Jlekuusiap
«HakThbI razaap MeH cyiibIkTap ¢pusukacel» MOHI OOMBIHIIIA

ABTOpBI: (pU3.-MaT. FBUIBIM. KaH[. TOUEHT ANWTKOXaeB AOIyaeT 3auTOBUY

1 Jexnus

1 Mmoayanb. KylieHiH TepMOAMHAMUKAJIBIK Tele-TeH/iri

Kipicme. =~ TepMoaMHAMUKaHBIH  HETi3ri  aHBIKTaMajapbl MEH  TYCIHIKTeMesepi.
TepMonuHaMHKaIBIK KacHeTTepAiH Kiaccupukauuscel. OKIIaylaHFaH, XaOBIK JKOHE allbIK
xKyhenep. TepMOIMHAMUKAIBIK TeMe-TeHIIK. OJKCTEHCHBTI JKOHE WHTEHCUBTI KacHETTep.
TepMaik  JoHE KaJOPHMSUIBIK  KacueTTep, Kyiuep TeHaeyaepi. TepMoauHaMHUKaHBIH
JKaNMBUIBIKTBUTBIFBL.  KoHuenTpamusa. Wnean razgsiH Kocmackl. JlanmbToH 3aHbl. AMara 3aHbl.
Haxrsl ra3. KocianbIH KanopHsUIBIK KaCUETTepi.

Tyiiinai ce3nep: TepMOIMHAMUKAIBIK JKYile, OKIIaylaHFaH XYiie,, )KaObIK JKyiie, allbIK
JKyie, Tene-TeH K, SKCTEHCUBTIK KaCHeTTep, MHTEHCUBTIK KacHeTTep, KYH TeHJeYyl, HaKThl ras,
ujean ras.

Kbickama Ma3MyHBbI.

TepMoaMHAMUKAIIBIK TETe-TEHIK YFBIMBIHBIH MEXaHUKAJBIK TeIe-TeH IIKIIeH ©3TelIeNiri
MmyJze 6acka cunartka ue 6omnaapl. TepMoaMHAMUKAIBIK KYHEHIH MOJIEKyJIalapbl (Temreparypa
acKblH TeMeH 0ojmMaca) TEHJECIEreH KYLITep OpeKeTiHAe OO0JbIn KaH-)KAKTbl MYMKIH
OarbITTapAa KO3ranaabl. Tepmoounamuxansiy scyiie 1en 0acka ASHEIEePMEH KOHE e3apa SHEprust
JKoHe (Hemece) 3aT ajamaca anaTbiH Oip Hemece OipHelle JeHesep >KUBIHTBIFBIH aTaiiabpl. MyHa
Temne-TeHIIK YFBIMJIbI JKYHEHI TyTac anFaHia keiOip Oipimecken (nar. collectivus — kuHaKray,
Oipre, OipieckeH, KOJUJICKTHBTIK) CHUIIaTTaMajlapblHA JKaTKbI3afbl, aWTaJbIK, TeMIeparypa,
KbICHIM HeMece KOMIIOHEHT KOHIICHTPALMsChl CUSKTHI. bys cumaTtramanap >xyiie opekerTepiH
MaKpoOCKONTHI Typlae OeHeneini xkoHe Kyu napamempaepi paen aranaisl. Korapbiia
alTBbUIFAaHJAp HETI31HJe Keleci KOPBITHIHIBI »Kacayra OOJIafbl: erep OKIIaylaHFaH XKyie
TEPMOJAMHAMHKAIIBIK Tere-TeHIIKTe OoJica, OHJa XKYHeHIH OapiblK OeKTepiHJe KbICHIM MEH
temnepatrypa Oipaeil. Ockl ceOenTeH Tene-TeHIIKTe XYHEHIH opTypii OeNIKTepiHiH apachl
TEPMOJAMHAMUKAIBIK KeMecKi. CBIPTKbI OpTaMeH SHEpPrusl >KOHE 3aT aJMaclaThiH JKyieHi
oKwaynianzan Xyhe nen ataiapl. Ke3 kenreH TepMOAMHAMMKAIBIK JKyHenepre TOH KacHeT
perinze TeMmrepaTypa YFbIMBI TEPMOJIMHAMHUKANA HONOIK 3ay APKbUIBl  EHTI3iIel.
TepMoIMHAMMKAHBIH HOJIK 3aHBIHBIH TYXXBIPBIMAAMAChl: ecep exi A owcane B Oenenep 0Oip-
Oipinen mayeiucis scane dceke-gcexe yulinui C Oenemen JHcoblIyablK mene-meyoikme 60.ca, oHOa
onap 0Oip-6ipimen 0271 COHOAU JHCHIIYALIK mene-meHoikme 0O0nadvl, backawia aumxaHoa
JAHCBLIYNIBIK Mene-meHOIK JiCyleHiy 6apivlK HyKkmenepinoe (bonikmepinoe) memnepamypacsl mey
OonamuinbiH AHLIKMALObl. IKCTEHCUBTIK MapaMeTpiiep — KeJeM, IIIKi SHEePrusi, SHTPOMHs KoHe
T.0. JXKYMEHIH TYTacCTBIFbIH CHNATTAiibl, MOHJEpPI TEPMOJMHAMUKAIBIK >KYMEHIH MaccachlHa
HeMece KeJleMiHe MPOTOPIMOHAN, SIFHU HSKCTEHCUBTIK IIaMaiap MoHI1 KyHeHiH op OeiriHjeri
MOH/IEpiHIH KOCBIHJBICBIHA TEH, JIEMEK aJJUTHUBTIK KacueTke ue. VIHTeHCHBTIK mapamerpiiep —
KbICBIM, TeMIIepaTypa, KOHLEHTpAlUs *koHe T.0., KYHEHIH MaccachblHa TOYeJNICi3, Teme-TeHIIK
Kyiizeri )xyienin OipTekTi OesikTepiHae MoHepl OipaeH, JeMeK aJJUTUBTIK KaCHETKe He eMec.
biprekri OipdazanblK XUMUSAIBIK pEAKUUsIap KYPMEWTIH KOIKOMIIOHEHTTI KyHenepni
KapacTelpambl3. KypaMbl MOJIBIIK HeMece MaccaiblK YJIeCl, KOHLEHTpPALMsUIapbl apKbUIbI
Kepcerineai. Maean ra3 KOCHBCHIHBIH KbICIMbI JlanbTOH 3aHbl OoiibIHIIA aHbIKTada bl Kocnara
KIpETiH 3aTThIH KalChIOIp KOMIOHEHTIHIH JIJI COJI KOCMaJarblaail MeJjep/e bIAbICTa KaJIFbI3

o31 KaJlIraH Ke3;[eri P; KBICBIMBI, T'a3 KOCHACBIHBIH COJI KOMHOHCHTiHiH napyuail KblCblMbl NCII
arajaajbl. OH,Z[a, ra3 KOCHACBIHBIH KaJIIIbl p KbICBIMbI KOCIIAHBIH KOMHOHCHTTCpiHiH napnauall

K
KBICHIM/IAPBIHBIH KOCBIHIBICBIHA TEH OONAIBL p=p, + p, + p; +...= Z p; - Unean ras
i=1

KyHiHiH TeHaeyi boitmb-Mapuortr Tenneyi. Maean ra3 KOCHAChIHBIH Mapuyan Kejemi Tas3a
KOMITOHEHTTEPAIH OipJiell KbICBIM MEH TeMmIepaTypajia ajblHFaH KeJeMJEPIHIH KOCHIHIBICHIHA
TeH, AeMek V=V |+V,o+ ....+V,. Ocsl TeHney Amara 3aHbl, OCBIJAH KOCIAHBIH TOJBIK KeJeMi



KOMIIOHEHTTEPIiH HapIiua KeJxeMIepiHiH KOChIHAbIChIHA TeH. HaKThl ra3 Kocnack! yiniH Amara
3aHbl OpbIHIANIMaNAbl. by ke3ne apThiK GyHKIuMsuIap maiiga 6onanbl, oap HAKTHI ra3 KyHiHiH
TeHJeYyiMeH OaliIaHbICTHI.
Osinaik 0aKkbLIay CypaKTapsbl
1. TepMoauHaMuKaHBIH ~~ HEri3ri  aHbBIKTaManapbl  MEH  TYCIHIKTeMenepi:
TEPMOJAMHAMHKAIIBIK JKYHe, POLecC, Tere-TeHIIK.
2. OxmaynanraH, )Ka0ObIK JKOHE aIllbIK XKYyHeTep.
TonBIK, MEXaHUKAJIBIK KOHE TEPMOANHAMHKAJIBIK TEIe-TeH K.
DKCTEHCHUBTIK )KOHE MHTCHCHUBTIK ITapaMeTiep.
TepMmaik oHE KaJOPHUSUIBIK KaCUETTep
TepMoIuHAMHUKAHbBIH KaJbLUIBIKTBUIBIFBI.
Tene-TeHIIK TEPMOIUHAMHUKACHIHBIH EKTLTIT 1.
. Tene-TeHIIKCI3 TEPMOANHAMHKACHI.
Y chIHBLIFAH die0ueT Ti3imi
Herisri ogedouerrep
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2 J1eKnus

TepmonuHaMukanblH auddepeHunanaplk TeHaeysepi. JKaiamnbulanrFaH KOOpAWHATaIap
JKOHE JKalMbUIaHFaH Kymrep. Cunarramanblk GYHKUMSIIAp KOHE ipreni Tenaeynep. Makcsesl
KaTblHacTaphbl. TepMOAMHAMUKAHBIH HET13r1 AudpepeHnaniblK TeHAeyIepi.

Tyitinai ce3gep: auddepeHumangplKk TeHAEy, KOOpAUHATA, KYII, CHUIATTaMajblK,
byHKLMsA, ipreni, TeHIEY.

Kpickama Ma3smyHbl. TepMOAMHAMUKANBIK OJIC €Ki JKaFlaiabl JKy3ere achlpajbl:
l)TepMouHAMUKANBIK TEMe-TeHIIK KYHAEri JKyWeHIH op TypJii KacHeTTepi apachIHIAFbl



OaliaHBICTHl TaFaMBIHAANWIBI;, 2) OCBI TEPMOIAMHAMUKAIBIK TEMe-TCHMIK KYHAl aHBIKTAHIbI
mapTrapasl  TarabliHOAiAbL.  bBipiHmi Mocene TePMOJIMHAMUKAHBIH  nuddepeHmanpk
TeHaeynepi kemeriMeH menrieni. OHIa epMOoIMHAMUKAHBIH OIpiHINI MEH EKIHIII 3aHbIHBIH
Oipnectipinren Tenaeyi KongaHansl:. dU=TdS-pdV+Y,dx;+. . Ocbl Tenaeyain nuddepeHiuan
aJJIBIHIAFBl MYILEJIepl JKajmbUIaHFaH KywTep , an auddepeHnnan acThIHIAFbl JKajlbUIaHFaH
KOOpAMHATTAp Jen aranajbl. Jlexxanap TypiaeHaipyi apkbuibl | sHTanenus, F epkin sHeprus
xoHe G TepMOAMHAMMKAJIBIK MOTEHIIMAT CUIIATTaMAaJbIK (QYHKIUSIIAPAbIH U hepeHIIraniapbl
anbIKTanaznpl. JAuddepeHunanaplk TeHaeylIep KOPhITbUFaHIa CUIaTTaMalblK (QyHKIMIap Kyl
byHKIUMACH, an oxapabH auddepenuuangapsl ToJaslK auddepenunan 6onansl. (0 T/0V)s=-(0
p/0S)y, (0 T/op)s=(0 V/0S)p,, (0 S/OV)1=(0 p/dT)y, (0 S/Op)r=-(0 V/0T),- - Makcsenn
KaTblHacTapbl. OChbl KaTbIHACTapZaH TYPJICHIIPY apKbUIbl JaepOec Macenenepil ey YIIiH
Oacka mudQepeHINaNAbIK TeHASYIepl KOpBIThUIaAbl. Mpicansl  MakcBel KaTblHACTapblH
KoJ1aHbIl BaH-1ep-Baanbc ra3plHbIH 1K1 SHEPTUACHIHBIH.KOJIEMIe JKOHE KBICBIMFA TOYEJIUIIT1
aHbIKTal bl u= -a/v+uy(T).
Osinaik 0aKkbLIay CypaKTapbl

1. TepMomHaMHUKaHbBIH JUGQepeHIMATIBIK TEHICYIEPIH aHBIKTAY.

2. JKanmpanFan KOOpJUHATANIAP KOHE KaJITbUIAHFAH KYILITEP aHBIKTaMachl.

3. CunarramanblK QyHKIMAIAPBl KENTIPiHI3 %KoHE oJapAblH Tu(hepeHIraIIIpbiH
TaObIHBI3.

4. JuddepeHunanapk TeHACYIepAe TONBIK AuddepeHinanFa e )KaTaasl?

5. MakcBesut KaTbIHaCTapblH KOPBITHIHBI3.

6. Ban-nep-Baanbc ra3siHbIH KYH TEHICYIH 5Ka3bIHBI3 KOHE TYCIHIIPIHI3.

7. Ban-nep-Baanbc ra3plHbIH iIKI SHEPTUSACBIHBIH ©PHETTH KOPBITHIHBI3.

8. Ban-nep-Baanbc ra3piHbIH KbUTYCHIMBIMABUIBIFBIH aHBIKTAHBI3.
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3 nexkuust

TepMouHAMUKATIBIK SKYHEHIH Tere-TeHiri. TepMoinHaMUKaIbIK JKYHEeHIH KopllaraH
OpTaMeH TYMIHAECYIHIH op TYpJli *aFJaiaapsl YIIIH Tene-TeHIIKTIH JKalmbl MapTTapsl. Teme-
TEHJIK OPHBIKTBUIBIFBIHBIH KpuTepuitnepi. Tasza 3atr (azanmapblHbIH Tene-TeHAIr. XUMHSIIBIK
noteHuan sxoHe [mO6cTiH Heri3ri TeHaeyi. Paszanap Teme-TeHIIriHIH maprrapbl. ['HOOCTIH
¢azanap epexeci.

Tyiinai ce3aep: KaTbIHAC, HETI3TI, IIKI YHEPTHUS, UPOTEPMIIK, MPOIIEC, YHEPTHS,
KeJieM, KbICBIM, Ta3a 3aT, (a3a, XUMUSIIBIK MOTSHIINAN, da3anap epexeci, Tene-TeHIiK.

Kpickama wma3MmyHbl. TepMOAMHAMHMKAIBIK JKYHEHIH KOpIIaraH OpTaMeH
TYHiHJeCyiHIH aepOec Typl OKIIaylaHFaH XYyHe, byJl *KaFJaiaapsl YIIiH Tele-TeHIKTIH KaJIbl
kputepuiii U=const, V=const. Erep xyite V=const, S=const cunarranca, onma dU<0; p,
S=const, ouna dI <0; V, T=const, ouna dFF <0; p, T=const, onna dG <0. Ocsl TepT mwapT
TEPMOJAMHAMMKAIIBIK KYHEHIH KOpIIaraH opTaMeH TYWIHAECYIHIH op TYpJl Karaaiyapbl YIIiH
Tene-TeHAIKTIH aJIIbl IapTTapbl, KpUTEpUiiIepiH TaOyIbIH Heri31 Oonaapl. bys Tenaeyneperi
TEHC3MIK Oenrici KaMThIMCBI3 TpoLecTepre KarbICThl. Tere-TeHIIK OpPHBIKTHUIBIFBIHBIH
kpurepuitnepi (0 p/0V)r<0 xone C,>0.

Tasza 3ar op Typ:ii arperarThlK Kyilnepae Oosapl: KaTThl, CYHBIK HEMece ra3Topi3iec.
benrini xarnaiimapaa Taza 3aTTBIH op TYpJi arperaTThIK KyHJepi jkoHEe oJapAblH op Typii
AUIOTPONTHIK  MoAu(duKanusmapsl  Oip-OipiMeH  Teme-TeHJIKTe Ooja amajbl, OipbIHFai
TEPMOAMHAMHKAIIBIK JKYHeH1 KypacTsIpblll. MyHail kyiie reTeporen ibl, Oipak eki Hemece 0JjaH
Ken (aszanapbl 6ap xyiie kemndazanbik faen atanagsl. OHBIH KeKe TOMOTeH/ 11 9p Oeniri (asamap
6omaznpl. Exidazansik xkyleHiH ¢a3zanap 6exiHy mekapachkl 00J1a/bl, COJI apKbUIbI Macca aaMacybl
ereni. CoOHABIKTaH 3aTThIH 9p (pa3ackl alfHBIManbl Maccachl OONATBIH , JIEMEK allbIK XKyie
perinae, OipTekTi OIpKOMIIOHEHTTI XKYWe Aen KapacTelpbliaabl. MyHnai xyienepai apHaiibl
XUMUSUTBIK TOTEHINAN IereH (DYHKLIUSAMEH CUIIATTAY bIHFAMIbl. XUMUSIIBIK MOTEHIHAN L - OacKa
KOMIIOHEHTTEPIIH Meuiepi (MOJIb HeMece OeIIeKTep CaHbl) YKOHE THWICTI Kyil mapamMmerpiepi
TYpaKkThl OOJFaH[A KapacThIPBUIATHIH i KOMIIOHEHT caHbl (MOJIb) OOMBIHINIA CHUIATTAMAJIbIK
¢dbyaknusutapaeiy G (I'mbec motenmmans), F (6oc aneprus Hemece ['enbmronbi moteHmans), E
(imki sHeprus) Hemece H (SHTaNbNUSHBIH) AepOec TYBIHABICH. XUMMSIIBIK MOTEHIUAN Ly KYH
¢byHKIuACH. 3aTThIH €Ki (ha3achIHBIH TEMe-TEHIINHIH KaXKETTI KoHe XKETKUTIKTI IapThl OOJIBII,
ochl (hazasapJbIH TEMIepaTypaapbl MEH KbICHIMBI KOHE XUMUSUIBIK MOTEHIIMANIAAPHI T€H O0ITybI
kepek. Exidazanbik kyienin ¢aza xucwirbl aen p=p(7) QyHKUUCHIHBIH TpaduriH aWTaabl.
['u60cTiH ¢a3zanap epexeci n KOMIIOHEHTTEH TypaThlH m (hazanapnaa OoJaThIH Kyienep yIiH
TOyeNCi3 Iamanap caHblH aHbIKTaiinel. Ockl Toyenci3 mamanap caHbl f JKYHEHIH epKiHIIK
JOpeskect JeT aranajbl JKOHE OHJArbl Tele-TeHIIKTe OOoJaThIH Karap eMip CYpeTiH OapIbIK
¢azanapasl 6enrineiini. ['uO6cTiH daszanap epexeci OoWbIHIIA f=n-m+2.

Osingik 0aKkbLIay CypaKTapsbl

1. 3ar KaHIlla arperaTThiK Kyiae 60o1anb?

2. ®a3a nereHimiz He?

3. Kemndazansik xyiie aHbIKTaMachI.

4. TepmoauHaMuKamnbIK KYHEHIH KOpIIaraH OopTaMeH TyHiHaecyiHiH aepbec Typi
Kapmai?

5. OkmiaynanfaH J>KYMEHIH  KOpIIaFaH OpTaMeH Teme-TeHAIKTI TYHiHAecyiHiH
KpUTEPHiii.

6. Erep xyiie V=const, S=const- MeH cunarraica; OHJA >XYHEHIH KOpIlIaraH
OpTaMEH Tere-TeHIKT1 TYHIHeCyiHiH KpUTepHili KaHaaii?

7. Erep xyile p, S=const- MeH cumarTanca; OHAa XYHEHIH KOpIIaraH OpTaMeH

Terne-TeH KT TYWIHECYIHIH KpUTepHiii Kanaan?



8. Erep xyite  V, T=const MeH cumarrtaica; OHJA XYHEHIH KOpIIaraH OpTaMeH
Terne-TeHIIKTI TYHIHAECYiHIH KpUTEepHiil KaHaai?

9. Erep xyiie p, T=const MeH cumaTTajca; OHJa >KyHeHIH KopllaraH OpTaMeH
Terne-TeHAIKTI TYHIHAECYiHIH KpUTEepHiil KaHaai?

10.  Tene-TeHaiK OPHBIKTHUIBIFBIHBIH KPUTEPHiiIepi KaHaal ?

11. XUMUSIBIK HOTEHIIMAT Kajlall aHBIKTaIaabI?

12.  3arteiH eki ()a3achIHBIH Teme-TeHIIrHIH KaXeTTl >KOHE JKETKUIIKTI IIapThl
Kanmai?

13.  Exida3zanbik xyiieHiH (a3a KUCBHIFBIH ChI3bIHBI3.

14.  T'ub06ctin azanap epexxeci HeH1 aHBIKTANIbI?
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JL.: Xumus, 1982.- 592 c.

12 Meiicon 3., Cnepnunr T. BupnanbHoe ypaBHeHue coctossHuA.-M.:Mup, 1972.-280 c.

13 T'upmpensuep Ix., Kepruce Y., bepn P. MonekynsipHas Teopus razoB U XKHAKOCTeH.-M.:
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4 nexkuus
2 moayasb. Ta3za Oipdasanbik 3aTTbIH TEPMOAMHAMHKAIBIK KaCHETTepI
HaxkTbl ra3iplH TepMOIUHAMUKAJIBIK KacuerTepl. HakTbl ra3jbplH TepMJIK KacHETTepi.

Haktel rasgplH  u3oTepmaepi, u300apiapbl, u3oxopiapel. Tepmaik  KO3(pPHUIMEHTI.

CoiFbUFBIUTHIK  KO3(¢unuenti. HakTbl ra3aplH  KaJOpPHSUIBIK — KacHeTTepl. OHTAIbIHSL.

Ontponus. XKXblIyChIIbIMIBLIBIK.

Tyiinai ce3ngep: HakThl, ras, KaJOpUSUIBIK ~ KAaCUETTEp, DHTAJBIINUA,
mipdepeHnman, upean, HTPONMS,  KbUIYCHIHBIMIBUIBIK. TETE-TEHIIK, MIapT, H300apIIbIK,
U30TEPM/IIK, TIPOIIECC.

Kpickama Ma3myHbl. HakThl ra3/ibIH KaJOPHSUIBIK KACUETTEPiH, MbICAJIbI, SHTAJIBIINS \HbI
6bLtail anbikTayFa Gomamsl: i(p,T)= i(p—0, T) =|(i/op)rdp  Byn terney p—0 yMTbIIFaHa

HaKThI T'a3/IbIH TEPMOIUHAMUKAIIBIK (DYHKIMSIApbl OHBIH MJ€all Ta3/bIKiHe TeH 00Ja/ibl, 1eMeK



i(p—0, T) + iy(T) . Ouna Oepinren p, T ke3iHAe KaJOPHUIBIK IIaMaHbl aHBIKTAY YIIiH
Keneci ailbIpeIMIIbl Ta0y Kaxket: i(p,T) - i(p—0, T) = A i(p,T) = f(@i/@p)ydp. Mynparsr A i(p,T)
— Oacpl aptelK (¢GyHKIMA.  Bi3miH MbIcanga apThIK SHTANbNOUA. APTHIK  (QyHKIUsUIIA
TEpMOAMHAMUKAHBIH AuddepeHnnanaplk TeHaeyiepi KeMeriMeH TepMIIK IMIaMaiap apKbUIbl
aHBIKTANAAbl, JeMeK Oenrini Kyl  TeHaeynepi  apKbUIbl.  DHTAIBIUSHBIH — TOJIBIK
mddepeHnnanbiHa eKiHII BUPUAIIBIK KOA(POHUIMEHT Kipeli, COHABIKTaH dPTYpIi U30TepMIep
yuriH A i(p,T)=f(p) Toyennmuiirin Tangay Kepek. B-T(dB/dT)=0 mapTel OpbIHAATATHIH
TeMIepaTypaHbl uHeepcus memnepamypacst ien araapl. COHIBIKTAH

B-T(dB/dT)<0, erep T<T ..

B-T(dB/dT)> 0, erep T>T' e

HaxTbl ra3iblH apThIK SHTAJIBIUSACHIHBIH W30TEPMiHIC MUHUMYM HYKTeJepi Oap, ojap
MHBEPCHUS HYKTENepi JIeNiHel, ajl OCbl HYKTeNepAi KOCaTblH KUCHIKTbI MHBEPCHUSI KUCBIFBI JICH 1.
OHTPONMAHBI aHBIKTAY YIIIH AJIBIHFBI SHTAIBIUSAHBl aHBIKTAY TOCUIIH KOJAAHAIbl. Op TYpii
auarpaMMaza  u3o0ap, HM30XOpajapAbl  ChI3yFa  JaFabUlaHy —Kepek. HakTel  ras3jabiH

KBUTYCBIMBIMIBUIBIFBL J1a SHTAIBNUSA CHUAKTBI Tabbuiamel: Cp(p,T) - cpo (I) = Acy(p,T) =
[(@cy/op) rdp.

Osinaik 0aKkbLIay CypaKTapsbl

1. Haxkrsl ras.

2. HaxTbl ra3/ibIH SHTAIBIHACHL.

3. HaxTbl ra3/ibIH apThIK SHTAJIBIUSICH.

4. HaxTbl ra3/iplH apThIK SHTAIBIUSACHIHBIH U30TEPMIEPI.

5. ExiHmi Bupuanapik Ko3QuIueHT.

6. HaxTsl ra3aplH Kyil TeHAeyiHIH BUPHAIIBIK TYPI.

7. WHBepcus TeMIiepaTypachlH aHBIKTaY.

8. MHBEPCUS KUCBIFBI TpaduK OOMBIHIIA TaJJaHbI3.

9. DHTaIbIM U300apapsbl.

10.  HaxTsl ra3gblH SHTPONHUSICHI.

11.  Hakrsl ra3ziply apThIK SHTPOIUSICHI.

12.  HakTbl ra3pIH. )KbUTYChIMBIMIBLTBIFBL.

Y CLIHBLIFAH d1e0ueT Ti3imi
Herisri aneduerrep
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4. Kop3yn U.H., [lospkos 1.B. ®u3uka peanbHOro raza U >KUAKOCTH. — AJIMAThI,
Kazak ynusepcureri, 2007. — 166 c.

5. MongabekoBa M.C. KalTeIMCBI3 mporiecTep TepMoanHaMuKackl: OKy Kypalibl.-

Anmatsl: Kazak yausepcureri, 2009. — 118 6.
KocbsiMma aneduerrep

6. AcxkapoBa A.C., MongabexoBa M.C. Monekynanblk ¢pusuka: OKyJIbIK.- AJIMaThL:
Kazak ynuepcureti, 2006.- 246 6.

7. bazapos N.II. 3agaun mo TepMOJMHAMUKE U CTATUCTHYECKOHN (u3mke: YueOHOE
nocoo6ue.- M.: Beicur.mk., 1997.-351 c.

8. Mumenko, YepenennukoB M.A., Kyspmun. Pacder temnousnuyeckux CBOWCTB
BemiecTB. Monorpadus.-Boponex: MU3n-so BI'Y, 1991.- 208 c.
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10.  Pun P., Ilpaycuun Ix., HlepByn T. CpolicTBa ra3oB u xujakocreil: CrnpaBoyHoe
nocooue.- JI.: Xumus, 1982.- 592 c.



11.  Meiicon 3., Cnepaunr T. BupuanbHoe ypaBHeHHe coctosHus.-M.:Mup, 1972.-
280 c.

12. Twpmdensnep k., Keptucc Y., bepn P. MonekynspHas Tteopusi razoB u
skuakocreit.-M.: U1, 1961.-929 c.

13. Kazakmra-opsiciia, opsiciia-Ka3akiia TEPMHHOJOTUSIIBIK Cco3MiK. DHU3nKa KoHE
actpoHomusi /KP YkiMeTi kaHbIHIaFbl MEMIIEKETTIK TEPMUHOJOTHS KOMHCCHUSCHI OEKITKEH
//K.O6niramapos, K.bakreibae, P.bamapyner, C.Mcatae, M.M.Kaabikenos, T.C.KokaHoB,
A.K.KycaiipinoB, M.C.MonnabekoBa, M.I36acapoB.— Anmartsl: Payan, 1999. — 296 c.

S nexkuus

3 moayab. TepMoaMHAMUKAIBIK YKCACTBIK dici

Kamnbl Karupaaap.TepMoauHaMuKanblK YKcacThK. ColikecTik Kyisiep. ©Ommiemcis
napametpiep. ColikecTik Kyiiep 3aHbl. 3aTThIH TEPMOJIMHAMUKAIBIK KaCUETTEpiH O0JDKay YIIiH
COMKECTIK KYHJIep 3aHbIH KOJIJaHy.

Tyiiinai ce3nep: Taza 3ar, ¢aza, XUMHUUIBIK IOTEHIMAN, (a3anap epexeci, Terne-TeHIIK.

Kpickama ma3myHsbl. Erep exi 3at Hemece 3arTap TOObI KacHeTTepi a1e0ip emmeMci3
napameTpiep JKydeciMeH KenTipuireH Oip Jonm con Kyd TeHaeyiMeH OeifHeneHce, oJap
TEPMOJAMHAMHKAIIBIK YKcac Ooyiaapl. OnmeMci3 mapameTpiep xyieci Obutail KypacThIpbliaabl.
On yuin p,V, T, p Ky# mapameTpiepiHiH KaicblOip OenrijieHreH Kyuaeri coikec po, Vo, Ty, po
I1aMajapra KaThIChIH KoJimaHaabl. OHJa eleMci3 alHbIMalibuiap ObUTall aHBIKTANIAABL: @ = p/po;

t =1/ Ty xoHe T.0. Erep ymiHmi mapamerp peTiHIAE CBHIFBUIFBIITHIK KOA(P(HUIMEHTI
aJIbIHCA, OH/A TepMOJMHAMUKAIBIK YKCAac 3aTTap VIIIH KYH TeHjeyl TeHOe-TeH O0o0Jiaabl jKoHe
ObLTall ka3pIanbl: z=z(®, T). EKi 3aTThIH HeMece OipHelie 3aTTapAblH Kyinepi Oipaed o, T
MOH/IepIMEH aHbIKTaJICa, OHJAM KyWiepai colikecTik Kyiiep aen araitabl. Onaitl 6osca coiikecTik
Kyiliepae TepMOAMHAMHKAIBIK YKCac 3arTap YILIIH Ke3 KeNreH eJIIeMCi3 KOMIIEKCTEepIiH
MoHiepi Oipaeit Oosaabl. 7,¢,7 MaManapablH 9p TYpJi 3aTTapra OipAeil MOHAEPiHIH KUBIHTHIFbI
calikecmix Kyliepin aHbIKTaiabl. Erep yIn kenTipiireH mapaMmeTpiaepaid exeyi op Typili 3aTTapaa
Oipaeit Oosica, oHAa YLIIHIII MapaMeTpine ockl 3arTapaa Oipael. Ocbl 3aH catikecmik Kyunep
3anbl JCTl aTajabl.

Ta3a 3ar yuIiH YKCACTBIKTBIH CYHEHIII HYKTEC1 peTiHAe KPUTHUKAJIBIK HYKTCHI ayajbl.
[IpakTUKaJbIK ecenTeyyeplae Toyelci3 mapameTpiiep PpeTiHIE KbICBIM MEH TeMIlepaTypaHbl
amanpl.  ColikecTik Kyilyiep 3aHbIH KOJIIAHBIN, YKcac 3aTTapiblH KacHeTTepi 3epTTenei.
MpIcanbl MHEPT Ta3JapblHbIH CHIFBUIFBIUTHIK AMarpaMMalapbl, apThIK SHTAIbIUS, SHTPONHUS
auarpammaniapbl - okoHe  T.0.  3eprrenreH. KpuTukanblk — aiiMakTarel  Ta3a  3aTThIH
TEPMOJAMHAMMKAIIBIK ~KacuerTepi epekuie Oonaapl. KpuTHKanblK HYKTEHIH MaHaiibIHAA
IPAaBUTALMSIIBIK THAPOCTATUKAIBIK APQeKT Oaiikanaasl, of 3aTThIH OIPTEKCI3IriH TYyIbIPabI.
I'paBUTALMSANIBIK  KYIITEPAIH OpICIHIH ocepi KPUTHUKAIbIK HYKTEICH ajblc KyWiepae
OalikamMaipl, all MaHAMBIHA CYHBIKTHIH HEMece Ta3/IblH MEHIIIKTI KOJIEMiHIH e3repici 3aTThIH
CBHIFBUIFBIIITHIK KOA(Q@UIMEHTIHEe Typa MponopiuoHan Oonaasl. byn rpaButanusiisik 3ddext
KPUTHUKAJIBIK HYKTEHIH MaHaWbIHIA 3aTThIH JKbUTY(U3HUKAJIBIK KAaCHETTEPiH SKCIEPUMEHTAIbbI
3epTTEreH/e KUBIHIIBUIBIKTAD TYIbIpajbl. MoceneH KPUTHKAJIbIK KYHAEri 3aTThIH Tere-TeHJIIK
KYHIHIH OpHAaybIHBIH YaKbITBIHBIH Y3aKThIFbl. OCBIFAH KOCAa KPUTHUKAJBIK HYKTEHIH MaHaibIHAA
3aTTBIH MEHIIIKTI KeJIEMi, SHTaJbIMACHI, >KbUTyCHIMBIMABUIBIFBl KYPT ©3repiCKe YIIbIpaibl,
KbICBIM MEH TeMIlepaTypaHblH ©Te 9JICi3 aybITKyJapbl ©JIIEHIN OTBIPFAaH KacHeTTEepAiH A9J
MOHIHEH eloyip YIKEeH aybITKyjJdapra okeneldi. Toxipubenep KOPBITBIHIBICH OOWBIHIIIA
KPUTHKAJIBIK KYHIIH KpUTEpHiisiepi Obliaii aHbIKTasa /bl

2
(a—pJ =0  KoHE 0 IZ
ov ), 0 ’

Ocpbl maprrap OoibIHIIA HAKTHI ra3 KYWHIHIH TEHICYIHEH KpumuKkdaivlk napamempiepoi
aHbIKTaiinpl. KpuUTHKaJbIK HYKTeree JKakpIHIAAFaHAd, H300apibIK  KbUTYCHIHBIMIBLIBIK,
M30TEPMIIK  CHIFBUIFBIITHIK ~ KOO(QHUIMEHT  MIeKCi3AIKKe  yMTbuiaabl.  M30Xxopanbik




KBLUTYCHIMIBUTBIK SKCIIEPUMEHT HOTHXKelepi OOMBIHINIA KPUTUKAIBIK HYKTEHIH KaHbIH/IA TIIEKCI3
eceni. KpHTHKaJbIK KBICHIM MEH TeMIlepaTypaHbl SKCHEpUMEHTTEH Tadyra Oomansl. bipax
KPUTHUKAJIBIK KOJIEM/I1 ©JIIIey 6T KHbIH, OHBI I'pa)0aHATUTUKAIBIK SIC aPKBUIbI CAIBICTHIPMAIBI
TypAe Tabanpl. . Al KHHETHKAIBIK KO3 QUIIMEHTTep 1 3epTTeY 30p KMBIHIIBIIBIKTADP TYAbIPAIbI.
MeHiH KaHIUAATTBIK JIUCCEepTalusiara 3epTTeysiepiM OChl KPUTHKAJIBIK ailMarblHAa e3apa
TuQPy3usaablK KOdPPHUIUEHTTIH KbICBIM MEH TeMIlepaTypara TOYENAUIIriH AKCIEPUMEHTTIK
aHbIKTayMeH OainanpicThl  OonFaH. COHABIKTAH — KPUTHKAJIBIK ailMaKTarbl  3aTTHIH
TEPMOJAMHAMHKAIIBIK KACHETTEepl MaFraH ©Te€ MAJIIM.
Osinaik 0aKbLIay CypaKTapsbl

1. Kanpaii 3aTTap TepMoIuHaMUKaIbIK YKcac 00masl?

2. OneMciz napameTpIiep xyieci Kajail KypacTbIpbLIaab?

3. ColikecTik KyWiep Kanail aHbIKTaIa Ibl?

4. CalikecTik KYWJIep 3aHbIH TY)KbIPbIMJIAHbI3.

5. ¥KCaCTBIKTBIH CYHEHII HYKTEC] peTiHe KaHaai napameTpiep aablHabl?

6. Kenripiiren napametp Aen KaHaaid napameTpiiepi aitaabi?

7. Ban-nep-Baanbc TeHaeyiHIH KENTIPUITeH TYPIH XKa3bIHbI3.

8. Bupnanaplk Ky# TeHIEYiHIH KeNTIpUIreH TYpPiH jKa3bIHbI3.

9. OnmeMci3 napameTpIep Kajiail aHbIKTanabl?.

10. Taza ra3map MeH CYMBIKTapblH KbICHIMBI, KeJIEMI QHE TeMIIepaTypachl
apachIHAAFbl KaThIHACTAP.

11.  Exinapametpinik koppemstuusiaap.\KpuTukaiblk KyW/iH KpuTepuitiepi.

12.  KpuTuKajiblK HYKT€HIH MaHaWblHJa TPAaBUTALMSIBIK T'MIPOCTATUKAIBIK APPEKTi
TYCIHIIPIHI3.
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13 Kazakma-opsiciia, opbiciia-Ka3akia TEPMHUHOJOTHSUIBIK ce3liK. Pu3nka xoHe
actpoHomusi /KP YkiMeTi kaHbIHIaFbl MEMIIEKETTIK TEpPMUHOJOTHS KOMHCCHUSCHI OEKITKEH
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6 JIeKI U
4 wmoaynb. KenkomMmoHeHTTIK Oipda3sanbik :KylejepaiH TepMOANHAMHKAJIBIK
KacuerTepi

Kyi#t renneynepi. Kyit tenneynepinin xanmsl Typi. Mnean ras kyiinig teHaeyi. Hakrobr
ra3 KyHiHiH Tenaeyi. Ban-aep-Baanbc Tenaeyi. ['a3 kyliHiH TeHACYIHIH BUPHAIABIK TYPI.

Tyiiinai ce3mep: Tasza, Gipdazanbik, 3aT, HAKThl Ta3, TEPMIIK KacHUETTEp, U30TEpMIEp,
nzobapinap, nzoxopanap, K03)OUIUEHT, CHIFbUIFBIITHIK.

Kpickama masmyHbl. biprekti 6ipda3anblk XUMUSIIBIK peakuusiap KypMEUTIH
KOIIKOMITIOHEHTTI JKyHenepal KapacTelpambl3. Kypambl MONBIIK Hemece MaccalblK Yieci,
KOHIICHTPALUsIapbl apKbUIbI KOPCETUIe .

Wnean ra3apiy smnupukanbik 3agaapel: pv=f(T) -boiine 3aub1 (0u/0v)r — J>KOynb 3aHBI.
Ocwl TeHIeylepJeH uaean ra3 KyHiHIH TeHJeyl KOPBITBIIAAbI, OJaH TEPMIIK KacHeTTepi:
u30TepMepl, H300apiapbl, H30XOpalapbl KOHE TEepMAIK KOdPPHUIMEHTepl aHBIKTANAIbI.
Tepmaik korpduuuentepi: keaeMaik yirao kodddunuenti f=1/T; H30TepMIIK CHIFBUIFBIIITHIK
koabdunmenti  or=- 1/p; KBICBIMHBIH TepMIiK Koddpduuumentiy=1/T. Wnean ra3apiy
KJIOPHSUIBIK KacHeTTepi 1MIKi SHEpPrHsi, SHTAJbIUS, KbUIYCHIMBIMABUIBIK KbICHIMFA HEMece
KeJIeMIe Toyelci3, TeK TeMIlepaTypara Tayenal. HakTel ra3ablH MoJeKyJaJapblHbIH KeJeMiH
JKOHE OJIAp/IbIH OPEKETTECYl UeallILIKTaH KaCUETTEePIHIH aybITKYbIH TyCiHIipeai. XX FachIpbIH
30-40 >x.K. HaKThl ra3 KYWHIHIH TEHACYIHIH upuanoviy mypi YChIHBUIABL pv=RT(1+B/v +C/
V. ), myuaarsl B(T), C(T) — ekiHIll >KoHE YIIIHIII BHUPUATABIK KOd()DUIIMEHT nen aTanajsl.
Erep raznelH MoJieKynaaapaiblK opeKeTTecy MOTeHUUabl Oenrini 6ojica, OHAAa CTaTUCTUKAIBIK
¢usukana Oyn kodpduuueHTTepai ecentey (Gopmynackl KOPHITbUIaAbI. boiiab Temmeparypchbl
nen exiHuli BupHanablk kodpduuueHnt B(T)=0 Oonranmarsl TemmeparypaHbl aiTansl. HakTel
ra3jiblH M30TepMJEpiH, u300apiapblH, HU30XopamapblH p-V, p-T- nuarpamMmaza cbi3y Kepek.
HakTel raznsiH CHIFBUTFBINTHIK Kodpduuuenti z=pV/RT, unmean razga z=0. HakTel ra3apiH
TEPMJIIK KacHeTTepi KacHeTTepl ujaean ra3fblKiHeH enyoip albIpbLIajbl, OUTKEeHI KYH TeHIeyi
kypaeni, Kyit Tenneynepi ere kypaeni. Meicansl benennkr-Be60-Pyoun tenaeyi.

OsiHaik 0aKbLIay CypaKTapsbl

1. Wnean ra3 KyiiHiH TeHACYI.

2. Haxkrel ra3 kyliiHiH TeHaeyi. Kyii TenaeyiHiH BUpHAIABIK TYpI.

3. Wnean ra3aplH TEPMAIK KacUETTepi: H30TepMIEpi, M300apiapbl, HU30XOpajapbl
(rpadukTepi) xoHe TepMaiK koddduimrenTepi.

4. HakTbl ra3aplH TepMAIK KacHeTTepi: u3oTepmuaepi, u3obapiapbl, U30XOpajapbl
(rpadukTepi) xoHe TepMaiK KoddduumenTepi.

3. borine TeMiiepaTypacsl.

6. MonbiK KOHIIEHTpaIlMs aHBIKTaMAacChI.

7. MaccanplK KOHIICHTpAIUS AaHBIKTaMaCHI.

8. JlaJIbTOH 3aHBbI.

0. [Tapuman KbICHIMBI.

10. Awmara 3aHpbl.

11. boiinp-Mapuott TeHueyi.

Y CLIHBLIFAH d1e0ueT Ti3imi
Herisri aneduerrep
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Anmarsl: Kazak ynusepcureri, 2009. — 118 6.
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11 Meiicon 3., Cnepnunr T. BupuansHoe ypaBHeHue coctosiHuA.-M.:Mup, 1972.-
280 c.

12 I'mpuipensnep k., Keprucc Y., bepn P. MonekynspHas Tteopusi razoB u
skuakocten.-M.: NI, 1961.-929 c.

13 Kazakma-opbiciia, opsiciIa-Ka3akiia TePMHHOJIOTHSUIBIK ce3aik. PU3nKa >KoHe

actpoHomusi /KP YkiMeTi »kaHbIHIaFbl MeMIIEKETTIK TEepMUHOJOTHS KOMMCCHUSICHI OEKITKEH
//IK.O6airamapoB, K.bakreibaes, P.bamapyner, C.Mcatae, M.M.Kaabikenos, T.C.KokaHoB,
A.K.KycaiipinoB, M.C.MonnabekoBa, M.I36acapoB.— Anmartsl: Payan, 1999. — 296 c.

7 JeKkuus
Haxkrel ra3apiy Kocnachl. HakThl Ta3 KOCHACHIHBIH MapIHAIABIK KbICHIMBI JKOHE KOJIEMI.
Wnean emec ra3iblH KOCHaTapbIHBIH TEPMOJAUHAMUKAIBIK (QYHKIHUSATAPHIL.
Tyiinai ce3aep: KONKOMIOHEHTTIK, OipdasanbikK, XKyiie, HaKThl, ra3, KOCIHa,
napuuan, KbIChIM, KeJeM, BUPUAIIBIK, KOA((OUIIUEHT, OUHAPIBIK.
Kbickama wma3myHbl. HakTel ra3 KocnachlHBIH JKailbl p  KbICBIMBI KOCHAaHBIH

KOMITOHEHTTEPIHIH Mapiuai KbICBIMIAPBIHBIH KOCBHIHIBICKIHA TEH OOiMaiiabl , nemMek JlanbToH

.
3aHbl OPLIHAAIMANIBL, OHIA p =p, + P, + Py +... # Z p, - XoHe piFpx;. Hakrel ra3 xocmacel
i=1

yuriH Amara 3aHbl Ja opblHAanMaiapl. byn ke3me apTelK GyHKOusuap maiiaa 6omansl, onap
HAKTHI Ta3 KYIHIH TeHAeyiMeH OainaHpICThl. Maean emec ra3aap >Kaimbl KeleMe apalacKaH/a,
oNlapJIbIH TEeMIepaTypachl MEH KbICHIMBl aJ/IBIHIAFbl apajacrail TypraHJarbl Ta3JapblH
napameTpiepine coiikec kenmeini. COHIBIKTaH MOJBJIK IaManap yiliH Oyl epHeKTepAiH Typi
Obutait xaspuianel: v(p,1)=) xvi(P,T) +Av(p,T,x;, x>...), MYHIAFbl V — MOJBIIK KOJEM, X/, X2 —
KOCIIaHBIH KOMITOHEHTTEPIHIH MOJBAIK KOHIEHTpanuschl, Av(p,T,x;, X2...) — MOIBIIK KOJIEMHIH
UACANIBIKTaH AaYBITKYbIH €CKEpeTiH Ty3eTynep. MpIicanbl, BHpPHAIABIK KO3 UIIEHTTEp
TeMIepaTypa MEH 3aTThblH KOHIICHTpPAUMAChIHA Toyesal.  BUHApIBIK Kocma YIIH eKiHIIi
BHPHAIIBIK KO3(DGUIUMEHT Obliail aHBIKTANANBL Byoena= Bax;” +2B2x1x;+By; x°5. DHrponus
XKoHEe Oacka TepMOJAMHAMHUKANBIK (YHKIUSIIApAAa OChI MOJBJIIK KOJIeM CHAKTBI YKcac
OPHEKTEPMEH aHbIKTaNabl. MbIcajbl, 0achl apTHIK SHTPOIUSHBIH KAaCHETiH HAKThl T'a3 KOCHAChI
y1iH Oblaii ecenteyre 60yapl:

As(p,T.x1, x3...)=-J(OAV/OT),, dp.

Osinaik 0aKbLIay CypaKTaphbl.

1. MonbiK KOHIIEHTpalKs aHBIKTaMachl.

2. MaccanblK KOHIIEHTPAIUS aHbIKTaMacChl.

3. HaxTbl ra3 KocrachbIHbIH KbICBIMBI, KOJIEM.



[Tapuman KpICBIMBL. J[QJIBTOH 3aHBL.

Awmara 3aHpl.

Boitnb-MapuoTT Tenaeyi.

bacel apThIK QyHKIMsIIAp e HeHi aiTabl?

Exinnni BUpraiasik KO3QQPUIIMEHTTIH TeMIIepaTypara 3aTThIH KOHIICHTPAIUSIChIHA

O NNk

TOYeJIUTIr.
9. ExiHmi BupuanaplK K03()GUIUEHTTIH 3aTThIH KOHIIEHTPALUACHIHA TYEALTIr].
10.  benenuxt-Be66-PyOun Tenmeyi.
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8 nexnus

dazanbIK Tene-TeHIIK. bipiHimi TekTi (a3aiblK aybicylap KOHE OChI ayblcysap Ke3iHJeri
KbUTYINBIK d¢dexrinep. Exinmi texrti ¢azansik aysicynap. Knaneiipon-Knaysuyc tenneyi. Taza
3aTThIH YIII (ha3aChIHBIH TEHEe-TeHIIT 1.

Tyiingi ce3mep: cyiiblk, rasz Topizaec, (aza, Oy CBI3BIKTApbl, KPUTUKAIBIK,
TeMIeparypa, KOIKOMIIOHEHTTI, Xyile, Teme-TeHIiK, OMHAPIbIK, KaTThl JeHe, OankKy, Kartaro,
KOPBITIIA, epiTiHIl, OY.

Kbickama ma3mynbl. Erep OuHapibIK kyihene eki ¢aza Teme-TeHIIKTe KaTap
eMip cypce, onaa ['m66ctin daszanap epexeci OoibIHIIa OyHIal Kyie eKi epKIH/IK JopexKere ue.
Oumnait Gosica MyH/al >KyMeHIH KyHiH cunarTtaTelH p, 71, X;, X, TOPT HIaMaHbIH eKeyl Toyesci3
Oomazpl 1a, KaJFaH eKeyl cosapiblH (QYHKIUACH Oojajpl. OJeTTe, €Ki alHbIMablIapabl
KapacTelpMay VIIiH, Oip Toyesci3 IamaHbl TYpakThl Jer, Oeiruielji, colaH KeWiH Toyennui
allHpIMasiblIap MeH Olp Toyenci3 IIaMaHblH apachlHAArbl OalgaHbICTapabl 137ecTipeni.



CoHIBIKTaH CYHBIK - Oy Tere-TeHIIriH OMHapIIBIK JKyieae 3epTTereHie Keueci ToyenaumikTepi
anbIKTaWnbl: py(T).r, ps(T) <2, ps(Xi)1. Ps(x2)1, Ts(x1)p Ts(X2)p, X1(X2)p, X1 (X2)),

Konnenrpanusicel X, keOy KaHBIKKaH OynaH dN; 3aTThlH MOJi CYHBIKKA
M300apIbIK-U30TEPMIIK aybICKaHma, As,; SHTpomus MeH Av,; — KeJIeMHIH e3repiciHiH 1
MOJIbI'e KaThIHACKI ObLMail aHbIKTananwl: (Op/0T) y2 =, Asy;/Avsy;. Ocwl TeHAEYyIEri SHTPOMUs
©3TepICIH JHTANBIMIFA aybICThIpyFa Oonanel. P-T nuarpammana x=const Ke3iHAe KaHBIKKaH
OyAbIH TemIepaTypara TOYEJAUIINiH KepceTy Kepek. TypakTel TemrepaTypaja KaHbIKKAH
epITIHIIHIH KbICHIMBIMEH ((ha3ajblK TEMe-TeHIIKTE p KbICBIM KaHBIFY KBICHIMBI Ps O1p) CYHBIK
EpITIHIIHIH KOHIICHTPAIUSACHI apachbIHAaFbl Oaiiianbic ObUIAll aHBIKTANANBL: ps; (1-X1)+ps2 X1=p,
TIEMEK ps;, Ps2 TypakThl. Ocel epHeKTeH T=const 60JFaHa, X; MIBFAPBII, p MEH X, apPaChIHAAFbI
OaiimaHbICTHI TaOaIbI:

1p=1/p (I-x3)+1/ps» x; . byn O0alinaHpICTBl OWHAPIBIK epitinai  ymin P-x
qyarpaMMachlHaa cyperteiai. TypakTel TemmepaTypajga X; MEH X» apachlHIarbl OaiiaHbIC
MBIHAFaH TEH;

X2 = X1/ B((1-x1)+ x5, mysgarsl B= psi(T)/ ps2(T). T=const GonFaHma, OChl KaTbICTap
OuHapiblK eKkiazanblK KYHEHIH MapaMeTpiepi apachlHAArbl OalIaHbICTapAbl TOJBIFBIMEH
KaMTUJIBl. p=const OonraHnga, H KoimaHamel. OHma Oyabl uaean ra3, an OymaHy KbLUTYbI
Temneparypara Toyenai emec jaen Knanelipon-Knaysuyc tenzeyi, keiaeci KaTbICTl Tabaasl: /n
ps=-r/RT+C.

Wnean 6uHapAbIK CYHBIK - Oy eKidazamblK KyHeHiH Tere-TeHAIri )koHe (pa3abiK aybICybl
YIIIH HET3ri epeKmenikrep MbiHagail Oonansl. 1) Dazaneik Teme-TeHIIKTE Qa3anap
TeMIepaTypackl MEH KbICBIMBI OipJei, ai Kalmbl JKaFaaiga KOHIEHTpAIUsIIapbl 9p Typii. 2)
dazanblk aypicy JXKaObIK JXKyHene (daT MeIiepi TYpPakThl) HEMece KBICBIM TYPaKThl HeMece
TeMIlepaTypa TYpakThl >Karmaiga eteni. Ocwl ke3me Oacka mapameTpdaszaiblK aybICYIbIH
OacbIHaH asFbIHA JCWIH aKpIpibl mamMara e3repeni. OHbl T-X AuarpaMmachiHaH Kepyre Oonafbl.
3) TypakThl TeMIiepaTypa MEH TYPaKThl KbICBIM KE31HJIE Xy KOHE X; OaillaHBICHI 9p TYPIIL.

KarTel neHe-cyiibIK Tere-TeHAIrH 3epTTereHie, algbIMeH KATThl KOPBITIIaHbBIH
OanKy TeMmIlepaTypachlH HEMece EepITIHIICIHIH KaTal TeMIepaTypachlH OUTy KaXeT, erep
OJIap/BIH KOHIIEHTparumsiaps! Oenrini 6onca. Erep kartel ¢azansl (1) gem, an cyWbIKTH (2) gemn
Oenrinecek, OHIA OWHApJIBIK KYHeAeri KarThl JIeHEe-CYWBIK Tere-TeHIIrl KbICHIM >KOFapbl
6onmaca, Owbwnait sxasemanbl: @ (T,x)= @2 (T,x2); @21 (T,x1)= @22 (T,x;). Erep KopsITIia MeH
epiTinai unean 6osca, oHIa KOWBUIFAH CypaKTap/IblH IIenIiyi KapamnaiibiM. KaTTel neHe-cyibik
Tene-TeHINHIH MapTTapbl OblIai aHbIKTAIA bl

L IRT L2/RT. _q. - L IRT -

(T/T 16a1) (I-x)+ (T/T; 6anky) x1=1; (T/T16amy) (I-x;)+ (T/T; 6anky)
LYRTx,=1.

Ocwl  Tenmeynepnin T-x — rpadurinme eki KHCBHIK Oap: | KHCBIK —COIUAYC
KOpBITHANAPAbIH OalKybIHBIH OacTalyblH KepceTeli, 2 KHCHIK -  JIMKBUAYC KaTaroJbIH
OacranysiH kepceteni. Koaimri Oynany CHSKTBI, TuarpaMManarbl 1 KUCBHIKTBIH acThI-KATThI (a3a,
2 KHUCBIKTBIH YCTi1 — CYHBIK, all OJIapJAbIH apachl ekidazajblK Kyie: KaTThl+cyilbik. COHBIMEH
Oanky Hemece KaTaro T-x — rpaduri apKeUibl TanaaHanasl. Maean eMec KaTThl JI€HE-CYHBIK
JKyHeciHae 3aTThIH KaTThl (pa3achl >KapbIM-KapThlIail apanacaasl HEMECE TOJBIK apaiacliaii/ibl.
Congpikran T-x-muarpamMmaza KarTel (a3aHblH —apajaclmalThlH  aliMarbIHBIH — IEKapachl
OenrineHel; OHJa IBTEKTIK TeMIIepaTypachl aHBIKTAIA/IbI.

CyiibIk-0y (a3anbIK aybICYbIH KapacThIpy 9ici OapiblK 6acka aybICyapFa J1a Kapamabl.
Anneiven T-x-¢azanplk auarpammana uaean XyieHi KapacTeipambi3. Ocbhl Ke3/e allbIHFaH
OapibIK HOTIKEJEp camaibl TYpAE HAean eMmec Kyihenepae e opbiHAanaabl. KaHblkkaH Kyiine
cyifbIk Oap gemnik. T-x-pazanbik nuarpammazna 1 Hykre. Erep p=const »xarnaiia cylbIKKa KbLTY
Oepir, OHBI TOJIBIFBIMEH OyFa aifHaaAbIpyFra Oonaapl (2 HYKTe). 2 HYKTe Temiieparypa | HyKTeaeH
orapsbl. 3aTThIH Oip MoJiHe (Hemece 1 kr) 1 KyiineH 2 kyiire aybicy YLIIH p=const Ke3iHje
OepulreH 7, JKbLIy MOJIIEPIH O)1aHyObly UHmMezpanovlx Jiculayel Jen artaiasl. Kepicinie
KOHOEHCayusananyoblyy unmezpanovik dtcvliybl  (2kyiaeH 1 xyiire aybicy) OyiaaHyABIH KbLTY
MeJiepiHe TeH, Oipak TaHOackl oFaH Kapama-kKapcel. Erep Oynany 7=const eTce, OHAA XKbLTY



Oepiyl KbICBIMHBIH ©3TepiCIMEH OTeJ] KOHE OJI TYPaKThl TeMIepaTypaiarbl rr OylaHyIbIH
MHTETPAIIBIK KbUTYbl AeiiHenl. by mamanapaein MoHzmepi op typai. IIpaktuka sxy3iHae ere
M1 OTEeTIH MPOLECTepAe CYbIUBIFBIMEH Tene-TeHAIKTer1 OynbIH a3 Memiepi Kaxer Oonaasl (3
HykTe). Ochl karmaiia TypakThl KbichbiMAa | Monb (Hemece lkr) ampiHFaH OyFa KyMcaiaFaH
KBLTYTBI qp6yH“¢’ Oynanyowiy oughghepenyuanovix dncwviiyel nen araiiael. Oceiran ykcac T=const
Ke3iHIe q 1oy OYIaHYIbIH

muddepeHInanapIK KbUTybl aHbIKTaanabl. Ocbuiail p=const xoHe T=const Ke3iHIe
KOHOeHCcayusnianyooly ouggepenyuanovix ocvlnyrapul  Tadbuiaasl. CoHBIMEH Ta3a 3aTKa
KaparaHjga OMHApJBIK epITIHAUIEpAl CUNATTAWTBIH KbUIYNIBIK d(dexTinep kem. Tinti uaean
XKyhenep YUIH Oy *KbUTyJbIK 3QQeKTTepal aHAIUTUKANBIK TYP/AE aHBIKTAy KYpaeni, aj ujaean
eMec epiTiHAlIep, KOpBITHANAp YIUiH aHbIKTay MYMKiH emec.  CoOHZIbIKTaH OWHapIbIK
epiTinainepaeri (azanblK aybiCy Ke3iHZAET! XBUIYJIbIK 3¢ (dekTep Macenenepi auarpaMmmanap
KOMETIMEH ecenTenei.

Osinaik 0aKbLIay CypaKTapsbl

1. Kanpait xxyiienep KoKOMIIOHEHTTi?

2. bunapnsIk xyiiene ¢azanap caHbl KaHIa?

3. Kanbikkan Oy KbICBIMBIHBIH TEMIIEpaTypara TOYeJAUIIri (epHert).

4. Kanbikkan Oy KbICBIMBIHBIH TeMIIepaTypara Toyenainiri (P-7 auarpaMma).

5. TypakTsl Temneparypaja KaHbIKKAaH €pITIHAIHIH p, Ps )KOHE CYHBIK epiTiHIiHIH
KOHIICHTPALMACHI apachIHaFbl OaliIaHbIC.

6. T=const 6osiFaHIaFbl p MEH X, apaChIHaFbl OaliIaHbIC.

7. bunapnsik epiTinai yuid P-x quarpaMMachiH ChI3bIHBI3.

8. TypakTsl TeMIlepaTypaja x; MEH X, apachlHIarbl OaliIaHbIC.

9. Knaneitpon-Knaysuyc tenneyi

10.  p=const Gonrannarel T MEH x apachlHJarbl OailaHbIC.

11.  Wpean GuHapiblK CYHBIK - Oy eKi(a3anbIK KYHeHIH Tene-TeHairi xoHe (a3ablk

aybICYBIHAFbl HETI3T1 epeKILeTIKTep.
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skuakocreit.-M.: U1, 1961.-929 c.

13 Kazakmra-oppiciia, opsiciia-Ka3zakiia TEPMHHOJOTUSIIBIK Cco3MiK. Du3nuKa xKoHE
actponomusi /KP YkiMeTi kaHbIHIAFbl MEMIIEKETTIK TEPMUHOJOTHS KOMHCCHUSCHI OEKITKEH
//K.O6niramapos, K.bakreibae, P.bamapyner, C.McataeB, M.M.Kaabikenos, T.C.KokaHos,
A.K.KycaiipinoB, M.C.MonnabekoBa, M.I36acapoB.— Anmartsl: Payan, 1999. — 296 c.

9nexkums

S moayab. 3arrapabiH Teme-TeHAikcis Kacuerrepi. Kaiiteimcei3 nponecrep. Teme-
TEH/IKCI3 KAaWTBIMCBI3 TPOLIECTEPAIH HEri3ri TyciHikremenepi. Juccunanus KyObUIBICHI.
JlokanaplK Teme-TeHIIK. AFBIHIAp JKOHE KalHap Ke3naepi Typaibl YFbIM. Teme-TeHmiKTi
TEPMOJAMHAMHUKAHBIH 3aHJAPBIHBIH O KAJIIbUIBIKTBUIBIFEL. Tere-TeHIIKTI TepMOJIuHAMHUKAHBIH
[IEKTEINYi.

Tyitinai ce3mep: KalTBIMIbI, KAaUTBHIMCBHI3 MPOIECCTEpP, OKIIAyIaHFAH XyHe,, KaObIK
JKyi#e, —amblK JKyhe, Teme-TeHCI3MIK, TOJIBIK Teme-TeHAIK, MEeXaHWKAIbIK Tene-TeHIIK,
TEPMOJIMHAMHUKABIK TENe-TeHIIK, aFblH, aFbIH KO3Aepi, JOKAIIBIK, (GIyKTyarus, (U3HKAIbIK
AJIEMEHTAap KOJIeM, KEPHEYJIIK TEeH30PBbI.

Kpickama ma3myHbl. TepMOIMHAMMKANBIK TEMEe-TEHMIK YFBIMBIHBIH MEXaHUKAJIbIK
Tene-TeH IIKIIEH e3remlelniri Myiae 0acka cumarka ue Oonaapl. TepMOAMHAMHKAIBIK KXYHEHIH
MoJIeKyJajapsl (TeMreparypa acKblH TOMEH 00JMaca) TeHJECHereH KYLITep dpeKeTiHae OOIbII
YKaH-KaKThl MYMKIH OaFbITTap/ia Ko3ranaasl. 7epmoounamuxanvi xcyiie et 0acka JAeHelIepMeH
JKOHE e3apa JHeprusl koHe (HeMmece) 3aT aiMaca anaTtblH Oip HeMmece OipHelie aeHenep
JKUBIHTBIFBIH aTaiifipl. MyHAa Teme-TeHJIIK YFBIMJBI KYHEH1 TyTac ajFaHaa KelOip OipieckeH
(;mat. collectivus — >xuHakray, 6ipre, OipieckeH, KOJUIEKTUBTIK) cuIaTTaMaapblHa KaTKbI3aIbl,
alfTanblK, TeMIepaTypa, KbICBIM HEMece KOMIIOHEHT KOHIEHTPALMUACHl CHSIKTBL. by
CHUITaTTaMajap Xyie opeKeTTepiH MaKpOCKOINTHI Type OCHEeNeN i xoHe Ky napamempiaepi 1€
aranansl. Erep ammacyra skayanTsl X; )KOHE CBIPTKBI OPTaHbIH X, cHIaTTaMallapbIHBIH MOHJEpi
KYyWe MeH CBIPTKbI oprajaa Oipneil 6osca, oHAa *Kyle TepMOAWHAMMKAJBIK Tere-TeHIIK Kyiine
6omazpl.. ChIPTKBI OpTaMeH SHEPrus >KoHE 3aT aIMAacHalThIH XKYHEHI oxwayranzan xyie aen
araiiipl. Erep oKmiaynaHFaH okyidenepae SHeprus Iuccumanuschl Ooiica, OHIAa >KYHEHIH
SHTPOIHUACH ©cei. DHEPrUusHbIH Auccunanuscel (y1at dissipatio — malibIpay) AEreH PeTTeNreH
nporecTepaiH (KO3FalbICTarbl JEHEHIH KWHETUKAJBIK 3HEPTHUSCHI, JIEKTP TOTBIHBIH YHEPTUSACHI
oHe T.0.) OeJIriHiH YHEPTUACHl PeTTEIMETeH MPOLECTEP/IiH YHEPTUsAChIHA OTY1, €H aKbIPbIH/A -
KBUTYFa. DHEPrusiHbIH JUCCUINIALUACHl OalKalaThlH XKyHenep oduccunamuemix dcyuenep el
aTajajpl, oap JUHAMHUKAIBIK XKyhenep O0omasl. MbIcaibl, MEXaHUKAAa KO3FaJIbICTaFbl JEHEHIH
TOJIBIK SHEPrUsChbl Y3IIKCI3 KeMil (IIamblpaiiibl), SHEPTUSHBIH MEXaHHKalblK eMec Oacka
TYpJiepiHe (MbICaJIbL, XKbUTyFa) OTEI.

OHTponusa dS ecIMILIECIHIH €Ki KypaylIbIChIH aXbIpaTy KaxeT: OipiHmIici d.S xyiie
IIeKapacblHAH SHTPONMs TacChIMalJayblH (CBIPTKBl OpTaMEH oCEpJIeCYJeH TYBIHAAWTBIH
SHTPOIINS aFbIHBIH) CypeTTeil; eKinmici d;S xyihene eHaipuiren (kyieneri imki e3repicrepMex
OailIaHbICTBI SHTPONHUA OOJIIrl) YHTPOIUAHBI OENTLIeH 11, COHNBIKTaH dS TeH 00Jyabl:

dS=d S+d.S
e i

OHTponus OHAIpICIHE TEeK KaHa KaMThIMCHI3 TMpoLecTep YJec Kocaabl. byHnai
npolecTepre XUMHUSIBIK peakuusuiap, AudQysus, KpUTyoTKI3TIITIK, TYTKBIPIBIK Tarbl 1a 6acka
MpOLeCTEpl JKaTKbI3yra Oonanel. TepMonMHAMUKAHBIH —€KiHINI OacTtamachlHaH TaFbl Jia
yakbimmuly 0ip 0a2blmmulibl2bl MBIFAbl; YAKbITTBIH OH OaFbITBIH €KiHIII 6acTama SHTPOMHS
ecyiMeH OalTaHBICTBIPA/IbI.

Bbepinren OeT apkbuibl OipiliK yaKbITTa MacCaHbIH TachIMalAaybiH J Macca a2viHbl ACT
aTaiiipl. KenmkoMIOHEHTTIK Kyie YIIiH jKeKe J; KOMIIOHEHTTIH aFblH [IaMallapblH OlTy Kepek.
Macca arblHBI OeneinenHeer 6Gem ApKbUIBI 3aTTHIH TAaChIMAJAybIH CUMATTaiiabl, an Oer enec,
xanrad ((UKTHBTI) Aa TypiHAe OO0yl MYMKiH. VIMITylbC BEKTOPJBIK IIamMa OOJIFaHBIKTaH,
Oepinren O6er apKbUIbl UMIYILCTIH I1,, 11, II. yi OarbITTa arblHbl 00JIaJbI, OCBUIAPIBIH opOipi



Oepinren 6eT apKpUIbl OIpJiK YaKbpITTa ©TETIH MMITYJIbC MPOCKIMACHIHBIH IIaMachlH KOpPCETEl.
OHJia UMITYIBCTBIH 3 MEHIIIKTI aFbIHbI Ty, Ty, T 0ap, OHBIH IpOipeyl 31aeMeHTap dS aynaHHbBIH
OarpITTanyblHa Toyenai. Erep dS aynan x,),z ochTepiHe NEpHEeHAMKYIAp OarbITTalFaH 0OoJca,
OHAa opOip T-A€ YU Ty, Ty, Ti: KOMIOHEHTTepre ue Oomanasl. CeUTIN, UMITYIbC arbIHBI 9
KOMITIOHEHTTiI (9 OaFbITTBI) IIama, JOEMEK OCHl JKUBIHTBIFBI HMMITYJbCTBIH MEHIIIKTI aFbIH
TEH30PBIH KYpacThIpaabl. AFbIHIAPIbI MaKPOCKOITHI )KOHE MUKPOCKONTHI JICHIei/ie CypeTTeyre
6omanpl. Makpockonmuix mModende a3 KOHTHUHYYM (JIaThIHIIA continuum - y3UIicCi3) peTiHne
KapacThIPBLIAIbl KOHE THICTI CYpeTTeyl MaKpOCKONTHIK >KbUIAAMIBIK, THIFBI3BIK, KICHIM YKOHE
TeMIIepaTypaHblH KOOPAWHATTAP MEH YaKbITTaH TAYENILIIri apKbUibl Oepineni. Mukpockonmoik
Hemece MOAeKYIaNbIK MOOeb Ta3IbIH KYPBUIBIMBIH CAaHCBI3 JJUCKPETTI MOJIEKYJIaap KUBIHTBIFbI
peTinae Kapam, Ke3 KEIreH YakbplT Me3€TiHAe OapiblK MOJISKyJaJapblH OpHBI JKOHE
JKBUTIAMJIBIFBI TYpajibl MOTIMETTEPA1 KAMTaMachl3 €Te/Ii.

OkmraynaHraH >xyienie SHTPOMHUS aFbIHbI dpS HOJIre TE€H, COHJIBIKTAH:

dS=d;$>0, d.S=0.

byn epHek OSHTpomus emKamiaH KeMIMEHal JereH TepMOIWHAMHUKAHBIH CKIHIII
0acTaMachIHBIH KJIACCHUKAJIBIK TYKBIPhIMIAMAachlHA Cail JKOHE OHBIH OyJl KacheTi KaWThIMCHI3
nporectep OaliKalyblH aHBIKTaWTBIH Kpumeputiin Oepeni. bomkay OoliblHIIA OpTalanaraHaa

ycak MacuItabTel (IIyKTyalusiap »KOUbUIFaH KEHICTIK jKOHE YaKbIT HHTEPBAIAPBIH /' koHe [

Geitneneiini. ” OGeliHeNneiTiH JOKAIIbl aiMaK onemenmap usukaneis konem (IPK) nen
arangagpl. OCBIHIAM KEHICTIK KOOPAMHATTAp JKOHE YaKbIT KYHECIH EHI3yIl Kewicmik new
yakulmmul ipimyuipai mezicmey e aTauJibl.
Osinaik 0aKkbLIay CypaKTapsbl

OxkmmaynanraH, )ka0ObIK, alllbIK KyHenep.

TomnbIK TeTe-TeH/IIK.

MexaHUKambIK )KOHE TEPMOJAMHAMUKAIIBIK TeTe-TEHIIK.

Tene-TeHIIK TEPMOIUHAMUKAHBIH KAIMBUIBIKTLUTBIFbI

Tene-TeHIIK TEPMOTUHAMUKAHBIH HICKTEIY1.

Jlokanel KBa3uUTENEe-TEHIIK IIAPTHI.

Macca arbIHBI.

MaccaHbIH MEHIIIKTI aFbIHEL.

MITynbCTiH MEHIIIKTI aFbIHBIL.
0 KalTeimab! porectep, KaUTbIMCBI3 POLIECTEP.
1 KeHICTiK MeH yaKbITTHI ipiTyilipii Tericrey

Y chbIHBLIFAH die0ueT Ti3imi
Herisri onedouerrep

—_— = 0 001N LN B~ WN =

1 Mnunepaiin 9.9., Keccensman I[1.M. OcHOBBI Teopun TEMI0()U3NUECKUX CBOWCTB
BemecTB.—M.: Dueprus, 1978. — 248 c.

2 Kupunnun B.A., Ceiue B.B., Hlelingnmua A.E. Texnudeckass TepMOAMHAMUKA:
VYuebHuk /uig By30B.-M.: DHeproatomusaar, 1983.- 416 c.

3 MonnabekoBa M.C. TepmoamHamMuKa HEOOPAaTUMBIX IMPOLIECCOB: YdeOHOE
nocobue.- Anmatsl: Kazak ynusepcureri, 2004.-102 c.

4 Kop3yn U.H., [lospkos 1.B. ®u3uka peanbHOro raza U >KUAKOCTH. — AJIMAThI,
Kazak ynusepcureri, 2007. — 166 c.

5 MonnabekoBa M.C. KalThIMCBI3 mpouecTep TepMOIUHAMUKachl: OKY Kypajbl.-

Anmarsl: Kazak ynusepcureri, 2009. — 118 6.

KocsiMma ogeduerrep

1 Acxkaposa A.C., MonnabekoBa M.C. Monekynanslk ¢usuka: OKynsK.- AnmaTsl: Kazak
yHuepcureri, 2006.- 246 0.

2 bazapos W.II. 3amaun mo TepMOJMHAMUKE M CTATUCTHUECKOM Qu3uke: YueOHOe
rmocobue.- M.: Beicir.mxk., 1997.-351 c.

3 Mumenko, YepenennukoB U.A., Kyspmun. Pacuer temnousnyeckux CBOWCTB BEIIECTB.
Mownorpadus.-Boponex: Uzn-so BI'Y, 1991.- 208 c.



4  bazapos U.I1. Tepmoannamuka. YueOHUK U1t yH-TOB.-M.: Boicurk., 1991.-375 c.

5 Pun P., Ilpaychun [x., llepsyn T. CpoiictBa ra3zoB u »xujkocteil: CrpaBouHOe
mocooue.- JI.: Xumus, 1982.- 592 c.

6 Meiicon 3., Cnepaunr T. Bupuansnoe ypaBHeHue cocrostaus.-M.:Mup, 1972.-280 c.

7 Tupmdensnep k., Keprucc Y., bepa P. MonekynspHas Teopusi ra3oB U KUAKOCTEH.-
M.: NI, 1961.-929 c.

8 Kazakma-opbiciia, OpbICIIa-Ka3akila TEPMUHOJIOTHAIBIK ce3mik. Duiznka xKoHe
actponomus /KP Ykimeri >xaHbIHZarbl MEMJIEKETTIK TEPMHHOJOTHS KOMHCCHUSCHI
oexitken //K.O6niramapos, K. bakreibaes, P.bamapyner, C.HMcataeB, M.M.KanpikeHOB,
T.C.Koxanos, A.K.KycaiibinoB, M.C.MonnabexoBa, M.I36acapoB.— Anmatsl: PayaH,
1999. — 296 c.

10 Jexnus

OHTpONUSHBIH OanaHc TeHjaeyl. TepMoJMHAMUKAHBIH EKIHII1 3aHBIHBIH JIOKAJJIbI
TYKbIppIMIaMacel. ['MOOCTIH *anmblianFaH TeHaeyl. MakpOCKONTHIK KaHTHIMCBI3 IMPOLECTEp
TEePMOJAMHAMHUKACHIHBIH HETi3r1 TeHeyi. OH3arepiH e3apa apa KaTbICTaphl.

Tyiiinai ce3nep: cakrany 3aHpl, OanaHC TEHAEY1, Macca, KAaCHET, KACHET ThIFbI3/IbIFbIHBIH
arblHbL, TBHIFBI3JBIK, KBULNAMIBIK, KaliHAp Ke3l, Y3LICCI3MIK TeHJIeYi, >KbUIAaMJBIK, Macca
[EHTP1, KOHIIEHTpalust, TUPPy3us.

Kpickama Mma3myHnsbl. Kalicsi0ip KacHeTiHIH KeHICTIKTIK OipTeKci3iri 0oaaThIH XKyiienep
YIIIH CakTajdy 3aHJapblH Oananc meyoeyiaepi Jiel aTaibl. MaccaHbIH, 3apsAThIH, TOJIBIK
SHEPTUsSHBIH, HUMIYJIbCTHIH JXKoHE T.0. cakTanmy 3aHaapbioonansl. KejeMmHIH 7 HYKTeCiHiH
teHiperinae dr D®K-ne ¢ yakpIT Me3erinae KaHmaih ma Oip Q(f,7) SKCTCHCHUBTIK

KACHUETTEPiHIH Ke3 KeNreHIH KapacThipallbiK. Ockl Q(f,7 ) KACHETTIH THIFBI3/IbIFbIH G(t,?);[en
Oearuieiik, 0J1 MbIHAJal KaTbIHAC OOMBIHIIIA AHBIKTAIA b

Myunarsl Q(t,7) KyWeHIH V epkin (Kamaii Ooyica comnail) ajabplHFaH TOJIBIK KOJIEMIHIH
Oeniringeri kacuer menmepi, . OHma V kenemaeri KacUETTIH MeIIepi MbIHAFaH TeH 0O0JIa Ibl:

0= [Gl,7)r

V s

MYHJIaFbl di = dxdydz - snemenTap pusnkansik keiaemi (3PK).

DOOK HiH 2 GeTi apKbUTbl KACHETTIH «aFbIIl KellyiH HeMece «arbll KeTyiH ecebineH Q (¢,
7) e3repyl MyMKiH, Oyn sxarnait Q(¢,7) KacueT MemmuepiHiH dQ/dt arblHBIH TyObIpaisl. V'
KeJIeMJIe KaiiHap Ke3/lepli MEH ary Ke3Zepl *KOKTa, G(t,?) KACHUET THIFbI3JIBIFBIHBIH CAKMAy
3anbIHbIY OUGheperyuanovix Typi ObUTAN Ka3bUTA IbI:

96 _ —divJ g

ot

Cakrany »DaHBIHBIH) OPHEKTEpIHIC G(t,?) KacueTTiH opHblHa O®K-ne 3arThig
THIFBI3JIBIFBIH JKOHE MAacCCachlH KapacThImablK . OHma OanmaHC TeHAEYl Tam OChI KeleMJeri
MacCaHbIH ©3repy KbUIAAM/IBIFEI YIIIIH MbIHA TYPJE Ka3bLUIaIbl:

8_p = —divJ

ot
)
MYH/IaFbl p(t,? ) - MACCaHbIH TOJIBIK THIFBI3JIBIFBI, IEMEK OIpJIiK KOJIEMHIH MacCachl.
Kaitnap xe3nmepi Hemece ary Ke3lepi OONaTblH 7 KOMIIOHEHTTEH TYpPaThIH
KOIIKOMITIOHEHTTI JKyieHi KapacTelpailblk. OHAa i -KOMIIOHEHT YIIIH MAacCaHblH OajaHc
TEHJCYiHIH TYpi :



épl.

—t=—diJ. +o0o.
at l l
OOJIATBIHABIFBI AHBIK, MYHJIAFbl O, - | —KOMIIOHEHTTIH MacCacbIHbIH KalHap Ke3IHIH

TBIFBI3/IBIFBI (i —KOMIIOHEHTTIH MAcCaChIHbIH OHMIPICI), J = p.ii. - i ~KOMIOHEHTTIH aFbIHBIHBIH
i i
TBIFBI3JIBIFBL, U, - | —KOMIIOHEHTTIH OpTalla >KbUINAMIBIFBL j; O; O; u; LIaManap yakbIT *KOHE

KEHICTIK KOOpAMHATTap (QyHKUUSAIApB! OOJabI.
Maccanbly J. aFbIHBI THIFBI3ABIFBIH Kejecl €Kl 00IIKKE KIKTENIK:

1
— —

J,=J,

i i

! !
+Jp
MYHJIaF bl

Ji =Pl = pi(“i _“0)+pi“0 :

Mysnarsl J; = pji,- KOHBEKTHBTIK aFbIH, SFHU {-KOMIIOHEHTTIH 3aTTBIH TYTac

TYpiHIE KO3FalbIChlHA KOCAaThIH yieci. Tikeneld OeNIIeKTepaiH KbUTy KO3FaIbICHIMEH
OailmanplcThl, JeMek aud¢y3us mnporieciMeH OalmaHbICThI, Macca LEHTPIHIH KO3FaJbIChIHA

KaThICThl AU(PY3USIIBIK aFbIH MBIHAFaH TEH:

!
J =p (ui _uo)
Opi Kapail TypieHIipynep YIIiH Oi3re MacCaHbIH CaKTaly 3aHbl MEH
OOMBIHIIIA TOJIBIK TYBIH/IBIHBIH
0A o4 _
p— = p—+ pugradA
ot ot
canapbl 001aThIH OipKaTap MaHBI3ABI TCHACYIEP KAKET.
Kopmaran oprameH jKbuly-Macca anmacy d.S jkoHe KYHeHIH e3iHe ki npoiuectep d;S
cebebiHeH 00JIaThIH KY€ SHTPOIMUSACHI OCIMIIIECIHIH )KbUTAAM/IBIFI YIIH TEHACYA1 ®Ka3albIK:

KOHE YaKbIT

)
ds
o }[GdV’

myHzaa J, - 6eT OlpJiriHeH yakbIT OIpJIIriHAE ©TETIH TOJBIK SHTPOIUS, O - SHTPOIHUS
KO31HIH KapKbIH/IBUIBIFbI, HEMECE KOJEMHIH OipJIiriHe yaKpIT OipiiriHAeri SHTPOIHs OHIIPICIHIH
THIFBI3ABIFL, dQQ=dQn n —abcomoT MoHI d{2 GeTKe HOpMAJIbbl OAFBITTAIFAH BEKTOP.

d_ps = —di\JS om0
dt ’

c=0.
Byn eki epHek »HTpomnusi eHAIpiCi ¢ OOJFaHAAFrbl SHTPOIUS THIFBI3ABIFBI PS OanaHc

meHOeyiH OPHEKTEeH/I1.
OpOip QU3UKATBIK JIEMEHTAp KOJEMJE YaKbITThIH Ke3 KeIreH ME3ETIH/AC JHCalinvliamd

Tubcc menyoeyi OpbIHIANATBI:

dE=TdS-PdV+ pdm =0

i=l



MyHIarbl E, S — TuiciHIIEe KeseMi V JKYyHEHIH TOJIBIK SHEPTHSCHl KOHE TOJBIK
SHTPONUSCHI, p — TEMe-TeHAUTIK KbICBIMBI; I — TemmepaTrypa; m,— i KOMIIOHEHTTIH TOJBIK
Maccachl; f; — i KOMIOHEHTTIH XUMUSUIBIK TOTEHIUANBI, OJ1 KYHCHIH MHTCHCHUBTI (PYHKITHSICHL.
OpOip KOMIOHEHTTIH XWMUSUIBIK MOTEHIHMANbl 4; Oacka KOMIIOHEHTTEPIiH Menmiepi (MoJib
Hemece OeJIIIeKTep CaHbl) KOHE THICTI KYH mapameTpiepi TypakThl OOJFaHIa KapacThIPhIIATHIH i
KOMIIOHEHT caHbl (MOJIb) OoiibiHIIa cunatTamaibik GyHkmusap G (I'mbee motenumansr), F (0oc
sHeprusi Hemece [enpmronbil moTeHIManel), E (imki sHeprus) Hemece H (PHTANBIUSHBIH)
nepOec TYBIHABICHI JeT aHbIKTayFa 0osianpl. OChl KO3Kapacka COMKeC MEHIIIKTI § YHTPOIHSIHBIH
ToNBIK Auddepenuunanst [ ub6c kamviHacyl apKbUTI AHBIKTATA]Ib:

n
Tds = de + pdv — Z,ul.dcl.’
i=1
MYHJIaFbl ¢;=p;/p — i KOMIOHEHTTIH CaJIBICTBIPMaJIbl MacCalIbIK KOHIICHTPAIUSIChl HEMece
Maccalnslk yneci (6emniri), v=1/p.
Keneci renneyai TypieHaipir, ska3aibiK

ds pde P dv p
Pt Tar 17 TZH

Erep kpicbiM Tenzopwl Py, = PJ,, + 17[(12 +17[(j,) KypaylIbUIApbIH €CKEPCEK, OHMa

TEHJIey MBbIHA TYPJE ’Ka3blIabl:

ds dva 8u aﬂ
ple =133y S L 5 O
dt a 1 5=l aﬂ a T a=1 p=1
COHBIMEH XUMUSIJIBIK peakuusiap 60JIMaFaH JKaraan YmiH OIPKOMNOHEHmMMI JCYLeHiH
9HmMponus 6Oanancel menoeyiniy Tarbl na Oip TypiH TanThK. JKanmbel alfTKaHIa OChl ©pHEK)
OaliKaTaTbIHBI — HW30TPONTHl OPTaAa SHTPOIHUS TYBIHIAY >KBUIIAMIBIFBIHA €Ki TYTKBIPIBIK
KOA(hUIIMEHTI: OpTYpIl KBUILIAMIBIKIICH KO3FAaThIH TI30EKTENreH >a3bIKThIH KabarTapaa
BIFBICYJIBIK TYTKBIPIBIK KOHE OPTAHBIH KEHEIO MPOLIECTEPIHAC KOJIEMIIK TYTKBIPIBIK MaHbI3 bl
POJIb aTKapaibl.
Kanmel n-komnonenmmi dcyiie YILIiH aHbIKTaMallapra CoMKec, SHTPONHUs OanaHChl
TEHJCYIHIH HAKThI TYPIH Ka3a alaMbl3:

é——d i +J dl = 1 J d (1) aan (55,28)0,
pdt_ v = ,&ra 7 z gra 1; of o, - ivid,

a=

OsiHaik 0aKkbLIay CypaKTaphbl.

TepMoaguHAMUKaHBIH €KiHIII 3aHBIHBIH JIOKAIB! TY)KBIPBIMAAMACH.
Caxrairy 3aHbIHBIH >KaJIIBI HHTETPAIIBIK TYPI.

G(t,?) KaCHUETTIH .J . aFbIH THIFBI3ABIFBIHBIH ©JII1EM OIpJIiri..

Y3inicci3ik TEHICYIHIH KAl TYPi..

Macca neHTpi KbUTTaM/IbIFbI..

DHTPONUSHBIH OaNaHc TeHJEYl (MKaJIbl TYpI).

OHTpONUS arbIHBI.

DHTpoNUs OHIIPIC.

BipkOMIOHEHTTI  Kyie VIIIH XUMUSIIBIK PEaK[usuiap >KOK >KaFaaiiaigarsl
SHTPOMUS ©3TEPICIHIH KBUITAM/IBIFHL.

PN D=

e



10. KemnmkoMmoHEeHTTI  Kyie VIIiH XUMHSUIBIK peakiusuiap KOK >KaFaaiiaiaarsl
SHTPOTHUSHBIH OalTaHC TEHELYI..

Y cbIHbLIFaH 3e0ueT Tizimi

Herisri anedouerrep

1 Mnunepaita 2.3., Keccenbman I1.M. OcHOBBI TeOpuH TEMI0(U3NIECKUX CBOICTB
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11 nexnus

Tyrac  opraHblH  Mojenpaepi,  (EHOMEHONOITHIK  KAaCHETTepi:  THIFBI3IBIK,
negopManusIanybl, TYTKBIPIBIK, )KbUTY- JKOHE 3JIEKTPOTKI3TIIITIK, MaccaTackiManaay jkoHe T.0.
TaceimManaay KyObUibIcTapbl. TackiManaay KyObUIBICTApBIHBIH MOJIEKYNalapIblH €pKiH KYpY
YKOJIBIHBIH OpTallla Y3bIHIbIFbIMEH OaiiylaHbIChl. MoJeKyIablK [aMallap/IblH aFbIHaphbl.

Tyiiinai ce3mep: TyTac opra, THIFBI3IBIK, AehOopMalUsIaHy, TYTKBIPIBIK, KbUTY- JKOHE
ANIEKTPOTKI3TIITIK, MaccaTachiManaay, Tudpdy3us, TYTKbIPIBIK, >KbUIYOTKI3TIUTIK, TPaJUEHT,
TachIMaJljay, COKTBIFBICY, €PKIH JKYPY >KOJIBIHBIH OPTAIlla Y3bIH/IBIFbI.

Kpickama ma3myHbl. TyTac opra — 3aTTapAblH MaKpOCKONTBHIK MOJEINi: CYHBIK MEH
ra3fap - KO3FaJbIChl MEH KYWIH aHBIKTAWTHIH (DU3MKANBIK IIaMaapbl Y3IIKCi3 YJIECTIpireH
(Tapanran) aedopMalMsIaHATBIH aFbBICTBI TYTac OpTa; aOCOJIOTTI KATThl J€HEe —TyTac opTa
Mojieni 601apl.

Juddy3us, TYTKBIPIBIK >XOHE KbUIYOTKI3TIITIK KyObUIBICTapsl Oip-OipiMeH yKcac,
ce0ebi ra3z Hemece CyHbIK apKplIbl OyH/al npouectep Ke3inae Keioip pu3nKaiblK maManapabiH
TaceIManaybl Oaiikananwl. Kowyewmpayus epaouenmi OGap Oomnybl cebeOiHeH XyieHiH Oip
OeJliriHEH  eKIHIIICIHE Maccanvly — TachIMaliaybl  Ouggysusa Jen — aranajbl;  aAeblM
AHCHLLIOAMOBIKMAPLIHLIY 2paduenmi 0ap 00yl cebeOiHeH ra3 Hemece CYHBIK apKblibl KYHEHIH
6ip OeIiriHeH eKiHIIICIHEe UMnYIbCmiy TaChIMAIAYbl MYMKbIPAbIK NN aTanajibl; memnepamypa
epaduenmi 0O0Jy HOTHXKECIHJE >KBUIYNBIK JHepeusanvly >KYHeHIH Oip OejiriHeH eKiHIIiciHe
TachIMaNJAybl JcblIyomKizeiwmix en artanaapl. JKanmbl OChl YII MPOLECTI macuiManoay
npoyecmepi neiial. bipiik yakpITTa MOJEKYIaHbIH COKTBIFBICYBIHBIH OpTalla CaHbl COKMbIZLICY



orcuiniei pemn aranansl. Mosekyna e3iHiH 131HIIe €Ki COKTBIFBICYBl apalbIFbIH/AA Y3BIHABIFBI 3P
TYPIi K0J1 XKypeai. EpKiH *Kypy *KOJBIHBIH OpTama Y3bIHIBEB A (JIMOna) OIpJIiK yaKbITTarbl
xoira TeH. Juddysus kospournmenti can sxarslHaH lc yakpITTa OIpiik aynaH apKbUIbI
rpaaueHTi Oipre TeH Oonfanaa ¥TeTiH nuddy3us arblHbIHA TeH. 1YmKbipavlK KO duyuenminiy
CaHJBIK MEH1 XKBUITAM/IBIK TpagueHTi Oipre TeH Oonranaa, Oipiik ayjgaHra ecep eTeTiH K%ollIKe
TeH. Ocbl KapacTelpran %ol TaceiMangay KEObUIBICTApABl  CHNIATTAWTBHIH  D,7, ¥
(KBUTYOTK3TiTIK) KO3((UIIMEHTTEpIH CalbICTBIPCAK, apacblHna OaiimaHpicTap Oap eKeHAIriH
KYpemis:

p=Lp=2n,
3 pe,

n =§nm0<v>l =pD,

1
X =§nmo<u>cvi =% R

mFPuparer p =m,n = % — ra3ablH THIBI3ALIIEI.

Erep Gapnblk MOJeKyna KO3Fallalbl MKOHE KO3FAIBICHI Op TYPJIi KBUIAAMJIBIKIECH OTEel
necek, onma (8.1) Temmeymi 2 xosdduumentiHe KebeiTy Kepek (momemgeyciz Gepemis).
CoHbIMEH TE€K OChl A MOJEKyIachIMEH FaHa OipJliK yaKbITTa COKTHIFBICATHIH MOJICKYJaaapIbIH
opTalia CaHbl:

z=~27c2 vn. (8.2)

Bipiik yakpITTa MOJIEKYJIQHBIH COKTBIFBICYBIHBIH OPTAIlla CAHBl COKMbI-2bICY HCULNiel ACTI
aTajajpl.

Enpi Oipiik kememjeri 6apiblk MOJEKYIATapAblH 63apa COKTHIFBICYBI-HBIH OPTallla CaHbl
Z,-Hl aHbIKTaiblK. On ymiH Zz,-Hi Oipiik KeJeMJeri MoyeKyla caHblHa KeOeiTemis. OpOip
COKTBIFBICYFa €Ki MOJIEKyJla KaTbICa-THIHBIH €CKepil, KeOeUTyHiH HOTHXKECiH ekire OeiyiMi3
Kepek (eki Moie-Kyna Oip COKTBIFBICYIBI Oepeni). YII HeMece OJaH KeIl MOJIEKyJalap COK-
THIFBICYBIHBIH BIKTUMAJ/IBIFBI ©T€ a3, COHJBIKTaH OJIap ecenke ajblHOaiapl. Ochl alTKaHHaH
ra3/ibIH OlpJIiK KeJeMiHne OipiiK yaKbITTaFbl COKTBIFBICY CaHbI:

2 —
z, =§Z=7ﬂ620n2. (8.3)

Erep maccanapsl m,, >XoHe m,, €Ki MOJIEKyJaJap apachlH/a COKTHI-FhICY OoJica, OHAA

ra3iblH OIpiik KejeMiHze OipiliK yaKbITTarbl OJIApBIH OapibIK COKTBIFBICY CaHbl YJECTIpily
(bYHKIUSACH apKBUIBI €CENTENTeH, MbIHaFaH TeH 0oJaabl (Janenaeyci3 oepeMis):

12
ZﬂkT(m,,] + m(,z)
z;; =2nn,0 0, (8.4)
c,+0 :
MYHIaFbl O, =%, 0,0, — MOJEKylaiap auamerpi; n,,n, — CaHIBIK

TBIFBI3JIBIKTapBbI.

12 aexnus



Tytkeipibik. OpTanbiy nedhopManusiiany Ke3iHae YHEPTHsl JUCCUTIAIUSICHIH aHBIKTaHThIH
TaceiMangay KyObutbichl. CaHOBIK curarhl, HbIOTOH 3aHbBL. DJEMEHTAp KWHETHKAIIBIK KOHE
KaTaH KUHETHKAIBIK Teopuschl. CYHBIKTBIH TYTKBIPIBIFEL. [a3maplIblH KOHE CYHBIKTBIH
TYTKBIPJIBIFBIHBIH TEMIIEPATYpPa MEH KbICHIMFa TOYEIILTIT.

Tyitinai  ce3mep: Tyrac opra, THIFBI3ABIK, JaedopManusiaHy, TYTKBIPJBIK,
MaccaTtachIManiay, TYTKBIPJIBIK, TPaJUEHT, TaChIMANJAy, COKTBIFBICY, €PKiH JKYPY *KOJBIHBIH
opTaIia Y3bIH/IbIFbI.

Kbickama ma3myHbl. OpTadblH jaedopmanmsiiiaHy Ke3iHJle dHEprus AMCCUIIAIUSCHIH
aHBIKTAWTHIH TaChIMAay KYOBLUIBICH TYTKBIPIBIK Jeiimi. byHail arpicTa ra3ibiH OpTaChIHIAFbI
JKOFaphl KabaTTaH, KbUIIAMIBIFBI Killli, Oasy KO3FallaThlH KabaTTapFa UMITYJIbCTIH TaChIMaIIaybl
Oalikananbl. ['a3 arblHBIHBIH 4 (z) JKBUTAMIBIFBIHBIH  KabaTtTaH KabaTka esrepyi, du/dz
KBUTIAM/IBIKTBIH TPAJUCHTIHIH Naiiga 0omybiHa okeneni. COHIBIKTaH, KaTap jKaTKaH Ta3JbIH op
TYPTl u ,u, XKBUIIAMABIKICH KO3raJaThIH €Ki KaOaTBIHBIH apachIHAAFbl LIEKApaaa iwKi yukenuic
Kywi e€cep eTeTiH Oo0Jlaabl, OHBIK IIaMachl TOMEHJETiAeH SMIUPUKAIBIK (opMyTaMeH
AHBIKTAJIABI:
du
dz’

MYHAaFbl F — Ta3[blH KaTap KepIIulec XaTKaH KabaTTapblH O6JIeTiH >Ka3bIKTHIKTHIK
OipJliKk aymaHbIHA TYCIPUIT€H KYII; 1 — MYMKbIPAbIK KOdpuyuenmi HEMece iwKi yuxenic
K03(hpuyuenmi nen aTanajipl.

byn texneyni W.HerootoH TtaraiibiHmaraH, erep n jAeopMalrusuiaHy >KbUIIaMIbIFbIHA

F=-n

Teyencis Ooisica, aen opbiHAamanasl. [a3nplk (cFHBIKTBIK) €p Typii KabaTTapbIHBIK L?(Z)
KBUIIAMJIBIFBI OCBI TYTKBIPJIBIK (HeMece iIIKi yHKeIic) JereH KACHUETIHIH apKachblH/Aa TeHEeJel.
COHBIK HETHXKECIHEH OpTaHbIHAe(hOpMAlMIaHy JKbUIaM/IbIFbIHA TOYEIAl KepHEYITIKTep maiiia
0oJIaapl.

Ocbinan mymxbipivlK Kodgh@uyuenminiy CAaHIBIK MOHI1 )KBUIIAMIBIK TPAAUEHT1 Oipre TeH
Oonranna, Oipiik aymaHra acep €TeTiH Kywmke TeH. byn koadduumentriy CU xyiiecinaeri
exem Gipiri 2/ m-c.

KaraH KWHETHUKANBIK TEOPHUSHBIH OIPiHINI >KYBIKTabl OOMBIHIIA Ta3a ras YIIiH
TYTKBIPJIBIK KOA(PHUIIMEHTI MbIHAFaH TEH :

N MT

2Q (2,2)5(T*) »

[n] 107 = 266,93
(o)

MyHIaFbl 1| -TYTKBIPIBIK, r/cM ¢; T — Temmeparypa, K; T'=kT/e - kemripinren
TEMIIepaTypa; G — COKTBIFBICY THAMETpi, ©3apa 9pPEeKeTTeCy MOJIeKyJaapaiblK MOTEHIUAIIBIK
(GyHKUMSHBIH TapaMeTpi; M — MOJIeKyIalbIK CalMak.

["a3apasiH OMHAPIBIK KOCMACKI YILIH TYTKBIPJIBIK KO3 GHUIMEeHTI Oblail ecentemneni:
2M MLT (M + M)

* *
ol (T

Mynparel T — Temnepatypa, K; T*12=kT/812 - KenTipinren temneparypa; My, Mr— 1, 2
KOMITOHEHTTEP/IIH MOJEKYJallbIK CalMakTaphl; ©12 (aHrctpem), ¢€pp/k - e3apa opekerrecy
MOJIEKyJIaapaJiblK MOTEHIMAIABIK (GYHKIUSHBIH napameTpiepi; Taceimanaay xko3dduiuenTrepi
Q" _COKTBIFBICY HHTErPAITBI, MOJIEKY/IAAPANBIK KYIITEP/IH 3aHIBUIBIKTAPBIH CHIIATTAH B,

13 aexnus

Huddysus. KylieHIH  SHEPrusCHIHBIH  JMCCUNALMANaHy  Ke3iHiH  Oip  Typi,
MaccaracbiMangay KyObUIbICHL. O3iHIIK koHe e3apa nuddy3us. OUKTIH OIpiHIIL KOHE eKiHIII
3aHJapbl. DJIEMEHTap KUHETUKAIBIK JXKOHE KaTaH KHUHETHKAIBIK Teopusachl. CyHBIK, KaTThI

neneneri nuddy3usa. duddysusaeig O6acka Typiepi. ['a3mapapiH koHe CYHBIKTBIH Iuddy3us
KO3 QUIMEHTEPIHIH TeMIepaTypa MeH KbICBIMFa TOYeI LTI,

[n], 107 =266,93



Tyilinai  ce3mep: Tyrac oprTa, THIFBI3ABIK, OJKBUTYy- KOHE DBJEKTPOTKI3TIIITIK,
MaccartaceiManiay, auddysus, TpagueHT, TackIMallay, COKTBIFBICY, €PKiH KYpPY KOJBIHBIH
opTaria Y3bIH/IbIFbI.

Kpbickama Ma3MyHBI.

Konnenrpauust rpaauenTti cedeOiHeH 3aT TackiManaanybl auddy3us aen aranaabl, Tasa
3arta (e3mik) guddy3usublk nporecceTeni. MWaean epitiHmine  Aud@y3usIIBIK - aFbIH
KOHIIEHTpAIUs TPaMEHTIHE MPOonopIuoHan, 1uddy3us KbUIIaMABIFBIMEH THIFBI3/BIK TPAJAUCHTI
apachIHIIaFbl CBI3BIKTHIK KATBICTBI KOPCETEHl; MPOMOPIHOHANIBIK TYPAKTHICHI AUPPY3us
ko3 duumenTi 601a1b1, OyHbl OUK 3aHBI i1

i COPT MOJICKYyaJIap/AblH aFbIHBIHBIH THIFBI3/IBIFBI VIITIH TEHICYIH MBIHA TYPJE Ka3aMbI3:

dn,

R AR
Y =Jz = 3<Ui>;L p

HEMECEC

. dmon _ 1,1, 900
Ji = < Ui>l dz 3<Ui>;L dz

MyHparsl j,-i COPT MOJEKYJIANAPAbIH CAHIBIK AFBIHBIHBIH TBIFBI3IBIFBI;, j,-i COPT

MOJICKYJIAJIap AblH Maccanblk arbIHbIHBIH  TBIFBI3ABI-TBI; O, = m,n ra3 KOCIIaChIHBIH I

i
KOMIOHEHTIHIH TBIFBI3/IBIFBI; <l)i> — i copT (KOMIIOHEHTIHIH) MOJEKyJIalapAblH opTala
apu(pMETHKAIBIK KbUIJAMIBIFBL; dn, / dz — caHJBIK KONeMIIK KOHIICHTPAIUSHBIH TPaTUCHTI;
dp, /dz — MaccasbIK THIFBI3ABIKTHIH IPA/IHCHTI.

KaraH KHHETHUKANBIK TEOPHSHBIH OIpIHIIN XYBIKTabl OOWBIHINIA Ta3aapAblH OWHAPIIBIK
Kocnacel yiiH augp¢ys3us kodhduimenti Obuiail ecenreneni:

TP (M, + M) /12M M,
pon QR (1)

[D,, ] =0,0026280

b

.2

Mymnnarsl Dyz- e3apa quddysus kodpduuueHTi, cM/c;  p — KbIChIM, aTM.

Erep ocwl epHekTi Oip KOMIIOHEHT YIIIH jKa3aTblH Oojcak, oHna e31iK auddysus
KOA(PHUIMEHTIH aHBIKTaUTHIH (OPMYJIaHbl TA0AMBI3:

NT /M
popQy " (T)
Heri3ri onedouerrep

[D], =0,0026280
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14 nexkuus

Keimyanmacy (Hemece KbUIyTachIMajjay) — KaHTBIMCBI3 Tele-TeHIIKCI3 Mpolecc.
KeumyraceiManjay — Typiepi:  KBUIYOTKI3TIITIK,  KOHBEKIMS,  KBUIYJBIK  COYJICJIEHY.
KeumyeTkizrim-

TiK. @ypbe 3aHbl, KbUIYOTKI3TIITIK KOA(P(UIHMEHTI. DJIeMEHTap KHUHETHKAIBIK KOHE
KaTaH KUHETUKAJBIK Teopusichl. CyHBIK, KaTThl JACHEAEr! JKbUTYOTKI3rimTIK. ['a3napasiH xKoHe
CYMBIKTBIH JKbUTYOTKI3TIITIK KO3()(OUIIMEHTTEPIHIH TEMIIepaTypa MEH KbICBIMFA TOYEIAUTIT .

Tyiiinai ce3nep: TyTac opTa, THIFBI3IABIK, AehopMalsiiaHy, TYTKBIPIBIK, JKbUIY- JKOHE
ANIEKTPOTKI3TIITIK, MaccaTachiManaay, Tuddy3us, TYTKBIPIBIK, >KbUIYOTKI3TIITIK, TPaJUeHT,
TacbIMaJIIAY,.

Kbickama Ma3MyHBblI.

Temmneparypa aibIpbIMbl ceOemnini O0NaThIH KEHICTIKTE ©3[IrHEH >KbUIYAbIH Tapaaybl
JHCHLILYAIMACY HEMECE JHCHLIYMACHIMANOay TPOIIEC] JIen aTaja/ibl xKoHe OyJl KaThIMCBI3 Mpolece
Oomansl.  JKbuTynblH — TachIMalJayblHbIH ~ YII — TOCUIIEpiH  KapacTelpyra Oomagsl: 1)
JACHLLIYOMKI32IWmMIK - TeMIepaTypaiapbl opTypiai Oip-OipiMeH TyHiceTiH JeHenepAiH (Hemece
neHe OeNiKTepiHiH) MUKPOOOIIIEKTEPiHIH 63apa dpekeTTecy ce0eOiHeH; 2) KoHBeKyus — 3aTThIH
KEHICTIKTE€ TyTacTail KO3FalbIC HOTIKECIHEH TYBIHAAFaH JKbUTy (KOHE T.0. KacuerTepiiH)
TachIMaJIaHybl, KAaHTBIMCBI3 TPOLIECC, aFbICTHl  opTajapaa (ra3, cyiblK) Oaiikanazpl,
KBUTYOTKI3TIIITIK Oipre ereai, 3) KbUIYIBIK COyJeNeHYy — 3JEKTPMAarHuTTIK epici apKbUIbl
KBUTYIbIH TachIMaJaybl, OyJl Ke3/le *KbUIy ©piCTiH SHepruschbiHa aifHaJIaabl )KOHE KepiciHIle -
epic 3Heprusicel KbulyFa. Temmeparypanslk epicTiH T=T(X,y,zt) TEHJeyl Heri3iHue
KBUTYOTKI3TIIITIK CaliapblHAH 3aTTaFbl JKbUTy TacChIMaJay[blH Ke3 KEIreH CUMaTTamMalapblH
ecenreyre 60IabI.

KbutyeTKi3rimTiK  OpoleciHiH Herisri 3aHbl, @Dypbe 3aHbl ToXKipuOe OObIHIIA
TaFalbIHJANIFaH SMIIMPUKAIIBIK 3aH, *KaJIIIbl JKaF1aiiia Obliail ska3bUiaabl:

g =—ygradl ,

MYHJarbl q — KBTIy (BHepI‘I/ISI) arbIHbIHBIH ThIFbI3AbIFbIHBIH BCKTOPHI.

ConbiMeH, (+z) OarbITTa O Ka3bIKTHIKTBIH OIpJIiK ayJZaHbIH OIpJIiK YaKbITTa KUbIN OTETIH
KBUTY (SHEpPIUs) aFbIHBIHBIH THIFBI3/IBIFBIH ObUIAN aHBIKTAWMBI3:

1 dT
¥, =q, =——(vymync, A —.
3 dz
OcblaH KbUTYOTKI3TIIITIK KOA(QQHUIUEHTIH aHBIKTAUTBIH (OpPMYyNaHbl MbIHA TYpIe

Ka3aMbI3:



X = é nm, <u>ﬂc

Ve

MYHJIAFbl } — KBUIYOTKI3TIITIK KO3 PULIMEHTI, # — ra3ablH CaHIBIK THIFBI3ABIFbL, m, —
MOJIEKYJIa Maccachl, A — €pKiH XYpPY KOJBIHBIH OPTaIlla Y3bIHIBIFbI.

KaraH KHHETUKANBIK TEOPUSHBIH OIpiHINI JKYbIKTabl OOWBIHIIA Ta3a Ta3 YIIiH
KBUTYOTKI3TIITIK KOA((HUIIMEHTI MBIHAFaH TEH :

[A] 107 =1989,1 ————— ”(Tzi)i”*=£5[n]1 107,

o Qp7 (T,) 4 M

MyHzaarsl A - KbUTyOTKI3rmTIK Kodpdunumenti, kan/ cm ¢ K; T — temmneparypa, K;
T'=kT/e - «KenTipinrem TemmepaTypa; G — COKTHIFBICY [MAMETPi, ©3apa OpeKeTTeCy
MOJIEKYyJIaapalIbIK MOTeHIUAIIBIK (DYHKIMSAHBIH MapaMeTpi; M — MOJEKyJIalbIK caaMak.

la3mapaplH  OMHAPIBIK ~ KOCHAChl YIIIH OKBUTYOTKI3TIMTIK Kod(pduuueHTi Obliaii
ecenteneni:

JT /(M| +M,)/2M M,
o p QY (1)

@uk 3aHbl koHe Dypbe 3aHBIHBIH MaTeMaTHKAJIBIK TYpJepl yKcac; KyObUIbICTap
HET131HJe MOJIEKYJAJIBIK TachIMalAayAblH OipbIHFail MexaHu3Mi xkarazpl. OUK 3aHBIH/IA — Macca
TaceiMasiaybl, ypbe 3aHbIHA — SHEPTUs TaChIMaNaybl O0IaIbI.
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15 nexnus

Aiikac kyosutbicTap. Tepmonuddysus. dodyp s¢dexri. Tepmoanekrpiik KyObUIbICTap.
KopbITbIH B

Tyitinai ce3mep: TYTKBIpIBIK, Auddy3us, OGapomuddysus, tepmoauddysus (3dpdext
Cope), XBUTYOTKI3TIIITIK, 3JEKTPOTKI3TIMTIK, TepModddekr, sdpdext [lodypa, rpamuenrt,
TackIMaIIay, TEPMOIEKTPIIIK KyObLIBICTAp.

Kbickama Ma3MyHBI.

Erep kenmkoMmoHeHTTI OIpTeKTI *XyHeae KOHIEHTpaLus, KbICBIM JKOHE TeMmIepaTypa
rpaaueHTTepi OoJica, OHIA Kejeci TachIMaijay KyObUIbICTapbl maiina Oomampl: auddysus —
KOHIIEHTpAalUsl TpaaueHTi ceOeOiHeH 3aTThIH TachIMajjaybl, ONeTTeri (e3iHe MEHIIIKTI)
(G y3nsIIBIK TpoIece; KbUTYOTKI3TITIK — TeMmIepaTypa TpaJueHTi ceOeOiHeH >KbLTYIbIH
TaceIMasiiaybl. AKac mpolecTepine kaTaTblH KyObuibicTap: Oapoanddys3ust — KbIChIM ceOernti
0oJaThIH Mpolece, AeMEK KbICHIM I'PaJHMEHT1 eceOiHeH 3aTThIH TachkIManaaybl; TepMoauddysus
(3pdexr Cope) — Temmeparypa TpaaueHTi eceOiHeH 3aTThIH TachIMallgaybl; TEPMOI(PHEKT
Hemece TepMoaupy3uanablk  6apoddpdexkr - KbICBIM < TIpagMeHTi eceOiHeH  KbLITYJIbIH
taceiManaysl; 1uddysusbik Tepmodpdext (3pdext drodypa) — KOHIEHTpALMS TPAAUEHTIHIH
6ap OoJ1ybl KbUTY aFbIHBIH TYABIpabl. DIEKTPOTKI3rimTik mpoiecrepinae [lenbrbe 3¢ dexTi,
3eebex pdexti ToMcoH KYOBUIBICHI >KoHE T.0. TEPMOAIEKTPIl KalKac KyObUIbICTAphI
Oailikaiabl.



