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OcHOBHBIE NACH TEPMOJIUHAMUNKHA

TepMmoanHaMuKa — pa3ziesl HAyKu, U3y4arOlUil B3aUMOJICVCTBUE
T€Jl BHYTPU CUCTEMBI U B3aUMOIECHUCTBUE CUCTEMBI C OKPYNKAKOLIEH
cpenor. TepMOIMHaMHKa OIMCHIBAET SBJIEHUS U IPOLIECCHl HAa
MAaKpOCKOIIMYECKOM YPOBHE M HE IIPETEHAYET Ha PACKPBITUE HX
MEXaHU3Ma. XUMH4YECKas TEPMOJAUHAMUKA IIPUMEHSIET
3aKOHOMEPHOCTM TEPMOJAMHAMUKM K XHUMHUYECKUM pEAKUUSIM U
(ha30BBIM MEPEXOAaAM.

Oueprus u ee Buabl. JHeprus (R.Clausius, I'epmanus, 1864) —
ATO KOJMYECCTBECHHAS Mepa JIBM)KCHHS M B3aUMOJICHCTBHUS BCEX BHUOB
maTepun. Kinaccudukanus BUIOB SHEPIHHM CBS3aHA C Pa3IUYHBIMH
dbopMaMu ABUKCHUS.

MexaHuveckasi SHEPIHs €CTh CyMMa ITOTCHIIMAIbHON DHEPTUu
CUCTEMBI B HEKOTOPOM IIOJI¢ M €€ KHHETHYSCKOW JHEPIHH Kak
IICJIOCTHOTO JIBMKYIIICTOCS Tela.

BryTpennss sHeprus U BKIIIOYAST SHEPTUIO ABMIKCHUS YaCTHIL
BelecTBa  (ITOCTyIATeIbHYIO, BpallaTelIbHYI0, KOJICOATCIbHYIO),
DHEPTUI0 MEKMOJICKYJIIPHOTO B3aMMOJICHCTBHS, DHEPTUIO JIBHIKCHUS
AJIGKTPOHOB B aTOMax W SHEPIHIO, 3aKIIOUCHHYIO B aTOMHBIX SApax H
HyKJIOHaX. llepeuynciicHHBIC BBINIEC COCTABIIAIONIME MEXaHUYCCKOM
DHEPIrUHM BO BHYTPCHHIOK SHEPrHi0 He Bxoaar. OgHaKo MX CyMMa
€CTh OOIIMIA 3a11ac SHEPTUU CUCTEMBI.

AOCOTIOTHOE 3HAUCHUE BHYTPCHHEH SHEPIHMU HE OIPEICIICHO.
OpHako JUIsl pEIICHHMS 3aJad TEPMOJUHAMUKH JOCTATOYHO 3HATH
TOJILKO ee u3MeHenue A4U.

®opmbl nepeaayu 3Heprun. Temnora Q mpeacrasisieT coOoOH
dopMy mepenayu PHEPTUU MOCPEICTBOM CTOJKHOBEHHSI XaOTHYECKHU
JBUKYIIAXCS YACTHII.

Pabora W ectb dopma mnepemaud SHEPTUM  TOCPEACTBOM
HAIPABJICHHOTO MEPEMEIICHUS YaCTUIl CUCTEMBI.

beckoHEeUHO Manoe KOJIMYECTBO MEpenaBaeMoOM TEIIoThl 0Q u
coBepiiaemMot  paborel  JOW  MoxkeT  ObITb  NPEACTABIICHO
npou3BeeHEM (DAKTOpa MHTEHCHUBHOCTH | M OECKOHEYHO Majoro
M3MCHCHHS (paKkTopa eMKOCTH (9KCTeHCHBHOM BenmuuHbl) dE, T.e. B
suze |dE.
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[lepenaua sHEpruM UMEET MECTO TOJHKO B TOM cllydae, €CIliu
IdE ! O, 1.e.: 1. pakTOp MHTCHCUBHOCTH MMEET HEHYJICBOS 3HAUCHHE
U 2. paKTop €eMKOCTH U3MEHSAETCS.

Temnora cumtaetcs moaoxutenbHo (0Q > 0), ecnu cucTema
MoJIydyaeT SHEPrur0 U3 OKpyXarwlleh cpeapl. PaboTta cuumTaercs
nonoxutensHoi (0W > 0), eciii oHa coBepIIaeTcsi CUCTEMOM TMPOTHB

BHEITHUX CHJI (OKPYKAFOIIEH CPEIbI).

IIpeacraBiieHue TEMJIOTHI
HUHTEHCUBHOCTH M €MKOCTH.

U padoThI

yepes
beckoHeUHO Majio€ KOJUYECTBO

(paxkTopHI

TEIJIOTBI U PalbOThl MPEACTABISIETCS MPOU3BEACHUEM O0O0OIEHHON
cuibl | Ha m3MeHeHue 00001eHHOM KoopauHaThl dE.

oW I dE
Pabora o [Tpunoxennas cuna F, B Tom DJieMeHTapHOe
IIEPEMEILICHUIO YHUCJIC CHJIa TSHKSCTH Mg nepemenienue dl,
tema Fdl B TOM YHCJIC 110
BeIcOoTe dh
PabGora JlaBnenue P, unu oTHOIICHUE Usmenenue
pacIIMpeHus | IPHIOKCHHOM CHJIBI K TUIomiaau | oobema dV, nim
PdV F/IA IPOU3BEACHHE
nepeMeInieHus Ha
rwionaas Adl
Pabora no [ToBepxHOCTHOE HaTsKeHUE 0 — | JloOaBiieHHas
CO3JIaHUIO paboTa 1Mo CO3/IaHUIO CIUHUIIBI | TOBEPXHOCTH A
MTOBEPXHOCTH TJIOMIAIA TIOBEPXHOCTH
odA
PaGora no Paznocth notennuanoB E, wimn | IlepeMenieHHbIN
epeHoCy paboTa 1o nepeMeIIeHU0 3apsi dq
3apsja Edq CIMHMIIBI 3aps/ia
Pabora Xumuueckoe cpoactso M — XuMH4uecKas
XUMHUYECKOW | padoTa XMMHYECKOU peaKInH, nepeMeHHas dy
peakmmu Mdy COBEpIIICHHAS 32 CIMHUYHOC
W3MEHECHUE XUMUYECKOH
IIEPEMEHHOU

Bce Buapl paboThl, KpoMe padOThl paACIIMPEHUS, 00bEAUHSIIOTCS
MOHATUEM IIOJE3HOU PaOOTHI.
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IIpuBeeHHBIE TIPUMEPHI MOKA3BIBAIOT, YTO KaXKIbI U3 BHUJIOB
pabOThl  XapaKTEpU3yeTCsd  KAueCTBEHHBIM  CBOE€OOpasueM W
HETIOBTOPUMOCTBIO, YTO HaXOJUT OTPaX€HWE B MHOr000Opa3uu
n3MeHenuit dE.

Uto KacaeTcsi TEIUIOThI, TO CBA3aHHOE C HEM XaoTHYECKOE
JIBM)KEHUE YaCTHUI[ HACTOJBKO OAHOOOPA3HO, YTO ISl BBIPAKEHUS
AJIEMEHTAPHOT0 KOJUYECTBA TEIJIOThI 0Q JOCTATOYHO TOJIBKO OJHOTO
crioco0a.

0Q I dE
DJIEMEHTapHOE Temneparypa T —mepa H3menenue
KOJINYECTBO MHTEHCUBHOCTH XaOTHUYECKOI'O sHTpomMu dS
Ter1oThel 1dS | IBUMKEHUS YacTHll, CBI3aHHAA OTpaXKaroIIee
CO CpPEIHEN CKOPOCTHIO UX CO3JIaHHE HOBBIX
IBUKCHUS BO3MOKHOCTEUN
IUIA XaOTUYECKOTO
TIBYDKEHUS

VYBemnuenne SHTponmu dS (R.Clausius, I'epmanus, 1865)
CBS3aHO C Pa3BHTHEM OECIOps/Ka B CHCTEME, IOSBICHHUEM HOBBIX
BO3MOXXKHOCTEH XAaOTHYECKOTO JBIDKCHHS, IIOSBJICHHEM HOBBIX
Xa0TUYCCKH JBMOKYIITUXCS YACTHI, TOSBICHUIO YACTHIl B TE€X YaCTIX
IIPOCTPAHCTBA CUCTEMBI, TJIC OHU MPEXKIC OTCYTCTBOBAIH H JIP.

Bemnunna ~ sHTponuu XapaKTepu3yeT CUCTEMy  Ha
MaKpPOCKOIIMYECKOM YPOBHE, T.¢. Ha YpPOBHE (ha3bl, II¢ UMEET MECTO
CIIOXKHUBIIIEECS JIII BEIIECTBA MEKATOMHOE U MEKMOJICKYIISIPHOE
B3aUMOJICHICTBHE.

Ha MHKpOCKOIIMYECKOM VYpOBHE, T.€. Ha YPOBHE OTICIbHBIX
YJaCTHII, cUCTeMa XapaKTepU3yeTCs TEPMOJIMHAMHYCCKOM
BEPOATHOCTBIO @, KOTOpas MNPEACTaBIsIeT COOOW YUCIO CIOCOOOB
(MHKPOCOCTOSIHHI), KOTOPBIM PEaIu3yeTCsl JaHHOE MaKpPOCOCTOSHUE.
DTO0 3HAYCHHE MPEAIOJaracT, 4To Ui Ka)KJ0W YacTHIIBl YKa3aHbl €¢
KOOpJMHATHI B IIPOCTPAHCTBE, €€ OpHCHTAllMd U HalpaBJICHHUC
IepeMEeIICHNsS. OJHTPOIHS M TEPMOIUHAMHUYECKAS BEPOSITHOCTH
cBs3aHbI mocTyaaToM bomeimana (L.Boltzmann, 1872, Asctpus):

S=kinw,

Trac
© 2003 —2009 A.A.Cubupkun




rnmoctosstHHast boabiiMaHa.

Pasmeprocts sHTpormm — JIk/K. D10 BBITEKaeT Kak w3
omnpencinenns o0Q=TdS Tak W ©3 pPa3sMEPHOCTH ITOCTOSHHOM
bonbumana. Takass pa3sMEpHOCTb COOTBETCTBYET M AKCTEHCHUBHOWU
IPUPOJC PHTPONUHN KaK PU3MIECKON BEITUYHHBI.

N3menenue >HTpONMH B PasjIMYHBIX nmpoueccax. Paccmopum
KaQ4eCTBEHHO Ha IpUMEpax, KaK U3MEHSETCS JHTPONUS CUCTEMBI B
pPacIpOCTPaHEHHBIX (PUBUKO-XUMHUUYECKUX MPOLIECCAX.

IIpumep 1. DHTpomusi >KUAKOIO BelIeCTBA OOJbIIE, YeM
TBEPAOTO. MUKPOCKONMUYECKUE YaCTHUIIbI, HAXOIAIIMECS B y3JIaxX
KPUCTAJUIMYECKOM PEIIETKH, CIIOCOOHBI JIMIIIh COBEPIIATh KOJICOaHUs
OKOJIO PABHOBECHOT'O MOJIOKEHUS. B )KHUAKOCTH T€ K€ YaCTHUIBI MOTYT
MPOM3BOJIBHO OPUEHTUPOBATHCA OTHOCUTEIIBHO JpPYyr Jpyra u
MEHSTHCS MECTAMH B IIPOIECCE TEIUIOBOTO JIBUKCHUA.

[Ipumep 2. CpaBHHUBasT KHUIKOCTh W Ta3 3aMedaeM, YTO
MOJICKYJIBI B Ta3oBoil ¢aze oOmagaroT Oojblied CcBOOOIOU
nepemerieHns. OHU 3aHUMAIOT BECh MPEIOCTaBICHHBIN razy 00beM, B
TO BpeMsS Kak y JKHUIKOCTEH OHHM O0O0pa3ylOT KOMIIaKTHBIE
KOHJICHCHUpOBaHHbIE Tena. [lodTomMy dHTpomuss Ta3000pa3HBIX
BEII[ECTB BBIIIE, YEM Y JKUJIKHX.

[Tpumep 3. AHAIOTHYHBIC BBIBOABLI 00 YBEIMYCHHH SHTPOIHH B
IpoIlecce PAcTBOPECHHUS MOXHO CJeNaTh, CpaBHHBAs BEIICCTBO,
HaXOJAIIeeCs B KOHACHCUPOBAHHOW (TBEpI0M U KUIKOM) (hase, ¢ TeM
K€ KOJIMYECTBOM BEIIIECTBA, HAXOAAIIUMCS B pacTBope. PacTBopuTeIb
Co3JaeT MPOCTPAHCTBO, KOTOPOE CMOTIYT  3aHATh  YAaCTHIIBI
PacTBOPEHHOI'O BEIIIECTBA, MOJJOOHO TOMY KaK MOJICKY T'a3a 3aHUMAloT
BECh MPEIOCTABICHHBIA €My O0BEM.

IIpumep 4. Ilo Mepe TNOBBIIICHHUS TEMIIEpATyphl Tela €ro
SHTPOIUS YBEIMYUBATHCA. IJTO CBSI3aHO C TEM, 4YTO IIpu Oosee
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BBICOKOM  TeMmIlepaType MOJICKYJbl OCBaMBAalOT HOBBIC  BH/IBI
JBIDKCHHMS, YTO MPOSBIISCTCS B HapacTaHWM OECIOpsAKa B CHUCTEME.
DHTPOINHUS YBEIMYMBACTCS HE TOJILKO IPH MOBBIIIIEHUN TeMIIEpaTypHI,
HO ¥ TIPHU APYTHX MpOoIieccax, B KOTOPHIX CO3AAI0TCS JOMOTHUTEIbHBIE
BO3MOKHOCTH JIJII XaOTHYECKOTO JIBHMKCHHS YaCTHIl, HapuMep, Mpu
MU3MEIIbYCHUHN TeJ, YBEIWYCHHH OObeMa CHCTEMbI, PACTBOPCHUH
BEILIECTBA, JIECOPOIIUHM rasa.

[Ipumep 5. OuTponuss aMOpPHBIX MU CTEKIOOOpa3HBIX Tell
OoJblIE, YEM KPUCTAJUIMYECKUX, U3-32 OTCYTCTBHS B UX CTPYKTYpE
JanbHEro mopsjaka. AMOp(HBIE M CTEKJIOOOpa3HbIE Tela HMEIOT
CTPYKTYPY JKHMJAKOCTH, HO O0OJIalal0T MEXaHWYECKUMHU CBOMCTBaMU
TBEPAOIO Tena.

[Ipumep 6. Bospacranue DSHTPONUHU MPOUCXOJUT  IPHU
YBEJIMYCHUH YHCJIa YACTHUIl B CUCTEME, TaK KaK KaxKaas U3 HUX BHOCHUT
CBOM BKJIaJ B XaOTHYECKOE JABMKeHue. [loMeleHne HOBBIX YacTHII B
CUCTEMY, a TaK)Ke MPOIECChl Pa3oKEHHs BEIIECTBa Ha HECKOJIBKO
HOBBIX  BEIISCTB  CONPOBOXKJIAIOTCSA  YBEIWYCHHUEM  DSHTPOIIHHU.
Oco0eHHO CHIJIHO SHTPOIUS BO3PACTAET, €CJIM B PE3yNbTaTe PEaKIUU
00pa3yroTcs ra3000pa3HbIC BEIIESCTRA.

[Mpumep 7. Jlua BemecTB ¢ BBICOKOH TBEpAOCThIO (aamas,
KOPYHZ) SHTPOIHS MEHBIIE, YeM JUIS aHAJOTHYHBIX II0 COCTaBY
BEIICCTB C MEHBIIEH TBEepAOCThIO (rpadUT WIM Yrojb, aMOpP(HBIH
OKCH/I aJJFOMHHHUS).

[Tpumep 8. CymiecTBeHHbIE U3BMEHEHHS SHTPOITUU UMEIOT MECTO,
eciu U3MEHSETCS KOJIMYECTBO ra3000pa3HbIX BEILIECTB.
TBepaodaszHble  MpPEBpAIlIEHUS  PaBHBIX  KOJIMYECTB  BEILECTB
CONPOBOXKIAIOTCA  MEHBIIMMHM  HM3MEHEHUSMU  DJHTPOIHH, YEM
IpeBpaIICHUs TE€X K€ KOJIMYECTB ra3000pa3HbIX BEILIECTB.

[Ipumep 9. YBenuueHue ynciaa aTOMOB B MOJIEKYJI€ IPUBOJUT K
YBEIIMYCHUIO JHTPONMUU BEHIECTBA. ODTO YBEIWYCHHE HE SBISIETCS
OPONOPILIMOHATIBHBIM B CHIJIY CYIIECTBOBAaHHS XUMHUYECKUX CBS3EH,
OTPaHUYMBAIOIIMX T[OJBMKHOCTH aTOMOB B MOJIeKylax. Tak,
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MOJISIPHBIC 3HA4YCHUS DHTPONHMH Pa3IUYHBIX (PopM  KucCIOpoaa
IMPUBCICHBI HUKC.

80298(0) =161 I[)K/ Moiab K,

80298(02) =205 I[)K/ MOJIb K,

80298(03) =239 I[)K/ Moib K.

3aBucumoctb 0Q m W ot myrum mpomecca. B mpoiiecce
nepeaayd SHEpruuM B (PopMe TEmIoThl WM pabOThl MO MEpe
M3MEHEHUSI DKCTEHCHUBHOIO CBOWicTBa E mmeer mecto wu3MeHeHUE
uHTeHCUBHOrO cBoiictBa |, T1.e. | =1(E). 3aBucumocts |(E)
OMpeNeNsAeTCd XapakTepoM IMpolecca M 3aBUCUT OT €ro IyTd, a
3Ha4uT, 0Q 1 W TakXke 3aBHCAT OT MyTH mporecca, T.K. 0Q = |(E)dE
u oW = |(E)dE. Koneunoe (momnoe) msmenenne Q m W momydaror
UHTEHTPUPOBAaHUEM, T. €. CYMMHPOBAaHHEM OECKOHEYHO MaJIbIX
BKJI1a710B 0Q 1 W Ha ydacTkax myTH, J1JisI KOTOPBIX COOTBETCTBYIOIIEE
MHTEHCUBHOE CBOMCTBO | MOXKHO CUMTATH MOCTOSTHHBIM.

[Mpumep. CpaBHuTe pabOTy pacHIMpEHHUs HACaIbHOIO rasa B
IBYX TMpoleccax. n300apHoM (OTpe30K @) M HEKOTOPOM JPYIroM
nporecce (KpuBas 0).

P 1 a z
]

vV Vs

HecMmoTtps Ha TO, uTo micxoaHoe (1) m koHeuHOE (2) cocTOsSHUS
OJIMHAKOBBI, pa0d0Ta paclIupeHust OyJIeT OTINYAThCA, IPUYEM Ha MTYyTH
a oHa Oojbllle, 4YeM Ha NYyTH O, HA YTO YKa3bIBAIOT pPa3JINYHbIC
IUTOIIAAN KPUBOJIMHEHHBIX Tpanenuii Vi —1 —a — 2 — V5 (u300apHbIii
nporecc) U Vi, —1—6 —2 -V, (HexkoTopslii ApyTroii mporiecc).

Ilepgoe Hauvajgo  TepMoauHamMuku. IlepBoe  Haugano
TEPMOJAVHAMUKN YCTAHABJIMBAECT CBA3b W3MEHECHUS BHYTPEHHEU
SHEPruU C TOJBCHJICHHOM TEIJIOTOM W COBEPIICHHONH paboToil.
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[logBeneHHass K CUCTEME TEIUIOTa PACXOAYETCs Ha YBEIUYECHUE
BHYTPEHHEH SHEPTUU U COBEPILICHUE PAOOTHI:

dQ =dU +dW B muddepennnansHoii popme,
Q =DU +W B KOHEYHBIX IPUPALLECHUSX.

Pasznocts dQ- dW =dU wmu Q- W =DU He 3aBUCHUT OT MyTH

npornecca. Eciu Ha ogHoM nmytu Q; > Q,, To Ha Hem xe W; > W,
OpPUYEM Ha Ty XK€ BEJIIMYMHY, TaKk 4TO pazHOCTh Q; — Qx = W) — WL
N3MeHeHne BHYTPEHHEN HSHEPIrUM HE 3aBUCUT OT IIYyTH Mpolecca.
BHyTpeHHsIs sHEpTUS SBAsSETCA PYHKIUEW COCTOSHHUS.

U3 wuctopun. 1. Bpau u ecrectBoucnbiTatens FO.Maiiep
(JMayer, 1840, TI'epmaHus) yCTaHOBHJI, UYTO KOJHUYCCTBO
OKHUCJISIONIUXCS B OpraHu3Me MPOaYyKTOB (BeaudmHa, cBsi3aHHas ¢ Q)
BO3pacTacT C YBEIMYCHUEM BBINOJIHICMONH paOoThl (BEIMYMHA,
cBs3anHas ¢ W).

2. W3 osnekrpuueckux ombiToB JDk.Jbxoyms (J.Joule, 1843,
BenukoOpuTaHus) yCTaHOBMJI MEXaHUYCCKUN DKBHBAJICHT TCIUIOTHI,
TIOKAa3aB, YTO BCIO Pa0OTy MOXHO IMPEBPATUTTh B TEIUIOTY, HE U3MCHSIS
BHYTPEHHEUN DHEPTUM.

3. I".I'ensMrosbI (G.Helmholtz, 1847, ["'epmanust)
pacnpoCTpaHuII MEPBOE HAYajI0 TEPMOJMHAMHUKHA HAa BCE BHJIBI CHII U
paboT, IpHJIaB €My COBPEMEHHYIO (POPMYJINPOBKY.

Bropoe Havajmo  TepMoagMHAMMKHM. Bce  m3BecTHBIC
dopMynHpoBKH BTOporo Hadana (Bcero mx 18) comepikaT mepedycHb
CaMOIIPOM3BOJLHBIX M  HECAMOIIPOM3BOJBHBIX  IPOIECCOB  HIIH
yKa3bIBAaIOT Ha HampaBJieHHe mporecca. Hampumep:

1. HeBo3MOXXHO CaMONpPOHU3BOJbHAS IIepelada TEILIOTHl OT
xosoaH0r0 Tena k ropsiaemy (R.Clausius, 1850, 'epmanus).

2. DHTpomus H30JUPOBAHHOM CHCTEMBI CTPEMHUTCA K
makcumyMy (R.Clausius, 1865, I'epmanust).

Bce dhopmynupoBKr BTOPOTO Hauajlia PaBHOLIEHHBI M BBITEKAIOT
apyr u3 apyra. X moapoOHBI aHamvM3 HMMEEeTcss B MOHOrpaduu:
[Iytuno K.A. Tepmoamnammuka.- M.: Hayka, 1971. Ilokaxewm, k
IpUMEpPY, PABHOLICHHOCTh 3THX.
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PaccMoTpuM  M30JMpPOBaHHYIO CHUCTEMY M3 JIBYX  Tell,
TEMIIEpaTypbl KOTOPBIX OTIMYaroTcs, npuueM I, > T;. CormacHo
nepBoi (OpMyIbLPOBKE, MEXKIY STUMHU TEIaMU MPOUCXOAUT Iepeaaya
AJIEMEHTAPHOTO KOJIMYECTBA TEIUIOTHI 0Q OT BTOPOro K IEPBOMY.
OHTpOMUs Ka)XXJI0ro Teia U3MEHUTCS, U 001llee U3MEHEHUE SHTPONUU
(kak 3KCTCHCUBHOU (DYHKITUU COCTOSIHHSI) COCTABHUT

dQ dQ T,-T
dS=dS +dS, =—- —==dQx2—-1>0,
Tl T2 TleZ

TIOCKOJIBKY 110 yciioButo T, > T;. Usmenenue sutpormu dS> 0, u oHa
no Mepe Terlonepenaun OyaeT Bo3pacTaTh M CTPEMUTHCS K
MaKCHUMyMY, COTJacHO Apyroit QopmynupoBke. B ciayuae T,=T;
Teryiota Ha mnepegaercs, o0Q =0, 4YTo oOTBEeUaeT TEIIOBOMY
PaBHOBECHIO U MAKCUMAIbHOMY 3HAYCHHUIO SHTPOIIHH.

O0benuHeHHast GOpPMYJIHPOBKA NMEPBOr0 M BTOPOr0 HAYaJl
TepMOAMHAMUKH. [IpyHUMas BO BHMMAaHUE BBIPAXKEHUE TEIUIOTHI U
pabotsl uepes |dE, mpuxoaum K BeIpaKCHHIO

TdS=dU + PdV +dW

non "

OT0 U ecTh o00beAMHEHHass (OPMYIUPOBKA. 31€Ch BBIJIEICHBI
OTICILHO DJJIeMeHTapHble paboTa pacmmpenus PdAV u monesnas
padota oW,,,,.

IHonsiTue 3HTANBIUM. DHTANLIUA H ecThb PyHKIMS COCTOSTHUS,
onpenesnsieMasl paBeHCTBOM

H=U+PV.

DHTaJbIUs 3KCTEHCHUBHA, 3TO CIEAyeT U3 omnpenencHus. [loHsarue
BBeseHo Kamepiauar-Onnecom (Kamerling-Onnes, 1909, I'omutanus).

Ionsitue TemoBoro »J3¢dexkra. TermnoBsiM 3hdexToM
npoLecca Ha3bIBA€TCS KOJIMYECTBO TEIUIOTHI, NEPEAAHHOE K CUCTEME
WIM TIOJIyYCeHHOE OT HEe MPHU YCJIOBUHM, YTO MOJE3Has paboTa He
COBEPILAETCS:

dQ =dU + PdV .
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TennoBoit 3(pdekT B 00IIEM ciaydae 3aBUCUT OT IIyTH IIpoliecca.
Oco0blif HHTEpEC MPEICTABISAIOT U300aPHBII U U30XOPHBIN MPoILIeCC.

Ecmu V = const, To dV =0 u 6Q, = dU.

Ecimm P = congt, TO 0Qp =dU + PdV. Boimonaus
mudepeHimpoBanme BBIPAKECHUS TUISt DHTAJIBITUHU
dH =dU + PdV + VAP u npunumas Bo BauManue dP = 0, moixyqaem
5Qp = dH.

Il xkoneunbix n3meneHuit Qy = AU, Qp = 4H.

IHousiTue TENMJ0EeMKOCTH. TemioeMKOCThIO CHUCTEMBI
HA3bIBAE€TCSA OTHOIIECHUE KOJIMYECTBA TEIJIOTHI, IEPEIAHHOTO CUCTEME,
K U3MEHECHUIO TEMIIEPATYPHI, BBI3BAHHOMY TEIUIONIEPEIAUEH

d
C= _Q ]
dT
TeroeMKOCTh  OMpEACTSCTCS  YCIOBUSMH  TPOBCICHUS
Hpouecca. BBO)IHT IIOHATUA TCIINIOECMKOCTHU HpI/I ITIOCTOAHHOM

naByieHuU Cp U TEMJI0EMKOCTH MPH MOCTOSIHHOM 00beMe Cy, KOTOphIe
ONpeNETAI0TCS Yepe3 (PYyHKIUU COCTOSTHUA

TenmoeMKOCTh SBISAETCA HOKCTEHCUBHOM BEJIMYMHOM, OHAa
m3mepsiercs B JDk/K mam apyrux poACTBEHHBIX e eauHunax. Jis
OTPaXKEHUS TEIUIOEMKOCTH BEIIECTB B CIPABOYHHUKAX IOJIb3YHOTCS
MOJIIPHOU U YAEIBHOU TEINIOEMKOCTBIO!

C

31ech N — KOJIMYECTBO BELIECTBA, M —Macca BEIIECTBA.
TemneparypHass  3aBUCMMOCTb  BHYTPEHHEH  JHEpPIUM,
JHTAJNBINMUA W IHTPOmUM. [loHATHE TEIUIOEMKOCTH MO3BOJISAET

NOJIYYUTh BBIPAKECHUS I TEMIIEPATYPHOU 3aBUCHUMOCTH BaYKHEUIIINX
TEPMOJAMHAMUYECKUX (PYHKIIH.
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N3 omnpenenenuss m300apHOM TEIJIOEMKOCTH AuddepeHnan
sHTaNbMU  BeIpaxkaercs Tak: dH = Cpdl. B  pesynbrare
UHTETPUPOBAHUS OT COCTOSIHUS 1 10 COCTOSIHUS 2 TTOTy4YaeM:

H2 T2 T2 T2
OdH = (FedT, H, - H; = (FedT, H, =H, + (0T
H1 1 1 1

Ananornuno u3 Beipakenus dU = G, dT cnenyer:
T2 T2 T2

8 dT,Uz-U1=Cp\/dT,U2=U1+(\y\/dT.
n n n

Uz
o =
Up

TemnepaTypHas 3aBUCHMOCTh SHTPOIHMH IPEACTABUTCS CICTYIOIINM
o0pazoMm:

S T2 T2
dQ CdT < .C . dT
dS=—"=="" AIS=AdT, S, =S+ ¢F—.
T 7T g T?F =273 TlcpT

[Ipy BBIYKCICHUM SHTPOINMH B 3aBUCUMOCTH OT BHUJA IMpoIEcca
npuMeHstoT Bennuuny Cp uiu Cy,.

B npakTuke pacueroB mpeodJiaiatoT ABa AOMYIICHHUS.

1. Tena0eMKOCTh B pacCMaTPUBAEMOM HHTEpBaje TeMIEpaTyp
nocTostHHA. Torna ee BeJMYMHA BBIHOCUTCA 3a 3HAK WHTErpaia u
MOJIYy4YalOTCs BHIPAKECHMUS:

H, = H1+CP(T2 ) Tl)’ U, :U1+CV(T2 B Tl)’ Sz :Si"'CIn%'
1

2. TemmoeMKoCTh B paccMaTpUBaeMOM HMHTEPBAje TEMIIEPaTyp
HU3MEHSACTCS, U 3Ty TEMIIEPATYypPHYIO 3aBUCHUMOCTH IPEICTABJISIOT B
BUJI¢ MHoOrouicHa, Hanpumep, Cp = a + bT + cT?, tne a, b, ¢ —
MOCTOSIHHBIC, 3HAYCHHMS KOTOPBIX IS MOJSPHOHW TEIIOEMKOCTH
IPUBOIATCS B CIPABOYHUKAX. B pe3ynbrare HHTErPUPOBAHUS
OJy4YacM:;

T2 T2
H,=H, + 0FdT = H, + Ja+bT +cT?)dT,
1 1
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Hz = H1 +a(T2 B T1)+2(T22 B T12)+%(T23 - Tlg),

T2 T2

T2

~ dT N \dT e o)
=§+ —=§S+at+bT +cT°)—=S + = +b+cT T,
> SlTlO:PT 3 da )T STEET 2

T1

S, =5 +a|n%+b(T2 i T1)+%(T22 -T2)

1

TemnepaTypHas 3aBUCUMOCTh BHYTPEHHEN SHEPTUHU MOJIy4aeTCs
AQHAJIOTUYHO  TEMIIEPATypHOM  3aBUCUMOCTH  DHTAJIbIUU U3
ko3 puureHToB TemnepaTypHoi 3aBucuMoctu Cy,.

Kputepunii camMonpou3BOJIbHOTO TMPOTEKAHMS IpoLecca.
OnpeneneHre  HampaBJICHUS  CaMOIPOU3BOJIBHOTO  MPOTEKAHUS
Ipolecca ABISAETCS OAHOU U3 3a7a4 TEPMOJNHAMUKHU.

Ecnu cuctema sIBIISIETCS M30JMPOBAHHOM, TO BHEIIHUE (DAKTOPHI
10 ONPENICIIEHUIO HE MOT'YT OKa3aTh BO3JCHCTBUS HA MPOTCKAIOIINN B
Hel mpouecchl. CreaoBarelbHO, JIOOOM MPOTEKAONUM B HEH
IPOIECC OKaXETCS CaMOIIPOM3BOJILHBIM U OyAeT NpOTeKaTh B
HanpaBJICHUN YBEJIMYECHUS SHTPOIUN CUCTEMBI:

dS>0.

B 3akpeiTOl  cuCcTEME€  IPOLIECC  MOMKET  IPOTEKATh
CaMOITPOU3BOJILHO JO0 TE€X IOpP, MOKa CUCTEMa CIIOCOOHA COBEpIIATh
MOJIE3HYIO paboTy:

dw.  >0.

non

BriOop coBepuieHuss MOJE3HOW pabOTBl Kak  KpUTEpUs
CaMONPOMU3BOJIBHOTO MPOTEKAHMUSI MpOLECCAa B 3aKPBITOM CHUCTEME
OCHOBAH Ha CIEAYIOLINX MOJOKEHHUSIX.

1. DOnHeprus cucremMbl B CaMOIIPOM3BOJBHOM MPOLIECCE
yMEHbIIAETCS, M HTO NpUOIMXKAET €€ K 0oliee YCTOHYUBOMY
COCTOSTHUIO (TIPUHITUT HAMMEHBIIIEH SHEPTHN).

2. Bp1iOOp BbIENEHUS TEMJIOTHl BMECTO COBEpPUICHUS PAOOTHI
XOTS W HE MPOTUBOPEUUT MPHUHIUIY HAWMEHBIIIEW HHEPruu, HO
OPUBOAUT K 3aKJIIOUEHUI0O O HEBO3MOKHOCTHU CAMOIIPOU3BOJIBHOTO
OPOTEKAHWSI ~ TIPOLECCOB,  COMPOBOKIAIOIIUXCS  MOMVIOUIEHUEM
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TCIUIOTHI  (HJIOTEPMHYECKUX IIPOIIECCOB), YTO HE COOTBETCTBYET
JNEUCTBUTEIBLHOCTH.

dyukuusa ['m06ca u ypaBHenume I['m00ca—I'enbmrosbua.
BBeaem QyHKIUI0 cOCTOSIHUS CUCTEMBI G CIIEMYIONUM BBIPAKCHHUEM

G=H-TS=U+PV-TS.

Ota (QyHKUMS Ha3BaHa B UYECTb OJHOIO0 W3 OCHOBaTEleH
tepmounaMuku Jx.I'm66ca (G.W.Gibbs, CIIA).
Huddepentman pynkuuu 'nd0ca BBIIAINT TAK:

dG =dU +PdV +VdP- TdS- ST .

B N300apHO-N30TEPMUYECKUX YCJIOBUSX, Hanboee
pacTpoCcTpaHEHHBIX IS U3yYeHUS] XUMHUECKHUX peakiui, P = const u
T = const. [Toaromy B aTux yenmousx dP = 0 u dT = O, tak uto

dGp; =dU +PdV - TdS=dH - TdS.

s KOHEYHBIX U3MEHEHU GyHKLIMMA COCTOSIHUSA
AG=AH —TAS. D10 BBIpa)XEHHE TPEACTABISLET COOOM IEPBYIO
dbopmy ypaBHenus: [ m66ca—I enpMrosnbiia.

Oyukuus ['m66ca MoxkeT ObITh KPUTEPUEM CAMOIPOU3BOIBHOTO
OPOTEKaHUs IIpolecca B 3aKphITOM cucreMe. Tak, COrIacHo
O0ObEIMHEHHOW  (POPMYJIHpPOBKE TEPBOIO M  BTOPOrOo  Hayaj
TEPMOJIUHAMUKHU

TdS=dU + PdV +dwW

noi
CJIEAYET, UTO

-dw,,, =dU +PdV - TdS u dG =-dW, , +VdP- HdT.

non non

[Torygaercst, 4T0 B M300apHO — M30TepMHuueckux yciaopusax (AP =0 u
dT = 0) cucrema coBepmiaeT MOJE3HYIO padOTy, PaBHYI YOBUIH
¢ynkuuu 'nboca.

Ecimm dG =0, To mone3Has pabora He COBEpIIASTCS, U CHCTEMa
HaXOJHUTCS B PABHOBECHH.
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Ecimm dG <0, To cucrema MOKET COBEPIINTH MOJIC3HYIO PadoTy,
YTO COOTBETCTBYET BO3MOXKHOCTH CaMOMPOMU3BOJBHOTO IMPOTEKAHUS
mpoliecca.

Ecimm dG > 0, To mporiecc B cucTeMe MOXKET MPOTEKATh TOJIBKO
324 CYET U3MEHEHMH B OKPYXKAIOWIEH Cpele U, CIEI0BATEIbHO,
SBJISICTCS] HECAMOTIPOU3BOJIbHBIM.

Beimmonnus  guddepeniupoBanue  ypaBHenuss  ['mbb6ca —
['enbMrospIia 1Mo nepeMeHHou T, mojgydaem:

C yueroM »aToro ypaBHeHue ['nb0ca—I'enpbMronbiia MOXKHO
NpEeJCTaBUTh BO BTOpPOU (opme, HE cojepxaile B SIBHOM BHJIC
SHTPOIHHU:

G=H+T— G
T’

JlanpHeimue npeoopa3oBaHUsl ITOTO BBIPAKEHUS COCTOST B TOM,
4TOOBI YCMOTPETH B UX pe3yibTare quddepeHuuan apoou:

-H=T— G :
1T
1G G 9T
T—- T—-G—=
B R | S i Ta&0
T2 T2 T2 q(T&Tg
Tpetbsa dopma ypaBHenus: ' m66ca — ['enbmMrosibiia UMeeT BU/IL:
Tabo_ H

MeTg T2

[Tonyuennbie ¢Gopmbl BbIpaXXE€HUW M1 ypaBHEHHs ['nOOca —
['enbmrosnbplia MOPUMEHSIIOTCS I8 BBIBOAA TEPMOJMHAMUYECKUX
COOTHOLILICHUH.
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XuMuyecKkuid noreHuuaa. M3 BeipaxkeHus

dG=-dw,__ +VdP- T

non

mig paBHOBeCHBIX (0W,,, = 0) m3orepmuueckux (dT =0) ycioBuii
BBITEKAET 3aBUCUMOCTh (pyHKIMK ['100ca OT naBineHus:

dG =VdP.

[Tycte P —mapruansHOe JnaBieHWEe Ta3a (MM JIaBJICHHC
VHIMBUIYAJILHOTO Ta3a). 13 ypaBHEHUsI COCTOSTHUS CIIEAYET, 4TO

dc="RT 4p.
P

B pesymbrare UWHTETPpUPOBAHHMS B Tpeleiax OT HEKOTOPOH
duxcuposannoii Toukn (P°, G°) mo mpomssombroit Touku (P, G)
MOJTyJaeM:

G P
(G = (yRTf, G- G’ :nRTlniO wm G:G°+nRTIn£O.
- 5P P P
G P
OTtHomeHue
_G
m=—
n

Ha3bIBAIOT XMMHUYECKUM noTeHHuasioM. OH MOKa3bIBAE€T, Kak
U3MEHSETCsl CBOOONHAs 3Heprusi cucreMbl G Mo Mepe W3MEHEHUSs
KOJIMYECTBA BEIIECTBA B HEW (IIPM MOCTOSHHBIX MPOYUX MapaMeTpax
coctostHUs). B pe3ynbpTaTe neneHus Ha N MoTyqaeTcs:

m= m°+RTIn%: m’ +RTInP.

31€Ch (op—KOHCTAaHTA WHTETPUPOBAHUS, Ha3blBaeMas CTaHIAPTHBIM
XUMHAYECKUM MOTEHIUAIOM, KOTOpas paBHA [ — XHUMHUYECKOMY
MOTEHIMANY [IPU cTaHIapTHOM aaiernu P°. OtHoureHue

P
po

Ha3bIBACTCA OTHOCUTCIbHBIM MNAapliMaJIbHbIM AABJICHHUECM.

P =
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Boi6op 3HaueHms P° ¢ TOYKM 3pEHHS MATEMATHYECKOTO
dopmanu3zMa SBIFETCS MNPOM3BOJbHBIM. Ho ¢ TOukM 3peHus
(U3UYECKON CYITHOCTH OH ONpEENsieT BBIOOP CUCTEMbI CTAHAPATHBIX
coctosiHMU. Tak, 3a CTAHAAPTHOE COCTOSHUE Ta3a IPUHUMAIOT
COCTOSIHHE WJCANbHOIO Ta3a npW JaBiieHun latm (W Jro0oi
temmeparype): P° = 1 arm.

3ameuanue. Ecim BemecTBO HAXOAUTCS B KOHJICHCUPOBAaHHOM
dasze (gBiseTcss TBEpPABIM TEIOM WM JKHAKOCTBIO), TO OHO HE
npoms3Boaut paBieHus, AP =0. Torma dG=0 u B pe3yabTare
uHTerpupoBanus G — G%=0. [ToaToMy I KOHJICHCHPOBAaHHBIX (a3
U= ,uo. CraHmapTHBIM COCTOSHMEM BEIIECTBA, HAXOJUIIIErocs B
KOHJCHCUPOBAHHOW (ha3e, HA3bIBACTCS €r0 pPealbHOE COCTOSHUC MPH
JaHHOM TeMIiepaType 1 JaBjicHUH 1 aTm.

HecumMerpuuyHass cucTeMa CTAHAAPTHBLIX COCTOSIHMH
KOMIIOHEHTOB pacTtBopa. HamoMHUM, 4YTO XHUMHUYECKUMN IMMOTEHIAI
razo00pa3HOro BelleCTBa

m:m°+RTIn£.
PO

ITpu P=P° = 1 atm XuMHU4YeCKUI MOTECHIHAT
m=n?.

3naueHue P° = 1arM HOCHUT YCJIOBHBIA XapaKTep U CBS3aHO C
HEO0OXOIMMOCTBIO BEIOOpA HUKHETO Mpeeia HHTETPUPOBAHMUS.

[IpuHuMasi BO BHUMaHHE MPONOPIMOHAIBHYIO 3aBUCHUMOCTh
napluuaJibHOTO JaBJICHUS KOMIIOHEHTa P; u ero MomsipHou
KOHIIEHTpaluu B razoBoit ¢daze Cj Bua

R =CRT,

MOKHO OBLIIO ObI BBECTH PABHOCHUJILHOE IIEPBOMY OIpE/IeTICHUE:!
C
m=nP +RT In —
CO

U IIPUHATD
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PO
_ﬁ-

B o0oux ciyyasgx Mepoill OTKJIOHEHUS CHUCTEMbI OT CTaHJIApTHOTO
COCTOSIHUS SIBJISIETCSI OTHOILIEHUE IABJICHUIN UM KOHIIEHTPALIUM.

CornacHo pu3nUeCcKOl TEOpUU PaACTBOPOB BBOJAUTCS aHAJOTHUS
MEXAY PACTBOPEHHBIM BEUIECTBOM B PACTBOPE U WJCATbHBIM T'a30M B
npocTpaHcTBE. PacTBopUTENnb C€O3/1a€T MPOCTPAHCTBO, B KOTOPOM
pa3MemaroTcs  HE  B3aMMOJCUCTBYIOLIME  JIpyr C  JIpPYyrom
PacTBOPEHHBIE YaCTHUIIbI.

JInst  pacTBOPEHHOrO BEUIECTBA IO AHAJIOTMM C Tra3oM
MPUHUMAIOT

CO

m:m°+RTIn§,

rae C° =1 Moib/1, TO €CTh CTaHIAPTHBIM COCTOSTHUEM PAaCTBOPCHHOTO
BEIIIECTBA SIBJISETCS €r0 COCTOSHHE B PAcTBOpPE C KOHIICHTpAIHCH
1 mouns/m.

s pacTBOpUTEIS IPUHUMAIOT

m=m’"

HE3aBUCHUMO  OT  KOHIUEHTpPallUM  PAacTBOPEHHOTO  BEIIECTBA.
CranaapTHOE COCTOSIHME PACTBOPUTENS — ATO COCTOSIHUE YHCTOTrO
pactBoputens. [lpy  HM3KMX  KOHILIEHTPALMSX  PacTBOPEHHOTO
BEILECTBA OHO MPAKTUYECKU HE U3MEHSAETCS.

[TockONbKY  pacTBOPEHHOE BELIECTBO U PAcCTBOPUTEIND
paccMaTpuBaeTCsl C Pa3HbIX TOYEK 3pEHMs, TO Takas CcHUCTeMa
CTaHJAPTHBIX COCTOSTHUM SABJISIETCS HECUMMETPUYHOM.

Takum 00pa3om, Uisi pACCMOTPEHHBIX K HACTOAIIEMY MOMEHTY
CJIy4a€B MOYKHO CUUTATh:

m=m’+RT In X,

rac X— MCpa OTKJIIOHCHHS CUCTEMBI OT CTAHJAAPTHOI'O COCTOSHUA.
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P
X = F U1 UaealbHbIX ra3os, P° =1 a1,
_C o
X=— JUIS pacTBOPEHHOrO BemecTBa, C° = 1 Moib/,
CO
X =1 IS PACTBOPUTENS, TaK 4TO0 M= N7,
Y =1 JUIsl KOHJCHCUPOBAHHBIX (a3 — HEPACTBOPUMBIX U
- HEJIETYYHX BEIIECTB, JJIs KOTOpeIX M= nT.

JleTydecTh M aKTHBHOCTB. [[J151 peayibHbIX Ta30B U pealibHBIX
PacTBOPOB BhIPaKEHUE

m=m"+RT In X

TOYHO  TMEpedacT COCTOSIHME  BEIIECTBA, €M  HUMEIOIIEeCs
MEKMOJIEKYJISIPHOE B3aUMOJACHCTBUE YUECTh B IOHATUAX JIETYYECTH U
aKTUBHOCTH.

Jlerydyects f ecTh BenuuuHa, aHAJOTMYHAS JABJICHUIO Ta3a W
CBSI3aHHAs! C HUM BBIPAKEHUEM

f =g(P)>P,
rie y(P) — koadduiment erydectu. Toraa ajis peanbHOro rasa
f

X="5

npudeM f°=21arm. Ecim ra3 mnpubmmkaercs 1O CBOWCTBaM K
MJIeaTbHOMY, YTO UMEET MECTO IIPH HU3KUX NaBieHusX, To y(P) — 1 u
f— P.

AHAJIIOTUYHO 711 pacTBOPOB AKTHBHOCTH & €CTh BEJIUYMHA,
CBSI3aHHAs C MOJISIPHOM KOHLIEHTPALUEN BBIPAKEHUEM

a=g(C):C,

rne y(C)— xoadduimeHT axkTUBHOCTH. Tordga i PEabHOTO
pacTBopa

a
a’’

X =
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npuueM a° = 1 moub/i1. Ilo mepe pazodasieHus pactopa y(C) — 1 u
a— C.

Takum 00pa3oM, JIETy4eCThb M AaKTUBHOCTb IMPEACTABISIOT
coOOl BUJOM3MEHEHHBIE AABJICHHWE M MOJISIPHYIO KOHIIEKHTPAILIUIO
COOTBETCTBEHHO. B TNOHATHSAX JIETY4YECTH M aKTUBHOCTH YUYWTBIBAIOT
OTKJIOHEHUE CBOWMCTB Ta30B U PACTBOPEHHBIX BEUIECTB OT CBOWCTB
UJICAJIbHBIX BEILIECTB.

B 00001116HHOM BBIPa)KEHHUH 1JI1 XUMAYECKOT0 OTEHIMaa

m=m’+RT In X,

MEpPY OTKJIOHEHHSI COCTOSIHMSI BEIIECTBA OT CTaHAAPTHOIO MOYKHO
BBIPA3UTH €I11I€ IBYMS CIIOCOOAMH:

f

X = 0 ISl peajibHBIX Ta30B, f° = 1 aTMm,

X = a IUIsL PACTBOPEHHOI'O BEIIECTBA B pEAJIbHOM pacTBOPE,
a’ a° = 1 moms/n
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OCHOBHBIE UJEWU TEPMOJIAMHAMUKHA

CocraBureins:
Anexkceit AnekceeBud CuOUpKUH

Koncnexm nekyuil no Kypcy Heop2anuiecKkoii Xumuu

['ocynapcTBEeHHOE 00pa30BaATEIBLHOE YUPEKACHUE BBICILIETO
npodeccroHaabHOro 0opazoBanus «Huxeropoackui
roCyAapCTBEHHBIN
yauBepcuret uMm. H.W. JlobaueBckoro».

603950, Huwxxuuit Hosropoa, nip. 'arapuna, 23
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Otneuyatano B Tunorpadun Huxeropoackoro rocyHuBepcUTeTa
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603600, r. Hmwxuwuit HoBropona, yn. bonbmas ITokposckas, 37
JInnenzus 171 Ne 18-0099 ot 14.05.01
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