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YIE 531.19

B pabore m3darawrcs HOBelipe pe3yiIbTaTH 1O
TePMOJMRaM¥Ke ReQOPMHPOBAHKA CNIOmMHEX cped. I[Tog-
X0 aBTOpa #HBIAETCA pasBNIHeM KIacCHUeCKON craTu-
cruku I'm66ca, paerca mATepnperanns HePaBEOBeCHOCTH
B (a30BOM 1pPOCTPaBCTBE ¥ QOPMYAHDPYIOTCH HOBHE
BKCTPEMallbHEE INPUHIUNE, KOTODHE UPAMEHAIOTCH NI
BHIBOJA ONPeNeNsoMuX ypaBHeHH,

Kumra upencraBiser maTepec i HayiawxX paboTHE=
KOB M WHHKeHepOB, 3AHWMAIIIUXCA MEXaHWKOH cmiIone
HEX Cpej ¥ TepMOAWHAMUKOI

Pedaryua aumepamyps no mamemamuyuecKuM Hayxam



ONPEJUCJHOBUE NEPEBOLJUUKA

st coBpeMeHHOTrO »Tana pasBUTHsI MEXAHUKHE XapaKrepeR
3HAYATENbHHI HHTEpeC K 00mmM npobieMaM MeXaHUKH CIJIO-
mwHO# cpefu. Ilo-BummmoMy, 5TOT mHTEpPEC BHI3BAH pazimy-
HEIMI NpUIAHAMHE B He B HOCJTeHION Odepels BHYTPeHHHMH
porpe0HOCTAME caMOfl MEXaHWKW, DasHHE DPasieds KOTOpOi
JIUTEAbHOE BpeMs DPasBUBAJNCH B HANPABJIEHHH pPOMICHUA
OTHeNBHHX 3amad Ge3 [OCTATOYHOH CBABK APYr C APYTLOM.
Hacrana mopa ouenurs ofmee cofepskaHue sHAHAN, HAKOI-
JIeHHHX HA 5TOM 3Tame KOHKPEeTHHX wumcciemopammii. Kpome
TOr0 MOBHINEEHe HHTepeca K o6mumM wnpobiemaM Mexa-
HUKK CILIONIHEIX CpPeJ CclefyeT CBSSHBATH ¢ MACCOBHIM BHE-
JIpeHHeM B TEeXHWKY HOBHX MATePHAJOB, HE ONACHIBAIOIIUXCHA
B IpHEMIEMOM NPUOIMKEHNH IPOCTEHIMUMHA KIaCCHICCKUMHA
MOJIeIAIMA CHJIOMHKIX Cpef.

Obunue »TMX MaTepHalioB ¥ WX pasHOOGpasWe, MIMPOKHH
JIMamasoH YCJIOBHI MX MCIOJIb30BAHNA HACTOATEABHO JAKTYIOT
HeobxomuMocTh BHPAGOTKE 0OOmMEro mnojuxoga, UPHUTOTHOTO
JJId OuMCAHWSA MEXAaHWIECKOrO IOBENEHHS [OCTATOYHO IIH-
POKIX HKJIACCOB MATePHAJIOB. 37eCh HAMEWATCHA [BA IYTH.
Iepsrii 13 HAAX — 9T0 (EeHOMEHOJOINYECKHI TOAX 0/, CBA3AH-
HHI ¢ CHCTEMATHIECKHM ONWCAHUEM OIPEeIeHHEIX KIACCOB
MAaTepHAJIOB Ha OCHOBe 0oiiee WMIM MeHee IMUPOKHAX KIACCOB
ONpefedA0INNX YPABHEHT, 3aKOHOB COX PAHEHHS , IPUHIANOB
VHBAPDHAHTHOCTH W TePMOJMHAMHYECKMX  CcOOGpasKeHHH.
Hdpyroii mogxox c¢BA3aH ¢ AeTAIBHKIM aHATU3OM MHAKPOCTPYK-
TYpPH MAaTepHaJa, BBefleHWEM M aHAJAN30M MaKpOXapaKrepH-
CTUK 9TOH MHKpOCTPYKTypH. Ilo-Bmmumomy, Hamboiee meae-
Cc000pasHKNM HAIpaBlIeHWEM sBIAETCS CHHTE3 OJTHX JBYX
DOJXOM0B.

IIpepnaraeMas COBeTCKOMY UWTATENI0 MOHOrpadus ms-
BecrHoro meeiiapckoro ywesoro I'. Iluriepa mpepcrasmser



6 ITpeducaogue nepegoduura

co0oil 10 cymecTBY BeChMa MHTEPECHYH HONBITKY JaTh Ompe=
IDeNeHHYI0 8aKOHYEHHYH (OpMyIupoBKY (GeHOMEHONOTHYe-
ckoro moaxopa. OcofeHHO uMHTEpECHO B Heil OPUTHHAJNbHOE
W3JI0/KeHNe TPHHIANOE TEPMONMHAMHUKE HeOOpaTHMHX Tpo-
meccoB, WOUHITKW NX OGOCHOBAHWS ¥ CHCTeMarmyecKasa [e-
MOHCTPAn¥s BQHKHOCTYM NPHUBJIEYEHUs ITUX NPHHIWIOB IPH
OnUCAaHUN cpef ¢ fuccunanueil. OnNEAKO HeNb3s He 3aMETUTD,
970 He BCE cofiepskaHme MoHOrpaduu GeccIOPHO: HEKOTOPHIE
MecTa, MOTNYyCKAKIIHE COMHEHWS WIM BO3MOMKHOCTH MHEIX
MOXOMI0B, OTMEYEHHK B IPUMETaHUAX.

Ilosumenme wuHTepeca K ofuuM wpobiaeMaM MeXaHHKHA
CILIOIIEON Cpefll y:ke OKAasalo PpaJUKAJIbHOe BOBJEHCTBHUE
Ha TpemofjaBaHue; 3TO BO3JelicTBME, HECOMHEHHO, B OymymeM
eme Gosee Bospacrer. Taw, Hanpumep, B MockosckoM yHH-
BEpCHUTETE YK€ HECKOJBKO Jer TUTAeTCA Kype MeXaHuKH
CIUIOMIHEIX Cpe/|, Ha 6aze KOTOPOTO 3areM M3JAraloTcs TEOPHA
YODPYTLOCTH, IHAPOfMHAMHUKA, IazoBas [AWHAMHKA M Ipogue
AUCIUOIEAE BToro Iuxaa. COBEeTCKOMY YHTATENI0 H3BECTHSHI
monorpagun JI. U. Cenosa, B. Ilparepa, II. jHepmena, or-
paKA0IEe HAKOIUIEHHBIE COBETCKHH M 3apyOe;KHBIH OHmBIT
UCCAeOBAHUA U MPEmOTABAHMsI MEXaHUKH CINIOINHHIX CPej;
MOJKHO He COMHEBATLCA, 4TO TMpeAIaraeMas MOHOTpadmsa
ITurnepa tawke 6yfer LEeHHBIM MOACHOPLEM KAaK A HU3Y-
YaomMuUX MeXaHUKY, TAR U IO npemofaiomux ee.

I'. Bapenéaamm



§ 1. Beedenue

B HacTosAmee npeMa MeXaHWKA CIUIOMHON cpemsl OHCTPO
Bpacraer B (HIUKY CIVIOMHON cpegs. OmHOM M3 mpudYnH
TAKOTO XOJa e¢ DAsBUTHUA ABIAETCA BCE BO3PACTAIOUIAA POk
TEePMOJIMHAMAYECKUX W DIEKTPOMATHUTHHX d(PPeKTOB B He-
KOTOPHIX NUPWIOKEHNAX (rasopas AUHAMUKA, MATHWTHAS I'U-
TpomwHAMHEA ® Ap.). Hpyroil mpuamnoil sBIseTcs B3aUMO-
JelcTBHe Ha IEePBHIl B3IIAX PA3IUYHENIX (QUUYECKUX SBJIE-
Huif, KOTOpoe He WO3BOIsEeT, B YACTHOCTH, PacCMATPUBATD
HEKOTOPEHIe MeXaHWUeCKWe ABJEHWs 0e3 ydueTa IPOIeccos
npyroii mpupoasl. B HelicTBHTEJABHOCTH YacTO OKABKBAETCH
BO3MO}KHEIM upeHe6peusr HIEKTPOMATHUTHHIME SBICHUSMH,
49T0 W cAeJaHo B 970l craree. OHAKO HEKOTODPHE MeXaEWde-
CKHe fIBJeHWA (HanpuMep, TpeHie) HACTOILKO TECHO CBS3AHEI
¢ TEepMOIWHAMUKOIl, YT0 CYIMIeCTBEHHAS TACTh MEXaHUKU
COIONIHOM Cpefil B COBPEMEHHOM CMEICIE CJOBA HE MOKer
OBITH OTEJieHA OT TEPMOJUHAMHIKI.

BonpimuacTBo 0CHOBHBIX YpaBHEHMI MEXAHNKHK CIJIONIHOM
cpeflbl OTpakaer OCHOBHBIE 3aKOHHEI (PUBHKW (COBMECTHOCTD,
COXpaHeHWe MaccH, 6alaHc KOJIUYECTBA JABWKEHNS, MOMEHTA
KONWYeCTRA JBWIKEHWA W SHEPTUH U T. [.). ITH COOTHOUICHHS
OPUMEHVMEL K H0000My BHIY MaTepuaina, HO MOJKET OKaBaThCH
YZLOGHBIM UCIONB30BATh BTH COOTHOIIEHWS B Pa3iIuIHHIX (OBITH
MOKeT, W DKBUBANEHTHHX) (OpMAaX IIPH NPUMEHEHNN WX,
HampuMep, A MEZKOCTEHl W TBepIHIX Ted. Pasnudue Memmy
TAOAMEO CIUIOIMHEIX Cpej] MAaTeMaTHIeCKH BHpaKaercss IJaB-
HHM 00pasoM B TAK HA3HBAEGMEIX 0npedeillouus JpPasHEHUAT.
JTH ypaBHEHUsS OUNMCHBAIT cmenudHUIecKme cBodcrBa (HHme-
ANMMBUPOBAHHEIX) MATEPUANOB ¢ IOMOMIBI0O HEKOTOPOTO COOT-
HOIEHNA MEXAYy KUHeMaTmdecKUMM mepeMmeHHERIME (fledop-
Manus, cKopocTh HedpopManuum W T. J.) U IDEPEMEHHHIMH
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CTATHYECKOH NUpHMpPOAH (HANPAKEHHE, CKOPOCTh H3MEHEeHWHA
Hanps:xeHEnd u 1p.). Takoe cooTHOITeANe mpefcTaBaseT coboil
XapaKTePHCTAKY PACCMATPUBAEMOTO MaTepmala.

CBA3yOIUM SBEHOM MEXKIY MEXaHHKOH CINIONIHON CPEIH
¥ TePMOJMHAMWKON siBIsAeTCA Teopema sHepruu. Ecau Henpss
npeHebpeus TemIoBHIME 3PPerTaMu, TO MEXAHWYIECKYI0 Teo-
peMy SHEPTHUW CIeAyeT 3aMeHHWTh NEePBHIM OCHOBHEIM 3aKOHOM
TEPMOAMHAMUKE, KPOME TOr0, B YHMCJI0 OCHOBHEIX COOTHOIIE-
HUH cleflyeT BRIIOYATH yPaBHEHHME TEHIONPOBONHOCTH.

JIpyraM cCBA3YIOIIUM 3BEHOM SABISETCHA OLPefiesIA0Iee
ypaBHeHAe. B OpPOTHBOMONOKHOCTH MATEPHANaM KJIacCHIe-
CKOIl MEXaHWKH CIJIOITHOHM cpefil (MAeandbHAS KUAKOCTD,
EAeaNLHO YOPYroe Telo) Hambojiee BajKHLEE MOJENW CIUIOII-
HO#l cpejpl, IpPEfCTABIAIN{ME WHTEPEC B HACTOAHIEE BpeMdA
(BABKAA KAMKOCTH, BAZKO-YOPYTHE MATEPHAIH, BA3KO-ILIA-
CTHYECKHE U IIACTUYECKHE TBEpjHe Teda u T. A.), 00dafair
BHYTPEHHUM TpeHueM. ECIu sieMeHT TaKOro Marepraja mof-
Bepraerca fedopManue, BHYTPHM 3TOrO 3JaeMeHTA ceigac ke
BOSHUKAET HEKOTOpOoe KoJamdecTso sHTponuu. VImeHHO B3TO
00CTOATEALCTBO W NPUBOAUT HAC K TEPMOJHHAMHKE, WIH,
TOUHEe, K TePMOIWHAMWKE HEOODATHMBIX HPOIECCOB.

W3 sTUX paccy:kfieHnil BHITEKAET, 9TO, HOMHEMO PA3INIHEX
npyrux TpeGopanuii [39], ompenensione ypapHeHNA JOMKHEE
OLITH COrJIACOBAHE ¢ (PYHIAMEHTAIBHKIME TEOPEMAMU TEPMO-
muHAMEKNE. MOKHO OKEAaTb, 9TO 9TO TPeOOBAHEE CY)KAET
KJIacC [OOYCTHMHX ONPENedAIoninX ypaBHeEWN B MHOTO-
YHCJAEHHHIX pasflesaX MeXaHAKM CIUIOmMEHOU cpensl. fHena-
TEJILHOCTh TAKOTO POdA OrPAHHYEHWH XOPOIIO M3BECTHA M3
TEOpUM IIACTMYHOCTH, OJHOH M3 Hauboiee MHTEHCHBHO IC-
clieflyeMblX B HACTOAIEE BPEMS BerBeil MEXAHWMKW CIJIOLIHOI
cpenpi. CepbesHbie OrpaHUYEHHsT HA BOBMOKHEIE THOBL OIpe-
[eJAOUNX ypaBHEHWH HAJaraer TAK HA3LIBAEMas TeOpHs
IUIACTHYECKOTO HOTeHIMana, mpeftoskeHnas Musecom [21] m
oGo6mennasa IIparepom [24, 25], Koiitepom [18] m [pyxe-
pom [8, 9]; mociennas BepcmaA 9TOH TeOPHW HOCUT HA3BaHHe
mocryiaata JIpykepa. llo-Bumumomy, He cyINecTByeT Kawux-
an60 HpAMEX MEeXAHWYECKHX HNPHIMH JJISA TAKOTO Orpanmde-
HUsI, OJHAKO W3 HEr0 BHITEKANT CYIECTBeHHEE MaTeMaTH-
YeCKUe YNPOIIeHNsA, KACAIIHecsd TeopeM efHHCTBeHHOCTH H
BAPHANMOHHLX NPUHOKIOB, [[JA IIACTHIECKHX MATePHAJIOB
aT0 Geuro moxasano Hoirepom [19] m gp.; amamormumoe m0-
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KasaTelbCTBO, NMPEMEHHMOe K 0ojee IMUPOKOMY KIACCY MO-
meneil comomunx cpef 6o mamo Xmuiom [14]. Takmm o6-
pasoM, CYIECTBYIOT HPWYWHH IIONArarth, 9To mocryiaar Hpy-
Kepa B TEOPHH INIACTHIHOCTH ¥ HEKOTOPHE OrPAHMYEHUS aHa-
JOTHYHON TPWPOIE B APYTUX pasfieaX MeXaHWKH CINIONIHOH
Cpefisl uMeoT QpuaudYecKuit cMuica. Ecnum mX Heanza o6OCHO-
BaTh HA YHCTO MEXAHWYECKOM OCHOBE, TO MOKHO HAaZeAThCA,
YT Kejaemoe 00OCHOBAHWE YHACTCH HOJYYHTh W3 OCHOBHEIX
33aKOHOB TEPMORWHAMAKH.

IlepBEiil OCHOBHOW 3aKOH TePMOTUHAMUKY He HAKIANHBAET
KarmEx-1ub0 OorpaHumYeHUi HaA ONmpefelsiomue yPABHCHUA.
310 Ke OTHOCMTCH W K TpeTheMy 3axoHy. Bropoil ocHoBmoit
3aKOH TEPMOJMHAMUKI MCKII09aeT HPOIECCH ¢ OTPHIATEIb-
HHM LPUATOKOM SHTPONUHU. ITO YCIAOBHE CYMKAeT KIacc HAO-
TYCTUMHX YPaBHEHUN COCTOAHWSA, OZHAKO He 70 KelaeMoOi
cremenn. bojsiee ofemapmuM 31ech ABAACTCA NIPWHIALN
Omnzarepa [22], DOCKOABbKY OH OTHOCUTCA K HEOOpATHMBIM
mpomeccaM M JZOCTABIAET ompefeleHHYH wHPOpMAnmMio O Ha-
OpaBIeHNE TAKUX OpOIEccoB, 6ojiee TOYHYIO, HEMKENH BTOPOM
OCHOBHOII 3ak0H. B camoM jene, kak Osli0 moxazano buo [1],
npuHnEna OHzarepa JOCTATOYHO IS HCCIENOBAHWA HEKOTO-
pHX upofjeM JUHEHHAOH BABKOYOPYroCTH M YCTAHOBICHUSA
TAK HA3KMBAaeMOil BaAsKOyupyroit amamormu. K cosxaleRuio,
OJHAKO, mpuMeHeHme mpmHImna OH3arepa OrpaHUIHABAETCS
TOJBKO JIHHEITHWIMH 3ajladaM¥M ¥ IIO3TOMY HE MO}KeT HATh
pe3yasTaToB B 00dee WHTEPECHHIX CIy4YasXx HeIWHEHHKX
Mofiesiell CITOHMIHKIX cpef (HeHBIOTOHOBH »RUAKOCTH, HeINHeH-
Hple BABKOYNpPYIHe Tela, BABKONNACTHYHGEE ¥ MJIACTHUHEE
TeJa U Jp.).

Brio mpemmpuBATO HecKONbKO mommHTOK [22, 1] mATep-
npeTupoBarhs cootHomeHusi OH3arepa ¢ MOMOIIBI BAPHALK-
ouEnX npuHnunoB. Ilurxep [46] mokasam, uro reopust Onsa-
repa 9KBUBAJIEHTHA NPUNYURY HAUMCHBUUT HeOODAMUMBLL
cut, KOTOPHHA MOMKHO TakKe cOPMYJIWPOBATH KAK NRDPUHYUR
Hauboavwell ckopocmu nopoxcdernus swmponuu. OTHO U3 HIpe-
HMYIIECTB 3THX TPHHENUIOB COCTOMT B UX (UBUIECKOU Ha-
raggaocta. KpoMe TOro, X MOMKHO ¢ OJWHAKOBOH JIETKOCTHIO
TIPEMEHATh K HeJIHHEHHHM U K TUHeHHHM 3a7a9aM. JTH OpHUH-
NUOH, clefoBaredsHo, obodmaior reopuio OHzarepa, felas
ee TUPNMEHUMOII K NPOH3BOJBHKIM ONpeNeNdlmuM YpaBHe-
suaM. HakoHen MOKHO OXEJATH, 9T0 ROKAHHA H3 STHX
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TPUHLIIIOB B OMpPEJIeeHHBHIX YCIOBUAX OK&MKETCA HPHMEHU-
MHEM U BHE c(epPH MEeXaHWKU CHIAOIHON Cpefikl, eCAHN COOTBET-
CTBYWONINEe TOHATHWSA BooOme OYAYT HMMETh CMBICI.

Has roro urobsl yupocTuTh MCCHeIOBAHTE, COCPETOTOUNM
CBOE BHUMAHIE Ha UPUHIUNE HAUMEHbHINX HeOOPATHMEIX CHI,
YCTaHOBUR pas un \"{cher;La  UMed IMOCTOAHHO B BUjJIY, 4910
BTOT TIPUHITUII MOKHO BSaMEHUTh NPHHOWIOM Hauboabmei
CROPOCTH HOPOKACHUA IHTPOIUH MIU HEKOTOPHMU ADYyTUMHU
oGpawenawIMI GOpPMaMIt, KOTOpHIe MBI eme obcyauMm B § 4.
CTporoe JOKA3aTeNbCTEO ATOTO IPUHINTA He TPEACTABIASTCA
BOBMOKHEIM. O[HAaK0 9TOT HPUHOUI MOAHO O0OCHOBATH
¢ TOMOIMBIO CTAaTHCTMIECKHUX paccy:asmenuii [49], B ocnosHOM,
TaKAM ke cmocofoM, Kar U QyHIaMEeHTaJbHEIC 3aKOHHl Tep-
MOOMHAMUKK. KcTecTBeHHOH TOUKON OTHPABJIEHHA 3[eCh CJIY-
AT Beaurodenmaa pabora T'uG6ca [11] mo crarmermueckor
MexaHuke. o cpaBHeHuo ¢ APYTAMH CTATHCTHYECKHMU METO-
JaMH TaROiI HOAXOJ HMEET TO HPeuMYyIIecTBO, 4TO OH He 3a-
BUCHT OT KAKOI-ING0 4acTHOH MOJeRyJAApHOH Mojgeanm M mo-
TOMY OPUMEHNM K JiofoMmy Bumy cmaomuoll cpesnsl. M ma ca-
MOM Jlelle MMeeTcs OTUeTHMBASg aHAJOTNSA MERLY PACCMOTpPEH-
HHIM 3/IeCh IPHHIUIOM ¥ IPHHINIIAMH, YCTAHOBJIEHHBIMU
B ra. Il paGorer I'mbGbGca.

Ha nepssiii Barasy craTucrudeckas Mexanunka ['m66ca me
OpencTaBiIsgeTcs OCO0EHHO IOAXOAAMIEH /UIiA HAlIMX menel,
IOCKOALKY (PEHOMEHONOTHUECKAA HHTEepPHpeTanus pesyabTa-
toB I'm66ca maer TONBKO OCHOBHBIE 3aKOHBI HJIA 06pamuMble
nponeccos. He ¢uegyer 3a0sBaTh, OTHAKO, UTO HeoOpaTUMELE
OpOLeccH TONBKO HEJABHO TPHOOpeNd WX CerofHAINHION
3HAYMMOCTL 1 9TO LuMO6OC, OYEBUIHO, HEe UMEI B BUAY He06-
pamumux TPOLEeccoB HU mpu GOPMYIMPOBKE OCHOBHHIX Npej-
CTaBRIEHNII cBoeil cTaTHCTNY9ECKON MEeXaHWKU, HU IPU HCTOX-
KOBAHHW ee pe3yibraroB. Ha camom ke jene JOCTATOTHO
JWII b HEMIOTHX He3HAYATEIBHEX YCOBEPINEeHCTROBAHMIL, 0606-
maomux paccyskjaeaus ['uG6ca, ITo0 ero peayabTaThl crann
OPUMEHVMHMH K TpOU3BONBHEM upomneccam. Houb cropo
510 0GoGmenye cHeIaHo, OCTAETCA eme He§OoJbIIol momou-
HOTEeINbHRN mIar JJIA NOAyUeHHUs jKejaeMoro 0000mieRus
npunnuna Onzarepa.

Onuoil n3 1enell HACTOAMEH CTATBU SABISETCH U3IOKEHUE
HEKOTOPOTO CTATHCTHIECKOTO NOAX0hA K YCTAHOBIEHUI0 NPUH-
I¥MOa HAaWMEHbIINX HeoOpaTuMsiX cuia. Jipyras meilb COCTOUT
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B IPATOEHUY 9TOTO IPUHIMIA K MEXaHUKE CIVIOLIHON Cpefs
W BHIACHEHWUH ero CBs3ell ¢ ONPeJelANIMIUMA YDPABHCHWAMMU.
Hexoropeie w3 3THX cBAsell y/ke DPacCMarpHBAJNCh pamee
[43, 32]. Ouu, KoreHO, 06OCHOBAHH He §ojlee, YeM CaM HPUH-
nun. OgHaro mx 06GOCHOBAHUE CTOND ;Ke YOE[MTEIBHO, KAk U
obocroBanue mpumnuna Mmseca, a u3 coBpeMeHHOII Teopunm
OIaCTHYHOCTN HEMHOroe yienenao Ow 6es 9TOr0 UPHHIHUIA.
Kpome TOro, WMEHHO STH CBABH NO3BOJAAIOT HOJBEPTHYThH
IPUHIUI JKCIePUMEHTANBHOI HpPOBEPKe.

Kagr yske ymoMmHasoch BhIe, NIf HAIWUX Iedeil gocra-
TOYHO JUIMb HeGOoIbpIUX ycoBepIueHcTEoBauuil reopun ['mbbca.
Onnako tmaresdpHeni amasus wujeil I'n66ca, meobxomumeIi
JJd VCTAHOBICHUs 3TUX M3MEHEHUIl, TPUBOANUT K OJHOMY HO-
609HOMY pe3ylNbTaTy HECKOIBKO HEORUIAHHON IpHUpOs,
KOTODHI BHI3BIBAET CYIIECTREHHOEe HM3MeHeHHe WAeiiHoil 0CHO-
BH TEOPHM 1 OKA3BIBAETCS CHPABEJINBHIM KaK JJIA 00paru-
MEX, TaKk M AJA8 HeoOparuMmpix mpoueccoB. OCHOBHas mies
Tu66ca cocTouT B TOM, uTO [daHHASA TEPMOJHHAMHUYECKAH
crucreMa (Makpocucmema) CPAaBHUBALTCA ¢ HEKOTODPHIM aHcamO-
7deM UHCTO MeXaHMUECKHX CHCTEM (MUKPOCUCTeMB) M UTC
ABIGKEHWEe 3TOTO aHcamOasa WHTepPHpeTHpyercs KaK TedeHiue
B (azopom mpocrparcrBe. OOBTUHO Ipefgmoiaraercd, 4TO 9TO0
TedeHWEe NONUMHAETCA ypaBHeHHI0 HepaspeieHocTH. OfHAKO
OCHOBAHUA JIIA TAKOIO NPEANONO/KEHNsT BEBHBAIOT HEKOTODHIE
COMHEHHsI, HOCKOABKY 3TO TeueHme He npeacraBiaser coboil
TedeHns felicTBHTENBHOI cpefsl. C APYroil CTOPOHMBI, NETKO
BHIETh, UTO, O TOro 49ToGH OOBACHATH NPOH3BOJBHBIE
TEPMOIMHAMUYECKNE TPOLECCH, CIelyeT OTKA3aThCA OT ITOU
rUOOTe3bl U 3aMEHNTh ypaBHeHWE HepasphBHOCTH YpaBHe-
HIeM mepeHoca. JTa Omepannd BOOPEeKU TOMY, 9TO Ka;Kercd
Ha MepBHl B3TJAAR, coraacyercs ¢ Teopemoid Jlmypmans.
Ona onwpaercs TOAbKO HA OpeJCTABIEHHE O TOM, 4TO [BWKE-
une B $as3oBOM IPOCTPAHCTBE HE ABIACTCA UYHCTOH KOHBEK-
Oueit mIm rtedenueM (KaK B Clydae NEHCTBUTENBHON SKUI-
KOCTH), HO IpejcTaBaseT co00l Hajlo:KeHHMe Ha 3TO sBJeHUe
mporecca IepeHoca, WM «IOTOKa» (TOro THIA, KOTOPHI
BeTpeuaercA B Temiomepenade). Pazawame MexAy sTUMA ABY-
Md THIAME [OBIDREHWS TECHO CBA3aHO C DABINUIHEM MERAY
A33HTpONHYECKUME T Gojee ofmuMu mporeccamu. B camom
Helle, Terko BUETh, 9TO B OTCYTCTBUE IOTORA TeopeMa JImyBmia-
T MCKI9aeT Bee HemspHTpommueckme mponeech. Hophi
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mOAXOf, BHABIsAET Teopuio ['mG6Gca B HOBOM CBeTe W IPHBO-
JAT K HEKOTODHM CJIEJCTBEAM B WHTEPOPETALME CTATHCTH-
YeCKOU TPAKTOBKH.

OueBuHO, UTO CTATHCTHYECKMI NHOAXOX HOJNAEH OHTbH
CTPOr0 OTpaHWYeH KBAa3HCTATHYECKUMH NPOIECCAMH, T. €.
JOCTATOYHO MEJUICHHBIMI U3MEHEHUAMU COCTOAHHUH, KOorja
CHCTEeMa TIePexofWT, TaK CKasarh, OT OJHON PpABHOBECHOIN
roHpurypanum K cocegeil. OgHAKO ciefyerT OpeXOCTEPEYH
OT HENPABWJIBHOIO MHEGHUA O TOM, 4TO BTO OrpaHWdeHHe WC-
KI09aeT HeoOparuMele mpounecssl. XOTA BO MHOIMX KHETrax
HAIIUCAHO, YTO AOCTATOYHO MEJJIeHHEE M3MEHEHWST COCTOAHUA
Bcerga oOpaTHME!, 3T0 OWMOKA, KOTOPYI0O MOKHO, IO-BUIH-
MOMY, 00BACHATD TEM, YTO, OOBITHO MBICJA O TEPMOQUHAMUKE,
cumraor pabouee remo rasom. Hampumep, mracruueckoe Tte-
geHWe TBEPHOro Telia Bcera mpeicrapisger coGoit HeoGpaTumoe
WasMeHenne COCTOSHUA, KaK On MeIJEeHHO OHO HU IPOUCXO-
amio P,

Ilpu mocaenyomeit fuCKyccul 06 PATEMAEX U HEOOPATHMEIX
MpOIeCCOB MH OTPAHMIMMCS KBASHCTATHIECKHM CJIyIaeM,
IlomsTe TepMOXMHAMUYECKOH CUCTEMH NPWHUMAETCA B TOM
e obmeM cMricae, 910 1 B paGore I'm66ca. HawmbGosee mpo-

D 3910 pacCysjeHne BHI3BIBAET HEKOTOpHe comHeHmA. Ha caMom
neJe, TOCTATOYHO MeIJIeHHETH MPOIecC H3MeHEeHHA BHEITHAX NapaMeTpos,
Opu KOTOPOM TEJI0 HPOXOAHT dUepe3 Iedb PABHOBECHBIX COCTOAHMIE,
Bcerga o6patnM. Beck BOIIPOC B TOM, YTO TAKOE «(OCTATOUHO MeJICHHLI
mpomece. IiaA TBepAOTO Tela XapaKTepHOe BPeMs TaKOTO MHpoiecca
JOLKHO OHTH BeIHKO IO CPABHEEMKO O BpeMédeM pexaxcamud. Hedop-
MHIPOBAHHOE COCTOSIHHE TBEPAOro TeJa (3a HMCKIIUEHHEM BCECTOPOHHETO
C/KATHA) He ABNACTCA COCTOSHIEM IOJTHOIO TePMONHHAMHIECKOTO PaBHO-
BECHA H, CTPOTO TOBOPsA, HOKA HeHCTBYIOT NPILIOKEHALe HANDKEHHS,
BooOme He MO/KeT OBITh PRBHOBECHLIM. OTA HEPABHOBECHOCTb H CBSA3aH-
HOe ¢ HeHl MeJyieHHOe W3MEHeHHe COCTOSHIISA He HPOABIAITICA BOBCE
OpM KPATKOM HPHJIOKEHHH HarpysKHW, NpHIeM HPOXOIKNTIeNbHOCTH
HeACTBASI HaTPY3KHW, COBMECTHMAs C IIPENOJOKEHHEM O HECYMIECTBEH-
HOCTH HEPAaBHOBECHOCTH, BO3PACTaeT IIPH YMEHBIIEHHN HArpysKH.
ViMeHHO B 9TOM CMBICIEe MOKHO I'OBODHUTH, UTO IIPH MAaJIBIX HArpysKax
Testo Beger cebs yupyro. IIpn Gonsmell HPOXOTKATENBHOCTH EACTBHA
HArPy3KH (WJH, €CHH 330aThCH HPOXOIKUTEIBHOCTHIO JeHCTBIA, TO PH
GonpmIux HAarpy3Kax) HEPABHOBECHOCTb YCIIeBAeT IPOABHTHCA B BHAE
IACTHIECKOro TEUCHMA, & NPH eme OONPHIMX HArpy3Kax — B BHJE
moJ3yuecTm TBepmoro Texa. llogpoGHee cm. Jlawpgay J. 1., Jlud-
nmy  E. M., Cratucruvyeckas ¢usuxa, crp. 55—58.— [pum. ne-

pes.
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CTHIM TIPAMEPOM SBIAETCH DJIEMEHT CILUIOIIHOH CpeXnl, KOTO-
pHil 6yfer CIyKHTh OCHOBHHM IpuioxeHEmeM. Or Hero y:xe
JIerKO mepeiTH K KOHeYHHM 00beMaM CINIOIIHOR CpPeJiH.

§ 2. Cmamucmmuveckue ocHoswt

2.1. Maxpocnerema. PaceMoTpum Te pMOIHHAMAYECKYIO CH-
cTeMy, KOTOpasA ¢ ()eHOMEHOJOTWYeCKoil TOUKH 3PeHUA HAXO-
OATCA B COCTOAHHMU HOKOS, T. €. He 00J1aflaeT KMHETHIOCKOI
saeprueii. Ilycrs, mamee, coctogHame B3TOH CHUCTEMEI OHMHMCHI-
BaeTcad € TOYKH 3peHHsA (PeHOMEeHOJOIMIeCKOd MeXaHHKH
merarnureckumu koopdunamamu xz, (k=1, 2, ..., n), Koro-
pHe HIPefmoNaralnTcss HE3ABNCHMBIMYU U MEHAIIMIUMUCH [0-
cratogHo MefyieEHO. Ecnm paGoma, cosepmaeMas Hapm aroi
CHCTEMO IPN OPOM3BOJBHOM OECKOHEUHO MAJOM H3MeHEeHHHU
COCTOSAHH, ONHUCHBAEMOM [PUDAINEHUAMHE dr, MeXaHAYe-
CKUX KOOpJAWHAT, /laeTcsi BHpaskeHEeM U

AW = X day, (2.1)

10 X, MOKHO Ha3BaTh MAKDOCKONWYECKUME culaMu, Aei-
CTBYION[AMH HA CHCTEMY.

[Ecnim, mampmmep, nedopMmanus HEKOTOPOH CHIOMHOH
cpefn GeCKOHEUHO MaJja, TO MeXaHHMYeCKHe KOODTUHATH 3Je-
MEHTa WpelCcTABIAIT C000 KOMIOHEHTH HAepopMmanam &,
(i, j = 1, 2, 3), a cOOTBETCTBYIOMHAE CHJIK CYTh KOMIIOHEHTHI
HanpsxeRruit o;; (i, j =1, 2, 3). Jnemenrapras pabora (2.1)
Ha enmmmny obsema pasma dW = 0;;de; ;.|

C MuxkpockOnmIeCKOH TOYIKM BpEHHUSA CHCTEMA COCTOUT
u3 6ONBmOro Yucia MOJEKYJ, I, TPeAICTaBasa0T co6oil BHem-
HHe cBA3H 9TOHl CcHCTEMH, a X, — COOTBETCTBYIINAE BHEHI-
HWe cuisl. EcTecTBeHHO mpefnoaaratb, 94ro ¢ DTOH TOYKH
SPeHHA CHCTEMA HUMEeT 4YMCTO MeXaHWYeCKHe CBOMCTBA H
MO3TOMY YOOBIETBOPAET 3HEPreTHIECKOMY HNPHHANUNY MEXa-
HOKA. Takum o6pasom, cymma paborar (2.1) BHemHHX cHN U
paboTsl BHYTPEHHHX CHJ PaBHA HPHPAIMEHHUI0 LOJIHOH KHHe-
THYEeCKOH DHEePruH BCEX MOJEKYN. Ecian gajee npeamoaomurs,

1 3pech m B AaTbHEeM MpeIO1araeTcs CYyMMHPOBABME OO TIO-
BTOPAIOIMUIMCA MEHAEKCAM.



14 § 2. Cmamucmuueckue ochosu

MTO BHYTPEHHNC CHJIH KOHCEPBATWBHEL M 4TO KHHETHYECKAs
9HEPraA MOJEKYJd DaBHA HYMO (MAd mpeHeOPERHEMO Mada),
70 pafora BHEITHWX CHJI, WIH, 9TO TO K€ CaMoe, MaKPOCKO-
OUYeCKUX CHJ, JAeTCA COOTHOIICHUEM

dW = dU, 2.2)

“rae U — morennmanbHas sHeprusa sHyTpenHmx cuia. Mz dop-
mya (2.1) n (2.2) crepyer, 9T0 MaKpOCHCTeMa KOHCEPBATHBHA
u aro — U(z,) npefcrasasaer coGoii mOTeHINATLEYIO YHEPTHIO
MaKpPOCKOMUIecKnX cui X,.

Ha marpocrkonmueckoM ypoBHe HaumboIee 3aMETHEIM CBOH-
CTBOM TEPMOAMHAMWIECKOI CUCTEMB ABJIAETCH €€ HeKOH-
cepBaTHBHOE HoBefieHne. IlooToMy wo Kpaiiueii Mepe OoT OGHOTO
V3 NepeunclIeHHHX BHIIE CBOMCTB MUKPOCHCTEMBI CIEyeT
orkaszarsesa. QueBHUAHOE pellleHHe, BENYINEe K CTATHCTHIECKOI
MeXaHWKe, COCTOUT B TOM, 4TOOBI OTKA3ATHCA OT IIOCIEIHEro
npepmono;kenuA. Ilpeamo:aokusM, TakuM o0pasoM, YTO MoJe-
KyJH JBIKYTCA M LO3TOMY O6JaIaioT OUpee]eHHOH KuHe-
THUeCKOH sHepruedl. B 10 ;ke BpeMs coXpaHuWM DpeRmosIoKe-
HHE O TOM, YTO MWKDPOCHCTEMA SBISETCA MeXaHWYecKol u
KOHCEPRATUBHON. JTO HPUBOAAT K TAKMM CIEICTBHAM.

Ilpexxme Bcero Benmawna U B Belpa:keHUM NpPWHIAIA
speprum (2.2) obosHauaer Temephp CyMMY IIOTeHIHAJBHOMN
SHepruu BHYTPEHHMX CHJI ¥ KUHETHYECKOH HHEPrum MOJe-
rya. Kpome roro, U 3aBmcumt ysxe He OT OJHUX TOIBKO Z,,
HO ¥ OT KOBQUIYPANMH W COCTOAHUA IBIGKEHWS MOJEKyd.
HpyruMu ciosamMu, CTAaHOBUTCH BO3MOKHBIM HM3MEHSTH DHeD-
rmo U, ocraBifgA 3HAYEHHA NEPEMEHHHX Z, HEM3MEHHBIMHU.
CaenoBaTelbHO, DHEPreTHYECKHH NpUHNAN (2.2) T0/GKEH GHTH
HepemucaH B BHE

dW + dQ = dU. 2.3)

3nech dQ ofosHaTaeT NPUTOK dHEPrUM mpH PMKCHPOBAH-
HHX %, WIH C MaKPOCKOINMYECKOil TOYKH 3ZPEHUsT OPHUTOK
SHEePruu HeMeXaHWIecKoro mpomexosaenus. Haxkoren, ode-
BMIHO, 4TO BCe WiIeHK B (2.3) mpejcrasaaoTr coboil QyHKInHI
ROHQUIypanuy MHAKPOCHCTEMBI, €€ COCTOSHUSA [BIKOHUA W
VI3MEHEHNAA 3TOTO COCTOSHUA, MOITOMY 3aBUCAT OT PAYKTya-
nui MEKpocucTeMEl. I0CKOIBKY 3TH QayKTyanmuu He BOCHPH-
HMMAKoTCA HA MAKPOCKONHMIECKOM YpPOBHE, HEOOGXONUMO BHI-
PasHTh BEJIHMYMHBI, BXofgsmue B (2.3), uepes craTucTHYECKHe
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cpeﬂHI/Ie. B 9TOM CMBICJI€ BHEINHWE CUJIBI CTAHOBATCS MaKpo-
crommgeckuMu cuiamu X,, B TO Bpems rak [/ cranosumrcs
enympennell snepauell MaKpocmeTeMel, a d () mpeacramiaser
c000li BEIVYAHY, HA3HBAEMYIO npumokom menaa. llockoapry
U, na:;xe ecau ee WHTEPOPETHPOBATH KAK HEKOTOPYIO CPEIHION
BeJINYNHY, HE MOKET 3aBHCeTh OT OJHUX TOJIbBKO Ty, HGO6X0-
AVMO BBECTH O Kpalimeil Mepe OfHY HONOJIHUTEIBHYIO MAKPO-
CKONIWYECKYI0 KOOPAUHATY B popme memnepamyput ¥, naroimeit
MaKPOCKONIMYIEeCKOMY HAOIIOATENI0 CYMMaPHYI0 MHE(QOPMALIKIO
0 COCTOAHUEN MUKpocucreMul. VMmeorcsa cayuam, Korjga omnm-
caHre COCTOSHUSA MUKDOCHCTEME € HOMOIIBI0 OTHOH-eMHH-
CTBEHHOI JOMOTHWTEABHON KOOPAUHATH O ABIHETCS HEZOCTa-
TOYHHIM. JTH CIYYal MEl 37eCh MCKJIOYNM, U TOIIA BHYTPEH-
HsAsl DHEPrus orasmBaerca ¢ynxnwmeii U(z,, 0) or Mexanuue-
CKHX KOODAWHAT U TEMIEPATYPbI.

[B koHeuHOM 00BEME CILTOMHON CPeE TeMICPATY PA MOKET
- OBITH QYHRIUEH momoskeHUsA. Jror cayuail 6ymer paccMoTpen
B m. 5.4.]

Haxorew, n060e cocTosgANe ¢ HE3ABUCAMUMY OT BPEeMeHH
3HAYEHHAMU U N , OyHeT HaBKIBATHCA DABHOGECHBLM COCIMOA-
HUuem B MaKpockommueckoMm cmuicae. llpomecc HasniBaercs
H30TEePMIYECKUM, eclu ¢ 0CTAeTCH IMOCTOMHHBIM, & JUIA HPO-
necca 6e3 TenmooOMeHa MEKIY CHCTEMON M OKPY;KAOMeH cpe-
Joi cupaBejIMBO COOTHOUIeHMe (2.2); TaKme TPOIECChl HAZHI-
BaoTCcsA aduabamuueckumu.

2.2. Murpocucrema. B cooTBeTCTBUY ¢ M3I0;KEHHBIM B IPe-
OBIyINeM pasjesie MEUKDOCUCTEMY MOKHO ITPeImoiIarath THCTO
MexaHW4YecKOH u kKoucepsamueroii. CuenaeM TOMOTHUTEABHO
TIPefmodoKeHIA O TOM, 9T0 CHCTEMA 2010KOMHA T CKACPOHOM~
na. IlepBoe M3 HTHX HPEMNONOKEHNMIT AOCTATOYHO IIPABJIO-
momo6GHO; BTOpoe Mpeqmojio;KeHne MPH HOAXONAINEM CHocobe
paccMoTpeHus1 He yMmenbmaer ero obmmoctm ([41], m. 2.3).
B orux mpegmonoixeHMAX ABWKEHNE MUKDOCUCTEMB OICHI-
BaeTcA ypaBHeHUAMH Jlarpamxka
d /0T or
(a7, ~ g, O @4

Ime g, ® q, 0003HAYAIOT COUSBETCTBEHHO 0GOGUIEHHEE KOOD-

Aunatet u cwopoctw, I (q,, q,) — KAHETHUECKAA OJHEPIHUsA,
a (Q, — oGo0meHHbe CHIB, KOTODHE MOHO IOIYIHTH Kak
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koaddrnuentn npu 8¢, B BHpasKeHAH
W =0,0q, (2.5)

RIst eupmyaabroli pabomb, Ha Hamboiee o0mmeM BO3MOMKHOM
nepeMelmennn.

Jna wKoHcepsarmBHOII cHcTeMml paGora, coBepmaeMas
BCEMHZ CHJIAMH Ha JeHCTBHTEIBPHOM IePeMeIneHWE, 3aBHCAT
TOJNBLKO OT HAaYaJpHOW W KoHeuHOH komurypammii. Ilosromy
JeficrBuTeNbHAast paGora paBHA

av
AW =~ 5~ ddw, (2.6)

rge V(q,) o0003HA4YaeT NOTEHNUANBHYH 3SHEPIHI0 CHCTEMH.
ITpepnono:xuM Temeps, 9o MO aEamorHn ¢ (2.5) AelcTBATENb-
HYI0O pafoTy MOKHO 3ammcaTh B BUJE

AW = Q,dg,.. @2.7)

Ecnu aro npepmonoskenune BepHo, T0 U3 cpasHenns (2.6) u
(2.7) BuTeKaer, uro

ov
—_— . 2.8
O 28
IlosromMy ypasHemHa Jlarpam:a UPUHHUMAKIOT BRJ
d (0L oL \
= (6}‘1 > —5e =0 2.9)
rie BeINYHHA
L=T~—V (2.10)

mpefcrasisaer co00H TAK HABHBAEMHI KHHEeTWIECKWH HOTEH-
nmas.

BooGme rosops, KOHCepBATHBEAsS CHCTEMA He COREPIKET
CHJI, ABHO 33BHCAINEX OT BpeMeHH. Koab cKOpo cwiam 3aBucAr
TOIBKO OT KOHPHrypanmuu cHCTeMH, mepexof ot {2.5) k (2.7),
oueBHHO, o6ocHoBaH. OH HEOOOCHOBAH, OfHAKO, €CAX B CH-
CTeMe MMEIOTCS CHJIN, 3aBUCSAMAE OT COCTOSHUA ee [BWKEHNA.
EnveCTBEHHNIMH KOHCEDBATHBHBIMA CHJIAMH, 33BHCAIAME
OT COCTOAHMA ABIMKEHUs CHCTEME, ABIAITCA THPOCKOOHYE-
CKHUe CHIH, KOTOPHE ONPENeIATCs W3 YCIOBHUA, 4TO CHJA
BCErjia OPTOrOHANbHA HCTUHHO{ CKOPOCTH B TOYKE €e MPHIIO-
JHEHNA.



2.2. Muxkpocucmena 17

[[TpumepaMy rUpPOCKONMISCKUX CHI FBJIAOTCA cmia Io-
praonuca u OO0YCHAOBIEHHAA MArHUTHRIM IOJEM KOMIOHEHTa
JOPEeHIOBOH CHIH, HeficTByiomell HA diIeKTpUIeCKUi 3apaq.]

B npormBomonoikHOCTh BUPTYaAbHOH paloTe meiicTBm-
reXbHasA pabora rEPOCKONMYECKON CUIH BCETHA PaBHA HYJIIO.
Orcofa ciefyer, 9TO THPOCKONUYECKWE CWILI, XOTA OHE X
BHOCAT BKIAaM B BeawawHH Q,, BXOopamume B (2.5), W, TakuM
ob6pazoM, moABIAAOTCA B IupdepeHNMANbHHX YDPABHEHUAX
(2.4), e BHOCAT BKIAJ B BHIPMKEHMe NOTEHNUAJBHOH bHep-
rAav 4, TAKEM 006pasoM, HCUE3al0T, €CIW HOJb30BATRCA Ypan-
peauamn Jlarpamxa B gopme (2.9) ¢ KuHeTHUECKEM ODOTEHIH-
anoM (2.10). B aroit ¢opme ypasuenusn Jlarpamxa, B mpoTH-
BOOOJOKHOCTh TOMY, 9TO OOHYHO UPERIONAraercs, mPUMe-
HHUMB! TOIBKO AJIsi KOHCEPBATHBHEIX CHCTEM, KOTOPHE, K TOMY
/e, TAWKe HE IUPOCKONUYHHE, T. €. CBODOTHH OT IHPOCKO-
ORYECKUX CILI.

Mo:xuo nmoxasars [41], uro Aaa HMEROTOPHIX THNOR TUPO-
CKONIUECKUX CUCTEM ypaBnHewua Jlarpasyka ocraiorcs cipa-
pegaunuMn B dopme (2.9), ecim ompemenurs L cmocodow,
oriamaneM or oumpemenerusa (2.10). IIpegmonomxum, aro 0606-
mIeIHEE CUJIH COCTOAT u3 ABYX craraemux (J, w &,, orBe-
YaJOmIX COOTBETCTBEHHO HEIHPOCKONMUYECKUM M THPOCKONIL-
qecKmuM cuiaM, 970 G, — QYHRUAH TOJLKO KOBQUIYpAUMA U
COCTOSAHIA JABWACHHUA CUCTEMB! W 9TO X MOKHO IPENCTAaBUTH
BRI PaYKEHUAMHI '
d ’é’V’\ v’

=550, ) =0 (2.11)

k

e dymkouo V'(g,, ¢,) MOKHO HassaTh IHPOCKONHIECKAM
moreHnpanoM. DuDonHsaa nuddepeHNupopaHWe WO BpPeMeHH
B mepsom wieme (2.11), momywaem
V. 7o A § o 15
= — g — — - (2.12)
5600, " T 5,04 - bg, |

Gy

Hocxonbry npegmonaraercs, UTo Gx 3aBUCAT TOJILKO OT
4.3 q, BTOPOIl WiIeH npapoil 1acTH [OIKEH GHTEL puseH HYJO.
Iloaromy V’ numeiino sapmeur o q,, N1H, TOYHEe, OPEACTaB-

asger cofoll opHOpoAHYyI nuReliHyn (yHrmuH 0606meHARX
cKopocreil

V=1 @) ¢ (2.13)

2 . ITnraep
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HOCKONBKY JM060i1 f06aBoYHHI wWieH, He 3aBUCAMAR OT ¢,
OpepncraBaai Ou Herupockonndeckue cuist. [lofcrasmss (2.13)
B (2.11), momywaem

Gt — Dy, (2.14)
0qx
"IN
‘of, O
¢, =[x _ (2.15)
) (aQA OQu\/ g

O6parmo, (2.11) Britexaer uz (2.15) um (2.13).

Crpykrypa Bsipaskenmii (2.11) Takoma, 4T0 ypaBHEHHA
Jlarpamxa ocraioress copamefmiuBuMa B dopme (2.9) mas
FUPOCKOINMYECKNX CHCTEM PACCMOTPEHHOIO TOJBKO 4TO THIA,
T. e. ecam 0000IeHHbe THPOCKONNYECKHE CHIEL MOKHO TIPEf-
cTaBuTh BHIpakeHnaMu (2.11) uanm (2.15). Bee, wro ocraercs
3jleCh CHEJaTh, 9TO 3AMEHUTH oOmpejeleHye KIHETHYECKOIO
norennuana (2.10) Bslpaennem

L=T—V—7V, (2.16)

rae V' o6GosHauaeT rupocKonddecKuii moTeHnua;, a vV — mo-
TeHIUAJbHAA DHEPrud, QUIypupyomas B 3aKOHE coXpame-
HIf 9HEPrUH

T 4 V =const. (2.17)

B camom pmeae, B cuay (2.7) m (2.15), nmeiicraureanHas
pafora THUPOCKONMMYECKHX CHI DaBHA

AW = Gudgy = j;h —qu’“ Gundt=0,  (2.18)

rak aro V' n3 (2.17) ucuesaer.
(Ecan ¢, — merapropsl Hoopmmarm B OOBIUHOM IpO-

cTpancrse, cooTHomenne (2.15) ozHAvAaeT, YTO THPOCKOON-
Heckad cuiaa nmpefcrapiasger co0ofi BeKTOPHOE MPOM3BEHCHMEC

G=rotf:q (2.19)

poTOpa HEeKOTOPOH BERTOP-QYHKIHE u cKopocTH. IloaToMmy
rupockonudeckuii noreruuan (2.13) upegcrasiaser codol cKa-
J1ADHOE HPOUBBEICHUIEC

V'=f.q. (2.20)
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B mi060M M3 yOOMAHYTHX BHIOIE BYX NPEMEPOB YCIOBHE
(2.19) ymosaersopeno. I'mpockonmueckas gacrh J0PEeBI[OBOMH
cunsl paBEa (e/c)vXIH, rme e ofozmagaer sieKTpHMYECKMI
3apaf, vV — CKOPOCTh, ¢ — CKOpocTh cera, H — Hanpsxen-
HOCTH MATHHTHOI'O LOJIS, KOTOPYK MOMKHO HAWTH M3 COOT-
momeHug H=rot A, cBA3HBalOMEro ee ¢ BEKTOPHEIM IOTEH-
muaiaom A. HopmoxucoBa cmia ompefensiercs COOTHOMEHUEM
2mvX®, Tde m — Macca 9acTdAmsl, V — ee CKOPOCTh, ® —
yIioRasi CKOPOCTh HOABYDKHOTO TeJd, KOTOPYI ¢ TOYHOCTHIO
J0 MHOMKHTEIA 1/, MOKHO CYHTATH DPABHOW pPOTOPY WOJA
CKOPOCTH [ABIDKYIIErocs Tena.

Puc. 2.1. Yactnua B paBHOMEPHO BpAmAWINEHCA CcHCTEMe
KOOD/IITHAT.

Ha puc. 2.1 mzo0paneHnl KOMIOHEHTH LeHTPOOSKHON 1
KOPHOAMCOBOIl CcHJ, AefCTBYIOIMUX HAa YACTHUHY MACCH m H
OTHECeHHHX K KOODIUHATHOMY Demepy, BPaIaiomeMycsa ¢ mo-
CTOgHHOH YTAOBOIL CKOPOCTBIO BOKpyr ocu z. CpoBogHoe
JABWKEHHE FaCTHIB omperengercd (yHRIUAMI

T=%m(¢2+y%+22), V= — g me (@ + ).

V' = — me'(zy — yz). (2.21)

Ucnonsays (2.9) Buecre ¢ (2.16), moxyvaey mpasmindire
YPaBHEHUA JIBIGKEHUA B BUJE

mz — 2moy — mo’r =0,
my + 2mez —m *y =0, (2.22)
mz = 0,

2%
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KOTOpDHE MOHO TaK:ke BHBecTH u3 3akoHa Heloroma. Ecam
(2.16) samemmre Ha (2.10), TO KOpHMOAHCOBA cuia MCYE3AET
3 ypaBHeHWI.]

Ilogpomst mror momrOpsieM, ATC MUKPOCHCTEMA DpEALONA-
Taercs TOJOHOMHOII, CKIepOHOMHOI W KoHcepBaTWBHOH. I'm-
POCHOIMYeCKUe CILIBI JOOYCRAITCH TOJBKO, €CIH X MOMKHO
upefcrasuts B ¢opme (2.11), rpe V' — rupockonmuecKmii
morernual (2.13), nunefinwit (@ opHOpoaHENI) mo ofobmen-
HEIM CKOPOCTAM. JTH NPeAmONI0/KEHUsI HECKOABKO MeHee Orpa-
HUYUTENBHBI, Hemenu npepumono:kenns ['mb6ca, KorTophil
MONIaJINBO MCK{IOUMI rupockommueckue cunsl ([11], crp. 4).
910 3aMeuaHue MMeeT ONpefeieHHO0e 3HAYEHNe B CBA3Y ¢ DPUH-
OWIOM, KOTOPHIH Oyaer ycraHosiex B § 4. B coorsercreum
¢ moxasarenncrsoM Omsarepa (122}, crp. 2279) rupocromm-
YeCKYWEe CHIE [MOJKHBI UIPATh MCKIAOYUTENBHYI0 POIbL OpPI
Hajiugun MATHUTHGIO WO MIN BPaUlAiOMmeNdcs CcHCTeMH
oTcueTa, TAK KAaK COOTHOUIeHHs BaaumuHocru (OH3arepa npu-
BuMaoT TOrfa ocoOmii Buyx. Ecam Ger 570 6BJIO BEpHO, TO
OTCIONA CJeOBAM0 OB, YTO OTPEACHASIMNC yPABHEHUs HEKO-
TOPHX CILIOINHKIX CPefl 3aBUCAT OT WX COCTOSHEA [BUKe-
HUS. ITH He coriacyercAa ¢ mpuHnumoMm uuanddepeaTHOCTH
matepuana Tpycmenna — Tymmaa ([39}, crp. 702). Oue-
BUJHO, 4TO HTOT BOIPOC BACIY;KMEAeT JANbHEHEro BHHMA-
Aus. Mpl eme BepHeMcda K HeMy B m. 4.5.

2.3. Orpanmnuenia, Hagzarvaembie Ha cucremy. Bpsazg an
HeOoOX0INMO OTMeTaTh, UTO J06as MAKPOCHCTEMA, COOTBET-
CTBYIONIAA TAHHON MAKPOCHCTEME, ITPEITOIATACTCH COCTOIMIEH
BCEr7Ia M3 OJHMX U TeX Ke MOJeKyd.

Ha mmrpockommueckoM YpPOBHe OKDY)KEHHe BIUAET Ha
CHCTOMY TyTeM B3aUMOACHCTBUA MEHAY MOJEKyJIaMu, IpH-
HAIJIe:KaOTMH OKPY:RAIeil cpejie, ¥ MOJEKYIaMA CHCTEMEL.
Ennucrneruniit cmoco6 cTpororo ydera 9TOr0 B3aHMHOIO
BABSHUA COCTOUT B TOM, 4TOOm 0600IMUTH ypapHeHus Jla-
rpamxa (2.9) Tak, 94ro0bl OHY YUUTHBAIH AeHCTBHE OKPY/KAIO-
meil cpesi, a He OTPAHNTNBAJINCH TOTBKO MOJERYJaMH caMoit
cucrembr. ONHAKO HE CYMIECTBYeT Ipefela IJId TAaKOTO pac-
IIAPEHNs; OrPAHUIUTH €r0 WM BRIYATH HEOTPAHHYSHHOE
OKpY;KeHWEe B PaBHOH Mepe IPefCcTaBIAeTCA HEBO3SMO/KHEIM.
Taxunm oGpasom, Kaxoe-1ub0 YOPOIIEHHWE IIPEJCTABIACTCA
meMpicauMeM. [Ipn TakoM mososkeHEWE MBI OyAeM CJIeJ0BaTh
l'uG6cy, oTKasHBasACh OT BCAKUX HOUBITOK yYECTH MHEPOCKO-
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AHYecKOoe BIANAHNE OKPY/KEHW: W HEITAfACh BMECTO DTOTO Hpej-
CTaBUTH 9TO BIHAHOe IPHOIMKEHHO ¢ HOMOMIBI0 HEKOTOPOIo
MHOJKECTBA RHEINHHX mapamerpoB z, (k= 1,2,.. ., n),
7. 6, MEXAaHNYECKHMH KOODJMHATAMH MAaKPOCHCTEMH. OTO
ympomeane TpedyeT HeKOTOPHX KOMMEHTapHeB.

(a) Teopuss T'mG66ca ocHoBamAa Ha UPEADOIOKEHMH, 4GTO
moTeHIUANbHAS SHEPrHs mpejcraBisger coboiH HEROTOPYIO
¢yuxuuo V(q,, ;) MAKPOCKOOMYECKIX KOOPAUHAT ¢, ¥ Hapa-

METpOB I,, TOTJa KaK KmHermaeckast oHeprusa 1(q,, 4,)
mpefmonaraerca He saBucAmed or z, asmo ([11], crp. 9).
Bumecto 9TOro MuI OPeRmOJOKHM B37ech. UTh wce GYHKIUE

T(g,1 4,0 T4)s V(g 7), V(4. ¢, %), 1OTODHIE, B crry (2.9)
u (2.16), ompemenaioT ABWKEHNWE MOKPOCHCTEME, 3ABHCAT OT
mapaMeTpoB Z,, HO He OT HX HpPOM3BOJHHIX IO BPEMeHU Z,.
OpHOit 13 TPUYNE 75 TAKOTO YCOBEPINEHCTROBAHMUA ABIACTCH
yeaopme [cM. 1. (2.2)], grofn He OHIM HCKIIOYEHHI TUPO-
CKOOMYECKNE MHUKPOCUCTEME; MPYyrad NPHIHHA COCTOUT B
TOM, 9TO, BOOOIIE TOBOPA, KWHETHTIECKAA JHEPIHSA 3ABHCHT
TAKIKE OT .

[PaccMorpum pIeMeHT CILIOMHON cpeful B opMe KyGHKA.
3Mmech, Kax HOKA3aHO B H. 2.2, IapaMeTpal &, IPeRCTAaBIA0T
coboi rommonenTH medopmanum. He Bxoma B maapHelmme
nofgpobHoCcTH, ME BHAUM, 9YTO OHHU ONPEeJAIT TPaAHUIY
MHAKPOCHCTEMEl, WM, UTO DKBHBAJEHTHO, KAPKAC 9TOH cmcre-
met. Econ 66 910T KapKac He ObLI BKAOYEH B CHCTEMY, CHCTe-
Ma 6bima OB PEOHOMHOII BONPEKH MPEHoI0AKeHnAM, CejlaH-
HEIM B 1. 2.2. OfHAKO KapKac MOXKHO paccMaTpHWBAaTh Kaw
9aCcTh CHCTEMH ¢ HpeHedpeskuMo Mol Maccoil. B srom cay-
qae r,, KAk 1 ¢,, TPeJCcTaBaAIOT c000il 0000meHHbe KOOPHH-
HATH CUCTEMH. |

(6) Toapko 9ro pacCMOTPEHHBIH NPUMep SCI0 HOKAZHI-
B&eT, YTO BCerfa CYIMEeCcTBYeT BO3MOKHOCTh PACCMATPHBATH %,
an60 Kak pEeOHOMHLIE CBA3H, JAM00 KAK MOTMOIHUTEIbHbIE
KOOpAMHATH MuKpocucreMel. JlambHeiimee paspuTne 3aBUCUT
TOABRO OT 3TOTO BEIOGPA; TOMABKO PATN HPOCTOTH MBl HpPU-
HEMaeM TOCTENHIO TOYKY 3PEHHsd, T. 6. UTO MUKPOCHUCTEMA
0CTaeTCS CKIEPOHOMHOIL, lasKe eCaAu U3MeHA0TeA Z,,. 1Ipu aTom
THPOCKONNYECKUI moTeHNuanx V' W KUHEeTUYIEeCKAs JHePrus
T ppemeraBasiior cofolt PyHRUWH BCEro MHOMKECTBA KOOD-
ZuEaT W 0000mEHHHX CKopocrell, mpuuem V' uaumeliHas
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remia 4epe3 HOBEPXHOCTh 3JIeMeHTa, CO3[aBaeMHIl B MHKPO-
cKommIeckoM Macmrafe HeperyJIADHEIM B3amMOfieHCcTBHEM
MERIY MOJNEKYJIaMM CHCTEMHl M MOJEKYJIaMH ee OKPYy:KeHMus,
A KOTOPHI MOKeT IPABECTH K IOTePe WIM HPHPOCTY SHEPIMn
3a MAKPOCKONNIECKMI WHTEPBAJ BPEMEHU, XOTA %, W MOf-
AepKABAIOTCA IOCTOAHHEIMA, Y IPOLIEHUS, BREJICHHEIO I'u66-
cOM, OYEBHAHO, HE COrIacylTcs ¢ HWHTepIperanmeil Temio-
o6MeHA ¢ MOEPOCKONMYECKon Toury spenmd. llosTomy, arofn
KOMOEHCHPOBATH DTOT HEJOCTATOK, HEOOXOXWMO [OBECTH [0
KOHIA CTATHCTHYecKoe mpefcrasienme (m. 2.9).

2.4. TammabroHos mnmomxon. Jlns Murpocuerem THIA,
oIpe/eIeHHOTO B 1. 2.2, ypaBHeHUa Jlarpamma sanucsBaorca
B popme (2.9), u, Kar moxazaHo B m. (2.3), KHHeTHIECKHII
morermuaa (2.16) wmpepcraBaser coGoii PyHKIEmIO THIA
L(q,, Q%,xk), €CIW OrpAaHWYUTHCS Ppa3 W HABCErja KBasl-
CTATHUCCKHMU IIPOLECCAMH,

I toro uroGm BmmmcaTh AupPepeHnuaIbHEE ypaBHe-
HAs ABWKeHHA B ¢opme lamminpToHa, BBOZATCA (CM., Ha-
ppamep, [32]) ofGobmennme mMImyabes:

oL~
= 2.23
Px=ge (2.23)
Ypasrernus Jlarpamxa (2.9) ¢ ygerom (2.23) mpuamMa0T BHJ
B zgi. (2.24)
qx

Hanee, pyarnua Fammnsrona ompemensercsa ciaeayomuM of-
pazom:
oL .

— 4y —
0 Gy
Ecam toawsko ypasmemua (2.23) MOMKHO paspemInTb OTHOCH-

TeJIBHO ¢,, TO MOMKHO paccMatpuBath [ kKak QyHRIuo
H (p,, q,, ,) or mMuynbcoB u koopaumuat. B coorBercrsmn
¢ (2.25) ee mpupameHne pasHO '

dH =p,dq, + ¢.dpx— dL, (2.26)
mid, B cumry (2.23) m (2.24),

. . oL -
dH= qy.dpu _pxdq% — a——— dl‘k. (221
Ly

H= L=p,q,— L. (2.25)
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N3 (2.27) smreraor nuddepernmanpusie ypasaeHus Ia-
MHJIBTOHA:

. 0H . oH
—_— == — , 2.28
qx ap,, P aq, ( )
a TaKKe JOUNOJHHUTEJILHOE TOKICCTBO
oH oL (2.29)
oxy dxp

HAJW4me KOTOporo oOBACHAETCS TeM, WT0 Z, clelyeT pac-
cMaTpuBaTh (u. 2.3) Kak JONOJHHTEIbHEE KOOPAWHATH, MPO-
FM3BONHEE 0O BPEMEHM KOTOPHX B L He BXORAT. 3aMeTEM
IOy THO, 9T0, mOJiB3ysach (2.29), cmexyer mOMHHUTH, 9TO He-
sapucEMEe mepemenswe y $ymErnumi L w [ He ogHu 1 Te jKe.

W3 (2.23) w mpencraBiernus (2.16) mna xunermdeckoro
MOTCHIHANA JErKO CIeyeT, YTo IOABJIeHHe IIPH OupefeleH-
HHX 06CTOATELCTBAX THUPOCKOMUIECKUX CHJI CBA3aHO CO
cTPyKTypoit munyabcoB. Oyrrmusa amuiaprona cama mo cefe
He COIeKNT THPOCKONMIECKHWX YIEHOB, €CIU TOJHKO THUPO-
CKOTNHYECKWe CHIK [ONydYamrca B coorsererBAm ¢ (2.11)
w3 mortenuMana V'. 910 BEITeKaeT HeMeldIeHHO U2 TOTO daKra,
aro ymrnua V', Oymyim nmmeftnoii m ogEOpopHOi mo g,
YAOBJIETBOPAET COOTHOUIEHUIO Jiiaepa

2 o=V 2.30
oz =V (2.30)
{1 IO3TOMY He BHOCHT BKAazma B (2.25). B camom geme, pyHKUUA

T, KpagparuuHas U ONHOPOAHAs 110 ¢, , YROBIETROPSET JApY-
TOMY COOTHOIICHITIO Jiigepa

or . .

g, == 2T. (2.31

i Gu =21 ( )
[Tostomy w3 (2.16) u (2.25) caegyer, 910

H=T+7V, (2.32)

7. . uro $yHruug [aMUIBTOHA OPeICTABIseT MOJAHYI0 DHEp-
I'MI0 MEKPOCHCTEMbI, e 3aBHCAMLYI0 OT TUPOCKOMHIECKUX CHII.

[das wacrummul, mpeicraBienHoil Ha puc. 2.1 1 cBofoxHO
ABWKyIIelica B cricTeMe ROOPAMHAT, PaBHOMEPHO Bpalnaiomeii-
€S OTHOCHTEILHO OCH Z, BEIDA/KEHNE fiJif KAHETHIECKOrO II0-
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repnmaia, cormacuo (2.21), ]IOJIY‘IaeTCH B BHIE

1+
L=+ m (@ + i +z2)+ me? (2% 497+
A mo (@ — yx). (2.33)
Mymynben (2.23) BHpasKaoTcd OPH 9TOM B BHME!
pLS=m (@ — 0y), py=m (y + oz), ‘p,=mz, (2.34)

npEdeM WIEHH, COAep/Kamue ©, HPOMCXOAAT OT KOPHOIH-
copoit cmanl. Dynxuma lammnsroma (2 25) mpuEEMaer BER

B tm(@ 4+ ) — o mo ey, (239)
61918
1 ’
H = o— (p%'+'Py'+p2) — o (zpy — ypx).  (2.36)

B cooreercreum ¢ (2.21) oma mpeacrasaser coloit HOJIHYO
DHEPIHIO. |
I[mb(bepeﬂunamcbynmmm I'amunvroma H (px, q,, £;) paBeH

dH = @ o+ 22 - qn\ it + o dxk. (2.37)
B cuny (2.28), BEpaskerue (2.37) HpPIBOJIPITCH:_:K BHIY;
oH
dH e dzy,. (2.38)

droT pesyapraT HOAKpemiseT HabIiofeHme, yAie celan-
HOe B m. 2.3, 0 TOM, UTO IOJHA:A DHEPIUA MHKPOCHUCTEMEL
3aBHCHUT TOILKO OT IapaMerpoB I, M, TakmMm obpasom, ocra-
eTcsl WOCTOAHHOW, eCIM HTH TapaMeTphl He MeHATCH.

2.5. Crarmermdeckuii Merop. JBInieHme MHIRPOCHCTEME
OTIPeReNsieTCs CIIaMM, MeHCTB YIONTIME MeK/LY ee MOJleKy1aMu,
HAYaNBHEIMI yCI0BUAMU p,(l0)=P.,q, q,(¢)=¢,, T TpaHud-
HEIMH YCJAOBHAME, IIPEACTABIAIIINMI BIISTRIE 0KD Y RaoINei
CPesn, HauuHAS C MOMEHTAa [.

Has mMaxpockomuyeckoro HaGI0OAATEIsI OKABHBAETCSA BO3-
MO;KHBIM COCTABUTH 0oJiee WU MeHee MOAXOAAINEee IpercTas-
JNeHHe O CTPYKTYPC MOJNIEKYI I MOJERYJIAPHOM B3aMMOfeii-
crsud. Or Moker OPMYJMPOBATH TO WIAW HHOe IOJXOfAILee
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BEIpaskeHHe 1 ¢ymrnum lammasrora H(p,, q,, x,), B Mo-
60l MOMEHT JOCTYIIHOE [l YJYIUIeHWsA, eci’ TaKoe yIyd-
menve Oxaxkercsd HeoOxomumeim. G Ipyroii ¢TOpPOHH, 9TOT
HabuwoJaTe b HATEr0 He 3HAeT 0 HAYAJBHHX YCJIOBHAX;
KpOMEe TOTO0, 37eCh UMEETCA ele M Apyras TPYAHOCTh, CBA-
saHEHag ¢ Tem (m. 2.3), 910 HWHPOPMAIHA, [OCTABIACMAA
eMy mapaMeTpamMH ¥, OTHOCHUTEJIBHO BIUAHNA OKDYHAIOMEH
Cpeisl, COBEPIICHHO HeaaeKBaTHA, JTO ¥ eCTh NPUINHEL, IO KO-
TOPHM YHCTO MEXAHUYCCKOE UPeCTABIEHAe [OJKHO OHTH
OCTABJEHO B IOJIb3y CTATHCTHYECKOTO moxxoma. B coorser-
creun ¢ upeamu I'mG6ea ([11), crp. 5) aror momgxop Mosxer
GHTH OCYIIECcTBJIEH caepyiomum obGpasoM. BmecTo Toro arobm
CIE[UTh 34 MABMMKEHHEM OJHOH-eIUHCTBEHHOH MWKPOCHCTEMH,
OyfaeM acconuupoBaTh ¢ JAHHOH MaKpocucTeMoil Iesislil aH-
caM0Ib, T. €. GONABINOE KONUISCTBO SKBUBANEHTHHIX MHKPO-
cucreMm. IIpojenas sro, BHBEeM 3aKOHOMEDPHOCTH DPa3BUTHA
MaKpOCHCTEMBL H3 CPEIHEr0o TNOBeTeREus 5TOro aHcambid.
Wecnonpszopamunit 3ech TEePMUH (IKBHBATEHTHHI» MOMKHO
OIpefiesINTh HECKOMbEmMU cuocobamu. Ofmr ®3 cmocooB,
UPUHATHI 37ech ¥ NPHUBOAAIMIT K KaHOHUYECKOMY pacipe-
nenenauio I'm6G0ca, 3aRJIYAETCHS B TOM, YTO TOCTYIARPYETCH
HE3aBUCHMOCTh HM3MEHEHW:A IapaMerpoB I, OT MHANBHAyalb-
Ho#l MEUEpocHcreMul. IIpuaumaercs, taruM 00pasoM, 4TO 9TH
napaMeTpsl MeHSIOTCA OFWHAKOBO [Jf BCeX CHCTeM, BXONd-
IMuX B aEcaMbIb, KOTOPHE MOTYT OTIWIATHCH MEKIY co0oi
HAYAJIbHHIMA (asamu p.,, ¢,, ¥, CIeIoBaTeIbHO, ¢azaMmu
pP,» g, B IPOU3BOJBLHEIH MOMEHT BPEMEHH.

Mosxer OBITH IOJIE3HO OTMETHTH 37eCh, UTO HELOCTATOK
nHpopManMy O HAYAJABHHX YCIOBHAX OOpAaBJiblBaerT CTATH-
crrgeckyil momxox. K cuacthio, BTOT HOIXO[ OKAa3BIBAETCA
TOPUIOZHBIM W [JIs1 HPeofoIeHUA TPYAHOCTel, BO3HUKAIIMIX
BCJAeICcTBHE HegocTaTka wHEGOpMamum, Kacaolieilica rpaHmI.

®azoBoe cocrosinme (T. €. KOHQHUIYpalumio M COCTOSHIe
IBIKERNA) RaykJ0il m3 N MHUKDOCHCTEM, CBA3AHHEIX C JaH-
HOIl MAKPOCUCTEMOIl, MO;KHO IPEACTABUTHL TOUKOU ¢ TeKapTo-
BRIMI KOOPJAMHATAMY p,, ¢, B BKINTOBOM IPOCTPAHCTBE 2V
H3MepeRuil, Ije v — 9uciI0 creneHell cBoOOmE eNMAMIHOH
MHKPOCHCTEMEI. ,

N Qasomx Todex aHcaM0aA o0pasylT paspeHBHOE pac-
mpefielenne, OBWKymeecs B ¢aszosom mpocrpascrse. [lo-
CKOJABKY 4ucia0 N MOKHO BHOpPATH CKOJXb YTOKHO OOJNBINNM,
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pacupejiesieRye $a3oBEX TOYEK MOKHO MPUOIMKEHHO CYHTATH
genpepuisaeiM  ([111, crp. 5, cEOCKa) m, cxefoBarensHO,
9UCIO CUCTEM ¢ (PABOBHIMHA COCTOAHWMAMHE B MOMOHT £, JiesKa-
muME B Dmpefeiaax p,, p,+dp,, # g, ¢,+dq,, MOKHO BH-
pasuTh COOTHOUIEHHEM

0 (Pys g, 1) dv, (2.39)

rie p — $asoBasg WNOTHOCTH, T. €. IHCIAO (ABOBHX TOUIEK
ga eIuHANY 00beMa, a BeluYMHA

dv=dp,...dpdq,...dq, (2.40)

npencraBiasger coboil amement o0bema B (A30BOM IPOCTpaH-
cree. DazoBasg IMIOTHOCTH CBH3aHA C MeEpOIl BEPOATHOCTH
w(py ¢, t) Haxoxrgeausa ¢$aszoBoil TOYKR NAHHON MUKpO-
cHCTEMH B MOMeHT ¢ B efuHune obbemMa ¢ I{EHTPOM p,, q,.
B camom gene, B cmxy (2.40) u (2.23), dv nMeer pasMepHOCTH
[Flt]v, moaTomy pasmepHocTs O mMmeer Bup [FIt]™Y, u Beposar-
HOCTH W OMpeAelsercsa COOTHONEHVEM
v

W(Pm Qs t) =N 0, (241)

rae h o0osHAawaer eqWHNNY fAefiCTBHA, MCIOIH30BAHHYI) TPH
puanciennu dv. Orciofa crefyer, 9TO BEPOATHOCTh OOHA-
pyxHTHh (HA30BY TOUKY DPACCMATPHEBAEMON MMKPOCHCTEMbI
B MOMEHT ! B JaHHOM dleMeHTe 06beMa dv paBHA

b Y wdy = Wp do. (2.42)
Kak wm cmemosano okugaTh, mHTerpmpopanmue (2.42) mo
BCeMy (a30BOMY HPOCTPAHCTBY HAAET

: ¢ =
| wdv:% \"odo — 1. (2.43)

% [

Bosppamascs cHOBa KO BCeMY aHCAMOII0 MUKDPOCHCTEM H
ABU;KEHHI0 COOTBETCTBYIOIMHUX (DA3OBEIX TOUYEK, 3aMETHM, UYTO
3TO [OBIKeHHe MOMKHO HHTEPIPETHUPOBATH KAk Teuenme B Pa-
B0BOM IPOCTPAHCTBE HEKOTODOI QUKTHBHOI cpefsl, KOTOPYIO
B JajpHelfimem MBI GymeM HasHBarbh (asoBOH KEIKOCTHIO.
Cropocrs aT0Or0 TeueHus, TaK HassBaeMasi a3oBas CKOPOCTH,
upencrasiser co6oil BekTOp B ()a30BOM IPOCTPAHCTBE C 2V
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KOMIOOHEHTAMHX D,, ¢,. B cuny ypasHemun#i I'aMuisToHa
(2.28), Ha pyEKIMI0 H MOKHO CMOTpETh B HEKOTOPOM CMEICIE
Kak Ha HOTeHIuaj ckopocrn. B mo6oii MOoMeHT pacmpefeie-
HUe IIOTHOCTH B )KMIKOCTH IpefcTaBiser co00il BepOATHOCTD
HaXOKAeHNA Pa30BOd TOUKU HEKOTOPOH JAHHON MHKpOCHCTE-
MBI B TOH uaM wmHOH ob6mactu $aszoBOro mMpoCTPaHCTBA.

Henrp crarmernaeckoro mOAXOMA 3aRJIIOYAETCHA B TOM,
q9t1o0bl CBA3ATH paspurHe aHcaMbIs TAK, KAk OHO HpejcTaB-
asgercA B (asoBoM NPOCTPAHCTBE, C MHOBENEHHEM COOTBET-
cTByommeit Makpocucremsl. Herpynro supers, 910 nMeomasnca
uHEGOpMATNA HEJOCTATOYHA JIS TOTO, YTOOB BEIIOIHUTH 3TO
OPAMEM Crocob0oM, mpefiioskeHANM ['m06coM m ¢ Tex mop
O0MEeNnpUHATHM, HECMOTPA Ha BeChbMa CEPLesHYH KpUTH-
ry [101.

B amcamfie paccMaTpuBaeMoro 3jech THHA BHAYEHHSA
TIOJHOY 5Hepruu // B AaHHEIT MOMEHT BPEMEHH He OLVHAKO-
BHL IS MHAMBWAYAABHEIX cucreM. B coorserctBum ¢ (2.38),
OHHAKO, W3MCHEHHE OSHEDPrun a6ol equHUYHON CHCTEME
3aBUCHT TOALKO OT IAapaMeTpoR &, N PaBHO HYN0, KOIZa Ia-
PaMeTPH I, MOCTOAHEEL. LciIum mAs maHHEOro amcaMbas I,
ABNATCSA 3a/lAHHLIME QYHKIUAMHI BpeMeHH, TupdepeHnaib-
Hue ypasumeHusa (2.28) u HawansbHue (asn IIOXHOCTHIO OIpe-
JeJNAT ABWKEHHEe Kak0H MurpocucteMbl. CTaTHCTHIECKOE
mpepcTasieHre N30aBAAET OT BANAHUA BAYaNAbHHX YCIOBHIL,
IpH TAKOM HMOIXOMe He 3a00TATCA 0 HETOCTATKe WHPOpPMAIUI
0 B3AVMOMEHCTBMM MOJEKyd ¢ rparumeii. B camom mene,
UOCKOJNBRY HOBCAEHUEe amcaMOIf B CPEIHEM BaBHCHUT TONBKO
OT &y, T. €. TOJBKO OT MEXaHNYeCKIX KOOPAWHAT MaKpOCHCTe-
MBI, CBsI3b MAKPOCHUCTEMbI M aHCAMOIA He YIUTHBAET IIOTOKA
Temwsa depes TPaHuNy M, TaxkuM o0paszoM, OrPAHHYEHA IIO
KpailHeil Mepe TONbKO aIuadaTidecKUMH HPOIIECCAMU.

ITOT BEIBOJ JIErKO UCTOIKOBHBASTCS B ()A30BOM HPOCTPAH-
cTBE. S7ech, KOIfla z, LOCTOAHHEI, HoNHaA sHeprua M mpen-
craBasieT cofoili QYRKHMIO TOIHKO ROOPAMHAT p,, ¢, H
TMO9TOMY ee MO;KHO paccMaTpHBaTh KAK IOTEHIHAJ CKOPOCTH,
He sasHcsmuii or ppemeHn. Ma (2.28) cieayer, 4ro u moxe

$azoBoit cropocTH (¢ ROMIOHEHTAMH p,, ¢,) CTalHOHApHO,
x01a (asoBas IVIOTHOCTH O MOJKET 3aBNCETL OT BPEMEHH.
B nmofom cayuae gpmxenne KaykIod equHudnoil TogrE $aso-
BOr0 HPOCTPAHCTBA 3aBUCHUT TOJIHKO OT ee HAUaJIBHOTO IOJXO-
swenns. IlosroMy pacopefelieHHe IDIOTHOCTH B MOMEHT f



2.5. Cmamucmuueckuii memod 29

[ONHOCTBI0 OUpefelNseT TeueHHe B (pa30BOM OPOCTPAHCTBE
1A BCeX HOCHeAyIOMMX BPEMEH, M YK€ HeBO3MOKHO Y4eCcTb
no6oe M3MeHeHNe COCTOSAHUS MAaKPOCHCTeMbl, CO3JAHHOE MO-
cHefyIOUM HATPeBaHHeM HIHM OXJaKJeHHeM.

Paccmorpensiass ceffgac HexoTopas c¢lIabocTh CTATUCTH-
JecKOTO IONXO0JAa y;Re oTMmeyasach B KoHue m. 2.3. Kopens
e¢ JIERUT B HEBO3MO;RHOCTH yd4eTa MOJEKYISPHOrO B3aUMO-
neiicrsusa Ha rpamune. Ilosromy momywamomeecAa mPU TaKoM
moAXofie TeueHume B ($A30BOM ULPOCTPAHCTBE ABIAETCA Ompe-
MeJdeHHRIM YIOPOIIeHHeM TOr0, [TO pPealdbHO IPOHCXOANT
B agcambie mMuupocucreM. J[As toro urobH JIUKBUAMPOBATH
Gpemib MesRAY e CTBUTEdbHIMY U YIIPOUeHHEMH TeUeHHAMI,
He00XO0/IMMO CCBOGOHIITRCS OT TOCTYIaTa 0 COXPaHEeHNI ¢aso-
X Touek ([111, crp. 6) 1 npeRycMOTPETH BMECTO ITOT'O ILOCTY-
aTa BO3MO;KHOCTH BOSHHKHOBEHHA I HCUE3HOBEHHUA (Aa30BHX
TOUEK B HEROTOpHIX ofxacTax ¢(asoBoro mPOCTPAHCTRA I
B HEKOTOPHIE AMOMEHTH BpPeMeHH. JTO YCOBEpPIIEHCTBORZHUE
TPANHUIIOHHOI TOUKI 3peHHs, HeoOXOXHMoe 40 CHX HOp JUiA
CTATHCTUYCCKOIO ICTONKOBAHIA HeafumadaTHIeCcKHX mpoiec-
COB, MO/KHO PACCMATPHBATH KAR DPENIAIONHIl AT B HaOpas-
JIEHUI OTKA3a 0T YHCTO MEXAHHYeCKIX PACCYkAeHUI cO BCEMI
X cBOficTBaMH, BHTeRawomuMi w3 obparumoctn. C Apyroii
TOUKH 3PEHUA ITO VCOBEPHIEHCTBOBAHIE IPEHCTABIALT CO-
§0il Bcero JNHMMB TPOCTOE CPECTBO HmpeotpasoBaHma TEUeHHHA
B $a30B0M OPOCTPAHCTRE, MOAYIAWILETOCH TPH TPUOIHKEH-
HOM IIOAXOJie, B MCTHHHOC TEYCHIIe, 1 TEM CAMBIM CPeJCTBO
VAYUMIOHHs pesyabrala, HEJOCTATOR KOTOPOro 00BACHANCH
HOAXO0I0M, OCHOBAHHBIM HA HemoaxHoil nndopmamuu. B mobom
cIydae CymeCTBeHHLIM (AKTOPOM MABIAETCA HeoDXOIUMOCTH
OTKAa3a OT YHMCTO MEXAHNTIECKOTrO MMOAXoJa Ad;Ke B ero ycios-
HOHU cTaTHCTHIECKOII GopMe, TaK KaK 3TOT MOAXOoJ He obecne-
9ABaeT TPOHUKHOBEHHNS B METATIH IPOLECCA.

Ilocrynar coxpamenust ¢asoBeIX TOYEK PABHOCHJEH YypaB-
HEHUI0 HepaspHBHOCTH (a30BOll JRHAKOCTH

1, (apA aq/> ° gi/) +a“f(a_pq%)='01 (2.44)

3necs do/dt mpepmcTaniseT coloil MaTepHAIbHYIO CKOPOCTDH
U3MEHEHWA ILUIOTHOCTH, TAaKVIO, KAk OHA TpefcraBisercs
HabmomaTento, ABHARYINEMYCA BMECTe C jRHLKOCTRIO) dp/dt
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JIOKaTbHAA CKOPOCTH WM3MeHeHWs, OTMeuYaeMadA HOKOAIMMCA
HabawopaTeseM; WieH B NEPBHX CKOOKAX mpeAcTaBiser coboil
JuBepreHnuio asopoii CKOPOCTH, HmOCie/(Hue [Ba WIeHa Opef-
CTABJISIOT JAWBEPTeHIUIC MPOU3BENEHNA MIOTHOCTH HAa (haso-
BYI0 CKOpPOCTB.

[[lns cpaBHeHmsA 3aMETHM, 9TO B HACTOAHIEH ;KUAKOCTH
OIOTHOCTH P ypapHeHue HePA3PHIBHOCTH IMeeT BUJ

d_i_{_ pdivv:%pt— ~+div (pv) = 0, (2.45)

Tle V 03HA4aeT CKOPOCTh.
OTkasmBasgch OT TOCTyJaTa COXPAHEHNS WMHIWBHAYAlb-
HEIX ()a30BHIX TOYEK, MO;KHO, pazyMmeercs, COXPaHHTL Hpefl-
TOJIO;KeHUE, WTO HOJHOEe d9uejao (aszoBHIX TOYeK Bce BpeMsa
ocraercss paBERM [N. O@HaKO ypapHeHHEe HEPaszpHBHOCTH
(2.44) caepyer TOT[a 3aMEHUTH YpPASHEHUEA NePerOCa

dp 0px | 04y | 0o, | Py 8 (ppy) | 9(0gx)
dt+p<au+a%c>+apx+0q;c~ “t_l— ap.. T 0qx T

+ 00t _{_ gﬁ" ) (2.46)
qx

BekTop ¢ KoMmOHEHTaMI ¢, B, mpelcraBiseT W3MeHEHIEe
OAOTHOCTH, 06yCaoBJIeHHOE OOMEHOM, T. €. CO3JaHueM Wiy
VHEHUTOEeHneM (a30BhX TOUEK, I HA3HIBAETCH MOTOKOM MIOT-
voctu. Yaemst ¢ o, B, B ypapHemmm (2.46) mpepcTaBiuAmT
IUBEPrEHI[HIO 3TOT0 NOToKa. B cooTBeTcTBHE ¢ (2.46) MMetoTCs
IBa THHA Deperoca k $a30BOM HPOCTPAHCTBE: MeyeHue (WU

KOHBEKI(AsA) €O CKOPOCTBIO p,, ¢, ¥ ROMOE a,, P, (WIn KOH-
aysuus). B cpoeil mepsoii Gopme yparHeHHe mepeHOCa YCTa-
HaBJIUBAeT, IT0 MATEPHAJBHOE U3MeHeHwe mioTHocTH ) 00y-

D Q6p9HOE ONpeeieHIe 2NEMEeHTA OTPAHIYIBAETCHA CIIOUIHBIMA
cpefaMi, YAOBJIETBOPAIINMI YPaBHEHI0 HeCpaspuiBHOCTI. B pac-
eMmarpursaeMoil sjecy Gosee o6mell CUTYAUIIl 2JIeMCHT ONpenelsercd
KaR Majgasg obaacTo B (ha3oBOM I(POCTPANCTBE, TBIDKYIAACT TAKHM
o0pasoM, 9YI0 ee IOCHeJOBATSILHLIC KOHQIIYDPAIUN OIpPefestioTes
OIIM TONDLKO Tedgeniert. TariM 00pPasoM, dJICMeHT BCETJA COCTONT
13 OAHHX H TeX ke (a30BHX TOUEK, 3a UCKIIUEHICM TeX, KOTOpHe
TOBABISIIOTCS MM YHOCSTCS DOTOROM. HaMenenne cranspHoil BeIIraHHR
A HaOTI0maTens, IBILKYIETOCA BMecTe ¢ 9.1eMeHTOM, Oy1er HassBaTh-
€5 MaTepla’IbHEIM, XOT/ OTO 1Ia3BAHIE II IIOTEPsLI0 CBOS HEHOCPeTCTBeH-
HOe OTnpaBJaHIie.
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cAOBIWBAETCA CKaTHeM u mororoM. Bo BTOopoit dopme omo
yTBEPHK/IAET, UTO JOKAJbHOE M3MEHEHHE MIOTHOCTH 00yCI0B-
JUBAETCA TCUCHHEEM (baaoBon MUIKOCTH M TOTOKOM.

[B peanpHO#l CHONIOMHOA Cpefe MaTePHAILHAA CKOPOCTD
po3pacTaHNA BHYTPeHHeH bHeprum Ha eguHHIY ofnema Gia-
ropaps OAHOMY OPHTORY TemJda q Jaercsa BBIPaKEHHEM

’% 1 divq=0. (2.47)

e T

VpapaeHnme meperoca (2.46) oGsefmHAET JiBa THHA HepeHOCa,
KOTOPHIM OTBEYAIOT COOTBETCTBEHHO ypasHeHus (2.45) =
(2.47).1

YpaBHeHHe mepeHoca (2.46) mosruo ynpoctuts. Mz ypas-
genmit ['amunbrona BeTexaer, 9r0

C Py 98 2.48
Ipy 6QK—O (2.48)

T. e. jguBeprednusa $azoBoil CKOPOCTH paBHA HYNI JTOT
pesyJibTaT, W3BECTHHI o7 HasBaHHeM TeopeMu JImyBmias,
03HAgaeT, 9410 $Haz30BYI0 JRUAKOCTH MOKHO CUHTATH HECIKUMA-
emoii, B xupmocTH, YVIOBIETBOpAIOMEN ypaBHCHHUIO Hepas-
PEIBHOCTH, 3TO yTBe:kjieHHe ChIT0 OB DPaBHOCHIBHO yTEEP-
KIEHNI0 O TOM, 4TO ()a30BEHE DIEMEHTHL COXPAHAIOT CBOIO
TNJOTHOCTL B XONe ABW;keHUsi, B cBere Hamux ycoBepimeH-
CTBOBAHHBEIX TIPEACTABICHHI BTO YTBepLeHUe He 00s3aHO
OHTL BepHRIM. BMecTo Hero moxywaercs, 4ro Nodoe UaMe-
HeHme (asoBoii IIOTHOCTHM IpeAcrasiasieT coboil cledcTame
OHOTO TOJLKO HMOTOKA MAOTHOCTH. B camom jene, Grarogaps
ypaBHeHmo (2.48) ypasmenue (2.46) upuBoOIUTCH K REIAY

da,,
opy.

oo,

B, _op G0 . Op B
— D, 2 —=0.(2.49
+ G = t+0p%pﬂ+aq Gt g+ 5t =0.2.49)
Wz (2.41) cramoBuTcss sCHBIM, UTO BCE HpeiLIAyOINe yT-
BeDIRACHUA OTHOCHTENbHO (a30Bod miotrOCT 0 (p,, ¢, 1)
OCTAIOTCH BEPHEIMH W A BeposatHoctw w(p,, q,, t). Ta-
KEM 00pasom, ypaBHEHHE IePeHoca TUIA W OPUHUMAET BUJ

ay,( 86, ow 8w ay,, - 90, __
dt + 0g. B¢ ”+ "+ %_%_0, (&.50)
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T7le BEKTOp ¢ KOMIOHeHTaMu Y,, O, HpeicTaBiseT HOTOK Be-
poaTHOCTH B $a30BOM HpoCcTpaHcTBe. B ¢cBoeil mociuenreit gop-
M€ BTO ypaBHeHHe yCTAHABIWBAET, YTO JIOKAJLHASsI CKOPOCTH
U3MEHEHNA (QVHKOMA W SABJIAETCA Pe3yJdbTaToM TeYeHUs
I TIOTOKA.

[Taxkum oGpasom, ycTaHoBieHa 1ecHAs CBA3D MEKAY LO-
BeJledreM JaHHOI MaKpoCHcTeMbl M 3BOJOIHe!T pacmpefele-
HEA w B azoBoM mpocTpancTse. ToMy, KTO BUNEA YCKOPEH-
HYI OPOeKNUI0 KUHOCHEMRHU mponecca 00pasoBaRms KydeBHX
001aK0B, 3aX09eTCA WM300pA3UThL DTO paclpefieleHne B BHIE
obnaKa, JBILKYIIErocs B BO3AYIIHOM IOTOKE M B TO JKe BpeMs
A3MEHAIINEeToca 0o GopMe M ILTOTHOCTH B pe3yibraTe HEKO-
TOPOro IOTOKA, HPOABJMIONIETOCST B BUAEe HEUPEpPHBHOLC
mponecca KOHTEHCAUHK W HcmapeHus. TedeHWe obfaakra HIiI-
JCTPUPYET Pa3BUTHE MAKRPOCUCTEMBbI, OOBICHEMOE MHKPO-
MeXaHU4eCcKoll KapTHHON, 7TOrfKa Kax IOTOR TpefcTaBldeT
PasBHUTHE MAKPOCHCTEMEI, OCTaroleecs BHE MHKPOCKOOHMYE-
CKOH HapTUHBI BCIEJCTBHE HeZOCTATOTHOCTH ITOrO MOJXOAA.]

§ 3. Baaccuueckan mepuolsnanurka

3.1. Coecrosmus paBnosecnsa. B coorsercTsum ¢ m. 2.1
MeXaHWqgecKas CHCTEMa HAXOOWICA B pPAaBHOBECHH, IOKA ee
Mexammueckue KOOPAMHATE W €e BHYTDPEHHASA SHEPIUA IO~
CTOSTHHEL.

Ha murpocronmmueckoM ypoBHe mepBoe yCIOBHE O3HATAET,
uro mapaMmerpel amcaMmbasa I, durcmposamsi. Mz (2.38) cue-
myer, uTo ¢yHRIust H NOCTOAHHA s KaKA0H MUKDOCHCTEME,
HO, BO2ZMO:KHC, MEHSETCH OT CHCTeMH K cucreme. Jlaree,
none Qynrnua H B $asoBOM NPOCTPAHCTBE CTAUOHAPHO,
1. e. He szapment or £, Ilosromy ma (2.28) cumenyer, uro u ga-
30BafA CROPOCTH TaK;Ke CTALMOHADHA.

B ragecrse 3KBUBAJEHTA BTOPOMY YCJIOBHIO IMOCTYIANDPYEM,
970 B $a30BOM mpPOCTpAHCTBE HeT noTora ), m mobamuMm ycio-
BmEe cTaTHCTHIeckoro pasHosecwsa I'mGoca ([11], erp. 8),

1) Ha camoM Jeje [0CTATOYHO MOCTYJAHPOBAThL, u4To o0pamaerca
B HYJb ANBepreurua notoka. IIOTOK ¢ HymeBoil quBeprenineli e BINA-
eT Ha pachpeiejcHile BepOsITHOCTH, W Mbl 6yaeM B JaabHelmeM mpe-
HeGperars TAKHMO MOTORAMIL.
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COIJIACHO KOTOPOMY PACHpefieleHNe BEPOATHOCTH CTAlUOHAD-
mo. Torma

Ovx aﬂ_o ow__

apx aqu — _(ﬁ — 07 (3.1)

rak 410 u3 (2.50) caengyer, gro
ow.. dw.. o dw . 5
ap P +aq,¢ ¢=0, = =0. (3.2)

B cranmoHapHOM IOTOKe JUHUM TOKA COBHAZAKT ¢ (azo-
BHIMM TPREKTOPUAME. Bonn xakmoit u3 5THX AuHKI GyERITS
H, a, B cary (3.2), Tarske uw Qynrnus w mecrosuas. Dazo-
BHE TOYKH C NAHHEM 3Ha49eHueMm [ 00pasyor rmmepmopepx-
HOCTb, KOTOPYI0 MH OyJeM B faibHeilllleM HA3KBATh MOBEPX-
gocteio oHeprun. IlomoGuEM site 06pasoM Apyroe cemeifcTBO
TEIepHOBEEePXHOCTell, 4 UMEHHO IIOBePXHOCTeHl BepOATHOCTH,
ompefiefigeTCs TeM, 4TO JeKamue Ha HUX Pas3oBHe TOUKH
o6najarT paBHEMHI 3HauveHHMAME w. Kammas gasosas Tpaek-
TOpHUA JIEKHT Ha OJHOH J/-moBepxXHOCTH W HA OXHOI w-
mosepxHocTd. B coorBercTsmu ¢ mocrymarom I'mGGea ([11],
crp. 32) momepxmoctw H=const u w=const B cocTosHMUI
CTATHCTHIECKOTO PaBHOBECHSA COBHANAIOT, T. €. BCE (hazoBHe
COCTOAHNA MHKDOCHCTEMEI, XapaRTePU3YIONHECA ONHUM U
TeM swe 3Hawenmem H, paBroBeposATHH. TakuMm oGpasow,
BEPOATHOCTh W TpefeTaBIAeT c000f HEKOTOPYH (YHKINIO
SHEPruYu MUKPOCHCTEMEI

w= w(H). (3.3)

O6obmas sror mocrynmar, 'mG6c morasam, wro mpocreiimas
mopxofgamasn GyEknua (3.3) ompemedseTca COOTHOIMEHmeM *’

Vv —-H
3

D Opne §3 MpEEATHX CIOCOGOB BHBOAA BHIDAKeHAs (3.4) cocrour

B cxenyiomes. [lpenmososKuM, 4To HOCTe NPHBEZEHHA ¥ COCTOSHITIO
CTATHCTHIECKOTO PABHOBECHS Ml [le/IaeM KAKIYI0 H3 CHCTeM amcambis
SAMKHYTO. JT0 03HAYAET, UTO KAGKAAA I3 HUX COXPAHAET TO 3HAUCHIO
9Hepron, roropoe Onuio eif coofmenc upm maroropienmm. Ilpegmoro-
JKEM, UTO CHCTEMH ¢ DABHON 9HeprHeit PABHOBEPOATHE, CTPYIIINpyeM
UX nomapao m GysieM paccMaTpHBATh HADH KAK IPE/iCTABATENeH HOBOLO
aHcambus1. BepoATHOCTh TOTO, 9TO MB0GpAKAIOMAs TOUKA IJs 3TOTO
HOBOro amcambias momajaer B sieMenT oGmema dT'* HOBOTO ¢dazosoro

w= exp

(3.4)

3 Wuraep
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rge ¥ m O — mapameTpsl, HOCTOSHHEIE B COCTOSHWM CTATH-
CTHYECKOT'0 pPaBHOBecHd. YpaBHeHHe (3.4) ONMCHBAEeT Tak
Ha3kBAeMOe KaHOHWIECKOe pacIpefleleHne ¢ MOmyineM U,
B nureparype wuwo crartmermuecroit mexanumke ([11,33]
u T.[.) MOKHO HaliTH TpocTpaHHEe 0GOCHOBAHHMA ypaBHe-
Huilt (3.3) m (3.4). MomuHo HailitTm TawiKe ODpHHAIEKALIEe
I'mb0cy porasaTenncTBO TOro (axTa, 4YTO KAHOHHIECKOE
pacmpefenenue (3.4) aums ciaabo oTaAMYAETCA OT MUKPOKAHO-
HHYeCKOTO pacupefeleHMa, ompepeldsseMoro amcambsied, Bee
CHCTEMBI KOTOPOTO MMEIOT OfUHAKROBYI0 sHepruio H. Ilpyrumum
caoBamu, ¢as3oBBE TOUKM aHcaMOnst, pacupefe]eHHOTO CO-
raacHo (3.4), OCTAIOTCA MPAKTHYECKHN CHROHICHTPHPOBAHHBIMEI
BHYTPH HENOCPEJCTBEHHOH OKPECTHOCTH ONHOI MOBEPXHOCTH
sueprur. Ha meppsiil B3raaf 9T0 yrBep:KAeHUE I PECTARIAET-
CHA HECODIACYIINMCs ¢ TeM garToMm, uto, B cuny (3.4), Be-
POATHOCTh MOHOTOHHO BO3PACTAET PN UEPECEICHHUU HOBEPX-
HOCTH SHEPTrHW B HANpaRIennn yOsiBaoowax sHagenuii M.
Ha camom perne MeRAy 9THMH ABYMsT YTBEP:KIEHHAMH HeT
nporusopednsi. Pacemorpum cemelictBo DKBUIMCTAHTHHX I10-
BepXHOCTEH SHEPIHUH, pasgeddoinux (aszoBoe IMPOCTPAHCTBO
Ha caou. [lepememiasich 0T CA0H R CI0K0, MBI HAXOZHUM, YTO
$asoBas WIOTHOCTH MEHAETCH MOHOTOHHO. [lockonsRy ob6meMm
HOCICAOBATEILHEIX CII0EB I3MEHSeTCA B ITPOTHBOMOTIOKHOM

npocTpaucTsa, pasua w*(H)dI'*; 3Be3a y w o3unagaer, uTo 310, BoOOIIe
TOBOpsA, APYras QYHRIGA SHEPTIUL, Tar KAk HpefcTaBireaeM aHcaMbias
Apigeres apyras cucreMa. OueBugwo, dl'*=dl,dTy, rme dI'; u dl'y —
3JIEeMEeHThL 06'I>9Ma B MCXOJHOM (i)asonon HPOCTPAHCTBE, B KGTOpOE TIOIIa-
a1 w30l paskanmiie TOYKH KRN0 U3 IePBOHAYATIBHBIX CIICTCM, BOLICH-
LIx B paccMartpusaemyw napy. Ilomajammio B 3TH 00beMH COOTBeT-
CTBYIOT dxepTin H, 1t Hy, I TAK KaK BXOAAINEE B IIapy CIICTEMEL He B3a-
uMojencTsywr, T0 H=H,-I.l{,. BcaepcrBile MONTHOH CTATICTHYECKOID
HE3ABHCLMOCTH 3TILX CIICTCM IIMeeM, € IPYLOil CTOPOHLI, YTO Ta JKE Be-
poarnoets paBHA w(l)dlw(H,)dl,. CpanEuBag, HAXO0IIM

w* (Hy 4 Hy) = w (H,) w ().
oaarast sjgecs H,=0, nomyuyaem
w* (Hy) = w(0) w{l,) = Cw(H)),
rije C — mocromHuas. Tarimy ofpasoM, moaydaeM QYHRINOHAILIOE
VDaBHeHITe
w(H,+ Hy))=C~ ' w(H,) w(H,).

pemasg KOTopoe, mpuxouM K dopuyae (3.4).— Hpus. nepes.
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gaOpaBIeHWY, HET OCHOBAHMI OTPWIATH BO3MOKHOCTH TOTO,
qTO0 TPOMBBEJEHNE ABYX BEIWYHNH, T. €. 9nCI0 (A3OBHX TO-
geK, OPUXOIAMUXCA HA CIOH, HE MO;KET MMETh MaKCHMyMa
ga HeKoTOpoil mopepxHocTH sHepruw H=U. Her ocroBanmit
OTPHLATH B TO, 9TO B3TOT MAKCUMYM B IPOCTPAHCTBE MHOTTX
UIMEPEHUIT MOKeT OKal3aThbCA OYEeHb 3aMETHEIM.

[[Ana manocTpagum 3TOT0 MOMEHTA PACCMOTPHM TUIEP-
cpepy B IpocrpaHcTBe p m3MepeHuii. Ecium R ozHauaer
paguyc cdepsi, ee oGsem mpomopumonaten R, Ilpm yaso-
eHun o0bemMa cephl pajuyc ee BO3PACTAET TONBKO B OTHO-

mernn 2% KoTopoe CTpeMMTCA K e[UHMIE LpPH U—>00,
O1clofia clefyeT, yTo IPHE (OJbMUX 3HAYEHUAX |1 00HBEM TOH-
roit cdepuueckoir 00OJOYKT MO:KET OKITH MHOro GOJbmIe
o0beMa, OrpaHWIEHHOrO BHYTpPeHHel rpamuieil cxos.]

Usa (3.4) sumno, uro Beawauan ¥ u & npemcrasiasior co-
Goit suepruu. B cuny cootHOmenma (2.43), O He SIBIAIICA
HE3aBUCAMEIMU, &, HA000OpOT, CBA3AHH COOTHOMICHUEM

exp (—/0) =7~ { exp (—H/9) dv. (3.5)

9T0 ypaBHeHUE HOKA3HBaeT TaKKe, 4T0 M00ag ajjuTHB-
Hasa xoHcTaHTa B H moaBnserca Tarke u B W, Tak wro pas-
HOCTh W-~H He 3aBHCHT OT Hauaja 0TCUYETa SHEPruu. B coor-
BETCTBUHM C COOTHOMmeEHHeM (3.4) 5TO CIPABENINBO TAKMKE U
masa monyasi ¢, U3 oToro cOOTHONIEHUS! ciXefyerT xajee, 4TO

9 >0, (3.6)

wHAYe COCTOAHMA ¢ H—>o00 umenu Gsl BOJbUIYI) BEPOATHOCTE;
npm 3TOM mHETerpad B (3.9) He cxomuincsa 0ot u ¥ crano 6m
6eCKOHETHEIM,

Pacmpenenenne ¢yHrnum // B $asoBoM mpocTpaHCTBE
3aBHCHT OT mapameTrpoB z,. B coorsercrBum ¢ (3.5) ¥ 3za-
sucur or z, u or ¥. Ilosromy Kamommueckoe pacmpemerenie
(3.4) saBucur or mepemeHHHX ¥, u . las roro 4robsl mepeii-
TH OT MTKPOCKOIMYECKOT0 HOJX07a K MAKPOCKOMMIECKOMY,
HeoOxo;mMo OpaTh cpefiHHe n0 BeeMy aHcaMmGuo. Tarum
00pasoM, mOABIAAETCS TMOMHMO MEXAHUYECKHX HKOODPAMHAT
Ipyrasg MaKpocKommYeckas mepemenHas ¢, ROTOpY, OUe-
BUJHO, CJIEAYeT WHTEPLPETHPOBATH KAK TEMIEPaTypy.

3.2. Buyrpenusasa sHepria u surpomud. B coorpercThum
C TocJaeJHNM YTBEp/RACHHEM BEIWYHHB Z, W U MOKHO pac-
CMAaTPUBATh KAK HE3aBMCHMEIE HePeMeHHble, XapaKTepH3y-

3%
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mue CcOoCTOAHWE MaKpochucreMel. OQUpeNensis 6HYM PEHHIW
onepeur U MaKpOCUCTEMH KAK CPEHION HHEPIHi0 MUKDPOCH-
creM, ¢ yieroM (3.4) mounywaem

vY—H

p— p >
U=H=#hr""\Hwdo=h""| Hexp —5 . 3.7

BryTpennas smeprus mpefcrapasier coboil mepBylo QpyHKRUIO
U(z,, ) cocrosHEA MaKpocucreMsl. AHAJTOrMYHEIM 06pasoM
MOKHO NOJIYYUTh M APYTUe CpemHue.

ITonesno BBecTH TAK HaseIBaeMBlil HMHIEKC BEPOATHOCTH

N=Inw (3.8)

(111], crp. 16). B ancambre ¢ RaHOHEYECKUM pacHpefieseHUeM
(3.4) m npegcraBiger cofoit JuHeHHYID (YHKOUIO OT H:

oy _ g

’r] == ——ﬁ—’- (3'9)
Cpenruil mupgerc BepoaTHOCTH RJAs amcamGia AaercA BHpa-
YKCHIEM

n=~r"" \gn wdy =h"" {vw In wdv =
Y—H  Y_H ,
| exp —5—do. (3.10)

pi

Bumecro m o0mYHO Hcnoabn3yoT TaK HABKBAEMYIO JHMPONUIO
S ="—n; (3:11)

KOTOpas mpefcrasiger co0o0il BTOPYID (QYHRIMIO COCTOAHWS
Makpocucrems S(z,,d). B cury (3.11), (3.9) n mepsoro
ypaBHeHua (3.7), umeeM

Uv—-v

S = —5 (3.12)

Toaromy ¢ymrmms W(zr,, &) mpemcrapiser cofoil eme ommy
dYHKOHIO COCTOAHASA MAaKPOCHCTEMBI, KOTODYI0 Ha3HBAIOT
c60600n0l snepauell.

BaxkHOCTL SHTPOHNME CcJleayeT M3 TOTO OBCTOSATENBLCTBA,
9T0 UMenniasgca uHGOPManHsa O COCTOSIENN eARHNYHOR MUKDO-
CHCTEMBI BO3PACTaeT ¢ KOHIUEeHTpanuweld sHavenmil ¢yHRUHN w
BHYTPH HEKOTOpOH Maxoil obmactu ¢aszoBOro HIpoCTpaHCTBA.
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Ecam 3aflaHEOE pacupeleienue BepPOATHOCTH H3MeHAeTcd,
COXPAaHASA COpaBefiABRIM ycioue (2.43), TO

(swar=o. (3.13).
B cmay (3.10) m (3.13), cooTBeTCTBYIOMEE M3MEHEHNE 1| PABHO
87 =h~" {8 (wlnw) do=n""§ (1 + ln'w) swdo =",
= 1~ \Inwswdn, 3.14)

WsMedenne w MOKHO OCYMECTBIATH HIar 3a WIAroM TaKUM
00pasoM, 4YTO Ha KaKAOM ATy PACCMAaTPHABAETCA TOIBKO
OfHA mapa saeMeHTOB dv; W dv, ¢ HPOTHBONOJOKHKEMHA 3Ha-
xamn Sw. Ilpegmomommy, dro dw, << 0 m 6w, > 0, rue me-
JeKC OTHOCHTCA K djIeMeHTy. BriOmpas pasMepsl nieMeHTOB
TaR, 4TO

o} UJ1dU1 + 8 WQCZUZ = 0,1‘ (3.15)

MOKHO YHOBIETBODPHTH coorTHomeHmo (3.13). B cuay (3.15),
arnag xkargoro mara B (3.14) maercA COOTHOIICHWEM

A=Y {ln wdwdy + - wedws v)=h" VIn i0-26 wedvs, (3.16)

wy
TaK 9TO OH TOJIOKHUTEJEH WJIHW OTPHUIIATENEH B 3aBHCHMOCTH
0T TOTO, OyHAeT 1M w, = Wy, T. €. OT TOT0, YBeAWYHBACT WIN
‘YMeHbIMaeT AAHHHH mar MAEQOPMANUIO O COCTOAHWHM MHKPO-

cucreMul. Cpefgamit MHEEKC BEPOATHOCTH 1] ABIAETCH, TAKHM
o6paszom, fexoropoil mepoil mmewmeiica MHGOpPMANUE O CO-
CTOSHNM WHAWBHAyanbHOH mmurpocucremsl. HaoGopor, am-
TpormmA S CIY;KUT MepOil HeJOCTATOYHOCTH TaKoil mHGOopma-
aum V.

[ITpeamoso:xuM, 9TO w MOCTOAHHO B HEKOTOPOil obmacru
Av $a30B0ro MpPOCTPAHCTBA, W YTO BHE 3TOI 06J1acTH W PABHO
wymo. Jag Toro urobH YAOBIETBOPHTH ycrosmio (2.43),
BeNWYWHA W BHYTPH Av JommHa OGHITH PABHOH

w1 (3.17)

'=Ej.

L B aToM CMBICJe HOHATHe JHTPONRH YHOTPeOIAeTCA TaKiKe BHe
TePMOIUHAMUAKI, HAOpOMep B Teopuum HHPOPMANHUH.
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Cpepmuii mupexc seposrHocrn (3.10) pasen
hYi

n=1In v (3.18)
HO9TOMY JHTDONHUS paBHA
S=1n22. (3.19)
h
Uz (3.18) m (3.19) caemyer, uro
o0, ; S —>'—Yoo  (Av—>0) (3.20)
n
f-—>— o0, S—> 00 (Av— co) (3.21)

9T COOTHOIIEHWS SICHO MWIIOCTPAPYOT YORBAaHME 9HTPOINH
€ POCTOM OmpeeJeHHOCTH (Aa30BOTO COCTOAHNA MEKPOCHCTEMEL
H, ¢ APYI'0i CTOPOHEI, BO3PACTAHNE SHTPONNH ¢ YMeHbINeHHEM
naEgopManuu. |

3.3. KBanToso-Mexanmueckuii momxox. Omamm m3 Goiab-
mux opeamymects ujeit ['n66ca savasercsa 1o, 4T0 OHE ¢ paB-
HOM JIerKOCTHI0 NPUMEHHMEL KaK K KBAHTOBO-MEXaHMYECKOMY,
Tak ¥ K KJIaccmYecKoMmy moAxoxy. las rToro wrobmr mepeiitn
OT KIACCHYECKON TOUYKM 3pEHUS K KBAHTOBO-MEXaHMIECKOH,
HY;KHO JOIYCTUTh HPUHINOKAJIBHYI0 HEBO3ZMOKHOCTH TOT-
HOTO BHAHKA TOT0, rfe B $a30BOM HPOCTPAHCTEE HAXOIUTCH
B HEKOTOPHI MOMEHT BpeMeHH (az0Bas TOYKA, HPECTABIAI-
mas saflaHHylo MukpocucreMy. Bwmecro sroro gasosoe mpo-
CTPAHCTBO TMOJAPA3HEIAETC] HA MAJble, HO KOHOYHHIE AYCHKHT
ob6bema h’, rme h — wsant melicteus lmamra ([33], crp. 24),
KOTODHIIl B TO e caMoOe BPeMsA MOKHO HCIOJb30BATh KaR
eMuHuNy HAefCTBUA B CMEICIE WPEJUIeCTBYIONNX pPasresosn.
IIpm »ToM wnpegmosaraercs, dr0 HAHOONBIIAS BO3MOKHASM
wadopMaIua 0 JAHHON MUKpPOCHCTeME — DTO SHAHWE TOTO,
Kakad gyeilka CONep:UT COOTBETCTBYIOMYIO PA30BYI0 TOUKRY.

Ilpm Takoil MmopgmdUKALME w CTAHOBUTCA JUCKPETHOIL
dyurnneii B pazosoM mpocrpaHcTse. PacupesiesieEne BeposAT-
HOCTH CUNTAETCA 3aJaHHBIM, €CaAu A KayKOOH AYellRM m’3-
BECTHA BEPOATHOCTh HOMAJAaHUA B Hee dazoBoii Touku. Oge-
BUIHO, XOTA 5T0 U He UMeeT 3HaYeHNs BBHJY MalOCTH SYEeX,
4970 BCe (A3OBHE MHATErPaNH NPEeRPAmaloTcs B CYMMEI, pac-
mpocTpaHeHHHE To sueliram. CymecTBeHHO 6ojiee BasKHEBIM
asasgercs ToT Qarr, wro mETEpBa’d 0, ..., 00, B KOTOpOM
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B COOTBETCTBUM ¢ KJIACCHYECKOH TOUKOIl 3peHUA MOTYT JIesKaTh
sHAUeHNA QYHKIUN W, cOKpamaercs fo uaTepsana 0, . . ., 1.
B coorBercTBuu ¢ ouperenenueM w (um. 2.5) 3magenme w > 1
pPaBHOCWJILHO YBEPEHHOCTH OOHApPY:KHTH (a30BYI0 TOUKY
B DJeMeHTe, 00BheM KOTOporo paseH i'/w < k', T. e. MeHbIIE,
gem efuHnna oobema. C TOYRM 3PEHHsT KBAHTOBOII MEXaHHKI,
OfHAKO, ONTUMAJbHAA MHPOpPMAIUd, KOTOPYI MOMKHO pac-
CUATHBAThL HOJYUNTh,— ITO 3HAHWe AYEHKH, B KOTOPOH co-
Jepuarca (azoBas TOTIKA.

Nraxr,
w<1. (3.22)
Hombunupys (3.22) ¢ (3.6), MomuO0 3armouurh u3 (3.4), 410
Y'<{H, (3.23)

TaKk 9T0 KAHOHWYECKOE pacmpefeleHme HE COTEP)RUT MHRDO-
cucrem ¢ sHeprueil, Merrmeii W. Namee ms (3.23) n (3.7)

CIeyer
Y < U, (3.24)

TaK 4T0 CBOGOJHAA OHEPTUS BCErja MEHBIKE BHyTpeHHeil
spmepruu . HMs (3.22), (3.8), (3.10) u (3.11) moxygaem,
HaKOHer,

n<<0, S=0, (3.25)

TAK 9TO SHTPONMA HUKOIZA He OBIBAeT OTPUIATENBHOIL.

Bossparnmes ® mpumepy, M3I0)KeHHOMY B KOHue Im. J.2.
fAcro, 9T0 cayuail omTMMAIbLHOI HHGOPMAIUU C TOYKM 3pe-
HMA KBAHTOBOI MEXAHNKHU COOTBETCTBYET HEROTOPOH (PyHK-
ume w, obpamalonieiica B HyAp Besfe, KpoMe OTHOH-e[[IH-
cTBeHHOI suelikn Av=Fh", rme B coorBercreuu ¢ (3.17) oma
npumauMaer sHadenue w=1. B cury (3.19), §=0. Haobopor,
ecau S=0, 10 uz (3.19) u (3.17) caenyer, uro w=1. Tarum
o6pasoM, HyJeBasd HHTPOUIHA BCErAa COOTBETCTBYET CAYTaw
ONTAMANBHON  mMEPOpPMAIUM B  KBAHTOBO-MeXaHUYECKOM
CMEICTIe.

3.4. Kpasucrarmueckue npoueccsl. IIpomssonbasii Kpa-
S8MCTATHYIECKHI NPOIece AT MAKPOCHCTEeMEL XapaKTepHayercs
MeIJIeHELIMH M3MEHeHUAMH MeXaHNYeCKUX KOOPAWHAT I,
n reMmepaTyps U,

1 JwGouritao, yro 3TOT (aKkt, KOTOpHIA OOLIYHO CUMTAeTCs Odue-
BUIHEIM, HE CJAENYeT H3 KJIACCHIECKOH TEePMOANHAMHUKH.
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Ha MuKpOCKOmHYECKOM ypOBHe W3MEHEHHe I, O3Hadaer,
970 [OJHAs SHeprusa H efmHEYHON MUKPOCHCTEMH HOMBED-
raercsd HEKOTOPOMY WaMeHeHHmio. KpoMe Toro, moie QyHKIUN
H B asoBoM npocrpaHCcTBE mepecTaer OHTH CTAOHADPHBIM,
u TO Ke caMmoe, coriacHo (2.28), cupaBefIuBO FIA ITOJA
tasoroii ckopoctr. Kax yyke 6mi10 orMedeno B . 2.5, HMEOT-
¢ TAK)Re M3MeHEHWUs COCTOSIHHA, A KOTOPHX Z, IOCTOSH-
HHl, W JJIA WX HNCTOMKOBAHMA HA MHKPOCKOIHMIECKOM YPOBHE
Heo0XOIMMO HPEeINOI0}KUTh CYUIeCTBOBAHNE HEKOTOPOro I0-
roxa B asopom mpocrpamcrse. Orcoma caejyer, 9T0 COOT-
somernuds (3.1), (3.2) yyke Goxplne He CHPABEIJIMBE ¥ WX CHOBA
clIefyer 3aMeHUTh ypasBHeHmeM umepeHoca (2.50).

Ilockompky TeueHme B ($a30BOM HPOCTPAHCTBE HECTAIMO-
HApHO, (a30BHe TPACKTOPUM W JKHAM TOKA He COBOAZAIOT.
Oyaxnrn H 7 w MEHAITCS KaK JOKAJLHO, TAK U A HabmI0-
Imareis, ydacTBywmero B apmwienwn. Pasymeercs, Bce erge
BO3MOKHO Omnpefenntb H- W w-noBepXHOCTH, HO BTU IIOBEPX-
HOCTH HE OCTAXOTCA HENOTBIKHEHME B a30BOM TIPOCTPAHCTBE.

Crenyer OKHMAATH, 9TO IJISL NPOLECCOB, KOTOPHIE IOCTA-
TOYHO ME[JICHHH C MAKPOCKOUMYECKOU TOYKM 3peHHUst, pac-
npefelieHe aHCAMOIg ocTaercs UPUONMWKEHHO KAHOHHUIE-
CKHMM, XOTsl MeXaHWYeCKHe KOODIUHATH I,, TemMmeparypa &
¥, CIeToBaTelnhHO, cBoGomHAs 3Heprma ¥ He DOCTOAHHH.
OGpaman 9TO0 yTBep:KIeHEe, MR NOMOJHHEM JaHHOE B M. 2.3
IpeNBaPUTEIBHOE ONPE/IeTIeHNE K8a3UCTNAMULLCK020 NpOYecca
AOMONHUTEJLHKM IOCTYJNATOM O TOM, 9TO PACHpeIesieHne
B ($az30BOM OPOCTPAHCTBE OCTAETCA CYIIECTREHHO KAHOHWYE-
CKWM B XOfie Bcero mponecca. Torma ms (3.4) caenyer, aro
B M0G0l MoMeHT moBepxXHOCTH f1=const u w==const copma-
A810T, T. €. 4T0 B JI060#1 MOMEHT (YHKUHMA BEPOSTHOCTH L
IOCTOAHHA BAOAL Ni060i1 moBepxHoctH sHepruum. C gpyroil
CTOPOHHK, OJIHAKO, COOTHOLIEHUE (3.3) 50 bIIe He BEIIOTHACTCA:
na Jgioboii mosepxuocrm H=const ¢yurnua w, poobme ro-
BOPA, B XOJe IIPOIlecca MEHAeTCA, TO e CaMoe CIIPABEIUBO
naa ¢yuxuuu H Ha 060t moBepxHOCTH w=const.

Oyuxkuus H saBucuT OT OJHUX TOJIBKO BETHIHH I,.
Tloaromy azoBEE TOURY, MPECTABIAONIIVE efNHIHbIEe MEKPO-
cUCTEeMHL ¢ OHMM W TeM sxe sHaueHueM H, B moboii mammmiil
MOMEHT BPeMEHHN f, TAK:Ke JeKAT HA ofHoH H-moeepxHocTH
¥, CJIENOBATeIBHO, HA OTHON w-NOBEPXHOCTH B J060I mpyroit
MomeHT BpeMeH” {. OmHAKO MOBEPXHOCTH, OoOpefierseMas 3T~
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MA TOYKAMH, COOTBETCTBYET IIOCTOSHHOMY 3HaueHH H, TONb-
KO €cJIM OHa cramuoHapHa. B coorsercrsum ¢ (2.50) oHa coor-
BETCTBYeT HOCTOSHHOMY B3HAQUEHWI0 W, TONBKO €CAHd He Cy-
HIECTBYET MOTOKA MEMIY MOBEPXHOCTAMH SHEPTHUH.

Jlro6oit mpouece paceMOTPEHHOTO 37eCh THOA MOMKHO HMH-
TEPUPETEPOBATH B TEPMHUHAX H3MEHEHHWI, NPOUCXOIAMUX ¢
H- u w-nosepxHOCTAME B (pa3oBOM mpocrpaHerse. Ilocrymas
TaKAM 00pasoM, MH MoxieM He 0o0palfaTh BHUMAHUs HA KOM-
IOHEHTH (a30BOH CKOPOCTH W TOTOKA, KAacaTeJIbHHE K HO-
BEDXHOCTAM SHEDPIHWH, MOCKOIBKY IS KAaHOHMIECKOTO pac-
mpefiesIeHnst W HA DHTUX HOBEPXHOCTAX IOCTOAHHO.

B cayuae mporecca, XxapaKTepu3yOIMErocs HOCTOSHHKEMMY
BHAYEHHAME IapaMeTPOB Z,, DHEPIUA KaKI0il MIKDPOCHCTEMEl
ocraeTcsi HEW3MEHHON, NO3TOMY TedeHHEe B HAUNPABICHWH,
DePOeHANKYIAPHOM ILOBEPXHOCTSIM 3SHEDPrdHM, OTCYTCTBYET.
Boobmie rosopsi, cupaBeqineo Take o6paTHOE IIOJNOMKEHHE:
H3MeHeHye BeNWYHH I, Oo0HYHO IPHUBOIUT K BOSHMKHOBEHHIO
Te9eHNUA B HAUPABJIEHWH, HNePHEHIHKYASAPHOM TOBEPXHOCTAM
sEepruu. Eciand, ¢ pyroil cropoHsl, ACKIIOIATH J000M MOTOK,
HOPMANLHHI K TOBEPXHOCTAM 3HEpPrum, To u3 (2.50) BHITE-
waer, 9r0 dw=0. Torga uz (3.8) m (3.10) caemyer, gaT0o 1M
0CTAeTCsI WOCTOAHHON; TaRHM 00paszoM, mpolect XapawrTepu-
ayercA MOCTOSHHNM sHadenueM sHTpoumu S. Obparmoe yr1-
BePIRIEHIEe HECHPABEIJINBO.

Ilast mpomsBoJaBHOrO mpouecca u3 (3.5) ¥ 3aMedanmd, 4T0
H asuasercsa (byHKunefI ONHUX TOABLKO I,, cIedyeT, 4TO

exp& {(}_j dW—I— 3 dﬁ\__
=h‘1” [1 dﬂLHexp \—\\dv—
oH .
— 5 dz, U(a—xkexp (——\7}—/) va , (3.26)
AN
. ) ’ . _ \
dT—Q%dﬁ:——%TdﬁQh‘V!\Hexp ﬁH dv/H—

—|—dxk(/h“"f%%exp T;Hdv) (3.27)
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B cuay (3.4), cko6ku B (3.27) mpencrasiawT coboli cpegame
or H uw 0H/0x,. Ucmonssys (3.7) m BBOOA 0GO3HAYeHMe

/GH \*
O L 3.28
o= ()
MBl moaydaeM mus (3.27)
av — %f—' a9 — — % 4% + X9 dzy, (3.29)
unu, B cuay (3.12),
dV'="—Sd0 XV dz,. (3.30)

Us (3.12) caexyer raxsme, 910
AU '— d¥'=8d9'4-"0dS, (3.31)

rar uro mocie uckiaogeHna d¥ us (3.30) u (3.31) MbI momy-
yaeM OKOHUYATEIBHO

AU = 9dS + XPdx;? (3.32)

Bcee amn coornomenus npunagie:rar F'u66ey ({111, crp. 44).
B uwacrmocTu, coormoimerme (3.32) mpemcraBiaser co0oll He
q9T0 WHOe, KaK OCHOBHOe JuddepeHHnanpHOe ypaBHEHTE,
urpawoliee KI0YeByH pons B8 foxbmell gacrn paGorsr T'ub6cea.
OfHa®ko ecHy Mbl XOTUM NPUMEHHUTH PE3YIBTATH K HpoOIec-
caM, OTJINYHHEM OT O0PAaTHMEIX, TO CTAHOBUTCA HEOOXOIMMEIM
IaTh UM MCTONKOBAHME, HECKOIADLKO OTIMYAIONIEECT OT HCTOMI-
KoBaHua, mpunsatoro I'm6Gcom.

Tar war H upepcraniasier cofoil HOJHYIO SHEPLU0 ejn-
HOUHOH MUKPOCHCTEME, TO Koadpduuuento 0H/dz, B (2.38)
npefcTaBAsoT ¢o00il BHEIIHWEe CHJALI, AEeHCTBYIOUTHE HA 3TY
Mukrpocucremy. Becpma cobirasaurensuo, caenys I'ubocy,
TOOBITATLCS MHTIEPUPETHPOBATL cpefHMe 3HadeHHs: (3.28)
KAk Maxpocromumueckue cuiasl B cmbicye m. 2.1. Opgmaxo mu
CHOBA 3aMETHM, 9TO BIAWSHHE OKPY/RAIOUIENH CPebl HA MHKpPO-
CHCTEMY ONUCHBAETCH MAPAMETPAMHE X, He BIIOJHE aJeKBATHHIM
obpasom. Orcrmjia ciaemyer, 4TO0 He CYNIECTBYET HACTOSINEro
ONPABAAHUA MIA TOALKO ITO OTMEUEHHOH HMHTEpHpETAIHH,
KOTOpad OrpaHuvmBaeT NPUTOJHOCTDL COOTHOmEHHs: (3.32)
TONBKO K oOparuMum nporeccam. CoxpanmMm MOITOMY BEpX-
Huil uaRekc r B (3.28) u GymeM HassBaTh 9TH CpelHUE 06pa-
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mumemy cusami MarpocucreMul. OO6bBscHeHHe HTOTO Hasma-
gua Oymer madHo B m. 3.6.

3.5. llepsas ¢yHmamenTanbnas teopemMa. B mpemmaymux
pasmenax MexXaHHYeCKHe KOOPAMHATEL M rteMmeparypa O
HCIOJB30BANNUCh B KAUECTBE HE3ABMCUMHIX HEPEMEHHKIX, Xa-
PAKTEPU3YIOMIMX COCTOSAHHME MAKPOCHCTEMEI, & OCTAJALHEIE
mepeMeHHbe COCTOSHUA, TaKHe, KAK, HANDAMEP, BHYTPEHHAA
SHEPruaA WIH DHTPONHUs, pPACCMATPHMBAJNCE KAK (YHRIUE
U(x,, "), S(x,,?) or z, u or §. Jlanee OrI0 mOMydYeHO BaK-
Hoe ypasueHne (3.32) u Obl0 cfenano HabnOfeHHE B I. 3.4,
970 mpocreiiuine mpoueccs B (asoBOM MPOCTPAHCTBE COOTBET-
CTBYIOT HOCTOSHHKM 3HaueHusaMm z, # . Ilosromy ymo6Ho,
O KpaliHeil Mepe BpeMeHHO, MCII0Jb30BaTh B KadecTBE HEla-
BHCHMO} HMEPEMEHHOI SHTPOIMIO HAPAAY C X, W IPECTABATH
BHYTPEHHIOI0 SHepruo u reMumeparypy B ¢opmax Ulz,, S),
Bz, S).

BBemem Temeph MaKpocKomW4ecKHe cuasl X, B CMEICHe
m. 2.1 m OymemM paceMarpuBaTh pasHOCTH X;ﬁ’):Xk—Xgr)
MERIY DTHMH cHIaMu u obpatumeiMm cuigamu. Hassias sti
PAas3HOCTH Heobpamumwmy cudaMu W OTcHRas X m. 3.6 sa
00BACHOHNIEM STOTO TEPMUHA, 3aMETHUM, 4TO KaKAAd MAaKpo-
CKONMYECKAs CHJIA IOSIBJISETCS Temepb B BHIE CYMMBI

X,=XQ 4+ X9 (3.33)

ob6patumoii 1 HeoOparumoil wacreil. B cuny (3.33), ypasme-
Hne (3.32) npumHUMAET BUJ

dU= X yday —XYday, -+ 9dS. (3.34)

Hepsas gynbamenmasvras meopema TepMOIEHAMIAKK yCTa-
HABIMBAET, UTO OPUHINI COXPAHEHWA IHEPIUM CHPABENIUB
He TOJLKO AJNA MUKPOCHCTEMH, HO NPUTONEH TarKe W 1714
MakpocucTeMs B cMbBicae ypaBHeHus (2.3). B coorpercreum
¢ BTHM ypapHeHUeM NpHUpaleEle BHYyTpeHHell DHeprun gaercs
aleMeHTapHOH padorToll MaKPOCKOIWYECKUX CHUJI IIIIC HeRo-
TOpOe BHEMEXaHWIeCKoe caaraemoe d(J, KOTOpoe Ha3bHBAETCH
OPHTOKOM TeIlIa.

C MAKPOCKOTIMIECKOU TouKM 3peHus d(), 04eBUIHO, HpeS-
crapiasger coboll mpuUpameHne dHepruy, 00yCIOBIEeHHOE MOJe-
KyJIAPHBHIM B3aUMO/EIICTBHEM BAOJDL IPAaHNIEI U HE yYUTHIBAE-
MOe mapaMerpaMé . lIpH TakoM HCTONKOBAHHH IePBAs
dynrameHTaNBHAS TEOPEMA TPeRCTaBider c000H He UTO WHOE,
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KaK HepreTHIECKHi npuanun mexanuki. Ha Muxpockonuge-
CKOM ypOBHE, OJHAKO, MeXaHWIEeCKOe BINAHHUE OKPY;RaIoIei
CPeJIE MOJHOCTHIO OIpefesaeTcsa napamerpaMu,. G s1oi Toakm
speansa d(Q mpefcraiaser co6oil BHeMeXaHMIECKOe yBeaImie-
HUe SHEPruM, W IepBas (yHJaMeHTAJIbHAs TeOopeMa JOJHKHA
MHATEPIOPETHPOBATHCS KAK AKCHOMAa WIH KaK OunpefeleHme
mputoka Temia d(Q. Mawpockonwmueckas paGora (2.1) mo-
ABIseTcA Kak mepBasa cymma B (3.34). Ilepras dyrmamMenTann-
Hasg TeopeMa M[O0ITOMY OKBUBAJGHTHA YTBEPKIEHHIO, dYTO
OPHTOK TENIa paBeH

dQ = 0dU— XPdx,. (3.35)

3.6. Bropaas ¢QysgaMenraisnas TeopeMa. Paspemas
(3.35) oTHOCHTEIBHO IIPUPATIEHHS HHTPOLNUH, LONLydaeM

Lo o i ]
15 = %? + _é- XOday; (3.36)
nnu
dS'=d"8 ++ d¥S; (3.37)
rie
d"s L d d9s 1 XDz, 3
=F Q, :-@* N xk. (3- 8)

B coorsercreuu ¢ 1. 2.1 aqmaGartudecKumid mponecc OIpe
[elsIeTCsA TeM, 9TO B HEM OTCYTCTBYeT Kakoil G TO HE OBLIO
TEINIOOOMEH ¢ OKPYKalomedl cpefoil, T.e. COOTHOIMEHUEM
dQ=0. Takum o0pasom, d'’S mpefcraBiser BO3paCTaHHE
OHTPOINUN, He 3aBUCAINEE 0T TeII000MeHA W MOTHOCTHIO obye-
JIOBJIeHHOe usMeHeHuamu Bexugu# r,. C Apyroil cropomm,
d"NS ompenmensercas Tema000MEHOM X HE BABHWCHT OT .
B coorsercteum ¢ (3.37) mpHUpamieHue 3HTPOIMKM COCTOHT
u3 nByx uacreii: dVS, 00ycIOBIEHHOr0 TEMIOOOMEHOM ¢
OKpY/RAINEHl Cpejfoil M HABBIBAEMOTO NPUMOKOM SHMPONUL
(MI® COOTBETCTBEHHO OTTOKOM, €ClM 3HAK 3TOHl BEIUYMHEL
orpunaresen), torga kak d’S me sasmenr or TemnooGMeHa u
HAsBIBACTCA nopoxcdenuen snmponuu BEyTpH cucremu”. Ipo-
nece, miaa woroporo dS=0, HA3LIBAEGTCA USIHMPONUHECKUM.

BynaeM HasHBaTh MPOUECC 00pAMUMBLM AT HE0OPAMUMbLM
B 3aBHCUMOCTH OT TOr0, OyHmer JIHW TOPOKACHHE DHHTPOLNNN
Ha ero GeCKOHEYHO MaJibX IHAraxX PABHO HYJ IWIM OTIHMIHO

U Unu snympennusm eosprcmaniem sumponui. — Ipus. ped.
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oT Hyns. 3HaueHme dTHX [ABYX TEPMHUHOB CTaHeT ceiiuac
acaum. B cmry (3.38), mamnoe ceiiwac onpenenenue osmauaer,
910 A1060H HWpolece, MAymMuii IpW TOCTOSHHEIX z,, obpaTmm

TOYHO TAK 3Ke, Kak moboii mponece ¢ X, obpamanmuamMucs

TO}KIECTBEHHO B HVIB, T. €. ¢ Xk=X;(f). NnMerHO 1o aTOi
npuanne sermannn X5 u X§ HaswBawoTe:, cooTreTcTREHHO,
o0pATEMHME M HeOOPATHMHME CHIAMH. DTO ke OOBACHIET
¥ BepXHue HHAeKcH 7 u i B (3.38) V.

[VrBepsnmenue o TOM, 49TO M3MEHEHHS COCTOSHHA IPH
¢UKCUDOBAaHEKX BHATYEHUAX I, 00pPATHMEL, HA NEPBHH B3TAAN,
pacXoanTca ¢ XOPOIIO M3BECTHHIM (PAKTOM, 4TO TEII000MEH
BHYTPHM 3aMKHYTOH CHCTEMEl IpeficTaBiser co0oil Heofparm-
MHI mpornecc. OmHAKO 3T0 HECOOTBETCTBHE — TOJBKO Ka-
mymeecsa. Ileno B TOM, 4TO MH OorpaHuumAMch B I. 2.1 cm-
CTEMAMH, XapaKTePH3YIOIIUMUCT €ZWHCTBOHHRIM 3HAYEHHEM
TeMnepatypsl. B cmmouinofl cpefe 9TO yCAOBHE YIOBAETBO-
pAeTcs, ecayM OTPAHWYUTHCA OECKOHETHO MANLIM JIEMEHTOM.
Cayua#l cucTeMH KOHEYHOro o00BbeMa, XapaKTepPH3YIOMHHACH
TEMOEDATYPHEIM IIoJeM, OyZeT ; paccMOTpeH B m. 5.4.]

Bropas ¢ysnaMeHTanbHAA TEOpEMA TEPMOJUHAMAKY YCTA-
HABJMBAeT, 4TO MOPOK/EHHWE HHTPONUHN HUKOTIa HE OLIBaeT
OTPUIATEIBHEIM, WIH, TOYHEe, YTO

d9S = 0+ (3.39)

I7le 3HAK PABEHCTBA COPaBEIAWB IS 0fpaTHMEIX TIPOHECCOB,
a 3HAK HepaBeHCTBA — [Jd8 HeoGpaTHMEIX.

Hepasercrso (3.39) ompasjipBaer Hassamme «HEOGpaTH-
MEIE» [AIA LPONECCOB € MOPO;KICHHEM DHTPOIMN.

B cBssm ¢ (3.38) 6mIO OTMEUEHO, UTO MOPOKACHUE DH-
tpomun d’S Bcerma monydaercs BCACICTBHE USMEHEHWS Z,,
TOTHA KaK OpUTORK (WAU OTTOK) sETpomum dS o6ycioBim-
Baercs remiaoobmeroM. G Apyroil CcTOPOHEI, ME YK€ 3aMETHIH
B 1. 3.4, 9T0 B A30BOM IPOCTPAHCTBE HE BO3HUKAET TEUCHHSA
B HaOpaBIEHUW, HEPUEHAUKYIAPHOM IOBEPXHOCTH DHEPTHW,
Korja mapamMerpsl Z, ¢urcmposaHu. [fosroMy TeminoolmMen
¢ OKpy/Kaiomell cpefoll COOTBETCTBYET UYWCTOMY HOTOKY B
($a30BOM HOPOCTPAHCTBE, TAK 9Yr0 UpHpameHEHe HHTPOINH
d"S mpencrapiasger cofoii COOTBETCTBYIONMEE 3MEHEHNE AMEI0-
meiica uHGOPMANUKN, OTHOCAMIEHCH K COCTOAHMIO eIMHWYHOMN

1 Ilo-amramiickn reversible u irreversible processes.— Hpuast. ped.
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MUEPOCHCTEMEI. JTa uacTh mpomecca obparmma, sHar 4§
MoykeT OWITh HPOM3BOJBHHIM; BOzpacramue sHrpommu dS
ompepeisiercs TteMmepatrypoi & wm mpmrokoM Tremna dQ.
WUz paccysrperuil m. 3.4 ciemyer, majee, 94T0 U3MEHEHHUE Z,
OGBIYHO HPHBOAUT K MOABICHHUIO TEYCHHA, NMEPHEHJHKYIID-
HOI0 K IIOBEPXHOCTAM HHEPIWU. ITO TedeHWe, OJHAKO, OCTAB-
afeT PHTPONHUI0 HEU3MEHHOM U, TAKIM 00Pa3oM, IpeicTapIsaer
apyrylo obparmMyro gacth mpomecca. Orcioja cuegyer, 9TO
nopo:kmeane suTponum, d0S, KoTOpoe TaKke BO3MOMKHO,
clefyer MPUINUCATH UOTOKY, MMEIOIEMY MeCTO B TO ;Ke BpeMs
H TaK yke IPOHCXOJAMeMY OT M3MeHeHUs z,. B coorBercrBuuI
¢ (3.39) aro HeoOparmMas dYacTh NPOIECCA; CBSIBAHHOE
¢ Heil mOpOs/ieHNe JHTPONHUU OCTAETCA HEU3BECTHHIM, IORA
He MH3BECTHO, KaKmM obpasom cuasr X, pasOuBaiorca Ha
gactnr X7 m XV,

Tenepr Vvixe OUEBHIHO, YTO JUIA UPOIECCOB PACCMOTPEH-
HOro 3Jiech THOA BTOpasd QVHAAMEHTAJBHAA TEOpeMa PaBHO-
CUTbHA YTBEP/RMIEHMIO O TOM, 4TO B ($aAz0BOM HpOCTPAHCTRE
HOTOK, HOPMAJBHHI K TOBEPXHOCTH 9HEPIUH, HOCKOJIBKY OH
o0yciaoBieH W3MeHeHUeM Z,, YMeHbIIaeT uHGOPMAIHAI O eau-
HUYHOI MUKPOCHCTEME M, TAKUM 00pasoM, yBeIUYHBAET
sHTpomuio. Coriacuo sTOMY YTBeP;KIGHUIO, OPOLECCH ¢ YHC-
THIM VOBIBAHNEM DHTPOUHH (Ge3yCI0BHO He BO3MOKHEL. Dbia-
T'0Japs TEITO00MEHY ¢ ORpY;Raomeil cpenoil, KOTOPHI BhI3bI-
BaeT APYyroil NOTOK, HOPMAJXBHBEI K LOBEPXHOCTAM BHEPIHH,
SHTPOOUA MOSKET W3MEHATHCA B JIOOVIO CTOPOHY 1 HE3aBN-
CHMO OT Z,.

Mo;RHO OTMETWUTB, 4TO B ODIIEM cJIyuae IMOTOK B (Ja30BOM
IPOCTPAHCTBE COOTBETCTBYCT M3MEHEHUI0 sHTpomuu. B ormu-
Yyne 0T TOPORAEHHs SHTPONUM BHYTPH CHCTEMBl NPHTOR MU
OTTOK SHTPONHH HAXOAATCS IO HEMOCPENCTBEHHLIM KOHTPO-
ieM Maxkpockonmdeckoro Habaropmaresis. Wrawr, sropas ¢yH-
DaMeHTANBHAA TeOpeMa 3IKBUBANEHTHA TAIGKE CICAYIOMEMY
VTBeD;RACHUI0, KOTOPOE HOCHT HeCcKOJIbRO (oxee ofmumii xa-
parrep, yeMm GOpPMYIMPOBKA, AAHHAA B OJHOM N3 HOCIETHUX
maparpagos. B tepMogmHaMuyecKOM mpoliecce Ti060il mOTOR
B $a30BOM LPOCTPAHCTBE, HE KOHTPOMMPYEMEII MAKPOCROIU-
qecKuM HabaomaTeneM, yMeHbIAeT HHOOPMALHIO O COCTOTHNY
MUKDPOCHCTEMH ¥ TO3TOMY yBeamuusaer pHTpomHio. Msr Gyaem
Ha3eIBATH 3TY GOPMYIHDPOBRY (fasosoll eepcuell RTopoil dyH-
JaMeHTAJbHOH TCODEeMEI.
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Pasnmame MesxkAy rTedeHUeM M IOTOKOM B (azoBOM mpo-
CTPAHCTBE, O9YEBHAHO, OKA3bHIBAET CYMECTBEHHYI0 I[IOMOIIb
IpH MHTEPUPETANHA KBA3UCTATHISCKUX MPONECCOB M, B HaCT-
HOCTH, BrOopoil ¢yHAaMeHranbHOH Teopemst. OHO momoraer
TAK;KE B YTOYHEHUM OOHYHHIX (OPMYJIHPOBOK YTBED:KACHUI,
KACAIIUXCA M3MEeHEHHs] BeposaTHOCTH u wuHOOpMAaMM R
HeoOparnuMeix mporeccax. OREAKO 3/IeCh OCTAETCS OUH BaK-
HHI BOUpOC, KOTOPHII HeobXoammo oGCyIuTh.

Nnes moroxa B ¢aszosom mpocrpaHncrse ObIA BHIBHHYTA
B . 2.0, HOCKOIbKY MaKpPOCKONUYECKUI TMPOIECC ¢ TOmIo00-
MEHOM Helb3sg MHTEePUPETHPOBATH C IOMONIBI0 TOIBKO OTHOTO
TeueHUA B gazoBoM mpocrpaHerBe. Mur yixe supenw u. 3.4,
qTO eCAU HMCKIOYATH BO3MOMKHOCTD IOABJEHUA IIOTOKA, TO
OPUXOAUTCA OFPAHMYHATHCH TOADKO W3HTPONUYECKUMH IIPO-
eccaMn. 310 03HAYAET, UTO HPU JHOGOM M3MEHEHWHN DHTPOIUM
BO3HIRAeT HOTOK B (azoBoMm mpocrpamcree. B m. 3.4 Omio
OTMEYEHO, 4YTO BBE/IeHME NOTOKA MO:RHO WHTEPHPETHPOBATDH
mu60 Kar pemiuTedbHEII IIar, BEBOJAINA HAC 32 Tpelessl
9UCTO MEXAHWYECKUX PpacCy;kAeHuil, ambo xie KaR mpocToil
cnoco$ s NPeofoeHud HeROCTATKOB CTAaTHYECKOIG IIOXO0-
faa. Tar, Korga /ieqo Kacaercda TPAHUIEL CUCTEMBI, M IOITOMY
OpATOKA (MIM OTTOKA) SHTPOLUMU, IOMOKEHNe BIOTHE SICHO U
y:re 00CYKIan0och BHIIE., 34eCh HapaMeTpsl HE YYUTHBAGT
MOJEKYJIAPHOr0 B3AUMONEUCTBUsA, W HTOT HEZOCTATOR KOM-
meHCUpyercsa BBefeHmeM noroka. ONHAKO TOPOMJIEHHE 3H-
TPONHY BHYTPU CHCTEMH DKBUBAJEHTHO [APYIOMY IIOTOKY,
TAK 9TO CTAHOBUTCS HEOOXOMUMBIM IPOAHANU3NPOBATE BTOPOM
HeIOCTATOR crarHcTHaeckoro mopxona. [To-smpmmomy, sror
HEJ0CTATOX OOYCIOBIAUBAETCA OTKIOHEHUSMH OT KaHOHMYe-
CKOTO pacmpefeleHus, 00513aTeNbHO WMEIOIIMMUCS B HeoOpa-
THMHX [porneccax. OBGBACHEM 3TO HA HEKOTOPOM IPOCTOM
mpmmepe.

[O6pano nmacruueckoe TeueHHE TBEPAOTO TeIa OGBACHHA-
eTcsA CKOJb;KeHNMEM IO INIOCKOCTAM CHOJBREHUsS WOx meil-
CTBHEM BHEIIHWX CHJ, OGjaerdyeHHOe HAIWYIWEeM B Teje AMCIO0-
ranumii. Ha pwc. 3.1 vsoOpaniena yupomennasi KApTUHA TAKOTO
CKOJB;KeHHs, IPHYeM ¢ U b — [IBa PAJA arOMOB B HEBO3MY-
HieHHOI peleTse, § — JMWHHUA CKOJILREHHH NPI YHCTOM CHABHU-
re. Ecau capura Her, TO arOMB KONeGII0TCA BOKPYT KOH(H-
rypanmu, npejcraBienHo#dl Ha puc. 3.1, Koropas orseuaer
MEHIMYMY TOTeHHuanbHoil sHepruum. CooTBeTCTBYHOMIMIl
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ancaM0iab B (a30BOM IPOCTPAHCTBE HBJIAETCS KAHOHHIECKH
pacopefieleEERM BHOJXHh HEKOTOPOH ITOBEPXHOCTH JHEPTHH.
Ecnm mocreneEHO MpUKIAAHBAETCS KACATENbHOE HANPAKEHHE
T, TO PAMl aTOMOB ¢ HECKOALKO CIBUTAETCS HAUPABO OTHO-
cureasHo psafa b. PaGora, coBepmaemas HanpsiKeHHEM T,
VBeIWUUBAET HOTEHNWANBHYI W KAHETHIECKyH0 SHeprud, u
TOBEPXHOCT DHEPTAH, BIOJIb KOTOPOI pacmpe/ieeH ancaMbinb,
mperepmepaer HEOPEePHBHYIO fAedopManuio B (a3oBOM IPO-
cTpaEcTBe. Horfla aTOME PAJOB @ W b pacmonaramoTcs HAOpo-
THB OJ{MH JPYTOTO, MOTEHI[MANBHAS dHEPIUA DOCTUraeT MAKCH-
MyMa U KOHPHrypamua craHoOBmTCH Heycrolimpoii. lloatomy

. 000
0Q00

Prme. 3.1, Ilnactnueckoe Teuerue npH UHCTOM CHBHTE.

pPA uiv HEKOTOpas 9acTh ero HadWHAeT ABHTAThCA OHICTPO
u mpuroM 0e3 HOMOME WOJSA HANOPS/KEHWH T ¥ HPHXOIUT
B OKPECTHOCTH COCe[lHEH yCTOMYMBOI paBHOBECHOH KOH(H-
rypanuu, OTHOCHTEJIBHO KOTOPOH ATOMBI CHOBa HAYMHAKT
KosebaTbcsA, HO HA 3TOT pas aEHEeprus KoaeGaHWil cosmaercA
sa cuer paboTH HANpMKEBWd T.

flcHO, 4wro mepexon OT HeyCTONYIWMBOI PAaBHOBECHOI KOH-
¢urypaumu K ycroiidmBOil IPOMCXOAMT €O CKOPOCTHIO, CPaB-
HUMOI co cropocTamu aroMoB. Ilosromy sTa cragus mpomecca
HE B KOeM cilydae He #ABJIAeTcd KBa3WCTATHYIECKO#, dUTO
HAXONUTCA B TPOTHBOPEUYMH C OJHMM W3 HAMUX T[JIABHHEX
Ipefnono;keRuii. JTO O3HAUaeT, YTO BHAYATENBHAA YaCTh
HAKOMJIERHOI B CHCTEMe NOTEHIWAJNBHON JHHEPTUH HOYTH
MIrHOBEHHO NpeBpamaercs B KUHETHIECKYH dHepruio. B d¢a-
30BOM IIPOCTPAHCTBE 3TO IIpeBpalleHne OYeBUAHHM o06pa-
30M [JOJJKHO BKJII0OYATHL Oepexof OT KaHOHHYECKW pacmpe-
DeJeHHOTO aHcaMOJA ¥3 HeNOCPEeACTBEHHOH ORDPECTHOCTH
HEKOTOPOI HOBEPXHOCTH BHEPrHM K OKPECTHOCTH BTOPOI
TOBEPXHOCTH, He 00s3aTeIBbHO ONUAKOH K mepBoil, @ mociae-
Aylommee mepepacmpejiesieHNe 10 BTOPOil MOBEPXHOCTH B COOT-
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BETCTRAN ¢ KAHOHWYECKUMH 3aKOHAMW. ITOT Pa3PHIBHBIM
mpoUece He TOINBKO COJEP:KAT NEPEeXOJMHHE OTKIOHCHHH OT
KAaHOHNYECKOr0 pacOpefleleHNI, OH TAKKe MONHOCTHIO OTIH-
gaeTcs 0T TOI0 MPOUEcca, KOTOPHIl MOKHO 6RO OH ORHEATH
B (aB0BOM ILPOCTPAHCTBE B OTCYTCTBUM HEYCTOMIMBOCTE.
HNmeHHO 5T0 OTCTymVIeHHe B DPASBUIHE aHcamOiasd, cosgaBa-
eMoO€e BIAUAHUEeM HeycTofduBocTell, U ciaenyer o0bACHUTH HO-
TOKOM B ()a30BOM HPOCTPAHCTBE. _

Haxonern, paccMOTpeHHEIH TOJNBKO 4TO mpUMep HpefcTaB-
asieT co60il HOMe3HYI0 MIIICTPAMI0 OHATHA HeOOPAaTHMOCTH.
C MexamwvecKoil TOYKM B3peHus He CYMECTBYeT IIPUUWH,
00 KOTOPHIM eMHUYHAS MHKPOCHCTEMA He MOKeT IpPOMeIaTh
ABIKEHNST, COOTBETCTBYIOMIETO 0OpAleHUI0 PACCMOTPEHHOTO
pponecca. Ilpesme Bcero, ommako, »T0 osmagamo 6B, |TO
HaIpPA/RCHHE CABWTAa T PaBHO HYIIO, NOKA HE JOCTUIrAeTCH
HEYCTOIYNBAA DPABHOBECHAs KOH(Urypamus, moclie d9ero v
CHOBA CTPEMUTCA K HYJII0. Bo-BTODHIX, Maia BepoOATHOCTH TOTO,
49TO eVHNYIHAS (a30Basg TOIRA B HAJIEKAMI MOMEHT OKa-
METCH B HOJOKCHHHN, OTKYAA BOSMOKHO BO3BPAMICHHE K TOMY,
YTO HABHBAJOChL OKPECTHOCTHIO IEPBOI TMOBEPXHOCTH 3SHEp-
ram.]

Crepyer oskumaTh, 4To B JPYTUX CAyTIasX, KOTJIA MMEETCS
OOPO/RACHUE DHTPONNH, MHOIO;KEHWE OO0CTOUT AHAJIOIHYHBIM
obpazoM.

[[To cux mop M WCKIIOUATH TPOGTEMbI, AHAJIOTHMYHELE
TeII000MeHY MeRAY HEeCKONbKIMH TelaMHn ¢ pasddIHOIL
B HAualIbHBII MOMEHT Temmeparypoii. Tem me mMemee MOKHO
OTMETHTH, HYTO pachopefeleHNe B ()A30BOM IpPOCTPAHCTBC,
TmpecTaBIAoINee BCe PaccMaTPUBAEMEE Teld, He ABIASTCH
KaHOHUYECKUM B MOMEHT KOHTAKTa, HO CTAHOBHUTCA KAHOHU-
geckuM Onarojapst HOTOKY depe3 MOBEPXHOCTbL DHEPTHIL.]

3.7. Hexoropsie caegcreus. B coorsercTsum co BTOpoil
$yrnavenranbHoil Teopemoii (3.39) siaeMeHTapHOE HTOPOIKIE-
HOe JHTPONWI, OMpefledsAeMOe BTOPHIM ypaBHeHneM (3.38),
PaBHO HY.TI0 Mg 00PATIUMOrO TMPOMECCa M IMONOKUTEIBHO I
Heofparumoro npouecca. OUeBUHO, 9TO 3TO e CIPaBETHBO
B i TaK HassiBaeMoll aseMeHTapHO pabomei duccunayuu

AWD = XOdz, = 04D > 0. (3.40)

Ecm nponece ofpamen, kampaas meofpativas cuaa X7,
€Cli OHA OTIHYHA OT HYJIdA, AOLKHA H3MEHHTH CBON 3HAK

4 T'. Qur:aep
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BMeCTe ¢ H3MEHEeHHeM 3HAKA y COOTBETCTBYIOMEro dr,. Iro

He TaK AjasA o0paTEMEIX CHJI X4, Ux aleMeHTapHas pabora
paBHa
AW = XQdz,. (3.41)

B cuny (3.33), nse Bermymanr (3.40) u (3.41), ckaaguBasAcs,
AT NOJHYI0 3ieMeHTapHy pabory (2.1).

Ecan coxpaHATh PHTPONMIO S KaK He3aBUCHUMYIO IepeMeH-
HyI0 B JONOJHEHHWe K T,, T0 Audpdepennuan BHyTpeHHeH
aHepruu OyHeT OmpefeNATbCH BHIPAKEHHEM

AU — Ud“"”as (3.42)
Cpasumsas (3.42) m (3.32), moxyzaem
X0 = zUk ﬁzgg. (3.43)

TaxmM 00pazoM, Ipd TOABKO ITO ONACAHAOM BHOOpe HE3a-
BYCHMEIX TIEPEMCHHHIX B3fiTHE JACTHHX HPOM3BONHEIX BHYT-
peHHeil PHeprur IO MEXAHWIeCKUM KOODAMHATAM W 3JHTPO-
OUR fJaer o0paTHMMEE CHJIK M TeMIeparypy.

Ecam, ¢ Apyroil cTOpPOHBI, MEL IPEAIOYTEM HCIIOIH30BATH
TeMmeparypy O KaK HezaBICHMYIH HEePEMEHHYI0 B JOHNOIHEHNe
K Z,, T0 y{oOHee WCXONUTH OT CBOGOJHOH 3HEPrHH, Ompere-
aaemor, B cmay (3.12), coormomenmeMm

Y= J —0S. (3.44)
HOupdepennuan cpobomHOI dHEPrWH IpefcTaBAASTCA B BHAe
7R v
TAK 4TO cpasHedue Me;KAy (3.49) u (3.30) maer
oY oV
(r) — § — o —
X% =iz S I (3.46)

CrmemoBaTenpHO, NP HOBOM BRIOOpE HE3ABHCUMHIX Hepe-
MeHHHX YaCTHHE IPOM3BOJHHIE CBOGOIHOIl dHEPTHH IO Mexa-
HHYCCKHM KOOpAWHATAM M TEMImepaTrype AaoT ofpaTmMele
CHNBL U DHTPOUMIO C OOPATHLIM 3HAKOM.
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IToratae ofpaTMMocTE [0 CHX NHOP HCIOAL30BAIOCH B
CBASH ¢ KBasWcTaTHdecKuMH mporeccamm. Mmorga ymo6Ho
OPEMEHATH 9TO NIOBHATHEe K caMmoii cmereme. Taxmm oGpasowm,

CHCTEMY, B KOTOPOU EeoOpatumele ¢uibl X {J’ H, clIeoBaTeNb-
go, paGora pguccumaruu (3.40) paBHH HYJIH HE3aBHCUMO OT
BeNWINH dZT,, MOKHO Ha3BaTh (HAEANBHO) 06pamumoll cuc-
menmoti. C Apyroit cTOpPOHH, MOKHO HA3HIBATH UJeaabHO He-
obpamumoli cucmemoll TAKyo0 cuUcTeMy, MIA KOTOpoil o6parn-

mpie cual X5 ®, crenopatensHO, WX paGora (3.41) Bcernma
paBHH HyJXW©, W, tTakuM obpasom, dW=dW'. Boolme ro-
BOPS, KAK X{, rak 1 X, me paBEN Hydw. EcrecTBeHHO
TOBOPHTb B JTHX CJaydYasix O (HEHAEAJNBHO) HEOODAmMuUMbBLE
cucmemax; TOBeJeHHE TAaKUX CHCTEM JEKHT TITE-TO MEKIY
MOBeJIeHNEM NIPeflelIbHBIX CHCTEM, KOTOPHIE TOABKO 4TO OBIH
OIIPEefieIeHH .

[B cooTBercTBHM ¢ 3THMH ONPEJEICHUAMHE 9JIEMEHTAPHHE
00beMBl  HECHUMAEMOH BABKOM JKHAKOCTA WIH HICAIBHO
ORACTHIECKOTO TBEPAOTO Teja MPeCcTABASIOT cO0OI MpUMe Pkl
HAeadbHO HeOOPATHMEIX CHCTEM. OJeMeHTapHEE O00BeMsl
U/leadbHOI0 rasa WM YOPYyroro Teia CyTh WieadbHO oOpa-
TEMBEIE CUCTEMBI. JiIeMeHTADHEE O00BEMH CKEMaeMOoil BA3KOM
SKUJIKOCTH WM BABKO-YHPYroro rtela cyTh (He NAEANBHO)
HeoOpatnmule cucTeMil. CiaejfiyeT OTMETHTh, ONHAKO, WTO
Tenn0o0MeH B KOHeYHHX 00beMax JNoG0ro ws HA3BAHHHIX Tel
mpefcraBisger coboil HeoOpaTuMmeil mpomece.!

Ecan sryTpenuss sHeprus sajana kar ¢yaruus U(z,, S),
10 obpatnMee cman X5 u Temmeparypa ¢ moayuamoTca; mo
¢opmynam (3.43). Omsare-taxm, ecianm cBobofHAS HSHEPruA
sazara B dpopme W(z,, ), To ypanHerus (3.46) ompemeasot
o6parumsie cuan X4 u smrpommo S. Heo6parumeie cuanl
X}, omnaxo, 0CTAIOTCA COBEPIIEHHO HEOMPEXeleHHRMI, eCaH
He ¢IuTATh TOIO, 4TO OHH JOJKHHI Y/{OBIETROPATHL HepaBeH-
crBy (3.40).

3.8. Tperbsa dyngamenraabuas teopema. B m. 2.1 Gmo
0TMEYEeHO, YTO KOHCEPBATHUBHAA CHCTEMa MOJEKyI, HE OXBa-
9eHHEIX 3aMETHEIM [BIDKEHIEM, VIOBJIETBOpsAET NPHHIIHILY
sHepruu B opme (2.2). Brao morasano Taxme, uTO HMCTHH-
HOe TepMOAMHAMIYECKOE IIOBEJCHHE COOTBETCTBYIOmEH Ma-
KPOCUCTEMEI CleAyeT OO0BACHATH IBH/KEHUEM MOJeKVI.

4*



52 § 4. Tepmodunamura neobpamumblz Rpoyeccos

BooGpasuM cefe Temepb, uTO TOCPEAiCTBOM OXJaKASHU
OT CHCTEMBI OTBEJEHO HACTOJLKC MHOTO SHEPIHH, UYTO ee
KUHEeTUYeCKasi 9HePrus CTAHOBUTCA NpeHeOpe;KxmMo MaJioi.
B xome aToro mporecca MakpocucTeMa OPHONHKAETCS K CO-
CTOSIHUIG, B KOTOPOM NPUHUWI HEPIUH TPUMEHUM B Qopme
(2.2) n cpasmenune ¢ (2.1) norassBaer, 4To B Ipejele BIYT-
peHHsiA oHeprus cTaHOBUTCH ¢(yEKmmeir U(x,) or opEmx
TONLKO MEXaHMYECKUX KoopamHAT. V3 BTOpOTO ypaBHeHHA
(3.43) cmenyer, 9To OHOBPEMEHHO TeMmepatypa ¢ cTpeMHTCH
K mya0. IToaromy Hyns abcomwoTHOI TemmepaTypsl O cooTBET-
CTBYET COCTOSHHI), B KOTOPOM MOJIEKYJH He O0NajalnT KH-
HeTWYeCKOH dHeprueil.

B cootBercTBUEN ¢ mepBHIM ypasuHeuueM (3.43) obpatmMnie
cuner X&) rakke craHoBaTcs mpH 5TOM (BYHKIMAME OJHUX
TOJABKO Z,, KOTAa Temmeparypa & crpemurcsa k mymo. Iloaro-
My 13 mepBoro ypasHenus (3.46) caenyert, uro 9*V/0z,00— 0
opu $—0. B cuny Broporo ypasmenus (3.46), aTo o3Hauaer,
aro 0S5/0z,—~0 mpm 0—0. 910 um cocraBiseT cofepsRaHue
mpempeti fyrdamenmasvroli meopemst TePMOAMHAMHKH, YT-
BepKAAWINeit, 9To mpy mpubimxeruy a0cod0THON Temmepa-
TYPHL K HYJI0 SHTPONUA CTPEMHUTCS K HpeRely, He BaBUCAMIEMY
OT MEXAHHYeCKUX KOODPAHHAT Z,.

§ 4. Tepuodunarura HEOGPAMUMNX NPOUECCOs

4.1. Hewrotopsie sxcTpeMaibHbie NpUHUHIBI, B coorBer-

CTBUU ¢ . 3.7 06paTHMbIE CHIIEL X n TeMIepaTypy & MO;KHO
TIOAYy9¥Th, BHYUMCING HYAaCTHHE UPOM3BONHEE BHYTpeHHe:H
sueprun U(z,, §) 10 MeXaHWYECKHM KOODHMHATAM Z; II
saTponnn S. AHamorugHo, fuddepenuupysa ceobogHyo aHep-
rro Wiz, , 9) uo x, nd, moayuaem X4 u—S. Taxum o6pason,
o0paTtiniaa 9acTh XAPAKTePHCTHH IIOBEfleHHA CUCTEMBl OIpe-
nexsgerca ogHoil pyHrnuei cocroannsg, U nan W,

Ins meofpaTMMBIX XapPAKTEPUCTHK HOBEJEHUA CHCTEMEL
He cymectsyer mopobGueix upasuix. llpaspa, sropas ¢ympa-
MeHTaJBHAA TeopeMa maeT HEKOTOPOe YCIOBHE, CBA3ZLIBAIO-

mee He3aBHCHMbie IepeMeHHbIe COCTOAHNS C HeOGpaTHMHMU‘

cunayu X), ogmaro ata cBs3b HocTaTOwHO caaba. 37ech

CyImecTnyer 6peU_IL, KOTOPYIO MBI IocTapaeMcsa 3arRpLITh
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¢ TOMOIIHI0 HEKOTOPOTO MPOCTOTO AOIMOIHUTEIBHOTO IPeIIo-
JREHIS.

B . 3.6 Omio mokasaHo, 4ro Jdi000H KBas3MCTATHYECKUIA
mpolecc, BRIIOYAOMMII U3MeHEHIe MepeMeHHBIX &, W He
BIIOJHEe OOpATUMEI, IPUBOIUT K HOABJIEHHUIO IMOTOKA B (Paso-
BOM ]]pOCTpaHCTB.e, 9KBMBaJICHTHOIO0O HEKOTOPOMY NOPOMAe-
gm0 sHTpormm d0S > 0. 910 mopom/IeHNEe YHTPOTUM MOFKET
3aBUCETh OT COCTOAHMS CHCTEMH 1 €6 WCTOPUM; MHAYE TOBOPA,
OHO HOJHOCTBI0 OIPeAelsercs IPUPAMEHUAMU dZ, M MOMKET
6sITH BHDa;keHo, cordacHo (3.40), wepes Temmeparypy u die-
MeHTapHy0 pabory amccmmamun. Ha ompenenemHoM srame
mponecca dD8 w AW sapucar, Takmy 06pasoM, OT mpEpa-
meRnit dz,.

Brenem Temeps ckopocmv noposcdenus osnmponuu dS/dt
u ckopocmb pabomu duccunayuu PO=dWD/dt. Ypasnenne
{3.40) mpuHHMaeT TWpH 9TOM BUA

(i)
PO — X0z — 995 >, (4.1)

at =

M M3 TOTO, 9TO OEIIO TOABKO YTO CKA3aHO, CIAEAYyeT, 4ro HA
JaHHOM 9TAame HPOIecca CKOPOCTh PalOTH AUCCHIATWHN Mpef-
€TaBAsAeT c000H HEROTOPYH (YHKIHIO,

PO =D () =0 (4.2)

oT cKopocmetl . Cremyst Poaero [28, 291, wmer Gynmem massi-

BATH D(x,) duccunamustolil gﬁy}mqueu cucmempr. QHA CTOXD
JKe BayKHA AaA XapaKTepI/ICTI/II\H HeOOpaTI/IMOII TacTH mpornec-
€a, KaK BHYTPEHHsI I cBOOOJAHAA BHE THA [aA ero oGparn-
moii wactu. Chegyer HmOMHHTL XoTd mpencrasiaenume D(z,)
HE IOJYepPKUBAET TOTO MOMEHTd, 4TO, BOOOImE TOBOpS, MuC-
cunaripHas GYHKINA 3aBHCUT HE OT OHUX TOJIBKO I,, HO U
OT COCTOAHHA cucTeMul u ee meropun. ClefyeT Tar;ke oTMe-
TUTH, 9TO AUCCHNATUBHAS (YHKIUA HEIOCPECTBEHHO MOIY-
waeTcs, €cAH PACCMATPUBATH PA3BUTHE CHCTeMEl B (ha30BOM
TIPOCTPAHCTBE, W OMPENeIAETCA COOTHOMICHIeM

o 495
dt

fe3 momomu HeofpaTUMEIX CHIT X, KOTOpHIE IOABJIAIOTCH
TOJILKO HA MAKPOCKOOWYECKOM ypoBHe E cBssaHH ¢ D(zx,),

D) =0%2>0 (4.3
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coraacuo (4.1) m (4.2), cooTHOMmEHHEM
XWiy = D (as) > 0. (4.4)

[[Lna Toro uTo0H HOAYEPKHYTH OCHOBOMOJATAIMIYIO BAYK-
HOCTh MHUCCHNATHBHON (YHKIUM, PACCMOTPHEM CHOBA JHJICMEHT
COJOIHON CPeRr. 37ech T, NPEeACTaBIAIT CO60H KOMIOHEHTHE
meopManuu, OOpefeldimye KapKac MHUKpOCHCTeMH. Ecam
Temepb CKOPOCTH JeOpPMAINE , M HadaJbHEE YCIOBUA 3a-
NaHE, TO [IBWKEHWEe MHUKDOCHUCTEMH BIOJHE ONPENeeHO.

Pnec. 4.1.§ IlpencrasieHne B IPOCTPAHCTBE CKOPOCTEH.

Ha pammoM srtame mpomecca pedopManuum HOPOEICHHE DH-
TPOOHH BEYTPH MAaKpOCHCTEMBI 3aBHCHT TOJBKO OT &,. ITO
e cmpaBefimBo ¥ Iax QyERumm D(r,), KoTopas, TaKmM
obpazom, ompenenserca 0Gez ofpamemmsi K HeolpaTEMEM
curam X .} '

Bynem mETepmpeTHpOBATh BEINYMHLL £, KAK IPAMOYIOJb-
HEE JIeKapTOBH KOMIOHEHTH BeKTOpa ckopoctu (puc. 4.1)
B EeBKIHJOBOM n-MeDHOM IPOCTPaHCTBE CKOPOCTedl U Hpej-
crasmM BeauquHEH X' KaR IPAMOYIOJbLHEIC JHeKapTOBH KOM-
MOHEHTH BEKTOPA CHJIH

XV =mv, (m=0) (4.5)

B eBKJINJOBOM CHIOBOM IpPOCTPAHCTBE, ONpPEHedseMOro Mo-
nyieM m ® eAWHHYHEM! BeKTOpOoM v,. Ha mpomsBompHOM
sTame mpomecca ) 3aBMCHT TONBKO OT ¥,, IO KpaiiHell mepe
AIBISIETCS MOJOKUTENBHO MOJyonpeyelieHHON 1 GymeT B Jalib-
HeillmeM mpejmnonaratecsa mspecTHo#. OTciofa caemgyer, uTo
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B NPOCTPAHCTBE CKOPOCTEH FHNEPIOBEPXHOCTA
D(@y)y=M (4.6)

(rae M — HeorpunarelpHAA IOCTOAHHAA) WBBECTHH.
Jlns toro utofm 3a7aTh CBA3L MEEAY BEKTOpaMHM I, U

X5, 1. e. YCTaHOBHTH COOTBETCTBHE MERIY CKOPOCTAMHE U
HeoOpaTUMEIMM CHJIaM¥, BHIBWHEM YCJIOBMe, 9YTO Bce Heobpa-
TEMHE TPOIECCH PaccMATPUBAEMOTO 3716Ch THIA Y OBJIETBO-
PAIOT NPUHYUNY MUHUMAALHBT HEOOPAMUMYBL CUA: €Cau
peqmarEa M > 0 auccunaTMBHON (YHKIHM M HaIpaBleHHe
v, HeOGpAaTHMOHl CHJIE 3aJAaHH, TO MCTMHHAA KBA3UCTATHYE-

€Xasg CKOPOCTD xk ‘TaeT MEHUMYM BeIUWIHMHH M HeoOpaTuMmoil

cunsl XY, ynosiersopsmomeil MOMONHATENLHEOMY YCIOBHIO
(4.4).

W3 sroro mpunmunma suiteraer pAp caepctsmid. Ilpm 06-
CYK/ICHAY OTPAHWYWMCS CIYyIasiMd, B KOTODHX JIMCCHNIATHB-
Hasg QYHKOUS HempepsBHA. OTO OrPaHMYeHHMEe (U3MIeCKH
ONpPaBIAHO, NOCKONbKY CREeIYeT O;RUNATH, UTO BCErAA MOMKHO
anIpOKCAMAPOBATH ¢ SOCTATOYHON TOUHOCTLIO AAHHYI QyHK-
muio D(z,) menpepHBHOH# (yHKIueil.

Ha pmec. 4.1 v, umpepcraBigeT 3afaHHOe HAnpaBIeHHe
cu0Boro Bextopa X5 . KOHIM paccMATPHBAGMEIX BEKTOPOR
CKOpOCTH pacmodaraircs Ha uosepxroctn! (4.6), rme
M > 0 IlpmEIMD ycTaHABIHBAET, 4TO JIGHCTBHTGJILH&H CKO-
POCTD &, MAHHMHBMPYET BJMINHY BEKTOPA CHILI X, ymos-
JETBOPAIOIIEI0 BCIOMOTATEIBHOMY Yycao0BuI0 (4.4), 171, cie-
JOBaTEJbHO, MAKCHMHABHPYET OpOW3BeJeHHe v,r, Ba MOBepX-
BocTH (4.6). Takum o 6pasom, OPUHEIWI ycTaHaBJmaaeT ompe-

JieTIeHAOe COOTBETCTBNE M}y BEKTODAMM I, N X, ne.
MEKIY TOYKAMA B TPOCTPAHCTBE CKOPOCTell W B CHJIOBOM
OpocTpaHCTBE. ITO COOTBETCTBHE, ONHAKO, He 00f3aTeldbHO
onmHo3HauHO. Mosker OHThL 1 Gonee opHoro pemenus. Ilycts P
0603HagaeT COOTBETCTBYIOMIME TOYKU B IPOCTPAHCTBE CHO-

pocreii, U mycTb m — OOLUMH MEHEMYM BeamduH X (Y, Ram-
Jad B3 TOUeK JeKUT HA mopepxHocTH (4.6), a Taxkke HAa ru-

1) Ilnga mpo¢TOTH MH OymeM BooOIMe MOJB30BATHCA TEPMUHAMII
«MOBEPXHOCTHY H IO CKOCTHY BMECTO TEPMHHOB «THIIEPHOBEPXHOCTEHY 1I
(THIEPIIOCKOCTHY.
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nepmiaockoctTd E, oproroHanbHOI XM e ypaBHEHHEM
XYWz =M, (4.7

B kotopom XS ompemerserca (4.5).

Msr Temeps cBsseM ¢ Kagyoll cropoHoil E onpenenennmi
BHAK, Tak 9T00H CHANAPHOE IPOUBBEIEHIe VX, BO3PACTai0
Mpu Tepexofe depes IMIOCKOCTH ¢ OTPUNATENLHON CTOPOHBI

H3 TONOKEHTeABHY0. IlOCKOIBRY HeiicTBHNTENLHEE I, MaK-

CUMHBADYIOT Npou3BefeHWe v,r, Ha (4.06), Bce TOURH dTOIL
WOBEPXHOCTH, KpoMe TOUYKM P, mejrar ¢ orpumarensHOIl cToO-
pousl 1aockoctn E.

Paccmorpum Temepr Bce BO3MOKHEIE HANpaBIeHHA WV,
U OpemoO;KHM, YTO HAa mOBepxHocTH (4.0) cymecTeyeT TOU-
Ra, 9epes KOTOPYH HeNXb3sd TMPOBECTH HH OJHOI II0CKOCTH,
o0aagaomeil TOJBKO d9T0 ONHCAHHBIME cBolicTBamm. Torga
Ins JaHHOTO 3HageHma [ cymiecTByeT BEKRTOP CKOPOCTH,
KOTOPHIil, B CHIY NPUHOHNA HANMEHBIIUX HEOOPATHMEX CHI,
He COOTBETCTBYET HUKAKOMY BEKTOPY HeEOOPATUMOH CILTHI.
Takadg BO3MOKHOCTH OTHAJaeT 10 (QUBWIECKUM HPWIHHAM.
Orcioma caemyer, 4TO KaskAasd TOYka noBepxHocTm (4.6) me-
JRUT MO KpadHeil Mepe HA OMHON mIockocTH L ¢ ommcaRHEIMH
BHIIIIE CBOJiCTBAME, a 2TO O3HAYAET, YTO MOBEPXHOCTH (4.6)
AIBASETCA BRIMYKIOIL.

Ilycrp BHemmsst cropona mosepxmoct: (4.6) ¢ M >0
ompeyieIseTcsA TeM, 4To eil MPWHANIE;KAT TOYKU, JeKaImue
¢ TOJOMUTEABHOIl CTOPOHHK WO Kpafineil Mepe ogHoi M3 mWwiIo-
crocreit B, mw myers TouRmM, Jde;ramme WO OTPHHATEIBHYIO
CTOPOHY BCEX DTUX IIIOCKOCTEIl, OmpededsioT BHYTPEHHOCTH
nosepxuocT (%4.6). Torma mpouwssoawnHBIl niar or P B ma-

npanJICHAN X pemer BO BHemHOCTD moBepxXHOoCTH (4.6).
Tad, B cuiy OpUHINIA HAUMCHLIINX HEOOpPATUMBIX CHJI,
D =M. Orcopa caepyer, aro D naMeHAETCS MOHOTOHHO NPH
nepecevenun D-nopepxuocreil B HampaBIeHHH H3HYTPH BO
BrHe. Ilpocnemmsas 5To maMelieHUWe OT Hagalla KoopauHar O
(rpe D=0), Mn BHAUM, 9TO OHO NpeJCTaBIAeT c06OIl 603-
pacmanue.

Huccunatushan dyaxnua D momer o0paljathcsa B HYXD
He TOJbKO B Hauaxe koopauHat O, Umetorea cnyuan, korga D
pPaBHO HY/I0 B meaoli obmactu B, oxsatmparomeil toary O.
ObGpasom rtaroil ofmacTH ABIseTCA HAYaao woopaumar O
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a CHIOBOM mpocTpaHerse. HaoGopor, Touka O B mpocTpaHCTBE
fROpPOCTEHl MOKET COOTBETCTBOBATH Ieyoit obmactm B’ cmio-
‘pOTO IPOCTPAHCTBA, cofep:kaieil Touxy O'.

[Oupenensrolue ypaBHEHNs1 HEKOTOPHX HEHBIOTOHOBHIX
goparocTell (. 6.9) m maacruyeckux tex (m. 6.7) mamr mpu-
Mephl TAKOrO HOBEeREHMS.]

flero remeps, uro momepxmHocTh D = M oxBaThiBaeT Bce
posepxuoctn ¢ D < M u uro mHe HEeKOTOpoil obmactu B
cymecTByeT He Gojxee ogHOH D-mOBEeDPXHOCTH i JAHHOLO
spavennss M. Rpome rtoro, ms storo ciaegyer, 4ro o0gacrb
B Bmimyrias. '

B cnay (4.7) u (4.5), mpoussoapHslil mar ot P B Hampasie-

HEHM DAjNyCa BEeKTODA I, YBEJIUYMBAET HPOM3BEieHUE Vv, I,
H, TAKEM 00pa3oM, BejeT B HEKROTOPYK TOUKY, Je/KAIYIO
HAa NOJORUTeARHOI cTopoHe E 11, caemoBaTeldpHO, BHE IIO-
pepxHocTH (4.6). 3gece D > M u, cienosatensuo, pynxmus D
gospacmaem BHe HPOM3BOJLHO BHOpanHoil obmactm B mpu
mepexofie 0T T09KH O BOBHE BIOIb HEKOTOPOT0 NPOM3BOIBHOIO
pajmyca.

Ilpurnpyn nmamMeHbIme#l HeoGpPaTHMOH CHIB MOMKHO HC-
noNb30BATh M Jajee, eciu Bospactanme I BRoap pagmyca
JOCTaTOYHO CIIBHO. Bsemem paccrosinme

R= (J'Chih)jfz (4.8)
TOUKE %, OT Hadajga () B IPOCTPAHCTRBE CHOPOCTEll B Ipefmo-
nomuM, 910 QyERnuA D muddepeHimupyeMa BoAb JIH060TO

pagmyca, BHXomsitero us 7rouku (. FEcau npousBomHas
dD/dR yioBIETBOPAET HEPABCHCTBY

dD _ D
R (0=>0) (4.9)

Bciogy BHe obmacTu B, paccvarpuBaemyio cucreMy 6yjieM
Ha3KIBaATHL yemotivusolt. A Toro 4To0n ompapmaTh 9TO OIpe-
Aeiennye, pacCMOTPHM HEKOTODHII mpmMep.

[Ecam Touxa P He/kNT Ha DONOKHUTEXBLHON OCH I, TO
R=z, >0, n us (4.4) caenyer, 4to

D (z;) = XYz, (4.10)

rae X!" mpencrasaser coGoii mepBY0 KOMIOHEHTY HeoGpaTu-

MOii CHIIEL, COOTBETCTBYIOIYIO cKOpocTH x,. [lopcraBmsas (4.10)
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B (4.9), momydaem ycaoBme
X
0z,
COrJIACHO KOTOPOMY He0OpaTHMas CHIA X ¢ Bospacraer ¢ Boa-
pacTaHmeM CKOPOCTH Z;.]

Xopomo ussectHo (cM., Haupumep, [34]), uro, ecam cmia
yOuBaer ¢ YBeIW4eHHEM CKOPOCTH TO MOTYT pasBMUBaThCA
apTOKOJIe6aHNUs. ITO 03HAUAET, ITO HEKOTOpPEE CKOPOCTH I,
geycroitumpe. Mcnmonbp3opaHne MOHATAA YCTONYABOCTH B CBS-
am ¢ (4.9), rakmm obGpasoM, ompapfano. I{pome Toro, pac-
CMOTPEHHHI OpPAMep MOKA3HBAET, YTO OONBIIMHCTBO MPAKTH-
9eCKM WHTEPECHHX CHCTEM YCTOHIHBO.

[9neMenT MAeaNpHO MIACTHYECKOTO TREPHOTO Teaa (m. 6.7)
clelyeT PAcCMATPHMBATH KAK NPHEMED HeyCcTOHIMBOH CHCTEMEH,
rak wax 0X{"/dz,=0 pna mnacrmaecxoro Tewenus.]

‘Bosppamasck K IpmEOUOY HauMeHbIIeHl HeolpaTEMOI
CHIE, BecmoMHEEM, 9T0 D=M B Ttouax P mw wro D > M B
mo6oii mpyroit toure Ha muockoctum K. Wexops ms mpoms-
BONBHOI TOuKK Ha E, mepememasich BOBHe IO pajuycy, BH-
xofsumeMy U3 To9xku O, MOKHO HAWTH MyTeM HHTer pUPOBAHUA
(4.9), wro upmpamenwe AD nuccmmatnBHON QYHERIUA HA IMare
AR ypoeleTBOpAET HEPABEHCTBY

>0 (X9>0), (4.11)

AD>% AR, (4.12)

B KoropoMm sHauenuss D u R Gepyrcd AN TOUKH, Jexameid
Ha E. Cmemosarenpno, B ycToduupoil cmecreme D pactert
GricTpee, 9eM CKAJISPHOE NPOUIBEIEHUE X(ka, BHIYUCJIEHHOE
npm $urcuposamHoM sHavemmn X&), Otcioma cioegyer, 9To
B ycTOHYMBOIl cucreMe (QyHKHUA

F () = D (&) — Xz, (4.13)

ompeleieRHas TpH (urcEpopaHHOM Bexrope X%, coormer-

CTBYIOEM HEKOTOPOMY pemleHWI0 OPHUHIENA HauMeHbInel

BEOOpaTnMOil CHIEI, MOJOKHTENbHA Ha IOJOMKHTENBHOH CTO-

poee E u Bo Bcex toukax E, wpome toukm P, rme F=0.
YpasHeHHE

F(i)=0 (4.14)
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gpefiCTaBNAET HEKOTOPYI HOBEPXHOCTh B IIPOCTPAHCTBE CKO-
pocreil. Har OmIO TOABKO 9TO IOKA3aHO, 5Ta IOBEPXHOCTDH
ZeKUT HNelIWKOM Ha oTpHIaTebHOl cropone E, 3a mckmroge-
gueM touek P, mexamux va E. Orcioma caemyer, uro ma mo-
‘BepxHOCTH (4.14) mpomssenienue XWz, wm, cremoBaTeabHO,
q,ym{]mﬂ D(z,) ROCTHTAIOT CBOETO OOMEro MAKCHMYyMa B TOU-
gax P. Jlua ycroiiuMBHX CcHCTEM NpWHOUN HAMMEHbOIEH He-
oﬁpammon CHJABL TO3TOMY JaeT RPUHYUN MAKCUMQAILHOU
cnopocmu pabomu. duccunayuu. Ecim szagaHa He06pammaﬂ

cama X )#O, TO UCTHHHAA KBasWCTaTHYeCKas CKOPOCTh Z,,
YAOBIETBOPAIOIIAS BCIOMOTATEIBHOMY YCAOBHIO (4.4), maer
MAaKCUMYM CKOPOCTH pPaboTH AMCCHOAIWH.

Has Toro 9To6H J0Ka3aTh, 9TO BEPHO W 0GpaTHOE Ipex-
po;KeHme, Gy/eM MCXOOuUTh OT BEKTOpa X! h;AO Ha puc. 4.1.
BeKTODH CKODOCTH, NOIyCKAeMbie NOCHeTHNM IIPUHI[UIIOM,
PMeIOT CBOM KOHEYHHEe TOYKM Ha moeepxmoctm (4.14), rme

$yaxnua F(z,) onpemenserca coorHomenmeM (4.13) u, B
cuny aToro, HempepusHa. IIpurnun ycranasamsaer, 110 He-
AWHAEIE CKOPOCTH I, MaKCI/I’VII/IBPIpYIOT GYHRIHIO D(xk) a cie-
JOBaTeNbHO, W npomsBeleHume X k”xk Ha nosepxuocTHu (4.14).
llpu sarom He MoskeT GBITH Gosiee ofEOrO penrerns. O6ozHATAM
COOTBETCTBYIOMINE TOYKHA B IPOCTPAHCTBe CKopocTed yepes P,
g nycte M = 0 ofosHavaer obmumit MaxcumMym OQYHKIUR
D(z,) m X{z,, mocrumraemmii Bo BCex Toukax P. Kammas
W3 5THX TOYEK JIEKNT Ha moBepxHOCTH (4.6) U B TO Ke Bpems
Ha mIockocTH (4.7). B cuny mpmEIADAa MaKCEMyMa CKOPOCTH
paboTsl puccupaiuu, moBepxHOCTH (4.14) EHe mMeer TOYEK
Ha NONOKHUTEILHOH cTopoHe E, M ee equHCTBEHHBIE TOYKH,
nexamme HAa E, cyts toukm P. Ecau cmerema yeroiiumsa,
mo6oif mar or To9ex P B papuanbHOM HampaBIeHWH NPABOJAHRT
K HOJIORUTEILHEM 3HadenuaM pyarunn F. [Toaromy dynrmus

F(z,) nonourtenpra Ha monosurenpHoii cropone E. Eciu
6 mosepxHocTh D=M mumena TOYKy HA DOJIOKETEIBHON
cropore E, 10 m3 (4.13) cnepgoBano GrI, 4TO B 3TOH TOYKe
F < 0. Tockonbky Takas BO3MOKHOCTB, KaK TOIBKO 4TO
60 moKasaHo, He mWMeeT Mecra, HopepxHocTs D=M,
8a WCKJIIOUEHHEM TOYeK P, Ie;RUT HA OTpHHATEILHOH CTOPO-
He E. Orciopa caenyer taxsxe, 410 Ha mopepxHoctd D=M

npousseficeHne X%’xk JocTdAraer MakcmMyMma B TOouKax P.



60 $ 4. Tepmodunamura HeoGpamumuzr npoyeccog

ITocnennee yTBep:/ieENe COPABEIINBO TAKKE U AJAA IPG-

usBefenus v,r,. Ecau remeps pacemarpmeath D=M >0 u \
KaK 3aJlaHHEe, TO MO;KHO PACHOPSAANTECSI M TAKUM 00pasoy:.
91068 OBLTIO yOOBIETBOPEHO coornomenue (4.4). Ho Ttora.
u3 (4.4) m (4.5) BeITexaer, uto Ha TOBepXHOCTH D=M>:

HCTUHHEIE ¥, MHHUMUSHDYIOT BEIUYNHY HEOOPATUMOH CHIE .
VAOBAETBOPAIONIY0 Hob6aBounoMy yeuaosuo (4.4). 910 1,
cocTaBisfeT cOfepiRaHWe NPUHIMOA HAUMeHbIneH HeoGpartn-
moit cunpi. TarwM o6pasoM, Jia YCTOHYHBEIX CHCTEM 3T
JBa TPUHNUIA SKBUBAJICHTHEL.

B cuny (4.3), BRpameHne «CKOPOCTh PAGOTH AHCCHHAIML -
MORHO B (OPMYJUPOBKE UOCHOXHEr0 NPUHIUOA 3aMEHHT
Ha (CKOPOCTh MOPO;EIeHm suTpomnnmy. liosToMy srorT mpun
IUO MOKHO cOPMYJNHPOBATE TAK K, KAK NPUHYUR MaKC
MAALHOUL CKOPOCMU ROPONCOEHUS IHMPONUL.

9T upHHOMOHE Obiu chopMmyruposaun Lluriepom [46
491 0. TlpuBEIED MaKCHMATBHOI CKOPOCTH TOPOAIICHHS DH -
TPONIMK MOKHO PACCMATPUBATE KAk 00Jee TOYHYI) BEPCUR:
BTOPOTO (YHIAMEHTANBHOTO 3aKOHA TCPMOMMHAMMKIN; TaKa;
PopMyIIPOBKA IIPEfcTaBIAeTCS Hanboaee MPeIIOITUTENBHOL.
B caMom fiere, eciim HEROTOPASA 3aMKHYTAH CHUCTEMA CTPEMUTCS:
K COCTOAHMIO, COOTBETCTBYIOINEMY MAKCUMAJILHON SHTPOIN.
TO NPeAcTaBIAeTCA NOCTATOYHO OGOCHOBAHHHEM IOCTYIUPC
BATb, YTO B YCTOHYHURBOI cwWcTeMe, MOABEP/KEHHON JeiicTBuI:
3alaHHEHX HEoOpATHMEIX CHJ, CKOPOCTL BO3pacTaluA DHTPO-
OUN MAKCUMAaJbHA, T. €. 9T0 CHCTEMA CTPEMHTCA K CBOEMS
KOHEYHOMY COCTOSHUIO KpATUaHMIM BO3MOZKHBEIM COOCOGOM.
Hecronpro 0600Ias aT0 yTBep:KACHIE, MOKHO CKa3aTh, 4Tl
OPUHINT MaKCHMMAJBHOH CKOPOCTH ITOPO/KAEHUsS SHTPOMUT
yVCTaHABJANBAET, UTO M0G0 mOTOK B (Pa30BOM IPOCTPAHCTBE
He KOHTPOJUPYEeMbIl HeHOCPeICTBeHHOC W3BHE, MAKCHMI3I
pyeT CKODPOCTh HOPOKAEHUS BSHTPONNNU. ITO YTBED;KIEHII
MO;KHO Ha3BaTb (fas3080ll eepcuell TPUHIUMA.

' B arux my0uamrauusax Ba;KHOCTb YCTOHYMBOCTH s o0edx Bef
cHil mocJefHero HPWANNOA ellle He OBLIA OCO3HAHA.

B To BpeMa RaK mepBas M3 STHX JBYX craTeii OhlIa B IIeYaTH, aBTO]
y3HaJI ot npodeccopa Hanndopauiickoro yausepentera (Jloc-Amuenoc
J. Posenrans, 4rto on copMyIAHpOBad YTBEP;KREEHHE, IO CYMIECTB)
COBOAJAIONICE C HPHHONIOM MAaKCIMAJIbHOH CKOPOCTH MOPO/KIeHNS
SHTPOMMIL.
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4.2. Heroropsie eaegersna. Vs puc. 4.1 MoKHO cpedats
galJII0YueHMe, UTO JOKazarenlncTsa H. 4.1 orpaEmumBamTCH
enydasmu, korga D-mosepxmoctu riamrme. Crenyer orme-
fATHb, ONHAKO, 9TO M0 CHX HOpP HUKAKNX NPeTHOIO:KeHui
TAKOTO pojia BBeEeHO He Obpr10. Hpome T0TO0, BHOYRIOCTH
9THX TIOBEPXHOCTell He O3HAYyaeT, 4TO BHe B 9TH mpUHINIE
BRIACIAIOT ONHO-eUHCTBEHHOE pemenue. Her ocHOBamWIl 071-
pn]_[aTI) 4T0 B HEKOTOPHX CJIyuaAX 3affamHas HeoGpaTuMas cit-

aa x{ # 0 MozteT COOTBETCTBOBATE G0Iee 1M OfHOII CKOPOCTH
z,. Her HUKARUX OCHOBaHMII TaKKke OTPHIATH BOSMO:BHOCIB
Toro, 410 Gojyee ueM OfHA HeoOpatmMmas CHIa X MOKET
COOTBETCTBOBATH OHOI ¥ TOH /Ke CKOPOCTH T,540.

B npunnune waumMenbuieit HeoGpaTuMoll CHIB HAmpabJie-
gme v, sertopa X u Bemmumma M >0 amccmmaTmBHOIT
Q)y}mmm sama|sl. Ilpm stix ycropmax ncmmme CROPOCTH
Z, MEHIMHBUPYIOT BeJIYHHY COCTABJIAIOIIUX X§, ynosaer-
BOPANIMHAX (4 4), m, cIeoBaTeIbHO, MAKCIMUSHPYIOT IPOU3-
BeJeHUe vkxk bouaee Toro, BHYTPEHHOCTH IOBEPXHOCTH D=M

JeKUT Ha OTpPHUATeIBHON cropone miockoctu E. Tarmm
©00pasoM, TPUHIUI MOMKHO TaK/K€ BHIPABUTH HEPABEHCTBOM

Vi (2n — 1) =0, (4.15)

rme z, o0osHagaeT IICTHHHYW CKOPOCTh, & &j— 00y
AIPYIyi0 CKOPOCTH, HAION{YI0 3HAYCHME HMCCUNATHBHON yHEK-
nuu D< M. 3mak paBeHCTBA BO3MO;KEH TOIBKO, €ClOU Ij
mpemeraBiaser cofoll APYTyIo CKOPOCThH, TAKARE YAOBIETBO-
PAIOIYI0 OPHHINEIY.

Cnyuait M =0 Opa1 ucKATeH OpH GOpMYyIHPOBRE MPHH-
mana. He cocraBiasier Tpyza 0000IUTh IPUHIHT TaK, 9T06H
BRJAOYUTL U 3TOT ciydail., OpHaro npu M =0 ToT dhaKT, 4T0
peamauea X4 gocTuraer MuHmMyMa, 08HAUAET TONBKO, UTO

npousBeieHIe Vv,Z, foctumraer MarcuMmyma. Ilostomy coor-
HomeHue (4.15) He Bmmommaerca BHyTpH obdactu B (rme
=0). B cuay (4.5), ognaro, M0o:RHO 3ammcats BMecto (4.15)

X (z, — 23) = 0. (4.16)
Bro yeaOBHE O0CTACGTCS CupaBefiuBsM npiw Xi'=0 1,

enegoparensruo, npu D=0. [Tostomy mpwHUNT HamMeHBbIIelt
HeoOpaTHMON CHAK HKBUBAJCHTEH HepaBeHnctsy {4.16), B Xo-
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Topom X & o6osHagaeT UCTHHHYI) HEOOpaTHMYIO CHIY, a J:k —
HCTHHHYI0 CKOPOCTh, M — COOTBETCTBYIOIIYI0 BEJIWIMHY JIUC-
cUnaTUBHOI (YHKIUI D(a';k), a x'; — aw00y0 Opyrymo CKo-
pocts, oTBevaromyio D(x;)<<M. 3HaK PaBeHCTBA BO3MOKEH
TONBKO, €CIH & LpecTaBifer cofoil Jpyroe pemeHWe.

Ecau D(z,) npeacraBiser cofoil HenpepHBHYHO (yHKI[HIO

¢ HeIPePHBHHMA YacTHRMU Ipou3BogHEIME 0D/0z,, To D-1o-
BepxHOCTH OyAyT raaaxumu. [loaToMy B KayKIOH TOYKE BTUX
IOBEPXHOCTEIl CyMecTByeT e[UHCTBEHHAA BHEIIHAS HOPMAJb.
B cuny (4.16), X}” mmeer manpasmenue 9Toi HOPMAIH B COOT-
BeTCTBYIOmElr Todxke P (pme. 4.1)

X0 =32 (5, >0). (4.17)
axh
B _cuny (4.4),
N o= dD .
Orcrofa cieqyer, 9To
/oD \"L -
(9D N sp (4.19)

—_

9Ta BEAMUNHA OCTAETCH HEOTPUUATEJNBHOH, B CHIY TOTO
daxra, 910 D, BO-IePBHX, IO KpaliHeidl Mepe HONOKHTENBHO
mosyompefieseHHas W, BO-BTOpHX, ) He yOnBaer BOAL pa-
muyca, Buxopamero uz Touxu 0. Ilogcrasusaa (4.19) B (4.17),
MH IOJYYaeM, HAKOHEN, COOTHOIIeHW®

—1

X = / @ g‘cj\ (22
\dz; ) Oy

9To ypaBHEHWe CBSI3pIBaeT HeOGPATHMEIE CHIE CO CKOPOC-
TAMH ¥ COOTBETCTBYET B HEKOTOPOM CMEICTE COOTHOIICHUAM
(3.43) wmm (3.46) pan obparmmeix cmi. JluccmmarmBEAaSA
dyEKIUA urpaer Ty jKe POJAb, UTO W BHYTPEHHAA JHEPTHA
B cooTHomennu (3.43) wam cBOGOXHAA PHEPIUSA B COOTHO-
menun (3.46).

Ha npomssombHoM papguyce, HcxopsmeM mn3 Toukm O,

iR =05, R

(4.20)
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Veaosne ycroiiumpoctn (4.9) moaTOMy HpPUHHMAET BHL

0—4756;>D (D >0). (4.22)
6x]-

N3 (4.20) u (4.22) BETEeKaeT, 9T0

oD

Sod

TaxkuM o00pasoM, B YCTOHYHBOH cHcTeMe HeoOpaTuMas
CIUIA BCET7]a MeHbINe, 9eM IPafienT NINCCANATHBHON GyHKIuY.

YpasHenne (4.20) OniI0 BmepBHe IONyYeHO B pabGore
Ilmraepa [43] mpu momomy HEeKOTOPOTO MOTYCTATHCTAYECKOTO
HOAIXOMla, COBEPINEHHO OTIMYHOTO OT MPHHATOTO 374echb. B Go-
sgee mosnHed crarthe [46] Geiam, mo cymectBy, chopMymmpo-
BAHE BA MPWHLUOA T. 4.1 m OBHJIO mOKA3aHO, 9TO ypaBHEHNE
(4.20) cinegyer W3 OFHOrO W3 ITHX HOPHMHIHUIOB (CM. TAKKe
{49]). ToxasareabcTBO B 3T0# mociegHeil paGoTe HeCKOIBKO
OTIWYHO OT OMHCAHHOIO BEHILIE.

B crysae mpmEnuma HamMeHbureil HeoOpaTMMOR CHIH v,

3aJlaHO ¥ NITYTCA CKOPOCTH X, KOTOPHE IPHU JOMOTHUTEIHOM
yenosun D(z,)=M penaror MakcuMaJbHHM [POU3BEJCHNO
v,Z,. ITOT MAKCHMyM IOJydYaeTcs KAK pelleHHe yPAaBHEHHA

XV < (4.23)

0 - . .
5 [vjz; —pD (z)] =0, (4.24)

rie p — MHOKuTedb Jlarpamka. Ws (4.24) caeayer, dTO

(4.25)

Va —Ha;l?k

Jto ypapHenme »rsumsaldeHTHO (4.17) mu, rarum obpaszou,
npusofuT K (4.20).
B cayugae nanuI/ma MaKCHMAIBHOH CKOPOCTH PAGOTEL

maccunanuyu X4 3a7aHE B UITYTCA CKOPOCTH Z,, KOTOPHIE
npu J0noJHuTeAbHoM yerxosnu F(z,)=0 mrmaoT MakcuMadb-

A
HHIM TPOW3BeJeHIe Xk”:ck. 3mecp pelleHWe MO.JIy4aeTcs HU3
COOTHOIICHNST

0 S .
. (XY &, —uF (z;)] =0. (4.26)
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B cuny (4.13), T0O mpuUBOANT K YPABHEHHIO
XP= 2=, (4.27)

KOTOpPOe CHOBAa SKBHBAJEHTHO (4.17).

Hamewenrmil smech mogxo7 NOZTBEP;HIAET ypaBHEHHE
(4.20). Om mHe faer, OfHAKO, DE3yJAbTAaTOB, MOJYYCHHHX B
m. 4.1, racaommxca Rorgurypanuu D-moBepxHOCTEH; OH
He HOKa3blBaeT ¥ BAKHOCTH YCTOHYUBOCTH CHCTEMEL 1A IPHH-
OUa MAaKCMMAJBHON CKOpocTH paboTh MUCCHIIAIINH,

4.3. OopaweHnre pesyasraroB. DOJBIIMHCTBO paccyskie-
HIil WOCHe/HIX PABJeN0B OCHOBHBAJIOCH HA T€OMETPHYECKAX

F’=0

Pue. 4.2. IlpegcraBienne B CINIOBOM MPOCTPAHCTBE.

cO00PaKERUAX [T HPOCTPAHCTBA CKOPOCTEH xk. ITockonpry
D paccmartpuBaeTcs Kak QYHKIWNA BeJIWYNH Z,, TAKOH mOX-
X0, ABIAseTcA OpsiMbiM, OMHAKO ecaX YCTAHOBIEHA CBA3H
MEIKTY .ik u X;(f) WJIH TPeJIoaaraeTcs, 9T0 Takas CBA3h OymerT
YCTAHOBJIEHA, TO CTAHOBUTCH BO3MOKHEIM CHOPMYyIHmpOBaThH
CIEJICTENE B CILIOBOM IIpOCTPAaHCTBe (puc. 4.2) AIA Kaykmoro
W3 DPEesyNbTaToOB, IOJYYEHHEIX B INIPOCTPAHCTBE CKOPOCTEH.

Bymem wmcxomuts w3 pme. 4.1, rae ik#O mpeacTaBiIseT
coboii BeKTOp CKOPOCTI ¢ KOHI[OM Ha mopepxHoctu D= =M=>0
nrae X§ — HEKOTOpPass HeoOpaTHMad CHIa, CBA3AHHAA C x%
ITycrs z hmpeficTaBisgeT co0oil JIpyroit BEeKTOP CROPOCTH C
KOHIIOM, qeRaluM na nosepxuoct D=M, n Xﬁf)*——
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COOTBETCTBYWINYI0 HeobpartuMylo cmiIy. B cooTBeTcTBHMM C
(4.4) nMeem

X9 ar= XW,0 (4.28)
HepasercrBo (4.16) Momuo sammcaTs B BHE
XW* (@3 — ) =0, (4.29)

TAR KaK Ty COOTBETCTRYET X%, rorma rax J'ck mpeAcTaBIfAer
c000fi JPYryl0 TOYKY HA COOTBETCTBYIOHIEH IIOBEPXHOCTH
D=M. 38aK paBeHCTBA BHIIOJHAETCA BCAKUI pas, KOrfa yék
mpefcTaBlIseT coGoil JAPyrofl BeKTOP CROPOCTH, CBA3AHHEIT
¢ X7, Us (4.28) m (4.29) caemyer, aTO

XY —XU)2, >0 (4.30)
uiu

(X9 — X" ) v =0, (4.31)
rje ;ik;st mpeAcTapiaser co6oii BEKTOP MCTMHHOU CKOPOCTH
¢ HampaBIeHHEM vy, X5 — HCTHHHYI HEOGDATHMYIO CHIY I
X" — moGyio apyrylo Toury Ha mosepxmoctm D'=DM, rue
| (X)) =D (&) - (4.32)

3HaK DPABEHCTBA BHNONHAETCA BCAKMEA pas, worma X~
OpeficTaBlIsAeT coboli Apyroe pelneHHe.

Ouernpnno, uro (4.30) m (4.31) upeacrasasior coboit o6pa-
ImeHUe OCHOBHEIX PEe3yAbTaTOB, IOJXYYeHHHX B M. 4.2, I10
obpanieHue, OJ[HARO, ABJIAETCSA HEMOJHBIM, TAK Kak HeolOpa-
tamsie st X5 mpu D'<<M Bce eme MCKIIOUEHH.

IlepeHoca 3HauweHWS MUCCHMOATHBHOH (GYHKOUU € TOYER
B TPOCTPAHCTBE CKOPOCTel HA WX 0O0passl B IPOCTPAHCTBE
cun (pue. 4.2), ME noxydaeM moie (4.32), u uz (4.4) u (4.32)

BHITEKAET, 9TO
XDz, = XUm/'v, = D" (X9) >0, (4.33)
roe m’ 0603HaqaeT MOJYJIb xk Ecmu Teneph 3anaTb Hampas-

JeHune ’Vk BEKTOpa .1', I OrPaHHIUTLCA BEHTOpaMn Xk ¢ KOHIIa-

M, dexamumn Ha mosepxmoctn D'(Xi)=M>0, 1o (4.31)
YCTAHABJIUBAET, YTO MCTHHHEIE DeIleHHs ¢ ROHHQBL}MII TOU-

Kamy P’ MaKCHMHBHPYIOT IPOU3BEJIeHIIe X{"v, u, ciemosa-

5 1. uraep
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TeJHBHO, MaKCHMUZWDPYIOT MONYyAb m’ BeKTOpa :ék. Nrax,
OpUHEOAI HanMeHbIIedl HeoGpaTHMOH CHIK WMeeT CiIeACTBHe,
OCHOBAHHOE HAa INPeJUOJNOKEHNM, 470 QYHKIIHA D’(Xg)) u3-
BECTHA — APUNYUN HauMeHbwel ckopocmu: Eciau peawmduHa
M=>0 ¢pyurmun D’(X;f)) U HampasieHRe v}, KBABHCTaTHIe-
CKOMl CKOpOCTH 33afiaHH, TO WCTHHHAA Heofparumas cuia X“ﬁ
MUHIMHBUPYET MORYIb CKODOCTH I, YAOBIETBOPAINME JO-
HMONHUTEIbHOMY Ycaosuio (4.33).

Mexopsa w3 3TOTO MPUHIINIA, JETKO YCTAHOBUTH CIEJCTBHE
NPEHONIA MAKCUMAIBHOI ¢KOpPOCTH PadOTH AMCCHIANNN TN
IPUHINMIA MAKCHMAIBHON CKOPOCTH HOPOMIEHUs HSHTPOIHH
B CIJIOBOM TpocTpaHCTBe. IS 3TOro AOCTATOYHO WOBTOPHUTH
paccyRueHus I. 4.1 B CHIOBOM HPOCTPAaHCTBE, IOMEHSAB

MecTaMn %, C X% u saMeHuB AuCCHNATHBHYIO (YHKIHIO
D(xk) na D’ (X”)) a TaKKe HCHOIb3YA BMECTO F(xk) HEKOTO-
pyio ¢yarmmo F'(X{), onpemerennyo cooTHOmMeHHmEM

F' (X)) =D"(X%) — XQz,. (4.34)

Ypasuenue (4.7) rexepp mpefcTaBIsieT HEROTOPYIO MIOCKOCTh
E’ B cumorom mpocTpaHCTBE, MONORUTENbHAS M OTPHIATENb-
Hasg CTOPOHE KOTODOii oOmpefeisaloTCA, eCTeCTBEHHO, KaK
BHEIDHOCTh M BHYTPEHHOCTh mosepxHocrern D’'=M,
Ananusupys OpoBeJeHHOE HOKA3aTeAbCTBO MIAT 3a IIATOM,
MOKHO 3aMeTHTB, uTo 06xacts B’ (mpu D'=0) u D’-nosepx-
HOCTH B CHIOBOM WIPOCTPAHCTBE BHIOYKJHE, TTO KajKAAS
M3 HHUX OXBATHBAET BCE TaKNe IOBEPXHOCTH € MEHBITUMH
sHaveHMavu D’ u uro D’ BospacraeT OpuM uLepeMemeHWH OT
B’ (unum ecam mosepxuoct: B’ He cymecTtByer, TO 0T Havala
0') BAoaH MpOM3BOJBHOrO pajgmyca. Hakomen, ms mposesen-
HOrO JOKA3ATENBCTBA CIeAyeT, 4ro Hepasemcrsa (4.30) u

(4.31) ciipaBemqMBEL [UIA HCTUHHON CKOPOCTH £, 50, wumeto-
meif HampapieHEe Vv, WCTHHHOI HeoGpaTHMON CHUTH XY u
aro6oit Apyroit Tourn X§*, aesxameir ma nopepxmoctn D'=M,
mpoxojasmieil depes a: uIu BHYTpH Hee. [lepoe M3 aTHX
HepaBeHCTB ocTaeTcs CUPABEMTHBEM u npu £,=0 I, cieo-

{
parensHo, D'=(0. 3max paBeHCTBA BO3MOJKEH, KOTAA X
npencrasiser coGoifi mpyroe pemeHue.
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Tenmepr y:ke [BOACTBEHHOCTH MEHAY pe3yiIbTaTaMu, I0-
Jy4eHHBIMA B NOPOCTPAiCTBE CKOPOCTe W B WPOCTPAHCTBE
CUJ, CTAHOBHTCS BIOJNHE 3aBePUIEHHON. JTa ABOUCTBEHHOCTS,
ABJIANIMAACA CIAeCTBAEM Jn00 NPUANUIA HAaUMOHbIIel Heol-
parumoii cuiael, aub0 DPUHNWOA HAWMEHbUIEH CKOPOCTH,
npefcTasiaer co6oil Hekoropoe 0600meHne mpeoGpasoBaHUA
Jle:xamppa (cm., Hanpmmep, [7]), koTopoe Gymer paceMorpemno
B I. 4.4. Kax Hekoropoe ciemcTBme 5TOH [IBOMCTBEHHOCTH
PAcCMOTPUM COOTHOWIEHWE

. /oD _,\"1'., 4D’
Ty :\O—X(? Ja a——-X(ki)lv

T

(4.35)

coorBercTByiomee (4.20) m cuparegiausoe Beerfa, rorga D -mo-
BEPXHOCTH B CHUIOBOM LPOCTPAHCTBE TIJIaTKHe.

Yro moayumres, ecin D'-moBepXHOCTH HErVIAAKUE, MOKHO
yBUAETHh caeayomuM obpasoM. Mul Bcerja [OMyCKAJTH BO3-
MO;KHOCTH CymecTBoBaRma Gomxee ueM oxmoil rogxu P (puc.4.1),
Je;kamelt Ha moBepxHOCTH (4.6) m B TO ke camoe BpeMs
Ha niocxoctn E. B rtaxom cayuae ums senywioctn (4.6)
ciaenyer, uro mosepxHocth D=M wu mnockocts E umeror
0eCKOHEUHOE THCIO OOMMUX TOYeK, UWpHYeM 3TH TOUYRU NpH-
HaJIeRAT K HEKOTOPOMY JWHEHHOMY HOIUPOCTPAHCTBY MPO-
CTPAHCTBA CKOPOCTEH, ToykAecTBeHHOMY E nnm comep:kame-

Mycsi B E. CooTBeTCTRYOIMUE CKOPOCTH &, WMEIOT PA3IUIHEIE
HampapJeHHA, Tak Kak mpu M >0 E me comepsxur 0. Orcioga
ciengyer, 9To Ha puc. 4.2 gepes Touky P’ MoikHO mpomect:
Gecxomeunoe gueso miockocereit E'. Taxkum o6pasom, mosepx-
HOCTh D' =M wmmeeT 0c00eHHOCTH THIA, HA3KIBAEMOTO B TPEX-
MEPHOM IIPOCTPAHCTBE KpaeM, yINIOM WM BePIMUHOI.

B cuny paccmMorpeHHOI BHIIe JBOHCTBEHHOCTH, o6paTHOE
TpenoeHne Takixe cupasefnuso. Ecam E’ cogmepxur Goiee
4eM ofHy Touky P’, oHa comep;uuT GeCKOHETHOE YHCIO TAKHX
Toyek, m P pacmomaraercsi Ha 0COGEHHOCTM HOBEPXHOCTH
D=M.

4.4, Ksasuopuopopguble guccnnatusHbie (Gynxunu. Ennx-
CTBEHHHM OTpaHWYeHWeM, HajaraeMsiM, BooOIne roBODS, Ha
AHCCUTATABEYI0 YHKINIO, OBAN YCAOBUs €¢ HeNMPEePHBHOCTH
W 1m0 KpaifHe#l Mepe HOJOMKHUTENBHOI TONYONpeleeHHOCTH.
Jaa Toro urobe o6jgerdnmth OCTANBHOE OOCY:KAeHHE, Ipel-
TON0KYUM, HAYMHAS C 9TOrO MOMEHTA, 4TO Bce (QYHRI[HH, KO-

5%
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TOpBIE BCTPETATCA B HAmeM HCCIAeJOBAHNM, HEOPEDPHBHE U
HMeT HellpepHBHEE DPOM3BOJHHE HY;KHOIO mopsnxa. Ta-
xuM o0pasoM, B yactHoctd, D-mosepxnoctu u [D’-moBepxHO-
cta — raagkue. Hecmorpst Ha 10 9ro B § 6 MEI BCTpeTHM He-
KOTODHIE CIAyYaM, Korja QYHKIUH He YJAOBIAETBOPAIOT 3TOMY
DOMOJHUTEIBHOMY TpeGOBAHUI0, UX BCEr[a MOJKHO € JlOCTa-
TOYHOH TOYHOCTBIO ANMPOKCUMHUPOBATH QYHKIHAMH paccMart-
PHBAEMOTO 37eCh TUTA.

Orpanuaumcs Teneps Qpyurnuamu D(z,), yRopIeTBODAIO-
mMuMI YHKIIMOHATBHOMY YPaBHEHHIO

oD .

oz, z, =f (DY}, (4.36)

rae f — npomsponbHaa QyHxiusa. Taxme QyHKHUM, KOTODHe
¢ ¢uswuecKoil TOUKHM 3peHus oco0eHHO HPOCTH, MH OyneMm
HA3KBATh K6a3UOOHOPOOHBMU, TIOCKONBRY cooTHOmeRne (4.36)
sABsieTcs: 0600IMEeHNeM YCIOBHS ORHOPOTHOCTH, KOTOpoe 6y-
meT o0Cy:RIaThCA B caemymomeM nyHkre, s KBasuompopod-
HHX TACCHOATHBHHX (YHKIUH yciaorue ycroiiausoctn (4.22)
HPWHEMAET BUJ
“f(Dy>D E(D=>0). (4.37)
B npocrpanctse ckopocreit coornomenne (4.36) osmauaer,
uTO CKalfpHOe NpomsBefieHue rpaguwenta D) Ha pagmyc-Bex-
TOP 3aBUCHT TONBKO 0T D u, TeM caMHM, OJWHAKOBO /I BCEX
ToueR Hexoropoii D-mosepxmoctu. Ilycts

N3 (4.36) m (4.38) momyqaem
D—di hzgg zpde = f(D) de. (4.39)

3710 03HAUAET, UTO, MCXOAA W3 NMPOM3BOIBHON D-moBepx-
HOCIH M coBepmas GecKOHEYHO Majikie mAaTH B pajUajbEOM
HallpaBIeHud, TPONOPIIOHATbHEE PACCTOAHUIO OT TOURH O,
MH OpHieM Ha Apyryo D-moBepxHOCTb. [D-TOBEPXHOCTI
OATOMY TOHOGHBEI M TMOZOGHO PACcHOMOKEHE IO OTHOIEHHIO
K Hauwany woopmumar O. .

Ws puc. 4.1 ciegyer, 9T0 HaOpanIeHHA BEKTOPOB &I, U Xy
OmpefienAIOT ONHO [PYroe He3aBUCHMO OT BEJINYMHHE ITHUX
BEKTOPOB.
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Hurtepupernpysa 5TOT MOCHENHEHH pe3yabTaT B CHIOBOM
mpocTpancTBe (pwc. 4.2), HETPYAHO BUAeTh, ¥T0 ['-moBepx-
HOCTH TaK:Ke MOJO0HH B MOf06HO PACIONOKEHE OTHOCHTEND-
go Toukd O'. Ilpupamenne D’ npu paguaipHOM II€PEMENICHUN

dX%) = XWde’ (4.40)
0T HEROTOPOH maHHOH [)'-mOBEPXHOCTH PABHO
oD
’ (z) 1))
aD _dedX aX("X( de’ (4.41)

#, TAKEM 00pasoM, i HEKOTOPOro JAHHOTO 3HayeHmd de’
BCE TAKME INATHW JOJHKHE 3aKaHYNBATLCA HA OTHOR M TOH e
D'-nosepxrocTH, ¥ KO3(puumedT upu de’ B COOTHOIIEHHAR
(4.41) momsxeH GHITH ONHUM W TeM jKe /A BCEX TOUeK HATANb-
"ot D’'-nmosepxroctu. Tarum obpasom,

oD’

( ) ’

6X(”X v=g(D"), (4.42)
TaK 4T0 QYHKIUSI D’(X;i”) TaKyKe KBA3UOMHOPONHA.

Hetpyaro o0paTuth mpemmpaynye pAaCCY:KIeHUS ¥ BH-
BectH (4.36) ns (4.42). B camoM fene, [BOHCTBEHHOCTh MEKIY
MPOCTPAHCTBOM CKOPOCTEH M CHIOBHM INPOCTPAHCTBOM, OTME-
geHHAs B 0. 4.3, MOITBEP/KIACTCA 37€Ch BO BCEX OTHOIIGHMUAX.

B cmny (4.36), cBasy mexpy r, H X cBommrest K cooT-
HOLTeHMIO

, D oD
X(l) — T s A s 4.43
HYGTB q)yHHI[HH ¢ ompependaeTca COOTHOIMEHUEM
D
ap} 4.44
=) (49

1 OycTh afAHTHBHASA HOCTOSTHHAA B (4.44) ompejeraserca u3
VCIOBUS

@ (D=0y=0. (4.45)
Torma coorHomenme (4.43) MOMHO 3aIUCATH B BHJIC
X0 %% (4.46)

i?:l?k



70 § 4. Tepmodunamura HeoGpamumuzr npoyeccos

Taknm o6pasoM, HeoGpaTHMasA CHJA BEIPAKAETCA B BHAES
rpajuedTa HEKOTOPOro moTeHIuala (p(xk) B IPOCTPAHCTBE
CKOpocTel, W OTCI0Oa Ciaefyer, 41O

oxXP X9
: . (4.47)
dz;  ozp

Caenyer ormermth, uto QyHEUHA ¢ B oramume or f(D}
y:xe He mpomseoibHa. ITockoNIBKYy ¢ Omia ompefeneHa Kak
¢yuknua or D, oma momxHa 6HTH mocrosHHAa Ha D-moBepx-
Hoctax. Taxkmm obpasom, ¢, paccMaTpEBaeMada Kak QyHKIWA

Z,, NOIKHA YHOBIETBOPATh HEKOTOPOMY YCIOBHIO, aHAJIO-
ruaHoMy (4.36). U, ma camom mexne, us (4.4) m (4.46) cnenyer,
qTo

Z% Ty = X(I;Z.’L'k =D (.’Iﬁh) ’ (4.48)
R

rie QyHKOAA D(é:k) obagaer BCeMH CBGHCTBAMYM, PACCMOT-
PEeBHEIMI B IPEABAYIMAX pasfeiax.
N3 (4.35) m (4.42) Mm onaTe moxydaeM

. ~ED" 8D’

- . 4.49
= 01959 e
OnpefennM Temeps GYHKUUIO P COOTHOIIEHWEM
D'dD’
===, 4.50)
v=15on (
a Tamme yCclIoBHeM
P(D'=0)=0. (4.51)
Torga coorHOmenue (4.49) mepemmchHiBaeTCA B BHIE
oy

TaK 9TO CKOPOCTH IpeacraBiadAeTCA B Bujie TPajlueHTa HeKOT0~

poro moTeHImEAIA lp(X“)) B NPOCTPAH CTBE CHI, ® OTCIONA
clefyer, 9To

oiy Oy ,
XD~ 0X<]” (4.53)
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B cuny (4.33) u (4.52), pyrrnma P (X V) ymoBuersopser
YCIOBHIO.

oy X0 — xW; — p’(X® 4.54

m = ATy = (X%%) . (4.5%)

Bumecre ¢ cootromenmeM (4.46) pyrruMa cp(:c'k) ompemeaser

npeo6pasopanme HeKoTOpOi obmacTm b B mpocTpaHcTBe CRO-
pocreii B o6racts b’ B cmaoBoM mpocrpaHcTse. DymKuusa

1|J(X§:)) BMecTe ¢ cooTHomeHmeM (4.52) ompeaenser obparme-
Bne 3Tor0 Inpeobpasopammsa. Ecam npeofpazoBame W ero
ofpamenue ofmo3HAUHH, TO obaacreit B mam B’ (rme D=0
nau D'=0) me cymectsyer. Hauano O’ mpegpcraBaser coboit
o6pas Toukm O, m Haobopor, TaK 4TO, B YacTHOCTH, O mpu-
HAIJIe;RUT K obaactm b, a O’ — K obmacru b'. B cuny (4.45)
n (4.51),

Plin=0y=0, YEXRZ=0)=0. (4.55)

Iycts Temeps C; mpefcTaBiasieT OPOM3BOJBHYI0 KPHUBYIO B
obunactm b, coegmusAomylo Haano () ¢ HEKOTOPO TOUKOM

P ¢ xhopaumaTaMm z,, ® mycrs Touka P’ ¢ kooppmmaramu
X wpencrasasier coboir o6pas P B b'. Torma o6pas C’ xpu-
Boii C coepumger O’ ¢ P’, u MH moayuaem

§ X0 diy 4 ( 2,dX9 = § d(XDir)=X PirY  (4.56)
C

C

B cumny (4.46), (4.52) u (4.55), aT0 COOTHOMIEHHE LPHUBO-
EHUTCH K BHAY ‘ o N
@ (21) + V(XP) = X%, 4.57)

9ro coorHOmeEHme BMecTe ¢ (4.46) m (4.02) ompepeaser
HexoTopoe mpeobpasosanme Jleswampapa (7).

4.5. Oguopoanas puccumnarnpHas Qynkuma. Ecam ¢ynx-
[UOHAJNBHOE ypaBHeHHe (4.30) IpHHAJIGHHT K TaCTHOMY
TARY

oD .

e — 4.58

0$k .’t;i T'D, ( )
to ¢yaxnua D (:ik) — 00nopodnas QYHKOMA CTEMEHH 7.
B stoM cayuzae

fD)y=rD (4.59)
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1 ycsioBme ycronumBocTH (4.37) mpWHEEMaeT BHA

r>1. (4.60)
VYpasuerne (4.44) maer mpum 3TOM
9= -D. (4.61)
Nz (4.46) cnemyer pmamee, 410
: . 1 oD
@ __ - 72 4.6
X k r Ga:h ( 2)

Ypasaenune (4.57) ompepienser GyHRIUIO 1p(X;(f)), KOTO-
pasa, B cuny (4.61) m (4.32), sagaerca COOTHOIEHHEM

y=""1p". (4.63)
W3 coorromennit (4.50) u (4.63) moaygaerca gpyras QyHK-
HIs:
g(D)=—"—D", (4.64)
r—1
TaK 4TO ypasHeHue (4.49) maer OKOHYATENBHO
r—19D'
- iy 4.65
T ro ox® (4.65)
TaxkuM obpasowm,
oD’ _ ., r
_x® __. ’ 4.
0X(QX" r——iD ’ (4.66)

0 IpeoNoskeHNe 0 TOM, YTO (QyHKIMA D — omropopgHasn
cTemeHU r, OPUBOAUT K TOMYy, uro D’ Tarkxke ABIAETCHA
opmoponHoll pvHrumeil cremenwu .r/(r—1).

[Ecan r=2, to obe ¢yurnuu D(z,) u D'(XY) — ommo-
ponsne GyHROAU Bropoil cremeHH.|

Yacrupiii miacc QYHROMHA, Y/AOBIETEOPAMNUX COOTHO-
ureHHo (4.58), cOCTABAAKT OJHOPOAHbIE MOXUHOMHE CTeHeHN 7

D= ao‘xaz O‘m‘iial‘igz...x:’%m (al_l— Qg ++ U = T'),

(4.67)

uccnenosannbie 5 paGore [{uraepa [42]. Smecs roappuumen-
TH Gy, MOTYT 3aBHCETH KAK OT MI'HOBEHHOI0 COCTOSHUsA CHCTe-
MHI, TaK @ oT ee mcropund. ITockoasky D mo Kpaiimeir mepe
HOTOKUTENBHO OTpeflelleHEass QYHKIUA, dTH KoddurmuenTs
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VIOBJIETBOPAIOT OLpPefieIeHHEIM YCJOBUsAM, U IPH Bcex o0-
CTOATEJBLCTBAX ©' JOMKHO OHTH JETHHIM.

[B cayuae AByx MexaHWYECKHWX KOOPAMHAT I, T, AUCCH-
NaTUBHAA (YHKIWA UPH r=4 BHPa/RAETCA CASAYOIMAM 00-
pasoM:

o s g . . s
D = ay&{ 4 a1z + agizs + 37123 + agus.  (4.68)
Brmipaskenusa 7usa HeoOPATHMEIX CHI HMMEOT BHT

XP = % (bayx} + 3aszizs + 2ant a3 + aitd),
. (4.69)
X9= T (@312} - 2a507325 + Bagia3 + 4agad).

IpocTefimum wacTHEM ciaydaeM (4.67) asasercs kBazpa-
tHuHasg ¢opma

D= ajh:'cjick (470)

¢ MaTpmuei (a,;,), KOTOpasf mo KpaliHed Mepe MOJO;KHTENLHO
moxyompegenennas. B obmem caygae marpuma (a;) He 00-
3aHA OHTH CHMMETDPUYHON, TaK 4YTO He 00A3aTENBHO

Ap; == Qjp. (471)

D-noBepxHOCTHE IPEACTABIAAIT coboit sannmuncouasl. Ilogcras-
asng (4.70) m (4.71) B (4.62) mpm r=2, momyuaeM JHHEHHEE
COOTHOIIEHIS

X® = ay;z; (4.72)

MEKIY CKOPOCTAME W HeobparuMeiMu cmaamu. OHE yJOBiIeT-
BODAIT YCIOBHAM cuMMerpum (4.71).

Hao6opor, ecam MCXOAUTH W3 HPEANOIOKEHHA O TOM,
4T0 CBASH MEKIY CKROPOCTAMA ¥ HeOODaTAMEIMU CHJIAMH Ji-
HeiiHa, T. e. mpeacTasisetcs B dopme (4.72), rie MaTpmma
(a;,) mora me obszama OhTH CUMMeTpUuHOH, TO m3 (4.4)
noaydaercsa BEpaskenne (4.70) jus AuCCHIATHBHON QYHKIMIL.
IoncraBnas ero B (4.20), maxomum

. 1 .
X® = 5 (an; + az) z; (4.73)

% W3 cpaHemus c (4.72) momyuaercs, UTO MATPHIRA (4 )
CHMMEeTPUYIHA.
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OGpamenue cucremut (4.72) traxsxe mueeiiHO. OHO maercs
COOTHONIERUSAMYU
. 4 A; '
&y = by, X9, bhjz“;—k' (4.74)
rae a=la;,|, a A;, — agBIOHKT, COOTBETCTBYOIMA a .
Oyaxmua D'(XY) npencrasnsercs B Bupme
D= b, XVX, (4.75)

rak 9T0 D'-mOBEpPXHOCTH HPERCTABIAIT COOON BIIUNICOMAHL.
W3 cammerpun (a;,) BETERAGT, 4TO A, ;=A ;) U, CleIOBATEN b~
HO,
£ F
bjn ="by;? (4.76)

f OueBmano, uto coorHomeHnns (4.72) mpefcTaBaAnT coboit
mpocrefilnde BO3MO;KHbIE COOTHOINEHHI MEKIY CKOPOCTAMH H
HeoOpaTHMEIMA CHJIaMH. S3aKOHH 3TOTO THIIA BIEPBHE pac-
ematpusaincs Ousarepom [22]. Uexons us JByX mocTyAaTos,
KacawliXcad MHKPOCKONMIECKOI0 TOBEJIeHUS CHUCTEMBl B
OKPECTHOCTH HEKOTOPOTO PABHOBECHOTO COCTOSIHHSI (CM. Tak-
e [4]), om ycramosun ycioBma cummerpuu (4.71), mapect-
HEE Temeps IIOJi HABBAHUEM COOMHOWeHUl é3aumnocmu OH3a-
sepa. VsnomeHHWHN 3/ech MOAX0J HecKoIbKo uHoil. OcHos-
HEIM IIOCTYZIaTOM 3[€Ch ABIgETCI OPUHINT HAWMEHBIIeH
neoOpaTuMOfl CUIH WIX ORVWH W3 SKBUBAJIEHTOB HTOT0 HPUH-
IUIA, PACCMOTPEHHKIX B Hpeguaymux nyHkrax. Mccmemosa-
HHe He OTPAHUYUBAETCH JWHEHHHIMH COOTHOIIEHUAMHE MEKIY
CKOPOCTAME 1 HEOOPATUMEIMH CHIAMH, OZHAKO B JUHEHOM
caydae cootHomeHusa (OHzarepa OBIIM HAME TOMTBED:KIEHH.

Cnegyer oTMeTuTh, 9T0 HE OJWH H3 TOJIBKO 9TO0 OTMEYEH-
HHEIX ZOIXOI0B He CBOOOREH OT TeX MIU MHAEIX IPeEOJOKEHNII.
ITpunnun HauMenbInelr HeOOpPATHMOI CHIBL TAKKe IIPEACTaB-
aser coboif He Godee ueM HeKOTOpylo rumoTesy. OnHaxo
clleJaHHOe BHIIE HAOIOIEHEEe O TOM, WTO 3Ta THIOTE3a TOJ-
teepaer reopuro QHsarepa B IWHEHHOM ciIydae, mpejCTaB-
nAercsa OOHANEKUBAIOIUM 1 BCENSIOMNM YBepeHHOCTh. Takyio
e YBEPEHHOCTh BCeadeT U (GarT, uro 0odee o0mue ypas-
penus (4.20) OGmam panmee moayueHs [42] ¢ moMompbio Hewo-
TOPOro HOJXOMAa, COBEPIIEHHO OTIWYHOIO OT J060ro W3 Ha-
MeueHHHX Bhime, OTMeYaNroch TarKKe, YTO OPHANNI HANGOIb-
Imeil CKOPOCTH HMOPOIeHUS DHTPONHHN ¢ QU3NIECKOH TOTKH
3pEeHUs] OPEACTABNAETCA OUYGHL ECTECTBEHHEIM.
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B nureparype mo TepMopuHAMEKEe HEeOOPATHMHX IpOIEC-
coB (cMm., mampumep, [13]) orMeuanmoch, WT0 B HEKOTOPHX
crydgaax coorHomenus OHzarepa HY:KHO OHCAaTh B BHE

arj (b)) = ajn (— b)), (4.77)
nin
Apj— — Qjg. (4.78)

@opmMa (4.77) coorHoImeHWH B3aUMHOCTH OHLiIa Ipejyio-
mena Ombsarepom [22] maa cmcreM, HaxomsmMuUXCA B MarHuT-
HOM HoJie Halps:KeHHOCTH b; MW BpPAamIaOIIUXCA C YrJIOBOH
cropocThio b;. B m. 2.2 morasaHO, 4TO TaKWe CHCTEMHI AB-
AAITCA THPOCKONMIECKUMH M UTO THPOCKONMIECKIE CHIH HO-
ABIAITCA TONBKO B BB PUKEHHAX JIA 0G0OIIEHHEX WMIYJib-
coB. CTatTucTruecKni nogxox § 2 OCHOBAH Ha SIBHOM MOHWMA-
HUA JONYCTHMOCTH TIHPOCKONMYECKWX CHJI OIpefielJeHHOT O
THIIA, TAK 9YTO TPEJICTABIAETCS HEBEPOSATHEIM, YTOOBE THPO-
CHKONWYECKAe CHCTEMHl UTPANM KaKyo-IN00 WCKIIYHTENb-
HYI0 pPOIb B CHCTeMe HAIMUX NpeAmoloeHdii. Bo Bcarom
ciydae, aTOTO HE CIeyeT OKUATh, KOUA I'MPOCKONMUIECKHE
CHJIEL MOKHO mnpesicTaButh B gopme (2.11), a s10 Tak mua
GONBUINACTEA NPAKTHICCKH BaKHKX mpoOJIeM ¥, B 4aCTHOCTH,
ST TPIMepoB, pacemorpeHEnx OuzarepoM. MoskHO OyREAATE
TO3TOMY, UTO IS HPOLECCOB PacCMOTPEHHOrO 3/ech THIA

Yajn (— b:) = a;n (b) (4.79)

H, CJeJ0BaTelbHO, CHOPABENIWBLHI COOTHOIIEHUA CHMMETPUH
(4.71).

Hensss, pasymeercsa, OTPHNATh, 9TO MOLYT CYIECTBO-
BaTh (U3MUECKWE SBICHMSA, s KOTOPHX OCHOBHHE COOTHO-
menwa JuHeinbl, HO cooTHomeHusd (4.79) He BHIIOIHAIOTCA.
Onnako mMOJ00HBIE CAYyYAH JeKaT BHE IIOAA HAIIero mcciaemo-
BamHA, TPAHANE KOTOPOTO OBLIM OUYEPYEHH B MPERBIAYIIUX
nyBKraX. THOHYHEIM TPAMEPOM SHBISETCA HIEKTPOIPOBOJ-
HOCTL TBEPIHX Ted, paccmorpeEHas NKasmmupom [4]. 3pmech
HAJIMYUEe YIOPAJOYEHHOrO [BHKCHHS 3JIeKTPOHOB HE CO-
rJacyercs ¢ HANIMM OCHOBHEIM IPEAIIONOMKEHWEM O TOM, 4TO
CUCTEMA B IeJIOM HAXOMUTCA B COCTOMHHM noros. MoxHO
OKHUIATh, YTO YOOPAHOYCHHOE JBM;KEHHE 3aPANOB BHIBHBAET-
cA JIOPEHIEBOl CHIOH, TOrga Kak ocpefHeHHHH dpPeKT sTore
THHA OTCYTCTBYET B CJIyYae YHCTO CTOXACTHICCKOTO IBIKEHNS.
WNumeerca, 0ueBUgHEO, CYymECTBeHHOE Pa3jinune MEKY IOTOKOM
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TemJIa M JOOHM TUOOM YHODPSA0TEHHOrO TeTeHHs MaTepraja;
CYINECTBEHHO [IsI CIPABEMJIUBOCTH HANIAX PE3YIbTATOB, 4TO
PN HANIWYUHA TWPOCKONMYECKUX CHJI BCE BUAH YIIOPANOUEH-
HOTO TeUeHNUsA MaTepHasa HCKInYanTcA. B gacTHoCTH, MOMKHO
O/KUAaTh, 9TO 3a CUET KOPHOJHCOBHIX CHJI HKCTPEMATbHEE
npuHuune o. 4.1 u 4.3, ¥, ciegoBaTe bHO, NMPUHIUI MaTe-
puanspnoit wnguddepentaoctu Tpycmeana u Tymmma [39]
OKQKYTCHA HECHPABEIJIWBHIME [l CIUIOIIHON CPEsl, TBEKY-
nieiicss 00 OTHOMIEHWIO K BPAIAONMIENics cucTeMe KOOpPAMHAT.

®opma (4.78) cooTHOmmeHHWIT B3AMMHOCTU UPWHAIIEHKUT
Kasumupy n Tenmureny (cm. ge I'poor [13], crp. 212). Omna

OTHOCUTCA K CJIydYadAM, KOrHa HEROTOphle M3 CKOpOCTeﬁ Z,
nepecTaBJlI¢HLI MeCTaMu C COOTBETCTBYHIMIHMH HGO6paTI/IMHMII

cunamu X§’. ViMess B BUIy ABOfiCTBEHHOCTh, ONWCAHHYI B
. 4.3, MO;KHO CYHTATH, 9TO TAKAA MEPECTAHOBKA [0 HEKOTO-
poit cremenm BosMoykHA., OJHAKO MpPEACTABIACTCH HEECTECT-
BEHHBIM 3aMEHATH TOJABKO HEKOTOPYI0 9YacTh NEPCMCHHEIX.
ITpu Bcex 00CTOATENBCTBAX PACCYHICHIA MPEARIYIUX MYyHK-
TOB, TAK ke KaK u Teopua [m6Oca, OWIAM OCHOBAHE HAa
BeIpazennu (2.1) s siremMeHTa pHOH paboOTh, KOTOPOE HE OCTAR-
JAseT COMHEHUHE B TOM, KAKWUE IIePEMEHHBLIC SABIMIOTCA MeXaHH-
9eCKUMO KOOPAMHATAMYE CHCTEMbI, & KaKHEe — COOTBETCTBYIO-
muMa cutamu. B Tex mpepenax, KOTOpEME MH ceGs OrpaHu-
9, He IPefiCTABIAETCA CHROJABKO-HHOYAb HeoOXOXHMBIM
OCYIIECTBAATH YacTHuHEl 06MeH mepemenHsix. Taxkum o6pa-
30M, COOTHOINEHUA (4.78) Mo:HO oT6pocuTh V.

4.6. [Ipyrue secTpeMasbHble IPHHIMOBI. JRCTPCMAIDIILIC
npuamuosl m. 4.1 m 4.3, woropeie ObLIH CHOPMYINPOBAHEL
B CBSI3M ¢ HEOODATMMHIMHU TPOLECCcaMui, He ABIAIOTCA eIUH-
CTBEHHEIMII.

Vixe Ousarep [22] samermsi, uTo ero coOTHOWIEHHA B3a-
umaocTE (4.71), mOTydeHHbIe JIsT TUHEHHKX OPOIECCOB B OK-
PECTHOCTH COCTOSHMS DPABHOBECHS, 9KBMBAJEHTHR HEKOTOPO-
MY DKCTPEMAILHOMY HPHANNUNY, KOTOPHI OH HABBAJ RpUHYL-
nom HauMmewbluell Juccunayuyu sHepeul,. B HWCHOTb3yeMHX
ameck TepmmHax OH3arep YTBep:KJak, 4YTO €CIH 3aJAHA

BEJIUYNHEL X;f) HeoOpaTHMBIX CHJI, TO WCTHHHEIE CKOPOCTH X,
D Ilpumewasuwe upH Kopperrype. [lelficrBurenbno, HoamsH u

Tpycnen [6] moxaszanm, yro upuMenenme Teopemsl Ousarepa HeoBOCHO-
BAHO, €CJIM JOIIYCKAeTCsA YaCTHIHBI 00MeH CKopocreil U CHI.
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MaKCEMI/ISprIOT BHpaH(eHHe
X0z, — % D (). (4.80)

B cuny (4.4), aTo BopaskeHHe PAaBHO TONOBHHE paboTH
nrccnnamun. TaxkmM oGpasom, sKcTpeManbHEIl npuHMun On-
3arepa PKBUBAJEHTEH NPUHIUEY MAKCHMAaJIBHOH CKOpPOCTH
paGoTH AuCCHIANAHU, YCTAHOBIEHHOMY B 1. 4.1. JTOT mpHHIMI
MOKHO ObL10 OH 0000mMTh HA NPOU3BOJBHEE YCTOHIHBEIE
CHCTEMbl C HEeNPEPHBHOIl AuccunaruBHO# ¢ynrumeit. Ommaxro
Bepcust, namHasg OHsarepoM, HECKOJBKO 0ojee ciosKHA, He-
senn mpuHnmMn o. 4.1, u mpu Bcex obcToATENLCTBAX CAEAYET
OTMETHTh, 9T0 Ha3BaHme, U30paHHOE UM JJI 3TOr0 NPUHIKHDA,
HE COOTBETCTBYET €ro PEalbHOMY COREDP/RAHHI0.

Hpyroii srerpeManbHHH OPUHIUN A8 JWHEHHEIX Tpo-
neccos Oun cpopmyanposan buo [1]. buo HasBan sTor npun-
LULD NPUHYLNROM MUHUMYMA CKODPOCMU NOPOXOenus IHmMpo-
nuu. B coorsercTsum ¢ 9THM OPHENMIOM UCTHHHHE CKOPOCTH

xk MUHHMH3UPYIOT NACCHMATHBHYID §YVHKIWIO D B Ipenno-

JOKEeHUH, UTO 3ajaHHl HeoGpaTuMbie cmik X§ M CKOPOCTH
HX pa60Tm (ux mommocTs). Buo ormermn TaksKe, 9TO B 3TOM

npupHnnne BeJIn4YuHBl I, 1 Xk MOYKHO IOMEHATHL MecTaMHu.

Ecan zamans Xk u (4.7), To mnockocts E ma pme. 4.1 mHe-
nogsmrna. IIoCKoIbKY Bee TOUKM moBepxHocTu (4.6), 3a wme-
KI09eHAeM P, jJeskaT mo oTpuuartenbHyo cropoHy ot E m
HOCKOJIbKY 5TO K€ BePHO (e3 HCKIYEeHUA AJA TOUeK ¢

D (z,) << M, (4.81)

BeamumHEa D jocruraer csoero MuHEEMyMa Ha E B Toukax P.
ITooToMy npmunmnbl Duo 9KBUBAJEHTHBI OpHHNULAM H. 4.1
u 4.3. Ux moxHO 0600MUTh HA IPOUBBONBLHBIE CUCTEMH ¢ He-
TIpepHBHON mmccwnmaTHBHON (yHknumeii. ONHAKO IPEMeHAA
9TH npnmmnm sappupyior D (z,) n D'(Xﬁf)), TOrjJla Kak
peamamEa X x, ocraeTcss (QUKCHPOBaHHOIl. JTO O3HATAET,
uto 06e cropons (4.4) TIPE[ICTABIIAIOT co0oii mBa Pa3IMIHBIX
BHPQKEHUA A ofHOH m 7T0fi ;Re (M3MICCKOM BEJMIHHEI.
IToaToMy cofep;kanne nprHOENOB Buo nveer ckopee opManb-
Hyl, 4eM (Hu3UIeCKy0 IIPHDPOAY.

Haxomer, ciaemyer OTMETUTH RPUHUUR MUHUMALDHOZO
noposxcdenus suTponuH, cdopvyiamponanEuil IlpuromusasM
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TS IMHeHHHX mponeccoB u ofobmermmit ne [poorom ([13],
crp. 196). 3pmecy mpepgmomaraercs, YTO HeOOPATHMBIE CHIILI

(i . '
X gamann (k=1, 2, ..., j<<n). llpuanun ycraHEaBINBaeT,
910 ANCCUNATHBHAA (YHRIUA MUEMMHU3UDYETCH 3HAYCHUAMU
z,=0 (k=j+1, ..., n) ckopocreif, COOTBETCTRYIOIMX OC-

TAJBHHM HeoOpaTUMEIM cHJIaM. JTOT TPHHIHUI, KOTOPHl
OIATH-TAKU MOMKHO GBIIO OBl BHPA3WThL B BuUAE HEKOTOPOH
IBOHCTBeHHOIT] GOPMYJINPOBKN ¢ TePeMeHHHME MECTaMH &,
n X;f’, He 3KBHBaJienTeH mpumuumaM 0. 4.1. Oppako gns am-
HeHHEX TPONECCOR, u BooOme Korga [)'-noBepxXHOCTH Tiajf-
KHe, 5TOT UPUHIAN IIpecTaBiseT co0oii uX caeficTBHe.
i ,
Qurcnpys XY (k=1,2,...,j<n), MH OTpaRHIHBAEMCH
HEeKOTOPHM JIMHEHHBIM IOAHNPOCTPAHCTBOM CHIOBOTG IIDO-

CTPAHCTBA. O3Jech MHUHIMYM QYyHKOUZ D_’(Xﬁf)) JOCTHIAeTCH
Ha HEKOTODPOM MHOKECTBe 3HATEHHIT X;({”(kzj—H, ... R,
VIOBIGTBOPAIOMEM CHCTeMe ypaBHeHHH

aD’

=0 (k=j+ 1% . .5n 4.82

5X(zh) ( ) ( )
Us (4.35) cpasy ke ciegyer, 910 x'k=0 (k=j+1, ..., n).

Ecanm sxe D’-moBepxHocTH He riagkme, To mpuenmn IIpmro-
’KUHA He cjaeflyeT m3 mpmHnumos m. 4.1.

§ 5. IIpumenenue K cnacwHsti cpedan

"5.1. CocraBubie cucrempi. Jlo cux mop MH B HAIIUX Pac-
CYKICHHAX OTrPAHWINBAINCH CHCTEMaMH, MaKpOCKoUmde-
CROE COCTOAHUE KOTOPHX MOKHO MOJHOCTBI0 ONHCATh HEKOTO-
PHM MHOMKECTBOM MeXaHHYeCKHX KOODANHAT Z, U TeMIepa-
rypoii ¥, Kak a0 G810 mpemoskero B 1. 2.1. B nocaenymomux
PACCY/RIEHUAX CHCTEMBI TAKOIo THIA MBI OyneM HasHBaTh
ocrosrnmu cucmemanmu. C Apyroil cropoHsl, ME OyaeM roso-
PUTh O COCMABHOL cucmeme, €CIW HeKOTOPOEe HNPOUBBOJNBHOE
YHCAO OCHOBHHX CHCTEM CKOMOMEMpOBAHO TakmM o6pasow,
4T0 MEKAY HEMH Bo3MoykeH o6MeH omeprumeii. Maxpockomn-
"9ecKoe COCTOAHHME COCTABHON CHCTEMBI OINCHIBAGTCH MEXAaHU-
decKEMM KOODAHHATAMH U TeMIepaTypaMH BCeX OCHOBHBIX
¢HCTeM, KOTODHIE 9Ta COCTARHAA CHCTEMA COJEPIKHT.
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(B MexaHWMKe CIUIONIHHX cpefl, HANDPHMED, COCTOSHUE
TBEPAOTO TeJa KOHEYHHX pasMepoB OIIMCHBAETCA KOMIIO-
HeHTaMu JlepopmManum €;, # TeMumeparypoil U Kamoro sie-
MeHTa.)

Haskgoit W3 OCHOBHHIX CHCTEM COOTBETCTBYET HEKOTOPHIIL
aHcaMOnb MUKDOCHCTEM H, CIelloBaTeIbHO, HEKOTOpoe pac-
npejiesiene $az0BHX TOUEK, ABIKYHOIMXCA B COOTBETCTBYIO-
meM $azoBOM IpocTpaHCTBe. MHEKDOCHCTEME, COOTBETCTBYIO-
Oiue COCTABHOI cmcTeMe, mojaywaiorcs KoMOmHAan@ed OCHOB-
HEIX MUKPOCHCTEM; WX MOMKHO HpeficTABUTh DaclpefielleHHeM
$a30BHX TOYEK B pacupeHHOM (a30BOM INPOCTPAHCTSBE.
Ncmonbsys sepxHmil HEfEKC (f) ANA BeIHIHH, COOTBETCTBYIO-
mMAX j-ii OCHOBHOU cHecTeMe, W 3alMCHBAA BEeJHYUHE, COOTBET-
CTBYIOII¥E cOCTAaBHOW cucreMe 0e3 MHIEKCOB, IOJydaeM 3ie-
MeHT o0beMa

dv = d\Wdv® . .. (5.1)

B pacIlupeHHOM (a30BOM OpOoCTpPaHCTEe. AHAJIOTHYHO, CTe-
meHb CBOOONH COCTABHON MUKPOCHCTEMH BHPAayKAeTCsA ClIe-
nyomuM ofpasoM:

v=v @ L5 (5.2)
¥ ee pacmpefeleHHe BEPOATHOCTeH mMeer BHA
w=wP®. ... (5.3)

B cany (2.43), mmeem

PR S wde? =1, (5.4)

YMHORAA NOWIEHHO paBeRcTBa (5.4), chopMynupoBaHHEE
RIA BCEX OCHOBHHIX cucTeM, W mcmonbaya (9.1), (5.2) m (5.3),
MO yIaeM

e wdo—1. (5.5)
JHeprus cocraBHOH MBkpocmcTeMB paBHa
H— O gy (5.6)

B cuay (3.7), BuyTpeHnasas sHeprumd j-i OCHOBHOIl Makpo-
CHCTEMEl pPaBHA

79 =1 { B w9g, (5.7)
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m, B caay (9.1), (5.2), (5.3) m (5.6), BEyTpPEHHAA 5HEPTHA CO-
CTABHO MAKPOCHCTEMEI JIaeTCs BHpAsKeHHEeM

U=h={ Hodo=p=" @~ (@O 1 HO 4.0 x

X wPuw? ., dDd®. .. . (5.8)
B cuay (5.4),fus (5.7) u (5.8) cmenyer, uto
U=UY+U094..., (5.9)

T. €. 9T0 BHYTPEHHAA BHEPIUA COCTABHOH CHUCTEMBl pAaBHA
CyMMe BHYTPEHHOX 5SHEPTHi ee OCHOBHHIX CHCTEM.

B coorsercreum ¢ (3.8) u (5.3) MHAEKC BEPOATHOCTH CO-
cTaBHON cHCTEMH pPaBeH

n=nP 4@ 4. ... (5.10)

B cuny (3.11) m (3.10), ee amTponusa ompepesaercss BEHIparKe-
HAEM

S=—h" {nwdo = — P =@ = (@ 4@ ) x

X ww? ., dOd® ..., (5.11)
TOTZIA Kak

SO _p W S D wdyd (5.12)

npepcTasasger cofoil sHTpommo j-i ocmosHOIl cucremsl. M3
(5.4), (5.11) u (5.12) cmenmyer, drO

S=80 8@ | (5.13)

T. €. 9TO SHTPOOHSA COCTABHON CHCTEMH paBHA CyMMe SHTPO-
IHA OCHOBHEIX CHUCTEM.

[Ipegnonosxum, 910 BHATAJE KAMKIAA U3 OCHOBHBEIX CHCTEM
Befler cebsn Kpasmcratumyecku. Torma morox m mepeHoc ¢aso-
BHIX TOUGK B COOTBETCTBYWINWX ¢(a30BHX NPOCTPAHCTBAX
B COOTBETCTBUH C U. 3.4 TAKOBHI, YTO UX PACHpPENEJeHHsA BCET-
7a KaHOHHMYeCcKue, TakK 4To $asoBbe TOYRHM OCTAIOTCS COCPeNo-
TOUYSHHRIMA B HENOCPeLCTBEHHHX OKPECTHOCTAX HEKOTOPHIX
HY-mrosepxaocreii m pacnpefe eHHSIMH DPABHOMEDPHO BJOJIb
DTHX MOBepXHOCTEll, KoTophie camu 1o cebe MOPyT HAXOTUTHCH
B COCTOAHUI MEJICHHOIrO JBIKENHA. AHAJOTMYHYI RapTHHY
MOJKHO NPEJiCTARBMTH JUId pacupejenesns (a3zoBHX TOUEK
B pacmupeHHOM (a30BOM HpPOCTpaHCTBE, HPEICTABIAIOLIEM
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BCI0 COBOKYIIHOCTb OCHOBHHX CHCTEM, 32 MCKJIIUIEHUEM TOTO,
q9T0 pacupefieieHHe He 0053aHO OHTh KAHOHUYECKHM, KOJb
CKODPO OCHOBHHE CHCTEMHI OCTAalOTCH H30JHMPOBAHHEIME OHA
or ipyroit. JleiicTBUTENbHO, (a30BEE TOUKYU KOHIEHTPUPYIOTCA
BoNb HeKotopoil J{-mosepxHocTH, HO, B CWIY CBA3Eil, HOJ-
ACPIRUBAIOIAX M30JALUK CHCTEMBI, UX pacopeneilenne BIOJIb
370l IOBEPXHOCTH He 06f3aHO OHTH OJHOPOAHHIM. BRioue-
Hue OCHOBHHX CHCTEM B HEKOTOPYK COCTABHYIO CHCTEMY
SKBUBAJEHTHO BHIKIIOWEHHI0O YNOMAHYTHX cBAsefi. B cuay

9TOTO BHIKJIIOYEHHs, MEXAHWYECKNE KOOPIHUHATH zt’ u rem-
mepaTypsl 0¥ OCHOBHHX CHCTEM CTAHOBATCA CBOGOIHBIMH H,
TakuM o0GpasoM, OLpeeATcA BlamMOfelcTBEEM MeKIY
OCHOBHHIMI CHCTEMaMH.

(H

I Yro7wkacaercad BeIWYUH Zp', TO UX U3MEHEHHE, B CUIY
(2.38), sxBUBaNEHTHO GOMEHY DHEPIUSMH MERTY OCHOBHEIMU
MUKPOCHCTEMAMH, IpUYeM WX UHINBUIyaisdeie smepruu HY)
U, CJeoBaTeNbHo, BHyTpenHme sHeprun U'Y) MemAwTCA, HO
un noxHas sueprus I, un sayrpennsas saeprua U cocranHoil
cHCTEMBI He MeHsgIotcs. B pacmrupennom ¢aszoBoM mpocrpar-
ctBe $asoBHe TOYKHM OCTAlOTCA HA CBOHX DHEPrerHIECKHX
TOBEPXHOCTAX, XOTH MX JABIKEHHE BJOJL DTHX IOBEPXHOCTEIl
MOKeT H3MEHHTBCA HOR felicTBHeM cBfsel. Jra 9YacTs NPO-
mecca He IPUBOJAMT K ITOTOKaM B (a3cBOM mPOCTPAHCTBe, W,
cIef0BaTeIbHO, B XOf€ Hee COXPAHAKTCHA HOCTOAHHBIMHE KaK
surponum SY7 OCHOBHEIX CUCTEM, Tak W 3HTPONUA S COCTABHOMH
CHCTEMEL.

B coorBercTBUm ¢ m3IO0KeHHBIM B 1. 3.6 BTOpHM caej-

CTBHEM M3MEHEHUA BeNWdNHE I MOKeT GBITH IIOpOKIeH e
9HTPOINMY BHYTPH KaKIOH W3 OCHOBHEIX CHCTEM, COOTBET-
CTBYINee HEKOTODPOMY HOTOKY, OPTOFOHAJIBHOMY K TOBEDX-
HOCTAM 9HEPTMH B OCHOBHBIX (AB0BHX NPOCTPAHCTRAX.
B cuny (5.13), ator mporecc sKBUBANCHTEH HEKOTOPOMY IIpH-
PaLieHHIo JHTPONRHY AIA cOocTaBHOl cumereMbl. Ilockonesky »10
npupalieHne He H3MEHSeT €e BHYTPEHHEH SHEPIHUH, €ro MOiK-
HO WMHTEPOPETHPOBATh B PaciINPEHHOM ($Aa30BOM IIPOCTpak-
CTBé KaK HEKOTODHII MOTOK BJOXh TOBEPXHOCTE!l SHEPTHU.

Haromren, cEdatne cBsazeil mperpauiaer temumeparypy 0/
B ¢BOGOTHELIl HAPAMETD M OTKPHIBACT BOZMOKHOCTD s TEILIO-
o0MeHa MeKIY OCHOBHEIMM cHcTeMaMut. Jlas HeROTOpOH naH-
HOII OCHOBHOH CHCTEMBl J106011 IPUTOK WAM OTTOK Temia

6 1. IT:ucaep
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npefcrasiaser co0oii oOpaTEMEI HpOIECC, COOTBETCTBYIO-
il HeKOTOPOMY LOTOKY B (ha30BOM HpOCTpAaHCTBE, peryim-
pyemomy wum3BHe. OfHAKO HJIA COCTABHOM CHCTEMH BCAKHI
nponecc BHYTPEHHETO TemioooMeHa HeobpaTuM, U eTo cleRyer
HHTEDIPETHPOBATh KAK NMOPOKAECHWE HHTPONMHM HA TPaHUIAX
MC/KAY OCHOBHBIMHA CHCTEMaMH. I[eﬁCTBI/ITeJII)IIO, CJCXyeT
OJKUMATH, UYTO B PACHIUpPEHHOM (Pa30BOM DPOCTPAHCTBE Hadalb-
HOe HEKAaHOHWIECKOE pacmpejeseHue CTPEeMHTCH CTaTh KaHO-
HugecKuM. 1l03TOMy, KaXK TOJABKO BHYTDEHHWE CBA3H CHH-
MaiTCAd, YCTAHABIWBAETCA HEKOTODHM HOTOK BIOJb IOBEPX-
HocTel sHepruu. Taxkoll TOTOK, 0YeBUAHO, YMEHBINAET HMEI0-
myiocsd uHGOPMAIIAI0 0 COCTOSHHHU COCTABHONH MUKPOCHCTEMEL
u, TakaMm 06pasoM, IpefcTasiser ¢o0oil APyroi THI HOPOKIE-
HUA DYHTPOLUM.

5.2, Jlepopmanusa n Haupsprennme. [Jasa mio6oil cnmmomHOR
cpens 106yio KQHETHYIO Maccy m Wil o6sem V MoskHO pac-
CMATPHUBATH KK “cocTaBHYH0O cucTeMy B cMEcae m. 5.1, mpum-
4eM COOTBETCTRBYIONIME OCHOBHEIE CHUCTEMEL IIPefiCTaBIAIOT
co60ii 31eMenTH 00beMa mau Macesl. CocToAnue 9iieMeHTa OIH-
CHIBAETCHA ero TeMOepaTypodl U HEeKOTOPHM HOAXOHNANIMM TeH-
sopoM pedopmanuii; cOOTBETCTBYIOLIUN TeH30D HANPAKEHHH
onpejeaaer gedcTeyomue cuan. C TOTHOCTHIO [I0 CMEINeHHSA
Kak aGCoM0THO TBEpPHOTO Tela, KOTOPoe He MpeNcTaBJsaer
AJAA Hac uUHTepeca, KOHQUrypandms HEKOTOPOH KoHeYHOM
MaccH OOHUCHBAETCA MOJeM TeHsopa fedopmanmit B V; cocros-
HAEe 9TOH Macchl oOpefessiercsd BIOJHE, eCJHW W3BeCTHO Mole
remneparyp 5 Hek. Ciegyer oTMeTHTh, XOTA 3TO 37leCh W HE
O9eHb BAYKHO, YTO IoOJe TeH3opa AedopManmii HeXb3s BH-
6upaTh NMPOW3BOJBHO. HKUHEMATHIeCKN JODYCTEMOE IoJe [e-
dopManmii OMIKHO YAOBIETBOPATH HEKOTOPHM COOTHOMICHHAM
COBMECTHOCTH. AHAJOTWYHO, AWNHAMUIECKU ROOYCTEMOE IHOJe
HAODSKEHNIT [(OJIKHO YIOBIETBODPATH HEKOTOPOHl cHcTeMe
ycnoBmii paBHOBecus, TpaKTyeMux B cmslcie JlamamGepa,
ecqy COJONIHAA Cpefia HAaXOAWTCA B COCTOAHUH [IBUIKEe-
HUSA.

C TouKkHM 3peHMs, CBA3EIBAEMON Temepb OOHYHO ¢ HMEHeM
Oiinepa, ABWKEeHHE CILIOMHOH Cpednl MOMKHO ONHCATH MOJEM
cropoct: v;(yy, ), 3ajaHHBIM B BHjle HEKOTOPOH dyHERINA
I0JI0KeHAS TOUKH B npocrpaHcTBe y, u Bpemenn ¢. IIpunm-
Mag HHIeKCcHoe ofosHadeHMe [ TACTHHX IPOU3BOJHBIX
(0v;/0y,=v;,, B 0v;/0t=v; ), MOKHO 3amMMCATH CAMMETPHI-
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EYIO qacTh I‘paf.meHTa CKOPOCTH B BHje
£ ,
Vie =5 s+ 0x)) v (5.14)

LCnenya Ilparepy (27], crp. 64), Gymem masmsarh V,
cxopocTbio medopmanmn. Hanpsxennoe cOCTOSHEE B CINIONI-
HOH cpefle MOKHO OIHCATH JMIEPOBHM IIOAEM HAIDKEHUN
ojk(y,, t), Tax.4ro, ecau p(y,, t) OMECHIBaeT pacrmpesienienne
IIOTHOCTH, TO CKOPOCTh M3MEHEHHS pAaGOTH, MPOH3BORAMON
TmoJIeM HAUPSAKEHUH Ha eJUHHUITY MACCH CPEMH {CM., HanpuMep,
IIparep [27], crp. 87), pasma

aw * 1
P= E == ,?; O'jijh? (515)

C rogkm speHms, cBa3nBaeMoil 0GEYHO ¢ mMeHeM Jlarpan-
7Ka, TO JKe caMoe [BIDKEHME MOKHO OHmUCATh ¢ IOMOLIBIO
MTHOBEHHHX KOODAMHAT Y (Y, !) MHLUBUIYaTBHEIX TaCTHIL,
3aJlaHEEX B BEje QYHKIAA WX HATAIBHBIX KOOPAUHAT Y,
H BpemeHH !. 37ech He3aBUCHMHE NePEMEHHBIE OTIAYHE OT
Tex, KOTOpHe OHJIE WCHOJAb30BaHH Buuie. as Toro 4robH
OONYEePKHYTH 9TO pa3nWdme, YCJIOBEMCA 0G03HAYATH YACT-
HEIe IPOM3BOJHEE IO HOBOH cHCTEME HE3aBHCHMBLIX HepeMeH-
Hux ueprouxamm (0y;/0y,=y; % u Oy ,/0t=yj ;); myctb o
OLONCHBAET HAYaIbLHOE pacupefenerue maorHoctd. C TOUKHM
spernsa Jlarpamxa, medopmanmio cruromrHoi ¥epens ymoGHO
OOMCHBATE TeH30pOM pedopMaiun

— 1 %:ﬁ"‘k~ 6 At 1 16
en =5 (Wil —Om)s - (5.16)
L |
sBepenrnM I'praom [12]. Ero marepmanbmas ckopocTs maMe-
HenuA (T. €. CKOPOCTDb €r0 M3MEHEHWs JIA JAaHHOH YacTHIH
CIJIOIMHOMN CPeH) noJaydaercd 9acTHHM JuddepeHnmpoBanmeM
mo ¢ W, clIegoRaTelNbHO, JAeTCA COOTHOIIEHHEeM

1 1 .
e =5 WiV, o= 5 W3 Vo T Yz Yoz (5-17)
ITockonpky

Yg=0v U V%= Um Ymi> (5.18)

6*
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cootHomenne (5.17) mpusmMaer BHI

r

4
ejne =5 (Yii¥ma + YiEYm3) Vume (5.19)

Ynen B ckofkax cuMMeTpmueH IO [ M /M, MOSTOMY ¥, , MOKHO
BaMEHAThL ee CHMMeTpWYHOU uacThio V.. MemAa wmecramu
l myg m B mocuaenHell cymme, LOJNydaeM OKOHYATEJIBHO

&5 = Y1 YmiVim (5.20)

(IIparep [27], crp. 196). Tersopy medopmanmit (5.16) ymobuo
TOCTABHTL B COOTRETCTBHE TEH30D HAIDKEHUR
5. -
Ty = %f Y5, p¥raOpq » (5.21)

BBegenEnit Humpxrogom [17]. Ilpomseemenme] BEpaskenumil
(5.20) u (5.21) npepcraBasgercda B BAIE
54 il | = 4 k- E_)‘ e -
TirCjpo=— '5' yl,'j‘yj,pym,ﬂ/k,qo'pqvlm = T:;' 6pl(5qmopq Vi =
=
— % TVl £(5.22)

Takum o6pasoM, cxopocts usmenenumsi paborsl (5.15),
DPOM3BOAUMON TONeM HaNPAKeHUN Ha eIUHALTY MACCH, TAKmKe
JlaeTcA COOTHOIIEHUEM

1
P= 3 Tin€inoe (5.23)

f BemoMBuM Temeph, 4TO &5, NpefcraBager coboii mare-
PUANBHYI0 CKOPOCTh W3MeHeHus €. Ecam cocrtosmme sie-
MEHTa ONMCHIBAETCS T'PHHOBHIMMU KOMIOHEHTAMIL nedopManyy
£;, W TEMIEPATypolf, To €;, MpeAcTaBAAOT coGoil Mexanmye-
CKHEe ROOPMHATH 3JIeMeHTa B cMEIcae m. 2.1 1 BeanymHBE
€375 TPECTARIAT cO000H COOTBETCTBYIOMEE CKOPOCTH, CO-
rJIacHO OIpejieNenuio, fanuoMy B m. 4.1. Us (5.23) cmexyer,
9TO CMJIBI, COOTBETCTBYIONIME €;, B cMblcae . 2.1, cyTh Kmpx-
roOBE KOMIOHEHTH HATPAKOHUA Tjp» MENeHHEe HA Ha-
9ajlbHYI0 INIOTHOCTH, 3Jech OCHOBHOH CHUCTEMOH sABIAETCA
eIWHUIHAA MACCa.

IIpyroii mopxojf ompejensercA COOTHOIIEHWeM (9.19).
CoracEo 9TOMY COOTHOMEHHI0, KOMIOHEHTH V ; CKODOCTH
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AeOpMATIAN MOYKHEO DPACCMATPUBATL KAaK CKOPOCTH; COOTBET-
CTBYIOIIE DTHM CKOPOCTAM CHJIB CYTh KOMUOHEHTH diineposa
TEH30Da HATDSKEHHN O, NETeHHHE HAa MIHOBEHHYIO ILIOT-
socth p. O4eBU/HO, YTO OCHOBHOH CHCTEMOIl CHOBA SIBISETCA
enuANNa MaccH. Caeayer 3aMeTHTh, 4TO [iJid KOHEYHHIX Tmepe-
MeleHuil BeJWInHn V;, B OTIMIHE OT £ ; HEJAbSsI MHTEPIPE-
THPOBATh KaK cxopocm UBMEHEHUS HEKOTOPOH CHCTEMBl KOM-
nomenT AefopMalud, KOTOPHE MOMKHO OHUIO OBl paccMaTpH-
BaTh KaK MeXaHWYecKHe KOODAUHATH, CBASAHHHIE C CHIAMHA

.- 9TO, OHAKO, He MemIaeT IPUMCHEHIIO I PUHIIA HANMEHb-
mem Heo6pammou cunbl KV, 1 HEoGPaTHMBIM HacTAM O ,/p.
9T0T TpUHEIUH, ch)OpMmepOBaHHLm gepes CKOPOCTH | HE0G-
paTuMble CHJIBI, IpPefcTaBisAeT coGol HEKOTOpoe yTBepskpe-
gOe, GOpMyJIEpPYyeMoe [ OJHOTO JAHHOTO MOMEHTA BPEMEHU
{ WAm, ecAW 3aMEHHUTh CKOPOCTW Ha GeCKOHETHO MAalEle CMe-
MeHHuA, Nijigd OeCKOHEYHO MaJjoro diaemenra Bpemenm. Her
OCHOBAHMIl CIATATH, YTO MO KAKUM-IU00 cOOOpasKeHUAM KOM-
noneHTH Aedopmanmm (5.16) Heabsda uaMEpHUTH 1O KOHQHUIY-
panmu B Hadajge JTOTO dIeMeHTa BpeMeHH. B 2TOT MOMeHT

Yi5=Yin=Oj. (5.24)

CrefgoBaTenbH0, TPHHOBA CKOPOCTH Aedopmaruu (5.19) mpn-
BopuTeA K cropocru pepopmanmm (5.14), Torja Kar KHDX-
ropor Temsop nampmkeHuil (5.21) coBmagaer ¢ PUIEPOBHM
TEH30POM HAUPMREHmH 0 ,,. Orciona cieayer, 9TO BEIMIMHEL
V;, MOKHO paccMaTpmBaTh KaK CKOPOCTH MBMEHEHUS KOMIO-
HOHT GeCKOHeTHO Mamoit gepopmarue B cMeiciae I'pura, a aTo
y/e JI0CTATOYHOe OCHOBAHHE A NpPUMEHEHNs IPHHI[ANOB
m. 41 & V,, ® HeoGpAaTHMEIM FacTaAM 0,/p.
$Bronsa uepeMemeHnH

w(Yr, ) =Y — Y1, (5.25)

Y5 = ugj -+ Oy (5.26)
Cienosatensro, coorHomenne (5.16) Mo:kHO 3ammcaTh B BHAE

HojxygaeM

1
e =5 (ujur + wiptwny) (5.27)

Ecnam ‘rpagdeRT mepeMemeHRds U, j, MaX, TC COOTHOIIGHM®
(5.27) moxHO mmueapm3oBarh. [em3op Aedopmangzii B 3TOM
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ciIydae OPHEMMAET BHJ
1
ein= o (Ui +up ), (5.28)

XOpOIIO W3BeCTHHI B AuHeHHOH Teopud. B cuny (5.26), coor-
BeTCTBYKINME CKOPOCTH JedpopManmm paBHH

Einp = '12 (wj0n + ung;) = % @ip+on5)=
= iz @y Hopy ;) =
= ;— (951 (i Oun) + vry (74 831, (5.29;
WM mocie JWHEADHW3AUHA W YIPOLleHEA C IOMOMmBI0 (4.14)
Ejng = 12 ©ip +vr5) = Vi (5.30,

Taxum obpasom, rpwHOBa CKOpPOCTh Ae(OpMALHEM NPUEC-
puTcA K 00n9BO#E cKopoctm medopmanumd. Ecuam de;, o6osHa-
9YaeT MaTepEaIbHOE npupamenue gedopmanam, 1o (0.30) gaet

Sdgjh :‘Sjk’"o'idtw:’ij dt. (5.31)

Wz coormomenmii (5.15), (5.23) m (5.30) caexyer mamee, ato
1 !

p ZE‘ O'J'kV_,‘h == !‘3' Tjijk- (532}

B paccmarpuwBaemoMm 3pech DpmOAMMKEHHH P MOMKHO 3a-

MEHHTH Ha p. B cmily caMMeTpHE BXOAAINUX B HETO T€H30POE,
cooTEOmerne (H.32) paer

Tjp = Ojp, (533)

Tak 910 (3imepoB ¥ KEPXrodoB) TEH30PH HAUPAIKEHWA CHOB&
copnmamaor. Ms (5.32) u (5.31) momywaercs OKORYATENBHO
BHpayKeHNE ]I 3JeMeHTapHOH paboTH

1
adW = Pdt :%* Tix d&‘.jk (534)

Ha eJuHEnny MaccChl.
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~ 5.3. Onpepexsiomume ypasnenus. B coorserctmm ¢ O. 3.5
KEpXTofOB TeH30p HANPMKERHWH MOMKHO DACIIeNnHTh Ha
06paTEMYI0 U HEOOPATHMYI0 YaCTH:

) M:

, Tip =Tk + T (5.39)
PaccMaTpHBas efWHWYHYI MacCy KaK OCHOBHYIO CHCTEMY,
MOKHO IIONYYHTH B COOTBETCTBHH ¢ I. 3.7, 9TO TeH30p 00pa-
THMHX HaupsyKeAnil ompejelsercss COOTHOMEHHEeM
5 v

a1

Ogjn
TAe €;, — TPHHOB TEHBOD medopManuz, a U(ajk, 8), IP’(ajk, ¥)
OpefCTaBAAT coGoil COOTBETCTBEHHO BHYTPEHHII0 M cBOOON-

HYI0 DHEPrHH, IPHXONAMUEcS HA ERHHHUIY MAaCCH. JJIeMeH-
tapHas pabora TeEsopa ob6paTEMHX HAUDMKEHAR paBHA

W=p—y mm = (5.36)

dW(r) = % rﬁ}?deik, (537)

C ppyroit croponsi, saeMenTapHas paboTa THCCHIANHHA Ompe-
messerca COOTHOLICHHEM

AW = ._é jil?!dgjk —_—ﬂdS(i)> O ’ (538)

rae dS) — anemenTapHOe UTOPOMKIEHHE BHTPOIMH, IPHXOJSA-
meecs Ha eAmHANy Macch. CKopocTh H3MeReHEA paGoTH JHC-
CAIAnMM PARHA

. 1 4

AranormuasiM 06pazoM MOKHO pacmienuTs Ha o0GpaTHMYIO
H Heo0paTEMYI0O 9acTH W HHIepOB TEH30D HAmpA:KeHHi

o =0 + o). (5.40)
Toabko 4T0 WpOBEAEHHHE paccykaeHHs Ges TpyAa pacmpo-
CTPRHAKTCA HA Oj,; B CAMOM Jede, OHM OCTAOTCA IPUIOA-
& —-

HEIME BO BCeX OTHOIIEHHAX, €CJAHW T, 3aMeHAETCA Ha O, P
HA 0 W €CJIH &;, UHTEPOPETAPYETCA KaK TeH30P GeckoHeIHO
Mannx nepopmanuit. B wactEOCTH, CKOPOCTH M3MEHEHHA pa-
GOTH IHCCUNAUWM TPAHAMAET BHJ

P(i) = —_,ijz ij. (541)
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Haxee, cpaBHeHue ¢ (5.34) mokasmBaer, 4TO JJAd MaJHX
TPAJHEHTOB cMeMmeHms TeH30DPH B (5.37) MOMHO HMCTOJIKOBEHI-
BaTh KaK 3HJI6pOB TEH30D HAUDMKEHHil M MarepHalnbHoe
mpHEpanieHne YOPOIEHHOro TeHsopa pedopmaruii (5.28).

Ilpranun HauMeHbIIeH HEOGPATHMON CHIK MOMKHO IIpHMe-
HATH B A06oit m3 ero $opm, paccMmorperHHX B § 4, aubo
K CKOPOCTAM €;,7; W COOTBETCTEYIOILUM cuiaM T,/p, I160 e
K CKOPOCTAM ij U cumiIaM 0j-k/p. Oasa Toro wrobm msbesxars
U3IMIIAKX [OBTOPERUTT, OTPAHNYHMCH B IOCJIEIYIONEM pac-
CY!RIOCHNH TOJBKO BTODHIM CilydaeMm, HMes, OZHAKO, B BHULY,
9TO BCE OTH PACCY:KICHUA OCTAOTCA B CHJe TaKKe W IIA
apyroro caydas. llycrs

D (V) =PY (5.42,
npeficTaBifer co0oil AuccAnaTHeiVd (GYHKIMIO HA EJUHHAILY
MACCH, 3aBHCANIYIO MPEKIAE BCETO OT CKOPOCTH AedopMalni,
HO TaKKe, BO3MOIKHO, OT MTHOBEHHOI'O COCTOSHUSM 3JIEMEHTA I
ero ucropua. Ms m. 4.2 caemyer, uro

0 .

0k(Vin— Vi) 20,* w(5.43)
e O — TpOMBBONBHKI TEHsOp HeoGpaTHMEX AedOpManmuil,
V;, — HcTHEHAA CKOPOCTb HepOpMalyuy, CBA3AHHAS C BTHM
TEH30pOM, U Vj, — NPOM3BONBHAA CKOpoOCcTh fAedopmanuu,
pas koropoit D(V3i,)<<D(V ;). 3Hak paBeHcTBa BHIOIHACTCA,
ecan V3, IpeAcTaBIACT COOOI APYIYI0 CKOPOCTH Jledopmanun,
coBMecTMy0 ¢ % . Ecam D-moBepXHOCTH — TIafRMe, TO
MOMKHO upuMennTth ypasHenue (4.20), T.e. CBA3b MemIY
CROPOCTHIO Ae)OPMATUN W TEH30POM HeoOpPATHMBIX HAllpPSyKe-
HO [aeTca CcOOTHOIIEHMEM
(1) p,/ 60‘ ——1D aDl (544)
in =0 37— M o, .
! L0V Vi
B cuay (4.36), puccunaTnBHEE QYHKUUME KBA3HOXHODPORHOTO
THIA YHAOBIACTROPAOT (YHKIMOHAJILHOMY YDaBHEHUIO

oD
U3 (4.43) caenyer, 4ro B aToM ciaydae (D.44) mpusBopmTes K
COOTHOIIEHHIO

i

V=1 (D). (5.45)

W D oD

R =0 1 Dya7 (5.46)
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Hamee, cornmacuo (4.44) m (4.46), MoyxHO ompemenuTh PyHK-
M0 ¢ COOTHOIICHHEM

. (.D .
= | == dD} 5.47
=70 - (5:47)
TaK 49TO
y - 0
0 00
B=r57 (5.48)

Ecnu pguccunatuprasgs (yHKOUA — ORMHOPOLHASA CTEIEHHT
r, 1o n3 (4.62) caemyer, 4ro

ofy =2 0 £ (5.49)

B wmacrHOCTH, CcoOTHOmeHmme (D.49) cmpaBeIEMBO NS OfF-

HOPOAHWX monuHoMOB. Ilpm r=2 ceasp memnpy V;, n 0](-;;)

CTAHOBUTCS JHHEHHOH, T. €. CTAHOBHTCH CBA3HI THIA
9 .
o) = apimVimy: (9.50)

Tie a;, He 3aBHCAT OT CKOpOCTe# medopManum, a COOTHO-
menusa (5.49) B 2TOM cCiydae DPaBHOCHIBHH COOTHOIIEHHAM
B3ammHOocTH OH3arepa

Qmjh == Qjhim» (5'51)

Vpasueuus (5.44), (5.46), (5.48), (5.49) u (5.50) cBAsH-
BAKT CKOPOCTH HKepOpMAIAN B CHIOMHEIX CPeXax pasilUIERIX
TUNOB ¢ HEOOPAaTHMOIl 4acThi0 TeH30pa Hampsmrennil. Besaxoe
COOTHOIIEHNE 3TOTO THNA HABKBAETCA ORDEJeAfIouuM Y pashe-
Huem TJIsI PACCMATPWBAEMON CILIOIMHON cpefst. Ero ciemyer
HOOOAHUTH HEKOTOPEIM YTBep:KJAeHUeM, racawommMmca obpa-
THMOY 9YacTH TeH30pa HAOps;KeHHi, -T. e., BooOmEe TroBopHd,
HEKOTOPHIM cOOTHomeHmeM Ttmoa (5.36), cBAsmBammmEM fie-

dopmanmu ¢ o0paTMMBIMU HAUDPsKeHUAMH. B cmiry paccysk-
nenmii . 4.3, ACHO, YTO TeH30DPH V;, U ogﬁg MO;XHO TOMEHATH

mectamu. Mcxoma m3 HexoTopoit AmMccHmaTtUBHOW (YHKIUH
D'(G(JQ )= P, (5.52)
3aOUCAHHOH yepes HeoOpAaTHMEe HALPS:KEHAA, H 3aMEHAS e

(5.42), Mu moAy9YEM ciefcTBUe A M00Or0 M3 PACCMOTDEH-
HEIX BHIIE ONDENEeNSWIMAX ypaBHEHHH.
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5.4. Ilorox Tenna. B m. 5.2 G6s10 0TMEYEHO, ITO KOHOTHKIN
00beM CIUIONIHOM CpeIH MOKHO PACCMATPHBATH KaK COCTAB-
HYI0 CHCTEMY, PACCMATPHBAA HJEMEHTH MACCH KAaK COOTRET-
CTRBYIONYE OCHOBHHE CHCTEMH. B mpegupaymieM paszeie Mu
PaCCMATPHBAIN IIOPOKACHME DHTPONUA BHYTPH DJIEMEHTOB
MaceH 3a cyer paborsl HeoOparTuMux cuii. CyMMupysa BRIAZH
OTIeALHEX DIEMEHTOB MACCH, IOJYYaeM DOPORACHEE SHTPO-
NAY BHYTPH KOHEYHOro 00beMa CINIONIHOM CPeNH, OCKONLRY
OHO o6ycHoBIEBaeTcsa paboToil HeoGpaTuMHX cma. OmHAKO
B m. 5.1 0RO DOKA3aHO, YTO IPAHHMUE MEHKAY OCHOBHKIMU
CHCTEMAMYE DPECTABIAIOT c000M IPYyroil HCTOYAUK IOPOKIe-
HAA SHTPOUWH, MOCKOABKY Ni06OM TEmMNOBOH HOTOK MEIY
9JIEMEHTAMH YBEJIWYWBAET HHTPONHI0 COCTABHGH CHCTEMHI.
Taxum o6pasom, EMe0OTCA [Ba PABNHIHLIX THIA IOPOKIEHUA
DHTPONWHA B KOHEYHOM ofbeMe cmiaomHON cpenm. Ilepsrrit
n3 HEX Owr paso0pad B m. 5.3, COCPEMOTOYMMCA Temeps Ha
BTOPOM.

Ilycts V ospagaer o6beM HEKOTOPOH KOHEUHOH IOPIHUH
COJOIMEOH cpefibl, OTrpAHNYEHHON peryJisipHOH{ IOBEPXHOCTHIO
A ¢ egUHEYHEIM BEKTOPOM HopMaam v,. Ecam ¢, — moTox
Temaa, TO CKOPOCTh BOBPACTAHMUSI SHTPOHNHH IIOf NEHCTBHEM
NOTOKA Temila HOJydJaerca U3 mepsoro ypasHenms (3.38)
B BHE

1
— % qaav, (5.53)

MOCKOJBKY [HBEPTeHIMA MOTOKA TeIla, B3ATafd ¢ 06paTHHM
BHAKOM, —(j, , IPEJICTABIACT COOOH IPATOK Temla B eUHHUILY
ofbbema 3a efmHELY BpeMeHd. B cmuny teopemm I'aycca (cm.,
msanpnmep, IIparep [27],”crp. 29), sT0 BHpakeHnme BKBHBA-
AEHTHO CHEyoImeMy:

qr r i _ - i
B j‘ <W/:k W= J' 92 ﬁ,i;gde__ 1) B2 0 rgndV —

— g % qk’\’de . (554)

OueBngHO, YTO BTOPOHX WIEH NpPABOil YacTH NpeNCTaBiadeT
co6oii mpmpameHnne 3ATPONEH, 00YCIOBIEHHOE IMOTOKOM Tem-
1a uepes umomepxHOcTs A. CiemoBaTensHO, NEPBHA WicH
mpeficTaBisgeT DOPOKIEHNE DHTPONNH, O0YCAOBICHHCE TEII0-
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oOmeroM BHyTp: moBepxHocTa A. OTCIOfA CclelyeT, 9T0 CKO-
POCTb HOPOMK/ICHAS YHTPONNA eINHNIHOR MACCH OB PEJIeIISAeTCsE
COOTHOMEHNEM \
s 1!
Tom = — = O, qp. 5.55
dt Pﬁz ,qu ( )

Cutyanus, ¢ KOTOpPO# MH 37(ech BCTpeuaeMcs, aHAJIOTHIHA
caTyanum m. 4.1, TaM M Joxasaim, 9YTO CKOPOCTh MOPOKIE-
HOSA, _HHTPOIMY HA HEKOTOPOM JAaHHOM dTalle IIpoIecca ompe-

fendaerca OMHUMHA TOJNLKO BeJHAYMHAMU Z, 4Yepe3 Jmccnnams-

Ay ¢yExnuio (4.3), npuyem HeoGpaTHEMHE CHIH X upen-
CTABIAKT cOGOM BEAWYMHE BTOPOCTENEHHOro 3HadeHmsa. Ilo-
n00HO STOMY OYEBHAHO, YTO /LIS JAHHOTO COCTOAHWSA CILIONI-
HOH Cpegs CKOPOCTh HOPOKAEHH:A SETPONMHA W W3MEHEHUe
pacOpefieieHAsT TEMIIEPATYPH AOKHEL ONPefeNAThCH Temao-
BEIM HOTOKOM (,. 9T0 Ha(jlofleHHe NOJCKA3HBAeT, YTO ¢,
cllefiyeT pacCMaTPMBATH KAK «CKOPOCTH» B 3a/aue TEIIOBOTO
HNOTOKAa, YTO Cle/lyeT BBECTH NHCCHNATHBHYI (YHKIHAIO
d?s 1
D (gp)="1" 7 i p—ﬂﬂ,th'>U (5.56)

u uTo BeguanEH —&,,/(p0) caefyeT HCTONKOBHBATE KAK CHIH,
COOTBETCTBYIOINWE ¢, B €AWHHUIE MAaCCH.

flcHo, 9TO yKa3aHHHe BHIIE BEJUIAHEH HE TPECTABIAT
c06oit ckopocreil mim cui B cMmeicae n. 2.1 mam 4.1. TloaTomy
OpPUEONI MAKCMMAaJIbHOH CKOPOCTH IOPOKAEHNA DHTPONNH
MOKHO IIPEMEHATH TOIBKO B (fopMe, HPHCHOCOONEHROA ANA
dasoBoro upocTpaHcTBa. YpaBHenuwe (4.20) maer mpm 3TOM

‘0D \~1!'._ 8D
Op=—p0 D—— 3.57
* . aQJ > g’ ( )
rkorga D yoOBIETBODPAIOT YCIOBHI) yCTOHIMBOCTH (4(?)) npa
R = (grgn)" 1.(5-58)

n D-moBepxHOCTH Tiafkue. B 5THX mpefnonokeHNAX 'ypas-
menme (5.57) mpencraBasier coGoii BamGomee o6myo ¢opmy
3aKOHA TETJIOmPOBONHOCTH.

B coorsercreuum ¢ (4.70) m (4.71) nnHeiiHas BepcHsA (5.57)
TMOJYYaeTCsA, €CAW LPHHATH

1 ;
D= o0 ajrqidrs  Onj = Qjp. (5.59)
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IloncraBasaa (5.59) B (5.57), momydaem
ﬁ,k = — aquj? (5.60)

7. e, 3akoH Dypove [3] nna ammsorponuoit cpexs. B mazorpom-
noM caygae (5.60) mpupopurca K

g =— b0, (5.61)

rfie b — KOp(pPUNMEHT TEmIOHPOBOJHOCTH CPEJBL.

§ 6. Onpedeasnousue ypasHenus

6.1. Yupyrue Teepabie Tema., C TOYKH 3PEHHS TepPMOJH-
HAMEUKHA ynpyzyl0 CIIOMHY0 CPefly MOKHO ONPeAeIdTh BIOJ-
He o0muM 00pasoM, MCXONS U3 YCIOBUsA, UTO €€ JJIEMEHTH
¢BOGOHE OT HeOOPATMMHX KOMOOHEHT HampssreHmi V.

B stoM cayuae mopojenme surpomuu (3.38) BHYyTpH
9JIeMEeHTa PaBHO HYNIo U 13 (3.36) cieyyer, 9T0 DHTPODNS €1~
HHIE MACCH S He 3aBHUCUT OT [PUHOBHIX KOMIOHEHT HRedop-
Malun &;, M, CIEAOBATENLHO, BABUCHT OT OJHOH TONBKO TeM-
nmepatypsl O. Ilopomienrie SHTPONAM B HEKOTOPOM KOHETHOM
ofbeme 00ycHOBAMBAaETCA HOJNHOCTHIO TemioobmenoM. B co-
raacuu ¢ (5.36) rupxrofor TeH30P HANPSIKEHUI 3afaeTcs
BHIPAKEHUAMI

= Y
Tip =0 L Tjk“—pa_a];’

(6.1)

Oejn

rne U(ej,, S) — Buyrpenusst oxeprus, a ¥(eg;,¥) — cso-
GomHan DHEPrUs eJNMHWIEL MACCHI.

Mockonsry S saBucur Tonbro orT &, m3 (3.44) cieayer,
uro pasHocts U—Y me saBumcur ot &;. [losromy sta nBe
GyHKIMT 00JafAlT OFMHAKOBBHIMU CBOWCTBAMHE, €CIHHA pAC-
CMaTpUBATH UX 3ABUCUMOCTD OT &j,. ¥YCTOWIABOCTH DIEMEHTA
Tpe6yeTU, 11'506111 byaxmum U(ey,, S) u ¥(ey, ) Ouaum 6u
Mo KpaiiHeil Mepe IMMOJOKUTENHHO TONYONPENLNEHHKMA II0

1} B mocmepHee BpeMsa MaTeMaTHdecKue COO0PAKeHAA NPUBEIH
HEKOTOPHIX aBTOPOB K Heo0XO[UMOCTH pasiwdaThb sunoynpyeue, ynpy-
2ue W eunepynpyeue MaTepuads [38]. B cormacmm ¢ mX TepMHHONOTHeH
MaTepHaj, OmpeNeNeHHEI Bhille, OyHer rumepynpyraM. McmonnsoBas-
HOE B[eChb OIpe/ielieHne SABJAAETCA IACTO (U3NTIECKHIM H OTBEYAET Kiac-
CHYeCKOMY MOHATHIO ynpyroctd [15].
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&7, JUIA BeeX sHaueHnmil S min §. Ounpenenmm Temeps yupyroe
meep@oe meao YCIOBHUEM, 9TO 9TH IBe QYHKINN IMOMOKATEIbHO
onpefielleHRNEe, 1 GyfeM Lmpegnoiarath 9T0 YCJAOBHE BHIIOJ-
HEHHKIM BO Bcell OocTaBlIe¥cs WacTH ITOTO paajeia.

[Ecinu 65 QYHKIEHN, PACCMOTPEHHEE TONLKO 4TO, Opan OH
HEOTPeNIeJeHHBIMA 110 &;,, TO TNPOU3BOIBHO MAJOI0 BO3MY-
menna 610 Ol JIOCTaTquO IJIs HaYaIa caMoUpOW3BOJNBLHHX
pedopManuil M3 HEHAUPSKEHHOrO DPABHOBECHOIrO COCTOSHUA.
Ecau U u ¥ Toiipko moayoupeneneHHn, HEKOTOPHE nedop-

Puc. 6.1. Mopyns ympyroro reia.

MaIuH BO3MO;RHEL 0e3 copeplreHus BHemHeidl padorel. ITo
mocliefHee MOBefeHHUe THOWYIHO JJIA HEBABKUX RUTKOCTell I
rasos.]

Peonoriaeckas Mofielb YIPYTOTO TBEPIOTO TeJIa IPEJICTaB-
et coboil mpy:rumry (pue. 6.1). B teopun yopyrocts o6saHO
OrPAaHMYMBAIOTCA HIYYEHHEM W3OTePMHIECKUX maW agumada-
THYECKMX TPONECCOB, npemmonaaras, yro Janbo TeMIepaTypHl
eUHNIHKX SJIEMEHTOB He B3aBHCAT OT BpeMeHH, ImGO Ke
OOTOK Temyaa MeKAYy »dJaeMeHTaMu OTCYyTCTBYET. HOCHOJII)Hy
B yOPYTOil CINIOLIHOH ¢peie HOPO;kAeHNe SJHTPONAHT NOIHOCTRIC
ofyclIoBIuBaeTcsa TEI000MEHOM, aguabaTuyecKue MPOIeCCH
OCTaBIAIOT YHTPONUI0 HEeM3MEHHOI m, TakuMm 06pa3oM, ABIA-
oTeA Takxe M ussHTponmyeckuymu. Ms (6.1) BmiTexaer, dTo
aas 000ro U3 paccMOTPEHHBIX 3/[e¢h ABYX KIAccos

_ o0
=p ¥, (6.2)

TJle yupyruii DoTeHnuan J(e;,) upeacrapuser cofoi BHYTpeH-
HIOI WIn CBOGOTHYIO 9HepI‘IHO cMOTpA 1O TOMy, Oyaer am
oporece afmabaTHUecKuM WJIH M30TepMuYecKMM. B caygasax,
KOIrjla pacopefelieHHe TeMIEpPATYpH B Hadalle mpomecca He-
PaBHOMEPHO, QYHKUUA P(E,,) 3aBUCHT TAK/KE W OT BJeMeHTa.
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Vpasuenune (6.2) mpeacraBaseT co0oit MCXONHHE IYHKT
TeopHE OOJBIMUX yupyrux pedopmantii, KoTopas 10 CHUX
[IOp PasBEBANACh, OO CYLIECTBY, TOMLKQ IS H30TPONOHKIX
matepnainoB V. B atoMm ciiydae PYHKIWIO ) MOKHO IPEHCTABATE
KaK YHKIUI OCHOBHHIX MHBAPWAHTOB TeH30pa HANPMKEHM

g1y = &jj,

. 1
&) = 5 (€jn€rj — &jjEap) = o (8in8n; — &D))

&) = & (2818n8y — SEmer ey + 855800 80) =

1
2
1
6

id .
=3 (esnemey; — 3e@em — &) (6.3)

{cM., Hanpumep, [Iparep [27], crp. 66). Cymecrsenustii mpo-
rpecc 8 aroil obaactu Guut goctarHyT B pabore Pusiuua [31],
KOTOPHIH 3aMeTHJ, 9TO BCE Pe3WHOMOA00HEE Tela mpaxTHIe-
cky HecykumaeMele. OH pasBuil TCOPHI0 HECKUMAEMOTLO H30-
TPONHOr0 YOPYTOr0 TelXa W MOKA3ad BO3MO/KHOCTH PENICHUSA
MHOTOYHCIACHHEX 3a7ay 063 33JaHUsA yOpyrore HOTEHIMAJA.
[[Ipu paspaGoTke TeopuH OKasaiaoCch, 4TO BO3MOMKHOCTD
e IPHMEHEHUs CYIECTBEHHO YIyImaeTcs, eCiu 3aMeHUTD T,
Ha 0j,. Janee OKasmBaeTcsA HONE3HLIM 33AMEHNATDL &;, APYTHM
TeHsopoM fedopmanuii. Opmaro Tensop V;, amech Mano moie-
3¢H, TaK Kak 37eCh CYIIeCTBeHHH NoJHHE Aedopmannu.]
Ecnm 1eneph mpepmolio;KHUTb IPAafUeHT CMEMICHUA MM,
TO DOJYYaTCA ONPEAeASIONES YPABHEHUA KIACCUYECKON JIN-
HeHHOH Teopun yupyroctu. B aroM ciyuae TeH30p gedopmanuma
&, ONpeNelsieTcs COOTHOmenNeM (5.28), u u3 (5.33) caenyer,
9TO T;, MOMKHO HCTOJKOBEIBATH KaK 9iAepOB TEH30p HAIPA-
MKEHUH.
O6osnavas gepes
) X=pp (6.4)
yupyruii TOTEHUWAN Ha eAMHUNY O0BeMa M 3aMeHAA T,
Ha O, BMecTO (6.2) momywaem
op = (6.5

Oejn’

DCm. A. Tpry un k. Aakuuc, Boavmme ynpyrue He-
dopmanmn ;m HeduHefiHasd MeXaHUKa CIUIOMHOH cpeast, «Mup», M.,
1965 r. — ITpuwm. ped.
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Ifie y, B CHAY NPefmOJ0;KeHAs 0 MaJOCTH I'DafHeHTa CMeIle-
HUA, MO)KHO CUHATATh KBAaZpaTHIHOH (opMoil

X= 5 Ciklm €k €im (6.6)

1O €;;, €CIN feOPMAUN OTCYUTHBAIOTCA OT HEHATIPSKEHHOTO
COCTOSTHHUSA.

Hus puddepeanupoanns QyHKIUU CAMMETPHIHOTO TeH-
30pa (nomobHOM x(szk)) YA0GHO 3ammcaTh 3Ty OYHKIWI B
¢opme cHMMETPHYHOU 1O CHMMETPWIHEIM KOMIOHEHTAM (&,
M €,;) W paccM2TpHBAaTh STH KOMIOHEHTH KaK HE3aBUCHMEIE,
HCIONB3YA YCJIOBME CHMMETPHH (€;,=g,;) TOIBKO MOCIe
TOorO, Kak auddepennuporanne Oymer prmoxaeHo (cm. Ilpa-
rep [27], crp. 206). B coraacuu ¢ 3TUM TPABHIOM Cp 1y =C ;e
Hanee, xosdpdunmenta B (6.6) Becerga Mo;KEO BHOPATH TAKAM
OGE&BOM, 9TO0B BEIIOJHAIOCH YCAOBHE Cfp, i, =C B cuany
(6.5) u (6.6),

JRim®

Ojn = Cinim&im>» (6.7)

¥ U3 CHMMETDHM O, CJHEAYeT, UTO 4, =Cpyp. LarmM oGpa-
30M, CBA3H MEKAY KOMIOHEHTaMH fieOopMAIUN W HAIPS/KEHUS
auHeliHa u xapaxrepuayercsd 21 KosdumimeHTOM, KOTOpHIE
VAOBIETBOPAIOT TO;KAECTBAM

Cikirs = Chjtm = Cirml = Clmjn-" (6.8)

Ypasrenme (6.7) wpencraBiaser coGoit o6o0iieHEne 3axkoHA
T'yxa Ha cayuadl aHUBOTPONHHX Tell.

Ing M30TPONHHX MATEPHANOB YHCIO HE3ABUCUMHEIX KO-
a¢pdunmenros (6.8) MokHO cBectTHm X AByM. B aToM cayuae
K02GPUNUeHTH €y, B (6.6) foWwKHEN ObrTh TakwMm, 9TOOH X
crana QyHKIUEed OJHNAX TOJIHKO OCHOBHEIX WHBADHAHTOB TEH-
sopa gedopmamuu. B cuny (6.3), nmeem

dewy

aﬁjk - 6””

de

(ﬁi = &;, — &w0jr, 6.9)
O

Fey — LB T B8R — £@)d ;.
J
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CrnepoBaTennHo,
ox [ X ax ax \
Ojp = o = ot — gy o — By | §;
00 \Gew  VOey  Pdeg) *
/XY o M
— — gy i — &€ 6.10
begy e emt s o S (6.10)

910 BRIpaskeHme npeycrasiaserces B Gopme (6.10) B ToM m TOAD-
KO B TOM CJIydae, ecin

g,

T, gy, T oyew (641
Jee e~ M e (A +2p) ey,  (6.11)

rjie BeAWIHHH A U | He 3aBUCAT 0T KOMIOHEHT fefopMauum.
OrTBIeKragch OT HECYINECTBEHHHX KOHCTAHT, 3alHiIeM ofmee
pemenne cucremsl (6.11) B Bmue

1
% — <§~x i) e + e (6.12)
/

Ilomcrapaaa (6.12) B (6.10) n umes B Bupgy (6.3), momyuaem
OIpefeNsanInee ypaBHOHHe

Ojp =) slléjk—}-?.uejk (613)

H30TPONHOrOo IykoBa Teda (cM., Hampumep, Ilparep [27],
crp. 161).

B cunry ycnoBumsa HONTO;KUTENBHOH OmpefeldeHHOCTH yOpy-
roro moTeHIWana, Kod(PPUIUeHTH Ciptm WA A, |L JIOMKHEL
VIOBIETBOPATE OUpeieTeHHEIM HePaBEHCTBAM. B ofropommoi
CIUIOMIHOM cpefie 3TH KO3PPUUUEHTH TOCTOSHHE JAu60 3a-
BHCAT TOABKO OT TeMuepaTypel. B HeomHopomwoir cpeme omm
MEHAIOTCA OT dJIeMeHTa K DIeMeHTY, fajke €ClIU TeMIepaTypa
Tella HOCTOAHHA.

6.2. Yacruptii cayugaii Baskoynpyroctu. Wmeercs MEoro
THIOB BA3KO-YIPYIHUX MaTepHaIoB. COOTBETCTBYIOIITE PeOIO-
TUYeCKHe MOl CTPOATCA Pa3IAIHNMYI IYTAME U3 UPYAKTH H
KaTapaxT (uopimHell ¢ Bs3KoOH ;ruARocTh0) (eM. Baemn [2]).
Boobe ropopsi, pearuust 8THX MaTEpPUATOB HACTONBRO CIIOM:-
Ha, UTO ee Helb3s OOBACHUTH C HOMOIIHI0 OJHOPOTHBIX DIEC-
MEHTOB, COCTOAHHE KOTOPHX ONNCHBAETCH KOMIIOHEHTAMM
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nedopManuu u TemMmepatypoii. Bosdee peammcrmueckmii moj-
X071 MOr OH GHITH OCHOBAH Ha MPEION0KEHNY, YTO CILIOMHAASN
cpefa cocTaBieHA M3 DHIEMEHTOB PA3JIHYHEIX THIOB. Takoi
TMOAXOT, OTHAKO, HAXORMUTCA BHE PAMOK HTOH CTATHH.
OcofenHo NPOCTHM ciyuaeMm gBiagercA meao Keavsuna.
Ero peomormaeckas MOJEIb COCTOMT M3 OPYKHHH H Karapa-
KTHl, COeUMHEHHHX HapaxrenbHo (pmc. 6.2). IToT Marepmamn

’,

Puec. 6.2. Mogear Tema Henppuia.

MO3HO, CHIEeJ0BaTeNbHO, XapaKTePH30BATH OIPelelAIinM
ypaBHeHHeM
)] ()3

Tin == Tj% + Tjk» (6.14)
Ifie TeH30P O0paTUMAEIX HAPMKEHIH 15{) — ynpyruil u, cie-
J0BATEILHO, YJOBJIETBOPAET BCEM YCIOBUAM, YKa3aHHHM
mast T, B 0. 6.1, Torma Kak HeoGparuMas 9acTh T%) TEeH30PA
T,, YHOBIETBODAET NUDPHHENMIY HAWMeHbINel Heobparmmoit
cminl. B coorsercremu ¢ (5.39) u (5.41) crkopocts paGorH jguc-

CHVALMKE Ha eIWHUIY MAacCH paBHA
po_ 1 o, w1 0 1
V==, Vi Ejrpoy HINA p =~§—ij ij. (6 5)

Ecam ucnonssosars ckopoctr™ redopmanun V., uoinepos

Tensop o5’ HanpssreRmii;m ecaiu D (V) obosrauaer gmcen-

HATHBHY (QYHKUUIO, OPHXOMAIIYIOCH Ha eIHHHUNY MaccH,

TO NPHHIAN HauMeHbllell HeoOpaTHMOH CHIK OPHBORUT K

COOTHOmMeHMO (5.44), T. e.

— 1
(i) " aD V \ 4 aD
=0z Vim 1 "D 5 6.16
"= Wim ™) Vs (616

B TPEANOIOKeHHEH, 4910 D-moBepxHOCTH TJIagKme.

7 1. LLuriep
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Jna wgacHHX THmOB [AuccHNATUBHEX ¢yEEnui (6.16)
MOJKHO 3aMeHHTh Ha (5.46), (5.48) mau (5.49). U3 m. 6.1 cae-
AyeT, YTO JJS MAJKX TIPagdeHTOR CMEIMEeHHsA o0paTEMas
gacTh dNepoBa TEH30pa HANPAKEHWI JaeTcA COOTHONEHHEM

(r)__ dy, _ e
Ojx = g = CitimEum: (6.17)
€jp
Ife yOpyruil moTeHN;Al Y HAa eMHUILY 06HeMa TpeNcTaBisaer
cOGOH IOMOKATENBHO ONPECNEHHYI0 KBAAPATHUHYIO HOPMY
KOMIIOHEHT TeH30pa AedopMansn

1
= 5 Cikim &k €im- (6. 8)

Amamornuno pAuccHmaTHBHAA QYHKUUA €JUHUIEB MacCH
IJIA MalIHX CKOpocTedl medopmanum ¥ craHOBHUTCA KBaJpaTHd-

Hoil dopmoii Beawqun V

o1
D= 'E- a,-hlmijVlm‘.’ (6'19)

Oynxuma DV ;) IpeicTaBIAET c000fl OFHOPOJHYI0 (YHKIHUIO
creneRn r=2, u ycaosue ycroirausoctu (4.60) Gymer moaromy
ynosiersopeno. HeoOpatnmasa dacTh sillepoBa TeH30opa Ha-
npsKeHNd gaercA B cordacum ¢ (5.49) mam (6.16) coormomre-
HUEeM
(i) Y oD _ - R
0 = o r— = Qi V, (6.20)
ik - ikim Y im»
2 oV
rje BeauydEH V,, s MajdblX TPajHeHTOB CMEIIEHHs [O0JK-
HE OBITh 3aMEHEHH HA &, p. D DTOM mOCIEJHEM ¢JIydae moJ-
HOE OmpefieiAonmee ypaBHEHUE UMeeT BHUJ

Ojp = Cijrim Em -+ ‘ajklm, €1m,0» (6-21)

¥ aHAJOIrHMI0 MeEAY o0paTMMOH M HeoGpaTHMOH JacTAMHU pe-
AKIUE MO;KHO CeNaTh MOTHOIT, MCIIOAB3YSI BMecTO [) NON0BUAEY
AMCCANATHBHON (QYHKNEW Ha exueHny obmema: /,pD.
Tlockoapky D spmsercst mo KpaiiHeid Mepe IOIO;RUTEILHO
0T yOnpefielleHHoil, KO3QOUIMEHTH @y, MOIKHEL yNOBIET-
BOPATH TeM jKe HEPaBeHCTBAM, UTO W KOIPOUIMEHTH Cjp;p,
B n. 6.1. CormacHo JamHOMy TaM IpPaBMIY IPEACTABJIEHUA

1 Toumoe OIpejejeHde 3TOro moHsTHs cM. B m. 6.1.
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CHMMETPHYHHX QYHKIUA, @/, =0, [laree Bcerma MoxaO
BHOpaTh KoapPuUnEenTH B (6.19) TaK, YTOOH a;, /=4 p
Tak w10 73 (6.20) M CUMMETPHEH Gy cirexyeT, 9TO Cjim™ Qjpime
Takmm ob6pasoM, Jjisi MajawX CcKOpocreil nedopManud cBA3D
Me3RIy ckopoctaMmu gedopManuy W KOMIOHEHTAMH HeoGpaTd-
MOr0 HAIpsyKeHAsA NWHedHa # xapaxrepmayerca 21 xosdpdu-
IUEHTOM, KOTOPHE Y/AOBJIETRBOPAIOT COOTHOIIEH UAM

@ikim = Cpjim==_Ajkm; = Qmjh, (6.22)

mociefHee M3 KOTOPHX ABIMETCH CIe/CTBUEM IIp AHIUIA
panMeHbImed Heobpatumont cumamr [40].

B opmopopmoil cmiomHoOl cpefme koaddmumenrtn (6.22)
TMOCTOAHHE WM 3ABHUCAT OT COCTOAHHA MATEPHAJA H ero ICTOo-
pua. B meogmopopHO#l cpese, pasyMmeercsa, OHH MOTYT Aaske
MeHATHLCA OT DIEMEHTA K 3JIEMEHTY, €CAHM UX COCTOAHOA o
HCTOPHE OJMHAKOBHI.

Ecnm marepmal H30TDOUEH, TO JACCHOATHBHAA (YHKIHA
D sasucur or cropoct:m pedopmanmii V,, Tombko gepes mo-
CpefiCcTBO OCHOBHHX WHBADWAHTOB 3TOTO TEH30Pa:

V(i) = V]]'v

1 1

Vo= (VitVrs — ViiVia) = 5 (VieVr; — Vi), (6.23)
1 }

Vo =5 CViaVuViy — 3V ViiVu + ViV Vi) =

1’ - " ,
=5 (VitVuVis — 3V Ve — V).

Uz (6.23) momyaaem

Vo _ o . Ve .
avjh —_— 6jk! 0—1/7;_— :ik - V(i)ajfn

6.24)
oV . (
0—1%.3: =ViVin — ViV — Verdjn-
Orcioma
éD aD 8D
oD
T Ve (VaVie — Vo Vie — Vdja) (6.25)

7*
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oD D \
a———,Vlm Vlm 6V V(i) +' V(Z) 'I_ 30V V(3) (6.26/

Hopcrapnasa (6.25) u (6.26) B (6.16), nosyuaeM HeoO paTuMy
qacTh OOIEro OUmpeeNAoero yPpaBHeHNA I H30TPOIHOTC
KeJbBUHOBA Teja.

Iina mammx cropocreil fedopManuu mOCIHeAHHE mar
noEeH mpuBectn K BHpaskenno tuna (6.20). Paccymmenns,
aHaJormaHpe Tem, roropeie Benum ot (6.10) ® (6.12), memo-
CPefCTBeHNC OCHAPY:RMBAIOT, YTO 9TO BOBMOKHO B TOM I
TOJBKO B TOM cJIy9ae, KOIZa

1 ’
g PD= K 2% +m W(i) + Ve, (6.27)

rfle BeJWIMHE % U 1] He 3aBUCAT 0T CKopocTell medopmanum.
B cmay (6.20), cooTsercrymonmumil TeH30p HeOOPAaTHMEIX Jle-
dopmanmit uMeeT BUL

(l) = Vb + 20V (6.28)

6.3. Baskne skuprocrit. PazoGnem Tensop V;, Ha HBOTPOII-
B G Tenzop Y/,V;,0;,, ocHOBaHHEIl HA TAK HAasHBaeMOil CKoO-
poctu usMeHeHus obwvema V=V, ® jgepuatop Vin=
= V;,—Y;V;,0;,, Tar HashBaeMyl CKOPOCTh W3MEHEHIIS
qupMm. Nueem

4

| , 1 . , N
Vin =3 Vibsr + Vi = £ Vydin -+ Vin. (6.29)
AHajormyHoe pasbuenne [UIA O, MMCET BUJ
1 U ,
Ojn =33 0udm + O = o 0wyd;n + Ojr, {6.30}

OHO OCHOBAHO HA CpefiHeM HOPMAJIbHOM HANDAKEHHH 1,0,,=
=1/,0 ;, ¥ IeBHATOPE BANPFREHHU Ojp.

FHAIKOCTE MOMHO ONpefenuTh o4eHb o0mum ofpasoMm,
BKJIO9as B 3TO OmpejejeHUe TAK/Ke W ra3bl, KaK KeJIbBHHOBO
Teno, IS KOTOPOTO TEH30p OOpaTuMBIX HAOps:KeHmd 0%)
YUETO W3OTPOHEH, T. €. MMEeeT BH

o) = — pds, (6.31)
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rie p ofosmavwaer ruppocraTmieckoe nasienme. OGpartuMas
CKOpOCTH paboOTH HA eMHWUIY MAacCH JaeTcsa COOTHOIIEHHEeM

P(r) — _:)_ 0.(r) th —_ %_‘ Vi (632)

4, CIefOBATENBLHO, He sasucur oT fgesmartopa Vi Otciofa
CIelyeT, 9TO B TOM, 9TO KacaeTcs M3MeHeHHd OPME, Deoao-
ruvecKyi MoOJeAb pumc. 6.2 MO;KHO 3aMEHHTh HPOCTOH Kara-

-

Pnrec. 6.3. Momennr BASKOA KUAKOCTH IIPH YHCTOM H3Me-
HeHHII QOpMEL.

pakroii (puc. 6.3). Obpatumasn sieMeHTapHAs pabora BEIpa-
JKAETCHA CIAENYIOIUM 0GpasoM:

AW = P0Gt — — pdV — ;’_de, (6.33)

rge V oGosmagaer o0beM equHMIEI Macchi. Qrcioga cienyer,
9T0 A OOpAaTHMOH 49acTH mpoiecca MOKHO MCHIOJbL30BATH
B KavecTBe HEe3aBUCHMHX IIepeMEeHHEIX, xapaKTepnsyIOI[mx
€OCTOSHEE, MIIOTHOCTh O U Temneparypy ¥ mam sHTpommio S
W 4TO p/p? TpemcTaBiseT co0oii COOTBETCTBYIOMYX CHIY.
Taxkum ob6pasom, (6.1) ciregyer saMennTs Ha

p__,pzaU p 6‘1’ .

&0 Lo’
rae U(p, S) — srHyTpennss sueprus, a ¥(p, §) — csoboguas
BHepruA eIWHWUH Maccel. s apgmafaTHgecKoro Wim HM30-
TepMAdecKoro mponeccop (6.34) mpuBOgUTCA K COOTHOIMIEHUID

0¥ -
Pt (6.35)

rie ¥(p) — yupyrumii moreHImai.

(6.34)
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HeoGpatnmoe momefeHme KUAKOCTL OnpefeldseTcs HUCCH-
IaTUBHOH (YHKIWEH efWHANK MAaCCH

. i
D (Vp)=PP= > oRV (6.36)

OrpasuummMess, HagmHAsE ¢ 9TOTO MOMEHTA, USOMPORHHMLU
sHudrocmamu, TOTla MOKHO WCIOJIB30BAaTh ypasHeHus (6.25)
r (6.26), smpamaromue Tor dakr, uro D mpemcrapismeTcs
TONbKO uepe3 maBapuantu (6.23). IlogcraBnsa stu ypasme-
EnA B (6.16), momygaem

. oD oD
O'y;g =4 [m 6J'k + m(Vﬂ; — V(l)éjk> +

o
6D

+m

ViVie— ViV —'V(g>5jk)J R (6.37)

rae

aD aD, oD -11
A=pD <5T(1) Vi -+ 2@ Vay + 351773) V(s)) ; (6.38)

Yparrenus (6.31), (6.34), (6.37) u (6.38) mpesncrasusior coooit
obpatumyio (ympyrywo) u HeoGpatumyl (BA3KYI0) UACTH
nambosiee 0OmEro ONpPEeAENAINIEr0 ypaBHEHHS H30TPOMHOM
KUKOCTH, ofMafafomeil HOCTYINPOBAHHEMHA 3[€Ch TepMOH-
HamnueckmME cBoiicrBamu. IIparep [23] m Peiimep [30] ycra-
HOBMIH Goslee ofImee ompefelsiomee ypasHeHHE, CONepKRalee
ABe WMpPOU3BONbHEE QyHKIMA BMecTo ). Vpasuenus (6.37) m
(6.38) [40] npencrapasior wacTHylo $opMy HMX pesyiabTata,
DONYYeHHYI0 B IPEANONOKEHHH, YTO OH Y/OBJETBOPAET
IPHEHOVWOY HAUMEHBIIeH HeoOpaTHMONl CHIHL.

WmeeTca mo cymecTBy [Ba myTH IS MOXyYeHHS IPOCTHIX
YacTHHX ciydaeB o0mmXx ompefiensiomux ypasuemmin (6.37),
(6.38). Onue moAX07 OCHOBAH HA BO3MOKHOCTH DAa3IIOKEeHHHA
D B crememmoit pag mo aprymeHTaMm 510l QYHKOWE T yiep-
KAHWS UWIEHOB TOJBKO /0 HEKOTOPOil 3aflaHHON CTemeHH.

Ilycts T oGosHagaer mHTEPBAJA BpeMeHM, B TeueHHe KO-
TOPOTO KUAKOCTh Habmiofaercsa. M3 (5.14) cnexgyer, uto T Vie
(8 ommmume or V) npencrarnser coGoit GespasmepHHi
TeH30p. Ecan KOMIIOHEHTH HTOr0 TeH30pa MAJH IO CPaBHEHHIO
¢ eUHMUEH, TO MBI OyAeM IOBOPHTH O MAJLIX CKOPOCTAX le-
dopManum, OGOCHOBMBAA 3Ty CEMAHTHYECKYI0 HETOTHOCTH
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BO3MO;KHOCTBI0 BrOopa 7' B KauecTBe eJMENIN BpeMeHM.
Ilpepmonaras, uro V;, B yKasamHOM CMEHICAE IpefiCTaBiIAeT
co6oii MaJyl0 mepBOro HOpAKKa, moaydmm, B cmiay (6.23),
ut0 B V,;, EMeeT TOT 3Ke HOPANOK MaTOCTH, TOTAA Kak Vi,
6yaer Btoporo, a V., — Tpersero mopanxa MamocTu. Haxo-
Hel[, yno0mee pasinarath B PAJ JHECCHOATEBHYI0 (QyHKIHIO
ga eqmauny oGwema pD BMmecro D,

ITockonsky pD mpepcraBusier coGoil mo kpaiiHed Mepe
MOJIORUTEABHO HOJyoOmpefieieHHyl0  (QYHKIHIO, OHA He
mosker umeTs wieHa o’ +a'VV ,,. IlosTomy nepsoe mpmbimsxe-
HUe 7aeTcs KBagpaTHuHOH ¢opmoi

oD ="V 4+ a®V . (6.39)
TlopcraBaaa (6.39) B (6.37) u (6.38), monyuaem

o) = (@1 — %*00(2) ) Viodsn + %a@) Vin.  (6.40)

9710 cooTHOMeHme mpencrasiser co0oil mpocreimyio (GopMmy
(6.37). Nmes B Bupay (6.23) mw moxaras a‘1’~—;—a‘2):u,

1
Zoc‘z’=n, OPHEBOIMM 3T0 cooTHomeHue  (6.28) m, moGapisasa

ragpocrarmdeckoe nasienue (6.31), moxywsaem ms (6.40) ompe-
HeaAmee ypasBHEHAe HbIOMOH080U IHudKocmu:

LO="— DO + % Vubjp 4+ 20V . (6.41)

Bropoe mpmbamxenme, T. €. HPOCTAA HENLIOMONOEA HCUD-
Kocmb, onpefenAeTcss ypaBHeHHEM

oD ="V + a®PVe + «§OV+ aV iy Viy + PV . (6.42)

CoorsercTByromee HeoGpaTamoe Hanpsuxerue (6.37), (6.38)
OpefcTaBisAeTCss CIefylomuM obpazom:

. \ ;
= [0 = G| Vo @) Vi

1, @) 20" — o
- —a?) Vi — X
Ty Ve 4 (a1 + PV V)

V
X <oc(111’V2(1)—}—OL‘”’Vm)—l—a(s)ﬁ)] ij+
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(2)

+ % [®(2)+(a(12)—’ a(3)) V(i) _

02
X
4@V Vi

Ve
x <a<21>v(1) e V() +-
1)

v ¢y
+o? V<23)>J Vir+ 58V aViee (6.43)

Ipyroe ymopomenme o6mero onpefensiomero ypaBHEHHA
(6.37), (6.38) Mosxer GHTH OCHOBAHO HA PACCY)KAGHAAX U. 4.4.
Ecim puccwnarmeEAs (yHRUES KBa3MOJHODOAHA, TO OHA
yRoBneTBopAeT (PYHKUIMOHAINBHOMY ypaBHeHH (5.4D), rme
¢yergus f (D) npoussonsma. Coorsercreyiomue D-moBepx-
HOCTH IOJOGHH u mOfo0HO PAacHONOMKEeHH OO0 OTHOUIEHWIO K
HAYAJIy KOODAHHAT, W OIpefielisAiomee ypaBHeHHe o0aagaer

TeM CBOHCTBOM, Y10 HANDABICHUS BEKTODOB o avV, B PO~
CTPAaHCTBe HAODA/KEHEUH WU CHOPOCTEM I(ed)opwannu omperne-
JAAOT ONHO APYroe HE3aBUCHMO OT WX BEINYNH.

B cany (6.26), dyaruumonanbHoe ypasHeHme (9.45), on-
pefiedolnee KBAa3HOAHODPOAHLIE MUCCHUIATABHHE (YHKIWMH,
MOKHO 3a0HCATH B BUJO

9D o 9D . 0D
'3 Vi =1(D)!
Ve Viy + 2 Vm Ve +'3 Ve V=DV (6.44)

CooTeercTByIOINNE XapaKTepUCTHYeCKEe MHPHepeHunaIbHEE
ypanmenusa
dVyy dVig _ dVg  dD

Ve __ Ve Ve 6.45)
Voo — 2V~ 3V 7 (D) (
HMEIOT HepBHe I/IHTeI‘paJIH
Y7 Y 1rg3 * 2 .4:6
Vo' V' Vo N\ FD) ). (6.46)

Takum oGpasoM, obmee pemenme ypasHenma (6.44) mmeer

R 2 2
V(n V(s) 1 aD
Vo Ve o1 —0,  (6.47
¢ [v@ v e (2w 647
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rge Q — mpomsBoiabHAS QYHKIUA CBOMX TpPEX apPTyMeHTOB.
Ypaprerne (6.47) sKBMBANEHTHO YpPABHEHHIO

V<1):*V<3> /ol 8D _ 1
V()GKV() () pf\zh\f(m>“1<(p). (6.48)

Orciojia caenyer, 4ro

dD 1 _iK' (D)
nin
K’ (D)= 2 50
KD~ 7Dy (650

Ilockonbry ¢yExums f (D) — npousBoIbHAS, HPOUBBOILHA
u pyprnma K (D). B cootsercrsmm ¢ (6.48) guccmmatEsHAas
(YHKIUA ODPeNCTABIAETCS B BHJIE

Ve Vé\]«
D=F|VguG 1 6.51
[ @ <V<) V(z)> ( »‘)

raie G u F — mpomsBonsHHE yHKOUE (TOCHAeHAA — oOpar-
Bag K K). Ilyers

_Vd Vé 6.52
oc—V(z), B = rV(3" 6.52)

Honcrapaaa (6.51) = (6.52) B (6.37) m (6.38), Mu oxomua-
TeOBHO TonydaeMm Hambosee ofmmee ompexpensAlomee ypasHe-
HHe

@w_ pD [0G _0GVE  ,0GVE
=GV [ Vbt g < o Vegy 35|3 Ve~

0G V)

X (Vir V(oéﬂaz)-i-a15 7

(ijVzk-—: V(i) ij — V(z)éjk)} ’ (6-53)

OHHCHBAIOMEe HEOGPATUMYI0 PEAKIHI0 M30TPONHOMN HHEAKOCTH
" ¢ KBA3MOJHODOJHOH NWCCHOATHBHOH (QyHKUHEH.

B mociegrmx naparpagax He pas 0TMEYasNoCh, 9TO, BOOD-
me rosops, AUccUnaTHBHAs (YHKIUS BABMCUT He OT ONHHX
cropocteil. Taxwm oGpasom, woapdunuentn c'*/*) B mpe-
AuAymeM Bupaxkensn u $yHruwm F, G B (6.51) sanmmcsar,
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B006IIe TOBOPA, OT COCTOAHHUSA HJIEMeHTa U ero ucropuu. B me-
OAHOPOJHOH cCpefle OHU OTAWIAOTCHA OT OJHOTO 3IEMeHTa
K JApyroMmy, Ja)Ke eclIH COCTOAHHS W WCTOPHH >JeMeHTOB
OfMHAKOBH. B GoNBIIMHCTBE HPHIOKEHHH, OFHAKO, IpeNmo-
JaraeTcs, 4To KoadhdumuenTH mocTosame u F, G asadiorcs
QYERUMAME TOABKO OT aprymMeHTOB, BXogsammx B (6.51).
B cayuae EbpIOTOROBOH KUAKOCTH, HAampuMep, OOHYHO Tpei-
moNaramoT, 9T0 KoadgduumenTH %, 1 B (6.41) mocTrosHEE wiam
3aBHCSIT TOJNBKO OT TEMIePATypH.

6.4. Hecxumaemoerh # OTCYyTCTBHE 00'HeMHOI BA3KOCTH.
B amteparype mo BABKOH JKEIKOCTH BajKHYI POJb UIPAIOT
JBa YaCTHHIX CAy4as: scudkocmd 0e3 060eMHOU 64A3KOCMU W
necacumaemas scudrocmo [37]. Ilepsaa m3 sTmx Mopmexeir o6-
najiaeT TeM CBOHCTBOM, H9TO [UCCHUNATUBHAA (YHKOUA W,

CIE0BATENBHO, TEH3ODP HeOGPATHMEIX HANpSKEHUH o5 3a-

BHCAT TOJBKO OT CKOPOCTH M3MEHEHHS (HODPME V;k, TaK 9TO
A3MeHeHNs 00beMa 9HCTO yupyrume. BrTopas Mofens BooGme
HE JOIYCKAaeT WBMeHeHUs o0'beMa W XApPaKTePH3YeTCH I03TO-
My coorromenmeMm V,=0 wim B coorBercteuu ¢ (6.29)
ij=V;'h, TaK 9TO CKOPOCTH HeOpMALMH NPEHCTABIAET CO-
6oni mesmatop. B mepsom caywae peomormueckas Momexnb W3-
MeReHmit o6beMa npefcTaBiser coGoil mpymmHy (pume. 6.1);
B 000MX cAyd4asxX peaknua Ha W3MeHeHWe (OPMBI XapaKTe-
pmayerca KaTtapakrod (pmc. 6.3).

B cuny (6.29) m (6.30), muccumarmerylo ¢pyarnumo (6.36)
MOKHO 3aIUcaTh B BHAE

1 1 e
D= 3—p O'(JIJ) Vir + _p G.(iilg ij- (654)

B smuprocrm Ges o6pemmoil Baskoctum u3 V=0 cuegyer
D=0, cxemoBaTelbHO, 05-}3 npeficTasifgeT coGod ReBHATOP.
To ke camoe cIpaBeJJIHBO IS HECKUMAEMOH IKHIKOCTH,

TaK Kak W30TPOIHAA 9ACTh 0% He BHOCHT BKAaja B QyHKRHMIO
D.

B m3orponHoi xuAKocTH (63 0GbEMHON BA3KOCTH HHECCH-
DaTHBHAA QYHKOUA 3aBHCHT TOJIHKO OT OCHOBHHX HHBAPHAH-
108 V{3, V(5 meBmatopa Vi, Tak Kax V() paBHO HyJi0. BH-
YuCAAA 9TH HHABApEAHTH ¢ moMombo (6.23) m (6.29), moxy-
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qaeMm

. 1
Vo=

1 . o . 1 2
Vo= 5 VieVuVi;= T (ijthsz — VoV Vs -+ o V(31)> =
\

o 17/ N o, ‘
VieVis= 5 KijVhi iy V(i)) =V + 3 Vi =0,

1 2
=Vo+ 3 VoVu -+ Vi (6.55)
s (6.55), (6.24) m (6.29) momyuaem, mamee,

Vi 11 ,
aviz VJk 3 éV(i)ajh = th »
Vi 2 1/ 0+ 1 0
(ﬁ: = flVlk - ? V(i)vjk - ? KZV(Z) + 'gi V(%z) 6jk _—
9 . : i
=t Vi — 3 V(z)ﬁjk. (65b)

B cmay (6.56),

éDY oD &)
WV = Ve Jh+aV <VlVlk ATy V(2)6]k> (6.57)

C momompio (6.55) Mul 3ak.A09aeM, 9TO

0D oD ,

a7V Vip="2 - Ve V(2)+3 V(3).u (6.58)
Nz (6.16), (6.57) m (6.58) caexyer, 9T0 IS W3 OTPOUHKLIX
smpKocTell 6e3 00beMHOM BASKOCTH ONpeeNAIIAe ypaBHe-
mua (6.37), (6.38) npurmMaror gactEyl0 dopmy:

o rap ST T :
Bt [F T+ <Yﬂ"m—f?r“2>ﬁfk>J 03

raoe
aI] (2) a‘r (3) . I( . )

Jlerko BHpeTH, 910 AH06OME TEH3OP Beoﬁpammmx HAaNpPsIKeRuit,
yRoBaerBopsatommit (6.59), mpencraBaser coGoit xeBmaTop.

Ecan wmsorpommas sxmpkocTs HeckmMmaeMa, To (6.37),
(6.38) amamormummM ofpaszom cpomarca kK (6.59), (6.60).
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HKpome roro, sfech MOKHO ONyCTHTH IITPEXH, Tak Kar Vi,
upefcTaBiasier coboii mesmarop. B camom peme, nocr{om,xy
V.,=0, mepsoe ypasHeHue (6.24) HY;RHO B3aMeHHTL HA
V4, /0V;,=0. Orciona caepyer, 10 B (6.37) 1 (6.38) Bce wie-
fbl, cofiepsramue Vi, mam 9§, caenyer OT6pOCI/ITB TOYHO TaK
e, Kak ¥ wiens ¢ 8, B (6.59). Hockompry V k—VJh, €OO0T-
gomenus (6.37), (6. 38) “u (6.59), (6.60) HpPIBOlIHT K OTHOMY
U TOMY ke pe3yabrary. B oTamume OoT TOro, YTO MOKHO OBLIO
OKMIATH, OHVW He JAIT JeBHATODA. Op;HaF.o 0YEBUMIHO, YTO
B OOpefieA0NnieM yPaBHeHUN M1000f HeC:KRIMAeMOH KAIKOCTH
ocraeTcsi HEONPeleNeHHKM HEKOTODHI W30TPONHBIA TEH30D
manpsouenudr, Ilockoapry 2T0T TEH30D He BHOCHT BRIAm B D,
ero MoxHO BKAOUMTE B (6.31). Takum nyreMm Mu cHOBa mpm-

xomuM K coorHomenmanm (6.59), (6.60), B koroprx Vi, caexyer
saMeHnTb Ha V),

Haa qacTme Monenen MUIKOCTEH, pACCMOTPEHHKX 3/eCh,
pasioskeHus, U3ydYeHHHe B 1. 6,3, MoskAO yupoctaTs. [lepsoe
npubamxeHue Teneph CieIyeT OCHOBHBATE Ha AUCCHOATHBHOM
dyHKIEN

= BV (6.61)

Bmecro (6.39). ITomcrasiass (6.61) B (6.59) m (6.60), mony-
gaem BMmecto (6.40)

olf) = p@VJk (6.62)
uiam, noaarag 1/4 §¥=n n mobaBagsa rugpocTaTHYecKoe NaB-
L p

aerme (6.31), monmydaem ompemensoliee ypPaBHEHHE CMOKCO-
60l acudrocmu:

Ojp— —péjk + 2’?’]V}'h‘} (6.63)
(cm. Ilparep [27], crp. 92). Bo Bropom npubnmuenmu
pD = pOVi+ BV (6.64)

Ucnonrsys (6.59), (6.60), monyzaem oGobuieRme cooTHOMmME-
sua (6.62) B Bmge

. 1 7/ (3)V' N (3) s 2
o = g (87— Cag? | Vi (Vi 5 Viat ). 0.5)
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Tperse npuGimkenne OCHOBAHO HA BHPAKCHME A AUCCH-
HaTHBHONE PYHKIUE

oD = BPViy + pOV(y + pPVE, (6.66)
OHO JIaeT
i Vip Lo V)
=g (87— T gy 4 3 E@, 72 Vi +

(3) 32 v 2
+ % <'1 2%(2) V?) &VJlVlk E} Ve 6jh> - (6.67)

Ilpennonoxum, HAROHEN, YTO AHCCHIATHBHAA (YHKIUSA
HUAKOCTH 663 00beMHO BA3KOCTH WM CREMAGMOCTH KBasn-
ogEOporHAa. B aroM ciyuae ycuosme (6.44) ¢ yuerom (6.58)
CIeNyeT 3aMCHHTL yCIOBEEM

oD _,. oD
2=V, 3= Viy=f(D). 6.68
IHosTopssa paccy:kaeHusi, KOTODPEE NPHBEIH 0T GOPMYIIHE

(6.44) ® (6.51), merro HAUTH, YTO MUCCAUATUBHAHA (PYHKIUS
OPUHEUMAET BYH :

D—F [V@)G' V‘”\} (6.69)
%)
1 94TO COOTBETCTRYyIOHOEE Oompenelidanee ypaBHEHUE UMEET BU
w_ D 1 V(s) V(s)
. 1 ..
X ( leVlk — 5 V(Z)ajk>1 . (6.70)

Ilonyuennnie smech ympouleHis B PABHOH Mepe mMPUMEHU-
MBI Kax I sRAgKocTell 6e3 o0beMHOE BA3KOCTH, TAK U JJA

HeC;KUMAEMHIX skmarocteil. B mocaemmem caygae Vi, MoxHO
TOBCIOLY 3aAMEHHUTH HA Vj»k. HooduiuenTs, BXOHAIUE B pas-

aoxends (6.61) — (6.67), u npoussorsHse pyrrnun B (6.69)
MOI'yT 3aBHCETHb OT 3JEMEHTa, ero MCHOBEHHOI'0 COCTOSHHA H
neropur. OUeBHAHO, 9TO OHpefleNAHINE YPABHEHUA IKHUL-
KocTeil, pacCMOTPEHHEIX 3JeCh, CYIIECTBEHHO Golee IPOCTH,
HeyKeqad onpelellAMne ypaBHeHNs Gollee obmiell ;KETKOCTH,
paccmorpenHoit B m. 6.3, B jaunHefiHOM mode OYEBHUJEBIM
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0000IMeAneM CTOKCOBOM KUIKOCTH SABIAETCH HEHBIOTOHOBA
HMUAKOCTD ¢ oupeflexsiomuM ypasrendmeM (6.41). IIpocreii-
DIAMA HeJUHEHHHMHA 0000IMeHIAMY ABISITCA HEHBIOTOHOBH
HUAKOCTH ¢ oumpeflelislomuMy ypasHeHnsama (6.31) u (6.65)—
(6.70).

6.5. Yacrupiii cayyail BA3KOmIaCTHYHOCTH. B HEKOTOPHIX
HEHBLWTOHOBHX JKHUAKOCTAX CKOPOCTH AedopMamam, WiIM W3-
MeHeHUS (OPMBI, 3aMeTHA, TOJBKO KOIZIa HATPKEHHH J10-
CTaTOYHO BENHMKH. B mpemene Takas cIiIOMIHAA cpega Ipe-
crasiser coboil gasko-niacmuueckoe meso. KEro peomormae-
cKag Mopenn (puc. 6.4) momydaerca ma Mmofenaum puc. 6.2

Y/

Z v

0
—

Puc. 6.4, Momeab BA3KO-IIIACTAIECKOrO TBEPAOIO TeJa;
obmuii cayyai.

mo0aBjieHAeM 3JIeMeHTa CYXOr0 TpPeHWs, MpPWY9eM, O9eBHIHO,
fe3pa3indHO, BBOAUTCA JAM 3TOT IEMEHT MAPAIIENBHO WIA
mocieoBaTenbHO. Bes MOJenb XapaKTepH3yeT PpeaKmuio
UpU M3MEHCHWN 00bEeMA; JIA IaCTH, CBABAHHOA ¢ M3MEHEHUEM
¢opmrI, cregyeT OTOPOCUTH HNPYHUHY.

Hepexonm oT BA3KON MUMKOCTH K BABKO-INIACTHYECKOMY
TBEPJOMY TeJY OCYINECTBIACTCA IIYyTeM MOJXONAMEro BeGopa
oEccunaTuBHON pyHKiuu, a5 5TOM 1{eIN MO;KHO OTOPABIATE-
cA OT H3OTPOMHON KAAKOCTH H. 6.3 WM 0T OFHOrO W3 gacT-
HHIX CJIy4aeB, HATIpUMEp OT ommcamHoro B u. 6.4. Ilomeprt-
BYeM B JIAHHOM clydae OOMHOCTHIO W PACCMOTPUM OPOCTeH-
mrue GopMH! BASKO-ITACTAYECKUX TeJ, KOTOPHE MOJYIAITCA
KaK IpPefIedbHEE CAYIAH KAIK0oCTH 6e3 00HeMHON BASKOCTH R
Hec:kaMaeMoit ;xmmroctu. IIpm atom mogens pmc. 6.4 oua
w3MeHeHUA ofpeMa cBefeTcs K HPOCTOH NPYKUHE WIW AecT-
KOU CBA3H, a 1A U3MeHeHHH GOPMEl — K MORENH, n306paneH-
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HO# Ha pue. 6.5, rxe 06a 3jemMeHTa MOTYT OHITH PACHOIOKEHE
1 TOCIeNOBATEILHO.

PaccmoTpenHEHe B IpegmpmymeM pasfielie  PasiOKeHHs
He HONXOJAT A Hamed mejm. I[pelIOoNOKAM IOBTOMY, UTO
juccunatuBHEAA QYHKNEsa wpasmommopofHa. Torma D mpen-
crasiasercsa B Gopme (6.69), npuuem F m G — mpousBossHEE
QyHrnum. JTO ypaBHEHme A pAsAMYHHX JACTHHX CIydaes

ZAT&

Pme. 6.5, Momead BA3KO-DIACTHUECKOI'O  TBEPIOTO
Tena; YacTHRIHA CIydad.

MO;KHO HOJBEPTHYTH JlaJdbHeineMy ympomenuo. Ecaum, mHa-
npumep, G — mocrosuuasg, D) CcTaHOBHTCA NPOHU3BOJLHON

¢yERUMEl OFHOrO WHBapHAHTA V@)O, H Onpefelsamee
ypaBHeHUe NPHBOIUTCS K BULY

o_ 10D
I i2 V(z)
910 YypaBHEeHue 9DKBHBAIEHTHO cleayoomeMy 0000IneHEnI0
ypasHeRuA (6.62):

. , .1 ,
O'SZ;Z = ZT]V]';:, n== ‘Z PD/V(z), (6.72)

o 4% (6.71)

¥ COOTBETCTBYIOIAA KU/KOCTh NPHHATUISKUT K KBA3WJInHel -
somy tuny (ITparep [271, crp. 131). lna roro wro6mr mop-
FOTOBUTH TEPEXO[ OT BABKOH ;KUIKOCTH K BA3KO-IIACTHIE-
CKOMY TBEpPHOMY Tely, PAacCMOTPMM, HAKOHEI, AMCCHIATHB-
By0 QYHKIUIO

i—n
. : [VVigVEn |, -
pD =2 2u+~lz~k\l/c—(2) Viy,  (6.73)

rae u, k ¥ ¢ — NOIOoKNTeNbHNE HOCTOAHHLE, IPHIEM ¢ UMEeT
pasmepHOCTh Vj,, n — menoe. IIpm rTakux orpaHmYeHmAX
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auccunaTupHas (YHKUUSA, OYEBUIHO, CTAHOBHUTCS HE3aBHCH-
Moii OT cocTOAHHA djieMeHTa W ero mcropum. B cumy (6.71),
HeoOparuMasi YacTh ONPENeNAIIero ypaBHEHUA NMeeT BUL

(VTR
oh=| 2+ / c@)) Vie, x (6.74)

B TO BpeMs KaK o6pammaﬂ qacTh 0CTAETCS TOM Ke, 4T0 M
B mn. 6.3.
[I[Jm _ompaspanust (6.73) paccmorpmM cayuail, Korga

V23—V32 HpGI[CTaBJIHeT coboilt eMITHCTREHHYIO He obGpamato-
IYIOCA B HYJIbKOMIOHEHTY TeH30Da ij, TaK 4To JegopManusa

(M
%3

oLl
N

23

Prec. 6.6, JJunmammdecKas pearus BA3KO-IJIACTHYEC-
KOr0 TBEpAOrO Tejla, PacCMaTpUBaeMOro Kak MpefeJbHEIR
cy9ail HEKOTOPOR HEHDBIOTOHOBOH SRUJKOCTH,

Gy/eT YMCTEM CIBUTOM, KOTOPHH BO3MO/HO CONPOROKIAETCH
yOpPYIruM u3MeHeHueM o0mema. Y paBHerusa (6.23) maor B aToM
cydae Vig,=V3%, tar wro (6.73) mpuEmMaeT B
3+n
9 < !V23 l> ~
0D = 4uVp*+ 2ke , (6.75)

U eAMHCTBEHHO He OOPAIMAOMENcAa B HyJb KOMIOHEHTON He-
oGpaTaMOro HANPSIKEHUsT Oyner

<'>—032_2uv +k<W23’> sgn V. (6.76)
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Inagras wpusas mna pume. 6.6 wmaaocTpupyer ypasHeHHe
(6.76) pora n=9. Illpu n—> co Kpusas npuUOAMKAETCA K JoMa-
HOIf JTHMHHU, COCTABIEHHOH U3 OTpPE3KOB

V23 —_ O - k 023 < k (6.77)
023 = 2HV03 + ]L sgn Vng (678)

B npemene, rakum obpasom, mosyuaercA peaxiEs Ipo-
CTOr0 BA3KO-ILIACTHYECKOr0 MAaTepHala ¢ HOCTOSHHEIM KO3(-
PUIHEHTOM BS3KOCTH |4 @ NPeReTOM TEeKYYecTH TPH YUCTOM
casure k.|

Bosspamasick & obuieMy caydarn, OHHCHBAEMOMY COOTHO-
urennamu (6.73) u (6.74), HeobxonuMO PABIUIATE JBE BOBMOMK -

noctu. Ilpu V>0 nomydaem B upesene mpu n— oo

w—ﬂm+tfy@(m>m (6.79)
@)

o2+ >%k (Vi = 0). (6.80)
V(z)

\

Mpu V@;’=O ypaBaenue (6.73), KaK ¥ ciaefOBANO OKHUAATH,
1aer
0D =0 (Viu=>0). (6.81)

Tenzop nanpsmenntt (6.74) ocraercsa mpH 3TOM HeOHpe/IesIeH-
HEIM. B cuny (6.74), omHako, BTOpPOHl OCHOBHOW WHRApPHAHT
HeBUATOPA NPERCTaBIAeTCH B BHU[O

_ . 3+4n
a1 , Vi \+r
o) = 5 0; o0Y) = MV + bpke <~T@> +

S
+ R (—V—c@y +". (6.82)
lipn Vi,— 0 m n—>oco ypasHeHme (6.82) naer
N
TN F
lim 0<2)~—k211m(12?(2—)> - k2 0<<a<C1, (6.83)

rje o MOKeT HPHHHMATH JI00he 3HAYCHUS H3 HHTEPBAala
0<< o<1 B COOTBETCTBHH € T€M, B KaKOH mOCIeL0BaTeILHOCTH

& . Uuraep
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BHIITOJTHEHH 00a TpeledbHHX NEepexojga, WIH ¢o coocoboM,
KOTOPHM OHH TPOBOAATCA ofHonpemenno. Taxmm oGpasom,
B Ipejene
' <K (Vip=0). (6.84)

PaccMmorperHasi 3jiech HeOOpaTHMAf PEARUUA CILIOIUHOLL
CPeH HOJHOCTLIO ouucHBaeTcs ypasuennmamMu (6.84) u (6.80).
Jd1H ompefesAOLe YPABHEHUA ObLIH yCTaHOBIeHb ['oreHem-
sepoM u Ilparepom [16] (cm. Tawmwe llparep {271, crp. 138).
Hnas umx obpamenus Gymem uexomuts uz (6.80) u BRUHCIUM
HHBAPUHAHT

: 1
(’((_:; - —2-0'Jk0'h] \ 2“1 + \ 1’(*7) = /u + LIJ.,VV(Z))

1%% Vig/
(Viy>=0). (6.85)
Orewjta caegyer, 4o
o> (Viy>1). (6.86)
Hosromy obpauenue (6.84) umeer Bug
Ve =0 (o< k). (6.87)
Nz (6.85) moxyuqaen, ,t[anee,
VVi =2 (1/0()) — ). (6.88)

Honcrapass (6.88) » (6.60) u vanrmsag (6.86), maxoaum
ob6pautenne (6.80) B BuAEe

TN

Vit (1= E Ve @k . (6.89)
V ”f:i:)) /

Vautpisas 1ot gart, 1o Vi DOAGRUTCABHO ONPCICTeny oe,
noayuaenm s (6.87) 1 (6.89) oronuareinio

FU ((T(v) )</\/ ),
2“ V.Iilz - <[ — k - > Gk}\k (0((13) = ]t“") (090)

(parep {271, crp. 137).
Ias MmMaaplx ckopocTeli HaMeHeHUst QOPMBL PAcCMOTpeH-
Hasg 3/lech CIUIOWHAA cpefa Bemer ceff Kak MiacTHYeCKHil
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MaTepHaJ ¢ IpefleloM TeKydYeCcTH IPH THCTOM CHBHTe, paB-
uuM k. B camom gene, B cuay (6.90); oH He TedeT, moKa He-
o0paThuMble HANPSHKEHHS HOCTATOYHO Madw. [as Goabmux
cKOpocreil medopMalMd DeaRI¥sA HTOT0 MaTepwasna Hpromn-
JKAETCA K TOBEIEHWIO HBIOTOHOBOH SRUJKOCTH BA3ZKOCTH [i;
MOCKONBRY WIEeH k/l/o(‘; CTAHOBHTCA HECYIIeCTBEHHBIM:
6.6. Apyrue mpefienbHbie cAy9am  BASKOH KUIKOCTH.
Baarogapsa ABOIICTBEHHOCTH MesRAY CKOPOCTAMH W CHJIAMH,
0 KOTOPOH FOROPIIOCH B M. 4.3, pesyiawrTatel 1. 6.5 MoyRHO

(1)

j /.
/T

Pne 6.7. Oupno ofpamenue = BAIKO THIACTUIECROTO
TBEpPAOTO Tena.

cpasy :xe obparturs. Tak, wacTHHl caydail KBasuauHCHHOI
BABKOH JKUAKOCTH MOKHO 3aJaTh ONpPeJedA0NINMH ypaBHe-
HHAMIA:
; o ,
Vip<E* (0§ =0),
/1 k 0

-+ Ojr
S
10?)/

/1 (6.91)
&

Vig= (o> 0),

KOTODHE NOMY4a0TCs U3 (6.84) u (6.80), ecan momeHATH Mec-
TaMu TeHsopH Vi, w 0% 1 saMeHuTH 2u na 1/2u0. Anasornu-

HBIM ofpazom, ofpamerue (6.91)
J p (Vo <K%,
5 0= l <1 V]J \\ Vie (Vo=#) (6.92)
Vey/

nuiteraeT u3 (6.90). 1 Mammx cropocrteil nazmMeHeHHs op-
MBIl paccMaTpmBaeMasi 3/lech CILIOIMHAA cpefa Befer cebu
RAR uAeaNbHAA RUAKOCTH (C:RUMAEGMAas W HecRuMaeMasn),
Ecan Vi, uperocxognT upeien A%, HaupHaeT TPOABIATHCSH

8*
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BASKOCTH M I GONBIINX CKOPOCTeil M3sMeHeHWA QOPMEL Cpefia
npubiaMKaeTess MO CBOEMY TMOBEIEHII0 K HBIOTOHOBOH JKUIKO-
etu Bsskocim w. Ha pue. 6.7 maoGparena peakuust Tawoi
CHCTEMB LPH YUCTOM CHBUTE.

Pesyabstats m. 6.9 gomycramoT Apyroit Tim o0paneHus.
Patcmorpennas TaMm cpefa BefieT cefd Kak DJIacTHYECKOe Tedo
WIH KaKk HBIOTOHOBA 'KHIKOCTh B 3ABHCHMOCTH OT TOTO, OWCHD
W Majda WIH O4YeHb BEJIMKA CKOPOCTh U3MEHEeHHA (OPMEL.
CyurecTByioT APYIHe CIOIMHBIE CPEAB ¢ UPOTHROIOIOHKHOM

Q)
O3
K-

/ V23

Puec. 6.8, Ipyroe obpauenne.

AUHAMAYECKOH peakiueil, HanoMHHAIOIMWEe HBLIOTOHOBH JKAJ-
KOCTH UDHU MAJIBIX CKOPOCTAX W3MeHEHHA (OPMH W Bejymmue
ce0d KaK IIacTHIeCKUE TBEPbIE Te1a P GONBINIAX CKOPOCTAX
unamenernusi Gopmei. OcoGeHEO mpocTas cxcTeMa OIpefiesdio-
WMUX yPaBHEHU, OTPaKAMUX HOJOCHYH PEearIuio, HMeeT
BUL

I , , kz \
J Z]J,ij (V(z) << Z}IE \, ’
ol = \ . ( o / (6.93)
— Vi
V(z) Jk 2y = 4”2>

re U 03HaYaeT BA3KOCTH HPH MAJBIX CKOPOCTAX H3MEHEHMS
dopMul, a k£ — mpejed, Ipu KOTOPOM YCTAHABIUBAGTCH IIJIa-
cTudeckoe tedenue. Ha pme. 6.8 moxaszam pesynsrar (6.93)
ang caydas npocroro cusura. Ofparnienne 3TOro ypaBHeHUA
HMEeT BRI
1
(;) ) .2
2 Ok (0'(('2) < k),
2
2o, K?ép (0% = k7).
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Menss mecramm TeEzops Vi m 0%’ B (6.94) m (6.93), a
TaKie samuceeas 1/2 g BMecTo 2u, mosydaeM OKOHYATEILHO
OUpeNeIAIoNIe YPABHEHNA:

() ‘ 2HV712 (V£2) < kz)* v
ik = 2 T g2 (6.95)
G 1?th, A=2u (Vig=Fk)

I

1
5 ) 272
iﬁcl (08 <T4u’ks),
Vip= (6.96)
@O (g 2
V i (08 =47
(2)
A MaTepmaTa, KOTOpHiT Beler ce6a Kak HBIOTOHOBA SKAI-
KOCTH ¢ BABKOCTBIO |4, TOKA CKOPOCTH W3MEHEHHA (GOPMEI [0-
CTATOYHO Majia, ¥ ORA3KIBAIINET0 COMPOTUBJEHHWE, ¢ APYTOii

(i}
Op3

Puec. 6.9. [AumaMuueckas peaKLHs BA3KOH IIKOCTH
¢ TpefedapHoil CROPOCTHIO HedopMaumu.

CTOPOHH, JIOGOMY YBEJHYEHUIO CKOPOCTH M3MeHeHus Gopmul,
KOAb cKOpo upemen k pocturuyrt. Ha pue. 6.9 npencrasieno
TaKoe NOBeJleHNE MaTepuaia [ clydyas IPOCTOro CABUra.

6.7. Ilaacrugeckue reeppble Tera. Bosppamasch K BASKO-
IACTHIECKOMY MaTepUady, paccMorpeHHOMY B m. 6.5, m mo-
aarasi BABKOCTh p B coorHomeHun (6.80) paruoii Hydto, mo0-
JayuaeM omnpejessionue ypanBHEHHA:

ol < K (Vo =0),
(6.97)

o=V (Vi >0
ik VV('Z) ik ( 2 )
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I ux obpameHus cyTh

J0 (o8 < &),
\?"ij’ A=0 (o %2)) kZ)’
rfic A — MPOMBBOJABHAA HEOTPHUATENbHAA IOCTOAHHAA. OTH
COOTHONIEHNA MO;KEO Tawske BuBectu u3 (6.93) m (6.94);

nojnarasg p—-oo. OB oOnucHBAIT HEOOGPATUMYH) JHHAMHTC-
CKYT0 PCARIAI0 MIacTHYecKOro Trepaoro tema. Ha pue. 6,10

Vi = (6.98)

U(z)l

’
V23

‘o

t

Pne. 6.40. Momeas wmaact- Pue. 6.41.  Hoxammveckas
9eCKOTO TBEPOTO Tena. pPeaRINA IIACTAYECKOIO TBEPHO-
To Tejla HPH WUHCTOM CHARWTE.

n3o0paskeHa COOTBETCTBYONIAA PEOJOTHUECKAS MOMALTDH, U Ha
puc. 6.11 morasama [UHAMHYECKAs PEAKNNA IPH TIHCTOM
cHBUTeE.

Tensop ofpatuMbIx HaTPSKEHU OLpefeaseTcs TPM 3TOM

asHennamu (6.31). IMocroank 0() TIpeicTaBasaeT coboii
Yy p

JIGBHaTOp, TeH30PhL ng) n G;h) ABJIAKTCA COOTBETCTREHHO M30-

TPOmHOIl u JeBHATOPHON yacTAMM HaupsxeHms. Marepua.
OOHKRHOBEHHO MPEIIIOaaraeTcs HecxkuMaeMsM. B aroM caygae
V. mpencrapasier coGoil jieBmaTop, Tak 4TO MTPHXH B COOT-
nomenusix (6.97) u (6.98) mo:kHO OmMYCTUTE.

C Gomee o0Ineil TOYKY BPEHHA nAacmuyeckoe meepdoe meao
MOJKHO ONPeJeNnTh, UCXOIS M3 cAeyOIX ycaoBmi. Lenn

OPOUCXOAT H3MeHeHus o0beMa, TO OHH YUCTO O0paTHMH,

TaK 4YTO TEH30D H906paTHMbIX Hapr{iheHHI/I G;h) npeacTanader

coboii gesmartop. Ecau sror TeH30p HE MOCTHT HEKOTOPOLO
nmpeela TEKYYecTH, 3aBUCAILET0, BO3MOMHO, 0T COCTOAHIS
BIeMeHTa X ero NCTOPHU, CKOPOCTH M3MeHeHNA GOpPMHI pasHa
nyaio. Ecan HeoOpaTmMble HanmpsyxKeHHWA HaXo[ATes Ha IIpe-
jleJie TeRYIecTH, To CKOPOCTh M3MEHEHUsA QOPME MO:KET OBITL
otamaaoli ot Hynsa. OHa 3aBUCHT TOJBKO OT TeH3opa Heodpa-
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TUMBIX HaﬂpH}ReHHf{, " CHOPOCTH €€ U3MEHCHUA IpejcTaBager

co00it opHopoanylo QYHRIOHUIO HYIEBOIH cremeHu o7 0}}3.
Taxr rar o, mpeacrasaser coboii 1eBUATOD, BTOPOE BHIPA-
sweHne (6.15) maa cropocru paboTH UCCUIATIHE MPUHUMALT
BUX
1

oty b oy 1 : c
PV =—0Vip=—0uVjn (6.99)
o p
Orcroga caepyer, 4ro 0OIIMe Pe3yabTATE, KOTOpPBIC OyAyT
TI0JAy4YeHbl B DTOM TIYHKTE, OCTAHYTCA CIIPABEJIMBLIMH, €CJH
i)
3aMEHUTH Gﬁ-@ Ha O;,. OrasmBaercsi VAOOHHIM ILPENCTABUTH
TeH30psL Vi, M 05 ¢ MOMOIBK BEKTOPOB B MPOCTPAHCTRE 9-TH
usMepenuii. Ilpemgenr TeRywectm npepcTaBifgercs IIPU ITOM
NOBEPXHOCTHIO, CofiepsKaLlell o kpaiiHell Mepe B HCXOZHOM
COCTOSTHMHE MaTepuasa Hauano roopausHar. Houab CKOPo KOHeI]
BOKTODA Ol J1eKUT BHYTPH IIOBEPXHOCTH TEKYYECTH, BEKTOD
V'y pasern Hymo. Ecau ora To9Ka JN&KHMT HA ITOBEPXHOCTH
TEKYUECTH, BEKTOP Vi MOykeT ObITH oTiamdHbM OT Hyuad. Ero

HATIPABICHHe 3ABHCHT OT U4, TOIAA KAK €ro abcoM0THAS
BeTHYMHA omnpedeNsercs, mo KpaliHell Mepe X0 HeROTOPOil
CTENCHH, CKOPOCTHIO HU3MEHEHHA O .

ITora cpema usomponne, upegen Texkydecrs, OyAydH,
Boofuie roBopsA, PyHRIUEl MTHOBEHHOTO COCTOSAHMSA dieMeHTa
1 CTO UCTOPUH, 3aBHCHUT TOILKO OT OCHOBHBIX HHBApPHAHTOD
O, O TeH30pa HeoOPATHMBIX HATpPS/REHNI. 3dBHCHMOCT
0T MCTOPUH XAapakrepHA JIA YAPOUHAIOWUICS MATCPHANOB.
Ecnu, ¢ Apyroit cTOpoHH, 1pejel TEKYYecTH 3aBHCUT TOIABKO
0T HeoOPATHMEIX HaNpA/ReHnil, MaTepual HashBaetca udeaso-
HO RAACIMUMECKUM; B HTOM CJy9ae CRUMAEMOCTBI0 OOBIYHO
npeneGperanr. OcofeHHO NPOCT ¢ayTail, RoTHa Hpeied Tery-
MeETH BABHCUT TONLKO 0T 0. Torjia yemosue rtexygectn
MOKLIO 3ATTHCATH B BUJE O =k2, KaK 570 1 GBI0 UPEILLOIRENO
Musecom [20]. 9ro BosBpauiaey Hac K MaTepHaay, OIUCH-
pacMoMy coorHomenusamu (6.97) mwau (6.98). [ipyroe ycaosue
TERYTECTH, CONEPIKAINee Tax/ke WHBADUAHT O(y), OBIIO mpej-
aoskeHo Tpecra [36].

Bosepaigasce K Haubo;1ee 00meMy ¢JAy9a0 OIACTHIECKOTO
Texa, MOYKHO 3aMETHTh, UTO JIAHHOE BEIIEe OLpeleseHiIe He-
UONHOCTBI) OIMCHIBABT ero momefleHde. Ecam DOBepXHOCTDH
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TCKyUecTH A HGI\OlOpOFO 3aJaHHOI0 COCTOAHHA 3'IeMeH'ld

U3BECTHA, TO TEH30D V]k MOJKET Bee jKe 3aBHCETh OT Oy Y ero
CKODOCTH H3MeHeHus: GeCROHOUHO MHOTUMU cmocodamu. [lamee,
IJIA YOPOUHAKINHUXCA MAaTePHAIOB JOJNkHA OBHITH OIpejeleHa
nedopManua TMOBEPXHOCTH TEKYYICCTH IPH YBEAHYCHHH ILIa-
CTUYECKOTO TeUeHNA. XOTA AHHAMUYCCKAA PeaKiusa MosKer
B 3HAYUTEJIBHOM CTEIIEHN 3aBUCETH OT MaTepPHaia, CyIecTBYIOT
HeKOTOPHE WPaBWIa, TEHepb Yiiie ABMIIIMecs o0mempus-
HAaHHBIMH, HECMOTPA HA TO 9TO OHM YHCTO THMNOTETHYECROIT
npupopsl. IlpuMeHHTETEHO K MTHOBEHHOI JUHAMHYECKOIT
Peaxnuy 3TH IPaBUIa MOKHO BEIBECTH M3 MPUHITUNIA HAUMEHb-
et HeoGpPATHMOIM CUIIbI.

OdeByjiHO, YTO MIACTMYECKOE TBEPAOE TeI0 MO;KHO pac-
CMATpPHBATh KAK MOPEAeJbHHIT ciaydall BA3KOH KUIKOCTH.
Huccnnarupnan ¢yurmusa D’ B cma0oBoM mpocTpauCTEE paBHA
HyJ0, €cJM KOHEYHAS TOTKA BEKTOopa 0},’3 A€KUT BHYTPH
noBepxHocTH Teryuectd. Ias Togex, demaniux Ha moBepX-
HOCTH TEKYYeCTH, BeJIHIHHA V}k He ompefieNaeTca Ogj. Tarum
00pasoM, cyliecTByer HexoTopas obaacts B', rae D' =0, B0~
garomas BHauasne O'. Bee D-nosepxuocru ¢ D' > 0 cocpeno-
TOYMBAIOTCA HA OTHON-eTMHCTBEHHON MOBEPXHOCTH TEKYIECTH,
orparngmnBatomeir B’. B mpocrpascTee ckopocreil mauamo Ko-
opaunar O npegcrasiser coGoit o0pas Beeil obaactu B, mio-
Oas fpyrasg To9Ka COOTBETCTBYET HEKOTOPOIl TOUKE CHIOBOTO
IPOCTPAHCTBA, JdeKaliedl Ha ITOBEPXHOCTH TEKYYECTH.

[puauun wamMenbuieli HeofparnMoll cmaH yxo6HO uUpH-
MEHMTh K paccMaTpuBaeMoil 3jiech 3ajaye B HopMe HEKOTOPHIX
CJAeACTBUH, YCTAHOBJIEGHHWX B . 4.3. Ux wmcroarosanue
A PaccMaTPHBAEMOTO IPEIeIbHOTO CAY9as HEemocpecTReH-
HO IIPUBOJUT K CIeAyIOmMuM pedyibraraM. IosepxmHocTh Te-
KY4yecTd BCerfia SABIAAETCS BROYKION M BRINYACT HAYAJIO
KOOPAMHAT, IPUYEM He TONBKO B HCXOAHOM HemedopMupo-
BAHHOM COCTOSIHMM, HO M B XOJe Bcero mpouecca. Ecaum Vi,
npercTaBaseT co00il KCTHHHYIO CKOPOCTH M3MEeHeHust (o pMbl,

a Of — COOTBETCTBYIOIIEe HEOBDATHMOE HaOpsKeHue, 10
(i) ()
(05h — 0™ Vip = (6.100)
()*

rjae oy obo3Havaer gwboe [Apyroe HampsizKeHHe, IS KOTO-
POr0 KOHel COOTBETCTBYIOI[ErO BEKTOPA JIEKHT BHYTPH HIH
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Ha IOBEPXHOCTH TEKyYeCTH. SHAK PABEHCTBA BHIIOJHAETCA

", .
TONLKO, €CliM Gy IpefcTaBiaseT coboll Apyroe pemrerme.

Ecan moBepxHOCTH TexydecTHm IiIafiKkasi, TO €€ MOKHO Ha
moboli cTagmm mpoumecca NpeACTABUTL ypaBHEHWEM

¢ (o) =0, (6.101)

rme ¢ — HeKoTopas HempepsiBHag QyHKusA, obaafamman
HeNDEPHBHEIME JACTHHIMA NPOM3BOJHKEIMHA II€PBOTO HOPAMKA
U OTpUIATeNBHAS B Hagwade Kooppuuar. Hepasencrso (6.100)
SKBUBAJEHTHO IPH DTOM YTBED:KAEHHUIO O TOM, 9TO jiaA a1060it
TOYKH 0};? B IIPOCTPAHCTBE HANUPAKEeHUH, Jeameil Ha Io-
BePXHOCTH TEKydYecTd, BeKTOp Vj, WMeer HalpapjeHue BHEII-
Heil HOpDMadH, T.e. 4TO
. 0
Vi =M, (6.102)
ao'jk
rme A — HeoTpHIATEJBbHHH KO3QQHUIUEHT HpPONOPIHOHAIE-
HOCTH.

[JIerko upoBepurs, ur0, HampuMep, NJAA HWAEANBHO LJa-
cTudeckoro Marepumaxa (6.98), ymoBAeTBOPAIOMEro YCIOBHIO
Tekydecrn  Mmuseca, $yEKUMA ¢ OpEHEMaeT  BHJ
¢ = 11,05 okj=0(3).]

IlepBas mONEITKA YCTAHOBJEHHS DTUX PE3YIABTATOB ¢ HO-
MOImBbI0 TePMOAHHAMHUYECKHX coobpakenmii OmIa TpexnpH-
aara Uwmraepom [43]. Ilpepmonmosxenms, mpwEATHE B 3TOi
pabote, GHLIN CJlErKa OTJIUYHKIMU OT HCIOJb3YeMHX B37ech;
B 1eioM onu Grutm Gollee orpaHmYeHHEME. Y paBHeHHE (6.102)
COIEP’KUT TaK HA3EIBAEMYH TEODPHI0 MJIACTHYECKOTO IIOTEH-
nmaia Mmseca [21], Torma kak ypaBEeHme (6.100) Bmpaska-
er coboii cymectBo mocrynara I{pyxepa [9] (cm. taxske Koii-
rep [19]). Vike cramo ofmummM casmBats ¢ (6.100) mpyroe
HEPaBEHCTBO:

60V = 0. (6.103)

Wz (6.103) u (6.100) cenyer, uto B TOYKE, B KOTOPOIl mOBEPX-
HOCTh TeKYYE€CTH IIaJIKafg, CKOPOCTh UBMEeHeHHs OPME paBHA
HyJ0 /A 711060ro m3MeHeHHs HeoGpaTMMOTO HATPAKEHWS,
YBOJAINEro BHYTPH IOBEPXHOCTH TeKydecTH (pasrpyska).
O6o6menne (6.103) Ha mMpousBoNBHEIE MOBEPXHOCTH TeYeHUS
SKBHBAJICHTHO NPABIONONOGHOMY TDEMINONOKEHHI0 © TOM,
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970 0COOEHHOCTH ABIATCA TOJNBKO IPEAeAbHBIMU CIYYAAMN
pPeryisapHOro IOBeJEeHUA.

Ciegyer oTMeTHTE, 4TO cpefiu OGUUX PE3yAbTATOB, HOIY-
JaIUXCA OPH UpPUMEHEeHUW NPHHIUIA HAUMEHbIIeHd Heo6-
paTHMOil CHJIBI K TEOPHH ITACTAYHOCTH, MMEETCHA OMH Pe3ylb-
Tar, He COCTABIAIOINHA cjelcTBuA mocTyiaatoB Museca n
Hpyrepa. Tor dakr, 910 MOBEPXHOCTH TEKYYECTH BCErya
BKJOYAeT HA9al0 KOOPAMHAT, OTPAHMYMBAET TAK HA3HLIBAEMEILL
sdpderr baymunrepa u ycranaBiausaer, 4TO NPABUIO YIIPOI-
Heaus Ilparepa [25] uw ero moanduxauus, mpemaoAeHHAd
Iuranepom [44] (cm. tawke Kmasyo u Iluraep [5]), mpume-
HHEMBL TOJBKO TPHU JOCTATOTHO MAJIHIX H3MEHEHUAX (HOPMEL.

6.8. HaacTuyeckas JguHAMHYECKAsA peaKOUA B IEIOM.
B npegmymux moyHKTax Mbl 3aHBMAJHCh JUHAMUYECKOI
peaknueii B MajJoM, T.e. IOBejeHHMeM OECKOHEYHO MAaJIoro
aJIeMeHTa CLIONIHON cpemsl. B cayvae mmacTHyecKoro TBep-
Jloro Texa CyIecTBOBaHme Heroropoit obmactu B', rage D’
PaBHO HYIIO, [ejaeT BOBMOMKHEIM 0GOOIMTH HEKOTOPHIE uU3
HOJTy4EeHHHX Pe3yJbTaTOB HA KOHEYHbE 00BHEMH CILJIONIHOH
cpensl Ges kKawkol Ob TO Hu ObUIo MOgUpHUKRAIAN.

Iycre Temsopst Vi U 6%, NpeicTABAAIILAE MECTHYIO
CKOPOCTh M3MeHEHUA QOPMBI M MecTHOE HeobpaTuMoe HAIps-
;KeHne, n306paykaoTca BekTopaMu V,0 B 1eBATHMEDHOM eBRJIU-
goBoM mpocrtpaHcTBe R,. B cuny cummerpuu 3tmx IBYX TeH-
30POB ¥ TOTO, YTO OHHU NPEACTABAAIT COO0H aeBUATOPH,
COOTBETCTBYOLIME BEKTOPHI HA CaMOM JieJie JIe;RaT B HEROTOPOM
JHHEHOM HOJIOpOCTpaHCTBE mpocTtpaHcTBa R,. Boipaykenme
Iis cEopoctd paGoTH AUCCUNAUMM Ha elMHULRY o0beMa BEHI-
rekaer u3 (6.99) u maercsa cKAJNAPHBIM IPOU3BEIEHUEM B IPO-
crpancree Ry:

pPP— 0% Viy=o0-V. (6.104)

B nocnegyomux paccyskaerusax Jo6oe HeoOparumoe Hamps-
;keHme 0%, KoTopoe Moiker OBITh JOCTUTHYTO M3 0 0e3 njactu-
9ecKOroc TeyeHusA, Gyjler HaSHBATHCH HemmacTudecKkum. Ha He-
KOTOPOH MaHHOI CTafiuu IMpolecca Bce TAKWe HANpPSKeHusd 6%
cocrasaaior B Ry Hemmactuueckyw obiacts B', u iaw6oe npu-
panieHne HeoOpPATHMHX HANPSKeHUil TMna ¢*-—¢ Gymer Ha-
3nBaThcA HemacrtuueckuM. llpenen TerydwecTu mpefcraBisger
coGoit rparuny B', onpemenseMyio TakuME HeMIACTHIECKAMHU
HAUPsREHHEBIMY COCTOAHUAMY, GECKOHEUHO MAJIble M3MEHeHUA
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KOTOPHX He Beerfa Hemnactuueckne. B cuny (6.100) u (6.104),
(c* —0) V<0 (6.105)

A 1060T0 HEIIacTHYeCKOro UpUpameHus 6% —¢, Tak 910
u3 (6.103) caemyer, dTo

¢-V=0. (6.106)

Cropocts pefopmannu W HaOpsIzKEHHOE COCTOSHHE BCETO
Tena ompepensiotca ¢ymruuamu V. (y,) m 0,,(y,) coorser-
CTBEHHO, Kaykpas u3 HOTOprX BaBHCAT 0T KOODJMHAT ¥,.

Hycm‘b mons Vi(y,), Gjh(yl) IpeficTaBIAITCA BeKTopaMu V,

¢ B (YHRIMOHANBHOM IpocTpaHcTBe I, M WMYCTh CKAJAPHOE
unpoussemedne B I ompegenderca 0o0BeMHBIM HHTETpajioM

6-V="{o.vay, (6.107)

KoTOpHIil Gepercsi Mo Beemy Teiy B neioMm. Takoe ompepmese-
ane pomycramo (eM. Cunr [35]), Tak Kak oHO ymoBIeTBOpseT
38KOHY KOMMYTATHBHOCTH O V=V .0, 3aROHY JAucTpuldyTus-
goetd ¢ - (V' +V")=06-V'+0-V’, npasuay ¢-0=0 pas ymuo-
JKeHHA HA HYJb ¥ 33KOHY ACCONMATUBHOCTH ISl YMHO;KEHUA
#Ha crangpHyn Benwauny (ac)-V=a(c-V). HKpome toro,
onpefiejeHne 3agaer B F HEKOTOPYW HOJOKUTEABHO oOmpe-
nenennyo merpury. Ma (6.104) Beirexaer, HaKoOHeL[, 4TO
npoussenenne (6.107) ompemenser ckopocTh paGoTH gUCCH-
malnpy [ BCErO Tela B LEJIOM.

PaccmoTperBOe 3fech HpejCTABIEHUE HE OTPAHMUGHO HU
KNHEMATHIECKH TONMYCTUMBIMHU cKopocTaMu fAedopMaiimii, Hu
CTATHIOCKH JOUYCTHMAIMU TMOJAMU HATPAKEHUIT; OHO CIpaBe]i-
JWBO BO BCeX clIyZasx, Korja cyumecrsyer uurerparn (6.107).

Hennacrudeckyo obaacte B’ 8 F moskHO onpegenurh takum
we cmocobom, kak 1 B’ B R,. Boofuie rosops, Hekoropse
DNEMEHTH Tejla NOCTUArAI0T CBOMX MECTHHIX MPEeIeNOB TeKy-

YeCTH [JIA HAOPMKEHHBIX COCTOAHWHA ¢, JeKaIllUX BCe JKe
BHYTPH IIpejiesia TeKY9ecTH A Bcero Teaa B neaoM. llnacru-
94ecKoe TeUeHWe YCTAHABIMBACTCH, KOrJa HOCTATOYHO 00ib-
mas o0gacTk cTaHOBHTCA miaacrudeckoii. Ha atom srame nHa-
T pAKEeHHOE COCTOAHME JI060T0 3ieMeHTa PAcIoJaraeTcsa HiKe
npefiesia TEKydecTH HJAN HA MeCTHOM Mpefele TEKyYecTH.
ITocKoMbKY HU OLMH M3 3J€MEHTOB He NOJBEpraercs ILTaCTH-



124 § 6. Onpedeaswwue ypasHenus

9@CKOMY TE€UeHWI0 IPH HeIJacTHIeCKOM IDHpAIeHEH Hanps-
s#KeHWA Tela B ueaoM, u3 (6.105) BrTEKaeT, UT0

T~

(* — 6V ={ (6* —0).Var <0 3(6.108

mias no6oro HemJacTHIeckoro mpwpamenms of—o. [lanee.
B cuny (6.106),

o.V=1{¢s.vav>o. (6.109

Taxum o6pasoMm, HepaBeHCTBA [[pyxepa, ecim OHH cupaBef:
JAEBH [JA 9JJIeMeHTa, COPABEZJUBH [AA Teda B LEJOM.
Mz (6.108) BETEKaer, B YACTHOCTH, 4TO HEINIACTHYECKAs

obaacte B’ — Bmnyrnas.

Ipensigymee paccyAeHre COCTABIAET OCHOBY JJIf CTPO-
roro ONWCAHHA IOBEJEHUA KOHEYHOro 06beMa INTacTHIeCKoY
cpemst. Yacrto, ofHako, UPHXOAMTCA YOpoOmAarh npobiemy.
BROAA ofobmennne fedopManuu @ HanpsxeHusi. BMecTo T0TC
uTo6H paccMaTpHBATh MCTHHHBIE jleopManuu Tena, OrpaHM-
YUBAIOTCH NPHONMKEHHAON KapTHHON, XapaKrepmayomeics
HeKOTODEM KOHEYHHIM YHCIOM TaK Ha3HBAeMHX 000CHMEHHbIX
nepopmanuit z, (¢ =1, 2, ..., n). Beanunnu z, npeacras
nA0T co6o# 06o6mennEe cKopoctH, W Kooddmmumenth X i
B BHIDajKEHHH

PO—= XV, =X x (6.110

IIA CKOPOCTH PabOTH AUCCHIANNE NPEACTABIAIT c060H 0606
MeHHANe HeoOpATHMEE HAaNpAKEHNA.

PaccmoTpeHHEE 37ech OTpPAHMYEHHs 03HAJYanT, 9T0 [0
OYCTEME TOJBKO TaKHEe CKOPOCTH N3MeHeHHs Qopmet V
KOTOphie IPHUHAJJIEKAT K HEKOTOPOMY JIHMHEREOMY HOANIPO
crparctBy F, mpocrpanmctea F. Omnm me mamaraior aHamorud
HEIX YCJIOBHI Ha HampskeHHHe cocrosiHus. Ilycte E, osna
waeT CKOpPOCTh W3MeHeHUA (OpMH B (YHKIZTOHAIBLHOM IIPO
crparctBe F, COOTBeTCTBYIOMYH 00OGIMeHHO CKOPOCTI
z,=1, ;=0 (j=£k). IommpoctparcTeo F, onmpemensercs
OpH 3TOM CKOPOCTAMHI W3MeHeHHms (GOpPME!

V — i, Er (67411

Boo6me roBopst, BekTopH E, JuHeHHO He3aBHCHME!
BaToM carydae cymecTByeT B3aNMHEO 0FHO3HATHOE COOTBETCTBI
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MEERIY BeKTopaMH}V s F, m x B mpocrpancrse R, o6oGmer-
HHX mepeMeHEHX. B cmiy (6.107), (6.111) u (6.110), cxo-
POCTH PaGOTH AMCCHOATEA HANDSIKEHEMA ¢ HA CKOPOCTH H3-
MeHenns opusl V, NpHHAJIeKANENH IPOCTPAHCTBY F.,
paBHA

PO =¢.V=0-Eui, = X{ts. (6.112)

Iloaromy oboOmenHLHe HeoGpaTmMEE HAUPAKEHHA OIpe-
JeNA0TCH HPOU3BEICHAIMHA

XV =0-E, (6.113)

O1crona HemocpefcTBEHHO BHITEKAeT, UTO TI060e HaNDSIIKER-
HOe cOocTosHEe ¢ B F npefcraBiasgercs B R, enquacTBeHHEy
BeKTOpoM X, KOTODHI B CBOIO odepens mpencrasiager coboj
06pa3 GeckOHEYHOro 4UCIA BEKTODPOB G. ,
Ilpamas, coemmusAomas TOYKH mpocrparcTBa F, mpoxo-

NAMangIepes KOHIN BEKTOPOB ¢’ W G”, OIpeAedAeTCH ypaBHe-
HUueM

6=0"+a@ —0) O<La<)! (6.114)

I?c.rm X, X', X"— Bextovs; B R,, coorBercTByI0mIE G, c;’,
¢’, To.]MH momywaem ma (6.113) m (6.114)

IX=X'4-a(X'—X) (O0<ae<<l).  UBAL)

Nrax, o6pas npamoii (6.114) B npocrpancree R, mpeacras-
Jser coboif IPAMYI0 JMHHIO, COSUEAIOUIYI0 KOHIE BeKTODOR
X', X"

Hockoxsky memmactmyeckasa obaacts B’ apiagerca By-
OYKIOH, J1060i BEKTOP 6% —¢, mpeAcTaBIAOMAN HOILI acTYe-
CKoe TMpHpalleHne HAHDAMKEHAH, JIOKAT WOJHOCTHIO B B/,
Ero obpasom B R, sBumerca sexrop X*—X, nesamui,
10 OmpejiefleHnI0, MOJHOCTHI) B HENIACTHYECKOH obxactm
upocrpauctea R,. HaoGopor, mwo6oit sextop X*—X B (
mpeacTaBiger cobolt obpas mo KpaiiHedl Mepe OXHOTO Bek-
TOpa 6*—0, coeguAAwmero e Touky B’. Taxk xax B’ — By-
nykioe, 6* —¢ gesxnr nonHoctso B B'; mostomy smo6oi Bek-
Top B C’ MOHO paccMaTpmBaTh Kak 06pa3s HEKOTODOIO He-
LNaCcTAIECKOr0 UDPUPANEHNS HANDIKOHMI,
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N3z (6.112) u (6.108) moaywaem
(XP* — X3P) &3, = (6* —0)- V<0, (6.116)

rie XS)*—XQ)—— IPOU3BOJBHOE HEIJIACTHIeCKOoe NI pHpaie-
HHUe HaupskeHus. AHamorwuso, B cuay (6.112) m (6.109),

XVi,=6-V=0. (6.117).

ITosTomy mepamencTBa [[pyxepa, ecid OHM TPHMEHMME [JIA
BJIEMEHTA, IPUMEHHUMH U [IJIA BCETO Tela B IejoM B 0000UIeH-
HHX AedopManmaAXx u HanpsykeHusaX. OfHUM U3 Pe3yiAbTaTOB
cootHoumenusn (6.116) aBasercsa BHIYKIOCTH HemIacTHUECKON
obractm C' B mpocrtpamctee R,

Hawmeuernoe spech mokasatensctBo Onno fano Lluraepom
[45, 47, 48] moa naacTHUECKMX W YOPYro-mIacTHYECKHEX
TBepaHX Tea. OHO, pasyMeercsi, OrPAHWYMBAETEH UAEATBHO
MIACTHYECKUME MaTepHalaMu.

6.9. JRupxoers ¢ orpaHuYeHHOH CKOPOCTHI0 H3MEHEHMI
dopmbi. B cuny psoiicTBeHHOCTH MEKAY CKOPOETAMU W CUJIA-
MM, PE3YJIBTATH [BYX MOCAETHUX IYHKTOB MOMKHO OGpATHTD.
Ilpu p—co ompenensomue ypapHeHus (6.91) eBonsaresa x co-
OTHOIIEHUAM

V<K (6§=0),
(6.118)

, k ) )
Vip===0% (0§>0)

¢ obpameHnAMY
0l — jo (Vey <K)
ATV =0 (V=K

dtm coornomenusa Bmecte ¢ (6.31) ommcnBaloT AMHAMUYe-
CKYI0 DEaK[UI0 HEKOTOPOH ;RUAKOCTH 9YaETHOTO THIA, BeLy-
mell ceOs KaK mpeaibHAs KUAKOCTH IS NOCTATOYHO MAJBIX
CKOpoOcTell m3MeHeHnsa QOPMEL, HO COMPOTHBIAIOIeiica n06oi
MONBITKE YBEIWYCHHA CROPOCTH U3MeHeHWS (OPMH ¢€Bepx
HeKoTOporo mpemeaa. Puc. 6.12 magocTpupyer AmHAMAYE-
CKYIO PEaR[{HI0 TAKOH ;KUTKOCTH IPH UMCTOM CHBHTE.

Bonee o6mymo KEAKOCTH ¢ TOABKO YTO ONMCAHHBIME CBOM-
CTBAMH MO;KHO ONpefeinmTh ciaefyiomum obpasom. Ilpexmoso-
JKEM, YTO eCJIH NPOMCXOMAT usMeHeHnd o0beMa, To OHE 9UCTO

(6.119)
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o6paTHMEI, TAK YTO TEH30D HeOGPATHMEIX HANDPSKeHWI G,
npencrabiaser cofoil gesmatop. Ecam cxopocth aedopmanuu
V;x He moctaraer ompefeleHHOTO Ipejiesa, 3aBHCAMEro, BO3-
MOKHO, OT COCTOSHUA DJIEMEHTA W €ro HCTOPHU, HeodpaTnmoe
HaupsmeHne pasHo Hymnw. [lux cropocredr medopmanmm,
HaxoAunUXCcHd Ha YHa3aHHOM Ipejaede, HeOﬁpaTI/IMOG Haop#a-
JKEeHUe MOKeT GHTH OTIMYHEIM 0T Hynda. OHO 3aBHCHT TOJBKO
OT CKOPOCTH WBMEHEHUH ($OPMH W CKOPOCTH M3MeHEeHHs 3Toi

)
%

!Tkvz;

P uc. 6.12. UpeanbHas sRUIROCTD
€ HpeeJbHoll CKOPOCTLIO Jedop-
MAaIAu.

BEIMIMHBL M IpefcraBisgeT co00# OXHOPOmHYH (YHRIHIO

HYJeBOHA creneHu 0T Vjye

JlarHoe 3mech ompejeleHue TPelcTaBIAeT coGoil TouHOE
ofpalueHue onpeaeIeHuA MIACTUIECKOTO TBEPAOTO Teaa m. 6.7,
ITosromy cBoiicTBa paccMOTPEHHOH BJlech RUAKOCTH TaKKe
moJiydaroTes mmocpefictBoM obpameHua. B mpocrpamctee R,
TeHaops Vi, u 0% mpencraBasiorea Bekropamu. llpefenpnas
TMOBEPXHOCTh BHIOYKJIAsg, OPUYEM HAYAJI0 KOOD[HMHAT JIERUT
BHYTDH Hee Bo Bce BpeMs mpoliecca. Ecin temeps 6 — mc-
THHHOE HeoOpaTHMOe HANpsskeHue, a Vj — cooTBeTCTBYIOIIAS
CKOPOCTHh mW3MeHeHWA (GOpMHI, TO

(Vin— Vin) 6% =>0, (6.120)

r %
rie Vi, oGosHadaer n06y0 Apyryo CKOPOCTh H3MeHeHHa Pop-
MBI, JEKAaIly0 HA WK BHYTPH HOpelejlbHOH IOBEPXHOCTH.
%
3uaK paBseHCTBA BHIIOOJHAETCH, TOJBKO ecnu Vi [pyroe
peiieHue.
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Ecau opepelibHas MOBEPXHOCTH IVIAfKAsA, TO ee HA JI06OM
sTame DpoIecca MOKHO NPefCTAaBUThH YPABHEHHEM

9 (Vi) =0, (6.121)

rje ¢ — HenpepwusHad (YHKIWA, OTPULATENIBHAS B Hadaje
KOODAMHAT ¥ HMEINAs HeHpePLBHEE YACTHRIE HPOW3BONHEE
mepsoro mopsanka. Hepasencto (6.120) mpm sToM sxBHBA-

JeHTHO YTBED)KIEHMIO, ITO N JN060il TOUKEA V;, HA Ipefennb-

HOl MOBEPXHOCTH BEKTOD Oy WMeeT HAmpaBIeHWEe BHEmHeil
HOPMAJHA, T.e. ITO

0
oi=) L. 6.122
Jh 5'ij )
rie A — HeKOTODHI HeOTpHHATEeJSbHHIN KO3PPHUIMEHRT mpo=
HOPIMOHAIbHOCTH.
Bmecro (6.103) umeem remepsn

V=0, (6.123)

Hepasenctea (6.120) m (6.123) cooTsercTBYOT mOCTYIATy
Hpyxepa. flcHo, HaKoHenm, W3 AHAJOTHIHHX cOOOpPaKEHMIl,
uTo paccymaeHus m. 6.8 raxxe MOKHO 06PATHTEH H 9TO TAKHM
cnoco6oM MOMKHO HOJYIHTH HEKOTOPOE IIPefCTABIEHHE O IMO-
BOJICHHN B IIEJI0M DPACCMOTPEHHON B/eCh ;RHIKOCTH.

§ 7. Bakrmouumeavunie saneuanus

B § 6 mpumnun HamMeHsbmeil HeoﬁpaTI/IMOH cuasl OBLI
IPUMEHEH KO MHOMKECTBY JKUJKOCTEHl M TBEPAHX Tex, GONb-
IMIMHCTBO KOTOPHIX OHLIO ONpefieneHo BechMa o0muM 06pasoM.
C #pyrou CTOPOHHI, JIECKC BHAETH, UTO COMCOK PACCMOTPEH-
HBIX HAMM MaTepHaiIoB HemoxoH. Hampumep, MH mpomycTmian
GOJBIIKHCTBO BA3KO-IIACTAYECKUX CPEN W Jlarke TaKOH mpo-
cToil mpuMmep, Kak meao Makcgeara, peoaordaIecKas MOAEIb
KoToporo wusobpaskema ma puc. 7.1. pyrmm npmmepom
ABJIAETCA YIPYrO-MIACTHTIECKOE TEJ0, MOJENb KOTOPOro faHa
Ha puc. 7.2.

Peonormueckas mogens (cM. puc. 6.1—6.5 u 6.10) rasgoit
H3 CIJIONIHHIX Cpel, pacCMOTPeHHHIX B § 6, mMeer ofHy-equH-
CTBeHHYIO creneHb cBoGome. Homdurypamma Bced womenn
BIOJIHE OIpefeisercad MHONOKeHWeM ee HIMKHEro KOHIA.
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B ornmume or sToro Mofenau, m3obpakenHne Ha pmc. 7.1 m
7.2, oGnajaoT Kaaas AByMa crenenaMu cBobogsl. s ompe-
JelleHAA HMX KoHQUIrypamud Heo6XOMMO 3aJaTh CMemeHHWs
KaKJO0r0 W3 KOHIOB HDYKEHE. JlJIg HEKOTODPOro siaeMeHTa
MaccH B CINIOIIHOH cpefie 8T0 Pa3imdue WMeeT CIeNyIoIuil
acmeKT. Bo BceX CIUIOMIHWX CPelax, PACCMOTPEHHHX B § 6,
MEXaHHYEeCKOoe COCTOAHME DJIEMEHTA HOJHOCTHI0 ONMCHBAETCH
TEH30DPOM fedopManum &;,, a TEPMOJUHAMUIECKOE COCTOHHHE

T ,

r

Puac, 7.4.. Mogear Tena Mak- Pmec. 7.2. Mogens yupyro-
CBeJLIa. IJIaCTAYECKOTO TBEPAOTO TeJa.

2

sajaercs €;, m Temueparypoii 8. C gpyroit cTopoHE, MexaHm-
4ecKoe COCTOAHME HEKOTOPOr0 YIpPYro-LJIACTHIECKOrQ 3iie-
MEeHTa WWIH HEKOTODOro »dJeMeHTa oO0mel BA3KO-ympyroi
cpefl He BIOJHE OoIpefiesisieTcs 3aJaHMeM KOMOIOHEHT fedop-
MAaLEA; 37lech TePMOAMHAMUYECKOE COCTOSHWE MOKET M3Me-
HATbCA OPH QuKcuposaHHHX &;, U O. Takmm ob6pasoM, Bos-
HHKAaeT BONPOC, MOKHO IH HPHMEHATH TEOPHI0, PA3BUTYIO
B Ipefnonoxennd (n. 2.1), 4To TepMOFUHAMUIECKOE COCTOAHNE
CHCTEMB! 3aJaeTCA HEKOTOPOH cHCcTeMOil MeXaHWIeCKHX KOOp-
AVHAT T, ¥ TeMOepaTypol ¥ K coToIIHEIM cpefaM Goiee cmirom-
HOH CTPYKTYpHL.

B caywae yupyro-miacTugeckoil CIUIOMHOH cpegsl oTBeT
Ha 3TOT BONPOC HOJyJaeTcs HENOCPeNCTBeHHO. B Momenn
puc. 7.2 cMemeHme I HIKHEr0 KOHIA IIpefcTaBigerT coGoi
CyMMy YyAIMHeHWA 2" npy;KUHH Hu cMemenus z) ee 'Bepx-

mero xpas; £ u z APeCTaBIAT co60il mepeXOgHyI0 WK
YOPYTyio ¥ CTAIHOHADHYIO MJIM IJIACTHYCCKYI0O KOMIIOHEHTH .
ApanormiEnM o6pasom Temsop pedopmammit &, ymupyro-
MIACTHYECKOTO BIEMEHTA MOMKHO pa3I0KHUTh Ha yupyryio

KOMIOHEHTY &5 X ILIACTAYECKYI0 KOMIIOHEHTY s];.. O6Ga »ta

9 r. Huraep
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TEH30pa pasfeNdaoOTCs B INpollecce PAsTPY3KH H, CIefOBa-
TenpHo, xopoiro onpepeneHsl. IloCKOIbRY TepMoAMBaMmAYe-

CcHOe COCTOAHHE 3JIeMEHTa BUOOJIHE onpefiesigercsaA BeJUINHAMU

8(;2, aﬁ) n ¥, mocryaars m. 2.1 OyAyT YAOBIAETBOPEHH, €CJIH

KaK MeXaHHYeCKHe KOOPAMHATH OyAyT WMCIOJL30BAHE KOM-
HOHEHTH TEH30DOB €55, €. DHpaKEHna JAIA COOTBETCTBYIO-
MUX CHJI MOJAYIAIOTCA U3 BBHIPAKEHHA I CKOPOCTH pPadoTH

Ha eJMHMIY Macckl. B coorBercrBum ¢ (9.15)

1 1 n 1 ;
P=B— O'thjkzgo‘jkV;}z onkvu(jl)z, (71)

e V‘,'Q n V§}3 cyTh cKOpocTH fAedOopMATINN, OTBETAKCIINE COOT-
BETCTBEHHO egﬁ) u eﬁf- To o6croAarenbeTBo, 4T0 0600MEHHAR
cmia 0, moasaAerca B (7.1) ABaKIB, a MMEHHO Kak obparu-
Masg W B TO ke BpeMsa Kark meoOpatumast CHIH, He MemiaeT
TNPOBOJUTE paceys;wjeHua mo Bcem npasuwiam § 6. B cuny
(7.1), ckopocTh pabOTH AMCCHOATIUN BHIPAKAETCA CJIELYIO-
mum o6pazom:

1 .
PY = - o V. (7.2)

Vexoasn us 5T0ro COOTHONIEHUS, MOYKHO paccMaTpHBATH Ijaa-~
CTUYECKYI0 4YACTh JMHAMHYECKOH peakuuyu HOX06HO TOMY,
Kak 9T0 Jenasxochk B 0. 6.7 u 6.8. OueBugHO 1M03TOMY Pe3yiIb-
TAThl, MOJTYYEHHBIE TaM, IPATOTHB TAKKE A ONMMCAHNA ILIa-
CTHYECKOT0 MOBEfileHMA yIupyro-mractuaeckoir cpemsr [43].

MakcBeImOBO TeJ0 MOKHO HCCIEOBATh AaHAJOTHYHBIM
o6pasom. IIpapja, sKcuepuMeHTaipHO pasfeleHne TEH3O0DOB
&% m €4 npencraBmser Goaplile TPYTHOCTEH, MOCKOIBKY OHO
TpeGyer MrHOBEHHOU pasrpyskm. OjiHaKo Takoe pasfeleHHe
Bo3MOKHO. Koab cKOpo onpefeneHs! MeXaHWIeCKHme KOODPAH-
HATH €55 H &3+ MOKHO Aajplie AefiCTBOBATh KAaK M B caydae
yOopyro-miacTudaeckoro Marepuana. IIpu atom HemocpenpcTeen-
HO HONyYaercs, YT0 BA3KAA HaCTh AMHAMHYECKOH peaKiuu
cJeyeT BCEM 3aKOHOMEPHOCTAM, NOJYYeHHHIM [JIf BA3KOH
EugKocta B m. 6.3 u 6.4.

Onucagunil TOIBKO 9TO METOJ Helb3sd MPUIATaTh K Gosee
CIIOKHEIM TUIAM BABKO-YODPYTHX TeJ, PEOJOTHYeCKHe MOTeNn
KOTOPHX IPeCTaBIAT c000i IeldHe CHCTeMB, COCTaBIeHHbIE
M3 eXMHUYHHX MAKCBEIIOBHX W KeJIbBHHOBHX 3JeMEHTOB.
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OgueBHAHO, UTO B TAKHX CHYdYaAX YHCIO MEXZHMIECKHAX KOOD-
AUHAT IPONOPHMOHANBHO YHCAY KOMIOHCHT HedopMAnuy.
Croab ke OYEeBWIHO, YTO OCHOBHAA TPYAHOCTH COCTOHT B OIl-
pellesieHun 9TUX KoopAuHaT. Bhi3kiBaeT coMHemme, MOKHO 1M
OCHOBHHIE IeJNON0keHns u. 2.2 0006IuTs TakmM oGpasoM,
97068 BKJOYATH 3JeMEHTH 3THUX 0oiee 0OUIAX MATEPHANOB.
Cymectsyer, ogHaKO, APYTOM IOX 0, KOTOPHIl IpefcTaBIsAeT-
co Gomee obematomuM. BMecTo Toro wrobm npegmonararh, 9To
CITOUTHAA CpEefla COCTOMT U3 3JIEMEHTOB ONHOTO Ompejie-
JIeHHOT0 BHAa, 00JaJa0lero BCeMH CBOM¢TBAMU, HEOOXOAH-
MBEIMM JIJIA OHHUCAHWA TUHAMMYECKON peaKHuW CHETeMEL B Iie-
JIOM, MOKHO TAKMKe JOOYCTUTH CYIIECTBOBAHWE HEKOTOPOr(:
pasHooOpasus OCHOBHBIX BJIEMEHTOB, KRB THO KOTODPHX
o6Jrajiaer cpaBHHTENRHO HPOCTOH CTPYKTYpOil u, Takum obpa-
30M, BHOCHT BKJIaJ TOJNbBKO B HEKOTODYIO UacTb AMHAMHTE-
CKOI peakuuu Martepuajsa B mejoM. Takasa ROHLeNIUA mpef-
cTaBisieTca Tarkke u 0oiee peaTUCTHYIECKOH, 9eM pacCMOTpPeH-
Has Bume. OIHAKO HEJIETKO PA3BHUTH 5Ty TEOPHI0 B OOMIYIO
TEOPUI0 BABKO-YOPYrofl CHJOMIHON e€pemu.

ABTOp Xo0dYer BEIDABHMTH CBOIO NPHUSHATEIBHOCTH 3a MO-
MOMIb, KOTOPYI0 OH IOJYYHI OT CBOUX COTPYAHHKOB IPU HOJ-
roroske aroro o6zopa. On ocobenHo GiaropmapeH npodeccopy
Bepau 3a kpuTmgeckoe mpodTelHe PYROUUCH M 3a PAMN IEH-
HEIX TDeNI0/KeHHmd, OCOGEHHO B CBH3H € (GOPMYIMPOBKOMH
9KCTPEMAJBHKX NOpHHUHMmOB § 4.

9*
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