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— CHCTEMBbI BUXPEBbIX HUTEH 284, 291,
292

— CKOpOCTEW, TMHAMUYEeCKas
uHTepnperauus 155

— — CHUCTEMBbI 0COOEHHOCTEH B
MOJIYTIPOCTPAHCTBE,
OTPAaHUYEHHOM IIJIOCKOW CTEHKOH
179

IToTepu B ckaukax yIIOTHEHHS 78

— B corue 127

— KMHETUYECKOI 3HEPTUu ra3oB Mpu
cMemenuu 118

[ToTok sHEprUM B 0COOBIX TOUKAX,
COBMAIAOIIUX C KPassMU TPEIIHH
538

[Ipenen nponopuuonansHocTH 411

— npoYHOCTH 412

— Tekydectu 412

— ynpyroctu 412

— ycTanoctu (BeiHOCTHBOCTH) 420

[IpeoOpazoBanrie HHBEPCUHN
OTHOCUTENBHO ceprl 179

[Tpubmmkenne CTOKCa ypaBHEHHM
IBHOKEHUS BSI3KOH KUAKOCTH 229

[IpyHIMT BapUALTMOHHBIN JIs1 YIPYTUX
TeNn B paBHOBecuH 391

— MUHHMYyMa paboThl HAMPSDKEHUN Ha
TIacTHuecKkux aedopmanusax 434

— Omnzarepa, 00001IeHNE HA
HeJMHENHbIe cBsi3u 443

— OTHOCUTENbHOCTH ["anunes—
Hrrotona 71, 209

— Cen-Benana 328, 332, 349

[Ipurok, sHepruu dq ** B CIOXKHBIX
Mojensax ynpyrux ten 313, 314

— — K BBIJICJICHHOMY KOHTPOJIbHOM
MOBEPXHOCTHIO 00BEMY KUAKOCTU
64

— — K Ccpejie BHEILITHUI, BO3MOXHbBIE
TPaKTOBKH 68

[Iponennep uaeanpubiii 144

[IpoctpancTBo HanpsxeHuit 423

[Iponecc annabarnueckuii 398

— GapoTponHslii 150

— U3dHTpOoNHYecKuii 398

— Harpy>KeHus MOJIHbIN 438

— HeOapOTPOIHEIM, MPUMEP
BBIUUCIICHUS (PYHKIIMH JaBICHUS
21

— IMJIACTHYECKOTO AeopMHUpOBaHUS,
PaBHOBECHOCTh, HEOOPATUMOCTD
446

— pa3BUTHUSA TPEIIUHBI HEY CTOMYUBBIN
551

— — — ycToiuuBsbIil 551

[Iponecchl neopMUpPOBaHUS YIIPYTHX
Ten, ooparumocTts 311

IIpoyHOCTH MaTEpHUaNOB, CB3b C
BHYTPEHHEHN SHEPIrUeH CLUETUICHUS
536

[lynbcanum xapakTepuCTUK
TypOyJIEHTHOTO TeueHus 246,
248, 249

PaGota runpoquHaMUYeCKHIX CHUII,
NEHCTBYIOIIMX HA MOJIBUKHYIO
pemieTky 87

— HaIpsDKeHUN Ha MpUpaIeHusX
nedopMmaruit actuaeckux 433

————— ynpyrux 433

PaBencrBo I'puddurca B Teopun
TpemuH 540

PaBHOBecue B 1oJie CUJT TSKECTH
JKUOKOCTEN U ra3oB 7

————— OIHOPOJHOM
HECKUMAEMOH KUAKOCTH 7

————— COBEPILIEHHOrO raza 9

— YKUJKOCTU OTHOCUTEIILHOE, TPUMEPHI
18

Pasrpyska 411, 426



Pa3Butue TpeniuHbl B INIOCKOCTHU CO
HIEIBIO MOJ1 JCHCTBHEM
BO3PaCTAIOIINX
PaCKIMHHUBAIOIINX CHII U
OJIHOOCHOTO C)KaTus Ha
O6eckoHeyHocTH 554

Pa3znosxeHne noreHnuana Te4eHUs
HEC)KMMAaeMOM JKUJKOCTH B P
1o chepudeckuM QyHKIHSIM
168—172

Pa3pymenne kBasuxpynkoe 533

— Xpynkoe 533

PacnipocTpanenre BO3MYyILEHHI MaIbIX
B ynpyrux tenax 397

— — OT UCTOYHHKA, JBUKYIIETOCS C
MOCTOSTHHBIMHU JI03BYKOBOM U
CBEPX3BYKOBOW CKOPOCTSIMU
217—219

— IUIOCKOM yIIPYrOM BOJIHBI B
M30TpOIHOMU cpene 399

— CHUTHAJIOB B J103BYKOBOM NOTOKE 217

— — — CBEpPX3BYKOBOM mnoToke 220

Pactspxenue Opyca mpoctoe
(omHOOCHOE) 321

— — B CJIy4ae eCTKO 3aJIeJIaHHOTO
Topua 328

— — 1OoA JeicTBUEM COOCTBEHHOTO
Beca 328

Pacxon sxunkoctu 44, 168

— — MIpH IBWKEHUH B KPYTJIOi TpyOe

— HUCTOYHUKA 00BeMHBIIH 214

— KpUTHYECKU coruta JlaBans 48

— TOIUINBA y/€IbHBIN BecoBor 129
Pexxum paboThI comia
HepacueTHbId 52, 124

— — — pacueTtHsIil 50, 124

Penakcanus nanpsikenuit 418

Pemenne GUrapMOHUYECKOTO
ypaBHeHus 494,

— BOJIHOBOT'O YpaBHEHUS C BOJTHAMU
IUIOCKHUMH, ob1ee 211

————— chepudeckumMu, odiee
213,214

— ypaBHenus Jlamnnaca,
dbynnamenTansHoe 157

— — Ilyaccona 270

Pemrerka npoduneii 81

CBolicTBa OCpEIHEHUS XapaKTEPUCTUK
TypOyJIEHTHOTO ABMXKEeHUS 248

— CUMMETPHUH TapMOHUYECKUX
byuxmii 175, 177

CBoMCTBO IIacTUYHOCTH 412, 413, 423
CBsi3b MEX]ly 1aBJICHUEM U
IJIOTHOCTBIO, IIPU KOTOPOM BOJIHA
Pumana He onpokuabiBaeTcsa 226

————— nosutponHas 11

— — IUIACTUYECKUMU AePopMausiMu
Y HaNPsDKEHUSIMU, OTCYTCTBHE
oxHO3HaYHOCTH 416, 429

C:KMMaeMOCTbh, BIMSHHC Ha
3aBHCUMOCTb JIaBJICHUS U
IUIOTHOCTHU OT CKOPOCTH 42

—, — — ¢dopmy TpyOOK ToKa 44

Cuna Apxumena 13, 30, 76

—, BBIHY K/a0111asi HeCBOOOAHbBIN
BUXPb JIBUTATHCS
npeaHa3zHadyeHHbIM 00pa3om 301

— TUIPOJIMHAMUYECKas, IeUCTBYOIIAs
Ha KOHTPOJIbHYIO TOBEPXHOCTH 64

Cuna ruipoAMHAMUYECKas,
JeICTBYIOIAs HAa TIOBEPXHOCTh
TOKa 75

— —, — — pemeTky npoduiei 82

— —, — — TeJI0 B UJICAILHOM
skunpkocta 200, 202

— —, — — — BpAILICHUS B UJICAIBHON
xxuakocty 205

— —, — — — CO CTOPOHBI BA3KOH
KUIKOCTH (TIpUOTMKEHUE
Crokca) 229

—, JeCTBYIOIasl HA TOBEPXHOCTH CO
CTOPOHBI MOKOSIIEHUCS KUKOCTU
12

— nepepesbiBaroias 378

— NoAbEMHAs TUApoAUHAMHUYEcKast 13,
73, 85, 300

— pactsaruBaromas 379



— peaKIuu KUJAKOCTH, TEKYIIEH B
TpyOe 68

— COINPOTHBJICHUS TIPU HETIPEPHIBHOM
obrekanuu Ten 73

— — IIp¥ 00TEKaHUH TE€J ra30M CO
CKauKaMH yIUIOTHEHus 79

————— KHUIKOCTBIO CO CPHIBOM
cTpyit 76

— — Tpenust 74

— TsTU 79

— — pakeTHoro Aurarens 123

Cuiibl THIPOIMHAMUYECKHUE,
JICUCTBYIOIIKE HA TEJIO B
U7eaNbHOM KUAKOCTH Ha TIyOnHe
208

_— IIPU HATUYUU
MaccoBbIx cuit 208

_— pu
00TEeKaHUU YCKOPEHHBIM MTOTOKOM
209

— CIICTUICHHS] BHYTPEHHHE
MHKPOCKONHYECKUEe 535

Cucrema BuxpeBbix HUTEH 284, 291,
292

— YpPaBHEHMI UJI€AIILHO
IJIACTUYECKOTO Tea,
MOAYUHSIONIETOCS YCIOBUIO
mracTuyHocT! Museca,
3aMkHyTas 460, 461

— — yIpyroro Tena 3amkHyTas 316

— — — — mpu aauabaTUIeCKuX
nponeccax 398

Ckadok ymiotHeHus 79, 225

CxopocTh B peakTUBHOM cTpye 128, 136

—3ByKa 39, 212, 220

— — MakcuMmasibHas 39

— — mecTHas 39

—, Urparolas pojiab CKOPOCTH 3ByKa 45

— HUCTEYEHHUs U3 cocyjia rasza 41

— — — HECXKHMAEMOH KUIKOCTH 26

— Kputudeckas 39

— MaKCHMAaJIbHAsI IPH
YCTaHOBUBILIEMCS ABM)KEHUU 38,

39

— MOTEHUIUATBHBIX TEUYCHUN
HEC)KMMAaeMOM JKUIKOCTH,
MaKCUMaJIbHOCTh 3HAYCHUH Ha
rpanute 162

— MPOU3BOJICTBA SHTPOIIHH 34 CUET
HEOOPATUMOCTH, CBSI3aHHOM C
TPaIUCHTOM TEMIIEpaTyphl U
MUIACTUYECKUM
negopmupoBanuem 443

— pacnpoCTpaHEHHS MaJIbIX
BO3MYILIEHUH B raze 212

— — — — B ynpyrux temnax 400

— — MOBEPXHOCTHBIX BOJIH Panes 405,
407

— — MOCTOSIHHBIX 3HAYEHUN
IJIOTHOCTH 223

Croii morpanuuHslil 253

— — JJaMHHApHBIN Ha TJIaCTUHKE 254,
258

— — — Ha UCKPUBJICHHOU
noBepxHoctu 257, 258, 263, 264

— — IpU JBW>KEHUU raza 266

— — TypOyJeHTHbIi 265, 266

CooTHOIIEHUS UHTETPAJIbHbIE JIJIs
YCTAHOBUBIIUXCS ABUKEHUN
JKAOKOCTH 53

— CTaTU4eCKOM Teopuu TpeiuH 540

Comro JlaBansa 47, 93

— — C peryJupyeMbIM ropiaom 52

Como JlaBans pacuetHoe,
MaKCUMaJbHOCTb Tsru 124

— npoctoe (04Ko) 47

ConpoTuBieHne HHAYKTUBHOE 289

— ctepsl Ipu IBUKEHUH B UJ€AITBHON
JKUJIKOCTH C IEPEMEHHOU
cKopocThio 186

— — — — B BSI3KOH XXUAKOCTH 235

— TpeHus 265

Cocrosiane HadanbHOE 309, 342

— «HavyanbHOe» 309

— 1uiockoe aedopmupoBaHHoe 485

— — — KaK IpuMep CTaTUYECKH
ONPEACIUMON 3a/1a4n
IJIaCTUYHOCTH 461



— —HarnpsbkeHHoe 486

— — — KaK MpuMep CTaTUYECKH
ONpEACITUMON 3a1a4n
IJIaCTUYHOCTHU 461

— — — 00o6mienHoe 488

Cpena uaeanbHo-11acTuueckas 424

— ynpoussitomascs 424

Crabunusarop B kamepe cropanust 102

Crenenn cxatus B BPJ o6mmas 136,
137

— — B KoMIIpeccope 104

Crparocdepa 12

Cynepno3unus peleHui B 3agaue o
TeJle Co MIeNEIo 515

— — B JIMHEHHOW TEOPHUH YIIPYyTOCTU
345

Cy1miecTBOBaHNE TOBEPXHOCTHBIX BOJIH
Panes 404

— (yHKIMI HAarpyXeHus U
aCCOLMUPOBAHHOTO 3aKoHa 446

Cxema cTpyiHOTO 00TEKaHUs C
BO3BpPATHOMU CTPYHKOM 78

Tekctypa 318

Teno anuzorponHoe 318

— n3orponHoe 318

— ynpyroe ogHopoaHoe 312

Temneparypa TOpMOKEHUS (CM.
lasnenue)

— — IPOAYKTOB ropeHus 125

Tenzop nepopmanumii 309

— nuccunanuu 3Hepruu 441

— HaIpsKeHUH, CBOMCTBA KOMIIOHEHT
MIPH MTOCTOSIHHBIX 00BEMHBIX
cujiax u temmneparype 344

Ten3ops! nedopMannii IIACTUIECKUX
421

— — TOJIHBIX 422

— — ynpyrux 421

Teopema Amnepa 282

— I'enbMrosibIa 0 COXpaHEHUH
BUXPEBbIX JuHUN 304

————— Tpy6oK 304

— JKyKoBCKOro 0 MoAbeMHOM cuie
KpbLia 85, 300

————— npo¢uis B perierke 84

— Kuaneiipona 347, 348

— Jlarpamxa 153

— Mopuca JleBu 494

— O CpPEeIHEM TapMOHHYECKUX
bynkuii 161

— Tomcona 288, 296

Teopun reomeTpudecKky TUHEIHBIC
ynpyrux ten 311

— IJIACTUYHOCTHU Je(pOpMaIlIOHHbIE
429, 432

— —, OCHOBHBI€ 33/1a4¥l pU
noctpoenuu 414

Teopus uaeansHoro npomneepa 144

— TpeuuH 532

TemnoeMKOCTh P MOCTOSIHHBIX
nedopmarusax 398
Tennocoaep:xanue 36

— noaHoe 64 ' M-

— — U IIOCTOSIHHAs B MHTErpaje
bepnynnu 36, 37

— —, COXpaHEHHUE IIPU Mepexo/ie uepes
CKauok 24

Tennota peakiuu 125

TedeHue XUIKOCTH B TPyOKe
MEPEMEHHOT0 MOMEPEYHOr0
ceuenus 31

— Marepuaina 415

Tedenus uaeanbHBIX )XKUIKOCTH U ra3a
MIPU HATUYUW OapOTPOIIHH,
MOCTaHOBKH 3aaa4 155

— CBEPX3BYKOBBIE U JI03BYKOBBIE
Tomnmmua BeiTecHeEHUT 263

— MOTPAaHUYHOrO cios 258, 262 40

TomnuBa, mpuMeHsieMbIC U
NEePCIIEKTUBHbBIE

Touka oTppIBa MOrpaHUYHOTO Cil0s 264

— Tena ueHTpagbHas 195

Tpomnocdepa 12

TpyOs1 asponunamuaeckue 93, 103

— KaBUTALIMOHHBIE 35

TpyOka Buxpesas 279

— Iuto—IIpanarns 27

TpyOku Toka 44



Typ6una 107

Tsara neurarens 123, 127

— ynenbHas 126, 128

VYron apeiida 206

— 3akpyuuBanus 358, 359

— Maxa 220

VYV nap miaBaromiero tena 175, 178

— 110 CBOOOIHOM MOBEPXHOCTH BOBI
286

— CTPYH O IUIOCKYIO CTEHKY 55

Yupounenue Marepuana 412

YpaBHenue ourapmonnueckoe 344, 492

— BapHUAIMOHHOE JIJIS YIIPYTHX TEI B
paBHOBecun 390

— BojiHOBOE 157, 210

— — HeoJHopoaHoe 402

— BTOPOTO 3aKOHA TEPMOJIMHAMUKH B
TeOpHUH IacTUIHOCTH 440

— I'enpMmronbua 303

— muddys3un Buxpeit 305

— JUTsI TIPOU3BOJICTBA YHTPOTINH B
TEOPUU TUIACTUYHOCTH C YUETOM
TEIIONPOBOAHOCTH 443

— W30THYTOM ocu Oanku 354

— — — — muddepenunansHoe 383

— UMITYJIbCOB (KOJTMYECTBA IBHYKCHHUS)
[P YCTAaHOBUBIIIEMCS ABMKCHUN
JKUIKOCTH 53

— Jlamnaca 155

— MOMEHTOB (MOMEHTOB KOJIMYECTBA
JIBUKCHHSI) IPU YCTAaHOBHUBIIIEMCS
IBWDKECHUH KUIKOCTH 54

— MOBEPXHOCTH HATPYKCHUS JUIS
YOPOUHSIIOIIUXCS MaTepUaoB
425

— — TeKy4ecTH JJis uearbHO-
IUTACTUYECKUX MaTepuanoB 425

— — — Muzeca 457

— — — Tpecka 452

— MPUHIIUIA BO3MOXHBIX
IIEPEMELICHUI B TEOPUU
yrpyroctu 347

— MPUTOKA TEeIlIa B TEOPUU
miacTuaHocty 440

— nporuda MeMOpaHbl MOCTOSTHHOTO
HaTshkeHus 370

— Ilyaccona 160, 270, 366

— — BeKTOopHOE 276

— Pasntes s ckopoctn
MOBEPXHOCTHBIX BOJTH 406

— COXpaHEHMsI MacChl IpU
YCTaHOBUBILIEMCS ABM>KEHUU
KUIKOCTH 53

— TEOPHUH TPEIIMH OCHOBHOE 539

— teruionposoaHocty 305

— JHepruu (MepBhId 3aKOH
TepMOJAUHAMUKHN) 54

— — B CJIy4ae pa3BUTUS BHYTPEHHUX
Pa3pbIBOB IPU XPYIKOM
pazpyuieHuu 537

VYpaBHeHUE SHEPTUH BAOJb JIMHUHU TOKA
67

— — JUIA TeJla ¢ TPEUIMHOM B paMKax
MOJIETU ynpyroro tena 538

VYpasuenus bensrpamu—Muueria 343

— BOJIHOBBIE B JIByMEPHOH 3ajaue
Teopuu ynpyroctu 403

— nBwxeHus B popme ['pomexn—
Jlemba 20

— Jlame ¢ ydyeToMm TeMIepaTypHbIX
HanpspbkeHui 343

— JJAMHUHAPHOTO MOTPaHUYHOTO CJIOS
(ypaBuenwus [Ipanntis) 256

— MOJIENIU YIIPYTOro Tejla OCHOBHBIE
312

— paBHOBECHS KUJIKOCTEH U ra3oB 5

— — YIPYTOro Tejaa B HAPSKEHUSAX
343

— Peiinonbaca s TypOyneHTHOTO
IBIDKECHUSA KUIKOCTH 251

— COBMECTHOCTH Jaedopmanuit 324,
343

— cocTosiHus ynpyroro tena 314, 315

— — — MaTepuasa HeC)KUMaeMoro
315,316

YcnoBue MUHUMyMa CBOOOTHOM
SHEPIUU B COCTOSHUU PABHOBECHUS

391



— Ha NepeMELICHUS B INIOCKOM
HaIpsKEHHOM COCTOSIHUU 487

— Ha MJIOTHOCTh BHEIIHUX CUJT B
TUAPOCTATHKE 6

— IJIACTUYHOCTH IS U30TPOITHOTO
U7eabHO-TJIACTUYECKOTO Tela
465

— — Mmuzeca 457, 458

— — Tpecka 452

— npununanus 232, 253

— pa3Butus TpewwuH 550

— TEIJIOBOIr0 paBHOBeCHs cpeabl 11

VYcioBust B 66CKOHEUHOCTH TIPU
JBUKEHUHM KOHEYHOTO Teja B
HEOTpaHHMYEHHOM 00beMe
UIcaILHON HECOKUMAaEMOU
skuakocty 165, 201

——————— B TpyOe 69

—, TPaHUYHbIC B IUHEHHON TEOpUU
YOPYTOCTH, BHIITOJTHEHUS Ha
Hee(hopMUPOBaHHOM
MOBEPXHOCTHU 342

—, — Ha CBOOOJIHOH MMOBEPXHOCTH
yrpyroro noxymnpoctpanctsa 403,
404

—, — s GyHkuu Opu 492

—, — U1 QYyHKIHH KOMIUIEKCHOTO
MEPEMEHHOTO B TUIOCKOH 3a1aue
Teopuu ynpyroctu 499, 504

— JUIs HANIPSKEHUH Ha TIOBEPXHOCTH
nucIoKamuu 543

— JUTsl UCKJTIOUEHUS TIepeMEIeHHI
YIPYToro Teja Kak TBepJ0ro npu
ONpeeICHUH NEPEMENICHUN 110
nedopMarnusaM, BO3MOKHbIE 327

— JUIs1 OIIpeIeIeHHsI TOCTOSIHHBIX
WHTETPUPOBAHUS B TPAHUYHBIX
ycnoBusxX st GyHKIuu Dpu 499

— Komn—Pumana 364

— KPUTUYECKHUE JIJIs1 BHEIIHUX
Harpy3oK, JIeUCTBYIOIIMX Ha TEJIO
co mIeNbio 551

— Ha BHEIIHUE CWJIbI B IJIOCKOM 3a7aue
Teopuu ynpyroctu 484

— Ha OpsSMBIX CKaukax 66

VYcranocts matepuana 419, 420

Y CTONYMBOCTH JIAMUHAPHOTO TEUEHUS
245

— PaBHOBECHSI HEC)KMMAEMOU
JKAOKOCTH 16

— — IU1aBaromux Ten 18

— — TOJUTPOITHOK aTMochepsl 17

— — ynpyroi cucteMsl 346

®dopmyna 6apomerpudeckas 10

— I'ypca 494

— JUIsl KOJTMYECTBA JBUKCHUS
YKUJKOCTHU TIPU JIBHXKEHUH B HEM
TBEPJOro Tena, yaoOHas s
BBIUUCIICHHS KOY()PHUIIMEHTOB
MPUCOETMHEHHBIX Macc 197

dopMya A IPUTOKA YIHEPTUU B
cly4dae pa3BUBaIOIIEHCA
IOBEPXHOCTHOM quciiokanuu 548

——————— TpewmuHbl 547

— — — — 1pu 00pazoBaHUU
pa3pbiBoB 547

— HWpBuna 549

— Cen-Benana—Bennens 41

— Croxca 281

— Topuuennu 27

— Diinepa 1151 MOMEHTa CHIL,
NEHCTBYIOIIMX HA JIOTIATKU
TypOunsl 112

®opmyisl ['puna 164

— Konocosa 497

— Cen-Benana 357, 474

®opcax 143

@yHKIusA rapmonnyeckas 155, 161

— — KaK CyMMa MOTEHLHUAaJIOB
MPOCTOTO U JBOMHOTO cjiost 166

— I'puna 167

— — B 3amaye Jupuxine mis cheps
180

— — JUIs TIOJIyIPOCTPAHCTBA,
OTrpaHMUYEHHOTO MJIOCKOCTHIO 178

— nmaBienus 20

— —, IPUMEP BBIYUCICHUS IS
HebapoTpoIHOTo nporecca 21



— JUCCHUNAINU, BBIYUCICHHE C
MTOMOILIbIO aCCOLIMMPOBAHHOIO
3aKkoHa 444

— — U1 MOJIEJIH IUTACTUYECKON Cpebl
o Musecy 445

— KkpyueHnus 359, 475

— Harpy»xeHus 425

— HanpspkeHuit 366, 463

— — Dpu 490, 497

— Tekyuectu 425

@YHKIIMY TapMOHUYECKHE, YCIOBUS
cummetrpuu 173, 177

— HarpyxeHus 446

— chepuueckue 172

XapaKTepUCTUKU COCTOSHUSA
IUTACTUYECKUX Tel (PU3nUecKue
422

XapaKTepUCTUKH CPETHHE MTOTOKA
coBepuIeHHOro rasza 90

Hupkyssinus ckopocTH 83

Yucno kaButanuu 34

— Maxa 40

— Peiinonbaca kputnueckoe 243

— Ditnepa 146

[IInenok mo cBOOOIHOI MOBEPXHOCTH
JKUAKOCTH 286, 287

IItamn >xecTKui, TaBICHHE HA
YIPYTYIO NOJIYIIOCKOCTh 525

— — NpSIMOYTOJIbHBIM, 1aBJIEHUE HA
YIPYTYIO NOJIYIIOCKOCTh 528

— — €0 c1a00UCKPHUBIIEHHBIM
npodurem 529, 531

Illens moa aeiicTBUEM KacaTeJlbHOMN
AHTHUCHUMMETPUYHON HArpy3Ku
519

— — — HOPMaJIbHON CUMMETPUYHOI
Harpys3ku 516

2xekrop 113

OHeprus KMHETHYeCKasi HEC)KUMaeMOU
KUJKOCTU MIPU MOTEHIIUATILHOM
nBmxkeHuu 164, 173, 192

— Ha pa3psiB 534

— — —, INIIOTHOCTB 537, 555, 558

— cBOOOIHASA eIUHULBI 00OBEMA
ynpyroro tena 320, 347

— CHWJI crerieHus 535

— MOBEPXHOCTHAs, INIOTHOCTH 536, 537

Onranenus (cM. Tennocodepoicanue)

Sniopsl M3rudamux MOMeHToB 381

Oddext baymmnrepa 413

— Jlonmnepa 218

Snpo ynpyroe 469, 477
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raiABA VI

TUIPOMEXAHH KA

§ 1. I'sapocrarura

PaccmoTpuM HekoTOopHe pasmensl TMipOCTaTHKH, T. €. TEOPUR
paBHOBECHA >KUIKOCTEH ¥ ra30B OTHOCUTEIbHO BHOPAHHON CACTEME
KoopamHAar ).

PesyapraThi I METO[H THAPOCTATHKA MMEIOT GOJBINOE 3HaTCHOE

IJA MHOTHX OPakTHIeCKHN BaJKHHX 3amad. B rugpocratmke pac-
CcMaTpPHBAIOTCA 3a7aTM O PABHOBECHU BOIH B OKeaHaX W BO3NyXa B
atMocdepe; 3agadd 0 CHIaX, JeACTBYIOMAX CO CTOPOHKI RATKOCTH
Ha IUIaBaiomue Kopabim, HOJBORHEIE JIOAKHM W a3pOCTaTH; 3a7aud
00 yCTOHYMBOCTA CYMOB, IVIABAKIIAX Ha IOBEPXHOCTH BONH, N
MHOKECTBO APYTHX 3ajgad.
Ilpz paBHOBecmu (v = () m3 ypaBHEHEA He-
paspHBHOCTE modydaem Jpfdt = 0. I10 03-
HagaeT, 9T0 B HOPHHATON CHCTeMe OTCUeTa IoJje IIOTHOCTA CTalu-
oHapuo, T.e. p = p (z, ¥, 2).

Jlerxo BHAETH, 94TO B CAydYae PaBHOBECHA ypaBHEHWA Jilnepa u
Haspe — CroKca IPUBOAATCA K OJHOMY M TOMY ;Ke YPaBHEHWIO

Ypaenennsa paBHOBeCH:A

grad p = pF (1.1)
HIF B JeKapTOBHIX KOOpAHWHATaX
a
0_5 = prv
ap
'5!7 = pr, (12)
ap o
'5; —_ sz7

rge depes F ., Fy, F, 0603Hageds NPOCKI{MA MIOTHOCTH BHEIIHAX
MaccoBbIX cHa (B ofmeMm ciaydae BKI4aomme B ce6A IIOTHOCTH

CHJI HHEPIWH) Ha OCH KOODAUHAT.
EcruFy=Fy, = F,= 0, 1. e. 6newnue maccossle cursl omeym-

cmeyiom, 10 grad p = 0 m, ciregoBaTeiapHo, HaBIeHHE P BO Bcex

1) OGrYHO W HIMKe paccMaTpHBaeTcA paBHOBecHe OTHOCHTEIbHO WHEp-
IUaJbHOM WJIX HeWHepOWaJbHOH [leKapTOBOH cucreMhl KoopiuHar. MHade
TOBOpA, PaBHOBECHE OTHOCHTENIHHO HEKOTOPOro alCcodIOTHO TBEPAOro Tena.
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TOYKaX rada WIW KAKOCTH ONWHAKOBO. JTOT BEIBOJ HOCHT Ha-
sBanme saxona Ilackaas.
Veonme Ha HAOTHOGTS M3 ypasrennms (1.1) cuemyer, 9To BeKTOpHOE
BHOLIENX ema noJe OIOTHOCTH MacCoBHX cmi F' mpm paBHO-
BeCHH He MOKeT GHTH IpOM3BOJBHEIM. B 06-
mieM ciydae JJA CKEMAEMOoil KUNKOCTA, KOTHAA IJIOTHOCTH O ARJA-
eTcA ompepenseMoll BenudnHoi, 3 (1.1) BuTekaer, 910

rotF:grad—; Xgradp:pgrad% X F, (1.3)

TaK KaK A J00BX BEKTOpa @& M CKAJsApa ¢ cnpaBeanmsBa GopMyaa
rot ca = crota -+ grad ¢ x a.

Orcioma cuemyer, 4To
F . rot F = 0. (1.4)

Cootromenne (1.4) aABmsaerca HEOOXOAUMEM yCJIOBHEM [JIA IOIA
cun F (z, y, z), IpE KOTOPOM BO3BMOKHO paBHOBecCHE.

MosxHO TOKa3aTh, YTO HJIA 3agaHHOTO mOua cmia F', yooBieTso-
pamomero yciaosuo (1.4), MOKHO OIPENENHTh [BA CKAIAPHBIX HO-
AfA: molle WIOTHOCTH QO (X, y, z) M mwode pgasienus p (z, Y, z), Tak,
aro6b1 ypasHeHUA (1.2) yI0BIETBOPAIACE.

Ecau nioteOCTE p = const ((KEAKOCTH HEC;KEMAaeMa U OTHOPOJ-
Ha), To rot F' = O m cmusl goiskHE 001agaTh moTeHmmaiom 9, T. e.
F = grad Y. IlosTomy omHOpOmHAA Hec:KAMaeMasd >KHAKOCTH MO-
eT HaXoJAThCA B pPaBHOBECHH TOJHKO B IOTEHIMAJILHOM [I0OJI6
BHEIIHAX MAacCCOBLIX CHJI.

B ofmem ciydae miia CEMMaeMOH Cpefbl, eCJIH IoJe CHJ IIOTeH-
nuaabHo, 3 (1.1) momywmm

dp = p di. (1.5)

Otcrofa BHTEKAeT, 9To IPH PaBHOBECHH B IOTEHIUATbHOM LOJe CHI
MIOTHOCTh, M JaBjJeHHe ABIgTCA QYyHROEAMA TodbkO Y. Ileit-
cTBUTENLHO, o (1.5) mpm 9f = const mmeem p = const, T. e.
p = p (U), w0 dp/dil = p m, ciegosarexsuo, p = p (U).

N3 oOmeli Teopuu pas3phiBOB !) ciemgyeT, 4TO B NOKOAMEHCsA
JKAIKOCTH BO3MOKHBI TOJBKO MOBEPXHOCTH pasphBa HNJIOTHOCTH, a
JIaBJeHne JOJKHO OHTH HENpEepHBHGIM. /13 HeIIpepPHBHOCTH KaBie-
HOA W roTeHn@ala 9, moxydmMm, uro coornomenme (1.5) mpum
Py 5= P2 MOJKET YHOBIETBOPATHCA BJIOTH TIOBEPXHOCTH PAa3PHBA TONb-
ko mpu dY = dp = 0, 1. e. ¢ noxoaujelica Hudrocmu nosepz-
HOCUL paspviéa NAOMHOCIU 00ACHE Oblmb 9KEUNOMEHYUAABHELMU
noseprnocmanw % = const.

) Cm. § 4 rm. VII 1. 1.



§ 1. lagpocratuxa 1

PasuoBecue B mode cui PaccmoTpuMm paBHOBeCHE JKUIKOCTE M rasoB
TAMECTH B mojde cumia TaimecTd. Bribepem cmcremy
KOOpAUHAT, y KOTOpOHd OCh z HANpaBlIeHA BePTHKAJILHO BBEpX.
Torpa Fy = Fy =0, F,= —g, Y = —gz +const u p = p(z),

p = p (2). Taxmm ofGpaszom, mpu ReHCTBHE TOABKO CHI THAKECTH
B NOKOAIMEXCA JKUAKOCTAX U Tra3ax IOBEPXHOCTE IOCTOSHHOL'O
paBieHAA (u300apH) M LOCTOAHHOH NJIOTHOCTH (HM30CTEDH) ABIA-
0TCSI TOPH3OHTAJNBHEME IIOCKOCTAMU, VI3 ypaBHEHHA COCTOAHUSA
f(p, p; T) = 0 momyuaercs, uTo TeMIepaTypa B TAMKEIOA IIOKOA-
medca JKUAKOCTH TAK/Ke BaBHCHT TOIBKO OT KOODAMHATH 2
T =T (2).

Ilo (1.5)dp/dz = —pg << 0 u, ciegoBaTENbHO, JABICHHE C YBe-
ImYeHreM BHCOTH mafaer. 13 ypaBuenus (1.5) Ana pasnocrd /as-
JeHUN HA JBYX YPOBHAX 2z W 2, HOJyYaeM

?

p—po=~SpgdZ=—Ssz, (1.6)
20 Zo
rpe y = pg — YAeJbHHI Bec ;kukocTH. ClefoBaTelsHO, PA3HHALA

B aBJICHUAX B ABYX TOYKAaX, PACIIOJNOKEHHLIX HA PAa3HBIX BRICOTAX
2

ZH¥ 24, paBHA nHTerpanyS Tdz, 7. . Becy cToaGa JKUKOCTH € IJIO-

20
mMajpl0 OCHOBAHHA, PaBHOH 1, m BHCOTOH, paBHON z — z,. JTOT
BLIBOJ, HE BABUCHT OT BU/(a 001aCTH, B KOTOPOU HAXOJUTCH RUAKOCTH
WMIH ras, ¥ QU3UIeCKUX CBONCTE ;KUNKOCTEH U Ta30B.
P . PaccmoTpEM oTAenbHO ciaydall ofHOpPORHOM
ABHOBECUE _ OJHOPOTLHOM HeC/KUMaeMoH KUJKOCTH W CJIyuail CoBep-
HEeCHMMAaeMOH KHJKOCTH
B HOde CHI TKECTH HIeHHOTO rasa.
IlycTh sKEAKOCTH ONHOPOJHA S K HECIKAMAS-
Mad, T. e. p = const. W3 (1.6) momyunm

P = poy — g (2 — zy), (1.7

T. €. aBJIeHHe B IOKOAMEHCA OTHOPOJHON HECKAMAeMOH JKEIKOCTH
yObIBaeT ¢ BRICOTOH IO IUHEHHOMY B3aKOHY.

Ecau B (1.7) momosxu1s z, = 0, T. e. NPUHATE, 9T0 P, €CTh HaB-
JIeHWE B ILIOCKOCTH Z = 0, TO

P = Do —— P82 = Py + pgh, (1.3)

rqe h — ray6mma oTHOCATENBHO IuTocKocTH 2z = 0. C. HoMOmBIO
dopmyan (1.7) man (1.8) MoskHO paccumTaTh jaBjleHWe Ha JHO CO-
Cy/la, BaUOIHEHHOTO ;REAKOCTHI. Benmamma aroro JaBieHHA 3a-
BHCHT TOJBKO OT IIyOMHLI KUKOCTH.

Ecan B3are cocyps pagnmunoi gopmel (puc. 1) m HaJIUTH B HEX
OAHHAKOBYI0 MHUAKOCTb, TO JlaBieHHe HA ORUWHAKOBOH riayGuHe
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B cocyaax OGymer ogmHAKOBHM. B 9acTHOCTU, UpH OofmHAKOBOH IIy-
OWHe TOPH30HTAIBLHOIO [HA [ABJIEHAe HA HEro BO BCeX COCYAax
(mesaBmcuMo oT HX (opMH) GyHeT OXAHAKOBHIM.

Ecan miomanu fHA COCYIOB ONHHAKOBHI, TO M CHJIH, AeACTBYIO-
mue CO CTOPOHH KHAKOCTH Ha AHO COCYAOB, OAWHAKOBH. Jamrkm

z

7
5/ g

Puc. 1. T'ugpocraTHdecKoe JaBleHHE Ha JHO cOCyHla
OIpefleNsieTCA BEICOTOH KUAKOCTH A H OJMHAKOBO
Kak B cocyme 4, Tak M B cocyne B.

BecoB Ha puc. 2 OynyT HaXOAMTHCS B paBHOBECUU, TaK KaK OHU fB-
JAAIOTCA TOPHIHAMEM, BOCOIPUHAMAOMUME OAWHAKOBHE YCHJIMA,
XOTA BEC PACHOJ0KeHHOH Haj HMMH ;KEgKocTu pasimueH. (Cmio-
BHIM B3aHMOMIeHCTBMEM MEMKIY CTEHKAMH COCYHOB H BecOB H, B

Puc. 2. Ha nopman I m /] ge#cTBYHT OJUHAKOBHE
CHJIHL.

9ACTHOCTH, TPEHHEM LIpH 5ToM mnpeHeGperaercs.) Eciam ke cocymmn
I m IT npocTo mOCTaBETH HAa YAIIKHW BECOB, TO OHH BOCIPHMYT Beca
COCY/0B M DPA3iHYHHE BeCa >KUJKOCTH.

Ha ocHOBe 3aK0HOB THUAPOCTATEKH MOOCTPOEHH MAHOMETDH —
npubopH [JIA M3MepeHHUs [aBleHUil; OHM JACTO HPENCTABIANT CO-
Goii coofmarommecs COCYQH, B KOTOPHX HAXOJHTCA IOKOAMAACA
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JKEIKOCTL: PTYTh, Bomga, coupr. Ha ofHO KoJeHo MaHOMeTpa Ho-
TaeTcsa M3MepAeMoe TaBjieHAe, a Ha BTOpoe — OPOTHBOJABJICHHE,
¢ KOTOPHIM XOTAT CPABRATH W3MepsiemMoe AamjieHde. PasHOCTL ypos-
Hell B coCymax OnpefelsAeT PasHOCTh HepefaHHBX KaBICHMI.

PacemoTpum mopmresoit Hacoc. IlyeTs B Ha-
qaJbHHIA MOMEHT MOpIIEeHb KacaeTcd No-
BepxHOCTHE BN (pHc. 3, ¢). Ecam nepemMecTuTh nopmeHb BBEPX, TO
BOJa mocJenyer sa HuMm (pmc. 3, 6). OmHako, NOJHAMAs TOPIUIeHb,

HopuiHeBoii Hacoc

Puc. 3. ITopumesoil Hacoc.

MHL 3aMETHM, 4TO B HEKOTODHI MOMEHT BOJa OTOPBETCA OT HeETO.
Mexny moBepxHOCTBIO BOAH B TpyGe M mopmHeM of6pasyercs Io-
aocTs (puc. 3, 6), faBIeHHe B KOTOPOH OyjeT paBHO HYJIKO WM
MaJIOMy JABICHWIO p; HACHIEHHHIX IAPOB BOAH LpPH JAHHOH TeM-
neparype '). Bogy TakuM myTeM MOKHO MOLHATH TOJBKO HAa HEKO-
TOPYI0 BHCOTY HApmay.

Ilonomxue B (18) DPo = Pary B P = O’ OJNydAM hmax = .ﬁﬂ,

Ecnm parw =10000 x1I'/m?, p = 102 6lcer?/m* m g = 9,8 .M/pcgerc2
T0 Ppmax =~ 10 x.

PaccmoTpuM  Temepr paBHOBecme cCoBep-
IMeRHOTO Ta3a B moje cmi TmkecTH. HMme-
eM ypaBHeHus dp = —pgdz m p = pRT.
N3 mEmx ngerko momyumm

Pasnosecne COBEPINCHHOT'O
I'a3da B IIoJe CHI TAKEeCTH

dp dz

» — " EEG

1) QuHTH IOKA3HBAKT, 9TO0 B BOKe BOOOIGe MOTYT CYIIeCTBOBATH OTPH™
maTeabHHe gaBiaeHUsA (p <C 0), cOOTBETCTBYIOLIWe PacCTKeHHMIO, ONHAKO B Te-
4eHHe [JATEJBHHX IPOMEGKYTHOB BpeMeHH OrpaHHYeHHHe OTPHIATEABHLE
AABJEHAA MOIYT CYIIECTBOBATH TOABKO B BOJIe, HE cojlepiKae pacTBOPeHHEIX
rasoB M mpuMecedl TBepAHX JaCTHIL.
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HJIH

F4

d
p=pyexp[—{ L2, (1.9)

Zp

Idra dopMyna Hocur HazBaHHE Oapomempudeckolii Popmyaw. 3HAA
3aBHCEMOCTE 7' (z) TeMuepaTypsl OT BHCOTH, ¢ HOMOIILI0 (HOpPMYJIE
{1.9) MoKHO HaliTh H3MeHeHHUE ¢ BHICOTOM JaBICHUS.

Ecrw ycioBHO IPEHATE, 9T0 p = cobst (0dnopodnas ammocge-
pa), To p u T corlacHO ypaBHEHUAM PaBHOBecHs OYIYT IUHEAHEMA
dyHEROEAMA z 1 cornacHo (1.7) HageTcs Takag BEICOTA k2, HA KOTO-
poit p = 0. BricoTa Bo3gymHO# aTMocdeps, ecim CIATATL BO3IYX
HECKAMAEMONl KHIKOCTLI0, OKA3HBAETCHA KOHEYHOMH,

— Lo __ 3000 u.
pg

Ecnm cumraTh, uTo ammocgiepa HAXORUTCA ¢ UsOMepMUUeC-
kom paerogecun (I = const), To u3 GapomerpHueckol QHopmy-
apl (1.9) caemyeT sKCIOHEHNUANBHEY 3aKoH yORIBARMA JaBJIEHUSA
¢ BBICOTOH

-I%: exp[~ ﬁ%‘ (Z*Zo)}-

Bricota wusorepMmueckoit aTMocgeps MOAYUaeTCHA OeCKOHEYHOMH.

B orpaunuennom gumamasone BeicOT (10 11 ki) B COOTBETCTBHE C
ONBITOM UPUHUMAKT, 4TO memnepamypa ¢ ewcomoll & ammocepe
yOuigaem no auHEHOMY 3GKOHY

T =7, —-5

— 160 (1.10)
roe T, (= 288° K = 15° C) — alcomoTHas TemMmepaTypa Iipu
z =10, a A — BermumHa, HA KOTOPYIO YOEBaer TeMnépaTypa IpHd
mogneme Ha 100 ». B psajle mpakTHYECKHX BOIPOCOB MOKHO [JId
meficTBHTeNLHOM aTMocdepH NpuHEATL, 9T0 A = 0,65° u 710 2z = 0
COOTBETCTBYET YpoBHIO Mops. B aTom caywae m3 (1.10) mMeem

P A g100/RA
7;*(1‘—‘10@, 2| . (1.11)

Bricota aTmMocdepH monydaercs koueanoil: p = ( npn

j — 1007, _ 100.288

" 065~ 48 km.

Iloaromy oweBugHO, uTo momymenue (1.10) HempuemmeMmo JJIA Beey
aTMoc(epH.
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YeTasoBHM CBA3L MOKAY TIOTHOCTHIO O U JABIEHAEM p RJIA
Tako#t aTMocdeps. W3 (1.11) cormacuo (1.10) momyumm, gro

P ( T \egl/rA

Po T/ ’

a u3 ypashenua Huaaunefipona

p_pT
Po po Ty
TODTOMY
P (_P_\gmo/(mng—RA)
Po - Po/ !
niain
p=Cp®, C=const, n= 1—0(%% .

Takas cBA3b MEKAY AABICHUEM U [JIOTHOCTLI0 HABKIBAOTCHA NOAU-
mponKol, HO B HTOM Clydae HEoOXOAuMO WMeTh B BHLY, 4TO pas-
JAU9HBE TUIOTHOCTH ¥ [IABIEHUS, CBABAHHBIE MOJUTPOION, OTHOCAT-
¢A K pasnmuubbiM gacTaiaMm. B ra. V 6sd paccMOTpeHs MOJHTPON -
HELIE TPOIECCE], B KOTOPHIX MMEJAch AHAJOIMYHAS CBABL MEME/Y
IIIOTHOCTHIO M JABJCHUEM JIJIs OJ{HOH M TOM ste 1aCTHIIH.

Ilpg A =0,65° u R/g = 29,27 m/epad monxyuaercsa, u9TO
n=1,2. Eciu n = y = 1,4, 7. e. MIOKa3aTeJb IOIUTPOIH COBIIA-
naeT ¢ mokazaTeneM agumabars, To A = 0,98° C ~ 1° C.

Ycaoseue menanogoeo paswosecus cpefpl mMonydaercss U3 ypaBHe-
HUA OPUTOKA Temja, koropoe npu ¢ = 0 u npu yyeTe TOTHKO TeII0-
apoBogHOCTH {cM. (7.17) r1. V 1. 1) nmeer Bup

o %

— = — AT 1.1
at p AT, (1.12)
B pnelicTBHTENbHOCTH, KpOMe TeILIONPOBOIHOCTH, pacIpefeleHne
TeMIOepaTypsl 110 BHCOTE B aTMocdepe B3aBUCUT OT sABJICHUHE HM3Iy-
9eHUA U KoHBeKmuu. B mamem caywae U =cy 1 + const m

T = T(z), noaTOMy%% =0 u u3 (1.12) nonywaem, uTo

T '
2T o, (1.121)

3axon (1.10) nuHelHEO! 3aBUCHMMOCTH TeMIepAaTypH OT BHICOTH
ynoBaersopser yciaosmio (1.127),

Crpoenne JeHCTBETENEHON aTMOCHEPH CBABAHO CO CJIOMKHEIMHA
'u BooOINe mepeMeHHKME BO BpeMeHH (3a CYOT COJHEYHOTO W 3eMHO-
‘TO M3TydeHUs) MeXAHH3MaMH Temioo0MeHa UM TIePEeMEHHOCTLIO
"cocTaBa aTMocepnl (HaupuMep, 3a cueT UCCONEANVH U MOHU3AMMR
"OT COJIHEYHOIo nsﬂyqunH). Cocrtasn aTMoccbepH H pacupejeseHue
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TeMIEpaTypH B arMocdepe OOCTOAHHO H3YYAIOTCH ¢ HOMOMIBIO
BOBJYIIHHX NIAPOB-30H[0B, CaMOJETOB, HMCKYCCTBEHHHIX CIyTHH-
KOB 3eMIHW U ADYTHMH METOZaMH.’

B Texmmueckmx pacuerax OGKHYHO HCIONB3YIOT (CIMAHAAPMHYI0
ammocgepy». B meppoM npubam;xeHnE Ha DpaKTHKe NPEHEEMAIT,
qT0 710 BHCOTH B 11 kM TeMueparypa y6mBaer ¢ BHCOTOM 110 3aKOHY
(1.10) ¢ A = 0,65°. 9roT ciaoii aTMoCdeps HaspBaeTca Tpouoche-
poii. Brme Tpomocfeprl pacmomoyena crparocepa, B KOTOPOR
npuamMaior, 910 I = const = — 56° C. [[1a MHOrMX IpaKTHYECKHX
3a/lad 9Ta MOJENb CTAHAAPTHOW aTMOc(ephl HEeYIOBIETBOPHTEIL-
Ha, TpefyeTcsa ofpamarbCsa K YTOYHEHHEIM [AHHHM, KOTOPHX MBI
He GygeM 3mech KacaThCs.

[laEEbNe o cTaHAAapTHOW aTMocdepe HMMEIOT GOJBIIOE 3HAUCHUE
B aBuanuu. lM3aMeHeHwe xapaxTepucTmk Haferammero Bo3LYII-
HOTO IIOTOKA ¢ BHICOTOH II0JeTa BechMa CYIecTBeHHo. Mmuraums
BHICOTHHIX HOJIETOB B 3eMHHX YCJOBHUAX IIPOBOJUTCH ¢ LIOMOI[BIO
JAHHEIX O CTaHZApPTHOH# aTMocdepe.

IlepeiizeM Temepp K BEIYUCICHUWIO CHJI, EH-
CyMMapHble €HIA M MOMeHY, CTBYWOIOAX €O CTOPOHBI INOKOAIMUXCA KUJ-
ﬁfc}:‘:g’:;ﬂmf; I‘:gnec;‘;’ggfﬂ KocTeil MJH rasoB Ha IIOMemEHHHE B HUX
pacJ:lonomeﬂI:iylo Bﬂyl;‘pu ooty TBepaibie Texa. raBHbE Bextop A u raas-
3akon Apxmmena HH# MOMEHT smuCI/IJI, [IeACTBYIOMHAX CO CTO-
POHE TOKOsAMeACS KaK HAEANbHOHN, TaK M
BASKOM JKAZKOCTU HA KAKY-im(0 9acTh TPaHMYHON IIOBEPXHO-
CTH TeJa X MM HA [IOBEPXHOCTH 2, BRIAEICHHYI BHYTPH YKAMKO-

CTH MEICJIeHHO, OIPeReJAnTcs (HOpMyJIaMu:

A= S P46 = ——S pn ds, (1.13)
= pH
Eﬁl:&(rxp@do:-—ip(frxn)do. (1.14)
b3 >

PaccmorpnM TBeprmoe Tesmo ob6wema V, OorpaHHUEHHOE IIOBepX-
HOCTBIO 2, KOTOpPOE TOJHOCTHI0 IOTPY;KEHO B IOKOAIIYIOCS KHJ-
KocTh (pme. 4).

Haiinem moamyno cmay (1.13), geiicTBylomylo Ha 3To TEIO €O
CTOPOHBl MOKOAMENCA KANKOCTA WIM aza. (g aToro BOCHOAB3Y-
eMca caenynmmuM coobpaskeHmeM: 09YeBHHO, 9TO PaBHOBECHE OK-
pYMaomeil Teo KAAKOCTH He HApymmTcA (a 3HAUAT, W cmaa A
He W3MEHHTCS), €CJIH MBICIOHHO HIW B eHCTBHTEIBHOCTH BaMEHHTH
o6beM TBeproro Teina o0BEMOM NoKogmelcda JKAJKOCTH € pac-
IpefeJeHAAMHA ILUIOTHOCTH U aBJIEHHA, YAOBIETBOPAIAMHA yDaB-
HeHmaM paBHOBeCHs. IIpofiesaB MHCIEEHO BTy 8aMeHY, BOCIIOAb3YeM-
ca gua Buamcnenma cuin A gopmyaoii 'aycca — OcTporpapckoro.
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Tax kak m = cos (m, x)i - cos (n, y)j -+ cos(nm, z) K, T0

A =— S pndc:——Sgradpdt:—-—§pF’dT.
z v

Ecim F' — cuna rsxecTH ¥ 0Ch z HaNpaBjeHA BePTHKAJBHO BBEPX,
o F = —ghku

= Spgkdr = —G,

Vv

rie G — Bec JKATKOCTH, BAKJIIOUYeHHOH B o6neme V.

Mu pDoxyumam sakoH ApxmMema: Ha Telo, HOTPY;KEHHOe B
TMOKOSAMYIOCH THAMKENIYIO KAKKOCTH, CO CTOpOHBI JRUTKOCTH Je#cT-
ByeT DONbeMHAsd CHJIa, paBHAg — - e L
BeCY JKUEKOCTH WJIHW rasa, BHTeC- - — —
HeHHHX TejoM. Cmiua, meficTByIO-
masg ¢O CTOPOHH >KUAKOCTH Ha
TeJI0, HAIPABJEHAa BEPTHKAJIBHO
BBEPX W CTPEMHTCA BHITOJIKHYTH
ero u3 ;xEprocT. OHa Ha3HBaeT-
CA TEIPOCTATHIECKOH MOABeMHOM
CHJOH, H@Am CcWIoH Apxmmena.
Mo:xHO crasaTb, 9TO 3a CUET Heli-
CTBUA CRJIH ApXHEMeIA IOIPY’KeH-
HOe B JKHAKOCTH TEJIO TEepseT B
CBOEM Bece CTOJNBKO, CKOJABKO Be-
CHT BHTECHEHHAH UM >KATKOCTE.
TuppocraTageckas moheMHAas CHIA BOSHEKAET 3a CYET HEPABHO-
MEPHOTO pacIpefejeHna NABJIeHHS B KESKOCTH, JaBjeHEEe B Ti-
JKeJIOM JKUMKOCTA BO3pACTaeT ¢ IIyOHHOM.

Hoxaskem Temeps, 9T0 IWHUA jAeficTBug cmiael Apxmumepa A
IPOXONAT HWepe3 IEHTP TAKECTH MAacCH BHTECHPHHOH KUAKOCTH.
JlefcTBATENLHO, CHCTeMA IOBEPXHOCTHHIX CHJI, HNPWIOKEHHHX HA
TMOBEPXHOCTA 2, YPaBHOBEIIWBAETCA CHCTEMON CHJ Beca YacTHI
cpensi BrRyTpu obsema V. IloaToMy COBOKYOHOCTH CHCTEMH CHI,
AeHCTBYIOIAX HA MOBEPXHOCTH Tela X, MOKHO CBECTH K OFHOI CHie,
paBHOI 00meMy Becy H IDHIOKeHHOH B IEHTpE TAMKECTH MEICIEHHO
BBEJEGHHON BHYTPH MOBEPXHOCTH X MACCH JKHATKOCTH C pacupeje-
JIGHUAMU IJIOTHOCTH W HABJIEHNs, YAOBAETBOPAOMMMA YPaBHEHAIM
paBHOBeCHA.

Takmm oGpasoM, eCilE HOI'PY:KEeHHOE B JKATKOCTH WAHW T'a3 TEJ0
MOKHO CIMTATh TBEPAHM, 70 3 derT BaamMofelicTBUA Tella ¢ MOKO-
Ameicsa JXKEAKOCTHI0 MOMKHO CBECTH K cwie ApXmMena, IPHIO-
JKOHHON B IEHTpPe TsKECTH BHTECHEHHOH TeJIOM MaCCH HGKOCTH

Puc. 4. K BeiBony 3aK0HA ApXAMena.
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mim rasa. Eeam IxEAKOCTH OHOpPOOHA, TO NEHTP THMKECTH
BHITCCHCHHON MAcCH COBIAJAeT C I[EHTPOM THKCCTH BHTECHEHHOT'O
o6rema. B atoM ciaydae s Tena, HOJNHOCTHI0 MOTPYEeHHOTO B
KHAAKOCTh, TOYKA UPHIOMKEHHS CHIK ApXuMmena, OTMCYeHHas B
Tele, He 3aBUCHT OT OpHeHTAUuM Teia. B ofimem cayuae pas Ted,
JHOTDY;KEHHHX B Cpefy ¢ HeONHOPOJHOW ILIOTHOCTHIO, Cuiia ApXu-
Mefla U ee JWHHA [eHCTBHA 3aBHCAT CYIHECTBEHHO OT IOJOA{CHUS
TeJa B JKEAKOCTH W OT €T0 OpUEHTALMH.

Ecan cmna Apxnmena MeHplie Beca Tela, TO TeI0, TOTPYIKEHHOE
B JKIKOCTDH U IpefocTaBlIeHHoe caMo cebe, ToHeT, ecaum cmiaa Ap-
xmMena Gosbiie Beca, TO BCIABBaeT. B paMKax KBasUCTATHYCCKOIO
paccMOTpeHdsI Tel0 BCILIHIBAET [0 TCX IIOP, IIOKA €ro Bec e Cpas-
HAETCA ¢ I'HJ(POCTATHUCCKON II0OMBEMHOU CHIOM.

Jasa Tey, mIAaBAlOIUX ITa IIOBEPXHOCTH BOLLI, THAPOCTATHYE-
CKasA mogBeMHAs CUJIa Takike paBHAeTcA cuie Apxumena. [l eficTBu-
TeJIbHO, NJifd BHIUCIEHHA DTONH CHJIB MOMSXHO BBECTH 3aMKHYTYIO
HOBEPXHOCTh 2, COCTOAIIYI0 W3 CMOYCHHOH MOBEPXHOCTH TeNa H
IJIOIANYM CedeHns o0nhemMa Teda TOPH30HTANIBHON HIOCKOCTHIO IT,
coBmamamlneil ¢ ypoBHeM moKosAmeiicst skupkoctu. Ha mosepxmoc-
TH 3TOT0 CedeHWsA Tela [aBieHUe cjieqyeT CIMTATh MOCTOAHHBIM M
PABHEIM P, — AABJIEGHUI0 Ha CBOOONHON NOBEPXHOCTH >KUSKOCTH.

Ha opaktuke mpu pacueTe THApPOCTATUUIECKUX CHI, NEHCTBYIO-
IMAX HA KopaGmaM, n3MEHEHMAMU IUAPOCTATHYECKOTO NABIEHUS BO3-
OyXa B PAa3iMIHBIX 9aCTAX Kopabisa MoxHO npeEe6peraTh W CIUTAThH
8TO NABJIGHME IOCTOAHHEIM U PABHEIM P, — ATMOCHEPHOMY HaBJe-
Hmio. OuesmpgHo, 9To UpH BHuucaenun uaTerpana (1.13) mo momnoit
TIOBEPXHOCTH TeJa MBI HONYYHM CHIy Apxmmema NIs JacTH Tela,
NOTPY’KEHHOH B BOAY W OIPAaHWYEHHON CEYeHWEeM Teja IIJIOCKO-
CThIO Tt. '

A Teja, HOTPYKEHHOTO B YKATKOCTL TOALKO TaCTHYHO, IOJO-
JKeHAe JIMHEM JeHACTBHA CHIbH ApXUMeoa OTHOCHTEIBHO Tela Cy-
IMECTBEHHO 3aBHCHT OT OPUEHTAI{NU TeJa.

Hannuwe ruppocTaTudccKOR MOgbeMHON CHIB IMHUPOKO MCIOIb-
3yeTcd B TeXHMKe. JTa CHJIa LOANep/KUBaeT cyja, IIaBailide Ha
TOBEPXHOCTA BOJH, YIAeP/KUBAET ITOBOJHLIE JTOOKM HA HYKHOH
rayGuRe, yieps<ABaCT B BO3AYXC a3pocTaTh W AMpUxcabam I T. 1.
Ha ocuoBe sakoHa Apxume[a mocTpoeHs! npubopH AIA H3MCPEHUA
LJIOTHOCTH KHJKOCTH — aPEOMeTPHl, M3MEpPHTEeNH HMPHOCTH MO-
MOKA — JAKTOMETPH, KOHHCHTPAIWH  COMPTA — CHHPTOMETDEHI
‘H T. ..

CymecTBeHHEIM MOMEHTOM B BHBOJe 3aKOHA ApXHMe[ia ABIAETCA
OPEeAHoJIOsKeHAe 0 3AMKHYTOCTH HOBEPXHOCTH 2 COOPHKOCHOBEHUS
Tella ¢ KUAKOCTHI0. Eciim moBepXHOCTh HE 3aMKHYTa, TO 3aKOH Ap-
xaMefa He mMeeT mecta. Hanpumep, ecium mekoTopoe Telo A mor-
PY3HTL B BOJy TaK, 9TO OHO CO BCEX CTOPOH OymeT OKPY:KeHO BOOU
(pmc. 5), To Ha Hero OymeT MeHCTBOBATEH BEITAJKHBAIOWIAA CHIA; HO
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ecd TO Ke TeJo ONYCTATH Ha AHO, TO NONBEMHAA CHJIa HCUE3HET 1,
g2060pOT, MOABUTCA CHIA, KOTOPaA OymeT IPMKHUMATH TEIO KO
pEy. C oTaM - ABlieHmeM CBA3AHH CJIyYad, KOIJa IOJBOJHEE
JOMKE HO/KUIUCH HA [IHO OKeaHa, TePsAdHd IIaBy9ecTh M He MOIIH
BCILIEITL,

PaccmorpuM eme napadokc #Hyxoeckoz0, CyTb KOTOPOTO 3aKJII0-
gaeTcsa B cienylomeM. Ecam B CTEHKe COCY/la C KHAAKOCTHIO IIOMEC~
taTe wEanELp (pEc. 6), KoTOpHl MokeT Bpamarbca 6e3 TpeHUs

Pnc. 5. Ha temo 4 pmeiicTByer nogbemHas Pue. 6. K mapajgoxrcy
cmia Apxumefa, Ha Telo B geficTByer cH- JHyroBcroOTO.

Ia, TPIDKAMAWIIAA €ero KO [y, ecidHd

JOCTYN KUJKOCTH IOJ TeN0 HeRO3MOMKEH.

BOKPYT CBOEH OCH, TO, Ka3aXoch OnI, JOJKHA BOSHAKHYTH HOIBHEM-
Hasg CHIa, JedcTBYIOIag Ha 9acTh LUJIMHIAPA, HAXOLAMYIOCA B
BOJie, M MOJ JAeHCTBUeM DTOH CHIL LWIHHADP MOJKEH HAaIaThb Bpa-
maTecss. OfHaKo DTOTO He IIPOMCXOMMT, TaK KaK PaBHOAEACTBYIO-
asg CUJ, NeWCTBYIOIINX CO CTOPOHLI BOJAL HA MUARHIP, IPOXOIHAT
He 9epe3 IeHTp 00beMa BHITECHEHHOH XHIKOCTH, & 9epe3 0Ch IH-
auHgpa, mbo jaBieHuMe B KaykAOH TOYKEe INOBEPXHOCTM NAAHMHIPA
HAaNpaBieHO IO HOpMadud K Hell,

C moMompi0 (OpPMYN AIA pacupejeNeHHA TIHIPOCTATHIECKOTO
nasuenns, Hanpumep (1.7) miam (1.9), aerxo paccunraTs CyMMapHbie
CUABL M MOMEHTHI, JeHCTBYIOImMe 3a €Y4eT IEAPOCTATAYECKHX [aB-
neHmiE Ha J100He HMOBePXHOCTH WJIM HX 4YaCTH, HAXOOAMHAECA B
KOHTAKTe ¢ HOKOAIMEHCA SKMIKOCTHI0, HAOPEMEp, HA CTEHKHA CO-
CY/i0B, Ha INIOTHHE, Ha PA3IAIHOTO DPOAA ANNAPATH, HAXONANIAECH
B BOBIyXe W B BOJE, W T. IL IlogmeprueM, 9710 371€CL peub HAET O
chlax, AeficTBYIOIAX HA TeJa, HMOTPYsKeHHEIE B 3KUAKOCTH, TOIBKO
3a c4eT EApPOCTAaTHYECKUX JAaBJIEHUI, TOI[A KaK obmias cmia, geii-
CTBYIOIIAA HA MOBEDXHOCTH TeJid NPH JBMKEHHW KUJKOCTH, MOKeT
3aBHCeTh M ONIDENeNATHCS He TOAbKO TIUIPOCTATHYCCKHEM JaBJie-
HHeM, KOTopoe, KaK OyleT NLOKasaHo HEKe, B OOHEM CJIyuae
ABJAETCA. TOJNBKO YaCTBI0 CYMMAapHOTO /AaBJEHHAA,
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i%m:;:::ﬁ:_‘ibnl:ﬁ;gg::;ﬂﬂ Paccmorpmm Tenepé YCTOHYHBOCTH pa BHO-
u nomutpomHo# ammocgepns DOCEA HECIKEMACMOH SKHIKOCIH. ]élc:m, Ha-
B HOJE CWI TRKOCTH TIIpHEMEep, B COCy/le HMEIOTCA CJIOA BOXH &
CJOH PpTYTH, TO C TOYKH 3peHUA ypaBHEHHH
PaBHOBECHUA TAKeJNOH (KATKOCTE PABHO BO3MOMHH 00a cocTos-
HUAA paBHOBecHs, HM3oOpas;ieHEEe Ha puc. 7. Ho 6yxyT jgm oba

9TH COCTOAHUA YCTONYUBBIMU?
PaBuoBecne HasmBaeTcs yCTOWYMBEIM, ecid ToCJIe IPOH3BOJL-
HOTO MaJioro TepeMem[eHHsA CHCTeMa CTPEMHTCSA BO3BPATHTHCA B
IpejKHee COCTOSHMEe PaBHOBECHA, HEYCTOHUWBRIM, €CIW HANmeTcA

[ ﬂpga C
RPN I —
7) 5)

Puc. 7. IlpuMepn HeycTroM9MBOIO (a) M YyCTOH-
qnBoro (6) PABHOBECHS HEC/KIMAaeMOH JKHITKOCTM.

TaK0e Majloe IepeMemeEne (BO3MYIIEHHOE COCTOSHME) BCell cHCTe-
MBl HJIH €e 9acTH, IIOCIe KOTOpOro CHCTeMa CTpeMHTCA eme Goiee
yIaIuTheA OT TONO;KEeHHsA paBHOBeCHsA, W (e3pasinmuHEIM, eCiH B
cHCTeMe MOKHO Ipou3BecTd ni060e Majloe mepeMemeHde, He Hapy-
mas PABHOBECHA.

IIna Ttoro 4ro6el AJIsA KHEAKOCTE YCTAaHOBHTH He0OXOfHMEIe
VCIOBHS YCTOAYMBOCTE pPABHOBECHS, MOKHO MHICICHHO IIepeMec-
TATH HEKOTOPOe KOIWYECTBO MKEAKOCTH H I[IOCMOTPETH, UTO 3aTeM
fymeT TPOUCXOMUTh C HTOH 9AaCTHIO ;RMAKOCTH IOJ JedcTBHEM CHI,
KOTOpHe Ha Hee GyAyT [efcTBOBATH IOCIE COOCIMEHHOro eif mepe-
MemeHrg. B yraszaHHOM BHIIEe IpAMepe Boga — PTYTh COCTOSHIE
paBEHOBecHs, H300pajskeHHOe Ha pHC. 7, a, OymeT, 09eBHAHO, He-
YCTOHYABHIM, TAK KAK YacCTHOA PTYTH, CMeIeHHAasA B CJIOL BOJHI,
B CHIIY TOTO, 4TO JACHCTBYIONAS Ha Hee apXEMeloBa cuia 6yaeT MeHb-
me eicTBYIOmed Ha Hee CHJIB TAYKECTH, HA9HeT ONYyCKAThCA BHHUS3.
HaoGopor, paBHOBecwe, maobpakeHHOe Ha pmCc. 7, 0, Oyder yc-
TOWYHMBEIM.

OueBmuHO, 9T0 HeoGXOJZMMoOe yCIoBHE ycToiumpocTH (BIZ Ges-
PA3IMIHOCTH) COCTOSHWA pABHOBECHA HECKUMAaeMOH RUKOCTH
B IIOJIE CHJI TAKECTH 3aKIA0TAeTCHA B TOM, UITO IIOTHOCTH CPEIEL JOIK-
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HA YBeJUWYHEBATHCA ¢ TIyOWHOH (MJIE 0CTaBaThCA HOCTOAHHON),
T. e, dp/oz < 0.

Jiaa rasa BompoC yCTOHYHMBOCTE COCTOAHWA PABHOBECHA pela-
eTcA HECKOJLKO CJI0KHee, TAaK KaK JacTHIA Ia3a, CMENICHHAA H3
CIOs ¢ ONHAM [aBleHHeM B CJIOH ¢ [PYTEM JaBIcHWEM, W3MCHA-
eT CBOI0 IJIOTHOCTB.

PaccMoTpEM ycToHUMBOCTE paBHOBECHA NMOJHTPOLHON aTMocde-
PH, B KOTOPOH p,/p, = (p,/p,)", CUHTasg, 4YTO HUACTHNA BOBLYXa
¢ INIOTHOCTHIO Oy, IPH TIepeMeNmeHUN
m3 cixosa I B caoit 2 (pume. 8), HCHmH-
THBaeT aguabaTHdecKoe C;KaTAe HIN
pacmmpeHde, T. e, ,4@

Pe ( Py >* PP

Cwm )

Yepes py MH 0603HATMIA HJIOTHOCTD ¢ @ LPolels
9acTHIE Bo3gyxa A moclie mepeMe-
menus ee B caoil 2. OueBHAHO, 4YTO
pips ¢z ) ycTOH‘H/IBOCTH paBHOBeCEH He- Pune. 8. K yCTOf’[‘IHBOCTI/I paBHO-
06x01EMO, 9TOGH pl< 0y, TAK KaK BOCHA MOJIMTPONHON aTMocdepH.
B 9TOM cJydae cmia ApxwMmena
Oynmer GoabIe CHMJILI TAKECTH; NpPH p; >> p, paBHOBecHe HeyCTOi-
9MBO; IPH pP; = P, OHO MOKeT OHTH GespasnmuHnM. Tark kak

"\
( "_1> _ P _P_z_)"
%} n P1 ’
TO JJIA YCTOHYABOCTH PABHOBECHA NOJIKHO GHIEL n << y, paBHOBe-
cHe HEeyCTOWYMBO IpPH 7 > y W MOKeT OHTH 0e3pasiHYHKM IPHU
r = v. Har yxasuiBamock Brime, agmaGaTAdecKoMy (n = )

paccioeHHI0 aTMocdeps COOTBETCTBYET TajeHHe TeMIepaTyph
A = 1° C 5a xamgue 100 x BricoTH. IlosTomMy, Tak Kak

100g
100g — RA’

z

n—

NMOJy9YHM, 9TO OPH ycroiiumBoM paBHOBecm:m A << 1° C, pasHoBecme
HeycToiamBo, ecad A > 1° C, B MomeT OuThp Ge3pasimyHHM OpHA
A = 1°C.

HomBernusa B aTMocgepe 9acTo sABIAETCA CIENCTBHEM HEYCTOM-
YUBOCTH, BOBHHKAKIIEH NPH NPOrpeBAHAA HAKHEX CJOEB BO3IYXa.
. OpHoif W3 BaKHHIX 3a7{ad9 THPOCTATUKA AB-
06 ycroiiumsoct paeHo- JI1eTCsA HMCCIEMOBAHEE YCTOAYMBOCTA PaBHO-

BeCHA NIABAIOIHHEX TeEa .
BeCHs Tes, I/aBaIOMAX Ha IOBEPXHOCTH BOIEL.
Jlns KageCTBEHHOTO OOBACHEHAA CYyTH geia o0paTuM BHUMaHHE
Ha TO, 4TO IIaBaiomlee Ha HOBEPXHOCTH BoAsl Teino A (HampmMmep,
AepeBAHHHH Opycok) (pmc. 9) ONpOKHHETCA HpPH MAaJoM OTKIO-
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HEHNH €ro OT BEePTHKAJIBHOIO IIOJOMKEHHS, B9HTOT jKe GPYCOK B
noJyiokenun B, Hao00poT, BepHETCA B NpPeyKHEe IOJIOKEHHe.
Teopusa ycTOMUYMBOCTH PaBHOBECHA MJIABAIOINX TEJ, HA3KBaeMasd
«Teopueil cCTOMUMBOCTIY, HMEeT OYeHb Ba)KHO€ IIPAKTHYECKOe 3Ha-
yenye MiasA Kopabieil (¢ ee IOMOMbBIO PACCMATPHBAIOTCA BOIPOCEH

Puc. 9. PasHosecne waasawouiero tejxa B ye-
ToMYMBO, a Teaa A HeyCTORAYHBO.

HEIOTOTUITeMOCTH Kopaluaeil, X kauyxky Ha BouaHe). Teopua ocroii-
YUBOCTA — XOPONIo PABBUTAaf H3AMHAA reoMeTrpudecKas Teopus 1),

KOTOPYIO MBI 3]€CH He OyaeM paccMaTpPUBATH.
PacemoTpum emie paBHOBecHe THKEIOH He-

PanuoBecne SKHAKOCTH CIKEMAEMOl IKHIKOCTH OTHOCHTEILHO Bpa-
OTHOCHTEJIBHO IOABYKHBIX - . -
cHCTEM KOOpTIHAT IMaromeca ¢ TOCTOAHHOH YIIOBOI CKOPOCTHIO
® CHCTeMH KoopmumaT. llycTh ME mMeeM
cOCYI, KOTOPHI BPAallaeTca BOKPYT BePTUKAIBLHON OCH Z C IIOCTOAH-
HO#f yIiIoBo# ckopocThio @ (pme. 10). Oupespeanm dopmy crobGomuoit
HOBEPXHOCTY HAIMTOH B COCYI JKUTKOCTH IPH YCJIOBMH, 4TO OHA
HAXOJHTCA B HOKO€ 10 OTHOLIGHHWI) K COCyAy. B mpasymo wacrh
ypapHeHUi paBEOBecHs (1.2) B 5TOM carydae, IIOMUMO CHIIE TAMKECTH,
clIefyeT BBECTH IEHTPOOEKHYI0 CHIY WHEDIUHU. Y PABHOHHA OTHO-
CHATCJBHOr0 PABHOBECHA WMEIT BHUJ

ap op 2 ap
B bz, @=P(09!/, 5, — 0§

Jlerko BumeTh, uTo WX o00Immee pelneHNe NPEXCTABUTCA (OPMYJIOM

— po? 2 _ .2 2
p=C—pgz+ -1 r=z4 "~

Haa vouxm r = 0, z = 2z, Ha CcBOGOMHO# HOBEPXHOCTH HMeeM
P = Py, MOITOMY
C = po + 082

1) CMm., maopumep, II. Anmensn, PyrosogcTBO TeopeTmuecKoil (pa-
Il AOHANLHOW) MeXamuKM, T. I1I, Mocksa, 1911; A. H. K p ma o HKauka
Kopabas, Hsg-s0 AH CCCP, 1951.
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P = Do+ 0g (2o — 2) + —5— pm re,

YpaBHeHUe - cBOGOMHON HOBEPXHOCTE JKUAKOCTH, HA KOTOpOi

P = Dy, BEMeeT BHON

®3r2

Z——ZD:*zg ,

T. €. CBOGOJHAA TOBEPXHOCTL IPEJCTABJIET
co6oit napaGomon/ Bpamenus. AHaIOTUYHYIO
dopmy OYAYT MMeTh W BCe Apyrue maobapu-
deckue nopepxHocTH. DBewrop grad p Han-
paBieH IO HOPMAJIHM K COOTBETCTBYIOIAM
napabononjam, Lak ykazamo Ha pmc. 10.
B ¢mrcupoBamHO# cHCTeMe KOOpAMHAT IO-
CTOSHHASA 2, NJIA SKUAKOCTH B GOCYIe OIpene-
ngercsA 4epes o6eM JKUIKOCTH, HAIUTOII B CO-
cyA. Ecin B jKUNKOCTE IOMECTATE B3BEIIEHHEIE
9acTANEl Pas3HO# IJIOTHOCTH, TO B Pe3yJbTa-
Te BpameHHs 0ojee Jerxkwe 4acTHIBl, HMeEIO-
mye II0THOCTH, MEHBINYI0 ILTOTHOCTA SRUM-
KOCTH, ITof jieficTBHeM cuinni Apxumena, o0-
YCIOBJICHHO# CHJIOH TAMKECTH M IEHTpolerk-
HOM CHIIOH, MOJHUMYTCHA BBepX M co0epyTcs

BOJIMBM oCHM BpameHWs, a 0oJiee IJIOTHEHE,

Puc. 10. PammoBecue
HOCKUMaeMOH JKHTKOC-
TH B COCY/le, Rpamam-
MEeMCA ¢ MOCTOAHHOM
YLJIOBOH CKOPOCTBIO @.

geM O KHIKOCTH,—

OIIYCTATCA BHU3 M PACHOJOKATCA Y CTEHOK COCyja.
B caywae paBHOBecus THmeION SKANKOCTH B NHCTEPHE, NBUTAI0-
medficss 1OoCTymaTelbHO € IIOCTOAHHKM YyCKopenmeM a (puc. 11),

-a

. /
P»,

g

Puc. 11. PaBHOBecHe KUIKOCTH B IIHCTepHE.
ABATAIONIEHCA ¢ DOCTOAHHHNM YCKODeHHEM.

YPOBeHB CBOGOROf MOBEPXHOCTH KUAKOCTH HOJNYIMTCA HAKIOHEH-
HHIM K FOPH30HTy moj yriaoM ¢ = arctg (a/g). Hampasnenma cym-
MADHBIX MACCOBHIX CHJ (CHJIB TsYRECTH W CHJIH HWHEPIWH), [eiicT-
BYIOMUX Ha KajkAyl YaCTHIY KHAKOCTH, GYIYyT COCTABIATBH, IIOC-

TOAHHKIA yTrod ¢ ¢ BEPTUKAIBIO.
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§ 2. Obmaa TeopHmA yCTAHOBHBINMXCH [BH:KEHRMIt
HjlealbHBIX HIROCTH W rasa. Harerpan Bepmyamm

Ilepeiigem k M3y4YeHHAIO ABHKEHHA MealbHHX cped. Y CTAHOBEM
BayKHOE KOHEYHOe COOTHOIIEHHWE — nepeblii UHMezPaL Y DasHeHUl
Osudcernus udeaavholi Hudkocrnu WMIA Tasa 6 cayuae YCMaHoBUs-
wuzes Ogusiceruli. Jas 9Tor0 Bo3bMeM ypaBHEHHA NBUKEHHA Oil-
aepa B ¢dopme I'pomerm — Jlemba

i} 2, 1
—(% -f—grad-?é— 420 X v = —Fgradp+ F. 2.1

Tag kKar qBEMKeHWEe yCTAHOBHUBIIEECH, TO
v
- = 0.
t

HKpome sToro mpmmeM, 9To @HelwihuUe maccogbie cuavt obaadaiom no-
menyuasom F = grad 9.
PacemoTpuM B HOTOXe JKHIKOCTH HEKOTOPYIO
OpPOU3BONBHYI0 JNWHMI £ ¥ BBefEM BJOJb
Hee HaNpaBJIeHWE OTCYeTa [JIHEE [/, HAYAHAA OT HEKOTOPOH TOYKM
O. 3anauneMm [ 6ynyr ¢dukcupoBaThea Touxkd Ha juEunm L. Yepes
dl oGosHaymM »jieMeHT KacaTelhbHOH K JWHEM ¢ B IIPOMBBOILHOM
royre M (pmec. 12).

IlpoexTupysa ypasuenue (2.1) Ha HanmpaBjeHWe KacaTelbHOH k
£ B mpousBoiLHON To4YKe M C ydeToM c/elaHHEIX IPeIIooKeHui,
MOy YuM

OYyHRIHA KABICHHA

] 2 19 0% P .
W(%)._;_F_L%__T:—Z(mxv);. (2.2)

Bronp pmammoii JjguEEE £ NJOTHOCTh M [aBJCHHE ABIAITCA
QYHRUIMAME JEEH ayra [. JTu QYHKOUE pasiddHH [JIA PasHBX
auamit £, T. €.

p=pl % u p=p 2.

OdeBHIHO, uYTO BJOIL JAAHHON ANHWUA ¢ IUIOTHOCTH P MOMKHO
cquTaTh QYHKIUEN JaBICHHA:

p =p(p, L),

U MO’KHO BCErjia BBeCTH (YHKIOHWIO jaBieHms JP

p

, d

P=F(2L)= S —G gy b= const (2.2)
p
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TaK, 9TO
i)

]

ki

l

oP
al

D

i
o al
HpEYeM 5TO PABEHCTBO T ompefenenHas 10 (2.2") pymkmus P (p, L)
WMMEIOT MecTO TOJLKO JJA fanHoi jsuann L. O9eBAHO, aro ¢yEKOEA
JaBIEHHAA ONpeeleHa TOJIBKO ¢ TOYHOCTHI0 10 ANJUTHBHOY NOCTOAN-
HoOfi, KoTopas CBsBaHA ¢ BHOOPOM p, W MOeT sasumcers oT £. 3a-
MeTHM, 970 B CIyJae G6apoTpomHEIX mPOIECCOB, €CAA H3BECT-
Ha 3aBECUMOCTE p = p (p), TaK BBefeH-

HaA QYHROUA JaBiIeHEA JP° JEerKo BHYHC- £
IAeTCA W He 3aBUCHT 0T juHHN ¢, ecaum
p1 He saBmeut or £L. M
Hampumep, [ia omgHOPOJHOH HECHKH- ; al
MaeMo# JREHIKOCTH ”
P = p/p 4 const. f

Jlas M30TepMUIECKAX IIPOIECCOB B CO-
BepHIeHHOM rase, xorga p = p / (RT),

P = RT In p 4+ const,

Puc. 12. K suBOgy HMHTOr-
pana Bepmyaan.

BaxERM npuMepom He6apoTpomHOro mpomecca, IPE KOTOPOM
dymrmuma P (p, £) Jerxo BHYHECIAETCA BJOJH HEHM3BECTHON 3apa-
Hee JWHUM TOoKa £, MOKeT CIYKATH cayuail agmabarmaeckux o06-
paTEMHX TeYeHH COBepPmIEHHOIro rasa, Korma dg® = T'ds = 0, m
H03TOMY SHTDONHUA § B KajKA0# (HKCHPOBaHHOH YacTHIE COXPAHA-
eTca IOCTOAHHOM, § = const. OFHAKO y pasiIMYBEHLIX 9aCTHI| BHT-
ponusa Mo;keT OHThL pasiIMYHOW, W mpomecc Torma He Gymer Gapo-
TponHEM. Tak Kak JBWKeHHEe YCTaHOBHBINEECH, TO BCE YACTHIEH,
ABHKYIEECS BAOJIL O[HOM W TOH jKe JUAWM TOKa, OyAYT AMETH OJH-
HaKOBYI0 DHTPOHUI.

B camom nene, mpm ycraHOBEBIIEMCA ABWKeHHMHM JHANE TOKA W
TPAaOKTODHH COBIAJAIOT, W ecau OH BHOAb OFHON JMHEU TOKA JBH-
rajuch 9aCTHNE C PasHOH SHTpomHed, To, Ipoxoud uepes (uK-
CHPOBaHHYI0 F€OMETPUYECKYI0 TOYKY JHHUE TOKA, OHH CO3[iaBajJd
05 maMeHeRWe SHTPOIMH CO BPpeMeHeM B 3Tol TOUKe IPOCTPaHCTBA,
T. . JBWKeHHe He Omno OW ycraHoBWBmMEMCH. Ha pasHumx iIwHMA-
AX TOKA BHTPOOHA MO;KeT OHTH pasiImgHOi.

YpasHeHEe COCTOAHAA COBEPIIEHHOI'0 I'a3a MOKHO IIPEICTABHTH
B Buge (em. § S ra. V 1. 1)

1/ Sg—8
p=po( 5" e = p(p, )

Tax xak B paccMaTpHmBaeMOM CIydYae JHTDPOOHA $ BROJIb JHHHE
TOKa . TOCTOAHHA, TO, BHYHCIAA (QYHKOWIO pasaenda P s
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KaKou-HUOYAp JMHHUH TOKA, HOJYYUM

Fp, L) ::S Po ( Sodis (£) ) Pl

Pyt P ‘p

1
it pn/Y

_ . s (&) — so
e A g (2=

P

) poDNY - const.  (2.3)

Ucnonnsys ypasnenne cocTosHus, MoskHo upencrasutes P (p, L)
B BH/E

F(p, 0) = g -1 cousl, (2.3)

fg—
I

B ¢opmyne (2.3) sapucumocTh QYHKIUH AaBIEHASA OT JIHHHH
TOKAa NPOABIAETCA depe3 BHAYEHHA JBYX HaPaMeTPOB — IOCTOAH-
HOW [JIA Ka)K[o# JMHUH TOKA DUTPONMH S U HOCTOAHHOM HMHTErpu-
posarmsa. Ilogueprnuem, uro hopmyant (2.3) u (2.3') gaa dyERIAR
gaBiaerusa P (p, &) cupaBegiIuBH TOJABKO BLOIb JHHAU TOKA.

Hnterpan Bepuyamt sgoms Beeqs  ¢yuruuio gasienus P (p, £),

) 9 .
AFHAM TOKA M BHXPEeBOH ypastenue (2.2) MO;kHO 3amHcaTh B BHJ(e
JTHHHH

a T v? X

Tl PO = U= =2 v (2.3

Ilycrs Temeps £ ecrh JuEEMA ToKa. B dTOM cay4ae cros-
mas copapa B(2.3") MpoeKIUs BEKTOPHOr0 IpomsBefenua (@ X v);
of6paTHTCA B HYJb, TAK KAK BEKTOpP @ X ¥ HEePHCHIHKYIsADEH K
JUHUH TOKA.

ABaJIOTHUHEIH pe3yJabTaT MOJy4HTCA, ecam L GygeT BUXpeBOd
JUHAEH.

B ofmem cayuae ¢ymrmun P (p, ¥) Ha JUHAM TOKA K HA
BEXPEBOA JUHUM pPazJINnYHEL )

Taxum oGpasoMm, B0Jb JUHUA TOKA B BUXPEBHX JIHHUE HMeeM

sl P 0 - %] =0, (2.4)
T, €.
L P(p, L) —U=i*(2). (2.5)

IloguepKxHeM, 9To CTOAMAA CIHpaBa MOCTOSHHAA ¥, 13006111;(3 ro-
BODSI, PAsidYHA [JIfA Pa3HHX JHHEA TOKAa W BEXPEBHX JHHHA: i*
sapucaT or £. JTa 3aBHCHMOCTD i* or £ cBA3aHA HE TOJBKO C TeM,
9To B caydae HeGapOTPONHHX mHponeccos J 3aBmcHT OT £, HO H ©
TeM, YTO MOCTOSAHHAS KHTETPUPOBAHUA BHIPAKEHHS] (2.4) Bpoms
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Pa3HHIX JUHHA MoyKeT ORITH PA3HOU U B TOM Ciaydae, Korja GyHKIHA
P He 3aBUCHT OT JUWHMH TOKa 1).

B rex cnyvasx, Korfia- QyHRIHUA maBieHus P W3BECTHA, COOM-
HoweHue (2.5) SIBIAETCSA NMEPBHIM HHTETDAJiOM ypaBHeHHH ABHe-
HEA HAealbHOHN SKUAKOCTH M Haaweaemcs Unmezpaton Bepuyaau.
9roT mHTErpas mMeeT GYHIAMEHTAJIbHOE 3HAYCHUE B TEOPHH JBUHE-
HAA AIEadbHKX JKALKOCTeH I Ta308 K ABIAESTCS OCHOBON BO MHOTHX
OpaKTUYECKHX pacdeTax.

Ecau ¢ynxums nasnenus P(p) u 3HaYeHWe NoCTOSHHOM i*
BIOJNb NAHHOW JNHHUAM TOKA HJW BUXPEBOH JIWHHUM M3BECTHHI, TO,
NOAB3YsACh WHETErpadoM BepHynam, MomHo B M0G0 TOYKe TUHWHU
TOKAa WA BHXPeBoH JIMHWM, 3Hafd CKODOCTh, HAWTH JaBleHMEe, HIU
HaoGopor. [us oupenenenns nocrosnnoii i* B unrerpane Bepuya-
N JOCTATOYHO 3HATh 3HAYeHHA XaPaKTEePHUCTUK TBUKOHHSA FKUIKOC-
TH, BXOAAMMUX B JeBYI0 UYacTh MHTerpasta BepHyIIM, TONBKO B OI-
HOHW TOUKEe Ha JMHWYM TOKa WIH Ha BUXPEBOH JMHWH.

Vipm nanmaun Gaporponmu MOCTOSTHHAA WH-
Cry9am, ®OTfa MOCTOANHAT  rorpaja DepHylIn OfUHAKOBA JUIf 9ACTH
uurerpaida Leprynaiun o
He 3ABMENT OT JIMHHM uiM BCeH MAcCHl MKHJAKOCTH W HE BaBHCHUT OT
JUHAY TOKA HJIM BUXDPEBO JIMHUM, €CIU BeK-
TOPHOE Mpou3BejeHne @ X ¥ B 9TOH Macce JKHKOCTUA PaBHO HYJIIO.
910 Mosker OHTh B Tpex ciayuasax; aubo worma v= 0 (rugpo-
cratuka), aubo worma ® = 0 (gBH)KeHWe IOTEHHUWAIBHO), INGO
KOTa BEKTOp BHXpA ( KOJIMHeapeH BeKTODY CKODOCTH .

ITocenuuii cayuaik He MosKeT MMETh MECTO IIPU ABVIKEHHU TBep-
TOTO TeJa M MWIOCKOTIAPAJIeIbHbIX [BUHEHUAX ?) IRUAKOCTH, B KOTO-
PHIX @ 0pTOTOHAJBHO ¥. MHOT006pa3ue BOBMOKHIX JBI/ReHIH J1U[T -
KHX cpep ropasgo Gorave MHOroo6pasHA BO3MORHEIX JIBWKeHHIl
TBEPABIX TeJN; A meopMUDPYEMBIX Tenl clydail, KOrZa © mapal-
JeJBHO ¥, MO3ieT UMeTh MecTo. [lampumep, ecii HenpeprlBHOe 1oJle
cKopocTell 3ajgaercss GopMyIaMu:

- . x . T
5 == = sin— ;605 |

Vo
2 (Y EYnE 6
Vo__(a—{-ajbma, (2.6)
w Y z x
W‘(7+7)GOSZ’

1) AJTUTHBHYI0O HOCTOAHAYIO, BXO/JAMYy0 B ONpefeende QYyHKOUY HaB-
Jenna P, ygo6HO BRANYATH B MOCTOSHHYIO HHTETPUPOBAHHA i*. ;

?) Hak moKasaHO B KOHIlE 3TOro maparpada, IJIOCKOHAapaJilebHhe JABM-
WMEHAA C/HEMAeMoii JEUAKOCTH TpHM Hajmuyum Oaporpormu, cenwn i¥ = const,
ABIAIOTCHA [OOTeHNHAJLHHIME; IIPH OTCYTCTBAM (apoTpPOOMHM 13 paBeHCcTBA
i* = const me caemyer, UTO ABH/KOHME HOTEHLUAIBHO.
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1
rge V, ¥ @ — DoCToAHHKE, TO JETKO IPOBEPHTH, YTO G = - v, cae-

noBaTelbHO, B Iode cKopocTeit (2.6) JMHME ToKa COBIafaioT ©
BEXDEBHMH JWHASAMH,

OueBnjgHO, 9TO B Tpex mePEYACIEHHHX BHINE CIydYasAX A OIL-
peneaeHds HOCTOSIEHON B HHTerpaje BepHYIIH [OCTaTOIHO 3HATH
BXOJAMME B JEBYI0 9acTh MHTErpajia XapaKTePHCTHKHU JABHIKEHUSA

JKATKOCTH TOJBKO B ONHOH HOpPOH3-

= BOJIPHOH TOYKEe KHIKOCTH.
4,20 15,0 OrMeTnM eme, 9T0 IOCTOAHHEAS ¥
B wHTerpaie bBepHynnaum omHa m Ta
JKe Ha TAKHX JIAHAAX TOKA, KOTODHE
HAYMHAIOTCA WIH IPOXOgAT depes
00aacTh, I'le BCe XapaKTePHCTHKHI
JBHM)KEHAS ONMHAKOBH. Tak, HAIpHU-
Mep, ecad u3 GONBIIOro cocyma, 3a-
OOJHEHHOT0 HIeANBLHOH KATKOCTHIO
A Ta30M, depe3 HeOOoJIbINoe 0TBEP-
cTHe BHTEKaeT ¢Tpys, obTerammas
Puc. 13. Hocrosmmsie ® umre- HEKOTOpoeTeio (pumc.13), Tomocrosn-
rpame Bepuymmm opumakops Hble i* WHTerpama BepRyaam Ha
Ha Das3AnYEHX JHHHAX TOKA.  pA3NUTIHHX JUHUAX TOKa OymyT ogH-
HaKOBHIMH.

B 3agade 06 aguabarnueckoM oOTeKaHHH Tel rasomM, Korga Ia-
paMeTpH B HaberaomeM OOTOKE B O6CKOHEYHOCTH OTUHAKOBH, &e-
Aununa i* (ompefieeHHAN AAd ceMelicTBA JWHMOHE TOKA) NOCMOAHHA
BO BCEM IIOTOKE 0adxce npu HAAUNLL 6 NOMOKE CKAYKOS YNAOMHEHUS.

Ileiicteurensro, ecam coranacHo (2.3') musa apmaGaTHIeCKHX
IBH;KEHHH rasa IONOMKHUTH

\

p

7

TO W3 YCJOBHH HA HENOABH)KHBIX CKAYKax B CIydae COBEPIIEHHOTO
rasza (cm. (6.4) § 6 ra. VII) nerko moxydmm, 9To BONE JHHHH TOKA
mepeceKanmeil MOBepXHOCTH ,pas3phiBa, BeJNYMHA

ya
2 + T—i P
0CTaercsi HeNpepHBHON, M03TOMY LIOCTOsSHHasA i* ¢ ofemx CTOpOH
CKauRa OJWMHAKOBA, TOTNA Kak ®HTpoOUHA, QYHKIOHNA JaBIcHHSA
%P (s, p) @ CKOpPOCTH YaCTULH TepmAT pa3phB. TakuM oGpasowm,
HAJIEYAE B TOTOKE COBEPIMEHHOTO ra3a CKAYKOB YIUNIOTHEHHA He
MeHsfeT 3Ha4YeHHe MocToAHHOM i* mATerpasa DepHynnm BmoXb JNH-
HEE TOKa, HO MeHfeT SHTPONWI0 Ha JHHAAX TOKa, HepeceKaromux
CKaI0K.
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B aToMm ciiydae IIp¥ Pa3JUIHHX 3HAYeHHUsIX DHTPOIUU HA pas-
HBIX JIHHUAX TOKA B IIOTOKE rasa HeET 6ap0Tp0mm.
;.

. d
Haitnem wommyio nponsnonuym—él— B aI060M HaNpaBIGHAH A

BeJHYUHE [*, onpesfenenHo#t ¢opMyroil (2.5) aaa nmemit Toka mpm
orcyrcrsum Gaporponumu. Onmpenennu ¢yrrnmo P (p, €) kak GpyHK-
OUI0 NaBIeHHs Ha HOKOTODOM ceMelicmee THHUI.

W3 ¢popmynst (2.5) npr nuddepeEnupoBannd B J1060M HAIpaB-
nernu ! ciepyer paBeHCTBO

%;- = _gl— [—;—2 + gb (p’ ff) - %}§€=const _Jr (%.?)p:const =

/ 0P

= —2(0 X V) + (—a—,— 2.7

)p=-const *

B cayuae apmaGatmaeckux aBm;keHWE ompefmenmMm P (p, s) Ha
ceMeiicTBe JMHME TOKA, TOTAA MOKHO HAINCATh
[ O 0P 0Os
2 — 22, (2.8)
01 4p=const aS 0[

rme s — DHTPONHA, KOTOpas MOKeT IPUHAMATh pAa3IMYHHE 3HAa-
YeHUA HA PASHHX JIMHUAX TOKAa. JTOT WieH paBeH HYI OpH aud-
(QepeHNMpPOBAHAY BMIOJXb JUHUU TOKA, HO, BoobOie roBopA, OTIH-
4eH 0T HyJNsA OpHu auddepeRIupoBAHAN B HampaBIeHWsSX, He Kaca-
TEALHKX K JIVHUAM TOKA.

Ecan i* = const B paccMaTpuBaeMoil 00 acTH TOTOKA, TO B 3TOM

cryqae u3s (2.7) 7 (2.8) cuexyer

A (2.9
s al
T. e. upm ds/8] = 0 moToK ofsa3aTenrHO BUXpeBod. TakuMm o6pasom,
eclm OFHOPOJHHH MOCTYHATEeIbHHA HOTOK IepeceKaerT HCKpPHBIIEH-
HYI0 yJapHYI0 BOJHY, TO CKAYKHE 3HTPONUA Ha Pa3jWIHHX JHHAAX
TOKAa MOJYYajoTCA DPA3HKMH, Io3ToMy Boobme Js/dl = 0 m, ciego-
BaTeIbHO, 3a UCKPUBJIEHHON yHapHON BoJHOW o6a3aTeXbHO ob6pa-
3yeTcsA BUXpEBOe moJe CKOpOCTed.

Ecau npuyeHMe HenmpepHBHO W Ha BCeX JUHHAX TOKAa BeJMIXHA
i* m sATponHs ONMHAKOBH, To ¢ ydeToM (2.8) m3 pasemcta (2.7),
IpUMeHEHHOTo K Io0nM HampaBreHmAM I, Haiifem, 4ro

o Xv=0. (2.10)
OTcioga BHTEKAET, 9TO B 9TOM Ciydae Ju60 ABUKEHHE IOTCHIHA b~

HO, 1u60 JHHAA TOKA COBIAJAIOT ¢ AHHUAMA Buxps. Ecnun namxenme
II0CKomapaneasso, To #3 (2.10) ciegyer, aro ABMkKeHHEe WOTEH-

DHAILHO.



% P VIII. T'mpoMexamuka

§ 3. Hurerpanr bepuyanu [1as necxkaMaeMoi
TsKeAol KEIROCTH

PaccMoTpuM HeKoToDHe NpUI0KeHMs MHTerpala Bepmymiau.
Ilyers MBI mMeeM OMHODOTHYI0 HECKMMAeMYH KMIKOCTh, JBH-
JKYIIYIOCA B IoJjie ¢l TsaecTH. llampaBHB och z BePTHKAJIbHO

BBepx, moaydmm U = — gz, U uATerpax DepHynnu IpuMer BHR
v2 , . .
o o g =1E (3.4)

Bui6pas Ha JIMHENH TOKA TOURY ¢ KOODIWHATON z;, MOKHO OUPEIENHTD
nocTOAHHYI0 ¥ mETerpasa bepHyIE Mo 3HAUYeHUAM IApaMerpoB
pi ¥ vy B 3TOH TOUKe:

. 2

v P 1 Pt . .

— —_ e A

9 { P ‘} gz— 9 { P _l_gzl- (32)
CropocTh MCTEuCHMS Ompegennm CKOPOCTH WCTEUSHUS HECHUMAae-
HEC/RUMACMOH IRUAKOCTH Mol kuMaKocTu m3 cocyna (pmc. 14). llpm

a3 cocyfia
HUCTeUeHNH JRUJKOCTH K3 COCyJa YPOBEHb

JKUAKOCTH DOHMMKAETCA U ABHKEHNe ABJA-
eTCA HeyCTaHOBUBIINMCSA, HO eCcJIH TPeAnoJ0HATh, 9TO COCYyHd HOC-
TATOYHO BEJHK, a OTBEPCTHE MaJIo, TO IBIKEHUC B TeJeHNe He OICHb

4

Z

T

et >

Puc. 14. Ucredenne ;KAOKOCTH H3 COCYAA-

GOJBIIOr0 MPOMEAYTKA BPEMEHN MOKHO UIPUONHMEHHO CYHTATH
yCTaHOBHUBIIMMCH.

BospmeM HeKOTOPYIO JHHUIO TOKA ¥ HALMINEM 1A TOTEK BAOTD
Hee mETerpat Beprynnaun. Bee nunuy TOKa HAYMHAIOTCH, 0TeBHHO,
Ha ¢BOGONHOM MOBEPXHOCTH ;KHAKOCTA B COCyfe, TAe p = Py H
v, =~ 0. Ha cBoGoHOIl MOBEPXHOCTH BHITEKAIOMEH CTPYH P == Parm.
B yneM npuGimKeHHO CYMTATh, YTO HA BEIXOJe M3 COCYMa MBI~
Hfe BHYTDH CTPYH BCIOY DPaBHO Darw, & CKOPOCTH paBHA .
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Torpa

v? Parm o
-+ 0 +gZ=T+gZh

otkyma (cM. puc. 14)
T
D= l/ _(f%m_) 1 2gh . (3.3)

Ecnu paBineEnme Ha cBo0OgHON MOBEPXHOCTH JKHJKOCTH B COCYyAe
paBHEgETCA aTMochepHOMY, TO

v =V 2¢gh. : (3.4)

HKax gsBecTHO, TAaKYIO e CKOPOCTE HoJydaeT MaTepHalbHAA TOUKA,
IAJAI0MAs ¢ BEICOTH h cBOGOIHO MW MDY HAIUTHA KASANLHBIX CBA-
3eif, KOTJA CIUIH pPeaKImH CBa3eil He copepmaior paGors. Popmya
(3. 4) "gocuT HazBaHue dopmyras Topudennn.
Oupepesam Temeps CKOPOCTh HA cBoboJI-
HOil IIOBEPXHOCTH KHAKOCTH, HepereKaro-
el Tepe3 BePTAKANBHYIO CTeHKY (puc. 15).

ITpepmonomxum, 910 06peM BofoeMa OUYeHB BEJIHK, W MOKHO CIU-
TaTh, 9T0 YPOBEHH JKEIKOCTH HATEKO OT BOJOCHHBA NPAKTHICCKH

Bogocnnp

z

B(0-0, p~pam’) adepznosmo
7 o cholodnmit cmpyy

A (020, p~Parw)

Prc. 15. Bomocnus. .

HEe MEeHACTCA U PaBeH z;. [ BiKeHNe MOKHO CIATATE YCTAHOBABIIAMGH .
CpofogHad IOBEPXHOCTH JKEAKOCTH SBJIAETCH I1OBEDPXHOCTBHIO
TOKA, HA KOTOPOil JaBlieHNe PABHO aTMOCHEpPHOMY Pary, & CKOPOCTH
B TOYKAX BOJOEMA, TAJEKUX OT CTEeHKH BO,IIOG.TIHBa paBHA HYJIO.
M3 materpana BepEyanum ciaexyer, 4To

P ,
o gn = ap““ + 82+ 5

rie v — CKOPOCTh B IpOM3BOJILHOIN Touke A Ha cBofosiHON moBepx-
HOCTH JKHIKOCTH C Koopaumaroir z. CiemoBatrenbHO,

v="V2gh, tme h =1z 3.
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Tpy6xa Inro — Hpamaras  CKOpPOCTh TEUeHAA IKUIKOCTH H3MEPSIOT
o0mTHEO0 ¢ nomompbio Tpy6km Ilmro —
IIpampras, cxeMa KoTopoit H3o6paskeHa Ha pme. 16.

Tpy6ra Ilmro — IIpamgTasa mpepcraBisger coGoii TOHKOE BHI-
TAHYTO® MUAXEIPUIECKOe TEJO CO CKPYIIEHHON mepeqHel 9acThIo.
IIpa Takoii popme Tpy6ra c1aGo HCKaaeT pacipeseleHAe CKOPOCTE
B moroke. J{aa mamepenus cropoctu Tpy6ry Ilmro — Ilpamarias
noMeInaioT B KATKOCTH M PACIOIAraioT ee BOoJh HoToKa. Ha Texe
Tpy6ku Ilmto — IIpamuTias HMEIOTCH OTBEpCTHA, 9€pe3s KOTOPHE
0 KaHaJaM, pPACHOOJO/KeHHHM BHYTDH Tela TPYOKHM, KHIKOCTH
MOKeT HOCTYIaTh B [Ba KoJeHa MaHoMerpa. OgHo u3 OTBepCTH
pacmoixoxeHo B mepepneii Touke TpyOku Iluto — llpampras
(roura I). Ilpyroe — Ha ee MuIAHIpPAIECKON YacTH, HA HOCTATOY-
HOM yRaleHHH OT Iepsoro, (Togxa 2) Tar, 9To6H HCKa)KeHHe IMOJA

[N
=
IO

(00 1510 5 S R

Puc. 16. Cxema TpyOuwu ITuro — Ipamgras.

cKopocreil 3a cgeT 06TeRaHAA CKPYTASHHOr0 KOHIA Tpyoxm [Imro —
IMpamgras MomxHEO OHIO He YYWTHBATH IPU PACCMOTDEHHM Tede-
gas BGau3M BTOpOro orBepctud. Ilpw o0TeRaHMH TPYOKH HOTOKOM
AIKOCTH IepeqHsas Togka ] OymeT KpHTHYECKO# TOUKoi, B Hel
CKopocTh ¥ GymeT paBHA HyJIO, a faBjleHde p = p, = p*. JlaBiue-
HAe B KPATHIECKOH TOUKe MHOIZA HABHBAKT HOXHHM [aBICHAEM
WJIN FAaBJICHACM TOPMOMeHHA. B ToUKe & CKOPOCTH U MaBIeHHEE IIDH-
6MHUAeHHO PABHHE CKOPOCTH H JaBIeHHI0 B HaleraomeM HOTOKe IPH
OTCYTCTBUHU B HeM TPYGKH, v, = VH Dy = p.

Ilpumenms mHTerpan BepHyanm K ToukaM I m 2, ne:Raimm|M,
09eBHHO, HA OFHOV JWMHUW TOKa, 6yneM HMeThb

2
Py S T I
—p-+gzl——2—+ P + 82,,

Ifie z; W 2z, — BepTEKalbHEE KooppmHAaTH To9ek I m 2, Ilpeme-
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Gperas 4neEOM g (2, — z) BBAAY Malod TOJMHIHH TpPYOKH,

TOJIy9UM
e ]/ 2(n—p)
p

Pasmocts papnenmii p, — p, paBHa, OUeBHJHO, Y/IeABHOMY Becy
'KUJKOCTH, HCIOJL3YeMOil B MaHOMeTpe Yy = p,g, YMHOKEHHOMY
Ha pa3HOCTH AR BEICOT yPOBHEH ;KAJKOCTE B BEPTHKAIHHHX Kole-
HaX MaHOMETpa, IDOdTOMY, €CIH p; = P, TO

v =V 2gAh.

B paccMoTpeHHHIX BHINe NOpuMepax (MCTeIeHHE KHTKOCTH

m3 cocyma, Bogocams, Tpyb6ka [Imto — Ilpampgras) unrerpan Bep-
HYJ/UIR WCHOJB30BANCSA NAJs ONpPENeNeHHsT CKOpOCTeidl 1o mMem-
I[AMCH CBEIEHUAM O JaBICHUAX.
PaccMorpuM Temeph BOIPOC O 3aBHCHMOCTH
HaBIEHAS OT CKOPOCTHE BIOJb JHHUH TOKA.
Has aToro BO3bMeEM Ha [JaHHOH JHHUA TOKA
[Be TOYKH C BePTHKAIBHEIMA KOODAMHATAMHM z W %, JaBjleHHe W
CKOpOCTH B 3TUX TOYKAX 0G03HATNM COOTBETCTBEHHO Tepe3 p,p 1 v,2;.

U3 maTerpana Bepryaam momydum

JluraMHYecKoe M THAPO-
CTATHYECKOE JaBICHHA

2
pPYy po?
P=p+p8(z—2)F—5 — 5. (3.5)
BHJIHO, 9T0 JABJEHUA B JBYX TOYKAX HA JHHUU TOKA, KaK ¥ B I'H[]-
pocraTuKe, OTIHYAITCA APYr OT APYyra Ha BeIwdimHy pg (z; — z),
BHI3BAaHHYI0 pa3HOCTBI0O YpPOBHell, M, KpOMe TOr0, Ha BeJlH-

auny (pv3/2) — (pv?/2), cBA3aHHYIO ¢ Pa3HOCTHIO CKOPOCTEH B 3THX
Toukax. Hasosem wieH p; 4+ pg (z; — 2) = pPrer THEAPOCTATHYE-

CKEM faBleHdeM, a wieH (pvi/2) — (pv?/2), 3aBmcAmmit oT cKOpocTH
v, TMHAMHYECKNM [aBJICHHEM.

Ecanm moMecTdaTs TeNo B MOTOK KUAKOCTH MM Ta3a, To Ha Telo
OyayT mefcTBOBATH CHIH, CBA3aHHEE, BO-IEPBHX, ¢ HEPABHOMED-
HOCTBLIO pacIpefielieHds THIPOCTAaTAYeCKOTo [AaBieHWA (chma Ap-
XWMefa) U, BO-BTOPHX, ¢ HEDABHOMEDHOCTBI0 PacupefeleHnsa JAHA-
MEYECKOI0 JaBJeHHs IO MOBepXHOCTE Tela. Bo MHormx ciaydasx,
HallpEMep OpH IojieTe CAMOJETOB, TWHAMAIECKAs MOfheMHAs CHJa
OKAa3HBAETCHA BO MHOTO pa3 GoibIe TAfPOCTATEIECKOM.

CpaBHEM MOPAAKHM BEJIWYMH pPa3HOCTEHd THAPOCTATHIECKOTO H
OAHAMEYECKOTO [JaBJIEHHA B DasJMIHHX TOYKAX TeJa IpH yCTa-
HOBHBIIEMCA OOTGKAHHA €T0 IOCTYHATEIBHHM IOTOKOM JKHIKOCTH
WK Ta3a ¢ DOCTOAHHON He CIMMKOM (oJbIIofl CKOpocThIO Ha Bec-
KOHETHOCTH, DPABHOH Voo.

PaccmoTpuM ofTeKaHEe HECEMMETPHYHOTO Npodmia KpHIa
TOPH30HTAIbHLIM MOTOKOM BO3yXa CO CKOPOCTHIO Vo = 100 #/cer ~
= 360 xx/uac (pme. 17). Kax Gymer moxkasano mmxe (cM. §5), gua
TAKHX CKOpocTell IpE BHYACJICHHA [ABJICHAS B yCTaHOBHBIIOMCHA
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OBUKEHAH BO3NYX ¢ 60JBMIION TOYHOCTHIO MOYKHO CUATATE HOCIKAMAE-
MOH JKHIKOCTBIO.

Ilpm ofTerammu HECHMMETPHYHOTO NPOYHIA KPHIA CKOPOCTD
Ha €ro BepXHeil ToOBepXHoCTH GolbIme, YeM Ha HHKHEH, a JaBleHHe,
Kak 3To cliefyeT W3 mHTerpada Beprynam, maobopor, Goiapme Ha
HEKEeH nosepxuoctH, Ilpeqmonosxam, aro ckopoct: B Touxax I m
2 Ha BepXHeli W HmKHeH NOBeDXHOCTAX Kphma (cM. pmc. 17)
OTIAYATCA Ha BeamudAHy mopsiika 10 m/ce. B Toure 1
CKOPOCTh, Hampumep, paBaa 100 m/cer, a B Toure 2 — 95 m/cek.
Torga, Tak Kak ILIOTHOCTH BOB[yXa LPH OOKYHHIX YCIOBHAX

 p——
Uoo

Pmc. 17. OGTeranme HeCHMMETPHIHOTO KpPHLIOBOro mpodumis.,

p = 0,125 l'cex?/m*, pasHUNA B TABIEHHAX 3a CYET PABHENH CKO-
pocteii B rourax I m 2 6ymger oxoxo 130 kI'/m%. B 1o sxe Bpems pasHm-
1[a I'HpOCTATHIECKUX [JaBJeHAA B 3THX TOIKAX [PH BEPTHKAID-
HOM pasMepe kpbuia mopsgra 1 m Gymer Bcero oxomo 1,2 kl'/m?,
Mu BAgmM, 9TO pasHOCTH maBlieHuit B Todxkax I mw 2 Ha BepxHeN
¥ HEKHEH TacTAX KpHJIA 3a CI6T jane CPAaBHATEIHHO He(OJIbIIOR
pasHHuH B ckopocTax (~ 10 m/cer) Ha nBa mopsmka Goabmme pas-
HOGTY JaBIEHHH 3a CYOT Pa3HUIL yPOBHEI.

HecymecTrenEOCTS rUIPOCTATHIECKUX NABISHHI 0 CPABHEHUIO
¢ IMHAMUYECKAMH B a2 POJUHAMUKE CAMOJETOB MOKHO €IIe ONIYTHTH
¢ MOMOIIBIO ciaemyomux coobpaskennii. Ilpu ycramoBmBmemcs ro-
PHE30HTANTHHOM IIOJIETE CAMOJIeTa MONHAH HO[beMHAs cuia, o0yc-
JOBJIEHHAS PaclpejelcHNeM IIOJIHEX JaBJeHWi, paBHA, KOHEYHO,
Becy camoleTa, a cuiia ApxmMesa, o6yCIoBIeHHAS pacIpeeleHAeM
0 HOBEPXHOCTH CaMOJeTa TIHAPOCTATHISCKUX [gaBIeHWH, paBHA
TONBLKO BeCy BO3LYyXa ¢ IIOTHOCTLIO, 0TBEYANMEHd BhICOTE HOJeTa,
B oGbeMe camoneTa. CHO, 4To cmia ApxWMea MeHbpINe THICHTHBIX
molieil moNHOH IOALEMION CHJIK, PAaBHOW BECY camoieTa.

Ipn geuskennn Goabiux Ho 00bEMY TeJ ¢ MAJIKMA CKOPOCTSAMH,
HAIpUMep, BO3MYIIHKX apoB ® AEpmKabieir B Bosgyxe, Kopal-
lefl ¥ MOABOSHLIX NOJOK B BOME, PONb AMHAMAYECKAX [ABICHHN B
CO3JaHNA HONBEMHO CHIH HesHadmTeNbHa. [Ipm nBEKeHHHE B BOfE,
mIoTHOCTH KoTopoil B 800 pas Goapme IJIOTHOCTH BO3RYyXa, CHIA
Apxumesa oKa3HBAETCH JOCTATOYHO 00JNBINONM, M WMEHHO dTa CHIa
yAepskmBaeT Kopabip HIM IOIBOAHYI JIOAKY. 3aMETHM, 4To 3a
€9&T IJIOTHOCTH [WHAMHUYECKHE JaBJIeHHMA IpH OBHKeHHA B BOJe
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rakse BospacraoT B 300 pas mo CpaBHEHHIO ¢ IMHAMHYECKHMH 1aB-
JeHHAMU B BO3AYyXe IPH Tex e ckopoctax. llogpemuas cuma pu-
HAMHAYECKON ONpHpPOALL yuepKUBaeT cyfa HaJ Bojoill OpH ABU:KeHMU
MX Ha DOJBOAHHX KDHUIIbHX U UPH I'IHCCHPOBAHMM (CKOJBYKOHWUN)
110 DOBEPXHOCTH BOAKL CY/MOB, NMEIIIUX [HUIIE, CMOYEHEBAs YacTrh
KOTODHEIX HMeeT «IOCKOMOHEYI» opMy. OTH CIYIal COOTBETCTBY-
10T 60JIBIIMM CKOPOCTAM JABHKEHHA IO BOJE.
Paccmorpum Temeph [BHsKEeHHE HeC;KHMae-
Te-xe;)ﬁnn:cm;emoﬁ MoA HIKOCTH B TOHKOH TpyOke mepeMeH-
’:;ﬂmemom ng’ﬂ:geqﬂom Horo momepedHoro cedemums (pumc. 18). 5
CcOueHHS Bynmem cumrath, 970 TedeHHWe B TaKod
TpyOKe OHOMEPHO, T. €. CKOPOCTH KHAKOCTH
B PAa3JIMYERX TOYKAX KAKIOT0 CCUCHHA S MPHOINSATCALHO OTHHAK O-
BEL M MOTYT OTJIHMYATHC IIPH YCTAHOBUBINEMCH JBHKEeHAN TOJAbKO IPH
mepexose OT OJHOIO CeYeHHs K Apyromy. B cHIy HepasphBHOCTH
TeUCHHA depe3 Kaigoe IIONepeIHOe CedeH¥e B eNUHWUIY BpeMeHH
AOIKeH TPOXOMHUTHh OJHHAKOBHI 00HeM
JKHZKOCTH, T. €. BAOAb Tpybum BepHO
PaBeHCTRO

vS = const.

Bupmo, uro ¢ ymempimenmeM _cedent g

~—

Puc. 18. TpyOka mepeMeHHOTIO Pnc. 19. Cxema BoOpO-
MOHePEeTHOTO CeYeHHUA. cTpyiiHOTO Hacoca.

CKOPOCTL pacTeT. B MUHMMaJbHOM cedeHUN S, CKOPOCTH HMeeT
HauboJNbInee 3HAYEHHE VUmax.
N3 murerpama BepHysu (npH z =const) nmeem

g 4 -v;— = const. (3.6)

CaenoBaTesbHO, ¢ YMEHbLICHHAEM CedeHHA S paBieHHe p yMeHbINA-
eTcA, ¥ B MEUHUMAJBHOM CeYeBHU JaBlIeHUe MUHNMAJbHO.

IT0 CBOMCTBO MKUAKOCTH MCHOJNB3YeTCHd B BONOCTPYHHEIX Ha-
cocax (puc. 19). Ilpu mopave Bosgyxa B TpyOKy mepeMEHHOro LO-
nepeuHoro cedenus / B 001acT¥ MUHUMAJIBHOIO cedeHHMA Spin MO-
7eT BOZHHKHYTL faBJieHue MeHbIuee, 9eM jaBieHue B cocyne I1.
ITon medicTBueM ofpascBaBlerccsi Iepenana NaBIeHHE >KHIKOCTD
u3 cocyna /] mogEumaercsa B TpyOKy I 1 BMecTe ¢ HOTOKOM BO3JlyXa
KaIlll¥ JKUIKOCTH OymayT BHIGPACHBATBCA B OKPY/KAKILyI Cpey.
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§ 4. ABuaenHe KaBHTaIEHM

N3 maTerpana Bepaysaam ciegyer, 9To IpH yCTAHOBHMBIIEMCS
OBUKEHHHM rasa WIH HeCKHMAaeMoH KHIKOCTH pacIpefielleHHe [aB-
JieHni B OTOKE CYMECTBEHHO 3aBECHT OT pacIpefeleHus CKOPOCTeH,

IIpm pemmennn MaTeMaTAYECKAX 3479 O ABHKEHNH HOCKIMAEMO
KHJKOCTH B HEKOTOPHIX YaCTAX IIOTOKA JABJICHHE MOMKeT IOJy-
9aThCA OTPHLATEABHERIM WM NasKe PABHATHCSA MEHYC 6ECKOHETHOCTH,
eClii B MOTOKE MMEIOTCA TOUKH, B KOTODHX BEIMIAHA CKOPOCTH 06-
pamaerca B GeckoHedHoCTh. HEAKOCTH, BCTpedapomimecss B IMPUPO-
Ie W OpUMeHseMble B TeXHHKe, COJEPIKAT B3BEIIEHHEE TBEPHAHIE
9aCTANH M PACTBOPEHHHE ras3nl. B GOJbIIAHCTBE Ciydaes TaKme
KUIKOCTH HEeCHOCOOMH BOCHPHHAMATE pACTATHBAKINNE YCHIUSA
(oTpunarensHbe gaBiends). B oco0HX ycIoBHAX ymaercs HAGmIO~
IaTh TEUEHHs, UPH KOTOPHX BOBHUKAWT PACTATHBAIOIMHAE HAIPSA-
SKeHHUA B IBArameics KATKOCTA, HO O0KYHO JaBICHHE P B HOTOKE
HE MOKeT CTaTh HEKe HEeKOTOPOH HONOKUTeNbHOM BENIUIHHH Dy,
Gamsxoil mpm oOwuEHX Temmeparypax (~20° C) k myao !).

B Tex Mecrax moToKa, rjae JaBlIeHHE MajaeT Ao 9TOro 3HAUCHHS,
OPOMCXONNT HADyIIeHHe CHIOMHOCTY TeueHHA m obpasyerca o6-
JacTh, BaloJIHEHHAA IIySHPHKAMH, BHYTPH KOTODHIX HAXONSTCH
AP RUJKOCTH WU Ia3, BHAEJIMBUIHACA M3 PacTBOpa. JTO ABJIE-
HUE¢ Ha3piBaeTCcA KaBHTanued. HaganpHyio CTajA0 KaBATAIAN MOMK-
HO TPAKTOBATh KaK ABJIEHHE 3aKANAHHA KATKOCTH TPH HOHHKE-
HHU fapjeHMs. [Ipw manpHeimeM HDOHWKEHHH [JaBIEHHA MEJIKHE
OYSHPHKY 00'heJUHSIIOTCS U B DOTOKE BOSHAKAIOT 60JbIIHe TOTOCTH —
KaBepHH, 3aI0JHEHHKE BHIEIUBIIAMACA H3 KANKOCTH Ta3aMd M
mapaME KETKOCTH.

Benmumny paBiiemms py MOKHO DPaccMaTpUBaTh KaK (uamde-
CKYI0 XapaKTepHCTHKY, KOTOpas He BJIHAAET HAa ABH)KeHHE JKUIKOC-
TH Opu p > py- Illpm p = p4 B HJKOCTE MOKeT BO3HEKATh KaBH-
Tan@WA, OKA3HBANMAA CYMECTBeHHOe BIHAHME HA BaKOHH JBHKE-
HESA XATKoCTH. KaBATAIMA MOKeT BOSHEKHYTH, HaIDAMep, BOIU3H
MUHUMAJBEOTO cedeHma B TPyOke ¢ mepesxatmeM (cM. pmc. 18),
B DOPIIHEBOM Hacoce (CM. PHC. 3), KoTMa JaBjeHAe 3a HOJHAMAIO-
MEMCS HOPIIHEM CTPEeMHTCA K HYJIO, & TAK)Ke IPH O0TeKaHHH pas-
JMYHHX TEJ IMOTOKOM JKHTKOCTH.

1) BmecTe ¢ TeM OLHNT A (A3MIeCKHE TeOPHH YKa3HBalT HA TO, 9TO [ajKe
B OOHUHHX YCIAOBHAX B KOPOTKEE IPOMEKYTKA BpeMEeHH B KUKOCTH MOrYT
BOBHAKATH OrpaHNIeHHKE IO BeJWMYNHE OTPHIATeNbHE® JIaBJEeHNHA, BH3KBa-
IOIEe BHYTPEHHWE pACTAMKEH¥sA, OPY OTCYTCTBHH HeHCTBHTEIBHRIX Pa3pHBOB
HMIH KUDeHEHA. MOIYT BO3HWKATH COCTOAHHA HEePerpeToil >KHAKOCTH. XWMH-
"WeCKM YMCTAf BOJKA MOKeT BHIep:KuBaTh pacrsmxenudA o 200 amm. OOwramas
BONOIPOBOKHAA BOJlAa MOKeT BRIJIEPKUBATh 0I6HDb KOPOTKOe BPEMA PaCTAMeHHsA
O 9eTHpex armocdep, HO B OGLIHEIX YCJIOBHAX MO/KHO IDHHHMATh Dy PaB-
HHIM [aBICHUI0 HACHIIEHHHX IIAPOB.
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Yucao KaBHTANAH a5 yCTAaHOBUBIIMXCA [JBUKEHMHE THKEION
HeC;KUMaeMOH ;KHUJKOCTH Ha OCHOBAHHH HH-

rerpasa Bepryauau (3.5)

2
pv pv?
p=prcT+Too'"T

MOA{HO HanucaTb

ﬂ‘&r_p)=”_z_1. (4.1)
Pl %5

B page cayuaeB OTHOMEHHE ¥/Vo OHPENEIAETCA KAHEMATHIECKUMH
VCIOBHAME 3ajadd, B YACTHOCTH, HU e MBI YBHAMM, 94TO TaK 00-
CTOHT [eJlo IPH HeNpepHLIBHOM HOTEHIMATLHOM 00TeKaHNY TeJI HeoT-
PaHMYCHHEIM DOTOKOM HOeaTBHON HEC;KUMaeMoi KugkocTH. B sroM
¢clyuae MaKCHMAlbHAA CKODOCTD Umax [OCTHTAeTCH Ha rpa-
HHOE TeKyIIel ULKOCTH, T. €. Ha moBepxHocTd Texaa (cM. § 12), m
OTHOLICHHE Upax/Vs BABHCHT TOIBKO OT I'eOMETPHYECKUX CBOUCTE
TOBOPXHOCTH TeJja M 670 OPUEHTAIMH OTHOCHTENBHO CKOPOCTH Halbe-
raromero moroka ). MaKCHMaIbHON CKOPOCTH ¥y ax YACTHI KATKOCTH
B HOTOKE COOTBETCTBYET MHHMMAJIHHOE [ABJIEHHe pPpip. Denruudmny

2 (prer— p)/pvi B TOUKaX DOBEPXHOCTH TeJa HA3HIBAT KOd(PUIHEH-

TOM HABJIEHHA W 0003HAYAIT 4Yepes Cp.
Ha ocHosammu (4.1) gns xospduUmMerRTa TaBIEHHS, COOTBETCT-
BYIOIIETO TOYKe MMHAMAJILHOIO [ABJIEHWs, MOKHO HATMCATH

2 (me — pmin) z’rznax
Comin = pv? = 2 1. (42)
oo (o]

1) Kax 6su10 nokasaso B 1. VII (. 1), IpH 06TeKaHUM Tes HOCTyHmAaTeNb-
HHM HOTOKOM GepasMepHEe XapaKTePHCTHKH HOJA CKOPOCTed B MealbHOM
HEC;KMMAaeMOH JKMIKOCTH ONpPEeeNAoTces cucTeMoll 6e3pasMepHEIX MapaMeTpOB
z/d, y/d, z/d, o, B, rie d — XapakTepHHI pasMmep Tela, o, § — yIuH, sagano-
IMe OPHEHTAHIO Tela OTHOCHTEILHO CKOPOCTH Haeraommero MOTOKa. Bes-
PasMepHOe OTHOLICHEE U/v,, He 3aBHCHT OT CKOPOCTH, IIOTHOCTH U JIaBIEHHA
B HaGeramomeM IIOTOKe ¥ II0JIY9aeTcsi IOCTOAHEEIM IIPH (UKCHPOBAHHKIX
GeapasMepHHX KooppmHaTax z/d, y/d, z/d, ®, B. MakcuMalibHOe 3HadeHHe
¥ nax/Voo COOTBETCTRYeT BOOOIIE OJHOME BIONHE ONpeflelleHHOH ToUKe Ha IO~
BeDXHOCTH TejIa. 11pM ydeTe CKUMAEMOCTH B clydae afnabaTHiecKUX HABU:Ke~

HUA COBEePIIEHHOI'0 ra3a HOJIy@eTCH

v r Yy 2z L
_=f(a1877171—d—7M00=a_)

DOO [eo]

" Yma
_zl;n_)f_ =]’1 (av B’ Mco)'
- [e o]
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HacTymIer-me KaBHTallUl oLmpefelsgeTcA YCJIOBHEM

. 2(prc'r_pd) =%

Comin = o (4.3)
[o ]
Bespasmeproe umcao
pvZ,

HA3HBAETCA YHCJIOM KaBUTANUHK, UUMCI0 KABHTALAH ONPE/EIHAETCH
3aTaHABIMY YCIOBUAMEA O0TeKaHWS., SHAYeHHWA ¥ BaBUCAT OT JaB-
aeHuss B GOCKOHEYHOCTH 96PE3 Prer, KOTOPOE BaBHCHT OT TIyOHHH
WOTpY;KeHusA Teja B KmAxocTh. Ilpm ¢mkcmposamHO@ pasHOCTH
Prer — Pg UMCI0 KaBHTAGHH ¥ pE3Ko HajgaeT ¢ yBeJHIeHEEM
CKOPOCTH HA0Eralomero MOTOKA V.

B ToT MOMeNT, KOT/[a ® CTAHOBUTCA PABHEIM Cp ., B 00TeRaIOImeM
OOTOKEe B TOM MecTe, Tfie [OCTATaeTcd MAKCHMAJIBHAA CKOPOCTH,
BO3HHMKAET KaBHTAOWsA, KOTODasg MOKeT HPHBECTH K Pe3Kol mepe-
crpoiike Bcero Tedenus ;xmAKocTH. Eerm # < ¢p, , TO Gespasmep-

HO€ 9YMCJ0 KaBHTAOuu HOpmobperaer cyimecTBeHHOe 3HAYeHWe Kak
ompefendgomai Ge3pasMepHB mapaMerp. B »sToM ciaydae d9mCIO
KaBUTamud HeoOGXOAMMO BBOJHTH HADAZY ¢ 4mCIoM PeitHoabaca
n yncaoM Opynga B KadecTBe 0OCHOBHOTO IapaMeTpa, XapaKTepH3y -
HIeTO T'UPOAMHAMAYECKAN HOTOK, W OCHOBHOTO KPHTEPHUA moxo0ma
OpH MOJEJIMPOBAHUN.

OgeBugHO, 9TO OPH [BEIKCHWE B JKATKOCTH J0060r0 upodmusa
OpH yBEIWIEHWH €ro CKOpPOCTH Hem30esxHO HACTyNJIeHHEE KaBHTA-
uuu. HaBuTagua HacTymaeT TeM mo3ike, 4eM OGimKe K eguUHHIE OT-
HOIIEHME Vyax/Vo, T. €. I€M MEHBIIE NPOQHJIL BO3MylN{aeT HOTOK.

Hax pmgao u3 (4.3), KaBUTAOHMA MOKeT BOSHAKHYTH HE TOJBKO
Opd YBEJHICHENW CKOPOCTH JaHHOrO mHpodmis, HO W OpA YMeHb-
IMeHAA Prer. OYEBHIHO, YTO ¢ HDOTPY:KeHHeM Ha rayOummEy, Korfa
Drer PacTeT, HACTYIJeHWe KABHTALHWE 3aTPYNHAETCH.

g 9KCIePHMEHTANBHOTO MCCIef0BAHMA

Moneanpopanue KaBATANEA MCUOJH3YIOTCA PABIHIHEE DKC-
ABJIEHMsA KaBUHTaOUHU

NePHMEHTAJBHLE  YCTAHOBKH, HampuMep

rEApONMHAMAYECKHE, HIH KAaBATAIHOHAHS, TpyOu. llpmrumnraib-

HaA CXeMa IUpoJUHAMAIECKOE TPYOH 3aMKHYTOTO JEACTBEA HpH-

BegeHa Ha puc. 20. IloTox Boxkr B Takoil Tpybe co3gaercs ¢ IOMOIIBIO

NMpoHeNJepHOr0 HJIH TEeBTPOOEeKHOro "Hacoca, PAacOod0KeBHOTO B

HAKHEEH JacT TpyOH M DPABOJEMOrO Bo BpamleHWe dJeKTPOLBHIA-

rerem. OfGTeraeMoe Teno pa3Memaercs B BepxHelr dactd TPYOH.

HysxkHOe 3HaYeHHAe YMCAa KABUTAMWM NpH HCOLTAHEE Tela B
TAKOM TPyGe Co3flaeTcaA B OCHOBHOM IIOCDENCTBOM HM3MEHEHHSA Prir-
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Huaa storo B Tpybe ycTpampaeTcd clenuajibHas maxTa co csobop-
HOW IOBePXHOCTHI0 BOAH. YMEHbINAas [aBJieHAe Haym CBOGONHON
IOBePXHOCTHIO BOJH B MAax-

Te, YMEHBLIIAIOT JaBlIeRne Bo Lorma

Bceit Macce KHKoCTH, 3a- ;/f:i\ e wont
goxHgomen Tpyby, m Ta- , €4
kam o6pazom momemmpyior | [ % \
KABUTANAOHHKIN MOTOK IpU
3HATHUTEIBHO MEHBIIAX CKO- {
pocTAX 00TeKaHUS MOJEIH, T
9eM B HATYPHHX YCJIOBHAX. _ Y
B macrosamee BpeMA B l 4
CBA3M C BO3PACTAIOMEM 3Ha- :

9eHHeM 1IpobJieMR [BHIKE- \————-4——5%%-
_ =={ )

HHAA Ted B BOZE ¢ 60JIbIIUMA
CHOPOCTAMU HCCIC[OBAHUE  p o o Tl puENUNEaNbHEAS cXeMa KaBH-
ABJEeHUA KaBUTAUHA CTaHO- TanHoHHON TPYGHL.
BUTCHA BECHMA AKTYAJBLHEIM.
C saBleHMeM KaBHTAINM, B JYaCTHOCTH, NPH-
zg’d’l‘;’;‘:gm‘:;‘*“"'ﬂ“““ XOJUTCA BCTPEYATHCA NPH JBHMEHHAX C
B0JBIIOR CKOPOCTHI0 HA MOABOJHHEX KDLLIE-
Ax, npu paboTe rpe6HHX BHHTOB K TypOWH Ha HOBHIIIEHHHX 000-
poTax, Ipu ABH;KCHUM SKATKOCTH B HAcOCAaX M APYILHEX I'HApPaBIH-
deCKMX MAlIMHAX. HaBUTarm@sa BeTpedaeTcA ¥ B I'HAPABIMYECKHX
cAcTeMax HA C€aMoJerax, KOrja NpH HOfbeMe WX Ha BHICOTY Prer
CHJIbHO yMEHBIIAETCH.

Bo3EnKHOBeHHE KaBUTAaMUU Ha HOABOJHHEIX KpPHJIBAX; JOIac-
TAX rpe6HHX BUHTOB W BOASHHX HACOCOB IPHBOAUT K DE3KOMY
YXYAIMEeHN UX TUAPOAMHAMUIECKEX XaPAKTEeDUCTUK, B JaCTHOCTH,
HOIbeMHAA CHJIA HOABOSHHEIX KPHUIBEB pE3Ko Hajaer.

[Ipd BO3HMKHOBEHHME KaBHTANME Ha MDOBEPXHOCTH Tejla B 00-

JaCTH Pryin 06pasylorcss My3HpPBKM, 3al0JHEHHLE HAPOM € AaBJe-
AUeM, GIMBKEM K HYJIO, 3aTeM OHE IepeMemaioTca BMecTe C MKH[-
KOCTBI0 M HOmafaoT B o0jacTh 60abmmx gasieHumit. B obmacrm
OOBHIMEHHBIX HABJICHHH JHUIKOCTL CO 3HAYATEILHOX CKOPOCTHIO
yeTpemitAeTcs BHYTPb NY3Hpeill, HPOMCXOAHT WX CXJONHBAaHWE,
compoBosKmanmeecsa GOJBIMAMA IPUPAMEHAAME MECTHBIX JaBje-
HAOR (mopsagka coTeH arMocdep). B pesyibrate sTOTO BO3HHKAET
paspymieHue IOBePXHOCTE 00TEKAaeMEIX Tel, KOTOpoe HOCHT Ha-
3BaHUE KAaBUTANHOHHOH 3PPO3HH.
B HeroTOpHX CIyYaAX 9TO pa3pymieHHe MOmeT OHTH CTOIB
HHTEHCUBHKM, 9TO IOCJe HECKOJBKHX 9acoB paGoTH BHHTOB KO-
pabis B pe;KUMe KaBATAEA UX JOMACTHE OKA3HBAIOTCS IIOJHOCTHIO
pa3pyImeHHHEMHA.

Kasrmrammsa oGHYHO COIPOBOKIAETCA pPANOM HeKeJIaTeIbHBIX
fIBJICHH!: MOABIAKNTCA BHOpam@d, CHILHEIN IIyM.
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IIponece 06pa3oBaHEA H Pa3BUTHA IY3HPHKOB CBAAH ¢ HEKOTO-
PHM XapaKTepPHHM IMHEHHHM pa3MepoM (pa3MepR IeHTpoOB o6pa-
30BaHNUS OY3HPHKOB, IOCTOSHHKE HOBEPXHOCTHOTO HATHAKOHHA H
T. [I.), 3a cUeT 9TOro moxoGre OpM MONETHPOBAHAN MOYKET HAPYINATE-
ca. Ha manoii mMomenm Bpemsa o06pa3oBaHHUA ¥ JKARHE HY3HPBKOB
OT MOMeHTa KX o06pa30BaHMS [0 MOMEHTA CXJONKBAHUA MAJo.
B sBmemmAx Gonpmoro Macmrafa 9TH BpeMeHA MOTYT BO3pACTaTh;
3a CcueT dToro HapymaeTcA mnomobme, Bo3HMKAaeT MacHmITaGHEI
sddext.

Ilpn pasBnTOM KaBMTAIMOHHOM OOGTeKammd Tema obpasyioTcs
PE3KO BHpajkeHHbLIE TPAHUITE MEKIY KATKOCTHI0 M HapaMd rasa,
3AMOTHANMUMA GONBITYI0 TOMOCTh BOIM3Y Tela — KaBepHyY. Broab
MOBePXHOCTH DPa3fesia KABePHL ¥ yKHIAKOCTH AaBIeHHE C GOJbINOMH
CTEIIeHBI0 TOYHOCTH MOKHO CUMTATH IIOCTOAHHHM W DABHBEIM pg.
IlosToMy Takme mOBEPXHOCTH MOKHO PAcCMATPHBATH KaK HOBEPX-
HOCTH CTpYif, 06pasoBaHHKEE YACTHIAMHA KATKOCTH, COIMENIIUMHE C
ob6Texaemoro rexa (cM. § 8).

§ 5. Unrerpan Bepaymau pasa anmafaTMmyecKHX TeueHMi
COBEPINEHHOr0 raza

Paccmorpum Temeps wmHTerpan DepHymnm Alda cOBepPMEHHOTO
rasza. CpoficTBo BecoMOCTH raza YYHUTHBATH He Oymem. Ormerum,
970 ecTh 06JaacTU OpPUIoKeHHA mHETerpaia Bepmyanum (mampmmep,
MeTEOPOJIOTHA), e Ta3 HelIb3d CIATATH HEBECOMEIM.

Bymem paccmarpmBarh ofpatumeie ammabaTHdecKue TeICHHA
CoBepImeHHOro rasa. B aToM crydae

e pSSOVey _p__>Y
p Pot < 0o )

rie s = const B wacTHNe rasa, mOdTOMY AiIA (GYHKIME NaBICHUA
P (p, ) BmOIH THHWA TOKA JIETKO IOJXYYAIOTCA CJIERYIOIIHEE BH-
paskenusa 1):

P T (s—so) v B (s~s0)/
— ‘o §=80)/CV yy—1 0 ps=salfep piv-1)py —
praiay A s Jr P
1}
_I=tr_ . g
=05 =0cl. (5.1)

Beawuuna c¢,7 gunsa coBepMEHHOr0 ra3a, Kak Jerko BUAETH,
PaBHA GHYMPEHHEMY MEnA0CO0ePHCAHUID (9HTaJILunn) Ni=U +
+ plp. BamernM, 9TO B cIydae yCTAHOBHBIMMXCA afHabaTHIeCKEX
IBHKEHM NPOU3BOJIBHBIX ABYXIaPaMeTPHIOCKAX HACAILHHX Cpef,

1) ITocToAHEHE nmerpuponanuﬂ B (5.1) omymeHH.
HCM §6rm V, 1. 1.-
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TaK KaK COTIJI4dCHO YPaBHCHUK ODPUTOKA TelJjla BOOJAL JIMHUA TOKAa

1
T. €.
. 1
dz_-Fpo,

OYHKIUA TaBICHUA TaK:Ke IIPefCTaBIAET coBoil He UTO HMHOe, KAk
SHTATBIHIO.

C nomompio (5.1) marerpan Bepmyann Bpoas JHHME TOKA mAA
agnabaTHIeCKUX [IBHKEHH Ipu npeHelpeKeHUH MaCCOBEIMA CHJIA-
MO MOKHO 3aIlUCATh B BHJE

v? .
o Fi=
HIH OJd COBEePINeHHOI'O rasa

2
”7 e, T = i*. (5.2)
W3 murerpana Bepryaau (5.2) u (5.1) Bugmo, uto Jdasaenue,
RAOMHOCTL U MeMRepaAMmYyPa ¢ POCMOM CKOPOCMU 63045 AUHUL MOKA
nadawom.
OueBHERHO, 9TO caMasd BEICOKAfA TeMIEpaTypa
Ha JUHWH TOKa Oymer TaMm, rge v = 0. OGo-
3Ha9HWB TEMIEPATypy B 5TOH Touke depes T*, MoOMHO 3amucaThb
MOCTOAHHEYW WHHTerpasa beprymnam (5.2) BBuge i* = c,T*. Tem-
mepatypa 7'* HasslBaeTcA TeMIepaTypodl TopMokeHHs, a i* —
HOJNHHIM Temitocomeps;kanueM. llomxHoe Temlocomepskanue, Kak U
SHTPOLIMA S, MOKEeT OHTH PAa3IMIHEIM BJOJIb PasHHX JTHHHAN TOKA.
Ecam BocmonbsoBaTheA BoipamenumaMa (5.1) pasa ¢yuxmmm P
Yepes AaBieHNe MIH HAOTHOCTH, TO W3 MHTeTpala BepHynanm Gymer
clemoBaTh, 4TO B To4Ke, rie v = (), He TOABKO TeMIepaTypa, HO H
JaBjieHne, W IIOTHOCTH HMEIOT 3HATeHNS, MAKCHMAIbLHO BO3SMOMKHEIE
Ha jgmapr Toka. OG03HAYUB 5TH 3HAYEHHA NABICHHWA W IIOTHOCTH
depes3 p* @ p¥, MOKHO IpEICTaBHUTH HOCTOAHHYI0 mHTerpala Bep-
HYJIJIH ele B OJHOM U3 CJIETYIONHUX BHUIOB:

NapamMeTpbl TOPMOKEHUA

i p(yY (s—s0)/c (y=1)/¥
g * __ —so)/ep, pk(Y-1)/Y __
=, T* = 71 oo e p =
T Do (s—soley,, xY-1 T p* o
_——.__-«T T —pg e P = 7T v (5.))

- Beamuunnl p* u p* HasHBaOTCA JaBACHAEM TOPMOKOHAA B ILIOT-
HOCTHIO TOPMOKEHHS COOTBETCTBEHHO. '

IIpm ycramoBmemeMca anmabaTmdecKoM O00paTEMOM HCTEO9e-

HAE rasa @3 G0JIBIIOTO COCYAR CKOPOCTh ¥ B JaJIOKHX OT OTBOPCTHSA
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TOYKAaX paBHA HYIIO, a JaBleHHe, INIOTHOCTh U TeMIEpPaTypa COOT-
BETCTBEHHO PABHH [aBICHAK TOPMOMKEHW:S, HMIOTHOCTH TODMOKe-
HOsA ¥ TeMOepaType TopMoskeHHaA (pmc. 21).

OueBMgHO, 9T0 DpHE 3aMaHHOM 3HAYEHAW MOJHOTO TEILIOCOAEP-
JKaHEA {* TeMmepaTypa TopPMOMKEHHS MHOJHOCTHIO OIpeelseTcs
gepes i*. JlaBieH¥e m mI0THOCTH TOPMOMKEHHs 3aBHCAT Ha JIHHAH

TOKa He TOJBHKO OT i¥, HO W OT 3Ha-

9eHHAS SHTPOUMHE § — S,. Kcam BHT-

PONEsi BO3pacTaeT 3a CUET mepece-

y=)  YUCHHA YACTHIAMA CKAYKOB YIJIOT-

- p<p* HEHHA, TO NaBIeHWe H ILIOTHOCTH

p2<p*  TOPMOMKEHHAA YMEHBWIAIOTCA. OTOT

7<7* oaddexT, CBABAHEWA ¢ IOTEepAMH

MeXaHA9eCKOH SHePTHH, HMeeT CyIe-

CTBEHHO® 3HAYeHWEe MJA HpaKTAIe~
CKUX TPHUIOKEOHWH.

Ilpn ofrexammm mpoduis KpiTa MOTOKOM ra3a HAa KpELIE 06-

pasdyerca KDHTHYeCKasg TOYka, B KoTopoir v = 0, a p = p*,
p=p*, T'=T*. Ecam na quEp" Toka B eHCTBATEIHHOCTH HET TOY-
Km, tRe v = 0, 10 HapaMeTPH TOPMOKEHHA MOKHO BBECTH MEICIIEH-
HO, KaK IMapaMeTPHE, KOTOpEe MmMela OB 9acTHIa ra3a, ecjd OH ee
B3 NaHHOTO DPaccMaTpPUEAEMOTO COCTOAHWA 3aTOPMO3WIE obpaTd-
MHM afuabaTHIeCKHM OyTeM [0 COCTOAHHUS MOKOA.
ITocrosimrylo mETerpana BepRyiam MoKHO
OXIpefeuTh M 0 3EAYCHUIO €T0 JeBOH dYacTH
B dw06oil Apyro#i XapakTepHO TOYKe, AMEIO-
meiics Ha JIMHAT TOKA B eHCTBATEILHOCTA WA BBOSHEMOM MEICIEHHO
¢ IOMOINLI0 HEKOTOPOro HWAEATbHOTO IpOIecca, HAIPEMEp B TOU-
Ke, OTBCUANIMEH COCTOAHHI0 HOMHOTO Pas3roHa B aguabaTHUecKoM
mpomecce [0 HyJIeBoro pmaBileHnsa p = () ¥ HyJeBo#l IMIOTHOCTH
p=0.

W3 marerpana Beprynnm Bugmo, dro B Todke p = 0 cKOpOCTH
rasa mMeeT MaKcEMaibHoe 3Hadenme. OGO3HAUAB €€ 96Pe3 Vmax,
BUJUM, YTO IOCTOAHHAas B mMHTerpaje BepHymam Gymer paBHa

Pne. 21. K ucreyemmio raza ms
cocyna.

MaxkcnMaasHAs CKOpPOCTH
HBCTEYeHHA Trasa

U‘Z
i*= mza X, (5.4)
CKOpOCTD ¥pyax MOKHO, O9€BALHO, TPAKTOBATh KaK CKODOCTEH HCTE-
ueAma rasa m3 GaloHa B mycToTy, re p = p =T = 0.
IpupasHEBasg [Ba BHPAKeHAs MOCTOAHHOH MHTerpana bep-
HYJIH, TOXyduM

Vmax = chT*, R (5.5)

T. €. MAKCAMAJIbHAA CKOPOCTDh. Umay 3ABACHT TOJBKO OT TeMIepaTy-
pu topmoxenus T'*. Ilpm ycTamOBHBIIEMCH [JBU;KEEMHE CKOPOCTH,
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al

rasa He MOMKeT ORITHL 0OIBINE Vpyax = VZcpT*. ITOT BHIBOJ, CYINECT~
BeHHHM 00pa3soM CBfABAH ¢ YCTAHOBHBIIUMCS XapaKTEpPOM ABHce-
HOA rasa. llpm meycramoBEBmmXCA agrafaTHYeCKHAX ABHKEHHAX
B TIIOTOKe MOIYT HOIYdYaThCA CKOPOCTH, TeMOePaTyphl, NABICHHUS H
OI0THOCTH Gonbmme, TeM  Umax, 17, p* @ p*.

1 o
Cropocts smyxa. Kpuruse- Beegem cropocth aByxal) a =V (8p/p),.

cKaf  CKOPOCTDH Ona saBmcuT ot BEHpa ¢yHKDEE p=p (p, 5).
Las coBepmeHHOro rasa
ST S
o=V (52), =V L = VAT, (5.6)

T. €. CKOPOCTEL 3BYKa 3aBHCHT TONBKO OT TeMuepaTyps I'.
Naterpan BepHyain MoKHO 3ammcaTh Temepb B BHUfeE
22 a2 2

&+ 7= 5 (5.7

Orciona BHAHO, 970 UPYM H3MEHEHHM CKOPOCTH JaCTHI[ ¥ CKOPOCTH
3ByKa BIOJIb JIMHAHM TOKA MeHAeTcd. KcInm CKOpOCTH BHOJE JIHHHHT
; TOKA PACTeT J0 CBOEr0 MAKCHMAJIHHOIO 3HAUCHUS VUmax, TO CKOPOCTD
3ByKa yOBIBaeT oo HYJA.
HanGonbmee Bo3sMOykHOe 3HAYeHHEe CKOPOCTH 3BYKA HA JHHUUT
TOKA L0Jy9aercd B TOUKe TopmoskeHHsa. O603HAIMM 3T0 3HaUeHUE
cxopocTH 3ByKa uepe3 a*. Temepp mocTosiHHEyI0 B mATerpale Bep-
HYJJIH MOJKHO 3aIUCATDH €Ine B BUJE

2

. . *2 v
| e o Trm 0 e (5.8)
TMoatoMmy
, a*=VYRT* (5.9)
a
T2
Umax = 1/- T 1 a*. (5.1.0)

3HaYeAne CKOPOCTH JACTHIEF ra3a, paBHOE MECTHOH CKODOCTH
3BYKA, HA3bIBAETCA KPHTHIECKOH CKOpOCTBI) M 0003HAUAeTCH de-
pes vyp = @y,. M3 mAETerpana bepEyimu mpE v = vy = agp

nMeeMm
Vip n Vxp a*® Vhax
2 =1 =1 2
OTKY[a
., T—1
,,Rp=1/7+1a*= T Vmaxe (5.11)

1) Cm. § 6ra VII 1. 1.
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3mauenMe vy, S3ABHCAT TOJBKO OT TEMIEPATyPHl  TOPMOke-
maa 1'%,

CpaBHuM 3HageHNA a¥*, vpmax B vVyp Opu I¥ = 288° K = 15°C
vy = 1,4 Hmeem

a*~ 340 m/cer, vmax = 756 M/cek, vyp = 310 M/cek.

Brenennnie BHme mapaMeTpH a, a¥, Vmax ¥ Vxp UTPAIOT BKHYIO
PoOJIbL B rasoBOon JAHaAMHKeE.

Teuenne raza HA3BIBAETCA JO3BYKOBHM, €CJIH CKOPOCTH [BHie-
HHUA 9YaCTHUIl MEHBIIE MECTHOH CKOpocTHm 3ByKa (v <C @), U CBepx-
3BYKOBEIM, €CIH ¥ > 4.

OTHOINeHWE CKOPOCTH JBUKEHHA UACTHI]
L{Ig)c;‘(:’mraxa' Koopumment ¢ yocrmolt cropoctu sByka v/a = M Hazm-
Baercsa umenoM Maxa. OueBugso, 4910 Aas

Ro3ByKOBHX Teuenmit M < 1, a mua cBepx3ByroBEIx M > 1.

IlockoabRYy CKOpPOCTH ¥ MOJKET HM3MEHATHCA OT HYJIA N0 Vmax,
a CKOpoCTh 3ByKa OT ¢* /M0 Hyad, TO 4mciao M MOskeT H3MeHATHCA
0T HyJs 10 0eCKOHETHOCTH.

Hapsany ¢ uncaom Maxa unu BMecTo umcsna Maxa 4acTo MCIOJIb-
3YIOT OTHOLIGHHE CKOPOCTH [BUKEHUA JACTHI[ K KPUTHIECKOH CKO-

pocTH
ST ET v
y S - —_—
Ykp V T—1 Vpax

Bexauwauna A masmBaerca xod(QUIHEHTOM CKOpOCTH. 3HAMEHaTelb
B BEIpAJKeHUH [[JIA A B PA3JMTIHEIX TOUKAX Ha JUHNA TOKA OTMHAKOB,
TAK KaK Vyp = Qyp 3aBHCHT TOJBKO OT TeMIEPATYPH TOPMOKCHUA
T'*, roropass upm agmafaTHYecKHX OCpPATMMEIX JBWKEHUAX IIO-
CTOsIHHA BOJb TAHHOM JINHUI TOKA. JIeTKO BUIETH, 4T0 KoddPUmuenT
T-4+1
CKODOCTH H3MeHAETCA B ciaenyroomux mpemenax: 0<CA < ]/ T i T~
@ MN3yuuM 3aBUCHMOCTH CKOPOCTH OT 3HAaUeHHH
OpMyaa /I CKOPOCTH mapaMeTpoB  TOPMOKEHHSA aBJIeRHA
HCTEYEHHA rasa M3 COCyAa apa P OPMO3R o
BI0OJb JUHUM ToKa. J[asa »Toro BO3BMeM

uHTerpan beprynmm B BHAE

T

1/v
v? by (s~20)/cy, (-1 — Ymax
PIRT —p P =

2
v
max
H pa3fieJIUM OepBoe cjiaraeMoe 1 HIOCTOAHHYIO Ha 5 a BTopoe —

Ha PaBHYIO eil BeJHIUHY

il plep _ T pree-1y
po T—1
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Nomxyunwv

+ ( >(Y Dy —1,

vmax

OTKYZIA
v* = Vhax [ 1 — (-;;,)“‘”’*] , (5.127)
HIH, TAK Kak \
Umax =V—2Tp7—*,
—VEFI-ET. e

Qopmyna (D.12), masmBaemasa dopmyroii Cen-Bemana — Besn-
e, MOKeT OBITh MCIIOJH30BAHA IS ONPEJEIeHHA CKOPOCTH yC-
TAHOBHBIIET0CH MCTEUCHUA ra3a Uepes Hacajok U3 COCYya, B KOTO-
pom p = p*, T = T*, B npocrpancTro ¢ gasieHueM p. Ilo pusa
TOTO UTOOHI AEHCTBUTEILHO UMETh Ha BHIXOAE M3 HacajKa 3aJaHHOe
faBjeHne p, HeODXOAWMO CIeJNATh HACALOK CHEeMualbHBIM 06pa3oM.
JToT Bompoc GymeT pacCMOTpeH B cleAylolmeM naparpade.

Qopmyna (5.12) saBagercsa o600ImeHMeM Ha Cayuall COBEpIIEH-
HoTo rasa gopmyas Topruenan v = V 2gh nas ckopocTn yeTaHOBUB-
IerocAa MCTeueHHA TKEeJI0H HecHUMaeMOU RHIAKOCTH M3 cocyja.

ApanoruaaeiM o6pasdom mumTerpan Dbepryi-

Cemsn p, p, T CapaMeTpaMil 1y yospo paspelIMTh OTHOCHTENBHO /aB-

TODMOKEHHA M 4YHCIOM M

JIeHHs, TMIOTHOCTH W TEMIIePATYypPHl M IOIY-
IATH d)opMyJILI:

e 2 Y= 1) Y/(Y—l) )
e )
max
2 J(x~1) J(x~1)
p=p* (11— )1/(” —o*( o AU SRR L
Ynax
2
T H [ — =T=*='<1—T Az,
( vrznax) T+1 >

Beegem B atn dopmyans uncao Maxa. [laa atoro sanmmmem nH-
rerpan Depaynam B Buge

v
v, a? max

7 T

I pasjesnM ofe JacTH 9TOrO PaBEHCTBA Ha v°/2; MONyIEM

v 1 =7“1 A2
= S
max A g
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Qopmyan (5.13) sanmmyTcs Teneph CIELYIOIHAM 06GpaszoM:
p =p* (1 e ,*7;1 MZ)‘Y/(Y_D ,

p—p* (1 Tt ), (5.14)

T=T*<1+TT—1M2)—1.

Harpesanme tex B motore C pocroM CRopoCTM DOTOKa TeMOepaTypa B

rasa

moToke mamaer. OfHAKO ecld B IIOTOK Tasa

IOMECTHTDH HEIOJBI;KHOE TEEPIOE TEN0, IIep-
BOHA"ANbHAA TEMIEpAaTypa KOTOPOro paBHA TeMmepaType Tasa, To
0HO OyneT HarpeBaThCA.

B camom peme, pas Bosmyxa (y = 1,4) TemmepaTypa BGamsm
KPHTHYeCKo# Toukm Texa Oymer pasHa ') 7% = T (1 - 0,2 M2),
Ecnu TeMnepatypa moroka Bpanu ot Tena I' = —23° C = 250° K,
TO IPE CKOPOCTA [OTOKA MNOPAAKA CKopocTr 3ByRa (M =~1)
T'*~ 290° K, t. e. TemmepaTypa rasa BOJU3E KPATHYECKOH TOUKH
Tesia Gymer Ha 40° Bume TemmepaTyph HaGerawomero moroxa. Ilpm
M =3u T =250°K mmeem I'* =~ 700° K, a upm M = 5 mmeem
I'* = 1500° K.

| Ilpm obTexamum Teq ra3oM ¢ GONBUIEMA CBEPX3BYKOBHMHU CKO-
pocTaMu GoJbImIMe TeMIepaTypH IOJYdYaloTesi He TOJIBKO B KPHTH-
geckoil Toure. JleficTBETENBHOE pAaCIpEfeeHAe TeMIEepaTyp Io
IOBepXHOCTH 00TEKAEMOTO Tejia CBA3aHO C IPOIECCAME NHCCOIMA-
OUHA W MOHWBALHA Ta3a U ¢ OTCYTCTBHEM afnadaTuamoCcTH, 910 06yc-
JOBJIEHO CBOMCTBAMM BSI3KOCTH, H3JTyJYeHMEM M TEILTO0OMEHOM Mejk-
Iy rasoM m ob6TeKaembiM TeqoMm. 1loBepXHOCTE Tela UDH ABMKEHAH
€ro B rase MoKeT CHJABHO HaTPeBATHCS, MAABATHCA M HCHAPATHCH.
TonoBuiie wacTu GaIACTHYECKAX M KOCMUYECKAX pAaKeT IPH BXO.Ie
B IJIOTHHE CJI0Hd aTMOC(epH CHIBHO OWMIABIAIOTCH, TOJNOBKM Gai-
JUCTAYECKEX paKeT MW KOCMWYECKHE alllapaTsl He CTOpPalT IOJ-
HOCTRI0 TOJNbKO OIaromaps KpPATKOBPEMEHHOCTH WX [BYIKEHHS B
atMocepe B Tarmx ycumoBmax. llpoGiema GopnOHl ¢ HemenaTens-
HHME 3QQEeKTaMM CHIBHOTO HATPEBAHMS Tel Ha (OJbIINX CBePX3BYy-
KOBHX CKOPOCTSIX IMoJieTa B atMocdepe ABIAETCS OfHON M3 0CHOBHEIX
aspoguHaMmaecKux mpobiem. OHa cBa3aHA ¢ BEIGOPOM MaTepHAJIOR
n paspaboTkoil GopM KOHCTPYKOUH JeTaTelbHLX AallapaToB.

C nmpyroii cropoHsl, IPH 3aCACHBAHEA IMOKOAMEToCA BO3AYyXa
¢ T* ~290° K B obmactu GOapIOHX CKOPOCTEH MOKHO HOJYYUTEH
odeHh MajHe TeMueparypst I, manpumep, npm M =5 Gymer upo-
UGXONHUTh TaKoe OXJasKIeHHe, d4TO BO3LYX B HOTOKe HAYHET KOH-
NEeHCAPOBATHCA B JRUILKOGTH,

1) IIpw Haawamy B Fa30BOM HOTOKEe CKAUKOB YIIOTHEHAS Ha JNHWUAX TOKa,
OPOXOANINX Yepe3 CKAUKHE, BeJAMIrHa i* COXpaHseT cBoe 3HaueHH® (CM. ¢Tp. 24).
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BipsHEe CREMACMOCTH
Ha 3aBHCHMOCTbH JIABICHHA
B IWIOTHOCTH OT CKOPOCTH

Ilokasxem Temeps, 4To B ciydae yCTaHOBHB-
ITAXCA ABUKEHAH € JOCTATOTHO MAJIHMH CKO-

pocTaMa, (v¥/ vhaz) << 1, yuer cixmMaemo-
CTH KHJKOCTH OKa3HBaeT ciaboe BIHMAHMDe
Ha B3aBHCAMOCTL JABJGHHA X LUIOTHOCTH oOT CKopocTm. CHagana
TOKaeM, YTO IPH MAJHX CKOPOCTAX [BUKEHHSA [ABIGHHA, ON-
pemeaseMue mo QopMmyaMm

p=Dp*—0po i; (5.15)

(cayuail mec:KMMaeMoil sKUIKOCTH) K

v? )”‘H’ (5.16)

— ¥
p ‘_p (1 - 9
. Ymax
(agmabaruyeckue oOpaTUMEE ABM)KEHHS COBODIIEHHOTO rasa), mo-
CTATOYHO OJHM3KO COBHAJAIOT. JlJIs DTOro pasio:MM BHIPAYKEH He

(5.16) B pax Teitropa mo mapameTpy v%/vihax. Hloabsysacs Tem, aTo
Qa*?

N S |
Vmax = T—1 " = =a™*, moxydIuM
2 -1 2
p=p*<1-— 2v )YI(Y ) 11— it . : +
vmax T— vmax
Tl
—i\y—17 vt
i T2' .. ] =
: v
max
p*? 1 2
=p* — (1— — -}-—...)=
2 2(r—1) v2ox

p*? 22 ,
=p*— 5 <1—F+J...).

OTciofa BUAHO, 4To AMHAMHYECKWE NTABJIEHHS B CHKOMAaeMOH W He-
CKEMAEMOM KUJKOCTH ¢ INIOTHOCTHI0, PABHOM IUIOTHOCTH TOPMOIKe-
HHASA B CKHMAeMOH KHJKOCTH, OTIUYAIOTCH APYT OT APyTa 4IeHAMHA
nopsaaka p*vt/8a*?,

Pasmuna me Oymer NpeBHIIATH - OJHOIO IPONEHTAa, eCIH
v?/4a**< 0,01, 1. e. ecam v < (a*/5). Taxk, ecau a* ~ 340 m/cex, T0
Opd cRopocTax v <. 68 m/cek = 240 km/uac pasEEna B JHHAMHA-
qeCKEX MAaBJEHHAX, BLIUHCIEHHHX 1o QopMyle RIS HEC;KEMaeMoil
RUMKOCTH U 1o PopMyJie I C:KEMaeMoro rasa, Mespme 1%.

AHaNOTHYHO [JA LJIOTHOCTU OymeM HMEThb

p =1_;__L2_ ..}_
P T—1 Vhax

Jlerko mpoBepHUTH, 9TO P GYHET OTAMTATHCA OT P* MeHbIIe dUeM Ha

2% npuv‘<% = 68 m/cex. Tarum oGpasoM, ecaum MH Oymem
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CYATATH Ta3 HECHUMAEeMOM KUTKOCTHIO, TO IIPH OJHOM 1 TOM e CKOpo~
cth v = a*/D11d JaBiernit Me moxyaum omuOKy B 1%, a gaa mior-
HocTel — B 2%.

Eme TpuauaTth meT Ha3ag B adpoJHHAMUKE H3YIAIHCH B OCHOB-
HOM JBI)KEHHS TOJNBKO HECHKHAMaeMod IkuiKocTH. B Hacrodmee
BpeMsi, KOTa CKOPOCTH ABIKEHHUA CAMOJETOB JOCTUIVIA U 3HAYH-
TeJIHLHO IPEB3OIIIH CKOPOCTL BBYKA, y4YeT CHKAMAEMOCTH INIPHOG-
peraeT IepBOCTEIeHHOE 3HAYEHHE.

Bumecte ¢ Tem Henn3s gymaTh, 4T0 BceTma upu v<< 68 m/cex
MOKHO IIpeHedperaTh C;KHMAEMOCTHIO Cpelbl. JTOT BHIBOA ObLT cre-
JaH Ha OCHOBAHUH WHTerpaia bepHYIIH moavko 04s ycmawnceus-
wuxes RABMEKEHWE rasa. Kciau aBM;keHHe Ia3a HEYCTAHOBHUBIILEE-
CA, TO YUeT C/KUMAEMOCTH MOSKET OKAB3ATHCA CYIIECTBEHHBIM YiKe
IpH BeChMa MaJhX CKOPOCTAX ABM:KeHus cpegni. Haupumep, mpm
pPacIUpOCTPAHEHWM 3BYKOBLIX BOJH CKOPOCTH [BIDKEHUA YaCTHI
MAaJIBl, HO BCE OCHOBHBIE BYQEKTH B 9TOM CIy4ae CBASAHKL CO CBOM-
CTBOM C}KMMAEeMOCTH CPeJHL.

§ 6. Bimanue cskmmaemoeTH HA (opMy TPYOOK TOKA.
JdilemeATapHaA Teopma comaa Jlasana

PaccmoTpum Temeps BOIpOC 0 BIMAHEM C;KEMAaeMOCTH Ha dop-

My TpyOOK TOKA IpHE YCTAHOBHUBINEMCs1 ABWKeHmA rasa. llpemmo-

IOMEM, UTO TPYyOKA TOKA TOHKAA, W M0dTOMY OyaeM CIUTATh XapaK-

TEePUCTHKH ABH/KEHHs B Pa3HBIX TOYKAX KamTOTO CeYCHAA OMHAKO-

BeMHE. [lyeTs § — miaomans MpoU3BOIBHOIO MONEPEIHOTO CEUCHHUSA

TpyOKHM TOKa, mpHUYeM ceueHue GOpPeTCsA HEPIEHAUKYIAPHO K CKOPO-
CTH JBUJKEHHSA YaCTHI( rasa.

Ecam RUIKOCTD OJHOpPOJZHAS U HECKHEMAae-

;D Oif;;m;%g‘:% ;{‘;’;“Kocm Mas, T0 U3 yPaBHeHHs HePA3PHIBHOCTH Cle-

Ayer, YTO MACCOBHIH H OODBEMHEIE pacxo-

IH 4Uepe3 TpyOKy Toka mocTosHHE 1S, = 0,8, = vS = const;

DLb=0 1

S = const (6.1)

v b4

T. e. ueM 0oJbITe CKOPOCTH, TeM MeHplle cedeHNe; TpaduKk sToi 3a-
BHCEMOCTE — Tmuepbona (puc. 22).
® 5 Ecim sjkmakxocTh cEMaeMmasdg, TO BJAOJDL
opMa TpyOOK TOKa HATLCA TOJBLKO Mac-
B CHUMAEMOI FKMAKOCTH prﬁrfn DOJKeH COXPaHATHCA TOJLKO
COBBIL PACXO[ YKUTKOCTE 0,0;8; = 0,058, =

= pvS = const, oTHyma

const
§ =2 (6.2)
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Hunsa cxumaeMoOfl KUAKOCTH ILUIOTHOCTH BaBHCHUT OT CKOPOCTH.
Haa apmaGatmueckux oGpaTHMHIX TEYeHUN COBEPHIEHHOTO TIa3a

nMeeM
o v\ 1r-1)
p=p (1— . ) .

Ymax

IlomeraBus 310 BHIpakeHHe B (6.2), MOKHO HOIYYUTH 3aBHCEMOCTH
§ = S (v) u waiitn popmy TpyGoK ToKa.

Briscanm Bompoc o dopMe Tpy6OK TOKA HECKOJIBKO WHEIM IIy-
TeM AJiA Jdi00kix, BooOme He agmabaTMUeCKWX, ABHKEHHU IpPOH3-
LBOJNBbHOR HuealbHOU CHRUMaeMOR yMHAKOCTH. /{15 9TOTO BRITHUCIUM

s

0

Puc. 22. V3MeHeHNe HOMEPeIHOTO CEICENA TPYHKH TOKA
B 3aBUCHMOCTH OT CKOPOCTH B HECIKHMAEMOM KHUIKOCTH.

d (pv) cregyromuM ob6pazoM. CHpOEKTHPOBAB ypABHEHHA JBUKE-
BEA Jinepa HA JIMHUI) TOKA, IPU YCTAHOBHBIIEMCHA [BUAXCHHH IO-
Ty IuM

dp

vaAy = — -~ = — a? —=
P

rae a? = dp/dp Bponp nwEmA ToKa. Jlusa agmaGaTHIeCKUX [BUIKe-
HEt o COBIAAET CO CKOPOCTHIO BBYKA, onpenensemoil kak ) (9p/dp)s.
B o6mem ciyuae BeIMuWHA @ OTIHYHA OT CKOPOCTH 3BYKAa, HO B IIO-
cIeqyoIeM jsa HeagnaGaTHYeCKWX ABIKEHMH HMIpaeT PoJib CKO-
pOCTH 3ByKa.
TaxuM 06pa3oM, BIOIb JAHKE TOKA Oy/eM UMEThH

vdp = — M dy, (6.3)
rie M = v/a. Jlns meagmabaTudecKAX HPOIECCOB BBEIEHHOE 3ECH
amcao M BooGme He paBHO umcay Maxa, onpegensgeMoMy KaK OTHO-
merne v/} (9p/dp),. UIa (6.3) HEIOCPENCTBEHNO CIeyeT paBEHCTBO

d(pv) =pdv +vdp =p (1 — M) dy, (6.4)

Bupro, uro ¢ pocToM cropocTH, Korga dv > 0, BeamumHA pv pac-
Tér mpHm OBBYKOBHX cRopocTax, korma v <} dp/dp (M<1), m
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y6rBaer IpHE CBEPX3BYKOBHX CKODOCTAX, Korga - v > Vdp/dp
(M>1). OueBmgro, uTo B TOil Touke, B KoTopoit v = V dp/dp,
T. e. M = 1, Benmumna pv mmeer mawcmmym (pmc. 23).

W3 gopmynu (6.2) m xaparTepa H3MEEEHA DU MOKHO CHENATH
PAN Ba;KHHIX BHBOXOB. Ecim moTor go3BykoBoi (M <C 1), To, Tak
e KaK B HECIKUMAEMOH ;KHIKOCTH, IOIepevHoe ceueHHe TPpyOKm

TOKa € pPOCTOM CKODOCTH ¥ YMEHBIAa-

P ercs, a ¢ yMeHbUIEHHeM CKOPOCTH —
M=/ yBeaunauBaercsa. Hamboapimas CKOpocTh,
>1 KOTOpasx MomeT OHTH [OCTHTHYTA upn
NMO3BYKOBOM [OTOKE B Cy’Kalomeics
TpyOKe TOKAa, DaBHA CKOPOCTH 3BYKa.

Eciu moTok cBepx3BykoBoit (M > 1)
7 CKOPOCTh IOTOKA BHOJB TPYOKHE TOKa
pacter, To pv yOnBaer m TpyGKa ToKa

| pacmupsercsi. HaoBopor, ecam Tpy6Ka
o=a ¢ TORA PACIIUPSETCS, TO CKOPOCTH CBEPX-
Puc. 23. 3apucamocts pyor »  3BYKOBOTO IIOTOKA B Heil pacrer. Ecim
IIpH O3BYKOBHEIX A CBePX3BYy- K€ CKOPOCTh CBEpPX3BYKOBOT0 IOTOKA
KOBHIX CKODOCTAX TedeHMA. Brojb TPYOKH YyOHBaer, TO pv pacTeT
W IoNepedyHOe CedeHHe YMOHBINAeTCsd,
clenoBaTeIbHO, CBEPX3BYKOBOH HOTOK B CY}KaiomeMcsA KaHaJje 3a-
Megsercsa. Mu BagmMm, 4To UMeercs NPUHNUINNAJIBHOS Dasjindme
MeKly TOBe[leHHeM TPYGOK ToKa B I0- <
3BYKOBOM ¥ CBEPX3BYKOBOM WOTOKAax.
[lomy4enasie BHBOJH CIPABENIUBH 1A
IPOU3BOJBHKX YCTaHOBHBIIUXCS J[BU- M <t
JKeHHi n060T0 HIealLHOTO Tasa.

Ilpu apmmabaTmaecKEX OGpPATHMEIX
TEIEHUAX COBEPIISHHOTO I'a3a Homeped- M=t
HOe cedeHWe TPYOKE ToKa S CBA3AHO
€0 cKopocTbi0 dopmyaoi j

M«

|
|
|
|
l
|

S = const (6 5) v=a Ymaz o

PeTHOrO ceueHAA TPYOKH ToKa
0T CcKOopocTH HpH ajgmabaTu-
Tpadux S = S (v) upuBenen Ha puC. 24.  deckmX OGpPATHMHX TeTeHRAX

Kpusaa S (v) mMeeT pBe AaCEMITOTH: COBEPIIEHHOr0 rasa.
v= 08 v = Upax.

o (1_ :2 >1/(Y_1) v Pmc. 24. BaBECHMOCTS mOIe-
Umax

Mu Doxasajm, 4To IIOMAAhL IIONEPEedHOTO

?Iggg;‘;e COILI0, COTLIO ceueRns TPYOKH TOKa, B KOTOPOH CKOPOCTH
HeIIpepLBHO pacTeT 0T 3HAYEHHH, MEHLIOIAX

CKOPOCTH 3BYKA, J{0 3HA96HMI, GOJNBIIAX CKOPOCTH 3BYKAa, HA 03BY-~
KOBHX peKAMAaX TEYeHUS YMEHBIIAeTCs, a Ha CBEPX3BYKOBEIX —
VBEIWUYMBAETCHA, W TPyOKAa ToKa UHMeeT MUHWMAJIBHOE COUeHHO
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I

Smin TpE M = 1 (pmc. 25). 3To 06CTOATENLCTBO HYKHO HMeTH
B BEAY NpH NPOSKTHPOBAHWH HACATKOB, B KOTOPHX HPOUCXOIHT
. amEabaTH9eCKAR epexof] 0T 03BYKOBHX CKOPOCTEH TeUeHnd rasa K
CBepX3BYKoBEIM. Tako#l Hacagok, Ha3HBaeMHH comioM Jlasamus,

Smin !
a) )
Puc. 25. Tpybxa ToKa B CiKIMaeMoi Punc. 26. a) Comno JlaBana m
KAAKOCTIH. 6) 1pocToe COILIO (O9KO).

TOJKEH HMeTh CYKAWOIUACH yYACTOK, MHHHMAJBHOE CeUeHHEe H
pacmmpsiomuiica ygacTtor (puc. 26, a).
Hacanor, cocToAmMA aWmb ®3 CYKAOMErocs yIACTHA
(puc. 26, 6), Ha3HBAETCA HPOCTHIM COILIOM, WK oukoM. Hau6onpmas
CKOpPOCTH, KOTOPYI0 MOJKHO NMOJYYUTh, BHIOYCKAaA afnabaTHUeCKH
ras gepe3 IpPoCTOe COIJIO, PABHA CKOPOCTH 3BYKAa, M JOCTHTAETCA
BTa CKOpPOCTh B Hamolee Y3KOM CEUYeHHH, T. €. HA Cpese CoIJa.
IIpoctrie conmna u comna JlaBansa MHEPOKO UPAMEHAIOTCH B TEXHUKE;
comno JlaBansa sBIAeTCA HeOGXOMAMHM 3JIEMEHTOM KOHCTPYKOUI
- PaKeTHHIX [BHTaTellell, CBEPXB3BYKOBHIX aspoqAHAMHAYIECKHX TpPYO
" m 1. u. PaceMoTpum nofgpobuee afuabaTAuYeCKNe TeICHUA B IPOCTOM
comwte u B comie JlaBaus.
Ilycre mmeercst Goapmio#t cocyn (pme. 27),
Ee"e““e B HLPOCTOM COMIC.  s4ppHEHHH ra30M, KOTOPHIA MOKET BEITE-
CCIefOBAHNE BeIMIHHbI
pacxoia uepes comio KaTh W3 HETo Yepe3 MpPocToe COINIO B HPO-
CTPAHCTBO € MABJIEHUEM p,o. DBeixmumma p,
Ha3HBAETCH IPOTHBOJABICHEEM. JHAYCHUA XaPAKTEPUCTHK Tede-
HEA HA cpese comla obo3madmm wepes p’,p’, v’, a B cocyme na-
Jexo OT Hacagka — depes p*, p*, T*, »*; mpumewm, gt0 v* = 0.
Ecan p* = p,, To Tewemma B comne He Oypaer. Ecam npormso-
maBIeHHe P, OymeT HECKOJBKO MeHbme p*, TO BOBHAKHET
TegeHNTe.
YeTaHOBEM 3aBECHMOCTH MAaCcCOBOrO pacxofma rasa Q = puvS de-
‘pe3 ComIo OT OTHONIEHNs RABJIEHHH po/p* mpm HmoCTOSHHEX 3Ha-
JeHnAX TeMuepaTyps 7'* u gasienns p* B cocyme, KOTa OTCYTCTBYeET
TemIo00MeH MKy Ta30M 7 oKpysxamwineit cpenoit. Ecnm po/p* = 1,
10 Q = 0 (Touka A Ha pmc. 28); mp:m p,/p*, HECKOIBKO MEHBIIEM
eIHHANL, CKOPOCTH TEUCHHS B COILIe OyAeT M03BYKOBOM X HAXGOIb-
Mee 35a9eHAE CKOPOCTH GymeT HOCTUTaThCH Ha cpese comia. IlycTs
Ha puc. 28 3TOMY pesREMY COOTBeTCTBYeT Touxa b. IIpm mambmeii-
meM YMeHBIIeHHE p,/p* CKOpOCTH Ha Cpese COmIa, OCTaBAaACH

-
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JI03BYKOBOH, Oy/eT yBeIMauBaThCA I PACXOL TarKe OymeT yBeamum-
Barecsi. Hakomenm, mpm HEKOTOPOM B3HAYEHNMH Po/p* = pyp/p*

q
D
|
] | |
| 4
I |
| Iy | .
S | |
I oty }p” { A _/7_0_
*
1o | 0528 rr
Pumc. 27. O60o3HaveHns napaMeTpoB ra- Puc. 28. 3aBHCHMMOCTB pacxopa
33, HCHOIbL3yeMble HPK H3YYCHHH WC- gepes NPOCTOe COMIO OT OTHOIIe-
Te4eHNA rasa 49epe3 IpPOCTOE COILIO. HOs JJaBJIeHMUI. T,

CKOPOCTh Ha Cpese COIIa CraHeT paBHON MECTHOH CKOPOCTH
BByKa v = Vxp = @gp. llomcumTaeMm KpuTHUeCKWe 3HAYESHUSA
IJOTHOCTH M JIaBIEHHWA, KOTOpHIe JJOCTUTAIOTCA HA cpese ColljIa Ipn
v" = vyp; cormacHo (5.13) u (5.11) Gygem uMers

2

, vip \ YOV 2\ -
P=9Hp=p*<1— 2“p> =P*(T—+—1) ,  (6.6)

Ymax

’ 2 f(v-1)
p =pr=p*<T+1>Y ! . (6.7)

KHak moxasmBaeT ommr, [0 TeX IOp, HOKA Do > Pxp, RABIEHHE
Ha cpe3de COINIAa UOPAKTHUYECKH COBOAJAeT C IIPOTHBONABIEHHEM
(p” =~ po). NoosTomy npm mocTwsiteHWw B MEHHUMAIBHOM CEUCHUH
CKOPOCTH 3BYKA MOKHO CYUTATH, ITO

P Prp (2 YO 6.8
P pt _(T—H,) ’ (6.5)
npu y = 1,4

”;5 ~ 0,528.

Ha puc. 28 sromy pesmmy cooTBeTcTByer Touka D. Hpurtugeckuit
pacxon, cormacuo (6.6) m (5.11) mau (5.3) m (5.11), Gyner pasen

2 (v+1)/2(¥-1)
pr = PHpUHpSmin = p* (T _E 1 )

a*Snmin=

- 1/(xv-1)
— 27 r’ 2 > .
_‘/ 2 VE‘TT(h” Smin.  (6.9)

IIpu panpHedimeM OOHEWKEHWHM UPOTHBOAABIEHHA P, TEUCHUE BHYT-
PE coIIa mepecTaeT MEHATHCHA. Pacxop TakiKe OCTAeTCA HEH3MEH-
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HEIM ¥ PaBHEIM KpuTHIecKoMy. Benmumna Qy,, kak sagao m3 (6.9),
‘OmpeeIseTCsl 3HAYeHUAME IIapaMeTPOB TODMOKEHHS U PasMepoM
MUHAMAJBHOTO IONEDeYHOro cedeHdsi comaa. CKOpocTh Ha cpese
comia 0CTaeTcs PaBHOM MeCTHOH cKopocTm 3Byka. Takum ofpasom,
9epe3 JaHHOE MPOCToe COmIO0 (Smin 3aaH0) IPA OTCYTCTBHEE OTBOJIA
Tema 4epe3 CTeHKH CONJIA M HPH
3aflaHHEEX p*, T* Henp3sas mpomyc- Topno |'
TATH pacxof, Goxpmuit Qyy. N I
HepoamosxaOCTS  HM3MEHEHHA “ ,'
pe/KuMa TEeUEHWs B MPOCTOM COII- i
76 IyTeM M3MEeHeHHS MPOTHBO/IaB- !
JeHUA P, HOCHe JOCTIKEHAS HAa , ,'
cpese COILIA CKOPOCTH 3BYKA MMe- o A

eT npocToe fusmdeckoe 00BACHE-

anme. JleficTBHTeNBHO, clabbie Bo3-  Puc. 29. OGosmavenus mapamerpos
wymomis, @ caeronateanmo, [0, 0TI N Koot
He6O0IbINNe M3MEHEHUA IPOTUBO-

MaBlleHus PACHPOCTPAHAITCA IO YACTHIAM CpPefbl CO CKOPOCTBIO
spyka. Ho camu wacTuipl Ha cpesde COTIA HMEIOT CKOPOCTD, PABHYIO
CKOPOCTH 3BYKa, I BOSMYH|EHHS He MOT'YT IPOHHKHYTH BHYTPH COTI-
7a, OHH CHOCATCA MOTOKOM. JacCTHIE, HaXo[AIMECS BHYTPH COI-
71a, mocie MOCTIKEHHA KPATHYeCKOTO DEKHMA TeUeHHA «He 3Ha-
10T» 0 TOM, 9TO IPOMCXOAUT BHE COILIA.

OjHaKO m3MeHEeHHe OPOTHBOJABIEHNA Py OyaeT cKas3LIBaTBCA HA
TeYeHMZ I'a3a BHE COILIA; B CBOGOIHOI CTPYe BHE COILIA CKOPOCTh IIpH
OOHWKEHHN P, MOKET CTaTh CBEPX3BYKOBOW, HO MOTOK B CBO-
GonEoit cTpye He GymeT OHOPOAHLIM (CKOPOCTh CYIECTEEHHO MEH:~

eTcd IO CEYeHHIO CTPYH).
Pacemorpnm Temeph Ciydail HMcTedeHMsA Tasa

BaJA
Tesenme = conie Jana m3 cocyma uepes comio Jlasama (pumec. 29).

CoxpaHEM Te ke 00O3HA4WeHHMA, YTO W B HPeIBLIyHeM CIydae.
Hcnmons3ya OCHOBHEC COOTHONIEHHs HA JWHAM TOKA, CIHPaBeJiHd-
BHle MJA HEMpEPHBHHX aama0aTHIeCKMX YCTAHOBUBIIMXCA Teye-
gmit  (5.11), (5.12") m ypaBEeHme COCTOAHHSA

) ( p )1/7
p* s pt ’

HaIHIIEeM BHPayKeHUe /A IUIOTHOCTH MOTOKA MACCH PV Kak QyHK-
AWM OTHOINGHWS p/p*, TMe p — AaBlieHHe B NMPOU3BOJBHOI TOUKe

Ha JHHHHA TOKAa:

ov = ]//-E p’( p )1/‘1 Do [1 . ( F: )(Y—-l)/Y ]‘/2. (6.10)

r—1 P P

I'paduk oroft saBHCEMoCTH pv OT p/p* mnpusener Ha pumc. 30.
OueBHIHO, YTO TOYKE MAKCUMyMa HA 3TOM IpadHKe COOTBETCTBYET
TOUKA HA JIUHWA TOKA, B KOTOPOH M =1 H p = pyp.
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IIpaBas BeTBH Pv cooTBeTCTBYeT A03BYKoBHM (M <1 1 p pyp),
a JeBasg — CBePX3BYKOBHM (M > 1 m p < pyp) peKEMaM TedeHHS,
Kamxnomy ceuenuro comna JlaBaas cOOTBETCTBYeT OIpefeleHHAs

P

——c.
R
(S

Lro/P* P

Puc. 30. 3aBrcHMOCTD INIOTHOCTA MAaceH pv 0T p/p* BOOAb JTHAUK
TOKA IpH ajmabaTH4ecKBX O6GpPaTHMEIX TeUeHHAX.

TouKa KpuBoit pv = f (p/p*); KaKMOMY IepeMemeHnI0 00 OCH COI-
JIa COOTBETCTBYET ONpefleJIeHHOe HePeMelen e Bj{olh 9TOli KPHBOii,
PaccMoTpuM KadecTBEeHHO TedeHHE B COILIE

Pacuernple PpeKHMBI MCTE- J

aBaJIA OpHA YCIOBH -
ueHHA rasa M3 COIIA pH yCJIOBHH, HUTO [IABJIEHME HA Cpe
JlaBans 3¢ COIIa PAaBHAETCA MABIEHHIO B OKPYKAIO-

mei cpefe. Takme peskuME TeuyeHUA B coD-
Jie HABHBAITCA PaCUeTHEHIMA DE&KAMAaMHM, a COINIO B 9TOM CJIy4ae
Ha3HBaercs pacueTHHIM. Hac OGYIYT mHTEpecoBaTh pacipeie]eHAR
AaBJEHHA A CKOPOCTH 1o ocH comna (puc. 31) 1 xapakTep UBMEHEHH A
pacxopa uepes comio Q = pvS oT py/p* (pme. 32). Ilpm p, = p*
ras uepes comiao Jlapama He Teder ¥ Q = 0 (troura A Ha pmc. 32).
Ecam nporuBofasienne p, HECKOIbKO YMEHBLIIATH, TO B COIIC HAU-
HeTCHA J03BYKOBOe TeueHHE C HEKOTODHIM pacxonoMm () (mampumep,
trouka B ma pmc. 32). PacupeseneEna CKOPOCTH v U TABIEHHA D OO
OCH COIJIA B 3TOM Ciyuae DOKaszaHH Ha puc. 31 (xpmerie 1—1°).
Han6oapmasn ckopocTsr ¥ HaMMeHbIIee AaBjeAne 6y yT JOCTUTATHCA
B MUHOMAIFHOM ceueHME comia JlaBasms.

IlepeMemeruio BROIbL OCH COLIA II0 HAIPABJIEHHIO K €TI0 BHXOJ-
HOMY cpe3y Spux OyFeT COOTBETCTBOBATH llepPeMENICHHE 10 KPHBOU
pv (pzc. 30) OT HEKOTOPOit TOUKE b K TOUKE ¢, COOTBETCTBYIOMEH Smin,
¥ o0paTHO OT TOUYKE ¢ K ToUKe d, COOTBeTCTByOmel Spux. Kme
yMeHpaA IPOTHBOMaBJICHHE, ONATH HOJNYINM [O3BYKOBOH pe-
sKEM TedeHEs B comie, Ho ¢ 66apmuM pacxopom () (Eampumep, Tod-
xa K ma pmec. 32); KpEBHE pacIpPefieIcHUA CKOPOCTH W HABACHHA
1o ocu comxa mMmeloT BEf 2—2’ Ha pmc. 31. [lepememenuio no ocm
coma GyzeT cOOTBETCTBOBATH epeMeleHre o KpuBoi pv (puc. 30),
AHAJIOTHUHOE MpefHaymeMy, H0O KOHeYHasa TOYKA g mOofi’beMa Mo H0-
3BYKOBOI1 BETBH KpHBO#l pv 6yMeT JIeKATh HECKOJIbKO BHIINE TOUKH C.
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Haxomen, mpm HeKoTopoM, ellle MEHpIIEM 3HAYCHWH IPOTHBO~
AABJICHHSA, B CAMOM Y3KOM CEYCHHH COTIA Spiy, CKOPOCTH Ta3a CTa-
HET PAaBHOM CKODOCTH 3BYKA ¥ = @ = pyp, 4 JaBIeHHE D = Pyp
(xpuBrte 3—3” mmm 3—4” Ha puc. 31, Touka D ma puc. 32). Tlepeme-
IERrIo M0 OCH COILIA GY/IeT COOTBETCTBOBATH IePEMEICHHS 10 KpH-
Boit puc. 30, npm KOTOpOM TOUKA g momageT B Touky M = 1. 3a
MHAHUMAJbHKM CEYeHHEM — TOpPJIOM comypa JlaBang — momepedHoe
CeueHMe YBEIMIMBACTCS, & U MOMKET Jxfo yMEeHHIIATHCS, H ME TOTAA
ROIKHBL MATA HA3aj 10 HO3BYKOBOM perpy kpmeoil pv Ha pmc. 30,
am00 YBEIWYWBATHECA, W TOTAR
S MBI TOJKHH TepefiTd Ha CBepX-
Sin | 5 3BYKOBYI0 BeTBb KpHUBOH pv

Gy ma pmc. 30. JlaBneHme BHONB
comia npy aToM Gymer cooTBeT-
cTBeEHO nuG0 pacTu (KpEBag
3—3" ma puc. 31) Ko gaBiaeHuA

Ha cpese conia ps, 1m0 YMeHb-

matsca (kpuBag 3—4') o
J
7 g=pos .
7 O 2
7 | N\
3 |I B

L A .l

~ Iy 17
) - yid

Puc. 31. Pacopepemenme ckopocreit Pme. 32. 3aBucmMocTs  pacxofia

H JaBieHMi#l mo ocm comia Jlapama. depe3 comio JlaBaas oT OTHOIIS-
HUA JaBJICHHH.

JaBJeBMA Ha cpesde comia p,. ToapKo IpHU 9THX [ABYX OIpeJeleH-
HHX JaBlAeHEAX Ha cpese Comaa (Spux/Smin 32aHO) BO3ZMOKHO
HETpepHBHOE TEeYeHHe rasa.

IIpm p, = p; B comne ocymecTBAAETCA HOTHOCTHIO O3BYKOBOM
PeKAM TeueHHA, 8 OPH Py = p, — AO3BYKOBOH 10 MHHAMANBHOIO
CeUGHWA W CBOPX3BYKOBOH 33 MWHEMAJBHHM CEYeHHEM; Ha Cpese
COIIa IIPW 9TOM BO3HHKAET OIpeMie/ieHHaA CBEPX3BYKOBAasA CKOPOCTh
vg. OTMOTHEM, 9TO HOJAYYHTH B JAHHOM COILJIe CBEDX3BYKOBOM PE:KEAM
TEUEHHA ¢ JPYro¥ CKOPOCTHIO Ha cpese COILIA, HE MEHAA MapaMer-
poB rasa B 0ajyioHe, a MEHAA TOJBKO [ABICHHE HA BHXONE pP,y, He-
B03MO3kHO. {1 Toro uTo0H HOAYIATH PYryI0 CBEDX3BYKOBYIO CKO-
POCTL HWCTeueHWsA, HE MEHAs [ApPaMeTPOB TOPMOMKEHHA NOTOKA,
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Heo0X0/UMO BOCIOIH30BATECA APYTHM COILIOM C APYTHM OTHOIIE-
HHEM BHXOJHOTO C€IeHHS K MUHHMAILHOMY.
Ecau p’ = p,, To peyxuM TedeHHA rasa B
Hepacuersbie pesmumul we- COILJIe W COIJIO HAa3HBAITCA HEPACYETHHIMA.
}Ie::::}: c"(f:ﬁﬂ'g’::yﬂ”}:’;yl‘f Ilpm p’ << po comio HABHBACTCA Tepepac-
MBIM TOpIOM NUPEHHM, a Opd p’ > p, — Hefopac-
mupeHHEM. B nepBoM ciydae Bo BmemHei
cpefle MOKHO DPOMCXOAHNTH MOMOTHUTENLHOE TOPMOKEHHE IIo-
TOKA W cBoOOAHAs CTPYA OPH BHXOJAE W3 COWIA CYKAaeTCs, BO
BTOpPOM Ciydae — JOLOJHATEJIbHOe YCKODEHHEe DOTOKA M CBO-
fogHas cTpysa pacmupaerca. Ecam A BamanHOTO po/p* comio
HepacUeTHOe, TO HCTeYeHWEe TI'a3a M3 COILIa TepsaeT Xapakrep
OJIHOMEDHOT'0 JIBI}KEHUA U CONPOBOK/AAeTCs 00pa3oBaHUEM CKAYKOB
yimoTHerus. Ilpu p,<C p; crkagkm ymiaoTHeHHS 06pa3yiorca Bo
BHeIIHell Ta3oBoll cTpye B3a cpe3oM c€OmIa, IPH py < Po< Pi
CKAYKH MOTYT 00pa30BHBATLCA 3a TOPIOM B CBEPX3BYKOBOH gac-
TH WOTOKA BHYTPH comia, Hapymeswe HeOIPEPHBHOCTH HEOMHO-
MEpPHOTO MOTOKA B COIJIE, CBA3aHHOE ¢ (JOPMOI COIIIA ¥ ABIKEHHEM
raza Ha BXofe B COINIO, MOYKeT HPOMUCXOZUTH UPH MIOGBIX Do < pj.
Hak Tompko B MHHEMAJBbHOM CEYEHHH COIIA CKOPOCTH HOTOKA
CTAHOBUTCA PAaBHON CKOPOCTH 3BYKA, pacXof depes comlo JlaBaid
HepecTaeT MEHATHCA MPHU JajlbHEHNIeM YMeHBIIEHWH p,. ITO BHAUE-
HMe pacXofa PaBHO Qyp = PxpVxpSmin (cM. (6.9)). llpemenpmrrit
Pacxof, Kak W B cAydae IIPOCTOTO COIMIA, 3aBHCHT TOABKO OT Ia-
PaMeTpOB TOPMOKEHWS W BeJIWIAHK MUHAMANBHOTO ceuenusA. [lam-
HOe COmIo UpM BafaHHBIX [apaMeTrpax TopMo:KeHHmA oOiagaer
oIpefeIeHHON IPOMYCKHOM CH0COOHOCTRIO, T. €. Yepe3 Hero Helb3fd
HIPOMYCTUTh PACXOf Tasa, Goabmui (yp. llpuw mpoexTupoBammu co-
meJ o BagaHHEIM pacxofy Qyp ¥ mapaMeTpaM rasa s 0ajjioHe IOJI-
6upaioT Smin/Seux-
SaMeTHM, 4TO ecJM HapaMeTpsl TOPMOKEHHA Tasza MeHAITCHd,
a pacxoj MpPOmyCKaeMoIo dYepe3 COILIO Ia3a MOJKeH OCTaBaTh-
cA HemsMeHHHM ((yp = const), To comio, BooOmie TOBOPA,
MOJIKHO MMeTh PeryIumpyeMoe Topiio, Smin AOKHO M3MEHATHCA.
Cormacuo (6.9) momywaercs, 9ro mpH (xp = const JoMKHO OHITH
P*Smin
VT
Ecam TeMmepaTypa TOPMOKeHEHs yBelmdwmBaeTcsi (3a cdeT Io-
morpesa rasa B Gamiaome), a p* = const, To ropio comia Heo0Xxo-
pamo pacmupATe. Ilpm T* = const 3a cyer moTeph MOKeT HMPOHC-
XogATH yMmeHsuIeHWe p* (pOCT SHTPONHH); IPH YMEHBLIIEHHH p*
ropgo comma Takke HeoOxopumo pacmmpATh. Ecam commo me Mo-
KeT MpONMyCTHTH PACXOJ, 3a[aBaeMHil BHENHAMH YCIOBUAMH, TO
yCTaHOBUBIIeeCHA ABMKEHUE ra3a CTAHOBHUTCA HEBO3MOKHEM. B sToM
clygae B Ia30BOM IIOTOKe MOTYT BO3HHKAThL Pe3kHe KoueGaHmsA.

= const,

]
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§ 7. IlpuMenenne HHTErpaibHBIX COOTHOLIEHHIT
K KOHEUHbIM 00beMaM MaTepPHAJBHON cpexdbl
HpPH YCTAHOBHBIIEMCH [IBHKEHHM

B rmapax III m V mpuMenuTeIbHO K NPOHU3BOJIBHEM KOHEYHHEIM
o0neMaM Cpeinl CHOPMYINPOBAHB OCHOBHBIE HHTErpabHEE COOT-
HOIICHUA MEXaHWIECKOH I TepMoANHAMA9ecKol npupoysl. g Hen-
PEPHBHBEIX [BIXCHAH OHH SKBUBAJCHTHH COOTBETCTBYIOIEM (yH-
4AMEHTAJBHEM IHQPepeHuMalbHbM ypaBEeHUAM; B Tu. VII un-
TerpaJIbHEIE COOTHOIEHU s OBLIN MCTOJNB3OBAHH [IJIA TOJIYUYEHHUA YC-
JI0BHil HA IOBePXHOCTHAX CHJIBHEX PAa3pHBOB.

PaccMorpuM Temephr HEKOTOpHE BajKHBE LPHUIQIKEHHA WHTET-
PaJaBHBX JAMHAMUYECKUX COOTHOIICHWH M 3aKOHA COXPAaHEHUA DHEp-
rum, sanucaHHHX B ria. VII B Buge ypaBHemmit (4.8) — (4.11).

Iyers o6weM V* — nopBmxHBIN KOHEYHHH 00LeM, PacIoio-
JKeHHBIA UeJHKOM B KOHEYHOH d9acTW NPOCTPAaHCTBA U COCTOSMIMI
03 WHAUBUYAJbHEX 9acTHI, JAHHOU cpepbl; uepes V oGosHaunM
HeHoABKHb 00beM, OTpaHMYeHHBIN HEKOTOPOil BaMKHYTOW KOHT-
pOJNBHO# mOBEePXHOCTHIO %. llpuMeHuM HHTeTpalbHBIE COOTHOIIE-
HUA K Takomy o0bemy V¥, KOTOpHIZI B paccMaTpHBAaeMEII MOMEHT
BpeMeHH ¢ COBIAgaeT ¢ UKCHPOBAHHKM B mpocTpancTse o6bemoMm V
U OTpAaHHYEH NOJBIKHOM IOBEPXHOCTHIO ¥, COBmAJAIOIEH B MO-
MEHT [ ¢ HEMOABU/KHOH KOHTDOJBHON NOBEPXHOCTHI0 X.

N3 ob6meit gopmynr (8.15) ra. 111 caepyer, uro uEUBHLYAIB-
Hble TPOM3BOJIHEE 0T 00BEMHBIX MHTErPAJIOB 1) 1A ycmanosueuwiuz-
¢ OBIKEHUI B J1000W MaHHBIH MOMEHT BPEeMCHH NIpeCTaBIAITCA
MOBEePXHOCTHHIMU WHTETPAJaMH 110 KOHTPOJBHOI HOoBepXHOCTH 2.

TaxkuM o6Gpasom, ans J11060T0 YCTAHOBHUB-

OcHoBHbIe MHTETPAIBHBIC €CO- | aro0y IOBUKEHNA, CONPOBOKIAEMOTO JIIO-
oTEOMCHUA U YCTAHOBME 6 pivu PUBHKO-XUMAGECKAME IIPOTEcCaMu
INHXCA JABH:KEeHHH 4
B J106GOH cpeme mJs NPOU3BOJBHOH 3aMRHY-

TOH KOHTPOJBHON NOBEPXHOCTH 2, orpanuamBapmeit obvem V,
MOKHO DOJB30BATHCHA CHAEIYIOMUMU WHTEIDAJBHBIME  COOTHO-

DICHUAMH.
YpapueHue cOXpaHEHHA MAaCCH
Spvndc —0. (7.4)
N

VYpaBHeHAE HUMITYJILCOB (KOJUIECTBA [BUKEHIA)

%pvvnds= S Fodr - Q p,ds. (7.2)

pH \4

1) anplne mOApa3yMeBaeTCA, 9TO B TeX CIy9asiX, KOIA BBOAATCH Hpea-
AMBHPOBAHAKE MOTOKH ¢ OCOOCHHOCTAME Yy IOABIHTer PAThENX PyHKUMIA, pac-
cMATpHBaeMHe 00'beMHEe AHTCTDANK CXOATCH M YIMEIOT KOHEYHEE BHAYOHMS



54 I'a. VIII. PrgpoMexanura

YpaBHeEHe MOMEHTOB (MOMEHTOB KOJMYECTBA [BHKEHHS)

Sp(erv—[— k)v,ds = S (r X F -+ h)pdr 4 g(rXpn—l—Q,,)dc.
> \% £

(7.3)

YpaBHeHzme 3Heprmd (HepBHA 3aKOH TePMOJAHAMUKIN)

Sp<i)22_+ U)Und5= S(F’U_i_ dq‘%tac)pd‘l:'“f— S(pn.v_q;)dr.
£ v B
(7.4)

Bce o6osmagenns obrrunnie 1 GEIIM nofpoGHO pasbiACHEHH paHBbIIe.
IMpmaoskenns ypasmennit (7.1) — (7.4) cBsi3amsl IIaBHEKM 06pasoM
€ TéM, UTO ¢ IIOMOIIHI0 HOAXOAAIMEro BHGOpa KOHTPOJILHOHR MOBEPX-
HOCTH 2 MOKHO TOYHO M/ IPUGJIVKEHHO BHYUCIATH WA BEPASHTH

Puc. 33. CxeMa KOHTPOJBHOH MOBEPXHOCTH.

HOBEPXHOCTHBIE MHTETDAJE YePe3 M3BeCTHEIE MM MCKOMEE BEIHYM-
HE, MIA KoTophix coorHomeHnds (7.1) — (7.4) moryT cay:xuTh om-
peleNANMAMA ypaBHeHAAMH HiIdm QopMmyiamu. HomTpouabpHas
3aMKHYTAs MOBEPXHOCTH 2 MOKET COCTOATH H3 HECKONBKHX 3aMK-
HYTHX IoBepxHOCTeH = = X4 4 X, 4 ... (pmc. 33).

Bryrpn o6beMa V m Ha HEKOTODHX IOBEPXHOCTAX 2 ; yCTAHOBUB-
meecsa [ABHKEHMe Cpefbl W (HW3WYecCKme IPOIECCH MOTyT OHITH
CKOJb YrOAHO CIOHHMHA. Haupumep, MOTYT OpPOMCXOIATH XUMH-
YeCKHE peaKNdHW, TOpeHHe, Da3jMuHKe (a30BEe NOpeBpameHns,
MoryT ObITh BHEIIHHE MEXAHMIECKUE CHJIOBHE BOBNEHCTBAA W T. I
Ha Bceit mnu Ba HeKoTOpo# 4vacTE BHOMpaeMoll KORTpPOJLHOH IO-
BE€PXHOCTH [JiA BRIYACJEHHsA IMOBEPXHOCTHEIX HHTETDAJIOB MOKHO
HOJB30BATHCA HEKOTOPHMHE aCAMITOTHYECKUMH BHPAKEHHSAMHA HIH
monymesusma. B casm ¢ 9TuM coorHomenus (7.1) — (7.4) moues-
HEI IJIs BRYUCAEHN S CYMMAaPHRIX CHJI M IPATOKOB SHEPIHUA 110 3a/IaH~
HOMY WIIH II0 IIPe/InoJIaraeMoMy JBHKEeHHRI0, KOTopoe Tpe0yeTcA 3HATH
TONBKO B TOYKAX KOHTPOJBLHOR HOBEPXHOCTH X .
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IlpomemoBCTpEpYeM THNWYERIE OpPHAOKEHAA Ha IpHEMepax.

- Pacemorpum CTAaHOBHBINEE
BoaneicTere erpym skmmwoc- P y o AABIROHIS
TH ® rasa ma mmoc ARUJKOCTH W Tasa B CTPye, HarTeKalomeit
cTeHKy ) Ha ILUIOCKYI0 CTEHKY W pacTeKawmeiicsa Imo
crenke (pme. 34). IlycTs mamexo or cTeEkm B
Haberaromeii cTpye ¢ nomepedHnM CegeHmeM S [aBIeHAE P, IIOT-
HOCTH 0, HCKOPOCTH ¥, 3a/IaHH U TMOCTOAHHEL 110 CEYEHHI0 CTPYH,
Opra9YeM BEKTOP CKOPOCTH ¥, COCTABJIAET YyIOJ ¢ ¢ MJIOCKOH CTeH-
Koii. [[ns mpocToThr paceMoTpuM cayuait mreanbHOM ‘M HEBeCOMOH,

Puc. 34. Yiap cTpyH 0 MIOCKYIO CTEHKY.

HO BooGme cxmmMaemoll sRugkocTu. Ha cBobopHO#E rpaHmne crpywd,
m300pakaemMoil cxemMatuyecku KpuBhiME BA u EF, uveeM rpanmd-
HO€ YCJOBHE P = D, I'lle py — NOCMOAHH0E TaBIeHHAEe, PABHOE 1aB-
JeHWI0) B OKpY:;KAOIIeN cpefe W pPaBHOE IO YCIOBHIO JaBJIEHHUIO B

cegennmm S Haberalomeir CrpyH.
Jlas m060oi 3aMKHYTOR MOBEPXHOCTH {2, OTPaHAIMBAONEH 00Dh-

eM Vg, BEpHO dYACTO HCIIOIB3YeMOe DaBEHCTBO

. 7] . 5]
pnds=+{ (Bit Pyt Prjdi=0, (1.5

oz
Vo

-y

rae n = n,d 4 nyj + n,6 — enuHWUEEA BEKTOP BHYTpPEHHEH
HJI¥ BHeITHeH# HOPMAaJH K dJIeMeHTaM ITOBePXHOCTH £2.

Cuia, gedcTBYIOIIAA CO CTOPOHE! CTPYH HA CTEHKY, MepIeH/IH-
KyJApHA K CTeHKe, ee BeIXYWHA IIPe/CTABIIAETCA HHTErPaoM

S pds,
z.
rae = * — 9acTh MOBEPXHOCTH CTEHKM, CMOUYEHHAA pacTeKawIeics

crpyeii. HanpasuM och KOODAMHAT T MePHEHAHKYIADPHO K CTEHKE.
Eciu npuHEATH, 9To Ha 3afHel (He CMOYeHHOH) wacThm Z** CcTeHKH
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. BABIIeHHEe PABHO Py, TO 0YeBUHO, YTO BeJuumnaa obmeit cuan, obyc-

NIOBJIeHHOH pacmpepeienueM faBieHmi Ha 2* | Z** jejicTRyro-
mux Ha 06e CTOPOHH CTEHKH, B CHIy paBeHCTBa (7.5), mpencTaBmTcA
dopmymoit

P=pds— { pds={(p—nyas. (7.6)
2

B b3

IloraskeM Temepb, KAk ONPeIENeHHYI0 TakuUM o0pa3soM CHIY
MOKHO BHYHCIET: ¢ IIOMON(bI0 YpABHEHHA HUMIYILCOB (7.2).
B radecTBe KOHTPOJNBHOI IOBEPXHOCTH 2 BO3HMEM IOBEPXHOCTB,
unzobpaskaemyo KoHTypoM ABCDEYA na puc. 34, BRINYAOIMYIO B
cebsa miromans ceueHuA cTpyu S, CMOUCHHYIO IIomanb cTenku CD,
cBo6oHYI0 IOBePXHOCTD c1py®E A B, FE 1 cedenwe pacTeramomeics
crpyn (Ha puc. 34 BC u ED), B KOTOPOM CKODPOCTH FKHIKOCTH CTa-
HOBATCH NAPAICTLHNME CTEHKe, a JaBleHHe BHIPABHHBAeTCH 1) ¢
JlaBJeHAEM Ha CBOGOMHOM TOBEPXHOCTH D.

C yuerom (7.5) u dopMyns p, = —pn, INe N — eJAHNY-
HBIl BEKTOP HOPMAJH, BHeIMHeH mo OTHOINEHUIO K JKUIKOCTH, COOT-
mormenue (7.2) maer

Spv-vndb:— S (p — po) n.ds, (7.7)

X I+

TaK KaK HA KOHTPOILHON MOBEPXHOCTH 2 NABJIEGHHE P == Do TOIBKO
Ha cModeHHod wactu crenku CD. Hpome toro, v, = 0 Beage, Kxpome
cegenuil ctpyu AF, BC u ED; Ha FA umeeM v, = —0y, V,= U, Si0 @,
Ha BC u ED nmeem v, = 0, mosToMy

P = pyviS sin & = Gu, sin a, (7.8)

rie G — MaccoBLI pacxof ¢Tpyu B equHEHny Bpemenu. Dopmyia
(7.8) ompepenseT AUHAMUYECKYIO CHIY BOBNENCTBHA CTPYH HA IIpe-
OATCTBEEG — CTEHKY. JTA CUJIA TPONOPIUOHAABLHA KBagpaTy CKO-
pocTE B C¢TpPye W CBA3aHA ¢ H3MEHEHHEM BEJMIMHE U IIOBOPOTOM
BEKTOPA KOJIMYECTBA [BU;KEHMA JKHAKoOCTH Haberalomell CTPYH.
@opmyna (7.8) opumernma AJIA CTPYH HAEAJNBHHX SKHIKOCTOH Hiad
razos npm aw0Goid gopme cegenus S.

1) 3pmech W AaJbIle COOTBETCTBYIONHE MpefelbHEle SHAYeHHA IPH TOIHHX
BLIYACITIEHHAX MOT'YT HOCTHrATHCA TEOPETHIECKH TOJIHKO B GeCKOHEYHOCTH, HO
BCEIAAa MOKHO MPOBOXHUTH NPUOIIKEHHO BEMHCIEHHA B CEYeHHAX, HAX0LA-
IUXCA HA KOHEYHHX PACCTOAHMAX, UMes B BHAY, YTO JONYCKaeMEHe NPH dTOM
ommbKW B mpefieNie DABHKE HYIIO.
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Bospeficreme na cremxy PaccmoTpum Temeph meranbHee Caydal, KOr-
IIOCKOMAPANIEALHOM CTPYH g spynpocTp HAeAJdbHAS U HEC;KUMaeMas,
HEC;KHMaeMOM KAAKOCTH
a JIBUMKeHHe IUIOCKOmapalielbHoe. B 3ToM
clydae, MPEMEHAA K CIOK KEJKOCTH efd-
HOYHOM HIMPHHE ypaBHeHHA pAacxoga, HMOYJILCOB H MOMEHTOB
OTHOCHTEIBHO OCH, MEPNeHJAKYJIAPHOH R INTOCKOCTH ABHKEHHS,
Kpome gopmyasl (7.8) Aua cuibl, MeACTBYIOHEH HAa EJUHHUITY IIH-
PHHEEI MIACTHHKH, MOJYIHM eme APyFue COOTHOIICHHUA.
YpaBHenwe pacxoga maer

plvy, = plywy 4 plyvy, mmm I =1 1,

rae I, l,, I, — Tonmunsl crpyu B ceueHuAX AF, BC n ED coorser-
CTBEHHO.

Y paBHEHHE KOJUYECTBA [BU;KEHNUSA B IPOESKIIHU HA OCh J, HAIPAB-
JIeHHYI0 BIOJNL HIACTHHKH, JaeT

plvicosa = plzvg — pllvg uin lcoso = [, — ;.

Otcioma caegyer, 970

I, — 1-—;05& 1,
52:1+_§05__a_l_

OGosnauuM depes i paccTOsAHHEe TOYKH HPMIOKEHHsS culIsl P or
Touku (O mepeceyeHUs NIACTHHKHU ¢ OCBI0 CTPYH (CM. puC. 34).

YpaBHenne moMmeHToB (7.3) oTHOCHTeAnHO Toykm (O mpm
k=F=h=0Q, =0 gaer

ply pl 2,
Ph=—5~v——5 7o

orcioga u u3 gopmyas (7.8), B KoTOpoil Hafo MOXOKUTE G = plvy,
ClIegyeT, 4To

Taxum o6pasoM, B paccMaTpHBaeMo# 3amade o0IHe TeopeMEI
HO3BOIANT OHPENeJHTh He TOIbKO BEIUIWHY paBHOeHCTBYIOMEi
cuau P, Ho 1 TOUKY ee IPHIOKeHA Ha CTeHKE.

. PaccMoTpuM JIBMKEeHHE € LOCTOSHHOM TO-

g ﬁ:g::}}:o&aune nrocKou PEBOHTAIBHOR ~ CKODOCTBIO ¥, moayGecko-
HEYHOH mnaacTHHKE GecKOHETHOTo pasMaxa,

HAKJIOHEHHON K POPU30HTY IO YTIOM O B CONPEKACAIOMENCS CBOUM
KpaeM C KEIKOCTHI0 Ha ee MOoBepXHOCTH. TaKoe CKoab3smiee [BH-
JKEHMEe THUIA Tejla [0 DOBEPXHOCTH KUAKOCTH HA3HBAETCH IJIHC-

o
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cmpoBaHHeM. Hpaill miacTHHKH, ciex KOTOporo Ha puc. 35 0603-
HadeH TOYKOH B, mpencraBiser coGoil TOpH30HTANBHYI IPAMYIO,
NepueHARKYAAPHEYI0 K IIOCKOCTH UepTeKa H, B PacCMATPHBAEMOM
clydae, BeKTOPY CKOPOCTE TJIHCCHPOBAHHA.

PaccmoTpmM ycTaHOBMBIIEeCS OTHOCHTEIBHO INIACTHHKH ILIOC-
KOIapaJlIeIbHOE [BIKeHAe RAAKOCTH, OIEHAKOBOE BO BCEX ILIOC-
KOCTAX, HAPAMIEABHKRX IIOCKOCTH zY. OTHOCHTEIBHOE [BHKEeHHE

Puc. 35. TunccuponaEyMe IIAaCcTHHKH II0 OOBePXHOCTH
HECKHMAaeMOil KHJKOCTH.

FRUIKOCTH ABIACTCA [BU;KEHUEM OTHOCHTEIHHO CHCTEMH KOOP[H-
HAT, CBA3AHHON ¢ INlacTmHKON Hemamenno. O6oszHaumm depes H
rJIy0HHY IUIOCKOI0 TOPH30HTAJIBHOrO [JHA mepef IIACTHHKON (CM.
puc. 35). Juaa mpoctoTH npeHeGperkeM cmioil TaxecTH M Gymem
CUMTATE JREAKOCTE HAeaJbHOM U Hec:xuMaemoi. 1lo yeaosuio, fanexo
mepeq W 33 IJIACTHEKON B aGCOTIOTHOM JIBUKEHUH KUNKOCTb IOKOUT-
¢H, B OTHOCHTEJILHOM [BUKEHAN KUIKOCTH B 6€CKOHEIHOCTH HMeeT
HOCTOAHHYI) TOPE30HTAIBLHYI0 CKOPOCTH ¥, HaNpaBieHHYK CIpa-
Ba HajeBo (cM. puc. 35). B oTHOCHTeNLHOM [[BUHEHHA B CEICHUH
IIIOCKOCTRI0 zy cBoGomarie mosepxHocTd AB m DE, ofTeraeman
TBepjas rpaEmna mwiacruikE BC u gpo GF mpencrasnsanT coboi
amEEA TOKa. llpmMeM, 9ro Ha cBOGOXHOU IOBEPXHOCTH JABJIEHHE
HOCTOAHHO W paBHO p, (arMocdepHOe naBienme). Mz wmHTErpa-
na BepHynanm paus HeBecoMOH SKHUKOCTH CJEAyeT, 4T0 BeJIAIA-
Ha OTHOCHTEeIbHOM CKOpPOCTH HA CBOOOAHON IMOBEPXHOCTH
MOCTOAHHA.

Bmepegn mracTmEKE ofpasyerca ToHKas Opnarosas Crpys
TONMEEH O, 0YeBHHO, 9TO HA MOBEPXHOCTH CTPyH H B Geckomed-
HOCTH B CTpYe BeJMIWHA CKOPOCTH RUAKOCTH paBHA v, Ciaeposa-
TesbHO, GpH3rE, 06pasyommecs BIepe[u TIACCUPYoOmeR moBepx-
HOCTA B OTHOCHTEIBHOM NBI;KOHAH, BMEIT CKOPOCTE Vo, PABHYIO
CKOpOCTH TIHCCHPOBAHHA, a B aGCONIOTHOM JABIDKEHHH (COOT-
BETCTBYIOIIEM HETO[BMAKHON IKHAKOCTH B OECKOHETHOCTH BIe-
peNHE IJACTHHKHA) OPH MAJIHX € CKOPOCTh GPHI3T OpuUONUKeRHO
pasHaA 20,. :
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BosbMem B KadecTBe KOHTDPOJLHOA TOBEPXHOCTH NHIHHPHYE-
CKYI0O IOBEPXHOCTH eAXHAYHON MAPAHK ¢ 06pa3yomumMn, HOPMAlb-
HEIMA K INIOCKOCTH ZY, M IUNIOCKHMH CeYeHHSAMH, IapaJilel]bHEME
9TO# MIOCKOCTH, HW30GPayKEHHBIME B IUIOCKOCTH ZJ KOHTYPOM
ABCDEGFA, B xotopoit ceverna AF, EG u CD pacmomoxeHE
HOCTATOYHO JAJeKO, TaK UTO B ITHX CeUeHHUAX MOKHO IPHHATH,
49T0 faBJeHHE PABHO Py, & CKOPOCTH PaBHA Uy,

W3 ypaBHeHms coxpaHeHHs Macc ciaexyer !)

h=H—23. (7.9)

N3 ypaBHeHWA HMOYJILCOB B OpPOSKOUHM HA OCh Z (CHJIHI,
JeficTByromue HA JKHAKOCTH CO CTODOHLH [HA, HCKINYAIOTCA)
HaiigeM

pHvy — phvy + pdvy cos o = —P sin a, (7.10)

raie P — BenmumHA CHIH, AEACTBYIOmMEH HA eAWHWNY INAPWHE
TIHCCUPYIOmeN miIacTAHKA

P = S (P— po)ds.
BC

W3 maealpHOCTH KAMKOCTH CIeAyeT, 4To o0masa cmia, aeicT-
BYIOIAasn .CO0 CTOPOHH JKEZKOCTA HA TANACCAPYOINY0 HIACTAHKY,
OepIeHAEKYIAAPHA K €€ IJIOCKOCTH.

U3 (7.9) z (7.10) nerxo Halimem

P = pdvyotg - (7.11)

dra ¢opMyda HoKas3hwBaeT, 4TO BeJIHYMHA CHUJIK BO3JeHCTBAA
KESKOCTH HA TIIACCHPYIOMYI0 IIACTHHKY TECHO CBA3AHA ¢ TOJIIH-
Hoii OprI3roBoii cTpym O, KOTOPYI MOMKHO pAacCMaTPHBATh KAk,
dyarnmio oo, H u h* (cm. pme. 35). )

TlonHOE TeopeTmuecKoe peHmIeHWe COOTBETCTBYIOMEH 3ajadum
npu 3agaEENX [ w h¥* DokasmBaer, UTO OPH MAaJHX ¢ TOJMTHA
CTpYHW y IlepeJHero Kpas mMeeT HOPAAOK a?, M II03TOMY IPH MAJKIX
o BeIMYMHA CWIK P mmeeT TOpAROK o (TaK KaK MpPE MAJHX o

ctg%zZ/cx).
N3 dopmynn (7.11) caegyer, dUTO CHIA CONPOTHBJICHHM

R — cocrapasomas cmisl P OpoTHB  CKOPOCTH [JBHKEHHA,
T. ©. IOPOTHB OCH Z, H IOAbeMHas cula A — cocraBagromaa P,

1) OveBAgHO, ¥YTO UPH HPUMEHEeHHN HHTErpajbHWX COOTHONICHHWA HWHTe-
T'PaJiHl HO JBYM IUIOCKUM CeYeHMAM HOBePXHOCTH X, NaPaJlJebHEM IIOCKOCTH
2y, paBBEH HYJIO HJIH- COKPAMIAIOTCA B COOTBOTCTBYOINHUX yDPaBHOHMAX. '
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OepHeHAEKYAADHAA K CKODOCTH JABIKEHUA, MPEACTABIAITCH
dopmyamm:

R = Psina = pdvj (1 - cosa)
u (1.12)

A = Pcosa = pdvj ctg% cos o,

®opmyas (7.12) He 3aBucAT ABHO OoT H u BepHH B ciiyyae OeCKOHEU-
Ho rayGoroii seupkocTd npu H = oo, A = oo u h* = oo. J{aa Gec-
KOHEYHO I'Ty6OKOM JKUAKOCTH BEIMIMHA O 0CTACTCA IIPOM3BOJILHOI,
OJIHAKO €6 MOMKHO BHIDA3UTH 4ePe3 yrol o U «IINHY» CMOYCHHOH
nosepxHocT® [. OmpefelneHne BeIMYMHH [ fCHO M3 UYePTEKA
Ha puc. 3D.

B nmeficTBUTENBHOCTH CHJIa CONPOTHBICHHUA IIIMCCAPOBAHUIO YBE-
JNYUBAETCHA [IOYTH BIBOE 33 CUET CHJIH BA3KOrO TPEHHA, BOZHHKAIO-
meii Ha o0TeKaeMoil IIOBEPXHOCTH nJacTHHKH. CHIH BABKOTO
TPEHWA IIPU MAJBIX . OKA3BIBAIOT NpeHeOpPe;KuMO Majioe BIMAHNE HA
nogpeMuyio cuty A. Brime mMer npeHeOperiau BecOMOCTBIO sRUTKOCTH.
MosxHO mOKa3aTh, 4TO NpPH OOJBIMHX CKOPOCTAX TJIUCCAPOBAHUA
BJIHMAHAE BECOMOCTH ;KHIKOCTH BooOIie oueHL mauo 1),
PaccmoTpnym cTpyiinoe ucreueHne HeC;KIMae-
MoHl ;KEmAKOCTH U3 OoNbITOro, B Ipefere W3
OeckoHeYHOro, cocyga depes Hacamok bopma (puc. 36). IIpumenm,
9T0 COCYJ C HEBECOMOH ;RUIKOCTHI0 3AHEMAET BCE JIEBOE IIOJIYIPOCT-
paHCTBO, orpaHmUeHHOe cTeHKod A BLG. B crenke mmeercs oTBep-
cTHe ¢ INIOMAbI0 S, KOHTYD OTBepcTHA MOKeT 6uITh mioGoiM. B or-
BepCcTHe BCTABJIEH IWIMHAPWUIECKUN M0CTaTO4HO AJIWHHHIEA Haca-
ook ED — BC, wrotopuii HasmBaeTcsa Hacagrom Boppa. Bmaam or
OTBEPCTHUA B COCYJIe C }KIAKOCTEIO HMeeTCs IaBICHNE Py, BO BHEIIHEM
OPOCTPAHCTBe JaBileHHe p,<< p,. llog BimammeM mepemaja Aas-
JIeHUA D3, — P LUPOUCXOAMT YCTAHOBUBINEECA CTPYIHOE HCTCUCHHE
JKUTKOCTHE W3 COCY/Ia Bo BHEITHee mpoctpancrBo. O6pasyercs CTpys
¢ moBepxHOCTEI0 DN — CM. OGo3nauum wepes S, IIOMAZL TO-
NEePeYHOT0 CeYeHUs CTPYHM, KOTOpas BiipabaThBaeTcs ACHMITOTH-
YeCKM HA NAJeKWX pPACCTOAHUAX 0T oTBepcTus B cocyme. Oipe-
JeNUM BeINIUHY K0d(QUImeHTa CKaTUA CTPYH, PABHOTO OTHOIIE-
So
< -

OGo3naunm depes vy, CKOPOCTH HA IMOBEPXHOCTU CTPYH, COOTBET-
CTBYIOOIYI0 IIOCTOAHHOMY [MAaBIEHUIO Do, I B NpPeIeLHOM CedeHHH

HHAIO

1) Cu. JI. U. Cepnos, Ilmockme aajjadd TAJpPOAMHAMAKE M adpOpuHa-
mukry, Uan-so «Hayxa», 1966 1 1950. B xEHre Jago moJ/HOe pelleHHe IJIOCKOH

PMPOEHHHMH‘IQCROﬁ 3ajJa9d 0 IIMCCUPOBAHHE ¢ YIO6TOM BECOMOCTH KAZKOCTH.:
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CTPYH C ILIOMAJBI0 Sy, B KOTOPOM YCTAHABIUBAETCA [ABIEHHE P.
Wnrerpan Beprynan, npmMemermm# k J06Goii THHMZ Toka B WC-
TeKalMell cTpye HeCKUMAaeMOH KUIKOCTH, HaeT

o2

Pi=po+ ——, (7.13)

oe p — IJOTHOCTDL KUIKOCTH; 3[1eCh NPHHATO, YTO Ha GONBMHX

- T T =

!
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|
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Puc. 36. Cxema HCcTedeHHA MUIKOCTH 4Yepes Baca-

mox Boppa.

PACCTOAHMAX OT OTBEPCTHS CKOPOCTE JKUAKOCTH B COCYJe B Ipefese
paBHA HyJ0, a TaBIeHHE DABHO Py.

Iaa HaxogeHWs] BEIWINHH KOIQQHUIMEHTa CKATHA CTPYH
OPUMEHAM YypaBHEHHe KOJNYecTB ABISKeHHA (7.2) K KOHTPOJbHOR
HOBEPXHOCTH X, COCTABIEHHOH M3 NMYHKTHPHOR HOBepXHOCTH (CM.
puc. 36), CTeHOK cocyfia, IOBEPXHOCTH CTPYH M IUTomamm S,y; cxe-
MaTH9eCKW Ha puc. 36 mOBepXHOCTH 2 M300paykaeTcsi KOHTYPOM
ABCMNDEGFA. C yuerom coorHomerus (7.0) ypabrernme (7.2)
MOKHO Ham@caTh B BH[E

o gvvndc= —Vg(p—-po)nds.

CrnpoexTrpyeM Temeph 9T0 PaBeHCTBO Ha HampaBleHHe CKOPOCTH,
KOTOpOe NAapaIelbHE0 00pasylomuM IUIRHAPHYCCKOH BCTAaBKH
pacagka Bopma. Ha mynrtupHO# 9acTtn 2, yhaxseMol B GecKoHed-
HOCTH OT OTBEPCTHSA, MOKHO NPUHATH, 9YTO CKOPOCTE ¥ CTPEMHUTCS K
HYJI0 B 9TO TOYTOMY TOTOK KOJHIeCTBA ABWKeHWA IO 3TOH 9acTh
3 ofpamaerca B Hyib. B ApyrHx dacTax IHOBePXHOCTH X, 32 UCK-
narogeruneM S, nmeem v, = 0. llosroMy ¥ B cuIy Toro, 9o JKHIKOCTD
HpeaJbHas, MOKHO HaIHCATh
L preSy = — (p — po) cos (n, vo)ds = (py —Po) S, (7.14)
: BAFGE , _ o
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TaK KaK 0O 3aMKHyTo#d moBepxHocTE BAFGEB BepHO paBeHCTBO

(P1— Po)cos(n, vy)ds =0,
BAFGEB
| IO3TOMY

(P~ po) cos (1, vo)ds = — S(Pl — Po)doa.
BAFGE 8
s (7.13) = (7.14) cpasy HaXOJUM

S Lo ' (1.15)

Taxum of6pa3oM, A HECKUMAaeMOH KUAKOCTA KO>P(HUIeHT
HOKaTHsA CTPYH, BHTeKatomeil wepe3 Hacamox Doppa, pasem 1/2.
B of6mem caywae (s HacagKoB APYroro BHUAA) 3TOT KoadPuimenT
3aBMCHMT OT TeoMeTpuueckoil opMBI Hacafgka.

Ilaa razoB mpu HEUPEPLIBHOM NO3BYKOBOM UCTedeRUHM ¢ obpa-
30BaHUEM CTPYH, HA IOBEPXHOCTH KOTODPOH p = p,, popmyna (7.14)
coxpangeT cBoil Bup. A coBepmeHHOro Tasa ee MOKHO TEpemH-
caTh B BH[E

?

So _p—po _ (P_l _1) 1
s povg po 'ng

rme M, — amcro Maxa B cezemmu S,

 Tenepnr BMecTo ypaBHenmsi Depryianm B dopme (7.13) mymHO
HCHOJL30BaTh ypaBHenwme DBepHyaau pmaa rasa. Ha ocHoBammm
nepsoil m3 dopmyxa (5.14), B Koropoil mamo monokuTH p¥* = p,
g M = M, norytum i

( I MZ)Y/(Y—I)—i
S0 20 (1.16)
S TM?)

Mopmyaa (7.16) B mpegeae wpm M, — 0 mepexomnmr B dopmyry
7.15).

IosByKoBoe mcTedeHHe OyheT HPOHCXOAATH LPH

v

P—E> p‘ip =( 9 1.)'r/(‘r—l)'
p P T+

IIpnm Goxbmimx mepemafax HaBJaeHHs, Korma (p,/p*) < (Pxp/P*),
B CTpye IOJNYYalTCA CBEPX3BYKOBHE CKopocTe. lIpm mocraToumo
MaJHX po/p* B crpye O6ynyT BO3HHKATh CKAYKE YIJAOTHEHHA:
B CBfASH C 9THM pelIeHHe 3aJaTd YCJIOKHAETCA.
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§ 8. BsammopeiicTBHe ;RHIKOCTEl H rasoB
¢ 00TeRacMbIMH TelaMB TNPH YCTAHOBHBIIEMCH
ABHKCHHEHA

PaccmorpuM ycTaHOBHBINEECA [BHKEHHE MATePHATILHOHM CpeJH,
ofTeramwimeil HEKOTOPO® TeJI0 Wim cucreMy Tex (puc. 37).
. BospMeM B KadecTBe UacTH KOHTPOJIBHOMH
Onpepesiens obmell cmIkt  popepxpocrn 3 TpyOKy TOKa X, cofep-
peaknqma R, MOMEHTA M —— 6 ~
H «OTHABAaEMO» HOTOKOM yTpum cebs oOTeKaeMble TeJfa,
spepram W OTPAaHWYeHHLIE MOBEPXHOCTAMHA X, Zg,...,
KOTODLIe BKJIKYMM B KOHTPOJBHYK IOBEPX-
Hocts Z. Tpybra Toka X mosker GbiTh BHeJeHA B [BIKYIIEMCSH
II0TOKe MAaTepPHalbHOH CPefnl MEBICJIEHHO H, B YACTHOCTH, MOKeT
IpencTaBIATE coGoil cTeH~
KO feficTBHTenbHON Tpy- /1
0L, BEYTPH KOTODOW mpo- 7
HCXOIMT paccMaTpmBae-
Moe IBU;KeHNe MaTepraJb-
HO#t cpenrl. Brimensemasn
TpyOKa TOKa 2, MoOKeT

TaK)Ke COBHIAJATL TOJIBKO Y %
B OTAEJBHHIX CBOMX Yac- 2 n,
TAX ¢  HeKOTOPHMH n Pefe

TBepAHMHA TDaHHIaMH.
IIrockme cedeHumsa S, = Prc. 37. Cxema ycTaHOBHBIIETOCS [IBMIKEHHS

S, Tpy6im oxa 3, rowe  plePH L PR Y o e
BKJIIOTUM B KOHTDOJILHY0 S=32¢+ 21+ ..+ S1+ S,
noBepxHOCTh 2. Takum
06pa3oM, KOHTpoJbHAA TOBEPXHOCTH, K KOTOPOH MBI TPEMEHUM
coornomenusa (7.1) — (7.4), mpepcraBmrca cymmoit X = X, +
5+ By 4 o+ S+ S |
IIpegmonoskum, dro Ha JOCTATOTHO [alleKHX PacCTOAHAAX OT
BHYTPeHHAX TeJ, OIPAHMYeHHHX HOBeDXHOCTAME X, Xg, ..., B
OIOCKUX cedeHumax S, # S, (¢ KOHEUHEIME IIOMANAMHA, KOTOPHIe
Oymem o603HAaYaTE Takke depes S; X §,) TPYOKH TOKa MOTOK SRHE[-
KocTw (MW rasa — CHEMaeMofl JKESKOCTH) BLIDPABHUBAEICA W B
9THX CEIeHUAX MOJyYalOTCA NOCTOAHHBIC INIOTHOCTH Oy M Py W IIO-
CTOAIHHHIE CKOPOCTU ¥, U ¥y, HOPMATBbHEE K S; 1S, COOTBETCTBEHHO.
HKpome sroro, mpeamonosuM, uTo ¢ ceveruaxr S; U S, 6HympernHue
HanpasceHus ce00ames x Oasaenusn ') p; U p,. Bayrpm TpyGn u Ha
CTeRKaXx TPyOM MoKHO QOTYCTHTH HaJW4IMe Pas3JMYHEIX MeXaHU3-
MOB bHeproo0MeHa ¢ BHONIHAME TeJaMH ¥ HaJMdde KacareJbHBIX

1) 3ro npeAmooKeHMe YIOGHO M BO MHOTHX CIydadaX BIOJHE IPHEMIeMO.
OpHako MokHO 0606muTs HmOCHemylomEe (GOPMYJIH Ha ciaydal, korga Ha Sj
2 S, MOryT OHTH KacaTelbHHE HAIDAKeHHA.



64 Ta. VIII. T'agpomexaranka

HalpsKeHHid, Tak Kak B o0IeM caydae Ham He moTpebyercs mpep-
mosoykeHue 00 AAeaNbHOCTA HKHIKOCTH.
Jasee Bocmoab3yeMCA CHeAYIOMPME 0003HAUCHUAMA:

—R= S P, do, (8.1)
P DT OIS
~uw=  { exp.rods 8.2)
Tt Bk It
dg., ¢ .
—W=S<F-v+ qd“;ac)pdrqb (Pn-v —qn)ds,
Y Bot BitEat .
(8.3)
0P 7 p
l -——-—2—-f—[/ +—p—. (8.4)

OueBmano, 910 — R upepcrasisaer cofoil riaBHHA BeKTop Io-
BEPXHOCTHEIX CHJI, JefCTBYIOIUX HA >KUJKOCTH CO CTOPOHH BHYT-
PeHHHEX Tel Ha IPAHMNAX 2,, X, ... I CO CTOPOHH TPAHEL TPyO-
kn Toka .. Bexrop R mnpencrasiser cofoll cOOTBETCTRYIONIYIO
CYMMapHYI0 CHIY IpOTUBOJEWCTRBUSA, T. . CHIY, ¢ KOTODOH Kuji-
KOCTB [IeHiCTBYeT Ha BHYTpeHHUE Tesia M HA IOBePXHOCTh 2, AHa-
JIOTHYHOe TONKOBAHFE NPUMEHMMO K BEKTOPAM CYMMAapHEIX MOMeH-
TOB OTHOCHTEJIHHO HEKOTOpoil HemojsuskHOM ToukH, —M u M.

CransgpHas Berwuuna — W mpejcraBiaser co6oil He 9To HHOE,
Kak o6muit «opurtok» (a W — «oTTOR») MeXaHWIECKOH, TeIIoBOH 1
NPYTHX BHIOB SHEPTHU B OAMHUIYy BpeMeHU K 00DheMy KHIKOCTH,
BHIJIJICHHOMY KOHTPOJBHOH NOBEPXHOCTHIO 2, OTAMYAlOmuiAcs
OT IMOJHOTO «IIPUTOKAY DHEPTUA K HHAUBUILYATLHOMY 00beMy sKUTKO-
oTH V TONBKO 3a CUeT «HPUTOKOBY SHEPTUH K JKUKOCTH B CeYeHUAX
S, u S,

Beinunnaa, ofosHaueHHas uepes i*, mpencraBisgeT coboil mo
OLpeHe eHNI0 noaxoe ydeavhoe menaocodepicanue ¢ yIeTOM KHHe-
TUUECKON SHepruw jBumkenms (cm. gopmymy (6.7) ra. V, =. 1),

ITpm yaere cuabt mascecmu, ecan nonoxurs I = g, 6ynem umets

Sder:./Mg, S(r X Fpdv=ur" X g
v v

H (8.5)
S(F-v)pdr = Mv*-g,

Ie Jf — Macca RWKoCTH BHYTpH obsema V, 7* m v* — coor-
BETCTBEHHO PpAJIIyC-BEKTOP M CKOPOCTh IEHTPA TAKECTH BTOTO
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obpeMa KuAROCTH (IWIOTHOCTH MO’KeT GBHITH HepeMeHHoH 1o
obsemy V).

Bo MHOTMX npuIOMKeHHAX MOKHO NpPUHAMATL, u9to B = (),
dquac/dt = 0u F = 0,

Us saxona coxpasnemms Mace (7.1) mosyumm

01018y = patnSy = G, (8.6)

rie depes (G 0608HaUEH MACCOBHIT PACX0/[ B eAUHUILY BPEM eHH Hepe3

paccmaTpuraeMylo TpyORYy TOKa.
Tar rax Ha 2 ¥ 1m0 yCHOBHI Ha 0OTEKAEMBIX HOBEPXHOCTAX

2, 2., vy, = 0, To ypaBHeHme mMuyiancoB (7.2) UPHBOAUT K
clepyiolieit ¢opmye:
= (p, - Plvi) Sl—:‘ll‘ — (o2 -+ szg) Sz%: . (8.7)

3iech BMECTO €JHHUYHLIX BEKTOPOB BHEIIHHX HOPMANCH 1, U R,
Ha cevenuax S; u S, BBeIECHE eIUHUTHBIE BEKTOPLI ¥,/ = — M, U
Vy/Uy == My, JlAA yuera CHIBl TAKECTH JKUHNKOCTH HA OCHOBAHHH
(8.1) u (8.5) cpaBa B (8.7) HeoGx0mMO TOABKO H06aBUTH CHIY Beca
FRUIKOCTY, BaXomAmedics mMexny cedennmamu S; 1 S,.

Beegen Temepb pajiuyCH-BEKTODHL #) W 7% LEHTPOB TAIKECTH
miaomageil ceuenuid S; u S, v nonowwum K = 0 ma §; u §,. Ypas-
Hemne Momentol (7.3) OpHBOZUT K ciaegyilomell dopmy.e:
2 S X Ve

><
M = (p; + 91U1) Sl —(p: + pzvz) S, (8.8)

Iuna yyera Becomoctu >iuakocTu B (8.8) Hy:RHO T0OaBUTHL MOMENT
CHNILI Beca, IPUJIOKEHHBIN B IEHTPE TSIKECTH JRUIKOCTH MEKIy
ceuenusiman Sy 1 S, (cM. (8.5)). Ecam Ha BCio IOBEpPXHOCTH 2 (Io-
BEPXHOCTH TPYOH M CTPYH B IieJ0M) H3BHE JeHCTBYeT IOCTOSHHOE
JaBJeHHE p,, COTTACHO CKA3AHHOMY Bblme, B popmynax (8.7) u (8.8)
MOYKHO BAMEHHTL p; W P, 9e€pPe3 p; — Po M Py — Po- B panbuedinem
MOKHO CUMTATh, 9T0 P, U P, PABHBI IOJIHBIM JaBIeHHSIM WJIN
mofaBKaM K IOCTOAHHOMY [ABIEHHIO p,.

Haxonen, ypaBHEHUe DHEPTHM IPH €CTeCTBEHHOM JOIYINCHHN,
aro gn = 0 ma S, u S, (mannuue g, == 0 Ha S, u S, JAerxko ydecrs,
OJHAKO NJIA MHOTHX NPUIOMKEHHU B 9TOM HeT HaJoGHOCTH), IPUBO-
OUIT K PABEHCTBY IPOCTOT0 BHIA:

W= (i — i) G (8.9).

B aroit opmyne smerxo yuecTp Takyke paboTy CHI TsaxecTH (M3Me-
HeHHe MOTEHIHAJIBHONH JHEPTUM KHJKOCTH MEKAY CeUeHHAMH S,

u S,).

3 J. U. Cenos, T. 2
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Orcropa npu W = O nomyuum, wro iy = i;. [{usa cosepmennoro
ra3a B PACKPHITOM BHHE BTO PABEHCTBO COBHANAET ¢ ypPABHCHHEM
Bepuyaan (5.2). Ilppu W =£ 0 Mur mmeeM o606wenue ypasHenus
Bepryasu va 6onee clIo:xHbIe CPOIEI ¢ YICTOM H3MEHEHUST KOHCTAH-
TH DHEPIHH BAOJEL JHHWI TOKA 3a CYET «OTTOKa» sHeprum W ot
KHIKOCTH K BHEIIHUM TejlaM.

Coornomenus (8.6) — (8.9) mpumenumsi B ofmem caydyae Kak
JJIA HENPEPHRBHBIX ABUMKEHWE, TaK U ABIKEHUH ¢ HAJTHUHMEM pas-
JUYHBIX Pa3pHBOB BHYTPH paccMaTpuBaeMoro ofseMa. OHU HTparor
$yHTAMEHTaJbHYIO PONb B WHAKEHEPHOM THAPABIAKe U WH/KEHEPHOM
rasoBoil JWHaAMHKEe, OTH OCHOBHEIE COOTHOIIEHMA, yPaBHEHHS U
ompeenawiye GOopMyIb ION0KEH B OCHOBY OfHOMEPHOII Teopun
BCEBO3MOKHBEX PACYETOB TIA30BHIX W TUAPABIUYICCKUX MAUIWH.
Jlerko BUmETH, 9TO [IA YCTAHOBUBINMXCS EBU/KEHUIl COOTHOMEHUH
(8.6) — (8.9) mis KOHEYHHIX MACC Cpemnl MEKAY CeUeHHAMH S, U
S, BEIpakaoT cofoil ¢BA3M TOH <€ IPUPOMAH, UTO M COOTHOIMEHH
Ha CHJBHBIX CKAYKaX. [Ipum cOIMKeHUH W COBNAJEHUH CeTHUIT
S, u §, pasencrBa (8.6) — (8.9) mepexoiaT B YCAOBHA HA RDAMBL
CKAYKAX, IOCHE[HEe CBABAHO C IIPUHATHIM BHINE YCTOBHEAM, TTO
CKOpocTH B ceweHMsAX S; M §, MEePHEHAUKYJIAPHE K HHM.

Cootmomenusn (8.6) — (8.9) BuBegcHsn pias TpyOKH TOKA C
KOHEUHBIMA cedenusaMu S, # S, B NPEIIOIOReHNH, UT0 Ha HTHX
CEYCHMSIX CKOPOCTH, IIOTHOCTH H [JABJEGHAE BHIPABHHUBAIOTCH.
Ecstu miist ToYHpIX peiienuii COOTBETCTBYION{HX THPOMMHAMITOCKIX
33789 BTH NPeIIIoJ0/KeHHAs BHIIOIHAIOTCH, TO paBeHcTBa (8.6) —
(8.9) aBaatwrca TounkiMu. Ecinu B TOUHEX pelieHMAX WJIH HO JaH-
HEIM OWEITOB 9TH HPEJIOJOKeHNA BRIIOIHAITCA TPUOIUKEHHO,
TO IOJYYEHHRIE COOTHOIMEHWS MMEIT NPUOMM/KeHHEBIT XaparTep,
OHAKO BO MHOTMX CJyYafgX 9TH LPHOIMKEHUA TPaKTUYECKH
BIIOJHE yHOBIETBOPUTEAbHH. BMecre ¢ 9TUM WYKo HMeTh B BUAY,
970 C TOYKHU 3PEHHA NPUIOMKEHUN K HefCTBUTeILHOCTH BoOOIIE BCE
TEopeTHIeCKHe PacUeThl BCEI[a MMEIOT TOJNBKO NPUGIMKeHHHIH Xa-
pakTep. ITH COOTHONIGHUS TIPHJIOKHUMBL K OECKOHEUHO TOHKMM
TpybGraM Toka 0e3 BCAKHX LPEIOJO0HEHNA 0 BHpPAaBHUBAHUH CKO-
pocTH, IIOTHOCTY ¥ HaBienus. B obmem ciaydgae, Korga XapaxTepu-
CTHKH [IBUKEHHSA B cedeHHAX S, ¥ S, CYMECTBeHHO HepPeMEeHHE,
MOKHO HANMCATh AHAJNOIWIHEE (OPMYJEl, B KOTODPHIX CIpaBa He-
00X0{MMO TPOBOAMUTH HMHTETPHPOBAHUE — CYMMHPOBAHUE IPABBIX
gacred (8.6) — (8.9), manmcanHHX 1ig GeCKOHEUHO MaJLIX IJIO-
manok AS; m AS,, mo S, m S,.

Has rampgoll TpyOKM TOKa UpH YyCTAHOBHB-
muXxcs ajguabaTHYecKWX JABMKeHUsX ude-
a4bHOT RugKocTH, Opu dg* = 0 m mupm
OTCYTCTBHH HPHTOKA MEXaHHYECKoH SHEpPrmH 3a cueT paboThl Mac-
corix cma w3 (8.3) moayuaercsa, uro W = 0, ecim rpaHMYamme
¢ JKUZKOCTHIO TeJIa HENOJBUKHH, TAK KAK NOBEPXHOCTHHE CHJIE

YpabHenne sHepram BHOAB
AUHHA TOKA
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B U[(aJbHO KAJKOCTH ([|aBleHUE) HA HENOOSUNCHUL TIOBEPXHOCTIX

2om 2, Z,, ... paboTH He coBepmawt. [loaToMy Ha ochHoBaEMHU

(8.9) BONb TMENY TOKA BEPHO yPaBHEHNE JHEPTHH B BHJIC PAaBeHCTBa
2

v 2
Tl“f‘Ul'Jf'%:vT_i_U_!—%‘ (8.10)

B paccmarpuBaemoM oflmeM ciydae y[eJdbHas BHYTDOHHAA dHEp-
rua U (p, 0, %1, %2> ---) MOIKET 3aBUCETH OT PABINYHBEIX MeXaHHIe-
CKUX ¥ (UBURO-XMMHMYECKHX B0OOIle MOEPeMEHHLIX [aPaMEeTpPOB
Y1y Naye-e; XAPAKTEPUBYIONMX OPOMCXOAAMME B YACTUIAX KU/~
KOCTH BHYTPEHHHE MHPOIECCH. ITH NApPaMeTPH MOLYT MEHATBCS
BHoib JuHHE Toka. Pasenctso (8.9) m coorsercreemuo (8.10)
COXPAHATCA U B TOM CIydae, KOrja BHYTpPH moToka B o6beme V
HMEIOTCH CHIbHLEIE pPa3pHBH — CKaYKH.

B Baskoil ;RupKoCTH HOBePXHOCTHEIC CHJBL He COBEPHIAIOT pa-
00THI Ha HENOJBU;KHBIX TBePABIX rpaHunax (X,, Z,,..., U, BO3MOK-
HO, BCeHl UJU YACTH IOBePXHOCTH X,) HPH YCIOBHU IPHIUIIAHUH
RATKOCTH K ofTeraeMbM creHkaM. OmHAKo Ha cBoGoaHOE rpaHHUIe
(Bcell WM 4YAaCTH HOBEPXHOCTH X () MOBEPXHOCTHhE BASKHE CHJIBI
BHYTPEHHUX HaIPS/KeHWH coBepinaoT pabory u mostomy W = 0.
Hpowme artoro, B BA3KOMH 1, HATPUMED, TEILIONPOBOSHON IKUIKOCTH
sHavyeune W szapucur eme oT 3dderToB TemnooOMeHa B HOTOKeE.
B c¢Bgsm ¢ aTUM B BASKOU JKUAKOCTH BHOJb DIEMEHTapPHON TPyOKU
toka copasa B (8.10) OGymer mpmcyTcTBoBaTh B o0meM cJaydae
wien Bupa W /G, npugem W — 0, eciu pacxop 4epes jaHRyo0 TPy6-
Ky TOKA CTPeMHUTCS K HYJIIO.

[ Temmom30MUpOBAHHON HEMOABIKHON TBepaoir TpyOH Ko-
HOYHOTO CeueHus (MPH PABEHCTBE HYINIO TOYHO WJIH NPHOIHIKEHHO
paboTsl cuil BASKOCTH B cedeHHAX S, I §,) MOKHO IPUHATH, 9TO
W =0. :

B cBasu ¢ mpakTukoit npmmenerus ypasuenus (8.9) cuedaem
eme CcJaemyoniee npUMedaHME.

Jnsa rasos 9acTo MOYKHO OOJAB30BATHCA Pop-

Bosmosimnie Tpakrosru myaoit U = cyT + U,. Tlpu XuMHIeCKHX
BHEINHEr o OPHTOKA SHEPruH

pPeaKOuAx M, B YacTHOCTH, HpPU TOPeHHHR
B ypapHennu (8.9) Hy}KHO paccMAaTpHBATH Pa3HOCTh

Us—Ui=cvily— e Ty 4+ Ugpp—Un

H YYATHBATH H3MeHEeHDe affuTHBHO# nocrosmmoir Uy — Uy,.
CooTBeTCTBYONIee IpHPALICHAE DHCPIHE 3a cUeT H3MeHeHHS napa-
MeTPOB ¥, X2, --- HCTOIKOBHBAETCA KaK H3MeHeHHe BHYTpeHHEH
XUMHIeCKOH SHEPTWH, 5T0 — (TeNnJoTA XWMHMIECKOH peakudmy;
AHANOTHIHKIM 00Pa3oM MOKHO BBOJHUTH SHEPIHIO IIABNEHES W
9HEPIHK) HCHOAPeHMs, DHEDPIWI0 MOHH3AUHE H T. II.

3
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B npakTure WH;KeHePHHIX pacueTOB HePeOKO [JIA BHYTpPCHHEH
9HEPTHU Trasa HOoAB3YITCA GopMyIol

U=cyl,

a u3MeHeHHMe DHEPIHM 3a CUeT XWMUYECKUX peakndid W ApyTux
AHAJNOTUIHKIX HPOIECCOB BBOJAAT KAK BHEMHE 3aJaHHLE HPUTOKH
HIX OTTOKW BJHEPruYW, KOTOpPble UPOABIATCH B ypaBHedun (8.9)
dgepe3 Bexuuuny W /G. llpm TaroM, Ha mpakTHKe YEOOGHOM, CIOCO-
fe meficTBue BHYTPEHHHUX (UBMKO-XEMUYECKHX IIPONECCOB, IO CY-
mecTBY, 3aMeHAeTCA 3aJaBaeMBIMKU BHOITHUMU IPUTOKAMEA SHEPTUH.
Paccmorpum Temeps HECKOJABKO BasKHEX
Cuna PeaKnun KANKOCTH, LPIMEpOB.
TeKymei B Tpyle Il .
[IycTs KUAKOCTH (WAM ras) [OBUKETCH
0 HemoJBM/KHOMW, B o0LIeM cJaydYae WCKPUBJIEHHOH, Tpybe X4
(puc. 38). Cornacmo dopmyne (8.7) cuma peakIum RUTKOCTH Ha
cTeHKH TpyOH (cocyfma) MpemcTaBIsgeTCsT BEKTOPOM, SBJISIONIUMCS
OUATOHAJNBI IMapajlierorpaMMa, MOOCTPOEHHOIG Ha BEKTOPax
V2

—(ps pzvg) S, N

(pr -+ pavh) 1o

Ecmu pacxop sruuxocTn
G = pi1nS; = 020

oTIwWYeH 0T HyaAs, p; > 0 u p, > 0, mnomangku S, n S, He mapamn-
JeabHE, TO cunma R 3zase-

~ HOMO OTJAUYHA OT HYJIA.
OueBuUmHO, 9TO BCAKHA DO-
BOPOT IOTOKA CBSA3AH C Ha-
JTUYWeM CUIIEI peakIuu, meil~
CTBY IOHIell Ha CTEHKU TPYOH.
Jlerko Bmmers m3 dop-
myaw (8.8), 4T0 ectu Bex~
TOPHL ¥, U ¥,, IPHIOKCHHbIE
B HEKOTODHX oOupeleleH-
Puc. 38. Cuma peakmmm JKEmKOCTH Ha  HEIX TOYKax cedemmit S; =
Tpyoy. S,, IepeceralTCa B TOUKe
0, TO CyMMapHBII MOMGHT
CHJI peakluM >KUIKOCTH HAa CTeHKh TpPYOLI OTHOCHTEIBHO TOYKH
O paBeH HyJI0, H03TOMY paBHOZelicTByomyo cuny R Mo;kHO pac-
CMaTPHBATh KaK CHNY, NPHIOKEHAY B Touxke (), CBABAHHOE ¢
TpyGoit.

At

A

(B 3507)8,
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06 ycropuax B Gecromeu- llaa oupemeleHus cHAK CONPOTHBJICHUA,
§°ﬁ§ﬁ$§$£§f£§“ﬁy§§“ HCIHTHBAEMO TedaMu, ABWKYIEMUCH B
Ge3rpaHMYHOM IIOTOKE, PACCMOTPHM CHAYaJa

TeN0 WJIU CHCTEMY Teld, IBIKYMUXCHA II0-

CTymaTeJIbHO € MOCTOAHHOM CKOPOCTHIO ¥ B OeCKOHEYHOH mu-
AmHIpUYecKkoinr TpyGe (puc. 39) mapanienbHo 00pasyiomuMm Tpy-

Opl. Bosmymennoe [gBUsKeHME FKHTKOCTM 3aBHCHT OT JOPMBI

TeJ U TpyOhl, pacmoiosKeHHs TeJ OTHOCUTEJBbHO TPYOH, CKOpOC-

TH Tell, CBOMCTB SKMAKOCTH (BSSKOCTH, C/KMMAeMOCTh W T. MH.) W

g TepBOHAYANBHOTO HEBOMYIIEHHOTO COCTOAHUA FKUAKOCTH. J[lis
Pemenns SToH IuAPoasPOAMHAMIIYeCKOM 3a7add HE00X0/[UMO, B CO-
OTBETCTBHM € OMLITOM, CHeJaTh HEKOTOPHe NONYMeHHA, KOTOphHe

. g S s L
S —
S SIS .
Ty S
2
P I—
L 7

Purc. 39. CxeMma o6TekaHNA Ted B IUIREAPHYEcKOd TpyOe.

IOJKHEL OHTH BEICTABJEHE B KadecTBe J0OABOUYHHX yCJIOBHUIl, ompe-
MedAIOMKUX pelleHne COOTBeTCTBYIONeH 3amadd.

Imnst Telx, MaabHX II0 CPaBHEHHIO C IIONePeYHLIMH PasMepaMn
TpyObl, BO MHOTHX CIYYasX MOKHO CUMTATL IMPAKTHICCKH U Teope-
THYECKM IIPHEeMIeMHIM Clemylolee ocHoBHoe pomymeHue. Ilepen
TeloM B O0OeCKOHEYHOCTH B Ipejesie BO3MYIIEHWs, BHI3HIBAEMEIE
B JRUJKOCTH [BHKYIUMACS TeJXaMU, 3aTyXaloT, W IOITOMY MOHKHO
BLICTABUTH yCIOBHE O TOM, UTO Ilepej MABMKYIMHEMHCA TeJaMH
BHepeld B OECKOHEUHOCTH ;KHAKOCTH ITOKOMTCS ').

IIpeamososkum patee, 9to aGCONIOTHOS W OTHOCHTeJNbHOE (B CH-
cTeMe KOODAWHAT, CBSSAHHON ¢ TeJaMH) IBH/KEHUA RUTKOCTH
YCTAHOBHBINHECS, TEOPeTHIECKH 3TO 03HAuUaeT, 4TO paccMaTpUBae-
Moe IBUKeHHEe KUIKOCTHA ABJAETCS TpefeJbHBIM /IS Tel, ABUKY-
MUXCA B KEAKOCTH ¢ JAHHOH CKOPOCTHI0 0ECKOHEUHO [OJTO, T. €.

: 1) B HeKOTOPHX CIY9aAX AJA Tel, HOMeIeHHbX B TPYOy, 9TO «eCTeCTBEHHOE
HOImyIIeHAe HeBO3MOHO! B 9acTHOCTH, ecam Telo HEHOABIDKHO, HO IIpoca-
CHIBAET ¢ IMOMOINBIO BMATA ;KHIKOCTH, TO BIEpeAn 00pasyercsa cTpys, HO3TOMY
HENL3A CUHATATH, UTO JJA TAKOIO HEMOJBH;KHOTO Teja YKEAKOCTH BICDPeSH IIO-
KOWUTCA, T. €. IpPN yHajeHNH BHepefi B GECKOHEYHOCTH CKOPOCTH CTPEMHUTCH
X HYJI0 BO BCEX TOYKAX cedeHus TPYOH. B Ge3rpaHMIAOM NOTOKE yKa3amHEIM
adderr npounanaer. OfHAKO MiA GeCKOHEYHON CHCTEMEI Tell (HampuMep, pemer-
KH) 9T0T oddeKT MoxeT OHTb M B GesrpaHEIHOM KHNKOCTH.
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yTo Tela NoOwBaidu B 0eCKOHEYHOCTH C3agM, OTKYIA OHU IMPHIILIN
B JlaHHOe MeCTO TpYOHL

B ceasw ¢ mpenmoioskeHueM 06 yCTaHOBUBIIEMCS XapaxTepe
IBHJKEHUA CHIBHO OCIQMKHAETCHA BOIpoc 00 yciIoBHAX B (ecKoHEY-
HOCTH C3a¥ 3a ABHKYIIUMUCA Tedamu. Ha mepBwIil B3TIAL MOMKHO
NPeIoNIoKUTh, YTO BOBMYIIEHUs, BHI3HIBaeMEe TelaM#d, 3aTyXaioT
Opu yrajJeHuu B 0eCKOHETHOCTH HAa3a/ TaK ke, KaK U P YAAJeHAN
B GeckoneunocTh Buepen. bonee rayfokoe u3ydenme Bompoca o
cXeMe MOTOKa MUIKOCTH II0KA3BIBAaeT, YTO B paMKax yuorpebisa-
eMBIX Mofelded SKUKOCTH, HAIIpUMep, MJA WAeaJbHOU KUAKOCTH,
MOMKHO HAaXOAuUTh pA3JHYHbIC BO3SMYIIEHHBIE [BUKEHUS B 3aBUCH-
MOCTH OT YCIOBMiH 3a TelaMH B OECKOHEUHOCTH. B pAme BayKHEIX
cliyuaeB OILITY OTBEYAXOT MMEHHO TAKME CXEMH IIOTOKOB, B KOTO-
pPHX BO3MYINEHHA B JKUAKOCTH HE 3aTyXaioT B OECKOHEYHOCTH 3a
TeJaMHA.

Ilnsa Gomee rnyGoKoro moHUMaHUWA TPOOTIEMBI CXeMATU3UPOBA-~
HHUA W TOCTAHOBKM 3ajad O BO3MYINCHHEX JBMKOHMAX KUIKOCTH,
BBHI3HBAEMHEIX IBIGKYIIMMUCH BHYTDH JKHIKOCTH TEAaMH, PACCMOT-
PUM CcHAYaJNa BOIIPOC O CONPOTABIEHUW, UCIHLITHIBAEMOM TeJIaMu,
B IPEJIOJIOMKEeHAN, 9TO JKUJKOCTH UNeaJbHaA M 4T0 JAJEKO C¢3au
3a TeJaM¥ BO3MYIICHHWS 3aTyXaloT.

JlanpHeitmylo Teopuio ymo6HO pa3BUBAaTh,

g:;’(fge’;ﬂgﬁgzme““”’ na- 00paTuB qBUKEHAE, T. €. CooOIUB CcHCTeMe

RANKOCTh — Tea  IOCTYIATeALHYH  CKO-

pOCTh, PABHYX CKOPOCTH Tedl, O HAaOPABACHHYIO B IPOTUBOIOIOM-

HyIo ctopony. MHaue roBopsa, paccMaTpPUBATh 3a[a9y O MBHKEHHU

MUAKOCTH oTHocuTeabHo TeX. Ilocie obpameHusa MmOJy4YHM, 9To

TeJla HEeNMOJBU;KHE, a KUAKOCTh B CHIY YCIOBHAA HA 0ECKOHEUHOCTH

BIepenu TeJd HaGeraer Ha Teia W3 GECKOHEYHOCTH CO CROPOCTHIO,

PaBHOM, HO OPOTHBOIOIOMKHOA CKOpoCTH Tea Hpu abCcoTioTHOM
IBUKEHUH. '

OueBupHO, uTo Tocie o0palleHud ABWHKEHHA WJIH, 9TO TO Ke
caMoe, MPOCTO IPH U3YYEHHH [BUKEHUA JKUAKOCTH OTHOCUTEIHHO
HONOABUKHHKX TeJ BCe CHIIL ¥ BHYTPEHHWE HaPSyKeHAA OCTaHYTCH
HeusMmenenHuMu., CorigacHo uwpuHimny Lamamres — Hseioroma
Takoe ofpalmenHue ¢ coxXpaHeHmeM BCeX CWIOBHX B3amMmopeiicTsuit
MOKHO [ejaTh Bcerjga Aas Jawbo#l Mopmenw xupkocTu. B ciydae
BABKOHN JKUJKOCTH M3-3a YCAOBHH OPUIUNAHUA HeOGXOTUMO IIOCTe
ofpalienns ABUKeHUA ABATaThL TPyOy BHOXEL ee 00pasyiomux,
ecru mpm abCOAOTHOM [BH:KeHHH TpyOa OnTa HEIOABMKHOM.
B uneanbuoit mujkocT Tako€e ABHKeHME TPYOH HEKAKOTO BINAHAA
Ha [BWIKEHNE JKUAKOCTH HE OKa3HBAaEeT, HO3TOMY IPH ofpamenuw
IBIYKEHHA TPYOY MOKHO COXPaHATH HemofgBmwkHOH. B Baskoi
JKUAKOCTA BIHAHWE I'PDAHMYHHEIX yCIOBHY INpHIWNAHUA Ha CTEHKAaX
TpyOR KOHEYHOH AAMHGI CYIECTBEHHO NPOSABIAETCS B OOBYHEIX
CIyYasaX TOJBKO BOJE3Y CTeHOK TpyOhl, ¥ mO3TOMY A obTexanmsy
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HeGONBIIUX Tel, PACIOJNIOKeHHEX BOIU3H OCH TPYOLI, 3TH MpUCTe-
HOYHEIE D(PPEKTH He HMMEIOT CYIIeCTBEHHOTO LPAKTHYCCKOTO B3HA-
qeHHA.

Taxkum o6pa3zoM, s3ajfiady o JABUKCHHH ¢ IOCTOSHHONW OJMHAKO-
BOI CKOPOCTBIO TeJl B KUJKOCTH MOKHO 3aMeHUTh OKBUBaICHTHOM
sajlaueil 06 OOTEKAHWN HeIIOABUKHEIX Tel Ha6eralo1]mM IOTOKOM
JKIJKOCTH €O CHOPOCTBIO, IIPOTHBOIOJOKHON CKOpPOCTH JBHIKE-
HUS TeJ.

B ounriTax orcyrcTBUe MOAHOH YKBUBAJIEHTHOCTH HPH HATHIMH

APYTUX. Tel, He YYaCTBYIMUX B 00palleHuy JBH)KEHUA, HAPUMEp,
CTEHOK adPOAMHAMUUECKOH TPYOBl WJIH CTeHOK KaHajia, IOTKAa, IIpu-
BOAUT K napafgokcy [Hiobya, cocTosmeMy B TOM, YTO COLPOTUBIEHUA
TeJl, ABMKYIMUXCA B HEIOABIKHOH JRUAKOCTH, W 00TeKaeMBIX He-
IOABIKHEIX TeJ pasiuunsl. [lna ycrpamenusa napamokca JlioGya
Opu MoAEINPOBAHAN Heo0XOMUMO YCTPAHUTH (CHHBUTH) BIUAHEE
IIOCTOPOHHHX TeN, UTO CBA3AHO, BOOOIIE TOBOPA, ¢ YBEJIUYEeHUEM
pasmepoB pabodyux TacTefl MCIBITATEILHBIX YCTPOMACTB.
Tax xax gBuKeHME CPENH YCTaHOBUBLIEECH,
a ofTexaeMbie Tela TBEPJbe W HENpOHHUIIA-
eMbie, TO JUHAU TOKA, COBIARAIIINE ¢ TPAGKTOPHAMHA H IPUXO/A~
mue u3 OGeCKOHEUHOCTH, AOJNIKHEI YXOJUTh B 0OECKOHEUHOCTH 3a
teqamu. [l mpocToTH PACCMOTPHUM Caydail, Korja BHONIHMX Mac-
COBHIX CHJI HET, a ;RUJKOCTH ABIAETCA WJIEAIbHONH HEeCHUMAeMOit
JKUMKOCTHI0 MM HJeaJbHEIM COBEPIMEHHHM Ta30M, JABIKYIMMUMCH
amuabatTuiecku. B 9THX ciayuyasx Ha KasKAO# JHHAW TOKA HUMeeT
MecTo mHTeTpas Bepuynnu. Ha Bcex JuUHMAX TOKA, TPHUXOXANINX
3 6eCKOHEUHOCTH, B GECKOHETHOCTH MMEeM ILIOTHOCTE O, JaBJIEHHE
P1 M CKOPOCTD Uy, ONUHAKOBRE HA BCEX JMHUAX TOKA, IOITOMY HH-
rerpai BepHymnu u yciroBue aquabaTHUIHOCTH MOJKHO MPEACTABUTH
B Buje ABYX (cMm. (5.13)) coorHOImEHHUIi:

. 2 J(y—1) * 2 1/(v~1)
p=p (1_; )” : p:HP_T*(1——v;’——) L (8.41)

max max

ITapagoke JamamOepa

rae
. 1)/ —_ + ~(s=s1)ey,

'_;"v?nax= cpT* = i%; p*(Y DY _ 911/Y —T__T_i (5—51)/t P (8.12)
a BeauuuHbl i*, 7% ¥ Vpax TOCTOAHHE M OJUHAKOBH HAa BCeX JHHUAX
TOKa, IPHYEM D9TO BepHO KAaK /JA HeLpepHBHOIO ABHKCHHA, TaK
M A IBHMKEHHA CO CKAYKAMHU YIUIOTHOHHA. JTU BeJIMIHHEI MOTYT
MEHATLCA TOJBKO 34 CHYeT MOJBEJECHHA K JYaCTHIAM BHEINHEH dHep-
run W, ornmdaHoit or paboTel cHI maBieHudA. BeamumHa p* MosReT
U3MEHATHCA TOJBKO 3a CYeT poCTa JHTPOHOHA, KOTOpPHHA Gyner
OPOUCXOAUTH B PacCMaTPUBAEMOM agHa0aTHICCKOM JBWKeHUH ITPH
TIePeCeYeHHH JIMHHAMHA TOKAa CKAYKOB YILIOTHeHHS.
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PaccMOTpMM XapaKTepUCTHKE [ABWKEHHSA B CeUeHHAX S, H
S, mpu £ — —oo M & — +oo. Ha Bcex AMHUAX TOKa, HpPOCTH-
patomuxca or S; g0 S,, BEPHO ~ PABEHCTBO  Vmaxt = Umaxs
(Ti=1T3); xpome 9TOTO, A JII/IHHH TOKa, Ha KOTOPBIX BUIKEHIE
HEIIPEPHIBAO, UMEEM pj = pjp, HA JMHUAX TOKA, KOTOpHE lepece-
KAaioT CKAYKU YIUIOTHEHWs, OyJAeM HMeTh py < pj.

Paccmorpum Teneps ABUMReHHE SKHUKOCTH WJIM Ta3a B CEYCHHU
§,. OcroBHOe pomymeHme, KOTOPOE XOPOINO COOTBETCTBYET OIEI-
TAM, COCTOMT B TOM, UTO JIABJIEHUE TAJEKO OT Tela BHPABHUBAETCSI
BO BCEeX TOUKAX S,, U OITOMY P, — ONHO U TO K€ BO BCEX TOYKAX
ceuennust S,. Orcioga m m3 (8.11) ciaemyer, 4To, eciam ABUH{CHHE
FUAKOCTH Be3fle HeIPePHIBHO, T. €. B cedenuu S, py = py = const,
10 Ha S, 6yaeM numMeTh v, = const u P, = consl; npadeM ypaBHEHHe
pacxoja JAaeT COOTHOIICHWE

P10181 = Pl (8.13)

Ecny 1oToK [aleko BIepeAM H C3aiM TeJl 3aHEMAeT BCIO ILIO-
majb Ce4eHUusA UUIHHAPA, T. €. 87 = &, = §, 1o us (8.13) naitmem

P10 = Palg.

Otrciopa, Tak Kak BAOJb KKA0H JAwHMM TOKAa pv corxacHo (8.11)
JIeTKO BRIPABUTE uepes p*, T*, vy.c W p/p*, cienyer, uro p,/ps =
= pi/pi, WIM, TaK KaK pj = P3, UTO Py = Py, Py == Py U Uy = Uy
Targmm o0pa3oM, M3 NPeANONOMEHHSA O HeIpepHBHOM o0TeKaHWH
Tela B MUIMHAPWIeCKoW Tpybe mpm OTCYTCTBHMM HOJIOCTeH, pacupo-
CTPaHAIONUXCS 3a TeJlaMH B 0eCKOHEYHOCTH, T. e. upm S; = S,
Kak CIe[CTBUE YCIOBUA O BHPABHWBAHWU [ABICHWN HOMYUHIOCH,
49T0 BCEe XaPAKTePHUCTUKM IOTOKA B IIePejHeM W 3aJHeM CeueHmax
S; @ S, panrero oT Tel OAMHAKOBE. JTOT BHIBOJ YCTAHOBIEH
AAA HEUpepPHBHEX agunabaTudeCKux [JBHIKEHMI Trasa: ovYeBH[-
HO, 9T0 [JIA HECKUMAEMOH JRUAKOCTH 9TO IOJOKeHWE TAKMKe
BePHO.
Orcioga Ha ocHoBamum gopmyanst (8.7) caemyer, uro

R =0. (8.14)
HpI/I OTCyTCTBI/II/I BHEIIMHUX MAacCCOBEIX CHAJ CHJA R HpeI[CTaBJIHeT

c000li CyMMapHYI0 CHJIYy PEeaKNHHE JKUJKOCTH HAa BHYTDeHHME Temna
R, u pa cTenkw HuaxwHApH4ecKoir 1pybnt K,

R=R1+R2.

Dopmyua (8.14) Bepra mus Tpy6 n00HIX odepramuil, Korma S; ==
= S, B GecromeunocTu. BBUIY Toro, 9T0 TpyDa NMUIMHApHYECKAH,
M3 mpefmoJokeHuA 00 HIeaJbHOCTH KUAKOCTH CIAEIYyeT, 9TO CHIA
R,, mefictByiomasa Ha cTeHKH TPYGH, HOpMadpHA K ofpasynomuM
TpyGH m, cief0BaTeNbHO, NEPICHIUKYIAPHA K oCH TPYOH H CKO-
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pocTu moToka skmgxocTd B Geckormednoctu. Ilosromy Ha ocHOBaHWE
(8.14) Bepen caemywmuii yHIaMeHTATbHEI BEIBOX:

R, | vw. (8.15)

Tarum o6paszoM, ycTaHOBJIEHO, ITO B paccMaTpWBaeMoil mocra-
HOBEKe 3ajaYd o0mag cmia BO3AEHCTBHA MOTOKA Ta3a WJH JKHUIKO-
CTH Ha OOMeIeHHLIe B HEro HEMOJMBHIKHEIC TeJIa IPH YCTAHOBHB-
meMcA O0TeKAHWHM MO;keT OLITH OTJIHYHON OT HYJSI, HO 9Ta CHIAa
UePUeHARKYIAPHA K CKOPOCTH HADETAIomero MOTOKA Vo = Uy = Vs.

e e
¥, -
¥ S¢S
2
Uy
S z Kl
~r !
——
- S— - o,
o LTI YA/ S G SIS 4

Puc. 40. Cxema ofTeKaHHS Tella CO CPHIBOM CTDYH.

Wnaue rosops, moghemMHaA cmia J, MoskeT oTAHYATBCA OT HYJIA,
HO ofmee counporupieHme o0TeKAEMbIX TeJd PABHO HYJIIO.

OTOT BHBOJ IPOTUBOPEYHUT JAHHHLIM OIKITOB, B KOTOPHIX BCerja
HabaIomaercs CHIA COIPOTHBIEHWUS, MOATOMY OH HOCHT HAa3BaHHE
«mapanorca» Jlanambepa. Ilapamore [lamambepa modyuaercs Kaw
caencTBHe cHOPMYJIHPOBAHHLIX BHIMIE MONYMEHIH 0 TOM, UTO YKEJ-
KOCTH UfeallbHA, 9T0 06TeKaHWe HEIPEPHBHO M HOTOK B GeCKOHE-
HOCTH BHEpeu Tejla TOCTYNATEIbHLIH ¢ IOCTOSHHON CKOPOCTHIO,
a c3agM TeJa LOJIy9aerTcsA BhHPAaBHUBAHWE MABJIEHUI (OTCYTCTBYIOT
MOJOCTH, TAHYIGAECH Has3ajq 3a 00TeKaeMBIMU TeJaMu B GecKoHedY-
HOCTH, HAOpuMep TakHe, Kak Ha pumc. 40).

Hecmotps ma T0, 910 BHIBOA 006 OTCYTCTBUH COIIPOTHBICHUS JIIA
TeJ, ABIKYIMUXCA B JKEAKOCTH ¢ TIOCTOAHHOW CKOPOCTHbIO, Ha IIep-
BHIHl B3TJIAA PE3KO PACXOIHUTCS C ONLITOM, MOYKHO YCMOTDETH ero
COOTBETCTBHUE OIKITY, eCiIH 06pATHTH BHUMaHWe HA TO YTO /IS JaH-
HO# cKopocTm Haferamomero IOTOKa B (UKCHPOBAHHOTO 00BeMa
TeJla B ONBITAX MOMKHO AOOHBATBHCS IMyTeM TIPHAAHES Tely «o0Tera-
eMoit opMe (pmc. 41) oUeHH SHAYUTEABHOIO CHEMKEHHS CHUJIBI
conporupierns. OfGTexaeMocTs BHemHeH ¢(oOpME Tela Heo6xo-
oEMa Id 00ecHeYeHHs HEOPEePHBHOCTH 00TEKAIOMero  ImOTO-
Ka, [ig o6ecnedeHHda OTCYTCTBUA CPHIBOB JHHHK TOKA ¢ HOBEPX-
HOCTA TeJa, AHAJOTMYHHX CpHBaM, HabJjogalommMcs OpH ofTe-
KaHuUH, mpefacTaBiierHoM Ha puc. 40. 3a cder ofTexaeMoCTH HOPMEL
Tejla MOYKHO CHYDKATH COINPOTHBJIEHHE Telia B COTHH Pa3 IO CPaB-
HEHNI0 € CONPOTHBJIEHAEM TAKOI'0 ILIOX0 00TEeKaeMoro Teja, KAk
arap. OfHaKO DOAHOr0 WCYE3HOBEHHs CONPOTHBIEHUA [JIA Teu,
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OrpAHWYeHHHX HEHNOJBIKHEIMA W HENPOHHIAeMHMH LOBEPXHO-
cTAMM, 00TEeKaeMEIMA BO3JYXOM HJK BOJAOH, HENB3A HOJNYIATH H3-32
HAaJIW9Asi HAa IIOBePXHOCTH TeJd KACATEIBHHX COCTABJISNIONIAX
HalpsKeHUH — CHJI TpeHHs, o00ycIOBIeHHHX CBOHCTBAMH Bf3-
rkocta. llorHoe ycTpaneHdme COmpOTHBIEHMA /IS XOPOmO 00TeKa-
€MEIX Tell, BeDOATHO, MOKHO IOJYIATh B CBEPXTEKYINX, JHIICHHBIX
BABKOCTH KMIKOCTAX.

Brime napagokc JamamGepa (8.15) ycramoBien nisg o6TekaHmA
Tela HAANbHON JKAAKOCTHIO B IMIWHAPIIECKOH TpyOe He3aBHCHMO

——m———————
a)

—

Puc. 41. Tena obrexaeMoil ¢OpPME: @) CHMMeTpHdIHOe
ofTeKaHue Tejla C OYeHH MAaJILIM CODPOTHBJICHHEM, 6) He-
CHMMeTPHUIHOe OfOTeKaHHWe ¢ IOABeMHOHR CYIION.

oT popmsi ceueHRA S TpyObl. JTOT OCHOBHON BHBOJ HE 3aBUCUT TAK-
JKe 0T PazMepos IIOMaad cedeHUA TPYGLH, B JaCTHOCTH, [JIA KPYT-
nmoi TpyGH or pagmyca TpyOH. YcrTpeMmuss paguyc TpyGH B Gec-
KOHEYHOCTH, LOJYIMM, HUTO BEIBOAH, B3aKIIOUEHHHE B (Qopmynax
(8.14) m (8.15), coxpaHAOT CBOI0 CHIY B IIpejele, I03TOMY Iapa-
mokc amambGepa uMeer MeCTO W B ciydae OOTEKaHHMA CHCTeMEI TeJ
HENPePHIBHEIM YCTAHOBUBHINMCH (€3rpaHUYHBIM OTOKOM 3KUIKOCTH
mid rasa, B KOTOPOM IPOMCXOAMT BHPABHWBAHWE XapPaKTePHCTHK
nOTOKa B GEeCKOHEYHOCTH, BIAIN OT TeJa, W KOTODHIH MOMHO pac-
CMaTPHBATh KAk Ipefel o0TeKaHHs TOH ke CHCTeMH TeJ B IUJIMH-
Jpuueckoi TpybGe.

Hapamore [Janambepa ycTaHOBIeH pans no6od CHCTeME Te.
Ilpn Hanu9ud B NOTOKE HECKOJIBKWUX TeJ HENb3A YTBEPIKEATH, UTO
COCTABJAIOMAA CHILI BO3XEHCTBHA NOTOKA, HApalIebHAH CKO-
POCTH, [UIA KaKAOTO TeJa B OTAeJLHOCTH paBHA HyI0. Ilomaepk-
HeM, 970 ORJIO HOKa3aHO PaBeHCTBO HYJIO TOALKO ol0mell cymmap-
HOIl cocTaBagiomedl CUIN, NapalXielbHoH OXHOM M TOl Ke HoCTy-
HaTelbHOR CKOPOCTH CHCTEMEI Tel.

OrMermM Tar’ke, 9TO HIpU NOKasaTenbcTBe Hapamoxca Jlamam-
Oepa, BooOme roBopsA, He HpeAmoJaraerTcda, 4TO JBHAKCHHE HLKO-
CTH NOTEHIHAJbHO W YTO B JKUIKOCTH HET KOHCUHHIX IOJ0CTel, 8a-
HOJHeHHEIX Ta30M, IapoM U JKMIKOCTBIO (CM. CXeMH Ha pHmC. 42).

QOueBngno, 9TO [OJMA YCTaHOBHBMIMXCA O0TeKAHHH NmealbHOM
JKUTKOCTHIO, AHAJNIOTHYHEIX YKAa3aHHBIM Ha puc. 42, ofmaa cmia
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CONPOTHRJIEHAA H30JMPOBAHHOTO Teda (MM CHCTEMHE TeJ) paBHA
HyJII0, TAaK KaK W3 ofmero ypasaeHdd (7.2) oveBmgHO, 49TO paBHA
HyZo o0mag cmia, JeACTBYIOIIAs CO CTOPOHHL TeJa H IKASKOCTH
Ha 0o0JIacTH B IOTOKE, orpaHEdYeHHEIe CHCTEMOll moBepxHOCTEH, HA
ROTOpPHX v, = (. Haupumep, papma mynio ofmas cmia, Aedcr-
BYIOINAS Ha ABWKYIMYIOCH WIEA MOKOAIMYIOCS IKAJKOCTS B 06beMe 1)
BHYTPH BaMKHYTOH TOBepXHOCTH, H300pa)KeHHOH  KOHTYPOM
ABCDEA wua pumc. 42.

Paccmorpum eme orgersuo cay- ~
Jail o0TeKAHUA TeJa A HPOCTOTH Z
HeCKMMaeMoHl JKHIKOCTHIO € YyIeTOM
CHJIEI BeCa, KOIJ]a IUJIMHIPUIECKAsT
Tpy6a ¥ COOTBETCTBYIOMMI IOTOK
BepTHUKAIbHH. [t omrpesesleHHOCTH
NPAEMEM, YTO HMMeeTcss TOABKO OAHO Jene.

- . a3 W f
=0 >—= :
4 [4

B
a)
_—&*
== — 1
4 S Bprpgh S,
Puc. 42. O6rekanme Tenm ¢ obpasopammeM  Puc. 43. Cxema ob6TeKaBHA TH-
BAXpeBOH 30HH (CXeMa a)) U KaBeDHH, 3a- KeJOH JKUQKOCTRI0 Tella C

MONHeHHOH Ta3oM WM IOKOAIMeHCA KW~ IPHCOe[MHEHHKM Ta30BEM (IIy-
KocThio (cxeMa 6)). 3EIpeM».

Sy

Telo, KOTOpOe, BCIIEIBAs, IBHIKETCA € HOCTOAHHOH CKOPOCTHIO
BBEPX; COOTBETCTBEHHO CKOPOCTH OOTEKAHHMA HEHOABH;KHOTO Teja
HanpaBieHa Bau3. O0myo cxeMy o0TeKAHUSA YCIOKHEM BBEIeHHEM
3a TeIOM 3acTONHOH 061acTH — «Oy3HIPA», HAIOJHEHHOIO Ta3oM,
BECOMOCTBI0O KOTOPOrO MOKHO IpeneGpedun (puc. 43).

B srom caygae ypaBmerme (8.7) ¢ yueToM CHIH TAKECTH JJIA
IPOEKIHY HA 0Ch Z CHJIKI, flelicTBylomeil Ha Texo, OIpHBOAAT K dop-
Myle

R, = — (p1-+ 0v1) 8 + (p, + pvh) S — Mg, (8.16)

Iue 4 — Macca JKAJKOCTH MeKOy CedeHmAMH S; H S,.
OueBuUgHO, 4TO /A BeJIHUUHH 4/ BepHA (opMyia

M = pSh —p (V1 Vy), ’ (8.17)

1) Ecin B HEKOTODHX TOYKaxX 3TOro 06heMa B CXeMaTH3HPOBAHHOM JIBH-
JKEHAHN CKOPOCTH 3KHAKOCTH obpamaercsa B G66CKOHEYHOCTD, TO IIPEALOTIAraeTcs,
9TO MHTErpal, ONPeAeisIii KOJHIECTBO ABMKEHAA KAZKOCTH B 3TOM 00'be-
Me, CXORHTCH.




76 Ta. VIII. TuxpoMexaAmka

IAe h — DPacCTOsIHWe OO BEPTHKAIA MEEAY ceueHmAME S, m S,
a V; m V, — cootBeTcTBeRHO 00BEM Tela M NY3HIPSA 3a TEIOM.

Hamnee, Ha ocHOBaEEW ypaBHeRMsa Bepuyianrm (3.5), ycaosmsa
BHPAaBHABAHNA JaBlIeHUWH B cedenmsax S, @ S, H H3 YpPaBHEHHs He-
PaspHEBHOCTH Cpa3y HailgeM, 9TO

vy =V, B py— p; = pgh.
Iloawaysacey arum, ms (8.16) moayumm

R,=p(Vi+7V,)s. (8.18)

Taxkum o6pasoM, BepTHKaJbLHASA KOMIIOHeHTa obmeld cwminl, K.,
upeacraBiger coboil mpocro cmay ApxuMena AdA o0Iero odneMa
TeJa M Wy3HIpA. ITa cwia Gymer mepeMeHHOH, ecan 00beM Iy3BIps
nsmendgerca ambo 3a cueT BAyBa rasa, Jaub0 3a CUeT ' HAfeHUS
THAPOCTATAYECKOTO HaBJEHMS IIPM BEPTHKAJABHOM [BUKEHHH.
Ecau 6aarogaps mpegBapHTEeILHOMY WU IEPMAHEHTHOMY BHIIYC-
KaHMI0 Tasa 3a TeloM ofpasyeTcss mysepb, To obmasa cuia R,
Mo3KeT 3HAUMTeJIbHO IpEeBLINiarh BeC Teda. Ilpu oTcyICcTBMU ITyani-
pA TAeN0e Telo TOHET, 4 NPH HAJHYUH IY3HIPA TeJI0 MOJKET BCIIbI-
BaTh, IPHIEM ¢ YBeIMTUBAIOIMUMCH YCKOPEHMEM, eCJIU LpPH IIObe-
Me BBePX IYBHIPD PACIIMpPAETCA W cmia ApXuMela yBeJIMUUBAETCH.

Buiuncaum cuay counporusienmsa mnpu obre-

Cura coupoTHBIEHMA IpH KaBUM UjealbHOH HeCKEMaeMOU KHJKO-
obTekaHnu Ten JKHRKOCTBIO -
co cpeiBoM cTpYi crpi0 (p; = p;) TeNa B IUIMHIPWUECKOR
TpyGe no cxeme Ha pme. 40. B srom cayuae,

B T COOTBOTCTBUM ¢ OIKTHHMA JAHHBIMH, IPEIIOJIATaeTCsa, UTO

3a Tedom obpasyercs orpaHmYeHHas CBoGOMHON ITOBEPXHOCTHIO
Toka o6aactp (obaacts & wma puc. 40), B KoTOpO#l WMeeTcs ras

WIM Haphl ORUJKOCTH € HEKOTOPHM JaBlenmeM pg. Hark u
pampine, IpWMeM, 9ro B HaleramommeM IOTOKe [aleKo BIepeau
wMeeTcsI  OOHOPOJHOE IOCTYIaTeIbHOe JBWKEHWE JKUAKOCTH,
JAlleKo C3afHM TakKKe I10Jy4aeTcsa OJHOPOJHOe IOCTYIaTeIbHOe
OBUMKCHUE C JIaBJIEHUEM p, M CKOPOCTBIO Uy, HO C33JU ACUMITOTH-
decKkoe B3HAYeHHe IUIONMAAM CedYeHMs ;nmaKocTH pamo S* < S.

W3 ypaBHeHuA Hepa3pHBHOCTH W HEC/KEMaeMOCTH CJEIYeT, YT
0, S = S*v,, T. B, Uy > UL

‘W3 ypaBHenus Bepmylinm moxydum

2 2
p (212 - 211)

Pr—P=-——5—

oTCIOfia clefyeT, 9ro py, <_ p;. EcAm OpUPABHATL p, = pg4, TO
9THM ONPENeNUTICH CKOPOCTH Us.
Jas cmrn couporuBienus m3 (8.7) morydamm

Bx=(p1«pz)S—i—G(vl——vz)=p[£2_;—v1—v1}5(v2—v1)
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niIm
S >
Ry =5 (v, — vy (8.19)

Tarum o6pasoM, mpA CTPYHAOM OOTEKAHWH B HACATDLHOH >KHAJ-
KOCTH TeJI0 UCIHITHIBAeT COMPOTUBIEHME, OTIWYHOe 0T Hyas. llpu
ABUIKeHUM B TpyOe BeIMUNHE! JaBIeHUH p; U py = pg MOYRHO 3a71aTh
HPOMBBOJBHO IIPU YCIOBUM p, < py. HJad monydeHUS BeINYHHBI
CONPOTHBIEHNA M3OIMPOBAHHOTO TeJa NpH OOTeKAHWH CO CPHIBOM
CTPyH, ¢ 06pa3zoBaHUEM 324 TeJOM NOJOCTH C IIOCTOAHHLIM JaBje-
HEeM, HeoOXOIMMO paccMoOTpeTh IpefielibHOE IBMKEHHE JKUTKOCTH
upu S — oco. B aToM cayuae npu S — oo MIA W30TUPOBAHHOTO TEJIa
B upenene ') monyuaercs, UTo v, — vy M, CAELOBATENBHO, Pg —- Py
Takum oGpaszom, ofTeKaHWe W30JIUPOBAHHOTO Tejla HEBECOMOM
AJealbHON SKHIKOCTHI0O C II0J0CTHI0, IpoCTHparomedcs B Gecko-
HETHOCTL, BOBMOYKHO TOJBKO B TOM CliyYae, Korja JaBJeHHe B II0-
JOCTH pg TOYHO PABHO JABICHUIO B JKUIKOCTH HA JAJEKHX PACCTOA-
HEAX OT TeJa, T. €. D = P = Pg. Bcaum B momocrn 3anath gaBie-
HUE Py % P o, TO COOTBETCTBYIOIIWe OOTEeKAHHA TeX C HOJOCTHIO
MOJKHO IOCTPOHTH, HO B 3TOM CJydae LOMOCTH He Oyjer IpocTu-
patbcA o OeckoHewnocTH. MOMKHO IOKA3aTh, YTO €CIH Pg > P oo
TOo moJyuaercss obTexamme mo cxeme 0 pumc. 42. B asrom cayuae
B HIEAJbHOU YKUTKOCTA THADPOATHAMAIECKOE CONPOTHBICHEE PABHO
HY JTI0.

Ecmm pg < po, TO MOMKHO paccMaTpMBaTh pPa3iIUdHble GXEME
ycTaHoBUBIIETOCsT o0TeKaHWs, HampmMep, oOTekaume mo cxeme,
m3o6paentoll wa puc. 44, ¢ ofpasoBanmeM CTpYHKHW, yxomsileid
B GECKOHEYHOCTh HA BTOPOl JHCT MAaTeMaTHYeCKOT0 IIPOCTpaH-
cTBa. Jra CTpyHKa BuepBhe ObJIa BBefleHa W uaydeHa B pabore
M. A.9¢poca?). OgeBugHO, 9T0 B JeHCTBUTEJIHLHOCTH TaKOE TEOPETH~
YeCKW IIOCTPOEHHOE IPOCTPAHCTBEHHOE [BHKEHHE HEOCYIIeCTBHMO,
U 9TO 03HAUYaeT, 9TO B cAydae pg< p « YCTAHOBHUBIIEECHA 00TeKaHme
HeBo3MO:kHO. ONHAKO OHBITH SCHO JeMOHCTPUPYIOT BOZHAKHOBCHHE
9TOH CTPYHKH, KOTOpas, molafas Ha MOBePXHOCTH T'PAHUIIET IIOJIO-
cTH, 00yCJIOoBAMBAST KJIOKOUYIMUH HeYCTAaHOBHUBINHHACA XapakTep
JTBUIKEHAA JKHAKOCTH 3a TejoM. Ilpw obrexanum ¢ ofpaszoBanmem
CTPpYHKHU 3a cUeT PACXOd JKHIKOCTH B CTPYHKe LOJIyTIaeTcs TU[-
POIMHAMUYECKOE CONPOTHBIIEHNE.

1) 3pece OpUHEAMAaeTCd, 9TO OpefexabHOe OofTeKamue CO CPHIBOM CTPYH
WM30JUMPOBAHHOTO KOHEYHOTO TeJa IpeAcTaBisderT co60d ofTeKamme IO ‘cXeMe
Kupxroda, B KOTOPO#A v, = vy.

2) Cm. A. 1. 9 ¢ p o ¢, I'mppoguHaMAUIecKas TeOpUsA IIOCKOMADPAIeNb-
HOro KasmranuoHHOro Tedennsi, JAH CCCP, 1. 1, Mo 4, 1946. Bomee mogpo6-
HOEe H3JOKeHHe cooTBeTcIByomed Tteopum cm. J. U. Ce goB, Ilnockme
3ajladad TIHAPONMHAMMKE H adpoAvHaMukm, mafm. 1950 m 1966; cM. raxxke
M. A.T'ypesBuu, Teopna crpyil mpeannHOU RuarocTH, 1962,
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Ilepexon &k ¢opMyle ausa CONPOTHBICHHA W30JHPOBAHHOTO
TeJla IPHE OOTEKAHHMM CO CPHIBOM CTPYH m ¢ 06pa30BaHMEM HOJOCTH
3a TEJOM, KOTHA Pg = P o, C TDOMOIOBI0 pacCMoOTpeHHs 06TeKaHUHA
Teja B NUIMHADHUecKoll TpyGe 0e3 OMOpH Ha pelleHme COOTBETCT-
BYIOIMEX THAPOJMHAMWYECKHX 3a/a¥ HPOBECTH HEBO3MOKHO.

——

Uoo —-—

Py < Peo
Peos z 7

Pmc. 44. Cxema cTpyidHOr0 ofTeKamms ¢ oGpasoBaHHeM
o0paTHOH CTPYHKH.

Britite paccMOTpeHH HeKOTOpHIe BOIPOCH 00 00TeKaHUH HECHKH-
MaeMoU HpealbHON JKHIKOCTBIO Tel B Tpyfe cO CpPBIBOM CTpYIl.
AHAIOTHYHYI0 TEOPHI0 JIeTKO WTOCTPOUTHL [ aguabaTHyecKmx
crpydnpx ofTeKaHWHl Tel raszoM B nmuiImHIpmUeckoll Tpyle, Korma
CKOPOCTH B NOTOKe H3MEHAIOTCA HeIPephiBHO, T. €., Boo6Ie rosopd,
IJA J03BYKOBHX CKOpOCTeil.
PaccMorpnm eme pas oOrexanue Teja ycra-
Cnya compoTHBJIEHHs mpH HOBHBIIMMCA IOTOKOM HAEaJbHOIO COBep-
OGTeKaHmU Ted TrasoM WIEHHOT0 Tasa Np: Hanwdeym agmabarwy-
CO0 CKAYKaMH YOJOTHEHUA
B IOTOKEe HOCTH, HO B JJAHHOM CIy4ae IIPEAIOJO0KIM,
910 anbo HaberawImmi DOTOK CBEPX3BYKO-
BOH, 1160 B BOSMYINEHHOM II0TOKE BOMU3M Tela 06pasyIoTcs cBepx-
3BYKOBHIE 30HE. DB 3THX ciaydasgX oOWYHO BOBHHKAKT CKAYKH yIi-
JOTHEHNA, W DO3TOMY HEXb3A IONH30BATHCA NPUHATHIM BHIIE OC-
HOBHBIM HOOYINEHAEeM O HempepHBHOCTH ABmxeHwsA. Ilpw marwmamu
B II0TOKe CKAYKOB YINIOTHEHHA Ha JAHHOAX TOKA, IepeceRalomux
CKaY0K, TeMIepatypa TopMoxenns I'* mo-npekHeMy COXpaHAETCH,
a JaBjeHue TOPMOKeHHA p¥ majaer, TaK KaK LIpW Iepexoje depes
CKa4YoK OiarofapsA pocTy BSHIPOLWA IOABIAWICA HeolpaTHMee
moTepd, CBABAHHBIE C MEPEXO00M MeXaHWYeCKON DHEPIMH B TEIIO.
Hanmume »1mx moreph B CKauKax, XapaKTepU3yHOMuUxca yOmBa-
HHEM JaBJIeHHs TOPMOKEHWsH, BJedeT 3a coboll mosgBIeHWe COmpo-
THBIEHUA Tpu OOTeRAHAH Tel Ta30M.
PacemorpuMm Goxee nogpoGHO BeMYHHY CONPOTHBJIEHHA C yde-
TOM H3MEHEeHUHA [ABJICHWA TOPMOJKEHHA W TeMIepaTyphl TOPMOKe-
HHA B JaJeKnX CeUeHUAX BIEepefW W C3agd Teaa, T. €. TOro, 4TO
P2 == pi, Ts == Ti. Vsmenennme TeMmepaTyphH TODMOKEHHS MOKeT
OPOACXOMUTH 33 CUET XUMHYECKMX pPeaKNuid W, B HaCTHOCTH, Tope-
HAS B ra30BOM LIOTOKe HMIW 34 c9eT paloTsl BHEHEX CHJ, c000ma-
WOmMUX rasdy miu orémpawmux y rasa bdHeprmio. llpexmomomxum,
YTo Ha HaNeKuX OT Tela PACCTOAHUAX JBUKeHUWe ammabaTmduecKoe,
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JaBJeHNe BHPABHWBAETCHA, a CKOPOCTH CTAHOBATCA LapaJielbHH-
MH CKopocTE Ha(eramImero IOToka 1),

Juia mpoekIMy Ha OCh T CHJH, [eACTBYIOmMER CO CTOPOHEI rasa
Ha ofTexaeMoe Telo B LEIMHApHWYecKoidl TpyGe, cormacmo (7.2)
718 HepaBHOMEPHO paclpeleNeHHHX Py H U HA Sy MOYKHO HANMCATH

e= (P —P) S+ | (01— s) a0y d. (8.20)
Sy

Boime Mmui nokasanm, 9to upm Iy = T3 m p; = p; umeeMm
Py = Py U Uy = Uy, HodToMy R, = 0, n TakumM o6pasoM moayunicsa
mapagorc Jamambepa. llpm maMeneHnn moiHOrO TEmIocoepRaAHAS

2

v * -
-k * max . .
i = CPT = 3 [} 121 ?l: lg,

U aBJIEHUA TOPMOXKEHMA, p) == p3, cornacuo (8.20) moayumm cminy
R, BoOGmEe roBops, OTIMIHYI oT HyJs. Bermumma cmisr R,
3aBHCUT OT XapaKrepa mameHeHus T'* m p* Ha nuauax rtoxa. Ecam
(cm. pmc. 39) R, >0, nmeem coupormsinenue, eciu R, <0,
MOJYYaeTca TATA. Trra B ofmeM ciaygae CBA3AHA C IOJBOJIOM DHED-
THU ¥ YBeIUUEHUOM TeILIOCOfepIKaHIA lg > .

Pacemorpum  cayuall, Korma iy = iy, HO B IOTOKE HMEIOTCA
MOTepH, CHU;KAIOMPe B HEKOTOpo#l o006JacTH Ha JHHUAX TOKa
BOMMEN Tena JaBICHWE TOPMOMKEHMA py <_ p;. JaBienme maleko
BHH3 TO IOTOKY p, B0OOOIIE OTIAMYHO OT p; — MABICHAA JAaJCKO
Bhepenu B HaberawomeMm noroke. Ecam sagats py, Uy, py ® Ps3, TO
¥3 ypaBHEHNA PACXOfa IJiA OLUPEeIeNIcHASA Py HONXYUAETCHA JOBOJBHO
cnoxHOe ypasHeHwe. Jro ypasHeHme cordacHo (6.10) MosHO
HallLCATh B BHJE :

1 o )(7—1)/7 A
* 1 _L'—T
fo A ()

3

1 ( n )(Y—l)/‘Y
Py

ds. (8.21)

N3 »1or0o ypaBHeHUA MOKHO yCMOTpPETH, UTO €CIH Ps = pj TOIABKO
B OrpanudeHHoi 00JacTH miomamy S, To mpu § — co IOXydHM,
910 py / p; — 1. s usommposaHHOTO Teda B Oe3rpaHUIHOM
moToKe mpw S = oo BO MHOTHX CJIydafX, B TOM 4UHCJEe H IpH

1) MoxHO H HY/KHO pPaccMaTpPHBATH TaKKe TaKWe TeOPeTHIeCKH® CXeME
ofTexanus, Korja B GECKOHETIHOCTH 3a TEJOM HTH IPEAINOJNOKeHAA He BEIIOJ-
HAI0OTCA, HaOpPEMep, CXeMy KpHJIAa KOHeJYHOro pasMaxa (cM. § 26), a Taxsxe
BAXDPEBYI0 CXeMy BHHTA C yIeTOM 3aKDYIeHHOCTH IOTOKA B clefie 32 BHHTOM.
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TWOJBOJie PHEPTHH B OrpaHuUYeHHOH 00JacTH HOTOKA ), MOMKHO TpH-
HATH, 4YTO

l:m (p]_ —pZ)S= 0.

S—o00

ITooToMy Ha mpakTWKe I CHIH compoTuBlenus (miu tarm) R,
B 0e3TPAHMYHOM MOTOKE ra3a MOKHO MOJB30BATHCA (POPMYNOil

R, = S P10 (1 — v,) d3, (822)
S

opuueM ndst v, m v, BepHD! GopMyas (5.12)

= VBT (2 ]

\ Py

"

Dy = V2cpT; [1 . ( pi )(Y—l)/‘Y ]/a -

Py

Ecnmn Ty = T5, a p; < pj, TO U, <] vy W IOTyYaeTcs COIpPO-
e~ * 5 ES * # -

rusienve. Lenw Ty > T{ M pi == ps WIU Dy > pi, TO Uy > 1y
¥, CNeROBATeNbHO, TeJo OyAeT UCHHTHBATh TAry. TaxmMm obpasom,
BHISICHACTCA MEXQHH3M 3aBUCHMOCTH COLPOTHBIEHUS UM TATH OT
HeoOPATUMEX IIOTeph W MOABOJA DPHEPTHH K TJIAaBHOMY IIOTOKY.

HccnepoBanmio  HMCIOAb30BAHUIO PABNHYHEIX BBRITOJHBIX CIIO-
co0OB IIOJBOXA SHEPTHH K IOTOKY IpPH PABIHYHBIX VCIOBUAX
[oJTeTa IOCBAIMEHH TEOPHA U MpPaKTHKA PEaKTUBHBIX [BHUTaTelell,
K KOTOPBIM MOXHO OTHECTH TAKiKe BO3IYUIHHE M BONAHBIC BUHTHL.
Huxe MBI paceMoTpUM HEKOTOPLIE 9JEMEHTHI TEOPHHU JBUTATE]EH.
37ech OTMETHM TOJBKO, YTO JJIA HOJYUCHHs TATH MOIBOJ BHEPTUU
MOJKHO [POMBBOAWTH, HANMPUMEp, C IOMOIIBI0 BPAI[AIOIIUXCH
BUHTOB HJM IIYyTeM C/KUTAHUs B ra30BOM IOoTOKe TomamBa. Cikmra-
HHE MOMKHO OCYIIECTBJAATH B CHENUAJBHBIX KaMepaX c¢TropaHUs
BHYTDH NBUTaTeJd, Yepe3 KOTOPHE NPOTEKAeT BHEMHWN BO3IYX,
HO MOMKHO HOJYTATh TATY ¢ MOMOUILIO CKUTAHHS TOITMBA UPAMO
BO BHEIIHCM IOTOKE, OOTCKAIOIEM TeJlo, HAIpUMep, BHe KpPHIA U
dro3ensyra caMolera.

«
1) Ecam T, T;, 10 B (8.21) mox 3smaxoM WHTerpaja MOABUTCA MHOMKH-

* ¥ o o
Tenb VTz/ T,, ornminuil OT eAVHWIE TONBKO Ha OTPAHWISHHON o6nacTH
B cegeHm S. 9T0 06CTOATEALCTBO He MeHAST NPeHAYIX BRBOAOB, aHaJOTHY-

*\(Yy-1)/x
. . Py
HEH MHOKHTeIBb IpeJCcTaBasder co60H OTHOIEHHe ¥
Dy
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['mppoguHaMHYECKHe CHIbI B rmapogmHaMumuyecKoll TeopmEm Ta30BHIX H

l‘:gg‘b‘;?]‘g.i“a“““ PpereTox THAPABINYECKUX MAIIHH GolbIIoe 3HAYCHHE

HMEI0T peINeHus 3aga¥ O BWKeHWM K-

KoCTell WaM Tra3oB 4epe3 pemerk” mnpodumei. Ilycrs umeem

0eCKOHEYHYI0 CHCTEMY OAMHAKOBHIX IAJHHADPHYECKAX KPHUILEB

C DOapajnelbERIMA  00pa3yIOMHUMH, pACCTABIEHHEX IepHOJH-~
yeckn (puc. 45).

Puc. 45. Cxema pemerku Dpoduinei B cedeHHH IMIHHIPUIECKAX
KPHJIBEB ILTOCKOCTBIO, IEePHEHAUKYIAPHOR K HX 00pasyoIuM.

B maockoctn ceuennms mpodmiedl BO3bMEM IEKapTOBY CHCTEMY
KOOpPAWHAT, KOTOPYIO /IS ONPENeJeHHOCTH CBAMEM ¢ KaKUM-ITHGO
-u3 npodumieil. OGosnavum 1epes ¢ BexTOp mepPUONA PEINETKU; MyCThH
B — yroa makaona serTopa ! K ocu x. ¥roa [3 HaskBaeTCA BHIHOCOM
pemerrn. Ha pme. 45 maoOpaskena permerka, o0pa3oBaHHAA MOCTY-
HareJILHLEIME CMEIICHHAME JBoiHOrO mpodunsa (6ummana) Ha BEKTOP
kL, rome k — awboe 1eNioe TONOMKUTENbHOE WIHW OTpPHANATENDH-
Hoe 4mcio. Bce mociexymomue BHIBOAB IPAMEHNMBL U B TOM CJY-
Yae, KOorjga HepPUOAMIeCKas pellleTKa COCTOHT M3 CABATAeMOH Ha
mepuoj| JI000f CHCTEeMH IOJWUIJIAHOB.

PaccmorpuM obrexanme pelneTKn NpodHIed yCTaHOBUBINUMCSH
IJIOCKOMAP AT BHEM TOTOKOM KEAKOCTH miad raza. OTHOCHTEI b~
HO IBIDKCHUSA SKHIKOCTH WMJIHM Ta3a HPERIOJOKHUM eMHie, 4ro MmOJsA
TJIOTHOCTH, CKOPOCTH ¥ HATPSKOHUA NEPHOJAYECKHE C Heproom &
F 9T0 HA faJeKMX PACCTOAHUAX OT PeIreTKH (Mo HOPMAJIH K HepH-
omy 1) mepej pemieTKOH W 3a pemeTKOH HOTOKH BEIPABHEBAOTCH
K IOCTYIATEJBHBHIM /BUKEHHAM C MOCTOSHHEIMM BEKTODAMU CKO-
pocTH ¥, W ¥, COOTBETCTBEHHO (CM. puc. 43).

Jia nprMeHeHMS WMHATErpalbHLBIX COOTHONIEHWH BHIEJNUM M-
JUHPAYCCKYI0 KOHTPOJBHYIO LOBEPXHOCTh X eIUHWYHOHA IMTHPUHH
B0 06pasyomux npoduieid penmeTky, H300 pamengy0 Ha pAc. 45
rourypom ABCDA B uloCROCTH zy W BRIKIAOMYI0 B cefsa KoOH-
Typhl o0TexaeMbix HemoABWKHEX mnpoduieil. Cewemus AD m BC
napasienbHsl Bekropy mepmoxa I, a xoutyph AB mw DC — nio6nie
KpHBEIE, CABHHYTHE MOCTYNATENIHHO APYT OTHOCUTEJBHO APyra Ha
ONWH TePHoj; W3 CBOMCTB NEPHO/WIHOCTH W IJIOCKOIAPAJLIeIbHO-
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¢TH mOToKa ciaexyeT, uro Ha AB m DC, a Taxyke Ha mWwiomapgkax
HOBEPXHOCTH X%, MAPAJNIEIbHHX ILIOCKOCTH XY, BCe XapPaKTePHCTH-
KH IOTOKA B COOTBETCTBYIONMX TOYKAX ONMHAKOBGH. B oTamume
0T HPeIBIYILMX OPHI0KeHNH B 9TOM CJaydae TacTH KOHTPOJAbLHOH
nosepxHocTH AB u DC He ABIAKNTCH IMOBEPXHOCTAME TOKA, a Ce-
gennsns AD u BC He mepueHIVKYIAPHH K COOTBETCTBYIOMHAM CKO-
POCTAM TOTOKA.
3aKoH COXpaHCHUA MACCH JaeT

lp10in = lpgVon = G, (823)

rfe Uy, U Uy, — OPOEKINM CKOPOCTH KUTKOCTH HA HAIPAaBIEHMe
CIHHNYHOTO BEKTOpPA 72, BEKTOpA, HOJYYEeHHOTO OT HOBOPOTA Ha
OPAMOR Yrodl 1o TacoBoi CTpeiKe BekTopa nepmoma I (cM. puc. 45),
a G — MacCOBHIU PacXof KUJKOCTH B OHOM IIepHO[e B CJI0¢ e[u-
HUYHOH IMHPUHLL.

¥YpaBHenAue KoAUTecTBAa [BUJKEHUA IIPU OTCYTCTBUM MAacCCOBBIX
cuia 1) ¢ yUIeToM HepUOTHYHOCTH U IUIOCKOMAPAJICIbHOCTH ITOTOKA
miaa cunael R, meiicTByromie#l HA eMUHUIY IHPHHLE CUCTEMBI 06Te-
KaeMbix mpoduiedl B OLHOM IiepHofie, IPHBOTUT K (opMyJie

= (py — po) In 4 G (v, — V). (8.24)

dTa gopmyaa npocra W ynoOHA VIS TPHAOKEOHHA HA NPAKTHKE WM
B TEOPHUM THAPONWHAMHUYECKHMX peineTok. B aroll popmy.ie mepBuiii
WIeH [aeT CuNy, NePNeHguRYJIAPHYIO K BOKTOPY Neproia PeUIeTHH,
BTODOIl WIeH CBA3AH C M3MCHCHNEM BCJIUUYHUHBI M HAIPABICHUA CKO-
pOCTH NOTOKA, MPOTEKAION[ET0 CKBO3h PEINeTRY. ITOT WIeH JaeT
COCTABJIAIONIYIO CAJNY BJIOJE IIePHOTA PEMeTKH, T. €. CHIY, CTpeMs-
HIYIOCA JBUTATh pelleTKy B Halpasiennu ee nepmoma. Dopmyurn
(8.23) m (8.24) B pamrax cHopMyJupPOBAHHON BHIIE MOCTAHOBKH
3aflaud NPUJIOKAMEL B ofImieM cilydae KAk MJIA JKARKOCTel, Tak o
IJsI Ta30B ¢ JIOOHME CBofiCTBAME, KaK A WIEAJNbHHX, TAK W [
BA3KUX cpef ?). OHK UpWA0KAMH MPH HAJWIAM B TTOTOKE (BHYTPH
2) pasaugHHX (U3NKO-XMMHUIECKUX IIpoleccoB. B wacrTHOCTH, 3TH
$OPMYJIBI IO3BOAIOT BEIYHCAUTE Cuiy K 110 ZaHHBIM 9KCIEPAMEH-
TAJbHBIX W3MEPEHHI XapaKTePUCTHMK NOTOKA HAa BXOJe W BEHIXOJE
u3 pemeTkH. Jlajee mpm HOUYCTHEMBIX HPEIIOIO;KEHUAX ML Tpe-
obpasyem gopmyay (8.24) misa molydeHWs BasKHBIX CIEICTBHM OT-
HOCHTEIbHO TMOIBEMHOM CHIIBI, [AEHCTBYIOMEH HA MB0JHPOBARHHEIE
DOJIMIVIAHE B Ge3TDAHATHOM IIOTOKE KHITKOCTH.

1) MaccoBhle CHJK MHEpPOOA OPH PACCMOTPEHMH OTHOCHTEJILHEIX BITIKE-
AUl B COOTBETCTBYIOIUX NPUIOKEHMAX TEOPHW DEIIeTOK Jerko y4ecTh JI0-

MOJIHATEILHO.
?) Tak kKak B GeCKOHEIHOCTH B IOCTYNATEJLHHX MOTOKAX BASKHE HAIPSI-

JKEHHs DaBHRI HYJIIO.
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BeegeM Temephs B paccMOTpeHHE THPKYJIANHIO cKopoctH [
1o samruyToMy KoHTYpYy ABCDA B HampaBieHHW TpPOTHB XO[a
yacoBoll crpeiaru. HerpynHo BmaeTs, uro gas I’ epra dopmyaa

F == (Uzl -_ Ull) Z, (8.25)

THe vy M ¥y; — IPOCKIUHM CKopocTell ¥, M v, HA HaIpaBJIeHHe BEK-
topa mepuopa I..B ofmem ciyuae [A1a BUXPEBOTO JABHIKEHUS yKUJ(-
KOCTH WiH rasa nupryasanus I' 3aBucut o1 Beibopa KOHTYpa MHTe-
rpupoBanmsa 1), Ecau gBMKkeHMe KUJIKOCTH WM Tasa BOJIM3M KOH-
trypa ABCDA uoreHnuaibHO, TO KOHTYD HHTETDUpPOBAHHA ILpHU
ollpe/lelieHUN MUPKYIANUN MOKHO [edopMHDOBATH, a B CAyIae
HEeIIPePHBHOTO MOTEHMHAMBHOTO IIOTOKA BO BCEH ITOCKOCTH BHE
ob6TeraeMpix KoHTYpoB KoHTYp ABCDA wmomuO jsedopmMupoBarh
B KOHTYpH obTexaembx npodumreii. Takum o6pasoM, B a10M caydae
nuprynamuio I, aas KoTopoil cupaBemnuBa ¢dopmyna (8.25),
MOKHO PACCMATPHBATH KAK CYMMapHYO MPKYJANNIO 0 KOHTYDY,
COCTOAIEMY W3 BCeX KOHTYDOB LIONHUIIAHA B OJHOM IlepHofe, Kaik-
OB M3 KOTODBIX MPOXOJMTCA IIPOTHB 9YaCOBOH CTpENKH.

Qopmyny (8.24) ymobHo mepemmcath B KOMILIEKCHOH ¢opme,
B KOTODOil BEKTODH PACCMATPHMBAIOTCH KAaK KOMILICKCHBIC UHCJA,
T. €.

R=R,}iR; mn=n,Jin,= —Iie®,
V) = Vix + iUy = (Vy — (U1n) € Wy = Vogx + 0oy = (Vg — iUan) e,

Hepr;IHO IpoOBEepUTH, 4YTO B J3THX 0003HaYCHAAX MOKHO Ha-
nncarThb

R = [(p; — P1) i€®® -+ p101a05 — P1Vant] 1
A OTCIOf[a

_pwihpws | an [P0 Py
B=—i—7(p— I + il [—-2 1

(2 — p1) + pavd, — 1o},

Yo

-+

} . (8.26)

Bropoit uien B dopmyae (8.26) mepneHIHKYNApeH K HOepHOAY
pemeTKu; B o0iNeM ciydae OpH O0TeKAHUH DeIIeTOK KaK CKUMa-
eMol, TaK I HeCIKHMaeMOH JKAJKOCTHIO, 3TOT WISH OTJINYEH OT HyNf.

1) B o6meM ciayuae nupKyaanusa ' He 3aBECUT 0T BRIGOPA KOHTPY?HTHEIX
KpuBHx AR u DC, ogmaxo 3EaueHHe.I' BOOOINe 3aBHCHT OT BUAA KPHBHX AB
1 DC BHYTPH ORHOTO mepHOJa, eCIX 3TH KPHBHe He KOHIPYSHTHH; OPH IIOTEH-
OHATbHOM 00TeKaHWH DupKyAaums [' He 3aBMEHT OT BHJA dTHX HeKOHTDYIIT-
HHX KPHMBHIX. .
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Teopema H. E. JKykosckoro PaccMoTpUM = Temepb OTHEIbHBE HYaCTHEIO
0 THAPORMHAMMMCCKOM CHIC  ¢;ygay [[ycTs uMeeM 0GTEKAHHE HEIOABHK-

posfeiicTeua Ha mpoduau B A . M
peleTke i 0 HogbeMHok cute HOM  peImeTku  udeaavHoli  00HopodHOL  He-

M30AHPOBAHHOTO NMONEIVIAHA  CHCUMaemol KULKOCTHIO (p; = p,) Ge3 mop-

I OTREIbHOre mpoduns Bola BHeITHe#l MexaHWMYECKOH SHEPrUM.

B sToM ciryyae mMeeTcs 4acTh IOTOKA, ofpa-

30BaHHAS CHCTeMOU JWHWN TOKA, OPHXOAAMUX M3 0ECKOHEUHOCTH

mepej pelmeTKol ¥ yXogAMmuX B OECKOHEYHOCTH 3a permerkoii. M3

yciaoBUii B GeCKOHEYHOCTH M W3 ypaBHeHumA DepHylam ciegyer,

9T0 JBW/KEHHE ;KUAKOCTH B 06JacTH IOTOKA, 00pa3oBaHHOTO HTOH

cucreMoil NTUHMN TOKa, HOTeHIHMaJbHOe (cM. Komer § 2). Bmecte

¢ TeM B IIOTOKEe MOTYT OHTH 06JacTU ¢ BUXPEBHIM gBIKeHHeM. MosK-

HO PaccMaTpPUBATEH pPa3ivuiHbe OOTEKAHMA ¢ BHXPEBHIMHU 06JIaCTAME

WM KaBepPHAMM, & TaKKe M TaKue, KOIJA NBUIKEHHE SKUTKOCTH

Besne BHe Upodmieil moTeHumanbHO. [lasa moaMmiaHOB TaKMe IO-

TEHIUAJBHEE 00TeKAHUSA MOTYT ORITH PABHHIMH B 3aBHCUMOCTH OT

pas3IWYHOTO 3aJaHUA IUPKYJIANMHA 10 OTHEJbHBIM INIaHAM TPU
3afaHEHON cyMMapHO# nupKyasnum [

N3 ypaBHenums BepHyminm Ha JHHUAX TOKA, HNPUXOLAMIMX U

YXOAAWNX B GECKOHEUHOCTh, HMeeM

@l od) e (v, )

D1 5 — P2 3 (8.27)

Ha ocnosanun (8.27) u (8. 23) ciegyer, 910 B (8.26) BTOpOil WiieH paBeH
nyao, u nostomy Qopmyrna (8.26) mpuoGperaer Bug

R=—ip2t®r (8.28)

Panencrso (8.28) mpencraBasier coboit Teopemy H. E. Hyxos-
CKOTO [JIsA PeIleTKH, 00TeKaeMoil IoTeHIMANBHEM HOTOKOM € IUp-
ryaamued ' B GeckoneudocTu. OGHIHO paccMaTpUBAeTCH HBUKe-
HHe, DoTeHOHaxbHOe BCHOAY BHe mpodmueii. CormacHo sroil ¢op-
Mylie UMeeM, 4ro cwia JB mepmeHAUKYJIsApHA K cpefHell CKOpocTH
(v; 4-v,)/2 wm mpomopiMOHANIBHA IJIOTHOCTH M IUPKYIAUMHA IIO
KOHTY]DY, OXBATHBAIONIEMY OJWH pa3 NPOOMIMA U BHYTPEHHHE BUX-
peBrle 06IacTH MiK KaBepHH B ogHoM nepuone. CormacHo dopmyire
(8.28) manpasmenue cuin B momydaercs moBOpOTOM BEKTOPA Cpeji-
Heil CKOPOCTU Ha IPAMOR YToJa OIPOTHB HANPABJICHUS TIAPRYIAATMH 1
(T. e. B maHHOM caydae, npa I' >> 0, mo Xoxy 9acoBoi cTpeiKd, mo-
BOPOT XAapaKTepU3Yercsi MHORHETeJeM — i).

Ilepexon or pemersky K M30JMPOBAHHEIM NpOoPUI0 HAM mMOJH-
mIaHy opodmiell MOMKHO oCymecTBATh B (8.28) mpenedbHsM mepe-
xonoM mpu [ — oo. (Q4eBHAHO, UTO B Ipefelde IPH KOHEYHOi
mupKylaanmd I moaysuM ¥, = v, = ¥». Qopuyaa (8.28) B mpe-

I .
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mene gaer 3sHameHuryio Teopemy H. E. Myrosckoro gmsa mzonm-
poBaHHOTO WpodUAA UM JJA CHCTeMH mpoduieil B o6HYHOM BHUE:

R = —ipv,l, (8.29)

rge I' — ofimas mupKyIAnMs, paBHAA NAPKYIAUMY 10 GECKOHEYHO
yAaXeHHOMY KOHTYpY.

J1s1 m3oaupoBaBHO# cUCTeMB Opoduiaeill WiIH AJA H30IMPOBAH-
HOTO IPOoPuUIsA MOKHO PacCMarpHBATH pasiIMUHBE HpejelbHEE Te-
9eHUs, B TACTHOCTH, 00TeKAHHEA ¢ BUXPEBEIMU 30HAMH HJIH ¢ KaBep-
Hamu. Jlnsa amoforo m3 Takmx ofrexkammit opmyraa (8.29) Bepma.

dra Qopmyra mpejcraBiaser coboli PyHTAMEHTANBHLIN Pesyib-
TAT, CTABIIMI OCHOBOH aspopuHaMUKM KpsiabeB camogeros. Dop-
myxaa (8.29) maxomuresa B corsacuum ¢ mapagoxcoMm /[lanzambepa,
Tak Kak #3 (8.29) ciemyeT, 4TO COCTABJIAIIAN CHJIH, IIaPAJIeNb-
Hasi CKOPOCTH, (COMPOTUBJIEHNE) PABHA HYJIO, HO MOIhbeMHAs CHia
B BIEaJbHONH JRUAKOCTH MOJKET OTIMYATHCST OT HYJs, HAIHIHE e
TeCHO CBsI3aHO ¢ muprymramumed I' == 0.

Jns oupeneaenus feficTBUTENHHOTO B3HAYCHUSA IT0/HeMHOI CHJIBI
He0OXO0MMO yKas3aTh METOMH OIpefejeHMs MupKyianuum 1. IToT
Boupoc ObiT M3y4eH W paspeureH Toske B paGorax C. A. Yammsl-
rmaa u H. E. Hyxoscxoro.

Jannsrit seinre Besog teopemsl H. E. MyroBekoro mas uzounu-
poBaHHO# cmcTeMHl Hpoduiaell MOYKHO pacupoOCTPaHMTL Ha caydail
HX HEIIPEPBHIBHOTO 00MeEKAHUA 2asom OpH a00BIX 3HAUCHHAX THCIA
Maxa B HaGerawomeMm moToke '), kozda Henpepwisnoe obmeranue
2asom ocywyecmeumo. B camMoM Jere, paccCMOTPHM HEKOTOPYIO IIO-
CJIeJI0BATENLAOCTh 0GTeKAHMN HEKOTOPOl CHCTEMH MOJIHIIAHOB
B peImeTKax, B KOTOPHX uepmoy [ CTpeMHUTCS K OECKOHETHOCTH.
ITpu mocTpoeHHEN 3TOH 1OCIENOBATEIHLHOCTH BayKHBI TOIBKO CIENy-
fomue gasa pomymierus. 1°. Ilpm [ — oo cylmecTByeT mpemeibHOE
IBmwxenne. 2°. B pemreTke U B Ipefiese Bce JMHMHM TOKA, IpUXOMA-
mue u3 GECKOHEYHOCTH BIEDefH pelreTkH, o6pa3yior Bece IMHEHE TO-
Ka, yxoisalre B 6eCKOHEYHOCTE 331 PeIleTKH, IPHIeM Ha DTUX JIH-
HUAX TOKA [BIKEHHE rasa HeOpPepLIBHO U HMeeT MecTo 6apoTpomus.

W3 mpenuonosxenusn 2°, us yparaenns Bepryian u u3 yciaoBui
B GECKOHOYHOCTH CIeIyer, UTO [BIJKEHHE ra3a IOTeHIHAJBHO
B 00JacTH, 3aI0JHEHHOH JHHUAMHM TOKA, LUPEXONAMEMU u3 Oec-
KOHEYHOCTH M YXONAMUME B GeCKOHEYHOCTH (cM. § 2 aToit riaBm).
IMyers pas oupenerenHocTH mMIpryaAgnaa I' mo mob6oMy KOHTYDY,
KOTOpHU B 06JacTH HOTeHOWANbHOTO NABUKEHHUS MOKeT OHTH fe-
dopmupoBarE B KoHTYD ABCDA, uMeeT ¢uKCEpOBaHHOe 3HAYEHHE
A Beell JaHHOH MOCJeROBATENBHOCTE O00TeKaHE pemeToK.

1) Cu. JI. ¥1. C e ;o B, I'mapoaspopmpaMAuecKHe CHJE HIPH OOTeKAHHH
npoduaesi cxuMaemoit rupkocthio, JJAH CCCP, r. LXIII, Ne 6, 1948 r.,
crp. 627,
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B kamgoM u3 ofTekaHMil BepHH CJHEIYIOIIEE COOTHOUICHHS:
ycaosne Gaporpounm

Pa=f(p;) ® p1=f(p1), 3
yPaBHEHHE pacxofna

£ i
pr Yon ?
ypaBHeHHe LepHYJIIH
. > (8.30)
.2 y 2 2 2
Yon T g . vin Yy s _‘Q’_ _dﬂ =0
2 2 dp p
P1
u
T
Vol — Uy == e /

Coorrommenus (8.30) MOKHO PacCMATPHBATL KAK YpPABHEHUSA
VLA OLPENeNIeHHS 01, Do, Pg, Vapn, Vg, €CHAH BENUIHHEBI Py, Vin, Uy
u I'/l 3agamsr.

B ofmem cnydae cucrema ypapHeHumi (8.30) mMeerT HECKOIBKO
pewernnii. [lpm mannmauu npmEsATOR Ho ycloBHw GapoTponny maMe-
HEHME BCEX XapaKTepHCTUK [BH;KEHWS BIONb JTWHHUHA TOKA Hempe-
pEBHO (ycioBueM 0 6apoTpPOUUU HOABIEHHWE CKAYKOB YILTIOTHEHHS
HCKII0Yaercsa). B HEKOTOPHX cAydYadx, B YACTHOCTH, NPE GONBIIEAX
CBEPX3BYKOBEIX CKOPOCTAX OOTeKaHMs, IPemolIoxKeHne o Gapo-
TPOLHUH CIHIIKOM CHJIBHO, TAK KAK B pPaMKaX TEOPUH HAEATLHOTO
rasa HeJb3A MOCTPOUTH TEOPETHIECKH HEIPePHBHHIX 00TeKAHHMH:
B 3THX cJXydasax Teopema sHyKOBCKOTO HMe BepHA, M IOITOMY MBI
OTPAHUYNBAEMCA TOMBKO HELIPEPHBHEIME 6apoTpPOIHKMHA M, B 9aCT-
HOCTH, aaunafaTHYecKAMHU [JBW;KEHUAMH B YyKa3aHHO# Beime 06-
JacTy.

Hanemme Mm nmpuEEMaeM, YTo IpPH /0CTaTOYHO Goabmmx [
HMeXTCA JUHUH TOKA, BIOJb KOTOPHX H3MEHEHHA CKOpPOCTH OYeHD
Maaw (pasMephl BO3MYIIAIOMAX TeJ M BHXPeBHX oGiacTedl MaiH
no cpapueHmo ¢ [). Orciofa sICHO, UYTO XAPAKTEPHCTUKM TEUCHHA
3a PEIIeTKOW TWpH J0CTaTOYHO GoJbIIHX [ 0TBeYAIOT pemeHHI0 CH-
cremsr (8.30), GanmskoMy K xapaKTepHCTHKAM TedeHHs Oepel pe-
merkoi. IlosToMy npm mepexoje K npemeny, Koraa [ — oo, GymneM
UMeTh

Pa—> 01, P2—>P1, Ven—>Vtn, Uy —> Uy

Bce BeawumEE ¢ HHIeKCOM 2 COTJIACHO YPABHEHHAM
(8.30) MoxxHO paccmaTpuBaTh KAK (YHKOUM oTHOomeHda I/l =
= vy — vy;. Ha OCHOBaHHH 9TOTO OpeflelbHOe 3HAUCHHME BHIPA-
JKeHHA B CKOOKAaX Broporo wieHa ¢Qopmyas (8.26) MokHO




§ 8. BaamMopelicTBIE JKAMKOCTeH ¢ 00TEKAGMBIME TeJIaMH 87

HANUCATL B BUe
d 2
P2Vs; -+ T (D2 -+ Pavan).
2l

Ha ocroBammnm (8.23) umeem

d 2\ _ dv,,
vy, (Pavan) = p2vznzi72“l‘
U3 ypasmerus Bepmymnaz (cm. (8.30)) momyumm

dpz dv‘zn
= — Palz; — Polay 53—
dvy, bduy,

Oreroa caegyer, 1To Ipu KoneunoM I' B mpemene BTopoil uieH
B (8.26) obpamaercss B MylIb; TakuM o6pasoM, JOKa3aHo, UTO NpH
HeIpepHBHOM OOTeKAHMH Ta30M HM30JHDOBAHHHX NPOQHIA MK
moJMIIaHa Takme BepHa Qopmyna (8.29).
Mdopmyaa (8.24) onpegenser o6HIy0 TUApPO-
PaGora ruppopusamMmdecKkmx JUHAMMYeCKYI0 CHIYy BO3#eHCTBUA MOTOKA
Ci, ACHCTBYIOMUX HA HO- UgeadbHON KUJKOCTH MIIH Tra3a IIPH ycTa-
ABH;KHYIO peUIeTRY
HOBUBNIEMCH OOTEKAHWH HA HEIOBMIKHYIO
pelieTKy. ITa CHJIA BHPAKAETCA NpocToit dopmynoi (8.24) ue-
pe3 XapaKTepHCTHKHE IIOTOKA nepejq ® 3a pemerkoii. OueBmpmo,
4TO CHJIH, REHCTBYIOIMHE HA DHIEMEHTH HEIOJBU;KHON pENIeTKH,
HOKAaKo# paboTHl HE COBEpPLIAIOT.
_Ypasnenue E)Hepl‘I/II/I B 3TOM clydae, HpI/IMeHeHHoe K KOHTPOJIB-
HOIl moBepxHOCTH X (cM. pmc. 45), maer

W=(z'I—i;)G=( +U1+-——3_Uz——p;)G.

Hexonss w3 wW3YyYeHHOr0 YCTaHOBHBIIErOCS OTHOCHTEIHHOTO
00TeKaHMA HEMOJBUYKHON pPeNIeTKH, MOMKHO PACCMOTPETH OOTEKAa-
HUe pemIeTKH, ABWKYIMEACA MOCTYNaTelbHO C IMOCTOAHHON CKOpPO-
CTHI0 OTHOCHTEIHLHO HEKOTOpPOH CHCTeMEl KoopamHar. Ias sroro
JOCTATOYIHO COOOIIUTE Beeil cCHcTeMe, COCTOAMeN W3 PenleTKH 1 IBU-
JRyIelcsA OTHOCUTEIhHO PEHIETKH JKAKOCTH MJIW ra3a, MOCTOAHHYIO
HOCTYNATEIbHYI0 CKOPOCTH Urep.

PaccMoTpuM [iisi HpoCTOTH BasKHHIH IJIA TPHIOKeHEWNA CIyYaH,
KOrja mocTyHnaTelbHasA CKOPOCTDL ¥pep HAapalliielbHA OCH PEIeTHH,
T. €. HARJIOHEHa K 0CH Z 1ojx YIrioM f§, PaBHHM BHHOCY pEIIETKH.
B sToM pBwWxeHWH mepel X 3a pemieTKOX MOJAYYalOTCA aCHAMOTOTH-
YyecKkue CKOPOCTH

Vaget = U1+ Vnep HA  Vasecs = V2 | Vep.
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Ha ocropammm upurimuna I'anmines — HeloTora oueBummo, 4TO
B OTHOCHTENLHOM 00TeKAHUU W B a0CONITHOM IBUKEHHH rasa HIH
JRUTKOCTH, 00TeKaIomed HeNOABWKHYK peIeTKY, BCe CHJIBI BO3-
JelicTBHA ® upuToK dHeprmm W 3a cueT BHYTPEHHHX IpPOIECCOB
OMWHAKOBH, HO MIA afCONITHOTO0 M OTHOCHTEIBHOTO [BHKCHHHA
HNHETHUEGCKHe OHEePTMH pA3HEE, TEMIOCONePAHAA iage M lopy
pasHBle, 00IMasA cuia BO3MEHCTBHAS IIOTOKA HA PEIIETKY ONHHAKOBA,
HO 151 aGCONIOTHOTO NBUKEHHA 9Ta CHJIa coBepmaeT padoTy, paB-
myl0 B-vgep.

PaccmorpuM  Temepsr  mosHOE H3MEHEHHE TEIIOCOMEpHKa-
HUA is5, B abCOJIOTHOM [BHMEHUH >KHAKOCTH HJAHM Tasa B OJHOM
mepuoje.

Ha ocHopamum mpoctoix mpeoGpas3oBaHUil Jerko Haigem

2 9
* * Vage 1 P Page 2 P2
(Zaﬁci'—"laﬁc‘z)Gz(\T_}_Ul_‘—.pT_ 2 —UZ_—P_Z- G =

= (i(;THI — i;mn) G+ —R"Unep = W R‘vnepu

TaxkuM o6paszoM, ypaBHeHHe SHePTUM B a0CONITHOM ABU;KEHUH
TMOKA3kIBAET, YTO B STOM CJlydYae HOABJIAETCH JONOTHHUTEIBHBIR pac-
Xop 9Heprmm abCOJIOTHOTO IOTOKA, KOTOPHIA B TOYHOCTH paBeH
pafoTe THADOAMHAMMYECKOH CHJIB, AeACTBYOMed HAa MOABMKHYIO
peIlIeTKy.

§ 9. OcHoBunre arperaTsl rEgpOJHHAMBYECKAX
M rasoBHIX MAINBH

Briute 6oumim  u3y49eHsl  BajKHEE [Jid IPUJIOKEHHH IIpHMe-
PHL B 3aKOHOMEPHOCTH CHJIOBBHIX B3aMMOJEHCTBHI MEMIy MOTOKAa-
MU JKMAKOCTA M Tas3a M OrPAHUYABATONIAME HX CTeHKAMH H
BHYTDPEHHWMU TEJAMIL. _
OcHoBHBIE DE3YIBTATH HOJIYYEeHE ¢ IIO-
Ocpepnenue HepaBHOMEPHBIX  yopry  [pPEANONOMKEHWHE 0 BHPABHNBAHEM
ABHGREHHHM SRMIKOCTR M ras3sa
B KRHAJIAX MOTOKOB B CEUCHUAX KOHTPOJBHLIX IOBEPX-
' HOCTell, paCIONO}KeHHHX B Ipefeie B Gec-
KOHEIHOCTH. B geficTBUTENLHOCTH BCe KAHAJNBL, B KOTOPHX JBH-
raTCA JRUMKOCTH M Ta3hl, KOHETHbIE I 329ACTYIO faske 04eHb KOpo-
Tkue. [losToMy nupm BHOOpe KOHTDONBHHIX IOBEePXHOCTeH Heol-
XOEMO HMeTh B BHIY, YTO Ha XapAKTePHHIX Ce4eHHAX IJOTHOCTE,
MAaBJIEeHHEe W CKOPOCTH pacIpejeleHH HepaBHOMEDHO.
B wactHOCTH, WM3-3a ODpHanmaHmsa, 00YCIOBIEHHOTO CBOHCTBOM
BASKOCTH, HA HEMOABMKHBIX CTEHKAaX CKOPOCTH Tra3a H jKHAAKO-
CTH BCETfa paBHH HYIK, D0TOMY BOJH3H CTEHOK H IMOBEPXHO-
cTell 06TeRaeMEIX TeJl BCerga MMeeT MeCTO CYINecTBeHHAs HepaBHO-
MEDHOCTh B pacupejeleHNH CKODOCTH TacTHN, KHUAKOCTA H Tasa.




§ 9. OcHoBHHe arperaThl rHApPOAMHAMHIECKHX MaUIuH 89

Ha npaxTuke, offHAKO, 9aCTO IIOJAYYaeTcs TaK, 9TO0 HepaBHOMEp-
HOCTH pacHpefeleHAA CKOPOCTH BOIWM3H IPaHUI MOTOKA, HALPEMEp,
HA CTEHKAaX KaHaXa MPOSIBIAETCS TOJMBKO B Y3KHX CIOAX ¢ MACCO-
BEIM PacXojioM, O9eHb MAJHM II0 CPABHEHHIO ¢ OOIMMM XapaKTep-
HEIM pacxojoM B KaHale.

Kpome storo, Ha IpakTHKe HEBO3MOKHO RATh TOYHBIG TIH[-
POAMHAMUYECKAE PACYETH OPOCTPAHCTBEHHEIX TedeHHH ;KUZKOCTEN
H rasoB B pas3iWMYHBIX arperatax, COCTABISIOMMX B IEIOM raso-
BY1I0 MamuHy. B CBA3M ¢ 9THM pasBHBAIOTCS MHKEHEPHLIC METOXLI
TAJPaBINIECKEX PACUSTOB, B KOTOPHIX HOTOK KUJKOCTH WIH Tasa
B KajKIOM paccMarTpPHBAeMOM CEYOHHH XapaKTepuayercsi HebOoIb-
IMAM YHCIOM TJA00AJbLHLIX XapaKTepUCTHK., JTH XapaKTePUCTHKH
MOKHO BBOJUTH KAaK HEKOTOPHIe CpegHUue HeiiCTBUTEIBHLIX HEpPaB-
HOMEPHO pacIpeeleHHbIX XapaKTePUCTHK TeUeHH A, KOTOPHEE MOKHO
H3MEPATH B OIHTAX.

Haxe B Tex caydasx, Korja B OTHEIBHBIX DIeMEHTAX Ta30BBIX
MAUIMH MOMKHO YY€CTh H PACCUMTATh NIPOCTPAHCTBEHHBIA ITOTOR
IPOTEeKAIONEro I'a3a, CBA3b MEKAY PA3IHIHEIMEH DJI6MEHTAMH Ma-
MWHK [IpY apanuse paboTH MAlIMHLI B IEJIOM YCTAHABJIHBAETCH
FAXPaBIMYECKH — IO CPCIHHM 3HAUYEHUAM IAPAMETPOB JRUNKOCTH
uIu rasza. B cBasu ¢ Heo0X0MUMOCTHIO MOBHINATE TOUHOCTL pacde-~
TOB, a TaK:e B CBA3M C BBICOKHM COBEPIIEHCTBOM CO3JaBAEMDIX
B COBPEMOHHOH TeXHMKE arperaToB M MAlIMH B IIEJIOM IpaKTHde-
cKkoe 3HadyeHme mpuobperaeT KaKAHIA IPOIEHT XapPAKTEPHHIX MOKA-
3aTesiei, KOTophle MOTYT | JOMKHLI BBOMUTHCA KAK HEKOTOPLIe CPeI-
HHEe BEJUUYNHEH.

MoskHO MPUMEHATD M PACCMATPUBATH CPegHHEe XaPAKTEePUCTHKM
AJA PasIMYHBIX BeNWYUH, HAIPWMep, HJIA ILIOTHOCTH M TEMIEepa-
TYPHI, JJIA PacXoja rasa IO CeUeHUI0, PA3IMIHOTO Poga Koddpu-
MHAEHTH II0Je3HOr0 KeHCTBHA (K.I..) ¥ T. I. 3HAUCHHA DTHX BeJH-
YUH B OQHOM M TOM ke IIpollecce BaBUCAT OT METOfa OCPEeLHEHIMs
HCPABHOMEPHOTr0 MOTOKA ¥ MOTYT CHUILHO Pa3IHYaTHCA MPH palHLIX
cuocoGax ocpegmenusa. OdeBuAHO, HEOOXO[UMEl CHEUHAJILHEE YC-
J0BUA [JId efuHO000pPABHOTO0 METOAA OCPeNHEeHHA, IIpHUIeM IIpHMe-
HsieMble equH000pasHble METONEI OCPEIHOHNA TOMKHLL 6431 POBATHCA
HAa pa3yMHLIX OCHOBAaX TakK, WUTOOE COOTBETCTBYIOMME CPefHHeE,
BO-IEpBbHIX, mpemcTaBiaalm Owm coboli XxapakTepUCTHKH, YAOBIET-
BOPAIOIIUE OCHOBHHIM MeXaHWYECKAM M (U3MUECKEM B3aKOHAM H,
BO-BTOPHIX, OBLIH ORl JAEHCTBATENHHO BEIMYMHAMHI, XapaAKTepH3y-
OMEME HY;KHBE ¢ TOUYKH 3peHusT OPUIoKeHnN 2QPeKTH 1 cBOHCTBA
arperaToB W MammuH. JTa OpoGieMa OCIOMKHSETCSA eIe TeM, 9T
Maloe 9YUCIO CPefHUX XaPAKTEePHCTHK HHUKOrJa HE MOKeT II0J-
HOCTHI0 OIMCATH CJIOKHEIE B3aMMONEHCTBHs HePABHOMEPHHX II0TO-
KOB ¢ 9YaCTAMM DJEeMeHTOB MAIlMH, KOTOpPHIE MOLYT CTaHOBHTHCH
CyIecTBeHHKMY Ipu Gojlee feTalbHOM aHAJNH3€ sABJICHUA NI pas-
pafoTkm W MOCTPOHKE WH3HeJWid NIOBHIIEHHOTO KadecTBa.
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Bonpocer ocpernenus ) m Teopum 5IeMeHTOB Ta30BBIX MallidH
3/[ech 3aTPArmBaloTCA TOJLKO B caMoil ofimeit ¢opme, o cyTu geia,
TOJNBKO ¢ TOYKH 3DEHHS MeXaHHYeCKOIrO OIMpejeleHds Ha3BAHMME
IUAPABIMICCKUX K Ia30BBIX MATIHH W PA3bBACHEHUs CAMBIX O6MIAX
THAPOJRHAMATIECKUX OPHHIUIOB HX AefdcTBHA ).

OcHoOBHas Wjes OPUHIMNIIOB BBEJEHUA CPEIHHX XapPaKTEPHCTUR
IIOTOKa COBEpPIIeHHOTO ral3a B [AHHOM CeYeHUM KaHajJa COCTOUT
B OIpeJeNeHHHA TePMOJMHAMHYECKAX XAPAKTEPUCTHK B MBICJICHHO
agrabaTHiecky O0pPATHMBIM LyTeM 3aTOPMOKEHHOM [0 COCTOSHHS
HOKOsI Taze (FaBIeHHUSA TOPMOKEHHS p* M yHnedbHOTO TeIIocomep
KaHWS ¥ UIA UNeaJlbHOr0 COBEPUIEHHOrO Ta3a) HJIHX BBeIEeHUU
HEKOTOPOTO MHICJIEHHO OMpPeeleHHOr0 NOCTYNaTeIbHOTO IBUKEOHNA
rasza B AAHHOM CeUIeHHN ¢ LOCTOSHHLIME II0 CEUYEHHI0 CKOPOCTHIO
Vop, KaBICHHEM p U TeMueparypoit I'. BmecTo mocTymaTeabHOTO
ABIDKEHHUA B HEKOTODHIX LPUIOKEHHAX TpebyeTcsa BBeJeHHE IIpo-
CTHIX KAHOHWYECKHX TEUEHHUIN ¢ BaKPYTKOIA.

B kapmoM cedeHMH KaHaja ¢ HepaBHOMEpPHHIM HOTOKOM Ia3a
MOJKHO BBeCTH CJiefyIolue BajKHBE XapaKTepHbHE BeJINYUHEL
[Monuwiit MaccoBRI# pacxojy rasa

¢ = pv.ds. (9.1)
8

CpeaHuil DOTOK yAENBLHOTO TeIIOCOmep KaHus

x 1 L x 1 %
lop = _G_S i dG = ?§ iov,ds, (9.2)
L%
G 5
rjae i* — Temjocogep:KaHWE B TA30BHIX CTPYHKAX, IPOXOMHAIIUX
1epes cedeHue S.

CpegHuii LMOTOK BHTPOIMI
Sep = %3 sdG, (9.3)
G

TAe S — 9HTPOIMWA YaCTHI ra3a, IepeceKaromux JaHHOe CeYeHHe
KaHaJa.

1) 06 ocpegmenun 1OTOKOB Gosee moppobHo cm. JI. M. CepmoB 1
[.T.Ye pHH I, co. crareit Ne 12, BHI. 4, «Teopernieckad THAPOATHAMUIKAY,
O6oponrus, 1954; cm. taxke JI. M. Ce g o, Merogs momobms M pasmep-
HOCTH B MeXxaHNKe, 6-e¢ m3p., 1966, Hsm-Bo «Haykar.

2) TeopMs M UPAKTAKA THAPABIMIECKAX ¥ ra30BHX MAIIMH — 3T0 00-
ApHAA WHKeHepHAA HAayKa, Goratas CBOMM OIDOMHHIM OHHTOM, MHOIOYHC-
JIEHHHMH Pe3yJIbTaTaMd H AOCTReHWAMH. HadecTBeHHHE IOKa3aTelH COBep-
LIGHCTBA Ta30BHX M FHAPABIMIECKAX MAIINH CBA3aHH ¢ HX SKOHOMHIHOCTEHIO,
IIPOYHOCTHI0, HANEKHOCTHI0 PeryJinpOBaHUA M JAelCTBHA, NpAYeM A aBHamu-
OHHHX ¥ pPaKeTHHX KOHCTPYKIMH OCTPO CTOAT OPOGIeMH KOMIOAKTHOCTH HX
raGapuTOB 1 MEHAMyMa Beca. PelleHMs, ONTUMAJbHHE B HEJIOM, IOIYIalOTCs
KaK KOMOPOMHCCH, B BO3MOMKHOCTH MNOCTIDKeHHS KOTODHX COBe PHICHCTBO
a9pOrupoAMHAMIYeCKAX HPOIECCOB JaeT OCHOBHOH BHJIAJ,.
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CPEJIHI/Iﬁ OIOTOK HMOyJbCa CKBO3b JaHHOE CeJYeHHe

1¢
I, = -G—S (pn 4+ pvvy) ds, (9.4)
5

re 7 — efWHUYHKN BEKTOD HOpDMalM K 3JIeMeHTy cedeHus do.
3mech MEL He paccMaTpPUBAaEeM CpPeHEro IMOTOKA MOMEHTA KOJIHIeCTBa
ABILKEHNSA, KOTODHI BajkeH TOJBLKO B TOM cjlydae, KOIJa KaHOHH-
YeCKHA IOTOK He IOCTyHmaTeleH.

W3 mpepgspymero ofcysxmeHnsa HOHATHO, 9TO COXPaHeHHe Be-
nuana (9.1) — (9.4) gna peficTBUTEIBLHOTO MOTOKA M A IMOTOKA,
MBICJIEHHO BBOAMMOTO KaK CPeJHHI, 0YeHL HeoGXOmHMO MiA IOy-
9eHHsA OPABHIBHEIX XapPaKTePHCTHK, 00YCIOBIMBAIOMWX CHJIOBHE
¥ sHepreThiecKue B3amMMOAEHCTBUS HOTOKA ¢ 0fTeKaeMEIMH Teja-
MH, KOTODEE B CBOIO 0Yepefb OMpPefeldoT HY;KHbIe CBOMCTBA Ta30-
BOT0 IOTOKA. B CBSI3H ¢ 9THM Ba)KHO OTMETHUTH, 9TO, HALIpUMED, IPH
3aMeHe B JaHHOM cedeHHH TPYOH ¢ mimomaabio S JAHHOrO Hepas-
HOMEDHOTO IOTOKA IIOCTYHIATETHHBIM MOTOKOM He4b3s MOJYYUTH
ofMHaKoBHEe 3HaueHuA Beex BeamuuH (9.1) — (9.4) B ofoux mo-
TOKAX.

HeficTBATEIBHO, COCTOAHNWE rasa UPH HOCTYHNATENBHOM IBIIKe-
HUU B IUJIMHIPUYECKOH Tpyfe ompepenserca Tpems IapaMeTPaMH.

o, P, . (9.5)

Ecau samaus miomans S, pacxox G, yaelIbHOE TeIIOCOAEep/KAHUE
i* W ymenbHas SHTPOIHA S, TO Bce BeamIuuH (9.5) MORHO BHTHC-
JUTH 10 GopMyllaM ra3oBoil AMHAMHKH. icIH Temeph OO0 RAaHHEM
0, P, ¥ BHYNCAUTE ele HMuyabc I 1 aGCOMIOTHYIO TeMOepaTypy Io
dopmyne T = p/Rp, toI se cosmagaer ¢ I.p, BETHCIEHHEM 110
dopmyne (9.4) mo JaHHERIM MB3MepeHUH B ONbITaX, a BEYNCJIEHHAA
tremneparypa T = p/Rp He coBmaier co cpeflHEM 3HATEHUEM TeM-
[mepaTypsl 0 MIIOIAAWM CeYeHWS WU II0 Macce, WIN CO CPEeIHHAM
3HATCHHEM, OLNpefelTeHHHM KAKMM-Iu00 ADPYrAM HEe3aBHCHMBIM OT
IepPBOHAYATBLHOTO BBE[leHHA CIOCOOOM.

CpenHite BeIMUNHEH O, p, ¥ I8 XapaKkTepHOrO HOCTYHATEIBHOTO
[OTOXA MOYKHO OHIIO0 OB BHYHCAATH H M3 APYFUX YCIOBHH, HAUPH-
Mep, M3 ycioBusA coxpaHeHus !) &, i* W KOMIOHEHT HMIYIbCa

I, I, I, B orom ciyuae yaeqbHYH SHTDOUHIO $ COOTBETCTBYIO-
H[eT0 MOCTYHATENBHOTO NABAKEHUS MOJKHO BHUYHCIHTE C DOMOIOBIO
TepMopguHaMuIecKux ¢opmyra. lIpm Hamwgnm HepaBHOMepHOCTel

OpPH 3TOM TOJYINM, 9TO § > Spp, IME Sgp OIpefeNeHO Ho GopMyte

1) Bosee peTajbHOE WCCHAENOBAHAE IIOKA3WBAeT, YTO BOOONIe TaKOe BHI-
9qHCJeHAe He BCerja BOSMOMKHO. JT0 03HAYAeT, 9TO ypaBHEHHs [Js oHmpefe-

" JleHHA O, p W ¥ U8 YCJAOBHH coxpaHeHHs G, i* n I B HOKOTODHX CIy4asAx He

EMEIOT DellieHAA, TOrJa KaX aHAJOrWYHHE YPAaBHOHWA C 3aJAHHHME HO cede-
B0 G, i* B s Bcerja MMeIOT pemeHds (CM. paGOTH, METAPOBAHHEE BHIIG).
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(9.3), Tax Kak BHTpPONHEA s COOTBETCTBYET MHICJIEHHOMY (MIH Aeii-
CTBHTEJIBHOMY) BHPAaBHHBagWI0 HEPABHOMEDHHX CKOpOCTEd B pe-
3yanbTaTe HeoOpaTHMBIX BHYTPEHHHUX IIPOIIECCOB CMeIMEHWA IOTO-
KOB B DpasiWyYHHX CTpyHxkaXx B NHINHIPETECKOM KaHajle UpH
OTCYTCTBHM CHJI TPEHHS Ha CTEHKAX KaHaja (Mepexofy K HocTyma-
TeJILHOMY IOTOKY). Taroe cmelneHne, CBA3aHHOE ¢ MOTEPAMH, BEHI-
3BIBAIOIIAMA POCT BSHTpomMM M UaJeHNe JABIEHHs TOPMOKEHUJ,
BooOmle roBOps, He Bcerga BO3MOKHO gayke Teopermdecku. (ooT-
BeTCTByMOUIee obeclrieHMBanme pacmoJaraeMoii 9HePIUH MOKeT IO-
NyJaTLCA B JACTBUTENBHOCTH NPH JalbHeHleM pasBATUH TeTeHUA
rasa, a MOKeT U He MOoJyIaThCH B JEHCTBATEIHHOCTH, €CIH CO-
OTBETCTBYIOMIEr0 BHpaBHEBAHHA CKopocTeir He mpomcxoput. Ot-
CI0Ia MOHATHO, YTO OCpe/jHeHNe MyTeM BBEIEeHUs COOTBETCTBYIOMIEr 0
TOCTYyNATeAbHOIO [OBUKCHHA B HEOKOTOPEHIX CJAYydYaAX BHITOJHEE U
npaBmIbHEee TPOUSBOANTH MpH COXPAHEHHH G, i* U Scp.

YKazaHHEE pasimuusa B CPEJHMX HA HPAKTHKE MOLYT 3aMETHO
OPOSABIATECA TOJBKO B CAyYasX GONBIINX HePaBHOMEPHOCTEH Io-
ToKa. /lna craGo HepaBHOMEPHEX HOTOKOB PA3iIWiMe COOTBETCTBY-
IONTAX CPENHNX MOKET IIPOABJIATHCA clIafo, MEOrJa TONBKO B IIpe-
JieraxX TOYHOCTH M3MEPEHHUI ¥ pacieToB, OFHAKO BTO HE BCEINIA TAK,
n ACHO CHOpPMyIMpoBaHHBIE YCJIOBHs BBeJeHEMA CpejHMX o00s3a-
TeJbHH KaK i o0mero MoHUMAHAA CYTH [Aela, TaK M A UCIOTb-
30BaHUA B pacueTax SKCIEPHMEHTAJAbHBIX JaHHBIX.

Hmxe Mo 6ygeM molp30BaThed CPETHEMHM XapPaKTePHCTHEAMU
ra30BOro IOTOKa B JAHHOM CeTeHNM KaHaJa IPH coXpameHm: G,
i* 1 9HTPONUN S;p. ITMM OUPENEIAOTCA p, 0 ¥ BeIHIMHA CKOPOCTH
v; ITO Ke Kacaercst HampaBIeHUs CKOPOCTH, TO B 0CECHMMET DHIHBIX
KaHa’aX o0BIHO MOKHO HPHHEMATH, ITO CDPEgHAA CKOPOCThL Ha-
OpaBleda IO OCH KaHaJa, B 00m[eM cJydae HallpaBICHUE CKOPOCTH
MOKHO HOAYMHWUTH YCJOBHI) COXPaHEHHA B HeDAaBHOMEDHOM IIOTOKE
¥ B MOJEIMpPYIOIMEM IOCTYHATEJIbHOM IIOTOKe HallpaBJIeHmA Cpen-
Hero WMIyibca, ompemeJermnoro mo gopmyae (9.4).

Besikoe ocpepnenne nm coxpamieEne THCIA XaPAKTEPUCTHISCKHUX
BEJIMYHH CBA3AHO ¢ yTpaToil pAma cBoiicTB paccMaTpUBaeMOro fAB-
nennsa. [as Gomee mompoGHOro aHAJIM3a X AOA PEINeHUA 3a74ad
0 TPOoPMINPOBAHNHA KAHAJOB ¥ 0 BHGODPE 0TePTaHMH 00TeKABMBIX Tell
tpebyeTcsa, BooOmMe roBOps, YBEJWYHBATL 4YHCJI0 XapaKTepPHBIX
NI TOTOKA CpeJHAX BEJWYAH, pPACCMATPHBATL HE IMOCTYMATelb-
HEIE MOJERHPYIOIHE TE€YeHUsA, M B CBASH ¢ OTHM YCJIOKHATR
Mofenb, NPEICTAaBIAIY B CpegHeM OaHHEN morok. OgHAKO
STH YCIOMHOHHA OTHOCATCH K JeTadAM, HYKHEM And paspabor-
KA yTOYHOHHHX PacieToB. :
IoTokm smupKoCTH Wim ra3a ¢ TpedyeMEME
CKOPOCTAMH NOJYJIaOTCA ¢ HOMOIIBIO IpH-
MEHEeHHS COENHANbHHX HpOQHIHPOBABHLHX KAHAJIOB HAXN Hacaf-
KoB, a1 yCKOpeHHsA IIOTOKOB UPHE HOZBYKOBHIX CKOPOCTAX HPH-

Conno m xoudyszop
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MEHSIOTCA CYKHBAWMEECA CoIlla (KOHDY30PH), AIA MOMYICHHSA
CBEPX3BYKOBHX CKOpOcTe#r — comia JlaBans., ITH BOmpOCH IS
HeabHHX KHIKOCTEHl W ra3oB IpH OOpaTHMHX agmabaTHIeCKHX
mporeccax B UACTUNAX ObIM mogpoGHO paccMOTpeHH B §§ 3 um 6.

3mech OTMETHM TOJBKO, YTO COIIO SIBJISETCA BajyKHOH COCTaB-
HOH 9acThIO MHOMKECTBA BCEBO3MOJKHLIX MAINMHH K YCTPOMCTB.
B wacTHOCTH, Comia OPHEMEHAIOTCS B adpOSMHAMUYECKUX Tpylax,
PAKEeTHBIX M DEaKTHBHHX [BHTarelsAX, CO3[AIUX TATY 3a CUeT
UCTeYeHHMs] C IOBHIIEHHOH CKOPOCTHIO 9Yepe3 COILI0 peaKTHBHOM
CTPYH KUIKOCTH WM Trasa, B Pa3mAuvyHOrO DPOJA HAIPABIAIOMUX
KaHaJax W ammaparax, B BOASAHHX, IAPOBHX K ra30BHX TypOHWHAX,
B PAa3JMYHOTO POJA HMCIHTATEIHHHIX CTEHTAX W T. 1.

K comnam mnpemsaBiAiOTCA pasinTmoro poma TpeGoBaHUA.
B yactroctH, ans aspoguEaMudeckux Tpy6 oObiuHO TpebyeTcs 60Ib-
mIasi paBHOMEPHOCTh IIOTOKA HA BHXO/€ U3 COILIA B pabodyio 4acTh,
B KOTOpPOH IIOTOK, IPHTOTOBJEHHWH B COIUTE, HCIONB3YETCSA A
HCCIe0BAHUA 0OTeKaHHWs DA3NHUYHHIX TeJ u ycTpoiicTB. PasHo-
MEDHOCTh IIOTOKA B PEAKTHBHOM cTpye pmBHUrareieil cmocoOGCTBYeT
OOBHIIEHNI0 TATH ABUrareteil. Boupocs pacxona, cKopocTn mceTe-
YeHHA W PABHOMEDHOCTH IIOTOKA, BHIXOJIAIIET0 M3 COIIA, TECHO
CBS3aHH € BHIGODOM TeOMETPUUECKHX pa3MepOB comjia ¥ Upodu-
JINpOBAHNWEM HAUPABIA0IEro KaHaJa.

B §§ 3 u 6 Obim paccMorpeHE ugeadbHbe mpomecch. Ha mpak-
THKe DU ABIKEHNH ;KUKOCTell NIl ra30B B KaHaJax IPOABIAETCS
BJIKsAHNE CBOHCTBA BABKOCTH U BHEMNIHMX II0 OTHOMEHUIO K IOTOKY
CHJ TpeHHs Ha CTeHKaX KaHala. JTo BIMAHHE CHIBHO BO3pacTaeT
JJIA MIMHHBIX KAHAIOB, B CBA3HM ¢ HTHM XapaKTEpPHO CTPEMJIEHHE
JexaTh KopoTKHe comia. G pyroil CTOpOHH, IPH 09eHb KOPOTKHX
comIax CHJIBHO HAPYIIAETCH DAaBHOMEDHOCTH pacIpereleHHA CKO-
pocTeil, BOSHMKAOT Pe3KO BHIPAKeHHEE HePAaBHOMEPHEE IPOCTpaH-
CTBEeHHHE [IBU}KEHHS C BOSMOJKHHIMH OTDHIBAMH LIOTOK& OT CTEHOK
U TOABJIEHHEM (KapMAaHOBY ¢ MpoTHBoToKaMu. He TOIBKO OCHOB-
HEIe PA3MEPH ¥ COOTBETCTBYIOINUHA I'paguenT [aBieHus, Ho u fopma
KOHTYDOB KaHaJa OKAa3HBAIT 00JbII0oe BIAMAHAE Ha paclpenelenne
cropocTell BHYTpH KaHatda. HeoOxomuMo TakKe ydumTHBATE LIepoO-
X0BaTOCTh CTEHOK KaHala M B HEKOTODHX CJIyJasgX TelJOBHE IO-
TOKH CKBO3b MX CTeHKH (HAIpPHMep, B COILJIaX PAKETHHIX [BUTaTedeH
IBIRymuiics ras mMeer Temuepatypy nopsaka 3000° K). B csepx-
3BYKOBHX MOTOKAX OCHOBHHIM HCTOYHHKOM MOT€Ph W HEPABHOMED-
HOCTel MOTYT ABJIATHCSH CKAUKYU YIJIoTHeHWsA. BAyTpH comna Takde
CKAaIKM MOTYT 00pa30BHBATHCH B B3aBUCUMOCTH OT HEKOTODPHX
reoMeTPAIECKHAX CBOMCTB KOHTYpa KaHAJA ¥ HE3ABACHMO OT (OPMEI
KaHaja Ha HepacUeTHHIX pemxmMaxjmcrTedenus (cM. § 6). B cmasm
C 3THM B 3HaUCHHSX CPEJHHX IO COYeHHIO XaPaKTeDHCTHH IIOTOKA
B COILIG MOTYT Ha0JIONATHCA OTKIQHEHUA OT 3HAYCHUIA, PACCUATAH-
HHX IO HIeaJbHOR Teopwmm, maio;xeHHoH B §§ 3 u 6.
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OGo3naunM depe3 pj 3HAUEHWE JaBIEHHA TOPMOkeHUA Ha BXO-
e B COILIO W 4epe3s p; — 3HAUEHHWe Ha BRIXOKE. B mueadbHOM comie
mMeeM pi/pt = 1, Upu HelCTBHTENLHOM IBUKEHWH 3a cUeT Heol-
PATEMHX LIOTCPb, 00YCIOBAHBAIOIEX POCT SHTPOIVH B JacTHIAX,
HMeeM

<5~_-——<1 (9.6)

Hoadpumuent o apasgercsa ogHOH W3 BajKHEIX XAPAKTEPHCTHK Ka-
9eCTBA COIIA U OTKJIOHEHHsI COOTBETCTBYIOMIETO LEHCTBUTEILHOTO
pesKuMa UCTeUeHU yKUIKOCTH WU Ia3a depes COLJI0 OT HIealbHOTO.
Ha upaktuke miIsi XOpOoIIAX coliel BeJIHYUHA O GIM3Ka K eIUHHIE,
o~ 0,98.

B mpmmemsemmx gna jgpurateneil comiax KosgouIUeRT O
BEICOR ¥ OCHOBHOE 3HAUEHME I Comel] [BUTaTeNiell HMeeT Ko9(-
dunment taru R = R/Ru;, T. e. oTHOmeHHe TAru R psurarens
¢ laHHEIM COILUIOM K TATe fly; NBUTATENA ¢ U€ATBHLIM PaCIeTHLIM
COILIOM, B KOTOPOM HET II0Teph M ofecliedeHa pABHOMEDPHOCTH IIO-
TOKa Ha BHIXO/l¢ IIPH TOM 7Ke Nepemajie JaBleHHs B comie. [lus
xopommx comeax R mopsara 0,98—0,996.

Husa aspogmHAMHYeCKHAX pr6 cymecTBeHHoe 3HaUyeHUE HMeeT
BeImuuHa KodppuumeHRTa HepaBHOMEDHOCTH IIOTOKA

Av a -
= —ZI_ 1 (9" ‘)
rae Av — cpefHee IO CeUeHHNIO M IO BPEMEHH OTKIOHEHHE CKOPOCTH
B pabodeil dacTH CTPYH OT ee cpejHero sHadeHHA. B Xopomux
agpogumamMuieckux TpyOax sHadeHme e mmeer mopsagok 1%.

Bo muornx caydasx Ha OpaKTHKe JJs obecleUeHUs HYKHHX H3-
MeHeHmHii pacxofa WIA CKOPOCTU IOTOKA HA BHXOJE U3 COMIA Tpe-
fyercsi UPAMEHATh PeTyIMpyeMbie WM CMeHHHe comaa (Haupumep,
B a5pOjMHAMUYECKAX pr6ax)

OcHOBHO#l perylmpyeMoil xapamepncmﬂon it JIOBByROBBIX
cOmeN ABJAETCd MIOMAaJb CeYeHMWS HA BHXO/E, a IJIA CBEPX3BYKO-
BHIX COIled — ILTOIARbL CEUeHWs IopJa COILIa, B KOTOPOM IOCTH-
raercsa KpHUTHYeCKas CKOPOCTh IoToKa (cM. § 6).

TopMmokeHHEe HTOTOKA, NPOHECXOAsAIee IPH

i 30
A d)(by P ABHEHNHN KHUJIKOCTH W/IH ras3a OpoTHAB BO3-

pacranmiero AaBIeHHs, MOKEeT pelaTbcAd ¢ HOMOIIBI0 IpHMeHe-
HVIA CIeIUAJbHHX KAaHAJOB, Ha3HBaeMHX pAuddysopamu.

Taxr e xax u comna, [uPPy30pH ABIAITCI COCTABHOR YACTHIO
PEAKTHBHEIX IBHTaTeNei, BCeBO3MOKHENX MAIIAH B HCUKTATEeNbHEX
YCTaHOBOK. B WacTHOCTH, B adpojHHAMHYECKHX Tpybax mHOTOR,
opomenmui padoTyio . 9atTh, I03BYKOBYI0 HIH CBEDX3BYKOBYIO,
ofnaaeT 3HAYMTENbHON MEXAaHAYECKON SHOPTHedl. ITOT MOTOK KO-
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men OBHTH 3aTOpPMOKEH '), mMODTOMY B a’pofMHAMMYECKHX Tpylax
nmeTca auddysoprsie kKaHaael. IlpoGiema yMeHbIIeHUA HOTEPH
B audpdysopax — 370 npobieMa COXpaHEHUA IEHHOH MeXaHHTe-
CKO 9HepTHH Jid obecleueHNA B clydae adpolMHaAMHICCKUX TpyO
3KOHOMHYHOCTH YCTAHOBKM, a B CIydae PeaKTHBHBIX ABHraTesei
IS TOJyUYeHHs TATH.

B puddysopax M uMeeM feso ¢ HpoljeccaMu, 00 pATHEIMEA IPO-
IeccaM B COIIAX, W B CBA3M € 3TUM IPH J{O3BYKOBLIX CKOPOCTAX
muddysopHbe KaHATH PACITMPAIOTCH BHU3 10 HOTOKY; IPH CBEPX-
3BYKOBEIX CKOPOCTAX Ha Bxofe AuPPy30pHBE KaHaJbl BHAYAIE
CY;KHMBAIOTCHA, 3aTeM MMeIOT T'opJio, OTBeTAIONee CKOPOCTH IOTOKA,
PaBHOH CKOPOCTH 3BYKAa, Iocjde 4ero, MIPH JAJbHEHIIeM TOPMOKe-
HUH, pacIIUPATCA JAJAA YMeHBINeHUA [03BYKOBHX CKOpOCTeH
OOTOKA.

Ilonyuerue perymsipHBIX TOTOKOB ¢ MAJHMH HOTGPAME IIPH
TopMoskeHHN B guddyszopax — 3amaua ropaspo 6Gogee TpymHAa,
YeM TOJIyueHUEe YCKOPEHHEIX MOTOKOB ¢ MAJEIMH HOTE€PHMH B COI-
dax. B puddysopax npeanbHie 06 paTHMbIe IBAMKEHHA HAPYIIAIOTCH
3a cUeT TeX jie IMPUIMH M CBOHCTB CPEJIH, 9TO U B COILIAX, OHAKO
OpPH TOPMOYKEHHH LOTOKOB BIMAHUE IePEeTHCHeHHLIX B QarTo-
poB nposaBIgeTcs B Golee cuiubHO# cremerEn. B puddysopax us-za
ABW/KEHUA IPOTHB BO3PACTAMILET0 [aBJGHHA VCJAOBHA OTPHBA
IOTOKA OT CTeHOK GoJiee GIaroTMPUATHH, UYeM B COILIAX, B KOTOPBIX
MBUKEHNEe YCKOPAETCA — YACTHLBl CTPEMATCHA [BUTATHCA MO TO-
TOKY B3a cuUeT majeHus faBieHuA. [liasa msbemanuma oTphHBOB HA
RoHTypax nu@Py30poB B M03BYKOBOH uYaCTH OHM [OKHBL OHITH
[JIaBHBIMA, (€3 CTHIKOB H M3JI0OMOB M 0e3 CIHMIIKOM GOJBIINX YIJI0B
pacmupeHus. B cBepx3ByKoBHX AHPPY30pax MOTOK rasa HA BXoje
CBEPX3BYKOBOH M TO0ATOMYy, KaK IIpaBHJIO0, y Bxojga B judpdysop
00pasyIoTca CKAYKY YIIOTHOHHAHA, B KOTOPHX BO3HHKAW0T (OJbLUINE
TMOTEePH MeXaHWYecKol sHepruu.

OcHoBHO#l xapawTepucturoéi mudpdysopa sBisercd Koddm-
OWeHT BOCCTAHOBJICHUA TaBJICHU:

P,

C=—.

by

B upeanwvHoM guddysope ¢ = 1, Ha mpaxTuKe fake B OYGHB XO-
pomux auddysopax 3HaUEHAA O MEHBINE, WeM B COMIax ¢ aHAJO-
TAYABIMA IepernajaMu JaBJeHUI.

1) Topmoxerne HeoGXoguMo am00 HpH BHOpACHBAHHA CTPYW BO3AYXA
B aTMocepy, B KOTODOH [JaBieRde BHIINe, UeM MAaBJeHNe B pabodeill gacTu
TpyOH, Iu00 AJAA INOBTOPHOIO MCIIOJAB30BAHMS BO3AYXa 4epe3 BEHTHIATOD.
B 3aMrmEyToli TpyOe BO3IYX HaJ0 TOPMO3HTH, YTOOH CHH3HTH COUPOTHBICHME
CTeHOK TPYOH H yIy4Imwrp yCXoBUsA pafoTH BeHTWIATOpA.
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B peaktuBmHEIX AaBHrarensx BOepegd HMeeTcA BOBKYXx03abop-
HUEK, IIpejcTaBiasiomui coboll mepexuoio vacts guddysopa. Huxe
MBI IIOKajKeM, 9TO CKOPOCTH 3abHpaeMOro BO3AyXa HANO YMeHb-
IOIATH ¢ TeM, YTOOH COOOIIATE eMy DHEePru0 IJId CO3HAHNA PeaKTHB-
Hoil cTpyu 00XBIION cKOpOCTH, GlarogapsA 4eMy CO3NAeTCA HY;RHAS
TATAa.
IToTepu B moTOKe ras3a NpPH Hofxojie K Auddysopy uiam B ca-
MoM auddyszope MOryr OHTH o0UeHDL GOXBIINMA TIpH GOJLIIUX
CBEPX3BYKOBHX CKODOCTAX II0JeTa.
ITpu momere cO CBEPX3BYKOBHIMH CHOPO-
Ruggysop a1 esepx- CTAMH B OTHOCHTENBLHOM CBEDPX3BYKOBOM TIO-
3BYKOBBIX CROPOCTEH IoJeTa .
TOKE IIpU Tojxome K Auddy3opy peakTHs-
HOTO [ABUTATENS WM B caMoM puddysope o6pas3yioTca CKAUKH
yIUIOTHEHUA, B KOTOPHIX MOTYT IOAYTATHCH OGOJbBIINE MOTepu
mexanmuecko# smeprmm. Ha pme. 46 morasam mnpsamoil ckadok
mepej BXOXOM B mIpocToi mauddysop.

Puc. 46. Cxema u gororpadus y/apHOH BOJHSEI Iepef BxomoM B auddysop
IIPA CBePX3BYKOBEIX CKOPOCTAX OOTEKAHIMI.

C moMomplo ycnaoBumii Ha ImpamMoM ckadre (cm. § 6 ra. VII)
n o6mux rasofmHaMmueckux ¢dopmya §§ 5 m 6 jmerKo HmoXyIUTDH
GopMyay AJA OTHOIIEHWS [ABJIEHHA TOPMOMKEHUS p; 32 CKATKOM
K [MABICHPI0 TOPMOKEHMS p] Nepef CKAYKOM B 3aBUCHMOCTH OT
qncra Maxa M, = v»/a, B maGeralomem moTore (amcao Maxa M,
0TBEUaeT CKOPOCTH LOJeTa).

JTo OTHOMEHWE PABHO

-1
P :+1(7—1M2 1)
6= 2 = — - .
* 4y 2(y—1) 1 ]Y/(x y—1 oiviy—1
b [(H—i)z_ CE VR (1473 M)

(9.8)




§ 9. OcuoBHHe arperaTsl TrEIPOAMHAMHYECKHX MAaIINH 97

U3 sroit popmynu nupm y = 1,4 caenyer, uto

opu M, =14 = 0,96,
npa My =2 c=0,72,
opu M; =3 o= 0,33.

Orcroma sicro, 4To mpm yBenmueHmm uucaa Maxa molieTa 1OTepH
pacTyTr o9eHL CuIbHO. [laa Toro urolGs m3berxaTh TAKMX (OIBINEX
noTeps, guGPys0p meIatorT ¢ mepeHUM OCTPHIM KpaeM M IeHTpailb-
HEIM KOHHYECKNM TeIOM, Hepel KOTOPHIM BOZHHMKAIOT KOCHE CKad-
KN yOoinoTHeHHWs (CM. CXeMbl Ha puc. 47).

Joeymiwa
_________ N

Aocoi
cHaYOn

Pre. 47. CxeMH BXOfa CBepXSBYKOBOTO HOTOKa B puddysop.

IIpsamoit ckadok B 9TOM cilydae oGpasyercsd JUIMb IIOCTE CEPHU
KochXx cKaukoB. Tax kak wmczo M, mopcuuTaEHOE MO HOpMAaAbHOM
CKOPOCTH [JIL KOCOT0 CKadKa, Malo, TO ¥ IOTEPH B KOCOM CKadKe
gepenuku. llepes BaMHIKAOIEM NPAMEIM CKAYKOM, B KOTOPOM
OpPOMCXOANT HEepexoj; K J03BYKOBOM cKopocTH, umciro M B asToM
cayuae yse OAMBKO K eIUHMIE M IO3TOMY TTOTE€DH B HEM TalyKe
Mansl. Yem Goxpime Gymer KOCKHIX CKAYKOB, TeM MEHBIIG OyayT
OOTePH MOJHOTO [aBlIeHAA IPH TOPMOKEHHM CBEPX3BYKOBOTO
ooroka. Ha npaxrure pas aucen M, monera mo M, =~ 3 oxasw-
BaeTCA JOCTATOYHHIM OJHOTO-IBYX KOCHX CKAYKOB, UTOOK CHESHTL
moTepH A0 NpHeMJeMOoH BEeIHYHHEI.

Jlpyroit BayKHOI XapaKTepHCTHKOR AAPPy3opa ABIAAETCA Kodd-
¢ununent pacxona ¢. Benmumma ¢ ompejensercs Kak OTHONIGHIHE
dakTHIecKoro pacxofa uepes AEPPy30p K MAKCEMAIBHO BO3MOK-
HOMY pPacxofly IpE CBepX3BYKOBOM mojere. MakcuMalIbBRHEH pac-
xom Gymer, ecim B Aupdy30p BXOJHT CTPyHA rasa, HMeEMas HA
0eCKOHEYHOCTH ILIOMAxb, PABHYIO NIOINAfE BxoRa B puddysop.
Ilpm f03BYyKOBHIX CKOPOCTAX MOJeTa BO3MOMKHO 3aCacHBAHEE
CTPYHM, HO3TOMY MAaKCHMAJIBLHO BO3MOKHOE 3HaUeHue ¢ W, CJIEfoBa-
TeIbHO, MAKCHMAJBHEIM pacxop depes nuddysop oTBedaior KpH-
THYECKEM 3HAUYCHHAM CKOpOCTH Ha BXxogme B puddysop. Orcopa
clenyer, 9TO

_ PxpPxp

QP = .
max poovoo

4 . U. Cepos, T. 2




Kamepa cropanns

98 Ta. VIII. TappomMexanmka

Ecnm B cBepxaBykoBoM Auddysope KOCHE CHAYKH IPHAXONAT

B TOYHOCTH HA KpPOMKy ofedaiikm (pmc. 47, a), To ¢ = 1. Ecan
IOJHOCTHI0 3aKPHThL KaHAJ, TO BeCh WOTOK moiifer BHe muddysopa
7 @ = 0. Ha ompakTumke MoKeT OKa3aThCsl, YTO HA HOKOTOPHX DesKH-
Max paboTH caMoe y3koe cedeHme — ropio mudpdysopa He mpo-
IyCKAeT BCEI0 PACXOAa, KOTOPHH MoskeT BoiiTm B guddysop, TOTxa
0 < @ <7 1. Ilpm sToM IHHEEM TOKa KPAaiHHX CTPYEK rasa, HAyIHUX
B pupdysop, pasBopauMBAOTCA M upoxonar BHe pgupdysopa.
Hocre ckauxkm MOTYT HPOXOMHTD WJIH IEPECEKAThCs mepen ofedai-
Koft, Torma y ofeuaiikm ofpasyercsi ymapHag BoaHA (puc. 47, 6).
Bce aTo IpEBOAET K BOSHUKHOBEHHUI) [OMOJHATEIHLHOTO BHEIIHETO
conporusiends pupdysopa. Ecam 510 comporHBieHHE BEIHKO T
ero HeobxonumMo m30exaTh, TO OPEMEHAIT peryiupyemue Auddy-
30pH, B KOTOPHX MOXHO H3MEHATH IJIOMANh Topia, HAIPHMED,
M3MEHEHUEM HOJOKEHHA KOHYCa BHYTPEHHEr0 TejId OTHOCHTEIHHO
0069aiikl WJIN JpyTEME MOyTAMH.
Har Ono moxazago BHme, BosfelcTBHe
IDOTOKA COBepIIEHHOI0 ra3a HA BHYTPEHHUE
Tella MOKeT IPHBOXHTHL K TATE, €CJIH K rady HOJBONHUTCA BHELIHSS
9HOpPIUs HAM B HOTOKEe BHIENAETCHA DHEPIHWA 334 CYeT XHMHYECKAX
peaknuil, HAIpEMep, ropeRusa. B jBuratensx, COsKANIMAX TATLY,
Bcer/Jia IPOBECXOANT HoxBoy, sHepran. O6KHYHO K HOTOKY IOABOAUTCSH
1af0 BEEeKOTOPOe KOJMYeCTBO TemNa, Ju(o HAJ HOTOKOM COBEpHIAIOT
paGoTy BHemHHe HOBEPXHOCTHHIE WM MAacCOBHe CHIH. TemiIo
LIOTOKY MOKHO COOOIUTH, CIKHTas TOIJIEBO B BO3AyXe, IpOTEKa-
©OeM dYepe3 cHenuajJbHEe KAaHAJAH BHYTpE JBurarexaeit. Taxme
KaHAIH HA3HBAITCA KaMepaMH CrOpaHHA.

Ilpn c;xwraEmm TOmIMBA B ABIKYIIEMCs BO3JyXe B HOTOK BBO-
ZATCA JONOJHATENHPHAA MAacca TOINIMBA; HPH CrOPAHMWM TOILIHBA
B BO3[yXe BHJIEIseTCH Telyio W obpasyercd ra3 — OPOLYKTH IO-
perms. B pmeranpHEIX pacderax MOMKHO YYeCTh NOSBIACHHE ITON
IOOOJHHUTEIHLHOA MACCH Ia3a W CBsA3aHHOE C 9TUM H3MeHeHwWe (u-
3MKO-MEeXaHAYeCKAX XaPaKTepuCTUK raza. Ha mpaxtuxe 9Ta Macca
¥ H3MEHEHWEe CBOMCTB 9acTO OTHOCHTENBLHO MAalbl, TAK KaK Macco-
Bas 0JIsA TOIIWBA IO CPABHEHWIO ¢ MacCOBOI [oJed BO3MyXxa, yda-
CTBYIOMIEr0 B XHMUIECKON peaknum, fajke B CIydae CTeXMOMET-
paYecKoli cMecm MaJjla, HaOpUMep, OTHOHIGHWE MAacChH Kepo-
cmHa & mHoTpe0HONE [iA ero CKUTaHAA Macce BO3AYXa PaBHO
Qerexmon =~ 1/15. B peiicTBATenrHOCTE B KamMepax CrOpPaHHS BO3-
nymHo-peakTHBHEX pgBuratenedl (BPII) BecoBaa mona Bosgyxa
3HAYATEAbHO (OJNBOIe CTEXHOMETPHIECKOH, OTHODICHHE ¢ HMeeT Io-
pagor 1,5—3%.

PaccMorpEM ocHOBHHEE 3¢(eKTH K 9JIeMEHTH TEOPHH ABHKEHHS
COBEePHIEHHOr0 rasa B KaMepaX CrOpamdsg, IpudeM Y9TeM TOJBKO
KOJMYeCTBO TeIJia, HOCTyHAoINee B YCTAHOBABIIMICA IIOTOK We-
aJbHOI0 COBepmeHHOro rasa. WaydmM m3MeHeHH® HapaMeTpPOB
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ra30BOTO IOTOKA B KaHAJe KaMeDH CropaHHd Ha OCHOBe THIpAaB-
JAYECKOA TeopHH, MHAYEe TOBOpH, IPHMEM B pacueTrax, 9TO KaHAJ
OAIAHAPEICCKHA A 9T0 B HODMAJBHHX K 6T0 OCH CEYCHHAX BCO
XaPAKTEePACTAKHA TOTOKA ORHHAKOBHI.
Ilpm mogBone Temaa SHTpoIAA Ta3a, PACCIATAHHEAA HA eJUHHIY
MACCH, BCErJa BO3pacTaeT, TaK Kax
2

2
()
sz——sl=gds>g-‘—i—qf,—- 7 dg© >0, (9.9)
1 1

mHAeK: 1 3mech OTHOCHTCA K MapaMeTpaM HA BXOfe B KaMepy Cro-
paHdsd, a WHAEKC 2 — K IapaMeTpaM B PACCMATDPHBAEMOM CeUeHHH
AId Ha BHxone; dg() — OpPHATOK Temwaa, pACCIMTAHHEIA HA eNHHHALY
Macchl B IPOMEKYTOUHKX IIOJIOKEHAAX YACTHIL Ta3a.

Cornaceo ypapmemmio smeprum (8.9) mmeeMm

l;— l;_=cp(T;"—' TI): q(e)>0
n (9.10)
dg(© = c,dT".

3pecs "epes &) ofosmaven oGMuil HPHTOK TemIa HA EXUHALY

MaCcChi Trasa MeHIY pACCMATDHBAGMHMH CEUYCHAAMI.
OTHOmenwe [aBIEHAA TOPMOMKEHHWs depe3 TeMIepaTypH TOp-

MOKEHAA W DHTPONHI0 BrIpaskaerca dopmymoit (em. (5.15) ra. V)

* * \ Y/(y—1)
G = Py — (Tz ) g~ erslep—cy) (9.11)

15 T,

N3 sroit popMyaH ciaemyeT, 9T0 OpPH 3afAHHKX HAYaJIbHOM TEILIO-
copepskaHME iy = ¢,T] @ DoaBofe Temaa ¢(®), T. e. mpW 3aJaHHOM
orgomernma 1'3/Ty, xosgduumenT ¢ modTyUaeTCA TEM MEHBUIE, U6M
Gonbme Bo3pacTaeT JETpPONHA S, — § > 0. Ompemenms TeMoepa-
Typy TopMoskeEEA 1" Kak TeMmmepaTtypy, KOTOpylo mMen 0w ras,
ecnd ero agnabaTH4YeCcKu 3aTOPMO3HUTH U3 SAHHOTO COCTOSHHA C TeM-
mepatypoit T’ 1o coCTOSHAA WOKOH, IPH { = i” = const, Oynem aMeTh
2

T=1"—— (9.12")

2¢p

7 ¢ nomompio (9.9) m (9.10) moxyumm

2 ]
Sg — 81 >S —fp—dzv—z-- (9.12)
iT — 2¢p

Mopmyira (9.12) Doxa3wBaeT, 4T0 POCT PHTPONHH, a CIAOTOBATEN b-
HO, M OOTePH RABJCGHAS TOPMOKEHHA MOT'YT OHTh TeM MOHbIIe, 3eM

4@

!
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OpH MeHbINei cKopocTm TmofBogmTcs Temno. OueBmaHo, 9T0 MAHH-
MaJbHO BO3SMOKHHA pPOCT DHTPOIHEH COOTBETCTBYeT 06paTraMoMy
mpomeccy TONBONA Temja HPH CKOPOCTH TOTOKA, PABHOR HYyIIO,
T. 6, v = 0, m IpU OTCYTCTBHH [PYTAX RUCCHIATEBHHX IOTEPbD.
B sToM ujaeanlbHO BHITONHOM CIydae mMeeM

2

* cpdl” T,
SAZ—S]_—_—SCPQI’ =Cl)ln“_37
1 1
II03TOMY
v =Y(~1)
e‘—(Sg——sl)/(Cp-*('V‘) _ <‘ TE )
\T]
Hu, ClenoBaTeJbHO,
p‘
o = 3 == 1__ (9.13)
Py

B peanpHHX ycmoBusx B Kamepe cropaHmsa Becerga ¢ < 1.

ITosryuennsle Ba)KHEIEe BHIBOAH YCTAHOBJIGHH C MOMOIIBIO OFHO-
MEpHOH TEXPaBIMYeCKOd TeOpHH, HpHIeM 0UYeBHAHO, YTO B PaMKax
TaKOH TeOPHA 9T BHIBOJH BEPHHI H TOTNa, KOTIAa KaMepa CropaHms
BooOIIe He NHIEHADHYIecKas, [logueprHEM, YTO CHWKEHHE THAPAB-
IH9eCKHX IOTePh W BLIFOMHLE YCJIOBHA TMOABOAA TelJa B KaMepe
CropaHUsA COOTBETCTBYIOT MPOLECCY, B KOTOPOM B Ipefejie CKOPOCTh
rasa OTHOCHTEIbHO KaMephl paBHA HYJ0. B CB3HW ¢ 9THM, a TaKKe
B CBA3H ¢ Heo0XO0[UMOCTBI0 OPTAaHH30BATH CrOpaHMAE BOPLICKHABA-
eMOro TONJHBA B [JBHKYIEMCH Bo3gyxe Tpebyercs HOCTYUAIOMUR
B KaMepy CrOpaHHs BO3AYX IpeqBapmreinbHo 3aTopmosmtTh. IIpen-
BAPHTENLHOE TOPMOKEHHME BO3AYXA MOKHO OCYIECTBHTH TaCTHIHO
WA TONHOCTBIO € HMOMOMmMBI0 AuGDYy30pa, PACHOJOKEHHOTO Mepeq
KaMepoil cropaHWs. B CBepX3BYyKOBOM IOJETe IS 3TOTO HYMKHO
IPAMEHATH CHeNAalbHEe AUPOY30PH JsA TOPMOMKEHHA CBEPX3BY-
KOBOii cropocTH (cM. Bhime cTp. 96).

Wz amanmsa Bompoca 06 obGpasosammm Taru (popmyna (8.22))
SICHO BHAHO, 9TO [Jg ee yBeJmueHHd HEOOXOAWMO HOBHIOATH pas-
HoCTh [I; — 7] W cTpeMATBCA K YBeJIMYEHU:0 WIH COXPaHEHHIO
OTHOIMEHHA p,/p;. Brlme mokasamo, 4T0 NIpPH HOABONE K HOTOKY
TeIlNIA B HIAGANBHOM CJydae OTHOMEHHE p3/py COXPAHASTCS M €ro
HeJlb3s yBeaninTb. Hue MH HOKaKeM, 9TO IPH IOJBOJE K HOTOKY
paGoTH BHEIIHAX CHJI OTHOWIGHHE py/p; MOKHO 3HATHTENBHO yBE-
JIM9ATE [0 CPABHEHHWI0 ¢ eJAHAIEH.

Jia manpEeRumero amaj@3a CBOMCTB [BHKEHHA rasa B KaMepe
CTOPAaHUs DPACCMOTPHM 3AKOHHI M3MEHOHHS CKOPOCTH, IJIOTHOCTH,
JaBJIeHAA W Tmcia Maxa HOTOKA B MIJIAHEPHIECKOH KaMepe cro-
PaHEA. YpaBHEHHA yCTAHOBHBIIETOCS HIBIKEHHES WEGATIBHOTO CO-
BEPIIEHHOTO Ia3a B NMEJIHHJPHIECKOd TpyGe mMeioT BHA: :
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YPaBHEHHE Dpacxofa (/s mpocTOTH Ge3 yiera MacCH MmOCTyma-
0mMEero TOmJINBA)

dpv = pdv -+ vdp = 0;
YPaBHEHAE WMIYJbCOB OPH OTCYTCTBHH BHENIHAX CHJI
dp + pvdv = 0;
YpaBHeHHE LPUTOKA TEWJA, TAK KAK [Js BHYTPEHHEH JHeprHH
P

1
Bepua dopmyna U = T:TF ~-const, MokHO HammcaTth B opme

1 1 P 1
AU = — pd — 4+ dg© wmn - d (2} pd= = dgt®
pdp—f—dq AR Y—1d<p)Tpdp dq(o,

Paspemas sTH Tpm ypaBHeHHs OTHOCHTEIBHO AMpdepeHnmaion
dv, dp n dp, maiimem

dv 1 dqgt do dv |
=i D= = .
d M2 dqt? 9.14
5= ey T D G144

rie a® = (Op/dp), = yp/lp m M = v/a — umcno Maxa; npmuem
cornacuo (9.10), (9.12") m ypaBueH¥Ms COCTOAHHA COBEPIIEHHOTO
rasa p = pRT nerxo moixydaercs, 9TO

dq® —1,,.\ 4T
(r—1) 2 = (14 52 m) 20 (9.45)

Nz dopmyx (9.14) smaHo, UTO B UHIMHADHIECKOM KAaHAJIE IPH
-mopBofe Temua (dq (9 > 0) HA FO3BYKOBHWX peMEMAX [BHKEHUHA
CKOpOCTH MMOTOKA BO3pACTAET, a KaBJIeHAe mafaeT, Ha CBEDX3BYKO-
BHX — HaobopoT.

Ha ocroBamumm (9.14) um ompegesnenus umcnma Maxa M = 2

tplp
Jerko Ha#igeMm

dM? dv . d» dp 1 4 YM? dq® .
e =2T+———=————( —1) poal) (9.16)

cJie[0BaTeNbHO, B [03BYKOBOM IOTOKE IPH IIOABOJE TEILIa YACIO
Maxa M Bospacraer, a B CBepX3ByKOBOM — mafaeT. Ha ocHOBaHHHK
(9.15) pasenctBo (9.16) Jerko npoWHTErpHpOBATH H 3aMEHHUTH
KOHEYHHM COOTHOINIGHHEM.

Taxum o6pasom, mpu mOABOJE TeIJIa K MO3BYKOBOMY IOTOKY
B IAJIHHAPUICCKOM KaHaje (KaMepe CTOPAHHSA) CROPOCTH MOKET
BO3pACTaTh TOJBKO [0 T€X HOP, IOKA He JOCTATHET KPUTHIECKOIO
3HAYeHHA Uxp. llociie MOCTHKEHHA KPHTHYECKOH CKOPOCTE Nalh-

e




102 Ta. VIII. Tagpomexarnka

Helmmil IOABOJ| TeIllla K YaCTHIAM I'a3a B MEMHAPEISCKOM KaHAIe
OKA3LIBAETCA HEBO3MOKHHEIM. JTO ABJIEHHe HOCHT HA3BAHOE mMen-
206020 kpusuca. Ecim ke mommraThcs momBecTm G0JbINee KOIH-
9eCTBO TeIlJla (HampEMep, MPOJOJIKATh CKATATH TOILIEBO), TO IIPO-
M30MeT ONHO M3 BYX: W60 TeYeHHe MepeCTPONTCHA, IIapaMeTpHI
H3 BXOfle B KaMepy H3MeHATCH, CKOPOCTh HAa BLIXOfE yOAfeT J0
TAKOW BeJWYHHHI, YTO IIPX HOBOM IIOABOfE TeINa CKOPOCTH Gyer
PaBHA CKOPOCTH 3BYKa B KOH-

,,”,_”—_,_ e KaMepk; am6o, ecaIm Takad
IepecTpoiika TeYeHAA HEBO3-

MO;KHA (HaOpUMep, COeqHajb-

Cmadunsamop HEIMA yCTpoiicTBaMu obecmeyun-
Puec. 48. Ipuanunmanavmas cxema feii- BACTCA IONavTa rasa B KaMepy
cTBHA cTabmausaTopa B Kamepe cro- €O CTPOTO ONpefeleHHLIMU Ma-

pammA. paMerpaMd), OpH OPHHEYIH-

TeJbHOM NO[BOAE TemIa CTa-

HOBHTCS HEBO3MOKHHIM CTAMOHADHOE Te4eHHe; BOSHAKAET HEy-

CTaHOBUBINEecA KojgebGaTelbHOe [BWKeHHe rasza (B YaCTHOCTH,
ITOMITA3K).

CRopocTh pacmpocTpaHeHUWA ¢pPOHTA NJIAMEHM 0O YacTHIaM
AMEeT MOPANOK BCEro HECKOIBKAX MeTpoB B cekymAy. llostomy
maske IpH HEOOJBIMAX CKOPOCTAX IOTOKA MpAMOH QPOHT miaMeHH
HE MOKET YIep/KUBATHCA B HOTOKE M OYHeT BHHOCUTHCA M3 KaMEPHI.
Hduns ofecmeueHWsa yCTOHYMBOIO TOPEHHA NPHXOJHATCSA CTABUTH
B KaMepe CropaHuA ¢Ta6UIM3aTOpH, T. €. TeJa, Ha KOTOPHX IIPO-
HCXOIUT IOFKUTaHWe MOTOKA W OT KOTOPHX OTXONUT KOCOH $poHT
miaMend (M. cxeMy Ha puc. 48).

Yron markiona ¢poHTA NIaMEeHH OLpENeNAeTCS pPaBeHCTBOM
CKOpPOCTY INIAMEHW IO YaCTHIAM IPOSKIWE HA HOpPMAIb K (prHTy
cKopocTH Haberaxomero mOTOKA.

Tax xak 5T0T yroa He6oJbOION, TO OJA TOro, 4To0H HKaMmepa

HE OKA3ajlach CIAMKOM [JIWHHON, B CeYeHHH KaMepH CropaHus
He00X0I¥MO CTABUTH HECKOJNBKO CTAOHIA3aTOPOB.
Kommpeccop mnpencrasiaser co6oil rasoByio
MalEHY, B pe3yjabrare nefCTBHA KOTODOH
3a cYeT IepeJaHHON ra3y MeXaHHYeCKOHd 5HeprmH WIPOHCXONUT,
B0oOGImEe TOBOPA, NOBHIOIEHWE €ro BHYTPEHHEH Wi KEHETHIeCKOoH
SHEPIWA, WM NOBHINeHWe ero ImojesHo# paGoTocmocoOHOCTH.
B caydae sxumxocTm feficTBEe HOR0OHON MATIMHE HEPEIKO CBO-
IETCA K MOIEMY KHIKOCTH Ha BHCOTY H, CJIEIOBATENLHO, K yBe-
' IMYEHUIO ee HOTeHMAAJNHHOR 9Hepruu. TaKdMe MamIMHE HA3HIBAIOTCHA
HACOCAMH.

IIpm MengnenHOM KBA3WCTATHYECKOM CIKATAHR ra3a IPOMCXOIHT,
Boo0me TroBops, YBeIWMYeHWe ero BHyTpeHHe#l smHeprmm. OpHakKo
€CIIM IPOTeCcC CHKATHA ra3a COHPOBOKIAETCS ero OXIasKueHWeM,
HampmMmep, 3a cUeT TemIooOMeHa ¢ OKpYKawomeid cpegod, To BHYT~

Doorim nraney

Kommpeecop (macoc)
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PeHHss SHEePTHA Ta3a MOKeT W He yBeJMIMBATHCA. B camMoM gele,
BJIA COBEePIIEHHOTO ra3a BHYTPEHHSS OSHEPTHAS eIWHMUIE MAacChl
3aBHCHT TOJBKO OT €0 TEeMOepPATYpPH H II03TOMY SIBISIETCS TemJo-
BoOil ameprmeii. Ecim nponecc MemJIeHHOTO CKATHSA Ia3a HPOUCX OfUT
OpH UOCTOSHHOH TemmepaType, TO K Tasy UIOABOXUTCH MeXaHW-
d9ecKas DHEPTHUA W OTBORUTCA TAKOE jKe KOJMYeCTBO TemJa, Tak ITO

noJHasA JHepruss eJUHUIEl MacChl ra3a He MEHsAeTCdA, a JHTPOIHA
rasa

s=c,ln SR -+ const
npu 9ToM magaer. OfHAKO IpPaKTHYECKAas moje3Has paboTocmocob-
HOCTH Ta3a, T. €. HEeMOCPeOCTBEHHAA BO3MOYKHOCTH IIpEBPAINECHMS
ero BHyTpeHHeil sHepruM B paboTy MeXaHMYECKHX CHJI WJH B KHHE-
TAYECKYI0 YHEPrHI0, IOMHAMO 3aMaca BHYTPeHHON DHEPTUH 3aBHCHT,
“ 09eBH/HO, eIe OT JABIECHH. C mpakTu9ecKo#l TOUKH 3peHHA OPH
| JaHHON TeMmepaType W Macce ra3a HHEpPIUf rasa ¢ BHCOKEM JaB-
‘ meEmeM (1. e. ¢ Gomee Hm3KOH SHTpommeit) Gosee meHHA ), XOTsA
| B 000dX cIydasax OJsA COBEPIIEHHOTO Tra3a dTa DHEePIUs SABJIAETCS
& TeIJI0BOH,
; CymecTByoT pa3iwdHHE THOHE Ta30BHX KOMIPECCOPOB. OTO
] MoryT ObITH HOpINHEBEE MAINMHEL, B KOTOPHIX HOCTYHAIOIHI ras
HU3KOTO [ABJIEHUS CKAMAETCS B HUIMHApPAX HopmHeM. llopmaepnie
KOMIIPECCOPHl 9acTO OPHMEHATCA JJIA WLWOJAYyIeHHA Trasa ¢ 09€Hb
BHICOKMMH JaBJeHUAMH, B aBHanmuoHHON TeXHAKe W B HPOMEIILICH-
HocTH B0oOme 60/bII0e PaCOpPOCTPAHOHAE WOJYIMIH KOMIPECCO PH
HeIpPepPHBHOIO JIEHCTBUA, B KOTOPHX Iepegada dHEePrHEH IpOTeKa-
I0INeMy Ta3oBOMY HNOTOKY B HAaNpAaBIAMEUX KAaHAJAX WIH IIPAMO
B OTKPHTOM 00beMe HPOMBBOIUTCA ¢ IOMOINBIO CHEIHUAILHEIX Bpa-
MAnMAXCA JonacTedl MIN CHCTEM JIOHATOK. Bpamammeecs Koa1eco
¢ cHCTeMOH JOoumaToK, MJIA BEHTWJIATOP, HWJIA BO3AYIIHLIA BHHT,
WM BOASHON BHHT ABJAITCA OCHOBHEIMA H THIMIHEIME DIeMEHTaM®A
KOMIPECCOPOB, MepeJaTIRKOB 3HEPIHHM Tra3y OT [ABUTATEAbHHX
| CHCTEM: 9JEKTPOMOTOpPOB, JBHWTraTeleil BHYTPEHHET0 CrOpAHHA,
Typ6UE 1 T. I.

Bosgymene # BopsHNE BUHTH NPeJHA3HAYAITCH TAKKe IJIA
noxyierus tard, OHE IepefaloT MeXaHUIECKYI0 DHEPLHI0 razy o
C03JaI0T HeIOCPeACTBEeHHO ¢3aqu ¢e0sa 00JacTh HOBHINEHHOIO JAB-~
JAeHHUA, KOTOpasg B CBOI 0Yepefp OOYCIOBAHBAET DPA3BHTHE peaK-
TEBHOH cTpyH. IlpoMuimiennaile m OHTOBEHE BEHTWIATOPH 9acCTO
HECHOOJb3YIOTCA JJIA CO3NAHUA IEpelajoB JaBJICHWH, HY:KHLIX IS
opragmsanud TpebyeMux morokoB. Hampumep, BEyTpu aspomumHa-
MIIecKHX TPyO ¢ 3aMEHYTHM KORTYPOM BOHTHJIATODHLIE YCTAHOBKE
HCIONb3YIOTCA JJIA 00eCUeIeHNA HeNPOPHBHOH HUPHYJIAIUH BO3-

1) Cm. 7. 1, cTp. 243.

L
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Ayxa, Heo6XOoaEMOM AJIA UPEORONeHAs PAa3IAIHKX COIPOTHBICHMH
H KOMIGHCANHUH HDOTeph MEXAHHIECKOH SHOPIMH. 3aMETHM TaKiKe,
9T0 B mpomecce HEeHCTBASA AdPORMHAMHIECKON TPYGH IIPOHCXOTHT
HENPePHBHEI IEPeX0i MeXAHMIYECKOH HHOPTEA B TEIMIOBYW, Io-
9TOMY, €CJIH OTTOK TeIlIa eCTeCTBEHHHM IIyTeM HEH0CTATOYCH, MO-
MKET BO3HHKHYTh HEeOOXOQHMOCTEH CIEMHEANBLHOrO OXJaICHHAA.

B aspopmmammuecknmx TpyGax ¢ mOTOKOM BO3Ayxa Ha BHGpoc
Heo0XONEMO HpeABaPATENbHO ¢ IOMONIBI) KOMIPECCOPOB 3ar0TOB-
IATH 3aIACH CKATOTO BO3AYXa, HAKAYABASA €ro B CIernalbHbBIE
6anJ0OBH, M3 KOTOPHX 9TOT BO3AYX BHIIYCKAaeTcsa depes Tpyly B
atMocdepy HWIM B BAKYYMHHE KaMepH. B pasjIMIAHX CHCTEMAX
PeaKTHBHHX X ODOPITHEBHX ABHraTeNed, 0COGEHHO B CIydaAX paGoTH
ux Ha Ooanmoil BEHICOTe B paspe;keHHOHE aTMocdepe, BO3IYyX, 3a-
Gmpaemrrii nmddysopoM, mepex ero mOCTYIIEHHSM B KaMepy Cro-
PaHHSA BHIOJHO IIPEBAPATENLHO TOPMO3HTD U CHKAMATH ¢ HOMOMIBIO
KOMIIpeccopa.

CymecTByOT [Ba OCHOBHEIX THIA KOMIPECCOPOB HEIPEPHBHOTO
JOeHCcTBAA, 3TO0 — HEeHTpo0e)KHEe M O0CeBHe KoMupeccopil. Ha
pac. 49 maHLI HX CXEMEL.

B mentpoGesxaoM KoMIpeccope OCHOBHOE ABH/KCHHE ra3a depes
OpodMIEPOBaHAKE KoJeca — pafdalbHOe, B OTHOCHTEIBHOM JBH-
JKEHAW ra3 YCKOPAETCA M CyKAMAaeTcs IeHTPOGEKHEIMA CHJIAMH.
B ocesoMm roMmpeccope OCHOBHOE [BFKEHHE Ia3a IPOHCXOLUT II0
MUIAHADPEYECKEM [DOBEPXHOCTAM depe3 CHCTeMY Bpamalomaxcs
J0MaToK, AefiCTBYIOMHAX Ha ras Xofo0HO pemeTKe B pacCMOTPEHHOM
BHINE IJIOCKONApaJiAedbHOM O0TeraHHH.

OTBeTCTBeHHELIMA 3JIEMEATAMHE KOMIPECCOPOB ABIANTCA HANPaB-
AAOmue anoapaTH Ha BXOAaX BO Bpamalompecd Koleca M BHIXOA-
HHe nudPy30pHHE KAHAIH.

IIpakTmueckn o49eHb TPYAHO HOXYyIuTH Ge3 Goapmmx mOTEph
Gonbnde CTemeHH C:KATHs, T. €. 0oJbITNe 3HAUEHHS BeJINYMHEL

.
n=22
Py
B OJIHOM KoJlece, MO3TOMY HPAXOAATCH IpHberaTh K MoCIe0BaTelb-
HOMY C3HaTHIO B HECKOJBKHX KO0JecaX ¢ HPOMEKyTOYHHME HAIPaB-
aaomaMe annapatamd. [{as momxydeRma GogbMAX CTemeHeH Cika-
THA KOHCTPYHPYIOTCA MHOIOCTYIEHYATHE KOMIDPECCODEHL.

OCHOBHHME IapaMeTPaMHi, XapaKTePH3YIONIAME PesKAM PaboTH

KoMIPeccopa, ABIAIOTCSA: MacCOBHU pacxop rasa

G = p01S1 = Pa¥sSs
roe S; m S, — mIOWAgA HA BXOfe W BHIXO0[e KOMOpeccopa COOT-
BeTCTBEHHO; TeMmmepaTypil TopMosxeHma I'i, T5 @ mocTAraemas
CTemeHb C/KATHA T = pa/pi (BMECTO BEJMIMHH 7 MOKHO BBOJHTH
Apyrme SKBEBAJEHTHEE XapaKTOPHCTHKE AeHCTBHS KOMOPpeccopa).




§ 9. OceOBHHe arperarnl TrEJPORHHAMHUECKAX MamAH 105

Hmxe ME paccMOTpEM HEPeYHMCIECHHE® BeJIHIEHH A ABHIKe-
HHEA rasa OTHOCHTEIbHO HENOABHIKHEIX KAHAJOB KOMIDPECCODOB.
U3 ypaBaenmsa sHepram ciaexyer, 9ro ofmaa paGoTa, moaBeeHHAA

g
o

o

N ==

Puc. 49. CxeMH KoMOpeccOopoB: A) OHOCTYIEHIATHE NEHTPOOEHHHWE KoM~
l npeccop (2 — BXomHOH DarpyGok, b — pafogee Koleco ¢ KPHUIBYATKOIL,
¢ — nuddysopHHA BHXOAHOH anmapar, d — BHIXOJIHEIC narpy6rm); B) ocepoit
| KoMmupeccop (@; — BXOfHOE ¥ ¢, -— BHIXOAHOH HANPABIAIONIAE amnNapaTH,
b, — pabouce koieco, & — ochk BpameHNA pabodero koneca). BEN3Y m3o6pa-
KeHa pemeTKa, 06pasyiomascs B pe3yIbTaTe Pa3dBePTKA HA INIOCKOCTh I0BE PX-
HOCTH KPYTJIOTO IWIAHADA ¢ 03p10 &, MePeceKamero JONAaTKE KoMIpeccopa.
Ecan papguyc 5Toro nuamHfipa BeIAK IO CPAaBHEHHWIO C Pa3MepaM CEYeHHS JIO-
IIATOK, TO B pAJAE CAY1aeB MOKHO TpeHeSperatrbh PajHAJbHHM [ABMKeHHAEM
rasa m ¢ XODOIIMM OPHOJIKEHHeM pacCMAaTPHBATH [BHKEHHE Iasa MO mUIHH-
ApHdecKol IMOBEePXHOCTH KaK INIOCKONAPAJIENIhHOS [BHKEHH® UepPes pemieT-
ki, Ha pHCyHKe yKa3aHW HANOpPABIeHHAA aGCONIOTHHX, OTHOCHTENBHHX K
NePEHOCHKIX CKOPOCTOH B COOTBETCTBYIOIMUX CEUCHUAX.

K rasy B eJMHHLlY BpEeMCHH, B ,ueﬁCTBHTeJIbHOM oporecce paBHA
—W:A:CP(T;—' T;) G.

Jlerko mokasats, 9ro 9Ta paGora Bcerna Gonbme aueannnoi paboTH,

e
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KOTOpYI0 Heo0X0fHMO IOABECTH K Trasy B 00paTEMOM IpPOMecce
6e3 moTeph A TOTO, 9TOOH MOIYUUTh TY K€ CTENeHb CHKATHA I.
B caMom pese, s COBEPUIEHHOTO Ia3a BEpHH CJIeLyIOIMEe obIae

dopmyan:

Y—1 §1—So Y-—1 85—=%¢
. —14 . Y p . Y I °p
Tl = i pl e n T2 = 0 i Y pz e

(o — pasMepHas HOCTOAHHA), OPUYEM H3-33 IOTEPh B MPOTOTHOM
9aCcTH KOMIIPeccopa (BA3KOCTh, CKATKA YILIOTHOHHS, ¢ PHIBE HOTOKA,
CMeIleHNsI HePaBHOMEPHHX HOTOKOB W T. II.) EMeeM

Sy — So > § — So.

BBepgem MuicienHO agmaGaruueckuil ofpaTEMHIE Ipomecc, B KO-
TOPOM J{OCTHTAeTCSI LEepexof, OT p; K p;. B 5ToM mpeamxbHOM mpo-
Hecce HeT NOTE€pPh W, CJELOBATENBHO, DHTPONHUA COXPAHAETCH IO-
CTOSEHOM, MOITOMY [JIA TeMmepaTyphl TOPMOKEHHAS HOAYIUM ADPY-
roe sRageHne T,ay, ompemenseMoe opMyIoil
Y—1 8;—S%¢
L T —_— 1 * Y Cp L
Tzan = & T pz e < T2.
CoorsercrByromas Mexammdeckas pabora Aag, KOTOPYIO HAKO
3aTPAaTHTh B HEEAJTBHOM IIPOIECCE, paBHA

Anp = ¢p (T;an - T;) G A=c¢c (T; — T;)-

OTHomenRue

Agy
A = N <1

HasHBaeTcd agmabaTHIecKuM KOdPPHUOMERTOM HOJIE3HOTO AeHCTBUA
(k.m.m.) KoMIpeccopa B HeJOM, 3TOT K03(Q(PHIHEHT MOYKHO pac-
CMaTpUBATh TaKKe A KaKEOH CTyImeHW B OTAEeNbHOCTH. Amma-
faTWUecKHil K.I.][. SABIAETCA IJaBHOH XapaKTepPHCTHKOH TeXHU-
9eCKOTO COBEpPIIEHCTBA KOMIIpECccopa.

Hisa gagHOTO KOMIPECCOPA Tjag M CTEIEHH CIKATHA U 3aBHCAT
B OCHOBHOM OT pacxopga (7, KOTODHI MO)KHO B 00IIeM ciydae pery-
JEpPOBATh BHEMIHAMHU YCIOBAAMEH (CKOPOCThH I0JIeTa, IJIOMATA
IPOXOJHKX CeTeHHW ¥ T. I.), M 0T 9;mcia o6opoToB pabodnx KoJec,
cospaoiqux Hamop. JaA JaEAOTO KOMIpeccopa CYIIECTBYIOT pac-
9eTHHe HAWBHTONHEAmMMe peKEME paboTH, [IA KOTOPHX fTan
uMeeT HamGolbmee 3Hadendme. MaKCEMajabHHE 3HATCHHAA Tax
3aBHCAT OT THODA, HAB3HAYEHAs N YCJOBHA paGoTH KoMmmpec-
copa. B ayummx aBHANMWOHHHX >KOMIpPECCOpax B OfHOM cTymeHH
co cTemembi0 CxatHa w =~ 1,5—1,4 pgocTHraioTca 3Ha4YEHUA
Nax =~ 0,87—0,88.
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U3 ofmeit ¢opMyn H HpW HAJIMYIMH B YCTAHOBMBIIEMCH JBHKE-
HHUE Ta3a BHEHNIHET0 OPATOKA HJIHU OTTOKA YHEPTHH

y¥—1 8s—Sy

A+09=c T (a ¥ ¢ —1)¢ (9.17)

MO}XHO BEIBECTH, 4TO [JIf LOJYYeHHA AAHHON CTEHEHHW CHKATHA T
MOXHO yMeHBIIHTH mOTpebHY0 pabory A ¢ moMomibio yMeHBIIe-
HAA SHTPOIMH S, IyTeM oXJasmeHHA rasa (QX®) < 0) B mpomecce
CATHA, TAK KaK IpH orbope Telljla SHTPONMA IajaeT. B sTom cay-
9ae C)KaTHIA ra3 MosKeT OKasaThCs IIePBOHAYAJLHO IPHA 3aMeTHO
MOHMKCHHOU TeMIepaType, ONHAKO IpH CO3MaHAA 3aIlacoB CrKa-
TOro rasa B 6a/iioHAX €ro CHIKeHHAS TeMIepaTypa BIOCIAeICTBHN
BCe DaBHO BEIDABHEUBAETcA C TeMIepaTypoll OKpy:Kamomed Cpemn
33 CYeT TEeIIoNPOBOLHOCTH.

Hduaa  ycraHoBIeHHA KOJIWIECTBEHHHX ONEHOK BO3MOMCHEIX
BHITOJ[ CKATHA Tasa ¢ OXJaykAeHmeM HpmMeHHOM Qopmyny (9.17)
K KBas3ucraquoHapHOMY (o6paTEMoMYy) M30TepMHIeCKOMY Hpolec-
cy cmaTma rasa. B srom cayuae dopmyna (9.17) m paBeHcTBO
TdS = d@'® pawor

AR = — Q9= —T (s, — 5,)G.

Tax Kak B HA30TepMAYECKOM IIpomecce MMeeM

v—1
* . vy S Y—1
T P 3 Y
1 =2 =22 e P, 10 §5—8 =—cylnm .
T po 2 1 p
1 1

| CJIeJIOBaTeJIBHO, B BTOM CJy4Jae HOOJydYdaM

| ¥—1 ¥—1

\ A&gOT = Gepl'ylnm T A= Gegly (ﬂ? Y= 1) ’

Tak Kak Opm & = ;™Y > 1 mMeeT MecTo O0uYeBHIHOE Hepa-
i BEHCTBO:

| x i x
lnx=STx<S dr =z — 1.
1 i
TypGmaa B npoTHBOHONOMHOCT KOMIIPECCOPY, B KO-

i TOPOM 3Heprusa coobmaeTcs HOTOKY, TYyp-

GuEa mpHMeHseTcA AA 0T0opa MeXaHHYeCKOH DHEPTHH 0T IOTOKA
MHEIKOCTH mnm rasa. B agmabatmaeckom (Q¢) = () moroxe, mpo-
xopameM depe3 Typéuny, A < 0, moaromy corxacuo (9.17) B Typ-
6une n < 1 m, ciregoBaTenbHO, B rase, NMPOXOAAIEM Uepes Typ-

* -
0uHy, ODPOUCXOAUT NA/[eHNe HOTHOTO JABICHUSA P, < pi. Ha pue. 50
' DOKA3AHH THHMYHHWEe CXeMH O0CeBOli M pagualdpHHX TYpOHH.

b
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IlpocreiME mpmMmepaMm Typ6GHH MOT'YT CJOYKHTH yike MHOTO
BOKOB MCIOJb3yeMEe MeJFHWYHEE BO3[YIIHbHE BETPAHEE DPOTOPH
¥ BOJIsAAHEIE KoJeca. BofsHie TypOrHEN pasHo0o0PAa3HEX MONIHOCTER
BILIOTH [0 MAJJIAOHA KAJIOBATT B OXHOM KOJleCe IHPOKO HCIOIb-
3yIOTCA HA T'HEIPO3IEKTPOCTAHNHAX. [lapoBeie m rasoBrnle TypOMHEI

Pre. 50. Paszamunmie cxeMu TypOuE: A) pajuanpHan

LeBTpoCcTpeMaTearHas Typ6ura; 5) pajmaipHas LEHT-

pobGeskEas Typ6mEa; B) CTymeHb OCEBOH TYpPOWHEL

(a — comnoBee anmapars, b— paGoune Koseca), BHHA-

8y c¢OpaBa MOKAaBaHH COOTBEICTBYIOMASA pa3BepTKa M
HAOpaBJIEHHA CKOPOCTEH).

monyudaym Goiabpmoe pacupocTpaHeHWe B TeXHUKe IJdA penieHds
MHOECTBA BaJKHEIX OPOMHIUIEHHHX 3ajaY. B coBpeMeHHHX aBH-
aNMOHHHIX [BUTATENAX AJA BpamleHUs KOMIPECCOPOB MJIH BO3AYII-
HEIX BHATOB IPUMEHAIOTCS MOM[HLH® ra3oBHe TYpOHMHH (mopsagka
COTeH THCAY KAJOBATT). Bo MHOrmX ciayvagx TYpOHHH HCIOJIB-
8YITCA Kak KopabelbHHE HABUTATENH.
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Typburrne xoxeca mecyT Ha cefe cneNEATHHO CIPOEKTHPO-
BaHHHE JOUNACTH WIH JOUNATKH, KOTOPHE IMOBOPAUIMBAIOT NPOTEKa-
IOIMZA 9epe3 HAX BOASHONA WJIA ra3oBHIi HOTOK. Biarogaps sroMy
JomaTK® @ KoJeca BOCHDHHMMAIOT DoabIWe peaKTHBHLIE CHIH,
coBepmiaromue moiao;kmTeabEy0 pabory. Takum myrem sHeprms
OT ras’a WU JKATKOCTH NEePEXOAHMT K TeJIy BPAmAIomerocs Kojeca.
Bo MmHOrmx caydaax miaA OodaydeHdms Hambolee GIaromphsSTHRIX
CKOPOCTeH TOTOK HpeJBapHUTeIbHO 3aKpYyIHBaeTCA Hepel KoJIecoM
7 BHIOPAMIAETCS 33 HUM C NOMOMBIO CIeNHAIbHHX HETOABHKHBIX
HAIPaBJIAIOMAX COMIOBHX anapaToB, KOTOPHE PeryJIHDPYIOT TAKKe
U BeJIUYUHHI CKOPOCTel RAAKOCTA WK rasa (CM. cxeMH Ha puc. 50).
Tak jxe Kak # KoMOpeccop, TypOHHA MOMKET COCTOATH M3 HECKOIb-
KHX CTymeHed, MMEIOIMAX OFMHAKOBYI0 HJIH pa3HHE YIJIOBHE CKO-
POCTH BpAINEHUS.

PacemoTpuM Bompoc 0 MOMeHTe (OTHOCUTEIBHO HEIOBHKHON
OCH BPaIeHWs) THAPONMHAMAIECKUX CHJI, AHCTBYIOIIUX HA KOJECO
ONHOH CTYmeHH TypOWHH (MJIM KOMIpeccopa), BpamamoINeecs C
MOCTOSTHHOR YIIOBOH CKOPOCTBIO.

SaMeTHM IHpekie BCEro, KaK 9To ObLIO MHOTO pPa3 yiKe YKasaHO
H HCIOJB30BAHO BHINE, YTO B OTHOCHTENBHHX [JBH/KEHHAX B pas-
AMYHEIX HHEPOUAJIbLHEIX CECTEMAX OTCIeTa CHJIOBHE B3aUMOAEeHCTBAA
B Ka)K[OH TOUKEe CpeAhl, a TaKKe W CyMMapHHE CHIE H MOMEHTHI
onuHakoBH. Ecim paccMoTpers Temeph ABA JBUKEHHA KEIKOCTH
HIZ Ta3a: OepBoe OTHOCHUTENILHO HENOJABH;KHON WHepnuaJbHOK
CACTEMEI KOODAHHAT ¥ BTOpPO€ OTHOCHTEJIHHO HEWHEDPIHAIBHOH CH-
CTeMBI OTCHeTa, CBsI3aHHON ¢ KoJecoM TYpOHHE, BpamarommMCs
¢ IOCTOSTHHOH YTrIAOBOH CKOPOCTBI0 () OKOJO HEmOABMKHOM OCH,
TO B IOCIEJHEM CIydae HeoGX0JUMO BBeCTH B PacCMOTpeHUe Jeii-
CTBYIOINHE HA CPEAy BHEIIHWE MACCOBEIE IEHTPOOEKHbIe CHIL NHep-
AN ¥ BHENIHWE MaccoBhe cuiaul mmepumu Hopmommca. Hammume
MAacCOBHX CHJ WHEPIWH B OTHOCHTEJNBHHX NBIKEHHAX CBA3AHO
¢ OOABIeHAEeM O00O0OIMEHHHX «aPXHMETOBHIX CHI» H HX MOMEHTOB.

9T cUIbl AefCTBYIOT He TOABKO HA ra3 WIH KEAKOCTH, HO M Ha
TeJ0 Bpamalomerocs Kojeca W HA YKpemIeHHEEe HAa HeM JIONATKH.
Boasmue (m3-3a Goabmior yrioBod ¢KOpOCTH BpameHHmA o Kojeca
TypOHHB) MaCCOBHE CUJIK HHEPIUH OPHBOJAT K OTPOMHHIM Da3pHI-
BAIOMUM HANDMKEHHSAM B TejJe Koidec H, 0COoO0eHHO, B JIOHNACTAX
(momaTrax) Typ6mH. B OCHOBHOM HMEHHO IIO3TOMY UpPHXOZHTCH
OTDaHWYMBATH BEIMIEHY YIIAOBOH CKOpDOCTHE BpAameHHs TYypOHH H
BO3[IYNIHKX BHATOB. B CBA3H ¢ 9THM yCIOBHEEM IPOYHOCTH TypOHEH
B X CTAJBHHX JIONACTAX H JONATKAX He AOIYCKAITCA OKDYKHBHIE
ckopocTH, npeprrmatomue 700 x/cex. 9To ABIAETCA COPHE3HHM OIPa-
HEYeHHeM, KOTOopoe Heo0X0JuMo YUIATHBATH IPH HPOEKTHDOBAHUHA
BO3AYIIHLIX BHHTOB M Bpamalomaxca Koxec. O4eBHHO, 9TO B IpO-
OEIEpOBAHHKX 5JIeMEHTaX HENOABUKHEIX HAIOPABIAKIMMX amla-
PaToOB TaKOro poja pa3pHBAOIMUX HANDAKeHHWA HE BO3HUKAaeT.

e
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C mpakTHYecKOM TOYKHM 3pEeHAS DACcCMOTPEHHe CHA W MOMEHTOB,
OefiCTBYIOMEX HA HEMOJABIKHRE YaCTH KOHCTPYKIHWH, HAJO IpO-
U3BOAMTH B HEMOABHKHKIX CHCTOMAX KOODAMHAT, 8 CHJIEL M MOMEHTHI,
meficTByomMye HA MOJBUKHEE TaCTH, Heo0X0gUMO OUpeneddaTh N
PaccMaTpUBATh B COMYTCTBYMOIMeH mojgBMHOH cmcTeMe. IIpm ompe-
HeJleHPA CYMMAapHOTO I'Hp0a3pOJHHAMAYECKOr0 MOMEHTa, HedcT-
BYWINEro Ha BPAMAaloImeecs
KoJieco TypOOManmmHEL, MO-
JKHO BOCHOJB30BATHCA [0-
OYyIMEHAEM O TOM, YTO [(BU-
JKEHUe YKAIKOCTH U Ta3a OT-
HOCHTEJIPHO KOJIeCa YCTaHO-
BHUBIIEECH 1),
lasa  ompemeneHHOCTH
~ paccMOTPEM OFHO KOJECco
]Pwﬂﬂlﬂliéz%' TypOomER (pmc. 51) B BO3b-
G romece MeM B KadecTBe KOHTPOJb-
' HOA NOBEPXHOCTH MOBEPX-
HOCTH JOHATOK TypOUHE,
0CECEMMETPHIHOTO KOMYXa,
gactm Tena o0TeKaredas Ba-
Ja (compHKacaomedca ¢
dar DOTOKOM) H UTOBepPXHOCTH
Puc. 51. Cxema mpotoumoit sacra Typ6uasr  KPYIJIEIX KOHYCOB Sp B S,
1 COOTBETCTBYHIMNX 3JeMEHTOB KOHTPOJb- HepeceRaIO)nEx OOTOK Ha
HOH IIOBePXHOCTH. BXOe W BHIXOfe m3 TypOu-
HH COOTBETCTBEHHO.

IIpomsBegeM pacdeT MOMEHTa OTHOCHTEJIBHO OCH TypOHHMH
Zz THAPOSMHAMHUIECKUX CHJI, OeHACTBYOIMWX HA JOHATKHE TypOmHH,
IJIS MPOCTOTH B PAMKaX TeopHHM HeaTbHOU xupgxocTu. [loatomy
npeme0peKeM CHIION TPeHUWA HA HENOABIKHOM KOKyxe, o0Te-
KaTexe W ceueHHWsax S, U S,.

QOueBHgHO, 9TO BCE CHILl [JABJIEHHA, AeACTByOOEe Ha JaCTH
KOHTPOJBHOX HOBEPXHOCTH, ABJAIOMUEcs MTOBEPXHOCTAME Bpa-
MEeHUA OKOJIO0 OCH 2, IEPeceKaloT och 2z MIW HapajielbHH ed, |
MO3TOMY X MOMEHT OTHOCHTEIBHO 9TOW ocH paBeH Hyxuw. Cieno-
BATEJIBHO, OTIMYHHI OT HyIs MOMEHT THAPOAMHAMHUYECKUX CHJI
IOaBJIEHUS OTHOCUTEJIbHO OCH Z HafyT, BOOOMme TOBOPS, TOABKO CHJIL
maBiieHUs, NEHCTBYWINUE Ha BPamaoldecs JOOATKA TYpOHHH.

\Z

1) 910 pomymeHWe NpPW HAJAYNHA HANPABAAIIIUAX ANNAaPATOB XOPOIIO
corjacyercsi ¢ JeACTBUTENBHOCTHI0O TONEBKO B CPERHEM, TAK KaK MOJOMKeHHEe
JI0maTOK TYPOGHHE OTHOCHTENBHO KaHAJNOB HANPABIANIINX allapaToB IepH-
OIM9eCKE MeHSeTCA W JBIKeHMe rasa MM JKUAKOCTH (yler mepHogmYecKuM,
HeycTaHOBEBIMIMMCA. Ilpm Goabmolt yriioBod CKOPOCTH BPAIeHHA COOTBETCT-
BYIOmMii HepHO[ O9eHbL MAJM, yBenHdeHHe HHCIA AONATOK TaK:ke IPHBOLAT
K ero yMoHLIIeHHIO.
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erTpoGe;xasie cmusl, mefiCTBYWIIHAe HA TOMATKH, IEPECEKAIOT
0Ch Z W TaKie HE Jal0T MOMEHTa OTHOCHTEIbHO ocH z. OTamuHnIi
OT Hyaa cymMapHbii moment cun Hopmommca, peficTByomux Ha
4aCcTHIH KARKOCTHA, 0003HaYmM uepe3d My,. B cayuae ycramHo-
BHBIOIErOCA NBH;KEHMA DTOT MOMEHT JNerKo BHUmciaserca. Ilms ato-
I'o MpeAcTaBUM B KaJKIOM TOUKe IIOTOKA omocmenbnym CKOPOCTH

CPEIH Vorg B BHJE

Voru = ¥r + ¥ + L%

rue v,, ¥; I ¥, — pafHAIbLHASA, TPAHCBEPCANbHAA H 0CEBAH OTHO-
cnTeapHe CcKopoctd. epes »,., v m v, Oynem o6o3HAaYaTh BEAH-
9EHEH 3TAX cKopocTei. Jlerko BupmeTh, uTo MoMernT M)y, Gymer paBen

My, = —ng ruvpdtv = — 20 Sr%%dm: —-m—gt— S r’dm,
v M b

rie V — o6veMm, a .# — Macca, OTPAHHYOHHH® KOHTPOJLHOM I0=-

BOPXHOCTHIO.
Orcroma, Tak KAk [BH)KeHHe HNDPHHATO YCTAHOBHBIIMMCA W HA

€KHTPOJIBHOA MOBEPXHOCTH ¥y, org 5= 0 TOALKO B ceueHHmAX S, U S,
TOJyInM

My, = S 2de—o S 4G = g riydG — S radG,  (9.18)

S1 8- St Ss

rme G — MaccoBmit pacxop, dG = p»,do, U, B U, — 3HAYEHUS mEpe-
HOCHO! JMHEHAHOHX CKOPOCTH B cedeHUAX Sy H S, COOTBETCTBEHHO,
a HampaBleHWe HopMain h K S; m S, ykaszaHo Ha puc. 51.

Ha ocHoBamMH ypaBHeHHS MOMEHTOB KOIHMYECTBA [BHMKOHESA
oA ycraHosuBmerocsa asmuenun (7.3) (upm B = h = Q, = 0)
HalileM MOMEHT CHUJ NAaBIeHMA, JeHCTBYIOIMHEX HAa JONATKHA pOTOpAa,

il
M, = S raowdG — \ ravomdG + M. (9.19)
S: Sz
BMecTo OTHOCHTEABHHIX TPAaHCBEPCATBLHBIX
CKOpOCTel ., MOMHO BBeCTH abCOMIOTHLIE
TPAHCBEPCANBLHEE CKOPOCTH

®opmyaa iinepa

Vrora = Vtra6e — U1 B VUtaorm = Utoa6e — Us,
u ¢ nomompmo (9.18) m (9.19) monyumrs

4
M, = S riViaccdG — S FoVtaacc G . (9-20)
Sy Sy
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®opmyna (9.20) maseBaerca dopMysoit Jitmepa, ee IerKo
HONYYATH HemocpencTBeHHo u3 dopmyns (9.19), ecanm paccMoTpeTs
yCTaHOBUBIEeCs abCONITHOe [BWKEHUE JKHUAKOCTA WMIHW Tasa,
naas koroporo My, = 0. EcTecrBerHO MCHOTB30BATh DTOT MPOCTOH
U HEIOCPE[CTBEHHKI BHBOX GopMynsl Jiliepa, oMHAKO TPETHIAY-
muil BHIBOA TOKe HECHOKEH W BMECTe ¢ HTHM [ojie3eH aJasa Oolee
riy0oKOro NOHMMAHHUA CYIHOCTH 3TOH 3ajfaddl @M OTHOCHTEJIHHOTO
ABYKEHUS.

Hpyramuit Mmomert M, TeCHO CBA3AH ¢ pacXofoM rasa WIH KA -
KOCTH 9epe3 Ta30BYI0 WM THAPABINIECKYI0 MAMMHY @ OIpene-
JAeTcA 3aKPYTKOH MOTOKA Viacc M Vtsase HA BXOMEe W BEIXONE H3
Bpamalomeroca Koxeca. llpomyckmas cmocofmocTh, pacxon =
3aKPYTKa OUpEeAeNsanTCs TeoOMeTPMYECKUMHA IapaMeTpaMd IOJBO-
IAMAX KaHaloB HANPaBJIAKIMUAX ammapaToB W pabodero komjeca,
a TaksKe 3aMAHHEIME DapaMeTpaMm rasa H YIVIOBOH CKOPOCTHIO
poTopa.

Ilo anamorum ¢ 1a; AJIA KOMIpECCOpa MOKHO OLPENEIHTH aiu-
abartmaecKuil KodhPUNUEHT WOJE3HOTO TeHCTBHA 1ax TYPOMHE KaK
OTHOINEHNEe MONAYYEeHHOH MOUTHOCTH K MOMIHOCTH HAeaJIbHOH, [10-
CTIKUMOlN Tpy agmabaTwdaeckoM oGpaTEMOM mporecce 6e3 moTeps,
fes pocTa SHTpoOLNY,

Cp (‘T]._ - T;) — A

ep Ty — Thar) Aan

. (9.21)

Nag =

OpraHEnzanmsa CcoOBEepMIEEHOI'0 THAPOA3POAMHAMMIECKOTO WPO-
mecca B TypOHHAX Jerde, 4eM B KOMIIpeccopax, K.I.J. TypOHH
O0BITHO BHICOK M, BOOOIE ToBOpPs, OPEBHINAeT K.I.J. KOMIpec-
copoB. B nydnmx rasoseix TypOWHAX HOCTATAETCSH

Naxg = 0,94.

HadecTBeHHOE COOTHOIMEHWE MeKIy TypOMHAMH M KOMIOIpECCo-
paMu OpUOIA3UTENBLHO TAKOE 3Ke, KAK MeRIy comiaaMd u puddy-
aopamu.

B razosyio TypOHHY TOCTyIaer ra3 3 KaMep CTOpaHHUsd C BH-
COKOIl TeMIIepaTypoil TopMOKeHN Ty u craTHIecKoit TeMIepaTypou
T,, mosToMy B Ta30BBIX TypOHHAX JIOIATKH paboTaior B Gomee Ts-
JKENRIX YCIOBHAX, UeM B KoMIpeccopax. B cBasm ¢ »TwMM BOBHH-
KalOT BasKHBIe 3aadW OXJKAEeHHS JONAaTOK M JHCKOB TypOuH
B ofecoedeHds NPOYAOCTH W MOIATOBEYHOCTH TYypOMHHEIX TUCKOB
7 JIomAaTOK 1).

B rmpgpaeamueckmx TypOmEAax mpu GONBIHEX CKOPOCTAX o0Te-
KaHuA BO3HWKAIOT OINACHOCTH, CBA3AaHHKE ¢ ofpasoBaHHMEM KaBud-

1) TloTepn, cBASaHHEE € OXJIAMJICHHeM, CHIRAOT K.ILJ. TYypOmH Ha

3—4%.
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ranEn. Ilpu orGope Gonpmoil 9HEPTMH OT HKHUIKOCTH HIH Ta3a
B Typ6WHe IpOMCXOZAT 0OJNBIIOE CHEMIKEHE® TEMIECpPATypH Tasa.
JtuM 3PPeKTOM MOKHO HONB30BATHCA A OXIaKICHEA rasa
B yCTaHOBKAX MJA CAMEMEHEA rasa (ryplomeraHfmepax).
Hamrasa TypOmHa MoskeT paboTaTh HA PA3AMIHHIX pEKEMAX
OpU pa3HOM Udcie 000pOTOB B COKYHAY M B 3aBUCHMOCTH OT pery-
JUpPOBAHHUA PACXOfa Ta3a YUK >KATKOCTA NyTeM 3aJaHHON MoJadm
MAacCH ra3a B eIWHHOY BPeMeHHA, PeryJIHpPOBAHHA ABIACHHA HIH
OPOXOJHEIX CeUeHHA HA BHXOJeE.
OMKEKTOD NpeNCTaBIsgeT COGOH cHemmaIb-
HEI{l KaHAJ, BO BXOJHOE CEIEHAO® KOTOPOTO
OOCTYHDAOT CTPYH JKUAKOCTH WJIM Ta3a ¢ PA3IMIHEIMA JaBJIEHUAMA
TOPMO;KEHUA H, KAK NPABHJIO, ¢ PA3IHIHHIMA CKOPOCTAMA; DiKOK-
TOp OORIYHO IPUMEHseTCs JIA TOro, ITo0H IOBHCHTH IIOJHOE HAB-
leAWe CTpyd OJHOTO rasa 3a C4eT CTPyH Apyroro. PasHopopgHEe

JsreKTOp

Lupgysop

Kamepz crewerun \

% \‘,

T : T T
E) \ ] &

Prc. 52. Cxema 3merTOpa. Ha BXofe OOCTYDAIT 3ieK-

THpYyXOmas (B CedeHHN S;) M 3:KeKTHPYeMad (B ceUeHAH Sy)

crpyu. B cevennax S, m S,4 ocae KaMepH CMeIMeBRS HOTOR
OIHODOJEH.

Porflar T, 0y

N
Pl
BAKLNE

CTPyH JRUAKOCTH W ra3a CMEIIHBAIOTCA B JaCTH KaHAJNA 3KEKTOpa,
KOTODPHII HA3HBaeTcs KamMepoil cMemeHds. B wkaMepe cMemenmsa
npoucxofmT o0MeH dHeprueil, BHpaBHUBAHME JABJIGHU, ILIOTHO-
cTeit M TeMmepaTyp, B pesyibTare uero BEHIpafaTHBAeTCA OJHOPOJ-
HEIl IOTOK CMeCH, KOTOPHII 3aTeM MOKHO TOPMOBHATH HIH YCKO-

@ PATH ¢ TOMOUbI0 fuddysopa HAX COMIA, IPEMHKAIONMHAX K KaMepe
cmemeHmsa. CxeMa 3sKeKTopa IpHBEJEHA HAa pHC. 2. IKEKTOPH
OpPUMEHATCA TaK;e B TOX YCTpoHCTBaX, BO BXOJHOE CeUCHHE
KOTOPHIX Tpefyercsi 3acocaTrh JRUAKOCTH WIH Ta3.

DKEKTHPYIOINAA BEHICOKOHATOPHLI HOTOK ¢ IapaMerpaMHd,
ofo3HaueHANIME HHIeKCOM 1, BHTekaer depe3 COINIO € MJIOMAJBHI0
S; B KaMepy CMeIeHHWs — KaHAal IOCTOSAHHOI0 (AIHA W3MEHAI0-
mIerocs 1o AJinHe) Kpyraoro (WiId Apyroid $opM) CedeHHsS W yBJe-
KaeT YaCTHIH HKEKTHPyeMOd KAMKOCTA WAHW rasa, HOCTyHAIIEe
B_KaMepy CMeNIeHHs 4depe3 cedeHme ¢ miomannio S, Ilapamerpn
DTOTO MOTOKA OTMEYEHH MHEEKCOM 2. MeKny CTpyAME NpPOUCXOTHT
CMemIeHre, KOTOPOe IPHBOTAT K NPAKTHAYECKH pPaBHOMEDHOMY
MOTOKY. Ha paccrosnmz 8—10 mmaMeTpoB KaMeps B cedeHHE S,.
XapaxTep BHpaBEUBaHEA TPO(YHIA CKOPOCTE NOKa3aH Ha pHC, 93,
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Ha pme. 52 7 53 seKTHpYOmAs cTPYA NOKA3aHA KAK BEYTPEHHAA,
HO MOI'YT GHTEL pas3JIHiHHEe CIydad, KOTJa 9yKeKTHpylomas CTpys
ABJIAETCA BHemHeN WM KOTAA KajkAas W3 CTPYH mOJBONHTCH K Ka-
Mepe cMelleHUsi Uepe3 HeCKOIbKo comel. llociaepmmit cmoco6 mo-
3BOJIAET JOCTATHYTH MepeMemMuBaHAA OpU Golee KOPOTKON Kamepe
CMEIIeHNA.

MexaHnN3M cMemeHHs IOTOKOB C PAasHHMH CKODOCTAME HA
BXOMI¢ B B’KEKTOpP OOYCJIOBIEBAGTCH B PANE CIYIaeB HEYCTOMIWBO-
CTHI0 HAYAJBHOHN MOBEPXHOCTH Pa3pPHBA CKOPOCTH H TECHO: CBABAH

SNV
T F 7 B

T~ JFova cmewewus

J=ly T

Prc. 53. TuumaEHe OPOQWIN pacupeflelleHAs CKO-
pocTeil B 9KeKTOPe IIPH JIO3BYKOBEIX pesKEMAax
CMeIleRHA.

¢ 9¢¢eKrToM BABKOCTH ¥ sABAeHmeM Aupdysmm, a B HEKOTOPHX
cIydafXx ¢ (H3HKO-XMMUUeCKMMH NpOIeccaMd, HaUpPEMep C Tope-
HAeM BHYTDH KaMeph cwmemieAms. HecMorpa ma sTo, B ciaydae
THJIRHAPUYECKOH KaMepH CMeIMeHHA NpPH NpeHeOpe;KeHWH CUJIaMO
TPeHEA HA TpAaHANAX KaMepH CMEIeHHAs BO MHOrHX ClIydasX,
KOTJa CMeMeHHme B AeHCTBATENBHOCTH OCYIIECTBIAETCHA, XapaKTe-
PUCTHKHA DPe3yILTHPYIOMEro HOTOKA B CeUeHHHM S; MOKHO PaCCUM-
TaTh HE3aBHCHAMO 0T IPOMEKYTOUYHHX IIPOMECCOB B KaMepe CMelIe-
HusA. [lo aganordm u mo cyImecTBY B 3KEKTOPe HapaMeTpPH MOTOKOB
B cedeHmAX S; -I- S, ¥ §; CBA3AHK yHUBEPCAJILHHIMA ypaBHEHAAMA
COXpaHeHHUA TAK jKe KaK Ha CHIbHLIX Pa3peBaXx — CKaUKaX, KOTO-
pHE TOKe BO MHOTHX CJIydYasXx (HO ToKe He BCerga) MOKHO BBOIUTH
I paccMaTPHBaTh B DPaMKaX Mojeieldl HOealbHHX JKAAKOCTER miIw
ra3oB He3aBHCHAMO OT BHYTPOHHUX HEHPEpPHBHHX, HO PE3KO MeHsd-
OIMZXCA IPONEecCOB B AeHCTBUTONBHHX SBJICHHAX, CBABAHHHX CO
CBOHCTBAMH BA3KOCTH, TeINIONPOBONHOCTH, C KHHETHKON XHMHYe-
CKHOX peaKnumi m T. I.

ITpo6GneMa cmemeHNs OOTOKOB B CTPYAX MMeeT BAYKHO® 3HaUe-
HHAe NpPH NpPOeKTHPOBAHMA KaMep CMEIIEHWsA W, B YaCTHOCTH, NpH
YCTAHOBIGHHH HX MJIWHE. TeM He MeHee OTBET Ha BOIPOC O BOBMOK-
HOCTH MJIA HEBO3MOKHOCTH OCYIIECTBHTH CMEIIeHWe 3aJ[aHHHIX HA
BXO[le B JAHHKHA 3;KE€KTOP HOTOKOB B HEKOTODHX CJIYJaAX MOKHO
IATh HA OCHOBAHUA HANWCAHHHX HUKe o0mMUX ypaBHEHHmHA coxpa-
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meAmA. OfHAKO B HEKOTODHX BAayKHHX CIYYaAX, HAIDEMED IpH
HAJIAYAA CBEPX3BYKOBHIX CTPYil B KaMepe CMEMICHUA, A OTBOTA
Ha BTOT BOIPOC TpefyeTcs aHAJMBEPOBATH MEHAIIYIOCA (GOpPMY
CTPY#l M MeXaHW3M HX CMEmeHAA BHYTPH BHAKEKTOpa.

Jiisi KaMeph CMeIeHWsl ¢ YCTAHOBHBIIAMCH IOTOKOM ofmme
HHTErpajpHEE COOTHOMEHHS, NPHMEHEHHB® K KOHTPOJIBHOH IO-
BEPXHOCTH, COCTOAMPH M3 NHANHIPHUYECKOH DOBEPXHOCTH KaMepH,
cewenmit S, + S, m S, HesaBHCHMO OT XapaKTepa BHYTPEHHHEX
OpomeccoB B Kamépe CMENeHHs, 3aNHCHBAITCS CleqyomuM o00-
pasom.

YpaBHeHHEe COXpDaHEHAs MacCOBOI0 pacxofa

Gi+Gy=0G;, 1R Gy = piS;. (9.22)

Ilpm orcyTcTBEH BHEIIHNX OPHTOKOB DHEPIAH ypaBHEHHE HEp-
THM HMEeT BHJ

Gyis + Gyiy = Gy, (9.23)
e

R )2

— MNOJIHOE YAeABHOE TEIJIOCOMEp/RaHme, i I iz — yAeapHEE TeI-
JI0CO/ep/KaHnsA, BooGme ToBOpPs, PasHHX Cpef HA BXofe, iz —
TepMOJAMHAMHIYECKH OOpefelleHHOe yAeldbHOe TenI0Cco/iep;KaHne s
CMeCH JaHHOT'O COCTaBa Ha BHIXOJE.

YpaBHeHEe HMOYIBCOB A HWIKHAPAYECKOH KaMepH

P1S1 + Givy 4+ paSz 4 Gov, = pSs + Gy, (9.24)

Ecnm ramepa cMemeEWsA He OWIHHApPHYECKAs, a, HANPHEMep,
MOBEPXHOCTH BPAIIEHHA OKOJO ocH z, To ciesa B (9.24) Heobxo-
AUMO IPHUACATh WIEH BUAa

— g pcos(m, z)do = — Rg,,

Zo

rge ® — HampaBjeHne BHeINHeH HopMald K GOKOBOM HOBEPXHOCTH
KaMepH CMeIeHuA %o, & p — JAaBleHAE Ha 2% ,, BeIHMIHHA KOTOPOTO
CBf3aHA C [eTallAMA ABICHHS CMelleHHs B Kamepe. Bexmumma Ry,
npefcTaBiser co0oi CEIy COOPOTHBICHHs (AIH TATY) KEKTOPa,
JefCTBYOMY0 HA 9aCTh er0 IOBEPXHOCTH %, DB HeKOTOpHX Ciay-
gasix ypasmeHme (9.24) MOKHO HCIOIB30BATH /A ONpEJeIeHHAsS
Ry,. B gpyrmx caydagx MOKHO 3aJaBaTbCA BeldYdHOM Ry, Ha
OCHOBAHHE ONHITOB HJH anpo0mpOBaHHHX ONHTAME [ONYIMEHH.
BrepeEreM m06aBOYHOTO SMIMPHYECKOr¢ 4UiINeHA B YPABHEHHE
(9.24) MoxHO TpUOIMKEHHO yd4eCTh HANHYUE CHJ CONPOTHBICHUA,
06yCIOBIIeHHBIX CHIaMU BASKOro Tpemms Ha X, Ilmomamu S,
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S, m S3 — xapaxkTepHHE TreoMeTpDHYECKHE [apaMEeTPHl IMEKTOpa.
Ecanm kamepa cmemenms nuamEApEYECKas, To

8, + 8, = S, (9.25)

OrHOmeHMe pacxofa 9KEKTHPyeMoro moToka G, K pacxopy
9KEKTAPYIOmEro moToxka (, HA3HBAEGTCA KOIPPEOHEHTOM ByKeKI(AH

G2 povaSy
m= = s (9.26)

Beanumpa x03pUIEEHETa KEKHOHHE 7 ABIAETCH OZHOH M3 OCHOB-
HEIX XapakTepHCTHK pafouero mpomecca B HEKTOpe, OT X 3ABHCHT
BeJIWUWHA i3, €CJHM Ta3h WM KANKOCTM Ha Bxoge pasuuie, CooT-
pomennsa (9.22) — (9.26) oguHAKOBH KaK A RUIKOCTeH, Tak I
mas razos. Ecam HEKOTOPHE W3 XapaKTePHCTHK MOTOKa (Halpumep,
OpHU [03BYKOBOM HCTE€YEHWN — [aBJeHME) 3aJaHbl HA BHIXOJE W3
maddysopa, TO BHIHMCAHHAA CHCTeMa YpPaBHEHHWH O/KHA OHTH
JI0TIOJTHEHA COOTHONICHUAMM, XAPAKTEPUIYIOMVMHA [BUKCHUE FKH[(-
KOCTH Uk rasa B quddysope (Ha IPAKTHKE C YIETOM MAHHEX O TO-
repax B pudpdysope). B gernipex cooTmomemmax (9.22) — (9.25),
comepyxamux 12 mapaMeTpoB p;, Pi, ¥;, O;, CHEOUPUKA JKULKOCTEH
¥ Ta30B NOPOABIACTCA Yepe3 BHPAKEHAe [IA TEIIOCONeD;KaHus
i (0, py V).

Teopusa @ pacueT 3;KEKTOPOB C IeIbK HX NPOSKTHPOBAHAA HIN
YCTAHOBJCHNA CBOMCTB TEKYMMX B HUX JKAJKOCTEH WJIW Ta30B Tec-
HO CBA3AaHH H B 3HAYNTONLHOM Mepe OCHOBAHH Ha AHAJIM3e W pas-
PelleHMH YKA3aHHHX BHIIe YPAaBHEHHH OTHOCHTEJHHO COOTBETCT-
BYOIIEX HEW3BeCTHHIX mapamerpos !). CEcTeMH W3BeCTHHIX 3aman-
HEIX I HeM3BECTHHIX MCKOMBLX JapPaMeTPOB MOTYT OBITEH Pa3idIHBIMH
B 3aBACHMOCTH 0T HOCTAHOBKH 3apaun. [leHCTBHTeNBHLIA Iepexof
B HEKTOpe 0T HEPABHOMEPHOTO «PasMeasHOTO0» IOTOKA BO BXOJHOM
ceuenmd S, - S, K CMEeMaHHOMY OQHOPOJHOMY IOTOKY B CCYCHMH
S, B muammEppEUecKodl KaMepe CMelmeHHs MOKHO DPaccMaTPHBATH
KaK oCpegHEHHOEe TeUeHAE¢ OPE YCJIOBAM COXPAHEHHA WMIIYIBCA
(9.24) B peHcTBUTENLHOM W OCPEeJHEHHOM JIBIKEHOAX.

Amanms ypasmenmit (9.22) — (9.25) mDoxasmBaer, uTo DpH

L] L] v
BaAHAHX Py, Py, ¥y, Sy P2y Por Vas S (mmm py, Ty, My =—”1<T11_
R p;, T;, As, Sy) ora cmcrema mpm S; = S, + S, He Bcerga
AMeeT peImeHwue [JiA P, Py, Vs (wam p;, T3, Ay). Taxmm obpasom,

?

1) C npuoMeHseMBIMA METONAMU W DPe3yAbTaTaMH pelmeHHsS MOMKHO 03Ha-
KOMHUTHCA B COENHAJBLEEIX KHUTaX M cTaThaXx. CM., Hanpmmep, ' H. A6 p a -
mMmoBud, Ilpuxragpas rasoBaa puHammka, Msx-Bo «Hayka», 1969,
C.C. Tpuropsan K teopmm razoBoro a;xeKTopa, c0.crareit No 13, «Te-
;)ggzmecuaa THApPOMEXaHWKa», ual. Mwun, aBHan. npouuHmuieEHocTm CCCP,
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TaKoe oCpegHeHHe Boobie MokeT OBHITL HEBOSMOMHEM. B ciay-
4ae NO3BYKOBEIX CTPYil 3aJaBaeMee JNaBJeHAA HA BXofe JOJKHE
OHTEL OIMHAKOBHIME, T. 6. py = p,. Ecam ofe cTpyn (mim ofHa m3
HEX) CBeDPX3BYKOBHE, TO DPABEHCTBO P, = p, MOMET He BHIIOJ-
HATHCA. SHAYEHHA Dy, Py, U3 M Py, Py, Up LUPH 3afAHHKX pi, Tj
u p;, T; 3aBucAT oT mpodmieil NOMBOJAMMX KaHAJIOB.

B Tex cimyvasx Korza CMeIIeHHUe BO3MOKHO, B COOTBETCTBHE
¢ ypasHeHmAMA (9.22) — (9.25) MOKHO BHYHCINTL H3MEHEHHE

SHTponUd
Gy5y - Gosy — (G + Gy) s3 = AS. (9.27)
B pesyabraTe BRYHCICHHA MOMMKHO GHLITH
) AS > 0,

9T0 CBA3aHO ¢ HeOGPATHMHEM XapaKTepOM IPOIECCA CMEIICHHA.

MoHO paccMOTpeTh HAEANbHHE 00paTHMHN mpomecec cMelme-
pus (IpE HAaJWYAd BHEIIHMX MACCOBHIX CHJ), KOTJa BMECTO COXpa-
geRusa mmoyasca (9.24) wMmommEo B3saThL  ypasmemme (9.27)
npu AS = 0 B ounpefelnThH COOTBETCTBYIOIIEE [aBIEHAE TOPMO-
MEHUA D3 pm;. 1OTHAa B KadeCTBe OCHOBHOH XapaKTepHCTHKE KaMe-
pHl cMemieHMs (K.IL.J. KaMephl CMemIeHHs) MOKHO BBECTH KO3(-
¢unment

Ll
Py

*
P3 nn

<A1, (9.28)

Com =

rue ps; -— JaBIeHAe TOPMOMEHHsA B JIEHCTBHTEIBLHOM IIpOIEcce,
a Ps u; — HaBIeHAe TOPMO)KEHHA B Cilydae UlealpHOTO CMeMEHHS,
OpH ONWHAKOBHIX [AaHHHX Ha BXOfe B BKEKTOD.

PaccmoTpuM eme HeKOTOphHE BaskHHE Ka-
qeCTBeHHHE BJ(PPEKTH TeueHUE B 9/KEKTO-
pax. Ilpeamono;xkmM, 9TO0 B 9:KEKTOD BXO-
BAT CTPYH ORHOM W TOH jKe HeCHEMaeMon
HATKOCTE Py = P, = CONSt ¢ Pa3SHHIME CKODOCTAMH, HO C OJHHA-
KOBHIME JABIGHHAMH D; = Ds.

Jaa HeC:KMMaeMoOH KUAAKOCTH

. v2 P
t -—'2—+CT +'p—,

Horepu xuHETHYECKOI
9HEPrUMH Tra3oB IpH CMe-
INeHHH

rae ¢ — TEemI0eMKocTh, a cI — BHyTpemHAs sHeprug. Dopmy
0CECHMMETPHYECKOM YaGTH 9MKEeKTOpa MOKHO Nono6paTh Tak,
4To0H B CMEMIMBAMEMCA NOTOKE [aBJICHHe Be3fe COXPaHANOCH
MOCTOAHHEIM, p = p; = P,. llpumeM, uTo cMeImeHAe B KaMmepe,
IPOHUCXORHUT M3-3a BABKOCTH (BABKUM TPEHHMEM HA CTOHKAX KaMepH
9JKEKTOpa H B ceuendsx S,, S, m S, npeneGperaem). B rakoit mo-
cTaHOBKe 3afaud ypasHenma 2Heprum (9.23) m mMuoyascoB (9.24)
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JaloT
2 2 2

v v
Gy '2l + G, —22“ + GicTy -+ GoeTy = (G1 + Gz)i}zg‘ +(Gy + Gs) cTg
"

Gy + Gyvy = Gavs,

TaKk Kak mocTosEHOe Ha S, S,, S; m X, gaBieHne jaer o6myrno
CHIly, PaBHYI HYIIO.
W3 5TEX [BYX COOTHOWIEHHI HENOCPEJCTBEHHO IIONYYUM

a2
= a%%ﬁﬁﬂ:(cl+G2)CT3—(010T1+020T2)> 0.
M3-3a DOCTOAHCTBA [aBjieHNA B KaMepe IPH CMENICHUN HECHH-
MaeMoil sKHIKoCTE BeamaAHA AE — noTepA KHHETHIECKOH dHep-
ram, uUpefcTaBiger co0oll o6mMUe IOTepd MEXaHWIECKOHX IHEPTHH.
OTa moTepsAHHAA 9HEPTHs HieT Ha HArpeBaHme, IOf00HO HEPIHH,
TepAeMO#l UpA HEYOPYIHX yAapax, KOTIJa TaKKe HOPOMCXOIHUT
BupasEmBaEme ckopocreii. Cmpasa B (9.29) cromr yBenwuenume
BHYTpeHHell smeprau uocie cMemenusa. M3 (9.29) mokEO BHUmC-
IuThL TemmepaTypy cmecH 1.
PaccMoTpuM 93KeKTOp, B KOTOPOM IpPOMC-

Ta30BEIi 23KEKTOP €O XOJHT CMeIIeHHme Ta30BHX CTPY# coBep-
CBEPX3BYKOBEHIME CKOpocTsMH  preHHOTo rasa. C pocToM oTHOmeREmA pgaB-
B KaMmepe CMelueHus: JIeHWii TOPMOKEHHA D;/ p;, a TakKe OpHA

CHIJKEHAM LPOTUBOJABIGHAS HA BLIX0[E
u3 guddysopa B ceqenun S, (CM. PHEC. 52) CKOPOCTH ra30B Ha BXOJe
B KaMepy yBeamumBaeTcs. llpm ompefeseHHHX COOTHOMEHHAX
yVKa3aHHEHX IIapaMeTPOB CKOPOCTH BHCOKOHAHOPHOTO (3;KEKTHPY-
I0Iero) rasa, eCiim COLJO CYKHBAIIIeeCd, CTAHOBUTCA 3BYKOBOH,
M, = A, = 1, min, ecim B KEKTOPe AJA ITOro rasa HPUMEHEHO
comno JiaBasis, cBepx3ByKOBOH, Korfa A, = Apacy > 1, rie Apaca —
pacueTHOEe 3HAYCHHE Koad)(blgm{eﬁ'ra CKOpPOCTE Ha Cpe3e Comia.
HlampHeiimee IOBWIIEHAE pi/P; HIH Po/py, THAE Do — AABICHHE
TIOKOSMErocA rasa AaJeKo eper COIIoM, He MO)KeT H3MEHHTD 3T0i
BeanunBH A,. IIpr HeKOTOPOM 3HAYEHUN po/Py B FOPIE COIITA JOCTH-
raercs CKOpPOCTh 3ByKa H, HAYMHAA C ITOT0 MOMEHTA, DPACXOA
B DKEKTHPYIOMEH CTpye CTaHOBATCA KPHTHYCCKEM. B aToM caydae
cTaTHYeCKde NABIeEAA HA BXOJe B DKEKTHDYIOmEH W 9:KeKTApye-
MO CTpye MOTYT GHITH Pa3IHYHBIME A B COOTBETCTBHE C B3THM KOdg-
unmenT cropoct:n A, MOKHO 3ajaBaTh, BoOGme roBops, Ipoms-
BoAbHO. V3 BKCIepHMEHTOB, OJHAKO, HM3BECTHO, 4TO CYIIECTBYeT
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TOJBKO OLDPENeNEHHbH [UaNla30H W3MEHEHUH 3HAUCHHHE A,, AIA
KOTOPHX BO3MOKHO NBWKEHNE Ta3a B 9KeKTOope ¢ G, == 0. Jaa
onpefieleAnA BOBMOKHHX 3HAUCHWHA A, HeoGX0qUIM aHAIW3 TeUeHMS
ragoB B HAYAJIbHOM Y9YacTKe KaMepH CMermeHds. [Ipm 3BYKOBHIX
HIH CBEPX3BYKOBHX DEKAMAX B PKEKTHpYyWINeid crpye (mpm
A, > 1) Bo3HEKAIT 9YPEKTEH, KAaTECTBEHHO OTIAMYHLC 0T dPGHEKTOB,
HAGAOMAIOMAXCA HPH IBIKE-

HUO Ta3a C [[03BYKOBEIME CKO- N\ 7
POCTAMA HIW OPH CMEIIeHHH i
CTPYH HeCKHUMaeMOH KHJKO-
cTd.

3ByKOBasg MIH CBEDPX3BY-
KOBasi CTPYA 9/KEKTHPYIOMIEro :
rasa €O CTaTHYECKUM JABJICHH- pad ! |
eM p, Ha BHIXO[e W3 COMmIa /'f +
foapmuM, UeM B BIKEKTHpYye- 4 !

MOM rase, MocJjié BHXOIa B Ka-  ppyc, 54, CxeMa JBIDKEHHS Ta3oB B Ha-
Mepy IPOJOJKaeT PaCIIAPATh- 9YaJbHOM YJacTKe KaMepH CMeIIeHMH,
Csi, IIpA 9TOM CpemHAA CBepX- Horga BHYTPCHHAA CBEePX3BYHKOBasA
3ByKOBaH CKOPOCTB paCTeT, a IIKERTHPYIasa CTPYA pacurdpaercda;
a4 — rpaEnma cTPyH, b — CKa9KHA yI-
LJIOIALL CEYEHHS CTPYH YBe- TTOTHOHA.
nmyuBaerca. B cewennm I’ — 1’
(pEc. 54) miomAanh CedeHAs KEKTHPYIOme#d CTPYH MOCTHTaeT Mak-
cIMyMa, a CTATHYeCKO€ [aBJieHWEe B ee fAApe CTAHOBHTCH 3HAUH-
TeJILHO MEHLIIe, 9eM BO BHemHeM DoToke. Jlamee c¢Tpys BHOBB
CHEMaeTCa w o0pasyeICa XapakTepHAs IepHmogudecKas «Gouxo-
ofpasHas» CTPYKTypa CTPYH CO 3HAYMTENHHEIMA H3MCHOHMAMH JaB-
JIGHAA U CKOPOCTH KAaK B IPOJIOJIBHOM, TAK I B MOIIEPETHOM HAIIPaB-
JNEHAAX.

JIns OCHOBHEIX BaKOHOB 9;KEKTHDOBAHWA BeChMa CYMECTBEHHEH
XapaKTePUCTHKE [BUJKEHNUS 9KeKTHDPYIOMEro rasa OT Cpesa cOTJa
[0 MAKCHMAJbHOI'O CEYeHHs HmepBoil «Gourm»; 9T0 ceuernne (I1'—1’
Ha puc. H54) HaseiBaercs ceyeruem sanupanus. G IOMOMBIO pAna
NOOYIIeHH#, OCHOBAHHEX HA ONKTHBIX TAHHHX, TeUeHNe B HAJaJb-
HOM VdYacTKe Dofpgaerca npubiusxeEHoMY pacdery. OcraBids
B CTOPOHE KOJWYCCTBEHHLIE pacueThi, OTMETAM B OOMEX TepTax
HEKOTOpHE KaYeCTBEHHLIE OCOGEHHOCTH 3)KeKTHPOBAHHA IpH obpa-
30BAHAE B KaMepe CMEIEeHNA COUeHAA 3aNUPAHAA. ¥ CKOPANMIAACA
DEKTHPYMAsa CTpya Memny cewendsmu [—1 m 1'—1" yBiaexaer
9KeKTEPYEMHH Ta3, KOTOPHH OPH JO03BYKOBHIX CKOPOCTAX HCTe-
9eHAA B cedeHmH ] —] ycKopsercs riaaBHEM o0pasoM 3a cduer
nepenafa faBienuit fo ceweHma I'—I1' mpm cpaBEATENBHO CiraboM
CMEINeHNH C DKEKTHPYIIAM IOTOKOM.

B nambomee y3KOM [ DKEKTHPYEMOro IIOTOKA CEYCHHM
1’—1’ K03)PUOUEHT CKOPOCTH A, 93KEKTHPYEMOTO Ia3a JoCTHTraeT
MakcaMyMa Ag << 1. HamGonpmee smavedme A, = 1 cooTBeTCTBYeT
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KPATATECKOMY 3HAYeHHI0 A, Ha BXO/lé B 3KEKTOD, KOTOPOe
HEJb3sl MOBHICATH YMEHBINICHHEM HPOTHBOJABIEHAA p, Ha BHXOJe
3 nuddysopa smexropa. Hoapdurmerr A, nna smexrmpyemoit
CTPYH B 3aBHCHMOCTH OT [aBJICHHA HA BHXOJE W3 B3KEKTOPA MOKeT

MEHATHCA NPOUBBOJIBHO, OCTaBasiCh MEHBINE, 4eM A,. ¥ CTaHOBHB-
meecs [BEKEHAE B 9/KEKTOpDe NpA Ay = A, (B cewemmm I—I),

20s BaBHCAIMEM OT OTHOUICHHS

e pi/py, HaBHBaeTCA Epumu-
— — YeCKUM  PeNCUMOM.

7] O . N R S Ha pme. 55 mpexncraBie-

.y 7=-=47%%5 HH  9KCIePUMEHTAJLHEIE

2

46— T

L ‘ / 7’

i , i i

100 |

F o=
|

10 [ | ¢ ; ! :j

0 ar 26 47 - .

/7:6' / // //

Puc. 55. XapakrepreTnkE kekropa npn  Pme. 56, Cxema pacmupenns
PHEKTAPYOLIEA CTPYH IpH 3a-

L L]
PasHHX p;/p,. YYacTKH KpHBHX THHA A5 IMAPAHHN 5KEKTOPA.

COOTBETCTBYIOT HOKPHTHYCCKAM DeRUMaM,

yuacTkA TANa BC — KPATHIECKHM DEMHH-

MaM, Ha KOTODHX KO3(QHNUeRT 3mKeKIuu
n He 3aBMCHT OT IIPOTHBOJABJOHHA.

HaHHBIE [UIA 9MEKTOPa CO CBEPX3BYKOBOH CTPYed 3:KeKTHpYIOIIe-
To rasa.

Ilpm KpETEYECKOM peKUMe ¢ YMEeHbIIeHHeM p;/pi W TOBKILIE-
HEEM pi/p; CTPYA 3KEKTHDPYIMEero rasa pacmmapsercsa Golee MH-
TEHCHBHO W MOJTOMY CYKAeTCsa ITPOXOfHAA NIOMANL M JyKeKTH-
pyeMoro rasa. B cBsasm ¢ 9THM majaeT KodQPUIHERT IyeKnEH
n = G,/G,. Ilpm HexoTopoM 3HAYEHHM p;/p;, 3ABHCAIEM OT OTHO-
meRmit pi/pi m S,/S,, pacmmpAwmasca cTpyA B cederm:m I'—I1’
3aIOJHAET IOJHOCTHI0 ILIOMAAL KaMepH cmemrenmsa (pmc. 56),
BCJIECTBEE 3TOT0 Kod(PumuenT xexn@a n obpamaerTca B HYIb,
IIPOMCXOMAT fetehiie 3anupanus 3;kexTopa. Ha pexaMe sanupanms
HEKIEA OTCYTCTBYeT. flBileHHe 3anEpaHdA HCKIIYAET BO3MOMK-
HOCTh peaJN3an@H HEKOTODHX DEKAMOB CMEMICHHAA B NRIHHIDH-
gecKofl KaMepe, KOTOpPHE MO;KHO HOJYYHTH PAacyeToM IO ypaBHe-
mmsam (9.22) — (9.25).

Ha npakTERe KpuTHYeCKHe pEKEMH CMEMCHAA B 2KEKTOpe
ABIAIOTCA HAWBHIONHOHIIAMM, TaK KaK OHE COOTBETCTBYIOT Mak-
CHMAJILHELIM KO3(OHUIHEeRTaM 9/KeKIHH M MHHAMAJLHRM TOTEpPAM
W3-33 HaEMOHBLMICH DAsHOCTH CKOPOCTOH B CMOIIMBAEMHX CTPYAX.
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Taxk ske KaK 1 B CJIydae yCJIOBHUA Ha CKAYKAX, PelleHre CHCTEME yPaB-
permit (9.22) — (9.25) Opm cMenieHMM COBEDINEHHOTO Tasa [BY-
sHayHo. OpHO M3 pemeHNi COOTBETCTBYET HO3BYKOBOMY, a APYyTroe —
CBEDX3BYKOBOMY DE)KEMY TeUeHHsS CMECH HA BHIXO[e M3 KaMepHI.
Ot60op TpeGyeMoro pemeHHs CBA3aH ¢ AaHAJIM30M MOTOKA B KaMmepe
cvemennsa. MoxHO HOKa3aTh, 9TO OCYIMECTBIAEMEI PE;KEM HCTe-
49eHAA Ha BHIXOJle M3 KaMephl CMEMeHHs ONPEeNeNfAeTCA B 3HAUH-
TeJLbHOH CTelleHN YCIOBHSME B CeUCHHHM 3alWpaHUs.

JKEeKTOp mpefcTamRaser cofod mpocToe
B yno0HOe [jiA NpHMEHEHHH YCTPOHCTBO,
OIEPOKO HCUOIBb3YyeMoe Ha OpakTAKe, Hanpmmep, osKeKTOpHl mpH-
MEHAIOTCA B adpofHHAMEYecKuX Tpybax [Jjsa 3acacHBaHHA IO-
TOKa BO3JyXa HAa BHXO[e W3 TPYOH. JJKEKTOPH 9acTo yrnoTped-
JAI0TCS B CBEDPX3BYKOBHX Tpy6ax, MeACTBYOMEX HA BHXJON
B aTMocdepy H PacCUHTAaHHHX Ha Gospinue 3HaueHWsa uwucaa Maxa.

IIpaMeHenne H3KEKTOPOB

Puc. 57. Cxema aspogumEaMudecKoll TPYOH ¢ 3iKeK-
TopoM: I — 6ajUIOH CO CIKATHIM BO3AyXoM, 2 —
9;KeKTOp, § — paGovasa gacTh TPYOHL

B pa6Gogyio 9acTh CBePX3BYKOBHIX TPY0 IOJaeTCs CIKATHIE M CHIb-
HO HOJOTPETHH BO3MyX ¢ GONBIIIME [ABJEHEEM H TeMIepaTypoi
TOPMOJKEHHA, COOTBETCTBYIOMUMH HO YCJIOBHAM IOJHOIO WIH
qacTEYHOTO momoGus GoapmmMm cropocTaAM mogera. Ilpm Goasmux
sHa9eHUAX 9Yucga M B paloueli wacT® TpyGm upm jJalbHeRmeM
TOPMOKEHMHE ITOTOKA HeM30e)KHE! 0OJbIIHe mOTePH HOJHOTO JaB-
neansa. C noMompo AE(QY30pOB M 3KEKTOpa, JAEHCTBYIOMETO Kak
KOMIIpeccop HIH 3KCraycTep, ¢ MCIOJH30BAHHEM 3amaca CKaToro
Bo3gyxa B OajioHAaXxX, B adpomEHAMEYECKOH TpyGe ofecnedmBaeTcs
TpeGyeME HOTOK Bo3gyxa (pmc. 57).

IHEKTOPH NPHMEHAIOTCH [IA MONOJHUTEIHHOTO HCIOIb30Ba-
HUA DHEPTHM peaKTUBHOH CTPyHW, CMEIMHBAeMOH € 3aCaChIBaEMEBIM
aTMocepHHM Bo3nryxoM. Ha Bxopfe u BEYTpE cuenmalbHOH KaMEepH
cMeImeHNsa CO3JanTCA OMaronpUATHHE pacIpeelecHHs JaBICHNH,
cmocobcTBylomue yBeadmuendmio Tarm. OpHAKO HapAgy ¢ TATOH,

t pasBEBalomelica Ha BX0/leé ¥ BHYTPH AONOJHATEIHHO NPUCOSKHAHA-
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€MOTO 9;KeKTOpa, IPH 3TOM IOABIAETCSH AOHOTHATEAHBHOE COIPOTHE-
JeHHe Ha BHEIIHHX IIOBePXHOCTAX CHCTEMEI DKEKTOpPA. ITO M He-
KOTOpLIe JIpyrHe 00CTOATENBCTBA OTPAHMYMBAKT 00JIACTH IIpHMe-
HEHHS 3KEKTOPOB JJA YBeIWYeHUS TATU. IMKEKTOPH HCIOIb3Y-
I0TCA TaKyKe KAaK HACOCHL IJiA CO3JAHMA rayOoKoro Bakyyma. IHa-
upuMep, ¢ OOMOMBI0 3KEKTOPOB, pafoTarmux HA napax pryTH,
MOKHO IIOJYYaTh PAa3PEKEHHA IOPANTKA MIJLIMOHHHIX ToJeil aTMo-
cepH. JKEKTOPH MHUPOKO MCIOJB3YIOTCH BO MHOTHX CHCTeMaxX
Mo0HYE W TPAHCHOPTAPOBKEA no Tpy6aM pasImuHHX Ta30B.

¢ 10. OcuoBHBIE DAEMEHTHI TEOPHM pPeaKTHMBHON TArm

HiuaccuuecKuM THIOM DPeakTHBHOIO [BHTATeNsT ABJIAETCA pa-
KeTHHI JBHTaTeJk.
PaccmoTpuM HemomBM;KHOE TENO0 WIHM TeJo,
OBEKYINEEeCs MOCTYNATEILHO C LOCTOAHHOMN
ckopocteo. IlycTh B Tesle ecThb KaMepa — HONOCTH, B KOTOpOi
mMeeTcsa wid o0pasyercda IpH OPEHWH W3 3amaca BeIecTB, BXOo/ifA-
OIAX B COCTAB MAcCH Teaa (06HYHO TBepAoe WM ;KHAKOE TOIIHBO),

Lk

Puc. 58. Cxema paKeTHOro JNBHTaTejA.

PakeTHbiii JABHraTe’xh

£

il

C;KaTHI Ta3 ¢ [JaBleHEeM TOPMOKeHHms p* m TeMmepaTypoil Top-
moxernusa I¥*. JlomycTmM, 9TO CKATHIA ra3 BHTeKaeT M3 KaMEPH
gepes CHeNuanbHOEe COIIO BO BHEIIHee II0 OTHOWIEHAIO K Ty Ipo-
CTPAHCTBO, B KOTODOM HMeeTcs JaBieHme po < p* (pmc. 58).
Ecau orHomerne p*/p, =~ 1, To Ha BHXO/€ U3 COIJIA CKOPOCTH
HCTEeUeHOs TO3BYKOBAs; ecin p*/py => 1, TO BOBHHKHET CBEDX3BY-
KoBag cTpya (Opm mpaMeHeHAEm comia JlaBausm). 5
OGosragmM 9epes S MI0mMAaAb CeYeHAA HA BHXO0/e Ta30BOX CTPyH
H3 Teoa BO BHEITHEE HPOCTPAHCTBO. ECiIE CKOPOCTH HCTeYeHHA Tra-
3a OTHOCHTENBLHO Tejia O3BYKOBag, TO HA BHXO[Ee B OJHODONHOH
(mo mpenmosoMKeHUIO OFHOMEpPHO# Teopwmm) CTPye AaBIeHHe Oymer
PaBHO BHEIIHEMY JIABIEHHIO P,. Kcam comro TMpeAcTaBiseT coboi
pacuetHOe comno JlaBams, To faBleHEHe B CBEPX3BYKOBOM c¢Tpye
Ha BHIXOJ[e TOjKe PaBHO D,. IloTok rasa B comre JlaBais Momxer go-
CTHTATL CBEPX3BYKOBHX CKOPOCTell 3a KPUTHYECCKUM COYCHHMeM K
3aTeM BHYTpH comia JlaBanas mepexomuTh B JO3BYKOBOEC NABH;KeHHe
Jepes CECTEMY CKAYKOB yIJoTHeHHA. B oTomM caydae Ha cpese
comyia (B paMKax OFHOMEDHOH TeopHm) B HCTeKAIOIEW O3BYKoBoi
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crpye Taryxe OyaeT o6pa3oBHIBATECA NABICHHE, PABHO® BHEITHEMY
MaBIeHA P,. IIpm ancTo cBEPX3BYKOBOM HEpACYETHOM HCTEUCHUH
JaBJeHAE B ¢TPye p’ Ha miaomanz S OyHeT moxydaThCsa He paBHEIM
Do; €cam p’ > p,, To HMeeM HEJOPACIIAPEHHOE COILJIO, eCIH
p’ < pp — mepepacmupeEHoe. DB ofHOMepHO# TEOpHE MOMKHO
UPHHATH, 9T0 BEKTOD OTHOCHTEIBHON CKOpOCTHM HCTEYCHUA Trasa
Ha BHIXO0/(€ U3 COIIA ¥ IIOCTOAHEH [I0 CEICHAIO S M NePIeHIAKYIAPeH
K HeMmy.

PacemorpmEM ofmylo cany, ne#cTBYoOIy0 HA TEJO OO IOBEPX-
HOCTHE X, COCTOAMEH M3 CTEHOK CONmJA W IPAHHNE KaMEpH Cropa-
HAA, CO CTOPOHH ABYKYIMETocA r'asa, W 10 BHEMHEH IMOBEPXHOCTH
Tenma X, OT pacupefeleHHOro IO Heil HOCTOAHHOTO NABICHHA P,.

Onpenernm cuny Tard BB pakerHOro pBArateNia Kak CyMMy
HOBEPXHOCTHHX CHJI, JEACTBYIOIIUX HA TEJN0 IO [IOBEPXHOCTH

2 4 3, Tax rar

—_ S ponds = S ponds = p,Sn,
b3 S

To puasa canw Tard B (cM. onpepenenme (8.1)) Bepra dopmyna

R = — Spnds — S ponds = — ESpnds + poSn, (10.1)

)3 Zo

Iie n — eJUHETHHI BEKTOp BHemMHe#l HopMmanwm K S, mapajreln-
HHA BEKTOPY CKODOCTH Hcreuends. [[1d BHUMCIEHHA CHIH TATH
OPAMEHAM YpaBHEHHAe KOJIM49eCcTBa [BIKEHAA K JBIKYMMeHdcs
OTHOCHUTEJIBLHO Tejla Macce rasa, OIDAHAYEHHO! 3aMKHYTOH KOH-
TPOJBHOA IOBEPXHOCTHI0, COCTOAMEH 3 MOBEPXHOCTH X ¥ CeYCHHSA
comra Ha BHxofe S. Ilpennonaras gBWKeHHe OTHOCHTENBHO IBH-
raTeJs paKeThl YCTAHOBEBIIEMCH H IpeHe(peras MacCOBHIMHA CHJIa-
MH, Hanwmem

EL ovw,ds = §pnds _§ p'nds. (10.2)

Tax wkar v, = 0 Ha TBepAHX rpaBANAxX, To, HpeEe(peras MamniM
KOJHYeCTBOM [BIDKEHUs HOCTYIAIOMZX B KaMepy CTODAHHS B JKAL-
KOM AJIHE TBePAOM BHfe ¢ 0OJBIMOH# IIOTHOCTHIO KOMIOHEHT T'OPIO-
wero, w3 (10.1) m (10.2) maiineM ocHOBHYI GOpMYIy HJIA TATA pa-
KeTHOTO [BHTATeJA:

R = —[(p’ — po) S + pv*S] n. (10.3)

JHaK MEHYC Iepefi CKOOKOA IMOKABHBAET, YTO IPH IOJOKATEIHHOM
BHAYCHWH BHIPAKEHHA B CKOOKAX BEKTOD R manpasien IpOTHB
HAIpABJIEHAA BHEMIHEA HOPMAJIA N K S H, CIef0BAaTENbHO, [eACTBH-
TeJIBHO HMEETCS TATa.
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B wactrOCTH, ecnm pexum mcTewemms pacuemmwi, To TAA Be-
JHYAHEE TATA BEPHA OYEHL LIPOCTag (opMydaa:

R = pv’S = Go,

rme G = pvS — pacxop rasa depes COIJIO.

Ilokasxkem, 970 mpm 3amaEmE -

MaKkeHMATLHOCTh TATH pac- o P JIABHOM pacxofe, Ko

GeTHOTO . Comia TOPHI OIpefeaAeTcd MDOIHOCTLI0 ILIOMAHIO

CeUeHAA TrOpJa CONJA, TATa PACUETHOIO

CoIIa MMeeT MAaKCAMaibHOe 3HaueHme. PaccmoTpmm pasmmny

B TATe TPHM WNCTeYeHWH Ha pasAWYHLIX pesxumax. Ha pme. 59
Pacyeminoe

comg
n . N,

conne. /.,
& Hedopacanypigivem 8 P
oo
& PEpEDRCIIIERTEY

Puc. 59. Cxema cedemwit Ha BHIXOJe H3 COIJIa HpPH
PasNWYHEIX pPe/KMMAax HCTeIeHWA,

CXeMaTHIeCKH HOKA3aHK CeYeHUs COIJIa, COOTBETCTBYOMMAE Pa3imd-
HHM PEKHMAM HCTEYCHUA.

N3 o6meir popmynn (10.1) cmemyer, 4To, ecim He YYHTHBATD
CHJ TPEHHA 110 MOBEPXHOCTH COIJA, TO MpPHE HeJopacCIIupPEeHHU Hel0~
Gmpaerca wacTh TAra AR, mpencraBiasgeMas HHTerpajoM IO yda-
cTry AB:

AR = — S (p — po) cos (rz)ds >0,
AB

Tak Kak p >p,, c¢os (rz)<0 ma AB. llpm nepepaciiEpeREH
TATa ToJydYaeT OTPHNATelbHOe uUpumpamerue AR

AR = - S (p — po) cos (nz) ds - 0,
BC

rak Kak p < p,, cos(nz) <0 ma BC. Orciona ciregyer, 4To pac-
geTHOE COINIO TeopeTHYecKu Hambojee BHTOJHOE.

OpfEaKo Ha IPAaKTAKe B PaKeTHHX [BHTaTelIAX, MpeJHA3HaTeH-
HHX Jjia pa6oTH Ha Goapmmx BricoTax (m Tem Gojee B KoCMUTe-
CKOM ITPOCTPAHCTBE), HEBOBMOKHO 06eCleddTh paCIeTHEIO - POKAMB
HCTEedeHmsI rasa M3 COIJa, TAK Kak TpefyeMas Jia 9TOTO ILIOMAND
BHIXOJHOTO Ce4eHBMA OKa3hBaeTca upeaMepHo Goapmoii. Hampm-
Mep, UpH [aBJIeRWH BHYTpE Kamepn cropammsa p* = 100 xl'/cw®
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u BrcoTe moxera 30 xm (po = 0,01 xI'/exu?) wromans BHXoOAHOTO
cedeHAs JoiixHA OHTH npmMepHo B 500 pas Goibllle KPETHUECKOTO,
a opu po—> 0 S/Sxp — oo. IloaToMy comiia paxeTHHX gBEraTenel
paboTaroT, Kak OPaBWIO, HA PEKEMAX HEAOPACITHPEHHA.
T O6osmaunmm uweped 7'* m p’* TeMmmepaTypy
CMICPATYPA TOPMOKEHUH ¥ [aBICHHE TOPMOKEHWA B Ta30BOM HOTOKe
OPpOAYKTOB TOPEHHA H Te- P
IIOTA peaxiun Ha Cpese COMNA PAaKeTHOro jBHrareid. Pac-
CMOTDHM Ta3 TopsAYeidl peaKTHBHOH CTpyHA
KaK COBeDINeHHHBIX m 0603HATAM uepe3 i'* ero moJHOE YIEeJbHOEe
Temjocofep)kagme. Kcam npeHebpedsr HeGOABMON TemaooTHauei
9epe3 CTEHKH KaMephl CTOPAaHHA M COILIa, TO MOYKHO HANHCATH

"=, 7" =i, = iy + h. (10.4)

3pmech ¢, — CpefHAA TENJ0eMKOCTh OPM IOCTOAHHOM JaBJIeHHA
OPONYKTOB TOPEHHs; I — HOJHOEe YHEIbHOe TemlocofepRane
OpA HWCXOAHOH HATAJNBHON TeMmepaType KOMIO3HIOHM TOILIHBHLIX
KOMIIOHEHT, TOABAEMHX B KaMepy Cropamma !); i; — moiHoe
TemJI0CoepKaHne IPH TOH ke HaTalbHOH TeMmepaType HpOAYKTOB
XAMHAYECKOR peaknud (COOTBETCTBEHHO IPH IMOJHOM HJIA HEIOIHOM
CrOpaHAHW, B 3aBHCHMOCTA OT OpPTaHM3AUAH Ipolecca TOpeHdAf);
h — COOTBETCTBYIONAs TEIIOTA DPeAKOHWH, PACCUYATAHHAA HA eau-
HHAOY MacChl Ta3a, HMCTEKAIero gepes Comio ?).

Temroconep:kanue, TaK ke KaK W BHYTPEHHIOKN SHEPTHIO, MJIA
OaHHON CHCTeMH KOMIOHEHT TOIJIABA M, COOTBETCTBEHHO, NPONYK-
TOB TOPEHHS MOKHO PAacCMaTPHBATh C TOYHOCTHIO [0 AAJUTHBHOMR
mocToaHHOU. Memomw3oBamme pAIa Tasa (OPOXYKTOB peaxmun)
dopmynn i* = ¢, I*, tue 7* — reMmepaTypa agaabaTHIECKOTO
TOPMOKEHHAs, CBA3AHO C OIPefeleHHEIM (HKCHpOBaHHEM 3TOH afi-
JATABHOH TOCTOSHHOH.

Benmuman if m A — OCHOBHHE XHMHYeCKHe XapaKTeDPUCTAKH
IIPEMEHAEMEIX TOIUIMB; 3TH BeJIWYHHH CYIECTBEHHO B3aBHCHT OT
BECOBOTO OTHOINGHHA KOMIOHEHT TOLJIABA, HOCTYNAMEro B Ka-
Mepy CTOPAaHHA ABUTATel]s, M OT MOJHOTH CropaHds 3), o6ycioB-
JeHHOH IpomeccaMd WCIAPEHHs, CMEIIeHAs u, Boobme ToBOpH,
cBOMCTBAME KWMHETHKE XAMHYECKWX peaknuil. B saBmcmMmoctm oOT
COCTaBa TOILIEBA BEAHYAHY I MOKHO pPaCCIATATh IO ONBITHRIM

L] .
1) B DONEOM TeIJIOCOAeD/KARUA ;, J0JA KHHETHIECKOH SHEPIAH KOMIO-

HeHT TOIUIMBA, HOCTYIAIOIero B KaMepy CrOpaHHs, HUITO'KHA W HA HPaKTHKE
menbme 1074 gacru oT k.

?) Bo MHOTrMX NPaKTHIECKH BasKHHX CAyIafX, ocoberHHO IpH OpAMeHeHAR
JKENKAX TONVIMB OpH HASKOH TeMmepaType (HalpHMep, :REFKHMR KHCIOPOT| |
BOAODO/), B COBDeMEHHHX JBArATENSX HMeeT MEeCTO HepaBeHCTBO 12< < h.

3) B cOBpeMeHHHX JBHAIATENsAX JOCTHIAeTCA OYEHb BEICOKAA CTeHOHb
OOJHOTH CrOPaHms.
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BAaHHEIM XEMEYIeCKodl TepmopmmEamMmkd. Hambomsmee ypensHOS
8HAYEHWEe i1 OTBEUaeT CTeXMOMETPHIecKodl cmecm. CrexmomeTphu-
HOCTH MOKHO 06eCOeYrBaTh ¢ MOMOIIBI0 CECTEM IIOAYH KOMIOHEHT
TOIIWBA B Kamepy cropanus. CpaBHeHHe pasiIMYHKX KoMOGmHATMI
PAKETHHX TOWNHEB W FX OIEHKY MOKHO NPOH3BOMATL AJs CTEXHO-
MeTPHYECKHEX CMeCell MAE JJsi HEeKOTODHX 3aJaHHHX [UHATIA30HOB
BeCOBBIX COOTHONMEHHZA KOMIIOHEHT.

Tabanma

Tennora peakqil ropiIAX KOMIOOHEHT TOILTHB
NpHE cTreXmoMeTpHYeckoil cmecn l)

YnensHaA
g e Rym. ma
Foprouee ORHECNETEND Diax“x’zﬁn, “Tcen * 1PB
wI li_:_i_
p* 100
Hunrmit Bofopox Ha Hankeit kacmopop O 3030 400
Jdarait » » 3500 370
Kepocna » » 2270 310
ITANOBHA CHEPT » » 202 300
T'mppasnr » » 1940 320
Bopopon, Hs Hupxnii frop Fe 3030 420
Jaruit » » 3170 420
T'mppasnr » » 2420 370
HKepocun A30THaA KACIOTA 1 440 265
HKepocur UernIpexoKAch a3oTa 17.0 285
Aromaprsii kmcaopop, O | AromapHmii kmcaopoxy Of 3800
Aromapunii Bogopon H ATomapusii Bofiopox H [ 51600 4500
Aromaprsurit Bosopos, H | Aromaprmit kmemopom O| 11 300
1) ITonpo0HKle TepMONWHAMNMYECKHE [AHHLE ONIA pAa3INYHWX CACTEM Troployero n
oxmcuaredet MoHO Hafttm B G. Sutton Rocket propulsion elements N. Y.—L., 1963;
M. Bappep @ np., Paxermne nemrarenm, OGCoponrms, 1962; S.F. Sarner.
Propellant chemistry, N. Y., 1967.

B ra6aumne mpefcTaBieHHE HEKOTODHE® MaHHKEE O IPEMEHAEMEIX
¥ TEpPCHeKTEBHEIX Tomampax. M3 Tabawmnme BEAHO, YTO BOXOPOJ W
JIATHR ABJAIOTCA BHICOKOKAJIODHIHKM TonamBoM. G MeXaHEYECKOit
TOYKE 3peHHd HamGoipmlee MPEAMYMECTBO 10 CPABHEHHID C KHC-
mopomoM mmeeT $Top. OmEako GTOpP AMOBET W XHMHYECKH OUCHL
arpeccEBeH. 3HQUHETEJBHOE BHIOIeHAE TOMIOTH MTOAY9IaeTCA UPH Pe-
KOMOEHAIAAX aTOMOB KHCJIOPOJa M BOZOPOA.

Ilpun mcmonp30BaHEA TOIIMB HMEIOT 3HAYEHHE HE TOJBLKO AaH-
Hile, YKa3aHHHEe B 3Toi Tabaune. Boxbmoe 3aaueHEMe AMEIOT TAKKe
BOIPOCH OPTaHE3aIWM OpONecca TOPEeHHMs B KaMepe paxeTHOTO
JBHTATENsl, TOKCAIHOCTh X arPeCCHBHOCTH KOMIOHEHT, HX B3PHIBO-
ONaCHOCTH, BOIPOCH YA00CTBA M BO3MOKHOCTH XpaHEHHA TOINIEB,
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JlaBIeHEE TOPMOKEHHSA
H pacxof TOILIABA

Tara
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OeHE WX OPHTOTOBIGHWA W HEKOTOPHIe Npyr@e o0CTOATEIBCTBA.
Hanpnmep, B HacTosmee BpeMs H3-3a TPYMHOCTEH HPUTOTOBJIEHHS
¥ COXpaHeHHA HA NPAKTHKe HE HCIOJIb3YIOTCS YKA3aHHEE B Tab-
JHALEe peaKknuu ¢ 00JIbOIIM BRIJCJICHAEM Teujaa AJda aTOMapPHBIX KHC-
J0pofia M BOJOPOMA.

3a cueT TenI00TNAYH MK HCIOIL30BANAA YaCTH BHIeAAI0MEHCs
SHEPTHHE JIJIA CACTEM HOJAYM TOIUIMBA HPOMCXOMET HEKOTOpPOEe CHH-
smenme iy m T7 mo i'* m T"* (i'* < iy* m T'* < T1*), KoTopoe MOMKEO
V4eCTh B CIOCNHAJIBLHBIX PACUeTax.
Ecim pesyiasTHpyOmee MOAHOS TEIIOCO-
fep:kaHde B WAeAJBHOM MPOLEcce CTOPAaHHUsA
CBA3AHO TOJBKO C BEIMYMHOM 0CBOGOKIA-
omeficA XUMAYECKOR 9HEpPTHHE, TO A HAeaJbHOr0 Ipomecca B JBH-
raTeje [aBjcHEE TOPMOKEHHS NIDHA B33TaHHOM KpPHTHYECKOM Cede-
HEE comia Syp 3aBHCHT B IePBYI0 0Uepeds OT MacCOBOTO PacXofa
KOMIOHEHT ToIIMBa. HpoMe 3TOTo0, TaBIeHHE TOPMOKEHUS 3aBECHT
0T Heo6paTEMHX 0COGEHHOCTeH HIPOMECCOB B KaMepe CTOPAaHWS K
mOTephb, CBA3AHHEIX ¢ POCTOM SHTDPOIMH TDH ABUMKEHNN ras3a B
comie.

Ilass maccosoro pacxoma rasa (cMm. (6.9)) Bepma dopmyna

SR 2 )W—D P

¢= l/ -1 T+1 V"pT.

roe p* m T* — naBieHWe W TemMuepaTypa TODMOKEHHS B KpPHTH-
YeCKOM CEUCHHH.

Ecau cropanne 3aKaHUMBAETCA [0 KPHTHYECKOTO CEUeHWS COI-
13 H MoskHO mpeneGpeys TemmooTaauei, To I*= T'*, W3 dopmyan
pag pacxona G AcHO, uTo BearmuumHH G @ p* MPAKTAYECKH IPOIIOP-
MHOHAJBHEI.

PeryamposanueM IOfadl TOIIMBA B KaMepy CTOPAHMA MOJKHO
MEHATH [ABJICHAE TOPMOMKEHHA.

Kax yxasmBamocy Bmme (cm. § 9), oTHOmeHme

SKD'I

”

F_=s

-

P
XapaKTepA3yeT HOTePH B COIJIe MEeKAY KPATHYECKWM CeueHHeM W
cegeHmeM Ha cpese comaa. O6KHYHO BeIMuYMHA ¢ 6IM3KA K eMHHALE.
B xopommx comnax KoaddmumenT ¢ mmeer 3mauenme 0,98—0,99.
Uz ocmoBHOTO paBemcrBa (10.3) maa TaAr™
PAKETHOTO [ABHTaTeNs HA OCHOBaHEHE (op-
myn § 6 mosxHO HamHCATh

R=(Gv +p'S)— peS = [p"f (L) — Po] S, (10.5)

ABATATETdA
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rie S — IJIoaALh Ha BHIXOe W3 ComJa,

x=L=]/T“ 4
’ L Vaer”

Vkp

. 2 T—1 ., 101
)= -an (1 — I T

Ilpm p* > p, (p* ummeer mopamok 50—100 amm, p,=~ 1 amn
Ha demie I p, = 0 Ha GoabLIOH BHICOTE) BTOPOH WiIeH B CKoOKax

(10.5) Manm mo CpaBHEHHIO C HEPBHIM.

Kosddunmenr ckopoctu A Ha BrXofie W3 coljla NpH OpeHeGpe-
’KEHAN MAJHMH NOTepAMH B comie uno dopmyraam § 6 Buipamaercs
depe3 KOHCTPYKTHBHO ouUpefeasieMoe [Js COMIA OTHOINEHHE
Skp/S @3 cooTHOmenUs

A==

OTciopa caemyeT, 9TO
_ S
D= VCpT* F (']’, ;\,p ) .

CKOpPOCTEL HCTEUEHWSI B PEAKTHBHOH CTpPye B3aBHCHT OT TeImio-
THL TOpeHHs  oT mokasaTens apguabarer Ilyaccoma y unpopyxToB
ropeHn:.

Nz (10.5) cmengyer, aro mpu py =~ 0 TAra mpomoprnumoHAILHA
pacxopny G mim JaBIEHNIO TOPMOKEHUA p*, Bce IOTEPH B JIABICHUN
TOPMO;KEHHAS — BTO HPSAMEE HOTEPH B TATe.

PerynmpopaHme pacxomoMm [aBieHWss TOpMO)KeEEWsA p¥ paBHo-

CHABHO pPETyAWPOBAHUIO TATH.
Bammeiimeit  DpaxkTHuecKol — XapakTepm-
CTHKOM [JaHHHIX KOMIIOHEHT TOIJIHBA, COBEP-
MEHCTBA OPOIEcca TOpPeHWA H HCTeIeHAS rasa B PAKeTHOM /BI-
raTeie fIBIAETCA YAeJAbLHAH TAra, OpefcTaBAAmMAas coboil Bejxu-
9MHY THATH, CHEMAeMON [BATATEIEM C KMJIOTpaMMa pacxo[yeMoro
33 OfJHY CEKYHAY TOILIHBA:

\)1/(\'-1) SKD
41/ S

R kI
RYI‘ = gG xl'fces *

rae gG — CeXyHIHHHA BecoBoH pacxoji MPOAYKTOB CTOPDAaHHA depes
COILIO.

Idna pacuermoro comia, Korga p’ = p,, u3 (10.5) mmeem
» lfzi" P \O-Diy %
= 3 [ (5]

man Ryy = Ry; =~ 0,1 ».
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Hust mepacyersoro comna (cm. (10.3) u puc. 59) umeem

_p . P—m
RYJI = RYJI - _p'T ~ Ryu upu p’=po*

N3 gByx mocienEmX GopMys sSiCHO, 9TO yOeILHAS TATA CYMECT-
BEHHO B3AaBHCHT OT KAJOPUHHOCTH TOILIABA, T. €. OT BEIAYHHELL
i’*, o1 mepenajga maBnennas p’/p* B ABUTATeNE W MOBOJLHO TyBCTBH-
TeIbHO 3aBHCHT OT mokasaTelds axmabaTh IlyaccoHa | HpomyKTOB
ropeansa. 3 gopmynn mas Ry, B ciydae pacdeTHOTO COILIA BEHITE-
KaeT, 4T0 OPH IPOYMX PABHHX YCIOBUAX YMEILHAA TATA PACTET
¢ pocTom . ([[ns aTomMapHBIX razoB y = 5/3, mIA ra3oB ¢ MOJEKy-
JASPHBIM CTPOEHUEeM, MOJEKYJIH KOTOPHX MMEIOT HOBHIICHHOE YUCIIO
creneneil cBoGogrr, mmeem 1 < 9 < 5/3.) OuenummHo, YTO YAEIL-
Hasi TATa PAKeTHOTO [BUTATeld COBCEM HE BABHCHT OT CKOPOCTH
mosera u cia0o BaBUCHT OT BRICOTHI IOJETA (4epes BEIWUHHY D).
Ilpm yBenmuyeHWEW BHICOTHI HoNETa faBIeHHe p’ COXpPAHAETCA, a
DaBleHHe D, MagaeT, MOITOMY YAeNbHAS TAra HECKOILKO BO3pac-
TaeT 3a CYeT YMEHLUICHHS po.

B mpuBemenuo#l Bmme Ta0iuile YKABAHH pACUETHEE YHAEILHLIE
TATH PA3JIUNYHEIX KOMOMHANWH TOIIUB CTEXHOMETPUIECKOTO COCTABA
IJIS UealbHEIX TPOIMECCOB B ABUTATENE NPH MOJHOM CTOPAHAH H
opu ofpaTmMoM Hpomecce UCTEUEHHSA U3 COIIA [JIA Mepernaja maB-
aenus p’/p” = 1/100. W3 sTo#l TaGammH CIemyer, 9TO HONYUeHUE
fonbmoil yoenLHOR TATH CBA3AHO HE TONBKO ¢ GONLIINM TEMIOBEH-
meleHmeM npm ropenud. Hampmmep, THApPasuH € KHCIOPOOM
HMeeT IYyUIIyI0 YMEJALHEYI0 TATY, 9eM BTHJOBHIA CIOIHPT ¢ KHACIOPO-
DOM,— DTO CBsI3AHO C PABINYHHIME CBOMCTBAMH MOIEKYJISAPHOTO
COCTaBa HPOLYKTOB TOpPEHHS.

B cospemennnx jrumgKocrTHo-peartuBHRX nsurarenasnx {(HHPJL)
y 3eMan MOCTHTHYTH yHeIbHHE TATH

Ry ~ 240 — 420 klcex/xl,

B pakeTHeIX mBurartensax Ha TBeppoM tomause (PITT) mmeem

Ryp~ 220 — 250 kl’cer/k T,

B mepcrneKTHBHBIX [BUTATeNAX 9TH HOKA3ATeNr MOIYT OHTH JyUMIN-
MH. YOeapHEHE TATH HA BEICOTE MOTYT OHTEH Gonpminmm.

B kauecTBe XapaKTEPUCTHKHN TOILIHB U JBUTATENA BMECTO YAEIdb-
HOM TATA MOMKHO pACCMATPUBATh U MCHOJIB30BATH BEIMIHHY, o6paT-
HYIO yRexIpHON Tsare

1 gG kl/cer

cyn—Rm R &l

KOTOpas JaeT BECOBOM pacxof TOINHMBA B OJHY CeKYHRY IJiA IIO-
Iy49eHUA TATA B OgUH KumiorpamMm (yOeavHuiil eecoeoll pacxod
monaueéa).

5 JI. H. Ceros, ToM 2
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OcropHkie 0coGeHROCTH VYienvHH#E pacxopm TOILIEBA Cy; B PaKer-
PareTHbIX ABAraTelcH HEIX [BATATeAAX GONLIIOH, B3alach XAMH-
9eCKOT0 TOIJMBA TPH IOJerax HA OYCHB
G0JBIION BHCOTE MOJKHE HAXOMUTHCA HA GOPTY JeTaTelpHHX am-
napaToB, MO3TOMY DAKETHHE ABHTATeJX MOTYT pafoTaTh, BooGIme
roBops, TOIBKO O9CHB KOPOTKoe BpeMsa. [laske Iis cBepXMOIIHHX
COBpeMEeHHBIX PAaKeT BpeMsd AeHCTBHA TNABHEIX JBATATeNEH H3Me-
pAETCA BCET0 HeCKOJbKUMHE MuHyTamu. llpum momerax B atMmocgepe
ApyTHe THIH [BATaTeledl, 3a0Wpamlnue KACIOPOL u3 aTMocepHo-
ro BO3LyXa, UMEIT MHOI'0 MEHBITUA pAcxoj 3aUacoB TOIJIHBA, HA-
XOMAMUXCHA Ha GOPTY JeTaTeJbHOIO ammapaTa, W HOSTOMY B HTOM
OTHOIIEGHNY OHU BHITO[HEE PAKETHHX [BUTaTeIei.

PaxerHEle gBUraTeNnm JIETKH, MOTYT paboTaTh B IyCToTe M CIO-
COOHHl pasBHBATH B TeUeHHME KOPOTKOTQ BpEMEHH OUeHHL OOJbIIZE
TATH, NPAKTHYECKE HEOTOCTH;KUMEIE I IBUTaTelnell JPYTAX THIOB.
Haupumep, B HacTosAIIee BPeMA MMEIOTCA KUAKOCTHLS PAKETHLE IBA-
raTeJm ¢ ONHAM COILIOM, pa3BuBapmue B moxere Tary mo 800 7.
Ha Gonpmux CoBpeMeHHHIX KOCMHMYECKHX paKeTax Ha IMepBod CTy-
[IeHM CTABUTCA HECKOJBKO TAKHX nBHraTeleil. CymecTBYIOT parer-
HHe [BHATATEJIM HA TBEPAOM TOILNIMBE, KOTODHE pPasBUBAIOT TATY B
HECKOJIBKO THCAY TOHH.

IIpm momerax B aTMocdepe 3eMiIm B Kade-
BosajymHo-peaKTABHbIE CTBE OKHMCJHTEJIA MOKHO HCIOJIb30BaTh arT-
neuratesn (BPJ) u ppyrne . o
THIN  J(BETaTElEH mocepHEIf KuCaopon. JabupaeMuii mIsA
9TOM ITea’ 13 aTMocHepH BO3AyX BMecTe ¢ TOI~
JIMBOM, HMEOINUMCS Ha GOPTY JTeTaTeIbHOro annapara (B mepereKTH-
Be BMECTO SHEPTHU TOPEeHHs [JIA momorpesa pabodeil cpemsl MOKHO
HCTO/Ib30BATh SHEPTUI0 AMEPHHX pEAKIWiA), MOKHO HCIOJL30BATH
I oOpasoBaHMA pPeaKTHBHOH cTpyu, cosjalomeill TAry. BaskHo,
yTo o0blueo B pabodeM rase Bec BO3AyXa 3HAUMTEJIHHO IIPEBHIIA-
€T BeC TOWJMBA. JTOT MPOIECC HENOCPE[CTBEHHO OCYMEeCTBIACTICH
B Bo3ymHO-peakTuBHEX ppuratensx (BPI). Armocdeprmii Bo3-
AYX HCIOJNB3YIT TAK/KE B IOPIMHEBHX M Ta30TypOMHHEIX JBHUTa-
TeJAX, B KOTOPHX 5SHEPTHsA IPOJYKTIOB TOpPEHAs € IIOMOIBIO Typ-
OuHH npeolpasyeTcs B MEXAHHYECKYIO HSHEPruio, HCIOJAb3YEMYI0
B CBOKW Ouepefb [JfA BpameHUs BHATA (KoMumpeccopa), Iepe-
JAOMero MeXaHNIECKYH SHEPrHi0 BO3AYXYy WIH - Boje MAIA
CO3JAHUA DPEAKTHBHOH cTpym, o0ycaosimBawmeili moABIeHAE
TATH.

CyiecTBYeT MHOKECTBO PA3IMYHHX CXeM W THIIOB ABAraTelei,
CO3JAI0INUX TATY, [N MONEeTOB aNlapaToB B BOBAYyXe MW JJsa KBA-
JKEHHA B BOMe, [JIA [BE;KeHHS DABINIHHX TPAHCHOPTHEIX CPECTB
0 MOBEPXHOCTH 3eéMIH Wid BOAH. OUHT I TEOPHA MOKA3HBAIKT, 4TO
B 3aBHCHMOCTH OT YCIOBHH IBHKEHHA M SKCIIyaTANMU JBHTATENb-
HEIX CHCTEM Tieneco00pasHO W BO3MOKHO HPHMEHATh pPAa3IHAIHEE
TEOH asarateneit. Hanpumep, cpasy AcHo, 4To B mycToTe (B KOC-
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MoCe) MO;KHO DPHAMEHATh HOKAa TOJbKO PAKETHHE IBATraTelH, HO
pabounii mporecc, ACTOTHNKY SHEPrUE (B 9aCTHOCTH, ANepHAA SHEp-
rus) m pabodas cpepa, cO3NANMAL PEAKTEBHEYIO CTPYIO B PAKETHHIX
OBHTATEISX, MOrYyT OHTH PasHOOODA3HHME: HIPONYKTH T'OpPEHUA
XUMA9eCKUX TOILJIAB, OO PEeTHeE Ta3H, MIa3MeHHEe CTPYH, IOTOKH
WOHOB H T. II.; MOJXKHO TOBODHTH J]ajKe 0 PEAKTUBHHX CTPYAX $HoTo-
HOB ¥ JPYTHX 3JAeMeRTapHHX dacTdr (B 3THX CIydYaaxX BOZHUKAIOT
mpoGieMel CO3NAaHMA [BUTATeNel, HMCIOAB3YRIIAX pPAa3perKeHHYI0
KOCMUYeCKYIo cpefy, nono0uo ToMy kak B BPJl mcmomnayerca aTmo-
cdepa Jemanm). B obmem cayuae mpobiaema BEOOpa U KOHCTPYHPO-
BaHUA ONTUMAJBHBIX [BATATEIBHHIX CHCTEM TecHEHImuM ofpaszom
CBf3aHa ¢ KOHKPETHHMH YCIOBHAMH WX npuMeneHHsa. OfHAKO Cy-
MEeCTBYIOT HEKOTOpPHIe YHUBEPCAJBHEE COOTHOIIEHWS, KOTOPHE IT0-
J03KEHBI B OCHOBY IPeCTaBICGHA# 0 CBOACTBAX U BHIFOOHKX YCIOBU-
AX paGoTH JI00HX ONPefeIeHHHX IBAraTeJIpHNX cucTeM. O6paTam-
€A Temeph K YCTAHOBJICHHIO MONOOHHX YHHBEPCAJBHHX HOHATHH
¥ XapaKTepUCTHK OPUMEHHTENIBHO K pasiuuHbM cucreMam BP/L.

IloneTHr#t KO?(PUIMEHT HOJNE3HOTO meicT-
BHUA (K.O.7.) ABHTaTeld MOKHO OLPEIEIUTH ¢

HOMOH[BY0 ciexyomeii $opMyInt

ToneTHEIH K.ILJ. BP]

11oJe3Had MOITHOCTH
(10.6)

R-v
n= W — 3arpadeHHAs MOIIHOCTH ’

rge B — Tara gBurarepHON CHCTEME, ¥ — CKOPOCTH Hoieta, W —
MOINHOCTH DHEPIHWH, IOABeNeHHOA K moToKy. Bemmumma W BooGme
OpOHOPNEOHANBEA BeCy TOINIMBA, PACXOLYeMOro B e[HHMIY Bpe-
MCGHH.

Togo6ro w.m.g. nueaa Hapmo (cM. ra. V) MokHO BBeCTH Ude-
aibHwi K.O.4. Opurateng. MpealpHHA K.O.X. BBOOATCA C IEJIBIO
DOJYYeHUA KPHUTEpHA, KOTOPHIH MO3BOARI OB JATH OEHKY BO3MOK-
AKX TpefeNoB HAWBHIOJHENINEro WCIOJIH30BAHAS IOABOXEMON
DHEPIUU ¥ CTeNeHN NPHOIMKeHHA K DTOMY Ipefely Dpu paboTe B
MPaKTA9ECKH OCYIIECTBIAeMOA KOHCTPY KA. [{aK M3BECTHO U3 Tep-
MOIWHAMBKY, HOEAJBpHHNE K.I.J. MeHbIIe egumpunn. Mpyeaapubii
K.I.J. JOCTHTaeTCd IPH UaeaIbHOM 00 paTEMoM mporecce. JeficTsm-
TeNHHHHA K.1.J. BCIeAcTBHe Hems0e;kHO# HeoGpATEMOCTHA SBIEHHA
pcerfa Oyner MeHbIme, yeM EpeannHHN. ONHAKO B pAfe CAydaeB B
HpaBWIBHEO CKOHCTPYMPOBAHHEHX MAIIMHAX MOKHO HOMOATE K Hpe-
aJBHLIM YCIOBHAM BechbMa Onmsko. Beamumma oTkIoHeHmS meiicT-
BUTEALHOTO K.II.K, OT ANeAILHOT0 XapaKTepU3yeT TeXHHIECKOe CO-
BOPIIEHCTBO MAIMMHK. XAPAKTePHCTAKA WIEAJBHOTO [BATraTes
MOTYT WOCJIY;KATHh YKa3aHAeM A1 BHIOOpPA OCHOBHHIX IIapaMeTPOB
Opd UPOSKTHPOBAHWW [BATaTeNedl ® 1A HNPAaBAIbHHK CIOCOGOB
Opragmaanud mpomecca @Xx paGoTn. 3Ha9eHAA HLEaTHHOrO K.H.A.

1]
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-

MOTYT GHTH HECOONB30OBAHLI TAKKe NI OLEHKE DA3IMTIHOTO Poja
NepCIeKTHBHHX BO3MOKHOCTEH.

Ha pmc. 60 nmpegcrasieHa cxeMa yCTaHOBUBIIETOCS NABUKEHHS
BO3[yXa OTHOCATEIBHO JETATeIBHOTO almapara ¢ BO3AYITHO-DPEAK-
THBHBIM JIBUTaTenleM. Ha 5ToM PHECYHKe 3amTPUXOBAHH YCIOBHO
n300pasKeHHbIe BIEMEATH KOHCTDYKIAHW JBATATENSA U JTeTATeILHOTO
annapaTa, TyHKTHPOM IIPOBeTeHbl TAHUA TOKA TaCTHI BO3LYXA, IPU-
HUMAIOIAX HEeMOCPe[CTBEeHHOe YIacThe B DHEPTreTHTeCKOM B3aUMO-
HOEeACTBHM ¢ 2JIeMEHTAMHI JABATATEIN A, CIUIOMHKME JUHAAMEA — JAHAN
TOKA 9aCTHI] BO3IYXa, KOTOPHE HEIOC PeCTBeHHO He MO YIaloT BHEeI-
HIOIO (TEIIOBYI0 UM MEeXAaHWYeCKYI0) SHOPTHIO 0T TOIIUBA MW 101~
BIGKHBIX SJIEMEHTOB KOHCTPYKLUA NBUTATENS WA ABWAKATENs (Ha-
npumep, BEHETa). COBOKYIHOCTH HMEPBHX JHAHWHA TOKA, MPOCTHPAIO-
mAsCH 0T —oo [0 -}-o0, YCIOBHO HA30BeM BHYTPEHHUM IIOTOKOM,
a COBOKYITHOCTH BTOPHIX — BHELTHUM IIOTOKOM.

OUHT TDOKA3LIBaeT, 9T0 OPU GOJBIIAX CKOPOCTAX TOJETA CHIH
BOBJEHCTBAA BO3IyXa HA JeTaTeldbHHI ammapaT oT BHEITHEIro u
BHYTPEHHETO MOTOKOB TECHO CBA3aHHI MEKIY C000H 1 MeXaHMYeCKH
HepasgeluMH. To BAIHO W U3 o0meil kapTrun moToka. Ilomyqenwe
daKTHUeCKAX 3HAYCHHH K.I.J. BOBMOKHO W3 ONHITOB HIW pacder-
HEIM TyTeM € MTOMOITBI0 IOTpoGHOTO aHAMN3a ¥ MOCTPOSHUS BRAMM-
HO CBfBAHHHX 00OMX IOTOKOB C y4eTOM HEOOPATHMHIX 9(PHEeKTOB.
ITH OYyTH CIOMHK W TeCHO CBS3AHH €O CHemu(UKON KOHKPETHHIX
00BEKTOB.

IlpoBenem daavhetivuil anaius B IpeNeNbHENX CIy9aax Hiealb-
HEIX W OGDATHMHIX TPOMECCOB Jas GuuUcAcHURL UOedibHuZ K.n.0.
B gacrrocTH, Kak OBIO ITOKa3zaHO BHIIE, B UAeANHHHX YCIOBHAX
upr o0paTEMOM YCTAHOBHUBINEMCH HEIPEPHBHOM O0TEKAHHN Ta30M
MO6HX Tel KOHeYHHX Pa3MepoB B CIyTae OTCYTCTBHA IOJBOA SHEp-
TMA K Ta3y W3BHe TATA W CONPOTHBJIEHHAE PABHHBI HYI0 {IaPajoKc
HanamGepa). IlosToMy TpH HaaWYAW SHEPIETHTECKOTO B3aWMMO[El-
CTBHA HOJ TATOH B NeaIbHEIX YCIOBUSAX B PACCMATPHBAEMOM CIIyIae
Heo0X0JAMO TOHEMATH BeIATARY 00IMell CHILI BO3EACTBHS IIOTOKA
rasa Ha BHEIIHNEe W BHYTPEHHWE IOBEPXHOCTH BCEX BJIEMEHTOB Je-
TATeNHHOTO aNmmapaTa.

Ilokamem mpesxme Bcero!), 9To ecnm BHemHee oOTEKaHHE BO
BCEM IpoCTpancTBe BHe ItoBepXxHOCTH ABDEE D B A, ¢ KOHGUHE-
mMu miromanamm S, n S, cederuidi B Geckomegmoct:m (cM. puc. 60)
upencTaBiser cofoil HempepHBHOE yCTAHOBHBIIeecs agmabaTmde-
ckoe 0apoTpollHoe ABYKEHHe MAeAaTHHOIO Tasa Z), To mMeeT MecTo

1) Cm. JI. 1. Ce g 0 B, O nomerHOM KO3pPUNHeATe DOJIE3HOTO JEHCTBHA
HIeaJbHOTO BWHTA B HACAJbHOTO BO3LYNIHO-PEAKTHBHOTO HBHraTessa, cb.
crateit Ne 13, «Teopermaeckas rmgpoMexannKa», m3h. MEH. aBHAaL. WPOMEINI-
neanocra CCCP, 1954,

%) Jlerko mokasaTh, 4TO pPeNICHWS 3aga4 O TAKOM OOTEKAHWH TeJ IOJ-
XONAmMAX O0YepPTaHAR B paMKaX TeOpHH HJEaJbHHX KUJKOCTeH W ra3oB mpHd
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napapoxc [{lanamGepa B Goee obmei Gopmynuposke. ITa opMynn-
POBKa 3aKIIOFACTCHA B TOM, 4T0 NMPH yKa3aHHHX YCIOBHAX paBHA
mya0 o0MmasA CHIa CONPOTHBIEHHA WIH TATA, HAeACTByHOmAas €O
CTOPOHEI BHEIMTHETO IOTOKA HA BHEIIHWE TMOBEPXHOCTH JETATeJIbHOTO

A

i
————— \
- £ //// Tz £
/' T ——— E o Z,
mﬂh; %% 7
G rere ,,,,,//////// e ——

T
A, —EL 7 &
Bwewnud nomox

Puc. 60. Cxema mOTOKa BO3AYXa OTHOCH-
TeIBLHO JleTaTedbHOIO ammapata ¢ BPII.

ammapaTa U Ha IOBEPXHOCTH cTPYH BHYTpeHHETo MOTOKA, MPOCTH-
pawImuxcsa 0T GeCKOHEYHOCTH Ieper TeaoM X0 GeCKOHeMHOCTH 3a
TeJIOM.
N3 aToro mpemnokeHns, KOTOPOe JOKA3EBAECTCA HIKE, CIETYeT,
4To 00Ias cmia TATH (MJIH CONPOTHBJIEHmA), AeHcTBymana Ha 06-
TeKaeMble IOBEPXHOCTH JETAaTeTpHOTO anmapara ¢o CTOPOHE BHEII-
HEro HOTORa,B000MMe oTImIHA 0T HyadA. OHa paBHA ¢ OGPATHEIM 3HA-
KoM oOmie#t cmiae coupoTmBienusa (wiauw tarm), AeficTBylomei co
CTOpPOHB! BHEIIHEr0 MOTOKa HA I0BEPXHOCTH CTPyH BHYTpPEHHETO
[I0TOKA, TpaH@Yamue ¢ BHEITHEM IOTOKOM.
Hax u panplne 1pn goxasaTedsCTBe napagorca [lamambepa s
KOHETHHIX TeJ, PACCMOTPEM H3y4yaeMoe BHeINHee [BMKCHAe Healb-
HOTO Ta3a KakK IIpejieJ ABIWKEHNH B NUIAHAPHIecKoll TpyGe ¢ obpa-
3VIOMUME, IapajlelpbHEIME CKOPOCTA I0TOKAa B 0ECKOHEUWHOCTH,
O LIpEMeM, 9TO [aBJeHUsA B (eCKOHEYHOCTH BIEPefH p, W C3aqd
P, BHPABHABAKTCA W HOCTOAHHE Ha IJIONIANHW CedeAms TPYOH,
KOTopy10 ofosHaamMm wepe3 S¥*. YpaBHeHHA pacxoja W KOJIAYECTBA
NBIKEHHsA rasa B IPOCKIMA HA OCh KaHaJa, IPAMCHEHHEE K 00b-
‘ eMy BHEMIHEro TOTOKa MeEny ceuweHmamum S* — S, m S* — §,
B 6ECKOHETHOCTH, MAIT

P10 (8% — Sy) = pave (S* — S,), (10.7)
R = (p, — p1) (S* — Sa) + 030, (8* — S)) (v, — vy), (10.8)

JIO3BYKOBHX CKOPOCTAX CYMECTBYIOT, IPY CBEPX3BYKOBHIX CKOPOCTAX B 0ofTe-

KalouieM HoToKe ofpasyiorca Boofmre CKadkd ymwiIoTHeHHA. ONHAKO MOKHO

nomo6paTh TeopeTHdecKH Takue QOPME OOTEKAeMHIX Tel, 9TOOH 3TH CRATKH

OTCYTCTBOBAJIM WJIHA BHOCHJA B HOTOK CKOJbL YroaHO MaJjsie HoTepd. Ilpm mo-

%Tpoeﬂﬂll HealbHOTO K.IL.J. TOTEPSIMH BO BHOIIHeM MOTOKe ClefyeT IpeBe-
perarb.
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rie R — cmia compoTHBIEHNs, onpefesnseMas GopMyIon

R=— S (P — p1) d5g,

ABCDEE:D,C3sB1 A,

B KOTOpPOH do, — IPOEKOMA dieMeHTa 0o0TexaeMoll mOBEpXHOCTH
HA MIOCKOCTh, HOPMalXbpHYIO K HalerajomeMy IOTOKY (CKOPOCTH ¥
napajiielbHA OCH I).

Uz (10.7) opm S, = S, ameem
St §. = o (82 — S1) S — S = pave (S2 — S1)
2 pave —p1n ] 1= pave — P11

Tonpsysace srtum, m3 (10.8) maxommm

R=PRohtinlzm o, (5,—8) =

pele — f1v1

Ty

= p1v1 (s — SI)S b—:—;g%du, (10.9)
(43

TaK KaK BOJDb JAHOH TOKA BEPHO PABEHCTBO
pvdy = — dp.

Ecap mnomanm S, @ S, KoHEWHH, a mromagb S* crpemmTcs
K GeCKOHETHOCTH, TO Py —> P; —> P B Uy — v;. OTCIOma cienyer,
ato R — 0, tak kak wmarerpaix B (10.9) crpemurca k Hym mpm
vy —> ;.

Ecan S; = Sy, To 030y = a0 OTcioma m #m3 6apoTpoOnHOCTH
clegyer, 9To p, = Dy B v; = v, U, ciefoBarenbHo, R = 0, 1. e,
B 5TOM cJydae COIPOTUBIEHHEe 00pamaeTcAa B HYJIb HE TOJIBKO IpH
o6TekaHNI B Oe3TPAHMTHOM IIOTOKE, HO W mph ofTexamma B TPYGC
upm aoGom S*.

B mpenmymux BEHBOJAX CYMECTBEHHH TOMHKO 6apoTPOLHOCTh
U HEeNPepHBHOCTDH JBHKEHHA Iasa, IpAYeM BCE JWHUE TOKA IIPOCTH-
PaloTCs OT &£ = —00 [I0 £ = -} oo (HeT BO3BPATHHIX TOKOB m3 Gec-
roHeunocTu). Brmoxg (R = 0) coxpamserca m mpu HeagumabaTmde-
CKEX JBIKEHWAX IpU Hajmdmu Gaporponnm. [loayvennniit 06o0men-
HEIN mapagokc JlamaMbepa BepeH ¥ B TeX CIy4asX, KOIZAa BHYTPeH-
HUil TOTOK HeoBpaTHM, a 06paTuM TOJIHKO BHEMHMI nmoTok. OTciona
BHITEKAeT, 4TO cUld CORPOMUELeHUS, Oellcmeywusas co CMOPOHbL
6HYmMPelHe20 NOMoKA KA gPAHULAT C EHEWHUM NOMOKOM, MOUHO
DasHa GHeULHeMY CONPOMUBLEHUI0 AEMAMEALHO20 annapama.

£ OGosHaumM uepes G = p,0,S; = P.0pS, Pacxoi rasa Bo BHYT-
PeHHEM LOTOKe, ITe Oy, ¥ ¥ Py, ¥; — INIOTHOCTA H CKOPOCTH BO BHY-
TperHell CTpye Bepenu ¥ ¢3a4u B GECKOHEYHOCTH COOTBETCTBEHHO.
M nocramoBxz sagaun ¥ gopmya § 8 caexyer, uTo a1 obmeil cAAM
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TATE R ¥ [71a o6mero npuToka 9Hepruu W K rasy BepHH (OPMYIIH
R == G (Uz - 2)1), (10.10)
W = G (i} — ii). (10.11)

Taxum ob6pasoM, ycramoBieHo, dro ¢opmyuan (10.10) m (10.11)
BEpHH AifA ciaydas ofpaTaMoro aguabaTHUeCKoro BHEIIHET0 TOTORA
u m060r0 HeoGpPaTUMOT0 BHYTPEHHET0 MOTOKA.

Ecnm nmopBopumas u3BHe sHeprusa W Temmosas, To LOJHHK Io-
JAETHHHA KOB(QPUIMEHT TTONe3HOr0 AeHCTBUA, HAeadbHbIH uMu haKkTu-
geckmit, onpeneneHnrii pasencTBoM (10.6), Bcerma moxmo mpep-
CTaBUTL B BHJE

N = NrepYlupon, (10.12)

rfie Yrep — TEPMUYIECKUH K.ILJ.,

G(.”g__i>
3 2

Mrep = —*—VV———<1, (10.13)

A Nppop — TPOOYIBCUBHMEA K.O.J[. MIM HOJETHHHE MeXaHUIECKHA
K U.4., KoTopeiid ¢ yueToM (10.10) mosxHO mpegcTaBuTh B BHEIE

R 2
Npon = = <1, (10.14)
2]

v v
(5 e
(Z 2 1 v1

Ecunm jgBurarenpHas cmcTema MOsReT OHTH pasfmeneHa Ha CHCTe”
My [BHTaTels, BHPabaTHBAIOIETO MEXAHMIECKYI0 dHeprmio (Ha-
Tp¥Mep, LOPIIHEeBOH ABUTATENH), U IBHKHUTENS (HAlpUMEeD, BHHT)
10, coraacuo (10.12), obmuii K.m.m. HpeACTaBIsETCs IPOM3Beje-
HOEM TEePMHIYECKOTO K.I.J., ABJIAMIErocs OCHOBHOH XapakTepm-
CTHKOUl TEIIOBOTO JBUTATe]A, W NPONYIBCHBHOTO K.I.J., SABJIMIO-
merocs xapakTepucTuxoil psmuuTens. Haa BPJ taroe pasmere-
HIe MOKeT HOCHUTH TOJNBKO YCIOBHEIA XapakTep, Tak Kak o0a Koa@-
UUEEnTa, TMrep M Mmpom, IPEACTABIAIT COOOH XapaKTEePUCTHKH
OJHOTO W TOT0 ;Ke 00BeKTa — NBHTATeNLHOH CHCTEME B IeJIOM.

Ha npakTnke B CTanMoHAPHHX YCIOBUAX, HA Kopabisax M camo-
jJeTax HAWBHCINEe BHAYEHWE Yjrep y HOPIIHEBEIX JBHTaTedel fo-
CTHTaeTcA [JA Ju3eleil M HWMeeT IOPAJOK Tgep ~ 0,45; pmus
TIapoBHX MAIIWH HAWBHICIIEe 3HAUYCHHE Trep =~ 0,35; coBpemen-
HLI® MOIIHHE AaBAANWOHHEE TIa30TypOEHHBE JBATATEIH WMEIT
MNrep =~ 0,35 — 0,45.

Tag Kar AJd MOJLYyYCHUs TATH HEOOXOIAMO, 9TOOH MMeIIo MecTO
HEepaBeHCTBO

vy > vy,
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TO OUEBHAHO, 4TO IPONYILCHBHHIM K.m.M. OyAeT HOAyd4aThCHS HaW-
OoMBUIAM, KOTJQ BeIMYHHA v, MO OTAHYaeTCA 0T v,. B obmem
cIyuae i yMEHbITeHNs1 BeINUUHE v, IPH TaHEOH TATe HeoGXommMo
VBeIRYMBATL MAcCCOBHU pacxox G peaktmpHOM ¢Tpyu. DBoanmue
pacxofsl (G MO}KHO TONYdYaTh 3a CUET YBEIWICHWS NIOMALU LPO-
XOJHHX CeUeHWH ABMTATENA WIW AHaMeTpa BHHTA, OMHAKO 3TO CBA-
BaHO € VBenWdYeHUeM CONMpPOTUBIEHHs o0TeKaeMBIX KaHaJIoB, Beca
7 Ta0apuToB JBUTATEIBHEIX CUCTEM, a [Jd BpPANAIOMHUXCH dacTe
¢ YMEHpIICHHEM HX YIJOBOH CKOPOCTH, T. €. JONYCTEMOTO THCIA
060pOTOB B eAUHAIY BpeMeHH. JTH B HEKOTOPLIe APYTHe 06CTOsITeNb-
CTBA 3ACTABIAIT MCRATh U IPUMEHSTH KOMIPOMUCCHHE pPENIeHHS.

B BP]I Beawumust vy, p;, T1, Py, {1 3aTA0TCSH YCIOBAAME LOIETA
(CKOpoCTh W BHCOTA LOJIETA PU WBBECTHHIX ATMOCHEPHHIX TAHHKIX).

Has oupenesnenusa ofigero MaccoBoTro pacxoja G HYKHO 3HATH
K03QQUIIMeHT pacxoma @:

G = ¢y, S,

rge S — IIOIMAAL BXOJAHBIX KAHAJOB ABUTaTeNsd, KoTopas olpeje-
IAeTCA YCTPOMCTBOM [BUTATEIA M PEO;KEMOM eTo paboTs.
CKOpOCTEL B PEAKTUBHOA CTpPYe vy MOYKHO BHI-

Cropocrs 5 pearrunioii PasuUTH uepes JABJICHUE TOPMOKEHHS H CTa-

THYecKoe JaBaerne. /{1 Hec;KuMaeMoil RujI-
KOCTH U3 OIpejelenna p° mmMeeM
"2 (p, — Py
2 cT’ o,
=]/ Ml g, (10.15)
Jlast coepiuennoro rasa

—— Py \YY-1 9% ‘
Uy = V2CZJT2 !—1 — ( p*r) J ' (1016)

2

HaBienus TopMoskeHWs p; M Py MOTYT PasminyaThCA 3a cdeT
LoTeph MINM IOABOJA MEXAHWUECKOR OJHEPTMH K MOTOKY RHIKO-
crd man rasa. OTHoWeHWEe Jt = p,/p;, MOJHYIO CTEIEHb CKATUS,
yA06HO B3ATH B KaTecTBe OCHOBHOII XapaKTePHCTHKE adPOTHAPO-
AMHAMUIECKOTo Hporecca paboTu BPJ/] mau suHTa.

Bmecro dopmyn (10.15) u (10.16) us ycmommst p, = p, JIErKO
HONYIMM /A HECKEMaeMOH FKUIKOCTH

Dy = ]/ ok fﬁTﬂl (10.17)
a as rasa, coraacuo gopmynam (5.13) u (5.14), MOKHO HamHCAThH
T—1 T—1
T M 4
D — — : = :L . (10.18)

14+ 5 M? 1——m
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Orcrofa moayumm

o= /]
/i T

chpM_y.TILI (10.19) pator BEHpaskeEuA masa M, m A, uwepes
7t = py/py, o6myio crenenp cxatua B BPI, u gepes zagaBaemtie Be-
avamEsl M, m A, maGerawmero BCTPeYHOro moToKA Bozpyxa. Owe-
BUJHO, 910 Beerma My > M, m A, > A, ecorm v > 1. Tlpnm w << 1
noxygaercsa, ato M, << My m Ay, <7 Ay

(10.19)

Otnomenne maomaneii Haijigem eme B camoMm ofmieM ciaydae OTHO-
B GecroneunocTn piA menne S,/S, mromagell cTpyn B OeCKOHEUHO-
BHYTPEHHEH CTpyd CTH BO BHYTPEHHEM XOTOKe.
Hua mecmMaemoll smaxocTn Ha ocHobammm (10.17) mmeem
S j 1
_?2_ =1 = . . (10.20)
D1 (4] / 2( o
Py — Pq)
p1v]
Iaa rasa m3 Qopmyxn (5.13) m (5.14) monyuum
ﬁ:ﬂ=Q(M1) Py I/T;_ (10 21)
S1 p2De2 q (Mg) p; T; ! _ ’
rae
DY /1 4 D) 2(x-1) M
g (M) = - __> ——. (10.22)
Peplip L 2 (1 + T;1M2><1+Y)/A<Y—1)
Ilanee W3 ypaBHEHWA COCTOAHUA WMeeM
p' T\ Y/I(v-1)
=t (2
Py T .
e b (10.23)

n=¢e¥% )

R = ¢p — cv — yAelbHAA Ta30BasA MOCTOSAHHASA, A §; B S; — JHTPO-
[N, PACCIUTAHHEE HA eMHNITY MACCH B CeIeHMAX Sy §y. O6sran0
% < 1, Tak Kag 9HTpONHs pacTeT BCIEACTBUE NOTEPH UM TOJOTPe-
Ba rasa B Kamepe cropamus. [l BEHTa, KOMIOPeCCopa WIK TypOu-
HH BeJIWYMHA 1T PABHAETCA OTHOUIEHWIO [aBJEHA# TOPMOKEHU:A
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L]
j2
29" — 5 B YCTAaHOBHBIIEMCA OTHOCHTEILHO BpamalOMUXCHA 9ac-

pl OTH
Teit motoxe. B AnealbHBIX OﬁpaTﬂMHX mporneccax 3TO OTHOMmMEHHEe

paBHO eMEEMIE,
Ha ocnoBamnu (10.23) coornomenzne (10.21) momBO nepenmcarsb
B BHJE

15
il i S g (M) _
S—f ] | S1 g (M2) ADRY L (DY T
T = f(Mh n'l %)7 (10'24)
|

T L rie M, onpeneneno gopmy-
1o wet, it xoit (10.19), a g (M) — dop-
4 myaoit (10.22). Ha puc. 61
DN mamo rpaduyeckoe m300pa-
N merne [ (M, ) upux = 10.
\\\\\ &4 Ilotepm MexaHWIECKOMI
— ~ 5 SHEPTUA 110 TPAKTY [BHTa-
05 NN Tellg W MONOTPEB IPHUBOAAT
\\\\ ;&\.\ K YBOAHYEHHI OTHOIIEHUA
S <] S,/S,. Opnaro 3To yBeau-
o - 4YeHue, BooGiie TOBOps, He-
‘ ] 3HAYUTEIHLHO, TAK KAaK O~

B _4'| wasaTexr y % Max

( [7 /01* /
| | T—1
g 2 4« 6 8 W L ‘2(‘<1>'

Puc. 61. 3aprcnMocTh orHOMIEHNA S2/S; OT Brrure ycranoBsentl me-

CTelleHd NOBRINIEAAA IOJHOTI'O JOABJIECHHA JT HOTOpHe yHHBepCHJILHI)Ie

B DCAKTHBHOH cTpye W OT dmeaa Maxa  ouppefielieHHsi W COOTHONIe-

monera M;. HUf, OPAMEHEMEE K pas-

awaekM tunam BPJI, x Bo-

IOAHBIM W BO3JYITHHM BWH-

ram. JlalpHeAmME aHaN M3 ¥ KOHKPETH3ANHIO COOTBETCTBYIOIMHX

cBA3eH HYKHO JABaTh C ONOPON HA MEXAHW3MEI II0/[BOJIa YHEPTUM K
¢ y4eToM IOTeph BO BHYTPEHHEM LOTOKE.

Paccmorpum ppocrefimimiéi ¢ TOURE 3pEHUA

IIpsmoTounkIit . - .
BOS YN0~ peaKTABALL ofmeii cxeMH THI UBP,Z[ [ PAMOTOYHEIH
apurarens (IBPI) BosnymHO-peaktuBHNY gBEratens (IIBPI).

Cxema IIBP]l msofpaxema Ha pmc. 62.
IIBP]] ¢ aspopEaMEYeCKO#l TOUKH 3peHEs upefcTaBisier coboit
TpoEIMPOBAHHKIE KaHal, cocTosamuil #3 puddysopa, Kamepsl
CTOpaHHA ¥ BHXJOODHOTO comna. Mupdysop meobxopwm piasa opra-
HA3aNyd BHTOTHOTO pe;kuMa TOPeHHA B KaMepe CTODAHWA UPA Ma-
IHX CKOPOCTAX mOToKa Bo3pyxa. Commo Heo6xommmo A pasroHA
rasa 3a Cder Hepemaja NaBieHAil B mogorpeToM rase B KaMmepe Cro-
paHHdsA ¥ BO BHEMIHEM DpOcTpaHCcTBe. B cooTBETCTBHH € TeM, ITO [aer
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apanu3 paboTH AEPPy3opoB H comen, HEGPYy30pH W colia AJA
GOIBINX CBEPX3BYKOBHX CKOPOCTER CYMECTBEHHO OTIAYAIOTCH MO
dopMe oT ImPPy30pOB H ComEN [JNA [OBBYKOBHIX CKOPOCTOH
(cm. § 9).

Ilpu upereGpeskeEnM MacCoif TONAWBA, BUPHCKUBAEMOILO B Ka-

mepy cropamas (cm. (10.13), (10.14), (10.11), (8.4) u murerpaxn

WF’?; J__\
%I? <

—_—

Puc. 62. Cxema IIBPJ: a) mma mAo3BYKOBHIX CKOpoCcTed moie-
Ta, 6) maA GOMBIINX CBEPX3BYKOBEHIX CROpoOcTeir mojera. 1 —
pxopEod muddysop, 2 — xKamepa cropamHud, § — peaKTHBHOE

COLJIO.
Bepayannm), MoskHO HammcaThb
Tﬁl
2
— A2 — A2
— 7% =(T—1>T1 § !
e = @1y \i+ 1 T ’
——1
T, (10.25)
2
Nopon = —— 7= !
Y g
1 T1 )

TaK KaR II0 OoIIpe[aejeHnio

A2 v v—1 2

02 T+ 1207

@®opmyaa (10.25) ans Meep BBEefeHa B 00IeM CIydae PealbHOTO
IIBPH. ®@opmyan (10.25) maioT BHpaKEHES Nrep B MNnpon J€PE3 OT-
somenne T3/T; (KOTOPOE JIErKo BHPA3HUTH Yepe3 KONWIECTBO TerlIa,
HOZBOMHMOr0 B ABATATENIe K €AHENE MACCH ra3a BHYTPEHHEI0 IO-
TOKa) W yepes KoadPunuent ckopoctd A (mam gmeao Maxa) momera.
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Coraacuo (5.13) A, Bopaskaercas 4epes moTEPH HOJHOTO NABJIEHHS
% = py/p; = o. OTHOMEHHE ¢ AJA NPAMOTOYHOTO ABULATENA 3a-
BHCHT OT a3DOJMHAMHYECKHX KATeCTB mpolueccoB B mupdysope, n
KaMepe CTOPAHAA U B COIIe. ITO OTHONMIEHHE 0COGEHHO YYBCTBATEN b-
HO K 1OTepAM B cBepX3ByKoBoM muddysope, KOTOPHE MOTYT OHTHL
3HAYUTEIHABIMA M3-32 CKAYKOB YILIOTHeHWA. B wacTrOCTH, U3 GOP-
myast (10.19) mosxmo yrasars Takwe sHauenma m < 1, xorma He
ToNbKO Ay<C Ay, HO W v, < vy, @ BMECTO TATH MOIYYAETCHA COL-
POTHEBIICHHE.

ITpu upearsHOM obpatmmom mpomecce B [IBPJl mmeem, uro B
maddyzope, Kamepe CropaHus, COIIe M BHENIHEM IOTOKE [JaBJeHAE
TOPMOKCHHA coxpaHsercs. OTClofa BHTEKaeT, 4To pj = pi.
ITosToMy u3 (10 19) momyamm, uro My = M, Ay = Ay, HO v, > vy,
Tark xaxk 75 > 7] Ws-3a mojorpesa. TahI/IM o0pa3om, Ama uyeadb-
Horo IIBPJ] monyuum

2

e
T

C momompo dopmynsr (10.26) merxo oueHUTsH T\Tep ISl AReaibHOTO

(10.26)

—1.,
T(TBPZ%:—JFK}"I<1 U Yppon =

MNBPA. Has Bosuyxa mpg y = 1,4ma Ay, = =1 Yop = 17%,
upn A; = 1,93, 1—3mep-—646mupm 7» = 2,39, M\; = 10
Nep = 99%.

W3 cpenamnoro BHIIe aHAImW3a CJeAyeT, YTO JasKe W[ easbHLIA
ITBP/] e mMoskeT cosmaBaTh TATY «Ha MecTe» (npu v, = 0).

IIpuBenennsie 3HadeHUA NIA Yyep U, BOOOME TOBOPS, HIpAEMIIe-
MbI€ BHAUCHUA JUIA Wapoy UPHM Godpmux [y u, CiIeloBATENIBLHO, IPA
(75/T3) = 1, Bo npu cymecTBeRHo# pasmocrtu T, — 77, TOKa3H-
BAIOT, YTO IPH MAJBX CKOPOCTAX mojeTa (Manse A, u Gonbmme 77)
OpUMeHEeH e IPAMOTOYHOI'0 IBUTaTe s Hereaecoo6pasHo, IpH 60/b-
IIMX 3Ke CBEPX3BYKOBHIX CKOPOCTAX IPAMOTOYHLIA MABATATEIb MO-
eT ObiTh BecbMa ddderTuBeH. OJHAKO HYKHO UMETL B BHAY, UTO
Opu Bo3pacramn# yucia Maxa cBume M = 4 TemmepaTypsl TopMo-
HEHHA CTAHOBATCH odYeHb Oonpmumu, CTaTmueckme TeMIEPATYDPH B
HOTOKe BHYTDPH ABMTATENA MOMKHO COXPAHATL B HPHEMJIEMHIX Ipe-
[ejaX peryIdpoBaHUeM BeTHYUHE CKOPOCTH IOTOKA Ia3a BHYTDHA
JOBUTATENA,

IlyreM mameHenusi CXeME MOJKHO PaccMATpPHBATh ABHTaTedb, B
KOTOPOM ¢BHYTPEHHWUH IIOTOK» HAXOJUTCH BO BHOIIHEM HPOCTpPAaH-
CTBeY» M OTHENeH OT IIOBEPXHOCTH TeJa COOTBETCTBYIOIEM BaIdT-
HEIM CJIOEM.

W3 Bcero crasamHoro ciegyer, uro npumenenme IIBP]] Bo3-
MOJKHO JUIN, Opd 6OJBNINX CKOPOCTAX mmoieTa. Ilaa Toro aTofu pe-
aKTUBHHIE gBUTaTenls MOT paboTaTh W IPH MAJHX CKOPOCTAX IO-
adera (B TOM 4HCJe B IpH HyJleBoi CKOpocTH, T. e, HA ¢TapTe), He-
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00X0/{EMO CYIIECTBEHHO YBEJIHWYHWTH LIOJHOE JABJEHME ra3a, BXOAA-
INero B Kamepy cropauma. Jlaa sToro mepex KaMepoil CropanHus
CTaBATCA KoMIpeccop, a JUIA TOoJydYeHAA pAlOTH, HeoOXonu-

Moil miA UpuUBeNEHHA e€ro B pefcTBHe, 3a KaMepoll CropaHHs
cTaBUTICA TypOuna. JlBUTaTeip TaKod CXeMh HasHBaeTcs Typbo-
peaxtupreM geuraverem (TPH). ,
TypGopeaxrspamii qora. Cxema TP]l, ocmoBHOrO ABUTATeIls COBpe-
rens (TPJ) MEHHBHX CaMoJeTOB, B IPOCTEHIEM BapHaH-
Te IoKasaHa Ha pmc. 63. B TypGopearTun-

HOM fBUTaTele KOMIPECCOp COBepinaeT Ham BO3AYyXoM pabory L.,
KO10pas NMOBHIIAET TaBiTeHHe TOPMOKEHHS W TEeMIepaTypy TOopMo-

JHEHHA
p . a (v-D)/v
= >, Ly=c¢p (Tu — [1) CpT1[<‘i> - 1], (10.27)
p]_ _6}(
rmecyx = e f — xapakTepHCTHKa 10Tepb B KoMmpeccope. B mpume-

HAeMEIX [BHTATeJAX I, UMeeT 3HadeHume 8—15 m MHOro BunIme.

T 7 \
* * * * * * * L]
/e Pty el Bl

Prc. 63. Cxema TypOOpeakTHBHOTO NBHTaTeds. Y1KA3aHH

XapaKTepHHe OCIIOBHEIe CEe4eHMA M COOTBETCTBYIOUINE

JMABJEHHUS TOPMOMKEHHA I TEMIEPATYDH TOPMOKEHHS,

1 — nuddysop, 2 — KoMIpeccop, 3 — KAMepHl CropaHus,

4 — 1TypbnHA, 5 — BHIXJIONHOE COINNIO, BO3MOKHO, ¢ (op-
caykHOl KaMepoil.

TypGuna ycramaBimBaeTCs MJA BpalleHUA KOMIPECCOpPa 3a cueT
9Hepru:| Iojorperoro rasa. Ilas TypOmHsl mveem

:12 =m>1, Le=¢ (T12 - TZ) = CIJTZ [(por) DY — 1],
2
(10.28)
8183
rmec, = e B — Kospdumuent, XxapakTepA3yOMUA HOTepH B Ty pOoH-

me. Temmepatypa T3, mmeer mopamox 1200—1500° K. HamGoxn-
mme 3HAYCHHA TeMueparypil IJ, IAMATAPYIOTCA 3KAapPOIPOYHOCTHIO
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JonaToK TypOmHH, pabGoTalmMuX NOPH GOJBIIAX HANDAKEHEAX pac-
TAMEHBHA, ¥ BO3MOKHOCTHIO OPTaBWB3AUUE HX OXJIAMKICBEA.
JlaA moJHOTO HPHETOKA SHEPTHA K rasy MOKHO HAIECATh

W=cp(Te—T1)G=rcp(Tia— T7) G >0, (10.29

m3 paBercTB paGor ') Kommpeccopa W TypOmHL
L}( = L'r
cIeayer, 4To
" g, \(v-D/¥ "
cpTy {(%) — 1] = ¢pTg [(Ty5,)- Y — 1],
R
Beupy Toro, uro T3 > T, moxydum
Ty > Gy S (10.30)

B kamepe cropaszg DpOWCXOLHT IIOABOX TelJa M LIOITOMY

* *

T Y/(y-1)

= Pi2 —_ <_¥) e(su—slz)/R < '1’
Py Ty

npHYeM 3HAK PABEHCTBA HMEET MeCTo B 00paTUMOM HIealbHOM IIPO-
mecce.
Insa nodmoro c:xatusA B gBUTaTeNe ;T MOYKHO HAILIMCATH

P P P P T -
= —l == —2 —lg "‘l} = n_K Gcrop. (10.:‘1)
Py Py P Py T

B mpeansHEOM mpouecce, Korpa Oy = 1, 0p = 1 ® Oerop = 1, Co-
raacao mHepasenctsy (10.30) momyumm

s
I = -1%;-'->1. (10.32)

Tarxum obpasom, 3a cuer Toro, 94ro TypbmHA padoTaeT Ha rase ¢
6ojIee BHICOKOH TeMmmepaTypoi, HA BHXofe H3 Typbmust Ty > T,
paGora TypOumHE, nepejaBaeMas KOMIPECCOPy, MONydYaeTcs LDH
MeHBINEeM Iiepemajie I MaBJIEHHH TODMOKEHHs, UeM IIOBHIIEHHE
NABJIEHEA T, B NOCTYUAOMEM B KOMIDECCODP HA3KOTEMIEPATYPHOM
BO3gyxe. 3a cdeT 3roro apdexra o0muid nepeman [aBIEHMH
ni=ps/p; B asmrarere TP]] momyuaercs GoxsmmM eg@HWILE, TOTLA

1) Ha ppaxrure paGora L, memmoro Ooiabmie paGoTw L, B cBASH ¢ HeoG-

XOJAMOCTELIO ofecmeunTn 3Heprneﬁ HEKOTOPhIe NIPUBOJAKL (B YaCTHOCTH, IOHa9Ty
TOIIABA B KaMepy cropannﬂ).
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kak muaa [IBP/I aro orHomenme B miealLHOM IPOLECCE PABHO ONH-
HOOE, a 3a CUeT MOTeph MEHLIIE efAHUIE, Ha mpakrake sHadeHme
nt 8 popmyie (10.31) umeer mopanok 2—3. Tak kak = > 1, To, co-
raacao (10.19), B TP]] moaygaerca A, > A, m My > M, TTosromy
TP]l moser paboraTs Ha CTapTe, KOMIPECCOP 3aCACHBAET BO3MYX,
BO3HHKAeT BHYTPEHHAsA CTPysa OpE ¢ > 1 u moxywaerca Tara.

IIpn n =~ 2,3 ckopocTh Ha Cpe3e pacueTHOTO COILIA MOAYYAeTCA
GIM3KOH K CKOPOCTH 3BYKa. FCIHW COIIO CY;KAIOMEeCa, TO BO3MOK-
HO HMCTEYCHME CTPYH CO CKOPOCTHI0 3BYKA ¢ HEIOJHHM pacimmpe-
gmeM. M3-3a Gonpmux TemmepaTyp TOpMO)KeHHs 5 BeIMYWHA CKO-
POCTH MCTEUEHWA MOMYydaeTcs GONBIION.

Veenuuenna Tare TP upr npakTavueckn HeM3MEHHOM Iepema-
e MaBJICHAA It MOYKHO TOCTHYb C IMOMOINBI0 [IOBHIMEHNs TEMIIePaTy-
PH TOPMOMEHHA Ha BHIXOfe H3 BEHXJIONHOTO COINA, [JIA STOrO
MO;KHO [OMOJHATEIHHO JOKATATH TOIIWBO 332 TypOHHON B CoIlie m
TaKEM IMyTeM QOpPCHPOBATH TATY nBuraTedsa. lIpm ¢opcasie Temme-
paTypy rasa, BHTEKAIONEro U3 Comia, MOKHO moauaTh mo 2000° K
u 6ouee, T. ., 3HAYATENLHO BLIIIE, 46M B OCHOBHO! KaMepe CTOpaHusd,
rie TeMruepaTypa He MoKeT OHITH GoJplie 3HAYCHHUH, IPH KOTOPHX
ofeceunBaeTca NPOYHOCTE TonaTok Typb6uHsl. [lna moreros ¢ TP]]
Ha 3HAYATEILHEIX CBEPX3BYKOBBIX CKOPOCTAX, Kak GBUI0 yKas3aHO
BHIIEG, HEOOXOMMMO NPHMEHATEH CHemualbHEE AUGOHYB30pH CO CHHU-
JKCHHBIME TOTOPSAME Ha CBEPX3BYKOBHX CKOPOCTHX.

Cremyer mMeTh B BHALY, 9TO DY YKA3aHHHX YCIOBHAX YBelHde-
HOA TATH MOKHO NOOMTRLCA TakK:Ke MEepexofoM K ApyrmM, Goiee
CIIO;KHEIM, CXeMaM fgsmraTeneii. B HacTosmee BpeMs mupoKo IpH-
MeHAoTCsl TypOoBuHETOBEe W nByxKoHTypHbie TPIl. B pgByxko=H-
TYPHOM [BHTATENE 9YacTh BOBAYXA, CIKAMAEMOTO KOMIIPECCODOM,
MHOHYs TypOumHy, IoCIe HOoorpeBa MocTymaeT B COmIo. [ ByXKoATyp-
HEE [BATATEJY TOIYIANHW B IOCIE[HEe BPeMs IMMPOKOE PACHPOCT-
PAHEHWE B CBSBH C TéM, 970 OHH COYETAIOT NOJOKATEIBHLIE KaTecT-
Ba OOLITHOTO TPOTEIIepa HA MANHX CKOPOCTAX H TypGopeakTHB-
HOTO JBHTATEAS HA GONBNIAX KPEeHCEepCKHEX CKOPOCTAX.

Jlns BLIUmCIeHUA K.O./1. Wrep, Naopon Z M 771A TP]I B mpeanxsEOM
AIn geACTBATENBHOM peRAMe PAbOTLH MOYKHO II0JH30BATHCS HOPMY-
mamm (10.25). Barom cyuae Beamamay A, > Ay, ofecmedmaemyIo,
B0OGIIE roBops, pACIETHEM COILIOM, MOKHO BEIPAa3uTh Iepes oOmyo
CTeNeHb CKATHSM I U A, B HaberaromeM IOTOKe, COTIAacHO gopmMye
(10.19). Ogesmpgro, uTo Tepmmueckmil x.u.x. TPJl saBmcur or cre-
UeHW CHRATHA 7, OT gmcra Maxa B moxeTe m orHomerms Tg/7;.
ITpm cropoct: momera, paBHO# Hy:i0, Korga Tt > 1,

n'rep> 0.

Jlng pam\Eoro ¢urcmpoBaHHOTO gBaratens TPJl npm samammom
sHaveHm™ umcia Maxa (mam A,) B moseTe CTENEHDb CIKATHASA 7T W, COOT-
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BETCTBEHHO, 4HCI0 000POTOB TYpOMHH M KOMIPECCOPA MOKHO pe-
TYIAPOBATH HOJAUeH TOIIABA B KaMepy CTOPAaHHSA.
B 3armiouenme paccMOTpEM MEANBHEI OPO-
E;ggg;neggeam’"om OYJBCHBHKMA K.IL.J. I BOZAHOTO U BO3TYIN-
HOTo BHWHTA (upomemnepa), KAk ABU;RHUTE-
Ieil, KOTOpEe CO3AI0T TATY, HO IPHBOAATCA B IBUKEHHAE CIEHAb-
HEIM [BUTaTeNeM (dIIERTPOMOTOPOM, HOPINHEBHIM [BHTATEIeM WA
ra3oBol TypOHWHOM), KOTa DHEPTeTHIECKNEe XaPAKTEPUCTHKHA J(BUTA-
TeNs 3aJaHbl WIN USBECTHH U3 €r0 OTAEILHOTO TeXHHUYECKOTO IIac-
nopra. PaccMoTpuM mpaealbHEIH HPONMYJILCHBHEIA K.MI.J. B CIydae
YCTaHOBUBINETOCS HEIPepPHIBHOTO ammabaTudecKoro o0Texkamus Gec-
npefeilbHRIM IOTOKOM HUealbHOH HECRMMAEMON HUIAKOCTH (Uin
HJealIbHOTO COBEPIIEHHOTO I'a3a) HEKOTOPOTO YCTPOWCTBA ¢ HAWBHI-
rogHeimuMn gopmamu. Ilpmmem, 9To B pesyanpTaTe paGoTsl 5TOTO
yerpoiicTBa ofpasyercs cTPys, K KOTOPOH 00paTUMBIM IIyTeM IOj-
BOUTCA MEXaHWIECKAA DHEPTUA B BHAE paboTLl CHMI, MEHACTBYIOMUX
Ha JKAJKOCTH WIH Ta3 CO CTOPOHELL TeJ dTOr0 YCTPOMCTBA.

B cootBercTBHU ¢ HaHHKIME BHIUE OIpeHEIeHAAMA TATOH TOro
yCTpolicTBa, IpefcTaBIgiomero co6ofl HueadbHEH KOMIpeccop, Io
OIIpefleIeHAI0 HA30BEM CYMMApPHYI0 CHIY Bo3[eHCTBHA BHEIIHETO
II0TOKA W BHYTpeHHell cTpyu Ha Komupeccop B mexoM. IIpmmenm, uto
B 6eCKOHEUHOCTH CTATHYeCKMe NABJICHHA BHIPABHUBAIOTCSI B 9TO B
cegensax S, ¥ S, Ha GeCKOHEYHOCTH BO BHYTPeHHEH CTpye CKOPOCTH
OJIMHAKOBHL 110 C€UeHWAM, NpUUIeM AajIeKo Boepenu B HaGeraromem
IIOTOKe B IIpefielie XapaKTepUCTHKA BHEITHEI'0 W BHYTPEHHET0 IOTO-
KOB COBIIANaIor.

W3 menpepriBHOCTH JBHmKeHUA, afuabaTHIHOCTA ¥ OJHOPOTHOC-
TH Haberaiomero IOTOKA CiIeayeT, 9T0 yAeJbHas HHTPOOUSI BCEX
9aCTAI B MOTOKE OfMHAKOBA. I1109TOMy 3a TemoM B GECKOHEUHOCTH
BO BHYTpPeHHEM M BO BHELTHEM IIOTOKAX B Ipefese U3 paBeHCTBA [aB-
IeHWsI @ SHTPOIUN B YACTUIAX CJIELYyeT PAaBEHCTBO IJIOTHOCTH U
TeMuepaTyps. Taxkum o6pasom, B 9TOM Ciiydae BO BHyTpeHHeHl cTpye
B ceueHmax S, m S, mMeem

Py = Pay P1 = Pay S = 8§, Iy = T,
3a cyer paloTH BHEIIHKX CHI
vl :7£ Vg,
npuueM coriacao pasenctBam (8.4), (10.10) u (10.11)

23 — o
W=G-252 u R=G@u,—vy). (10.10")

CienoBaTenpHO, B PACCMATPUBAEMOM CJIyUae HMACAJHHEN MOJIET-

"IN = Ru',vl (cm. (10.6)) m upomyascmprbit (cM. (10.14)) k.m.m.
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COBIAJAIOT U oNpefeneHsl GOpMyIoh

0= —2 (10.14)

Ve

1+ o
KOTOpaf BepHA KAK [JIA HECKAMaeMON KHIKOCTH, TAK W A rasa,
KaK IPH I03BYKOBHIX, TAK 1 1PN CBEPX3BYKOBHX CKOPOCTAX I0JeTa.
Ouesugno, 9to | — 1 mpu v, — v,; B 3ToM ciydae [JIs HOTYyde-
HUA KOHeWHO# TATE R Heo6XoaumMo yBeIMUHMBATH Pacxoj BO BHYT-
peHHEN ¢Tpye, G — oco. B obmeM caydae, Kak MH MOKA;KeM HUKE,
TIpH 3a7]aHHOH TATe HAeaJdpHEH K.I./. PACTET ¢ YBeIWYCHHEM pac-
X072 Bo BHyTpeHHei cTrpye. PeaktnBHas cTpya TeMm BuITofmHEe, ueM

fonbille ee MacCCOBHI pacxof,.

BBegeM B KadecTBe XapaKTePUCTAKHM BHHTA WA KOMIPECCOpa
Koo PUIEeHT HATDY3KH

2R

2 o7
p1v3 S

B::

rjie S — ILIomafgh BX0/a B KOMIIpeccop WM LJIOMAAh BHYTpEeHHEI
CTPYH Ha BXOje B ABMKUTENb. [|J1A BO3MYIIHEIX MIA BOLAHEX BUH-
TOB HpMMeM, 9T0 S paBHAETCA IIOMAAu KPyTra, OMeTaeMoro JoIa-
cTamu BuHTA. Koagdumuent B — pajkHAsA XapaKTePUCTHKA PeKU-
Ma paboTH BHHTA.
Ha ocvoBammu dopmyan (10.10) MmosxEO Haoucatnh
B=_R_o_9p (ﬂ—1>, (10.33)

910%51 v1

rae @ = S,;/S. Bsensa orciona kospdunment Harpyskn B B opmy-
ay (10.14'), moayumm
1

n= ——p. (10.34)

1—}—'4?

Kosgdunuent pacxopma ¢, BooGme TOBOpsA, 3ABUCHT OT TeoMeT-
puYecKUX ocobeHHOCTel (hoPM JBHKHUTEIA M OT peskmMa ero paboTsl.
I1pm sapamEOM B Hammydimme BO3MO)KHHE K.I.J. 7| COOTBETCTBYIOT
MaKCEMAJIbHO BOSMOKHHM 3HaUeHWsAM ¢. lHaue rosops, Opm 3a-
JAaHHHX rafapuTax M TAre HAUBHTOLHEHNTAA Ciaydail COOTBETCTBYET
Ham0oJIbIIeMy KOJIHIECTBY BO3AYXA WU yKUJKOCTE, KOTOPOE MOKHO
OPONYCTHTEL depe3 ABUKATENbD.

B cnygae mecKuMaeMo#l JKHKOCTH HMeeM

2 2

. o . pv
=P+, PB=P+-5.
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Ha ocroBanmu stux ¢opMya moaydum
2

n= T 2_1
P

1+]/1+ (pf _1)—§

P pv]

1

(10.35)

Beapaameproe umcio ditnepa pv‘i/2p;, anajgormuHoe gmcay Maxa,
ompeniesieHo ycaosuamE moiaera. B (10.35) emmmcTBeHHEIM mapa-
MeTPOM, B3aBHCAMUM OT KOMIpeccopa, sABIgeTCA OTHODIEHWE
n ='py/p;; npm w— 1 mmeem M — 1.

Puc. 64. ITyaxTupoM mokasama crpys 0Oe3 Hampas-

JAOWYX HACAJKOB, CILIOMHEIMA JHHHAMU — C Ha-

npaBIAmEME Hacagkame. Ha ¢oro psyxsumrTOBOIR
OyKCHD ¢ HacajKaMd Ha BUHTAX.

B ¢opmyne (10.34) BMeCTO OTHOIIEHNs Tt MOYKHO 3aTaBaTHCA @,
Heo0xouMEIe 3HATEHAA KOTOPOTO [JIs BUHTA B HeaJbHOM ITPOIEC-
ce MOKHO 00ecIeduBATH C IOMONIHI0 CHEIHAIBHEX KOJBIEBEHX Ha-
cagkor (HacagkoB bpmrca-Hopra Ha Bomaumix BumTax), maobpa-
jeHHHX Ha pmc. 64. C mOMOIIBI0 TAKOTO pOfIa HACATKOB MOKHO
yBeJIM4MBATE ILIOMARL II0TOKA, 3a0mpaeMoro B cTpymo BuuTta. Odge-
BHIHO, 4YTO IpPEMEHeHMe TAKHX HACAJKOB MO;keT OLITH BLITOLHO
npn 6onbIINX 8HAYCHAAX KO0dQ(HIMEATOB HATPY3KH B (Goabmue Ta-
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TM ¥ MaJble CKOPOCTH [(BH;xeHMs). Ha 6ykcapHHX cymax mpd §oas-
mux B mpuMeHeHHe HACA/[KOB yBeJIUIHBAeT TATY 10 50%, a K.1m. 1. —
mo 60%. (QakTHyeckoe HCHOMB3OBAHEE TAKHX HACALKOB OCI0K-~
HAETCA BHECEHHEM B CHCTeMY n00aBOYHHIX CONpPOTHBIEHHI, 06yc~
JOBJEHHLX CHJIAMH BA3KOTO TpeHMA HA YBeJMUEHHHX IUIOMAJAX
00TeKaeMHX MOBEPXHOCTEI.

Hoaddunment ¢ Mo:KHO OpeeanTh, KOT/a feficTBe BAATA MOK-~
HO CBeCTH K [eHCTBHI0 BHEIIHUX CHUJ, PACIIPEJeNeHHHX L0 JHCKY
BAHTA, B IIPeJHOJOEHHH, 9TO 0CEBasA CKOPOCTH v’ Ila JHCKe BAHTA
moctosiEHa. OmpegennM 3Ty cKopocTb. OGo3HAYMM uepes p; W Dj
NaBIeHHs HAa pA3HEIX CTOPOHAX NHWCKA, Pa3HOCTH P; — Pi ypPaB-
HOBEMNBaeTcAd BHENIHEH CHJIONH CO CTOPOHE! BHHTA, MOI{HOCTH DTOM
CHJIH, IlepefjaBaeMas REAKOCTH, paBHA

v \(pr— pi) ds = Ro' = G 0y —v)) o' =
S

OTcioga DoxyduM

W3 ypaBHeHHs pacxoga Haitgem
v'S=v—z#—S=vlS1 o Q= igi:ft—(iz-—ki).
IoncTasasas ato snauenne gisa ¢ B (10.33), momyunm

B:(Z—ff»—i HIA Z—i=]/1—]'—B.

CrnemoBaTesibHO, B aToM cayuae aia 1 mwo (10.14") BepHaA dopmyna

2
= Ay~ — 10.35,
NS IIVITE ( )

Otciona BeITeKaeT, uTo 1| = 1 mpu B = 0. B cxeme Hecymero
OUCKA HAaWIydllue HAeaibHbIe K.I.J. COOTBETCTBYIOT MaiuM B,
IJISI 3TOT0 OPH 3afaHHof TATe R @ pacueTHO# CKOPOCTH v, HANO yBe-
argaBaTh S, OJHAKO TPeCOBAHUA HPOUYHOCTH X BO3MOMKHOCTH BO3-
HAKHOBEHNA KABHTANUH 3aCTABIAAIT OTPAHHIHBATHL JUAMETD BOJA-
gux BuETOB. C DOMOIMBI0 KOJBIEBHX HACATKOB II0 cxeMe pHC. 64
npu Gonpmux B M03KHO MONTY9IRTH AT BHE K.I.7. ¥ GaKTAYeC KAX
K.I.J. Golple, ueM K.I.J., paccudTaEHHA mo dopmyxe (10.35%),
0TBeYalomed HaeajlbHOMY K.O.J. CXeMH HeCymero AHCKa.

IIpm pewsienuu B BO3AYXe, TAK KAK Py == Py, Pp = Py H, CIEN0-
BaTeIbHO, @; = @, (@ — CKOpPOCTHb 3BYKa), Ha ocHoBammu (10.19)
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mOJIyINM

Vg 2
— = =Y ]y — L (DY,
o ]/( o —hm

Iogcrasasas aro 3HaUeHHe v,/v; B Popmyny (10.14") nusa v, Haiinem

M (%, My). CoorBercrByromuit rpaguk n (rr, M,) mam ma puc. 63.
IIpu moxere B Bo3gyxe JieTKo YKasaTh mMpaBHia [JJsI OIpejese-

HHUA HauBhrogHeiimero 3HaueHus xodddumuentos ¢. Illo cBoiicTBY

‘o
7 - —f— — Mf=3‘
L N s e e~
’ ~N S~ =2
06 \\ ~ e
TN B
04 N Lawd
4 B \\ [
42 M0z
0 l
/ 2 3 4 s 6
V2]
7= £
Z

Pumc. 65. HosernHit K.I.J. BAHETA HIH BEHTHAATOPa-KOMIpec-
* L
copa Kak QyERUEA n = P,/p, u umcaa Maza M,.

cBEPX3BYKOBHX IOTOKOB mpu M > 1 Bago momoxurs ¢ = 1. las
DO3BYKOBRIX CKOpOCTEil MAKCHMYM ¢ II0IydaeTcs B TOM caydae, ec-
JIE CKOPOCTH ra3a MpH BXofe B IBUraTeNs (B ceueHnH ) paBHA CKO-
pPOCTHM 3BYKa. B COBpeMEHHHX aBHAIMOHHHX KOMIPeCCOpax fCHO
BEIPaJKEHO CTpeMIieHHe NPUGINBUTHECA K BHIOJIHEHHIO) 3TOT0 yCJIO-
BusA. B sToM cayuae moirydaem

_ S _ Pup¥ep _ 1
=T por 4 (M)
- TakuM o6pasoM, HaXOgmM

n=— (10.36)

14 %

IJIA CBEPX3BYKOBHX CKopocTeil m

1 ar

1 %

VISl JO3BYKOBHIX CKOPOCTEil.
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@opmyna (10.37) upm manbix sHawenmax M, He coBmamaeTr ¢
00BTHO# 00 IMen3BecTHOM POPMY IO HEEANBHOr0 K.I.J. BAHTA, I0-
Ay9eHHO B TEOPHH HECYINEero AUCKA. JT0 OOBACHACTCA TeM, 4TO
paccMaTpUBaeMas IOCTAHOBKA 3a[a4YW HOCHT §ojlee TIMDOKHU Xa-
pPaKTep W oxBATHIBAeT Ciydail pafoTH BHHTA B HacafKaX, Korxa

7 [
M1=0
10 e T
29 S ] M=042
’ 3 | bl |
08 M08
R I 2 A N O s ey WO gy
00 COBPTIGYKOBHIT CRODOCTIAT OREMTIA T~ e
a7 (=
-l 1 ]
" 1
J 495 50 19 50
A= R
/r v’

Puc. 66. TlodeTHHA K.I.[J. ANeaJbHOTO MEXaHMIECKOTO [IBHIKATE-
a8 (BHETA) IJa JO3BYKOBHIX H CBEDX3BYKOBHX CKODOCTedl NOjera
Kak QyHKIHA Koddduumenra Harpysku.

YaCTh TATHE MOeT 00 Pa30BEBATHCA B PE3yIbTATE HPAMEHEOHA A HACA -
ros. 3apucuMocTu (10.36) m (10.37) npexmcraBaerns rpaguueck: Ha
puc. 66.

Ha ocHOBaHNMH HM3JI0}KEHHON BHIIIe TEOPHH HAEANHHOI0 BHHTA
MOJKHO CHEJaTh BEBOJN O TOM, UTO IIpW KOHCTPYHPOBAHUH JIBH-
rarejieif ¢ HAEMEHENINM BECOM BXOJHEIE YCTPOHCTBA U LpPOTOYHAA
9acTh ABHETATELA LOJKHEK 006eCIeYHBaThH Ha PACYCTHRIX PesKHMax pa-
GOTH IIpu BXOZE B KOMIpPECCOp CKOPOCTh HOTOKa, OIMBKYI0 K CKO-
poctd 3ByKa. Pazo6paHHbIe BHIE 3aKOHOMEDHOCTH [JIA K.ILJ.
nMelT (QyHIAMEeHTAJIbHOEe 3HAYeHHe /A ONEHKH MOCTPOSHHEIX Ma-
IIKH, A8 BLHACHEHHS BO3MOKHEIX LIEPCHEKTHB M KOHCTPYKTHBHHIX
TeHTeHINI.

§ 11. Horennmanpasie TEeUCHAA HIEAIBHOIN KAAKOCTH.
Hnarerpan Komum — Jlarpamka

Jlng moTeHMUANHEHX TEYeHWH BAealbHOH JKEIKOCTH KaK ycTa-
HOBEBIINXCA, TAX H HEYCTAHOBHBIIHXCS, MOKeT OHTH IOIyYeH
HepBH# WHTErpaX ypaBHeHmi OJililepa. 3TOT WHTerpal HOCHT Ha-
spanme mETerpajga Homm — Jlarpamsa.
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PaccMoTpuM JBWKeHHME HAEaNbHOU JKHAMKOCTH, ONpeAcicHHOE
10 OTHONIEHHIO K HEKOTODOH CHcTeMe 0TcueTa, W 3AMHINEM ypaBHe-
HUA ,I[BI/I)KGHHH B popme I'pomeru — Jlemba:

_— +grad%—+2m X =-— —p——grad p + F. (11.1)

IlpegmonoskuM, 1aTo 1) ABMKeHWe TOTEHIHWANbHO, T. €. ® = 0

= grad @, rae ¢ — moTeHIHaJN cKopocTeil; 2) mmeer MecTo O6apo-
TponmA, p = p (p), U, clegoBaTeIbHO, MOKHO BBECTH eJUHYIO [JIA
BCEro I0TOKAa (YHKIHUIO JaBleHHsd

1
o % oorad p=— P
P (p) = Sp(p) -grad p grad J

Ilpu »TMx mnpepmoioskeHUsx ypaBHeHHe I'poMexm — Jlemba
3aIMCHBAETCH B BHUME

grad(/%%+—%z—+ﬂb)=ﬁ’

OTcroga BHIHO, 9TO MACCOBBIE CHJIH B 3TOM CJy4ae MOJIKHE oia-
marh noTermuagoM. O603HaYlM MOTEHIKAN BHEIITHAX MaCCOBLIX CHUI
gepes Y. Ecam e mpemmomours, uTo ABUKEHWE MOTEHIHAILHO,

= grad @, @ BHeIHEHWe MACCOBEIE CHIH 00JaJal0T MOTEHIHAIOM,
ro m3 (11.1) ®Kar caegcTBHe MOJYUATCH, 9TO ABMKEHHE OJKHO
OBITE GapoTpOUHBIM. YpaBHeHne (11.1) npuoGperaer Bupg

grad(at 4 Z +.9° %)
Orcroga caemgyer
D e —u=10), (11.2)

rpe f () — HekoTopas HPOM3BOJNLHAS QYHKNHA BpeMeHH f.

Cootromenne (11.2), BrmoaHsg0meecss Bo BeeX TOUKaX 06IacTH
IOTeHIUAJIBHOTO BMW/REHUS SRUJ(KOCTH HJH rasa, H ecTb HHTETPaJ
Homm — Jlarpamsa.

s Toro 9ro6u Haiith GyHKROMIO f (£), ZOCTATOTHO 3HATH JEBYIO
qacTh HATErpaja Kak QyHKOUIO BpEMEHH B KAKON-IH00 OJHOH ToTKe
moroka. MHOTA TaKO! TOYKON MOIKET CIY/KATH HEKOTODAas TOUKA,
OpHHAJJICKAAA IpaHAUe DOToKa. B caydae Ge3rpaHHTHOH KHAMA-
KOCTH (pyHKOUIO f (f) MOIKHO OIpEeNeNHTh IO 3aJaHHHM 3HaUeHHUAM
DOTeHNUAJa ¢ ¥ PYTEX XapaKTepHCTHK Ha (eckoHeuHocTH. Ilomn-
3ysICH T€M, UTO HOTEHIHAN ( OIpefeleH ¢ TOTHOCTHIO [0 MPOR3BOIb-
HOH (YHKOUA BpeMeHH, BMECTO IOTeHIHMAJA (¢ MOKHO BBECTH IO-

TeHIHAI cplscp—§—Sf(t) dt. Beemesme B moTeHIUan @ A06aBoY-
HOTO wWiIeHa Sf(t) dl He BIEMsAET Ha HoJe CKOpocTeil, Tak Kak

= grad ¢ = grad ¢;.
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ITocie samenn B (11.2) d¢p/d¢ uepes 4/t moryaum, uto PyHKIMsA
f () B uarerpane Komu — Jlarpamxa pama HyIi0. B aToM cayqae
TOTEHNMAJ (¢ OIPENeseTcsi ¢ TOYHOCTHIO 0 AAIWTHBHOR MOCTOSIH-
HOHl 10 BpeMEHH M [0 KOODAMHATAM.

Narerpan Homum — Jlarpammka MokeT CIOyKHTH MJIS TeX 3xe
meseil, 9To W WHTErpasi BepHEYJIn, ecJiM HOTEHINATH CKOPOCTEN ¢
W BHCINHHX CHJ 9} W3BECTHH, TO ¢ TOMOIIbI0 HHTerpasa Homm —
JlarpaHKa MOKHO ONpEJEeNHTh pPacIpefeeHNe MaBIEHMU.

B wacTHOM cirydae, Korja TMOTEHIMATbHOE ABWKEHUE KUJKOCTH
WIm Tasa yCTaHoBHBUIeecA, uuTerpas Homm — Jlarpamxa mmeer
BH[

2
%—%?—%:constzi*

M COBIAfaeT ¢ MHTerpanoM bepHynmu, B KOTOPOM ToCTOAHHAs [¥*
O/IMHAKOBA JJIA BCell MAcCHl KH(KOCTH, a HYHKIMs [ABICHAs 3aBH-
CHT TOJBKO OT [JaBieHHs (13-3a 0apoTpolHH).
Warerpanr Konm — Jlarpammka (11.2) 6mn
Harerpanr Komm — Jlar- TOJNYYeH B TPEANONOKEHAHN, 9TO IIOTeHIAA
pamia B LOABIGKHOM CH- CKOpOCTEil ¢ MpeACTaBleH KAk (yHKIHs
cTeMe RoOopaAnmHaAT
BpEMECHH ¥ KOOPAMHAT CHCTEMEL OTCUETA,
0 OTHOWEHWIO K KOTOPOH paccMarpuBaeTcst jasmxende. OgHa-
KO [IIf OIMCAHMS JBHKEHHA OTHOCHTEIHHO HEKOTODPOH CHCTEMEI
OTCUETA MOMKHO II0JB30BATHCA (M HTO YacTO Jelaior) HApyroi,
NOJBHIKHOI 110 OTHOUICHUI0 K CHCTeMe OTCHETa, CHCTEeMOH KOOp-
JWHAT, HAPUMED CHCTEMOH KOODIMHAT, KECTKO CKPEILIeHHOH ¢
TEIIOM, IBUIKYIIUMCA B JKHTKOCTH.
Qopmynn npeofpa3oBaHHA KOODAHHAT

z=zEn4) y=yEn LY, z=2(@En¢1, (11.3)

e &, Y, Zz — JEeKapTOBH KOOPAMHATH OTHOCHTEIBHO CHCTEMEHl OT-
cuera, a &, 1, { — MeKAapTOBH KOODPMMHATH OTHOCHTEIHHO IIOTBHK-
HOI CHCTEeMEI, MOJKHO PACCMAaTPUBAThL KaK BAKOH IBIKEHUS T0/[BHK-
HOIl CHCTEMEl OTHOCHTEIBHO CHCTeMH orcuera. IloTeHmualsl cropo-
cTell MOJKH 0 IIPEJICTABATH KaK QYHKIHIO Z, Y, 2, { AN KaK QYHKIHIO

&mn, § &

PG LY vEMNLY 26N ) =9(EnE9).
(11.4)

Hrrerpan Komu — Jlarpamsa (11.2) sBasieTcsi clle[cTBHEM ypaB-
HeHU HMIYJIbCA W MODTOMY B HEr0 BXONUT TACTHAS IPOWBBOJHASM
DOTeHNWAJA (¢ 0 BpeMeHN {, BHITACIEHHAs B TOH CHCTeMe KOOpAH-
HAT, OTHOCHTEJIHHO KOTOPOU pacCMaTpHBAETCH ABIKeHWe. 3aMeThM,
qTo

09 o9

0t |x, y, 2= const ot £, 0, § ==const
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LeficTBuTensHO, meppas 6epercss B MPEJUONOKEHHH, 9T0 £, § H 2
MOCTOSIHHEIE, T. 6. B (HKCHPOBAHHON TOYKE IPOCTPAHCTBA Z, Y, Z;
BTOpas Op: &, 1} © [ DOCTOSAHHHX, T. €. B TOUKE, KOTOpAsl IO OT-
HOUIGHUIO K CHCTeMe oTcdera Z, Y, z ABMiKeTcA mo 3axomy (11.3).
Jlerko ycTaHOBHTH CBA3H MEKAY 9THMH HpousBogHmMH; u3 (11.4)
nMeeM

o9& m L1 _

at

9@y 21, 09 [dr , ﬁq’_(dij 499 [az)
at © oz kdt Jzoae U0y \dt i, 0 T8z (dt JE 2
(11.5)
opudeMm
?%=Ux’ %ZUU’ %%=UZ,

a

dx . dlj ) _ dz \\ o
(7{)&’ o Ux niep, (Ti_t—, Bt Uy nep, (:dT/g, et V2 nep
ABJIIAIOTCA KOMIIOHGHTAMHU B CHCTEeMe OTC4eTa Z, Y, Z CKOPOCTH IBH-
JKEHHSA TOUKH, KEeCTKO CBA3AHHOHM C IOABIDKHOI cHcTeMoO#, T. €.
HePEeHOCHON CKOPOCTH ¥nep. llosToMy paseHcTBO (11.5) MosKHO He-
peumcaTs B BH[E

09E L. 1) _09(z, v, 351
at - at

4 grad ¢ Vyep. (11.6)

Cramgpuoe npoussegenue grad @-v¥pep ABIAETCH NHBApPHAHT-
HOUl BEJMUMHOU M MOKET OBITh 3aNHCAHO KaK depe3 KOMIOHEHTEH
BEKTOPOB B CHCTEMe &, 1}, {, TaK W 9epe3 HKOMIIOHEHTH B CHCTE-
Me Z, Y, 2.

Ecam norennuan ¢ ompepenserca kKaxk gyHKOuA §, n § u ¢, To
unrerpan Homm — Jlarpamsa (11.2) npnEnMaeT Bupg

dp (€, ¢ L
fP(Ea? g t)—v-vnepﬁ—%Jrgb—"%:f(t% (11.7)

Ecan npenmonoKuTh, 9T0 HOJBHKHAS CHCTEMA KOODAUHAT JIBHKET-
ca Kak a0CONIIOTHO TBepgoe Telo, TO, KaK U3BECTHO,

Vrep = Vo, + Q X7,

rage ¥o, — CKOPOCTH Hadala KoopaAMHAT (O, HOABIIKHON CHCTEME
OTHOCHTEJIBHO zyzZ, @ — MrHOBEHHAs YrioBasg CKOPOCTH Bpalie-
HHUs MOJBIYKHOI CHCTEME W 7 — PajgMyc-BeKTOD PacCMaTpHBaeMoil
TOYKH OTHOCHTEJIBHO HOJBI)KHOM CHCTeMH KoopAmMHAT. B wacTmom
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ciydae, KOrja DMOJABIKHAA CHCTeMa [BUKETCA MOCTYNAaTeJbHO ¢ HO-
CTOAHHOHR cKOpocThbio ¥V Bioub ocu z, murerpas Homm — Jlarpas-
#a (11.7) mpemcraBmTCA B BHME

o ) 6q> (gradcp) —
e V= 4P -9 =f(t). (11.8)

B uwacTHOM ciyuae mJis1 HeCsKHMaeMoi jRHAKOCTH, Korna P = p/p,
maTerpat Homm — Jlarpamsa (11.8) umeer Bup

9 2 d
g; aqg VT(grazw) J[_%_%=f(t), (11.9)

Hammume moTeHImata CKopocTedl cylmecTBeHHO ofJerdaer peme-
HEe MaTeMaTHYeCKUX B3aflad THUAPOAMHAMUKE ¥ B TO 3Ke BpeMd
MOTeHOUANBHNEe TeYeHHWA MpeacTaBidior coboil oYeHb BayKHHIH
¢E3nIeCKH# KJIacC TeYeHHH.
0 coxpansemoctn B §u7 ra. VI 6eIm UBIIOMEeHB TeopeMH O
IOTeHOUAJNHHBIX TeYeHHi CBOMCTBAaX BEKTOpa BHXDA
1
0= - rot v
B CJlyyae HempepHIBHHX 6apOTPONHEIX TeUeHUi MAeaTbHOH JRUTKOC-
TH B MoJe MOTEHIMAJbHHX MACCOBHX CHi. B wacTmocTH, GBuia fo-
Kasana Teopema JlarpamExa 0 COXpaHAEMOCTH IOTCHIHMATLHOCTH
TEUEHNS BO BPEeMEHH.

Muorne ABEKEHMA MOKHO PACCMATDPUBATH KaK NBM/KEHUHA, BO3-
HOKAWIIHe U3 COCTOAHUA MOKOsI, KOT/la B HaYaJbHHI MOMEHT Bpe-
menn ¥ = 0, a ciregoBarensHo, # 0 = 0. Taxue IBIIKEHAA [OJKEE
OBITH MOTEHIMAJBHEIMA H BO BCe MOCHEYIOIUE MOMEHTH BPEMEHH.
B mpunosxenwaAx [BWKEHHA KUAKOCTeH 1 Ta30B BO MHOIEX 3afadax
paccMaTpHBAlOTCH KaK IOTeHIMalbHHEe. TakoBH, HAIDEMeD, BOJHO-
Bhl€ [BEDKEHIA BOJH, [BIDKEHHA BO3LyXa B ClIydae pacmpocTpaHe-
HHf AKYCTAYeCKWX (3BYKOBHIX) BOJIH, pABJIMYHHE HEIPEPHIBHEE
OBIKEHHA KUAKOCTel W ra3oB, BH3BAHHHE IBH/KEHHEM B
HOX TBEPAHX TeJX, CTPYiiHbEe [BWKEHHAA JKHFKOCTH X MHOTHE
IpyTHe.

IMoguepknem, uTo uajioeHubie B § 7 ra. VI reopem ocuoBa-
HH Ha OIPE/eJIOHHHEIX JONYINEHHAX 0 CBOMCTBAX CPEJE M 0 XapaKTe-
pe mpomeccos. HesrimonHeEne CcQOPMY.THDOBAHHHIX NpPH BTOM
YCIOBHI MO)KeT DOPHBECTH K HADYMEHWIO CBONCTB MOTeHOH-
aapHOCTH TeueHmA. Hampwmep, Haimdme BASKOCTH MOKET OKa-
3aTBCA HCTOYHMKOM BO3HHKHOBEHHA BHUxpeil. B mueaabHOM rase
MOTYT HOSIBJATBCA MOBEPXHOCTHE Pa3pHBa CKOPOCTH M HAPYINATHCSA
6apoTPONHOCTh TEUEHUs BCAEACTBHE PA3PHBOB U T. [.
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JMunamMgueckaa MHTEpHpeTa-
OHA DOTEHIHAJA CKOPOCTeii;
3afasa J[(WpHxXie 0 ABH:KE-
HHA HACATBHOH HecxmMae-
MOH SKHMAKOCTH MTOJ AeHCT-
BHEM AMHOYJABCHBHBIX JaB-
JeRui

HaguM Temeph KEHAMUIECKYI0 HWHTEPIpe-
TaIMi NoTeHIEAla CKOpocTell B Ciydae
DOTeHOUAJbHKHX [BIKEHWH WIealbHOR He-
CKEMaeMoNl KUTKOCTH.

IIycrs Ha HeKoTOpHiE 00beM HHealbHOH

HeCKUMaeMoH JKUIKOCTH B TedeHHEe MAJIOTO

DpOMesKyTKa BpeMeHH T HelicTBoBaim Gec-

KoHedHo OoxdpimMe [faBIeHHA p’, HMMIYJBC KOTOPHX 3a 0Oec-
T

KOHEYHO Majoe BpeMd KOHedeH H paBeH p,=limSp’ dt.

T—)

Hanumem ypasuenmsa Oiiepa B BHJ(e

27— Lgradp, (11.107)
{ p
ppomaTerpupyem (11.10") mo spemenn ot 0 mo T ¥ BO3bMeM Hmpefe
IOpH T, CTPEMAMEMCA K HYJIIO.

B pesyasrare, Tak Kak @HTErpass 0T HYJIA JI0 T OT OORTHBIX
KOHEYHHX CHJI TABIEHHA M MACCOBHIX CHJI B Ipefele 06paTATCH
B HYJb, IOIYIHM

T
» — = —lim S—i- grad p' dt, (11.10)
T-—>) P
0
rme ¥ ¥ »' — CKOPOCTH OXHOM U TOM ke TaCTHIE YKALKOCTH 0 U M0~

cie meficTBUA MMIYIBLCHBHEIX IaBJIeHUA cooTBeTcTBeHHO. CKOpOCTH
q9acTHIB 32 OECKOHETHO Majioe BpeMsA T H3MEHHTCH Ha KOHEYHYIO
BEIUIAHY, CJM MMIYJIbC CHJ MaBlieHHsA KoHedeH. B npepede mpu
7 — 0 cMemenye YacTHIL OTCYTCTBYET U CKOPOCTH ¥’ B ¥ ABIAIOTCH
3HAYEHNAMHA CKOPOCTH B (UKCUDPOBAHHON To4YKe mpocTpancTBa. CKo-
POCTH 9YaCTHI[ U3MEHAETCHA CKATKOM, MHK MMEeM TedeHHe ;KHIKOCTH,
KOTOpOe Bo3HEKAaeT B pesyianTare yrapa. Ilomensas B (11.10) mocie-
IOBaTEeNIbHOCTh BHIIONHEHHA olepamumil TpafiieHTa IO TOYKAM IIPO-
CTPAHCTBA M HMHTEIPHPOBAHEA [0 BPeMEHA [ WHIUBHAYAIbHOH
9aCTHMEL YKAKOCTH, 9TO B IIpefesie BO3MOKHO, TaK KaK KOOPAUHATH
9aCTHUT BO BPeMA yaapa He H3MEHAITCHA, 0Ny InM

I

v —v=~grad—f}i=gradcp, (11.11)

e
Py = — PO, (11.12)

Ecim maganpHOE cocTogHME GHIIO COCTOAHHEM IIOKOA, TO B pe-
3yJbTaTe ylapa BO3HWKaeT HOTEHNUAIbHOE Iole ckopocreil. CooT-
BETCTBYIOMIMA NOTEHMEAN CKopocTed ¢ (z, ¥, 7)) W MMIyIbC JaB-
Jegusa cBAsaHH paBeHCTBOM (11.12). 9To paBeHCTBN MOKHO pac-
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CMATpUBATHh KAK JHHAMHUECKYI0 WHTEPHPETAIHI0 MOTeHIMAla CKo-
pocTeii.

Jia HeCKEMaeMol HIKOCTH W3 YPABHEHWA HEPAa3PHBHOCTH
div v = 0 ciegyer, 9T0 mOTEHN®A CKOPOCTEH ¢ (2, Y, 2, {) YAOBIET-
BOpseT ypaBHeHHI0 Jlamiaca

Ag = 0. (11.13)

OyHERIAA @, YIOBIETBOPAIOMIaA ypaBHEHWIO Jlaniaca, HaskBaeT-
Cf TapMOHHMYeCcKO# (yHKIWmEi.

Pemenme ypapuerna Jlannaca B HekoTopoit obaactu 9 onpene-
nfeTcA 3ajaHMeM 3HaUeHHH (yHKIHH ¢ Ha DOBEPXHOCTH X, Orpa-
HTEBalome# obiaacte 9. 3amada o6 OTHICKAHHH rapMOHHYECKOU B
obmacte ¥ ¢yEKIMH WO ee 3HaYCHUAM Ha rpammie obmactu P
HasuBaeTcsa sagadeit lupuxie. dta 3aja49a B OHOCBA3HOM obnacTm,
B00OIIEe TOBOPSA, BCOIA HMEET OMHO3HAYHOE eIHHCTBCHHOE PEIleHNe.
IlosTOMy [BWIKeHWe JKHTKOCTM ¥ WMIYJILC [ABICHHAA GHYMPU
o6.racmy, MONHOCTHI0 ONPENeNAIOTCs, eCJIN HA epaHuye 3aJaHH 3HA-
4eHHsA BHEIIHEr0 HMIYJLCA JABIEHHA p;, = — Q.

IIpmBenennoOe MCTONKOBAHAE TOTEHITHANA CKOPOCTEH C MOMOIBIO
TMOHATHA UMIYJIbCA NAaBIEHHA CYIMECTBEHHO CBA3AHO CO CBOMCT-
BOM HEC)KHMAEMOCTH JKHANKOCTA H, B 9aCTHOCTH, C MI'HOBEHHOCTHIO
pacupocTpaHeHHs BCAKHAX W3MEHEHWI NaBIeHHA HA BCI0 Maccy He-
CKIUMAaeMO# ;KIIKOCTH.

PaccMoTpuM Temeph HEKOTOpPHE BONPOCH o0IMel Teopuu moTEH-
OAAJBHHX JBUKCHHH,

OcHOBHHIME YPaBHEHUAMH DOTCHIOUAJIBHBIX

lNloTennuanbpnie TeweHHs « o
TEeUeHNU WACAJbHOH FKUIKOCTH B CJIydae

HACANBHBIX KHAKOCTH

' W rasa npm HaxMyHEM faporpomHmx wuporeccoB (p = f(p)) #AB-
GapoTponus JIAIOTCA: YpaBHeHHE HEPa3PHBHOCTH
_%{:Tp + div (grad 9) =0 (11.14)
u maTerpaa Homu — Jlarpamxa
2 5 (grad @)+ P (p) — U =0. (11.15)

s puddepennmana ¢yarumn naBiennas P = %71(% nMeeM

dPp = 22 2 gp,
p P

rne a == ]/%)- . CregoBarennHo,
dp 1 4P

dt T T dt

%_ a= a(P).

B
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Cucremy ypasnernmit (11.14) m (11.15) mosHO mepenncath B BujIe

1 d&

. (11.16)
% BT g 0. |

HemsBecTHHME B 3Toil CHCTeMe ABIAWTCA QYHKIMA maBieHna P
7 DOTeHImAN cCKopocTell @. B ofmeM ciytae 3Ty HeTUHEHHYO CUCTe-
My gmddepennmalbHHX ypaBHeHW! IIPOHHTErpUpOBaTh TPYAHO.
OmHAKO CYIIECTBYIOT BAKHBIC KIACCH IBYZKEHMAIN, IJI KOTOPBIX METO-
OBl pemenus cucteMsl ypaBHenuit (11.16) mogpobHo m xopormmo pas-
paGoransl. IlepeancanM Takpme KIACCH TOTCHIMANIBHEIX [BIKEHMI
FKHALKOCTH.

MoTtTeunmmanbHEHE TedeHH S HeCIKHAMa e-
Mo#l mugrocTu. B aromcaygae > = (dp/dp) > o =
mepBoe ypaBHenme cucTeMsl (11.16) cBomuTes k ypaBHeHH0 Jlannaca

Agp = 0.

Bropoe ypasuernne cacremsl (14.16) cay;xur B 9T0M ciytae gas om-
penenenns naBleHUA. B Tako# mocTaHOBKe PACCMATPHBAIOTCA TAKHUE
BayKHEIE 3a[a9H, KaK 33a9d O IBM;KEHUYM BO/Jbl, BOSHEHKINEM IPH
TepeMeIeHNH B Heil TBEeP/IBIX TeJi, 3aa9d O BOJHAX Ha MOBEPXHO-
CTH BOAHI, 3afaYd O CTPYHHBIX TeYEHHAX BOJH H MHOrde KPyLHe.
Humxe mogpoGro Oyaer paccMoTpeHa 3afava O IBUKEHUH TBEPIOTO
Tella B HEC/KAMAeMOHN KHTKOCTH.

IBumenunna cMEMaeMO# KHUIKOCTH HIH
rasa, OnpegCcTaBAAIONUE coboit MaJHe
BOBMYMEeHAA HEKOTOPOTLrO0 €UB3BECTHOTO CO-
CTOAHUA pPaBHOBecuUA HUIHM JBHUKeHUuA. Taxkue
IBHKEHAS W3yYaloTCA, HAIPAMEp, B aKyCcTUKe (3aJa9l 0 pacupoCT-
PaHeHHH 3BYKOBHEIX BOJIH) M B HEKOTODHX 3a7a9aX appOJAHAMAKH
TOHKHEX TeJl ¢ IJIaBHEIMHA «o0TeKaeMbIMiy 00BOmaMH.

IIpn pemennn 3a7a9 0 ABH;KEHUA CPENLI ¢ MATEIMK BO3MYINEHMA-
MHE IpemoaraeTcs, 9T0 CKOPOCTh, IIOTHOCT, TaBjieHne M HX IPo-
W3BOJHBIC 10 KOODAHHATAM M IO BPEMEHM MPEACTaBISIT €000
M3BOCTHHE (YHKITEHE IIIOC HeM3BeCTHEE Malke Jo0aBka. Ecim mpe-
HeGpeub MaJIEIMA BeJIMIMHAMA MODSIKA BbINE, 9eM IePBHIA, TO CH-
cTeMa ypaBHEHWI CTAHOBHUTCA JWHEHHON.

Ecam gpm:xerme mpefcTaBigeT co0oil Maioe BOMYIEHHE OKOJIO
COCTOAHUA IOKOfA, TO cHcTeMa ypaBreHwmit (11.16) ¢ ToumOCTHIO HO
MaJHX mepBOTO MOPAAKA Mos;keT OHTH 3alNcaHA B BHE

1 89
2 o

t
R LP—%=0,)

"_A(P=0s ]

o
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rie a, = const — 3HAYeHHMe npom3BogHONR dp/dp, BHUHMCIEHHOE
[JIA HeBO3MYMEHHOTO COCTOAHUA MOKOA.

W3 aTux ABYX ypaBHEHHH MOKHO HOJYIHTH OFHO YPABHEHHE 1A
@, KOTOpOe, eCJIU NOTeHI[NAT MACCOBHX CHJI He 3aBUCHT OT BPEMEHH,
AMeeT BHUJ

1 92
A = ;,.5:;’ : (11.17)
0
JT10 nuHeliHOe ypaBHEeHNE Ha3LIBAETCS BONHOBHM ypaBHeHHmeM. Ec-
JH JKHIKOCTh HEC;KEMaeMasi, TO @y —- 0 H BOJHOBOE YDaBHEHHE
(11.17) mepexonguT B ypaBHeHme Jlamraca.

YecTaHOBHBIMAEC A EBEJKEHHUSHA CIHHEMAe-
Mo# mupgKocTH Hapfonbmee pasBETHE B 3TOM Ciydae mmo-
JAy4miia TEOPHUA IIOCKONAPALIeJBHHX TEYeHHH, KOTHA HMCKOMbIe
QYHKIEY 3aBUCAT JIMINBb OT JBYX HEPEeMEHHHX T W Y. Y paBHEHHA
ABIHEHHA B 9TOM Clydae CIeHAILHON 3aMEeHOR mepeMeHHHX H uC-
KOMBIX QYHKIUH Tarkke yAaercs mpeo6pasoBaTh K JHHEUHBIM. JTO
upeofpazoparme OO HpemloskeHo W HcmoabzoBano B 1902 .r.
C. A. YauauruueM B €r0 3HaMeHnT ol paboTe «O ra3oBHX CTpyAx» ).
Idra pafora craja OCHOBHOH [ pa3BAUTHA MHOTMX COBDPEMEHHEBIX
TEOpHI B TIa30BOH JHHAMHIKE.

OnpHoMepHH® HEeyCTaHOBHBIMHUECH Te€49e-
Hu A B aroM cirydae Bce DapaMeTDH JBUKEHHS BaBUCAT TOJNBKO
0T OfHO! OPOCTPAaHCTBEHHON KOOpPAWHATH r # Bpemeru {. Ha mo-
BEPXHOCTH 77 = const BCe XapaKTEPUCTHUKH JBHKEHWA ONHHAKOBEL
910 — ABW;KEHHA C MIOCKUMH, NEIHHIPHICCKUMA ¥ CcHEepHICCKUMHA
BOJTHAMH.

K sapmagam aToro Kiacca OTHOCATCH paccMorpeHHsle B . VII
T, 1 3agau;m o BHTECHEeHHH rasa NOPHIHEM, ¢ pacIpPOCTPaHEHUH
B3PHIBHHX BOJH U MHOTHe JDPYrue BajKHEIE MPaKTHIECKHe 3aJadud.
CHcreMa ypaBHEHUI B 3TOM ClIydae HelHWHEHHA.

§ 12. [oTenunaabAabie ABHKEHAA HECKEMAeMOil SKHIKOCTH.
CroiicTBa rapMoHRYecKNX (DyBRImi

PaccmorpuM Temeph HOTEHMHAJNLHHEE TEYEHHA UMEANbHOH
HECKAMAEMOH KIAKOCTH.
HaydymM HeKOTODHIE OCHOBHbIE POIIGHHS YPaB-
Oc;:ﬁ;e acTeme menns Jlannaca. Paree (cm. § 3 ra. II) 6rrmo
E’Ieamaca P paccMoTpeHo (yHIAMEHTAJIbHOE PEIeHU®
ypaBHeHums Jlanmaca

P = ——4—,%., r=YE&—2)l - -y L (z— 20" (2.1)

: H C.A . Yanaurngm O rageBHX CTpysX, Co6p. cognmenuii, 1. 1I,
I TocrexmagaT, 1948; orgenvHoe m3jamHe, I'ocTexmsgar, 1949,
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B YCTaHOBIOH ero (M3WYeCKHWil CMEICH KaK TEUOHHS OT UCTMOYHUKA
(upm @ > 0) mnm croxa (mpu Q << (), pacmoTOKeHHWX B TOUKE
Tos Yos Zo-

Pemenns ypaBeenms Jlannaca B CHIY ero JMHEHHOCTH, 09eBUIHO,
MOKHO CKJIA[hBaTh, [APHEepeHNUPOBATh ¥ IOIYIATh TAKAM IIYTEM
HOBHIE TaCTHHE pelleHAsA ypaBHeHHs Jlannaca. Hanpumep, sactro®
pemenune ypaBHeHHs Jlamnaca MomHO moxyduTh nyreM nuddepen-
MApPOBAHAA pemeHHss ¢ = 1/r mo EexoTopoMy HampaBieHHIO S.
Takum o6pazom moaydaeM pemeHue

4 \ - — Yo — Zp .
(cha_(_t)=__c(x z) ot W= y)Bt =T 7S

r r3 r3 ?
(12.2)
rie C = const a_d_x B—du = 4
I = ,a=—=, B= =, ¥= - — KOCHHYCH YIJOB Ha-

npaBIeHUsT 8§ C OCAMH KOODAMHAT Z, Y, Z COOTBETCTBEHHO, 7° —
PafiuyC-BEKTOD, IIPOBENEHHbI U3 TOUKHM Iy, Yo, Zg, @ 8¢ — eqUHIT-
HEIl BEKTOp HampaBieHus 8. B wacTHoCTH, BHOpaB B KauecTBe Ha-
OpaBieHus 8 OCh T, MONYINM CIeAyollee pelleHne ypaBHEHUH

Jlanmaca:
R

b

~ 0 (1 o .
Pemenne ¢ = (’W(—r_> mMeeT TPOCTON (HUIWICCKUA CMHICH.

OHo moyTaeTca B Upe/ese U3 CyMMb TedeHHul OT CTOKa W MCTOTIHH-
Ka ¢ PABHEIME pacXofaMy (Q, PACIIOJOKeHHHX Ha paccToAHHH As
B HAUpPABIEHUE § APYT OT Apyra, mpu yciaosum, daro As —0, a

Q — oo Tak, 49TO el Q As cTpemuTca K KOHeUHo# Benrmdmne C.

0
(P=C'5;

g

9T0 TeUeHHMe HA3HBACTCA TETEHHEM OT /MoYeyH020 Junois 6 npocm-
pakcmee, C HA3HIBAETCA MOMEHTOM J(MIIOJISI, a HAIIDABIGHHEe 8 — ero
ocbio. Toura g, Yo, Zo, TG PACIONOKEH IUTIOND, ABIAETCS 0CO0O0M
TOUKoii, B Helf, KAK JerKo LPOBEPHTH, CKOPOCTh Geckomedna. HHum-
KoCTh, ecau C > 0, BHITeKaeT U3 5TOM TOUKH 110 HAIDABJIEHUIO 8 U BTe-
KaeT B Ty ke TOUKY C IPOTHBOIOIOMHOHE cTopors (puc. 67).

1
Pemenne C % ( ;—), ypasmenns Jlannaca, kak u pemenme Q/4xr,

Urpaer BayKEYM POJb HPH IOCTPOCHAH APYTUX, Goiee ofIux permte-
HER ypaBHeHHs Jlammaca.

[pm moBTOPHOM MHOTOKPATHOM JE(pPepeRNAPOBAHAN IOTeHIAA-
ma (12.1) mo pasznEYHEIM HAUPABICHHAM 8, 8, ..., 8p HOTYIANTCA
HOBHe pemeHnsa ypaBHeHEA Jlamiaca

o 8 a 11
(P=C"5s75?;"‘6s_‘n(—;—)' (12.3)
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CootBercTByIOIME TEICHHS SKUTKOCTH IDPH IOCTOSHHHEIX Zy, Yo, Zo
PeryJIApHH BO BCEM IPOCTPAHCTBE Z, Y, 2, KPOME TOUYKH Zy, Yy, Zo;
noTeHumans (12.3) m MX DpON3BOHEIE HMEIOT HOBHIMIEHHKIN DOPATOK
HACYe3aHHAS B OECKOHEYHOCTH II0
cpaBmenmio ¢ 1/r.
Touka z = 24, y = Yo, 2 = 2o
(r = 0) aBasgercsa ocoboii, B aToll
TOYKe CKOPOCTH KUZKOCTH 00pa-
maerca B GeckomeqnocTs. [locTpo-
eHHBIC TAKAM CIOCO0OM TedeHHHA
HABRIBAIOTCA TEIEHUAMU OT MY.Lb-
munoaeti. CBoiicTBa TedYeHHS OT
MYJBTAIOJA OIPENeNsoTCA mo-
crogaaodl €, M HaOpaBJICHHAMA
nuddhepeHIIPOBAHHAA 81, 8y,.-.,8n,
KOTODHIe MOKHO BEIOMpATh MpPON3-
BOTBHBIM CIOCOGOM. Puc. 67. Tederne OT AUNOJA.
C nomowblo caoxceRUs peue-
ruii suga (12.3) moocno nocm-
poumb CXONAMMIACA IPH BCeX r > 1, (TRe ro — HEeKOTOpHH Moxx0-
psmuM o6pasoM BRIOPAHHLIA paguyc) pad Buaa

< o 0 a /1
¢ = ZIC"EE'” 3—;(—> (12.4)

n= L

N

coflep;Kamuil 3HaIuTeNbHAI 1ponsBoia. COOTBeTCTBYIOMMUA MOTEH-

IUaJ ompefenser pelyJIApHOe TEYeHHE FKUJKOCTH BHe CQepH pa-
guyca ry ¢ meHTpoM B TOUKE Zy, Yo, Zo-

BosbMeM HexoTopHii 06beM V, BHe ofmactd

g‘;ﬁ;‘;‘gﬁg H‘l’lﬁﬂ'b‘;MBOI‘O 9P, 3aHATOW [ABWRYyINelca HecHAMaeMOH

CTOYHHKOB  ...pnkOCTHI0 W HE COBHAjalomeid co BceM Gec-

KOHEIHHM IpocTpancTBoM. IlycTh KOOpDIMHATH Zy, Yoy, Zy COO-

TBETCTBYIOT TOUKaM 06beMa V. Odenupno, uro pyHKuusa ¢ (z, y, 2),

oupesesnseMas HATErPAIOM

_ A€ Q(xo, Yo, 20) dzodyo 820 12.5
¢ 4n SSSV(Z—ZO)Z"I—(y-—yo)Z—l—(z—-zo)Z’ ( . )

Vo

rae Q (z,, Y, 2o) — HEKOTOpas MPOU3BOIBHAS HHTeTpPHpYeMas
dyEROUA, ABIAeTcA rapMoHmYecKoir ¢yHKmuedr B 9. B Hexroro-
PHX CIIy9afix OPH pemieHNH THAPOIMHAMAUECKHX 3a7aY MOKHO HC-
xonuth w3 Qopmynn (12.5) m ¢ moMomplo BHOopa QyHKIUK Q
HAXONHMTH HY;KHHHA moTeHnman ¢. MoskHO mokasath ), 4To, eciu

1) CMm. § 25 aroil raaBHL
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dynxuna Q (z,, y,, o) HeHpEPLIBHAA KYCOUHO TJagKas BHEYTpH Vi,
T0 B 06BeMe V, morenmman ¢(r, y, z) YHOBIETBOPAET YDPASHEHLI
Hyaccona

Ag = Q (z, y, 2). (12.6)

Bryrpu V, nmeerca pacupeneiieEHe 06beMHBIX HCTOYHHKOB C

miaorHOCTEIO Q (2, ¥, z). llpu npomo/menun ABMKCHHS HEC:KEMAae-
Moii sruKROCTE B 00beM V) monyunM, uro B oGneme V, yeaonne He-
cxnmaemoctn (div # = 0) we ypoBIxerBopaeTcs.
IlycTe mMmeeM HEKOTOPYIO LOBEPXHOCTL 2,
3aMKHYTYIO WTH HE3aMKHYTYIO, PACIIOJIOKEH-
Hyi0 BHe ofijacTu ABWKeHUS RugKocTH P
(pmc. 68). osepxHOCTD ¥ MOMET B HEKOTOPHX CIyIasdx COBLALATH
€0 BCell rpaHmneRt obiacTa 9 WIM ¢ HEKOTOPOU ee HacTho. PaccMoT-
pUM HHTErpaiu

IoreAnuaasr MpocTOro
H JABojiHOro cnos

g (M)dso
o= 280 (12.7)
v
%
T7le ¢ — HEKOTOPas HPOMBBOILHAS HHTErpupyeMmast ) yHRIAA TOIEK
moBepxuocTH %. OuenpgHo, moTennman (12.7), monydeHHHH C mO-
MOMIBIO paclpefe/ieHusa HCTOYHUKOB II0 IIOBEPXHOCTH X, ABJISAETCA
rapMoHudYecKoii (QyHrruein sme X. PemeHwe ypaBmeHEma Jlamra-
ca, mpeacraBaseMoe QopMmyloil

n, (12.7), masmBaeTcsa WOTGHIMAIOM
IIPOCTOTO CJOS.

” r AHAIOTHIHEIM TyTeM MO;KHO

@iy (4,z) TOCTPOMTE DeINeHHEe ¢ MOMOILBIO

pacupepieieHus MO HOBEPXHOCTH
2 OuIoneH, OCH KOTOPHIX HATPaB-
2 JeHs mo Hopmaiu R, K X. llo-
TyquM
Puc. 68. Cxema pmaAa HOCTPOeHHA P

IOTEHIEATIOB IPOCTOTO W ABOKHOTO  (p = S W(M) 5 (—1—> dsy.  (12.8)
clIo4. D) One, r

3necs (M) — Hmexoropas HHTerpupyemas (YHRIMA TOUEK MO-
pepxHoctn 2. Dymxgua @, ompepeiseMas dopmyioir (12.8),—
rapmorndeckas ¢ynxnua BHe X. Iloremmman (12.8) masmBaercs
IOTEeHOUAaJNIOM JBOUHOTO CJHOS.

Bo mmOrmx upmaoskeEmax 3ajfady o6 OTHCKaHME DOTeHIHAala
¢ (z, y, z) cBOmAT K 3ajade 00 OTEHICKAHWH QyHKOHHA TOYEK HOBEpX-
HOCTH X, BXOJANMX TOjJ S3HAKE HATErpaioB B gopmyrnax (12.7)
wuna (12.8), 1. e. k 3a7a9e 00 OTEICKAHUA MIOTHOCTEH pacnpeeleRnsa
ucTouANKOB ¢ (M) mam pmmonedt w (M). B srom ciydae HemasecT-
Hile (yHKOMA BXONAT IIOJ 3HAK HMHTerpaJa, I03TOMY COOTBETCTBY-
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IlMue ypaBHEHHWA A OHpefeJeHHA 9TUX QYHKIUI IONy4alTCA
NHTETPaJbHBIMA YPABHEHUAMH. ,
. PaccMoTpuM HeCKONBKO OYeHb  BasyKHBIX
CBOHCTBA ' rapMOHIECKHX CBOHCTB TapMOHUYECKHX (YHKI(UIA.
| pyHKIHE IIycte S — meroTopas B3aMKHyTas moO-
BeDXHOCThb, pacIoNo)KeHHass B obxactm %), BHYTPH KOTOpPOH
HIPOUCXOAUT pe2yAsipHoe IHNOTEHIHMAIbHOE TEeUeHHe HeCKIMAeMOon
RH/IKOCTH,
HemocpencTBeHHO ®3 ypaBHEHWA HepaspPHBHOCTH BHIHO,
4TO BCerjfla MMeeT MECTO CHeyIilee pPABEHCTBO:

Sv,ﬂs::%%%ds:& Agdt =0, (12.9)
S S Vv

rae V — o0meM, orpaHMUYeHHHN IOBEPXHOCTHIO S, T. €. NROMOK
HecoHcumaemoll Hudkocmu wepes A0OYI0 3AMENYMYIO NOGEPTHOCMb,
pacnoaodcennylo 8 obaracmu 9, pasern nyaw. lloBepxHOCTh S MOMKET
COBIIAJIATH ¢ rpaHuUmes obracta 7.

BosnmeM B KauecTBe moBepxHOCTH S cdepy pagayca R ¢ meHT-
poM B Hekoropoil Touke M. Ha ocHoBamMu dopmynst (12.9) mMoikHO
HAIKCaTh

¢ ., 0
S%dew:O 158011 Rzm—{éq)dn=0,
g .

rae do — TeneCHHH yroi, Q — efMHWYHAA cdepa, KOHIEHTpHIE-
cKag S, 3HAaYeHUs MOAKHTETPANBHHX QYHKNUA GepyTesa B TOUKAX
S, coorBercTBylomux ToukaMm . OTciofa ciegyer, 4ro He3aBHCHU-
MO OT pagmyca cdeph S

S ¢ do = const, T.e. &cpd(o = @y 4. (12.10)
£ Q

IMocnenuee pasenctso (12.10) MoKHO ellle IepenucaTs B BUe

1
5 oy = mgcp ds, (12.11)
S

CIeOBATENbHO, 3HACHUE 2APMOHUYNeCKOll PyHKyuw 6 dannol mow-
ke M pasno cpednemy no noseprrocmu 4060l cieptt ¢ yenmpom 6
mouke M.

9To — Ba)KHOE CBOHCTBO rapMoHEIecKHX ¢yHKIuA. Moxuo mo-
KasaTh, 4TO BCcAKag (YHKOUA, HeOpPepHBHAA BMECTe CO CBOHME
BTOPHIME IPOU3BO/{HEIME M y/[0BJETBOpAIMAsn B obnacta & Teopeme
o cpemnnem, BepaskeHHo#l pasencTBoM (12.11), na cdep S D e

6 JI. 1. CenoB, ToM 2
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OpOU3BOIBHHME DPAfUyCcaMd ABIAETCH TapMOHHYECKOH pyHKIAe,
T. €. YROBJIETBOpAET ypasHenuw Jlamraca.

Hyers & —o6aacrs, B Koropoit pyHKIHA § (Z, ¥, 2) TADMOHEMYIHA;
noab3ysach cpoitctBoM (12.11), merko mnokasaTs, 4ro PBYyHEYUL
P He Mmoxcem Jocmuzamb HU MAKCUMYMQA, HU MUHUMYMG BHYMPU
obaacmu 9.

B camom gexne, mpegmosnoxumM upormsroe. Ilyerh B HexoTopoit
rouke M BHyTpm 9 HOTEHIHAJ ¢ [OCTUraeT MUHAMyMAa, TOTAA BO
BCeX TOYKAX /N CKOJB yrogHO MAaJOH OKPECTHOCTH TOUIKH M moJKHO
BLIODOJHATHLCA HEPABEHCTBO

ou < P, (12.12)

HO IpHM HAJWUMHE TaKoro HepaBencTBa Qopmysa (12.11) me moxer
BLIODOJHATLCA, CllefoBaTeIbHO, HepaBeHCTRO (12.12) miia Bcex ToUeK
N B Majsoft oxkpecTHOCTH TOURH M HegonyeTumo. AHAJTOTHIHEM 06-
pasoM moJydmM, 4To BHYTPE & HET TOUEK MAKCAMYMOB ()yHKIHH
¢. CaemoBaTenpHO, MAKCHMAJAbHEC B MUHHEMAJNLHLC BHATCHUA IIO-
TEHIHANA @ peryasapHOro TeUeHHs HeCKMMaeMoil ;kupKocTn B 06-
Jacta 4 JOCTAralTCA TOMBKO Ha rpaHurme obmactu . ITo cmpa-
BEJIIHBO I[JIA BCeX TapMOHUYECKNX (YHKIHI, B YACTHOCTH, 9TO CBOH-
CTBO BHIONHAETCH W A NPOWBBOXHEHX J¢/dr, 0¢9/dy, d¢/dz.

PaccMoTpuM Temephs KBaJgpAT BEJMIAHBI CKODOCTH HOpH TOTEH-
IHATbHOM [BIKEHWU HECYKUMaeMoil 3KMIKOCTH:

»= GGG
ox dy 0z
BesmumHa CKOPOCTH W KBAApPAT BEJIMIHHH CKOPOCTH HE SBJIAIOTCS
rapMoHmYeCKuMH QYHKIUAME, TeM He MeHee MaKCUMAIbHOe 3HAYe-
HUe 8eAUNUHb CKODOCMU RPU NOMeRYUAIbHOM J8UNCEHUL Hecacumae-
Mol s udkocmu docmuzaemes na paHulje pecyiaproeo nomoka Huo-
Kocmu.

Iloxrasxem o710. IIpeamonoKuM TPOTUBHOE: IIyCTH B HEKOTOPOM
rouke M BHyTpm %) BeIMIMHA CKODOCTH JOCTATAaeT MaKCHUMyMa.
Torna vj >> vy, rae N — mobas To9xa B ZOCTATOYHO MAJOH OK-
pectrHocT Tousu M. Hampasum och z mapaijiedbHO CKOPOCTH B
touke M, Torma GymeM HMeTh

R )

A

Tar xak rapmomuueckas QyHKRUua J¢/dx B Touxke M He MoKeT
AMeTb MaKCHUMyMa, TO B Ja1000l MaJoil OKpecTHOCTH Touku [}/ Hail-
Jercsa Takas Touka /N, B KOTOpo# .

) (%)
63:)N/ oz Im
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Ho Opn HAJAYHAHN 3TOTO HepPaBeHCTBA MOOJAaBHO MOJIKHO BHIIOJI-
HATHCA HEPaBeHCTBO

() + @)+ (3 > G =

T. €. BEyTPH DOTOKA HEBO3MOJKHA Peain3anusd MaKCAMYMa CKOPOCTH.
MaxkcumanpHEe BHAYEHAA CKOPOCTH IPH HOTEHIAAIBHOM [BN/KEHAN
HECKAMAEMOM KELKOCTH BCETA JOCTHTAIOTCS HA TPAHMIAX IOTOKA.

IIpz oOrTexanmm Tenm Oe3srpaHMIHBIM IIOTOKOM MAKCHMAIBHOE
3HAYEHHNE BEJWIMHE CKOPOCTH JOCTHTAETCH HA MOBEPXHOCTH 0fTe-
Kaemuerx Teld. llpu ycraHoBMBINeMcs 00TeKaHUH COTIACHO HHTETPA-
a1y Bepryaiim MaKcMMaabHOA CKODOCTH B IOTOKE COOTBETCTBYET
MUHAMAJIbHOE 3HaUeHHWe jaBieRms. CiegoBaTelbHO, TOYKA ¢
MUHUMAJBHBM JaBJIeHHEM HaXOUTCSA HA HOBepXHOCTH Teia. HaBsu-
TAaOHASA BIOepBHEe BO3HUKAaeT B o0jacTu, OMW3KOH K MHHOMYMY HaB-
JeHHil, I03TOMy KAaBHUTAIAA BO3HWKAeT BOAM3N moBepxHoCcTH ofTe-
KaeMEIX Tel.

MuanManrHOE 3HA9eHHE CKOPOCTH MOKeT BOBHHKATH KAk Ha
TPAaHEOAX, TAK ¥ BHYTPH IIOT€HIHAJBHOTO IOTOKAa. B JacTHOC-
TH, KpuUTAYeCcKas TOUKA CO CKODOCTBIO, PABHON HYJIO, MOKET Ha-
XOAWTHhCSA BO BHYTPEHHAX TOYKAX IIOTEHOMAJNbHOro moroka. Ha-
opuMep, BO BHYTpDeHHeHl ToUuke & = y = z = () pmiIa TedeHHA

1
¢ TOTEHIHATOM () = —5- (z® + y?) — 2% cKOpOCTH HMeeT MEHAMAJIL-

HOe 3Ha9eHNe, paBHOE HYJIIO.

BriBenes Gopmynsr I'prHa, npepgcrapagomue
¢000i MpoCThIe IOIE3HbIE CIeAcTBHA U3 op-
myaer I'aycca — Ocrtporpaackoro. llyets B
HEeKOTOPOM xomeuHoM o0beMe V, oOTpaHWYeHHOM peryJiApHOi
IOBepXHOCTBIO S, mamel Tpu ¢pyuxumu P, @, R, ogHO3HAYHHE
U HeIpepHBHEE BHYTPH V BMecTe €O CBOMMH 9aCTHEIMA OPOH3-
BoJHEMH TepBoro uopsara. @opmyxny I'aycca — Octporpap-
CKOTO MOYKHO HAIILCATH B BU/IE

Gopmyani I'puna. Kumern-
YecKasd DHEPrMA KHJKOCTH

%[Pcos (n, z) + Qcos(n, y) -+ Rcos(n, 2)] ds=

8
(/o | 8Q | OR -
- S(WjLa_y + oy )T, (12.43)
v
rge cos (n, z), cos (m, y), cos (N, z) — KOMIIOHEHTH eIMHAYHOTO

BeKTopa BHemHed k o0bemy V mopmanm n x mosepxuocTh S. Ilog-
crapmm B (12.13) P, Q, R, oupenenennrne GopMmyaaMa

2 5} a
P=v3t, Q=v%5, R=v3,

roe ¢ (z, Y, 2) 1y (z, y, 2) — OPOW3BOJLEKE OFHO3HAYHHE () UKIAH,
6%
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HelpepLIBHEE BMeCTE CO CBOMME IPOMSBOJHEIMA [0 BTOPOIO IO-
pARKa BRMoYATenbHo BHYTpm V. Ilocie mofcTaHOBKE modydmm
nepsyw Gopmyny I'puna

S Y Apdr + Sgradcp-grad wdr:Slp%% ds. (12.14)
v v s

Bmopas popmyna I'puna merxo mosydaerca us mepsoir. ug asroro
B (12.14) momensiem mecTaMu ¢ ® Y W BHYTEM DPe3yJIbTaT U3 IEPBO-
HaYalbHOH (OPMYIEI, TOTAA IOLYyIAM

S(MP——(PM) dr:S( gﬁ-’ ---@%) ds. (12.15)
v s

Ilyete ¢ — mOTEHMEAN CKOPOCTEH TeYeHHs UIEANLHOU HEeCHKH-
MaeMmoll skupgKocTH, u3 dopmynn (12.14), ecim monokuTh ¢ = VP,

IO YIuM
1

2

{lgradgpar=3(oas. (1216

Ap_
p
S

<

OueBUIHO, YTO BeJIWIMHA F paBHAETCS KUHETHIECKON DHEPIUA KA~
rkocta B obseme V. Mopmyna (12.16) morasmBaer, 9ro KHHeTHIEC-
Kas 9HEePTHs KATKOCTH B 060beMe V MpencTaBaseTcd moBepXHOCTHBIM
HHETerpajyoM 1o rpaHmuHoil mosepxmoctn S. Ilo ecMuicay dopmynn
(12.16) cymecTBeHHO npeAnOJOKeHNe 06 OJHO3HAYHOCTA IOTEH-
nuasna ¢.Ecau o6nhem V, B KOTopOM MOTeHIHANBHOE ABHIKEHAE pPery-
JSPHO, OHOCBS3HHIA, TO OJ{THOBHAYHOCTH HOTeHIMANA ¢ moJydaeTca
aBromarnaeckn. Ecam V -— MHOTOCBA3BHEIA, TO HpefmoloskeHHe 06
O/THOBHAYHOCTH § CYN{ECTBEHHO.

Ecnu Ba 3aMKHYTOH H