aUMOIEHCTBOBATh M TAKHM 00pPa3oM OOMeHHBATbCst SHeprueit APYr ¢ APYToM.

*#) 3aKoHHOCTb TaKOro npuGaumenuss GyaeT nogpoGHO paccMoTpeHa B . 6.3.
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fUIHKA 1, a 91CJ0 MOJeKYJ B npaeoil uactu n'. Koneuno, cymma
n+n"=N, (1)

T. €. paBHa NOJHOMY YHCaY Moleky/a. Ecan N Beawko, To 00bIMHO OKa-
aplBaeTCd, 41O n=~n’, T.e., rpybo roBops, B KaxKJIOH HacTH cocyna
HAXOAUTCA MOJOBHHA OOWIEro yucaa MOJeKYJI, 3aMeTHM, UTO 3TO VTBePXK-
JeHHe CrIpaBeAJHBO JHIIL B HEKOTOPOM MpHO-
JikeHud. [IBarasich B sIUHKE H CTAJKHBasACh
ApVT ¢ APYFOM HJIH CO CTEHKaMH, HEKOTOpHIE
MOJIEKYJ/IB IPOHHKAIOT B JIEBVIO TNOJOBHHY, B
TG BpeMs Kak Apyrue nokuaawr ee. [Tostony
YHCJIO MOJIEKVJ, 3aKJIOUEHHBIX B JIEBOH M0J10-
BHHe SIIHKA, I[IOCTOHHCO (UIYKTVHPYET €O
BpeMerem (puc. 1.3—1.6). OOwiino 311 n+n'=H
AYKTyalUuH HE3HAYHTENBHBI, TaK 9YTO 7 puo 1) suak, s otopow
MaJjgo orsHdaercsi o !/, N. O1HaKO HHYTO He naXoasTca wleanwhmil ras u3
MOKET MPENsITCTBORAThL BCEM MOJEKVJaM Co- PRV ari i
6paT’bc;{ B JI€BOH [0JOBHHe; npy 3toM n=AN ‘éﬁﬁ“ﬁéfagﬁiﬁé”i,’“"i?&%“ B
n n'=0. KoHeuHo, 3TO MOXET CJAYUHTBCH.  ¥ya Brpasoil nosopue n’.
Ho xaxoBa BeposiTHOCTb TAKOro COOBITHR?

UToObl OTBETHTHL Ha 3TOT BONPOC, MOCMOTPIIM, KAK MOTYT MOJCKYJIb
pacupeaeaTbes MEXAV ABYMS MOJNOBMHAMK siliMKa. Dyfem HasblBaTb
KaxK/0e BO3NOKHOE pacnpeieienne sodekya romgueypayuer. ORnoi

® @

@ @

—— s et e e ]

Q)
@

Fuc. 1.2. Ha 3701 cxeMe 10XAa3aHL YeThipe pasfiuyuelX Crnocoda, KOTOPEMA ABE MOJCKYJIE MOTVT
ORITh pacipefefenbl MekAY AvyMs TNOJOBUHAIMH alluKa.

D
@

RS ——
R ——

MOJIEKYJIe COOTBETCTBYIOT jBe BO3MOMKHble KCH(HIYypauWH, T. €. OHA
MOKET HaXOINTbCH B JeBOil JIHOO B NpaBoll 4acTH auMka. Tak Kax
o0e 5TH 4acTH HMET OAHHAKOBLIH OfbeM H [OJHOCTLIO 3KBHBAJIEHTHDI,
MOJIEKYJ1a ¢ OZMHAKOBOH BePOSITHOCTBIO MOKET HaXOAUTLCA B JH060H
noJoBHHe smuka *), Ecau paccmarpuBaTh JE€ MOJEKYJ/bl, TO Kaxiaas
M3 HHUX MOXKeT OKasaTbcs B JI0O0H U3 ABYX d4acredl suuka. [lostomy

*) Mzl npeanosaracM, 9TO BEPOSTHOCTb 0OHAPYKEHNS ONHOH MOJEKY/bl B KaKOIi-
Ju60 1O/IOBHUe SUIHKA He 3aBHCHT OT YMCIa APYTUX MOJICKYJ, HaXOAsUINXCH TaM.
D10 CnpaBeAanBO, ecau oObLeM, 3aHHMaeMblH CaMHMH MOJIEKYJIaMH, 3HAUHTENBHO MeHb-
ine o6beMa sAIMKA. )
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Tat6auwua 1.1

{ 2 3 4 i n’ C (n)
g 41 J1 J 1410 l
J J /7 131
J J I J 1311 4
J1 fI o J 1311
i A o/ A | 3|1
7 J [] {22
J 1 J 4122
v/ {1 [l Jd 212 6
{7 J J 1 212
{1 J1 i1 Jd 1212
fi {1 J Jd 1212
/1 11 i |j1i3
1 A 11 [l I3 4
{1 [ JI [ 1] 3
[l ) Il 1 113
{7 i f1 1044 !

3aect yKazavbl 16 pasaudHbIX CHO-
coGoB (KoHcpHr} pauun#), I\al{MMH yeThl pe
MoJtekyJbl {(o6osnauenusie 1, 2, 3, 4)
MOCYT ObITh pacnpelelieHbl MEKIY ABYMA
nostoBuHaMH fWukd. Byksa J nokasw-
BaeT, YTO MOJCKYJA HaXOIUTCH B JEBOH
noJdoBHHE fiuKa, a Oykea /] — 4710 MO-
JdeKyna B npasofi nososuse. YUpcao me-
JeKyN B KakKI0H ¥3 NOJA0BHH 0603HAUEHO
COOTBeTCTBEHHO uepe3 n u n'. CHMBOJI
C {n) o0o3HayaeT YHCIO BO3MOKHBIX KOH-
purypanuil MOJMeKyn, KOrza n H3 HHX
HAXOQANATCA B JIeBOH NOJOBHHE COCyRa.

T, €.

-

IIOJTHOE YHCJIO BO3MOXKHBIX KOH-
¢urypauus (r. e. yucno, pas-
HOE BCEM BO3MOXKHBbIM BapHaH-
TaM paclpeneseHud MoVIeKyJ
MEXKIY  ODEHMMH  [MOMIOBHHAMH
sHIMKA) paBHO 2 X 2=2%=4, Tak
KaK A0 KakA0H BO3MOMKHOH
KOHQUIYpaUuH OAHOH MOJEKY-
Abl CVIUIECTBYIOT JiIBé BO3MOXK-
Hble KOHQUTYpaunu Apyroi. [las
TpeX MOJIEKYJ] [IO/IHOE YHC/O
BO3MOXHBIX KOH(UTVpaunit pas-
HO 2X2X2=23=8, Tak Kak
AJA K2XKQ0H U3 BO3MOKHBIX KOH-
¢urypauHd nepeniX ABYX Mo-
JIEKYJ1 CYUIECTBYIOT JIB€ BO3MOK -
Hble KOH(HIYDAILHH TPeTbell.
[lostomy B 0fiem cayuae N mo-
JACKYJ MOAHOE YHC/AO BO3MOM-

HBIX ~ KOHGHIypauuil  paBHO
2x2X. .. X2=2¥, B 1aba. 1.1

NoKa3aHbl BO3MOMKHLIE KOH(]H-
rvpaun aasa cayuaa N=4,
3ameTunm, uro Aasa N naoge-
KYJ/J CYUICCTBYET TOABKO. O1HA
KOHDHUrypauus,  OTBeualoilas
HaXOKNCHUIO BCeX MOJIEKYT B
JeBoH r10710BHHe swmuka. Ona
NPUXOANTCS HA 2V BO3MOMKHbBIX
KOH(pUTYpauui. llosTomy moik-
HO OKHAA4Thb, 4YTO cpean 60Jb-
HIOFQ H4UCAa KaJpoB  Hauero
HIbMa B CPeAHeM TOJbKO Ha
O/HOM Kajape H3 2¥ KaapoB Bce
MOJIEKYJIBI OKaxKyTCcid B JIeBOH
noaosupe simuka. Ecau obo3na-
yHTh uepes P, KO0 KaapoB, HA
KOTOphX Bce N Mojekysa Ha-
XOASATCH B JIEBOH INOJOBHHE,

€C/An uepes PN Bbhipa3HTb OTHOCHTEALHYIO HaCTOTY, HJAH 8epoAm-

HOCHIb, HAXOMIEHHA BceX N MOJeKyJ B JIeBOH 4actH, TO

1

(2)

Touno Tak e cayyait, Koria B JIEBOH 4acTH HET HH OAHON MONEK yJIk!,
AIBJISIETCA BECbMAa HeOOLIYHBIM, TAK KaK OH COOTBETCTBYET TOJNBKO ONHOH
u3 2% BO3MOMKHBIX Kompﬂrypaunu H BepOATHOCTb T4KOro coﬁmuﬂ
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TakKe oripeieasercs ¢GopmyJo#
|
Po 2"'2',? . (3)

Pacemorpum Gonee ofwuit cayyad, koraa n u3 N Modekys rasa
HaxoaATcs B JeBoH uwactu siuuka. O6osHauum yepez ((n) uuc/io Bos-
MOKHBIX KOH(HTYpalHi, OTBedaloux Ttakomy cayuato. [C(n) pasho
YHUCJY BO3MOMKHBIX CIIOCOGOB pacnpelesieHHsT MOJIeKV., NP KOTOPHIX 7
MOJIEKYJ1 HAXOASTCA B JeBoll yactH suwmka.l Tax Kak noaHoe 4ucao
BO3MOXKHBIX KOH(MHUIYpauuid paBHO 2V, TO MOXKHO OXKH.1aTb, YTO CpeIH
6o.pllioro uncaa Kaapos B cpeadem y C(n) KaapoB H3 2V Kaipos n
MOJMEKVJ GYIeT HaXOAHThCA B JieBOii NoJoBHHe cocyia. Ecau uepes
P, 00603HayUuThb J0JI0 K2JPOB, HA KOTOPLIX /I MOJEKVJ Haxo1HTCH B Je-
BOH NOJOBUHE (T. €. OTHOCUTEALHVIO 4acTOTy, W/IH BePOSATHOCThL, HAXOXK-
JIeHHsl £ MOJEKYJ B JeBoH MOJOBHHE), TO

.
p - 2(,{? . (4)

[Tpnrwmep. Paccvorpum cnenratnpHpifi ¢/1yuail, Koria ras cOCTOHT H3 d4eThipex
moqtekyJsl. Hneae € (n) BO3MOKHBIX KOHDHIypanuH KaxKj10ro pola yYKa3ado B taga1. 1.1.
[Tpenonox UM, YTO KRHOI PAMME 3TOTO rad3a COCTOHT H3 GOJbLILOre YHC1a KaipoB. Torna
MbE (KH1aeM, 4TO fods P, 3THX Kalpow, COOTBETCTBYIOIIAR 1 MOCKY/IAN B JIeBOI 4ACTH
cocy.la (M cooteTctBeHHo n'== N — n B NpaBo# YacTH), oupelesnceics COOTHOIEHITMHU
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Pucyrnru, ROAyueHHble € MOMOWBI0 suducalimeavHod smawuns. Ha crp. 22 u 23
MOKA3aHLL PHCYHKH, NOAYYEHHbIe ¢ HOMOULBIC 3/1€KTPOHHOH LHPPOBOI BHYHCIHTE1bHOH
mamuapl. HMecaenyemast cuTvauua npeictasaser cofoil AB/MKeHHE HECKOAbKHX YaCTHilL
B cocvae. YacTuusl npeicTaBeHnl MaJeHbKHAMN JHCKAMH, ABHKVIILHMHCS B JBYX H3Me-
perusix. Cuspl, AeHCTBYIONIHE MeXK Y JTIOOLIMH ABYMS 4acTduaMi HIH MexAV qacTHLel
H CTeHKOH cocyaa, NOXOXHU HA CHJbl, JeHCTRYIOWHE MeXAY TR THME o0heKTaMy (T. e.
OHH OTCYTCTRVIOT, KOI/AA YACTHUB! He CONPHKACATCH, H CTAHOBATCA OteHb (oqblUHAMY
npH COHpHKOCHOBeHHH) Taxkay 00pa3oM, CTOJIKHOBEHHS MewAY YACTHUAMH RBJSIIOTCS
YOPYTHMH. BRIMACAHTENLHOM MALIKHE 3a.1a10TCH HAUAJbIIble TOMOKEHHST KMONEKVI» H #X
CKopocTd. Mameda ofkna YHCJIeHHO pellHTh VPABHEHHH JBHXKEHHA «MOMeKYa» A1
nocreaviowerc (WIH HpelllecTBYIONIEro) BpeMeHH H N0Ka3arth Ha ocuM.LIorpade pacno-
JOXKeHHe «MOJeKYJ» B MOMEHTH BpeMeHu {— jT,, Tle To— Maauld GHUKCHPOBAHHLIA HU-
Tepsai Bpesenn u j=0,1, 2, 3, ... Kunokamepa GoTorpadupyver sKkpau ecudaaorpada.
[lonyyenusle Kaipe! NOKasaHbl Ha pucyHKax. Bpemennoil uHTepsal T, Oba BbiOpaH
Takuy, 4TOOLI LBA NOWISACBATNLHEIX KAIApa, NOKAa3aHHHX HA PHCYHKAaX, ObLin pas-
AeIeHBl HECKOJABKHMH MOJEKYJIRPHBIMH CTOAKHOBeHHAMH. Takum 00pasoMm, BBIYHCIAH-
TedbHasi MAUIMHA 6bl1a HCHOML30BAHA AASL HCC/IelOBaHUA NpolJeMbl IMHAMHUCCKOLO
B3aWMOKelCTBHA MeXKAY MHOTHMH YacTHUAMH,

Mbl BuesH, 4TO cHTyaluK, Koraa a=N (uam n=0), COOTBEeTCTBYET -
JHUIb O0jHa BO3MOXKHaa KoHpurypauus. B 6Goaee oblem caydae,
ecnd N Beaunko, 1o C(n) <€ 2N, naxe ecin n yMepeHHO OJH3KO K
N (uan k 0). [pyruMu cioBamu, CUTYalus, KOFAA pacnpepencsue
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MOJIEKYJ1 HACTOJNBLKO HEOUHOPOAHO, 4To 1 >>1/,N (nmm n<<'/,N), coor-
BETCTBYET BCEro JHIb HeCKOJIbKHM KOHpurypauusMm. Takoro poaa cu-

Tyallust, OCYyWecTB/sieMasd OTHOCHTEIbHO MajbiM UYHCIOM Criocolos,
sIBJASIeTCS BechbMa cNelMGdHYHON H ee Ha3LIBAT YHOPACOHEHHOU, HIR
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Fuc. 1.3. Tlosoxkeuua ueTLIPEX WACTHIL, HAXOARUIHUXCH B fIHKe, NOAYUSTHEIC C TOMOUBK BLIYIC-
AHTEJBHON  Mawwnbl. [laTHanuate rocnedoBaTenbHbix  Kaapos {0003HavdeHHBIX  HWHAEKCAMM
=0, 1,2, ..., 14 npencrapaswT coboit botorpadun, cienandbie noche JTHTeJEHORS BPEMd Hil
paloTh MallHHB! € 347 alNbIMH HAavYaJdbHbBIMH VCa0BHAMY, LIndgpbl, pacrnojoXeHlble BHH3Y LoA,
KaxA0l PONOBUHOI AUIHKA, YKA3LIB&GIOT Ha YHCJA0 YacTHL, NaXOJASILHXCH B 3TOR NogoBHHe. Ma-
JeHbKas UepTouKa 0KOJ0 Kaxiol uvacTHUL YKasbisaeT HallpapJeliHe e¢ CROPOCTH.

recayuatinod. B cooTsetcTBUE ¢ GopMyoli (4) OoHa BO3HUKAET AOBOJIBHO
peako. C Apyrolfl CTOPOHBI, CHTYyalusi, NMpH KOTOPOH pacnpeae/eHie
MOJIEKYJ1 TI0Y4TH OAHOPOJHO, TaK YTO ARzn’, COOTBETCTBYET MHOIMM BO3-
MOKHBIM KOH(UrypamusM. [leAcCTBHTEbHO, Kak rioKazaHo B Taba. 1.1,
C(n) nocturaer MakcuMmyma nipu n==n'="!/,N. Cutyauus, ocyuecrtn/ise-
Masi MHOTHMH Das3MHYHBIMH crnocofamMH, Ha3bplBaeTcs CAy4auHou, WIH
Gecnopadouroti. B cOOTBETCTBHH ¢ (4) OHa BO3HHKAET AOCTATOYHO 4ACTO.
Takum o6pazoMm, GecrniopsifiouHble (MJIH paBHOMEpHBIE) pachpeneseHus
MOJEKYJ/1 B raze o0pasyloTrcs dame, YeM ynopsifoudensbie. Pusuugeckoe
O0OBACHEHHE 3TOro ABJEHUA COCTOHT B CJeAYIOEM: BCE MOJEKYJbl JOTK-
HEl JABUraTbCsl 110 CTPOrO CleLHA]bHBIM TPAeKTOPUAM, YTOOL COOPAThCA
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B OJHOH FOJIOBHHE COCYJa, U TOYHO Tak »Ke, €C/AH BCEe OHH OKasaJlHCh
B ONHOH IIOJIOBHHE COCYAa, TO HX IBHXKEHHE AOMKHO HOCHTH BeCbMa
crieluduyeckul Xapaxkrep, yToObl OHH MOTJIH OCTAThCA B 3TOH NOMOBHHE.
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Puc. 1.4, Ionoxenunn 40 vacTBu B AMHKe, TOAYHEHUbLIE C [OMOULIO BRYUCARTENLHON MalllHHBI,

BoceMb nocJeloRaTelbHbiX KaApoe (o0o3HaveHHBIX HHAexkcamu j==0, |, 2, ..., 7) opeacrtae-

Jisor coboit hoTorpaduy, caenantbie mocae NHTENbHOrO BpeMeHH DaGoThl MAaHHB € 3a/aHHBIMKA

HavasbHBIMHA yenosaamil. LIndpsi, pacrnono:KedHsle BHH3Y, 004 KaXAOH (10J10BHHOH SINHKA, YKA3LI-
BAIOT Ha UHCJA0 YacTHL B 5TOH noJaoBHHe., CKOPOCTH 4acTHy He MOKa3aHB.

Yrto6sl NpHaaTh CAEMAHHBIM BBILE PACCYXKAEHHAM KOJHYECTBEHHBK
XapakTep, c/JelyeT BOCNONb30BaThcA pasBeHCTBOM (4). OHO mo3sonder
BBLIYHCJUTL BEPOATHOCTL BO3HHKHOBEHUA CHTYAIMH, KOFAA JIO00e YUC/I0
7 MOJIeKYJ HaXOAUTCA B JieBOH YacTH cocyaa. OT/0KHM BbUHCJEHUE
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YHeIa MOJEKYASpHHX Kongurypaunid C(n) aas ofuero ciaydas 1o
caeayiomed raaeel. OfHAKO Y2Ke CeHuac JOBOJLHO JIEFKO HCCJIER0BATh
NPEASJILHBIH Cyyall M ClIPOCHTb, KaKOBAa BEPOATHOCTH TOTO, YTO BCe
MOJIEKYJ/Ibl OKd:KYTCSA B J1E€BOH MOJIOBMHE cocyna. ¥ paBHenue (2) moka-
3piBA€T, YTO NOJOGHAsi CHTYallWsi BO3HMKAeT B CPENHEM Ha ORHOM H3
2% kaapoB Hauero ¢uabma.

PaccaioTpuy HECKONIBKO CHEHHAIBHBEIX HNPUMEPOB, KOTOpBIE ITO3BO-
JAT ¢learh KOJAHYeCTBeHHbIe OLEHKHU. Ec/AH ra3z CocToMT TOJMLKO 1i3
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Pie, 1.5, Yneao n gacrun s neroil no- Pue, 1.6. Omuocumeannne uucao n/N
JGBIRE ANMKA B 3aBHCAMOCTH OT HO- yacTil B JeBoll ToJOBHAE "UUIKa B
Mepa KaApa j WAN TeKYNEero BpeMenn 3ABACHMOCTH OT HOMEPA Kaapa j il
=i, Hucno vacTunn Ha KAAPC Npel- TeKYIUOTO BpeMenn (=fT,. Jth rpadu-
cTamdeHo CopuHlouTafbHON  wepTofl, KW COIEPIKAT TY e uundopMaunuio, Yto
npocTEpaiotigfics ot § a0 {+ 1. I'padu- 4 puc.l 3

kH HAAKCTPHRYIOT puc. 1.3 Ana N=i

i puc, t.4 ang ¥ =40,10 cogepxaT Ha-

dopmautio o CodqbileM YHCAR KA[ipoh
YoM f10Ka3aH0O HA 3N pHOYIIRKAX.

UeTbipeX MOACKYJ, BCe OHH GVAVT HaXOQ/MHUThCH B JIEBOH MONOBHHE CO-
cyla B cpeinreMm TOJMbKO Ha OMHOM Kajape H3 16. ®aykryauus taxkoro
pona Oyier uMeThb YmepeHHVIO qactoTy. C apyrofl CTOPOHbLL, ecau raz
cocTouT u3 80 MoJslekyAn, TO Bee OHH OYIYT HaXOAUTLCS B JIEBOI] NTONCBIHE
COCYAA B CpelHeM TOJbKO Ha OJHOM Kazape u3 289~ 10%* KaapoB Hallero
uabMa. 270 03HauaeT, YTO eCaAM Mhl Adxe JenacM MHJJIHOH KajipoB
KaXAyI0 CeKYHAYy, TO, YTOObl [OJYYUTb PeajlbHYI0 BO3MOXKHOCTb HAHTH
KalAp, Ha KOTOPOM BCE€ MOJEKYJbl OYAYT B JeBOH INOJIOBHHE COCyia,
HaMm MOHaZOOHTCA A1 CbeMKH (U/IbMA BpemsA C)/LH.ECTBEHHO Goqbuiee,
uem BO3pAcT Beenennoil *).

*) B roay ~3,15-107 cex, a sospacr Bcesennoii onenubaercs B 1010 nert.

.24



Tenepp mnpeanosoKUM, UYTO y Hac ecTh cocyd obwemoM B 1 ¢m®;
COofepsKalMid  BO3AYX NpPH  aTMOCpEpHOM HaBJAEHWH W  KOMHATHOII
Temnepatvpe. Takoii cocyx coxepxutr okoao 2,5-10'° aoaekya [em.
ypaBHeHue (27) stoil T1aBull. PIYKTYalus, IPH KOTOPOH BCe MOJIEKYJIbI
OK2)KYTCH B "ONHOH IIOJOBHHE COCY[a, B CPCAHEM BO3HHKAeT B OJHOM

Kaape H3
22.5-101“ ~ 107.540‘"_

(2ro uuca0 KagpoB Tak hAHTACTHUECKH BEJHKO, YTO HX HE NOJYUYHTh
Jaxe B TOM CJay4ae, €C/H Obl MBI CHHMaJH (BHABM B TEUEHHE BpPeMeHH,
KOTOPOE 3HAYUTENLHO NPEeBOCX0AUT Bo3pacT Beesennoit.) Takue daykrya-
LHH, KOrja He BCe, a TOIbLKO OOJblaa 4acTb MOJEKYT HaXOauTca B
OTHOH M3 MOJOBHH cOCcYyAa, OYAYT BO3HHKATD vyajlle, HO UX 4YacTora Ovier
BCe jKe upe3BblyaiiHo Matof. Temepb nbl MOxken chenaTh CJAeIVIOUIKH
OOULHH BBIBOA. Lcau noAHOe qucao wacmuy 66AUKO, MO Gaysmyayuu, co-
OMBCIMCMBYIOWUE CYLUECIIBEHHO HEOOHOPOOHOMY pacnpedeicHuo, nowmu
Hukeeda He B03HUKAIOM.

HUtaxk, noagBeaem HTOrH OOCYMACHHIO NPOGJAEMBI H30JHPOBAHHOIO
M1eabHOTO Ta3ad, KOTOPbIH OCTaBaJICA HERO3MVULeHHLIM B TeYEHHE IY-
TeJIbHOIC BpeMeHH. YHCa0 MOTeKyJs n1 B OJIHOH [OJI0BHHE cocyiaa GavK-
TYHPYeT BO BPEMEHH OTHOCHUTENbHO TNOCTOstHHOrO ypoBHA Y/, N, KOTOpLIH
ABJAsgeTCs Haubo/ee BeposiTHhIM., YacToTa BO3HHKHOBEHHS KaKOTO-TO
onpeneaeHHOro 3HaueHHsl n ObICTPO YMeHbIIAETCA MO Mepe pocra adco-
JIIOTHOMO 3HA4eHUs Pa3sHOCTH n?

nwut,N, 1. e no wmepe po-
1
2 P N o

CTa BeIHUYHHE]
]
|An|=|n—gN|. ) - -

Has 6osablunx N jgocra- _
TOYHO 4ACTO OCYWECTBIAIOT- L L e, e e ooamie. cocyra
CH TONBKO TaKHe 3HAYEHHS B 3aBHCHMocTH oT ppemend £ llonHoe dHCao MOferya

pasto N,

n, st Kotophix |[Anf<€N.
[To1okHATEIbHbIE H OTPHLATENbHBIE 3HAYEeHU An BO3HHKAIOT OAMHAKOB0
yacTo. XapakTep 3aBHCHMOCTH # OT BpemMeHH [10Ka3ad Ha puc. 1.7
[loBereHne rasa MOXKeT ObITh ONHCAHO BO BCeX AETAIAX, €C/JH M3-
BECTHO €[00 MUKPOCKONUMECKOE COCMOARUE (MUKPOCOCMOosarue) B JHoG0H Mo-
MEHT BpPEeMeHH, T. €. €CJH Mbl pacrnojaraeM MakKCHMYMOM BO3MOMKHOH
HHQOpMAaUHH O MOJEKYJax (HanpHMep, O pacnoJOKeHHH H CKOPOCTH
Kax10f movsieKyJbl). C 2T0it MHKPOCKONHYECKOH TOYKH 3PEHHs Halll BO-
oOpaxKaeMmbiii QUAbM O rase KaykKeTcsl O4eHp CJI0KHBIM, TAK KAK Ha KaiK-
JAOM Kaldpe (u/abMa paclojlOKEHHE MOJICKYJ pasyHYHOe H ABUXKEHHE
KaXKA0# MOJIeKYJIbl CJA0KHLIM O0pa3oM MeHSeT MHKPOCKOIIHYecKkoe Co-
cTosiHue rasa. OAHAKO NpH KPYHMHOMACIITAaGHOM, HJIH MAKpPOCKOnUte-
CKOM, PacCMOTPEHHH 3TOR 1pobJeMbl Mbl ONHCHLIBAGM a3 B MEHBUIHX
JeTa/IfX W Hac He HHTepecyeT NOBeJAeHHEe KasK/10# OTAe/IbHON MOJIEKY kL.

JehcTBUTEIoHO, MAKDOCKONUYECKOe coCmoanue (WM MAKpococmosn-
HUe) Ta3a MoxkeT ObITb AOCTATOYHO TOYHO ONpPEeeJIeHO YKAa3aHHEM 4ucaa
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MOJIeKYJ, HAXOAAIMXCA B KAKOH-TO 4acTH Cocyda B JAHHBIA MOMeEHT ¥).
C Tako# MakpOCKOMHYECKOH TOYUKH 3pEHHA M3GJHPOBAHHBI ra3, KOTO-
pHiil B TeYeHHE J0/1roro BPEMEHH HaXOAWJICA B HEBO3MVILEHHOM COCTOst-
HHH, fABASETCH OueHb NPOCThIM OOBLEKTOM, TaK KakK €ro MakpOCKONHue-
CKO€ COCTOfIHHE He MEHseTrcs Co Bpemenem. B camoM nene, AOMYCTHM,
YTO, HAYHHaf C MOMEHTa BpemeHH {¢;, Mbl HabuiogaeM 3a noBeleHHeM
rasa B Te4eHHe JOCTaTNUHO ANHTENLHOIO WHTEpBaja BPEeMEHH T H CHH-
Maem KMHOrpaMMmy noseneHus raza. llpennoioxum paJiee, 4to, HauHHAs
C MOMENTa BpeMeHM [,, Mbl onATb Hab/awaaeM 3a [OBeaeHHEM rasa
B TEueHHe TAKOro )K€ HHTepBaJa BPEMEHH T M TaKyKe HCIOJAb3VeM /714
5THX neseil knaokamepy. C MakpoCKONHUEeCKOH TOUKHM 3DeHHA ABa 3TIX
(MIbMa HE 10/XHBI OTJIHMaTbCA APYT OT Apyra. B o6onx cayuasx sueao
n YacTHIL B J1€BOH NOJIOBHHE cocvaa OyaeT (nyKTYyHPOBaTh OTHOCHTENb-
HO OJHOrO W TOTO ke yposua '/,N u nabaionaevsle ¢pavkryannn 6yayr
OJHOTO M TOrO Ke XapakTepa. Ecay He oGpamatb BHUMaHUS Ha HEKOTO-
phie HCKJAIOUHTEIbHbIe OCOOEHHOCTH (OHW OyAVT pacCMOTPeHbl B Cle-
aviomeM naparpage), To HabJ/I0AaeMoe MAKPOCKONHYECKOe COCTOSHHEe
ra3a He 3aBUCHT OT MOMEHTa Hadana Hal/ioleHni. JTo O03HadaeT, 4To
MaKPOCKOIHUECKOE COCTOSIHHE Tasa He MeHAeTCH Co BpemeneM. B uacrt-
HOCTH, ¥ TOT YPOBEHb, OTHOCHT&IbHO KOTOPOTO QUIYKTYHDYET #i {IH,
foJice TOUHO, €ro cpedHee 3HAUEHWE), TAKIKE HE MEHSETCsl CO BpeMeHeM.
['oBopAT, UTO cucTeMa, COCTOSILLAA U3 MHOTHX 4acTHiL (Takaf, Kak Hail
ras), HaxoOumcsa 6 pasHoBeCcuU, €CHN ee MAaKPOCKOIHM4eCKOoe COCTosHMEe
He HMeeT TCHAGHLUMH K H3MEHeHHIO CO BpeMeHen.

3amenadne Jlanuw TouHoe onpelenenie NOKHATHIO O CPelHEM BO BpeMenn.
O6o3uauns gepe3 n ({} UHCAO MOAEKY B JIcBOH NOJOBHHE fILMKA B KAKOH-TO MOMEHT
epevend £ CpesHee BO BpeMeHM sHaueuHe n (Z), B3fATOe BO BPeMeHHOM HHTepBaje T,

o6o3tauaerea vepes [n (¢)]. u onperensieTcs Kak

[4+T
v

— 1 ,
{n (t)]T—z? v\-n(z") dt’. (6)

CooTEeTCTBeHHO, eCai CheMKA, HAUATas BO BPeMs [, MPONO/KAAAChL B TcueHHMe BCero
MHTepBaia BpenMeHd T B cogepikana g=T/T, K4ApOB, CHATLIX B NOC/IEIOBATeAbHbIE MO-
MEHTBI BpeMeHH £y == {, ly={+ Ty, [3= {1+ 2Ty, . . ., Lg== { T (g — )Ty, TO BhIpa-
enue (6} opxMeT BHI

| ”(t)]r=é ln (G +n(t)+...+n (g

Ecnu e ykasbiBaTth, KaKoi HHTEPBaJ BpeMeHH T paccMaTpusaeTCst, TO NOX 7 {f) noxu-
MaIOT CpefiHee 3HAYyeHHE B TeueHHe KaKoro-To pasyMHoOro uuTepsaJja Bpemenu T. [as

Cayuas PABHOBECHOIG COCTOSIHHSA ras3a A NOYTH Bee BpeMs pasuo 1/,N.

1.2. HeobpartumMocTb U npHOIHIKEHHE K PABHOBECHIO

PaccmoTpum M30JHPOBaHHBLIA Ta3, COCTOSAIUMA H3 GOMBILIOTO YHCA
N monekya., ®aykTyalHH, BO3HHKalOMe B rase, KOTOPbIH HAXOOHTCHA
B COCTOSIHHHU P4BHOBECHS, TAKOBBI, YTO A MaJo OTIHUAETCH OT Hauboaee

*) Uto6bl ObiTh TOYHBIMH, Mbl JOJKHBI NMPeACTABHTL, 4TO COCYA pasjeien ra
MHOKECTBO PaBHBIX siyeeK, UMEIOIMHX AOCTATOYHLIH o0beM LJs BMeluleHHS GOJbLIOro
yncaa modexkya. Torla MakpocKOnHYecKoe COCTOsiHHe raza GyaeT ONpele/eHO TOUHLIM
3ajaHueM 4RCIA MOJAEKYJl, HaXoAalHXca B KaxJIoH auefike,
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geposimuoeo 3navennsa '/,N. Hac Oyner murepecoBarh, IpH KakHX ycao-
BHSIX MOXKHO OXKMJATh CHUTYallMH, KOrAAa 7 3HAYHTENbLHO OT/JIHYaeTrcs
or '/,N. Takde cuTyalnlsii MOTYT BO3HHKATh B JBVX PA3JHYHbLIX CIydasX,
KOTOpbI€ Mbl U PacCMOTPHM.

Pedko eosnukarouiue Ooabuiue aykmyayii 8 PasHOBCCHOM COCMOA-
Huy. XOTSl B rase, HAXOARWIEMCA B COCTOSTHUM paBHOBeCH, f1 OOBIYHO
oausko K 1/,N, Bce e, XOTS1 U PEJKO, 3HAYEHHS /1 MOTYT OTJIHUYAThLCH
ot 1/, V. Habaiogas 3a razom 10cTaTOYHO AOTO, Mbl MOXeM ODHAP YXKHTh,
YTO B HEKOTOPbId MOMEHT BPEeMEHH 3HauyeHue 71 CYLIECTBCHHO OTKJIOHH-
Joch oT Y/,N.

[Tpeaito10sKHM, 4TO B KAKOH-TO MOMEHT BPeMEHH f; Mbl OOHADYKH/IH
Takoe Oovibllice oTkJIoHeHue |An| or 1/,N, T. e. yT0 11, HamMHOro OoJblue,
geny 1/,N. Uto MokHO CKa- _ -
3aTb O HauboJee BEPOATHOM n* ¥ Y
TIOBEJICHHH 1, ¢ TEYEeHHEM n '

BpeneHn? Ilpy oucHb 60/b- 4

lIOM  3HaueHHH  pasHocte N
ln, —1/,N|Benuyuuna n, co- z,
OTBEeTCTBVET BeCbMa HepaB-

HOVEpHOMY pacnperenensio . -

ne. 1.8, JlnarpaMma, nOKa3nBaioulast peako BO3HH-
MOJegyJ/1, KOTOpo€ B DPaB-  gawowne Goannine duykryaums uncaa Moaekyd na
HOBECHOM COCTOSIHHM BO3HH- P ©OAHOM MOOBIHE COCYAA OTHOCHTEbHO PABHORECHO-

- ro 3iavenus 1/,N.

KaeT kpaiine penko. Hau-

6o.1ee BepOATHON NPHMUHHOH NOABNEHHA Takoro #, dasaserca Gayk-
TVauus, MaxcHMalbHOe 3HavyedHe KOoTopolt OH3ko K n, (Ha puc. 1.8
3TOT MAKCHMVM oGo3HaueH OykBoil X). OnHako Takoe 6oJblLOE 3HA-
YEeHHE 71y, Moxcermn BOSHHKHYTb B Pe3yjabTare eile 66abiued dayKTyamuH
C MakCHMYMOM, 3HaYMTEIbHO npeBblllaloinm X (Ha puc. |.8 makcumym
Takoll PaykTyauuu o6o3nauyeH O6yKBoH Y). OnHaKo BO3HHKHOBEHHE Ta-
KOI GO/bIIOH (IYKTYallUH 3HAYHTENBHO MEHEE BepOsSITHO, YeM BO3HMK-
HOBEHUE yxKe focTatouno penkod dguiykryauun X. Takum oBpazom, Han-
fonee BeposiITHO, 4YTO BpeMA {,, NPH KOTOPOM H=11,, COOTBETCTBYET
niky X, npH KOTOPOM A MakcHMaJipHO. TloBeleHue 1 B 3aBHCHMOCTH
OT BpemeHH nokaszaso Ha puc. 1.8. C TeueHHem BpemeHH # CTPEMHTCH
K yMeHbllI€HHIO (3TOT Mpollecc CONPOBOXKAAETCs HeGOIbILIMMH DIYKTYa-
LHAMH) 0 TeX TNcp, Noka He OYAeT JOCTUTHYTO OGbUHOE COCTOSIHHE
PaBHOBECHS, IIPU KOTOPOM BeNWuHHA n OyneT (MAYKTYHDOBATH OTHOCH-
TeJAbHO CPEAHEro nocTosinnoro ypoeHsa 1/,N. Bpewmsi, neoGxoaumoe s
TOro, 4T06nl 00AbLIAS QJIYKTyauus (4158 KOTOpOH n=n,) nepeuwia B co-
CTOSTHHE pAaBHOBeCcHS (471 KoTOporo n=!/,N}, Ha3mBaercs epemeHem
perakcayuu 1A AAHHOH (WIYKTyalHH. 3aMeTHM, 4YTO Cpeld 6OoJb-
110TO 4HCJIa KHHOTpAMM KHHOrpaMMY, ONHCHLIBAIOULYIO TAKOe MOBENeHHe
rasa, MOXKHO BCTPeTHTh KpaHHe peako. Ho ecin wmbl 3aMeTHJIH 3Ty
KHHOrpammy, TO ee Jerko OTJIMUUTh OT APYTHX, TaK Kak H3o0pakaemoe
HA Hell COCTOAHHE ra3a CTPEMHMTCA K H3MEHEeHHIO CO BpemeHeM *).

2

*) D70 He NPOTHBOPEUHT YTBEPKACHHIO, UTO A3 JOJIFO HAXOZHTCS B COCTOSHHH
PaBHOBECHS, TAK Kak Takue (WIYKTyalMM, Kak #i;, MOTYT ObiTh 3ameueHbl JHUIb NPH
QueHb JAJIHTeNLHOM HaGIIOJeHHH 34 ra3oM.
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Tenepb MOKHO CAeAaTb HCKOTOPHie BHIBOABLL. EC/AH H3BECTHO, UTO
n MUMEET 3HAUEHHE F,, KOTOPOE CYUIECTBEHHO OTJAHYaeTcs OT CpeljHero
paBHopecHOro ypoeHsi '/ N, TO uM3MeHeHUs n, NMOUTH *) Bceraa npo-
UCXONAT B CTOPOHY RAPHOMMKEHHS K paBHOBECHOMY 3Hauenutio */,N.
C Honee ¢H3UMUECKOH TOYKHM 3PEHUA MOXKHO CKasaTb, 4YTO 3HaueHHe 1,
COOTBETCTBYET BECbMa HEPaBHOMEPHOMY paciipenesieHHI0 MOJeKYJa H YTo
MOJEKV/bI 10/MKHbI JIBHIAThCA 110 OUEHb ClENUAJLHBLIM TPACKTOPUSM,
yToHbl TaKoe pachipeleneHie coxpaHuiaoch. [locTosHHOE NBHXKEHHEe MO-
JIEKYJ A04TH BCEraa MpHUBOAMT K TAKOMY LEpemMellnBaHHIO MOJIEKY.1, IPH
KOTOPOM 1iX pacripeiejeHHe BHYTPH COCYAa CTAHOBHTCH MAKCHMAIbLHO
paBHoMepHbIM. (Car. pue. 1.15-—1.20 B KoHue storo pazje.a.) '

JaxedaHna 3aMeTHM, 4TO YTBEPXCACHHS, CllelaHHble BHIlle, B pABHOII CTe-
LEHH CpaBeIHBbl A B0OIbLIWAX (UIYKTYaIMiT 060X 3HAKOB. Lcan daykTyauus noao-
JKMTEIbHA, TO 77y MOYTH BCerda OyIeT COOTBETCTBOBATL MaKCHMYMY BO3MOMKHON (DIVK-
tvaunu ny— 1/,NV (370 nokasano wa punc. 1.8, rie nuk PAyKTyanuu ofo3Hauer Oy KBOH
X). Econ xe ¢avkTyvauus oTpHUATENBHR, TO OHa HOYTH Beeria 6yieT COOTBETCTBO-
BaTb MHHHMYMY Bodnveanoll ¢ayktyanud. OIsako 3akaioueHHe, cleianHoe Bbliue,
aeagercs oOWHM 415 o00HX Chiyyaes.

3aMeTHM Takie, 4TO YTBEPXKAeHHA 3TOro naparpada ocraoTes B CUJe, He3aBHCHMO
OT HanpaBJeHust U3MeHeHHst BpeMenM (T. e. He3aBUCUMO OT TOTO, KAK MBI CMOTPHM
¢tnabM, Brepel win Haza®). Ecan makcamym ap, o6o3nadennbill yepes X, npHxonuTcs
Ha MOMEHT BPEMCHH f;, TO 12, AOMKHC YMEHbLMIATLCS KakK naa f > f; Tak d gan { < 1.

Cayuall  cneyquaabHO  NPUSOMOBACHHO20 HAYAAbHO2O — pacnpeieseHis.
Xorg ynopajouesHas CHTYaUuHsl, NPH KOTOPOH /1 3HAYNTEIbHO OT.IH-
yaercst or Y/,N, MOXET BOZHHKHYTL KAK PE3VJAbTAT CHOHTaHHOH (VK-
Tvalllil rasa B COCTOSIHHUM pAaBHOBECHS, BCe e Takas Oonabllias ¢uiyk-
Tyalust NOSiBARKETCH HACTONDBKO PEAKO, YTO NPAKTHHECKH OBA HHKOria
He MOJKeT ObITb 00HAPYKeHa [BCIIOMHHTE UHC/IEHHbI€ OILeHKH, OCHOBAHHbIE
na vpaBHenusX (2) wan (3)]. BoOMbLIMHCTBO MAKPOCKOMUUYECKHX CHCTEM,
C KOTODPBIMH Mbl HMEEM €410, He MOTYT OCTABaThCH H30/MPOBaHHBLIMU
H HEBO2MVUIEHHBIMH B T€YEHHE AOJTIOr0 BPeMEeHH U MOTOMY HE HaxoIdaT-
CA B COCTOSHHH DaBHOBECHA. YIIOPSI/IOUEHHAS] CHTYALHA B NaHHOM CJ1Y-
yae BO3HMKAET He KaK Pe3yabTaTl CIOHTAHHbIX (IVKTyaiHl, NPOUCXo-
AALUHX B COCTOSIHHYM DPABHOBECHS, a4 KaK pe3yJbTaT BO3AEHCTBHA Ha CH-
CTemMy, KOTopoe IPOHCXOMMJIO B HelaleKoM [pOoLIOM. Begycnosﬂo
CO314Th YNOPALOYEHHYIO CHTYalMIO NpH [OMOIM BHEWHHX BO3LEHCT-
Biii HA CHCTEeMY LOBOJILHO ITPOCTO.

[Tpumepu. Ecan clenars oAny CTeHKY sUlHKa NOABHXHOA, TO OHA npeBpa-
THTCA B {10PILeHb. C ITOMOI(bIO TAKOTO MOPIIHS MOMHO C3KATh Fa3 B JeBYIO MOJOBHHY
flMKa (Kak nokasano Ha puc. 1.9). Ecau 3ateM BHesanto BepHYTh MopiueHb B Kpailitee
NOJI0XKeHHe, TO BCe MOJEKYJbl B nepBblfi MOMEHT BpeMeHH OCTaHYTCH B JeBoil nososiHe
swHKa. Takin cnocofoM MOMHO NOAYYHTH KpaliHe HeOIHOPOIHOE pacrpelefeHHe MO-
JdeKyad B siHKe.

Teneph paccMOTpHM CcOcyR, pa3fefetHblil NepelOpoAKOH Ha [BE paBHble YacTH
(puc. 1.10). B nenoii nonoBube cocyna HaxoAATCs BCE MOJeKY/bl £a3a, B TO BpeMst KaK

*) Msl uenonb3oBasy CJA0OBO <NOYTH», TAK KAK 3HAUeHWe 11y MOXKET He TOJILKO CO-
OTBETCTROBATL NHKY X, Ho W (Kpaiile pefko) Jexarb Ha BOCXOJAfilleH CTOpoHe NHKa
Y. B nocaegnem cayuae n; 6yget BHauane BOSpaCTaTb T. €. yAaNaThCsl 0T paBHOBEC-
Horo ypoensa !/,N.
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npasas noJoBHHA nycTa. Ecn npi 5THX YCJA0BAAX Fa. HAXOMITCA B COCTOSTHHH paBHO-
BECHS, TO MOKHO CUHTATh, YTO pacripefeeHue MoJeKyJ B JeBOI MOJOBHHE COCYAa OXHO-
pontio. [peAcTaBuM, 4To neperopoika GhcTpo yGupaercs. B niepBblil MOMEHT BpeMeHh
paclipeliefielie MOJIEKYJ1 B JIeBOil NOJOBHHe cOCYAa He HApyLIKTCH. OzHaKo 3To pacnpe-
aeJleHHe SBJISeTCs UPe3BbuaiHO HEOAHOPOIHBIM LI HOBLIX Y¢I0BHII, IPH KOTOPHIX MO~
JeKVYJBl MOTYT CBOGOJHO JBHIATbCs BHYTPH BCero Cocyla.

b) )

Puc. 1.9. Iloptlens 13 noJo- Pac. 1.10. Koraa neperopen-

MenHs (@) cMelllaeTcst B TOJG-
menne (6), oxuMan ras pjgesofi
nosdopruHe cocyla. Ecan Bie-
3anH0 BepHYTE NOpiiekb B Tep-

Ha {a) HeoxHUjaHuo YO0upaeTcq,

BCEe MOJEKYNbl B NePBLIK Mo~

MEHT OCTaioTed B Jeroll no-
JAoBHHe cocyaa (6).

BoHa4YaJgbHOe NOJ0XKeHHe, KdK

noXasano Ha PUCYHKe (g), TO

BCE MOJIEKYJH Cpasy focie

pacuiHpeHHs oCTanyrcd B Je-

pOfl NOJOBHHe, B TO GpeMf Kax

npaeas noJosHHa Oyaer ny-
CTO# .

[Tpeamonoxxum, 4TO Y HaC HMEETCA M30JHPOBAHHAs CHCTEMA ¢ 0Yeny
HEOJHOPOAHbIM pacnpeneneHueM MOoseKyJl, a HMEHHO OOJBIIHHCTBG MO-
JEeKYJT rasa HaxoJMTCHA B JIEBOH IOJIOBHHE COCYAd, T2K 4YTO n CyLlecT-
BeHHO otJauuaercs ot '/,N. Hac ne uHTepecyer cmoco0, Kakum Ch-
cTeMa 0Ka3aJach B TAKOM COCTOSIHHH. 3TO MOXKeT ObITb KaK CHOHTaHHus%
VIYKTyauHsi, BO3HHKIIAA H3 COCTOSAHHA pPABHOBECHS, TaK H KakKoe-
HuOyabL BHellHee Bo3jedcTBHe. Hesasucnmo OT OPOLLIOTO CHCTEMBI,
ee noBeneHue GyneT AHAJOrHMYHO NOBEAEHHIO CHCTEMBI IPH paccachiBa-
HMH Goablioi QuyKTyauuH. Tak Kak Bce BO3MOKHBIE CHOCOOH ABHKe-
HMS MOJIeKYJ B CHCTEME NPHBOAAT K OoJiee CJyyalHOMY pacnpeneeHHio
'MOJIEKYJI, TO 3TO pacnpejeieHHe OyneT CTPeMHTbCA K MaKCHMAJbHO
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cnyuaiinomy. [locse Toro kak MakcHMaJbHO ClydadHoe pacnpenene-
HHE JIOCTHTHYTO, COCTOSIHHE CHCTeMBI He OYieT HMeTb TEHACHLHH K #3-
MEHEHHIO, 4YTO COOTBETCTBYET IIpeAeJbHOMY COCTOSHHIO DPABHOBECHS.
Hanpumep, Ha puc. 1.11 moxasaHo, 4T NPOH3OIAET, €CJIM HEOXKHAAHHO
y6path Meperopoixy, pasie/Isiouyo cocyn Ha Be paBHbie yacTh. Hucao
MOJIEKYJI #1 B JieBOH IM0/IOBHHE cOoCcyna OyAeT MEHATbCA OT HauyadbHOro

a) - @ 5)

Puc. 1,11, a) fmnk n3 pre. 1.10 cpasy ke nocae toro, Kak Owina yopana neperopoaxa, 6) depes

HeBoabIIof POMEAKYTOK BPEMeHH H 8) NocJjie TOro, Kak MpPollao A0CTATOUYND MHOTO BpoMenl WKo-

HorpuMmsa, paccMatpusaeMasn B o0paTHoM HanpasdeHHil, OyAeT NoxasnBaTk 00paTHBIl HOPSA0HR
. 8), 0), a).

snavenns n = N (COOTReTCTBYIOLIETO KpailHe HepaBHOMEPHOMY pacrpe-
Jle/IeHHI0 MOJIEKYN B COCYAe} 10 MpelebHOro COCTOSIHUSA PaBHOBECHS,
Hpu KoTopoM n = */,N (COOTBETCTBYIOILEIO COBEPLIEHHO PaBHOMEPHOMY
pacnpeneaentio Mojekva). (Cwm. puc. 1.12 u 1.18))

Taxkum oBpasom, Mbl OPHILAH K BaXHOMY BbIBOAY:

Ecau H30/1MpoOBaHHAS CUCTEMA HAXOAUTCA B Kpaiie
HEOHOPOAHOM COCTOSAHHH, TO ofla OyJeT CTPeMHTBLCS
C TeYEHHEM BPeMEHH K [pelesbHO CAYUAHHOMY CO-' (7)
CTOAHHIO (MBI He OOpaillaeM BHHMAHHS Ha HeboJbLiHe
$IYKTYALHH), KOTOPOEe OTReY4eT PaBHOBECHIO.

3aveTuM, UTO 3TO YTBED/KIEHHE HHUETO fHe TOBOPUT O BPEMCHU DeAGK-
cayuu, T. e. 0 BpeneH#, HeodDXOAMMOM CHCTeMe /51 BO3BPalleHHs! B CO-
CTOSIHHE PABHOBeCHA. B 3aBHCHMOCTH OT CRBOKHCTB pacCMaTpUBaeMoil CH-
CcTeMpl 3TO BpeM$l MOKET JIeKaTh B IpeiesiaX OT MUKPOCCKYH/ A0 BEKOB.

I[Tpumep. Bepuemesi Kk puc. 1.10 H CHOBA pacCMOTpHM fALIHK, pasjeieHHbIH
feperopoakol Ha ABe paBHble yacTH. Jlerast yacThL sAwHKa coftep:HT N MoJexya rasa,
npasas nycrasi. Bueaanuo, Ho b yactuyro yGepem neperopoaky (puc. 1.13). B stom
OT/IHYKE 3TOr0 MBICJCHHOTO ONBTA OT OfBITa, NOKa3aHHoro Ha puc. 1.10, rie neperopog-
Ka y6paHa noaHoctelo. B o60uX onbiTax HepaBHOBeCHAS CHTYALlHs, BO3HHKIIAN HeMej-
JIEHHO NOCJIE Yia/eHust eperopoiAkH (KOTAa HHC/IO MoJeKyJ B JIE€BOH YacTH pasho N),
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HAUMHaeT MeHATRCS BO BpeMeHH, NOKd YHCAO0 MOJeKYa B 00eHX uyacTAX flIMKa He Bbl-
paBugercas {(n=x'/yN). OnwT, wamoctpupy:mulii puc. 1.13, orauuaercs or  onwita
puc. 1.10 Jwmub TeM, uto OH TpebyeT 6obLIEro BpeMeHW Al yCTAHOBJIEHUS OKOHYa-
Te/'LHOT0 PaBHOBECHH.

Heobpamumocmes. Y1Bepxaenne (7) o3Haya-
€T, 4TO €CIH B CHCTeMe IPOHCXORRT H3MeHe-
HUsA, TO OHH NMPOHCXOLAT B BeCbMa onpeie-
JICHHOM HAaNpaBJeHUH, T. €. OT MeHee CJy-
ualtHOro K Go.lee CjyyalHOMY paclpeleieHHIo.
Mu mMoxken Habmo1aTh 3@ NPOLLECCOM  H3Me-
HEHHSl paclpefesJeHHs MONeKyJad B cocvie
¢ noMOWLIO KHHorpammu, [lpeanodonum

2 ———

Tp
Fue. 1.12, Jluarpamya nokazblBaeT piMeHCHHe O Bpede- Pne 1.13 Teperopoika
BeM HCAa MOJEKYJ A B aeBoll UOJGEHIE SHUIKA HA puE, HeOsKHAaHEO  [OANATE, HO ue
1.11 nocie NOAHSATHA HeperopoAkd. BpeMs peldaxcsaudn A0 HUHLA

o0o3naveHo depesd T,

TE€NepPb, 4TO MBI CMOTPHM (PHJILM B OODATHOM HANPaBJeHIH (T. €. Npo-
KpyyiiBaeM (PUJILM B HapaB.icHHH, NPOTHBOMOJOMRHOM TOMY, B KOTOPOM
CHHMaJIMCh TNPOLeCCHl, MPONHCXOARUIHEe B cicrtenme). B 3ToMm cayuae Mbi
VBHJIMM Ha %KpaHe npouecc, ofpamenHsii BO BPEMEHH (T. €. npolecc,
KOTOpBI HMeN Obl MECTO MPH M3MEHCHHW XOJa BpeMeHH Ha oOpartHblil).
Kaprtuna Ha »>3kpabe OyAeT BBLINIALETb BecbMa CBOeOGpasHO. M
YBUAMM IIpoOUECC, NPH KOTOPOM pachpeneseHHe MoJekyJs B CHCTene
H3MEHACTCA OT CJAYYyaHHOTO K YNOPSAOYEHHOMY, 4YTO B ACHCTBUTE/b-
HOCTH MOKHO Halaronath kpaine peako. [lostomy Tenepb, Hab.aio-
Jlag 33 3KPAHOM, MbI HOYTH € [IOJHOH YBepPEeHHOCTbIO MOXEKM CKa3aTh,
yTO (hHJIBM MPOKPYUHBAETCHA yepe3 NPOEKTOp B OOpaTHOM HalpaBieHHUH.

[Tpnwmep. Hpexnonosxus, 4To MBI CMOTPHM duabM, Ha KOTOPOM 34CH T 1POILECE,
nayapwuiics B COCyJe cpa3y ke nocje NOLHATHA neperopoldkyn (cM. puc. 1.10). Ecan
NPOKPYUHBATh PUIIbM B NPSNGM HANpaBAeHiH, TO Mbl YS8MIAHM, Kak ra3 6yler pacnpo-
CTPaHATLCS 110 BCeMY of0beMy c0Cyla Ao Tex nop, noka he OYIeT AOCTHTHYTO OTHOCH-
Te1bl0 paBHOMEpDHOe pacnpenedenie Modekysa (cu. puc. 1.11). Takoe nomejenne
rasa snaoJHe o6uiuHo. C JApPYro#l CTOPOHS!, NpOKpyunBas QMJIbM B OGPATHOM HAMpaB-
JEHIY, Mbl YBHHM, KaK ra3, PaBHOMEPHO pacripeleieHHbl] NO BceMy o6beMy, HEOXKH-
JAHHO HayMHaeT KOHLEHTPHPOBATbeS B JeBofl MOJOBHHE COCYAa 10 TeX NOpP, MOKa B
NpaBod NOJOBHHE He OCTAHeTCsl HH OAHOI MOJIeKYyJqbl. B neficTBuTesnbHOCTH Takoii
IpoitecC HHKOTAAa He Pabai0jaeTcsi, JTO, OJHAKO, He O3HAYAET, YTO OH HEBO3MOMKeH:
TAKOW Npollece IPOCTO upe3Bbiyaiino HeBepositeH. To, YTO MBI BHANM HA -3KpaHe, Opo-
¥pyunsaa QUILM B oOparHOM HanpaeJIeHUH, MorJo Obl NPoW3olith B JeHCTBHTEb-
HOCTH JIHIUL B TOM cayuae, €CAH Obl MOJIEKYJhl JBHTAJHCh IO COBEpIIEHHO OCOGHIM
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TpaekTopusim *), uro UpesBbIvaiiHO MasoBeposATHO. B camom mese, 3T0 Tak e Hemepo-
ATHO, KaK BO3HMKHOBeHWe OMIVKTYAUHHW, NPR KoTopoik n== N (B cavuae, Koraa rag
PdBHOMEPHO paclipenened no obvemy cocyaa). - -

Puec, 1.14, Ha 370M ©OMOPUCTHYECKOM pHCYHKe HeoOpaTHmbll Npoliece mMoKa3ad B 0OPATHOM [0
puake. Takan nocsiefoBaTesibHOCTD COBBITHIT 8 APUHI| NS BOAMOIKHA, HO Upe3BhiMailHO HeBepOoATHD,
qT106bI 3TO KOUAA-JHO0 CAYUYHIOLD.

HMtax, mbl TOBOPHM, 4YTO IpOLECC Heobpamum, €CAH OOpaTHLIH BO
BpeMeHH npouecc (T. €. Tpolecc, KOTOPbIt MOXKHO Hab/1104aTh MPH M1po-
CMOTPE KHHOrpamMbl B 0OpaTHOM HamnpabJ/eHHH) B AeHCTBHTEIbLHOCTH
MMOYTH HHKOIA2 HE BO3HHKaeT. Bce MakpOCKOMHYECKHEe CHCTEMBI, He Ha-
XO0AfllHecss B COCTOAHHH PaBHOBeCHS, CTpeMATCH NpPHOJIH3UTHCA K 3TO-

*) JlefiCTBHTE/NbHO, PACCMOTPHM MOJIEKY/bl B HEKOTOPLI# MOMEHT BpeMeHH !,
noce Toro Kak OHH paBHOMEpPHO pacnpeeH/IRCh o o6beMy cocyia. Tenepe gonycrum,
470 B HeKOTOpHEH NOCJCAYIOUHE MOMEHT BPEMEHH fp Kaxk/as MOJAEKYJa 33HsuIa TOYHO
TO e MOJOKeHHe, 4T0 H B MOMEHT [;, 1 HMeeT CKOPOCTb, PABHYIO 110 BeJIMuHHe, HO Ha-
NPaBJIeHHYIO IIPOTHBONOJIOKHO, CKOPOCTH B MOMeHT f;. Torja xamkgas Monexysa co-
BepukT 00paTHBIE NYTh H ra3 caMm no cefe CHOBA colepeTcs B JIeBOH NOJOBHHE COCYAA.

-
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My COCTOSIHHIO, T. €. NPUOIH3HTBCA K Hanbo/ee c1y4aiiHLIM CHTYAUHAM.
OTClofa Mbl MOXKEM 3aKJ/IOUHTb, YTO BCE TakHe CHCTEeMBl BeayT cebs Kak

. HeoOparHMEIe -BO BPeMeHH. B MOBCEAHEBHOR MH3HH Mbl OKPYXKEHBl CH-

' cTeMaMH, KOTOpble He HAaXOAATCA B COCTOAHHH paBHosecusa. [lostomy
NOHSITHO, UTO BpeMA UMeeT BIIOJIHE olpefe/leHHOe HANpaBJeHHe, N03BO-
JsIoiee OTJHYUTD npoliefllee oT 6yayiiero. Hanpumep, mMbl 3HaeM, 4TO
JIOAH POXHAIOTCA, PacTyYT ¥ ymupatoT. OAHAKO Mbl HHKOTAA HE CMOXKeM
gabJ/aoaaTh npouecc, oOpaTHb BO BPeMeHH (KOTOPbIl B NMPUHLIKIIE BO3-
MOXKEH, HO (DAaHTACTUYECKH HEeBEepOoATeH), KOr/la 4esoBeK IMOIHHMAeTCs
3 MOTHJ1bl, CTAHOBHTCS IMOCTENICHHO BCE MOJIOXKKE H MOJOMXKEe H 3aTEM HC-
ye3aeT BO YpEBe MaTepH.

3aMeTHM, UYTO 33KOHBbI, ONpele/dIouie ABHXKeHHe 4acTHIl CHCTeMBl,
HE 331al0T HUKaKOro NPenMyLlecTBeHHOTo nanpasaelina spemenu. [Ipen-
II0JIOXKHM, 4TO Mbl CHUMaeM KHHONpaMMy H30JHPOBAaHHOrO rasa, Haxo-
AfLEroca B paBHOBECHM (CM., HanpuMep, puc. l.4), uUIM paccMarpu-
BdeM BPEMEHHYIO 3aBHCHMOCTh YHCJA MOJEKYJd A B OJHOH M3 MOJNOBHH
cocyla (Kak nokasaHo Ha puc. 1.D).

PaccmarpuBast 3ty kHHOTpaMMy Ha 3KPaHe, Mbl He CMOXKEM YKAa3aTh,
B KAKOM HANPaBJCHUW TIEHKA npollycKaeTcs yepes npoekrop. Hanpas-
JleHHEe BPEMEHH CTAHOBHTCS ONPEAEJEHHBIM TOJAbKO B TOM CJydae, €CjH
H2BECTHO, YTO B KaKOH-TO MOMCHT BpeMeHM f; B H30JAMPOBAHHOH MaKkpo-
CKOMHYECKOH CHCTeMe OBLIO OueHb cliellda/JbHoe, HecJyyalHoe paclipe-
Aeqaenne. OpHaxKo, ecau Ccucrema Oblla HEBO3MYIEHHO# B TeueHue
oueHb JNOJATOr0 BPEeMEHH W fonajda B TaKyio CHEeUHaNbHYIO CHTYAaLlHio
B pe3yapTare Kpafiie peAko# qWIyKTYauuu U3 COCTOSHUS PABHOBECHS, TO
MBbl OMATb HE MOXKEM CKa3aTb HHUYEro ONpeNeJeHHOrO O HalpaBJjeHHH
Bpemenut. Kak yxe yKasbiBasoch B CBA3H ¢ nuxoM X Ha puc. 1.8, B atom
cayuae cucteMa OYAET CTPeMHTbCA K HaubGosdee clydyaliHOMY pacnpele-
JIEHUIO HE3aBHCHMO OT HanpaBjeHWs BpeMeHu (T. €. KaK B cAydae, Koraa
NIJeHKa NPOKPYYHBaeTcA B NPSAMOM HalpaBJeHUH, Tak U B cayyae obpar-
HOTO HanpaejieHus npokpyuuBauus. Orcuer BpeMeHH BeeTcst OT  [y).
Jpyrum crnocoboMm, NpH MOMOILH KOTOPOro CHCTEMa MOXKeT OKa3aTheo
B Quellb CHeiUaJbHOH HeCcJAyuailHOH CHUTYailnd B MOMEHT {,, sABAfAETCsH
B3aHMOJeHCTBHE CHCTEMBI C KaKOH-TO APYroH CHCTEMOfi B IpeAllecTByIo-
iuH MoMeHT BpemeHH. B 3TOM ciyyae mbi MOKEeM TOUHO OIpeNeIuTb
HanpaeJjeHHe BPEeMEHH, Tag Kak HM3BeCTHO, 4TO MNpexAe 4YeM CHCTema
Oblyia OcTaBJeHa B [IOKOEe, OHAa HAXOAWI4ach BO B3aUMO/JEHCTBHH C APYroH
CHCTEMOH BO BpeMsl, npeouiecmeosasiiee MOMEHTY £,.

1 nakonen, cienyer 3amMeTHTb, YTO CTelleHb HEOOPaTHMOCTH CIIOH-
TaHHO BO3HHKAWOIMHX [1POLECCOB .MOXKET HMETh PAas/HUHVIO BEIUYHHY.
Hanpumep, ¢ yBesnuenuem 4ucia 4acTHL cTeneHb HeOOpaTHMOCTH BO3-
pacTaer, Tak Kak IpH 3TOM BEPOATHOCTh BO3HHKHOBEHHA HECJHYYalHOIf
CHTYAaUHH YPE3BblMaHHE CHJIbHO YMEHbHIAeTCA O CPaBHEHHIO C BEpOAT-
HOCTbKO BO3ZHHUKHOBEHHS C/YYaHHOH.

[T p umep. PaccmorpuM cocys, conepxauiuii OaHy MOJIEKYJY, KOTOPAst JBHAETCA
# YNpyro CTajJKHBaeTCsl C ero CreHKamH. Ec/M CHATb KHHOTpaMMy TAKOH CHCTeMbl
# 3aTeM PacCMOTpeTh ee Ha 3KpaHe, To Mbl BHKOIJA He CMOXKeM CKa3aTh, B KAKOM Ua-
{paBJleHAd IJIeHKa MPONYCKaeTcs depe3 NPOEKTOp.
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[lycts Temepbp cocyll copepxut N wmoaekya ujeadsHoro rasa. [Ipeanonoxum,
«4TO Mbl paccMaTpHBaeM KHHOIpPAMMY Tra3a Ha 3KpaHe M ofpamaem ocoboe BHHUMaHHe
#Ha Kajgpwl, rje Bce MOJEKYJB, NepBOHAYANLHO pacnpeieseHHble PAaBHOMEPHO 1O BCeMy
06beMy COCYA, OKA3aJHCh B JCBOH 1oN0BHHe cocyda. Kaxue MoMKHO CleiaTh BBHIROJBI?
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Puc. 1.17. 3aeck noxazayna BO3IMOKUAN NPeAbICTOpUsl COBLITHI, paccmarpuBaeMsix na puc. 1,18,
PHCYHKH MoJyueilsl H3 HCXOIHOI'0 Kafipa f=0 (ua puc. 1.18), Ha KOTOpoM CKOPOCTH BCex copoka
wacTHY {HAXOOALW(HXCS B JeBOil NOJOBKHE AUIHKA) H3MeHeHbl HA oBpaTHble. DBOJKOHS CHCTeMB BO
BpeMeHH NOKA3AHA TOCJAefOBATEALHOCTRI0 Kaapos j==—1, —2, . .., —8, CKODOCTH lie yKa3zaum.
Ecau Tenepb npelcTasuTh cefe, HTO CKOPOCTH BCeX UACTHLL Ha 3TOM DHCYHKe H3MeHeHbl Ha npoTH-
BONOJIOMHDBIE, TO HOCJeAOBATEJBHOCTE KajpoB f=—8, —7, ..., —1,0, 1,..., 7 (1. e. kKafpt
#a puc. 1.17 u 1.18) npeacTaBianeT coboll BOIMONKHOE ABH)KeHHe YacTHL. ITO ABHKeHHe, HAYIR-
WHCh € pacOpefefeHUs MOJEKYJ, IOKA31HAOIO Ka Kafpe f==—8, 3aTeM NpHXCAHT K dMIyKTyanun,
8aKJIOWANOULCHCH B TOM, YTO BCE MOAEKYJ/bl OKa3pIBAKOTCH B JAeBONR nodoBHHe cocyla (Kagp j=0).

Ecau N = 4, To Takue KaApbl B pe3ybTare CHOHTaHHHX QAYKTYainil 6YIYT NOABASTHCH
©OTHOCHTeNbHO 4acto. (B cpeldem wa ojHOM Kajpe H3 LIeCTHAaAUATH BCE MOJIEKY-
Jibl GYAYT HaXoAuThes B JeBoil mosoBuHe cocyaa.) IToaTomy Mbl He MOXKeM C NOJHOM
YBEPEeHHOCTHIO CKA3aTh, B KaKYIO CTOPOHY npokpyuusaercs ¢puaem (puc. §.15). Ho ecan
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N = 40, pacupesenenue roJieky, NPH KOTOPOM Bce OHM GYAYT HAXOIHTLCSA B JeBoil
TIONIOBHHe coCcya B pe3yJibTaTe CMOHTaHHOH quIyKTyauuu, OyaeT BOZHHKATL OUeHb Pell-
K0. (B cpenneM TOIBKO Ha 0fHOM Kazape 13 2N = 240 2y 1012 Mul Bynen nabionath Takoe
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Puc. 1.18. Kaapsl, noayuentisie ¢ NoMollbio 3eKTponofl BHINHCAHTeNAbHOM MaILHEDB, 479 40 yac—

THIL, HoMellleHHbIX B AIIHK. Hayagom nocsAe J0BATeJbIEOCTH KﬂﬂpOB ABJHSTCA cneuHaﬂbelg“l cay-

yajl, Koraa Bce HACTHOLI HAXOAATCA B JeRcii MOJORIHe ANHKA B MOJOKEHIAX, NOKA3AHHBIX Ha

Kaape j—0, ¥ HMEIOT HeKOTOPLIE, TPOU3BOJbHO 3UAAHNBIC, CKOPDOCTH, FBORIOUHA CUCTEMB BO Bpe-

.MeHHU foKazana nocJefoBaTeJbHoCToI0 RaApos f=0, 1, 2, . . ., 7. UHCJ0 vacTHl B Kax A0l noJo—
BHUHe AILHKZ 3aMHCAHO HENocpeiACTReHHC Nof KaipoM. CKOPOCTH He yKasaHhl.

pacnpefencre.) [Tostomy, korja Mbl BUAHM Ha Kpane Takylo CHTYalUHIO, TO ¢ J0CI1a-

T04HO 60/bUIOH BEPOATHOCTLIO MOMXEM CKa34Tb, 4TO (QHJbM NPOKPYYHBaeTcs B ofpar-

HOM HaMpaBJleHHH, a NaHHoe pacnpelejeHue MOJIeKyJ ecThb pe3yJabTaT NpeflicCTBYIO-

plero BosfedcrBud. Hanpumep, Takasi CHTYalMsi MOIVIA BO3HHKHYTb HPH HCMOMb-

30BaHHH neperopofiki, NpH NOMOLH KOTOPOH B NePBOHAYANLHLIIE MOMEHT BCe MOJIeKYJ bk

6ui1H coGpaHH B 1eBOi uacTH cocyfia (puce. 1.17). B o6blYHbIX yCloBHSX, Korfa N ~ 1020,
“ 4

.36 e



B4
N-4

Z :
I R T TR |

I | I ! ! r !
30 20 10 0 0w W .0
J

Pue. 1.19. YHcao /7 4acTHiL B JieBoli NoJloBHHe SiiMKa B 3aBHCHMOCTH OT HOMePA Kajpa f HJAH OT
BpeMelit [=jTy. YHeso 4acTull # 1a j-M Kajpe YKa3aHOo ropu3onTalnioii yeproii, uaynieit ot f ao
j-- 1. Fpadukn HAJIOCTPHPYIOT plic. 1,15 u 1.16 ang N=4 u pue. 117 u L.18 paa N =40 gacrn,
HO COlepraT UHPOPMAUKIO 0 BoablieM YHC/e KaApoB, HeM MOKA3aHo Ha 3THX pHeylkax. Ilpapas
NOJIOBHIIA Ka)KAoFo PUICYHKA MoKasblRaeT IpHOANKeHHe CHCTeMBI K paBHOBecHw. Beckh pHCYHOK
HAMOCTPHPYET BO3HMKHOBenne peAkoii PAyKTyauuu, BO3MOXKHOH B COCTOSIHHM  pabioBecus.

n -

M -
1]

N-4 2
/] [ I ] ! I
=30 =2l -1 g 10 24 __,_;?0

- ) J

1

n

v
iL:'\_.r'ﬂ—r‘

N402

s 1 ] 1 I

0 1 ~1
30 20 -1 0 10 20 .....'3’.3

Puc. 1.20. Omsaocumeasroe uncno nfN wactvy B neBoii NONOBUHE SIHKA B 3aBHCHMOCTH 0T HOMeDa
Kaapa j uAH BpeMedB I=jT,. 3T rpaduki collepxar Ty e WHpopmallHlo, 4To ¥ puc. 1.19



CIOHTAHHbIe (WIYKTYallWH, TPHBOASILHE K KOHUEHTPAUHMH MOJEKYJd B OLHOH H3
DOJOBN COCYAA, HHKOTAA He BO3HMRAIOT. Y BHIAB TAKY0 CHTYALHIO HAa 3KpaHe, MHI
NOYTH C NOJHOH YBEPEHHOCTBIO MOMKEM CKa3aTh, YTO (QHAbM NPOKpyUlBaeTcs B 06-
paTHOM RanpaBleHdH.

1.3. JonoanurtenbHble NpUMephl

Tlpoctofi npumep HaeanbHorce rasa, cocrosimero 3 N MonexkyJa,
CTOJKHYJI HAC CO BCeMH MNpo6JaeMaMH, BO3IHHKAIOWHMH IIPH HCCAEL0-
BAHHMH CHCTEM, COCTOAMIMX M3 MHOTHX 4acTHIl. B jajbHedtueMm Mbl 3afi-
MeMCH CHCTeMATHUeCKHM pA3BUTHEM H  YCOBEPLIEHCTBOBAHHEM pac-
CMOTPeHHBIX uiei. [Tokaxem BHayaJe Ha HECKONbKUX MPOCTBIX [pHMe-
pax MaKPOCKOMHYECKUX CHCTEM, 4TO pacCMOTpeliHble HaMH OCHOBHbIE
HjeH HMeEIOT VHUBepcaJbHbId XapakTep.

Hoeanrvnasn cucmena uz N crniunos. PacCMOTpUM CHCTEMY, COCTOALLYIO
3 N 4dacTHL, Kaxklasi H3 KOTOPBLIX MMeeT CIIUH, paBHbIH !/,, ® MarHur-
HbIi MOMEHT L, TakuMH 4acTHUAMU SBJIAIOTCH 3JEKTPOHLI M aTOMbl,
HMeIoIHe OJUH HelapHbIl 3JEeKTPOH, WK fA4pa, HadmpuMep, HPOTCHDL.
Hasuuue y 9aCcTHOB MEXaHHYeCKOTO MOMEHTa, T. e. CIIHHA, SIBJISCT-
cA  KBaHTOBLM  addexktom. Tax, Hanpumep, YTBEPMKACHHE, UTO
CIIMH YacTHULI paBeH !/,, O3HAauYaeT, YTO H3MepeHHe COCTaBJsilouLei
MOMEHTa KOJI4ecTBa /JABHKEHHUA (OTHOCHTEABHO KaKOI'O-TO BbIAEJEeH-
HOI'O HallpaBJeHHS B MPOCTPAHCTBE) MOXKET AAThb TONLKO JBa BO3MOXHKIX

aHadeHua: +1/,h nau —+/ h (rae i —

nocrosinHan [lianka, JAedeHHas Ha
$ 2m). Tlostomy cnuu JauGo napasnie-
‘ i JeH, qub0 aHTHnapasLIeseH BuiGpaH-

HOMY HanpasJiensio. [as npocrorbr
Puc. 1.21. [Ilpocrtast cuctema, CoCToAULAR MBI 6y,ﬂEM FOBOPHTDL, HTO CHHH OpHEH-
113 HeCKOJBKHX YacTHi o cndHoM, pasibiM  THPOBAH JIHO0 «BBEPXD», JH60 «BHH3»*).
o+ Kanamit coin Hanpaniet 1100 nrepx, Cuctema u3 N 44aCTHIL CO CIIHHOM,

paBHLIM !/,, OueHb I[I0XOXKa Ha
N HaMarHHYCHHBIX CTEPXKHEM, HMMEOWMX MArHUTHBIH MOMEHT W,, Ha-
IpaBiieHHbIH 1160 BBEPX, THO0 BHK3. Las npocToThl MBI MOXKeM CUHTATD,
YTO HYaCTHUDLI 3aKPEIIEHbl B KaKOM-TO IIOJOMEHHH IOROOHO aToMan
B pelleTKe TBepAoro Tes1a **). Byaem cunrarh CHCTEMY CIIMHOB 40eqis-
HOL, ecJy B3aUMOJCHCTBHE MEXKAY HHUMM IOYTH OTCYTCTBYeT. (9T0 BO3-
MOXKHO, €CJ/IH CpelHee PacCTOstHHe MEeXKJY YaCTHILAMH, UMEIOHMH CITHH,
HACTOJABKO BEJAHKO, 4T0 NOJeM, CO3[aBacMbiM MArHUTHbLIM MOMEHTOM
1000 4acTMUBL B MecTe paciioOMEeHUsl APYTHX UacTHIL, MOXHO npe-
HeOpeub.)

*) MarnuTHpii MOMEHT YacTHUbI MOXKeT OLiThb aHTHNApa//ieseH MeXaHHYeCKOMY
MOMEHTY (Tak OGbIYHO ObiBaeT, KOFJa 4YacTHLA HMeeT OTpUuUATesqbHBIE 3apsaa). B stom
ciydae, KOrja MAarHMTHBIL MOMEHT HampaBJseH «BBepx», MeXaHHUeCKHH MOMEHT Ha-
npaBjiell «BHH3», H HaoGopoT.

*%) Ec/i1 yacTHLBI MOTYT CBOGOHO nepeMeliaTeCst B IPOCTPAHCTBE, TO HX MEPeHoc-
Hoe JBHXKeHHe MOMHO PacCMATPUBATb OTAE/NbHO OT OPHEHTALMH HX CHHHOB.
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Mneanbuasa cuctema 3 N CIHHOB MOJHOCTBIO OMNHCLIBAeTCA KBAHTO-
BOIl MEXaHUKOH, HO, C APVIOH CTOPOHLI, OHA 2HAJOTHYHA HACAJbHOMY
rasy, cocrodmemy H3 N mosekys. B raze kamaast MOsieKkyJa B pe3yiib-
TaTe CTOJKHOBEHMH C [PYrHMH MOJIEKYJAaMH MOXKeT OKa3aTbCfl Kak
B JIeBOH MOJIOBHHE COCYAA, TaK W B npaBoil. B ciyyae cucreMbl H3 Cniy-
HOB HE3HAYUTEJ]bHOE B32HMOAEHCTBHE KaXKA0r0 MAarHMTHOIO MOAMEHTA
C APYTHMH MarHHTHBIMM MOMEHTAMH MPUBOAMT K U3MEHEHHIO €I'0 OpHEeH-
Tauuu. [losToMy MarHuTHble MOMEHTHI MOrYT OBITb HampaBjieHbl Kak
BBepX, Tak M BHH3. B H30/JHPOBAHHOM rase B COCTOSSHHU PaBHOBECUSA
MOJIEKYJIa MOXKET ¢ pPAaBHOH BEpOATHOCTLIO HAXOJMTHCH Kak B JIEBOI
NIOJIOBUHE COCYAA, TaK W B npaBoi. TOYHO Tak Ke, B cJiyyae CHCTEMBI CO
CIIHHAMM, HAaXOISIIEeHCA B DPABHOBECHH NPU OTCVTCTBHH BHEUIHETO Mar-
HHTHOTO [10J11, MATHHTHBIA MOMEHT ¢ PABHOM BePOATHOCTBIO MOXKET ObITh
HaDpaBJACH KaKk BBepX, Tak M Buu3. O0o3HauuM uepes 7 HCI0 CMiHOB,
HanpaB/eHHBIX BBEPX, & uepes /1' — UHCJIO CHOHHOB, HAIPABIEHHBIX
BHI3. B paBHOBecuu HauGosee ciyyaiinas ciiryanus, korga n~n'~/,N,
OyI1er BO3HHKATbh O4YeHb yacTo, B TO Bpeaf Kak (hIyKTvauMu, IpH KOTo-
PBIX 71 3HAYMTEILHO oOTuaercs or Y/,N, Oyayr peaku (H ec1u N
BE/IHKO, TO HEC/YYAlHHbIe CHTYalUH, I[IPU KOTOPBIX 72 3HAYUTE1bHO OT-
aungaercst of */,N, noutu Bcerga OVAYT ABJIATbCA Pe3YJAbTATOM BO3-
JEACTBHS HA H3OJIHPOBAHHVIO CHCTEMY CIIMHO €O CTOPOHBL ApYVIOi
CHCTEMD). '

Pacnpedeaerue anepeun 8 udearvHom eqse. PacCMOTPHM OMNATL H30-
JHPOBAHHBIH WAea bHBIH raz, cocrosui u3 N moseky.a. Msel nipuiiin
K O0LIeMY BLIBOLY, UTO COCTOSIHHE paBHOBeCHUSfl, XapaKTepH3yIolleecs
HE3aBHCHMOCTBIO pachpele]eHds] MOJEKYJ OT BpeMeHH, JAOCTHIaercs
CHCTEMOH [ocJe J0CTAaTOuHO OOJIBHIOrO MPOoMexxKyTKa BpeMeHU, HeoOXo-
JAHMOrO /115 YCTaHOBJeHUS Haubo/1ee caydaiHoro pacopeneaedus. B Ha-
UINX OPEIbAYIIMX PacCy:KIEeHUsX Mbl o0palilaid BHHUMaHHe IVIZBHDBIM
06pa3oM Ha MojdoKeHne MoaekyJ. Dblio 1oka3aHo, 4To COCTOfHHE PaB-
HOBECHA I'a3a COOTBETCTBYeT HauboJee CAyyallHOMY pachpeieseHHio Mo-
JEeKyJ B [POCTPAHCTBE, T. €. CYIIECTBCHHO OJIHOPOAHOMY pacipeiene-
HHIO MOJIEKYJ 116 00Bbemy cocyla. Ho uTo MoXKEO ¢Kas3arb 0 CKOPOCTSAX
MoJexkys1? HaMm craelyer Bocno/ib3oBaThCs (PVHIAMEHTATbHBIM 32KOHOM
MeXaHHKH, YTBEP:KAAlOULUM, YTO €CJAH ras IpeicraBjsier co00H H30/u-
pPOBAHHYIO CHCTEMY, TO €0 MoJaHas 3Heprust £ ROJXKHZ OCTaBaTbCs M0-
crosuuof. Tlosinas sHeprus raza £ paBHa CyMMe 3HEDTHii OTACTIbHBIX
MOJIeKYJ, TaK KakK [OTeHUHAJbHAs IHEPTUusl B3aUMOJEUCTBHA MeXAY
MOJICKYJIaMH  [IpeHeOpexuMo MmaJjia. [IosroMy OCHOBHBIM HHTEpECYIO-
UMM Hac BOMNPOCOM ABJAsieTCH pacnpejesenne [OJTHOH 3HEPIHH rasa
N0 OTAES/ILHBIM MOJeKyaaM. (DHeprust € OAHOATOMHOI MOIEeKYJIbl POCTO
paBHa KHHETHUYCCKOH 3Hepruu e=1'/,muv?, rae m — Mmacca, a v — CKO-
pocTb MOJAEKYabl.) Momker cay4urbCs, 4TQ Yy OAHUX MOJIEKYJ 3HepTrusd
OyAer oueHb BeNHKA, a Yy JAPYrux oueHb Mana. Flo Taxkasi cutyauus as-
JeTCs HCKJIOUHTe/NbHOH H He COXPaHsercsl ROJr0o, TaK KaK MOJEKYVJbl
CTAJKUBAIOTCS, OGMEHHBAsChb IIPH 3TOM 3Heprued. B KoHuE KOHIUOB
OyJeT NOCTHTHYTO COCTOSIHHE paBHOBeCHS, He 3aBHCSILIEe OT BPEMCHH,
KOrJa pacnpe/lesieHHe TNoiHO# 3Heprud rasza Oyler Haubojee ciay-
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yalHpM. “Kakpas Mosekyia Oyrer UMeTb B CpelHeM OAHY H Ty XKe
SHEPrHio B OJHY H Ty e CKOPOCTb *).

B 3akJioueHne 3aMETHM, 9TO [OCKOJLKY BCe HalpaBJeHHst ABUKEHHS
B [POCTPAHCTBE PABHOBEPOSATHD!, TO HAUOONee CayuaHHBIM paclipejene-
HHeM cKopocTell OyleT Takoe, KOrAa Jio0oe HanpaBJjaeHHe ABHXKEHHA
MOJIEKYJl PaBHOBEPOSATHO.

Koaebanus maainnurka 6 ease. PaccMOTPUM MAasaTHUK, HAXOISUWIMHCH
B cocylle, HanoJdHeHHOM HJeatbHbIM rasoM (puc. 1.22). B orcyrcrsue

a) 6) &)

Pue, 1.22, Kosefannsa MaATHHKA B rase: d) Cpasy xe fiocTe Hauana KoneGanuil, 6) depea HeKOTopoe
BPeMs H g) Tmocje odeHb DONLINOrO npoMe:xyTka BpeMeHH. Kunorpadsa, DpokpyueHHasd Hasal
6yleT NokasslBAThL oOpaTHYIO NOCAe[0BaTeJbHOCTh KajJpos, 1. e. 6), G}, a).

raza kosnefaHus MafATHHKA INPOAOMKAJHCL OBl OECKOHEUHO JNOATO 0e3
H3MeHeHMH amiuiuTyibl. (Mbl npeneGperacM TpeHneM B TOuUKe [101Beca
MasiTHUKA.) Ilpn HanmuMu rasa nogaoxkenue pesko Mensercst. MoJeky-
JBI r'a3a NMOCTOSTHHO CTANKHBaloTcst ¢ rupedl MaatHuka. [Ipm kaxiom
TAaKOM y/lape NPOUCXOAUT OOMEH 3HEpPrHed MexAY TIHped MasTHHKA
U MoJdexkynaMu. K yemy npuseayT 3tu ylapbl? Mbpl OTBETHM Ha 3TOT Bo-
IpOC, UCHOAb3yst OOLIME NMPHHIUIBLI U HE PACCMaTpHBan AETAJbHO TIpo-
necc coypapenus *¥). Tak Kak cucremMa H30JHpOBaHa, TO CyMMma 3Hep-
ruM MasiTHUKa £, (KHHeTHueckasi IJIOC IOTeHUHMANDbHASI) W IOJHOH
5HEPTHH BCeX MOJEKYJ raza £ fO/KHA OCTaBaTbCA NMOCTOSIHHOH. Eciu
3HEPTHA MaATHHKA llepefaeTcs MoJexyJaM r'asa, TO OHa pachpelesHTcs
MEXKAY MHOTHMHM MOJEKYJaMHM CaMbIM DA3JHUYHBIM CIIOCOOOM H VXKe He
Oy/AeT MONHOCTBIO 3aKJal04yeHa B rUpe MaATHHKA. Pe3y.braroM Takoro
B3aHMOAEHACTBUA OVAET MAaKCHMaNbHO CJAYyuafHOe COCTOSIHHE CHCTEeMbl.
Tak kak H30JHpPOBaHHAS CHCTEMA CTPEMMTCH K 3TOMY COCTOSIHHIO, TO
MasTHHK IIOCTE[IEHHO OTJAAdeT BCIO CBOIO 3SHEPTHIO MOJeKYJaM rasa,

*} D10 He 3nauut, yro B M0G0 MOMEHT BpeMeHH 3Heprisl MOJEKYJbl 6ygeT ofHa
¥ Ta e, B pesyabTaTe CTOJNKHOBEHHS C JIPYTHMH MOJEKyJan# 3Heprus OTIeJbHOM
MOJIEKY.Ibl MOXKeT JOCTATOUHO CHJIbHO (UIYKTYHPOBATL ¢ TedeineM Bpemenu. Ho koraa
™Mbl HaGJI0JaeM 3a NOBeJeHHEM MOJIEKYJIbI B TeueHHe 3HAauHTeJbHOrO HHTepBana Bpe-
MelH 7, e CpelHsisl SHePrus B TeueHHe 3TOro HuTepBasa 6yjeT TaKOH Ke, KAK H V JI0~
GOl Apyrofl MoJeKyJbi. '

**} IlpH JetaibHOM PACCMOTPEHHH NpPOGJEMb OKASBIBAETCS, YTO MASTHMK Haule
CTAJIKHBAETCS C MOJICKYJIAMH, PACMOJIOMKEHHBIMH Ha TOH CTOpOHe, KyAa ABHKETCSA FHPA,
YeM C MOJeKYJaMM Ha NPOTHBOMOMOXKHOH CTOpOHe. B pesysbTaTe yuc/0 cTOAKHOBe-
HUR., OpH KOTOprX MasiTHHK OTJaeT SHEPTHi0 MoJekyJsaaM, Oyjer OoJablie uYuciaa
CTOJIKHOBEHHH, . IPH KOTOPLIX OH ee NPHOOpeTaer.
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W aMIVIMTyda ero KoJeGaHHfl MOCTEeNeHHO YMeHbHlaeTcs. 210 onsTh
MpUMep TUIHYHOrO HeofGpatuMoro npouecca. [locse Toro Kak Oviaer
JOCTUTHYTO COCTOSIHUE paBHOBECHA, MAATHHK I[IOBHMCHET BepPTHKaJIbHO.
Ilpu 3TOM, OaHAKO, BO3MOXKHBI OYeHb HeGosblKe KoseGaHHs OTHOCH-
TEIbHO HOJIONKEHHS1 PABHOBECHS.

Paccmotpum ofMH HuTepecHblfl npuMep. Ecnu npu nauanapHOfl He-
c/yualiHOH CHTYalluH SHEPTHS MasiTHHKa LOCTATOYHO BEJHKA, ee MOXKHO
HCIIOAb30BAaTh /ISl BbUIOAHEHHA N0Je3-
HOli paGorbl. Hanmpumep, rdps MasTHM-
Ka MoxeT 3abuTh TFBO3Ib B AEpPEBO
(puc. 1.23). I'locse 1ocTHXKeHUST paBHOBE-
CHfl 2HEPrHs MAsiTHUKA pPaclpeieyuTcd
MeKIY MOJEeKVJaMH rasa, 1 Mbl He CMO-
JKeM BOCIIONb30BATBLCS €10 AJds BhIIOJIHe-
HUS roJe3Hoi paboThbl, Hanpumep, AIA
3abuBaHusa reo3asa. Yrobbl cOBepLIMTL BTt SRR
Takvio pafory, Mbl AOJIKHBI OOJ3JAaTh TBuaids
METONOM, KOTOPbIHl MO3BOAMA Obl CKOH- o, .o Y eTPOMiCTRO, 0ARONTIOTIES
HEeRTPHPOBATD SHePruro, pacnpeieseH- HCNOJIBL30BATE SHEPFUIO MAATHIKA ANS
HYIO CJIYYAHHBIM OOPA3OM MEKILY MO-  amvmncn sa6mance vaotns n ieon:
JEKYJaMU ra3a, ABIXKYLIMMHCS BO MHO-

TUX HalpasjAeHHsiX. DT0 3HAUHUT, UTO HYKHO HalTH cnocob 3acra-
BHThL MOJIEKVJbl CMECTHTbCSi HAa 3HAUMUTEJbHOE PAaccTosiHHEe B OJHOM
HalpaB/JCHHI. '

4

1.4. Ceo#icTsa paBHOBECHOT® COCTOSIHHUSA

Tpocmoma  pasrosecrozo cocmoanus. M3 paccyxaenuil, npusereH-
HEIX B NpeAblAyluX naparpadax, cJIeayeT, 4TO pPaBHOBECHAS1 CHTYVallHs
B MaKPOCKOMHYECKOH cucreme ocobenHo npocra. [lpuannel atoft npo-
CTOThl 3aKJIOUaloTCA B CJACLYIOUIeM:

1. MakpococTosiHHe CHCTEeMbl, HaXOLfALIEHCs B pPaBHOBECHH, He 3a-
BHCUT OT BpeMeHH (3a HCKJ/IOUEHHEM BCEIa CYUIeCTBYIOHIMX (WVKTYa-
HHHA) W [IOYTH BCErJa MOMKET ObiTh OIIMCAHO HECKOJAbKHMH MaKPOCKOMH-
UeCKHMHU llapaMeTpaMHu, T. €. NapaMmeTpamH, KOTOphie XapakTepH3VIOT
CBOJICTBA cHcTeMbl B 00/1bluoM Macurrade. ([IpumepoM Takoro Mak pocko-
NHYeCKOro napamMerpa MOXKET CJYKHUTb YHCJO 7 MOJeKYJ, HaXOAAINXCs
B JIeBOH I10J0BHHE cocyla ¢ razoM.) Koriaa cHcrena HaXoIuTcsi B CO-
CTOSHHH PaBHOBECHS!, CpeiHHe 3HAYEHHS MAKPOCKOIHUYECKHX HapaMer-
pPOB OCTAIOTCA HOCTOSIHHBIMH BO BPEMEHH, OIHAKO caMi IapaMerpbl
MOT'YT (WIVKTYHPOBath (OOBIYHO OUEHb HE3HAYHTENBHO) OTHOCHTEJBLHO
CBOUX cpenHMX 3HaueHHH. llosToMy paBHOBECHOE COCTOSIHHE CHCTEMbl
npoute Gomee oflero caydas HepaBHOBECHOI'O COCTOSHHSI, KOT/a HEKOo-
TOpLlE MaKPOCKONTHYECKHE [aPaMeTPhl H3MEHSIOTCH CO BpeMeHeM.

2. MakpococTosiHie CHCTEMBl B PABHOBECHH fABJSETCS, €CJIH UCKJIIO-
YuTb (QJAYKTyaHnud, HauvboJiee €ayd4anHbIM MaKpOCOCTOSIHHEM CHCTEMBbI,
Haxojsilelcst B OMpe/e/eHHbI% YCJIORHSX, Takum oGpasom, cucrema,
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Haxoaflascs B paBHOBECHH, XapaKTepH3veTcs OAHO3HAayHO. B wacr-
HOCTH, CKa3aHHOe HMeeT CJeAVIOWHH CMBIC:

a) PaBHoBecHOE KAKpOCOCTOSIHHE CHCTEMBI HE 3aBHCHT OT e
NpeALICTOPHH. PaccMOTpHM, HanpUMep, H30AHPOBAHHBINR Ta3, COCTORLLHH
H3 N MoJIeKYJl ¥ 3aK/MIOYECHHbIH B HEKOTOpoM suiiike. [lepsoHadajbHo
MOJIEKYJIb] MOIVIH ObITh 3alepThl NPH MOMOUIH NeperopoikKH B OJHOH Io-
JIOBHHE sIIUHKA I B OFHOH ero 4eTBepTH (npennoaraercsi, 4to moJHas
IHEPTHsi MOJICKYJ OfHA U Ta e B .1oboM U3 3TUX caydaeB). Oasaxo,
nocse TOro Kak Obia yOpaHa neperopojka H JOCTHTHYTO COCTOsiHIe
paBHOBeCHS], MaKPOCOCTOSIHUE I'a3a CTAHOBHUTCH OJHHM M TeM e A
Jo00ro H3 JBYX CJaYy4aeB ¥ COOTBETCTBYET PaBHOMEPHOMY pacnpe:inedie-
HUIO BCeX MOJeKYyJ IO 00LeMy cocy/ja.

6) PaBHOBecHOe MaKPOCOCTOSIHHE CHCTEMBbl MOXKeT ObiTh NOJTHOCTLIO
OITHCAHO NPH IOMOULH HECKOJbKHX MakKpOCKONHYECKHX I1apaMeTpoB.
B KkagecrBe mnpumepa CHOBA PACCMOTPHM H30AHPOBAHHBIN ras, COCTOSH-
Imuid U3 N OIHHAKOBBIX MOJRKYJ H 3aKJloYeHHbIH B sulukK. [Ipeanoan-
KHM, YTO 00BeM SIMKa paseH V' W 1OJiHAs 3HEPrHs MOJeKyJ paBHa E.
Ecnay raz Haxoautess B COCTOSTHHM PABHOBECHS, TO MOJIEKYJbI JOJKHb
ObiTh pABHOMEpPHO pacrnpejledienbl 10 Bcemy o0bemy V M B cpeaHem
HOJIZKHBL TIOPOBHY AeJHTb Mexny coboil moauyio suepriwo £. Tlostomy
3HaHHA MAKpOCKOHHYeCKHX InapamerpoB V # L JOCTATOYHO AN YTBEpXK-
JIEHHH, UTO CcpelHee UHCIO0 MOJeKYya 7, HaXOAAIHXCHA B KaKOH-TO
yactu obbvema V,, pasHo fA,=N(V V), u uto cpennsisi aHeprus €, npu-
XOAALIASICA HA OLHY MOJIeKyay, paBHa e=E/N. Ecau xe ras He Haxo-
JIMTCSt B PABHOBECHH, TO CHTyaumus OyieT 3HaUUTENbHO CiloxKHee, Pac-
npelelieHde MOJIEKYJa B 3TOM Caydae MOKeT ObiTb OYCHb HEPABHOMEDPHbBIM
U 3HaHWsI TIOJHOr0 YneJa MoJekyd N B cocyje ymke HeloCTaTOUHO
JUid onpelencHHs CpeAHero 4ucjaa MoJexkya g B Ji000H yacTH 00b-
ema V..

Boamuscrocme  HabaioOenus gaysmyayuti. PaccMOTPHM MaKpOCKO-
ITMUECKHH IapaMerp, KOTOPLI ONNCBLIBAET CHCTEMY, COCTORALLYIO 3
MHOTHX wactuil. EcaM YHC/IO YacTHIL OueHb BEJHKO, TO OTHOCHTEJbHas
BelHUHHa (AYKTYalHH 3TOro InapaMerpa OuY¢Hb MaJia, W IIOYTH BCeria
€10 MOYKHO npeHeOpedb IO CPABHEHHIO €O CPeAHHM 3HAUeHHeM Tiapa-
merpa. [lostomy, umesi fesio ¢ GOJBLIMMH MaKDPOCKONWYECKUMHU CHCTe-
MaMmH, Mbl OOLIYHO HE OCO3HdeM (paxTa CyuleCTBOBaHHA (PJIVKTYailHi.
C npyrofi CTOpoHbl, BCeraa cyllectByiolllie (IyKTyalnd MOTYT ObiTb C
JIETKOCTbIO . o0HapyeHbl H HMMeTh OOJIbLIOE NPAKTHYECKOe 3HadeHMue,
eC/IH MaKPOCKOIMHYeCKasl CHCTEMA JOCTATOHHO MaJa HJIH €CJH Mbl pac-
7I0J1araeM JBOCTAaTOYHO UYYBCTBHTEJLHBIMH MeTogaMu Hab/MmoAeHud. He-
CKOJIbKO paccMaTpuBaeMbIX Jajbllleé HPHMEPOB IIOSICHAT CKasaHHoe.

PAyKTYauHHy nNJOTHOCTH B I ase PaccMOTPHM HIeannHENl ras,
HAXOASUIMHIICS B PABHOBECHHM H COCTOSL{HA H3 Goablioro yHesaa N MoOJEKYJA, 3aKA0YeH-
HBIX B o6beme V. CKOHUCHTPHPYeM Hallle BHHMABHE HA YHCJE MOJCKYJl g B HEKOTOPOM
BhijjesieHHOM 0o6beme Vo BHYTpH COCYyAd. 3TO YUCAO ng GAYKTYHPYeT BO BpeMeHH OTHO-
‘CHTeJIbHO CpejHero 3HaveHusd
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M BeJTHYHHA QIYKTYAUHH B 000 MOMEHT BpeMeHH OnpelensieTcst B&JIHYHHON Pa3nocTH
Ang=ng—n,.

Ecan Mbl paccMaTprHBaeM B KadeCTBe BHIAEJAeHHOTO obbema JeBYIO ROJOBUHY cocylla,

ToVy=12V u ng=12 N. Ecau N Bes1uKO, TO cpefinee YHEIO MONEKYJ Ny TAKXKE BeIHKO.
B €OOTBETCTBHH CO CKA3aHHBIM B 1. 1.1, 4acTo BO3HMKamUMe QVIYKTyaudu 6y1yT He-

BeJIHKH, TaK vto |Ang <<ng.

Ternepb NpelAnoioxsuy, YTO Mbl XOTHM HCCJIEIOBATDL PACCESTHHE CRETa BelLCCTROM.
Ham HYXHO 3HATH, YTO CAYYHTCH B aJereHre ofbema Vg, anueiiuble paaMepbl KOTOpPOTo
OJIHOTO NOPSAKA € JIMHOH BOJHB cBeTd. [[NHH& BOJHBI BHAHMOFO CBeTa (0KOJIO
5-10—? cat) 3nauMTebHO GOJBIUE ATOMHBIX Pa3MepoB, M TAKOH aJeMeHT o6bheMa etile siB-
JISIETCS] MAKPOCKOITHYECKHM, XOTst cam 110 cefe oyeHb MaJ. ECJTU YHCI0 MOJIeKYJ B Kam-
JOM TAKOM 3JeMEeHT2pHOM ofbeMe OIMHAKOBO (4TO CNpaBelJHBO B CJAyYae THeplOro
Tesla, HAmpuMep, CTeKJa), TO BEUIeCTBO NPOCTPAHCTBEHHO OJHOPOAHO H OyJeT upacTo
oTpaxaTb NY4YoK cBera Oe3 paccesindst. Ho B ciivuae WieanbHoro rasa cpejsee uncio

MOJEKYA g B TAKOM HeGoJIblIOM ofbeme Vg oueds mand u Qayxryaursmu Ang uncaa
MOJIEKYJ Rg BHYTPH 00beMa Vg yike nHean3st peHeOperaTh 110 CPAaBHEHHIO C BeJAHHHHOH

ng. 1lo3ToMYy MOKHO OXKHJATb, UTO ra3 6yneT B 3HAUHTEJNLHON CTENEHH pACCeHBATb

14 1a0UHi Ha Hero cBeT. B camom ze-

Je, TO, 4To He0o He BBITJSIHT YepHbIAL, Aepreamen

ofbsicHsieTca TeM, 4To cpeT oT Codnla

pacceHBaeTca MOJeKyJaMmd rasa B ar-

mocdepe. Taxum  ofpasoM, roaveod

BeT Heba — SBHO®  1OKA3ATENbCTRO

BaKHOTO 3HAYEHHA (PuyKTVALHA. Feawano i
OIYyKTYAUHH KPYTHJ b-

EHFO MasnTHhHHKa. PaccMoTpum

TOHKYIO HHTb, S2KPeWIeHNYI0 MeXAY  Saumyyify-

ABYMSE JePKATCIIMA (W 3AKPINeH-  gyng’ o me

HYIO TOJIBKO BBepXY H CBOOOIHO BH-

CHNY0), K KOTOpO# npHKpenJeHo sep-

Kaj10. Ecau nopepHyTb 3epKano HA He-

KOTODBIT yI‘OJI,\!IHTb 6yeT COBEpIATh Puc. 1.24. KpyTHABHHIT MasTHHK, COCTORUHI
- 13 ToukKoil HETH H seprada. llyyox cBeta. o1pa-

Trpas

. ”' -
KpYTH/JALHBIC KOJeOaHHs. Best ata o AKOUHBIl OT 3epKana, YKaswBdeT Yrod oro 0o-
CTemMa ABJACTCSH  KPYTHILHDIM Ma- BODOTA.

ATHHKOM. Taxk Kak KpyTHJbHble KO-

JeOalHsag HUTH MOTYT ObiThb O4YeHb Ma-

Jbl, & C [OMOULbIO NYYKA CBETa, OTPAKEHHOrO OT 3€pKaJjd, MOXHO JIerKo ornpe-
JeJUTh €ro HeDOoJblUMe YIJIOBLIC TNEepeMCUIeHHst, TO TAKas CHCTEMa OOBIYHO HCIIOJb-
3yCTCs AR YYBCTBHTeNbIBIX H3MepeHHH He0OJbLINX MOMEHTOB Kpyyenust. Hanpumep,
KPYTHbLBI] MAATHHK Obld HCNOAb3oBaH Kapewmpumem nasi onpefeneHns rpaBUTAlli-
ouHOH fnoctrostinol W KynonoMm s onpeleqeHus AeKTPUUECKHX CHJ, AeHCTBYHOUIHX
MEKIY 3apsiKeHHBbIMH TeJaMH.

Koraa 4yBCTBUTEILHBIH KPYTHALHLIA MAATHUK HAXOJUTCH B PABHOBECHH, €TI0 3ep-
KaJ0 He 0CTaercs HeMoiABHKHBIM, MOKHO 3aMeTHTb, 4TO OHO cOBepwaeT He(o/bllHe
YIJIOBBIE KOJeSaHUsi OTHOCHTE/IbHO CPejHer0 PaBHOBECHOIO MOJOMKEHHst (TO e camoce
Mbl HA6110JaH B 11. 1.3, KOraa OObiYHbIH MAATHHK HCIBITBIBA Heboabne QIyKTyauu
OTHOCHTEIBLHO CBOEr0 PABHOBECHOTO BePTUKAJNBHOIO MNOJIOXKEHHA). ITH DIYKTyauuu
06b4YHO ObLIBAIOT EBEBLI3BAHBLI B3AHMOJEHCTBHEM MONEKYJd BO3JAyXda C 3epKaJoM.

GuyKTyalHy YMeHLUIAIOTCH, HO He HCYe3aloT JaxKe B TOM Cyyae, KOFJa MOJIeKY.a
He OY/eT, T. e. €C/IM CHCTeMa HAXoIWTCsI B Bakyyme. B 3Tom ciyyae nosinas suepriust
KPYTHJILHOTO MaATHHKA OYJeT COCTOATL U3 ABYX 44CTeH: u3 sHepTuH £, onpelensiemMoil
YIJIOBOH CKOPOCTBIO ABHXKYUIEIOCH 3epKadia, d HeprH# £, onpeje’sieM0od BHYTPeHHUM
JABHIKEHHEM ATOMOB 3epKaJsa H HHTH. (ATOMBI MOTYT COBeplliaTb HeGoJblliHe Koe6aHus
OTHOCHTEJILHO CBOEI'0 NOJIOXKeHHs B TBepAoM Tese.) Tak Kak nosiHas aueprus £ --E;
OCTAeTCH NMOCTOAHHMOH, (IYKTYALHH CBA3AHW C pacnpefefeHueM 3ToH 3HEPTHH MexAY
E, u E;. Jlio6as ¢aykryanust, npu Koropofi £, yBeawuusBaercst 3a cueT BHYTpeHHel
SHCPTHH aToMOB, NPHBOJHT K BO3PACT4HHIO YIVIOBOH CKODOCTH 3epKada, H HaolOopoT.
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bpoyuosBckxoe jBuXKeHHe uyacTuIll Ecin MaleHbKHe TBepibe
9acTHULS pasmepom nopsinka 10~—4 ca NOMECTHTL B KAMi0 XKUJAKOCTH H HabmolaTh NX
JBH:KEHHE JTOX MHKPOCKOMOM, TO OKA3bIBAETCH, YTO YACTHUUBI He HAXOASITCA B NOKOE,
a NOCTOSIHHO JABMMKYTCH B PA3HBIX HANPABJEHMSIX. JTO SIBJIcHHE NOJYUHJIO HasBanHe
GpOYHOBCKOIrO JIBUZKEHUS B 4eCTb aHIVIMICKoro GoTaHlKa BpoyHa, KoTophiii BliepBbie
HabJI0Aa1 ero B NPOUIOM BeKe, HO He TOHSIJI ero npudmHel. Tonasko B 1905 r. iix-
mreitn o0LACHHA OPOYHOBCKOE ABHKeHHE CIyUaHHBIMA (PAYKTYALHSIMY, BO3HIKAIO-
ILUMH B COCTOSIHMH paBHOBecH:. JIBHKeHHE TBePALIX YaCTHI, OABEPIKEHO BO3AHCTBUIO
Gaykryaunil cuibl, nosiBIAOMIElics B Pe3yJabTate MHOTHX CAYYAHHBIX CTOJAKHOBCHHI
YACTHIL C MO.ICKYJIAMH KUAKOCTH. TaK KaK YacTHIbl HMEIOT HeSOJIBILOIT pa3vep, TO YHC.I0

i
—
B
= e Arod
;:n',[ -’ -+ R Buizol o
< -t Yeunument equnnozpag
[ ©Q
- - =
h‘-)
[ '
‘ r;; & % Puc. 1.26. ConpoTysjetHHe R NoAKNICUCHO KO
s —+ Ly BXOJHBIM 3aKHMaM YYBCTBHTEJBIIONO YCHAHTCAS,
= 1\ o BBIXOJ KoToporo mofaH 1la ocuuagorpad.
i
P
N
= il
W
r .
-3
5107 eM ————

Puc. 1.25. Habnwnaemoe 1103 MHKpo-
CHOMOM 6p0yimncuoe ARHyKenHe Ya-

CTHI, B3BelllellHBIX B KallJie BOoAbL. Puc. 1.27. dororpagusa wymos
Jnametrp wactay 10— cx. Ha sT1o0i DbiXOAHOTO HANOPAMKEHHA, Cllesad-
AMArpaMMe [OKA33HO OOJ0MEeHHe ua- Haq C HOMOWBIO CXeMBl, IOKA3AH~
CTHI{ B rioJie 3peHHs] MHKpOCKona Ye- “Thoil Ha pHC. 1.26,

pe3 Kax/Jble TPHALATL CeKYHA.

MOJIEKYJT, B3aHMOJeliCTBYIOIINX € HHUMH B eJHIIMUY BpeMeHH, TaKxke MaJ0, ¥ COOTBeT-
crBeHHO (vivkTyanrd Beauku. ClefyeT Taxzxe 3aMeTHTb, WTO MACCA YacTHULL Maja
B CTOIKHOBEHHE C MOJIEKVJIOH MOMKeT 3aMeTHO H3MeHHTh IBHMKCHHe 4acThubl. Pesyib-
THpYIOLee cliyuaiiHoe IBHXKeHHE YaCTHUDbI ITOSTOMY JleTKO HaGJI0xaTh.

PryKTyanuu HanpsgxkeHHHA HA conpoTuBAeHHnHu Ecnm
SJIeKTPUYECKOe CONPOTHRIEHIIE NPUCOEMAUTL KO BXOAY UYBCTBHTEALHOTO 3/J€KTPOH-
HOTO YCWJIHTes, TO HA ero BhiXOJe MOXKHO Ha0/MI0zath cIyuaiiinle GIYKTYyamud Hanps-
KeHHsl. ECAM [IyMamy caMoro YCHJUTENs MOKHO npedcOpedb, TO 3T (WivKTyanun
BBI3BAHBI CJVUAHHBIM GPOYHOBCKHM IBHXKEHMEM 3JIeKTPOHOB B CONpOTHRAeHHUH. [Ipea-
JIOJIOAKHM, HAampuMep, 4To Takoe JBHIKeHHE 3JICKTPOHOB NMPHBOAHT K (WIVKTYyAUHH, TIpU
KOTOPOIl YHCJIO JeXKTPOHOB B OJHOH YACTH CONPOTHBJAECHHS CTAHOBHTCS 60/blle, YeM
B Jpyroii. BosHukaoumas Takum o6pa3oM Pa3HOCTb 3apsJI0B BEI3bIBAET 3/EKTPHUECKOE
110/1¢ B CONTPOTHBJEHHH W Da3HOCTb NOTEHUUAJOB MEXJY ero RoHuaMmu. Bapuauuu stof
PasvHoOCTH NOTeHLHAN0B H 06pa3yloT PAYKTYAUNK HANPSKeHHs, KOTOPbie YCHIUBAIOTCS
BJEKTPOHHBIM NPHGOPOM.

dayKTyauun MOTYyT HMeTh GOMbILOE NpaKTHYecKoe 3Hadenue. Ux
HeoOXOMHMMO HMeTb B BHAY HpPH H3MePeHUH clalblX CHTHAJIOB HJH 3
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(eKTOB, KOTOPhLIe MaJO OTVIMYUMbBI OT (GJIYKTYalUud caMoro HaMmepuTe/lb-
Horo npubopa. (Takue Quykryaunu, cosznaBaemble Hpubopos, Hasbl-
BAIOT UIYMaMH, TNOCKOJbKY OHH 3aTpyaHSIOT M3mepenusi.) Hanpumep,
KPVTIJIbHBIH MASTHHK TPYIHO HCIIOJbL30BATbL A5 H3MEPEHHS MOMEHTOB,
BHAYNTEIbHO MEHDBIMX, YeM MOMEHThH, CO31aBaenble BHYTpEeHHUMHU Py K-
TVaUaMi CaMOH M3MepHTelbHOH cnereMbl. TOYHO TakK e, B ciydae
CONIPOTHBJAEHI, NPHCOCIUHEHHOTO K VCUJIHTENO, TPYAHO H3MEDHTh
HallpsKeHHe Ha CONlPOTHBJeHHH, €CJIH OHO MEHbIIIe, UeM BeJUYHHa BHYT-
PeHLIX (QayKTValuHd Hanpsrkeniisg, KOTOPble BCerja CyLIEeCTBYIOT Ha
CAMOM CONPOTHBJIEHHH ).

1.5. Tensora ¥ Temnepartypa

HeunzoanpoBannbie MakpocKoMHYecKHe CHCTeMbl MOTYT B3aHMOIeH-
CTBOBATH N OOMeHHBATLCA sHepruefl. ONHIM M3 NPOCTLIX OYEBHHDLIX
NPHMEPOB TAKOrO 23aHMONSHCTBHY SIBAGETCS COBEpHIEHHE MaKpPOCKO-
audeckoil padoTh 01HOH cheTeMoll Bax apyroft, Hanpunep, Ha puc.1.28

v )

Pune. 1.28. Korpanopulelis cme- Pnc. 1.29, Cxkarwiii raz A" co-
na@eTcd HA HeKOTOpOe MaKkpo- Bepuiaer paborty val rasom A
CKOMHYECKOe paceTodiiie, Opy- npH MAKDOCKOIIHUECKOM Mepe-
sxuda A’ copepmaer pabory MenleHHE TOPUIHS,

uan razoMm A.

nokazaga npyxuHa A’, Koropast AaBuUT Ha NOpPUIEHb, OrPaHHYH-
satoiimil oobem rasa A. Ha puc. 1.29 ras A’, naxopsmwmiica nog 646.1b-
LM JlaBJeHHeM, BOo3leficTByeT Ha noptleHb. Eciu nopluede npoasi-
HETCSI HA HEKOTOpOe PacCTosiHie, TO cHcTeMa A’ COBEpPIIMT HEKOTOPYIO
paboty Hajn chcreMoft A *¥), ,
Bo3MOKHO, OAHAKC, H Takoe B3anMOJeHCTBHE JBVX MAaKpOCKOIiHYe-
CKHX cHCTeM, KOTopoe NpoHCXoAuT (€3 COBeplIeHHs! MaKpOCKOnuge-
CKOB pabGoTbl. JTOT THI B3aHMOJACHCTBHIl, KOTOPbIH Mbl OyjieM Ha3hbi-
BaTb HIENACEbIM, BO3HIIKaeT B pe3yJbTaTe OOMEHa 3HEPIHAMH MexA1y
CHUCTENANMH B MOJEKYJSPHOM Maciutabe. JHEprus, nepelaHHas TaKHM
00pazon, HasbiBaercss menaocsoti. Ilpenrionoxmn, yTo nopuieHb Ha pPHC.
1.29 3akpenyeH HenoiBHKHO. B 3ToM cayudae OJiHA CHCTEMA HE MOXKET
COBeplIaTh MaKpOCKONHYeCKYI0 paboTy Hal APYrOH CHCTEMOM, He3aBH-
CHMO OT TOTO, Kakasl cuja jefictByer Ha nopiuenb. C Apyroit CTOpoHbI,
arombl cucTeMbl A NMOCTOAHHO B3aHMOJAEHCTBYIOT B MOMEHT COYJapeHHH

*) Hampumep, Hanpsxehlle B OJHH MHKPOBOJbLT H MEHBUIE YyKe TPYJHO H3Me-
putb. OHako ycpejHenuenm 60bLIONO YHMCa W3MEPEHHH MOXKHO BHIEAMTH NOJE3HBIR
CHUTHAJ, HMCNOJIL30BAB TO OOCTOATENBLETBO, UTO OH He (IYKTYHPYeT BO BpeMeHH.

*¥) TepMHUH paborna ucnonb3yercs 3/leck B CBOEM OObIYHOM MEXaHHUECKOM CMbICTE,
T. €. pabota paBHa HpPOM3BE/ICHHIO CUJIBI HA IyTh, Ha KoTOpoM JeficTByer 3Ta CHJa.
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Apyr ¢ IpYroM M Takum cGpasom cOMeHHBaiOTCs sneprueiil *). To ke
CaMO€ MOXKHO CKazaTh M o cucreme A’. Ho Kkpome Toro, cucrema A
B34UMOJEHCTBYET ¢ AaTOMAaMH IOPILIHS, KOTOPBI ABJSIETCS obuiedr
rpasuiel AJist 00eHX CHCTEM, a8 aTOMbl IOPLIHS B3aHMOIEHCTBYIOT MEXIY
cotoit 1 ¢ atoManu cuctemsl A’. [Tostomy sueprust Moxker neperaBarh-
caor Ak A" (umi ot A’ k A) xak pesysntar
:;..o.o,::::::::;:;:;: 7 MHOTHX TNOC/Ae/J0BaTebHBIX B33 HMO,H‘EI:'! CTBUH
MeXJY aTOMaMH 3THX CHCTeM.
Pacemorpum JioGole 1Be cucrembl A u A,
X HaXOAAUIHECST B TEMNJOBOM B3aUMOICHCTBHK
* APYT C ApyroM. 10 MoryT ObiTh yiKe pac-
Puc. 1.30. Jwe cuciewst A ¥ CMOTPeHHBIE HAMH ABa rasa, A u A’, win B
A’, BaXoaHHIHeCH B TENJINBOM
foutecte APYE C APYTOM. KauecTse CHCTeMb! A MOXKHO B3SITh, HampHMep,
KYCOK Mea, [OrpyMeHuwii B cHcreMy A’
11peICTaB/IAIOLLYIO CO00H Cocy 1, HalloMHeH b BoaoH. OG03HAYNM yepes [
SHEPTHIO CHCTEMbl A (T. e. MONHYIO SHeprHio, KHHETHYECKYIO TLJHOC MO-
TCHUHAbHYIO, BCEX aTOMOB B cHcTeme A), a yepes £/ — SHEPTHIO CHCTe-
Mbl A’. Tak KaK cocraBras cucrema A* = A - A, cocrosimas us A u
A’, npeanosaraercss H30JHPOBAHHON, TO NOJHAS SHePTHs
E - E’ = const, (8)
BosunkaeT BOIpOC, Kak 3Ta NoaHasi sHeprus *¥) pacnpeiesnsiercs
nexkay crereMamd A n A’ Tlpeunosiomum, 410 514 cHCTeMB HAXOISITCS
B paBHOBECHM [IDYT C APYTOM (T. e. ciokKHas cucreMa A* Toe Haxo-
JMTCSi B paBHOBECHH). 3a HUCKJIOUEHHEM HeGOJIBLINX GAyKTyanun, sto
PABHOBECHOE COCTOAHHE CHCTEMbI JIO/INKHO COOTBETCTBOBATL HauGo.ee
CAydaliHOMY paclipeleeHHIo SHeprHH B cHcTeMe. PaceMotpuM cragasia
rpocToil npuMep, Koraa cucremsl A M A’ npexctapasior coGoi vjeasb-
Hblf ras, COCTOSIHA H3 ONHAKOBHIX MOJEKY.JI, HalpPHMEDP, MOJEKVJ
asota (N,). HauGosee cayuafinasi cutyanus B cuereme A% Oyner co-
OTBeTCTBOBATL PABHOMEPHOMY pacnpejesteHnio noaHof ssepruu E + F’
Mexay moJdekyaami ciucreM A 1 A’ Kamnas Mosiekyga B A up A’
GyJleT uMeTb [IPH 3TOM OZHO M TO e CpPeiHee 3HAUYCHHe 3HEpruy. 1o
3HAYNT, HTO CPEIHEE SHAYCHHE SHEPIUH & MOJICKYJ rasa A GyJer Takum
e, KaK M CpeiHee 3HayeHHe sHepruu &’ Moseky.a raza A, T. e. B pas-
HOBECHH

g =g, (9}

Ecan ras A cotepxut N mosexva, a raz A’ colepuT N’ MOseKya, To
—~ F - E

b:-]v' H &€ — N,—, . (10)

*) Ecan MoseRyJIa ra3a €ocTOUT GoJiee YeM H3 OJHOrO 4T0Ma, TO MOJEKYJIB MOTYT
OOMEHMBATLCS SHEPTHeH IPH COYAAPeHHsX; KPOMe TOro, SHEPrUsl OTASbHOR MOJIEKY./Ihi
MOXeT ObiTb MO-PA3HOMY pacrnpejiefieHa MeXAY ee atoMaMu B pe3yJibTaTte BaauMozeficT-
BHH MeXJly HHMH.

**) B cayuae CHCTeMbl, okasanHuoil Ha puc. 1.29, Mbl s OPOCTOTHl NoJiaracM, uTo
CTEHKH NOPIWHA H COCYNA CTOMADL TOHKHE, YTO MX IHeprieii 0 CPABHEHHIO ¢ 3Heprueli
raza MoxHo npeHebpedsb. : :
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flostomy pasencTso (9) npHHMMAET TakoH BHI:
E _F
N N
[TpeanosoxuM, y1o rassl A H A’ NepBOHAYANBHO OTAENECHBI APYT
©OT JApVra u HaxoasTcs B pasHoBecHH. OO03HAUUM HX SHEPTHH B 3TOM

CJlyuae COOTBETCTBEHHO uepes E; u E;. JlomycTHM, 4TO Telepb CHCTEMBI
fIpHBEIeHB B CONPHKOCHOBEHHe, TaK UTO OHH MOTYT OOMEHHBATHCS

Pre. 1.31. Hrarasza. A u A, cocTonitne 12 OAHHAKOBLIX MONEKYA, NePROHFYATRHC He HAXORATCR
B KOHTAKTe APYF C ApYTroM (2). 3aTeM onld NPUBOASTCA R TENIOBO{ KOHTAKT () H 0OMEeHHBAIOTCH Telis
JIOM AG TeX 1nop, NoKa e 6yAeT JoCTIIMHYTO pasiioBecie. Jieprus rasa obo3uauena depes E, a cpen-

HAST ZHepRrisa oAHO{T MONeKyJIbl yepeld £

DHepruell NmyTeM TenJoBOro B3anMo/JelicTBHsi. MOryT BO3HHKHYTH 1Ba
C/1y4asi, KOTOPbIe Mbl H DACCMOTPHM:

1. B mepBhiii MOMeHT HauaabHble SHaueHUs sHepruil E; u E; Takue,
YTO cpeliHee HauanbHOe 3HaueHHe 3HepruH g;=FE /N wmosekya B A ne

DABHO CpelHeMYy HadaJbHOMY 3HAYEHHIO 3HepTuH &; = E£;/N’ Mojexya
B A’, T. e. NepBOHAYAJbHO
&, 5= &, (11)
B sToM cayyae nepBoHavaJbHoe pachpeflesleHHe SHeprud B COCTABHOM
cucreme A* He OyaeT cAyualHHLIM H TaKas CHTYallusi He OCTaHeTcs He-
n3mennoi. Cucrembl A U A’ OyyT oOMeHUBATBLCS IHEPTHEH J0 TeX 1op,
rnoka He Oyjler JNOCTHTHYTA PABHOBECHAsi CHTYaIHsl, COOTBETCTBYIOLIAs
HanGo/ee CJOYUYalHHOMY pachpefe/leHHIO 3HEPruH, HpH KOTOPOM cpel-
515 SHEPTHsT MOJIeKY/bl OIHA M .Ta XKe 1151 00eHX cHcteM. JHepruu E,
y E; cuicrem A # A’ B KOHe4HOH DABHOBECHOH CHTYAIMH JOJKHBI 6bITb
TaKUMH, 4TOGHI . )
' af__af HJIH Wf:%f- (12)
B pesyubrare npoueccoB B3aHMOIEHCTBHS, KOTOPhIE NIPHBOAAT CO-
CTAaBHYIO CHCTEMY K PaBHOBECHIO, cHCTeMa C MEHDLHIMM 3HaueHHeM Ha-
Yya/bHOH CpelHeld SHeprui Ha OJIHY MOJIeKyJY YBe/HUYHBAET 3Ty IHep-
rmo a cucreMa € HONBUIMM 3HAYeHHEeM 3TOH CpelHeH SHePTHH Tepsier
KOHequ MOJHASl SHEPTrHH H30JHPOBAHHOH CUCTEMbL AOJKHA OCTa-~

BaTbCH ITOCTOAHHOH:
E; “[‘Ef:Et +E£’

T. €.
AE + AE" =0 (13)

Wi

K | Q+Q =0, (14)
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rze Mol obo3Havaem: .

Q' = AE’'= Ef——-E,. (1_5)
31ech BemunHa Q — menao, noeaotiennoe cucmemoli A B pesyabTare
TPQILECCOB TEMJOBOTO B3aHMOAEHCTBHSI; OHO PABHO YBEJHYEHHIO IHep-
I'HH CHCTEMbI B pe3yJibTaTe 3TOTO B3aumoieicTBHsl. Takoe xe onpezeJe-
HHe Tel1a, MOrJIOMEHHOro CHCTeMOH, NpPHMEHMMO H K cHcTeme A,
3aMeTHM, 4To Tenjo Q = AE, NOoraoilleHHoe CHCTEMOH, MOXKET ObITh KaK
NOJIOKHTEIbHBIM, TAaK H OTpHIaTe bHbiM. B camom pefle, [IPH TenJaoBOM
B3aUMOJAEHCTBHH MEXNY ABYMS CHCTeMaMH OJIHA CHCTeMa TepsieT sHep-
ruio, a Apyras npuobperaer ee, TakuM 00pasoM, B ypaBHeHu (14) sanbo
Q nosoxurenbHo, a @' orpHuarenbHo, anbo HaoGopoT. llo onpenene-
HUIO, CUCTEMa, y KOTOPOH 3HEeprus YBeJHUYHBAETCsl HPU TOrJOlIeHHM
TMOJOXKHTEILHOIO KOJHYECTBA TellJa, HasbiBaeTcd Hoaee x0.400Hoi. C apy-
TOH CTOPOHBI, CHCTeMa, KOTopas TepsieT 3Hepruio, NOTJomas OTpHha-
TEJbHOE KOJIMYECTBO TemJia (T. €. OTHAeT HOJIOMHTEJABHOE KOJUUECTBO
TenJaa), HasuBaercsi Ooaee copauetli, uan Hoaee menaolf, CUCTEMOU.

2. PaccMoTpHM YaCTHbIH caydail, KOrJla HauyajabHble 3HAYEHHS! 3Hep-
et E; n E; TaxkoBbl, 4TO CPEAHME 3HEPrHM, NPUXO/ISILHECS HA OIHY
MOJIEI&VJIy B cicrene A H B CHCTeMe A’, paBHbI

&, = €. (16)
B stoMm cayuae, KorAa cuctembl A U A’ npiBeieHbl B TenJOBOH KOHTAKT,
OHH - aBTOMaTHUeCKH obecneuHBalOT HauboJee CaydaliHylO CUTVaLHIOo
H B coctaBHol cucreme A*. Taxkum o6pasom, ofe CHCTEMB! HaXOAsITCH
B DABHOBECHH M MEXAY HHMH HE NPOMCXOIHT oOMeHa TENJ oM MJIH 3Hep-
riaefl (H2 MaKpPOCKOMHYECKOM YPOBHE).

Temnepamypa. PaccMoTprMm Tenieps OOUHI cayuail TeRA0BOTO B3aWMO-
JeficTBYSE MeAacly AByMsT cucteMaMu, A 0 A’. 3TH cHCTeMbl MOTYT ObITh
Pa3AHUHBIMM Ta3aMH, COCTOALIMMH W3 MOJEKVJ pa3HOll Macchl ¢ pas-
JIMYHbIM YHCJAOM aTOMOB, HJH K€ OIHA HAH obe CHCTeMbl MOTYT ObiTb
MHAKOCTAMH UK TBePABIMH TelaMH. XOTA 3aKOH COXPAHEHHs YHEPrHu
(8) M ocTaerca B CHJle, 3/1eCb HaM y¥XKe TpYyIHee 0XapaKTepH30BaTh paB-
HOBECHYIO CHTYAlMIO, COOTBETCTBYIOULYIO Haufonee CJaydyaHHomy pac-
NpejeseHHIO JHEPTHH MEeXKAY BCeMH aTOMaMH COCTaBHOH cHCTeMbl A* =
=A-+ A’. MoxHO, OHAKO, YTBEPKAATh UTO HALIH [1pe/bILY LilHe pacey -
JeHHsl, Kacawuiheca cayyasa JABYX OJHHAKOBBIX ras3oB, JMOJKHBI GbITb
npuMeHeHbl H 3Jleck. To, 4ero mMbl MOXeMm OXHAaTh (03xke 310 Oyjer
JOKa32HO), 3aKJIIouaercsi B CJGAVIOHICM: KaxJas CHCTeMa XapakTepH-
syercss nmapamerpoM T (yClOBHO HasblBaeMbiM «a0cOJIIOTHOH TeMimepa-
TYpOH»), KOTOPbIl OnpejensieT CPeIHIOI 3HEepPr#io, MNPHUXONSILYIOCS Ha
ONMH aTOM B cucteMe. B pasHOBecHOH cHTyallud, COOTBETCTBYIOUleH
HanOoJee C/yYa#HOMY pacnpefie/ieHHI0 SHEepruM, no aHaJOrHH ¢ (9)
MOKHO OXHJaTh, YTO

. - T=T". o

&
A
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HeBosmoxHO nath.Gosiee TouHOe OnpesieneHe NOHATHS aGCOMIOTHORF
TeMNepaTyphel, IOKa Mbi He YTOYHHJIH IOHATHe CAYyYaidHOCTH (B MpUMe-
HEHHH. K pacnpefeleHHIO SHEPrHU™ MexKY HeOJHHAKOBBIMH aTOMaMH).
OnHako Jerko -BBECTH NOHsITHE Temnepatypbl (HO He «abCOMIOTHON
TeMIeparyphiy), HCNOAb3Yya: obpiuubili TepmoMeTp. [loa TepMomeTpoms
MbL MOHHMaeM HeGOAbHIYI0 MAaKPOCKONMUYecKYyI® cHcreMy M, yctpoen-
HYIO TaKuM - o6pa3oM, 4YTO IpH OT-
Jlaye HJH NOIJIOUeHUH ~Telsia y Hee
MOXKET H3MEeHSITbCH TOJbKO OJIHH MaK-
POCKONHYeCKHH mapameTp. 3T0T na--
pPaMeTp , Ha3biBAeTCH  MepMUHECKUM
napamempom TepaoMeTpa H 0003Ha-
yaercst O.. [Ipumepamu TepMoMerpoB
MOTYT CJAVAHTb  XOpOLIO H3BECT-
.Hbi€ pPTYTHDbIE HJIM CIIHPTOBblE TEPMO- -
MeTpbl. ¥ 3THX TEPMOMETPOB HAHHA
L cTonba: )KHAKOCTH B CTEKASHHOM
Kanujigpe SaBHCHT OT 3HepruM ca-
MOH KHJKOCTH, KOTOpas H3MeHseTcd

%L
I

'

Puc. 1.32. Jpa pa3inuHBIX TepMoMeTpa
RAXOAATCH B TENJOBOM KOHTAKTe ¢ CHCTe-

npu norJeilieHuy Tenaa. Mtak, Tep-
MHYECKHM DapaMeTpoM TaKHX TepMo-
MeTPOB . aBasercs JauHa L. Ecau

TepMOMeT] M HaXOIHUTCSA B TeJIOBOM .

Moii, cocToRell H3 CoCyAa, HaNONH¢CHHOTO
HUAKCCTRIO. OJMH  TepMOMeTP PTYTHbII H
ero TepMHYECKHM napaMerpoM sisnseTcd
Annna CTOABHKA PTYTH B CTEKJSIHHOM
Ranuanspe tepMmomerpa. Jlpyrof Tepwmo-

MeTp TnpeAcTaBlifAeT colboli 3neKTpudeckoe
conpoTHBaeHHe R, cienalioe H3 miaTHHO-

KOHTAKTe C KaKOil-To:-CcHCTeMoH A ¢ o wan n3 yraa. Ero tepai

H CaM TEPMOMETD Yy2Ke AOCTUT COCTOA-
HHSi PaBHOBECUsi, TO ero FepMHue-
CKHIl napamerp 0 HmeeT; ofipellesieH-
HOe 3HadyeHHe 0O, KOTOpOe Hasbl-
BaeTcs  memnepamypoti cucmemst \A,
mempa M *).

Hcnoab3oBaniie TepMOMeTpa 103BoOJsET cAe/1aTh CISAYIOUHe BbIBOILI,
Honycrum, uro tepromeTp M HaxoaHsAcd B TeM/JOBOM KOHTaKTe cHaya.1a
¢ cuctemoit A, a 3arem ¢ cuetemofi B. B kaskaom cayudae, nocae npuxoia
TEPMOMETpPa K DaBHOBECHOMY COCTOSIHHMIO, OH OyJeT HOKa3biBaTb 3Haue-
Hust Temieparyp 0, n 04 BosmoxHol ABa cayuas: jaubo 8,=%= 0,4,
Ju60 0 4 = B, M3 onbiTa H3BECTHO (O3:Ke Mbl IOKAXKEM 3TO TeopeTH4e-
CKU), uTo ecan 6, 5= 0y, ToCHCTEMBl A U B NpH TeNNOBOM KOHTAaKTe
6yayT oOMeHHBAaThCH TellioM, H ecaH 0 ,=04, TO TenjoBoro oOMeHa
He Oyler. '

Taxkum o6pasom, Temneparypa 0 cucrembl A, H3MepeHHad OOCbIYHbIM
TEPMOMETPOM, ~ABJSCTCSI [1apaMerpoM, XapaKTePHU3YIOUUM  CHCTeMY.
3HaHHe TeMmmepaTypbl [03BOASET CAeqnaTh CJelyiollee YTBEepPXKICHHE:

YeCKHM NapaMeTPoM fBANETCH SJeKTPHue-

CKoe conpoTHBaenue R (oupelensieMoe Te-

KoM [/, "TeRyuUiHM 4dYepp3 canpoTHRIeHHE;
U HanpsEedueM V na Hem).

UBMEPEHHOL € NOMOWBIO MepMo-

2

*} Cunraercst, uto cuctema A-SHauHTeqbHO GOJbille, YeM Tepmometp M, Tak uTo
H3MeHeHHeM TeMIIepaTyphl 3TOH CHCTeMbI B Pe3yJbTaTe KOfTaKTa C TEPMOMETPOM MOXKHO
npedeGpeusn. 3aMeTHM TaKxKe, YTO COIVIACHO HAlleMy onpejlefieHHiQ Temmneparypa, H3-
MepeHHass PTYTHBIM TEPMOMETPOM, SBJSETCA LAMHOH M HO3TOMY H3MepseTcs B CaHTH-
MeTpax. ‘

[P
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<€CJIH JIBe CHCTeMbl HAaXOAATCA B TEIJIOBOM KOHTakTe JPYT ¢ APYrom, TO
B Cjyude HePaBeHCTBA HX TeMmleparyp OHH OyayT 0OMEHUBATLCH TEIJIOM
JpYT ¢ ApYrOM; €C/Ii Ke HX TeMmIlepaTypbl PaBHbl, TO TenJoBOro obieHa
He Oyjer.

1.6. UucaeHHble OLEHKH

Mbl nokazaaM, uto noBejleHHe MaKpPOCKONHYECKHX CHCTEM CTaHO-
BUTCS TOHATHbLIM, €CJAH NPHHATb, YTO OHH COCTOAT H3 MOJIEKYJ H aTOMOB.
Hawe paccmorpenne umeno, 0AHAKO, YUCTO KAaueCcTBEHHLIH Xapakrtep
H ero c/ieflyeT JOMOJHHTh BhISCHEHHEM MOpPANKa BeJUUHH, ¢ KOTODLIMH
Alb HMeeM Aeqo. Jlasi opueHTalllll ‘Mbi OPOH3BeleM OUEHKH CKOpPOCTH

Daryym

Vfiks
hY

Py mtt l It i
Puc. 1.33. Cpeanee pjapfieHte raza p U3MepaeTCH Puec. 1.34. 2tor pHeynok un-
f1DH NOMOMH MaHoMeTpa. coctosiiero 3 U-obpaz- JIOCTPHpYET CTOJK[IOBeHHe MO-
foii TpyGk#., HADoAHeHHOH pTyTeio. B rpylxe JekyJa raza ¢ naoutagxoii A da
YCT4HABAHBASICA TAKas BLICOTa A cTOAGNKA PTYTH, oAHOol1 U3 cTeHok cocyla. {Och
YtoBe [Japiclie, OKa3bBAEMOe ITHM CTOAGHKOM. Z NepneHauKyaapHa K 0Jocko-
YpaBHOBeIIHBaNOCh A4BNe{HeM rasa. CTH YepTeskd.)

JIBHIKEHUS] MOJIeKYJl H YacTOTBl HX CTOJKHOBEHMH Apyr ¢ apyrom. O6pa-
THMCS ONsiTh K IPOCTOMY IPUMEPY HAeaJbHOrO rasa.

Jlasrenue udearorozo 2asa. Ecal ra3 HaxoAuTes B KAKOM-TO COcy e,
TO yAAphl MOJIEKYJ1 Fa3a O CTeHKH COCYAa (4HCI0 TaKHX Y1apeB OrPOMHEO)
IIPHBOJSIT K MOSIBJEHHIO CHJbI, JefiCTBYIOWEH Ha KaXKIbld 3/1eMEHT IIo-
wand cTeHok. Cnia, npuxolsilasics Ha eAHHULY MJOIAAH, HA3hIBAeTCA

OasacHuen P raza. CpellHee 1aB/eHue P rasa Jerko H3MepHTh ¢ [IOMOLIbIO
Manomerpa. Ero Takike MOXKHO BBIYHC/UTB, €CJIH H3BECTHO UYHCAO MOJie-
Kyd, H OOpaTHO, 110 M3MEPEHHOMY A2BJEHHIO MOXKHO CYIHThb O KOJiHye-
ctBe MoJekya. Mrtax, paccmorpum, Kak npuOAH3UTEAbHO BBLIYHCIHTH
JlaBjiedye HieaJbHOrO rasa.

[lycTb HaeasbHBIl rad coctouT U3 N MOJeKyJ, Kaxiaas H3 KOTOPhIX
uMeeT macey m. [IpeanosiokuM, 4TO ra3 HaXoJAHTCH B PABHOBECHH H YTO
OH 3aKJIoyeH B COCYA, MMEIOLHHA QOpPMy NpPSIMOYTOALHOTO MapaJijielie-
nuneaa u o6vem V. Yucno mosekya s enuuuue ofbema OyJeT paBHO
n== N/V *). BokoBble CTOPOHDI €OCyAa MOTYT ObITb TapaJielbHLl AeKap-
TOBBLIM OCSIM KOOPIAHMHAT X, Y, 2, KakK [OKasaHo Ha puc. 1.34.

. *) Uepes n panblie 0603HAYANOCH YHCIO MOJEKYJ B OlHOM H3 MOJOBHH COCYAA,
HO 5TO He JOKHO Hac cMyiath. B fasbueifliem 4#c/Io MOJCKYJ B elHHULE o6neMa
MBI uHorna ans xpaTKocm OyAeM Ha3wniBaTh Kouu.eu'rpauuen MOVIEKY /1,
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PaccmotpuM OfiHy H3 CTEHOK cocyla, HalpHMep, NPaBYyiO CTEHKY,
NepneHJHKYJSIPHYIO K OCH X. BLISICHHM CHadaja, CKOJBKO MOJIEKYJY
yaapsieT B IIOBEPXHOCTb CTEHKH MoWanbio A B TedeHHe KOPOTKOTOr
NIPOMEXKYTKa BpeMeHH f. MoJekyJibl HMEIOT pasHbie CKOPOCTH, HO TaK
KaK HaM JIOCTATOYHO NPHOAHSHTENLHOrO PesynbTara, Mbl MOXKEM CUM-
Td4Tb, YTO BCE MOJICKYJIBl ABHXKYTCH C OAMHAKOBOH CKOPOCTBIO, paB-

HOM cpennefl ckopoctd v. [TocKOJBKY MOJEKYJ b JBHXKYTCS B PasHbIX
HallpaBJIeHUSsIX, TO B CPeIHEM MOXHO CYHTATb, YTO O/IHA TPETh MOJe-
KyJ, HaxXOAsIHXCS B eluHHIle 00beMa, ABHXKETCS BAOJAb OCH X, OfH&
TpeTb — B10Jb OCH Y H elile OJHA TpeTb — BAOb OCcH 2. M3 MoJeky.,
JBHKYHIUXCSl BAOJb OCH X, MOJOBHHA (UJM /1) MOJIEKYJ ABHIKETCS B
HanpaBJeHld X K mjomanke A, B To BpeMs Kak Apyras NOoJOBHHA ABU-
XKeTcsi B IIPOTHBOIOMOXMHOM HampasJeHHM, —x. Jlofas MoJiekvia,

MMeIoIas CKOPOCTb U, HArpaBJIeHHYIO N0 OCH -tx, 32 BpeMs f CMEeCTHTCS
BAOJb 3TOH OCH Ha paccrosinve, paBHoe vf. Ecau Takasi mosekyna pac-

NOJIOXKeHa Ha PacCTOSIHUM vf OT nnomlaiky A, To uepe3 BpeMs [ OHa
yIapHT B Hee, HO ec/l OHA HAXOAWTCs Ha 60AblueM pacCTOSHHU OT 3TOM
MJIOHIAAKH, TO 33 BpeMmst [ oHa He ycneeT JOHTH JO CTeHkU *). °

CpegHee 4HMCAO MOJEKYJA, KOTOpble YIapsiioT B njowWaiky A 3a
BpeMsl {, OyaeT OupelesiThbC UYHC/AOM MOJIEKYJ, HMEIUIUX CKOPOCTb,
HaNpaBJeHHYI0 BIOJb OCH —+X, M COIEPXKAIMXCSH BHVTPH LHAHHApa
¢ MIowAambio ochoBanusi A W Bhicotoli vf. CaenoBaresibHO, 3TO YHCJIO
pPaBHO NPOH3BENCHHIO '/ 1 (CPENHEro Yuea MOJeKYJ B eHule 00bema,
HMEWIIHX CKOPOCTb, Hanpasienilylo BJOJb OCH -+x) HA 00beM LUJAHHI~
pa Avt:

(—é—n) (Avi).

Ecan MBI pasmennm 370 Bbipamenine Ha A M Ha Bpems f, TO NOAYUUM
NpUOAHKEHHOE 3HAUEeHHE BEJIHUHHBL J,, NOKasbBaloOUleH, Kakoe KOAH-
YeCTBO MOJIEKYJ yAapseT B eAMHIUHYIO IIJIOMAAKY 3a €HHHILY BPeMeHH.
(JTa BeJHYUHA HA3bIBAETCH HAOMHOCMBIO nomoxka MoJaekyda.) Takum
obpa3som,

J, ~ ~ 1o (18)

6

BruHcAHM Telepb CPENHIOID CHJY, NeHCTBYIONIYIO HA eIHHHUYHYIO
NJOMAaAKY B pe3yJbTare yAapoB MoJieky . Koraa Mosekyna, ABUKYINAS-
Cs 110 HAlpaBJEHHIO X, yaapser B CTEHKY, €€ KHHETUUECKAs 3HepTH#

1/,mu? ocTaeTcsl HeH3MeHHOH. (10 JO/KHO ObITh CPABELIHBO XOTH Obl
B CpefiHeM, TaK Kak ra3 HaxOIMTCA B COCTOSIHHM paBHOBeCHUR.) Bean-
YUHQ HMIyJAbCa MOJIEKYJIBl AOJKHA TaK:Ke B CPeAHEM OCTaBaTbCs Heus-

)

*) IocKkonbKY BpeMmMeHHON .MHTepBaN # MoxKeT OBITL BLIGpAH AOCTATOUHO MAJIbIM
(HanpumMep, ero MOXHO CHEJATb 3HAYWTENBHO MEHBLIUHM, 4eM CpeiHee BpeMs MEXAY
CTOJKHOBEHHAIMH CaMHX MOJIeKYJ), TO CTOJKHOBEHME JAAHHOH MOJEKY/JIH ¢ APYTHMH
MOJIEKY/aMH B TedeHHe STOTQ MHTepPBa/ia MAJOBePOATHO H MM MOXKHO TpeHeOpeys.
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MeHHOMH: MosieKyJa, NPUOJIHSHBIIAACA K CTeHKE C HMOYJLCOM /o

B HE\HpHB.ﬂEHHH CCH +x OTCKOHYHT OT CTCHKH, HMEsA HMINYJbC —mu,
HaﬂpaB.ﬂeHHbII/I B1OJL OCH —Xx. B pe3yJabTare CTO.HKHOBGHHH Co CTEH-

KOH MOMEHT MOJEKYJbl BAOJAb OCH --X H3MCHACTCH HA — My — /Mo =
— — 2. CorJiacHo 3aKOHY COXpaHeHls UMIYJ/IbCa, B pe3yJibTare coy aa-

PeHHsi CTEHKA I0JyYaeT HMMIYJbC, paBHbil --2mo 1 Har paBJICHIiblil
Bo/b OcH —--x. Ho no Bropomy 3akoHy HbloTOHa cpenHsst cuia, Jedcr-
BYIOIIAS HA CTEHKY CO CTODOHBI MOJEKYJ ra3a, paBHa cpejiHed CKOpo-
CTH H3MEHEHHsI UMIY/ibCa, HCILITHIBAEMOrO CTEHKOR B pe3yJbraTe
CTOJIKHOBEHHUSI ¢ MostekyJami. [losToMy cpeasiolo cu.1y, AeficTBYIOULYIo

f1a eMITHUYHYIO TJIOUIAAKY CTEHKH (T. €. CpejlHee JaB/JeHHE p Ha CTeHKY),
MOXKHO IOJNYYHTb MPOCThiM YMHOMERHEM:

- -

.
| CpellHee YHCJIO YAAPOB ’
p = nepesasHbiil’ CTeHKe OpH v MOJIEKYJT B eJHHUUIYIO

" OJHOM CTOJKHOBEHMH C nAaoWaiky  3a  OiHy
MOJIEK yJ10H _ CeKyHAY

CpellHHI MMAOYJbC 21y,

.

Takum cbGpa3som,
-

p~(2mu)J, = 2m5(—é— nu !
uny

E 1 nmo?. (19)

Kax moxHO ObLI0 OXHAATh, AdBJeHHEe p BO3pacTaeT IIPH YBeJHYeHHH
KOHIIEHTPaUUM MOACKYJ, TAdK KAaK IIPH 3TOM YBEJHUHBAETCH 4UCJIO -yjia-
POB O CTEHKY, M TPH yBeJUYEHHU CKOPOCTH MOJIEKYJ/, TAK KaK CbiCT-
pble MOJICKYJBl Uyame B3aUMOJEHCTBYIOT CO CTEHKOH M IIPH  Kax oM
yaape nepejaror efl GONbIIMA UMY IBC,

Tak Kak cpeqHsAsl KHHETHYECKAs SHEPTHS MOJEKYJIbl NPHOIU3HTE b=
HO papHa *)

—— 1 -
e & o mo?, (20)
To cooTHoweHde (19) wmoxer ObiThb MepenucaHe B BUJE
. - 2
p m-,“" (21)

3amMeTHM, YTO KaK Boipaxkende (19), tak u Bhipaxenue (21) saBucat
TOJALKO OT KOQHUEHTPAUMH MOJEKYJ H He 3aBHCAT OT WX HNPHPOALL.
Ilostomy 3TH ﬁupa}KeHHﬂ CHpPABeIVIUBLL AAiA° JIOGLIX MOJEKYJ, Ha-
npumep, moaekya He, Ne, O,, N, uau CH,. Takum o6pasom, cpeaHee
JlaBJeHHE WJAealLbHOTO Tasa, 3aKmoquHoro B cocyne ¢ (hHKCHPOBaH-

W
A *

*) Mul ripgieOperaeM 3/eCh Pa3TMUKEM MEXKAY v, cpe;HMM KBajgpata, u 0%,
KBAJPaToM CpéHero. ‘
X :
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HbIM OOBEMOM, OJHO3HAUHO olipellesisieT cpelHee 3HayeHHe KHHeTHYe-
CKOH 2HEprHM MOJIEKYJ 3TOro rasa. »

Yucaennote ouenxu. llpexJe uem nepedTH K UYHCJEHHBIM OLIEHKaM,
NOJie3HO HAMOMHHTB HEKOTOPble BaXkHble omlpeiedenus. Maccy m aroma
HJIM MOJIEKYJIbl YAOOHO BbIpaXKaTb B HEKOTOPBIX CTAHAADPTHLIX E1HHH-
1ax Macchl m,. B COOTBeTCTBUH C CYIIECTBYIOLIHM MEXKIYHAapOAHbIM CO-
raamexHtem (DpHHATHIM B 1960 r. ¥ HAa3BaHHDBIM eOUROLL LUKAAOL QIMOMHBIX
6eC08), 3Ta €JIMHUIA MAcchl paBHA OHOH JABeHAAUATOH 4acTH Macchl aTo-
Ma OINpeAe’eHHOr0 H30TOMa YrJiepola, a umeHHo, u3oroma (i *)

mCIE
12 °

Taxkum o6pason, macca atoma C!'2 colepKHT poBHO 12 eliHHI Maccsl,
a Macca aToMa BOJOpOAA npubAu3UMEeAbHO PaBHA OJHOH eHHHILE MACCHI.
OtHollieHHe Macchl m1 aroMa (HUJAM MOJIEKYJb) K €THHHIE Macchi i
Ha3bIBAETCS QIMOMHOIM 6eCom ATOMA (MM MOACKYASPHOIM 8€COM MOJEKY-

Jibl) ¥ o6Go3HauaeTcsl OYKBOH L
. m

n=_-. (23)

gy

Y3 storo onpeledenus caelyer, uto aToMHbli Bec C'? pasen 12.

Y JOGHBIM MAKPOCKOITHYECKHM 4HCJ0M aTOMOB HJ/IH MOJIEKYJ SIBJsieT-
¢ uyucao N, aTOMOB Maccoi m,, KOTODble BMeCTe HMEIOT Maccy
1 rpamm (2). [Tostonty N, paBhHo

N, =L, 24)

(22)

my ==

2r0 BblpdXKEHHE MOXKET OBITH Iepernucano B BHIE
m i
=£ (25)

¢ mmy m

31echk Mbl HCIIOJIB30BAMN Beipaxenne (23). M3 (25) cneayer, uto uncio
N, paBHO TaKKe UHCAY MOJEKYJ C MOJEKYJSPHbIM BecoM W, obinas
pacca KOTOpBIX cocTaBjsieT W rpavd. Yucno N, HasbBaercs wucaom
Asoveadpo.

Oxnn moap BellecTBa omnpefesiercs KakK KOJWHYeCTBO BellecTsa,
cocrosiuiero U3 N, MOnekyJ Uau aroMoB 3Toro BettectBa. C/eR0BATE/Ib-
HO, MOJIb MOJIEKYJI C MOJIEKY/ISIPHbIM BECOM |1 MMeeT Maccy, PaBHYIO w 2.

DKCIepHMeHTaNbHO TOKA3daHo, YTO YUCI0 ABOTajpo paBHO

N,=(6,02252 + 0,00009)-10** mouseky.1/MOb. (26)
(Cym. Tabmuny (U3MYecKHUX KOHCTAHT B KOHLIE KHHTH.)

Bocnosnbayemcst tenepb Bbipamenusamu (19) u (21) pas nasnenuss raza, utofm
OUEHHTb MOJIEKY/sIpHbie BeJIMUKHb J714 a30Ta.(Ny), raza, SB/SIOMET0CH OCHOBHOH KOM-
NOHEeHTOH BO3JyXa. DKCNepHMeHTA/IbHO YCTAHOBJNEHO, YTO HPH KOMHATHOH TeMuepa-

*} Hanomuum, yto AaHublii H30Ton Axpa X o6o3Hayaercs cHMBoloM X7, D10 060-
3HaueHUe NOKA3LIBACT, YTO SIAPO ATOMA COCTOHT M3 1 HYK/IOHOB (MpOTOHOB--HeilTpo-
HOB). ATOMBI, MMEIOUIHE SIIPA C PA3THYHLIM YHCJAOM HEATDOHOB, HO C OJHHM H TeM JKe
YHCJIOM TPOTOHOB, XHMHYECKH MOLOGHBI, TAK KaK HX 3JeKTPOHHAs 060/I04Ka HMEeT OgHHa-
KOBOE YHCAO snempoﬁoa.
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Type # aTMochepHOM AaBJIeHR (106 durfcu®) Macca azora, HaXOJisLEerocs B CoCy e 00nhe~
Mou B oauH JHTp (103 car3), pasna 1,15 e. Tak kak mofexynspHeiit Bec atoMa asora N
pasen 14, TO MONEKY/sIpHBIH Bec MOJeKYyJaH a3ora Ny papen 2.14=-28. 3ro 3uaynr,

4TO 8 28 2 a30Ta CONEPKHUTCA YHCIO MOJIEKYJ, paBHoe uncay Asoraipo. [Toanoe uncao
MOJIeKYyJl B cocyjle, TaKHM o0pa3oM, paBHO

115

N =(6,02-10%,) ._.-2,47'-1022 MOJIEK Y JI,
TaK YTO
N 2,47’-1022

n:_l?._—_——Tﬁ-:;—R,JQ,&lO“* MOMEKYJI/CM3, (27}
Hcnonbays sbipaxkenie (21), MOAKHO MOJNYUHTh BeIpaKeHHe AIs Cpeliieil KHIETHYECKOH
SHEPrHH MOJeKyJl asora:
— 3 p 3 108\

2 \2,

ef) — — 5 '-’-1- —'"5-""1-'{"}-5 ; ~ 6,0'10"14 3pe. (28)

Tak xaxk N, monexya asorta (N ,— uncio. ABoragpo) uMmeloT Maccy, pashyio 28 e, To
Macca OAHOM MOJIEKYJBl a30Ta paBHa
28

_ — .10~23
’71_6,02-1023 4,65-10 2, (29)

Henoabaya Buipaxense (20}, MuI nojayuaen, yto
- i) . 10—14
s 26\ 2.(6,0-10-19)

U—"— P

- 100
mn 4,65 1{—23 ~ 2,6-10

HIu
v~5,1-10% ca/cex. {30}

Cpednasn dauna c60000H020 npobeea, OUeHUM cpefHee paccTosinue [,
KOTOpOe IIPOJETaeT MOJeKY.1a rasa, mpexJe 4eM OHa CTOJNKHETCH C Apy-
roli MosiekyacH. BennunHa [ Ha3biBaercs cpedredl 0auneii c6obo0H020 npo-
Oceq MOJIEKYABl (HHOrJla /11 KPATKOCTH Mbl OYJAEM MUCATb: CBOOOAHBIH
npofer). Yupoilas 3alauy, Mbl MOXKEM CUMTATh, YTO KaXKJAasl MOJIEKYJ1a
umeeT popMy cepbl ¥ YTO MEIKAY AKOOLIMH JBYMS MOJEKYJdaMH 1efiCTBYIOT
TE M€ CHJbL, YTO H MeXKAY ABYMSI TBepAbiMY ceparu pajuycon g. 3710 3Ha-
UHT, YTO MOJIEKYJIBI HE B3aUMOEHCTBYIOT APYT C APYTOM, [OKa paccrosi-
HUe R Mexay uX ueHrTpamu Goablie 2a, U B3aHMOACHCTBYIOT {T. €. Crat-
KHBAOTCS), Kak 10.bKe R < 2a. Puc. 1.35 uantoctpupyer B3aumoieil-
CTBHE JABYX TAKHX MOJIeKyJa. 31ech MoJiekyaa A’ couTaeTcs HeNnORBHX-
HOH, a moJekyJa A npudjikaercss K Hefl ¢ HEROTOPOH ©TYHOCHTe b
CcKopocThio V Takum 00pasom, YTO LCHTPbI MOJIEKY/ HaXOAATCs Ha pac-
CTOSTHHM O Ipyr oT Apyra. OueBUAHO, YTO MOJEKYJbl HE CTGJAKHVTCS,
ecnn b>2a, u CI0JKHOBEHHe 11pou3oiieT, ecn b < 2a. Croaksoaenve
JBYX MOJIEKYJl MOXKHO MMOSCHHUTh CJeNyioliuM oOpasoM. [lpeactanim,
uTO ¢ MOJEKYJ0A A XKeCcTKO CBsi3aH JUCK PaAHYCOM 2@, LEHTP KOTOPOro
HAaXOAMTCS B IIEHTpE MOJEKYJBl A, U BeKTOp CKOpoCcTH V IeplleHAHKY-
JsipeH K MJOCKOCTH 3Toro aucka. CTOMIKHOBEHHE MEXAY MOJIeKV. 1aMH
NpOH30HAeT TOJILKO B TOM CJyuae, ec/id IHeHTp MoseKkyaol A’ sexur
BHYTPH 00beMa, 06pa3yeMOro JUCKOM, JBHIXKYIIMMCH BMECTE€ C MOJIEKY-
Joi A.

[Trowany ¢ Takoro BooOpaKaeMmoro AHcKa, ABHXKYILErocs BMecTe
C MOJeKYJOH, paBHa :
1 (2a)* = 4na? ' (31)
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H Ha3bIBAETCH NOAHLIM COHCHUCM PACCCAHUA JJI JBYX CTalKHBRIOILHXCst
mMogekyJs. O6beM, oOpasyemblii JHCKOM NMpPH I[epeIBHKEHHH MOJEKYJIbi
Ha paccrosinve {, pasen ol. IlpeanonoxkuM, yto 8 310M o0beMe B Cpel-
HeM HAaXOZHTCS TOJbKO OJHA MOJeKyJa, T. e

(chn~1,
rjle 71 — YHCJO MOJCKYJ B eiuHHie oObema. Torna paccrostiue [, npo-

XOJIHMOE MOJEKYJOH 0 CTOJKHOBEHHSI ¢ APVIOH MOJEKY#AoH, W OyleT
cpelanell AnMHOI ¢BOGOAHOTO Hpodera. TakHm oOGpasoM, Mbl MOAYYHIH

[~ (32)

Kak u chaenosano oxuaarb, cpelddil npoler MOJEKyab  yBelHUM-
BaeTCst ¢ yMeHbLIeHHEM 7 (TaK KaK IIpH 3TOM yMEHbLAETCs 4MCa0

TN

—_— - _ Ao
e T ®
] za]

A >
Puc. 1.35. PHCYHOK HAJIOCTPHPYCT CTOMK- Puc. 1.36. Ctongilonenile MoJieKysl A ¢ MoJe-
HOBeHMe [ABYX Temxedmx cdep paany- Kyholi A’, HeHTp KoTopofi HAXOAUTCS RHYTDH
COM &. od0TheMa, ofpa3oBaHHOrO BoOOpaKaeMblm  Alic-

KoM. ABHMKYLINMCH BMECTE ¢ MoJekyJioil A.

MOJIEKYJ, € KOTOPLIMH JaHHa# MOJeKYyJa MOKeT B3auMo/leficTBO-
BaTh) M € YMEHLIIEHHEM pajnyca MOJEKYJ bl (Tak Kak NpH 3TOM pac-
CTOSIHME, Ha KOTOpOE MOJIEKYJbl MOTYT NPHOAH3UTBCS APYT K APYTY, He
HCIIDITBIBAST COYJlapeHnsl, YMeHblaercs).

Utobbl cheqaTh YHCJICHHLIE OUEHKH, BepHeMCsl K paHee PACCMOTPEHHOMY 430Ty
N,, HaxoasmleMycsi NpH KOMHATHOIl TemnepaType W arsochepnoy AasieHdd. Pajuye
MOJCKYAB dAMeeT nopsaok 10-8 oy, T e.

a~ 10-8 cu.
M3z Bhipaxkenus (31) MOKHO NOJIYYHTH BeJHUHHY MONEPEYHOro CCHEHHS:
0=4na%> ~ 12.10~16 cy*,

Tlcnoabsys (27) u (32}, noayuyun ouenky

! !
no . {2,5-1019) (12-10-15)

~

“In
{ ~3-10-5 ca. (33)

3ameTuMm, 4TO CpeAHsst JJHHA CBOOOAHOrO NpoGera MoJIeKYJH 3HAUHTENLHO O0Jblue
ee pajuyca, T.e. IS a. 2T0 ABIAETCS J0CTATOYHO XOpOIIHM nNpuOAH:KeHHeM K
dieaJqbHOMY Ta3y, TaK KaK MoJeKYJbl B3aHMOJCHCTBYIOT ApYr C APYrom JocTaTOYHO
peako. C Apyroi CTOpoHBl, CpelAHHH MNpo6er MOJeKYJbl OUeHb MaJl N0 CPaBHEHHIO C
AMHelHLIMH pasMepamu JIMTPOBOFO COCYJd, B KOTOpOM HAXORHTCA ras.
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1.7. OcHoBuble MpoOJieMBl MAaKPOCKOTIHUECKOH (U3UKH

Hecmorpst Ha TO, YTO pacCyXKACHHA B 3TOH raase yMean GOJblielk
UaACTHIO KaueCcTBEHHbIM XapakTep, HaM yJanoch MHOHATb psjl BaXKHbIX
CBOIICTB MaKPOCKOIIHYEeCKUX cHcTeM. Tellepb Mbl 00/123a€M J10CTATOUHLINM
ONbITOM, YTOOLI PACCMOTPETL HEKOTOpbie N1polueMbl, UMelolHe 6oJblIoe
8HaUeHHE.

Ocrosrote npuryune.. Haumell OepBoft 3ajauefl ABJSETCS HCHOOIb30-
BaHUe KAueCTBEHHLIX MPe/CTaBJeHHH O MAaKPOCKONHYECKUX CHCTeMaxX
JJI CO3JIaHHS] SICHBIX TeopeTHdecKHX [TPHHIMIIOB, MO3BOJSIONIUX Ae1aTh
KOJIHUeCTBeHHble NpelckKasadud. Hanpumep, mbt 3HacM, 410 HEKOTOpBIE
COCTOSIHHSI MAKPOCKOITWYECKHUX CUCTEM siBJSIIOTCH 0osiee BepOSiTHBIMI
(11 GoJsiee caydaiiubiMu), dem aApyrue. Ho kakum oGpason MOXKHO TOYHO
onpelesnTb BePOSTHOCTL AHHOTO MaKDPOCOCTOSAAHMS M KAaK H3MepiTh.
CTemeHb €ro CAy4aHHOCTH? 2TO BOMPOC NePBOCTeNEeHHOH BaXKHOCTH.
Mbl BBISICHHAN TaKXKe, YTO He 3aBHCsILECE OT BPeMeHH COCTOsIHHE PaBHoO-
BeCHfl COOIBETCTBYeT HauboJsiee CAy4aHHOH CUTyalHH B H30JHPOBAHHOK
CHCTEME. ,

TaxkuMm oOpasoM, CHOBA BO3HHKaeT npol/eMa TOYHOrO oOIlpeje-
JeHns cayuaiinocTu. TpyIHOCTH BO3HHKAIOT U B TOM CJyyae, KOTAa
Mbl pacCMaTpuBaeM JBe NPOH3BOJIbHLIC CHCTEMbl, HAXOAAUMECH B Tell-
JIOBOM KOHTaKTe ApPYr ¢ Apyrom. Mbl nipeniloaraen, 4To B COCTOSIHIH
pPaBHOBeCH#, COOTBETCTBYIOIIEM MAaKCHMaAbHOH CaydyalHOCTH (HeyvIlo-
PSOOYEHHOCTH), HEKOTODLIA napamerp T (Xapakrepu3yIOUUH CPEIHIO
SHEPrHi0 aToMa B CHCTeMe) JoJKeH ObITh OMHHM M TeM Xe Ada 0OcHX
cucreM. Ho tak xax Mbl He 3HA/H, KaK.ONpelefHThb MOHATHE CayYaliHo-
CTH B Oflllem cayuae, TO Mbl He MOTJIM JaTh Kakoe-Jufo siCHOe olipejesc-
nue napamerpy 7 (KOTOphIfl YCJORHO Obll HA3BAH «abCOIOTHOH Temne-
patypoit»). TakuM ofpasom, BO3HHKaeT CHeAYIOUMH OCHOBHOH BOIpOC:
KaK HCIOJb30BaTh BEPOSTHOCTHDbIE MOHATHS AAf [10CJA€JI0BATENbHOro
OMHCAHUS MAKPOCKOIIHYECKHX CHCTEM, TIPH KOTOPOM CTAHET $ICHbIM
CMBICT CAy4alHOCTH W aBCOIOTHOI Temueparyphi?

B npumepe ¢ MaATHHKOM B 1. 1.3 MbI B le/1H, UTO BOBCE He OYEBHIHO,
KaK 3JHEpTus, pacnpeieneHHas ciayuaifnbiv 00pasoM MeX1y MHOTHMH
MOJIEKYJIAMH, MOXKET NepeXOAHTb B MEHee CayuafiHOe pacnpelesieHue,
NpyH KOTOPOM OYIET NPOH3BOAHTLCS paboTa, BbINOJHSIEMas MaKpOCKO-
NUYeCKOH .CHJI0OH HA HEKOTOPOM MaKpPOCKOMHUYeCKOM PACCTOAHHH. ITOT
MpUMEP BCKpbIBAeT BOMNPOCHI GOJIBLIOH BAXHOCTH. BO-11epBbIX, B KakoH
CTerleld MOXKHO MCNOJIL30BATh SHEPrHio, pPacnpeleeHHyIO CJy YAl HbiA
o0pa3oM Mexay MHOTHMH MOJEKyJaamii BellecTBa (Hampumep, yrJjs
uad Oetsuua), U KOHLEHTPUPOBATb €e TakuMm ,00pa3oM, 4YTOObl OHa
[IPUBOAMNI2 B IBHXKeHHe nopuenb? Kpaue, KakoB KoO3(hPuUHCHT
HOJIE3HOTO JILHCTBUA f1apoBOro Had OeH3HHOBOrO ABHTaTeNd, OCYilie-
CTBHBIIMX TPOMBILLJIEHHYIO PeBOJOHHKIO? Bo-BTOPHIX, B KaKOH CTe-
NEeHH MOXXHO HCNOJb30BaTh PHEPTHIO, PACIIpENeNeHHYy0 CNy4alHbIM 06-
pa3soM MEXIYy MOJIeKyJaMH HEKOTOpPbIX XHMHYECKHX COENMHEHHE, H
TIEpeBOJIMTL €€ B MeHee CJayYaiHble (QOPMBI, NPHIOAHBIE JJist CO3AAHH A
MYCKYJIbHbIX YCHJANH HJH IJIs1 CHHTE3a BBICOKONOJHMEPHBIX “MOJEKYJ,
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HallpUMep, TakuX Kak Oenok? JlpyrumMu cjoBamMu, B KaKoil CTCIEHH
XUMHYECKVIO SHEPTHI0 MOXKHO MCHOJIb30BATh /s obeclieyeHHsi OGHOJO-
THUECKHX TporeccoB? SIcHoe npeaCTaBaeHHE O NOHSTHH CJAYUYaHHOCTH
TIO3BOJIHT HaM OTBETUTbH Ha BCe 3TH BOHpOCLI.

Csolicmea cucmen 8 cocmosnull pagrosecus. Tak Kak CBOACTBA MaKpo-
CKOIMHYeCKUX CHUCTeM B COCTOSIHHH paBHOBecHsi OCOOEHHO MNpOCTbI, TO-
OHH JOJIKHBI JerKO TOLNaBaThCsl KOJMHUYeCTBEHHOMY onucanuio. CyuiecT-
ByeT MHOTO PABHOBECHBIX COCTOSIHHH, KOTOpBIe IpeACTaBJsIIoT GOJDbLION
HHTepec. PaccMOTPHM HEKOTOpble H3 HHX.

OanoposHOe BelleCTBO SBJSIETCH OJHUM H3 JPOCTEHIIMX IIPHMEPOB
CHCTEMBI, UbH DABHOBECHDI¢ CBOHCTBA MOXKHO HalesATbCSl ONHCATbh KOJH-
yecTBeHHO. lIperronoxum, Hanpumep, 4TO HEKOTOpBHl ra3 HJH XKHI-
KOCTb ApH 32JaHHOU TeMIepaType HAXOJAHTCH B COCTOSHHH PAaBHOBECHS.
Kak 3aBUCHT BeJHUHHA JlaBJjeHHd OT Temilepatypbl H obbeMa 3ToH cpe-
JAbI? VA npeanodioKHM, 4TO HEKOTOPOE BEIeCTBO COJICPXKHT aTOMBL
sKeJesa, HMeEIOHHe OnpeflesieHHblit MarHUTHbIA MoMeHTt. llycTb 310 Be-
11eCTBO, TeMieparypa KOToporo 3ajaHa, NOMEUleHO B, MarHUTHOE [10.e.
UemMy paBHa HAaMarHM4yeHHOCTb, T. €. KAaKOH MAarHUTHBIH MOMEHT MpH-
XO/MTCA Ha eluHuuy o0beMa IaHHOTO BelllecTBa? Kak 5Ta HaMarHuueH-
HOCTb 3aBHCHT OT TeMIOEPATyphbl H MATHUTHOIO NOJIA? B KauecTse APyroro
npHUMepa JIOMYCTHM, UYTO HEKOTOpOe BellleCTBO (3TO MOXKeT ObiTh XKHJ-
KOCTh, TBEPJO€ TeSIO HJH Ta3) NOrJaoniaer HeGoJbIIoe KOJUYeCTBO Tellla.
Ha kaxymno BeauuHHy BO3pacteT Temleparypa Bewecrsa?

Mpl uHTEpecyeMmCs, OAHAKO, He TOJIbKO MAKPOCKOIMYECKIMH Hapa-
METPaMH CHCTEM, HaXOASAWMXCS B DABHOBECHH, HAC HHTEPECYET TakxKe
NOBeieHUe aTOMOB, W3 KOTODBIX 3Ta CUCTeMa CocTouT. PaccmoTpum, Ha-
IIpHMep, COCYJ C I'a30M, HaxXOASIHUHCS NPH OfNpelesiCHHOH TeMIeparty-
pe. O4eBHHO, YTO CKOPOCTb MOJEKYJ rasa He 6vier ofanHakoBoii. Hac
MOXKeT HHTEPecoBaTh, KAKas 4acTb MOJEKYJA HMeeT CKOPOCTb, JeXalLyio
B 3ajaHHOM uHTepBaae. Ecau B cocyle cnenarb HeGOAbILLOE OTBEPCTHeE,
TO HEKOTOpble MOJEKVJbl MOKUHYT COCYA H NPOHUKHYT B OKPVKaIOULH
€70 BAaKYVM, [1€ HX CKOPOCTb MOXeT ObiTb HeOoCpe;CTBEHHO H3MepeHa.
Takum obGpasoM, NPEACKAa3aHHsA TEOPHH MOXHO OYAeT CPaBHUTh C 3KC-
IIepHMEHTOM. PaccMOTPHM mveToif  COCYJ, CTEHKH KOTOPOTO HarpeThi
JIO BBICOKOH TeMmmneparypbl. Tak Kak aTtoMbl CTEHOK COCYAA HCOYCKAloT
3J1€KTPOMArHHTHOE H3JyYeHHe, TO COCYA HaloJIHeH H3JydedueM ((poTo-
HAMH), HaXOAAIWHMCH B PABHOBECHH CO CTCHKAMM cocyna. KakoBa Be-
JIHYHHA SHEPrHi 3TOTO 3JeKTPOMaTHUTHOTO H3AYUeHHMs, 3dK/IOUeHHasl
B 3aiaHHOM HHTepBafte 3uepruii? Ecau B cocyae cienaTb HeboJblloe
OTBEPCTHE, Uepe3 KOTOPoe HasyueHie MOXKeT IIPOHUKATh B OKpYKaiollee
NPOCTPAHCTBO, H € MOMOLULBIC CAIEKTPOMETPA U3MEPHTD €I'0 IHEPIHIO B JaH-
HOM HHTEpBaJe 4acToT, TO OpelcKa3aHHsd TEOPHH MOXKHO OGvier 1po-
BEepHTb Ha ombITe. Jra IpobiaeMa HMeeT GOJbiIOe 3HAUYeHHe jJis MOHH-
MaHHs1 IIpoliecca UCOYCKAHUsi M3/JYYEHHUs HarperbiM TesoM, Hanpumep,
COJIHLIEM HJIH HHTBIO OCBETUTE/NbLHOH JaMIIbL.

Hpyro#i npoGiemoit, npescrapasiomeit 6o/bWoR HHTEpeC, ABAACTCA
BO3MOXXHOCTH XMMHYECKHX peaKUHH MeXAY MOJIeKyJaMH pasHoro poja.
PacemorpuM cocyn obbemom V, HamnosHeHHbId JABYOKHCHIO YIVIEpOAa
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CO,. B coorBercTBHH € XHMHUecKOH peaKuuell

9C0, 7= 2C0 - 0,, (34)

MoeKyab CO, MOKHO NIPEeBPaTUTh B MOJeKY.1bl OKHCH yriaepofa CO u B
MoJIeKYJabl Kiicaopoaa O,, uan Haobopor. Ecau noebimiats Temneparypy
cocyja, coaepzaniero Mosekyanl CO., TO HEKOTOpble H3 HHX OYAVT JHC-
coipnpoBate B MoJeryJast CO u# O, B pesyabrare cocyn Oyaer colep-
AKarb Mosiekyasl CO,, CO u O,, Ha-
XOJstlHeCsT B PABHOBECHH ADYT C
apyron. Bozuukaer sonpoc, Kakum
00pa3oM MOXKHO ITOACYHTATh OTHO-
cHTeqgbHoe yHeao Mmogekya  CO,,
CO u O,, HaxonsillHxcsl B cocyne

S mMarmopres

f Mg’@’ggfpﬁb’” npli 3aaHHOH TenTeparype?
73 N
Honenynss, Jlaxe paccMOTPeHHe 11POCTOro
Lriedutt 1z cocydn BeecTBa, COCTOAIEro H3 MOJe-

Pue, 1.37. Cocyn, HAnoJHeHHE rasoM, nMeeT
oueHb MandeilbKoe OTBEPCTHE, 4Yepes KOTopoe
MOJNEKYJAB! MOTYT BRINOAHTE B OKPYQIOULHIT
eakyyM. C noMoulbio OAHOIH LM HeCKOABKHX
ROAJHIMHPYIORN X [edeli MOKBO BbLAEJHTE MO-
JekyJiphblil nyuok. Pacnpefieficdile MolleXyn
710 CKOPOCTH B AYUYKE OnpedessieTCsl pacnpe-
pedendeM B Cocvie. Merold MOJCKYAIPHOrO
FYUKa [03R0JAsier H3YUaTh HORCACHHE RIOJAUpI-

KYJ OAHOTO THIIA, TIPUBORHT K Psi-
Y HHTepecHeHILHX mpobaem. Ta-
KOe BeLECTBO CYHIeCTBYeT B pas-
JUYHBIX (opmax HIAN (asax, T. e,
MOZKET ObITh [asoM, KHIKOCTLIO
aub6o  TBepabiM TestoM. TIpocthid

BUHHBIX 4TOMOB HAN MoJexysd. Ero oleub ua-
£LT0 BCIOABLIYIOT B COBPeMeHHBIX (DH3HUeCKIX
SKCMepHMEeHTAX.

NpHMEPOA  CJAYKHT BOAd, HMeIO-
wast Bce TpH  Ga3pi:  BOAsiHON
nap, KHiKas BojJa H Jjel. B Jio-
60o# (dase BeWeCTBO COCTOHT W3 GAHHMX H TeX ke MOJEKyJ (B cayuae
BoJAbl 310 MoJekvab H,0), HO pacnosoxkennbx no-passomy. B rase
MOJIeKYJIbl HaXOMITCSl CpaBHHTENBHO 1aleKko APYr OT Apyra M ABHKeHle
HX HOCHT CJVYaitHbIll H ITOYTH He3aBHCHMbIH XapakTep. B TBepioli daze
pacnoJsoxeHue MOJeKyJd BecbMa yropsiioyenHo. OHH  pacnoJiozkKeHb
B y3aax (IPABHABHON KPHCTAANHUYECKOH pPEILETKH M MOTYT coBepilath
JIHLIb HeBoubllle KOoJeOaHUS OTHOCHTEILHO 3TIIX NOJ0XKEeHHH., B XKHAKOIi
aze pacnoJsiozeHie MOJIEKYJ HMEeT I[IPOMEKYTOYHBIH Xapaktep, Tak
KaK OHH CBSI3aHbl He T4K KECTKO, KaK B TBepJOM Tefde, HO I He 06aaaator
cBoGOJOH MOJIEKYJ Tasa. B xuaxocTH moJexybl JOCTATOYHO 6.1M3KH,
yroObl OK43bIBATL CHJIbHOE BJHSAHHE JIPYr Ha JApyra, HO B TO XKe BpeMa
OHH JIOCTATOYHO VJajleHbl, 4TOObLI MHepenMeniaTbCs APYr OTHOCHTEJIBHO-
Lpyra Ha Oogblune paccrosHus. Mayuense paccessHHst PeHTreHOBCKHX
Jyueldl NMOATBepPKIaeT CKa3aHHOe HAMH O XapakTepe PacloJOXKeHHS MO-
JIGKYJ1 B 3THX pasJyIMyHbIX (asax.

XOpoWwo H3BECTHO, HTO BELIeCTBO NepexoauT U3 OAHOH (ashl B APy~
IYIO TIpH BIIOJIHE ONpeNesieHHOH Temnepatype (NpMHHMas HWJM OTHaBast
TeNJI0 B pedyJabTare Takoro nepexoia). Hanpumep, soaa npu 0° C nepe-
XOJANT M3 TBepRoil ash! (viel) B XKUAKYIO (BOAY), KOTOP&Est B CBOIO OUepe]b.
(npu naBjeHuu B oaHy atMoctepy) nepexoaut B raz npu 100° C. Ilpu
HEKOTOPBLIX YCJOBHAX BO3MOXKHO OJHOBPEMEHHOE CYLIeCTBOBAaHHE JBYX
(a3, HAXOUSIILHXCHA B PaBHOBECHH JAPYT C ApyroM (HampHmep, Jel W BO-
aa npu 0° C). Teopus, onHCHIBAIONIAS NOBEJICHHE CHCTEM B PaBHOBECHU,
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TO03BOJSAET CJleNaTh NpelcKkasante o JaBJAeHHU H TeMIiepaType, NMPH KOTO-
PbIX BO3MOXHO paBHOBecHe ABYX da3. HMcnonb3ysa 3ty Teopuio, Mbl Mo-
2KeM NpelcKas3aTh, IPH KaKko# TemnepaType J4HHOE TBEPLOe BEULECTBO
npeBpanaercsl B KUJAKOCTh M NPU KaKoH TeMneparype XKHAKOCTb HCa-
psieTcst M CTAHOBHTCSI T'a3oM.

Bce 310 oueHb TPyZIHble W HHTepecHble 3ajaud. Mx pemlerue ondarts
CBfI3aHO ¢ TIOHATHAMH O CTeMeHH CJAYyYaHHOCTH M YIIOPAJOYEHHOCTH.
[Ipu Bozpacranmn abcoqoTHOH TeMnepa-
TYPLl BeliecTBa (WJIH CpelHed SHeprHH aro-
MOB) OHO MEPEXOJAHT H3 OTHOCHTENLHO YIIO-
PAACYEHHOTO (MM MeHee C/JIy4YaHHOro) Teep-
JOT0 COCTOSIHUSI B JKHJKOe cOCTOsiHMe, 00-
Jajawiiee NIPOMeXYTOUHOH CTeleHblo TI0-
panka. [lpu elne 6osiblueM yYBeJIHUEHHH TEM-
nepaTypbl KHIKOCTb IEpPeXOANT B razeod- | =—"—="—l Bsiz
pasHoe COCTOstHHe, KOTOpPOMY COOTBETCTBYeT | — — —1
HauboJbIIHA OecrOpsALOK. Y AHUBHTE/BHO,

ONHAKO, UTO TaKue H3MEHeHMS B cTemeHu  FAC 1.38. 3accs nokasano cos-

MeCTHOe CYIIeCTROBaHHEe ABYX (1')33,
HOpﬂI[Ka UPOHCXOI[FIT CKB‘IKOM, HPH BHOJ]HE BOABI H Dnapa, HaxXoJANIHXCa B

- - PaBHOBECHH MPH HeKoTopofi on-
onipeae/JICHHOH  TeMmeparype. I_I]JH‘II/IHOH penencuHoi TeMnepatype. Jlasdne-
5TOTO $IB/sIeTCS CBOETO PoNa KPHTHYecKaa ~ 1Me MAPASERIEIL TOIRKO O Tems
HecTabHJIbHOCTE MOJEKY 1 B BelliecTse. [Ipen-
NOJIOKHM, HAIPHUMep, YTO TeMmnepalypa TBeplOro Tesa JIoCTaTOUHO Be-
JIMK3, TaK YTO MOJIEKYJbl HMEIOT OTHOCHTE/ILHO OOJIbINYIO HEPTHIO H MO-
TYT COBepllaTh OKOJIO CBOHX Y3J/I0B B KPHCTA/JI/JIHYECKOH pelleTKe KoJle-
6anyst, aMIIJIMTYJa KOTOPBIX CPABHHMA € PACCTOSIHUSAMH MEXNY Y3/13MH,
Ilpeanoaocxum pajee, yTo B pe3yabTare (IYKTyauHH HECKOAbKO CO-
CEIHUX MOJIEKYJ ONHOBPEMEHHO IMOKHAAIOT pPeryJsipHYIO KpHUCTaaxde-
CKYIO pelleTKy. 270 cbJjeruaer 6u3NexkalumMm MOJEKyJdaM BO3MOXKHOCTb
NOKHHYTb CBOM y3Jbl B pelleTKe, H T. 4. B pesyabTarte Mpl HabsonaeM
npolecc, KOTOPbIA OYeHb NOXO0XK 11d 00BaJs IOMHKa M3 JOMHHO, T. €.
BBICOKHH MOPSA/NOK B PACTIOJIOXKEHHH MOJIEKYJI B TBEPJAOM Te/1e HeOXKHIaH-
HO HAYMHAEeT YMEHbIIAThCS H TBepJoe Te/1O NpeBpalllaeTcsl B XKUIKOCTD.
Takaa HecTaOUJABHOCTB, Pe3yJILTATOM KOTOpPOH $IBASIETCS TiaBJeHHe
TBePJAOTO TeJa, BOBJAeKaeT B NPOoIece BCe MOJIEKY. bl BenlecTsa. Mbl Hasbi-
BAEM TaKHe SIBJCHHUS KOAAEKmMugHumMU npoyeccamu. K HUM NPHHANEKHT,
HanpuMep, TastHHe WJH NapooOpasoBaHHe. [1/s1 aHaAH3a TaKHX sBJe-
HUH HeOOXOAHUMO OAHOBPEMEHHOE pacCMOTpeHHe B3aHMOJEHCTBHSA BCeXx
moJekyJ., Pemenne noao0HbIX npobieM Ha MHKPOCKOITHYECKOM YPOBHE
SIBJASETCH OUeHb TPYAHOM TEOPeTHUeCKOH 3ajauei.

Cucmenmot,: He HaxoOauueca 6 pagHosecuu. PaccMoTpeHHe cucreM,
He HaxOASIMXCA B PaBHOBECUM, 3HAUHTEJILHO CJIOKHEE pPaccMOTDeHHs
paBHOBeCcHLIX cHcTeM. 3Aech MBI HMeeM JeJO € IIPolieccamu, H3MEHSIo-
UIMMHCST BO BDeMeHH, U HaC Opexe BCero HHTepecyeT, HACKOJbKO GbICTPO
UJIHM MelJIeHHO TaKHe H3MeHeHHs npoucxoaar. M3yuenue 3TuX Bonpocen
TpeOyer IeTaJbHOTO PAacCMOTPCHHS B3aUMOJAEHCTBHS MOJEKYJ JAPVE €
APYroM. 3a HCKJOYEHHEM JOBQJILHO HPOCTOrO C/Ayyas paspexKeHHOro
ra3a Tako# aHa/NH3 MOBEAEHHS MOJIEKYJ OuYeHb CJIOMKEH.
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PaccMOTpHM HECKOJIbKO HHTepecHBIX npuMepoB. IlepBplM H3 HIHX
6yner xumuueckasi peakuus (34). Ilpeanosioxum, B cocyle mpu ompe-
JeneHnofl Temnepatype HaxoaHuTcst raz CQO,. Uepes Kakoe BpeMsi GyneT
JoCTHrHYTa paBHoBecHas KonuenTpauus CO u O,? Jlas oTBeTa Ha 370T
BOIIPOC HaM HYXKHO ONpee/IHTh CKOPOCTDb, ¢ KOTOPOH XHUMHUECKas peak-
uHs (34) nporekaer B 060HX HalpaBJeHHSX.

B kadectBe apyroro npuMepa paccMOTpHM JABa O0JbIIMX Tena, UMelo-
HIHX pasjdubble Temnepatrypbt, T, H T,, U COeTHHEHHBIX MeXKAy CoOOH

cTepKHeM. Takasl cucTeMa He Haxo-

T —_—- RMTCSI B paBHOBeCHH, H uepe3 Coejxi-

V 7, 7 HSIIOILHA  CTepKeHb Ternvo OyaeT ne-

/ 1 / / PeXOAHTL OT OIHOTO Tevia K APVIOMY.

| LTIELHCEHS // // Hac unTepecyer, HacKoJIbKO 3ddeK-

THBHO Iepejaercsl 3HEPrHs Mo crep-

Prc. 1.39. JIpa tena ¢ paszamunofi remne-  2KHIQ, T. €. KaK ObICTPO ﬂaHff,OG KO-

B Tenno or omnoro. Tema & nbyromy. JHUECTBO Tesa MOMeT NEPEHTH OT

ONHOro Tena K Ipyromy. 1o 3aBH-

CHT OT BHYTPEHHHX CBOHCTB CTep=-

XKHSI, a HUMeHHO, OT €ro «TerJoNnpoBojHOCTHY, Hanpumep, cTepKenb,

Cle1aHHbIA U3 MeH, TPOBOJHT TEMJIO JYYIlie, 96N CTep:KeHb 113 HepKaBeio-

Hied CTasH, T. €. MeAb 006.1a7aeT GoJjee BBhICOKOH TelJIONPOBOAHOCTLIO,

yeM CTadb. 3ajadefl TeOpHH SABJASETCsSt TOUHOE OfpelesieHie TOHATHS
TEN/IONPOBOAHOCTH 1l €€ BBbIUIC/IeHIe.

Hexomopete soisoder. [lpunsepni, paccyMoTpeHHble B NpeabliylieM [1d-
parpade, NOKasLBAOT, YTO CVIIECTBYET PRl MAKPOCKONHYECKHX fBJe-
HHH, KOJHUYeCTBeHHOe DAcCMOTpEHHE KOTOPhIX MOXKeT GbiTh BbIQ.THEHO
B4 OCHOBE (YHIAMEHTAJbHBIX MHKPOCKOMHUECKHX NOH»tHH. O1Haxo
raulefi nesbio He Gy/eT JeTaabHOe pacCMQTpeHHe 3THX npobien. [leficr-
BHTE/IbHO, HEKOTOPble 113 PACCMOTPEHHBIX HAMH BOINPOCOB (Hanpinep,
pacyer (asoBbIX NepexoIoB, TAKHX, KaK TadHue Wil NapoobpasoBaHiie)
He peilleHbl elle 10 KOHUA 1 ABJAI0TCS 00.1acTbl) HHTEHCHBHOTO HaVYHO-
ro ucchefoBanns. C apyroil cTOpoHbl, Mbl yiKe JOCTATOYHO f10ATOTOB/IE-
Hbl, YTOObI HCII0/IB30BATh KayeCTBeHHble 3avedaHusi 3TOH IVaBbl .14
6osice T1y6OKOro KOJIMYCTBEHHOIO H3YUYEHHsI MAKPOCKOITHYECKHX CH-
cTeN. JTO H3yyeHHe OyIeT LIHThCA JOCTATOUHO JIOJr0, HO B KOHIE KOH-
UOB MBI IOJIYHUM OTBeT Ha OO/bIIY0 YaCTb NOAHATBIX 31ech npoliceM.

s

Ceonxka onpeaeasesnii

H30.uposannas cucmesa. CHCTema, KOTOpas He B3aHMOAEHCTBYET ¢ /Mmoboi Apyroi
cHCTeMO,

Hoeaavnptd 2as. Tas, B3anmofelicTBHe MexJy MOJeKyJaMH KOTOPOTO MOYTH MNpe-
HeOpexRuMo MaJao (T. e. oMo ZOCTAaTOYHO BEIHKO, 4TOOBI MOJEKYJbl MOTVIH OGMEHHBATHLC
gnepruedl, HO npeHebOPEKUMO MO B APYTHX OTHOINEHHAX).

Hoeaaonan cucmema cnuxos. Cucrema, COCTOAmAsS U3 CNWHOB, B3aHMOHNelCTBHe
MeX Yy KOTOPBIMH HOUYTH NnpeHeGperkuMO Mado (T. e. OHO J0OCTATOYHO BEJHKO A5 TOFO,
4TO6BI CITHHBI MOTJIH OGMEHHBATLCS SHEpIHell, HO HpeHebpeXHMO Mand B HPYTHX OTHO-
LIeHUAX).

Murpocronuueckan seaysura. Benuunya nopsiika aToMHbiX pasMepoB WK MeHbILR,

Maxpockonuveckan eeauduna. Beauuuna, 3HaunTelbHO 6O]bIIAA aTOMHBIX pas*
MepOB.
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Muxpockonuueckoe cocmoanue (Mau murkpococmonnue). COCTOsHIE CHCTeMBI, IVIsh
KOTOPOr0 YKa3aHO JeranbHOe COCTOsIHHe BCeX aTOMOB CHCTeMbl, AONMYCKAeMOe 3aKOHaMI

* MEXaHHKH.

Maxrpocronuueckoe cocmosanue (Win maxpococmosanue), CoCTOsSIHHE CHCTeMbl, OMH-
CaHHOEe C NOMOWLI0 BelHYHH, KOTOpble MOIYT ObITb OmnpejeleHbl MaKpocKo-
NHYECKHMU H3NEPEeHHAMH.

Marpockonuueckiii napasemp. TlapaMerp, KOTOPHI MOmxeT ObTb ofpefelety
M3MepeHHsMH B GOiblINX MaclWradaX ¥ KOTOPBII ONHCHIBaeT MaKpOCKOMHuecKoe Co-
CTOSTHIE CHCTEMBI.

Pasnosecue. MaKpockonHUeCKOe COCTOSTHHe, KOTOpOe He veHsSieTCsl CO BpeMeHeM,
32 HCKJ/IOUEHHEM CayuailnbiX (UIYKTyaumii.

Bpeaa peaaxcayuu. TlpunepHoe Bpensi, KoTopoe TpefyeTcsi CHCTeMe, 4ToOH U3
HepaBHOBECHOIO COCTOSHUA nepeliTH B cocrosHHe paBHOBecHS.

Heobpamunwti npoyecc. T1porecc, KOTOpbIl NPH M3MEHEHHH HanpaB/ieHHs BpeMeHH
(npenctaBbTe cebe, uTO KHHOPHILM NPOKPYYHBAETCS B O6GPATHOM H2IPABICHHU) MOUTH
HHKOTAA He NpOHCXOINT.

Tenrosoe e3aunodeticmsue, Bs3ainoleficTBie, MPH KOTOPOM He COBepIuaeTcsl pa-
60oTa B MAKpOCKONHuecKoM waciuTabe.

Tenno. dneprusa, nepenaBaeMasi HA MUKPOCKOMHUECKOM VPOBHe 1l He CBA3dHHASK
€ BBINOJHEHHEM MAaKpOCKONMHUYECKOHW paboThl.

Tepmomemp. HeGoabmaa MakpOCKONHYeCKasi CHCTeMa, YCTpOeHHast TakHM 06-
pason, uTo npH NOJYy4YeHHH HJN OTHAYe Temsa Yy Hee H3MeHSETCS TOAbKO OIWH U3 ee
MAKPOCKONHYECKHX NapaMeTpoB. :

Tepsmonempudeckui napasemp. VI3MeHSIOWHACH NpH NONIOUIEHHM HJH OTAdue-
TernJ1a MaKpOCKONHUCCKHE napaveTp TepMOMeETpa.

Tennepamypa cucmemnpt, UIMEPEHRAS OAHHBIAL MEPMOMEMPOIM. 3HAYEHHE TenIle-
pPaTypHOro mapanseTpa TepMOMeTpa, HaXoJdllerocs B TeMJOBOM KOHTaKTe ¢ CHCTEeMOW
B COCTOSIHHH paBHOBECHH,

Cpedusa Odaurna ceob00H0z0 ‘npobeea (cpednuil npobee). CpejsHee PpacCTOsIHIE,.
KOTOpOe MOJeKyJaa raza npoxojaut 6e3 coyjapeHud ¢ Apyroid monekydqoil.

Jagauu

1.1, ®aycmyayuu 8 cucmese cnunog. PaccMOTpHM HIEANbHVIO CHCTEMY H3 TISTH
CNHHOB TIPH OTCYTCTBHH BHEWIHEr0 MArHHTHOrO noJs. [lpeamoso:kunM, yTo cHuMaeTCsk
KHHOIpaAna 3TOH CHeTeMbl B COCTOSIHHM paBHoBecHfl. B Kakoi#l yacTd Kalpos Mbl YBH-
JUNM 7 CIIUNOB, HanpaBJeHHbIX «BBepPX»? PaccMoTpuTe cavuau, korpan=0,1,2, 3,4 u b.

1.2, Huprbysus scudkocmu. [Tpennono:xuM, 4To Kanas Kpackd (Mvewwmas 1y e
HJIOTHOCTb, UTO H BOJ2) yNajda B cTakaH ¢ sonoil. CHCTeMa HaXouuTCsd NPH NOCTOAHHOF
TennepaType H He NojRep:KeHa HUKAKuM MeXaHIvecKuM BosaeficTHaM. [Ipeanonoxum,
4TO Mbl CHHMaeM KHHO(HJABM NpPOUeccoB, KOTOPhie BO3HHK/IN B CTaKAHE [10C/e 1A eHHSE
kanau. HTo mMbl VBUIHM Ha 3KpaHe NPH MpocMoTpe KHHoHabMA? Urto Byler npoucxo-
JAHTL Ha 3KpaHe, ecan (pHAbM NPOKPYUHBATL B 00paTHOM HanpasieHHH? fsagercs gy
9TOT Npouecc o0paTUMbIM H/IH HeoGpaTHMBIM? QUHWHTE ero, paccMaTpHBas noBeleHHe
MOJIEKYJl KPacki.

1.3. Muxpockonuveckoe oGvacterue mperus, JlepepsiHHOMY GpycKy co0GIIalOT
uMnyabe cuabl. OH HauynlaeT ABHraTLCA 110 11OJAY H MOCTeneHHO ocraiapadBaetcs. O6-
paTHM HaH HeoGpaTun 3TOT Npoilecc? OMULINTe, YTO Mbl YBHIMM Ha 3KpaHe, eC/In KIHO-
(huJIbM 3TOr0 ABHKEHHS NPOKPYTUTb B 0OpaTHOM Hanpasienud. Paccaorphte Teuenie-
9TOro mpolecca Ha MOJIeKyJAspHO-aTOMHOM YpOBHe.

Y.4. [lpubauscenue k menaosony pasHosecuro. PacemoTpum fisa rasa, A u A,
HaXONAIHECH B pa3IMuHbIX cocylax. [lepBonauanbto CpefHsisl SHepTHs MoOJeKYJ rasa
A otiuuHa OT cpeineli suepruu mosekya raza A’. Cocy/bl MPHBOAATCS B COMPUKOCHOBE-
HHe, TaK UTO OHH MOTYT OGMeHHBAThCH SHeprHeii, nepelaBaeMoii B dopMe Temna rasom A
CTEHKaM cocyla # yxe notoM razy A’. Byzner au Takoil npouece o6paTHMbIM MM Heob-
partuMmeIM? JlafiTe MoaeKy/1spHOe ONHCaHHe TOr0, YTO Mbl YBHAWM HA 3KpaHe, ec/H K-
HOTPAMMY MPOIIECCE MPOKPY4HBaTb B oGPaTHOM HaNpaBleHuH.

1.5. Hsmenenue dasrenus zasa ¢ o6vemos. TIpH NOMOUH Meperopofixy cocyn pas-
Zeied Ha ABe uyacTH. Ofua U3z HuX MMeeT oGweM V j B HanojHeHa paspexeHHHIM Fa3oM,
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Jpyras 4acTb mycTa. YjajuMm Neperopoiky H MoAoxdeM, NMOKa He GVAeT MOCTHTHYTO
paBHOBECHOE COCTOSINIHE, BPH KOTOPOM MOJEKYJ/Ibl PaABHOMepHO paclpelelsTcsi Mo BCeMy
«afGbvemy V; cocyza.

a) HSMeHHTCH JH noaHast 3Heprus rasa? CpaBHHTE CPENHIOD SHEPTHIO MOJEKYJ
# HX CPe[HIOI0 CKOPOCTh J0 U NOC/e yAAMEHUS IEPEroPOIKH.

6) Kaxopo orHClleHHe AaBJeHMH rasa B 1aYajibHON M KOHEUHOH CHTYauMsax?

1.6. Yucao MOACKY A, ylaparowuxca 0 resepxHocme. Pacemorpum azoT (No), Haxons-
(IHHCSA NPH KOMHATHOH TemmepaType M aTvocdepnom hasiennn. HMcnodb3ys yucaoBbie
‘OLIEHKH, JaHHbie B 3TOIl [V12B€, OIleHHTe CpelHee UHCJAO MOJNEKYJ a30Ta, YAApHiOUHXCS
0 mIomAanaky B | cu? B TeueHHe ORHOH CeKYHABL

1.7. Cropocrme ymeusu. B HeKOTOpOM ONLITS HCNOJBL3YETCH CTEKASHHAs KoJa0a
«€MKOCThI0 B | 4, KOTOpast conepuT azot (Ny) npn KonmHaTHOH TemnepaType u atMocdep-
HOm naeiacHHH. Kosiba nomeliteBa B COCY[, B KOTOPOM IOJKeH OblTh BAKYYM. JKCIEpH-
MEHTATOp e 3HaeT, UTo B K0a6e HMeercs HefoJbilad ,Elblpa passepou nopsaaxa 10-5cu.
*Onennte Bpems, HeoOXogumoe Anst Toro, urobhl 1% a3cTa Boiwesa B OKpYXaIOUlMF
BAKY VAL

1.8. Cpednee spema mexncdy CMOAKHOBCHUAMI MOACKYA. A30T HaXORHUTCS NpH KOM-
-HaTHOH TemmepaType M atmocepHoOM JaBleHuH. Mcnoab3va YucjaeHHble JaHHBIE, NpH-
‘BeJleHiible B 3T0I TViaBe, BLIYHCIHTe cpe/lHee BpeMs!, KOTOpoe MPOXOAUT MEKAY CTOJKHO-
‘BEHHSIMH MOJICKY.

1.9. Pasnosecue mewmdy amomamu ¢ pasauqnold smaccod. PaccMOTpUM CTOJKHOBeHHe
MEXKAY IBYMA aTroMAMH, UMEIOLLEMH MacCy My H Ity Oﬁosuaqnm CKOPOCTH aTOMOB 10

-COY/IAPeHnS V; H Vo, 3 CKOPOCTH ATOMOB [10CAE COYAapeHHsl vy H Vg COOTBETCTBeHHO. Hac
HHTepecyeT,- KaKkasl SHeprud IMepelaercs OT OJHOTO aToMa K JApPyroMy B pe3yJbTare
»CTOJIKHOBEHHS.

a) Hanncas ycloBusi cOXpaHeHHSl HMOYJhCa H 3HEpPrHH, NOKAXKHTE, YToO:

Vi vi=vi-ve (I

[nonesno Bocnombdosathes ¢opmysoi v i— vZi= (v — v)(v' 4+ v}l
6) Klcnoabays 3akon COXpZHEHHH HMINYJibCA H BhipameHue (I), nckmwunTe H3 HUX

“Vg, Tag 4TOOBI BhIpaxeHHue s V1 CoHepHKaJao TOMbKO Halla.f'beIe CKOpOCTH Vi H Vy.

B) [TokaxuTe, 4To u3meHeHHe 3Heprun Ag, = ' m,(v'® — v}) neporo artoma
B Ppe3yJbTATE CTOJKHOREHHS PABHO
dm,m 1
Agy=—"12_ | (g, —gy) = (m,—my) ViV (IT)
1 17— & 1 2) Vi'Va ]
(my -+ my)? b2

f‘. o
rpe &, ==Y m;vi U €y==Ym,v; — HaualbHEle 3HAUCHHS SHEPruil aTOMOB.
r) PaccmMoTpuM JBa TaKMX aTOMa Cpejd aTOMOB Bel{eCTBa, HAXOARUIEroCs B PaBHO-
.BecHH. B COCTOAHHM paBHOBeCHs 3Heprus Jo00ro aToMd B CpejHeM NOCTONHA, T. €.,

‘B 4acTHOCTH, Ag,==0, HauanbHbie CKOPOCTH BCeX aTOMOB AOJKHbI HMETh 6eCcropslouHbe
HanpaBjleHus, TaK UTO KOCHHYC YrJa MeXAy Vq; H Vy OYIeT MOA0KHTE/IbHBIM TaK e

aCTO, KAK H OTPHILATE/IbHbLIM, T. €. vy -V,=—0. B3sB cpenree oT ofeux yacreil ypaBhe-
Hust (II), mokaxkuTe, uTO B pasHOBECHH
&y == €y, (I1T)y

‘DTOT BamHBIA pe3yabTaT NoKa3blBaeT, YTO CpeAHMe SHepruH aTOMOB B paBHOBeCHH
paBsHBl, [aKe eClM MacChl aTOMOB pPa3jHYHEL

1.10. Cpastenue ckopocmeli smoaexyA 8 cmectt 2a306. PaccMOTPHM ras, cocTosmuil 3
OTHOATOMHBIX MOJIEKYJ C pas/HuHbIMH MaccaMH, My H MMy, HAXOAAIHACA B HEKOTOPOM
COCYle B COCTOSSHHH PaBHOBECHSI.

a) Henoawsys pesyJuTavht npeapiyed aafaun, HafiiuTe OTHOWeHHe cpentcih
CKOPOCTH MOJIEKYJ C Maccoii m; K cpelHell CKOPOCTH MOJIeKYJ € MacCol iy,

6) [lpeanonoxuM, 4To TakuMH McaeKyJamH apasiotcs He (reauil) u Ar (aprox)
C ATOMHBIMH Becamu cooTBeTcTBeHHO 4 H 40. KaKoBo oTHOLIEHHE CPeJHHX CKOPOCTei
ATOMOB TelHss W aprona?

1.11. Haesenue cmecu 2a308. PaccMOTpUM nAealbHBIR a3, COCTOAUIHE M3 ATOMOB
AByX THMOB. [1ycTh 1ia exuuuuy o6bema NPUXOAHTCS 1y aTOMOB C MacCoi /71y ¥ 11, ATOMOB
< Maccoll my. [1peAnonoxum, 4To ras HaxofAuTca B PABHOBECHH, T. €. CPEAHsA SHEPTH
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Ka)<JI0OI0 aTOMa OJIHA H Ta e, HesaBHCHMO oT Tuma aToma. [Toayunte BblpakeHHe M5
NaBJEHUS TaKoi rasoBod cmeck, O6GbscHHTE BAIH pe3yJbTaThl C NOMOWIBID Cpeliei
DHepruu &.

1.12. [lepemewusanue dsyx 2asos. Cocyl pa3peleH neperopojkoil Ha IBe paBHble
yacTh. B opHON H3 HHX HaxoauTcs oAHH moab reaus (He), B Apyroii ogHu MOAL aproua
(Ar). 3ueprusa B copre Tenaa MOMKET (1epellaBaThCsl Uepe3 Neperopoixy OT OAHOrO rasa
K Ipyromy. Uepes HekoTopoe BpeMs TH I'a3bl JOCTHTHYT cocTosiHust pasHoBecus. Obo-

3HauuM cpejnee JlaBacHHE TEeAHA 4Yepes py, a aproHa ueped ps.

a) CpaBHHTe JlaBJeHHs p; H Py 3THX rasoB.

6) Urto cayuutcs, ecad yopars neperopoiaky? Onuimite, KakK OVIET BBHITJASIETH.
npouece, ecaM Cro KHHOTpaMMy NPOKPyuHBaTh B OOpPaTHOM HanpaeleHud. HBasercs
A1 OH oBpaTHMBIM HJH  1He0OPATIMBIN?

B8) Kakum Oyiaer cpelHee jlanjedHde ra3a B KOHEUHOM DPaBHOBECHOM COCTOSHHH™

1.13. Cayuari noaynpospaunoir nepezopodsi («ocmocy). Crekistinas xonba coaep-
#HUT aprou (Ar) npu KoMmHaTHOI Temfiepatype u atnvocheproM pgasaenun. OHa nose-
maercst B Goasliyio Kaxepy, colepxkawyio reanii (He) npi tex xe yerosuax. Koaba
cleslaHa H3 CTeKsa, KOTopoe NpOofycKaeT maleHbKue aToMbi He, HO He mponyckaer
6oablHe atoybl Ar.

a) Onunwnre npoucxoisinuil npoiece.

6) Uro npexacrasasger coboii HaubGonee cayuafiHoe pacrpeleleHie MOJeKYd,.
KOTOpOe YCTRHOBHTCS B KOIIEYHOM PABHOBECHOM COCTOSHHH?

B) Kakunm cTaneT cpeanee fasseHHe rasa BHYTpH KoJ0bl TIoCKe JOCTHK HUsA paBHO-
BECHOTO COCTORHMSA?

1.14. Tenaosvte Koaebanua amosos 8 msepdom mere. Asor (N,), 3akmoueHnsi B
COCYI, HAXOAUTCH B PasHOBeCHN NPH KOMHATHOH TemIlepaType. B cooTBelcTBHH ¢ pe-
3vJabTaTaNt, NodyyeHUbMH B 3a1aue 1.9, ecTecTBEHHO NpPeAno/OKHTh, UTO CPeIHA T KH-
HCTHYECKAN 3HeprUa MOJEKYJb ra3a NpHMCpPHO paBHa cpeliied KIHeTHYeCKOl 3Heprum:
aroMma CTCHKH cocyjia. Kam bl aToM CTeHKH cocylia pachofioxked OK0J0 Y3aa KpHcTaJ-
JHueCKOH peltieTKH. ATOMBI MOTYT COBepIIaTh CBOGOANBE KosebaHna OKOI0 V3.10B, U B
HEKOTOPOM NMPHOIHAKEHUH ITH KoJacOaHHS NOXKHO CUMTATL rapMOHHYeCKHAH. B cpennem
NOTeHUHAJAbHasA JHeprus aToMod OyleT paBH2 WX KHHeTH4ecKoii 3fiepruu. [Ipeianoso-
KHM, YTO CTEHKH COCY/la CAeRaHbl #3 Melil, MAOTHOCTE KoTopoii 8,9 2/cu® u atomilbiif
gec 63,5.

a) OueHHTe CpeRHIOW CKOPOCTL KoJleGaHMii aTOMOB MeRH OTHOCHTEIbHO paBHO--
BECHOTO TOJOXEHN .

6) Omnenure paccTosiHue MeXay aTomasMu nmead. (MoxHo CYATaTh, YTO OHH pacno-
JIo;KeHbl B BepluHHaXx KyOuMYeCKOH pereTKH.)

8) Ecan cuaa F npuioseHa K MeHOMY CTEIKHIO € NIOMZABID IONEPEUHOro-
ceyenus A U AanHoll L, To yBeqaHucHHe AMHB CTepxHsa AL onpereanerci ¢opuynoil

F AL

A=V

The nocrosHHan Y Haswigaercs sodyaenm FOnea. Ee aunauenne s Mead paBHo Y=
=1,28-1012 dun/cn?. Vicnoaways a1y Qopmviay, otlentte Cuay, JelicTBYIOUIYIO Ha aTOM
Mesl, KOT/Jla OH CMellleH H3 CBOero yaja B pelleTKe Ha HeKOTopoe HeGOJbLIOe paccros-
HHE X.

r) HeMmy paBpa noTeHuMasblas SHEPrH{ aTOMAa, CMCUICHHOTO Ha paccrosiiue X
OT CBOEro PAaBHOBECHOTO nogoxeHua? lMcnoab3viiTe nonyvueHHbll pe3ayabTar Nisk
GUEHKH CpelHeil BeJHUHHL! (&] aMIaIuTy bl KoaeGaHHil aToMa MeId OTHOCHTeNLIIO pPas-
HOBecHOro nosoXehua. CpaBHuTe BEJHUHHY [X| € pacCTOSTHHEM MexAY aToMamMu MeIl
B pemeTke.



TJIABA 2
QOCHOBHBIE NMOHSTHS TEOPUHU BEPOSITHOCTEH

B nepsofi raBe mMbl yOeanaHCh, YTO cO0OpaKeHHsi, CBsi3aHHbIE C Re-
POSITHOCTBIO, HMCIOT BaXKHeHIUee 3HaueHHe A5 NOHMMAHHS CBOHCTB
MAKPOCKONHYECKHX CHCTEM, COCTOSH:UX M3 ouedb GOJBLIOTO 4YHCJAa Ya-
<THU. [loaToMy HeO6XOAMMO pAaCCMOTPETh OCHOBHLIE IOHSITHA TEODHH
BEPOATHOCTEH H BBLISICHUTb, KaK MX HCIOJb30BATh 4,151 pELIeHHs] HEKOTO-
PBIX IIPOCTHIX, HO BaXKHbIX 3aaay. Minew, ¢ KOTOPLIMH Mbl BCTPETHMCH,
XYIMEIOT 3HaueHHe, BbIXOJALlee 3a paMkKd 3THX 3agad. Hanpuwmep, onu
HeOTAeNHMbBl OT npoGJeM, BO3HMKaIOWHX [IPH aHaJ/u3e asapTHHIX UL,
B CTPaxoBoM JieJe (TeOpUA BepPOSITHOCTEH N03BoJsieT NOJYYUTb BEPOSAT-
HOCTL CMepTH KK GOJIE3HU CTPAXYIOWUXCH) KK NTPH BHIGOPOUYHLIX ONpo-
.CaX, NPOBOAHMBIX € LEJbI0 OUeHKH o0llecTBeHHOTo MHeHWs. Maeu Teo-
pHH BEpOSITHOCTEH MMEIOT OTPOMHOE 3HaueHue U AJsi reHeTukd. OcobeH-
HO BEJHKO HX 3HaueHHe B PU3NKe, B TAKUX, HANpumep, npobaemax, Kak
pPaaHOaKTHBHBIH pacnan, najleHHe KOCMUYECKOTO U3/YUEHHs Ha IoBepX-
HOCTb 3eMJ/H HJH ¢JaydyalHOe HCNYyCKaHHe 3JIEKTPOHOB HAarpeToil HUTHIO
'9JEKTPOHHOH Jamnbl. HakoHel, BepPOSTHOCTHbie HIAeH UDPe3BbIYAHHO
BaxKHbl NPH KBAHTOBOMEXAHWUECKOM ONUCAHUH aTOMOB W MOJEKY.JI.
DTH UleH SABJSIOTCS OCHQBOM Halllero paccMOTpeHdss MaKpockondue-
CKHX CHCTEM.

2.1. CtatucTuyeckue aHcamOaM .

Paccmorpum cuctemy A, ¢ KOTOPOH MbI IPOU3BOIUM KaKHe-TG ONBITHE
wad Habmopenus *). Yacro pesy/ibTaT JaHHOTO OAMHOYHOTO OMbiTa
He MoxKeT ObITb IIPeACKa3aH C MOJIHOH onpele/eHHOCThIO JHOO 11O NPHH-
AUITHAJABHLIM COOOpaXKeHUsM, CBA3aHHLIM C BHYTPEHHEH CYNHOCTLIO
fiBJeHUs *¥), nubo noTomy, HTO ROCTYNHasA HaM MHPOpMauHs HeJocra-
“TOYHA JJI1s Takoro npeickasanusi. OnHako, ecid pe3y.abTaT AAHHOTO

*) AxT HaGMIOIEHHST MOXKHO, TPAKTOBATL KAK ONBIT, Pe3yJbTaT KOTOPOTO COBHA-
JlaeT ¢ pesyapTatoM nabmonenrs. [lostromy ner Heoﬁxonnmocm nposonmb pasinyue
MEXKIY ONHTOM H HaOMOASHHEM.
##) Taxas cutyauyus uMeeT MeCTO, Hanpumep, B KBAHTOBOR MexaHHKe, rje pesy.hb
TaT M3MepeHHil, COBEPIIAEMBIX B MUKPOCKOMUYECKOH CHCTeMe, He MOXKeT OhiTh IpeicKa-
'8aH ¢ NOJHOH ozmoaﬂaquocm}o
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O HHOYHQFLO :QNbITa H HE MOXeT OpiTh YKa3aH, BCe ¥e HHOTAA MOYKHO, §10y.
Jath BECbMa BaXKHbE BHIBOAM O Pe3yJbTATax GOJBLIONO YHC/IA HIGHTHY~
HBIX OMBITOB. B TakOM Cilytuae Mbl TOBOPHM O CrHQIMUCITIHECKOM onHCAHRIT
CHCTEMBL H HCIOJB3YeM ISl TAKOIO ONMCAHHS METONLI Mmeopul 2posim-
Hocmed. DTO ONUCAHHE MOXKHQ BBITOJHHUTD. GASIYIOULHM 06pa3oM.
BMecTo TOro 4ro0bl €KOHHEHTPHPOBATh Halle BHHUMAaHWe Ha JaHHOM
cHcTeme A, KoTopasi Hac HHTEpeCYeT, PaccMoTPHM Habop eHereM, (awn-

- canbab B TEDMUHOJIOTHH, [PHHATOH B CTATHCTHKE), COCTOSILE U3 GOJb-

HIOro YHcaa o «0fHHAKOBBIX».CHCTeM. B npuHumune of° MoXHO npeacra-
BUTH ce0e CKOJb yrOpHO GOJbUIHM (N'—-00). CucTeMbl NPeMIONaraiorcst
¢OJMHAKOBbIMH» B TOM CMbiC/e, YTO 'KaXKAas H3 HHX YIOBJETBOPSieT
TeM e YC/IOBHSIM, KOTOpbIM yJoBlersopsier cucTema A. DTO 3HAuHT,
4TO MBI CHATAEM KAXKIYIO H3 CHCTEM IPHIrOTOBJIEHHOH IO TOMY XKe peuen-
TY H TIOJBEPTHYTOH TOMY JKe OMbITY, YTO M CHCTEMa A. Mbl MoXeM Tenepb
CTIPOCHTD, B KaKOH 4acTH C/ysaeB OyleT HMeTh MeCTo JaHHBIA KOHKpeT-
HLlT peésyJabTaT onbita? UYTOOB GHITb TOUHBIMH, HAM CJEIYET HUMEThb
BO3MOXKHOCTb KaKHM-TO 00pa3oM MPOHYMepoBaTh H/H 0003HAUUTL pas-
JMYHBIE H HEK/IOYalolue JPyr Apyra pesyubTarsl owsira. ([loanoe
YUCNIO TAKUX BO3MOXKHBIX De3yJbTATOB MoKeT ObiTh WKOHEIHBIM W/
GeckoneyHpM.) Q603HAUHM Teflepb HEKOTOPLIHA ONpeNesicHHbI pesyabTar
ONbITA HHAEGKCOM r H MPENNOJNIOXKHM, YTO H3 of° CHCTeM, 006pasylomux
Ham aHcamO.b, of°, CHCTeM JaJjii TakoH pe3vJ/bTaT. Toraa oOTHollesue

. __ oM
o | r *-'“- QJ\"

Ha3bIBAETCA: 6ePOAMHOCMbI0 noasaeHus pesyssmama r. Eciu o ouens
Be/HKO, TO MOZKHO OXHUAATh, UTO NIOBTOPEHHE TOIO XKe OMNbITa C JaHHbIM
gHcaMbiieM npHBEeT K TOMY e oraomenuio P,. Iloaromy OTHOLIeH e
(1) naeT 0AHO3HAUHBIA Pe3y./ibTaT B Npejese, Koma N MOXKeT ObITH c,ae-
AaHO TPOH3BOJILHO GOoNbIIHM.

10  paccykieHHe [OKasblBaeT, 4To I/ifl PIBMepeHHH Bepomﬂocm
J1000ro BO3MOIKHOIO pe3yJ/ibTaTa OIBITA C JaHHOH CHCTEMOH HeoOGXOLHMO
NMOBTOPHThL 3TOT OfbIT Ha COJBIIOM YHKCJe OJHHAKOBHIX cHcTeM *). He-
CMOTPS Ha TO, YTO P€3yJ/IbTaT AAHHOTO YaCTHOIO OfNBITa HEJb3s NpeicKa-
3aTh, CMAMUCMUYECKASA TEOPHS TO3BOJISET HPEACKA3aThb 6epPOAMmHOCHL
HOSIBNEHUS KamJOrO M3 BO3MOXHBIX pe3y.ibTaToB onbita. Ilpenckasan-
Hble BEPOSITHOCTH MOXKHO CPaBHHTb C BEDOSTHOCTSIMH, H3MEepEeHHBIMH Ha
omnpiTe ¢ aHcamGJieM OAHMHAKOBBIX CHCTEM.

PaccMOTpHM HeCKOQJbKO KOHKPeTHBIX IpHUMEpOB.

(mpE N° — 00) | (D

BpocarnHe MOHeTH HAK HTPaAaAbLHOH KoerTH, [lycTk Halt onhie
3akJ/ioyaercs 8 6pocaniy MOHeThl. OH HMeeT AB2 BOSMOMKHLIX HCXOMA: «<Oped» HIN «peli-
Ka». B npunimne, pe3ysibTaT 3700 ONBITA MOXeT OLITh HOJIHOCTLIO NPRACKA3aH, eCAM HaM
H3BeCTHO Bee 06 yCJI0BHAX GPOCaHHUst MOHeTHl H 06 ee B3aUMOACHCTBHH ¢ NOBEPXHOCTHIO
crona. Has Takoro npeackas’aHus HeoOXOAUMO NPOHM3BECTH CJIOKHbIE BbIUHC/IEHHS, -

*) Ec/H COCTOSIHHE CHCTEMBb He 3aBHCHT OT Bpemeﬂn, TO C paaHuM YCIIeXOM MOYHQ
OJIMH M TOT JKe OOyT.-NOBTOPHTR o’ a3 Hag OAHOK AaHHoOA cHcTemoil. Ilpu smom, pa3y-
MeeTcs, HYKHO ObiTh YBepeHHBIM, YTO B HayaNe KaXKROTO ONBITA CHCTEMA HaXoRUTCS
B OJHOM H TOM ¥e HayaabHOM COCTOSIHRH, ‘

3 ¢, Peag ‘ ) +



OCHOBAHHLC A 33KOHAX KAACCHUECKOA Mexannxit. Ha camoMm ke gese mu ne pacrnons-
FaeM HOMBIMHE JAHHEMR 00 yciopuax Opocanks MOHETH H He MOXEM NOITOMYy npen-
CKasavs pesyawTar AanHoro Gpocanus. (lﬂm €CiH Ghl MLl HM@TH NIOVIHYIO HHPOPMAune
© HAYAALHLIX YCAOBRAX H MOTJIH NPOM3BECTH BCe BLIYHC/IEHHS, HAC He YIAORNETBOPH 6M
CTOMI CAOXKHHT CrocoB mOTydeHnn pesyabTarta.) Cramicraveckan ¢opmyanponka sToro
onuiTa oYelib npocra. HocraTouno paccmorpers aHcamGib, co-

cromuufl 13 ovenb 6ONBLIOTO uMCIA ORHHAKOBHX Mouer. By-

7 Jem 6pocaTh 3TH MOHETH OJHMHAKOBBIM NPHEMOM H NOJCYHTHI-

BATH YHC/O CJAYYaeB BHNaJeHHS «opaas HiH «pewikd» *). [lors

TAKHX C/1yU8eB AaeT COOTBETCTBEHHO H3MePeHHYI0 BePOSITHOCTh

p NOSIBJICHHSA «OpJiar» WIH BEPOATHOCTh § NOABJAEHUS «pelllKu».

2 CraTHCTAYeCKas TeopHS JO/KHA YMeTh NPeAcKasbiBaTh

STH BepoaTHocTH, Hanpumep, ecau ueHTp Macc MoueTst coBna-

- BaeT ¢ ee TeOMeTPHYECKHM -HEeHTPOM, TO U3 coobparKeHHH CcHM-

3 METPHH CAeRyeT, UTO B 3aKOHAX MEXaHMKH He COJAePKHICH Hil-
Yero, Y70 NO3BONHNO bl Pa3NHUHTL «Opdas W «pemKys. B 71a-

KOM CJ1y%3e NM0JOBHHZ 3XCNEePHMEHTANbHLIX Pe3ybTaToB J0M¥-

*  Ha JaTb «OpJa», APYTas NOJNOBHHA «PEIIKY», 103TOMY p=q="Y%2.

. CpagHenme ¢ OnBITOM MOMXeT NOXTBEPAHTb HAH ONPOBEPrHYTb

" Takylo Teopmo. Hanpumep, ecnn «opesns noseiserca uame

«pelKH», Mb 6yJeM CUHTaTEk, YTO TEOPHA HeBepHa B TOH 4acTH,

A2 KOTOpasi mpeanoJaraeT copnafeHde LEHTPa MacC € reoMeTpH-
i YeCKHM LIEHTPOM.

, Paccmorpum Teneph neckosbKo Gofee ctoMxHBIE ONbIT Opo-

canns N MoseT. bpocaune kaxnoii MOHeTH HMEET 1Ba BO3MOXK-

N~ HBIX HCXOAd, NO3TOMY Gpocakye N MOHeT NPHBONUT K NOSBJE-
H@o 2X2X ... X2=2N pe3yawratoB **), CraTHCTHuYeCKas

, (OpMYAHPOBKA TOTO ONbITA 3aKJIOYaeTCss B TOM, UTO BMECTO

N @ oanoro HaGopa u3 N MoHeT Mbl paccMaTpHBaeM aHCaMGitb,
COCTOALIMH H3 o° TakHX HaGopoB o N MOHET B KaXKJOM, H Hai
‘KaxabM HaGopoM npoussoaMM ouHakoewii oneiT. Bonpoc,

Prc, 2.1. Yrobu che-
NaTh NpPeAcKazaHua o
BEPOATHBX  pPe3dyibTa.
Tax Gpocauda AaHHON
MOHEThI, PACCMOTPHEM
BHCAMGIbL, COCTOAILHT
%3 H0/ibiloro YHCAA O0H-
Haxkopwx Monet, Ha pn-
CYHKe NDOKAa3aHt COCTo-
AnNe aHcambBas nocae
OGpocanyn BCeX MOYHeT.
Cumpon O o3Hauaer
wWpenr, CcHMBON P o=
«peniKan.

KOTOpPbIil MOXKeT NPeACTaBfATL BHTepeC NpH TAKOM COAHHAKO-
BOM OpocanHn HabOpOB MOHET, 3aK/OuaeTcs, HanpHmep, B
BEPOATHOCTH MOABJEHHA OAHOTO H3 2N BO3MOKHBIX pe3Viib-
TATOB ONEITa. [TpHMepoM meHee AeTalbHOTO ROTIPOCA ABJAAETER
HaXOXAEHHe BEPOATHOCTH TOFO, YTO 1 MOHET M3 Haluero Habo-
pa BHINAAYT «OpJOM?, a oCTajbhble (N — n) Mouer Bbinaly¥
«PEeUIKO».

3anaua o 6pocaHin HaGopa #3 N OAHHAKOPBIX MIPATbHBIX
KoCTefl HMeeT, KOHEYUHO, aHaJOTHUHBI XapakTep. EanHcTBeh-
Hoe pa3/inyKe CBA3aHO C TeM, 4To Gpocanne JOGOH KOCTH AdeT
1HECTb BO3SMOXHBIX HCXOROB, B 3aBHCHMOCTH OT TOTO, KaKas H3
HecTd rpanefd CMOTPUT BBepX. .

Hcxon nekoToporo onbita HAK pe3yabTar HabawonenHsi 4acto yaobyo
0603HaYaTb NPOCTHIM CJAOBOM cayuail. 3aMeTHM, YTO BEpPOSATHOCTb pea-
JU3aNHH JAHHOTO Cayuas CyuUleCTBEHHbIM 00pa3oM 3aBHCHT OT AOCTyN-
HOM HaM HHGOPMAILMH OTHOCHTEJNBLHO paccMaTpuBaeMoit cucrembt. eficr-
-BUTeABLHO, 9Ta HHGOPMALLMS ONpPEeAeseT Halll CTaTHCTHYECKHI aHCaMOnb,
COCTORIHH H3 CHCTEM, CBOHCTBA KOTOPhIX COBNAAAIOT CO CBOHCTBAMH pac-
cmarpyBaemoll cucrembl. [loficHHM 310 Ha caexyoweM npimepe,

*) Mbl MOXeM NocTYNHTL HHave, Opocasi N*.pas OAHY M TY XKe MOHeTy R NnoicuH-
YLBAR CAYWAH «OpAa» B cpelnkn», )
© **)y B uacrnoM cayyae N=4 BO3MOXHL 26==16 MOSMOXKHWIX pesyipTatos. Ouw
nepeuncaetl B 1a6a. 1.1 (c1p. 20), rae Byxny /1 mskno npuBATh 33 copaay; & Byxsy [F
88 wy,. - X3 N . T - Ey ..
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IT p u M e p. Hac uuTepecyer c/ieRyIOmKA BONPOC: KaKoBa BEpPOATHOCTh TOTO, YTO
xkurens Coemunennnix IlitaToB oxaxerca B GoabHuIe B Bo3pacTe MexAy 23 u 24 ro-
famMu. B 3TOM cayuae Mbl JOJKHBI paccMOTPeTh aHcamOub, cocToAwmi H3 60/bWOro
quciaa xureneii Coegunennnix IlItatos, # onpenenuts, kKakas ux noas Mexay 23 1 24 ro-
JAMU KH3HH OKaxercs B GoabHuie. [Ipeanonoxum, UTo cywuecTsyeT XONOIHHTeNbHOE
yc/aoBHe, 3aK/I04aouleecs B TOM, UTO 370 XeHlHHb. OTBer Ha Hall BONPOC HIMBHUTCH,
TAaK KaK Tenépb ME ROMKHB CyleM pacCMOTPeTh aHCAMGIb KeHmUH < KHTeJbHHIL
Coepunentinix 1lITaToB 1 onpefennts, Kakag HX 4acTh OKA3AJaCh B GOJBHUIE B BO3PACTa
ot 23 no 24 Jaetr. {OueBuzHO, 4T0 Gnarofaps LETODOXKIEHHIO :
MeHUHbl 3T0r0 Bo3pacra GyAyT HaXOAHThCS B GOJMbHHIE va- ;
e, yeM MYMKUHHBL.) _ {

rmg

Cucmemot ¢ 60oaswum Koauwecmeom uacmuy,. Pac-
CMOTPHM MaKPOCKOMHUECKYIO cHeTeMy A, COCTOSAILY10
Y3 MHOTHX 4YacTHH. Tako#l cCHCTeMOH MOXeT ObiTh,
nanpuMmep, UieastpHbii ra3, copepxamuin N Mo- o
JeKyJ, WiH cucteMa H3 N ChOuHOB, HJH XKHIKOCTb,
UM Kycox Mefu. Hu B o1HOM M3 3THX C/IydYaeB MBI
He MOxKeM IIpeicKa3aTh IIOBeldeHHe KaXI0H YacTH-
1bl, oOpasyowell cHCTeMy, K TOMY e Takoe npej-
CKa3aHHe He MPeICcTaB/sieT HHTepeca *) H nosTomy
caenyer 00paTUThCsl K CTAaTHCTHYECKOMY PacCcMOT-
peruio cHcrembl A. Bmecto Toro urobn! HecieroBath N
OJHY TaKYyi0 CHCTeMy, DacCMOTpHM ancamb.ib, co-
CTOALLKH H3 OOJBIIOTO YHCAA o cHCTeM, aHaJorud- :
; Puc, 2.2, Cratucraue-
HbIx cucreMe A. UTo6b BRICKA3aTh HEKOTOPHIE CTA-  cxoe onmcante cuetemss
THCTHYCCKHE YTBePXKIEHHA O Hawefl cucTeme B A,  TPeAcTaniaioued

i coboft ras, 3aKkaOuen-
MOMCHT BpeMEHH [, Mbi NpousBeJeM B 3TOT MO-  uuifi p sumk. Ha pu-

MEHT BpeMEHH HaOMoleHHsi Hal o' CHCTEMAMH. joaan  crammcradecknd
3ro jpact HaM BepoaTHocth P{f) HaOgofneHHsi ancam6sb u3 o encren,
" NOAOGHEIX  paccMaTpH-
ONpele/IEHHOTO Pe3y/ibTaTa ONBbITa B MOMEHT BPE€-  gaemoii  cuereme A,
menn f. [lpeanonaraemasi mpoueinypa cTaHeT 3Ha-
yuTeapHO OoJiee $SICHOH, eCJAH Mbl BOOGpa3HM, 4YTO HMeeM (QHJIBMH,
Ha KOTOPBIX  CHATa Kaxjaaa CHcTeMa Hauero ancambas. [loBegenue
JI000H, CKa)keM, k-H, cHCTeMbl aHcaMmO0/151 B 3aBUCHMOCTH OT BPEMEHH Mbi
MOXKeM Telepb H3yuarb, paccMaTpHBast k- QUIbM (A8 3TOTO HYXKHO
CMOTpETb COOTBETCTBYIOILYIO TOopH3OHTa/Mb Ha puc. 2.3). C mpyre#t cro-
POHBI, [/ ‘NOJNIyYeHHS] KaKHX-TO BEPOSATHOCTHRIX YTBEpXKIEHUH O CH-
C¢TeMe B HEeKOTOphil MOMEHT BpPeMEHH ! HeOOXONHMO paccMOTPeTh Te
Kaaphl Ha BceX (pHIIbMaX, KOTOPLIE OTHOCATCS K ONpeleleHHOMY MOMEH-
Ty BpeMeBu ! (Ijid 3TOrQ HYXXHO H3y4YHTb KaJphi, paclo/OXKeHHble -Ha
pHC. 2.3 BROJIb BePTHKAJM, H COCYHMTATh JOJIO KajpoB, Ha KOTOPBIX 06-
HapVXKEH HMHTEepecyIOllHA Hac pe3yJbTaT ONbLITa).
Mbl’ roBOpHM, UTO CBOfiCTBA CTAaTHCTHYECKOIO aHCambis He 3aBHCHAT
OT BPEMEHH, eCJH YHCAO CHCTeM, OTBeyaloUlMx JAaHHOMY CJy4alo, OJAHO

H TO e B JI0BOH MOMEHT BpeMeHH (HJH, 4YTO TO Xe caMoe, eC/d
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*) B TOYHOM KBAHTOBOMEXAHHUECKOM OITHCAHHH CHCTEMbl HeCTATHCTHUECKHE npen-
CKa3aHHA HEBOAMONKHEW NpHRuMNHanene. Ilpu KnaccHyeckoum onHcanuH TodHble npeg-
CKa3aHHA O CHCTeMe TpeGylOT 3HAHHA MOJOKEHHA H- CKOPOCTH KaMAOR 4aCTHUB B He-
KOTOpHii MoMeHT BpemedH. Takas HuHPODMALHA HaM HEROCTYIHA. _

—
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BEPOATHOCTL MOABJeHHA Jmoboro NaHHOro ciaydas B ancambae He 3a-
BHCHT OT BpeMeHH). TeM caMbiM CTaTHCTHYeCKOe OITHCAHHE NO3BOJIAET
JaTh OYEHb SACHOE OfNpeleleHye MOHATHA PAaBHOBECHA: UIOAUPOBAHHAR
MAKPOCKONUMECKAR CUCMEMA HAXOOUMCH 8 pAaBROSECUU, eCAU - Ceovicmen
CIMAMUCMU4ecKo20 aHCamMOAA U3 MAKUX CUCTIEM HE 308UCAM OM 8PeMeHU.
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Pnc. 2.4. fIponomxenne puc. 2.3. Tenepb, KOraa NpoHLIO BOCTATOUHOE BpeMs, aHCaMbJib ABJSeTCS
He3dRMCHMBIM 01 BpeMenH. 3Tg 03HadaeT, YTO CHCTEM2 BOCTULAA COCTONHMHS PABHOBECHH,

I1p v mep. PaccMorpuM nieanwHblfl ras, cocroqun® #3 N monexyr. B gekoto-
puifi HauaNbHBIH MOMEHT BpPEMEHH /, CPpasy mocse TOro, XaKk yGpaHa mneperopoixa, poe
MOJIeKYJIkl 5TOTO r'a3a HAaXOAATCH-B Jepoll nojoBHMe cocyRa. Kakum ofpasom MoxHoe
NPOH3BECTH CTATHCTHYECKOe ONMHCAHME NOBEJCHHN Ta3a B NOCTeNYIOIHe MOMEHThE Bpes
MeRH? Mul O/BKHB paccMOTpers aHcamBab, €OCTOSIHA K3 GOMBIOro WHCAA aHANOrHE-
MBIX COCYJOB C Ta30M, B KaX/JOM U3 KOTOPbLIX B HaYalpHbI MOMEHT BpeMeHH BCe MovIes:



KVYJB: HaXOAfTCHA B JeBofi noJoBHHe cocyzha. Takoil ancamMbib CXeMaTHyeCKH MOKa3aH
Ha puc. 2.3. 3areM Mbi JOJKHBl HCC/IE/IOBaTL Halll aHcaMOab B ONpe/leieHHBIE MOMEHT
BpeMeHH [, ¢ TeM YTOObl MOJYYHThL OTBeT Ha HHTepecyloulne Hac Bompockl. Hampumep,
€CJIH COCPeJIOTOYHTb BHHMaHHe Ha onpejleleHHOA MoJeKyJ/e, TO HaC MOXeT HHTepeco-
BaTb, KAKOBA BePOSATHOCTb p (f) TOro, YTO 3Ta MOJEKY/Aa HAaXOJMTCs B JeBOH YacTH Co-
CyZa, UJIY BepOSiTHOCTh ¢ () TOTO, YTO OHA HAXOAMTCSH B ero npaBol YacTu, UM, HanpH-
Mep, KaKoBa BeposITHOCTL P (n, 1), 4TO B JaHHBI MOMEHT 7 U3 o6uiero uncaa N MoJeKy.l
OKasaJHChb B JeBOH uacth cocyld. Mbi 3HaeM, 4TO B Haua/lbHbIH MOMEHT BpemeHH fp
BeposaTHOCTL P (1)) = 1 u g (£} = 0. Tounotak ke P(N, {))=1luP(n, t;)=0nnan #N.
C TeyenHeM BpemMeHH 3TH BepOSTHOCTH MeHSAIOTCS JIO TeX NOp, NMOKAa MOJAEKYJIbl OK2XyTCA
paBHOMEpHO pacrpejeleHHEMH 10 06keMy cocy/la, Tak uto p== g = % . [locae sToro Be-
POSITHOCTH He MEHSIOTCA BO BpeMeHH, T. €. aHcamb/b CTaHOBHTCH HE3aBUCHMEIM OT Bpe-’
MEHH u CHcTeMa jocThraer paBHoBecusi (puc. 2.4) *). CocrosiHHe, Npu KOTOpOM HoBele-
HH€ CHCTEMbl He 3aBHCHT OT BpeMeHH, 0Ka3blBaeTcs 0coGeHHO NpocThiM. [lelicTBUTEBHO,
B 3TOM CJY4ae 33/1aya o rase, cocrofileM H3 N MoJIeKyJ, aHAJOTHYHA PacCMOTPEHHOH
BBILIE 3a7aue 0 Habope U3 N MoHeT. B YacTHOCTH, BepOSITHOCTE P HAXOXK/JICHHS MOAEKYJT
B JIEBOH 4aCTH cocyla coBnajaeT C BepOSTHOCTbIO TOro, 4To GpoilieHHas MOHeTa Bbilaj1aeT
«pellkofi»; aHATOrHYHO, BepOSITHOCTb § HAXOMAEHHA MOJEKYyJbl B MPaBod 4acTH cocyra
CoBNajlaeT ¢ BepoSITHOCTBIO BhINaJeHust «opaa». TouHo Tak e, Kak B npUMepe ¢ MOHe-
TaMH, 3TH BEePOSTHOCTH He 3aBHCHT OT BpeMeHH M p == g =15,

3ameuanue B raase | [cm. ypaBaewne (1.4)] Mbl BhuHcasau pasinuHble
BePOSITHOCTH, paccMaTpHBast 0JHY-eIHHCTBEHHYIO cucTeMy. Takoil Merof ropurcs Al
CReLHabHOro CY4asi CHCTeMbI, HaXojsulelics B paBHoBecun. Tak Kak aHCaMG/b TAKUX
CHCTeM He 3aBHCHT OT BpeMeHH, TO 60bloe YHCI0 Mockejl0BaTes bHbIX HAGMIOIeHHH HaR
OJHO! CHCTeMOH 3KBHBaJIeHTHO GOALIIOMY UHCJY OLHOBPEMEHHBIX HAGJIOJEGHHH HaJl CHC-
TeMaMU aHcaMOas. IIpyruMu C/10BaMH, NPERNOJIONKHM, 4YTO MBI B3s1Y (DUIbM, Ha KOTO-
POM 32CHATO MOBEJEHHE CHCTEMbl 3a BpeMs T, M pa3pe3aly ero Ha (" paBHBIX uacTefi,
Ka)Kas M3 KOTOPHIX JNTCA Ty="T/ " (T 10CTaTOUHO BeJIHKO, YTOOL! MOBeeHHe CHCTeMbl
ra OJHOM KycKe (UIbMa MOXKHO OblJIO CHHTATh He3aBHCHMBIM OT ee MOBEACHUS Ha CMeX-
HBIX KYCKax). B 3ToM ciyuae nabop u3 \° pa3pe3asHbiX GUILMOB JJIst NaHHOH CHCTEMbl
O6yZeT HeOTAMUUM OT HaGopa ' QPHJABMOB, CHATBIX 15T CHCTeM aHcaMmGias B TeueHHe HH-
TepBaJa BpeMeHH T;.

2.2. OCHOBHLIé COOTHOLIEHHUS MENAY BepOSTHOCTAMH

BeposITHOCTH YJOBJAETBOPSIIOT HEKOTOPLIM IIPOCTHIM COOTHOLIEHHSIM.
XoTa OHW TOUYTH OYEBHAHbI, UX 3HayeHHe BecbMa Besuko. [Ipoiile Bcero
MX NOJYYHTb, HCXOISi M3 OCHOBHOTO oOmpeleseHHst BepositHocTH (1).
Janele Mbl Beerjla Oy/deM CUMTaATh, UTO YHC/AO o\ cucTeM B aHcambae
MOXHO cjefarb OeCKOHeYHO OGOJIbLUHM.

[pennosoxum, 4TO ONBIT, BLINOJHEHHBIA Hal cucTeMoil A, MPHBOAMT
K HEKOTOPOMY YHCJY O B3aHMHO HCKJIOYAIOUUX APYr APyra HCXOIOB
(caryuaeB). OG03HauuMM KaXKAbIH BO3MOXHBI HCXOJ OMBITA HJH CAy4Yai
HHIEKCOM r; 3TOT HHISKC MOXeT fphHHHMMATL 3Hauenua 1, 2,3, ..., «.
B ancambie u3 OIHHZKOBBIX CHCTEM o\, CHCTeM oTBeqaior cayuaw 1,
s CHCTEM —cayydaw 2, ..., N, cHeTeM —cayygaio o. Tak Kak 3td ciyyau
HCKJ/IFOYAIOT JpPYT JApyra ¥ HMH HCYepNLIBAIOTCS BCe BO3MOMKHOCTH, TO

CyMMa
QN‘1+GN’2+°N‘3+---+0N'¢=GN’-

*) 3ameruM, UTO B JIOGOH JaHHOH CHCTeMe ¢ TeUeHHeM BPeMeHH BO3HHKAIOT Cy-
yaifiHuie GAYKTyalunu, TOrka KaKk BeposATHOCTb P daa ancanban B A1060H JAHHEH MOMEHT
BpeMeHH BCer'ia MMeeT eHHCTBEHHOE H ONpeie/eHHoe 3HAYEHHe, 8N YHC/IO CHCTeM o°
B aHcaM6uie MOXKeT ObiTh CAE/aHO CKOJb YTOZHO GOIbIIHM. ITO 3aMeyanue HMeeT Leahi0
NOKa3aTh, HACKOJNBKO paccMoTpeHHe aHCAMOGIA YynpoilaeT CHTYAHHIO IO CPaBHEHHID
C pAcCMOTPeHHEM OTAEIbLHON CHCTeMhl. : :

70




flocne nenenunsi Ha N° 3T0 paBeHCTBO NPHHHMaeT BHA
P,+P,4...+P,=1; (2)

sgecb P,=d\, /o' 03Hayaer, B cooTBeTCTBHH C onpelenednem (1), Be-
PORTHOCTbL NOfBJENNHA cayuasi r. PaBeHcTBO (2) nokasniBaeT, 4YT0 CymMMma
BCEX BO3MOXKHBIX BepOSITHOCTEH PaBHA €IHHHIe. 3TO PaBEHCTBO Ha3hl-
BaeTCsl YCAoBUeM HOpmuposKy BeposTHOCTel. Ecau  BocmoJib3oBaThbes
oGo3HadeHHeM CyMMbl Y, npiseiedHnM B (M.1), oHO MoMeT GuiTb
3aNHCaHO Kopouye:

a
Y P =1 3)

r=1
KaxoBa seposiTHOCTL oOHapyKeHus caywsasa r aubo ciaybas s?
B namem ascambiie umeercsa o\, CHCTeM, OTBeHaIOLHX Cay4aio r, U o,
CHCTEM, OTBe4alluxX cayyailo s. Takum obpasoMm, Jjaubo cay4aw r,
Mibo cayvaio s coorsercTBYeT (N +of;) cucrem ancambas. Coorser-
CTBEHHO BEPOSITHOCTb P (r wiu S) NOABJEHHs cayyas r HA¥ S paBHA

P(r um 3)29&'0}1\[}0)'\& .
Takum o6pasom,
P(r wnu s)=P, 4+ P,. (4)

ITpuwep. Paccmorpum Gpocanue HrpanbHofi KocTH, bBaarogaps cHMMeTpHH,
BePOSATHOCTD BhinafeHua Mo6oi rpasu Ky6a oxnnakosa u pasHa 1/6. Taxk, BepositHoCTS
BLiNajeHusl efuHulbl paBHa 1/6, W 3TOMYy XKe paBHa, Hanmpumep, BEPOSITHOCTb Bbinaje-
HuA aBoiKkY. M3 paBeHcTBa (4) cielyer, uToO BepOATHOCThL BbllajdeHHs AHGO elHHUIbI,
an6o ApoiKH 6y et paBHa 1/6 -+ 1/6 = 1/3. 310, pazymeeTcs, 04eBUAHBIH Pe3yabTaT, TaK
KaK cay4yad | 1 2 cooTBeTCTBYIOT OLHOH TpeTH 00HIero YHc/aa BCeX BO3MOXKHBIX HCXO040B
1, 2,3, 4,5n6. ,

Coornowenne (4) MOXXHO HeMelJeHHO o000WUTh Aaa  6oJbllero
yHCNa UCKAUAIOUIMX APYT ApPYra HCXO0ZoB. Tak, BEpOSATHOCTh NOSIB-
JeHH a1060r0 OAHOro H3 HeCKOJbKIX HCXOJOB MPOCTO paBHA CyMMme
COOTBETCTBYIOWMX BeposiTHocTeH. B wacTHOCTH, H3 yC/aOBHS HOpPMH-
POBKH BEPOSITHOCTEH C/1€LYyeT OYEBHAHBIN PE3yspTaT, YTO CyMMa BEpOSIT-
HOCTell, HalkcaHHas cseBa B paBeHcTBe (2), npeictasastowas coboii
BEPOSAITHOCTb HACTYyINeHHs aubo ymcxoaa 1, aubo ucxona 2, ..., aubo
HcxoJa «, paBHa |, T.e. aBaserca nocroepHocThiO. [HelicTBuTe b-
HO, BCE BO3MOXKHble HCXO[pbl ONbITa HCYEPNAHBI CAYUASMH, TPOHYMe-
poBaHHbIMH oT | Jo «.

Cosmecmrbie eepoamuocmu. 11peanosoxuM, 4To B HCC/AELYVEMOH CH-
cTemMe BO3MOXKHbHl ABa pas3/iH4HbIX THAA COObLITHH, HaIpHMEp, O BO3-
MOJKHBIX cOObITHII TURA r (rAe HHAeKC r =1, 2, ..., @) 4 } BO3MOXKHbIX
cobpiTiit THna s (s= 1, 2, ..., B). O6o3naunum uyepe3 P, BEPOSTHOCTb
COBMECTHOTO IOAIBJAECHHSI COObITHA 7 M COObITHA S. 3TO O3HayaeT, uTo
B ancambae, cocrosiiiem 13 0OJBILOTO YKC/AA oY OJLHHAKOBHIX CHCTEM,
of'rs TAKHX CHCTEM XapaKTePH3YIOTCS COBMECTHHIM MOSIBJEHHEM COOBITHS
r v cobuiTust S. Torla P, = of,s/oN’. O603HayHM, Kak oOn4Ho, gepe3 P,
BEPOSITHOCTh NOSIBJIEHHUN COOLITHA 7 (HE3aBHCHMO OT IOABJIEHHSA COOLITHS
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tuna §). s 3Toro B Haiiem ancamOje Mbl He JOJXKHBI 00pailiath BHU-
MaHHA Ha COOBITHA THIIA § U NOJACYHTHIBAThL YHCAO N, CHCTEM, B KOTOPHIX
oGHapy»xeHo cobHTHe 7, npd 3ToM P.=d\,/". Ananoruuno, yepes P,
0603HaYHM BEPOSITHOCTh NOSIBACHHUS COOBITHSA “S (HE3aBHCHUMO OT IOSB-
JeHHST COOBLITUSI THIA 7).

O6paTuM BHHMaHHE Ha cCIelHaJbHbLIH, HO OYeHb BaxKHBIH ciaydaf,
KOTJla BepPOSITHOCTh NOSIBJIEHHSl COOLITHS THOA ¢ HHYeM He CBsi3aHa
C MOSIBJEHHEM WM OTCYTCTBHEM COOBITHSI THIIA S. Takue COOBLITUS Ha-
BLIBAIOTCH CHIQAMUCINUYECKIL HE3GBUCUMBIMU, WU HEKOPPEAULPOBAHHBLMIL.
PaccMoTpuM Tenepb Te cHcTeMbl aHCamb.18, B KOTOPBIX 00HApYXKeHo fall-
Hoe cobuiTHe r, Uncao Takux cobbiTuil pasHo o ,. HesaBucumo or xa-
pakTepa coGHITHSI 7, HEKOTopasl aoqas P, 3THX cucTeM oOHapy:KHBaeT
Takxke coObitie s, Takum o0pasoM, uHcao o,y CHCTEM, JAAs1 KOTOPhIX
OOHapy:KeHBl COBMECTHO COObITHSI r H S, paBHO ‘

N5 = o, P,

COOTBETCTBEHHO, BePOSITHOCTH COBMECTHOTO TOSIBJEHHA COGBITHS 7 H
cOOLITHR § paBHa .
P __,_,__Q,N)TS___Q:\pI‘PSmPP

r§== QN" —_ QN? rt o5

Mubl noayuuam, uro

ec/it COOBITHS 7 H § CTAaTHCTHYECKH HE3aBHCHMBI, TO 5)
P.,=P.P,

3aMeTHM, YTO BBLIBOZ (D) He BepeH, ec/H COOLITHUS 7 H S He SBJASIOTCA
CTATHCTHUECKH He3aBHUCHMBIMH, PaBeHcTBO (5) Jierko 0606UIHTbL: <€OB-
MECTHAst BEPOMTHOCTh HACTYyIIeHus Oosee YeM ABYX CTaTHCTMUECKR
HE3aBHCHMBIX COOBITHI PaBHa NPOM3BENCHUIO OTIeAbHLIX BEPOSITHOCTE!!,

I1puwmep. [pennoioxuM, 4To paccMarpuBaemas cuctema A cocTouT u3 ABYX
urpaabhbix Kocteidl A; u A,. CoObiTHeM, HJH CAYyYaeM, THIA r MOMeT ObiTh BhimajeHue
Mmo6oft U3 LIecTH CTOPOH KOCTH Aj, aHallorHyHo, cobbiTHe THIA $ 3aK/II0YaeTCs B Bbllla-
AEHHH HeKoTopoll cTopoHbl KocTH A,. KOHKpeTHoe co6piTHe B Halllelt cicTeme A 3ak.io-
yaeTcsl B BHIMAJACHHH KaKOH-TO 32 1aHHOH CTOPOHE! KocTH A ¥ 3a]laiHol CTOpOHHI Apyroil
koct#t A,. OnbiT, 3aKAOuaomuiics B 6pocauun obeux Kocrel, 6ynetr uMmers 36 BO3MOX-
HBIX COORITHH. YTOGB BHICKA3aTh KaKHe-TO BepOSTHOCTHBIC YTBEPIKleHHs, HeoGXoaHMo
paccyoTperh ancam6iab, cocTosmui 13 GoAbworo yneaa N OXMHAKOBEIX Nap HrpadbHbIX
KocTeli. JonycTuM, 4TO Kam[as KOCTb COBepIIeHHO CHMMeTpPHYHA, TaK YTO BhinajeHHe
Mo6oi cToponbl paBHOBeposTHO. OYEBHIHO, uTO BepOATHOCTH BhIAfieHHsl JAHHOMN CTo-
poHbl r paBHa 1/¢. EcAu KocTH He B3aHMONEHCTBYIOT MeXAYy coGOH (Hanmpumep, OHM He
HaMarHAYEeHH, TaK 4TO HeT CHJ, CTPeMIHXCHd OPHeHTHPOBATh OHY KOCTh OTHOCHTEJNbHO
ApYroit) ¥ Bx 6pocaloT B TOYHOCTH OIMHAKOBBIM CIIOCO60M, PedyJbTaThl OPocanlis MOIKHO
CUHTATh CTATHCTHYECKH He3aBUCHMbIMH. Torla coBmecTHast BePOSTHOCTL P,g TOTO, UTO
kocTh A, BBmazer cropoHofi r, a XocTb A, CTopoHO# S, paBHa

- I 1 1
Pro=PrPi=g 5=5%-

Bror pesyJjbTar BrnosHe ouesHeH, TAK KaK paccMarpHBaemsill cayuaft saasercs
o1HNM H3 6-6=36 BO3MGKHBX. ‘
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£.3. BunomuanabHOE pacnpenenenue

Mul JocTaToyHO NOAPOGHO TO3HAKOMHJHCH CO CTaTHCTHYECKHMH
METOJIaMH," WTOOBI NEpeHTH K KOJMMYECTBEHHOMY pPaCcCMOTPEHHIO HEeKO-
TOPBIX (UINIECKM BAKHLIX 33a7au. PaccMoTpum, Hanpumep, uaeaibHyio
cicreMy M3 NV €NMHOB, KaX[plil U3 KOTOPHIX paBeH !/,. C KaMkIbIM CIIH-
HOM CBSI3aH - MArHHTHBIA - MOMEHT W, 3TOT
npiMep 0coDeHHO HHTepeceH, TaK Kak 31eCh BT
Mbl HMeeM JeAo ¢ HauboJee INpPocTOH CH- :

CTEMOH, ONUCHLIBAGMOH 3aKOHAMH KBaHTO-
BOHl MEXaHUKM. Ee 4acto HCNOab3YIOT B

KayectBe MOJeTH GoJjiee CA0XKHBIX CHCTEM. . -
Jnst ofuHOCTH JOTYCTHM, YTO CHCTEMA CITH-
HOB HAXOIMUTCA BO BHEIUHEM MarHUTHOM

noae B. Kasieli MarHUTHBIH MOMEHT MO- g:;,;ﬁf':c/ic T st oo
XKeT ObTb HanpaeieH janbo no nomo A 34}5515;;;?311 STbenka MoKaatl
(«BBEPX», DNapajeJbHO MO0 B), JHOO  mewracnuua. Buemnee MArHHTHO®
NPOTHB HOJs (<BHH3», AHTMIApAJIeIbHO |07 ofeawaueo crpeaxolt B.
noso). IlpennosoxnM, 4To CHCTeMa CIMHOB HAXOAHUTCS B PABHOBECHH.
CrarucTuuecknfi ancambJib, cocTostiliuil u3 \° takmx cucrem, Oyjaer
He3aBHCHM OT BpPeMeHH. PaceMOTpHM KaKoi-TO CHH M 0003HAUUM depes
P BEpOSITHOCTh TOT'O, YTO MATHUTHBLI MOMEHT HalpamJeH BBepX, a uyepes
G — BepOATHOCTbL TOTO, YTO OH HanpasJ/jeH BHH3. Tak Kak ITHUMH ABYMs
OpHEHTALMSIMH HCYEpPNAHEl BCe BO3MOXHOCTH, TO YCJ0OBHE HOPMHPOBKU

(3) naer
p+g=1 (6)

win g = 1—p. Ecau noss ser, T. e..B =0, To HeT U BHAEJEHHOTO Ha-
npae/eHis B NPOCTPAHCTBe, Tak 4TO p = ¢ ='/,. Ho B npucyrctBuu
MATHUTHOIO IOJIS MAarHMTHBIH MOMEHT yallle OPHEHTHPOBAH IO NOJIO,
yeN [IPOTHB MOJs, NO3TOMY p > g *). Mbl 1meeM €710 ¢ UAeadbHOH CH-
CTEMOIl CITHHOB. 3TO 3HAUMT, YTO B3dHMOACHCTBHEM MeXIy CUHHHAMH
MOZKHO T[I0JIHOCTBIO NpeHeOpedb ¥ OPHEHT4LHH CIMHHOB CTATHCTHYECKH
COBCPIUEHHO He3aBliciMbl. BeposiTHOCTB Toro, 4ro J0OOH W3 IaHHBIX
MATHHTHLIX MOMEHTOB Hanpas/jieH BBepX, HE€ 32BHCHT OT OPHEHTAlUH
JOOLIX ApYTHX MACHHTHBIX MOMEHTOB CHCTEMBI.

[MpeanonozkuM, 4TO 7 MArHHTHBEIX MOMEHTOB HalleH CHCTeMbl Ha-
npapJeHbl BBepX, a n’ BHH3. Tak Kak noanoe YHC/0 CIMHOB B CHCTEME

paBHo N, TO

nt+n'=N (7)

RJIH
n' =N—n.

- Paccmorpum Teneps .ancamGiib, coctosiipidt M3 GOJBUIOrO 4YHCIA
TakuX cHereM. YHcio #  MArHMTHHIX  MOMEHTOB, HampaBJeHHHIX

*) 3/ecb Mbl CYMTaeM p M § BeJHYHHAMH, ONpejelsieMbIMH Ha onbite. B riase
4 Mb y3HaeM, KAK BBIYHCIHTE P U ¢ Aas J060To 3HaueHHd noas B, echn cucrema
CNUHOB HAX0IHTCA NpH OfnpeldeleHHOR TeMilepaType.
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TaGnuuna 2.1 BBepx, HE OAHHAKOBO AAA
KaXkjaoit cHCTeMbl aHcambas H
MOXXeT MNPHHHMAaTh  3HAUCHUA
0, 1, 2, ..., N. Hac wunrepe-
CcyeT CJeAYIOWHA BONPOC: Ka-
KOBa2 BeposiTHocTe P (n) TOrO,
yto 71 ¥3 N MarHHTHBIX MOMEH-
TOB HarpabJieHbl BBepX?

Jra 3ajlaya Jerko peruaercs
4 | c noMowbio cAeayoWHX coobpa- -
XKeHui, BeposiTHOCTH TOTrO, 4TO
MOGOH H3 MArHHTHBIX MOMEHTOB
Hamnpap/ieH BBePX WM BHH3,

1 2 3 4 nn'CMm

&
<
<
<
-
&

(wlaiela
IO
Sl la
TIQTO
W W W w

g g g g g g paBHa COOTBETCTBEHHO J HJIH g.
U D D Ulo!le 6 Tak Kak MardHTHBIE MOMEHTH
D U U D{12(2 CTATHCTHYECKH HEe3aBHCHMBI, TO
g g 3 lojr g g ¢ noMmomipio GopMyJabl (D) JErko
NOJNYUHTh BEPOATHOCTb TaKOro
COCTOSIHMSI, KOrla #n MOMEHTOS
U D D DIl1l3 HampaeJ/JeH BBepX, a o0CTajlb-
D U D D|1{3 . Hple N—n MOMEHTOR HampasJe-
D b u Dj1]3 Hbl BHH3:
D D D Ul1]3
BePOATHOCTb  00pa3oBaHuA
OJiHOM KOHPHUTYpalKH CTH-
D D D D|olal i AHOR KOHQHTY pauuu CIiH
HOB, B KOTODOH n MOMEH- | _,
- TOB HaNpaB/eHO BBepX, a |
Ta6avna (T), B xoropoHl yK#3aHbl ocTa/bHble N —n Hanpas-
BCE BO3MOXKHble OpHeHTAaUHH N MarHuT- eHbl BHH3
HbIX MOMEHTOB AJfH BacTHOrO  CJay- H
t van N=4. Bykpo#i U o6oanauen mo- | = pp...p §q...q=p"q". (8)
MEeHT, HanpaBaeHHulli BBepX. DbyKBo# —— e —
D —jomenT, HanpaBaenyntit Buu3. Uneao a v

MOMEHTOB, HanmpaBJieHHbIX BBepX U BHU3,
0603nayeno yepes n u n’ coorsercteen- | o KOH(biipraIlHﬂ, Npu KOTO-

#o. ucso Cn(n) BOSMOXKHBIX KOHQH- [ pOB n MarHMTHbIX MOMEHTOB Ha-

rypaudi, B KOTORhIX 7 MOMEHTOR H3
N HanpapJeHn! BBepX, YKa3aHo B M0- IpPaBJCHLl BBEX, MOKET ObiTb

crenHeM croatue. (3ametbre, uyto 3ra | OCYWECTBJEHA DA3AHUHBIMH CIIO-
Tabauna ananornuda Taba. 1.1.) cobamMu., 10 NOKazaHo B TadJl.

] 2.1. O6o3nauiiM nostomy:

Cy (n)==4Mc/I0 PA3IHUHBIX KOHPUTypauuil, 0pH KOTOPHIX
n MarHHTHBIX MOMEHTOB H3 ofmero, unciaa N Hanpas-
Jiedbl BBepX (a ocradbHble N—rn=n’ Hanpab.jeHbl ©)
BHH3) *).

Uckomas BeposithocTe P(n) Toro, uto n U3 N MOMEHTOB HanpabJieHH
BBEDX, PaBHA BEPOATHOCTH OCYLIECTBJIEHHS JHGO nepBoH, JHO60 BTOpO#,

*} Koagxpuauuent Cp(n) MHOTAA HA3LIBAOT uuc/oM KoMOHHauMi u3 N obbekToB
no n.
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..., JAH60, Hakouel, nocienHell U3 Cp(r) BO3IMOXKHBLIX KOHQHIYpaIuil,
B coorserctBHu ¢ ofmel TeopeMoit (4), HMCKOMas BepOSATHOCTh P(n)
paBHa cyMmMe BepositHocTeH (8), B3sITOM MO BCeM TaKHM BO3MOXHbIM
KOHDHUTYpaLUsIM, KOTAA f MarHUTHHIX MOMEHTOB HalipaBJeHbl BBEpX.
Dra cymMmMa paBHa NpOU3BeleHHIO0 BeposTHOCTH (8) Ha KosdduuueHT
Cy(n). Takum oGpasowM,

P(ny=Cy(n)p"g"-», (10)
rue

n'=N-—n.

Ham ocranoch mnoacuutaTh BO3MOXKHOE UYHC/AO KOHMHIYpaunHil B
ofieM caydae NpoH3BoabHbix 3HaueHuil N u n. [lpexnmosoxkum, uto
Mbl HMeeMm Tabauny T, aHanordunyio taba. 2.1, rae o6o3HageHbl Bce
KOH(HTypauHH, KOTOpbie MOXKHO 00pa3oBaTth M3 N MAarHUTHBIX MOMEH-
TOB, npHuYeM cHMBOJOM U ©0603HaueH MOMEHT, HalpaBJeHHBLIH BBepX,
a cumBosioM D — Buu3. B atom cayuae kosdouuuent Cy(n) onpene-
JSeTCsi YHCJIOM PsioB, B KOTOpbIX cumBoa U/ noBropsiercs 71 pas.
U066l NOACYUMTATH HHCJIO TAKUX PAJOB, PACCMOTPHM # Pa3IHUHBIX
HanpapJ/eHHbIX BBepX MOMEHTOB M o6osnayum ux U,, U,, ..., U,.
KakuM 4ucsioM KoHQUIyPanuii Mbl MOXKeM OCYILeCTBHThH 3TY CHTYapHio?
B taba. 2.2 orBerT Ha 3TOT BoNpOC JaH AJs 4acTHoro cayuas N=4
H n=2,

Tadanuwa 2.2

1 2 3 4 1 2 3 4

Uy U, D D a | U, D Uy D | b
U, U, D b | D U, U, D | d
U, D D U, l ¢ | D D Uy Uy, | f
Ug Ul D D a Ug D D UI c
D U, U, D d | D U, D Uy | e
D U’l U2 e l D D U2 Ul f

Ta6auua (7T'), B KOTOPOH YKasaHwl BCe BO3MOMXHbIE KOH(PHUTYpauny ua N =4
HACHTHUHBIX MOMEHTOB, JBA W3 KOTOPbIX HaNpaBJeHH BBepX. DTH MOMEHTHI
oGo3navennl depes U; u s, Xorss dusHyeckd OHu Hepadiwuumiul. [losTomy
KOH(UTYPAIKH, OTAHYAIOUIHECH TOJAbKO MeCTaMH HHJeKCOB | M 2, 9KBHBAJEeHTHBI.
Onn ofo3HaueHbl ORMHAKOBHIMH 6yKBaMH B nocaenHeM ctoabue. Takum o6pazom,
taGinla cofepXuT B n!=2 pasa Goablre KoHPUrypauwii, €M B TOM CJayyae,
ecqu Oni OHa colepXkana Jadllp (PU3NUECKH Pa3JHYHMBIE KOHQUrypaLHH. 4

——

CumBon U, B cTpoxe Tabiulbl MOXKeT NOABHTbCST HAa N pasiHyHBIX
MeCTax.

[Ipn Ka>knoM BO3MOXKHOM MoJjoKeHuu cuMsogaa U, cumeoa U, MoxHO
NOCTABHTh Ha OfHO W3 N-—] ocraBlIUXCH MeCT.

Iaa xaxzaoro Bo3moxHoro nosoxenus U, u U, cumon U, MOXKHO
NOCTaBHTL Ha Jwboe 13 N—2 ocraBmiuxcs MecT.



s kaxporo Bo3moxHoro nosoxenns U,, U, ..., U,_, nocien-
HHil HanpasJieHHbi BBEPX MOMEHT MOXHO OMECTHTb Ha OAHO W3 N—n-i-1

OCTaBUIHXCA CBCOGOIHBIX MeCT.
Takum 06pasoM, BO3MOXKHOE uUCAO Jx(n) pAIOB B TabaHLe PABHO
NPOH3BEleHHIO YHC/a BO3MOXKHBIX nonoxenuid cimBosiioB U,, U., ...

ey U, T. €.
Jv(m)=NN—1)N=-2)...(N—n--1). (11y
310 MOXKHO 3anyucars Kopode ¢ nomonibio (akropuagaos. Hanpu-
Mep *),

NIN—1H(N=-2)...(N—a+1H)(N—n)...2-1 N!

Tenepb MBI HOJKHBI BBECTH B 3TOT pacueT MOIPaBKy. Bce MoMeHTHI,
HanpaBJ/ieHHBIE BBEPX, KBHBAJ/IEHTHb!, W NO3TOMY Te psinl TaGauunt T,
KOTOpbLIe OTTHYAIOTCA TOJBKO [1€PeCTaHOBKOI HHIEKCOB, OTBeuarT (H-
3HUECKY HepasjuYuMbIM CuTyauusim (cMm., Hanpumep, taba. 2.2). Hucqo
BO3MOKHEIX 1IePeCTaHOBOK W3 f1 HHIEKCOB paBHO n! u 1nostoMy tabjauiia
T’ cozepxut B n! GoJbillee YHCAO PAJOB, 4eM WX AOKHO ObITh, eCau
IIPHHHMATh BO BHHMAaHHe TOJbKO PsAbl, OTBedaionive (pUanuyecku He-
-9KBHBaJeHTHbiM coctoaHusM. [lostomy **) nckomoe uuciao Cy(n) pas-
JHYHBIX KOH(UTYpalMH s 7 Halpas/deHHbIX BBEPX MOMEHTOB MBI
nonayuuM, pasgeauB Jy{(n) nHa nl, T.e.

'
Cp(n)= In(n) ok (13)

nt nt(N—n)! °

Briuncasemasna BepoaTHocTh (10) Temepb MMeeT BuJ

NI

P(fl)zmp"qNﬂf". (14)

Dosiee cHMMETPHYHBIH BHA 3TOIC BbIpAKeHHS:

P (n) === p"q", (15)
rae n’=N-—n. B uyacTHOM cayuae,
!
Koria p=g=1/2, P(n)——’l‘NnI<-flz~>N. (16)

Ilna nandoro suaueHust N BeposaTHOCTh P(r1) 3aBUCHT OT 1. DyHKuUS
P(n) HasbiBaeTcd OUHOMUQRBHBIM Pacnpedeserue.

3ameuanue [lpy pastomenun GuHoma cTeneHu n, pasHoro (p+q)¥¥, no
CTeTleHAM R Mbl 3aMeuaeM, YT0 KOshpHIHEHT;TAKOrO Pa3oXKeHus NP pgY —7 papeH yuc-
JIy YJIEHOB, COJCPXKAUX P B KauecTse MHOMXKHTeAd 1 pa3 W g B KAUECTBE MHOXKUTESA

*} Ilo onpenenennio N!==N(N—1). . ; Kpoume Toro, 0!=l.
*#) IlepBbif HHJEKC MOXKeT npummaTbn Boamomuux 3HayeHul, BTOPOH HHEKC —
mo6oe U3 OCTAJbHLIX n—| 3Haueuuft, . .., H AI% A-TO UHIEKCA OCTAeTCs OAHO 3Ha-

yenne. [To3ToMy HHAeKCH MOTYT ObITh pacnodiokensl n{n—1). . .2-1=n! pazauuHbiMA
LMOCO0aMH.. . . .

76



N — n pas. Mul uMeem, TakdM 0GpazoM, THCTO ngareuamuecxy:o Meopemy pasLoNcerusn

Ouroma:
N

N!
N . —_— e gV ~
(e+4q) E n!(N Y prgst . (17)
n=0 ) .

Cpasumpas (17) ¢ (14), Mbl BHAUM, 4TO KaXKIu# WJeR crnpaBa paBeH BePOATHOCTH

P (n). Do obbacHAeT TepMHH «OHHOMHAJbHOE paciipefencHver. B mamem cayuae,

KOT/la CyMMa HHTEPECYIOMHX HAC BepORTHOCTeH DaBHd elUHHL@: pri-g=1, ypaBHeHHa

(17) 3KBUBaNeHTHO CJeAYIOEEMY: "

]l = E P (n).
A=0
TQM caMhiM MBl TOKa3aJiH, 494TO CYMMa BepOHTHOCTEﬁ IS BCeX BO3MOXKHBIX 3uadYeHHi n
KeficTBUTebHO paBHa 1, Kak 9To TpelyeT YCJIOBHE HOPMHpPOBKH (3).

O6cyscdenve, YTOOB NMOHATH, KAK BE/JIMUMHA BePOSATHOCTH P(n)
3aBHCHT OT 7, PAcCMOTPHM TpeX/Je BCEro CBOHCTBA K03(hHIIHEHTOB
Cx(n), onpenenennblx BolpaxkesueM (13). 3amerumM, 4TO OHU cHUMMeT-
PMUHLI OTHOCHTEIRHO 3aMeHnl n U N —n=n’'. Takum o0pasoM,

Cn(n') =Cp(n). (18)
Kpome Toro,
Cy@)=CyWNV)=1. (19)
Mgbl 3amMeunaeM Takike, 4to
Cnin+1) nl (N—n)! _N—n (20)

Cy(n) @41 (N—n—1)!  n+1"°

Hauunaa ¢ n=0, Mbl 3aMeuaem, YTO OTHOWICHHE COCENHMX KO3(du-
nueHToB Cy(n) cHAadana BeJIMKO M HMeeT nmopsajox N, 3ateM OHO MOHO-
TOHHO YMEHbLUAeTCsl € YyBeduueHueM #, OCTaBasick QoJblle eIHHUHBL
(uiu paBHBIM €if), noka n<'/,N, a 3areM cTaHOBHTCS MeHbIEe eIUHHLbI
npu n —=1/,N. Orciofia, ecau euie npHHATL BO BHUMaHue dopmyay (19),
caenyet, uro Cy(n) HPOXOIUT yepe3 MakCHMYM BGJIH3H n=1!/,N 1 urTo
sHayenue Cy(n) B 3TOM MaKCHMyME€ OYEHb BEeJIMKO MO CPABHEHUIO C
elHHuNnel, ecau, pasymeercsi, N BesHKo.

Tenepb mMbl MOKeM noHATh noBejeHue BepositHocTH P(n). U3 (16)

caenyer, 4To
et p=q=1/2, To P(n")=P(n). (21)

DTOT pe3yJbTarT CaAelyeT Takke H U3 COODpaKeHHH CHMMETpHH, Tak
KaK npu p=¢=1/2 (T. e. B oTCyTCTBHE MArHuTHOrO noas B) He Moxer
ObITh NPEHMYIIECTBeHHOH [1POCTPAHCTBEHHOH OpHUEHTAUMH MAarHUTHBIX
momMeHTOB. B aTOoM cayuae BepositHocTb P(n) umeer makcumym *)
B6H3un n=/,N. C apyroii CTOpoHBl, €CJH p>>q, TO MAKCHMYM BCe
PaBHO CylIECTByeT, HO OH Terepb CMeilleH K 3HavyeHuaM n>'/,N. Pu-
cyHkd 2.6 n 2.7 HAMIOCTPUPYIOT HOBeJeHHe BePOATHOCTH P(n) ans
HECKOJ/IbKHX ITPOCTHIX Cylyuaes,

*) Makcumym npnxonmcn Ha lle.N ApH derHoM N, 2 npH uenetiiom N HMeIoTCs
ABa HaHGOMBUIMX H PABHLIX 3HAUYEHHA MO 00e CTOpPOHL OT 1/,N. . o /

)



Honubi MarauTHLIH MOMEHT CHCTEMBI CITHHOB B HaNPABJECHHN MO *)
(1. €. B HanpaB/leHHH «BBEPX») ABAAETCH BENUUUHOH, KOTOPYIO MOMKHO

-Pln)
Pim)
6
16
4
16

16

g

0 1 2 3 4 n
{1 I

1
~4 2 0 2 4 m

Puc. 2.6. BunoMnanbHoe pacnpejene-
HHe BJast N=4 MaruHTHbIX MOMeHTOB
npu p=4g=*%/,. Ha rpadbuke noxasa-
Ha meposTHOCTs P(n} Toro, uto n Mmar-
HHTHBIX MOMeHTOB HATIpaBJeHO BBEPX,
HJH, YTO 3KBHBaJEeHTHO, BepOATHOCTB
P’{m) ToTD, Wro nNOJANBI MarHHTHBIH
MOMEHT, HanpaBNenHH BRepX, pamen
M (eCnH H3MeDHATEL €0 B eJUMHALLAX o).

H3MepHTh Ha onbite, Q603HAUHM €ro
uepes M. Tax xak M npocro paBho an-
re6panyeckKoid CyMMe MarHUTHBIX MOMEH-
TOB, HaNPaBJECHHbIX «<BBEPX» H «BHH3», Mb?
nosyuaeM M =np,—n'p,=((n—n’)p,,
HJIH :
rae

m=n—n' (23)

U 4yepe3 p, 000O3HAYEHA BeJUYUHA Mar-
HATHOTO MOMEHTA4, CBSI3aHHOFO CO CIIH-
noM 1/,. U3 (22) cnenyer, uro Besnudi-
ra m=M/n, npencrasaser coboit 1no.-
HBII MarHUTHBIH MOMEHT, H3MEpEeHHbIH
B eIMHHIAX N,. Bblpaxkenue (23) Moxk-
HO 3anucarb B BHIE

m=n—n'"=n—(N—n)=2n—N. (24)

Orclofa cnefyer, B YacTHOCTH, UTO BO3MOXHBIe 3HaueHHd m OYLYT

Py [
Pim)

02

018

o1

014

012
070

008

Q06|

004
002
0

. 01234567839 1’0!!1213%1516’17};8192?

L ¢ ¢ ¢ X3 i . 1 ! ¥ 3 1 1 1 1

=20-18-16-14-12-10-8 -6 4-2 0 2 4 6 8 10 12 14 16 18 2
V(e

Puc. 2.7, BunoMHanshoe pacnpegeniedne Aast N=20 MarHHTHHX MOMEHTOB IpH p=g=1/,, Ha

rpaduKe noxkasana BepoATHOCTb P{rn) TOro, UYTO N MArKHTHHX MOMEHTOB HanpaBjeHB BBEpX,

MJIH, BTO 3KBHBANEHTHO, BePOATHOCTL P’(i71) Toro, ¥TO nOJAHBLT MardHTHBI MOMeHT, HanpabJel=
HLIfi BEepX, paBeH M {eCAH H3MepPATh €ro B eAHHHHAX [ig).

YeTHLIMH TpH YeTHoM N u HeuerHbiMH, eciin N Heuerno. Coraacuo (24)

- *) B panbHeliem N KpaTkocTH uHorma OyaeM HaswBarh M NOJHBIM MAFHHT-

HBIM MOMCHTOM.

8

i



oflpeleieHHOMY 3HAUCHHIO 7 OTBeqaeT eIAUHCTBEHHOe 3HAYeHHe m,

y Haolopor, .
)

n=- (N +m). (25)

BepowtHocts P’(m) Toro, 4tro m {IpUHUMAET ofipefeSeHHOe 3Ha-
geylie, AGAMHA [OITOMY COBfialaTh € BEPOATHOCTBIO P(1) Toro, 4ro n
apHHHMaeT 3HadeHue, caeaywoinee u3 (25). Hrak,

P'(m)zP(\N?:"’). (26)

370 BLIPAXKEHHE AaeT BePOSITHOCTb MOSIBJIEHHA JOGOTO BO3MOKHOIO
3HAaYeHUA MOJAHOTO MATHHTHOTO MOMEHTa CHCTeMbl Cnuuos. B uacTHoM

cayuae p = q =1/, u3 dopmya (I6) u (26) caeayer

, _ Nt 1 \n
P(fn)"_‘ {/\‘er\\lfl\f—-—m !(‘Tz—)-
) )
Hauboaee BeposTHas cuTyauust coorsercTByer m==0, xoria M=0.
O6ob6uerHue Guromuaasrozo pacnpedeaenus. Hawe pacemorpenve
KacaJioch YacTHOH 3a/aul O CHCTeMe, COCTOsIMEeH U3 cnuHoB. Ei MoXkHO,
onHaKo, npuaath Gonee obiuee 3Hayenue. elicTBHTeNbHO, Hamu Obinia
pemleda caexyiomasi 3anaua. Mmeem N craTtucTHYecKH He3aBHCHMbIX
cayuae, [lpennoniokum, UTO BEPOSITHOCTb BO3HMKHOBEHMS KaxAOTo
TAKOro CJay4Yast PaBHa p; TOTAA BEPOATHOCTb TOTO, YTO 3TOT CAYyYal
He BosHHKHeT, Oviaer g=1—p. Kakosa BeposTHOCTs P{n) BO3HHK-
HOBEHHMs n TakuxX caydaeB (ocrajpHble N —n CiyyaeB He BO3HH-
Kator)? DunomuasnbHoe pacnpeldesiende (14) naer HemenJIeHHBLI OTBeT
Hia 3TOT Bonpoc. JefcTBHTENbHO, B HalleM YacTHOM HpPHMepE CHCTEMb,
cocrosineii W3 N He3aBUCHMBIX CAHMHOB, BO3HHKHOBEHME C/IyYas OTBe-
YaeT CMHHY, HanpaB/JeHHOMY BBEPX, TOrid Kak OTCYTCTBHE CJyyas
OTBEYAET CMNUHY, HanpaB/JeHHOMY HE BBepX, a BHHS,
Mbl paccMOTPUM €lUle HEeCKOJbKO MpHMepoB, Korpa OHHOMHANbHOE
pacnpeleseHde 1aeT HENOCPEACTBEHHOe pelleHHe 3ajaud,

Mpeansuwft ras ua N MmoaeKkya PaccmoTpum uieanbHuil ras uz N
MOJIeKYJT, HaXOASIHXCS B cocy e obnemom V. Jlnst uieannroro rasa p3auMoaeiicTsHem
MOJIEKYA MOKHO TipeHeGpeub ¥ HX ABHXKeHHEe MOXHO CUMTATb CTATHCTHYECKH He3aBHCH-
mbiM. IlpennonokuM, 4TO AWHK MbICAEHHO pa3jeseH Ha Ipe vacTu C ob6bvemamu V u V',

TaK 4TOo
VAV =V, @7

Paccmorpum aticamGiib K3 GOJILLIOTO YHCAA T2KUX COCYNOB ¢ rasoM. [Tycrs p — Bepo-
ATHOCTb TOrO, 4TO HEKOTOPasi MOJieKyJ/a HaxoauTcs B oObeme V, a ¢ — BEPOATHOCTD ee
HaxoxaeHus B ofbeme V'. Ecau ra3 HaxomdTcA B PaBHOBECHH, TO MONEKYAM [aBHo-
MepHO pacnpejie/ieHsl N0 00beMy H

4
=yo. 8 4=ym. @)
{lpu stom p+g=1, Kak TpeGyer ycnosue HopMmuposkd. Karosa sepoatnocts P (n)

TOro, 4ro B aucambie H3 N MoneRy/ B ofbeme V okaxyTed 22 MoJiekya (PH STOM OCTaAb-
gpie n'=N — n moJexkyJan OYyRyT Haxogutecda B obbeme V')? Orser 3akmouen s
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Puc. 2.8. BepoaTtnocTh P’(m) TOTQ, YTO MONHLIN MATHATHEI MOMEHT CHCTeMBl H3 N enHHOB 1/, pa-

BeH 711 (eC/H ero M3MepsiTh B efUHHUAX Ko}. W3-3a nannuus MarauTioro noas p=07n (,v:—po.?r

I'padmxn paor ayauenue P'(m) mrast deThipex pasaHunmix CJaydacs, momem*rfayxomm( e
N=19, 20, 3(? n 50.



GwHOMHanbHoM. pacnpesenennn’ (14). B wactHoctn, ecim ¥==V’', Tak urosp = g=%,
TO pellleHHe 3TOH 3ajauyH noayweno B n, 1.1, rae HYK10. Obic10 HAHTH BePOATHOCE TOTO,
yTo n 43 N MoJekyn HaxoZATCs B JIeBOH MOJIOBHHE cOCyla.

bpocauune MOHET HMAH HIpaabHHX KocTelil. PaceMorpum
Gpocanie N MoOHeT, noBefleHne KOTODBIX -6YJAeM CUMTATb CTATUCTHYECKH HE3aBHCHMBIM.
[lycTs p ecTh BepoOATHOCTH TOTO, UTO JH0Gasi JAHHASL MOHETA BHIMAZET «OPJIOM», @ ¢
€CTh BepOHTHOCTb BhlnajaHus «petlku». ki3 coofpakennil CHMMeTPHH MBI MOMKEM CHH-
Tark p = g=13. Kaxkosa Bepomnocrb TOTO, uTO 1 13 N GPOIHEHHHX MOHET Bbma;[yT
«OpJIOM»? :

bpocanue J\; HTpabHHX KOCTell npelcTabdager coloii aHaTIOI‘HLIH‘y'IO 3ajauy. Mx
noBejeHHe OMAThL MOKHO CYHTATh CTATRCTHYECKH He3a MCHMBNM. TIpelnonoxu, p
€CTh BepPOATHOCThL TOTO, YTO 1100asi KOCThL BblNAjJeT CTOPOHOII «O» BBepX, Torga ¢= | —p
€CTh BEPOATHOCTb TOrO, YTO 3TO He NpoH30iileT. ¥ HrpaibHOH KOCTH 1I€CTh CTOPOH H
H3 cooGpaxkeHuil CHMMETPHH cJleiyeT, utd p= 1/, a 9= 1 — p= 35/, Kakoea BeposT-
HocTk P (n) Toro, uro n u3 N xocrell BHmaayT croponoil «6»? BuHomHanbHOe pacnpe-
IeneHue (14) orBeuaer ¥ Ha 3TOT BOIPOC.

2.4. Cpennue 3nauepns

[lpennonioxkum, 4TO NEpemMeHHas 4, XapaKTepH3VIOIas HEKOTOPYIO
cHCTeMY, NPHHHUMAET . BO3MOMHBIX NMCKPETHBIX 3HaYeHHIl: :

Uy Uyy ooy Uy,

KOTOPhIM COOTBETCTBYIOT BEPOSTHOCTH
P, P, ..., P,

Dto 3HAuMT, 4TO B aHcambae U3 o' aHAJOrMYHEIX CHCTeM (rae Jf'—>oo)
nepeMeHHasi # HUMeeT 3HaueHde 7 JUid CJIELYIOWEro 4YHCAa CHCTEM:
N, = P,.

" Ykazaune BEPORTHOCTH HalmwoaeHus P, 1aa BceX o BO3MOXKHBIX
3HAUeHMT SBJsETCA Hanbonee MOJHLIM CTATHCTHYECKIM OIHCAHHEM
cucreMbl. Y 100HO, OZHAKO, HMeTh HEKOTOPBIE TNapaMerpel, KOTOphie
XapaKTepH3YIOT pacnperesedie BO3MOMKHLIX 3HAUEHHA u B aHcambie
MeHee JeraabHbiM ofpasoM. Takummn mapamerpaMu SIBAAIOTCH, HanpH-
mep, cpedHue 3nauvenus. X cmpicsr BecbMa npocT. Hanpumep, pesyiib-
TaT 3K3aMeHa Pynnsl CTYAEHTOB MOXHO OMMCAaThb HaHOOJee MOJHbIM.
ofpasoM (ecsiM HaM He HHTepecHs! paMHJHN CTYICHTOB), YKa3aB, CKOJL-
KO CTY/JE€HTOB MMOJYYH/JIH KaxIYyl0 H3 BO3MOHBLIX OHeHOK. Menee moja-
pPOGHO pe3yabTaT 5K3aMEeHa MOMKHO MPEACTABHTh YKA3aHHEM CPEIHEro
6anna. s 5T0r0 KaxKIAbll BO3MOXHbIH Gaqan cleiyeT YMHOXKHTb Ha
UHCJI0 3aCJYKHBILHMX €ro CTYJIEHTOB, Pe3YyJbTaThl CJAOXKHTb H CYyMMY
pa3neiiTh Ha YHCJAO 3K3aMEHOBaBIINXCR. AHANOrHYHO, YTOGH MOJY-
YYTh CpelHee 3HAUCHHE BeJIMUHHL 4 B adcamObJe, Mbl 102KHbl YMHOXKHTD
KaxKJloe 3HaueHue u, Ha YHMCIO CHCTEM oN',, B KOTOpPHIX 3TO 3HayeHHe
OCYLUECTBHJIOCh, CJIOXKHTb 3TH MNPOU3BEACHHS /I8 BCEX BO3MOMKHBIX
3Ha4YEHHH 7 U pE3yJbTaT Pa3ie]HTh Ha NOJHOE YHCIO o\ CHCTEM B aH-
cambuie. Cpednee arauenue BeIMSHHBI (MK YCPeOHEHHOe 1O aHCAMO0),

KOTOPO€ Mbl 0603HauMM 4, PaBHO, TaKHM obpasom:

i =QJ\P1“1 +0N2u2“jr +ON=utuu r;l QN.rur' | (29
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Ho o', /N'=P, ectb BeDOATHOCTD MOABICHHA 3HAYEHHS «,, H Olipele-
Jeune (29) npuHHMaeT BHA ¥)

a == ZP,u,.. (30)

r=1

Ananoruuno, ecau f(u) ectb J00an QYHKUHA 4, TO cpeduee 3HAueHue
{(1au ycpeOnennoe no ancambao) [(u) onpenensiercst BbipakKEHHEM

) = 2 P,f(u,). (3“

N3 storo onpeneneHus CpeiHero 3HadedHsn CJACAVIOT HEKOTOphle

fipocThie ero cofictBa. Hanpumep, ecan f(u) u g(u) — aobnte e pyHnk-
uuy u, TO

Fre= 3 P, [Fw)+gw)] = 3 Piw)+ X Pz )

HJIH

fre=f+z | (32)

IToT pe3yabTAaT NOKa3biBaeT B CaMOM oOlieM BHJE, YTO cpejHee 3Ha-
YeHHe CYMMbl YJEHOB PABHO CYMMeE CcpPeAHUX 3HayeHHMH KaxkAoro 4JjeHa.
[lostomy caedyiomne olHa 3a ApYroi onepauuu 06pasoBaHus CyMMul
H TIONYYeHHS CpelHero 3HadeHHs MAlOT OJMHAKOBRIH pe3yJbrarT, Hela-
BHCHMO OT TOPSAKa, B KOTOPOM Mbl WX BbITIOJHSIEM *¥),

Ecan ¢ — "exkoropas KoHCTaHTa, TO

-

T= 3 Pl wl=c 3, Pt w,)

41JIH

cf =cf. (33)

“TakuM obpasoM, ofiepalidd YMHOKEHMS HA NOCTORHHYIO M yCpPeAHEHHA
“TAKXKE€ MOTYT OBbITb BLIIOJHEHbl B JIIOOOH [OCAENOBATENbHOCTH H 3TO
He BAMsieT Ha pesyJabraT. Eciu f=1, 10 dopmyana (33) naeT oueBHAHBLH
Ppe3yabTar: cpeaHee 3HAYCHHe HNOCTOSIHHOH PABHO CAMON MNOCTOSIHHOM.

*) Cpessee 3HaueHHe ¢ 3aBHCHT OT BPEMEHH, eC/IH OT HEro 3aBHCHT MOBeAeHue
‘aucambid, T. €. HEKOTOphe BepPOATHOCTH. 3aMETHM, ONHAKO, UTO Cpedwee BHaueHue
IR ycpeOrennoe no ancamGAl0 3nauenue U eCTb CPeAHee MO BCeM CHCTeMaMm aHcaMGuin
B AaHHBHIA MOMeHT. OHO OTNHYaeTCs OT CpefHero 1o BpeMeHH MIA OJHOH CHCTEMbi, KQ-
ropoe Obio onpefesieso ¢(opmynoit (1.6), 3a Hck/oueHHeM CHERHANLHOro Cay4as

ancamvisa, He 3aBHCAMEro OT BpeMeHH, KOrAa ycpenﬂeﬁne HpOHSBOlIHTCH o OucHb
OOJLLUIOMY HHTEPBANY BpeMeHH.

~**) Ha s3bige maremMaTnxu Mbi FOBOPHM, YTO STH. Oﬂepaunu «Kuuuyrupylo'ro
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FI p 1 M e p. PaccMOTPHM CHCTEMY H3 YeTHIpeX CHHHOB H NyCTh p== ¢ = Y. Uucao
MarHHTHEIX MOMEHTOB, KOTOpble MOryT GHITh HANpaBJIEHH «BBEPX», MOXKeT OHTL pPaBHO
n=0, 1, 2, 3, 4. BeposTHOCTH NOAB/IEHNs STHX YHCE] CJIeAYIOT HENIOCPeACTBEHHO M3
(popmy.nbl (16) 'Us pHC. 2.6 BHEHO, 4TO 3TH BEPOSTHOCTH PaBHBI COOTBETCTBEHHO

P (n)=1/16, 4/16, 6/16, 4/16, /16,

CpeaHee YHCIO MariHUTHLIX MOMEHTOB, HaNpaB/AeHHBIX BBepX, PaBHO

=3y ror oo (o () + (o) (G 4)

3aMeTHM, 4TO 3TO cpelree npocto paBHo Np = 4.%.

Tak xak p = g, TO NpenMylleCTBeHHOE HanpaBaeHHe B MPOCTPAHCTBE OTCYTCTBYET,
D70 3HAYUT, YTO CpefHEE YHCIO MOMEHTOB, HanpaBJEHHBIX BBepX, JONXKHO ObiTbh paBHO
CpefHEMY YHCJY MOMEHTOB, HanpaB/ieHHBIX BHH3, T. €.

n'=n=2,
Dror pesyabrar caepyer Takxe H 3 dopmyan (32), Koropas paeT

nWN=N—n=N—n—4—2=2,

Tax Kak HeT NpeHMYIeCTBeHHOr0 HanpaBieHns B NPOCTPaHCTBe, TO CpeliHee 3HAUEHHE
MarHHTHOTO MOMEHTa JOJIKHO GbiTh paBHO HYJIIO!

M=t =n—n =2—2=0.

3HaueHue M MOXKHO BHIYACIHTL H HelOCPeACTBEHHO, €C/IH HCNOML30BaTh BepOATHOCTH
P'(m) Toro, 4to m MPHHUMaET BO3MOXKHEIE 3HaueHHs] m = —4, —2, 0, 2, 4. Torpa, no
onpeneseHHio CpeaHero:

— , I 4 6 4 !

Mb!l npuBeleM eine 0JHO, 4acTO OYeHb BaXKHOE, CBOHCTBO CPEAHEro
snayenusi. T1pelnosoxum, 4TOo Mbl HMeeM JeJo C JBYMs [HepeMEHHbIMH,
4 ¥ v, KOTOpbie MPHHHMAIOT 3HAUCHHS

ul, uz’ o s 0y uC(

H
Ul’ 02, .o ey 03

coatBercTBeHHO. OGo3nayuM uepes P, BepPOsiTHOCTb TOrO, YTO MEpeMeH-
Hasg 4 TNPUHHMMAaeT 3HAUEHHE u,; AHAJOTHUHLIA CMbICJA OTHOCHTEJALHO
nepeMeHROR U umeeT BeposiTHOCTL P, IlycTh BeposTHOCTL JMIOOBIX
3HAYEHHUH ¢ He 3aBHCHT OT 3HAa4YeHHi, KOTOpbe MPHHHMAET NepeMeHHas v
(3T0 03HayaeT, YTO NepeMEeHHble ¥ H U CTAaTHCTHYECKH HEe3aBHCHMBI).
B 3T0M cayuae coBMecTHas BEPOATHOCTb TOro, 4TO # NPHHUMAeT 3Ha-
ueHHe 4, a U NPUHUMAeT 3HaueHHe U;, paBHa

P, =P,P,. | (34).

Tlpeanonoxum Teneps, 4to f(u) ecTh HEKOTOpast PyHKUMA NepeMeH-

Hoit u, a g(v) — pyHkuusa v. Torxa us (31) c.neaye*r uTO CpelHee 3Ha-
yeHHe NPOn3BeeHNA fg paBHO

fWeo=3 S Piwige) @

$
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rie CyMMHpOBaHHe MPOH3BOJHTCA [O BCEM BO3MOXKHHIM 3HAYEHHAM
nepeMeHHBX r H 8. Eciu mnepeMeHHble CTAaTHCTHUECKH HE32aBHCHMBI,
Tak 4ro ¢opmyna (34) cnpasennnBa, 10 u3 (35) caegyer

lg=2XPP.f(u,) @) =X [P.f )] [Pglo)] =
=[ZPf )] [ZP2)]

Ho nepBbm MHOXKHTE/1b crnpaBa €CTb NPOCTO CpenHee 3HauyeHue f(u),
a BTOpoH pasen cpelHemy 3HaueHHi0 f(g). [lostomy Mbl noaydaem:

fg=fg,
(36)
eCIH f H g CTATHCTHUYECCKH HQSHBHCHMBI

T. e. CpefHee 3HaUYeHHE NpPOM3BEAEHHS PABHO NPOH3BEACHHIO CPeNHHUX
3HaueHHH.

[ucnepcus. Tlpeanosoxum, 4Tt0 MBI HMeeM NEpPEMEHHYIO 4, H Be-
POSITHOCTb TOT'O, YTO OHa NpPHUHUMAET 3HAYeHHs 4, pasHa P,. Cyuect-
BYyeT HECKO.IbKO [apaMeTpoB, C MOMOILbIO KOTOPBIX OOBLIYHO XapakTe-
pu3ywor oOiiue cBoHcTBa pacnpejefeRust BepoaTHOCTH. OZHHM M3 HHX
siB/sleTcsl CpejlHee 3HAUYeHHe IepeMeHHOH, T. e. BeJIHYMHA U, onpeje-
JeHue KOTopo# Jano dopmysaoii (30). Itor mapamerp yKasbiBaeT Ha
HEKOTOpOe [IeHTpPa/sbHOE 3HAYEHHe, OKOJO KOTOPOTO pacHpeje/eHbl
3HayeHHA NepemeHHOH 4. YacTo ObIBAeT HY:KHO M3MEDSITb OTKJOHEHHS
IepeMeHHOH OT 3TOro CpejHero 3HaueHHs, T. €. BeJHUHHY

Au=u—u. | (37)

3ameTuM, 4YTO CpejHee 3HaueHHe 3TOH BeJHYMHbl paBHO Hy./u0. Lefict-
BHMTebHO, M3 (32) HMeem

Au=uy—u=u—u=0. (38)

¥YnobHo umerh nmapamerp, KOTOPHIi XapaKkTepH30Ra! Gbl BEJHUHHY
pasbpoca BO3MOMKHBIX 3HaueHHH u OKOJO cpeasero 3Hauenus u. Cpex-
Hee 3HayeHHe caMofl BeMMUMHBI Au HE MOKeT ObHTh TaKUM [apamer-
poM, Tak Kak Au B cpeiHeM OIHHAKOBO 4YacTo NpPUHHMAET Kar
MOJIOXKHTENbHbE, TAK H OTPHIATENbHbIE 3HAUEHHS, H CpeliHee 3HadyeHHe
Au paBHo Hy 0 cornacto (38). Oaxako KBaapaT, 3Toll Be/IMYHHBI He
MOZKET ObiTh OTPH[[aTEJIbelM. Ero cpennee shaehne paBHo

@uf =3 P, (du)= B Pla—aF  (39)
r= r=|

¥ HasbBaercs Jucnepcueti ReJHUMHBE 4. JlucnepcHsi He MOxKeT ObiTh OT-
pHilaTEJbHOH, TaK KaK BCe caaraeMble B (39) nonoxutenbHsot *). Hrak,

(Au): > 0. . (40)

*) 3ameTuM, uto (Au)? He coBnagaer ¢ BenuuHoR (Au)®. D10 3HauMT, YTO BO3BECTH
B KBAJpaT H 33TeM yCpegHUTb—COBCEM HE TO XKe Cauoe, UTO ycpe,zumrb, a 3aTeM BO3-
BeCTd B 'KBaJpar. ’
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JlucnepcHss paBHa HYJIIO TObKO B TOM CJ/Iy4ae, eC/M 6C¢ BO3IMOXKHLI@
3HadeHMs u, paBHHl u. OHa TeMm Gouibllie, 4YeM Oo/blle BEPOATHOCTM
fI0NYYHTh 3HAUEHHA 1, 3aMeTHO OTJHYaiolHecd OT cpelHero. TakHum
©o0bpasoum, JHCHePCHs  ABNAETER yIOGHOM Mepoil pa3bpoca 3naueHuit

nepeMeHHoN u.
Ilucnepcusi MMeeT pasMepHOCTb KBajipaTa BeJauuHubl . JIMHe#dHOR
MepoH pa3dpoca BO3MOXKHLIX 3HAYEHHN u SIBAACTCS KBAJAparHLI KOpPeHb

H3 [OHCIIEPCHH, T. €. BE&JHUYHHA

Du = [(Auy]'s, (41)

pa3sMepHOCTh KOTOPOH COBlalaer ¢ PA3MEepHOCTHIO 4. ITa BeJHUHHA
HasbiBaeTcs cmandapmuoim omkaoneHuem Au. VI3 onpenesnenus guc-

nepcHH (39) cienyer, uTO AaKe HECKOJbKO 3HAY€HHH 4, JaNE€KHX OT U,
JaioT Go/ibiloit BKJAag B Au, ecii OHH Hab/IOAAIOTCA C 3aMeTHOH Bepo-
ATHOCTHIO. DOvibluas gacTb 3HaYeHHI ¥ HaXOAHTCR B npelenax 3HaveHui

nopsizka Au, nexamux BOJIH3H CpPelHero 3sauveHus u.

ITpuwmep. BepHemcst K npuMepy ¢ 4eTblpbMsl CHHHaMH, KOTHA p==g="2. 31eCh
n==2 U AHCIIePCUS A PaBHA, MO ONpejeleHHIO,

@np =P (n) (n—2)*=
4 6 . op ot L
'(_2)2+T€'(_1)2+T6'(0) +T6-(1)2+16'(2)2—I.

CTanjapTHOe OTK/IOHEHHe OT NI PaBHO
An=V T=1.

AHaNorH4HO MOMHO BBIYHCJ/IHTH THCNEpCHI0 MArHiTHOrO MOMEHTA. Tax kak m=0, TO
MLl HMEEM, MO OIDEASTEHHIO,

Am)*= X P’ (m) (m—0)*=
n
] e 4] 2 B sy 4 2y | 2 __
_E.(_4) ‘1—6'( 2) +T€'(0) ‘l"‘l"g‘(Q) +T6°(4) =4
TaK 4TO . _
ém:: V 4=2,
IpoBepuM cripaBefIHBOCTbL 3TOr0 pe3ysibTara. Tak Kak m=0, a n=n'=2, To AAs JiO~
GbIX 3HAYEHH m WM N MB HMeeM
Am=m=n—n"=n—@—n)=2n—4=2(n—2),
ann _
Am=2(n—n)==2An.
Takum obpazom,

(Am)2=4 (An)?,
470 COoBnajaeT C NpAMBIM PpacueToOM.
3HaHHe BepOATHOCTH P, pas3jHYHLIX 3RAYeHH{l «, faeT MOJIHYIO CTa-

THCTHYECKYIO HHQOPMAIHIO O pacnpe/ieseHun 3Hadenuil u B ancambre,.
C npyroit CTOpoHbl, 3HaHHE HECKOJbKHX CDEJIHHX BEJIHYMH, TAKHX Kak,

Hanpumep, u u (Au)?, JaeT TOABKO 4YacTb MHGOPMAUHM O pacnpele-
JIEHHH BEPOSITHOCTH, KOTOPOl HENOCTAaTOUYHO st MOJYyYeHHsl Bcero
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pacnpeaeiednsn. OIHAKO 3TH CpPEIHHE YaCTO MOXHO BLHIYHCAHMTH MpPo-
CTHIMH MeTo/1aMH, 6€3 MpUMEHEHUs BePOATHOCTEH. DTO OCOGEHHO BAXKHO
B TeX CJyyadX, KOTAAa TOYHOE BHYMCJEHHE BEPOSATHOCTEH sBJSETCS
TPyAHOH 3ajaued. B caenytoliieM pasjiesie MBI NOSICHHUM 3TO HA pHMepax.

2.5. Cpennne 3naueHust AN CUCTEMbl CITHHOB

' PaccMoTpuM HjeanbHYo cucteMy U3 N cnuHOB, paBHbIX 1/,. drn
CITHHBI CTATHCTHYECKH HE3aBHCHMbI, 4TO I103BOJIsIET HAM BeChbMa MPOCTO
BbIYHC/IHTb HEKOTOPble CPEIHHE 3HaueHHs B BeCcbMa OGIHX CJyuyasix.
Hast 3toro HeT HEOOXOMHUMOCTH 3HATh BEPOSITHOCTH, NOJAOOHBIE TeM,
KoTophie cienyior u3 dopmyan (14) aaa P(n).

HauneM ¢ u3yuenus Takoil GH3uuecKd HHTEPECHOH BeJHUYHHBI, KaK
NMOJIHLIH MarHuTHBII MOMeHT M B HampaB/JeHHH MarHUTHOrO TNOJiS.
OGo3HaunM uepe3 W; COCTAaBJISIONIYIO MOJHOrO MarHHTHOIO MOMEHTa,
BO3HHUKINYIO OT {-r0 CoMHa, 3JTa BeJHYHHA MOXKeT ObiThb paBHa JHOO
Mo, JHOO — W, [TONHBII MarHUTHLIH MOMEHT PaBeH CyMMe MAarHHTHBIX
MOMEHTOB OT BCE€X CIHHOB:

M=p,+p,+...Fpy
nad, B Cosnee KpaTKoM 3amHcH, |

N
M= g{ P (42)

MbI XOTHM BBMHCAHTbL CpefiHee 3HaueHWe M AHCIEPCHIO MOJIHOTO Mar-
HHTHOIO MOMEHTA.

Urobbl NoJayYHTh CpefiHee 3HadeHue M, Ham JOCTATOYHO YCPERXHUTH
oGe uactH paseHctBa (42). OOuwee npaBuao (32) no3BOJSIET MEHSITH
NOPANOK YCpeIHeHUS M CYMMHPOBaHMS, MOSTOMY Mbl MOXKEM HAanuCaTh

_—ﬁ“ -3 43
=2 =2 (43)

Ho BeposiTHOCTE TOro, YTO MArHUTHBIA MOMEHT OPHEHTHPOBaH BBepX
MJH BHH3, OZHA H Ta e JUIA BCeX MAarHUTHHIX MOMeHTOB. [To3Tomy
CpellHee 3HAueHHe MATHHTHOTO MOMEHTA OJIMHAKOBO JUIfi BCEX CUHOB

(T.é. 4y =Ny =... =Hy) H MBI 0GO3HAYUM 3TO cpeliHee uepes p. CymMmma
(43) cocrour, TaKknM obpasomM, u3z N ONMHAKOBbIX CIArEMbIX U MOXeET
6biTb HanWcaHa B BHIE

M= Np. (44)

3TOT pe3yJbTaT nouTH oueBHIeH. OH O3HauaeT, YTO CpefHee 3HAUEHHE
MarHUTHOTO MOMEHTa cucTeMbl M3 N cnnHOB B N pa3 GoJblile cpelHero
8Ha4YeHHS MarHMTHOTO MOMEHTa OJHOIO CIIHHA,

Buuncaum Teneps aucnepcuio M, T. e. BeauunHy (AM)?, rae
AM=M—M, - (45)



Boiuutan u3 (42) cpeamee (43), umeem

M-—M-=__‘ (1 —m), (46)
U
N
AM = 21 Ap,,
TIae ) B
Ap; = p;—p. (47
Urobul Haitth (AM)?, yMHOXHM cymMmy (46) camy #va cebs. [lonyuaem
(AM) = (Ap, + Ap,+ .. A App) (Ap - Ap, 4L+ Aup) =
= [(Ap ) +(Ap) + ..o+ (Apa)*] +(ApAp, + Ap Au, + .
o Ap Au g ApAp, A ApApg - L ApaBuyy),
o AM)? = S (Ap,)? $ 3§ Ap;) (A 48
(AM) = 2, (Ap,) +%¢%( ny) (Ag,). (48)
f f

IlepBriil 4neH cnpaBa BO3HMKAaeT NPH BO3BeJCHUH Kax<IOro c/araemorg
cymmnt (46) B kBazpar. Bropoil usen cnpaBa obpasyercsi OT NmepeMHoO-
JKEHHsl pasHbix 4neHOB cyMmmbl (46). OOpasyeM cpenHee 3naveHue (48).
IIpu 5TOM MBI CHOBA HCHOJIb3yeM CBOHCTBO (32), mo3BO./fOlIEe MEHATb
MOPSIIOK YCPEeAHeHHss H cymMmuHpoBaHHd. Kmeem

N1 NW N‘} TA . NTA

(AM) =2 (Ap,)* -+ Zf 2_1 (Apy) (Apy). (49)

= ‘_[ #:Jr :’-.-
Bo BropoM usiene, rze j =i, Bce NPOH3BEAECHHST OTHOCATCH K Pa3/THYHBIM
CIIMHAM, KOTOPble, Kak Mbl 3HAaeM, CTaTHCTHYeCKH He3aBucHMbl. [lo-
3TOMY, Ha OCHOBAHMH cBOHcTBa (36), cperHee 3HAUEHHE KaXKAOro TAKOro
{IpPOM3BEJCHHS PABHO MPOHU3BEACHHIO CPeJHHX 3HadeHHid. kimeeM

aast L= (Apg) (Ap) = (Ap,) (Ap) =0, (50)

TaK Kak
Ap;=p;—p=0.

Takum o6pasom, Kaxablil nepekpecTHLIA ujed B (49) nocae ycpenneHusn
vcye3aeT (OH OJHHAKOBO 44CTO ObIBAET MOJOMKHMTENbHbIM H OTPHUATENb-
HbiM) ¥ (49) cBOAMTCA K CYMMe KBaJpaTHUHbLIX Y/JE€HOB (HH OJHH M3 HHX
He MOXET OblTb OTPHLATEIhHbIM):

- N o
(BMY = 3 By, (51)

Jaabwie Hamy paccyxienns OylyT aHaNOTHYHbBI TeM, KOTOpLIE Cel0BaIH
3a QopmyJoit (43). BeposiTHOCTb TOTO, 4YTO AaHHbLIH MarHUTHBIA MOMEHT
UMeeT ONpeJe/eHHYIO OpPHEHTalUUIo, OIHA H Ta Xe /i BCeX MOMEHTOB,

nostoMy Aucnepcus (Ap;)? A1 BceX COMHOB TaKye OJMHAKOBa (T. e.
(Ap)2=(Mpg)l=...=(Auy)?) B Mb oba3naunm ee (Au):. Cymma (51)
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COCTOHT H3 N paBHLIX 4YJEHOB M CBOAHTCA K "¢

 AMF~ NP 52

M3 3T0ro BoIpaxenus c/aelyeT, YTO IHUCIEpPCHsl MOJHOrO MarHHTHOrQ
MOMeHTa npocto B N pa3 GosbINE JHCIIEPCHH MACHHTHOIO MOMEHTE
ornesapHoro cnuHa. M3 (52) mnaxonum

[

AM=V'N Ap, (53)

rjie BeJHUHHA AMM[(AM) /e u Ap= [(Au)2]'/: npencraBasor coGoi,
B COIJIaCHH ¢ onHM onpeaenchiem (41), CTAHAAPTHBIC OTKJOHEHHUS
[IOJIHOTO MATrHHTHOI'O MOMEHTA H MArHHTHOTO MOMEHTA OT/Je/JbHOIG
CIIHHA COOTBETCTBEHHO.

@opmyanl (44) 1 (D3) NOKa3bLIBAOT, KAKHM 06pasoM BesAuHHL M
¥ AM 3aBUCAT OT MOMHOrO YHC/Ia CIMHOB B cHcTeMme. Ecan ps=0, T0o
‘cpeliHee 3HAYEHHe MOJHONO MATHHTHOTO MOMEHTA CHCTEMBl pacTeT [po-
nopiuoranbio N. CranaaprTaoe orknoHenue AM (oHo wuamepser pas-
Opoc sHauenuii M OKOJO CpejiHero 3HaueHHA M) Taxxe pacrer npH
yBeqaudeHdH N, HO 3TOT POCT IIPONCPLHOHAJER TOJNbKO KODHIO H3 N.
Takum obpasom, ommuowerue AM/M ymeroiiaemcs NPOTIOPHHOHAABHO
N2, JlelcTBHTENBHO, U3 ¢op~My.n (44) n (b3) cneayer, uto

Coe0, To Al L /2 4
QCHHM# s TO M —VN<E>' (5)

3Ty 3aBHCHUMOCTb MOXKHO IMPOCJACNUTL Ha pHC. 2.8.

-3aMeTUM BecbMa OOIIHH XapakTep pe3y.abTaToB (44) u (53). Ouu
3aBHCAT TOJBKO OT 3aKNHa CJ0KeHusi (43) U OT Toro dakra, 4TO CIHHBI
CTATHCTHYECKH HE3aBHCHMbI. Bce Haunie paccMoTpeHHe MO3TOMY OC-
TaeTcst B PaBHON CTereHW CIIpaBel/MBBIM, KOTL& KOMIOHEHTAa Ka)Kioro
MATHUTHOIO MOMEHTa HMeeT HE€ 1Ba, a MHOTO BO3MOMKHbIX 3HAueHHH.
(Tak ObiBaer, ecsad CIHH KaXKI0H 4acTHubl GoJbile '/,, TaK 4TO ee Mar-
HHUTHBIH MOMeHT uMeeT GoJbllle JBYX BO3MOXHBIX OpHeHTauui_}B mpo-
CTPAHCTBE,)

Cucmema uwacmuy co cnurom */,. IlosydeHHsle Bbiile pe3y/bTaThl
JIErKO TMPHMEHHTL K 9aCTHOMY CJydaio 4YacTHIL ¢o cnuHoM '/,. Kak u
paHbllie, MpeInoJioKUM, Y4TO BePOSATHOCTb TOrO, YTO MarHHTHLIT MOMEHT
HanpaBjeH «BBepX», PaBHA p, 2 BepOATHOCTb OOPATHOTO HANpPaBAEHUA
paBHa g. B nepBoM csiyuae p;=u,, a BO BTOPOM cJydae p;=—W,. Cpel-
Hee 3HaYeHHE NPOEKIIHH MOMEHTA Ha HampaBJjeHHe «BBEPX» DAaBHO,
TaKHM oOpasom:

b=pp,+g(—R)=(P—@ ne=(2p— 1) u,. (55)
B’ KauecTge NPOBepKH 3TOr0 PABEHCTBA 3aMeTHM, HTO B CHMMETPHUHOM.
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cIydae, Korza p=gq, u="0, 4T0 U C/1e10BaJ/0 OKHAAT. Jlucriepénst ‘Mmar-
HUTHOTO MOMEHTAa CrMHA DaBHA

(Aup=(— u)z—p(uo—-u)%q(—mo W (55)

Ro—p=p,— (20— 1) py = 2p, (1 —p) =2u,9

Ho

H
Pop =, +2p—1) g =2p,p.
Hoa'romy (96) npuHEMaeT BHI

(Au)‘ = p (209)* g 2u,p)* = 405 pg (P q)s

(AIJ“)2 = 4pqug, (57)
Tak Kak p 4 g==1. Teneps u3 dopmya (44) ¥ (52) caenyer ‘

HJTH

M=N (p—q) 1, (58)

(AM)? == 4N pgp;. )

CrannaptHoe OTK/OHeHHe Beanunsel M pasHO

AM =2V Npqp,. (60)

Ecay wmbl HanumeM M= mp,, rie uucio m= M/u, BbIpaxaer TOJHbI
MAarHHUTHBIA MOMEHT B €IHHHUAX Wy, TO pe3yabTarsl (68) — (60) npumyr
BH/],

- m=N(p—q@=N2p—1), (61)
(Am)? = 4N pq, (62)
Am=2) Npq. ' “ (63)

3tu PopMy.ibl ColepKaT 3HAUHTENbHYIKO HHOpPMAUHIO O pacnpelesieHHy
BO3MOXKHBIX 3HaueHHHd M uau m B aHcaMOJe u3 cucrem cnuHos. M3 HHX
cJaefyer, HanpuMep, HTO C 3aMeTHOH BEPOATHOCTBIO MOr'yT HabJa101aThCs

JHIUb 3HAYEHHS rm, JAexauyie BOIH3H /1 H He OTIHYRIOWHECA OT 3TOTO
cpeliHero MHoro GoJbliue, 4eM Ha Am. Puc. 2.8 daBasercs w/mocTpaudei
3TOrO BbIBO/A.

I1puwmep. INpeanonoxuM, Ml UMeeM KaKOe-TO MarHuTHoe none B H BeponT-
HOCTE TOTO, YTO MAUHMTHBLIA MOMEHT OTAeJLHOIO CIMHAa HANpaB/ieH MO [0710, paBH2
p = 0,51, a nporus noast ¢g=1—p=0,49. CpeaHee 3HayeHHe MarHUTHOTO MOMEHTA
CcHCTeMBl H3 N cnuHoB Oyjer paBHO

M=0,02Np ¢

Craﬂnapmoe OTKJZOHEHHE 5Toll BenHunHbl caeayer u3 (60):
AM =2 VNPQ Bo A VN p,.



Taxnm o6pasom,
éM —_ VN Ho __ 50
M 0.02Npg Y N°

Cravasa npeinosioXuM, 4TO NHOJIHOE YHCI0 COHHMOB BechMa Mand. Jlonyctim, uTo
=100. Torna

AM 50
= R — =
M Y100

B, 3naudt, AM> M. Paccennne BO3MOXKHBIX 3Hauennii M okasniBaeTcsl pechMa 3aMmeT-

HbiM. [leficTBhTeLHO, B 3TOM Cllyyae BeChbMa BepPOfITHO nosBJeHHe 3Hauenui M, koTo-
A puie OYeHp CHJLHO oTaMYatoTcs ot M

5

. ,’ A
N= /ﬂﬁ H JaxKe HMel0oT NpPOTHBONONOXKHBLIE
o2 FiM) 3Hak (puc. 2.9).
M “zﬂg PaccmorpuM Teneps cayuail ma-
AM= m/lw KPOCKOITHYeCKOH CHCTeMbl  CITHHOB,
xorna N nopsika uuwcna Asorajpo,
Hanpumep, N = 1024, Vimeem
]
AM 50
PERALEES M — Ry T =5.10-11,
24M M V 1o
N=1p% P'(M) Tak uto AM € M. B s10M coiyuae
= s paccesilivie BO3MOKHBIX 3Hauenuit M
M=2-10"p,
— 4 12 re
AM=10"p, :
0 M M.
2AM
Puc. 2.9. Beposthocts P’/ (M) Toro. 970 nos- Puc. 2.10. Cocyn o6bemoM Vg co=
HbIA MATHHTHLINT MOMEBT CHCTeMB CITHROB uMeeT JepXHT N moNeKyn nAeanbHOrO
anauenne M., gpan N=100 wn N=10%, raza B AaHnnil MOMEHT BpeMeHH
MarautHoe nose Ttakono. sgto p=0,51 # B HebBonbutoll yacti o6bema V na-
g=0.45. Tpadhuxs sasasoTcs OrubGaioulhvy XOARTCH £ MOJASRYA, TOrAa Kax
KPHUBBIMH BO3MOXMHWX 3uadeHnii P’ (M). I'pa- oCTalbhoe MHCAO MoJekyn n'=
(PHKH HMeloT pashbie MaciiTabn. =N—n paxoiuTCcn B ob6bEME

V’: Vo'—v.

spaiite Mald MO CpPaBHEHHIO CO CPelHHM 3HauenueM M MONHOTO MarHHTHOTO MOMEHTa, -

Ecan Mu 6yzeM npoH3BojHTh CAefyiOllHe ApYr 3a APYroM H3MepPeHHS MarHHTHOro Mo-
MeHTa CHCTeMHl, TO NOYTH BCerAa pe3yJbTaToM H3MepeHus OyleT 3HaueHHe, OYeHb

Gan3koe ¥ M. [lelicTBuTebHO, €CAM YYBCTBHTENLHOCTL HAWero MeTofa H3MepPeHH
HeJoCTaTouna, YToOpl 3aMeTHThL OTHOCHTEJILHEIE OTKNOHEHHA OT CpelHero, MeHbhHIHe YeM,
ckaxewm, 1:101°, mp pecerna Oyiem noayyaTh nOCTOANHOE 3HAYCHHE MATHHTHOIO MOMEHTR,

Gan3koe K M, 1 He CMOXeM 3aMETHTL CTATHCTHYECKHX QIVKTYaUHH BOKPYr CpefHeror
3RaYeHRR. DTOT NpUMep SIBJAETCH KOHKPeTHOM HAMoCTpaikeil o6lWero BLBOJAA O TOM,
YTO B MAKPOCKONMuYeCKOH cUCTeme, cocTostlell 13 oyeHb GOMbIIONO YHCIA YaCTHiL, OTHO-

CHTENbHAS BeaHUWHa PAYKTYainid Mana.

Pacnpelesenue morexyas udeaAsvbHoeo eaza. PacCMOTPHM MileaJbHbiit
ras H3 N wmoJjekyJ, NOMeIEHHBIX B COCyX o0bemoM Vo Mpl uHTepe-
CYeMCSi YMCAOM 4acTill B HeKoTopoll BbiresleHHOR uYacTH 3TOro Co-
cyna o6vemoM V (puc. 2.10). Ecan ras naxoaurcs B paBHOBeCHH, TO
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BepOSATHOCTb P HAXOXAEHHS MOJIEKYJBl B 3TOM o0heMe paBHa

._-V " :
=7 - . (64)

Mrul yxe ormedasan 310 B dopmyde (28).

Bbluncaende CPEHEro 3HAYeHUS n U €ro AHCIEPCHH He NPEJCTaBHT
TpyJAHocTeii. B xoHue n. 2.3 6bL10 YKa3aHO, 4TO 3ajada of HieanbHOM
rase aHaJjoruyga sagade o cucreme cnuuoB. (OGe.3a1ayn NPHBOJAT K
OMHOMHaAJALHOMY pacnpeliesienuio.) [loaroMy MBI MOXKEM Cpa3y MCloJb-
30Barb pesyabrarbl (61) u (62) avd nosydeHHa keaaeMod HHGOPMAIHH
o Beanuune n. Ilycte n’ oBo3nayaeT YHCAO MOJIEKYJ B OCTaBllefics
vactu cocyda Vo —V. O6osnauum m==n—n’. Kak caenyer us dop-
MyJib! (25), e

n= o (N +m). (65)

Vicnoan3ys peayaptar (61) nas m, Mbl noJydaem
: —- —
n=z(N-+m)=5N(+p—q,
HJIH

n=Np, (66)

TaK kak g= 1—p.
Hanee, u3z (65) MBl noaydaem

Ant=n—T= (N - m)— (N -m) = (m—m),
Huiall

.

1
An :A?Am.

Tlosromy (An)* = 1/,(Am)? u c noMowbio (62) Mul noayyaem *)

(An)¥ =N pg. (67)

CT&HI[&[)THOE OTKJIOHEHHE N1 pABHO, TakKHM 06[)830:\4,

| A=V | (68)

4 OTHOIIeHHe |
An V'Npg_ (g4 )-/, l

a  Np _(p VW ° 9

3ru BHpa}KeHHH ONATb IMOKa3biBalOT, YTO CTaHIAPTHOE OTKJ/IOHCHHE

pacter mponopukoHaibio N '*. COOTBETCTBEHHO, OTHOCHTE/AbHam Be-
JIHYHHA CTAHJAPTHOTO OTKJOHEHHS An/ﬂ YmeHnbiuaemes NporopiHo-

#aabHo (N)~'/+ H CTAHOBHTCA OYEHb MAJOH NpPH MAKPOCKONHYECKHX

2 *) ®opmyant (66) H (67) MOFyT GbiTb, NOYUEHH H HEeTIOCPENICTBEHHO Ha OCHOBAHMA
METO/IOH, PACCMOTPEHHHX B FTOM paspene, Gea oGpaleHHs K Benuduxe m {(cM. 3anaqy
2.14).
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sHaueHHsiX N. STH BLIBOABI NPEKPACHO HIIOCTPHPYIOTCH pa3o0paHHbIM
B rnaBe | npHMepoM, T/e pacCMaTpHBAJIOCh YHCAO 71 MOJIEKYJ, 3aKJo-
YEHHLIX B OJQHOH NOJIOBHHe cocyla. B 3tom cayuae u3 (64) caenyer,
Y10 p= g=1/,, ¥ (606) CBOZHTCA K COOTHOWICHHIO

1
7N

- |

a (69) —K cooTHOUEeHHIO

sII'E

H

V N

3TtH  GopMYJIB NPHAAMOT KOJHUECTBEHHBIH XapakTep paccyXACHUAM
o daykryauusix B 0. 1.1. To obcrositenncTBo, uTo abCoJOTHAS BeU-
gauHa ¢uiykTyauud (M3mepsiemass An) Bospacrtaer ¢ poctom N, aee or-

HOCHTeJbHAd BesanuuHa (H3mepsiemasa An/f) ymenbiiaercsi ¢ poctom N,

xopowo Hamoctpupyercsi puc. 1.5 u 1.6 xna N=4 n N=40. Ecin
COCYJl COIEP>KUT OKOJIO MOJISi ras3a, TO KOJIHHECTBO MOJIEKYJ HMEer
nopsinok 4ncaa Asoragpo, T. e. N~10%. B stom ciyuyae oTHOCHTE/NB-
Has BeJIMYUHA QayKTyauuu An/i ~ 107 1? cTaHOBHTCH HACTOJIBKO Masioi,

Y70 €10 {IOYTH BCerld MO2KHO HpEHEGpE‘{b.

2.6. HenpepbiBHble pacnpefiesieHHsi EePOSTHOCTEH

PaccMOTpHM HICANbHYIO CHCTEMY, COCTOSLLYI0 M3 GOJIBILIOTO YHCJa
CNHUHOB, paBHbIX !/,. Takas cucrema ofsaflaer GOJBLUINM KOJHYECTBOM
BO3MOXXHbIX 3Ha4Y¢HHH MMOJHOrO MarHUTHOro mMoMenta. JlelcTBUTENLHO,
corqaacHo (22) u (24)

M = mp,= (2n— N) n,, (70)
Taxk 4yto M moOxKer nNpHHHMATL M060e 13 (N 41) BO3MOMXHBLIX 3HAYEHHH:
M =_ N“o: - (N—2) Koy — (N'_4)P"o’ sy (N-—-2) oy N”e- (71)

BepositHocts P(M) TOro, 410 NOJIHBLIE MAarduTHbLIH MOMEHT NPUMET
JanHoe 3HaueHWe M, paBHa BepPOATHOCTH NOSIBJICHHS COOTBETCTBVIO-
iMX 3HaueHuH m WJH n, T. €. BepossTHOCTH P’(m), BblpaxkaeMoil gpop-
myqoil (26), wiau P(n), eoipaxkaemofi ¢opmyaol (14). TakuMm o6pa3som,

P"(M)= P’ (m)= P (n), (T2

rae m= Mfpu, n n=1'/,(N+m). 3a uck/oueHueM ciyuaeB, Koria M
HaXOAHTCH BOJHM3M CBOMX 3KCTPEMAJbHBIX 3HaueHuH —+=Np, [31ech
eeposiTHOCTE P"(M) npeneGpexknmo manal, BeposatHocTs P"(M) Me-
HAETCA HESHAYHTeJLHO MPH NEPexofie OT JaHHOre 3HayeHus M x co-
ceHeMy. D10 3HauuT, 4T0 |P"(M-4-2u4) — P"(M) <€P"(M). Orubatouias
BO3MOXHbBIX 3Hadenuii P”(M) o6pasyer LpH 3TOM TMIaJKyi0 KPHBYIO,
KaK 3TO NOKa3aHo Ha puc. 2.11. Mbl MoXkeM DOITOMYy paccMaTpHBaTh
(M) KaK TJABHO MeHsIOWyioca (yHKIHIO Henpepblsnoﬁ nepemMeH-
Hoit M, HecMOTps Ha TO, YTO B MEHCTBUTEJBHOCTH 9TOH TNepeMeHHOR
JOCTYTNIHbl JHLIb JIYCKpeTHbIe 3Havelns (71).
[lpennosoxum, Y10 pe NpeHeGPEKUMO MAO 0O CPABHEHHI) C HAH-
MEHBIUHM MArHWTHEIM MOMEHTOM, HMEIOLIHM 3HaueHHe B HaluMX MaKpo-
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CKONHYECKHX H3MepeHHsAX. B 3ToM cnywae u3-3a HeNOCTAaTOYHOA uyB-
CTBHTEJIbHOCTH HAHIHX H3MepeHHii Mbi He CMOXKeM 3aMeTuTh, uto M
NPHHHMAaEeT JHCKPeTHhe 3HauyeHHs, paslejeHHble MHTEePBaAOM  2y,.
Tlosromy M ReficTBHTe/IbHO MCKHO CUMTAThb HENpPEPLIBHOH NEPEMEHHOH,
MW B TAaKHX YCAOBHAX NpHOOpeTaeT CMHICH BejHuuHa dM, noHumaeMmasn
KaK «MaKpOCKONHYecKas GeCKOHeYyHo MaJjiasi», T. €. KaK BeINuyHa oueHb
MaJasi  MaKpocKonudecKu, HO
Gonbas B muxpockonuse ckom  PM)}
cmbicae (APYTHMH cjoBamu, dM i
npennoJsaraercss I1peHeOpekHu- (I
MO Majofi N0 CpPaBHEHMIO ¢ '
HAaHMEHbIUUM MAarHHTHBIM  MO-
MEHTOM, HMEIOLUM 3HadeHue
NPH  MaKpPOCKOMUYECKOM pac-
CMOTPEHUM 3alayd, HO 3Ha4H- P M
TeAbHO OGOJblleH, deM no) *). 2p, dM

KakoBa BepoOsITHOCTb TOrO, 4YTO

NOARDI MATHHTHBH MOMeHT Ci- P15 211, Bepormucets Pr(M) toro, o non
¢TeMbl J1eXHT B 06JIHC’]‘H 3Ha&- 3HaueHne M, Bas cayvas, Korda uucio N cnunos
qEHHﬁ OT M Ilo M—I“dM? OqE' BEJHKO H Mal‘HH'{rHeiEH‘;ﬂoxggT ClIHHA jlg OTHOCH-
BHJIHO, 4YTO BeJIMYHHA 3TON Be-

POATHOCTH 3aBHCHT OT BeJIMYHHbI dM wn craHoBuTCA HcHe3alolle Ma-
Joii, ecau dM cnenarb npeHeOpexumo Magoi. I1osToMy MoxHO 0XN-
AaTh, YTO HCKOMas BepOsITHOCTb OyJeT NPOCTO NMPONOPLHOHAIbHA: Belu-
yune dM, TaK 9TO OHa MoOXeT ObiTb 3anucaHa B CJelyiolweM BHJe:

. BeposiTHOCTD TOI;O, YTO NOJIHLIA MarHUTHLIHA ] .
[-Momem HaxomuTcs Mexay M u M-+ dM =5 (M)dM, (73}

rae BeqHunHa (M) He 3aBuCHT OT BeauuHHul dM *¥). Beanynna 7 (M)
Ha3bIBAeTCS NAOMROCIBIO BEPOAMKOCMY, OHA CTAaHOBHTCH BEPOSTHO-
CTHIO TOJIBKO MOC/e YMHOXEHHSi Ha GeCKoHedHo Mdnyioo dM.

Jlerko BLIpasuTh BeposiTHOCTH (73) uepes BeposTHOCTL P (M) ToroO,
YTO NOJHBIA MarHUTHBIA MOMEHT MpPHHHMAaeT AaHHOe JNHCKDPeTHOe 3Haye-
nve M. Us (71) crenyer, uro cocepnve 3navyewuss M orcroar Apyr
oT apiwa Ha 21, a Tak Kak dM>>2u,, TO NHTEpBaa Mexay M uM-+dM

*) ¥YMecTHO OTMETHTL, UuTO MHOTHe AuddhepeHnnansl B dA3HKe ABAAIOTCS MaKpo-
CROMHYeCKHMH GeCKoHeuHo Majbini. HanpuMep, npH H3VueHHH 3/1eKTPHUYECTBA Mbi
HMeH Ielo ¢ 3apajoM Tena Q u ¢ npupaumenueM sapsnfa dQ. Takoe onncansec no-
MOLLLIO AH(Peperiata FOAHTCS MWL B TOM Cydae, Korja dQ sBasiercs BeaHunholl,
SHAYUTEAbHO GOJbilleli AHCKPETHOrO 3HAUEHHs 3apsija 3JeKTPOHa € H B TO Xe BpeMs

npeHe0pexMMO MaJOi N0 CPaBHeHMIO C CaMuM 3apaioM Q.

. **) Tax KaK BeposiTHOCTh €CTh IMalkas QyHKitHa dM, To 863N M06Oro 3nauennst
M ee MOXHO pasnoONHUTL B Psl Teu.nopa 10 cTeleHsm dM ecn dM mano. Taxum oG-
paaoM. Mbl HMEEM: : !

BeposaThocts = a, + a, dM + a, (dM)2 + e :

Tze. Koaqpqmuuem'bi dg, Gy,. . . 3aBHCAT OoT M. 3ameruM, uTo @y=0, Tak Kak‘Bepo-
ATHOCTb ROJIXKHA CTPEMHTLCS K HYMO, ecqn dM cTpemutca K nyaw. Hanee, diesn,
cozepmaiine Briciive crenenn dM, NPeHeGpeXEMO MaJH N0 CPABHEHHIO CO BTODPLIM
unenoM, KoTOpuA nponopumonaien dM. Caeposarensfio. Mu noayuaem gopmyay (73).
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coflepuT dM /2, BO3MOXKHEBIX. 3HaYeHHi« M. B npeaesnax wmaJsoro HH-
TepBaia dM BeposiTHOCTL (M) MeHsieTcs OUeHb MaJIo K TI03TOMY MOXKHO
CUUTaTh, YTO BCeM JMCKPETHhIM 3nHaueHUsim M B mpegenax or M jo
M-+dM orBedaer npubBAH3HTENBHO .OJHA H Ta XKe BEPOATHQCT P(M).

Temepb BEPOATHOCTL TOTO, YTO NO/HBLIH MArHHTHBIA MOMEHT JICXKHT.
mexay M u M-+dM, moxdo moayuurb, cymmupys P"(M) no Bcem
JUCKPETHBIM 3HAYEHHAM M, JeXKalluM B 3TOM HHTepBaje, IJTO 3KBH-
BaJICHTHO YMHOMKEHHIO [IOYTH MOCTOsSIHHOM Beauunnsl P"(M) wa dM /2.
BoiurcneHHas TakuM o00pasoM BepOSiTHOCTb IIponopiHoHaabHa dM.
#M paBHa BepostHoctH (73):

P (M)dM = P" (M) 5. . (74)

B npakruyeckux cayuasx BoiuHcaeHne P’(M) Moxer oKasaTbCcs BechbMa
TPYAOEMKHM, €cid M/u, BeAHKO, H3-32 HEOOXOAHUMOCTH MOACHUHTHIBATH
(akTopHaJn OOJbIIMX 4Hcel, BXOojAdlide B OGHHOMHAJbHOE pacnpele-
aente (14). D1 saTpyJHEHHsi MOXKHO,  OJHaKo, OOOHTH, eCiIM Hce-
No/b30BaTh PaccMOTpeHHoe B npujoxkennu I1.1 rayccoBckoe npu6au-
2KeHHE.

CylilecTByeT MHOro 3ajay, rje HHTepecywllass Hac mnepeMeHHas,
Ha3oBeM ee u, JICUCTBHTE/IbHO HenpepoiBHA. Hanpumep, ¢ Moxer 060-.
3HAYaTb Yrosq MeXJIY HEKOTODLIM BEeKTODOM Ha IWIOCKOCTH H (HKCHPO-
BaHHbIM HANpaBJAeHHeM H MOXKET IPHHHMATh Ji00ble 3HaueHHsT Mexay O
u 2n. B obwieM ciyyae ¢ MOXKeT NPUHMMATh J00oe 3HaueHue U3 -0bj1acTy.
4, <L U <L a,. 271a0061acTh MO2KeT ObITh 6eCKOHeuHO GOJIBIIOH, T. €. a;—> 00
HJIH Q,—> 0o, WJH 00e rpaHuisl 00JacTH OJHOBPEMEHHO YXOAT B oo.
OTHOCHTE/IbHO TAaKOH NEPEMEHHOH CIpaBeAJHBbl Te€ K€ YTBEpKICHHA
TeOPMH BEePOATHOCTeH, YTO H OTHOCHTeNbHO nepemeHHoOH M. Tak,
HalpHMep, HaC MOXeT UHTePecOBaTb BEPOATHOCTb TOTO, YTO NEPEMEH-;
Has U HAaXOAUTCA B WHTepBaJje 3HAYeHHH MexXay u U u |- du. Ecau du.
JOCTaTOYHO MaJiO, 3Td BePOATHOCTb TaKXKE IPONOPIMOHAJNBHA BeJIH-
YyuHe du, TAK 4YTO €@ MOXKHO 3anMcaTh B BHAe (u)du, riae 7(u) Hasbi-
BAETCA NJOMAKOCMbIO 6EPOAMHOCMY U He 3aBHCHT OT BEJIHUHHBI HHTEp--
Bana du,

PaCCMOTpe}!PIe BEPOATHOCTHLIX NpobieM B cayudae HenpepblBHOH
nepeMeHHOH u Jierko CBecTH K 0oJjiee npocromy Ciy4yal, KOraa nepe-
MeHHas MPHHHUMAeT JAHCKPeTHble 3Ha4YeHUd H fIBJAeTCS, TaKUM 00pasoM,
cueTHOH. Ilna 31oro- Bcio o6/acTb H3MeHEHHMS] HEPEMEHHOH u crelyer
pa3GUThb Ha NPOH3BOJIbHO MaJible U paBHble HHTEPBAJbl BeJudHHOH Ou.
Kaxneiil Takoli HHTepBaJ 0003HaYaercs COOTBETCTBYIOMUM HHIEKCOM 7.
3HauyeHHe 4 B 3TOM HHTepBaje OGO3HAuUM uYepe3 u,, a BEepOATHOCTb
TOro, YTO # JIEXKHT B 9TQM HHTepBaJe, uYepe3 P, uau P(u,). Takam
onepauus haeT HaM BO3MOMKHOCTh HMeThb HEJO CO CYETHHIM YHC/IOM
3Ha4YeHMH NepeMEeHHOH u; KaMKloe TaKoe 3HayeHHe OTBeuaeT ofHOMY
43 HHTepBasoB r=1, 2, 3, ... OueBHAHO, YTO COOTHOILEHHA MEXIYy
BEPOATHOCTAMH, MOJyYeHHble B Ccjiydae JHCKpeTHot mepemMeHHOA,’
OCTAIOTCH B CHJIe M JJas MepeMeHHBX, NPHHHMAIOHIAX Henpepus-
Hbole 3HAYEeHHSH. Hanpumep, dopmyast (32) u (33), onucuBaOmue
k!
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¢BoficTBa CpeiHero, NPHMEHHMBLI TaKKe ¥ IS HenpepHBHOA nepe-
MEHHOR u. -

3amMeTHM, UYTO CyMMbl, KOTOph€ BXOAAT B YCJOBHE HOPMHPOBKH
WIN B BLIpAXKEHHE JAA CPeAHHX 3HauYeHH#, cjAenyeT npH Aepexone K
HenpepLIBHOH nepeMeHHOW 3aMeHHTb Ha HHTETPajibi. Tak,ﬂ yCaOBiie
HOPDMHPOBKH 3aK/I0YaeTci B TOM, YTO CYMMa BepOATHOCTEH, B3ATas
110 BCéM BO3MO’KHbIM 3Ha4eHHAM NepeMenHon u, paBHa eanHuie:

_ ) 1 -
.?(M)A ;P(u,) 1 (75)

l B cayuae nenpepbiBHOIl ntepemeH-
; HOH Mbl HCXOAHM H3 BEPOATHOCT1H
i .
| a )
} - a,
! HHHHHHHH
—L - 1231wl | Lwl “
aM ou i
Puc. 2.12, Pacnpeaeneine BepoOsiTHOCTH, Puc. 2.13 O6aactb H3MeNEHHA HENpepHBHON
noKazaHHoe Ha puc. 2.11, Bupaxeno uve- nepeMeHHON u pa3jlelleHa H3 CYETHOE UYHC/O

MajibiX HHTepBaJoB OAWHAKOBOTro pasMepa Ou,

o
Pe3 NAOTHOCTE BepOSTHOCTH (M). Te-
P J Ka:kAm# Takoil HHTepsan ofp3vaden HHAeK~

nepb 5° (M)dM (naowaab noa KpHBoOf, 3a- c€OM, NPHHMMaKULEM 3nagenns 1,2, 3,.. ..
WAIOuUeHHAR MEKAY KoopAunatramu M u Ba rpadire noks3aHa Takke BeNHUHHA MaKe
M |-dM) ecTb BepOATHOCTE Toro, YTO NOJ- pOCKONuYeCKH Manoro WHTepsana du.

HbH MarHuTHLIH MOMeHT JeXKHT B HHTEp-
pane spaventit ot M ao M-+dM

TOro, 4TO NEepeMeHHas JeXHT B HHTepBaJje 3Ha4YeHHil v, u-du. Sta
E€POATHOCTb, KaK Mb Bujlead, paBua P(u)du *). Ytobnl BHINOIHHTH
CHepalllo, yKa3sbiBaemyto ¢opmyson (75), Halo NpoH3BECTII CYMMHpPO-
BaHle (MHTerpupoBaHHe) Mo BceM HHTepBatam du. ,FakhiM obpasom,
VCJOBHE HOPMHPOBKH (75), BbIpaxKeHHOE Ytpe3 MJIOTHOCTb BEPOSTHOCTH,
Oyjer HMETb BHA

Uy

(Pwydu=1. (76)

L
al

AuanoryuHo, B Cay4ae IHCKPeTHOM [epeMeHHOH cpedHee 3HaueHle
HeKoTopoil (QYHKUHH 3TOH nepeMeHHOW paBHO

Fly=XPu,)fw,). (77)

Tlepexonss K HenpepuiBHONH nepeMeHHOH, Mbl IOJXHbLI CHaYala [poH3-
BECTH CYMMHpOBaHHe IO BCeM 3HAYEHWAM NEPEMEHHOH 7 BHYTPH HH-
TepBana u, u - du. 10 Aaer BKAal B CymMmy, pasubii P(u)du f(u).
Tenepb ocTaeTcs 3aBepuINTb CYMMHPOBaHHe, B3AB MHTErpa]d Mo BCeM:

-

*).31ech npexnonaraercs, 410 dit BENHKO MO CPABHEMHIO C MPOHSBONLHO MaALIM
muTepsanoM 8u (du>du), no nocratouno Mané ans Toro, 4TOGH P(u;) mano mensnocs
& Hulepsane du.” ‘ - ) c I
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BO3MOXKHbLIM. 3HaueHHAM u. TakHM. 00pasoM, 3IKBHBAJEHTOM (GOpMY.ial
(77) asasercs caeaywowas *): ' :

L - )

: . v, 8 to ' s
T =\ ) du. - ' (78)
- A B Y.
. . L
O6obmenne Ha CcJYual HECKO/JNbKHX TMNepeMeHHBNX
QO606uende CIeJaHHbIX BhIIIE 3aMEYaHHI HA cayqail ABYX M GoJiee NepeMeHHBIX He Bhi<
ablgaeT 3atpyAHennil. JonveTuy, Hanpuyep, YTO Mbl HMeeM JeJ10 C ABYMS He3aBUCHMbIMU
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Puc. 2.14, O6aactd u3menctiin HOAPCRHIBHBIX NeDeMEREBIX # H D pa3fieleHb HA MaJible HHTEPRANR
penmuunofl du ¥ 8v cooTeeTcTBeHHO. IDTH HuTepBanas odo3Hadens HHAeKcaMu r 1 . TeM caMblM
NA0CKOCTE #, U OKAa3pipaeTCsl pasleiellHoil Ha Manbie Aueiikk, 0ofosnayaeMble Napoil BHIEKCOB I H s,

nepeMeHHBIMI ¢ M v. Torna COBMECTHASI BEPOATHOCTb TOTO, YTO MEpPeMeHHAS U4 JIeKHT
MeXAY 4 Mu - du, a nepeveHHas U MeKAY U M U du; POnOpUHOHANbHA Kak du, Tak
H dy, 1 MOXeT ObiTh 3anucaHa B suae P{u, v) du dv, rie (¢, v) npeacTaBasieT coboii
JIOTHOCTh BEPOATHOCTH, HE 3aBUCAIYI0 OT BeslHUMHbl HHTepBanoBdu u dvu. [Ipn xena-
HHH CUTYalHIO MOXKHO OISTH CBECTY K CJAYYalo JMCKPeTHBIX NMepeMeHunix. las 3Toro
06/1aCThL H2MeHeHHsT mePeMelHON du HYXKHO Pa3/ielHTb Ha oueHb GOMbINOE YHCJO MANBIX
(UKCHPOBAHKHBIX MHTEPBAJNOB OZMHAKOBOI BenHuHHB du M npoHyMeposaTh 5TH HHTep-
BaJikl HHJekcoM 7. To e cjaeaver cjenats W ¢ APYroi nepemenuoif v, 0003HaYUB COOT-
BETCTBYIOHIME HHTepBaJbl HHIEKCOM 5. 3aTeM /sl CTATUCTHIECKOTO ONHCAHHS CHTY aljHH
MOMKHO BMeCTO IUIOTHOCTH BEPOSATHOCTH FXu, U) BOCNOJAL30BATLCHA BEPOSITHOCTBIO P g
TOro, 4TO NepeMeHHble HOMAJAIoT B HEKOTOPYIO fAueliKy, 0GO3HAUYCHHYIO TTApOR HHJeK-
coB r H S.

*) 3aMeTiM, YTO AIA HEKOTOPHIX 3HAYEHHI & MAOMHOCMb BEPOSTHOCTH PP )
momer OuiTh GeckoHeuHofl. DTO He BuiIbBaeT HHKAKHX TpymHocTefd, €CNM TONBKO HH-

Y

cl . -
Terpai S P (u)du (koTopuiii faeT BepOATHOCTb TOTO, YTC BEJIHYHHZ & JIGKHT B
: ) g o - O . . L
{IPOU3BOJILHOA OGJIACTH 3HAUEHHA MEXAY €1 H Cp) OCTAeTCs KOHEYHbIM, L,

"



Ceonka onpegencHuit

Cmamucmudecsud ancandab. Cobpaine GOJBIIONO YHCIa HeB3aHMOJEACTBYIOMIMX
MeX<1y COBOH curTeM, KaXads U3 KOTOPHIX VIOBJETBOPAET TEM e YCA0BHSIM, YTO H pac-
CMOTPHBAEMAasi HAMM CHCTEMA.

Arncanbas, ve 3asucangui om epesery. Ancambiab, B KOTOPOM 9HCIO CHCTEM ¢ gaH-
HLIMHE CBOHCTBAMH OJHO U TO KEe B JH0H0e BpeMs. o

C.ayyadi., HMcxon ompita WIM pesyabtarT HabmogeHuil.

Beposmnocms. Bepoatnoets P, oCYIeCTBJICHHA JAAHHOTG cjyyast B paccMa-
TPHBAEMON CHCTEMe OMpefesisieTCsl ¢ MOMOMmbIO CTATHCTHYECKOTO aHcaMmbass u3  \°
TAaKUX cucreM. Ecum cayuail r ocymectBuiacsi B o\°, cucremax ancambas, To

Pr=N"p/\ (ipet oA° —> o0).

Cmamucmuyeckas Hesaguc tsocms. JiBa CAyyasd CTATHCTHYECKH HE3dBHCHMbI, ecin
OCVIECTBJIEHHE OJHOTO U3 HUX He 3aBHCHT OT OCYLIeCTBJEHHsI MU HEOCYUIeCTBJIedH:A
ADVTOrO. _

Cpedree arauenue (uau cpedree no ancanba0). CpeiHee 3HadeHne & 0003HaYAOT L.
210 cpelHee BbIYHCAsiercs no dopaylie
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rje CYMVHpOBaHie NPOU3BOIMTCA N0 BCeM BO3MOMKHBIM 3HATEHNSAM mepeMeHuoil 7, a P,
06G3Ha4AET BEPOSITHOCTb OCYLUIECTBTEHUS JAHHOTO 3HAUEHHA K,.
Aucnepcus (uau eapuayus). AncriepcHs nepeMeHHOH u olpedensiercst TaK:

Bu)E= D, P, (u,—u)*.

Cmandapmuoe omraonerue. CTaHiapTHoe OTKIOHEHHE MepeMenHof fpelcraBiaser
coGoli KBAIpaTHBIE KOpeHb M3 JAHCHEpCHH:

S = (] .

[Lromnocme seposmrocmu. Onpelenedue MNJAOTHOCTH BEePOATHOCTH $(u) 3aK/io0-
GacTCA B TOM, UTO IOCTE YMHOMKEeHHs 5Tofd BesHUMHLI Ba BeJIHYHHY HHTepBaJa du Mbl
noavuzeM P(u)du — peposTHOCTL TOTO, YTO HeNpephiBHAA NepeMeHHas § HAXOIUTCH
B HHTEPRAJIE 3HAYEHHH MeXAy 4 H u-dit.

Qcuorable hopmy.ibl

ihveem N CTATHCTHUECKH HE3ABUCHMLIX OUBITOB, BePOSATHOCTL NOABJIEHHS JAHHOTO
HCx0d4 onpita pasHa p (¢g—(l—p) — BepOATHOCTb HEMOABJAEHHS HCXO0AA).
BepostocTs nosigaents n uexojos npu N oucnbitanusax (GMHOMHAAsHOE pacripe-

JesicHue):
' N!
A (N—m ?

Cpejtee YHCJAO OCYIIECTBHBIUMXCS HCXOOB ONBITA

P (n) — nqN—n.

n=>~Np.
Crannaprnoe OTK/OHEHHE SR
An = VNpq.
3agaud

2.1, Hpocmas 3adasa 06 uzparsiod Kocmi. KakoBa BepOATHOCTb BbHIAZAHHSA
LLCCTePKY HJH MEHBIIEro 4YHcaa ApH TpeX OpocaHHsAX?

2.2. PaccmoTpum ciyuaiinsie uucaa mexay O u 1. Kakoa BepoaTHOCTH TOTO, YTO
POBHO TAThH M3 JECSTH MecT HOCJE 3alATOR 3aHATH YHCJIaMH, MEHbLUIHMH 5P .

2.3. B pocarue uzpazerot Kocrmu. TIpeAnosioxuM, uTo Bce CTOPOHL! KOCTH BbUTA AA10T
€ OANEAKOBOH BepOATHOCTLIO. PaccMOTpuM WIpY, KOTOpas 3akjaioqaercs B Opocanvd
MATH Takux Kocreil. Hafiaure BepOATHOCTD.BbHTAJAAHUSA LIECTEPKH:

a) B O1HOH KoOCTH,
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6) no xpalineii Mepe B OLHOH KOCTH,

B) B JIBYX KOCTAX.

2.4. Beposmrocme eviocums. VInoraa MoXXHO CAbILIATBE O CTpaHHOW  Hrpe (aBTop
HE pecKoMeHnAyeT eel), Korza B NecTH3apaaHblii 6apaban peBosibBepa BK.JIA1bLIBAIOT
0AMH OGoeBoll naTpoH. 3arem GapabaH KPYTAT W CTpeasiuoT B ceba. Kakopa BeposiT-
HOCTb OCTaTbCST KHBLIM [IOCTE

a) OLHOro HCIBbITAHMS?

6) ABYX HCHBITRHIH?

B) N uenwitanuii?

r) Kaxora BepositTHOCTL ObITH 3acCTpeseHHBIM NpA N HCIBITAHHAX?

2.5. Hpobaema cayvainox Gaymdarnui. Henorek HauliHaeT cBoe JBUIKeHUe OF
tdonapst nocpemt ViMuel, Accdas wardk pasHoil aaunel [. BepogTHocTh TOro, 4To o
¢eNaeT miar BNparo, pabBlld p, 4 BepOSTHOCTL TOFO, YWTO 3TOT AT GYIET cetdl BieBo,
paBHa g=|—p. YeaoBeK HAaCTOJIBKO NbHH, UTO, JeNas JaUHBIH LIAT, OH COBEpPLIEHHO HE
NOMHHT O HANPABJeHHR NTpefblRyIlero. Takua o6pa3oM, ero Wark cTaTUCTHYEeCKH Hela-
BUcHMBL. [lpenmonoxun, 4To oH chena’ N maros.

a) Kakosa BeposaTHOCTL P {r1) TOro, uTo 1 5TUX LMATOR CAEMaHbl BIPABO, @ OCTANb-
Hble N — n waroB BJjeBo?

6) KakoBa BepoarHocts P'(m) Toro, 4TO CMellleHHe YeIOBeKad OT onaps pasHo ml,
rae m — LejJoe YHCIo?

2.6. Beposamrocmb 6038pQuieHiis 8 UCXOOHYIO mormy Honycrum, 4T0 B npelblayulel
3ajaye p=—4¢g, TaK 4TO BEPOSTHOCTH CMeUleHHS BJeBO M BIIPAaBO NPM KAXKAOM Liare
paBHel. KakoBa BeposiTHOCTB 10I'0, 4TO UCJOBEK CHOBA OKawercs y doHaps oocae
N uraros:

a) ecan N uerHo?

6) ecin N HeueTHo?

2.7. Odnomepras c?zzd;d)y?uﬂ amoxna. [lpeactabrM cebe TOMKYIO MEAHVID IDO-
BOJIOKY, HATAHYTYIO BIOAL OCH X¥. HeckoIbKo aToMOB Meld, pacnofOoXeHHBIX BOIU3A
x==0, clenanbl paIr0aKTHBHbIMA (npennoaommr, HanpHMep, 4To rx GombapiHpousaId
ObICTpbIMA yacTHUanK). FIpH yBe/HUEHHH TeMIepaTyPLl HHTH NOIRHMKHOCTL ATOMOB RO3-
pacraetr. Ilpn 310M Ka)Ibiil aTOM MOXeT MepPeCKOUHTh Ha COCE/IHee MeCTO B KPICTATH-
uecKoil peiieTKe, JAHG0 HanpaBo (B HanpaBaeHwn —+—x)} Aub0 Haaepo (B HANpPasicHWR
—ux). CoceiHue MeCTa, 3aHHMaeMble aTOMOM B pellleTKe, pa3iedenbl pacCTosiHueM [.
Ilpennonoxum, uTo BpeMsi HAXOXK/IEHHsI ATOMAa B HAHHOM MecTe pelleTKH paBHO T.
Bpemst T ecTe ObicTpo Bo3pacTawcumas (yHKIHA abCOMOTHO! TeMmepaTypsl peleTKH.
ITpouecc nepeneleHHst 4T0Ma BJOIb HHTH B pe3yabTaTe HOCAE€I0BATEAbHbIX CKAYKOB
Mem Ay COCETHMMH MeCTaMH pelleTKH HasblBaercs dughghysuetl.

ITpexnomoxuM, 4To B MoMcHT Bpemend ¢=0 Texnepatypa HUTH OLICTPO BO3pACTael
0 HEKOTOPOTO GOJBILOTO 3HAYCHHS H B JaJbHellllleM OCTaeTCst HeH3MEHHOH.,

a) O6o3naunm uepe3 §P(x)dx BepoATHOCTE TOrO, YTO PAAROAKTABHBIN aTOM JVjer
obnapyskeH 110 HCTeueHHH BpeMeHR [ B HATepBade oT X 10 x-1-dx. (Mel npeanoaarae,
YTO 3T B8 BCEX 3HaueHHd /, npeictaBAasiomuX (H3MYeCKHHA MHTepec, TaK KAK NpH
BBICOKOH TeMnepaType HUTH T JOCTaTOYHO Maad.) Hlaobpasute Ha rpaduke npHMeDHbLT
X0J1 %(X) B 34BHCHMOCTH OT X JAJTsi CJERYIOIIHX TpeX cayuaes: l) Bckope nocae (=0;
2) o TMpOoLUeCTBIH OTHOCHTEIbHO GOJBLIOTO BpeMeHH #; 3) MO NpolecTBHH OyeHL 6OJb-
LWIOTO BpeMeHu f. _

6) Ha xakoe cpejiHee paccTosiiie X OT HauaJa KOOP/UTHAT CMeHIaeTCA pajiHOaKTHB-
HBIH aTOM 3a Bpemsi £?

B} [losnyuure GopMysay I8 CTAHABPTHOTO OTK/JOHEHHS Ax CMellleHUST PaJHOaKTHB-
HOTO 4TOMa 3a Bpemsi /.

2.8. Bowmucaenue ducnepcuu. Vicnonndyst o6uige cBolicTBa cpejrero, moKaxure,
YTO JHCIEPCHsT MOXKeT GHITh BHIUHCJEeHA N0 dopMmyJie:

Buy =y —u)=ut—u. ()

Tlocheanee BLipakeHHe cnpapa AaeT NPoCcToH cnocob BRIUMCICHHS aucnepcHH, [lokaxku-
Te Takxe, uto H3 (1) crenyer obulee HepaBeHCTBO

B=u. (1T)
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2.9. Cpeduue 3uawenus 018 00uHO4H020 cnuHa. PaccMOTpUM cnuH, paBHbiil %,
Ero MarHUTHBI MOMEHT [L C BEPOATHOCTBIO P MOXeT ObITh RAMpPaBJeH MO MO0 K C Be-
POATHOCTLIO ¢g= | —p— 1poTHB NMo/s. B nepsoy ciayuae npoekuMs MOMEHTAa HAa Hanpas-
JicHHe noJis paBHa Jly, BO BTOPOM OHAa paBHa —i,.

a) Halianre, uemv paBHO @ U n2

6) Beruncanre (Ap)?, ucnonn2ys 313 sroro Gopyviay (I) us sanaun 2.8. Ilokakure,
YTO OOJYYyeHHbil pe3yabTaT colJlacyercs C MpHBeleHHOH B Tekcre dopMmyaoi (57).

2.10. Hepaserncmso u?z=(u)* [1peNtonoxKiM, 4TO NepeMeHHast ¥ NPUHHMAET 3Haye-
HHSl U, C BeposTHOCTBIO P,

e ~
a) HMcnoab3ys onpefleeHust 4 W 4* W NOMHsI YCJIOBHE HOPMUPOBKH ZIP,.::I,
r

TNOKaxiure, 4YTO

ﬁ—(ff)’z-é-Z@P,Ps (y— 1), | (0

/1€ KakK10e CYMMHPOBAHHE NMPOU3BOINTCA 1O BCEM BO3MOKHBIM 3HAUEHHSM INepemeH-
HOH .
6) Ha tom ocHoBaHHH, 4TO B cymme (I} iieT oTpHuIaTeqbHBIX YJIeHOB, NOKAXKHTE, YTO

u? =(u)?, (1

NpPlYeM 3HAK PABEHCTBA OTBeyaeT TOMY C/ivualo, Korja TodLKO OJHO 3HAUEHHE U OCY-
eCTBsieTcst ¢ BeposTHOCTBIO, oTiuunoll ot 0. Pesyaptar (1I) nosropsier pesyabrar
3azaun 2.8.

2.11. Hepasercmso (u?)2=<u™ 1y =t Peayavrat (I) npeisiiyuieit 3ajauu jony-
CKaeT HeuelleHloe ofobmeHne. PaccuvoTpHy Buipamenue

DD P P T (uy—ug)?, (1)
t 3

rie n — Jawboe 1uesoe UHCI0. an HeTHOM /M 3TO BbIpa:KeHHe HEe MOMeT OLITH OTpHLa-
TeJIbEDBIA, ﬂpn HEUETHOM 171 3TO BbIPaMRECHHE NOJOKHTEIbHO, €CJIH U, H Ug OTPHUATEIbHb]

M I0JOKHTENbHB 01HOBpEeHHO,
a) Boinoanns rokasaHneie B (1) J(eficTBHA yMHOKEHHS, MOKAMKUTE, YTO

(M2 =gyt yn-1, (1IN

rje n=m-1. [Ipy HeueTHOM A 3TO HePABEHCTBO clpaBelauBo Bceraa. Ilpu n uerHom
OHO BLINOJIAETCS, eC/IA BO3MOMHbBIE 3HAUEHHA U BCE MOJOMKHTENbHBIE WIH BCE OTPHUE-
Tesblibie. 3Hak pasencTBa B {1]) o3Hadaer, yTO HMeeTCs TOILKO eIHHCTBEHHOE 3HAUEHHE
{t, OCYLIECTRAAIONIEECH C BEPOATHOCTHIO, OTIHYHOII OT HYyJs.

6) Tlokaxute, yto yactHeM cayuaem (I1) smasiercsa HepaBeHCTBO

/1 1
\—U_);—?’ (III)

CNpaBel HBOE B TOM C/IYUae, eCaH BCe BO3MOMHDIE 3HAUCHHS i MOJOKHTeNbHBI (HIH BCe
OTpHLATENbHbI). 3HAK PABEHCTBA OTBEYAET CIELHATLHOMY CAYYalo, KOraa TOJAbKO OJIHO
3HAYCHHE ( OCVYLIECTBAAETCA C BePOATHOCTBIO, OTJIHUYHOH OT HYJs,

2.12. Memod onmunareHbtx 8a00ceHuli. PaccMOTpHM NPHMeP, KOTOpLIH NOKaKer,
4TQ Pa3dduHble cnocobbl yCpeiHEHHs! ORHOH M TOH K€ BEJHUHWHBEI MOTYT NPHBOIMTH
K CYIIECTBEHHO pa3/IMYHBIM pe3yJbratar. [IpeanosoxKuM, 4To KTO-T0 XO4eT NPOH3EECTH
BJOMXEHHEe KanuTasaa, noKyrnas B Hauaje Kax10ro Mecsla HeKOTopoe 4HCIO akuuil Ka-
KoH-T0 KoMnanun, CTOUMOCTL OZHOH aKUHH C,38BUCHT OT MeCANa NOKYNKH 7 1 MeHsieTCs
OT Mecsilla K Mecsiy HempeACKa3yeMmblv 06GpasoM. PaccMoTpuM AB2 aJbTepHATHBHEIX
MeToJa BJIOMKEeHHI: .

Merod A 3ak/ai0uaeTcsi B eXKeMecsTYHOH ITOKYNKE OJHOro H TOTO Ke Yucia § akiuH,
MeToX 5 03HayaeT eXeMECAUHYIO MOKVAOKY aKUHil HA OJHY M Ty K€ CYMMY JeHer .
Tlocae N mecsiues nam foKynartedb okaxercsi oGnagaTteneM S akiuil, 3a KoTopble OH
sanyatusl M Aener. HaWayulluM METOAOM BJOXKEHHH, oue€sBHAHO, SBIAAETCA TOT, NpH

4* 99



KOTOPOM 3a HaHMeHbllee KOJHYECTBO JeHer NMpHoGpeTaercss HaUGObLIee KOJIHYECTBO
aKiMi, T. e. MeToJ, ofeceynBaOUIMI foablIee 3naueHRe OTHolWenus S/M.

a) Tloayuute Beipaxenne A1 oTHowenns S/M B metose A.

6) Tlonyunte Boipaxenne s S/M 8 merofe 5.

B) ITokaxuTe, uto 5 sB/1A€TCS JYULIHN MeTOJ0M BJIOKEHHH, HE34BHCHMO OT TOTO,
KAKUM 06pa30M CTOMMOCTb AKWHH (IYKTYHPYET OT Mecsina K Mecsly.

[¥ xa3auue Bocnoipayiitech HepabenctBoM (I1I) npegprayineii 3ajaun. |

2.13, Cucmena sdep co cnunosr 1. PaceMorpuy sipo co cniHon | (370 3HauuT, UTO
MOMEHT KOJTHUeCTBA IBHkeHHS f/pa pasen /). COCTABJIAIOUIME MATHHTHOIO MOMEHTA
STOrO siApa BIOJL AAHHOTO HANPABJICHHS MOTYT HMeTh TPH BO3MOMKHBIX 3HAUeHHS, 4
HMEHHO g, O n —t,. [TpejpnoJioxkuM, uTo aiIp0O He siB/siercsd cdepHueCKH-CIMAeT-
pHUHBIM, a4 kMeeT, HanpuMep, dopay aaaunca. Torjga B KpuCTaLIHYeCKOHR pelleTke
TBePAOTO Tedla Oy ieT CYLIeCT308ATh HAMIPAB/IeHKE MPEUMYLIECTBEHHON OpueHTALHE 3TOTC
aapa. [TycTb BepOSTHOCTE TOTO, YTO UW==[ly, Oy 1eT p, H BEPOATHOCTb TOr0, 4TO = —Ilg,
TaKxKe p, TOPj1a BeposTHocTh U—0 papHa 1—2p.

a) Beiyncanre u un p¥,

0) Bruncante (Ap)2,

) IIpermoomxiy, 4To TBEPIOE TEO COIepKUT N TaKiX slep M MX B3aWMolelicT-
BHEM JPYT C JAPYrom Moxuo npededpeus. Obositaunyt yepes M noaHy0 cocTas iU y1o
MATHHTHOTO MOMEHTa BJOJb 341aHHOTO Hamnpasdeuus. Breipazure M 1 craugaprnoe
otkiaoHenne AM uepes N, p il Wy.

2.14. [panoe suaucaeque n w {An)?. PaccnoTpun wieanbhyio cuicremy uz A ot
HAKOBbIX CHHHOB, paBHBIX V2. UHCIO £ MArHHTHBIX MOMEHTOB, HalPARICHHBIX ¢3BEPX?,
MOAKHO 3a0UCalb TAK: M==iy~Ug— ... --uy, V3e u;=1, eCTM MarHuTHBIE  AjoVeHT
HanpaBJdeH BBepX, W #;=~0, ecjn OH HanpasjeHd sHH3. MHcnoansys 210 sbipamcitie

¥ CUHTAs, 4TO CHHHBI CTATHCTHYECKH He3aBHCHAMBI,
a) nokaxure, yro n==\Nu,

6) noxkaxute, uto (An)*=N (Au)*.
B) I'lpeAnonoxun, MAarHHTHBIT MOMEHT HMeeT BeposSTHOCTL p ObiTh HanpapiIeHIihN

BREPX H BEPOSITHOCTh ¢ = 1 -— p 6biTb HanpasgenueiM BHH3. Hexty paBHbl u u (Mu)??

r) Cocunrafite z v (An)? M NOKaXkKHTe, UTO BALIM Pe3YJbTATH COBNAZAOT ¢ QopMYy-
Aamu (66) 1 (67), noayuenHbINMA B TEKCTE MeHee NMPSAMBIM METOLOM.

2.15, @ayxmyayiu naomHocmuy 8 2a3¢c. PacCMOTPH\I HAeabHBIll raz u3 N monexya,
HAXOAAUIICA B PAaBHOBECHOM COCTOSIHHU 8 cocyle ofpemon V. OBo3naunm uepes n
uncsI0 MOJeKyJ B Kaxoi-to uyactH V' obbesa. Beposarrocte p toro, uto gamxazn ao-
JeKyJa HAXOIUTCs B 3TOH yacTd o0bema, pasna p=V/V,.

a) Yemy pasHo cpeinee 4HCIO0 72 MOJEKY.T B uacT ofbena V? Buipasnte Bain oTser

yepes N, V, u V.
6) Haiigure cranjaprHoe OTKJOHeHHe An uncaa modekya 8B oOweme V. Haiidire

An/n, Buipasur pesyanrar ueped N, Vo n V.

B) Kakoe oteer ma sonpoc (6), ecan V<ZVy?
r) Kakoso 3HauenHe cTanAapTHOre otkjaoHedHs An npu V-V ?

1) Coraacyercst U oTBeT Ha BONPOC {6) C 3THM pe3ybTaToM?

2.16. [Apobosori sgpexm. PacenoTpun ciyyaliHoe HCTTYCKAaHHE 3/JeKTPOHOB C 3aps-
JOM ¢ HAKAJIMBAeMOH HMTBLIO BAKYYMHOI TpyOGku. C XOopownM npuHOAHAKEeHREM MOKHO
CUHTATh, YTO HCNYCKAHHEe JAHHOTO 3JeKTPOHA HHKAK He B/IHAET Ha BepOSITHOCTH HCITy-
CKAHHSA JPYTIUX 37eKTPoHOB. PaccMoTpHy q000R oueb Madelil HHTepBad Bpemeil A/,
CywmecrByer onpejefedias BepOSTHOCTE p TOTO, YTO 3/1eKTPOH OyIeT HCMYILEH Uz HUTH
B TOT HHTepBas Bpemenn (TOrAa g—1—p €CTb BeposITHOCTH TOIO, YTO 3IJEKTPOH HE
Gyaer uenyiien). Tak kKak Af ouellb Ma16, TO BePOATHOCTb HCMYCKAHUSA 3MeKTPOHA B Te-
geHHEe BpeMeHH A f Takxe BecoMa Mada (T. e. p<€l), a BepOSITHOCTBIO MCIIYCKAHEA ABYX
9JeKTPOHOB B TeyeHde BpemeHH Af mMoxHO npeneSpeub. PacemoTpum nuTepman Bpe-
MeHH {, RKOTOpbIli Bo MHoro pas Gonnute Af. On cozepmur N=¢/Af vaanix HHTepPBAI0B
At, B TeueHHe KOTOpHX MoKeT ObITb MCnyuleH saekrpon. okl 3apag, nenymen o
HHUTBLIO 32 BpeMsl £, MOMHO 3aNHcath B BUAE Q=g+ qo+q3+... G, TI€ §;
o3HayaeT 3apsl, ucnyulennsit 3a Bpems Af. TakuM obpasom, ¢;=~e npH HCnycKaHHR
s7eKTpoHa U g;=0, ecay 37eKTPoH He ObWl HCMymieH.
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a) Yemy paBen cpesuuil 3apsi Q, ucuyuleHibll HUTHIO 33 Bpemsg &P

6) Hemy pasna aucnepcus (A Q)? sapsia @, ucnylleHHOro HHTbIO 3a Bpeus {7
Yrobbl ynpocTHTh OTBET, BOCHOAB3YfiTech TeM, uTo pLl.

B) Cpennee sHauende Toka / 3a Bpems ¢ paBuo Q/¢. [loayunTe BeJHYHHY OTHO-
meHus nucnepchu (A/)? Kk cpeanenmy Toky Q/f. Tloxamkure, uTo 3TO OTHOIIEHIe PaBIO
(AN T =e/t.

r} Toxk ucnwITeiBaeT QAYKTYALH, KOTOpbIE TeM CHJbHee BLIPAMEeHbI, Y€\ MeHblle
MHTEPBAJ BpeMeHH [, T. €. YeM MeHDIIe TOJHOe YKCI0 3JeKTPOHOB, YUYACTBYIONLNX
B npouecce aMmuccHH. Takue DAVKTyauHMH HA3BIBAtOTCT Opofosoim sppexmos:. Boi-
YUCTHTE CTaHAapTioe OTKJIoHeHHe Toka A/, ecam cpelHee 3HauyenHe TokKa PAaBHO

1 mra, a Bpensi H3vepenuss paBHo | cew.

2.17. Beiucaerue cpedrneco rsadpamuynoed 3nayerus. Bartapes ¢ s.aekTpoiBu-
Hywef cunofi V' samknyra #a conpotusienne R. MouWHoOCTb, pacceliBaeMasi Ha 5TOM
COnpOTHRJIEENH, paHa P=V?3/R. Cama Oarapest cOCTOHT H3 .V HHIMBHIVaJbHBIX
3J€MEHTOR, COeUHEHNDIX Noc/AefoRaTe b0, TaK YTO V' PABHO CyMAe 3JIeKTPOABHKVIIHX
CHJ BCEX 3THX 3JeMeHTOB. Tak kKag Oatapes paboTarna fodro, TO He BCE Ie3eHThE
HAXOMATCS B XOpoluleM COCTOSIHIH. [Tyerb p — BepOsaTHOCTE TOr0, 4TO 9. X. C. OTAETb-
HOH fluellKH HMMeeT CBOe HOpMabHOe 3HayeHHe U, a ¢=1—p eCcTb BeposiTHOCTL TOTO,
YTO 3. A. C. AYElKH MO KAaKHM-TO MpUdIiHAM, HanpHiep, M3-3a BHYTpeHHero 3akopa-
qMBaHNs, paBHa Hy0. OTielbHele fyeilKH CTATHCTHUECKH He3aBHCHMbL BriuucaiTe
IPH 9THX YCJIOBHSIX ¢pedrioo MowHoCTs P, paccesiHuyio B COMPOTIBIHHM, 1 BHDA3HTe
pe3yabtat depes N, o, p u R.

2.18. Oyenka ouwubox uznepenus. Mol usvepsier pacctosiiue & 50 i, yYKIaIsiBas
roclel0BatesibHo JdepeBstHHbll MeTp B0 pas. DTa onepalinsd compsizKeHa ¢ OUIHOKAMH.
[TosToMy Helb3s TapaHTHPOBATL, YTO PACCTOSIHUE MEN(LY ABYMsT COCETHHMH MeTKamH
Ha 3eMm’1e OyZeT B TOUYHOCTH DABHO MeTpy. Ham H3BecTHO, 0x#axo, uto paccrosiie
MEKAY ABYMS [OCAeJOBATEILHBIMI \eTKaMBE ¢ paBHOM BePOSITHOCTBIO JIEKHT MeK 1V
99,8 u 100,2 cx u we BBIXOANT 3a 3T npetersl. [ToBropss 3Ty onepaimio 50 pas, Mbl
MPOJIOKIIN [HCTAHINO, CPellias sedMulHa KoTopoil paBma 50 u. Haiianre HOJIH}'IO
OWMOKY, BRIUHCIHMB CTaHJApPTHOE OTKAOHeHHe B BelMUHHEe H3MepeHHON JMCTaHIU.

2.19. Jupghysus notexyao 8 2a3e. Modlekysa rasda MOMXeT CEOGOIHO fepeNel1aThest
B npocTpaHcTBe. U603HAYHM depes s ee CileycHHe MeXxAy ABYMS HOCIe10BaTtedbHbIMN
CTOJIKHOBeHISINMH. []yCTh 3TH CMeumieHns, B nepBOM npHOJHXKeHIH, OyAyT CTATHCTH-
yeCKH He3aBHCHMDBIMIL [lagee, TAK KaK UeT MpeHMYyIeCTBEHHOro HallpaB/eHHsl B 1po-
CTPANICTBE, TO MOJIEKYJd C PaBHOl BepPOSITHOCTBLIO CMELaeTCs B (aHHOM HAnpapBIeHHH

H B NPOTHRONOJOMKHOM. lakun ofpa3on, cpeiHee ciewedHe s pasuo O (370 3nagur,
4TO PABHA IYJII0 B CPeliieM  Ka:KI1ast KOMIHOHEHTA 3TOT0 CMELeHHUsL, T. €. 8,==5,=5,=0).

[Tonnoe cvemende R Modekyanl nocie N nocAef0BaTesbHLIX CTOJKIOBEHHH
MOKHO 3anucath B BHIe R =s;+8,+S3-F...+F5sp, Ile s; o0o3HaydeT ciemicHie
MoJeKyabl. Hcnosin3ysi ieToqbl, PacCMOTpeHHBE B M. 2.5, oTBeTbTe Ha Caelviollue
BOMP OCKE: _

a) KakoBo cpefHee chemleHre moleKyas R mnocie N mocieloBaTesdbHbIX Cile-
[EeHHH?

—_
6) KaxoBo craniaptHoe OTKJOHeHHe AR-—— {(R—-R)E} /2 1010 Crtemenns noc1e N

CTOJIKHOBeUHH? B uacTHOCTH, uenmy paBHQ AR, ecan seauutima Kaxioro cileleHHs
0JMHaKoBa H pasHa [? ~

2.20. Pacnpedesctue cxeuierud cayainsix ocyuaaamopog, CuelieHde NTPOCTOrO
KJ4CCHYeCKOI0 TapMOHHUYECKOIO OCUMJJIATOPA B 3dBHCHMOCTH OT BPEMeHW HMeeT BHI
x=A cos (®f +¢), rie & — yrJI0Bask yacToTa KoJjebaHHH, A —— WX aMJINTYI4, a
¢ — NPOU3BONbHAS NOCTOSIHHASY, KOTOpasi MOMKET [pHHHMAT: JM0f0e 3HauerHe B
uHTeppaie O==p <2n. Paccmorpum ancambiib, COCTOSILIMH M3 TAKUX OCLRAJISTOPOB C
3afaluol vyacToTol ® M amiuinTynod A. HyCTb (haza 3THX OCLUUIATOPOB SBASAETCH
caAyualiHofl BeJRURHOH, MpHYEM BePOATHOCTH TOro, uyto (asa HAXOAMTCH B HHTepBadd
oT ¢ 10 p--dp, paena npocto d/2m. Haiisnte BepositocTh $(x)dx TOoro, 4to CMeuleHne
AAHHOTO OCUMJISATOPA B MOMEHT BPeMeHH [ HAXOZUTCS B WHTepBaJje 3HAUCHWH MeX-
Ay X H x+dx.
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FrTABA 3

CTATUCTHYECKOE OINMUCAHUE CHUCTEM, COCTOAUIUX
U3 YACTHL

B npexpiayumeli rJaBe Mbl PacCMOTPEJ]H OCHOBHBIE BEPOSITHOCTHBIE
Haen. Tenepb Mbl [IOATOTOBJIEHB! K INEPeXOAy OT KaueCTBEHHOTO pac-
CMOTpEHHsI I1PO0JieMbl, BbHIOJHEHHOI'O B NepBOH IJaBe, K I10C/e10Ba-
TeAbHOH KOJHUYECTBCHHOI TEOPHH CHCTEM, COCTOAIIHX H3 OuYeHb 00.1b-
IIIOTO YHCIa yacTHil. Halel 3azadell siBsieTcss OnucaHHe MaKDOCKONUH-
YecKHX CHCTeM, OCHOBAHHO€ Ha [PHMEHEHHM 3aKOHOB CTATHCTHKH H
MEeXaHHKH, COBI[aHHaFI TakUM 00pa30M TeOpHUs HOCHT Ha3BaHUe cmariu-
crmuueckoll mexaruxu. Ee MPUHNUNL OTJHYAIOTCH GOJIbIIOH OBLIHOCTLIO -
H IIPOCTOTOH, H JAOCTOMHCTBO TEOPUH COCTOMUT B TOM, YTO, HCXOAS U3
NPOCTRIX W OOIIKX MjeH, OHA MPENCKA3LIBAeT pe3yJbTaThl, OXBAThIBAIO-
IlHe OrpOMHYIO U DA3HOCTOPOHHIOI 00/1aCTb SsIBJAEHHH.

M1en, Ha KOTOpHIX OCHOBAHO PaCCMOTPEHHE MaKPOCKONHYECKUX
CHCTEM, COBEPILEHHO aHAJOTHYHbl HAEIM, HCNOJb30BAHHLEIM NPH aHaau3e
NPOCTBIX ONLITOB ¢ MOHETaMH. BCHomMHuUM HX.

1. [lepeuucarerue cocrmosnutl cucmemsbi. Mbl TO/KHB HMETb BO3MOX-
HOCTb YKa3aTb BCE BO3MOXKHbIE pe3yJ bTarThl OlbITa, MNPOH3BOAHMOro
Haj cucremoit. Hanpumep, cocrosHHe JaHHOro Habopa MoOHeT nocJie
KaxxJnoro opocanust OyJler ONHCAHO, €CJIM Mbl YKaXKe€M, KAKOH CTOPOHOII
Bhbillajga Ka)KJ1as MOHeTa.

II. Cmamucmudeckudd ancambas., Mbl HUKOrJga He cMoXxeM 0041a1aTh
JOCTAaTOUHOH HHGpOpMaUMed O BCeX YCJAOBUAX OpocaHHsl MOHET, 4TOGLI
Ha OCHOBAaHHM OOIIMX 3aXKOHOB MEXZHUKHM NPEACKA3aTb HCXOHL Jio6Ooro
onbita. 1]o3TOMY MBI HCMOJIb3yeM CTATHCTHYECKOE onucaHue. BmecTo
JanHoro Habopa MOHET Mbl paccMarpHBaeM aHcambib, COCTOSHIHI H3
oyeHb OOJIBILIOTO YHCJA HIASHTHYHBLIX HA0OPOB MOHET, Haa KOTOPbIMH
I1POH3BOJATCS OAHHAKOBbIe onbIThl. IIpM 3TOM Hac HHTepecyeT BeposiT-
HOCTb MOSIBJCHHS JAHHOIO 3KCIIEPHMEHTAJbHOrO pe3y/abTara. ITy
BEDOSITHOCTH MOXKHO H3MEpPHTDb, OIfpeRe/sUB, B KAKOM YHCAE CHCTEM
nawero aHcamfJiss OOHapyXKeH JAHHbLIH 3KCIIEPHUMEHTA/NbHbIA Pe3y.bTar.
3ajaueil TeOPUU ABJSETCH NPEIACKa3aHHe TAKOH BePOSITHOCTH.

I1I. Cmarmucmuueckue nocmyaamet. TeopeTuyecKoe paccMOTpPeHHe
3aJ]aud OCHOBAHO HA psje IOCTYyJaTOB. B ciyyae oObIYHBIX MOHET,
00613 2I01HX ONHOPOLHOH IIVIOTHOCTBIO, 3aKOHbI MEXaHUKH He [aioT
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HUKaKHX TPerMYLLeCTB OJHOH CTOpoHe MoHeThl nepen Apyroi. Ilostomy
Mbl [IOCTYJIHpYeM, YTO anpuopu (T. €. HA OCHOBAHUYU HAWIMX TpenBapu-
TeJbHBIX COOOpa)keHHH, ellle He [POBEPEHHBIX OMNLITOM) BEPOSATHOCTH
BLlMaJaHud TOH MJM JIPYrodH CTOPOHB MOHETbl OXHHAKOBHI. Tako#
NOCTyJaT BHOJHE pPasyMeH H, BO BCAKOM cjydyae, HE MNPOTIHBOPEYHT
3aKOHAM MeXaHHKH, HO €ro CllpaBeluBOCTb OyleT IpOBepeHa, eCH
Mbl €r0 HCHONb3YeM /I TAKHX-TO TEOPETHUeCKUX I[IPeACKAa3aHli H
CPaBHHM 3TH [PEJCKA3daHHsl C ONbLITOM. Mbl CMOXKeM MNpHHATE Haul
NOCTYJIAT JHUIb B TOM C/lyyae, eCJH OCHOBAHHLIE HAa HeM MPeACKa3aHHA
LOATBEPKAAIOTCS  OIIBITOM,

IV. Buwmucaerun eeposamrocmu. TlpuHSB OCHOBHOH NOCTY.1aT, Mbl
MOXeM BLIYHCJHTL BEPOATHOCTL IOfBJIEHHSA J10OOr0 3IKCIepPHMeUTalb-
HOrO pe3y.braTa, Kacawomerocss OpocaHus Hallero Ha0opa MOHer.
Mbl MOkeM TaKike BBIUMC/AHTB J1100ble HHTepecYIOlHe Hac CPejHHie 3Ha-
4eHnst. TakuM obpasoM, MBI B COCTOSIHHH OTBeTHTb Ha JIIOObIE BOMPOCHI,
KOTOpble HMEIOT CMBIC] B CTATHCTHYECKOH TeOpPHH HALIero ONbITd.

Hamr nojaxon K H3ydyeHHIO CHCTEM, COCTOAIIUX M3 OdeHb 00.1bILOTO
YyHCcJa Y9actul, BecbMa OJH30K K 3ajave o Habope MOHeT. B cilenyrolinx
pasfenax Mbl clieslaeM 3Ty aHaJorui 6oJee SCHOM.

3.1. TlepeuMciieHne COCTOSAHKI CHCTEMBI

Mayyenue aToMHBIX YacTHIl NPUBOAWT HAC K BBIBOAY, YTO J100as
CHCTEeMa TAKHX YaCTHL O[HCHIBAETCS 3aKOHAMH KBAHTOBOH MeXaHHKH.
Hx cnpaBensHBOCTb NOATBEpIKJeHa BCEH COBOKYITHOCTBIO H3BECTHBIX
SKCNEePUMEHTOB, M 5TH 3aKOHbl O0pa3yioT OCHOBY HAIIero paccMoT-
peHHs npoObJieMbl.

13 KBaHTOROMEXAHUHYECKOIO OMHCAHUST CHCTEMEl CJejyeT, 4TO B
peayJabTate TOYHBIX H3MepeHuil ee MOXKHO OOHApYXKITb B OJNHOM H3
psjla BO3MOXHBIX JUCKPETHBIX Kgarmosoix cocmofrull. [losnoe mukpo-
CKOMUYEeCKOe OITHCAHMe CHCTeMBbl 3aKJ/ioyaeTcd [03TOMY B YKa3aHnHH
TeX KBAHTOBBIX COCTOSIHHH, B KOTOPBIX CHCTeMa HaXOIHTCA.

Kaxj10e KBaHTOBOE COCTOSIHME H30JHPOBAHHOH CHCTeMbl 00./1a1aeT
ONpefeJeHHbIM 3HAUYEHHEM 3HePrHll, KOTOpoe Ha3bIBAGTCA YPosHEM
aHepauu *).

B03MOKHO, UYTO OXHOH M TOH e 3Hepruel o00Jaj2eT HECKOJALKO
Pa3/JMYHLIX KBAHTOBbLIX COCTOAHHME cHCTeMbl. (Takrme KBaHTOBLIE CO-
CTOSIHHUA HAa3bLIBAIOTCST GbiposOeHnuimu.) Kaxnaa cucrema uMeeT Hal-
MEHbllIee BO3MOXKHOE 3HAYeHHe 3HEePruH. ITOMY 3HAUYEHUIO 3JHEPTHH
OOBLIYHO OTBeYaeT OAHO KBANTOBOE COCTOSIHHE; OHO HAa3bIBAETCH OCHOBHbIM
COCMOsiHUesM CUCTeMbl *¥),

*) THnHYHBIM PHMEPOM CHCTEMbI C ONpefesieHHbBIMH YDOBHSIMH 3HEpTHH sBJ/sieT-
cs BoAopoAHmil aTom. [lepexox aroma m3 cocrosiHust ¢ JAHHOH SHepPrHed B COCTOsSHUE
¢ MeHbUIEH 3HeprHed BHI3LIBAET MOsBJAeHHEe PE3KHX JHHHH B CHeKTpe HCHYCKaHHA
aroma. OnHcaHHe, OCHOBAaHHOE Ha MOHATHH 00 JHepreTHYeCKHX YPOBHsiX, B paBHOR
cTeleHW NPUMEHHMO K Ji06oi# MOJexyJe, aTOMY H/IH CHCTEMe, COCTOALLeH H3 MHOTUX
aTOMOB.

**) B HekoTopbIX cayuasX HaUMEHbIlEMY M3 BO3MOXKHBIX 3HaueHHH SHepIrHH
CHCTEMBl OTBeudeT OTHOCHTENBHO HeGOJIbILOe YHCHIO KBAHTOBLIX cOCTOsHHH. B 3Tom
Cc/iyyae OCHOBHOE COCTOSIHHE CHCTEMbl HA3BLIBACTCSH GbLPONCOCHHbIM.
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Kpome ocHoBHOrO, cHcrema ofsanaer 6osbluuM (4acto GeCKOHEUHO
60.1bIIMM) YHCJAOM BO3MOXKHBIX COCTOAHHIH ¢ Oosblued 3Hepruei, Ko-
TOPble HA3LIBAIOTCH B030YNCOEHRbIMU COCMOAHUAMI CHCTEMEL.

Ipenpinyinue 3avedaHuss uMesau BecbMa ofmuid xapakrep. OHu
IPHMEHHMB! K JI00OH cucTeMe, He3aBHCHMO OT CTEIIHH ee CJIOXHOCTH.
Yrobst cliesath HX 6oJiee sICHBIMH, Mbl PACCMOTPHA HECKOJbKO NMPOCTHIX
clcTeM, HMEWIHX 60/bllioe MpakTHYeCKoe 3HaueHue.

i.OauHoOouHB I cnui, PaccMOTpHM OAHY-¢IHIICTBEHHVIO 4acTHIY, I10JO-
¥.eHile KOTopoll Oviem cunrtate drkcuposandby. [1ycTb ee cnuH paBeH Y/, a BeqH-
YHHA MATHMTHOTO MOMEHTA pAaBHA Mg.
Mul ropopHAn yxke B 1. 1.3, UTO 3TOT
MACHUTHBIE MOMEHT MoOker OBITh Ha-
NpaBJeH JHB0 BBepX, JAU60 BHU3 (T. e.
napagJIespHO WM aHTHIapadelb-
HO HEKOTOPOMY 3ajaHHOMY HalpaB-
neHHio). Chcrena, KOTODOH SIBJSCTCH

F. Lt e R T U —
s

~

—p— T, W W SR, 4T

e —
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|
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|
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gua 3.1
Pue, 3.1. Becbma ynpoflienban guarpamma TaGanunz

fepBbIX YPOBHE{I 3HEPTHH AR [pOU3BOJbLHO {

cucrembl. Kaxkaas 4YepTa 0603HayaeT BO3MOMNK- i
ilce KBallToBOC COCTOSHMHEe CHMCTeMmbl, 4 I1040- ¥ Iy M E
3eHHEe YepTel TI0 BePTHKANH yKazbiBaeT IIa
31ePrul0 CHCTEMLl B 3TOM COCTOdHHH, 3aMe-
THM, YTO Ha 3T0{l CXeMe MHOI0 COCTOSTHHIT HMe-
IOT ONNY H TV e SHepriu
YTV e steptino 1] | —B
2 | —1| —no| +uB
i
B A/L ‘+ G i F=p B ‘ KeautoBhle COCTOSHUS
g — Fo yacTHUL! €O CIHHOM 1/2 H
MATHHTHBIM MOMEHTOM g,
#ﬂ’f@'_.;.{ F =y B HaxoAsiencs B MarHHTHOM
+ jut?"' | noqe B. Kaxaoe coctosnnme
CHCTEMBI MOZKHO 0003HAYUTh
HHIEKCOM 7 HJIH KBAHTOBbLIM
Puc. 3.2. Ha ,’J,uarpmn.ine Tokaszaubl Ana yp]on- qucdor o, COCTABJSIOULAS
sl 2MePruH, npUHaRiexauiile coagy-1/,, . .
MMEIOUEeMY MATHHTHBI MOMEHT (o H HAXOM- MAaTHHTHOT'O MOMEHT4 (BJ0/b
meMves B MarndtHoM Toge B. Cocrtosnuue. HaNpaBJCHHS «BBEPX», 3d-
nomel{enuoe; (;’w—w(;g;é’r(yn.ﬁ:a nppocm -) oTBevaert IABAEMOTO  TOJIEM B) obo-
MAarHKTHOM . HamnpapjeilMoMy BBeDX,
T.e. {10 MarEuTHoMy nosw B. Cocroauue auauena uepes M, noanas
=] (Ml —) COOTBETCTBYET HanpasieHUio BHCPTHHA CuCcTEeMLl — ue-
MATHUITHOTC MOMEHTA BHUIS. pes E.

Ham CnuH, HWMeer TOABKO JBa KBAHTOBBIX COCTOSIHHS — 0003HAYMM HX  KBaH-
TOBBEIM HHCIOM 0. Mbl MOMKEM HPHIHCATL TOMY KBaHTOBOMY YHCJY 3HAyeHite 0==-1,
€CIM MACHHTHBIA MOMEHT 4YaCTHUbI HANDABJEH BBepX, H 3HaueHHe 0==—I s npo-
THRONOJOMKHOTO HaNpaBleHHs] MATHHTHOLQ MOMEHTd.

Ec/n yaCTHIIA HAXOAHTCS B MAarHHTHOM nosle B, To HanpaBJjenHe, peJcTaBASOnee
(bH3HYECKHH HHTepeC, 3a/iaercs moJsieM. Ecjd MarHuTHbIH MOMEHT HampasJjeH napad-
JeJAbHO T0JI0, TO Heprus E cHCTeMbI OKA3BIBAETCH MeHblUe, YeM FHEPrHsl CHCTEMbI
B CIyuyae auTHnapaliebHOTO HanpaBJeHHs MAaTCHUTHOTO MOMeHTA. AHajorudHas
CUTyalHs BO3HMKAeT NPH MNOMEIEHWH HOJOCOBOTO MAFHATZ BO BHENIHee MarHHTHOE
noJe. B 3ToM cayuae, eC/iM MArBHTHBIH MOMEHT HANpaB/ieH BBepX (T. €. mapasienbHo
noqio B), €ro mMardutnasi sHeprus pasHa —MgB. Hao6opoT, KOTAa MarHHTHBIE MOMEHT
HanpaBjIed BHH3 (T. €. aHTHNADA/LJIETbHO NOMIO B), MarHHTHAS HEPTHs paBHA WoB.
JByM KBAHTOBbIM COCTOSTHHAM CHCTEMBl OTBeYAIOT JABE pa3/HuHble JHEprHH.

il. Mneanbnag cucrema B3 N conuHoOB. Paccmorpum cHcremy
n3 N 4acTvy, NONOXKeHMs KOTOPHIX (HKcHpoBaHe. [IycTe CIMH KakAo# 4acTHUbI
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Pasen 1/2, a maruuTHbli MOMEHT pg. CHeTeMa HAaXOAHTCS BO BHEIIHEM MAaTHHTHOM
nojie B. BsanmoacHAcTBHeM MeX1y uacTHUaMH MOMKHO NpeHebpedb *).

MarsuTHBIT MOMEHT KaXJolt UAaCTHUBI MOXKeT ObITh HampabJeH JHGO 1O FOJTIO,
AH00 npoTHB noJs. OpHeHTAUHIO YaCTHIEL MOMKHO 3aJ3aTh KBAHTOBBIM YHC/JOM O; T4K,
4T0 0;~ -1, €C/IM  MATHHTHELH MOMEHT HanpapieH BBepX, H 0;=—1 B nporHBoNs-
JOXKHOM cayuae. UroBol onucathk HeKOTOPOe COCTOSIHMe Beell CHCTeMBI, HeoGX0IHMMO
YyKasaTh OpHeHTaLMIO Kama0ro u3 N iMoneHTOB. as 3T0ro Hy»KHO 3a7aTh 3HAYCHHS
NOC/I€10BATE/IbHOCTH  KBAHTOBBIX UHCEJ Oy, Oy, ..., Op. JTO MO3BOJUT HaM IPOHYMe-
poBaTe H 0003HAUHTL KAKHM-HHOYJL HHIEKCOM ¢ BCE BO3MOMHBIE COCTOSHHS TOJHOI
CHCTeMBI, UTO M CAeJMaHO B Tabl. 3.2 414 uwacTHoro caydyast N==4. Tloaueifi MarduTHBI
MOMEHT CHCTEMBI DABEH CYMME MAHHTHBIX MOMEHTOB OTHeIbHBIX CIHHOB. Tak Kak
MBI ripeHeOperaes B3anMOLeHCTBHEM MEXKAY COHHAMH, TO NOJIHas SHEPrHs £ CicTeMbi
PaBHA [pPOCTO CYMME 3HEPrIH OTAeTbHBIX CHHHOB.

Tadauuwa 3.2

r 0y (029 T3 Ty M E
1 + -+ + + tug — 4B
!
2 + + + — T —2u,B
3o L = 2 | —2uB
% -+ -— - -+ 21y, —2u,B
I - - 4+ 2u, —2u.B
| |
6 - + - — 0 0
7 - -— ~+ — 0 0
8 -+ — — - 0 0
S — —+ -+ — 0 0
10 — + — + 0 0
i1 — — |- -+ 0 0
: !
t
12 = — — — 21, 2p, 8
13 — + — - — 21 2u,B
14 — — ol 2 web
15 — — — | - —2p, 2n,B
16 —_ — — - —4u, 4du.B
K B4HTOBBIE COCTOAHHA HIeaJnhlofl CHCTeMbI H3
deTpipex COHHOB  1/2, nNoMeljenHLIX B MAarHHTHOE
node B. Kaxiomy crnnHy cOOTBeTCTBYeT MarHWTHBIH
MOMeHT . Kaaoe xBaHTOBOE cocTosinue Bcell chHcTe-
Mbl 0003H444€TCs HHIEKCOM 7, HJIH, 3KBUBAJIEHTHO, HO-
CAEJOBATEJILHOCTRIO YeTHIpEX 4Hced (04, Oy, O3, 04). aa
KPaTKOCTH MHl 0G03HayaeM 3HAKOM -f uHcao o= 41
[leaHbIE MATHUTHBIT MOMEHT (TOuHee, €ro COCTaBJISIO-
mas no noMdo B) ob6ozHauaercss uepe3 M, noauas
3HEpTHs cHCTeMbl—uepes E.

*)} 310 o3HaAYaeTF, UTO MOMKHO IHpeHeOpedb MATHUTHBIM NOJEM, KOTOpoe BCe oc-
TajbHble YACTHIBI CO3JAlOT B TOYKEe, '€ paclojoxkeHa AAHHAA YacTHna.
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INI, HactTvnas oAHOMEPHOM #114Ke. PaccMOTpUM 4acTHILY C mac-
coil m, ceoOGOAHO nepeMemAomyIocss B 01HOM HamnpasJjennst. IlycTh, nanpumep, 3ta
YACTHIIA HAXOAMTCSI B stilMKe AJHHOH L, TaK 4TO ee KoOpiuHaTa JEXKHT B npedenax
O=x<CL. BHYTpH fiHKa Ha 4acTHuy He AEHCTBYIOT HHKaKHe CHJIBL.

KpanToBOMeXaHHYyeCKoe ONHCAHWE NPHIIHCHIBAET YacTHUE HEeKOTOpble BOJHOHBbIE
cBoficra. Tak, ecan uacTMuLa HAXOUTCA B SAIIHKE H MOMET CBOOOJHO NEepeMemarncs
MeK1y CTeHKaMH SiMKa, TO 5TOH yacTHIe COOTBETCTBYeT BOAHOBas ¢yHKUHSA P,
iveowas Gopimy crosuell BOJIHBL. AMRAHTYIZA 3T0H BoJHB 00pamdercs B HVJAb 1a
rpaninax siMka {Tax kKax W HcuesaeT 3a npelelami simixa)*). Taxum obpasowm,
BOJIHOBas (YHKIHS JOMTIKHA HMETh BHJL

¢ (x)=A4 sin Kx (h)
(rie A u K — KOHCTAHTb) M VIOBJETBOPHTL I'PaHHYHLIM YCJAOBISIM
P {(0)=0 un ¢ (L}=0. (2)

OucsugHo, uto BhipaxkeHHe (1) ygosnaerBopsier ycaoshio W(0)=0. Utolur oHo vy o8-
JeTEOPSIO Takke d yeT1oBHIO Y(L)—0, koHctaHTy K cieiyeT BbIOpaTh TAKOH, uTOGHI

Kl.=an,
HIH
K=, (3)

T/e 7 MOXKeT IpHHEMATh JioOble Lesble 3HAUCHHA *¥):
n=1, 2, 3, 4, ... (4)

TTocrosunaa K B (1) urpaer podb 804H06020 yucaq, XapaKTepH3YIOILero 4acTHILY.
2ToMY  BOJIHOBOMY MHCAY COOTBCTCTBYET HJIHHA BOJIHBI A (TaK Ha3elBaeMas OeOpoiries-

CKQS OAUHA B0AHLL): .
21

K:*:,C'. (b)
Takum ofpazoM, (3) 3KBHBAJEHTHO pABEHCTBY
/)
L=n 5

KOTOpOE BbIPaXaer 3HaKoMOe yC10BHe 00Opa3oBaHHA CTOAYCH BOJHLL JITHHA siHKa
NO/TKHA ObiTh PaBHA ULCJOMY UYHCJAY NOJYyBOJH.

Hynysbpe vactinst p CBA3aH C IIHHOW BOJIHLI 3HAMEHHTbIM COOTHOLIEHHEM [e-
Bpoiias:

rie Ili:h/,?n, a h — nocrosinnas Ilnauka. DHeprusi yacTHs B JdUHOM cayuae paBHa

€¢ KHHeTHYeCKOH SHEPruH, TaK KdK NOTeHUHa bHAas SHepTrHd, CBA3anHag ¢ ,IKEJ'%CTBHQM
BIVTPeHHUX CHJ, OTCYTCTBYET. Bblpa}K@HHaH nepe3 HMIVABLC HIH CKOpPOCTh 4YaCTHUAL,

*) dusnyecKu?l CMbICA BOAHOBOH (YyHKUHMH 34KI0uaeTcss B TOM, uto [P(x)|2dx
NaeT BepoOATHOCTh TOTO, YTO YACTULA HAXOJWTCA B npejeiaX KOOpDAMHAT X ¥ x—+dx.

**) 3nauende n=0 He FOJMTCH, Tak Kak emy orseuaeT =0, T. e. oTCyTCTBHE
BO/HOBOA YHKIMH (4 3HAYHT, OTCYTCTBHE wacTHI B smuKe). OTpHiaTe/ibHbIe ne.able
3HaueHns 71 He BeLYT K MOABJICHHIO HOBBIX BOJHOBBIX (YVHKIHH, TAK K4K M3MeHeHHe
3HaKa 17, a 3HauMT, H 3Haka K, BbI3blBaeT JIHUIb H3MeHeHue 3Haka § B (1), Toraa Kak
BeposATHOCTL |W[2dx He uamensiercs. TakuM 06pa3oM, NOJOKHTEbHbIE ileJble 3HA-
YeHHsl 72 HCUEPIbIBAIOT BCe BO3IMOMKHBIE BOJHOBHIC (hyHKuMH BHIa {1). PusHueckH 3To

O3HAYAET, UTO B JAanHON 3ajaue MMeeT 3HAUeHHe TOJBKO aeAudind BK HMITYJIbCA Ya-
CTHIbl, TAK K3K B pe3y/bTaTeé MOCAeN0BATEJNbHBIX OTpax{eHHH YacTHILI OT CTEHOK
AMHKA UMIOYJABC HMeeT DaBHYIO BepOSTHOCTb ObITh NOJOXKHTETbHLIM HJIH OTpHYE-
TeJIbHbIM.

106



ee SHeprua £ pasna

1 1 p2  h2K2
E:—~nwz:~:-£~= {K . (7)
2 2 m 2m
BosmoxHbIM 3HauenusM (3) NocrosinHoil K OTBEYMOT CaeayiOliye 3HAYEHHS HepTIHH}
E h /= " 2F_.n2ﬁ2 n® (8)
T 2m \ L T om L%

Mpr mpHman Obl K AHAJOFHYHBLIM De3Y/abTaTaM, PACCMOTpeR 3Ty 3ajauy Go.Tee
CTPOro, HCX0Is H3 (yHIAaMeHTanbHOro ypasheunsi Llpéannrepa jaa BorHoBOU ¢yHK-
M P, J115 cBoGOAHON YaCTHUE B HALIeM OJHOMEepHOM SHKe 3TO y paBHeHHe HMeeT Bilg

2 92 v
om o0x2 . *
Boanopast ¢yuxmus (1) yaoBlerBopsieT 3TOMY ypaBHEHHIO H ofecreyHBAeT CBsidb
MEXKLY 3HeprHell M BeauunHoil K, onucbiBaemywo dopuydaoit (7). HeficteutesanHo,
yeaoshe (2), 3akJiodaromeecs B TOM, 4TO BOJHOBas (PYHKUHS HOJIXKHA HCYE3aTh Ha
rpanduax silkKa, OfATh {IPHBOIMT K (3), W Takum 00pa30M, K BHPAKEHKIO (8) 115
2HEPIHH,

Mrak, MBI BHAHMM, 49TO BCe BO3MOXKHBIE KBAHTOBBIE COCTOSHMS YACTHLUE! B SHIMKe
MOTYT ObITb 3aflaHbl YKasanues BO3MOXKHBLIX 3HaueHRH (4) KBantoporo uncaa #. CooT-
BeTCTBYIOLIHE 3THM BHAUEHHSNM 1 SHePrHH COCTOSIHUI {T. e. COOTBeTCTBYIOUIME YPOBHH
IHepTHH 4acThubl) AaHel Gopuyloil (8).

s (8) caexyer, uto paccrosinpe MemIy COCeIHHMH YPOBHSIMH SHEPTHH H4CTHIbI
OYeHb MANO, ecH LJHHA AHKA L uMeeT MakpocKonuueckuii pasmep. Haunmensiuee
U3 BO3MOXKHBIX 3HAUEHHH 3HeprHW YACTHILHI,

T. €. ee OCHOBHOE 3SHepreTHUYeCKOe COCTOSIHHE, Y
oTBeyaeT 3HauyeHHlo n=—1. 3amMeTuM, uTO 3TO
3HAYCHHE PHEPIHH OTJIHYHO OT Hyas *).

IV. HacrHua B TpexMepHOM
guld ke OfobuieHue paccMOTPEHHOH  Bhbille L/
3ajauy Ha cjyyali cBOOOJHOH YacTHUBI B DPO- Y
CTPAHCTBE TpeX H3MepeHHN He npeicTaBlIser A
sarpyjHenni, IlpeinonoxHM, uTo yacTHua Ha- 1‘,{{ s
XOJXHTCH B IUIHKe, HMeomeM GOpMy NPAMOYIOIb- Al
HOTO NapajJesenunesa Cco CTOPOHaMH Ly, L,

[ ]
i L, Taxknyv o6paszom, KOOpAMHATHE, Xapakre- ‘-’-x
PU3VIOIIHE MOJOXKEeHHe UACTHLBI, JexaT B npe- £
neaax Puc. 3.3, Slutux s dopme npsiMmoyrob-
HOT'O fdpaddaJjeNnernunesna co CTOpOH'dMH
O<x<<L,; Oa‘:ys;Ly; Oz L,. Amunoii Lz, LyuL,.

YacTuia HMeeT Macey m H, HAXOsCh B sUIHKe, He WCNBITBIBAeT JeliCTBHA CHJI.
B stom cayuae BoHOBas (QYHKIHS YACTHIBI TNpeACTaBAseT COG0H TpexitepHYIo

CTOSIUYIO BOJIHY!
Pp=A (sin Kx) (sin Kyy) (sin K,2), )

rae nocrosiuase Ky, Ky, K, Moxn0 cuntats Tpems KomnoHentavn sextopa K, koropoii
Ha3bIBACTCH GOAHO6HM “éemopos uvacTHibl. CoraacHo le-Bpoiinio cBsnsb Mexiy Hn-
NYJAbCOM 4YaCTHLbl H BOJTHOBBIM BEKTODOM HMeeT BHA

p="rK. (10)

*} Takoil BbIBOA HaXORZMTCs B COIVIACHH € NPHHUHIOM HeompeleseHHOCTH Iefisen-
6epra (Ax Ap>h), coracHO KOTOpOMY HacTulla, ROJNOKeHHe KOTOpol OrpaHHueHo
AuHelHbIM pasmepoM L (T. e. Ax—~L), HMeeT HeKOTOpOe MHHHMa/AbHOE BO3MOXKHOE
3HauYeHHe HMnyanca MopslKa p~HhiL. [ToaToMy MHHHEMaJbHOE BO3MOXHOE 3HayeHHe
SHEePrHH YACTHULI B SILHKE — 3T0 KHHETHUECKas SHeprus nopsiaka p2/2m=Hh3/2ml=.
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Taxun oOpasoM, BeaHYHHA p M BedHuHHa K (MW IAHHA BOJHBI) MO-TIIpEXHEMY
cus13aHbl opamysioil (6). SHeprds vacTHIBl Telepb paBHa

2 fizK?2 ﬁz
Q‘jn B e (K34 K5 4-KD. (1)

Jlerko mpoBepuThb, uTO GoOpMYyIa (9) JellCTBHTETbHO SIBASieTCST  pellleHHeM  He
3asiicsimiero OT BpemeHH Yypabxenust Hlpéaunrepa Ais ¢Bo0oiHON uaCTHULI B Tpex-

MepHOM Ccayu4ael
LA N W AT
T om \dx RTE oz )TV

DTo YpaBHeHIe 1aeT CBSI3b 3HEPTHH € BOJIHOBBIM BEKTCPOM, BRIpaXaemyto Gophynoit (11).
Fi3 Tore (axra, uro QyHKuMs Y AOTKNA HCUe3ATh HA TFPAHHIAX SIUHKA, BbiTe-
KawT cjIeayviowte rpanfuible veIoBHsA: P=0 Ha ILIOCKOCTHX

x=0, y=0, z=0, L

12
x=Ly, y=L,, z=L, | (12

Bripaxenue (9) a1s sonnoBod QyukuuH neflcrurennHo obpamaercs B O mpu x=0,
y=0, z==0. HT00bl OHO Hcuesano W npu x=L,, y=L,,, z=L,, nocrosuusic Ky, K, K,
JOJTAHBL YAOBJACTBOPATL CJAEIVIOUIRM VCIOBHSIM:

7 bt
Ky=—n Ky=-—n K,=+—n (13}
X X z 2%
L, y— Ly » L,
rie Kaxioe W3 4HCEN My, Ry, N, MOKET NPHHAMATH J000e U3 [IeJdblX MOJIOMHTeTbHLIX
3HAUEHHH:
Ny, Ny, n,=1, 2,3, 4, ... (14)

Takum o6pasoM, Kaxiloe jfaHHOC KBAHTOROE COCTOSHHE YacTHIbl MOMKET OBITh 3aaHO
yKa3asieM Hab0pa KBAHTOBLIX uuCes (7, M1y, ;). ITHM KBaHTOBBIM 4HCJIAaM OTBEYAET
onpejesIcHHAsE 3IHeprHs, paBHas, corjacHo (11) un (13),

i E:ﬂ'ﬁ"(n}} ﬂf . ’12> (15)

2m \L{ L, L3

V.Hgeanbuwit Taz u3 N gactuu B gmuke Ilyers cucrema,
cocTosiwast U3 N uacTil, NOMeleHa B fuIMK, DACCMOTPEHHBIH B NpeablIyileM HpH-
Mepe. JlonycTry, uTo B3aMMOZellCTBHEM MeX1y YaCTHUAMY MOXKHO rpexebpeub, Tak
4TO YaCTHLLI 0Opa3yioT nieajdbHbill I'as. B Takom ciaydae nojuas HeprHsi ra3a IpocTo
pABHA CyMMe SHepruil OT[edbHbIX YacTHI, T. e.

Ee=g +e-|... ey, (16)

rae €; O3HauaeT SHEPruio {-H uacTHupl. M3 paccmoTpeHHOro Bhile NpHMepa Caelyer,
4TO COCTOSTHHE KaXJ0H YacTRUB OnpejesisieTcsd 3daJaHHeM TpeX KBAHTOBBIX UHCed
(R 5, jy, N;p); TIPH 3TOM SHEPTHS YACTHUBI OTIPEAENsIETCs BHIPAKEHHEM, aHATOTHY HbIM
(15). Kamxaoe BO3MOXKHOE KBAHTOBOE COCTOSIHHE 8020 Td3d 8 YeaoM OyIeT ONpeiesieHo,
eca® Mbl ykaxeMm 3N KBAHTOBBIX uwHCEA

{ixs Rags Magy Magy Moy, Mgy oois Mg NNy, AN}

CoOTBETCTBYIONIAST 3TOMY COCTOSIHHIO Fa3a Heprus cieayer 3 cymmbi (16), rie kam-
Joe charaemoe uneer Buj (15).

Paccmorpentble Bbllle npUMepsl THOHYHB! [JII KBAHTOBOMEXAaHHUe-
CKOTO ONHCAHHA, H MLl NPHBEJU HX AJA8 HJJMIOCTPAHUH OOLIHUX 3ane-
YaHH#, cIeJaHHBIX B Hadaje rJasbl. Mol MOXeM CJefyIoniHM 00paszoM
NO/IBECTH KTOr CKa3aHHOMY. KaXkloe BO3MOXKHOe KBAHTOBOE COCTOSIHHE
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CHCTeMBI ONpesensieTcsl 3ajaHHeM | KBaHTOBBIX uucetd. Hucno [ Hasw-
Baercst YHCJOM cmeneHel ¢60600b. cHCTeMbl U GHO PABHO UYHCJAY Hesa-
BICHMbIX KOODAHHAT (BKJIOYAs] CIIHHOBbIE KOOPAHHATHI), HEOOXOAHMBIX
Ads omHcaHus cHerembl *), JlioGoe M3 BO3MOMHBIX KBAHTOBBLIX COCTOSI-
HIH cHCTeMbl MOXeT ObITh YKAa3aHO 3aJaHHeM COOTBETCTBVIOIHMX KBaH-
TOBBLIX 4Yucesa. JIjig NpocTOTH KaXK10e TaKoe COCTOsHHE MOXHO 0003Ha-
UlTb OJHHM HHIEKCOM r H, TAKHM 00pa3oM, BCe BO3MOXHLIE KBAHTOBbIE
COCTOsIHHS MOTYT ObITh NepeunceHbl B ollpeAedeHHOM nopsike r=1,
2, 3, 4, ... Ham Bonpoc o HauboJ/ee NOJHOM KBAHTOBOMEXAHHUECK MM

OINICAapHH CHCTEMBI HAMEeT C.ne,ay}oumﬁ OTBET.

MHKpOCKONHUECKOE COCTOAHME CHCTEMBL oOrpene-
JISETCS VKasaHHeM KBaHTOBOI'O COCTOSIHHS 1, B KOTO-
pPOM HAXOJIUTCSl CHCTEMaA.

[

[Toanoe M TOYHOE OIHCAHHE IIOBEAEHHst H3OJHPOBAHHOH CHCTEMBI
JIOJZKHO VUYHUTHIBAThL 6Ce B3AWMOZEHCTBHSI MEMKIy YaCTHUAMH M J1aBath
B KaueCcTBe pe3yJ/brara TOYHOE KBAHTOBOE COCTOSIHHMe cHCTeMbl. Eciau
CHCTENMA HAXOMUTCS B KAKOM-TO H3 TAaKHX COCTOSTHHil, OHAa OCTaHeTCH
B HeM HaBcerja. B HefcTBUTE/IbHOCTH HE CYIIECTBYET TaKHUX NOJHOCThIO
H30.JMPOBAHHBIX CHCTEM, KOTOpblE He B3aWMOZEHCTBOBA/IH OBl CO CBOHM
oKp vikeHuem. Jlasiee, HeT HH BO3MOXKHOCTH, HH CMBIC/A PacCMaTpHBaTh
3ajadqy C TakKol TOYHOCTBIO, 4TOOHI NPHHHMATHL BO BHUMaHHe BCE BO3-
MOY{HbIE B3aUMOJEIICTBHS MeXAYy YacTHHAaMH, He3aBHCHMO OT UX OTHO-
CHTE.IpHOTO 3HaueHusd. [103ToMy KBaHTOBBbIC COCTOSIHHS, NMPAKTHYECKH
nplMeHsieMble IJIs1 ONHCAHHS CHCTEMBI, ABJSIOTCA npubAUicerHbLMU
KBAHTOBLIMH COCTOSIHHAIMH, OIPENEJEHHBIMH C Y4eTOM BCeX BaMKHbIX
JHHAMHUECKHX CBOHCTB YACTHL, HO B MpeHedpexeHUH HeKOTOPBIMH
MeHee BAXKHBIMH OCTATOYHLIMH B3auMojeiicTBuAMH. CHcTema, mepBOHa-
ya//bHO HAXOAMBLUIAACH B OAHOM M3 CBOUX NPHOJIHMKEHHBIX KBAHTOBHIX
COCTOSIHHH, He ocTaHeTcsl B HeM HaBcerAa. [leficTBHTENbHO, C TedeHHeM
BpeMeHH TOJ BJHSHUEM MaJblX OCTaTOYHBIX B3aUMOAEHCTBHI CHCTeMma
nepeiiieT B Jpyrde KBaHTOBbie COCTOSIHMA (33 HCKJAIOYEHHEM Tex, B
KOTOpple OHA HE MOMKeT IepeiTH Oe3 HapyUIeHHA H3BeCTHBIX OrpaHHu-
yeHH#l, HaJaraeMplX 3aKOHAMH MEXaHUKH).

AToM BojOpOAa fIBJSETCS XOPOINO W3BECTHbLIM NPHMEPOM, HAMIOCT-
PHPYIOLIMM 5TH paccyx/eHHs. KBaHTOBEIE COCTOAHMA, HCIOJb3yeMble
15 OITHCAHHS! aTOMa BOJAOPOAA, MOJyuYeHb NPH PAcCMOTPEHUH OHOrd
JHWb KYJOHOBCKOTO NPHTSIKEHHSI MeXJIy SAPOM H  3JEKTPOHOM.
OcraTouHble B3aHMOJAEHCTBUSA aTOMA C OKP YzKAIOULUM €ro 3JIeKTPOMArHuT-
HBIM [I0JIEM BBI3BIBAIOT MEPEXOAbI MeXKAY THUMH COCTOSHHUAMH. Pesy.ib-
TATOM 9THX I[I€peXOoNoB SABJAAETCA HCNYCKaHWe H/AH IOTJIOEHHE

*) Hanpumep, B cayyae N uacTdy, He oO/ajarOulMX COHHOM, YHCJIO CTeleHel
ceoboyn pasho f=3N.
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3JIEKTPOMArHUTHOTO H3/yUYeHHs, B Pe3yJbTaTe 4Yero BO3HHKAIOT Pe3KHe
CIIeKTpaJbHbIE JUHUM,

IlpumepoMm, uMelOIHM juisi HAc OOJibllee 3HaueHMe, FBJSAETCS H30-
JHUPOBaHHAsa WJeaJbHas CHCTEMa CIHHOB HJH H30JHPOBAaHHLIA Hlea.b-
Hbli ras. Ec/iu B TakoH cHCTeMe YacTHIBl COBCEM He B3aHMOIEHCTBVIOT
IAPYT C JAPYTOM, TO KBaHTOBble COCTOSIHMSA, ONpele/eHHbie B MPHMepax
3TOrO pasjiend, SBJSKOTCH TOUHLIMH KBAHTOBBIMH COCTOAHHSMHI H HH-
KaKHX TepexonoB He podcxoiuT. ONHaKO Takasd CHTYallHs He COor-
BeTCTBYeT JeHCTBUTENLHOCTH. CieAyeT HMeTh B BHAY, YTO NaXKe B Hie-
aJIbHOH CHCTEME CIIMHOB HJIH B M/l€aJIbHOM ra3e B3aHMOAEHCTBHE MEXKTy
YACTHILAMHA 7104M1L OTCYTCTBYET, HO HE OTCYTCTBVET NOJHOCTLIO. B cu-
cTeMe CIIHHOB 3TH HeQOJbllxe B3aHMOIAEHCTBHS CVIIECTBYIOT GJaronapsi
TOMY, 9TO KakAblil MArHHTHBIH MOMEHT CO3JaeT KaKoe-TO MarHITHOe
noqe, NeHCTBYIOLlee Ha COCeJHHE MarHUTHBIE MOMEHTHL. AHas0rHYlo
H B l'asde CyLeCTBYIOT He0OJblUMe B3aHMOJEHCTBUS MEMY YacTHIIaMH,
NPOABJSIONHECS. B TeX CJAyuasix, KOTZa JABe 4acTHubi NPHXOAAT B J0-
CTATOUHO OJIH3KOE COMPUKOCHOBEHHE (MH HA3hiBAEM 3TO CTOJIKHOBE-
nueM). Ec/iu nIpuHATL BO BHUMaHHe 3TH B3aUMO/IEHCTBHSI, TO KBAHTOBLIE
COCTOSIHUA, onpefeneHuble B npunepax [ u V, okaxyres npubauken-
HBIMH KBaHTOBLIMH COCTOAHHMAMH. B3aHMOZEHCTBHA BBISOBYT IEpPeXo.1b!
MeXAY ITHMH COCTOSIHHSAMH (4acTOTa 3THX nepexonoB OyleT TeM MeHble,
yem cJjabee BesquunHa B3aumonedcTBHi). PaccmoTpuMm, Hanpumep, cH-
CTEMY, COCTOSILLYIO M3 YeThIPeX CIIHHOB. Ee KBaHTOBLIE YHC/a MPUBEIeib
B Tabn. 3.2. JlonycTuM, 4TO Ta CHCTeMa BHauaje HaxojaMJachb B CO-
cToAHHH (+—---+). CymecrtByeT KoHe4Hasi, He HCYe3dOWe Majaas,
BePOSITHOCTL TOTO, UTO B [e3yJbTare B3aUMOASHCTBHS Me:KAy CIHHAMU
yepe3 HEKOTOPOe BpeMs CHCTEMA OKAXKETCA B KaKoM-TO JPYLOM CO-
CTOSIHHM, Hanpumep, (---——-1), B KOTOpPOe OHA MOXerT nepeiiTH Gez
HAPYIICHHUST 32KOHOB COXPAHEHHS 3SHEPTHH.

Mbi paccMarpuBa/iy COCTOSIHUA CHCTEMBI, MCXOAA M3 KBAHTOBOMEXA-
HHYECKHX HaeM. [leficTBUTE/bHO, ATOMBl M MOJIEKY/BI, COCTABJSIOULHE
J106YI0 CHCTEMY, ONHCHLIBAIOTCS 3aKOHAMH KBAHTOBOH MeXaHUKH. B He-
KOTOPBIX YCJAOBHAX J0CTATOYHO XOPOIUHM INPHOJHKEHHENM MOXeT OKa-
3aTbCs ONHCaHHe CUCTeMb! B paMKax KjaaccHueckolt mMexannku. [Ipume-
HUMOCTb TaKOTO NPHOMHKEHHA paccMaTpHBaeTcss B raase 0.

3.2. CraTCTHUYECKK aHCcaMOJb

EcJin 661 MBI TOUHO 3HaJAH MUKPOCKOITHUYECKOE COCTOSAHHE, B KOTOPOM
cyicTeMa 4acTHU, HAXOAWTCsi B JAAHHBIF MOMEHT BPeMeHH, TO B MPHHIHIlE
MOXHO OblLio 6Bl, IPUMEHHB 33aKOHbl MeXaHHKH, BLIUMCJHTbL BCE BO3-
MOXKHble CBOHCTBA Hallei CHCTeMbl B /MOOOH MOCAEAYIOIHMA MOMEHT
BpeMeHH. B IefCTBHUTE/NIbHOCTH Mbl He pacroJiaraeM TOUHBLIM 3HAHHEM
MHKPOCKOIIMYECKOTO COCTOSIHHS MAKPOCKOMUUECKOH CHCTeMBI M HAc
Jiake He HHTepecyeT CTOJb AeTajbHOe OnHucanue ee ¢Bodcts. [losromy
MBI HiepefiieM K pacCMOTPEHHIO CBOHCTB CHCTEM C TOUKH 3PEHMS MOHATHS
O BepOATHOCTH. BMeCTO elMHCTBEHHOH HHTepecyiolled Hac MaKpPOCKo-
NMHYECKOH CHCTEMBI MBI COCPEJIOTOYHM BHHUMAHHE Ha aHCambJie, COCTOSIIIEM
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¥3 oueHb OOJbIIOTO YHCAA CHCTEM, YIOBJAETBOPSIOUIUX TeM Xe YCJo-
_BHSIM, KOTOPbIM, KaK Mbl 3HaeM, yJ0BJeTBopser Hawa cucrema. C 1no-
MOIILbIO TaKOro aHcaMmOisi Mbl CMOXKeM BBICKA3aTb pas/jHUHbe BEpPOSAT-
HOCTHBIE YTBEPIKIAEHHA OTHOCHTE/NbHO Halluell CHCTEMBI,

[lonHoe MaKpOCKONHYECKOe ONHCAHHE CHCTeMBI M3 MHOTHX YaCTHIIL
onpelensieT TaK Ha3blBAEMOe MaKPOCKONMUMECKO? COCIOAHUE WIH MAKPO-
cocmodanue CHCTeMbl. Takoe onHcaHHe 3aKJAUaercs B yKa3aHHHM Bedu-
YHH, KOTOPble MOXKHO ONpelesuTh € NOMOILILID MAKPOCKONMHYECKHX
usvepernnit. [losToMy MakpocKonmueckoe ONHCAHHE COAEPKHT JIHlIb
BeCcbMa OTPAaHHYEHHYIO HHQOPMALHIO OTHOCHTEAILHO YacTHI, 00pa3ylo-
X cHereMy. PaccMOTpHM NpHMepBl MaKpOCKOITHYECKOIO ONUCAHHA.

1. Hugopmayus o sHewrnux napamempax cucmemol. CyllecTByior
HEKOTOpble MaKpOCKONHYEeCKH H3MepHMble IAPAMETPLl CHETEMBI, KO-
TOpLIe BJAHAIOT HA JBHXKeHHe BXOIAIIHUX B ee COCTAB YaCTHL. JTH Napa-
MeTphl Ha3bIBANOTCS GHeWwRUMU  napamempamy cucrembl. Hanpuwmep,
cHcTenMa MOKeT OblTb [OMEleHa BO BHelliHee MarHHUTHOe moJe B wim
ssekTpidyeckoe noje §. Tak xak cyllecTBOBaHHe 3THX NoOJeH BJHSET
Ha IBUKEHHE YaCTHIL CUCTeMBbl, TO B u § ABAAIOTCA BHEIUHHMH napa-
MeTpanii. B kadecTBe Apyroro npunepa paccMOTPUM ras, 3aK/TOYeHHbIHA
B UK pasvepamu L, L,, L,. DTH BeJUUHHBl TAKKe SIBJSIOTCS BHELl-
HUMH MapameTpaMH rasa.

Tak Kak BHeNIHHEe fapameTphbl BJAMAIOT HA JBUXKEHHE YacTHL CH-
CTEMbl, OHH JOJDKHBI BJAHATHL HA YPOBHH 3HeprHH 3TUX uactuil. [lostomy
OOBIYHO 3HEPTHST KamI0ro KBAHTOBOI'O COCTOSHHS CHCTeMbl 3aBHUCHT OT
ee BHeIIHHX napamerpoB. Hanpiuwmep, B c/ydae CHCTEMB CIHHOB H3
Tabsa. 3.1 cjaeayer, 4TO 3HEPrUHd KBAHTOBLIX COCTOSHHH 3aBHCAT OT
BeJTHUHHbLl MarHuTHOroO mnods B. Anajornuno, B calydae 4acTHil, Ha-
XOASIIIHXCA B SIUHKE, H3 BbipaxkeHusl (15) HenocpeacTBeHilo cJeayer,
yro JN1000€ KBAHTOBOE COCTOSTHHE OllpelesieTC KBAHTOBBIMH UMCJaMH
{71x, 1y, N} M SHEPTHS ITOTO COCTOAHUS 3ABUCHT OT PasMepos L., L, L,
SLHKA.

Takum oOpasom, AJasi OnpeleseHds] BO3MOXKKHBIX 3HAUeHUil 3Hepruu
KBAHTOBLIX COCTOSHHH CHCTEMBl HYXKHO 3HATh €€ BHeILHHe MapaMeTphl.

1I. Hrugopmayus o Hawarenom cocmosinuu cucmemor. BBULY Hajguuud
3aKOHOB COXPAHEHHsI MEeXaHHKH HayaJbHble YCJIOBHS, CYILECTBVIOIHE
B CHCTeMe, HAKJaAbIBAXOT ONpeleseHHble OrPAHHYEHHS HA TIoC/eayiomiee
ABHZKEHHE YaCTHIL CHCTeMbl. IIpennosioxum, Hanpumep, 4To Mbl HMeeM
Je/10 C H30/HMPOBAHHOH CHCTEMOH, KOTOpas He B3aUMO/IEHCTBYET HHU
C KakHMH JApYrUMH cucteMaMd. Torza 3akoHbl MeXaHHKH TpeGyIoT,
utoOBl MOJIHAS HEPrus TaKOH CHCTeMbl (T. €. MOJHAaA KHHeTHYecKast
# NOTeHIIMaJ/lpHAsl SHEPrHs BCeX YACTHH CHCTeMbl) OCTaBaJlach MOCTOSH-
HO#. JIpyriuM BO3MOKHLIM CJydaeM BJISIeTCS CHCTeMa, NMPUTOTOBJIeHHAA
TaKuM 00pa30M, UTO ee [10/IHAsl SHepTHS ONpeleeHa NHilb C HEKOTOPOH
KOHEYHO# TOYHOCThIO. DTO 3HAYUT, UTO MOJIHAS SHEPTHS CHCTEMBI JIEKUT
B HEKOTOPOM He0OJIbLIOM HHTEpBaJje 3HAUeHHi, 3aK/JIOUeHHOM MeXay E
u E--8E. B 3toM ciyuae 3aKOH COXpaHeHHs SHepTHH tpefyer, uTOGHl
IOJIHASI 3HEPrUs CHCTeMbl gcezda OCTaBajach B TOM HHTepBaje 3Ha-
YeHHui.
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CnencTBHeM YyKalaHHOTO oOrpaHudends Oyjger TO, UTO CHCTeMy
BCErJa MOMKHO ODHAPYXKHUTb TOJLKO B KBAHTOBBLIX COCTOSIHUSIX, IHEPTHs
KOTOPLIX JEKHT B UHTepBane oT E no E--O0E *). .

Mge1 GyjieM Ha3blBaTh QOCMYNHbIMU COCMOAKUAMNL CHCTEMB! Te KBaH-
TOBLIE COCTOSHHA, B KOTOPLIX OHAa MOXeT npefuiBath 0e3 HapyuleHusd
3aJlaHHBIX VCJAoBHH ee cyniecTBoBaHus. CraTdcTuuecKHid aHcamoO.lb,
CO3JJaHHBI B COOTBETCTBHH C 3THMH YCJAOBHAMH, COCTOHT, TaKHM 0O-
pAa3oM, M3 CHCTEM, HaXOJSIIUXCA B JOCTYNHBIX COCTOSIHUAX. Kak ObLio
CKazaHo Bbillle, ONpeJeTeHHe MaKpPOCKOMHUECKOTO COCTOSIHMSL CHCTEMHI,
cocrosiiiel #3 OOJBLIOTO 4YHCJIa YacTHL, COLep’KHT B cele Beckp\a
orpaHiYeHHYIO uHpopMaUuIo O cHcTeMme. EcC/au cHCTeMa HaxoalTcs B
KaKOM-TO 3aJaHHOM MAKPOCOCMOAARUU, TO ODBIYHO HHUCJAO JOCTYIHGLIX
MaKpOCOCTOSIHHE OYEHb BeJIHKO (TaK KaK BeJHKO YUCJIO YacTHIlL B CH-
creme}. Hanpumep, B c/ayyae CHCTeMBl, O KOTOPOH HaM M3BECTHO, YTO
ee 3HepPTHs Jexur B npeneaax or £ no £+-0L, cucreme 6y1yT AOCTY THbI
BCE KBAHTOBbLIE COCTOSHHSA, SHEPTHUA KOTOPhIX JEKHUT B 3THX npeleax.

[TpyHUMNNA/IbHD UPOILE HAYATh C PACCMOTPCHUA  U30AUPOBGHHOL
CHCTEMBl, KOTOpasi He OOMeHHBAercs 3Hepruell Hu € Kaxkoil ApVvrofi
cucTeMoit **), )

[TpeanonoxuM, 4TO0 MaKpPOCKONHUYECKOE COCTOSIHHE TAKOH H30.1HDO-
BAHHOH CHCTeMBbl 32J1aHO TeM, 4TO HAM H3BECTHbl 3HaUeHHs BHCUIL.(X
mapaMeTpoB U Y3KOrO HHTepBaJjda 3HEPrUHM CHCTeMBbl. DTa HMHDOpPMAalils
orpeesisieT 3HeprHH pas3/JMYHLIX KBAHTOBLIX COCTOSIHHUIT CHCTEMHbL.

Insi WAMIOCTpanuy CAEAAHHBIX 3aMEUAHHH Mbl PacCMOTPHM HEKO-
TOpble OPOCTBIE CUCTEMbl, COCTOAIME H3 HeDOIbIIOro uYMcaa YacTull.

Mpusmep 1. PaccmoTpum cuctemy w3 geThlpeX dacTun, 006AafdlouX T0J0-
BHHHBIMH CIMHHAMH (MATHHTHBIT MOMEHT 4YacTHIIBL paBeH W,). YacTHubl THOMelieHbl B
MaruuTHoe mote B. B 1aGi. 3.2 nepedkc/enbl BO3MOMHbIE KBAHTOBBIE COCTOS HUS 5TOI
cHcrembl. Terephk AoIYCTHM, UTO CHCTEMA H3OINRPOBAHA ¥ HAM M3BECTHO, 9TO ee I10JHA
SHePTHsl paBHa — 2u,8. B 3TOM cCiyuyae CHCTema MOXKET HaxOIUTLCH B JO00M 43
CAeIVIONHX YeThlpex OCTYIIHBIX COCTOSIHMIL:

(h+ =) (=), (F—++), (= +++).

ITpuwsmep II. Paccnorpum cucremy A®, KoTopas CoCTOMT K3 ABYX TMOACHCTEM,
A n A’. DT nojacHCTeMBl MOTYT B HeOOJIbUION CTENeHH B3aHMoAeHCTBoBAaTb H OGMSHH-
BaThcs sHepruedl. Cucrema A COCTOHT U3 TpeX chHHOB 1/2, KOTOPLIM COOTBETCTBYIOT
MarHUTHLIE MOMEHTHI fty. Cuctema A’ ofpasoBaHa JIBYM# UACTHUEMH CO crigHamu /2
I MArHHTHBIMH MOMeHTaMu 2pL,. Besa cuctema A¥ Haxomutes B MarHUTHOM node B.
OGoznauum yepe3 M NOAHBIE MaTHHTHBI MOMEHT CHCTenbl A B HanpapAeHnu noas B,
a yepes M’—rty Xe BestHuHHy 15 cucTembl A’ . BaaumoseiictBue MexX Ay crivHamu 6y iieM

*) B HexkoTOPBIX C/y4asX Mbl MOJKEM BCTPETHTbCSI C JIp YTUMH OTpEHHUEHHSIMH,
HanpUMep, C cOXpaHenueM MOJNHOTO KOJHueCTBA JABHKeRHS cucTeMbl. OOLIMHO Takoe
orpaHuueHue He IpeicTaB/sieT HHTepeca [0 cjaelylowuMm npuudHaM. B OoabmuHcTBRE
JaGOpATOPHBIX OINMBITOB MBI MOMKEM CUHTAaTh, 9T0 CHCTEMA HAXOJUTCA B HEKOTOPOM CO-
CYJ€, WeCTKO CBAZAHHBIM C NOJIOM JabopaTopuu, a CAeroBaTesibBo, ¢ GoJbIIoft Maccol
3emiH. Jlioboe CTOIKHOBEHHE YACTHIL CHCTEMBI C COCYIOM IPHBOAUT K NpeHeCpPerknno
MaJOMy H3MEeHeHHIO CKOPOCTH 3eMmJH, TaK Kax NOCJHeRHSAA MOKeT MOrJAOTHTb JI060e
KOJHUECTBO JBWKEHHS CHCTEMBI, TPUOGpeTst NPH 3TOM MpeHedpeiKHMO MaJyio SHePruio
(nosoKeHHe AHAJTOFHYHO yAApy Msua o 3emuno).

*#) Kaxayio HeH302MPOBAHHYK CHCTEMY MOMXKHO CuMTaTb 4acTblo GoJblued, H30-
AUDOBAHHOH CHCTEMBbL.
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cyuTath npenelpexunto Magbil. Ilpu ToM mosHast sueprus scell cucteust A* pasha
E¥=—(M-+ M')B.

Cuctenta A* coCTOHT U3 NATH cniHOB H o0majgaeT moyroMy 23=232 BO3MOKHbLIMN
KBAHTOBBIMH COCTOSHMSMH, KayJoe H3 KOTOpPbIX MOXKeT OpiTh OO03HAyelo IsITHIO
KBaHTOBBIMH 4HC.1aMH. TpH Takux 4Hcj4, Of, O, H Og, YKA3HBAIOT OPHEHTALHID Tpex

’ ’

MArHHTHBIX MOMEHTOB CHCTeMut A M fBa KBaHUTOBLIX 4HC/4,0yH Og,— OpPHEHTALIIO
MATHUTHBIX MOMeHTOB cucTeMul A’. IlpennososmM, ¥TO TOJHASl 3Leprust H20HIpo-
BaHHo{l cucTenpt A* paBHa —31,B. B 3toal cayuyae cucrema A* Moier HaXGAHTHCS
JULIL B JHOOGON U3 IATH JOCTYNIBIX COCTOSIHHIL, nepeuncaednslx B Tala. 3.3. Totbxo
3TH COCTOSHHST COBMECTHMBbI € VKA3AHHBIM 3HauyeHiHeM TOJHOH 3SHepreH CHCTEeMS.

Taoawmna 3.3

r T 0, Ty 0’; U,; M i
i+ + | -+ -+ — | 3 g
21+ + + — =+ 31 0
3 | + - . -+ -+ Hy 4 0y
41— + | — + o e |4
3| — - -+ -+ —+ — i 41

B ratauue nepeuncaenst 1 000311aUEHB HEICKC M
r Bce €OCTOSIHHA, JocTynHbie A%, Koraa ee noJgHas
3Heprust B \aruutHom noge B paBna —3 u,B. Cue-
teda A* cocrour U3 nodcucTembl A © TpeMs COHHAMH
1/2, Kamapll M3 KOTODBIX HMeel MAFHMTHBIR MOMEHT
Wo, # mopcHereMul A' ¢ nvaa cannavu /2, npugen
MarHHTHBHA MOMEHT KaykJoro CIHHA paBeH 2 Hg.

Tenepb Mbl MOXKeM TOYHO CHOPMYJHPOBATH, A4S 4Ero BBOAHTCA
CTATHCTHUECKOE ONMHUCAHHE MAKPOCKONHYeCKHX cHeTeM. Mui 3Haem, 4TO
£ CTAaTUCTHYECKOM aHCanMOse TaKuX CHCTeM Kaxias cUCTeMa HaxOoAMTCs
B OJHOM M3 AOCTYNHBIX KBAHTOBRIX COCTOSHHH. Mbl xoreau Obl HMETH
BO3MOKHOCTDb 1PEICKA3aTh BepPOATHOCTb OOHAPYIKHUTL CHCTEMY B JICHOM
M3 ITHX JOCTYMHBIX COCTOAHHI. B YacTHOCTH, Dpa3AHYHBIE MAKPOCKO-
MHYECKHe TapaMeTpbl CHCTEeMBI (HaAlPUMEp, €€ MOJHBIA  MArHHTHLIH
MOMEHT WJIH JaBJIeHKe, N0/l KOTOPBIM OHA HaXOAWUTCHA) HMEIOT 3HadeHws,
KOTOphIE 3aBHCAT OT TOrO, B KaKOM KBAaHTOBOM COCTOSIHMH HaXGIHTCS
cucrema. 3Hasl BePOATHOCTb HAXOXKIACHHA CHCTeMbl B J/000OM U3 G-
CTYIHBIX KBAHTOBBIX COCTOAHHH, Mbl MOTVIH Obl OTBETUThL Ha CJje1yiollne
BOIIPOCHI, NPEACTABAAIOIINE OOJBLIOK (H3HUeCKHIT HHTepec: KaKosa
BEPOSITHOCTL TOTO, YTO JAHHLIA [APAMETP CHCTeMbl HMEeT 3aladHoe
snaueHne? KakoBO cpenHee 3Ha4yeHHe 3TOro napamerpa? Kakoso
CTaHfapTHOE OTKJIOHEHWEe OT 3TOr0 CPeAHero?

3.3. CTaTUCTHYECKHE MOCTYJATHI

UToOEl UMeTb BO3MOXKHOCTb CJAeJaTh HEKOTOphie TeopeTHUeCKHE
NpeiCcKa3aHHsi OTHOCHTEJIbHO pAa3/jHUHLIX BepOSTHOCTEH U CPEAHHX
3HaueHUH, HaM CJielyeT BBECTH HEKOTOPhle CTATHCTHUECKHE MOCTY/IaThl.
PaccmoTpuM npocToil Caydall u30auposarHol CUCTEMBI (€ 3alaHHBIMH
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BHEIUHUMH [apaMeTrpamu), HePrHs KOTOPOH JIEXHT B 32JJaHHOM He-
GosbiioM uuTepBasie 3Hauenu#t or E jo E--8E. Kark yka3sbBajioch,
TaKasi CHCTEMa MOXKET HaXOAHTbCS B OJHOM H3 GONBIMOro 4uc/ia J0-
CTYMHBLIX COCTOAHUA. PaccMoTpuM CTaTHCTHUeCKH# aHcamOJb TaKHX
cHCTeM M [onpodyeM BBISICHHTb, YTO MOMKHO CKa3aTh OTHOCHTE/ILHO
8ePOAMHOCTI HAXOXKAEGHHS CHCTEMbl B J000M H3 TaxHX JOCTYITHBIX
COCTOSHUH?

Jlss1 pelienus aTolt npofJeMbl Mbl UCNOJb3YeM MPOCThle (pU3HYecKHe
coobparkenns, nogobHble TeM, KOTOophle OblIH paccmorpensl B m. 1.1
H 1.2. Mol HMeu Tam Jes0 ¢ HeattbHBIM Ta30M H paccyrkJatH o ToMm,
Kax MOJEKYJbl, HaXONsiLHeCs! B siiiKe, pacrnpereseHbl N0 BO3MOKHBIM
NOJOKEHHAM B NpocTpancTBe. AHAJOrHYHO, HaUIM Oojee abCTpaKTHbIE
paccyiKIeHHsl KacaioTcsl Ternepb BONpPOCa O pacripefiesieHdn CHCTeM
ancam0,1s1 10 NX BO3MOXKHBIM COCTOSTHHSIM. DTH PacCy»KAEHHS NMPHBELVT
K GopMyJIHPpoBKe OOLIMX [MOCTYJaTOB, ABAAIOLNXCS OCHOBOW CTaTH-
CTHYE€CKOH TeOpHH.

Haunem ¢ npocrof cUTyallli, Korjaa H3BeCTHO, YTO paccMarpu-
Baeyas CHCTeMa B HEKOTOpbI MOMEHT BpeMeHH HMeeT paBHYIO BepOAT-
HOCTb HaxOAUTBCH B JIOOGOM M3 JOCTYNHBIX el COCTOsHMUA. Jlpyrumu
CJIOBAMH, CHCTeMbl CTATHCTHUYECKOro aHcamO0Jigd B HEKOTOPBIH MOMEHT
BpPeMEHH paBHOMEPHO pacnpe/lesieHbl MO JAOCTYHHBIM cocTosiHuAM. YTo
OyleT TPOHUCXOIUTH C HHMH II0 HCTEYEHHH HEKOTOPOTO BpPeMeHH?
Cucrema, pasymeercss, He OyleT BCerja HaXOXHTbCA B JAHHOM CO-
CTOSTHHH.

B koHue n. 3.1 Mbi BBISICHHJIH, 4TO OHA OYJeT coBepliaTh Mepexo/ibl
MEXAY PasiluEbMH JAOCTYNHBIMH COCTOSIHHSIMH. TaxkuMm obpasom,
MB!I HMeeM Ae/0 C AMHaMHYeCcKHM npoueccoM. Ho B 3akoHax MeXaHHKH
HeT HHUYero, 4Yro jaBago Obl NPEHMYLIECTBO JOOOMY M3 AOCTYITHbLIX
coctosinuil nepen ApyruMu. Takum obpazom, paccMmarpusas ancamO.b
CHUCTEM BO BpPEMEHM, Mbl HE MOXKEeM OXHJaThb, YTOOLl HHCJO0 CHCTEM
B JAHHON TMOArpyImne JOCTYMHBIX COCTOSTHHH YMEHBIUWJIOCh, a B APYroH
noirpynne ysenuuusgoch Obt *). JleHCTBUTEJBHO, 3aKOHbl MeXaHUKH
[103BOJIAIIOT JaTh HCYepNBIBAIOllee [0Ka3aTeJbCTBO TOrO, UYTO €C/H
CHCTEMbl H30JUPOBAHHOTO aHcamOJssl cHayajga Obld PaBHOMEPHO pac-
npeleneHs [10 BCeM JOCTYIHBIM COCTOAHHSAM, TO OHHM BRcerjga OyayT
DAaBHOMEDHO pacHpeses]eHbl O 3THUM coctofiHHAM **). PaBHOMepHOe
pacnpegeneHue OCTaeTcst, TakKHM O0pasoM, HeHM3MEHHBbIM BO BpeMEHH.

*y Itor soBos AsAseTcn obobweHueM cKasanoro B n. 1.1 o6 ujpeadbHoOM rase.
Ecan mosekyJibl raza CcHA4ajga pPAaBHOMEPHO pacipefeieHybl [0 ofbeMy SUIUKA, TO
HeJAb3s OXHUAATL, YTO C TeUeHHeM BDPEMEHH OHM CAMOMPOU3BOILHO OKAXKYTCS B YaCTH
3Toro sinKa. Hubivu ciioBamu, B 3¢KOHAX MeXaHHKH HET HUYEro, 4To Aajio Gwl Mpeumy-
1LeCTBO OJHOM 4YacTH HUIRKA Tepel Apyroil.

#%) DTOT Pe3yaAbTAT siBJAseTCA CAeACTBMeM TaK Ha3wpiBaeMoil «reopembl JIMyEH.-
asi», Ee paccMmoTpenne TpeOGyeT 3HAHMS AHA/JAMTHUECKOH MeXaHHKHM H ocraercs [MO-
3TOMY 3a npelenaMu Hameil kruTH. (UuTaTeab MoXeT o6paTUTLCS, HANDHMEp, K KHH-
re Jlaumay W Jlubwmy «CtaTucTuyeckas ¢usuka», «Hayka», 2-e wuan., 1964,
crp. 22, nau logncreitn «Kiaccuueckas mexauukas, [octexuspar, 1957, crp. 289.
— [Ipum. peo.).
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[1puwnep. Urobe paccmorpers oueHb MpocToli caydali, sepHEMCA K mpuaepy |
13 1. 3.2. Tam MBl UMeJH €0 C H30JIHPOBAHHON CHCTeMOH yeThIpeX CIHHOB, MOJHasd
IHEPTUsi KOTOPbIX paBHa —2NgB. Tlpeanonoxum, mnam H3BeCTHO, 4TO B HEKOTOPIfi
MOMEHT BpeMeHHM CHCTeMy MOKHO € paBHOIl BepOSiTHOCTBIO HallTH B KayIOM H3 ue-
ThIpeX JOCTYMHBIX COCTOSHUIL:

(+++ =) (F+—+) (F—F+) (—+++).

B cooTBeTCTBHII ¢ NpHBEXEHHLIME BHULE JOBOJANMM, 33KOHBl MEXAHIKH He AT
MpenNyIlecTBa HH OKHOMY H3 3THX COCTOSHHA mno cpasHends ¢ Apyrunvi. llosronmy
HOT OCHOBaHHH OXHIAaTh, YTO B Oojdee M03/Hee BLeMs OKaxeTCs Oojiee BepOSITHBIM
HAUTH CHCTeNY MPEHMYILECTBEHHO B KAaKOM-TO OAHOM H3 YKa3aHHLIX COCTOsHMIl, Ha-
NpUMEp, B COCTOAHHH (——-+-+-—). HavaibHas cuTyanusi He Oyler, Takum o6pasoat,
MEHSTBCA € TEUEHHEM BpeMeHH M CHCTeMY C PaBHOIl BepOATHOCTLIO MOKHO Oyiler 06Ha-
PYXHTb B mi00OM M3 4YeThipex AOCTYMHBIX COCTOsHHI.

PaccmorpeHHBle cooOpazkeHHs TO3BOJSMIOT BHICKA3aTb  Cjelylollee
yTBepXKieHue o0 aHcambie H3I0JIUPOBAHHBIX CHCTEM: €CJH CHCTCMb
TAKoro aHcam0Jls paBHOMEDHO pachpejesaeHbl Mo AOCTYIIHBIM COCTOsi-
HHAM, TO aHcamOab OKaselBaeTCsl He 3aBUCSIUM OT BpeMeHH. B rno-
HATHSIX TEOPHH BEPOATHOCTEH 3TO YTBep:K/eHUe uMeer CJAEAYIOUMNA BHI.
Ecan wusojupoBaHHas CHCTEMa MOXET ObiThb C PABHONH BEPOATHOCTHIO
Haiiflena B JIIOOOM U3 €BOHMX JOCTYITHBIX COCTOSIHMH, TO BepPOSITHOCTh
HaXOXJAeHHs CHCTeMbl B KamAOM H3 3THX COCTOSHHI He 3aBHCHT OT
BPEMEHH.

Taxum ob0pasom, H30AHMpOBAHHAST CHCTEMa, IO ONPERE/IEeHHI0, HaXo-
JUTCSA 6 pasHoGecuu, €CJH BepOSATHOCTL ee HaXoxKieHud B JoboM {3
JOCTYITHBIX COCTOSIHHH He 3aBHUCHT OT BpeMeHH. B 3TOM caydae cpeliHee
3Hayenue Jo00ro U3MepHMOro MakpOCKONHYECKOro napaMeTpa CHCTEMBI
TAKXKE€ OKa3plBaerca He 3aBUCAILUM 0T Bpemenu *). lmes taxoe ompe-
JeJieHHe PaBHOBECHS, Mbl MOXEM TNpPeACTaBHThL BBICKA3AHHBIE BHILLE
BLIBOALI B BUJE CJAEAVIOLETO YTBePIKIeHUs:

Ecian uzosmpoBanHas cucrema ¢ paBHOf BeposiT-
HOCTHIO HAXOAHTCH B J/MOOOM M3 JOCTYIHBIX COCTOf- (17)
HUIl, OH4 HAXOAUTCHA B COCTOSIHUH PaBHOBECHS.

Jonycrnm enepb, YTO paccmarplusaemas H3o/uPOBaHHaA CHCTEMA
B HEKOTOPbLIi Haua/bHLIH MOMEHT 3aHuMaJja JHIb KaKyi-TO YacTb
(nodepynny) npocrynHbBIX efl cocrosruit. CrarHcruyeckui aHcamO/b
TAKHX CHCTEM CoJep:kaj Obl B 3TOT Ke MOMEHT BpeMeHH 0O.JbILOe YHCAO
CHCTEM B 3TOH TOJrpyIhe TOCTYMHBIX COCTOSHUH M HE HMeJ Obl CHCTeM
B OCTaJIbHBIX JOCTYMHBLIX COCTOSHHSX, He BXOASIHX B MOATPyNIy.
Uro 6yner NpOHCXOAUTH C TeuyeHHeM BpeMeHH? Mbl OTMeuaaH yike,
YT0 B 3dKOHAX MeXaHHKU HeT HUYerQ, Yyto MOrsio 6bl 3aCTABUTHL CHCTEMY
OTAaTb MNpeirouTeHHe OJAHUM COCTOAHHAM Mepef apyrumu. Ilo ompe-
JIeIEHHIO, JIOCTYIIHble COCTOsIHUS 00/1a7aioT TeM CBOHCTBOM, YTO 3aKOHLI

*) IleiicTBUuTeNbHO, YTOOBl SKCIEPHMEHTAJbHO YCTAHOBHThH, YTO CHCTEMa HAXO-
JATCST B PAaBHOBECHH, Mbl JOJIKHBI YOEAHTHCSA B TOM, UTO Bce HabuojaeMbie MakKpOCKO-
OHYeCKHe MapaMeTpbl CHCTEMBl HE 3dBHCAT OT BpeMeHH.
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MEXaHHKH He OrpasiyiBalOT BO3MOXHCOCTb CIICTeMbl HaXONHMThCA B
JodomM U3 rux coctoanui. [lostomy KpafiHe HeBepOATHO, 4TOOLI ¢
TeUEHIIeM BPeMEHY Halla CHCTeMa NPOAoJKada OCcTaBaThes B NEepBOHA-
ua, IbHOU TOArpyIle COCTOSTHUHN 1 H30erasaa Obl JpYyruX COCTOSIHHH,
KOTOpble JAJsl Hee B paBHOIl CTeneHH J0CTynHe! *). JleHCTBHTEILHO,
6aarofapst MajbiM B3alMOAGHCTBHSAM MEXLY wactynamM, 00pa3yiomumMi
CHCTeMVY, TOCJAeAHAS ¢ TeueHi{eM BpeMeHiH Oy/IeT CcOoBepulaTh NepeXoinb!
MEXCY BCEMII JOCTYTHLIMH COCTOSIHHAMH. B pesysaprare Kaxjiast cH-
cTenva aHcay0asa OvieT NPOXONAHThH yYepe3 BCe JOCTYIIHBIE COCTOSHHS.
Koneunniit sdyheKT 3THX HenpepriBHO IPOHCXOASLIMX [ePexX0I0oB aHa-
JIOTTIHEH  TOMY, YTO BO3HHKAeT [IPH MHOTOKPATHO NOBTOPSIOLLEMCS
TacOBaHUU KoJIoAn Kapr. Eean Taxoe rtacosanue npou3BoauTh JA0OCTa-
TOUHQ J0JTO, KapThl IlepemMeilaioTcsa HacTOAbKQ, 4TO KaxKJaast Xapra
OveT MMeTb PaBHYIO BEPOHUTHOCTb 3aHAThL J1000e N0J0KeHue B KOJ01e,
He3aBHCHMO OT TOro, Kak ObL1a NPHTOTOBJEHA KO0.J04a Ilepel HadaaoM
TacoBaHHs. AH4J0THUHO, B ciavuae aHCcaMOust CHCTEM CJeAVeT OXKUIAATb,
YTO CHCTeMBbl ancamOJsi OKa)KyTCs PaBHOMEPHO (T. €. CJAyuaiHoe) pac-
IpejeseHHblMH o BeeM AocTviHb cocTosuisaMm **). Ilocae Toro kak
TAKOE COCTOSIHHE MOCTHIHYTO, paclipelescHiie, B COOTBETCTBHH € HO-
JoxkenHem (17}, ocraercsi paBHoMepHbiM. KoseuHast cHTvauuss OTBe-
yaer, TAKHM 00pa30M, He 3aBUCAULEMY OT BPEMEHH COCTOSIHHIO PaBHO-
BecHs.

Mpl MOXKeM NOABECTH HTOT IIPHUBENEHHBIM Bblllie PaCCyXKIAeHHsIM:

Ecin H30HpOBaHHYIO CHCTEMY Hedsib3fl ofHapy-
XXHTb C DPABHOH BePOATHOCTLIO B JIOOOM W3 €e J0-
CTYIIHBIX COCTOSTHHH, TO OHA He HAXOOUMCA 8 DPABHO-
gecui. Ilpn 3ToM OHa OyjAeT HU3MEHATLCS ¢ TeUueHHeM 8
BpeMEHH TakHM 00pa3oM, 4To0bl JOCTHYbL paBHOBeC- (18)
HOI'O COCTOSH#S, IPH KOTOPOM OHa MOXKET OLITh C
pPaBHOH BepOSITHOCTbIO Halnena B JoOOM K3 AOCTYO-
HBIX efl COCTOSIHHH.

3aMeTuM, 4TO 3TH YTBePrKIACHUA aHaJoTH4YHBl yTBepxKiaesdio (1.7)
raaBbl 1. Onu gBasioTcsa 6oaee TOYyHOH U oOwel GOPMYJIHPOBKOH
CBOfICTBA M30JIHPOBAHHOH CHCTEMbI CTPEMHTLCS W JOCTHTATh HauboJiee
C/1YYalHOTO pacrpee/eHus .

*) D10 paccyxienue, OCHOBAHHOE HA MOHATHAX O KBAHTOBHIX COCTOSTHMAX H O
nepexojax Mex1y HEMH, ONATb NpeAcTapisger cofoit ofofuieHHe aprymeHToB, pac-
CMOTPEHHBIX B M. 1.2 B ¢Bs3M C ujaeasbHbIM razom. CuTyalus, NPpH KOTOPoil BCe MoJe-
KyJbl coOpaHsl B JEROH NOJOBWHE SIMIMKA, OUeHb HERepOSiTHA M B JAjbHeHIIeM MoJe-
KyJbl OBICTPO 34M0JHSUIOT BeCh 00beM SIHKA.

**)} B HexoTOpbIX NPEANOIONKEHHAX, NPUCYINMX CTATHCTHYECKOMY ONMCAHHIO, 3TO
OXHJAHHE BbITEKAeT M3 3aKOHOB MeXaHHKH H SBJISIETCA CJAeACTBHeM TaK Ha3bLIBAEMOH
«H-teopembi». [lpocToe paccmotpenue 3ToH Teopembl U AadbHefudlde CCBUIKH MOMWKHO
Hafith B KHMre P. Ky6o «CratucTHueckas MexaHuka», nepes. ¢ aHra., «Mup»,

M., 13967.
116



IT1 p umep. Clenanuele Bhillie 3aMeYyaHHS MOMXHO MOSICUHThL € TOMOLILBIO CTAPOTO
NpHMepa H30JHPOBAHHONW cHCTeMbi M3 dYerblpex cnHHOB. [lpeinonoxnM, 94ro Ham
H3BECTHO ee HauaJbnoe cocTosine (-~-+-—). TloHas aHeprus cucremsl paBHa npu
1OM —2U0B U octaeTcs HeusMeHHoi. Iaeiorest, 01Haxo, ewe TpH coCTOSIHMS:

(++— ) (- —++), (—+++)

¢ Toii Ke 3neprueld, B paBHOH Mepe JocTyniplc A1 cucremsl. Il jeiicTBHTEIbHO, B
pe3vabTare HeGOIbWIHX B3auMOIeliCTBHI MeKIY MATHUTHBEIMH MOMEHTAMH BOSHHKHYT
TIPOUECCH], KOTJAa OJAHH MOMEHT H3MEHHMT CBOIO OPHEHTAO H3 TNOJOXKEHUS «BBEpX»
B IOJTOAKKEHHe «BHH3», a JApYrod W3 «Buus» — «sBepx». (IIpn 210y monHas IHeprus
OCTaHeTCH, KOHEUHO, Hels)enuofl.) B pesy/ibraTe Ka)K10ro Takoro npouecca CHCTeMa
[ePCXSUIT W3 OHOTO HAYaJBLHOIO COCTosnns B Apyroe coctosiive. [locte noBropenus
MHOTHX Tepexo1os TAKOro Tiflid hMbl CMOKeN B KOHIE KOHIOB C PABHOH RCPOSTIOCTHLIO
oBHapVIKHTL CHCTeMY B JH000M H3 YeTblpeX AOCTYHHBIX COCTOSIHMIL:

(+++ =) (F+—+) (= ) (—F++).

Mer ipument yrBepxaenuda (17) u (18) 3a ocHoBHbBlE MOCTY.1aThl Halled
cTaThucTHuYecKoil TeopuH. Onu Moryt OblTb MOJYYEHb H3 34KOHOB Me-
xanuxu. [locryaar (17) crporo caeayer U3 3aKOHOB MeXaHHKH, a MO-
cryqaar (18) tpebyer, KpoMe MNOJIOKEHHH MeXaHHKH, HEKOTOPBIX J0-
MOJIHUTeJbHBIX NpeAnooxenui. [loctyaar (18) umeeT ocofeHHO Bax«-
Hoe 3vadeHde, TAaK Kak M3 HEro, B YaCTHOCTH, clelver:

Ecau n3onnpoBannas cucreMa HaxXO/[UTCA B PaBHO-
BECHH, TO €€ MOXKHO 0OHapyXHTb C paBHOil BeposiT- (19)
HOCTBIO B J10OOM M3 JOCTYTMHBIX COCTOSIHHMIL.

210 yrBepxKineHue obpartHo yrBepxacHnio (17). Cnpasennusocts (19)
ciaepyet HernocpeictseHHo u3 (18). [efictBurenbho, ecqau BbuiBoL (19)
ueseped, 10 M3 (18) caenyer, uyro wupernocelsika yreepxkaenus (19)
Oyner HapylleHa.

CoBeplUeHHO fICHO, uTO Haubo/ee NPOCTOH CTATUCTHYECKON CHTyalH-
el sIBJIgeTcA CHTYallHs, He 3aBUcALlasg OT BPEMEHH, KOTOpas COOTBeT-
CTBYET COCTOSIHHIO PABHOBECHS H30JHPOBAHHOH CHCTEMBL. Y TBEPXK/eHHe
{19) jsaer aas >TOro cJydas OAHO3HAYHOE YKa3aHHe O BEePOATHOCTH
o0HapViKeHUs] CHCTeMbl B KaxKaom J0b0M H3  JOCTYIHEIX COCTOA-
suil. [lostomy yrBepx<aenue (19) siBisieTca OCHOBHBLIM IOCTYJIATOM,
Ha 0a3ze KOTOPOTrO Mbl MOMKEM [OCTPOUTb MOJHYIO TEOPHIO PAaBHOBECHLIX
MaKpOCKOIHYECKUX CHCTeM. 3JTOT OCHOBHOH IIOCTYJaT CTaTHCTHYeCKOH
MEXaHHKH PAaBHOBECHLIX CHCTEM HHOTJA HAa3bLIBAlOT NOCHUYAQIMOM PABHOL
anpuopHol 6epoAmHocmi., 3aMeTHM, YTO CMBICJ 3TOro MOCTyJara Ipe-
JebHO NpocT. JeACTBUTE/NbHO, OH IOJIHOCTbIO AHAJOTHYEH NOCTYJIATY
(paBHas BepOATHOCTb BLIMANAHMA «OpJa» HJAH «PELUIKH»), HCIOJb30-
BAHHOMY Hamiu NpH OOCYXKAEHHM 3KCIepuMeHTa ¢ OpOCaHHEeM MOHET.
CripaBensuBocts noctyaara (19) moxer ObiTb NOATBEPrKIeHA CpaBHe-
HHEM CJAeIYIOMIHX H3 HEro INpeicKasaHud C pe3yjbpraraMH OmbiTa.
JeldcTBUTEIBHO, BBIUUC/AEHHS, CAejJaHHBIE Ha OCHOBE 3TOrQ MOCTYJATa,
BCerAa JarnT pe3yabTaTsl, HAXOAsSIHecss B OUeHb XOpOoIeM COIVIaCHH

117



¢ onbiToMm. [lostomy cyuiecTByeT Goabluasi CTeNeHb YBEPEHHOCTH B TOM,
YTO OH ClpaBellNB.

Ipu mnepexoge K CTATUCTHIECKHM CHTYAUHAM, MEHAOUUMER  BO
BPEMEHH, T. €. K CHCTEMAM, HE HOXOOAMUMCA B COCTOSIHKY paBHOBeCHH,
BO3HUKAIOT 3HAYMTEJSbHO 60Jee CJI0XKHBE TeopeTHdecKHe MpOobJIeMbl.
B s1oM caydae Ml paciiojaraeM TONbKO yTeepxieHdeM (18). Iror
NOCTYJIaT J4eT ykasaHHe O HAnpagAeHuiu, B KOTOPOM GyJleT pasBHBaTLCA

Puc. 3.4. BHesanznoe pac- Puc. 3.5. OueHb Me/UleHHOE

mHpedte raza. a) Havanb-
goe nogoxenke. §) Tlono-
JKeHue HeMe[ANledHo oche
yAaheHus nopuwus. 6} Ko-
HeuHoe nosoKenne,

{(KBa3ucTatTHYeCKOe} pacuin-
pexne rasa, 2) Hauvanwnoe
nofgmerue. 0) [pomexy-
TouHoe OoJgoxkenHe. 8) Ko-
HeuHoe [O0J0XKCHHE,

cucreMa (37O Hanpap/eHHe TakKOBO, 4TO CHCTeMA CTPEMMTCH JOCTHYD
DABHOBECHOTO COCTOsIHHsl, XAPaKTEpPU3YIOWErocst PaBHOMEPHbIM CTa-
THCTHUECKHM  pacnpelesneHHeM [0 BCeM JOCTYIHBIM  COCTOSTHHSIM).
B nocry.aare HeT, OIHAKO, HMKAKHX YKasaH{d O BPEMCHH, B TeueHue
KOTOPOTO CHCTéMa JOCTHTHET 3TOro MNpeae]bLbHOTO PABHOBECHOTO CO-
cTosiuHsl (TaK HAas3blBaeMOe @pemsa peaakcauyuu). IJTO BPEMsl MOXKeT
Obith MEHbIIE MHKDOCEKYHIBl MM OoJblle CTOJIETHS, B 3aBHCHMOCTIE
OT XapaKTepa B3aUMOJEHCTBHA MEXIy YaCTHIAMH CHCTeMbI W OT 4a-
CTOTHI, C KOTOpO# COBepUIAIOTCS MepeXOini MEXAY Pas/u4HBIMH [0-
CTYMHBIMH COCTOSIHHSIMM cHCTeMpl. Ho cTatucTiieckoe ONMCAHHE HE-
PaBHOBECHON CHUTYAlHH MOMET OKas3aThcs BEChbMA 3aTPyAHHTENbHBIM, -
Tak KakK OHO TpeOyeT 3HaHHUSl TOr0, KaK BEPOSTHOCTh HAXOMXKICHHHA
cHCTeMbl B Ka#IOM AOCTYITHOM COCTOSIHHH 3aBHUCHT OT BpeMenH. C apy-
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TOI CTOPOHBI, 33341 O PABHOBECHBIX COCTOSIHHAX TPeGyiOT BCEro JHilh
LpuMeneHHsl npoctoro nocrtynaara (19) o paBHOR anpuopHoil BEPOAT-
HOCTH.

JaMeuaHHsa O TPHMEHHMOCTH COoOOGpPaAaXeHHUI O pPaBEHO-
BecCHH. HeobxolHsMo YKa3aTb, YTO HICAJNH3HPOBAHHOE {IOHATHE O PABHOBECHH HA
NMpakThKe HMEET OTHOCHTe bHbI Xapakrep. UrTobbl CyAHTH O HACTYMJEHHH paBHOBe-
CHA, BamHO CPABUHTh BpemMsl pelJakcauui T, (XapakTepHCTHYeCKOe BpeMs, KOTOpoe
HeOOXOAINMO  ClICTeMe, TNepROHAUAJABHO HAXOIUBIIEHCA B HEPABHOBECHOM COCTOAHHH,
4TOOB JOCTHUDL PABHOBCCHSI) H BpeMsa T,, lpeicTasJasiiouiee HHTepec B JAHHOH Mpak-
THYCCKON CHTYalHu.

JlomyeTHM, 4WTo KOrjia Mbl BHe3amHO OTOJBHHeM mnoplieHs (puc. 3.4), ra3y no-
tpebverca okoao 10—3% cex, uTofbl paBHOMEPHO PpaclpeleJuThCAd MO BCeMY OOGbeMy
cocvaa. 270 3HauMT, 410 T,~10-% cex. Tenepp npeanooxKiM, 4TO Mbl NepeliBHIaeM
MOPILUCHL UPe3BBUANHNHO MeJJ1eHHO, KaK IT0Ka3zano Ha puc. 3.5, CKaxeM, ¢ TaKOH CKo-
POCTbIO, HTO IM0/1HOe NepeselileHHe MOPLWHA ITPOHCXOIUT 3a T,~ 100 cex. Crporo rosops,
BCE TO BpeMs T'a3 He OVAeT B paBHOBecHH, TaK KakK ero ofbeM MeHsiercd. HO TOCKOILKY
T,3:T,, TO B KaX(ILI JAHHBIT MOMEHT MOJIEKYJIbl HMEIOT JOCTAaTOYHO BpeMelH, UTOGH
PABHOMCPHO pacrpeieJUTbCA 110 BCEMY JROCTYMHOMY HM B JaHHBHH MOMEHT OO0heMy.
[losTovy, HecMO1pA Ha HenpepblBHOe I¢peMellleHHe TOPIHA, HNpaKTHYeCKH ras B
TeuCHIje BCCTO BPEMEHH [epeMelleHHsl HaXOAUTCA B COCTOSHHU PaBHOBeCHS.

B kavecTBe ofpaTHOro npHmepa, Koriga T,<&ET,, pacCMOTPHM KYCOK MeIJIeHIIO
pragciowlero kedesa. JonmyctdM, uTo mosHoe INpeBpaiieHHe ero B OKHCh JKeje3a
rpon3oiier 3a 7,~ 100 aer. CTporo roBops, 9TOT KYCOK KeJe3a He HAXOQUTCHA B paB-
HOBCCHOM coCTOAHHH. Ho ecan BpeMms T,, IpelCTaBJAfIONICE JIA HAC MPAKTHUYCCKHI
HHTEPEC, PABHO, CKaxKeh, ABYM JHAM, TO Mbl MOXeM CUHTaTh, YTO OKHCJIEHHe IPHOCT4-
HOBH.TOCh M KYCOK »eJe3a HaXOJUTCA B PaBHOBECHOM COCTOAHHH.

Taxny 06pa3on, 3aBHCHMOCTb MOBEIEHHA CHCTEMbI OT BPEMeHHM HMeeT 3HauyeHHe
TOJMBKO B Cay4ae T,~T, (T. e. KOTIa BpeMd, NpeACTARJAAIOMEe IPAKTHUECKHH HHTEpec
C TOYKH 3DPCHHMS IKCICPHMEHTATOPA, CPABHUMO CO BpeMeHeM peJaKCaluMH CHCTEeMDI),
# 3ajaua oxasniaeTcsl GoJee CJAOKHOH, TAK KakK €€ Hedb3s CBeCTH K pacCMOTPeHHIO
PABHOBECHOTO MM [OUTH PABHOBECHOTO COCTOSIHKA.

3.4. Broiyucienue BepOSITHOCTEH

OcnoBro#l nocryaar (19) o paBHOH anpHOpHON BepOSITHOCTH Jaer
BO3MOXKHOCTh CTATHCTHUECKH BBIYMC/INTL BCE HE 3aBHCALLHE OT BPEMEHH
CBOHCTBA JIIO00W CHCTEMBl, HAXOAHILEHCH B DPABHOBECHH. ITH BbIYHC-
JIeHIist B TIPHHIIHIIE BeCbMa [POCThl. PaccMOTpHM Haxoadmywcs B pab-
HOBECHM H30/MPOBAHHYIO CHCTeMy M 00o3HaunM depe3 & ducio ee Jo-
CTYNHBIX cocTosiHuM. M3 Hamero noctyJiara cJjeiyer, YTO BEPOSITHOCTD
HAXOMKIEHHUST CHCTeMbl B JHO0OM H3 JIOCTYIIHBLIX COCTOSTHHI OfHa U Ta Ke
¥ paBHa 1/ (0YEBHAHO, YTO BEPOSITHOCTL HAXOXK/IEHHSt CHCTEMbl B
JIOGONM H3 HeJOCTYMHBLIX €eH COCTOSSHMM paBHa HYJAW). [lpeanosoxum
Jajee, YTO HAC MHTEpeCyeT HEKHH [apaMeTp CHCTeMbl, KOTOPLIH Mbl
o6o3HayuM 4Yepe3 y. Hanpumep, y MOKeT ObITb MArHHTHBIM MOMEHTOM
CHCTeMbl MM JaBfenHeM. Koraa cHucTeMa HaXOAHTCH B JaHHOM
COCTOSIHHH, TapaMeTp y IPHHHMAaer onpeaenenHoe 3navenne. OO00-
3HAYHM YEpe3 Yy, Ys, .-+ Y, BO3MONKHBIE 3HaueHus y *). Cpemn Q

*) B cn’yqae HenpepbBHLIX [IAPAMETPOB MbI JOJIKHBLI MOCTYHHTb TaK e, Kak B
. 2.6, u pas3jgennuts 06/1acTh BO3MOXKHBIX 3HAUeHHH Y HA OUeHb MAJBe HHTEpPBA/bl 110-
CTOAHHOH Benuuunsl Oy. [IpoHyMepoBaB 3TH HHTEPBAJbI, Mbl MOXeM O6O3HAYHTL Ye-
pe3 y; 3HaueHHe napaMerpa, nonasuiero B i~ uuTepsad. [locae storo 3agaua csoautcst
K 3ajaye ¢ JUCKPETHHIM YHCJIOM 3HAueHHi y.
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JOCTYIHBIX COCTOSHUMH clicTeMbl OyaeT §2; COCTOAHMH, KOrja lapametrp y
npuHHMaer 3Hadenue y. [lostomy BepoatHocTs £; TOro, 4TO Mapa-
METp y NpPUMeT 3Ha4YeHHue y;, NPOCTO PEBHA BEPOSITHOCTH OOHAPYKHTH
CHCTEMY B £2; COCTOSIHMSIX, KOTOpBbIM OTBeudeT 3HAUYEHHE Tapamerpa y,.
Jta BepOATHOCTb MOXKET OLIThb IOJiyyeHa cymmupoBaumem 1/ (Bepo-
ATHOCTh HANTH CHUCTEMY B OJHOM U3 AOCTYIIHBIX COCTOSIHHIE) MO BCEM
COCTOSTHMSIM, JJIS1 KOTODBIX Y NPHHUMAET 3Hauenue y,. TakHM 06pasonl,
BeposiTHCCTE  P; npocto B $2; pa3 Gouiblie BepOSATHOCTI HAXOMIEHIHA
CUCTEMBI B OJHOM W3 JOCTYIHBIX COCTOSIHIIH *):

Q;
pi=4. (20)

Cpennee 3HaueHle [apaMeTpa y paBHO Tenepb, MO ONPeleIeHHIO,

n

B n I
ygzpzylz"ﬁz Y {21)

i=1 i=1

rae CYMMHPOBAHHE IPOH3BOIMTCS 1O BCeM BO3MOMKHBIM 3HAUEHHAM {.
Jlucnepcust BeUUYUHBLL & MOXKET OBITb cOCHUHTaHA OGBIYHLINM CODA30AL
B npunuune nofo0Hble CTATHCTHUCCKHE pacueThi He §oJiee CJIOMKHDI, Yert
pacueTtk, BhUIOJNHEHHBIC HaMH Upu oO6CYKIeHUHM 33Zauud O OpocaHuu
nafopa MOHET.

[Tpumep I. Paccuorpuy onaTb CHCTeMY H3 UeThipex CilITHOB, COCTOSHIIS
KoTopoil nepeurcIedbl B Tada. 3.2. [lpeinoqoxuM, uTo noaHas Heprdst CHCTEMbI
H2ReCTHa M paBHa -—2UefS. Ec/M ciicTera HAXOAHTCH B PABHOBECHH, TO eli B PABHOMN
Mepe IOCTYNHBl BCe 4YeThipe IOCTYTMHBIX COCTOAMHS:

(=) (=) (F—++) (= ++).

PaccyoTpuy Tiofoe U3 3TUX COCTOsHN, Haapuaep, nepBoe. Kakosa eepoaTHOCTE
TOTO, 4TO B 3TOM COCTOSHHH MATHHTHbLIC MOMEHTHI CIIMHOB HanpasjeHrl BBepx? Pac-
CMOTPHM JI000H K3 5THX 4eThlpeX CIHHOB, Hanpumep, nepBui. Kakosa BeposTHOCTSH
TOFO, 4TO MATHITHEIL MOMENT 3TOro criiHa cMoTpHT BeepXx? Tak Kak oH CMOTpUT BBepX
B TpeX CAy4asiX H3 4eThlpeX DABHOBCPOSATHLIX JOCTYIHBIX COCTOSIHHE, TO 9Ta BEpoAT-
HOCTb paBha

3

P+=*~‘-"~4—,

Uemy paeer cpefHHH MaTHUTHRIIL MOMEHT 9TOTO CIIHHA B HalipaBJAeHHMH IMPHJIO-
eHHOoro noast B? B Tpex cAyuasx MarHUTHBIT MOMEHT paBeH [lg, 4 B YETBEPTOM Cayuae
OH pasen —Ug. [lo3Tomy cpeiiee 3HauyeHHe MOMEHTA PaBHO

A O (—pe) 1
M 2ot tmpe) L
7 2 Mo

3aMeTuM, KCTaTH, uTo AJIs1 OT/AedbHOTO ChiHa Haweil cCHCTeMbl BePOSITHOCTH OLITD
HanpaBJdeHHbM BBeDX M BHH3 He paBHBI APYD Apyry. DTO 3HAUHT, YTO BepOATHOCTH

*) lpocras dopma pezynvrata (20) o6bACHASTCH HAIIHM OCHOBHBIM HOCTYJATOM,
KOTOPbIH 3aXJloYaeTcss B TOM, 4TO CHCTeMa C PaBHON BepOATHOCTHE) MOKET HAaXOIHThb-
csl B I0OOM M3 AOCTYNHEBIX cocroAHuil. B ancambne uz N cuereM uHea0 N;cucrem co
3HATEHHEM Y= Y; NIPONOPUHOHAAEHO YHCIY COCTOAHHMH, NOCTYDHLIX CHCTeMe NPH y=y;.
Tosromy P/==N /N=Q,/Q.
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HAIiTH ero B /MOOOM H3 JBYX BO3MOXHEBIX COCTOAHHH He OJMHAKOBHL IJTOT Pe3yJbLTAT
He TNPOTHBOPEYHT, OJHAKO, HalieMy OCHOBHOMY CTATHCTHYecKoMy moctyaary. [lenro
B TOM, YTO 3T0T OTAe]bHuIl COHH He u30 upoeaH. OH sBAAETCS 4acTbio GOJMbLUOH
CHCTEMBI, B KOTOPOH OH MOXKeT B3aHMOIelICTBOBATL ¢ JPVIHMH CIIHHAMH H OOMEHHBAThLCH
C HHMH 3HeprHeH.

I[Tpusmep . Paccvorpus cucremy CNHHOB, NpHBeleHHYIO B TabGad. 3.3. Ha-
BECTHO, YTO TIOJIHASl SHEPTUA 3TOH CHCTeMbl paBHA —3UyB ¥ uTo cHcTeMa HaXOIUTCHA
B paBHOBECHH. IDTO 3HAYHT, YTO ee PABHOBEDOATHO HAHTH B /IIOOOM M3 NATH JOCTYIHBIX
cocroauuii. CocpeioTounn Haie BEMMahnde HAa nolcHcTeme A, cocrosmeill H3 Tpex
cnuioB, # ofozHaqduy depe3d M HX NOIHEN! MATHHTHbUI MOMEHT B HAipaBJIeHHH II0J5
B. Mu Bugmy, yto M MOXKeT NPHHHMATH ABA BO3MOKHUEIX 3HAUeHHST: Uy IH —fiy.
BepoATHOCTL 3THX ABYX 3HAUEHHII MOMKHO Cpa3y HaNHUCATh, BOCNO.Ib30BABIIHCh Tab-
ainedl. Mveen

2
F (Buy) = —5— ’

3
P~ =%

Cpextee stiavenine M clelyer u3 BLIpaXKCHUA

Ao 2083 (o) 3

5 - 3 L.

PaccMorpennsle npumepsl OblIM OUEHb [POCTHl, TAK KakK KacaJich
CHCTEeM, COCTOSIIIUX BCero U3 HecKOALKHX yactui. Mx weas, oimako,—
J1aTk npeacTaBaeHHe 00 00HEeM MeTole, KOTODHIl HCMOJb3VETCst NpH
BBIYUC/CHUM BEPOATHOCTEH M CpelHHMX 3HAYeHuH /s JIOOBIX CHCTeM,
He3aBICHMO OT CTeNeHH HX CJ0XKHOCTH. EjnHCTBeHHOE pasnuyue CBS-
3aHO € TEM, YTO B CjAydae MAKPOCKONHYECKOH CHCTeML!, COCTOsIUleH U3
OFPOMHOIO  4YHCJAa YaCTHl, [IepedYHC/eHHE BO3MOXKHBIX COCTOSHHI,
XapaxTepH3VeMblX onpeesieiHbIM 3HaueHHeM HeKOTOpOoro napamerpa,’
SBJIAETCA CVilleCTBEHHO OoJiee TPYIAHBIM AenoM. B 3ToM ciaydde pealib-
HbIE BLIMHICACHIA MOTYT ObITh BECHMAa CJAOKHBIMH.

3.3. HMCaA0 COCTORHMHM, JMOCTYNHLIX MAaKPOCKOIIHYECKOW CUCTeme

B nepBrIX YeThlpex pasfeax 3Toi raBbl ObLIM PacCMOTPEHB! OCHOB-
Hble HAeH, HeoOXOAUMBe M1 IIOCTPOCHHS! KOJIHUYECTBEHHOH TeopHH
MAKPOCKOTIHYECKHX CHCTEM, HaXOJsIHXCA B DABHOBECHH, M 1Jd Ka-
YeCTBEHHOTO ONHCAHUA TPHOMUIKEHHS] K PABHOBECHOMY COCTOSIHMIO.
B ocraBureficsi yacty IJIaBbl Mbl IIO3HAKOMHMCHA CO 3HaycHIeM 3THX
HJEl ¥ BOCMOJIb3yeMes HMH, 4To0bl YTOUHHTE HEKOTOpBIE PACCYKASHUS
rjaBsl 1, MMEBHIME KadeCTBEHHEIM Xapakrep. JTo IpelsapurenbHoe
DACCMOTPEHHE MOATOTOBHT HAC K CHCTEMATHYECKOMY IPHMEHeHHIO Oc-
HOBHBLIX MJefl B OCTaBIUeiCcsi YacTH KHHTH,

Mel BHZeaH, 4TO /151 BBIYUC/EHHS CBOHCTB HaXogsllliedcst B PaBHO-
BECHU CHCTeMBl HEOOXOLUMO MOACYUTATh YHCJAO AOCTYIHBIX COCTOSTHHA
3TOH CHCTeMbl B Pas/JH4YHbIX YCJAOBHAX. TaKoH MOJCYET COCTOSAHUH Ka-
ercst o4edb TPYAHBIM, HO YaCTO 3Ty TPVAHOCTh MOXKHO oBoiTH. B ¢u-
3UKe HHOrJA MOJIe3HEe JOrajarbCsi, YeM JAeaaTb TPYIHbIE BLIYHCJIEHHS.
B 4acTHOCTH, ceiluac Ham HYXKHO IIOHATb HEKOTophie OfliHe CBOHCTBA
yucada JOCTYMHBIX COCTOSIHHH JII0GOH CHCTEMbl, COCTOsiledl H3 OuYeHb
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6osblIOTo 4Mcaa 4dacTil. Jlig Hac JOCTATOYHO Ka4yeCTBEHHOrO MOHU-
MaHHS 3THX CBOHCTB M HEKOTOPHIX JNOBOJMBHO Irpy6uix oueHoK. [lostonmy
Mbl MOJK€M OTPaHUYHThCS NPHOJAHKEHHBIM pAcCMOTPeHHeM 3aJayH.

PaccMOTpHM MAKpOCKONHYECKYI0 CHCTEMY C 3a/laHHBIMH BHEILHHUMIT
napameTpami, KOTOPBIe ONPEeLeasiioT ee VPOBHH 3Hepri. OO603HayHM
NOJIHVIO 3HEePTHIO clicTeMbl uepes £, Hrobbl NoacUHTaTh YHCJAO AOCTVII-
HBIX COCTOSIHIIH, BBIICHHM, KakK 3TO 4liCJO 3aBHCHT OT 3HepriH. Pas-
JIleTUM LIKany 3HePTHH Ha MaJble H paBHble uMHTepBanl OFL. Beanuunsa
- OF ouedb Mana B MAKPOCKONUMECKOM CMBICJIE (3TO 3HAUHT, UTO OHa OYeHb
MaJla [0 CPaBHEHHID C TNOJHOW 3HEprHeil CcucTeMbl M O CPaBHEHUIO
C OKHUIAEMOH TOUHOCTHIO JIOOLIX MaKpPOCKONHYECKHUX H3IMEepeHUH 3Hep-
run). Ho B muxpockonuweckod wkane Besuunna 8E orpomua (oHa
MHOTO OO0JIbllle 3HEPTHH OTAeAbHOH UYACTHHBI CHCTENLI U TAKXe MHOTO
6GoJIbIIe PACCTOSTHHST MEXKAY COCeAHUMH 3SHEpPreTHYeCKHMMH YPOBHSIMH
cicrenmbl). [losromy moGoii uutepsan OF CoaepKuT OdYeHb GO.blIOE
YHCJI0 KBAHTOBLIX COCTOSIHHI. BBenem o6o3HaueHue:

Q (E)==u4uca0 COCTOSHUH, IHEPrus KOTOPHIX JCHKHT
B HHTepBaJse ot E po E -+OFE. (22)

Uncesio cocTogHH{l 3aBHCHT OT BEJHUYMHBl HHTEpPBasaa, Ha KOTOPBIH
MLl pa3bwan Hamy wkanay suepriu. Tak kak 0E — BeiawyHHaA Makpo-
cKkonmuecky majnas, to 3(E) npocro nponopinoHaisHo 8E, # mosTony
MOXKHO Hanucars *)

Q(E)=p(E)SE, (23y

rae peandrna p(E) He 3aBHCUT OT BeanuuHbl ubrepsaaa &£, [Beanunna
o(E) HasniBaercst nanmaocmeio cocmodHill, Tak Kak OHa paBHa UMCay
COCTOAHUI, NPUXOANUIHXCA HAa e€IMHUUHBIH MHTEpBaA 3HEPruu npu
paHHoM 3uauenud sueprun FE.| Tak kak ua uxrepBan §E npuxonurcs
oueHb OGOJIbLIOE YHCAO COCTOSTHHI, BeaduydHa $2(E) MeHsieTcsl Ha He-
(OJBIIVIO CBOK 4YaCTh TPH Mepexole OT IaHHOrO HHTepBaja 3Hepri
K cocenHum. Takum oOpaszom, Akl MOXKeM CYUTaTh BeJHUHHY (2(E)
MelsieHHO MeHsiolnedca dyHkugelt sneprun. Hac Gyler uHTepeconath,
Kak BesauunHa Q(E) 3aBucurt OoT 3HeprHH £ MaKPOCKONHWUECKOH CHCTeMBl.
3anerun, uto Beauutny (L) MOKHO NOJSYYUTh, €CAH HAM H3BECTHA
BEJHYHHA
D (E) =noaHoe 4YHCJA0 COCTOsHMH, obJamarmux
sHeprueit, menovuwed E. (24)

HeficTBHTENIBHO, YMCJ0 COCTOSIHHI, DHEPTHS KOTOPBIX JEKHUT Mexay F
u E+4-8E, Gyner pasHO

Q(E) = ® (E 4 8E)— @ (E) = "2 8E. (25)

*) 3nech Mbl HMeeM CHTYallHIO, aHAJOTHYHYIO paccMOTpeHHOH B m. 2.6, rie of-
CYXIAVICA BOINPOC O HENpePHIBHOM paclipefieNeHHH BepoATHOCTH. YHCI0 COCTOAHHI
Q(E) crpeMHTCA K HYJIO, KOTd K RyJo crpemutes OF, # peanunny Q(E) MoxHO pas-
JacxnTh B psd Teiinopa no crenenam OE. Korga OE nocrarouno manaé, 3T0T psiji cBO-
aures K (23), TaK Kag YieHaMH C BBICOKHMH cTeneHsivd OF MOXHO lpeHe6peub.
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ITpexkne yem paccMoTperh ofuiMe cBoMCTBA Beauuunbl Q(E) mas
MAKDOCKOIIHYECKOH  CHCTEMbI, [0JIe3HO Ha HEeCKOJbKHX IPHMepax
NoKasarb, K4K MNOACYMTATH UHCJAC COCTOSTHHE KpaiiHe MPOCTBIX CHCTeM,
COCTOSILUHX BCErQ JIHIUb H3 OJHOH YacTHLHL.

ITpunyvep LOgGHHOUYHAA YaCcTHHA B OJHOMEDHOM AULHKE
Paccyorpiy yactuny ¢ maccoil 71, KOTOpast MOXeT CBOGOJHO NBMIaThCH B ONHOM H3-
MEepeHHH B AMKe AHHOH L. Bo3MoxKHLIE YpoBHH 3Hepruu Takoi chcremul [cm. (8)}

paBHLI
£ o oF

=53 nn(26) <>

7,
% i1

rie n=1, 2, 3, 4, ... Ecu L -—makpo- A
Croniyeckas BeauuuHa, 10 Ko3pdu- E  E+5E
LHEeHT NpH 7% OuYeHb MaJ, a KBaHTO-

Boe YHCIO0 71 Quellb BedHko *)  aaa ) .
M . Puc. 3.6. Merku na npsimoil o003Ha4aoT RO3MOXK-
3Hepruy, OObIYHO  [HPeacTaABJAAIOUIHX Hble sHavenud n=1, 2, 3, 4, . . . KBAHTOBOID YHC-

pHrepec. M3 (26) caeqyer, wTo Bedd-  sia n, onpefefsioliero cocTosHHe OAHHOYHOLH da-

gHHA 1 I0A TAHHON sHepriuH E pasua CTHUS B OQHOMepHOM HIUHKe. 3HadeHKBd H, COOT-
e 2 A P p neTeTRyIOUKe 3neprun E u E-48E 06o03Hauen s

ABYMS PEpPTHKAABHDLIMM JIMHHAMH, H OGJARCTH MEH(-

g —— (2mE) (27) Ay 5THMU JUHMAMH 3aKfMiodaeT B cebe BCe 3Hade-

.ﬁ/i HUHA A1, I8 KOTOPbIX 3ZHepTUsl JexHT B RHTepBade

oT E o E468E O6nacte caesa ot E saknouaeT B

COCCHHHE KBAHTOBLIE CcOCTOSIHHS CO- CLﬁe BCe 3HAaueHHa 1, AIA KOTOPBIX BY]ED[‘HH qac-

H E.
OTBETCTBYIOT 3HAUCHHSAM 1, OTJIHYAIO- THiLE! Menbie

ieuvest Ha exuuuuy. [lostomy noanoe
YxCA0 KBaHTOBLIX coctoanuil @ (E), »Heprust KOTOPHIX MeHulle £, a KBaHTOBble
YpCJa COOTBETCTBEHHO MeHblIE 1, npocTo paBuo (n/ly=n

®(E) =n= L (2mE)'/». (28)
ah

n ¢ nomoutsio (25) nocse audibepenUUpOBaHUs MBI Hosyuaem* ¥} YHCIO FOCTYIHGIX
COCTOSIHME B HHTEpBaJje 3sHeprun OF:

Q(E)=—" (2m)":E~"/28E. (29)

ﬁ

NMpumepllLOnunouHas yacTHUa B TPEXMEepPpHOM sIILHKe.
Paccvorpun yactuny ¢ ataccoll m, xetopast momKer CBOOOIHO nepeMewlaThCsl B TpPeX-
MepHOM AuAKe. [l npocToTst KOMYCTHM, UTO MUK TpeACTaBdaseT cobol Ky6 ¢ AJHHOM
pebpa L. Bo3moxibie 3Ha4eRdsI 9HePTHH TaKoil CHCTeMB! ClefyoT u3 ¢opmyant (19),
ecan nonomuth Ly=L,=L,=L:

L B NS (30)

TAC Ny, Ny, N,==1, 2,3, ... BooGpa3sun «MpoCTpaHCTBO uKuCeI», 3aJaHHOe TPeMsl B3aHMHO
HepneHﬂHKYﬂHprﬂm OCAMH fig, My, Ny. B TAKOM NPOCTPAHCTBE BO3MONKHLIE 3HAYECHHS

*) Hanpumep, ecnu L==1 cu 1 m=>5-10-232 [{mMacca mMosnekynnt asota, cm. (1.29)],
TC 3T0T Koapuuuent pasen 10-323pe. B To e Bpems cpelHee 3HaueH#e HeprHu
TAaKOH MOJeKyJbnl [pH KOMHATHOR TemnepaType umeeT nopsaock 10— gpz. Takum
o0pascM, MPH TAKHX 3HEpPrHAXx n umeer nopagok 109,

#*) Tak Kaxk n oueHb BeJIHKO, u3MeHeHHe n Ha e[HHULY BHI3bIBAET NpeHeOpeRuNMO
MaJsloe OTHOCHTe/bHOe H3MeHenue n W E. Tlostomy, HecMOTps Ha 10, uTo n u £ mpu-
HHMAIOT TOJIBKO AHCKPeTHLIE 3HAYeHHsl, Mbl MOXeM CUHTAaTh 3TH [epeMeHHble Henpe-
poisubini. TIpu audibepediiHpoBanUY HYKHO MMEThH B BUAY, 4TO JKO6oe H3MeHeHHe 7
ROJIZKHO ObITh MHOrO Gosblile efifMuubl (dnS>1), HO, C ApYroll CTOpPOHbI, 3TO U3MEHeHHe
JOKHO ObITh ZOCTATOYHO Masio, 4TOGH BBHINOJHSNIOCH YCAOBHe dn<€n.
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TPeX KBAHTOBBIX UHCEJ H300parKaloTCs TOUKAMM, JIeKAmHMH B LeHTpe KYOHKOB enu-
HHUHBIX pa3MepoB, KakK 3To IoKa3aHo Ha puc. 3.7. Kak W B MpejbIayiieM IpHMepe,
3TH KBAHTOBbIE 1HC/A OueHb BEJAMKIl, eCJIH AMMK HAEeT MaKPOCKOMHUECKHE PasMepbl.
Ha (30) caenyer:
. L \2
n: 4 n24-nt={—\ 2mFE = R?,
X y 2 f
ath

Suauenust ny, My, fp, YIOBACTEOPSIOLME S5TOMY PABCHCTRY TPH JAHHOM 3Haue.
HuH E, Jexar Ha chepe panuy-
coM R, mokazaHHoll Ha puc, 3.7:

H ® 2 9 0 O & % 2 e e N g a et s b e s S L 1
L L L I O e B O B IR R:——(?mE)/""
T*TLA¥;:L. . 8 % 6 0 g e B T S i
[eieiojaa © % s & s o 8O0 8 50 O
L e[ oo are o o o v 0o e s o o aa Hucno O(E) coctosinuii ¢ 3Hep-
cee s ciafslele s e e e rued, weubiieidl E, paBHO uncay
®® s 0 00 o slejevs & & o s 0 o 20 CIMHHUHBIX Ky@ﬂKOB, JemalIny
¢80 ¢ s e NgloleNe e e BHYTpH 3TOH cdepel M 06.1471210-
: : _: : : : : : : : ,\; :\‘:'\: : : : : : HIMX TOMOKUTe/ILHBIMH 3HAueHU A~
" MH BeJHYHH Ny, My, Nz, T. €. CHO
2 % 2 S 4 & & & & ® ® g 8 ‘t & 5 8 w0 y
Y . v e {yfaBHO O@'bE.’\Ty OGJHOIo OKTaHTAa
e o o5 60 s e e e e T\ e o o o chepoi pazuycon R. Tagmw of-
® 0 s & 0 0 8 0 & * al\eel LI T p3303h
» 6 & 6 % 0 o8 . s 8 o g ° s & ] 4 \
.« 8 s o0 -P_ * 2 s 0 0 \o'sle o = q)(E) ::—H’(T_lnRS -
. ®* 2 ® % * ® & % B & & B0 Sl & = 8 LY 3 /
> ® & @ [ ] o & » & & 8 * & X * »
. e (R . % ¢ 0 0 8 e e . e @ :-—31 (L)g (2”15)3',2- 53};
. ¢ s a0 ® o o 9 3 ¢ s e/d e » 6 ﬂﬁ/
]
b \ m, Kak caeayer ns (25), umncio co-
F+8F C'rognmi’i ¢ 3Heprueii or £ ac L
E paguo
Puc. 3.7. Touxamn cxemaruyeckd (B ARYX H3MeDe- + P v
HYsHX { bl A AUEHHA Ry, Ry Hoz= 4 ¢ 3 1 :
1) OB oo eI Ny g T (E) =t 2m) V2V E, (32
COCTOSTHHE OJHHOUHOIL YaCTHIIhl B TPEeXMepHOM SllHke. M

(Ocb ny nanpasfeda MeprNeH HKYRSIPHO K GJ0CKOCTH -

g v [‘ JR— [ Fa .
pucyiika.) 3ueadenua fg, ry o Rz, COOTReTCTBYIOWINE ne V 0UbCM  AHLIHKA
SHEPTHA YaCTHUR! B HHTepRade oT E go E4-AFE, nexar

MEXAY ABYMS ChepRUeCKNMI TIOBePXHOCTHMH. Touxil Tenepb Mbl  [POH3BEIE\]
BHYTPH cdhepbl COOTBCTCTBYIOT BCCM  3HAUEHHAM  fl - o
IR KOTOPBIX 3HEpTHA Menkile K. rpyovio OleHKy, IeJb KOTO-

POR—II01YUHTE 3aBUCHMOCTh
yucina  S(E) ZOCTYNHBIX  COCTOSHMH  MAKPOCKOIHMYECKOH — CHCTe-
MBI, COCTOSILIIEl M3 GOJBIIOrO UUC/Aa YacTHU, OT MOJHOH 3IHeprun
cucrenbl E. JlioGas rtakasg cHCTeMa MOKeT OblTh ONHCaHa C NOMOIBIG
HabGopa [ KBaHTOBLIX gucen. UHCN0 [ HOCHT HasBauue 4ucaq cmenemell
c60600pt CUCTENBI; MO TOPSAKY BeJUUHHB OHO OJU3KO K uHcay ABo-
raipo. C KaxIbM J2HHBIM KBaHTOBHIM YHCJIOM CBSI38H ONpedeseHHbL]
BKJIAJL € B NIOJHYIO 5HEPTHIO cucTembl £, O603uauuM yepes (p(g) no.inoe
YHCJI0 BO3MOMHEIX 3HAYEHMHR 3TOTO KBAaHTOBOTO 4YHcJa AJAst 3HEPTHI,
MPHbLUUX AHUOH 3Heprud €. Yuciao ¢ paBHO elHHHIE (MIH nopdixa
eIMHHIBI), KOrla & HPHHHMAET HauMeHbllieée H3 BO3MOMKHBIX 3HAYeHUH
€9, M OBICTPO PACTeT C POCTOM £ (XOTH MOMKeT HOCTHTHYThb NOCTOSIHHOTO
3HAYEHUSI B oONOpeles]eHHoM caydae) *). OOGHYHO BesHuMHa ¢ pacrer

*) Hckiodernem siBAAETCS CHCTeMA, HMMEIOMLAA KOHeUHOEe HHCJAO BO3MOMKHLIX
COCTOSIHMIT M BepXHUIT npeled A7s1 BO3MOXKHOrO 3Haudenus 3sneprun. (Taxoe nonowmxe-
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IPONOPLIMOHA/NBHO OTK/JAOHEHHIO SHEPTHH € OT €,, W Mbl MOXKEM HAIICATH
¢ (&) o (e —¢,)", (33)

rle & — HEeKOTOpOoe 4YUCA0 Nopsijika eIHHHIbl *).

PacenoTpuM Terepb cHeTeMy, HMeEIOHIyO [ crenenell ceofoasl. Ee
N0IHasi 3Heprud (Cynma KHHETHUECKOH U HOTeHIHAALHOH 3IHEpTrHil
BCEX 9YaCTHL, OOPAa3yIOIIHX CHCTEMY) SABAAETCA CYMMOH HEprHii, cooT-
BETCTBYIOIMMHX Kax/I0H crTeneHH cBo0oiwl. IloaTomy nosnas sueprusa £
(TouHee, ee U3OLITOK HaJ MHHUMAABLHLIM 3HaYeHHeM £) GyleT o nopaixy
BeJWYMEDLY B [ pas foanlie cperquell aHepruil €, NpUXoJsieiics Ha OTHY
cTelleHb CBOGO/B! (3@ BbIYETOM MWHHMAaJbHOH 3HepTHH &y}, Tarnm

oOpasom,
E—E,~[(e—¢g,). (34)

Ecnu monnas 3Heprus CHCTeMb! paBHa HAM MeHblle £, TO MBI HMeen
NPHOMU3UTENIBHO (€} KBAHTOBBLIX COCTOSIHMH, CBSAA3AHHBIX C HNEPBbIM
KBaHTOBbLIM YHCJOM, (&) BO3MOKHEIX COCTOSIHUI, CBA3AHHBIX CO BTOPLIM
KBAHTOBbLIM YHCJIOM,..., H, HAKCHEl, (&) BO3MOKHLIX COCTOSIHHUMH, CBH-
3aHHBIX C IOCAEIHHMM, [-M KBAHTOBM uKca0M. [IoiHoe 4HeI0 BO3MOK-
HbIX KOMOWHAIMI 3THX KBaHTOBBIX 4lICE], T. €. IOJHOE YHC/IO COCTOSIHUIT,
OTBeyaloulnX IHEePTUH, PaBHON U Menbileld £, Mbl 0Iy4lM, eCcal DoMIO-
MMM UHCJO BO3MOXKHLIX COCTOSIHIA 119 MEePBOro KBAHTOBOTO UHCJAA Ha
YHCJIO BOSMOXKHBIX COCTOSIHHI AJsI BTOPOIO KBAUTOBOIO YHCAA, HA YHCIO
BO3MOZKHBIX COCTOSHHUI JI/Is TPeTbero KBaHTOBOro 4Hcaa,..., H, HaKOHel,
HA 4HCJIO BO3MOMHBIX COCTOSIHHE 151 [-FO KBAHTOBOIO uicaa. Takin

oBpason,
D (E)~[¢ (2))/, (35)

rae e cBssaHo ¢ £ euipa:xenuenm (34). Uncao Q(E) cocrosanuit ¢ sneprief
B npedenax or £ no £+ 8F mul Hafizem coraacHo (25) tpdeperiupona-

BHEM.
d

Q(E) = 57 SE~ /=1 TLOE — /=1 L 8, (36)
Tak Kak u3 (34) caeayer, yro dg/dE=[~Yd¢/de).

Haiuero npu€usKeHHUCTO pACCMOTPEHUA 341adyy COBEPIUEHHO I0CTa-
TOMHO JJS1 HEeKOTOPBIX 3aMEeYaTe.1bHbIX BLIBOLOB, OCHOBAHHLIX Ha TOM,
4TO [ — oYeHb OoJabloe uneao. JlefcTBHTeNbHO, €CAH MBI MMEeNM 670
C MaKpPOCKOMHUECKHMU CHCTENAaMH, To {-—— nopsiika gucia Asoraipo, T. e.
f~10%%. Hucaa Takoro opsiaKa (aHTacTUUCCKH BEJIMKH M HX CBOJICTBA
TPYJAHO HOHATH, €CJAH HCXOAHWTH K3 OOBIYHOrO JOCTYIHOTO HAaM OIbLITA.

fIHe BO3HUEKAET, ecqau MBI OyZeM HIrHopHpoBarh  KHHETHYECKYIO 2HEpPruly yacTiil
CHCTeMbl H PacCMaTpHBaTh TOGLKO CMHHbL). B 3ToM Ciyuae 4icio BO3MOMKHBIX CO-
CTOSIHUII € BO3pacTaHHeM (€ — €y) BHAuaje YBEJHYMBAETCHA, & 3areM JOCTHMAeT [o-
CTOSIHHOTO 3HAUeHHS.

*y Hanpumep, npu ABHXKeHHH 9acTHIBI B OAHOMEPHOM AUHKe, KaK 370 caenyer
13 (28), pooe’/s. (B sToM ciyuae MUHHMAJNBHOE 3HAUEHHE €, BO3MONKHON SHEPrHH npe-
HeOpekUMO Masio 1O CPABHEHHIO C € ¥ ero MOXKHO CUMTATH PABHBEIM HYJIO.)
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flpu Bospacranmu sHepruy cucTembl E BO3pacraeT U 3HEPrus e,
NPUXOAALIAACA HA OfHY cTenenb cBoGoas [em. dopmyay (34)]. B coor-
BETCTBHH C 3THM OTHOCHTE/IbHO Me/LJJEHHO PACTEeT H YHUCJIO0 COCTOAHUE ¢ (&),
NPUXOAAILIIXCS! HA OJHY cTenmeHb cBoGoAbl. Ho Tak Kak mokasarean
ctenend B popmyaax (35) 4 (36) HMEOT NOPSAAOK f, T. €. SBASIOTCA Upe3-
BhiuaiiHo GOJMBINHMHM UYHCHAMH, YHCJIO BO3MOXKHLIX cocTosHui @ (E) uan
Q (E) cuctemnt ¢ [ crenensmH CBOGOAL! Bo3pacraet ¢ (paHTaCTUYECKOH
CKOPOCTBIO. Mbl NpHXOAHM, TakuM 006pa3oM, K CJelyIOULeMy BbHIBOLY:

Yucno cocroanuit (L), nocrynHumx uoGoH
OObIYHOII MAKpPOCKONMHYEeCKOH  CHCTeMe,  SBJISIeTCH
KpaiiHe OblCTPO BO3pacTalollled (VHKIHed e€e 3Hep-
run E.

(37)

Heficteureabro, o6benuusd (36) ¢ (33) u (34), Mbi noayuaem ciaenyioiiee
npHEAHMKEHHOE BbIpAXKEeHHE N1t 3aBucHMoct &2 ot E:

Q(E) X (e—g, )Y ~" o (E—Hfgﬂ)af—l .

TaxuMm o6pasoM, Mbl MOKeM OPHHSATb, YTO IS ODBIYHBIX cHcTeM ¥)

Q(E)oc (E—E). (38)

31eck MBI npeHebperan eIHHULEeH NO cPaBHEHHIO ¢ f U Hosoxuan a=1.
dopmyaa (38) naer npubarkeHdyw 3apucumocTb @ ot £. Ha xapakrtep
3TOIl 3aBHCHMOCTH He BJIMSI€T, DaBeH JH Iokas3arteqap creneHu B (38) f,
OJOBUHE [ HJAX APYTOMY 4YHCAY nopsiaka f.

Mbl MOXKeM BLICK23aTb HEKOTOphle YTBEepP:KIAEHHS  OTHOCHTENLHO
Besuunnnl In Q. U3 (36) caenyer, gro

InQ(E)=(—1)lng+In (38355). (39)

3aMeTHM, YTO eCJH Mbl HMeeM [ej10 C TakKHM OOoJbIIHM YHC/AOM, Kak f,
TO ero Jjorapubm Oyler nopsjika AeCATKOB, T. €. OH NPEHeOPEKNMO Ma
110 cpaBHeHMIO ¢ camuM uncaom f. Hanpumep, ecan f=10%4,10 In f=55,
T. e. In [ <<<I<f. Paccmorpum Tenepb daeHsl B npasoit gactu (39). Ilep-
Bolil ujen uMeet nopsinox [ **). Benyuuna (do/de) OF (rne 6 E— uurepsan

*) Mbi ynorpeSusin Bhiparkenue «I7si OOBIYHBIX CHCTeM», 4TOObI HCKIIOHWHTbH OCO-
Guie ciydad (cM., HanpHMep, IpuMedanue K cTp. 124), Korna Hac He WHTepecyeT KuHe-
THYeCKasl IHEpPrusl YacTHH CHUCTeMBEl H KOIJJA MAarHHTHad 3HepPrHdA CHHHA JOCTATOUHO
Besinka. (Takoe npuOMHKEHHOE DACCMOTPEHHE OKA3BIBAETCS! J0CTATOUHBIM, eCH [o-
CTynaTe/bHOe IBHXKeHIe 4acTHI ¢1a00 BJHMsieT HA OpHeHTaUuHi0 HX CMHHOB. B 3ToM
c/yyae OpPHeHTAUHS CNHHOB H NOCTYNaTeJbHOE ABUXKEHHe YacTHI MOrYyT paccMaTpH-
BaTLCA OTHENDBHO.)

##) 2710 BCerJa BepHO, eCIH TO/MBKO SHeprus £ cucrembl He Quelb OJM3Ka K 3Hep-
THH OCHOBHOrO cocrosiuHsl £, Korga @~1 Ans Bcex crenenell ¢BoGopwi. [leficTBy-
TeJILHO, W3 OOLHX 3aMeuaHMH, CAeNaHHpiX B HauaJe m. 3.1, HaM H3BeCTHO, HTO KOrja
CHCTeMa NPHOIHXKAETCH K OCHOBHOMY COCTOSIHHIO 3HEPTMH, YHCIO AOCTYIHBIX KBAHTO~
BBIX COCTOSIHHH KMeeT OOPANOK eAMHMLbL, Tak uro Q~1.
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sHeprud, OOJbIIOH MO CPaBHEHHIO C PACCTOSHHEM MEXKIY YPOBHAMU
9HEPTH¥ CHUCTEMbI) NpencTaB/seT COG0H YHCAO BO3MOXHLIX 3HadyeHui,
KOTOPOE MOKeT NIPHHHUMaTh OTAE/IbHOE KBAaHTOBOEe YHCO B HHTepBa/e 8L,
# 3aBicut ot 8E. Ho npu moGom sHaueHuu OF camble HeG1aronpHsATHLIE
OLEHKH MOKAasniBalOT, 4To BenuunHa (d¢/de) OE He MOXKeT npeBblLATh,
ckaxeM, 10 u He MoxeT OpiTh MeHblue 1. Jlorapudm 310l BesHUHHLI
JIeXKHUT, chaeloBaTtenbHo, rae-to mexay 0 n 230 u npeHeOpexHMO Ma.l
N0 CPABHEHHIO C MEPBbIM Y/IEHOM, KOTOPHIH HmeeT nopsiiok 104, Takum
o6pasom, B npaBoil 4yacTH (39) BTOPLIM YJEHOM MOKHO NpeHeOpeub.
Mpl npuxoauMm K BHIBOLY, YTO LJS MaKPOCKONMHYECKOH CHCTEMBl YHCJIO
COCTOSIHHU B WHTepBaJe 3nepriuét or £ no E--8F obaagaer chenylomu-
MH CBOHCTBaMH:

InQ(E) ne 3aBucur or S8E; S (40)
Hna E# Ly 10 (E) ~T. (41)

ITO 3HAUMT, YTO ec/H 3Heprusl E JOCTATOYHO JajieKa OT SHEPTHH OCHOB-
HOTO COCTOSIHHS cHCTembl, In €2 He 3aBHCHT OT BelHYMHB! BBIGPAHHOTO
HHTEpBaJa 3HEPTHH M NO NOPAJKY BEJIHUYHHBl PaBeH YHCAY CTereHel
cBOOOJBI CHCTEMEL.

3.6. OrpaHuueHus, paBHOBeCME U HeOOPATHMOCTH

[loaBenem wutor HammMm BBIBOLAM, KOTOphle GYAYT HEOTHOKDATHO
HCITONIb30BAHB! NIPH PACCMOTPEHUH MaKpPOCKONMYeCKHx cucreM. KMcxoa-
HOIl TOYKOH HAIUX pacCy:KAeHUH SIBJISIETCS H30JHPOBAHHAA cHCTeMa *),

Mgl 3HaeM, YTO Takas cucTeMa YJAOBJAETBOPSIET ONpeleseHHbIM YC.10-
BHSIM, KOTOPBIE MOXXHO 337aTb, YKa3aB 3HAUEHHSI HEKOTOPBLIX MaKpo-
CKOMHYECKHX MapamMeTpoB CHCTEMbl. DTH YCJOBHS OTPaHUYHBAIOT YHCJ0
BO3MOZKHBIX COCTOSIHHU{T, B KOTOPBIX MOMKET HaXOAUTHhCH CHCTeMA, CBOIAS
HX K HEKOTOPOMY YHCIY OOCHYyNnHbLX COCMOARUL, COTAACYIONHXCS C orpa-
HHYEHUSIMH, HaJ/IOXKEHHBIMH Ha CHCTeMy. YHC/I0 ZOCTYNHLIX COCTOSIHHH
(2 OKa3sblBaeTcsl 3aBHCSIMHM OT HaJIOKEHHBIX HAa CHCTeMY OrpanyyeHuH,
Tak uto =L (y) ectb PyHKUHUSA HEKOTOPBIX MaKPOCKONHYECKHX Iapa-
METPOB CHCTEMB.

IT p 1 m e p. PacemoTpuni mokasanuyio ua pic. 3.8, a cucrenmy. 210 uleasuHblil
ra3, vaxopailuiica B JieBoH uactu cocyda V;. llparas wacts cocyna nycra. B stom
clyuae neperopoka, pasgeiswulad obe 4acTH cocyia, IefiCTBVeT KaK OrpaHHueHHe,
YMEHBIHAIOULEE YHC/IO KOCTYITHBIX COCTOAHMH O 3HAYEHUH, IIPH KOTOPOM BCE MOJIEKYJIbI
HaXONATCA B JIeBOH uyacTu cocyna. [109TOMY UHCIO HOCTYMHBIX COCTOAHHI Ta3a 3aBHCHT
oT obnema JjieBoH yacTH cocyaa, T. e. Q=Q(V,).

CraTucTHYecKOe OMHCAHHE CHCTEMbl 32KJ/IOUAETCs] B BEPOATHOCTHAIX
YTBEPKICHHAX 00 aHcambie cUCTeM, Kaxkdas M3 KOTOPBHIX MOABEpPIKeHa
OJIMHaKOBbIM OrpaHHyeHHAM. EcaH cucTeMa HaxXoIHMTCST B paBHOBECHH,
TO C paBHOH BePOATHOCTBIO €€ MOXKHG HAaHTH B J1I00OM M3 £ JOCTYTNHBIX

*) JIi06y10 HeH30/IHPOBAHHYIO CHCTEMY MOXHO CUMTATHL 4acThl0 H30JAHPOBAHHOIT
CHCTEMBI.



cocTosiHui, ¥ HaobopoT. Ecan cucremy Heab3dsst 0OHAPYIKHUTH C PABHOH
BEPOSITHOCTRIO B JIIOGOM U3 £ OCTYNHBIX COCTOSIHHUI, TO €€ CTaTHCTHYECKOe
onucadune OyaeT 3aBUCeThL OT BpemeHu *). B atoM cayyae B cucteme SyayT
NPOHCXOAHTD H3MEHCHHS, HANPaB.IeHHbe K TOMY, YTOGH! JOCTHYbL PaBHO-
) BECHOTO COCTOAHMS, NPH KOTOPOM OHa C
L pPaBHOU BEPOSITHOCTBIO OYAET HAXOAHTHECA
= B KaxKIoM H3 £ JIOCTVIHBEIX COCTOSTHHH.
Bce 3TH  yTBepK/eHHsT COCTaBJ/SIOT COAEp-
JKaHHE HalIHX OCHOBHBIX mnocrviaatoB (18)
u (19).

PaccMOTpHN U301HPOBAHHYIO CHCTEMY,
HAXOTUBUIYIOCS BHauaJse B paBHOBeCHH B
VCJIOBIIAX, KOTAa OHa maena {2; I0CTYMHBIX
‘ cocTostHuii. Ona ¢ paBHOH Be}JOHTHOCTb}O
MOzKeT ObIThb HafigeHa B JOOG0OM H3 HHX.
[JonycTHM, 4TO Mbl CHSIIH HEKOTOpBIC H3
epBoHavaJbHO CYUeCTBOBABUIUX OrPaHu-
yeHn# (Hanpumep, yOpaJaH [OEePEropoiKy
B CJIyuae, H300pakeHHOM Ha puc. -.8).
Tax kak Tenepr cucTeMa IIOXBEpKeHa
MeHbIIHM OTpPaHUYeHHsIM, YeM paHbllIe, TO
YHUCJAO JOCTYIHBIX edl COCTOSTHUH He MOXeT
YMEHBIIUTBLCA. B 0OpIUHLIX YCJIOBHAX OHO
JOJKHO CUIbHO Bo3pactu. Ofo3nauup ge-
pes £, HOBOe uHCJAO JAOCTYIHBIX COCTOSA-
HUH, MBl HMeeM

£)

T
Pruc. 3.8. Maea.unnbpiit raz B sljl-
we. @) Flavarnsinoe noJgosseHlie: ¢© HBMB@./Z&HHO INOCJI¢ CHATHHA HauaJlbHbIX

Nocred " nenoll mosonnie minka OTPAHHYEHHH  BEPOATHOCTb HAXOMIEHHS
oGvevon 1j. D) Keueswoe noto-  cpereMpl B JIIOO0OM M3 COCTOSHHH ocTanercs
I H M TIpOUIﬂO MBOTO BDCT\K’HH o . N
nocsge  Toro, Kak sacaonka Omaa  HPRHKHEH. Tak KaK CHauaJsd OHa C paBHOU

yOpaita, 'as pacnpocTpasnics na

vech o0Bey g ALK, BEPOSITHOCTBIO HAXCAMIACh B aoboM w3 £

COCTOSIHHH, TO H HEMELJIEHHO TOC/e CHATHSA
OrpaHHYeHHH oHa OY/JeT ¢ paBHOH BepOSTHOCTLIO HAXOAHTLCS B KaxK-
oM u3 uux. Ilpmn stoM BOSMO}KHBI JBa CJIyYasi:

L. Ocoboul cayuail, koeda Q2 ,~;. B sTOM cilyyae yAaseHle orpaHide-
HUIi HE MCHSICT DABHOBECHOTO COCTOSTHHSI CHCT@MBI.

2. Obvunvitl cayuart, Koeda £ >>C2;. HevensteHHo 1iocae CHATUA Orpa-
HUUEHUH BePOATHOCTH HZ!XO)KILEHMH CHCTEMB! B HOBBIX £2,—{2; cOCTOAHUAX
paBHa Hy0. [103TOMY BO3HUKAET HEpPaBHOBECHOE COCTOHHHE H cHCTeMa
HaulHaeT M3MEHSITLCA BO BPEMEHH. DTO H3MeHeHne OyAeT NPOR0/KAThCH
JIO HacTynJ/eHusl paBHOBECUS, KOTAA BePOSITHOCTb NpeOLIBAHMST CHCTEMBI
B AK000M H3 JOCTYIIHBIX COCTOSIHHH CTaHeT OJHOH M TOH IKe.

II puwmep. Ipennonomun, uto neperopoika Ha puc. 3.8 y6pana. 10 He Me-
HACT SHEPrHH [a3d, HO YBeJAHUHBAET YHC/IO OCTYMHBIX coctoafiuii, TosbKo B ocofom

*) Hpyramu ciosavi, B aHcaMmGre CHCTEM BepOATHOCTE HaHWTH CHCTEMY B JJAHHOM
COCTOAHUH MEHSeTCSl CO BPeMeHeM [0 KpaHHeld Mepe AN HEKOTOPbIX COCTOSIHHH.
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ciydae, KOrja Heperopoika coBNajaer C NMPpaBoH CTeHKOH sauwuka (T. e. Vf=V,-), ce
yAaleHUe OCTABUT HeHM3MEeHHBIM YHCJIO JAOCTYNHBIX COCTOAHUU M COCTOSHHE rasa oc-
TaueTCst paBHOBecHHIM. B oGmem ciyuae, koraa V>V, yranenne neperopomxm yse-
JMUHUT JOCTYNHBIH Ka)KJIOH MoJjeKyJe o6beM B OTHOUIEHHH V¢V U3 dopuynsr (32)
CJAEAYET, HYTO UHMC/I0 JOCTYMHBLIX MOJEKYJ/e COCTOAHAN INPOMOPUHOHANLHO O6hevy
COCY.1a, TIO3TOMY 4YHCIO AOCTYAHbIX OIHOH MOJIeKYJe COCTOSHMH Takie BO3pacTeT
B oTHoweHHn V,/V;, a unc/io COCTOAHU, JOCTYMHBIX BCEM MOJIEKYJIAM, HaXOAAL{HMCS
B SIHKEe, YBEAHUYHTCH HA MHOMXHTEIb

) &) )=(7)"

N MuvxkuTeaen

TakuM 00pda30M, KOHEYHOE YHCI0 JOCTYIHBIX COCTOSIHMH OKa3bIBAETCA CBA3aHHBIM
C HaY4JbHBIN YHCJIOM CJACAVIOWIM  BbIPAMKEHHEM:

Vey
Qfl'*(?l?;') QI" (43)

Haxe Korpa nosbiil 00beM He3HAUNTeNLHO Godblie peKHero, BCe paBHO Qf>>>Q,-,
ec;ii N — 6oabliloe uncao, OJIH3KOe MO MOPSAKY BeIHYHHBI K uucay Aporappo. He-
MeOACHHO Mocde YAAJeHHA NepPeropojKH MOJEKYJbl elle HAXONATCS B Jeroif 4acTH
cocyaa. Ho renepb 3To cocToAuxe yxe He OyleT paBHOBecublM. Haumerca npouecc
JOCTHIK@HHST HOBOIO PABHOBECHS, MPH KOTOPOM MOJIEKYJlaM CTaHyT B DaBHOH Mepe
MOCTYMHBIMA BCe &2y KOHEUHDLIX COCTOfINH. DTO 3HAUMT, uTo Kamias MoJeKkynaa OyleT
HMeTh PAaBHYIO BEPOATHOCTb HAXOAMTLCA B JIOO0H YacTH HOBOTro ofbeMa.

[Ipeano/iozKuM, 4TO HOBOE COCTOSIHHE PAaBHOBECHs JOCTHTHYTO. Ecan
(2, >Q; TO KoHeuHOEe paclpefiesieHHe CHCTeM B ancamiiie CylecTBeHHO
OTJIMYAeTCsl OT Hada/IbHOrO pacrpefeneldsd. 3aMETHM, B YaCTHOCTH, YTO
HaYaJbHOE COCTOSHHE B aHcaM0,1€ CHCTEM Heslb3$1 BOCCTAHOBHTD IIPOCTHIM
BO3BPATOM K NPEKHHM OTPAHHYEHHSAM, OCTaB/ssl CHCTEMY H30JHPOBAH-
MOH, T. €. He 3acTap/isisl ee B3auUMOAeHCTBOBAThL C JOJ0H APYrol cucre-
MOfT, ¢ KOTOpPOH OHa Morja Obl OOMEHHBATLCS 3HEprHed.

JdeficTBUTEALHO, €CJAW MBI HMeEeM JAeJ0 C e0UHCHGeHHOol CHCTeMOH
aHcaMOJid, TO HAYa/IbHYIO CHTYAllHIO MOXKHO BOCCTAHOBHTH, €CJAY MONO-
K1aTh JOCTATOYHO A0JTO, NOKa MOSBHUTCS COOTBETCTBYIOMAA (JIVKTYa-
unsg. Ecau sta (ykTyauHs Kak pas TakoBa, YTo CHCTEMa 0Kasanaach
B A2HHBIH MOMEHT BpeMeHH B £, nepBOHAYaNbHO JOCTYNHBIX /51 Hee
COCTOSIHHSIX, TO Mbl MOYKEM HMEHHO B 3TOT MOMEHT BPEMeHH BOCCTAHOBUTD
[lepBOHAaYa/JbHble OIPAHHYEHHS H V/epKaTb CHCTeMy B HAYaJbHOM CO-
ctoaHHH. HO BepoATHOCTH BOSHHKHOBEHHS TaKOH (UIYKTyallMd OOBIYHO
npefetpHO MaJga. [JeHCcTBHTeNIbHO, PACCMOTPUM aHCcaMBab CHCTEM, HaXO-
ASIHXCSE B PaBHOBECHH [0CJe YJAaJeHHs] Haya/bHBEIX OTPaHHYeHHH.
BeposATHOCTL NOABJCHHS B 3TOM aHcamfje CHCTeMBI, KoTtopast 6yaeT
HAXOAUTbCS B HayajbHOM COCTOSIHMH, paBHa

Q.

P;‘ = Ez'[' ’ (44)
s

TAaK KaK MO/IHOe YHC/O JOCTYMHBIX COCTOsAHME pasHo Q, BeposrnocTb
MPH MOBTOPSIIOUMXCS] HAOMOLEHHAX HAT OJHOH CHCTEMOH IOSIBJACHH S
COCTOSIHHSI; COOTBETCTBYIOLIErO KejaeMOH (QMYKTYallud, Tak:Ke Ooinpee-
Jifiercs BoipaxenueM (44). Ho B o0biuHbIX caydasx, korda Q. >>>Q,
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(3TO 3HAUYHT, YTO KOHeuHslH aHcaMOJb CHCTEM CYLIECTBEHHO OTJAHYACTCH
OT HauyajabHOro), U3 (44) caeayer, YTO BEPOATHOCTh BO3HHKHOBEHHS CMNOH-
TaHHOH (PJAYKTYALHH, BO3BPALIAIOUIEH CHCTEMY K Haya/bHbIM YCAOBHSM,
OKasbBaeTcs KpalHe MaJloH.

Mu roROpHM, UTO npoLlece GBJSIETCs Heobpamumeim, ecilu B ancambre
U30AUPOBAHHEIX CHCTEM, COBCPILAIOMIMX Tako# mpoliecc, HadaJpHOe
COCTOSIHME He MOKeT OblThb BOCCTAHOBJIGHO MPOCTHIM BO3BPATOM OrpaHu-
yeHuii. B COOTBeTCTBHM C 3THM OnpeneseHleM Ipoiecc, B pe3y.brare
KOTOPOTO CHCTEeMAa JOCTHraeT HOBOTO paBHOBECHOTO COCTOSIHUA rocae
CHSITHSI OJTHOTO H3 OTpaHHUEHHH (5TO MEHHeT YICJO JOCTYIHBLIX COCTOS-
guil or ; 10 £;), neobparum, ecau 2 >Q;. M3 srtoro onperenenys
cJe/lyeT, uTo 11pouecc HeoOparun, eCqt 1ocJe TOro, Kak OH COBepIInCS,
H30/IMPOBAHHAS CHCTEMA HMEeT BePOATHOCTL ObiTh HANJICHHOH B Haya/lb-
HOM MHKPOCOCTOSIHUHM MeHblle CXHHMIbl. [leACTBHTeIbHO, B OOBIYHLIX
caydasx (Korda £2,>>>>>>();) 3Ta BepOsATHOCTD YPe3Brualino maja. Hate
onpejeneHne HeoOPAaTHMOCTH ImpejcTapisieT co0OH NpocToe yTOUHEHHE
dopmyaupoBkY, npuseleHHofl B n. 1.2. Crapas ¢opmyaupoBka Onlaa
cle/iaHa ¢ TOYKH 3peHHs (uIYKTyauHMd B OJWHOYHOH H3QJHPOBaHHON
cucTteMe mnpH OoJbLIIOM BpeMeHH HabJIlONeHUil.

Mol MoKeM Tefiepb YTOUHHThL 3aMeuaiHe O CAYYalHOCTH, Cle/iaHHoe
B riaBe 1. B kauecTBe CTATHCTHUECKOH Mephl CTENeHH CJY4YalHOCTH
B CHCTEME MBI MO2KEM B3fTh YHCJI0 JOCTYIHBIX COCTOSIHHUH, AeHCTBUTE/IbHO
3aHATEIX B adcam0ne Takux cHcreMm. [lpouecc HdocTuKeHHS HOBOTG
PABHOBECHOIO COCTOSIHUS 110C/IC YAAJCHHA OrpaHHYeHHHA B M30JHPOBAH-
HOI1 CHCTEMe NPHBOAHMT K YBEJHHCHHIO CIy4aliHOCTH, ecad Q. >>Q;; Takol
npouecc HeoOPaTHM.

I[Tpuwmep. Ecmu ras, paccyvoTpetinnil B npegbiyiieM npunMepe, fOCTHI KoHeu-
HOTO PAaBHOBECHOTO COCTOAHHUSA, IPH KOTOPOM BCe MOJEKY/Ibl PABHOMEPIO pacnpese/TeHbt
Mo 06heMy SIIHKA, TO HPOCTOE BOCCTAHOBJEHHE NEPeropoRKH He NMpHBeAeT K BO3HUK-
HOBEHHIO HAYaJbHOTO COCTOAHHS E ancambie TakHX sillukoB. Mosjexy.w, pacnpo-
CTPAHHBLINECH HA MPABYK 9acFb AULMKA, TaMm it ocrauyred. llosromy npouece, passu-
BAaBILIMWCH TNMOCJAe YJAJdeHUs Neperopoaxy, HeoOpaTHM.

UToOB OLEHUThL BEJHYHHY (PIYKTYaIlMd, KOoTopas Morjia Obl BOCCTAHOBHTL Ha-
yaJbHBEIE YCJOBHS B ORHOM M3 SIMIMKOB aHCAMGAdA, BBIUHCAHM BEPOSITHOCTH TOCO, 4TO:
BCE MOJIEKVJBI, HaXOJAALIHeCs] B HI{UKe, CHOBA colepyTCA B €ro JeBoil 4acTH moc/e
ZOCTHIKEHWS KOHEUHOrO COCTOAHUA paBHoBecus. Kak cienyeT H3 {43) u (44), ata Be-

POsiTHOCTh paBHAa o v v
NI SIS 5,
Fi=g, (v,) ' (4

Ouadanracrudeckymana, ecatn V, >V, u ecnn N peanxo *). Takun oGpasom, yaanenne
HEPEeTOPOAKH SIBASETCS NPHMEPOM THRHYIOTO HeoOpaTHAOro MnpoLeccd, UPHROAAIEro
K YBelTHUCHHIO C/y4allHOTO pacipeleieHHs MOJAeRYJ B Tase.

PasBuryio 31ech OOILYIO TOUKY 3peHHS MOXKHO C YCNeXOM fOSICHHTbL
Ha JBYX MpHMepaX MaKpPOCKOUHYECKHX CHCTeM, MeXKIy KOTOPBIMH CV-
LIECTBYeT B3aHMOLCHCTBUE.

*) 3aMeTHM, 9TO B YaCTHOM CJIyuae, KoIZla BHauaJe SIHK Gbll pa3fieled repero-
POJIKOIT Ha JIBe PAaBHLIE NONOBUHDL, VfZQV,-, Tak uro Py=2-N. J1or pesyiirrtar GH.T
yxe noJayueH B TVIae 1 ¢ mOMOIIBI0 IPOCTHIX cOOOpaXKeHHH.
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[1pumep L. Paccmorpum usomuposannyio cucremy A%, KoTOpast COCTOMT H3
2ByX nopcuereM, A u A’, ¢ QuxcupoBanubiMn BHemnmyil napamerpamit. (Hanpnmep,
A u A’ noryT 6BITh KyCKOM ejeda H KYCKOM Jbja cooTBetcTBenHo.) [Ipeanonoxum,
q10 A 4 A’ HacTOZILKO HaJieKi JApyr OT APpYyra, uTo OGMeH SHeprHeH MexK1Y HHMH He-
Bo3Moxced. T1ycTh CYUIECTBYeT OrpaliHueHile, 3aK.TIOUAIOLIECs B TOM, YTO 3Heprus E
cucTembl A u 3neprus E' cuctemst A’ B oTAenpHOCTH OCTa0TCA HenametHbMH. [losTomy
JAOCTYNIHBIMH COCTOAHHSIMH TOMHOH cucrevbl A* 6ynyT Takie COCTOAHHA, KOTOpbie
V.I0BJIETBOPAIOT OTPAaHHYEHHAM, 3aKIIOUAIOMUMCA B ToM, uTo cuctemsr A 0 A" nvelor

ornpeesdeHHble 3HaueHusA JHeprud, paBubie £, 1 E; cootsetcTBento. Eca UHCI0 TAKHX
COCTORHHUE, AOCTYNHHX A5 cHCrembl A¥, paBHo £2* W ecan cHcTeMa A% Haxoares
B pABHOBECHH, TO oMa OyJer C papHOil BePOSTHOCTbIO HAXOLHTLCA B JHOGOM H3 ITHX
COCTOSTHHII.

Tenepr gonycrus, 4ro cucremnl A u A’ NpupeleHsl B CONPHKOCHOBEHHE H MEKAY
HHMHE RO3MOxkeH OBGMeH 3HeprHefl. [Ipm 3ToM ycTaHoBJ/IcHHLIE BhIilie OrpAHHUEHHSA OT-
nafaot: sdepruy vactefi A # A" noanofi cucremsr A* ne JoAHbL ObITh TOCTOSHHBIMH,
$I0CTOSNHOM  Tercph #BAAETCA ML moauas sheprus (E--L) seell cuctemsr A,
8 pesyaprare yMeHLIIEHUA orpaHuyeHHi 06bplYHOoe UICJA0 JOCTYNHBIX  COCTOSHHH

S
X K
Aegsese r *
' '%“”@.:’:Qz‘j' / A / A
RN ¢§/

)

Y/

. SAIT4 / /!
Puc. 3.9. HApe cucremer, A4 n A7, Pue. 3.10. Opa rasa, A A7,
¢ GUKCHPOBZHHSBIMY  RHEIIHUMH pazjelNenHsle NOABHKIOH NMepero-
napaMeTpaMH, KOTOpEe MOCYT 06- poikoii. OO6ejlldeHHad cHCTema
MCHUBATbCA  3Heprued. OObeu- A* cocTouT #3 ABYX ciuctem, A u
HeHdas cucteMa A*, coctoduias A7, ¥ sBAeTCH 1130JHPOBAHHOM.
3 cuctem 4 m A’ sinnsacres Hio-

JIHPOBAHRHO.

®
ciicressl A* cunpno Bospactaer # crTanoBnTcs pasubiv (2r. [lpu 3T0oM (ecnu  Tosbko

¢ 0Ka3biBaeTcsd, 4To Q?zﬁf } MEMCIJICHHO TIOCHe OCYILeCTBJACHHST KOHTAKTa Mermay
A u A" cuctema A* He HaxoquTcs B paBHoBecud. Dueprua cucTeM A n A” Meusercs
{3Heprus B ¢OpMe TemJaa nepexoIuT OT OIHOH cHCTeMbl K APYroH) 1o Tex nop, noxa
cucreMa A* He NOCTHTHET CBOErD PABHOBECHOIO COCTOsHHSI, KOIAA € PaBHOH BepoAT-
HOCTBEIO OHa GyzeT obHapysKeHHOA B j06oM H3 ocTyniiix cocrosnud. Tenepn npea-
110,103 M, uTo cHcTeMbl A u A onsaATh pasjeseHnl H He MOryTt GoJblie OOMEHHBATHC A
sHeprHefl. Hecmorps na 1o, 4To neproHaya bHele OTpaHUYEHHA Tellepb BOCCTAHOBJIEHDI,
HauaJbHOe cocTosiHue cucTeMbl A® He BoCCTaHOBJEHO (ec/H TOJLKO HE OKAa3nlBaercCs,

) * o
uto 2p=CQ;). B uacTHoCTH, cpeinee 3HaueHue 3Hepriy s ancambied A u A" orau-

4aeTCH OT HayaJbHBIX 3HaueHHii £; W E:. Paccmorpennniil mporece ofMena TemnsioM
MEXKJY CHCTeMaMH $SIBJAACTCA, TaKHM 00pa3oM, HeoOpaTHMBIM.

IIpumep II. Pacemorpun nsonvposaunyio cucremy A¥, cocrosutyio H3 JBY X
razos, A n A’, pasfefeRHLIX 33aKpervieHHOH Meperopojkoil. Jra neperopojka jeficr-
BYeT KaK orpaHuueHHe, 60 Saarojaps efi qoctynksle coctosuust rasos 4 u A” noa-
YHHEHb! TOMY YCJAO0BHIO, 4To 00beM Fa30B paBen V4 u V 4+ cootserctBerHo. I1yers uncio

SR -
JOCTYDHbIX coctosiHuii cuctemb! A¥ papno Q;; ecau cucrema A* HaxonuTCs B paBHO-

BECHH, TO OHA C PABHOI BePOSITHOCTLIO MOXMKET HAXOIHThLCHA B JI0OOM H3 COCTOAHMN Q7.

{Ipeanosoxkum Tenepn, 4TO Neperopofka OCBOSOXKJAEHA H MOXKET IePeMeIlaThCA.
Torxa mHauBuAyansisle o6bembt razoB A u A" He GyayT orpaHMyueHbl 3HaueHHAMHA V 4
4 V. A4s, a 4HCJTO JOCTYDHBIX COCTOsHHE CHcTeMbl A* upe3BblialHO CHJILHO BOSpacTeT

H CTaHeT PaBHBIM SZF BMCCTO HA4aJbHOI0 3HA4YeHUA Qf Cpasy mnocsie 0CBOOOXKIEHH A
neperopoiku cucremMa A* ne GyzeT B paBHOBecud W IePeropojKa HauHeT IepeMe-
mareci. O6nemul ciucteM A 1 A" GyayT MenaTsCs O TeX Nop, NokacHcreMa A* He
JOCTHMHET KOHEUHOrO PaBHOBECHOI'O COCTOAHHSA, IJe OHA C PABHOH BePOATHOCTHIO
MOXeT ObITb Hafifiena B JMOOGOM ¥3 HOBBIX JOCTYMHBIX cocTosauuil, MoxHO oxunats (310
OyJlieT noxka3aHo B ryaee €), 4TO B COCTOAHHH PaBHOBeCHs! KoHeuHbie OOBEMb ra3oB A
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A A’ cramyT Takum#, YTO HX CpeJiHHe AABJEeHHs COBIAAYT W CBOGOAHO NnepeMellialo-
WAasCd NeperopofKa B KOHEYHOM NOJOMEHHH OKakeres B PABHOBECHH.

PaccmoTpennpii  mpolece COBepIIEHHO HeOODATHM, eC]H Q'}>§2f OctaBuM CH-
cTemy A H30MHpOBaHHOH, HO ONATL 3aKpPeNHM [leperOpofiKy. JTHM Mbl He BOCCTAHOBHM
Haua/IbHOTO COCTOSTHUA, B KOTOpoM o0bheMbl 00OHX ra3oB Gwuiu paBHbl V4 H Va7 coot-
BETCTBEHHO,

3.7. B3anmojedcTBHE MEKRY CHCTEeMaMH

B 1Byx npenpiayimux npuMepax ObLIH PacCMOTPEHBl B3aHMOZAEHCT-
BYIOlIIME JIPYF C APYTOM MaKPOCKOMHYecKHe cucTeMbl. M3yuenue Takux
B32UMOJIEHCTBHI KpafiHe BaKHO *) H Mbl 3aKOHYHM 3TY IVIaBYy paccMoTpe-
HHeM pasfnuHbIX cnoccO0B B3anMOAeHCTBHSI.

PacCMOTPHM JiBe MakpocKonnueckue cucremel, A 1 A’, Kotopble Mo-
r'YT B3aHMONEHCTBOBATH M, CJIe10BATENbHO, OOMEHMBATLCS 3HepTHeld
apyr ¢ apyroM. Cucrema A¥, cocrosimasi ux asyx cucrem, A u A’
H30JIHPOBAHA M €€ 3HEeprus JOJKHA OCTaBaThesl MOCTOAHHOH. Has cra-
THCTHYECKOrO oNtucanus B3aumMoneiicTeus mexiy A u A’ Mbl paccMOTpHA
ancaMbuib U3 OYeHb BOJBIIOrO YHCAA CHCTEM, dHAJOTHUHLIX A* U TaKxKe
COCTOAIMKX U3 Map s3auMojeiicTBytomnx cucreM A u A’. Baaumoneiicr-
BHe Mexkay A u A’ He npHBeleT K 06MEHY TOYHO OAHHAKOBOH SHEPTHIH
Me1Yy Kaxaoi napoil A n A’ cucrem ancamOasi. Mmeer, ofHaKo, CMBICHE
COPOCUTb, KaKOBAa BEPOSITHOCTL [1€pellayd B INpollecce B3aHMOJCHCTBHS
OlIpefie/IEHHOrO KOJNYeCcTBa 3HepruH. boaee mpocThiM ABJSIETCS BOIPOC
O CpeiHeM 3HEYEHHH 3HCPTHH, NepejlanHol B mpoLecce B3aHMOJeHCTBHS.

O6oznauum uepes E; u E; cpensiono suepruto cuctem A u A’ no Bsaumo-

AeficTBHsA, a8 uepe3 E, u Ej— HX CPEAHIO0 3HEPTHIO NOC/Ie B3aHMOLEHCT-
Busi. Tak Kak roJ/JHast 3HePrusi H30/4HPOBaHHON cucTeMbl A ¥, cocTosulcH
us A m A’, ocraercsl NOCTOSHHOIM, Mbl hiMeeM

E,+E;=E,+E,. (46)
Takum obpasoM, u3 saxona COXpaHEHHST 3HEPTHH CJeilyeT
AE + AE" =0, (47)
riae o
AE=E,—E u AE'=E;—FE; (48)

03HAYAIT H3MEHEHHEe CpeJHeH SHeprHu KaXkao#i us AByX crctem, A u A’

Teneps Mbl B COCTOSHUU YTOUHKTD PacCcyzxeHud, clenasnple B . 1.5
pOU3BE/Isl CHCTEMaTHYECKOE P3CCMOTpel e Pa3IHIHbIX CIOCOB0B B3aHMO-
JNEeHCTBHS JBYX MAKPOCKONMHYeCKUX cHereM, A u A’. Mbl HauHeM ¢ u3y-
YeHHs! [OBEAEHHS BHEIIHHX [apaMeTPOB CHCTeM B IIPOLleCCe B3aHMO-
JNelcTBHS ¥},

¥} JTum 3anAMAeTCA MEPMOOUHAMUKA, LeNbI0 KOTOPOH HBIACTCA MaKPOCKONH-
yeCKHH AHA/IH3 TeNVIOBBIY H MeXaHHYECKHX B3aHMOIEHCTBHH ¥ PacCMOTpeHHe BO3MOXK-
HBIX CJAEACTBUN 5THUX B3aHMOJEHCTBHH.

**) Kak ckasano B 0. 3.2, BHEIIHHM MapaMeTpoM CHCTeMBI HASLIBAETCH MAKPO-
CKOIIMYeCKHH Dapamerp (HanpHMep MarHuTHOe nojie B wan o6pveM V), Bausiouyil Ha
IBHIKEHHE YACTHI[ B'CHCTEME, 4 3HAUHT, H HAa ee YDOBHH IHeprud. JHeprus £, Kam~"
AOr'0 KBAHTOBOTO COCTOSIHHSL 7 CHCTeMBbI 3aBHCHT OT BCEX ee BHEUHHX 1apaMeTpoB.
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Tenaogoe ezaumodedicmeue. B3anMoIelCTBlie MeXAy CUCTeMAaMH
HMeeT OCOOEHHO MPOCTOH XapakTep, €CIH (PHKCHPOBATb BCE BHEUIHHE
napamerpsl. [Ipn 3ToM YpOBHHM 3HEpPTHH OCTAIOTCS HEM3MeHHRIMH. TaKoe
B3aHMOLEHCTBHE Mbl OVJAeM Ha3blBaTb MIENAORBIM  B3auUMo0eldcmene.
WMamocrpanyeli TensioBoro B3aHMOACHCTBHSA siBAdeTCs npHMep I B Konue
1. 3.6. B pesy/bTare T€NJ0BOrc B3aHMO-
NedCTBHS MPOUCXOAHT yBeJHYeHHe (co
3HAKOM ILJIIOC MJIH MHHYC), Cpe/lHel 3Hep- { A A A
THH CHCTEMBI. DTO YBeJHUYEeHHe Mbl HA3bl-
BAEM /MeNnAoM, NOLAOWEHHBIM CHCTEMOH,
U 0ObyHO oGo3Hauaem dYepes Q. Coot-
BETCTBEHHO YMEHbllIEHHE cpejlHeH 3Hep- , -
FHH CHCTEMBl (CO 3HAKOM TVIOC HAH MH- & A A
HYC) HA3BIBACTCS MENA0M, OMOAHHOLM Cli-
cTeMOH, H oOfosHayaercsl —Q. Mul MO-
’KeM, TakuM 00pa3oMm, HalHcaThb

Q=AE u Q'=AE’, (49 3 A A A
rie Q 0 Q'— Tenao, nOTJOLIEHHOE CHC-

temamn A u A’ coorBeTcTReHHO *), Co-
XpaHeHHe sHepruu (47) Tpebyer, 4TOOHI

» -
Q@' =0, nm Q= —Q'. (50)
[TocienHee BbipaxkeHHe O3H4YAET, 4TO , .
Tenso, moraotednoe cucreMot 4, pasio N A A A

Tena1y, OTAaHHOMY cHcTeMol A’. B coot-
BETCTBHH C OllpeJe/eHHeM, IPUBENEHHBIM  Pyc. 3.11. Ancaméan crctem A * . Kasice
B CBsI3M ¢ paBeHCTBOM (1.15), Mbl Hashl-  Ja% cngrema A* coctont w3 uyx cu-
. , , pbie MOCYT B3aHMO-
BaeM 0oaee X0A00HOU CHCTEMY, I1OTVIO- ReiicTBOBATL APYE € APYFOM.
LAIOMYIO TIOJIOAHTE/IbHOE  KOJIHYeCTBO
Telia, a CHCTEMY, [OMIOWAIOWYIO OTPHUATENbHOE KOJHUECTBO Telna
(T. €. OTAAOULYVIO TOJNOKHTEJNBHOE KOJMMYECTBO Temuia), HashlBaeM Go.ace
aopaueti.

XapakTepHoH OCOGEHHOCTBIO TeIIOBOTO B3aHMOAEHCTBHS, KOT/Ia
Bce BHEILHHE MapaMeTphl (PUKCHPOBAHBI, SIBJASETCS] HEH3MEHHOCTb VPOB-
Hell sHepru cucreMel. Cpeansia 3Heprus ONHOH CHCTEMBI BO3pacraer
3a CYeT APYroi, HO 3TO BO3PACTaHUe He SIBJISIeTCSt C/IEICTBHEM H3MEH eHu sl
BOSMOXKHBIX YPOBHeli SHEPTHH. Ono 1npoMCXOIUT MOTOMY, YTO B PE3Y.JIb-
Tare B3aHMOJEHCTBHS YBEJHYHBAETCS BEPOSITHOCT b HAXOK/IEHHA CHCTEMbI
B COCTOSIHHSIX C OOJbLIEH 3Heprue.

Tenaosan usoaayua (uauw aduabamuueckan usorayus). Tentosoe
B3aHMOJEHCTBHE MEXKIAY JBYMS CHCTEMaMH MOXKHO IpeROTBPATHTD,
TIaTe1bHO H30JHPOBAB HX APYT OT Apyra. Mbl rOBOpHM, YTO IBE CHCTEMBI
mepmunecku, UJIN a0uabamuueckKu, US0AUPOBAHbL IPYT OT APYra, ecu

*) 3ameTHm, UTO YTOUHEHHE pacCyxkJeHHH n. 1.5, cBAsaHHOe CO CTATHCTHYECKUM
paccMOTpeHHeM NMpoGJeMbl, ¥ 3aKJIYaeTCs B TOM, YTO MBI Ofpexe/sieM Tervio depes
U3MeHeHHe cpedHeli HePrHH CHCTeMEL.

5
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npn GUKCHPOBAHHBIX BHEIIHHX fapaMeTpax OOMEH 3HepPrHed Mex i1y
HUMH HeBo3MOxkeH *). CymecTByIOT pasiHuHble cnocoChl 10CTHYD TEIIo-
BOH H30JIAIHMH: CHCTEMEI MOKHO VAAJAUTE APYT OT APYra HJaH pasfiefnTh
TOJICTOH 000J0YKOH COOTBETCTBYIOMETO BELIECTBA (HaripuMep, acOecT HJH
s60nuT). O600UKA HA3HIBACTCS Meniousoaupyoniet, Win aduabamuyec-
Koti, ecayu JABe pasledeHHble Takoll 000,J04YKOH CHCTEMBI HAXOAATCS
B TEMOBOH H30JSIHT IPYT OT ZpYTa, T. €. eC/IM TaKHe CHCTeMbl, ObIBILIHE
CHayajJa B COCTOSIHHH PaBHOBeCHS$, OCTAIOTCSi B 3TOM COCTOSIHHH, IOKa
BHeIIHHe napaMeTpel ¢gikcHpoBaHbl **). [Iponecc, KOTOPBIA IPOHCXOAHT
B CHCTCME, TepMHYeCKH H30/MPOBAHHOA OT APYTHX CHCTEM, Ha3biBAETCs
aGuabumuyeckuM.

E_‘: Iu‘? 8 E_ e 57 7 E_.—_—-/[ ‘5,_7 A LI P_: 0}4
¥E+—_: 7&95 LLLLLL LA, p-f__; &:g E; }ag B i &: 0}5’
9 8

4

Puc. 3.12, Banande TeNJOBOTO B3AHMOIENCTEHS HA BeChMA {IPOCTYIO CHCTeMy A, COCTOALLYIO
3 eAMHCTRBEHHOFO CIIHHE 1/, ¢ MAarHKTHBIM MOMCHTOM Ky, MOMEUICHIION0 B MATHUTIOe noae 5. Ha
ararpaMMe [oKazansl ABA BOBMOIKHBIX YPOBHS 3HEPIHH CHCTeMbt A. DTHM ABYM KBAHTOBHIM CO-
CTOSTHHSIM COOTBETCTRYIOT 3Heprul L. v E_  BeposiTnocTs o6HapykiITe A B COOTBRETCTBYIOIIH X
CcOCTOTHUNX Ofo3Hadeda depe3z Py n P_, U BeauyMia 3THX BepOIUTHOCTEH NpoNopUHOHaTbHA
32ITPUXOBAHHON HaCTH TOPH3OHTAILREIN JANHHUIL. YDOBUKH 3HePCud OCTAOTCH HEH3MCHIBIM,
¢CJI¥ BHellHee MarnMTHoe nojde (cAHHCTBeHUbHL BHEUWHH{T NapaMeTp CHCTeMsl) (HKCHPOBANO.
Haua/jbiloe papBHOBECHOE COCTORIHHE (2) COOTBCTCTBYET CIMHY, NOMEINEHHOMY B lieKoe Trepace
TeJJO. TBEpﬂOB TeJo 3aTeM noMelllaeTCa 13 AKHALOCTE, ¥ MEI #eM lI?lCTYﬂJIeHHH KOHeuHoro panio-
LeCHOro cocTosnua (6). B aToMm npouecce cilMi cleTemel A MorfiomaeT TENSO 0T CHCTeMul A, ¢o-
cTosHleli M3 TBEPAOTO Tena ¥ KHAKOCTH. FIpit yKa3auubX 2 AllarpaMMe H3MeHEHHsiX BEepOsTHOCT U
Tenao @, norJaoueHHoe cHeteMoil A, papHo Q=00 UB.

Aduabamuuecroe e3aumodericmene. [Be TepMudeck! H30JAHPOBAHHLIS
cuctembl, A u A, BCe Ke MOVl B3aHMOIEICTBOBATH H OOMEHUBATHLCS
sHeprueil, ecaH H3MEHAeTCS XOTH Obl OJIHH H3 MX BLEUINIX NapaMeTpos.
MBI Ha3BIBAEM TaKoe B3auMojeilicTBie aduabamuueckus esausodedcn-
stiem. {[IpuMepon aznHaGaTHUeCKOrO B3aHMOAEHCTBHS Oy/IeT IpuMep i3
1. 3.6, ecny NOABHMKHYIO NEPETOPOAKY CAIATh U3 TCIJIOH30AHD YIOILETO
matepuasa.| Bospacranue (moso:xute/bHOE HAH OTPHLATEIBHOE) Cpeil-
Hell sHeprud giuabaTHYeCKH H30JIMPOBAHHOH CHCTEMBI Ha3LIBaeTCH
MaKpockonuueckotl pabomoti, cogepuieHHoll Hao cucmemol™**}; Mbl 6yieM

*} CroBo aduabamuteckid O3HAYAET «TENJIO He MOXKeT NPOXOJHUTLY ¥ IPOHCXO-
aut ot rpeveckoro adiabatikos (a=ne-dia==uepes--bainein==npoXomurs). Mu Bcer-
Xa GyleM yroTpelaaTh ero HMeHHO B TaKOM CMBIC/e, XOTS MHOIAA B HH3HKe €ro HCnojib-
3YIOT A 0003HAUueHUs APYIOrG NOHATHS.

**) Ecin 060/104Ka He sBJsIeTCs TellJIOM3OJHpYIowei, ME I'OBOPMM, HYTO OHa
IMENAONPOBOOHA.

**%) MaxkpocKkomuueckas paGoTa, OmpelelleHHAs uepe3 U3MECHEeHHEe cpedued SHep-
Iy, ABAAETCH CTATHCTHYECKOH BeJIMUMHOHA, pPABHOH cpejHeMy 3HaueHul0 paboTHI,
npoH3BefieHHOH Haj KaxoH cucremoil ancam6is. Bo Beex cayyasnx,cKorna sto He Mo-
¥eT BbI3BAThL OWHOKH, MBI OyleM 0603HauaTbh onpeleleHHYI0 TAKHM 06pa3oM Makpo-
CKONHYeCKYQ patoTy TepMHHOM paboma.

134



o0o3HayaTe 3Ty BeaHuuHY uepe3 W. CoorBercTBenHO yMeHbluedue (1o-
JIOXKHTE/IbHOE HJH OTPHLATEIbHOE) CpeaHedl 3HepTrHil CHCTEMbI HOCHT Ha-
3BaHHe MaKpocKonudeckotd palomet, cogepuicHHotl cucmemotl, H 006o-
sHavaetrcss — W. Mbl MoXKeM Hanucathb

W=AEu W =AF (51)
st paboTel, POH3BeAeHHOK Hax cucteMami A n A’ COOTBETCTBEHHO.
E=gp,8, « — P=01
E £ ;05 K _.=0){
E+27‘05 Lol it . p+=gg
E=r—y B aliiiiic.. p=g,g
F—-08,8 + [ } +
5)
E-—:.I[L&' B{ YAt p_;-—: 0) 3

E;:.—_ _f J’a Bf LIPRIPPP /77777 P — 0: 7‘
E = “"0,4 /U/ g 8. 1
)

Prc. 3.13. Bawmide agnafaTHYIECKOr0 B3aHMOAelCTRH Ha O'ellb MPOCTYIO CHCTemy A, cocTosamyio
na cnnea 1/, ¢ MarHUTHBIM MOMEHTOM My, DOMENIEHHYIO B Mariutheoe nogae B, Haualbroe nodoxke-
HIte ¥ 0003HaNCH A Te Ke, UTO # HA puc. 3.12, Ho cnud ajuadaTinueckH H3onupoBad. llpeanoso-
FKMM, 4TO MaranTooe fnode B H3MeHHeTes ¢ MOMOMbLIO JdeKTpoMarduTa. Beduuuna coBepliennoil
paboThl 3aBUCHT OT XapaKTepa npoHcXogsiiliero npoyecca. Ha prcyHKe (6) Nokazavo K oHednoe pas-
HOBECHOE CoCToAHHe, obpasyioilieecs NPH OYeHb MeAJIeHHOM H3MeHCHIHN noJasa of B po B,. PaBara,
coBeplUenHas Hajk cHCTeMoil A, B 5TOM cayuae pasHa W=—10,8 u,{B;—5). Ha pacynke (s8) noxaza-
HO KoHedHOe PaBHOBECHODE COCTOsIHHE, O6pasylomeecs B TOM Caydyae, eCldd H3MeHeHHNe NOAA OT
B ne B, npowcXOLUT HEKOTOPHIM NPOHIBONALHEIM o6pazoM. Pabora, copepllieHH ast B 3TOM YACTHOM
cnyuae., paeHa W=—0,4 u,8,4+0,8 uyB

Ecau cocrasnas cucrema A--A’ nzosnnpoBana, To coXpaHenHe SHEpPrHH
(47) Tpebyer, UYTOOMI _
W1 W =0, (52)

H.TH
—— Y, ’

- -

INocnenree U3 3TUX ABYX PABEHCTB O3Hauaer, uTo pabora, Npou3Beseii-
Hasi HaJl OJHOHM CHCTeMOH, paBHa pafore, MNpOH3BEACHHOH JApPYrou cu-
CTEMOH.

AnnaGarnueckoe B3aMMOAECHCTBHE CBS3aHO C H3MEHEHHEM BHEIIHUHX
napaMerpoB cHcreMbl, [JoSTOMY .B npouecce TaKOro B3aHMONCHCTBHs
NPOMCXONHT M3MEHEeHHe M0 KpafHell Mepe HEKOTOPHIX YPOBHEH 3HEpTrHH
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B3aHMOJEHCTBYIOIUX cHcteM. CpenHsis 3HEprusi B3aHMOAEHCTBYIOIHX
CHCTEM NIPH 3TOM H3MEHSIETCS], BO-IIEPBHIX, NOTOMY, YTO MEHSIETCs] SHepTrHA
BCeX KBaHTOBLIX COCTOSIHMII H, BO-BTOPHIX, H3-3@ U3MEHEHHS BEPOSITHOCTH
HAaXOXKIEHUS CHCTEMBI B J11060M H3 3THX COCTOsIHHH *).
Baaumooeticmsue 6 obuwen cayqae. B obieM ciydae B3aHMOLEHCTBYIO-
IIHE CHCTeMBbI HE SBASIOTCS aAHalaTHYeCKH H3OJHPOBAHHBIMH H HX
BHeWIHHE [apaMeTpPhl HE OCTaloTCsl NMOCTOSAHHLBIMH. B 3TOM ciydae, oue-
BH/IHO, NOJIHOE H3MEHEHHE CpejHeH SHepruM B3auMOJEHCTBYIOUEH Cli-
CTEeMbI, HallpHMep CICTeMbl A, MOMHO 3allcaTh B BHJIE CYMMBL

AE =W Q. (53)

3nech W osnavaer m3MeHeHHe CpejlHell sleprii, CBA33aHHOE ¢ H3MeHe-
HHeM BHEIIHHX NIapaMeTpPOB CHCTeMBl, a {) — H3MeHeHHe cpejiHell 3Hep-
UM, HEe 3aBHCALIEe OT H3MEHEeHHs BHEeUHHX NapameTpoB. Pasnoxenwe

(63) Beanuunnt AE Ha paGory W, npousBejeHHYIO HaJ[ CHCTEMOH, H Ha
Ternao Q, MOIVIOEHHOE €10, HMECT CMBIC/, €CTH 3TH COCTABJISIIONIHE NMOXK-
HO pa3fefuTh 3KcHepuUMeHTa pHO. HomycriM, uro cucrema A B3aumo-
JeHcTBYET ¢ ABYMs cicresamH, OUnda H3 nux, A;, otaeneda ot A tepmo-
130/HpYiomeld 0607104KOi, a8 y APYTOH CHCTEMBI, A,, BHEIIHHE TapamMeTphl
dbUKCUpOBaHbl. B 3TOM cayuae pasJoxkente (53) UMeeT MPOCTOH CMBICI:
€ro IepBbIl UgeH paBed pabore, NPOH3BeleHHOH TNepBoH cHcTeMol A
(W1  VMEHBUICHHIO ee Cpe/Hell 3HepruH), Kotopas aauadaTHyeckil
H3C.[I11pOBaHa, a BTOPOH ujeH paBeH Temjy, OTHAAaHHOMY ciicTeMont A,
(1M yMEHBIUEHHUIO ee CpeaHeH 3HEePTHH), BHEIIHUE napaMerphl KOTOpOH
(HUKCHPOBAHEL. ‘

[lo ucropuuecKuM MpuYHHaM BblpaxkeHue (D3) HOCHT HA3BaHHE
nepeoeo 3axona mepmoduramuru. OHO yCTaHAB/JIHBAET PA3/JIHUIIC MEMILY
paboToil H TenmJoM, KaKk (POPMAMH SHEPTHH, NepefaiollHMHUCH C:CTeMe
pasauuHBIME criocoGamil. Tak Kak padoTa H Tenjo siBjisorcst GopmManil
SHEepPTHH, 5TH BeJHUYHHDLI H3MEPSIIOTCS B elHIIHUAX 3HEePTHH, Harpumep
B 3prax Wy JIKOyJIax *¥),

becroreuno maaoce usmenerue cocmoanus 6 obujem cay4ae. Tlpouecc
B3aUMOJEHCTBUA OCOOEHHO HPOCT, €CJH OH MPHBOAHT K GeckoHeyHo
MaJIbIM “H3MEHCHUSIM. ITO 03HA4YaeT, YTO HayasbHOE MaKpPOCKOMHYECKOe
COCTOSTHHE CHCTeMbl GECKOHEYHO Maj0 OTJIMYAETCs OT €€ KOHEYHOro Co-
crosiius, Hpu 3TOM 3Heprusi M BHeEILHUe napaMeTphl CHCTEMBI B e KOHeu-
HOM MaKpPOCOCTOSIHIH O4€Hb MaJjlIo OTJIHYAIOTCS OT 3HAUeHHH STHX Be/TUUHY
B HayaJhHOM MaKpOCOCTOSIHHHU. BeckoHeuno masoe yBejnueHHe cperHeis

*) OGparuM BHHMaHHe Ha cnenHadbHLIH cayuaid. Ilyctb cucrema Haxoputcst B
TOYHOM KBAHTOROM COCTOAHHHM, JHEPTHSI KOTOPOrO 3aBUCHT OT BHeEIIHHX apaMeTpoB.
Torza OHa NPOCTO OCTAHETCA B ITOM COCTOSIHHH U ee SHePIAA U3MEHHTCH B COOTBETCT-
BHH € U3MeHeHHeM BHEIIHEro apaMeTpa, ecad nocjaefiduil 6yieT MeHATLCA JGCManoyHo
MEOACHHO.

*#} B crapod dusnuecko sautepatype # Jlaxe B COBPeMeHHOH XUMUUECKOH TeIsoTy
H3MepHIOT B KaAopusx. J1a eIHHHuUA Oblia BBefena B X VIII Beke, koraa ewe He oco-
3HAJH, 4TO TeiioTa ecTh Qopma sHepruu. CoBpeMeHHOe onpeaeﬂeuue KaJOpHH ClaelyIo-
Liee: i Kanopua=4,184 mxoynsa (Touno!).
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SHEPTHH CHCTeMbl Mbl 0603HauuM uepe3 dE. [las o6o3nauenus Geckoney-
HO MaJioii padoThl, COBEPINEHHOH Hal CHCTeMOH, OyjeM MO0.Jb30BaTbCs
cumBosioM d W BMmecto WA Coenyer cpasy OTMeTuTh, uro BesinunHa dW
He AABJseTCS PasHoCThIO (auddpepednanom) AByX pador, [lelicTBUTENBHO,
paboTa eCTb BeIMYHHA, 3aBUCSINAS OT CAMOTO NPOLECCa B3aHMOJEHCTBHS .
Mgl He MOxKeM TOBOPHTb O paloTe A0 M ocJe NPolecca HiH O PasHOCTH
3THX BEJHYHH. AHAJOTHUHOE 3aMedanHe OTHOCHTCH ¥ K Beauunue 4 Q,
KOTOpasi SIBJASeTCS GECKOHEYHO MaJibIM KOJHYECTBOM Terisa, NOIJICHIeH-
HLIM 8 npoyecce, HO He OyleT pasHOCThO (AUpepennasoM) KoJHUeCTB
TenJoThl. MMes B BHAY 3TH 3aMeuyaHHsi, Mbl MOXKeM 3alucaTb NEpBbill
3aKOH TePMOAMHAMUKH 151 GeCKOHEUHO MaJsiorO H3MeHEHHS COCTOSHHS
B CJIQAVIOLIEM BHJE:

dE =dW -1 dQ. (54)

3aveuande. [loyyurensHo paccsorpets GeCKOHedHO MaJioe H3MeHeHUe
COCTOAHMS CO CTATHCTHUECKOH TOUKH 3pcHHA. JINMYyCTHM, YTO 1poilecC MPOMCXOONT
KBA3HCTATHUECKH, T. €. HACTOIbLKO MELICHHO, YTO CHCTCMA BCe BpeMs oueHb O/U3Ka K
cocTOtHMI0 paBHoBecHsi. O603HauHM Yepe3 P,BeposITHOCTb HaXOMXACHHS CHCTeab! A
# COCTOSIHMH 7, 3Heprus Koroporo E,.. CpelHssi 3Heprud cucreMbl, [0 onpelese-
HHUIO, PaBHA

E= 2 P,E,, (55)

rile CymMHpoBalie NMpoH3BOAHTCA NG BCCM J BO3MOAHLIM COCTOAHHAM CHCTEAMEL B bec-
KOHEUHO MaJIOM NPOLEcce 3Heprus £, MeHAeTCs Ha Masiyo Be/HYHHY, BO-IepBEIX, H3-3a
H3MEeHCeHHHA BHeUIHHX HﬂpaMETPOB H, BO-BTOPLIX, 113-3a H3IMeHeHHA BEPOATHOCTH P,-.
HOS‘I‘O.\‘!_V MoJHoe H3MCHeHHe 3HCPFH1] B TaKOM HPOIIBCCE MOMeT ObITL 3alTHCAHO B BHAOe
Iudupepenunala B ‘

dE:}rJ(P,dE,—i- E, dP,). (55).

[Toraouwenne Tenna ozHayaeT BO3pacTaHlle CPelHCH 3HEPTHH npH (PHKCHPOBAHUIBIX
BHCLIHUX [1apaMerpax # PaBHO N09TOMY BTOPOMY uieHY B Inpasoii uacti (596). Mo
MOKEeM 3amucartb

dQ = X E, dP,. (57)
B(‘CKOHG‘{H() MaJaaA }}3601"3, NpoHu3BeJeHHasds Hal ClICTEMOﬁ, paBHa )
dW =dE—dQ =Y. P, dE,, (58)

YTO IpeicTas/ster cCO60il HW3MeHeHHe cpefHell 3Hepruy, BO3HIKAloiee OT CABHrA YPOB-
ueit. CABUr ypoBHeH 3HePrdd MPOMCXOAHT OT GCCKOHEUHO MAJTOrO H3MEHEHHA BHEeUIHHX
napametpos. [lpn 3ToM BepoaTHocTh P, coxpauseT cBoe rnepeBoHavyajbHoe 3Hayeillle,
OTBeYaloNIee PABHOBECHOMY COCTOSIHHIO.

Crogka onpegeneduit  (HekoTopwie u3 311X onpeleteriit ABJASIOTCH.
YTOUHEHHLIM BApHAHTOM oOnpelefeHHll M3 NPeNsIIYUHX [J1aB.)

Muxrpococmosnue (uau npocmo cocmonrue), Onpeie/ieHHOE KBAUTOBOE COCTOSIHUE
cucreMpl. OHO COOTReTCTBYeT Haubojiee MOAPOGHOMY OITHCAHMIO CHCTEMbI, JONYcKa-
€MOMY KBaHTOBOI MeXaHMKOIi.

Maxpococmoanue (uiy maxpockonudeckoe cocmonrue). [1oiHoe onucanye cucTeMbr
yepes MaKpPOCKOMMHECKH H3MepsieMble [1apamerphl.

Hocmynnoe cocmosxue. JhoGoe MHKpOCOCTOsHME, B KOTOPOM CHCTEM3 MOXeT
HAXOAHTLCsl 03 NPOTHBOPCYHS C JIAHABIMH O ee MaKpPOCKOMHYECKOM COCTOSIHHH.
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Yucao cmencneld csoGodor. Ukcno pasauyHLIX KBRHTOBBIX YHCEN, HeoOXOJHMLIX
AJIA MOJHOIC ONUCAHHA MHKpococToAHHA cucTeMel. OHO paBHO YHCIY He3aBHCHMBIX
KOOpJHHAT (BK/IOYas CIHHOBLIE) BCeX YaCTHIl CHCTEMBI.

Brewnud napamemp. MakpockoliHuecKHi#l napamerp, KOTOPHIH BJHSeT Ha JABH-
JeHHe Y4acTHL B CHCTeMe, 3 TeM CaMbiM H Ha SHEPIHI0 BO3MOXKHBIX KBAHTOBBIX COCTOA-
HHH CHCTEMBI.

Hszoauposannan cucmema., CHcTeMa, He B3aHMOJEHCTBYIOWAH, a CIeA0BaTeabHO,
H He OOMeHHBAIOWAACS SHeprHell ¢ JOGbIMH APYFHAMH CHCTEMaMH.

Iloanas snepzus cucmempr. CyMna KUHETHYECKOH H NOTeHIMANBHON 3HepIHH Beex
YacTHI[ CHCTEMBI.

Buympensss snepeus cucmemot. 110/HaA SHepTHS CUCTEME, H3MeperHas B CH-
creMe KOOPJIHHAT, B KOTOPOH ILEHTp MacC CHCTEMHl HelOJBHXKeH.

Pagsrosecue. H3oqupoBanHad cHCTeMa HaXOIUTCAd B paBHOBECHH, eC/H BepodT-
HOCTb HAXOX(IEHHA CHCTEMBI B Ji10GOM H3 JOCTYIIHBIX COCTOSTHHI He 33BHCHT OT BpeieHH.
(ITpu 3TOoM cpedHHe 3HAYEHHS BCeX MAKPOCKONHYeCKHX [APAMeTPOB CUCTeMbl HE
3ABHCAT OT BpEMeHH.)

Oeparunenue. MaxpocKonHnyecKoe YCJAOBHe, KOTOPOMY HOAYHHEHA  CHCTeMa.

Hecbpamumwil npoyecc. 1lponecc, npu KOoTOpoM HAYabHASA CHTyalud, CyLecT-
BOBABILAA B arcaitbie U30AUPOBANHLIX CHUCTeM, MOHBEP:KeHHbIX 3TOMY Mpoleccy, He
MOMET OBITL BOCCTAHOBJEHA NPOCTLIM HAJIOXKEHHeM OrpaHWyeHHI.

Obpamunnd npoyece. Tlpouecc, npH KOTOpOM HAayaldbHasd CUTYAUHS B axcambae
H30AUPOBAHHLLY CUCTEM, NOJBEPXREHHBIX 5TOMY OPOIeCCy, MOKeT OblThb BOCCTAHOBJEHA
MPOCTHIM HAJIONEHHeM OTpaHHueHHH.

Tenaosoe eoaunodeticmeue. BaaumoleHCTBHe, MPH KOTOPOM BHEUIHHE HapaMeTphbl
(a cnenosare/bHO, H YPOBHH 3HEPrHH) E3AHMOACHCTBYIOIIMX CHCTEM OCTAIOTCS HeH3-
MEHHEIMH.

Aduabamuueckaa uzoaayua (uaw menaosas uszosayud). Cucrema HaswlBaeTCd aznua-
6aTiiyecky H3IOJIMPOBAHHON, €CAM OHA He HAXOIKTCA B TEMJOBOM B3aUMOLeliCTBHHM ¢
APYTHMH CHCTEMAMH.

Aduabamuueckoe g3aumodedcmsue. BiaumoneficTede, fpu KOTOPoM B3awofeHcT-
BYIOIIHE CHCTEMEI a1afaTHyeCKH M30JHPOBAHEL. B 3ToM cayuae Npoilect B3anMoreicT-
BMS BLI3LIBAET H3MEHEHWe HeKOTOPBIX BHEWIHHX NAapaMeTpoB CHCTEMb.

Tenao, noesouwenroe cucmenol. Y BesydeHue CpelHell 3HeprH CHCTeMBI, BHeLINHe
napaMeTphl KOTOpOil (HMKCAPOBAHHI.

PaGoma, npoussedennas Had cucmemod. YBeaupueHue cpelHel 3Hepruu ansada-
THYECKH M30JHPOBAHHOH CHCTEMDI.

Xoaoousui. CpaBHUTebHBIH TepMHH, XapaKTePH3yOWWH oOLeKT  (CucteMy),
KOTOPBIf MONIOIIAET HOJOKITeNLHOe TEMVIO IPH TEIVIOBOM B3aHMOJAEHCTBHH C LUPYFHM
o6BeRToM {CHCTEMOH).

Tenawd {wan eopauud). CpaBHUTENbHBIH TepMHH, Xap4KTePH3VIOIHIT 00bLUKF
(cHeTeMy), KOTODHIN OTHAeT MOJOMXHTE/AbHOE TEIJIO NPH Tell/IOBOM B32HMOUEHCTBIH
C ApYray of6peKToM (CHCTeMOH).

OcHoBHBIe dopMyJbE
Cis3b MeXay 5Heprueil, padoTOH U TerJoM

AE =W 4-Q. (D
3apaun

3.1. Ilpocmod npumep menaoo20 pasnogecus. PaccMOTpUM CHCTeMy CITHHOB,
npHBeJeHHYI0 B Taba. 3.3. JlonmycTHM, 4To BHayase, Korna cuctemsl A u A’ 6uUIH pas-
JleJicHbI, H3MEpeHHs JaH AJS TOJHOIO MarHHTHoro Momenta cuctem A n A’ sHauenus,
pasHble —3lly H -F4[i, COOTBETCTBEHHO. 3aTeM MeXAYy CHCTEMAaMH OCYUIeCTBISETCH
TEMJIOBOH KOHTAKT H OHH OOMEHHBAIOTCH SHEPTHAMH, IIOKA HE HACTYNHT KoHeyHoe
PABHOBECHOE COCTOSIHHE. BBIYHCJHTe JUIST 3TOr0 COCTOSTHHS:

a) Bepoaruocts P(M) Toro, 4ro no/Huif MarHWTHEIR MOMEHT CHCTeMbl A mpHMeT
Jio6oe M3 BO3MOXKHbIX 3HaueHmi M.

6) CpenHee 3HaueHHe M MOJIHOTO MATHHTHOTG MOMeHTAa CHCTeMbl A.
B) IlpeanosioxHM, UTO Terneph CHCTeMAa CHOBA pasjiesieHa, TAK YTO oOMeH SHeprHed

cran HepoamoxkeH: Kaxosbl -sHauenus P(M) u M cuctemm A nocse pasfiefieHHs?
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. EQuncmeennoiii cnun 8 menaogost KOHMAarkme ¢ HeGoaoliol cucmeMNotl CruHos.
HyCTb cnc*rel\ia A COCTOHT M3 OHOIO CHMHA, PABHOrO 1/2, ¢ MACHHTHBIM MOMEHTOM [y,
a cactema A’ cofepKHUT TPH TaKuX cniHa. Ofe CHCTEMbl HAXOAATCH B MAHHTHOM TOJje
B. Cacremut A 1 A’ HaxoaaTCa B TENJOBOM KONTAKTE H MOTYT O6MEHHBATLCS SHEPrHel.
flpeanonoxumM, 4To, KOrja MarHuTHblil MOMeHT cHgTeMbl A Hampassjed Beepx (T. e. A
HAXOJHTCH B COCTOSHHH -|-), Y cucremsi A’ 1BA MATHHTHBLIX MOMEHT& HalpaB/eHu!
BBepX, a TPeTHH MOMEHT HanpaBleH BHHU3. BruucauTe mojsHoe YHCJAO NOCTYHHBIX CO-
CTOAHMH cAoKHOH cucTemul (A+A"), Koraa MOMeHT cHeteMul A Hampasiael BBepX U
KOrza oH HanpapjaeH BHH3. [Halnoute ortHowenwe P_/P,, rie P ,.— BepoATHOCTH
TOTO, YTO CITHH chcTembl A HanpasieH BBepx, @ P_ — suus. Cucremy (A--A4") cyu-
TaUTe H30JHMPOBAHHOH.

3.3. Eduncmeennniti cnur 8 Monaosos KOMMAKrme ¢ GOAbLION Cucmemol cnuHos.
Ofo6wuM npeIsaymyio 3ajady, paccMOTpeB cavual, Korja BTOpPAs CHCTEMA, A,
CONEPAKHT MPOU3BOILHO GOnbuloe HHMCIO A cninos /2, Kamibiii N3 KOTOPHIX HMeer
MarHHTHBIA MoMmeHT Uy, OGe cucrembl, A # A’, novelnens B MargutHoe mojse B W Haxo-
JISTCH B« TEIWIOBOM KOHTaKTe, ofectleynsaioleM cro0olHMI ofvmen 3sHeprHeil. Ecmt
MOMEHT CHCTeMB A HAMPABJAEH BBEPX, TO N1 MOMCHTOB cucTembl A’ nanpasiensl BBepX,
a  ocragedble n'=N-—n nanpasJgelbl BHHA.

a) Haijiaure. yuejo jgoctvineix  cocrostHuil caomuoit cicremnt (A--A"), xorja
cnud A Hanpasdeu BBepX. IJTO YMCJIO PaBHO UYHCAY Cnocofos, KOTOpuiM N CliuHOB
cucteMbl A" MOI'VT ObITh PACTIONOMKEHLE TAK, UYTOOB 1 H3 HHX CMOTPETO BRepX |
n’ -— BHHS.

6) Tlycets mMonenT cucteMbl A nanpasien srns. Toanast sHeprist CAOKHON CHCTEMbE
(A-+A’)y zosxua, pasyMeercst, 0CTaTbesl Hel3MeHHOR. CKOJIbKE MOMEHTOB cucTeMbl A’
Tenepb HANPARIEHBl BBEPX M CKOJLKO Bun3? Halinure uncio XOCTYNHBIX COCTOSHHMI
1as caomuol  cuerevsl (A-+A') 8 aram cayuae.

3) Boryucante ornowtenue £_/P . ric P_— BepOATHOCTL TOTO, UTO MOMeHT A
Barpasied BHH3, a P, COOTBRTCTBEHIO, BBEPX. &npocrme NOAYYEHHBIH Dpe3yJabLTarT,
ROCHOJIB30BABIIMCHL TeM, 4T0 31 u n' w1, Ecan na>n', 10 Oyger su orHOWIeHHE

~/P, Oonaswie HAH MeHbite [?

3.4. O6oGuyerue npedvidymed 3adayun, llyers B npelsiayviiefl 3ajaye MarHHTHbIE
noMeHT cucTembl 4 pasen 2u,. Buiuucaute ornowtedue P_/P .. BeposTHOCTel TOrO,
4TO 3TOT MOMeHT HAllpaBJeH BHHM3 HAH BBEpX.

3.5. ITpoussosvunas cucmema 8 menaoeos Koumaxme ¢ 601buIoN CUCMEeMOtl CHILHOB.
Paccyxaenusi npelbloylieil 3alaqyi JAeTrKo paclipocrpauuth Ha Oojee oOwuil cayuaii.
Paccyorpim mo6yio cHetemy A, KoTopas MoweT ObiTh OJAHHOYHBIM aTOMOM MJAH MakK-
pocxonnqeu{oi’i cuctemoit. IlycTh sta cuctevma A HaxoluTcs B TCMIOBOM KOHTaKTe C
cucreMoii A”, ¢ KoTopoii OHa MoXKeT oOMenMBaTbeAl sHepriteit. Homyctum, 4To cucTema
A’ naxoputes B MarguTHOM nosie B u cocrouT uz N cnuuoB /2, Kaxawil H3 KOTOpLIX
00J1aJaeT MargMTHBIM MOMEHTOM W,. Yuciao N nyern 6yler ovesb GOJBIIMM IO Cpas-
HEHHIO C YHCIOM CTefleHeld CBOGOMBI OTHOCUTENALHO TOpasjo sMenbluell cucrembr A.
ﬂpeﬂnonomnm yTO KOrjia cuctema A HaXoJHTCH B HAWHU3IIEM COCTOAHHM ueprun £y,
y cucrembl A” 71 MOMeHTOB Hap2ABJEHD! BBEPX, & OCTAbHbIE 71 '=N-—n MOMEHTOB —
pun3. 3amerua, uto #3>1 B A'3>1, Tak Kak BCE YHCJIA OYEHb BEJNHMKH.

a) Jdas cayuasi, xoriachucrema A HAXOIMTCS B COCTOSIHMH C HauMeHblleR sliep-
rueli £, naliiHTe NOAHOE YHCAO COCTOSHRN, NOCTYNHBEIX coCTaBHOH cicTeme (A-FA’ ).

0) TlpernosoxuM Ternepb, 4To cucTeMa A HaXOIMTCS B HEKOTOPOM APYTOM CO-
CTOSIHHW r, TAe OHA uMeeT 3Hepruio L£,, 60Jnmy1o, venm £, UToOsl nojqHas 3Heprus
coctaBHoi crcrenul {(A--A") He pvamensiiachk, 8 A’ cucteme (n-+An) MOMEHTOB JOJMHEI
ObiTh HanpaBieHwt BBepX, a (n-—An) — BHu3. Bbipasute An uepes pasHoCTb 3Hepruil
(£ ,—Ey). Moxere cunrare, uto (£,—E)>1,8.

B) Hajigure mosHoe uHc/J0 JOCTYIHBLIX COCTOSHHE COCTABHOH CHCTeMbl (A—J—A ),
ecay cHcteMa A HaxXOAUTCH B COCTOAHKH r C 3Hepruefl FE,.

r) OGozHaunm uepes Py 1 P, BepodTHOCTb TOrO, UTO cHCTeMa A HaXOJHTCH B CO-
CTOSIHHAX ¢ SHeprieli Fy u E, coorBerctBenno. Haiiaute oTHoweHHe P,/Pg, HCHo/b-
3oBaB NpHOIMKeHHe An<gn n An<n’.

1) Bocnosib3oBaBIkC MONYUEHHBIM DE3YJILTATOM, OKAXKHTE, 4TO BeposrrHoc:Tb P,
HaxXOXAeHUS CcHCTeMbl A B.COCTOSHMA C SHepFHeH E, umeer BHJ .

Przce-—' I" ) . - . ’ .
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rze C — Ko3QpHUHERT NPONOPUHOHATLHOCTH. Beipasiute § uepes M8 u ornome-
wue nin'.

¢) Kako 3max B, ecam n>n'? Jlomyctum, uTo cocejHiHe YpOBHH SHeprud F,
cucreMbl A QTCTOAT APYT OT APYra Ha MOCTOSIHHYIO BeJHYUHY b (HanpHMep, cuctema A
MOMKeT ObiTb TapMOHHUECKHM OCIIsTopon). B atoM ciyvae e,.=a-}br, rae r=0, 1, 2,
3, ..., 4 BeJJHYHHA @ — HeKkoropas nocTosiHias. CpaBHATE BEPOATHOCTb HAXOXKJEHHA
cucreMel A B JNoGOM H3 COCTOSIHHH 7 ¢ BepPOSTHOCTbIO €e HaXOxKIeHHUS B COCTOSTHHH
HauMeHbireld sueprud r==0.

3.6. [laeaenue, cozdasaesmoe uledrvrbim 2030M (KSARMOBOMeXxaHuUMeckul pacyem).
PaccyoTpun OZHHOYHYIO YACTHLY € Maccoli m, NMOMeUWleHHYIO B SIHK CO CTOPOHAMH
Ly, Ly, L,. llpennosioxuy, 4TO 3Ta uaCTHUA HAXOIMTCH B KBAHTOBOM COCTOSIHHH 7,
olpejie/iseMOM TpeMsl KBAHTOBHIMH UMCAAMH My, Ny, Ny JHEPrHs 3TOFO COCTOSIHHA
E, naerca dopmyaoh (15).

Yactuua, Haxolswmascad B JAHHOM COCTOSHHMH r, NeHCTBYeT HA MpaBYiO CTEHKY
AUIMKa (T. €. HA CTeHKY ¢ Xx=L,) ¢ cuyoli £, B HAaNpaBaeHHU X. DTa CTEHKA NeHCTRYCT
Ha YacTHHY € cwiod —F, (T. e. B HanpaBiewud —x). Ecau mpasas creHka sguiHka
MEIJeHHO cMelnaeTcsl BIpaBo Ha paccrosinue dL,, to paBora, cosepludemasl Hal 4a-
sTHHeH B COCTOsiHMY 7, pasHa —F dL .. Dta pabora nosmkia OHTL paBHa BO3pacTaHHIO
CHeprud df, uacTulel B paccMaTpHBaeMoM cocTonHuH. Takum oGpason,

dE p=—F,dL,, (1)

# cusa F,, HCTIEITEIBACMAA UYACTHIEA B COCTOSIHHH 7, CBA3aHA C ee 3Hepruefi £, B 3T0M
COCTOAHMH CJACHVIOWIHM BRIParKeHHeM:

Fo=—2Cr (1D

Mpi HamucaaW 37eCh YacTHYIO TPOH3BO/HYI0, TaK KaK B Hallen pacCyXIAeHUH IJH-
net L, H L, OCTABAIHCH HeH3MEHHLIMH.

a)"Bocnoansosasmuce (11) n sBeipamennen (15) gast snepruu, suluvcaute caay F,
¢ KOTOPOH 4ACTHIA, HAXOJMWMASCA B COCTOAHHA C KBAHTOBLIMM WHCAAMH Iy, Ny, g,
leilcTByeT Ha INpaBYl CTeHKY.

6) Tlpeanonoxum, yTo HacTula He H30JHPUBAHA, a SBASETCH OJHOW B3 MHOTHX
YACTHIL, O6pa3yIOLHX Tas, 3ak/aouennbili B suwhke. OHA B COCTOAHMH caafo B3auMo-
NefiCTROBATL C APYTHMH UACTHIAMH H ITOTOMY MOXET OKas3aThCsl B J06OM 13 KBaHTO-
BbIX COCTOSIHHiL, OTpele/steMBlX PAa3THUHBIME BHAUCHRSIMH Ny, fy, 11,. BopasnTte cpell-

010 caay F, ¢ KoTopo#i yacThua ACiiCTBYeT Ha CTeHKy, uepes np. JlonmyerHTe ans yI-
POLLEHHS 3alauH, 4TO AWMK OpencTaasieT coGodt ky6, Tak uto Ly=L, =L,=L. W3

23 2 .
CHMMeTPHH 3aLauu CJefyeT, YTO Ay=n,==n; Bocnoabsyiltech pesyaeTaToM, 4To6H

cBfA3aTb F co cpenHell sHepruell £ uyacTHIbI.

B) Ecsiu ras coctont U3 N 0IMHAKOBBIX 4acTHI, cpelHdsd CHAa OT BCeX 3THX YacTHi
pasia NF. IloxkaxuTe, 4ro cpeianee jap/ieHHe rasa (T. e. CPeAHsAsl CHJA, C KOTOPOH
ras3 JefiCTBYyeT Ha eIMHMUY NOBEPXHOCIH CTEHKH) paBHO

— 9N —
rae £ ~ cpellHAsi 9HepTHA OJHON YaCTHIE Ia3a.

r) 3amerste, uto pesyabrar (III) cosnagaer ¢ (1.21), nonyyeHusM B npubinxe-
HHHM KJaCCHUeCKOH MEXaHHKH.

3.7. Tunuunoe 4ucao oocrmynuvix cocmoanull 0an moaexyaot easa. Popmyna (I11)
aperpiayliell 3afagyu uan gopmyna (1.21) no3BOAFIOT HAM OUEHWTL CHEAHIONW IHEPIHUIO
ra30BOH MOJIEKYJbI, HanpHmep, MOJeKyJnl asora (N,) npH KOMHarTHOH TeMmOepaType.
3Has IVTOTHOCTb W llaB/eHHe 3TOTO Ia3a, Mbl HalleM, YTO CpeAHssT SHEPrHsl MOJEKYJIbi
E {om. (1.28)] 6amaxa x 6-10-11 spe, _

a) Cocunraiite, Bocmosb3oBaBlWHCh (31), yhcno cocrosuuit M(E) ¢ suepruedt,

Menpirefi E, NOCTYNHLIX MOJIEKYJe, 3aK/JIOYcHHOW B sWMK obbemom 1 2 (103 caud).
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G) Bubepem HeGosbluoii HHTepBan 3Heprun OL=10-24 3pz, KoTopulit BO MHOro
pa3 MeHblie camoil sHeprun E. Boiuucanre uHeio cocrosuuit Q(E), ZoCTynHBIX MoJjie-

Ky.e, B HuTepBade sHepruil or E no E--OF.
B) [loxaxure, 4T0 MOJYYEHHOE YHCJIO COCTOAHHIH OUeHb BeJHKO.
3.8. Yucao cocmosnull udearvrozo 2o3a. PacCMOTPUM HJleaJbHBIH Tas, COCTOSIIHMA
#3 V yacTull, HaXOIAUUXCA B suuKe co cropoHamu Ly, Ly L ,. Tlycts N 6yaeT nopsixa
unciaa Asoragpo. OnpejenTe BK/JAAA B HEPTHIO OT Ka’KJIOMO KBAHTOBOTOG YHC/IA OT-
AeAbHO M, BOCMOJb30OBABLINCH MPHOIHMKEHHAMM, AHAJOTHUHLIMH TeM, KOTOpHIE pac-
CMOTPeHH B 1. 3.5, MOKaXKuTe, YTO uKclIo cocTonHAit Q(E) B HurepBasde suepruit ot £
o £40FE pasuo
' Q(E)=CVNL/2 N §F,

v1e C — xosdepruuent nponopunonaibioctds 0 V=L, .L,L, — ofbeM smuxa.
*3.9. Yucao cocmoanuil 6 cucmene cnunog. CHCTeMa, cocToAuas u3 N cruhoe 1/,
€ MArHUTHBIM MOMEHTOM KaXIOro CMHHA [, MOMelleHa BO BHelIHee MaTHHTHOe nojde B.
CucTeMa uMeeT MaKPOCKONIHUeCKHe pasMepbt H N mopajika uHcaa Asoraipo. JHeprus
CHCTeMbl paBHa
E=—(n—n') u,B,

£ie U A’ — YHCAA MACHUTHBIX MOMEHTOB, HalpaB/eHHLIX IO MOJI0 M HPOTHB 1oJs
COOTHETCTBEHHO. .

a) Briuncnure g5 3To#l CucTeMbl CTMHOB YHC/IO cocTosiERl Q(E), KoTopble Jexar
8 uebonbluoM uHTepsane sHepruil ot £ po E-+OE. Mmeercss B Bunmy, uro 8F oueHn
8elHKO 110 CPABHCHHIO C 3Hepruell OTAJbHEIX CIIHHOB, T. e. 0E>u,B.

6) Haitgute Tounoe Buipaxenue n1s In € B 3aBucumocTH oT £. Tak xak u nu n'
OucHn BEJHKH, HCIIOAb3YATe npubmukenue lnnlayn ln n—n, nonyuennoe B (M. 4),
419 spludcaenus n! u a'll [lokakute, 4To ¢ OU€HL XOPOWHM HPHOIMKeHHEM

l
InQ(£)=~NlIn (QfV)---,l,—(NmE’; I (N—E') = (N + E') In (¥ - £7),

cie

B) HapucyitTe B obliux deprax xof In & 8 3asucumoctd ot E. 3ameTsre, 4To Q(E)
fie pacreT MOHOTOHHO C yBejauuexuem L. [IpHuyunpa B TOM, 4TO CHCTEMa CIHHOB HMeeT
fle TOALKO CaMoOe HH3Koe coctosiHHe suepruu L=—NpyB, ro u camoe Bhicokoe E==
=Np,B. C apyrofi cTopoHbl, Bo Bcex OOBIYHLHIX CHCTeMaX, rJle Mbl He HTHOpPHPYeM
KHHETHYECKYIO 3HEPTHIO YacCTHI[ (KaK 3TO NPOHCXOAUT B CJyyae CIHHOB), BepxHero
apefe/ia AJd KHHETHYECKOH IHeprHM CHCTEMLI He CYHIeCTBYeT.



''’TABA 4
TEMJIOBOE B3AMMOJEMCTBHE

B npempiayuied rusiaBe Mbl paccMOTpend NOCTyJaThl M OCHOBHLIEG
TEOpPEeTHYECKHEe HAeH, HeoOXONHMBIE M5 KOJHYECTBEHHOIO ONMHCAHHA
MaKpPOCKONUYECKHX cHereM. Temepn 9TH ulIed M MOCTYJaThl OVAVT
HCTIOIb30BAHbl S PellleHHss HeKOTOpbhlX 3ajad, MMelolux 6oJblioe
cpuznyeckoe 3HaueHue. Mol yOeIuMCst B TOM, UTO HAUI MeTON HCCAE0Ba-
" Husi obJjaznaer OGOJBIUCH CHJOH. ,

Mul HadneM ¢ MOAPOOGHOTO PACCMOTPEHHS TERJOBOTO B3aUMOACHCTBH A
MEXAY CHCTeMaMH. AHaJH3 TelJioBOTO B3aMMOJEHCTBHUSI OTHOCHTEJBLHO
[IPOCT, TAK KaK BHeUIHWe Napamerpbl, & 3HAYMT, ¥ YPOBHU FHEPTHH
CHCTEMbl IPU TAKOM B3aHMOJEHCTBHH He MeHsitloTcsi. Kpome Toro, Ternio-
Boe B3aUMOIEHCTBHE SIBJSIETCsi OJNHHM H3 HauboJiee 4acThIX IPOLECCOB
B OKpy:xKawueM Hac mupe. Hac 6yayT nHTepecoBaTh cjielvioillHe BOIpPo-
Chl: Kakue YCJOBHS JOJXHBI ObITb BHIOJHEHB, 4TOOBI JIBé CHCTEMbI,
HaxoJsUyecss B TEMJOBOM B3aUMOJAEHCTBHY Pyl € JIPYIOM, OKasaJiuch
B COCTOsIHMM paBHOBecHsi? Kakue BePOSATHOCTHbIE YTBEPXKIEHHS O MPO-
llecce B3aUMOAEHCTBUs MOTVT ObiTh cfeqaanpl? Ha 3TH BOmpoch Jerko
[IOJYYHTEL OTBeTHl, /s KOTOPLIX XapaktepHa 60/bluasg OOULHOCTD Ti LIH-
pokas obaactb npumeHedus. JleficTBUTELHO, B 3TOH T/aBe Mbl JOCTHT-
HeM OoJsiee [10JHOTO MOHUMAHHS TIOHATHS TeMIoepaTypld W IOJYUHM
TOUHOE onpee/ieHne «abCOMOTHON TeMnepaTtypbl». Jlanee, Mbl no3Ha-
KOMHMMCS C 3aMeuaTesibHO HPOCTHIM NPAKTHYECKHM METOJIOM BhLIUHC/ICHH ST
CBOHCTB /060N MaKpOCKOMUUECKOH CUCTEMb! B COCTOSHHH PABHOBECHS,
Ha OCHOBaHUM HUHGOPMAIIMHU O CBOHCTBAX 4TOMOB M MOJIEKY.I, H3 KOTODPbIX
OHa COCTOMT. B KOHUE IJIaBhl Mbl BOCMOJAb3YeMCS 3THM METOAOM
IS NOJAYYeHHsT MaKPOCKOIMYECKHX CBOHCTB HEKOTOPbIX CIelHadb-
HBIX CHCTEM. '

4.1. Pacnpepe/fieHHe 3IHEPrHH MeXKAY MAKPOCKONMYECKHMH CHCTEMamu

Pacemorpum nBe makpockonuueckue cuctemsl, A u A’. O603HAUKM
X sHepruu yepes E u E’ coorsercrBenHo. UToOwl nOICYUMTATE 4UCIC
COCTOSIHUH, pasfiesiyM, KaK 3T0 OblL10 CleJaHo B N. 3.D, L1Kaay sHepruu
Ha O4YeHb MaJsible M paBHble HHTepBajnl OF. (Beanuuna wunrepBana
8E Bce e 10CTaToyHO BEHKA, 4TOOBI B HEM YMECTHJIOCh §OJbILIOe YHCI0
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cocroanui.) O6osHaunm depes Q (£) 1 Q7 (E”) unco 10cTYynHLIX COCTOSA -
syl cucrem A u A’, xorza ux sHepruu jgexart B npenenax or E g0 E-+6E
u or E' no E’'--8FE cooTBercTBeHHO. 3ajaya NnojicyeTa COCTOAHMH yIIpo-
maercs (H 370 OUeHb XOpoLlee NPHOMHIKeHHE), eC/IH CYHTaTh, UTQ 3HEp-
THST [PHHUMAaeT JHCKPEeTHble 3HAYeHUS, Pa3/eeHHbe MaJLIME HHTepBa-
asamu 8E. ByneMm nostoMy npeinosaratb, YTO BCE COCTOSIHHA CHCTEMBL /
B unteprage (£, E--OF) umeor snepruio E H uncao Takux cocTosHul
paBHO €2 (F). TouHO Tak e 4MCJIO COCTONHHN CHCTeMbl A’ B uHTepBane
sueprui (£, E’'--0E) pasno Q'(E’). Takoe yrBep:xkieHHe (PHIHUECKH
03Hayaet, 4To sHeprust £ jexur B npetenax or £ 10 E40E. To xe
OTHoCUTCS M K cucreme A’.

Buewrnne napamerpnl crncreM A B A’ (DHKCHPOBAHBI, HO CHCTEME]
voryT oOMeHnBaThesl sneprhei. (Ilo onpenenennio, sneprus, nepexons-
1ilasi OpH TakoM OOMeHe OT OIHOH CHCTeMDL! K ApYyroM, umMeer (opmy
Temoia.) XOTd SHepPriusi KaxKJIoH CcUCTeMbl B OTAENbHOCTH HE OCTAeTCsd
TIOCTOSIHHOM, cocraBHas cHcrema A*=A--A' wzonupoBaHa, Tak UTO
nosiHasi sHeprust cucteMbl A* He Mengerca. Hmeem *)

F -+ E' = E* = const. (1}

Ecnu uzsectuo, uto sneprud cucremsl A pasua E, TO 3HePTHIO CHCTEMB]
A’ MOXKHO [DOAYULTb H3 PABEHCTRA

E'—F*—E. (2)

Tenepsb npeanoaoKuM, gto cicreMbl A 4 A’ HAXOANTCA APYT C APYroM
8 paBHoBecuu. [1pu 310M B paBHOBecHH GyjieT U cOCTaBHas cucrema A*,
Dueprus cHUCTeMbl A MOMET NPHHHMATb pa3JHUHblE 3HAYEHHST, U HaMm
He0OXO0/HMO PA3PEILNTE CAeLYIOIMH BONPOC: KaKoBa BeposiTHOCTh P(E)
TOro, 4TO SHEPTHsi CHCTeMbl A paBHA JIAHHOMY 3HAYEHWIO 3HEpPTHH £
{Tounee, uTo oHa JexuT mexny E u E-+8L)? [llpu stom sxeprus cu-
ctembl A' Takike uMeeT oOnpeneseHHOe 3HaYeHHe, KAk 3TO0 BHIHO U3
Gopmy.bt (2).]1 Urolw OTBETHTH HA 3TOT BOMPOC, PACCMOTPHM COCTABHYIO
cucremy A*. W3 HOCTyJIaTEl (3.19) caenyeT, 4TO H30IUPOBAHHASA CHCTEMA
A* ¢ paBHo# BEPOATHOCTLIO npebbiBaeT B JIIO0OM H3 CBOHX JOCTYHHbBIX

cocrosunil. [lyeTh Q{ot — YHCAO AOCTYOHBIX COCTOSIHHE  COCTABHOR
cucteMel A*. Hac HHTEpEeCyeT, KaKas 4acTb 3ITHX cocroanut € *(E)
COOTBETCTBYET 3HAauYeHuio 3Hepruh £ s noncucremnt A? U3 dopmy.nl
(3.20) cuaenyer, 4TO HMHTepecyloillds HAc BEpPOATHOCTb paBHA

P(E)="E —ca

*(£), (3)

"iot

*) B nawem paccmoTpeHHH £ 0003HaYaeT 3HEPTHIO CHCTeMbl A, He 3aBHCSHLYIO
or cucremnt A’, a E'— suepruio A, ne 3aBucsulyio or 4. Hamucas noanywo SHEPTHIO
E* B BHJle MPOCTOH CYMMEL E-+E’ (1), mbl npeneGperaeM SHeprueil B3aHMoOAeHACTBHS
E; obeux CHCTEM, KOTOpAasli 3aBHCHT Kak OT COCTOSTHHS CHCTeMut A, TaK H OT COCTOS-
mm cucteMbl A’. D19 o3Hayaer, uTo Mu npenefperaeM paGoToif, xotopas 6biia 3aTpa-
yeHa Ha TO, 4TOOL! CHCTEMbl OKasaJHCh BMecTe. YToOwl (popmyaa (1) Gbuta cripaBejiu-
Ba, HeoGXOMHMO, YTOGH E; (LE n E&LE.
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rae C= (Qfot)’l ecTb He 3aBHCsINAs OT oHeprun E nocrosHHas. Beanyuay
Q# (E) nerko BuIPA3UTh YEPe3 UHCAO COCTOAHMH, AOCTYNHBIX CHCTEMaM
A u A’. Ecau cucrema A uMeer sHepruio £, OHA MOMKET HaXOLUTLCH

R(E)
25
A —
20 17

0 10
5 —
P

E —

0123466783 011243
*? E

B ao6oM u3 ceoux 2 (E) no-
cTynHbiXx cocrosuuii. To ke
MOKHO CKa3arb o cucteme A’,
HO 11y?KHO HMETh B BHIY 3dKOH
COXpaHeHHs 3HepruH (2), us xo-
TOPOTO CJARYeT, UTQ €CJIU CHCTC-
Ma A umeer sHepruto E, TO
sHeprud cuctembt A’ paBha
E*— E. TlosroMy uHcAO JO-
CTYNIHBIX COCTOSIHHH CHCTEMh
A’ paBro Q(E")=Q(E*— E).
Kaxnoe cocrosinue cHcrembl A
MOMKHO KOMOMHHPOBATL C J10-
GbIM H3 COCTOAHHH cHCTeMbl A”,
obpasyst OIHO M3 BO3MOMKHBIX
JOCTYNHBIX COCTOSTHHH CJ0XKHOM
cuctenst A*. Tlostomy noas-
HOe UHCJO JOCTYNHBIX COCTOSI-
HHH cucTeMbl A¥*, npw KOTO-
PLIX 3Heprusi cucteMsl A pag-
Ha E, Bwipaxaercs mnponsBe-
AeHHeM

Q¥ (E)=Q(E) Q' (E*—E). (4)

CoOTBeTCTBEHHO BEPOSTHOCTD (3)
TOro, 4to cucreMa A umeer
suepruo £, paBHa

oY/ —
40 , ﬂ
A —
30 =
7
=
20
18
10 3
= 3 — .
g
1234567848101 1213
] T

ok

Puc. 4.1. Ha rpaduxkax nokaszano {(IJ1si HacTHOro

cayvyas ABYX odenb Maawplx cucteM A u A') unena

coctorunit 2 (E) u Q'(E’), HOCTYNHBLIX CHCTeMaMm

A u A’, B 3aBHCHMOCTH OT 3Heprud ciucteM E n E’

COOTBETCTEBEHHO. IJHepPrHH H3MePeRbl B OPOH3-
BOJbHBLIX eJlHHHLAaX.

P(E)=CQ(E) Q' (E*—E).

-~

(0}

I1pnwmep. BpaccuaTpusaemonm

Hxe npMepe HBUCA0 vacTHU CAHuli-

KOM MAaJo, YTOOBI CHCTeMbl MOMKHO Obi-
JO CUHTaTh MaKpOCKonHuecKuMH. Tewm
He MeHee, oM IO3BOJAET MPOHMIKOCT-
DHPOBATb OCHOBHblE HJEH HACTOSINE: O
naparpada. PaccMOTpHM lIBe CHCTEMBI,
A u A’, XOTOpHIe UMEIOT NOKa3aHHYK»
Ha pHc. 4.1 3aBuCHMOCTB 4YHCAA JO-

CTYIHBIX COCTOSIHHI OT 3HeprHH. 3MeCh 3HepTHs uaMepeHa B HEKOTOPHIX MPOH3BOIbHbLIX
eAMHANAX W IUKAJa 3HepruM pasfelleHd Ha efMHUIHHIe HuTepBasinl. [lpefmosoxum,
UTO MOJIHAA IHEPrus COCTABHOM cHcTeMbl pasHa I3 eqvnnuam. OAHOHE U3 BOZMOXKHBIX
CHTYAlUHU{l, OTBEYAIOUWHX YKA32HHOA MOJHOH 3Hepruu, gBJAETCs, HAnpuMmep, Takas,
Korja sneprust £=3, a sxepruda £ =10, B atom cayuae cucteMa A HAXOAMTCH B OLHOM
w3 IBYX, a cicrema A’ — B oftHoM U3 40 BO3MOXKHBIX COCTOSIHUI, M MOJHOE YHCJIO pas-
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JAHUHBLIX AOCTYNHBIX A5 cucTeMbl A* COCTOsHIN, KOTAA ee 3HeprAst paBHa 13, 6yaer
2-40=80.

B ta6a. 4.1 npuselleHL BCe BO3MOXKHbIE CHTYAllMH, oTBeyalouHe MOJTHOH 3HEepTrHp
¢noxHoll cucreMbl A*, papHoii 13. Mbl BHIHM, YTO BepOsiTHee BCEro OCHApYHKHTb-
cucTeny A* B TaKOM COCTOAHHH, KOorjia £=05 M, COOTBETCTBEHHO, E'=8. Takasa cu-
Tyauusl Bo3HHKAeT B ABa Dasa 4ame, 4eM Ta, VIl Kotopodt £=3 u E =10.

Ta6auua 4.1 Buisicium Ttenepb, Kak P (E) sa-
\ i Bucut or suepruu E.OGe cucremsl, A
E L E | waEy | QUEN D QM)
PF)
3 1G 2 40 80
4 9 ) 26 130
) 8 10 i6 160
5 7 17 8 136
7 6 25 3 75
Uycaa BO3MOKHBIX — CO- J A
CTOSHHH,  COOTBCTCTBYIOIIHX T E
RannoMy 3liayeHHio F*==13 —> le—AE
noanoli sHepruu cHeteM A u
A’ (pHC. 4-1)- Pue. 4.2, XapakreDd 3aBHCHMOCTH BepoATHO-
crn P(E)} ot sHepruu E.

n A’, umeror oueb Gonblioe uncao crenededl cBoGoAbl, U U3 QOPMYNH
(3.37) caenver, uro Q(E) n Q' (E’) sapasiores upe3BbiYaiHO ObICTPO
Bo3pacTalownMH QYHKUHAME 3HepruH. Paccmarpupast Bhipaenne (5H)
KaK QYHKIHIO 3HEPTHH E, Mbl MOXKEM CKasaTb, 4TO ¢ poctoM E mepBhiil
MHOMMTeab @ (E) cuenb GuicTpo pacmem, a Bropoi €' (E*¥*— E) upesBbl-
qaiiHO GbICTPO yMerobuwaemen. B pesyabTate NpoH3BeiieHHe ITHX MHOXKH-
Tesielt, T. e. BepoATHocTb P(E), MPOXOLHT Yepe3 OueHb OCTPHIH MaKCH-

MYM *) ApH HeKOTOpPOM 3HAUeHHH E snepruu E. Qbuimil xapakrep nose- -
Aelus BepoaTHocTd P(E) nokasan Ha pHuc. 4.2. Mol BuiuMm, 4TO LIHPHHA
AE obaactn 3amMeTHbIX 3Hawenuit Qyukuuu P (E) ropasio mesbile
sueprun E, 1. e. AE<ZE.

Bmvecto ¢vuxuun P (E) 3HaunTtesbHO ylofGiee HMETh JeJio ¢ ee
gorapugmom In P(E), KOTOpLIH MeHsieTcsi ¢ SHeprHeil ropasno Mej/eH-
Hee. Kpome Toro, Kak caeayer w3 (5), B In P(E) Beanunsnl Q(E) v
€)' (E') BXOAAT Kak cJjaraemble, & He Kak NpoOH3BeIeHHA, T. €.

In P(E)=InC+InQ(E)--In QUE"), (6}

rie E'=F*— E. 3unauenne E=F, orBeyaomee makcumymy In P(E),
Mbl Halizem u3 ycuaopus *¥)
dinpP 1 oP

OE —FoE T 7

*) 3amerum, 4TO noBedehne P(E) aHAIOrHYHO nNpelbllylieMy fpuMepy, 3a
HCKAIOYEHHeM TOro, YTo Y MaKpOCKONHYeCKHX cucTeM, rie Q(£) u Q2(E") — ObicTpo
MeHsomMecst GyHKIHH, MakcuMym P(E) oxasbiBaeTcst KpaitHe Y3KHM.

*#) Mpl UCroJib3yeM 4YaCTHble MPOH3BOAHBe, yTOOLI 0GpaTiTh BHHUMANHE HA TO,
YTO BCe BHEIIHHE MapaMeTPh CHCTEMBI CUHTAIOTCA (MKCHPOBAHHBIMA.
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KOTOpOE ONHOBPEMEHHO fIBJAAETCs YC/JIOBHEM MaKCHMyMa CcamMoil BepOsitT-
#octy P(E). C momotpio (6) u (2) ycnosue (7) mpHHHMaeT BUI
dIMQ(E) , dInQ’ (E) .
or T e (=0

HJH

L B(E)=P(E"), i (%)

rae GyeEKunN P H coorBeTcTBeHHO ' onpelesieHn Tak:

'z}? -E:}! H
I

5= (9

PapenctBo (8) aBasiercs pyHna-

ing e 2 MEHTa/bHBIM YCJAOBHEM, KOTOPOe
/ T onpenensieT To 3HaueHue E sHep-

~. riH cuctembl A (M cooTBerct-

BEeHHO 3HaueHne FE*— [F==F’
L : e ~ sHeprun cHereMusl A'), Koropoe
r & OCYIECTBJIACTCST ¢ Haubovibliei

Puc. 4.3, Sasuckmocts In Q(E) n In Q' (£')=  BepPOSATHOCTHIO P(E)
= ln (E*—E) ot sueprun E. Ws (3. 38) cae-
ayet, gro In Q(E)~7 In (E—Ey)+const. Ofe kpH-
Bble oﬁpameubi BBLITYKJIOCTBIO BBEPX H HX CYMMA Ocr pora MaKCHMyMa
AmoKasadHan NTpUX-ayHKTHpHO! AWHvell) nueer P(E). UTtoOul OHeHHTb, KakK 6LICTPO

- y M H
e::'mm_rsem!bl.ix MAKCHRMYM NPH HEKOTOPOM 3HAYeHH yMeHblaeTcs: YHKOHA 0 P(F) 1o
F. Wdpokdit MakcuMyM 418 MeAJIeHHD MeHSso-

werocst norapudua P(EY B dopuvJie (G) coortser- — Mepe OTKJIOHeHus 3HeprHn £ ot £,

CTBYeT Kpaiile pe3KoMy MaxCHMYMY <¢amoil BeJH- HYFKHO HCCAEeNOBATh [IOBelleHUe Be-
ugnn PLE). ,

positHoctd  P(E) B6AM3U Makcumy-

Ma. B opuinoxennn (I1.3) nokasano,

uyro Gyuxuua P(E) craHoBuTCa npenebpexximo Magof 0 CpaBHEHMIO CO CBOWM 3HA-

UcHHEM B MaKCHMyMe, eCJH OTKJAOHeHHe E ot E 3amerHo npespilideT BeJWIWHY AE,
IipKGJIHBHTeJIbHO PaBHVIO

o~

AE ~-—§— (10)

Vi’

rae | — uncjo crenedell cpofogbl MeHbillell M3 IBYX B32UMOIEHCTBYROUIHX CHCTEM,
2 F HaMHOTQ IpeBOCXOHT HAMHHM3UIYIO H3 BO3MOMKHBIX HEPTHH (OCHOBHOE CGCTOSHMKE)
cuctembl A. EC/IH, HAIpUMED, MEHLINAS H3 CHCTEM COIEPKHT MOJL aTOMOB, TO [ — nO-
pANKA YHCla Aaoraﬂpo
f~ 102

H
AE ~ 10-12E, (11)

Takum o6paszom, BeposiTHocTs P(E) oOuiviHO HMmeeT BG/IM3M 3HAavueHus E upesppiuaiiuo
peskuil MakcumyM. Beanuuna P(E) cTanoButcs apeHeGpexumo Maion, eclii QTHOCHTERb-

Hoe oTKJoHeHue E or E umeer nopspok 10-1%, 310 o3Havaer, 4ro sHeprus £ HUKoTAa

NPaKTHYECKR He OTAMyaeTcs oT L} B MACTHOCTH, Cpejee SHaueHume sHeprun E s

cucTeMbi A TAK¥Ke JIO/DKHO ObITb PaBHO E, T. . E=F. B '5T0M IIpHMepe MbL ONATb HMEeNM
AeJI0 CO CJIydaeM, KOrja CHCTeMa COCTOMT H3 ouYeHb GO/IBIIOro YHCAA YACTHH, H NO3ITOMY
OTHOCHTE/IbHAS BeMHUHHAa (MIYKTYaUHHK SHePTHH OKOJIO ee CPellHero 3HaueHusd MCKJ/Q-
YHTEJBHO MaJla.
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Hexomopoie onpedeserus. Mbl BUIUM, 4TO MpH H3YYEHHH TEI/IOBOIO
PABHOBECHS] HCK/JIOYHTENBHO BaXKHHI TAKHE XAPAKTePHCTHKH CHCTeM A
u A, Kak In Q@ u . O6bHO 17151 5THX BeJHUHH HCHOJB3YIOT ClelHallb-
Hble 0003HaYeHHs] M HAUMEHOBaHHS,

3aMmeTHM, UTo napamerp f, Kak 370 BUAHO H3 (9), unmeer pa3MepHOCTH
obpaTHoil sHeprun. Yacro yno6HO BhIpaKath 3~ uepea HEKOTOP VIO OJIO-
JKHTEJAbHYIO. IOCTOAHHYIO £, KOTOpasA HMeeT PasMepHOCTb SHEPTHH H MO-
&KeT GbiThb BbIpaxKeHd B 3prax. (Jra MoCTOSIHHASA Ha3biBAeTCs HOCIOARHOL
Loabymana n ee BeJiHUHHA MOXKeT ObITh BhiOpaHa ornpeeseHHbIM 00pasomM
pa3s u Hapcerza.) Ilapamerp f~' MOXKHO Tenepb 3amicaTh B BHIAE

g

y

o
i—i{%“ (1

rie BesnuuHa T H3MmepsAerT HEPruw B eluHHiax k.

JtoT HOBBIH mapamerp T HasblBaeTCst abcoaromMoll memnepamypol
paccMaTpuBaeMoi CHCTEMbl U €0 BeJHUYHHA OOLIYHO BBIPAKAETCH B 2p:i-
dycax *)., dusnyeckas NpUUYHHA L1 TEPMHHA «TemmepaTypa» CraHer
BoJiee sicHOB M3 M. 4.3.

C nomoiibio (9) Mbl MoeM cBsizath 7 u In €

A

rie S — HOBas BeJHYHHA, OIpeleJeHHas CJASAVIONHM 00pasoM:

S==kinl lT (14)

Drta pequuyHa S HasbIBAGTCsS IHMPoIiueldl PacCMaTPHBAENOH CHCTEMDL.
OHa HMeeT pas3MepHOCTb 3IHEPrHH, TaK KAaK COJAEPIKHT MHOXUTEIb k.
M3 onpenenenus snrponuu (14) cienyer, 4To oHa aBasieTcs JorapudMi-
YecKoH MepPo# uHcaa JOCTYIIHBIX COCTOAHHI CHCTeMbi. B COOTBETCTBHU
CO CIEJAHHBIMM B KOHIE M. 3.6 3anedyaHHsiMH SHTPOMHS SIBJAAETCS KOJH-
YeCTBEHHOH MEpOH CTEerneHH MOJeKYJAsApHOTo Gecropsiika B cHcTeme *¥).

HMwmesi B BUAY C/lesidHHble Bhillle ONMpefeseHilsi, Mbl MOXKEM CKa3aTh,
YTO YyCJAO0BHEe MakcHMyMa P (E) fuarozapsi paBeHCTBY (3) 9KBHBAJEHTHO
YTBEDHKAEHUIO, 4TO sHTponusi S*==k In QF cocraBHO CHCTeMbl HMEET
MaKCHMYM MO OTHOWEHHIO K 3HepruH E noacucremst A. M3 (6) cnenyer,
YTO YCJIOBHE MAKCHMYMa BEepOSiTHOCTH 3KBHBAJNEHTHO YTBEPAKIEHHIO,

4TO
S* =818’ == maximum. (15)

n

*) Hanpumep, aGcosmoTHast TemrepaTypa B 5 rpzAycoB OTBeYaeT IHePrHH D k.

*#) 3aMeTdM, 4TO SHTpPONUA, 3ajaHHast paseHCTBOM (14), umeer onpejefeHHoe
3HAYeHHe, KOTOPoe, KAK ITO clejlyeT U3 papeHctsa (3.40), He 3aBHCUT OT BeHYMHLI
HHTePBAJIOB SHEPTUHH 8E£. Kposte Toro, nockoabky 8E ecTh uKcHpoBanHbil H He 3a-
BUCALIAS 0T £ WHTEpBaJ 2HePruM, TO mpoussoiHas (9), onpeleasoulas BeaHydHy f
ann T, Taxxe He 3aBHCHT OT OF.
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IT0 YCIOBHE BbINOJHEHO, €CJAH BbIMOJHEHO- yoiaoBHe (8), T. e. eciid
T=T". (16)

Hame paccyxienHe NOKashiBaeT, 4TO B COCTOSIHMH DaBHOBecHs
sHeprusi E cucremnl A npnﬂnmae'r Takoe 3HaueHue, 4TOOH SHTDOTIHS
«COCTABHOH H30/MHPOBaHHOH cucTeMbl A* crasa MaxkcumajabHOH. B sToMm
cnyyae cucrema A* Gyner pachpenedeHa no HaubGoJgblIeMy YHCAY BO3-
MOXKHBIX COCTOSTHHH, T. e. OHa OyJeT HAXOAHTHLCA B HaHbO/Mee Xa0THYECKOM
MaKPOCOCTOSTHHH,

4.2. TlpuGamkeHUe K TenJoBOMY PABHOBECHIO

Mui pusiesnn, uro BeposTHOCTE P(L) uMeeT HUCK/IOUUTEJNBHO OCTPbIA

makcuMym npu sHeprun E=F. Tlostomy, ecoiu A u A" naxoasircs B Ten-
JOBOM KOHTaKTe, B COCTOSIHHMM paBHOBecust cucrema A mouTu Beeria

HUMEeT 3HeprHio, BecbMa Oau3Kylo K E, B TO BpemMs KaK B3Heprus

cucTembl A’ npenenbHo 6in3ka K E'=E* — E. B HCKAI04HTeNBHO XOpO-
u1eM npUbAHKEHHH CPeHHe SHEPTHH 9THX CHCTEM TaKKe paBHbl YKa3aH-
HbIM BeJHUYHHAM, T. €.

E=F u E =E'. (17)

Teneph paccMOTPUM CHTyaunuio, Korja cHayana cuctemsl A u A’
W30JIHPOBAHBL APYT OT JIPYra U HAXOAATCS B DABHOBECHH, & HX CpelHVe
SHEPTHH pasHbl E; u £ cOOTBETCTBEHHO. 3aTeM MexcIy STHMH CHCTeMaMy
co3/1aeTcs TeMViOBOH KOHTAKT H OHHM NPHOBPETAOT BO3MOXKHOCTD OGMenH-
BaTbCsi sHepruefi. B Hadane NeficTBUR KOHTaKTa CHTYaHHs SBJSieTCS
KpafiHe MaJIo BEPOATHOM, €CJIH TO/IBKO SHEPTHH 0BeHX CHCTEM C/ydYaiHoO

fie oKasaauch oueHb Gauskumu Kk E u E’. B corsacuu ¢ mocty.JaTtom
(3.18), cucteMbl HauHyT OOMEeHHMBATBHCS! 3HeprHell, H oOMeH Oyaer npo-
HCXOMHTD JI0 TeX MOp, NOKA OHH He JOCTUTHYT PABHOBECHOI'O COCTOSIHMNS,
DACCMOTPEHHOTO B MpeablaylivX naparpagax. B paBHOBecHH KoueyHble
3HauyeHHUst 3Hepruii OyAyT paBHB! cordacHo (17)

E,=E w E;=F, (18)

Tax 410 BepoaTHOCTh P (E) nocturrner Makcumyma. 1lpu stom napamerph
 obeux cucreMm cpaBHSAIOTCA:
[jf = ﬁf’ (19)

rne B=p(E,) n pi=B(E).

s (bOpM\/JIbI (6) u onpeleneHus (14) CJIeJlYeT, UTO 3aKJI0UEeHHE O TOM,
4TrO CHCTeMbl OOMEHHBAIOTCS IHEPTHel 10 TeX Hop, [10Ka BepOaTHOCTb
P (E) He craHer MakcHUManbHOH, 9KBUBAJIEHTHO YTBEPKACHHIO, 4TO OOMEH
SHEePrHH IIPOHCXOAUT A0 TeX MOp, NOKa NOoJaHas HTPONUS CHCTEMbl He
.cTaHeT Makcumadabhoil. IlosToMy KoHeyHast SHTpONHst HE MOXKET ObITh
MeHblll€ Ha4ajbLHOH, T. €.

S(EN-FS(E' ) = S(E)+SUED,
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AS+AS =0, (20)

AS=S(E)—S(E)

AS' =S’ (Ej) — S’ (E})

©3HAYAlT PA3HOCTh HTpOHMH cucTeM A B A’ COOTBETCTBEHHO.
B npotiecce oOMmena 3HEPTHEH 10AHAQA SHEPTHS, pPA3yMeercsi, coxpa-
iisiercst. B cootBeteTBHU € (3.49) 1 (3.50) MBI MOXeM HanucaThb, 4TO

Q+Q =0, @1)

rie Qu Q' o3HavalT Tenso, HorJoleHHoe cucremamu A u A’ cooreer-
crBeHHo. CoorHowenns (20) u (21) ycTaHaB/iuBalOT YCJA0BHS, KOTOPBIM
JIO/KEH  YJOBJETBOPATEL JIOOOH MNPOHECC TEMJOBOTC B3aHMOICHCTBUSA.

Haure paccmorpeHue nokasblBaeT, 4TO OpH 3TOM B3aHMOAEACTBHH
MOTYT MMETh MECTO JABa CAyuas:

I. HauanbHble 3Heprum o6eHx cHcTeM TaKoBbl, yro f;=f;, rle
;=0 (E)) u pi=p (£}). Ilse Takue cHCTeMHl yKe HaXoiaTcs B HaubGo.see
BEPOATHOM COCTOSTHHH, T. €. UX MOJAHAs SHTPONUA MakcumasbHa. [lostomy
CHCTEMBbl U aJbllle OCTAHYTCH B DABHOBECHH U OOMEHA 3Hepruel Mexny
HUMH He NPOHCXOIUT.

2. B Gonee ofwmieM ciydae Hadya/bHble 3HEPTHH CHCTEM TAKORBbI, UTO
P=4p;. O6e cucreMbl HaxOSATCs B MaJO BEPOSiTHOH CHTyaluH, KOTAA
HX ToJIHad 3HTPONHUS He JOCTHTAa MakchuMmyma. CHryaunus Oyaer wme-
HATLCA N0 MEPe TOTO Kak 3HepTHA (B (hopMe Ten1a) nepexofHT OT OJHOH
CHCTEMBI K Apyroi. Koneunoe coctosiube pasHoBecus OyieT JOCTHTHYTO
IPH MaKCHMAJbHOM 3HAYeHHH 3HTpomuu W [ =f;.

4.3. Temneparypa

B npeabinylieM nyHKTe Mbl OTMETHJH, 4To napamerp f§ luau,
SKBHBaJeHTHO, mapamerp T=(kP)~'] obnajaer chaenyOIHMHE IBYMS
CBOHCTBAMH:

1. Ecan nBe pasjeneHtbie CHCTEMbl, HAXOAsULHECST B PaBHOBeCHH,
HMEIOT 00HO u mo Jke 3HaveHne napamerpa ff, To Noc/ie YCTaHOBJeHHS
TENJOBOTO KOHTaKTa paBHOBeCHe COXPAHUTCA WM MNepenoca Telja oOT
OLHOH CHCTeMBI K Jpyroil He Oyier.

2. Ecau napamerphl ff 06eux cucreM pasiuurol, TO 110CJHE YCTAHOBJE-
HUSl TenJIOBOT'O KOHTAKT4 PaBHOBECHE He COXPAHWTCH W HauHercs lepe-
HOC  TenJjia.

ITH /Ba YTBEpKIEHHA JANYT HAaM BO3MOXKHOCTb C/le1aTh OYeHb Ba-
Hible BbiBOABLI. B wacTHOCTH, ¢ #X NOMOLILIO Mbl MPHAEM K TOYHOH KOJH-
4eCTBeHHOH (OPMYJ/UPOBKE TeX KaYeCTBeHHBIX PacCyxkAeHHil, KOTopble
Obli caenanpt B 1. 1.5, .
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[lpencrapum cebe, Hampumep, TpPH Dasfie]eHHbIe W HaXoIsluiecs
B pasHosecHu cuctembl A, B u C. Tlpeanonoxvm, 4To KoTaa CHCTEMa
€ npUBOIUTCA B TeILIOBOH KOHTAakT ¢ A uau .c B, HIKAKOro nepexHoca
Teria He npoucxoluT. Torga Mel 3HaeM, uto Po==p, u Po=Pg (rae P,
Br 1 Pe o3navaior napamerpot f cucteM A, B u C cootserctBenno). M3
3THX ABYX paBeHCTB cJjelyeT, 4To f 4==Pz, T. e. UT0 HepeHOCa TeW/1d He
OvieT ¥ OpH HAJHUHMH TeIVIOBOro KoutakTta y cucreM A n B. Taxkum
00pazoM, Mbl NPUXOLHM K OOIIEMY BbIBOJY:

Ecny nBe cucremnl HaxoisTcst B TEHJIOBOM paB-
HOBECHH C TPETheH CHCTEMOH, TO OHHM JO/LKHBL ObiTh (22)
B TeIlJJOBOM PABHOBECHH U IAPYI C APYIOM.

YTeepKaeuue (22) Ha3biBAETCH HYACBLIM 3AKOHOM MEPMOCUHAMUKL . DTOT
3aKOH JIe/J1aeT BO3MOXKHLIM IPHMEeHEeH e NPOOHLIX Tea (Ha3blBAEMBbIX /1€¢pMO-
Mempamil) JUis pemieHys Bonpoca, OYAYT JH OOMEHHBATLCS TEMJIOM JIko-
Oble IBe CHCTeMbl, MpUBEILeHHble B TENJOBOH KOHTAKT JAPYr C APYIOM.
Takum TepmoMmeTpoM MoOxeT OblTh JoGasi MAKpPOCKONMHYECKas CHCTema,
obaanaonmas CAeiVIOUHMH JIBYMSI OCOOEHHOCTAMH:

1. Cpenrn MHOTHX MaKpOCKOMHYECKHX 11apaMeTpoB, XapaxkTepHsyio-
mMux cuctemy M, BriGepeM OJHH {Ha3oBeM ero ), KOTOpbIH 3aMerHO
MEH$S1eTCsi B 3aBHCHMOCTH OT KOJiH-
4eCTBa TeMnJaa, NoJaYy4eHHOTO HJIHU OT-
nanHoro M B npoilecce TeiljIOBOro
B3auMOJeHCTBHA. Bce ocranbable
napaMmeTpst Oyiem lepxath (hHKCH-
posannbiMH. Mendawnwmics napa-
MeTp 0 HasbiBaeTcss mepMomMempu-
HCCKUM  NAPAMENipoM CHCTeMbl M.

2. Cucrema M romxHa ObiTi
Puc. 4.4. Tasonple TepPMOMCTPBID u) (IOCTOSRH- SHAYHTE/IbHO MEHbLIE (T‘ e. obaa-
Horo ofbeMa (I — Bakyym, 2 — usmepsiemas  J4Tb MHOIO MEHbUIMM 4YHCAOM CTeE-
pa3HOCTL YypoBHeli, 3 — YpOBeHb PTYTH Bler- o

i 5 neHe#l CBOOOAbI} CHCTEMBI, KOTOPVYIO:

Ra TPUBOAHTCH K 37011 BLICOTE) W O} HOCTONH-
HOTro gaBneHun (f/ — BakyyMm, 2 — pa3HOCTb | v
yporRpel uOMAepalHBaeTCH nocTonHuoll, 4 — MbI COGHpHCMCﬂ HCCIE10BATD. 910
H3MepsIeMbiil ypOBelb PTYTH). VcJIOBHe HeoOX0IUMO JAs CBeJeHMs]
K MHHHUMYMY OOMEHa 3Hepruidl BO
BpEMS HBMEP@HHﬁ. Taxoii obMeH aBJigeTcq BO3MYyHICHUCM, H3MCHSATOULHM

COCTOSAHUE Hsyqaemoﬁ CHCTEMEI.

NMpumepso TepyMoMerTpo B, CyuecTByeT MHOMO CHCTeM, KOTOpBIE MOTVIH
€ibl CJAYXHUTb TepMoMeTpamu. MBI PacCMOTPUM TOJMBKO HECKOALK® TAKHX Haubonee
YaCTO NMPHMEHAEMbIX CHCTEM.

I. JKnakocrh, Hanpumep, pTYTb HJH CUHPT, 3aKMIOYEHHAA B CTEKJIHHHyiO TPYOKY
ueéo.nbmoro AuaMeTpa. 270 XOPOLIO 3HAKOMBIH THIT TepMOMETpa, OH OhUT ONHCAaH B

. 1.5. B stom caynae TepMOMeTpHUYECKHM napamerpoM 0 ssiseTcs BBICOTA KUIKOCTH
B prﬁxe

I1. Ta3, sakmoueHHbli B cocyX, o6LeM KoToporo nocrosued. Takas cucrema sB-
JAETCS 20308biM MEPMOMEMPOM NOCIMOAHH020 06DeMd; TEePMOMETPHUECKHM MapaMer-
pom O 3nech aBARETCH AaBNEHHE ra3a (cMm. pPuC. 4.4, a).
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I1I. Taz, saxaioueHHLI B cocyjl, B KOTOPOM MNO;IepixHBaeTCS NOCTOSHHOE AdB-
JleHHe. DT0 TaK Ha3blBaeMblil 2asosvii mepmosmemp nocmoaHhHozo dasseHus. Ero tepMo-
MeTpuYecKHM mapamerpom O gsisierca o6beM, 3aHATbUT rasoM (cM. puc. 4.4, 6).

IV. DuexTpuuecknfi NPOBOAHHK (Hanpumep, IVIATHHOBAS MPOBQJIOKA, Haxo/1d-
{1a5CA [PH MOCTOSHHOM XaBJIEeHHH), O KOTOpoMY TedeT caabhii TOK. 3/ech Mbl HMeeM
JeJI0 C MmepMOMempos CORPOMUBAICHUs, TEPMOMETpUYECKHM napaMerpoM G kotoporo
ABJAACTCSH  3JeKTpHYeCKoe CONPOTHB/ICHHE IIPOBOAHHKA.

V. Hexoropoe KoJHUeCTBO HapaMarHHTHOI'O BeIUECTBA NPH IIOCTOSTHHOM J@BJIC-
HHH. 3zeck napaMeTpoM O sipasieTcst MArHuTHash BOCHPHMMYHBOCTL ofpasua (T. e,
OTHOUIEHYEe €TI0 cpejHero MarHHTHOUO MOMeHTa B eiuniue ofbeMa XK HPHACKEHHOMY
MariuTHoMy noaio). s onpenenenust 3TOil BeJIMYHMHBL MOXKHO, HANPHAED, U3MEPHTb
CaMOMHIYKIHIO OOMOTKH, HaMOTaHHOH Ha ofpasedl.

[IpuMeHenne TepMOMeTpa MNPOUCXOAHUT cCJaeavIomiM obpasoMm. OH
NOCJICAOBATC/ABHO TNPUBOIUTCA B TENJAOBOH KOHTAKT € H3MepsieMbIMH
cUCcTeMaMH, Hanpumep, ¢ cucremamu A u B, ¥ ocTaercss B KOHTaKTe A0
VCTAHOBJAEHHS TENJIOBOTC PABHOBECHSA.

1. Npennosoxum, uto aas ofeux cucreM TepMoMeTpHUYeCKHH napa-
Merp TepMmomeTpa O (Hampumep, AMHHA CcTONOHKA KHAKOCTH B DTYT-
HOM TEepMOMeTpEe) HMEeeT OIMHAKOBOE 3HaueHWe. DTO 3HAUHT, YTO TEPMO-
MeTp M, HaxoxswmuiAcs B paBHOBecUH ¢ A, GyJieT B DaBHOBeCHU U ¢ B.
M3 wHyneBoro 3akoHa caemyer, 4ro A # B ocranytcs B paBHOBECHH,
ec/qd UX NPHUBECTH B TEIJIOBOH KOHTAKT ApPyr € JAPYrom.

2. HonycTuM, 4TO 3HauyeHHe TePpMOMETpHYEecKOro napamerpa 0 pas-
JHUHO 149 o6enx cucreM, Torja Mbt MOMKEM CKa3aTh, YTO CHCTEMb A u B,
IpHBEJieHHbIe B TENJIOBOH KOHTakT, He OYIYT B COCTOSTHHH PaBHOBECHS.
Yrobbl MoKas3aTh 370, JONYCTHM, YTO OHH 6ydym B paBHoBecuu. Ho rorzaa
COrJIaCHO HYJIeBOMY 3aKOHY TepMoMeTp M, IOCTUTLIMi paBHOBecHS ¢ A,
JOJMKEH 0KaszaThcsl B paBHOBecHd H ¢ B. Ho npwm stom repMuueckuit
napaMeTp 0 He HOJIXKEH H3MEHHMTHCH NOCJe TOTO Kak M npuieT B KOHTAKT
€ B, UTO NpOTHBOPEYHT HayaJLHBIM YCJAOBHAM *).

Pacemorpum #exomopouil tepMonerp M ¢ Kakum-mo TepMHUYECKHM
napamverpon 0. 3HaueHue napamerpa O, KoTopoe N0Ka3blBaeT TepMO-
MeTp, HaXOAsILIHACS B TeMJOBOM PAaBHOBeCHH ¢ cucTeMoit A, HasbiBaetcs
memnepamypotl cucmemvr A, USMEPEHHOU ¢ NOMOWBIO OAHHO20 MEPMO-
sempuveckoeo napamempa 6 dannoeo mepmomempa M. V3 Takoro onpe-
Jle/IeHUs CJelyer, 4YTO TeMOoeparypoil MOXKeT OblTh AJHHa, JaBJeHHe,
CONPOTHBRJAGHHE H JpYTde BeJHYMHbL. 3aMeTHM, YTO [Adke €CAU 1Ba
Pa3/IHYHBIX TEPMOMETpa MUMEIOT TepPMHYecKHe NapaMeTph! OJHOTO THIIA,
OHH He JaJYT OJHOTO H TOrO JKe 3HaYeHHsi TeMIepaTryphl JaHHOTO Te1a **).,

*) Bce onucanHple U3MEPEHHA MOTJIH Obl BBIMOJAHATLCS H € APYTHM TEPMOMETPOM
M’, umeromuM TepmoMetpuueckuil napamerp 0'. IlpH 3ToM CymecTBoBalo 6bl OAHO-
3HAYHO® COOTBETCTEHE MEXAY JIOCbIM 3HaueHHeM § H COOTBETCTBYIOIHM €My 3HaueHHeM
0’ B HCKITIOUNTENLHBIX Cayuasx tTepmoMerp M Mor Obl 0KA3aThCS MHOrO3HAUHLIM, TaK
UTO RAHHOMY 3HaueHHio § COOTRETCTBOBANO Obl GoJee yeM OJHO-eJJMHCTBSHHOE 3HAayeHHe
0’ npyroro tepmomerpa M'. Taxse, omwrMualouiuecst HeOQHO3HAUHOCTBIO NOKasaHuii,
TePMOMETPHI IPHMEHAIOTCA PelKO, ¥ Mbl He OyJeM HX paccMaTpHBaTh (cMm. 3ajauy 4.1).

**) Hanpumep, o6a TepMoMeTpa MOTYT NPEACTABAATL Co00ll CTeK/IAHHLlE TPYOKH
C XHJAKOCTbIO, TaK 4TO B O0OHX C/IYUasiX TepMOMeTPHYeCKHM HapaMeTpoM ABJISeTCsH
JAJIHHA CTOJIOHMKA KUJAKOCTH. Ho B ofiHO#l TpyOKe Takol KHIKOCTbIO MOKeT ObITh, HAU PH-
Mep, PTyTb, B APYToOH — CHHPT.
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Hanee, eciu temneparypa Tena C, H3MepeHHAsr OJHHM TEPMOMETPOA,
oKasaJjach paBHOH cpellieMy 3HauyecHHIO Temnepatyp aByxX tea, A u B,
TO 3TO yTBep:KIeHHe He 00f3aTeNbHO OCTaHeTCsl CNpaBelHBbLIM TpH
HCTIONb30BAHHY KakOro-HUOy/Ab IPYroro TepMoMerpa. 1eM He Menee,
H3 Hauero o0CyXKAEHHUS CAENYeT, UTO ONPEAENEHHOe HaMU TIOHSATHE O TeM-
pepaType JONYCKaeT CJ/eAVIOLlee yTBepiKIeHHe:

HBe cucteMel, MeXIy KOTOPBIMH OCYUIECTB.EH
TENJOBOH KOHTAKT, OCTAlTCd B PAaBHOBECUHM TOTA

M TOJMBKO TOTJA, KOIpa HX TemilepaTypbl, H3MEPEH- (23)
Hble C TIOMOLIbIO OFHOTO M TOTO Ke TepMoMeTpad,
OJUHAKOBHI.

BBeneHHoe 37ecb MNOHSITHE O TeMOepaType LUIMPOKO IPHUMEHSIeTCS
W OKasblBaeTcs BecbhMa noses3HbiM. OHO MMeeT, 0JHAKO, OJMH HEeLOCTATOK,
3AKAIOUAIOIIHACS B TOM, UTO TeMIIEPATYPa, NPHIKCHIBAEMAs Teily, 3aBUCHT
OT CBOCTB mpoOHOro Tesaa, KOTOpOe HCMOJb3Yercs B KadecTBe TepMO-
merpa. C apyro#i cTopoHsl, 6b110 6bl BecbMa y06HO HCNOB30BAThL CBOfi-
CTBa napamerpa [0 Ajsi onpelesieHUsi TeMnepaTtypbl. JleHCTBUTebHO,
MPEennoJoK|M, YTO MBI pacrnosaraen TepmoMerpom M, 1js KOTOPOro n3-
BeCTHa CBSI3b MeXJy NapamMerpoM [} H TepMOMETPHUeCKHM NapameTpom b.
Ecin sTtor TepMOMeTp HAXOAWTCS B TEILIOBOM KOHTAKTe C HEKOTOPOH
CHCTEMOH A, TO Mbl 3HaeM, UTO B COCTOSIHHH pasHoBecHs! = ,. Taxum
06Da30M, Hall TepMOMETP Gyer uamepsTh [Kak sto caenyer ua (9)] dyr-
JaMeHTaJbHOe CBOHCTBO cHcTeMbl A, a MMeHHO, BedHYuHY [, Xapakre-
PH3YIOUIYI0 YacTHYIO NPOU3BOIHYIC JOrapudma 4ucia COCTOSIHHH TI0
sneprud. [Ipennonoxum Aajee, 4TO Mbl MMeeM APYTOH TepmoneTp, M,
JJIS1 KOTOPOTO TaKKe YCTAHOBJEHO COOTBETCTBHE Mex1y napameTpom [
Il ero TepMoMeTpHueckum napaMerpom O’. Tlpueenem sror Tepmomerp
B TeNJoBOH KOHTaKT ¢ A. Mbl 3HaeM, 4To B paBHoBecuu ' =0 4, a 3Hauur,
£ =0, 1 MbB IPUXOAHM K CJenyoIemMy BblBOAY:

Ecan B KawecTBe TepMOMETpPHYECKOro mapamerpa
HCIIO/IL3YeTCH napameTp f§, To ao06ot TepMOMETp,
H3MepSIoWUi TeMIIepaTy py AaHHOH CHCTeMbI, OKAXKeT (24)
OOHY 4 my osce TeMnepaTypy. Ira Temlieparypa
sIBJsIeTCs Mepoi PyHIaMeHTaAbHOro CBOACTBA CHCTEMbI:
yHCJa JBOCTYNHBIX COCTOSHHH.

IlapameTp P ABASETCH MOITOMY OCOOEHHO BaKHLIM TeMIMepaTypHbIM
napameTpoM. B sToM mpHunha Ha3Banus abcoaomHas memnepamypa,
HCMOJIb3YRMOTO It Beauunubl T==(kB)~!, onpenejsemoii uepes f.
MEI OTNI0KHM 10 TN1aBHl O PACCMOTPEHHE CleAVIOHX Bonpocos: 1) npak-
THYECKHE CIOCOOb! HAXOXKACHHS! YMCJ/eHHbIX 3HaYennd B u T no coorser-
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CTBYIOIIMM H3MEepeHHsIM H 2) MexJyHapoJHble corJailedHs o Boibope
YHCJAEHHOTO 3HAYEHHS BeJHUUHBL KA.
Ceoticmea  abcomomnotl memnepamypet. CoraacHo (9) abcomotTHas
TeMrnepaTypa Onpeae/seTcs CaAeLYIOmHM PaBeHCTBOM:
1 dlnQ
b= (25)
Mgl 3naenm lem. (3.37)], uto ana Beex obnuHBIX cuctem Q (E) aBAsieTcst
Kpafine 6bicTpo Boapacraioulel hpyuxuues sueprud £, Tostomy us (£5)
cjaeiyeT, 4to A8 OOBIUHLIX CHCTEM
>0, wm T >0 (26)
JIpVTHMH  CTOBAMH,

A6comotnast Temneparypa /oGOl 97
OObIYHON CHCTEMbI NOJOKHTEIbHA *). (27)

Mbi MoXKeM Ternepb OUEHHTb NOPSAI0K BeIHYHHbE aGCOJMOTHOH TeMres
parypnl cucrembl. Popmysa (3.38) naer Ham NPUOIHKEHHYIO 34aBHCH-
Mocte € (E) OT 3Hepruu:

(E) p 10

Q(E)cc (E—E,). (28)

3raech [ — uneno crenetell cgoGoxsl pac-
CMaTpPHBaeMOfi CUCTeMbl, FE — 3Heprusd
cHCTeMBl, £ — SHepras ee OCHOBHOIO CO-
cTosiHHA. JlorapudmMupvs, uveens

InQ ~ fIn(E—E,)}const, £, E
gO'I'Kyi]‘a Puec. 4.5. XapakTtep 3asucuMoct In 2
olnQ or sHeprnr £. Haraoil kpusoit paer
B _gme / (29) aGCoRIoTHHIT  TeMOepaTypHBIL  napa-
dr E-—FEy " Metp 3.

UroBbl Moayuuth Beauaniy 7', B 3ToH GOpMYJe HVKHO NON0KHTh E=E—
CpelHEH SHEPUHH CHCTeMbLl, Mbl nmoJayvyaem, 4To Adst OOBIYHBIX CUCTEM

| E—F,

JpyruMu c/aoBaMH,

Ecau oObluHas cucteMa nMeer aGCOMOTHYI TeM-
ueparypy T, To Beqmunna AT HMeeT mOPSAOK Cpes-
Hed 3HEepPruH (OTCYUTAHHOH OT 3SHEPrHH OCHOBHOIO (31)
COCTOSIHHS), NpUXOAslleACs HA OIHYy CTeleHp CBO-
GOABI CHCTEMBI,

t
i
t

*} Kak yKe Obl10 3@MeueHo B CBA3H € dopumydach (3.38), BupakeHue «wrobaa odbiy-
Hasi CHCTEMa» HMeeT B BHAY HCKJIOUHMTL CHEUHA/IbHble CAyuau, KOrA3a Mbl MLHODHPYyeM
KHHCTRYECKYI0 JHEpPrHIO HacTHil ¥ .KOTJA MAaryuTHAas SHeprus, ofywlosaeHHas HX
CNUHAMH, JAGCTaTOUHO BEANKA.
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Ycnosue pasHoBecHst (8) Memy JBYMS CHCTEMAaMH, HaXOASUIHMICH
B TeJIOBOM KOHTakTe, Tpebyer, 4TOOBI HX aGCOMOTHBIC TeMIEPaTypH
ObuIH paBubl. M3 (31) caenyer, 4To 510 yeaoBHe, Tpy6Go roBops, 3KBUEA-
JEHTHO YTBEPXKJEHHUIO, YTO NMOJHAR SHEPTHs B3aUMOLEHCTBVIOWHX CHCTEM
pacnpelefsieTcss MeXAy HHMH TakHM 00pa3oM, 4TOGHI B O0EHX CHCTEMAaX
CpelHsIsl HepPrusl, NpuXoismasics Ha OQHy cTeneHb cBoGOb!, OblAa OIHa
4 Ta xe. [locaennee yTBepikieHHe COBNALaeT B TeM, KOTOPOE Mbl YK
HCIIOJIB30BAAH B HAIIHX KauecTBEHHBIX paccy:KIeHusax B 1. 1.5.

Kak menstorcst napamerprl B, uin 7', ¢ A3MeHeHHeM SHepPTHH CHCTEME?
Beqnuuna B usmepsier Haxkaon kpusod In Q (E) orHocurenbHo ocu E.
B noanucu K pre. 4.3 Mbl viKe oOpaianil BRHMaHNe Ha TO, 4TO 3Ta KPU-
B4 oOpaiieHa BbLIMYKJAOCTHLIO BBEPX, TAK KAK TOJMBKO NpPI 3TOM Oyler
BBINOJIHEHO (DU3HUECKOe VCJIOBHE, 3aKJAUaloueecst B TOM, 4TO JIBe CIC-
TEMbI, TNPUBCACHHBIC B TEIIOBOH KOHTAKT, HMEIOT OJHO-&AHHCTBEHHO®
COCTOSIHHE MaxkCuMaJjbHOH BeposTHocTH. OTCi0a cieayer, YTO BIHUHH2
Op/0E MOHOTOHHO VMEHbLIAETCS, H CJCAOBATEIbHO, (st 200biX CHCTEM

& <o, (32)

B cayuae oOLIMHBIX CHCTEM 3TOT Pe3VJbTAT CAENYeT TaKXKe HelnocpejcT-
BeHHO K3 dopmyanl (28), auddepedunpoaHue xortopol (29) naer

p !

T N e ey 0. 38\

oL (£ — L) < (33}
Mgt nokasaam, uto B ymenbiuaercs ¢ poctoM E. Ho, no onpejenenio,
T=(kp~1) u, cneroBartebHo, abcoaloTHass TeMieparypa pacteT, ecJil 3
yMmenbiaercs. Taxun ofpazont, us (32} creiver, urto

i |

AGcomorias Ttemneparypa JacGofl CHCTEMBI €CThb 04,
BO3pacrawast QyHKLHA ec¢ 3HeprHy B
B maremarunueckon gopme
ar o ( R 1 ap
dE T 0E \ kB ) RRFOE T ‘
Mmess B Buay (32), spl mosyuaen
ar
> 0. (35)

[Nocsiepsee HepPABEHCTBO NO3BOJISIET HaM YCTAHOBHThL OOLIEe COOTHO-
{IeHHe MeXIY aOCOMIOTHOH TemmepaTypod M HAallpaBACHHEeM II0TOKa
tensa. PaccMoTpuM ABe pasienbHble cucTembl, A4 n A’, KoTOpble BHauane
HaXOIWIHCh B paBHOBecHH npH Temnepatypax 7; u T;. 3arem mexny
CHCTeMaMH OBl CO3JIaH TEMJIOBON KOHTAKT, NOCJE Hero OJHA M3 CHCTEM
¢rTaja norJomarb, a Apyras-~— OTAaBarb TenJao. JTOT [pouecc Mpo-
JOJKAJCS 10 JOCTHXKEHH ST PABHOBECHS, KOTOPOMY OTBedaeT TeMmmeparypa
T,. I'lpennonc:xumM, 4to cHcTema A norvomajna Tenjio H, caeloBaTenbHo,
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yBeJIHYHBAJIA CBOIO 3HEPrHi0, TOrAa, Kak caeayer ma (34), T,>T;. Co-
OTBETCTBEHHO cHcTeMa A’ oTnaBaja Tem/io H Tepsijia SHepruio, H H3 (34)
caenyer, yro T,<T;. IlosroMy nauaibHas W KOHeUHasi TeMIEpaTypud
CB3aHbl HepaBeHCTBAMU

T,<T,<T,

2To 3HAYMT, YTO HavasbHasg abcomorHas Temneparypa T, cucremsl A,
KOTOPas HNOIVIOuaJaa TerJao, MeHbUle Hada/ibHOH abcoqioTHOH Temnepa-
Typbl T; cucremsr A”, orpaBaBmedl tenao. Mbl IPpUXOAUM K ClEAYOUIEMY
BHIBOTV:

Ecau snofsie fBc oObiuHbIE CHCTEMbl HaXOIATCH
B TEINJIOBOM KOHTaKTe, TO CHCTema ¢ OOJbiieH abco-

~ IIOTHOH TeMrIepaTypod  OTAdeT TCNJo, - 4 CHCTeNa (30)
. C MEeHbIIeH alco/IOTHOM TeMIiepartypon *) ero nor.o-
| L13eT.

| _ |

Mpl onpeneniM CA0BOM 20pA4ast CHCTEMY, OTAAI0ULYIO TellIO, H CJI0BOM
X0A00HAsT — CHCTEMY, mnoryowawiyw Ttemnio. llostomy (36) 3kBHBA-
JIEHTHO YTBEPIKIEHHIO, UTO 20pAUAA CUCIEMA (ileem Ooaee BbicOKYI0 abCo~
MOMHYIO MeMIEPAmypy, 4em X0A00HAA.

4.4, Tlepenoc HeGoJIbIUOTO KOJAMYECTBA TemnJa

B npegeiaviieM nyHKTe Mbl 3aKOHUHJAHM  ofllee pacCMOTpeHHa
TEIIIOBOTO B3aUMONEHCTBHSA MEXKIY MaKPOCKONUYECKHMH CHCTeMAaMii.
Tenepb MBI nepedzeM K OOCYXKIEHWUIO HECKOJbKHX IPOCTBIX CAydaes,
UMEIOIUX BaXKHOE 3HaueHue.

JonyctHM, d9To cdereMa A, Haxolfwascs B TEMJIOBOM KOHTAaKTe
¢ JIpYroil cuCTeMOoM, NOTJIoillaeT HeDOJbIIOE KOJHYeCTBO Tensa, Y0BJeT-
BOPSIOLLEE HepaBeHCTBY

RIKE—E,. (37
D70 03HaU2ET, UTO PE3YILTHPYVIOLIeE H3MEHeHHe cpelHeli sHepriu AL =
= @ cHcTeMbl A HeBeJHMKO NO CPaBHEHHIO C IpeBbIIeHHeM cpeRred:

2Hepriiu E—HEIIL SHEPI‘HEI?I OCHOBHOTO COCTOAHHSA CHCTEAIDL. I—IpH 3TOM ahco-
JAOTHAN TeMllepaTtypa CHCTEMDBL T U3MeHHTCs BechbMa HE3HAYHTEH4o,

JlefictBurenbHo, noaaras E=FE, Mpl noayyaeM us (29) u (33) creayiomue
QUEHKH:

%] )
NI PO S )

Teneps us (37) caexyer

- Q|<B. (33)

*} B ocofom ¢1ydyae CUCTeMEl CHHHOB 3TO YTBEPXKJAeHHe HYXKAAeTCA B NOSCHeHUH,
TaK Kak T—»+ oo, ecan —0. (Cm. 3agauy 4.30.)



Tak xax Tz.(kﬁ)‘l, i In T=—InfB — In k, ro AT/T=—AB/B,
TakHM 00pasoM, (38) 3KBHBAJEHTHO HEpaBEHCTBY

AT |<<T. (39)

Mbl IO/KHB CKa3aTh, UTO Teno (), NorJoteHHoe CHCTEMOH, Mal0, ecan
BLIIOJTHSIETCST 1lepaBeHCTBO (38), T. e. ecau Upd MNOTIIOUIEHHH Temia
abCcoIIOTHAsH TeMIepaTypa CHCTeMbI CYIllecTBeHHO He uameHsieTes. [lpexn-
HOJOKHM, YTO cHeTeMa A THorJollaeT MaJoe KOJHYecTBO TenJia. Toria ¢
No/1aBAgI0lIell BepOATHOCTbIO HAYAJbHbIE H KOHEUHble SHEPTHUH CHCTEMbI
PaBHbI COOTBETCTREHHO cpeaHuM 3HaueHuaM, £ i £ Q. [Ipu noraoweHHn
ITOrO TelJsia U3MEHHTCS TakyKe UMCAO JOCTYNHLIX coctosuuit € (E) cu-
creMbl ‘A, C noMouIbio pazaoxeHust B psag Teliopa Mbl HAXOAUM

nQE-+-Q)—InQ(E)=
d1nQ , b /0*InQ > N
= (25t (G ) @ = BQ S

Mul npenmonaraeM, 4TO KOJUYECTBO MOIVIOUIEHHOTO Teflia @ mado.
[Nosromy abcoatoTHasa Temneparypa CHCTeMbl A ocTaetcsl MOYTH HEU3MeH-
HOM U B COOTBETCTBHH ¢ (38) MOXKHO mpeHeOpedb WieHOM, cojepXKaliim
opf/0E. Taxum obGpaszon, HaMeHeHue Beauuuusl In Q (E) 6yaer paBHo

A(nQ) =200 g 0, (40)

i1 MBI MPHXOAHM K CJIEAVIOUICMY BblBOJY: €CJaH CHCTeMa, HaXOISLasics
npu  abCo/IOTHOH TeMoepar) pe T=(kB)~', norjowaer KOJHYECTBO
ten1a Q, ee suTponud S==kin Q wedserTcd Ha Maayw BeJuuuHy AS,
PaBHYIO

—

N
AS =, (41)

’ ecan @ mauad.

CrenyeT noJuepKHyTh, YTO AdKe eCAH KOJHYECTBO Tensa @ Beauko
110 abCO/IOTHOW BeAHuYHHe, OHO MOXKeT OCTABATBbCS OTHOCHTEJbHO MaJbiM
B cMbiCie HepaBeHCTBA (37) wau (39Y), Ttax uto BhipaxkeHine (41) 6yurer
elle cnpaselanBo. Ecan KoMUecTBO MoTJoLeHHOro Temvla deficTBUTe b
HO OecKoHeyHo Majasi BeJudYuHa, Mbl MOXKeM 0003HauHTh ee d Q, H TOrja
OeCKOHEYHO MaJjioe WM3MEHEHHe SHTpOonuH Oyler paBHO

|

e

e,

ds =7 . (42)

3ameruM, uro BesuauHa dQ gBJAsSeTCS I1IPOCTO GeCKOHEUHO MaJgoil,
TOTA2 KaK BesinulHa dS npeacrasisieT coboit nidepepennnan, T. e. Gecko-
HEUHO MaayI0 PasHOCHe IBTPONHIA CHCTeMbl A B eée KOHEYHOM H Hadasb-
HOM COCTOSTHHSIX.
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EciH ocynmecTBUTh TENJIOBOH KOHTAKT Mexay cHcremoit A u moboir
CHCTeMOH B, KOTopasi CYIIeCTBEHHO MeHbiue A, TO KOJIHYeCTBO TemJa,.
norJoineHHoe cucTeMoil A, Bcerna Oyaer oueHb Manad B CMEIC/IE, ONpeae-
JsieMom HepasenctBamu (37) miu (39). [efictBurensHo, nAaxke camoe
GoJibllIoe KOJIHYECTBO Temsia @, kKorapoe cucrema A cMoxer B3dTh y B,
OyieT nopsijaxa IoJHOR 3Hepriui CHCTeMbl B (32 BbIYETOM 3HepriH OCHOB-

Horo cocrosiHust). Ho naxe 5Ta sHeprus MHOTO MeHbile pasHocTd E — E,

1 caMoli cucteMbl A. Mbl TOBOpHM, YTO cucteMa A JleHcTByer Kak menao-
60l pesepsyap (Unu menioéas 6aHa) MO OTHOMIEHHIO K APYTUM CHCTEMAaM,
eCJIH OHa JOCTATOUHO Be/IHKa AJ5 TOTO, 4ToObl TENJA0BOe B3auUMoAeHcTBE:
C IPYTrMMH CHCTEMAMH TpPAKTHYeCKH He H3MEHHJA0 ee TeMmmepaTyphl.
1 B stom cayuae pasencteo (41), cBa3sbiBalomiee H3MeHeHHe 3HTPO-
nud AS TensioBoro pesepsyapa C MOTVIOWEHHBLIM Tenaon @, oOCT4eTcst.
CIIpaBel/IUBhIM.

4.5. CucremMa B KOHTAKTE € TenJOBBIM pe3epByapom

BoJBIMIKHCTBO BCTPEUAIOIIMXCHS HAa NPAKTHKE CHCTEM He H30JMpPO-
Ba#bl. OHH MOryT OOMEHHMBATLCS TEMJAOM CO CBOHM OKpyXKeHueM. Ecam
TaKkas CHCTEMa MaJ/ja N0 CPABHEHHIO C OKPYXKamwled ee cpenoil, oHa
MOJKET paccMaTpHBaThCsl KaK CHCTeMa, HaXoAsIINAscs B TENJOBOM KOH-
TaKTe C TelJIOBbIM PE3ePBYapoM, KAKHM SIBASETCH BCE OKPYKEeHHEe 3TOF
cuctempl. (Hanpumep, moboil npeiMeT B KOMHATe, CKaxeM, CTOJ, HAXO-
JAHTCH B TeIJIOBOM KOHTAKTE C pe3epByapoM Ten/aa, COCTOSIIIUM H3 KOM-
HATDB! C €€ MOJIOM, MOTOJKOM, Me0esablo, BO3AYXOM H T. 1.} B sTom pas-
aene Mol OGyJeM WMeTh A€J0 ¢ OTHOCHTeJNBHO Madiofl cuctemod A B
KOHTAKTe C Tens0BHM pesepeyapom A, Hac Gyner uHTepecoBars Clenyio-
IHH BOMPOC: KAKOBA BEPOSITHOCTh P, TOTO, Y4TO B COCTOSIHHN PABHOBECHR
MBbl 0GHAapy:KUM cHcTeMy A B cocTosiHMM r, ofJsanamiiem sHeprueid E, >

DTOT BOINPOC UMEET BeCbMa OO XapaKTep H OTBeT Ha HEro upe3Bbl-
uaiiHo Ba)KeH. 3aMeTuM, YTO B HALUEeM pacCyXKICHHH cucTemoit A moxer
ObiTh J106asi cHCTeMd, YHCJIO CcrelieHed CBOOOLB KOTOpOH Tropasio-
MEeHbILIe, ueM Yy TemaoBoro pesepByapa A’. CHcteMoli A MOXKeT ObiTi-
M00asi OTHOCHTEBHO MAJash MQKPOCKONUHECKaA ClICTeMa (HanpHMep, ecai
KYCOK MeJH NOTPYKEH B 03€p0, NoC/elHee ABASACTCS TeNJ0BbIM Pe3epBy-
apom). C npyro#i cropoubl, chcTeMoll A MOXKeT OhiTb M J00ast MUKDOCKO~
nuyeckasl CHCTeMa, eC/id TOJbKO OHa MOXKeT OblThb HIACHTHHILHpOBala *).
(Hanpumep, ecau aroM nomemeH B OHpeleleHHOM MeCTe PeILeTKH.
TBEPJIOTO TeAaa, To mnoc/ejlHee OyAeT siBASATHCS TEIJIOBBIM Pe3epBYyapoMm.):

Yro6bl NMOACUMTATL YHCJAO COCTOSIHHH TEIJIOBOIO pedepByapa A’, Mbs
ONAThL PAa3lJeJHUM [IKaMy 3HEePrHH Ha Hebo/blHe (PHKCHPOBAHHbIE:
uHTepBaibl OF u o6o3nadum depe3 Q' (E') uuCI0O JOCTYHHBIX COCTOSIHHML
cucteMmsl A’, KOrZla ee sHeprusl paBHa £’ (7. e. JieXKUT B uHTepBase ot £
no E’--8E). (Mwur npennosaraem, uro uHTepBan OE ropasgo Menblie:

*) Ilocaeauee SaMe‘l‘ﬁHHe CYWeCTBEHHO, TaK KakK IIpH KBAHTOBOMeXaHHYCCKOM
OIIHCaHHN He Bcerjga BOSMO}KHO OTOKIAECTBUTL ,IIBHHyK) JACTHLY CpelH JpYFHX He OT-
JHYHMBIX OT Hee 4HaCTHL.
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PacCTOAHHA MeX1y YPOBHIMH 2Heprud A, HO JOCTaTOYHO BEJIHK, YTOGHI
colepzkaTb MHOTG BO3MOKHBLIX COCTOsSIHHE pe3epByapa A’.) Hro6wl mosy-
YHTH OTBET Ha HHTEepecymUHH Hac BONPOC O BeJHUHHE BepOSTHOCTH P,
HaX0XKJeHHA CHUCTEMbl B COCTOSIHHH 7, JIOCTAaTOYHO MPHMEHHTH pPaccyxkje-
nus M. 4.1. 3akoH coxpanenus snepruu Tpebyer, uroObl JHEPTUS CUCTe-
mbt A H pesepByapa A’ ocraBajach IOCTOstHHOH Besinumnoii. O6o3Hauas
3Ty MOJHYI0 3HeprHi0 uepes E¥, miee

E'=F*—E,. (43)

Ho ecaut cucremMa A HaXOIHTCS B OZHOM ONpeNesieHHOM COCTOSTHUH 1,
TO YHCAO AOCTYIHLIX COCTOIHHUI BCelt cHCTeMbl A* MpoCTO PaBHO 4HCAY
coctosunfi Q' (E*— E), acctynuix A’. V3 nawero oCHOBHOTO CTaTH-
CTHUECKOTO NOCTYJ2Ta CJAeAYeT, OJHAKO, UTO H30JHPOBAHHYIO CHCTEMY
A* MOKHO C PaBHOH BEPOSITHOCTbI0 OOHAPYKHUTHL B JIOOOM U3 ee JOCTYI-
HBIX COCTOSIHHIL. [103TONY BEpPOSITHOCTb OCYIIECTBACHHS CHTYALHH, KOraa
cucTeMa A HAaxoAWTCS B COCTOSIHHMH 7, [IPOCTO MPOMNOPIHOHAIbHA UHCHY

JOCTYIHBIX cOCTOSTHHA cueteMbl A*, korna A HaxonuTess B COCTOSAHHUM 7t

P, Q' (E*—L). (44)

J1o cux nmop HaWH paccyxKIeHUst MMe/H BecbMa obiltMi Xapakrep. Tenepb
Mbl HCIIOJIB3YeM TO OOCTOSTENbCTBO, UTO CHcTeMa A ropasno MeHblUe pe-
sepByapa A’ . 3710 3HAUUT, YTO HHTEPECYIOLIas Hac aneprud £, yA0BAETBO-
psieT  caeryioueMy HepaBeHCTBY:

E, <<<E*. (45)

Mpl nosyunM xopowee npubanmxenue ajs (44), pasaaraga  MelJeHHu
Mensitoufica gorapudmM 2 (E’) oxono 3navenua E'=L*. AHanoruuso
(40), MBI DogyuaeMm I/ TEIJIOBOTO pesepByapa
. . In Q’ ‘
In Q' (E*—L,) =In Q' (E%) — [%f—] E,=InQ (E)—BE,, (46)
TIe -
0InQ’ -
== [W:, . (47)

PABHO 3HAYEHHIO MPOH3BOAHON NPH QUKCHPOBaHHON snepruu L'=L*,
Dra BequudHa PB=(kT)~! aBjgercd nOCTOAHHLIM TeMIIepaTypHbIM Hapa-
meTpoM menaocsveo pesepsyapa A’. Tenepb n3 (46) mbl moJyuaen

QO (E*—E ) = Q' (E*) e~BE, (48

Beanyuna Q' (E*) apaseTcst NOCTOSIHHOH, HE 3aBUCAULEH OT 7, II03TOMY
BeposiTHOCTh (44) paBHa

P.=Ce-FEr, (49;

rle C -— KOHCTaHTa, He 3aBHUCsLIAs OT 7.

3afiMeMcq Terepb u3ydenneM HU3HYECKOTO CMBIC/1a Pe3yanTatos (44)
n (49). Eciv cucrema A HaxoAMTCs B OHpele/eHHOM COCTOSIHHH I,
To pesepByap A’ Moxker OBITb B JI0O00M H3 GOJBIIOTO YHCJAA COCTOSAHHH
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Q'(E*— E,), NOCTYNHbIX €My B 3THX YCIOBHSIX. Ho Mbl 3naem, uro
qHCJIO JOCTYIHBIX TelJIOBOMY pe3sepByapy coctosinuit Q' (E’) o6piuno
ABJIsIeTCs OBICTPO Bo3pacTamoell pyHKuHer ero sueprun £7 {1, e. B (47)
NGBIMHO TOJIOXKHTENbHO). JlonycTHM, YTO MBI XOTHM CPaBHHTb BEDOSITHO-
CTH HaXoXxJeHHsi cucTeMbl A B avo-

Obix JBYX COCTOSIHHUSIX, SHEPTHH KO- E-‘i\ .
TOPBIX pasjHuHbl. Eciu cucrema A [ e e e
HaXOAUTCS B COCTOSIHMH ¢ BOJbIION - T
3HepTrHeH, TO H3 3aKOHaA COXPaHEHMH 10 ;
SHEePTHH CAelyeT, 4TO Ha MO0 pe- - r
3epByapa HPHUXOJHTCH COOTBETCTBEH- - A
HO MeHblllasi 3HEPrusi; HO3TOMY 4YMC-

JIO JIOCTYTHLIX COCTOSIHHI pe3epByapa 0
3aMeTHBIM o6pasoM yMmenbluaercsi. B
COOTBETCTBUH € 5THM YMEHbLUEHHEM fot
BEPOSTHOCTb OCYUIECTBJIEHHS TaKOH 2E) —
CHTYallHH TaKxKe YMEHbHIaeTcs. K-
CTIOHEHLIMAbHAS 3aBHCHMOCTL P, OT
E, B popmyJe (49) Brpaxkaer pesysab- g i
TAT ITHX PACCYXKJIEHHH B MaTeMaTHUe- A i
cKoHn ¢opue. . 24

ITp ume p. [losicHum npuseiedHtie Bhl- mg - _'{
le PacCyxKAeHUsT NPOCThIM npumepom. Pac. = )
CMOTPUM  CHCTEMY A, HeROTOpkie YPOBHH Ry
SHepri¥ KOTOPOH MOKasaHbl HA BepxHeH ua- |
cTd pHC. 4.6, M 3HAUMTEILHO GOMBIIYIO CH- f i
cremy A’, lllkana anepruu cHcTeMel A” pas 0
deNeHa Ha papHbie #HurtepBank OE=1, a —=! e | e
9HC/O AOCTYIIHBIX COCTOSIHHH B Ka&XKIOM HH- ¢t 036 2040 £,
tepBaje §2'(£7) mokasano B Huxued vacTw
puc. 4.6. [Tpeanmoqoxun, uro cucrema A na- Puc, 4.6. CxeMa [oCTYMUBIX COCTOSHMIY
XOI{HTCH B TelaJoBRoM paBHOBeC}ﬂ,] c pe3ep- H(—_‘KOTOpOﬁ cHceTeMb: A B CnelHanbHOro

’ ¥ .. (0ueHb MaNenbKOrG) TENJNOBOTO PesepBya-
syapom A’ M 4ro noduas sHeprus £* co pa A’. Ha sepxHefi YacTH DHCYHKA MOKa-

craBuoli cuctembl A* papua E*=2000 ein-  zanw ypoBHH snepruu A48 BeCKOABKEX
HHIAM. IlonyCTHM , UTO A mHaxozuTcs B COCTOHHI’“"{‘ cHCTeMb A, Ha H'Hmnfeii —
Ofon 13 coCTOSHM v, SUCPrEA KoTopwx  JHSTO AoeTmimx coctomi & () e
Er= 10 enuHHUIAM. SHepFHH pesepsyapa run E’. Oneprus Hamepena B npoussodn-
B 3TOM Cayuae Oygmer pasHa 2040 egunu- HbIX eAuHHLAX,

(laM ¥ COOTBETCTBEHHO 3TOMY 3HAYEHHIQ HHCD-

THH pesepByap MOMeT HaXOIHMTheH B JnoGom M3 2-108 jocrymumx cocrosinnfl. B au-
camBiie U3 BONBIIOrO UHCAA H30JIHPOBAHHBIX cucteM A* (coctosiiem u3 cuetem A w A')
JHCJIO COCTOSTHHHA, KOT'Aa cueteMa A KaxoouTes 6 COCTOSIHHE 7, OYIeT HPONOpIHOHANLHO
2.108, TlpeanonoxuM renepb, uto cucreMa A HaxXOIHTCH B COCTOSIHHH 8, SHEDPTHS KO-
Toporo E¢=16 exnnuuam. Torga sueprus pesepsyapa Gypner pasna £ =2034 enu-
HHIAM M COOTBETCTBEHHO CHCTeMa MOKeT HAXOAHThCsE B Jio6oM u3 1-10% BosMoXHBIX
coctosiuuii. B aHcamGie cHeTeM yHCAO caydaen, Korga A GymeT oGHAPYKEHO B COCTOS-
HuM s, G6yaeT nponopuHoHaasHo 10% W GynerT cocTaB/sITH TOJNBKO NOJOBHHY OT UHCIS
cayuaer, xoria A HaxomuTcs B COCTOSHMHM 7, HMEIOIEM MEHbINYIO 3HEPTHIC.

Bripaxkenne 1y BepoATHOCTH (49) aBjsiercd BecbMa OOLIMM pe3yJib-
TATOM, MMEIOIHM OTpPOMHOE 3HAUeHHe B CTAaTUCTHUECKOH (U3KNKe. DKCMOo-

[+] - b
HEHOHAJbHbIE MHOXKHTEJ/L € BE, Ha3kLIBaeTCsl MHOxcumesem boabymana;
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COOTBETCTBYIOILEE paclpenenenne BepossTHocTell (49) HasblBaeTca KaHo-
Huueckum pacnpedeserues. AncaMOib CHCTEM, HAXOAAIMACA B KOHTAKTe
C TeMJIOBbIM pe3epByapoM H3BecTHOH Temneparypbl T [3TH cucTeMul
pacripesiesienbl 10 CBOUM BO3MOXKHBIM COCTOSIHHSAM B COOTBETCTBHH ¢ (49)],
HA3LIBAETCH KAHOHUMECKUM aHcambaem.,

[Tocrosinnas C B (49) MoxkeT GbiThb J1€TKO OmpejeseHa M3 yCJIOBHSI
HOPMHPOBKH, KOTOPOE 3aKNH0UAETCS B TOM, YTO BEPOSITHOCTH OGHAP yIKHTh
cHereMy B JOGOM M3 BO3MOMHBIX COCTOSIHHMIT paBHa |:

2P =1 (50)

31ech CyMMa pacrpoCTpaHsieTCsi Ha BCe BO3MOXKHBIE cocTosinust A,
sezaBHCHMO oT sHeprun. Mvesa B Buay (49), Met nonyuaem u3 3toro ycio-
BUS

C Yle-BEr—1,

Tenepp Mbl MOkeM 3anucaTth (49) B Gojlee ABHOM BHaE:
p ot 51)
rZZ —BL, -
€
r
3naa pacnpefesenie BepoATHOCTeH (49), JE€rko BBIUHCIHTBL CpelHHE
3HaueHHs1 pas3/IMYHBIX [apaMeTpoB, XapakKTepU3VILHX cHcTeMy A,
1AXOAANIYIOCT B KOHTAKTE C TEMJIOBLIM pe3epByapoM MpH  abeodor-
soft remneparype T=(kp)~*'. [lelicTBuTeqbHO, 00O3HAUUM 4Yepes Yy
HEKOTOP VIO (DH3NUECK VIO BeIMUHHY, 3HAYeHHE KOTOPOH B COCTOSHHM 7
paeHo y,. Torma cpelnee 3Hayenue BeIHYHHbl y PABHO

—_ 3 —E’Er
y=Y Py = -—————ép" , (52)

Tle CYMMHPOBaHHE ITPOH3BOIHTCSH (10 BCEM COCTOSIHHUAM r CHCTEMbI A.

3aMeyaHus ZJasd cAyuYyasd, Koraa cucrema A MAaKpPpOCKoO-
nHyeckas. Popuyaa (49), nmeromas QyHIaMeHTAILHOE 3HAUEHHe, Jael BeposiT-
noeth P, naxoxiaenus cucremsl A B HEKOTCPOM OZHOM COCTOSHHM r ¢ sHepruell E .
Yrobul Halith BepoaTHOCTL P{E£) 00HapyXHuTe cHcTeMy A B HeGOJAbLIOM HHTEpBaJe
sueprafl ot £ ro E--O8F, HeoGXOAMMO TIPOCYMMHMPOBAThL BepPOSITHOCTH WIS BCeX CO-
CTOAHMIL 7, 3HEPrUM KOTOphIX JeKAaT B HHTepBaie £ < E,<E--0OF, 1. e.

P(E)=P,,

rie INTPHX TNpH 3HAKe CYMMH YKasblBaeT Ha TO, YTO CYMMHPOBaHHE TPOM3BOAMTCH
o COCTOSIHHAM € OGIH3KHMH 2HEPTHAMH, 3aK/IIOUEHHBIMH B YKa3aHHOM HHTepBae,
13 popmy.sl (49) ciepyer, 4TO B 3TOM Clyuae BepOSTHOCTE P, nponopuuoHannhas e —8£,
6ygeT MOYTH OIMHAKOBOH aas Beex 3THx cocrosuuid. [losromy HHTepecyomyio Hac
BeposiTHOCTL P{E) MOXHO NOJTYUYHTh MPOCTHIM YMHOXKEHHEM BePOSITHOCTH HAXOMXKJeHMs
A B OJZHOM M3 YKasaHHBIX COCTOsARMIT Ha uucao 2(E) TakMX COCTOAHHE B HHTepBase
suepru E, E-OE. lmeeMm, Taknm 06pasoM,

P (E)=CQ (E) e~8E. | (53)

Teau A — MaKpocKonnyeckasi cucreMa (XoTs H MHOro menbwasi, uem A’), 1o QE) —
OLICTPO Bo3pacTaiowas pyHKIMs 9HepIHd. MHoxutelp e—3E GhicTpo yMmeHbluaeTcs c
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poctoM sHeprud. [Toarony BepositHocts (53) MMeeT MakKCHMYM, KOTOphIli TeM ocTpee,
yeMm GoJiblie cucteMa A, T. e. Guictpee Q(E) pacTeT ¢ yBesquueHHeM 2HePrHH. Mol onaTh
IPUXOIMM K TeM Xe BLIBOAAM, KOTOpbie CbUIM NOMYYeHH B 1. 4.1 fas MakpocKomu-
4eCKOH CHCTeMb.

Ecan naxofamascs B KOHTaKTe C TENJOBHIM DE3ePBYApOM CHCTEMa SIBJAAETCH
MaKpOCKONIHYeCKOH, TO OTHOCHTeIbHAS BelHYHHA (ayKTyauuii ee sneprun E Ha-
CTOJILKO MaJla, YTO JHePrHsd CHCTEMBl NPaKTHYECKH BCerja PaBHA CpelHeMY 3HAYEHHIO

sueprun £. C apyroli CTOPOHBI, €CA¥ YCTPAHHTH TeIVIOBOH KOHTAKT CHCTEMH C pe-
3epBYapoM H CjesaTh €€ TepMHUeCKH
H3OJHPOBAHHON, ee sHepris Boobwe  Q(F e AL
He GyaeT QavKTyHporath. Pasianune /
00eHX CHTYaUHMIl HacTOJbKO Mo,

470 He HMeeT PAKTHYeCKoro 3Hade-

HfA, B YaCTHOCTH, CpelHHEe 3HAUeHHs

BceX (H3MUeCKHX NapajMeTpoB CHCTe-

MB!I (TAKHX, HAOpHMep, KaK CpelHee

JABJCHHE WJH CPeJHMI NATHHTHBII

= r
MOMEHT) B 000UX cCJayuadax CoBmaja- T TETTTTSTETITINT TN T A COTTURTIIT RIS IC I
wT. TTosToMy 3TH cpesHHe MOTYT GHITh o] E E
BBIUHCAEHBEl JBVMS PA3JHUHBIMUE CO- - i
CoGaMH. OE

I. MoxXHO paccMatTpHeaTh H30.H- Pre. 4.7. CxeMa. HOKASHBAOLA CIMOCTE
. 4.7, C , (A3BIB a
POBAHHYID MaKpPOCKONHYECKYH) CHCTe- dwm'uw; o (E) e—BE or aﬂeprfﬂ E 3;?: :,Zzpo
MY, 2HEPrust KOTOPOH QUKCHPOBANA H  oXoinycckoli creTelMil, HaX0AANelcs B KonTakTe €
HaXOAHTCA B Y3KOM HHTepBagde OT E TeILIOBRIM DE3epPBYapOM.

a0 E-+OE.
2. MO>KHO BeCTH pacueT jAjs CHCTeMbl, Haxolsleficst B TEILIOBOM KOHTaKre C Tell-

JIOBBIM Pe3epBYAPOM TAKOH TeMIePATYpPBl, YTO CpelHAs HeprHa £ cHCTeMbl paBHa £,
JameTHa, uTe BTOpOH €nocod Vhpowaer BLIYHCAEGHHA, TaK KaK NMPHMEHeHHE KaHOHH-
GECKOTO pacTipeie/eis CBOIHT BhUHCAeHe CPeIHUX 3Hauen il K CYMMHPOBaHUIO B (52)
.0 BCEM COCTOAHUAM 6e3 orpaHMucHuil, TOrda Kak mojcueT uHcaa cocroauni L(L),
JeXatHX B 200QHHOM WHTCpBAJie SUEpPrui, ABAAETCA CYUIECTBEHHO Gosiee TPYAHOI]

sajadeil.

4.6. MapamarsetTusm

Kanorndeckoe pacripefiesiende MOXKHO HCHOJB30BATL JJIST PEHICHHST
pfAla 3anay, NpecTaBAAOMX 6oJbiol (Pu3nyeCKH#A HHTepec. B ka-
YyeCTBe MEPBOTO MPHMeHeHUs! Mbl MCCAEAYyeM MarHHTHBIE CBOMCTBa Be-
1ieCTBA, [MOMEIIeHHOTO B MaruuTHoe noJje B M cojiepKaliero B eQuHHile
ofbema N, MAarHUTHHIX aTOMOB. Mbl paccCMOTpHUM OCOGEHHO MPOCTOH CJy-
yaii, Korlda cnuH Kaxnoro aroma pases 1/2.11ycTe MarHMTHbLIH MOMEHT
aroMa pasBeH M,. [Ipn KBAHTOBOMEXAHHYECKOM ONHCAHHH MAarHHTHBLIH
MOMEHT KaxJOT0 aToMa MOXKeT ObITh HalpasJ/eH JHOO «BBepX» (T. e. na-
pajJeJbHO BHeEIHEMY MOJI0), JHOO «BHH3» (aHTHIAPA/LICJBHO 110110).
BelllecTBO Ha3bIBAETCSt NAPAMARHUMHOIM, €CJH €TI0 MAardUTHBIC CBOHCTBA
06YCJ0BJIEHL! OpHEHTAllHeH HHAHMBHAYAJbHBIX MariHHTHBIX MOMEHTOB.
JIomycTHM, YTO BeIecTBO HAaXOAHTCA NpH abGconoTHOH TeMmmtepatype 7.

Hac unrtepecyer cpedree 3navenne u COCTaBJSIONEHN MATHHTHOTO MOMEH- .
Ta JIo6Oro H3 aTOMOB BJIOJIb HalpaBJ/eHHsl MarHMTHOro mnous B.
[IpennonoxkumM, yto B3auMojeficTBHe KaxKJ0ro MarHHTHOTO MOMEHTa
€O BCEMH OCTaJbHBIMH aTOMaMH BelllecTBa HeBeJIHKO. B udacTHOCTH,
JONYCTHM, 4YTO DacCTOSIHHE Ma)Kjly arTOMaMH HAaCTOJIbKO BEJIHKO, YTO
MOXHO NpeHe6peub MATHHTHBIM NOJeM, KOTOpoe AAHHBIH aToM CO3ZaeT
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B MECTaX PAaclo/OxKeHHsT COCeAHHX aToMOB. [lpu 3THX NpeancaoMmenusx
Mbl MOKEM COCpPEIOTOUHTL BHIIMAHHE Ha OT/AEJbHOM aTOMe, paccmatTph-
Basl ero Kak MaJjyio CHCTeMY, a OCTaJbHEIC aTOMbI BelllecTBa — KakK TenJ1o-

\ BOH pesepByap, Haxoaauluiics npu abco-
£ JIOTHOH Temneparype T *).
A (O6o3naynM JBa BO3MOKHBIX COCTOSI~
HHSL KaXI0rG aroMa yepes (--) (Marsut-
Hblf MOMEHT HamnpaBJeH BBepX) i {—)
(MarHWTHLIH MOMEHT HampaBJeH BHH3)
H PAacCMOTPHM HX OAHO 34 ADYTHM.

B cocrosinuu (--) MarHMTHbLIH MOMENT
(*) 4TOMa MapaJjivie/ieH 100, TaK YTO W=,
Maruntras sueprns artoma npHu 3TGAM
papHa ¢, ==—yu,3. KaHoHUYecKoe pac-
npefesnedue (49) npaer caeayioilee 3Ha-
yeHHe BEpPOSTHOCTH P, HaXOMKIEHH:I

Fo Frepaus GoluiE,
LOCTIOAHUL
HO076HE

5 FrHepeun #uxee,| ATOMA B 3TOM COCTOSTHHH,
CoCmosELl . _

ri1e C— nocrosidnas, a p=(RT)-1. IJro

(-) COCTOSIHHE C HauMeHbIUeH 3IHEpruen i

Puc. 4.8, Atom co cnuHOM '/, B Ten-
JIOBOM KOUT&KTE ¢ TelJioBbIM pesep-
nyapoMm A’. Korga MarHuUTHBIL MOMEUT
aToMa ganpasied BBepX, €Io 3eprua
nHa 2U,5B meubile 3UepTHH NpH NPoOTH-
PBOMOJIOKHOM HANPABACIAM MaPHTHO-
ro moMmenTa. CooTBeTCTBEHHMO, SHepTus
TeNI0BOro Pe3CPRYAPE B lepBOM CAy-
yie va 2B Goabile €ro 3Uepruy no
ETopoM cay4ac. Bosapweil sHeprau pe-

TIO9TOMY B HEM aTOM HaXOAHTCA C Rai-
O0dibiLIell  BEPOSITHOCTLIO,

B cocrosinuu  (—) MATHUTHBIR MO-
MEHT aToMa aHTHIapafJeseH 0o i
TIOSTOMY W==~~ls, 4 IHEPTHsl aToma pas-
Ha e_=-}n,8. Bepositnocts P _ naii-
TH aTOM B TAKOM COCTOSIHHK pDaBHd

3epByapa oTBeuaeT OoAbillee “HCIO
COCTORAHKII, NOITOMY CHTYAalLKHH, COOT- P
}SeTCTByIOmaH Ma[‘HHTlIOMy MOMENTYV,
nanpasfeHHOMY BBePX, OCYILeCTRANeT-
cA ¢ OoJibillell BepoOSITHOCTBIO, HeM Clf-
TYAUHST C IPOTHBOOOJOMKHBIM Hallpan-
CJieHHeM MArHHTHOTO MoMenTd.

_=Ce~Pe = Ce-BitaB (BO)
Jto coctoanme ob.1ajaer 6o0Jiee BhICOKOMA
3Hepruel 1 HaAUTH aToM B TAKOM COCTUH-
HHUH MEHee BEPOATHO.

[Mocrosnnyio C erko HafiTH M3 yCAO0BIS HOPMHPOBKIL, 3aKJAl04a10e-
roca B TOM, Y4TO C BEPOATHOCTHIO, pasHoit |, arom Haxoiutcs aufic
B cocTOsiHUH (—), nu6o B coctonuun (-H). Hueen

P, -P_—C(ePB p=3B)=1,

-~

*) Taxoe paccmoTpenHe npejinogaraeT BO3MOXHOCT OJHO3Ha4HO HIEHTHHIM-
poBaTh OTAEALHLIA artom. Jaist 370r0 HeoO6XoAMMO, UTOOBL aTOMBI 3aHMMaJH oOIpeic-
JIEHHBlE MeCTa B pelleTKe TBEPIAOTO TeJa MM 00pa3oBhIBajy Obl DaspeXxeHHHH ras,
Flle PAacCTOsiHHe MexAY aToMamH BedMKo. B J0CTaTOYHO IJIOTHOM rase aToMel c6un-
34TCA HACTOMLKG, UTO KBAaHTOBOMEXZHHYECKOE ONHCAHHE JHUIKT HAC BO3MOMKHOCT#
HAeHTHPHIEPOBATD OTHAeALHbIH aToM. B 5TOM ciyyae Hy»KHO paccMOTpeTh Gojee CAGK-
HYIO KapTHHY SIBAEHHA, 3aK/IIOMAIOWEroCsl B TOM, YTO BeCh ra3 B LEJ0M fBJSIeTCS He-
GOJILIICH MaKPOCKOITHUECKOH CHCTeMOH, HaxoAsumefdcs B KOHTAKTe C TeIVIOBBIM pesep-
BYapOM.
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QOTKYAa

1
C= eoB | o= B (56)
AToMm ¢ GOablLet BEPOSITHOCTLIO HAXOAHTCA B COCTOAHHM (--), A€ ero
MACHUTHLE MOMEHT napaJJesen no/iw B, nostomy cpedruii MarnnTHbLIA

MOMEHT aTtoMa U JoJiKeH OblTb Hampaesgen no nomo. M3 dopaya (04)
u (BD) caeayer, 4To napaser-

POM, XapaxkTepHs YoM OpHEH- Py A
TAWMIO MATHHTHOTO MOMeHTa, /-

ABJLeTCA Be/JAHUHHA 7,&
lnB / P+

+

paBHasl OTHOIIEHHIO MATHHTHOH 0,5 —t—
sHepTHH pB K napamerpy &7, N
XapaKTEPHIYIOUIEMY  3HEPIHio N
TenJaoBero Asukenus. Ouepui-
HO, 4TO ecau 7' OYeHb BEJHKO
(r. e. w<£1), TO BeposATHO- a 1 2 w8 9
CTH TOTO, HTO MATHHTHBII MO- *'"ﬁ—-*
MEHT aTOMa HalpaBJICH 110 NOJIO Pue, 4.9, 3aBucumoctb mepoatnoctd P {P_) To-
HJjau IMpoTHuB  noJist, Majao OoT- Fo. YTo MaroUTRENL MOMeHT M, HADpaBJen n-apa.n-
MHHAOTCH APYT OT JPyra. B e e it Stcommi e
3TOM  CJvYae MATrHMTHBIH MO- nepatype 7.

MEHT OP!IEHTHPOBAaH MOYTH CJV-

yafino ¥ ua0. B npoTuBonoaoxHom caydae, ecin T ouerb mano (7. e.
w>>1), opHeHTaUHA TIO N0/ 3HAYUTEIbHO OGOsee BepoATHA, ueM

opuedTaunss npoTtus noafd. B 3ToM cayyae usp,.
BceM 3THM KauyeCTBEHHBIM PACCYKIAEHHSIM JIETKO 1MpHAATh MaTeMaTH-

HECKVHD q)()pl\’ly, €CJIH BLIYHUCJHTL Cpeilee 3HadyeHHe u. Mul Haxoaum
eyl — g~ o

"
K4
N

£ ——
g o i b

we=P,-(u)+P_-(—p)=n . 58
h + (}‘ ())T ( h L) U eFP—oB—]—e‘-?HuB ( )
DToT pesybhTaT MOXKHO 3anucaTh B Bille

. p‘“nB

ILl == FLO th (-ﬁ:/ ’ ’ (59)

( l
€C.111 BOCHOIb30BATLCS OfpeieseHueM runepboauieckKoro Taureuca
W -

Takum obpason, cpeiHuit MarHHTHEIA MOMEHT eIHITHILkI obbeMa BelilecTBa
(5Ta° Be/JNYHHA HAa3bIBACTCS HUMASHUYCHHOCMbIO) HAMIPABJIGH MO MAarHuT-

soMy mnoawo. Beawuuna M, HaMariqueHHOCTH paBHA
M,= N, (61)
yae Ny~ UHCA0 MAarHWTHBIX ATOMOB B elunule o0bema.
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Jlerko nokasarb, 9TO CBOHCTBA [, MNOJYYEHHbLIE Bblile A4S ABYX
KpaHHHX ciay4daeB (Madble H Go.abunie T), € IOMOLIBIO KayeCTBEHHBIX
paccyxKaeHHHd cienyor H3~ obwel ¢gopmyant (88). Ecan w1, 1o
ev=14w-t... 1 e-?=1 — w-... TlosTomy

ltwd . )—(l—w+ ...
s w<£l th = L@ )9{ i SELED S

B apyrom canydae, Korna w>>1, e?>e7 % u
A w>>1 thw=1.

TaxkuM obpasom, u3 (b9) Mbl nosiyuaen 3HayeHNe MarHUTHHIX MOMEHTOB
B JBYX KpaHHHX cayyasix:

ans woB<SRT 1=y, (45

(62)
A w,B>=kT p=uy,. (63)
Ecau poB <€ kT, Beiuunna p oueHp wMana. M3 (62) caenyer, uTo

MeHbLIE CBOEr0 MaKCHMAJIbHOTO 3HAYCHHMA (i, B (W,B/kT) pas. 3amerun,

YTO B 5TOM NPEAE/ILHOM Cjaydae w MPOHOPIHOHAALHO BEJHYIHE MarHHT-
HOTO 10Jist B 1 06paTHO 1PONOPIHOHANBHO a0CcoMOTHOH TemmepaType 1.
Hs gopmyn (61) u (62) mbl rosydaey HaMariHYyeHHOCTh

JJTA. P‘OB < RT Mo == Nufjl” == ‘v:'l;ﬁB = 4B, {64)

rie y — He 3aBHCAmMA 0T B KO3(hPHUHeHT nponoprHoHalbHOCT,
HA3BIBACMbBIN MOASHIUMHOL 80CAPUNMYUBOCMIBIO gewyeciga *). Mbt ineen,

v TAKUM 00pa30oM, 3HAUYCHHE Mar-
/ANy \ HHTHOH BOCIIPHHMYHBOCTH, BbI-
Ny 7 pakeHHOe uepe3 MaKPOCKOIil-
’ — ueckle BeNHYHHB
g B — ;
| b2 i
06 ! Valtg i
) / | L= i (65)
04—F i |
s / — i
P‘MUOCB “
02 7 daxkT obparHOil mponopliu -
0 HaJIbHOCTH! MATHHTHOI BOCIpi!-
0 1 2 g & UMYHBOCTH i abCOJHOTHOH Te\i-
%———a—- nepaTypsl Ha3blBACTCs 3QKOH U
Kropu.
Puc. 4.10. 3aBHCHMOCTE HaMarnuuyenhs :’1710 oT ECJ]H }J,OB,>>I{{T, Cp@ﬂmjfﬁ

MarnuTHore nots B M temneparypwl T pcayuae o )
cnabo  B3aMMOJe/iICTBYWULero ATOM& €O CIHHOM MATrHHTHBIE MOMeHT OJH30K K

/2 B MaTHUTHEIM MOMEHTOM M. CBOEMY MaKCHMAaJbHOMY BO3-
MOKHOMY 3HAYEHHI0 g. COOTBETCTBEHHO HAMATHHYEHHOCTH DABHA
s woB > kT My =N p,. (66)

*) O6bIYBO MaTHHTHASI BOCHPHUMUMBOCTb ONpEe/ISeTCs C MOMON(bIO MAFMHHTHOMO:
nonsi H caepyiomum obpazom: (=M,/H. Mbl npeqnonaraiu, 4T0 KOHUEHTPAIHS Mar-
HHTHBIX aTOMOB MaJia, HO3TOMY C OUeHb XOpOMmHM NpHGAHXKenHem =B,
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310 MAaKCHMaJIbHOe 3HayeHHe HaMarHHYEHHOCTH HE 3aBHCHT HH OT BeJIH-
UHHBI MarHHTHOTO mons B, i or temnepatypm 7. Ha puc. 4.10 no-
Ka3aHa 3aBHCHMOCTb HaMarHHueHHocTH oT B u T B oflueM cayuae.

4.7. Cpennsns 3Heprus HMleadLHOro rasa

Paccmorpum ras, cocrosiliiii U3 N OfHMHAKOBBIX MOJEKYJ C MacCoif
1M U 3aKJI0UEHHbBIA B LUK CO cTopoHamu L, L, u L,. lonycTuM, 4To ras
paspeiet, T. €. 4TO YHCJIO MOJeKYysn N B oGbeme V—L »LyL, nocratouno
MaJO JIJs1 TOTO, YTOOHI CpeaHee PacCTGsiHHE MEXAY MOJEKY/JAMH MOXKHO
GLLIO CUMTATH GOJBILIM. B 5TOM c/yuae BO3MOXHbI CJCAYIOUHE YIpPO-
IICHHA:

1. Cpeianee 3Hauenue [OTEHUHANBHOR SHEPrHH B3aHMOAEHCTBUSA
MEJKJIy MOJICKYJaMH BO MHOTO pPa3 MeHblle CpelHero 3HaueHHs] KHHeTH-
yecKOH 3HepruH MoJsieKyJ. (Takoll raz Mbl HA3biBAeM UOCQALHLLAL)

2. KaxXnyro OTAe/dbHYIO MOJIEKYJAY MOXKHO CYMTATh O0BEKTOM, KOTO-
pbifi MOXKeT ObITh OTOKAECTBJ/IEH, HECMOTPS B4 NOJHVIO HEPasJHUMMOCTD
MOJIEKYJL. (DTO 3HAUIIT, UTO Ta3 HesblposdeH *).)

Mbi 6yeM c4UTaTb ra3 HACTOAbKO Pa3perKEHHBIM, UTO 00a 3TH yIipo-
ILeHIIT CHpaBelHBbl *¥).

[Ipeanosoxuy, 4TO ra3d HaXOAHTCA B paBHOBeCHH NPH abCOIIOTHOM
tennepatype T. Ecan veaosue (2) BbIMosiHEHO, Mbl MOMKEM COCPEIOTOUHTD
CBO€ BHHMAHHE Ha KAKOH-TO O1HOfl MOJeKvJie H paccMaTPHBATb €€ Kak
MaJIVIO CHCTEMY, HaxOISILYIOCH B TCOJOBOM KOHTAKTE C Pe3epBYapoal
(npu Temneparype T), KakKum SIBJSIIOTCS] BCE OCTA/IbHBIE MOJIEKYJIbl Tasd.
BeposiTHOCTL HAUTH HBILY MOJCKYJY B KAKOM-HHOY/Ib KBAHTOBOM COCTOS -
HHH 7, SHEPIHs KOTOPOIO &,, OUpelessieTcs KAHOHMUECKHM pacrpeie.ie-
HueM (49) uau (bl):

p ¢

s

Ycaosue (1) paspewaer Ham npeHeGpeub 3Hepruedl B3aHMOAEHCTBHS
MOJIEK yJIBI CO BCEMH OCTA/AbHLIMH MOJIEKYJIaMH N1PH BbIYHCJICHHH SHePriH.

PaccMoTpuM B KauecTBe npuMepa OCOOGHHO MPOCTOH caydai odno-
amomrozo 2asa [nanpumep, reauii (He) man aprou (Ar)l. Dueprus atoma

|
=
)
-

rie P= . (67)

*) [locniegtee yTBepsk/eHHe OCHOBAHO HAa TOM, 4TO jeCpofiieBCKas mJHHa BO.I-
Hbl MOJEKYJbl 3HAYKHTEJLHO MEHbIlie CPeNHeTo PACCTOAHHA MEXAY MOJIeKyJaaMH. Eciu
TaKOe YCJAOBHE HE BBLIIOMHSIETCSH, 10 3aKOHbI KBAHTOBOH MeXaHHKH HE TIO3BOJIAIOT pac-
CMATPHBATL OT/EMAbLHYIO MOJEKYJY, H B 3TOM CJayuae HeOBXOAMMO KBAHTOBOMEXaHHye-
CKO€ PACCMOTpEHHE CHCTEMb!, cocTosAmeld H3 HepazauunMblx yacTHU. (Takoli ra3 Hasmoi-
BaETCH GuIPONMCOCHHDIM, OH MOJUUHAETCS JHOO TaK HashiBaeMoH CTaTHCTHKe Doze —
Dinwreiina, ando cratHeruke Pepmu — upaxa.)

**) Ycaosue (2) BRINOJIHAETCS TPAKTHUECKH JJ1 BCeX OOBMMHEIX Ta3oB. ¥ CJIOBHe
€ro IIpHMeHUMoCTH Oyaer paccMoTpeHo B Konite n. 6.3. Ecam mbl Gylem yBeIHUMBATH
NJIOTHOCTE I'as3a (T. e. gelaTh ero MeHee paspeeHHbIM), TO ycaoBHe (1) HauneT Hapy-
WaThCs TOpasfo paHblle, 4eM ycioBHe (2). OnHaxo, ecaH B3aHMOJAEHCTBHE MeX1y
MOJIEKYJaMH OueHb Majd, ra3 Moxer YAOBJIETBOPSTH yeoBHIO (1), T. €. 6HITL H/leanb-
HEIM, HO ycaoBHe (2) OyAeT HapyiieHo.
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B 3TOM {Jydae NpPoCTO paBHA €ro KHHETHUeCKOH JHEPIHH, Kaxj1oe Bo3-
MOZKHO€ KBAaHTOBOE COCTOAHHE aTOMa olnpeiensiercs Tpemss KBaAaHTOBBIMH

ujcaaMH (n,, n,, ;) M €ro sHeprus pasHa [cm. pasencrso (3.15)]
a2kt [/ n n ne
e, =T (M My ne) (68)
mo\L: "Ly LE

BeposTHOCTe HaxoxJeHuss artoma B J000OM W3 TaKHX COCTOSiUIH
onpenesercst opmyaoi (67).

PaccmoTpin Teniepb Oodee CAOXKHBIR CaAyuall MHO20QmMOMHO20 Tasa
lnanpumep, kucaopon (O,) wman meran (CH,)], mosekyna XKOToporo
COCTOUT U3 IBYX HJH 0O.Jee aToMOB. JHeprus TaKoro rasa paBHA

B sroit ¢dopmyae &* 03HAYUAaeT 3HEPIHIO MOCTYIATEILHOTO ABHIKEHHS!
IlGHTpPa Macc MOJEKYJbl, a &% — BHYTPUMOJEKY/AApHAs 3UepPrHs,

cBfizalnas ¢ BpameHHeM H KoJjebanueM atoMOB OTHOCHTEJIBHO LIeHT-
pa Macc. IlenTp macc MoJexyabl JABHMKeTCsi NOJAOOHO NPOCTOH OaHM-
HOYHOH 4YacTHie, Macca KOTOPOH paBHa macce MoJeKydbi. [losTomy
NOCTyNaTeJbHOE JABHXKEHHE MOJIeKYJAbl ONdATh ONperedsdercd Tpems
KBAHTOBBIMH HMCJaMH (., 71, 71,), & KHHETHYECKAs SHEePTHs €e No-
CTYyIaTe bHOTO [ABHXKeHHsA paBHa Bolpakenuio (68). Coctosinug BHYT-
DUMOJEKYJISIPHOTO  ABUIKEHHS OUPEAEeNSIOTCs OJHRM HJIU HECKOJbKHMHU
KBaHTOBBIMH 4yHCJIaMH (0003Ha4liM BCe 3TH 4YMC/a 4epes f1;), OMNUChIBAIo-
HAMH BpailaTe/sbHOE U KoJgledaTesbHOe BHYTPHMOJEKYAsipHOe JIBHXKeH e,
sHeprua & 3aBHCHT OT 3THX uncea ;. Jlanuoe KBAHTOBOe COCTOSIHIIEG
r MOJIEKVJIBI Olpenesercst Tenepb HaGOpoOn KBAaHTOBBIX uHcea (n,, 1,
f,, ;) ¥ Mbl MOKEM HAIIUCaThb CJENVIOUlEe BLIPAXKEHHE [/ 3HePTiu

MOJICKY/JIbL '
81“ == E’(k) (nx: ny’ nz) _I- 8(1) (n’r')' (70)

3ameTuM, UTO [OCTYHATEJbHOE ABHUIKEHHE MOJIEKYJl OTPAHHYEHO CTeH-
KaMH fIlMKa; MOSTOMY &% 3aBMCHT OT TeOMETPHUYECKHX pasmepoB L,
L,, L,, KaK 370 BHLHO H3 (68). C npyroil cTOpoHbl, HajqH4Kle CTEHOK He
MOKeT BJHATh Ha BHYTPHMOJIEKYJIsipHOE JBH)KeHHe aTOMOB, HO3TOMY &'/’
He OyleT 3aBHCeTb OT pa3MepoB slUMKa, T. e.

e? ne sasucut ot L, L, L,. (71)

Bowucaernue cpedrell snepzuu. Ecnu MoseKyJa HMeeT BePOSITHOCTB
P_ GbITb B COCTOSIHHHM ¢ 3HeprHell €., TO CpeiHsIsl 3HEPTHST MOJEKVJIbl

paBua
Ze“ﬁs' g,
— ¥ P,e, . 72
b Z Z e_ﬁ&r ( )
MBI BOCTIONBL30BAMKCh ISt BEPOSITHOCTH P, KAHOHHUCCKHM pacnpeneJe-
nueMm (67), a cymMMHpOBaHHe B (72) NpOM3BOIHMJH N0 BCEM BO3MOKHBIM'

COCTOSIRUAM MoviekyJ/d. DPopMyay (72) MOXKHO CHAbHO YHPOCTHTb, €CJH
BOCMNOJb30BATLCSl TeM, YTO CYMMa B YHCJHTE/]e MOXET ObIThb BhIpakeHa
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yepe3 CyMMy, CTOSIIYIO B 3HaMeHarene., JleHcTBHTE/BHO,

0 0
~DE —_— — — ——
ZC’ Brer%——z—a—B—(e Bsr)_____aﬁ.z:e Ber,
r v P
Mbl Bocnoab30BaaUChL 37€Ch TeM, 4YTO NPOH3BOAHAA OT CYMMbl paBHA
CYMME HNPOH3BOJHBIX OT KAXIAOTO CJaaraeMoro CVimMMbI. Henoans v A4

3HamMcHareas (82) 0O0blYHOEe COKpauleHHe

Z ==Y p-fer, (73)
MBI HAXOIHM, YTO BhipaxKeulie (72) 118 cpeiHei SBeprin npuHuMaer Birj
- —0zeB 1 0z
T Z - A
HJTH
. dln 2 f
S T | (74)
}

Mbl BHIMM, YTO A5 ONpENeNeHHsl CpefiHell SHEePTHH & HOCTATOYHO Bhi-
GYHCJIHTE cyMMy Z no ¢gopmyJde (73). (Cymma Z, pacnpocTpaHeHHast Ha
BCC COCTOSIHHA MOJICKYJIbl, HA3bIBARTCH CHQIMUCMUYecKold cymmorl.)

Y pOBHM 3HEPIHH OQHOATOMHOTO rasa onpejeasitorcs gopmydoit (68),
8 COOTBETCTBHH C KOTOPOH cymma Z HmeeT BHJ *)

Z . v Sﬂ §1 eXp ﬁﬂ.zﬁz /HE 0 I’LB i ﬂ; \ (7R)
e et e 2 A\ g oo Lz) ’ <
\ X i 2

My 1y N

rAe TPOfHOe CYMMHPOBAHHE IIPOU3BOAKTCSA 110 BCEM BO3MOXKHbIM 3Haue-
HUSIM 1, 1, U 1,. [Kaxaoe uncio n; npoGeraer Bce nesbl€ 3HAYEHUS OT
0 10 oo B coOTBeTCTBHH € (3.14).] DkcnoHeHuHaNbHAA PYHKIIHS MOKET
OBITb BBIPA’KEHA B BUAC NPOM3BeNeHHs TpeX IKCIOHEHT:

=3
o9

ot

. oy Bzl ol ex Pazh?
= EAP 2m | P 2m

'}exp !*Bn%zi}

J 2m L2

rae BeJNWYUHBl /1., f1, H 11, [OABJAKTCA TOALKO B NEPBOM, BTOPOM
H TperbeM MHOXKHTeAsiX CcooTBeTcTBeHHO. [losronmy cymma (75) paszdu-
BaeTcsl Ha TIDOHM3BCAEHHE TpeX CyMM,

Z = ZXZJIZZ’ (76)

-

2

*) BmecTo TOro yrofbl MHCATb CAOXHBIE BLIpAaXKEHHst B lloKasarese CTeNeHH ¢,
MBI HCTIOJB3YEM 3JeCh CTaHAAPTHOe 0603HaveHue exp u=e? jsi SKCIOHEHI{HAJbHOMH

¢$YHKIHH.

167



rge

N oy | BrtREay]
sz_—r;;‘iekp _— 5 E , (77a)
el - 'f“.’ 2
Z,= Zexp ——ﬁg%ii , (776)
ny=1 L 43
- [ Bahznal]
Z,== Zexp —I;m!/ z—f . (778B)

n.= -

Ham ocTasoch BBIUHC/AMTHL OAHY M3 3THX CYMM, Hanpumep, Z.. 310
JEerKo ¢Jlenarthb, ec/il UMEThb B BHAY, 4To SiIHK HMeeT MaKpOCKONHYECKHe
pasMephl H H03TOMY Ko3(huiinent npu sy B (77a) odeHb Mas, ecau [} He
KpaiiHe BeJHKO (T. e. ecjni Temrepatypa T ne KpaiiHe madna). B sToM
c/iyyae COCEIHHE HeHbl B Cynmme (77a) odeHb Majio OTJIHYAKTCH APYT
OT APYra U C XOPOUUM NPHOJHIKEHHCM MBI MOXKEM 3aMCHHTb CYMMHDPOBA-
Hye unTerpuposanueM. Cuyras uien cymmbl QyHKiHe#d 2, (paccMmarpu-
Basi TO UHCJAO KAK HEHPEPBIBHYIO NepeMeHHylo, ONPEAEJEeHHYI0 H 114
Hele bIX 3HAYEHHH), MBIl M0OYYaeM CAeAYIoniee 3HAUCHHEe CYMMbL:

@

_ ( exp [—‘ﬁ“”f]d@:(\%—”)”ﬂ (f—g)ﬁexp(—uﬂ)du, (78)

2m g°
e )
/ A \\ i/2 {'T?I_ \ ¢
== \ o / \1—'— i1y, \79)
HJH
/2m>1/° /L, ‘)
=8 \+

Hukuanil npened B nocsaenteM HuTerpade (78) B3st papubiM 0. 310 MOMHO
1eaa1b Ge3 saMerHoil omMOKH, Tak Kak Kosdpoduiuent npu n, B (79)
kpaiitte Mas. [locaennuil onpeneneHnnifi HuTerpaa B (78) npencraBaser
coGoit uyneso, Tak uro (78) umeer BHI

Z——bwﬂ, (80)

rae b — HeKoTOpas KOHCTaHTa, 3aBHCSHIASI OT MAacChl MOJIEKYJIBI *)..
CootBercTByMOLIHE BRIPAaXKEHU 14151 Z, M Z, aHanoruunsl (80), n u3 (76)

MBl HOJIleaEEM
L, Ly L,
Z=(o5) (0 5 ) (0 )

7=b3

HJH

é%,mevﬁng. 1)

*) YkaxeM, yTo nocsenuuit Huterpan B (78) paser V n/2 [em. (M. 21)], nostomy
b= (m/2r)"/h - 1. -
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CooTBeTcTBEHHO MBI roJyuaem

an:an~———§—1nﬁ—{—31nb. (82)

Haiun Boiuncsiennst 3agepiuedsl. J{eficteurennHo, (74) laeT HaM BO3MOXK-
HOCTb [OJIYYHThL 3HA4yeHuHe Ccpel-
HEH 3HEPrHH MOJCKYJIbL: '

)—;-

- p) S
_(=anyoany el | T
T =Tl AR T

M Mbl NPHXOIJHM K BBIBOAY, HMe- NS
FHOLLEMY 6oJiblIOe 3HaYeHUe: A
Cow

I

07234

A4 OﬂHOaTOI\IIHOﬁ I\TOJ]eKy.HbI , Gl b i
T | 567 89101112131
£ = ) kT . E J] o
[ Puc. 4.11, Cxema, WANKOCTPHPYIOUL2ST 3aMeHy

CyMMHDOBHl{P[ﬂ no useJblM 3Ha4eHHAM H_-L- (CyM-

Ma papHa TLAOUIAAH [PAMOYTOJLHMKOEB)} HH-

(83) TerpUpoOBanileM M0 HeNpepbIBHBIM 3ladel M

flepeMelHod iy (HUTeTpand paBed [AOILaKN
nol Kpupoi).

MBI NpUXOAHM TaxKe K BHIBOLY,
YTO cpelHsAsl KIHETHYECKAA 3HEPTUsl MOJeKyJdbl He 3aBHCHT OT pas-
MEpOB flIMKAa; OHA NPONOPIHOHAJbHA abcoa0THOI TeMneparype T rasa.

Ecau MosnekyJ/bl rasa mMHOroatoMHel, To u3 (69) caeayer, uro cpel-
Hsist HEPrHsi MOJEKY/bl paBHa

e=e® LE0 = kT 450 (T), (84)

TAaK KakK CpefHfAs KHHEeTUYEeCKast SHeprHs NOCTYHNATeJbHOTrO JIBHIKEHII
ILEHTPA TSHIKECTH MOJEKVJH onaTh paBHa 3/2 £T. Kak caenyer u3 (71),

Cpenusist sHeprusi €'Y BHYTPUMOJEKYJSPHOTO JBHKCHHUSA HE 3aBHCHT OT
pasMepoB sUHKa H IO3TOMY MOXKeT 32BHCeThb TOJBKO OT a0COJ/I0THON
remneparypsl 7.

MBI nMeeM J1ed10 ¢ HAEANELHBIM Ta30M, B3aUMOJEeHCTBHEM MEXKIY MOJIe-
KyJaMH KOTOpOro MOXHO npenelpeun. [lonnas cpenusist sHEPrus Takoro
rasa GviaeT OPOCTO MNPONOPLHOHAJNbHA HHCJAY MOJEKYJI:

E = Ne. (85)
Taxum o6pasom, naxke B ofilem cayyae HleaJbpHOIO ras3a, COCTOSALIETO H3

MHOTOAaTOMHBIX MOJIEKYJ, €r0 CpeaHsis dHeprUs He 3aBHCHT OT pPasMepoB
sLUKa W onpeaesiercss HCKJIUHTENbHO abCOJIIOTHOH TeMmeparypoi:

A/ HAeaJbLHOTO raid
E=E(T), (86)
HE3aBHCHMO OT DA3MEPOB COCyla.
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D1oT pesyabrar ¢uanyecku nousten. KuneTudeckas smeprus nocryna-
TeJNBHOTO JABHIKEHUSI H 3HeprHsi BHYTPHMOJICKYJSIPHOTO JBHMKEHHS He
3aBHCSIT OT PaccTOsiHHA MeXy MoseKyJaaMi. [losromy uamenenme pasme-

pOB cocyJa (NpH IOCTOSTHHOH abconioTHoi TeMnepatype 1) He MeHseT

9TH 3HEpPrHH, cJaeloBaTe/bHO, OCTA€TCsl HeH3MeHHoi u sHeprus E.
Jlas HeujeanbHOro rasa 3TOT BLIBOJ, HepectaeT OblTh CIIPaBeJIHBBIM.
JleficTBUTENILHO, TpH JAOCTATOYHO OOJBIHOH NJIOTHOCTH Tasa cpelrHee
PacCTOSTHHE MeXAV MOJEKYJaMH MOXET OKa3aThCsl HACTOJNBKO MaJlblM,
YTO CPENHSsl TIOTEHIIHAAbHAS SHCPTUA B3AHMOAEHCTBHS MENIY MOJICKV-
JAaMmit npuobperaer 3anveTHoe 3Hauende. Mamenenne pasmepos cocyna
(npH uxkcHpoBaHHON Temneparype T') NpUBELET K H3MEHEHHIO CpeIHero
PacCTOSIHUS MEXKAY MOJACKYJ/aMH;, COOTBETCTBEHHO H3MEHHTCHi CPEeiHsis
HOMER UAALHASL FHEPTUA MEKMOJEK YIS PHOIO B3aHMOLEHCTBHS, KOTOpast

BXOJAHT B CpP€JHIOI0 3HEPIHIO E raaa,

4.8. CpejHee paslienHe MAeaJbHOTQ rasa

Cpeanee jgapjeHue (T. e. cpellHsif CHJA, NPUXOASIAACA HA eHHUIY
MOBEPXHOCTH), OKashbiBaeMoOe a30M Ha CTeHKH cOCyla, B KOTOPOM OH
HAXONHTCH, FIBJIAETCS] 3KCMEePHMEHTAJbHO JIeTKO H3MEPHMOH BeJIHYHHOH.

I'losTomy o©Oco€eHHO MHTepecHO Bbl-

YUHCJIHTD CPelHee JlaBJICHHE A5 CIy-

yas HAeasJbHOro raza. O503HayUM ye-

pe3 ' CuJv B HampapBJeHHH X, CO3-

JaBaeMyro OJHOH MOJIeKYyJOH Ha npa-

BOH CTEHKE cocyda, B KOTOpPOM Ha-

XOAUTCS HAeanbHblil ras. O6o3HauHM

> 4dcpes F, BeJHUHMHY 3TOH CUJIBL A4

MOJIEKYJbl, HaXOISIIEACs B HEKOTO-

Puc. 4.12. Haeaasnsll raz . gmiuke. Mo- pOMu KBaliTOBOM COCTOSTHHM 7 € JHEp-

JeKYNA, HAXOLAUARCA B COCTOSUMM T, FMEI;! £,. CHJJB F,. cBsizaHa < S3Hep-

liemyer o mpanye ey e rueli e, Jleficrenteasto, nomycrin,

Ha F,. 4TO fpapas CTeHKd cocyla OueHb Mell-

JEHHO CMeCTW/ach BOPABO HA BeJIU-

uynny dL,. B 3tom npotlecce MOaeKyda cosepuideT HaA ra3oM paGoTy
F.dL,, kotopas paBua yMeHbUleHHIO SHEPTHH MoJeKyJibl. Mmeem

F,dL, —=—ds,
HJIH
F,e=— gzx . (87)

Mp! mHmeM YacTHyO TPOH3BOJAHYIO, YTOObl OOpPATHTh BHHMaHMe HA
T0, UTO B HalUHX pacCyXieHusix pasmepsl L, u L, ocrawores nocro-
SIHHBEIMH.

YroGul HAHTH cpeduroro cCHly, ¢ KOTOPOHl MOJEKyJa JeHCTBYeT Ha
CTEHKY, HEOGXOAUMO yCpPenHHTb CHAY F, 10 BCeM BO3MOXKHBIM KBaHTO-
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EbIM COCTOAHHAM MOJIEKYJILI,

F=NPF, ="' . (88)

> Ee—lﬂsr

.
B 31Ol (hopayse Mbl BOCHOJAL30BAIHCh KAOHHYECKHM pacrpeie/eHiiem
a5 BepoaTHoctTH P,. ®opsyay (88) MOAKHO yNPOCTHTh, TAK KaK CYMMY
B YHCJIHTENIC H B 3TOM C/1y4ae MOXKHO BBIPA3HTb Yepe3 CYMMY, CTOSILLYIO
B 3HameHarese. JleficrBureqnno,

de I\ 0 ,, | 0 /=
-— _BEF r —_— ——— —_— nra — _"IJE e p— —Bar
R oL, Z( ﬁ) o ) =5 5 \ D¢ \
' r T

!
/

Hcnone3ys BBeleHHYIO Bbiie PyHxkuHio (73), bl noaydnn A5 (8%)

1 0z
T BoL, 11 0Z
S Z P zZol,? "
HJl
- b dinZ !
TR oL, - \ (89)

UroOwl npuneHuTb 3Ty 00umyt0 (opMy.ay, HaMm cjeqyeT BOCIO.Ib30-
BaTbCs Bbipa)kenueMm (82) aas In Z B ciyuae onnoaroMmHoro rasa. Bene-
MHHast, yto V=L L [,, Mbl HOayyuM mocae QnddepeniiupoBaHis

7 l dInZ I d1lnV !

=y =% o0 =,

HJTH

F:“[':. | (90)

B cayvae MHOroaTOMHOH MOJeKy. bl Mbl HMeeM ¢ noMombilo (70) i
{87) caeayiouiee BrIpamenve AAsi CHJBL

F=— g (e o} =
Mgl BocoJ1b3oBastich TeM ¢gaktoM [em. (71)1, uTo BHyTpHMOsIEKyasipHas
sneprus £ He 3aBHCHT OT pasMepa L, siuuka. [lostoMy ais Boruncae-
HHsl CHJIbl I, IOCTAaTOYHO HMeTh BHIpayKeHHe s 3HePTHH, CBSA3aHHOH
C MOCTYIATE/NbHbIM ABHKEHHEM [leHTpa Macc MoJekyJsl. Takum obpa-
30M, NPOJeJaHHbIE BbLILLE BBIUHCJ/CHHS, OCHOBANNbIe Ha 3HAHHH 3HEpPruu
IOCTYRATEAbHOIO JIBHAEHHS, OCTAIOTCS CHPABEJIMBLIMH A8 MHOI'O-

ATOMHOH MOJIeKyJibl, H hopmyaa (90) cuibl F fABJISIETCA COBEPLIEHHO 06-
ULHM DE3yJbTaToM, ‘

d?ﬁk’

oL,
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Mgl paccmaTtpuBaeM HIeaJibHBIH ras, T. €. nOpeatiosaraeM, 4ro movie-
KYJibl JIBIDKVTCS B COCy/e, He OKasblBasd BJHsIHHA APYT Ha Apyra. [lo-
STOMY HOAHOE 3HAYeHHe CHJIbl, HOPMaJbHOH K NpaBOi cTeHKe (T. e, jlei-
CTBYIOILEH B HarpaBJeHHH X), MBI NMOJYyuYuM, YMHOXKasi CPEIHIOK CHJY,
pPa3BHBAEMYIO ONIHCH MoJekyJsoi Ha uncio N wmosaekya rasa. Pasne-
JIMB NOJYYEHHBI De3yspTarT Ha WVIOWAAb CTeHKH L, L,, Mbl IOJIYy4HM
cpeAHee JNaBJeHHe, OKasbiBaeMOe Ta3oM Ha CTEHKY. " Takuu oﬁpasom
¢ nonotbio dopmy.el (90) Honyqaem

— f; J /
Otcioza ciaenyer:
pV = NET o)
U
p=—nkT, (92)
rae V=L,L,L, — ofnen coévna a n=N/V — unucio moseKy/] B elu-

HHLE 06'bema 3ameTuM, 4TO B cpopmwle (92) Her HMKAKHX yKasanui Ha
CTEHKY, C KOTOPOil Mbl HAMEIH [1eJ0 B NPHBeNeHHLIX Bblllle pacuerax *).
TouHo Takoil ke pe3yabTaT OblA Obl NOJyYeH MJsl cpelHero 1aBJieRHs!
‘Taza Ha w00y CTeHKy *¥), _

Ob6cyacdenue. HMweromuy BaxHoe 3Havenue dopmyaam (91) u (92)
MOJKHO NPHIAThL Jpyrofi Bui. CBeleHHs O NOJIHOM yHcae MOoAekys N
Mb! OOBIUHO NOJy4aeM H3 MAaKPOCKOMUUYECKHX W3MEpPeHHH uyucia v MoJel’
raza B cocyze. Tax Kak, no onpeaesncHuio, YUC/A0 MOJEKyJ B OXHOM MoJe
paBHo uncay Asoragpo N, 10 N“VN [ostomy dopmyay (91) mMoxkHO
3amHucarb B BHjE

pV =vRT, (93)
€CJIH BBECTH HOBYVIO IIOCTOSTHHYIO R:
R =Nk, (94)

KOTOPas HOCHT Ha3BaHME 2asoeoll NOCMOAHHOLL,

*) Hanomunm, wto 3J/emMeHTapHBIA (u normocrmo MAaKDOCKOIHMYeCKHH) aHaju3
CHA, ACHCTBYIOUMX B JKMIKOCTH, HAXONSMEHCHT B pasHORECHH, TIOKA3LIRAECT, UTO AaB-
JeHie Ha Ji0oH 3MeMeHT NMOBEPXHOCTH MHAKOCTH OJHHAKOB (ecjaH NpeHebpeub CHMOI
TAMECTR) H HE 3aBMCUT.OT OPHEHTAUNY STOTO 3/1EMEHTa.

**) 3ameuanne x nm. 4.7 W 4.8, .

Hawn Bblupcaenus cpenHedl SHepruM H jaBlennsi GbUIH CAeNaHbl IAs1 Tasa, Ha-
XOJslilerocs B Cocyje, HMelomeM (GOpMy MpAMOYIoJLHOTO Tapasiedenuiesa. I‘[oay-
yeHHbie Pe3YJbTaThl HWMEIOT, OHAKO, COBePiUeHHO o0muil Xapakrep H He 3aBHEST OT
dopMBl cocyla. 3TO MOKHO OOBACHHTH CJjelylomHuM obpasoM. IlpH o6buHLIX Temnepa-
TYpPax HMOYJIbCH. MOJEKYJ HACTOALKO BENHKH, 4TO ANHHA BOAH Ae Bpodas npene6-
PeXKHMO MaJId [0 CPABHEHHIO C Pa3MepaMH /Mo0Oro MakpOCKOTHYECKOro COCyAa, X
NPAaKTHIECKH J1100ast 061aCTh BHYTPH COCYJA HAXOAWTCH OT CTEHOK COCYAa Ha paccTos-
HHHM MHOTHX BONH je Bpoiins. FIosToMy cBOHCTBAa BOAHMOBHIX (BYHKUMI MOJEKYJ, Ha-
XOAMHXCH B COCYJE, OueHb MaJzio 9yBCTBHTEABHBI K TPAHHYHLIM yCJOBHSIM Ha CTEHKax
MJIH K TOYHOH (pOpPMe CTeHOK. P
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Berpaskerue, cBsi3biBatoliee XaBjieHHe, 06beM H abCOJMIOTHYIO TeMmiie-
paTypy BRHIECTBA, HAXOISLLEroCsl B PaBHOBeCHH, HA3bIBACTCS YpaGHe-
Huem cocmodnus 1oro BemectBa. [losromy ypaBhenus (91) — (93) si3-
JSOTCA Pas3INyHbIMH (opMaMH YpPaBHeHHsi COCTOSHHSA HAcaJbHOFO ra-
34. JTO YpaBHEHHE COCTOAHHSA, MOJYYEHHOE HAMH TEOPeTHUECKH, AaeT
BO3MOKHOCTH JIeJ1aTh HEKOTOPbIE BaxK-

Hble BBIBOIbL P ]

I. Ecau pekotopoe KO/JIHUeCTBO
rasa, JIOCTarOYHO  paspeKeHHOro,
yTOOL! CUMTATHLCH MJeabHbIM, HAXO-
JUTCS NIpH MOCTOSHHOMH TemMneparype, \
TO, Kak caeayer Hs3 (91), '

7 2T
pV = const, a . \(37'

T. ¢. AaBJeHHe rasa ofpaTHO Mpomnop- \ N B
ILHOHAJIBHO ero 00beay. ITOT Pe3yJib- 7 S —
TaT Gbll TOJyYeH SKCIEPHMEHTAJb- S~
#o boiltem B 1662 r. (3az0/ro 10

BO3HHKHOBCHHA aTOMHOH TGOIJIIH) " V
HOCHT Hda3BaHIE 3aKOHQ botirga — "Puc. 4.13. 3aeucHMocTs cpejHero faslle-
ﬂ/lapuomma HHS FI{)J,EEIJII:HOE‘O raza oT ofbeMa npH

FCTII/I TAHHOE KOJIH‘JECTBO He- abcoaioTiiblX TeMmnepartypax 7, 27 uw 3T.

AJbHOIO Ta3a 3aHHMAET MOCTOSHHBIN
00beM, TO cpe/lHee AaBJeHHe ra3a [IPOIIOpLLHOHANBHO abCOIOTHON Temre-
patype. 10T pe3y.brar, Kak OyJeT [OKasaHo B CJelyloilell TyaBe, MO-
JKHO HCHOJIb30BAaTh B KAaueCTBe METO/@ H3MepeHUs abCOJMIOTHOH TeMiie-
PATYPHL.

3. ¥Ypaeneuue cocrosnus (91) 3aBUCHT TOJBKO OT YHC/IA MOJIEKY,
HO He OF MX npupois. [losToMy ypaBHeHHe COCTOSHUS OGyaer OJHHM I
TeM ke 1as amodoeo raza (nanpumep, He, H,, N, Oy, CH, u 1. 2.), ecan
TOJIBKO T'a3 JOCTATOUHO PasperkeH, 4TeSbL ero MOMKHO ObLIO CUHTATh HAe-
A/MbHBIM. ITOT BLIBOJ XOPOLIO [OATBEPIKIEH Ha OIIbITE.

Ceoaxa onpeneseHHH

Abcoatomnas  meunepamypa. Abcomotnasi temnepatypa T MaKpOChOIlH“eCKOH
CHCTeMbl |uan napamerp ﬁ---(kT)-ll onpeneasieTcsi TaK:

—p = dln Q _ '
- E . N ‘ »‘ ’

3nece Q(F) — yHC/IO JOCTYNHBIX COCTOSIHMI CHCTEMBI B ManoM HHTepBa.He 3HeprHuii
ot E g0 E-+OE, kB — nocTOsHHLIN MHOXHTEb, HA3LIBAEMHE NOCMOAHHOL Boavymana.
Iumponus. JUTPOTIHS S CHCTEMbI cne,uyromum 00pasoM BeIpaxaercs qepes HCA0

JOCTYTIHEIX COCTOSIHHIL:
'S—“klnS} N

po N F

DHTPOIIHS ABJSETCS JOrapHMHIECKOs Mepon CTeIeHH 4 HEYHOpHJIO'—;EHHOCTH CHCTEMBL.
Tepmomemp. OTHOCHTENbHO HeBONbILAS MAaKPOCKOMHYECKAs CHCTeMa, YCTPOEHHAS
TakuM o6pasoM, YTO NpHOOpeTerde MK MOTEpsi TellJid BHI3BIBAET H3MeHeHHe ozmoro K3

€2 MAaKPOCKOUHUECKHX NapPaAMETPOB. . +
Tepmomempuyeckut napamemp. Viamessomuiics MaKpO(:anquCKHu napaMe'rp
TEpPMOMETPA. s e : RN ) .
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Tesnepamypa cucmesMpt 0O OMHOWERUIO K OOHHOMY MepMomempy. 3HaueHHe Tem-
nepaTypPHOrO napaserpa TepMOMeTpa, KOrja nocaeinHil HAXOAHMTCH B TENJQBOM pas-
HOBECHH C CHCTeMOH.

Tenacsod pesepsyap. MaxkpocKonuueckas cHCTeMa, KOTopas HacTOJIbKO BedHKa
NG CpaBHEHHIQ C JPYrdUMH paccMaTPHBAEMBIMH CHCTEMaMH, 4TO ee TeMpaepaTypa He
MeHsIeTCs 3aMeTHbIM 00pasom NPH B3aHMOLEICTBHH € 3THMH CHCTEMAMH.

Muoxcumear Boavynana. Mioxurens e—BE, rpe P=(kT)~1, a E o6Go3uauaer
BHEprHIO.

Kanornuueckoe pacnipedeacHue. Pacipejesnetile BepOSITHOCTH, COIVIACHO KOTOPOMY
BEePOATHOCTh P, HANTH CHCTeMY B COCTOSHHH C HeprHel £ ,BLIpaKaeTcss COOTHOIIEHIeM
P,oce PEr
rae P==(kT)-' sBaderca aGCOMOTHBIM TeMAEPATYPHBIM NapaMeTpoM TEIJIoBOIo pe-

sepBYvapa, C KOTOPbIM CHCTeMa HaXOAHTCA B PABHOBECHH.

Hoeaaonptil eas. a3, B KOTOPOM 3HCPIHSA B3AHMOLENICTBHS MEKAY MOJEKYJIaMH
NOuTH npeHeOpexKHMO MAaJd MO CPABHEHHIO C HX KHHETIMEeCKON 3Heprueil.

Hesviponcdennotil ea3. a3, RoCTaTOuHO paspeXieHHE g TOro, wrobw cpeiice
paccrosgHHe MeAAV MoJeKyaanmi ObL10 BeJHKO DO CpaBHeRHI0 co cpefHeli  ebpofiier-
CKOil AjsHHON BOJHBI MOJEKYJ.

¥ pasrenue cocmosnua. Y paBHeHue, cBa3piBalcllee OOLEM, CpelHee JABJIEHHC b
2CCOJIOTHYIO TEMDCPATYPY AdHHGI MaKPCCKOMHUECKGH CHCTEMBL.

Ocnornble opmyabi
Onpenenentie 26¢OTOTHON  TEMIIEPATY PhL:

] d1n
E;Y—‘:_:ﬁ;.-‘:'—mf—- (I)'
Onpenenenne  IHTPONHH:
S==kinQ. (1)

Bo3pacranne IHTPONHH CHCTeMbBI, KOTOPas, HAXOA4Ch NpH abcomoTtioli Teanepatype 7,
porJaouaer  Hebogabloe KoaudecTso teilia  d@:

deQ)
T

KanonHueckoe pacnpeacieHHe 151 CHCIEM, HAXOAMLHXCH B TENJOBOM PABHOBECHH
C TEILIOBLIM Pe3cpByapos npi a6comotnod Teumnepatype T:

dS =% (111)

P, e BEr, (IV)
3’paBHEHHE‘ COCTOSIHHA 11.3ed. ThHO0 HeBbLIPOMUICHHOIO ra3a:
=nkT. {V)

3agaun

4.1. Bodanoii mepumosmemp. [lnoTHoeTh, cnupta, no1o6no maoTHocTH GOJMLUIHHCTES
BOILECTB, YMEHbINACTCS C yBeJHuecHNCM afcosuorioll teMmeparvpel. Boja BeneT cebsn
HHaue: KOrAa abco/IOTHAs TeMIepaTypa CTAHOBHICH GOJIbile TeMIeparyphl fJlaBaeis
(T. e. TeMIlepaTypsl Hepexoga JAbJa B BOAY), NJIOTHOCTb BOALI BHAuaTe BO3pacTaer,
NPOXOAUT Yepe3 MAKCHMYM H 3aTeM YMeHpUIAeTCs.

[1pennonoxum, 4To CTEKAsIHRAS prﬁoqxa OGLIYHONO TepMOMETPA BMECTO OKPaLleH-
{IOT0 CIIHPTA HanojdHeHa oKpaillenHoili Bojol, W Kak ofbiuno, TemiepaTypa, nORa3wi-
BaeMas TAKHM TEPMOMETPOM, oNpefensieTcs AJAHHOII cTo/OHKa xugkoct. Ilycts takoit
TEPMOMETP, HAXORAULUACH B KOHTAKTE C OJHON H3 JBYX cucreM, A wnu B, nokasbiBaer
temrepatypy 04 ung 0p cooTBeTcTBenHO.

a) Honycthm, uto Temnepatypa 84 cuctenbt A Gosbitie (pbline) TemmepaTtypst (g
cuctemst B. Caexyer au us 3TOro, uto Tense o6f3aTelbHO GYJET Tedb OT CHCTeMb A
K cHcTeMe B, ecan o6e cHcTeMbl OKaXKYTCH B Tell/IOBOM KONTAaKTe?

6) [1peanosoxum, uto Temnepatypa €4 ¥ 8p ofenx cucTeM oKasasHch paBHBIMH.
ChesyeT H H3 3TOrO, YTO IOCJAE OCYHIECTBIEHHS! TEMVIOBOTO KOHTAKTAa MEXKIY 3THMM
CHCTeMAMH He OyjleT npOXoAHTh NOTOKA TenJa?
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4.2, 3nauernue RT npu womuamnoli memnepamype. OnpliT NOKasblBaeT, YTO OXUH
MOJIb JIOGOr0 rasa npH KOMHATHOI! TeMmepaType H arMocgepHoM Aasienun (108 dun/cu?)
sanuMaer obbeM 24 4. BocnosnsyfiTech 3THM Pe3ynbTaToOM Las ONpejeJeHHA BeTHYH-
Hel RT npH KOMHATHOI Temnepatype. BripasuTe otseT B 3prax ¥ 3JEKTPOH-BOJLTaX
{1 36=1,60-10—12 ape).

4.3, Homerenue wucaa cocmoanud ¢ sHepeued. PaccMoTpum 200410 MaKpPOCKONH-
YECKYI0 CHCTeMY IIpH KOMMATHOH TemIeparype.

a} Bocrosn3oBaBilHCh Onpefie/leHHeM alcoJIOTHOH TeMmepaTyphi, HaiiiuTe Mpo-
[IEHTHO® VBEJNYeHHe YHCHA COCTORHHi, MOCTYHHHX TAaKOH cHCTeMe, NPH BO3pacTaHHu
ee sHepruH Ha 10-3 ss.

6) [lpeanosoxun, 4TO HAA cUcTeMa IOFJIOTHAA eAHHHMYHLIH (OTOH BHEHMOTO
ciera (Hmeloulero LaHHY BoaHb 5-10-3% cu). Bo cKOALKO pa3s H3MeHWJIOCh WHCIO AO-
CTYNHBIX CHCTCME COCTOSTHHIT?

4.4. [Hoaspusayus amompolx crunos. PaccMOTPHM BeimecTBO, COCTOsdINee H3 aTo-
MOB €O CHIHHOM 1/2 1B MarHuTHBIM MOMEHTOM JLy. 3TOT MOMEHT BBI3BAH CYUECTBOBaHHEM
B 0GOJIOUKEe 4TOMA HeCMAPEeHHOTO 3/J1CKTPGHA H NOITOMY ero BeJHYHHA HMeeT NMopsaJoK
viarserona bBopa, T. e. RgRx10-20 gpz/ec. B onbitax ro paccestHHIO UaCTHI[ HA aToMax
42cT0 GBpIBAET HEOGXOIMMO HMeTh MHIIeHb, B KOTOpOH aTOMHI HOJSPU30BAHLI B aHHOM
HAAPABAEHHH. JTOrO MOMKHO JOCTHUYH C [OMOLLBIO CH/IBHOIG MAarKHTHOro moiss B u
OXJI@XKJEHHA BelileCTBA 10 JOCTAaTOYHO HHM3KOIl TCMTECPaTyphl.

B o6bIunibiX N1A00PaTOPHLIX YCAOBEAX TPYAHO NMOJYYUTh MAarHHTHOE HoJe GoJblie
50 000 zc. Halgute abGcodoTHylo TemmepaTtypy 7, NpH KOTOPOH YHCAO ATOMHLIX
MATHHTHBIX MOMEHTOR, HATPAaBJeHHHIX Napa/ieJbHO moJjio, Oyjer mo Kpaiuelii Mepe
8 TpH pasa O6oJAblIe YHCAA MOMEHTOB, HMEIOUWMX [POTHBONOJOXKHOE Hampas-
Jcnne. Beipasure orBer uepes ortuowtenne T/Ty, rae Ty — KOMHATHAsA TeMmnepa-
Typa.

4.5, BoamoxcHbitl memod nOAYMeHUS NOAADUI0CARHOL NPOMOHHOH Mutenu. B onbi-
TaX f7epHoi GUIUKH ¥ (DHIUKM JIeMEeHTaPHbIX YaCTHIL 4aCTO BO3HHKaeT HeoOXOIHMOCTh
PACCeUBATL YACTHLbLI HA NPOTOHAX, CHHUHBI KOTOPBIX HMeWT NPeHMYLIeCTBReHHOe Ha-
npaBiende (MOJAPH30OBaHHAst NPOTOHHAS MHuIUeHb). CrMH fporoHa pased 1/2, a mar-
nuTHbE MomedT 1,4-10-23 apefec. [peanooskuM, UTO MBI XOTHM METOH, OIMCAHHLII
3 TIpeABAyILiell 3ajaue, HCIOJb30RATh L5 NOAYYEHHA NOAAPHIOBAHHOH MULUeHH, B3AB
A7 3TOM el KYCOK napaduHa (OH COZEepIKHT MHOTO NMpoTOHOB). B Hamen pacnops-
wedan varpuTHoe node 8 50 000 2c 1 BO3MOXHOCTE OXJA8JHTh MHILEHb O OyeHb HU3-
kofl abcoaroTHON Temueparvpul 7. Kakoit gosskna 6niTh 3Ta Temmeparypa, urtolsl rocie
VCTAHOBJIEHHS PABHOBECHA YMCIO TIPOTOHHBIX MOMEHTOB, HANPABIEHHLIX NO MO0,
10 MeHbilell Mepe B TPH paza MPEBOCXOWJIO YHCIO MOMEHTOB, HANPARJICHHBIX Npo-
THBOMOA0KHO? Boipasute Bain otReT uepe3 oTHouenue 7/T,, rae Ty — xovmuparhas
1eMpeparypa. '

4.6. Peaonancroe nozaowerue, eoseanHoe maznem©iamon adpa. Hekotopoe xo.au-
<CCTBO BOJbI TOMEUIEHO BO BHellIHee MarHutHoe noje B. CliiH KamI0T0 NPOTOHE MOMET
OBITH HamparJied JHGO «BBepx», NGO «BHU3» I MOSTOMY OH MOXKET HAXOIHTHCS B MBY X
BO3MOXHLIX COCTOSIHHAIX € 3HeprHaMH F 5. Ilpeanosoxum, 4to Mul BO3GYANNI
Pajy{oyYacTOTHOS MATHHTHOE NOJE, YacTota v KOTOPOTO TaK0BA, 4TO BBINOJIHSACTCS
ycjaoBKe pesonHanca Av=2U,8, rae 21,8 — pasHOCTb 3HEPrHH NBYX BO3MOMKHbBIX
COCTOSTHUE TIPOTOHOB, a 1 — nocroauHas [lianka. BeicokouactoTHoe node BmI3bIBACT
mepexoibl MeXIY ITHMH IABYMSA COCTOAHHSMH, NpHYeM AJf [IPOTOHOB BEPOATHOCTH
1epexo10B H3 COCTOAHHSI «BBEpX» B COCTOSIHHE «BHH3» W 00paTHO paBHH. Begnunia
YHepPrUH, FMOTJIOMEHHOA (IPOTOHAMH H3 BbLICOKOYACTOTHONO MOJA, NPOHOPUHOHAJILHA
N03TOMY PA3HOCTH MeXIY YHCJAOM TMPOTOHOB B OBOMX COCTOAHMSIX.

[lpeanonoxum, yro abcoMioTHas TeMiepatypa pasHa I M NPOTOHBI HAXOIATCH
£ COCTOSHHH, OueBb OJM3KOM K TelIoBOMY paBHoBecHio. Kak Oyier 3aBucers ot 7T
NOrA0iaKinas crnocobHocTs BOAR? BocnoabayiTech npHOMIKeHHeM, OCHOBAHHOM HA
TOM, 4TO [y HACTONRBKO MaJd, uto ueB <€ AT.

4.7. OmHOCUMENbLHOE YUCAO QMOMOS 6 Onblme ¢ QmoMHbimi nyykamu. Todible
H“3MepeHHS MArHUTHONO MOMEHTa 3JeKTPOHA UPe3BLIYAHHO BAXKHL! U1 COBPEMEHHOM
KBAaHTOBOH TEOPHH 3JIEKTPOMATHWTHOIO TOJAf. Brnepenie TOuHBLIE H3MEpeHHA TaKoro
poaa Boinosnuan Kym # Qonell [K usch and Foley, Phisical Review 74, 250
(1948)]. St H3MepenHs 3aKJIOUANHCh B CPABHEHHH NOJHOTO MACHHTHOTO MOMEHTA
AToMORB raqanus (Ga) B ABYX pasJHYHHX COCTOSIHHSIX, MMEIOIIHX CITEKTPOCKONMNYeCKHE
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ofo3Hayennd 2P,/= U 2P3/2 ccoTBeTcTrenHo. COCTOSHHIO 2P,/2 OTBOUAET HAHMEHbIA S

BO3MOKHAsi Heprus atoMa. {CynecTByIOT 0sa TAKHX COCTOSHHS C OLHOH H TOil e
3Hepruefi, UM OTBEYAOT JBe BO3MOMKHLIE OPHEHTALWH B IIPOCTPAHCTBE HOJHOLO MO-
MeHTa KOJMUYECTBa ABHKEHHS aTtoMa.) JHeprusi coctosunsg *P, /, IPEBBILIACT SHEPTHIO

cocrosinusi 2P, /, Ha 0,102 s¢: »Ta BeJMYHHA TOUHO U3BeCTHA M3 CNEKTPOCKONMHUYECKHX

uaMepenuil. (CymecTBYIOT 4embipe COCTOSHMS ¢ Takoll SHepruefl, COOTBETCTBYIOULX
yeThipeM BO3MOXKHBIM OpHEHTalUAM B IPOCTPaHCTBE MOJHOIO MOMEHTa KOJHYECTBA
JBHXKEHUs aToMa.)

MBI XOTHM CPaBHHTE YACH0 aTOMOBB 2Ps;, 1 2P1, cocTosinisiX. Takue aTtoMbl MOMKHO
MoJy4YHTh, HATpeBasi rajdiuii B «MeyKe» JIO BHICOKOH teMnepaTtypbl 7. HeGonbuioe
OTBEpPCTHE B CTEHKe II03B0JseT aTOMaM IMPOHHKATh B OKPYXKAIOWMH NeYKY BaKyyL
Taxkune aToMbl 06pasyIOT amoMHblE NY4OK, C KOTOPLIM H BBLHIOMHSIOTCA ONBITLI HO H3Me-
PEeHHI0 MAarHUTHOIO MOMEHTa.

a) I1peanonoxum, yto aGeomoTHas Temnepatypa T neuku pasHa 37y, rae T,—
iOMHaTHAg TeMmnepatypa. KakoBO OTHOIIEHHEe UHCIA aTOMOB B MYyUKe, HAXOASIIHXCSE
B cocrosuusax 2Pi, u 2Pss?

6) Hanboabiuasi Temneparypa, KOTOPOH MOXKHO J0CTHYL B neuke, Onmska x 67T,
KakoBo HCKOMOEe OTHOLIeHHEe B 3TOM cayyae? YHo0HO JH OHO JJs1 ONUCHIBAEMBIX
OITBITOR?

4.8. CpeodHan suepzust cucmemvl ¢ O08YMA GUCKPEMHBINL COCIMOAHUAMIL IFHEP2ULL.
Curereva coctouT M3 N uacTHi, caabo B3anMoleficTBYIOmMuX Mexay cobofi. Kamxpgas
H3 YacTHIl MOXKeT HaXOJHTHCH B OJHOM H3 ABYX COCTOSIEHI, 3HEPTHHM KOTOPBIX PaBHEL
¥, H £, COOTBETCTBEHHO, MpHUEM &y <C&,.

a) He penas TOUHbIX BhIMMC/JIeHHH, HAPHCYHTE FpaUK NPUMEPHOTO XOAA 3HEPTHH

E cuctevn B 3aBHCHMOCTH 0T ee abcomotnofl temneparyput 7. Uemy paeHo E B mpe-
JeJax OueHh Manoif M oueHn Goabwofl aGcomorno#k Temneparypwet 77 BOauan kaxoit

TemuepaTypal £ MeHsieTcsl OT HH3KOTeMNepaTypHOro 10 BBbICOKOTeMNEPATYPHOIro npe-
JeJbHOTO 3HAUEHHS?

6) [Nosiyunre Tounoe BhipasKeHHe g cpegHed aueprun cucrembl. [lokakure, uto
9TO BLIpaXKeHHe TOATREPXKAAET KAYeCTBEHHYIO TeMIEpaTypHY 3aBHCHMOCTh, MNOaY-
YeHHYIO B a).

4.9. ¥npyeue ceodcmea pesursl. Pe3uHOBLIA CTepiKeHb, HaXoASILHACS npu abdco-
MOTHOH Temnepatype 7, OZHHM KOHIIOM KeCTKO 3aKpenJieH, K APYTOMY €FO KOHIy
nojieelied rpy3 w. [TpeqioqioKHM, UTO CTepxKeHb HMeeT CaepyioHlylo MHKPOCKOMHYe-
CKYIO CTPYKTYPY: OH COCTOHT H3 TOJHMEPHBIX ieTOoY€K, 06pa3oBaHHbIX H3 N sAveek,
KOHIBI KOTODPHIX coenuHedbl Mexkny cofoil. [la1uHa Kaxaoll guefiKH a; adellka moxer
OBITE OPHEHTHPOBAHA TAPAJJISALHO HJIH AHTHHAPAAJelLHO BepTHKAaAbHOMY Hanpas-
Aenmio. [lonyuure BHipaxkKeidue 151 cpeared AJuWHBI CTepkHs L B 3aBUCUNOCTH OT w.
(Cnepyer npeHeOpeub KHHeMATHYeCKOH 3Hepruell H BECOM fvUeeK, a Takxke Jolbinu
B3aUMOJEHCTBHAMH MeXIY HHMH.)

4.10. Hoaapusayusa meepdo20 meaa, bI36AHHAA amomamy npumecd. PaccMoTpum
NPOCTYI0 JBYMEPHYIO MOJieTb CHTYauHu, UpeAcTaBAflomeH OGoablIofN  Gu3HuecKuii
nurepec. Trepjoe Teno HaxomHTCsl TpH abcomorTHOH Temnepatrype T H COIEPKHT B
efnHuNe oGheMa Ny OTPHIATENTHHO 3aPAXKEHHEIX HOHOB NPHMeCH. JTH HOHE! 33MeillaloT
HEKOTOpble M3 OOKIUHEIX aroMOB. TBepIoe Teqo B LeTOM JeKTpHUeCKH HeHTpanbHo,
TaK KaK KaxJIOMY OTPHUATE/bLHOMY HORY € 3apflOM —e OTBeuaeT PacliovlOXkKeHHLI
PAAOM MOJOMHTEABHEIl HOH ¢ 3apsgoM —+e. [Todo:KuTeabHLIE HOHBI HMEIOT MaJbie
pasmepnl ¥ MOTYT cBOGOZHO MEPENBHTaThbca MO KpHCTadjHueckod pewertke, [lpu
OTCYTCTBHH BHEIUHEro 3AeKTPHUECKOrO 1OJA HX MOXHO C PapHOH BepOSTHOCTBIO 06-
HapYKHTb B JIIOGOM H3 4eTHIpeX MOJOXKEHHWH, HaXOJSAIMHXCS HA PABHBIX PACCTOSIHHAX
OT HENOABHXKHOIO OTPHHATENBROTO HOHA mpuMecH (pHc. 4.14, MOCTOAHHASL pelleTKH
.paBHa a).

ITyctb B HampaBleHHH X NPHJIOKEHO claboe 9deKTpuueckoe node . Bruncaure
3JIEKTPHYECKYIO ITOJISIPH3AIMIO, T. €. 3HAueHHe CPEAHEro 3JIeKTPUYEeCKOTO IHIOJALHOIO
MOMEHTa B eJMHHLe 00beMa, HANpPaBAe€HHOro BJAOAbL OCH X.

4.11. Ceoldcmso MuHumyma «c80000HOL aHepzuu» 0Af Cucmemst, Haxo0awelcs 6
KOHMAKme ¢ Menaosbim pesepsyapom. EcaH oCcyluleCTBHTb TenJoBOH KOHTAKT MEXIY
Jeyms cuctemamu, A ¥ A’, To HX nojHas SHTpoIHst BO3pacreT. B coryiacHu ¢ coot-
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HouleHdem (20) MBI uneem
AS4AS" =0. (I

Cocrosinie paBHOBecHst GyleT JOCTHTHYTO IOCJe TOrO Kak cucreMa A IOIVIOTHT Takoe

KoanuecTBo Tensa Q=AFE, uro noaHaa suTponust S+’ cocTaBHON CHCTEMBI cTameT
MaKCHMAALHOMH.

Honycrun, gro cHerema A Mana no cpassenuio ¢ cucremoll A', w nocaennicio
MOXHO paccMaTpHBATL KaK TenvIopoil pedepByap, HaxoJAmiica npH aGcofioTHOMN
Temeparype 7. B s1ouM cayuae usmenenue sutponuu AS” ciereust 4’ J1erKo BHIpasuTh

yepes AE u T’. Tlokaxure, uto u3 (I} eienyer,

uto BeiHunnHa  F=F£—T'S  yaenvwaemes @ ® .
¥ JOCTHTAeT MUHUMYMA B COCTOSSHHWHU pAaBHOBe-
cig. (PyHKuUS F  Ha3BIBAETCS 2L.26.M20.1bUE6- — e} @
cKoli €80000HOL 3Hepeuetl cucTeMbl A MpH mo- T
CTOSHHOH Temueparype 7.

4.12, K6a3ucpma¥n€mecrcoe) cxcamue easa. Pac- z @ - @ @
CMOTPHM TEPMHUECKH H30/HPOBAHHBLIN Hiaealdb- i
BBl Ta3, COCTOSIRHI M3 waCTHI, MOMeHieHHBbIX ~——= () Q
B cocyn obobemoMm V. Bwuauase ras Haxopndcs i
npu aGecomornoit  temneparype 7. C nomombio ® | o =
OBHXKYLIETOCSA MOpLIHg OyAeM OYeHb MeAJIeHHO ] ]
yMeHblIaTh 00bey rasa. OrBerbTe, He npHGerasd I i
K BEIYHCJEHHAM, Ha CaeaylollHe BOTIPOCHL: e g —>

a) HTO UPOHCXOAHT C YPOBHAMH ZHCPTHH
Ka}I{ILOﬁ ‘IaCTHL[bI? Puc. 4.14. uA'th! OpHMeCH B KpHC-

6) Byzer au BO3pPACTATL HJIH YMEHLLIATE- TaadAHJYecKoll pelleTHKe TBep/oro TeJa.
CA CpemHAs HepPTHA UaCTHIBI?

B) IlonomuTenbHa uiam oTpuuateabHa paborta, copepllaeMass HajA Ta3oM INIpH
VMeHbLIEHHH ero ofbenar

r) Byner au Bo3pactaTh HJAM YMEHBUIATBCH cpejHAsl 5HePrds 4acTHHEL, OTCUH-
TaHHAsl OT SHeprHi OCHOBHOTO COCTOSIHHA?

1) byzmer aum Boapactatb WIH YMeHbIIATLess alcoNOTHasl TeMnepatypa rasa?

4.13. KsaaucmamuueckOe HaMaeHUYUBAHUE MAZHUMH020 geuiceméa. PaccMoTpuM
TeOPETHUECKH H30.1MpoBaudyio cuctenmy u3 N cnuuoB 1/2. [lycTh MaruMTHeIE MomeHT
Ka)KIOTO CIMHA PABEH W, ¥ cilcTeMa nomelleHa B maruuThoe noae B. lonycrum, yTo
MArHHTHOE [oJ€ MeWIEeHHO YBeJHUHBAeTCsl 10 HeKOTGpOro HOLOro 3HaveHns. He
npuberasi K BLIMHCJIEHHSINM, OTBETbTE Ha CJAEAYIOULHE BOMPOCHL:

a) UTo npoHCXOANT ¢ VPOBHAMH 3HEPIHH KayKJAOry CNHHA?

6) Dvier AW Bo3pactaTh IJIH YMEHBLUIATLCH CpefNsAs SHEPTHs KamJOro crnHHar

B) Byzer su nmosnokuTesnwHofl uaM OTpHUATenbHONl pafota, coBepmaemas Hal
CHUCTeMOH fIpH BO3pPaCTaHMH MATHHUTHOTO 1ogaq?

r) Byzer am Bo3pacialb MAK yMeHBUIATLCH SHeprMs CHOHHA, OTCYHTAHHAA OF
SHepIHH OCHOBHOTO COCTOSIHMA?

n) Byner nu Bospactath wiaM ymeHbulaThes abcojioTHAs TeMnepaTypa CHCTeMBI?

4.14. ¥ pasHenue cocmosrus 0aa cuecu udearsrvlx eazos. LlyeTs B cocyie oObemom V
Haxoautes N, aogdexvia oamoro u N, MOJNEKYJ APYToro tena. (3to Moryr Obith, Ha-
npuMep, Modekyian O, u H,.) [lonyerus, 4To ras nocTaTouHO pa3pemed, YToOH Cyl-
Tathcd WaeanbHbIN. Kakoro cpeflnee jarjelue p raza, eciH OH HAxomuTcd mnpn ab-
comoTHOR TeMneparype 77

4.15. Hasaenue u naomuocme sHepeuu udeaivhozo eqsq. Bocronb3oBaBiudcs ¢op-
myadamMH nn. 4.7 u 4.8 gus cpelHero JaBJeHHS p MW cpelHeil 3HeprWH rasa £, noka-

HHTE, UTO - 9=
P=7u, M

Tle 4 — CPeIHAR KuHemuueckaa IHEPTUsi, NMpHXOAfNlasca Ha eluHARy obbeMa rasa.
Cpasnute Tounylo ¢opmyay (I) ¢ npubankennsin Buipaxennen (1.21), nonydennwiv
B ri1aBe | Ha OCHOBaHWHM KJaCCHYECKOTO PAcCMOTPEHHS] HHIHBHAYAJbHHX CTOJKHO-
BEHHIl Ta30BBIX MOJEKYJ CO, CTeHKaMd COCyaa.

4.16. Lasaerue u naomuocme snepery 0aa 406020 udeaibHo20 HEPEAAIMUBUCIRCKO20
easqa. BeiBeieM CHOBA pe3yabTaT npefbinyiiell 3ajaqs, HWMess B BHAY [ONYEPKHYTDH €rC-
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OBLUIHOCTL H NMOHATL NpOHCXOoXjAenie koaddumuenta 2/3. Pacemorpuy nieatnHbill ras
H3 N OIHOATOMHBIX MOJEKYJ, HAXOAAMMXCA B AIHKe ¢ pebpamu AaHHOH Ly, Ly, L.
FeaH yacTHUBL ABAIOTCA HePeJATHBHCTCKHMH, HX 3Heprus & Cps3aHa ¢ mm}.nbcow

K creayomim o6pazoM:
P _(hK)? ﬁ

2m

(KA—E—KJ—I—KZ) ()

BosMoxHele suavenns Ky, Ky, K, zaust dopmynofi (3.13).

a) Bocnoab3viiTech 3THM Bprd}KGFHE\I yTOObl BEMHCIUTL CHAY F,, € KOTOpOH
YACTHUA, HAXOAAWAACA B [AHHOM COCTOSHHM 7 C KBAHTOBBIMU HHCIAMH Ay, My, My,
neHCTBYeT Ha MPaBylo CTEHKY.

6) Tosyunte € NOMOILBIO NPOCTOTO YCPeQHeHHS BeJIHYHHY CpelHed CHUIDI F,
BLIPaXKeHHYIO Yepe3 CpejHIon 3Hepri & yacTHubl. Bocnoassyfitecs Tem, 4TO A7 rasa,

HAXOAALUIETOCR B pPaBHOBeCcHH, H3 coolpameHuil CHAMMETPIH CaAedyeT Kl_Ky Kz.
8) Tenepp moxakure, YTo CpejHee JABJEHHE, CO31AaBacMOe Fa3on, PABHO

D= U, (10

rie i — Cpeilsg JHCPIHA eIMlHUBl o0hema rasa.

4.17. HasaeHue . NAOMHOCHI 3HEPUL IACKMPOMASHUMHO020 u3AyyeHus. Pac-
CMOTPHM 9/IeKTPOMATHHTHOE H3dyuenue (T.e. (OTOHHHH Ta3) B simike c peGpamn
nmuHoft Ly, Ly, L, Tak Kak QOTOH paCHpoCTpaHsercs Co CKOPOCThIO CBeTa ¢, OH
ABAAeTCS peﬂ}zmueucmmou YaCTHILeH, ¥ €ro 3Heprus cJaegylomHM obpa3oM CBs3aHa

¢ mmnyascom BK:

e=chK =ch (K} KX - KHV?, (1

rie Ro3MOxHble 3HaueHHst Ky, Ky u K, onath nanet gopmydoit (3.13).

a) C noMoILbIO 3TOTO BhIpAXKeHM A BHIMHCAUTe cuay F,, ¢ Kotopoii (oToH, Haxonls-
mHACS B JaHHOM COCTOSHRH 7 C KBAHTOBLIMH UHCIAMH My, 1, H 1, AeHCTBYeT Ha NPaBY1O
CTeHKY. ’

6) [losyunTe C IOMOMIbLIO MNPOCTOrO YCPelHeHHs BeIHUHHY CcpelHel cHinl F,

BLIpasKeHHVIO 4epe3 cpelHiol sHepruio € torona. Bocnoabsyiitech tem, uTo ecm
13JydYeHHe HAXOIHTCH R DABHOBECHAH CO CTeHKaMH COCYld, TO H3 coobpameHu# cua-

2 2 2
MeTpHu ciaenyeT, 4to Ky= Ky =K.
B) Tenepb JokaxuTe, UTO cpelilee AABJACHHe p H3TyYeHHS HA CTEHKH PaBHO

-1 -
p =gl (IT)

rie ¢ — cpenHee 3HaYeHHe 37ACKTPOMArHHTHON HepTHH U3/JyyeHH: B eAHHHIle oGbema.

r) [Touemy kosdduunent nponopunonansrocth 8 (1) paren 1/3, torua Kak B cay-
yge HepeqsATHBICTCKCrO rasa, paccMOTPEHHOTO B mpebldylled 3ajage, oH pasen 2/3?

4.18, Cpednas sHepeus, GbIPAKNCCHHAA 4epe3 Camucmuseckyo cymmy. PaceMorpum
cucreMy JO60H CI0XKHOCTH, HAXOAAWYIOCS B TelJIOBOM pPABHOBECHH C TeJIOBBIM
pesepByapom, abcomoTHas Temnepatypa kotoporo T=(k3)—1. B stom ciyuae BeposT-
HOCTb HAXOKIEHHs CHCTEMbl B OJHOM H3 BO3MOXHEIX COCTOSAHHIl 7 ¢ 3Hepruedl E,
347aeTcs KAMOHHUeCKHM pachipefeneHntem (49). [loayunre BohipaxeHue A1 CpenHeil
suepruy cHcrembl. [TokaxkuTe, 4TO coofpazkeHHs, HCIOAb30BAaHHble B 1. 4.7, npHMe-
HMMbl B O0IlleM Cayvae, H OJ1Yy4HTe 00myto GopMyay

= olnZz
T 0
ile
Z =Yg PEr, an
r

B sroil dopmyne cymmupoBaiHe NPOH3BOIHMTCA MO BCeM BO3MOMKHBIM COCTOSTHHAM
CHCTeMBl H TIOJIyYeHHAs CyMMa HOCHT Ha3BaHHEe CHIAHUICIMUMECKOL CYMMmbi CHCTEMBL.
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4.19. Cpedree dasaeHue, 8uipajiceHHOe Hepe3 crmaniucrmudeckyro cymmy. Pacenorpinm
CcHOBa cHCTemy 3ajauM 4.18. IJrta chHcrema (0HA MOXKET GuITh Ta3oM, KHIKOCTbIO N0
TBep/JLIM Te/0M) HAXORHTCSI B TENJIOBOM DABHOBECHH C TeIJIOBLIM Pe3epPByapoM [pH
abcosioToil Temnepatype T.

i1 npocTOTHI JONYCTHM, YTO CHCTEMa 3aKJioueHa B SIHK ¢ pebpavi ATHUOI
Ly, Ly, L, Tokaxute, 4To coofparkeHHA, HCHOJIL3OBAHHbIE B 1. 4.8, HMeloT ofiiee
3Ha4y€HHe, H [OJYYHTe Clelyioumihe, BechMa OGLIHe DPe3yaLTaThi:

a) [TokaxHre, 4To CpelHRa cHAa F, ¢ KOTOPOIl cHcTeMa AefiCTBYerT Ha CBOIO MPaByio
rpaHb, Bcerja caelylOmHM o06pa3oM BblpamaeTcss depe3 CTAaTHCTHURCKYID CYMMY Cii-

CTeMbI,
- 10InZ
F::T? oL, -

(1)

3aecs Z onpereaserca gopuyaoil (11) npersiaymefi szazaun.

6) LEcam cuctema u3orponna, To QYHKUHS Z He MOXKET 3aBHCETb OT OTIEILHLIX
paamepos L, Ly 1 L,, a 3aBucut ot obbema V=L L,L, cucrens. [Tokaxure, yro »
9TOM Ciyuae u3 (I) BeiTeRaeT caeiymomlee BuIpaxeH¥e 18 CpelHero Jasaenid:

) i dlnZ (a1
=B
4.20. Cmamucmudeckaa cymna 027 ea3a Kak yeaoeo. Paccyorpuy HieasbHbil ras,
coctosimipii u3 N OJHOATOMHLIX MOJEKYJI.
a) Hanuwute BolpaenHe A1s CTaTHCTHUECKOH cyMmmbl Z ecero rasa. Mcnodabsy s
CBOHCTBA 3KCHOHeHUHaALNol (YHKUHH, NOKaxuTe, yT0 Z MOXKHO LianHcaTb B BHie

z=2zN, (1)

rie Z, — CTaTHCTHYCCKAH# CYMMa OTIeJbHOH MOJeKkyJibl, BBIUHCIeHHag B 0. 4.7,

6) Bocnoabsosaswnen (1) u oluiefi dopmynaoli, npHuBeleHuol B 3azaue 4,18,
BhIUHC/HTE CPEIHION 3Hepritio rasa, FloxaxuTte, yto 3asucumocTs (I) HenocpeacTBeHHO
BLITEKAET H3 TOrO, YTO CPelHsisl SHePrusd rasa Ao/xHa 6biTo B N pa3 Gosbiue cpellHd it
IHEPrHH MOJEKYJbL.

B) Bocnoasayiitecs (1) n o6weil dopmysoil, npuseserdoi 8 sanaue 4.19, 9106 .
BBIYHC/AHTL cpelHec jasjeHdHe rada. [lokaxure, 410 3aBHCHMOCTb (1) OOBsiCHAETCH
TeM, UTO p JoaxHO O6bITb B N pa3 6ogvlile cpelHero AaBjdeHks, BO3HHKAOWETC OT 0AHG
MOJIEKYJIbl.

4.21. Cpeduan 3nepeus macHumHozo momexma. PaccMOTpHM eJMHCTBeHHBI CHiH,
paBuibtit 1/2, Haxolauiniics B KOHTaKTe C TeMAOBLIM pe3epRyapom npH abcoaOTHOI
Temnepatype T. Cnun o6najaeT MarHMTHbIM MOMEHTOM [y H HAXOQJHTCH BO BHeLIICM
MarHHTHOM HoJe

a) Boluncaute cratHetuyeckyr cymmy Z 4Js 3TOro CnuHa,

6) Bocnoasayiitecs nosayvenHbIM 3HaueHHeMm Z W cBuwed dopayvaoil (1) szaazauw

4.18, 4T00bl BLIUHCAKTL BABRCHNMOCTH CpelHeH sHeprun £ cnuHa oT TemnepaTtypbi T
u noas B.
B8) [loxaxkure, uTo nonyueitnoe 3HaueHue £ yIoBReTBOPSeT BupameHHIo E=-—nbB,

rie ¢ — CpefiHee 3HayeHHe COCTaBAAIOIER MACHHTHOrO MOMEHTA, 110JYHeHHOE Rbille
feM. dopmyay (59)].

4.22. Cpcouas 3Hepzus 2APMOHUMECK020 ocyuaiamopa. Macca u kosppuumcit
YIOPYTOCTH FAPMOHHYECKOIO OCIUNATOPA 13KOBbl, YTO KJAACCHUECKAN YIJOBafl ua-
cToTa KoJeGanuil paBua ®. [Iph KBAHTOBOMEXAIHUECKOM ORMCAHHH 14KOH OCHHAASA L
XapaKTepH3yeTcsT MOCae10BATebHOCTBIO ANCKPETHbIX COCTOSARKI, 06.1aJ310HKX 9Hep-

ruei
En=<n+-é—) ﬁv(l). (I)

KeantoBoe umciao n, o603navalolee 5TH COCTORHHS, MOMeT NpHHEMATE BCe HEThie

SHaYeHHs
n=0,1, 2, 3, ... (i)
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Tlpumepom rapmoHHUeCKoOro OCHH/JIATOPA MOMKET CTYXKHTb aTOM B KPHCTANIHUECKO#R

peuieTke TBEPIOro Tesa, KoJeGIOWHACH OKOJAC CBOSro MOJOMKEHHA PABHOBECHS.
[lpeanodacxus, 4To TaKol rapMOHHYECKHI OCHHASATOP HAXOAHTCH & TEMJI0S0M

paBHOBECHH C TelJIOBbIM pesepByapost npH abconTHON Temneparype T. BoimoaHuare

crenyolue AeficTsHA, HeoOXOAHMble I HAXOKIAEHHA CpelHeil 3ueprHH £ Taxoro
0CHHAAATOPA.

a) BolyHCIHTe CTATHCTHUYECKYHO CYMMY Z TaKoro OCUHJAATOPA, BOCNOJIb30OEAR-
tich  onpeieteHunen (II) 3samaun 4.18.

6) Hcnoabays dopmyay (1) 3azaun 4.18, nalinnre Bhipamenne A cpenteil nep-
IHHE  OCHHIAATOpA.

B) [Mokamute HA rpadiKe Xapakrep 3aBHCHMOCTH cpeiueii suepruu £ ot abco-
JuotHOH Tesmmnepatyput 7.

r} [Ipeanoaoxuy, yrto abcoMOTHAd TeMneparypa 7 HACTOJLKO MaJIa, 4TO kT{ﬁm.
Uro MOXKHO CKazate, He npHberas K BblUUCACHKAM H HCITOMBL3YA TOMALKO 3HAYCHHUA

yposHefl 3neprau (I), o Bennuune cpepdedl 3neprud £ B8 3arom cayuae. OnucuiBaer
Jy ofias qopiydaa, noaydeHuas BamMH B 0), 5TOT npele/bHbliil cayyafi?

n) Tlpeanonoxun, uTO Temmeparypa HACToJAbKC BedHKa, uto AT 3:fm. Kakoso
B TOM cJviae mpelelbHoe 3HaueHHe cpelpeil SHeprud, caenyiomee H3 6). Kak sro
3HadeHHe 3aBHCHT oT T? or ®?

¥4.23. Cpeduaa asnepaus epawienus Osyxamomnol morexyasi. B KiaaccHueckof
MeXaHHKe KHHeTHYeCKas HSHeprus JBYXaTOMHOH MOJeKYJbl, Bpalianiefics BOKpYT
oCll, NepneHIMKY.IAPHOH K JHMHHH, coelHHsooumel ofa aToMma, pasHa

J2 2
“9A e

rie J — MOMEHT KoAuuecTBa JABHMKeHHs, U A — MOMEHT HHepuuuw ModaekyJabl. [Ipa

KBAHTOBOMEXaHUYECKOM ONHCaHHMH MLl HMeCM CJlelYKUuine IIHCKpETHbIe 3HAYEHHUH

SMepruu: \
P kgD 0
j .+ 2A -

31ech KBAHTOB0OE YHCIO ] onpelensaectT BOTHYHHY MOMEHTa KOJjHYeCTs8a JIBHMEeHHY J.
ITO UHCAO MOMKET [IPHHHMATE CJI€AYIoniHe 3HaYyCHH4A:

j=0,1,23, ... (11)

Kawpomy 3HaueHuw | coorBercTBYeT (2/4-1) BO3MOMHBIX KBAHTOBBIX COCTOSIHHI,
OTHEUAMINX PA3THYHOR BOBMOMHOH OpHEHTALMH B NPOCTPAHCTBE BEKTODA MOMEHTa
KosinyecTsa JsHmenusa J.

[pennooxuM, 4TO HAWA [BYXaTOMHAs MoJeKy/Ja HAaXOJHTCH B rase, Haxoms-
weMcst B TENJ0BOM pABHOBECHH NpH temnepaTtype 7. BrilogHure caeaywoinhe Bblyuc-
Jetus, HeoOXoJuMble JJIA NOJAYdYeHHs CpefHell 3HeprHMH BpallleHHs ABYXaToMHOMH
MOJIEKYJIBL

a) Bocnoab3osabmnces onpetenenneM (II) 3azaun 4.18, nafizure cratHcruueckyio
cymMy Z. (OSpatuTe BHHMAHHe HA TO, YTO 3Ta CYMMa COJEPIKHT UJIeHbl, COOTBETCT-
BVIOWIKE KaxIOMY HHIHBH1YaJbHOMY COCTOSHHIO mO1eKYJbl.) Honyerum, yro T ua-
CTOIBKO BeTHKO, uTo RT3h%2A (3T0 ycioBHe BuinoaHsieTcsl Aas GOILIIHHCTBA ABY X-
ATOMHLIX MOJEKYJ TIpH KOMHaTHOH Temnepartype). [lokaxurte, 4To B ITOM ClAyyae
CyYMMY Z MOMHO 3aMEHHTL HHTErpaJsioM, HCenodab3ya 4= j(j-1-1) B kauecTse HenpepuiBHOH
IiepeMeHHON.

6) Hcnoabayiire obuyio dopmyay (I) 3amaun 4.18 ans soiuncaenus cpenuei
‘BHEPrHH BPAIIEHHS [ABYXATOMHOH MOJeKyJ/bl B YKasaHHOM HHTepBaste TeMmepartyp.

4.24. Yucao amomog meep0o20 meaa-6 npoMeXcymouHom noroxceruu {npubauxcennoe
paccmomperue). PaccMoTpiM TBepjoe Teslo B BHe KpHCTaaaa, cocrosmero #3 N aromos
H Haxojsuerocs npk a6coaioTHol Temuepatype T. OGbryHOE NoJoxeHHE, 3aHHMAaeMoe
atoMamH B pelleTKe KPHCTaN1a, NOKA3aHO 4epHLIMH KpYyxKKamH Ha pHc. 4.15, a.
AToM MOXKeT, OHAKO, HAXONHThCSA B OJHOM H3 NPOMEXYTOYHBIX MOJOMKeHHE, NoKa-
BaHHLIX HA PHCYHKE CBETLIMH TOYKAMH. JHeprHsi atoMa B TaKoM IIOJOXKeHHH Ha
BeJIHUHHY € 60sibiHe HEPrHH aToMa B HOPMAJbHOM MoaoXeHHH. [lostomy, ecnu abco-
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JitoTHag Temnepatypa T KpHCTalla JOCTATOUHO Majia, BCE aTOMbI 3aHHMAKT HOPMaJb-
Hole nosoxenua. C noeblilleHHeM TeMNeparypbl CHTyauns Menserca. Honycrum, uto
Mbl HMeeM aTOMbLI, KOTOpble MOTYT 3dHHMATbh HOpMAJIbHbIE H MPOMEXYTOUYHbIE NOJOCKE-
Hus. Hac wHTepecyeT caegyiomuil BOMpoc: KakoBo CpeiHee HHCJIO aTOMOB, 3aHHMAalo-
WHX NpH Aaunoit TemmepaType T npomexkyrtounble nonomenus? [IpuGanxenHblil
OTBeT HA 3TOT BONPOC MOMKHO NOJAYUHTL CAeAYIOUHM 06pasom.

a) Chauaia pacCMOTpHM HeKOTOphIil oTaedbHbIl atoM. [lpeanosoxn, 4YTo OH
MOXKET HAXOAUTLCA B OJHOM H3 ABYX COCTOSIHMI, HOPMAJLHOM HJH NPOMEXKYTOYHOM.
Takum 06pasoM, CHCTeMa MOMeT HAXOJHTLC B OJAHOM W3 JBYX cocrosiHuil, A Hau b.

o Q o o] [»] 0

L= « T = T < ] Q.DO
° o o @

g 8
_Pune. t.15, a) Bee aToMul rseploro Tedia (deplble KpYKKIl) HAXOAATCH & 50X HOPMANBPBIX [TOJ0O-
WeHHAX, a4 BO3IMOKHbBIE NPOMEXYTOUHbLE I0M0AKeHNHA (Geibie TO'-II\H) He sansTel. 0) [lpu Gollee Bbl-

COKHX TeMnepaTypax 4acTh NPOMEeKYToUnblX MoJoweHHl MOKeT OblTh 3aHdATa, KAK NOKa3aHo HA
pHCYHKE,

A) AtoM B HOPMAibHOM IOJONKEHHH; B HPOMENKYTOUHOM IMOJOMKEHHH atoMa HeT.
B) B HopMa/nbHOM NOJOMEHHH aroMa HeT, aToM B NIPOMEKVTOUHOM MNOJOMKEHHH.
Yemy pasno otHowiexne Py /P, BepoatHoctelt Py 1 P, o0Hapymuts 3TH Jpa

TIOJI0XKeHHS ?
6) Teneps paccMoTpHM BCe TBEpIOe Teno. [Mpeanoaoxuw, uro B [POMEXKYTOUHOM

NMOJOAKEeHHH HAXOMMTCS 1 ATOMOB. 2TO 03HAUAET, UTO HMEeTCs HeloCTatoK fi ATOMOB B
HOPMANLHOM [OJIOIKCHHH. JTiooe U3 1 NYCTBIX HOPMAILHBIX MOJOMEHHH MOMXKET KOM-
OHHUPOBATL C JIO0LIM M3 7 MPOMEKYTOUHBIX, MOSTOMY CHTYauust B moker OCYIHLeCT~
BUTBCS N2 PasHuHbK crHocobamy, H, caeloBaTedbHO, BEPOATHOCTb P TOro, 4To

OJHH H3 aToMOB TBepJiOoro Tedld ‘OKaXKeTCs B NOJIoMeHHH b, TponGpuUHoOHAaILHA né,
eI TYCThie HOPMAaJbHLIC H . 32HATDIE MNMPOMEXYTOUHLIC TOA0KeHHT pacnpeacseHbs

cayuaiino. Mrax, Pp OC n2. [okaxuTe C [OMOLIbIO aHAJIOTKYHBLIX PACCYKIEHHI, U4TO
Pa oL (N—n)2. & ’

B) Bocnonbsosaswikch pesyabraramu a) # 6), npeanonaaras, 4to n<<N, noka-
KiTe, 470 ’

N ~(1y2) Be
| = . (D
4.25, Hucao amomog msepdozp meaa 8 npo. MEHCYIMOUHOM  COCMOFHUL (mouroe pac-
camomperiue). BepHemes K CHTYdUKH, paccmoTpennoil B 3azaue 4.24, W nonmbiTaemcs
HafiTH BeposiTHOCTL P(n) TOTO, YTO N NPOMEXKYTOYHBIX NOJOXKEHUH 3aHATo. JTOMY,
pasyMeercs, oTBeyaer a’ CBOOOIHLIX HOPMAJIbLHBIX IOJOKEHHH. :
a) KakoBa BepOATHOCTbL OCYIECTBAEHHA TAKOH CHTyallMH, KOrJa n NPOMeRYyTod-:
HbIX aTOMOB pacnpefiefieHsl 1aHHbIM ONpeAe/ieHHbIM 006pa3oM, & A NYCTHIX HOPMAaJfbHLIX
COCTOSIHHH TaKiKe pacrpeje/eHpl KAKHM-TO OFpeleseHHbIM 00pa3oM?
6) CkoapKHMH crioco0amMi MOKHO PaclpeleiTh 7 aToMOB MesKay N BOIMOXKHBIMH
MPOMEIKYTOUHBIMA  OMOKEeHEAME?  CKOJLKHMH  CHOCO0AMH  MOXHO Pa3MeCTHTL 7t

atoMoB cpend N HOPMaJbHBLIX IOJOKEHHH? l
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8) Bocnoab3osasiich pesyabTataMu a) u 6), HOKaxHTe, 4TO

P /\!" 2 — SN I
(n)m[m}e P, ()

r) BepositHocte P(n) HMeer pe3kHil MAKCHMYM T8 HeKOTOPOLO 3HAUECHUSA A== 1L

UtobLl HafiTH 3HaueHHe 1, paccmoTphm In P(n) u nocrapaevcs petminTs ypaBHeHHe
(0In P/om)=0. Tak xak Mbl uMeeM 1eJ0 ¢ (aKTOpHATAMH OGOJBIIHX YHCET, MOKHO

ROCIIOJIB30BaTECs npubankennem Crupannra [em, (M.10)]. TTokaxurte, yto pa8 n<&V
CnpaBeJlBO OTHOLICHE

_;’__m_ —(1/2)3e (1)
v = .

*4,26. Tenaoceaa duccoyuayus amoma. ATOMBI W/eaLHOTO Ta3za HaxoldAIcs B
Amuke ¢ pebpamu Aiunod Ly, L, L, Bca cucrema HaxoIuTcs B PaBHOBecHM mpH
ieckoTopoll Temneparype T, macca aToma pasHa M. AroM MomeT JAHCCOUHHPOBATL HA

uoH A+ H 3jJeKTpoH e-~:
ATZ A+ -be—,

YToGbl pa3pyliTb CBA3b 37€KTPOHA C aTOMOM, HEOOXOMHMO 3aTPATHTL  JHEPUID
uonusayuy U,
PaccvaTtpuBas oTAeqbHbli 4TOM, Mbl CKaMeM, 4TO OH MOMeT HAaXOIHTLCS B IBYX

soanox(Hbix cocroanuax H n I:
H) Atoun ue juccounnposad. Ero snepruz £ pasua

E=g,

rie € -— KHHerHuecKas 3ueprus IeHtpa macc. Kak obbluHo, Heprus noctrynare’th-
HOTO JBMKEHHA aToMa OnpeaeasieTcs HaGopoM KBAHTOBHIX uucen (ny, n,, n,).

J1) AToM AHCCOLHHPOBaIl HA MMEKTPOH C MACCOH M H NOJOKHTETbULIH HOH, Macca
kotoporo 6aus3ka Kk M (rak kax m<€M). BaaumoseflicTBHeM HOHA M 3JCKTpPoHa nocie
JUCCOLHAHA MOXKHO npeneGpeus. B 3ToM ciyyae noqHas sueprus IHCCOIHHPOBAHIION
CHCTeMBI, cocTosimieli H3 JIBYX OTAedLHbIX 4acTHIL, pasHa

E—er e +u, (1}
rile €+ H §— — KNHETHYECKH® 3HEepTUH HOHA W 1eKTPOHA COOTRETCTheHHO, a 1 —
sueprua  wonuzaunu. CoCTOsHIe [0CTYNATENLHOrO IABHXKEHIs)  THCCOUMUPOBAH O
CUCTEMB! XAPAKTEpPU3yeics HaGOPOM KBAHTOBLIX WHCEA Wona (g, 7, , nS) 0 31eKTpona
(n;r n;v nz ) N

a) Boenuan30BaBHINCH KAHONHMECKNM paciipeieieHneM, waliinuTe, ¢ TOMHOCTHIG
A0 Kov(xpuuxenta nponopunonaasioctd C, BepOATHOCTL Pyy TOro, 4TO aTOM HAXOs
AWTCH B OMIOM H3 BO3MOXKHLIX HEAHCCOMHHPOBAHHLIX cocTosinuit (H1).

6) Bocnonb3oBaBLICh KAHOHHUECKHM pachpejeleHdeM, HaHAUTe, ¢ TOUHOCTLIY
[0 TOro e Kosphuuuenta npornopiHonanstioctd C, BepOsSITHOCTD PIL TOrO, 4TO aTon
HaxOANTCSHt B 0AHOM K3 BO3MOMKHBLIX AMCCOUMNPOBAHHLIX cocTosHul ().

8) Haiiaute ornowenne Pn/Pyy. Kak o#o sasucnt or remitepatypsl T n
obbema V? ]

r) Tenepb paccmoTpuM Bech ra3. O coxepxut N artomos.

JlonycTunm, YTO H3 HHX B CpelHeM n aToMOB AHCCoLHHpoBaHo. Torga B sumke
HAXOAMTCS N WBOHOB, N 3JCKTpoHOB H (N-—n) neuccongspoBalubix atomor. [ducco-
HHRPOBAHHOE COCTOSIHHE MOXKET OblTb peasin3oBako n+n= n? BO3MOXHBIMH Ccriocofau,
a Hegncconwnposannoe (N-—n) cnocoGamu. C nNOMOIMLIO KayeCcTBEHHBIX OLIEHOK, [10-
JOOGHHX TeM, Koropile ObllH HcciefioBaHbl B 3ajadue 4.29, MOKHO NOKasaTh, 4To

P —2 —2
L. n_ o n

——

Pu N—en N’

ecan n<€N. Monyunte TouHoe BhipameHre Aast (rn/N)B 3aBHCHMOCTH OT aBCOJIOTHOMN
vemnepatypit T » maotnocth (N/V) rasa.
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1} O6wyno kT<Cu. MoxHO JH 0XKHAATb, YTO B 3THX YCJIOBHSAX GOJbIIast 4acTe
atomoB GyJeT IHCCOHHHpOBaHa?

e) Tlpeanoaoxun, uro RT3>u, Ho obbeM AIMKA MOXKHO CIeIaTh NPOH3BOJALHO
€obluuM, coxpaHnss temueparypy T noctosinHoii. Moxer qu B 3ToM ciiyuae GOMbuIas
tacTh arToMoB ObiTh JHcconHHpoBaHHON? [laliTe npocToe ¢uanyeckoe OObsicHeHIe
TIOJIYUEHHOMY Pe3yJbTaTy.

#) BHyTtpennsas uyactb CO/HUA COCTOHT H3 OuUeHb rOpAYero H IMJOTHOrO rasa,
TOrJa KaK BHeIHAsA («<KopoHa») AleHee IWIOTHA H HaXOJUTCH NPH MeHblltelf TeMmepaType.
Hayuenne cnextpaibHelx JHHHH COMHIA NOKA3LIBaeT, YTO aTOM MOKeT ObiTh HOHH30BAH
B KOpPOHe H HAXO/JHTCA B HEHOHH3OBAHHOM COCTOSIHHM B Cojece TAyOOKHX obJactsix
Connpa, rpe adcomorHAs TeMieparypa ropasio Beine. Kak MoxHO OOBICHHTE 3TOT
(hakT?

4.27. Hoayuenue naasmol Haepesanuesm. Harpebasi ras 0 JoCTATOUHO BblCOKOM
TeMOeparypbl, MOXHO MOJAVUUTL AALQ3MY, COCTOAWYIO W3 3HAYHTENLHOTO YHCIA AHC-
COUMHPOBAHILIX aTOMOB. UTOOBI H3YYHTL NPAKTHYECKYIO BO3MOXKHOCTL TAKOrO Npo-
ecca, NpHMEHIM pe3ysbTaThl 3ajauil 4.26 K napam ueanus. AToM UE3HA HMCET He-
GOJIBLIYIO 3HEPTHIO KOHE3aLKHU, paBHYIO u==3,89 58 u aToMHbIH Bec 132,9.

a) Bolpasute crenenn auccoyHanu n/N B 3agaue 4.26 uepes T A cpeliiee faBieHue
p rasa.

6) llipeamosnoxnun, uto napsl 1e3us HarpeTbl [0 a6COMICTHOH TeMInepaTypbl, B
ueTBIpe pasa NpeBbilIaloilell KOMHATHYIO, # HAXOIATCH upH Xasiedun 103 dun/cm?
{r. e. 10—3 or atmocdepHOro). BruicaknTe npoueHT napa, HOHH30BAHHOIO B 3THX
YCJIOBHAX.

4.28. asucumocme sHepaul om memnepamyps: 08 uleasvroeo 2a3a. 3aBHCHMOCTD
‘{IHCJIa COCTOSIHMH HJea/lbHOI'0 a3a H3 OJHOATOMHbLIX MOJSeKYJs OT NOJHOH 3Heprun E
rasza Gblia paccMoTpena B 3ajzave 3.8. Bocnosb3yiiTech 3THM De3yJbTaTOM H ompejle-
JAennem P=2¢ InQ/0E, utolbbl BbpasHTb 3Heprui £ uepe3 aGCOMIOTHYIO TeMuepaTypy

T=(kP)—1. CpaBuuTe noyueHHoe BbIparkeHHe C BhIpaxeHueM aas E(T), nonydentom
B i 4.17. -

4,29, 3asucumocme sHepeul ont memnepamypol 048 cucmems cnunos. B 3agade 3.9
610 HaljieHo uucao coctosHHU Q(E) ana cucremsl #3 N cniuos 1/2, obnapamomux
MArHHTHBIM MOMEHTOM |L; H HAXOAAIIMXCH B MATCHHTHOM nojte B.

a) Bocnoab3oBasiufich 3THM pe3yabTaToM H onpefedenneMm P=aIn/9E, suipa-
3ute sHepruio L cHcteMbl epe3 aGcoMOTHYW TeMneparypy T==(kf)-L.

6) [MoaHblil MArHHTHBIE MOMEHT CHCTeMBl CBA3aH ¢ Mo.HOH 3Heprue# E npocrtnim
cootHomenneM. Hcnoabsyiite peayantar a), utoGbt Bhipasute M uepes T u B. Cpas-

HHTe 3TO BbhipakeHHe ¢ BeIpaxenneM (91) nm (89) mas M.

*4,30. Ompuyameavnan abCOAIOMAGR MEMNEPAMYPA U NOMOK MeNAQ € cucmeme
criunoe. CHCTEMA, HAXOAAINASCS B MAHUTHOM noje B, coctourt u3 N cnuHoB 1/2, xax-
AL M3 KOTODPLIX HMeeT MATHUTHLIA MOMeEHT W,. B s3agaue 3.9 6ui10 HaliieHO 4Heao co-
croanui  (£) Takoill cucremMnl kax (PyHKuHH ee NOJHON sHeprun LE.

a) Boipasure rpaduueckn Xapakrtep 3asucumoctH In £ or E. 3amersTe, 4TO Ham-
MeHblllas 3Heprus cucreMnl pasra Ey==-—Nu,B, a nauboabinas -~ Nu,8 H ut0 KpH-
Basg CHMMETPHYHA OTHOCHTe/bHO 3Havenus £=0.

6) Vcroabsyiite rpaduK a) fus noayuenus rpaguxa sasuchmocth b ot E. 3amets-
re, uto P=0, ecmu E=0.

B) Mcrnoanayiite rpapux 0) mis noaydyenns rpauka saBucHMoctd abcogaoTHOR
temnepatypot T ot E. Hto npoucxoaut ¢ T BOau3u £=0? Kakos snak T pia E <0
i pas E>0?

r) B6ausn E~0 T ucnoiTbiBaeT pa3pblB HenpephlBHOCTH. [lo3atoMy Godee ynoGHo
uMeTb fedo ¢ seanunHoi P. Tlokaxute, uto dB/OL Bceraa nonoxutennHo. BenomuuTe,
YTO ecJIH JIBe CHCTeMbLl HAXOAATCA B TelJIOBOM KOHTAKTe, TerWIo BCerja IOrJOLIAECTCS
crcTemolt, uMelomell Gosibliee 3HAYeHHe BeHuYHHL! f. 3aMeTHM, UTO 3TO yTBepxjAeHHe
CrpaBeVIHBO 1A JIOOBIX CHCTEM, HE3dBHCHMO OT TOrO, NOJAOKHTEBLHA HJM OTpHLA-
TeibHa HX a6Co/MOTHAs TeMIeparypa.
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FrTABA Db

MAKPOCKOIMUYECKASA TEOPUS
H MAKPOCKOIIMHECKHE HW3MEPEHHA

Mpul focTHran 6ONBIIHX YCIEXO0B B O0BSICHEHHH CBOHICTB' MAaKPOCKOTTH-
YeCcKHX CUCTEM Ha OCHOBE aTOMHbBIX npefcTtassenuil. I1pu sTouM okasanoch
HeOOXOAMMBIM BBECTH HECKOJIBKO MapaMeTpoB (TAaKUX, Kak Temjaora, ab-
COJIIOTHAs TeMIlepaTypa, 3JHTPONHS), BecbMa V/JOOHBIX /sl OIHCAHHSA
MQKPOCKOIMHUECKHX CBOHCTB CHCTEM, COCTOSILMX M3 MHOTHX YacTHIL.
Bcee 3tH nmapaMeTpbl BO3HUK/IH U3 MUKPOCKONUYECKUX MpPe/CTaBJEHHH,
HO X DKCNEPUMEHTAJNbHOE OnpenesicHue TpebyeT U3MepeHui, HpousBo-
AUMBIX B MakpocKouudeckux Macwrabax. [lostomy moboe cpaBHeHHe
pPa3BUTOH HAMHU B UPEIbLAYUIHX TrJiaBaX TEOPUH C OULITOM MOKET ObiTh
CAEeNaHO JIMIIL C TOMOIIBIO TAKHX MAKpPOCKOMHYCCKHX H3MePeHuil. 1o
BepHO Kak 1Js1 TeX cJyyaeB, KOTAa IpelICKa3aHUd TeOpUH Kacarorcs
CBSA3HM MEXKAY YUCTO MAaKPOCKOUUYECKHMH BeJAWYUHaMu, Tak U Jast CAy-
yaeB, KOTAa TCOPHS JdaeT CBA3b MEKIY MaKPOCKONHYECKHUMH W aTOMHBIMI
XapakTepUCTHKaMH BellecTBa. J[iobas ¢usndeckass Teopusl YKas3blBaeT
Ha HEKOTOpPhle CVILECTBeHHO BaKHbIE BEJHYHUHBI, KOTOPbIE NOKHbI ObITh
H3MepeHbl, U laeT Crocobbl, KOTOPLINMH 3TH H3MEPEHHs! MOTYT ObITh Bhbi-
noJjiHedbl. B 310l T/1aBe MBI 00OpatUM BHUMaHUE UMEHHO HA Takue ac-
NEKTH H3YUYaeMOW HAMH TeOpHH. I PYTHMH CJAOBAMH, Mbl JOJXKHLI OY/IeM
NepeKHHYTh MOCT MeKAy aOCTPakTHBIMH H OOWMMH ATOMHO-CTATHCTH-
YeCKHMH HJIeSMH U BeCbMa KOHKPETHBINMH MaKpPOCKONHUYeCKHMH Hal.110-
JCHHAMH,

8.1. Onpenenenue aGCosIOTHOH TemnepaTyphl

AGcomoTHas TemnepaTypa BXOAHT NOYTH BO BCE MPEACKa3aHHs Teo-
pHM U sBJsSeTCs, TakuM 00pa3oM, BecbMa BaKHBIM napamerpom. [lo-
HTOMY HYZKHO MOHSITb, KAKHMHM METOAAMH MOXKHO BbINOJHHUTH peaJibHble
u3MepeHHs1 abCoMOTHON Temneparypbl cuCTeMbl. B npunuune merons
H3MepeHHst alCONOTHOR TeMnepaTypbl MOTYT ObITh OCHOBaHEI Ha 41060M,
CJeyIOmeM H3 TeOPHH, COOTHOLUEHHH, B KOTOPOe BXOAUT BeJuyrHa f Hau
T. Hanpumep, dopmyaa (4.60) naer npejickaspiBaemyio TeopHeH 3aBH-
CHMOCTb MATHHTHOM BOCTIPUHM4HBOCTY ) NAapaMarsWTHOrO BeillecTBa OT
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ero abcomoTtHoi TeMneparypul T, U caepoBaTe/ibHO, H3MEPCHHE MarHHT-
HOHM BOCNPHHMYHUBOCTH HEKOTOPOro I1apaMarHUTHOIO BElLecTBA MOTJIO Obl
ObITb, B TPHUHIIMIE, METOAOM H3MepeHHs1 abCoJOTHON TeMmrnepaTyphi.
Jlpyrum npejckazaHueM TeOpUH, B KOTOPOE BXOIHT aGcoJloTHast Temre-
parypa, siBAsieTcsl ypaBHenHe cocrosiiug (4. 91) maeanpHoro rasa. Ilo-
3TOMY T'a3, NOCTATOYHO Pa3perKeHHbIH, 4TOOb! CYH-
TATHCA HAeaJJbHBbIM, TAKAKE MOXKHO HCUIOJb30BaTh
IS U3MepeHUst abCOIOTHOH TeMIlepaTyphl.

STOT MOCJ/IeIHUA MeTO/ AeHCTBHTEJbHO OUEHbL
ya00eH H HCIIOAb3yeTCs BO MHOTHX CJaydasiX. Mul
pacCMOTPHM, KaK €ro MOXKHO INPaKTHYECKH OCy-
LIECTBHTD. [TOMECTHM HEOOJBIIOE KOJHYECTBO Fa- N

Tatetetets

0>

32 B Koy U NpHMeM Mephl, HeoGXOANMbIE A5 : N
TOTO, YTOOB 00BEM COCyAa OCTaBaJICs MOCTOSIH- R 5
HBLIM, HE3aBUCHMO OT JAaBJCHHUSA HAIOJHSIOUICO 559 H
cocyn rasa*). Takas cuctema o6pasyeT rasoBbliil G 2ENN

TEPMOMETP [OCTOSTHHOTO — ofbema, cXema KOTo-
poro npuseleHa Ha puc. 4.4. Ero tepMoMeTpH-
YeCKHM NapaMeTpoM SIBJASIETCS Cpe/iHee IaBJeHHe

p raza. [{pelNoJIOXKHM, YTO HaM H3BeCTeH (UK-
CHpPOBAHHBIT 00BbeM KOJ0bI TEepMOMETPa W UHCJIO
3aKJIIOYEHHLIX B HEH MOJeH rasza (5TO 3HaUHT,  puc. 5.1. Cxema npibdupa,
4TO Mbl 3HAEM U YMCJO MOJEKYJ raza). B srtom B rotopom Tpolinad woiia

BOAGI HCAOOJB3YyeTCs Lnst

clyyae C [1OMOLIbIO ypaBHeHHs cocTosHus (4.91)  xanuoposxn  Tepmomerpa.
- Buayane smecTo T¢pMOMeT-

H3MepeHHe p naeT BeauuuHy RT mau P anst Ha-  pa s npubop bRoAlTCs OX-

605 Jaxaaoulas cMechb [Banp-
ero raza {(a 3HayuT, H AJs JIOOOH CHCTEeMBI, C  ep. aueron ¢ ecyxim
KOTOPOH Ta30BblIl TEPMOMETDP HAXOAMTCsI B Ter-  bAoM» T.e, TRepAoi yr-

aeknenaotoll (COg)), ¢ Tem

JIOBOM paBHOBeCHH). 4ToHBE UACTE BOAbL B(‘I(j)cy,rxe
[TpHHUNMHAABHO BONPOC 06 H3MEPEHUH BCAH-  yhasbaun - oxanm gaioniel
YHHBL [}, ABJIAIOMEHCS a0CONICTHBIM TEMIepaTyp-  CMeCH BROAAT iepMoMer)

1 HAVT, noka HACTYITHT
HbIM IapaMeTponM, HCHEpNbIBACTCHA CAeaHHBIMIT coctosiiMe TelJOBROTO pas-

savedanuamu. [lasblie B 310N naparpadie Mbl  poneiei a3 e uora.
pacCMOTPHUM HEKOTOPbI€ YacTo HCMOJb3yeMbie Be- 4 —1eh. o N:ef}fgj”‘)“ TeEpMo-
JIMYHHBI, BBCICHHBIE B (PU3HKY C MMOMOLILbIO COTJia-

wennfi. Ecan Mbl nuiieM temneparypHulil napamerp f§ B Buie f-1=4&T
M XOTHM H3 3TOTO DPAaBEHCTBa MOJYHYHTb 3HaueHHe caMol abCoaOTHOH
Temnepatypsl 7, TO MBI JIOJIKHEL 8biOpams onpeneseHHoe 3HaYeHue moc-
TOSHHOH k. 3TOT BbIOOP OCYILECTBJEH MeX/IYHapOXHBbIM COTJIAUIEHHEM U
OCHOBAH Ha TOM, YTO 3KCIEPHMEHTAJAbHO JieTde CPaBHHThH JIBe abCosIoT-
Hble TemrepaTypsl, 4eM HENOCPEeACTBCHHO H3MEPUTh BeauduHy B uau RT.
UroOnl BRIMOJIHHTL TaKOe CpaBHEHHE TeMmeparyp, HYKHO BbIOpaThb He-
KOTOPYIO CTaHAAPTHYIO CHCTEMY, HAaXOISAIIYIOCA B ONpene/eHHOM CTaH-

*) KoauuecTBo rasa B Kojibe TepMOMETPA JOJMKHO ObiTh HACTOMLKO MAJLIM, HTOGH
ras Obll JOCTaTOUHO pAa3pemxeH H MOr CYHTATbCs HAEAJIbHBIM. Bhinonkehwe 3Toro
YCJI0BHA MOXKHO NPOBEPHTH SKCHEPUMEHTANbHO, eC/H H3MEPHTL abCOIOTHYIO TeMnepa-
TYPY C NOMOWDBIO KOJObI, cojepxaniefl enie MeHbiee KOJUYECTBO rasa. Pe3ysbTartw,
flonyueHHble O0ORMH TepMOMETpaMH, AOJKHbI COBRANATh.
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JapTHOM MaKkpOCOCTOAHIIH, H NPUITHCATH €if HEKOTOPOoe 3HaYeHHe abCo.THCT -
noil remnepatyput T. Ilo MexknyHaponHOMY COTVIALIEHMIO 3a TAKYIO CTai-
JapTHYIO CHCTeMY NMPHHHMAT YHCTYIO BOAY, a CTaHAapPTHBIM MaKpOCOC-
TOSIHHEM fABJACTCS MAKpPOCOCTOsiHHME, B KOTOPOM TBep/asi, /KHAKas i
rasoobpasHasti ¢OpPMbl BOJBI (T. €, Jeld, BOJa H BOASHOH Iap) Mo-
TYT HaxOIHTBbCS B DPABHOBECHH JPYr ¢ JAPYroM. (ITO MaKPOCOCTOAHIE
HasblBaeTesl mpotinoll mourotl Boasl.) Takolt BLIOOp cTagaapTa TeMIEpa-
TYpBl yaA00€H TeM, YTO CYLIeCTBYeT JHUIb O7-
HO-@IUHCTBEHHOE 3HAUYCHHE AaBJIeHHS H TeM-
nepaTtypsl, NIpH KOTOpbiX TPH (POPMBI BOJb!
MOT'YT COCYLIeCTBOBATh, HaXOAACh B PABHOBe-
cunt. OnbiT I0Ka3pBaeT, UTo TeMneparypa 1a-
KOH CHCTeMBbl HE 3aBUCHT OT OTHOCHTE/bHbIX
KOJIHUeCTB HaxOASIMXCS B PABHOBCCHH - T34,
JKHAKOCTH 11 Jbja. IlostoMy Tpofinas Touka
SBJAACTCA JIETKO BOCIPOM3BOIHMBIM CTaHIap-
TOM Temmneparypbt. [lo uHTepHaAUHOHaABHOMY
corqameHuto, npuHatomy B 1954 r., abcoaior-
Hass TeMueparypa BO/fibl B TPOHHON Touke
CYHTaeTCss PAaBHOU MOYHO

E
|
b
F Z;._.‘.:
f i
E

[
| T,==273,16. (1)

Takoil cTpaHHLI# BLHIOOp YHCJa CBA3aH C ¥Ke-
NaHHeM NOJYYUTh BO3MOXKHO Jyullee Cora-
cHe MeXAY COBpPeMEeHHOH IIKaJaoH adcomoT-
HOfl TeMIIepaTypel H MEeHee TOYHBNMII 3Haue-
HHAMU CTaHAaPTHBIX TeMOepaTyp, yCTaHOBAEH-
HBIX CTapbiM H §oJiee CJIOKHBIM COIVIACHEM.

Ternepb uncaeHHoe 3HaveHHe abCOJIOTHOT
e apoTorpadis e TeMIePaTyphl JI0GOA CHCTEMBI MOXHO 10JYV-
Tpoiinoii rouks Boast, wWenoan-  YHTh CPAaBHEHHEM C TemmepaTtypod 7T'; Bodni
SYeNON e aalotoN Blom 5 ee TpoiiBofi Touke. UuC/IEHHOE 3Hadeile

TEMIIepaTyphl, T[OJAY4CHHOE B  pe3y/brare

BpiOOpa  craHpapTHoil Temmnepatrypnl (1), HaspiBaercs TeMmneparypoi
B epadycax Keassura, unu npocto epadycanu Keavsuwa, 1 00bYNHO
ogo3Hadaercs cimsosiom K. (B nasbnHelien, ynorpebasst TepMHH «rpa-
AYChbi», Mbl BCerna Oynen MaeTh B BHAY epadycsl Keavsura.) Beibop cran-
AapTHON TeMmepaTyphbl He TOJbKO M03BOJgeT HaM YCTAHOBUTL memnepa-
mypHyio ikanry Keavsura, HO W 1aeT BO3MOXKHOCTb (PHKCHPOBATH 3HAYEHHE
koahdbuumenta k. JIelficTBHTENbHO, €CAH V Hac eCcTb KaKoe-HUOYAb yCT-
POHCTBO (HarmpHMMep, rasoBbIH TEPMOMETD) IJIs1 OllpeNeJIEHHsT BeJIHYHHE!
p wan BT, To, ompepesuB 3Td BEJUYHHBl B TPOHHOH TOUYKE BOALI, rie
T==T,, Mbl HeMeLJIeHHO MOJY4UM 3HauyeHHe k. Beanuuna P~ 1==AT o3Ha-
4aeT 3HePTHIO, KOTOPYIO MOXKHO H3MEpPATH B 3prax, INOSTOMY BENHUHHA
£ nosxHa ObITh BhIpaXKeHa B eIUNHHUAX apefepadyc.

[loka:kem Tenmepb, Kak TNPHMEHHTb 3TH COIJIALIEHHS K I3MepeHHIo
abcOoJIIOTHON TeMIlepaTyphi C MOMOILLIO HCAILHOIO ra3oBoro TePMOMeTpa
~

Konnen
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nocTosindoro obvema. M3 ypaBHenusi cocrosinug (4.91) caenyer, gro

M3MEpPEHHOe TAaKHM TEPMOMETPOM JaBJICHHE rasa p npamMo NPONopiHo-
HAJbHO ero abcosoTHOH Temneparype. Takum obpasom, Ta3oBHIH Tep-
MOMETP MO3BOJISET 3aMEHHThb H3MEpPeHHe 0mHotueHta aBCOoMOTHBIX TeMle-
paTyp H3MepCHHEM OTHOUICHUS AaBJeHHH. [leficTBiiTebHO, 1YCTh TEPMO-
METP HAXOAHTCS B TEIJIOBOM KOHTakTe ¢ HekoTopoh cHcremoil A. O6Gos-
Ha4lM CpefHee faBJeHHe ra3a B TepMoMeTpe, 10¢/1e YCTaHOBJ/ACHUS PABHO-

Becusi, uepes p,. LEcian ke TepMmoMeTp OyleT NPHBEISH B KOHTAKT C
Apyro# cHeTeMoii B, TO B paBHOBecHH Cpelilee JaBaetiie B HeM OyieT

prp *). Y3 ypaBHeHus coctosiHus {(4.91) ciieyer, 4TO OTHOLLICHHe a6co1t0-
THBIX TeMmnepartyp 7. H Tp PaBHO OTHOLUEHHIO AABJAEHUI Py H pg:

lonycrunm, B 4acTHOCTH, YTO cHcTeMa B siBasiercs BoJOH B ee TpOHHOMN
TouKe (tak 4T0 Tp==T)) ¥ 4UTO TepMOMETP B 5TOM CJy4ae TIOKa3bIBAeT

JaBjaeHHe p,. Wcnonways cornaumenne (1), Mbl moayuaem, 4ro a6comor-
Hasl TeMileparypa cHcreniel A paBHa

TA:273,16ﬂ- rpaagycoB KeabBunHa. - (3)
Pt

Taxin o6pasom, u3Mepss 1aBleHHe ra3pBOro TepMOMETpa MOCTOSHHOTO
ofbeMa, MOXKHO ONPE/IeJHTh abCOMIOTHYIO TeMnepaTypy JoO0H CHCTeMb.
ITOT MeTo]l U3MepeHHs abCoJoTHO Tenmepatypbl BecbMa YIo00eH, ec-
JIII TOJIBKO TEMIIEpPaTyPhbl HE HACTOJBLKO MaJjbl W/IH BeNHKH, YTO HCIO/b-
30Balide Ta30BOTO TEPMOMETPa HEBO3MOMKHO.

VCTaHOBIE € NOMOLLBIO corviamenusa (1) mwkany abcoJiOTHOH Temne-
PATYPHL, Mbl MOXKEM BOCIOJb30BaTbCd YPaBHEHHEM COCTOSHHSA HACAJb-
HOTO rasa jsi olpele/eHHs YHCJICHHOTO 3HaueHHs NIOCTOSTHHOW k (1,
UTO 3KBHBAaJEHTHO, noctosiiHoid R==N_k, rne N, — uucio Asoraipo).
JLas 3Toro HoCTaTOYHO H3MEPUThL o6beM V (B ¢#®) H JlaBjeHue p
{B Qun/cm?) nas v MoOJIeH HAeaJIbHOTO rasa, HaXOAAIErocd NpH Tem-
nepatype TtpoitHolt Touku T,=273,16° K. DTi jAaHHbIC NO3BOASIOT, C
nonoulplo ypasHenHs (4.93), Bwouncauts R. TmiareasHble H3mepenHs
TaKOrC poja JatoT CJjaeilylolee 3HaueHHEe [a30BOH MOCTOSHHON *¥):

R =(8,31434 4+ 0,00035) doc- mo.v=1-epad=? (4)

*) Mbl npeanosnaraeM, YTO F430Bblil TePMOMETP HACTOALKO Mal NO CPAaBHEHMIO
¢ cucreMaM A H B, uTo h3MeHenHeM TeMIepaTyphl 3THX CHCTeM IOCJAe NpPHBeIeHHs
#X B TEIJIOBOH KOHTAKT C TEPMOMETPOM MOMKHO NpeHeGpeus.

**) BulpaxenHas B KaJOpHsX BeqHudHa R paBHa

R =(1,98717 4- 0,00008) xaxr-more=*-2pad=1.
Bcee HpHBeﬂeHHbIe oHOKH OTBeYaloT CIHOMY CTAaHZaApPTHOMY OTKJ/JIOHEHHIO.
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(1 dae==10% ape). 3nas uncjo Asoranpo¥)
N,=1(6,02252 + 0,00009)- 10** mosexys-moro™1, (5)

Mbl MOXKeM Ha OCHOBAHHM onpeleieHus R=N_k noayunurb 3nadenue
nocrosisHoi k:

k= (1,38054 4 0,00006)- 10~2¢ ape-epad-1. (6)
Kak Mbl  vKasblBaJH, BeJHYHHA k&  Ha3blBaeTcst  HOCHMOAHHOL

Boavynarna **).

B ke/nbBHHOBCKOH TemmepaTypHOW llIKase 3HepTHs B | 33 orBeuaer
takoit sneprun kT, xorma T=11600 K. Komuarnas temneparypa
Gaiska K 295 °K, w et coorBeTcTByer, TakuM 00pasoM, 3Heprus
kT (1/40) 35. TakoB NopA/JI0K CpeAHEH KHHETHYECKOH 3HEPrHU Ta30BOH
MOJEKYJIbl IpH KOMHAaTHOW temmepartype.

MHorma npHMEHAT APYIYIO TeMIepaTypHYIO WIKaJay, HashiBaeMYio
wraaot Heascus. Temnepatypa Oc , usvepeHHas B liKade Lleabcust, cie-
AylowM ofpa3on cBsizaHa ¢ abcosmoTHOH Temnepartypoi KeabBuHa:

Oc = (T —273,15) rpanycos Heancus {7)

(oGosHaygentie: “C). B 31ofi wKaje TennepaTypul 3aMepsanis U KulleHHs
BO.1bI, HAXOSIIEACS NPH aTMOCQEPHOM 1aBJCHIH, PaBHBI COOTBETCTBEHHO
0 °C u 100 “C#*¥),

5.2. Bricokue M HH3KHe alcogoTHbie Temnepatyphl

B tabnnue 5.1 npuBeledbl aGCOJOTHBIC Temueparypbl HEKOTOPHIX
XapaKTepHBIX TemnepatypHblX Todek. llenb stoll Tabanun — narh Ka-
yeCTBEHHOE [peicTabjeHne 00 abCOJIOTHOR TemnepaTypHOi wkaJe.
ITon mouxoli naaearenust 1aHROIO BELLECTBa, YKaszaHHOH B Tabjuie, pa-
3vMeeTcst TeMIepaTrypa, NIPH KOTOpPOH KuIKad M TBeplas Qopma Belle-
CcTBa HaxoisTCss B pasBHOBecHH (npu iAasaennu B | atvocdepy). Tipu
GOJBIICH TeMICPaType BELIeCTBO CYLIECTBYET B BHIAE KMAKOCTH. Takim
o6pa3oM, B TOYKE [IJIABJEHUS BONa COBEPLIAET IEPEXOi OT Jblad K KHI-
KOIl BOLe, a B TOYKE KHIIGHHUS BOINa H3 KHIKOCTH CTAHOBUTCH BOJSIHbIM
apoM, T. €. MEepPexOIHT B Ta3000PasHylo (opay.

*) D10 3nauenne N, OTHOCHTCS K COBpeMeHHOIl IIKaje aTOMHRIX BECOB, B KO-
Topoil atomy C12 npanBCHIBAETCS: ATOMHDLIA BeC, TOYHO paBHblt 12, Jlyuwee 3kcnepH-
MEeHTAbHOe ONpeleseHne 4icAa ABOraapo OCHOBAHO HA 3JEKTPHUECKHX H3MePCHHX
BeJIHUKBHBI 3apsfa. HeoOXOAMMOrO AJs 3JeKTPOIHTHYECKOTO PAa3jiokeHHS H3EeCTHOTO
yHeaa MOJel  CI0KHOrO BellecTsa (HanmpHmep, BOIbl), H HA aTOMHLIX H3MepeHHsX
8ap#aia 3JeKTpPOHA.
¥*) Cum. tabanuy (PH3HYECKUX KOHCTAHT B KOHLE KHHIH.
***) B Coennnennnix Itatax muporo nenonpayior wxany Papenreiita. Temzepa-
typa Op B 270{1 wWkane caeaywomuM o6pasoM cBs3aHA C Tempepatypoil B UKale

Leabcus:
Op == (32+ 1.8 O¢) rpanycos ®apenreiita,
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PaccMoTpHM KaKylo-HHGYIb OGLIUHYI0 MAKPOCKOIMHYECKVIO CHCTEMY.
Ee aGcomornaa TeMmnepatypa nodaoxuresapHa*) n kT umeer 3HaueHue,
O/M3K0e K cpeiaHed 3HeprHH (OTCYHTAHHON OT SHEPTHH OCHOBHOTO CO-
cronHus £,), npuxonsueiics Ha olHy creneHb cBOGOALI cHeTeMbl. B co-
raacin ¢ (4.30) Mbl MOKeM HanmHcarthb

kT~Efﬁ. (8)

Hanmenbweli sHepriefi mo6oii cucrems! siBasiercs sueprist E, 0oCHOBHOTO

COCTOSIHIIA. OTCEOIIEI Gjleayer, 4To MHHHMaJbHOE BO3MOXKHOe 3HAUCHHE

TaGaunua 5.1
HexoTophie TeMneparypHbie TOUKH

Tenneparypa nosepxuocrn CoJHua 5500 °K
Touka xunenust Bogbppava (W) - 3800 °K
Touka naasjeHns eoabdpara 3650 °K
Touka kunesns 3oJota (Au) 3090 °K
Touka naaegcHHA 3040Ta 1340 °K
Touxa xknmenng csuuua (Pb) 2020 °K
Touxa nJasJgeHus ceHHUA 600 °K
Touka xunenus sogm (H,O) 373 °K
Touka naasjeHHA BOIbI 273 °K
TeMuepartypa Tesa desioBeKa 310 °K
Koynarnaa temneparypa (npub.anusn-

TEJILHO) 295 °K
Touka kunennsa aszora (N,) 77 °K
Touka n.aapaenns asora 63 °K
Touxka xuneuus sojopozna (H,) 20,3 °K
Touxa nuaejesns Bozopoja 13,8 °K
Touka xunenua requa (He) 4 2°K

a6COJIOTHOH TEMOEepaTypPhl CHCTEME! PABHO HYJI0. DTO 3HAYEHHE JOCTH-
raeTcs B TOM CJyuae, KOTIa SHEpPTHsl CHCTeMbl CTAHOBHTCS! PaBHON 3Hep-
MM €r0 OCHOBHOIO COCTOSTHHs. EcC/IM 3HEPrHs cHCTEMb! HauyMHaeT fpe-
Buiinath £, abcomoTHas Temmoepatypa Bospacraer. Bepxuero npenena
a6COMOTHON TEMNEPATy Pl HE CYLLECTBYeT. ITO COOTBETCTBYET OTCYTCTBHIO
BEPXHEro mnpejiesia y BO3MOKHBIX 3HAYeHHI KHHETHUECKOHR 3Hepruu gac-
THLL B J1060H M3 00biHHBIX cucTeM. Hamnpumep, B 3Be3nax wau s Tepmo-
INepHBIX B3PblBaX Ha 3emJe jocTuraerca Temneparypa nopsaka 107 “K.

Cupelannblec 3aMe4aHUs fIBAAIOTCA CJAeACTBHEM JAHHOIO HaMH olpe-
JeneHusi aGCcOMIOTHOH TeMIeparyphl:

I, 0@
m=b=" ©)

1 xapaKTepa 3aBHcuMocTH ln Q or sHeprum E, nokasanHofi Ha pHc. 4.5.

*) Oco6Lifl cryuyaii CHCTEMBI CNHHOB, Haxojsilefics TpH OTpHLATesNbHOH a6co-
JIOTHOH Temmeparype, paccMoTpeH B 3ajaue 4.29.
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Paccmorpum Oojiee BHUMATeJBbHO IPeIEJbHBIA cayuail, Korpa E—F,
T. €. KOI7id 3HepTHs CHCTEMBI JOCTHTaeT 3HaueHHs SHEPTHHM OCHOBHOTO
COCTOSIHHS. DT0 — HaHMeHbllee M3 BO3MOXHBIX 3HAYEHHU! 3HEPTHH, H B
3TOM ciyuae uncsao Q (E) JOCTYMHBIX COCTOSHHHA CHCTeMBI B JTIOOOM Ma-
JOM HnTepBane 3Hepruit or £ no E--O8E crpemurcsi K 3HaueHmio 2,
KOTopoe odeHb Mand. JlefictBuTeIbHO, Mbi Bijlean B . 3.1, 4ro ciictema
HUMeeT JIHIIb OAHO KBAHTOBOe COCTOAHHE (MJIM MO KpailHel Mepe MaJjoe
YHCAO COCTOSTHHI), COOTBETCTBYIONIEE HAaMMEHbILEH BO3MOXKHOH SHEPTHH.
Haxe ecaH 4MCIO AOCTYNHBLIX COCTOSIHME CHCTeMbl B wuuHTepBase OF
BGau3n E, nmeer nopsanok f, In Q, Gyner scero aumb nopsanka in f. Ira
BeJIMYUHA NIPeHeOperKUMO Maaa 110 CPaBHEHUIO cO 3HaueHueM f npu 60.1b-
1iHX 3Hepruax, rae corJjacHo (3.41) In Q(E)~/f. [lostomy sHTponiis
S==Fk InQ naueii cucTembl BOAU3H S3HEPTHH OCHOBHOTO COCTOSHIS HCUE3aI0-
1I¢ MaJa 110 CpaBHEHHIO CO 3HAYCHHEM 3HTPOMUH NIPH GOJIbIIHX IHEPTHsiX.
Mbl MpUXOIHM K CAEAYIOLUIEMY BBIBOY: KOTAA SHEPTHS CHCTEMb! CTPEMHT-
Csl K HABUHH3IIEMY H3 CBOMX BO3MOXKHLIX 3HA4EHWH, SHTPONHS CTAHO-
BHTCH PEHEOPEIKHMO MaJoH:

S—0 npu E—E,. (10)

[To Mepe TOro Kax sHeprus CHCTeMbl HAUWHACT NPEBLUNATL JHEPTHIO
CCHOBHOTO COCTOSIHUSI, 4IICJO0 COCTOAHUH BO3PacTaeT OuYeHb ObICTPO;
13 (4.29) caexnyer:

Korna sneprus E ymeHbliaercs /10 3HaueHus L, f} cTaHOBUTCS upe3Bul-
uaiigo GoapmM U T K f~i—0. [lpuroiHoe aas JOOKIX CHCTEM fpefleiib-
goe cootHomenue (10) MOMKHO MO3ITOMY 3aMHCAThb B TAKOM Bille:

(1)

} npy T—0 S —0.

3710 yTBepKIeHNHe HOCHT Ha3BaHUE Mpemnveo 30K0HA MepMOOUHAMUK L.
Patorast npu temneparypax T=0 (BO1U3U abcoawommoeo Hyaa Temuepa-
TYpbI), HeOOXONHMO, OJHAKO, ObITb YBEPEHHBIM B TOM, YTO CHCTEMa, C
KOTOPOH Mbl MMEEM /10, NEHCTBUTEJIbHO HAaXOAUTCS B pPaBHOBeCUH. DTC
TeM GoJiee BaxKHO, 4TO MPH CTOJMb HU3KHX TeMiepatypax CKOpOCTh JO-
CTHXKeHHST COCTOSIHHSI paBHOBecHs MOeT ObITb OYeHb MaJioh. [lagee,
ytobbl BEpHO HHTEpPIpeTHpoBaTh yrBepxacHue (11), neodxommmo noc-
TATOYHO XOPOIIO NOHHMATL CBOICTBa paccMaTpHBAaeMOH CHCTEMEI, T. e.
HeoOXOMMMO 3HaTb, CKOJIb Majna A0JKHa ObITb pealibHast TeMiepaTrypa
cHcrembl, 4To6bl npenedbHoe cooTHoueHue (11) Bemodnsaock. Cienyto-
1HA NpHMED HOy4YHTeseH B 5TOM OTHOILEHHH.

SameyaHnune 06 SHTPONHH SlepHB X CHHHOB. Marunrhee
MOMeHTHI sllep oueHb Madabl. [lostoMmy (B oTCyTCeTBHE GO/JBUIOTO BHENIHErO MarHHTHOTO
noJis) JULIbL NpH OYyeHb HH3KOI TeMnepartype nopsiaka 10-¢ °K B3aumoneiicrsne Mexny
s PAMK MOTI0 GBI IPHBECTH K YNIOPAMOUEHHOH OpHeHTalikk cniiuos *). Jlaxe mpu croab
nuskoil Tenmnepatype T, kaK 10—3 °K, sizepubie criuibl OpHEHTHPOBAHB! CTO/b 3Ke C/1Y-

*) Cwm. sazany 5.2,
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uaiiHo, XKax M NpH MoGoil BbICOKOI Tentneparype. B cootserctsun ¢ (11) antporna S,
CBA3AHHAS CO BCeMH CTeNeHAMH CBOBO/IL, KpoMe AAepHBIX CIHHOB, TellcTaHTe L HO Oy.aer
npeHeGpe;kHMo MaJsia npH Tenneparype Ty, OAnako noanas suTponiisl, CBA3aHHas CO
BCeMH CTeneHsiMH CBoOOAbI, BKAKYAA slepHble -
copHbl, OyieT eme umeTp OGojblioe 3HayenHe |
So=Fk In Q, o6yciaosaennoe Gonbiuin dncaon Q = = Umnavna

7
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Puc. 5.3. Cocya [Ibwapa (akioap), noxasaiubil fa
pucysake [Haszsan no MMedll ¢3pa dwmelimca [ibroa-
pa (1842—1923), wkotopulfli B 1898 r. noayuua
BriepBbie KUAKKI BOAOPOA], O6HIMHO HCOOAL3YIOT
npt patoTe B 001aCcTH HI3KHX TemAepaTyp. OH 00-
X0¥ Ha4 CTekNSIHHBIL cocys OOBIUHOIO TepMoca U
H3rororNdeTcd M3 CrekaAa IV N3 MeTaana (na-
ApHMep, M3 Hep:Kaneiollell crand). JKuaxocTh,
HanuTas B cocyd Jbloapa, TepMHYeCKH H30NHPOBI-
Ba OT BHEeMIHeH Cpeldb. 2Ta H30/9UHA JIOCTHTaETr-
Cst Tem, YTO MeMAY CTeHKaMe CoCyAd COo3JaH Bd-

Pic. 3.4. Tunudnoe yerpofcTro H3
Avyx coevios Jbwoapa ains padoThl
s&au3u 1°K. [lbloap,nanoinednbiil
AHARKHM rediHes, [MOMCILEH B ApYy-
roil Abloap, BanoNLCHHBIT KEA-
KM  asotoM. Takpe ycTpollcibo
YMelbUIaeT APOHHKHOBEHHE Tenha
B HHAKHA rennfi. ! — oxpyxkaw-
uiasi cpeaa npn 205° K, 2 — muu-
Ruil azor npd 77 °K, 3 — wuaxuii
renuii ipu 4,2 K, 1 amas, 4 — ox-

Jdaxjennblii  ofpasen, TPH  HH3-
KO TeMilcpaType.

KyyM. Ecau cocyq JAstoapa U3roToBJSH W3 CTeikN4,

TO CTEKJASIIHbIE [TOREPXKOCTH  MeAdTFesbllo noce-

pebpuTh, uTobBl YMEeHBILIKTE [O0TepW Telsa Ha

Hinydende, [ — BakyyM, 2 — nocepefpeuntsle

BHVYTpeHuHe NMOBEPXHOCTH. 3 — OXJaxAdeHHas

WHAKOCTE, TepMHYECKH H30AWPOBARHAA OT OKpY-
watolleli cpelnl.

COCTOSIHHIH, COOTBETCTBYIOILIHX BOSMOMHDING OpDHEHTAUMAM sJepHblX cnunos. Mpt no-
JyuaeM, TakHM o00pasoM, sMecTo (11) cienyiolnee yTBepaetie:

mpp T —0, 8§— 8§,

(12)

3necs T~0, o3nauvaer crpesietie K reMIepaType, KOTOpasi Odellb Madaa, HO elle Jo-
CTAaTOYHO BEJIMKA JJIS1 TOro, 4tolLl COXpaHsijlach ciayuafiHass opHeHTalHs CIWUHOB (Ha-
npuMep, takas kKak Ty=10-3 °K). Yreep:xknenne (12) umMeeT Gosbloe 3HaueHHe, TaK
Kak BelHuyHHa S, AB1gercs olipele/leHHON KOHCTAHTOH, KOTOPASA 3aBHCHT HCKIIOUHTE b-
HO OT THNA ATOMHBIX sjep, ColepXKalHxcs B cHCTeMe, HO COBEPUICHHO He 3aBHCHT T
Jetanefl, KacapIUXcs ypoBuel 3HepTHH cucTembl. Kopove rosops, Sy eCTb KOHCTaHT4,
COBepIIeHHO He 3aBHCALIAN OT YCTPoHCcTBa CHCTEMBI, HANPHMEP, OT NPOCTPAHCTBEHHOr O
pacnpeneieHusi B aToMe, OT NPHPOILI XHMHYeCKOH CBSI3H MeKLY aToMaMi K OT B3anMo-
IefCTBHS MeX1y HHMH. PaccMOTpHM, HampHMep, cicresmy A, COCTOAWYIO H3 OAHOID
MoJaR MeTaJnudeckoro cBaHua (Pb) u onnoro moast cepnt (S), H aApyrywoo cucremy A',
COCTOSIILYIO B3 OJHOro Moas cepHuctoro ceuuua (PbS). Obe cicTeMbl HMeOT BecbMa pas-
JHYHbIe CBOHCTBA, HO OHH COCTOST H3 OJAHOrO H TOTO XKe UHCIa OJHHAKOBHIX fifiep. B npe-
dene T—+0,, nostomy 5HTponHs o0eHX cHcTeM OyjeT OJHOH H TOH e,

HHTepec K M3yueHUIO CHCTEM, HAXOASIMXCA NPH HH3KHX abCoJOT-
HbIX TeMIllepaTypax, 4acTo CBSI3dH C TEéM, YTO HX SHTPOIHA YPe3BhaiHO
MaJja. 2T0 03HayaeT, YTO CHCTeMe JOCTYIHO JIHIUb OTHOCHTE/BHO MaJoe
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YHCJO COCTOAHMI M MOTOMY OHa B 3HAUHTE/bHO GOJBLIEH CTeNeHH ymo-
psafoueHa (06JafaeT 3HAUUTEAbIO MEHbIIKHM GecropsilKoM), 4eM B cay-
yae BLICOKHMX TeMnepaTyp. DoJiee Bhicokas cTenenb MOpsiiKa MPHBOIHT
K MOSBJCHUIO 3aMeuaTebHBIX CBOUCTB Y HEKOTOPHLIX BewectB, HAXOAs-
HIMXCSl NpPH OYeHb HU3KHX Temnepatypax. IlpuBemeM HecKoJsbKo oco-
GeHHO SIPKHX TIPHMEPOB: 3JEKTPOHHbIE CIIHHbI HEKOTOPBIX BELIECTB INpH
HH3KHMX TEeMNepaTypax OKa3biBaKTCA
NIOYTH [OJHOCTHIO OpHEHTHPOBAHHLI-
MH B OJHOM HallpaBJEHUH, TaK 4TO
5TH BelIeCTBA TIPHOODPETAOT CBOfi-
CTB4 TMOCTOSHHBIX MarHutoB. Bo
MHOI'HX MeTaJlJ1aX, HalpuMep, B CBIIH-
e 1 OJIOBE, 3JEKTPOHBI HPOBOJLH-
MOCTH ABHXKYTCS (€3 BCAKOTQ TPEHH S,
ecsd  TemmepaTypa  Meraqasa  MeHb-
1le HEKOTOPOI'o ONpeleseHHOro 3Ha-
yenust (7,2 °K  ana  cBHHua)., Me-
TaMN, B KOTOPOM TEKYyWHH N0 HEMY
TOK HE BCTpeUacT HIUKAKOTo 3JCK-
TPHYECKOTO  CONPOTHBJAEHHUSI, HAa3HI-
BAETCSs CBCPXNPOBOOHLUKOM. ARAIOTHY-
HO, XKHAKUH rejiuil (pu atvochepHom
JIaBJEHHH OB OCTAGTCS YKMAKOCTBIO

Puc. 5.5, QoTorpahHa  KomMMeDHLCKOLo

OKIKUTENa ARY MOAYUeHHa XKHUAKOTO re-
NHY K3 BAXoJAilerocs fIpH KOMUATHOII
TemllepaType razoobpazuoro renus, C He-
of6xogHMBIM  JAOTTONHHTelbHEM 060D yHO-
BaiMeM, COCTORULMM H3 KomOpeccopa H
raarodpfepa, 3TOT ONHAKHTEeAb A4eT He-
CKOJABKO JHTPOB HAKOMO TedHA B Hac.
IeprolauaneHee oXJaamliende rasa jo-
CTHTAeTCH TeM, 9TC TeDMHYeCKH H30/HPO-
BAHARLI a3 cobBeplideT MeXanNyeCcKylo
pafoTy Hajx NMoplHAMH (B Bepxneil 4acTH
pHCYHKa BH/JAHB LITOKH 3TIX fopuiefi).
ITpu sTOM NMPORCXOANT yMeubuleHKe Cpek-
Hefi SHePTHH i, COOTBETCTBeHHO. abromoT-
"ol TemnepaTypbl raza. [eamit snepeble
oxuxnsHa B 1908 r. patcknit gnasnk Kamep-
aupr-Ouhec (I — Gaanonwsl ¢ raszoofpas-
fbiM reanem, 2 — TpyGonpoBoR AaAA mni-
KOro reqid, § — HITOKU NOPUIHeil).

npu T — 0) npu TemMueparype, MeHb-
mweit 2,18 °K, Teuer, He HCHIBITHIBAS
HAKAKOrO TPEHUs, U OKa3hiBaercs 8
COCTOSIHHHM OLICTPO NPOHHKATb Hepes
ey pasmepoMm meHbiue 1079 ca;
9TO CBOHCTBO >KMAKOIO TeJIHA HAa3bl-
Baercs ceepxmeryuecmoro, Takuy 06-
pas3onM, NOpH HH3KHX TemMOeparypax
BO3NNKaeT uenas odJacTb HHTEpecy-
IOWWX Hac sBJeHuit. Jlofas cucrema
BO/H3H T =0 Haxo1HTCH oueHb OJH3-
KO K CBOEMY OCHOBHOMY COCTOSTHHIO.

[losToMmy s TNOHHMaHHMSA CBOHCTB
TAKOH CHCTeMbl HeoOX0IHMO KBAHTOBOMEXZHHUYECKO® DaCcCMOTPeHUE.
JleficTBUTEABHO, TIPYU CTOJh HH3KIUX Temnepatypax crelieHb Gecropaixa
HACTOJLKO MaJad, 4TO KBaHTOBhle 3PPEKThl MOTVT HAOJOAATbCH B MGK-
pockonugeckom Macirrabe. Lleablo TtHX  3ameyanHi ObLiO [OACHUTH,
MoYeMy (PUBUKQ HUBKUX Mennepamyp SBASETCS B HACTOSUIEE BpeMs
00/1aCTHI0 AKTUBHBIX HCCJeI0BaHHHA.

EcrectBenHo BosHUKaeT caedviomii Boipoc. Ckoab GJH3KO MOXKeT
MAKPOCKOMNHYECKAs CHCTeMa HAXOIUTbCA OKO.J0 CBOEr0 OCHOBHOFPO CO-
CTOSIHUS, MHBIMH CJIOBAMH, [0 CKOJib HH3KHUX TeMIeparyp OHa MOXKeT
ObITh oxJaxneHa? CoBpenMeHHasl TEXHHKA 1103BOJIACT JOCTHUbL Temrepa-
Typet B 1 °K nomeliesiiem cucteMel B TEMJIOBYIO BaHHY, CONEPIKAULYIO
KBAKHE requii. Touky KHIeHus! TAaKOH XKHAKOCTH MOXKHO TIOHH3HTDH 10

192



1 °K, ymenbluas, ¢ MoMmolblo MOAXOAAIErO Hacoca *), AaBJaeHlie mapa
nan wuakoersio. Ilpumenus tor e meron Kk xuaxomy reswio Hed (sara
KUAKOCTh 00pa3soBaHa PexKUM K30TOIMOM reaust He?, Toraa xak npupox-
HbIfl TesTHI COCTOHT IVIaBHLIM 06pa30M H3 H30TOMNA He‘) MOXKHO 6e3 60J1b-
{IMX 3aTPyAHEHHH JOCTHYH Temneparypet, 6.4uskod xk 0,3° K. las 1o-
CTHXEHHA CYIIECTBEHHO 6oJiee HH3KHX TeMreparyp HenGXOIHMbl 50/1b-
wre ycuaHg. Tak, Hanpumep, Ttemnepatypsl B 0,01 °K wuan 1axke
0,001 °K noKHO J0CTHYL ¢ MOMOIbIO [efiCTBlist MAarHHTHOro TOJf Ha
TEPMHYECKH H30/HPOBAHHYIO CHCTEMY CIHHOB. ITHM METOJOM -OKasa-
JI0Cb BO3MOKHbBIM JAOCTHYb CTOJb HHU3KOH TeMimepatypnl, kak 10~¢ °K.

5.3. PaGoTta, BHYTPeHHSI1 3HEPrusl W TemJjoTa

B n. 3.7 6b10 tBeaeHo npejcTaBaeHHe o TemsoTe U paGorte. Ml no-
JYUHJIH TaM CJeayloliee oCHOBHoe ypasHenHe (3.53):

AE=W-1Q, (13)

CBSI3bIBAIOLLEE yBeJIquHMe CpeaHed BHEpPTHH E moboi cucTeMn! ¢ MaK-
POCKOIHYECKOH paboToi, HpOHBBOILHMOH Hajl CHCTEeMOM, M C KOJHYeCT-
BOM [OTIVIOILEHIHOIO CHCTeMOH Tensa. DTO COOTHOMICHHE SIBJASETCS OCHO-
BOH 151 MAKPOCKOMUUCCKUX M3MEPeHHH BCeX BXOAAMMX B HEIO BEAHUH .
J1efCTBHTENBHO, Mbl MOXKEM MOJOHTH K 3TOH 3ajaue CJeAYIOUUM obpa-
30M. Makpockonnueckass pabora SBASETCA BEJIHYHHOH, H3BeCTHOI W3
MeXaHUKH. Ee JIerKo H3Mepurh, Tak KakK OHa onpenessercs npouspene-
HUEM HEKOTOPOH MaKPOCKOIHYECKOIT CHJIBI Ha COOTBETCTBYIONIEE MaKpO-
cKomiyecKoe cMeticHue. M3onnposas cucreMy TepMHUYECKH, MBI MOZKEM
cuurath, 410 B (13) Q=0; takum o6pa3oM, H3MepeHHe CpPelHel HeprHu

E cucreMbl CBOJIMTCH K M3MepeHuio pabotht. Ecau cuctéma He apasercs
TEPMHYCCKH H30JHPOBAHHON, MBI MOXKEM ONPEAEC/]HTb MOrJOIEHHOE €10
TEIJIO C MTOMOUIBIO cpopmy.nbl (13), ecan ucnonb3oBaTe NOJAYIYCHHYIO PaHee
anpopuaumo 0 ee cpeaHell sHepryuy U nmepmb COBEPLUEHHYIO HAJ CHC-
TeMoi pabory. :

Mpbl mokasanm, Kak B IPHHIHIC MOMKHO H3MEPHTb BeJIHUHHBI, BXO-
Jasie B gopmyday (13). Teneps pacemorpuM nonobubie namepenns 6oJjiee
NMoApPOOHO M NPHBEEM HECKO/IbKO IIPHMEPOB.

Paboma. B cooreercieuM ¢ onpejenenuem (3.51) makpockouunyec- :
Kas paboTa, coBepllaeMas Hajl CHCTEMOH, PaBHa BO3DaCTaHHIO CPEiHeH
SHEPTHH CHCTEMb!, €CJIH MOCTeNHsIs Te PMHUYCCKH K301 poBana (Mau adu-
AbamuH4eck i L30AUpoeAHA) 1 MEHSCTCS KaKOH-TO H3 BHEILIHUX TapaMeTpoB.
B stom cayuae BO3pacTanue cpenHell 9HEPTHH MOXKHO BBIYHC/IHTL HA
OCHOBAHMM MPOCTHX 3aKOHOB MeXaHMKH: OHO onpene/siercst NpoHsBene-
HUeM CHJILI Ha CMellleHHe, €l Phi3BaHHoe. CTPOro roBops, BhIUHCAEHHE
H3MeHeHHsI cpefHeld sHepPrHH TpefyeT BBIUHCJIEHHS CPEJHEero 3HaueHusd
3TOTO - IPOH3BEEHUST I CHCTeM, 00pasylomux CTATHCTHYCCKHH aH-
cambuib. OIHAKO, €CTH MBI HMEEM JIeJI0 ¢ MAKPOCKOITHYECKHMH CHCTEMaMH,

!t

*) Mpes 3toro Meroja fACHA. aJbMHHHCTAM, TOTOBHBMINM THILY B ropax. Ha Belr-
coTe Gnarojaps MeHbllemy, aTMOChEpHOMY JABJCHHIO BOJA KHITHT UPH MeHbiuefl Tem-
nmepatype, 4eM HAa YpOBHe MOpS.
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CHJ/Ia H CMellleHIle gBJSI0TCA MAKPOCKONHYECKHMH BeJIHYHHAMU, KOTOpLIe
HOYTH BCCrad paBHBI CBOUM CPCIHHM 3HAUCHHAM, TAK UYTO HCIILIThIBAEMbIe
HMH QUayKTyanul npenebpexuMo Mmasbl. [lostoMy Ha mpakTtHke jpocta-
TOUHO BBINOJHUTL W3MEpeHHe C OMHOH CHCTEMOH, YTOOHI ONpeieaHTh H3-
MEHEeHHEe CpelHeH 3HepTHH H COOTBETCTBYIOUYIO padoTy.

Mbl npuBejeM HEKOTOpPHIC NPHMEPB, KOTOPbIE IIOKAXKYT OOLIUHBE
NpHEMEI, HpHMEHHEMbIE AJ1 IIBMBpBHHH pHGOTb[.

ilpumep [. Mexannueckan pa6orta. Ha puc. 5.6 noxasana ciic-
TeMa A, cocTofUlaa W3 CoCYJa, HaNOJHEHHOrO BOJOH, TEpMOMETpa H KoJeca ¢ .JTorac-
TAMIL. T2 CHCTeMA MOXKeT B3auMOIefiCTBOBaTh € BechMa npoctoil cueremoit A°, coctos-
plelt U3 rpysa u 3emiu. Hefictsue 3emMan CkaspiBaeTcs B NOSBJACHIN FPABHTAUIIOHHON

CUAN W, dedcrBytomwefl a Tpy3 (O6e cHCTeMbl MOIYT B3aMMOJIECTBOBAThL, TaK KaK Ha-
JAlOWHH Ipy3 BpawaeT KOieco, KOTOpOe NPOH3BOAWT MepeMeltHBaHHe BOJh. ITo

L

Lucrema A Cucmema A
Puc. 5.6. Cucrema A cocrouT H3 cocy- Puc. 5.7, Cucrema A cocToMT 13 COCY-
BAa ¢ wonoii, repMoMeTpa H KOJNeCa ¢ Ba ¢ BOJoOIl, TepMOMeTpa H SdeRTplitec-
nonactami, [lapatownii rpys coreep- Koro conpoTuedenns. PaboTta najg 1ol
waeT paboTy Hajg 3TOH CHCTEMOT|. cucreMoll coBepiiaeTcsn Gatapeeil

B3aHMOJIEHCTBHE SIBJASIETCS ajHa0aTHUECKHM, FaK Kak elllHCTBeHHas CBSI3b MEKIY
CHCTeMaMH OCYINECTBJSIETCH C NOMOILbIO BepesKH, Yeped KoTOPYIo npuTekaeT npeHebpe-
KUMO MaTOe KOJHYeCTBO Teinia. BueutlHust napaserpos, XapaKkTepH3YIOWHUNM CHCTCNY
A’ , siBAsieTcs paccTosiHHe § OT rpy3a o 6JoKa. EC/IH rpys cMemiaercst Ha paccToshiie
As, He MeHss CBoeil CKOPOCTH, TO cpelnsisi dHepris chetessl A' yvenbluaetcst Ha Beli-
unHy w As, paBUYO YMeHbLIEHHIO TOTEHUHAAbHON SHepryH rpysa *)} (cuna TsKecTH co-
BepuiaeT paGory Haj rpysom). Tax xak cocraphast cHcrema, OGpa3oBaHHAS CHCTEMANH
A n A’, ap1seTCs H30JHPOBAHHOM, CpelHsIT SHeprist cucTeMul A ToTKHA BO3pacTi Ha
BesiiuHHY w As. ITO 3HAYAT, 4TO HajaomEuit rpys w cucrenst A npounssen Hax axuaba-
TRYECKH H30/IPOBAHHOI CHCTeMoil A paboty w As, Takum o6pa3on, nanepeHne pasoThHi,
NPOH3BEREHHOI Hal CHCTeMOl, B TOM CJAYydYae CBOIHTCH K H3MepPeHHIo cueireHust As,

[Mpumep Il.3nexTpuueckasn pabGorta. Pabory, -coBepwaeye
C NOMOIILBI0 37eKTPHYECTBA, MOKHO JIeFrKO H TOUHO H3MepHTh *¥). ¥crpoiictBO, NMoKa-
3aHHOe Ha pHC. 5.7, aHAJIOTHYHO YCTPOICTBY, pacCMOTPeHHOMY Bhille Ha pue. 3.6.
OHo cOCTOHT U3 COCYAd C BOJIOI, TePMOMeTPA H NIEeKTPHUECKOTo CONpOTHBAEHHS, CoelH-

*) I'py3s ofbluBO CyCKaeTCd € MOCTOSHHON CKOPOCTbI0, TAK KAk OH OUeHb GHICTPO
HDOCTHraeT KoHeudoH ckopoctH. Ecawm ckopocFs rpysa wmeHsercs, TO H3MeHeHHe
cpeanell 3Heprin A paBHO H3MEHEHHIO CYMMBI NOTEHIHANLHOH SHeprHH H KUHeTHYe-
CKOH 3Hepru# rpysa.

**) Jra pabora siBAsercd MeXxaHHYecKoil paboToil, HO ee COBepIAIOT JeKTPHYe-
CKHe CRJbL
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HedHoro ¢ 6avapeei ¢ 3. 4. c. V. Coejuuniensusie IPOBDAA HACTOABKO TOHKH, 4TO CHC-
TeMy A MOMKHO CUMTaTb TepMHYeCKH H30AMpOBaHHOil oT GaTapen. Bmewnnm napamer-
pon 41s Oatapen B AaHHOM CAVuae fB/AsieTcs nepeHociuMbiil elo 3apax g. Ecau Gatapen
tiepenocHT 3apad Ag, NHpoTekaioHIHi yepe3 coNpoTHBACHHe, TO paGoTa, coBepuiaeMan
B 3TOM npouecce Garapeefl nag cucremolh A, pasua V Ag. 3apag Ag erko H3MEPHTS,
onpeeans speMs A/ nporexanus H3BECTHOIO TOKA yepes Garapeto: Ag=i A¢. Conpo-
THBIeHHE UIPaeT COBEPUWeHHO TV XKe Podb, UTO H KOJ€CO C JIONACTAMH B mpCIABIAVILEM
upHMepe: 3T0 YCTP@HCTBO, HajJ KOTOPbLIM YAOOGHO CoBepLIATh padoTy.

TN\

OcoGeHHOll NPOCTOTOH OT/IMYACTCH PAacCMOTPEHHE Kgasucmanuec-
Kix TipoueccoB. Mul rOHUMaeM HOA 3THM Ha3BAaHWEM I1POIECCH!, MPOTe-
Kamwlillle JOCTAaTOUHO MeNJICHHO MU TOro, '
yTOObLl pACCMATPHBAaeMass CHCTEMa Bce Bpems
HAXO0IHJaCk CKOJb VIOAHO OJH3KO K COCTOS-
HHIO paBHOBecHs. PACCMOTPHM HMEIONLHH BAXK-
1I0e 3HaYeHue Ccaydaid noToka {(ABHKYyeics
CpeaoH MOXKeT OblThb HKIJAKOCTb HJ Fas) Il Hail-
leM  BbhipaxkeHue 118 padoThl, COBeplliaeMon
Ha/l 3THM NOTOKOM B Ka3HCTATHYECKOM {IpO- —-—’l
necce, Tak KaK [OTOK MOCTOAHHO HAXOAUTCH

Puc, 5.8. BelliecTso B UHAMIA-
B COCTOSIHHH PAaBHOBECHS, B HEM OTCVTCTBYIOT  pe (ras Hal WHAKACTR), orpa-
HEO0IHOPOJAHOCTH MJIOTHOCTH H/IPYTHE IBJIeHMs,  M7UeiHoe ToABLKIbM VLZ”OP‘“’
. o 1eM € 1TOBepPXHOCTbLIO . Pac-
xapaxTepHble A/1s1 ObICTPBIX TEUEHNE BEUIECTBA,  crosuite nopmns  OF  JAeBoh
II ITOTOK MOKeT ObITh OIHCAH € [IOMOIIBIO CPef- CTe ki 0Goataueio wepes s.
Hero 1asJeHud p. 11a [pOCTOTb! AOIYCTHM,
UTO Haille BEleCTBO HAXOANWTCH B WHJINHADE, OTPaHIYeHHOM C OJJHO# CTO-
POHBI IIOJABHXKHBIN HOPLWHEM (¢ NJ40L1aIblo NOBEPXHOCTH /), KaKk TMoKa-
3aHO Ha pHc. 5.8. BHelHHM mapaMeTpoM TaKOH CHCTeMbl aABJsercs pac-
CTOSTBIIE S OT JIEBOI CTEHKH J0 MOPLUHSI HJ/l, 49TO 3KBHBAJICHTHO, 00bem
V'="_/s, sanmvaemblil BeiecTBoM. Jlasjenue paBHO CHIE, NPHXOASLICHCS
Ha eluHuuy niouasi. [lostoMy cpeanss BesMUHHA CHJIbL, ACHCTBYIOLIEH
Ha [OoplIeHb CO CTOPOHBbl BeIUeCTBA CJieBa Hamnpaso, Ovaer p.l, CoOT-
BETCTBEHHO CaM IIOPILIEHb NEHCTBYET Ha BEIeCTBO € TOH Ke CHJOH, HO
B HPOTHBOIIOJNOMXHOM HanpasaeHun. JlonycTHM, 4To nopuieHb OYeHb MEJ -
JIEHHO CMellaeTcsl BIPAaBO Ha BeJAHYHHY ds (MpH 3ToM 00beM, 3aHHMaeMbli
BelleCTBOM, MeHsercst Ha 4ds). PabGora, coBepiiaeMas Haj BelIECTBOM,
Oyler paBHa

dW = (—pA)ds = —p (A ds),

uan

dws—mwl (14)

3HaK MHHYC TOHBJSAETCS NOTOMY, UTO CMeilleHHe ds u cuna p.4, jeitcr-

BYIOI|a5 Ha BEILeCTBO, MMEIT MPOTHBONOJIOXKHBIE HANpaBaeHus *).
Ecan nsmeHenune oObeMa BewecTBa MPOUCXOAHT KBa3UCTATHYECKH

OT Haya/lbHOro 3Havenus V; fo komHeyHoro suauenust Vy, 1o Ha /oGO

Craanyd 3Toro npouecca AaBJ/eHUHE p ABAAETCHA HEKOTOPOH q)yHKHHEH

*) Jlerxo nokasath, yrto Bblpa}xenue (14) cnpaseia¥BO /5 BewiecTea, 3AKJHOYEH-
HOTO B COCYA 00LOMOM V POH3BOJILHON GopMbL.
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obbema H Temnepatypsl. UToObl BHIUHCANTD NOJAHYIO padoTy, coBepluae-
MYIO HAJ[ BeulecTBOM B TeUeHHe 3TOro Mporecca, HYXHO CJI0XKHTh Gec-
KOHEUHO Majpie paGorel (14). Takum ofpasom, mostydaeM

Vf Vl
W:_Sgdvzgﬁdv. (15)
V; Yy

Pafora, comepiennass Hai BeEUleCTROM, MoJOXHTesbHa, ecau V, <V,

» oTpunareqnHa, ecan V,>>V;. M3 (1) caenyer, uro 312 paGoTa usme-

_ psieTcst  3aWTPHXOBAHHON  NJIOWALbIO
FA noj KpHBOH Ha puc. 5.9.

Brympennaa snepeus. Bepnemcs te-

nepb K ONpPeIeseHUI0 GHYMPEHHeLl IHep-

euu I maxpockonnueckoi cHCTeMbl (T. e.

NONHON HEPTHH BCEX COCTABJAIOUIHX ee

YaCTHII B CHCTeMe OTcueTa, IJe UEeHTP

Macc cucreMbl nokoutes *). V3 mexaunn-

> KM HaM M3BEeCTHO, YTO HePTHS CHCTeMbl

V' (B wactHoctn, ee noreHuuasibHast 3HEp-

THsI) MOKeT ObITb OMpejeaeHa ¢ TOUHO-

Puc. 5.9. 3aBucuMocTs cpeiHero JAas-

Jerun p oT o0LeMa V JnA HeKoTopofl

CHETEMDI. BBLUTpHXOBaHHaH nJoulalib

TOJ KpUBOH CooTReTCTBYeT palboTe,

COBeplIAe MOl HAJL CHCTeMOM pH KBasl-

CTaTHUYCCKOM  yMenbllelikd  OGbCMa
oT 13 jno Vf.

CTbI IO IIPOH3BOJILHON ITOCTOAHHON. ITO
JKe 3aMeuaHye ClipaBeJiuBo, padyMeeresa,
U AAS1 CpelHero 3HaueHHs! BHYTPeHHel

sneprun E MakpOCKOMHYECKOH CHCTEMbI .

[losTOoMy 3HaueHUe sHepTruH E CHCTeMbl,
HaXOAsAILEHCA B JAaHHOM MaKpOCOCTOSTHUM, HMeeT CMBICJ TOJBKO 110 OT-
HOIIEHHIO K 3HAYEHHIO 3HEPTHH HEKOTOPOTO CTaHAapPTHOI'O0 MaKpOCOCTO-
AHHS CHCTeMbl. DH3HUeCKoe 3HaueHHe UMeeT TOJbKO pPa3HOCb CPEHUX
3HEPTHH, II HMCHHO 3Td PasHOCTb H U3MepSeTcs Mo MPOH3BedeHHOH pa-
0oTe B TOM c/lyuae, KOTla CHCTeMa ajHaGaTHYeCKH H30JHpPOBaHa. D10
NOSICHEHO B caeaylollleM HpHMepe.

Mpunmep IHI.DnerkTpuuecKHe H3MepeHHS BHYTpPpeHHel
5 Hepr uH. Paccmorpunm cucteMy A Ha pHc. 5.7. Ee MakpococTosiHlie MOXKHO Xapak-
TePH30BATh C IIOMOLILI0 €JHHCTBEHHOI'O MAKPOCKOIHUECKOro napamMeTpa, a HMeHHo,
TeMnepaTypsl, ecIH JIpyrHe MakKpoCKOUHYECKHe napameTphi (Hanpumep, AdaBieHHe)
0CTaI0TCA HeH3MeHHBIMH. HeT HeoGxoauMoCTH, 4TOOB 3Ta TeMmepaTypa Oblia H3mepe-
Ha no abcoawTHoil mWKane. Mbl MOXKeM, HampHMep, NPHHATb 33 MePY TeMNIepaTy Phf
LHHY L CTOAOHKE KHAKOCTH B JIIOOOM TepMoMeTpe, HaXOAdIeMCs B TeNJOBOM KOHTAKTC

¢ Hamell cucremofi A. O6o3HauuM uepe3 L CpefHIO BHYTPEHHIOI 3HePrHi0 CHCTEMH,
HaxoAsiuteficst B paBHOBECHH B MAaKPOCOCTORHHH, KOTOPOMY COOTBETCTBYeT TeMileparyp-

Helii oTcuer L, a yepes £, — CpeJIHIOI0 2HepTrHI0 B HEKOTOPOM CTAHAAPTHOM MaKpoco-
CTOSIHHK 4, KOTOPOMY COOTBETCTBYeT Temneparypa L,. (He Tepas o0pHoCcTH paccymxje-

HHil, MBI MOXKeM MOJOKHTh BeMHuuHy E, pasHolt ny/me.) Hac HHTepecyer chelyiomuii
BOIIPOC: KAaKOBO 3HayeHHe .cpeiHeil BHYTpeHHeil sHeprud £ — E;, oTcuHMTaHHOi oOT

. *) B stom cayuae, ecan CHCTeMa Kak LeJoe JIOKOHTCH (B JlaGopaTOpHH), €e BHYT-
PeHHsisT 3Heprus paBHa noJIHoil Hepruu. Ecim crcTeMa HAXOJUTCs B ABHXKEHHH, ee
JIOJHAS 3HeprHs OTIMYAETCS OT BHYTPEHHell SHEPTHH Ha BeJHYHHY KHHETHYeCKOH
IHepruH, CBA3aHHON C JBHXKeHHeM HEeHTpa . Macc.
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HHEPTHH CTAHAAPTHOrQ MAKPOCOCTOSTHHSA 4, €CJIH CHCTeMa Haxo,umca B \mxpococmﬂmm
XapaKkTepHIVIOIEeMCca TeMnepatypoit L? -

Urtob6bl oTBETHTL Ha 3TOT BOMpPOC, cAetaeM cHCTeMy A TepMquCKH HBOJ'IHpOBaHHOH
KaK Ha pHC. 5.7. IlycTh B Havase nporecca oHAa HAXOAHTCA B CocTORHEHA 4. CoBepUINM HaX
cHCTemoH HexoTopyio pabory W=V Ag, nponyckas yepe3 CONPOTHBICHHE OnpelesieH-
HO€ 'KOJHUeCTBO 3JeKTpHuecTsa Ag. JlaauM cucteme npuiiTH B COCTOsIHKE PaBHOBeCHS
H H3MepuM ee TeMnepaTypubiit napamerp L. V3 ypasuennsa (13) cienaver, yro npa Q=0

cpeilHece 3HaueHue £ 3HeprHH CHCTeMBI B €€ HOBOM
MaKpococTosiinu GyjeT paBio E

E—EGZW:VA(]

Taxnm o0pason, Mbl HalULIH 3Hauenue £, coorBer- -
cTBYIOLlee AaHHOH TeMmnepartype L. £,
Temnepb Mbl MOXeM MHOTO pas NOBTOPHTb TAKOTO
pOia ONBITE:, KaXKIBH pa3 NPOM3BO/A HAl CHCTeMOR
PAasJHUYHOE KOJHYeCTBO paboThl, AHAJOTHYHBIM METO-
IOM MBI MOKEM NOJYYMTL HH(OPMAUHIO H O MaKpo-

COCTOAHUAX, CpeInRad SHepIruda £ KOTOpPBIX MeHbuIe

cpelHefl suepruu £,. Ias sToro Hy}HO npuBectH  Prc 5 10.. Ha rpadure cxemarn-
-~ YeCKH Monka3atd 3aBHCHMOCTD Chell-
CHCT}eMY’ Izcocro;mne, xapaz<TepH3y1:)meeCH Tgmnc JeTo anadenms BHyTpeReli SHED-
paTypoi L, K 3aTeM H3MEPHTL KOMHUECTBO PAbOTBl, W F  cyoremsr A mna puc. 5.7
H@OﬁXOJIHMOH A nepesoXa CHCTEMBI B COCTOSIHHE C OT TemnepaTypuoro orcdeta L.

TeMnepatypoii L ,. PesyasTatom 60abiloro yucaa ra-

KHX onbltoB Oyjger nHabop 3HaueHHH £, OTBeYAIOMIMX Pa3IuyHLIM 3HAUEHHAM TeMilepa-
Typuoro napaMerpa L. [loayuennan undopmanus Moxer OulTh NpeacTaBieHa B BHle
rpaduka, ItpuMep KoTtoporo rnokasad na puc. 5.10. Teneps Hawua 3ajaua paspeldeHa.
HeficTBHTEILHO, €CAH CHCTeMa HAXOAMTCS B COCTOSTHHH PABHOBECHS, TO C NOMOULLIO
MpUBEIeHHOTO FpaiKka Mbl MOmeM, 3Has ee Tewmileparypy L, HeMelieHHO NOJVHHTD
CPEAHIO PHEPTHI0 CHCTeMbl (OTCUHTAHHYK) OT SHEPTHH CTAHIAPTHOTO MAKPOCKOIHYe-
CKOTO COCTOSAHHS ). .

Tenao. Y3 Qopmyanl (13) cnenyer, uto usmepeHne Tensa (Tak Has3bl-
BaeMast Kaqaopumempud) MoKeT OblThb CBEIeHO K H3MepeHHI0 paGoTHL.
BeJsHuyuHa IMOrJIOWIEHHOTO CHCTEMOH TenJa MOXeT ObITh U3MepeHa JBYMs
criocofaMH; HelloCPeACTBEHHO 110 11POH3Be/IeHHOH paboTe aub0 110 H3BECT-
HOMY H3MEHEHHI0 BHYTPEHHEH 3HepPrHH HEKOTOPOH IPYTroH CHCTEMEI,
OT KOTOpOH 6bli0o noJiydeHo Temso Q. Ofa Meroma HJMIOCTPHPYIOTCH
CJIEIYIOIMMIL [IPHMEepaMH.

[Tpumep IV.[IpsamMoe u3aMepenHe Tensa no HPOHSIBE-
reHHO@# padoTe. Ha puc. 5.1l nokazana cucrema B, HaX0AAIaACsa B TENJIOBOM
KOHTaKTe ¢ ccteMoil A puc. 5.7. B KauectBe cHCTeMbl B MOXKHO B35Tb HEKOTOPYIO MaK-
POCKOITHYECKYIO CHCTeMY, HanpHMep, KYCOK Meill MJIH COCYA, HAnmoJHeHHHH BoAoH. Mur
Mpe;onaraes, Yto BHELIHAE NapaMeTpLl cHCTeMbl B (PHKCHPOBaHBL, TaK 4TO 3Ta CHCTeMA
pabothl He Npou3oaHtT. OHa MOXeT B3aHMMOIeHdCTBOBATL C cHereMoll A, JHWb norao-
mas HeKoTopoe KoanyecTso Tenaa Q. JonycTum, UTo MBI HAYKHAEM [IPONECC C HEKO-
TOPOTO MAKPOCOCTOSIHUS @, KOTJa IloJaHas cHctema A-i-B HaXoiuTcs B PaBHOBeCHM, a
TepMOMeTp NoKaskBaeT Temnepatypy L,. Ilocre Toro kak Gatapes coseplinia HEKOTO-
pyio onpefedennyio paGory W, ses cueTeMa Mepelyia B HOBOE COCTOSIHHE paBHOBECHS
b, H NoKaszaHHe TepMoMerpa paBHo L. Kakoe KonuyecTBo Tenia Qp NOMMOmMEHO CHCTe-
moil B B 3TOM fipowecce?

. Cocrasnas cuctema A+ B tepmuyeckd nsonuposana. Ma (13) caeayer, uro nph
3TOM paGoTa W, coBepileHHas Haj CHCTEMOH HleT Ha yBeJHUeHHE ee cpelHell SHepTHH,
T. €.

~

W —AE  +AEp, (16)
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rae AE 4 u AE g— yBeqnuenite cpeaneit suepruy cuctem 4 n B cootsercraenno. Han
cucteMoli B pafoTa He Npou3BORHJIACD, 1103TOMY, IpHMeHAA paseHcrBo (13) K cucTeme
B, mul umeem

AEp=Qp (17)

T. €. eIMHCTBEHHOH NpHUHHON BO3pacTaHMs cpelHell 3HepruM cucreMs! B sBJIseTcs
fnoryomwente Temna or cacreMsl A, OOseaudss (16) u (17), umeen

Q=W —AL . (18)

Pagory W, cosepiennyio 6atapeeil, MOXKHO HeNocpeICTRCHHO H3MepHTh. Ha nipaktmke
cucteMa A, coneprKamas conpoTHBAeHne B TepMoMeTp, o6bLYHO MaAa 110 CPABHEHHIO C
HHTEpeCcYOULei Hac clucTeMol 8. B TakoM cayyade H3MCHeHHeM CpefHeli 31epriH CHCTeMEl

A soxHO npenedpeus (Tak Kak AE (<€ W, uiu

AE +<Qp); torna u3 (18) uenocpeiactsetito

I\

i
)

uiiill

_A — i _— ] c |
Puc. 5.11. llpsasoe usMepeune (B ean- Puc. 5.12. KoJanueceTso Tefnia,
Humax paGoTsl) KOJARYECTBA Teill1a QB, HOTAOWeHH e RYyCKoM Meg C,
roracilendors cucteMoil B. Benomaora- H3IMEPAETCH MO  KOJIHYeCTBV
TeAblas cucteMa A, coCToALLAs 13 Tep- Telld,  OTAAHHOMY N3BCCTHOH
MoMeTpa H CONPOTHBACHIIM,  MOMeT cuctemofi B, cocrosiyeil na co-
OuiTh Cheaada odyedb Hebonblion 0o CyfAa € BoJoit H TepMOoMeTpa.

cpaBHeHHuIo ¢ cucremoll B, TeMitepary-
Pa KoTopoll uamepsieTcs.

crepyer Qp=W. B Oojee ofuleMm chiydde HeOGXOAHMO HCHOIL30BATL OMHCAHHDIG
BhiIlIe M3MePeHHs, BBIMOJAHENHBIC ¢ cHeTeMol A, Ha OCHOBAHHH KOTOPHIX OblI MOCTpoeH
rpaduk puc. 5.10. 21oT rpaduk J1aeT BO3MOKIOCTL HAfTH H3MeHeliHe Cpeliell 3HEPIUH

AL 4, cooTseTcTBYIOLlee H3MeHeHHWIO Temnepatypu of Ly 1o Lp. 3atem us (18) mn
NoJYy4aeM KOJMYeCTRO TelJia, TMOIVIotieHoro cucTenMofl B. 3amerum, uTo, MHOro-
KPATHO [IOBTOPSIs1 OMHCAHNbIE 3)leCh H3MePEeHH, Mb! CMOKEM YCTAHOBUTH 3ABHCHMOCTDH

cpeiHeill BHYTpenuell suepruu £ p cicteybl B 0T ee MaKPOCKONHUECKHX [1APAMETPOB.

[Mpumep V. HMamepenune xonHuYecTBA tTellJa NOYTeM
cpaBHeHM. Koanuectno renaa ¢, NONIONIeHHOE HeKOTOPOIi cueteMoll C, MOKHO
H3MEPUTh, CPABHHB TEIVIO0 Qe € TEMJOM, OTAAHHBIN APVIOi cucTesoil B, m1s kotopoii
HaM M3BeCTHA 3aBHCHMOCTh BHYTPeHHell SHepriH oT TemncpatTypnl. Hanpunep, cicrema
C moxer ObITb KYCKOM MeiH, a cHCTemd B (paccMOTpeHHAast B NpefbLiyuieM HpHMepe)
MOXKET COCTOATh 113 COCYAA ¢ BOMOH # Tepmonerpa. [lpenosioxum, yTo Mbl Co31aeM KOB-
TaKT MeXIY OGeHMH CHCTEAANH, HAPUMep, noetllaeM KYCOK MeaH B roay. [lycrs ciox-
Has cucteMa B+4-C Oyzer TepMHYeCKH H30JIMPOBAHHOH, a4 BCE BHEIUHME IapaMCTPH
HeH3MeHHbl. 3AKOH COXpalleHHs SHeprHH, NpHMeHelHbill K 3TOMY CJAYYalo TenJ0BOro
B3auMopelicTBua Mexay B u C, naer

Qe+ 0r=0, (19)

rae Qc— Tenso, norvyiotlenHoe cuctemofl C, a Qp— Tenao, norsonieHtoe cucTeMoy B.
Ho HaM H3BecTHB! NOKa3aHHA TepMOMeTPa B Ha4aJbHOM COCTOSIHMHM cucremst! B (10 ocy-
ILeCTBACHHS KOHTaKTa ¢ cucTeMoit C) H B ee KOHEUHOM COCTOSHHM (110CJIe OCYLLeCTBJIe-

HHsl KOHTAaKTa), 4 CJIeJoBaTe/IbHO, Ml 3HaeM M H3MeHeHHe cpenHeil sHepruu AE g B pac-.

CMaTpPHBAEMOM Npouecce, H PABHOE eMy KO/MMUECTBO NomlowenHoro Tenta Qg=AEg.
TTostomy (19) HenocpencTseHHO JaeT Telvio @, norgomeHHoe cucremor C.
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B 3akawoueHHe HeoGXONMMO OTMETHTh, YTO BCE PacCYXIEHHS 3TOro
naparpaja OCHOBaHBl Ha 32KOHE COXpPAHEHHs] YHePrHH U Ha BBIPAXKEHHH
(13), onpeneasitolteM HOHATHS «TeMao» H «paboTas. CMBICA PpAa3JIHUHBIX
5KCTIEPUMEHTOB, HCIIOJIb3YEMbIX HJsi OOpeleIeHHs Tenaa U paboTel, no-
SICHEH HAaMH C IOMOLLbIO HECKOJbKHX MPHMEPOB, HO MOXKET ObITh TAKXKe
TIOHSAIT Ha OCHOBAHHH cCJelylollell NpocToil ananoruy, npHHALIeKAIeH
X. b. Komjieny *).

[Tpeanosoxin, 4To Mbl o61ajaeM HEKIM BOIAHBIM Pe3€PBYApOM, NPHUYEM ONHH
NOTOK BTeKAeT B pe3epByap, 4 Jpyroii 13 HEro BbiTeKaeT. Pe3cpByap MOXKeT TaKike
NONOJIHATLEA BOJIOH 61arofapst Z0xIAM ¥ TePATHL BOJLY B NPOLECCe HCTIAPEHH S, KOTOPHIH
MBI NOMEM CUHTATh «OTpHUATETLHLIM Jox e, Ecan Takoil pesepByap ¢ BOJIOIT ABIAETCH
4ManorHeit Hallell CHCTeMBl, TO HAMOJIHAOWIAA €ro BOJa OTBevyaeT BHYTPeHHel 9Hepruu;
ROJA, TepeHOCHMAS TIOTOKaMH, COOTBETCTRYeT padoTe, 4 Boja, NOCTYnawllas B BHle
LOMAR,— Tendy.

[Tpeire Bcero caenyer 3aMeTHTb, YTO HHKakhe HaOMTIOAEHIST 34 CaMHM BOJOSMOM
He MOFVT JiaTh OTBCT HA BONPOC O TOM, KAKas YacTh BOAbI MPHHECEHA IIOTOKOM M KaKad
YACTH BhilAJ1a B BHAE BOAASL. TepMHH «ROM/ib» 0371a4aeT JIHUbL Cnocol, KaKHM Boja No-
CTYNUJIA B BOJOEM.

IlonycTHM Teneph, 4TO Mbl XOTHM HM3MEPHTEL KOJHYECTBO BOII B Bojoeme. ¥ Hac
€CTb BOZOMEPB! H, NOMECTUB 11X B MOTOK, Mbl NOXKeM 3aMePHTb KOJHYECTBO BOABI, NOCTY-
naomeit B pezepByap U BbITeKaiouell U3 Hero. ¥ Hac, OJHAKO, HET v3MepuTe]d IfA
JOAAsI, HO MBI MOMKEM DACTAHYTb HAJ BOAOEMOM BOIOHENPOHHIAEMYIO 060JOUKY (adua-
Samuvecrcas cmenia). Teneps, NepekpblBas Kax(Abii H3 ABYX NOTOKOB, Mb MOXeM YyCTa-
HORHTDL NPOH3BOJBHBIN YPOBell: BOAb B BOJOEME i, 311ag OKA3aHH BONOMEPOB, NMocTa-
BHTbL B COOTBETCTBHE KaXKJIOMY VPOBHIO COOTBETCTBYIOHiee KOJHUECTBO BOLB B BOI0enMe

(£). Taxum of6pa3on, NPOUIBOAL NPOLeCe ¢ CHCTEMOR, oKpYKeHHoH aguabaTuuecKoil
CTEHKOH, Mbl MOXKeM O peJefiHTh NOJHOe KOJIHYeCTBO HAXOANIeHCsl B BOIOEME BOB! 151
Me6oro COCTOAHHA 3TOr0 8OJA0EMa.

Y naliun BoJloHeNnpoHiiiaemylo 060J09KY Haj Bojoemom. Teneps BojoeM OyheT Ha-
IIOJIHATLCA KAK 33 CYeT NOTOKOB, TAK K 33 cueT goxkaei. Hac HHTepecyer, KaKoe KOJIH-
YeCTBO BOJBI NOCTYNHJAO B BOAOCM B BHJE JOJIS B TedeHHe NaHHbIX CyTOK? OTBeT Ha 3TOoT
BOTIPOC JIETKO MOJYUHTL: 0 PA3HOCTH YPOBHEH BObl B BOJOEME MBI Y3HaeM H3MeHeHue
KOJIHUeCcTBA BOJbLI 3a HHTepecylollHe HAC CYTKH, A MOKA33HHA BOJAOMEPOB JalOT HaM
KOAWYEeCTBO BOJLI, TPUHECEeHHOIl B pe3cpByap o60MMH NOoTOKaMH. PasHoCTs ofeux
BeJIHUEH A2eT KOJHYECTBO BOJBL, NOCTYMHBIMEH B BOJIOCM B BHIE HOMAI.

5.4. TenjaoeMkKocTh

PaccMoTpHM MaKpOCKOMMYECKYIO CHCTEMY, b€ MaKPOCOCTOSHHE Of-
penesisierca abcoNOTHOM Temnepatypoil T H PsIOM APYTHX MaKPOCKOIH-
YECKHX [apaMeTpoB, KOTOpble Mbl 0603Haunm uepe3 y. Hanpuwmep, y
MOXKET 03HayaTh 00beM HJH cpelHee jaBjaeHHe cHeTeMbl. JdonycrHm, qro
HauyaB C COCTOAHHS, XapaKTepH3ywiluerocst teMnepatypod T, Mbl co00-
L1aeNM CHCTeMe GeCKOHEUHO MaJsloe KOJHYeCTBO Temia d @, npHueM octash-
Hble NapaMeTpbl ¥ OCTAOTCs (PHKCHPOBaHHBIMH. B pesvibTare Takoro
. TIpoIecca TeMrmeparypa CHCTeMbl M3MEHHTCA Ha OECKOHEeuHO MaJyio Be-
anunny dT, KoTopasi 3aBHCHT OT MPHPOJIBI CHCTEMbI, 8 TaK2Ke OT HapaMer-
[OB y, ONpeeJsiiollHX Hada/bHOE MaKpOCOCTOSHHE CHETeMbl. OTHO-

HIeHHe

¢,=(3), (20)

*) H. B. Callen, Thermodynamics, pp. 19-=20 (John Wiley and Soms,
Inc., New York, 1960). .
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Puc.5.13. Hanboace naxnas BHYT.
peHHss YacTh ripnbopa, HEllo b3y e-
MOTO jJisl H3MepeHHd  Yiaeabhoil
TelJoeMKoCTH ITpH OleHb [IH2KIX
TeMilepaTypax, Oauskux k0,1 °K
(u NPHLIHane 3ToT l'I])I‘I(JOI) ananorii-
LeH yeTpolicTRy, HoRasaHhomy Ha
puc. 3.11). Cucrewoii 8, Tennoem-
KOCTh KO10pOft 3MepHRETCs, §iBas-
eTcd KYCOK Mepal. ITa cHeTema B
HAXOQUTCA B TePMHUECKOM KONTaK-
Te ¢ JoNOoOHITetbHOH CcHCTeMoi A,
COCTOsLel H3 3MeKTpHYeckoro Ha-
rpesarteds (OH cAenan H3 HeCHOJb-
KHX BHTHKOB MairaHBHOBOII mpomno-
HOKH) #H SJeKTPHYECKOro TepMo-
MeTpa Ma CONpPOTHBRJeHHN. CocTas-
aast cpctema A-+DB Tepumuueckn
naonuporana. Maoasnnun obeciteq-
BAETCH TeM, UTO CHCTeMa MoABelle-
a4 Ha TOHXKHX HHUTHAX H HIAXOAHTCS
B COCYAC, B KDTOpoM CO3jaH  Ba-
kyym {cMm. puc. 5.14). Brauaqe
MeaHblil 00pa3sey oxJaamjaeTcs A0
Kenaemoil HH3KOA TeMOeparyphl.
C 97T0ii Ledblo MeAuBil IPOBO/A, Bhl-
xoAANKi H3 ofpasna, 3axpaThiBa-
eTCs 3AXKHMAMHU TEIJIOBOTO BBEIKJIO-
uatesist, 4TO obecrnieutiBaeT Heobxo-
JEMBIE TEIVIOBOH KOHTAKT ¢ oXna-
AuTeseM, HAXOAAIIUMCS B BepXHel
"acTH npuﬁopa I — 3a:KuM Tern-
JOBOTO RBIKJAOYATENA, 2 — MedHad
npoBoJaoKa, 3 — TepMOMeTD COIIpo-
THBAEeHHA, 4 — NoMflepKHBaIONIHe
uuTH, 5§ -~ Me[Hbll oOpasen, § —
3JeKTpHYeCKHi Harpesarenb.
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HOCHT Ha3BaHHe MentoemKocmi CHeTeMs! *).,
MbI numeM HRAEKC ¥, yTOOLl VKa3aTh napa-
MeTp, OCTAIOUIHHCA (PHKCHPOBAHHBIM B NIPO-
liecce coobileHns Temsa cHucTeme. Temo-
eMKOCTb C, IBJISIETCH JIerKO H3MEePHMOH Xa-
PaKTEPHCTHKOH CHCTEMbl. 3aMETHM, YTO OHA
3aBHCHT HE TOJbKO OT MPHPOJbL! CHCTEMBI,
HO H OT 3HAYEeHHIl NapaneTpoB Y, onpele.is-
IOUIHX MaKpOCCCTOsIHHE CHCTEMbI; B 001eM
cayuae C,~C, (T, y).

ChnejlyeT 0oxIjarh, YTO KOJHUYECTBO TeIl-
Na d Q, KOTopoe HYKHO BBECTH B CHUCTEMY,
ytoObl BLI3BAThL [AHHOE HU3MEHEHHUE Tebllie-
parypbl d7, 6VIET NPONOPUHOHATBHO T10JI-
HOMY 4HCJY 4yactuil B cHcteMe. [lostomy
y106HO BBECTH nonuaTHe 06 yoeaoHol men-
ACEMKOCIU, KOTOpAs 3aBHCHT TOJbBKO OT
NPUPOJBI PACCMaTPHBAEMOTO BELIECTBA, HO
He OT ero KoJamwyectBa. HTobel NMOJYUYHTH
TAKYI0 BEJHYHHY, CiaelyeT TeJIOEMKOCTh
C,, TOAYUEHHYIO JJ5 v MOJeH BellecTsa
(ST m TPaMM), PasieniTb Ha YHCAO MOJeH
(s uncao rpams). Taxum o6pasom, Mbl
NOJyYaeM YyoeabHyl0 mena0emMKociy 00H020
MOASL BEIECTBA

1 1 730
G=5Cv= (dr> (21)
HIH  yOPALHYIO — MEena0eMKOCH — 00HOZ20
epasma BelecTEa |
. ] ] / fo \
Cy == — C,= \dT/J (22)

M3 (21) caenyer, yto enMHHLIeH MOJgpHOH
tenioeMkoctd B cucreme CI'C  gaBasercs
ape-epad™t. yone™1.

B npocreiitiem cayuyde Bce gHeWUHUE
napaMeTpbl CHCTEMB! (TaKHe, Kak, HallpH-
mep, ee 00beM) ocrarores (PHKCHPOBAHHBI-
MU B npouecce nepefaud Teay tenaa. [lpu
5TOM HaA TeJOM HE TPOU3BOAST HHKa-
Ko# pabott u dQ-=dE, T. ¢. NOTJIOUIEHHOE
TENJO IEJHKOM TPATHTCH Ha YBeJHYeHHe
BHYTPeHHeH 3Heprun cuctemel. OGo3Hayas

*) 3ametum, uto npapas vactb (20) He ABJs-

eTcd MpPOM3BOAHOH, TaK Kak 4Q, B ofmeM cayuae,

He olipenendaer,. GEeCKOHETHO MaJ'IOH Pa3HOCTH IBYX
BeJIH4HH. .



BCE GHOIUHKIE TIapaMeTPLL Uepes X, Mbl MOXKeM HanHeath

e.=()=(5), @)

Tociendee BuipaxkeHie sipJIsleTCst NPOH3BOAHOH, TAK Kak dE eCcTb HCTHH-
Hblfi iddpepennnan. Mbl [HLIEM CHMBOJ 4acmAotl IPOM3BOIHOMN, YTOOH

Puc. 5.14. doTorpadms seeil annapaTypbl 4051 H3MEPEHITS YAeABHOM TeNA0eMKOCTH ninuan O, 1°K.

BuyTpeusss uacTh npubopa (na pic. 5.13 ona noxkazaua # yvoeJHdedlloM BHJe) 3eCh DIOAReile~

Ha Ha TpPeHo:KNKe, CACMAHNOM H3 TPYD Heprkaseloed CTanH, depe3 KOTOPHIE NPOHCXOAHT OT-

KauKa CHCTeMBE # TPOXQAAT JeKTPHYSCKHE ApPOoBOoAa. OTRAYWBACMBIAL COCYA IIPH  H3Meped HIIX

OKPYKAae¢T BHYTPEHRIOW YacTb npudopa; Ha pICYNKe OH NoKasan OTASAbHO. Jlna maMepennifi

Becs naphbop TNOIPyKaeted B COCYA JAntoapa, nokazanneil caesa, ! — yeTpolicTRG € COCYAOM
Abloapa, 2 — ofGoJouka, J -— BIYTPeHHAS 4acTe annapAaryphbl.

NOAYEPKHYTh, YTO BCE BHEUIHHE NapamMeTpsl OCTAIOTCS HEH3MEHHBIMU.
M3 (4.35) caedyer, 4To TeILJOGMKOCTb BCeria HOJ0XKHTEIbHA, T, €.

.

(24)

C.> 0.

UToObl 1IMETb TIOHATHE O MTOPSLAKE BEIHUHIB!, YKAXKeM, YTO TEIIOEMKOCTh
BOJBI*) TpH KOMHATHO#H TeMuepaType paBHa 4,18 dxc-epad='-e7!, ’

B n. 4.7 Mbl paccMaTpHBaJH cJay4dail rasa, HacTOJNbLKO paspemenHoro,
YTO €r0 MOMKHO CYHTaTh H€aJbHbIM H HeBBIPOXKeHHbIM. Ecan K TOMY

*) HetopHuecku TeNVIDeMKOCTh IPaMMa BOAbl [OCAYXKHIA OnpefesleHHeM ejH-
HH B! Kaa-2pad~1-2—1, TloaTomy coBpeMeHHOe onpele/leHHe Kalopui 3aK/I043eTCH B
TOM, MTO' 370 eAuMHHIA TenAa, paBHay | kar=4,18 dx. .
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e 3TOT ras odnoamomuusili, 70 u3 (4.83) u (4.85) caenyer, 4To CpeaHsist
SHEpPrHsA MOJsI TAKOro rasa pasHa

E= 3 N,kT =3 RT, (25)
fie N, — uncno Aporagpo m R=-N_k — rasoas nocrosiunas. W3

(23) caeayer, 4TO MOJISipHAsl TeNJIOEMKOCTb IIPH TOCTOSAHHOM oO0beme
NOJKHa ObITh paBHA

4

AJA OJHOATOMHOrO HACAJbHOIO rasa

3aMeTHM, YTO HOJiYUEHHBIH pe3ynnTar He 3aBHCHT OT TeMIlepaTyphl, 00b-
eMa M NpHPOXH! rasa. B3sB 1n1a R uucacHHOE 3HaueHHe (4), Mbl 10AYyUa-
eM 13 (206), 4dro

12,47 Onc.2pad—1.271, (27)

3T1OT pe3yqabTar HaXOAHUTCH B IIPCKPACHOM COLJIACHH ¢ 3KCITEPHMEHTAJAbHO
H3MEDEHHBIM 3HAUCHHEM y,fleJIbHOﬁ TEILI0eMKOCTH OJHOATOMHbBIX ra30s,
HalplsMep, reald HJAH aprosd.

CV —

8.5. Idutponusn

M3 coorHowennsa (4.42)

s =42 (28)

_ : T

CJeIVeT, YTO SHTPONHID S CHCTEeMbLI MOXKHO OfipeiequTh ¢ NOMOLbIO M3-
MepeHHH Tenja M abCoJOTHOH Tenneparyvpul. HeierBHTenbHo, ecan
H3BECTHA TENJOCMKOCTb CHCTeMbE Kak (PYHKIUIS TeMIeparypbl, TO BbiYH-
CJIEHHE SHePrHH sBJIAETCsl NPoCToH 3azavefl. YToObl moaTEepaHTE 3TO,
NPeANONOXKUM, 4YTO BCe BHELIHHE IapaMeTpbl CHCTEMBI (PUKCHPOBAHBI.
JlonycTHM, 4TOe CcHCTEMa HaxOIHTCSI B PABHOBECHH NPH  adCOJIOTHOH
Temieparype 7T, U IPHBEAs CHCTEMY B TEMJVIOBOHi KOHTAKT C TElJOBbIM
pe3epByapoM, HaXORSUIUMCA IIPH Temneparype, 6eCKOHEYHO MaJo Ipe-
Bbiaromed T (1IpH 3TOM NPOUCXOAMT JHIIs OeCKOHEYHO MaJsoe Hapyuie-
Hie paBHOBECHsI, a TeMriepaTtypa CHCTeMbl octaercst paBHOH T), Mbl mepe-
Jaau el GeCKOHeUHo MaJjoe KoaHuectso Temiaa d Q. B atom ciyvae pe-
3YJHTHPYIOMIEE H3MEHEHHE 3HTPONHH CHCTEMbl COTJAacHO (28) paBHO

dQ _ C.(T)dT

ds =T = (29)

B stoii ¢opmyse Mpl HCHOJAL30OBaJdH onpefeieHde TemoeMkoctd C,,
caenyomee 13 (23).

Tenepb AONYCTHM, YTO Mbl XOTHM CPaBHHTb IHTPONHIO CHCTEMBI JJs
ABYX PA&3/JHYHBIX MaKpOCOCTOsIHUI @ H b ¢ OAHMHAKOBBIMH 3HAYEHHSIMU
pHewuX napamerpoB. IlycTb aGcodioTHbie Temneparypsl IAsi oGOUX
MaxkpocKonuyeckux cocrofnuit 6yayr T, u T, coorBercTBeHHo. B mep-
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EOM MAKPOCOCTOSIHHM CHCTEMa HMeeT OIpele/eHHoe 3HAYeHHE SHTPOIHH
8,=8(T,) u Bo Bropom cocrosiuun S,==S(T,). Pa3znocts 3suTponuii
Sy — S, MOXHO BBIUHCIHTB, €CJHH NPEANOJOXKHTh, YTO CHCTEMa nepe-
CORHTCSI H3 Ha4ajqbHOI'O COCTOAHHUSI ¢ Temmneparypoit T, B KoHeuHoe
cOCTOsHNIE ¢ Temieparypoit T, nocjaexoBaTebHBIMH G6eCKOHEUHO MaJbIMH
taramu. 70 MOMKHO OCYUIECTBHTDH, MPHBEdsl CHCTEMY B KOHTAKT C psi-
OM TENJOBBLIX pe3epByapoB, TeMmIeparypa KOTOpPbIX MOCJAeHOBATEIbHO
Bogpacraer Ha GeckoHeyHO MaJsyle BeansguHy. Ha Bcex crynensix npo-
uecca cHcTeMa Ovier OecKOHEHHO 6JM3KAa K COCTOSIHHIO DAaBHOBECHA H
€e COCTOSTHHE BCETHA2 MOMKHO OVIeT XapakTepll30BaTh ONpPeleseHHbiM
snadenHeM Tenmrnepatypsl 1. Taxkum o6pa3soM, HCIIOAb3ys pe3yJbTaT
(£9), mbl nosydaem

b
40 ¢ Co(T
S,—S, == 7—‘?35 j,‘,’arT. | (39)

'Y

Tb T
Ta

Ty

Ecan B matepBade temneparyp ot 7, o T, TennoemMkocTs €, He 3aBH-
CUT OT Temnepartypsl, 13 (30) caever:

Sy—S,=Cy(INTy—InT,) =C, In L. 31)

Gopayaa (30) nospoaseT BbMHCANTD Pa3HOCTh sHTponn#. Hrobe! nomy-
YHTL a0COJIOTHVIO BEJUUNHY IHTPOIHI, HAM HYXKHO PACCMOTPETh [pe-
neqapHbii cayuail 7,—~0. Mpt snaen lem, dopmyay (11)], uro B s1OM cay-
uae surponus S,=0 {win 3navenwio S,=8,, onpeneasieMoMy opHeHTa~
nHefi ciMuHoB corsacHo (12)1.

@®opmy.aa (30) no3BoaSET NOMYYHTH MHTEPECHOE TpefejbHOC CBOH-
CTBO TEM/JIOEMKOCTH., 3aMeTHM, 4TO Pa3HOCTb HTPONUK B JieBOll 4acTH
(30) Bcersa siBAsIeTEs ONpelejqeHHBIM KOHEUHBIM YHCJOM, TaK Kak YH-
¢J10 AOCTYITHBIX COCTOsiHIIHA Bceraa koueurto. Ilostomy uHrerpan B mpa-
BOH 4aCTH He MOXeT ObiTh 6eCKOHEeUHO (O0JbLIHA, HECMOTPS Ha TO, UTO-
3ilaMeHare/1p NOABIHTErPAJbHOTO BhIPAKEHHsT paBeH HyJ 10, HT1obsl obec-
MCYUTh TaKOe T[OBeleHHe HHTerpana, TemiepaTypHast 3aBHCHMOCTH
VIebHOH TeIlIOEMKOCTH JIoJiKHA 00JaJaTh CJAELYIOUIMM CBOHCTBOM:

npu T —0 C,.(T)—0. (32)

310 — ofMiee CBOHCTBO TEMJIOEMKOCTH J06oro Beinectsa ¥).
Bripaxenne (30) umeer foJbiloe 3HaYeHHE, TAK KaK OHO OIHCHIBAET

BHYTPEHHIOIO CBsI3b, CYLIECTBVIOULYIO MEXKAY IBYMS Pa3IMUYHLIMH TH-

namMH HHGOPMalHH O paccMarpHaaeMoil cucreMe. C OZHOH CTOPOHLI, B

*) Buipaxenne (26) A5 TeNJIOEMKOCTH HIEAJLHOTO Ta3a 3TOMY He NPOTHBOPEUHT,.
TaK KAaK OMO NOJYYEeHO JJIsl. HEBHIpOXJehHoro rasa. IIpH gocTaToyHO WH3KHX Temiiepa-
Typax 3TO TPeANnoJoKenue nepectaer GuIth cnpaseiTuBuiM. [l paspemenHoro rasa
COOTBETCTBYIOIUIHE TEMHEpaTyphli Ype3BbiyaiHO MaJbl.
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(30) Bxoaur TensioeMkocTh C, (T), KOTOpasi MOAy4yaercst U3 4YHCTO MAKpo-
CKOIIMYECKHX H3MepeHHi Terja W TeMiepatypel. C Apyro#i cTOPOHBI,
BbipaxkeHHe (30) coiepXXHT HTpOIHIO S=2£ In Q, Koropas caexyer H3
pPacCMOTPEHHSI KBAHTOBBIX MUKPOCOCTOSIHHE cHcieMbl. TakuMm obpasom,
SHTPONHA MOXeT ObITb BBIUHCJIEHA H3 MAaKPOCKOMHYECKHX H3MEpeHHH
JU60 Ha OCHOBaHHMH CIEKTPOCKOTIMYECKHX MAHHbLIX, RAIOULHX BO3MOXK-
HOCTh ONpEJe/HTh IHEePreTHYECKHUE YPOBHH CHCTEMb.

ITpuMep. B KayecTBe NPoCTOll HJHOCTPAUMH PACCMOTPHM cHcTemy u3 N mar-
HHTHBIX ATOMOB, K&KABI H3 KOTOPHIX HMeeT cnuH 5. [Ipeanosoxum, yTo NpH Jocra-
TOYHO HU3KOH TeMIepaType 3Ta CUCTeMa CTAHOBHTCS (reppomazHumrol. DTo 03HauaeT
TaKOe B3aUMOJICHCTBHe MeXAY CnHHaMM, 6/1arofapsl KOTOPOMY OHH YCTaHABJIHBAIOTCS
napanleAsbHO APYr APVIY, OpHeHTHPYAChH B OJHOM HanparJdeHuH. Takoe pemecTso 06-
Jafaer CBOHCTBaMH nocTosiHHOro marvuTa. [Tpuy T—0 cucteme locTynHo, TakHm 06-
pasoM, eMHCTBEHHOE COCTOSIHHE, OTBeYaioniee OAHHAKOBOH HANPAaBJIEHHOCTH BCEX CIi-
HoB; noatoMy Q-1 H In ©2—0. OxHaxo npu J0CTaTOYHO BHICOKOH TEMIEPATYpe MBI Gy IeM
HEIGJI}OllaTb NIOJTHOCTHIO CYYaHHYIO OPHEHTanHIo CNUHOB. Tak XaK y Kax{qoro CIIHHA,
paBHOro Y2, BO3MOKHBI 1B OPHEHTAUHH, TO BCA CHCTEMa BYeT uMeTh Q=24 AOCTYITHBIX
coctosiHuil, noaromy S=kN In 2. OTCi0ofa cJleAyeT, UTO CO CIMHAMH Halledl CHUCTEMb
cBsizaHa TteltoenkocTs € (T), kortopas, coraacHo (30), onpelensiercsi, ypaBHeHHEM

fo s}

gc (T)dT
J T

0

=kN in 2

310 ypaBHenue 6y feT cnpaBeRHBO Beer/d, HE3aBUCHMO OT YacTHLIX ocoGedHocTeli B3an~
MOJZefCTBUS, 00eCHeUHBAIOUIET0 (PePPOMATHHTIIOE NOBEICHUe paccMaTpHRAEMOH CHCTe-
MBI, H OT XapaxTepa temuepaTypHoil 3aBucumoctH C (7).

5.6. MHTeHCcHBHbIE B IKCTEHCHBHBIE napameTpbl

[lpexze 4em 3aKOHYHTb 3TY IVidBY, MNOJE3HO KPATKO PacCMOTPeTh
3aBHCHMOCTD Paa3/iHUHLIX MAKPOCKOIHYECKHX 1apaMeTPOB OT Pa3Mepos
CHCTEMb!. 3TH IIapaMETPbl MOXKHO Pasie/NHTb
Ha [Be rpynibl: 1) mapameTpbl, HE 3aBHCALIHE
OT pasMepoB CHCTeMbl (OHH Ha3bIBAIOTCH UA-
meHcugHbiMi), W 2) napaMerpbi, TPONOPIIO-
HaJIbHBIE Pa3MepaM CHCTEMEHI (3KcmeHcusHbLe 1a-
pameTpbl). Hrobbl onpese/iuTh 3TH HapavMeTpbl
6o.Jiee TOUHO, BOOODPAa3HM, UYTO Mbl pas3jeadJau
HaXOAdILYIOCA B PABHOBECHH OJHOPOAHYIO Ma-

Puc. 5.1o  Pasnenenne ono- KPOCKOIHUECKYIO CHCTeMY Ha ]Be 4YacTH (Ha-
PO renr 11 e ancrs €™ PHMEp, € [OMOIIBIO reperopoiiku). Ilpejro-
JIOXKHM, YTO MAKPOCKOMHYECKHH Iapavmerp y,
XapakTepH3VIOIHH BCIO CHCTeMy, [pPHHUMAaeT g [oacHcreM [ H
2 3HauYeHHS Y; M Y.. Torna
1) mapameTp Ha3bIBAETCS UNMEHCUBHOIM, €CTU

o

!
|
¥
|
|
1 1 ]
{
|
|
{
f

Y=l =Ys,
2) napameTp HA3bBAETCH IKCINEHCUBHBIM, ECIIH
Yy=1Y, -+ Y,
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Hanpumep, cpenHee napienie B cHCTeMe SIB/ISI€TCS WHTEHCHBHbIM
napaMeTpoM, TaK Kak ofbe yacTH pasieaeHHOH cHcTeMbl HMEOT TO e JaB-
JeHHE, Y4TO W IO pasfe/eHHsi. AHAJOTHUYHO, HHTEHCHBHBIM HapaMeTpoM
ABJSIETCSt M TeMIIepaTypa CHCTEMH.

C apyro#i croponbl, o6beM V cHCTeMbl, TaK Xe Kak.,d ee Macca M,
ABJAAIOTCA KCTEHCHBHLIMH napamerpamu. ONHaKo MJIOTHOCTL BellecTBa
B cucreMe p—=M/V npencrasasier co0oi HHTEHCHBHBI napamerp. Oue-
BH/HO, YTO OTHOILUEHHE JABYX 3KCTEHCHBHBIX TaPAMETPOB SIBJSETCH HH-
TEHCHBHBIM T1aPaMETPOM.

BuyTpennas sHeprust E cuctemb! siB/sIeTCs] SKCTEHCHBHBIM 11aaMeT-
poM. [leficTBHTENBHO, YTOOR! pa3IeHTh CHCTEMY HA JiBE YACTH, He HYIKHO
coBepiath pabory, ecaH npenedbpeur paboToit, 3aTpayusBaemMoil Ha obpa-
30BaHHE JBVX HOBBIX NOBEpXHOCTeH (/51 6OJbIION CHCTeMbl 3T0H pabo-
TOH MOXKHO MNpeHeOpedb, €C/M YKCA0 4YacTHl BOMK3HN TOBEpXHOCTH pas-
JleJ1a QUeHb MaJd TO CPaBHEHHWIO ¢ TMOJHBIM YHCJIOM YacTHI B cHCTeMe).
[losToMy pasnes CHCTeML Ha JiBe IIOJCHCTeMbl HE MEHSIET e¢ HOJHOH

IHeprum, T. e. E= E\+E..

Tensoemkocts C, npeacrap.siiomast cobofl OTHOIIEHHE BO3pacTaHHs
PHEPTHH K BO3PACTAHHIO TEMIIEPATYPh!, TAKXKe OVJIET IKCTEHCHBHAIM Na-
pamerpoM, C Apyrod CTOPOHBI, MOJISIDHAs TeNJIOEMKOCTL, paBHas . 10
oripejenenunio C/v (Thae v — uHe/m0 MoJiell B CHCTeMe), siBJisteTcsl HHTeH-
CHBHLIM T1apaMeTPOM.

DHTPONHS NpejcTaraseT cofoi ApYrod npuMep 3KCTEHCHBHOW BeJH-

quHbI, ITO caenyeT H3 ee onpenenetns: AS={ dQ,T, Tak Kak HONJIOWweN-
o

Hoe terio dQ=CdT — Beauunna 3IKcTeHClBHASS. TOT Ke BbLIBOKL CJe-
AyeT W H3 CTAaTHCTHYECKOTO -OMpeIencHHs HTponmuu S=£InQ, Tak
Kak uwucao $2 JOCTVIHBIX COCTOSIHUP IOJHOI CHCTEeMbl PABHO NMPO-
nspefennio Q,Q, wyHCaa JOCTYITHBIX COCTOSIHHME JABYX ee yacted.

Fnest /1610 ¢ 3KCTCHCHBHBIM NlapamMeTpoM, 4acTo ObIBAeT yA00HO
BBECTII NOHSITHE O BEJAHYMHE Napamerpa, NPUXOISIIErocs Ha OAHH MO.1b,
Aror napametp Oy/1eT HHTEHCHBHBIM, HE3AaBHCHMO OT BEJIHYIHBI CHCTEMbI.
B stom, Hanpumep, y100CTBO NOHSATHSI 00 yAe/NbHOH TCIJIOEMKOCTH.

Ceoika orlipenescHuit

Tpotinas mouxa. MaxpocoCTosnie peillecTBa, I1PH KOTOPDOM erc rasoofipasuad,
HKUIKAS WIH TBepaast $opMa HAXOAHTCA B PABHOBECHH.

Keavsuna memnepamypa. AGcontoTHas Tevnepatypa I', BolpaskeHHasd 8 TAKOH wiKa-
Je, rie TeMreparypa TPOHHOK TOUKH BOJbl uMeeT 3uavenue 273,16 rpanyca.

Abcorromueid Hyav. AGCOTIOTHAS TeMIepaTypa, PaBHAf HYJIO.

Leavcua memnepamypa. TewmepaTy pa no wxkane Heaocus, caegyouw iyt ofpasom
cBsA3atinas ¢ abCOMIOTHOH TeMIiepaTypo#l no wukade KenosHHa:

0 =T —273,15.

Keasucmamuueckud npoyecc, Tlponece, nporekamulMit HACTOILKO MeNJIeHHO, 4To
CHCTEMY B KaX/Iolfl MOMCHT BpeMeHM MOMKHO CUHTATh HaxoZsulefics B paBHOBECHOM CO-

CTOSAHHH. ]
Tenaoesmxocme. nyCTb CHCTeMa TOTJIOHAeT GECKOHEUHO MAjioe KOJHUeCTBO Tellid

dQ ¥ ee TemniepaTypa Bo3pacrtaeT npu 3toM Ha dT. Eciin HeKoTophle MaKPOCKOMHYECKHe'
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RapaMeTphbl CHCTEMBl OCTAOTCS NOCTOAHHBMH, TO TenaoeMKocTeio Cy (Mpn MOCTOSHHLIN
. DapamMeTpax y) Ha3LIBA€TCH OTHOWERIe

= {ar),

Moasnpnas meniceniocms. Y ReAbHCS TEMJIOEMKOCTb OJHOTO MOJA HNaHHOTO Be-
mecTBa.

Humencusnoii napamemp. MakpockonuyeckHil napaMerp Haxoasie#cs B pasto-
BECHH CHCTEMBb, 3HauelHe KOTOPOro List OGO yacTit CHCTEMBI OJHNAKOBO.

rcmencusHbl napasemp. MAaKPOCKONHYECKHIT napaveTy HAXOASIEHCA B PABHO-
BECHH CHCTEMbI, 3HAUCHHE KOTOPOIO Kisl BCeil CHCTeMbl PABHO CyMMe ero 3Havetlld 114
OTASJbHBIX dYacTeH CHCTeMbl.

UcHoBHblE (BOPMYJBI

[Tpereanioe sHauenHe 3INTPONHU:
npu T —0, S— 38, (D

rpe So— nocrosinnasi, He 3aBHCsmas OT crpecHus cucresst. [lperenwhoe cBoiicTro

TEeNAOEMKOCTH:
npy T — 0 C~—0, (ID

3anaun

5.1. Temnepamypot, HeoOxo0uMbie 048 1n0A3pu3LUL CNUHOE. PACCMOTPHM HUCICH-
Hble JaHHble, XapakTepHble J18 DOJSPH3ALHOHHBIX ONLITOB, ONHCAHHKX B 3a1auyax 4.4
u 4.5. JJonycTHM, 4TO MBI XOTHM MOISIPH30BAaTh 06pasel], COCTOSMNIT H3 UYACTHI CO ClH-
nom 1/2, ¢ nomonypio noast 59 000 2c Taxnn 0bpaszon, WTEOL YHCIO CIIIHOB, HAIPABJIeH~
HEIX «BBEPX», 1O KpaiiHeil Mepe B TPH pa3a IPEBOCXOAWJIO YHCTIO CIHHOB MPOTHBONO-
JIGKHOTO HAanpab/ieHHst.

a) Jlo Kakoli a0coJOTHOH TeMTepaTypbl cileayer OxJaAuTh o6paseil, ecjH CIIHHL
3JICKTPOHHLIE H HM COOTBETCTBYET MAFHHTHEHI MOMEHT oz 10-2% spa/ec?

6) o xakoil Temnepary Pl IOAKCH ObiTh OXJaXien oﬁpaaeu, 0¥ YacTHL B~
JISIOTCSE TIPOTOHAMH, MATHHTHBIH MOMENT KOTOPHX [ty |,4- 10—2% gpe/ec?

B) HTo BE MOXeTe €KazaTbh 00 OCYULECTBHMOCTH ITHX ABYX ONBITOB?

5.2. Temnepamypa, neo0dx00uMas JA8 YCIPaHeHUn SHMPONLL, CBA3AHHOL €O Chit-
Hamu adep. PaccMOTpUM KaKoe-HHOY,1b TBepIoe Ted0, sipa KOTOPOTO HMEIOT CIHH,—
nanpusep, cepedpo. Marnwrnslil MoMeHT KaMIOTO ipa Hveer NopARok 5. 10~ ape, ec,
a PaCCTOSIHHEE MEKLY COCCAHHMH siipasii 6:13Ko K 2- 10—8 cu. Bueninee naruutHoe noae
OTCyTCTRYeT. €oceiHie AAPa BIAUMOAEHCTRYIOT APYL C APYIOM C TOMOULBIO BHYTPEH-
Hero MarHHTHeTo RAoad B, c03]aBaeMOro MATHHTHBIM MOMCHTOM OJHOTO SIAPA B MecTe
PACTIOVIONKEHHST COCENHEr 0.

a) Ouenure BeHuuHy B;, BOCNO.1b30BABUINCL eMeHTAPHBIMH COOODAKEHUIMU
O MarHBETHOM IiOJIe FOJO0COBOTO MATHMTA.

6) Yemy mosmxua Ours paBra Temnepatypa T teepjoro Te’d, 4ToOBl MATHHTHBIR
MOMEHT fifipa, MCHbITHIBAIOWEIO AEHCTBUEE MAaTHWTHOTO NOGisl COCeAHHX slep, HMes Cy-
IECTBEHHO PA3AHUYHbIE BEPOATHOCTU ObiTh HANPABJAEHHBIN «BRCPX» ILIH «BHH3Y.

B) OlleHHuTe BeIHYHRY AOCOMIOTHOI TEMIIEPATYPH, HHUXKe KOTOPOH MOKHO 0XHIAThH
8aMCTHOI'O OTKJIOHCHHS AJEPHLIX CIIHMOB OT €AYHalHOIT OpHeHTAlHH,

5.3. Paboma, 3ampa4ueaemss Ha €xcamue 2a3a npl NOCmosHHOU memnepamype.
PacemoTpuyM v Modell uAeasbHOrO rasa, 3ak/AICUEHHOTO B UHAMKAPe ¢ nopuirden. Haii-
Aute paGoTy, KOTOPYIO HYKMO COBEPIUHTh, YTOOLI MPOU3BECTH MeJIEHHOE CIKATHE Ia3a
OT HEKOQTOPOro HavagabHoro obbema Vi no xomeuHoro ofvema V,, eciu remneparypa T
ra3a OCTaeTCs JIOCTOSHHOR (3TOr0 MOMKHO JOCTHYbL, OCYHICCTBMB TEIJIOBOH KOHTAKT
C pesepByapoM, HaxeJsiummcda npH Temmeparype 7).

5.4. Paboma npu aduabamiieckom npoyecee. Cpenusist aHeprus E raza onpelenena,
ecay 3ajjaH ero o0ves V' u cpeinee nasnenne p. Ecin 06hem raza MeHsIeTCSt KBA3HCTATH-

YeCKH, TO COOTBETCTBEHHO H3MEHAETCA CpefiHee Aapaelue p p (s sseprus E) rasa. lper
MOJIOKHM, YTO Tra3, GyAyuH TepMHYECKH H3OJHPOBAHHLIM, MelVieHHO NepeBOJHTCS U3
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COCTOSTHIIA & B cocTosHle & (pHe. 5.16). B stom ciyuae 3askcuMocTs p ot V uMeer BUA
}5 q V—5/3.

Ueny parna padota, coBepiifaesas uajl I'a3oM B TAKOM npoliecce?
5.5. PaGora npH pasiHuHBX Tpolleccax, COEJHHSIOUIMX [Ba MaKpOCOCTOSTHHA.
B 3azaue 5.4 ra3 MOKHO KBA3HCTATHUECKH HEPeBECTH H3 COCTOSIHMSI @ B COCTOSIHHE b
pazTHyHbBIME DYTAMH. PaccMorpuTe HeKoTopble H3 BO3MOKKHBIX MPOIECCOB U BHIYHC/IHTE
JUIST XKa)KJ0ro H3 HHX noaunyio patory W, cosepllaeMyIo HaX CHCTeMOH, H NOJIHOE KOJIH-~
yecTBO Temia @, HOLJIoIMAeMOro CHCTeMOIT,
eCsld OH4 COBepLIaeT KBa3HCTATHUeCKUH Iie- P B d
pexol u3 a B b (ca. pue. 5.16). 32
tTpoucec @ — c—b. Tas, naxoxamuiics
DU TMOCTOSTHHOM JIABJICHHH, CKHMAETCa 07 o
Haua,ILHOIo o6hesMa J0 KOHeYHOro. Jaren, ';
apil poctosuniodm  ofbese, rasy coodwanT Y
TEN10, B pesyJjanrare yero JaBjdeHHe BRO3Pa- e
o
R

craer 10 32-10% dum-cu—2,

[Tpouece u—d—b. O6e crvienn npexs-
Ayllero Tpouecca fpoxoisrtes B ofpaTHom
TIPS KE.

[Tpouecc a—b. ¥seauuedue obbema n 1 ngEMJ '
MOIVIOMEHHKE Teruia NPoHCXOIsT TaKium  o0- :
fa30M, UTO JaBJCHHE JUHelHO MCeHSeTCH C Pue, 5.16. Paanuunple 1rpoueccsl, MNosa-
061)61\10:\-1. 3alHBIC B HepeMellHBIX! CpelaHec AdABJeHHE

5.6. PaGomua, cosepuaenas 6 yuxaude- p n obven V.
croat npoyecce, KBasncraThHueckuil npoiece,
coBepllaeMblil HaX KHIKOCTBIO, MOKeT ObIThL ONHCAH KPHBOIL, Jalounieid 3aBUCHMOCTD
cpeanero AaBJeHHs XKHAKOCTI OT 3aHIIMaeMoro eto 00beasa. B pacesorpention Hamu npo-
I1eCCe HAYadbHOC H KOHeYIloe MaKpocoCTosiuHs cosnaiaiot (puc. 5.17). (Takolt npouecc
HA3BIBAIOT yukauueckus.) QnucsiBaeTca 3TOT MPOLECC 3AMKHVTON KDHBOH, KAK BHAHO
u3 puc. 5.17. Ilokamnre, uto paGoTa, coBepllCliHast HAA CHCTEMOI B 3TOM Hpouecce,
M3epAeTCSt MJIOLLATLIO, OrPaHHYeHHOl 3aMKHYTOH KPHUBOI.

5.7. Tenao, noeaowjaesoe cucmemnol npu nOCHOAHHOM Jasierut. PaccMoTpHM CHC-
TesMy, HalpUMep, rad WIH XKIJKOCTL, eXNICTBeIHBIN BHEWINWM MapaMeTpoM KoTopod

F

e R Ty g
.

Puc 5.17. Huxawueckuit npouece Puc. 5.18. CucTema, cocTosuan
Hi3 uuﬂmmpa, 33“[)[31"1"01‘0 o~
ABIDKHBIM [IOPIOIeM.

au1sierca ofbem V. Ecti ofnem nopnepuBaetcst HendseHUbIN, TO pa6oTa Haj CHCTeMOil
tie NPOH3BOINTCs. ECTH npu 3ToM cHeTese coobmaetcs Temio @, 1o

Q=AE, (I)
rie AL ofosnauaeT BoapacTakne cpelHeff sHepruu cucrTeMbl. [lomycTum, OIHAKO,
YTO CHCTEMA YAepKHBaeICs NPH NOCTOAHHOM JaB/eHHH Py C HOMOMBIO YCTPOHCTBE,
l0K43aHHOTO Ha puc. 5.18 H cocTosiero M3 UMJAMHApPA W nopuiHs. B aroM cayuae
RaBJeHUe Py ONpelesifAeTcs BecOM MOPUIHA, a o0beM rasa V' ycranaBnusaercst B COOT-
BETCTBUH C jasjeHueM U Temuepatypoil. Ecau cucteme coobiaerca Temio Q, Bhipaxe-
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Hue (I) nepecraer GuiTh cnpasessinsbiM. Flokaxnre, YTo ero cielyeT 3aMeHHTh TaKHM!

. Q=AH, (I

rie AH osnauaet ussMeHeHHe Betnyunbl H=L-+p,V cucremst. (Beruunna H naswisaerca
aumaavnued CUCTeMbL.)

5.8. Mexanuueckuii npoyecc, cogeptuaemolli ¢ 10caabHsis 2a3oM. BepTHKaAbLHBI
UHJIHHAD, CoLepaKamHii v MoJiei 0HOATOMHOID ra3a, 3aKPHT NopIIHeM, MAcca KOTopore
M, a mnomans A. Besl cHCTeMa TepMHYECKH H30JHPOBAaHA. Y CKOpeHHe CHJlbl TAKeCTH
HalpapJieHo BHU3 M pasHo g. Brauane nopiiens HenoJBw:KeH, Tak uTO T'a3, HaXOSILHII-
¢st ipH abcomoTHol Temneparype Ty, uneer ob6veM V. 3ateM nopitenb ocBoGOKIaeTcA
Il HOCJ1€ HECKOJIbKMX KoJeGaHuil MPRXOAMT B COCTOSI HHE TIOKOS, OTBEUAI0NIee HEKOTOPOMY
mennlleMy obwemy V rasa npu temneparype T. [lpenebpemeM BCeMH CHJIAMH TpeHid,
IPEHsITCTRYIOWEMH  CBODOJHOMY CKOJIBXKEHHIO TOPIUHA B OUJHHIpPE, 4 TaKMKe Temio-
€MKQCTBIO NOPUIHG W HHJAHHApPA.

;a) Yemy paBHO cpeiHee. jiaBJ/ieHHe Fa3a B KOHEUHOM COCTOSHHH?

.6) PaccumotpeB paGory, COBepIIEHHYIO Haj rasom, H BOCTIOJNb30BABIINCL MU3RECT-
HLMH CROHCTBAMH HAeaNBLHOTO OIHOATOMHOTO rasa, Bblpa3ure KOHeuHYyo Temnepatypy 7
u oObeM V rasa uepes TVy, Fa3oBylo nocrossHuyio R u seanunnsl v, M, A, g

0.9, Kasopumempuueckud onvim. Cocyl, yacTHYHO HamnodHeH BOJOH, B KOTODYIO
NOrpYsKeHbl 3/ 1eKTpHYeCKoe CONPOTHB/IEHHEe U TePMOMeTp, NPCACTABSIIOULHHE COO0H CTek-
ASTHHYIO TPYOKY, 3anoiHeHHYIO PTYThiO. Bea cucrema TepMmuueckH usoganpopana. Bua-
vaJje, Korja cucreMa HaxOAM/1ach B TepMHHECKOM DaBHOBeCHM NPH KOMHATHOH Temiie-
parype, AnuHa L pTyTHOTO croa0HKA B Tepamonmerpe Gbiia parHa 9,00 cu. Ecau k conpo-
THBJEHHIO MOJKAIOYHTS 12-BosILTOBYIO HaTapelo, uepe3 Hero TeueT TOK O 4.

B neprol cragni onbiTa Gatapes BKAoueHa Ha 3 muuyTHl. [locae ycranopaenns
paBHOBecHA oTcuer TepMmomeTpa paeeH L==9,00 cu. 3arem OaTtapes cHoBa BKIIOUAETCH
#a 3 MuryTol. KoHeuHbI!l OTCUCT TepMOMETRA [OC]E YCTAHOBAEHUA PABHOBECHH PdBeH
1=13,00 cu.

Bo BTOPOIT cTaguu onbiTa B cocyt Jobapuan 100 e soanl. HauyaanHslil oTcueT tepMo-
MeTpa no-npextemy paeed 5,00 cu. 3atem Garapes Bxiouaercs Ha 3 munytbl. OTcuer
TePMOMeTPa TNQCde YCTABOBJCHHS paBHoBecus L=7,20 cu. Bartapes cHoBa BK.JIIOUYACTCH
Ha 3 MHHYTH; nocje IJOCTHXKeHHSI HOBOTO PABHORECHSI OTCYET TepAMONeTpa paneH
L=10,04 cu.

a) Tlocrpofite rpagmk saBHCHMOCTH BHYTpeHHei aHepruu 100 e BoAbl OT NOKasanusg
TepMomMerpa L.

6) Kakoso B uccleloBaHHOM HATepBale TeMiepaTyp u3MeHeHue BHYTpeHHeit
3Hepruy 1 2 BOABI MPH H3MEHCHHM OTCuyeTa Tepuomerpa na 1 cw?

5.10. CpagrumeabHotil KAAOPUMCTIDUAECKILL OnbLm. B cocyn namuto 150 e Boant H
TIOMeLLeH. TepMOMeTp, ONHCaHHLI] B 3aja4e 5.9. Bes cucreMa TepMHuecKH H30J0HPOBAHA.
Havannurifi oTCHeT TepMOMETpA, OTBEUAKUIHIT PABHOBECHOMY COCTOAHMIO CHCTenbl, pa-
ger L==6,00 cx pr.cr. K cuereme go6asuau 200 ¢ Bojkt, TeMOepaTypa KoTOPoil cooTseT-
cTByer orcueTy Tepmomerpa 13 cu. [locae nocrumenns passoecus L—9,66 cu.

Bo BTOpOI cTauu OnBITa B cocyl, comepmaninii 150 2 BOAB M TEPMOMETp, noMella-
10T KYCOK MesH, Macca Kotoporo 500 2. HauajabHbll OTcueT TepMoMmeTpa No-IpexHeMy
paBeH L=6,00 cu. K 3roit cucteme goGasamor 200 2 soxaw, Temmepatypa KoTopoi
COOTBETCTBYeT oTcyery Tepmomerpa L=13,00 cu. Tlocae aoCTHIKeHHS paBHoBecHs
£=8,92 cu.

a) Bocnosb3opaBines JAaHHBIMH 3ajaud 5.9, BbIUMCIHTE KOJHUYECTBO TelJja, i1o-
IUIOLIEHHOTQ CHCTEMOM, COCTOsMILell H3 COCyZa, BOABI H TEPMOMeTpa B IEepBOH Craiup
OMNBITA.

' 6) Kakoeo navenenne BHyTpeHHell 3Hepruu. | 2 Meau PR H3MeHeHHH TeMIepatypLi
Ha BEJIHUHHY, COOTBETCTBYIOMYIO | cM IUKAJbi TepMOMETpa.

5.11. Anomarus ydesvrod menacemxocmi. PaccMoTpHM cHCTeMy, cocTosimylo H3 N
caa6o B3anmoaeRcTByIOmWMX vacThil. T1pennosnoxnM, 9To KamxAas 4aCTHIA MOXKeT Haxo-
MMTECS B OJHOM H3 JBYX COCTOSHMN, 3HEprus KOTOPHX € H €5, NpHUEM £ <&,

-+ a) He fienasi rogpo6HbIX BbIUMC/IeHHH, NOCTPOHTe TpauK 3aBHCHMOCTH CpeiHel

SHepPrun E cucremut or a6comotHoii Temnepatypst T, Hcnonvayiite 3T0T rpaduk (oH Opia
.,no.nyqu B 3azave 4.8) 71 nOCTPOEHNHS 3aBHCHMOCTH TemyioeMkocTH C ot T (npeanona
_raﬂ, }1’r0 Bee BHEUIHHE NapaMeTPhl He MEHSIOTCs). Hoxamme YTO 9Ta 3aBHCHMOCTD HPO.
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XOJIUT Yepe3 MAKCHUMYM, H OLeHHTe BETHUMHY TeMIepaTyphl, COOTBETCTBYIOWEH MaKCH-
MYMY TeJIOEMKOCTH. -

* + 6) Boluuciaure cpexpmiolo sHepruio E (T) n rensioemkoctt C (7) cucteMnl. [loka-
JKUTE, UTO MOJYUYEHHble BAMH BhIpakeHus 0671a1aI0T PACCMOTPeHHBIMH B a) CBOHCTBAMH.
' Takue cayyau, KOria B HEKOTOPOM TeMICPATYPHOM HHTepBaJie UMElOT 3HayeHue
IBa IMCKpeTHBIX YDOBHS 3HepruH, BCTpeualoTcsi Ha npakTHke. COOTBETCTBYIOLLeE NOBE-
JleHue TenJI0eMKOCTH HOCHT Ha3patue aHomaauu HfommkKu.

5.12, ¥Ydeavraa menaoemkocms cucmesvi cninos. CHCTeMa aTOMOB, KaxKJH H3
KOTOpEIX HMeeT CIHH Y2 M MariuTHBIT MOMEHT fly, NOMelieHa BO BHellHee MarHHTHoe
nose B m HaxomuTest B TeIOBOM paBHOBecHH NpH teMiepaType 7. O6pamas BHEMaHHe
TOJILKO Ha [OBeJeHHe CIHHOB, Npojeaaite CleAVIOee,

a) Ha¥inure, He nNpPoM3BOIA BBIYUMCJEHHH, Mpeje/bHble SHaueHHss CpejpHei
9HEPFrHH E(T) cucreysl npu T—0 u T—o0.

6) Haiaure, Takke 6e3 BblyMCJACHHIT, npeieibhble 3uauetns Tentoemkoctd C (T)
B NOCTOSTHHOM MAarHHTHOM fasie TpH T304 T 0.

B) BriuncanTe 3aBHCAMOCTL cpextiell sneprun E cuceremsl oF TemnepaTypel 7.
[locTpoiite rpadux 3TOll 3aBUCHMOCTII,

r) Bromncanre temoenxoctu C (T) cucreMbl # nocTpoiiTe TpagHK 3aBHCHMOCTH
C or T.

5.13. Tenaosoi ahperm, ceszanmntil ¢ Hechepueckusmu adpasu. S1pa aToMoB B KpH-
CTaMIHYeCKOH pellleTKe HeKOTOPOIo TBEPAOro Teqaa HAeloT cnuH 1. Kak y4uTr KBAHTOB4A
MeXaHHKA, KaXI0e AP0 MOMKeT HAXOAHTHLCH B O/THOM H3 TpeX KBAHTOBLIX COCTOSIHHHA,
XapaKTepH3yeMbIX KBAHTOBBIM YHCIOM M, e m—=-+1, 0 uan —1. 2T0 KBAHTOBOE YKCJIO
H3MepsieT MPOEKLHIO SAePHOTO ClIKHA HA KPHCTALIHYECKYIO och TBepjaoro Tema. Tax
KaKk B ofuleM ciyuae pacrnpejteseHie 31eKTpHYECKOro 3apsia B aApe He sphsercd che-
PHUYECKH CHMMETPHYHBINM, a HMeeT BHI HIAMNICOHIA, SHePTUst a1pa 3aBHCHT OT OpHEHTa-
HHH CIIHHA N0 OTHOLIEHKKD K HEOJHOPOIHOMY 2JIEKTPHYECKOMY HOJI0 B Aecre pacnoso-
AaenHs sapa. Takun ofpasoM, S1po HMeeT OJIHY W TY e HeprHio =g B COCTOAHAH
m==1 n m=—1 u Apyryo suepruto B cocronunu m=0, KOTOPYIO0 MOXKHO NIPHHATbL 34
gynesyo (E=0), ,

a) INonyuute pblpaxeHnue A1 AJepHOro BKIala B CPeAHIOI0 BRYTPEHHIOIO 3HEPTHIO
MOJIS TBEpAOTO Tesid. Kaxk 3TOT BKJAJ 3aBUCHT OT AGCOJNIOTHOH TeMIlepaTypbi?

6) Hapucyiite npuMepuylo KPUBYIO 3aBHCHUMOCTH OT TeMNepaTypbi SIIepHOH YacTH
MOJIAP HOH YAeNbHOH TerloeMKOCTH Teeploro Tena. [lponssesute TouHOe BLIMHC/CHHE
9TOI 3ABHCUMOCTH M HAJAWTe NpejeJbHOe 3Hauenue jias Goabuux 7.

O6cvxaaemblil HamH 3dekt pecbMa HeBeuK. OH MOKeT, 01HAKO, 0Ka3aTbLCA BaK-
HBIM TIPH H3MEPCHHAX TeMJOeMKOCTH HeKOTOPBIX BElLeCTB IPH oYeHb HH3KHX TeMmrepary-
pax (nanpHMep, A1 MCTAJIMMECKOTO HHAMA, TaK Kak siapa Inlis 3amerHo oTkjoHsIOTCA
OT cthepHyeCKOH CHMMETPHH).

5.14. Tenaosoe s3aumodedcmeue mencly Osyma cucmenamu. Pacemorpnam cHetemy A
(Hanpumep, KycoK MelH) H cHcTeMy B (Hanmpumep, cocyja ¢ BoOJ0il), KOTophle BHayane
HaXOoJMJIHCh B papHOBecHU npu Temnepatypax T 4 n T g cooTBercTBeHHO. B HHTepecyio-
ulefi Hac obdacTH TeMmepaTyp 0O6beM CHCTeMbl OCTAeTCS HEM3MeHHBIM H COOTBEeTCTBYIO-
uHe tensioeMkocT C 4 u Cp He 33BHCAT OT TeMIepaTyphi. 3aTeM MEKLY CHCTEMAMH yCTa-
HaBJIHBAETCS TEIVIOBOH KOHTAKT H OHH JOCTHTAIOT KCHEYHOTO PaBHOBECHOIO COCTOS NS
npH HeKoTopoii abcoaloTHoit Temneparype 7.

4) Bocnoansyiltecs yclopHeM COXpaHeHHA 3HePrUH Ui onpefleenHs KOHEYHOH
Temmeparypsl T. Beipasute sawr orBer uepe3 T4, T, Cyu Cp.

6) BocnoauayiiTech pasenctBoM (31), uToOB BLIMHCAUTS R3MeHeHH 3HTponuH AS 4
cucrembl A U ASp cucrembl B. Hcnons3yiiTe nosyuyenHbill pesyabTaT AJd8 BblUHCIEHUS
OJHOTO H3MeHeHus1 snTponuH AS=AS 1-FASp cocrapHoll cucreMbl NPH lepexoje H3
HavyaJbHOTO COCTOSHASA (CHCTEMBl B OTAe/I bHOCTH HAXOAATCS B pPAaBHOBECHH) B KOHeuyHoOe
(o6e cucTeMbl HAXOLATCsI B PABHOBECHH JPYF C APYrom).

8) Jokaxure, uto AS He MOXKeT 6uITh OTPUIATEAbHEM H yTo AS=0, TOILKO ec/H
Ti=Tpg. ¥ xas3anue Bul MokeTe BoCHONL30BATLCH HepaBeHCTBOM In x=fy—I1,
RoxasaHuwM B (M.15) uiu, uTo IKBUBAJIEHTHO, HepaBeHCTBOM In (x—Y)g—x+1.]

" B.15. H3merenus nmponuy Apu pastuinbix cnocoax nepedauu menaa. Y neJbHas
TeIIJIOQMKOCTb BOAW pasra 4,18 dwc-2~1.zpad—1. L
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a) Kusorpamm soawt npu 0° C npusedeH B KOHTAKT C GOJABIIKM TeIVIOBHIM pe3ep-
sByapom ¢ Temnepartypoid 100° C. Kak H3MeHHTCA SHTPONHH BOAB NOCIe AOCTHKEeHHS
TemnepaTypsl pesepsyapa? Kak H3MeHHTCH IHTPONHS TElPOBOLO pesepsyapa? JHTpo-
IHS NOJTHOIl CHCTeMBl, COCTOSIEll M3 BOJbI W pe3epsyapar

6) Uemy paBHO HM3MeHEHHe 3HTDOMHH COCTABHOI CHCTEMBI, eC/IH BOJAA HarpeBaercd
oT 0 o 100° C caeayiomiuM o6pasoM: Clia4ajda BOIA NPUBONUTCS B KOHTAXT C pesep-
ByapoM Tipi Temilepatype 50° C, a 3aTeM — C pe3epByapon, HAXOIALIMMCS IIPH TeM-
neparype 100° C?

B) Ilokaxure, uto Bo1a MOKeT ObITh Harpera or 0 go 100° C 6e3 u3MeHeHUS FHTPO-
AR TIOJHOH CHCTEMBI.

5.16. Havenenue snmponun npu naasaenuu. Jled 1 BoJa HAXOJSATCS B paBHOBECHH
npn temneparype 0° C (273° K). Urobp paciviaBuTs 1 Modbs J1bJa npu 31oil Temne-
parype, ueobxoaundo Koauuyectno rersta B G000 doe.

a) Boluncaure pasnoctb surtponuil 1 Moas Botst H 1 Moas asn{a npu TeMnepary-
pe 0°C.

6) Haiizure orHowenne 4ucia COCTOSLHMIL, NMOCTYMHLIX BOZE, K YUCAY COCTOSHMIL,
JIOCTVHHBIX Jb1Y, IPH 3T0i1 TemnepaType.

5.17. Hpaxmuueckas pabema no karopurempuu. Paceyotrpus Kazopusemp (npu-
60p A4 u3MepeHNs Temsja), rMaBHoH qacThlo KOTOPOro sIBIACTCS MEIHEIH CoCyl BecaM
750 2. 10T cocyn conepxuT 200 & BOAb, H BeCh KaJOPHMETP HAaXOAHTCS B PABHOBECHH
npn 20° C. Tloaectint B Kasnopuserp 30 e apja npu 0°C ¥ 3akJII0YUM BeCh KaJlopH-
MeTp B TelJIOH30JUPYIOWIYI0 O6OJM0UKY. Y jedblas TeIVIOEMKOCTh BOJIb  PaBHa
4,18 Oxc-2—1-2pad=1, a yleabHASl TeIIOEMKOCTb Jpjia 0,418 dwc-2—1.2pad—1. Ckpul-
Tas TemloTa IJ1asieRus Jbla (T. e, KOJIHYECTBO Tensa; HeoOXOAHMOe /i Tpeppatie-
HIsI rpanmMa abna g Boly npu 0° C) paBra 333 dowe-e—L,

a) Kakoill craner TeMnepaTypa BOLbI T0OC]e TOO Kak JeJ pacTaeT U YCTAHOBHTCH
paBHOBecue? '

6) Bruluscsinte nosiHoe H3MeHeHHE 3HTDOIHM B 3TOM ITPOIIECCE.

B) Kakylo paboTy HAJ0 COBepPUINTEL HAJL CHCTeMOH nocjie mapdenna Jbuia (Hanpy-
Mep, € IOMOUIBIO e PEMELIAIoNIET0Cs CTEPIKIs), YTOOL CHOBA JOBCCTI TCMIEPATYPY BOL!
o 20°C?

5.18. CsoBodHoe pacuinpenue easa. Ha puc. 5.19 cxenmaTHuecKil noxasana 3xcnepu-
MCHTAILHAS VCTAlORKA, nomveneHilad [DKoy ien 1ig H3ydeHus 3aBHCHMOCTH BHYTpeH-

HCH 3iepruM £ rasa ot 3anuMaesMoro HM o0b-

TEPMOMETHT cma. Y1acThio VCTAaHOBKR HEBASETCSt CUCTEMA

A, cocrosimas U3 3aKpHITOr0 Cocyna, pasje-

Baryywr JieHHOTo Ha apa 0o0beMa, B OLHOM H3 KOTOpPbIX

/zz  HKpaw ﬂlpi § Haxoaures ra3. OnwiT 3akjgiodaercst 8 ToM,

i YTo KpaH, coelHusiouiHi oda ofbena, oOT-

—— & \—— F : _f KprBag’I‘CH, M ra3 3aHHMaeT BeCb OObEM CO-
1—— —1 —— CyJda, NOCTeNeHHO NDHXOIs B COCTOSHWe
. — pasHomecHd. [onycritn, uro Temmepartypa
—— BOJbl B PE3YALTATE IPOLLECCA e H3MeHUJIaCh.,

o a} Hemy paBHa cosepilieliHas HAg CH-
cteviot A paGora? (CTCHKH cocyda KecTKue
T T H 00pem  Cocyila, CJe10Bareqblio, He Me-
HACTCH.) )

0) Uemy pasHO KOJAHUECTBO Temsa, I10-
[JOLWEHHOIO cucTeMoit A?

o) Yemy paBHO H3MeHellHe BHyTpeHHeld
Hepran clcreMpl A?

1) Hsen B Biay, uTo TeMnieparypa ras3a He M3MelHJ1ach, KaKOi BbLIBOJ BH MOMETe
CHeNaTh H3 3TOrO OfBITA O 3aBUCHMOCTH BHYTPeHlicH SHCPrHM Fa3a OT of6LeMa Tp
(huRCUPOBAHHOR TemnepaType? K

5.19. lHonamue sumponuu 6 npumerenuy K MenA0EMKOCHU  CEePXNPOGOIAULCS)
semaaiq. TerioemMKocTh 0ObIUHBIX MeTA/WIOE fpY OYeHb HU3KOH aGCOMIOTHON TeMIiepa-
Type Buiparkaercs gopmysoi C,=yT, rie y — noctosiHuas, XapakTepu3yiomas MeTaja.
Ecau HRXe KpuTHYecKofi Temneparypst T, Merana sBAfeTCS CBepXIPOBOJHUKOM, TO
B HHTepBate temneparyp O0=IT=<T, CBepXIpOBOAAIIErO COCTOSHHS TeNJOEMKOCTD
OnHCcHBAETCA NPHOMIKeHHOR dopuyloil Cy=aT?, rie b — HeKOTOPad NOCTOSHHAA.
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[lepexog meranta H3 OGLIMHOIO B CBePXIPOBOIfALEe COCTOSTHHE MPH KPHTHUECKOH TeM-
neparype T, He COTIPOBONKIAETCH NOIIOUIEHHEM HJIH oTIayeii Tensa. Orciona cienyer,
yTO IPH 3TOH Tenneparype S,==S;, rae S, 1S; — sHTpomiy MeTaia B OOBIMHOM H
CBEPXNIPOBOJSILIEM COCTONHHSIX COOTBeTCTBeHHO.

a} Uro Moxuo ckazats 06 suTponiax S, H S B npeaeie T —0?

6) Bocmosn3yitTech 6TBETOM Ha BOIPOC d) H CBA3LIC MeXAY TenJoeMKOCThIO H 3HT-
ponueil, yTobul HaiTH cooTHoulenne mexpy C, H C,, npn KpuTHUeckoii Tennepatrype T .

5.20. Ten.acesmkocnte ancanbia eapMOHUNECKUX OCHUAAAMOPOs. PaccMoTpHM aH-
cambasb 13 N €1a60 B3anMOAeHACTRYIOMMY HPOCTBIX TapMOHHUECKHX OCIULLISTOPOB NpH
a6contoTHolt Temnepatype T. (AHcambiab TAKUX OCUMLISATOPOB ABAKETCH NpHOTHMKeH-
HOH MOjlenblo aToMOB TBephoro Teqa.) Ilycre ® — Kiaccuyeckasi Kpyrosasi 4yacroTa’
Kax}JOFo OCHMINATOPA.

a) Bocnonb3oBapiiuch 3HaueHueM cpepHeil sHeprHM, BHMIICIEHHBIM B 3ajaye
4.22, naiizute Tennoemkoers C (npu (PMKCHPOBAHHBIX BHEWIHHX TapayeTpax) aHcam6.1st
TAKHX OCHHJTSTOPOR.

6) Hapucyfite rpadur 3apmcmiocti TenoeMkocTd € oT abcoaoThoH Temmepa-
Typel T.

B) Ueny paBHA TEILTOEMKOCTb NPH BHICOKMX TeMnepaTypax, YAOBJIeTBOPAIOHIHX
uepasetersy A7 >hwe?

5.21. Yadeabnas menioceyxocms deyxamoiHoeo ease. PaccMoTpHM DACATLHBIH ABY X~
aToMubli Fa3 (Banpunep, Ny) npi afcomorHoil Temnepatype 7', 6anskoll K KoMuaruof.
JTa TeMitepaTypa ROCTATOYHO HH3KA, YTOOBI MOJCKY/IA [TOUTH BCer4a HAXOMHJIACH B 13-
LIeM KONefaTeqbHOM COCTOSIHIII, U0 NOCTAaTOYHO BLICOKA 177 BO30yxAeHHS GoablIOro
YHCAA BPAUIATETHHLIX COCTOSHHII.

4) Bocnoab3oBaRINCH pe3YIIbTATOM 3a%a4d 4.23, anuniuTe BbipAKeHHe LIS cpel-
BCIT 2HEPrMH IBY XATOMHOIT MOIEK Vb [a3a. JTa 3Heprus COCTOMT H3 KHHEeTIUEeCKOi s1ep-
FUH JIBHAKEHHS [EHTPa MAacC H YHEPTHH BPAMLEHIS MOJCKVJIbI BOKPYT LCHTPA MAacc.

6) Bocnedb3opaBilNnch OTBETON Ha 3ajanke a), HafiNuTe MOJSIPHVIO TENJOeMKOCTh
¢y NpU TOCTOSAHHOM OGBeMe I8 HAeATbHOIO ABYXaToMmHoTro rasd. Heamy pasuo uuce
JCHHOE 3HAayeHue cy?

5.22, daykmyayua sHepaun 8 cucmeMe, HAXCORUElca 8 KOHNIGKME ¢ Menaoshi
pe3epsyapor. PaccroTpuM MPOH3EOILHYIO CUCTENY, HAXOAKULYIOCS B KONITaKre ¢ TenJo-
BBIM pesepsyapoy npu abcosnioTHoil Temnepatype T=(kB)—'. B aanaue 4.18 Guino fo-

KasaHo, HCXOMs U3 KAHOMMUECKOTo pacupefesenust, uto L==—(d In Z/ap), rae
Ze= 3 embEr (1)
T

ABJACTCH CYMMON MO BCeM COCTOSHHAM CHCTENbI.

a) Beipasure £2 uepes Z, Touuee, yepes In Z.

6) Hucnepcus sucprun (AE¥=(E—FE)2 pasua [2— L2 (cM. sanauy 2.8). Hcenose-
3ys 3TO PaBeHCTBO M OTseT HA NYHKT a), NOKa)ure, 4TO

" —

of? ap
6) TlokaxuTte, YTO CTAHXAPTHOe OTKJIOHeHHe AL SHepTMH MOXKHO BeChMA OGMmHM

00pa3on BBIPAsHTbL Yepes TemioeMKocTh € cucreMmbl (lipy (QHKCHPOBAHHLIX BHEIIHMX
HapameTpax):

(AE)*=

AE=T (C)V/2 . (111}

r) FlycTs paccMaTpHBaeMast CHCTeMa SIBJISIeTCSl HIeaJbHbiM ORHOATOMHBIM Fazom,
cocrosmuM u3 N aTomos. Bocnoawsyiitecs (I1I), utobm suipaszutb AL/E vepes N.
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F'TABA 6

KAHOHHYECKOE PACNPEAEJEHUE B KJIACCHYECKOM
IPUBJ/IM)KEHHN

Kanounueckoe pacnpefesnente (4.49) umeer dyHaaMeHTalbHOE 3HA-
yenHe H OTPOMHYIO 00J1aCTb TpakTHYeCKoro npumeHenHst. Kak Oblio
MOKa3aHO B IJaBe 4, ero MOXKHO HCTOJIb30BaTh AJsl HENOCPEeACTBEHHOTO
BBIYHCJ/ICHHS PABHOBECHBIX CBOMCTB GOJAbLIOIO YHC/AA PA3JIHYHBIX CHCTEM.
B kauecTBe npumepa, ¢ NOMOULLIO 3TOrO pacipeneaesnsi, Mbl BRIYHCAHIH
MarHUTHbIE CBOHCTBA CHCTEMBI, COCTOSIIIEH M3 CIIHHOB, a TaKxKe AaBJe-
1lHe H TEIVIOEMKOCTb MJEaJbHOIO rada. 3aJlauH K ryaBe 4 Taxike couep-
JKaT HECKOJIbKO HHTEPECHBIX [IPHMEHEHHH KAHOHHYeCKOTO pacipejelie-
uusi. OOCyk/eHHe [MHPOKOH 06JaCTH INPHMEHEHHMH KaHOHHYECKOro
pacnpeeaesns MOIVIo Obl 3alI0JHHTD HE OAHY KHHTY. B 3T0# raase Mol
OrpaHHYFAMCS TEM, YTO ITIOKAXKeM, KaK HellOCPEeACTBEHHO 13 KaHOHHYECKOro
pacripe/iejieHHs1, B NPUOJHAKEHHH KJAACCHYECKOH MeXxaHHKH, MOXKHO Io-
JIYUUTh NPOCTHIE, HO HMEIOLIHe OrPOMHOE 3HAYeHHE Pe3YJbTaThl.

6.1. Knaccuueckoe npuOGIHxKeHHe

Mpnl 3naeM, 4TO B OIIPEIEICHHBIX YCJAOBHAX KBAaHTOBOMEXAaHHYECKOE
OMHCAHHEe CHCTeMDbl YaCTHI, MOMHO 3aMeHHTh IIPHOJIHMKEHHDBIM OITHCAHHEM
B TEPMHHAX KJacCHYECKOH MexaHHKH. B 3ToM pasiesne Mbl mocrapaemcs
MOJYUUTb OTBET Ha JBA CJACAVIOIHX BOmpoca: l) mpH KakHX yCJ0BHAX
CTATUCTHYECKAsA TEOpHsi, MOKOAILAscs Ha KJAACCHYeCKHX IpeJcTaBJde-
HUAX, MOXKeT ObliTh XOPOWHM npubamxenueM? 2) Eciu Takoe npubauxe-
HHe JONYCTHMO, TO KaK MOXKHO ChOpMYJHPOBATL CTATHCTHYECKYIO Teo-
pPHIO B KJACCHUECKOM NPHOIHKEHHH?

[1pueodnocmy Karaccuueckozo npubaudscerus. Kiaaccudeckoe npubiin-
JKEHHe COBEDPIICHHO Henpu200Ho TIPH JOCTATOYHO HH3KHX TEeMIIeparypax.
JlelicTBUTEIBHO, ROIYCTHM, YTO XapaKTEPHCTHUECKast TEIJIOBasl sHep-
rusi kT meHblne, 4eM cpefHee 3HaueHue AL MEKAY yPOBHSIMH 3HEPTHH
CHCTeMbl (WJIH CPaBHHMA C HUM). B 3ToM ci1ydae KBaHTOBAHHE BO3MOIKHBIX
30aYeHWH SHEPTHH CHCTEMbl BEChbMa CYIIECTBEHHO ONpele/sieT ee noBe-
aenve. Hanpumep, w3 kanonuueckoro pacmpepejaennsi (4.49) ciienyert,
YTO BEpPOSITHOCTb HAXOXKJIEHHA CHCTEMH! B JBYX COCTOSIHMAX C 3Hepruef
E n E-+AFE (rne AE — kBanr 3Heprusl) B ciyyae AE>RT BecbMma pas-
auuHa. C ppyro#i croponnt, ecnu £T>>AE, TO BepoATHOCTH OUeHbL Maso
MEHSIOTCA HPH Tepexole OT JAHHOTe K OnHKaHlueMy COCTOsHHIO. B
5TOM CJly4yae JUCKPETHOCTb COCTOSIHMH Irepecraer OLITh CYLIECTBEHHOM
H KJ4CCHUeCKoe Npub/likeHHe CTAHOBHTCSI ompaBpaHhbiM. M3 atHX
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3aMEYaHHH BHITEKAeT cJ/elVviollee yTBepIKIeHHe:

Kuaccuueckoe onucanie He TOXHTCH, €CJIH

T < AE. (D

IT0 OllliCaHHe CNpaBeJ/INBO, OJHAKO, B TeX CAyyadX, Korjla KBaHTO-
BOMEXaHHueCKHe adxheKTh HMEIOT peHeGpeXkuMo Madsoe 3xavenue. [pui-
IHIT HeoripeseseHHOCTH [efizenbepra ykasblBaeT HAM KBaHTOBOMEXaHHYe-
CKHii nmpexes HPHMEHHMOCTH KJACCHYeCKHX KoHuenuui. M3 npuHunmna
HEOIIPE/IE/ICHHOCTH CJIERYET, YTO OXHOBPEMEHHOE OIpele/eHHe KOOpAH-
HaThl ¢ M COOTBETCTBYIOUIEro e HMIyJbCa p He MOXKeT ObiTb CKOMb
YIOAHO TOUYHBIM H YTO NPH H3MEPEHUSIX ITHX BeJHYHH CYIIECTBYIOT MH-
HUMaJbHble TIOTPEWHOCTH Ag U Ap, CBsSI3aHHLIE MEXKTY OO0l COOTHOLIE-

HHEM
AgAp =k, | (2)

riae h==h/2n npejacrasdasger coboil nocrosinuyto [lnanka, neneHnyio Ha
2n. PaccMoTpHuM Tenepb, NMPH KaKHX yCAOBHSX Oy/ET AONMYCTHMO KJac-
CHYeCKOe OmnHCaHHe CHCTEeMbl, Haxo/sieHcs pH ollpeleeHHOl Temnepa-
Type. Urobb Takoe OMHCAHHE HMEJO CMBLIC/, OHO JOJKHO MO3BOJHTb
JIOK&JH30BaTh JIO0YI0 NPHHALIEKAULYI0 CHCTeMe YacTHILY ¢ HeKOTOPO#H
TOYHOCTBIO, KOTOPYIO MbI 0003HauyuM uepe3 s,. OO03HAUNM uepe3 P,
HMITYJILC 3TOH 4acTHUB. ECaH S, 0 p, HACTONBKO BE/JHKH, UYTO

SoPo } ﬁ”
TO OTPAHHYCHHS, HAKJAQJAbBIBACMbIC NMPHUHOHIOM HEOIpeleJE¢HHOCTH, CTra-

HOBATCH HECYLIECTBEHHBIMH Y KjacCHuecKoe npubauzkeHue GyjeT cnpa-
BEIJHBLIM. MBI TPUXOJUM NMO3TOMY K CJAEHYIONeMY BHIBONY:

Kuanaccruueckoe ongcaHHe CnpapeJHBO, eC/iH
SoPo 3> 1, (3a)
T. €. €eCJH
' Sy > K. (306)
Mbr BBeNN 31eCh JNUHY K,
£ )
Ry= =
o Py 2n py’ (4)

NpeacTaB/AsIonLyto coboit 1e6poilIeBCKVI0 JAJHHY BOJHBI, ACJISHHVIO Ha
2n. HepaBenctBo (30) paBHOCHJBLHO YTBEP K/IEHHIO, UTO KBAHTOBOMEXa-
HHuecKUMH 3(beKTaMn MOXKHO npeHeOpeyb, ecjald MUHHMAJbHbE KJ4aC-
CHYEeCKHE pAacCTOsHHS BEAIKH MO CPABHEHHIO ¢ 1e0pOHaeBCKON IIHHOM
BOJIHBI J/151 YaCTHIBl. B 3TOM C/yyae BOJIHOBLIE CBOMHCTBA YdCTHUM Tepe-
CTAI0T ObLIThb CYIIECTBEHHBLIMH.

Kaaccuueckoe onucanue. JIOIyCTHM, 4YTO KJAaCCHYECKOE OIHCAHHE
CHCTEMbl YaCTHII BO3MQKHO. B 9TOM cayuae BO3HMKAET TOT e OCHOBHOH
BOIIPOC, KOTODPbIA ABJASIETCSI MUCXOUHBIM IIYHKTOM KBaHTOBOTEOpeTHyec-
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Kore MOAX0Na, BHNO/JHeHHere B Hauajge raasbl 3. OH 3akjwuvaercs B
CNEeNVIOUIeM: KAK yKa3aTb MHKPOCOCTOSIHHE CHCTEMbI, OMHChIBAeMOH ¢
MOMOULBI0 K.IACCHYECKOH Aexa-
ZA HHKH?

Haunem ¢ oO4e€Hb [1POCTOro
cJyuyasi CHCTeMbl, 00pa3oBaHHOH
€JHHCTBEHHOIT vacTHieH, nBH-
JKYLLEHCS B OJHOM H3MEPEH!H.
¢ Tlosoxkenne tTakoH yacTiiin 3a-
jaercsl €AHHCTBEHHOH KOOpiH-
1 HATOHf, KOTOPYIO Mbl 0003HAUHM
7 uepe3 g. [lonnoe onmcanue Ha-
IeH CHCTEMBI € TOYKH 3peHHs
KJ14CCHUECKOH MEXaHUKH 3aK.TH0-
! yaercsi B YKa3aHHH KOOpiHHA-
THI ¢ H HMTOYJAbCa p ™) UacTHILBL
(B knaccuueckoil MexaHHKe BO3-
MOMKHO TOYHOE H3MEDECHHE KOoop-
Puc. 6.1. Kaacciyeckoe ddaszoBoe 0OpocTpancToo AHHATBl H HMHy'H»bca B 'HIOGOH
BAR HACTHUEL NOJiOKen e KOTOpoil 3ajaeTca oMol MOMEHT BpeMeHH. 3aKOHBl Me-

ROOpABIATOR- XaHHKH JalOT TaKKEe BO3MOK-

HOCTb OJHO3HAYHO IIPEACKa3aTh 3HAYCHHS ¢ H p B 1000 Mmocaelryio-
IHHA MOMEHT BpemeHH. B 3ToM 11 3ak/rouaercs M0JHOE ONHCaHHe loBe-
JNeHHS CHCTEMBl, KOTOpOE Jaer _
kJaccHuecKass MexaHmka.) Pac- T/ +
cMarpuBaeMast CuTyauHsd Iony- :
CKaeT TeOMEeTpHYecKoe HCTOIKO- 5/0 ; %
;

1

W U

panue. Hag sroro caeinyer Boc-
NO.1H30BaTHCH 1eKapTOBBIMH ¢
KoopauHatamu p u ¢ (puc. 6.1). T
3ananue BeJYHH 2 U § 9KBHBA-
JE€HTHO 3alaHHI0 TOYKH B JIBY- S 3
MEPHOM I[IPOCTpPaHCTBe (IPOCT- [
PAHCTBO KOOPAHHAT ¢ M p Ha-
3LIBAeTCA  Pasosoim  nPOCpPan-
CINBOM).

[lepemennble ¢ U p NpHHH- ' s
MAIOT HETIpephIBHbIE 3HAUCHHS,
¥ HaM cielyeT HaiTH cnocod |
CJIeNATh BO3MOXKHBLIE COCTOSIHHA e
cHcTeMpl CUeTHBMH. JIJst 370ro oq
Mbl MOXEM HCIOAb30BATH Me-  pyc, 6.2. Ieymepuoe (pazoroe npocTpancTeBo Tpe-
TOJL, HpHMEHEHHbIﬁ B . 2.6: IHAYUlEro pUcyHKa pasfieieHo Ha AYeHKH pashoro

«wbbeMar 6gdp="nh,.
paso6beM 061aCTb H3MEHEHHS ’

]

= =t = 4

—t—- 44 -

*) Ecin mbl Henosik3yeM OOBIMHYIWO JeKapTOBY KOOPIMHATY H €CJIM MarHHTHOE
noje OTCYTCTBYET WMNVALE p CHeAYIOHIHM 06Pa3oM CBA3AH CO CKOPOCTBIO M Maccoil
YacTHIEL L=rmy. B obmeM ciyuae Gosee YA0OHO HCHOABL30BAThL LSl ONHCAHMSA YacTH-
L ee MMIYJALC, & e CKOPOCTh.
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fIepEMEHHbIX ¢ I p Ha NPOU3BOJBLHO MaJjble JUCKPETHbIE HHTEPBAJIbI.
Hanpumep, ocb ¢ Mbl pazobpeM Ha mMuTepBadbl 64, a ocb p — HA HH-
Tepeaiel 8p. Taxkum obpasom, Bce (hazoBoe TPOCTPAHCTBO OKaXKETCs
pasOITEIM HA 3JeMeHTapuble siuelikH, «ofbeM» (T. €. IJIOlaAb) KOTO-
pbIX paBeH
6(] 610 - hm

rie hy — Hefo/blIast TOCTOsIHHAS BeJyiHa (OHA MMEET PasMEpPHOCTb
MOMEHTa KOJHYeCTBa JBHkeHHs). Temepb n1s MOJIHOTO ONHCAHHST COC-
TOAHIA YacTHI(bl TOCTATOYHO VKAa3aTh, YTO €e KOOPIHHATA JIeKHT B He-
KOTOPOil siyeiike Mexay ¢ 1 g+8g, a ee IMOYJALC — B HHATCDBAJIE OT
p Ao p—98p, T. e. napa uucea (g, p) JeXUT B HEKOTOPOM OnNpejeneH-
HOM HHTepBadJe. FGOMETPHLIQCKH 3TO O03H444aeT, YTO TOHYKA, COOTBETCTBY-

masi KOopAuHaTtam (g, p), JEXKHT B onpeleieHHoOH sdelKe (asosBoro
NPOCTPAHCTBA.

3axeuyaHue o BeAunun ne hy Omicaune coctofnug cuctems 6yier tem SoJee
TOMHDIM, 9eM MeHbLIC pasMepbl syeek, HA KOTopble pazGuTo Pasosoe npocTPpaucTso, T. e.
qeM MeHbile BesnynHa iy, [1pn knaccugeckom onncaunu 3ta BennyHHA MoXKeT ObITS Ipo-
H380JbM0 Masoit. KBantoBOMexaHHuéCKoe onucaHMe YCTaHABJAHBAET, OQHAKO, onpefe-
JICHHBIE HpPeflesl JAJsi TOUHOCTII OJHOBPEMEHHOTO H3MepeHHs KOOPAHHATEL H HMIYJbca
YaCTHULL: NpeledbHble TOUHOCTH H3MCPeHUst 3THX Beqiuud. Ag U Ap, CBA3aHbl NPHHIHU-
ros Heonpedenentoctd [efizenbepra: Ag Ap=h. Tlostomy pasjeletie hasoporo
MPOCTPAHCTBA HA AUCHKH, 06heM KOTOPLIX MeHblle ﬁ (hraunyeck Geceanicyienno, Jelcr-
BHTE/IbHO, BuIGOp /1y < o3Hauax GLI, 4TO COCTOSHUE CHCTEMBI MOKET OHITh 3a1a10 Gosee
TOYHO, HeM ITO BO3MOXKHO B KBAHTOBOH Teopuu.

IIpuseyeHHble Bblllle PacCy»kIeHHs jerko ob6o0UHTh Ha NPOH3BO/NBHO
CJIOKHYIO cHCTenMy. Takas cHcTeMa MOMKeET ObITh OITHCAHA € TOMOLUBIO
Habopa KOOPAHMHAT ¢i,...,J; H COOTBETCTBYIOLLIUX HMIIYJIbCOB py,...,0,
T. €. ¢ nomoinbio 2f uncen. (Kak o6nlqHO, 4HCIO HE3aBHCHMBIX KOOPJIH-
HaT [, HeOOXOAHMBIX s ONUCAHHMS CHCTEMbI, HA3LIBACTCH HUCAOM €€
cmenenert ¢8odo0st.) Urolbl cjle/iaTh BO3MOXKHbBIE COCTOSTHHSI CHCTEMb! CYeT-
HBIMH, HECMOTPS Ha HEnpepbIBHBIH XapakTep NMepeMeHHbIX ¢; H p;, Mbi
OTsiTb PAa3fieIHM BO3MOXKHVIO 00J1aCTh 3HAYECHHH KaXI10H KOOpAMHATHI
g; Ha uHTepBaapl 8g; U KaXKIOro UMIyJnca p, — HA HHTEpBalbl Op;.
Jas Kaxaoro ¢ BeJHUHHA HHTEPBAJNOB MOXET ObITh Cledana TAKOH, 4To

6q[ ‘sz = h{n (5)

rze Ay — UKCHPOBaHHAs, TIPOH3BOJILHO MaJjasi BeJHYHHA, He 3aBHCS-
mas or [. Tenepb, 4ToObl 3a4aTh COCTOSIHHE CHCTEMBl, AOCTATOYHO YKa-
3aTb, YTO NepeMeHHbIE : ' :

(ql, qi_n e ey q‘f: pl! Ay e e sy pf)

Je:aT B ONpeAe]IeHHbIX HHTepBa/iaX. B o6biMHON reOMeTpHUYECKOH HH-
TeprnpeTallHH 3THM I[1ePEMEHHLIM OMNSITh COOTBETCTBYET «TO4Ka» B 2f-
MEPHOM ¢hagosom npocmpancmee, Kaxjias oCh KOTOPOro OTBEYaeT Orpe-
JeJIEHHOH KOOpAMHATE ¢; HJIW. MMIYJAbCY p;*). Pagjensas KxoopauHathl Ha

*) 310 2f-MepHOe (HasoBoe NMPOCTPAHCTBO COBEPIIEHHO AHAJOFHYHO PACCMOTPEHHO-
MYy B 1. 6.2 fByMepHOMY. IDOCTPAHCTBY, XOTH, HPHBLIKHYB K NIPOCTPAHCTBY TpeX H3Me-
penuii, HaM TPYAHO 3TO NPEACTaBHTH.
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MHTEPBAJbl, Mbl TeM CaMbIM JIeJHM Bce (asoBO€ IIPOCTPAHCTBO Ha pas-
HLIe W Madble AuedikH, oGbeM KoTopuix pased (8g; 8g....8q, O6p, dp....
...8p;)=h, Teneps cocTosnue cuctembl 6yJeT 3a1aH0, €CJH MbI YKaxKeM,
B KAaKOM H3 BO3MOXKHBLIM Ha0OpOB HHTEpBaJOB (T. e, B KaKOH siyelike ¢a-
30BOTO MPOCTPAHCTBA) JIeXKAT KOODAHHATHL 1, (3,..., §; H UMIYJIbCH py,
PeyeesPy CHCTEMBL. [ yHoOcTBa Kakablii TakoH Habop HHTEpBasoOB
(WM KaXKAYI0 sYefixy ¢a3oBore IPOCTPAHCTBA) MOXKHQ OOO3HAUHTL He-
KOTOPLIM HHAEKCOM 7, TaK 4TO BCE JOCTYIHLIE CHCTEMbI sIYeHKH MOryT
ObITb HPOHYMEPOBAHBI H HOJACYHTAHBLI C IIOMOINbLIO 3TOrQ HHIEKCa 7--
=1, 2, 3,... Mbl MOXeM cielyloumHM o0pa3oM HOABECTH HTOI HAalHM
PacCyKICHHAM.

B kJjaccHueckoll MeXaHHKE COCTOSIHHE CHCTEMBI
MOXKHO 33;aTb, YKas3dB HOMep r slUeliKH B (PasoBOM
IIPCCTPAHCTBE, B KOTOPOH HAXOAATCst KOOPJHHATHI H (6)
MMMV J/bCEL CHCTEMBL.

Takum o6pasom, yKasaHHe COCTOStHUSA CHCTEMB B K.JIACCHUECKOH Me-
XaliKe NPOHCXOIHT TaK Ke, KaK B KBAHTOBOH MEXaHHKe: sidelika ¢azo-
BOIrC NMPOCTPAHCTBA NPH KJACCHYECKOM ONHCAHHH aHaJOTHUHa KBAHTO-
BOMY COCTOSIHHIO NIPH KBaHTOBOMEXAaHHYECKOM oONHCaHHH. OJHAKO CJje-
nyer obparuTh BHHMaHHe Ha BakHoe pasanumpe. B kjaaccHueckoMm ciy-
yae HMEET MECTO 3/EMeHT NpOol3BoJa, a HMEHHO, pasMep siueek 3 (aso-
BOM [IPOCTPANCTBE (T. €. BeJHYHHA NOCTOAHHON f1y) MOET OLITh BRIOpaH
No »KeJaniio; MPH KBAHTOBOM K€ PACCMOTPEHHH KBAHTOBOE COCTOSIHHE
onpeieisieTcsl OIO3HA4YBO (3TO CBABANO C T€M, YTO KBAHTOBAsl TEOpPHs
HMeeT €710 ¢ MOCTOSIHHOM A, HMEIouled onpefe/]eHHoe 3HavyeHHe).

Kaaccuveckast cmamucmuueckas mexanuxq. llocse BBeleHHA sideek
B (hd30BOM IPOCTPAHCTBE CTATHCTHYCCKOE OMHCAHHE CHCTEMbI B T€PMH-
HaX KJaccH4YecKoH MeXaHHKH CTaHOBHTCS aHaJOTHUHbIM KBaHTOBOMEXa-
HHUECKOMY onucaHHo. PasjHuHe 3ak/JiouaeTcsl B HHTEpNpeTalnuH: B
KBAHTOBOH TEOPHH MHKPOCOCTOSTHHE O3HAUAET HEKOTOPOE KBAHTOBOE
COCTOSHHE CHCTEMBI, TOTJa KaK MpH KAACCHYECKOM PacCMOTpPEHMH TOJ
MHKPOCOCTOSIHHEM [OHHMAIOT OMpejlevieHnyio a4edKy B (asoBOM INpPocCT-
paHcTBe. OCHOBHBIE IIOCTYJ1aThl KJACCHYECKOH TEOPHH st CTATHCTH-
4eCKOro aHcamdas CHCTEM COBNIAJAIOT C COOTBETCTBYIOIIHMH MOCTYJId-
Tamu (3.17) 1 (3.18) KBaHTOBOH TeopHH. B 4YacCTHOCTH, yTBep:KIECHHE
(3.19) B KaaccHyecKoM c/yuae NMPHHHMAET CJAENYIOUIHA BHIL:

Haxodsuuaaca 6 pasrosecutt U30UPOBAHHAS CUCIEMA € PABHOLL
8¢ POAIMHOCIBIO MONCEM ObLITLd OOHAPYNCEHA 8 MOOOM U3 C60UX Cocmyr -
HbLX COCOAHUL, M. e. 8 A000l u3 Oocmynubix s4eex (hasoeoeo npo-
cmpancmea.

[1pumep. B kavecTBe upocToro npuMEpa KA2CCHYECKOrO PACCMOTpPeHHST CTa-.
THCTHYECKOI 3a1ayi o6paTHMCS K YaCTHIle, Haxonsuleics B SiluKe AJMHROM L, JBHKeHHe
KOTOPOH OrpaHHYeRo ofHiM H3MepenHeM. Eciu 0603nauyTh KOOPAHHATY YAaCTHLB Yepes
X, To ee ABHXeHHe orpaunueHo ycinoBHeM 0<<x<L.IlycTb -Ha uactHily He JeHcTBYyiOT

1
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HHKAaKHe CHJIbl H BCA ee 3Heprus HCYepIIBIBaAeTCA KHHETHUeCKOM 3Hepfﬂ€ﬁ2

1 1 p?
E=—mt=—="-
2 2 m’
TIe U — CKOPOCTh, M — MacCa W p==my —— HMIY.IsC uactiubl. ITlpeanosoxum, yro
YaCTHIA H3OJUPOBAHA, TOTAA OHA O6JIAJAeT NOCTOAHHOH 3HeDrueii, Jiexauled B y3KOM
nurepsane Mexay Eu E--dE, a ee UMITYJIbC JIOVIPKEH JIeKaTh B MAJIOM HHTepBaAJIE HM-

nynbeok dp BOAM3N 3HaYeHHll p=-|- V omE. JocTvisas A HaCTHIEI acTb ¢hazosoro
npocTpanCrBa  I10Kas3alla  3aluTpHXo-
saHHOH obaactoio #a pHe. 6.3, Ecan P
(ha3oBoOe NpOCTPAHCTBO pa3JeNuTL Ha
Ma/ible ekl dx dp=h,, To 3awTpH- IMENE NS T I PUAIIT:
XOoBaHHAs o0JacTh OYIeT cogepkats [TV b7, Sl LY,
GOIbIIDE YHCAO TAKHX siYeeK, npej- v
CTABIAIOIHX COGOH AoCTYHHbIE COCTO-
AHUs Haweil CUHCTeMbl. H
JlonycTiat, uTo 4aCTHUA HAXOTHT- +
¢s1 B paBHoBecHH. Torja #a ocHOBaHUH '
CTATHCTHUECKOrO  NOCTYJ1aTa  MOMKHO j
VIBEPKIATh, YTO KOOpIHHATA X H ] t
HMITY56C YACTHUM P APHHUMAIOT Ta- ;
KHe 3Hauelust, 4TO YacTHUA € parHoOH I
BOPOSITHOCTBIO MOXKeT 6wmTh ofHapy- + !
KeHa B 000 M3 AYeeK  3aWITpHXO-
BAHUOI 06jacTi. 2To 03HAayaer, 4YTo
C paBHOH BePOATHOCTLIO UACTHIA
JEeT IINeTh MAMNYJALC, Jexalldil B HH-
TepRasie  dp  BOMIH  3HaUeHHs

ZmE W B TAaKOM Xe HHTepBaje

‘ 1 v Puc. 6.3. Knaccuueckoe (pazoroe NPOCTpAnCTBRO
dp BOIH3H ]/ 2mi. Bro TaKxe YACTHILEL, JOBHKYilleficdA B OQAOM H3MeDeHHH B

03HAYaeT, Y10 ¢ PABHOH BEPOSTHUCTHI)  sginke aamiol L. CocTosiie wacTHUB XapaKTe-
KOOp;LHHEITa YacTHUBE X np}ﬂuﬂ\;aeq‘ PHIYeTCH KOOp;Lmi(l'IOii X U HMIYJbCOM p, ee

. ‘ sueprus Jemiar mexay £ m E£+38E. Cocrosinis,
oo snadehe B npeqenax ot O 1o BOCTYIEe. YaCTHIe, COOTBETCTBYIOT Aveiikam, Ha-

L. Hanpumep, BeposTHOCTE TOTO, 4TO XOASUIMMCH B 33LITPHXOBANHHIK 051aCTHX.
YACTHIA HAXO0JAUTCH B JeBOil TpeTH
sliKa, pasua /3, TAK KaK YHCI0 AOCTYRUBLIX COCTOSIHIN, A1 KOTopuix 0<x<1/; L

LOoCTaAnRI4eT OJHY TpeTb IIOJTHOTO YHCI1Aa ILOCF} [THLIX COCTOHHIIH
T’é Bce obLiie

&

[ 4]
AN
NN

N

:"VZI??E / 7,// ,

M3 sameuanuii, ciensanubix Bhille, CTAHOBHTCS SCHO, Y
CoO0paXKeHus1, OCHOBAHHbIE HA CTATHCTHYECKHX [IOCTYJIaTax ¥ HA [0JCUeTe
YHC/Aa COGTOSIHUN, B PABHOM CTeMeHH MPHMEHHMbI H. PH KJACCHYECKOM
onkcaHHu. B yactHoCTH, OcTaercs CTpaBeIHBbIM H 'BBIBOJ{ KAHOHHYEC-
KOTO pacrnpejecHis, spinostentsiil B n. 4.5, Ecau onuceiBaemMas Kaac-
- cudeckas cucrema A HaxOAMTCS! B PABHOBECHH ¢ TEIJIOBBIM pe3epByapoM
npu abcosoTHOl Temueparype T=(kB)~!, TO BEPOSTHOCTb OOHAPYKHTH
3TY CMCTEMY B JIdHHOM COCTOSIHMU 7 ¢ 3Hepriefi E, coraacHo (4.49)

P, m g-ﬁEr . _ .: (7)
31ech COCTOsSHNE 7 03HAYACT ONPeIeeHHYIO SIUeHKY q)asoaoro NPOCTpaH-
CTBA, JJS KOTOPO# KOOPIAMHATH H WMITYJbCHl CHCTEMLI HMEIOT 3ajaHHOe
3HAUeHHE (§1,...,G5 Pi,--..p;). COOTBETCTBEHHO 3HEPrHs cHereMunl A,
KOrJla KOOPAMHATEL H HMIYJAbChl 4AaCTHIL MPUHUMAIOT YKA3aHHbIE 3HA-
YeHHsI, PABH4 . _ . ‘
E,=E(qu Gor 1y G55 Pas Plas <o o5 Py)s (8).

TdK KdK 3HEPIHaA CHCTEMLI A '3aBHCHT OT KOODAHHAT H HMNYJILCOB. -~
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O6biuHo kanornueckoe pacnpeienentie (7) y1o6HO BhpaXarh yepes
MLAOMHOCHTe BEPOSITHOCTH. OTO MOXHO CHEIaTh TeM e cnocoboM, UTo H
B 1. 2.6. Tlocrapaemcst HalfTH 3HayeHue caenViouleli BEPOSITHOCTIL

N [/ MR P (S p,dq,. . .dq,dpl...dpfz

== BEPOSATHOCTb TOrQ, 410 y CHCTeMsl A, Haxogmsueficsl B KOH-
TaKTe C TEIIJIOBLIM pe3ePBYapOM, IepBasi KOOPIMHATA JIEHHT
B HHTepBaJe OF @ 10 ¢ --dg ..., f-s1 KooppHuara JA€MHUT (9)
B HHTEPBA.le OT ¢, KO ¢, dq,; TEpBRII HMMIVJIBC JAEKHT B
HHTepBaJte of p, a0 p,+dp, ... u f-it uMOyaec JexuT
B HHTEpBaJie OT p, jo p,-dp,.

B sToil opmyJie untepeaiel dq; W dp; MajIbi B TOM CMBIC/IE, YTO SHEpTIs
E cncrenbl A He3HAYHTETLHO MEHSIETCS, CIH ¢; 0 p; U3MEHSIOTCS B pe-
AeNaX 9THX HHTEpPBAJIOB. JTH HHTEPBAAL!, OAHAKO, BeIHKW [0 CpaABHe-
HHIO C HHTEpBaJaMi, pasfe/sioliuMy  (a3oBoe NpOCTPAHCTBO, T. e.
dq;>>8q; w dp;>>0p,;. Tostomy saevent obvema (dg;,...dq 7 dpy...dp))

(azoBOro NPOCTPAHCTBA COAEPIKHT MHOTO 3JEMENTAPHLIX sideek ofbenma
(841...89,8p....0p )=n} (puc. 6.4). B xaxpoit u3 >THX siueex HEprus

dg
P M

i 7 /]
’// ’// I G.I P

-

T

>
oq

Prc. 6.4, Tlpinvep asymepuoro daiororo npocrpanctea, paigenen-

NOTO WA MaJdbre stuciiKH paBHOro «o6beMa» Bgbp=h,. 3awuTpnxo-

Bannan 061aCTh COOTBETCTRYET 3.eMenTy 00beMa Bennunnoi dgdp,
COREpPHANIEMY MHOTC AYEEK.

cHcTeMbl A, a crenoBarebHO, H BEPOATHOCTD (7) NMEIOT NPHOAH3HTENbHO
OMHAaKOBOE 3HayenHe. [TosToMy, 4TOGKE HAATH HCKOMYIO BEPOATHOCTL (9),
CielyeT YMHOXHTb BepOSTHOCTb (7) HaXoXAeHHsT cHCTeMbl A B fanuoil
gueiike (asoBOro LPOCTPAHCTBA HA NONHOE YHCIO-(d¢,...dp)fh] Takux
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aueex, T. €.

dg,...dp
PGy oo PG, .. .dp,oc e"‘E"——’-!;;——'.
g
N
PGy, --vy PPAg,...dp,=CePErdg, . . .dp, ; (10)

e C — Ko3pHIHeHT MPONOPLUHOHAAbLHOCTH (BKJWYawmiuii B cedd
nocTonHIye Al). 3HadeHHe 3TOro KO3hdUIHEHTa olpene/sercs H3 yc-
JIOBISI HOPMHPOBKH, KOTOpOe 3aK/I0YaeTCst B TOM, HTO CYMMA Bcex Be-
positHocteil {1Q) no Bcem MOCTYNHBIM 3HAUEHUAM KOOPHAMHAT H HMIlYJb-
coB cucteMsl A paBHa elunHue:

(20 o p)dgy. . dpy=1.

3lech UHTErpHpOBaHIe IPOM3BOAUTCA MO Beell @01acTH (pa3oBOro NpocT-
paHcrBa, AccrynHoro cucreme A. Orciofa HENOCPEACTBEHHO cJeAYeT:

CrexebE@e-rndg ... dp, (11)

B caepyouem maparpade Mbl IPUMEHHM Pa3BHUTHIE 31ech olliHe co00-

pazKeHHa K HMeloleMy 601blioe 3HadYeHIle IPOCTOMY CAYYaI0 0IHHOTHOH
MOJIEKYJIB! B TPEXMEPHOM MNPOCTPAHCTBE.

$.2. MakcBeRNOBCKOE paclpefejeHHe CKOpocTei

PaccyorpHM HaeaabHBIH ra3, noMelieHHplil B cocy oGbeMom V u pa-
XOAAIHACSK B DaBHOBecHH MpH abcomortnof Temneparype 7. 10T pas
NOXKET COCTOAITh H3 MOJAEKYJ pasiHyHblx THnos. HJonycrum, 4to yeio-
BHd, B KOTOPbIX HAaXOJHTCS Ias, TAaKOBLI, YTO KJACCHUECKOe PacCMOTpe-
Hlle BO3MOXKHO. B KOHIle Ballero pacCMOTPEHHst Mbl BBHISICHIM, B 4eM
OHil 3aKJI0YAIOTCS, a oKa OYeM paccyX1aTh B T€PMHHAX KJACCHYECKOH
MeXaHHKH H COCPEAOTOUHN BHHMAHHE Ha OJHON 13 ra3oBblX MoJseky.a. Ta-
KY10 MOJIEKYJY MOXKHO CHHTATb MaJofl CHCTEMOH, RaXOAAINeHcs B TePAli-
URCKOM KOHTAKTE C TellJIOBLIM pe3epBYapOoal, KOTOPbIH o6pa3oBal ocTadb-
HLIMII MOJIEKYJ/IaMd rasa H Haxoxutcsa npH remneparype T. K rakomy
C/1VUdI0 MOXKHO C€pasy iKe IPHMEHHTh KaHOHHUYECKOoe pacrhpejeneHue.
Jonycrum MAs HavaJsaa, YTo Mbl HMeeM Je/I0 C OAHOATOMHOH MOJEKYJOH.
Eciii npenebpeub BceMil BHCIIHHMH CHAAMi {H2{IPHMeD, CILIOH THKECTH),
TO BCA 3HEPTHSA 3TOH MOJIEKYJIbl ABJISETCS KHHETHYEeCKOI 3HepTHe:

| . 1

g=-MmV:= (12)

3|

31eCh V — CKOPOCTh, 1M — Macca U p=mv —HMIIYJIbC MOJEKYIbl. Mul
CYMTAEM, YTO ra3d JOCTAaTOYHO PasperkeH, 4YTOOLI €ro MOXKHO ObLIO CYH-
TaThb HAea/NbHBIM; TOTAA AOTeHIHAJLHOH 3HEprHeil B3auMoOIeHCTBUS C
APYIHIMH MOAEKYJaMH MOXKHO IpeHeOpeuyb. B 3THX ycnoBHAX 3Heprus
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MOJIEKYJ/Ibl HE 3@BHCHT OT LOJIOKEHHA MOJEKYJbl B COCYIE, OMHCHIBAEMOTO
BEKTOPOM .

Knaccuueckoe OMHCaHHe MOEKYJbl 03HAYAeT OMHCAHHE C TIOMOILBIO
TpeX KOOPAHHAT, X, Y U 2, ONPeIeJAOLINX [OJ0XKEHHEe MOJeKYJbl B
NPOCTPAHCTBE, H TPEX COOTBETCTBYIOLIMX COCTaBAAOUIMX HMIYJbca p.,
Py, P.. Hac Oyner mHrepecoBath BEPOATHOCTb TOTO, 4TO IOJOXeHHe
MOJIEKyJIbI 3aKJ/I0Y€HO B HHTepBaJie OT I 10 F - dr (310 O3Ha4yaeT, uTo
KOOPAHHATA X JIEXKHUT B HHTEPBaieoT X 0 X - dx, KOOp,IHHATa i — B HH-
TepBaJie OT ¢ JO y - dy H KOOpHMHATA 2 — B HHTEPBaJIE OT 2 0 2 -+ dz)
H YTO O/JHOBPEMEHHO ee UMIYJ/bC JEeXKMT B UHTEpBaJe oT p A0 p - dp
{T. €. UTO COCTABJIAIOWIAs HMIIYJbCA p, JEXKHT B HHTepPBaJe OT p, 10
P + dp,, cocTaBasiomas p, — B HHTEpBAaJe 0T p, 10 p, -+ dp, H COCTaB-
Jawlasg p,— B HHTePBaJje or p, 1o p,~+dp,). dra 06.!18CT[3 U3MEHEeHH
KOOPAMHAT M HMIYJIbCOB COOTBETCTBYET «00beMy» (ha3oBOrO NPOCTPaH-
cTBa, pashomy (dx dy dz dp, dp, dp,)=d’rd’p. 31ecb Mbl HCOOAB3YEM
OOGBbIUHBIC COKPaLHEHIIs:

d*r == dx dy dz (13)
H
== dp, dp, dp,

115l 3JeMeHTa 0ObeMa PeasibHOTO IIPOCTPaHCTBa H JIs sJeMeHTa o0beva
NPOCTpaHCTBa HMITYJbCOB COOTBeTCTBEHHO. Mcnoap3ysa KaHoHHYecKoe
pacnpeneitenne (10), Mbl HeMEUICHHO NOJYUHM HHTEPECYIOULYIO HAC Bepo-
sSITHOCTB TOTO, YTO NOJIOXKEHHE MOJEKYJ bl HAaXOMUTCH B Npeietax Mexny
r U r--dr, a ee uMNIyJIBC HaXOAMTCH B NPelesnax MexXIy p H p--dp:

P(r, p)dirdip ¢=B ) d’r d’p, (I

re B=(kT)~*. Mpl Bocnoab30BaaHCh 31eCh Bhlpa:xkeHueM (12) s snep-

THH MOJIEKYJBl, HMes B BHAY, uTo p*=p?, [TonydenHniii pe3yabTar Mox-

HO BBLIPA3UTh ¥ 4epe3 CKOPOCThb MOJeKyJbl v=p/m. B 3TOM Ciaydae nbt

MOJAYYHM BEPOSATHOCTb TOTO, YTO TMOJIO}KEHHE MOJEKYJ/bl 3aK/JII0UEHO B

npejenax or £ 0 r-+-dr, a ee ckopocTb — B Iipenetax oT V Jo v-}dv.
Huieem

- Bruv? 15
P (r, V) d'rd*v oce ® &r d®v, (10}

e d*v=dv, dv, dv, n v*=V2,

Bb[pa}KeHHe (15) peacTaB/asger (:060}1 BechbMa OOLIMHA pe3yabTar, B
KOTOPOM 3aKJloueHa NoApoOHast HHPOPMAIHA O NOJOMKEHHH ¥ CKOPOCTit
Mool MoJtekyabl Taza. M3 gopMyant (15) caenyer 6osbilloe KOJHUECTBO
GoJsiee HacTHLIX pe3yabTatoB. Hanpumep, ¢ nomownio (15) mMoxkHO Vya-
HaTh, KakOe KOJUYECTBO MOJIEKYJI HMEKT CKOPOCTb, Jexallyl B JaH-
HOM HHTEpBaJe, WJH, eClAH a3 COCTOHT N3 MOMEKYJ pasJ/IH4HOTO THNA
(HanpHMep, M3 MOJIEKYJ aprona M TeJHs), KaKoe KOJUUIECTBO MOJIeKYJt
JaHHOTO THIIAa HMEIOT CKOPOCTh, JIeXAlLyio B JaHHOM HHTepBajte. Pac-
CMATpUBasi TOJbKC MOJIEKYAbl ONPeleJeHHOTO. THIA,  Mbl. MOMKEM
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BBIYHCAHTh

[ (V) d®v = cpenee uHCJI0 MOJIEKY (JIAHHOTO TIiNA)
8 eOunule 06vema, CKOPOCTbL KOTOPBIX 3a- (16)
KJI04eHa Mexny v 4 v --dv.

Tak kak N moseKyJl Hailiero HaeaJbHOr¢ ra3a ABHXKYTCA HE3aBHCHMO,
0e3 3aMeTHOTO B3auMOJEHCTBHUSA, TO Fa3 NpencTaBaseT cofol cTaTHCTHYe-
CKH#l ancam0ib, 4acTk KOTOPOTO, ofpelensieNast BeposaTHOCThIO (1),
HMeeT [0/I0KEHHe, 3aKMI0YEHHOE B HHTEpBaJde OT I 10 r-+dr, 1 CKOPOCTH,
JIeKalllHe B HHTEpBaJe OF v 10 V--dv. Cpejnee 4uciao [{v)d*v Mbl noay-
YUM, YMHOXKHB BeposATHOCTE (15) Ha mosHoe ynuca10 N MOJIeKys JaHHOTO
THIIA I Pa3jiesHB ee Ha sJeMent obbena dx dy dz. HMueeu

NP (r, v) d3r dv
d:’.j— ’

F(v) d*v =
U/IH

i
—— Jm?

Fivydiv=Ce *  d¥v, ! (17)

rie C — Koa(pULLHEHT PONOPIUHOHAABHOCTH H P==(RT)~1. D10T pesyiib-
TAT WM3BECTEH KaK MQKCBEAN08CKoe pacnpedeserue ckopocmeld. Briepsuie
ero noJsiyuna Makcsean B 1859 r. (Ha ocHOBaHMM cOOGpaxKeHM# MeHee
o0mero xapakrepa).

3ameTtuM, uto BeposaTHocTh P [dopmyaa (15)] naun cpennee uncao f
| (bopmyaa (17)] He 3aBHCHT OT NOJIOKEHHSA I MOJIEKYAbl. JTOT pe3yJbTar
OATBEPKAAETCS U COOOPAKEHHAMH CHMMETDHM, TaK Kak B OTCYTCTBYe
BHEIIHUX TIO/Iefl MOJEKYJLa HE MOXET MMeTh TIPEUMYIECTBEHHOIO .11GA0-
JKeHUs B POCTPaHCTBE, 3aMeTHM TakXKe, yto ' (Wiu [) 3aBHCUT TONLKO

OT Be/JITMUYHHEI CKOPOCT'H V, HO He OT ¢e¢ HaHpaBJIeHHH, T. €.
[ (v)y=:f(v), (18)

rie v==|v|. 310 TaKiKe CAEACTBHe CUMMETPHH, TAK KAK B YCAOBHAX, KOT:ia
COCYl KaK 11e/10€ HOKOUTCSI (IPH 3TOM HeNOJIBHXKEH H IL[eHTP Macc BCero
rasa), fipeHMyIliecTBeHHOE HallpaBJ/ieHHe CKOPOCTH OTCYTCTBYeT.

Onpeneneunne noctoauuoi C. IloctosaHan C Moxker GbTh NOAYYE
13 yesaoBud, yro cymma (17) mo BceM BO3MOMHBIM 3HAUEeHHAM CKOPOCTH J0/KHA IaTh
noJHoe cpexHee YHC/Io £ MOJeKya (JaHHOTO THNA) B exuHuue o0veva. Taxkum o6pasm,

- fimu?
CS(;‘ 2 ddv=n, (19)

HAKU

P’)
Paznaras JKCNOHEHTY HA MHOXHTOAH, HMeeM

*_—}—ﬁmv;g -—5-— ﬁmvz _? ﬁrw
CSSSe h e e doy dvy, du, = a,

> 1 2 2 2 '
-— Bm( vt ugt vz)
\ e Y do, dvy, dv, =n.



HJ14

+w B X - 1 ¢4 1

__21_.. B’“”i ¥ -5 Bmvz > - Bmvg
CS e duv, g e “du g e dv, =n.
- - 30 -0

Kaxapifi n3 Tpex HamkcaHHsIX MHTerpanos umeer [cm. (M. 23)] onuuakosoe 3HayeHue

+ @

1 2 ¥4
—— pmv / {/___)
e 2 dex — ﬁm \ﬁ -

Takum o6Gpa3sowm,

c— (f;’;’) (20)
]
f(v)yd3v=n (gf: ) e 2 ﬂmwdﬁv, el

[IlpuMeHUMOCTDh NMOJYUYCHHB X Pe3VAbLTATOB AJA MHO-
TOoaTOMHB X MOJdeKYdJa. [lpeinoroxus, yro paccyarpHBaeMblii I'a3 COACPAKUT
MOJIEKVJILl, KOTOPHlE He fABJISOTCA OJAHOATOMHBIMK. B yCaoBHAX, U3J0MEHHLIX Bollle,
JBHKeHMe HeHTPA MACC TAKHX MOJeKYJ MOMKHO PACCMATPHBATL B KJACCHYECKOM IpH-
OaKeHnH, HECMOTPS HA TO, YTO BHYTPHMOJEKYJSIpHOE JBUMKEHHE, 3AKJII0YaIOUIeecss 5o
BpalleBUH M KoJeOaHHH OKOJIO LeHTpa Mace, o066lyHo Tpedyer KBAHTOBOMEXAHHYECKOro
pacemorpenisi. COCTOsTHHE MOJIEKYJBb! MOXKeT ObiTh Tenepb OIUCAHO OJOKEeHHeM f U
UMITYJIbCOM P ee HeHTPAa MacC M YKAa3aHuen KBAHTOBOIO COCTOSIHHS S, XapaKTepH3YIo-
HIErO BHYTPHMOJEKY/ApHOe IBHKeHHe. JHepTis MOJEKYJbl Teflepb PaBHA .

+ e, (29)

rie IepBblil YieH crnpaBa o6O3HavaeT KHHETHYECKYIO SHEPIHIO ABHXKeHMH HedTpa mMace,
4 BTOPOR UJeH — BHYTPHMOJIEKYJASAPHYIO 3HEPIHIO BPalieHHs! H Kone0aHHA B COCTONA-
uuy s, KaHoHMueckoe pacnpejesieHde no3BoJseT HaM HeMeATeHHO HANHCath BhIpame-
HHe VIS BePOSITHOCTH 904 (r, p)d3r d3p Toro, uTo MoJeKyJ1a HAXOANUTCA B COCTOSIHHH, Korja
€e [eHTp Mace JeKHT 8 HHTepBaje oT r [0 r-dr, HMIYJAbC ee LHEHTPa Macc JeXHT B UH-
TepBase OT P lo p-Hdp, a RHYTPHMONeKYIspHOe ABHXKeHHe XapaKTepH3yeTcd CocTosi-
uuen s, Miveewm .

-8 § ) ~Bim - pef?

Por, ppdirddpoce “ dsrddpoce “Mdirdipe ¢, (23)
Yr1o6bl HAHTH BEPOSITHOCTh TOTO, YTO LEHTP MACC H HMIYJLC HEHTPA Macc MOJeKYJbl
JeXaT B HHTepBaaax oTr 10T+ dr H OT P J0 P + dp COOTBETCTBEHHO, HE3ABLCUNO OT TOTO,
B KaKOM COCTOSHUA BHYTPUMOJEK YIS PHOTO ABHKEHHS HAXOIHTCS MOJIEKY/Ia, Mbl JQMK-
Hpl IIPOCYMMHPOBATL BeipaxkeHue (23) no BCeM BO3MOMKHBIM BHYTPHMOJEKYJSAPHEIM CO-
crossHusM s. Ho Buipaxenne (23) sbasercs npousBeleHHeM ABYX MHOXKHTeseH, ¥ CyM-
MHPOBAHHE BTOPOrO MHOKHTENS [O BCeM BO3MOMKHBIM COCTOSHHAM O3HAYAeT YMHOXeHHe
NepBore MUOXKUTEAS Ha HEKOTOPHIH NMOCTOsIHHBIA Kos(pdunHenT. Tem caMbiM pedyJsnTar
{23) cBoanTCH X BHpaxeHuio (14), KoTOpoe Tellepb OTHOCHTCA X HEHTPY MacC MOJeKyJapr.
TakuMm oGpasom, (15) 1 MaKkcBeJJOBCKOe pacnpeleienne (17) asasiorcs BecbMa oduium
PE3YJLTATOM, KOTOpLIl OCTaeTcst CrpaBe/yIUBbIM TaK#e M /sl ONHCAHUs IBHXeHHS
LEeHTpa MAcCC MHOTOAaTOMHON MOJIEKY.Jhl Iasa,
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6.3. CpoiicTBa MAKCBEMIOBCKOTO pacnpeliesieHus

MakcpenioBckoe pacnpeneieHie NO3BOJMHT HaM HeMeAIeHHO M0y~
YUTH HEKOTOPblE CBsI3aHHBIC C HHM pacripeiesienns, HanipHMep, paciipeje-
JIEHHE CKOPOCTEH Ta30BBIX MOJeKY1. Mbl yBHIHM 1033K€, YTO HEKOTOPLIE H3
9THX PEe3YJbTAaTOB MOTYT OLITh HENoCpeJACTBEHHO IIPOBepeHK! Ha OIhITe.
PaccMoTpUM HEKOTOpHIE CJAEICTBUA MAKCBENJIOBCKOTO pacHpesesieHust
BBHISICHHM, MPH KAKHX YCJOBHAX 3TO pacliperesenHe Oyaer cnpaBeniiBo.

Pacnpedeserue komnorenmeo: ckopocrmu. JonycruM, 4to HAC HHTEpe-
CyeT COCTaBJAOIAsA CKOPOCTH MOJEKYJibl BAOIb ORHOH M3 oceli, HanpH-
Mep, OcH X. B 3TOoM cayuae mbt OyAeM HMETb JeJ0 €O Caeyoueil Beaian-
HOH, OTHOCALIEHCS K MOJEKYJaM JaHHOIG THIIA:

g(v,) dv, = cpelHee YyHCAO MOJEKYJ B eqWHHLE 00beMa, X-KOMIIOHEHTa
CKOPOCTH KOTOPBIX JeXKHT MeXKLy v, H v, -+dv, (He3aBi-
CHUMO OT TOTO, KaKie 3HAYeHHST UMEIOT JPyrie KOMIOHEHThE).

Uto6b! HONYYUTH STy BEJIHUHHY, Mbl )
ROJKHBI ONPEIESHTHL YHCJAO BCeX MoJle-
KYJI, KOMIOHEHTH CKOPOCTH U, KOTOPHIX .
JeXaT B YyKasaHHOM nuTrepBate. [lo- {

3TOMY
| \

g(v,)du, = S Sf(V)d-"v. \\

{0, (U2) :

] Uz

Tle CYMMHPOBaHHe (HHTErpHPOBAHHE). [E—
NPOU3BOAUTCA (10 BCEM BO3MOKHBIM 3HA- - ¥m

Puc. 6.5. Maxcreaaopckoe pacnpene-
YEHHAM KOMIIOHOHT U, H U, CKOPOCTH neNte, AAoUIEe CpelHee TICO g(U)d0,

MOJIEK YT, I/ICHOJH)SYH' (17), Mbl 10V~ MOJeKYST B eAMITHIEe o0heMa, X-KOMMo-
HeHTA CKOPOCTH KOTOPBIX JeKHT MOWAY

HaeM: Uy ¥ Uptduyg,
- ﬂm( o2 +¢)y+ 22}
g{v,)du,=C S ge do, dv, dv,=
(©y) (@2)
7 —B s LIy (o +0})
mv 5 - Bm{ vs+0
=Ce "du S Se 2 Y dv,dv,
—® —w
WJIH )
-——L‘ﬁmuz
gv)do,=C'e *  *dv,, (24)

Tax KakK HHTerpHpOBa}me MO U, K U, IPUBOLUT K NOSBJIEHHIO HOBOTO KO3(-
(UIHEHTa, KOTOPBI MOXKeT GbiTb BKJIOYH B KoappHuuHedT nponop-
UHOHAIbHOCTH C’ *). Beananna C’ moxeT ObiTh ONpenesena H3 yeaoBus,

*) 3ametuM, uro (24) ARASNETCA MPOCTLIM TAYCCOBCKUM pacnpelielenueM (CM.
npuaoxenne T1.1).
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4TO TI0NHOe CpejiHee YHCAO MOJIeKyJ/a B efHHuIle obbeMa paBHO A

an

w 1 “
S glv,)do,=C’ S e g .
Orcoga caeayer: |
C=n (%%) =, (25)

U3 dopmyast (24) BUAHO, UTO KOMIIOHEHTa CKOPOCTH U, pachpeeneHa
CHMMETPHYHO OTHOCHTEJNbHO 3HadeHus v,=0. Orcooga ciaefyeT Tak-
XK€, YTO CpellHee 3HayeHHe JOOOH KOMIOHEHTB CKOPOCTH MOJEKYJILI
pasho 0:

0, = 0. (26)

PU3NYECKH ITO ACHO M3 COOOpaueHUH CUMMeTpuH, TaK Kak U,-KOMIIO-
HEeHTa CKOPOCTH MOJEKYJIbl C PABHOH BEPOSITHOCTBIO MOXET ObiTh 110J10-
JKUTEAbHOU H/AH OTPHIATeIbHOH. MaTeMaTHuecKH 3TOT pe3yJbTar cJje-
JIyeT U3 ollpeneieHHs cpeauero *):

ZxE}? S g(Uéc)deUx'

. 3jech (PYHKUHS, cTosas IOjl HHTErpaJoM, neuetHa (OHa MeHs€T 3HAK
HpH NepeMeHe 3HaKa v,.), NO3TOMY BKJajbl B HHTErpaj OT HNOJOXKHNTe/Ib-
HbIX ¥ OTPHLATEAbHBIX 3HAUYEHWH U, racar Apyr japyra.

3ameTuM, yTo PyHKuud g(v,) HMeer mMakcumym npHu v,=0 n GwicTpo
VMEHbIIaeTcs ¢ Bo3pacrtanieM |v,|. Ona craHoBuTCs NpeHebpexumo
manoi npu [Pmod >>1, 1. el '

ecan |u, |3 (BT /m)', - g (v,) — 0. (27)

Pacnpenenedie g(v,) no mepe ymeHblieHVs aGCcO/IOTHOH TeMIepaTyphbl
T umeet B6au3u v,=0 Bce OoJee OCTPhII MAKCHUMyM, 4TO OODBSICHSIETCs
YMEHbUIEHHEM CpeJHeH KHHETHUeCKOH 3HEpPTHH MOJEKYJbl Iipun T—-0.

Bce ckazaHHoe 0 KOMIIOHEHTE U, B PABHOM CTeleHH COPAaBEIJIHBO H
J151 KOMIIOHEHT U, M U,, TAK KAK H3 COOBpaskeHit CHMMETPHH IKBHBAIEHT -
HOCTb BCEX KOMIIOHEHT COBEPILUEHHO OUeBHIHA.

Pacnpedeaenue cropocmerl mosexya. PaccMOTpUM MOJEKYJbl JAHHOIO
THIA W BbIACHHM, YeMY paBHa Cjlellyioliast BelnvHHa: -

F (v) dv== cpegHee 4yHcaO0 MOJCKYyJa B elHHHIlE 00BEMa,
00J1alal0IMX CKOPOCThIO v=|V|, Jexamel
B MHTEpBaJe OT U JI0 U -+ dv.

Mgl NOJAYYHM 3TO YHCJAO0, CKJAaAbiBasts BCe MOJCKYJIDI, abCcooTHASL BeaH-
YUHd CKOPOCTH KOTCPbLIX, HE3aBHCHMO OT €e HanpasAeHuA, JEXKUT B YKa-~

*) MBl HCIO/Nb3yeM ONpelereHHE CpefHero, AaHHOe (bdpmyﬂoﬁ (2.78).
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3aHHOM MHTeDBase. Takum ob6pasom,
F @ do={"f ) d, (28)

rne Wrpux rnoj 3HaKoOM HHTErpaJa YKasbBa€T HA TO, UTO HHTerpHpOBa-
HlI€ IIPOU3BOAUTCA II0 BCeM CKOpPOCTAM, YIAOBAeTBOPHIONIHM YC/JOBHIO

v<|v| <v-do.

ITOMY YCJAOBHIO YIOBJIETBOPSIIOT BEKTOPBI CKOPOCTH, OTpaHHuYeHHbLIe B
NIPOCTPAHCTBE CKOPOCTEH cpepHUECKHM CJIOEM, BHYTPEHHHH Dajauyc Ko-
TOPOTO paBeH v, a BHewHHI v -+ dv. Tak Kak dv -— BesqiHunHa GECKOHEYHO
mManas, a f(v) 3aBHCHT TOMBKO OT 4a0CO/IIOTHOTO 3HAYEHHA V, TO BO
Bcell ofaactd KHTerpHpoBahust B opmyse (28) dyHkxnua f(v) nmeer
NOCTOSIHHOE  3HayeHlie f(v) W MoxeT OblThb BhIHECEHA 3a 3HAK
unrterpana.  OcraBuimdicsas  nHTErpada
paBeH 00beMy B IPOCTPAHCTBE CKOPO-
CTeH cepHIecKoro cjosi PaiuycoM U U
TOMIMHONR dv. 210T 00beM paBen 11POH3-
BC/ICHUIO [OBEPXHOCTH cjaod 4nv® Ha
ero toawuuy dov. llosromy (28) npuni-
‘Maer BHA

F (v) dv = 4nf (v) v* dv. [ (29)

Henoawsysa (17), mbt nosaydaem

Puc. 6.6. IIpocTpasHcTso CKopocTel

1 aJs1 ARYX H3MmepeHHil (0Ck Uz HepleH-

-—Bmer | (30) OHKYJAAPHA K [JOCKOCTH YepTerka).

3 (v) dv=4nle * v do, ChepuueckHil crioil cogep:KHT BCe MO-

NeKy.ant, CKOpPOCTh KOTOPHIX V TAKOBA,
yto << |vi<Tv-|-dv.

rae C onpenensercs gopmydaoil (20). Popmyaa (30) HaspiBaeTcsi MaKcBe-
JIOBCKHM pacnpeleleleM cKopocTteii. 3aMeTHM, 9ToO MaKCHMVYM 3TOro pac-
fpeieaeHus BO3HHKAET 110 TOH »Ke NPHYHHE, YTO H MAKCUMYMBI, DAaCCMOT-
peHHble HaMH IpH 00CYKAEHHH OOUIHX NPHHIHNOB CTATUCTHYECKOH Mexa-
HUKH. C yBeqH4YeHHEM U IKCIOHEHUHANbHbIl MHOKHUTEIb YMEHOLUACHICA,
HO 0oObeM $a30BOro NPOCTPAHCTBA, NOCTYIIHBIY MOJeKYJe, 803pacmaem
IPOIIOPLHOHAABHO U?; B Pe3yJ/IbTaTe pacipejeieHHe HMeeT MJaBHbli Mak-
CHMYM.

OueBujino, 4yto cymmuposanue F(v)dv no BceM BO3MOXHBIM 3Haue-
HUAM CKOPOCTH U==[V| JOJ/DKHO JaTh IIOJHOE CpelHee YHCJIO MOJEKYJ B
eanHue obbema, T. e.

°§F(v) dv:n:\ (31)
5 \

Huxuulil npexen 3TOro UHTErpa/a paBeH HYJO, TaK Kak, MO onpeaene-
HHIO, CKOPOCTb U==|V| MOJIEKY.bl He MOXKeT GbiTb OTPHUATeJbHOMH.

-
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Ha pucynke 6. 7 nokacauna 3aBucumocTs GpyHKuHH F(v) OT cKopocTH
v. CkopocTe v=v, npH kotopoil F(v) uMeeT MakcumyM, HasblBaeTcs

LF ()

ity

\
/

V.
7

N

N

S~
12 146 20 .bg_

Pac. 6.7. Makceensonckoe paciipefe/lende, NOKalwBawilee CpejiHee YHCH0 MoJeKyn F(o)do B

enuHule ofbeMa, HMeNHX CKOPOCTb OT v A0 v+dv. 3a enuHHNY CKOPOCTH B3sTa HauboJee Be-
1 —_

/2 Ha rpagnke noxkasaua cpeJusia CRopoCTh U B CpefiHas Ksalpa-

pOsITHAA CKOPOCTb v=(2k T/m)
=09 /a-

HUHAA CKOPOCTh U
T op Cp.K

Fi (y) 300°K

Fuc. 6.8. MaxcBessoBCKoe pacnpejefienne ckopocTell MoJeKYd npH pasiHYHBIX TeMNepaTypax.

rauboaee eeposamuoil ckopocmoro. Ee BeimduHYy MOMXKHO HafATH H3 ycao-
eus dF /dv=0, yto ¢ nomompio (30) naer

: Ly
(—-lﬂmve"? '"”)v‘z+e 2 P (90) =0,
OTKYJa L L
~ /S 2 28T

PaccMoTpuM B KauecTBe npuMepa asoT N, NPH KOMHATHoIl Temmepa-
Type TA/300° K. Tark Kak -MoneKyasipHuil Bec asora N, pasex 28, a

-
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yicao Aporaapo pasho 6- 10% moaekya/mons, To Macca OTHOH MOJAEKYTH
azota murn 28 /(6 10%°) & 4,6- 10733 2,,u u3 popmy.nt (32) Mbl noyHaem
HanboJsiee BEPOSITHYIO CKOPOCTb MOJAEKYJAbl N,:

v~ 4,2-10° cm/cex = 420 m/cex. (33)

3ameTuM, 4YTO 3Ta BEJHUUHA HMeeT INOpPAJOK CKOPOCTH 3ByKa B rase.:

[pumenumocme K eady Kaaccuweckoeo npubauxcerus. Yloctapaemest,
TeNepb BLISICHHTb, IPH KAKHX YCJAOBHAX KJAACCHYECKOe pPaccMoTpeHHe
H.1ca/]bHOrO ra3sa, a 3HaudT, H MAaKCBENJIOBCKOe paclpeleieHHe CKOpoc-
Teli MOTYT cUHTaThecs clipaBelauBbiMi. Haw kpurtepuil cnpasenstiiBocTH
3axA104aeTcst B YCJAOBHH (3), BhITEKAIOIleM H3 NPHHLHA HeonpeiesieH-
Hoctu [eiizenGepra. Ecan yeioBue (3) BbHIOJIHEHO, KJIACCHYECKOE OITH-
CaHKe MOJXKHO ObiTb CHPAaBelJHBbIM.

Tak kak ”Hac uHTEpeCcyeT rvABHLIM 00pa3oM THMHIHLIA MOPsTI0K Be-
JHYHHBI, Mbl OTrPaHHYHMCA NPUOAMIKEHHLIMH OUCHKAMH BXOIAUHX B
(3) Beanunu. [opanox BesHUHHBI UMOY.IbCA p MOJEKYJ, HMEIOMWHX Mac-
Cy m 1 Raxoidauyxcd npu remneparype T, Ml Hailaem, 3Hast HauGogaee
BEDOSTHYIO CKOPOCTb 3THX MoJlexky.a. M3 (32) noayuaem

p, & mo - V 2mkT.

TakoMy 3HauyeHWIO HMOYyJAbca OTBedaeT c.ielyiollee 3HauyeHHe AAHHBLE
BoaHbl ne Bpoiins:
' R

By ~ V%f ]

Knaccuueckoe paccMOTpeHHe Mpeliogaraer, 4ro MOJEeKyabl SABJS-
IOTCS Pa3UYHbLIME YaCTHIAMH, KOTOpble JIBIKYTCA MO ONpele/eHHbIM.
TpaekTopuam. Taxas Touka 3peHus OyIeT ClpaBelidBa IIPH OTCYTCTBHH
KBAHTOBOMEXAHHYECKUX  OIPaHHYeHMH, NpenATCTBYWOLIHX JOKanu3a-
HIIH YacTHIbl B Npellejax pPACCTOSIHUH, HC [DEBBILIAIOUIHX THIIHYHbIE

PACCTOSHUA S, MEXTY COCeHHMH MoJeKky.JaMi. B coorsercrsun ¢ (3)
STO O3Ha4zeT, UTO

X, = (34)

s

5, > X,. | - (35).

(KBatropomMexaHH4eckoe paccMOTpeHHe TNOoKal3si3aeT, 4TO KBAHTOBLIZ-
apdex bl IRACT3UTE/NbHO CTAHOBATCA 3aMETHLIMHM, ecaH ycaoBde (35)
Hapyuaercs. 3TO CBSI3aHO € CYUIECTBEHHOH Hepas/aM4HMOCTbIO MOJIEK Y,
KOTOpas NPH 3TOM MMeeT OCHOBHOS 3HaueHHe.) Yrodbl OUeHHTh THMIHY-
HOE paccTosiHHe S, MEeXAY OMDRKAHIIHMH MOJIeKyJaaMH, JONYCTHM, 4TO
Kax<jas MOJIEKYJa HaXOAUTCs B HeHTpe HeGOMbIUOro Kyba cO CTOpoHOH
So M 3TH KYObl 3aMo/NHAKT Bech 00beM: rai3a, B KOTOpOoM Haxoaurcs N
monexkyn. Toraa . S

1

HJH 5; — .
VAYs SR
a=() = (35)
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rae n=N/V — uucno MonexyJa B eannnue o6vema. Teneps ycaosue (35)
CNpaBefIMBOCTH KA2CCHYECKOrQ PAacCMOTPEHHSA IPURUMaeT BUJ

£1. (37)

g ~ h ﬂl,8
Va4
Sp V 2mkT
Orciona caenyer, 4ToO KJacCHYeckoe NpHOJIMKEeHHE CpaBeldNHBO, €C/Ih

ra3 NOCTaTOYHO pa3pexkeH, TaK 4TO 7 MaJjod, ecau Temmepatypa T Xo-
CTATOYHO BeJHKA M €C/IH Macca M MOJEKYJ He CJAHILKOM Mana.

UncaeHnHds e oIt e HX H Yrobbl NoJyunTh YHC/AeHHbe 3HAYEHHA THIHYHBIX
BeJIHUHH, PACCMOTPHM-ra3eabpa3Hblil. reJui. 1pU KOMHATHOIN TeMnepaType 0 aTmocdep-
HoM JasJsenud (760 am pT. cr.). MnTepecylomue nac napameTpsl cjelylollye:

cpejHee JaBleHHe

p=760 mm pT. c1. R 10° Qun/cm?;
TeMneparypa
T ==300° K, nosromy T ~~ 4,1-10-14 3pz;

Macca MOJIeKYJbl

4

m:m ~ 6‘,6'10""'2‘i ape.

I/_IS YpasHeHHs COCTOSTHHA WJAeajqbHOro rasa djefyer, uTo

_ L _o5.1010 3
n_k']” 2,5-100% morexya/cm3,
Gopmyast (34) n (36) Aa10T caepylomye OUeHKR:
yo = 0,14A
H
Sy = 33 A,

rae 1 A=10—8cxu. Takum ofpasom, yciosre (35) BBINOAHSETCS H KJAaCCHYECKOe NPH-
GJarKenue sABJASeTCs JOCTATOUHO XOPOIKM. BOAbIHHCTEO ra3oB umeer SoablIdi Mode-
KYJISIPHBLH BeC H, CAeJOBATENbHO, /1 HX MOJEKYJ AJ1Ha BOJHEL Ie Bpoiss eule MenbLie
H ycaobHe (35) BEIMOJHSETCS enle Jydiie.

PaccmoTpun Terieph 5J4eXTPOHH MPOBOIMMOCTH B THIHYHOM MeTaqJie, HanpuMep,
B MeIH. B mepBoM NPHOIHIKCHHHY MOXHO npeRebpedb B3auMOLeHCTBHEM MeXAY 3JeKTpo-
HaMH M PACCMATPHBATH WX KAK HleajbHull ra3. B sToM cayuae uuciienioe 3Hadedde
OCHOBHEIX NapaMeTPOB OKAa3bIBAETCA COBepuIeHHO APYrHM. Macca snektpona 6iin3ka
Kk 10-27 2, 1. e. B 7300 pa3 meHblue Macchl aToma He. 310 03HauyaeT, yro AJAMHA BOIHEL
Je Bpolins yBennuuBaeTcs Ha jABa nops/ika:

x0 ~ 0,14- V' 7300 =~ 12 A.

Janee, Tak KaK B MeTaJl/le HA KaXX/Ablil aTOM NPHUXO,IUTCR OAHH 3/]1eKTPOH NPOBOAMMOCTH
H THIIHYHOE ME&XAYATOMHOEe paccTosiHue GIH3KO K 2 A, Mbl HMeeM

Sp = 2A.

B sToM ciydae paccrogude MeXAy YacTHILAMH HAMHOTO MeHbille COOTBETCTBYIOLIEro
PacCTOAHNA B CAYYae resiHs. IJTO 3HAYMT, YTO JeKTPOHH B MeTajie 06pasyloT oyeHb
NJIOTHRLI rasd. Hamu oneHks MOKasuiBaioT, YTO AJA TAKOTO rasda yciosHe (35) He BLInOA-
HfeTCHA, ¥ CJeOBATeNILHO, NOBeleHHe 3JIeKTPOHOB B METa/lJle HEe MOXKET OulTh ROHATO
B PaMKax KJAacCHYeCKOH CTaTHCTHYeCKoH MexaHuxH. JlelicTBHTeNbHO, B 3TOM Ciyuae
HEOGXOIMMO KBAHTOBOMeXaHWYeCKoe ONHCaHWe, YIHTHIBAOmMee NpuHuun- [layuau.
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6.4. Oddysus u MeJeKyJsapEbIe NYYKH

PaccmorpumM ras, 3ak/modeHHbI B COCYA H HaXOAAMUICH B paBHOBe-
cuu. Ilycrb B ORHOM U3 CTEHOK cocyla HMeercs HeboJIbloe OTBEpCTHE
nnamerpoM D (mnm y3kas weapr wmpuHoi D). Ecam oreepcrre nocra-
TOYHO MaJj0, ero CyliecTBOBaHHe INpeHeOPerKMMO Ma0 HapVIUHT PaBHO-
Becue rasa B cocyle. [losromy MOMeKyJbl, BHIXOASAIIHE yepes OTBEpCTHE
M3 cOoCcyjla B OKPY:KalOWHH ero BaKkyyM, 06JaialoT CBOMCTBaMH, Xapak-
TEPHBIMH /51 Ta3a B COCTOSiHMH paBHOBecHsi. C NOMOULbIO psijla mieses
MOXKHO OCYIIeCTBHTb KOJLIHMAIHIO MOJEKY.J, BBHIXOAAIMX H3 COCYAa,
M MOJYYHTb TAKHM O0pasoM Y3KMHA NyYoK MOJeKyqa. Tak Kak 4HCaO Bbl-
XOJAUNX M3 COCYAA MOJEKYJ] HEeBeNHKO, B3aHMOREHCTBHEM MOJEKYJ B
TAKOM [YYKE MOXKHO NOJHOCTHIO IpeHeOpeyb. MojeKy/asipHbId NMydoK
MOXKHO C YCMeXOM HCII0/1b30BaTh AJs1 IBYX Le/eH.

1. C moMollbio mydyKka MOXHO H3yuyaTh CBOICTB@ MOJieKyJl rasa, Ha-
Xonserccss B paBHOBeCHH BHYTPH cocyha. Hanpumep, ¢ momornisio Mo-
JICKY/ASIPHOTO IyYKa MOHO TPOBEPHTh, COOTBETCTBYET JIM pachpere/ie-
HHE MOJEKYJ B COCY/e 110 CKOPOCTAM [IPeACKa3aH1sAM, BbHITEKAOUIHUM H3
MaKCBeJIJIOBCKOI'O paclpeieaesus.

2. MoaeKyasipHbli NMYY40K HaeT BO3MOXKHOCTb H3yyaTh M30/JHPOBAH-
Hble aTOMBbI U MOJI€KYJbl, YTO I03BOJfAET ONpEAeauTh HX PYHIAMEHTa ] b-
Hble aTOMHEIE U silePHbIe CBOICTBa. [11010TBOPHOCTD 3TOr0 MeTOa BHAHA
XOTA Obl U3 TOTO, 4YTO 110100HKE HCCIeI0BAHUA YBEHYATHCh HECKOJILKHUMH
HoGesnepckunu npemuami, OrmMeTHM, Hanipumep, pyHAaMeHTaabHble Ol1bi-
Tel 1lTepHa u ['epaaxa, npusesuiie K OTKPHITHIO CIIHHA H CBA3aHHOrO C
HUM MArHMTHOTO MOMEHTa 3JeKTpoHa, onbithl PaGH H ero corpyaHHKOB,
JaBlIHe BO3MOXKHOCTb BbIIOJHHTL TOYHLIE H3MepeHHs MarHHTHBLIX MO-
MEHTOB sjaep, a Takxe onuitbl Kyma n Jlsmba, KoropsiM Mbl 006s-
32Hbl COBpPEMEHHbIN NOHHMAHHEM KBAHTOBOHW TeOPHH 3J€KTPOMATHUT-
HbIX B34aUMOACHCTBHH *),

KakoBa fo/xHa OblTh BeJUUHHA OTBepcTHsl D, 4TOOGB MOXKHO OBLIO
npeHedpeyb HapylleHHEM COCTOSIHHS paBHOBecHs rasa B cocyne? OrBep-
CTHE JI0J1HO ObITb CTOJb MaJjbiM, YTOOb! OTHOCHTE/JAbHO HeOOAbLIce
YHCJAO MOJieKyJ, HaXoJAmuxcs BOAH3H OT HEro (M CHOCOOHBIX 1OITOMY
NOKHHYThL COCYI), HE BJAHANO 3aMeTHbIM 06pa3oM Ha OrpOMHOE 4YHUCI0
MOJIEKYJ B OCTa/bHOH YacTu cocyna. 10 TpeboBanue 6yeT BHINONHEHO,
ec/aH 3a BpeMsl npeOblBaHHA MOJEKY/ibl BOJH3H OTBEPCTHA OHA HPAKTH-
yecKH He OyIeT HCIBITHIBATE CTOJNIKHOBEHHH € OCTAJbHBIMH MOJIEKYJaMH.

Ecau cpennsas ckopocth MOJEKYABI U, TO BpeMs, KOTOPOe MOJIEKY.1a po-

BOANT BG/M3W oTBepeTHs, 6yaeT nopanka Djv. C apyroit cropossl, Bpéns
MEeXKY CTOAKHOBEHHEM JAaHHOH MO/AEKYJHI ¢ J1000# Apyrofi HMeer nops-

10K I/v, tne [ oGo3Hauaer CPEIHIOW AJIHHY CBOOOAHOTO npobera B rase**),

*) Xopomuil 1 HaNUCAHHBH] Ha JOCTYIIHOM YpoBHEe 0030p ONBITOB ¢ MOJEKY/isIp-
HBIMH nydxaMd npuHagaexur O. @pumy (Sci. American vol. 212, p. 58, May 1965).

**) B n. 1.6 bl onpese/uin cpeaHion VIEHY cBoGoaHOFO npofera Kak cpeiHee
paccTofHue, NMpPOXOZHMOe MOJIEKYJIOH rasa MeXJy ABYMA CTOJNKHOBEHHSIMH. .

. 299,



BrickazanHoe HamH TpeOOBaHHE IKBHBAJIEHTHO MO3TOMY YCJOBHIO: -
D {

—_— L ——

—= S T

v v

DZI. .- (38)

Ecan sro yciosiie BHIMTONHEHO, MOJEKYJABl BHYTPH COCYAa OCTAKOTCSl B
pPABHOBECHOM COCTOSIHMH (XOTs HX [IQJHOC YHCJAO MEIJIEHHO YMeHbHla-
ercq). Takoe ucTeyeHHe MOJEKYJ U3 OTBEPCTHSI HA3LIBAeTCs pghysueli.

HJH

3aMeuanne CHTyauHs cylmiectBeHHO MeHsercs, ecad D3>, Tak uTo, Haxo-
Isich BOMM3H OTBepCTHS, MOJeKYJbl YCHEBAOT YacTo CTaAKUBATLCH APYT € Jpyrom.
Ecu HeKoTOpast 4aCTb MOJIEKYJ BBIXOZMT
u3 mead (puc. 6.9), To 3TO BJIAHSAET Ha
MOJEeKYJIbl, OCTaBLIMeCs CJeBa OT [IeJH.
Oun He 6yAYyT HCNLITHBATE CTOJKEOBEHHH
C MOJICKYJIaMIl, HaXOAfUIMMHCS CpaBa H
BhIXOJAIMMHY U3 COCYJa Yepe3 Lieab, HO
OGYLYT YacCTO CTAJKRBATBCSA C MOJIEKYJ/1aMH,
HaxoJsiuMucs cseBa OT HUX. Pesynpra-
Puc. 6.9. ©Gopumuposaniie MOJCKYAAPHOTO MYY-  TOM TAKHX CTOJNKHOBEHHH Oyaer nosBie-
Ka H3 MOﬂeKy?l‘l,EJ'?}!;n[{;o%ilcuyH;, U3 heboabinod HHE CHJIBL, neﬁcmymmeﬁ HA MOJEeKyJIhl
BOJIH3Y IEeJIM CJeBa Hanpapl. 3ITta cuia
CO3]1aCT JIOTIOJHHTEIbHYIO COCTABJSIOUIYI0 CKOPOCTH B HAanpaBjeHHH wmend. Pesyib-
THpYIOLLee ABHKeHne MOeKYd NoA AeficTBHeM TakoH cuinl 6yjeT aHaJOTHUHO BbiTeKa-
HHIO BOIbl Uepe3 oTBepcTHe B cocyle. B sTom cavuae mbl HMeem aesio He ¢ xpdysueil, a
C 2UOPOOUHAMUYECKUM NOMOKOM.

Ecan menn HacToAbKO Maga, 4To yciaoBue (38) BblIOAHSETCS, TO
CYILLECTBOBAaHMe LIeNH He Hapyilaer paBHOBecHs rasa. Ilostomy cpeanee
YUCJO of o MOJEKYJT, BBIXOASIIAX H3 IIEJNH 3a €JHMHHIY BPEMEHH, PaBHO
CpelHeMY MOJIHOMY UHCJIY MOJeKyJ, KOTopble ylapsaaHch Obl 3a eHHULY
BPEMEHH O NMOBEPXHOCTh LWeAH, ecan 6bl ee He Oblio. Takum obpasom,
ofo PABHO NpHOMIIKeHHOMY Bbipa:kenHtio (1.18), nosydeHHOMY HasH B
n. 1.6:

@70%%:15, (39)

re 1 — cpenHee YHCA0 MOJEKYA b eJuHHie o6beMa U U — HX CpelHad
ckopocTe *). Ecnp nac HHTepecyiorT TONbKO T€ MOJeKYJibl, CKOPOCTb
KOTOPBIX JIEXHT B HHTEpBaJje OT v A0 v-+dv, TO cpelHee 4HCJIO TaKHUX
MOJIeKYJI, BHIXOAAIIMX M3 ILeJH 3a eAHHHIY BpeMeHH, NPHOJH3HTENbHO
paBHO :

of (v)dv ~ %— [F (v) dv] v, (40)

rne F(v)dv o3HauaeT cpefiHee YUCAO MOJEKYJ, CKOPOCTb KOTOPBIX JIEXHT
MEXAY U H v-+dv. Bocnosib30BABIIHCH MAKCBEJIJIOBCKHM pacipeje/ieHHem
CKopocTe#t, Mbl I1OJY4YUM

1 ,
(_37 (U)dvo:vae"in B . ‘ (41)

1 _

*) Ecan cpenars TouHble, 2 He NpUGJHMKEHHBIE BLIUHCAEHHH, TO 070:74- nv

(ecm. npuaoxenue I1. 4).
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Muosxnrens v B (40) Bo3HHKaeT noTtoMy, YTO GbICTpast MOJIeKyJa CKopee
BBIMIET H3 IIEJAH, YeM MejJIeHHas.

Hsmepsisi OTHOCHTeNbHOE YHCJIO MOJIEKYJ, HMEIOLINX PasHYHbIE CKO-
POCTH, B MOJEKVJASPHOM MYyUYKe, BBHIXOASIIIEM H3 WEAH, MOXHO IpOBe-
putTh dopmyay (41), a TeM cambiM pacnpeneineHde Maxcseasa, Ha KoTo-
poM ona ocHoBaHa. [IpeanasnauenHnast pja 3TOH I1€NH IKCIEPHMEHTAAD-
Has yCTaHOBKa I0KasaHa Ha pHc. 6.10. [Teuka B JeBofi yacty pilicyHKa

. ACLTEHHBIE T7HMb
AU ocawtiammes

N\ FIECE
\ Goicmpste amg-

§ w51 Aq oo
J 1R 0ech

V7 Hummuns oyt N N/
ST tapadan

N racaram H Hacocamr

Puc. 6.10. Cxema npubopa c MONeKYJSIPHBIM NYSKOM AJIF B3yueHHA pacnpelenedHs CKopocTeil
aToMoR cepelpa (Ag). YIapyrIIuCE 0 BUYTPEHHIOI 1IO0BEPXHOCTb LIVIMHAPA, aTOMbl OCTAKTCA
Ha weii.

npejiHasnauena Ana obpasoBaHMsa ucnapeHHew razoofpasHoro cepebpa.
Hoxknpawoiune oGaactb nedkd yepes y3Kylo uie/ib atomsl cepeipa ofpa-
3YIOT aTOMHBII Ny4oK. Ha rnyTH nydka nomeieH ObICTPO Bpallaonuics
BOKPYT CBO€H OCH MOJBll IHJIMHAP €O Llebio. ATOMB cepefpa, monan-
e gepes iflejab BO BHYTPbh UMAHHAPA, JOCTHTawT €ro NpOTHBONOJIOK-
HOH CTEHKH Uepe3 pasHoe BpeMs; ueM 0oJiblie CKOPOCTh aTiMa, TeM ObICT-
pee OH JoJeraer./io cTeHKH. Tak Kak UUAMHAP BpallaeTcs, aToMmmul ce-
pebpa ¢ pasHBIMH CKOPOCTAMHU OYIyT NMONajaThb H OCaXK/JAThCsl B PA3HBIX
MecTaX BHYTDEHHEH [OBEPXHOCTH NWAHHApA. M3MepeHue TOJMIIMHLL
CJ1051 OCAXKJEHHOIO cepebpa B 3aBHCHMOCTH OT PACCTOSHHSA, OTJIOMKEH-
HOTO 110 OKPYXHOCTH IHJIHH/IPA, ABJSETCS METOAOM H3Y4YeHHsl pacnpe-
JeneHnst CKOpocTell aTOMOB.

BoJsiee TouyHOE H3MepeHHe pacnpelefieNka CKOPOCTeH MOreT ObITb
BBIIIOJIHEHO B YCTPOHCTBE, KOTOpOE OTOHpaeT MOJAEKYJbl, HMEIOLHe Or-
peneseHHyw ckopoctb (puc. 6.11). (10T MeTon ananorndeH metony 3y0-
yaroro KoJeca, KOTOpbIH PH30 NPHUMEHH] Ad51 H3MepPeHHsl CKOPOCTH
cBeTa.) Mo/leKyJaApHBIA NyYOK BLIXOLHT M3 UIeAH H PErHCTpUpYercs Ha
IPYTOM KoHue npubopa. Mex1y HCTOYHHKOM H JeTEKTOPOM IIyyKa IoMe-
IIleH CeJeKTODP CKOPOCTEH, B IPOCTERILIEM Cydae NPeACTaBIsIOMA co00H
napy JHCKOB Ha OOIed OCH, KOTOPYIO MOXKHO BpallaTb C H3BECTHOM
yrJIoBo# ckopocThio. O6a n¥cka MICHTHYHBI, H Ha NepUpepHH KaxXIoro
U3 HHUX c/leJlaH Bhipe3. Bpamatollinecst JUCKH JAEACTBVIOT Kak JBe 3aj-
BHXKKH, TIOTIepeMeHHO OTKphiBauecst 1 3akpbisawomuecs. [Ipu ToyHof
IOCTHPOBKE JUCKOB, H €CJIH OHM He BPAUlalTCs, MOJIEKYJbl AOCTUTAIOT
JeTeKTOpa, NMpoind Yepes Bupe3bl B 060HX auckax. [Ipu Bpamienun ocH
¢ JMCKaMM MOJIEKY.JbI, IIpOLLejline uepe3 Bhipe3 B MEpBOM JHCKE, AOC-
TUTHYT JETeKTopa TONBKO B TOM C/lydae, ec/ii BpeMst ABHKEHHS MOJIEKY/JI
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Mex<Iy AHCKaMH GyIeT paBHO BpeMeHH 000poTa JHCKa (MM KPATHO STOMY
BpemerH) *). B nporHBhoM ciydae MOJIeKYJbl GyAyT NOr/OLleHsl BTO-
PBbIM JHCKOM H He nonanyr s gerektTop. IIpu pasiHyHBIX yIJIOBBIX CKO-
POCTSIX BpallleHHs1 JUCKOB B JIeTEKTOp GYAYT NONAaTh MOJEKYJIbl C pa3-
JWYHBINME CKOpOCTsiMH. l3MepeHnst OTHOCHTEIbHOrO 4HCJAA MOJEKYJ,

- Jemexmin .
— 1
- Hucry | —— l
|
— |
=<Z_ |
! |
| I
| [
i |
I'kfcmwﬂwr .
——
%/
\\

s H Hacocam

Puc. 6. 11. Cxema npubopa ¢ MOJEKYNAPABIM NYHKOM A CeNeKTOpOoM CKopoCTell LI H3 YUeHHH pac-

TipeiedeHHa CKOPOCTEH MOJIeRYal. 3a ppemsd, neobxoauMoe NyYKY, 4ToOM OPOHTH pACCTOSIHHE MEH~

Ly NepBBIM H BTODbiM IHCKOM, OCh [OBePHETCH Ha ofpedesesHsii yroa H y4oK npoilaeT depes

JHCK TOJBKO B TOM Cay4ae, eCJiH JHCK COBePUIHT )no.mibu'i 06opoT (KU Uesoe 9HCJAo noJibiX 0do-
poTOB).

PETHCTPUPYEMBIX JIETEKTOPOM 3a CEKVHAY, AAlOT BO3MOXKHOCTb Hernoc-
PelCTBEHHO NOJYYHTb pacrpejedeHye ckopocteil mojekys. IlonoGHble
U3MePEeHHsi NMOJATBepAHJIH CIIpaBel/IHBOCTL MaKCBE/1JOBCKOrO pacipene-

JIeHHs1.
SIBnenne apdy3HH, KPOME HCMNOJIb30BAHHA AAA CO3JAHHMSA MOJEKY-

JSIPHBIX MYYKOB, HMEET PasiMyHbie NPAKTHYeCKHEe NpHMeHeHHs. 3Has
abcoMOTHYIO TeMmiieparypy 1 H cpe/Hee NaBJcHHe p Ta3a, Mbl MOXeM
BRIYUCAUTL # H U. JIeHCTBHTENBHO, ypaBHEHHe COCTOSIHHSI HA€aJbHOTO

rasa jaer n=p/kT, a cpellHda CKOPOCTb U MOJEKYJbl NPUGIU3UTED-
HO paBHa ee Hau0oJ/iee BepOATHOH cKopocTH (32), TakuM o00pazoM,

v (kT/m)' /=, ToacTaBasis 3TH 3nadenus n u v B (39), HOAyYUM

o V,%T : (42)

Mul BHAHM, 9TO CKOPOCTH 3¢XpYy3HH 3aBHCHT OT MacCHl MOJIEKYJI: JerkKue
MOJIEKYJIbl HMeloT B0JbILYIO CKOPOCTh H HX 3hdy3us 6yler nPOUCXOAUTD

*) DKCIepHMeHTANbHO JIErKO Pa3/IMYMThL BpeMeHa, COOTBETCTBYOLLHE pasJiu‘lIHoﬁ
KPaTHOCTH.
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CKopee, 4eM 3hPY3Us TSIKENBIX MOeKYJN. IT0 CBOHCTBO 3hY3UH MOMKHO
HCNIOJB30BaTh JI/1st NIOJYYEHHST IPAKTHUECKOTO cnoco6a pasfleeHds H30-
TonoB. IlpeacrasuM cebe cocyn, 3aKphITHI MeMOpaHOoH ¢ GOJIbLIMM YifC-
JIOM Y3KHX Ilesied, yepes KOTOphle MOXeT IIPOHCXOMUTb 3(py3Hs MO.1e-
KyJa. Ilycte mam cocy HaroNHeH CMeChbio JBYX H30TONOB H IIOMEILEH B

Puc. 6.12. @®otorpadus coBpeMeHHOro npHioOpa € MOJeXYJAADHHEM NYYKOM, [IPelHa3HauelHorc
JAs1 H3yHUeHMs CBOMCTB BOAOPOAHBIX MOJeKY/] H aToMOB.

Macmaws
MIAHCHETI

0 i -
. Aaammanag —. - v

| 4 [ Mazsigm | ]ML’EHIJ.‘TJ‘E !
[}

Semag e T fv.sunul =
s == = .
Hamepumens| | fg;?gf L 1 | - —[ r i
SR #e [melnas nowspl
_ll'l i | | I l}l
A wococy X nacocy KX necacy & sacocy & rizcocy

Brmmoysr

Puc. 6.13, Cxema ccHopHhIX HacTell npufopa, nokazanHoro Ha npefeayilieii dotorpadbun, Kou-

TeHHep S ABJISETCST HCTOUH HKOM MOJeKyd, D — HeKoTopoe YCTpoHCTBO, peTHCTPHPYOLEe MOJIeKY-

Jibt Ha CcTopote Npubopa, NPOTHBONOADKHON HCTOUNHKY. MaruuTh A v B co3ai0T HeoaHopolnoe

MarHHTHOe TIoJIe, H B 3TOM NoJle Majble MaTHHTHbIe MOMEHTHl MOJIEKYJ HCHBITHIBAIOT CHJY, BRISHI-

BAOLULYI0 HCKPHB/eHHEe HX TpaeKtopHii. B onelfe Hay9aeTes BAHAHHE PAaJH0OYACTOTHOTO H3JYHYeHHH
B o6sacTH Marsuta C Ha JBH)KeHHe OYUYKA MOJeKyJl.

BakyyM. C Teuenuem BpeMeHH Guaronapst addysun oTHOCHTENbHAA KOH-
UEHTPALHS TSAXKEJOro H30ToNa B cocyne 6y/eTr pacTd, a ras3, oTkaydBae-
MBIl U3 ORpYKaiollero cocyl BakyyMa, OyaeT oforauieH JierkuM H30TO-
noM. Takoit MeToJ pasjesieHHsl H30TOIIOB HMEeT NPAKTHYECKOE 3HAYeHHe
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IIpH MOJYYEHHH YypaHa, oboraienHoro usoronom U2, 3ror H3otOI
JIErKO NIeNHTCs TENJIOBBIMH HEHTPOHAMH M HMeeT no3Tomy 0OJibiioe 3Ha-
yeHHe IJd paboOThl ANEPHBIX PedKTopoB (M AJs1 H3TOTOBJIEHHS ARXEPHOTO
opyxHs). EcTecTBeHHBII ypaH COLEPXKHT TJIaBHbIM O0OpasoM H30TOIl
U3, Jlna pasjesenus H30TOIOB ypaHa MCHOAB3YIOT IHECTHPTOPHCTHIA
ypad (UF,) — Xumuueckoe coeiMHeHue, npeacrasaswomee cobol 1pH
KOMHATHOH TeMneparype ras. Ilpu sdpdysnn 3toro raza MoxHO OTAEIHTD
HECKOJNbKO Oosiee sierkue Mogekyanl U?* or 3HauutensHo Oosee pac-
IIPOCTPAHEHHBIX M HEMHOro 0Oosee TameablXx moaekya U8, Tak kax
pasjn4yue B Maccax 3THX MOJIEKYJ OYeHb HEBEJHKO, TO, 4TOObl MOJYYHTh
34METHYIO KOHNeHTpauHiwo H3otona U npouece appy3uH HYKHO MHO-
rOKpaTHO TOBTOPATD.

6.5. Teopema o0 paBHOMEPHOM pacnpeiejeHHH

B cBoe#t kaaccuueckoil Qopme (10) kaHoHuueckoe pacnpeseneHHe
3aBUCHT OT KOOPAHHAT H HMIIY/JbCOB, KOTOPbIE ABASIOTCS HellPePhIBHbIMH
nepeMenHbIMH. [loaromy BbluHc/ienne J0ObIX cpelHHX BEJHYHH CBO-
JUTCST K BBIUNCJ/IEHHIO HHTETpaJjoB, a He CYMM. IIpH HEKOTOPBIX YCJ0-
BHAX BhlYUC/EHHe cpellHeHd SHEePTHH CHCTeMbl MOMKeT ObITh BbIIOJHEHO
OCOOEHHO MPOCTO.

PaccmoTphn J100YI0 CHCTEMY, ONHCLIBAEMYIO KJIACCHUYECKH C TIOMOILbIO
[ KoopauHar ¢,,...,q, ¥ COOTBETCTBYIOULHX HMIY/IbCOB f1,...,p s JHEPTHA
CHCTEMbI £ 3aBHCUT OT 3THX NepeMeHHbIX, T, €. E=E(q1,...,q;p1,-- )
DTa 3aBHCUMOCTb 4acTO UMEET CJENYIOHl BHI: :

E~=e:(p)--E @y +ons Pp) (43)

37ech &; 3aBUCHT TOJbKO OT JAHHOI'O HMIYJbca p;, a £/ MOXET 3aBHCEIb
OT BCeX KOODAMHAT M HMIYJbCOB, Kpome uMmiysdbca p;. [3aBucHmocTb
tuna (43) MoXKeT BO3HHKHYTb, HAanpHMEp, B TOM cjaydae, eClAH KUHETH-
yecKasl SHePTHst YACTHIBl 38BUCHUT TOJbKO OT COCTABJAIOUINX €€ UMNY./b-
ca, a MOTeHIAa/bHAsh YHEPTHsT 3aBUCUT TOJAbKO OT Koopausart.|] Ilomnyc-
THM, YTO paccMaTpHBaeMas cuUcTeMa HaXOMUTCA B TEPMHYECKOM PaBHO-
BecHH € TelJOBbIM pe3epByapoM IIpH abcomoTHOH Temmneparype 7.
KaxoBo cpeiHee 3HaueHHe BKJaJa B SHeprHI0 OT udjeHa &; B GOPMY-

Jge (43)? :
BeposTHOCTL TOTO, YTO KOOPAHHATH. H HMITYJIBCH! CHCTEMb! HAaXOAATCH
BOM3H 3HAYEHHH (§1,-.., §si P1,---s Py), ONpPEIENSETCS KAHOHHYECKHM

pacupenencuvem (10). Ilocrosinnas € 31oro pacnpeleleHHss [aercs
¢opmyJoit (11). Tlo onpenenenmto, Mbl Haliiem cpefnee 3HayeHHe, eCAH -
BBHIYUC/HM COOTBETCTBYIONILYIO CYyMMY (HJIH HHTErpaJ) [0 BCeM BO3MOMKHbIM
COCTOSIHHSIM CHCTEMBI, T. €.

Se_BE“’b ‘“"’f)s,-dql .. dpy

&; = (44)

’

S e"'ﬁE (Qi. L ﬂf) dql ... dpf

TA€e MHTETpan Gepercs Mo BCEM BO3MOIKHBIM 3HAYEHHAM BCEX KOODJIHMHAT
@1s--.s G; M UMOYABCOB py,...,p,. C nomommpio (43) Bbipaxenue (44)
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IIPHHHMMAeT Takoi BHI: -

. . - r ’
_ Se"ﬁ(s'*‘E Ye;dg, ... dp, ge Bt o, dp; \‘ e~ PE'dg, ... dp;
E. — == ol .

Y —Be ' _BE’
Se_ﬂ(s‘+5)dQ1 ... dpg ge Budﬁ’i‘e BEd‘h---dpf

o

3nech MBI HCMOJB30BaAH MYJIbTHAIHKATHBHbBIE CBOHCTBA 3KCIIOHEHIIHA/ -
noil ¢yukuuu. lTpux Haj nocjenHUM HHTErpanoM YyKa3HBaeT Ha To,
YTO UHTEIPHPOBAHUE IPOM3BOJAMTCA 10 BCEM KOOPAHHATAM § H HMITyJlb-
caM p, 3a ucKarouerHues uMmiyanca p,. LITpuxoBaHHLIE HHTErpaJbi B yHC-
JUTejle M 3HAMEHATee OJHHAKOBbl, MO3TOMY, COKpalias Ha HUX, [OJY-
yaeM CAeRYWOUIMH NpoCTOH pe3ynbTar:

_ \‘e_ Beig; dp;
AT - ’
S e~ Be dp;

(45)

KOTOPBI 03HAYaeT, 4To eC/H €; 3aBUCHT OT p;, TO IPH BHIMHCIEHHH CPEl-
Hero Bce JPYTrHe NepemeHHble HE HTPAIoT POJIH.

Bolulicsienne (45) MoXHO yNMpOCTHTD, BbipasuB HHTErpaj B 3HaMeHa-
TeJie yepe3 uHcAHTeNb. Torna

HJH

g, =— 5%-‘[11 <_°§

w

e~ Bei dp,) . (46)
/

YKazaHHBlE Mpefeabl HHTErPHPOBAHUS 03HAYAIOT, YTO HMIYSABC P; MO-
JKeT NMPHHUMATh BCE BO3MOXKHbIE 3HAUEHHS MEXKAY —o00 H 0o,
PaccmoTpum Teneph clienHanbHblil cjydal, Koria &; sB/ASETCs KBall-
paTH4HOHM QYHKUHeH p;, KaK 3TO H JOJKHO ObiTb, €CJH &; COOTBETCTBYET
KHHEeTHYECKOH PHepTHH.
HonycTuM, yTo €; UMEET BHUJR

€ :bpf, (47)

rie b — HekoTopad mnocrosgHHag. Toraa uuterpan B (46) npuHumaer
BH1 ‘

ra¢ Mbl BBenu nepemeHHylo y=fB'/:p;. Temepb MH MOXKeM HamHCATh:

[ . 1 o . .
In(S e“BSid;?i>=,——:2—lgB+ln(S e—by dy)._

- -

235



Ho uwnrerpan, crosmuit cnpasa, BooOlle He 3aBHCHT OT P, # Nudpepen-
nupys (46), Mpl mosyyaem

&=— jﬁ( m‘) 7B

HJH

1

E€;== —2-

kT. (48)

OTMeTHM, YTO XOTS B Hada/je BbIUUCJAeHIld Mbl HMeJH JeJ0 ¢ MHOro-
KPaTHbIM MHTErpajioM, OKOHUATeJALHbI! pe3y.bTaT MOoJYYeH BooOwe
6e3 BCSIKOrO HHTeTPHpPOBAHHS.

Ecnu B dyukuusax (43) u (47) umnyabc p; 3aMeHHTb HA KOOPAHMHATY
g;, BCC MPENbLIYIIMEe PACCYXKACHHS He M3MEHSITCH, H Mbl OMATb MOJYUHM
pesyabtaT (48). Takum oOpa3oM, Mbl IPULLIH K BHIBOAY, H3BECTHOMY NOX
Ha3BAHHEM mMeEopeMbl 0 PABHOMEPHOM pacnpedeaeHuyy SHEPTHH.

Ec/an onncelBaeMas KJacCHYECKOH CTaTHCTHYECKOH
MEXaHHKOH CHCTEMa HaXOLHTCS B DABHOBECHHM TIpH
abcomoTHOl TemIepatype T, TO KaxicMy He3aBH-
CHMOMY KBaJpPaTHYHOMY UYJ€HY B BblpaKeHHH s
SHEPIHM COOTBETCTBYET CpeiHee 3HayeHHe, pPAaBHOE
1, RT.

(48a)

6.6, IlpuyoxeHus TeopeMbl O PABHOMEPHOM pacnpelefieHUH

Y OesoHQsL MeNnivemKoctio 00HOAMOoMHO20 tldearbko20 2a3a. TlojHas
SHEPrUsl MOJIEKYJ/ibl TAKOTrO rasa IpocTO PaBHa KHHeTHUCCKOH SHePTHH:

g,,, (Pi+ p; -+ P3). (49)

M3 TeopeMbl O paBHOMEPHOM paclpeneeHHH cleyeT, YTO CpelHee 3Ha-
YeHHe KaxuKjI0To U3 TpeX UJIEeHOB (49) pasHo '/, £T. O1cio/la caenyer, 4ro

== kT (50)
Tak kak MoJb rasa cogep:xkur N, MoJIekyJ, TO cpelHsst 3HePrus rasa-
paBHa

E= NG<? kT)_—_?RT, (51)
rae R=N_k — rasopas nocrosindasi. Ha ocunoBanun (5. 23) MBI TI0JTY-

gzeM cJefyollee 3HaueHHE VAEJbHOH TenJoeMKOCTH Cy npu HOCTOSH-
HOM o0ObeMe;

.- | dE 3 .
' cV:('_aTI'-)V::"Q—R' - (52)
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D10 3HAYEHHE COBMANAET C Pe3y/ILTaToM, HOAYYEHHbIM B (D.26) ¢ NOMOLIBIY
KBaHTOBOMEXaHHYECKHX COOGPaxKeHHH ANs rasa, A0CTaTOYHO paspexeH-
HOTO, 4TOOB! €0 MOXKHO OBLI0 CYUTATh HACAIBHEIM H HEBBIPOXKICHHBIMY).

Kunemuueckas anepaus moaekyavt noboeo 2aza. PaccMoTpuM s1i06o#
ras, He 06s3aTe/IbHO UAeaNbHHId. DHeprus A60H MOJEKYJL C MacCOH
#m MoXKeT ObiTb 3alMCaHA B BHAE

e—=g& L g’ rne e(“’:—-(Px—I—PJ-{-Pg)

Ilepsuiil 4yieH paBeH KHHETHYECKOH SHEPrHM ABHIKEHHUS LEHTpA Macc MO-
JIeKyJbl; OH 3aBHCHT OT COCTaBJSAIOIHMX HMIYJbca [eHTpa Macc. UgeH
€’ MOXKeT 3aBHUCETb OT MOJOMERHS IIEHTpAa MaCC MOJEKYJbl (eCaU MoJe-
KyJa HaxoIWTCA BO BHeIGHEM CHJOBOM IOJe HJH €CJIH OHa 3aMeTHbIM
00pa3omM B3aUMOJEHCTBYET C APYTHMH MOJEKYJaaMmH), a TaKkKe OT KOoop-
AMHAT H HMOYJbCOB, OINHCHIBAOUIMX BpalleHHe # KoJiebaHHe aTOMOB
MOJIEKYJIbI OTHOCHTENBHO ee [IeHTCa Mace (ecjH MOJEKYJa He SIBJAsercs
OJIHOATOMHO{1); HO OH He 325HMCHT OT UMMYJbca UeHTpa Macc p. M3 Teo-
peMbl O DABHOMEPHOM pachpeneleHUH 3HepruH HeMeJJIEHHO CJaelyer,

ATO

Loe e 1
mpx— ) mu, = 9 th (53)
HJAH
— kT
A (54

Taxk kaxk v, =0, 13 coobpaxKeHHi# CUMMETPHH, KaK 370 6bLIO IIOKA3aHO

B (26}, pesyabrar (54) aaer Takxke Aucnepchio (Av_)® KOMIIOHEHTB CKO-
pocm v,. Tak e Kak B c1y4ae OJHOATOMHOTO ra3a, TPH KBajapaTHYHLIX
YjleHa B BBIDAXKEHUH A5 €O MPHBOAAT K CJeAYIOUeMY 3HAUEHHID Cpell-
Hel KHMHEeTHYeCKO{ HEPrHH /IBHKEHHS ILEeHTPa Macc MOJEKYJbl: L

g = T (55)

b poyrosckoe Osuscerue. PaccMOTPHM MaKPOCKONHYECKYID YACTHILY
«C MAaccoil m, (pasMepoM IOPsIIKA MHMKPOHA), B3BEILUEHHYI B KHAKOCTH
apr abcooTHOH Temuepatype T. DHeprusd 3TOH YaCTHUbl ONATH MOZKET
ObITh 3aMucada 8 Bule

=g (Pi+py+p3) +¢
3neckh NepBHlil uleH OTBeuaeT KHHETHUYECKOH SHePIHH M 3aBHCHT OT CKO-
POCTH [ABHIKEHUS V HJIH HMIYJbCA P UEHTPA MacC YacTHILI, TOTAa Kak
4j€eH & COOTBETCTBYET HEPrHH, CBA3aHHON C JBHXKEHHEM aTOMOB, COCTAB-
JISTIOLIMX 4acTHIY, OTHOCHTE/IbHO ee LeHTpa Macc. TeopeMa 0 paBHOMep-
HOM paclpeneseHit onaTh NPUBOJAHT K pesyabTary (53) u (54):

— kT ‘
Ux = e (56)

*) B cootBetcTsHH C (37) ANst AOCTATOUHO paspexeHHOro rasa KBAaHTOBbIE addeKTal
JefICTBUTEJbHO He HMeIOT 3HAUeHUsl, # B 3TOM CJyuae CAefYeT OXHAATL COIVIACHS MeX-
Jy KBAHTOBBIM H KJIACCHYECKHM PaccMOTPeHHeM 3ajadH.
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‘W B:3TOM cayuae ‘cpenHed 3Hauenne ‘v, =0 13 COOGPAKEHUA CHMMETPHH,
W (56) ‘HEMOCPeACTBEHHO PaBHO JHCNEPCHH COCTaBAAIOUIEH CKOPOCTH ..
H3 dopmyasl (86) cpa3y caenyer, 4To 4acTHIla HE OCTAeTCA B NOKOe, a
‘0bnianaet GaykTyHpYyloUleH ckopocTbio. TakuM 06pasom, cyuecTBoBaliie
‘HPOYHOBCKOro ABHKEHHH, paccMaTpHBaBmerocs B 1.1.4, ABageTcs npo-
CTBhIM cjiefcTBHeM Hawen tTeopud. M3 ¢opmyasl (56) cienyer takxe, uto
eCJIH Macca YacTHIb! JOCTATOYHO BeyiMKa, GiIYKTYyauHH CTAHOBATCS CTC.1b
MaJbIMH, 4TO nepecTaloT ObiTb MpaKTHUeCKH HabIt0gaeMbIMH.

.. Tapmonuseckuti ocyuaramop. PaccMOTPHM bacTHuy €. Maccod m,
.COBEPIIAIOUIYIO OJHOMEPHOE TdpMOHHMUYECKOe KoJehaTebHoe JBHKEHIE.
Ee sHeprus pasHa

== 5 P2 . (57)

3rech nepBHIH YleH paBeH KHHETHYECKOH 3IHEPTHH YacTUbl, UMITYJIhC
KOTOPOl paBeH p, a BTOPOH UYJeH paBeH NOTEHLHAJILHOH 3HepruH uac-
THIBI, HA KOTOPYIO JeHCTBYeT BOCCTaHABAMBAOWAS CHIA — ax, NPOTNOp-
nioHaanHas cmemeruio x. [locTosannaa a naspiBaercs FCOS(deJquLPHmO i)
ynpyeocmu (WM nOCMOAHHOU npyocunbr). 11peinocoxuM, YTo OCIH.-
JISITOP HaXOAUTCS B PaBHOBECHH C TEIJIOBBIM De3epByapoM MNpU TeMiie-
parype T, ZOCTATOYHO BBLICOKOH A% TOro, YTGOBI MOXKHO OBLLIO HUCMOJb-
30BaTh KJaccHueckoe onucande, Torjaa, npiMeHss TeOpeMy O paBHOME]-
HOM pachpeneseHdu (48) K BuIpa:keHHio (17), colepxauieMy KBajJpaTiiy-
Hble YJeHbl, Mbl Cpa3y INOJy4aeM cpeﬂmoro SHEPIHI0 OCUHJIIATOPA:

—kT+ kT = kT, | (58)

6.7. YnenrHas TernJoeMKOCTh TBEpPAbIX Ted

B kauecTBe nocsenHET0 NPHJIOKEHHS TEOPEMbl O PAaBHOMEDHOM pac-
npene]eHHy Mbl PACCMOTPHM YAEJNLHYIO TENJOEMKOCTh TBEPALIX TeI NpH
‘TeMIeparypax, HOCTATOYHO BBICOKHX VI TOro, YToOLI KJaccHueckoe
onHcaHne OLWIO cnpaBenuBbiM. PaceMoTpHM Jl}oﬁoe TBEpJOEe TEN0, COoC-
Todilee W3 N aTtoMmMoB, Hanpumep, Medb, 30J0TO, aMOMHHUEA, ajaMmas.
Baarogaps BHYTPEHHHM CHJIaM, AEHACTBYIOLIHM MEXKAy COCeAHHMH aro-
MaMH, B COCTOSRHH CTaOHJbHOIO MeXaHHYeCKOro PAaBHOBECHSI TBEPAOro
Tesa €ro aToMbl 33aHUMAIOT ONpe/e/eHHOEe MOJIOXKeHHe B KpHCTaslaudec-
Kol perrerke. KaxIblfi aTOM MOXKeET, OJHAKO, HCILITHIBATH H260.1b1I0e
cMellleHHe H3 [10J0KEeHHS pPaBHOBECHS. BOCCTaHaBJIHBaiomaﬂ cuja, aei-
CTBYIOHIAsi CO CTOPOHBbI COCEAHHX aTOMOB HA TAaKOH CMEIeHHBIH aToM,
CTPEMUTCA BepHYTb €ro B NOJIOKEHHEe PaBHOBECHA M HCue3aeT, KOria
aTOM 3afiMeT 3TO -osioskeHHe. CMelleHHe aToOMa H3 PaBHOBECHOIrO MO0~
SKeHHS Beeria oyeHb MaJo, H MOTOMY. B MEpPBOM MPHG/IHKEHHH BOCCTa-
‘yaBJIHBAaIOUIast CcHJA [IPONOPIHOHAJIBHA CMEILEHHIO. Takoe npubanxke-
HHE JJIs MHOTHX leJiell OKa3biBaercs JOCTAaTOYHBIM, H M3 HETO CJelyeT,
‘qT10', éTOM coaepnlaer npéc’rble Tpexwepﬂue rapMOHqucKHe KOJIeﬁaHHH
OKOJIO TIOJIOKEHHS paBHOBECHS, : :
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CooTBETCTBYIOIHM BEIGOPOM HaNpas/eHHA KOOPAHHATHHIX OCed X, I, 2
MOZKHO JOOHMTBCA TOTO, 4TO ABHXKEHHE aTOMOB BIO.b JII0O6OH U3 ocell Oy-
JeT rapMoHHYecKHM KoJleGaTelbHLIM ABH:KeHHeM. [Ipu atoM, Ranpumep,
9Heprus, CBA3aHHast C [BIKEHHeM BJOJMb OCH X, HMmeer BuA (57), T. e.

1 ]
By == 5 Pi ”!“'Q" ox®. (59)

31eck p, 0603HAYAET X-KOMIIOHEHTY HMIYyJ/bCa aTOMa, a8 X — COCTaBJsIIO-
HYIO €ro CMeIeHHsi H3 TMOJIOKEeHHST pPaBHOBECHS: M — Macca daroma H
o — KosthdunuenT ynpyrocti. M3 3Tol GopMyJibl Ceyer, 4To yriobd
HacToTa KoJeGaHHit aToMa B HamnpaBJ/JeHUH OCH X PaBHA

» = ]/%“ (60)

J/is1 xBMIKEHHS aTOMa B HanpaB/JeHHH ocell i H 2 COPaBel HBbl 2aHAJ10T HY-
Hple ¢opMmyanl. TakuMm o0pa3oMm, TOJNHAst SHEPruUst aToMa HMeeT BUA

e=g,--8,+}¢, ‘ (61)

Ecau Teso HaxofHTCa B paBHOBeCHH NpH aGCOMOTHOH TemnepaType
T u ecam 3Ta Tempmeparypa JOCTATOYHO BBLICOKA, 4TOOLI HCMOAb30BATh
K/1aCCHYeCKOe PACCMOTPEHHE, TO K KaxkJIOMYy uwiedy cyMmbl (59) Moo
NPUMEHHTb TEOpeMy O DPaBHOMEPHOM paclnpeieJeHHH 3HePruu, H Aibl
noJyuaem

€y =5 KT - kT =kT. (62)

, =&, =kT. 13 (61) crenyer, 410 Cpeisisi SHEPIHS BCErO

Ananoruyso,
aToMa paBHa

e = 3kT,

a CpeldHdAss 3Heprus OIHOro MoOJAA TBEPIAOro Te/a, COCTOAULEro H3 Na
ATOMOB, paBHa
E =3N, kT =3RT, (63)

rie R=N_k— ra3zoBasa nocrosyuad. B coorBercTBuH ¢ (0.23) yaeabHas
MOJIApHAst TENJIOEMKOCTH [PH NMOCTOSIHHOM 0ObeMe JJIsi TBEPAOro Teaa

paBHa
oL
Cy = (‘;;f) . (64)

Hian

[Toncrasngs ciona uucjenyice 3HaueHue R, Mbl nogaydaem *)
cy & 25 Omc-Moap™'-2pad!, (65)

OrmeTuM 06Ul xapakiep pesyabrara (64). OH He 34BHCHT HH OT
Macchl artoMmMa, HH OT kosdupuuMeHTa ynpyroctd . Pesyasrar (64)

*) B kanopuax cy=:b kaa.moab='-2pad-1,

A}



OCTAETC CUpPaBeNNUBBIM H B TOM CJydde, €C/IH TeJIO COLeP:KHT aTOMH C
pa3IHUHBIMH MAacCaMH H C Pa3/HYHLIM 3HAueHUeM Koadduuuenta o.
Ecau TBepnoe Te10 He M30TPONMHO, TO BOCCTAHAB/MBAIONIAS CHJ2 ATOMA
3aBHCHT OT HampaBJ/JeHHsi U KO3(pPHIMEHTHl YIPYrocTH AJsl HampasJe-
HHUHA X, ¥y ¥ 2 OTJIHYaloTCsT APYT OT Apyra. OHaKo cpelHee 3HaYeHHe NPH-
XONsilleicss Ha aToM 3HEPrHH octaercd paBHbIM 37T u 3Havenue (69)
He uaMeHsercsi. Crporufi MareMaTHUYeCKHH aHaJiM3 OAHOBPEMEHHBIX KO-
JeGaHHH BCeX aTOMOB TBEDJIOTO TeJa NMOKAa3biBAeT, YTO ONUCAHHE STIX
KoJe0aHHil B TepMHHAX HHJIHBHIYAJILHRIX CMelleHUH, HCHLITBIBACMbIX
OTHeJNbHBIMH aTOMaMU, He sIBJisieTCsl BepHbIM. B AeHCTBUTENBHOCTH OPO-
CTble TapMOHHUECKHe KOJe0aHHs CcOBepilaroT rpyminel aromos *). Ho
TaK Kak Bbipaxkenue (64) He 3aBUCHT HHM OT MacChi, HW OT NOCTOSIHHOH
YAPYIQCTH, OHO OCTAeTCH BepHbIM. ENMHCTBEHHOE OrpaHH4YenHe HaKJ/a/ bl -
BAETCA Ha Temmeparypy, KoTopas J0JiKHA ObITh JOCTaTOYHO BBLICOKOH,
qToObl KJaccudeckoe omnucaHue OBLI0 BO3MOXKHO. Mtak, Mbl MOXKeM Ha
OCHOBaHHH (64) yTBEpKIaTh, 4TO

Ilpn 10CTATOUHO BHICOKMX TEMOEpaTypax MoJsApHas
TETJIOEMKOCTb £, BCeX TBepJAbIX T€J He 32aBHCHT OT (66}
TeMneparypbl U paBHa 3R.

Mb! yBUANM, YTO Y GOABIIMHCTBA TBEPALIX Tea (asmas siBJsieTcst Nojpos-
PHUTEJILHBIM HCKAICUEHHEM) KJACCHUECKOe PAacCMOTpeHNe OCKasbiBaeTCst
BO3MOMKHBIM, €CJH TeMIepaTypa NOCTATOYHO BhICOKA.

CnpaBennuBOCTb YTBEPKAeHUA (60}, H3BECTHOrC NnoJa Ha3BaHHEM 3a-
KoHa lrosoHra u [ItH, ObL1a ycTaHoBjeHa smnupuueckd. B tadsa. 6.1

Ta6anua 6.1

Bewmecrno Cp Ly Eemeerso tp ‘y
Amoauuui 24,4 23,4 E Menr 24.5 23,8
Bucmyr 25,6 25,3 | Harpui 28,9 25.6

i Oaoro (MetaJsnn-
Boangppam 24,4 24 4 | HECKOR) 26,4 25,4
Fepyatmis 234 | 9233 | Tlaatnna 95.0 | 954
30J0T0 25,4 24 5 i Csuncn 26.8 27,8
KanMuit 2.0 9246 || Cepe6po 25,5 24,4 "
Kpemunit 19,8 19,8 ¥raepon (aamas) 6,1 6,1

3HaYeHHs] MOJSIPHBIX TEIJIOEMKOCTell €, TMPH MOCTOSHHOM JAaBJAEHHH H Cy
TIpH NMOCTOSIHHOM oObeMe JJsT HeKOTOPHIX TIPOCTHIX BEULECTR NPH TeMIleparype
T=298° K. 3nHaueHusi cy WNDOJYYCHH ¢ HOMOHIbIO HeCOJbMIHX NONPABOK
K _HENOCDEACTBEHHO ~ HM3MePEHHBIM  3HauenueMm ¢, Bee senuununt  Kannl
B 0x-2pad —t-monp —1, '

*) D10 TaK Ha3LIBAEMBIE HOPMAAbHbIE MOOs! KONeGaHUH TBEPIOro Teaa.
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nepeyrcaeHbl H3MePEHHBIE Ha ONLITE 3HAUCHHA MOJISIPHON TENJIOeMKOCTH:
Cp (npn HOCTOSHHOM 0asAeHul) ISl HEKOTOPHIX TBEPALIX Tel NMPH KOM-
HATHO! Temnepatype. Beanmuuna ¢, MOJSPHOH TemJaoeMKOCTH (TpH
TIOCTOS HHOM 06Beme) MOXKeT ObITh NOJYUYeHa M3 5THX JAHHBIX € NOMOILBIO:
HeGo/bIIMX monpaBoK *). Mul BHAHM, YTO YKasaHHwle B TabJHie 3Ha-
YeHHUs €y B O6lIleM HAXOAATCS B XOpOWIeM COTJacHu co 3HaueHueM (61),
npeiACKasbiBaeMbIM KJaaccHdeCcKOH TeopHed. B ciyuae xpeMHHSt H OCO-
OEHHO aJsMa3a Mbl MMeeM, OIHAKO, CHJILHOE MPOTHBOpedHe ¢ TeopHeli.
IIpnuvHOA TaKOre pacXOoxXAeHHUS ABJAIOTCS KBAHTOBble 3(beKThl, KO-
TOpBIE JIJIS 3THX BE{lIECTB HTPaIOT POJb JaXKe NPH CTOMb BBICOKHX TEMIC-
parypax, kak 300° K.

[ pumerusocms Kaaccuueckoeo npubausicerus. Tlocrapaemcs BbISC-
HHUTDL, NPH KAKHX YCJOBHSIX NMPOH3BEEHHOE BHILIE KJaCCHUeCKOoe PACCMOT-
PEHHE BONPOCa O TeMJ0EMKOCTY TBepAbIX TeJ Oyaer cnpaseaanseiM. Kpi-
TEePHH COPAaBeTAUBOCTH ONATL caenyioT U3 ycaosus (3). [lyers konebaro-
IHHACA aTOM HMEET 3HEPIHiO &,, COOTBETCTBYIOULYIO €0 JBHKECHHIO B Ha-
npaBJeHdH ocu x. M3 TeopeMbl O paBHOMEPHOM pacnpesiesieHHH CIelyeT,
YTO cpelHee 3HAUEHHE KBaApaTa COCTABAAIOUIEH p, HMNOYJAbCA aTOMA
paBHO

I — 1
-27”- Px= '—2- kT.

HOE)TOMy THOHYHOE 3HaucHHE P, HMOYJAbCAa aToMa HMeEeT MNopAaAIoR

po= Y pia )/ mkT. (67)

Yrobbl KJaccHyecKoe onmcaHiie ObIO BO3MOMXKHO, KBAHTOBbE 3(MMeKTh

He JOJUKHBI MPensiTCTBOBAaTh JOKAJAH3aUMH aroMa Ha PAcCTOsTHUSAX [O-

pAAKA S,, PaBHBIX cpelHell BeJHYMHe aMILTHTYAbl KOJeGaHHH aToMa.

Teopema o paBHOMepHOM pacmpelefcHHM, NpUMeHenHas K (09), naer
| B 1

7@.762: 5 kT,

H THOHYHOE 3HauyeHHE BCJIHYHHLI S; CMEILeHHA daTOMa OKas3blBdeTCst paB-

HbIM
Sy R ]/x2 kT (68)

Takum o6pasom, yciaoBHe (3) TOro, 4TO NPHHIMI HeONpPENeTeHHOCTH
['eitsenbepra He BJHsET CYUIECTBEHHBIM 00pPa30OM Ha KJAacCHUECKoe pac-

CMOTpE€HHE, HMEET BHI
‘m
SoPo &~ kT ]/E-‘}ﬁ,

-*) Jlerko u3MepHTh YIAEJIbHYIO TENJIOTY TBePIOTO Tesid HPH NOCTOSHHOM &TMO-
cepHoM JaBJieHHH, KOrja ero o0beM MOMeT CBOOONHO MeHSThCH. 3HAYHTENILHO TPYI-
Hee 06eCiIeUdTh TaxKHe YCJAOBHST ONBITa, KOrja oGkeM TBEepROro Tesia oCTaBa/ics Gbl He-
H3MCHHBIM HPH H3MeHeHHH Temnepatypol. OfHako B ciydae TBEpAOro Teja H3MEHEHHe
ofveMa NpH U3MEHCHHH TEMIICDATYPH HEBEIMKO H PA3HOCTE TerioeMKocTefl Cp U Cy
mana. Ee MOXHO BBIUHCJINTE, 3HAS HEKOTOpBIE" MaKpocxonnquKne KOHCTaHTHI,, xapax-
TEpH3YIOIlHe JJaHHOEe TBephoe TeJlo. w o .
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HH

kT > ho, (69)

rie @ — THOHYHAA YIVIOBad 4acTora KoJebaHHi atoMa B TBepIOM TeJe.
Yeaosue (69) npUMEHHMOCTH KJaCCHYECKOTO NPHONHKEHHST MOKET GBbIThb
3anuCdaHo B 3KBHBaJ€HTHOM BUIE
T3>0, (70)
ﬁ(l) 2] i e
rie @Eﬁ—TeMnepaTyprIH napamMmeTp, XapakTepHbIM A1 JaHHOro
pelecTea.
Uncaennwe onenKH YHactoTy o Konebannit aToMOB TBEPAOFO TEAA MOXK-

#H0O OLICHHTb Ha OCHOBAHUM €r0 YNPYTUX csodcTs. [Ipegnosomum, HanpHMep, 4TO TBep-
Jloe TeJIo UCHAITHIBAET AaBjaeHue Ap, Noj, AeHCTEHEM KOTOPOro O0beM Tena YMeHbLaemes

Ha HeGonpliyie BeanuHny AV, Beauwunna
K= — 71)
Ha3bIBACTCA CHUMACMOCHILIO TREPAOTO TeNd (3HaK MHHYC CTOMT /14 TOro, yTOOH BeJHYH-

Ha ¥ OnL1a NoJoXuTednbhod). BelHYHHE % JeTKo H3MepHMa H OH& NO3BOJAAET ITOJYYHTD
HEKOTOPHIC CBeleHHS O CRIaX MeXNy aTOMaMH

TBEpAOTO TeJ4.
® 0 @ 0o Ionbitaemca Teneps, 3HAST CKAMAEMOCTh,
. NOJYYHTR TPY6YIO OLEHKY CHJIL! F, ReHcTBYIOUieH
' e !9 S Ha aTOM, CMCUIEHHBIK H3 NOAOXKCHHUA PaBHOBECHA
B TBepaoM 1eje. (A mpocTOTEl IOJOXKHM, 4TO
4TOMBl TBEDPIOrO Tela [acloioXKeHbl B ILEHTpE
E_I 2 ® 6 0 o ky6a ¢ miuHOl pebpa a.L H36eiTounoe znaBJleHE{e
- Ap coorBercTRyeT e F=a?Ap, nelictBylowel
® | ¢ o & € Ha [OBEPXHOCThL a2, NPHXONAMYIOCS Ha ORHH
aToM (puc. 6.14). danee, oTHOCHTENLHOE H3MeHe-
ol e 0 e € Hue 00beMa Bcero Teda nof AelicTBHeM M3GLITOY-
L HOTO AaBsieHust Ap JONXKHO GBITH PA4BHO OTHOCH-
: } TeJbHOMY HM3MeHeHHIo ofweMa, MpUXOAserocs
Ha OJHH aToMm,
a
Puc. §.14. [TorepxHUCTh TBEPAOro Te- AV A (a3} 3a? Aa Aa
S, ATOMB  KOTOpOro o6pasylor fnpo- V= pe == e =3 -

CTYH) RyOHUeCKYIO pelleTRY.

Hcnoabsys oupepenenne cxuMaeMoctd (71), Mbl noyyaem

. 1 AV a® 3Aq
2 Ap— 2 —
F=aAp a(xV)_'Ma’ _
HJIH
F = — aAa,

le TOCTOsIHHAS ¢, CBABLIBAIOWAs CHAY F H cMeulenne Ag aToMa U3 HOJIOMKeHHS paBlio-
8ecHs, paBHa
3a
o= — (72)

¥

fIpn namem NpocTOM MPeANONCKeHHH 00 aroMaX TBePAOro Tesia, PACHOJIOKeHHLIX B
feHTpax KyOHMecKoll pellleTKH, Mbl NoJ1yuaeM CJeAYIOULYIO OUEHKY 4acToThl KojaefaHui
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aTOMOB TBEPAOIO Teja:

REE: @ . 3a

.%m

Hro6ul NOAYYHTE YHC/IEHHYIO OUEHKY COOTBETCTBYIOUIMX BeAHYHHN, PacCMOTPHM
CAYYaH MelH. DTOT METa. Nl MMeeT CReXYIONHE KOHCTAHTHL:
aTOMHHIH Bec

p = 63,5;

TJIOTHOCTD |
: p=2895 2-cmu—3

€ HIMAEMOCTE
H=17,3-10—13 cx2.0un-1,
3 3TUX KOHCTAHT MBI MOAYYdeM MACCY aToMa

_ k635 _9s
m = N—-mwﬁl,05'10 Ze

Tak kak p=m/a3, MeXaTOMHOC PACCTOAHHE @ PaBHO

/
o= (lg..)‘ T —2.34.10-% ca.

Teneps W3 (73) MBI noayuacm yIJIOBYH YacTOTy KoseGaHnii

3(2'34‘]0_8) 1/2__ 1013 3
o [(7,3-1{)-13} (1,05-10—22) ] = 3,02-10** padycex,

KOTOPOll COOTBETCTBYeET 4acToTa Koaebanui

- % A 4,8-10'2 cex—1, (74)

IT1a 44acTOTa JEHKHUT B HHPpaKpacHoH GOMACTH 3JeKTPOMATHUTHOIO CREKTPa.
XapakrepucTdueckasi TeMilepatypa ©, onpeleasemas ¢opmyaoii (70), papua

ho  (1,054-10-27)(3,02-1013) °
= 30T A 230° K. (75)

Takum ofpasom, Il MeIH K/accHueCKUH pesynbraT cpy=3R 6ylerT cnpaBeiaHB npu
T>230° K, T. e. MBl MOXeM OXKHJaTb, YTO OH Ha4yHeT BHIIOAHATLCH NPHOIH3HTENLHO
IpH KOMHATHOH nau Gosee BLicoxod TeMmeparype.

PaceMoTpuM Teneph agamas. ATOMHBIM BeC yriepoa paBer 12, cleoBartesibHo,
Macca aTOMa a/1Masa B IsTh pasMeHbBIIeMacCH aroma Mexu. Kpome Toro, anmas ropasio
TBEpKE MEJIH, W ero CKHMAeMOCTh APHGJIH3HTEILHO B TP Pa3a MeHbille, YeM Y Meld
(x=2,26 - 10— Yepu? -gun—1). [ostomy uacrota @ koneGaHHa aTOMOB Yriepona B ajiMaze
[em. (73)] 3sauurensho Gonblie yacToThl KoldeGaHHi aTOMOB Meiu B MeTaqsie. Bogee
TOYHO, A% aaMa3a (ILIOTHOCTE p==3,52 2-cu—3) olleHKa TeMIlepaTypHOro napamerpa
fiaet O x830° K. Taknm ofpasowm, Aqs1 aiMasa Npu KOMHATHOH TeMmepaType KjiacCHue-
ckoe MpubsnKeHHe He MOXKeT GbiITh cnpaBelTHBLIM ¥ HAC He AOJKHO YRUB/AATb HH3KOe
3HdueHue Cy A4S aJMmasa, upHeelennoe B Taba. 6.1,

0 =

QueBniHO, 4YTO NPH HHU3KHX Temneparvpax, Kcria (69) ve BhI-
UOJ]H‘HETCH KJacCHUECKHH pe3yabTar ¢, =3R nepecTaer ObiTb BEPHBIM.
M3 BecbMa O0uiero pesyabrata (5.32) cJjelyer, YTO eCJH TeMHepaTypa
YMEHBILAETCS H HepaBencTso (69) nepecraeT BHINOJHATHCA, YAeIbHAR
TEJII0EMKOCTb ¢y R0JKHA ORICTDO YMEHBINAThCA, AOCTHras HYAs NpH
T—0. Toulble KBaHTOBOMEXaHHYECKIe BbIUHCJEHHS NOATBEDIKAAIOT
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3TOT NpeJlesbHbiil pe3y/bTar, ECAH MpeanosoxHTb, HTO KaMKAblfl aToM
TBEPJOro Tena KoaebsaeTcs ¢ 4acToTOH ®, TO BBINOJIHHTE KBAaHTOBOMEXa-
HHYECKHI! pacyeT yIeJNbHOH TENJOEMKOCTH ¢y BeCbMa nipocTo. Mul moay-
Yyaem MpH 3TOM 3HAYyeHHE ¢y, NPHrojHoe Aas JobbX Temneparyp. ([loxa-
POOGHOCTH STHX BbIYHC/EHHI CM. B 3anaue 6.21.)

{BOAKA OnpeleneHui

Pasosoe npocmparcmeo. MuorovepHoe NpocTPancTBO, OCH KOTOPOTO COOTBETCTRYIOT
KOOPAHMHATAM H HMOYJKCAM CHCTeMbl. TOYKA B 3TOM MpocTpalCTBe onpellesseT BCe Ko-
OPAHHATE H HMOVJLCH YaCTHIL CHCTEMEL.

Marxcsennosckoe pacnpedeaenue ckopocmedi, BripaxeHue

{ .

- pt

5 B
fvyddivoce 2 d3v,

JIAIoiee CPEeRHee YHCIO MOJIEKYJ, CKOPOCTb KOTODPBIX JNIEKHUT Mexay v W v--dv, nas
rasa npw abcoaoTHoll Temneparype T.

Ighysun. BplTekadHue MOAeKY/] U3 cocyad 4vepes HEGOMbIIYI [LeNb, pasMepsbl
KOTOpOH 3HAYMTENLHO MeHblle cpeiHeil AJMHLI npobera Moaexya.

QOcHoBHble ¢opmy/ini

Ecnu cucresa, onucoiBaeMas KJAdacCHUeCKH, HAXQQWTCs B PABHOBeCHH NP a6conioT-
HOll TemMneparype T, TO KaXKIOMY He3aBHCHMOMY KBaJpaTHUHOMY yJeHY €; B Bb[pa}KEHHH
AJSl 5HeDPTHH 0OTBeuaeT cpefHee 3HaueHHe aneprun )

3apgaumn

6.1. Pa3080e nPOCMPAHCHIBO KAACCUYLCKOZ0 2APMOHUYPCKO20 OCHUAAAMOPA. DHEPTHA
OJHOMEPHOrQ [APMOHHYECKOrQ OCUHJJAATOPA paBHa : .
]

!
E:;)Ep -}——Zcxx?

rae x — cMellette, p — HMIvabe. [lepBrlit uien cyMMbl COOTBETCTRYET KHHETHYECKOH
BTOPOA —— TMOTEHUHANLHON 3HEPruH oCUHAAATOpA. Macca oCUMAAHPYIOWEd YacTHILLI
o6o3navena yepe3 M, Ko3phpUUHEHT YIPYroCTH A/ BOCCTaHARMUBAOMEN CHB, AedcT-
BYIOILIEH HA 4acTHIlY, paBeH &. Paccmorpnm ancamGib TAKKX OCUHAATOPOR, 00 2HEPIRU
KOTOPBIX M3BECTHO, UTO OHA JIEKHT MeXAY E n £+ 0L, ¥Ykaxure (paccmarpusas 3anavy
KJaccHiIecKH) Ha ZBYMepHOil AMarpamme xp 4acTb (Pa30BOro NPOCTPAHCTBA, ROCTYIHYIO
OCUNANATOPY.

6.2. Hdeanrbnoutl 203 8 noae cuast mascecmu. Vaeanshuiil ras, Haxonsmuicst B parHo-
secud npH a6coMmoTHOM TemiiepaType T, HCOBITBIBACT AEHCTBHE CHJLI THKCCTH. Y CKOpe-
HHE CHIb! TSKECTH PABHO g U HANPABIENO BHU3 (B nanpasienun —z). Macca moaekyJini
pasHa .

a) Hafinure Bepoarnocts % (r, p)d3r d?p Ttoro, urto KOOpllHHaTbl H MMIYJIBC MOJIe-
KYJIBl JIeKaT B npeflesax ot r o r+druorp 1o p-+dp coorsercraetto. (Bocnosb-
ayfiTecb KaHOHHYECKUM paclipelesleHHeM B ero KJ1dccHYecKOW TPAKTOBKE.)

6) Hadmure (¢ TOYHOCTBIO IO NOCTOAHHOrO MHOXKATEAR) BEPOATHOCTH TOrQ, YTO CKO-
POCTEL MOMIEKYJIBI JIEXKHT MEXKAY v ¥ V—dv Ne3aBHCHMO OT TOJIOXKEHU T MOJIERY LI B TPO-
crpancrse. CpapHuTe NOMyuyeHHbIR pe3yJBTAT C COOTBETCTBYIOMIEH BEPOHTHOCTb}O npa
OTCYTCTBHH T[PaBHTAUKHOHHOIO MOJl.

B) HaiiiuTe (C TOUHOCTBLIO 10 MOCTOSHHOIO MHOMKUTeNs) BepOﬂTHOCTb J "(2)dz
TOTO, 4TO MOJIEKY/1a HAXOAUTCS B uu’repsa.rle BBICOT OT 2 A0 2 4 d2 He3ABHCHMO OT eg
CKOPOCTH M MOJOXEHHA B rOPH3OHTAAbHOH MMJIOCKOCTH. -
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6.3. Maxpockonuueckoe paccmompeniie uOeaAbHO20 2a3a 8 NoAe CUMGL MANCECNLL,
PaccMoTpaM HeaIbHBIH a3 npeAbiAymed 3aaaud ¢ MOMHOCTBIO MaKpPOCKOMHYECKO#H TOY-
KH 3penust. HafileM BuipaxeHnHe IAs 4yHcaa n (Z) Molexkya B efunane ofreMa Ha Bbl-
core z. J1ys 3Toro Hec6X0AMMO HANHCATH YC/IOBHE MEXaHHUECKOro PABHOBECH S CJIOH Tas3a
B HHTEpBaJe BLICOT OT 2z X0 2z-+-dz M BOCTIONL30BATLCH YparHeHHem cocTosHHs (4.92).
CpaBHHTE NOJYYCHHBIA Pe3YJbTAT C BHIPA’KeHHeM JIs 9" (z)dz, BuBeICHHLIM B Ipe/ibl-
Ayleld 3ajaye ¢ NOMOUIHI0 CTATHCTHUECKOR MeXaHHKH.

6.4. [lpocmparcmeentoe pacnpedeseHue IAEKmMpPOHO08 8 LUAUHOPUUCCKOM IACKMIPU-
4eckom noae. Broap ocu Luauuipa ¢ paguycoM R H Asiano#t [ naraHyTa npoBoJioKa,
paauyc Koropoil ry. IloTeHuHan NpoOBOJIOKH HO OTHOLICHMIO K UMJIHHAPY COCTapJsier
V en. CI'COy. Besa crcrema HaxoRuTCA NPH aGcosiOTHOH Temmepatype T, koropas Ao-
CTATOYHO BesiHKa. B pesyabrare 3/1eXTpoHE!, HCRIYCKaeMble HATPeThIM MeTaJJI0M, obpa-
3YIOT PaspeKEHHbIH Ta3, HANOMHAIOUMA HUJARHAP M HaXOAAWHHCA C HHM B paBHOBe-
cud. IlnoTHocTh /eKTPpOHHOro ra3a HAacTOABKO Majia, YTO B3aHMOJeliCTBHEM 3J¢KTpo-
HOB JIpyr C APYTOM MOXKHO NpeHeGpeyb.

a) BocnoanzoBasiiuch TeopeMofi Fayeca, moayunTe BuipaKeHue AN 3JieKTpocTa-
TIYECKOro M0Js B TOUKe, HAXOAAWEHCA HAa PACCTOAHHRA 7 OT OCH LHJIHHAPA (ro<<r < R).
Jmuny muanunpa L MoXKHO CUHTATBE JOCTAaTOYHO OoJIbIIOH, 4TOOBEI He YUHMTEIBATE Kpde-
Boie 3(peKTot.

6) B TensoBoM paBHOBECHH 3J€KTpOHLl 0OOPA3YIOT I'a3 HepeMeHHOH NJIOTHOCTH, 3a-
[OJHAIIKHE NPOCTPAHCTBO MEKAY HATHLIO H uMJAuHApoM. Bocnmonn3oBabuncn pesyib-
TATOM 2}, FAHAMTE 3aBHCHMOCTDL UHCJIA 3JEeKTPOHOB B efUMHHUE 00beMa OT pafualbHOTO
PacCTOAHUA.

B) Ykaxure NpuCIH3HTENBHEI KPATepHI TOro, HACKOJIbKO MaJoH JOXKHA OnlTh
remnepatypa T (a8 3HAUMT, M IJIOTHOCTE 3JIEKTPOHHOrO Td3a), 4ToOel npencOpe-
JKEHHMe 3,1eKTPOCTATHUECKHM B3AHMOJEHCTBHEM MeXAY 3JeKTpoHaMH ObJIO OmpaB-
aano.

6.5. Onpedeaenue maccot OOALUUUX MOACKYA C NOMOULLIO yasmpayenmpudyau. Pace
CMOTPHM MaKpOMOJIEKYaY (T. €. oueHb 6OJIbIUYIO MOJEKYJIY, MONEKYJISIPHHE BeC KOTO-
poil papeH HECKOJBKHM MHJLTHOHAM), HAXOASIYIOCS B HECKHMAeMOH KUAKOCTH C IJIOT-
HOCTLIO O nipu abcodmorioil Temneparype T. O6weM v, 3aHUMaeMEIll oqHOH TakKoil MoJe-
KYJIOil, MOKHO CYHTAThH H3BeCTHHIM, HalpHMep, H3 H3MepeHHMH of6neMa, 3aHHMaeMoro
pacTBOPOM TAKHX MakpoMoJexys. Takoil pazGaB/eHHBIH pacTBOP NOMEULAIOT B YJALTpa-
neHTpudyry, Bpamamiyiocs ¢ 6onblioil YIioBOH CKOPOCTEIO ®. B cucreme KoopaHuar,
Bpauawomeics BMecTe ¢ UeHTpudyroil, Mobasd HaXoRAWAACs B IOKOE YaCTHHE ¢ Mac-
coil M UCHBITHIBACT JeHCTBHE LeHTPOOeKHOH CHJIBI m?r, rae r — paccTosiHue YacTulpl
OT OCH BpallcHHs.

a) YUemy paBua pe3yJbTHDYIOMIAA CHJA, MeliCTBYIONAa B 5Toff cucTemMe KOOPIWHAT
Ha 4acTHUY ¢ MAccOfl m, eCVIM MPHHATL BO BHHMaHHE HOLBEMHYIO CuAY, 06yCIopJIeH-
HYIO OKPYZKaouled XHAKOCTLIO?

6) HonycTum, 4To cucTeMa JIOCTHI/IA PABHOBECHS H, TAKUM 0GpasoM, CpefHee YHCIO
n(r)dr MakpoMoJekyn (B exuiuile o6beMa), paciioIoKeHHBIX B HHTEPBaJe PAcCTOSHHA
OT r /10 r-{-dr OT OCH BpailleHHsi, He 3aBHCUT OT BpeMeHH. Mcnonb3oBaB KaHOHHYECKOR
pacnpejesenne, Halinure (C TOYHOCTBIO [0 NOCTOSHHOTO MHOMHUTEAA) 3dBHCHMOCTD
n(rydr ot r.

B) Yrobhi H3MEPHTE 3aBHCHMOCTb £ (r), MOXKHO BOCHOJL30OBATHLCA HOIVIOMIEHHEM
ceera B pactBope. IloxaxuTe, KaK HCHOAL30BaTh TaKHe H3MePeHMs LIS onpenesicyus
Macchl M MaKpOMOJIEKYJibl.

*6.6. I1pocmparncmeennoe pa3descnie MasHUMHbIX QMOMO8 8 HeoOHOPOOHOM Ma2HLM-
Hon nose. BoXHBIfl pacTBOp NDH KOMHATHON TeMIlepaType CONEpKHT B MaJIOH KOHIEHT-
palMA aToMbl, KaXJuH H3 KOTOPHX 06/ajaeT CITHHOM Y2 M MATHHTHHIM MOMEHTOM [iy.
PacrBop noMellien BO BHellIHee HeOIHOPOAHOe MATHHTHOE M0JIe, Z-KOMNOHENTa KOTOPOro
‘ApasieTcd JHHeliHO Bo3pacTaiomeil ¢ynkuHed 2. 3nauenue B, B HUXHell 4aCTH pacTBopa
(rae z=2z,) Gosblle, ueM B, B BepXHel yactu (rie z=2,).

a) Ilycre n4(2)dz o6o3navaer cpe/iHee YHCAO aTOMOB, MATHHTHLET MOMEHT KOTOPBIX
Hanpas/eH BBepX M0 OCH 2z M PACTIONOMEHHBIX MeXAY Z H 2-+dz, Yemy pasno orHoile-
une n.4(25)/n4(2,)? DynAer An oo Gosblile, MeHblle WM PABHO eauHUNE? .

6) Hycrb n (2)d2 — noanoe YACAQ MarHUTHHX atoMoB (0GORX HAMpaBJAeHME OpH-
€HTalUd CNHHA), PacnOJOXKEHHbIX Mexay 2 M z-}dz. YUemy paeHo orTHOLeHHe
n (z5)/n (z,)? Bynxer an ono Gonblle, MEeHbLIE KK PABHO eNUMHULE? o -
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~ B) BocnoassyiiTecs ycnosuem noB<€kT Ans ynpouenHs oTBETOB Ha Npelbiiyulie
BOT POCH. . .

r) OuellTe YHCIEHHO BENHYHHY OTHOWCHHA N (29)/n (2,) npH KOMHATHOH TeM-
neparype, €clH fyRs10-29 spa/ec (T. ¢. nopsika GopoBCKOro Marserona), B;==0 u B,=
=5.104 ec. ,

6.7. Hauboaee seposmuasn snepeusn monesyan 2asa. YeMy papna nauGoliee BeposAT-
Hasi KHHETHYECKas SHEPTUS & MOMeKyJbl, ONMHCHBAEMON MAaKCBelJIOBCKAM pacnpegesne”

HrieM ckopocteii? Pasna M oHa Y. mu?, rlie v — HauboJee BeposTHAS CKOpPOCTh MoO-
JICKYJIBI?

6.8. Temnepamyouan sasucusocms afpysuu (ucmewenus). MoJleKyabl 3aK.TI0UeH-
HOTO B COCY ra3a yepesd HeGAIblioe OTBEPCTHE B CTEHKE BLLIETAIOT B BAKYYM, OKPYHKAIO-
muit cocya. [lpennonoxkum, yro abconmor-
HAg TeMIePATYDa rasa B COCYyJe yIABAUBE-
eTcsl, TOTA4 KaK RaBJeHHe OCTaercs Ilo-
CTOSIHHbIM.

a) Bo CKOJIEKO paz H3MEeHHTSH YHCIO
MOJEKYJI, BBLIETAIOIHX B CEKYHAY H3 OT-
BepCcTUSl B CTeHKe cocyna?

Paic. 6.15’. S¢dys3uonnnil nNy4YoK nanaet Ha 6),,BO CKOJEKO pa3 H3MEHUTCH CH-
SKpaH. Ja, ReHCTBYHOIAst Ha 3KpaH, paCIIO.HO-
JKeHHBIH nepel OTBepCTHeM?

6.9, Cpeduasn Kunemuusckan suepaus ucmexarowux mMoaexys. Moaexysl oJHoaTOM-
HOrO rasa BBLTETAIOT M3 LleJH B CTeHKe COCVAd, HaxoAsulerocs npH a6CoJoTHOI Teme-
patype T. ¥Ykaxure Gpu3HuecKHe npHYHHL (He npuberas K BEYHCACHUSAM), IO KOTOPEIM
cpeanAn KHHETHYECKAS Heprus & BhACTEBLIHX MOJEKYJ 6y1eT Goaslte (MJIH MeHbIe,
HJH DaBHA?) CpelHell KHHETHYeCKOH 3HePrHH €; MOJEKYJ, HaXOASULKXCS BHYTpPH
cocyaa.

6.10. Tonuncerue dagrenus easa é cocyde ¢ Heboabuwoli meuso. TOHKOCTERNHIH CoCY
obvemoM V, TeMhepaTypa KOTODOro NMOANEPHHBAETCH MOCTOARUOH, HAMoJMHeH rasoM,
MeJIeHHO BLITEKAIOUIUM M3 COCYRa yepe3 HeGo/blioe oTBeperHe nuomaneio A. Hapyx-
Hoe JaBJeHHe HAaCTOMBKO Maj0, YTO 06paTHEIM TOKOM rasa B COCYA MOXKHO NpeHeOpeub.
OuenuTte, 33 KaKoe BpeMs Jds/eHHe B COCYRe YMEHLUIHTCS IO MOJOBHHLI HepBoHAYa,Ih-
noro. Bripazute orBer uepes A, V u cpemHioid ckopocrb MOJIEKYJ v.

6.11. Kpuoeennasn (m. e. Huskomemnepamypnana) omsauxka. I'az moxHO yAANHTH
H3 COCYMa, OXJaXKJasd ONHY H3 ero CTeHOK. 3TOT MeTOX 4acTO HCMOJIh3YeTCs B pasanu-
HBIX (PH3UYECKUX IKCMepHMENTAX, Koraa HeobXonum Xopousnii BakyyM. Urobbl nosicHuTs
NPHHLUAMI TAKOTO MeToHa, PACcCMOTpUM chepHueckud cocyl paaunycom 10 ca, xoropnift
HaxoAuTca TpH KomHatHol TeMnepatype (300° K), 3a uckmoueduem naomaixu B [ cu?,
TemnepaTypa KoTopoil paBHa TemnepaType xuaxoro asora (77° K). B cocyie vaxopurcs
BOJSIHOH plap, HayaJbHOE AamJeHHe KoToporo pasHo 0,1 s pT. 1. Ouennte Bpems, He-
o6Xoaumoe 1% yMeHblnewus nasienus no 10=8 wuu pr.cr., npeaunogaraf, uto xaxiuas
MOJIeKYJ1a, YAapHBIIascsa o6 OXJaxIeHHYIO NOBEpXHOCTh, KOHACHCHPYeTCA Ha Hef.

6.12. Pa3sdesenue usomonos spcpysued. Cocyn HMeeT NOPHUCTHIE CTEHKH, Cojleprka-
e GOMLIIOE YHCAO TOHRKHX wened. ['a3, nponuxaowni 4epes stu medu G1arojaps
stipysun, OTKauHBaercs R cobHpaerca B clielHanbHYIO Kamepy. Cocys HamoaHen pas-
pexkeHHBIM [d30M, COCTOSLIHM H3 MOJEKYJ C MACCAMH M1y H My (B 9TH MOJICKYJBl-BXOIAT
RBa Pa3JKYHBIX H30TOMa oJHoro atoma). O6o3naynm yepes ¢, W ¢y KOHUCHTPALMIO MoJe-
KYJ nepBoro W BTOPOTO THIOE COOTBETCTBEHHO (KOHUEHTpallHeHl CHCTEMBI B AaHHOM
cJiyyae Mel Ha3plBaeM OTHOILEHHe YHCJIA MOJIEKYJ THIA { K MOJHOMY YHCAY MOJEKY).
ITH KOHUEHTPAUWH MOTYT NOAAEPIKUBATBCHA HEH3IMEHHBIMHM, [JI% 4Yero NOCTaTO4HO,
HanpHMep, OCYUIECTBHTb NPHTOK B COCY/I CBEXEFO a3a B KOAHYyeCTBe, HeoHXONHMOM
AJiS KOMIICHCALMM yTeuKH #3-3a adysuH.

a) O603HAYHM uepe3 ¢, H Cq KOHIIEHTpAaLHH MOJIEKYJA OOOHX THIIOB B CNEUHANbHOA

Kamepe. Uemy paBHO oOTHOWeHHe CalCr?

6) Ucrons3ys raz UFg, MOXKHO CIeRaTh NONKTKY OTnenuTh U235 or U238, [Tepsrrit
M3 9THX U30TONIOB UCNIOABL3YeTCH B peakuHd AjepHOro netends. a3 B8 cocyge cocrout
u3 mosexyq U?36FL? y U298F}® (KoHueHTpaIus STHX MOJIEKYl COOTBETCTBYET ecTecTBeH-
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$Ol pacnpocTpaHeHHOCTH OGOMX H30TONOB YPaHA M PaBHA COOTBETCTBEHHO Cy33=99,3%
’ Lg

H Ca35=0,7% ). BBHIUHC/INTE OTHOLIEHUE Co35/Ca3s AN MOJIEKYJ, COGPAHHBIX B KaMepe no-

cae adxpysun. BripasuTe 3To oTHollleHHe Yepe3 HAYaJbhoe OTHOUICHHe KOHIEHTPAlMA.

6.13. Hamenenue Konyenmpayuu ¢ pesyabmame sghgpyszuu. ORHa B3 CTCHOK COCYA

3aMeHeHa MeMOpaHo#t ¢ GOJILIIAM KOJIMYeCTBOM MaJjiblX wienefl. Ecay cocyl HanoJHed

ra30M, HAXOMALIMMCA TPH JABJeHHH p, To 6aarojaps sdbyauu ras us cocyaa 6yaeT npo-
HUKATL B Opr}KaIOH_[Hﬁ COCYJ BaKYYyM. OHbIT AOKaselBaer, 4rQ ec/iH HAnoJHHTE cocyn

rejJHeM NIpH KOMHATHOH TeMmeparype H JaBJcHHH p, TO B TeyeHHe Yaca JaBjetide B CO-
cyme ynager a0 ¥ p.

ITpeanososkaM, YTO NPH KOMHATHOH TemuepaType H NOJHOM JABJIEHHH p COCYA Ha-
noqtied cMecwlo remua (He) u Heona (Ne). Atomuas KOHieHTpalHs 060X rasoB paBHa
50% (mosoBHHa atomos aBasieTcs atromamy He, nosoBuna — atomamu Ne). Uemy 6yner
PaBHO OTHOLIEHHE N,/ M 1y, ATOMHBIX KOHUEHTDALHI 10 HCTeueHHU yaca? Buipa3nTe OTBer
4epe3 4TOMHbIC BeCA TeJHFA Wiy, H HEOHA [y,-

6.14. Bowucnenue pasaudnox cpednux 0aa moaexyavt 2a3a. I'a3, cocTofmul A3 MoO-
JIEKYJ ¢ Maccoil m, HaXOJMTCA B paBHOBeCHU nipu abconoTHoil temnepatype T. O6o3Ha-
YHM YepPe3 V CKOPOCTh MOMEKYJIBI, YEPE3 Uy, Uy H Up—— COCTABMSIOULHE CKOPOCTH 10 KOOP-
JHHaTHBIM ocAM. [Haligute caejyromue cpelune:

a) a 0) _UE, B) 5'75;, r) o2 , n) (v, -+ bvy)2,

rie b — nocrosanuasn. (¥ x a3 a H H e. CoobpakeHusi CHMMETPHH H TeopeMa O pasHo-
MepHOM pacnpeleleHHu Aat0T BO3ZMOKHOCTb HOMYYHTD 3TH CpeflHHe, He TpHOeras K CloK-
HBIM BBIYHCJACHHAM.)

6.15. [lonaeposckoe pacuupenue cnekmpanvHulx auxud. T'as 13 aToMoB, AMEOMIHX
Maccy m, HaXOQHTCS BHYTPH cocyna npu abeouioTHoil TeMneparype T. AToME HeyCxaior
CBET, KOTOPBIH BHIXOAWT M3 cocyia (B HANpamJeHHH X) uepe3 OKHO B ero crenke. Cer,
HCITyCKaeMbll aTOMOM, MMeeT onpelelcHHYIO YacToTy Vy. OaHako Gaaronapsa sbdekty
Jlonnepa wactora csera, HCMYILEHHOTO ATOMOM (CKOPOCTH KOTOPOTO HMEET BAOJb OCH X
COCTABJAIOUYIO Uy), He PaBHA yactote vy. [IpHOaMiKenHoe 3HaueHHe YaCTOThl PABHO

V=Y (1'1['%5) ’

riae ¢ — cxopocTk cBeta. B pesynprate cmekTpoMerp, aHa/M3WPYIOWKA CBeT, obuapy-
JKHT BMECTO OJHOH YacTOTHE! vy HEKOTOopoe ChneKTpajbHot pacipeneieHue ! {(v)d v, Koto-
poe JdeT yacTb CBETOBOH YHEPruM, 3aKJIOYEHHOH B HHTEPBaJe 4acToT OT v Ao v+ dv.

a) Broiuneaure CpeAHIO0 YACTOTY V CBetd, HalbJ10AdeMOTO CIECKTPOMETPOM.
G) Briuncauwre aucnepento (Av)? wactoTsl cBera, Habai04aeMoro CIEKTPOMETPOM.

B) IMokaxute, Kaxum o0pasoM H3MepeHHA WHPHHB Av==[(Av)?]"/:cnexrpanbtod
JIMHHH, HabG10laeMOH CREKTPOMETPOM B H3JYuUeHHH 3Be3Jikl, Aal0T BO3MOXKHOCTbL Oilpe-
IeIHTh ee TeMIepaTypy.

6.16. Yoeavnaa menaveskocns nOOBUNCHO20 MOHOMOAeKYAApHO20 ca08. Ecau no-
BCPXHOCTb TBEPJOFO Te/Ia HAXOINTCH B JOCTATOYHO XOPOUIEM BAKYYMe, TO Ha Hell MoMeT
06pasoBaTbCA OJHMHOUHBIA CJI0H MOJIeKYJ, TOJLIHHA KOTOporo OYHeT paBHa JHaMeTpy
moJsiekyasl. (B aTom ciryuae roBopsT, yTo NOBepXHOCTH a4copblupoBana MoIeKyn.) Mo-
JIEKYJIEL YACPKUBAIOTCA HA MOBEPXHOCTH CHJIAMH NPUTAKEHHA, REHCTBYIOWHMH CO
CTOPOHEI aTOMOB TBEPAOrO T&ld, HO MOTYT mepeMelllaTrCs no Hel, coxpauss cBoGopy
B JIBYX H3MepeHHAX. TaxkuMm obpazom, oHH 06pa3yioT B XopoweMm MPHOIHKEHHH KJIACCH-
deckui AByMepHell ras. [Ipelnonoxnm, 4To MoJeKyJ/1a OfHOaTOMHA U a6COMIOTHAR Ten-
nepatypa pasHa T. UeMy paBHa MoIfpHAS TEIVIOEMKOCTb MOJIEKYJI, AACOPGHPOBAHNLIX
110BePXHOCTHLIOP

6.17. 3asucumocms 3IACKMPUUECKO20 CONPOMUBACHUR MEMAALQ OM MEMNCDAMYPSL.
DileKTpHYECKOe CONPOTHBJCHHE P MeTalia NMPONOPUHOHAJLHO BEPOATHOCTH TOTO, YTO
3JIeKTPOH pacceHBaeTCsi KOJAeOJIOMUMHCS aToMaMH pemie1Kd. JTa BepOSATHOCTh B CBOIO
ouepeib NpPONOPHHOHAIbLHA CPejHeH KBaApPaTHYHOA AMIIUTYIe KoJieGaHHA aToMoB.
Kax 3aBucHT 9/1eKTPHUECKOE CONPOTHRJIEHUE P MeTaL1a OT ero aGCO/HOTHOH TeMnepaTy pol
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BOIM3H KOMHATHON TemmepaTyphl HJH BRIIE, KOTA3 KodebalHg 4aTOMOB MeTalaa
MOTYT OhITh PACCMOTPEHBEl € MOMOINIBIO KJIACCHYECKOI CTAaTHCTHYECKOH MeXaHIKH?

6.18. Teopemuueckas npedeabuas mouxocne e3eewnsanys. OueHs YYBCTBHTEIbHbIE
NPYHKIHHEIE BECHl COCTOSIT K3 KBAPUEBOH NPYMKHUHBI, 3aKpelJeHHOH B HeNOIBHHHOIM
onope. [ocToAHRas NPVKHNDI PaBHA ¢ (TPH DPACTAKEHUH NPYXKHUHBI Ha BEJIHYHHY X
BO3HHKAeT Bo3Bpatlalomast cuia —ax). Bece naxoxares npu temnepatype 7 B mecTe,
I'le YCKOpEeHHEe CHJIBl TAKECTH PaBHO g.

a) KaxoBo cpeluee pacTaXeHHE X MNPYXKHUHBEL, X KOTOpoil noarellleH HeGO.ILLLOIT
rpys wmaccoii M?

6) Heny papna pesanunua (Ax)? =(x —x)* temsoBoll (QIyKTyalluu Tpysa 0K0.10
HoJOXKeHnusi pasHoBecHs?
8) Mavepenne naccel TepsieT CMbICA, ecaW (PIYKTYALUUH HACTOJBKO BEIWKU, UTO

(z_\.x"i)l/?Bx. KaxoBo muuumasbioe sHaveHHe nMacchl M, u3yepHMOH ¢ oMOmbIO TAKIX
BeCOR?

6.19. Tenzoenxocmy aHzapMsoHu4ecK020 ocyuriamopa. PaccMOTPHM oJHOMepHLLT
DCHM/LISATOP (He NmpOCTOll FapMOHHYECKHIT), OMNICLIBAEMbIH KOODIAMHATON X H HMIV.Ib-
coM p, BHEPrHsS KOTOpCro pasHa

p2
8:%4—&{4. (I)

[Mepertil uien 3TOro BLIpaXKEHHS COOTBETCTBYET KHHETHUECKOil, BTOPOI — NOTEHIHAIb-
Hoii aHepruu. Beanyuda m — macca ociiiiiaropa, b — Hekotopasa nocrosgrHas. Oc-
IIL1IATOP HAXOAWTCH B PABHOBECHH C TEIMIOBLIN pe3epBvapoM {IpH Temmepartvpe 7,
KOTOpasl AO0CTATOUHO BEeaUKa MJIF TOro, YTOOBI MbI MOFJIH MPHMEHSTH 3dKOHLI KJIacCli-
Yecxoii MeXaHuKH,

a) Uemy paBHa cpelnas KHHeTHYeCKad 3HEPTHA OCHU/LIATOPAP

6) Uewvy paBHa cpelHAst NOTEHLUHAIBLHAS DHEPTHUsE?

B) UeMy paBHa CpelHss NOAHAST SHEPIHA?

r) Paccayiorpuy atcanm6iab €1abo B3auMOTEHCTBYIONIMX YACTHL, KaxkIas H3 KDTO-
PLIX COBepliaer ofloMepHbie KosaeSauHs, MpHYeM 3HEPrHs KotefaHuil onpererdercs
Boipaxkennen ([). Uemy pasHa TensoeMKOCTb MOJist TAKMX YACTHIL TIPH ITOCTOSIHHOM 00b-
enve? (Y xasanue UroOpl OIBeTHTH HA 3TA BONPOCH, HET HEOOXOIUMOCTH BLIUHC-
J5ITL COOTBETCTBYIONIRe HHTEIPAJbl.)

6.20. Tenaoemrxocms meepGozo meaa, obaadawowezo 6oapiol  anuzonponued.
PaccyoTpum TBeploe Tes1o, KpHCTAJUIHUECKasl pellleTka Kotoporo objajaer Go.bLIoH
atusorponneil. Kaxawdl 2TOM B T2KOH pelneTKe COBepHizeT MPOCThie TapMOHHUECKHE
KoJeGaHus B TPex HanpaB.aeHHsX. BoccraHapIusawmas cu/a B HANPaBJIeHUH, Napa-
JIEJILHOM HEKOTOPOMY CIIOI0 B KpPHCTaJje, odelb BednKa. [losrony cBofojHbIe 4acTOThI
KoaeBaHUil B HATIPARJEHUSX X H {f, NPHHAMIEKAIIIX 3TOMY CJI0I0, OAMHAKOBBI B DABHLI
BeIHYHHE ® , KOTOPas HACTOIBLKO BEJIHKA, 4TO hw y =300 k, rze 300 & — renaosas

SHeprus npH KomHaTHol Temmeparype. C Apyroit cropossl, B HanpasaAeHHH, Heprenii-
KVJSIPHOM K /1010, HeficTBYyeT HeSoablad BOCCTAHABAMBalomas cuaa. Hacrora kKoieda-
HHil © | B HANP3RJICHMY 2, MePNEHAHKYJSPHOM K [WIOCKOCTH CJI0fl, HACTO/BLKO Maa,

uro ho _L<300 k. Bruuicadte Ha OCHOBAHHH TAKOH MOJENH, ueMy PaBHA MOJAsSpHAA Te-

[JI0eMKOCTh {IIpH MocTostkHOM ofbenme} Teda fipn 300 °K.

6.21. Ksanmosas meopus menioemxocmu msepdozo meaa. Yrolul o6JerynTs KBaH-
TOBOMEXAHHUECKOC pACCMOTpPeHMe aroMHLIX KOoJMedaHui TBepaoro Tesa, Mbl [pIMeM
VIPONIEHHVIO MOZeb, B KOTOPOil KaXKbld aTOM TBepJOro Te1a Koseb1eTCst He3aBHCHAO
OT OCTaJLHLIX C YacTOTOl @, ONMHAKOBOH AR BCeX Tpex HanpaeJenuii. Teepioe teno
CcoCTOUT H3 N ATOMOB; OHO 3KBHB&JAEHTHO, TaKHM o6paznym, ancamtmo #3 3N wesapuci-
MBIX OAHOMEPHEIX OCHHJIJIATOPOB, KOJEOBJIOIMXCH ¢ 4acToTOd . Bo3ioxHble KBaHTO-
Bble COCTOSHHS KaxKAOTO OCLHJSATOPA HMEIOT 3Hepruio

]
8,,:(:1—}——2—— fo, ()
.rile KBAaHTUBCE YHCJAO 1 MOXKET MPHHUMATh 3Havenus 0, 1, 2, ... ‘

ay Jonycrum, 4ro TBepioe Tes10 HAXOAHTCS B PABHOBECHH NpH a6GCOMIOTHON TeM-
nepatype 7. Bocrnoawn3osasuminch Gopmydofi (1) 0 xaHonHueckuM pacnpeicieHnen (Ca.
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3ajauy 4.22), HaiijuTe CpeaHio 3HEPrHIO Eocuuﬂnmopa H MOIHYIO0 CPEAHIOI IHEPTHIO

KoJicOaHHa aToMOB TBepaoro Tena E=Ne.

6) HMcnoabsyirte nonyvensni pesyanTaTl a) (cM. 3ajauy 5.20) A1a BBIYHCJCHHA
MOJISPHOH TEeMJIOGMKOCTH Cy TBEPHOTO Tedaa.

8) FlokaxitTe, 4TO ¢} MOKHO BLIpa3HThL QopmyJoll

wre™®
cy=3R oy (1h)
rae
711,0) o
S (D

O=Tfiw/k sasercs TeMIepaTyPHEIM NapaMeTponM, KOTOphil OnLt onpereded (opmy-
Joiit  (70).

r) Ilokaxure, uto npd 730 dopmyaa (11} aaer kiraccuueckuii pesynotat cy=3R.

1) Tlokakute, uto u3 opayanl (1I) cienyer, aro ¢y cTpevintca K nymo npn T -0,

e) Hajigute npubiuxeHHoe 3HaueHWe cy, caeavioniee us dopmyast (11) npu T8,

;) M3obGpasute na rpaduke Xapaktep 3asHCHMOCTH cy OT a0COMOTHOH TeMmnepa-
Typer T

3} Bocrnosb3oBaBiinch KpuTepHem (1), ompefeTire TeMmepaTypy, HHKe KOTOPOH
K/1aCCHUECKOe PaccMOTpeHHe He MOKeT OblThb npHMeHHMO. CpaBEHTE IOJYYeHHBIR
pe3y.asTar ¢ ycJdoBHeM (69) NpUMEHHMOCTH KJlacCHuecKoil TeopuM TelviIoeMKOCTH.

Hcnoabs3ys cnenannbie B 970l 3agaue npubanxenus, Diinwreity 8 1907 r. Boep-
sle noayund Beipaxenude (II) nas TensoeMkocTH TBepOTO Tena, OCHOBAHHOE HA HOBLIX
KBAHTOBHIX HAeaX, H O0BACHUI 3KCOepHMEHTaAbHble JaHHbIE O TEMJIOEMKOCTH TBepAbix
TeJ, NPOTHBOPEUAIHe KJACCHUecKoH Teopus.]



F'TABA 7
OBIUEE TEPMOAUHAMUYECKOE B3AUMCAENCTBUE

J1o cuxX nop Mbl 3aHUMaNUCh TAABHBIM O0pAa30M TENJIOBHIM B3alMO-
neifictBueM. UYrtoObl AoCTHYL OoJbliell OOMIHOCTH, CeRyeT HECKOALKO
pacilMpUTh paccMOTpeHHe, BKJIOUHB B Hero NMPOH3BOJibHbIE B3aWMO/ell-
CTBUA MEXKAY M2aKDOCKOTIHYECKHMH CHCTEMaMH. B COOTBeTCTBHU ¢ TaKoil
nporpaMMoH B JBYX CJAeIYIOUIHX naparpadax Mbl HocTapaeMcsl BBLIHTH
3a paMKH TIJaBbl 4, pAacCMOTPEB TNOBeJeHHe B3aHMOIEHCTBYIOHIHX
CHCTEM TIpH M3MEHEHMH UX BHEWIHUX napameTpos. B Takom B3arimojeii-
CTBHHM, KpoMe oOMEHa TemnJ/oM, NPOHCXOAUT M cOBepuieHHe paGoThL.
[Touumanue obuwero cayuast JioOLIX B3aUMONEHCTBHH 3aMOJHHT HEL0-
cTatolllee 3BEHO B PA3BUTHHM HALIMX HAEH H Mbl MOJYYHM BCE OCHOBHBIE
pe3yJbTaThl CTATHCTHUYECKOH TePMOAMHAMHKH. Moulb 3TOi TeopHH Mpo-
SIBJASIETCST BO MHOTHX €€ NPHMEeHEHHSIX K pasHoo0pasHbiM npobseMam
(H3HKH, XHMHH, OHOJOTHH H TeXHHKH. Mbl CMOXeM paccMmoTperb
TOJbKO HECKOJIbKO HauboJiee BdKHLIX NMPHMEPOB.

7.1. 3aBHCHMOCTb YHMCJA COCTOSSHHA OT BHELIHHUX NMapamMeTpos

PaccMoTpuM Kakyo-HHOY/Ib MAKPOCKONMHYECKYIO CHCTEMY, KOTOpas
XapaKkTepH3yeTcs OAHHM HMJIH HeCKONbKHMH BHEIIHHMM [apamMeTpaMmH,
HanpHmep, CBOHM 00beMOM V' MM BeJIHUHHON BHEIUIHErO MarHHTHOIO
noisi B, B Koropom oHa HaxoAuTcs. /st TPOCTOTH PAaCcCMOTPUM cayuali,
KOra MEHSeTCs TOJBbKO OJHH M3 BHEUIHHX [apaMeTpoB CHCTEMbI,—
o6o3HayuM ero gepe3 x. O6o6uieHHe Ha Caydald H3MEHeHUST HeCKOIbKHX
apaMeTpoB He COCTABHT TPyZAa. UHc/a0 & KBAHTOBBHIX COCTOSHUI TaKO#h
CHCTEMBLI B 3aJJaHHOM HHTepBaJe sHepruit or £ po E+-8E 3aBHCHT He
TOJIbKO OT 3HepruH E, HO B OT TeX 3Ha4YeHHUH, KOTOpLIe NPHHHMAaeT BHell-
HHH nmapamerp x. Mbl MoxeM RamucaTthk, yto Q=Q(E, x), u nac 6yner
HHTEPECOBAThb 32BHCHMOCTb { OT X.

Dueprusa E, KaXKJI0ro KBaHTOBOrO COCTOSIHHS 7 3ABHCHT OT 3HAYEHHs)
BHeIIHero napamerpa x, T. e. £, =E, (x). Ecii Be/MYyHHAa RHELIHEro
napamerpa X H3MeHsdeTcss Ha OECKOHEYHO MaJylo BEJIHYHHY dx, SHep-
rua £, cocToAnHsl r MEHAETCst COOTBETCTBEHHO:

dE,=%Lrdx = X dx, (1)
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TI .
’ —_— ~r
‘ Xr= 'a— - (2)
3ajanHoe H3MeHeHNe dx BHeUIHero napaMeTpa oObIUHO MeHSIET 3HEPTHI0
Pa3/JMYHbIX COCTOSIHHI Ha pasHylo BeqHuuHy. Bedauuuna 0E,/Ox 3aBu-
CHUT TO3TOMY OT HaHHOTO COCTOSHUA 7, H X, [0S pa3HblX COCTOSIHHHA
HMeeT pa3Hoe 3HaueHue.

Yro6b1 061erYuTh HALIH PACCYXKACHHA, pa300beM LKAy BO3MOMKHBIX
sHaueHudl X, Ha MaJbule H QHKCHPOBaHHLIE HHTepBaJ/bl 8 X. PaCCMOTpHM

NIOJHOE 4hceao coctrosHui Q(E, x),

120 SHEPIHA KOTOPHIX JEKHT Mex1y E H
E-+8E, worpa BHeWHHE papaMerp
uMeer 3HayeHue x. Cpeiu 3THX coO-
CTORHHMH Mb! CHauajJa pacCMOTpPHM
Takue (COO3HAUYHUM WX HHAEKCOM i),
151 KOTOPLIX X, JIEKHT B HHTEpBaJe
or XY ngo XP+4+8X. QO06o3HayHM
YHC/I0  TAaKHX  COCTOSIHMH  4epes
QUE, x). Bce 3t cocTosiHus  00-

e ).

oy -

5O e IR X e

0
Puc. 7.1. 3aBucusmocTb 9HCHa ,Q(” cocToN- Puc. 7.2. Cxema yposseil 3nepras, #3 KoTopofi
aud, Anqa kwotopulx X,=dE.,/dx waxoputcs BHAHO, 4TO MNPOYMCXOART, KOrld U3MeHeHMe dx

BHEWHETD MapaMeTpa BH3LIBAeT HMiMeHeHHe 3IHep-

rid £, Kamkaoro coctodtds £ Ha BeMHUHHY

X{)dy. (Hasansnoe 31auenue sHeprun 0003Haue-

HO COJIOWHOH wvepTofi, H3MeHeHHOE 3HadeHHe —
LUTPHXOBOH .)

8 untepnane mexay X} u XU) £8X. or
ynjexca i, 0003HAYAOUIEr0 HOMep HuTCp-

saaa. Cymmuposanue Q{) 5o Becem Bo3-
MOXKHBIM WHTeDBamaM AaeT NOJTHOe YUCHD
cocToAnuil 2 (£, x), HMEIOIUX SHEPIHIo oT
E pp EHO8E npu 3nauesud  BrelluHero
napamMeTpa, pPaBvoM X.
J14J810T OJHHUM OOMIHUM CBOHCTBOM: SHEPTHS KaXKJAOro H3 HUX H3MEOHSETCH
Ha OMHYy M Ty Xe BequunHy X' dx npu H3MEHeHHH BHEILHEro
napamerpa Ha dx. Ecan X nonoxureabHo, TO KaxKice H3 5THX CO-
CTOSAHMUH, JexamuX B HuTepBase sHepru# XY dxy umxke E, H3MeHUT
CBOIO 3HEPrHi0 OT 3HAYeHHs, MeHbWero E, 10 3HauyeHHsi, OOJbIIEro
E (puc. 7.2). Uncjo TakHX COCTOSIHHE H2 €1HHHUHBI MHTEPBAJ SHep-
rud paBho (Q/8E), nostomy Ha HHTepsaJ sueprud Xdx npugercs
(QO/BE) XD dx taKUX cOCTOSIHHE. Mbl MOXKeM, TakKuM 0Gpa3oM, CKa-
3aTh, 4TO

"0 (E)==uucno cocrosiuuit (cpeau QY (E, x) cocTosnui,
0003HaYeHHbIX HHAEKCOM [), SHEPIHsl KOTOPHIX Me-
HAETCS OT 3HayeHHust, MeHouieeo E, NO 3HAueHHS,
Ooabuwieeo E, npH OGECKOHEUHO MAaJIOM H3MEHEHHH

BHEILIHEr 0 napame'rpa oT X J0 x--dx, (3)
pasHO
[ (E) = —3(5——’9 X' dy., @
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Ecin X orpunarensHo, ¢dopmyna (4) ocraercs BepHoil, Ho ' or-
PHIIATE/ILHO: B 3TOM CJy4yae NOJOXKHTENBbHOE YHCAO COCTOsiHMil, paBHOE
— ' MeHseT CBOIO 3HEPTHUIO OT 3HAYeHHUA, Goabuiezo E, N0 3HAYEHUA,
menoweeo E*),

Paccmorpum Tenepb Bce 2(E, x) COCTOSIHME, 3HEPrHs  KOTOPhIX
Jexut Mexay E u E--O8F npu 3Hauenuu BHemnero napamerpa x. Utolbi
HaliTH BeJHYHHY

I'(E£)==noanoe uucno cocrosuut (cpenu ecex Q(E, x)
COCTOSTHHH), 3HEpPTrHs KOTOpbLIX MEHsIeTCsi OT 3Ha-
ueHus, menbuiero E, a0 ssauenust, 6onbniero E, (D)
npu GecKOHEYHO MAJOM M3MEHEeHHH BHEIUHEro mnapa-
merpa oT X a0 x| dx,

Mbl JOJIKHEI TPOCYMMHPOBATL (4) NO BCEM BO3MOMKHBLIM HMHJEKCAM i COC-
TOAIHHU (T. €. MO COCTOAHUAM CO BCEMH BO3MOXHBIMH 3HAUYEHUSMHU
0FE,/0x). Torla Mb moJiyduM

I (E) _ Z | (E) — 2 Qs (E, x) X ﬂ_,
- : W)

HJH
r(£)=2C2 Xy, (6)
rjae . )
X = Q_(E'_;C_) S Q0 (E, x) X, (7)

Beanuuna X siBaseTcss cpelHMM 3HauedHeM X, 10 BCEM COCTOSTHHSAM 7,
JeKalluM B HHTepBaJe sHepruil ot £ 1o E-+OE, npudem KaxKjioe Takoe
COCTOSTHHE CYMTAeTCs! PABHOBEPOSITHLIM, KakK 3TO A0MXHO ObiTh B PABHO-

Becuu. Cpennee 3navenmne X, onpefenensoe ¢opmyJoil (7), 3aBHCHT,
pasymeercd, or £ n x. Bocnosb3oBaBuHch onpeneseHnen (2), Mbl 3ame-
YaeM, 4YTO BeJHYlHA

o,
T dx =dW (3)

npeacTasasieT co0oH cpelHee BO3PACTAHHE SHEPrHU CHCTeMbl, eCaH
CHCTeMa ¢ PABHOH BEPOATHOCTBLIO HAXOAHTCHS B J000OM H3 AOCTYMHBIX
COCTOSIHIH MepBOHAUAJILHOIO HHTEpBaJsa sHepruil. J[pyrumu cjaoeamH,
5TO APOCTO MaKpocKomuueckass paGora dW, npoH3BOAMMAS HaX CHCTe-
MOH B COCTOSTHUM pPABHOBECHS, T. €. KOIZla HU3MeHeHHe BHeNIHMX rnapa-
METPOB COBEpiiaeTcs KBa3HCTaTHYeCKH.

3uasg BeauunHy ['(E), Ham Oyler He TPYAHO MOJVYHTH BhIpaXKeHIe
A5 uameHeHust Q(E, x) npu GecKOHEYHO MajioM. H3MeHeHWH BHELIHEro
napamertpa X u (pMKCHPOBAHHOM 3HaueHHMH 3Hepruy E. Pacemorpum noa-
Hoe uHcao Q(E, x) cocrosiuuil B uHTepBaJe suepruit or £ 1o E-4-OE.

Xdx =

*) 3aMeTM, uTo (4) NaeT YHCJO YPOBHell SHEpPruw, MepeceKaoumHuX 3Heprup £
cundy. CooGpaxcHns, kOTopeieé NPHUBEMH K QopMyJie (4), aHAJOTHUHHL TeM, KOTOpbie
Mbl HCMOAb30BA/MYM B n. 1.6 I HaxomJeHHs HUCIa MOVIEKYJ, OPOXOAUIMX uepes
3aJaHHYIO NOBEPXHOCTh B rase.
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Ecau BHemnuit napaMerp MeHsieTcs OT X A0 x-+dx, TO YHCJO COCTOSiHHA
B 5TOM. HHTEpBaJe SHEPIHH MeHsiercss Ha BeqHuuny [0Q(E, x)/dx)dx,
KOTOpasn paBHa: (Y4HCJIO COCTOSIHHI, BXOASIIMX B MHTEPBAJ, NOTOMY 4TO
WX 3HeprHsi H3MeHsercs OT 3HAueHHdA, Menbwero E, 10 3HayeHus,
fponbmero £) MHHyC (4HCJO COCTOS- ‘

Huil, BLIXOASUIHX M3 HHTepBaJa, ’F(E”'JE)
NOTOMY YTO HMX BSHEPrHs H3MEHseTCsi  E+3F

or 3nauenus, Menpmero E-4-0E 10 EW
snayenud, Oogbmero E--98E). 3to r(€)
MOKHO 3alHCaTh TaK: T

Puc, 7.3. Tlpu u3MeHeHdH BHeMIHerc na- .

w dx =T (E)—-——F(E —-E— 6E) = paMeTpa Yucho cocTosHull B o6ilacTH 5Hep-

ox rafl or E po E--OE wmensetca, Tak Kak

or SHePreTHUeCKHe YPOBHMW PazHuMbIX COCTO-
— — —— OF. (9) AHMI TONafaloT B 5TY 06JacTh W NOKuia-
oF 10T ee.

ToacrasuM I' u3 (6) B (9). Torna BeanunHel 8L H dx cokparsarcs w
Mbl [OJYYUM

0Q 0 v
o= (@X), (10)
HIH
0Q 0Q + X
= 9E X%
Jeng oGe uacTH paBeHcTBa Ha {2, Mbl noOJy4aem
01nQ omQ<  oX
%= 9 X E - (11)

JIns MaKpoCKONHMYecKOH CHCTeMbl NepBbIH YJ/eH CIpaBa HMEET Nops-

10k fX/E—E,), rae [ — 4ucio cTerieHeil CBOGOAR CHCTEMEl, OCHOBHOE

cocTogHHe KOTOpoii Hmeer sHeprHio E,. Ilopsnox BeqHYHHBI BTOpOTO

gjena npubansureabHo paBeH X/(E—E,;). Tax kax [ umeer nopsalox

yncsaa Asoraipo, T. e. f~ 10?4, To BTopeiM Y/eHoM B (11) MOKHO mpene-
Opeun, u (11) cBoauTCs K caenyloieMy:

JdIn Q dnQ—

ox  0E X, (12)

nJan

(25, =—BX. (13)

3p€ech Mbl BOCIIOJIB30BAMHCh OnpejeeneM (4.9) abcomorHoro Temnepa-
TypHoro mapamerpa P. byksa E y 3naka wacTHOH npoH3BOAHON 0Gpa-
1laeT Hallle BHHMaHHE Ha To, 4To, Oepsl MPOH3BOAHYIO, MBI CUMTaeM
oHepruio £ BeHUMHOH NOCTOSHHOY. B coOoTBercTBHH C onpelenenueM (2}

¥ _ 9E,
X = Frak (14)

B wacrioM cayuae, KOTA2 BHEWIHHIA NapaMeTp x O3Hayaer pacCTOsTHHE,
BeJuuyuHa X HMeeT PasMEPHOCTb CHJibl. B ofweM cayuae pasMepHOCTb
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Be JHYHHBl X MOxeT ObiTb J06oi. Benuuuna X HaswiBaerca cpednum
SHauenuem 0000WEeHHOL Cunbt, CONPANCEHHON ¢ BHELUNUM NAPAMempom X.

B kayecrBe npumepa paccMOTpPHM CJ1y4ad, KOrja BHEIUHMM Napa-
METpOM CHCTeMbl aBJsieTca ee o6beM: x=V. [Ilpu stom paGora dW,
COBepLIaeMasi HaJl CHCTeMOH, KOrla ee oGbem V KBa3HCTATHYECKH YBEJIH:

yiBaercst Ha dV, pasna dW=--pdV, rie p — cpeinee JaBJenHe, OKa-
3biBaeMOe Ha cicreMy. 3Jra paGota JeficTBHTE/bLHO HMeeT BHI (8), T. e.

dW = XdV =— pdV,
O1KYyJa
5(_ — —;7- . '

B srom ciyuae cpeanee 3nauenne 0G0GHIICHHOH CHIlbI X pasno CpEIIHEMy
JaBJeHHio —p, AeficTByIolleMy Ha cuctemy. M3 (13) mbl noayuaem

(Z52) =B7 =5, )

UJH
/ 38 3
(%), =%, (154)

e S=Fk InQ — sHTPONHS CHCTEMBL. 3aMeTHM, YTO 3Ta (HopMy.la TO3BO-
AfieT HaM BBMHCIHTH CpeiHee Jasjesye, HCMBITHIBAEMOE CHCTEMOI,
€CJIH M3BeCTHA 3aBHCHMOCTb ee 3HTPONHH OoT 06bema.

Mpi nosnyunaun ¢dopmyay {(13), paccmatpusad uucao ypoBHeH cCifc-
TeMLl, BXOAALIHX B AAHHEI] HHTePBaJ SHEPIHH H BBIXOMSIUUX H3 HEro
NpH H3MEHEHHH BHeIHero mapamerpa. 3Td coo0pa:KeHHS HMeIOT OHeHb
BaxkHOe (H3uyeckoe 3Hauenne. Ilocrapaemcs aydwe NOHATb CYTb NpH-
BeleHHBIX BBIILE PACCYIKICHHI. 3aMeTHM, uTo Bbipakenue (12) 5KkBMBa-

JIEHTHO CJeAYIOLEMY:

Band +6!n9 4V —0. (15)

31ech MBI BOCHOJL30BaHCh hopMmyaoh (8), utobbl Hanucatb Xdx=d W
JJ1s KBa3HCTATHYECKOH palOThl, NpPOH3BOXHMOH Haja CcHcTeMOH. Boipa-
wenue (16) coorBercTBYeT GCCKOHEUHO MANOMY H3MEHEHMIO BeJHYHHbI
In Q, npoHCXOAsieMy NpPH OJHOBPEeMEHHOM H3MeHeHHYN 3Hepruu £ u
BHELIHEro napamerpa X cucremol. Takum obpasom, (16) sksusanentHo

CJ]EIIYIOUIEMy YTBEP}KHEHHPOI
InQE-+dW, x+do)—InQE, x=""2gw 202 g,

HJIH
InQE+dW, x+dx)=1nQ(E, x). & U7

BoipaxkenHoe cioBami, (17) osnavaer caenyrowee. Ilpexnoaoxum, yro
TIPOH30LLT0 HeOO/IbIIOE H3MEHEHHE BHEIHEero napamerpa annabaTH4ecku
H30/IMPOBAHHON cHCTeMBl. ' TOria ypoBHH 3HEpPrHH Pas/iMYHbIX KBAHTO-
BbIX COCTOSHHHA TaKKe U3MEHSITCS H COOTBETCTBEHHO IMOJIHASI 3HEeprud
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CHCTEMB! U3MEHUTCA Ha BesiHuuHY d W, paBHy0 COBepHIEHHON Haj CHCTe-
moii pabore. Ecain napamerp x H3MeHsdeTcss KBa3HCTATHYECKH, TO CHCTEMa
OyJer pacnpefie/ieBa MO TEM Ke COCTOAHHAM, B KOTOPHIX OHa HaxoXu-
Jlachb BHayaJje, HO 3Hepruu CaMHX COCTOSHHH H3MeHsiTcs. TakuM obpa-
30M, B KOHLE NPOLIECCA MBI HaljieM, YTO cHCTeMa pacrpeneseHa no ToOMy
XKe YHCJY COCTOSHMI (HO- IPH 3TOM BHEIIHWH mapamerp paBeH x--dx,
a sueprusi pagia E--dW), yrto H B Hauyase npouecca (KOrga BHEIIHUH
napametrp OblL1 x, a 3Heprusa E). D10 yTBepikieHHEe H ABIAETCA CMBICJIOM
dopmyant (17); ono osnauvaer, yro surponus S=*k In Q aguabathyeckit
M30JIHPOBAHHOH CUCTeMBbI OCTaeTCs Heu3MeHHOH mpH OeCKOHEYHO MaJOM
KBa3HCTaTHYCCKOM. M3MeHeHHH BHEWIHUX napaMeTpos. Ec/aH Takoe HaMme-
HEeHHe MapaMeTpoB NpOAC/KaeTcs JIOCTATOYHO J0JI0, OHO B KOHUE KOH-
1I0B NpHBeJeT K HX KOHEYHOMY H3MeHeHHIO. DTa NOCACAOBaTe/]bHOCTL
OECKOHEYHO MaJblX H3MeHEeHHH OyJeT HMeTb HO-IPEXKHEMY HYJEBOE
H3MecHeHHe 3HTPONHH. Mbl npuxojHM, TakHM 00pa3oM, K Ba)KHOMY BhI-
BOJY, YTO €CJH B ajHabaTHUeCKH H30JMPOBAHHON CHCTEME MPOHCXOLHT
NIPOH3BOJBHOE, HO KBA3WCTATHUECKOe H3MeHeHHe MNapaMeTPoB, TO 3HT-

poONHsl CHCTEMBI He MeHSleTcsl.

Ilpy KBasucraTuyeckoM apnabaTuueckom npouecce

AS=0.

(18)

HecmoTps Ha TO, 4TO coBeplnaeMas KBa3HCTaTHUeCKH paboTa MeHsieT
3HEpTHIO aAuabaTHUeCKH H30JMPOBAHHON CHCTEMbl, SHTPOIHA CHCTEMbi

ocTaercd HeH3MeHHOH.

Crenyer noA4epKHYTb, YTO yTBepxaieHHe (18) crpaBemanBo TOJBKO
IS KBASUCAMU4ECKo20 U3MEHEeHHs BHEIIHWX NapameTpos. B nporus-
HOM CJIy4ae, KaK 3TO CJelyer H3 paccyxleHwd m. 3.6, sHTponHa ajiua-
6aTHYeCKH H3CJHPOBAHHON CHCTeMBLI Oyaer eospacmame. (Pacemotpure,
HafnpuMep, npouecc, onucaHHbid 8 npumepe II 8 konue n. 3.6.)

7.2. O6wmne coOTHOECHHS ANl COCTOSSHMS PaBHOBECHS

Mbl noArortoBJeHsl Tenepb K PacCMOTPEHHIO HauboJee oOOLLero cay-
yasi, KOr/a JBe MaKpPOCKOMHYecKHe cucreMbl, A U A’, B3aUMOAEHCTBYIOT

APYTI C PYroM Kak C NoMouilbto o6MeHa Tel-
JIOM, TAK U coBepluas paboTy OfiHa Hal npy-
roit. (Ha puc. 7.4 mokasan npumep Takoro
B3aUMONEHCTBHSI: 1Ba rasa, A u A’, pas-
JeJIeHbl MOABHKHOR Meperopoakoil, crnocoG-
HOW NpPOBOJHTHL TemJao.) AHa/au3 3TOH CH-
TyaluuH NPHBONUT K IPOCTOMY OOOOLIEHHIO
cogepxkanust n. 4.1. Ecan 3anana sneprus
E .cucrembl A, To TeM cambiM onpele/ieHa H
sneprus E' cucrembl A’, Tax Kak NOJIHAS

Puc. 7.4. Jlpa raza, A 1 A’, pas-
NeneHnble NOpIIMeM, NPOBCARILHM
Tenso.

seprus E* caoxnoit cucremMm A*, cocrosulefi u3 cuctem A n A,
nocrosuHa. Yucno Q¥ focTynHbIX cocTosiHMil cHcTeMbl A* (WM cooT-
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BETCTBEHHO ee snTponus S *=£1InQ *) 3aBucuT OT 3HeprHH E CHCTeMBr
A H OT HeCKOJIbKHX BHEIUHUX NapaMeTPOB Xy, Xg,..., X, Q¥=Q *(E; x,,
XyyeeeyXy). DTO uHCa0 £ * OOBIUHO MMeeT KpaliHe pe3KHH MakCHMYM AJs

-

3HaueHusa 3Heprud E=F u jpaa 3HaueHuil X,=x, KaXJOro BHEIIHEro
napamerpa (rze a=1, 2,...,n). B paBHOBecHH cjoxHas cucreMa A*
¢ TIOJABJSIOLUIEH BEPOATHOCTBIO HAXOIHTCA B COCTOSTHHHU, KOTJa SHEepPrus
cucreMbl A paBHa E, a BHelIHHe napaMmeTpbl paBHBL X,. COOTBETCTBEHHO
cpenuee 3Havenne E paBHO E M cpelHee 3Ha4YeHHe BHELIHHX Hapamer-
POB X, =X,. '

Ycaosun pasHosecusn. I onpenenenHocT# paccMOTPUM JiBe TPOHUS-
BO.IbHbIE cHcTeMbl, A 1 A’ (Hatpumep, CHCTeMbI, TOKA3aHHbIe Ha pHc. 7.4),
KaxIasi H3 KOTOPLIX XapaKTepH3YeTcsl eJHHCTBEHHBLIM BHEINHHM Mapa-
MeTpoM, a HMeHHO, CBOHM 00beMOM. V3 3axkoHa coxpaHeHHs SHEPTHH

c/lenyer
E -+ E' = E* = const. (19)

CwmellleHHe MeperopoiKH BbI3biBaeT H3MmeHelne oObeMma V cucremu A u
coorBeTcTBeHHO oObeMa V' cucrembl A, HO oObem V* Beell cucrembt A*

He MeHSeTCs:
V- V" =V* = const. (20)

O6o3naunm yepes Q(E, V) uncno cocrosiHuii, ROCTYNHBIX cHcTeme A,
KOI'Jia ee SHeprus JeXHT B HHTepBaJje or £ 1o E--0F, a o6beM — B HH-
Teppaae or V a0 V-8V, u uepes (E’, V') cooTBercTBeHHOE HHEC/IO
coctogHuil cucremnl A’. Toraa uncao Q% cocrodguuil, AOCTYOHBIX CO-
cTaBHON cHeteme A*, Kak 370 caelyeT u3 (4.4), paBHO NpPOH3BENEHHIO
Qu Q'

*=Q L, VY (E, V), (21)

rae £ n V' ceazannt ¢ E vV ycaoBusamu (19) u (20). Takum o6pasowm,
Q* 34BHCHT JHIUb OT ABYX HE3aBHCHMbIX mapamerpoB, E u V. Jlora-

pubMupya (21), mMpl noayulm
In Q% =in Q-+ In & (22)

HJIH
=S5+, .

rje SHTPONHST Ka)KAOH cHCTeMbl, [0 ompeleneHHio, paBua S=kinQ,
M3 nauero OCHOBHOrO CTAaTHCTHYeCKOro nocryaara (3.19) caenyer Boi-
BOJ: B COCTOSIHHHM paBHOBECHSI HauGoJee BepOSITHASI CHTYAUHS OTBedaer
TaxuM 3HaueHHAM napameTpoB £ u V, apn xotopeix % uiu, 4t0o 3KBU-
BasenTtho, S* wmakcumanbho. Tlosoxkenue Maxkcumyma onpepensiercs

yC/I0BHEM
dinQ*=dinQ+dinQ’ =0 (23)

IJ151 MPOU3BOJIBHOrO Masioro uameHeHuss df u dV sHepruu u oGbema.
Mbi MOKeM HamHcaTh CJERYIOUlEe MATEMATHYECKOE PAaBEHCTBO:

dmg__alnssz_kadeV.
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Ecln BOCNO/IB30BATESS onpenesedseM f u dopmyson (15), 310 BhIpaKe-
HHE NpPHMET BHI _
dinQ=pdE+ppdV, (24)

rIe p — cpejHee NaBjeHHe, OKa3biBaeMoe crcTemoit A. AHaJOrHuHoO,
Ans1 cucreMnl A" MBI TIOJ yuaem

din Q' =p'dE’ - p'p’dV’,
H./JIH o
dinQ = —p'dE—3"p'dV, (25)

ec/qH BOcCnoJib3oBaThes yoiaoBuamu (19) u (20), us KOTOPBIX CJlenyerT,
uyro dE' =—dE n dV' =—dV. Ycaosue (23) MakcHMaJbHOH BEPOATHOCTH
COCTOSiHHSI PAaBHOBECHS TeNepb NMPHHHMAET BUJ

(B—PB")dE-+(Bp —p'p’) dV =0. (26)

DTO COOTHOLIEHHE JOJIKHO BHINOIHATLCA ISl NPOUSBOALHBIX BECKOHEUHO
marvix sHaueruit dE v dV. Orciona caenyer, uTo KosdxbHIHMEHTH MpPH
obonx auddepeHLHarax NOIKHbl OblTh OZHOBPEMEHHO PaBHBI HYy.JIIO.
Mur mostyyaem, 4TO B paBHOBECHU

p—p =0
H — i
pp—PB'p’' =0,
HJAH
p=p, :
=7, 0

B cocTrosinuu paBHOBeCHS JOCTHIA1OTCsi TAKHe 3HAYEHHS SHEePrHH H 006b-
eMa CHCTeM, KOTOpble OOeCHeuHBAaIOT BLIMOJHEHHE YcaoBHA (27). Dtu
YC/JIOBHSI 03HA4aloT, 4YTO PABEHCTBO TeMmepaTyp HeoOXOAHMO IS Tefl-
JIOBOI'O PaBHOBECHS, PABEHCTBO JaBJeHHH — J/15 MeXaHHYECKOro paBHO-
Becus ofeux cucrem. [Tonydennsie ycioBHst paBHOBeCHst KaXKyTCs CTOJb
OUeBHJHBLIMH, YTO MBI MOIVIM Obl HX HaNHCaTh Cpa3y. 3HAYEHHE YCJOBHil
(27) 3akmouaercd, OLHAKO, B TOM, YTO OHH aBTOMATHUECKH CJAELYIOT H3
3HAYHTEJBHO Oosiee OOLIErO IPHHLMIIA MAKCHMYMA NIOJIHOH SHTPONHH S*.

beckoneurno manoe Keasucmamuweckoe uamexerue cocmoanus. Pac-
CMOTPHM COBEpIIeHHO OOWHMH C/1yYaill KBa3HCTATHYeCKOro Inpoiecca, 3a-
K/10YAIoIErocs B TOM, 4YTO cHeTeMa A B pesy/bTaTe B3aHMOJEHCTBHSA C
Kako#-To Apyrofi cucremoli A’ mepexoiuT W3 OIHOTO PaBHOBECHOINO CO-

CTOSIHHSI (XapakTepU3YIOLIeTocsi CpefHed 3Hepruen E v 3navenusvu
BHELIHUX MapaMeTpoB X,, rie o=1, 2,..., n) B Apyroe GecKOHeqHO
6113K0e cocTosinue (cpeinsisa sneprus E--dE M BHellHHe napamerps

X,+dx,). Tlpy 3TOM GeCKOHEUHO MaJOM H3MEHEHHH COCTOSHHS CHCTe-
Ma A norjoulaer TenJo ' coBepiiaer pabory. KakoBo H3MeHeHHe
SHTPONHK CHUCTEMbl B 3TOM Npoliecce? <
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Tak :xak Q=Q (E; xy,...,x,), Mbl MOXKEM HAIHCATb ceqylolee oblee
BbIpaXKeHHe J/15 [OJIHOTO H3MeHeHHs In Q:

dnQ = dinQ —
dinQ="°"71 dE—[—Z e A (28)
a=1

Buipaxenne (13) Obl10 nosydeHo 1/ H3MCHEHHS OJHOIO M3 BHEIIHHX
napaMeTpoB, KOrJld BCE OCTaJsbHbIE IAPAMETPbl CYHTAJHCh NTOCTOSIHHBIMH.
ITpuvensisa ero Aas Kaxaofl H3 4aCTHBIX NPOH3BOAHBIX B (28), Mb TO-
JYUHM

JlnQ Ve oE,
ne _BX.=—8 ‘f}xa , (29)

H BblpaykeHHe (28) npHMeT BiI

din Q=PpdE—P X, X,dx,. (30)
o=}

CymMHpY$ 1O BCeM BHEINHHM liapameTpaM, Mbl HOJy4YHM CpejpHee BO3pa-
CTaHHEe SHEPrHU CHCTeMbl, BLI3BAHHOE H3MeHeHHEeM BHEIIHHX napamer-
poB, T. €. pabory ¢ W, coBepiuiaemyio HajJ CHCTeMOH Npu GeCKOHEYHO Ma-

JIOM H3MEeHCHHH COCTOAHUI!
n

M x EaE’d —dW.

a=1 a=1

Taxkum o6pasom, (30) nprHHMaeT BHA
din Q=B (dE —aW) =p dQ. (31)

Heiicteutensno, (dE—dW) paBuO GeCKOHEUHO MajJOMy KOJHYECTBY
-teria dQ, MOrJIOLEHHOMY CHCTEMOW B pacCMaTpHBAaeMOM IIpolecce.
Hmes B Buny, uto f= (A7)~ u S=~% InQ, Mbl no1yuaem us dopmyJsi (31}
caelyiollee yTBep:KIeHue:

IIpy moOOM GECKOHEYHO MaJOM KBa3HCTATHUECKCM
M3MEHEHHH COCTOSIHHSA
(32)

Mbl uMeH yKe 310 cooTHomeHHe [eMm.(4.42)] nng cnennanbHoro cay-
yast, KOrld BCe BHEIIHHe NapaMeTpbl CHCTeMbl (PHKCHPOBaHb!. 3J€Chb Mbl
oGOOUIHAN 3TOT pe3yabTaT H NeKasaJjH, YTO OH COXpaHseTcs U IS Cay-
yas a00rc KBasuCTalHOHAPHOrO npouecca, Jaxe ecyH NPOU3BOJUTCH
pabora. 3aMeTHM, YTO ecjAH NOIVIOLIeHHs TernJsa Het, T. e. dQ=0 (Bo3-
pactadue cpeliHeil Hepriuu CHCTeMbl NPOHCXOANT HCKJOUHTENLHO H3-3a
TOrO, 4YTO HaJ CHCTEMOH coBepiuaercss paboTa), TO N3MeHeHHe SHTPONHU
dS=0, B COOTBeTCTBUHM C BBbICKA3aHHLIM Bhillle yTBepxkaeHneM (18).°

Msb1 6yzieM Has3bBaTh (32) OCHOBHbIM MEPMOOUHAMUUECKUM COOMHOULE-
nuem. OHO npeacTaBisier co00l OueHb BaXKHOE M IVIONOTBOPHOE yTBEpXK-
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JeHHe, KOTOPOMY MOXKHO TIPHJATb MHOTO 3KBHBAJEHTHBIX (JOPM; Ha-
npumep, _ :
TdS=dQ =dE—dW. (33)
Eciin eIHHCTBEHHbIM, HMEIOLIMM 3HAUEHHE, BHEIUHUM [1apaMeTpoM CH-

cTembl sBAdercs oOveM V, TO mnpou3Bopumasi Hal cucteMmoii pabora

paBHa — p dV, rie p — cpealee 3HayeHHe HaBJeHHs. B 3TOM cayuae
(33) npuHHMaeT BHL

TdS =dE +pdV. (34)

dopmyna (32) naeT BO3MOKHOCTb O0OOIIMTHL paccy:KaeHue m. 5.5,
TAK KaK OHa TMO03BOJACT BbYHCAHTbL PasHOCTb SHTPONMH 2:006iX NBYX
MAaKpOCOCTOSTHMH CHCTEMbl MO H3MEPEHHSIM IIOVIOULEHHOrO CHCTeMOM
Tenaa *). PaccmoTpuM ABa J100bIX MAKPOCOCTOAHHA a H b CHCTeMBbI.
DHTPONHA CHCTEMBI B 3THX MAKpPOCOCTOSIHHMSAX HMEET ONpeieJeHHbIe
3HaueHHs, KOTOPble MBI 0003HaUuM S, H S, COOTBETCTBeHHO. PazHocTb
SUTPONHU MOXKHO BLIYHC/AHTL JI0OBIM YIOOHLIM HaM CrnocoboM, HO OHa
Bcerfa Oyer MMeTb OJIHO H TO ke 3HadeHue S,—S,. B yacraocTH, MBI MO-
JKeM MepeiTH H3 COCTOSHHS @ B COCTOsIHHe b ¢ noMouiblo 200020 K8wsu-
CcrmamuyecKo20 1pouecca, Korjaa CHCTeMa BCe Bpensi OCTaercsi 6eCKOHeUHO
0J/IH3KOH K COCTOSHHUIO PABHOBECHS W BhipaykeHue (32} cnpaBelidBO Ha
Jto60#l craiuu npouecca. [lo3ToMy Mbl MOKEM Hanucarth, YTO HHTepe-
CYIOLIEE HAC H3MeHEHHC 3HTPONHH PaBHO CYMME HJAH HHTerpafy:

b
@
(-TQ (HpH KBa3UCTaTHUECKOM Ipolecce). (35)

Q

Sb_—Sa

3aveuaHHe B CKOOKax HanoMmHHaeT HaM, YTO HHTerpaJ JoJi:KeH OblTh
BBIUMCJ/ICH JUISI K8Q3UCMAMu4ecKo20 MpoLecca, OCYULeCTBJSIONEro nepe-
X0l M3 a B b. Ha kaxpaoii craann npouecca abcoqiornas temneparypa 1
SIBJSETCH XOPOLUO M3MepAeMOil BeJHUYHHOI; TO 2Ke OTHOCHTCS H K KOJIH-
yecTBY norvioneHHoro remsa dQ. Takum obpaszom, dopmyJaa (35) paer
BO3MOKHOCTb OIIPeIeINTh Pa3HOCTb SHTPOIHUH 110 IIPOCTBIM H3MepeHusM
TenJjga H TeMIeparyphl.

JleBasnl 4acth (3D) 3aBHCHT TOJbLKO OT HAYaJbHOIO H KOHEYHOTO
MaKpoCOCTOsIHHA. [losToMy 3HayeHue HHTErpana B mepBol gactu (35)
He 3aBUCUT OT KOHKPETHOTO XdpakKTepa KBasUCTAaTHUeCKOrO Ipoueccd,

BbIOpaHHoro AJs nepexoga U3 a B b. Taxum ofpasoM,

b
dQ HMeeT 00uHaKosoe 3HauyeHHe Jid Joboro (36)

T KBasHCTATHYECKOTO mnpouecca a—b.
a

3amMeTHM, 4TO 3HaAYeHHe JPYTHX HHTEerpaJjqoB 3aBHCHT OT [IPUPOIH
npotecca. Hanpumep, nosHoe KoJAHYeCTBO TemJsd, IOIVIOMIEHHOTQ

*) B n. 5.5 Obio noKas3aHo, KakK 3TO MOMKHO CRe/laThb B YacTHOM cllydae, KOIAa
paccMaTpHBaeMble MaKPOCOCTOAHUA XapaKTepu3YIOTCA OAHHMH H TeMH Ke 3HaYeHHs-
MH BHEIIHHX IapaMeTpoB CHCTeMbl. o
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CHCTEMOHl B KBa3NCTATHUECKOM IIpoLecce MNepexona M3 MaKpPOoCOCTOSHHS
a B MakpococTosinHe b, paBHO

b
Q= aq,

¥ 5Ta BeJHYHHA 3aBUCHT CYLIECTBEHHLIM 00pa3OM OT Xapakrepa npoiec-
ca, BeiOpaHHOrO J/1s nepexoja a—b. B cienylomem naparpage Mbl 10-
KdsKeM 3TO Ha HeKOTOpHIX npHMepax.

7.3. IlpuMeHeHHsl K HAeaJbHOMY ra3sy

UTobrl sydine NOHATHL Pe3yJbTaThl, NOJYUYEHHbIE B NpeabiayineM
naparpade, Mbl IPHMEHHM HX K MPOCTOMY CJIyuai0 MIea/jbHOTO ra3a.
Taxoit ras, He3aBUCHMO OT TOrO, SIBASETCS JAH OH OJHOATOMHBIM HJH
MHOTOATOMHBIM, XaPAaKTEPU3YEeTCH  CJAENYIOMHMH JBYMSi CBOHCTBaMH:

1. YpaBHeHHe COCTOAHHS, CBA3BIBAIOUEEe Cpe/lHee [aBJEHHE, TeM-
neparypy u obwpeM, 3aHMMaeMbiil v MOJIAMHM Tasa, umeet Bull (4.93), 1. e.

pV = vRT. (37)

2. Tlpn ¢uxcuposanHoii Temneparype cpefnee 3Hadenne E BHYT-
pennedl sHepruu rasa [cm. (4.86)] ve 3aBucur or ero o6nema:

E =E (T') nesasncuMo or V. (38)

Cpeanee 3naueHHe BHYTpeHHel sHepruy E HenocpeCTBEHHO CBSI3aHO
C MOJISIDHOH TEMJOEMKOCThIO ¢, (NpH HOCTOSiHHOM oObeme). MleiicTBi-
TedbHO, H3 (D.23) caenyer

1 [/ 9E a
%=T(W0w (39)

3nechk uniexc V yxasbiBaeT Ha To, 4TO NpH AHddepeHUIHPOBAHHH O0BEM
V cunraercs nocrosiHHBIM. K3 (38) caenyer, uto Mo/AsipHas TEMIOEMKOCTE
TaKKe He 3aBHCHT OT o06beMa V rasa, HO MOJKeT 3aBHCeTb OT €ro TemIe-
parypsl 7. Ecnu o6sem V He mensiercs, To (39) nosBoJsger HaM HanHCaThb

cJenyiollee BhIpa:KeHHE IS U3MeHeHHs cpelHell sneprud £ npu usme-
HeHUH alCOJIIOTHOH TeMIlepaTypbl HA BejauuuHy d7T.

dE = veydT . (40)

M3 Broporo ceoiictBa wujeanbHOro rasa (38) cienyer, 4To mpupaiieHue
BHYTPeHHell 5HepriH HJIeaJbHOTO ra3a MOKET BO3HHKHYTh TOAbKO OT
HU3MeHeHHs TeMIepaTypbl H He 3aBHUCHT OT TOFO, YTO MPOHCXOAHT ¢ 00nhe-
moM. [lostomy dopmyana (40) umeer obiuee 3Hauenue: oHA CIPaBenHBa
He3aBHCHMO OT TOrO, KakKUMH H3MeHeHHsaMU obbema dl/ compoBoxKaaercs
u3MeHenne teMreparyphl dT'. B cnennajbHoM ciyvyae, KOraa ¢y He 3aBH-
cut or T, u3 (40) cnenyert:

ecan ¢y He saBucut ot T, 10 E =wc¢, T + const. (41)
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Cnesannble Bbillle 3aMeYaHHsl TO3BOJISIIOT HAMHCATh OOLIEe BhIpare-
HHe 1A Temya dQ, MOTJIONEHHOTO HIeaJbHbIM ra3oM npH GecKoneu-
HO Ma/JoM KBAa3HCTATHUECKOM H3MEHEHUH COCTOSIHHS, €C/H TeMIepaTypa
rasza usmensierca Ha dT, a o6vem — Ha dV. [lpumensina Bhipaxkedue
(5.14) pas paboThi, NpOM3BeneHHOH HAX rasoM, Mbl HMeeM

dQ =dE—dW =dE 4 pdV. (42)
C nomomsto (40) u (37) orciona caenyer

dQ = ve,dT + L av. (43)

MaMenenne sHTpONnHMM rasa B paccMaTpHBaeMOM Mpollecce PAaBHO, CO-
raacuo (32),

dQ dT dav
dS:‘—f—:VCV—T—*l— 'VR-V-'. (44)

Inmponus udeasvroco zaza. Yenmy pabua sarponus S(T, V) rasa,
HaXOASIerocsl B MAaKpPOCOCTOAHHHM ¢ Temneparypoit T u oGbemom V,
€C/IM MBI 3HaeM, 4TO B JPYroM MakKpPOCOCTOSHHU ¢ ‘Temmeparypoil T,
¥ o0beMoM V, sHTponns HMeer 3nauenue S(T,, V,o)? Has oTBeTa Ha artor
BOTIPOC JIOCTATOYHO COBEPIINHTb KBAa3UCTATHUECKHH Iepexoj M3 Haya.lb-
Horo Makpococrosguusi (7,, V) B KoHeuHoe maxkpococtosinve (T, V),
OCYLIECTBHB 3TOT IEPEXO/ KaK MOCIe0BaTe]bHOCTh MOYTH PABHOBECHBIX
MAKPOCOCTOSIHHI, B KOTOPBHIX ra3 uMeer Temmepatypy 7' u oGwem V'.
Hanpumep, Mp! MOkeM HauaTh ¢ TOTO, YTO HayasbHbl 00beM V, ocTaercs
HEH3MEHHBIM, @ TeMIlepaTypa MeHseTcsl KBasHCTaTH4YeCKH OT T, 1o T.
JTOro MOXKHO JOCTHYb, OCYWIECTBJIsISl TEIJIOBOH KOHTaKT rasa ¢ mocJe-
ZI0BaTeNbHOCTBIO TENJIOBLIX pe3epByapoB, TeMneparypa KOTOPLIX OTJH-
yaercss Ha GeckoHeyHO Maaywo BennunHy. HMs (44) cienyer, 4ro Takoii
1IPOLECC MEHSAET SHTPONHIO Ta3a HA BEJHUHHY

T

S(T, V)—S(T,, V,)=v S’ w0 ar, (45)
To
Hausiee, noptep:xkuBasi Temneparypy 7 rasa mocTOSTHHOH W OYeHb Mep-
JICHHO MeHssl ero oO6beM (llepejBHrasi, Hanpumep, NOPILEHb), MBI Nepeii-
JeM M3 HAauaJbHOro 3HadeHus V, B KoHeuHoe V. M3 (44) Mbl NosyyaeM,
YTO B TAKOM IIpolecce HM3MeHeHHe 3HTPOIMHM rasa PaBHO

v ,
S(T, V)—S(T, V,) =vR 5 2" —VR(nV—InV,).  (46)
Ve :

CkaappBas (45) u (46), mosyuaem MoOJIHOE M3IMEHEHHE SHTPONHUH:
I.

T -
ST, V)—S T Vy=v| [P ar+RIng|. | @1

Ty
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Mpl MoxkeM paccMmatpuBaTbh Makpococrosaue (T, V) Kak HexoTopoe
CTAHJAPTHOE MAaKPOCOCTOSIHME Haillero rasa. Toraa Boipaxkenue (47)
JaeT HaM 3aBHCHMOCTb 3HTPONHH S Jo6Oro APYroro MaxpocoCTOsHH
rasa ot temnepatypul 7 u o6breMa V, KOTOpYIO MOXHO 3amHcaTb B CJe-

AyioueM BHIE:

S(T, V)=v[ g%adT»f—Ran—}—const], (48)

rje KOHCTaHTa BJasseTcst PyHKUHed (HKCHpPOBAHHBIX napaMeTpoB T, U
¥, cTaHZapTHOIO MaKpOCOCTOSIHHS, 4 HeOoNpele/eHHbl HHTerpaJ sB-
Jasiercsi GyHKuHe# temnepatypw 7. Boipaxenue (48) sBJsercda HHTe-
rpaJbHOi dopmoii pasencrsa (44). M3 dopmya (47) n (48) nenocpencrt-
BEHHO cJlelyeT, YTO YHCJO AOCTYMHHIX I'a3y COCTOSIHHHA pacreT C yBeJiH-
uyeHdeM abCOJIOTHOH TemiepaTypsl (WIH 3HEPrHH) H C yBeJNHYEHUEM
o6beMa, KOTOPbIH MOTYT 3aHHMaTb MOJIEKYJbl rasa.

Oco6eHHO NpPOCTBIM fBJSETCS CJaydad, KOrga MOJsipHasi TeIioeM-
KOCTb €, TOCTOSHHA (T. €. He 3aBHCUT OT TeMIIePaTyphl) B NPEACTAB-
Jsiomeil narepec o6aactd temneparyp. [Hanpumep, 1as 01HOATOMHOro
rasa Mbl nokaszauau B (5.26), uto c¢,=3%/.R.] B stoM cayuae ¢, MOxKHO
BLIHECTH 33 3HAK HHTerpaJa, H, 1ak Kak d7”/T=d (InT’), BbipaxkeHust
(47) n (48) npHHUMAIOT BHA:

ecJiH ¢, He 3aBHucHutT or T, 10

S(T, V)—S (T, V[,)———v[cv In %+Rln VKO] (49)

HJIH

S(T, Vy=v][cy InT+ R InV 4-const]. (50)

3ameuarue OrveruM, uto BoipaweHust (47) u (48) nns u3MeHeHHMS 3HT-
[ONHH 3aBHCAT MOALKO OT TeMIepatyphl H o0weMa (T, V) HauaiLHOro MakpococTos-
HHS ¢ H OT TeMnepaTypu W oOwema (T, V) ko-
VA , Heynoro Mmakpococtosivus b. C apyro#t CTOpoHH,
b % MoJHOEe KOJIHYeCTBO NOTVIOMEHHOrO Tensia Q 3a-
Vi— BUCHT OT KOHKPETHOTO NpoLecca, ¢ NOMOIBIO
KOTOpOro CoBepluajicsi nepexo] ot a K b. Pac-
vl CMOTDHM, Hampumep, CIedyiollde JBa Ipolecca,
o g la’ KQXAbIH N3 KOTOPHIX INepeBOJHMT CHCTeMY H3
i ~ i MaKpOCOCTOSIHMSA @@ B MdKPOCOCTOSIHHE 5.
I | I. Coxpansia nocrosauupiM obwem V,, mne-
! ! peliieM KBa3HCTaTHYECKH H3 HA4aJLHOrO MakKpo-
' ! 3 cocTosHnsl @ [TOuka (T,, V,) Ha puc. 7.5] B
7, g { I npomexyTtouHoe makpococrosuve a’ (7T, V). 3a-
e, 7.5, [l5a pasTHSHEX KBASHCTS- TeM IPH IOCTOSHHOH TemnepaType T ocymiect-
Pue. 7.5 npoue&a. nepemonaniie cu-  BHM KBaSHCTaTHUueCKoe YyBeaHueHie obfbeMa H
CTeMy M3 HauagbHOTO MakpococTos- — NepefileM M3 3TOro MakpoCOCTOSIHHSI B KOHEUHOe
nua a (Temneparypa T,, o6beM Vo) B MakpococTosinue b [rouka (7, V)). Hcenonssys
KoneuHoe ;‘;“gofocgg,:;fev')’ (reMiepa-  (43) u gomyckas, 4TO MOJISPHASI TeNJIOEMKOCTb
pa % ' Cy OcCTaeTcs MOCTOSHHOH, Mbl HaHzeM Nosiioe
KOJIHUeCTBO Temia, IOIVomeHHoe B Tpouecce a—a’ —b:
%4

Qu=vey (T —Ty)+VRT lnl—/-;, | (5




Tfle NepBLIA ujieH OTBeyaeT Tellly, MOMJIOUICHHOMY Ha MyTH a—', a BTOpoH 4JenH —
TeILTY, NOIVIOUEeHHOMY TNpH nepexofie a’ —b.

2. Ilpu nocrosiunoli TemnepaType T, mepeliieM KBa3HCTATHYECKH H3 'HAYAJILHOTO
makpococtosidust (T, Vo) B npomexyTousoe MaKpococTosuue b’ (T, V). 3arenm, co-
Xpansst ofbeM NOCTOSIHHBIM, COBEpPLIMM KBa3HCTATHUECKHH NepeXoi M3 COCTOSHHS b
B KOHeuHoe MakpococtosiHue (T, V). C nomombio (43) MBbl Terepb HalijleM, YyTO NOJHOE
KOJIHYeCTBO TeMJsa, INOIVOmEeHHOTO B npouecce a—b" —b, pasHo

Qz=vRT,In V——i—\’cv (T —Ty). (52)
(4] .

3nech nepselit 4ileH cnpaBa OTBeYdeT TEMAy, IOIVIOIEHHOMY NpH NMepexome W3 a B &',
a BTOPOHl 4/JeH — Teluy, NOLJIOUWEHHOMY IIpH HepeXxofie u3 &' B b. 3aMeTHM, 4TO KOJH-
uectBa Tenda (5l) u (D2), moryomennsle B npoieccax | u 2, ue COBNAjapT, TAK KK
kosdduuuent npu In(V/Vy) B mepBoM mnpotecce nponopurosaned T, a BO BTOPOM
npouecce Ty. C Apyrofi cropoHsl, u3MeHetue 3HTponui (49) B ofoHX npoLeccax 0Au-
HAaKOBO, B COOTBETCTEMM ¢ o6wdM BriBoJAoM (36).

Aduabamuneckoe cocamue uau pacuuperue. Pacemorpum ajnabartH-
YeCKH HM30JMPOBAHHBIR HAeabHbIH ras. OH He MoikeT NOIVIONIATh TeIlIOo.
Ilpeanonoxkim, uTo o6beM 3TOrO rasa MeHsieTcsi KBasHucTatHueckKu. [lpw
5TOM JIOVIZKHA MEHATLCA H TeMneparypa rasa. JleicTBHTeAbHO, PAaBEHCTRO
(43) LO/KHO BBINOJHATLCS Ha BceX CTaMHsIX KBAa3UCTATHYECKOIO Npo-
mecca, L Koroporo dQ =0, Tak Kak NOrJolleHus Tensa He IIPOHCXo-
aut. Hrak,

cy dT —}_ Tav =o.

Heas ofe yactu pasenctsa Ha R7', Mbl nosydaem

cy dT
R‘{ T + -0, (53)

JlonycTuM, YTO TeMJIOeMKOCTb ¢, HE 3aBUCHT OT TeMmepaTyphl, N0 Kpaii-
Heil Mepe B OrpaHHYeHHOM TEMIleparypHOM HHTepBaJje, COOTBETCTBYIO-
LieM Haiemy npoueccy. B s1om ciyuae ypaBueHHe (53) MOXKHO cpazy
IIPOUHTErPHPOBATh M MbI [lOJydaeM

% InT - 1InV = const *). (04}
Takum obpasom,

InTY'® L InV=const, In[TY'RV]= const,
HJTH

TV/RY — const. (55)

Dra GopMyJsa NOKAa3biBaeT, KaKUM 00pasoM TeMmmeparypa TepMHUYECKH
M30/JHPOBAHHOTO HJ€aJbHOIO rasa 3aBHCHT OT oObeMa.

Ecau Hac MHTEpecyeT 3aBHCUMOCTb JAaBjeHHs rasa or o0meMma, To
JIOCTaTOYHO BOCIMOJIb30BaThCsi YpaBHeHHeM cocTosinus (37), U3 KOTOpOro

*) 3ameTnM, 4To (54) cilenyeT HenocpedcTBeHHO 3 (50), écad MH HCHOIL3yeM OG-
muit pesyabraT (18), coriacHO KOTOPOMY SHTPONHS H30JHPOBAHHOH CHCTeMBI HE Me-
HsieTcs B JOGOM KBa3HCTAaTHYECKOM IIpouecce.
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caenyer, uro T pV. Toacrasass pV Bmecro T B (55), nosydnm
(pV) V'RV = const.

BosBons obe yacTh paBeHCTBA B cTeneHb R/c,, Nony4um

pV¥ = const, (56)
e
. R __cy+R

Bripaxenue (56) HHTEpecHO CpaBHHTb C ypaBHeHHeM TAaKOrO KBa3H-
CTaTHUYeCKOTO npoleccd, KOrJa ras He siBAseTcs TEPMHUYECKH H3O0JIH-
POBAHHLIM, a yIep:KHBaeTcs NP NOCTOSHHOH Temneparype 7' ¢ NOMOIRbIO
KOHTaKTa € pe3epByapoM, HAXOAAWUMCS [PH TOH XKe Temneparype.
B atoM cayuae (37) npaer

pV = const. (58)

Cpasuenue (b6) u (08) nokasbiBaeT, yTo €CJAH ra3 TePMHUYECKH H30JMPO-
BaH, €ro JaBJjeHHe MajaeT ¢ yBejqHueHueM obbema Gojee OLICTPO, 4YeM
B TOM CJydae, KOraa TeMmIleparypa rasa nojlep:KuBaercs [OCTOSHHOM.

HMurtepecHbiM npHaoKeHHeM ¢opmydsl (56) gBadercss 3azada o pac-
npocTpaHeHny 3Byka B rase. Ilycrp uacrora 3ByKoBBIX KoJeGaHMI
paBHa ®; TOTJa HMHTEPBA/ BPEMEHH MEXAY NOC/eJOBATe/NbHbLIMU CXKa-
THAMH H DaspeKeHUsIMH JMaHHOTO MaJjoro ofbema rasa 6yner nopsjka
t~1/®. HacTora » oOLMHOTO 3BYKa AOCTaTOYHO BENUKA #U BeJHYHHA T
COOTBETCTBEHHO MaJia. 3a Bpemsi NMopsijika T He yclieBaeT IIPOHCXOAMTH
oOMEeH TelmIoM MeXIy HaluMM MaJbiM OOBEMOM rasa M OKp yKalolefi
rasoBoii cpepoii. [losToMy Kaxablii manblii 3JeMeHT ra3a HUCHbITHIBAeT
CKaTHe U pacCiuHpPeHHe, KOTOpble SBASIOTCA aauabaTHUeCKHMH, H ero
VIIpyTrHe CBOHCTBA OMHCLIBAIOTCS ypaBHeHHem (96). B pesysbrare
OKa3bIBaeTcs, YTO CKOPOCTh PACNPOCTPAHEHHS 3BYKA B rase 3aBHCHUT OT
KOHCTAaNThl ¥, T. €. OT YACJbHON TelOeMKOCTH rada. Takum ofpasou,
H3MepeHHe CKOPOCTH 3BYKa SABJSETCs NPSIMBIM METOJOM ONpefefeHHs
BesHuuHbl ¥ Idopmysa (57)1.

L4

7.4. OcHOBHbIE NOJOXKEHUN CTATUCTHUECKOK TEPMOAMHAMMKH

Mbl HagasH CO CTATHCTHYECKUX NOCTYJaToB 1. 3.3, a 3ateM moApobHO
MCCJ/IE0BAJIH TEIIOBOE H MeXaHHYECKOe B3aUMOJEHCTBHE MeX1y Maxpo-
CKONHYECKHMH CHCTeMaMH. B 4acTHOCTH, MBI pPacCMOTDENH OCHOBHBIE
NOJIOZKeHHA TEOPHH, KOTOPasi HOCHT Ha3BaHHE CQMUCMUYecKoll mepmo-
Ouramuxy. Tenepb Mbl IpepBeM Hame H3/10:eHHe, C TeM, yToGHl Bep-
HYTbCSI K 3THM OCHOBHBIM [1OJIOXKEHHSIM.
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ITepBbie yeThbipe NOJOKEHUS HA3LIBAIOTCSH 3AKOHAMU MEPMOOURAMUKU.
Mb1 nepeuncauM HX B OOBMHOM ITOpAAKe, a A8 TOrO, YTOOHI COXPAHUTH
TPAaIMIHOHHEIE HA3BAaHHs, HAauHeM HX HYMEpauHio ¢ HyJs *).

Iloaoxcenue 0. OHO 3akaiouaercss B CJAEAYIOIEM IPOCTOM pe3yJb-
TdTe, PacCMOTPEHHOM B 1. 4.3.

Hyaeeoit 3axon mepmoduramurxu. Ecnum gBe cHCTeMbl Haxo-
ISTCSL B TENJIOBOM PaBHOBECHH ¢ TPETLEH cHCTeMOH, OHH OYAyT
B TEIJIOBOM PaBHOBECHH H JIPYT ¢ JPYTOM.

3T0 yTBepKJeHle BecbMa BAXKHO, TaK KakK 6Jarofiapst eMy- BO3MOXKHO
IIpUMeHEeHHe TePMOMETPa M Ha HeM OCHOBAHA KOHLENUHS Temmeparyp-
HOFO Irapamerpa, XapaKTepH3YIOIEro MaKPOCKOMHUYECKHE CHCTEMHI.

Ioroxmcerue 1. B n. 3.7 mbl paccMOTpe/IH Pas/iHuHbIe THIbI B3aHMO-
JeHCTBUIT MeXAy MaKPOCKOMHYECKHMH CHCTEMaMH, YTO TMPHBENIO HAac
K CJAEJVIOmEeMY TOJOMKEHHI0 06 Heprud CHCTeMBI.

Hepeoui 3akon mepmodunamurxu. PaBHOBeCHOE MAKpOCOCTOSA-

HMEe CHCTeMbl XapakTepusyercs BeauuuHoii E (OHAa Ha3biBaercs
eHympenneld Inepeued), obaajnaiolledl CJAEAYIOUIUM CBOHCTBOM:
JJ5 M30JHPOBAHHOH CHCTEMb

E = const. (59)

Ecan cucrema e3gqumodedicmsyem ¢ JIPYTHMH CcHCTeMaMu H ne-
PEeXOAHUT M3 OJJHOIO MaKpOCOCTOSIHHA B APYroe, OKOHuaTe/bloe

naMeHeHde £ MoxeT ObIThb 3anHcaHO B (popme

rae W — Makpockonuueckas pabora, NpOH3BelieHHAst Haj CHC-
TeMOH B pe3yJbTaTe H3MEHEHHS ee BHEIIHHX napaMeTpoB. Be-
Jguuuna Q, o pejiesigeMas (60), Ha3bIBaeTCsA rmenaoMm, MNnO2A0-
L{EHHBLM CUCMEeMOLL.
[ToJsioxkenue (60) BuipaxaeT 3aKOH COXpaHeHHH SHEPI'HH, KOTOPHI pac-
CMaTpHBaeT TEMJIO Kak (OpMy SHEPTHH, HE CBSI3AHHYIO HH C KaKHMH
n3MeHeHHAMH BHemHHX napamerpoB. [lonoxkenne (60) Takxke BBOJAUT
TIOHSATHE O HOBOM INapaMeTpe — BHYTPEHHEH HEPTHH CHCTeMbl,— KOTO-
PBIHl XapaKTepH3YeT ee MakpococTosiHne. KpoMe Toro, oHo Jlaer cnocob
onpejiesieHHsi BHYTPEHHeH SHEPTHH Y IOIVIOLICHHOTO TemnJa Yepe3 M3Me-
peHKie MaKkpPOCKONHYeCKOi paboThl (cMm. m. 5.3).

THoaoocernue 2. Mul BHI€MH, YTO YHC/IO COCTOSAHHH, JOCTYIIHBIX CHCTEME
(W4, YTO SKBHBANEHTHO, €€ 3HTPOIMHS), ABJASIETCA BeJHUHHOH, HUMEIo-
med (QyHAAMEHTaNbLHOE 3HayeHHe NPH ONHCaHHH MaKpPOCOCTOsIHUS CH-
crembl. B n. 7.2 6el10 nokazaHO, 4YTO H3MeHeHHe IHTPOIHH CHCTEMBI
CBSI3aHO C MOTJIOWEHHBIM €10 TellIoM no ¢opMmyJe (32). Mol nokasanu
Takxke B 1. 3.6, YTO H3OJHPOBAHHASA CHCTEMA CTPEMHTCS JOCTHYb HAM-
6GoJsiee BEPOATHOM CUTYalHH, B KOTOPOH YHC/JIO JOCTYNHBLIX COCTOSTHMi
(M1, 3KBHBAJIEHTHO, SHTpoONHs) 6oJibilie HauaabHOro, (B cnenuaibHOM

*) Ilepnuifi u3 9THX 3aKOHOB OOLIMHO HABHIBAETCS Hyseevim 3axonon. Ero sHadeHue
6Lln0 OLleHeHO JIMNIL NOCTE TOro, KaKk Nepeuii B BTOPOH 3aKOHK no.rlyqu.nu CBOe YHC~
AenHoe -ebo3natenue. :
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c/yuyde, KOrfla CHCTEMa CHayajJa HaxoiuJack B HauboJiee BEpOSATHOH
CHTYalliH, OHAa OCTAeTCst B PABHOBCCHH H €€ 3HTPONHSA OCTALTCH HEH3+
MeHHOf). Mbl npuiaM, TakuMm o0pasoM, K CAedyouieMy MoJ0KeHH0.
Bmopot saxon mepmodunanuxy . PaBHOBECHOe MaK pOCOCTOSIHHE
CHCTEeMBl MOKHO XapakTepH30BaTh BeJHUYHHOH S (HasbiBaeMoit
gHmponueti), Kotopas o6aajaer CJAedyOHMH CBOHCTBAMH:
1. Ilpn moGoMm GecKOHEYHO Ma/jOM KBa3lHCTATHUECKOM H3MeHe-
HUY COCTOSIHHSA, KOrJa cCHCTeMa Mordouiaer tensao dQ, ee 3HTpo-
DU MEHRETCA Ha BeJHUYHHY

ds =22 (61)

T b
rae T — napamerp, XapaKTepH3YWIIUA MaKpPOCOCTOsSiHHE CHCTe-
MBI, KOTODBIH HasbIBaeTCHl ee abCOAMHOL memnepamypot.

2. B no6oMm npouecce, KOrja TepMHUECKH M30JupOBaHHasA CH-
cTeMa NepeXoHT N3 OJHOr0 MaKpOCOCTOSHUS B jpyroe, ee
SHTPONHSA HMeeT TeHJEHIHI0 BO3pacTartb, T. €.

ds = 0. (69)

3nauenne popMyart (61) 3akaioyaerTcsi B TOM, YTO OHA Ja€T BO3MOKHOCTb
OfIpefeIHTh PA3HOCHIs SHTPOIHI MO M3MePEeHHSM HOTJIOILEeHHOTO TerJia
U CAYXKHT J/1S XapaKTePHCTHKH abCoOJIOTHOH TeMnepaTypbl CHCTEeMBI.
Cmpicsi dopmysst (62) B TOM, 4TO OHA yKasniBaeT HanmpaBJjeHue, B KOTO-
POM JOJI?KHO NPOHCXOAHTHL Pa3sBUTHE HEPABHOBECHHIX CHTyauuii.
[Hoaoocenue 3. B n. 5.2 Mbl YCTaHOBHJIH, YTO SHTPOMUS CUCTEMBI CTPE-
MHTCS K ONpEleNeHHOMY MpeleJbHOMY 3HaueHHio, Korja aGcoJioTHas
TeMneparypa NpHOJHIKaerca K HYJTIO. 310 NOJNOKeHHe, 3aKJII04YeHHOe
B dopmyae (5.12), umeer caelyiouii BHA.
T pemuii 3axk0H mepMooUHAMUKU. 9HTp0HHH S cucrtemnbr ofaa-
JaeT CJeJVIOUIHMU TNpegebHbIMH CBOUCTBAMU:

npu 7T —0, S$—3S,, | (63)

rie Sy — NOCTOSIHHAS, He 3aBUCHIINASA OT CTPYKTYPHl CHCTeMbl. 3HaueHHe
3TOro 3dKOHa ‘B TOM, YTO OH YCTAHaBJHBA€T CYIIECTBOBAHHE B CHCTeMe,
COCTOSILIIE M3 ONpEeNeJIeHHOI'0 YMCJ/a YaCTHLL JAaHHOTO THMa, BOJU3H
T=0 HEeKOTOpOro CTalHAapTHOrO MaKpOCOCTOSIHHSI, 00Jafalouero onpe-
feseHHbM 3Hauenwem surponuu. [lo oTnowennio 'k 31ofl SHTPOIIHH
MOTYT ObiTh H3MEPeHBl SHTPOMHH BCeX IPYruX Maxpococrofuuid. Ta-
KHM 06DasOM, BMECTO pagHocmu SHTPOMHi, omnpefelseMoil dhopmyJioi
(61), Mpl MO)Kem IONYYHTH aGCOJIIOTHBIE H3MEpeHHs ,IIBHCTBHTEJII)HOI‘O
3HAYEHHST SHTPOMHH CHCTEMHL.

" Hoaomenie 4. Uncao coctosiHHE £2, JOCTYmHBIX cHCTeMe (HJU ee
surponuio S=EkInQ), MoxkHO cuurats QyHKIHeli psga Makpockoiuue-
CKHX T1apamerpoB (Y., Yz,---,Y,). ECAH CucreMa M30.1HpOBAaHA U HAXO-
JWTCA B paBHOBECHH, TO HAIAi OCHOBHBIE CTATHCTHYECKHE MOCTYJIaThi
NO3BOJISIIOT HAM BBIYHCJIHTD BEPOSTHOCTb C IOMOIIBI0 COOTHOLEHHS
{3.20).. BepOHTHO(;Tb P HaxoxNeHHus] CHCTEMBI B CHTYaUHH, XapakTepH-
3yloleficas JaHHBIMM 3HAUEHUSIMH €€ TIapaMeTpoB, npoc'rq POIOPUHO-



IFaJbHA YHCJAY COCTOSTHHM, NOCTYHHBIX CHCTeMe IIPH 3THX 3HAYeHHSX MNa-
pamerpoB. Tak kak S=£4InQ, unu Q=¢%*, 310 npuBoAUT K Cjaenyio-
LIEMY TIOJIOKEHHIO.

Cmamucmudeckoe coomuoutenue. JIJis n30JHpOBaHHON H HA-

XOJAMmENCsS B paBHOBECHH CHCTEME BEPOSITHOCTL ee HAXOXKIEeHHSA

B OnpejeieHHOM MaxpOCOCTOSSHHH, XapakTepH3yleMcs 3HTpo-
nued S, HMeeT BHA

P oc eSik, (64)

3HaueHHe 3TOro YTBePKAeHHS B TOM, YTO OHO JaeT BO3MOXKHOCTb BLIUHC-
JHTb BepOSITHOCTb OCYLIECTBJICHUS pa3 HUHBIX cUTyauHH. B gacrHocrH,
¢ nomouibio (64} MOXKHO BBIYHC/AHTbL CTaTHCTHYeCKHE JYKTyallid, BO3-
HHKawlke B JHOG0M PaBHOBECHOM COCTOSIHHH.

[loaoocenue 5. CraTHcTHUeCKOE ompe/e/eHHe SHTPOIUH HMeeT (yH-
laMeHTa/ bHOe 3HaueHHe. OHO MOKeT ObITb BBLIPAXKEHO CJCAYIOUIUM
obpa3omM.

Ceasv ¢ muxpockontmeckot: ¢usuxold. Sutponust S cHcTeMb

CBSI3aHA ¢ UUCJAOM £ JOCTYNHBIX COCTOSIHMI CHCTEMH COOTHO-
IICHHEM ,
S=-Fk1InQ. (65)

3HaueHue 3TOro MOJIOXKeHHs B TOM, YTO OHO II03BOJISIET BHIYUC/IUTH
SUTPONHIO M3 JAHHBIX O MHKPOCKOMHYECKHX KBAHTOBBIX COCTOSIHHAX
CHCTEMBI. ,

Qbcyncoenue. 3aMeTHM, 4to nojoxenusi 0—4, T. €. YeTbipe 3aKOHA
TePMOJHHAMHKH H CTaTUCTHYECKOE COOTHOUIeHHe, SIBJSIOTCA BecbMa 00-
(UMK YTBEPIKAEHHAMH, HMEIOMUMH Maxkpockonuueckuil xapakrep. Ouu
He Colep:Kar HHKaKUX CCbIOK HAa aTOMhI, H3 KOTOPBIX COCTOWT paccMmar-
piBaemass cucreMa. Takum o0pa3oMm, 3TH MOJOKEHHS TOJHOCTBIO He-
33aBHCHMbI OT MHKPOCKOIMUYECKHX MOjeJell, KOTOpble MOTYT GLITh Ipej-
JIOXKEHBl st aTOMOB M MOJIEKYJ CHCTeMbl H 06/a7ai0T 6oJblioi obul-
HOCTbIO. FIX MOXKHO WCIO/IB30BATL JaxKe TMPH MOJHOM OTCYTCTBHII
3HaHull 00 aTOMHBIX CBOKCTBax paccMarpHBaeMoii cuctemsl. Flcropu-
yeCcKH 3aKOHBbl TEPMOJMHAMUKH ObIAH BBeJIeHbl KaK 4HCTO MaKPOCKOMH-
YeCKHe [0CTYJaThl, 3a00/ro JO MOSBJEeHHs aTOMHO#l TEeOpHH BellecTBa,
[osxocToio MaKpoCKOMUYECKOe PaceMOTPeHHEe 3THX 3aKOHOB TNPHBOAHT
K 0OJbIIOMY 4YHCAY chejnctBui. Mayuenue 3THX caenctBuéi — zaeno
CrenvajbHOH H OYeHb ILIOJOTBOPHOH OTpac/AH (PU3UKH, KOTOpAas Ha3bl-
BaeTcst mepmoouramuroi. He menssi oOHIHOCTH ee MaKPOCKONHYECKOIo
CONeP:KAHHA, TEPMOJHHAMMKY MOXKHO pAaCWIMPHTb, BKJIOUHB B Hee
CTaTHCTHUYECKOe COOTHOLIeHHE (64) TaKHUM 00pasoM, MbI IIPUXOIUM K TaK
Ha3bIBAeMOR crarnucmuueckoll mepmoOuramure. .

Pasymeercs, creneHp Hawero NOHUMAHHS H BO3MOXKHOCTH npelk
CKa3aHUR YPe3BLIYAHHO BO3PACTYT, €044 Mbl CMOMEM COEIHHHTb CTATH-
CTHYECKHH [0JXOJ €O 3HaHHeM MUKPOCKORu4ecKux CBOHCTB aTOMOB M
MOJIEKYJ cucTeMbl. Tako#t MOAXOJ U COCTABASIT CYTh CQMUCHIUMECKOL
MexaruxKu, KOropast BKAoyaer B ceba u coorHowenue (b5). CraTHcTHYe-
CKas MeXaHHKa' JaeT HaM BO3MOMKHOCTb BBHIYHC/IHTB SHTPOIHIO CHCTEMbI
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H CJle1aTh MHOMXECTBO KOHKPETHHIX BEPOSITHOCTHBIX  YTBePMKACHHH
OCHOBaHHBIX Ha dopmyJe (64) WiH Ha ee crelcTBUAX (HalpHMep, Ha
KaHOHHYECKOM pacrnpepne]eHHH). Mbl OKasbiBaeMcsl B COCTOSTHHH BhIYHC -
JINTh CBOHCTBA MAKPOCKONHYECKOH CHCTeMbI HAa OCHOBAHHYM €€ MHKpO-
CBOHCTB.

OcroBHoe copepKaHue 3TOH KHUTH OblI0 NOCBSAMIEHO CTATHCTHUECKOMH
MeXaHHKe, KOTOpast dBJIsieTcs, TAKUM o6pa3oM, BecbMa BceoOheMJIionei
AUCIHIIIAHON. OHa COfep HUT B cebe, KAaK YaCTHBIH c/ydail, TepMOLHHA -
MHUY€CKHe 3aKOHBl, KOTOPbIE HE 3aBHCAT OT ATOMHBIX CBOMCTB paccmar-
PHBaEMOH CHCTEMBI.

7.5. ¥YcnoBHA paBHOBECHS

OcCHOBHBIE CTaTHCTHYECKHE IIOCTYJ/AThl, PAcCMOTPeHHble B 1. 3.3,
MMENH B BULy JHOO PaBHOBECHOE COCTOSHHE H30JHPOBAHHOH CHCTEMBbI
JIHOO NPHOMHAKEHHE CHCTEMBI K TAKOMY COCTOSIHHIO. DTH [MOCTYJIATHI,
COCTaBJSIIONLe OCHOBY HAWMX pacCyx/eHHH, Obuin chopMynupoBanb
B TOHATHSAX YHCJIA JAOCTYTHBIX COCTOSSHUE WJH, YTO 3KBHUBAJEHTHO,
B NOHATHH 3HTPOMKU. Mbl BepHeMcs Tenepb K OCHOBHBLIM HAEAM, C TeM
uyrtoOn! BBIPA3HTb HX B JApyroi ¢opme, Gosee yao6HOR AJS MHOTHX
NPaKTHUECKHX TIPUIIOMKEeHHH.

Hzoauposannas cucmema. Hauvem ¢ paccMorpeHust empiciia ykasaH-
VX [IOCTYJIATOB Jiji K30JAHPOBauHol cHcTemu. [losnas sHeprus Tako#
S CHCTeMB! ocTaeTcst nocrosiunod. [lpen-
NOJIOXKHM, UYTO CHCTEMA MOXKeT ObiTh
OnHcaHa MaKPOCKOIHYeCKH C IOMOIIbIO
napamerpa y HJIH HECKOJbKHX Ilapamer-
pos. (Hanpumep, y MoOXeT o03HauaTh
3HEPruw moacucreMbl A na puc. 3.9
HJIH TIOJIOXKEeHHEe TepefOpOJAKH Ha pHC.
4 3.10.) Uncso cocrosinyii, JOCTYMHBIX CH-
Puc. 7.6. Fpagux, nokassmaiomui aa.  CTEME, 3aBHCHT oT y. Paspenum Bos-
BHCHMOCTL SHTPONHH S OT HEKOTOpOro MOXKHbIC 3HaY€HHH ¢y HaA HeboJIbilIHe paB-

HARPOCKOTINECKOTo MAPAMETPA ¥ Hble uHTepBanbl Oy M O6O3HAUHM Hepes
$2(y) uHCO cOCTOSIHME, JOCTYNHBIX CHCTEME B TOM C/Aydae, Korjia
napaMeTp y JIeXKHT B HHTepBaJie 3naueHUi ot y 1o y-+0y. Coorsercr-
BEHHO 3HTPONHUA CHCTeMbl paBHa, no onpeleneHuio, S=4kInQ2. Haw
¢pyHlameHTaNbHLIA noctynar (3.19) yTBepxkiaaer, uTO KOrja cHcCTema
HaXoIHTCs B paBHOBECHH, €€ ¢ PAaBHOH BepPOSTHOCTbIO MOXKHO HaHTH
B JIIOOOM H3 JOCTYIIHBIX COCTOsIHH#. EciiM napamerp y MoxKeT MeHSIThCH,
TO BEPOSITHOCTb P(y) 0OHapyXUThb CHCTeMY B CHTyallMH, KOFAa ee fnapa-
MeTp Y JIEKHT MeXAy y U y+ 8y, onperensercs cooTHOLIEHUEM:

t-Ql o ey oy o S———

B PaBHOBECHOM COCTOAHUH (66)
Py« Q(y)=eSWwit,




IlycTb B HEKOTOPOM CTaHAapPTHOM MAKPOCOCTOAHHH Ilapamerp y HMeer
3HauYeHHe y,, TOraa u3 (66) caenyer

Py o
—_— (y)/k .’es(yo)/k
P {4y = i

P (!}) == PoeAS/kr (67)

HJIH

rjie

u Py=P(y,). OTHOUIECHHE BEPOATHOCTEH ONpele/sieTcsl HernoCpeACTBEHHO
PA3HOCHIbI0 SHTPOIIHH.

M3 (66) ciaeayer, uto B COCTOSIHHH PaBHOBeCHS [lapaMeTp y ¢ HaH-
fosibllleli BEpOSITHOCTBIO MPHHHMaeT 3HaueHHe, NPH KOTOPOM 3HTPONHs
OKa3blBaercs HauGoJabiue#. Jlaxke maaBHblH MAaKCHMYM BeJHYHHbI
S=kInQ cooTBercTByeT OYEHb pe3KOMy MAaKCHMyMY BEJHUHHBI €2,
a TeM cambiM 1 BepostHocTH P. Orciona caenyer, uto OGbIYHO BETHYHHA
Y ¢ NOJABASIOIEH BEPOATHOCTBIO MPHHHMAaeT 3HaueHHsi, O4eHb GJIH3KHE

K TOMY 3HAYeHHIO Y, IIPH KOTODOM 3HTPONHS S IOCTHraeT MakcHMyMa.
Urax,

PaBHoBecHOe COCTOfIHHE H30/HPOBAaHHOH CHCTEMbl
XapakTepusyercsl TaKMMM 3HAayeHUsSIMH CBOHX Iapa- (68)
MeTpPOB, NMPH KOTOPbIX :

S = maximum.

B cocrosiuuu paBHOBecHst BeposTHOCTL P(y) HabmoneHus B ancamosie

CHCTEM 3HAYeHHs Y, 3aMETHO OTVIMYHOrO OT y, oueHb mana. C japyroit
CTOPOHLI, MBI MOXKeM 3apaHee, ¢ IOMOLIbIO BHEMIHero BO3je#CTBHS HJH
Kax-HHOyAL HHAue, Taxk NMPHrOTOBHTb CHCTEMY, YTO B MOMEHT BpPeMeHH
f, oHa ¢ OoJibluell BEPOSAITHOCTHIO OKaXKeTcsl B MAKPOCOCTOSIHHH, 15
KOTOpOro napamerp y NPHHHMAer 3HauyeHHe, CHJIBLHO OTVIMYAKoUleecs OT

y. Ecin nocie 3Toro MOMeHTa BPpeMeHH £, Mbl CHOBA H30JIMPYeM CHCTEMY,
4 napaMerp Yy CMOXKET MEHSITbCH, TO CHCTEMa YiKe He Oyoem B COCTOSHHH
paBHOBecHA. B cOOTBETCTBHH ¢ moctyJjatoMm (3.18) cocTosinMe CHCTEMbl
OyJleT Teniepb MEHATLCS BO BPEMEHH, MOKa He GYy/eT AOCTHIHYTO pachpe-
AeJjieHue BepoATHOCTel (66), oTBeyaloiiee coCcTOAHUIO paBHOBecHs. [py-
TMMH CJIOBAMH, CHCTEMA PasBHBaercs B TAKOM HanpaB/ieHHH, 4TO 3Haye-
HUs Yy, oTBeyawoue OO0JblIEH 3HTPONHH, cTaHOBATCS GoJee BEpOAT-
HbIMM. JTO 3HAYMT, YTO SHTPONHS YBEJUUHBACICH H PE3YJbTHPYIOLIEE
{3MEHEHHE SHTPOIHH YIOBJIETBOPSeT HepaBeHCTBY

AS > 0. (69)

Hamenenne snTponnu GyIeT NPOXOJIKATHCA, MOKA HE GyAYT KOCTHIHYTHE
YC/I0BUsI PABHOBECHsSI, NIPH KOTOpBLIX napaMerp y € NOAABJAIOLIEH Be-
POATHOCTBIO OyJeT MMeTb 3HAYEHHE, OTBEYAIOUIee MAKCHMyMY 3HTPO-
nuy S, '
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3amMeuauue oo MeTacTab6HIBLHOM PpabuoBecHH Bosmoxkuo,
4TO0 3HTPONUA S, KaK 3TO N0OKa3aHO Ha puc. 7.7, OyleT o6aafath GoJee 4eM OJHUM

M2KCHMYMOM. Ec/H MaKCHMYM 3HTPONHM IIPH ¢y 60o/blle MAKCHMYMa NPH §,, TO COOT-
BeTCTBYIOLMe BeposTHoeTH P(y)-B (66), 61arojapsa 3KCNOHEHUHANLHOR 3aBHCHMOCTH

oT S, OKayTCsl HaMHOTo GOJbIIC MPH Yy, YEM NMPH y,. B nOmITHHHOM COCTOSIHHH pas-
HOBECHSI CHCTeMa MO3TOMY MOYTH BcerAa Oyler

S . o0nazaTh 3HayeHHeM [apaMmeTpa, paBHBIM Y.

[Tpeanosoxun tenepb, YTO CHCTEMA Criely-
aJbHO NPHTOTOBJEHA TakHM 00pa3oM, 4ToOb ee
napaMeTp B HEKOTOPbl HadaJbHBIA MOMEHT
BpeMeHH HMeJ 3HaueHHe, He CJAHUIKOM JaleKoe

OT Y,. Torjaa padbHeHlnast 3BOJMIOUUS CHCTEMDE
IpHBeleT K OCYLECTBJAEHWIO BeCbMd BepOsTHOH
CHUTYalHH, NpH KoTtopod napamerp Yy Oyier

I by g oueHb 630K X Y,. HecMorpsa Ha To, uTO CHTY-
anMs, npH KOTOpoil mapameTp y odeHb OJIH30K

vwve. 7.7, Tpadux, mazlocTpupyionini K Yp, Topa3no Oojee BepOsitHa, 3Ta nochaeitssd
ganmme ABYX MaxCAMYMOB 3HTDONHH  CHTYAUHS MOMKeT OhiThb JOCTHTHYTA JIUIIL B TOM
. OTBeYaIOUKX [BYM Da3fiHuHBIM 3Ha- .
uenMAM MAKpOCKONHYeckoro napamer-  CUYYAE, eCIW cuCTewa nepeiiier uyepes o6aactb
pa U. 3HaYyeHuH, rie

a

| v £ e e Doy

I
!
1
|
I

Ya < Y < Yp-
3ra obaacTe oreeyaeT, OfHAKO, BechbMa MAaJlOBePOSITHON CUTYauuH, H BeposITHOCTH

TOro, 410 6e3 noMOlUIM W3BHe CHCTeMa NpoHjeT yepe3 Hee, HACTOJILKO Manla, 4YTo Mo-
Tpedyercs odenb GOMbLIOE BpeMs, NMOKa cHcTeMa DpUOIH3WTCS K OKOHUATeAbHON pag-

HOBECHOH CHTyaLHH, Korja y GIM3KO K yp. 3a BpeMms, NPeCTaBJIstoulce NPaKTHYeCKil

HHTEepec, COCTOAHHE CO 3HAYEHHAMH, OJH3KHMH K.Yp, MOMET OKasaTecs 3(deKTHBHO
HEJOCTYNHLIM Hailefi cuereme. B To Xe BpeMs CHCTeMa CMOXKET JOCTHYL PaBHOBECHOTO

cocTosnust BONU3M 3nAueHHd Yy, GJIU3KOTO K Y, Takasi cCUTYalUMs HA3LIBACTCH Mema-
cmabunbrbiy pasHosecuem. ECiH OKameTCd BO3MOXHLIM HdlTH KakKol-HHOYIbL crnoco®

IIOMOYb Mepexoly CHCTeMbl H3 COCTOSHUI, rae napamerp y OMH30K K Y,, B COCTOSIHHS,
rAe OH OMU30K K Yp, TO CHCTeMa OLICTPO BHIHAET M3 COCTOSIHWUS MeTacTaGHJbHOTO paB-

HoBecHsI, UTOOBl JOCTHUb COCTOSIHHSI HCTHHHOIO PaBHOBECHs:, B KOTOPOM ¥ GJIM30K K Yp.

[Ipumepn Takoro popa BechMa - 3GhdexTHel. Hanpumep, B0JAa B COCTOSHMH HC-
THHHOTO paBHoBecus: BOU3H 0° C cymectByer B dopme anjga. EciH, 0AHAKO, MeNIeHHO
OXNaxKIATh OUeHb YHCTYIO BORY, MBI MOMKEM HMeTb AKHAKOCTL B COCTOSIHHH MeTacta-
OMJILHOTC pPaBHOBeCHS BILIOTH J0 Temnepatypsl —20° C, wau elte MeHbiueit. Ecan
MBI Tenepb BBeJeM B TaKyi0 BOAY 3€pHA WJH NbLIb, TO TEM CaMbiM Mbl [IOMOXEM Hayany
pocTa JieASHBIX KPHCTAJNJIOB M JKHJKOCTL BHE3aIHO 3aMep3HeT, NOCTUTHYB TeA CaMblM
CBOErQ HCTHHHOTO PABHOBECHOrO COCTOAHNS.

Cucmema 8 Konmaxme ¢ peaepsyapom. JJONYCTHM, dTO HHTEPCYIOI[as
nac cucrema {o6o3HaunM ee A) He H30/1HPOBAHA M MOXKET B3aHMOAEHCT-
BOBaTb ¢ JPYTO# HJIM MHOTHMH CHCTeMaMH (KoTopble Mbl 0003HauuM A’).
Cocragnas cucrema A*, cocrodmasi us A u A’, gpjsieTcd H30JHPOBaH-
HOW cHCTeMOH. YC/IOBHSI paBHOBecHs cHCTeMBl A MOryT GbITh HOJYy4eHbt
M3 PAacCMOTPEHHsI CBOMCTB M30NHPOBAHHON cucrembi A*, yxe u3sect-
HbIX HaM. ’ ‘

. BosbmIMHCTBO 1a60pATOpPHBIX OMLITOB BHITOJHSETC B YC/JIOBHSX
FIOCTOSIHHBIX TeMmmepaTypbt W JasjeHus. OOblMHO paccMaTpuBaemasi
cucremMa A HaXOmUTCA B TEPMHUECKOM KOHTAKTEe C TeIlJIOBBIM pe3epBya-
pom (HM.MOXeT OBIThb. OKpYXKawuas arMocdepa /M- BOAsiHAd- OaHs),
TeMIepaTypa KOTOPOFO IMOCTOAHHA,  a. OGbheM cHcreMbl A. He SBJgercs;
¢urcupoBaHnbiM., CHcTeMa OOLMHO HaXOZUTCA NMpPH NOCTOSHHOM [JaBJje-
20
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HUM (UM MoXeT ObiThb JiaBJjeHHe oKpyxawllel atmocteprt). [Tonbitaemes
YCTaHOBHTD yC/IOBHS PABHOBECHS CHCTEMBI A, Haxopsamefica B KOHTaKTe
C pesepByapom A’, KoTopbifi OCTaercss NPH NMOCTOSHHOM JaBJCHHH p’ U
IIOCTOSAHHOR TeMnepaType T’. CucreMa A MOXKeT OOMEHHBATLCS TETJIOM
¢ crcreMoit A’, HO pasmMepsl noc/efiHeli CToJIb BEJHKH, YTO 5TOT OOMeH
He BJIHseT Ha ee temnepatypy 7”. CucreMa A MOMKET MEHATH CBOft OOBEM
3a cueT cucreMbl A’ U npousBoauTh PaboTy HAX 3TOR CHCTEMOH; HO,
aHaJOrMYHO, H3-3a GOJIbiiHX pa3MepoB cHcTeMbl A’ sTH OTHOCHTEJIbHO
HeGO/IbiLHe H3MeHeHHsT o6beMa *) He BbI3OBYT H3MCHEHHA NaBJeHHs p’.
JlonyctuM, uto cHcTema A OMHCHIBACTCA HEKOTOPHIM MaKPOCKOIIH -
4eCcKUM napaMerpoM y (WM HecKOJbKHMH napamernazit). [lpw 3tom
YHCAO  CocTOSTHHE  Q%(y), NOCTYNHBIX
CcOCTaBHOH cucreme A™*, CGyler paBHO
NPOU3BECHUI0 uHcaa cocrostuui Q(y),

JOCTYTMHBIX cHcTeMe A MpH JaHHOM 3Ha-
YCHHU napamerpa y, Ha YHCI0 COCTOAHHH A A
£2’(y), nocrynHbix pesepByapy A’ B 3THX
yenoBusAX. Takum o6pasoM, T
QF = QQ, - (70) ' : p’
V3 onpepenennsa surponud S=Fkln Q . 78 C
He, 7.8, CHevema A, HaxXodsuupaxcs B
CJleayer, QTO KOHTaKTe € TeNJIOBBIM pe3epByapoM A’
Npd NOoCTOAHHBIX Temieparype 17 4
S’f‘S’ (703) b DaBhecHHH p'. P .

rie S* — 9HTponH$1 coctaBHol cucrembl A-4-A’, a S u 8’ — surponuu
cucreM A 0 A’ cootBeTcTBeHHO. BrifepeM HEKOTOpOe HCXOMHOE Maxpo-
COCTOSTHHe, JJ19 KOTOpPOTrOo TapameTp Y NIpHHHMaeT 3Ha4YeHHe y,.
an\erHHB K cocTaBuoit cHcreme A*, xoropas sIBasieTcsl H30JMPOBAH-
HO#, dopmyJty (67), Mbl ONYy4HM BeposiTHOCTb P(Y) Toro, 4To napamerp
Y NPHHEMACT 3HAUEHHe, Jexalilee B HHTepBaje OT y O y+dy:

P (y)= Per5*, . (7L)
3necs AS*=8*(y)—S*(y,), a us (70a) caegyer, urto
AS* = AS-F AS’, . - {72)

{lonbitaemcst ynpoctuts (72), BoIpa3uB H3MeHeHHe SHTPONHH pesepBya-
pa uepe3 BeNHYUHbI, OTHOCAUIMECS K HHTepecylouleli Hac cHcreme A.

Peseppyap A’ ouenb Be/HK, NO3TOMY, Jaxe MNOMVIOTHB HEKOTOPOE
KOJIHueCTBO Temvia ' oT cHcTeMbl A, OH OCTaeTcsd B PaBHOBECHOM CO-
CTQSAHUH C HEeH3MEHHBIUMMHCS 3HAYeHHSIMH Temmepatypbl 7° H jfaBJe-
Hus p’. Vi3MeHeHHe 3SHTPONHH pe3epByapa B TAKOM KBAa3HCTATHYECKOM

*) CucteMa A’ MoxeT GbiThb KEKHM pe3epByapoM, ¢ KOTODbHIM cHcreMa A B3auMO-
JieficTByeT OOMeHOM TenJa M COBEpPLIEHHEM paGoThl C HOMOLLbI0 AaBJjeHus.. Ho A’
MOXHO NpeCTaBUT cefe M Kak KOMOGMHALHMIO ABYX pedepBYapoB: OIHH H3 HHX HMeeT
‘TeMoepatypy T’ 4 ero B3aumopeiicTBHe C A Or paHHTHBAETCS nepefadedl tenJja, Apy-
TOH pesepsyap HAXOJUTCA NPH AABJICHHH p'u BS&HM.)I[QHCTBYET e A coaepmeﬂnem Me-
XaHnuecKoi ,paGotel. : - . L ‘ REES TR
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nponecce coraacHo (32) papHo
AS’

:-—?:-I-.

Ho tennio ', norJsiottieHHoe pe3epByapoM A npu H3MEHEHHH napamerpa
OT Y, IO Yy, DABHO

(73)

Q = AE'—W". (74)

3nech AE’ — usMenenue cpeiHeil sHepruu cucrenms A4’, W’ — pabora,
coBepillaemas Hajg A’, xoraa oGrpeMm cucteMbl A mMeHsieTCsl Ha BeTHYHHY
AV=V(y) — V(ys). OObem pesepByapa npHu 3TOM MEHSeTCA HA Be/H-
uuny — AV, a palora, coBepuiaenas cucreMoi A IpOTHB CHJ JaBJAeHHA
pesepByapa, coryiacHo (0.14) pasua W’'=p'AV. lanee u3 3akoHa coxpa-
HEeHHs 3HePrUd Jas cocTaBHOH cuctembl A* caenyer, utro AE'=—AE,
rae AE=E(y) — E(y,) npencrapasier cofoii u3MeHeHHe CpenHeli IHep-
run cucremst A. Taxum o6pasom, (74) npuHHMaeT BMA

Q':—— AE—p'AV

Hcrionbays (72) u (73), MBI noJyuaem

AS*— AS_AEEP' AV —T'ASH-AE 4-p' AV

- i ) (75)

YUroObi YOPOCTHTL CTOSILEE CPABa BbIpaXKeHHE, BBEAEM HOBYIO yHK-
1HIO

G=E—T'S+pV, (76)

KoTOpas conepxur Benwunnnl E, S u V, oTHocamuecs K cucreme A,
H jaBaerue p’ U temneparypy 7”7 pesepByapa. Tak Kak nocJjaefHHE JBe
BeJIHYHHBLI TIOCTOSIHHBI, Mbl HMeeM

AG — AE—T'AS - p'AV.

Teneps BrpakeHwe (75) NMPHUHHMAET NPOCTOH BHA:

. AG
AS* = — 77 (77)

rae AG=G(y)—G(y,). Pynkuns G, onpeneasiemasn (76), UMeeT pasmep-
HOCTb 3HEPTHH H HOCHT Ha3BaHHe 2ubOcoscroii c60bOOHOL aHepzuu CH-
crembl A Aast nauHOit TemmepaTypsl T' H TOCTOSSHHOTO JaBJIEHHS p’.
W3 dopmyanl (77) cnegyer, uto ecsid snTponusa S* nosnHoi cHereml A *
BO3pacCTaeT, T0 rHG6coBcKast cBOGOAHAS HEPrus NOACHCTeMbE A ymenpe
waemes. Tostomy makcumym sepostaocTH (71) M Maxcumym SHTPOIHH
S* Jn COCTaBHOH M30AMPOBAHHON CHCTEMBI A* COOTBETCTBYET MuNU-
Mymy THOGCOBCKOi cBOGOAHO# 3HEPTHH A HOACHCTeMBI A. Mbl NpHIILIH, |
* i
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TaKHM .00pasoM, K :CIEAYIOUIEMY YTBepKIAeHHIO:

PasHoBecHasi cuTyanusi B CHCTeMe, Haxojsuleiics
B KOHTAKTE€ C pe3epByapoM, -TeMIneparypa H JaBJe-
HHE KOTOPOrO MOCTOMHHLI, XApPaKkTepu3yeTcs TAKHMH (78)
3HAYEHHSMH MapaMeTpoB, IIPH KOTOPbIX

G = minimum.

D10 yTBepXKICHHE €OO0TBETCTBYeT yTBepxkiaenuio (68) ais usonaupo-
BaHHOH cHCTeMbl. JonyctuMm, uro ycioBHe (78) He BBIIOJAHEHO, TaK YTO-
cucrema A He Haxoaurcst B paBHOBecHH. B 3ToM cayuae cutyauusi Gyger
pa3BHBATHCH B TAKOM HalpaBJeHHH, YToOb! SHTPONHSA S* COCTaBHOH CH-
creMbl A* Bo3pactana. Poct sHTponun Gyfer NPOHCXOIUTh [0 YCTAHOB-
JIeHHsI OKOHYATeJbHOH paBHOBECHOH CHTYAIHM, NPH KOTOPOH NnapameTpht
cucrembl A npHoGperaloT, ¢ MNMOJABJSIOWEH BEPOATHOCTLIO, 3HAYEHHS,
COOTBETCTBYIOIlUe MakcuMyMy S*. 3Jto. yTBepxkicHHe ynoOHee Bbipa-
3UTH C IIOMOHIBIO THGGCOBCKOM cBOGOAHOM 3HEpruH cHcTembl A: curya-
nusA- OyJieT. Pa3sBHBATbCA B TaKOM HanpaBjeHHH, 4TOOBI CBODOAHAS 3HEp-
rusi G cucteMsl A ymewviasace, T. e.

AG < 0. (79)

310 yMmeHbiueHHe OyAeT NPOAO/IKATBCH O YCTAHOBJEHUS OKOHYATedb-
HOro PaBHOBeCHs, IIPH KOTOPOM mapameTphbl cHcTeMbl A ¢ NOJAB/sIOMIEi
BePOATHOCTBIO NIPHOGPETAIOT 3HaUEHHE, COOTBETCTBYIOIee MUHHMYMY G.
TNoncraBass (77) B (71), Mbl nosyYaeM c/eAyloulee NpOCTOe yTBEPIK-

JieHue:
P =P e—AaG/kT", (80)

Tak kak AG=G(y) — G(y,), rae G(y,) — KoHCTaHTa, OnipelensicMast Bbi-
GOpoM CTaHAapTHOTO cocTosinis, pe3yabrat (80) moxkKeT ObiTh BhipaKel
B CJEAYIOIEeM BHIE:

B paBHOBECHOM COCTOSIHHH (8 1)
P (y) < e—G(y/kT

10T pe3yJsibTaT aHaJorHyeH pe3yJabTaTty (66) 151 U30JAMPOBAHHON CH-
ctembt. M3 (81) cienyer, uto BeposithocTh P(y) HMeeT MaKCHMYM, KOTAa
G(y) MHHUMAABHO, o

BoabinHCTBO CcucTeM, npeﬂcrraanmomnx HHTEpec A4 (PU3HKH HIK
XHMUH, H3y4aeTcs B YCJIOBHAX IOCTOSIHEBIX M 33l@aHHBIX TEMIIEPATYDHl H
AABJIGHHS. Hoa'romy dopmyabt (78) u (81) siBasoTCA BeChMa yAOGHOI
(OpMOFi YCJIOBHH paBHOBECHS H HCXOJHBIM IMYHKTOM PacCMOTPEHMS pas-
JHYHBIX PU3HYECKHX M XHMHYECKHX cHcTeM. COOTBETCTBYIOUIHE npUMeEp
6yAer paccMOTpeH B CJeLYIOWieM INyHKTE,
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7.6. PaBHoBecne mexay dasamu

Jltoboe BelecTBO MOMET CYIECTBOBATH B PA3JHYHBLIX H OMpejeseH-
HbIX COCTOSIHHAX, HA3bIBAeMLIX (pasamiu, KOTOpble COOTBETCTBYIOT pas-
JIHYHBIM CHJAM CUEIVIeHHS MeEXKIY MoJieKyJaMH ojHoro Tuna. Hawm
XOpOLIO H3BECTHO, YTO BEULECTBO MOXET ObiTh B BHJAE TBEPJOro TeJa,
JKHAKOCTH man rasa *). (['asoofpa3noe cocTosiHMe HHOrJa Ha3blBAIOT
Prserbyy napom.) Hanpumep, Bopma cyuiecTByer

; B (pOpMeE JIbjJd, KHUAKOCTH HJH BOASHOIO

/ napa. Pasanunbem (asaM oTBeuaroT pas-
AMYHble 06JacTH TeMnepaTypet U jaBJje-
: 7 us. Kpome Toro, onHa ¢asa Moxer mne-
' V4 pPexojuTh B JAPYTYIO NMPH ONPeeJeHHbIX
3HAYCHUAX TeMrepaTypbl H JaBJEHHS.
Hanpumep, npu niasienuu TBepioe Teno
CTAHOBHTCH KHIKOCTBIO, XKHJIKOCTb, UC-
napAasce, obpasyer nap, a TBepJoe TeJo
Jasa 2 MOXKEeT NepexoauTh B rasoofpasHoe ¢o-

N CTOSIHHE, M 3TOT IIepexoi] Ha3biBAETCsl

cyorumayueti. B stom naparpade Mpl
>[Z’£’/77£M£2’ Yo 4 parpag

Lgguwens

c/le/laeM MOMBITKY JOCTHYb NOHUMAaHHUA
Paza 17 TakuX ¢a3oBbIX NepexoloB € MOMOLIbBIO
Haurei ofued TeopHH.
pue, 1.0, Cicrowa conour s anys 0% BylleM  paceMarpupats cictemy,
pom, uTo ofecreuHBaeT MOCTOSHHYIO COCTOAIYIO H3 ABYX HpOCTpaHCTBeH-
remnepatypy T u pasnentie p. HO pasjeleHHHX (a3 HEKOTOpOro Be-
LIECTBA, COCTOSIEI0 H3 MOJEKYyJ OJHO-
ro tina. TakHe ¢asbl MOTYT, Hanpumep, ObITb TBEPAbIM TEJOM HJH
SKHAKOCTBIO HJIH KHJKOCTBIO U Ta3oM. B obieMm ciydae Mbl 6yaeM o6o-
3Hauarh uX nuppamMu / u 2. Mbl GyneM usyuaTb 3TH (a3bl IpPH HeKo-
TOpOH omnpeneneHHoll Temneparype 7T H JaBjeHMH p, KOTOpbie JOCTH-
ralorcs KOHTAaKTOM C HEKOTOPbIM TeIVIOBLIM pe3epByapoM, HMEIOUIUM
otH napamerpsl. O6o3HauuM uepes N; ¥ N, 4uCIO MOJIEKyJl HAIEro
BellecTBa, HaxopAuuxcsg B dazax I u 2 coorBercTBeHHO. T4K KdK Be-
IIeCTBO HE MOXKeT HCue3HyThb, TO TOJHOE YHUCIO Mojekya N jpo.nxHO
OCTABaTbCS HOCTOSIHHLIM, HE3ABHCHMO OT TOrO, KakuM o0pasoM Mo-
Jexynabl pacmpeneieHbl Mexay obeumu ¢asamu. Takum ofpasow,-

N, -+ N,=N =const. (82)

Hac uurepecyer caenywiuit Bonpoc: OyAeT JH Hallle BeIECTBO MPH
JaHHbIX JIaBJAeHHH W TeMmIiepaType B YCJIOBHSIX. PABHOBECHS CYIECTBO-
BaTh B Bule ¢a3ul I, W1y B BUAE (pasbl 2, HaH B opMe o6enx ¢a3 ogHO-
BPEMEHHO?

Tak Kak gaBjienye u TeMrepaTypa Hauleid cHCTeMB! 3aJaHbl H ocra-
[OTCSl HEH3MEHHBIMH, BCE 3TH BOIPOCHL CBOASITCH K HCC/JAEROBAHHIO THEO-

*) MoryT AdiKe CyULeCTBOBAThL Pa3nuiibie GopMbl TBEpI[OI‘O COCTORHHS, OTBEYAIO-
mMe DA3IMUHOR KpUCTalJIMuecKoH  CTPYKType.
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COBCKOH CBOOOIHOA 3Hepruu G cucTeMbl. Drta cBobojHasi sHEprua fAn-
asgercsa ¢yuxkunedr N, n N, U3 obuweill dopmynupopku (78) ycioBHiE
panHoBecusi cjejyer, 4To napamerpsl N, u N, JojxHbl ObITb TAKHUMH,
uyToObl pyHKUHMS ([, onpenenseMast ¢opMyJsaoit (76), HMela MHHUMAIbHOE
3HayYeHue, T. €.%)

G=FE —TS- pV = minimum. (83)

Tlosinas cpenusis sHeprusi £ B 3Toil dopMyJie paBHA CyMMe CpelHHX
sHepruii obenx ¢as; TO Ke MOXKHO cKaszaTbh M 00 surpornn **). Iloa-
Hbll 00BeM CHCTeMbl paBeH CyMMe o0beMOB, 3aHHMaeMmblX ofenmu ¢a-
dami. Otcioaa caelyer, yTo

G—G,+G, (84)

rie G, u G, — cBoGosHble 3HePTUM pasbl / ¥ ¢assl 2 COOTBETCTBEHHO.
I'lpu 3a1anHbBIX TemnepaType H JaBJeHHH TaKHE BeJHYHHbi, KaK Cpe1HAR
SHEPrHsi, SHTPONHS H 00beM KaxmoH ¢asbl MPONOpUHOHAJIbHBI KOJH-
uecTBY BemlecTBa B (ase. (ITH BEJMYHHBL SBJSIOTCH 3KCTEHCHBHBIMU
BeJiHUMHAMH, cM. 1. 5.6.) [losToMy mbl MoxeM Hamucats G,=N,g, n
G,=N,g., rne g, u g, 3asucar or T u p, HO He OT uncesq N, u N,.
Be.nnquna

gi (T p) = cBobGoHas SHEpTHUA, NPHXOAAAACH HA ONHY
MoJIeKyJly i-fi ¢a3bl TipH jaHHOH Temmnepa-  (85)
Type H JaBJ/CHHUH,

XapakTepH3yeT BHYTpPeHHHe CBOHCTBA (-t ¢aspl. Tenepb MLl MoXKeM
sanucatb ¢opmyay (84} B TakoMm BiHie:

G:ngl + N g, (86}

Ecnu obe daswr HaxoxsaTess B paBHoBecHH, Ny # N, HOMKHBI HMETH
TaKkHe 3HaveHHsi, yToObl ¢yHKuug G Obliia corsadacHo (83) MUHHMAb-
Hoi. Ecau ¢yakuus G uMeeT MUBUMYM, OHA HE [0JKHA H3MEHATbLCS

pn fecKOHeUHO MaJbiX H3MmeneHusx N, u Ny ‘

. dG —= gldN +gz Nr *—0
HJIH
- _,_gz)le—_—_O’

TaK KakK H3 .yCJOBMS coxpaHenns wmarepHu (82) caeaver, uro dN, =
=—dN,. Takum ofpasom, Mbl [OJYUYHM- HEOOXOAHMOE YCJauBHe

' ’*) Hltpuxn y nepemeﬂmﬂx ‘T u p, crosue B opuy.ae (76), 3/iect ONYLIEHb!, TAK
KaK Mbl 0GO3HAYWIH TeMOepaTypy M AaBJjeHue pe3depeyapa depe3d T W p COOTBETCTBeH-
Ho. TemmepaTypa W maBJjetiHe o6eHX CHCTeM TakKe NpejanoJaraiorcst pasuemd T u p,
TaK KaK Mbl npeHeGperaeM HeGOJbIIHMH (IYKTyauusMH TeMneparypnl M AasieHHs
B CHCTeMAaXx. - -

+*¥*) D10 OGBACHSETCH pdéeHCTBOM (70), KOTOpOe YTBEPIKIAET, UTO YUCJIO COCTOS- -
Hutl; - AOGTYITHBIX : COCTaBHOH cnc*reme, PaBHO NPOHSBEAEHHIO YHCeA AOCTYNHLIX CO-
CTOSIHN 15 <KaxLoH (asbl. i : - :
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paBHOBecHa JIBYX ¢a3:

J751  PaBHOBECHOTO CYIECTBOBAHMS
a3 HeoOXoANMO, YTOODI

81 =&,

(87)

-

Ecan 310 yci0Bie BHIMOJHCHO, NEPeXol MOJEKYJibl BellleCTBa U3 OJHOH
<asbl B 1pYrylo He MeHseT 3HaueHHs BeJH4YHHBI (86), KOTOpas, TakKHM 00-
pasoM, MMEET 3KCTpeMyM *).

Hcenenyem Tenepb NOHATHE CBOOOAHOH aHepruu (86) GoJiee noapoOHO.
Bcriomunasi, uro cBoGoanas sHeprus g;(7T, p), npuxoaduascs Ha ORHY
MOJIEKYJY B JaHHO# hase i, gBJsleTcs onpeneseHHOH (PyHxuuei, xa-
paKTepHu3yollel CBONCTBA (a3bl NPH JIAHHOH TemnepaType U JaBJeHHH,
MBIl MOXKEM CAeJlaTh CJIeAYIOIHe YTBEePXKIeHHS.

Ecin T u p TakoBw, 4TO g,<g,, TO MHHUMAJbHOE 3HaudeHHe G
8 (86) Oynetr IOCTHrHYTO B TOM cAydyae, ecau Bce N MOJIEKyJ1 BeliiecTsa
nepeliayr 8 ¢aszy /, Tak yro G=Ng,. 310 3HauuT, YTO B COCTOSIHUH
CTaGUIBHOTO PaBHOBECHS MOXKET CylnleCcTBOBAThL TOJABKO (asa [.

Ecan T n p TaKoBpl, 4t0 g,>>g,, TO MHUHHManbHOe 3HaueHue G
cootBercTByer G=Ngs; B COCTOSIHHH CTAaOW/ILHOTO PABHOBECHS MOXKET
HAXOAUTbCH JHIUL a3a 2.

Ecau xe T u p TakoBbl, 4TO gi=g;, TO ycaoBHe (87) BLINOJHEHO
# Jmoboe uucio N, Mosexkya ¢a3nl OyReT HaXoIHTbCAd B pas-
HOBECHH € OCTaBIDMMCS YHCIOM N,=AN — N, MoJjeKyJ Bropoit dassl,
Taxkum o6pa3om, npH uaMeHeHHd N, BesnuHHa 0 OCTAETCS HEM3MEHHOH,

FQOMGTPH‘IECKOQ MEeCTO TOuUeK Ha JdHa-
N

F

rpamme (7', p), I1st KOTOPLIX BHIMOJNHAIET-
2, K

Daa
N

cs1 ycnoBHe (87), HasbBaeTca Kpusod ¢a-
3068020 PABHOBECUSA. B moboit Touke BI1OJbB
5TOMH KpHBOfI BO3MOXKHO DABHOBECHOE
cyllectBoBaHHe obenx (pas. Kpusasa a-
30BOI'0  paBHOBeCusA, BJIOJb KOTOpOfI

Puc. 7.10. Kpusast 3aapHcHMocTH AaB-

JIeHHAl p OT TeMOepatypul I, pasle-

siAwilas 06a1acTh, Fle KaxAasa H3 ABYX

$a3 B OTAeALHOCTH MOMKeT HaXORHThed

B paBHOBeCHH. BAOJbL KPHBO BO3MOXK-

g1=4., pa3buaer mjockocts (7, p) Ha
I nBe 06/acTH: B NepBOH H3 HUX g,;< g,
HO COBMeCTHOe paBHOBeCHOe COoCTOAHHEe
ofenx da3.

B cTaOHAbHOH sBJsEeTCS TONLKO hasa [,
BO BTOpoO#l obJiacTH g,>>g. H 31ech cra-
Gu/bHA JULbL (a3a 2.

KpuByio $a30BOro paBHOBECUSI MOX-
HO BhIpasuTh B pudxbepeHiiua bHO# Gop-

Me. Paccmorpum (puc. 7.10) Hekoropyto
TOYKY @, KOTOpas JIeXKHT Ha KPHBOH (pa30BOrO PaBHOBECHS H COOTBET-
cTBYyeT Temnepatype T H JaBJeHHio p. YchoBus paBHoBecHs (87) osHa-

4aioT, 4TO
&1 (T' P) =g (T' P)- (88)

*) Ycaoaue (87) sapasercs JHIIbL HeOGXOAMMHM YC/I0BHEM CYMIECTBOBAWUS MUHU-
myma., Hayuense ZonoanuTeJbHBIX YCJOBHH, rapaHTHPYIOMHX, 4TO Beanuitia G Hmeer
MHHHMYM, 2 He MaKCHMYM, He [peiCTaB/seT A4 HAC CYUleCTBEHHOIO HHTepeca.
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PaccMOTPHM coCelHION TOUKY O Ha KPHBO, OTBeyaiollylo Temriepa-
Type T-+dT u naBaeHno p--dp. VI3 ycnoBusi pasnosecus (87) caenyer,

w g (T +dT, p+dp) =g, (T +dT, p+dp). (89)
Boiuntas (88) u3 (89), mMbl noayuaem

dg, =dg,. (90)
31eck dg; — H3MeHeHHe MPHXOISIIeACs Ha OJHy MOJeKyJy i-it ¢a3nl

¢BOOOIHOH 3HEPruH NpH H3MEHCHHH TeMIepaTypbl H AaBJeHHs OT 3Ha-
yeHuii (T, p), oTBeyaloUIHX TOYKe @, A0 3Hauenndt (T--dT, p--dp), or-
BeYalwILIHX Touke b.

HMcenonbsys (83), Mbl MOXKeM HaNHCATh CJeLYlOlUlee OnpejeseHHe Be-
JHYHHBI CBOOOJHOH HEPTHH Ha OAHY MOJeKyay i-i ¢asbl:
G; E;—TSi+ oV,

i N,' Ni )

HJIH
gi=¢&—Ts;+ pu,

rie e==E,/N, — cpennss sueprusi, s,=S;,/N; — surponust u v==
=V ,/N, — o6beM, npHXOAsdLUIHeCS HA OAHY Monekyay i-it da3nl. Takum
ofpasoM,

dg;=de;—T ds;—s,dT - p dv; +v, dp.

OCHOBHOE TEePMOJHHAMHUYECKO® COOTHOIUEHHe (34) JaeT HaM BO3MOIK<
HOCTb CBSI3aTh H3MEHEHHE SHTPOINH dS; ¢ KOJIHUECTBOM Tel.1a, NOrJIOLEeH-
Horo (asoit NMpH 3TOM H3MEHEHHH:

T ds;=de, - pdv,,
H Mbl HalijJleM, IOJCTABJ/ISI 3TO BhIPAXKEHHE B IpelbUlyllee PABEHCTBO:
dg;=—s;dT +-v; dp. 91)
IlpuMeHUB 3TOT pe3yJbTaT K Kaxkaoil ¢ase, Mbl nofyuaeM
~—8,dT" +v,dp =—s,dT +v,dp,
(8,—5,) dT = (v,—v,) dp,

a4

dp As

T~ (92)
rae As=s, — s, U Av=v, — v,.

Coornoutenne (92) nasbiBaercs ypasueruem Kaaysuyca — Kaaned-
pora. PaccMOTpHM HEKOTOPYIO TOUKY ‘Ha KPHBOF (pa30BOr0 paBHOBECHS.
Itofi TOYKe COOTBETCTBYET TemnepaTypa T M jJaBaenue p. Y paBHeHHe
(92) cBsi3bIBaeT HAKJIOH KPHBOH B 3TOH TOUKe ¢ H3MeHeHHeM AS sHTponuu
u Av o6vema (Ha OZHY MOJIEKYJYy), NPOHCXOAAIMUX NpPH U3MeHenuu ¢a-

30BOTO paBHOBecHs BOJH3HM JaHHBIX 3HaueHu#t 7 u p. 3amerum, uTO
eC/AH Mbl -AMeerT Je/0 He C OXHOR MOJeKy/aoil, a ¢ MPOH3BO/IbHLIM
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KOJIMYECTBOM BeLIeCTBa, COCTOSILMM H3 N MoJeKkyJ/l, TO COOTBETCTBY-
IOLLHe M3MEHEHHs! SHTPONHH H obbeMa paBHbl AS=N As uAV=N Av,
[lostomy (92) MoKHO 3anucath B BHAE

dp AS
ar T Av - | (93)

Tak kak npu $asoBoM mepexofie H3MEHSETC SHTPONHUS, TO AOAKHO
NPOHCXCIUTL M TOIJIOUleHHe Tenya. Cxpaimoii menaomoidl nepexooa Ly,
Ha3LIBA€TCAd KOJIMHECTBO TeIJ1a, NMOIVIOLIEHHOrO AaHHLIM KOJTHYECTBOM Be-
mecTBa $asul /| npu ero nepexose B ¢pasy 2, xoraa obe ¢aant cocyiect-
BYIOT B PAaBHOBCCHOM COCTOSSHHH. Tak Kak nepexol NPOUCXOAUT NpHU
NOCTOAHHOA Temneparype 7T, COOTBETCTBYIOiiee H3MEHEHHE 3SHTPOIUH
CBSI3AHO C BeAMYMHOH L,, Bripaxenvem (32), # Mbl nojgydaeM

AS=S,—8, =Lz (94)
T
rie Ly, — 3HadyeHHe CKpPLITOH TENJOTH MpH JAaHHO{ Temneparype. Mul
NPUXOAUM, TAKHM 06pasoM, K ApyroH ¢opme ypaBReHHs Kaaysuyca —
Kaarneiipoua:
dP le (95)
alT ~ TAV®

Ecan V oznavaer o6bem onnoro modst, 10 L., PaBHO CKpBITOil TenJjore
I8 ONHOTO MoJsd, ecad V — obbem OILHOI‘O rpaMma, T0 L, — CKphiTas

1€040Ta  JJisT OJHOrO TIpaMma.
Paccmorpum HekoTopble Ba)<KHBIE MPHUMEHeHHsT 3THX pPe3yJbTaToB.
Dasoevie nepexodel 0as npocmolx eeujecms, Mbl yRe YIIOMHHA/IM, YTO
NPOCThbIE BelllecTBa MOI'YT CYULeCTBOBATb B BHAE Tpex (pa3: TBepAoH, Kul1-
Kofl H rasooBpasnoii. (TBepapix $az mo-
HKeT OblThb HeCKOJbKO, COOTBETCTBEHHO
pa3JiMyHON CTPYKTYpe Kpucraina.) Kpu-
Mudocms Bhle (Pa30BOT0 PaBHOBECHSI MEXKIY BeeMmi
Tpems dasamMu Ha [JOCKOCTH ‘(TeMmepa-
Typa — JdBJeHHe) UMEIOT XxapakTep, No-
kasaHHpIl Ha puc, 7.11, u pensar nua-
rpaMMy Ha TpW CMeXHble 06JacTH: 06-
lag JI&CTb TBEPAOTO, JKHIKOTO H rascobpas-
HOTO CcotTOfnHS, nepecexkasch B oOLlen
TOUKe, Ha3nBaeMOW MPodHoll moukol,
7 llpousBoabHble KoAHUECTBA BCeX Tpex
Piic. 7. 11. ®asosas anarpamma seme- (P43 MOFYT COCYIIECTBOBAThb,  HAXOAfACH
s Aot gese, Jefe Lofosta B DABHOBECHH ADYT C APYTOM, Milib Nph
TouKa. €AHHCTBEHHbIX 3HAYeHHSIX TEeMIepaTyphbl
W JlaBJIeHH S TPOITHON TOUKH. (DTO CBOACT-
BO TPOWHOMN TOUKH e)aeT TPOHHYIO TOUKY BOAB YROOHBIM H JIETKO BOCTIPO-
M3BOAMMBIM 3TAJJOHOM TeMmiepaTypel.) KpHBas paBHOBeCH: KHAKOCTE —
ra3 OKaHYMBACTCA B TOUKE ¢, HA3LIBAEMOH Kpumuueckoil- moukoi. B 310

Thepive
IIEND
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TO4YKEe pasHocTh 00beMoB AV MQHHOTO KO/IMYECTBA MKHIAKOCTH U rasa
CTaHOBHTCS PaBHOM HyJ0. 3a TOYKOH ¢ HeT (pa3oBbIX MepeXoloB, 31eCh
CYIIECTBYET JIULIb OfiHa «KHAKas» asa (laB/JeHHe 37€Ch CTONbL BEHKO,
4TO IJIOTHBIH T'a3 U KHAKOCTb HEPas3/IHYHMBbI).

[lepexon BeltectBa H3 TBEPJOro COCTOSIHHS (S) B kuzakoe (/) mouTH
BCErja COHPOBOKAAETCS YBeJHYEHHEeM ero SHTPONHH *) (WM CTerenH
Gecniopanka). [lostomy ckpbitas tensora L., MOJI0XKHTEIbHA H NepeXoll
NPOHCXOAWT € IMOTJIOlleHHeM TemaoThl. Bo MHOTHX ciayuyasx mocse
nnasJeHuss o0beM BellecTBa yBeawudBaercd, Tak 4ro AV>0. B stom
ciavdae M3 ypaBeenns Kiaysuyca — Kaanefipona (93) caenyer, urto
HAK/JIO0H KPHBOH DaBHOBECHS! TBEPAOE TesO0 — XKHAKOCTh NOAQKHTE/IEH.
Hpvrue Bewecrsa, nofobHO BOjAe, MNOC/e ILIABJEHHSA CXKHMAIOTCH, H
AV<C0. Y TakuX BelllecTB HAKJIOH KPHUBOH OTpHUATENEH (NOAOOHBIA Ciy-
yall nckasad Ha pHc. 7.11).

I pubauscenroe sotiucaerue 0agrerus napa. Y papuenuen Knaysnyca—
Kaanefipona MOXKHO BOCHOJL30BaThCsi AJs BLIBOAA NPUOIU3HTECABHOTO
BbIDAXKEHMSI, JAIOEro JaBJeHHe [1apd, HaXOASErocss B paBHOBeCHH
€ KHJIKOCTBIO (MJI TBEPALIM TeJoM) NPH TeMmepatype T. D10 JaBJjeHue
Ha3BIBAeTCH OasAeHIUeM Napa HAJ XKUAKOCTBIO (MJIHM TBEPJBIM TEI0M) NPH
JAaHHO¥M TeMmepaType. ¥ paBHeHHe (9D0), HamHcaHHOE Aas1 OJHOTO MOJis
BelllecTBA, HMeeT BHJ

dp L ’ (95)
dT  TAY

roe L==1,, — cKkpulTas TeNJora HclapeRHsi ogHoro Mmo.as, a V — wmo-
Jsipuwiil o6vem. IlycTs ungexc 1 OTHOCHUTCSI K JKUJAKOCTH, HHAEKC 2-—

¥ napy. Torna
: N/’:Vz——l/1 ~V,,

TaK KakK IJIOTHOCTb Mapa ropas3jo MeHbllle NJOTHOCTH MKHAKOCTH (MU
TBepAoro BeulectBa), H V,>>V,. JlomycTuM Takxe, YTO [1ap MOKHO
CYHTATb WJeasbHbIM T'a30M, TaK 4TO YPABHEHHE COCTOSHHS OFHOTO MO.isf
napa uMmeer BUA . - |

_ pV,=RT.
Torna
AV Vv, =R
\ o
B stux npudamxkenusx (96) npuHHMaeT BHI
; 1 d l
p d;)" RT?" (97

OG6LIYHO MOXKHO MPUBIHAKEHHO C‘{HTaTb, uro [ He 3aBHCHT OT TeMmnepa-
Typbl. Toraa (97) Jierko npounTerpupoBaTb. Mbl nosydaem

Inp z——li-—”l—const ,

*) I/chmoqeﬂnem saBaserca TBepaAuii He3 npu OueHb HH3KOil TemmepaType. Kpan-
TOBOMexaHHUeCKHe 3((eKTHl B 3TOM C/ydae NPHBOAAT K TOMY, 4TO fAjeDHbIE CIHMHLI
8 JKUJKOCTH opneﬁ'mpym‘car amunapannenbno,frorna KaK -B TBEPIOM Telle MX OpHeH-
TalHs - C1Yy4akiHa, S N "
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HJIHA

DA pﬂe*L/RT,JI (98)

TZie po — HEKOTOpAasl NOCTOsTHHAsI. MBIl BHAHM, TAKHM O0OpPa30M, YTO TeM-
neparypHass 3aBHCHMOCTbL JaBJIEHHsI Hapa onpelensercs BeJHUHHOH
CKPBITOH TEIJIOTbl. JTa CKPLITAasi TEIIOTa NpUOJH3UTE/NbHO paBHa >Hep-
THU, HEOOXOIHMOH IJ151 pa3fie/leHHsT MOJIsl XKHAKOCTH (HJIH TBEpPAOIo Te1a)
Ha OT/JEJbHBIE MOJEKYJB!, yAaJeHHble Apyr or Apyra. [lostomy Beau-
yuHa L 1oaxkHa ObiTh 3HAYHTEABHO GOJIbIle TENJOBOM SHEPTHH KAAKO-
CTH (MM TBepaoro Tesa), umeoulet nopsiok RT Ha Moab. Tak kax
L>RT, ro paBaenne mnapa, omnpenensiemoe ¢opmysoir (98), sBafercs
odeHb ObICTPO pacryuiefi ¢yHKIUeHd Temnepartypsl T.

3ameTHM, YTO JaB/JeHHEe Napa MOXKHO GbLIO Obl BHIUMCAMTb, HCXOIS
H3 HalIHX OCHOBHLIX YCJOBHM paBHoBecHs. JlefdicTBUTENIbHO, 3HASI MUKPO-
CKOIIHYeCKOe YCTPOHCTBO KaXKAOH ¢a3zbl, Mbl MOKEM BBIUHCAWTL AJ9 Hee
YHCJAO JOCTYIHLIX COCTOSIHUE, YTO NaeT BO3MOXHOCTD OINpefe/iTh
SHTPOITHIO H CPeJHIOI0 3HEPTHIO0, a CJeJ0BATeJNbHO, BHYHCAHTL CBOGO/-
HYIO 3HepTHIO, NPUXOAAILYIOCS HA OAHY MOJIEKYJy, B 3aBHCHMOCTH OT
TeMnepatypsl H JaBjeHusi. HammcaB OCHOBHOe YcCJOBHE DaBHOBECHS

g (T, p)=g,(T, p),

Mbl TIOJYUHM YypaBHeHHE, KOTOpPOe MOXKHO pelHTb OTHOCHTEeJbHO 7.
Takum 00pa3oM, MOKHO HaHTH BblpaxKeHHe, CBSI3bIBAlOlIee AaBJjeHHe
mapa ¢ TeMmneparypofi, Kotopoe He OyAeT COlep:Karb HEH3BECTHBIX I10-
CTOSIHHBIX (TaKHX, KakK py). MHUKpOcKoNHYecKHe BblYHCJAEeHHs TaKOro
THIIAa MOFYT ObITh CledaHbl B NPOCTHIX CJaydYasx.

7.7. llepexoa Gecnopsiika B NOPANOK

Jl1o6ag H30/MpOBaHHAs CHCTEMA CTPEMHTCH AOCTHYDL CHTyaluy,
oTBeyaloilell HanGoJblleMy OecnopsjiKy, T. €. CUTYaliM¥ ¢ MaKCHMaJb-
HbM 3HayeHHeM SHTPONHH. DTOT KJ/OYeBOH NMPHHUHMN BKJIOYEH B HallH
OCHOBHbI€ CTAaTUCTHYECKHe MOCTYJ/aThl H NPOXOIHT Yepe3 BCe paccyikie-
HUSl B 3TOH KHHre. MOXHO npuBecTH OOJbLLIOE YHCJAO HJLIIOCTPHPYIO-
X ero npHMepoB. Mbl OrpaHHYHMCS HABYMS.

1. PaccmorpuM cHCTeMy, COCTOAIIIYI0 M3 HAamoJHEHHOTo BOAOH co-
cyna, Kosjieca C JIONacTsIMH W TPy3a, COEAWHEHHOro ¢ OCbi0 KoJeca
BepeBKOH (cM. puc. 5.6). Jonycrum, 4To 3T2 HM30AMpPOBaHHAs cHCTEMa
npenocTaBaeHd camoii cebe. I'py3 MoXKeT nepemeinaTbesi BBEpX WJ/H BHH3,
Bpailaf koseco H oOMeHHBasicb sHeprueidl ¢ pojpoii. Ecam rpys omy-
CKaercsl, TO NMOTeHUHaJbHAas 3HEPTHS IPy3a B IpaBUTAUHOHHOM IoJe,
CBSI3aHHAsl C €ro eNHHCTBEHHOH CTeleHblo CBOGOAB! (T. €. C BBICOTOM
rpy3a Haj [0J0M), IEPEXOAMT B S3KBHBAJIEHTHOE KO/IHYECTBO BHYTpPEHHEI
SHEPTHH, KOTOpad OKa3blBaeTcsi paclpefefieHBOfl MexJy OrpoMHbIM
uncaoM MoJekysa Boabl. Ecau rpy3 6yjer cam no cefe NoABHMATLCH, TO
SHEeprug, CAyvyafiHO pacipene/leHHass MeXAy Mo/exyJamu BoAw, Oyzer
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flepeXoUTh B MOTEHIHAJbHYIO SHEPTHIO, CBSI3AHHYIO C yIIOPALOYEHIhIM
NoAbeMOM Tpysa. Tak KaK 3HTPONHA CTPEMHTCH BO3DacTH, peaJibHbIM
npoueccoM, KOTOpPBI NPOHCXOAMT € TNOJABJ/SIIOWIECH BEPOATHOCTDIO,
Oyzer onmyckaHue rpysa. Taxkum 06pa3oM, CHCTeMa NlePeXOAHT B MeHee
ynopsiioueHHoe, uJaIu Oonee cJAy4aliHOE, COCTOSIHHE,

2. PaccmorpHM KHMBO€E CYLIECTBO HJIH JIHOOOH APYroll GHONOTHYECK Ui
opranuaM. OH Tak»Ke COCTOHT M3 NPOCTBIX ATOMOB (Hampumep, U3 aTo-
MOB yIJIepofa, BOAOpPOJa, KHCJAOpOJa, a30Tra), HO TH aToMbl He obpa-
3yloT caydafiHon cmecH. OnH coOpaHbl B CHCTEMbl € HCKJ/IIOUYHTENBHO
BLICOKOH CTeneHblo opranusanui. JIeRcTBUTEbHO, NPEXKIE BCErO aToMbl
00belHeHbl B CliellHa/blble OpraHu4ecKne MoJeKyJ bl (Mbl 3HaeM, Ha-
npiMep, okoso 20 pa3auYHBIX THIIOB AMHHOKHCJOT). 3ateM 3TH Opra-
HUYeCKHEe MOJIeKYJbl HCMOJAB3YIOTCSI B KayecrBe CTPOHTeIbHBIX OJI0KOB,
COEJHESIEMbIX B CTPOroH INOCJ€I0BATEIbHOCTH 151 o0pasoBaHusi pas-
JHYHBIX THHOB GOJBIIHX MOJEKYJ, HasbiBaeMbIX MAKPOMOLEKyAaMU H
obafalouuX BechbMa creluaabBbIMU cBoiictBaMu. (Hanpumep, amuuo-
KHMCJOTH! SIBJSIIOTCSE CTPOMTENbHBIMH OJIOKAMH 1JIs o6pa3oBaHHusl pas-
auyHbX OenkoB.) [lpennonoxum Tenepb, YTO Hallle CYIIECTBO IIOMe-
LieHO B SIIUK H MOJHOCTBIO H30JupoBaHO. B 3ToM caywae BuiCOKast
CTelleHb OPTaHH3allMi He CMOXKET COXpaHNThbcsd. B cooTBETCTBHH ¢ MpUH-
{IUIIOM BO3PACTAHHsI IHTPONHH HALE CYIIECTBO He BLIXKHBET H €ro yIno-
psOYeHHAR OPraHM3aildsl CJ0XKHBIX MAaKpOMOJEKYJ B KOHIE KOHIOB
pacnajaeTcsi Ha HeyNOpsIIOYEHHYIO CMECh NPOCTHIX OPraHHYECKHX MO-
JeKyJI.

IIpuHnun BO3pacTaHyusl SHTPOMMH CO3/laeT BIEYaT/JeHue, Y10 MHP
npubaukKaercs K CUTyallld, XapakTepu3ywlluelics Bce BO3paCTaOIIHM
OecriopsinkoM. He penasi nukakax yrBep:kAeHH# OTHOcuTesbHO Bcee-
JIEHHOH (KOTOPYIO, MOXKeT ObiTh, HE3aKOHHO CYHTATH H30/JIHPOBAHHOH
CHCTEMOTi), Mbl MOXKeM € YBEPEHHOCTBIO CUHTATb, UTO AJS KaKA0ro CHOH-
TaHHO BO3HHUKAIOILEro B H3QJUDOBAHHON cuCTeMe Ilpoiecca IpeHMylie-
CTBEHHbIM HallpaBJeHHeM Oyler nepexol ot OoJiee ynopsgoueHHOH K
MeHEee YNOpsiloUeHHOH cHTyainuH. Mbl MOXKeM [103TOMY MOCTaBHTh CJe-
AVIOIHH BOIPOC, NPEACTaBJASIOUWIHE OOJBIIOR HHTEpec: 8 Kaxoi mepe
BO3MONCHO 0Dpamume HANpagAcHue maxKux npoueccos, 4mobst nepesecmiu
cucmemy u3 boaee cayuauinoll 6 metee cayualinygo cumyayuo? HTobbl
10Ka3aTb, HACKOJIbKO Be/IMKO 3HAYCHHe 3TOil 11pO6JIEMb], Mbl BEIPA3UM ee
B 00/1e¢ KOHKpeTHOH (opme, OTBeualollefl IBYM PACCMOTPeHHbIM Bhbillie
npuMepam.

I. B Kakoli Mepe BO3MOXHO IpeBpallieHHe BHYTpPeHHell 3SHepriH,
CcayvYaiHeIM 00pa3oM pacnpelejeHHOH CpeJH OTrPOMHOTO KOJWYECTBA
MOJIEKYJ1 BemiecTBa (Halpumep, BoAbl, 6¢H3HHA, YIS}, B SHEPTHIO, CBl-
3aHHYIO ¢ CHCTEMATHYECKUM H3MeHEHHeM BHeEIHHX [1apaMeTpoB (mpyMe-
POM TaKUX H3MeHEHHH #BJsieTcsl ABHXKEHHe NOpIIHsS WJIH BpalleHue
ocH), T. €. B paboTy NOAHATHS TsHKecTed UJIH JBUKeHHs FPY30B? MHbIMH
CJI0BaMH, K4KOBa Mepa 3(xpekTHBHOH paloThl pas3/H4YHLIX ABUraTesell
MAllHH, CO3JdHHE KOTOPHIX O3HAYAJIO IPOMBIIVICHHYIO PEBOIONMIO?

2. B Kakoit mMepe BO3MOXXHO MIpeBpallleHMe cJydailHOH CMecH Hpo-
CThIX MOJIEKYJ! B CJOXHBIE H BBICOKOOPTAHH30BAHHLIE MAKPOMOJIEKYJIH,
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M3 KOTODBIX COCTOMT »KHMBOTHOE HJIH pacreHHe? MHbiMH cloBamu, B Ka-
KOH Mepe BO3MOXKHO CYIIeCTBOBAHHE JXUBBHIX OPraHH3MOB?

Ilocrasaennrie BOMPOCH! faJe€KO He MPOCTHI; MB BHAHUM, YTO OHH He-
NOCPEACTBEHHO CBsI3aHbI CO CTOJb IPAHAHO3HBIMU NpofJeMaMH, KaK BO3-
MO2KHOCTb KH3HH HJH BO3MOXKHOCTb IPOMBILIEHHOR PEBOJIIOLMH.

Copmynupyem Haium Bonpochl B Gosee obmeil dopme. B Kakofi
Mepe BO3MOXKeH liepeBof cucTemnl A u3 Gosee caydaiiHoh B MeHee cay-
YaHHYIO CHTYaUHI0? DTOMY BONPOCY MOXKHO TPHAATb KOJUYECTBEHHBDIIT
CMBICJI, NOCTABHR €T0 CJAeAYIOWHM 00PAa30M: B KaKOH Mepe BO3MOXKEH
nepexo cuctembl A M3 MakpococTosiHAsl @ ¢ sHTponuel S, B Makpococ-
TosiuMe b ¢ surponneit Sy, ecan AS=S, — §,<<0?

Mbi He cmOXKeM OTBETHTH Ha 3TOT BONPOC ¢ TAKOH K€ OOLIHOCTBHIO.
Ecau cucrema A HsonupoBana, TO €€ SHTPONHUS ¢ HOAABJSIOULEN BEPOSIT-
HOCTBIO OyleT BO3pacTarh (MM, B KpaifHeM ciay4dae, OCTaRaTbCA MO-
crosnHoi), Tak uto ASZ>0. B 3100 catyyae oTBeT Ha Hall BONPOC 3GK.IH0-
HAETCA B TOM, YTO JKE/J4€MOe YMEHbHICHHe GeclopsiiOuHOCTH HE MOKEeT
ObiTh OcyIecTBaeHo. JIomycTHm, OAHAKO, 4TO cucreMa A e H30/HPO-
BaHa, HO MOXET B3auUMO/JEHCTBOBATL ¢ HEKOTOPOH Apyroil cucremofl A,
Torpa, ananornuno, sHTponHs S* H30JHPOBAHHON COCTABHOM CHCTEMSL
A*, cocrosiwest u3 cucrem A u A’, Gyner Bospacrath 1 AS*>=0. Ho

§* =8} 8§,
rae S* o6o3Hauaet 3HTPONHIO cHcTeMbl A’. YTBepxaeHHe O BO3pACTAHHI

SHTPONHUH, NpHUMEHEHHOE K H30JHPOBaHHOH cHcTeMe A*, mosso.sier
HallHCaTh:

AS* = AS L AS' =0, (99)

U3 sToro ycsnoBusi coBceM He caedyem ¢ HeoGXOIUMOCTbIO, yto AS>=0.
JleficTBHTE/IbHO, BIOJIHE BO3MOXHO, 4TO 3HTponus S cucteMbl 4 Ovier
YMeHbLIATbCs, TOT/la KAaK HTPONHs cHCTeMbl A’ Bo3pacTaer HacTo./1bKo,
utoObl 110 MEHbUICH MEPe CKOMIIEHCHPOBAaTh 3TO yMeHbIIE€HHe N ofecre-
YUTH BBINOMHEHHE Yea0BUs (99) pasa noaxod cneremsl. Tlpu sTOM cTenenb
Gecriopsaka B uHTepecywolmed Hac cucreMe A yMeHbWHTCS 3a cuer
Apyroi cuctemn A’, ¢ Koropoi cuctema A s3aumozaeicTByer. Mut npu-
XOZHM, TakHM o0pa3oM, K ciejyiolieMy BLIBOLy, KOTOPBIl MOXKHO Ha-
3B4aThb «NPUHIMIOM KOMIIEHCAIIHH SHTPOIIHHY.

DHTPONHA CHUCTEMBI MOXKET OBITb YMEHBbIIEHAa TOJbKO
B TOM CJyyae, eC/IH CHCTeMa B3aHMOJEHCTBYeT C ApY- (100)
TOH WJIH C JPYTHMH CHCTEMaMH TakHM o0pas3oM, dTO
B Tniporecce B3aHMOACHCTBHA NPOHCXOANT KOMIEHCH-
pyloilee YyBeJHUYCHHE SHTPOIMHH.

YrBepxaenne (100), BocriponsBoasilee B CIOBeCHOIH QOpMe colepKa-
Hue HepaBeHcTBa (99), siBssercs obuHiHM OTBETOM Ha Hailu Bompoc. [lo-
NYCTHM, YTO HaM HY2KHO BBIICHHUTb, KAK MOYKHO YMEHBIUIHTH SHTPOMHIO
HEKOTOpPOH CHCTEMBI Ha ONpelie/ieHHYIO BeJHYHHY. DTa Lenb MOXeT Obllb
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JAOCTUTHYTa Pa3JHYHbIMH CIIOCOBGAMH C NOMOLIBLIO PA3JHYHLIX HOMOJHH-
TeJbHBIX CcHCTeM u npoueccoB. [Ipu atom yteepaknenue (100) moxer
OKa3aTb HAM CYIISCTBEHHYK) IIOMOlUIb.

1. OHO mo3BOJseT HeMe[JIeHHO OTBEPrHYTb HEKOTophle cnocolbbl Ha
TOM OCHOBaHHM, YTO OHM He OCYUIECTBHMHI (€c/Id OHH TaKOBHl, HYTO
AS*<0).

2. OHO faeT BO3MOXHOCTb BbIGpATb U3 MHOIHX aJbTePHATUBHBIX
npotleccoB nporecc Haubosnee >PPeKTHBHBIA.

Y1Bepxaenue (100) ne conepxur, oAHako, HHdoOpMauun O mpouec-
CaxX W MeTofdx, C NOMOIIbI0 KOTOPBIX MOXKHO AOCTHYb YMEHBIICHUS JHT-
POTIMH CHCTEMBI. DTO 1eJ0 TaJaHTOB, KOTOPble BpeMsl OT BpeMeHH H3obpe-
TAIOT NapoBble MallWHbi, GeH3HHOBbIe ABMTraTesu, AHrartenan Jusens u
ApYyTHe CcHCTeMbl, Ipeo0pasyollie BHYTPEHHIOIO 3HEPrHi0 B pabory.
Ananoruuno, OuoOJOTHYECKAsl 3BOJIONMS, NASILIASICS MHJIJAHOHHI JIeT,
NPUBOAUT K OTOOPY TAKHX OHOXHMHUYCCKUX PeaKiHH, KOTOphle NMpUBOAAT
K CHHTE3y MAaKpPOMOJEKYJ, ACNAIOUIMX KH3Hb BO3MOXKHOM.

PacemorpuM  mpuMeps!  Henosnb3oBaHus oomero npuHuuna (100)
JIIA HECKOJbKHX KOHKPCTHBIX CUTYAilHi.

Heueameau. JiBuraresieM HasblBaercst yCTPOHCTBO A5l BPeBpalleBHs
HEKOTOpOH YacTd BHYTpPEHHEH 3Hepruu cucreMnl B padory. B npouecce
npeppamenus (puc. 7.12) cam mexannsm M apurarenss (OH COCTOMT
U3 psija NOpLIHEH, HHAUHADPOB H T. [.) AOJH(EH OCTaBaTbCS HEH3MEHHBIM.
ITostoMy MexaHH3M paboTaeT CACAYIOLUMH OAMH 3a JAPYTHM UHKJAMH,
TAK 4TO K KOHIY KaXJA0TO HHUKJa MeXaHH3M MPUBOIHUTCS B TO Xe MaKpo-
COCTOSIHHE, B KOTOPOM OH npe0blBaid B KOHIE NPeABIAYINEro HHKJA.
HBurarejqp MoxkeT TaKUM o6pa3oM paborath HENpepLIBHO, INPOXOAsS HO-
C/1e0BaTeNbHOCTb MOBTOPSIOIINXCS IHKJ/OB. IJHTPONHUS CAMOIO Mexa-
HH3Ma 33 NUKJ He M3MeHsieTcs, Tak KaK OH BO3Bpalllaercss B CBOe Ha-
yaJibHOe MakpococrosinHe. CoBepluaemast AurateneM padora w uaine
BCETO HJET Ha H3MEHEeHHe BHEIIHEero IllapaMmeTpa KakoH-au6o CHCTe-
Mbl B (Hanpumep, HOAHATHE rpysa HAM cMelleHHe nopuns). Exun-
CTBeHHbIM H3MEHEHHEM SHTPONHMH, BO3HUKIUEM TOC/AE 3aBepIueHH:]
uKK/aa paborpl ABurartessi, SBJAACTCSI U3MEHCHHE 3HTPONHHU CHCTeMBl A,

4bf BHYTPEHHss 3JHEPrudsi £ 4acTHYHO mpeBparujacb B MaKpPOCKONMU-
yeckvio pabory.

[Tpocreitmum cayuaem Obk1 661 TakoH, Korjma cucrema A siBasgercs
©/IMHCTBEHHLIM TEIVIOBbIM pe3epByapoM c¢ Temlteparypoit T. MneansHoi
Obisia Opl MalIMBa, 3abuparouasl B TedeHue LHKAA U3 TEeIJ0BOro pesep-
Byapa A HEKOTOPOe KOJIHYeCTBO Temia g (IPH 5TOM BHYTPEHHSS! SHEPrHsl
pe3epByapa YMEHbIIAETCH Ha ¢) M HCIIOAb3YIOWIasl 3TO TEIJIO ¢ AJ51 coBep-
HIEHHS Hall cucremMod B nHexkoropolt pabothl w *). YUrtobbl BoilOIHAICS
3aKOH COXPaHEHHS 3IHepPruH, HeoOXOAMMO, 4ToGH w=¢g. Mbl UMeJTH Obl
«COBEPLICHHYIO MALLIMHYY, CXeMa KOTopoi IokaszaHa Ha puc. 7.12. Jlerko
BHETh, YTO, HECMOTPS Ha BCIO €e NPUBJCKATENbHOCTh, OCYIIECTBHTh TA-
KYI0 MAIllMHY HeBO3MOxHO. [leficTBUTE/BHO, pe3epByap A norJomaer

*) Mbl ncnonb3yem Majble OYKBH § B @ 1S OGO3HAYCHUS NIOJIOXKHUTEIbHBIX 3Ha=
YyeHHH Ternia H paGoThl, . :
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3a LMK KOJHYECTBO Temna (—¢), YTO COOTBETCTBYET YMEHbIUEHHIO
SHTDONHH pe3epByapa Ha BeAHUHHY

AS=—-L. (101)

3T0 €MHCTBEHHOE NTPORCIIe/iee 38 IIUKA H3MEHEHHe SHTPOITUH B COCTaB-

HOW W3oJiMpoBaHHOM cucteme A,, nokasaHHo# Ha puc. 7.12. M3 namux

OOUIMX pacCyKNeHHH CJ/ellyeT, YTO TaKYI0 COBEpPUICHHYIO MAIIHHY He-

BO3MOXKHO MOCTPOHTb. JIeHCTBUTEJBLHO,

Ay ¢IHHCTBEHHDBIM HTOTOM €€ JelCTBHS OblIo

e T T 1 O yMeHbiueHHe creneHH GecnopsiKa

TEIJIOBOTO pe3epByapa 3a CUeT OTHATHA
Yy Hero 3Heprui.

Ecnu mer xornm pobuthesi ycmexa B
npeBpalleHHH HEKOTOPOI YaCTH BHYTPEH-
Hefl snepruu pesepsyapa A B pabory,
Mbl JIOJIZKHBl B COOTBETCTBHH C IPHHIH-
noM (100) npownsBectH KOMIEHCAIHIO
ymenbienus sgrponud (101). JLas storo
ClelyeT BBeCTH JONOJHHTEJAbHYIO CICTe-
_______________ my A’, ¢ Koropoii cucrema A, puc. 7.12

w=g MorJia Obl B3auMonelcTBOBaTh. Bo3baent
B KaudecTB¢ A’ HeKOTOpBIit TeII0BOH pe-
Puc, 7.12. Uneanvnan mamnna A,, co-

e e e ovor poteppyapa ¢ o
N nctenst B, nall KoTopoll MPOUSEC- B3AMMOJIEHCTBHE 5TOrO pesepByapa ¢ Cif-
JoBoro peldepsyapa A, or kKotoporo  CTEMOH Ao 3aKJ/odaercsa B TOM, UTO pe-

oTGupaeTCs Terno. 3epByap noIviomiaeT B Te4eHHE [HKJa
HeKOTOpoe KoJaHuecTBO Tenaa ¢ . Ilpu atoM sHTponmusi cucteMut S” Bos-

pacraer Ha BeJHUHHY

r—-——“-—-—d.—:——-—-”-——
e e e et e e e e e e e e e

al
T

AS’ = (102)

JIas locTHKeHnA keaeMOM KOMIeHCAH SHTPOHHH HeOOXOIHMO, YTOOLI
M3MeHEeHNE SHTPONHMH C0KHON H30JHPOBAHHON cHereMbl S*, cocrosiiueit
H3 cucreM A, u A’, YIOBJAETBOPSIIO YCJIOBHIO

AS* = AS-+AS' > 0. (103)

UTo6b! BHIOAHHTD 3TO YCJAOBHE HaHOOJ1ee JerkKiM CocoBoM, Mbl AO/IXKHEL
yMEHbUIHTh SHTPOHHIO cHCTeMbl A HAa BO3MOXKHO MEeHbUIYIO BE/JIHUHHY,
a UTPONHIO cHcTeMbl A’ yBesnHuHTbh BO3MOXKHO Gosbwe. Ilph 3ananHom
KOJNYecTBE TeIia ¢ yMeHblleHue 3HTPonHH S cucrembl A Gyjer Tem
MeHbIlIe, 4eM Bhitie Temnepatypa T. Takum obpasom, Temueparypa A
JOJIKHA ObiTh BO3MOXKHO 60/ee BbicOkoH. Touno Tak ke, 4TOOLI Npu
34/laHHOM KOJIHYeCcTBe Tensa ¢’ JOCTHYL BO3MOXKHO GOJIBILErO yBeJHue-
HHA SHTpoNuH S’, MH JOJXHH Temnepatypy T’ pesepByapa A’ caenarts
BO3MOXHO GoJiee HHU3KOH.
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Mbl IpHILIHA, TAKHM 06pPasoM, K BO3MOMKHOMY OOLIEMY YCTPOHCTBY
IBUrartenis, MoKasaHHOMY Ha puc. 7.13. Ilpexne yeM H3y4HTh €0 CBOH-
cTBa, 3ameTuM, yTo ycaoBue (103), eciu npuHsth Bo BHumaHue (101) B

(102), npuobpetaer BHI 1
' 2
AS* = — >0, (104) F————m e 1
Jlajsiee, U3 3aKoHa COXpaHeHHSl SHEPTHH ; A E
caenyet, uto paboTta, MpOU3BOAHMAsT ABH- ! T |
raTejem 3a IHUKJ, paBHa l ;
w=q—¢q'. (105) { gl {
Uto6bl noAyYdTb OT [BHratelss Makcu- 1 [
MaJIbHOE KOJIHYeCTBO paboTbl, HaM CJje- g },
AyeT mepefath NONOJHHTENLHOMY pesep- | -1 8 1
Byapy A’ BO3MOXHO MeHbLIEe KoJHye- {_ _;

CTBO TefqJja q’, corJacyroHieecs  Clle,

0JHAKO, H C HallleHi 1eabi0 KOMIeHCallH 7
Bospacrauus sarTponuu AS’. [loacrasasis
(105) B (104), naxonum A
— r
__;{' —‘_ Q‘F& s\; 0: T
HJIH w=g-g"

w 1 1

= g (‘"“'T: —"F')’
T i Pue. 7.13. Peaabnas mauiina coOCTOHT
H3 cHcTeMbl A,y (CM. pue. 7.12), coelu-

HeHHOoIl € AONOJHHTENABHBIM TelJOBbLIM

w T/ T—T' peseppyapoM A’, abconioTaasi TeMnepa-
— < ] ——= . (106) Typa KOTOpOTO MeHBlle TeMIlepaTypbh
q T T TeIlJIOBOFO peaepByapa

B nepeaspHOM cilyuae COBepLUEHHOTO ABHraresst Bce TeIJ0, B3ATOE
u3 peseppyapa A, RoMKHO Gbio 6Bl MpeBpaTHThCS B paboTy, Tak 4To
w=¢qg. B peanpHOM JBUratese, KOTOPhIH Mbl cefiyac obcyxaaem, w<lq,
TaK KaK HEeKOTOpOe TeIlIo ¢’ JOMKHO OBITH HepelaHo AOMOJHHTEIbHOMY
pesepsyapy A’. OrHouenue

_ 9=
n=- p (107)

HA3BIBAGTCS KOIPuytennom nose3noeo Oetfcmeus (K. M. X.) ABUTaTe/s.
151 coBeplieHHoro JAsurartes K. m. KA. Obl1 Obl paBeH eJuHUIlE, a LIs
peaJibHBIX ABHUraTe/ell OH MeHbile eguHuibl. Popmyaa (106) aaer 3pa-
YyeHHe MAKCHMAJIBHO BO3MOKHOIO K. M. J. TEMNJAOBOH MAalllMHLI, paboTaro-
el MexxAY ABYMsl TEIVIOBHIMH pe3epByapaMu C 3ajaHHbiMH abcoJior-
HLIMH TeMIIepaTypaMu:
r

n< Lf_'f_ ] (108)
Kak H cienyer 03KHAATh IIPU yyeTe CAe/JaHHbIX Bbillle 3aMeYaHuil, K. 1. A.
TEIIOBOTO JBMraressi TeM Bhbile, yeM G6GQJbIIe Pa3HOCTb TeMIEpaTyp
o6oux pesepByapoB.
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Haine BblCOKO HHAYCTpHA/AbHOE OOUICCTBO HCNONL3YET OrpOMHOe
KOJMUUECTBO JABHratesiefl pasauyuoro tuna. Ho'cpegu Hux Her cosep-
{IIeHHOTO JBHTaTeN s, TaK Kak B JOOOM JBHraTe/e MPOUCXOLHT nepegada
TenJia B HEKOTOPHIH pe3epByap ¢ HH3KOH TeMnepaTypo#. O6bIMHO TaKHM
pe3epByapoM siBasgercst atmocdepa. Bripaxkenue (108) gaet Treoperuuecku
BO3MOXKHBIA BepXHHUH mpejes K. 1. J. JBHraresas. XoOTs HA NpPaKTHKe
STOT MAKCHMAJbHEBEIH K. M. J. HeIOCTHxHM, ¢opmyaa (108) ompenensier
HarpaBJeHVe MHOTHX HHKeHepHbIX cTpemJennii. Hanpumep, wucnons-
30BaHKe CBePXMEperperoro napa B NapPOBLIX JABUIraTelsiX BMECTO OOLIY-
Horo napa c remneparypoii oxosao 100° C ocHoBaHO Ha TOM, 4TO GOIbinas
pasHOCTb TeMrepaTyp MNeperperoro napa M arMmocdepbl noJiKHa obecne-
YUTh ABHUraTesio B corjdacHu c Belpaxkenwem (108) Gosabuiuit K. m. 1.

3armeTHM, YTO TeOPeTHYeCKH BO3MOXKHOE MaKCHMAaJbHOE 3HayeHHe
K. II. . JBHrate/si, pabOTaollero Mexay AByMsl pe3epByapaMH ¢ (puK-
CHPOBAHHOH TeMrnepaTypoH, IoJdydaercd TOrJa, KOrJAa B BhipaKeHHI
(108) crour 3HaK pasBercTBa. IJTO BO3MOXKHO B TOM CJiy4ae, €CJH TOT
JK€ 3HaK paBeHcTBa CTOMT M B hopmy.e {103), T. e. ecan mpoiece npouc-
XOAHT KBa3UCTaTHYECKH U He BEIeT [03TOMY K H3MEHEHHIO SHTPOTHH.
®opmyna (108) noxaswizaeT, TakiMm 06pa3oM, UTO HUKAKOH JBUraTeb,
paGoraromni MeXy ABYMsl pe3epByapaMi ¢ 3ajaBuOH TeMnepatypol T
u 7', He MOXKeT HMeTb K. I. J. 6oJbllero, uYeM K. M. 1. ABUTATeqs,
COBEpLIAIOIEr0 MEKAY 3THMH pe3epByapaMi KBa3HCTATHYECKHH Ipo-
uecc. boaee toro, us (108) cnenyer, 9ro mobsle npuraresu, padotatouiye
Mey 3THMU JBYMS] pe3epByapaMH KBa3UCTaTHUECKH, HMEKOT OJHHAKO-
Bble K. . 1., T. €. 1A KBa3NCcTaTHYECKOTO JBHraTe/sl

=121 (109)

Bruoxumuuecknd cuHTe3, [lpuBerem npocrodi npumep, AAIOuLHl
apelcTaBieHse o GHOJOMRYECKHX MMPOLeCcax, HrpaloudX podb B CHHTe3e MaKpomode:
«xva. Monekyna caxapa — 24/0K03a — HMeeT WIeCTL aTOMOB YIJlepoaa, pPaclOROMKeH-
HBIX 110 KOJbLIY. JTa MOJeKyJa HrpaeT GOIbUIYIO poJib B npoieccax o0MeHa BellecTs.
Jpyras Mojekynia caxapa — (hpyxmosa — pMeeT JPYIYIO KOJADbIEBYIO CTPYKTYpY
N TAKXKe COCTOMT M3 LIECTH aTOMOB YIJ/lepoja. JTH [Be MOJeKYJbl MOIYT OblTh 0Gben-
HeHpl B 60J1ee CJIOKHYIO MOAEKYAY caxapa — caxaposly, KOTOPasi COCTOMT H3 COENHHEeH-
HBIX BMECTE YIJICPOLHBIX KoJel, IVIIOKO3hl U (PpyKTO3nl. COOTBETCTRBYIOWIAd XHMHYECKAA
peakilHg MoxeT OblTh 3amHCaHa CaedYOmHM 00pazom:

rioko3a - ppykrosa = caxaposa - H,0. (110)

B GoabmuHcree CaydaeB XMMHYeCKHE pedKIHH MOMHO CHYHTATh NPOHCXOAAWUMUA I1pH
fIOCTOANHBIX TEMNIEPATYPE W JiaBjcHHU. B 2THX yCIOBHSX H3MeHeHHe 3HTponui Beedl
H3OMHPOBAHHOH cHCTeMBb! (BKJIouasi U pesepByap, C NOMOULbIO KOTOPOIG NOLNEPIKH-
BAKOTCs TOCTOSTHHBIE 3HAYeHHsl TeMnepaTypbhl M pgasjeHHsi) ymoOHee BCero BHIPA3UTH
yepe3 cBoboauyio sHepruio G paccmaTpuBaemcH cHerembl. MlamepeHwus, Boino/HeHHbie
ita/l cucTeMoll, KOTopas COCTOHT H3 MOJIeKYJ, BXOJAWMX B ypasHeHue peakinH (110),
NOKa3aJHd, 4TO eCJAHM 5Ta peakilus NPOWCXOJMT B Hanpas/IeHHH CJeBa HalpaBo, OHA
CONPOBOXKIAETCsI M3MeHeHHeM cBoGojpHo#l sHepruu, pasbiM AG=-}-0,24 3. Ho u3
paccyxAeHH# N. 7.5 HaM H3BECTHO, 4TO B CHUCTeMe, HAXOAAWEHACA NpPH NOCTORHHBIX
JABJEHVH U TeMmnepaTtype, cBoOOJHasl SHeprus fRo/ixHAa yMeHbiuaThes. [losTomy pe-
axkuusa (110) 6yzer nporekaTs caMa no cebe B .NIPOTHBONOJIOKHOM Hanpas/eHHH, T. €.
cnpaBa HadeBo. 3T0T npoliecc NPHBOAMT K 00pasopaHmio Gosiee ,NPOCTBIX MOJIEKY
IJIIOKO3b H PPYKTO3H 3a cueT paspyuieHus 6osee CJ0KHBIX MOAeKY caXxapossi. Takum
obpasom, peakuust (110) cama no cefe He MoXeT ObITb MCAOJb30BaHA JUISE CHHTe3a
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caxapo3nl. [eliCTBUTeNIbHO, B pacTBope, cofepkameM Mojekyanl u3 peakunu (110),
B COCTOSIHMM PABHOBeCHs Oylet ropasjo 6oJblie NPOCTHIX MOJEKYJ [VIIOKO3b H (pYK-
TO3bl, YeM MOJVIEKYJ CaXapos3bl.

W3 nawero npunuuna xoMmnencaun# sutponun (100) cnenyer, uro 44s ocymecTs-
JICHHS KeJaeMoro CHHTe3a Caxapo3bl Mbl JOJKHHI cOeIHHHTL peakuuno (110} ¢ kakoii-
HuOyAb Apyrofl peaknuedl, CONPOBOKAAMOMIEHCS TaKMM npupalleHuer cBOGOLHOR
9HEeprHH, KOTopoe HMes0 Obl OTPHIIATENbLHBIH 3HAK H Oblio Obl A0CTATOUYHO BEJIMKO,
yToGbl NOJIHOE H3MeHeHHe CBOOGOAHOH 3HeprHH B 00eHX peakiUsiX BMeCTe YAOBAETBO-
PSVIO YCJIOBHIO

AG+4AG" < 0. (11

JlAst JOCTHMEHUA 3ITOLO OTPHUATeNbHOTO 3HadeHust AG GHOJOrMUECKHE OpraHH3MbE
Hanbojiee MHTEHCHBHO HCIOAb3YIOT MoJekyanl AT® (agzenosnH tpudocdar), Koropoe
JeFKO TepsIloT OIHY M3 CBOMX €460 CBSAaHHBIX (OC(ATHBIX TPYNI, TPEBpaWAsch
B Mosekynabl AI® (azeHosuu judochat). CoOTBETCTBYIOMAH peakiMs HMEET BUX

AT® +H,0 — AJI® - docdar. (112

M3meHeHne cBOGOAHON 3HeprHHM (IPH NOCTOSHHBIX TeMIepaType M AaBjIeHHH) B 9TOI
peakuun cocrasisger AG=-—0,30 8. IToro IOCTATOUHO IV KOMIEHCAUMH NOJOKH-
TeJibHOro M3MeHeHHs] cBoGopuoil sHeprunm AG B peakuwu (110). HelctBureanHo,

AG4-AG' =0,24 36—0,30 9g = — 0,05 3s. (113)

Mbt xotenu Ont ceA3aTe 3TH jpe peakuun (110) m (111) u ocylecTBHTh HX ONHOBDe-
MeHHOe HpoTeKaHne C Ledbl0 JOCTHUL KEeJIAaeMOro CHHTe3a Caxapo3nl. 3T0 MOXKHO OCy-
WECTBHTL € NOMOUIBIO NPOMEKYTIYHOIO COCTOSHHS, KAKHM SBJACTCA MOJEKVAA 2410-
ko3a l-ghocgham, cocTosmas M3 MOJEKYJ IJIIOKO3LL ¢ MNpucoeluHeHHoH docdaTHoIl
rpynnoit. B npucyTCcTBHY noAxonsipHX KaTtanu3aTopos (hepMeHTOR), OGCCICYHBAIOMINX
JOCTATOYHYIO CKOPOCTh DPeaKLHM, MEXaHH3M KejlaeMoro CHHTe3ad B OHOJOIHYeCKHX
OpPranu3Max 3akJo4YaeTcsl B MOCJAEI0BATeJbHOCTH CJENYIOLHUX ABYX peakuuii:

AT® --rmokosa —» AJI® -} (riokoza 1-gocgar),
(rmokosa 1-cocdar) - dpykrosa—s caxaposa-;- docgar.

Mtorom 3THX ABYX PeaKUH{ fABJsieTCS Caenyioluee MpespaueHue:
AT® --rmoxosa | dpykrosza — caxaposda+ AAD -} docdar.

Sta peakuus skBuBajenTHa peakuuaM (110} u (112), nporekaromuM OZHOBpPEMEHHO.
HeHcTBuTebHO, Haua/ibHble H KoHedHble COCTOAHHMS 3TOH peaKilHH COBHAAOT C Ha-
4aJibHBIMH ¥ KOHCYHBIMH cocTOssHUAMH B peaknuax (110) u (112). Cunres 6onee ciaok-
HBIX MOJIEKYJl OKAa3aJCs CKOMIICHCHDOBAHHBIM IpeBpaileHHeM Molekya AT B Gogee
npocTyio Modaekyay AID.

DTOT NPHHLHMN, NOsCHEHHbI HAMH Ha BeChbMa [1POCTOM LIPHMepe, JIEPKHT B OCHOBE
cunreza Genko H3 amuHOKucaor (uam JHK MoseKys, HecymMX reHeTHUecKyio
nHQoOpMaMoo, H3 HYKJIEHHOBHIX KHCJOT).

Ceonxa onpejenreHui

O6o6wernan cura. O6obuLennas ciuna X ., CONpsiKeHHas ¢ BHEIIHUM napameTpoM x
CHCTEMbl, HaXopAleHica B KBAHTOBOM COCTOSIHMH r c 3Heprueil E,, onpeleasercs Kax.
X =0E .[0x.

Ceobodnan snepeus no I'ubbcy. Ecau cucrema HaXOmuTCH B KOHTakTe ¢ peaep-
BYapoM NpH NOCTOAHHEX Temnepatype T’ W namjenun p’, To ru66coBcKag cBoGOLHAsE:
9HEPI'HA CHCTeMbl paBHa

G=E-—-T'S4p'V,

rie £ — cpepnsigs sHeprus, S — sHTponusa u V — 0GneM cucreMml.

¢aza. PopMa arperatHoro CocTosiHUSA MOJEKYJ JNAHHOIO BEIecTBa.

Cxpoimas menaoma. Tennota, Kotopas MOIVIOWIAETCS OPH nepexofie AAHHOTO
KOJIHUeCTBa BelleCTBA, Haxofgmerocs B diopme onHoil ¢aspl, B Apyryio ¢asy npw
ycsioBuH, YTO obe ¢asul HAXOZATCsS B PaBHOBeCHH JPYT ¢ japyrow.
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Hasrenue napa. Iapnenne rasoobpa3uoli ¢asml, HaxoaameAC B PaBHOBECHM
© KHAKOH (MM TBepAOi) MpH JaHHOH TeMmmnepatype.

Kpusaa pasnosecun ¢paz. Kpupasi 3aBHCHMOCTH NABREHHS P OT Temuepatypw T,
onpene/AiomAas COOTBETCTBeHHLIe 3HAaueHHs p W T, nMpu KoTopuix ABe ¢ha3nt MOryT
HaXONHTLCH B PaBHOBECHH JAPYr ¢ JpPYrom.

Kaaysuyca — Kaanedpona ypasrenue. Y pasuenue dp/dT==AS/AV, cBasuBaio-
inee HaKNOH KpHBofi paBHoBecusi a3 dp/dT, c u3MeHeHumeM 3HTponuHu AS H H3MeHe-
HueM o6peMa AV ofenx a3 npu HaHHLIX TeMNeparype H HKaBJaeHHH.

Matuuna. YcrpoiicTBo ANs MpeBpameHis BHYTPeHHEH HeDPrHH CHCTeMbl B paGoTy

OcHosrble hopmyint ‘
B /o6oM KBasHCTaTHUeCKOM Npolecce
ds :«‘;,Q. (N
JlAs u301HPOBAaHHOA CHCTeMbl B PAaBHOBECHH:
S =maximum, (I1)
PoeS'k, (111)

Jlag cHcTeMbl, HaXoAsleHCs B DABHOBECHM € De3epByapoM MPH IOCTOSHHLIX
!
Temnepatype 7' H JaBiacHHH p':

G = minimum, (IVv)
PX e~ G/RT", (V)

YenosHe paBHOBecHS ABYX ¢as:
&1 = &32- Vh

YcaoBrne paBHOBeCHSI BIOJb KpHBO# papHosecus ¢a3:

dp AS L
dar — AV TAV" (Vi)

3anaum

7.1, Hogotil evisod ypasrenus cocmoanusn udearvrozo 2asa. Y13 oTeTa Ha 3ajauy 3 8
cnenyet, uro uncao Q(E) coctosanuil, focrynHbix N aTomMaM HIEaALHOrO GAHOATOMHOTO
rasza, 3aK/IO4eHHBIM B 00beM V 1 obsajawominM sHepruell 8 #HTepBale ot £ jo E-+8F,
JaeTcd COOTHOLIeHHeM!:

QXVNECIIN,

Bocnonbayiitech 9TuM peayanTatoM H obwedt Gopmynoft (15), 4TOGR BLIYHCINTD Cpelyes

JaBjeHHe p 3TOro rasa.
7.2, Aduabamuueckoe cxcamue eaza. PaccMOTPpHM TepMHUeCKH H3OAKPOBaHHbI
HIeaibHHI OJHOATOMHLIA ra3, HaxojdmMica BHauade upH TeMmnepaType 400° K
# NaBJieHHH B oaHy aT™Mocdepy. [a3 measenHo cxumalor fo Y, HauannHoro obmwema.

a) Yemy paBHO KOHeuHOoe jaBlicHHe rasa’ -

0) KakoBa KoHeuHas TeMneparypa rasa?

7.3. Paboma, cosepuiaeman rad uOeqipHbly 2030M NPU KBQ3UCMAMUNECKOM aduq-
Gamuyeckom npoyecce. TePMHUECKH M30JIMPOBAHHHIA ras. o0JajaeT MoOAAPHOR Temo-
£MKOCTBIO ¢y (IpH MOCTOSHHOM oObeme), He 3aBucamiedl of Temneparypsi. B pesyin-
TaTe KBa3HCTATHYECKOr0 CXKATHA I43 NePeXOQMT H3 HAYaJIbHOrO MAaKPOCOCTOSIHHS,

£fe ero obveM paseH V; K JamieHue p; B KOHeUHOe MAKPOCOCTOSIHHE ¢ oGbemoM V,

# JMaBJIeHHEM Dg.
a) BsluHcaAHTe paboTy, CoBeplNaeMyl0 HajJ ra3oM B 3TOM Mpolecce, H BHIpazuTe
OTBET Yepe3 Haya/dbHble H KOHEUHble JAABJeHHSI H OGbeMbL
6) Bripaaure nonyyentwiit oTBeT uepe3. HavanbHyio T; ¥ koueunyio T, aGcomor-
Hele TeMrepaTypel rasa. Iloxaxmure, 4To 9TOT pe3yibTaT HeNOCpPEACTBEHHO C/ICAYET U3
paccMOTpeHHs . BHYTPEHHeH IHepTHH rasa B HayaAbHOM H KOHEYHOM COCTOSLHHAX.
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7.4. Pasunocms yOeastwix menaoesrocmed ¢ ,—cy 048 ulearsroo 2a3a. PaccMoTpum
#AeaNbHEI a3, HAXOAAWUNCS B BEDTHKAALHOM cocyje, 3akpriToM nopuiHeM. [lopuienn
MOKeT cBOOOIHO NEePeMeliaThCs H NMOAAEDAKUBAET IPy3; TAKHM 00pa3oM, a3 HaXOQHTCH
TIPY TOCTOSHHOM JaBNeHHy (paBHOM BeCy TOPIUHA ¢ rpy3oM, AeNeHHOMY HA MJOMALbL
NOPILHSA).

a) Boauciure ¢ nomompio (43) tenno dQ, norjomeHHoe rasoM npH yBelHYEHHH
TeMlepaTypsl Ha BeauunHy d7. Bocnodn3yiiTech nonyueHHbIM pe3yAbTaTOM, YTO-
Obl MOKa3aTb, YTC MOJASPHAA TEIVIOEMKOCTb TMPH NOCTOSHHOM JIABJIEHHH C, CBA3aHA
C MOJApHO# TEMAOEMKOCTBIO ¢ NPH NOCTOsTHHOM ofheMe dopmyJion cp=cV+R.

6) Yemy paBHO Cp A8 OAHOATOMHOFO Ta- - T
3a, Hanpumep He? P

p) [fokaxuTe, UTo OTHOWeHHE C,/Cy PaBHO 5
BeMYHHe 7Y, ompeleqaseMoli pageHcTBom (57). 8 ' )

Llemy pasHa 3Ta BeJIUYHHA Ajg OXRHOATOMHOTQ
il/leasqibHOrO rasa?

7.5. Ksasucniamuueckuil npoyecc, coseptiiae-
Mol ¢ udcaavroin 2azom. BHyTpelHss 3Heprus
MOJIS HIeaJbHOIO JABYXAaTOMHOIO Tla3a pagha

FE=8%/,RT. Moab Takoro rasa paciuupsercs
KBa3uCTaTHUeCKH, [lepeXois CHauaad M3 COCTOd-
HHS @ B COCTOSIHWe b, a 3aTeM H3 b B ¢, Kak
3T0 noKasaHo Ha puc. 7.14.

a) Uemy paBsia MoJsipHas TelIORMKOCTh Jg {1 2 3 Y
9TOr0 ra3a NpU MOCTOsIHHOM ofneMe? 5 4

6) Uemy papHa paGora, copepiiiaemMasi ra- 10°tmé
30M HA Y4acTKaX a@—bisc? Puc. 7.14. Hexomopsili npouece, H306-

B) Yemy PaBHO TelJ0, NOIAOUWEHHOE TA30M  pascHHBII RA AHACpaMMe: Cpennee AaB-
8 5THX HpoueccaX? Aenue p. obvem V.

r) Uemy paBHO H3MeHeHHe SHTPOIHH B ITHX
npolueccax?

7.6. Hamenenue sumponuu ¢ Heobpamumonm npoyecce. PaccMoTpum ras 3asaus 5.8.
BhlupcauTe €ro KOHEUHYIO SHTPOMMIO H BLIPA3MTE €@ uepe3 HauyaJbHYI0 SHTPOINHIO,
CVIeCTROBABIIYIO JI0 OCBOGO:KneHHs nopmiHsa. [ToxkaxwuTe, uTO H3MeHeRHE SHTPONHH
AS==8—8, nonoxuresb1o.

7.7. Ycaosun pasHosecus OAfi CUCMEMb. € NOCMOSAHMbIM 00DEMOM, Haxodawelca
€ KOHmaKme ¢ Mentosvim pesepsyaposm. PaccMOTpHM cucTeMy A, BHeWHUM NapaMmer-
poM KoTopoil fB/sieTcss ee oGbeM V, COXpaHsomuics. Heu3MeHHbIM. CucTema Haxo-
JIWTCS. B KOHTaKTe ¢ TellJloBwiM pe3epryapoMm A’, Temmeparypa KOTOPOTO MOCTOSHHA
u pagHa T'.

a) Bocnosb3oBaBlINCh COOBpaXKeHHAMH, dHAIOTHYHEIMH BEICKa3aHHEIM B I 7.5,
NMOKAXKUTE, YTO €CJAH cHCTeMa A HaxoQuTcs B PaBHOBECHM, TO (PYHKI(HA

108 3us - op~2

™ Ry

F=FE-T'S

pMeeT MHHUMYM. 3jech E — cpeansn sneprua n S — sHTponns cHerembnl A. ®yHk-
unsi F Ha3pBaeTcsl ce060OnOL sHepeued cucmemol no eibueossyy.

6) TToxaxure, 4To cBOGoRHAs Heprua no ['u66ey (76) ans cucremsl, HaxonsmeAcs
[P TOCTOSHHOM jaBJeHHH p’ B KOHTAKTEe C TeT/IOBLIM PE3epPBYapoM € NOCTOSHHOM

Temneparypoil T', paBHa
G=F--p'V.

7.8. Tpoiinaa mouxa Oin ammuaxa. IlapjieHde napoB TBeplOTC aMMHaKa p (B
MHJJIEIMETPaX PTYTHOTO cTod6a) Bulpaxaercd (GopMyJoH .

In p=23,03—3754/T; sugxoro In p=19,49—3063/T.

Bocnospayfitech 5TUMH JNaHHEIMH, 4TOOBI OTBEeTHTL Ha CJeAYIOUIHE BOMpPOCHL.
a) UeMy paBHa TeMNepaTypa aMMUaKa B TPOHHOH Touke?
6) Uemy paBHa CKphITasg TeloTa CyOiHMAalHH K HCHAPEHHS aMMHAKa B TPOHHOR

ToUKe? . ,
8) UeMy paBHa ckpbiTasi TelJoTa M1aB/leHUR aMMHAKa B TPOHHOR Touke?

10 ‘p. peiid 289.



7.9. Kpusas naasrenus eeaun e6ausu abcomomnozo rnyas. Ilpw atmocdepHom
DaBJieHEH reau# octaercs KHIKOCTbIO BOVIOTL JO aGCOAIOTHOTO HYJsl TeMneparyphl,
HO NPH JOCTaTOYHO BBICOKOM JaBJEHHHM OH 3artBepieBael. Kak  oGbIYHO, NJIOTHOCTH
TBEPJOTO TesiHsl GOJblIe MJAOTHOCTH XKHAKOro. PaceMoTpHTe KPUBYIO-PaBHOBECHSA KM~
Koil H TBepioil pa3. KakoB HAKJOH ITOH KPHBOH (OJOXKHUT2AbHLIN, OTpHIATeAbLHBIH,
HyJeBoil) B mpefene 7—0? (¥ kK a3 a H # e. Bocrnone3yiiTech MoBeJeHHEM HTPOIHH
npu T7T-0.) . :

7.10. Huméncusnocme amomuozo nyuka, co3danmnoeo ucnapexuem. VIpy ucnapeHun
xuakoro Harpus (Na), HaXojgstulerocss npH BelCOKOH Temnepatype T, ofpasvercs
NyuoK atoMoB Harpud. JKuakufl HaTpuil HAXOIUTCSH B COCYJe C Y3KOH IMeAbI0, ¥ aTOMbI,
BLIXOJAUIMEe H3 medH, Oaarogapst apdysu# obpasylOT NY4oK ¢ HHTCHCHBHOCTBIO /.
(JMuTercupHoCTh / paBHa 4HMCJAY aTOMOB TIYYKa, NPOXOASIHUX Uepes eIMHHLY NoBepX-
HOCTH 3a eIMHAnY Bpemenu.) CKpbITas TensoTa HCnapeHHs MOJAS XKHAKoro Na paena L.
UTo6bI OUCHUTE MYBCTBHTEILHOCTD HHTEHCHBHOCTH NYUKA K (PAYKTYAUUU TeMIepaTypsl
cocyJia, BHIUMCJIHTE OTHOCHTe/hHOEe M3MeHeHHe HHTeHCHBHOCTH [ —Yd//dT) n Bhipasute
9Ty BesHuyHHy uepes L mu T.

7.11. [Toayuerue Huskux memnepamyp omraykod scudxkocmuy. XuZkuit reani
runuT npu remueparype Ty (4,2 °K), korna naslenne ero mapos paBHO py==1 aTio-
cthepa, uau 760 uu pr. cT. [Ipn 3THX YCAOBHAX CKphITasg TeNJIOTa HCIIaDEHHS OJHOIO
MOJISL KUAKOTO resinsi parta L==85 dw/mosp M WOUTH He 3aBHCHT OT TEMIEPATYPhL.
JKuznkocTs MoMelliena B Abi0ap, KOTOPHIH H30JUpYeT €e OT oKpyxKaiollell cpeibl, Haxo-
Adwedcsl npH KOMHATHOM Temnepatype. }3-3a HecoBepUIEHCTBA H3OQJAIMH  KaKAV IO
CeKyHIY B [Ibl0ap NPOHHKAeT HeKOTOpOoe KOJAHUecTBO Telsia ), 4TO NpHMBOJMT XK HClia-
penuto yacty renud. (Mpl cunTaeMm, 4TO NPHTOK Ter1a @ MOCTOsIHEH M He 3aBMCHT OT
KosleGaHUH TeMmepaTyphl XHIKOCTH OKoJo 3HadeHus 7). Jlas DOCTH:KeHBSI MeHBINEX
TeMIepaTyp MOKHO YMeHbIIATh [dsjieHue napoB e Hajm KUAKOCThIO, OTKAYHUBASN
napel C NOMOUIbI0 Hacoca, Haxojdulerocs npH KomuatHo# Temnepatype T . (octuras
Hacoca, napsl He HarpesaioTest 10 KOMHATHOH Tenmeparypbl.) MakcumanbHasi cKopocTh
OTKauKH paBHA %3 00b€MOB ra3a B CeKYHAY H He 3aBHCHT OT IaBJeHHs ra3a. (910 —
0COBeHHOCTh OOBIYHOIO MeXaHHMUECKOI0 HAcoCa € BPAAIONUMC POTOPOM: 338 KaKbIH
ofopoT OH VianaseT onpefeJeHHYI0 4YACTh ra3oBoro odnema.)

a)} BrlyucinTe MUHHMAadbLHOE AABJEHHe Tas3a p,,, KOTOPOe MOXHO JOAAeDIKUBATH
¢ TOMOIYBIO TAKOT'O HACOCA HAZ NOBePXHOCTLIO KHIKOCTH, €CJIM NIPHTOK Tensa pased (.

6) Boiuuc/ante TemnepaTypy »UAKOCTH T, eCliM TIpH NaBJieHMd p,, OHd HAXOAHTCS
B PaBHOBECHH CO CBOHM MapoM.

B) Oretute, CKOIb HU3KOH TeMmNlepaTypbl T, U AABJNGHUSI P, MOKHO AOCTHYL H2
IPAKTHKE, €CJH BBl pacnojaraere BoJbLIMM HACOCOM CO CKOPOCTbIO OTKaukh 70 4/cen,
a NpPYMTOK Telsia TaKoB, 4YTO MNPOU3BOAMT Hcnapedue 50 cm® xuAkoro reaust B yac
{nnotHoCcTs reaus pasHa 0,145 2/cex?).

7.12. Vcaosue pasuosecus mexcOy (hasamu, 6uIDAMCEHHOL HEPE3 XUMUMECKUE NOMOH-
yuaavt. PaccMOTpuM cicTeMy M3 ABYX $az, 1 1 2, Haxopguryiocs 6aaronapsi KOHTakry
C COOTBETCTBYICUIHM TEMJ/IOBbM pe3epByapOM INPDH TMOCTOSIHHOH TeMmrepaType T W j1ae-
aerun p. IlomHag ru66eorckast cBoBogHas Heprusi G TAKOH CHCTeMbl TIPH 3aJaHHLIX
TeMIlepaType H JaB/AeHHM 3aBHCUT OT yucaa N, mojeKys mepBoil ¢asbl u uucaa N,
MOMEKYA BTOpoi (hasw; Takum obpazoM, G=G(N,, N,).

a) [ToKaxkuTe ¢ NMOMOLLBID BeC/JOXKHOH MaTeMaTHKH, uTo HameHenHe AG croGonHolt
SHeprud, NPOHCXoAsdllee u3-3a HeGoabmuX uaMeHennit AN, u AN, uucna modekya

B obGeux (pasax, pasHO

AG = p AN Py AN,, (I
e oG
Wi =55 - (IT)

.

BennuHHa W; HasbIBAGTCS XUMUHECKUM ROMEHYUAMOM TIepBOH $asbl.

6) Korna ¢asnt Haxomdarcs B paBHoBecuH, ( NOJIKHO MMeThb MHHHMAa/jibHOe 3Ha-
genne. [Ipn s1oM AG fonkHo 6bITL paBHO HYJIO, €CH MOJICKY/a [I€PEeXOIHT H3 ORHOMH
¢asel B Apyryio. [Tokaxkure, uto u3 ¢opmyast (I) BHTekaeT caefywomee ycroBHE par-
HOBECHS1: : : , -

T By= . (I1H)
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B) Bocronnsosasmnch ¢opmyaoit (86), nokaxure, 4to p;=g;, T. . PaBHO NpPH-
XOJAUeHCs Ha ofHY MoJeKyay ruG6coBckoil ,cBoGoaHOH sHepriuu asul i. PeaynbTar
(I11) cosnanaer ¢ (87).

1.13. Ycnosue xumuueckozo pasrosecus. PaccMOTprM Kakyro-HHOYIb XMMHUECK VIO
peakudio, Hanpumep, :
2C0O, = 2CO+0,. .

Lasa ynponienns 3anuch o6oznaunm mosiekyay CO, uepes A;, CO — uyepes A, 1 O, —
yepes A, B 3THX OGO3HAUECHHSIX HMeem

94, = 24,1 A,. (1)

£
{Ipeanonoxum, yro cucrema, cocrodmas u3 moaekya A,, A, U A,, HaxoguTcsa NpH
NOCTOZHHLIX TeMiepatype M AaBjicHHH. [lycth N; — uucao mosexya Tuna {; toraa
rub6coBcKkas CBOOOLHAs SHeprusA CHUCTeMbl OyZeT 3aBHCeTh OT Tpex 4HCeT:

G=G (Ny, N, Ny).

B paBHoBecud G fOMHO HMEThb MHHHMYM, a AG NOMAKHO 06pawaThcsi B HYJb,
€CJIH B COOTBETCTBHH C peakuuell (1) Ape mMoiexkyasl A, MpespamlaoTcs B ABe MOJACKY/IHI
As H oaHy moiderynv Aj. C nomombic TeX Ke paccyxaeHHil, uto H B 3ajaye 7.12,
fIOKajKHUTe, 4YTO YCJOBHE DAaBHOBECHS HMEeT BHJ

2Py =2py - g, (11)
rae
N
=i,

HA3HIBACTCA XUMUHECKUM NOMEHYUAAOM, TPHXO/IIUMCA HAa OXHY MOJEKYJay THMa {.

7.14. Xoaodurvrux. XONOAMIBHHKOM HAswIBaeTCsl YCIpoHcTBo, oT6Hpanmiee
Telylo ¥ CUCTeMbl A H mepenasmomee ero npyro# cucreMe A’ npu Gostee BLICOKOR abco-
JOTHOH Temnepatype. [lpelnonoxus, uTo A ABAAETCS TENJIOBHIM Pe3epBYapoM ¢

TemnepaTypoit T, a A’ — Apyroii pe3cppyap npH TeM- :

nepatype T'. A
a) I'Toxaxure, uro ecan T'>T, To nepexol Tensa

g ofr A k¥ A’ conpoBoK}aeTcst YMeHbUIeHHeM IOJHOMH 7!

IHTPOMUKM COCTABHON CHCTeMH! M YTO TaKof Mepexoj He

MOxeT ObITh, CIEIOBATEJILHO, PEANH30BAH (e3 KAKOH-TO
JOMOJHUTEALHOT CHCTEMEL. .

6} Ecnn Mbl OTGHp2eM OT cucTeMbl A Temslo ¢ H /
TeM CaMbIM YMEHbLIAGM ee SHTPONHIO, HaM HpHAETCs
CKOMIEHCHPOBATh 3TO YMeHbIIeHHe SHTPOIMR, Nepeiak
cucreme A’ renso ¢, 661bluee, yeM ¢. TG MOKHO OCy- B
1leCTBHTb, 34CTABMB HEKOTODYIO CHCTEMY COBEpLUHTh
pabory @w Hal MeXaHH3MOM XOJIOAW/IbHEKa, padotalo-
1UA B IUKAe. JTOT NpoHect NOKAas3aH Ha puc. 7,15, QT
#3 KOTOPOrO CTAHOBHTCS NOHSITHBIM, NTOUEMY KYXOHHBIA

XOJOHJAbHHK HYIAETCH BO BHEILIHEM HCTOYHHKe IHep-
tuH. Bocnonesyiitech noHATHEM SHTPONHH, YTOOHI [o- A
¥azarb, 4TO
T
q T
Ce— s 7
q T

g=g+w

Puc. 7.15. Cxema pafotsl Xo-
JOAHNBHHKA.

7.15. Tenaosoii macoc. XoNOAHABHBIE MHKJbBI MC~
NoAb3YIOTCS st HakonveHuda Temaa. Ilpomecc saxarwo-
YaeTCss B CO3JaHMM YCTPONCTBA, 'KOTOPOe MOIVIOmAET
TCILIO H3 OKPYXKajolleld Moushl WIA BO31yXa BHe NOM3, a 3dTeM NepefaeT TEIMIO Tpi
Qosiee BBICOKOH TeMneparype BHYTPEHHHM vactsam 3jaHud. (Takoe ycTpoiicTBO Hash-
|ACTCH MeNAOBHIM HACOCOM.)

a) [lyctb Hapyxuas TemnepaTypa pasua T,, a BHyTpemusis T; Yemy pashro
MaKCHMAJMbHOE 4YHC/IO KHJOBATT-4aCOB Telvia, NeDelaHHOe BHYTDh 3jAaHHA, NPHXo-
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JAIHecS HA KaX bl KHJIOBATT-uaC SJeKTPUYECKOH 3SHeprHu, 3aTpauuBaeMod Ha pa-
Goty ycrpolictBa? (¥ k a 3a Hue. Mcnoab3yliTe NOHATHE SHTPONMH.)

6) Tlonyunte umc/eHHLIH OTBeT IJsl cAyuasd, KOrjla HapyKHas TeMmIiepatypa
paeHa 0 °C, a BHyTpennss 25 °C.

B) CpaBHHTe CTOEMOCTb 3JHEpPrdH, HeoOXOAHMOH Aid paboThl pacCMaTpuBaemoro
TenJOBOI0 HAacoca, €O CTOMMOCTHIO SHEpPrHH, 3aTpauHBaeMoH Ha CO3JaHHe TOro ke
KOMMUECTBA Tellla BHYTPH 3JaHHS € NOMOULBIO 3JeKTpHUECKOro oforpepaTeds Ha Co-
NPOTUBJICHHH,

7.16. Maxcumarvnan paboma, noaywaemas om dsyx oduwnaxossix cucmers. Pac-
CMOTpHM jBa uicHTHMHBIX Teda, A, u A, Mx tennoevkocts C He 3aBHCHT OT Tenile-
paTypsl. BHauasie Tena HaxoasATcs npH Temneparype T, u T, CoOTBETCTREHHO, IpiiueM
T,>T, Mbl Xx0oTuM BK/JIIOYHTh HEKOTOPYIO MALIMHY, KOTOpas JhefictBoBaiia Obl Mexay
Tedamu A; 1 A, npespamas YacTb UX BHYTpeHHed 3Hepruu s pa6ory. B npenennHom
c/Ayyae JOATOro AEHCTBHA MAIUHHBI TeMNeparypbl ofoMX Tesd BEIPABHHBAIOTCH H CTa-
uyt 7.

a) Uemy paBHo moJjHoe KoawyecTso W palotsl, mpoM3BeleHHON MallHHOI? Bbl-
pasute oTseT uepes C, Ty, Ty u Tp

6) Bocmoab3oBaBmiMCh NOHATHEM 3HTPONHH, MOJYYHTE HEPABeHCTBO, CBSI3LI-
Bajomee 7, ¢ HaYaJbHBIMH TeMilepaTypaMu T; u T,.

B) UeMy paBHO MakcHMAaIbHOE KOJHUECTBO PAGOTH, KOTOPYIO MOXKET COBEpLIHTHL
MallliHA fIpH MAHHBIX HayadbHuX Termeparypax Ty u Ty?

1.17. Mawura Kapro c udeaabrbim 2a3os. Mpl XOTHM paccMOTPeTh OMH H3 CIO-
cOBOB OCYILIECTBACHHS M/A€aAbHON MAIIHHBI, KOTOpas MOMKET 33 HIHKJI cBoed paboTer
OTHSTb Y HEKOTOpPOTO pe3epRyapa, Haxopsdulerocs IpH Temneparype T, Temio g,
nepenatb Apyromy pesepsyapy A’ npu menbiell temnepatype 7' Tenqo ¢’ # cosep-
IUTE TIONIE3HYIO paboTy w=g~—q . [lpocTeiillell u3 TaKuX MamdH ABASETCA MANIHA
(eneppbie paccmorpennas Cagn Kapno B 1824 r.), pa6oTaionas KBa3MCTaTHUECKH.
Ee UHKJI COCTOMT M3 ueThipeX 3TanoB, KOTOPLIC NepeBoIAT MaWHHY H3 HAYajbLHOTO
. COCTOAHHSA @ B coCTosiEke b, ¢, d 1 00patHo B 4.
Y Manmina coctonT 43 v MoJdeil upeainHOTO rasa,
3aKAI0UEHHOIO0 B UM/AWHAD, 3aKpLITBH IOpIH-
Hem. OGnenm rasa oGo3HauuM uepe3 V, cpenHee

JaBienue depes p. Pacevorpuym nocseloBatesib-
10 yeThipe 3tana paboThl MALIHMHBL.

3tan | (a—b). MamHa TepMUYECKH M30JH-
poBaHa M HaxoauTcsi mpu temneparype T’. Ee
0o0beM MeAJIeHHO YMEHBUIAeTCsi OT HAaYajJbHOTo
3Hauenusl V', no KoweuHoro 3HaueHud Vy, npu
KOTOPOM TeMiepaTypa MamMHnl paBHa 7.

Jran 2 (b—c¢). MamuHa HaxoguTcd B Ten-
JIOBOM KOHTaKTe C pesepByapoM A IpH Temre-
Puc. 7.16. Cxema wikaa Kapuo patype T. Ee ob6neM MefieHEO U3MeHAercd Ot Ve
LEDEMEHHBIX: CpENHee NARICHHE B, 1o V.. OcraBasicb NPH NOCTOSHHON TeMNepaType

obbeM V. T, maumna 3a6upaer ot pesepByapa A HeKoTOpoe
KOJIHYeCTBO TeIL1a g.

Jran 3 (c—d). Mammnua cHopa TepMudueckM H3oauposana. Ee ofbeM npojod-
KaeT mMejiesHo BospactaTh 0T V, 10 V4. Ilpu obveme V, TemmepaTypa MarldHbE
paBua [,

Oran 4 (d—a). Mammuna npuBogHTCcs B TensoBofi KOHTAKT € pesepByapom A’
npu Ttemnepatype 7. Ee o6bvem MemyieHHO yMeHpiaercst oT Vg 0 HauajbHOro 3ua-
ueHHs V,; NpH 5TOM MalMHA oCTaeTcsd NpH Temitepatype T’ i nepesaer pesepsyapy A’
Tenio q'.

OTBeTbTe Ha cJexywoui#e BOIPOCHL.

a) Hemy papno Tenso g, norjioueHHoe Ha stane 2? Boipasure g uepes Vy, V. u 7.

6) Uemy papHO Tenso ¢, oTAaHHOE Ha 3Tane 4? Bripasure ¢’ uepes Vg, V, u T.

B) Bruuciute otHomenust Vy/V, Ha stane | u V/V . na srane 3 n Hajilute, Kax
STH OTHOMIEHHsI CBsI3aHbl JpYr € JpYyrom?

r) Bocrioansyiitech oTBeTOM Ha NPEABIAYIIHA BONPOC, YTOGHI BHIPA3HTL OTHOWIEHHE
glqg' uepes T u T'.
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A) Broiuncaure koa(pHiMeHT NOTe3HOTO JeHCTBHA 1| MalIMHbl ¥ NOKAXKHTE, UTO
OH Haxojgutcd B corjlacHid ¢ obuwmm pesyasratoMm (109), npurogHeiM mis J06oll
KBAa3HCTATHYECKOHM MALUHHbL.

7.18. Kosppuyuenm noae3nozo Oelicmsun OeH3uH08020 Osuzameas. PaGouass cMech
GeH3MHOBOTrO ABHIaTe/fl COCTOMT H3 BO3/yXa, K KoTOpoMy jgo6arfieHo HeGombiioe KOJH-
yecTBo Gensuua. CMeCh HAXOJAMTCH B UHJHHIpe, 3aKpLITOM NOpIIHeM. PaBoumil mHKJI
TAKOrO JBUraTedsl CXEMATHYeCKIl IOKa3aH Ha pHc. 7.17, rie V oGoznauvaer ofnei,

4 p — cpejgHee JaBJeHue pabodell cMecH. Y4AacTOK a—b COOTBeTCTBYyer ajnabaTHue-
CKOMY C3KATHIO CMeCH, b—¢ — BO3pacTaHHIO JaBjeHlis H3-3a B3pwBa paboueil cmecH,

7
L
4
b d
|
| . >
| a
| {
; i 1 .
Yy Y v

Puc. 7.17. ¥npouenan exema padoTh Gen31HORNIO ARRCATES B TePeMeHHEIX:
cpelAtee AannelHe p, odwem V.

NPONCXOAALLETo NMPH HOCTOSTHHOM o0hene (B3pLiB IIPOUCXOIAT OUeHb BBICTPO U NopilleHb
He yCleBaeT CMECTHThCs), ¢~—>d — anxuabaTHYeCKOMY pAclIHPEHHIO Ia3a, B TedeHue
KOTOpPOTO NPOH3BOJHMTCH padoTd CMeleHHs NOpHIHA, H d-»a ~— KOHEUHOMY OXJ/iax-
AeHHIO ra3a NPH NOCTOHHOM o0bee Ha 3aKAIOUATENLHOM 3Tale IHKJA.

Uto6bl OOAErMUTh BBIYMCJIEHHS, NPEANONOMKHNM, YTO PACCMOTPEHHBIH HHMKJA OCY-
LCCTBASETCS KBA3UCTATHYECKH C ONPeJeJeHHBIM KOJWYEeCTBOM HJAeadbHOro rasa,
MOJISIPHAS TEILIOEMKOCTh €y KGTOPOTo NocTostHa. Onpejfenute Ko3dOHIHEHT noses-
HOrO JeHCTBHS JIBHraTessi 1) (CTHOLleHHe NPOH3BeleHHOIl ABHMraresieM pabotel K 1o-
FJIOUIEHHOMY UM Temay ¢,). Buipasute otser uepes V,, V, u pesanuuny y=l-4-R/cy.



F'J1ABA 8

QINEMEHTAPHASL KUHETHYECKAA TEOPUS
NPOLUECCOB NEPEHOCA

J1o cux mop Mbl MOYTH BCETAA paccMaTpHUBaii CUCTeMbl, HaXOASLIHECS
B COCTOSiIHHH paBHOBecHs. Ilocrysar paBHOH anpHOpHOH BepPOSITHOCTH
OB OCHOBOH OOIIEro KOJHYeCTBEeHHOro asaJjausa TakuxX cHcereM. B yacr-
HCCTH, Y Hac He 6bl10 HEOOXOAHMOCTH AETAJBHO PaccMaTpHBAaTh Cam
MEeXaHU3M B3auUMOACHCTBHH, YCTaBABJIHBAIONIUX paBHOBeCcHe; JOCTa-
TOYHO ObLIO 3HATb, YTO TaKOe B3auMmojeiicTBue cymecrsyer., Ho, He-
CMOTDSI Ha Ba’KHYIO POJb PABHOBECHBIX COCTOSIHWI, OHH BCE K€ fIBJISI-
YOTCS1 OCOOLIM CJ1Y4aeM M BO MHOTHX 3a7a4ax, NPeACcTasasIoNX OrPOMHLIH
(PU3HYECKHUN HHTEpPec, Mbi HMeeM JeJ0 ¢ cHCTeMaMH, He HaXOisuiH-
mucss B paBHoBecHH. [lo3TOMy MBI MOCBATHM MOC/AEMHIOD TIJ1aBY KpaT-
KOMY PACCMOTPEHHIO MPOCTEHIINX HepaBHOBECHBLIX ITPOLLECCOB.

I'lpy n3ydeHHH CHCTEM, He HAXO/JSIIHUXCS B PaBHOBECUH, MBI OObIYHO
OKasbiBaeMcsl repef, HeoOXOAMMOCTBIO HCCJIEI0BATh  CHEHHPHUCCKH A
XapaKTep B3aWMOAEHCTBHH, NPHBOJSILIMX B KOHIE KOHLOB CHCTEMY B
paBHOBecHOe coctosinue. ITo3ToMy paccMOTpeHHe HepABHOBECHBLIX TpO-
LIeCCOB OKA3BbIBAETCS JIe/IOM BeCbMa CJA0XHbIM. CuTyauust, OAHAKO, CHJib-
HO YIpOLiaeTcsl B cJydae Pa3pexKeHHbIX ra30B, ¢ KOTOPBIMU Mbl U OyaeM
UMeTh Jie/10. Mbl paccMOTpHM NpobsieMy ¢ HOMOILBLIO MTPOCTEHIIHX NPHOIH-
»keHHBIX MeronoB. Hecmorpsi Ha npuGaMKeHHBIH XapakKTep HALIHX BHI-
UHCJAEHUH, MBI BCE XKE CMOXKEM, HCXOJsl U3 BechbMa MPOCTBHIX coobpaxe-
HHUH, HOJYYUTb SICHOe NpeAcTaB.eBHe O (U3HYeCKOH CyTH Aend. 3TH
cOO0OpazKeHHsl HAXOAAT NPUMEHEHHe B IIMPOKOH 00JacTH  sBJCHHMU.
Bo-nepBbiX, HX MOXKHO NPHUMEHHUThL C PABHBIM YCIEXOM K pacCMOTPEHHIO
HEPABHOBECHLIX NPOHECCOB B TBEPALIX TeJax. Bo-BTOpbIX, ¢ HX NOMOLILBIO
yacTo yAaercs NOJYUUTb XOPOLUHe YHC/AEHHbIE OINEHKH H IPABHJBHO
NPEACKAa3aTh 3aBHCHMOCTH OT BCeX CYIIECTBEHHBIX NAapaMeTpoB (TaKHX,
KaK TeMilepaTypa H AaBJjleHHe) B cJaydasix, KOTOPble HACTOMBKO CJAOXKHHI,
UTO TOYHBIC BBHIYHCJ/JIEHUSA CTaHOBSITCSI BECbMA 3aTDYHHHTEALHBLIMU.

MouJtekyabl rasa B3aUMOJEHCTBYIOT, CTaJKuBasich Mexay coboit. Ecin
BHA4aJse ra3 He Obl1 B PABHOBECHM, 3TH CTOJKHOBECHUS B KOHIE KOHIOB
IPHUBOAST a3 B COCTOSHHE PABHOBECHS, TAe OCYIIECTBJISIeTCS MAKCBeJI-
JIOBCKOE pacrnpefiesieHue ckopocred. PaccMorpenue rasa CHIbHO YIOPO-
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1aercs, eC/H OH HACTOJbKO PABPENKEH, UYTO BbITOJHSIOTCS CIEAYEOILIe
VCJIOBHSI,

I. Béapimyo 4acTe BpeMeHH Ka)Knaasi MOJIEKY/a HaXOZHMTCH JaJeKo
OT JPYTHX MOJIEKYJ U HE B3aHMOAEHCTBYET ¢ HMMH. ['0Bops Kopode, Mbl
NpeArnosaraeM, 4TO BPeMst mexcdy COyAapeHHSMH ropasio Gosbule Bpe-
MEHH, 3aTpayuBaeMOro Ha coynapeHHe.

2. BeposATHOCTb TOTO, 4TO TPU MOJEKYJbl 0OHOBPEeMEHHO OKAKYTCH
Tax GJAHM3KO ApYT OT Apyra, 4ro OYAYT B3aHMOAEHCTBOBaTh, INpeHedpe-
KHMO MaJja IO CPABHEHHIO ¢ BEPOSITHOCTBIO TAKOFO COJMIKeHHS JABYX
MoJIeKyJl. FlHade, TpowHbIEe CTOJIKHOBEHNS NPOHCXOASAT Tropaslo pexe
ABOMNEIX, [losTOMYy aHanu3 CTOJKHOBEHMU CBOAMTCSH K OTHOCHTEJ]bHO
NPOCTOH MeXaHHHECKOH 3ajaye B32HMOTEHCTBHUS TOJNbKO J8yX YACTHII.

3. Cpennee paccrosinvie MeKAY MOJEKYJaMH BeJIHKO TI0 CPABHEHHIO
CO cpejHell AJIHHOIT BOMHDLL Je Bpoliaia aoaekyasl. B stonm cnyuae noee-
JEHHE MOJIEKVJIBl MEKAY CTOJIKHOBEHHUSIMH MOKeT ObITh OMHCAHO KJjac-
CHUECKOH TPacKTOpHEeH, HeCMOTPsS Ha TO, UTO CaM [pPOLECC CTOJKHOBE-
HUSL MEXKIY JABYMSI MOJEKysaaMH TpeOyeT KBAHTOBOMEXdHHHYECKOTO pac-
CMOTpeHHd .

8.1. Cpeansiga anuHa cBoGogHOTO npoGera

HauHem ¢ paccMOTpeBuSt CTOJKHOBEHUH MeKAY MoJeKyJaMH paspe-
;enporo rasa. Hawn sameqanus 6yayt He 6osiee UeM IHOBTOPEHHEM I
HEKOTOPHIM YTOUHeHHEeM 3aMedaHull, cAedauHblX B m. 1.6. CronkHosenue
MOJICKYJ/bl C APYTHMH MOJIEKYJaMH rasza MOMKHO CUHTaTh CaydailHbiM
npoueccoM. ITpu 2TOM MbI cyuTaeM, 94TO BepPOATHOCTb TOTO, YTO B TeUEHHE
HEKOTOPOTrO MaJjor0 HHTEPBaJa BpeMeHH df MOJEKYJa UCNHITAET CTOJK-
HOBeHHe ¢ KakoH-IH0O0 JAPYrol MOJIeKYJ/0H, He 3aBUCHT OT HCTOpPHM Iipe-
ABUIYULIETO CTOJIKHOBEHHs1. PaccMOTpHM JauHyIo MOJIEKVAY B HEKOMOpbiLl
MOMEHT BpeMeHH. ¥ Hee CVHIECTBYeT HeKOTopas BeposTHOCTb P(f) Toro,
4TO 0 CAEAYIONIETro CTOJKHOBeHHsl npoiiner Bpems f. Cpeduee Bpems ©
JABHXKCHHS MOJIEKYJIb IO CJAeLYIOIEro CTOJKHOBEHUS HAa3biBACTCs cped-
HUM 8pemeHem c80600H020 npobeeq mMoJgekyJabl. {Tak kKak npouuioe me
OT/IMYAeTCs OT OVAVIIErO, T MOXKeT ObIThb TaKiKe CPeAHHM BpeMeHeM 0
NPeALLAYIEero CTOJKHOBeHHs.) AHAJOrHYHO, cpedHee paccrosiuue [
MEXKAY TOUYKAMH JAaHHOTO N IOCJCAYIOLLero CTOJKHOBEHHH MOJeKYJIbl
(MM MexK1y JAAHHEbIM M INpeAbIYIIHUN CTOJKHOBEHHEM) Ha3LIBaeTcsi
cpeduers Oaurod ceobo0Ho20 npobeea MoaeKyJbl. Tak Kak BCe paccyk-
JeHHS 5TOH TJIaBbl HOCAT NPHUOJHKEHHBIH Xapakrep, Mbl IIpeHefperaen
JeTajsiM{, CBSI3aHHLIMH C pACHPENeJCHUEM MOJEKYJI 0O CKOPOCTSM.
fTosToMy Mbl OyneM CUHTaTb, YTO MOJEKYJbLl ABHIKYTCH B CIYy4YaHHbIX
HanpaBJeHUsAX ¢ OJHHAKOBOH CKOPOCTbIO, PaBHOH HX CpelHel CKOpOCTH

v. B 310M npubauKendH cpelHsas JIHHA H CPElHee BPEMsl CBOOOLHOTO
npoGera cBu3anbl GOPMYJIOH

[ =, | (H

UToObl OIEHHTb CPEAHIO AJMHHY cBOGOAHOTO 11podera, Mbl JIOJIKHbI
npoc/ieduTh MPOLECC CTOJNKHOBEHHS MOJIeKya BoJee noApOGHO. PaceMor-
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pUM OnpejiefeHHyo Modekyay A, comikatouyiocs ¢ Apyroi MOJICKY10H
A’ ¢ omuocumensHoll ckopocTbo V. JIonycTHM, YTO pacCTOSAHHE MEXAy
IeHTpaMy o6eHX MOJIEKYJl IPH HX MaKCHMaJbHOM COJHIKeHHHM (€caH
Obl OHH HE€ OTKJOHHJHCB) 6bl10 Obl paBHO b (puc. 8.1). Ilpeanoacxum
Jajiee, YTO CHJIBL, NeHCTBYIOLHE MEXKAY MOJEKyJaaMmM, MOAOOHBI CHJAM,
BO3HHKAIONUM NIPH CTOJKHOBEHHII IBVX TBePIbIX 1IAPOB C pajHycaMH a
i a’. Torga MoekyJ bl He GYAYT HOABEpraTecs AeHCTBHIO CHJI, €CJH pac-
cTosiHHe b Mexay HX ueHtpamu b>>(a--a’), 0 6y1yT HCHLITLIBATL JeHCT-
BHe GoablIOH CHJbI, ecil b<{a-
—a'). B nmocaenmem ciaydae cKo-
POCTb MOJIEKY.J1 IIPH CTOJKHOBEHHH
— 3aMETHO H3MEHHUTCH H Mbl TOBO-
DHM, 4YTO MOJEKYJdbl pPacceHBaror-
Cst, MJIH UCNOIMbIBAIONT CIMOAKH06E -
rus. Mbl MoKeM cOpPMYJ/IHPOBATH
VCJIOBUST, HEOOXOAUMBIe JI/I51 CTOJIK-
Pre. 8.1, Cxema, HIIOCTPHPYIONLAs ¢ TOJKHO- HOBeHusl, NPEACTABHB ce6e, uTo
Befne MeXAy [ABYMS TBepAbIMH UlapasMH, pa-
Ui yChl KOTOPHIX paBHbl @ ¥ a’. epnoii pepru-  MOJICKYJlA A mecer Ha cele JAHCK
auioll | eprofl oboswauert, poospaxaeil  payyyeom (a-+a’). Llewtp auca-
HeH Ra chepe ¢ panuycom a. COBIIAJAeT ¢ HEHTPOM MOJEKYJILI,
U TIJIOCKOCTh JUICKA HePHeHINKY-
JiSpHAa K BEKTOPY OTHOCHTEJBLHOH CKOpoctd V. CTOJIKHOBEHHE MEXIY
ABYMsST MOJIEKYJIAMH [TPOH30H1eT TOMbKO B TOM Cilydae, ecjid NEHTP MOoJe-
KyJael A’ oxakercst BHYTPH 00BbeMa, 3aHATOTO BOOOGPaXKAeMBIN JHCKOM C
noBepXHOCThIO O. Besudnpa 3toil noBepxHOCTH

c-=n(ac-t+a) (2)

HJIH, €CJH MOJEKYJbl OAHHAKOBbI, TaK 4T0o a=a’,
o = nd?, (3)

rie d=2a — AHaMeTp MOJeKYJbl. Be/sHunHa ¢ Ha3biBaeTCsl HOAHBIM
HONEPeUHBIM CeHeHUCM, XAPAKTePH3YIOILHM CTOJKHOBEHHE MeXAY ABYMs
MOJIEKYJIaMH.

Cuapl, JeHCTBYIOLIHE MeXAY peajbHBIMH MOJEKYJaMH, Topasio
CJA0MKHEE CHI MEeKAY CTAJIKHBAIOIIUMHUCS TBEPALIMH cpepamu. AHAIOrHS
¢ TBepAbIMH cepaMH yJayHa B TOM CMbIcae, YTO [PH O4YeHb TECHOM cOJIH-
JKeHHH JBVX MOJIEKYJl BO3HUKAIOT OOJbIIHe CHAB OTTaJKHBaHuA. Ho,
B OTJIMYMEe OT TBEPALIX cep, NPH HEKOTOPOM YBeJIUYEHHH PaCCTOSTHUS
MEXKIY MOJEeKyJaMH BO3HHKaeT cjaboe npuraxenne. CToJKHOBeHHE
MeXKAY ABYMSI MOJEKYJIAMH MOXKHO CTPOFO onmcaTh C MOMONIbID 3dhdek-
THBBOH [IOBEPXHOCTH ©, Xxapaxktepusywiled 3>pheKTHBHOE Ceuerue
cTo/IKHOBeHHs. KBaHTOBASI MeXaHUKa JJaeT BO3MOXNKHOCTh BHIYHUCJAUTL 3TV
BEJWYHHY, €CJH H3BECTHLI CHJIbl, ZEHCTBYIOMIHE MEeAY MOJEKYJaMH.
Ho npu 31oMm npoctbie cOOTHOWRRUS THIA (2) HAM (3) VaKe TepsIoT CBOH
CMBIC/I, M B oOmeM cJydae IolepeyHoe cedeHHe G 3aBUCHT TaKike OT
OTHOCHTeJbHOH cKopocTH wmosekya V. Opxaxko aas 1npuOIHIKEHHBIX
OLEHOK Mbl BMIOJIHE MOXKEM HCHOJDL303a4Th cooTHOIeHHs (2) u (3) (ne-
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CMOTpsl Ha TO, YTO IMOHATHE O pajHyce MOJIEKYJbl He ABJSeTC] BNojHe
Orpefe/eHHbIM).

Briuncanm Tenepb 1pHOMHKEHHO cpejiHee BpeMsi T cBOOOJTHOIO
npobera MoJieKyJbl B paspe:keHHoM rase. [lycrs B egunuie obbema Ha-
HIETO rasa cOAepAKHUTCH 7 OAHHAKOBBIX MOJeKVJ. Ilpeanonoxum, 410
IOJBOE IIONEepeyHoe ceyeHHe paccesiuHs ¢ H3BectHo. Pacemotpum B
JAHBBI MOMEHT BpEMeHH HEKOTopyio MoJdekyay A. 3ta moseky.aa

JABMIKETCS € KAKOH-TO cpelHeil OTHOCHTeJNbHOH CKOPOCTbIO V IO OTHO-
UICHHIO K ApYTOH MoJiekyJie A”, ¢ KOTOpoH OHa MOMKeT B3aHMOAeilcTBO-
BaTh. Boofipaxaemblil fHCK C NOBEPXHOCTbIO O, HECOMBIH MOJeKY. 10l A,
ABHaKETCA K Mogekyse A’ ¥ 3a BpeMs { BbIpe3aeT B [IPOCTPAHCTBE ofLen

o(VY). Bpemss ¢ 6yaer paBHO T, ec/n
BbIpe3aHHblil 00beM OyleT Cojep»KaThb B
CPEIHEN OJHY MOJEKYJYy, T. €. €CJH G |

(Vn =1, Y i _
OTKY N2 ) - VT >

Puc. 8.2. Cxema, HAJIOCTPHDYIOULAA
! CTOJIKH OBeHte MoJexyast A ¢ Apyroi
T == = . (4) MOJIeKYNoH, HedTp KoTopofi nonafder
oy - B OGDbeM, OGpA30BARHBII ABHAKEHHEM
HOBCD\HOCTH a BOOGpa)KEIEMOI‘O AHCKY,

He COMoTro MoJexyaoil 4.

DTOT pe3yabrar BOOJHe HAIVISIAEH: CpeHee BPensl T TeM MeHblle (M1,
3KBUBAJICHTHO, YIIC/JA0 CTOJKHOBEHHH 3a CeKYHAY T~ ! TeM OoJiblile), ydem
60 IbilIe YHCJ/AO MOJEKYJ B ennHHne o0beMa 71 (T. e. ueM ¢ GOJIBLUMN YHC-
JIOM MOJIEKYJ MOXKET CTOJKHYTbCH paccMaTpuBaeMas MOJIeKYyJa), uewm
GoJIblLIE TIONEPEYHOE CederIie MOJIEKYJbl (T. €. ueM ¢ GOJbLUero Paccrosl-
HHS MOJIeKYJb! PACCEHBAIOT APYL Apyra) H ueM OoJibille OTHOCHT@IbHAS
CPEeNHAA CKOPOCThL MOJEKYJ (T. €. 4eM 4Yalle NMPOUCXOASIT CTOJAKHOBEHH S
MOJIEKYJT).

B coorBerctBii ¢ (1) cpennas aauna cBofoaHoro npoera ! pasua

- o -
l: Ul — =~ — , (b)
v no
TEIK KakK JBHXKVTCS 066 CTaJdKHBaiecsd MO.ﬂeKyJIbI HX Cpe,’lHS{ﬂ OTHO-
CIITLJIbHaH CKOPOCTb V HECKO/bKO OTJHYAETCHd OT CPEIHEH CKOPOCTH

U OTIe/BHON MOJIEKYJbl, H OTHOWeHHe v/l He DaBHO eAHHMIE. qTOGbl
BBIYHC/NTL 5TO OTHOWIEHHE, PACCMOTPHM JBE MOJEKY.Hl, Au A,
OTHOCHUTE/IbHBIMU cKopocTaMH v H v'. Cropocrb Mogeky. bt A omocu-
TeJbHO MoOJEKy b A’ paBHa

V=v—v/,
OTKyJa cJjejlyer, 4ro
VZ=yi v’ —2v.v, A ' (6)-
Ilpn ycpennenun obeux uacreil 3TOro paBeHCTBA cJepyer HMeTb B BHIY,
yro v-v' =0, TaK KaKk KOCHHYC yIs1a MeXiy V H V' MOXKeT HPHHHMATH-
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NOJIO}KUTeNIbHBIE 1 OTPHIATeNbHble 3HAUEHHS C PABHOH BePOSTHOCTHIO.
[Tostomy u3 (6) caenyer

ViV
[Ipenebperas pazauyueM MeX1y CPelHHM KBaJpaTOM CKOPOCTH H KBal-

paToM CpejHeH CKOPOCTH (T. €. MeXJy KOpHeM M3 CPeHero ksajaparta H
CpPefHHM 3HaYeHHeM), Mbl TMOJYUHM NPUOAHMNKEHHOe PAaBEeHCTBO

V2 vt (7)
Ecsin Bce novieKyabl 01HHAKOBLY, TO U==0" U (7) CBOAUTCA K
_ .
V) 2¢, (8)

nocse yero gopmyaa (b) nprHumaer su1 *)

[

| _
——
|

(9)

VY paBHepie COCTOSIHMS HAeaJbHOIO Ta3a Mo3BoJsieT HaM BLIPA3uTb 2
yepes cpejpHee JaBieHHe ;5 u afcoqioTHyio Temneparypy 7 rasza. Tak
kak p=nkT, paBeucrso (9) npiyuHMacT BUI
I~ L (10)
_ V 2o0p
Takum 00pasoM, Npu 3alaHHON TeMlieparype Cpeﬂﬂﬁﬂ JUlHa croOOHOrO
npobera o0paTHO MNponopliMoHaJbHa [aB/JEHHIO Trasa.

M3 dopmyant (10) Jerko oleHUTD CPeIHIOI0 fTHHY cBOGOAHOTO Mpo-
Gera B rase, HaXoAsLemMCsl NDH KOMHATHOH Temmeparype (T=300° K) u
aTMOC(PePHOM AaBJICHHH (pNIO" dutjca?®). B3gB THHuHOE 3HAueHUe pa-
Jyca MoJekydbl a~107% ca, MBI noayunum o~ 12-10718 ¢y u

[ ~2.105 cm. (11)

Cpenusisl CKOPOCTb U MOJIEKYJIbl MPH STHX YCJAOBHSIX HMeeT NOpSIIOK
4-10% cmjeex lem. (6.33) mau (1.30)], u mng cpennero spemenn cso6oa-

HOro hpodera Mbi TOJyYdeM
{
T=—~5.1071" cex.
‘(’) .

Takum 06pazoM, MoJieKYy.J1a CTAJKUBaercst okoyo 1~ 1~ 10° pa3 B CeKYHAY
C APYTHMH MOJEKYJaMH; 5Ta 4YacToTa COOTBETCTBYeT MUKPOBOJHOBOH
0bJ1acTH 3JekTpoMarsuTHoro cnekrpa. Ms (11) Mbl nonyuaem

I3>d, . (12)

rre d~10-% cu — puamerp MosekyJbl. K3 nepasencrsa (12) caenyer,

*) Dra opmysia Tounee oueHKH (1.30) momyuentoll B rA. |, # ABAKETCH TOUHHIM
PesyabTATOM A/ raza u3 MOJIEKY B BHJE TBEPAbIX cq)ep, oﬁna,n,afom,nx MaKCBEIAOB-
CKHM pacnpeliejleHHeM cKopocTeil.
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YTO rasel NPH OOBIYHBIX YCIOBUSX JeHCTBHTENLHO SIBJSIOTCS JOCTATOYHO
paspesKeHHBIMH, TaK YTO, NpeXjae YeM CTOJNKHYThCS ¢ APYrodl MoJeky-
JOM, JAaHHAs MOJEKyJa IOJKHA INpoJeTeTh OTHOCHTENBHO 060.bILoe
paccTosinue.

8.2. BsA3kocTh U nepeHOC WMNyJbca

PacemorpumM MakpockonnueckMi 00BbeKT, HaXORAUHHCHA B KHAKOCTH
nau rase. [Tycrs cpena, B KoTopyio nomernieH OOBbEKT, HAXOAUTCS B IOKOE
¥ Ha Hee He JAeHCTBYIOT HUKaKue BHellH’e CUabl. Ecan o6bekT HaxonuTes
B DaBHOBECHOM COCTOSHHH, OH TakKe NOKOHMTCSl. C 1npyrofl crOpoHbI,
ecJH 00beKT Oyner ABHraTiCad B cpele, oHa He OyJeT B paBHOBECHH.
MosekynsipHble B3aUMOJEHCTBHSI, OTBETCTBEHHBIE 34 YCTaHOBJEHHE
paBHOBeCHSI, NPOSIBAT ce0s B MAKPOCKONHUECKHX CHAAX TpeHus, jaeid-
CTBYIOIIMX Ha ABHKYIUWUCH OOBEKT M BBLI3BLIBAIOIIHUX €ro TOPMOMKEHHe.
B xopoweMm MNpHOJHIKEHHH 3TH CHJbL
MPOMOPIHOHANBHLl CKOPOCTH 00heKTa; . | z
OHHM TIOJIHOCTLIC HCUe3aloT, KOrjia JABH- L Pz
JKeHHe oOBeKTa upekpaiuaercs. DBeau-

YHWHA CHJI TPEHHS 3aBHCHT OT CBOHCTBZ 4
cpean!, HasniBaeMoro gaskocmoeto. Ha
OJdH U TOT e O0OHeKT B IaTOoKe HJH
MéJle AeHcTBYIOT OOJbUINE CUABL, YeM B »
BOJE. COOTBE‘TCTBUEHHO, naroka obnajaer - Pue. 8.9, Hlaocwocrs 2=sconst A i
ropasfo GoJiblueil BI3KOCTbIO, UEM BOJAA.  CKOCTH KHAKOCTh AHCTBYeT € CHAOIL
Mol 3aiiMeMcst Tenepb §ojee TOUHbIM |2 M7 KHAKOCTE HAA MAOCKOCTSIO.
HCCae/loBAHMEM TIOHATHSI BA3KOCTH H IIONBITAeMCst OOBSCHHTb MHKPO-
CKONHYEeCKOe NPOUCXOXKIEHHE BA3ZKOCTH B CJyuae PaspexkeHHOro rasa.

Onpedenenue roappuyuenma easkocmu. Pacemorpum Jaiobyio cpeny
(?KMJKOCTb HAH Ta3) v BOOOPA3UM B HEH HEKOTOP VIO MJOCKOCTh, HOPMaJb
K KOTOpOff HampasJieHa BROJML ocH z. Cpejla HHKe 3TOH IJIOCKOCTH (T. e.
#a CTOPOHE C MEHBbILUMMH 3HAUeHHSIMHM Z) HCNLITHIBAET HEKOTOPYIO cpell-
HIOIO CHJY Ha GRHHHLY HOBEPXHOCTH (ilJH cpeaHee ranpaserue) P,
CO CTOPOHBI »KHMJIKOCTH, HaXoldlledcs MO APYIyI0 CTOPOHY IJIOCKOCTH.
COOTBETCTBEHHO H3 TPeThero 3akoHa IluioTona caenyer, yto Ha cpeny
BbIlLIE IIOCKOCTH J1EHCTBYET cpeianss cuaa —P, co cropoHsl cpexmi,
PAaCIONOMKEHHOH HUKe MIOCKOCTH. CpelHsis HanpsXKeHHOCTb, HOPMAaJlb-
Hasi K MJAOCKOCTH, T. €. z-KoMroHenTa P, mokasnisaer cpejHee jaB/jeHue

B cpete, toynee, P,,=p. Ecau cpena HaXoiuTCsi B pABHOBECHH, T. €.
MIOKOUTCS] HJM ABHXKETCH C HOCIMOAHHOL CKOPOCTBIO, TO U3 COOBparKeHHIt
CHMMETPHH CJieJyeT, UYTO CpejHee 3HaueHHe CHJI, JNefCTBYIOWMUX napa.-
A€ABHO TIOCKOCTH, paBHO HYJO. Takum obpasoMm, P,,.=0. 3amerum, 4ro
BelMunHa P,, cHaOxeHa ABYMs HHIeKcaMH. [lepBuli W3 HHX OTBeuaer
OpHEeHTAlHH IJIOCKOCTH, @ BTOPOH 03HauaeT KOMIIOHEHTY CHJIb, JexkKa-
IyI0 B 3TOH [JIOCKOCTH *). '

*) Beauuuna P“T (rae & M y oO3HayaeT X, Yy WJH 2) H43BIBAETCH IMPHIOPOM
dasgaeHun. . -
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Paccvmotpum Tenepr npocTyio HepaBHOBECHYHO CUTYAIlHIO, KOTOpas 3a-
KJIOYaercss B TOM, UTO CpelHsid CKOPOCTb U HalleHd cpeint (T. e. Makpo-
CKOIHYeCKas CKOPOCTb !OTOKA) HeOAHHAKOBA B pa3HLIX ee TOUKax.
L7194 KOHKDETHOCTH pacCMOTPHM CJyuai, KOIJd cOcTaBJsiloias CKo-
pPOCTH 4, B HaIpaBJEHUH X He 3aBHCHT OT BPEMeHH, HO BeJWYHHA U,
3aBIHCHT OT 2, T. e. u,=1u, (2). Takoe nojsoxeHue MOXeT BOIHHKHYTH,

z €C/IM Cpeaa 3ak/ioueHa Mexay /ABY-

L o MfA II1aCTHHAMH, HaAXOASIUUMHCS HA
2=l T 4ildy —s U454 paccrosHun L, npuyeM naacTHua,
T & = ag  Koropon z-=(, moxourcda, a
L 2 NJjacTena ¢ z==L JBUXeTCs B HAllpaR-
f Ermmm e g JEeHHH X C TOCTOSIHHOH CKOPOCThIO
Y= > . C XOPOINMM NIPUGTHIKEHHEM MOXK-

U0 w=¢  HO CuHTaTh, YTO CJOH KHJKOCTH,

‘ HeNOCPeJCTBeHHO NpHJjeramlimue K

D T e eawns  IACTHHAM, MMEIOT CKOPOCTH Tid-

R ity e & 3ainm oopa.  CTHH. Torna ciiou cpenpt Mexay mnua-

30M, B JKHAKOCTH cyulecTByeT Trpaavent  CTHHAMH GYIJ,yT HMEeTb pd3Hble CKO-

CKOpOCTI Gulg/d2. POCTH i, MeHsomecss oT 0 10 u,.

B sToM csyuae cpena Oyner AEHCTBOBAThL Ha ILIACTHHY C TaHTreHIH-

aJnLHO CHJOMH, CTPeMSIUeHCS 3aMeJliNTh ee JIBIXKeHHE H BOCCTAHOBUTL

PABHOBECHYIO CHTYaLHIO.

QuepHuaHO, uTO, BooOlLe, 1000 CA0H KHAKOCTH, DACHOJNOMXKEHHLIH B

II0CKOCTH z=const, 6y/AeT HCOBITHIBATH CO CTOPOHBL Jexallell Bbille
JKHIKOCTH TdHreHuHadbHOE HanpskeuHe P,., T.e.

P, =cpeiHast cwia B HanpaBJeHHH X, IPUXOASILASCH
Ha eJMHHLY NOBEPXHOCTH, C KOTOPOH XKNAKOCTL mnojx (13)
[1JIOCKOCTBIO AE€HCTBYET Ha HHAKOCTH Ha IJIOCKOCTDLIO.

Mgl yke BHAEM, YTO B COCTOSSHHH PABHOBeCcHs, KOrAa u (z) He 3aBUCHUT
or 2, cuaa P, =-0. B Hamem HepaBHOBecHOM Cayuae, Korzaa du,/0z=-0,
caenyeT OKHAAThH, uTo P, OyjaeT HexoTOpOH QYHKIIEH OT NPOU3BOAHOI
i, TIO 2, DTa PYHKUMA 10KHA 00pailarhCs B HYJ/b, KOTAA U, HE 3aBHCHT
or z. Ecan npousBongnas du,/dz nocratouHo Mansa, TO NEPBbI usieH
B pasjoxeHud P, B psi Tefl1opa MOXeT 0Ka3aThCs JIOCTATOUHO XOPO-
M npubikenneM. Toraa Mbl HMeeM JHHEHAHYIO 3aBHCHMOCTD CJIe4YIO-
iero BHua:

|
0
I Po=—nla. (14

Bxoadmasa B 3Ty (GOpPMYyJY NOCTOSIHHAS 1] Ha3bIBAETCH KoapduyueH mom
saskocmu Hameil cpeasi. Ecan ¢ yBesnuenuem z Benmyuna ou,/0z BO3-
pacrtaer, TO cpeia, Haxoasmasics NMoj caoeM z, OYIeT 3aMeiasTb CPeny,
HaXONSILYIOC Haj 3THUM CJ0oeM, T. €. AeHCTBOBATb HA Hee C CHJIOH, Ha-
npasjseHHofl no — x. Taxkum oOpasom, ecau 0u,/0z>>0, To.P,,<<0.
Urobsl caenarh Kosh@uitHeRT BA3KOCTH 1) I0JOXKHTEJIBHEIM, B GOopMyay
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(14) BBegen 3nak munyc. M3 (14) caenyer, uro KoapduIMeHT 1 HMeeT
B cHcreme CI'C pasmepHocTh e-cm™t-cex™! *). [TlpornopuHoHAJAbHOCTb
(14) mexny cuioft P,, H rpalHeHTOM CKOpPOCTH Ou,/0z XOpOUIO 1ox-
TBEPKAEHA 3KCIEPHMEHTANbHO a5 OOJBLIOrO YHCAa XKHUAKOCTEH H ra-
30B IIPH YCJIOBHH, YTO TPajHEHT CKOPOCTH He CJHILKOM BeJHK.

3ameuanue PaccMOTPHM CHIB B pa3/iHuHBIX CeYEHHAX 2, AeHCTBYIOmHe
B I1aNpaBJicHAK X B [POCTHIX reOMeTPHYECKHX yc/oBusx puc. 8.4, Cpefa, pacnonoxed-
Hasg HHXKe IVIOCKOCTH 2, JAeHCTBYeT c cuIoff P,, Ha eIHHHIY MNOBEPXHOCTH Cpeibl
sue z. Cpeja, pacnoioXxenHasa MEXIY CI0GM 2 M JI00bIM APYTHM CjoeM Z', JBHKEeTCH
6e3 vekopernsi. [losroMy XKHIKOCTb, pacilooxeHHas Bhllle z', A0/mKHa JeHCTBOBATH
€ Cus0il —P,, Ha eAHHHIlYy NTOBepXHOCTH Cpeflbl, PACMOJOKEHHONH HHXKE MIOCKOCTH Z2’.
Ilo Tpetbemy 3akony HbioToHa HJIKOCTB, PACHOJIOKeHHAA HHKe z', JeHcTByer ¢
cuaof P,, Ra eIMHMIY NOBEpXHOCTH cpennl Bblile z'. Takum oGpasom, B J1060M cede-
HHH, B TOM UHCJe H Ha BepxHefl miactuue, NeHCTBYIOT paBHble CHAM. Tak Kak P,
ABASIETCH He 3aBHCsMell oT 2 moctosiiHOM, u3 (14) ciaeayer, uTo du,./0z==const, a umeHHo

ous_t
dz L
S|
u
Py=— n‘f’ .

Bowucaenue  kodgppuyuenma  es3xocmu 0aa  paspeseHHozo  2asd.
B mpocrom cayuae paspekeHHOro rasa KospHLUHEeHT BSI3KOCTH Jerko
BLIYHCJIHUTh Ha OCHOBE MOJEKYJSIPHOTO paccMoTpenus. lomycrum, uro
Cpe/Hsis KOMIIOHEHTa CKOPOCTH rasa paBHa i, (IPEArnosNOXHM, YTO 3Ta
CKODOCTb MaJjia N0 CPaBHEHHIO CO cpeiHed Tensa0BOH CKOPOCTBIO MoJe-
KVyJ) H YTO 4, 3aBHCUT OT 2. PaccMOTpHM HeKOTOPVIO [JIOCKOCTh 2=
==const. Kakopa MojieXyJsipHas NPHpPoAa CHAbl P,,., JneficTByioilell B
njockocTd z? UtoOwl 1aTh X0Tsl Obl KA4eCTBEHHBIA OTBET Ha 3TOT BONPOC,
3aMETHM, YTO MOJIEKYJ/Ibl HaJ IVIOCKOCTBIO Z Ha pUC. 8.4 UMEIOT HeCKOIbKO
OOJBIIYIO CKOPOCTh, YeM MOJIEeKYJIbl, pacnoqoxeHHple noji Hei. Korja
IBHXKYILHeCS BBepX M BHH3 MOJEKYJbl MepecekaiorT MJOCKOCTh 2, OHH
nepeHocAT ¢ cofol M X-KOMIIOHeHTY Hmnyabca. lpu 3ToM ras, pacnoso-
>KEHHBIH HHXKe TIJOCKOCTH 2, 110Jy4deT NMPHpPALEHHEe X-KOMIIOHEHThl HM-
My/abCa, TaK KaK INPOHHKAWIHE CBEPXY MOJEKYJbl NPHHOCAT ¢ CcOCOH
N36LITOK X-KOMIIOHEHTH MMIYJbca. TOYHO TaK e ras, pacioJoXeHHbIi
Haj z, TepsIeT CBOHl HMNYJbC H3-3a TOrO, YTO [POHUKAIOWHE CHH3Y
MOJIEKYJIbl [IPHHOCAT YMEHBLUIEHHYIO X-COCTaBJsIOIy0 uMmnyanca. [lo
BTOPOMY 3aKOHy HBbIOTOHA CHJA, JIGHCTBYIONIAA Ha CHCTeMY, PaBHA CKO-
DOCTH H3MEHEeHHs UMIyJbca cucTeMbl. [losTomy cuaa, ¢ Koropoi ras noa
MJIOCKOCTbIO JEeHCTBYeT HAa ra3 Hal NJIOCKOCThIO, paBHA H3MEHEHHIO 34
€MHHIY BpeMeHU UMITYJsbCa rasa Hajl IJIOCKOCTbIO, BBLISBAHHOMY Id30M
nox miockocteio. Takum obpasoM, cuaa P,, u3 (13) pasna

P, ==cpeaneMy BO3pacTaHHIO 3a €IMHHIY BpEMeHd H Ha
@IHMHHIY TIOBEPXHOCTH [LIOWAAH X-KOMIOHEHTBl UM-
MyJbca ra3a Haj MJAOCKOCThiO, BHI3BBAHHOMY nepeHo- (15)
COM HMMIYJbCa MOJEKYJaMH, IIePeCeKaiolUMH 3Ty
NJIOCKOCTb.

*y Jra KoMOHHalMs eJUHHI HOCHT 'Ha3BaHHe nyada-B decth (u3mka Ilyaseing.
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TMTosscHsnomee 3aMeuaHHe. Urolel NOACHMTL MeXaHH3M BS3KOCTH
NEPEHOCOM HMIYJbCa, NpHBeAeM CAeAVIOMYI0 ahasormuio. IlycTth JABa Kele3HONO0pOX-
HbiX BAarOHA ABMKYTCA DPHANOM HO NapajjebHbIM [YTAM, NPHUEM CKOPOCThH OJHOTO
Barona OGouabllie cKopocTa Jpyroro. Ilpexcrasum cefe, uTO TIPY3ULKH H3 KawJoro
BArOHA 3aHUMAIOTCA TeM, YTO MepeGpachiBaloT SUIMKH < TeCKOM Ha COCEIHUWH Barod.
3o nepe6pachiBalie BLI3HIBaeT NePEHOC MMIYJ/bca, IPH KOTopoM Gogee MelJIeHHbIH
BaroH OyJeT HCNHITHIBATE YCKOPeHHe, a (onee OLICTPHIH — 3aMelljieHHe.

YToOu OlieHuTh BeauuuHy KozthduiHedTa BA3KOCTH, AONYCTHM, 4TO
Bce MOAEKYJBl raza JBHKYTCS C OJAHHAKOBOH CKOPOCTBIO, PABHOH NiX
cpenneii ckopocth v. OnHa TpeTh H3 BCeX HAXOASIIMXCS B e UHHULE 00 Dbe-

Ma 7 MOJeKYJ HMeWT COCTaBJslio-

13 _ llUe CKOPOCTH, HalpaBJ/ieHHbIE BIOJb

Uyp(2+1) OCH Zz; V NOJOBUHBI 3THX MOJIEKY.]

. IZ,TU— TTT T CKOPOCTH HampapJeHbl BAOJAb -7,

a y JApyroif mNoJiOBHHBI BIOJb —2.

l _ﬁrnﬁ Pacesorpus 1njockocts, ofo3Hadeti-
——N T Hvio 6YKBOH z. 3a elHHHIY Bpeme-

7 (2~1) HH eJMHHIY IIOBEPXHOCTH 3TOH ILIO-

Puc. 8.5. Moarkymi. mepecesammué  CKOCTH nepeceuer (1/6) nv  mMosaexy.y
NJ0CKOCTh, OCYICCTBAAIOT HCPeHOC HM-

nyabea. cun3y 1n (1/6) nv mosekys ceepxv.
M3 onpezencHua cpeanero csofpiaqoro npodera [ ciaeayer, 4To MOJC-
KVyJIbl, TPHIISTIIHe CHH3Y, HCOBITAJAH TMOCACTHEE CTOJKHOBEHHEe Ha pac-
CTOSIHHH [ MO MAOCKOCTLIO, @ MOJIEKYJBI, NDHelie CBepXy,— Ha Ta-
KOM 7K€ PacCTOAHIH [ HAX NJAOCKOCThiO. Tak Kak CpeiHsisi CKOPOCTh U, =
:=u,.(2) 3aBICHT OT KOODPJHHATHI Z, TO MOJEKV.JIBI B IJIOCKOCTH (z — /)
OYAyT HMeTh CPENHIOID X-KOMIIOHEHTY cKopoctH u.(z — /). Kaxnasa ra-
Kag MOJeKy/a ¢ MAccoil m [epPEHOCUT 4Yepe3 TMJIOCKOCTh CPEeRHIOIn Xx-
KOMIIOHeHTY HMNyJbca mu (z — I). Mbi npuxoany K cielyiouleMy Bii-
BONY *):
~CpenHsisi KOMIIOHEHTa HMIYJsca, fiepe-T|
HOCHMAsi B €QHHHILY BpDEMEeHH uepe3 | | - -
eJMHHILY noaepxnog'm pHJIOCI(OCTIF z ! =g olmu, (=0 (15)
B HanpapJeHHH CHH3Y BBepX, |

P T —

TouHO Tak Ke, paccMarTpHBasi MOJEKV.IbI, NEPECceKaioniHe MAOCKOCT!
CBepXy, rle KOOpAHHATA HX IMOCJEAHEro CTOJKHOBeHHsd Oblia ([1-z),
Mbl MOXKeM = Hamicarb:

~CpeaHsisi X-KOMIOHEHTa HMIYy/1bCa, T1e-
peHOCHMasi B €IHHHLY BDEMEHH Ye- . .
pe3 eIMHHIY [OBEPXHOCTH B Hanpas- | — 6 '° [mu, (28]
L JIeHHH CBEpXY BHHM3, i

(17)

Boluuras (17) us (16), Mbl nosyuaeM OKOHuYaTesNhbHOE CpegHee 3HAaYECHHE
X-KOMIOHEHTbl HMNYJLCd, NEPEHECeHHOH MOJIeKyJlaMd depe3 efuHHILY
NOBEPXHOCTH INIOCKOCTH Z 3a eJIHHHILY BpeMeHH, T. €. HalpsKeHHe

*) YroOsl n3be:kaTh NyTaHHILl, 3allOMHHM, WIO CHMBOJN U, (z—{) He o3nHauaer
fIpOH3BEJIeHHe; 3TO CcpelHee 3HayeHHe CKOPOCTH U, B IJIOCKOCTH (2—I).
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£, . onpeieasiemoe B (15) uau (13). Hraxk,
| | O
P,o=gmomu, (z—l—¢ nomu,(z-1-1),
H.TH

] —_
P,y==+ nom[u, (2—)—u, (24 1)]. (18)
Tak rak cpeansas pauHa ceobolHoro npobera ! BecbMa Majaa {Ilo cpaBHe-
HHIO C PaCCTOAHUSIMK, HA KOTOPLIX TpanHeHT CKOPOCTH du, /0z MeHseTcH
3aMeTHbiM 00pa3oM), Mbt MOKeM ¢ XOpOLIHM NpHOJIHKeHHEM 3anHcaTh
TaK:

Uy (24 1) =11, (2) + Sz,
u
a X
u,(z—I1l)=u, (z)wﬁgfzh[
Takum ofipazam,
e o (90 (N Pl
szwﬁnm\ 252 i).__. N5 (19)

rae

! T —1—13— romi. i E (20)
|

13 dopmyant (19) caenyer, yro sz AEHCTBUTENBHO MPONOPIHOHAILHO
FDAJUEHTY CKOpOCTH du,/dz, uto corsacyercs ¢ (14). Kpome toro, dop-
ayJaa (20) BoipakaeT Ko3(phHUHEHT BASKOCTH 1) uepes3 MOJIEKY/IADHbIE
TIApaMeTpPbl, XapaKTepH3YIOiHe CBOWCTBA Ta30BHLIX MOJEKY.JI.

Hawmu BoluucaeHus umenst BechbMa YIPOLIEHHBIH xapakrep. Mol He
{1LITA/IUCh BHIUHCIATEL CPEIHUE 3HAUEHUs Pas3/IHuHbLIX BeJquuud. [Tostomy
MHOXKHTeRIo T/, B hopmyae (20) He caeayeT npHiaaBarh 00JbLIIOO 3HAYE-
Hiisl. KoahdHuHenT nponopuHoHanbHOCTH, MOJYYEHHbIH npH Gosee Tula-~
TeabHbIX pacyerax, MOXKeT UMEeTh HeCKOJILKO ApYroe 3HaueHHe. 3aMeThM,
0.HAKO, YTO MOJyUeHHas] HaMH 3aBHCHMOCTD KOI((HIHEHTa BSA3KOCTH OT

MOAGKYJIAPHEIX NapameTpos n, m, v U [ JOJKHA OBITh BEPHOM.
Obcyaicdenue. Vi3 GopMy.nl (90) c/IeyeT psiji MHTEPECHBIX Npe/icKasa-
#ui. Hailna n us seipaxenns (9),

V2as’
# nojctasue ero B (20), Mpl HoAyuMM cjeayiolilee BupaykeHHe s 1):
L g = :
_ . om @2
3 VZ g, ’ ( )

KOTOPOe y¥Ke He collep)KHT n. Ipubanxennoe 3HaueHHe v MOXHO 110J1y~
YUTb U3 TEOPEMbl O DPABHOMEPHOM pPacClpede/ieHHH:

1 o=~ 1 ~ kT

7ma§m-§kT,. HJIH v_§=~,1~1—.
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Ho

“—. n SkT
;‘I‘Uu"*“yz—:% 2 = m ’

TaK Kak 0i=02=0% H3 coobpamenuil cummerpun. B NpHOIHKEHHBIX
BbIYHC/IEHHSIX ITOH TJIaBbI Mbl MOXKEM He JesaTh Pas/H4Hs MEXIy cpex-

Hell CKOPOCTBIO U H KOPHEM H3 CPElHero Ksajpata CKOPOCTH (02)
[TosToMy C JOCTAaTOYHOH CTeNeHbl0 TOYHOCTH MOXKHO [OJ0XKHTb

- 3rT

Y ]/ = (23)
He3aBucUMO OT TOYHOIO 3HaYeHUd KodPppuuHenTa nponopiHOHANLHOCTH
B (23), CpeAHsAs CKOPOCTb MOJEKY.J1bl 3aBHCHUT TOJIbKO OT TeMnepatypsl 7,

HO He OT 1 — YHcJ/a MoJeKyJ B eliHNLe o6beMa. TakuMm o6pa3om, Kosp-
dunuedt Bu3kocTy (22) okasplBaeTCsl He 3aBHCAUINM OT #. [lpu panuoil

temnepatype T OH He 3aBHUCUT Takyke H OT JAaBjeHus raza p=nkT.

Mbl nosyyw/id 3aMeuarenbHbLIH pe3yJbTar, MOKa3biBAalomIHi, Uro B
cUTyainy, H3obpaxeHHOH Ha puc. 8.4, TopMO3dmas cHJIa, C KOTOPOi
ras JeficTByeT Ha ABMXKYIIYIOCH BEPXHIO NJacTHHy, Oyier omHOH u
TOH e, He3aBHUCUMO OT TOr0, PABHO JIM NABJIeHHe ra3a MeXay IM1acTi-
Hamu | ma v, Hanpumep, 1000 sm pr. ct. Ha nepolit B3ras1 570T BhI-
BOJ KaXeTcsl CTPaHHbIM, TaK KaK HHTYUIIHs [IOACKA3bIBaeT HaM, UTO TaH-
reHUHaNbHasl CUIa TOPMOXKEHHS B rase J0/KHa ObITh HPONOPLHOHAIbHA
YHCAY Ta30BHIX MOJEKYA, [ePeHOCHALINX WMOVABC C OAHOH NJAACTHHbB
Ha apyrywo. Clenyer, OiHAaKO, HMeTb B BHAY, YTO NIPH 3TOM CpPejHSs
AJiMHa ¢BOGOAHOro Mpofera yMeHbLIAeTCsl M MOJEKYJbl [1epeHOCHAT HM-
YJbC ¢ PAacCTOSTHUSA, COCTABJAIOLIErO TOJBKO 4aCTh [I€PBOHAYAJIBHOIO.
[TosTOoMy KoHeuHOE 3HAYEHHE NEePeHeCeHHOr0 MMIYJbCa OCTAETCS HEeU3-
MeHHBIM.. He3aBHCHMOCTD BSI3KOCTH 1| ra3a OT AJIOTHOCTH (IPH IOCTOSIH-
HO¥ TeMmmeparype) Obina fpeickazana Makcseasom B 1860 r. u skcne-
PHUMEHTaJbHO MOATBEPKACHA UM 2Ke. -

QueBH/[HO, UTO 3TOT PE3YALTAT He MOXKeT OCTaBaThCsl ClpaBeNlJHBbIM
IJ151 TIPOU3BOJBLHO OOJLIIOTO HHTEPBAJA H3MEHEHUsSI TMJOTHOCTH rasa.
JlelicTBuTeNIbHO, 1TpU BbIBOAE (popmy.bi (20) Mbl caenasu jBa ZONYHIEHUS :

1) Mp! mpeamoaaranau, 4TO ras3 JOCTATOYHO paspexeH AJAsd TOro,
4TOOBI MOXKHO OBbIJIO TOJHOCTBIO IpeHe0peUb OJHOBPEeMEeHHBIM CTO/IKHOBE-
HUeM TpeX uau 0o/pluero uncjaa MoJekysa. Mpl OrpaHHuYHIANChH PACCMOT-
peHHeM JABYX MOJEKyJ. 2TO OrpaHHyeHHe AOMYCTHMO, €CJIM NJAOTHOCTh
MOJIeKYJ1 JIOCTATOYHO MaJja, T. e.

[>d, (24}

roe BequdHuHa d ~ G'/: XapakTepusyeT IUHaMeTpP MOJIeKYJbi.

2) C apyro#l CTOpOHbI, Mbl IIpEANOAarajiu, YTo ras JoCTaTouHO ILIO-
“T€H, TaK HTO MOJEKYJ/hbl ropas3jfio yaule CTaJKHBAIOTCA APyl C ApYrom,
YeM CO CTeHKaMH cocyia. IJT0 npeANnoJoxeHHe O3HA4aer, uTo 7 Ha-
CTOJIbKO BEJHKO, YTO

|<<ZL, (25)
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rie L— HauMeHbIUWl JUHeHHEH pa3Mep cocyja. (Hanpumep, Ha pHe. 8.4
L — paccrostHue MeXay IJacTHHAMH.) B npeflenbHoMm ciyuyae NOJHOTO
BakyyMa n—-0 TaHIeHUMa/JbHa# CHJIa, AEHCTBYIOLAsh HZ ABHKYLLYIOCS
MacTHHY. (puc. 8.4), JoJiXHA MCYE3HYTb, TaK KaK B ITOM C/yyae HeT
rasa, KOTOpHIi nepeHocHs Obl uMnyJbc. Ecau n wactonpko mand, uro
ycJoBHe (2D) He BBLIIOIHACTCS, BSI3KOCTD JQJIXKHA YMEHbIIMTbCSA ¥ CTpe-
MHUTBCS! K HYJ/IO 10 Mepe JaJdbHeidlero ymeHbileHus #. JlelicTBUTENbHO,
ecsd CpenrHdAs AmHa cBobonHoro npo6Gera (21), ¢BsizaHHas CO CTOJAKHO-
BeHHEM C JpYTUMH MOJIEKyJaMu, CTAaHOBUTCH GoJibile pasmepa cocyia L,
MOJeKyJaa OYAeT NPenMYILeCTBEHHO CTAJKHBATLCA CO CTEHKaMM COCYIa,
a He ¢ APYTrUMH MoJieKyJaaMu. DpPeKTHBHOe 3Ha4YeHHe CPeNHeH JIHHbI
¢BOGOIHOrO pofera MOJIEKYJIbl B 3THX YCJOBUAX CTAHOBHTCSI MPUOJIH3H-
TeJIbHO paBHEIM L (BesHunHa [ GoJibiie He 3aBHCHT OT YHCJA MOJEKY.JI
rasa B cocyle) U Ko3(xpHILHEHT BA3KOCTH 1] B (22) oka3biBaeTcsl mponop-
IIHOHAJ/IbHBIM TJIOTHOCTH 1.

3aMeTHM, OJHAKO, 4T0 00JacTe NJQTHOCTeH, Tae YCJAOBHS (24) u
(25) ynoBJeTBOPSIOTCH OJHOBpPEMEHHO, BeChbMa Be/HKa. [lefcTBUTeNbHO,
B O0BIYHBIX MAaKpOCKONHUecKHX onbiTax L>>d. Takum oGpa3oM, Koaddu-
IIHEHT BSI3KOCTH ra3a 1) He 3aBUCHT OT JABJEHHS B BeCbMa 3HAUUTEJIbHOM
HUHTEPBaJe [MABJEHHI.

OG6cynuM Tenepb 3aBUCHMOCTb KOpdHUHEHTa BS3KOCTH v OT TeM-
nepatypel. Ecin MoslekyJbt TOX0XH Ha TBepJble napbl, TO IoHepeyHoe
ceyeHHe O, oNpejessieMOe PaBeHCTBOM (2), OyAeT YHCJIOM, He 3aBHCALIHM
or T. B arom cayyae H3 (22) cjenyer, 4To v) 3aBUCHT OT TeMIepPaTyphbl

TaK 2Ke, KaKk H U, T. €.
noc Tve, (26)

B o6iem c.nyqae OKa3bIBaeTCd, yTO G 33BHCHT orT CpEﬂ,H@H OTHOCHTeJIbHOH

ckopoet V Mmostekya. Tax xak VocT':, To 6 oKasblBaeTcs 3aBHCSIIHM
OT TeMneparypol. B pe3yabraTte 3aBHCUMOCTD 1] OT TeMreparyphl OKasbl-
BaeTcsi foJsiee CHAbHOM, ueM B (26): n npHOIH3HTENBHO PONOPIHOHANBLHO
To7, KayecTBesHOe OOBACHEHHE TAKOK 3aBHCHMOCTH 3aK./J10YaeTCst B TOM,
4TO, KpoMe BONbINHX H KOPOTKOACHCTBYIOMHX CHJI OTTAJIKHBAHHS, MEXAY
MOJIEKYJIaMH JeHCTBYIOT NPOABJSAIONIMECH HAa OTHOCHTEJNBHO OGOJbIIHX
DPACCTOSIHUAX CJalbie CHJbl TPUTSDKEHHS. 3TH CHJBl  YBEJHUYHBAIOT
BEePOSITHOCTb PacCcesiHHst MOJEKYJbl, HO C YyBeJduYeHHeM TeMIleparypbi
3(pPeKTHBHOCTL INEHCTBHA 3THX CHJ yMeHbluaeTcsi, TdK KaK cpefHss
CKOPOCTb MOJIEKY.1 BO3PACTACT U Te e CUJIbl BBI3LIRAIOT MEHbIIEE OTKJIO-
Henve. [losToMy nonepedsoe CeueHue paccessHHSI HECKOJABKO YyMEHbUIA-
emca C yBeJHUEHHEM TeMIlepaTyphl U, COOTBETCTBEHHO, BSI3KOCTb 1],
KOTOpasi B MOJ/H TBEPAbIX LIApOB X T '/:/6, B AeHCTBHTENbHOCTH BO3-
pacraer ¢ Temreparypoil Ovicmpee, yem T'/:,

O6patyM BHMMaHH€ H3 TO, YTO C YBeJHUEHHEM TeMmiepaTtypnl Ba3-
KOCTb ra3a pacment, B OTJIHYHE OT BA3KOCTH XKHAKOCTH, YMEHbUIAIOWENCS
C yBejiHYeHHem TeMmpeparypbl. [lpHunHofi Takoro pasjHuHs, sBJAAETCA
OAH30CTb MOJIEKYJ MHIAKOCTH: Nepefiaya UMMyJibca 4epe3 AaHHYIO IJi0-
CKOCThb B KHJKOCTH IPOHCXOJHT He TOJBKO H3-33 Nepexojia MOJIeKV.,
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HO W O6saroflapsi HernoCPeACTBEHHOMY B3aHMOAEHCTBHIO MOJIEKYJI, Haxo-
JsmEXcs no ofe CTOPOHBI MJIOCKOCTH.

B 3akawouenye OuUeHHM MNOPSIAOK BEJAUYHHbI 1] 115 oﬁbmﬂoro ra-
3a npu KoMHarHoii Temnepatype. as asora (N,) m=28/(6-10%%)=
==4,7-107% ¢, H cpelHHI HMIYJbC MOJIEKYAbl a30Ta NPH KOMHATHOH
Temueparype T=300° K pasen mv ~ V 3mkT =2,4-10-1% 2.cht-cex.
Jluamerp Monexkyabl asora 6au30K K d~2-107% cu, orkyla o~nd*=
~1,2-10 cx?. U3 (22) mosaydaem c/ienyiomlyio OueHKy: mas n: -

] my .
N=——=—~5-10"% 2.cu™1.cex~1.
3V2 o
Jng cpaBHeHHs yKaxKeM, 4TO HB‘\inEHHoe 3HaueHHue KoadduLneHTa Ba3-
xocth W y asora N, npH KomHaTHo#i Temmeparype 300° K pasuo

1,78 1074 2-cm™tecox™?t, . ,
[Noacrabass. (23) B (22), Mbl nosyyum npubaHKeHHOe BhIpaXKeHHe

Aasi KoadduHeHTa BI3KOCTH -

| VET -
o —— 27
n V3 (27)

b o

8.3. TennonpoBoaHOCTE M nepeHOC IHEPTHH

Onpedenerue Kodppuyuenma menaonpogodHocmu. PaccMoTpuM Be-
1LeCTBO, B KOTOPOM pacrpeje/ieHye TeMiepaTyphbl He siBJIsSeTCH OAHOPO/I-
Hont. JonycrtuM, HanpuMep, 4TO TeMmepaTtypa 3aBHCHT OT KOODPAMHATEHI

z, Tak uto T=T(z). Hame Beilec1Bo He

z/ /// HaXOJUTCA, TaKUM 00pasoM, B paBHOBeC-
HOM COCTOSIHHH, U CTPeMJIeHHE K, (JAOCTH-
MKEHHIO DABHOBECHS NPOSIBUTCS, B Cynle-

“__ﬁ_.,__,_' ________ CTBOBAHHHM TIOTOKA TeMJa, HalpaBJCH-
HOTO OT YYacTKOB BeulecTBa, 00J1a]ai0-
(LHX BBICOKOH TeMnepaTypos, K y4act-
/ /// KaM ¢ HH3KOH Temneparypoii. Paccmor-
g PHM IJIOCKOCTb z=const, rae T="T(z).
5T, 8,<0 Hac Oyner uHTepecoBaTh cJaepyromast

. . Be/IHYHHA:

Puc 3 5. Bemeerso, paxofsalleecss B

TCNOBOM KOHTAaKTe C HABYMA TejiaM, o
abooaoTHAR  TeMleparypa KOTODBIX . Qz:::l\OﬂquCTBO TenJa, mnepete-

pasda Ty 0 T,, Ecau 733>T,, Terio | r -
TeUleT B HANpaBAeHUH — 2, OT Tema C CEHHOE 3@ CAHHUIY BPEMEHH (28)
6o/bLiefi TEMIIEPATYPOL & Tesly € MeHb- HEepe3 -CIHHHLY NOBEPXHOCTH
ieii TeMnepaTypoi, Takum o6pasoM, o

BeAMYHHA ' Q, oTpullaTenbHa. , - _B HanpaBJeHHH -{-.Z.

’ I I
Beanauta . Q, Ha3LIBAETCSH NAOMIHOCITIBIO NOMDKQ MeNid B HanpaBﬂeHnu
ocu z. Ecau temneparypa oznopogsa, Q,==0. B npoTuBHOM ciyyae pac-
CVKJIeHH S, aHAJIOTHYHbIe TEM, KOTOPLIE Mbl [IPOBEAH NIPH PACCMOTPEHHH
BSI3KOCTH, HPHBOJAT K TOMY, YTO BeJqHYHHA @, NO/KHA ‘GRiTh (B XOPO-
reM ApUOGJIHIKEHHH) NIPONOPLHOHAAbHA FPAfUeHTyY Temnepatypsl 07 /0z,

306



€CH 3TOT T'PafHeHT He CJAUIIKOM BeJRK. Mbl HMeeM, TaKHM 06pasom,

Q=—n2. | (29)

BenuuuHa x Ha3blBaeTCS KOIGOUUUECHIMOM MERAONPOGOOHOCIIL PaceMaT-
puBaeMoro BellectBa. Tak Kak TelJo TedeT OT obaacTell C BLICOKOH TeM-
nepatypofi K ob6nactu ¢ 6osee HU3KOA Temnepatypo#t, To Q,<<0, ecau
dT/0z>>0. Ing Toro utobnl BeJHYHHA % Obl1a NOJOXKHTENbLHOH, B (29)
CTOMT 3HAaK MHHYC. Bripaxkenue (29) cnpaBeainBo NpaKkTHUECKH BO BCEX.
rasax, JKHAKOCTAX H OXHOPOJAHBIX TBEPJbIX Tenax.

Bowucaenue Kospuyuenma menionposoorocn paspencerHnozo 2a3a.
B npoctoM cayyae paspekeHHOro rada Ko3hduiueHT TEILIONPOBOIHOCTH
MOXKeT ObITb BbLIYHC/EH C MOMOILLIO TOTO K€ YIIPOLUEHHOTO MOJEeKYJsSp-
HOTO PacCMOTPEHHsI, HCIONb30BAHHOTO HAMH IIPH H3YUYEHHH BA3KOCTH
rasa. PaccmoTpuM B rase miockocrs z==const, rie 7=7(z). Mexanusn
epeHoca TenJa 34K/KYACTCSI B TOM, YTO MOJIEKYJbl Ta3a Nepecekalor

IJIOCKOCTh ¢Bepxy u cuusdy. Ecan 0T/dz>0, to cpenusns sHeprus &(7T')

MOJIEKYJI, IPHXOAALMX CHH3Y, MeHbite gem £(7') y MOJIEKV.F, NIepeceraio -
[LUX NJOCKOCTb cBepxy. B pesyap-  °

z
TaTe BO3HHKHET MePEeHOC JHEPTHH U3 T .
obnacTu Haj n.nocf()ocmro BpoﬁﬂaCTb L Uf_*_”ﬂ__ _____S(j’jli“
nojy Hefl. Kak u npu pacuere Bas- ; [_51,,-
KOCTH, MbI MOXKeM HaIHcaTh, 4TOo 38 ZEf———m— 2
eIUHHIlY BpPeMeHH uepe3 eIHHHILY L -g—ﬂv
IOBEPXHOCTH CBEPXY BHHU3 IIpPOHJET e ———~E_;‘;5~_

okoJio 1/6 nu mosexkya *). 3aecb n — ‘
qUCJ0 MOJIeKY.J B E€AHHHIE obnemMa Puc. 8.7. ModeKkyaH, Nepécexawilne Muio-
- CKOCTh, MepPeHOCAT SHEPrUm.

BONIU3H TJIOCKOCTH 2, @ U — Cpeausis

CKOpOCTb MOJIEKYJ. MoieKkysnsl, fepecekaroiiue NJIOCKOCTh 2 CHH3Y,
HCNIBITAAH [I0CAeHee CTOJKHOBEHHE B CpelHeM Hd paccTosiHuM [ or
naockocTH. Ho temmeparypa 7 3aBucuT OT z, a cpelHs$l 3Heprud &
OT TeMnepaTypbl, TOITOMY CpEIHAS 3HEePrHs MOJEKYJ & 3aBHCUT OT
KOODJAWHATH z, T. e. &=¢(z). Moaekyabl, nepecekaroillie MJOCKOCTh 2
CHH3Y, NePeHOCAT CPelHIO 3HeprHio &(z — ), Tak Kak Mbl CUHTaeMm,
4TO NOC/ICHee CTOJKHOBEHHe HMeo KoopauHary ¢ — [. Takum o6pasom,

“CpelHAs 3HEPrHs, [epeHeceHHass B eLUHHLY .
BPEMEHH 4epe3 eIMHHIY MOBEPXHOCTH B | = nve (z—10). {30}
HalnpasJieHHH CHH3Y BBepX,

 *) TennonpoBoAHOCTL [a3a HM3yuyaercst HaMM B CTALMOHADHBIX YCJOBHSIX, KOTJa
KOHBEKTHBHOE JBHMKeHHe OTCYTCTBYeT. I103TOMY MOTOK MONEKyJ, NepeceKaromux Io-
BEDXHOCTh C OJHOFO HanpaBJ/JeHHH, paBeH IMOTOKY MOJEKYJ € RPOTHBONOJOMKHOrO
HanpaB/ieHHsN, H B HalleM 3JIeMeHTAPHOM pAaCCMOTDeHHH Mbl MOXKEM CYHTaTh, YTO IIPO-
u3BeJleHHe nv MOCTOSAHHO. Takum obpasom, Mu! npesHefperaeM HeGONBHIMM Das/iHIHEr
B 3HAYEHHWAX N H U HaJ H MOJ INIOCKOCTbIO, BLI3BAHHBIM CYLIECTBOBAHHEM TpalHEHTA
TEMREPATYPhl. :

307



AHnanoruyso, paccMarpHBasi MOJIEKYJ/Ib!, IPHXOAsIIHE CBepXy, TAe noc-
JICIHEMY CTOJIKHOBEHHIO OTBeYaer KoopawHara (2--1), Mbl HMeeM:

CPelHsisl 3HCPTHsl, MepeHecerHas B eJHHHIY T
BpeMeHH 4Yepe3 eJIHHHHY I1I0BePXHOCTH B]"——“—G— nve (z-1). (31)
HanpasJeHHH CBepXy BHHUS, §

Boiyuras (31) uz (30), MbI nogyyaeM pe3yJibTHPYIOIUHE [TOTOK 3Hep-
THH @, uepe3 NOBePXHOCTb Z=const B Hanpam/JeHHd CHH3Y BBepX:

Q=gnvle @=l)—e(h]=
:—é—na HE(Z)—I%}—-{E (z)_[_l“g_:f}] ,

1 ——[ 1 —, de T
Q= no| —2 L |~ gt T,

HJIH

(32)

TaK KakK & 3aBHCHT Ot z uepe3 temneparypy 7. Beenem obo3Hayenue:

9 33)

“=3T -

Beanuuna ¢ osznayaer Tem/ICEMKOCTh (MIpH NOCTOSHHOM oObeme), OTHe-
CEHHYIO K 00Hoil moackyae. Tenepp (32) npHHHMaeT CAeLYOUWHH BHI:

JgT
Q.=—n2, (34)

rupe’

== el (35)

Wz (34) caenyer, yTo (Q, NPONGPIHOHAJILHO TPAIHEHTY TEMIIepPaTyphi
feM. (29)), a (35) BuipaxkaeT KO3DPHIMEHT TeNAOIPOBOAHOCTH % rasa
yepe3 OCHOBHBIE MOJEKYJIsIPHbIE BEAHUHHBL.

Odcyoncdersue. Koapbuuuenr 1/, B gopmyae (35) nosyyeH B pe3ybrare
NPUOAHMKEHHLIX BLIYHC/IGHHH U He 3acAy:KuBaeT GoJbiIOT0 JOBEpPHA.
®opmyna (35) paeT, 0AHAKO, IPABUJIbHYIO 3aBHCHMOCThL % OT BCeX mapa-
MeTPOB, HMEIOLIHX CYIeCTBeHHOe 3HaueHHe. Tak kak [ n™!, TO ILIOT-
HOCTb OnsTh Hcue3zaer, Bocnoub3osaBwuch (21), mbl ntoaydaeMm Bhipa-

KeHHe IJA K.
1

c —
= ——— . 36
e (36)
Takum o6pa3om, npH 3a1aHHON TEMIIepaType TellIONPOBOAHOCTE He 3a8uL-
cum OT JaBJIeHHs rasza. ITOT PE3YJIbTaT UMEeT TO e O0bACHEeHHe, U4TO
M aHaJorHuYHoe CBOMCTBO BA3KocTH. OH CIPaBEA/INB B OGNACTH jaBJie-
HHU, rie cpenHsist AHA CBOﬁOILHOI‘O npofera MoJieKyJibl YAOBIETBOpP AeT
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yeaosHo d<€[<ZL (3mech d — nuameTp MoJekysabl H L — HauMeHbUIHH
pasMep cocyja).
JLns 01HOATOMHOTO rasa H3 TeopeMbl O PABHOMEPHOM paclpele/ecHHn

- 3 o
CJelyeT & =—Q—kT, [MOSTOMY TEHJO0EMKOCTb, OTHECEHHasi K OJNHOH MoJie-

3
Kyne, paBHa c¢=-gR.

[pumennm BuipakenHe (36) K MosekyJsam, KOTOpble BEAVT celst ro-
Jo6HO TBepAbiM wmapam. Tak kak votT'/», a ¢ OT TemMnepaTyphbl He 34-
BICHT, Mbl TOJyyaeMm, 4TO KO3(hpHHHEHT TeMJIOHPOBOIHOCTH ¥ MPONop-
I{HOHA/IleH KOPHIO0 K3 alCOAITHOH TeMIeparypbl

yoc Thie, (37)

B 1efACTBUTEIbHOCTH O HECKOJIBKO MeHsIeTCsl C TeMIiepaTypoi. Mut obcyx-
Jlsli 9TOT BONPOC B NpelbiiylleM naparpade npu pacCMOTPEHHH BA3-
KocTH. B peaysbrare x Medsiercss ¢ TeMmlieparypoil fosee ObICTPO, ueM
. 3TO cJenyer H3 (37).

C nomomipio (36) Jierko OlleHUTh MOPSIIOK BeJWYHHBI Ko3(hduineHTa
TeIllJIONPOBOAHOCTH X JJIS1 Td3a IPH KOMHATHOH TeMmmepaType. 3aMmeTuM,
4TO H3MEpPEHHOEe Ha OIbiTe 3HaueHHe KOa(pUIIHEHTa TeNJIONPOBOJHOCTH
aprona mpu 273° K paBHo %x=1,65-10"¢ sm-cm~t-2pad1.

Hcrioneayst Beipaxkenue (23) Anst v, Mbl IOJTY4UM U3 (35) caenyioilee
IIpUO/IHIKEHHOE BblpaXKeHHe 118 KodhdHLHenTa TellJIOnPOBOIHOCTH:

EYETV w

CpasHusas BblpaxkeHus (20) u (35) anst Kosh)HLHEHTOB BSIZKOCTH 1)
U Tefl/IONPOBOJHOCTH %, MBI BHAWUM, 4TO MX OTHOIUEHHE PABHO

“ c
XL, (39)
M i
ITocsie ymHOxeHHSI yHCAHTeNsT KW 3HaMmeHaTtes (39) Ha yucao ABoraapo
N, wmBl noayuyaem

a
Cv

mE

rae c,=N_ — MoJsApHas TeIIOeMKOCTb I'a3a IIPH MOCTOAHHOM oGbeMe,
a p=N,m — mMosexkysipHblfi Bec rasza. TakuM 06pasoM, MeXy ABYMs
KO3(pHIIHeHTAMH TIePEHOCa X U M CYIIeCTBYeT BeCbMd MPOCTOE COOTHO-
[LieHHe, KOTOpOe JIeFKO NpOBepHTh Ha onbiTe. Takas mpoBepka NOKa-
3a/1a, 4TO OTHOoWeHHe (x/v){c/m)~! sexut B npexpesax 1,3—2.5, HO He
paBHO eMHHIle, KaK 3T0 caelyeT 43 (39). Mimes B BUAY, 4TO HAMIM OLlEHKH
KO3PPHLUHEHTOB 1] H ¥ ObLLIH 110/1y4eHbl ¢ NOMOWIbIO BECbMA MPUOJIHMKEH -
HbIX METOXOB, Mbl MOXEM ObLITb BIIOJIHE YIOBJETBOPEHBI TAKOH CTEIIEHbIO
COIVIaCHsl MeXHAy TeopHefi H skcmepumeHtoM. JlefcTBHTesNbHO, yYacTh
OOHADPYKEHHOTO PACXOXK/IeHHs OObsICHAETess TEM, UTO B CBOUX PaCCyiK-
AeHHAX MBI He IpUHUMAJNH BO BHHUMaHue DaclpeleseHHst MOJeKYJ Mo
CKOPOCTAM, @ ONEPHPOBAJIH CO CPeNHIIMH BeJHUYHHaMU. B jelcTBHTE/b-

X
M
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HOCTH OBLICTpBIE MOJIEKYJIbl IePeceKaioT MJIOCKOCTh Yaille, YeM MejJIeHHbIe.
B cityyae Ten/ionpoBoAHOCTH 3TH GLICTPhIE MOJIEKYJIB TepeHocST GoJlblle
KHHETHYeCKOH SHePTHH, HO B C/yyae BSI3KOCTH C HHMH He CBSI3aH IepeHoc
6o/1bIIero KOJHYECTBA X-KOMIOHEeHTHl uMnyJbca. [loatoMy oTHOlIeHHe
%/ NEACTBUTENBHO JMOJIXKHO OBITb HeCcKONbKO OQosblue, uYeM Cheayer

3 (39).

8.4. Camoaudpysus ¥ nepeHoc MOJIEKYJ

Onpedeaerue Koapppuyuenma camodugpgysuu. PaccMoTpuM Belectso,.
cocTosiLlee U3 OAMHAKOBBIX MOJIEKYJ, HO IPeLNOoJ0XKHUM, YTO YacTh 3THX
MOJIEKyJ1 KaKUM-TO oOpa3om nomeuena. Hanpumep, siapa MeueHBIX Mo.le-
KyJ MOTYT ObIThb paiHOaKTHBHBIMH. [1ycTh #,— 4HC/IO TAKUX MOJIEKY. B
eJlBHIEe obbena. B COCTOSIHHH paBHOBecHs! MeueHble MOJIEKYJIbl PaBHO-
MEpHO pacnpejleseHbt 110 BceMy JAOCTYIHOMY o0neMy H, TakuMm obpasom,
11, HE 3aBUCHUT OT KOOpPAUHAT. JlonycTum, 01HAKO, UTO pacnpejeleHne He
SIBJISIETCST OJHOPOJHBINE M #1; 3aBUCUT oT koopauHat. Ilycrs n, 3aBHCHT
TOJILKO OT KOOPJAUHAThl 2z, TaK 4ro #,=114(2). (IIpu srom npeanonaara-
€TCsl, UTO ROAHOe UYHCJIO 1 MOJeKyJ B elHHHIe o0beMma ocTraercs Io-
CTOSTHHBIM, TakK 4TO pe3yJ/bTHPYIOliee NepeMelieHHe MOJEKYJ BelecTBa
orcyTcTByeT.) Takoe cocTosiHHe He sIBJASIETCS PAaBHOBeCHBIM. MeueHble
MOJIEKVABLl OYAYT mepemMeliaTbes B cocylde TaKHM oOpa3oM, 4Tolbl J0-
CTHYL PAaBHOBECHOTO COCTOSIHUS, KOrja oHH OyAyT paBHOMEpPHO paclpe-
JleleHbl N0 Beeny o0neny. PaceMOTpHM mIOCKOCTh 2 =const # 0003HaumnM
NAOMHOCHIG NOMOKQ MeuyeHblX MoJekysa uepe3d J,. [lox Beanuusoi J,
Mbl TIOHHMaeM cJjejyioillee:

J,==cpejnee 4yuCca0 MeYeHBIX MOJEKYJ,
fiepecekaioiux eiHHURY NJI0Manu (40)
3a €/UHHLY BpeMeHM B HanpaB/JeHUH - z.

Ecan n, He 3aBHCHT OT KOOPAHHATH (OJHOPOJIHOE pachpeneneHue),
t0 J,==0. Ecau n, HCONHOPOAHO, MBI MOXeM OXHAATb, YTO BEJIHYHHA
J, ¢ XopowM npubaHKeHHeM OyJeT NpPOINOpPIHOHAJbHA TpajueHty
KOHIIEHTPALIHH MEUEHBIX MOJIEKYJI.

Mbi MOXkeM, TakuM 00pasoM, HanHcaTh

J =—D%h (41)

z oz’

Kospduuuent nponopuuoHaisbHocTy [ HasbiBaercss  Kodgguyuenmon
camodugpdhysuu BerectBa. Ecau 0n,/02>>0, TO NOTOK 4acTHY TeueT B
HanpasJaenuu —z, T. e, J,<0. ITosromy, utobul crenars KoappHUHEHT
nupdysun D pennunnoll noJoXHTeNbHOH, B GopMmyse (41) mocrasied
3HaK MHHYC. 3Ta ¢opMmysaa JHOCTATOYHO XOPOLIO OIIHChIBAET CaMo-
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JUPPY3HIO  MOJSeKVT B Tasax, KHIAKOCTX W H3OTPOMHLIX TBeplAbIX
Teqax *).

Ypasuenne au¢p¢y3uu [loxkaxkem ¢ nomombio opmyas (41), uro
BeJIHUHHA 71, VIOBJIeTBOPSET NpOCTOMY AH(xpepeHnHAdLHOMY YpaBHEHHIO.

PacemoTpunm ogHoMeprylo 3ajauy. IlyeTb ny(2, #) ecThb cperiHee UHCJIO MedeHbIX
MOJIeKYJ B efiHHuIle 00beMa, HAXOAAIMXCH B MOMEHT BpeseHH / BO/H3W z. PaccMoTpum
¢JI0fi BenleCTBa TOMUMHOH dz u BenuuuHOH moBepXuocTH A. TakK Kak nosiHog 4HCIO
MEUeHBIX MOJIEKYJ/ OCTaeTCsl MOCTOSIHHBIM, MBI MOXKeM YTBEpPKAaTh, UTO YEelHYeHHe
5@ eIMHHULY BPEMEHH UHC/I3 MeueHBIX MOJeKyJa B CJoe JOMKHO GbiITh paBHO YHCAV he-
YeHBIX MOJEKYJI, BXOAAIUMX B CJOH 32 eAHHALY BPEMCHH Yepe3 NOBCPXHOCTL A MHHYC
YHMCI0 MedeHLIX MOJIEKYJ, NMOKHIANIMX CJI0i 34 eIHHHLV BPEMeHH ueped nopepx-
nocte A. 3andwieMm 370 yTBepxKieiie B

BH1e DopMyIpl TZ i
%) z+dz)
Ef(nlA dzy=AJ, (2)—AJ, (z-}dz). el _i ______ _

Takun ofipazou, ldz An z)dz

on, . | a7 v e—
—dz =J,— | J, (2 - dz nogage At
Ot Z I: Z ( )+ az i y AJZ (Z)

e Puc. 8.8. Cxewm:

N TP Rl s
o 0z

37a dhopMy.a ABJISETCS BbIPaKeHHCM TOro (pakTa, YTo MOJHOe YHCAO0 MeYeHbIX MOJICKYJH
He mensiercd. BocnoabsoBasiuuch dopmysaoit (41), mMBl noavuum

) 9*n
T )

I

DTo M ecTb ypABHeHHEe B YACTHBIX NPOH3BOAHBIX (Tak HA3LIBacMOe ypagHenue Oug-
Gyaut), KOTOpOMY VIOBJAETBOpAeT BeaHdHuua ny(z, 1).

Bowticaentie  Koagpuyuenma camodugdysut 6 paspexcenrHom ease.

B npocrom cayuae paspekeHHOTO raza KoxhduuHeHT caMOaudhy3Hn
MOKHO TOJIVUUTL € TNOMOILBIO TeX »Ke COO0pAaKEeHHH, ONHPAaOuINXCcs Ha
NOHSATHE © CcpeiHed . 1JuHe ¢BolOo1-

Tz n, (5+] HOro npobGera, KOTOpbie ObLIH HAMI
_______ ___Lf'_____)__ MCNOJAb30BAHLL  [IPH  PACCMOTPEHHH
—fl Igiv— n,(z+1) BA3KOCTII U TENJIONPOBOIHOCTH. Pac-
= —————f 7 ___  CMOTPHM B Taze HEKOTOPYIO 1JOC-
il iB{_ﬁ 17, (Z2~1) kocTh z=const. Tak kar n;=n, (2),
——————— == —~—== TO CpeiHee UHCJIO MOJEKYJ, Iepece-
(2l KaoIHX eIHHHIY I[JOWaiH B Hail-

1 —
Puc. 8.9, Ilepenoc Meuenmx ModexyJd ue- paBJeHHN -CHHSy, pdaBHO wnlv(z—l),
pe3 IOCKOCTE. 6

a B TPOTHBOMNOJIOKHOM HampabJe-
! - v £ » . : .
HHH = 1,0 (2+-[). ITlostomy pesyabTHpYIOUHH NOTOK MOJEKYJ uepes

*} Mot roBopum 0 camonudxby3un, eCaH «MeueHLIey MOJEeKYJAbl HHUeM KPOME OTMeT-
KM He OTVIMYAIOTCH OT OCTaNbHBLIX MQIEKYJ cpeibl. bogee obuiuym u Gojlee CI0KHbIM
‘ciyyaeM audxpy3nm siBasiercss Ruddys3us pasyiMuHLIX MOJeKy.d, Hanpumep andpysus
FeJIHEBBIX MOJEKYJ B aproxe.
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€IHHIYHYIO [IOIAAb II0BEPXHOCTH B Halpap/ieHdd -2 paseH
1 — 1 -
J, = Unl(z—l)—--ﬁ— on, (z-+1) =

=—é—5 [nl (zml)—rzl(z+l)J =:—(,15—5 [‘-QCZ; l] ,

IHJTH

J,=—D% | (44)
Iric
] - l
D=l | (45}

| [

M3 (44) caenyeT, 4to noToK J, nponopiHoHa/ e rpaiie Ty KOHNEeHTpa-
[lHH, 4TO corsacyercs ¢ obuied dopmysoit (41). Belpaxeuue (45) naer
npubIHKeHHOe 3HaueHHe KosdipuiuueHta camonngdy3uy, BrlpakKeHHOro
Yepe3 OCHOBHbIe MoJeKyJsipHble BeauuHHb. Mcnoab3ys (10) u (23):

1 L RT

V 2no V 20 p
H
. /37
VR Y/
]’/ m '’

MBl TIOIYYHM 3aBuCHMOCTL Kos(puunenta camoauddysuud D or temme-
paTypsl o JaBJeHHS

t 1 FBTI
D~ ViV ®T) (46)

Takum obpasom, kospduuveHT camoandpdPysnd OKas3biBaeTCs 3aBHCS-
uM ot napJsenud. [lpu 3apanHol temneparype T

Do tacl (47)
n p )

Tlpn 3amaHHOM HNaBjeHUH
Doc T3z, (48)

€CJH MOJIeKYJ/Ibl MOXKHO CUUTATH TBEPAbIMH lIapaMH, CeH¢HHE KOTODbIX

HE 3aBHCHT OT TemilepaTyphi.
M3 (45) s1erko noayyuTb nopsiioK BeJUYHHbLl D IpH KOMHATHOH Tem-
npepatype u armocpepHom aasjenuu: D=t/ ,pl~1/,(0-10%) (3-107%) ~
~0,5 cu®-cex—1.
MsmeperHoe Ha ombite 3HadeHue D paaq asora N, npu T=273" K
B atMocdepHOM naBsieHuM paBuHO 0,185 cm?-cex—1.
CpaBuuBas (45) ¢ BblpaxkeHHeM AAf Ko3(pHUHMEHTa BA3KOCTH, MEI
nojiyyaem , '
D _ 1 _

1
1 nm p!

(49)

Ji2



T/Ie p — MaccoBas MJOTHOCTb rasa. OnbIT Aaer AJast oTHoweHnust (Dp/1)
3HaueHHs, Jexaliue B objactu 1,3—1,5 Bmecto 1, caenyoueit u3 (49).
Hmesn B Buay npuO/IHKeHHBIH XapakTep HAllHX BLIYHC/EHHH, Takoe CO-
rJ1acHe MEeX]Y ONBLITOM H TeopHeH cJlefiyeT CYUTATh BIIOJHE YIOBJETBOPH-
TeJILHbIM.

Jugdysua kax 3a0aua o caysaiinom 6ayxcdanuu. Hpe)lrionoxmm YTO
B HayaJbHBIH MOMEHT BpeMeHu { BOJH3HW "J0CKOCTH z—:() HAXOAHTCA
N MeyeHBIX MOJEKYyJa. DTH MO- n1z,4)
JeKyJsBl OYLYT C TeueHHeM Bpe- 7
MeHH Au(dyHIMpOBATL H pac-
MPOCTPaHATLCS HA BCE YBeJH-
YHUBAKILYIOCH YacThb INPOCTpaH-
CTBa, KaK 3TO [10Ka3aHO Ha
puc. 8.10. Hucno n, (2, ¢) mo-
JIeKyJa B eIHHHUe 00beMa B JIo- =
00f1 TOuKe z H B JIOO0H MOMEHT Y
BpeMEHH [ MOXKeT ObIThb NOJY- ==
YeHO B pe3yJbTaTe pelleHHs
YpaBHEHHA IIHCl)[I)YBHH (43)ﬂpy- Puc. 8.10. Yucae nlz, "8 wedennix MOJICKYJ B

w & _ eAHHHALle 06beMa KaK cpyﬂxunﬂ KOOPAMHATH Z B
TOox MOJAXOH K 3TOH 3d4Ja4de 34 pasaHYHEe MOMeHTH emenu, [lpu =0 w™o-

KJI04YaeTcst B TOM, 4TO Mbl pdc- .lI_I_[el{y.J'[bI pacnonomeﬂma JAK3H  TAocKoctH 2z=0.
O0BepXHOCThL MToA BCeMHU KDHBRIMH oJHa B Ta iKe
<MarpHBaeM Iripotecc lIH(bq}ySI’IH # paBHA [OJNIHOMY 4YHCAY N MedeHbIX MOJEKYJ.
KaK caydailnoe OJayxiaHde Mme-
YEHBIX MOJEKYJI. HpH 9TOM, IPHUMEHHB pElCCY}KIEEHHH HBJIO}KGHHI)IE‘ B rJa-
Be 2, Mbl HEME/LIEHHO TOJYYHM OCHOBHbIE CBOICTBA mpoilecca AMPPY3uH.,
Hpe)],no.noxmm, 9qT0 CMenieHtsn MeueHOH MOJIEKYJIBI T10CJI€ KaK10T0 CTOJ -
KHOBEHHS CTATHCTHYECKH HE3aBHCHMBbI, ¥ 0003HAUHM Uepes3 S; Z-KOMIIO-
HEHTY {-rO cMelleHHs MoJekyJbl. Ecai Mojeryaa HauHHaeT ABHKEHHE

L 2’:0, TO Z-KOMIOHEHTa ee IOJOXKCHUS JIoc/ae [-r0 CMeuleHIs paBHa

AI .
- 2 Sg- (50)

I=1}

Tak Kak cMeleHHs MOJEKYJHl CIy4aiiHbl, TO CpefiHee 3HAYeHHE CMElle-
HUsA paBHO Hy/ao0: z=0. Anajorunuso (2.49), mut noayuaem us {50) Be-

JUYHHY JHCHEPCHH
7= st DssS;. (51)
L oy
CMeilieHHs] CTAaTHCTHYECKH HEe3aBHCHMbI, IO3TOMY ss —Hss =0 u (1)

INPHHHMAET BHA
2= Ns2. (52)

Ecau ¢ckopocTh MOJIERYJH v, TO 2-KOMIIOHEHTA €e CMelleHHs 3a BpeMs
¢’ paBHa u,t’'. CpelHHH KBAAPAT CMelIeHHs 3a cpejiHee BpeMsi CMellleHH
T paBeH

S*

2 1 e
T‘_—"-'g T2, (53)

Sl
[
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Mbr cunranu, uro p2=u}i-vltui= 30;, Tak Kak Ui=Ui=10% M3 CO-
obpaxenuil cuMmmerpuu. JlaJsee, MOJHOe YHCJIO CMellleHHH, coBepllae-
MbIX MOJIEKYJIOH 3a Bpems {, NpHOJH3UTEILHO paBdHo f/t. Temepb u3
(53) Mbl mosy4yaeM npubiiKeHHOe 3HAYCHHE CPeJHEero KBaaApaTa CMellle-
HHSI MEUCHOH MOJeKYJIbi

PRI AL e R S B Jee .
#al(gow]= (g0t (54)

"

[lupuna kpuseix Ha puc. 8.10 xapakTepH3yercsi KBaApaTHBIM KOPHEM
13 2%, T. e. CTAHLAapTHLIM OTKJOHEHHeM

Ay — (2_2‘)1/"* oc f1/2

STa Be/lYHHA JaeT NpeAcraB/ieHHe O TOM, KaK AajeKO «PacroasarTcds
MOJIEKYJIb, B Ha4aJLHBIl MOMEHT BpeMeHH HAXOMUBIIMECH Y NJOCKOCTI
z=0. Ouna nponopunonasanua N'/e unu />, IlosyueHHBIH pe3yabrar
OTpazKaeT CTATHCTHYECKH Xapaxtep npouecca AudPpysHH. MoxkKHO 110-
Ka3aTb, YT0 dopmy.a (54) HAXOAUTCH B COTAACHH C BBHIBOAAMU, CJAECLVIO-
ILUMH U3 YpaBHeHus Juddysuu (43), H ¢ BeAHYHHOH KodpPHIIHEHTa Ali-

dy3uu (45).

8.5. OJeKTponpoBORHOCTH M NEPEHOC 3apsaja

Paccmotpun cicteMy (JKUAKOCTh, TBepJoe Tel0 HJH ras), copepika-
ULVIO 3apsKEHHble YACTHIILI, KOTOPHE MOTYT CBOGOIHO EPEMELaThCS! .
Ecau npu/oxuth B HalpasJ/jeHHH z ¢Jadoe OLHOPOAHOE 3JEKTPHUYECKoe
noje &, TO BOSHHKHET HEPAaBHOBECHAS CHTYauus W B PE3yJbraTe B Ha-
npaBJeHUH z Oyjer Teub TOK. PaccCMOTPHM HEKOTOpYIO IJIOCKOCTH
z=const U onpenes UM NJOTHOCTb TOKA j,:

.

[, = CpeAHAs BeJMHUHHA 3JEKTpHYECKOro 3ap:ia,

[epPeceKaioero eJunuIy NOBEepXHOCTH 3TOH (55)
IJIOCKOCTH 3a €JMHHLY BpPEMEHH B HaAMNpas-
JeHHH -+ 2.

TlaoTHoCTL TOKA B COCTOSTHHH PaBHOBecud, koraa &==0, paBna avJo,
TAK KAK Ha 3apsi’KeHHble Y4aCTHLBI He TeACTBYIOT BHeIIHHEe cHJbl. [lpu
JIOCTATOYHO MAaJioM 3JCKTPHUUYeCKOM MNOJEe MOXHO 0XKHAATb Caelyioules
CBSI3H MeK1Y INJIOTHOCTBIO TOK2a W BEJHYHHOH 3JEKTPHYECKOro MO.1s:

;= 0.8 (56)

KoahdpHlUHeHT npONOPUHOHAJBHOCTH O, HA3LIBACTCS JACKMPUHECKOL nPO-
600UMOCTIBIO CHCTEMDBI, a ¢opmyJsia (66) Belpaxkaer cobOH sakon Oma™).

PaccMOTpHM Teneph pa3pexeHHbIl ras, COCTOAIHIE H3 4acTHIL ¢ Mac-
coil m ¥ 3apsga0M ¢, KOTOpbleé B3auMOJAEHCTBYIOT C HEKOTOPOH ApYrof

*) He cumewBaiiTe o003HaueHue J1eKTPHUECKOH MPOBOAUMOCTH ¢ 0603HaueHHeM
[IONepeuHOro CeueHHsi PAacCesiHus O.

314



cUCTeMoil yacTHl. Pe3yspTaToM Takoro B3auMOJeHCTBHS MOXeT OLITh
paccesiHue 3apsiKeHHbIX yacTyl. [IpocTbiM npHMepoM ABYX TAKHX CHCTEM
ABASETCS OTHOCUTENLHO HeBGO/blIoe YUCJA0 HOHOB (HAH JIEKTPOHOB),
HaXOMSIIHXCS B rase, rje 3TH HOHBI PacceHBAOTCs IVIaBHLIM 00pasoM
B CTOJIKHOBEHHSIX ¢ HeATpaJbHLIMH MOJEKYyJaMH rasa. B kauectse apy-
roro npuMepa MOXHO paccMOTpeTh 3JeKTPOHbLI B MeTaJuie, IJie OHH pac-
CEHBAIOTCS KOJIeGAIOIMMHUCS aTOMaMH DELIeTKH MeTa/lla W/ atoMamu
-TipHMecell *). jeKTpuueckoe MoJe ¢, NPHJIOKEHHOE B HAalpaB/eHHH
-2z, BBI3bIBAET NOSIBJEHHE Z-COCTABJSIONICH Y CpejHeH CKOPOCTH 3apsi-
JKeHHbIX yacTHi. CpejHee YHC/IO TAKMX 4aCTHIT, Hepecekaroliix eIHHULY
NOBEPXHOCTU (B HANpaBJeHHH, MepPUeHIUKyJASIPHOM K OCH Z) 3a elu-
HIIILY BpPeMeHH, PaBHO Ay, [jle 1 — CpelHee YHC/I0 3aPSIKeHHBIX YaCTHil
B eauHule ofbema. Tak Kak Ka)Kjaasl 4acTHlia NepeHOCHT 3apsl ¢, Mbl
TIoJiyyaent

j2=nqo,. (57}

OcTtaeTcst TONBKO BLIYHCAHTE U,. HauHeM uaMepeHue BPeMeHH ¢ MOMEHTA
MOCJEIHEro CTOJKHOBEHHS, Aas Kotoporo f=0. YpaBuenue JABUMKeHUS
YACTHHB! MEXJY 3THM H CJELYIOUIHM CTOJKHOBEHHeM HMeeT BHJ '

du,
m - =q&,
OTKy/la CJELVET, yTO -
0, =9 4, (0). (58)

Uro0bl BLIYHCJIHTBL CpejlHee 3HaueHue v,, cHavana ycpeAHum (b8) no
BCeM BO3MOKHBIM CKOPOCTSIM U, (0) 4acTHILI HeMeTeHHO [Ooc/Ae CTOJIKHO-
BEHHY, 2 3aTeM NpPOHU3BEJeM yCpejHeHHe 110 BCeM BpeMeHaM { npoJera
YaCTHIIBI JI0 CJICAYIONIero CTONKHOBeHUd. Mbl JlolyckaeMm, 4TO pe3yJibTa-
TOM KaXJOro CTOJKHOBEHHS sIBJSeTCs! BO3BpalileHHe YacTHILl B paBHO-
BeCHOE COCTOSIHHEe; TaKuM 06pas3oM, 1ocJje CTOJKHOBEHHSI BCe HalpabJe-
HHSI CKOPOCTH U paBHOBepoOsITHH H v, (0)=0, He3aBHCHMO OT HCTOPHH IO~ |
BeJleHHsT YaCTHIBL A0 3TOro CTOJNKHOBeHUA**). CpeqHee 3HaYeHHe BpeMeHH
Mex1y ABYMS IOCJER0BaTeJNbHBMH CTOJKHOBEHUAMH PaBHO, MO olpeje-
JICHUIO, CpeJiHeMY BpeMeHH CBOOOAHOro npobera t, U yCpeIHeHHOe 3Ha-
yenue (b8) parHO

o, =1 (59)

*) Cayuail 3/eKTPOHOB B MeTanJle XapakTepeH HEKOTOPBIMH OCOOHHOCTSIMH, TaK
KaK 3JIEKTPOHBI He 06/1aldl0T MAKCBEIJIOBCKHM paclpe/lesieHdeM CKOpOCTel (370 Ghljio
II0Ka3aHo B kotue . 6.3). OHH NOZUHHSIIOTCS TaK HasbIBAagMOMY pacnpedeienuo dep-
Mmu — Hupara, KOTopoe CJaefyeT K3 CTPOroro KBAHTOBOMEXAHHUYECKOrO PacCMOTpeHHUs
3JIEKTPOHHOTO Trasa.

#*) MoxkHO 0XKHJaTh, UTO 3TO NPHOJHKEHHE OKAXKETCH OyeHb XOPOILMM, €C/H 32«
psizkeHHas 4acTHLa HCOLITHIBAaeT CTOJKHOBEHHME C YaCTHIAMH, 3HauMTeJdbHo GoJblueid
Maccel. B npoTHBHOM ¢ayuae mocse KamIOrO CTOJMKHOBEHHS Y 3apsiKeuuol UYacTHLEL
- OCTaetrCs HEKOTODAs «NaMfATb» O KOMIIOHEHTe CKODOCTH, KOTOpOH OHa oOsagana o 3Toro
CTOJIKHOBeHHs1. MBI npeHefperaeM BCEMH IONPaBKaMH, CBA3AHHBIMH C TakuMH 3(dex-
TaMH <IaMATHY,
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Broipa:xkenie (57) aa5 NIOTHOCTH TOKA NPHHHMAET BIA

fz':oeé:a (60)
rjie
o, =", ] 61)

Mpr nosyunan, 4To j, AeficTBHTE/ILHO IIPONOPIHOHAIBHO &, KaK CaeayeT
u3 (56). ®opmyna (61) naer 3naueHue 3;1eKTPHUECKOH IPOBOJUMOCTH,
BbIpAXKeHHOe Yepes MOJIEKYJ/APHLIE MapaMeTphl, XapaKTepH3yiolllue Tags.
®Popmyna (61) umeer obigee 3Hauerue, coxpaHsiouleecs Aae AJId 3JEKT-
pPOHOB B MeTaJjJe.

Ecan npoBofHMOCTE cO3jaeTcsl HeGOJIBIIHM YHCJIOM HaXOAAMHXCH
B ra3e HOHOB, TO CTOJKHOBEHHS, OTpaHHUYHBAIOLHE CBOOOAHOE JIBHKCHHE
HOHOB, MPOHCXOAAT IIaBHbLIM 00pa3oM € HEHTpa/lbHBIMU MOJIEKYJIZMI
rasa *), O6o3nauHM depe3 O [OJHOE [10epedHoe CeueHHe PACCEesHHS HoHa
MOJIEKYJI0H H NPEANOJOXKHM, UTO B eIHHHIE oObeMa HaXOJHTCH 1y MO-
JEKYJ ¢ Maccofi m>>m. B sTom cayuae TensoBas CKOPOCTb HOHOB By-
JieT HaMHOro OoJiblle TENJIOBOH CKOPOCTH MOJeEKYJ H CpeiHee 3HayeHue
OTHOCHTEJNBHOA CKOpPOCTH HOHA — MOJEKYabl OyAeT IPHOIHSUTENAbLHO
paBHa cpejHell ckopocty tioHa v. [loaromy cpennee Bpema CBOGOAHOTG
npoGera HoHa corsacHo (4) 6yner paBHo

!

T = ——
0 ¢

Ecnu Bocneabsosathesi Bbipazkenuem (23) gaa o, 1o u3 (6l) caenyer:

2 3
ng _ I,, m{-____ ‘ (62)
nymoy  V 3n,0 ¥V mkT

O, ==

CroAKa orpeaeaeHu

Cpednee epema ceobodnoeo npobeea. CpeilHee BpeMs, JBHIKeHHSI MOJeKYJALl MeK1Y
ABYMS CTOJKHOBEHHSIMH.

Cpednan dauna ceobodnoeo npobeea. Cpelliee paccTOsiHHe MEXKIY ABYMS CTOJKHO-
BEHHSIMH  MOJEKYJIbL.

IToanoe nonepeyroe cewenue pacceanusd. DPpdeKTHBHAST BeqHUYHHA TIOUALH, Of1pe-
AeNSIOUAas BEPOATHOCTEL TOTO, UTO MOJEKYJd, CTAJKHBAOWASICS C ApYrofi MoJexysoi,
OyAeT paccesHa.

Hanpsamcenue. Cnia, npuxojasmasicss Ha eJHHHNY [IOWAILH.

Baskocmp. KoshhHIMeHT BS3KOCTH Onpelensiercs paBeHCTBOM

du
pzx—"*’“‘nT;s

*) Jlaxce ecsiH CTOMKHOBEHHS MEXAY JABYMSI OJHHAKOBHIMH HOHAMH MPOHCXOAH.TH
65l 4acTo, OHH He MOBIMAAH OBl Ha 3/JAeKTPHYECKYIO npoBoguMmocTb. [IpHunHa 3ak.aio-
YaeTcsd B TOM, YTO B KaxK/[IOM TAKOM CTOJIKHOBEHHHM COXPAHSeTCS TOAHBIH HMIIYJIBC
CTaJIKHBAIOMHXCA HOHOB. ECJaH HOHBI HIEHTHYHBI, TO WX Macch! paBfibl H BeKTOpHas
cyMMa CKOpOCTe#i OOOHX HOHOB He H3MeHsieTcsi OT CcToJkHoBeHH#. Tak kax o6Ga HOHa
HECYT O/INHAKOBHIC 3apsibl, CTOJKHOBEHHe He MeHseT 0oO0Wero Toka, NepPeHOCHMOro
000HMMH HOHAMH.
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KOTOpOe CBsI3hiBaeT HampsiKeHHe P,, B ABHXVIIEACS cpefe ¢ TPalHEHTOM CKOPO-
CTH TIOTOKA Uy,
Tenaonposodnocne, KoaphuuncHt Tel10IPOBOIHOCTH ¥ ONpeReIseTcs paBeHCTBOM

oT
Qz:_xa—z—'i

KOTOpOe CBfI3LIBACT MJOTHOCTH MOTOKA Tensa @, ¢ TPajAHeNTOM TeMepaTypnl 7.
Casodudpysus. Kospduunent canmomupdysun D onpeacisercss  paBeHCTBOM

on,

J, =
z Oz

’

KOTOpOe CBA3BIBAET [WIOTHOCTh HOTOKA J, MeueHBIX YaCTHIL € TpaliclHTOM HX KOH-
HeHTPAUHM M.
Faekmponposoorocmes.  KoapguilleHT  3ICKTPONPOBOINOCTH O, ONIpee/sercsi

PaBEHCTBOM
jz== 0861

KOTOPOe CBA3LIBACT ILIOTHOCTh TOKA j, ¢ Beauyubell saexTpuycckoro nods & (r. e.
C rpajgMeHToN 3FJCKTPHUECKOTO loTeHLHasqa).

OcHosHble dopmyan
Cpeauss Asvua mpobera

|~ I

V 2no
3ananun

8.1, bpocanue mowemor. Pacemorpunt §pocanHe MOHETHI, 1715 KOTOPOH Beposit-

HOCTb BLINIACTL JIO00H M3 CTOPOH pasa - .

a) Yemy paBHO cpeiHee yucT1O GpocaHHH MOHeTH O Oamalilicro BEINAIEHHS
«PEIIKU»?

6) Uemy paBno 3TO cpepnce yucao 6pocanuii nocie nocaeddero NOSBJAeHHS
«PELIKH»?

B) Ilpeinoioxus, 4To 8 npelblIvieM OpocaHHH BhIMada «peluka». Kak sta uH-
¢opManya Hu3MeHAeT OTBeT Ha Bonpoc a)?

8.2. Anaaoceusn meéndy paccyxcdenuamy 0 gpenchil npobeea 1 npedeidyed 3adaqel.
PaccmoTpumM ras, JJ1a9 KOTOpOro cpefitce BpeMsi CBOG0IHOr0 npobera Mo IeKV ALl paBHO T.
Dynem paccMaTpuBaTh OnpejeneHuyio mo- u
JIeKYJNy B HEKOTODLII MOMEHT BpeMeHH. :

a} Hemy paBHo cpeanee BpeMs JBH-
MeHus 9TOH MoJeKyJ bl 10 Oaumxaiiiero
CTONIKHOBEHUSA?

6} UYemy pabBHO cpejuee BpeMs LBH-
JKeliHg 3TOH MOJMEeKYJsl Noc/e nocjaejHero
CTOJKHOBEHHA?

B) JIOMYyCTHM, YTG MOJEKY/a TOAbKO

—t,

yTO KHCIBITAJda [OCJACAHES CTOJIKHOBCHHE, Puc 8.11. Tpaduk aanuciivocTH CKOPOCTH OT"

Kak aTa uHQOPMALHA H3MEHHT OTBET na  PoMEHH Ansl IpocToli MOAedll AbiKeHYs noHa
: B rase.

sonpoc a)?

8.3. Cpednee epens npobeca u spema mexnody cmoaknosenussw. Hor c sapsgom g
M Maccoll M HaXOJUTCs B rase H HCHBITHIBAET JeHCTBHE 3MEeKTPHYECKOro noJsi, Hanpae-
JCHHOro 10 OCH 2. PaccMOTPHM JJisi yOpOLIEHHST CJAeRYIOMYI0 MO/Jeiib: NoCTe CTOJK-
HOBEHHS] HOH HaUMHaeT JBHJKeHHe BJOJb OCH 2 C HAYaJbHOH HV./eBOH CKOpPOCTBIO
M ABMIKETCSI C YCKOPEHHeM a=gd’/m B TeueHue onpejaesenHoro BpemeHn /.. Creavionee-
CTOJIKHOBEHHE NIPHBOJHT K OCTAHOBKE HOHA H IIPOLECC YCKOpEHHS HAYHHaeTCs chadaa.
Ha puc. 8.11 nokasana 3aBHCHMOCTL CKOpPOCTH HOHA OT BPEMEHM 15 Haleldl MOLeH.
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a) PaccyoTpum aHcaMmOJdb TAKHX HOHOB B MPOM3BOJALHBIA MOMEHT BpemeHu. Uemy
pasHo cpediee BpeMs T J0 CAeAYIOWEro CTOJKHOBeHHS HOHA? BuipasuTe oTBeT uepes
BpeMst /. MeKAY [OC/IeAOBATeIbHBLIME CTOJKHOBEHHSIMH.

6) Uemy paBHO cpeiHee BpeMsi, NpOTeKLIee OT INPeRbLIYILEro CTOJKHOBeHHHA?
Bripasute oteT uepes /.. _

B) UeMy paBHa MaKCHMAJIbHAA CKOPOCTb, MpHoOpeTaemas HoHoM? Hemy pasHa ero
CPeIHSs CKOPOCTh P BbIpasute OTBeT uepes f, H yepe3 cpeaHee Bpems T [Bompoc a)l.
Cpasuute Bawr orseT ¢ (99).

r) Uemy pasHo pacctosiHHe S, KOTOpPOe IIOH NPOXOZHT 3a Bpems {2 Onpelenurte

CpelHiG CKOPOCTh HOHa U Kak S/f,. Hemy paBHa B 3TOM ciyuae seldykHa v? Boipa-
3UTe OTBET uepe3d #{, u uepes t. (CpaBHHTe pesyJbrar C
OTBETOM B).

8.4, [ladenue rxaneas, oneim Muasuxena. Onelt Mua-
J0KeHa, B KOTOPOM Brepsble GbLT H3MepeH 3apsjl 3JeKT-
POHA, 3aKJlo4aercsT B CPaBHEHHH SJEKTPHUYECKOH CHJIBI,
RelicTByloulell Ha Mauyio 3apspKeHHYI0 Kalmoe Macnia, ¢
CHJIOA TSIKECTH. ITOT ONBIT TpebyeT onpeleleHus Macchl
Kain/H, 4TO MOXKHO CJesiaTb, HaOMojas majgeHHe Karuid
(c NOCTOSHHOH CKOPOCTLIQ) B YCIOBUSX, KOTHA CHJAA TSKe-
CTH CKOMIIEHCHPOBaHd CHJAOH TpeHus, AeliCTBYIOmWeH Ha
Kanao 6marogaps BSI3KOCTH OKpysKalomero Bo3nyxa. {(Bos-
AYX HaxopdTcd MNpH aTMoC(epHOM JABJIEHHH, TaK 4TO
cpeHUH mpoGer MoJIeKyJs BO3AYXa BO MHOTO pas MeHbLIe
nuamerpa kanau.) KoHeunas (mocTosiHHas) CKOpOCTb na-
JIeHHs Mac/JsHOH Kaniu o06paTHo 11pONOPUHOHANLHA B3~
KOCTH Bo3Ayxa. [lyeth temnepatrypa BO3nyXa BO3pacTaerT.
HymeT JH HPH 3TOM KOHeuHasi CKODOCTh Kanjad BO3pa-
CTarb, YMeHbLWAThCA MJH OCTABAaThCS  HOCTOSHHOII? UYto
iIPOM30HJeT IPH BO3PaCTalMH aTMOCQepPHOro RaBjleHHs?

8.5. Buckozumemp (usmepumeab @A3KOCHU) € 8pailia-
ouumes yuaundpos. Heobxoqumo u3MepHTb KOIQDHIHEHT
BA3KOCTH 7] BO3J4yXa INPH KOMHAaTHOH Ttemmeparype. Jlas
3TOro MPEANoJaralT HCI0Jb30BaTh BHCKO3UMETP, COCTOS-
IHH H3 HeNOABHMKHOIO BHYTPeHHEro HHJAH#Apa (painyc
R, nnuna L), nofgepKuBaeMoro 3akpyudsamweics HHTHIO,
H BHewHero uuauuapa (ero paguyce R-8), memieuno Bpa-
MAIOMETOCH C YIVIOBOH CKOPOCTBIO . ¥3Kasi 061acTh MekK-
Ay udauHApamu tomuuuoil S(0<CR) 3anomHeHa BO3RY-
XOM, H MbI H3MepsieM MOMEHT KpyueHHst (i, 1eHCTBYIOMIMil
Ha BHYTpPeHHHH uuaHHIp (puc. 8.12).

) a) Bpipazute MOMeHT KpydyeHHS, ReHCTBYIOIIHH Ha
Puc. 8.12. Bucxosumerp ¢ BHYTPeIIHHH LIMAHHAD, Yeped 1] H mapameTpbl yCTAHOBKH.
BPATLAUIAMCA 114 UK APOM. 0) [lycts asst cosfgaHnsd INpOTHBOLEHCTBYIOMIETO MO-
Bua caepXy u cOoky. MEHTd HCIOJAbL3YeTCs KBAPLEeBas HUTb. UToGLI ONpeleHTh
JHaMeTp MOAXOASAMIEH HHTH, BOCMOJb3YEMCH H3BeCTHBIM
2HayeHHeM KOI(kPHLHEeHTa BSI3KOCTH M BRIUHCJIHM MOMEHT KpyueHHs, BO3HHKAWMIMH
B npubope. 3azasuMcs ClefyioulMMH Mapamverpamu nprGopa: R=2 cx, 6=0,1 cu,
L=15 cnt 0 0=27 pad/cex. '

8.6. Oyenka rospuyuernma easkocmu 2a3000pasHo20 apzoxa. OleHHTE BeJHUHHY
ko3ppunrenTa BA3KOCTH 1| aprosa (Ar) npu 25° C u armochepHom AaeneHuu. [1pumure
i/151 OTIpeIeAeHHsT pA3MepOB aToMa aproHa, YyTo NpH HH3KOH TeMueparype OHH SBJISIOTCS
TBEpABIMH IapanH, KacalolHMuUCs APYT Apyra B TBepioM asore. Msyuenue augdpakuun
PEHTIEHOBCKHX JIyuell noKasajlo, UTo TBepIblil a30T ofilajaeT TpaHeleHTDHpPOBaHHO
KDHCTAJITHUECKOH pellleTKOH. JTO 3HAYMT, YTO aTOMB Ar 3aUHMAIOT BEpUIMHBI H LEHTp
NIPUCTABNeHHBIX BIVIOTHYIO ApPYr K Apyry kyGos. [lilorHocTb TBepjorc aproHa pasHa
1,65 2/cm®, ero atomubil eec 39,9. Cpasuure Bawly OleHKY € 3KCIEPUMEHTAALHEIM
aHageHueM 1=2,27-10—% z.cm—L.cex—1.

8.7. Bausanue paccesnus, sppexmusroe ceqeHlue KOmopoz0 3asucum Om cKopocmu.
[IpeanmonokuM, YTO MOJEKVJB rasa B3aHMOAeHCTBYIOT ¢ pajHalbHON cunoii F, ko-
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Topast cnelAyiomuM 00pa3oM 3aBHCHT OT PACCTOSHHS MeXAY Mojekyaamu: F=CR-S,
rie s — ies0e MOJMOMKHTeJbHOe YHCA0, a C — [OCTosIHHAA.

a) Haiinure, Bocmoab30BaBLWHCL COOGpakKeHHSIMY pasMEPHOCTH, 3aBHCHMOCTB.
HOJHOTO 3(P@PeKTHBHOIO CeueHHs] O pacCcestHH MOJieKV.ad OT HX OTHOCHTENbHOH CKo-
pocti V. BesnuunHa ¢ MoxKeT 3aBuCeThb OT V, Macchl MOJEKYJABl #1 ¥ KOHCTaHTh C (B
KJIaCCHYeCKOM HPHGTHKCHHH). ,

6) Kak Oyjier 3aBHCeTb OT TeMmiepaTypbl 7 Ko3ghdHIHeHT BA3KOCTH 1?

8.8. Beautuna saxyymna, Heobxo0umoeo 0as COCMUNCEHUS MepMUMECKOL U30ASY UL,
Paccaorpasm cocyn HAbicapa LUHIHHIPHYECKOH (QOPAMBI, HMEIOWHIT 06LIMHOe YCTPOIICTED,
nokasanHoe Ha puc. 5.3. Hapymuuii AvamMeTp BHyTDeHHero HUMJAHHIpa pased 10 ca,
BHYTDEHHHI IHaMerp BHeliHero uw/inugpa 10,6 cx. CoCyld HaNoJHEH CMechlo Jbla
H BOZRbl, TeMIleparypa okpy:xkawowell cpeibl pasHa KoMmHaTHO, T.e. okono 25°C.

a) [lpeamono:xuM, 4To B IPOCTPAHCTBE MEXKAY HHAHHIPAMH HAXOIHTCA renii
(He) mpu atvocpepuom nasienud. QueHdTe MOTOK Tenaa (B eM Ha At BBLICOTH COCyHa},
BBI3BAHHBIH TeI/IONPOBOJAKROCTBIO Fada (paguyc atoma He MOXKHO cuMtaTh GIM3KHM K
10—-8 cm).

6) Ouetinre, JO KaKOro 3HaudeHus (B it PT. CT.) HYXKHO YMEHbIIUThL JaBJieHlie
rasa Mexly CTeHKaMH coCy/@, 4rofbl MOTOK TelJsad, BLI3BAHHBIH TEnJa0HPOBOLHOCTHID,
ynaja 8 10 pa3 mo cpaBHeHHIO C a)?

8.9. CpasHenue rosppuyuenmoe neperoca. O603HaUUM KOIPBUILIIEHTH BSI3KOCTH
renust (He) u aproua (Ar) mpu 7=273° K u oxuxoli arvoctepe yepes 1); H 1},, @ 4ATOMHbIC
BECa ITHX OJHOATOMHBIX ra3oB -— 4yepes [y H [{5 COUTBETCTBEHHO.

a) Uemy pABHO OTHOLIEHHE O,/0; INOJHBIX 3(PeKTHBHBIX CeyeHHI paccesHus
aToMoB aproua Ha aproHe (Ar — Ar) u reius Ha renud (He — He)?

6) Uemy paBHO OTHOIIEHHE %o/%; TenJonpoBoiHocTeli aproHa (Ar) u resus (He)
npu T=273° K?

B) Uemy pasuo orHouwtehune D,/D; xoadduinenros Iuddysuu 3THX rasos opu
=273 K?

r) AtoMmupie Beca rejusi H aproHa paBHLl COOTBETCTREHHO W,==4 H l,=40, Hanc-
penHble 3HAUEHHS KOXPhHUHEeHTOB BA3KocTH npu T==275° K paBHbl COOTBETCTBeHHO
N, =1,87-10~4% u 1,=2,105-10-4% 2.cs—1-cex~*. Bocrnoas3yiitecs stoil uudopmanHei
1719 NPHGIHMKeHHOH OHeHKH 3QJeKTHBHBIX CeUeHUH G, H O,.

1) [IpejanoaoxuM, yTo 4TOMbI PacCeMBalOTCs, KaK TBepiple mapot. Ouenure B 3T0M
OpeIONIONEeHHH IHaMeTpsl dy H d, aTOMOB lejiHst M aproHa.

8.10. Cumewisanue wzomonos npu Oughdhysuw. JAST ONBITOB CO CMECBIG H30TOTOR

a36ta N, unmeetca chepHuecKHil cocya AHaMeTpoM | a, B KOTOPOM Haxomutcst ras N1
npH KOMHATHOM TeMIepaType H armocdepHoM RaBsieHnd. C FOMOBIO KpaHa, pacio-

JI03KEHHOTO Y CTEHKH, B COCYI BBOIMTCA HeBoablloe KonudecTBo raza Ni°. Ouenwure,
B OTCYTCTBME KOHBEKIHH, CKOIbKO BpeMeHU NMPoineTr 10 paBHOMepHOro IepeMelliHBaHH s
oGoux rasos?

8.11. BausHue MexniQHemH020 2a3a Ha Kocmuueckuld Kopabas. Kocmuyeckuii
kopalae B thopme Kyba ¢ naunoli peGpa L IBUKeTCS B NPOCTPAHCTBE €O CKOPOCTHIO U,
napajlensHoil ofAHOMY U3 pedep. OKpYKawOUWUA ra3 COCTOMT H3 MOJEKYJ ¢ Maccoil m,
TeMneparypa raza 7, a 4dClI0 fi AoJieKya B elHHMily ofbeMa HacTOMbKO Mand, 4To
cpefHss JIMHA Hpobera MoKyl 80 MHoro pas Goabille L. OueHure, npemtiogaras,
YTO CTOJIKHOBEHHS MOJeKYJ C KopabjeMm ABJIAKTCS YIPYTHMH, CPENHIOI0 CHJIY TOD-
MOMKEHHS, HCIBITBIBAEMYIO KOCMHYECKHM KopabieM H3-3a CTOJKHOBeHUN € Mewnaa-
HeTHbIM razom. Cuuraiite, 4To v Majd 10 CPABHEHHIO CO CPelHeH CKOPOCTHIO Tda30BbiX
MOJIEKYJT H HTHOPUpPYHTe pacrpeleneHHe MOJeKYJ no CKopocTaM. [Iyere M — macca
Kopabsst H BHeUInHe CHJIbl OTCYTCTBYIOT. OueHHTe BpeM#, B TeyeHHe KOTOPOro CKOpPOCTh
xopabJist . YMEHBLIUHTCS HATOJOBHHY.

8.12. Bepoamsoctie moz2o, 4mo MOAeKYAQ npocyuwecmeyem epema t Oes CmoaikHo-
éeHus. PaccMOTPHM OlpelesieHHYlo MOJIEKYJy Iasa B HeKOTOPhIH MOMEHT BpeMmeHH,
[Tycte

wdi — BEpOATHOCTb TOr0, YTO MOJCKYJA HCILITHIBAET
CTOMKHOBEHHE B TeUEHHe HHTEPBAaJd BpeMenu df.
Pacemorpum Teneph BepOsSTHOCTD CYIIECTBOBAHMS §e3 CTOJKHOBEHIA:
P (¢) == BepoATHOCTL TOrO, YTO MOJEKyJa NMPOCYHiecTByeT
ppems { 0€3 CTONIKHOBEHHS.
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Quesyamo, uto P(0)==1 (B TeueHUHe HCUE3AIOUIE MAJOr0 HHTEPBANa BPEMEHH MOJEKYJ/a
He UCHBITHIBaeT croikHOBeHu#l), P({)—0 npu {—o00 (paHo HNY NO3AHO MoJEKYJAa BCe
M€ HCOBITBIBaeT CTONKHOBeHHe). BepostHocre P(f) pomkHa O6LITe Kak-To cBfA3aHa C
BCPOATHOCTBIO CTO/KHOBeHHSt w df. [lefictBuTenbHo, BepositHocts P(f/+df) cymiect-
BoBaHHA Ge3 CTOTKHOBEHHsI B TeueHHe BpeMeHH (/-df) fomkHa OuiThb paBHA BEpOST-
Hocrd P(#), MOMHOKeHHO! Ha BepOATHGCTh TOro, UTO 3a Bpemsi ot £ .o {--df He npo-
u3ofijer CTOAKHOBeHHH. Takum obpason,

P (t+dt)y=P () (1 — wdt).

IMonyuure orciona nAudpepeHuHantbHoe ypasHende qns P{f). Pemure ero 1, BoCHO.Ib-
30BaBIIACL TeM, uTo P(0)=1, nokaxure, yro P(f)=e~-%!

8.13. Butiucacnue cpednezo epemenu npobeza. BeposTHocts 9 (f) Toro, 4To Mo-
JleKysa, He HMCIbITABLUAs CTOJKHOBEHHMS! 32 BpeMsl [, UCMBITAeT ero B HHTepBaje oOT {
Jo {-+di, pasua P(Hwdi.

a) Tloxkamwure, UTO 3Ta BEpOATHOCTb VIOBJETBOPSeT YCJAOBHIO HOPMHPOBKH

Sﬁ)(t)dtzl.
0

D10 yCIoBHe 03HAyaeT, YTO BEPOATHOCTL TOTO, YTO MOJeKyJa, He HCIBITAaBLIASI CTOMR-
HOBeHHUsI, B OyjpyuieM ero Hcmeitaer, pashua 1.

6) Bocnoab3oBaBUIHCE BEPOSITHOCTBIO F? (f) df, NOKaKHUTe, UYTO CpejHee BPeMd
{==T, B TeuyeHHe KOTOPOr0 MOJeKYJa CylecTByeT He HCIHLITHBAA CTOJKHOBEHHS
pasno T==l/w. B

B) BoipasuTe cpemuuft KBagpaT BpeMenu {2 depes T.

8.14. [upgepenyuarsnoe ypasrenue menaonposoorocmit. PaccMorpuM HekoTopyio
cpeny, TeMmrepatypa T KOTOPOH 3aBUCHT OT BpeMeHH ! M OT NMPOCTPAHCTBEHHOH KOOp-
auMHaTel 2. [lmoTHOCTB cpelibt P, YyAedbHasi TEIIOEMKOCTb € H TEHJOHPOBOZHOCTE X.
C nomOWbi0 MaKpOCKONMHYECKOIO pacCMOTpeHHs!, HCHOJb30BAHHOIO TIPH  BbIBOJE
ypaBHeHHst Juddpy3ud (43), nonyuure obilee ypaBHeHHe TelJIONPOBOJAHOCTH B YaCTHBIX
NPOU3BOAHLIX, KOTOPOMY XOJ/KHA YAOBJETBOPATH TeMmneparypa 7.

8.13. [Ipubop Oarg usmepeHus menaonpoeoOHocmu 2u3d. BROAB ocH  AJIVNHHOrO
HMJIMHAPHYECKOTO COCYRa paluyca b HaTsaHyTa HHTb, pafHyC KOTODOH 4 H 3JeKTpH-
qecKOe CONPOTHBJCHHE Ha elHuHuy aadusl R. Cocylx HaXoIHTCS [IPH MOCTOSIHHOH
temnepatype T, M HAanmoJHeH rasoMm, TellJIONPOBOXHOCTL KOTOpOro . Bemuucaute
PA3HOCTh TEMIEPATYp MPOBOJIOKH H CTEHKH COCY/d, ecsid 1O IIPOBOJIOKe TeueT HeGoMb-
woft Tok /. [TokauTe, uTo H3MepeHHe BeaHuHHB AT SBIAETCS METOAOM ONpefeneHus
TCNNONPOBOAKOCTH ¥ rasa. Ilpu pemenuu 3apjaux clepyeT CUMTaTb, UTO COCTOSHHE
pPABHOBeCHSl JOCTHTHYTO, Tak 4YTO Temneparypa 7 B /o060 Touke He 3aBHCHT OT Bpe-
mMedd. (¥ K a3 adue. PaccMoTpure YCA0BHe, KOTOpoe AO/KHO ObITh BLITOJHEHO
ISl Mo60ro HAHHAPHUECKOTO CJIOS ra3a, 3aK/JIOUEHHOro Mexny paguycamu r u r--dr.)

*8,16. Teuenue aaskoli scudxocmu & mpyde. JKUAKOCTb, KO3DPHUMEHT BA3KOCTH
KOTOpO#l 1, TeyeT B Tpybe AJAHHOH L # paauycoM a. TeueHue KHAKOCTH NPOHUCXORHT
nof neiicTBUeM pa3HOCTH HaBJeHHli; HA OJHOM KoHue TpyGbl JaBjeHHe p;, Ha APYIOM
Ps. 3anuilluTe YCA0BHSA, KOTCPble NOMKHB ObTh BHITONHEHH! JIJid TOTO, 4TOGH Tpy6Ka
HAKOCTH pajiuycoM r ABUrajgach 6e3 YCKOpPeHHf noj JeficTBHeM pa3HOCTH JaBJeHHH
H TOpMO3SIel CH/ibl, BBI3BAHHOH BA3KOCTHIO cpeabl. [loayuuTe BEIpaxkeHHe /It Maccel,
nporekaponlell 3a CEeKyHAY uepe3 TpyOy B CIeAVIOMIHX IBYX CIydasx:

a) JKHAKOCTh HeCKHMaeMa H ee IJIOTHOCTB Q.

6) B TpyGe Teuer upeadbHBIH ras, Temneparypa Koroporo ' B MoJexyJsIpHBLT
Bec . (Popmyna, KoTopylo Bbl NOJyuHTe, HasbiBaercs ¢opmysoit [lyaseftas.) Cuu-
‘TaliTe, YTO conpHKacalmasics o CTeHKoW TpyObl cpefa HaxoiuTcs B nokoe. O6paTHTe
BHAMaHHe Ha To, 4TO 4epes Joboe cedyeHHe TPYOL 3a eRMHHUY BpeMeHH NPOXOXMUT
OfYH W TOT e NMOTOK XKUJAKOCTH HJIM Tasa.
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NPHJIO)KEHUSA

I1.1. Pacnpeaenenue lNaycca

Pacemorpum 6unoMHAMbHOE pacnpelesenie, pbipaxaemoe GopMyJioi
(2.14):

N1

P(n) = =i P10 (1)

rie g=1—p. Ecnu N Be/nKo, TO onpejeneHue BepositHocTH P(n) oka-
3LIBEETCS 3aTPYAHHTE/IbHBIM, TAK KaK HeoOXONHMO BbhIUHC/ISTh (AKTO-
puaJibl Gosbux uncea. flpu stom, onHako, okasblBaeTC BO3MOMKHBIM
MCNOAb30BATh NPUGAUKEHUST, KOTopble NpuBoaaT dopmyay (1) K eecbMa
IIPOCTOMY BHIY.

Mbl oTMeua il emme B 11.2.3, 4TO BeposaTHOCTL P(n) HMeeT MakCHMYyM,
OCTPOTa KOTOPOTO GHICTPO pacrteT ¢ yBeauyeHuem N. D10 o3HayaeT, 4TO
BepOATHOCTb P (n) CTaHOBUTCA MpeHeOpexUMO MaJjioH, ec/H A 3aMeTHO

OTJIHYAETCsl OT 3HAYEHHUS 1==11, COOTBETCTBYIOLIEro Makcumynmy. Iloatomy
3HaYeHUs 7, AAA KOTOPBIX BepoATHOCTL P(n) He sABasercs npeHeOpe-

JKIMO MaJioli, He OTJAHYAlOTCsSt CJAHIIKOM CHJALHO OT 3HaYeHus 7. B 31oi
OTHOCHUTEJ/IbHO MaJioil 00/1aCTH 3HAYeHHH /1, OGbIUHO H [IpejcTaBsouei
UHTEpeC, JIErKo HAUTH NpUbaHKCHHOe BhipaxKeHue 15 P(n).

Takum oGpa3oMm, HaM Ba)KHO HCCAEA0BATL cBOiicTBa P(n) BGJIU3U

SHaYeHHS 71, OTBEYAIOWEro MAKCHMyMy. 3aMeTUM, YTO eCqH TO/IbKO p
A g He ovenb Gau3KH K 0, 310 3HaueHNe 1 He MOXKET JexaTb GJH3KO
K O unu K V. Takum o6pasom, eciin N BeUKO, TO H 1 siBJsIeTCS GO/bILIHM

4HCJIOM, H HHTEpeCylolie HAC 4Yucaa #, OGJH3KHe K 71, TaKXkKe BeJHKH. -
Ho ecan n Bennko, T0 npu uU3MeHeBHH n Ha eauHHny P (n) menserca
HE3HAYHUTE/IbHO, T. €.

[Pin+1)—P )| <P (n),

n P sBasiercss MeasieHHO mensawiledca ¢yuxkuueit n. Ilostomy c xopo-
1IUM NPHOAMKeHUeM P MOXHO CuHTaTh HAABHON (y HKUHeH HellpephIBHOK
flepeMeHHOl £, XOTs (PU3HUECKOe 3HAYEHHE HMEIOT TOJAbKO Ledable .
Bropoe obcrosirenncTBo, objeryaiollee Hawy 3ajavy, 3ak/oyaercs B
TOM, YTO JiorapupM P sBaAETCA 3HAYUTENHHO MeAJICHHEE MEeHSeHCs -

11 o, Peid o 321



dyuxuueit n, yem P. BmecTo 1010 4TO6R HMeThb A0 HeMOCPeACTBEHHO
¢ P, nam Jerye HccaenoBaTh NoBejeHue In P u HalTH A5 3TOH Besiu-
4YYHBl XOpoluee TNpHOAHKEHHe, NPHIOJHOE B JA0OCTATOYHO GoJbluoit
006,1aCTH U3MEHEHHsI MepPeMEeHHOH 1.

Jlorapupmupys (1), Mbl HMeeM

nP=InNl—Inn!l—In(N—n)l 4+-ninp-+-(N—n)Ing. (2)

3uauenve n=n, NpH KOTOpoM P JOCTHraer MaKCUMYMd, OHPEAesieTcs:
H3 YCJIOBHHA

dP
dn =0
HJIH, Y4TO 3KBHUBAJEHTHO, H3 YCJAOBHSI MakcumyMma In P,
din P 1 dP .
i =F (3)

OGpaTiM BHHMaHHE HA TO, YTO BCe PAaKTOPHAJBI B BEIpaxKeHHH (2)
SIBJISIOTCS YHCJaMH, 3HauuTesbHO OOJbIUUMH eAMHHUBL. [loaToMy MbI
MOKeM i KaxXa10ro (haxkropHalia BOCHOJAL30BATBCS  NPHE/HMKEHHOH
dopmysoit (M. 7), u3 Koropoit caeayer, 4ro Aast Jat0B60ro 4yucaa m, 3Ha-
YHTeABHO GOJbIIEro eaHHHUbl, Mm3>1,

din m!

g = Inm. (4)

Takum obpasom, augdepeHUHpysT (2), MBI ¢ XOPOWINM OPHOAHKEHHEM
HMeeM

dlir;P =—Inn+In(N—n)4-Inp—ing. (9)
Yrobel HalitH MakcHMyM P, Bbipakenle (D) cjeayeT NpHpaBHATb HYJIO:
WN—=—nmp| _
n| S0
HJH
N=mpr_
i g
[TosTomy
(N—n)p=ng,
HJIH

Np=n(p-+q).

Tak kak p+g=1, 10 3HaueHne n=n, oTBeYaloIWIce MakCHMYMY P, oka-
3bIBAeTCs PaBHbIM

fi=Np. (6)

Yrobs HccTenoBaTh noseiexdHe In P B6AU3H MakcUMyMa, HaM Clle-
ZAYET Pasjlo:KUTb €ro B OKpecTHOCTH 72 B psii Tefijopa. Mbl  MOXKeM
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HanHcarthb

InP(n)=
- [dInP I [d2InP] , , | [d*InP
=1HP(H)+[ o }y—}-g{-—&:—z—]y‘fﬁ[mgr]yr"{‘---. (7
Tle
y=n—I~m, (8)

a KBajpaTHble CKOGKH 03HAYAIOT, UTO MPOU3BOIHLIE 6ePVTCS B TOUKE A=11,
Tax Kak pas/oxeHHe NPOU3BOIHTCH B OKPECTHOCTH TOYKH, COOTBETCT-
Byrouwiell MakcuMyMy P, nepBast npoussognas lcum. (3)] obpawaercs B
HyJb. Clieflyiolye NnPOH3BOAHbIE MOTYT ObITh MOJYYeHbt HOC/1e10BATe b=
HbIM JudpepennnposalueM (0). B wactroCcTH,

SlnP 1 N
dn® — n N—=n  a(N—n)

3Hauenne 3TON NPOM3BONHOH npu n=n, T.e. npu n=Np 0 N—n=
= N(l — py=~Ng, paeuo

ainpPy |
.dnt | Npg °

Tenepb Bolpamenie (7) npuHHMAET BUA

In P (n) = lnP(r‘i)——m‘ng ER

HJIH
P (1) = Pe-vr2toa | — ppmtn=ivrzioa 9)

e Mul wanucaan P=P(n).
3aMeTuM, UTO H3-3a 3SKCIIOHEHIMAJMbHOTO MHOXKHUTEJst BePOSITHOCTh
P(n) B (9) cTanoBuTcs npedebperxkuMo MaJjofi MO CPaBHEHHIO CO 3Have-

HUSIMH B MaKcumMyme P, ec/iH i HacTOAbKO BeJHKO, 4to 42/(Npg)>>1, nau
\y| > (Npg)'/-. BepoarnocTb P(n)umeer 3aMeTHOe 3HAYEHHE TOIbKO B 06-
Jacth |yl < (Npg)'/e. 3nech BejuuuHa y T0CTaTOYHO MaJfa isl TOro, YTOObI
B pasJoxeHu¥ (7) MOXKHO ObLIO IpeHeOpeyYb BCeMH YJ€HAaMH BBICILMX TIO-
DSIKOB, KPOME OCTaBJEHHOrO HamM YJIEHA, MPONOPUHOHAALHOIO y* ¥*).
Mbr npuxoguM, TakuMm o6pasomM, K BBIBOIY, 4TO Bbipaxkedue (9) nekct-
BHTEJILHO SIBJAACTCS XopowHm npubamkeddeM K BepositHocTH P(n)
B 00JacTH, Tle 3Ta BepPOSITHOCTHL UMEeT 3aMeTHY!O BeJHuMHYy.

Bennunna P B (9) moxeT ObiTh BbIPAXKEHA YEPE3 P U ¢ C NOMOILBIO
YCJOBHSE HOPMHPOBKH
dMP(m=1, (10}
l

Te CYMMMpPOBAHUE BBLIMOJTHAETCS 1O BCEM BO3MOXKHBIM 3HAUEHHAM 1.
Tax xak P({n) mMano Mensiercsl MPH M3MEeHEHHH LEJIOTO 3HaueHHsi HA eM-
HUILY, Mbl MOXkeM 3aMenuTb cymmy (10) unrerpanom. O6nactb snauenuii
7 TPOTSIKEHHOCTBIO dn  CONEePXKHUT dn BO3MOXHBLIX 3pauenusi P(n).

*} 310 Bepua, moka (Npg)'/e> 1. Cwm. ﬂono.nanrem;aylo 3afauy 3.
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Taxum o6pasom, yCﬂOBHe (10) npuHuMaeT BHA

SP(n dn = S Pe=®— 2Ny, p \ e~V gy — 1,

e

+x

(11y

-
+

J1s obnervenusi HHTErpUPOBAHUS Mbl IPOU3BOJHM €0 OT —00 J0 -{-00.,
Takoe npubaukenne siBjsieTCd OYeHb XOpOUIMM, Tak kKak P(n) npene-

6GpexKHMO Madd APU AOCTATOYHO OOJLIUHX 3HAYCHHAX

. Bocrnoab-

30BaBLIUCL GopmMyaoil (M.23), mbt nosayuaem u3 (11)
PV 2nNpg=1,

HJAH
P

V?J‘[Npq )
Hcnoanays 10T pesyabTar M 3Havenue n=Np us

| (12)

(6), MBI nogyuyaenm

cJenytoliee BhipaxenHe sl BeposiTHOCTH P(n):

P (n)=

V 2xNpg

g—{n— N} 2Npg .

(13}

3ameTHM, YTO BbiylcJenHs no dopmyde (13) ropasno mpoiue BHUHCIE-

4n An

Pn)

B
gL

Pue, [1.1. Tayccosckoe paciipellefieHne TWGT-
HOCTH BEPOSITHOCTH P{n) wak GyakoHs n.
BeposTHotts W{x) TOro, UTO 1 NpPHHHMART 30 a-

4HCltud, Jexxaulne MB}KIlV ﬂ -— X H N J—X onne-
ARendered IAnLLallbio 104 l(})l!BOl[ DFDBHHQBH'
HOIl 3THM HHTepBas oM. BbUHCAeHMS 110Ka3bl-
RalOT, 470 ecnH  An o3madacT CTaHAApTHOe
OTRJOHCHEe ©T 1, To W{An)=0,83, W/(QAn)*

=0,954 u W(aw)_,o 997.

/

4 N

i

7

BLINIOJHASTCA TeM e MeTOLOM,

uui no gopmyvae (I), tak Kak (13)
He Co/lepKHuT (aKTOpHAJIOB.

Bepositnocts,  onpenensievas
dopmyaamn (9) n (13), uzsecrna
KaK  2ayccosckoe — pacnpedeiexue.

Ono 6blJI0 MOJIyYeHO HaMH B pe-
3YyJIbTATe Pa3J/IoXKeHHA B psi Jjora-
pudma. [losTomy HeT HHuero yau-
BUTe/IBHOTO, YTO rayCCOBCKOe pac-
npeileJeHde B CTATUCTHUECKHX
paccyXKaeHHsX NOsIBJASETCH OYEHb
yacTto, KOrjia paccMatpHeaeMule
YHCAA BeJHKHU.

Bripamenuen (13) gma P(n} vaobuo
BOCTIObL30BATHCSL IIPH  BBIMMCJIEHHH pas-
JHYHBIX CpeiHUX 3HaueHH# n. Bouaucae-
HHE CYMM MOKeT ObITh CBeJeHO K BblyH-
C.1eHHIO 9KBIIBaJeHTHEIX WHTerpajoB. JTe

KOTOpBI O6blJl HCMOAL30BAH IIPH BBHIUHCJIEHHH HOpP-

MHpyiollero MuoxHTeast B (11). Mbr uneen, Takum 06pason,

+ o

n== 2, P (n)dn=(2aNpq)~/* g e~ I NDYEINDG p gp —

w!

-0
+ ao

= (2nNpg) ™ V? S e~V NI (7t y) dy =

0

+ o

=i (2aNpg)™ V2 { em#/2NPO gyt (2nNpg)=1 { em¥/2NPI gy

- g0
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Tlepsuiii uuterpan cosmagaer ¢ unterpajiom B (11). Ou pasen (2nNpg)'/:. Bropoii
HHTerpaJ 06pamaeTcs B HY/b; 3TO SICHO H3 cOOBpaKeHUH CHMMeTPHH, TaK KaK NoibiH-
TerpagbHoe BbipakeHHe HEUeTHO (OHO MMEeT MPOTHBOMOMOMKHBE 3HAKH A -y M —y),
M BKJIagbl B HHTErpal NPH 3HAYGHHAX -y M —y YHHUTOXAIOT APYr Apyra. Taxuas
o6pasoM, Mel IOJyvaeM

n=7rn==Np, (14)

T. €. CpejHee 3HAUEHHE 7L PABHO 3HAYEHHIO A== Np, NPH KOTOPOM BepoATHOCTH P Inicer

MaKCIHMVM.
Touno Tax >xe MLl [MOAYYAeM BHIpaxeHUe XIS AUCHIEPCHH

(An)2=(n—n)2= 2, P(n)(n—Np)i==

+w

:(QJUqu)“lm S e~ (n=Np)*INpg (n—Np)tdn—
-
®
=(2nNpg)~ 1/* g e_.ya/ngqyza,y.
-

Hicnonpayss (M.26), MBI nojydaeM, YTOo 3TOT HHTErpaj pasBed
(An)?= Npq. (15)
Takum 06pazoM, CTaHIApPTHOe OTK/IOHEHHe OT /i pasio *}

Qn: V Npg. (16)

He3aBHCHMO OT TOr0, Kak Mbl TOAYUWIH [ayCCOBCKOE PacrpeliesieHHe, Mbl MoxKeM
OIpelesUTh er0 MOMHOCTHIO ¢ HOMOLWbIO ABYX napaserpos n H An [em. (14) n (16)]:

P(n)—~——~—-l——ex [~—-—l~<nmﬁ>2] 17
“Vonan P LT T\ An (7

o~

Beegem nepemennyio
n—n
An

, Tak uto n=n--(An)z,

€ NOMOIbIO KoTopod Boipaxenuto (17) MOXKHO NpuHAATbL G0Jee KOMIAKTHLIH BHA:

, I~z
P({n)An=——c¢
- V ox

3ameTHM, 4YTO rayCCORCKOE pachnpejeyieHHe CHMMETPHYHO OTHOCHTENLHO HepeMeH-
HOfl 2z, T.e. 3Hauenust P(n) aas 2 1 —z COBIAJAIOT.

I1.2. Pacnpenenenne llyaccona

PaccmoTpum cuoBa GuHOMHaJIbHOe pacnpefenenne (2.14):

N!
Pn) = rg—yr " (L —p)¥ " (18)

B npenbiiynlem NyHKTe Mbl nOKasadu, 4To ecyau N3>>1, TO BblpaxeHHe
(18) MOXKHO nPHOJIHIKEHHO NIPEACTABHTH TayCCOBCKHM pacnpeneienHeM,
1 Taxkoe NPHUOIHKEHHE CHPAaBEeJHBO B O6JACTH 3HAYEHUH NePeMeHHOM

*} 3amerum™, uto (14) u (15) Touno coBmagaioT ¢ peayapratamu (2.66) u (2.67),
NOJTYueHHBIMM B TeKcTe Npu Gojee 06illeM ' YCIOBHH [IPOH3BOJBHON BeJHUHHHI N .
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11, IJis KOTOPO# BEPOSATHOCTB P(r) MMeeT 3aMeTHOE 3HaueHue (1. e. B 06-

JIACTH, He CJMLIKOM YAaJEHHO# OT 3HAYEHHS f1, OTBYAIOIEr0 MaKCUMYMY
P(n). Mpbl paccmorpum Tenepr npubamxenne k (18), cnpapeninsoe B
Apyroii o6sacTH. 310 NpUOAHIKEHHE HMeeT 3HaueHHe B CJyvae, eciu
BEPOSITHOCTb p JOCTaTOYHO MaJia:

p<l, (19)
a yHCJa 1, NPeiCTaB/IsAIOINE HHTepeC, TaKxke MaJbl:
niN. (20)

B 0poTHBONOJOXKHOCTL CHTyaUHH, PaccCMOTPeHHONl INpH OOCYKICHHH
TayCCOBCKOrO NPHOIHAKEHHS, YHCJIO 1N MOXKeT ObiTh IPOU3BOSbLHO MaJd.

PaccmotpuM  Tenepb npuOJUXKeHHe, COOTBETCTBYIOUIEE YCJOBHSIM
(19) u (20). 3ameTnM npexpe Bcero, 4ToO

(_N_._f‘i_!_n.ﬁzN (N—1)(N—2)...(N—n-1).

Taxk kark n<€N, KaxJabll MHOXKHTeNb CIpaBa Majo oraudaercs ot N,

H MBI HMEEM

N1 )

QOOpaTuMCsi K MHOKUTEJIIO
y=(1— py'-"
WJIH K €ro Jorapugpmy
Iny=(N—n)In{l—p).

Tak kak n<€N, mbl MoxeMm cuuraTs N—n=<N. Hanee, ycaoBue p<<i
pa3pellaer HaM OrPAHHYHTLCS! MEPBLIM YJIECHOM DPAasJioeHUs Jorapudma
B pan Tefinopa, T. e. Mbl nogaraem In (I—p)x~—p. Takum obpasom,

Iny~—Np,

HJJAH
y=(1—pN-"~e-r, (22)

Tloacrasasis npudauxkenns (21) u (22) B Buipaxkentie (18), Mbl nogyyaem

P(n)= %—,"- pre=tr,

HJIH
AR
P(n)=—e*, £23)
e
A= Np. (24)
C rioMoIIbI0 BeAH4HHb A ycioBue (19) MOXKHO 3anucarh Tak:
AZEN. , (25)
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dopmyna (23) HaswiBaercs pacnpedesedues [lyaccona. 3aMeTuM, 4rto
H3-2a Koxdpuunenta n! B 3HaMeHaTele BesqHYHHa P(n) OueHb OLICTPO
yObiBaeT, KOrjga /1 CTaHOBUTCSH JOCTATOYHO GoJbluuM. JleHCTBHTENbHO,
ecn A<Z1, To A" ecTb yOnBarowmass GyHKUMA 71 B NOITOMY MROKHTE/bL
P(n) moHotoHHO yGbiBaeT ¢ poctoMm n. [lpu A>1 A” yBenuuuBaercs ¢
POCTOM 71, [O3TOMY MHOMKHTE/b
A*/nl, a snauut, B $yHxkuus Pln) P(”)T
[IPOXOAST uYepe3 MaKCHMyM BOJIU3H
NAZA U YMEHbLIAWTCs € JaJbHEH- 06
wHM pocton n *). B awbom cayuvae, ’
xorga n3-MA, BepositHocth P(n) X
CTAHOBHTCS TNpeHebperkHMo Masol. 04
B obgacty 3Hayenu#l n<=Ai, riae
BeauuHHOH P(r1) HeJab3d NpeHe-
6peun, ycioBHe (25) oznayaer, YToO ba
n<i<N. [Ipu stom ycnosue (20),
HCMO/b30BaBIIeeC TNPH  BHIBOJAE g |
pacnpenesenust [lyaccoua, Bbinos- 0123 4 5678
HSIETCS] ABTOMATHYECKH. 1=
s (2.66) caeayer, urto mnapa-
MeTp A, onpeaeJeHHbiit paBeHCTBOM P{ﬂ)+
(24), paBeH cpeiHeMy 3HAUERHIO 72t 0,4

A =n. (26) 02 A=2

f
N&--\_

OrMeTHM, YTO AA9 AAHHOIO 3Haye-

st A waH 1 ycaoBHe (25)  maH ,
(19), Ttpebywowee, 4robh p<<l, 01 2 3 4 5§ 67 &
BBINOJTHAETCH BCE Jydlle N Jyuie R

Mo Mepe TOro, Kdk N—o0, B 31OoM  Puc. I1.2. Pacnpepenenue Ilyaccona Pln) wax
GyuruHa 2. [IBa cayuas COOTRETCTBYIOT Cpef-

npejese MyaccOHOBCKOe pacnpele- nte anate T Aty 1 2.
JeHyie Bcerga IpHMEHHMO.

flposepxa Toro, 4To A=n. Bepaxenne (26) /18 CpepHEro 3HaueRAs n
HeNOCPEACTBEHHO CaeiyeT u3 pacnpepenenus Ilyaccona (23). Hcnoabsys onpele/leHHe
cpefHero 3HaueHHs, Mbl HMeeM

N N A
HEZ P(n)nze"*z —7 7
n=0 n=90

Tak kak P(n) npene6pexynmo yMaio NPy GOJBILHX 71, MBI HE Cilesaen 3aMeTHOIl OLINOKH,
CCAN  PACHPOCTPAHHM CYMMHpOBaHHE R0 OGCKOHEYHOCTH. 3amerus, uTo uieH ¢ n=§9
ucue3aeT H [OJNOKHB k=n—1}, Mbl HAHIEM

oD w0 0
- An e+l AR )
—=e-* e =g~k ) S p—A)er
n=et Y = > 2 e~rhet,

Tak KaK §ocielisis CyMMa NpeAcTaBasier co60il Ppasiioxkenne SKCIOHEHLHATLHOI
¢yukuud. Takum o0pason,

n=A. (@7)

*) Tlpu Goapiix N n A3>1 pacnpejenenue [Tyaccona cgogutes X pacnpescieHuQ
Taycca ais 3vayeHuil n, He CARIIKOM JaJeKBX OT A
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I1.3. Bemuuna duyxryauui sHepruu

PaccmoTpuM 1Be MakpocKonu4ecke cucremsl, A u A”, HaxonsiHecst
B TEpPMHYECKOM DPaBHOBECHH APYT ¢ Apyrom. Mcnoabsyem sameyaHus,
cllejjadible B n. 4.1, ¥ uccaenvem 6osiee noapobHO BepositHOCTb P(E)
TOTO, YTO 3Heprusi cHcTembl A jgexur B npemenax or E jpo E--OE.
B vacrHoCTH, Mbl 10NKHBEL OyleM paccMmoTpeTb nosegeHxe P(E) BGaH3H
3Hauenust sueprun E=FE, roe P(E) UMeeT MakCHUMYM.

C 3T0il Uelbl0 HCcAeNyeM MeNJICHHO MeHswoulHiics aorapudm P(L),
onpefeneHHuli GopMyJaon (4.6):

nP(E)=InC+1nQ(E)--1n Q' (E). (28)

Pasnoxum 10 Bhipamenue B pail Teitnopa B oxpecrHoctu £. OBosua-
yasg pasHOCTb HEPIrui Hepes

g=F—F, (29)
Mbl TIOJAYuYHuM cjenywomee pasnoxenue In Q (E) B psx Tefaopa:
InQ (E) =1n Q (E) + [ai;wa-Hi%ﬁ] g2, (30)

31ech KBaApdTHLIE CKOOKH VKashbIBalOT Ha TO, YTO MPOH3BOAHLIE B3ATbI

B Touke E==FE. YneHnl, coiep:alliue TpeTbio U GOMbiME CTEleHH &, B
pasJyoKeHHU omylleHbi. BBoas 0603HaueHUs

p=|"5| 31)
H
]
MBl MOKeM nepenucarb Bhipaxkenue (30) B mpocToM BHJe:
In Q (E) = In Q (E) 4+ Be— ye*. (33)

3HaK MHHYC B onpefeeHdH (32) BBeleH J1s TOrD, YTOGHI mapamerp vy
Obl MOJOXKHTEbHBIM [B cOOTBeTCTBUHH ¢ dopMmyaoit (4.32)].

Ananornusoe pasgoxeHHe B psil Teinopa MOXHO HanucaTbh A8
In Q(E"), rae E' = E*—E. Mbl umeem

E'—E =—(E—E)=—z¢,
1 pa3JoxKeHHe Nno CTencHaAM & Jaer
In Q" (E') =In Q" (E') + B (—&) — 5" (—2)", (34)

s [0InQ’
b=

H L
r. [?InQ"] B’ .
V=T T T Lo, -

l
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onpepe/enbl anajoruuno (31) u (32) uepes mpouseoaubie B Touxe E'==
== [£’, CknaapBas (33) u (34), MBl noayuyaeM

In {Q (E) Q' (E')} = In{Q () @ (E)} + (B —B") e— 5 (y--¥) &% (35)

Ilpu adauvenun E=E, rae P(E)=CQ(E)Q’'(E") uMeeT MakCcHMyM, H3
(4.8) caeayer, uto $=[f’, nostomy ujeH, JHHEHHHIl TO &, HCUE3aET,
KaK 3TO H JOJIKHO ObliTh. Tenepb (28) npuHUMaeT BM]1

in P(E)=1In P.(E)-—-—;- Vol?,

"HJIH

P (E) =P (E) ¢!~ V2, v (E=E)2, (36)

roe ™)
Y=v+7. (37)
3 (36) caienyer, uro s Toro, utoObl BeposatHocTs P(E) umena Mak-

cuMyM (a He MUHUMYM) npi E=E, BeqHuuHa Y, J0/KHA ObITh NOJOKH-
teabHOR. [leficrButenbHo, u3 (36) cpa3dy caexyert, 4To BepoaTHOCTh P(L£)
npeHe0peKUMO Masa N0 CPAaBHEHHIO CO CBOUM 3HAaYEHHeM B MAaKCHMyMe,

ecn Y, po(E—E)2>>1, 1. e, ecnulE——-E]>v.r‘/z JIpyruMu c10BaMu, BeChb-
Ma MaJio BepPOATHO, UTOOhL 3Heprusi £ oka3zajach 3a npeielaMmd HHTep-

Bana E-4-AE, rne *%)
AE =y,-1%, (38)
[Topsinox Beanunanl AL /1erko oueHHThb, €CAW BOCHOJBL30BATHCSH
onpengenedreM (32) aas y u npubaikeHHbIM BbipakeuueMm (3.38) mis

Q(E). Mbl MoxeM, TakuM 06Gpa30M, HanucaTb s JI0O0H OGBIYHOI
CHCTEMBI, SHEPIHS OCHOBHOTO COCTOSIHHSI KOTOPOH paBnHa K

iInQ ~ f(E—E,) - const.

W3 onpenesnenuit (31) u (32) mbi nosyuaem aasa E =E=E
| dnQ - /
b= { oL ] E —F,

—— Y B
L [GE] (E—En): [ ° (39)

*) 3aMerHM, YTO HALIK APTYMEHTH ARAJOTHUHBEI TeM, KOTOpkle Oblia HCMONL30Ba-
nbr 8 npuiaoxkendn [L1, 0 910 (36) sBAsIETCS OGBLIYHBIN [ayCCOBCKHM pacnpeleneHHen,

~ **) Buipaxeune (36) 3aBHCHT TOABKO OT a6COJIOTHOIO 3HAUCHHS |E—E| u cnmver-
PHUHO OTHOCHTe/ILHO 3HadeHns £. [loaTomy cpeinee snayeHue sHeprui pasHo E, T. e

E=F. Tor e peay/bTaT cieayer u3 dopmyast (I1.17) aas mo6oro rayccoBcKoro pac-
npegenenus. Ananoruuso, us (IL.17) cneayer, uro AE B (38) paBHo craﬁ,uapmomy
OTK/NOHEHHIO 3Heprum E.
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M3 nocaennero BhipaxkeHHs! C/AefyeT, YTO Y — BeJHUYHHA MNOJOXKHTEJb-
Hasi. M3 Hero takxe ciaeayeT, 4TO npH lanHOM 3HayeHHH [3, obileM s
BCeX HAXOAAMIUUXCS B PABHOBECHU APyr C APYIOM CHCTeM, HaUMeHbluas
cHcTeMa (T. €. CHCTeMa ¢ HaMMEHbIUHM YHCJOM CTerneHell CBOOOALI) HMeeT
HanboJibllyio Beanyuny y. Ileatomy Bennumnna y, B (37) onpenensiercs
IVIABHBIM 00Pa3OM HaumeHosuteli U3 JABYX cucreM. JJonyctum, Hanphmep,
yTO cucteMa A 3HauHTeIbHO MeHblile A, Tak 4t0 v>>7" M y,~7y. Toraa
u3 (38) u (39) caenyer

AE ~E2fe, (40)

Vi

B cnywae mMagpockomMuecKkHX cHcTeM [ — BecbMa GOJbLIOE YHC/O, M
n3 (40) cienyer, 4TO OTHOCHTE]bHAst BeJqH4lHA (QIYKTYallHH 3HEPriH

AE/(E—E,) upesBblMaiiHo Masja. 3ITOT pe3yJbpTaT BecbMa MNOLpPOOHO
obcyskiadacs B 0. 4.1, riae (4.10) caenyer u3 (40).

I1.4. CronkHoBeHsst MOJEKY] M JaBieHHE Tasa

Paccyotrpum  paspemenHbld ra3, HaxoJfIUIMHCS B paBHOBECHH, H
BBIYHCAUM YHCJIO MOJIEKYJ, YAapAOUIMXCS O MaJVvi0o NMoBepxHOCTh dA
cTeHKH cocyna. HanpaBum ocb 2 NepneHAUKY/ISPHO K 3TOH NOBEPXHOCTH,
Hapyxy H3 COCyAd, KaK 3TO MOKAa3aHO
. wa puc. [1.3. Cocpenorounnm  Hame

/15 BHUMaHHe Ha MOJEKYJaxX, Pacro/OoKeH-
Pl R
Z

HbIX BOJIH3H CTEHKH U HMEIOIUX CKOPO-
CTH B HHTEpBase ot v A0 v-~-dv. 3a Gec-
~ 2 A KOHEYHO MaJjioe BpeMs df 3TH MOJIEKy./lhl
cMmernatorest Ha v di. [lostomy B TeyeHue
TAKOTr0 HHTEPBaJ/1a BPEMEHH BCe paccMart-
pHBaeMble MOJEKYJbl, HaXOAsIIHeCH B
OecKOHeull0 MajoN UWJAHHIpe ¢ OCHOBa-
HUeM dA v suno# v di, yaapar O CTeH-
KY; MOJIEKY/Ibl, Jiexkalllge 3a npejaesaMH
UMAUHIPA, A0 CTeHKH He JoHRyT *). Ecan
0 — yro/l MeXAy V H OChi0 Z, TO 06BbeM
Puc. [L3. Croaxkuvoselte wmoJeKyd, IHWJHHApPA paBeH

CKOPOCTh KOTOPHIX JIKHT MeXJAy V H
v—+dv, ¢ 37eMeHTOM NOoBepXHOCTH dA

CTeniku. (3aMeTbTe, YTO RBICOTA [H- dAvdt cos =dAv dt,
AUUApA crpeMuchn o K  HYJK. ecJH z
-0

roe v,=v cos H — z-KoMnoHeHTa Cxo-
poct v. CpejiHee HHC/IO MOJEKYJ B (HAUHAPE, CKOPOCTH KOTOPHIX Jie-
HKAT MEXKIY V U V--dV, PaBHO

[f (v) d*v] [dAv, dt], (41)

*) dauny uumaunapa vdf MOXKHO CUHTaTh MPOHU3BOMBHO MAJOHR — 3TO NO3BOJSET
paccMaTpuBaTh JIMIIE MOJIEKVJIB, HAXOASIHeCH B HENOCPeACTREHHOH O6H30CTH OT
CTeHKU. EC/IH BeTHUUHY v d¢ CAeMaTh MHOIO MeHblle cpefHell AMHHB CBOGORHOrO npo-
Bera, TO MOXKHO HE IPMHHMAThb BO BHHMaHHe CTOJKHOBEHHS MEXZAY MOJIEKYJ/aMH;
UeliCTBUTE/IbHO, Mi00ast MOJIEKYJd, HAXOXAILASCSA B HMIHHAPE M ABHIXKYINASCH K CTEH-
Ke, He GyJeT OTK/IOHEHA M3-3a CTONKHOBEHHA ¢ APYroil MoJeXyJaoH H YAAPUT O CTEHKY.
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rae f(v)d’v — cpeanee uHMCIO MOJEKYJ B eAUHHLE o6BEMa cO CKOpoc-
TSIMH B MHTEpBaJie OT V 10 v-{-dv. Buipaxkenue (41) naet unc/io monexy.,
yA2psIOUIHX B noBepXHocTh dA 3a BpeMs df, moIToMy BeJHYMHA

of (V) d®v = cpesiHee YHCJIO MOJIEKYJ CO CKOPOCTSIMH OT
V 10 V--dv, ylapsiomHix B edunuunyo no- (42)
BEPXHOCTh CTEHKH 3a eOUHUYY BpPEMEHH,

noayyaercst penenuveM (41) ma dA u df. Takum ofpasom,

of (V) d*v =F(v)v,d. (43)

Beauuuna f(v) sanaercsi MakcBe/JIOBCKHM pacrpelesenuem (6.21).

UTo6bl MONAYYHTh 104HOP CpejHee YHCJAO MOJeKyd J,, yAapsiouux
O eIMHHYRYIO TOBEPXHOCTb CTEHKH 3a eJWHHIY BPEeMeHM, Mbl JOJIKHEI
NPOUHTEr pUPOBATH BhIpaxkeHue (42) 1o BceM BO3MOX{HBIM CKOPOCTSIM MO-
JIeKyJ1, yAapsiouuX o cTeHky. TakuM o0pasoM, HaM cJelyeT HHTerpH-
poBaThb MO BCEM MOJOXKHTENbHBIM 3HAYEHHAM U,, TaK KaK TOJILKO NpH
v, >0 MOJEKYJbl ABHKYTCH HO HANPasAeHur0 K CTEHKe H YAApSioT O
ree. Hrak, *)

Jo= § Fv)o, v, (44)

;>0

dopmyaa (43) no3BossieT BbIUHCANTD CPELHIO CHAY, C KOTOPOH MO~
JeKyJbl rada HefiCTBYIOT Ha eJ\HHHLUY NOBEPXHOCTH (T. e. JaBJeHue),
s aToro cienyer NOBTOPHTBL pacCy:xAeHHsl, NpuBeleHHble B m. 1.6.
Moutekysa €O CKOPOCTbIO V HMeeT 2-COCTaBJSIOULYIO KO/IHYeCTBA ABH-
MeHust, paBHyw mou,. [losToMy cpequssl z-KOMINOHEHTa WUMIy.Jbca, Me-
perasaeMast 3a eIUHUILY BPeMeHH eJMHUUE NOBEPXHOCTH CTeHKH BCEMH
MOJIEKYJIdMH, ABHAKVILHMHCA K CTeHKe, PaBHA NPOH3BENEHHIO CPeJHero
yycaa Moaexkyda J(v) d*v Ha muv,, IPOCYMMHPOBAHHOMY [0 BCEM MOJIEKY -
JaM, IBHXYIUHMCS K creHKe. TakHM 0o0pa3oM, CPeiHHil HMIY/bC pPaBeH

Vg v (mo)=m \ Fv)v:dv. (45)

l’2>0 02>0

Ecau raa HaxoAuTcsi B PAaBHOBECHH, B HEM HeT BbIACJEHHOIO HAMpaBs-
JIEHHsI ¥ CpejlHee 3HaueHHe Z-KOMIIOH@HTbl HMITYJIbCa MOJIEKYJI, OTPaKeH-
HBIX OT CTeHKH, PABHO U NPOTHBOMNOJONKHO CpelHeMY 3HAUEHHIO HMNTY/b-
ca MOJieKyJ, yaapsiomux o crenky. Hosromy noawnoe cpeinee ssayeHue
Z-KOMIIOHEHTbl UMNYJ/bCa, NepeiaBaeMoil eiHHHIE TMOBEPXHOCTH CTEHKH
3a eJMHHLY BpEMEHH, PaBHO YIBOeHHOH BeauuuHe (45). B coorsercTBHH
CO BTOPbIM 3aKOHOM HbloTOHA Cpejdsia cusa, AedcTByouas Ha eiMHuLy
nJjowaayu (faBaeHue), papua

p=2m g f(v) 02 dbv. (46)

v, > 0

- _ |
*) Iocie muTerpupoBatus mo BeeM yryiam (44) npHHHMaeT BHA Yo = n, rre

n — cpejiHee YHCIO MOJEKY/ B eJHBHNe of6bena, a ¥ — HX CPeIHSAST CKOPOCTD.
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Ho f(v) 3aBucut T01bKO OT |V|, NO3TOMY MOALIHTErpaJjbHbLIe BhIpaXKeHus
JJs U, H—U, COBMAJAIOT, H 3HaueHye HHTerpasa (46) paBHO n0JOBHHE
TAKOrO e HHTerpaJa, pacnpocTpaHeHHOro Ha gce Oe3 HCKJIOUeHHS
3nayeHusl v,. Takum o6pasom, HUMeeN

D=m S f(v) v2 d®v = mnut, (47)

rie

= | fwady,

1o ofnpejesieHHIO, NPeicTaB/asieT COG0H cpeRHee 3HAYeHHe v:. U3z cum-
METPHH CJejyeT, YTo
==}
H, TAKUM OOGpa3som,
| v = Ui+ UF - U =303,

Bouipaxenne (47) npHHMMaeT BHJI

<

;i-———--;;—nmvzzng—na“‘), o (48)

— ] = o o
rjae e't) = & MU* PaBHO CpeiHei]l KHHETHYECKOH SHEPIitH MOIEKY bl dop-

myJa (48) orsuyaercs or pesyabtara (1.19), nosyvennoro npu Haiewm
paHHEM H YNPOUEHHOM PacCMOTPEHHH, TeM, YT OHa COJCPKHT U” BMe-
cto v*. M3 TeopeMmbl O PaBHOMEPHOM pacnpesesieHyH 3HeprHH CJeayerT,

e 3 .
47O 8‘“’=—2~kT, nostomy (48) npaer

p=nkT, k (49)

HTO #ABAACTCSI 3HAKOMbIM HaM YpaBHEHHEM COCTOAHHS HWA€aJbHOIO rasa.



MATEMATHYECKHE 3AMEYAHHUSA

M.1. O6o3nauenns CyMMHpPOBaAHHUA

Ofo3nauun Yepe3 x NEPeMEHHYIO, KOTOPAA NpPUHHMAET JHCKPeTHbE
3HAYECHUS Xq, X,,..., X,;. TOTAQ A4S0 CYMMBI

n

xl-]—xg—f—...{—xmﬁzxi | (1)

i=1

bl [PHMEHsieM CoKpallieHHe, MOKa3aHHoe B NpaBoOf 4YacTu paBeHCTBA
{1). Buibop unnexca i{ fiBAdeTCsl (1POH3BOJIBHBIM; Mbl MOMXKEM C paBiibiM
YCrexom B3aTb APYTOH HHIEKC, HAnpHMep, £, H HAMHCAThb

Ly 1

Yo=Y

ITUMH OCO3HAYEHHAMH JIETKO BOCMOAb30BATBCA H HJAsl JABOHHOIO
CyMMHpoBaHua. IlpernosoxuM, 4T0 y — nepemeHHasi, NPHHUMANOLLas
JUCKpETHbIe 3HAYCHUS! Yy, Ys,..., Y, CyMMa NPOH3BENEHHIT Xy, IO BCeM
BO3MOYKHBIM 3HAYEHHSIM X W y paBHa

i 2
% Y
2. }..e Xell =

i=1 i=1

le (yl ”i‘y2+ AL +yn) ‘;‘xz (91‘{“92‘1“ ¢ +yrz)+ s o0
Dl _{_xm(yl-:_y‘z%' 4. '{*yn)z(xl +.7C.3‘-]— e _l—xm)(yl +y2+ e +yn)'

HJN

m n 11 1 | 2
| Y i X,y]:’< % xl_> <f2 y}) . ( ,

M.2. Cymma reoMeTpHuecKoro psiaa

PaccMOTpUM CYMMY
Sp=a--af f-af*+...+af" (3)

{lpacas uacTb paBeHCTBa npejcTaBasieT coGoll ecomempuuecKuil psd,
333



KaxAbll WIeH KOTOpOr0 MOJyydercs YMHOXEHHeM Mpelbilylliero 4ieHa
na f. MBoxuTenn [ MOXeT ObiTh BeHIeCTBEHHBIM WM KOMIJIEKCHbLIM YHC-
Aom. HTOGk: BBIYHCIHTD CyMMY (3), YMHOMXKHM o6e YacTH paBeHCTBa Ha f.

Hnmeem . _
[S,=af f-af*+ ... +af*+af**1. (4)

Boiunras (4) u3 (3), no.nyqaeM.
(1—-5 S, =a—af"+,
Hal

| — fu+t

n

Ecanr |fi<<1 u reomerpuuecknit psia (3) Geckonever, T. e, n—>00, TO DAL
cxomurtcst. JleficTBHTeIbHO, B 3TOM cayyae [*+1—0 u a5t n—>o00 Bbipae-
Hie (3) NpHHHMAET BHA

y a X
Sum il ©)

M.3. Npoussoanan ot In n! aas Goabwiux n

- Pacenmorpus In sl aas Goabiioro w unenoro n. Tax kak In n! mensercs
Ha He0ONbLIYIO YaCTh CBOETQ 3HayYeHNHd, ecau # MeHsercsd Ha He(GoJbiloe
1esoe yHeao, 10 In n! MOXKHO paccMarTpHBatb Kak HeNpPEphiBHYIO QPyHK-
uH1o 1. Toraa Mbl HMEeM
dinn! In(n-+ 1Y —1Inn! (n+1)!
o ] =In ——==In(n+ 1.

Tak xak n>>1, 10 n+-Ixn. Mu noayuaen, wro s n3>1

dlinn!

T~ nn. (7

“Jameuanue B Goaee ofiem Bije NPOH3BOAHYIO OT In n! MOMHO BHPA3HTHL
vepes Jo6oe Majoe, HO UeNOe ApHpaleHue
N dinnl In(n+4-m)!'—Inn
dn m

Otciona cnenyer

dinn! 1 (n4+m) 1
In _.ﬂ—lIUT__;I-ln[(n—l—m)(n—!—m«-l)...(n—l—l)].

Tax kax m<<n, Mel Noaydaem

dinnd 1
T%Eln[n j——fﬂ"",

ut0 conajaer ¢ (7).
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M.4. 3uauenue In n! ana Goabwiux 1

Bbuncaenue n! pasi GOJIWIHX 71 CTAHOBHTCS CJHILKOM TPYAOeM-
Knm. Tlosromy yao6HO A5t 3TOro c/ydas UMeTb NPOCTOe NPHOAHKEHHE.,

Ilo onpeaenenwio, Inm
m=1.2.3...(n—1)-n. 3t ~
-__r-if"'
Orcrona 4.{4"1
nnl=Inl14+n24...+lnn= 2 ,ﬂr
m=1

Ecnu n Besmnko, 1o noytH Bce dJe- 0 IAARRARARAA N
Hol B cyyue (8) [3a nexaouenuen we- 072 4 68 121h #6m

CKOJBKHX MEPBLIX YIEHOB, BKJAal KO-
TOpbIX B (8) Ma/l COOTBETCTBYIOT CTOIL ~ Puc. M.1. Tlorenenue In m s sasucmwmo-
GoMbUIMM 3HAYEHHUAM m, uTo In m eror .

MeHsieTcs O4YeHb MaJlo MPH H3MEHEHHH

m ua equsuny. Cymma (8) (oHa paBHa cymMe ILIOILAJeH 3aUTPHXOBaH-
HBIX IPAMOYTO/NBHUKOB Ha pHc. M. 1) ¢ He60.1b110H OIIHUOKOH MOZKET ObiTh,
TAKHM 00pa30oM, BHIpakeHa uepe3 HHTerpaa (Jalouit MJAOMAAb MO
HenpepblBHOH KpuBo# Ha puc. M.1). B TakoM npubalKeHHH HMeeM

Inn! ~ S In xdx=[x1n x—x]i. (M
1

Mb nonywaem mns n>>l
Inn! ~ninn—n, (10)

TAK KaK BKJ4IOM OT HUKHEro npeiena B (9) MOKHO npeHe(peub.
Jlyymee npubavxenne, cnpaseiuBoe aiast n! ¢ owmHOKOH, MEHbL-
weti 1Y npaxe npu n=10, naer gopmyasa Crupaunea

lnn!:nlnnmn—{—%ln(&mn). (11)

Ecan n ovenn Besmiko, 10 n>-ln n u dopmyaa Crupaudra nepexo-
aut B (10).
Ormernm, uro u3 (10) caenyer

din nl |
-=inn +n(-;)—-1=lnn,

‘410 COBHAZAeT C (7).



M.5. Hepapenctgo In x<<x—1

CpaBuuMm Inx ¢ x A4 NOJAOXKHUTeNbHbIX sHaueHHit x. Paccmorpum
(YHKLHIO, DABHYIO PAasHOCTH 3THX BeJHYHH:

f(X)=x—Inux. (12)

ITpu x— 0 Inx— —o0, nosromy f(x) — oo.}

Mpu x— oo Inx<€x, mosromy f(x)— oo. (13}

Urolul M3yyuTh OOBeleHHe [f(x) MeKAY ITHMH TIpelenami, 3aMeTuM,
yro npH x==1

fiz)

df 1
T ———x——O. (14)
Takum ofpasom, [f(x) aBaseTcs He-
__, TIpepbiBHON (QYHKUHEH X, yIOBJIETBO-
e pswowei  yeaosuam  (13) u  umelo-
| el eJHHCTBEHHBI SKCTPeMyM [pH

Jii ] x=1.

1 z Otciofa  cjegyer, 9TO mNOBeje-

Puc. M.2, dyukius f(x)=x—In x. HHe f(x) onuchiBaeTcs KpHBOH, IIO-
KazaHHO#l Ha puc. M.2, umeiomieid
muaumym opu x=1. Takum obpasom, [ (x) > f (1) (paBHO npu x=1),
HJH, ¢ nomollbio (12),
x—Inx>=1.
[Toatomy
mx<Cx—1 (pasHo npu x=1). (15)

+ &

'‘M.6. BuiuucJaenue uHTErpana Se‘x’ dx

-—

Heonpedeaenroui wunTerpad S e~* dx ne moxer GbITh BLIpAKeH 4epes

aneMeHTapHbie QyHkung, O0603HaunM uepes / HCKOMOe 3HaueHHe onpe-

. OeaeHHo20 WHTerpaJa
' 4w

/= S e * dx. (16)

—

DT0OT HHTerpaj]l MOXKHO BbIMHCJAHTHL, BOCHOJIb30BABIUUCH CBOHCTBaMU »
SKCHOHeHUHAAbHOH (yHKUHUM. Mu MoxkeM Bbipasutbh (16) depes HoByiO
NEepPEeMEHHYIO HHTErPHPOBAHHA:

+ oo

= S e~¥ dy, | (17)
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Ilepemuoxan (16) u (17), noayuaem

+ + @ +w o
I? = Se"‘” dx Se'yz dy = S S e~*e~v dxdy
o - - —_ =W
4@ 50
=\ {ew+mdray. (18)

STOT IBOHHOW MHTerpan caeiyer 6parth mo Beelt IIOCKOCTH X, Y.

Tenepp BHINOAHUM 3TO HHTErPHPOBAHWE B NOJNAPHLIX KOOPIHHATAX
r v @. Mol umeeM x?--y*==r>, a 3JeMEHT MJIOWAAH B 3THX KOOPAHHATAX
paBeH (r dr d¢). UroObl 3anoJHHTL BCIO

NJIOCKOCTh, [MepeMeHHbie ¢ H 7 [10JXKHbI 4 A
MeHSThCH B npefedax 0<lop<2xn n O<r<oo
cootBercTBeHHO. TakuM ob6pasom, (18) npu- T
HHMAaeT BHI ¢ 4
=
1 A Tz
w 27 @
= errardp=2n{e-rar, (19
00 0 Puc. M3, MMoasprele koopauHnaTh

r ¥ ¢, dCnosbiyempie AJSl BbIUH-
CcleHysl AHTerpana (i8)

TaK KakK HHTErpUpoBaHHe 10 @ Aaer 2m.
MROxuTENb 7 B MNOLLIHTEPAJbLHOM - BbipaKeHHH JesaeT HHTErpUpo-
BaHWe TpYBHaAbHbIM. MMeeM:

=2 —sde)=—nle]f=—a (0—=mn,
0

HJIH

I=VT=.

Takum o6pasom,

+ o

S e~ dx =1V m. (20)

-—0

Tak kak E_xz He MEHAET CBOEro 3HaueHns npH 3aMene x Ha —x, Mbl HMeeM

+w ®
(e dx=2{ e~ dx,
- U
OTKYJa CJelyeT:
+ @
Se""" dxm-é—VR. | | (20

0
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7 =3
M.7. BbluumcieHne MHTETPASOB THNA Se—a"ﬂ x"dz
0

OGosnaunM BbIYHCAAEMBIH HHTETpas TaK:

oD
l,= Se*w‘ﬂx"‘ dx. (22)
0
O0boszHauun Takxxe x=a~"/r y, Toria mas n=0 unrerpaa (22) papex
“L
—1 [ -— e V-"-{ |
l,=c /sje v dy = 5 O I2 (23)
)]
Mbr BocnosibzoBaanck 3aech Gopmysioit (21). Awasnoruuso,
v}
1 | gyt ~1 S |
l,=o je ¥ ydy—o —e o =7 &k (24)

0

Bce ocTasbHbie HHTErpaJibl, 1Js KOTOPbIX 1esnoe 1222, MOryT GhITh Bhipa-
2KeHbl yepe3 [, nan [ nocaeaoBaTeJbHbIN HHTETPHPOBAHHEM I10 UACTAM.
JlelicTBHTEMBHO,

> o]

= 4]
. t ¢ 2
Py —-‘—_5 d (e=7*) xn=1 —
) 20
y 1

an

Crx® -2 dx.
0
Tak xax NPOHHTErPHPOBAHHOC BhiDaXKeHHe oﬁpamae'rc:a B 0 nna oboux
lipeaesioB, Mbl NOJYYdeM

. 1 —rex? ~11® n—1
___g&_[emxn ]0+2a

. (”—2—;’) I, ; (25)

Han puwmep,

o=z, (26)

M.8. MaremaTnueckue CHMBOJLI

= pasHO = fosblite MAH NPHOAHKEHHO
= TOXKICCTBEHHO DABHO (PABHO NO pasHo
onpeaedieiHio} < MeHbIlle
~ OpHOJNHIKEHHO DaBHO, OMIH3KO K <€ Ha MHOTO MeHbUle
- HMeeT NopsaoK < << Ha MHOTO NHOFO MeHbIlle
o« 1IpONOPUHOHATLHO < MeHbLlE HJH paBHO
o= He paBHO < MeHblle HAH  0pubAHXKeHHo
> 6oase paBHO
> Ha MHOrO Oodbiue ' exp u ¢
>>> Ha MHOro, MHOTO GO/bLIE Inu HaTYpanibhblll JiorapudM u (npy
= GoJabllie MY paBlo . , OCHOBaHUY ¢g)

¢
&



HAONOJNHHUTEJNIbHBIE 3AAAYH

1. IIpocmoe npusenenue pacnpedesenusn aycca. Monery Gpocatot 400 pas. Hai-
InTe BepoATHOCTL 215 Bhinananmi  «opaay.

2. Tayccosckan naomuocme sepoamuocmu. PaccMOTPHM MJealIbHYIO CHCTeMY K3 N
cinHoB 1/2. TIyeTh KamuoMy CHMHY COOTBETCTBYET MAFHMTHEIH MOMEHT [, KOTODbiff
MomeT ObITb HanpaBJeH BBePX HJIH BHHM3, C BepOATHOCTBIO p H ¢ COOTBETCTBeHHO. Boc-
NMONL3YHTeCh BuipaxkeineM (2.74) H rayccorckum npubamxennem (I1.13), npuroiueiv
ang Gosbmisx N, vrobbl HanucaTh Bhlpaxcelve a4 BepoaTHoctH (P(M)AM Toro, uro
MACHUWTHBI MOMEHT CHCTeMbl MMeeT 3Hayende Mmexay M n M--dM.

3. Tounocmo eayccoecrozo noubauxcerus. Vccnenyiite creneHb NPHUIOAHOCTH rayc-
coBckoro npnGanwxenus (I1.13), ouenns Buipaxkenne (I1.7) ¢ ToyHoCTHIO RO uJeHOB &

BKJIOYHTENbHO.
a) ITokaxure, uro (11.9) moxer GbiTh 3anucaHo B BHAE

- - o pD—dq
P, =(1/2) 2 - 3| (Iy
=P e"p[ 6 (Vo) J
e
gem M NP A1y

Vipg  ViNpg'

6) Ilepruili aKCcnOHeLHANLHBIE MHOXKHTE/ b JlejtaeT BepOATHOCTL P npeHebpexnMo
Madaoi, ecan [2[>>1. Taxunm obpasom, P HmeeT 3ameTHOe 3HaYeHue Jumb npa |2 <<l.
B 3701t 06s1acTH 3H44€HNI 2 nOKa3aTellk BTOpoH 3KcnoHenTsl B (1) sHauNTeNbHO MelblLIe

eunup, ccin VN pg >> 1. Ilpn 310M YC/I0BHM BTOPYIO 3KCHOHEHTY MOXHO PasJio-
¥KUTb B CTeNeHHOH paAl

g~ (/22 [ {—— P4 z3+...]. (IITy

P (n)==

V 2nNpg 6 (Npg)t/*

g) ITokaxuTe, yro olwnbka, BO3HHKAIONMIAA OT HCNOJbL3GBaHHSA HPOCTOrO FayccoB-

—t "
CKOro npuoanxenus, iMeeT NOPSLIOK (Npg) /2, Qna cTanosuICS npeHeOpEXKHMO MaJIOH,
ecan N HacToAbKO Bednko, uto Npg>>l. Tlokaxure Takxe, 4To B CHMMETPHUHOM CJaV-
yae, Koraa p=g, noupaprosubii uien 8 (111) ncyesaer u nopanok owHGKH cTaHoBHTCS

pastbiM (Npg)—L. .
4. Ceoiicrnea pacnpedeacrun Ilyaccona. Pacemorpute pacnpeneienue [lyaccona

(11.23).
a) [Tokaxure, uto 3T0 pacnpefeseliHe NPaBHJIBHO HOPMHPOBAHO, T. €., 4TC

-
DP (=1

1
6) BLiuuC/HTe AMCHEpCHIO # H NOKaXKHTe, YTO OHa paBHa A,

5. Hoseaenue onevamox. llpeanonoxum, 4To THNOrpafckie OWHOGKH, COBepIHA-~
eMble HaGOPUIMKOM, HMelOT CJyYafiibiH XapaxTep H 4To xXHHra u3 600 crpaunu co-
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aepxut 600 Takux oneyatox. BocnosbzoBaBmuch, pacnpelenennem [lyaccona, su-
YHCANTE BEPOSITHOCTL TOrG, YTO

a) cTpaHHUa He COJEPXKHT ONeyaTKH,

6) CTpaHHuIa COAepUT He MeHblie Tpex OHeyaToK.

6. Paduoaxmusruui pacnad. PaccyoTpusm anba-yacTHUL, HCMYCKaeMble palHo-
AKTHBHBIM HCTOYHHKOM B TeueHHe HeKoTopore uHrtepsana BpemeHd f. [lpeicraBum
cefe 9TOT MHTEPBAJ Pa3ilesieHHBIN Ha COJMbHIOE YHCI0 MATLIX HHTepRAJOB AJMHHON Af.
Tax Kak anbpda-yacTHIB HCNYCKAIOTCH CIyyailRbiM 00pa3oM, BepOATHOCTL pacnajia
B TeyeHHe JIoBOTO M3 UHTePBAJOB Af COREPUIEHHO He 3aBHCHT OT TOTO, NPOHCXOAH/N
JM pacnaibl B JIPYFHX HHTepsasaax BpenenH. Kpodme Toro, weTepBadnl MOryT GhiThb
B3ATH HACTOJIBKO MAJABIMH, UTO BepPOSITHOCTLIC Bojlee 4eM OIHOI'G PAacnaja B TeueHue
HHTEPBAAA MOXHO npeHeOpeub. IDTO O3HAUAET, YTO €CI p — BEPOATHOCTL pacnaia
B TeueHue uKTepBata A¢ {p<€l), 10 (l—p) — BEPOATHOCTL TOTO, UTO 323 3TO BpeMs
He npousoHaeT pacnaita. Kaxawtl naur wurtepBad Al moaer, TakHM obpasoM, pac-
CMATPHBATLCH KK He3daBHCHMOE HCIBITAaHIe, BCEro Mbi unmees N=={/Af Taxux ucnu-
TaHKH 33 Bpemst [.

a) Iloxaxute, uto BeposATHOCTH P(n) Toro, yTo 3a BpeMs { IpOM3oiieT n pacna-
1oB, onpefllejsierca pacnipeienetner ITvaccoHa.

6) llpennonoxuy, 9r0 AKTHRHOCTL PajllOaKTHRHOTO HCTOUHMKA TaKoRa, YTO
cpedHee HHCA0 pacnajoB B MUHYTY pasuo 24. Kakoma sepostnocTh nabaiolleHHs n
pacnaior 3a 10 cex? Tloayuyure npubiaukennble 3laueildsi BeposiTHOCTell His Bcex
neawlx n or 0 10 8.

1. Cmoaknogerue nosexya easa. Pazjienun Bpevs Ha Maasie HHTepBaas Af. ITycrs
p — OueHb Majaf BepPOATHOCTL TOr0, YTO MOJEKYJa Ta3a HCNBITHIBAGT CTOJKHOBEHHE
B TeUeHHEe OAHOTO W3 HHTepBajor Af.

a) BocnoabsosaBulHch pacnpeielendes JlyaccoHd, nokaxkuTe, 4TO RepOATHOCTD
P TOro, uto MOJEKY/a He HCNbITaeT CTOJKHOBeHHe B TeyeHHH N nocieloBatedbHBIX-
HHTEPBAJIOB, PABHa P =g~ VP,

6) 3anucap p=w Al (31ech @ — BepOATHOCTL CTOJIKHOBEHHS B €IHIHUILY BPEMEHH)
¥ BLIpa3HB N uepes nporekuliee BpemMs f, NOKAXKHUTE, UTO BePOIATHOCTL P(7) He HCMBITATh

CTOJIKHOBEHHA B TeueHHe BpesMeHH [ paBHa P(t)y=e="", CpaBitHTe 3TOT PE3VJABLTAT C
pe3yJIsTaToM, MOJYYeHHLIM B 3alave 8.12 W3 IApyrux coobpareHHIl.

8. Paysmyauuu moaujunnt moxko2o c104. [lonMeUleHHbIT Ha HAaKaTIHBAEMYIO HHTDL
MeTall ucnapsAercst B BaKvyne. AToMbI METAM1a I0N141al0T Ha KBApPUERVIO IMJIACTHHKY,
pPacnoJOoMeHHYI0 Ha HEKOTOPOM pacCTOsHKHM OT HHTH #1 00pa3VioT Ha Heil TOHKHEH we-
rajgavyeckuil caoit. [lnactinka HaxoawTcs npu HH3KO TeMnepaType, W KamAblil
4ToM, NONABWHH Ha NAACTHHKY, HE MCMLITLIBAET MHIpAUMi. ATOnmb! ¢ papHoil ReposT-
HOCTbLIO TOTNOWAIOTCH JHOOBIN YHACTKOM [OBCPXHOCTH MIACTHHKH.

PaccMoTpuM wIeMEHT IIOMIaaH IIAaCTHHKH pasyepoy b* (b HaeeT nopsiox JHa-
perpa atoMma). IlokamHTe, 9T0 UYHCIO aTOMOB MeTaAld, KOTOPOe AMOWKET NOIrVIOTHTh
TAKOH 3/eMeHT, NpuOMMKeHHO onHchiBaeTcs pacnpelededtes [lyaccona. lonycernm,
YTO HCNIAPEHHONO MeTanad 10CTaTouno, 4Tobb 06Pa3eBaTh Ka NMOBEPXHOCTH ILTACTHHKH
nJeHKY €O cpelllell TOMMHHOH B HleCThL ATOMHBLIX cjioeB. Kakas 4actThb nosBepxHOCTH
NNACTHHKH oKaXKercsl BOoOGie He [OKpLIToHl Mmeramgov? Kakas uacTb noBepXHOCTH
Oy/leT MOKPbITa TpeMs H LICCTLIO CAOAMH COOTBETCTBEHHO?

9. Cmenens movnocmu pacnpedeaenus [lyaccona. Hroful BLIACHHTL CTelleHbL TOY-
HocTH pacnpefeqenus [lyaccona, BocnoibayeMcs CIeIylOmHy MOPIIKOM  PasJio-
meHus, cleaanHoro B (I1.2).

a) Bocnoabayfitech sigHbiM Bhlpawendem aaa N!/(N—n)! u pasioxenuem erc

Jiorapudma, 4robbl NOKa3aTh, HTO

M n{n—1)
W—nyp ~ Ve [“ oN ] ,

Pasnoxue In {(1—p) Ao ujeHOB, NpONOPUHOHAALHEIX P2, NodyuHTe YAYulieHHoe
p pornop y

opurbmixenne ana (I—p)V-=n,
8) IlokaxuTe Tenepn, 4TO OHMHOMMAJbLHOE pacnpeenedne Moxer ObiTb Nped:

CTaBJIeHO BBIpaKeHHCeM
n n— (n—M): ]

A
Pn) = -;ﬂ—e""exp[ TN
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r) BocnoabsoBaBIIHCL 3THM Pe3YJAbT4TOM, NoKaxHurte, yto pacnpeienetne ITyac-

coHa cnpapgequBo noxa ACN'Y: u n<CN':, a coBepluaemas olIHOKa MeHpllle HJH
fopsiika (A2--n2)/N.
: 10, Dayxmyayui sHepells cucmemst, HaxX00AUedcs 8 menaogos woumarme. Pac-
CMOTPHM JiBe MaKPOCKOMHYecKHe CHCTeNbl, A u A’, HaXolslwHecs B TellJIOBOM PABHO-
sBecun npu abecomornoil rexnepatrype 7. Ilyete C u C’ cooTBeTCTBeHHG TeIoeMKOCTH
ITHX CHCTeM (NPH TNOCTOAHHBIX BHELIHMX MapaMerpax).

a) IToxamure, rocrioin3osapmuch pesyavtataMu (I1.32) u (I1.37), uro cranyapi-

HO® OTKJIOHeHHe »Hepriu L cucTembl A pagrHo
cc’ 1/2
AE=kT | ———+F
~ R{(C+C) *
6) Yeny pasuo AE, ecin C'3C?
B) [Tpeamoaomus, yto cucTeMbl A w A ABIAIOTCH ONHOATOMNBLIMM  HIea/bHbIMA
f
razawvu, cogepxamunmu N # N’ nmoseRys cooTBercTBento. BhiuncanTe 0THOCHTE 1 BHYIG

seanunny GaykTyauui sneprud AL/E, rae E — cpelnsa sueprus cHcremsi A.
/
r) PaccmoTpite OTEeT B) B npeledbHbix caydanx N >N u N' <K N. Coraacyercs
Ji Baul pesysibTaT C TeM, Yero cJeiyeT OmHJaTh AAst AL B nmpegere N'—0?



HEKOTOPHIE ®U3HYECKUE KOHCTAHTHI

Beanunua 3navenne Olﬁgﬁ' )
®u3nyeckue KOHCTaHTb
JNIeMEeHTapHBIH 3ap AR e=4,80298.10-19 eq, CI'CI; = +7
=1,60210.10-1 g +2
CkopocTb CBeTa B BaKyyMe c==2,997925. 109 ¢cu.cex—1 +1
IMocrosinnas ITnanka b == h/2n l1=16,62559-10—%7 3pe.cex + 16
fh==1,054494- 10~ 27 3pz.cex +4-25
Macca noxos 3/eKTpoHa m,=9,10908. 10—28 ¢ 413
Macca nokos npotroxa my=1,67252.10-% ¢ +3
Marneton Bopa eh/2m,,c iy =9,2732.10-21 spe.gc=1 +2
SIAepHbIH MarueroH eﬁ;’QmPC 1y =5,05050-10~2 spz.ec—1 +13
Uucsno Asoraapo N,=16,02252.10% s0ap-1 +9
[Tocrosnnas Bosabumana k==1,38054.10—1% 3pc.cpag—1 +6
["asosas nocrosinHas R=—28,31434.107 spc.2pad—* X 435
s moap—r==198717 raax 48
> epad—t-moap—1
MMepexoanbie MHOXKKTEAR
Tpoiinas Touka BOJbI ==273,16° K
Temnepatypa no Hesbcuio X°C=: (273,154 X)° K
| atmMochepa =760 mm pT. CT. ==],01325.10% dun.cm—*
| mxoydab == 107 ape
I TepMoXHMHYeCcKasi KaJoOpHA ==4 184 ox
1 37eKTpOH-BOJILT (38) =1,60210-10-12 3pe + 2
I 386 nHa vacruuy - =23,061 kraa.mono—1 +1
= 116049 °K +5

3nauenus xoncraut B3fATH 13 063opa E.R. Cohenand J.W. M. Du Mon d,
Rev. Mod. Phys. 37, 580—059] (oxrs6pr 1965). IlpuBesennbie OWIMOKH OTBEYAIOT
CJHOMY CTAHJIADTHOMY OTKJIOHEHUIO H OTHOCATCH K IOC/JCAHHM 3HayauuM Uudpam

COOTBETCTBYIOHHX KOHCTAHT.

Moanb onpefiesieH B COOTBETCTBHH € YCJOBHEM, COTiacHO KoTtopomy usoron (12

MMeeT aroMunil Bec 12.
Ofosnavenge «rpaiy»
Takxe °K).

OTHOCHTCA K

«rpagycam  KeabBupa»

-

(0603HaYaeMbIME



OTBETbI HA 3AJJAYMU

Thasa 1

Jd.1732, 5/32, 10/32, 10/32, 5/32, 1/32. 1.2, OGpatumo. 1.5. a) Jueprusn
He mensiercst; 6) py/p;==V;/V, 18. 2, 1.10% monexyr-cex—1-cu-% 1.7, Tlpu-

6/1M3HTEIBHO 4D CYTOK. 1.8, 6.10—10 cex. 1.10. a) vy Uy = (myf/m)V2 .

1.11. p=2/,(n,+n,) =. 1.12. B) Jdasncuue=p, = p,. 1.13. B) 2 ammn.
1.14. a) 3,4.10¢ cm/cex; 6) 2,3-10-8 cu; B) (2,9-10%) x dun/em® 1) 2.10-% cae.

Il'nasa 2
2.1. 5/54 & 0,092. 2.2. 63/256 ~~ 0,25. 2.3. a) (5/6)°® ~0,4; 6) | —(5/6)®* ~0,6;
B) —:13)—(5;'6)4”»\.,V 0,16. 2.4. B) (5/6)/V; r) (S/B)N"1 (1/6). 2.5. a) N![n! n'l[-1pngm,

l “2/ I A N 1/9 houl
2.6. a) V! (7N ! k-2—) : 6)0. 2.7.6) 0; B) (£/71) " °1. 2.9. a) u=(2p—l)pn,.

wW=ug. 2.12. a) ljc; 6) (1/c). 2.13.B) M =0, (AM)2=2Npus. 2.15.a) N (V/V,);

6) N~y V)y—I11v* 2.16. a) ({/Af)pe; ©) ({/At) pe% 1) 4-10-124,
2.17. (N202/R) p? [l -~ (1 —p)/Np). 2.18. 0,82 cx. 2.19. a) 0; 6) N3,
2.20. (A2—x2)~V2(dx/n) g —A<<x=CA; 0 114 oCTanbHBIX X.
Inasa 3

3.1. a) P(-—Sun):l—, P (go)z—ﬁ—, P(M)y=0 nang Aapyrex 3HaucHuii;
6) (3);&0, B) To ¥ke, 4ro B (a) u (6). 3.2, —é—- 3.3. a) M |nt(N—n)!}-%;
B) n'/n. 3.4. (n'/n)%  8.5. a) Nl n! (N—n)!]=1; 6) (F,—E)/2ueB; 1) (n Iy,
n PB=In(n/n’)/2n,B. 3.6. a) (n2h%2m) (ni/LY) (2/L,); 6) Fz-g-(E/L).

8.7. a) 1,9-10%; 6) 4,5-101%,  3.9. a) N![n! (N—n)1]~! (OE/2u,B).

Iaana 4

4.1. a) ner; 6) wer. 4.2, 0,025 3. 4.3. a) 4%; 6) 5.104%, 4.4, 1,]1.10~2,
4.5. 1,5-10-%. 4.6. Mownocts X Tt 4.7, a) N, /N, & 0,5; 6) Ny, /N A 1.

4.8. a) Has T -0, E — Neys anag T — oo, E-—)—%—N(EI—I-%); MelisleTCd NpH
KT ~ (8y—g1). - 6) N [g)-e,e™P @=2d |1 o~B €2=e)]= 4.9, Nath(Wa/kT).

4.10. —;-Nea th (ea8/2kT). 4.12. a) Paccrosmue MexZy YpPOBHSIMH BO3pacTaer;
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6} ymeHbIIaeTCA; B) 110JI0KHTENBHO; T) BO3pacTaeT; 1) Bo3pacraer. 4.13. a) Paccrosnuue
MEXNY YPOBHAMM Bo3pacTaeT, 0) yMeHbIUAETCs; B) OTpHIaTeNbHO;, ) BO3pacTaer;

R) Bospacraet. 4.14. (N,-+ N,) kT /V. 4.21. a) ePloB 1 p—BlB, 3 0) — o8B th (PpeB).
4.22. a) e~PRO2[{__,-Bho]-1; g ﬁm[ (B 1)‘] r) _ﬁm x) kT.

4.23. a) 2A4/pk% ©) kT. 4.25. a) e~ B8 6) N!{n! (N—n)!]-1 B Raxzom cayuae.
4.26. a) C(M/2np)** (V/h3); C[(M/2n[3)3/ /i3] [my2aB)%/® (v /3] e~ Br ;

B) (mkT 2ah?)3/2 Ve~ ¥ kT . 1y (ka/?:r?‘z")””‘ (VI N)V2 e W2RT 1y genmecounuposan;
e) uccounuposan. 4.27. a) (n/N)%==(m/2m)*2h~3(kT)>/2 p- 1e=WhT, &) 0,40.

3
4.28. a) -§~NkT. 4.28. a) — NpyB th (uyB/ET); 6) Npg th (nB/RT).

lnasa 5

5.1. a) 3°K; 6)4-10-3°K. 5.2. a) 0,62 ec; 6) 2-10-8°K. 5.3. vRT In(Vy/V e
5.4, 3,6-10%9 spe.
5.8 a—»c b W=T7.10? ape, Q=—2,9.101 ape;

a—-d--b W=21.10"1 3pz, Q=1,8-1011 5pg;

a— b W=1,4.101 spz, @=1,1-101 3pe,

58. a) MgAd; o©) T——f- Ty (2MgV o /5VRA), v_.-vo+(3vRATO/5Mg).
5.9. 6) 14,8 dnc/cn. 5.10. 2) 992 10® g, 6) 1,35.103 aafc
5.01. 6) E=N &4 e,0™ E2= e/ kT [ 4 = (@ame)/kT | -1,

C=(N/RT?) (zg—e )20~ 27 EWAT [} 4 g (eame)/kT [
5.12. a)————NunB 0 5)0; C; B) Nu B th{n,B/kTY; r) ka(pDB/kT)z[ch(pnB/kT)] -2,
5.13. a) 2Ne (¢4 L 9)=1; ) (@Ne2/hT2) ot/ kT (oE/RT +2)-2,  (2Ne?/9kT?) aasw
6oapuinx T. 5.14. a) ((“4TA FCRT(Ca+CRr); B) AS=C,4In(T/T,4) +
+ CgIn(T/Tp). 5.15. a) 1,27 10% dmfepad, —1,12.103 dwc/epad, 1,5- 102 daxc/epad;
6) 1,1-10% dxjepad.  5.18. a) 21,8 dmjepad; 6) 10%3°1°% 517, a) 12,6°C;
6) 12,8 duejepad; ) 9,4-10% o, 5.18. a) 0; 6) 0; B) 0; r) HesaBuCHMO.

5.19. a) S,=3S,; 6) c,,x-% Co. 5.20.2) Nk (haykT)? PV RT (ghol/kT _py~2. oy np,
3

6.21. a) —g—kT; 6) -%R:QO,S odxc.epad—1i.moarp=14, 5.22, a) (3% In Z/0B% -}
3 \-v

+ @InZ/op)% 1) (-2~N) V2

aapa 6 *

8.2. a) e-B [p*/2m-+inge] qap d3p; 6) e~ (/D) pmo? d3v; B) p—Bmgz dz.

63. noce e 64, ay V{n(Rir]T' Y 6) nox (r/Ry~BEV/IN (RIre)
B) f?T>82n1/3 65 a)mzr(m__pv) 6)6"‘(1/2) B{szz {(m—pv) dr 66 a) EBMQ (Bg""‘Bl)

6) ch (ﬁ}ln 2ch (BrgBq); B) L+ (uy/kT)? (32”31), r) 1,00015. 6.7. —é-kT, HeT.
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7.2. B) 6,21 amu; 6) 832°K. 7.3. a) (cy/R) (o j—pV); _ 6) vey (Ty—T).

7.4, 6) %R:?O,S duc-epad="'.moae—1, B) % 7.5. a) —‘?—R; 6) 1300 duc;

8) 1500 doc; r) 23,6 Oxe/epad. 7.6.%R111[(T/T0) VVI¥], te T n Ve

cM. oTeeT K 3ajaue 5.8. 7.8. a) 195°K; 6) 3,12.10% Odoc/moap ansl BO3TOHKH,

2,55-10% 9w /moap pas  ucnapenud; B) 5,7-10%  odw/moas. 7.9. Hyab.

Yy =1

710, [(WRT) —5 |74 2L RT D@76 | 7= (5 50
i 1y \Lpg ¥

B) 1,4°K. 7.15. a) T J(T;—T,): 6) 11,9.  7.16. a) C(T,+T,—2T,);

6) T = (T, T)"% 8) C(T12—TY2)2 707, a) VRT In (V ./ Vp); 6) VRT In(V 4/V g);
B) VolVe=Va/Ve 1) ¢'lg=T"JT. T.18. 1—(V/V,)¥"1,

F'nasa 8
8.1. a) 2; 0) 2; B) He jpeficreyer. 8.2, a) t; 6) T; B) me neficTByer,
1 1 1 2 1 , '
8.3. a) —2"1’.42 6) —é«tc; B) af,, —éwatczar; r) 5 at g, E—atczar. 8.4. YneHb-
1aeTcd, HeM3MeHHO. 8.5. a) 2mnR3*Lw/0; 6) npudnuautennho 25 Oum-ca.

8.6. 1,4.10~% zocm—T-cex—1, 87, a) ox V" #E-1, ) qg TE+ 3~

8.8. a) 1,4 amfcs; 6) 4-10—3 mm pT. cT. 8.9, 3) (1)4/7)2) (;t2/p1)1/2; 6) (Ma/My) (104/24,);
B} (1o/My) (Mi/Ra): 1) dy A&~ 1,9:10-8 cu, d, A2 3,1.10~% cm. 8.10. Ilpubauanreibuo

10 vacos. 8.11. [lpubausurensho —g—(in 2) (M/m) (noL)~1. 8.13. B) 272

8.14. %?_:.%%;_TB.. 8.15. AT = (/2R /21tbx) In (b/a). 8.16. a) (11/8) (pa*/ML) (py— ps);

6) (7/16) (na*/mRTL) (pi—p3).
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1. 0,013. 2. (2ug)~1 (2nNpg) ™% exp {— [M—N (p—g) 1o¥/8N pgus}.
5, a) 0,37; 6) 0,08. 8. 0,0025, 0,090, 0,162. 10. 6) T (RO)V2;

2 e n |12 2 N1z . ,
—g-N/N(N—i—N)J 5 T) (—S-N) , ecau  N<EN, N-1(2N'/3)V2,
ecan N> N,
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