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INPEANCJIOBUE K TPETBEMY N3JAHUIO

B aByx mpeapiaymux usganuax (1944 u 1953 rr.) «Tuapoau-
HaMUKa» COCTABJIsLIa MEPBYIO YacTh «MeXaHWKW CIIONIHBIX CPEIy;
Terepb OHA BBIJEJEHA B OTIETBHBIN TOM.

XapakTep Comep:KaHUA W W3JI0KEHUs B dTOM KHUTE OINpeaeseH
B BOCIIPOU3BOAMMOM HUKE MPEIUCTOBUY K TMPEILIIYIIEMY U3ITAHUIO.
Moeit ocHOBHO# 3a60TOit TIpU TIEpePabOTKE W JOMOJHEHUN OBLIO He
U3MEHUTH 9TOT XapaKTep.

Hecmotpsa na nporekmme 30 jsieT MaTepual, colepKaBIIMICT BO
BTOpOM m3/auuu, haKTUIECKN HE YCTapesa — 33 0YeHb HEZHAYUTE Ib-
HBIMU WCKJIIOYEHUSIMU. JTOT MATEpPUaAJ TOIABEPrCS JIUIIh CPABHU-
TeJbHO HEOOIBINM J00ABICHUIM U n3MEeHeHusIM. B To »Ke Bpems J10-
OaBJieH psijl HOBBIX TaparpadoB — OKOJIO MATHA/IATH 110 BCEl KHUTE.

3a mocaegHre JECATUACTHS THIPOIMHAMIKA PA3BUBAIACH UPE3-
BBIYAHO MHTEHCUBHO M COOTBETCTBEHHO HEOOLIYAHO PACHIMPHUIACH
JmTeparypa 1o 3Toit Hayke. Ho ee pa3Butue B 3HAUYUTEILHON CTeEIe-
HU IIJIO TI0 IPUKJIAJHBIM HAIIPABJIEHUSM, & TaKKe B HAIIPABJICHUH
YCJIOKHEHUsT JTOCTYIHBIX TEOPETUYECKOMY pacuery (B TOM 4ucie ¢
ucnosnb3opannem IBM) zamau. K mociegnum oTHOCATCS, B 9aCTHO-
CTH, pa3HOOOpA3HbIE 33/Ia9M O HEYCTONIMBOCTAX W WX PA3BUTHH, B
TOM YHCJIE B HEJUHENHOM pexkuMe. Bce 9Tu BOIIpOCH! J1eKaT BHE pa-
MOK JAHHON KHUTH; B YACTHOCTH BOIPOCHI YCTONYMBOCTU M3JIAra0T-
cst (KaK U B OPEAbIAYIINAX U3JAHNUSIX ), B OCHOBHOM, Pe3YJIbTATUBHBIM
obpazom.

He Bkjtouena B KHUT'Y TaKyKe ¥ T€OPUs HEJIMHEHHBIX BOJIH B JIUC-
MIEPTUPYIOMINX CPeIax, COCTABJIAIONIAs B HACTOAIIEEe BPeMs 3HAYU-
TEJILHYIO TVIaBy MaTeMarudeckoh dpusnkn. Unucro rugpoanHamMude-
CKUM 00'bEKTOM 3TOI TEOPUU SIBJIAIOTCS BOJIHBI OOIBIION aAMILTUTY b1
HA TMTOBEPXHOCTHU KUJAKOCTH. OCHOBHBIE XKe ee (PU3MIECKHUE MPUMEHe-
HUS CBA3aHBI ¢ (DUBUKOI IJIA3MbI, HEJIMHEHHOM ONTUKOM, Pa3INIHbI-
MU JIEKTPOJANHAMUYECKUMHU 33/1a9aMU U [P.; B 9TOM CMBICJIE OHA
OTHOCHUTCS K JPYI'UM TOMAaM.

CyImecTBeHHbIE U3MEHEHUS MTPOU30IILIA B MOHUMAHUA MEXaHU3-
Ma BO3HMKHOBEHUsI TYPOYJIEHTHOCTU. XOTs TOCJIEI0BATEIHHAS TEO0-
pusi TYpOyJIECHTHOCTH TPUHAJJICKUT ele OyIyIIeMy, eCTh OCHOBa-
HU4 TOJIaraTh, YTO €€ PA3BUTHE BBINLIO, HAKOHEI, Ha ITPABUJIbHBII
myTh. OTHOCSIIMECS CI0/Ia OCHOBHBIE CYIIECTBYIOIIHE K HACTOSIIEMY
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BPEMEHU WJIEW U Pe3y/IbTaThl U3JI0KEHbl B Tpex maparpadax (§ 30—
32), manucanubix MHOUN coBmecTHO ¢ M. 1. Pabunosuuem; s riryboko
O6saromapeH eMy 3a OKa3aHHYI0 TaKuM 00pa30M OOJIBIIYIO MOMOIIb.
B MexaHnwke CIIOIIHBIX CpeJ] BO3HUKJIA B MOCIEIHUE IECSITUICTUS
HOBasl 00JIACTD — MeXaHWKa KUAKUX Kpuctaanos. Ona Hecer B cebe
OJTHOBPEMEHHO Y€PTHI, CBOWCTBEHHBIE MEXaHUKAM XKUJKUX U YIIPY-
rux cpen. VI3moxeHne ee OCHOB IMPEIIONIATAETCS BKJIIOUYATH B HOBOE
n3nanue «Teopwu ympyrocTms.

Cpemn KHHUT, KOTOpBIE MHE JOBEIOCh HAIHCATh COBMECTHO
¢ JIpBoMm laBugouuem Jlanmay, Ta KHUTA 3aHUMAET 0CODOE MECTO.
OH BJIOXKHUJ B Hee 4acTh cBoeil nymm. Hosast muist JIbBa JlaBugoBu-
9a B TO BpeMs 00JIaCThb TEOPETUUIECKON (DU3WKM YBJIEKJIA €ro, u—
KaK 9TO ObLIO JJjIs HEro XapakKTepPHO — OH HMPUHSJICS 3aHOBO IIPOJLY-
MBIBATh W BBIBOJUTDL st CeOs ee OCHOBHBIE pe3yabrarhl. OTcroma
POJIMJICS PsAJL €r0 OPUTHHAJIBHBIX PAbOT, OMyOJINKOBAHHBIX B PAa3/IHd-
HBIX KypHaaax. Ho pax npunamiexamux JIpBy laBumoBudy u BO-
HIEIINX B KHATY OPUTMHAIbHBIX PE3YJIBTATOB WM TOYEK 3PEHUs He
ObLIN ONyOJIMKOBAHBI OTJIEJIBHO, & B HEKOTOPBIX CAyYasiX JlaKe ero
MPUOPHUTET BBISICHUJICS JIWIIEH MTO3/THee. B HOBOM M3MaHWM KHUTH BO
BCEX M3BECTHBIX MHE IMOJOOHBIX CIydasix s J00aBUJI COOTBETCTBYIO-
IMe yKa3aHus Ha ero aBTOPCTBO.

IIpu nepepaboTke 3TOrO0, KaK U Apyrux TomMoB «Teopermdeckoit
du3uKMY, MEHsI TOAeP>KUBAJIN TIOMOIIH U COBETHI MHOT'UX MOUX JIPY-
3eii m Tomapuieil mo pabore. ¢ xores ObI B TEPBYI OYEpEIb
YIOMSHYTH MHOrO4YHCIeHHbIe 00cyx)aenus c¢ [. 1. Bapenbaarrom,
. B. Beapposuuem, JI. I1. [Turaesckum, 4. I. Cunaem. Psn moses-
HBIX yKazauuii g nomygma or A. A. Augponosa, C. . Arucumvona,
B. A. Benokons, B. II. Kpaitnosa, A. I'. Kyaukosckoro, M. A. Jlu-
6epmana, P. B. ITomosuna, A. B. Tumodeesa, A. JI. ®abpukanTa.
Bcem nm g X0uy BBIpa3uTh 371eCh CBOIO UCKPEHHIOI 0JIaroapHOCTb.

E. M. Jlupwuy
Wucturyr dusnyueckux npodmem AH CCCP
Agsrycr 1984 r.



N3 IIPENCJIOBUS KO BTOPOMY U3JAHNIO
«MEXAHUWKWU CIIJIOIITHBIX CPE>»

IIpemsraraemast KHUTA [TOCBSIIEHA U3JI0KEHNUIO MEXAHUKH CILIOII-
HBIX CDeJ], T. €. TeOPUU JBUKEHUS YKUJKOCTEH 1 Ta30B (TUIPOIUHA-
MWKe) U TBEPIBIX TeJl (TeOpuH ynpyrocTH). ZABsigCh 1Mo CyIecTBy
obsiactsiMu (DUBUKM, STU TEOPUH OJIAroJapsi Psijly CBOUX crenuu-
YeCKUX 0CODEHHOCTel MPEeBPATUJINCH B CAMOCTOATEIbHbBIE HAYKH.

B Teopun ynpyroctu CyiiecTBeHHYIO POJib UI'DAET PEIIeHne Ma-
TeMaTUYeCKN YeTKO MOCTABJIEHHBIX 33/1a4, CBA3AHHBIX C JIMHEHHBIMU
nuddepeHnaIbHBIMI yPABHEHUAME B YaCTHBIX [TPOU3BOIHBIX; IO~
9TOMY TeOpHs YIPYTOCTH COAEPXKUT B cebe MHOrO 3JEMEHTOB TaK
Ha3bIBAEMOM MAaTEMaTUIECKOH (pU3UKY.

T'unpomunamuka nMeer cyiiecTBeHHO WHON xapakTep. Ee ypasue-
HUs HEJTUHEHHBI, ¥ TOTOMY TIPSIMOE UX UCCJIEIOBAHNE U PEIIeHre BO3-
MOZKHBI JIUIIb B CPABHUTEIBHO PEJIKUX CJIy4adX. Bjaromaps aToMmy
pPa3BUTHE COBPEMEHHOW THIAPOIMHAMUKNA BO3MOYKHO JIUIIL B HEIpe-
PBIBHOI CBSI3W C 9KCIIEPUMEHTOM. DTO OOCTOSITETHCTBO CUIBHO COITH-
JKAeT ee ¢ Apyrumu obsactaMu (PU3UKU.

Hecmotpa na cBoe mpakTudeckoe obocobiienre oT APyrux obJia-
creit pU3NKK, TUAPOJNHAMUKA U TEOPHS YIPYTOCTH TEM He MeHee
UMeIoT DOMTBINIOE 3HAYEHNE KaK JacTu Teoperuveckoit ¢pusuku. C oj-
HO# CTOPOHBI, OHH SIBJISIIOTCS ODJIACTAMY MPUMEHEHUS OOIUX Me-
TOJOB M 3aKOHOB TEOPETHIECKON (DUBWKHU, U SICHOE MOHUMAHUE UX
HEBO3MOXKHO 0€3 3HaHUS OCHOB JIPYTUX pa3zesios nocieaneit. C apy-
roif CTOPOHBI, CaMa, MEXaHUKa, CILJIONIHBIX CPeJ] HEODXOAUMa JIJisd pe-
IEHUS 3329 U3 COBEPIIEHHO JAPYTUX 00/acTeil TeopeTudeckoit hu-
BUKH.

Ms1 xoresn 66l clieaaTh 3/1€Ch HEKOTOPhIE 3aMeYaHus O Xapak-
Tepe M3JI0XKEHUST TUIPOIMHAMUKN B MPEIaraeMoil KHUre. J1a KHU-
ra M3JaraeT TUAPOAMHAMUKY KaK YaCTh TEOPETUIECKON (pu3uKu, u
STUM B 3HAYUTEJIHHON Mepe ONPe/IeIAeTCsI XapaKTep ee CoJepyKaHus,
CYIIECTBEHHO OTIUYAIONINICT OT APYTUX KyPCOB THIPOJMHAMUKH.
Mpb! cTpeMuInch ¢ BO3MOXKHOI TOTHOTON pa3obparh BCe MPeICTaB-
sigrome (pusutuecKuit mHTEpeC BONpochl. IIpm 3TOM MBI cTapauch
[IOCTPOUTH U3JI0KEHUE TaKuM 00pa3oM, 4TOOBI CO3/1aTh 110 BO3MOXK-
HOCTH DoJiee SCHYIO KapTHHY sIBJIGHWN W UX B3aUMOOTHOIIeHWH. B
COOTBETCTBUM C TAKUM XapPaKTEPOM KHUTM Mbl HE M3JjlaraeM B Heil
KakK TPUOJIMKEHHBIX METOJ0B I'MIPOJIUHAMUYECKUX PACcUYeToB, TaK U
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TeX U3 SMIUPUYECKUX TEOPUil, KOTOPble He UMEIOT Oosiee TUIyOOKOro
dpusuaeckoro obocHoBaHusI. B TO ke BpeMs 31eCh W3/1araloTCs TaKue
[IPEJIMETHI, KaK Teopusd Teruionepeaadn u auddy3us B KUIKOCTIX,
AKyCTUKa U TEOPUs TOPEHNsI, KOTOPble OOBIYHO BBIA/IAI0T U3 KYyPCOB
CUJPOJIMHAMUKH.

B nacrosmem, BTOpoM, M3JaHUM KHUTA IO/JBEPIHYTa OOJIBIION
mepepaborke. Jlob6aB/ieHO 3HAYUTETHHOE KOJTUIECTBO HOBOTO MaTe-
puaJia, B 0COOEHHOCTH B Ta30/IMHAMUKE, [TOYTHU [TOJIHOCTHIO HAIIMCAH-
HO¥ 3aHOBO. B wacTHOCTH, 700aB/IEHO U3JIOYKEHNE TEOPUH OKOJIO3BY-
KOBOT'O JIBUXKEHUSI. DTOT BOIPOC MMEET BaKHEHIIee MPUHITUITHAIb-
HOe 3HAUEHUeE I BCeil Ta30/IMHAMUKY, TaK KaK U3y9eHne 0COOEHHO-
cTeil, BOSHUKAIOIINX TIPHU TEPEX0ie 9epe3 3BYKOBYIO CKOPOCTD, 0K~
HO JIaTh BO3MOYKHOCTH BBISICHEHUSI OCHOBHBIX KAU€CTBEHHBIX CBOMCTB
CTAIIMOHAPHOTO 0OTEKAHUS TBEPJBIX TEJI C2KUMAEMbIM Ta3oM. B 31oii
00JTaCTU 0 HACTOSIIIETO BPEMEHHU eIl CPABHUTETHHO MAJIO CIesIa-
HO; MHOTHE BayKHbIE BOIIPOCHI MOT'YT OBITH €€ TOJBKO MOCTABJICHBI.
WNwmest B BUy HEOOXOAMMOCTb UX JaJibHeiieil pa3paboTKu, Mbl j1a-
eM MOpOOHOE U3JI0KEHUE MPUMEHSEMOTO 3/1eCh MaTeMaTUIEeCKOTO
arrapara.

JlobaBJieHbl JIBE€ HOBBIE [JIABBI, TOCBSIIEHHBIE PEISTUBUCTCKOM
CUJIPOJIMHAMIKE U TUJIPOJMHAMUKE CBEPXTEKydeil KUIKOCTU. Pes-
TUBUCTCKUE MUJIPOJIMHAMUYIECKIE ypaBHeHus (riaBa XV) MOryT Haii-
TH TPUMEHEHHWE B PA3IUIHBIX aCTPOMUNIECKUX BOMPOCAX, HAIIPH-
MEp IpU U3y4UeHUH 00bEKTOB, B KOTOPBIX CYIIECTBEHHYIO POJIb UT'Da-
€T U3JIydeHne; CBoeoOpa3Hoe 1oJie MPUMEHEHNs 3TUX yPaBHEHUIT 0T-
KPBIBAETCA TaKKe U B COBEPIIEHHO IPYroii obyiacTu pu3nku, HaIpu-
Mep, B TEOPUU MHOYKECTBEHHOr0 00pPAa30BaHMSA YACTHI] IPU CTOJKHO-
Beruax. V3maraemas B riaBe XVI «IByXCKOPOCTHAas» THIPOINHA-
MUK, JlaeT MaKPOCKOIUYECKOe OINUCAHWE JBUKEHWS CBEPXTEKYyueil
JKUJKOCTU, KAKOBOWU ABJIAETCA KUAKUI Iejiuii IIpu TeMmieparypax,
O6IM3KUX K aOCOTIOTHOMY HY.JIHO...

Mpbr  xorenu  Obl  BBIPA3UTH HMCKPEHHIO  0JIAr0IapHOCTD
d. B. Beapgouuy u JI. . CenoBy 3a 1eHHOe jjisi HAC 0OCYXKe-
HUEe psJa CUAPOJMHAMMYECKUX BOMNPOCOB. MBI O/1arojjapumM TakKe
J. B. CuByxwna, TpOYNTABIIEr0 KHUTY B PYKOIMUCH W CJIETABIIE-
r'0 PsiJi 3aMEeYaHUil, UCIOJIB30BAHHBIX HAMU IIPHU MIOJI'OTOBKE BTOPOTO
M3JIAHUSA KHUTH.

J. Jlanday, E. JTugpuwuy
1952 1.



F'TABA 1

NAEAJIBHAYA XKNJKOCTbDb

§ 1. YpaBHeHUe HEIPEPbIBHOCTHU

N3syuenne nBuzkeHus KUIKOCTell (K ra30B) mpejcrasisier coboit
coziepxkanme 2udpodunamuky. [TOCKONBKY sIBJIEHUSA, PACCMATPUBAE-
Mble B THIPOAMHAMUKE, MMEIOT MAaKPOCKOIHWYECKU{ XapakTep, TO
B I'HJPOJMHAMUKE YKUJIKOCTH ') pPacCMaTpUBaeTCsl KakK CILIOLIHAST
cpema. DTO 3HAYAT, YTO BCAKHUI MAJBIH SJeMeHT 00beMa YKHUIKO-
CTU CYUTAETCA BCE-TAKW HACTOIBKO OOJIBIINUM, YTO COJAEPXKUT €Ile
04Y€eHb OOBINOE IUCT0 MOEKYI. COOTBETCTBEHHO ITOMY, KOTJA MBI
OyileM TOBOPHUTH O DECKOHEYTHO MaJIbIX JeMEHTaX 00beMa, TO BCeraa
py 9TOM OyAeT TMoApasyMeBaThCsl «PU3NIECKI» OECKOHETHO MaJIbIii
0bbeM, T. e. 00beM, JTOCTATOYHO MAJIbIH IO CPABHEHUIO C 0OHEMOM
TeJsia, HO DOJIBINON IO CPABHEHUIO C MEKMOJIEKYIAPHBIMUA PACCTOS-
HusiMu. B Takom ke cMbIciie HaJ0 TOHUMATh B TUIPOJAUHAMUKE BbI-
PAYKEHUsT «KUJKAST YACTUTIAY, «TOYKA KUJKOCTU». Ecnm, nampumMep,
TOBOPST O CMEIIEHUN HEKOTOPOIl YaCTHIIhI KUJIKOCTH, TO IIPU ITOM
UJIET PeYb HE O CMEIIEHUN OTIE/THbHON MOJIEKYJIbI, & O CMEIIEHUN I1e-
JIOTO 3jIEMEHTa 00'beMa, COMEPKAIIEr0 MHOTO MOJIEKYJ, HO paccMa-
TPUBAEMOTO B THAPOIUHAMUKE KaK TOYKA.

MareMaTH4ecKoe OMUCAHUE COCTOSIHUS JIBUXKYIIENHCS YKUJIKOCTU
OCYIIECTBJISIETCS C TIOMOIIBIO (DYHKITU, OMPEJETSIONNX PaCIpeie-
JIEHUE CKOPOCTH KHUJIKOCTH V = V(Z, y, z, t) U KaKux-amubo ee ABYyX
TEePMOJIMHAMUYECKUX BEJWYUH, HAIPUMED aasjenus p(z, y, z, t) u
motaocTu p(x, y, z, t). Kak m3secTHo, Bce TepMOJAMHAMUYECKIE Be-
JIMYUHBI ONPEEJIAIOTCH M0 3HAYEHUAM KAKUX-JIN00 JBYX M3 HUX C
[IOMOIIBIO YPABHEHUSI COCTOsIHUS BEIIECTBA; TIOITOMY 3a/laHU€ TISATH
BEJINYMH: TPeX KOMIIOHEHT CKOPOCTHU V, JIaBJIEHUs P U IJIOTHOCTHU p,
[TOJTHOCTBIO OTIPEJIEJISIeT COCTOSTHUE JIBUKYIIENCS JKUIKOCTH.

Bcee st Bemuumbl saBsgroTcst, BoobIne roBopst, MYHKIIUIME KO-
opauHaTr z, Yy, z u Bpemenu t. Iloguepkuem, uro v(z, y, z, t) ecTb
CKOPOCTBb KHMJIKOCTHU B KaKJOW JaHHOHU TOYKE I, Y, 2 IPOCTPAHCTBA
B MOMEHT BpPEMEHHU t, T. €. OTHOCUTCSI K OMPEJETCHHBIM TOYKAM IIPO-
CTPAHCTBA, a HEe K ONPEJEJIEHHBIM YaCTHUIIAM YKUJIKOCTHU, MEPEIBUTa-
IONIMMCSI CO BPEMEHEM B IIPOCTPAHCTBE; TO XK€ CaMOe OTHOCUTCH K
BeJIMYUHAM p, P.

1) Mur TOBOPHUM 34€Ch U HUXKE [1/Id KPATKOCTHU TOJIBKO O KHUAKOCTHU, UMed IIPU
9TOM B BUAY KaK KUJIKOCTHU, TaK U I'a3bl.
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Hagmem BBIBOT OCHOBHBIX THIPOIUHAMAYIECKUX YPABHEHWIT C BbI-
BOJIa YPaBHEHWsI, BEIPAYKAIOMIETO COOO 3aKOH COXPAHEHWS BEIECTBA
B THAPOIUHAMUKE.

Paccmorpum mekoropsiit o6bem Vy mpocrpancrsa. Koaumaectso
(mMacca) Kugkoctu B 9ToM 0bbeme ects [ pdV, rae p ects mwior-
HOCTH YKUJKOCTH, & WHTETPUPOBAHNE MTPOU3BOIUTCA MO 00beMy V).
Yepes snement df mOBEPXHOCTH, OTPAHUIMBAIOIIEH pPACCMATPUBAE-
MBIt 00bEM, B €IUHAITY BPEMEHH MPOTEKAET KOMMIeCTBO pv df Ku-
KocTw; BeKTOp df 10 abCOMIOTHON BeJMYMHEe PaBeH IO 3JIe-
MEHTa, MOBEPXHOCTH W HAIMPABJIEH MO HOPMAIN K He. YCTOBUMCS
HampasaaTh df mo BHemnHeil HopMasu. Torma pvdf mookuTesBHO,
€C/TN KUIKOCTh BBITEKAET M3 00beMa, U OTPHUIATETHHO, eCTH YKUJI-
KOCTBb BTeKaeT B Hero. [losiHoe KOMM4ecTBO KUIKOCTHU, BHITEKAIOIIE
B €JINHUILy BpeMeHHu u3 obbema Vj, ecTh, Cie/0BaTe/bHO,

§£pvdf,

rjie UHTerpupoBaHue IIPOU3BOAUTCH [0 BCEH 3aMKHYTOHW IIOBEPXHO-
CTH, OXBATHIBAIOIIEH PACCMATPUBAEMBII 00bEM.

C apyroit CTOpOHBI, YMEHbBIIEHNE KOJUYIECTBA, KUJKOCTH B 00b-
eme Vp MOXKHO HalucaTh B BUJE

0
5 [ pav

IIpupaBuuBas 06a BBIpaKEHUS, IOy IAEM:

2 [ pav =~ pvas (L1)

Murerpan mo nmoBepxHocTu mpeobpaszyeM B MHTErpaJsl mo 00beMy

5z€pvdf:/divpvdv.

Takum obpaszom,
ap . ) _
/<_6t +divpv ) dV =0.

[TockombKy 5TO PaBEHCTBO JOIXKHO UMETH MECTO JJIist JI000ro 00b-
eMa, TO JOJIZKHO OBITh PABHBIM HYJIO TIOJBIHTEIPATBLHOE BhIDAZKEHNE,
T. €.

% ¢ div oy
o + divpv = 0. (1.2)

DT0 — TaK HA3LIBAEMOE YPABHEHUE HENPEPHLEHOCTU.
Packpois  Boipazkenue divpv, (1.2) MOXKHO HammucaThb TakKiKe
B BHU/IE

ap

3 + pdivv +vgradp = 0. (1.3)
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Bekrtop .
i=pv (1.4)
HA3BIBAIOT NAOMHOCLIO NOMOoKa dcudrocmu. Ero Hampassienne coB-
Ma/IaeT ¢ HAIIPABJIEHUEM JIBUYKEHUS XKUJIKOCTH, & aDCOMIOTHALA BEJTH-
YUHA OTPEJEAeT KOIUIECTBO KUJIKOCTH, TMPOTEKAIONIEH B €InHU-
Iy BPEMEHW Yepe3 eIUWHUILY TLIOMIAIN, PACTIOJIO0KEHHOW TepIIeH I1-
KYJISIPHO K CKOPOCTH.

§ 2. YpaBuenue Diisiepa

Boigenum B Kuakoctu HEKOTOPBIH oO0bem. IlomHas cuia, mgeii-
CTBYIOIAsl Ha BBIJEJEHHBIH 00beM JKUJIKOCTH, PaBHA WHTErpaJLy

-~ ¢,

B34TOMY TI0 MTOBEPXHOCTH paccMarpuBaemMoro oobema. [Ipeobpasys
€ro B MHTErpas Mo 00beMy, nMeeM

—¢pdf = —/gradpdV.

OTcrofa BUIHO, YTO Ha KaXKIAbIH d1eMeHT obbeMa dV KUIKoCTH Jeii-
CTBYET CO CTOPOHBI OKpY2KaroIieil ero xkugkoctu cuyia —dV grad p.
JlpyruMu cJioBaMu, MOXKHO CKa3aTh, YTO Ha €JUHUIY 0O0beMa, JKUJI-
KocTH nefictByer cuia — grad p.

Mpbl MOXKEM Telmeph HAIMCATH yPaBHEHUE IBUKEHUS SJIEMEHTa
obbeMa KUJIKOCTU, TTPUPABHAB CHly — grad p TpPOU3BENEHUI0 Mac-
CBl p eMHUIBI 00beMa JKUJKOCTH Ha ee ycKopenue dv/dt:

pd—v = —grad p. (2.1)
dt

Crosiiast 3/1eCh POM3BOjHAs dV /dt onpenessier He U3MEHEHUe
CKOPOCTH KHUJKOCTU B TAHHON HEMOIBUKHON TOUYKE MPOCTPAHCTBA, a
U3MEHEHUe CKOPOCTH OIPEIEJIEHHOM MMepeIBUTAIOIIEHCS B TTPOCTPAH-
CTBE YaCTHUIbI KUJKOCTHA. DTY MMPOU3BOJHYIO HAJIO BBIPA3UTH Yepes
BEJIMYUHDI, OTHOCAIINECS K HEMOJIBUKHBIM B IIPOCTPAHCTBE TOYKAM.
JLjist 9TOr0 3aMeTHM, UTO M3MeHeHre dV CKOPOCTH JIaHHON YaCTHUIbI
JKUJKOCTH B TeYeHWe BpeMeHu di CKJIaIbIBAETCA U3 JBYX YaCTeil:
13 U3MEHEHUs CKOPOCTH B JAHHON TOYKE IIPOCTPAHCTBA B TEUCHUE
BpeMeHu dt ¥ U3 Pa3HOCTH CKOPOCTEH (B OJUH M TOT YK€ MOMEHT
BPEMEHMN) B JBYX TOYKAX, PA3/IEJIeHHBIX PACCTOSAHUEM dr, TPOiiieH-
HBIM PACCMaTPUBAEMON YaCTUIIEH KUJIKOCTH B T€UEHNE BpeMeHu dt.

IlepBag u3 sTux gacreit paBHa

av
ot

rje Ternepb npousBopHast Ov /0t Gepercs mpu MOCTOSHHBIX T, Y, Z,
T. €. B 3aJIaHHON TOYKE MPOCTPAHCTBA. Bropasi YacThb M3MEHEHUs!

dt,
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CKOPOCTH DaBHA
d:z: -+ dy + dz = (drV)v
Takum obpazom,
dv = ‘Z—: dt + (drV)v

uiM, pasjesus obe yacTu paBeHCTBa Ha dt '),
dv

&= 2.2
y at ~ o+ (vV)v. (2.2)
[MoxcraBus nosydensoe coorHomerne B (2.1), HaxomuM
6v + (vV)v = =-1 grad p. (2.3)
p

OTO U €CTh UCKOMOE yPAaBHEHUE JIBUKEHUsI YKUJIKOCTU, YCTAHOB-
JienHoe BrepBbie JI. Jiaepom B 1755 r. OHO HABBIBAETCS YPAGHEHUEM
Diisepa M ABAFETCS OJHUM U3 OCHOBHBIX yPABHEHWIT THIPOIMHAMI-
K.

Ecmm x&unkocTh HAXOUTCS B TIOJIE TSKECTH, TO HA KAYXKIYIO €/Th-
HUIY ee obbeMa IefCTBYeT ele Cuia pg, TIe g eCTh YCKOPEHUe CBO-
0OHOIrO TMaJeHust. DTa CHJIA JOJKHA OBITH IPUOABIEHA K IMIPaBOi
yacru ypasHenus (2.1), tak aro (2.3) npuobperaer Buj

8v + (vV)v = _Vpp +g. (2.4)

IIpm BBIBOJIE ypaBHEHUN JBUKEHUsS] MBI COBEPIIEHHO HE YYUThHI-
BaJIM MPOIECCOB IUCCUTIAIINN SHEPTHUH, KOTOPbIE MOT'YT UMETh MECTO
B TEKyIIeil KUIKOCTH BCJIEJCTBHE BHYTPEHHErO TpeHus (Bs3KOCTH)
B JKUJKOCTH W TEILIOOOMEHA MKy Pa3JIMYHbIMU ee yaacTKaMu. [To-
9TOMY BCE M3JIaraeMoe 3JIeCh U B CJEAYIONmMX maparpadax 3Toif ria-
BBl OTHOCUTCS TOJBKO K TAKUM JIBUKEHUAM YKUIKOCTEH U ra30B, IIPH
KOTOPBIX HECYIECTBEHHBI TTPOIECCHI TETIOMPOBOIHOCTH W BA3KOCTH;
0 TaKOM JIBUKEHIH TOBOPST KaK O JIBUKEHUU UJeasvHoti oHcudkocmu.

OrcyrcrBre TEmIo00MeHa MeXK 1y OTAEAbHBIMUA YIaCTKAMU KU JI-
KOCTH (Zx Tak:Ke, KOHEUYHO, W MEXKJy KHUJIKOCTBIO M COMPHUKACAIO-
[IMMUCS C HEI0 OKPYIKAIOMIUME TeJaMu) O3HAYAET, U4TO JBUKEHHUEe
[IPOUCXOANUT aguabaTUIeCK, MpUUeM aJuadaTudecKd B KazKIOM W3
YYACTKOB KHUJAKOCTH. TakuMm oOpa3oM, ABMKEHUE WIeATbHOM KU
KOCTH CJIeJIyeT pacCMaTpUBaTh Kak aIuabaTHIeCcKoe.

IIpn agmabaTuyecKoM JIBUKEHHH SHTPOMUS KayKIOrO yUacTKa
JKAJKOCTH OCTAETCs IIOCTOSHHONW IPH IMEePEeMEINeHNN IOCIeIHEero B

1Y Onpenenennyio TakuM 06pa3oM IPOU3BOIHYIO d/dt naspBator cybemanyuo-
HAABHOU, TIOMUEPKUBAs TEM CAMbIM €€ CBA3b C MEPEMEIAIONINMCS BEIECTBOM.
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mpoctpancte. Obo3Hadas OGYKBOH § SHTPONHIO, OTHECEHHYIO K €TH-

HUIIE MACChI 2KHUJIKOCTH, Mbl MOKEM BBIPA3UTH aInabaTUIHOCTD JIBU-

JKEHUS yPaBHEHUEM

ds

— =0, (2.5)
dt

rJie TOJTHAsT TPOM3BO/IHASI TI0 BPEMeHU O3Ha4YaeT, Kak u B (2.1), u3me-

HEHUE SHTPOIUU 33/JAHHOTO TEePEMEIAIONIEr0Csd YIacTKa KUIKOCTH.

DTy TPOU3BOIHYIO MOXKHO HAINCATH B BUJE

0s .
m +vgrads = 0. (2.6)

DT0 ecTh 00INee ypaBHEHME, BhIparKaroiiee coboit amnadaTuaHOCTD
JIBUKeHUs ueasbHoi Kuakocru. C momorbio (1.2) ero MoXKHO Ha-
[IACATH B BUJIE «yPABHEHUSI HEIPEPBIBHOCTUY JIJIT SHTPOIINH

Aps) 4 div(psv) = 0. (2.7)
ot

[IpousseneHne psv TpeacTaBasger coboil NAomHOCMb NOMOKA -

mponuu.

O6bI4HO ypaBHeH#e auabaTHIHOCTH IPUHUMAET Topa3o 6osee
npoctyio dopmy. Eciu, Kak 370 06BIYHO UMEET MeCTO, B HEKOTOPbIii
HAYAJILHBI MOMEHT BPEMEHH SHTPOINUS OJMHAKOBA BO BCEX TOUKAX
00beMa KUJKOCTH, TO OHA OCTAHETCsl Be3/ie OJMHAKOBOM ¥ HEeU3MeH-
HOM CO BpEMEHeM W NpU JaJbHEeHAIIeM JBUKEHUN KUJAKOCTH. B aTmx
CIydastx MOXKHO, CJIEJJOBATENBHO, MUCATH yPABHEHUE aanabaTuaHO-
CTH TPOCTO B BUJIE

s = const, (2.8)

9TO MBI U OyzmeM OOBIYHO jeiarTh B AaJjbHeiineM. Takoe nBu:keHue
Ha3bIBAIOT U3IHIMPONUUECKUM.

M33HTPOIUYHOCTBIO IBHXKEHUST MOXKHO BOCIIOJIB30BAThCSI JIJIsl TO-
ro, 4rTo0bl HPEeJICTABUTH ypaBHeHWe IBHKeHus (2.3) B HECKOJIBKO
MHOM BwHje. [lJist 3TOro BOCIOJb3YEMCsl U3BECTHBIM TEPMOIUHAMU-
YECKUM COOTHOIIIEHUEM

dw=Tds+V dp,

rje w— TersioBas GYHKIUS eJIUHUIBI Macchl Kuakocru, V =1/p—
yaenabHbIl 00beM, a I’ — remmeparypa. [lockoabKy s = const, umeem

dw=Vdp= : dp,
p
1 TI09TOMY
le = Vuw.
p
Ypasuenue (2.3) MOXKHO, CJIEI0BATEIHHO, HAIMCATL B BUE

g—‘t’ + (vV)v = —grad w. (2.9)






