Jlekuusiiap
«HaKTBI raziap MeH cyiibIKTap (pu3uKach» IOH1 OOMBIHIIIA
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1 nexuus

1 Mmoayab. XKyiieHiH TepMOAMHAMHUKAJIBIK Tele-TeHiri

Kipicne. TepMoaumHaMuKaHBIH  HETI3T1  aHBIKTaMalapbl MEH  TYCIHIKTEMeJepi.
TepMoauHAMUKAJIBIK KacueTTepaiH Kiaccudukanuscel. OKmiaynaHFaH, >KaObIK JKOHE alllbIK
xyihenep. TepmonuHaMUKaNbIK Teme-TEHJIK. OJKCTEHCHUBTI JXKOHE WHTEHCHUBTI KacHETTep.
Tepmaik  >koHE  KaJOPHSUIBIK ~ KacueTTep, Kyliep Tenaeynepi. TepMoauHAMUKaHBIH
KannbUILIKTBUIBIFEL. KoHueHnTpauus. Waean ra3gasiH Kocnackl. JlanbTOH 3aHbl. AMara 3aHbl.
Hakrel ra3. KocnaHblH KamopusuiblK KAaCHETTEPI.

Tyitinai ce3aep: TepMoIMHAMUKANBIK XKYieE, OKIIayJIaHFaH )KYHe,, )KaObIK KYy#e, allIblK
Kyie, Tere-TeHIiK, SIKCTCHCUBTIK KaCUETTep, MHTEHCUBTIK KaCHETTep, KYH TEeHJEYi, HAKThI a3,
ujean ras.

Kpickama Ma3MyHBI.

TepMoarHaMUKAaIBIK TeME-TeH 1K YFBIMBIHBIH MEXAaHUKAIBIK Tele-TeHAIKIeH ©3TelleNiri
myJze 6acka cunaTtka ue 6onanpl. TepMoIuHAMHUKAIBIK KYHEHIH MOJIEKyJanapsl (TeMIeparypa
acKplH TOMEH OoJiMaca) TEHJECIIEreH KYIITep OpeKeTiHAe OOJIBIN JKaH-)KaKThl MYMKIH
OarpITTapAa KO3Fanaabl. 7epmMoOunamuKansbiy xcyiie 1et 6acka JeHeJIepMEH KoHE 03apa dHEPTUs
JKoHe (Hemece) 3aT ajiMaca ajaThlH Oip Hemece OipHelle JeHeNIep KUBIHTHIFBIH aTaiiapl. MyH1a
Terne-TeHIIK YFBIMJIBI JKYHEHI TyTac airaHaa Keubip OipimeckeH (nat. collectivus — kuHakKray,
Oipre, OipjeckeH, KOJUICKTHUBTIK) CHIAaTTaMajapblHa >KAaTKbI3albl, alTalblK, TemIepaTypa,
KBICHIM HEMEeCe KOMIIOHEHT KOHIICHTPALMSChl CUSKTHL. byl cumarramanap xyhe opeKeTTepiH
MaKpOCKONTHl Typae OeHeneini »xoHe Kyu napamempnepi Jnen atanansl. JKorapblaa
aUTBUIFAHJAp HETI31HJE KeJecl KOPBITBIHABI >KacayFa OOJaJpl: €rep OKIIayJlaHFaH >Xyhe
TEpPMOJIMHAMMKAIIBIK Tere-TeHIiKTe 0oJica, OHAA XYHeHIH OapiblK OeiKTepiHJle KbICHIM MEH
temneparypa Oipaeil. Ocbl cebenTeH Temne-TeHIIKTe >KYHEHIH opTypii OesiKTepiHiH apachl
TEpPMOJIMHAMUKAIIBIK KeMecKi. CBIPTKBI OpTaMEH SHEprusl *oHe 3aT ajJMaclaWThIH JKyleHi
oKwiaynanean xymwe naen artauapl. Ke3 kenreH TepMOAMHAMHUKAJBIK KYHEIEepre TOH Kacuer
peTinze TeMmreparypa YFbIMBl TEPMOJAMHAMHKAAA HONOIK 3ay APKbUIBI  EHTi3UIedl.
TepMoaMHaMUKaHBIH HOJJIIK 3aHBIHBIH TYXbIpbIMIamachl: ecep eki A owone B Oenenep 0ip-
Oipinen mayeiucis ocane dncexe-dncexe yulinwi C 0enemen dHcoblynvlK mene-menoikme 60.1ca, oHOa
onap Oip-Oipimen 021 COHOAQU JHCLLIYILIK Mmene-meyoikme 001a0bl, Oackawa aumyaHoa
JHCBLLTYNILIK Mene-meHOIK JHcyleniy bapnvlk Hykmenepinoe (boenikmepinde) memnepamypacsl mey
bonamuviHblH aHbIKMALObl. DKCTEHCUBTIK MapaMeTpIiep — KeJIeM, 11K SJHEPTUs, SHTPOIHUS KIHE
T.0. JXKYHEHIH TYTaCTBIFbIH CHUMNATTaiibl, MOHJEpPlI TEPMOAMHAMHUKANIBIK >XYHEHIH MaccachlHa
HeMece KeJIEMIHE MPOIMOPLMOHA, SFHH HSKCTEHCUBTIK IIaMaiap MoHI XKYHeHIH op OeiriHuaeri
MOH/JIEPiHIH KOCBIHJBICBIHA TEH, JeMEK aJIMTUBTIK KacueTke ue. VIHTeHCHBTIK mapamerpiep —
KBICBIM, TEeMIIEpaTypa, KOHIIEHTpAIUs *oHe T.0., KYHEHIH MaccachlHa TOYelci3, Tere-TeHIIK
Kyiizeri xxyieHiH OipTekTi OeikTepiHae MoHAepl Oip/eH, JeMeK aJJUTUBTIK KaCHETKe He eMec.
biprexti Oipdazanblk XUMHSUIBIK pEaKIUsUIap >KYPMEUTIH KONKOMIIOHEHTTI KyWemnepl
KapacTelpambl3. Kypambl MOJNbAIK HeMece MacCalblK YJeci, KOHUEHTpalMsIapbl apKbLIbl
kepceTineni. Maean ra3 KOCIBCHIHBIH KbICHIMBI JlabTOH 3aHbI OOibIHINIA aHBIKTANMAAbl. Kocnara
KIpeTiH 3aTThIH KalChIOIp KOMIIOHEHTIHIH JIOJI COJ KOCHaAarblail MeJIIep/ae bIAbICTA JKAIFbI3

o31 KaJIraH Ke3)1eri P; KBICBIMBI, T'a3 KOCIIACbIHBIH COJI KOMHOHGHTiHiH napyuail KblCbiMbl ICII
aTajiaabl. OH,Z[a, ra3 KOCHACBIHBIH XaJIIIbl p KBbICBIMbI KOCIIAHBIH KOMHOHCHTTepiHiH napnuuani

KbICBIMIAPBIHBIH KOCBIHBICBIHA TEH O0Maabl p= P, + P, + Py +...= Z p; - Nnean ras
i=1

KYHiHiH TeHaeyl boins-Mapuort Tenneyi. Mpmeanm ra3 KOCMAachbIHBIH Mapuual Kejemi Tasa
KOMITOHEHTTEpiH Oip/eil KbICBIM MEH TeMIlepaTypaja aJIbIHFaH KeJIEeMJEpiHIH KOCHIHBIChIHA
TeH, nemMek V=Vi+V,o+ ... +V,. Ochl TeHaey Amara 3aHbl, OChIJJaH KOCIIAHBIH TOJIBIK KOJIeMi



KOMITOHEHTTEP/IiH NapIuan KejxeMIepiHiH KOChIHAbIChIHA TeH. HakThl ra3 kocnach! yuriH Amara
3aHbl OphIHIAIMAIIbI. Byl ke3/ie apThiK QyHKIUsUIap maiaa 0ojaibl, ojlap HAKTHI ra3 KYWiHIH
TeHJCYIMEH OalIaHBICTHI.
O3inaik 0aKkblIay CypaKTapbl
1. TepMoOMHAMUKAHBIH ~ HETi3ri  aHbIKTaMajiapbl  MEH  TYCIHIKTeMelnepi:
TEPMOIMHAMHKAIIBIK JKYIie, POLIECC, TeTe-TeHIIK.
OxmaynanraH, )Ka0bIK jKOHE alllbIK KYHesep.
TobIK, MEXaHHKAJIBIK KOHE TEPMOIMHAMHKAIIBIK TEIe-TEHIIK.
DKCTEHCHUBTIK )KOHE HHTCHCHUBTIK TTapaMeTJiep.
Tepmik jKoHE KaJOPHSUIBIK KACHETTEP
TepMOaMHAMUKAHBIH KaJTIBUTBIKTBLIBIFBI.
Tene-TeHaAIK TEPMOIUHAMHUKACHIHBIH MEKTLIITI.
. Temne-TeHaiKCI3 TEPMOIMHAMUKACHI.
YcbIHBLIFAH 31e0ueT TiziMi
Herisri oneduerrep
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2 JeKuus

TepmoaunamukanbslH auddepeHnnanaplk TeHaeysepi. JKaiambulaHFaH KoopIuHaTaizap
KOHE JKalmblIaHFaH KymTep. CunmaTraManblk QyHKIHsIIAp JKoHe ipreii TeHaeynep. MakcBemn
KaTbIHACTaphl. TepMOAMHAMUKAHBIH HETI3r1 TuddepeHIaIabIK TeHACYIepi.

Tyiingi ce3mep: muddepeHIMANIBIK TEHICY, KOOpAWHATA, KYII, CHIATTaMaJbIK,
byHKuus, ipreii, TeHIEY.

Kbickama ma3myHbl. TepMOIWHAMUKANBIK OMIC €Kl JKaFJalIbl JKY3ere achIpajibl:
1)TepMOAMHAMUKAIBIK TEMe-TCHIIK KyHWIeri JKyHeHIH op Typil KacHeTTepl apachIHIaFrbl



OailIaHBICTHl TaFaWBIHAANWIBI, 2) OChI TEPMOJAMHAMUKAIBIK TEMe-TEeHMIK KYWIl aHBIKTANIbI
mapTTapAasl TaraWbiHAakabpl.  bipiHmi  Mocene TepMOAVMHAMUKAHBIH U] epeHITHATIBIK
TeHAeynepi kemerimMen menriieni. OHma epMOIUHAMUKAHBIH OIpiHINI MEH eKiHIII 3aHBIHBIH
Oipnecripinren TeHueyi Koimanaael:. dU=TdS-pdV+Y1dx;. . Ocsl TeHmeyain auddepenmnan
QNJIBIHIAFBl MYIIENIepl JKaNMbUIaHFaH KymTep , an nuddepeHnuan acThIHIAFBl JKaIIbUIAHFAaH
KOOpJMHATTAp Jen aTtaiajsl. JIekaHap TypiaeHaipyi apkbuibl 1 sHTanenus, F epkiH sHeprus
xkoHe G TepMOJMHAMUKAIBIK MOTCHIIMAN CUMIATTAMAIBIK (DyHKIUIApIbIH AU depeHInaniapbl
anbIKTanaAbl. J{uddepeHnnanaplk TeHAeyIep KOPBIThUIFAHIA CUIIATTAMANIBIK (YHKIHsIIAPD KyH
GyHKIUACH, all onapAasiH quddepeHnnanaapsl ToablK auddepenmman 6onanel. (0 T/0V)s=-(0
p/0S), , (0 T/op)s=(0 V/OS)p, (0 SIOV)T=(0 p/dT)y, (0 S/dp)t= -(0 V/0T),. - Makcsemn
KaTeiHacTapbl. OCBl KaThIHACTApAaH TYPJCHIIPY apKbUIbl aepOec Macerienepii IIenry YIIiH
Oacka auddepeHIHAIIABIK TEHICYJIepl KOPBIThLIaAbBl. MpbIicaasl  MakcBe/UT KaThbIHACTaphIH
KoJIJaHbIN BaH-nep-Baanbce ra3plHbIH 11IKI SHEPTHACHIHBIH.KOJIEMIe >KOHE KbICHIMFA TOYEJILTIri
aHbIKTaiabL U= -a/V+ug(T).
Osinaik 0aKkbLIay cypaKTapbl

1. TepmoannamukanblH AUQGepeHnanibK TEHACYIepPiH aHbIKTaY.

2. JKanmpimaaran KOOpAMHATAIAP JKOHE KAIBUIAHFAH KYIITEP aHBIKTAMACHI.

3. CunarramansiK GyHKIUSUIApAbI KENTIPIHI3 KoHE oNapablH AuddepeHInaianpbH
TaOBIHBI3.

4, Juddepenumnanaplk TeHAeYNIepAe TONbIK AuddepeHinaira He KaTaabl?

5. MakcBerut KaTbIHACTapbIH KOPBITHIHBI3.

6. Ban-nep-Baanbc ra3piHbIH KYH TEHJICYiH Ka3bIHbI3 KOHE TYCIHIIPiHI3.

7. Ban-nep-Baanbc ra3plHbIH 1HIKI SHEPTHSCHIHBIH OPHET1H KOPBITHIHBI3.

8. Ban-znep-Baanbc ra3bHbIH KbUTYCHIMBIMABUIBIFBIH AHBIKTAHbI3.
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3 nexkums

TepmoauHaMukanblK >KYHeHIH Tene-TeHIiri. TepMoanHaMMKablK SKYHEeHIH KopIlaraH
OopTaMeH TYHIHJECYIHIH op TYpJi >Karnaiyiapbl YIIiH Tene-TeHAIKTIH JKaJIbl maprrapel. Temne-
TEHJIIK OPHBIKTBUIBIFBIHBIH KpuTepuilnepi. Ta3a 3ar ¢azanapblHblH Tene-TeHIIr. XUMMIIbIK
noTeHnuan >koHe ['mOOcTiH Herisri TeHaeyi. daszamap Teme-TeHIITiHIH MmapTTapbl. [ uOOCTIH
dbazanap epexeci.

Tyiiinai ce3aep: KaTbiHAC, HETI3T, 1IKI YHEPTUs, UDOTEPMIIIK, MPOLIEC, IHEPT U,
KeJIeM, KbIChIM, Ta3a 3aT, (pa3a, XMMUSIIBIK IOTEHIMA, (a3anap epeeci, Tene-TeHaiK.

Kpickama Ma3myHbl. TepMoIMHAMMKANBIK JKYHEHIH KOpIIaraH OpTaMeH
TyHiHzAecyiHiH AepOec Typl OKIIaylaHFaH Kyie, byJl JKaFIaiiapsl YIIiH Tene-TeHIIKTIH KaJIbl
kputepuiii U=const, V=const. Erep xyiie V=const, S=const cunarranca, ouma dU<0; p,
S=const, onna dI <0; V, T=const, ouna dFF <0; p, T=const, onma dG <0. Ocbl TOPT MAPT
TEPMOJIMHAMHKAIIBIK XYWEHIH KOpIIaFaH OpTaMeH TYWIHAECYIHIH op TYpJIi jKarnaiyapbl yIIiH
Tene-TeHIKTIH JKaJIbl MapTTapbl, KPUTEPUILIEpiH Ta0yabiH Heri3l 6onaabl. by Tenaeynepaeri
TEHCI3MIK Oenrici KaWTBIMCBI3 TpOLECTepre KaTbICTBl. Tere-TeHIIK OpPHBIKTHUIBIFBIHBIH
kputepuiiiepi (0 p/dV)1<0 xone C,>0.

Taza 3ar op Typusi arperaTThIK Kyiinepae Oonaabl: KaTThl, CYWBIK HEMECE ra3TopisJiec.
benrimi >xarnaiimapaa Taza 3aTThIH op TYpPJi arperarThlK KyWJepi KoHE oJapAblH op Typii
AUTIOTPONTHIK  Momudukanmsuiapsl  Oip-OipiMeH  Teme-TeHAikTe Ooyia ananel, OipbIHFAR
TEpPMOJIMHAMMKAJIBIK >KYHeHI KypacThIpblll. MyHJail skyiie rereporesipl, 6ipak eki Hemece oaH
ken (hazanapsl Oap xKyie kenda3zanblk Jen atanaasl. OHbIH Keke ToMoreHal op Oeiri (asanap
6omaapl. Exiga3zansik sxyiieHiH ¢a3anap OesiHy Imekapachl 00J1abl, COJI apKbUIBI Macca aaMacybl
oreni. CoHABIKTAH 3aTTHIH op (as3achl aifHBIMaJbl Maccachl OOJATHIH , JEMEK allbIK JKyiie
periHae, OipTeKTi OIPKOMIIOHEHTTI XyHe Jen KapacTelpbliajel. MyHmai xyienepii apHaiibl
XUMHUSIIBIK TOTEHIMAN IeTeH (YHKIUSAMEH CHUIIATTay bIHFaiIbl. XUMUSUIBIK TIOTEHIAAN L - OacKa
KOMITOHEHTTEP/IiH Meuiiepi (MoJib Hemece OeJIIeKTep CaHbl) JKOHE THICTI KYH mapamerpiepi
TYpakThl OOJIFaH/Ia KapacThIPbUIATBIH I KOMIIOHEHT cCaHbl (MOJb) OOMNBIHILIA CHUIIATTaMaJbIK
byuknusnapasiH G (I'mbcc motennuans), F (6oc sneprus vemece ['enbmronbil noteHmans), E
(imki sHeprusi) HeMece H (HTanbnusiHbIH) aepOec TYbIHABICHL. XUMUSIIBIK MOTEHIUAN L KYH
GyHKUMSICHL. 3aTThIH €Ki (pa3aChIHBIH TEME-TeHITHIH KAXKETT1 JKOHE KETKUTIKTI IIapThl OOJBIIL,
ochlI (pazasapJblH TEMIepaTypaitapbl MEH KbICHIMBI XKOHE XUMHUSAJIBIK MTOTEHIMAaphl T€H 00Tybl
kepek. Ekidasanbik xyienin ¢asza kuceirbl gen P=p(T) QyHKIMCBIHBIH Tpadurid aiTabl.
['n66c¢TiH ¢azanap epexxeci N KOMIIOHEHTTEH TypaTblH M (a3zanmapaa OonaThIH Kyilenep yIiuiH
TOYeJNCi3 IIamaiap CaHblH aHbIKTaiimel. OChl Toyenci3 mamanap cadbl f JKyHeHIH epKiHIIK
Jopexeci Jen arajaj]bl jKOHE OHJAFbl Tere-TeHIIKTe OOJIaThIH KaTap eMip CypeTiH OapIibIK
dazamapasr 6enrineiai. ['udOCTiH dasanap epexeci 6oibiama f=n-m+2.

Osinaik 0aKbLIay CypaKTapbl

1. 3aT KaHIIIa arperarTeIK Kyiae 00maapr?

2. ®a3za nereHimiz He?

3. Kenazansix jxyiie aHbIKTaMachl.

4. TepMoauHAMUKaJBIK KYHEHIH KOpIIaraH opTaMeH TYHiHZIecyiHiH aepoec Typi
KaHgamn?

5. Oxmraynanfan >KyHeHIH  KOpIIaraH OpPTaMEH Tele-TeHIIKTI TYHiHAeCyiHiH
KPUTEPHHI.

6. Erep xyiie V=const, S=const- MEH cumarraica; OHJA >KYHEHIH KopIIaraH
OpTaMEH TeTe-TeH KT TYWIHIeCYIHIH KpUTEepUiil KaH1ai?

1. Erep xyiie p, S=const- MeH cumarTanca; oHAa KYHEHIH KOpIIaraH OpTaMeH

Tere-TeHIIKT1 TYHIHIeCYyiHIH KpUTepuiii KaHaai?



8. Erep xyite V, T=const men cumarranca; OHJa >KYHEeHIH KOpIIaraH OpTaMeH
Tere-TeHIIKT1 TYHIHIeCYyiHIH KpUTepuiii KaHaamn?

9. Erep xyite p, T=const men cumnarrainca; OHAA KYHEHIH KOpIIaraH OpTaMeH
Tere-TeHIIKT1 TYHIHIeCYiHIH KpUTEepUl KaHaai?

10.  Teme-TeHAiK OPHBIKTHUIBIFBIHBIH KpUTEPUIIEP] KaHJait?

11. XUMHUSIIBIK DOTEHIIMAN KaJlall aHbIKTaIaa6I?

12. 3arThiH €Ki (a3achlHBIH TeMe-TeHIITIHIH KaKeTTI JKOHE JKETKUTKTI IIapThl
KaHgaii?

13.  Exida3zanbIk xyiieHiH (a3a KUCHIFbIH ChI3BIHBI3.

14. ['u60cTiH (hazanap epexeci HEHi aHBIKTAN BT ?
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4  nexuus
2 moayJib. Ta3za 0ipdazajbIK 3aTThIH TEPMOIMHAMHUKAJIBIK KacHeTTepi
HaxkTpl ra3aplH TepMOAMHAMUKAIBIK KacuerTepi. HakThl ra3ablH TepMAIK KacueTTepi.

HakTtel razmpiH  wm30TepMuepi, u300apiapel, u30Xopiapbl. Tepmaik K03 UIMEHTI.

CoIFpUIFBIUTHIK KO3 ¢uuenTi. HakTbl ra3aslH  KaJOpUSJIBIK — KacueTTepl. OHTaJbIUA.

Ontponus. XKpUTyChIMBIMIBUIBIK.

Tyiinai ce3gep: HakThl, Tas, KAJIOPUSUNIBIK ~ KAaCHETTEp, OHTAJBINA,
nuddepeHnuan, wuaean, HTPOMUS, KBLUTYCBIMBIM/IBUTBIK,. TETIE-TEH/IIK, IapT, H300apJIbIK,
M30TEPM/IIK, TIPOIIECC.

Kpickama Mma3myHbl. HakThl ra3ibiH KaJOpUsIIBIK KACHETTEPiH, MbICAIIbI, SHTAIBITHS \HbI
6bLTall aubIKTayFa Gomansr: i(p,T)= i(p—0, T) =|(6i/dp)rdp  Byx Termey p—0 ymTbUFanga

HAKThI ra3/IbIH TEPMOJMHAMUKAIIBIK (YHKIUSIAphl OHBIH Heall Ta3/bIKiHe TeH 00Jabl, 1eMeK



i(p—0, T) + io(T) . Ouma Oepinren p, T ke3iHIe KATOPUSIIBIK [IaMaHbl aHBIKTAY YILIiH
Kkeseci aibIppiMubl Tady Kaxert: i(p,T) - i(p—0, T) = A i(p,T) = [(0i/dp)rdp. Mynnarst A i(p,T)
— ©Oacel apThIK (QYHKITHUS. bizgiH MbIcanmga apThIK JHTAIbNUA. ApPTHIK (QyHKIUSIAP
TEPMOJIMHAMHUKAHBIH JU(PPEpeHITHANIBIK TEHACYIepl KOMETIMEH TEPMJIK IIaMajiap apKbUIbl
aHBIKTANaIbl, JeMeK Oenrimi  Kyd  TeHaeynepi  apKbUIbl.  ODHTAJIBIMUSHBIH — TOJBIK
nuddepeHnranbiHa eKiHIN BUPHAIIBIK KO3(PGUIIMEHT Kipeai, COHIBIKTaH dPTYPIl U30TepMICp
yuin A i(p,T)=f(p) Toyenuinirin Tanmay kepek.  B-T(dB/dT)=0 1maprtel opbIHAaIaTHIH
TEMIIepaTypaHbl uHeepcus memnepamypacel nen aitaabl. COHIBIKTaH

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

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

HakTbl Ta31bIH apThIK SHTAIBIUSCHIHBIH H30TEPMiHAEC MHUHHMYM HYKTelepi Oap, omap
WHBEPCHUS HYKTEJEepi JIeNiHe 1, all OChl HYKTeNep/i KOCAaThIH KUCHIKTHI MHBEPCHSI KUCBIFBI JICHII.
DOHTPOIUSHBI aHBIKTAY YIIIH QJIJbIHFBI SHTAIBIUSHBI aHBIKTAYy TOCUTIH KOJJAaHAABL. Op TYpl
nuarpamMmazia  u3o0ap, HM30XOpajapAbl  ChI3yFa  JIaFibUlaHy Kepek. HakTel  ra3nubiH

KBLTYCBIUBIMABIIBIFBI J1a JHTANBIHA CHAKTHI TaObuiambl: cp(P,T) - Cpo (I) = Acp(p,T) =
[(@cy/0p)rdp.

Osinaik 0aKkbLIay cypaKTapbl

1. Hakrtsl ras.

2. HaxTsl ra3/ibIH SHTAIBIHACHI.

3. HaxThb! ra3/ibIH apThIK SHTAJIbIUICHI.

4. HaxTsl ra3ibIH apThIK SHTAIBIUSCBIHBIH H30TEPMIEPI.

5. Exinnn Bupranabik KodhOUIMCHT.

6. Hakrbl ra3nbIH Ky TeHACYIHIH BUPHAIIBIK TYPI.

7. MHBepcus TeMnepaTypachlH aHbIKTay.

8. MHBEPCHsSI KUCBIFBI TpauK OOMBIHIIIA TaJIaHBbI3.

9. OHTaNBNUs U300apiapsl.

HaKTI)I Tra3bIH BHTPOHI/ISICI)I.

. HaxkTbl ra3apiH apThIK SHTPOMHSICHIL.
12. HaxTbl ra3ibIH. JKbUTY CBIABIMIBUIBIFbI.
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11.  Meiicon 3., Cnepnunr T. BupuanbHoe ypaBHeHHE cocTosiHUA.-M.:Mup, 1972.-
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5 sexkuus

3 MoayJib. TepMoauHAMMKAIBIK YKCACTBIK d/ici

Kannbl Karupaiaap.TepMoauHaMHUKaIbIK YKcacThIK. ColKecTiK Kywiep. Ommemci3
napametpiiep. ColikecTik Kyilsiep 3aHbl. 3aTThIH TEPMOIMHAMUKAIBIK KACUETTEPiH O0JDKay YIIiH
COIKeCTIK KYWJiep 3aHbIH KOJAaHYy.

Tyiiinai ce3nep: Tasza 3ar, ¢a3a, XUMHITBIK TOTEHINAN, (a3anap epexeci, Terne-TeHIIK.

Kpickama ma3smynbl. Erep exi 3at Hemece 3artap TOObI KacueTTepi aiedip emeMci3
napameTpiep JKyilieciMeH KenTipiareH Oip [onm conl KyH TeHuaeyiMeH OeifHeneHce, oJap
TePMOJMHAMHKAIBIK YKcac 0ojaabl. OmeMci3 mapaMmerpliiep xyieci ObUIail KypacThIpbUIabl.
On ywin p,V, T, p Ky# mapameTrpiepiHiH KalcwIOip OenrineHreH Kyiimeri caiikec Po,Vo, To, po
HIaMasnapra KaThIChIH KolaaHaael. OHa eneMci3 alHbIMalbUIap Obl1ail aHbIKTaNabl: @ = p/po:

t =1/ Ty xoHe T.0. Erep ymiHm mapamerp peTiHAE CHIFBUIFBIIITHIK KOA(PQPHUIIMEHTI
anblHCa, OH/JAa TEPMOAMHAMMKAIBIK YKCAc 3aTTap YIIIH KYH TeHJeyl TeHOe-TeH Oonaabl jKoHe
ObLTail xa3putanbl: z=z(®, T). EKi 3aTTBIH HeMece OipHele 3aTTapblH Kyiiepi Oipaei o, T
MOH/IEpIMEH aHBIKTAJICA, OHAAM KYHIep/Ii COMKECTIK Kyiep men araiabl. Onaii 60s1ca ColKecTiK
KYWJiepie TEPMOJAMHAMHUKAIBIK YKCAaC 3arTap YIIH Ke3 KEeJITreH 6JIIeMCi3 KOMIUIEKCTePIiH
MoHAepl Oipnelt 6onaabl. 7z,¢,7 MaManapAblH Sp TYpJil 3aTTapra OipAel MOHJEPIHIH KUBIHTBIFbI
catikecmik Kyillepin aHbIKTaiAbl. Erep yIn KenTipiireH napaMmeTpiaepiiH exeyi op TYpIl 3arTapaa
Oipaeil Oosca, oHAa YUIIHIII MapameTpine ockl 3artapaa Oipaei. Ocbl 3aH calikecmik Kyiiiep
3aHbl ICTI aTajabl.

Ta3a 3ar yuIiH yKCacTBIKTBIH CYHEHIIl HYKTECI PEeTiHJe KPUTHKAJIbIK HYKTEHI anajbl.
[TpakTHKaNbIK €cenTeylepAe Toyelci3 MapaMeTpiiep pPETIHAE KbICBIM MEH TeMIlepaTypaHbl
amagpl.  ColfkecTiK Kyiiep 3aHbIH KOJIJAHbIN, YKCac 3aTTap/AblH KacHeTTepl 3epTTeienl.
Mpicanbl WHEPT Ta3lapbIHBIH CHIFBUIFBIITHIK JHarpaMMallapbl, apThIK SHTAIBINS, SHTPOIHS
quarpaMMmanapbl - JkoHe  T.0.  3eprrenreH.  KpuTukanblk — aiiMakTarel  Ta3a  3aTThIH
TEPMOJMHAMHKAIIBIK ~KacueTTepi epekmie Oonaapl. KpUTHKaNBIK HYKTEHIH MaHaibIHAA
IPaBUTALMAIIBIK THAPOCTATUKAIBIK 3 ¢deKT Oaifkanaabl, o7 3aTTbIH OIPTEKCI3AIriH TYIbIPabl.
['paBuUTAanMsIBIK ~ KYLITEPAIH OpICIHIH ocepl KPUTHKAJBIK HYKTEIEH allbic Kylepae
OaifkanMaiiIpl, all MaHAMBIHAA CYWBIKTHIH HEMece Ta3[IbIH MEHIIIKTI KOJIEMiHIH ©3Tepici 3aTThIH
CBIFBUIFBIIITHIK KO3(QUIMEHTIHE Typa MponopuuoHan Oonaabl. byn rpaBuTanusubik 3QQexT
KPUTHUKAJBIK HYKTEHIH MaHaWblHIA 3aTTBIH XbUTY(U3UKAJIBIK KAaCHETTEPiH SKCIEPUMEHTAIIbbI
3epPTTEreH/ie KUBIHIIBLUIBIKTAD TYIBIPaabl. MOcelneH KPUTHUKAIBIK KYHIEri 3aTThIH Tere-TeHIIIK
KYHIHIH OpHAybIHBIH YaKbITBIHBIH Y3aKThIFbl. OChIFaH KOCa KPUTHKAIBIK HYKTEHIH MaHaibIHIa
3aTTBIH MEHIIIKTI KOJeMi, SHTaJbIHSICHI, JKbUTYCBIMBIMIBIIBIFEI KYPT ©3TepiCKe YIIbIPAiIbI,
KbICBIM MEH TEMIIepaTypaHblH ©Te 9JICi3 ayBITKYJaphl OJIIEHIN OTHIPFaH KACHeTTEePHAiH Ioi
MOHIHEH eldylp YJKeH aybITKyjlapra okenenl. ToxipuOenep KOPBITHIHIBICH OOMBIHIIA
KPUTHUKAJIBIK KYHI1H KpUTepuiiaepi Obutail aHbIKTaa /bl

2
(@j =0 xoHe 0 FZ) =0
N )y ov? ),

Ochl mapTTap OOWBIHINIA HAKTHI Ta3 KYWIHIH TCHACYIHCH KpUMUKAILIK napamempaepoi
aHbIKTaiiipl.  KpUTUKanblK HyKTeree >KakpIHIaFraHAa, HW300apiibIK  KBUTYCHIHBIMIBUIBIK,
W30TEPMIIK  CBIFBUIFBIINTHIK ~ KOY(DPHUIIMEHT  IMIEKCI3AIKKE  YMThUIaAbl.  M30X0paibiK




JKBLTYCBHIMMIBUTBIK SKCTIEPUMEHT HOTHXKENepi OONBIHIIIA KPUTHKAIBIK HYKTCHIH JKaHbIH/IA IIIEKCI3
oecemi. KpuTHKanblK KbBICHIM MEH TeMIIepaTypaHbl SKCHEpHUMEHTTeH Tabyra Oomnaapl. bipak
KPUTHKAJIBIK KOJIEM/I1 6JIIIIey 6T¢ KHbIH, OHbI Tpa@)OaHaTUTHKAIBIK SJIIC apPKBLIbI CATBICTBIPMAIIBI
Typae Tababl. . AJl KUHETUKAIBIK KOAPOUIIMEHTTEP 1 3€pTTEY 30p KUBIHIIBUIBIKTAP TYBIPAIbI.
MeHiH KaHIUJATTHIK AUCCEpTAlUsAara 3epTTeysiepiM OChl KPUTHUKAIBIK aiMarblHAA ©3apa
T Py3usIblK KOdDPHUIMEHTTIH KBICBIM MEH TeMIeparypara TOYSJIUNTIH SKCHEPUMEHTTIK
aHbIKTayMeH OaitnanbicThl  OosnFaH. COHJBIKTAH  KPUTHKAJIBIK aliMaKTarbl  3aTThIH
TEPMOJIMHAMHUKAJIBIK KACHETTEPl MaFaH ©T€ MOJIIM.

Osinaik 0aKkbLIay CypaKTapbl
Kanmaii 3aTTap TepMOIMHAMHUKAIIBIK YKcac 00aapl?
OnmemMci3 napaMeTpIiep Kyieci Kanaid KypacThIpbUIaab?
CoiikecTiK Kyiiep Kajlail aHbIKTaIa1pl?
CalikecTiK KYHep 3aHbIH TY)KBIPBIMIAHBI3.
Y KCaCTBIKTBIH CYHEHII HYKTeCI PETiHe KaHaal mapaMeTpiiep aabiHaIbl?
Kenripinren napameTp aemn KaHaai mapameTpiiepi aitaas?
Ban-znep-Baanbc TeHeyiHiH KeNTipUITeH TYPiH *Ka3bIHbI3.
Bupnanapik Ky TeHIEYiHIH KeNTIpireH TYpPiH Ka3bIHbI3.
Onmemci3 mapameTpiiep Kajaid aHbIKTaIaabl?.
0. Ta3za razmap MeH CYWBIKTApAbIH KBICBIMBI, KOJEMi MKOHE TeMIIepaTypachl
apachIHJIaFbl KAThIHACTAP.

11.  Exinapametpiik koppemnsuusuiap. \KpuTHKaJIbIK KYHIIH KpUTEpUIAIEPi.

12. KpuTukanblk HYKTEHIH MaHAWbIHAA TPaBUTAIUSIIBIK THAPOCTATUKAIBLIK d(h(eKTi
TYCIHIpIHI3.

ROoo~NoGO~LNE
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6 JIeKI sl
4 wmoayab. KenkommnoneHTTiK Oipdasanbik KyiejepaiH TepMOANHAMHUKAJBIK
Kacuerrepi

Ky#t tenneynepi. Kyl Tenneynepinin skanmnsl Typi. Maean ra3 kyiiHiH TeHaeyi. HakTo
ra3 KyiHig Teqjaeyi. Ban-nep-Baanbc TeHaeyi. ['a3 kyiiHiH TeHIEyiHIH BUPHAIIBIK TYPi.

Tyiiinai ce3nep: Tasza, Gipdasanbik, 3aT, HAKTHI Ta3, TEPMAIK KacHeTTep, U30TEPMIED,
u3obapiap, nzoxopanap, KO3PQPUINEHT, ChIFbUIFBIIITHIK.

Kpickama ma3MyHbl. biprekTi Oipdas3anblk XUMHUSUIBIK peaKIusIap KYPMEUTIH
KOMKOMIIOHEHTTI JKyHenepai KapacTelpambl3. KypaMbl MOIbIiK HeMmece MaccajblK YJieci,
KOHIICHTPALUSUIIAPhl apKbUTBI KOPCETINIe/].

Wnean ra3asin smoupukanslk 3agaapsl: pv=f(T) -boiins 3anb1 (0u/0v)t — J>K0ynb 3aHBI.
Ocel TeHIeyJepJeH Huaeal Ta3 KYHIHIH TeHJAEYl KOPBITBUIANBI, OJaH TEPMIIK KacHeTTepi:
H30TEepMIEpi, H300apiiapel, H30XOpajapbl JKOHE TepMAIK Kod(h(HIIMEHTEpl aHBIKTAIAIbI.
TepMaik koddduimenTepi: keneMIaik yiraro kodddumuenti B=1/T; u30TepMIIK CHIFBUIFBIIITHIK
ko3 durmenTi or=- 1/p; KBICBIMHBIH TepMIiK Kodddumuenti.y=1/T. Hnean ra3apiH
KaJOPHUSIBIK KAaCHETTEepl IMIKiI SHEpPrHs, SHTAIBIHS, >KbUTYCHIMBIMIBUIBIK KBICBIMFA HEMEce
KeJieMre Tayelici3, TEeK TemrmepaTypara Toyenai. HakTel ra3ablH MOJeKyJalapblHBIH KeJIeMiH
YKOHE OJIAPJIBIH SPEKETTECYl UACANIBIKTaH KACHETTEPIHIH aybITKYbIH TYCiHaipeni. XX FachIpIbIH
30-40 »k.k. HaKTBHl ra3 KYHIHIH TEHICYIHIH 6upuanowviy mypi YCuiHbuiasl: PV=RT(1+B/v +C/
V2+...), myszarer B(T), C(T) — exiHmmi »xoHe yIIiHII BHpHAIIBIK Kod(Q(UIMEHT JeI aTarajpbl.
Erep ra3aslH MojekynaapaliblK opeKeTTecy MOTeHIManbl Oenrini 0ojica, OHla CTaTUCTUKAIBIK
¢uzukana Oyn koddduuueHtrepai ecentey (Gpopmynackl KOpbITbUIaJbl. boiias TemmepaTypchl
nen exiHmi BUpHanAbK Kodpduuuent B(T)=0 OGonrannarbl TemmeparypaHsl aiTajasl. HakTel
ra3fblH M30TEepPMIEpiH, M300apiapblH, H30XopaiapblH p-V, p-T- numarpammana chi3y Kepek.
HakTbl ra3apiH CHIFBUIFBIITHIK KO3pdumuenti z=pV/RT, ungean razga z=0. HaxTbl Ta3nbig
TEPMJIIK KacHeTTepl KacueTTepl Mieall Ta3/bIKIHEH enyolp alblpbuiajbl, ©UTKEH1 KYH TeHAeyl
kypaeni, Kyit Tenneynepi ete kypaeni. Meicansl benennkr-Be60-Pyoun tenaeyi.

Osinaik 0aKkbL1ay cypakTapbl

1. Wpnean ra3 kyHiHiH TeHOLYI.

2. Haxkrsl ra3 kyliinin Teqaeyi. Kyl TeHaeyiHiH BUpHaIabIK TYpI.

3. Wnean ra3fplH TEPMIIK KacHeTTepi: HM30TepMAEpi, M300apiapel, M30XOpaliapbl
(rpaduxTepi) xKoHE TEPMIIK Ko3pPuirenTepi.

4. HakTtbl ra3npiH TepMAIK KacueTTepi: HU30TepMIepi, u3o0apiapbl, H30XOpaaapsl
(rpadukTepi) xKoHE TEPMAIK KOIPPUITEHTEPI.

5. boiine TeMiiepaTypacsl.

6. MoJb ik KOHIICHTPAIUS aHBIKTAMACHI.

7. MaccaiblK KOHIIEHTPAIUs aHBIKTaMacChl.

8. JlanbTOH 3aHBI.

9. [Taprman KbICHIMBI.

10.  Awmara 3aHpI.

11.  boiins-MapuoTT TeHeyi.
Y ChIHBUIFAH 9/1e0ueT Ti3imi
Herisri oneduerrep
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VYueOHuK 111 By30B.-M.: OHeproatomusaar, 1983.- 416 c.



3 Mongabekoa M.C. TepmoaumHamuka HEOOpPATHMBIX TIPOIECCOB: YueOHOe
nocobue.- Anmarsl: Kazak yausepcureri, 2004.-102 c.
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Koceimma ogedouerrep
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10 Pun P., Ilpaycuun [Ix., llepyn T. CoiicTBa ra3zoB u xuakocreit: CripaBodHoe
nmoco6ue.- JI.: Xumus, 1982.- 592 c.

11 Meiicon 3., Cnepnunr T. BupuansHoe ypaBHeHHE cocTosiHUA.-M.:Mup, 1972.-
280 c.

12 I'upmidensaep k., Keptucc Y., bepn P. MonekynsipHass Teopusi razoB H
skuakocreit.-M.: I, 1961.-929 c.

13 Kazakma-opeiciia, opbiciia-Ka3akilia TEPMUHOJIOTUSIBIK cO3MiK. PHU3MKa KOHE
actponomus /KP Ykimeri >kaHbIHAarbl MEMIICKETTIK TEPMUHOJOTHS KOMHCCHUSCH OCKiTKEH
//K.O0niramapoB, K.bakreioaes, P.bamapynsl, C.Mcatae, M.M.Kaneikenos, T.C.KoxxaHOB,
A K.KycaiteinoB, M.C.MonnabexoBa, M.[136acapoB.— Anmarsl: Payan, 1999. — 296 c.

7 aexkuusi
Hakrb! ra3apiy Kocnacekl. HakThl Ta3 KOCIACHIHBIH MapIHANAbIK KbICHIMBI KOHE KOJIEMI.
Wnean emec ra3apiH KocnaaapblHbIH TEPMOIUHAMUKAIBIK ()YHKITUSTIAPHI.
Tyiiinai ce3gep: KONKOMIOHEHTTIK, Oip¢azanblK, XKyie, HaKThl, ras, Kocra,
napiai, KbIChIM, KOJIEM, BUPUAIIBIK, KOAGOUIIMEHT, OUHAPIIBIK.
Kbickama wma3myHbl. HakTel ra3 KOCHAchIHBIH JKallbl p  KBICBIMBI KOCIAHBIH

KOMIIOHEHTTEPIHIH Napuuai KbICBIMIApbIHBIH KOCBIHIBICBIHA T€H OoiMaiiabl , nemek JlanbToH

K
3aHbI OPBIHJAJIMANABL, OHIA P =P, + P, + Py +... # Z p, . XoHE pi#pX;. Hakrel ra3 Kocmacel
i=1

yuriH Amara 3aHbl Ja opblHAanMaiabpl. by kesne apTeik GyHKOMsUIap maima 6osaapl, onap
HAKTHI ra3 KYIHIH TeHJeyiMeH OaimaHbpICThl. Mmean emec ra3map >Kaimbl KeleMe apalacKaH/a,
OJIapJbIH TEMIIepaTypachl MEH KbBICBIMBI aJJIBIHIAFBl apajaciai TYpFaHJIaFbel Ta3JapablH
napamerpiiepine coiikec kenmeii. COHIBIKTaH MOJIBIIK IIaManap YIIiH OyJl epHEKTepAiH Typi
Obuait sxazeutansl: v(p,1)=> xNi(P,T) +Av(p,T,x1, X2...), MYHIaFbl V — MOJBIIK KOJIEeM, X1, X2 _
KOCIIaHBIH KOMITOHEHTTEPIHIH MOJbBAIK KOHIEHTpauuschl, Av(p,T,x1, X2...) — MOJNB/IK KOJIEMHIH
UACANIABIKTAaH AaybITKYBIH €CKEepeTiH Ty3erysiep. MbIcaibl, BUPHAIBIK KOIPPHUITUESHTTEP
TeMIepaTypa MEH 3aTThlH KOHIIGHTpaIMsIChlHA Toyenni. bHHApnbIK Kocma YIIH eKiHIIi
BUPHAIIBIK KO3(UIMeHT Oblnaid aHbIKTanagsl: Bi,ena= 821X12 +2B12X1X2+B2, X% DHTpOmUs
JKoHe ©Oacka TepMOJWHAMUKANBIK (YHKIUSIApAa OChl MOJBAIK KOJeM CHSKTBI YKcac
OpPHEKTEPMEH aHBIKTaIabl. MbIcasbl, 0AChl apTHIK SHTPOIUSHBIH KACHETIH HAKThI ra3 KOCTAaChl
ylIiH Obuail ecenteyre Oonaabl:

As(p,T,x1, X2...)=-J (@AV/OT), xdp.

Osinaik 0aKkbLIay CypaKTapbl.

1. Moub1iK KOHIIEHTpAITUs aHBIKTAMACHI.

2. MaccalbIK KOHIIEHTpAIUsI aHBIKTAMACHI.

3. HaxkTel ra3 KocrachIHBIH KBICBIMBI, KOJIEMI.



[Tapunain KpICbIMBI. [aqbTOH 3aHBI.

Amara 3aHEl.

Boitne-MapuorT Tenaeyi.

bacel apThIK GyHKIIUSIIAP JCT HeH1 aiTaapl?

Exinmmi Bupuanapik Ko3ppUInueHTTiH TemMreparypara 3aTThlH KOHIIEHTPALUsIChIHA

NG~

TOYEJILIIT.
9. Exinmi Bupuanablk K03(GGUIMEHTTIH 3aTThIH KOHLIEHTPAIMACHIHA TOYEJILTIri.
10. benenukr-Be66-PyouHn Tenaeyi.
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8 sexuus

®azanbIk Tene-TeHAiK. bipiHin TekTi ¢azaiblK aybICyaap KOHE OChI aybICyliap Ke3iHAer1
KbUTYNBIK 3 dexrinep. Exinmi Texti (azansik aysicynap. Knaneiipon-Knaysuyc tenneyi. Taza
3aTThIH YII (Da3achIHBIH TETe-TEHJIITI.

Tyiiinai ce3mep: cyiiblk, ra3z Topiznec, (asza, Oy CBI3BIKTApbl, KPUTHUKAIBIK,
TeMIeparypa, KOIKOMIIOHEHTTI, Kyile, Teme-TeHJIK, OMHapJbIK, KaTThl JieHe, OalKy, Kararo,
KOPBITIIA, ePITiHIl, OY.

Kbickama ma3mynbl. Erep OunapiwiK skyiene eki (aza Teme-TeHIIKTE KaTap
eMip cypce, onia I'm60ctiy ¢aszanap epexeci O0HbIHIIA OYHIA KYiie €Kl epKIHIIK I9pexere ue.
Onmnait 60nca MyHIail )KYHEHIH KYHIH CHUINATTaWThIH p, T, X1, X2 TOPT IIaMaHBIH €Keyl TOYelCi3
Oomangsl 1a, KalFaH €Keyl colapiAblH (QYHKUUACHL Oojanel. OperTe, €Ki ailHbIMaiblIapabl
KapacTelpMay YIIiH, Oip Toyenci3 IIaMaHbl TYPaKThl Jer, Oenriyielsi, colaH KEeHiH Toyemnmii
ailHpIManbIIap MeH Oip Toyenci3 IIaMaHbIH apachlHAAarbl OalIaHBICTapAbl  13/ECTipei.



CoHIBIKTaH CYHBIK - Oy Tere-TeHIIriH OMHAPIIBIK XKYHeae 3epTTereH/ie Keleci ToyenaiTikTep i
anbikTaimbt: Ps(T)xa, Ps(T) x2 » Ps(X)T, Ps(*2)1, To(Xa)p, Ts(X2)ps X1(X2)p, X1 (X2)p.

KonueHnrpanusicel X, keOy KaublkkaH OymaH dN; 3aTThIH MOJi  CYHBIKKA
M300apIIBIK-U30TEPMIIK aybICKaHNa, Asy.; SHTPONUS MEH Avy., — KeJeMHiH e3repiciHiH |
MOJIbI'€ KaThIHACKHI ObUTall aHBIKTANAAbL: (Op/0T) x2 =, As2.1/Avy.q. OCBl TEHIEYIEri SHTPOMUS
©3repiCiH PHTANbIUSAFA aybICThIpyFa Oonanpl. P-7 nuarpammana x=const Ke3iHJE KaHBIKKaH
OyIbIH TeMmIeparypara TOYEJIIITiH KepceTy Kepek. TypakThl TemrmepaTypaaa KaHBIKKAH
epITIHIIHIH KBICBIMBIMEH ((pa3aiblK Teme-TeHIIKTE p KbICHIM KaHBIFY KBICBIMBI Ps Oip) CYHMBIK
epITIHAIHIH KOHIICHTPAIUACH apachiHIarbl Oainanbic ObuTail aHbIKTaMaAbL: Ps1 (1-X1)+Ps2 X1=P,
IEeMEK Psi, Ps2 TypakTbl. Ochl epHekTeH T=const OosiFaHaa, X; WIBIFAPHII, P MEH Xz apachbIHAAFbI
OailmaHbICThI TA0ABI:

1p=1llp (1-x2)+1/ps, X2 . byn OGaimaHeicTBl OHHAPIIBIK epitinmi  yura P-X
auarpaMMmachigia cyperreini. TypakTel TemmepaTypaga X; MEH Xp apachblHIAFrbl OaijlaHbIC
MBIHAFaH TEH:

X2 = X1/ B((1-x1)+ X1, wmynmarsl = Ps1(T)/ ps2(T). T=const Gonranga, OCHl KaTbicTap
OuHapybIK eKiazanblK >KYWEHIH IapaMmeTpiiepi apachlHIarbl OaliaHBICTapbl TOJBIFBIMEH
KaMTuJbl. P=const Oosranna, H KoijaHaisl. Onpa Oyzabl uzaean ras3, an OyJlaHy >KbUIYbI
TemIiepaTypara toyenai emec nen Kianeiipon-Knaysuyc TeHmeyi, Keneci KaThiCThl Tabaasl: In
ps= - r/RT+C.

Wnean 6uHapabik cyHbIK - Oy exida3zanblk KYHEHIH Tere-TeHIIr koHe (azablK aybICYbl
YIIIH HEri3ri epekmieiikTep MbIHagail Oomaapl. 1) @asanblk Tene-TeHAIKTe (azanap
TEeMIEepaTypachl MEH KbICBIMBI Oip/eid, aj »aJIlbl >Karaaia KOHLEHTpalUsapsl op TYpiai. 2)
QazanblK aybicy kaObIK JKyiene (daT Meumepi TYpPakThl) HEMece KBICBIM TYPaKThl HeMece
TeMIeparypa TyYpakTel »karmaiima etenmi. Ocbl ke3ne Oacka mapamerpdasalblK aybICYIbIH
OacblHaH agfblHA JIEWIH aKbIpibl MaMara esrepeai. OHbl T-X quarpammacblHaH Kepyre 0oJajbl.
3) TypakThbl TeMIIepaTypa MEH TYPaKThl KbICHIM KE31H/IE Xp 'KOHE X1 OailJIaHbICHI Op TYPIIi.

KarTel neHe-cyHBIK Tere-TeHJIrH 3epTTereHie, abIMEH KATThl KOPBITIIAHBIH
0anKy TeMIepaTypachlH HeMece EpITIHAICIHIH KaTair TeMIlepaTypachlH Ouly KaxkeT, erep
oJIapJibIH KOHLEHTpauusiaapbl 6enrini 6omnca. Erep xatTsl ¢azansl (1) nem, an cyHbIKTHI (2) nen
Oenrizecek, OHJIAa OWHApPIBIK JXKYHeAeri KaTThl JI€HEe-CYHMBIK Teme-TeHMIr KbICBIM KOFaphl
6onmaca, Obitait skaseuianel: @11 (T,X)= @12 (T X2); @21 (T, X1)= @22 (T, X2). Erep xopsiTiia MeH
epiTiHai uaean 6osca, oHIa KOMBLIFaH CYpaKTapAblH LISyl KapanaidbiM. KaTTel 1eHe-cyibIK
Tere-TeHITTHIH apTTaphl ObUIal aHBIKTANAbI:

. ST/T,@W)L WRT(A-x)+ (T2 6anky) N xi=1; (M) = " A-x)+ (TITy Ganky)
Xo=1.

Ocwt  tenmeynepnin T-x — rpaduriaae exki KHCBIK ©Oap: 1 KHCBIK —COIUIYC
KOPBITIIATAPABIH  OaJKybIHBIH OacTalyblH KepceTedi, 2 KHCBIK -  JIMKBHAYC KaTaroJbIH
OactanybiH kepceteni. KomiMri OynaHy CHSKTHI, TuarpaMMaaarbl 1 KUCHIKTBIH aCcThI-KaTThHI (aza,
2 KUCBIKTBIH YCTI — CYMBIK, aJl OJapAblH apachl ekidaszaiblK xkyhe: KaTThl+cyWbIK. COHbIMEH
Oanky Hemece Kataro T-x — Tpadwuri apkpuibl TanfaHanabl. Mmean eMec KaTThl JI€HE-CYHBIK
KyHeciHie 3aTThIH KaTThl (ha3achl xKapbIM-KapThUlail apanacajabl HEMECe TOJBIK apanacraijibl.
Congpikran T-x-muarpamMmaza KartTehl (a3aHbIH —apajaclmalThiH  aliMarbIHBIH — IIEKapachl
OenrineHel; OH/Ia ABTEKTIK TEMIIEpaTypachl aHBIKTaJIa/Ibl.

CyiibIK-Oy (a3anbIK aybICYbIH KapacThIpy 9fici OapiblK 6acka aybicynapra Ja skapaMIbl.
Angeiver T-x-dazanslk aumarpamMmanga wjaealn >KyheHi KapacTteipambiz. OChbl Ke3/€ ajbIHFaH
OapibIK HOTIDKENEp camaibl TYpAE Haean eMec Kyhenepae ne opbiHaanaabl. KaHbIKKaH Kyiine
cyibIK Oap aemik. T-x-azansik quarpammana 1 vykre. Erep p=const sxarmaiiga CyibIKKa KbLTY
Oepin, OHBI TOJIBIFBIMEH OyFa aifHanIbIpyFa 6onansl (2 HYKTe). 2 HYKTe TeMrepaTypa | HyKTeneH
KOFaphl. 3aTThIH Oip MojiHe (Hemece 1 kr) 1 KyigeH 2 Kyire aybicy yuriH P=CONSt ke3iHze
OepiIreH I, KbULy MOJIIEPIH Oy1anyovly uHmezpanoblk dicbiiybl Jen atainsl. KepiciHiue
KOHOEHCAYUsIanyobly uHmezpaiovlk sxcoliyol  (2kyhigeH 1 kyire aypicy) OymaHyIbIH JKBUTY
MeJIepine TeH, Oipak TaHOackl oraH Kapama-kKapchl. Erep Oymany T=const eTce, oHIa XKbLTY



Oepinyl KBICBIMHBIH ©3TepiCiMEH OTell JKOHE OJI TYPaKThl TeMIepaTypajgarbl Iy OymaHyIbIH
WHTETPAJIIBIK JKBUIYBI JAeliHenl. by mamanapabie MoHAepi op Typiai. [Ipaktuka xy3iHae ere
KMl OTETIH NpOoIeCTep/ie CYbIMBIFRIMEH TEeMe-TeHAIKTEr1 OyAbIH a3 Meiiepi Kaxer Oonaasl (3
Hykte). Ochbl JKaFiaifa TypakThl KeickiMaa | Moub (Hemece 1Kr) ajplHFaH OyFa >KyMcajiraH
KBUTY/IbI qp6y”"‘b Oynanyosiy ouggepenyuanovix sxncoliysl nen araiasl. Ocbiran ykcac T=const
KE31H/IE q Toy + OYJIaHYIBIH

muddepeHIMaNIbIK KbUTybl aHbIKTaanabl. Ockbuiaii p=const sxone 7=const Kke3iHne
KOHOeHCayusiianyovly oug@epenyuanoviy oicvlryiapel  Tabblaaapl. COHBIMEH Ta3za 3aTKa
KaparaHjga OWHApIBIK EpITIHALICpAl CHMATTAWTBIH KBUIYNBIK (dextinep kem. Tinti muaean
JKy#enep yuriH Oy KbUTYJIBIK d(h(EeKTTepal aHATUTHKAIBIK TYP/Ie aHBIKTay KYpAenli, al ujaeal
e€MeC epITIHIUIep, KOpHITIANap YIIiH aHbIKTay MYMKiH emec.  COHIBIKTaH OWHApPIBIK
epiTinainepaeri ¢azanblK aybiCy Ke3iHIEri KbUTyNbIK dddexTep Mocenenepi auarpammaiap
KOMETIMEH ecenTeneli.

O3injik 0aKkblIay CypaKTapbl

1. Kannaii xxyiienep KoIIKOMIOHEHTTi?

2. bunapnsik xyiene dazanap caHbl KaHia?

3. Kanbikkan Oy KbICBIMBIHBIH TEMIIEpaTypara TOYeNIUIIri (epHeri).

4, KanbikkaH Oy KbICBIMBIHBIH TEMIIepaTypara Toyenaiiri (P-T nuarpamma).

5. TypakTel TemrepaTypaaa KaHBIKKAH EpITIHAIHIH p, pPs dKOHE CYWBIK CpITIHIIHIH
KOHIICHTPAIMSCHI apachlHIaFbl OaiiIaHbIC.

6. T=const GonFaHIaFel p MEH X, apachIHIaFbl OalTaHbIC.

7. bunapnbeik epiTiHAi yuriH P-X n1uarpaMMachkiH ChI3BIHBI3.

8. TypakTel TeMIiepatypaja X1 MEH Xz apacblHAaFbl OailiaHbIC.

9. Knaneitpon-Knaysuyc tenneyi

10. p=const 6onrannarel T MeH X apachIHIaFbl OalIaHBbIC.

11. Wnean OuHapnbIK CYHBIK - Oy eKia3zanblK KYyHeHiH Tene-TeH T koHe (a3abiK

aybICYbIH/IaFbl HET13T'1 €pEeKILIENIKTED.
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11 Meiicon 3., Cnepnunr T. BupuansHoe ypaBHeHHE cocTosiHUSA.-M.:Mup, 1972.-

280 c.



12 I'mpmipensaep k., Kepruce Y., bepn P. MonekymnspHas Teopus razoB u
skuakocteit.-M.: I, 1961.-929 c.

13 Kazakmra-opeicia, opsiciia-Ka3akiia TEPMUHOJIOTUSIBIK CcO3iK. DHU3MKa KOHE
actponomus /KP Yxkimeri >kaHbiHAaFrbl MEMIICKETTIK TEPMHHOJIOTHS KOMHCCHSICHI OCKITKEH
//K.O6niramapoB, K.bakreibaeB, P.bamapynei, C.Hcataes, M.M.Kansikenos, T.C.KoxaHoB,
A K.KycaiteinoB, M.C.MonnabekoBa, M.I36acapoB.— Anmarsl: Payan, 1999. — 296 c.

9nexkumst

5 moayab. 3aTrrapabiH Teme-TeHAiKci3 Kacuerrepi. KalteiMcbiz mnponecrep. Teme-
TEHIKCI3 KaWTBIMCBI3 MPOIECTEPAiIH HEri3ri TyciHikTemenepi. Jluccumanus KyOBLIBICHL.
Jlokangplk Teme-TeHMAIK. AFBIHIAp JKoHE KailHap Keslepi Typaibl YFbIM. Tene-TeHIIKTi
TEPMOJIMHAMHUKAHBIH 3aHIAPBIHBIH O KAIMBUIBIKTBUIBIFEL. Tene-TeHmiKTI TepMOJIMHAMHUKAHbBIH
IIEKTEeY1.

Tyiiinai ce3nep: KaWThIMIBI, KaWTBIMCBI3 TPOLIECCTEP, OKIIAyJaHFaH XKYHe,, >XKaObIK
Kyie,, aIlblK JKyile, Teme-TeHCI3AIK, TOJIBIK Teme-TeHOIK, MEXaHUKaJblK Tene-TeHIIK,
TEPMOJIMHAMHKABIK TEIMe-TEH/IK, aFblH, aFbIH KO3/epi, JIOKAIABIK, (IyKTyanus, (U3NKaIBbIK
3JIeMEHTap KoJleM, KEPHEYIIIK TeH30PBI.

Kpickama wma3myHbl. TepMOIMHAMHKAIBIK TENEe-TEHMIK YFBIMBIHBIH MEXaHUKAIBIK
Tere-TeHIIKIICH o3remielniri Mysijae 0acka cumarka ue 0ojajbpl. TepMOJIMHAMHUKAJIBIK JKYHEHIH
MOJIeKyJIaapbl (TeMIreparypa acKblH TOMEH 0oJiMaca) TEHJECIETeH KYIITEp dpEeKeTiHAe OObI
JKaH->)KaKThl MYMKiH OarbITTapAa KOo3ranaabl. TepMoOuHamMukansiy scytie en dacka AeHeIepMeH
JKOHE ©3apa JHeprus j>KoHe (HeMece) 3arT anMmaca ajarblH Oip Hemece OipHelie aeHenep
JKUBIHTBIFBIH aTaiapl. MyH/Ia Teme-TeHIIK YFBIMJBI KYHEHI TYTac ajnFaHaa KehoOip OipieckeH
(;mat. collectivus — sxuHaKTay, Oipre, OipJIecKeH, KOJUICKTUBTIK) CHUIIATTaMalapblHA KATKbI3a/Ibl,
aliTalblK, TeMIlepaTypa, KbICBIM HEMece KOMIIOHEHT KOHIIEHTPAlMSIChl CHUAKTBL. byi
cCHUIaTTamalnap xyie opeKeTTepiH MaKpOCKOITHI Typle OSHENeH Il JKoHe Kyu napamempiepi et
atananel. Erep anmacyra xayantbl X; )KoHE ChIPTKbl OpTaHbIH Xe CHIIATTaMalapbIHbIH MOHJEPI
JKyle MEeH CBIPTKbI opTajaa Oipaeil Oosca, OHJA Kyie TepMOJMHAMUKAIBIK TeNe-TeHIIK Kyiae
60maapl.. ChIpTKBI OpTaMEH SHEPrus >KOHE 3aT alMacHalThiH >KYHeHl oxwaynanean *ywe Jemn
ataiinel. Erep okmiaynaHraH oKydenepie SHEpPrus IUCCUIANMICHI 0oJica, OHAA KYHEHIH
SHTPOIUSACH ©Cel. DHEPrUsHbIH AucCHNanuschl (Jar dissipatio — mamelpay) J1ereH peTTelreH
nporecTepiy (KO3FaIbICTaFbl ACHEHIH KWHETHKAIBIK YHEPTHUSCHI, DIIEKTP TOTHIHBIH dHEPTHUSICHI
oHe T.0.) OeJIriHIH YHEPTUACHl peTTEeIMEreH NPOLEeCTEPiH IHEPTUAChIHA OTY1, €H aKbIpbIH/A -
KbUTYFa. DHEPTUSIHBIH JIUCCUTIAIMACH OalKamaThlH JKYHeNep ouccunamusmik icyienep Ien
aTajajipl, olap AMHAMUKAIBIK XKyhenep Oonaapl. MbIcaibl, MEXaHUKaa KO3FAIbICTAFbl JCHEHIH
TOJIBIK SHEPrUsChl Y3IIKCI3 KeMil (IIalblpaiiibl), SHEPrusHbIH MEXaHUKaJblK eMec Oacka
TYpJiepiHe (MBbICAJIbI, )KbUTYFa) OTEIi.

Outponust dS eciMIIeciHiH €Ki KypaylbIChIH aXbIpaTy KaxeT: OipiHmrici deS xyiie
[IeKapachblHAH SHTPONMSA TachbIMAIJAyblH (CBIPTKbI OpTAaMEH oCepJeCyleH TYbIHIANUTHIH
SHTPOIHS aFbIHBIH) CypeTTeii; ekinmici d;S xyitene enaipiaren (Kyieaeri ki e3repictepMeH
0aiiTaHBICTBI SHTPOMHSI OOJIIT1) SHTPONUSHBI Oenrinei i, conapkTan dS TeH 6omapr:

aS=d S+d.S
e i

DHTpomusl OHJIpiCiHE TeK KaHa KaWTBIMCHI3 TpoIlecTep yiec Kocaabl. byHmait
IpoLecTepre XUMHUSUIBIK peakiuusuiap, AU ys3us, )KbUTyOTKI3TIILITIK, TYTKBIPIBIK TaFbl Aa Oacka
MpoLecTepai JKaTKbI3yFa Oomanbl. TepMoauHaAMUKaHBIH eKiHINI OacTaMachlHaH TaFbl Ja
yakelmmoly 0ip 0a2blmmuliblebl MBIFAABI, YaKBITTHIH OH OarbIThIH €KIHIINI OacTama IHTPOIHUS
ecyiMeH 0alIaHbICTBIPA/IBI.

bepinren O6eT apKpuibl OIpJIiK yaKbITTa MacCaHbIH TaChIMAIAYBIH J Macca agvbiHbl JeT
ataiinpl. KemnmkoMIIOHEHTTIK *Kylie YIIiH JXKeke J; KOMIIOHEHTTIH aFbIH IIaMallapblH OLTy Kepek.
Macca arblHBl OencineHeen Oem apKbLIbl 3aTTHIH TachbIMalJlayblH CHMATTaijbl, al OeT ellec,
xanraH (GUKTUBTI) Ja TypiHIe OOIybl MYMKIH. MIMITyIbC BEKTOPJBIK IIamMa OOJFaHIBIKTaH,
OepinreH OeT apKbUIbl UMITYIBLCTIH [1y, I1y, II, yim OarbITTa arbiHbI OOJIa/bl, OCBUIAPIBIH 9pOIpi



Oepinren OeT apKbUIbI OIpJIiK YaKbITTa ©TETIH UMITYJIbC MPOSKUHUACHIHBIH IIaMAChIH KOPCETE/].
OHza UMITYNIBCTBIH 3 MEHIIIKTI aFbIHBI T, Ty, T, 0ap, OHBIH opOipeyi sneMenTap dS aylaHHBIH
OarpITTaybIHa TOyenai. Erep dS aynman X,y,Z ockTepiHe NEpHEHIUKYISp OarbITTajFaH 0oJca,
OoHZa opOip m-Ie YW Ty, T, Ti; KOMIOHEHTTepre ue Oonaasl. CeWTIN, UMIIYJIbC aFbIHBI 9
KOMITOHEHTTI (9 OaFbITThI) IaMa, JEMEK OCHl JKUBIHTBIFBI HMIYJIbCTHIH MEHIIIKTI aFblH
TEH30PBIH KYPaCThIpaabl. AFBIHIAAPIBI MAKPOCKOIITHI KOHE MUKPOCKOITHI JICHIeU/IE CypeTTeyre
Oonanel. Makpockonmuix MoOende Ta3 KOHTUHYYM (JaThIHILA continuum - y3uIicci3) peTiHze
KapacTBIPBUIA/IBI JKOHE THICTI CYpeTTeyi MaKPOCKOMTHIK KBUIIAMIIBIK, THIFBI3JIBIK, KbICHIM KOHE
TeMIIepaTypaHblH KOOPJIUHATTAp MEH yaKbITTaH TOYEJJIUIIT apKbUIbl Oepineni. Mukpockonmulik
Hemece MOJeKYIaNblK MOOelb Ta3[blH KYPBUIBIMBIH CAHCBI3 JUCKPETTI MOJICKYJIallap >KUBIHTHIFBI
peTiHae Kapam, Ke3 KeIreH YakbplT Me3eTiHAe OapiiblK MOJEKyJalapIblH OpHBI KOHE
KBUIIAMJIBIFBI TypaJibl MTIMETTEPl KaMTaMachl3 eTeIi.

OkKIayiaHFaH sKyheie SHTPOIHS arbIHbI (S HOJTe TEH, COHIBIKTAH:

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

by epHek »dHTpomus eIIKAallaH KeMIMEWIl JIereH TepMOJWHAMHMKAHBIH CKIHIII
0acTaMachIHBIH KJIACCUKAIBIK TY)KBIPBIMIAMachlHA cail JKOHE OHBIH OYJI KacCHeTi KaWTBIMCBHI3
nporiectep OalKalyblH aHBIKTAWTBIH Kpumeputiin Oepeni. bommkay OOWBIHIIA OpTaliajiaraHaa

yCaK MacmTabThl (pIyKTyalusIIap KOMBLUIFAH KEHICTIK )KOHE YaKbIT MHTEpBaIAaphiH  xone !

Oeitneneiini. ” GeiiHeneiTiH JTOKAIB aiiMaK oremenmap Gusukanix xonem (IPK) men
atananel. OCBIHIAH KEHICTIK KOOPIAMHATTAP JKOHE VYaKBIT JKYHECIH CHTI3YHl Kewicmik new
yakslmmol ipimyuipii mezicmey €1 aTalubl.
Osinaik 0aKkbLIay CypaKTapbl

OxkaynanraH, )ka0bIK, alllbIK JKyiienep.

ToNBIK Tere-TeHIiK.

MexaHUKaIbIK )KOHE TePMOJIMHAMUKAIBIK TeTe-TeHIIK.

Tene-TeHiK TepMOAMHAMUKAHBIH KAJTBUTBIKTHLTBIFBI

Tene-TeHaiK TEPMOAMHAMUKAHBIH HIEKTEYi.

Jlokanpl KBa3uTENe-TEHIIK MIAPTHI.

Macca arbIHBL.

MaccaHbIH MEHITIKT1 aFbIHBI.

My nbCTiH MEHIIIKT1 aFbIHBIL.
0 KaiTeIMIbI IpoLiecTep, KANTBIMCBI3 IIPOLECTED.
1 KeHICTiK MeH yakKbITThI IpiTYHipii Tericrey

Y ChIHBLIFAH d/1e0MeT Tizimi
Herisri oneduerrep

P RPOO~NOOTE WDN P

1 [munepaiin 2.9., Keccenpman [1.M. OcHOBBI T€OpUH TEIUIOPU3NIECKUX CBONCTB
BemecTB.—M.: Dueprus, 1978. — 248 c.

2 Kupnmma B.A., CerueB B.B., llleiingnua A.E. TexHuueckass TepMOJAMHAMHUKA:
VY4eOHuk 115 By30B.-M.: DHeproatomuziaar, 1983.- 416 c.

3 MonnabekoBa M.C. TepmonuHamuika HEOOPATHMBIX TMPOIECCOB: Y4eOHOE
nocobue.- Anmatsl: Kazak ynusepcureri, 2004.-102 c.

4 Kop3yn U.H., TlospkoB 1.B. ®u3nka peaqbHOro raza u KHAKOCTU. — AJIMATHI,
Kazak yauBepcureri, 2007. — 166 c.

5 MongabekoBa M.C. KaliTeIMCBI3 mpoliecTep TepMoauHamMuKkacel: OKy Kypasibl.-

Anmartsl: Ka3zak yausepcureri, 2009. — 118 6.

KocbiMina dgeduerrep

1 AckapoBa A.C., MongabexoBa M.C. Monekynansik ¢puznka: OKynsiK.- AnMatsl: Kazak
yauBepcuteti, 2006.- 246 6.

2 bazapo W.II. 3agaum mo TepMOAMHAMHUKE U CTaTUCTHUYECKOW (usuke: YuebHoe
nmocobue.- M.: Beicir.mk., 1997.-351 c.

3 Mumenko, YepenennukoB U.A., Ky3pmun. Pacuer temnodusznyecknx CBOWCTB BEIIECTB.
Momnorpadus.-Boponex: M3a-so BI'Y, 1991.- 208 c.
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bazapos WN.I1. Tepmonunamuka. YueOHUK uid yH-TOB.-M.: Beicur.mk., 1991.-375 c.

5 Pun P., Ilpaycaun k., Illeppyn T. CgoiictBa ra3oB u >kumkocrer: CrpaBovHOE
noco6ue.- JI.: Xumus, 1982.- 592 c.

6 Meiicon 3., Cniepnuar T. BupuansHoe ypaBHeHHEe cocTossHuA.-M.:Mup, 1972.-280 c.

7 Tupmdensnep k., Keprucc Y., bepa P. MonekynsipHast Teopusi Ta30B U KHIKOCTEH. -
M.: 11, 1961.-929 c.

8 Kazakma-opsiciia, OpbICIIa-Ka3akiia TEPMUHONOTHSUIBIK —Cco31iK. Dusnmka KoHE
actpoHomus /KP YkimeTi jxaHbIHIarbl MeMIIEKETTIK TEPMHUHOJOTHS KOMMCCHUSACHI
ockitken //K.O0niranapos, K.bakrteibaes, P.bamapyner, C.UcataeB, M.M.KanbikeHos,
T.C.KoxanoB, A.K.KycaiibinoB, M.C.MongabekoBa, M.[36acapoB.— Anmarel: Payan,
1999. — 296 c.

10 nexuus

OHTpONUSHBIH OanaHc TeHneyi. TepMOIWHAMUKAHBIH CKIHII 3aHBIHBIH JIOKAJIbI
TYKbIpbIMAaMachl. ['MOOCTIH KanmbpUlaHFaH TeHAeyl. MakpOCKONTHIK KaWTBIMCBHI3 MPOLECTEP
TEePMOJMHAMHUKACBIHBIH HET13T1 TeHaeyi. OH3arepIiH e3apa apa KaTbICTaphl.

Tyiiinai ce3aep: cakTary 3aHbl, OalaHC TEHJIEY1, MAacca, KACHET, KACUET ThIFbI3IbIFbIHBIH
arbIHBI, THIFBI3IBIK, KBUINAMIBIK, KallHAp Ke3l, Y3UIICCI3OIK TeHJeyi, KbUIIaMIbIK, Macca
LEHTP1, KOHIIeHTparus, Tuddy3us.

Kbickama ma3myHnbl. Kalicbi0ip KacueTiHIH KEHICTIKTIK OIpTEKCI3/iri 00IAThIH KyWenep
YIIiH cakTally 3aHJapblH Oananc meHOeyiepi Jen ataiiapl. MaccaHbIH, 3apsiAThIH, TOJBIK
SHEPTUSHBIH, WMIOYJIBCTHIH JKOHE T.0. cakramy 3aHmapbiOonansl. KenemHIH 7 HYKTECiHIH
teHiperinae dr D®K-me ¢ yakpIT Me3eriHae KaHmaih ga Oip Q(f,7) SKCTCHCHBTIK

KaCHUCTTEPiHIH Ke3 KelreHid Kapacteipaiibik. Ocbl Q (¢,7) KaCHETTIH THIFbI3IbIFbIH G(t,?) Zeln
OeIriIeniK, 0J1 MbIHAIAaH KaThIHAC OOMBIHIA AHBIKTAJIA B

Myuparet Q (¢,7) xyiieHiH V epkin (Kamaii 06osica coiaii) ajdblHFaH TOJIBIK KOJIEMiHIH
Oemirinzeri kacuet Memepi, . OHga V kenemaeri KacMETTiH MOJIIEPi MbIHaFaH TeH OONabl:

O= [Gle.7 )dr
V ’

MyHJaFbl dr = dxdydz - anementap pusukanbik kejgemi (ODK).

D®K HiH Q OeTi apKbUIbI KACHETTIH «aFbIll KEeIyiH HeMece «arbin KeTyiH ecedinen QO (1,
7)) e3repyi MyMKiH, Oy skarmait Q (¢,7) kacuer meumepiniy dQ/dt arbiHbIH TyaBIpamsl. V
KeJieMJIe KaifHap Ke3Jepi MEeH ary Ke3/lepi >KOKTa, G(t,?) KaCHeT THIFbI3/IBIFBIHBIH CAKMAny
3anbiHblY U Geperyuanovik Typi ObLIal Ka3bUIa Ibl:

oG = —divJ

ot

Cakranmy 5aHBIHBIH) OPHEKTEpiHIE G(t,?) KacuerTiH opHbiHa O®K-1me 3aTThIH
THIFBI3ABIFBIH JKOHE MAaccachlH KapacThiMablK . OHa OalaHC TeHJAEyl Tam OChl KeJeMJeri
MacCaHbIH ©3Tepy JKbULIAM/IBIFBI YIIIIH MBIHA TYPJIC Ka3bLIa/Ibl:

% = —divJ

ot |
MYH/IaFbl ,o(t,i7 ) - MaCCaHBIH TOJIBIK THIFBI3/IBIFBI, JJIEMEK O1pITIK KOJIEMHIH Maccachl.
Kaiinap xe3mepi Hemece ary Ke3aepi OoOJaTblH 7 KOMIIOHEHTTEH TYpPAaThIH
KOIIKOMIIOHEHTTI KYHeH1 KapacTelpailblk. OHpa i-KOMIIOHEHT YVIIIH MacCaHbIH OallaHc
TEHJICYiHIH TYPI :



op. -
—L——div]. +o.
6t 1 1

OOJIAaTBIHIBIFBI AHBIK, MYHJAFbl O,; - [ —KOMIIOHEHTTIH MacCaCbhIHBIH KailHap Ke31HIH

TBHIFBI3ABIFBI (i —KOMIIOHEHTTIH MacCachbIHBbIH OHIpicl), J = pl.ﬁl. - | ~KOMIIOHEHTTIH aFbIHBIHBIH

TBIFBI3JBIFBL, U, - | —KOMIIOHEHTTIH OpTallla XbUIIAMIBIFBL. J; p; O; U; IIamMajap YakbIT )KoHE
KEHICTIK KoopArHATTap (QYHKIMUIAPhI 00Ia IbI.

MaccaHblg jl arbBIHBI THIFBI3IBIFRIH KEJIECl €Kl OOIIKKE KIKTEHIK:
- ! S !
Ji=J; 4y
MYHJIaFbl
Ji = pl. = pi(”i —u0)+ Pty
MyHnarsl J . = pill,- KOHBEKTHBTIK aFblH, SFHH [-KOMIIOHCHTTIH 3aTTBIH TYTAacC

TYpiHAE KO3FaIbICBIHA KOCaThIH yieci. Tikemel OeJIIEKTEpIiH KbULy KO3FaJIBICBIMEH
OaitnanbicThl, neMek auddys3us mporeciMeH OalIaHBICTBI, Macca LEHTPIHIH KO3FallbIChIHA
KaTBICTHI TU(DPY3UsITBIK aFbIH MBIHAFAH TCH:

N

J; = pi(ui _uo)

Opi Kapail TypieHIipyiep YIIiH Oi3re MacCaHbIH CaKTaly 3aHbl MEH JKOHE YaKbIT
OOMBIHIIIA TOJIBIK TYBIHIBIHBIH

04 04
p— = p—+ pugradA
Ot ot
cayiapsl 00JIaThIH OipKaTap MaHBI3Abl TEHACYIIEP KaXKET.
Kopuiaran oprameH xbuty-mMacca anMacy 0eS sxoHe xyiteHiH e3inje imki nporectep d;S
ceOebiHeH O0IaThIH KYHE SHTPOMHUSACH ©CIMIIIECIHIH KbUIAM/IBIFBI YIIIH TEHACY/1 Ka3albIK;

d,s - ~
; = _IJS NOJIH ) dQ
dt ’ '
d.sS
— = jad V.
i)
MYHJa .7 snosn™ OET OIPIIrIHEH YaKBIT OipJIiriHe OTETIH TOJBIK SHTPONHS, O - SHTPONUS

KO31H1H KapKbIH/IBUIBIFbl, HEMECE KOJIEMHIH OipJIiriH/Ie YaKbIT O1piriHAeri SHTPONHUs OHIIPICIHIH
TBIFBI3IIBIFBI, dQQ=d(n N — abcomoT MoHi 042 6eTke HOPMaJIbIbl OaFbITTAIFAaH BEKTOD.

dps =

—==dvJ,, .10,

dt

02>0.

By exi epHek »HTpomnus eHAipici ¢ OOJFaHAArbl PHTPOMUS THIFBI3ABIFBI OS Oanauc
meHOeyiH OPHEKTEH]II.

OpOiIp PU3MKANBIK dJIEMEHTAP KOJIEM/Ie YaKbITTHIH Ke3 KEJITCH ME3ETIHIEC HCaninvliama
T'ubcc menoeyi OpbIHIATATBI:

dE = TdS - PdV + ) udm, =0

i=1



myHaarel E, S — tuiciHme kememi V JKyHEeHIH TOJBIK JHEPIHSICHl KOHE TOJBIK
SHTPOIUSCHL, p — TENE-TCHJUTIK KBICBIMBL, 1 — TeMiepatypa, M;— i KOMIIOHEHTTIH TOJBIK
Maccachl; (4 — i KOMIOHEHTTIH XUMUSUIBIK MOTEHIMAJBI, OJ1 KYHEHIH MHTEHCHBTI ()YHKUHUSCHI.
OpOip KOMIOHEHTTIH XUMUSJIBIK IMOTEHIMAIBI £4; Oacka KOMIIOHEHTTEpAiH Meumepi (MoJb
HeMece OOJIIIEKTep CaHbl) JKOHE THUICTI KYH ImapaMeTpiepi TYPaKThl O0JFaH/1a KapacThIPbUIATHIH i
KOMITOHEHT CaHbI (MOJIb) OoiibIHIIIa cunartamanbik Gyakuusmap G (I'mbce morenmnuans), F (6oc
sHeprusi Hemece I'enbmronbl] moreHnuansl), E (imki sHeprus) Hemece H (SHTanbIUSHBIN)
nepOec TYBIHIBICH JIeN aHbIKTayFa 0omanel. OChl KO3Kapacka COMKeC MEHIIIKTI S SHTPOIUSHBIH
ToNBIK nuddeperiuansl [ uboc KamuvlHacsl aApKbLUIBI aHBIKTAIAIbI:

n
Tds = de + pdv —Z,uidcl.,
i=1
MYHaFrbI C;=pi/ 0 — i KOMIOHEHTTIH CaJbICTBIPMAIbl MAaCCAIbIK KOHIICHTPAIMSICHI HEMeCe
maccajbIk yieci (0emiri), v=1/p.
Keneci Tenneyi TypiaeHIipin, ka3ailbIK

ds de dv
pE PP __EZ

dt Tdt T dt T‘5

Erep KpICbIM TeH30pbl P, = P5aﬂ +17£2 +17(E;,) KypayIllbUIapblH €CKEPCEK, OHJa
TEHJEY MbIHA TYPJAE *Ka3bUIaJbl:

ds dva 8u0 5 aﬂ
R LIRS 5 i
dt a 1 p=1 IB a T a=1 p=1 a
CoHbIMEH XMMHUSJIBIK peakuusiap 60J‘IMaFaH Karaan YmiH Oipkomnonenmmi JHCyUeHiy
oHmponusi oanrancoel menoeyiniy Tarbl Aa Olp TypiH TanThiK. JKanmbel aTKaHIa OCHl ©PHEK)
0aliKaTaThIHl — M30TPONTHI OpTaja SHTPOMHUS TYBIHAAY >KbUIJAMJBIFbIHA €Ki TYTKbIPJIBIK
KOA(Q(UIIMEHTI: OpTYpil KbULIAMIBIKIIEH KO3FaJaThlH TI30€KTeNreH Xa3blKThIH KalOaTTapaa
BIFBICYJIBIK TYTKBIPJIBIK KOHE OPTaHbIH KEHEI0 MPOIECTEPiHJIe KOJIEMAIK TYTKbIPIBIK MaHBbI3/IbI
pOJIb aTKapasbl.
XKanmel N-komnonenmmi dcytie YIIiH aHbIKTaMaJlapFa COMKec, SHTPOIHUs OalaHChI
TEHJEYIHIH HaKThl TYpIH ’ka3a ajlaMbl3:

ou, y

ds ;” . 1 D) S, ((;38)
paz—dzv # +J,grad P ZJ grad ZZ of or, - ——divu,

alﬂl

Osingik 0aKkbLIay CypaKTapbl.

TepMoaMHAMUKAHBIH €KIHII 3aHBIHBIH JTOKAJIbI TY’KBIPHIMIaMACHI.
Cakraiy 3aHbIHBIH JKaJIIbl HHTETPAJIBIK TYPI.

G(t,i7 ) KaCHUETTiH .J , aFbIH THIFbI3IbIFbIHBIH OJIILIEM OipJIiri..

Y3imicci3 ik TeHACYIHIH KaIIbl TYPi..

Macca neHTpi KbUITaMIBIFBL..

DHTpONUSHBIH 0anaHc TeHAeyl (Kbl Typi).

OHTpONHS arbIHBI.

DHTpoOnUs OHAIpICi.

BipkOMITOHEHTTI  Kyile VIIiH XUMHUSJIBIK pEaKiusIap >KOK >KaFaainaigarsl
SHTPOIHS ©3TEPICIHIH KbUIIAM/IBIFbI.

CoNoOr WNE



10. KenkoMmoHeHTTI  Kyle VIIIH XUMHSUIBIK PeakIusuiap KOK JKaraaiaaiiiarsl
SHTPONHMIHBIH OarTaHC TCHJCYI..

Y chIHBLIFAH 91e0ueT Tizimi

Heri3ri onedounerrep

1 [munepaiia 2.9., Keccenbman [1.M. OcHOBBI TeOpyr TETUIOPUZUIECKUX CBOHCTB
BemecTB.—M.: DHeprus, 1978. — 248 c.

2 Kupunun B.A., CerueB B.B., llleitnanun A.E. Texuuueckas TepMoguHaMuKa: Y 4eOHUK
IU1s1 By30B.-M.: OHeproaromusaat, 1983.- 416 c.

3 MongabekoBa M.C. TepmoanHaMuka HEOOPATUMBIX MPOIIECCOB: YUeOHOE MOCOOHeE. -
Anmarsr: Kazak yausepcurerti, 2004.-102 c.

4 Kop3yn U.H., [Tospkos 1.B. ®u3uka peanbHOro raza u xuakoctu. — Anmarsl, Kazak
yuuBepcureTi, 2007. — 166 c.

3) Monna6exoBa M.C. KalTeIMCBI3 mporiecTep TepMoanHaMuKacsl: OKy Kypajbl.- AJIMaThI:

Kazak ynusepcureri, 2009. — 118 6.
KocbiMina ageduerTep

6 Ackaposa A.C., MonnabekoBa M.C. Monekynanbik pusuka: OKynbIK.- AnMatel: Kazak
yauBepcureTi, 2006.- 246 6.

7 bazapos W.I1. 3agaun mo TepMoOIMHAMHUKE U CTATUCTHYECKON (usnke: YdueOHoe
nmoco6ue.- M.: Bricur.mxk., 1997.-351 c.

8 Mumienko, YepennennukoB U.A., Ky3pmun. Pacuet Ternodusndeckux cBOMCTB BEIIECTB.
Monorpadus.-Boponex: U3a-so BI'Y, 1991.- 208 c.

9 bazapos U.I1. Tepmoannamuka. Y4ueOHuk i1 yH-TOB.-M.: Brici.mik., 1991.-375 c.

10 Pun P., [Ipaycuun JIx., lllepyn T. CBoiicTBa ra3oB u sxujakocteil: CpaBoyHoe

nocoobue.- JI.: Xumus, 1982.- 592 c.

11 Meticon 3., Ciepaunr T. BupuansHoe ypaBHeHue coctostHus.-M.:Mup, 1972.-280 c.
12 Tupmdensaep Ax., Keptuce Y., bepn P. MonekynsipHas Teopus ra3oB M KMIKOCTEH.-
M.: 1J1, 1961.-929 c.\
13 Kasakmia-opbIciia, OpbICIIa-Ka3aKlla TEPMHHOJOTUANBIK ce3dik. dusuka xoHe
actpoHoMus /KP YkimeTi jkaHbIHAaFbl MeMJIEKETTIK TEPMHUHOIOTHSI KOMUCCHUSICHI OEKITKEH
//K.O6airamapos, K.bakteibaes, P.bamapymnsl, C.Mcataes, M.M.Kazasikenos, T.C.KoxaHoB,
A K.KycaiteinoB, M.C.MonnabexoBa, M.[1306acapoB.— Anmarsl: Payan, 1999. — 296 c.

11 gexmus

Tyrac OpTaHbIH MOJIENbIEPI, (heHOMEHOJIOTTHIK KacHeTTepi: TBHIFBI3JIBIK,
nepopMalusIIanybl, TYTKBIPIBIK, KbUTY- KOHE 3JIEKTPOTKI3TIIITIK, MaccaTachbiManaay >koHe T.0.
TaceiManmay KyObUIbICTaphl. TackiMangay KyOBUIBICTApPBIHBIH MOJIEKYJIAJapAblH €pKiH KYPY
YKOJIBIHBIH OpTallla Y3bIHBIFBIMEH OaiaHbIChl. MOIEKyTaNIbIK IIaMalap IbIH aFbIHIapHbI.

Tyiiinai ce3mep: Tyrac opra, THIFBI3IBIK, AehopMalHsIaHy, TYTKBIPIBIK, KBUTY- KOHE
AIIEKTPOTKI3TIIITIK, MaccaTachiManaay, TudQys3us, TYTKBIPIBIK, >KbUTYOTKI3TIIITIK, I'PaJUEHT,
TachIMaIIIAY, COKTBIFBICY, €PKiH )KYPY KOJIBIHBIH OpTAIla Y3bIH IBIFBI.

Kpickama ma3myHbl. TyTac opTa — 3aTTap/blH MaKpOCKOITBIK MOJENi: CYHBIK MEH
razzap - KO3FajJbIChl MEH KYHiH aHBIKTAWTBhIH (M3MKAJIBIK IIaMajiapbl Y31KCi3 YJecTipiiareH
(TapanraH) nedopMalMATIaHATBIH aFbICTBI TyTac OpTa; abCONIOTTI KAaTThl JeHE —TyTac opTa
Mojienl Ooabl.

Juddy3usi, TYTKBIPIBIK >XOHE KBUIYOTKI3TIITIK KYOBUIBICTaphl Oip-OipiMeH yKcac,
cebel1 raz Hemece CyHMbIK apKblIbl OyHIal mpolecTep Ke3iHjie Kelip (u3HUKalbIK amMaiapabiy
TaceIManaaysl Oailikananel. Kouwyewmpayus epaduenmi 6ap Oonybl ceOebiHEH >XyieHiH Oip
OoJIiriHeH  eKIHIIICIHE .Maccawbly — TachIMANJaybl — Oughghy3us  Nem  aTananbl;  deblH
AHCLLIOAMOBIKMAPBIHGIY 2paduenmi 6ap 00iybl ce0eOiHeH ra3 HeMece CYMBIK apKbUIBI KYHEHIH
Oip OemiriHeH eKIHIIICIHE UMNYIbCmiy TaChIMANIAYbl MYMKbLIPAbIK T aTalaubl; memnepamypa
epaouenmi 0Oy HOTWIKECIHIE >KBUIYIBIK JHepeusHvly >XYHeHiH Oip OeJiriHeH eKiHIIiCiHe
TachIMaNAAybl JicblryomKizeiwimik Jien atanaabl. JKanmsl OChl YII MPOLECTI mMacuiManoay
npoyecmepi neiai. bipiik yakpITTa MOJEKYJIaHbIH COKTBIFBICYBIHBIH OpTAIlla CaHbl COKMbIZbICY



orcuiniei nen arananasl. MolsieKyna ©3iHiH i31HIIEe €Ki COKTBIFBICYBl apalbIFbIHIA Y3bIHIBIFEI op
TYPJL JKOJ XKypeni. EpkiH XKypy KOJBIHBIH OopTama Y3bIHABIFB A (J1iMO1a) Oipilik yaKbITTarbl
xonra TeH. Juddysus xoapdummenti caH xarbiHaH lc yakbITTa OIpiiK aymaH apKbUIbI
rpaaueHTi 6ipre TeH Oosranaa ¥TeTiH nuddy3us areiHbIHA TeH. TYmKbIpIbIK KO huyuenminiy
CaHJIBIK MEHI KBUIIAMIBIK TpamueHTi Oipre TeH Oosranma, Oipiik ayjgaHra ecep eTeTiH K%olllKe
TeH. Ocbl KapacTeipfan %ol  TackiMangay KFObuibicTapawsl  cunartaiteiH D,y
(KBLTYOTKI3riITIK) KO03((UIMEHTTEPIH CABICTBIPCAK, apacblHIa OaimaHpicTap Oap eKeHAIriH
K¥pemis:

p=1()a=2T
3 £,
n=_nmy(v)d=pD,
1 ¢
2 ==-nmy(v)c, A = e
PMy

mEHparer p=myn = F — ra3ablH ThIbI3ALIIEL.

Erep Oapiblk MojeKyla KO3Falajbl )KOHE KO3FalbIChl op TYPJIi JKbULIAMIBIKIICH ©TEi
necek, ouma (8.1) Temmeymi ~2 xos(duimentine keleiiTy Kepek (Homenmeycis Gepemis).
CoHBIMEH TE€K OChl A MOJICKYJaChIMEH FaHa OipJIiK yaKbITTa COKTBIFBICATBIH MOJICKYJIaaapIblH
opTala CaHbl:

z=+/27752 Dn. (8.2)

Bipiik yakbITTa MOJIEKYJIaHbIH COKTBIFBICYBIHBIH OpTAallla CAHbl COKMbI-2bICY JHCUiNiel JeTl
aTasaspl.

Enpi 6ipiaik kenemzeri 6apiblK MoJeKyaiapblH 63apa COKTHIFbICYbI-HbIH OpTallla CaHbl
Z,-H1 aHbIKTaWbIK. On ymiH Z,-Hi OIpiik KejieMJeri MojeKyja caHblHa KeOelTemis. OpOip
COKTBIFBICYFa €KI MOJIEKYJIa KaTbICa-ThIHBIH €CKepil, KeOEHTYAiH HOTHXKECIH eKire 0eiyiMmi3
Kepek (exi Moje-Kyna Oip COKTBIFBICYIBI Oepefi). YII HeMece O/aH KeIl MoJeKyJanap COK-
TBIFBICYBIHBIH BIKTHMAJIBIFBl ©T€ a3, COHJBIKTAH ojlap ecenke anbiHOaiapl. Ochl alTKaHHAH
ras3/ibliH OipJIiK KesieMiHie OipJliK yaKbITTarbl COKTBIFBICY CaHBI:

Z, =EZ=£ﬁazz_)n2.
2 2

Erep maccamapel m,, *oHEe My, €Ki MOJEKyJajJap apachlHIa COKTBI-FBICY OoJica, OHJA

(8.3)

ra3zibiH OIpJiK KeJieMiHae OIpJiK yakKbITTaFbl OJapJbIH OapJibIK COKTBHIFBICY CaHBI YJECTIPLITY
(GYHKIMACH apKBIIbI €CENTENTeH, MBIHAFaH TeH OoNaabl (anenaeyci3 oepemis):

12
27KT{m,, + m
Zp :2n1n20'122 ( = 02) (8.4)
My, My,

o, +0,

MYHJAFBl O, = 5

, 0,,0, — MOJeKyJaiap JAuaMmerpi; n;,n, — CaHJIBIK

TBIFBI3ABIKTAPHI.

12 gexmus



TyTtkpipabiK. OpTanbH AedhopManusiaHy Ke3iHe YJHEPTHsl TUCCUTIAIUSICHIH aHBIKTAaHTHIH
TaceiMaiay KyObuTbiChl. CaHIbIK cHIaThl, HbIOTOH 3aHbl. DJIeMEHTap KHUHETHKAJIBIK >KOHE
KaTaH KUHETHKAIBIK TeOpUsChl. CYHUBIKTBIH TYTKBIPIBIFEL. [a3mapibplH JKOHE CYWBIKTBIH
TYTKBIPJIBIFBIHBIH TEMIIEPATypa MEH KbICHIMFA TOYEJIUIIT.

Tyiinai ce3mep: Tyrac opra, THIFBIBABIK, JaehopMalUsIaHy,  TYTKBIPIBIK,
MaccaTachIMallJiay, TYTKBIPJIBIK, TPaJUCHT, TaChIMaJJIay, COKTBIFBICY, €PKIH JKYPY KOJIBIHBIH
OpTalia Y3bIH]IbIFbI.

Kpickama ma3myHbl. OpTaHbiH JehopMalusiIaHy Ke3iHJe SHEPrus JIUCCHUIAIUICHIH
AHBIKTAWTHIH TaCchIMaJAay KYOBUIBICHI TYTKBIPIBIK Aekai. byHmail arpicTa ra3blH OpTAChIHIAFbI
JKOFaphl KabaTTaH, KbLILAAMIBIFBI KillTi, 0asy KO3FalnaThlH KabaTTapra UMITYJIbCTIH TaChIMaJIaybl
Oalikananel. ['a3 arbIHBIHBIH U(z) KBUITAM/IBIFBIHBIH, KaOaTTaH KabaTka esrepyi, du/dz
JKBUIIAMJIBIKTBIH TPAJMCHTIHIH Maiaa 0omybiHa okene/i. COHJIBIKTaH, KaTap yKaTKaH Ta3/IblH op
TYpJi U ,U, KBUIJAMJIBIKIICH KO3laJaThlH €Ki KaOaThIHBIH apachIHAaFbl IIEKapaaa iuKi yuKenic

Kywi €cep eTeTiH OoNlafpl, OHBIK IIaMachl TOMEHJETIZCH SMIUPUKAIBIK (OpMyIaMeH
aHBIKTAJIA/IbL:
F=p,
dz

MYHJaFbl F — ra3gslH KaTap KepIIiiec >KaTKaH KaOaTTapblH O6JeTiH >Ka3bIKTHIKTHIK
OipiiK aymaHbIHA TYCIpUITEH KYWI; 7 — MYMKbIPIAbIK KOID@uyuenmi HEMece iwKi yuKenic
K09 puyuenmi n1en aTanasl.

byn texkneyni W.HproToH Taraiibinmaran, erep 1; JnedopManusiiaHy >KbUIIaMJIbIFbIHA
Teyenciz Oosica, nen opeiHananpl. [a3aplk (cFHBIKTBIK) €p Typii KabaTTapbIHBIK ﬁ(z)
KBUIIAMJIBIFBI OCBI TYTKBIPJIBIK (HeMece imKi YHKeNic) AereH KaCHeTiHIH apKachlHAa TEHEINE/].
COHBIK HETMXKECIHEH OpTaHbIHJe(hOpMalMsIaHy >KbUIIaMIbIFbIHA TOYEIAl KepHEYIIKTep Haiiia
0omasl.

Ocwinan mymxwipavlK Koaghuyuenminiy CAaHIBIK MOHI KbUIIaMIBIK TPAAUEHTI Oipre TeH
Oonranna, OlpiiK aydaHfa ocep eTeTiH Kylike TeH. byn koad¢uumentrin CU sxyiecinaeri
eJrieM Gipuiri xe/m-c.

KaraH KHHETHKaJbIK TEOPHUSIHBIH OipiHII KybIKTabl OOWBIHINA Ta3za ra3 YILIIH
TYTKBIPJIBIK KOO (UIIMEHT] MbIHAFaH TEH :

N~ MT

ZQ(Z,Z)*(T*) )

[7], -107 = 266,93
(o

MyHnarbl 1 -TYTKBIpIBIK, I/cM c¢; T — temmeparypa, K; T'=kT/e - KEJTIpUIreH
TEMIIepaTypa; G — COKTBIFBICY TUAMETpPi, ©3apa dPEKEeTTeCy MOJIEKYJIaapajblK MOTEHIIUAIIBIK
GyHKIUSHBIH apaMeTpl; M — MoeKyIanbIK calMak.

I"a3apapIH OMHAPIBIK KOCTACHI YIIIH TYTKBIPIBIK KO3 GUIMEHT] Oblu1ail ecenteneni:

J2MMLT /(M +M,)
* *
Qi ()

Mynnarel T — Temneparypa, K; T*lzsz/Slz - KenripiiareH temmneparypa; My, M, — 1, 2
KOMITOHEHTTEP/IH MOJICKYJIANbIK CcalMakTapel; O12 (aHrcrpeM), €12/K - e3apa opekerrecy
MoOJIeKyJIaapaliblK MOTEHIMAIABIK (GYHKUMSHBIH napamerpiepi; TacsiMannay koadpuiuenTTepi
Q" _cokTBIFBICY HHTErpaIBI, MOJIEKYIIAaPAIBIK KYLITEPiH 3aHIbLIBIKTAPBIH CHIIATTAN L.

13 nexuus

Hubdysus. KylieHiH  HSHEPrUsCHIHBIH  JUCCUIANMSUIAHY  KO3iHIH  Oip  Typi,
MaccaTtachIMalay KyObUIBICHL. O3iHIIK jkoHEe e3apa nud¢y3us. OukTiH OipiHII KOHE eKiHIII
3aHJapbl. DJEMEHTAap KHHETHUKAJbIK JOHE KaTaH KHHETUKAIbIK Teopusichl. CyHbIK, KaTTbl
neneneri qudpoysus. Juddysusapin O0acka Typrepi. ['a3gapabiH skoHe CYHWBIKTHIH IudQy3us
Koa(puImeHTepiHiy TeMIepaTypa MeH KbICBIMFa TOYEJIUIITI.

[7], -10" = 266,93



Tyiiinai ce3mep: Tyrac opra, THIFBI3ABIK, JKBUIY- JKOHE OJICKTPOTKI3TIIITIK,
MaccataceiMaigay, Audadys3us, IpaJueHT, TacbIMailay, COKTBIFBICY, €pKIH XYPY >KOJIBIHBIH
opTaIa y3bIH/IbIFbI.

Kpickama ma3myHBblI.

KonnenTpanus rpanueHTi cebebiHeH 3aT TachiMalAanybl AuQQy3us Aen aTanajipl, Taza
3arta (e3mik) auddy3usublk mponeccoteni. Mpeanm epitiHmine aud@y3usIbIK  aFblH
KOHIICHTpPALUs TPaJIMeHTIHE TPONopIHoHal, AU (y3Hsl KbUTIAMIBIFBIMEH THIFBI3/ABIK TPAJAUEHTI
apachIHIarbl CBI3BIKTBIK KATBICTBI KOpPCETEell; MPOMOPLHOHANIBIK TYPAKThICHl aupPy3us
ko3P uumenTi 6onanpl, 6yHsl OUK 3aHbI ICH I

i COPT MOJIEKYJIAJIap/AblH aFbIHBIHBIH THIFBI3/BIFBI YIIIH TEHJICYIH MbIHA TYP/IE JKa3aMbl3:

i = iz =_l<Ui>/1ﬂ

3 dz

HEMCCC

j =1 )2 dMal Ly, 000
b= <U'>/1 dz 3<U'> dz

MyHpaarsl  j;,-i COPT MOJEKYJIAJIAPAbIH CaHABIK arbIHBIHBIH TBIFBI3JBIFBL, J;-I COPT

MOJICKYJIAJIap bl Maccaiblk ArbIHBIHBIH  TBIFBI3ABI-FBI; O; = My;N ra3 KOCIIAChIHBIH, 1

KOMITOHCHTIHIH TBIFBI3/IBIFBL; <u> — 1 copT (KOMIIOHEHTIHIH) MOJICKYyJaJIapJblH oOpTamia

1
apu(pMETUKANBIK JKBUITAMABIFBI, dn,/dz — CaHABIK KOJEMIK KOHIEHTPAUMSHBIH I'DaJHUCHTI;
dp,/dz — MaccaibIK THIFbI3ABIKTBIH TPaINCHTI.

KaraH kuHeTHKanblK TEOPHSHBIH OipiHII KYbIKTabl OOWBIHILIA Ta3AapAblH OMHAPIBIK
Kocmachel yiiH 1uddys3us koapduiuenTi 6butail ecentenei:

JT3(M, +M,)/2M M,
pdfzﬂilz’l)*(rﬁ)

[D,,], = 0,0026280

Mynnarsl D1o- e3apa nuddysus koaddunnenTi, em?/c; P — KbICBIM, aTM.
Erep ockl epHekTi Oip KOMIIOHEHT YIUIH jKa3aTblH Oojcak, oHAa o311k auddysus
K03(pPULIMEHTIH aHBIKTAHTHIH (POpMyaHbl TAOaMBbI3:

NT3 /M

[D], =0,0026280

poR QG (T7)
Heri3ri onedounerrep
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BemectB.—M.: DHeprus, 1978. — 248 c.
2 Kupumun B.A., CerueB B.B., Illelinanun A.E. Texauueckas TepMoJUHAMUKA: Y 4eOHUK
115 By30B.-M.: DHeproaromuszaat, 1983.- 416 c.
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a. Koceimma ogedbuerrep
6 AckapoBa A.C., MongabexoBa M.C. Monekynanbik ¢usnka: OKyabIK.- Anmatel: Kazak

yausepcureTi, 2006.- 246 6.



7 bazapos W.II. 3agaum 1o TepMOAMHAMUKE W CTAaTHCTUYECKOM ¢usuke: YueOHOE
nocobue.- M.: Beicir.mk., 1997.-351 c.
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10 Pun P., Ilpaycuun [x., Illepsyn T. CpoiictBa razoB u >xuakocreil: CrpaBoyHOE
noco6ue.- JI.: Xumus, 1982.- 592 c.

11 Meiicon 3., Cnepnunr T. BupuansHoe ypaBHeHue coctosinus.-M.:Mup, 1972.-280 c.

12 I'mpmensnep k., Keprucc Y., bepa P. MonekynspHast Teopusi ra3oB M KUAKOCTEH. -
M.: N1, 1961.-929 c.

13 Kazakma-oppiciia, OpbICIIa-Ka3akiia TEPMHUHOJIOTHSUIBIK — co3/iK. (Dusuka xKoHe

actponomus /KP Yxkimeri >kaHbiHAaFrbl MEMIICKETTIK TEPMHUHOJIOTHS KOMHCCHSICHI OCKITKEH
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14 gdexuus

Keiryanmacy (Hemece >KbulyTachlManjay) — KaMTBIMCBHI3 Teme-TeHJIKCI3 Ipolecc.
KemmyraceimMangay — Typiiepi:  OKbUIYOTKI3TIIITIK,  KOHBEKIHS, JKBUIYJBIK  COYJICJICHY.
Keuryetkisrimi-

Tik. Dypbe 3aHbI, KBUIYOTKI3TIMTIK KO3()dumeHTi. DneMeHTap KHHETUKAIBIK KOHE
KaTaH KUHETUKaJbIK Teopuschl. CyHbIK, KaTThl A€HEAET! KbUIyOTKI3TITIK. ['a3gapabiH koHe
CYWBIKTBIH JKBUTYOTKI3TIIITIK KO3()(PUIIMEHTTEpiHIH TeMIIepaTypa MEH KbICHIMFa TOYEeJIiIIr1.

Tyiiinai ce3mep: Tytac opra, THIFBI3IBIK, AehopMalMsiIaHy, TYTKbIPIBIK, KbUIy- KOHE
AIIEKTPOTKI3TIIITIK, MaccaTaceManaay, TudQys3usi, TYTKBIPIBIK, >KbUTYOTKI3TIIITIK, TPAJUEHT,
TachIMaJIAAYy,.

KpIcKkama Ma3MyHbI.

Temmnepatypa albIppIMbl ceOenii OO0NaThIH KEHICTIKTE ©3JITHEH KbUIYAbIH Tapaybl
JHCHLIYAIMACY HEMECE JHCHLIYMACHIMAIOAY TIPOIIEC] NI aTalaJbl XKoHe Oy KAaMTHIMCHI3 MPOIECe
O6omanel.  JKbUTyObIH — TachIMalJ@ybIHBIH ~ YII — TOCUIAEpIH  KapacTelpyFa Oomamsl: 1)
HCHLIYOMKI32IWMIK - TeMIlepaTypajapbl dpTypii Oip-OipiMeH TyHiCeTiH JeHenepiH (Hemece
neHe 0eiKTepiHiH) MUKPOOOIIIEKTEPiHIH 03apa dpeKeTTecy cebelineH; 2) KoHGeKyus — 3aTThIH
KCHICTIKTEe TYyTacTall KO3FaJIbIC HOTH)KECIHEH TYBIHIAFaH J>KbUTy (KOHE T.0. KacHETTEepIiH)
TachIMaJIIaHybl, KaWTBIMCBI3 MpOLIECC, aFBICTBl  opTayjapAa (ra3, CyilbIK) Oaifkanmassl,
KBUTYOTKI3TIIITIK Oipre oreni; 3) KbUIYJIBIK COYJCICHY — 3JCKTPMArHHUTTIK Opici apKbLIbI
KBUTY/IBIH TachIMasiaybl, OyJl Ke3J/le KbUly ©piCTIH SHepruschbliHa aifHalaabl )KOHE KepiciHIIe -
epic BHeprusichl >KbulyFa. Temneparypaiblk epicTiH T=T(X,y,z,t) TEHJEYyl Heri3iHae
KBUTYOTKI3TIIITIK CaJJapblHAH 3aTTaFbl JKbUTYy TachIMalJayJblH Ke3 KeJlIreH CHIaTTamajlapblH
ecenTeyre 00Jabl.

KbuTyoTKI3TiITIK TpOIeciHiH Heri3ri 3aHpl, @Dypbe 3aHbl Toxipube OoUBIHIIA
TaralbIHIATIFaH SMITUPUKAIIBIK 3aH, KJITIBI JKaFaaiiaa Obutai sKa3bliab:

g=-—ygradT,

MYHJIaFbl ( — XKBbUTY (3HEPIHsl) aFbIHBIHBIH THIFbI3/IBIFBIHBIH BEKTOPHI.

ConbimMeH, (+2) 6arbiTTa O Ka3bIKTHIKTBIH OipJTiK aylaHbH OipJliK YaKbITTa KHUbII OTETIH
KBUTY (SHEpPIHsl) aFbIHBIHBIH THIFBI3/IBIFBIH ObLIal aHBIKTAMBbI3!
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OcbliaH  JKbUTYOTKIBTIIITIK KO3 (HUIMEHTIH aHBIKTaWTBIH (OPMYJIaHBl MBIHA TYpJe
’Ka3aMbI3:
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MYHJAFbl ) — bUTYOTKI3TIIITIK KOO(QPHUINUEHTI, 7 — ra3AblH CAaHIBIK THIFBI3IBIFL, M, —
MOJIEKYJIa Maccachl, A — €pKiH KYPY >KOJIBIHBIH OpTaIlla Y3bIHIBIFBL.

Karan KuHETHKAIBIK TEOPHUSHBIH OIpiHINI JKYybIKTabl OOWBIHIIA Taza Ta3 YIIiH
KBUTYOTKI3TIITIK K03()(HUIIMEHTI MbIHAFaH TEH :
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MyHpaarel A - KbUTYOTKI3TIINTIK Kodddunuenti, kar/ cm ¢ K; T — Temmeparypa, K;
T=kT/e - KENTIPUITEH TeMIlepaTypa;, G — COKTBIFBICY JUaMeTpi, e3apa OpeKeTTeCcy
MOJICKYJIaapaJIbIK TOTCHIUAIBIK (DYHKIIUSHBIH apaMmeTpi; M — MOJIEKYIaJbIK caMaK.

lazmapapiH  OMHAPIIBIK KOCHAachl VIIH KBUTYOTKI3TIMTIK Ko3(duumenti Obuiait
ecernTenesi:
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@uk 3aHbl koHe Dyppe 3aHBIHBIH MaTEMaTHKAJIBIK TYpJiepi yKcac; KyObUIBICTap
HET131H/1e MOJIEKYJIaJIbIK TachIMalAay/AblH OipbIHFall MexaHu3Mi kataabl. DUK 3aHBIHIA — Macca
TaceIMaiiaybl, @ypbe 3aHbIHJIA — SHEPTUS TacbIMa1aybl O0Ia IbI.
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Atikac kyObuibicTap. Tepmomuddysus. dodyp sgdexti. TepmoanekTpiik KyObuIbicTap.
KopbITBIHIBI.

Tyiinai ce3nep: TyTKbIpAbIK, auddysus, O6apomuddysus, repmomuddysus (3dpdexr
Cope), KBUTYOTKI3TIITIK, A3JIEKTPOTKI3TITIK, TepMmodddekr, 3dpdekr [rodypa, rpaaueHrt,
TachIMajIay, TEPMOIJIEKTPIIIK KYObLUIBICTAD.

Kpickama Ma3mMyHBbI.

Erep kemxoMrmoHeHTTI OipTeKTi jXyiliele KOHIICHTPAalus, KBICBIM JXKOHE TemIleparypa
rpaaueHTTepi 0oJica, OHAA Kejeci TackMayiay KyObUIbICTapbl maimga Oomnanel: auddy3us —
KOHIIEHTpAIUsl TpagueHTi ceOeOiHeH 3aTThIH TachIMaliaybl, OJETTeri (e3iHe MEHIIIKTI)
T y3usIIBIK TPOIECC; KBUTYOTKI3TIMTIK — TeMmIeparypa rpaaueHTi ceO0eOlHeH KbUTYAbIH
TaceIManaybl. AMKac mporecTepine skataTblH KyObutbicTap: Oapoanddy3ust — KbICbIM ceberi
00JIaThIH TIPOIIECC, IEMEK KBICHIM T'PaIUEHTI e€CeOIHeH 3aTThIH TachIMalaybl; TepMoaudy3us
(Opdexr Cope) — TemmepaTypa TPaAMEHTI eceOlHEH 3aTThIH TachIMaIaybl; TepMod(pdeKT
Hemece TepMoauDPy3usibKk  OapodPdekT - KbICBIM TpagueHTi ece0iHeH KbUTYABIH
taceiManaaysl; auddy3usbik Tepmodpdext (3hdext drodypa) — KOHIEHTpAIHS TPAAUCHTIHIH
Oap Ooybl KbUTYy aFbIHBIH TYABIPAJbl. DNEKTPOTKI3TIMTIK mpouectepinae [lenpThe addexti,
3eebek apdexti TOMCOH KYOBUIBICHI KOHE T.0. TEPMODJIEKTPIi KaWKac KyOBUIBICTApHI
Oalikaiabl.



