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pasHoBecHs. Ecan B Kakof-HMGY/b HAua/bHBIL MOMEHT BpEMEHH
"3aMKHYTasi MaKPOCKOMHYecKasi CHCTEMa HE HAXOAM/IACh B COCTOSIHHH
CTATHCTHYECKOrO DABHOBECHS (HanpuMep, Oblla HCKYCCTBEHHO BhIBe-
JieHa M3 TAKOro COCTOSIHHS BHELIHMMH BO3JEHCTBHSIMH, TMOCJE 4Yero
6blia BHOBbL NPENOCTaBJIeHA caMoH cebe, T. e. BHOBb CTajla 3aMKHYTOH
CHCTeMOH), TO B JasibHeHIIeM OHa 06s3aTe/IbHO NepefiieT B COCTOsIHHE
.paBHoBecusi. IIpoMexyroK BpeMeHH, B TeueHHe KOTOPOrO JOJIKeH
00s13aTeJIbHO NPOH30HTH MNEPeXOf K CTATHCTHUECKOMY PABHOBECIHIO,
Ha3bIBAIOT 6pemenem peaaxcayuti. I'OBOps BhIE O «1OCTATOYHO 60JIb-
WHX» NPOMEAKYTKAX BPEMEHM, MBI MO CYIIECTBY HMeJHd B BHAYy Bpe-
MeHa, OOJbiine Mo CPaBHEHHIO CO BpPeMEeHEeM pesaKCcallHH.

Teopuio npoueccoB, cBA3aHHLIX C NEPEXOAOM B COCTOSIHHE PABHO-
BeCHsl, Ha3LIBAOT KUHEMUKOL; OHAa HE PACCMATPUBAETCH COBCTBEHHO
CTaTHCTHKOH, M3ydyaroliell CHCTEMBI, HAXONSIIHECS B CTATHCTHUECKOM
PaBHOBECHH.

§ 2. CraTHcTHYECKAs HEC3ABHCHMOCTD

[ToncucTeMbl, 0 KOTOpPhIX Lija peus B § 1, He SABJASIOTCH CAMH 10O
cebe 3aMKHYThIMH. Hanporus, OHH nOABEpPraloTCsi HENpepLIBHOMY
BO3J€HCTBHIO CO CTOPOHBI MNPOYMX wactefi cHcreMsl. Ho Giaropaps
TOMY, 4TO 3TH YaCTH, MaJpleé 110 CPABHEHHIO CO BCed 6OJIbINOH cHCTe-
MOH, SBJISIIOTCA CaMH NO cefe TOXe MAKPOCKOMMYECKHMH Te/1aMH, Ml
MOXeM BCe e CUHTaTh, YTO B TEYEHHE HE CJIHIIKOM GOJIbIIHX npo-
MEXYTKOB BPCMEHH OHH BeRYT cebs npHOIH3HTENHHO KAK 3aMKHYThIE
cucreMbl. B caMoM nene, BO B3aMMOnEHCTBHH MOACHCTEMBI C OKpY-
XKAOIMHAMH YaCTSIMH YYACTBYIOT NPEHMYINECTBEHHO TE YaCTHIBI, KOTO-
prie HaxonsiTcs BOJMHM3H ee noBepxHocTH. Ho orHocHTennHOE KoJue-
CTBO 3THX YACTHL, NO CPABHEHHIO C MOJHBIM YHCJIOM YacTHi B TOA-
cHcreMe GbiCTPO najaeT NpH yBEJTHYEHHH PAa3MEpPOB nocaeaHedt, u npu
AOCTATOYHOH BEJIMUMHE NOACHCTEMBI 3HEPTHA €€ B3AHMOJNCHCTBHS C
OKPYXQIOIUMH YacTsiMH OyleT MaJla N0 CPABHEHHIO C €€ BHYTPEeHHell
3Hepruelt. Takum 06pa3oM, MOXKHO CKa3aTh, 9TO MOACHCTEMBI SIBJSIOTCS
keazusamknymoimu. [Tonuepkuem JHUHAA pas3, YTO KBAa3H3AMKHYTOCTD
NMOACHCTEM HMEET MECTO JIMIb HA NPOTSMEHHH HE CJUUIKOM NJIHTEJIb-
HBIX MPOMEXYTKOB BpDeMeHH. B Teuenue e R0CTATOUHO GOJABLIOrO
NMPOMEXYTKA BPEMEHH BJIHAHHE B3aUMONEHCTBHS MOACHCTEM — CKOJIb
Obl OHO HM ObINO CJAaGbIM—BCE PABHO NpOSIBHTCS. Bosbiue TOrO,
HMEHHO 3TO CPABHHTEJNLHO C1a00€ B3aUMONEACTBHE H NPUBONUT B KOHILE
KOHIIOB K YCTAHOBJICHHIO CTATHCTHYECKOTO PABHOBECHS.

Tor takr, 4To pasiHuHBIE NORCHCTEMBI MOMHO CUHTATh /1260
B3aHMOAEHCTBYIOWUUMHA JDYF € APYrOM, NPHBOAHT K TOMY, 4YTO HX
MOXHO CYHTATh HE3ABHCHMBIMH TaK¥Xe H B CTATHCTHYECKOM CMbICJIE,
Cmamucmuseckas Hesa6uCuMOCMb O3HAYACT, UTO COCTOSTHHE, B KOTOPOM
Haxonurcsi OfHAa M3 MOACHCTEM, HHKAK HE BJIHSET HAa BEPOSTHOCTH
Pa3JiINUHBIX COCTOSHHII APYrHUX NOZCHCTEM.
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PaccMOTpuM Kakue-1H60 JABe TNOACHCTEMB, H nycrb dpWdgt) u
dp® dg'® —3nemenTtel o6beMa KX $Aa30BEIX NpocTpaHCTB. EcaH pac-
CMaTpHBaTh COBOKYIHOCTb OOEHX TNOJACHCTEM KAaK OJfHY COCTABHYHO
NOACHCTEMY, TO C MATeMATHWYeCKOH TOUKHM 3peHHsi CTAaTHCTHYECKas
HE3aBHCHMOCTh TOACHCTEM O3HAYaeT, YTO BEPOSITHOCTh COCTABHON Moj-
CHCTEME HAXOAWThCS B 3JjemeHTe ee (a3ororo ofbema dpil? dgtt?® =
=dpVdgV.-dp'® dg'* pasbuBaercs Ha NPOU3BENEHHE BePOSTHOCTEH
HAXOMKNEHHS KaXNOoi H3 [NOJACHCTEM COOTBETCTBEHHO B dpPdg u
dp'®dqg'®, npudeM KaxXKjgas H3 3THX BepOSTHOCTEH 3aBHCHT TOJBKO
OT KOOpJAHHAT H HMIYJBbCOB NAHHOH moAcHcTeMb. TakuM obpasoM,
MOKHO HAIHCATh!

0,2 dp® dgd = o dp dgD . p, dpt® dgt®,
HJAH
P12 = 0109 (2,1

rne p,,— CTAaTHCTHYECKOE pacnpenesieHue COCTARHOU NMOACHCTEMEL, a Py,
p,—OYHKIHH pacnpeseseHus OTAENbHBIX TNOACHCTEM; AHAJOTHYHOE
COOTHOLIEHHE MOMKHO HaNmuCaTh H JJsi COBOKYIHOCTH HECKOJbKHX
nojcucreM 1),

MoxHo, oueBHAHO, YTBepXKJAaTh U oOparHoe: eClu pacnpefielieHHe
BEpOSITHOCTEH AJIsi HEKOTOPOH CJOXKHOH CHCTEeMBI pacnajaercsi Ha Npo-
H3BEeNEHHE MHOXKHTENCH, KaXnpli U3 KOTOPHIX 3aBHCHT TOJBKO OT
BeJIHUHH, ONUCHIBAIHIMX OJHY H3 uacTefl CHCTeMBI, TO 3TO 3HAUMT,
9TO 5TH YACTH CTATHCTHYECKH HE3ABHCHMBIL, NpHYEM KaXJbli u3 MHO-
XKHTesell NponopiHOHANeH BEPOSATHOCTH COCTOHHI COOTBETCTBYIOWIEH
YaCTH.

Ecau f, u f,—aBe dH3HyecKHe BeJHUHHBI, OTHOCSIIHECS K JBYM
pas/IMYHBIM NOJCHCTEMaM, TO H3 (2,1) W onpenenlenust CpefHHX 3Ha-
yeHHil cornacHo (1,5) HenocpenCTBEHHO CleAyeT, YTO CPE/JHee 3HAYeHHe
npouspenennus f,f, paBHO NPOH3BENEHHIO CPEIHHX 3HAUEHHH KaXkjoH
M3 BeJIHYHH f, M f, B OTHETbHOCTH:

f1fz=f1'fz~ (2v2)

PaccMOTpHM Kakyo-1i60 BeTHUHHY f, OTHOCALLYIOCS K HEKOTOPOMY
MAKPOCKOMHYECKOMY Tesly HJAH ero otgenbHoll uactd. C Teuennem
BPEMEHH 3Ta BEJHUHHA MeHsieTcsl, KoiebJsich BOKPYT CBOEro cpen-
Hero 3HaueHHs. BpegeM BeJWUHHY, XapakTepH3ylOWlyl0 B cpepHeM
IHPHHY HHTEpPBAJja 3TOr0 HM3MeHeHMsA. B kauecTse Tako#l xapakre-
DHCTHKH HeNb3s B3siTh CpefHee 3HaueHnuwe pasunocTH Af=f—f, rak
KaK BeJHMUHHA [ OTKJOHSETCH OT CROErC CpEJHEro 3HAYEHHS KaK B
Ty, TaK U B JPYIYIO CTOPOHy, M CpejHee 3HaueHHE PasHOCTH f—f,
NONEPEMEHHO TO NOJIOXKHTENbHOH, TO OTPHILATENbHOH, OKAXKETCs paB-
HEIM HYJIO HE3aBHCHMO OT TOTO, HACKOJbBKO YacTO [ HCHHTHBalA

1) IIpu ycJoBHH, KoWeuHO, YTOOH COBOKYHHOCTh 3THX HOACHCTEM BCe elle co-
CTaBJAJ/A MaJdyio HacTb BCeH SaMKHyTOH CHCTEMHI.
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agagMTeNbHBIE OTKJIOHEHHs OT CpeiHero 3HaueHHs. B kauectBe HC-
KOMOM XapaKTePHUCTHKH YIOOHO B3ATb CPejgHee 3HAUCHHE KBajpaTa
groii pasHoctu. Tak kak BeanumHa (Af)? Bcerza IONOXKHTE/bHA, TO
e¢ CpeJHee 3HAauYeHHe CTPEMUTCH K HY.IO JIMIUb €CJH OHA caMma CTpe-
MHTCH K HYJIO; APYTHMH CJIOBaMH, OHO OKaMKeTCsi MaJblM TOJbKO

TOrjaa, KOrja 3HauHTeJbHBle OTKJOHeHHsl f OT [ 06aapaloT MaJok
‘sepoaTHOCTbIO. Beanunny ((Af)2>1/2 HaswIBalOT cpednell Keadpamut-
noll gaysmyayueti BesnuuHbl f. PackpoiB kBanpar (f—f)32, Haiizewm,
4TO

<(Af)2>:f_2—"fzr (2’3)

T. €. CPeHsI KBanpaTHyHas (GJAYKTyalHd onpezessiercss pPa3HOCTBHIO
MeXIy CPeIHHM KBaJpaTOM BeJHYHHbBI H KBaJpaTOM €€ CpPeIHero
3HayeHusd.

Ornomenne <(Af)2>1/2/f Ha3blBalOT omuocumevHoll Gayxmyayued
BesvuuHbl f. YeM 3To OTHomeHHe MeHbIe, TeM Gosiee HUYTOKHYIO
9aCThb BPEMEHH TeJO INPOBOIMT B TaKUX COCTOSIHMUAX, B KOTOPBIX
OTK/IOHEHHE BeJIMYHHBI [ OT €e CpejHero 3HAUEHUA COCTABJSET 3a-
METHYIO 4acTb 3TOr0 IIOCJENHETO.

IToxaxeM, YTO OTHOCHTeNbHasA (GJAYKTYyanus GHU3MYeCKUX BeJIUYHH
6LICTPO yMEHBINACTCS NP YBeJHUEHHM Da3MepoB (UHCJAA YacTHIL)
TeJ, K KOTOPbIM OHY OTHOCATCH. [[/1 3TOro 3aMeTuM mNpeaBapUTeIbHO,
4T0 OOJIbIIMHCTBO BEJIMUMH, NPEICTaBJSIOMUX (HU3UYECKUil HHTEpeC,
ABJSAIOTCS  aJAMTHBHBIMY; 3TO OOCTOSITeNILCTBO-— CJIEACTBYE KBa3u-
3aMKHYTOCTY OTI€JbHBIX YacTefi Tesja U COCTOHUT B TOM, UTO 3HAYEHME
TaKOH BeJMYWHBl JJs BCEero Teja PaBHO CYMMe 3HaueHHii 3To# Be-
JMYMHBL 1718 OTAeJbHBIX €ro (MaKpocKonuueckux) gacreil. [deficteu-
TeJIbHO, TIOCKOJbKY, HaNpUMep, BHYTpPEHHUE 3HEPTUH 3ITHX YacTeH,
COrJIaCHO CKa3aHHOMY Bhillle, BeJMKH IO CPaBHEHHIO C 3HEPTUSAMH HX
B3a¥MOJEHCTBUSA, TO PHEPrUIO0 BCErO TeJa MOXKHO C JOCTATOYHOH TOY-
HOCTBIO CUMTaTb PaBHOIi CyMMe 3Hepruifl ero uacteii.

ITycrb f—takaa agauTuBHas BeJnYuHa. Pa306beM MBICJIEHHO pac-
CMaTpuBaemMoe TeJo Ha Gospmoe uyucao N npuMepHO OAMHAaKOBBIX
Majbix uactefi. Torxa

N
f=2T
4 i

Tne BeJUYUHBI fi OTHOCATCA K OTACJBbHBIM YacTsIM TeJa.

SIcHo, 4WTO © YyBenuueHMeM DPasMepOB Tena [ PacTeT TpPUMEPHO
nponopuyonaibio N. [ajee, onpexeluM CpPeHIOI0 KBaIpaTHYHYIO
bayxtyauuo Bennuunbl f. Hmeem

ATy =((ZaF))-

Ho B cuaty cratucruueckofl HE3aBHCHMOCTH pas/MuHBLIX wacTefl Tefa
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cpeAHMe 3HaYeHHs NPOH3BeJEHHH
Af;Af, =Af;-Af,=0 (i%=k)

(mocKoabKy Kammoe Af;=0). CrenosarelsHo,
N

AR = 2 <(Af)®. (2,4)

i=1

Orciona caenyer, 4ro npu yBeandenuw N cpensuii ksazpar {(Af)?)>
Toxe Gyner pacti mpornopuHoHaabHo N. OrHocHrelbHas Xe (IyK-
rTyauua Gyner, TakuM oOpa3oM, o6paTHO TpOTNOpHMOoHAJIbHA V'N;

ApBL/? 1
N ipataipg

f VN’

C npyroft CTOpOHH], €CJIH YCJOBUTHCA paslelaTh ONHOPOIHOE TeJo
Ha YYacTKH olpefesleHHOA MaJiofi BENIHYHHH, TO fCHO, YTO YHCJIO
Tak¥x dactefi 6yfeT NpONOPHMOHAJNBHO NOJHOMY UHCIY 4YacTHl (Mo-
Jeky.s) B Tesne. [loatoMy noJydeHHHIH pe3yJbTaT MOXHO CchopMyJIu-
poBaTth TakXe, CKa3aB, YTO OTHOCHTeJbHas (IYKTyanusi BCAKOH an-
INTHBHON BeJUYHHH [ yGbiBaeT o6paTHO NPONOPHMOHAJbBHO KBAajpar-
HOMY KOPHIO H3 YHCJA YacTHI MaKPOCKONMHYECKOro TeJa, a NOToMY
IpY AOCTaTOYHO GOJIBIIOM MX YHCJIe caMasi BeJIHIHHA f MOMKeT CUHTAThCA
IIpaKTHIECKH TMOCTOAHHOH BO BpeMeHM H PaBHON CBoeMy cpefHeMy
3HaueHuI0. DTOT BhiBOA OBUT YXKe HCHOJb30BaH B IIpeNbIAYINEM na-

parpade.

(2,5)
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IIpennonokpM, YTO MBI HaGJIOJaeM B TeUeHHe BechMa JJIHTE/b-
HOrO NpOMEXYTKa BpeMEHH HEKOTopylo noicucreMy. Pasnennm srtor
NPOMEKYTOK BpPeMEeHH Ha odeHb Gojbiloe (B mpejesie — GeCKOHedHOe)
KOJIHYECTBO OJIMHAKOBEIX MaJIbiX MHTEPBAJIOB, pasieJeHHEX MOMEHTAMH
BpeMeBM f,, f,, ... B Xaxnnlli W3 3THX MOMEHTOB pacCMaTpuBaeMas
noJicHCTeMa H306pa3utcss B ee ($a30BOM NPOCTPAHCTBE TOYKO#H (Ha3o-
BeM 3TH TOYKH A,, A,, A,, ...). CoBOKyNHOCTE MOJYYEHHBIX TOYEK
pacnpenenurcss B (a30BOM NPOCTPAaHCTBE C IIOTHOCTHIO, B mpejesie
MpONOPHHOHANBLHOM B KaXK/IOM aHHOM MecTe 3HaUeHHIO QyHKIMM pac-
npegeenus p(p, q), N0 CaMOMy CMBICAY mHocje/iHed, Kak onpeje-
JAOWER BEPOATHOCTH PAa3JIHIHHX COCTOSHHHA MOACHCTEMEL.

Bmecto Toro 4to6H paccMaTpHBaTh TOUKH, H3o6pakaiomue co-
CTOSTHHSA ONHON NMOJCHCTEME! B pa3JIMIHLIE MOMEHTHl BpEMEHH 1y, £,, . . .,
MOXKHO ¢opMaJbHEIM 06pa3oM BBECTH B pacCMOTpEHHE OJHOBpPEMEHHO
oueHb 6oJbioe (B npejele— GecKoHedHOe) YUCJO COBEPINEHHO ONH-
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faKOBBIM 00pa3oM YCTPOEHHBIX MOJCHCTEM '), HaXOISMHUXCA B HEKOTO-
Jibtil MOMEHT BPEMEHH (ckawxeM, = 0) B COCTOSHHSIX, 1i306paXaonHXcs
youkamu Aj, A,, ...
" Byzsem Tenepb CJEIHTb 3a AaJbHeHIIMM NepeaBriKeHHeM (Ha30BbIX
q049eK, H3COPaXKalOmHX COCTOAHMSA 3THUX MOJACHCTeM, B TedeHHe He
CTHIIKOM OOJIBIIOTO IPOMeXYTKa BpPeMeHH —TakKoro, 4YToObl KBa3u-
3aMKHYTYIO TNOJACHCTEMY MOXHO OBITIO € AOCTaTOYHOH TOUHOCTBIO pac-
eMaTpUBaTh Kak 3aMkHyTylo. Ilepexsuxenne ¢asoBblX Touek Oyner
[)POMCXONTb TOrja COrJIaCHO YDaBHEHMAM MEXaHHKH, COJepXKaliuM
KOOPAMHATH W HMIYJIbCHl TOJIBKO YaCTHI{ MOACHCTEMBI.

$IcHo, 4TO B KaXKAblli MOMEHT BpeMeHY [ ¢ TeM Xe NpaBoOM, YTO
u B MomeHT =0, BCce 3T TOUKH OynyT pacnpefeJieHbl B (pa3oBOM
[pOCTpAllCTBe COTVIACHO TOH Xe (YHKLMHU pacnperesexus p(p, q).
Hpyrumu cJIoBaMH, DEPeIBHIafch C TeUeHieM BPCMeHH, thazoBnie
TOYKH OCTAlOTCS pacnpejefIeHHbIMH C HEH3MEHHOH B KaXKJOM JaHHOM
MeCTe [1JIOTHOCTBIO, NTPONOPIHOHAJBHO! COOTBETCTBYIOLEMY 3HAUEHHIO P.

Uucto dopManbHbiM 06pa3oM 3TO NepenBHKeHMe (a30BBIX TCYEK
MOMKHO pacCMaTPHBaTh KaK CTAallMOHADHOE TeYeHHe «ra3a» B 25-MepHOM
$a30BOM TNPOCTPAaHCTBE H NPUMEHHTb K HeMY H3BeCTHOe YpaBHEHHe
HenpephIBHOCTH, BHpaxkawowee co6oii HeH3MEHHOCTb OOLEero uucja
«yacTull» (B JaHHOM cjyuae —a3oBbX Touek) rasa. OGniuHoe ypas-
HCHHE HeNpPepHIBHOCTU HMeeT BUJ

%\ di -
3; T div(pv)=0

(p — NJIOTHOCTB, V—CKOPOCTb Trasa), a JJs CTAlMOHAPHOrO TEUeHHsI
div (pv)=0.

O6oGuienie NOCJENHET0 COOTHOIUGHHS Ha cJyuyafi 2s-MepHOro npo-
CTpaHCTBA

B naHHOM ciyuae «KOOpAMHATAMH» ¥; BJIAIOTCA KOODAMHATHE ¢ H UM-

NYJbChI p, a8 «CKOPOCTSIMH» U; = X;— NPOU3BOJHbIE 110 BpEMEHH ¢ U p,
OnpejefisieMble ypaBHeHMsAMM MexaHUKU. TaxuMm oOpa3oM, umeeM:

231 [ (04) + - (0p) | =0.

i=1
paCKprBaﬂ NPpoU3BOJHLIEC, NHUIICM:

s

S 9 o %5, oy
Z[%gﬂ‘i—ﬁia]—i“ﬁ);[a—%—i—ga]:oo (3,1)

i=1

1) Taryi BoOGpaKaeMyI0 COBOKYMHOCTH OJ\MHAKOEBIX CHCTEM OGHIYHO HA3HIBAIOT
cmamucmudeckur ancambaen.
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HanucaB ypasHenuss Mexanuxku B dopme I'ammiibTOoHa
. AP §
q;= ap; ° pi= dg; *

rne H=H (p, q)—byuxmua I'aMuibTOHA paccMaTpHBaeMOH MOICH-
CTeMbl, MBl BHAMM, 4TO

8 _ H _ o

9q; ~ 94:0p; ap;i
[Tostomy BTOpOo# usen B (3,1) ToXnmecTBeHHO O6GpaljaeTcsl B HYJb.
[TepBoiii ke ujeH ecThb HE 4TO MHOe, KaK IOJIHAsi NPOM3BORHAS OT

(YHKLHH pacnpenelleHHs 1O BpeMeHu. Taxum 06pasoM, umeeM:

Z (32 g1+ p1) =o. (3,2)

Mul npuxoamM, CJ€IOBATENBHO, K CYIIECTBEHHOMY BBIBOZY, YTO
GyHKUMA pacnpefesieHMss NOCTOAHHA BAOAb (a30BbIX TPaeKTOPHi
nozcmeTeMbl (Tak HasuiBaemas meopema JIuyeuaas), HaNOMHHM, 4TO
NOCKO/JbKY Mbl I'OBOPMM O KBa3M3aMKHYTHIX NOACHCTEMAX, TO NOJAY-
uYeHHBbIli pe3yJbTaT CNpaBeluB JHIUb AJAf HE C/AHIIKOM OOJBIINX
NPOMEKYTKOB BPEMEHH, B TeueHHe KOTODPBIX NMOACHCTEMA C AOCTATOYHOH
TOYHOCTbIO BejleT cebs KaK 3aMKHYTasfl.
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U3 teopemb JInyBHINSA HENOCPeRCTBEHHO CJIEAYET, 4T0 QYHKnHS
pacnpesiesieHHs NOJXKHA BbIpaXaTbCs JHIUbL YePe3 TaKHe KOMOHHANHH
NepPeMEeHHBIX P, ¢, KOTOPbie NPH IBHMKEHUH TOACHCTEMBI, KaK 3aMKHY-
TOH, OCTAIOTCSi TNOCTOSHHBIMH. DTO—TaK Ha3biBaeMble MeXaHM4ecKue
WHBAPUAHTH WJH UHMe2pavt Osusterus, ABIAIONIHECH, KAK U3BECTHO,
nepBLIMY HHTErpajsaMu ypaBHeHUI ABHXKeHH 1. MOXKHO, cl1e0BaTe/IbHO,
cKasaTh, 4TO (PYHKIHSI pacnpeneneHHs, ABAAsAch QYyHKLMeN MeXaHH-
4eCKHX VHBAPUAHTOB, €aMa €CcThb MHTErPaJ ABUKEHUs.

Oxa3biBaeTcs BO3MOXKHBIM UPe3BblUaHHO CY3HTb UMC/I0 HHTET PAJIOB
IBUXKEHHSI, OT KOTOPbIX MOXKeT 3aBucCeTh (YHKIHMS DacnpepeseHus.
Jas 3TOrO HajO YdecTb, YTO pacnpeselieHHe 0,, I/ COBOKYIHOCTH
JIBYX TIOACHCTEM PaBHO NPOM3BeNCHHIO QYHKUMI PaCIPENe/IeHNsT 01 U O,
3THX NOACHCTEM B OTAEABHOCTH: 0, =P.0,. I103TOMY

]npm:lnpl-{'_ln pz, (4,1)

T. e. gorapudM GYHKIMYU pacnpeleleHUs eCTb BeHYHHA afluTHBHAsA.

MBI IPHXOIHM, CHIET0BATENbHO, K 3aKJIIOUEHHUI0, 4TO Jorapudm dyHxuns

pacnpesiesieHHsi 10JKeH ORITb He NPOCTO MHTErpasoM IBUXKEHHSA, HO
H aJfAUTHBHBIM HHTErpaJOM JBHIKEHHA. '

Kak u3BeCTHO U3 MEXaHHKH, CYIECTBYeT BCEro CeMb HE3aBHCHMEIX

QIMTHBHBIX WHTErPajJoB JBUMKEHHS: 3IHEPrHsA, TPH KOMIIOHCHTHl
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BEKTOPA MMIYJbCa U TPU KOMIIOHEHTH BEKTOPA MOMEHTa MMM YyJbCa.
O603HauNM 3TH BeJMuMHBl LIS Q-# MOACHCTEMB (KaK QYHKIMY KOOp-
JWHAT U MMIYJIbCOB €e YacTUIl) COOTBETCTBeHHO mocpencTsoM E, (p, q),
P.(p, 9), M, (p, q). ExuncTBenHas agauTuBHAA e KOMOUHAIMS ITHX
geJIHUMH eCThb JMHeHHasi KoMOWHanMs Buza

In Pa=02%, +[5Ea (P: q)+Ypa(ﬁ, ‘7)+'5Ma(ﬁ,"]) (4’2)

¢ MOCTOSIHHBEIMY KoabduireHTamy a,, B, ¥, 8, npuuem B, v, 8 nomxknu
GRITE OIMHAKOBBIMU JJI5i BCeX MOJACHUCTeM JAaHHOH 3aMKHYTOH CUCTEMBbI.

K mnozpoGHOMY u3yueHu1o pacnpeienenvs (4,2) MH BepHemcs
B JaibHefimmem (raaBa III). 3neck Xe pas HAc cymecTBEHHO JIMIUb
clexyionee ofcrosTenbetBo. KoadduuveHr o, ecTh npocTo HOPMH-

POBOUHAA TOCTOSAHHASN, ONPeAeNA0NAsic YCA0BYEM S P, dpPdg @ =1.

IMocTosiHEEE Xe f, ¥, § —Bcero ceMb He3aBMCHMBIX BeJMUMH— MOIYT,
oueBUHO, OBITL oOnpeneldeHbi 1O CeMH K€ NOCTOSHHBIM 3HAUEHUHM
aIMTHBHBIX MHTErpaJsioB JBUKeHHS BCeli 3aMKHYTOH CHCTeMBI.

Takum 06pa3oM, Mbl NPUXOAMM K BayKHeHIIEMY 1Jisi CTATHCTHKH
BEIBOZLY. 3HaueHUsi AJAUTHBHBIX HHTErpajioB JBUXKEHH§ — 3HEPruH,
UMIIYJAbCA ¥ MOMEHTa —IIOJHOCTBIO ONpeReIsiloT CTAaTUCTHHECKHE
CBOHCTBAa 3aMKHYTOH CHCTEMBI, T. €. CTATHCTHUECKME pacnpejesieHus
JI06HIX €e NOoJCHCTeM, a C HAMH Y CpejHHe 3HAueHus JIOOBIX UX hU-
3M4eCKMX BeJMuMH. DTH CeMb aJJAMTHUBHBIX WHTErpajioB IBUIKEHHS
3aMeHsI0T co00# TO HeBOOGPa3uMOe MHOXKECTBO JAaHHBIX (HauaJbHBIX
ycaoBufi), KoTopoe TpeGoBajock OB npH MeXaHWYECKOM INOXofe.

H3noxeHHbe coofpakenysl HeNOCPEICTBEHHO NO3BOJISAIOT COCTABUTH
JUIs 3aMKHYTOH CHCTeMH! NPOCTYIO QYHKIMIO pacnpeneseHus, IPUTo/-
HYIO N OnuCaHHA ee CTATHCTHYeCKUX, cCBOHCTB. IlockKoabKy, Kak MBI
Tenepb 3HaeM, 3HadeHMA HeaJJMTHBHHX MHTErpajoB JBUXKEHUs He
OKa3HIBAIOT BJMSHUS HA 3TH CBOHCTBA, TO AJI5i ONHCAHUA NOCJSHHUX
MOXKHO BOCIOJb30BaThCs “N1060H PyHRIMel p, 3aBHCALERH TOJABKO OT
3HaueHHH agJUTHUBHLIX MHTErpajioB JBMXKEHHSI CHCTEMBl M VIOBJETBO-
pstomiedt Teopeme JInysuaias. ITpoctefimeit Takoi GyHKuMeH ABAseTCA
bynkuus, pasHas p=const A5 Bcex Touek ($asoBoro npocTpaHCTBa,
COOTBETCTBYIOUIMX 3aJaHHBIM NOCTOAHHLIM 3HaueHusiM 3Heprum (E,),
uMnysasca (P;) © momenta (M) cucreMbl (BHE 3aBMCHMOCTH OT 3Ha-
YeHpil HeaJAWTUBHBIX HHTErpajoB), 1 p =0 A/ BCeX NPOUMX TOUEK.
Slcho, uTO onpegeseHHas TaKMM 06pasoM QYHKUKS BO BCAKOM Ciydae
0CTaeTcsl NOCTOAHHOH BJOJbL (a30BOH TPAcKTOPDHH CHCTeMH, T.e.
VAOBJeTBOpseT TeopeMe JIMYBUJLIA.

Hannas ¢opMyaupoBka, BNpoueM, He BNOJHe TouHa. JleJo B TOM,
4TO TOUKM, ONpejesseMble ypapHeHUsiMH

Elp,)=E;, P(p.9)=P,, M(p, q)=M, (4.3)

06pa3yioT HeKOTOpoe MHorooGpasue Bcero 2s—7 namepenuit (a He 2s
H3MepeHHil, kKak $Ha3oBLli 06beM). ITo3TOMY, 718 TOro 4TOGH MHTErpas
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S pdp dq O6bl1 oT/iMdeH oT HYas, GYHKUNA p (p, ¢) AoJKHa 06palaThes

B 3THX Toukax B GeckoHeyHocTb. IlpaBmibpHasg 3anuch OYHKIUH
pacupejiesieHHs] 3aMKHYTOH CHCTEMBI IJIacHT:

p=const-8 (E— E,) §(P—P,) 5 (M—M,). (4,4)

Hanuuue §-bynkumii') obecneunBaer ofpameHde p B HYJb BO BCex
Togkax (a3oBOro NPocTPAHCTBA, B KOTOPHIX XOTA G OfHa M3 BeJH-
g E, P, M se paBHa cpoemy 3ajanHHOMY 3Hauenumio E,, P, M.
Hterpan xe oT p MO BCAKOMY ($a3oBoMy oObeMy, 3aKIIOYAIOWEMY
B cebe xoTA OH YacTh YKAa3aHHOro BHIE MHOrooGpasusf TOuek, Ko-
HeqeH. Pacnpenenenne (4,4) HasnBaeTCst MUKpOKAHOHUYECKUM ?).

HMnyJsisC B MOMEHT 3aMKHYTOM CHCTEMEl CBA3AHLI C €€ ABHIKEHHEM
KakK 11eJ10r0 — PaBHOMEPHEIM NOCTYNAaTEILHEIM ABUKEHHEM H PaBHOMEp-
HHIM BpaiieH#eM. Ilo3TOMy MOMKHO CKasaTth, 4TO CTaTHCTHYECKOe
COCTOfIHME CHCTEMbl, COBEpINAIONIell 3aJaHHOE [BHXXEHHE, S3aBHCUT
TOJIBKO OT e€e 3Hepruu. bJaroaaps sToMy 3Heprud npuobperaer B CTa-
THCTHKE COBEPUICHHO HCKJIIOUHTE/IhHYIO POJb.

Haa toro yrobel B JajipHefilieM COBCEM HCKJIOUHTb H3 PacCMOT-
peHHs MOMEHT H MMNY/bC, MOXHO NPHMEHHTb CJEIYIOWME IpHeM:
OyneMm npenctaBnATh cebe cHCTeMy 3aKJIOUEHHOH B TBEPIBIA «AHK»
H I0JIb30BATLCA CHCTEMOH KOOPIMHAT, B KOTODOH «AIIMK» MOKOHUTCH,
B rakux ycnoBHfiX MOMEHT H HMIYJBC BoOOIIE He GYIYT YiKE HH-
TerpanaMH JBHXKEHHs!, H E€JHHCTBEHHHM afIHTUBHBIM HHTErpajioM
IBHXKEHHS] OCTaHETCs 3Heprus; B TO Ke BpeMs Ha CTATHCTHYECKHX
cBOHCTBAX MaJjIKIX dacTell cucrembl (MOACHCTEM) HAJIUYUE <AMHMKAY,
ogeBHAHO, Boobume He ckaxercs. [lostomy ans jorapudMoB ¢yHKIMH
pacnpenesyieHusl noxpcucreM Oyiaem HMerh BMmecto (4,2) eme Gonee
NPOCTHE BhIPaKEeHHSA

In pa=°‘a+ﬁE¢(p’ q9). (495)
MHKpOKaHOHHYECKOE JKe pacnpenesenne Ijia Bcell CHCTEMBl HaNH-
[1eTCSl B BHJE

p=const-8§ (E—E). _ 4,6)

Jo cux mop MH npexnoJaraju, uTo BcSl 3aMKHYTas CHCTeMa Ha-
XOAMTCA B CTATHCTHYeCKOM papHOBecHE. J[pyruMu ClloOBamMH, MH pac-
CMaTpHBaJd e€e B TeueHHe BpeMeH, GOJbIIMX IO CPaBHEHHIO C ee
BpeMeHeM penakcauuu. Ha mnpaxTtuke, oJHaKo, OGLIYHO BO3HHKAET
HEOGXONHMOCTb PacCMaTPHBATh CHCTEMY B TeyeHHe BpPEMeH, CPaBHH-
MBIX WJIH JlaXKe MaJIbiX [0 CPaBHEHHIO CO BpeMeHeM pesakcanud. s

1) Oupesnenenve u cBofictea §-bynxnuu —ocx., Hanpumep, I1I, § 6.

3 IMopueprues JMIHHE pa3, YTO IT0 pacnpelfeleHHe OTHIONE HE sBAseTCH
HCTHHHBIM CTATSICTHYECKUM pacnpefesieHHeM 3aMKHYTOl cucreMbl. IlpuaHaHue ero
MCTHHHBIM 9KBHBANEHTHO VTEEPKAEHHIO, uTo a3oBasg TPaEKTOPHS 3aMKHUYTO#
CHCTEMBl B TeYeHHE AOCTATOUHO AJIMTE/LHOTO EPEMEHU NPOfZET CKOJb YTORHO 6/H3KO
K JI060il ToYKe MHOroo6pasusi, onpefe.isieMoro ypasHensamu (4,3). Ho rakoe yTeepx-
nenue (H3BECTHOE NOJ Ha3BaUHeM 9p200uuecKoii :inomesvt) B o6lUeM CIydae 3aBefloMO
HEPaBUIb HO.
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BoJBIIRX CHCTEM 3TO OKasblBaeTcs BO3MOXKHBIM G/arojaps Cymectso-
paHHIO HapAly C NOJHBIM CTaTHCTHYECKUM DaBHOBECHEM BCefl 3aMKHY-
70l CHCTEMBI TaK HA3HIBAEMBIX HENOJIHBIX (U/1H YaCTHYHBIX) PABHOBECHH.

Ileno B TOM, 4TO BpeMs peJaKCallMH pacTeT C YBEJIHYEHHEM pas-
MepOB cHucTeMbl. B cumny 3TOro 06CTOSITENLCTBA OTAE/bHBIE MaJble
gaCTH CHCT€MBl caMy MO0 ceGe NPUXOJAT B PaBHOBECHOE COCTOSHHE
3HAUHTEJBHO ObICTDee, 4eM NPOUCXOJUT YCTAHOBJEHME DABHOBECUS
MeXIY pasJMuHBIMM MaJbIMH 4aCTAMH. DTO 3HAuUT, YTO KakKjas
MaJsasd 4acThb CHCTEMBbl ONUChiBaeTcs cBoedl (DyHKuUMel pacnpejesieHHs
puia (4,2), o 3nauenus napamerpos pacnpenesnenus B, y, 6 pasnnunn
JUIs pasHBIX YacTefi. B TakoM ciydae roBopaT, 4TO CHCTeMa HaXo-
auTCs B Henoawom pasrosecuu. C TedeHHeM BDeMEHY HENOJHOE PABHO-
BecHe INOCTENEHHO MNEePeXoiyuT B noJjHoe, nmpHueM napaMerps! P, y, 6
JUIAl KaxXpoH MaJlod gacTH, MeJ/IeHHO H3MEeHSAACH CO BDEMEHEM, B KOHIE
KOHIIOB CTAHOBATCHA OJMHAKOBHIMH BJIOJIb BCeH 3aMKHYTOH CHUCTEMBI.

Yacto NpHXOANTCA HMETh JEJI0 ¢ HENOJHBMY PABHOBECHAMY TaKiKe
B Jpyroro poia. DTo— HENoJHblE PaBHOBECHS, IPOUCXOXKIEHHE KOTO-
pHIX CBA32HO He ¢ GOJIBIIOH pazHHIUEH B JJUTEALHOCTH BDEMEH De-
JAaKcauMyu JJd BCell CHCTEMB M ee MaJblX gacTelf, a ¢ pasHUuEH
B CKOPOCTAIX BCEBO3MOMHBEIX TNPONECCOB, MUAYIIMX BO BCeH CHCTeMe.
HarsasgHeM npUMepoM MOXKET fBUTbCA HENOJHOE PaBHOBECHE B CMeCH
HECKOJIBKMX BeMIeCTB, MEXAY KOTOPbIMH HJIeT XMMHUeCKas peakuus.
Baarogaps cpaBHUTENbHONH MeJJIEHHOCTH TeYeHUs XMMHYECKUX peax-
nxii paBHOBeCHe MO OTHOWIEHMIO K JIBHXKEHUIO MOJEKYJ YCTaHABJIH-
BaeTcsi, BooOllie TOBODS, 3HAUUTEJBHO OBICTpee, YeM pPaBHOBECHE 1o
OTHOUIEHVIO KO B3aUMHBIM IpeBPalleHU M MOJIeKYJ, T. €. IO OTHO-
IIEHHIO K COCTABY CMeCH. JTO 0OGCTOATENbCTBO IAET BO3MOMKHOCTh
paccMaTpuBaTh HENOJHBIE PaBHOBECUH CMECU KaK DaBHOBECHS NpH
3allagHoM (B JeHCTBHTEJBHOCTH HEPABHOBECHOM) €€ XHMHUECKOM
cocTaBe.

Hanpumwe HermosHBIX paBHOBeCHH 1103BOJIS€T BBECTH IOHATHE
O MAKPOCKONUHYECKUX COCMOAHUAX cHcTeMbl. VIMeHHO, B OTiIHYHE OT
MEXAHVYECKOTO MMKPOCKONMUUYECKOro ONUCaHuf (T.e. 3ajaHusf Koop-
IVMHAT U UMIYJbCOB BCeX YacTHLl CHCTEMHl), MAKPOCKONUYECKHM Ha-
3BIBAETCH ONMCaHUe CUCTeMB! 3aaHYeM CPelHUX 3HadeHul GU3nUecKuX
BEJUYMH, ONpee/]fAIIUX TO HJAHM MHOoe €e HENoJHOE paBHOBecHe.
Hanpumep, 310 MOryT GBITh CpejiHNE 3HAUEHHMS BeJIMYMH, XapaKTe-
pHU3YyIONMX OTAe/bHBIE JOCTATOUHO MaJjlble, HO MAK POCKOINYECKHe 4acTH
CHCTEMHI, KaXJVI0O U3 KOTOPBIX MOXKHO CUMTATh Haxoxalieilicd B He-
KOTODOM CBOEM YaCTHOM PaBHOBECHH.
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Bynem paccMaTpuBaTh 3aMKHYTYIO CHCTEMY B TeUEHHE BpPeMeHH,
6oJIBLIOrO 110 CPABHEHHIO C €e BpeMeHeM peJIaKCAIHH; TEM CaMElM
MOAPA3yMeBaeTCA, YTO CHCTEMa HAXOAUTCH B IOJHOM CTATHCTHYECKOM
paBHOBECHH. _

IpoBenem HuKecHenylomue paccyXAeHUs CHAYANA JJI5 KBAHTOBOH
CTaTHCTHKU. PasjesuB cucremy Ha GOJbLIOE YHCAO MaKPOCKOMHIECKHUX
yacrefl (moacucteMm), 6yieM paccMaTpHBaTh KaKyio-Au6o OgHY M3 HHX.
ITycts w, ecTh QyHKIMA pacnpeleseHus 3TOH MOLCHCTEMBl; IJS Ynpo-
meHHs GopMy.1 6y1eM roKa onyckath Y @, (M APYruX BeJUUYuH) HHACKC,
or/ugalomuil nopchucreMel. C noMombio GYHKUMH W, MOXKHO, B YACT-
HOCTH, BBIYHCJIHTb pacrpejiesieHue BeposiTHOcTell 1/ pasjuuHblx 3Ha-
ueHU 3Hepruu E nopcucteMsl. Mbl BHIENH, YTO @, MOXKET OHITb
HanHCaHO KaK (YHKIHUA TOJNBKO OT 3Hepruu w,=w(E,). Hasa rtoro
uToGhl 1N0aYyuHTh BepostHocTb W (E)dE molcucTeMe UMETb 3HEPruio
B untepsajse Mexay E u E--dE, Hago ymHoxurth @ (E) Ha uucio
KBAHTOBBIX COCTOAHMH C SHEPTHSAMH, JeXKallUMH B ITOM HHTEpBAJE;
MBI MOJb3YeMCSl 31eCh TeM XKe TMpEJCTABJEHHEM O «Pa3sMa3aHHOM»
PHEPreTuYecKOM CHEKTpe, KOTopoe OBJIO BBENEHO B KOHUE MpPEABIY-
mero naparpada. OGozHauuM mnocpenctsoM I'(E) 4HcsIo KBaHTOBHIX
COCTOSIHMH C 3HEPrusiMH, MEHbIIMMH H paBHbIMH E; Torja uHTepe-
Cyoliee HacC YCJO COCTOAHHH ¢ sHepruedt Mexny E u E -+ dE MoxXHO
HanHcath B BHAE

dr (E)
~f -4E,
a pacnpejenieHHe BepOSITHOCTEH 1O SHepruu Gyner ,
dl' (E
v (E) =8y (&), .1
YcloBue HOPMHPOBKH ‘
(wEdE=1

O3HAYaeT reoMeTpHUecKH, YTO IJIOMAJb, 3aKJOYEHHAs IOJ KpHBOK
W =W (E), paBHa enuHuue. :

B coorseTcTBHM ¢ OOIWUMH YTBepKIEHUAMH, ClAeJaHHbIMH B § 1,
dyuxuns W (E) umeer upe3pbMafiHO pe3kuil MakcumMyM npu E=E,
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Gyayun CKOJbKO-HUOYAb 3aMETHO OT/IHYHOA OT HYJs JHIIL B Hello-
cpe;x\,TBeHI-IOH 6/1130CTH OT 31Ol ToukH. BeneM «mupuny» AE KpuBo
W =W (E), onpelesuB ee KakK HIHPHHY INPAMOYroJibHHKA, BLICOTa
KOTOPOTO paBHa 3HaueHu0 ¢yHkuuH W (E) B TouKe MaKCHMyMa,
a NJolaJp pasBHa egmmme'

W (E) AE =1. : (7,2)

HpHHHMaH BO BHHUMaHHe BbipaXeHue (7,1), MOXHO Nepenmucarh
3T0 ONpefe/icHue B BUIe

: w(E)AT' =1, (7,3)
Tae _
dr (E)

AT =—7" AE (7.4)

€CTb YHCJIO KBAHTOBHIX COCTOSIHHI, COOTBETCTBYIOIIee MHTEpBANY AE
3Hauenuit snepruu. OO onpeseneHHON TakuM o6pasoM Bemndiie AT
MOXKHO CKasaTh, UTO OHA XapaKTepH3yeT «CTeNeHb pa3Ma3aHHOCTH»
'MAaKPOCKOIHYECKOTO COCTOSIHHS TIOACHCTEMBI TI0 ee MHKPOCKONHYECKUM
gocrostnuaM. Uro e kacaercst uurepsana AE, To no nopaiky sesu-
YUHEL OH COBNAjaeT €O cpeiHefi dIyKTyauueli 3HePruHM MOJCHCTEMBL.
" Cnenanmble onpefesieHHsl HENOCPeACTBEHHO NEpeHOCATCs B KJacCu-
YeCKYIO CTAaTHCTHKY, HO TOJIBKO BMecTO dyHKuMH @ (E) Hano TOBODUTL
0 KJaccuueckoil GYHKUMY pacnpesieenus p, a BMecto AT'—o06 oGneme
‘yuacTka $asoBoro HpoCTPaHCTBa, onpefec/iseMoM GopMyJIoi
! p(E)ApAg=1. (7,5)
‘®asopniit 06beM Ap Ag ananoruuno AT xapaxkrepH3yeT pasMmeph Tol
‘o6acTd (GaszoBOrO INPOCTPAHCTBA, B KOTOPOH JAHHAS IOJACHCTEMa
[POBOAMT TOYTH BCe BpeMd.
* He npenacrasiser Tpyaa YCTaHOBHTB cBsisb Mexay AT u ApAg
ipH NpefesbHOM TMepexoJie OT KBAaHTOBOH K KJacCHYECKOH TeOpHH.
“Kak ussecruo (cM. IH, §48), B KBasuKsacCHUYeCKOM Caydae MOZKHO
YCTAaHOBUTL ONpeJiesleHHOe COOTBETCTBHE MexXny ofbemoM Kakoii-mubo
U6nactd $asoBOro MPOCTPAHCTBA H «IPUXOAALMMESY Ha HEro YHCJIOM
KBAHTOBHIX COCTOSIHHMH; WMMEHHO, MOKHO CKasaTh, 4T0 Ha Kaxjoe
KBaHTOBOE COCTOSIHHE NPUXOMUTCH B (ha3oBOM MpPOCTPAHCTBE K.eTKa
. € 06BeMoM (2nh)s (s—uncao creneHeit cBOGOAL CHCTEMB). [losTomy
ICHO, 4TO B KBA3UKJIACCHYECKOM cjyudae YuCI0 cocTossHuiE AT MoXHO
Hanucath B BHLJIE
__ApAg
T @k’
rlie s—uucao crenenell cBofoabl NaHHOI moAcHCTEMBI. Drta (popMyda
M ycranaBalBaeT HCKOMoe coorBeTcTBHe Mexkay ATl u ApAg..
Benuuuny AI' HaseBalOT crmamucniuveckus 6ecos MakpOCKomHye-
CKOTO cocToAHMS TNMOACHCTEMHl, a ee Jorapudm o
S=InAT (7,7

(7,6)
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Ha3HBAIOT wmponiteli TONCHCTEMB. B KIacCHYeCKOM CJIydae SHTpomus
ornpejensiercs, COOTBETCTREHHO, BHIPaXKEHHUEM

17 ApAg
S=In——= @y

OnpefieneHnasn TakuM 06pa3oM S3HTPONHS, KaK U CaMBlil CTATUCTHUECKH i
Bec, ecTb Oe3pasmepHasi BenuuyuHa. [TocKOMLKY yHCJO cocTOAHMA AT
BO BCAKOM Caydae He MeHble eIHHHUIlE, TO SHTPOIHS He MOMXET OhTh
orpuunarejapHoli. IloudATne SHTpONHH —oOLHO M3 BaXKHEHIIMX B CTa-
THCTHEKE.

YMecTHO oTMETHTL, UTO €CJIH OCTaBaThbCA LUEJHKOM Ha NO3MUHAX
KJIaCCHYeCKOH CTAaTHCTHKH, TO HHKAKOTQ NOHATHA O «YHCJIE MHKPO-
CKONMUYECKHX COCTOAHHI» BOOOUle HeNb3s BBECTH, M MLl OBIY 6bi
NPUHYKJAEHH ONpPeJe/IUTh CTATHCTHYECKUH BeC NPOCTO Kak BENUYUHY
Ap Aq. Ho sTa BennuuHa, Kak U BCAKHA 06beM (a3oBOro npocrpa-
CTBa, MMeET pa3MepHOCTb NPOM3BENEHHS S HMNYJBCOB H CTOJMLKHX
JKe KOOpJAHHAaT, T. €. DasMepHOCTbL S-H CTeneHu AeHcTBUS: (3Ipe-ceK)s.
Dutponud, onpenejenHas Kak InApAq, umena O npu TOM CBOe-
06pasHy0 pasMepHOCTL JorapudMa jAeficTBUA. ITO 3HAYUT, UTO MPH
H3MeHEHHH €NUHHL, AefCTBUSA SHTPONHS H3MEHHJach Gl Ha aANWTHB-
HYI0O NOCTOSHHYIO: €CJM M3MEHUTb €AHHMIY TeACTBHA B @ pas, TO
Ap Ag nepefiner B a*ApAg, alnAp Ag—B In Ap Ag +s In a. [Tostomy
B UYHCTO KJIACCHHeCKOH CTAaTHCTHKE SHTPONUA [PEACTaBAsieT CoGoiH
BENHUHHY, ONpeje/eHHyI0 JHIb ¢ TOYHOCTBIO JO aJIHTUBHOH MOCTO-
SHHOH, 3aBucsdmel ot Bwbopa enuHul. OJHO3HAUYHEIME BEJHUHHAMH,
He 3aBHCAIUMU OT BHIOOpa eIMHUL, ABJAIOTCA NPU 5TOM JHIUL pas-
HOCTH SHTPONHil, T. €. W3MEHEHWS SHTPONUH MPH TOM HJM MHOM
npoiuecce.

C 31HM 0GCTOATEJIBCTBOM U CBSI33HO NIOSBJEHUE KBAHTOBOK 110CTOSIH-
Hoit i B onpeneneHuy (7,8) suTponuyU AAA KAaCCHYECKOH CTATHCTHKH.
JIMIIbL NOHATHE O YHCJ/E JUCKPETHLIX KBAHTOBBIX COCTOMHHH, HenaGexHO
CBsI3aHHOE ¢ OTJHYHOH OT HYJA KBaHTOBOH NOCTOSHHOH, I03BOAfAET
BBecTd Oe3pa3sMEpHHH CTAaTHCTUYECKHH BeC H TEM CaMbiM ONpe]esHTh
SHTPONHIO KaK BIIOJIHE OJHO3HAYHYIO BEJIRYUHY.

HanumeM onpejeneHne SHTPORMKH B JIpyroM BHJE, BLIpasUB ee
HEMOCpeCTBEHHO uepe3 (yHKuuo pacnpenesnenus. CornacHo (6,4)
JgorapugM (QYHKUHHE Daclpele/ieHHs MOACHCTEMEl HMEET BHJ

Inw(E,)=a-+pE,.
BBujy JMHEHHOCTH 3TOro BhIpaxkenus no E, semuunna
Inw(E)=a 4 pE
MOXeT OHTb HamuCaHa K Kak cpentee sHavenue {Inw(E,)>. INostomy

surponio S=In Al'=—Inw(E) (cornacuo (7,3)) MOXKHO HammcaTh
B BHJE

(7.8)

S:—.—(ler(En )>’ (7s9)
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7. €. MOXHO ONpeJe/IuTh SHTPOMHIO KaK (B3ATOe C 06DATHLIM 3HAKOM)
cpeiHee 3HAYEHHWe JOTapH(Ma (PYHKIMH DPaCHpejeseHHs OJCHCTEMSI.
[lo CMBICTY CpeRHEro 3HaueHUs uMeeM -

S=—Dw,Inw,; (7,10)

3TO BbIpaXKeHHE MOXHO Hamucath B OOlIEM OMepaTopHOM BHJE, He
3aBUCAIEM OT BHIOOpA CHCTEMEl BOJHOBBIX (GYHKIHE, C MOMOIbIO
KOTOPBIX ONPEeAeNsIoTca 3JEeMeHTH CTATHCTHYECKOH MaTpHIBI 1):

S=—Sp (wlnw). (7,11)

AnanorngneiM 06pa3oM B KJACCHYECKOH CTATHCTHKE OHpeleleHHe
BHTPONUH MOXKeT OBITb HamMCaHO B BH/E

S=—<In[@af)s pl>=— { p In[(2nh)y pldpdg.  (7,12)

Bepremcst Tenepb K 3aMKHYTOM CHCTEMe B LIeIOM, H nycTs AT,
AT, ... —cCTaTHCTHYECKHE Beca ee passnYHbIX nojacucreM. Ecim rax-
Jas U3 TNOACHCTEM MOKET HaXORUTbCH B OJHOM i3 Al', KBZHTOBBLIX
COCTOSIHHIH, TO 5TOMY, OYEBHAHO, COOTBETCTBYET

AT =]] AT, (7,13)

PA3JIMUHBIX COCTOSIHMH CHCTEMBl B 1eJOM. 2Ta BeJUYHMHA HA3LIBAETCH
CTATHCTHYECKHM BECOM, a ee JorapupM——sHTpomHe#l S 3aMKHYTOH

cucteMsl. SIcHo, uTO
S= Z Saa (7, 14)

T. €. OTpefesieHHas TAKHM O0pasoM SHTPONHA SBJAAETICH BeJHUHHOM
ANAUTUBHON: JHTPONHA CJOMHON CHCTEMbl DaBHA CYMME SHTPONHMA
ee YacTed.

Hdan sicroro noHuMmamHA cuocoba onpefeAeHHs SHTPONUH BAXKHO
HMETb B BHAY cJAejyioiee OOGCTOSNTEABCTBO. JHTPOMHIO 3aMKHYTOM
CHCTEMBI (TIOJIHYIO SHEPruio KOTOpoii 0003HAYMM Kak E,), Haxons-
WEACH B MOJAHOM CTATHCTHUYECKOM DABHOBECHH, MOXHO ONPEAEAHTD
H HENoCPeACTBEHHO, HE TPHOErad K pa3jeICHUI0 CUCTEMBI HA IMOA-
cHeTeMHl. J1A 3TOro mpeacTaBHM cefe, YTO pacCMATpHBaeMas CHCTeMa
ABJARETCA B ACHCTBHTEILHOCTH JIHIIL MaJIOH 4acThio HEKOTOpo# BOOO-
paxaeMOH OYeHb GOMLIIOH CHCTEMBl (0 KOTOPOH B 3TOH CBSI3H TOBO-
PAT Kak o mepmocmame). TepMocTar NpeanoaraeTcs HAXORTIIHMCSH
B NOAHOM PaBHOBECHH, NPHYEM TAKOM, UTOObI CPeAHAA IHEPrUA Halen
CHCTEMHI (ABNAIOWEHCH TeNeph HE3AMKHYTON MOJACHCTEMOf TepMocTaTa)

1) Oneparop Inw B COOTBETCTBHH C OGMHMMH TpPABHJAMH Hafo IOHMMATh Kak
oneparop, ochmeHHue 3HAYEeHHs1 XOTOPOTO PaBHH Joraphpmam CoSCTBEHHHX 3Haye-
Rl oneparopa w, a coGCTBEHHBIE DYHKOHH COBNAAAIOT C COGCTBEHHEIME bYHKIUAMH
Tecaegaero, ,
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KaK pa3 coBrajana C HCTHHHBM 3HaueHHeM 3Heprun E,. Torza Moxuo
dopManbHO MpunucaTh Hawedl cucteme GYHKNOHIO pPacnpeieseHus
TOTO e BHja, 4TO H JJS BCAKOH ee MOACHCTEMBl, H C MOMOIIbIO
3TOTO pacHpesie/ieHUs ONPENeNHTb ee CTaTUCTHYSCKUI Bec AT, a ¢ Hum
I BSHTPOIHIO, HEHNOCPEACTBEHHO MO TeM e dopmynam (7,3—12),
KOTOPHIMH MBI MOJb30BAJHCh JJIf TMOJCHCTEM. SIcHO, YTO Hadmuue
TepMocTaTa BOOOWIE HE CKa3BBAaeTCA HA CTATHCTHYECKHX CBOHCTBax
OTHEJbHLIX MaJbiX dYacTell (MojcucTeM) HAlleHl CHCTEMEl, KOTOpHE II
Ge3 TOro He 3aMKHYTHl H HAXOAATCd B PABHOBECHH C OCTAJbHBIMH
qacTAMH CHCTeMbl. [lo2TOMY Hajuyme TepMoCTaTa HE M3MEHMT CTaTH-
cTHYecKHX BecoB AT, 3rux wuacref,, W onpeseseHHBIH TOJBKO 4TQ
YKa3aHHbIM CIoCO00M CTaTHCTHYSCKHN Bec GyNeT COBMAjaTh C MPex-
HUM OIlpenesieHrieM B BHie Npouseenenus (7,13).
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IIpenmer cmamucmuueckoil usuxu, WIH, KaK roBOPAT A Kpart-
KOCTH, NPOCTO CmMamucmuki, COCTaBJAAeT H3y4YeHHE o0co6orc THna
3aKOHOMEPHOCTel, KOTOPHIM TONYHHSAIOTCA TIOBEACHHE M CBOHCTBA
MaKpOCKOMHYECKHX TeJI, T. €. TeJ, COCTOSHIUX H3 KOJOCCaNbHOTO
KOJTHYeCTBA OTNEIbHBIX YACTHL—aTOMOB W MoJjeKyJa. OBImHH Xxapak-
Tép 3THX 3aKOHOMEPHOCTEHl B 3HAUWTEJbHOH CTENEHH HE 3aBHCHT OT
TOr0, KAKOH MEXaHHKOH ONUCHIBAETCS ABHKEHHE OTAENbHBIX YACTHIL
Tejla — KJIACCHYECKON MM KBaHTomoft. HMx ofocHoBaHme, OnHAaKo,
tpefyer B 3THX ABYX CJy4asix DPas/HUHBIX paccyXueHuil; aas yno6-
CTBA H3J0XKEHUS MBl OyAeM cHauaja NPOBORHTH BCE PACCyXKNCHHA,
npeanoJaras, 4To CHPaBeNJHBA KJacCHUeCKasd MEXaHHKA.

CocraBas ypaBHEHHS NBHKEHHS MEXaHHUECKOH CHCTEMHI B uic/Ie,
PaBHOM uHCJIY cTenexefl cBoOOMbl, H MHTErpupyd HX, Mbl NPHHIH-
NHAJbHO MOMKEM MOJYYUHTh HCUSPIHIBAIOUIHE CBENEHHS O JABHIKEHHH
cucteMbl. OpHako eciM HaM NPHXOAHTCA HMETh JEJI0 € CHCTEMOH,
XOTS M MOJUHHSAIOIEHCA 3aKOHAM KJ/JACcCHYECKOH MEXaHUKH, HO 06Ja-
Jawmed KoJIoccaJbHBIM YHCJOM CTeneHefl CBOGOIH, TO NPH NPaKTH-
YEeCKOM NPHMEHEHHH METONOB MEXAHHKH MBI CTAJKHBaeMCs ¢ Heo6Xo-
JMMOCTBIO COCTABHTb M PelHTh TaKoe Ke 4Ucao AudpepeHuHaTbHBIX
YPaBHEHHH, 4TO NPEACTABJSACTCA, BOOGIE roBOPS, NPAKTHUECKH HEOCY-
wecTBUMBIM. Crneqyer TOMYEPKHYThb, YTO ecjJu OBl JaXke W MOXKHO
OHJI0 TPOHHTErPHPOBATh B OGIIEM BHAE 3TH YPAaBHEHHS, TO COBEp-
HIEHHO HEBO3MOXKHO ObLI0 OBl MOACTABHTH B OOLIEE pelieHHe Hauajb-
Hble ycJIOBHSI JAJIl CKOpOCTefi M KOOpAMHAT BCEX YACTHIL.

Ha mnepsbifi B3rJjsfjg OTClOZa MOXKHO OBUIO OBl 3aKJIOUHTh, YTO
C YBeJHYEHHEM 4YHcJa YacTHI, JOMKHBL HEBOOOpPasHMO BO3PAacTaTh
CJOXKHOCTE H 3aNyTAHHOCTh CBOHCTB MEXaHHYECKOH CHCTEMBI H UTO
B TNOBEASHHH MAaKPOCKOMMYECKOro Teja Mbl He CMOMEM HaATH H cJe-
JOB Kakoi-nm160 3aKoHOMEepHOCTH. OJHAKO 2TO HE TakK, U Mbl YBHIHM
B fajbHedlIeM, 4TO NP BecbMa GOJIBLUOM YHCJIE YACTHI[ NMOSABAAIOTCH
HOBHE CBOEOOpA3HBE 3aKOHOMEPHOCTH.

OTH—TaK Ha3bBaeMbe CMAMUCMULecKue — 3aKOHOMEPHOCTH, 06y-
CJIOBJICHHBIE HMEHHO HaJHuHeM GOJBLIOrO HHcJa COCTABJSIOIIHX TEJO
HacTHil, HH B KAaKO# CTENeHU He MOryT ObITh CBEIEHHl K 4HCTO Mexa-
HHYECKHM 3aKOHOMepHocTSM. MX cneuugHUHOCTh NPOSB/IAETCS B TOM,
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49TO OHHM TEPSAIOT BCSAKOS COAECDIKAHHE NPH NMEPEeXoje K MeXaHHYeCKHM
CHCTEMAM ¢ HeGOJIbIIHM YHCJIOM cTeneHed cBobojn. TaknMm o6pasom,
XOT JBUKEHHE CHCTEM C OFPOMHBIM YHCJIOM cTeneHefl cBoGonnl Moj-
YHHAGTCH TEM KE 3aKOHAM MEXAHHKH, YTO M JBHKEHHE CHCTEM H3
HeCOJIBLIOrC YHCJA YACTHI, HaJHUHe GOJIBIIOrO 4Yucja CTeneHefl CBo-
Gobl MPHBOJNT K KAYGCTBEHHO HOBBIM 3AKOHOMEPHOCTSAM.

3HaueHHe CTATHCTHYECKON QM3HKH B PSANY APYTUX PasjesoB Teo-
peTHuecKo# (H3HKH ONpPENessieTcsl TeM, 9TO B NPHPOJE MBI HOCTOSHHO
BCTPEYAGMCH ¢ MAKPOCKONMHYECKHMH TE/J1aMH, NOBEIEHHE KOTOPHIX 110
YyKa3aHHbIM NPHYHHAM HE MOXKET ObITh HCUEDPHLIBAIOUIE ONHCAHO YHCTO
MEXAHHYECKHMH METOJAMH H KOTOPHIE NMOJYHHSIOTCH CTATHCTHYSCKHM
3AKOHOMEPHOCTSAM,

[Tepexons k GopMYNHPOBAHHIO OCHOBHOH 3Aa7a4H KJAcCHYECKOH
CTATHCTHKH, MBI JIOJXKHB, NPEXKIE BCEro, BBECTH MOHATHE (PA308020
npocmpancmea, KOTOPBIM HAM NPHASTCS B JaJjbHEHNeM IOCTOAHHO
NIOJIb30BATHCS .

[TycTs paccmaTpuBacMas MaK POCKOITHUCCKAS] MEXAHHYESCKAS CHCTEMA
umeeT s creneHed cBoGognl. IIpyruMu cJjoBamH, MOJOXKEHHE TOYEK
3TOA CHCTE@MBbl B MPOCTPAHCTBE XAaPAKTEPH3YETCA § KOOPAHHATAMH,
KoTopule Mul 6yaeM ofo3Hauatb GyKBaMH ¢;, T WHAGKC [ npo6eraer
3gauenuss 1, 2, ..., s. Toraa coCTOSIHHE 3TOH CHCTEMB! B JAHHDIH
MOMEHT OY/JeT ONnpeaeaaThbcsl 3HAYCHHAMH B 3TOT KE MOMEHT S KOOP-
JUHAT ¢; U S COOTBEeTCTBYIOUIHX HM ckopoctefi ¢;. B crathcrike
NPHHATO MNOJNb30BAThCA AJAA XapPaKTEPHCTHKH CHCTEMBI €€ KOOPHIH-
HATAMH W UMNYJbCAMH pP;, @ HE CKODOCTSIMH, TAK KaK 3TO JAeT psn
BECbMa CYHISCTBEHHBIX NpeHMylecTB. PasjiuyHble COCTOSIHHSA CHCTEME
MOXHO MATEMaTHUYeCKH MPEACTABHTb TOYKAMH B TAK HA3LIBAGMOM
$a30BOM NPOCTPAHCTBE (ABJAIEMCA, KOHEUHO, YHCTO MareMaTtHye-
CKHM IOHSITHEM); HA KOODAHHATHRIX OCHIX 3TOrO MPOCTPAHCTBA OTKJa-
JBIBAIOTCA 3HAYCHHA KOOPAHHAT M MMINYJBLCOB JaHHON cucreMmbl. Ilpu
3TOM KaXKaas CHCTeMa HMEeT cBoe cobcTBeHHOE (a30BOE IPOCTPaH-
CTBO, YHCIO H3MEPEeHHH KOTOPOro PAaBHO YAROSHHOMY UYHCAY 8¢ CcTe-
nexnell csobogsl. Besikag rouka $ha3oBoro NpocTpaHcTBa, COOTBETCTBYS
ONpefeneHHbIM 3HAYCHHUSAM KOODAMHAT CHCTEMBI ¢; W €8 HMIIYJbCOB p;,
n3obpaxaer coboil onpenencHHoe cocTosinue atoil cucremnl. C Teye-
HUEM BPEMECHH COCTOSIHHE CHCTEMBI M3MEHSIeTCs, H, COOTBETCTBEHHO,
H306pakaomas COCTOAHUE CHCTeMbl TOYKa (a30BOT0 MPOCTPAHCTBA
(MBI OyneM HHXKE TOBOPHTb NPOCTO «ha3oBasi TOUKA CHCTEMBI») OYAeT
ONHUCLIBATH B HEM HEKOTODYIO AHHHIO, HasniBaeMylo $a3soBO# Tpaek-
TOpHef.

PaccmoTpiM Tenepnr Kakoe-nnGo MaKpPOCKOMAYECKOE TEAO HAH
cucremy tea. [IpennosoXum, 4To cHcTeMa 3aMKHYTa, T. €. HE B3aHMO-
JeACTBYET HH C KAKHMH APYFHMH T&JaMH. BBIEJIHM MBICACHHO H3
3TOH CHCTEMBI HEKOTOPYI0 4YacTh, BEChbMa MAaJylo IO CPABHEHHIO CO
Bcel CHCTEMOH, HO B TO Ke BPEeMs MAKPOCKONHYECKYIO; SICHO, YTO
IPH JAOCTATOYHO OOJILLIIOM YHCJAE YACTHL BO BCEH CHCTEME YHCJIO
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yaCTHIL B ¢ MaJo# yacTH MOXer eme ObThb OueHb OovbuiuMm. Takue
OTHOCHTE/BHO MaJble, HO MAKPOCKONUYECKHE YacTH MBI 6yjeM Hasbl-
patb nodcucmesamu. Iloncucrema ectb onsgTh MEXAHUYECKAS CHCTEMA,
HO YK€ OTHIONb HE 3aMKHYTas, d, HanpOTHB, HCOLITHIBAIOMASE BCe-
BO3MOXKHBIC BO3JCHCTBHSL CO CTODOHBI OCTAJIBHBIX QacTeH CHCTEMBI.
DBusaropapst OrpOMHOMY 4dcay cTeneHeH cBOOOAB 3THX OCTaJIbHBIX
gactell, 11 B3auMmonelcreus OyAyT uMerb BecbMa CJIOKHBIH H 3any-
tTaHHblfl Xapakrep. [JosroMy W cocrosiHue paccMaTpHRaeMoH noncH-
creMbl GYNeT MEHAITbCSI CO BPEMEHEM BecbMa CJOXKHEIM U 3allyTaHHBIM
obpasom.

Tounoe penieHue 32724l O MOBEAGHHH NOACHCTEMBl BO3MOKHO
TOJBKO INYTEM PEUICHHS 3a%aYH MEXaHHKH 151 BCeH 3aMKHYTOH
CHCTEMBI, T. €. NYTeM COCTABJEHHS H PEIICHHS Bcex AnuddepeHlHab-
HBIX YpaBHEHUH JABHXKCHHS NPH AAHHEX HadaJbHBIX YCJIOBHAX, YTO,
KaK yKe OTMEeYasioch, MNPEACTABJACT COOOH HERBINOJIHHMYIO 3aiady.
Ho, k cuacTbio, HMEHHO TOT UPE3BbIYAHHO CJONKHBIA X0/ H3MEHEHHS
COCTOSIHHSL TNOJCHCTEM, KOTOPH#l JenaeT HenpPUMEHHMBIMH METOMH
MexaHHKH, AacT BO3MOXKHOCTH MOJOHTH K peUIeHHI0 3ajauyH C Apyro#
CTOPOHBI.

OcHOBOI 171 2TOr0 NojXona fABAsiercss TO OOCTOATEJABCTBO, UTO,
B CHJIY YPE3BHIYAHHON CJOXKHOCTH H 3allyTAHHOCTH BHELIHAX Bo3jel-
CTBHU CO CTOPOHBI OCTAJLHBIX 9acTed, 32 JNOCTATOYHO GOJBUICH NpPo-
MEXYTOK BpeMeHlf Bhile/leHHasi HaMH [OACHCTeMa MOOhIBaeT AOCTa-
TOYHO MHOTO Da3 BO BCceX BO3MOXKHBIX CBOHX COCTOSIHHAIX. Tounee
310 O6CTOATENBCTBO HAAO CcQOPMYyIHPOBATh CACHVIOMIUM 0OpPasoM.
OGo3snaunM nocpeacrBoM Ap Ag HeKOTOpbIfl MaJbIll YYacToK «06heMay
$a30BOro MpoCTPaHCTBA MOACHCTEMBI, COOTBETCTBYIOIMHA 3HAYCHHAM
ee KOOpPAHHAT ¢§; M HMOYJLCOB p;, JeKaliiM B HEKOTOPbIX MaJbiX
uHTepBanax Ag; u Ap;. Moxuo yTBepKnarth, UYTO B TRUSHHE JOCTATOYHO
Gonbwioro npomexRyTka BpeMedn T upe3BbiUaiiHO 3anyTanuast da3oBas
TPaeKTODHSI MHOrO pa3 NPOHAeT Yepe3 BCAKHH TAKOH yd9acTok ¢haso-
Boro npocrpaHcrBa. [lycte Af ectb Ta 4Yacrtb mosHOro Bpemenu 7T,
B TCUEHHE KOTOPOro NONCHCTEMA «HAXOAMJAACby B JaHHOM Y4YacTKe
dazosoro npoctpanctBa Ap Agl). Ilpn HeorpaHu4YeHHOM YBeJHYCHHH
-nosigoro BpeMeHH T orHoweHHe Af/T OyneT CTPEMHTbCH K HEKOTO-
poMmy mpepesny

. At
w= lim - 1,0

T>®

Oy BenuYHHY MOMKHO, OYEBHJHO, PacCMaTPHUBaThb KaK BEPOSTHOCTH
TOro, 4r0 NpH HaOMAIONEHHH NOACHCTEMB B HEKOTOPBIA NPOH3BOJIbHHI

) Ilaa kparkoctd MBL 6yieM ofBIYHO TOBOPHTE, KAK 3TO NPHHATO, O TOM, 4TO
CuCTeMa ¢HaxogutCs B yuactke Ap Ag §a3oBoro IpocTpaHcTBa», NoapasyMmesas npH
9TOM, YTO CHCTEMA MAXORHMTCA B COCTOSHHAX, H306DaxKaloOMHUXCs (a3oBHMH TOUKAMH
B 3TOM yyacTKe.
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MOMEHT BpeMeHH Mp OOHApDYXKHM ee HaxojslieHcs B MaHHOM ydYacTKe
Ap Aq da3oBoro npocTpaHcTBa.
Tlepexons k OeckOHEYHO MaJsIOMy 3JeMeHTY da3oBoro obbema?l)

dgdp=dq,dq, ...dg,dp,dp, ...dp,, (1,2)

MB MOMEM BBECTH BEPOATHOCTb dw COCTOAHHH, H306paXKaloliXCs
TOYKaMH B 3TOM 3JEMEHTE, T. €. BEPOATHOCTb KOOpAMHATaM ¢; H
HMITyJibCaM p; MMEThb 3HauyCHHSA, JeXall¥e B 3ajaHHBIX GECKOHEYHO
MaJbIX HHTEpBasax MeXny ¢;,, p; 1 ¢;-+dg; p;-+dp;. Dry Beposar-
HOCTh dw MOKHO Hamucarh B BHAE

dw=0(py, .-+, Pss G1» ---» q5)dpdg, (1,3)

e P (Pry -+ vy Psy Gy -+ -5 ) €CTh DYHKUAA BCeX KOOPAHHAT H HMNYJIb-
coB (Mbl GyieM OOBIYHO HCATh COKPALIEHHO p (p, ¢) HIH Aaxe POCTo P).
@yuakuHo p, HrpawolLlyi0 PoJb «IJOTHOCTHY pacnpencjeHHs BeposT-
HocTH B $a30BoM NPOCTPAHCTBE, HA3BIBAIOT PysKkyueld cmamucmuue-
cko20 pacnpedesenust (WIH npoctTo GyHKUHEH pacnpenejeHus) AaH-
Horo Ttesa. OyHKuHA pacnpene/eHus AOJKHA, OUYeBHIHO, YAOBJETBO-
PATb YCAOBUIO HOPMUPOBKU

(papdg=1 (1,4)

(naTerpas Oepercs no BceMy $a3oBOMY IPOCTPAHCTBY), BhIpaXKalo-
meMy cobofi npocTe TOT (aKT, 94T0 CyMMa BEpPOSATHOCTEH BceX RO3-
MOXKHBIX COCTOSIHHH NOJ/IKHA OBITh paBHA GRHHHLE.

UpesBbualiHO CYMECTBEHHBIM A5 CTATHCTHKH ABJISCTCS CICAYIOmee
o6cTosiTeIbcTBO. CTaTHCTHUECKOE paclpeneseHne MaHHOH NMOoACHCTeMBl
He 3aBHCHT OT HAYaJIbHOrO COCTOAHUSA KaKOH-THOO Apyro#i mason
YacTH TOH XK€ CHCTEMBl, TaK KaK BJHSHHE 3TOT0 HAYaJbHOI'O COCTOS-
Ul OymeT B TedyeHHE MAOCTATOYHO O0JbIIOrC NPOMERKYTKA BPEMEHH
COBEPUICHHO BBITECHEHO BJIHSIHHEM OCTAaJbHBIX, ropasno Gosee obwup-
HBIX gacTed cHcreMel. OHO HE 3aBHCHT TaK¥Ke OT HAyaJbHOIO COCTOS-
HUS caMoli BHIJSJIGHHONH HaMM MaJIOH 4acTH, NOCKOJBLKY OHa ¢ Tege-
HHEM BDPEMECHH NPOXONHT YepPe3 BCE BO3MOKHBIC COCTOSHHMA H Kaxnoe
M3 HHX MOXKeT ObiTb BHIOpaHO B KauecTBe HayaJbHoro. Ilostomy crta-
THCTHYECKOE pacnpefe/ie e A5 MaJbX YacTeli CHCTEMbl MOXKHO HAaHTH,
HE peuas 3a7aYd MEXaHHKH JNJIS 3TOH CHCTEMBI C Y4YeToM HawaJbHBbIX
YCJIOBHIA.

HaxoxneHne CTatHCTHUECKOro pachpefefenuss s Jo60f NHof-
CHCTEMBI H SIBJISIETCH OCHOBHOM 3ajauefl craticTHKH. [oBOpPA O «Masbix
YaCTHX» 3aMKHYTOH CHCTEMBI, CJEIyeT HMETb B BHAIY, YTO MaKpPOCKO-
NHYECKHEe TeJMa, C KOTOPHMH HaM MNPHXONUMTCH HMETh g0, 0O6bYHO
yxKe camH no cebe ARJIAIOTCA TaKUMH «MaJjbIMH 49acTsAMH» OoJIbIIOH

1) B panbHefieM MBI 6yneM Bcerpga ycJOBHO 0603Hauarb NOCPEACTBoM dp H
dq npousBepeHHst anddepeHinalJoB COOTBETCTBEHHO BCEX HMIYJbCOB ¥ BceX Koop-
JHMHAT CHCTEMBI.
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3aMKHYTOH CHCTEMBI, COCTOSIICH H3 THX TeJ BMECTC C BHEIUHE{ cpe-
70fi, B KOTOPYIO OHH NOTDYIKEHBI.

Ecau yKa3aHHas 3ajjaua peIIeHa H CTATHCTHUCCKOE pacnpeneseHue
JaHHOH TONCHCTEMH H3BECTHO, TO MOXKHO BHYHC/IHTb BEPOATHOCTH
pas/HYHBX 3HaYeHHH JIOOHX (H3HYECKUX BeJHYHH, 3aBHCALIHX OT
cocTosiHMs 2T1ofi mojpcucreMbl (T. €. OT 3HAUeHHH ee¢ KOOpAHMHAT § H
HMIYJIbCOB p). MH MOXeM TaKXe BBYHCJIHTb CpejHEe 3HAYCHHE
naio6ofi Tako# BesHuuub f(p, ¢), NOJydYalouleecs NyTeM YMHOKEHHS
ee BO3MOXKHBIX 3HAUEeHHH Ha COOTBETCTBYIOUIHE BEPOSITHOCTH H HHTE-
rpupoBaHHsi no BceM cocrosinnsaM. O6o3nadasi ycpenHeHue udeprol
Hajx OYKBOH, MOXKHO Hanucatbh Gopmysy

F=0fw 90, 9dpdg, (1,5)

no Koropoft BHUMC/AIOTCA CPefHHE 3HAYCHHA Pa3/HUHBIX BeJHYUH
¢ moMoMbI0 DYHKIHH CTATHCTHYECKOTO pacnpens/eHus 1).
Ycpennenne ¢ noMollbio GYHKIHH pacnpefiesieHHs (UJH, Kak ro-
BOPAT, cmamucmuueckoe ycpeonenue) OCBOOGOKnaeT Hac OT He06xo-
LVMOCTH CJISIHTh 3a H3MEHEHHEM HCTHHHOTO 3HAYeHHS (H3HYCCKOH
BeJIHYHHH [ (P, §) CO BpPEeMeHEM C [eJbIO ONPENeJIeHHS ee CPelHero
apavenHs. B 1O XKe BpeMs OYEBHAHO, YTO B CHJY CaMOTo OMNpene-
JeHHsd TNOHSTHS BEPOSITHOCTH, corjacHo dopmyse (1,1), cratncrhue-
CKOE YCpeqHeHHE MOJHOCTBIO SKBHBAJICHTHO YCPEAHEHHIO N0 BPEMEHH.
Tlocsiennee o3Hadas0 Obl, 4TO, CJEAS 32 XONOM H3MECHEHHS BEJIHYHHLL
CO BpeMeHeM, Mbl NOJKHBL ObLIH OBl MOCTPOHTBL GYHKHHIO [=f (f),
focsIe 4ero HCKOMOE CPEeiHeEe 3HAUEHHE ONpPEeAe/IMJIOCh OBl Kak

T
F= lim -Tl—Sf(t)dt.
T>»® §

U3 u3/0XKeHHOro fICHO, YTO BBLIBOAH Y NPEACKa3aHHA o INoBefe-
HHH MaKpOCKOMHYECKHX TeJ, KOTOPHE MO3BOJSICT AGAATh CTATHCTHKA,
HMCIOT BEPOATHOCTHHE Xapakrep. DTHM CTATHCTHKA OTJIHYAeTCs OT
MEXaHHKH (KJaCCHYCCKOH), BHBOAB KOTOPOH HMEIOT REOJHE OfHO-
3HayHBIl Xapaktep. CrenyeT, OnHAaKo, NOXYEPKHYTb, 4TO BEPOSIT-
HOCTHHIl XapakTep pes3yJ/JbTAaTOB KJ/IACCHYSCKOH CTATHCTHKH CaM o
ce6e OTHIOAb HE JIEKHT B CaMOi NPHPOAE pPacCMaTPHBAEMHIX €10
OObEeKTOB, 4 CBf3aH JIHLIb C TEM, UTO 3TH pPE3YJbTATH NONYYAKOTCS
Ha OCHOBAHHH TroOpasf0 MEHBUIEro KOJHYECTBA JAaAHHHIX, YeM 2T0
HyXHO OblIO OBl nJIf NOJHOrO MEXAaHHYECKOrO ONHCAHHS (He Tpe-
Oyiorcsl HayaJbHBIC 3HAYCHHS BCEX KOOPAMHAT H HMIYJIbCOB).

IlpakTHueckH, ONHAKO, NpPH TNPHMEHEHHH CTATHCTHKH K MakKpo-
CKOMMYECKHM TeJjlaM €€ BepOATHOCTHBIA XapaKrtep OGHIYHO COBEPIICHHO

1) B sroft KHure Mbl GyjeM 0003HauaTh YCPENHEHHE uepToil Hajy OYKBOH MiH

YrJOBBIME CKOOGKaMM: f uam <f>, DYKOBOACTBYSCH NPH 3TOM HCKJIOUHTEILHO
yroGeTeoM aanHcd GOpMyJT; BTOPOf CnocoG NPEefnOYTHTE/bHEE AJA 3AMMCH CPefHHX
3HaUeHUIl I'POMO3JKHMX BhIDAMKEHHH,
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He mposiBasiercsa. JleJo B TOM, YTO ecau Ha6J/1104aTh Ji000e Makpo-
CKOTIHYECKOe Teqo (Haxojdlleecs B CTANHOHADHBIX, T. €. He 3aBHCH-
IHX OT BpeMeHH, BHEUIHHX YCJOBHAX) B TeueHHE JOCTATOYHO GOJib-
IOro MPOMEXKYTKA BPeMEHH, TO OKaxKeTcsi, 4T0 BCe XapaKTepu3yiollle
310 Teso QH3NYecKHEe BeJHIHHE! SABJIAIOTCS NPAKTHUECKH MOCTOS HHBIMH
(paBHHMH CBOHM CPEIHHM 3HAYeHHSIM) H JHIIb CPABHUTENBLHO OYeHb
PeNKO HCNBITHIBAIOT CKOJBKO-HHOYAb 3aMeTHHE OTKJOHEHHA; IPH 3TOM
pasyMeercs, pedb HAET O MAKpOCKOAUYecKuX BeJHYHHAX, Xapakre-
PH3VIOWHYX TEJO B LeJOM HJH ero oTAeJbHbe MAKPOCKOMHYECKHE Hie
YacTH, HO HE OTAGJbHBIE YacTHURI!). DTo OCHOBHOE AAs CTATHCTHKH
06GCTOSTEABCTBO CJIEAYET H3 BechbMa obuux coobpaxXeHuil (H3JOXKeH-
HHIX B cJefyiolleM naparpadge) u teM Gosiee cripaBe/inBO, YCM CJAOKHEE
u GoJblie paccMaTpuBaeMoe Tejo. B TepMuHax craTHCTHYECKOro pac-
NpefeJieHHs MOKHO CKa3aTh, 4TO €C/]U C MOMOULbIO GYHKUUH 0 (p, q)
NOCTPOHTh (GYHKIHMIO pachpejeseHHst BepoATHOCTEHA DA3/IHYHHIX 3HA-
genuil BenUYHHH [ (p, g), TO 3Ta QyHKuuA 6yAEeT HMETH Ype3BbivaiHO

pe3kuii MaKCUMyM npu f=f, 6yayus cKOJbKO-HHOYIL 3aMeTHO Of-
JHYHOA OT HyJf AHIL B caMofi HemocpeACTBEHHOH GJH30CTH K TOUKE
MaKCHMyMa.

TakuM oGpa3oM, AaBasl BO3MOMXKHOCTH BBLIYHC/ATL CPefHHE 3HauUe-
HHSl BeJHYHH, XaPaKTCPH3YIOUHX MaKPOCKONHYECKHE Tena, CcTarTH-
CTHKA TEM CaMbIM NO3BOJISIET IG/ATh NPEJACKa3aHHK S, Ol PABLBAOLIHECS
¢ BechMa GOJIBLIOH TOYHOCTBIO /15 OAABJASIOME# YacTH J06oro mpo-
MEXyTKa BPEMEHH-—HacTOJbKO GOJBIIOro, 4ToObl MOJHOCTBIO CrJa-
JMJ0CH BJIMSIHHE HAUajbHOrO COCTOSTHHA Tesa. B 3TOM cMbicje mpej-
CKa3aHHS CTATHCTUKH NPHOGPETAIOT NPAKTHYECKH ONpEJCJSHHBIA, a
He BeposiTHOCTHHIA XapakTtep. (Mmed Bce 310 B BHAY, MH B JajibHCHIIEM
npu ynorpeG/eHHH CPeJHHX 3HA4YeHHH MaKPOCKONMHYECKHX BeJHYHH
No4TH HHKOrja He OylaeM nHcaTh 4epThl Haj GyKBOH).

Ecau 3aMKHyTas MakKPOCKOIHUECKAsl CHCTEMa HAXOJMTCH B TAKOM
COCTOSiHHH, B KOTOPOM JJi JAIOGOH ee 4acTh, ABJfAIOLlEHcA caMoll no
ce6¢ MaKPOCKOMHMYECKHM TeJOM, MakpocKonuyecKHe (uaHdeckue se-
JIUIHHBL C GOBUIOR OTHOCHTENbHOH TOYHOCTBIO PABHBI CBOHM CpPEIHHM
3HAYEHHSM, TO FOBOPST, YTO CHCTEMa HaXOJAHTCH B COCTOSAHHH Cma-
mucmuueckoeo pasHosecusi (0O HEM TOBOPAT TaKXKe Kak O mepmodu-
HaMu4eckoM WJIH menaosom paBHoBecun). V3 npebiiyilero BHIHO,
YTO €cJH 3aMKHYTasi MaKPOCKONHYECKas cucreMa Habiolaercs B Te-
yeHHe JOCTaTouHO GOABIIOrO MpoMeXKyTKa BpeMeHH, TO NOAABJ/ISIONYIO
gacTh 3TOTO IPOMEXKYTKA OHAa NPOBOIHT B COCTOAHHH CTAaTHCTHYECKOro

1) TTpuseseM NpuMep, HalJSAHO NOKA3HBAOMUI, ¢ KaKOH OFpOMHOH TOUHOCTBIO
BBINOJHSETCS 9TO IpaBuo. Eciu BBIIeNNTb B KaKOM-AHGO Iase YYacToK, copepika-
muil, ckaxkewm, scero 1/100 rpaMM-MoseKyJIbl, TO OKa3biBaeTCs, UTO CPefiHE® OTHOCH-
TeJILHOE OTKJIOHEHHe, HCIBITHIBAeMOE SHeprHel 5TOro KoJHYeCTBA BEIECTBa, OT CBOErO
cpejlHEro 3UaueHusi cocTapisier Bcero ~10-11. BepositiocTh ke naiitH (IpH ofo-
KpaTHOM HaG/OAEHHH) OTHOCHTE/BHOE OTKJOHEHHe, CKaXeM, NOpiaka 10-8, nso-

103 10%
Gparkaercss UyAOBHILHO MajabiM uuciaom ~ 10 .




