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|. UIIIYN JACTYP
KNPHUII

Tactyp Y36exucran Pecriy6iukacuuuur 2020 imn 23 ceHTA0pAa TacquKIaHTaH
“TapmuM TyFpucuaa’ru Konynu, Vi6exucran Pecriybnukacu Ipesunentuausar 2017
mun 7 despangaru “Y36eKnCTOH PecniyOnukacuHu siHaJla pUBOXIIAHTHPUII OYiinua
Xapakarmap crparerusicu Tyrpucuaa’tu [1D-4947-con, 2019 iwmn 27 aBrycrmaru
“Onuii  TapIUM Myaccacalapu paxbap Ba Menaror KaJpJapuHUHT —Y3ITyKCH3
MaJlaKaCUHU OIIMUPHUII THU3UMHUHHU >KOpui stum Tyrpucuna’tu I1d-5789- con, 2019
fiun 8 oxrabpmarm “Y3GekucrtoH Pecny6nmkacu onmii TaeauM T3AMuEHE 2030
Huiraya puBOKJIAHTHUPUII KOHIENIMICUHU Tacaukiam Tyrpucuna’tu [1d- 5847-con
Ba 2020 #wmn 29 oxrabpaarn  “Unm-panan 2030 iiunrada pUBOXKIAHTHPUIIL
KOHIeNIHsICHHN TacAukiam Tyrpucuga tu [1P-6097-conmn dapmonnapu Ba 2020
mun 12 asryctaaru “Kumé Ba Ouosiorust HyHanMmmiapuaa y3Iykcu3 TabiuM cudaTuau
Ba UIM-(paH HATIOKATOPIUTHHU OIMIMPHUIN dopa-Taadupmapu Tyrpucuna’tu [1K-4805-
COHJIM Xamaa Y36exucran PecryGnukacu Basupmap Maxkamacuuuar 2019 iimn 23
ceHTsIOpaarn “Onuii TabauM Myaccacajapu pax0ap Ba THenaror KaJpJapuHHHT
MajaKaCUHU OLIMPHUII TU3UMHUHM SHAJa TAKOMWLIAIITUPUIL OViimda Kymmmya dopa-
Tanoupnap Tyrpucuna’tu 797-counu Kapopnapuma Oenrunanraln yctyBop Bazudanap
Ma3MyHUJAH Keaub YMKKaH XoJija TY3wiran OYiau0, y oMUl TablUM Myaccacajapu
nearor KaJIpJIapuHUHT KacO MaxopaTh XamMJa HWHHOBAalMOH KOMIIETEHTIUTHHH
PUBOXXJIAHTUPHILL, cOXara OWJ WIFOp XOPIXKHUWA Taxpubamap, SHrM OWiIMM Ba
MaJIAKAJIADHU  Y3JIAIITUPULL, LIYHUHIACK aMaJuerra >KOpUM JTUII KYHUKMAJIApUHU
TaKOMWJUIAIITHPUIITHU MAKCal KHJIaIu.

JHactyp nowpacuma OepunaéTrad MaB3yjap TabIUM coxacu Oyiimda memaror
KaJIpJIapHU KaiTa Tail€pian Ba MajJakKaCMHHU OIIMPHUII Ma3MyHH, cudaTtu Ba yJIapHUHT
Taiéprapaurura KyHuiaguran yMyMHuil Majiaka Tajnadiapu Ba YKyB pexaapu acocuia
HIAKJUTAHTUPUIITAH OYIMO, YHUHT Ma3MyHH KPEAUT MOJYJ TUBUMU Ba YKYB KapaCHUHU
TAIIKWJI STHUI, WIMAA Ba WHHOBAIMOH (PAOJMUSATHH PUBOXKIAHTHPUIL, MEAArOTHUHT
KacOuil  mpo(eCCHOHAJUIMTMHU  OLIUPHUIL,  TabAUM  JKapaéHUTra  pakamiu

TEXHOJIOI'UAJIapHU }KOpI/Iﬁ JTHII, MaxCyC MakKcaljapra ﬁyHaHTHpHHFaH HWHIJIN3 TWJIH,



MYTaxacCUCIUK (aHiap HETW3HJa WIMHHA Ba amMaluid TaAKUKOTIAp, YKYB >KapaéHUHU
TalIKWJI STUIIHUHT 3aMOHaBUN yciyOnapu OYyilMya CYHITH IOTYKJIap, MeJarOTHUHT
KpEaTHUB KOMIETEHTIUIMHU PUBOXJIAHTUPHUII, TabIUM >KapaCHIAPUHU pPaAKaAMIIU
TEXHOJOTHSIIap aCOCHUJa WHIUBUAYAUIAIITUPHUI, Maco(aBUil TabIUM XH3MaTIapUHU
PUBOXJIAHTHUpHII, BeOuHap, oHnaiiH, «blended learning», «flipped classroomy
TEXHOJOTHSUIADUHN aManuéTra KeHr Kyiam Oyinya TEeTUIUTd OWiuM, KYHHKMAa,
Majaka Ba KOMIETCHIUSIAPHNA PUBOXKIIAHTUPUIITa HYHAITUPUIITaH.

Kalita Taii€piam Ba Majlaka OIIMPHUII MYHATUIIMHUHT Y3UTra XOC XYCYCHUSITIapu
xama A0a3ap0 MacajanapujaH Keln0 YMKKaH XoJAa AacTypAa THUHIJIOBUMIIAPHUHT
MyTaxacCUCIUMK  ¢aniap JoWpacujard OwiuM, KYHHMKMa, Majaka xamja

KOMIICTCHIOMAJIapUIa KYﬁHHaHHFaH Tana6ﬂap TAaKOMUJUJTAIITHPHUIIAION MYMKHWH.

MOAYJHUHI MAKCAIX BA BASUDAJIAPHU

MoayiMHUHT Makcaau: “@U3NKaBUl KUMEHUHI 3aMOHABM MyamMmoJiapu”
MOJYJIM MEeAaror KaapJlapHU KaWTa TaW€piialll Ba Mallaka OIIMPUII  KypCH
TUHTJIOBYMIApPUHU  (U3MKABUM, KOJUIOMJ Ba TMOJUMEpJiap KUMECH XaKujaru
OWJIMMIIApUHU  TAaKOMWJUTAIITUPUIN, Ha3apuil Taxiuia Ba (PU3MKABUH TaJKUKOT
yClIyOJIapuHU amaijaa KyJulaill, [IYHUHTACK, ynapaa (U3MKaBUid, KOJUIOMJ Ba
noJMMepIIap KUMECH TYFprUcHa KYHHKMa Ba MaJlaKaJapyuHU TapKUO TOMTHUPHIII.

Mopynauunr Ba3sudanapu: ¢Gu3MKaBUM Ba KOJUIOMJ KUME COXacuIaru
3aMOHABUM XoJjlaT OwJiaH TaHWII OVJIWIN, THUHIJIOBYWIApJA Ha3apui TaxJIMI Ba
bu3MKaBUM TAIKUKOT yCIyOJapuHU amajia KyJulall KYHMKMacu Ba MajaKajJaphHH
MIAKJUTAHTUPUI, (PU3MKaBUN, KOJUIOWI Ba TMOJUMEpPJap KUMECH coXacuaa YKyB-
naboparopus yCIyOusITIIapy UIIIa0 YMKHUII Ba aMaIuETra TaTOUK ATUIITA YpraTUlll.

Moaya 6yiin4a THHIJIOBYMJIAPHUHT OMJIIMMH, KYHUKMACH, MAJIAKACH Ba

KOMIIeTeHIUSJIAPUra KYyHWIaauran tajgadaap

Mopynan — y3nmamrvpuin  kapa€HMIa aMaira  OWIMPWIAJAWIaH — macajanap

Joupacuia:

TunrioBum:



- KUMEHUHT cudaT Ba MUKIOpUN aHATM3UAA KYJUTaHWJIaTuTrad acoo0 ycKkyHamap,
3aMOHABHUI aHAJIUTUK, OMOHOOPTraHUK, OPTraHuK, PU3UK KUMENapAaru TYKIap, KUME
VKUTHII YyCyJ/UIapy Ba TEXHOJOTHSIIapU coxanapu Oyinmda PecrmyOnukana wiMuii-
TaJKUKOT Ba  WIMUKA-yCIyOWM  MIUIADUHM  PUBOXJIAHTUPUIIHUHT  YCTHUBOP
HYyHaIMIuUIapy Ba yJIApPHUHT MOXUSITUHY;

- SHTM WHHOBAllMOH Ba MEJAroTMK TEXHOJIOTHMSUIAPHU Ba YJIAPHUHT XaJKapo
KUECUN TaXJIMJIMHU;

- (uU3MK KUMEHUHT 3aMOHABHM TyIIyHYaJapd Ba AacOCHMl  KOHYHJapH,
TaJKUKOTIIap/a 3aMOHaBUM (PU3UK KUMEBUHN yCYJUTAPUHU;

- kuM€ Ba KUME VKUTUII yciayOnmapu OViimda SKCHEpUMEHTANl TaJAKUKOTIApHU
YTKa3UIIU Ba YJIAPHUHT HATHKAIAPUHU KAaWTa UILIAII Ba TaXJIAJ KUJIUIIHH;

- WIMHH-TEXHUKABUUA Ba WIMHH-yCIyOuid MaB3yjapra MoOC >KypHajjapra
Makojianap Tal€prani, UXTUPO, WIMHM KamduériapHu NaTeHTIaml, (QyHIaMeHTal,

aMaJIMii, THHOBAIlMOH Ba XAJIKApO JoWuxanap Tau€piall Ba JIMICH3USIIAIIHN OuIuuiu

3apyp,

TunraoBuu:

- HAMyHaBUH  MeToJuKamap Ba  Oomkamap  OVinya  SKCIEpUMEHTAT
TaJKUKOTJIAPHU YTKA3UII Ba YJIAPHUHT HATH)KAJApUHU KalTa UIILIaLI;

- SIHTHY FOSJIAPHM SIPATHIL Ba WIMHU-TAJKUKOT UIILTAPUHU MYCTAKUII OJUO OOpHII
XamJa WIMHM KaMoaJa UILJIall;

- 3aMOHaBMM axO0oOpoT Ba MEAArorMK TeXHojJorusuiapaan  ¢oiinananud
HOAHbAHABUM YKYB MALIFYJIOTIAPUHUA YTKA3HUILL;

- TEPMOJMHAMUKA KOHYHJIApUJIApUHU Typiau (pU3NK-KUMEBHN *KapaéHiapra
KYJU1ant;

- Ykutunaétrad Qa" Oyiinya MalIFyJIOTIapHU YTKa3UIl YYYH YKUTHUIIHUHT

TEXHUK BOcUTalapuaaH (HouIanaHulll KYHUKMARapuza 32a Oyauuiu Kepax;

TuHrI0BYN:

- Taﬂa6anapHH S'/?)I/Il“a Kao KWJIraH XOJda SAHTM II€JOTOrMK TCXHOJIOrusjiiap



acocua paHHU TYLUTyHTUPHILL

- Kacouit QaonusaTaa TAOMUN-WIMHK (DaHIAPHUHT acoCUW KOHYHJIapHaaH
doiinamaHnI, MaTeMaTHK TaXJIMJI Ba MOJIEIIJIAI, Ha3apHid Ba SKCIIEPUMEHTAI TaIKHKOT
METOJIAPUHU KYJIJIAIL;

- OyryHTH pakamid TEXHOJIOTHsUIAP JaBpUAa >KaMUSTHUHT PUBOXKIAHUIINAIATH
ax0opOT TEXHOJOTHSUIAPUHUHT MOXHUSATH Ba aXaMUATUHU TYUIYHUII MAIaAKaAaapuza 32a

oynuwiu Kepax;

TunriaoBuu:
- 3aMOHaBUI Ba MHHOBAIIMOH TabJIMM MYXUTHHHU OOIIKAPHIIL,

- KuM€ Oyiinya 3aMOHaBUW Ba WHHOBAalMOH TabJIUM TEXHOJOTHsJIAPUTA
acocyaHTaH YKyB-OWIHII (PaoIMSITUHU TAIKWII STHIIL

- kuM€ coxacu OyiiMua TUHTJIOBYWIAPHUHT M3JaAHUIUIM-WKOAUNA (paomusitra
XKanb STUL KOMRemeHYUAIAPHY STATIIAIIN JTO3UM.

Moay/iHM TAIIKKWJI 3THII BA YTKA3WII OyiM4Ya TaBCUsIap
Monynau VKUTHII Mabpy3a Ba aMajuil MaIIFyloTiIap IIaKiauga oo

Ooopunaay.

MonayiHM YKUTHIN )apa€HU1a TAbJIMMHUHT 3aMOHABUM METOIJIApH, TIEIAarOTUK
TEXHOJIOTHUsJIap Ba axOOPOT-KOMMYHHKAIUSI TEXHOJOTUSIapU KYJUIAHWIMIIU Ha3apa
TYTHITAH:

- Mabpy3a Japciapuia 3aMOHAaBUW KOMIIBIOTEp TEXHOJOTHUsUIApHU Epaamuia
MIPE3EHTALMOH Ba AJIEKTPOH-IUJAKTUK TEXHOJIOTUSIIAP/IaH;

- YTKa3WwIaJuraH amajivil MallfyloTiapAa TEeXHUK BOCUTalap/iaH, JKCIIpecc-
CYpoBiap, TECT CypOBIapH, aKJIMid XYXyM, KHYHK Typyxjap OwiaH WILIanm,
naboparopusi acOo0-yckaHajapu OuWjIaH HILIANl Ba OOIIKAa HWHTEPAKTUB TabIUM
yCYJUIApUHU KYIIall Ha3ap/ia TyTUiIaau.

Moay/JIHMHT YKYB peskagaru 00mKka MoayJ/uiap Onjiad OOFIMKJIUIY Ba

V3BUHIJINTH
“PusuKkaBuii KUMEHUHI 3aMOHABHII MYamMMOJapu” MOAYJIU YKyB peKaaaru

OupuHYM OJIOK Ba MyTaxacCUCIUK (aHIapuHUHT Oapua coxajapu OwiiaH V3BUH



OOfJIaHraH XOJJa NEeJarorIapHUHI YMYyMHUU Tal€prapiuk Japa’kaCHUHHA OILIWPHUIIra
XU3MaT KWJIaJIu.
Moay/JTHUHT O0JIMH TAbJIAUMMAATH YPHU
“Pu3uKaBUil KUMEHUHI 3aMOHABHII MyaMMOJapu” MOIYJWHU Y3JalITHPULI
OpPKAQJIM THHIJIOBYWJIAP TABJIMM XKapa€HUHU TALIKWAJ STULIAATA TEXHOJIOTMK EHIIOLIYB
acocyiapuHu, Oy Oopajaru WIFOp TaXpuOa Ba SHITMIMKIAPHH YpraHaauiap, yJIapHH
TaxXJIAJI ATHIIL, aMajia KyJjamn Ba 6axosaiira 1oup Kacouii FoTyKJiapra ara Oymaawiap.

Mopaya 0yiin4ya coatJjiap TAKCMMOTH

THHIII0BYHHMHT YKYB
IOKJIAMaCH, CoaT
Ayauropus YKYB
HOKJIaMaCH E
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1. | ®u3uK KUMEHUHT 3aMOHABUI TyIIyHUYAJIapy 2 2 2
Ba aCOCUI KOHYHJIApH.
2. | Kumésnii xapa€HiiapHu Ha3apui )KMXaTJaH 2 | 2 2
OOIIKapuUIIIa SPUIITIIITAH I0TYKIIap.
3. | TepmoanHaMKK MOTEHIUMAILIAP, 2 2 2
XapaKTEepUCTUK (QYHKLIMSIIAP Ba yJap
ypTacumara MyHocabaTiap
4. | Dputmanap TepMOANHAMHUKACH. 4 | 4 4
5. | DnexkTpokuMEBuU xKapacHiap 4 | 4 4
TEPMOIMHAMHUKACH.
6. | KumEBunii KHHETHKA Ba KaTajau3 MyaMMoOJapu. | 2 2 2
7. | CTaTUCTUK TEPMOJUHAMUKA. 2 2 2




8. | HomyBo3aHar xapa€niap TepMoaAMHAMUKacu. | 2 | 2 2
Kamu: 20 20 | 6 | 14
HA3APUH MAIIFYJOTJAP MA3SMYHHU
1-mas3y: ®U3UK KUMEHUHI 3AMOHABUI TYIITYHYAJIAPHA BA
ACOCUI
KOHYHJIAPU (2 coar).

PE XK A:
1. ®u3uk KUMEHUHT 3aMOHABUH TyITyHUYAJIapH.
2. TankukoTiapaa 3aMOHaBUN (PU3UK KUMEBUHN yCyuIap.

3. KBanTokuméEBuii TacaBBypiIapHU TAKOMUIIAIITUPUIIT MyaMMOJIapH.

2-map3y: KHMEBUHM " KAPAEHJIAPHU HABAPUM KUXATIAH
BOIIKAPUIIIA SPUIINJITAH IOTYKJUIAP (2 coar).
PEXKA:
1. Kumésuii xapaéHHUHT ¥3-y3u4ya OOpPUII UIMKOHHATH Ba MYHATUIITN
2. KuméBuii TepMOAMHAMHUKA.
3-maB3y: TEPMOJINHAMMUK INOTEHHUAJIJIAP, XAPAKTEPUCTHUK
OYHKIUAIAP BA YJIIAP YPTACUJAATU MYHOCABATJIAP (2 coar).
PEXKA:
1. TepMoaHaMMK TMOTEHLMAUIAp Ba XapakKTEPUCTUK (yHKUUsATIAp, KUMEBUI
ITOTEHLIAAIL.
2. TepMoanHamuka KOHYHJApPUHU TYpau (GU3HK-KUMEBUHN KapaCHllapra KyJanl.

dazaBuii MyBO3aHaTIap

AMAJINI MAIIFYJOTJIAP MASMYHH
1-amannii mamrysor: IPUTMAJIAP TEPMOINHAMMUKACH (4 coar).
PEXA:
1. DpurmanapHu TEpMOIWHAMUK HYKTau Ha3apaaH TacHUIaI;

2. llonumep >pUTMAIAPHUHT Y3HUra XOC IPUII MEXAHU3MU;



3. Tlonammep spuTMaIapHUHT Ha3apUsIapH;

4, Tecc Ba Kupxrobd konynmapumgan doiganaHnud KUMEBUM peaKIUsIapHUHT
HUCCUKIUK d(PhEeKTUHN aHUKIIAI,

5. KuméBuit peakumsiap Ba (PU3MK-KUMEBHM  KapaCHIAPHUHT  HMCCUKIIUK
s pexTIapruHy yiTyarl.

2-amasmii mamryaor: DJJIEKTPOKUMEBHUH JKAPAEHJIAP
TEPMOJNHAMMUKACH (4 coar).
PEXA:

DIIEKTp IOPUTYBYH Ky4
DAeKTpo TyllyHYacH. DIAEKTPO ] MOTCHIMATMHUHT a0 Oyauim
Crangapt norenuuaiap. HepHer Tenrnmamacu

Huddy3ron noreHman

AR A o

DNEKTPOIAPHUHT TaCHUDIaHUIITN

3-amaimii mamryaor: KHMEBUY KHHETHKA BA KATAJIN3
MYAMMOJIAPH (2 coar).
PEXA:
KuméBuii peakistHUHT TE3IUTH
Peakuus Taptuou
Peakuus TapTHOMHYN aHUKJIAI YCYIITIapU

Peaxiust TapTOVHU aHUKJIAITHUHT TU(depeHman ycymu.

A A

Peakiust Te3MUTMHUHT XapopaTra OOFIUKIUTH
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APryYMCHTJIApHUM TaKAUM  KWJIWIII,

4-amasmii mamryaor: CTATUCTUK TEPMOANHAMMKA (2 coar).
PEXKA:
1. DuTpomnus Ba cucTeMa XOJIATUHUHT TapTUOCU3IIUTH
2. Makpo-Ba MHKpOXOJIaTiap Xamja T €PMOJAMHAMHK dXTHMOJUIHK.

dazaBuii pazo TymryHyacu

3. MonekynanapHUHT 3Heprusuiap Oyitnya TakCUMJIaHUIIU. BolbliMaH KOHYHHU.

5-amamii Mmamryaor: HOMYBO3AHAT )KAPAEHJIAP
TEPMOAUHAMMUKACH (2 coar).
PE KA:
1. HomyBo3aHaT >xapaéHIapHUHT TaCHUDIAHUIIN
2. KomneHcanusiianMaral HCCUKINK TYITyHYaCH
3. OxkuM Ba yMyMJalllrad Ky4wiap. DHTPONUSHUHT XOCWI OYJIUII TE€3JIUTH
4. HomyBo3aHat »xapa€Hiiap TEpMOJMHAMUKACUHUHT MTOCTYJIAaTIapH
5.OH3arepHUHT ¥3apoiauKk MyHocabaTu
6. KomnencauusianmMarad HCCUKIMKHUHT TEPMOJUHAMUK (QYHKIUSITAPHUHT

y3rapuiiy OuiaaH OOFJIUKIIUTH.

YKUTHUII IHAKJLIAPHA

Maskyp Moayn O6yiinya Kyidugaru YKUTHIN IIaKuiapuaad GonanaHuaim:

Mabpy3anap, amanuii MamFynoraap (MabilyMOT/Iap Ba TEXHOJIOTHSIAPHU AHIIA0

O0axc Ba MyHO3apanap (oWuxamgap eyuMu Oyiinua Jaiuijiap Ba acoOCHH

KOOWJTMSATUHN PUBOXKIAHTUPUII).

AJJABUETJIAP PYUXATH

OJIWIII, AKJIMHM KU3UKHUIITHU PUBOXKIAHTUPUII, Ha3apUil OMITMMITapHU MYyCTaxKaMJIal);
- naBpa cyxOarnmapu (KypwriaérraH Joluxa euumiiapu Oyinua Ttakiaudg Oepur

KOOMJIMSITUHY OLUMPHILL, SIIUTHIL, UAPOK KWJIUII Ba MAHTUKHUI XyJocaaap YuKapuin);

SIIMTHUII Ba MyaMMOJap CYMMHUHH  TOIIHWIIT
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|. V36exncron Pecnybankacnu Ipe3ueHTHHHAT acapaapu

1. Mup3suéen I1I.M. byrok kenaxaruMu3HU Map]l Ba OJMKaHOO XaJKMMU3 OWJiaH
6upra kypamus. - T.: “Y36exuctan”, 2017. - 488 6.

2. Mupzuée .M. Mummuii Tapakku€T HyJIMMU3HH KaTBUAT OWJIaH JaBOM
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“2019-2021 imnnapna Y36exucton Pecny6IMKaCHHM MHHOBAIMOH PUBOMKIAHTHPHII

CTpaTerusicCiHu Tacaukiam Tyrpucuaa’tu [1d-5544-connu dapmoHu.
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12. V36ekucron Pecny6nukacu Ilpesupentunmar 2019  iiun 27  Maii
“V36exucTon Pecmybnukacuaa KOppYNIMATa Kapild KypallMIl TH3MMHHH SHAZA
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Il. MOAYJIHU VKUTHUILJIA ®OUJATAHUIAJIUTAH
UHTEP®AOJTABJIUM METOLJIAPHA

XyJaocamaam (Pe3iome, Beep) meTroau

MetoanuHr Mmakcaamu: by meton Mmypakkal, KYIITapMOKIN, MyMKHH KaJap,
MyaMMOJIHM XapakTepHuJard MaB3yJapHU ypraHuiira Kapatwirad. MeTogHUHT
MOXHMSTH IIyHAaH HOOpaTKu, OyH/1a MaB3yHUHT TypJId TapMOKIapu Oyinda Oup Xui
axOopor Oepuiaau Ba ailHM MalTia, YIAPHUHT Xap OUpH aloxuja aclekTiapaa
MyXoKama 3Tuiiaau. MacajaH, MyaMMo WKOOHA Ba camOuii TOMOHIApH, ad3allInkK,
¢dazunaTr Ba KaMuwiIMkiIapu, ¢(oiina Ba 3apapiapu OViimua ypraHnunaad. by
uHTephaoT METOA TAaHKUAWHA, TaXJIWIWH, aHWK MaHTUKAA  (DUKpPIIANTHU
MyBapGaKkuITIN PUBOKIAHTUPHUINTA XaMmJa YKYBUMJIAPDHUHT MYCTAKWJI FOSJIApH,
bukprapuHu €3Ma Ba OF3aKM IIAKJIAAa THU3UMIM Oa€H ATHUI, XMMOS KWJIMIITa

UMKOHUAT spataau. “Xynocanamr’” MeTOAuJaH Mabpy3a MamFynotnapuaa

e

WHAMBHUAYaN Ba Xy(TIMKIapAard Wil Iakinaa, amanuid MamFynotiaapuaa

KMYUK TypyxjapJard HWII IIaKjiydja MaB3y [03acuJaH OWIMMIIapHU
MycTaxKamJjall, TaXJIWJIM KUJIUII Ba TaKKOcHall Makcaauna (oimamaHui

'MYMKHH.

MeToaHu amMaJira OIIMpPUII TAPTHOM:

TpeHEep-YKUTYBUU UIITUPOKUYUIIAPHU 5-6 KUITHAaH HOOpAT KUIUK

rypyxJiapra axpaTtaiu;

TPEHUHT MAKCaH, MIAPTJIapy Ba TapTHOU OMIIaH UILITUPOKYHIIAPHU

TaHUIITUPTay, Xap OUp rypyxra yMyMuid MyaMMOHH TaXJIHJI KUJTUHUIINA

3apyp Oyiran KucMmiapu TYUIMPUIITaH TapKaTMa MaTepHalilapHu

TapKaTaaun,
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xap Oup rypyx y3ura OepuiiraH MyaMMOHH aTpodiinya TaxJIui Kuiuo, ¥3
MyJioXa3aJlapHU TaBCHUS ITHIAETTaH cxeMa Oyiinda TapkaTMa

MaTtepuaira €3mMa 0aéH Kuay;

HaBOaTaaru 0ocknyaa O6apya rypyxiap ¥3 TaKIUMOTIAPUHU yTKa3aguiap.

[llyHaaH cyHr, TpeHEP TOMOHH/IAH TaXJIUJUIAP YMyMIAIITUPUIAIH,

3apypuil ax0opoTIIp OWIIaH TYJIIUPHIAIA Ba MaB3y SIKYHJIAHA/IH.

Hamyna:
Taxynia TypJIapuHUHT KHECHI TAXJINJIH
Tu3uMIH TaXJIUI Cro:KeTJIN TAXJIHIT BazuaTau TaxJania

Adzammru KaMYHJIUTH adgBa/yIMrn  [KaMYWJINTH agBa/yIMrn - |[KaMYMJIUTH
MyMMOHU Kenub  |Ajoxuaa V3 BakTHIA Mynocabar  [Bazust JmHaMuk
YUKW cababii  [Taliéprapiiikka [MyHOcabar Oommka OMp  [MIITHPOKYH- XYCYCHSITHH
Ba KCUUIII dra OYNMUIIHK,  |OWJIUPHUIIT CIOXKETTa TTapUHUHT (00BEKT |0eNTHIIA0 OJTHII
PKapa€HUHU KYIT BaKT MMKOHMATUHU [HUCOaTaH Ba CyObEKT) YUyH KyJ1a0
QJI0KaJOpJIUTU Q)KpaTUILIHU Oepaau KyJUlaHUIIra [BazudanapuHu  |[Oynmaiinu
PKUXAaTHIaH Tanab >Taan SIPOKCH3 Oesrninad oI
ypTaHHII MMKOHUHHU Oepaan

Xyaoca: TaxawiHUHT Oapya Typiiapu XaMm Y3WHMHT ad3ajulMrM Ba KaM4WJIUTH OuinaH Oup Oupuian
¢dapxnananu. JlekuH, ymap KaTOpuaaH IeAaroruk (aonuwsT xouWpacuaa Kapop KaOynm KWINOI Y4yH
TU3UMIIN TaxXJIWIAaH (ONAATaHUII KOPUHA KaMUMIMKIApHU OapTapad sThmra, MaBXya pecypciapaaH

Makcaau (oiinananumiia ad3amukiapra srajJury Ouinan axpaiuo Typaiu.

“OCMY” metoau

TexHOJOrMSIHUHT MaKcaau: Ma3Kkyp TEXHOJOTHUS HIITHPOKYIIIApAaru
yMyMU (QUKpAapaH XyCyCHM XyJiocajiap YMKapHIll, TaKKOCaIl, KUécall OpKaiu
axO00pOTHU V3NAIITUPHIL, XyJIOcajlall, ITYHUHTACK, MYCTaKuI WXKOAUN (DUKpall

KyYHUKMaJIapUHW [HaKJUIAHTHPpUIITa XHU3MAT KWJIAIdU. Ma31<yp TCXHOJOIrus1aaH
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Mabpy3a MamFynoTiapuaa, MycTaxkamialja, YTHITaH MaB3yHU Cypallja, yura
Bazuda Oepuinga xamja amMaiuidi MamFynaoT HaTWKaJapuHU TaxJWil STULIAA

doiimaiaHuIIT TaBCUS YTUIIA]IN.

TexHOJIOrMsAHN aMa/Ira OIUPHII TAPTHOM:
KaTHaIIuujIapra MaB3yra ouJi oyiran skyHuil xynoca éku Fos taknud stunanu;
xap oup umrrupokyrra @CMY TeXHOJIOTHSICUHUHT OOCKUYIapy E€3UIITaH
koFO3napuu Tapkaruiagy;
UIITUPOKYUIIAPHUHT MyHOCa0aTIapy UHIMBUyall €KY TYpyXuil TapTudaa

TaKAMMOT KHJIMHAIH.

* (pukpuHrU3HU O0AEH STUHT

* (pukpunruznn O6aéuura cadad KypcaruHr

* kypcarran cababuHruzau ucboTIA0
MUCOJT KEJITUPUHT

* (pMKPUHTH3HE YMYMJIAIITAPUHT

OCMY  Taxnmwnmm KaTHaIMWiIapaa KacOwii-Hazapuii OWIMMIIADHU aMajiuid
MalIKJIap Ba MaBXKyJ TaxpubOanap acocuja Te3pok Ba MyBadQakusTiu

V3IamTUpUIUIIITra acoc Oyiaau.

Hamymna.

®ukp:  “Tuzum ampod myyumoan adxcpaieaw, y OulaH — AXAUM
mavcupiauysuu, oup-oupu Ounan y3apo 0021aHeAH INEMEHMAAp MaICMyacu
OyIUb, MaoKuKomiap 00vekmu caHaiaou’”.

Tommupuk: Maskyp ¢uxpra Hucbatan myHocabatunruzan ®CMY opkanu

TaXJIMJI KUJIWHT .
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“AccecMeHT” MeTOAHU

MeTogHMHI MaKcagM: Ma3Kyp METOJ TabJIUM OJYBUMJIAPHUHT OWINM
JapakaCUHM 0axosail, Ha3opaT KWIMII, Y3IalITUPULI KypcaTKU4YM Ba aMajui
KYHUKMQJIAPUHHA TEKIIUPUIITa WyHAITUPUWITaH. Ma3Kyp TEXHUKA OPKAIH TabIUM
OJIyBUMJIAPHUHT OUIHII (DAONMSTH Typiu HyHamuuiap (TeCT, aMaauil KyHUKManap,
MyaMMOJIA Ba3HSTIIAp MAIUKH, KHECUN TAaXJIWJI, CAMOTOMIIAPDHU aHUKIIAII) Oyiinda

TalllXHuC KUJIMHAAN Ba 6aXOJ'IaHaI[I/I.

MeToaHu amaJira OIIMPHUII TAPTUOM:

“AccecmeHT”’ JnapaadH Mabpy3a MamFynoTiapuia THUHIJIOBUWJIAPHUHT
MaBXyJl OMJIUM JapakaCMHU YpPraHUIa, SHTU MabIyMOTJIapHU Oa€H KUIMIIAA,
amanuii MamFynoTnapia 3ca  MaB3y €KM  MabJIyMOTJIApHU  Y3JIAlITHUPUILI
JapaxaciHU OaxoJialll, IIYHUHTIEK, Y3-Y3uHu Oaxojaml Makcaauaa WHIUBHUIyasl
makiga Qougananum TaBcus dTuiaaau. IIyHUHrIEK, YKATYBUMHHUHT HWXKOAUI
EHAalyBd XamMjJa YKyB MakcajylapuiaH Keaud 4YMKuO, acCecMEHTra KyIimmua

TONIUMPUKIIAPHA KUPUTUII MyMKHH.

20



I11.HABAPUM MAIIIFYJOT MATEPUAJLJIAPU

1-MAB3Y. ®U3UK KUMEHHUHI 3AMOHABUHA TYILIYHYAJIAPU BA
ACOCHH KOHYHJIAPH
PEXA:
|.1.®u3uK KUMEHUHT 3aMOHABUN TYIITyHUYAJIAPH.
|.2. TankukoTaapaa 3aMoHaBUl PU3UK KUMEBUM yCyIuiap.

|.3.KBanTOKMMEBUH TacaBBYpIapHU TAKOMUUTAIITUPUII MyaMMOJIapH.

1.1. ®u3dnk KUMEHUHT 3aMOHABHI TyIIyHYAJIApH

TepMoguHaMUK cucTeMa MOJIUN OOPJIMKHUHT XaKUKUWA €KW Xa&nui uyerapa cupt
OwaH aXpaTWiraH MaKpOCKONMUK KHCMHAHMp. TepMoauHaMuKa Kyda KyI
3appadanapjan uOopar OYyiraH CUCTEMaJapHU ypraHaau. AJIOXHaa MOJeKyJaiap,
atomyap €KM DIEMEHTap 3appadaiapra HHcOaTaH TePMOJWHAMUKAHU KyJiad
Oynmaiau. Arap CHCTEMaHHMHI TallKd MyXUT OHWJIaH Xed KaHJal ¥3apo TabCUPJIaHUIIN
Oynmaca, OyHmall cucTeMa U3OJISAIUSIAHTaH (TallKd MYXHUTIAaH aXXpaTHIITaH)
neimnaau. Arap derapagaH Mojja aJMallMHHUINN Ky3aTWJCa, YHAAQ CHCTEMa OYHK
Oynmaaum, akc Xojjda, S’bHM X€4 KaHJail MoJja derapa OpKajlu yTmaca, YHJa EMuK
cuctema nevunaau. M3onsuusananrad cucreManaH ¢apkiu paBullifa €MUK cucTema
TaITKA MYXHUT OWJIaH SHEPTHUS aIMAIIIUIITNA MyMKHH.

Arap cucrema Oapya HyKTajgapaa Oup >KUHCIU OYyIica, YHU TOMOTEH JICHHIIaau, aKke
xonja (azanmap xakuga cy3 ropuTuiagu. bup Hewa QazanapiaH TY3uaraH cucteMa
rerepored jciimnanu. CucCTeMaHUWHT OOINKa KUCMJIApUIIaH CHPT derapacu OujaH
QXpAaTUITAaH TOMOTEH CUCTEMAHWUHT OWp JKMHCIA TOMOT€H MaTrepuai KHCMIIAPHUHT
Tymiamura asza aenunaam.

Cucremann TaBcuioBuM (PU3MKaBUK Ba KUMEBHM XOCCAJApHUHT TYIUIAMU
CUCTEMaHUHT XOJATUAUP. TepMOAMHAMUK CHUCTEMa XOJATHHHT TEPMOIMHAMUK
napamerpiapu (T,P,V,C,U,S Ba Oomkamap) Owran TtaBcuduanagu. Tepmoau-
HAMUKAHUHT aCOCUM KOHYHJIAPUHU TYIIYHUII Ba TAIKWUH KWJIAITHA TAbMUH- JIAWTUTAH
ymMymuii  Oenrunapura — kapa®d — TepMOAMHAMHUK  mapaMmerpiap  cuHdapra

oupnamtupunrad. CoH KuiMatinapu XuXaTAaH TOMMHIA KUMEBHM TapKuOIM CHC-
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TEMaHUHT MaCcCacHUra MPOTOPIMOHAN OYIraH TePMOJAMHAMUK ITapaMeTpiap SKCTCH-CUB
napameTpiap Jeiuiaan. DKCTeHCUB mapamerpriapra xaxm (V), macca (M), smektp
sapsaAMHUHT MUKIopH (Z), wuku sHeprus (U), surpomus (S) Ba Oolikamzap MHCOJ
oynagu. CoH KuMMaTiapu >KMXaTUJIaH CUCTEMAHUHI maccacura OOFIuK OyiMaraH
napameTpiiap UHTEHCHB Napametpiap aedunaau. NHTeHcuB mapa-merpiapra 00cuM,
XapoparT, JJICKTp 3apsSAWHWHT TOTCHIUATH, COJIMIITHPMA ASKCTCHCHB KAaTTAUKIIAP
(MOmaHUHT OWMPJIMK MHUKIAOPH yYyH OJIMHTAH) Xamjaa Oapya yMymilaliraH Kydiap
KUpaau. YMyMJaliraH Kywiap Ba yMyMJIalllTaH KOOpJAMHATAJIAp XaM TEPMOJUHAMUK
napaMmerpiap OynuO, MexaHuK Kyd (€ku OOCHMM), DJIEKTp MNOTEHIUAIW, KUMEBUU
MOTEHIMAI Ba OOIIKaiap yMyMJallraH Kydjapra Ba F€OMETPUK KOOpIMHATA, XaxM,
3apsI,MabIyM KOMIIOHEHTHHHT MaccacH yMyMJalllTaH KOOpAWHATAJapra KHpaJu.
TepMoauHaMUK TTapaMeTp-JApPHUHT XaTTOKH OWUTTACHHUHT Y3rapuIiy OWIaH OOFIIHK
Oynran cucreMajaru Xap KaHjad y3rapuil TepMOJIUHAMUK >Kapa€H nenunaau. Arap
NapaMeTpHUHI Yy3ra-puiind (akaT OOMOAHTMY Ba OXUPrU XoJaTiapraruHa OOFJIHMK
O0ynu6, >xapa€HHUHT Hynura OOFnMMK OYynMaca, OyHmail mapaMmeTp XojaT (YHKIMSICH
JIennIaau.

XapopaTr - TepMOMETpUsJa aHUKIaHaAUTaH OOBEKT, YHHM OeBocuTa Yiuad
Oynmaian, ¢gakar MCCUKPOK €K COBYKPOK JKMCM XaKHaa TYIIyHYa XOCHJ KHJIUII
MyMKHH. XapopaT CHUCTeMa 3appadajapUHUHT ypTadya KHHETUK SHEPrusicu OYimo,
KUCM KaHYJINK WCUTWITAHJIUTHHUHT YITYOBHAMP. YHHU XapopaTrra OOFiauK OynraH
Oomrka ¢u3MKaBUil MapaMeTpIapHUHT COH KuiMatiapu OViinya aHuKIaHaau, Oy aca,
IOKOpHYJIa TabKUIAaraHUMH3ACK, SMIUPUK XapopaT MIKaTaJapHHU TY3UITHHHT aCOCH
KWJIHO OJTMHTaHIUD.

Hccnkmik - MOTaHUHT XapopaTu, Maccacu Ba Tabuatura OOFIUK OViIraH KaTTaJIuK
OynmmuO, amoxuaa 3appavyaHUHT KWHETHUK OJSHeprusicuHu Oenrunaiian. Cucrtemara
UCCUKJIUK Oepuiranja, MOJIEKYJAJIapHUHT ypTada KWHETUK DSHEPIHSCH OPTHUIIH
XucoOura, CHCTEMaHMHT XapopaTH OpTagu. [[eMak HMCCHKIMK YHEPTUs Y3aTHUITHUHT
oup Typuaup. Cuctemara OepuiraH UCCUKJIMK Xap JOUM XaM XapOpaTHHU OIIUPManIu.
Macanan, My3 cyrokiaHaéTranga €Ki CyB KalHa€Tranja cUcTeMara MCCUKIJIHUK OepuIll

XapopaTHU Yy3rapTUpMaiau Ba kapa€H JToMMUM Xapopatna Oopaau, OyHaa
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CHUCTeMaJar MOJIEKyJaJapHUHT ypTada KUHETUK OHHEpPrusick Yy3rapmacaaH ¢akar
MNOTEHIMAJ SHEPTUsICH OpTaau. YOy HMCCUKIMK MY3HHUHT KPUCTAI TMaHXapacUHU
oy3umra €ku cyBHH OyFnantupuin >xapaéuura capduanaam (3cku amaduériapia
“SIIMPUH UCCUKIUK €0 aTajiran).

W - Gup cucremManaH MKKMHYU CUCTEMara SHEprusi Y3aTUIIHUHT sSiHA OUp Typu
O0ymu6, OyHaa um Oakapuia€TraH CUCTEMAHWHT WYKUA DHEPTHSICU KaMasiau, TabCHUP
KUJTUHAETTaH CUCTEMAHHMHT YHEPIHSICH 3ca, OakapuiiraH MINra MOC paBHUIIIa OPTaju.
Wi Ba MCCUKIMK Y3apo AKBUBAJICHTAUP. CCUKIMKHUHT YyITYOB OMPIUTH Kalopus Ba
UIITHUHT YJTYOB OUPJIUTH XKOYJb 1e0 KaOyn kuiuHrad. /kan.=4,1875 7K tenr 0ymuo,
UCCUKJIMKHUHT MEXaHUK SKBUBAJICHTU JCHUIaIN.

Nuku »sHeprus - xucMm Oapua 3appadallapyHUHT Oup-Oupu OuiaH ¥y3apo
TabCUPIIAIIUII TOTSHIIMAT YHEPTHSCH Ba aJloOXUa 3appadanap XapaKaTUHUHT KUHETHK
SHEPrusuIapy W UHANCHUIIAH TAIIKWI TONTaH, SbHU MOJIEKYJIAJJApHUHT WrapuiiaHMa Ba
ailllaHMa XapakaTd DJHEPIrHsICH, MOJIGKYJIaHM TallKWI KWITaH aTroM Ba aToM
TYPYXJIADUHUHT HWYKUMOJIEKYJIAp TeOpaHMa XapakaTH 3SHEpTuscH, aToMJjapJaru
JJIEKTPOHJIADHUHT  allJlaHuII ~ SHEprusicd, aToM  sApojapujard  SHEprus,
MOJIEKyJajapapo ¥3apo TabCHUPJAIIUII SHEPTUSACH Ba MHUKpoO3appadaiapra TErHIILIH
Oynran Oomika TypJard »3Heprusiapaan ubopataup. Mukum sHeprus cucrema
DSHEPrUACUHUHI YMYyMHUW 3axupacu OYnuO, yHUHI TapKuOura TyJauk, Oup OyTyH
CUCTEMAaHUHI KHWHETHUK OHEPTUACH Ba YHU XOJATHHMHT TIOTEHIMAT OJHEPTrHsICH
kupMaiiau. JKucM WYKKM DHEPTUSACHHHHT a0COJIIOT KUHMATH MabiIyM 5Mac, YHH
TYFPUAAH-TYFPU yTdall XxaM MyMKHH 5Mac. Cuctema SHepruscuHu Oup OyTyHIUTrA4a
OeBocuTa yiIuaWauUraH Xed 14 KaHJgall ycyljiap MaBXyl sMmac. AMMO KHUMEBUM
TEPMOJMHAMHUKAHN KUMEBUM XOJMCANapHU ypraHullra KyJulalija cuctemMa Oup
XOJlaTlaH WKKWHYUCHTA YTa€TraHJard WYKA DSHEPTUSHUHT Y3TapuIIMHH OUIIMOK
kudosoup. Mm  €xm  Xap KaHAgall KypUHUINJArM DSHEPrusi HWHTCHCHUBIMK Ba
HKCTEHCUBIIMK (PAKTOPIAPUHUHT KynaiTMacu cudaruia udoaanaHaim.

VccuKIMK CUFUMH - CUCTEMaHUHT XapOpaTUHU OUp rpaaycra KyTapuil y4yH Tajgad
KUJIMHTaH UCCUKJIMK MUKI0opU OYnu0, y cucremara OepuiiraH UCCUKIMKHUHT XapopaT

S'ISFapI/IH_II/I HHCOATHIra TCHT. I/ICCI/IKJ'II/IK CUTUMH TYIIYHYACUHUHI KHPUTHIIAIIN
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TEPMOIMHAMHUKA TAPUXHUJA HT KaTTa IOTYKJIApJaH Oupu OyiraH.

bocuMm - Oupauk cUpT r03acura TabCUp KWIYBUM Kyd OYiIuO, Typiid OUpiuKiapia
udonanananu: Iackamw, w/M%, 6ap Ba mm cum.ycm. ByHma J0MMO cHCTeMa
oocumuHMHT atMocdepa Oocumu OwraH (apku smac, Oanku abComOT OocuM
KypCaTHUJIaJIN.

TepMoauHaMUK cucTeMa KaHJaWaup OONUIAHFUY XOJIATJAH YUKHAO, KaTop
y3rapuiuiapra yuyparaiJiaH CyHI' ssHa aBBaJI'M XOJIATUTa KAUTaJWTraH KapacH aujlaHMma
€KM UMKIMK >JKapaéH Jaeuwiaaud. byHpal kapaéHma Xap KaHIaud — XoJsar
napameTpJapuHUHT Y3rapuliy Hoira TeHraup. JKapa€HHUHT OOpHILU IIAPOUT- Japura
Kapab u300apuK, W30TEPMHUK, H30XOpHUK, aauadaTuK skapaéunap Oup- Oupu-gaH
dapknaHaau, yiapja MOC paBuIlia 00CHM, XapopaT, XakM €KU SHTpONUsIap y3rapmac
Oynmamu. AnuabaTUK IIapoOUTAAa CHUCTEMa TalllKu MYXWUT OWJIaH HMCCUKJIHK
aJIMAIlIMACIIUTU ca0abyiv, TEPMOJMHAMUKAHUHT UKKUHYU KOHYHHJIAH DHTPOMUS-HUHT
y3rapMac OYIHIIM KeTuo YMKaIu.

ATpod MyxuTIa X€d KaHIal Y3rapuiuIapcu3 CUCTEMAHUHT OOILIaHFUY XO- JIaTra
KaTUIII UMKOHUSTHHU OepyBuM >Kapa€H Kaitap (MyBo3aHaT) xapaH Ieluiaau.
Xoccanapu (xapopaT, 00cuM, TapKuO, FJEKTp MOTEHLMAIM) BaKT YTUIIM OWJIaH ¥3-
Yy3umaH y3rapMaiauran Ba anoxuaa (asayapHuUHT Oapua HyKTajgapuaa Oup Xui
KuiimMatra dsra  Oyiarad  CHUCTEMaHMHI  XoJlaTJlapy  KadTap  skapacHiap
TepMOJUHAMHKAcUa KypuO unkunaau. CucreMaHuHr OyHAail xoJjaTiapyd MyBO3aHAT
xonarnap Jevnnand. MyBo3aHaT JKapa€Hla CHCTEMa MYBO3aHAT XOJATJIAPHUHT
Y3IyKCU3 KaTOPUJAH yTaau Ba KBa3UCTATUK >KapaéH Aed xaM aTasia/iu.

Xapopar, 6ocuMm Ba (hazamapHUHT WYKH TAapKUOU TEHI TaKCUMJIAHMAaraH Ba BaKT
yTuim OunaH y3rapyBuaH OyiraH xoJjiaTiiap HOMyBO3aHaT XoJjlaTiap Jeduianu. Yiap
KaiiTMac (HOMYyBO3aHAaT) *apa€Hiap TepMOJIMHAMHUKacuaa KypuO YMKWIAIU Ba yHTa
TEPMOJMHAMUKAHUHT aCOCUN KOHYHJApUAaH TalllKapu KAaTop KyIIMMya MoCTyJaTiap
kupuTwiIaan. JKapa€HHUHTI TEPMOIAMHAMHK >KUXATAAH KauWTap €KW KaUTMacIuruHU
KUMEBUM PEAKIUSUIAPHUHT KaWTapiurd €KUM KaMTMaciIurd TylIyH4Yanapu OuiiaH
JaJKamTHpMaciuK kepak. Knména ymoy aramanap TYFpu Ba TECKapu HyHaIWIIapaa

Oopuli MyMKUH OViran Xap KaHiail peakuusuiapra KyJUIaHUIIM MYMKHH OYnuo0,
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OyHJa cHCTEMaHUHT OOIJTaHFUY XOJaTra KaWTHO Kenummaa atpod MyXUTaaru
Y3rapunuiap 3bTHO0Pra OJTUHMAMIH.
1.2. TaaxkukoTtjapaa 3aMoHaBUi GU3MK KUMEBHIi ycyiiap

Tepmoannamuka QU3UK, TEXHUK Ba KUMEBHM TepMOJUHAMUKAIApra OYIuHAIM.
TepMmoauHaMuKa UCCUKIUK OWJIaH UIMHU Y3apo YTHIN XoaucajdapuHu udoaanaiauran
MakKpOCKONUK  Hazapusgup. TepMoaMHaMHKana  KypWwIaAuraH  MaKpOCKOIHUK
CHUCTEMaJJapHUHI MYXUM TOMOHHM IIyHJaH HMOOpaTKH, YJIApHUHT DSHEPTUSICUHU
oeBocuTa Yimyab Oynmaiiau, dakar cucrema ajgoxuja 3appadanapu (aToMm, MOJEKyJa,
WOH) SHEPTUSACHHUHT Y3TapUIIMHU YT4all UMKOHUSATH O0op. MakpoCKONUK CHUCTeMa
SHEPrUSCUHUHI Y3rapUilld HCCUKIMK €KUM WLl KypUHHUILNJA aHUKJIaHaAu. ABBaj
VCCUKJIMK Ba HII Oup-OuMpuaaH MycTakui paBuiiga Kypub yukunap 3au. Gakar XIX
ACPHUHT ypTajapuJarnHa MakKpOCKOIHK CHCTEMaJa WYKA JHEPTUSHUHT KaHTalIup
bu3uK KaTTaMK cudatuga MapXyJ SKaHJIUTHHU ypHaTuira myBaddak OYIUHIM.
ByHUHT ydyH 3ca, aBBaJ HOMAbJIyM OYiraH TaOW- aT KOHYHH - TEPMOJWHAMUKAHUHT
OMpUHYN KOHYHUHU ouuil Tanad kwimHau. KenHuanuk Oomika yinuad Oyiamaiauran
KaTTaIMKIapAaH (3HTponus, KUMEBUM MOTEHLMAN) (poiganaHuIl 3apypaTd TYFUIIH.
bynpait ynuab Oynmaiauran Karra- JUKJIAPHUHT TEPMOAMHAMUKAHUHI MAaTEMaTHK
anmnapaTuaa KeHr KyJUIaHWINIIY TepMOJIMHAMUKA (DaHWHUHT ¥31Ura Xo0C TOMOHU 010,
YHU YPraHMILIHU KyJa XaM KUHUHIAIWTUpaaun. AMMo, Xap Oup ynya® Oynmaiguran
KaTTAIMK TEPMOIM- HaMHUKaJa yIYaHAIWTaH KaTTAIMKIAPHUHT (QYHKIHSIIAPH
cubartuga aHUK OeNru- JaHTaH Ba TEPMOJMHAMHUKAHWUHT Oapya XyJocajJapuHH
Taxpubana Tekmupuil MyMKHH. CucTema xoccalapuHu udoAalialll YYyH MaxcCyc
TEPMOJMHAMHUK  y3rapyB- uumjapjadH €KUM  TEpMOJMHAMHUK  [apameTpiapiaH
doinananunaan. Ynap €paaMuaa HUCCUKJIMK Ba WIMHUHT Y3apo YTUNIapu OuiaH
OofnmMK Oynran xoaucanap (PU3MK KaTTAIMKIAp OpKaiu HdonaanaHagu. bymapHuHT
XaMMacH MaKpOCKONMK KaTTa- JHUKiIap Oynau0, Mojekynajgap KarTta TYpPyXUHHUHT
xoccanapuHu udoaanagu. Ymoly KaTTaIMKIAPHUHT XaMMacuHU OeBocuTa Yiauad
oynMaiiu.

KuméBnii TepMoAMHAMUKAHUHT Ba3udacu TEpPMOJWHAMUKA KOHYHJIAPUHH

KUMEBUM Ba (PU3MK-KMMEBUM Xoaucaiapra KymiamjgaH uoopar. Kuméuii
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TEpMOJAMHAMHKA, Y3 HaBOaTuaa, KiaccuK ((hEHOMEHOJOIHK) TEepMOIMHAMMKA,
HOMYBO3aHaT JKapaCHIApPHUHI TEPMOAVHAMHUKACH, CTaTUCTUK TEPMOJMHAMUKA
oymumiapugan ubopar. TepMokuMé Ba KUMEBUM MyBO3aHATIap XaM KHUMEBUUH
TEPMOJIMHAMHMKA  TabJIMMOTUHUHI  acocuid  Kucwiapuaup.  PEeHOMEHOJOTHK
TEPMOJMHAMMKAAA TEPMOJMHAMUKAHUHI Hazapuil acocnapu OaéH KWIMHAIW XamJa
ynapHu (GU3MKaBUM MyaMMOJApHH Xal KWIMIAA KYyJjalml HMMKOHUATIApU Kypuo
yukuiaad. CTaTUCTUK TEPMOJMHAMHMKA XaM aciluja CTaTHCTUK (U3WKAHUHT OUp
KAUCMU Oynn0, CHEKTPOKMMEBHM MabiymMOTIap €pAaamMuja Typiad MOJAJATAPHUHT
acocHil TepMOJIMHAMHUK (PYHKUMSJIAPUHU XUCOOJaAl yCyJulapu MIUIA0 YHKUITaHIUTH
cababnu, KUMEBUI TEepMOAMHAMUKA YUYYH aXaMUATIMAUP. Y CTAaTUCTUK MEXaHUKa
KOHYHJIapUra acocjiaHrad OynuO, CTaTUCTHK Yycyuiap €paaMHaa pUBOXKIAHAIU.
HomyBo3aHaT xapa€HJIapHUHT TEPMOAUHAMUKACH PEISATUBUCTUK TEPMOJMHAMUKATAH
xaMm EHpoK (¢aH, JEKUH XOo3upJack amaiui axaMusaT kacO sTMmokaa. K,aiitmac
XKapa€HIAPHUHT YMYMHUH TEPMOJMHAMHMKACH XO3HMprava sipaTHIMarad, amMmMmo apum
TallMII XOAHWcaJapu Y4yH Oapya caBoJulapra >KyJa XaMm MIIOHYWIM >KaBoOJsap
OJIMHTaHJINTY KalTMAac >Kapa€HJIapHUHI 3aMOHABHM YW3HMKIM TEPMOAMHAMUKACHHH
unuiad  YMKUIm  UMKOHUSATHUHM — Oepau.  KialitMac umsukiu 16 xapaHiap
TEPMOJMHAMHMKACH KJIACCUK TEpPMOJAMHAMHMKA OWJIaH YM3UKIM KOHYHJIAPHUHT
YMYMJIALTYBUIUD.

TepmoauHaMuka V3UHMHT Oapya Kuxariaapu Oyiinua Tyna xaétuil Qanamp.
TepMoauHaMUKaHUHT PUBOKIIAHUIINTA (asicada Ba MIMIIACO3TUK CaHbATHIAH TOPTHO
Ha3zapuil MeXaHWKa, UCCUKJIMK TEXHUKAcH, (pu3nka Ba KUME KaOu (aHiapraya TabCcup
Kypcatrad. TepMoaMHaMyKa TaOMAaTHUHT WKKUTA, Ha3apuil Tap3ia HILIa0 YHKHUII
MYMKHUH OYiMaii, OaJkui MHCOHUSTHUHI KYI acpiiMK TaXpuOaCMHU YMYyMJIAIITHPHUII
HaTWKacu Oynrad, yMyMUM KOHYHJApUHM KYJJlalira acocjaHranaup. Yoy
KOHYHJIADHUHT TYFPWINTY TaOMATaa yJapHU WHKODP 3TYBUU KapaCHIAPHUHT WYKJIUTU
Owan TacAUKIaHAIN. TepmoauHaMukazaa O0opaétran KapaCHIApHUHT
MEXaHU3MIIAPUHH, YJIApHU KEATHUPUO YMKapa&TraH KywIApHUHT TaOMATHHHU OWJIHII
mapt 3mac. bynaa ypranunaérran cucTeMaHuHT Oup XoJaTAaH OolIKacura YTHUIl Hylu

sMac, Oanku OOYbIAaHTMY Ba OXHMPTU XoJaTiapuruHa axamustiuaup. LIyHuUHT yuyH
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KJIACCUK TEPMOJAMHAMUKA/IA >KapaCHJIAPHUHT TE3JMKIApU YypraHwiMaiaud Ba YHH
KUMEBUM  KMHETHMKara Kymwiad  OVynmaidau.  TepMoauHamMuKaHuHT  OyHjan
yerapajgaHTaHJIuTry, BaKT YTUIIM OwiiaH, andaTTa, HyKOTHIIagu. XO3UPru KyHJIapaaék
KalT™Mac xapaéHiaap TepMOJUHAMHUKACU TE3TUK OMIaH pUBOXKIAHAETTaH coxa OYynuo,
KMHETHK MacajaJlapHu TEPMOJMHAMUK HYKTau Ha3zapAaH KypuO 4YMKMOK/IA.

TepMoIMHAMUKaHUHT PHUBOKJIAHUII OOCKUWIApUHU OMIMAaciaH TypuO, YHHHT
XO3UPry 3aMOHJIard XOJATHUHU Y3IAIITHPUII KyAa Mypakkaoaup. TepMoanHaMHUKaHU
ypraHuimi xapopaT OuiaH TaHUIIUIIIAH OoUUTaHMIIA Kepak. TepMmomerpiap Ba
TEPMOMETPUK IMIKATATAPHUHT SPATUIUII TAPUXUHU OWUIIMII XaM TEPMOJIMHAMHUKAHU
TYIIYHHIIIA KyAa MyXUMIUDP.

Tepmoannamuka (aHu Xapopar, UCCUKJIWK Ba UCCUKJIUK OWJIaH UITHUHT OWp-
Oupura anaHuIIMd xakujaard (aHaup: “TepMo” - UCCUKIMK, “‘THHAMHUC - Ky4, WII.
Keitnnuanuk “guHamuc” cy3uaa ¢dakat “Kyd’ TYHOIyHYacH CakJIaHUO KOJIraH Ba
IIYHUHT Y4yH TE€pMOJAMHAMHUKA CY3d OWIaH YHHMHI Ma3MyHU OpacHuaa Kapama-
KapUIWIMK BYXXyJra kenrad. “TepmonnHamuika” ataMacuHu OupuHun 0op 1854 iunm
Tomcon Ttaknmud xuiarad. “/JluHamMuka” CY3UHUHT WIDIATWIMIIA ~ HOMYBO3aHAT
XOJIATJIApHU KY3 OJIMMHU3Ta KEJITUpaad, amMMo OyHJa TepMoJAMHAMUKa OuJiaH
OyTyHIan TaHUIII Oymaran ogamMruHa  yankFuumm MYMKUH. @danra
“TepMOJMHAMUKA "HUHT YpHUTa “‘TEpMOCTAaTUKA aTaMacMHU KHPUTUII TakiIudiaapu
xaMm Oynirad, JiekuH ymly Takiau@uap xkaOdyn KuiaMHMacAaH KoiauO ketau. by epaa
“nuHaMuKa”’ CY3M XapakaTJard CHUCTEeMaJIapHW YPTaHWIIHUA Ouiigupmaiinu, Oamku
*apa€H HaTHKacuaa cucteMa OMp MyBO3aHAT XOJaTAaH MKKMHYKMCHIa yTraH/ia YHU
TEPMOJIMHAMHK TapaMeTPIapUHUHT V3TapuIIUHYU, Typid xapa¢Hiapaa OakapuiraH
WII, WCCUKJIWK Ba WYKU SHEPrUSHUHT Y3TapUIINHU, SbHU CHUCTEMAJaru >SHEpPrus
OanaHcUHU Kypcataau. byHaaH Tamkapu, TEpMOJIMHAMUKA KapAEHHUHT MYHATUIINHH,
O0pHuII-00pMaCIMTHHU XaM KypcaTuoO Oepasu.

XapopaTHU TYIIYHUII MaHOaW - UCCHUKJIMKHHM “‘ce3unr’aup. Mccuxkinmkau
“ce3unI” OpKaJM aHUKJIAII OJJaMHU angad KyWWIIM MyMKUH, JAeraH (UKpJap HOTYFpU
OKAHJIUTUHU KyWUJarun TaxpuOagaH OWIMIIUMHU3 MYyMKHH. BUp KyJTUMU3HH HCCHUK

CyBJIM, UKKMHYUCHHHU COBYK CYBJIM HAUIIIA THKaﬁHHK, CS’/HFpa HKKaJIa KYJIMMH3HU
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HCCUK Ba COBYK CyBJap apajamiTUpuO I000pWITaH WAWINTa TUKAWIWK. bupwaum 17
KYJIUMH3 Y4yH CYB COBYK TYIOJICA, MKKHHYMCH Y4yH MCCUK Oynu0 Tyronaau. Yoy
Taxkpuba Xakuna QUKp ropurraH OyroK A.DWHIITEHH HMCCUKIUK TYHFYJIapUMHU3HUHT
UIIOHYCH3JIUTH ~ XaKuJard (QUKpHM aWTran. AMMO, TaXpuOaHUHT HOTYFpU
KyHWITaHJIWTUHA IIyHAAW KaTTa OJIMM XaM Ha3apra OJIMaraH 3KaH. YuTa WAMIIIAryd
CyB OWJIaH yTKa3wiraH TaXkpubOajga MKKajga KyJIuMHU3aa, andarra, Typiuda HCCHUKIUK
Tylirynapu Oynaau. JIeKMH xapopaTHU yidaml €KH y Xakujaa (QUKp IOPUTHUIL yYyH
TakpubaHu OyHJall YTKa3UIl MYTJIaKO HOTYFpUAMpP. Ma3Kyp TaKpUOaHUHI XaTOCU
HUMaja? XapopaTHH TEpPMOMETp €EpJaMuia yiIyaraHUMU3a XaM TEepMOMETpIaru
CYIOKJIIMK XapakaTAaH TyXTaryHya KyTuO tTypummumu3 wmaprt. llyHna wukkana
TEPMOMETP XaM YYHMHYM WAMINJATH CYBHHMHI XapOpaTWHU OWp XWJIJa KypcaTaju.
TepMoMmeTpaa xapopaTHH yi4daéTraHUMH3/la KYJUIAIUMHU3 3apyp OYiaraH TapTUOHU
KYJIUMU3 OpKaJIM Taxpuba KuiaéTraHuMH3a XaM TaTOMK KUJIUIIUMU3 [apTIUp.
bupunun tepMomeTpHu uTanusuMk onum . [amuneit spatran OynuO, yHU
TepMOcKon 7Ae0 araraH Ba YHJa TEPMOMETPUK MoJAa cudaTuja XaBO OJIMHTaH.
Tepmomerpuk 1mIkana xaiau yilad TommiMaraHu ca®abnu, Oup XapopaTHH
UKKUHYUCUTA COJUINTHpUII ycayounan Qoiinananwirad. Keimapok I'. Tanmuneit
HIOTHp/uIapy OujaH Ouprajivkaa XO3Uprd TEpMOMETpJiapra yxuiaiml TEepMOMETPHU
ApaTA Ba TEPMOMETPHUK IIKala TY3UII y4yH MKKWATA JOMMHUN HYKTaJapHU TaKIUQ
TAM: KylM HyKTa cudaTthga KOPHUHI Ba IOKOpM HyKTa cudaruga XailBoHIIap
TaHACUHUHT XapoparjapuHu. PapeHredT TOMOHMJIAH KUPHUTHWITaH TEpPMOMETpAa
(1714) xy¥in HyKTa cudaTtuaa My3, TY3 Ba HOBIIAAWJUIAPHUHT apajialliMacy OJIMHTaH Ba
yimoy xapopar CyHbHMH paBUIIa SPHUILKAII MYMKHH OViraH sHr Kyl XapopaT, 1e0
xucoOnaHTaH Ba HOJb cudaTtuaa kadyn kunuHrad. FOkopu nommuii HykTa cudatuma
0JlaM TaHACUHHMHI XapopaTH OJIMHTaH OynuO, yHu @apenredt 12 ned Oenrunau.
WNkkuta nomMuii HyKTajgap opaiuBu 12 Ta TeHr Kucmjapra OVJIMHTaH Ba XyIIU
HIyHJal TEeHr Oynumiap AOUMHMM HYKTaJapHUHI MKKH Tapadura Xxam OeNrvIaHraH.
Kelinnyanuk, xap Oup rpaayCHUHI KUAMaTHHU KyJaWpoK KHJIMII Makcaauaa, ymoy
connap 8 ra kynaWtupunrad. llyHnan cyHr, sHTH 1kana OYiiya CyBHUHT MY3Jalll

xapopatu 32 °F ra (0 °C), kaitnam xapopatu 3ca, 212 °F ra (100 °C) renr 6ynmu: 1F =
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5/9C Ba ®apenreriTnan Lenscuiira yrum C = 5/9 (F - 32) myHocabar opkanu amaira
OILITUPUTIA]IH.
Kyna myxuMm Xxyrocanapra KenTHUprad TaakukoTiapHu 1817 iinnma JronoHT Ba
[Itn amanra ommupraniap. Yiap TepMOMETPUK MOAja cudaTHaa XaBo, CUMOO, TeMHUD,
MHUC Ba MIUIIAJAPHA KYyJU1ad, TEPMOMETPHK MOJJAHUHT XXMM I03/1aH OUp KHUCMTa
OIIMMIMHU [ymOy MOINa CYIOKIaHaéTraH My3 Ounan (xamma mommanap yuyd 0°) Ba
arMoc(epa 60cMMHU OCTHIAr¥ KaliHaéTraH cyB OmnaH (xamma moxganap yayH 100°)
TEPMHK MYyBO3aHATTa KeJraH MIapouTiapnaa], TSpPMOMETPUK IIKAJIAHUHT OUp TpaaycH
Ounan conumTupramiap. Typau TepMOMETPUK MOAJANAp COJMHTAaH TEpMOMETpIap
KaHJTaiaup cucTteMa OWJIaH TEPMUK MYBO3aHAT IAPOUTHIA OUP XM XOJIATHUHT Y3U1a
TypJIM XapopamIapHH KypcaTau. Jlemak, TEpMOMETPUK IIKAJIaHU TY3UIIHUHT
NPUHLUANK OUp Xuj OYJraH Takaupaa XaM XapOpaTHUHT COH KHMMAaTH TEPMOMETPHK
mMomnara Oornmuk. dakar raz TEpPMOMETPJIIAPUHUHT KypCaTHINM Ta3HWHT TaOuatura
nesipiiu OOFIIUK AMac.
X03upru TepMOMETPIAPHUHT KYTIHa TEPMOMETPUK CYIOKIMK cU(aTHaa cuMo0

unuiatunanau. [llkama Hopman 6GocuMaaru CyBHUHT My3JIalll Ba KaiHaII 18

xapopatiapu Oyiinua OenrunaHanu. PapeHreUTHUHT 3aMOHABHI TepMOMETpJiapuia
0JlaM TaHACHHUHT XapopaTu (orus3aa yinuanran) 96° Hu smac, 6anku 98,6° HU TaIIKUI
kuiagu. MnMuii TagkuKoTiaapaa WIUlaTUIaéTrad 3aMOHaBUN TEPMOMETP IIBEJ OJIUMU
Henwcuit (1742) ToMoHMIAH spaTWiTaH. YHIA JOUMHUN HyKTanap cudartuma I amm
6ocum octuparu cyBauar mysmam (0°) Ba kaiimam (100°) xapoparnapu onmHraH.
[IIyHuHr y4yyH 5CKM Xajnkapo kana - llenbcuil wIKamacu 103 Ipagyciiv IIKajia
nevunanu. XO3WPTH KyHJAA WKKHHYM XapopaTiap IIKajacu XaMm aMaiuéria
Kymutanunagu: 1954 diunpga  Takiaud  KWIMHTAH — XapopaTjapHUHT  a0CONIOT
TEPMOJIMHAMHUK IIKATacH Oyiimda acocuil perep (TasH4) HyKTa cudaTuga CyBHHHT
y4JlaM4u HYKTacH OJIMHTaH Ba y aHuK 273,1/600K ra tenr ne6 6enrunanrad. Llynnait
KWIMO, 3aMOHABUM XapopaTr HIKajgacu OWTTa JOMMHUN HyKTara acocjiaHraH (MKKUHYU
HYKTa a0COJIOT HONAWP). bupruna penep HyKTara acociaHraH XapopaT LUIKaJaCHHHUHT
npuHnunuan apzaumraau oupunuu 6Yau6 Tomcon (KenbBuH) 1854 Hinnjga aiTran Ba

Oy ¢ukpHuHT TYyFpunuru ¢gakar 100 dwinan keitmnruHa tad onuHrad. Iy ca6abnu,
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XapopaTJIapHUHT a0CONIOT TEPMOJIMHAMHUK IKanacu KenpBUH IIKamacw JAeHWIau.
Lenbcuii mxanacuauHT 0 oC rpanycu KenbBun 6yiinua anuk 273,/5K ra MOC KelaJu.
KenbBUH mIKagacCMHUHT Xap Oup Trpagycu aOCONIOT HOJAAH CYBHUHT Yy4JlaM4H
HyKTacuradya Oyaran xapopatriap UHTepBaIUHHUHT 1/273,15 KUCMUHU TAIIKUI KHJIAIH.
OHr SIHTY TaAKUKOTIAPHUHT KypCaTUIINYa, XapOPpATIaPHUHT aOCOIIOT TEPMOIUHAMUK
mKajgacu OVinWda CyBHMHT HoOpMan KaWHam xapopatu 373,148K ra, llenwscuit
NIKAJIACUMHUHT HOJIb HYKTAacH OWJIaH CYBHHUHI HOpMaJl KalHaIll XapopaTH OpacHuaaru
uHTepBas 3ca, anuk /00K ra smac, 6anku 99,998K ra Tenr. TepMoauHaMHUKaHUHT
WKKUHYM KOHYHHM acOCHJa KEITUPUO YMKapWiIraH TePMOJMHAMHK IIKaJla Ba Hjeall
ra3HUHT XapopaTiap IIKajsacu Oup- Oupu OWJIaH MOC KEIMIIMHU KypcaTtuO Oepur
MyMKHUH. Jlemak, naean razjaapHUHI Xoccaiapura 6oFmamaran xonja, ynap acocujaru
xapopar mkanacuaad GoigaiaHuIl MyMKHH.

Xo3up  KYJUIaHWIAETraH  TEPMOMETpJIapHM  CO3Jlall  CTaHAapT  ras
TepMOMeETpJapu €pJaMuia aMmaira OIIMPUIIaid, YYHKH BOJOPOJ Ba TEJMM rasiapu
KeHI Xapoparjap opajJoTuia Haeal Ta3 KOHyHJapura OyiicuHanu. by wukkuta
XapopaTiiap IIKajacu Oup-OuMpHIaH MYCTaKWJl paBUIa aHUKJIaHTaH OYnub, I amm
00CHM OCTHAAru MY3HUHI CYIOKJIAHHWII Ba CYBHUHI KalHaIl Xapopatiapu opaiucuaa
KenpBun mkanacugaru 7K ounan Lenscuit mkanacugaru t<C opacugaru O0FIUKIMK 1’
= 273,15 + t TeHrnama opkamu KaTTa aHUKIWKAA WdomanaHagu. YOy TEHTJIaMa
[Tapip Ba I'eit-Jlroccak konyaunuHr V = Ve (1+at) Tenrnamacura sxkBuBajieHTIup (Oy
Tenrnamana a=1/273). Tepmomerpuk moana cudaruma upean raszmapHU Kyiuiao,
TEPMOMETPUK IIKAJaHU TY3UII MMKOHUSTH OVITaHIUTHHUHT axaMUATH Kyjda
Kartagup. Acnmaa ujaean Ta3jJapHUHT KOHYHJIapuJaH a0COIOT HOJIb XapOpaTHUHT
MaBXYJIUTH XaKHUJIard TyIIyH4Ya maigo OynraH, Oy sca aOCONIOT XapopaT XaKuJaru
TYIIYHYaHUHT KUpuTUiaummra onubd kenrad. ['eit-Jlroccak raznmapHUHT  TEPMHK
KEeHrailMi KOHYHHMHHU odvaéTraHjaa XapopaTHu ymdamga Llenabcuil mikamamu cumo0
TepMoMeTpusian  ¢doigananrad.  FOkopu  xapopariapga cumo0  Ba  ras
TEPMOMETPIAPUHUHT KypcaTKhuiapu opacu-maru ¢dapk optud, ['eii-Jlroccak KoHyHU
ToOOpa TaxMUHUN OYIHO Gopaau.

TepMOMETPHUHT SpaTWIMIIKA TEPMHUK MYBO3aHAT XaKUAard KOHYHHHUHT Kaiig
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KUJTUHUIIKTA 0110 Kenau. TepMHUK MyBO3aHAT XaKHard KOHYH TePMOJAUHAMU - KAHUHT
HOJIMHYU KOHYHUJHUP. XapopaTHU TepMOMETpIiap EplaMujia yadam ynly KOHyHHUHT
KyJUIaHUIIIUTa OUp MUCOJIIUD.

TepmomeTpuk mapameTp cudatuga xapoparra OOFIMK OynraH Xap KaHaaii
bu3MKaBUM KAaTTalUMK OJIMHMAau. ByHUHT y4dyH TaHjaHraH QYHKIUS Y3JIyKCH3,
OJIMHTaH HaTWXXKaJlap KalTa TakpopJaHyBYaH Ba yi4all y4yH Kyjlail OYIuIIM Kepak.
bynnait dyaknusutap cudaruma moumuil GoCMMAArd SKUCMHHHT Xa)XMH, JOUMHM
XaKMJIarud >KUCMHUHT OOCHMH, AJIEKTP YTKAa3yBUAHIIMK, TEPMODJIEKTP IOPUTYBUU Kyd
Kabu mapaMmeTpiiap oiauHaau. JlouMUl XapopaTHUHT 3TAJIOHU, SIbHU perep HyKTaiap
cudaruga dazaBuil YTUII XapopariapuaaH QoianaHuiaad. XapopaTiJapHUHT Xap
KAaHJlail SMIIMPUK IIKAJTACHHYM TY3UII YYyH KylHuaard mapmiapiad (oiialaHugagu:
IPalyCHUHT YI4aMH UKKHUTA perep Xapopar HyKTajlapu opacugaru papKHUHT KHAMaTu
Oyiinuya TaHJIaHaJH; SMIUPHUK IIKaJlagap/ia HOJIb XapOPaTHUHT XOJIATH UXTUEPUUIUD;
ymi0y Xapoparjap HWHTEpBajuJa TEPMOMETPUK (PYHKUUA YUHKIM [Je0 Kaoyn
KWIMHAIU. AMMO TEPMOMETPUK (YHKIMSUIADHUHT KYMUUIUTH YU3UKIM HMAc, Iy
cababmu  Hazapuid  TEPMOJMHAMHKAJA  XAPOPATIAPHUHT  OMIHMPUK  IIKAJIacH
KYJUTAaHUJIMAaN .

Hazapuii Tap3na anuxmadran (€ku aOCONIOT) Xap KaHAall TEePMOMETPHUK
¢doitnanann0, o0bEKTUB (PU3HKABUNA XapopaT MIKATACHHY TY3HII (QYHKIMSIAAH MyMKHUH.
bynaaii Makcaa yuyyH TepMOJMHAMUKAIA UJI€all a3 X0JIaTh TeHIVIaMacHu KyJUIaHWJIau:

pV =nRT (1.1)

Arap p, V Ba n taxpubagan mabiym O¥yica, ymly mapoutiap yuyyH 1 HH
xucobmam ocoH. JlekmH xed Oup peanm ra3 ymly TEHrJaMa OpPKaJIA aHUK
udonamanmaiinu. Tenrmama pakat 60CUM HOJITA UHTUJITAH YerapaBUi X0JIaT yUyHTHUHA
OakapuIaan: lim pro (pV) = NRT (1.2)

bynna pV karranukHUHT ¥3M XapopaTiaH YM3UKCH3 Ba OWp TEKUC OyiMaraH
paBuiga OofyaHraH OynuinM MyMKuWH. Kuumk Oocumiiapra 3KCTpamoJisiiys KHJIMILI
3ca, Kyna ofup TaxpuOaBuii Macananup. LyHuHr y4yH ra3 TEepMOMETPUHUHT
mKajgacu Oyiinda XapopaTHHW aHUKIANl aH4da Mypakkad wm Oynmb, OyHmaii

TaxxpuOanapHu 3TaJOH Y4yH KaOyi KWIMHraH a3zaBuil YTUII penep HyKTaJapuHUHT
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a0COJIIOT XapopaTjapyuHU ypHATUII Y4YyHrMHa yTkazuinagu. Opanuk Xapopatiap,
0J1aT]a, SMIIMPUK TEPMOMETPUK yCYJUIapa aHUKIIAHAH.

1954 #iunma kaOyn KWIMHTAH TEPMOJUMHAMUK IIKajla XO3UPrH OOCKHUYa
XapopaTIapHUHT a0COJIOT IIKaJacura SHr aHuK skuHaammnymp. (1.2) TeHrinamamaH
OoIlIKa MabIyMOTIAPHH MIUIATUIN 3apypuste (PV)pro HUHT YerapaBuil KMUMATHHH
TaXprOaBUil aHUKJIAII XaTOJUTH OwmiiaH OOFIWK. byHmal TakpuOamapHUHT aHUKIIATH
Yy3myKkcu3 opTud O0opMoKma, Oy Aca yimdaHaéTraH XapopaTIApHUHT KHMUMaTHTa JTOUMO
AHUKIIMK KUPUTHO OOopuIlHU Tanad kuiiaau. Penep xapopatiapu COH KUAMATIapUHUHT
OyHJail y3rapyBUaHJIUTUHM OJIIMHU OJIMII YYyH pernep HyKTajJapJaH OUPUHHUHT
KHUMaTUHA JTOMMHM J1e0 KaOynm Kuimira Kapop KuiauHaud. byHmai HykTa cudartuma
CYBHUHI YWwIaM4HM HYKTacu xapopaTuaad ¢oipananunau. ['a3 tepmoMerpu Ounad
UIUIall aHUKJIUTU OpTUO Oopuimmra kapa® Oomika Oapya pemnep HyKTajdapu
XapoOpaTlapuHUHT COH KUUMaTiIapu V3IyKCU3 Y3rapTupuimokaa. 1968 iunga
XapopaTjapHUHT ATAJOH HyKTajdapu cudatuaa BOJOPOJHUHT ywiaM4d HYKTacUIaH
Oonutad ONTUHHUHT CYIOKJIAHMII XapopaTurada OyiraH OpaJuKHU Y3 HUUTa OJIYBYU YH
MKKHUTA OOIIKA penep HyKTranapuaad QoiiaJaHuIl TaBCUsl KUJTUHTaH.

XapopatHu (U3MKaBUNA KaTTaluK cudaTtua aHUKIAll TYpJH Kapa€Hiap y4yH
WCCUKJIMK Ba MWIUIApHU aHMUKJIAI OwiaH OormmK. MopmaHuHr TypiH (¢azaBuid
XoJiaTiIapJiard MHIMBHIyall XOCCaJlapuHU Xoyar TeHriamacu ae0d artamysuu P(V,T)
(YHKIUSHUHT  KypUHMUINM  Oeinruiaiau. XOo3uprd KyHAA KyJda Kymn, Typiu
KypUHUILIArd XOoJiaT TeHrjaamanapu Kyutanwiaav. l['asmap yuyd (1.1) Ttenrimama
OOYBIAHTUYAUDP.

1.3. KBaHTOKMMEBHI TaCaBBYPJAPHU TAKOMUJLIAIITHPUIII MyaMMOJIapH.

CucremanuHr 6apya TepMOAMHAMHUK TapaMmeTpiapuHu y3apo 00Fmad TypyBum
OupruHa ymyMmuid nud@epeHiman TeHriaMa ad Kenu0 YMKaIurad HaThKanap TaxJIMiIu
TEPMOJMHAMUKAHUHI MAaTE€MaTUK anmapaTd €praMuja amaira omupwiagud. by
TeHrama ['mOOCcHUHT pyHIaMeHTan TeHraaMmacu aed atanagu. AMMo, ymoy ymymui
TEHTJIaMaHU €3UlI y4YyH, aBBajlaMOop, Taxkpubana ynyad OynMaliauran MKKUTa XKyda
XaM MYXUM KaTTaJHK - SHEPTUsl Ba SHTPOINHUS TYIIyHUYAJAPUHU KUPUTHUIIMMH3 HIapT.

bynu TtepMoauHaMUKaHUHT OMpPUHYM Ba MKKMHYM KOHYHJIapu €EpaaMuia amanra
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OLUIMPUIITUMU3 MYMKHH. HazapusiHu TY3uIlll y4yH TepMOJAMHAMUKAHUHT KOHYHJIApUIaH
TalIkapy, Kymum4a ucOOTIapcu3, anpuopd paBuilja KaOyn KUIMHAJAUTaH KaTop
dapaznapnan  QoiganaHwiaad.  ABBaIaMOOp — CUCTEMaHUHT  TEPMOAMHAMUK
MYBO3aHATH XaKUJArd MOCTyJaT KUPUTUIaAU. YOy mocTynaT Oyindya cUCTEeMaHUHT
TallKU TMapaMeTpiapd BakKT YTUINM OuiaH Yy3rapmaca, MyBO3aHaT Y3-y3ujaH
Oy3mIMaiiiuran XxoJyiaTra Kenaad. YOy XOJIaTHH CTallMoHap (BakTra OOFIIHK
OynmaraH, JeKMH HOMyBo3aHaT) JAevunaan. Knaccuk TtepmonuHamuka —¢akar
MyBO3aHaT XOJIaTUJAru cucTeManapHu ypraHagud. CrandoHap CHCTEeMaJapHUHT
HOMYBO3aHaT (KalWTmac) >kapaHiap TepMOJIMHAMUKACH ycCyJulapuaa udoganaHaim.
WKkyuHYM TOCTYNAaT XapOpaTHUHT MaBXKYUIMTA EKH TEPMUK MYBO3aHAT XaKHUJlaru
noctynat 0ynuo, IOKOpUAa TabKUAJAraHUMU3IEK, YHU TePMOJINHAMUKAHUHT HOJUHYN
KOHYHU XaM jAeiimnaau. TepMuk MyBo3aHaTAa OYJraH cuctemaiap y3apo HCCHKIUK
alMalIMaiinaap Ba CUCTEMAaHUHT yMyMJIAITaH Kywiapy Y3apo TeHr Oynanu. Yoy
nocTynar Oyiu4a XapopaTHU MCCUKJIVK aIMAalldHUII )KapaSHIapyu YUYyH yMyMIIalTrad
Ky4 cudaruga KUpUTUITUMU3 MyMKUH. HuXodTt, ypranmiaérran cuCTeMaHUHT Oapya
Xoccallapy Talllky MapaMeTpiap, XapopaT Ba CHCTeMa TapKUOWHUHT OMp KUWMATIU
byHKUHSICUINP.

CucremMaHnuHI acocwii mapameTpiiapu OeBocHTa TakpuOana aHUKIAHAIWTAH
napamerpiaapaup. bymap Oocum (OupiMK ro3ara TabCUP KWIYBUM Kyd), Xapopar
(cucreMazaru MoJeKylanap UCCHKIMK XapaKaTH KaJlaJUIMTHHUHT YITYOBH) Ba MOJISIP
XaXKMIIap XaMJla YWH JpUTMalap/ia acocuil mapaMmeTpiapra KOHIEHTpAIMS Xam
kupaau. Konran mapameTpiap acocuil mapaMeTpiapHUHT (GYHKIUSIApU XUCOOIaHAIH.
CucremMaHnvHr TapaMeTpiapyu XoJjaT TeHIJIaMallapu opkainu y3apo OoFnanran 6ynu0,
bu3uKaBuii KUMEHWUHT acocuil  Basudamapugad OupW  CHCTEMAaHMHT  XOJjaT
TEHTJIAMaJapUHU TONUIIIAaH uoOoparaup. Ymly MyamMmo Xxan Oynranma »aM, Xap
KaHJall cuUCTEeMaHW TepMOAMHAMUK udoaajam mMacajacd e4uiraH Oyiapiu.
CucTteMaHUHT XOJIaT TEHTJIAMACHHHM KEITHPUO YMKAPUIN yUyH YHU TAIIKWUI KUJITaH
3appavanap opacujaru y3apo TabCUp KyWIapHHHM OWJIMII mapTaup. Xo3upya X,01atr
TEHIJIAMAaCHHUHT aHUK KypHHHIIH (pakar umean raznap yaya Mabiym (1.1). Arap xonat

TEHIJIaMacu MabiyM OViica, MHIMBUIYal MOJJIAaHUHT XOcCcalapuHu udojanam ydyH
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WKKUTA TApaMETPHUHT KUUMaTIapuHU Ounuil Kudos Kujaaaw, YIYMHYHNCHHH XOJaT
TEHIJIaMacuaan xucoOiaca Oynamu. CUCTEMaHUHI MMapaMeTpiiapu cHCTeMa YOy
XoJlaTra KaHjah #yn OwilaH KeinraHura OOFIMK OyiaMaraHiaurud cabadmu, ymoy
KaTTATMKIAPHUHT YeKCH3 KHUWK Yy3rapumm dz tymuk auddepennuanaup (KoJraH
UKKUTA TMapaMEeTPIApHUHT YEKCHU3 KHYMK Yy3rapumapu Oyinya). Ymoly Xycycusr
TepMOJUHAMHKATra TyJIuK audde-peHruarap Xoccajapura acociaHTaH MaTeMaTHK
anmapatan Oepanu. Tymuk nud-gpepeHnuaapHIHT KeWWHTH MyXoKamajap/a KEHT
UIUTATUIIAUTaH alpuM XOoc-calapuHu Kypuo unkamus. Kyhunaru
z =f(x,y) Badz = Adx + Bdy (1.3)
dbynkuus Tynmuk auddepeniuan Oyicud. YHaa
dz = (dz/dx)y dx + (dz/dy) dy (1.4)
oynamu. (1. 4) man A = (dz/dx)y Ba B = (dz/dy)x éxu (dA/dy)x = d?z/dxdy Ba (dB/dx)y =
d?z/dydx.
XocuJlaHUHT KuWMatu auddepeHnuanianm TapTuOura OOFIUK OYyiMaraHiuru
cababmu (dA/dy)x = (dB/dx)y (1.5)
Yuby xocca TepMmoavHaMuKaga KeHr Kymutanwiamd. (I. 4) Tenrmamanu KypuO
yukamu3. Arap Z = const 6yica, yaaa dz = 0 Ba (I. 4) Tenrinamanan:
(dz/dx)y(dx):+(dz/dy)x(dy).= 0 (1.6)
¢xu dy ra 6yim6 robopcak
(dz/dx)y (dx/dy): + (dz/dy)x = 0, Oymmam -(dz/dy)x = (dz/dx)y(dx/dy).
FOkopunarunu (dy/dz)x ra kymanTupcak
(dz/dx)y(dy/dz)x(dx/dy). = -1 (1.7)
HU OJIaMU3, SITbHU aiiylaHa OYiinda OJIMHTaH y4Ta XyCYCUH XOCHUJIAJIapHUHT KYTaiTMacu
nmoumo -1 rta Tenr. Tymuk guddepeHnuammapauar Oomika  XoccajdapujiaH
KyWujaruiaapu
J dz =z2- zi= (X2, y2) - f (i, i) (1.8)

1

xam wunpiatwiaay, seHE (. 8) marm mHTerpanm skapaén OopaérraH Hyira OOFJIHMK
OynamacnaH, cuUCTEMaHUHr (¢akaT OOmoaHrM4 Ba OXUPTU Xojariapu Ousad
Oenrnnanaav. ByHUHT akCMHHM XaM KypcaTWUll OCOH. Arap MHTETPaJHMHI KUWMaTH

fynra Oofnuk OynMaca, y XoJija HHTEerpall OCTUAArd KaTTAIMK TyaukK auddepeHinmnan
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oynamu. (1.8) Tenrnamanax sz 0 okamauMru  Kenm® YMKagM, SHHM  TYIMK

muddepernnangan €nuk aiana Oyiinya OMMHTAH MHTErpaj Hoira TeHraup. bapua
MaHa IIy Xoccajap TEepPMOJAMHAMUK CHUCTEMAJapHUHT TapaMeTpliapura TaBCHU(IU
O0yu0, Kenrycuaa KyuIlaHuIaIu.

Hasopar caBoJsiapu:
KuméBnii TepMOMHAMUKAHUHT acOCUi Bazudanapu HUMajaH nubopart?
TepMoaMHAMUKAHUHT KYJJIAHUIWII Yerapaiapy Kanaait ?

TepMoauHaMuKaaa KaHaal MaTeMaTHK aIlapatr KyJIaHuaau?

> W e

Hccuknuk OunaH xapopar TylIyHYaJIapu opacujaa Kanmail ¢apk 6op ?
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5. Mukwu sHeprus Aeranjia HAIMaHu TylIyHacus3 ?

6. TepMoamHAMUKAHWHT HOJIMHYY KOHYHUHU TYITYHTHPUHT.

7. TepMmoguHaMUKAaHWHT OWPUHYM KOHYHM HUMaHHW ypraTaau? YHUHT KaHmau
Ttabpudapu 60p?

8. Cuctema XOJAaTMHUHT YEKCU3 KUYHMK Y3rapulUIapd Ba OXHUPTH Y3rapuIIH
Y4yH TEPMOJIMHAMHKA |-KOHYHUHUHT UoaaTapuHu KeITUPUHT.

9. MsonsuusinaHrad cucreMaza BOJAOPOJHUHI EHMII pPEaKIUACH HATHXKACHAA
CYIOK CyB Xocui OyincuH. CHUCTEeMaHMHT MYKH JHEPIHsICH Ba JHTAJBIUSACH KaHAal
y3rapaau?

10. TepmomuHamMuKaHuUHT  |-KOHyHWUTa OWMHOAH  HWCCHUKIUK  KapaéHHUHT
dbynkuusicu. ['ecc KOHYHU 3ca KUMEBUHN PEAKITUSTHUHT UCCUKIUK dPHEKTH KapaCHHUHT
Hynura OOFJIMK dMac, ey, Yoy kapama-KapIImIMKHU TYITyHTUPUHT.

11. bepuiran TepMOAWHAMUK CHCTEMAaHWHT SHTAJBIIMSACH Ba WYKU SHEPTHACH
KaHJlaii MyHoca0aT/[a SKaHJIUTUHU KypcaTyBuM (popmynanu €3unr. Kumésnii peakius
y4yH Oy MyHocabart Kanaai 0ymnanu?

12. NnauBuayan MOIJAHWHT WYKH SHEPTHACU EKH DHTAIBIHICH XapopaTiaaH
KaHnaii 6oFmanran? Ymoy 6oFnanuniapauar MmaTeMaTuk UolaCuHy E3UHT.

13. Wnean ra3 yuyn Cp Ba Cv opacunaru 6oFmanum kaHman?

14. X,onaT TeHraamanapu JeraHjia HAIMaH! TYIIyHacu3?

15. Tepmuk k03P dULIMEHTIAPHUHT MABHOCH HIMA?

16. Kamopuk ko3 dunveHTIap HUIMaH! TyITyHTHPAAH?

17. Tepmuk Ba Kajiopuk ko3 dUIIMEHTIap opacuaa KaHaal O0FIUKINK 00p?

2-MAB3Y. KUMEBUU )KAPAREHJIAPHU HABAPUU
KUXATIAH BOIIKAPUIIJIA SDPUIINITAH IOTYKJIAP

PEXA:
2.1. Kumésuit sxapaHHUHT ¥3-Y31ua OOpUILI UMKOHUSITH Ba HYHAIINIIH.
2.2. KuméBuii TepMOJIMHAMUKA.

2.1. Kumésuit sxapaHHHUHT ¥3-Y31ua OOPUILI UMKOHHUITH Ba HYHAIUIIH

Tabuatna ¥3-y3umaH OoOpyBUM Kapa€HJIApPHUHT WYHAIWIIM KOHYHUSTIIAPUHU
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TEPMOJUHAMUKAHUHT HMKKMHYM KOHYHM KypcaTtub Oepaau. TepmMoauHaMUKaHUHT
OMpPUHYM KOHYHHU CHCTEMaJla TYpJU OHHEPrUsJIapHUHT HKBUBAICHTIUITMHHU Xamza
cucteMa KaOynm kwiaértraH €ku OepaéTraH WCCHUKIHK, OakapuiaéTraH WII Ba WYKH
OSHEPTrUSHUHT Yy3rapuiid opacujpard OoFnanunuiapau  Kypcatub, Xap KaHjaai
KapaSHJIapHUHT HHEPreTHK OajaHCUHU YypHaTcajaa, Oy >KapaCHIApHUHT V3-Y3ugaH
OOpUIlIM MYMKHUHJIMTH Ba HVHAIUIIM XaKuaa Xed KaHaall MabilyMoT OepMaiiu.
TepMoguHaMUKaHUHT OWPUHYM KOHYHUTA OWHOAH WCCHUKIMKHHHT HCCHUK YKHUCMIAaH
COBYK KMCMTa Ba aKCHHYA YTHUIII UIMKOHUSATH OUp XUiIaup. AMMo Tabuataa XakuKaTaaH
XamM OOpyBuM peain jkapaéHjap MablyM HYHaIWINTra sra JKaHJIUTH Ousiapra aéH.
Macanan, HCCUKIMK HCCUK JKHCMJAH COBYKKA Y3-Y3WJIAaH YTaJH, CYIOKIHK
OanaHIMKIAaH KyWUra okajau, ra3 IOKOpPUPOK OOCHMJIaH KaMpOKKa yTaJu, CHCTeMaja
JIOMMO KOHIEHTPAMSUTAPHUHT TeHrMamumu (auddy3us) Ky3aTuiaaaud Ba 23 €Tapiu
JapaXkajard KaTra cucTemanapaa GopyBuM pean jkapadHiapia Xed KaHOH TeCKapH
xapaH y3-y3uman Oopmaiinu. bapua pean >xapa€unap HOMyBo3aHAT (KalTMac)mup.
Vnap 1okopu, aiipuMm XxoJjiapjia KaTTa Te3JIuKiIapiaa Oopaau, OyHIa HOMYBO3aHAT
XoJlaTaaru cuctema y3rapub O0opub, MyBo3aHaTra siKMHJamagd. MyBo3aHaT XoJiaTna
*KapaéH TyxTailgu. XaMMa HOMYBO3aHAT JKapa€HJIap MyBO3aHAaTra OSpPHILHUII
WyHanmummaa y3-y3u4a, SbHM TallKd Kywiap Tabcupucus3 Oopamu. Teckapu
UYHAIMIIATH JKapa€Haap CHUCTEMaHW MYBO3aHATIAH Y30KIAIITUPAAUd Ba YJIAPHUHD
TallKA Kywiap TabCUPUCU3 OOPHUIIM MYMKHH SMaciuru aHuk. CHucTeMaHu MyBO3aHAT
X0JIaTra SKWHJIAIITAPAIUTraH Ba aTpo) MyXUTHUHI TabCUPUCH3 OOpaJUraH >kapaéHiap
y3-y3uman OopyBuM, TaOuni €ku MycOar kapa€Hmap Aeiimnanu. Tamku TabCcupiiapcus
¥3-¥3uman Oopa oJMaiauran >kapaéuiap, Tabuuit 6ynmaran éku maHduil sxapaéHiap
nevnnany. M3omAuusianrad  cucreManiapAa, TAallKM  TabCUpiap yMyMaH Kys3aa
TyTWJIMarauauru cababmu, ¢akar V3-y3uman OopyBum (Mycbar) skapaéniap

KYy3aTHIaau.

Kapaéunap kaiftap Ba kailTmMac OVnMIIM MYMKHH. Arap >KapaéHHU TYFpH

TOMOHTaruHa sMac, 0aJKy TecKapu TOMOHTA XaM oJin0 OopuIilt MyMKUH Oyiica Ba OyHaa

IT(EF)MOLI,VIHaMMKaHI/IHF UKKUHYU K,OHYHNHUN KaM COH/IN 3appadvyanapaH M60paT cucrtemanapra K,ynnaw mymKuH amac,
YYHKU Y CTaTUCTUK XYCYCUATIa 3ra.
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cUCTEeMa XaM aTtpod MYXHUT XaM Y3MHMHI WITApUTH XoJlaTura KauTuO keica, OyHnman
xkapaH kaitap >kapa€H nenwmnanu. XKapaéH comup OYnTraHmaH KEWWH CHCTEMaHW Ba
aTpod MyXUTHH OMp BAaKTHUHT y3MJa aBBAJITH XOJATUTa KaTapuIll MyMKUH OyiMaraH
Kapa€Hnap kKaltmac nevmnagu. KalTmac jkapa€Hia CcUCTEMaHW aBBAITM XoOJjaTra
KalTapuIll MyMKHWH, JICKUH aTpod MyXHTIa KaHIAWIUp Y3rapumuiap Koiaau (MacasiaH,
aTpod MyXHT/a KUCMIIAPHUHT SHEPTUACH Y3rapain).

XKapaéununr kaiftap €ku KaWTMaciauru ymoly kapa€HHU YTKa3HII MIAPOUTIAPU
Ba ycywiapu Owinad OenrunaHaaw. Macamad, WAWIIHUHT OWUP KHUCMHUTA MabIyM
MUKJOpJa Ta3 000pwIraH, UKKMHYM KUCMHUJA 3ca, IOKOPU BAKyyM XOCHJ KUJIMHIaH
oyncun. TycukHu Oup oHja om0 Taniacak, ra3 “OylnuiMkka” KeHrasau. Y oy kapaéH
KaliTMac, YyHKH TeCKapu >Kapa€HHU YTKa3uIll y4yH (Ta3HU CHUKHII y4yH) WII Tanad
KWJIMHAW, WIIHA 3ca aTpod MYXUT OHHEPrUSACHUHMHIT Y3rapuIld XUCOOUTa OJIMII
MYMKHH.

Xyaau 11y Ta3HUHT KEHTaluil xkapa€HUHU KaiTap onu0 OOpHIll MyMKUH: arap
ra3Hd TOPIIEHb Tarura >Konnaad, mopiieHra OepwiraH OOCMMHU KaMaWTHUPHIL WHyJH
OWJiaH ra3HM KeHTralThpcak Ba OyHAa xap OMp OHAAru mnopiieHra OepusiaérraH Tallku
00CHMM Ta3HMHT OOCHMMHJIAH YEKCH3 KHYMK MHUKIOpra KMYMK OVJICHMH. Arap moplieHb
uHeplusra sra OyiaMaca Ba MINKAJaHUIICU3 XapakaTiaHca, >kKapaéH kauTtap Oyiamu.
[Topurenp xapakariaHa€Tranja KeHras€TraH ra3 MablyM Uil Oaxkapamu. Arap ymioy
WITHU WUHWHCA (MacajiaH, TMPYKWHA CHUKWJICA), YHJAa WHHMHTAH DHEPIrUs TecKapu
*apa€Hra (ra3Hu CUKUIITa) aHUK eTullu Kepak. Kaiirap skapaénna OakapuinaéTraH Uil
9HT KaTTa Oy1aay Ba y MaKCUMAJl U TCHIIIa Iu.

[yngait kwmmO, kadTap XKapa€HHM TeCKapu WyHanmumaa Oopuiira maxoyp
KWIKIT MYMKHWH, OyHAa KaHAAWAup MYCTaKui Yy3rapyBuMHU (Macaiad, OOCHMHM)
YEKCU3 KWYMK Kukmatra ysraptupwiaau. Kakrap xapa€niiap pean xapa€HJIApHUHT
UAcTAIITUPUIMIIUAND. AMania YHra SKUHJIAIIUII MyMKWH, JIGKUH €TULIUIT MyMKHH
sMac, YyHKH, MacajlaH, Ba3HTra Jra OyJMaraH Ba WIIKAJIAHWUIICU3 WIIJIAiIUTaH
MOPIICHHU spaTUO OYnMaiian. Makcuman uin ¢gakaT Kaitap kapaéHaa Xxocua Oyiamau.
ByHUHT MabHOCH NIYKH, CUCTEMa KaHYaJIUK MyBO3aHaTra sikuH Oyica, IIyHYaJIUK KaTTa

UII OJHUII MYMKHH. ByHnma ymiOy y3rapuil KaHYaauK KalTapiaukka sSKuH Oyica, Wil
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IIYHYAJIMK CEKMH MIUIA0 YMKWIAAW, YyHKH KalTap KEHralMIl 4eKCH3 CEKMH Oopau,
JIEKUH MaKCUMaJl MUKJIOp/a UIIl OaskapHIiau.

Arap HCCHK Ba COBYK JKMCMJIAp TyTalITHUPUIICA, YHAA UCCUKINK UCCUK KUCMIAH
COBYKKa yTajgu. YOy *apaéH TEpMUK MyBO3aHAT ypHATWITYHYA, S’IbHA MKKajla KUCM
Xapopatriapy TEHIJalryHua Oopaiu Ba y KaWTmacaup. Bomopon Ounan kucimopon
opacuaard KUMEBUM peaklysi, yHU OJIUH ycyijia, MacalaH, apajalliMaHi yYKyH OWIaH
NOPTIATUIN Hynu OWiIaH yTKaswica, KalWTMmac Oynaau. AMMo ymOy peakiusi KaiTtap
UIUTAWIATaH JIEKTPOKUMEBHUH dJIEMEHT/Ia OJTMO Oopuiica, Kaitap Oymaam.

AlipuM skapaéHiap Xakukuil kaiitmac OVmanu. YiapHu Xed KaHjau yn OusaH
KaiTap YTKa3uIl MYMKUHH 3Mac. by myHjail jxkapa€Hiapku, yJapHUHT OOpHUIIHIa
OupaaH-OMp HAaTWXKa UIIHUHT HWCCUKJIMKKA alJaHUIIUIUP: KAaTTUK CHUPTJIAPHUHT

MCXAaHHK MHIIKAJIaHUIIN, CYIOKJIIMK Ba TIa3jlapAalrd HWYKW HIODKAJIAHWII, HWCCHUKIINK

OHCPIUsAHHUHIT JUCCHUIIAIWACH, ASHH SOHCPTHUAHHUHT COUYNINIITN I[GﬁPIJI&IIPI.

yTKa3yBUaHJIMK Ba OOIIKaap.

Xap kanpail kaiTMac kapa€Hiapja cucTteMmamard  OocuMm, — Xapopar,
KOHIIEHTpaIMsi Ba OOIKa WHTEHCHUB TNapaMeTpPJapHUHT TEHIJIAIIYBH COIUp OYynaaw,
SbHU DHEPrus Ba MOJJA TEHTPOK TaKCMMJIAHWINTA WHTWNAAU. byHnai sxapaénnap

SKUHIAIITAPUII WyHanumuaa Oopanu. byHnan tamikapu, ymoy skapaéHiap UCCUKIHK

¥3 -y3uaaH O0pyBUM KaliTMac jkapaéHiap CHCTEMaHU MyBO3aHAT XOJIaTUTa
V3aTwmimu €K MOJIEKYJIaJapHUHT TapTUOCH3 Xapakatu OwinaH Ooriuk. Mypakkab

apaéHjaa Outra Oockuu kaWTMmac Oyica, OyTyH >kapaéH xam kaWTmac Oynamu. Pean
x)apa¢rnapaa OyHmaal OOCKWWIAp WIIKATAHUII, WUCCUKJIMK Y3aTHIN €KH Macca Y3aTuIll
(nuddy3us, KOHBEKIMS) KapaCHIApUIUp. YJIAPHUHT HATHXKACHIA peajl >KapacHiap

KaiitmMac Oynaau.
2.2. Kuméeuii mepmoounamuxa.

XKapaéunapHuHr ¥WyHanumM Ba OOpHII YerapaJlapUHH aHMKJIAIl  y4yH

TEPMOANMHAMUKAHWUHT 6I/IpI/IH‘{I/I KOHYHHM C€TapJu OMACIIMI'M XaKuJdaru XyJjoca
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TEPMOJMHAMUKAHUHT ~ WKKMHYM KOHYHWHHU YpHATHUIITA OJIUO KEJJIH.
TepMoanHaMUKaHUHT UKKHHYA KOHYHU TAOMATHUHT YMYMUN KOHYHUIUP Ba Y OMPUHYUA
KOHYHTa yxImrad MmocTylar xucobiaHaau. TepMoauHAMUKAHWHT WKKWHYA KOHYHUHU
Hazapui KeATUpUO YuKapuO OYIMalau, y TEPMOJIMHAMUKAHUHT OMPUHYM KOHYHUJEK,
WHCOHUAT Oapyua TaxXpuOACMHWHT yMyMIIAIyBUAaH uOopartaup. TepMoamHamMuka
WKKUHYY KOHYHUHUHT UCOOTH OYnHO, yHIaH Keaud 4YMKaauraH Oapya XyJocajJlapHUHT
Xo3upraya TaXpuOaaa TACAWKIAHUO KEIWINM XU3MaT Kuwiaad. TepMoauHaMUKaHUHT
WKKUHYM KOHYHU CHCTEMaJla aliHM Xapopar, 00CMM Ba KOHIICHTpalusiapaa Kancu
xkapacH ¥3-Y3ujaH KeTa OJUIIMHM, YHUHI KaH4Ya WIl Oa)KapUIIUHHU, alHHU IIapoOUTAa
CHUCTEMaHWHT MyBO3aHAT X0JIaTH KaHal dKaHJIUTHHHU KypcaTtaad. TepMoanHaMAKaHIHT
UKKUHYM KOHYHHJIaH (hoigananu0, OUpop 25 xapa€HHU aMalira OUIMPHIN YIyH KaHaau
HIAPOUT SPATHII JIOZUMIIUTUHYU aHUKJIAIT MyMKHH. Arap TepMOAMHAMUKAHUHT OUPUHYU
KOHYHH Xap KaHJai cucTeMaiapra TaJl0WK KHJIMHUAIKA MyMKHH OYJTraH abCoJIIOT KOHYH
Oynmb, Makpo- Ba MUKpOCHUCTEMasap/ard Xap KaHaai >kapa€Hiapra Teruuuid Oyiica,
WKKUHYM KOHYH - DHEPTHSHUHT COYIIMII KOHYHH - CTaTUCTHK TaOuaTra sra Ba Ky
COHJIM 3appadvajapiaH uOopar, SBbHU CTATHCTHKA KOHYHJIApUTa OyWCHUHYBYH,
cucTteMasapraruHa TaaOWK KWIMHMIIKA MyMKUH. XKXyna xynm MonexynanapaaHn ubopat
TEPMOJMHAMHK CHCTEMa yYyH TEPMOJMHAMHKAHWHT WKKWHYU KOHYHU HIIOHWIAIUD.
AMMO y KaM COHJIM 3appavanapjaH uOopaT cucTemanapra KyJUlaHTaHAa Y3UHUHT
MabHOCHHHM MyKoTaau. byHaail cuctremanapa TepMOJMHAMUKAHUHT UKKUHYMA KOHYHUTA
3uj OyaraH >xkapa€nnap TaxpuOaga Ky3aTwiaad. XakUKaTAaH XaM, MOJIEKYyJaJapHUHT
UCCUKJIMK TabCHUPUIATH XAOTHUK XapakaTh HaTWKacuia, YJIApHUHT >KyJa KHYUK
XaXMJIard COHM JIOUMO Yy3rapub Typanu. bynpgaih “racomuduii” y3rapunuiap
HATWKaCUJa CHUCTEMAaHUHT 3WUWIMTH Vy3rapaau - (QiaykTyamusiaap Ky3aTWiaiau.
TepmomunaMuk cuctemanapjaa (MakpocucteManapaa) (OIyKTyanusUIapHUHT —Jesipiiv
TabCUPU MWYK Ba yjap Xed KaHAau pojib yuHamanau. TepMOIrMHAMUKAHWHT UKKWHYHU
KOHYHM CTaTUCTHUK TEpMOJAMHAMHUKAIA TyJapoK (u3MkaBuil HyKTaWm Ha3apaaH
TYIIYHTUPWIAAA. Y  CTaTHUCTHUK TEPMOJWHAMHUKA TIOCTYJIOTIApHJIaH  KEJITHPHO
YUKAPWIMIIKA MyMKHH.

TepMoanHaMuKka WMKKUHYM KOHYHHHUHT yMymui Tabpudumapu KapHo Ba
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KnaysuycHunr TtaakukoTinapuga Oepuirad. XIX acpuunr ypracuaa Kraysuyc,
Makcsemn Ba KenbBuniap ymi0y KOHYHHUHT OJIAMITYMYJI aXaMUSTHHH KypcaTAuiiap.
TepMoauHaMUKAaHUHT WKKWHYM KOHYHHWra SKWH (UKpiIapHu OupuHYM  OOp
M.B.JlomonocoB aitu® ytran. XIX acpHunr oxupuaa MaxkcBemi, bonbiman Ba
['u60cnap TepMOIMHAMIKA UKKUHYY KOHYHUHUHT CTATHCTHK XYCYCUSITUHU ypHATIWIAP
Ba CTAaTUCTUK MEXaHWKara acoc coJyiauiap. TepMoIuHAMUKAHUHT UKKUHYM KOHYHUHU
acocjall JBUraTeJJIApHUHT CU(paTUHU SXIINUJIAITa KapaTWIral ypUHUIIUIAp OUJIaH Xam
OormuK. AOanwii NBHWTaTeTHU KypHII MYMKHH 53MacCIUTH aHWUK OViraHgaH CyHT,
OJIUMJIAPHUHT (PUKPUHU OollKa OWp, SHHU S>KUCMHUHT HMYKH DHEPTUSCUHU UIITa
ailmanTupu®  OepyBUM, JaBpUl paBUIA MWIUIAWIWMTAaH  MAIIMHAHU  KypHII
MYMKUHMHKAH, JIETaH FOs 3rajuiad oyiau (MacallaH, OKEaHHUHT CYBUJIAaH DHEPTUSHU
(uccuKNMMKHM) — OAMO — WIUIAMIWTaH — JABUraTeIUTM  [ApoOXOJ  KypuIl  (HKpH).
TepmoauHaMuKa OMPUHYM KOHYHU, SSbHU SHEPIeTHK OalaHC HyKTau Ha3apuaH OyHAai
JIBUTATEJIHU Kypuill MyMKUH. by Fost amarnra ommimHUHT axaMusiTd abajuil JBUraTelib
sapatuill Ouyian OapoOap Oynap snu. XakWKaTIaH XaMm, OJaM30T OKe€aH CyBIJapuja,
atMoc(epaa Ba ep KOOMHHUIA MyX,acCamilallllraH HCCIUKIUK HHEPTUSICHHUHT YEKCHU3
3aXUpajapuHUd HINra aWjJaHTUPUII WMKOHUATATA dra Oynranma »sau, Oy abaawii
JBUTATENb Kypull OWJIaH TEHI axaMusaTiau Oynapau. Macanad, OKeaHJapHUHT
cyBmapunu 0,01 nmapaxara coBytum xucobura Ep mapumarn caHoat KOpXoHaJapUHH
1500 inn naBoMuga TabMUHIAMAUTaH sHeprusra sra o6ynap sauk. [lyHuHr yuyH Xam
OyHnmali MallMHAaHW WKKWHYMA Typ abaaWii JBUTATENh €0 aTamad Ba YHH KypHINTa
XapakaT Kmmiau. AMMo 0y ypuHunuiap MmyBadhakusaTCU3IUKKa yapaau. TaOuaTHUHT
KaHIaWIup YMYMHA KOHYHH OOPJINTH Ba Y MKKWHYM TYp a0aJuii IBUTATCIHU SpaTHUIITA
TYCKUHJIUK KHUJAETTaHW MabiyM Oynu0 kojaau. Ymly XyJOoCaHH TepMOJIMHAMHUKA
WKKUHYY KOHYHUHUHT yMYMHU Tabpudu neca 6yaaam:

-cUCTeMajJla Xe4 KaHaall y3rapuiicus, (akaTTMHa HMCCUKJIUK PE3epBYapUHUHT
WCCUKIIUTH XMCOOUTa NTaBpuii paBUIl[a WIJIAWIUTaH MAIllMHAHWU, SbHU UKKUHYU TYpP
abaauii ABUraTenHu KypuO OYyaMmaiau €Ku MKKUHYM Typ abaauil IBUratelb, S’bHU Xe4
KaHAal Kymmm4a sSHeprus capd kuiaman Typub, dakat arpodaarn MyXUTHUHT

UCCUKJINTU XUCOOHUTa vin OakapyBuM MaIlIMHAHUHT OYiuin MyMKuH sMmac (OcTBaiibjg
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Tabpudn).

YMmymuii Tabpudaan Kylinmara Xynoca Kem0 YiKaju:

-UCCUKJINK KaMpOK KHU3JUPUJIITAH KUCMJIaH KYMPOK KU3IUPUIITaH KUCMra ¥3-
y3u4a yTta OJMauIu €KW KaHJaWAup MUKIOPIAArd WIIHW HCCUKJIHUKKA auJlaHTUpMau
TypuO, UCCUKJIMKHU COBYKPOK >KHCMJAH HMCCHUKPOK KUCMra YTKa3Wlll YYyH ITUKIIUK
kapaénnan (oiinananud Oyiamaiiau.

Ymly taspud 1850 i#mn Knay3zmyc TOMOHMIaH TepMOIMHAMHUKA WKKHHYU
KOHYHUHUHT acocuil Tabpupu cudartuga taxnud kuiauarad. Tomcon (KenbBun)
TOMOHM/JIaH 3ca KyhHuaaru Tabpud Takaud KUIMHTaH:

-UCCUKJINKHU WIITa alJIAHTUPUIN YUYH KUCMHHM COBYTUIIHUHT Y3U KUQOS dMac,
UITHUHT UCCUKJIMKKA aliJIAHUIIN ca Kapa€HHUHT OupAaH-Oup HaTHOKaCUIUP.

TepMoauHaMuKka UWKKUHYM  KOHYHUHUHI  IOKOpWJArd y4daja Tabpudu
SKBUBAJICHTIUP, yJapJaH KaTtop Xyjocajlap KeauO uyukaau. MacanaH, U30TEpPMUK
IUKIHAHT MIIM HOJTa TEHIAWp, aKC XOoJiga Ym0y >KUCMHHUHI WCCUKIUTHHU UIITa
alIaHTUPUI, S’IbHU UKKWHYM Typ abajuil ABUTATENh KypUIIl MyMKHH OYIuO KoJaau.
TepMoaMHAMUKAHUHT OMPUHYM KOHYHU WMKKU XUJ MabHOJIM Tabpuduapra sra Oyica,
SbHHM “‘Xe4 HapcaJaH WII Taijgo Oyna oaMaian” Ba “WIN Xed KaHJal H3chu3 HyKoImnb
KeTMal 1", TepMOJMHAMUKA UKKUHYM KOHYHUHUHT Tabpu]iiapyu OMpruHa MabHOTA 3ra;
“pe3epByap MUCCUKIWTUHU HINTA TYJIUK alIaHTUpuO OynMmarmu”. Teckapu TabKUIAll
HOTYFpH, YYHKH WIIHU TYJIUK PaBUIIIA UCCUKJIMKKA ainmaHtupub® O6ynmaau. by xymoca
WCCUKJIUK DHEPTUSCUHUHT Y3UTa XOCIUTHJIaH KeIUO YMKau, s’bHU Y 3appadalapHUHT
Xa0THK XapaKaTUHUHT MaxXCyJIuaup. DHEPTrUSHUHT OOoIlKa Typiapu dca (MacaiaH,
AeKTp, €pyFnuk) 3appadanapHUHr TapTUOIM Xapakath OwusiaH OOFJUK. MccUKIMK
DHEPTUACH DSHEPTUSIHUHT SHT KaM camMapara sra KypUHHUINW JKAHJIUTH TaOUUNIup.
Xyanu TIYHUHT YYyH ODHEPTUSHUHT Oapua Typjapu TYJIUKIWTHYA HCCUKIIUK
SHEPrusicura aJlaHUIIU MYMKHUH (TapTHOIM XapakaTAaH dXTUMOJIM IOKOPUPOK OYraH
Xa0TUK Xapakatra). MCCUKIHMK 3ca 3HEprusHUHI caMapaiupoK TypJlapura TYJIHK yTa
OJIMAWJIM, YyHKH OyHAAM YTUII XaOTUKIAH TapTUOIM Xapakarra y3-y3uaaH YTUIl Kabu
HXTUMOJHU OYJIMaraH XoJra, SsbHU CUCTEMAHUHT AXTUMOJHU KYMPOK XOJaTAaH 3XTUMOJIH

KAMPOK XOJaTra y3-y3WJaH yTUIOMra MOC Kejlap »J3Id. YMyMaH OJITaH[a,
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TEPMOJIMHAMUKAHUHT MKKUHYM KOHYHHM ailHaH CUCTEMaHUHT y €KuU Oy XOJaTUHUHT
XTUMOJUTATH Oniad OOFmuKAup. TepMOIMHAMUKAHUHT UKKUHYM KOHYHWHH, FOKOpPHUIA
TabKUJJIAHTAHUJIEK, TYpJW KYPHUHMILJATHM SHEPTHSUIADHUHT HMCCHKJIUK HHEPrUsiCHUra
CEeKMH-acTa VYTUIIM KY3aTWJIYBUM OHEPTUSHUHT COUYMJIMII KOHYHHM, Je0 XaMm
TabpudIammuMu3 MyMKUH. TepMOIMHAMHUKA UKKUHYM KOHYHHHHUHT yIiOy Tabpuduman
HOTYFpH XyJiocajapra KeJIull XaM MYMKHH, MacajaH, TEPMOJMHAMHKAHUHT MKKUHYH
KOHYHUHU YEKCH3 27 CHCTeMayiapra Kysuiaranga. byTyH omamuu €ku Oupop caiiépanu
yerapajaHrad TEpMOJAMHAMUK cHcTeMa J1e0 KaOyIl KWIIMII Ba YHIa TEPMOJIMHAMUKAHUHT
UKKUHYY KOHYHUHHU KYJUTalll HOTYFpU OYIaau, YyHKU YHEPTUSHUHT UCCUKIMKKA TYJTUK
alllIaHMIM Ba WCCUKJIMKHUHT Y3-Y3uJaH MIIra aillaHa ojamaraHu cababmu, onamja
X,apakaT TyXTalau, X,apopaT omuO KEeTHO MCCUKIMK KaJloKaTura oyJu0 Keyaju, JeraH
HOTYFpU (PUKpIIap TyFUIAIH.

TepMoauHaMUKa MKKUHYM KOHYHUJIAH TEPMOJIMHAMUK CUCTEMAIapa STHIH KOJIaT
GYHKUUSICHHUHT MaBXKYUIUTH KeNuO urkaau. TepMoanHaMuK xKapaCHIapHUHT TaKIHIN
ylIapHU TyJuK wudoAalall y4yH TEPMOJMHAMHUKAHUHT OHpPUHYM KOHYHM KOS
AMACIUTMHM Kypcartau (OMpUHYM KOHYHra Kypa SHEPIHSHUHI CakKJaHUII KOHYHHIa
OyiicuHran oxapaHiapruHa OOpHIIM MYMKHH). AMMO Taxkpuba KypCUTHUIINYA,
OupuHun koHyHra Oyiicynran Ba AU = Q-W TeHrinamara puoss KuiaTraH aipum
xapaciap amanga 6opmaiinu. By aca, cuctemana Kangaianp HobMaayMm QYHKIHS EKH
KOJaT TMapaMeTPUHUHT MAaBXY[JIUTH KaKuJard Xxyjnocara onubd kengu. Yoy
NapaMeTpHUHI KUHAMaTH OUPHUHYM KOHYHra OWMHOAH amaira OUMPWIMIIN MYMKHH
OynraH Typau kapaéHiap ydyH Oup Xui smac, Oy dca kapa¢HJIapHUHT TEHI KUMaTra
ara 3MaciMruHu Kypcaraau. Suru dynkuus Kiayzuyc TomMmoHuaan sHTpornus S 1ebd
aTaiau.

Acnuga TepMOJAMHAMUKAHUHT MKKWHYA KOHYHM HCCHKJIWK MallluHAIapu y4yH
TabpU(IaHraH Ba YJIAPHUHT MIIKWJA YOy KOHYH ailHMKca sikkon KypuHamu. Iy
cababmaH KO3Wp KaM TEPMOJMHAMHKA WKKUHYM KOHYHMHHM Kapald YHKHUII HCCUKIUK
MallMHalapuHu Takaui Kwmigad OonutaHanu (KapHo nukinum). By sca, UKKMHYM
KOHYH (pakaT MCCHUKJIMK MallMHaIapyu WIIUHU UoAalaiiuraH XyCyCHM KOHYHHUSAT

neran ¢ukp tyFnupamu. Acnmpma sca, Oy TaOMaTHMHT yMyMUH KOHYHU OYiuO,
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HHEPTUSHUHT CAKJIAHUII KOHYHHJIaH KeMUHTU (PyHIaMeHTan KOHYHIUP.

Kapareonopu npuHmunu Ba DJHTpOnMs. TepMOAMHAMHUKAHWHI HWKKWHYU
KOHYHHHM HCCHUKJVK MAIIMHAJIAPUHU TaXJWJd KUIMACOaH KaM YUKapUIl MYMKHH.
TepMmomuHaMuk cucTemMaza SHTA KojaT QyHkuuscu Oopiuruau Kapareogopu
OpUHLOUNK (allpuM Kojiatiapra aguabaTUK eTHIIa OJMACIUK) SXIIH TYUIYHTHPaIH.
Kylinnaru xapaéHau Kypub ynkaMus.

v : Cucrema Oup KoJaTnaH MKKMHYUTA UCCHK- JIUK
IOTWIMIY ~ OuinaH yTcuH. VIKKMHYUM KO-  JaTAaH

OupuHunra aanabaTuK skapaéHia YTUII MYMKHUH, 1e0

TacaBByp KuiaMu3. TyFpu Ba TeCKapu HyJUlap y4yH

sKapaén ipa pepyvo- nuHAMHKAHMHT GHPHHYM KOHYHH OYiliua,
I.1-pacm. KapaTeogopu npuHIHITHA
KeJTupuo6 'iiicipiini.
Q=AU+ W (1.125) O =-AU + W2 (1.126)
bynapnan aiinanma sxxapact yuyn: Q =( Wi+W2) (1.127)

Kypunaérran xapaénna nccukiuk otunaérrand yayH (Q>0), mukmuk
*apa€Hmaru ymymui um Hosgad karra (Wi + W2) >0 (1.128)
oynamu. Illynnaii kuianb, HUKIWMK >KapaCHHUHT HATHXKAcu. cucTemMa OouoaHruy 1-
XOJlaTra KauTAu Ba CUCTEMa I0TraH UCCUKJIMKHWHT XaMMacH TYJWK HINTa aimanau. by
sca TepMOJMHAMUKA WKKUHYM KOHYHUHUHT TOMCOH Tabpudura xapama- Kapiidgup
(MCCUKJIMKHUHT XaMMacH HIIra aiJIaHuIIM MYMKHH 5Mac). Jlemak, TepMOIuHAMHK
CHUCTEMaHWHT XOXJIaraH XOJIaTU SIKWHUJA [TyHJai OoIlKka xoJyariaap OyiIaauku, yiapra
anuabaTHK iy OuiaH, SbHU UCCUKIIMK Y3aTMacaaH yTuo OyiManau.

Kapareonopu npuHiunuaan gakar SsHIH XoJaT QYHKIUICH OOPIUTH dMac, OaiKu
Oy QYHKIUSHUHT UCCUKIUK OWaH OOFIHMKJINTHA XaM KeluO YMKaau. XaKuKaTIaH Xam,
arap cucremMa l-xosarjgaH 2-xoJiaTra UCCUKJIUK FOTHUIN OuiaH yTraH Oyica, HUMa y4yH
O0O4YOaHTMY XoJjaTra HWCCHUKJIMK ajMaliMaciaH Kena onmaiau? Vccukiumk Xxonar
byHKIUSICH 5Mac, OanKkyd y DHEpPrus Yy3aTUIIHUHT xuauaup. Cuctemara HCCUKIIUK
KYpPUHUIIMIATH MabJIyM MUKIOpJAArd SHEprusl y3aTuwiran Oyica, yHOa cucCTeMajllaH
XyJUTU Ty MUKIOPJATH SHEPTUSHU WIN KyPUHHINKA OJHUII Ba Iy OWJIAH CHCTEMaHU

ABBAJIrM XOJaTura KCJITUPUII MYMKHUHACK TYIOJaAau. AMMO KapaTGOILOpI/I IMPUHOUIIN
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OYHUHI MyMKHMH 3MAaclIUTUHU, SbHU TOMCOH Tabpudura 3uj xapa€HHU coaup Oyna
OJIMACJIMTUHU KypcaTaau. JleMak, HCCUKIUKHUHT Y31 Xonar QyHKIuscu OyiMaca xam,
cucTemara OepuiraH MCCUKIMK XOJaT (PYHKIMSICUHU, SHHU SHTPOINUSHU Y3rapTUPAIu.
DHPONUSHU 3Ca CUCTEMara UCCUKJIMK y3aTMac/iaH TypuO aBBalIru KuMarTura KenTupuo
Oynmaiian. byHIaH SHTPONMUSHUHT Y3rapuliy cucTemara OepmiaéTraH UCCHUKJINKHUHT
dbynkiusacyu sxarauru AS = f(Q) kenu6 unkamu.

Kapno wmkam Ba 3HTpomus. IOkopuaa TabKUIJAHTAHUAEK, TEPMOJAMHAMUK
XKapaCHJIapHU TYJIUK TYIIYHTUPUII Y4YyH HSHEPTUSHUHI CAaKJIAHWUII KOHYHH KH(Os
kunmaiian. Taxpuba KypcaTuiinya, TEPMOJWHAMUKAHUHT |-KOHyHHMra OylicyHraH
allpyuM >kapa€HiapHM amaira omupud Oynmaiinu. byHuHr ca®abu cucremana siHa
KaHJaliaup XoJylaT MapaMeTpJapUHUHT MaBXyaauru Oymumu mMyMmkuH. Knaysuyc Oy
SHTY QYHKUUSHU S 3HTpomnus 1ed atanu. TepMoAMHAMUKAHUHT 2-KOHYHHU Ba HTPOIUS
TYIIYHYacH WCCUKJIMK MalIMHAJIAPUHUHT UIIMHU TaxJIWJI KWIMIIAAQ SKKOJI KypUHAaIH,
IIYHUHT y4yH Oy KOHYH aBBaJlaMOOp HCCUKJIMK MallMHaJapura TaaJUTyKJIu OyiaraH
(Kapno nukinn). JIekuH TepMOJIMHAMHUKAHUHT 2-KOHYHU TaOMATHUHT YMYMHIl KOHYHU
SKAHJIUTUHU siHAa Oup Oop TabKkuanad yTamMu3. YHHM MCCHKIMK MalldHAJTapUHUHT
TaXJWIMJAH XOJIM paBUIla XaMm KeaTupuO yukapuil MyMkuHiuruHu Kapareomopu
npyuHIUNuAa Kypauk. AMMo KapHO LMKIMHUHT TaxJIWiau Ou3ra TepMOJAMHAMHUKA 2-
KOHYHUHUHT AQHAJIWTUK HQPOJacCUHU Oepaau Ba SHTPONUS TYIIYHUYACUHUHT TYO
MabHOCHHU aHIJallra o1l Keaaau.

TepmoauHaMuKa 2-KOHYHMHUHT YPTaHWIMIIM SHT Mypakka0® Oyiran KoHyHJapra
KUPUTWIIUIIIMHUHT KaTop cababiapu MaBxyad. YiapjaaH OUPpUHYNCH ITyHIaH UOOPATKH,
TEPMOJIMHAMUKAHUHT 2-KOHYHUHU aBBaJl OUMII Ba KaHAANAUp MyJioXa3a IOpUTHULI, SIbHU
UCCHUKJIMK MAalllMHAJApUHUHT Xoccajapy XaKuaard MmocTyjaT KypUHUIINIA TabpudIall
Ba YHJaH Xyjioca cudaruia sHru xojaT GYHKIUACH - S SHTPONUSIHUHT MaBKyAJTUTHHU
KEeNTUPpUO 4YMKapuil Kepak 31a4. byHnmaih moctynar cudartuia OKOpuaa KeJITUPUITaH
Tabpudap Xu3MaT Kujgaaun. AmMmo ymOy TabpudIapHUHT Xed Oupuja SHTPOIHUS
xakuja OupoH cy3 Wyk. TepMoJMHAMHMKA WKKUHYM KOHYHU TyO MabHOCHUHUHT, S’bHU

SAHI'M XO0JI1aT 29
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GYHKUUSICUHUHT (PaHTra KUPUTUIUIIY OOYBbIaHT MY MOCTYNAT/IaH aHya Y3yH MyJioxas3ajiap
IOPUTHILI OpKajdu amanra ommupwiaau. [loctymaTHuHTr ¥V3upgaH sca sHTH  X,051aT
(GYHKIUSCUHUHT MaBXYUIUTH Xakuja Xyjgoca ynkapub Oynmaian. bynnan tamkapu,
OvpuHYM Kapamnijga Oup-Oupura yMyMmMaH yxiiamMaraH Kartop TabKHAJanuiap OOpKH,
yIapHUHT XaMMacH ¥y3apo SKBUBAJEHT OYiIHO, TEpPMOAMHAMHKA WKKUHYM KOHYHHUHHHT
tabpudu OVia onmamu. byHnal xoyar KenuO YMKUITMHUHUHT ca0alu, XaKUKaTIa Xam
OOYBIaHTHY TIOCTYJIATJIapra HUCOaTaH yJapaaH kenuo ynkamuran 8Q = TdS (I.
129) xynocaHUHT aXxaMUSITH IOKOPHPOK SKAHIMTHUAAIND. DHTPOIUSHU OeBocUTa yirdad
OYynMaciuK KylmiuM4ya KUWUHYWIMKIAPHU sparagud. TepMoauHaAMUKaaa JHPOMUs
Xakugara axoopoTiapHuHr OupnaH-Oup manOam (. 129) Tenrnmamamup. DHTPOIHUSIHH
busuk napametp cudaruna kabya KUIUI KUHUHYWIMTHHUHT Oolika cababu xam 0op.
MakpOCKOIUK CUCTEMa WYKHU SHEPTUSICMHUHT Y3TapUIlUHU, XY DHTPOINUS Kaow,
Ynua® OYynmaiiau, yHu dakaT xucob6sad tonum MymkuH. IllyHra kapamacpaH,
TEPMOJIMHAMUKAA SHEPTUSHU TYIIYHTUPHUII KUUMHUYWIMKIAD TyFaupmaiiau, 4yHKH
SHEPrusi Xap OUp ajoxuja 3appaya y4yH TAALTyKIUIUp Ba OyTYH OUp CHUCTEMaHUHT
SHEPTUSICUHYU KaHAAWIUp WUTUHAU cudaTtria Kadysl KUIUII OCOH. DHEPrusiaH Gpapkiu
yJIapoK, OHTPOMHS  ajoXuja 3appadajlapHUHT  XOCCAJIApUHU  5Mac,  Oalku
MOJIEKYJTaJJaApHUHT CTAaTUCTUK TYIUIAMH XOCCAJapUHU HAMOEH Kuiaau. Asoxuia
3appadya DJHTpomnusira sra sMac. Mana my cabalra kypa, S SHTponus HazapHii
(U3UKaHUHT HT MypaKka0 mapameTpiapuaan Oupu xucoobianaau.

OHTPONUSHUHT SHTH TEPMOAWMHAMHUK TMapamerp cudarugaru maTeMaTHK
XOoccallapy YHUHT UCCUKJIUK aJMaIluHUII XOIMcaJapria XojJaT KOOPAUHATACH POJIMHH
yiHamuaaaup. by sca MCCHKIMKHU XOXJIaraH TypJard yMyMJIalliTaH Il KypUHUIINAA
€3UIll WMKOHUSATHHU Oepaau Ba OyHUHT HaTWXKacHa WCCHUKIUK Ba UITHUHT
DKBUBAJICHTJIUTU Xakuaaru Qukpnap sHaga gykypraamanud. Mccukimuk Ba uim HadakaT
Oup-Oupura yra oyiaau, OajKd CHUCTEMAHUHI WHTEHCHUB Ba 3KCTEHCHUB IMapaMeTpiiapu
Owan 6up xun 0oFnanranaup.

OHTPONHUSIHU SIHTH X0JI1aT byHKUIMACH cudaruga OeNruIoBYn
TepMOJMHAMHUKAHUHT acocuii TeHrmamacu (I. 129), rokopuma TabKuAIaraHUMH3JICK,

aH4Ya Mypakkad yCyijla OJIMHTaH. ODHTPOMHUSHU OeBocWTa yia4ad OyIMaraHiuru

(V.11)
TV6yr
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ca0abmu, (I. 129) Tenriaama Ownan udoaagaHyBUM aBBajl HOMabjiIyM OyiraH TaOuat
KOHYHUHUHT MaBXYIJIUTH, YOy KOHYHaH KeJTM0 YMKKaH XyJocanapaan (organanuo,
VCCUKJIMK MaIlMHAIApW Ha3apuscHaa ovmiraH. MaTeMaTuk HyKTau HazapJaH S XojaT

GyHKUUSICH MaBXyUIUTUHUHT 3apypyid Ba €Tapiiy MapTH

Kylugaruya: (1.130)

bynnaii €3yB umHTerpan octupard udojga KaHIAWAWP wmHTErpan udomacura UK

GyHKIUSHUHT 1uddepeHany SKaHIuruiy Onnanpaau. byHna naTerpanyu Hojiara TeHr
OynMmaran XxoxJjaraH KUHMaTIapHU KaOyJl KWIMIIA MYyMKHH. VHTerpamiapHd LUKI
Oyiimya KypuO YMKWII YpraHaéTraH CHUCTEMAJapHUHI XOCCAJapUHU TaJAKUKOT
KUJaéTranga SHTPONMSIHM OYMK KypUHHUIIA KUPUTMACIMK HMMKOHUATUHU Oepaju.
MexaHHK Ba MCCUKJMK SPKUHIIMK Japa)kacura sra OyJraH cucremanap y4yH Oyiinua

HHIH&P'IIIHFaH HCCHUKJIIMK MallTMHACH MOC

kenamu. Wi Ba HMCCUKIMKHM aHMK XUCOONAml MyMKUH OViraH kaWTap IUKIUK
xapa€Hinapuu kKypuO uyukamu3. WMpean ra3, Ban-mep-Baansc rasm Ba  Xxonat
TEHIrJIaMajlapu MablyM OYyJiran OOIIKa rasjiap y4yH TYFpUIaH-TYFPU XUCOOIAUTApHUHT
KypcaTHIIINya, XOXJIaral UK OVitnda ymoy uHTerpan Hosra TeHr. 1864 itun Knaysuyc
HUKIMK Kapa€Hla KyJUIaHWIAETraH MOJJJaHUHT TaOuaTuJaH KaTbUil Hazap ymoy
HATHKaHU YMYMUN KypUHHMIIJA OJUII MyMKHWH SKAHIIUTUHU KypcaTtud Oepau. AMMo,
onguHra yTUO KeTMmacnaH, aBBanmamOop, KapHonunr 1824 #wmnigard WUCCUKIMK
MalllMHACUHUHT (oHamu Uil Kod(PPUIMEHTH XaKuJaru TaakukoTura Ba xo3up Kapho
MUKW 7e0 aTairaH Maxcyc IMKITa MyposkaaT KujiaMu3. YOy ITMKI UCCHUKIWK Ba
UITHA XUCOOJIAIIHUHT COJNJAIUTU OujaH axouuO Oynud, JoMMO TepMOJAMHAMHUKAIA
MyXOKaMa KWJIMHaJW, BaxojlaHku, KapHo mukmu wupean OYiamb, Xed KaHJal pea
WCCUKJIMK MallMHacu OyHJal muki OVHrWYa WIUIAMACIWTHHU TabKUJIANIUMH3 3apyp
(TEXHUK TepMOJAMHAMHUKAJA TMOPUISHIN OyT MallWHajlapuja PAHKUH IUKIM Ba WYKU
EHum nBurareuiapuaa Jusensb Uk Kypud YUKAIaan ).

YMyMaH, HMCCHUKJIMK HWINra ainaHa onaau. AMMO, HWCHTTUYIAH OJUHTaH
VCCUKJIMKHU HIlra 0aTaMOM ailIaHTUpUO OYIMaiiu, 4YyHKH UCCUKIUKHUHT 6(1/\1? KHCMU

20)

COBYTIMUHHM MCUTULI yuyH capd OYmamu. [lemak, MCCHUKIMK MINTA aillaHaéTraH mauTaa
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MCUTIUY COBYIIM OuniaH Oupra, OMpop COBYTTMY, UCCUKIMKHUHT MIITa alJlaHMaluran
KUCMU Xucobura ucumu xaMm mapT. bynun KapHo muknm taxnmunuaa SKKOJN KypHIL

MYMKHH.

Wnean uccukauk mamuHacu O0op Ae0 (apa3 Kwialinuk, yHAa uaean rasjiaH
doinananaiinuk. MaimHa MabiyM OUp MUCUTTUYAAH OJIMHAETraH MCCHKJIMK XHCOOHUTa
um Oakapaérran OyncuH. Mmn nukimk OakapuiICHH Ba YHIArH Xap Oup kapa€H KeTma-
KeT coaup Oynamuran Kyiuaaru 4 KucMjaH uoopat IeHuK:

. 'a3HUHT W30TEPMUK KEHTaUUIIU: 4B 3rpHu.
lNazaunr annabdaruk kenraituim: BC rpu.

1
2
3. T'azuunr uzorepmuk cukunuim: C/[ arpu.
4

l"a3uuHT anuadaThK CUKUIUIIN: /4 3TpH.

: XKapaéuga 1 monp wmmean ra3  KaTHAIISIITH.

v, v, v, vy v bonblanrnu xomatga (A4) razHuHr Xxapopatu T,

0ocumu i Ba xaxkmu Vi 0yiicuH. XapopaTu

1. 2-pacm. KapHo umkim.

71 6ynraH MCUTIUYJIaH OJIMHAETraH UCCUKIMK Xxucobura ra3 Vi nan V2 raya u30TepMHK
KeHravicud. Kenraiivm u30TepMHK OYJIraHW y4YyH Ta3HUHT WMYKH DHEPTUSICH
y3rapmaiiau, kenraium uird (Wi) aca ucutruyaan oquHaérran uccukimk (Qi) xucodura
OakapuIIain:
Qi=Wi=RTisJI (Wi>0) (1.131)

Pacmaa 6y um AB V2 Vi wo3ara tedraup. Yoy kapaéH AB uzorepma OuiiaH
KypcaTwiraH. B Hykrara KedraH Ta3HM UCUTIMYJAH axpartud, aauadaTuk
KeHratupamus. Anmabatuk skapaéHja ra3 HCCHKJIMK OJIONIMaiau Ba Oapua Wi ras
WYKA DSHEPrUsACMHUHI KaMaluiuum JucoOura Oakapunaau. WMuUku sSHEprusHuHT
KaMaluim oKuOaTHIa Ta3HUHT Japopaty 12 ra Tymaau, 1axm dca V3 0ynud koiaau.
XapopaTHUHI KaMaWuIIM yHYa KaTta Oynmaranu ydyH Oy HMHTEpBajja HMCCHUKIUK
curumu Cv HM Yy3rapmac Ae0 oauil MyMKUH. Y J0J[a WYKUA SHEPTUSHUHT Y3rapuIlu:
AU = Cv(T2-T) (AU<0) (1.132) (V.20)

Ba Oa)KapuJIraH HII: W2=-AU = Cv (T1-T2) (W2>0) (1.133)
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oynamu. N BCVsV2 1o03ara Tenraup. Kapaén BC aguabara 6unan udoanaHraH.

["a3ra mapopatu 72 OGynraH COByTTMYHH SIKMHJIAIITHUPAMHU3 Ba YHH LIy AapopaTtia
CD 6yiinya nzorepmuk cukamu3. CUKHIIIHU Ta3HUHT A2KMU V4 Ta Kajap KamManTryH4a,
spHd D HyKTaraua gaBom »>TTHpamMu3. ['a3 M30TEPMHUK CHUKWITAHUW Y4YyH YHUHT HYKH
JHEprusAcH y3rapmail kosagu. 'a3HM cukum ydyyH capd kuiauHran Ws um Tyiauk
WCCUKJIMKKA aiiJlaHaJii Ba COBYTIMYTra IOTUIAIU. Y HUHT MUKIOPH:

- Q2= RT2InVr = Wz = -RT2InV? (Ws3<0) (1.134)
V3 Vg

oynagu. Pacmpa W3 um CDVaVs ro3zara tenrmup. CD wmsorepma ymiOy sxapaéHHU
udonanaiigu. D HyKTaza razfaH COBYTTMYHU aXpaTuO, ra3HU aanabaTHUK CUKaAMM3.
Harwxkana, ra3 naxxmu Vi, napoparu 7, 6ocumu pPi 6yaran OONbIaHTAY J0JIaTra KeJau.

AnuabaTuk cUKMII BakTHaa Oaxapuirad uil W4 TasHUHT WYKU SHEPTUSICHHU
ommpumra ketagu:  Wa= AU = Cv(T1-T2) (Wa<0: AU>0) (1.135)
Ws umn pacmaa DA ViVa 103ara tenraup, xapaén DA aguabata Ounan udoaianras.

TypTTa >kapaéHHH yMyMIIAINITHPCAK, yjaap TYJIHK ailaHMa >Kapa€HHU TallKWI
ATaJM Ba NIYHWHT Y4yH Ta3HUHT WIKW SHEPTHSICH Y3rapMaiau. MicuTriuugan oJMHTaH Ba
COBYTTMYTa OEpUJITaH MCCUKIUKIAD alpMacu OakapuwiraH yMyMHUW HINTa TEHTIUD:

W = Qi-Q2 = Wi+W2+Ws+Wa (1.136)

W2 6unan Wa kaTTaiauk )KuaaTaaH THT, aMMO MIIOpa KUAaTHAaH KapaMa- KapIm

SKaHJIMTMHH JUCcOo0ra oJjicax,
W = Qi-Q2= Wi+W3 (1.137)
Q1-Q2=RTilnV - RTnVr (1-138)

1 4

kenu6 ymkanu. BC Ba DA anuabatuk xapaéunapra [lyaccon dopmynamapuHu TaTtOuK
kuicak, BC 6yinua: TiV?! = TaVan (1.139)

DA 6¥itnua: TiVir = TaVar (1.140)
OVnaau, ynapHau Oup-oupura 00 Ba Y-I apakaid WIIA3WHHU OJICaK,

ViV (1.141)
Vi Vi DKaHIUT® HUCOOT KWJIMHAIU.

Bbynwu (1.138) ra xyiicak, W = Q1-Q2 = R (T1-T2) InVV- nocun 6ynaau. By wim (V122)

ABCD ro3ara Tenraup.
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by ndonanuar yan TomoHWHM Q1 ra, YHT TOMOHHHH 3Ca yHTa TEHT
TNV - . .
RTilnv oynran ra Oyau0, KyHuJaruHu XOCHJI KUJIaMu3:
-1

\

R (T1- T2)In -2-
e (1.143)
o4 Q2 V1 Exn

o RTx In V2

11
Ql-QZ HCUTTUYAaH OJIMHI'aH HCCHKJIMKHHHIT HIIIa ailJJaHraH KHCMHUHU KypcaTaiu.

VYuauar Qi ra OYnaran HucOatu doiinanu um kodpdunuentu (PUK) 1] nerwmnanm.
bunobGapuH, (1.143) ndomanuHr yHT KrcMu XaM Goiiganm ui KodGurmeHTuup.
Qi-Q:T1-T w

[IIyHuHT yayH y=—"=Q—-—T1—=Q (1.144)
oynamu. @®UK 0 nan 1 rada y3rapagm: 71=T72 na 7/0 Ba T>=0 na "=1 O6ynaan. AMmo y
Xe4 KauoH | ra TeHr Oyya oiMaiiii, YyHKH COBYTTHUHUHT Xapopatu 1> aOCOJIIOT HOJIra
SpUIlla OJMalIu (TePMOJAMHAMUKAHUHT 3-KOHYHH OVinya). Jlemak, uaean ra3 y4yH
Kapno muknuaa mamuHaHuHT Qoiinanu um koddduuuentu ¢akarruia 71 Ba 712
xapopatiapraruaa 6orauk skad (Kapno nemmacn).

Ketinnuanuk Knaysuyc (1.144) udonanunr (1.130) ra 5KkBUBaJICHT 3KaHJIUTHHU Ba
doitnanm uim kKo3pGUIMEHTH OWIIaH SHTH XO0JIaT (PYHKUUSACH OYIraH SHTPONUSHUHT
aJIOKaJIOPJIMTUHU KypcaTuO Oepau. DHTPONMUSHUHT XOCCaJapuHU ypraHa€TraHaa €mnuk
koHTyp OVitnua wnterpangad (1.130) wuccukiauk MammHacHHUHT (Qoimamu  ui
ko3 dunmentura (1.144) YTUIMIUMUZHUHT MabHOCH XaM STHTU XOJIAT (PYHKIMUSICUHHHT
MaBXyJIMTUHU TakpuOajza Tacaukiamaan uoopat >au. Knaysuyc 1864 iunu mpean
razjgap ydyH OJMHIaH MyHoca0arjiap MCCHKJIMK MallMHaJlapuia KyJUlaHTaH Oollka
MOJIajiap YYYH XaM aJIoJaTiid SKaHJIUTUHU Y3UHUHT TeOpeMacHaa TabKUIIau: KauTap
UIUTAWIMTaH UCCUKIUMK MAIlMHACUHUHT Goiinany um KodpPuueHTy KyiaHuiIaéTran
MOJIAaHUHT TaOuatura OOFJIUK OynmaciaH, (akar HCUTTUY Ba COBYTTUYHUHT
XapopaTiiapuraruia OOFJIuK.

OnuHran HaTWXKaJIApHUHT YHHMBEPCAJl XYCYCHUSITra 3ra 3KaHJIMTMHU TacOUKIIall
YyUyH 3Ca TEPMOAMHAMUKAHUHT MKKMHYM KOHYHUHHU Tabpudiam 3apypusitu TyFunras.

VIKKHHYH Typ abamuil ABUraTeTHHHT MyMKHH sMaciuruan Knaysuyc (1850) y3-y3inan
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MabJIyM Hapca 1ed yinarad Ba ¢akar 1864 inngarnHa TaOMaTHUHT HOMabiIyM OyiraH
YyMYMUH KOHYHM XaKujaa Tan KeTaéTraHjuruHu TymyHuO ertrad. Kinaysmyc
TEPMOJMHAMUKAHUHT MKKWUHYM KOHYHMHU KyWHJIaruda TabpuQagu: Kylnd Xapopariu
KUCMJIApJIaH XapOopaTH FOKOPHUPOK KUCMIIApra KOMIEHCAlUsJaHMarad UCCUKIMKHUHT
YTHIIIN MyMKHUH 3Mac. X,03Upru KyHaa Oolika Tabpudiap XaM Ky, JeKUH yJlapaaH SHT
copgnacu ToMcoHra Tervuuid. Y KyWuJaruda: XapopaTd SHI KUYUK OYJraH >KHUCMHU
COBYTHILTA aCOCIAaHMO, TaBpU paBUIlIa UIUIAWINTAaH UCCUKIMK MAIIMHACUHUA KypHII
MyMKHH 3Mac. OCBajbj YHU SHAaJa KUCKapTUPAN: UKKHHYM Typ a0aauil JBUTATEITHUHT

OYIIUIIIM MyMKHH 3Mac.

3-maB3y: TepmMoanHaAMUK NOTEHIHAJIAP Ba XapPaKTePUCTUK (PYHKUMSIAP Ba

yJap ypracuaaru MmyHocadariaap (2 coar)

PEKA:
3.1. TepMoguHAMMK MNOTEHIHA/JIAP Ba XaPaKTePUCTHK (YHKOHUsIAP,

KHMEBHH MOTEHIMAJ.

3.2. TepMoAMHAMUKA KOHYHJIAPMHHM TYpPJu (PU3MK-KUMEBMH KapaéHJiapra

KyJu1am. dazaBuil MyBo3aHatJiap.

ABBAJI TabKUJIATAaHUMU3JCK, W30JSIUMSUIAHTAH CcUCTeManapaa Yy3-y3ulaH
O0opyBuH xKapaCHJIapHUHT HYHAIUIIMHA Ba MYyBO3aHAT mapTIapuHU
TEPMOJUHAMUKAHUHT MKKMHYM KOHYHU acOCHJla SHTPONUSHHUHI MaKCHMal KUWMaTh
Oyiinua aBBajgjaH aWTUII ~MYMKHH. AMMO aManuéria U30JsIUsIIaHMaraH
cucteManapjan Kynpok Qoiinananwiand. byHmalh cucremanapmard MyBO3aHATHU
XUCOOJaNI Y9yH TepMOJIUHAMHUKATa KaTOP SHTHU X,0/1aT PYHKIUSIapH KUPUTHIITAH.

KuméBuii TexHoJOTHSAArM KYNTUHA Kapa€Hjaap OYMK anmapariapia ojuo
Ooopwiranna y3rapmMac O0CHM Ba xapopataa, arap €muK ammapatiapia oaud Oopwuica
(MacanaH, aBTOKJIaBla), y3rapmac XaXM Ba xapoparaa coaup Oynamu. bynpaa
*apaCHHUHT WYHAIMIIMHUA Ba CUCTEMaJia MyBO3aHaT XoJIaTUHU P=const Ba T=const na
['u66¢c sneprusicu opkanu, V=const Ba T=const ga ['enbMrombi sHeprusicu Oyitnua
Oenrmwnanand. byHuHr caGabu u3oIsMUMANIAaHMAaraH cucTeManapja JHTPONUSHU

(V.20)

MYBO3aHATHUHI Ba Kapa€H MYHAJIMIIMHUHT ME30HUM cudaruga MIUTATUITHUHT
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HOKYJIAWUTUAND, YYHKH HW3OJSUUsAJIaHMAaraH CUCTEMajapHU KypuO YHMKHII KaTTa
KuinHYMkinapan tyFaupaau. Ammo, sHTponus Epaammuaa Ooimka (QyHKUIUSIApHHU,
sbHrn  [mO60c Ba ['enbMrosbll DHEPTUSIAPUHM XUCOOJAIl MyMKHH, YyiIap 3ca
MYBO3aHATHUHT Ba >kapa¢H WyHaIUIIMHUHT Me3oHmapuaup. Kyn amabuérnapaa ['m6oc
sneprusicu G Ba ['enbmronbil sHeprusicu F xapduapu opkanu 6enruianagn Ba Typianya
HOMJIAp OWJIAH aTajafu: 3pPKUH DHEPTrus, 0301 SHEPIHsi, y3rapmac OOCUMJIard YHEPrus
€KUM DJpKUH OSHTanbmus, u3obap-uzorepmuk mortennuan G=f (p, T) Ba ¥3rapmac
XKMJAard SHEPTHsl, )PKUH WYKHA dHEPrus, n3oxop-u3orepmuk norenmuan F=f (V, T)
¢KM TEPMOJUHAMHK TOTCHIMAIUIAp JAeWuiIagu. YJapHUHT Ba OOIIKa TEPMOJMHAMHK
MOTEHIIMAJNIAPHUHT MAbHOCUHH TAXJIMIT KUTAMH3.

bapua kypu0d uyMKwiIraH TepMOJAMHAMHUK IMOTEHIMAUIAp TaOWMUM IapoutTiapia
XapakTepucTuk GyHKUMsap Oynaau. YnapHuHr OyHmail HoOMJaHUIIMra cabao,
GYHKUMSIHUHT V3W €KW YHUHT TaOuMil mapameTpiap Oyiinya Xocwuiajgapu OpKajiu
MOJIJIaHUHT Oapya TEPMOJMHAMUK XOCCAJIAPUHU OYMK HdoaaTall MYMKUHIUTHAIUD.
JlekuH XapakTepHCTUK (QPYHKIMSJIADHM TaHJIANIa YHUHT KyJlad Oyiumuira »THOOp
Oepumn kepak. Macanan, U=f(V, S) Ba H=f(p, S) Oyaranu yuyn U Ba H napman
XapakTepucTuK GyHKIMsS cudatuaa QoimanaHuil KUWMHYWIMK TyFaupamu, dyHKd
SHTPONUSHU TYFPUIAH-TYFPHU yJYall WUMKOHMSTHIA d3ra sMacMu3. XyIOu MIyHOau
DHTPOMUANIAH XaM XapakTepucTHK GyHKuus cudaruna doigaraHuill HOKYyJIald, YyHKH
S=f(V,U) Oyaranu ydyH, WYKH DSHEPrHsSHM OCBOCHUTA AHHUKJIAIl HMMKOHHUSATH HYK.
[IyHuHT y4yH XapakTepucTuk (QyHkuus cudaruga kynuHya ['mb66c Ba I'enbMrosnbil
SHEprusyiapuaan GoianaHuiIaad, YyHKH yliap aHUKIIAm oCoH Oynran tabuwit V, p, T

KAaTTAMKJIAPHUHT QPYHKIUSIapUIUP.

1.2. TepMoAUHAMMKA KOHYHJAPUHM TYpJau (U3MK-KUMEBHII KapaéHiapra

KyJu1am. ®a3zaBuii MyBo3aHaTIap.

X,ap KaHgal TEepMOJMHAMHMK CHUCTeMaja OOpUIIM MYMKUH  OyiaraH
»)apaCHJIApHUHT MakcuMal (oiiany Uil HoJIra TeHr OYJIraHgarnHa MyBO3aHAT Kapop
tonaau. Mabiaymku, kapaéHHUHT ymMyMuit uimu SW doiinanu umgan SW' Ba MexaHuk
KeHraium nmmaad pdV nboparaup: (V.20)

SW = SW'+ pdV (%g



Knittap >xapaénna (oiinany v SHT KaTTa KHAMartra sra:
SWax = SW'max + pdV (2)

YMymuii xonga MakcuMmall (poWganu M >KapaéHHUHI KaHJIal yTKa3WIMILINATa
OofnuK, y Tyauk auddepeHnuan smac. AWpuM mapouTiapaa KauTap >KapaéHHUHT
MakcuMaln (oiganu umm Wynra O0FiIuMK OynmacaaH, GakaT CUCTEMaHUHT OoIa’ U4 Ba
OXHUpPIY XOJaTura OOFJIIMKAWD, sS’bHU MakcuMall (oiiiany uil xkapa€Haa MablyM XO0JaT
(GYHKIUSCUHUHT KaMaiuimura TeHr. AiinpMacu Makcumal (ongany uira TeHr Oyiraxn
OyHmait xosiaT QYHKIUSJIAPUHN TEPMOJWHAMHK TMOTEHIMAUIAp Jaedniagu. Yoy
(GYHKIUSITApHUHT KYPUHUILY sKapa€HIIapHU aMalra OIMPHIL [IapoUTiIapura OOFIIHUK,

TepMOI[I/IHaMI/IKaHI/IHF 6I/IpI/IH‘-II/I Ba MKKMHYY KOHYHJIapHW/aH:

SQ = TdS=dU+ SWwax=dU+ SW'max + pdV (3)
3Wwmx= TdS-dU-pdV 4)
V Ba S=const na:
SW'Max = -dU; W'max= -AU (5)
SPHA WYKH DSHEPIHs HW30XOP-W309HTPONHSI TEPMOJWHAMHK TOTEHIHAIAAD. YIIOY
HIapouTiapaa
SW'max = >0; dU<0 (6)
oynran xapaunap y3-y3ugaan 6opaan. X IKUKUN MyBO3aHAT
U=min, dU=0, d?U>0 (7)
J1a Kapop TOTAa/IH.
p Ba S=const na (4) naH:
SW'mMax = -dU-d (pV)=-d (U+pV)=-dH (8)
W'max = -AH 9),

S'BHU DHTAJIBIM U300ap-U309HTPONHUS TEPMOJAUHAMUK MOTSHIUATANDP.
SW'max >0 Ba dH<0 (10)
oynran xapacunap y3-y3uaan 6opaau. MyBo3aHaT mapTH:
H = min éku dH=0, d2H>0 (11)
Kypu6 uwwukunran U Ba H QyHKuuanapu KUMEBUNA TEpPMOJMHAMHUKANA KaM
KyJIJIaHWIa ¥, YyHKH yJlap MNOTEHUUal OYIMIIM y4YyH Tanad KUJIMHIaH IIapOUTIapHU
amainra ommpu6 O6ynamaiinu. Kumépuii Tepmoannamuka yuyn V=const Ba T=(C\6nzsq) €K1
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p=const Ba T=const Oynran QyHKOUATAp KaTTa axamusITra 3ra, YyHKH KHUMEBHM
xKapaéHiap XyAad 1y TapaMeTplapHUHT JOUMUIINTUIA YTKa3UIau.
V=const Ba 7= const na (4) TeHriiama Kyiujaaru KypuHUIIHA OJaIu:
SW'mMax = -dU+d(TS) =-d (U-TS) =-dF (12)
Oy epaa F=U-TS (13)
X,07aT (PyHKIMACH, U30XOP-U30TEPMHUK MOTEHIIMA, CHCTEMaHUHT SPKUH 3HEPTUsicu 1ed
X,aM atajgaau. Ymoy HoM nuku sHeprussau U=F+TS (13), kypuHumua xam udoaaiaii
MYMKUHJIUTUAAH KUPUTWITAH: F-M30TepMuK paBuIia TYyJIUX WINTa alTaHTHPHII
MYMKHH OYJITaH WYKWA DHEPTHSHUHT Oup xucmu; [S-OoFmanran sHeprus, y wumira
aitmana onmaiiau. (12) gan:
dF=dU-TdS-SdT (14)
Ba TepMmoauHamuka XoHyHiapumaH dU=TdS-pdV Oymranm yuyH, ymOy XuilMaTHU
(1.223) ra xyinb XUCXapTUPUIILUIAPHU amMajira OIIUPCaK,
dF =- SdT-pdV (15)
TEPMOJMHAMHUKAHUHT (yHIaMEHTAI TEHIJIaMaJlapuJIaH OMPUHU KEJITUPHO YHXapaMus.
(12) renrnamanax
AF = AU-TAS (16)
Ba SWwmx = -AF skannuru kenu6 unxanu. dF<O 6ynranma sxapaéu ¥3-y3uman OGopaau Ba
F = min xuiimarra spumranga MyBo3anar xapop tonaau sa dF = 0, d?F>0 6ynamu. p =
const Ba 7' = const na (14) tenrnama xyiuaara kypuaamau ojaan: SWwx = -dU+d(TS)-
d (pV) = -d(U-TS+pV) = -dG (17)
Oy epaa
G = U-TS+pV (18)
xoJaT GpyHKIusIcH, n300ap-u3orepmuk norennuai. (18)uu quddepennuamiacak, dG =
dU-TdS-SdT+pdV+Vdp (19)
Ba TepMmoauHamuka Xonywiaapuman dU=TdS-pdV xuiimatau (1.228) xyiinb
XUCXapTHPHIILIApHU amaira omupcak, dG =-SdT+Vdp (20)
TEPMOJIMHAMUKAHHHT sTHa OUp QyHAaMEHTANl TEHIIIaMacuHH KeITupuO unxapamus. (28)
tenrmamana H = U+pV (21)

(V.20)
neb Oenrunacak, n300ap-u30TEPMUK MOTCHUIIATHUHT STHa OUp KYPUHUILIIMHUA
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G =H-TS (22)
Ba YHM Y3Trapuil y4yH
AG = AH-TAS (23)

tenramanu onamus. (17) tenrnamagan Wvax=-AG skanmuruau Ba dG<0 na xapaéu
¥3-Yy3ugan OOpPUIIMHU Xyjloca XWIUII MyMKUH. CHCTEMaHMHI MYyBO3aHaT IIApTH
G=min; dG=0 Ba d’G>0 ra moc Kkenaau.

da3zaBuii MYBO3aHATHHHI acocuii XOHYHH. Monnanapuuar Oup dazanan
MKKAHYHACHUTA y3ap0 YTHUIINA XamMJa KMMEBUU peakUMsuiap Xam Ky3aTWIAIIA MYMKHH
Oynran reTeporeH cucremanap (a3zaBuii MyBO3aHATHUHI aCOCHUN XOHYHHU OpXalld
uponanananu, Oy dca  TEPMOJMHAMUKA  HUKKMHYA  XOHYHHUHHHI  MYXUM
XyJUTaHUIUIapuAad oOupuaup. Yoy xoHyH kynuH4ya ['m60cHuHr (azanap xouagacu aeod
aTayajy.

dazanap XOUAACUHU KENTUPUO YMXAPHILI YUyH MYBO3aHAT XOJATHIAard CHUCTEMa
KOMITOHEHTIapU COHMHHM K OmiaH, ¢a3anap coHnHU 3ca @ OnnaH OenruiaiMus.

MyBo3aHaTaaru reTeporeH CUCTEMaHuHT Oapua (azamapuga xapopaT Ba 60cuM
Oup Xui Ba Xap OMp KOMIIOHEHTIAPHUHT KUMEBUI MOTEHLIMAIUIAPU Y3apo TEHT OYIau.
DOHr coana X0, ’IbHU TeTepOreH CUCTEMaHUHT xap Oup ¢azacura 0apya KOMIIOHEHTIIap
Xe4 KaHJall HCTUCHOCH3 KHUpPAJuraH XoJ y4yH Ym0y MyBO3aHaT IIapTJIapUHU

n(}oaanoBUM TEHTIIAMAJIAPHU TY3WIA]IH.

(V.1) karopnap alHUN KaTopiapaup, YyHKH OOCHM Ba XapoparT CHCTEMAaHHHT
XOJIATUHU OCJITUIIOBYM MYCTaKHJI Y3rapyBUuiIap XUCoOIaHa M.

(V.2) katopnap 5ca aifHMH KaTopjapHu wudomaTamManf, YyHKH OUTTarMHa
KOMITOHEHTHUHT TypJi (pazanapjard KMMEBUI OTCHIIMAIN KOHIICHTpaIUsap, Xapopar
Ba OOCUMHUHT Typau (GyHKIUsUIapu OwiaH wdonanaHagu (MacaiaH, cyrok (azamgaru
KOMITOHEHTHUHT KHMEBUM TIOTCHIIMAIM AKTUBIMK €KUM KOHIEHTpamus OwiaH
udonananca, ra3z ¢aszagaru KOMIOHEHTHUHI KHMEBUM TMOTEHIMAIU OOCHUM EKHU
dbyrutuBmuk OunaH udomanaHaan). YmolOy KaTopiap acocuaa MyCTaKWJl TEHriamanap

TY3HUII MyYMKHH. (V.20)

MabiyMky, KUMEBUN MOTEHLMAN (akar Xapopar Ba OOCMMHUHT (PYHKIUSCU
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smac, Oanku ypraHwjgaérraH (¢aszaHu TalIKWid KWIyBYM Oapua  Mopjanap
KOHIICHTPALUSUTAPUHUHT XaM (QYHKIUSCHAUP. YOy (YyHKUUSHUHT XOCCACH YMYMHUU
X0JI/1a MabIyM 3Mac, aMMo Oup (pasamaH MKKUHUKMCUTA yTaéTranaa Oupop KOMIOHEHT
KUMEBUM NMOTEHUMAIMHUHT TapKuO, XapopaT Ba OOcMMIa OOFIMKJIMIUHU H(OAaTOBUU
(GYHKIUSHUHT KYpHHUIIH y3rapaan ned tabkuanamumu3 MyMkuH Ba (V.2) marum L, =
Li,; rf = rfi Ba OOllIKa TEHIIIMKIAPHUHT Xap Oupu MycTtakun TeHriaamanapaup. Kyinga
kenrupwiran xucoomap (V.2) TeHrnmkiap acocuma OyHAal TEHTIaMallapHU TY3HII
Y4yH DOPUHIUOWAT HMMKOHMAT MAaBXKYyMJUIUIa acociaHrad. byHpail TeHrimamanap
CUCTEMACUHMHI YMYMHH XOCCaJIapuHM ypraHa OopuO, XoxJjiaraHua KOMIIOHEHTJIap/AaH
nbopaT OynaraH MyBO3aHAT XOJAaTHAArd cUcTeMalap OyHCHHAIuraH apuMm yMyMuUn
KOHYHUSATIAPHU TOMUII MyMKHH.

(V.2) TeHrnmuknap KaTtopura acociaHuO TY3WITaH MYCTaKWJI TEHTJamaiap
CHUCTEMAaCHHU XOCHJI KWJIyBUM TEHIJjaMajap COHMHM Ba yumIOy TEHrjaMmajgap Kampao
OJIyBYM MYCTaKWJI Y3rapyBUMJIAPHUHT COHUHU XUCOOIaiiMu3.

(V.2) TeHmMKIAp CHCTEMAacHHUHT Xap Oup karopu (@-1) Ta MycCTakwiI
TEHIJIaMaJlap TY3ulIra MMKOH Oepamu. Ymly Karopra KUPyBUM HKKHTA KUMEBHMA
NOTEHIIMAJIHUHT TEHIJIMTUHU WQoganaiguran xap KaHgai Ooimika TeHriama (@-1) ta
TEHIJIAMAJIIADHUHT KOMOMHAUMACHUIAH OJIMHUIIM MYMKHWH, IIYHUHT YYYH Y MYCTaKWI
TeHrJIamMa Oyia onamaiiau. TeHIIHMKIap CUCTeMacHaard Karopsiap COHM K Ta, MIyHHHT
YUyH MYCTaKuJ TeHIJIaMaJJApHUHT YMYMHUH COHU
k (©-1) (V.3) ra tenr Oynamu.

Ymly TeHrnamanap cucTeMacura KHpPYBUM MYCTaKWJ Y3rapyBumiap Xapopar,
OOCMM Ba KOMIIOHEHTJIADHUHT KOHLEHTpauusapuaup. Xap Oup ¢dazaga x Ta
KOMITOHEHT MaB3Ky/I, aMMO XapopaT Ba OOCUMHUHT XOXJIaraH KuiMatiapuHu 6epud ou3
UCTUCHOCU3 Oapya KOMIOHEHTJIADHUHT KOHUEHTpalUsJIapUHU XOXJIaraHya TaHJIan
0JIaMH3, KOMIIOHEHTIap/JaH OUPUHUHI KOHLEHTPAIUSCH aHUK OUp KUMaTHU KaOyi
KWIMIIA KepaK. ¥Y3apo TabCHUpJAIIMAMIMraH GUp Heua ra3lapHUHT apajaliMacHHH
Kypub uukamui3. bepuiran xapopar Ba Oepuiran ymyMuid Oocumpia, OUTTa rasjiaH
TalkKapy, 6apya ra3jJapHUHT KOHLIEHTPALMsUIApUHU XOXJIaraHya TaHj1a0 OJIMII MyMKHH.
Oxupru Ta3HUHT KOHIEHTPALUSICH YMyMHH OocuM OuJIaH KOJITaH 6apqa(¥1?a2191}ﬂaﬂ
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Ooocumiiap MMCUHANCH OpacuJard ailmpmara TeHr OYiraH mapuuan 60cuMmra aHuK MOC
KEJUIIN [IapT.

Cyrok cucremanapia xaM XyAAd HIyHJail OWTTa KOMIOHEHTAAH Tallkapu Oapya
KOMITOHEHTJIAPHUHT KOHIEHTpaIUsUIApUHA  XOXJIaraHya TaHjall MYMKHH, OXHUPTHU
KOMIIOHEHTHUHT KOHIIEHTPALIMACH dCa aHWK KHiiMatra sra O0ymaau.

lynnait kxunuob, xap oup (azagaru MycTakuia KoHIeHTpanusuiapHuar conn (K-1)
ra TeHr O6ymnanu, 6apua @ (azanapaard MyCTaKui KOHIICHTPAIMSUIADHUHT YMYMUN COHU
aca @D(k-1) Hu Tamkwi dTand. TonmwiraH KOHICHTPAIMsJIAPHUHT COHHUIAH TallKapH,
OocuM Ba Xapopar XaMm Mycrakwi Yy3rapyBuwiapaup. Lyaunr yuyn (V.2)
TEHTTUKIApJaH OJIMHTaH TEHTJlaManap CUCTeMacH Kampad oOJraH MYCTaKHi
Y3rapyBUWJIapPHUHT YMYMUH COHU

D(k-1)+2 (V.4)
ra TEeHT Oynasu.

Arap MycTakui Y3rapyBuwiap cOoHM ynapHu OoFmabd TypyBuum TeHriamasiap
COHMIa TEHT Oyica KyWHJIaruHu €3UIMMUA3 MyMKUH

K(D-1) = D(k-1)+2
VY xongma xap Oup MycCTakws y3rapyBuM KaHIaWIup KaTbuid OUp KUMMaTHU KaOVyi
KWJIaau Ba OyTyH CHUCTeMa Xapopar, 00CHM Ba KOMIIOHEHTJIap KOHIICHTPAIMsUIApUHIHT
Oapua dazanapaaru 6upaH-0up MyMKUH OYJTraH KuiiMaTiIapuaa MaBxy 1 0yia onaiu.

Arap TeHrIaManap COHM MYCTaKujl Yy3rapyBuujap COHHJIAH KWYUK OYJica,
ynapHuHr (apku F ymly tenrinamanap €ku (azamap coHuga XoxJjaraH KAWMaTIapHU
Oepulllt MyMKUH OYJraH y3rapyBUMJIAPHUHT COHHWHU KypcaTajad, YyHKH TEHTJamaniap
coHUHU (pazanap COHU OeNTUIaANIN:

F = &(k-1)+2-k(D-1) (V.5)

(V.5) Tenrnama y3rapTUpHIILIapaH CyHT KyHUIaru

F+®=k+2 (V.6)
KypUHUIIHY onagu. 1876 iunna I'm66c ToMoHMAAaH Takiu( KWIMHraH ymoy TeHIryiaMa
dazanap kougacuuu udoaananu.

Arap CMCTEMaHUHI MaBXY/UIMK IIaPOUTIApU OOCHM Ba Xapopatriap/aH TallKapH
sHa KaHJalaup y3rapyBuYaH HMHTEHCUBIUK (akTopiapu Ousal 6enmncha,(\£/i22182u1aH

57



AJIEKTp MOTEHLIMAIM OWJaH, y XOJAa MYCTaKWJ y3rapyBuuiap COHM Kymasau. Arap,
aKCMHYA, CUCTEMAaHUHI XOJaT MapaMmeTpiapyaaH aipumiapyd AOUMHUN KWIUO yiuiad
Typwica, yHAA MYCTaKuJ y3rapyBuwiap coHU Kamasau.lllyHuWHr yuyyH ymymun xoina
TalKu (PaKTOPJIApHUHT COHMHHU N OujaH Oenrunad, ['mOOCHUHT ¢a3zamap KOUAACHHU
KyWH1aru

F+®=k+n (V.7)
TeHTJIamMa OuyaH udoaaaaHaIu.

Kaaneiipon-Knay3uyc tenrinamacu. Toza MonganuHr ukkuTa (pasacu
MyBoO3aHatja O6yica, ymoy 7' Ba p 1a ylapHUHT KUMEBUN MOTEHIIMAILIIAPU OUpP XU
oynamu. Arap y3rapmac p na 7' Hu y3raptupuiica €ku y3rapmac 7' J1a p HU y3rapTupuica
dazanapaan Oupu itykonaau. JlekuH, Oup BaKTHUHT y3uja 7 HU XaMm p HU XaM IIyHAai
y3rapTUpcakku, OyHa uKKana (pazaHuHT KUMEBHM MOTEHIIMAIUIApU OUp XUl OY110
KOJICa, CUCTEMa/Jla aBBAITMICK UKKKUTA (Da3a cakiiaHuO kojaau. bynmai dp/dT
ooFnanum yuyn tenrinamanu Knaneiipon kentupu6 unkapran. Knaysuyc sca,
Knaneiiponausr Tearinamacuan OyFrnanum Ba cyOauMaTiaHUII yU9yH COAAANAIITUPHILL
WynuHU KypcaTau, OyHaa y OyF naean ra3 konyHura OylicyHaau, 1e0 TaXMHUH KWJIJIU Ba
CYIOKJIMKHUHT MOJISIP XaXKMHU X 4,0. OyFHUKHIAH VeyF 5)Kyna KMUUK OYaranauru cabalmiu
yHU XucoOra onmaca 0ynanu, nerad GUukpaaH Keaud YuKIu.

Kaiitap sxapaénnap yuyn dG = -SdT+Vdp Ba dGp,m = (ZpidnJpj Tenrnamanapaan 1
moaw T03a MojianuHr (N = 1 na, dGi = dpi) 1- Ba 2-daszanapu yuyn ['n60c sHeprusicu

YpPHUTa KUMEBUM OTEHUHUATHU E3ULIMMU3 MYMKUH:

dp® = - SO dT + V@ dp dp@ =- 5@ dT + V@ dp V.8)
Mysosanar xonataa daszanap opacuaa dp®= dp® mapr 6axapunanu
Ba (V.8) TeHIIaMalapHUHT YHT TOMOHJIApU XaM ¥3apo TeHT Oyimamu. Mabiiym

y3rapTupHIUIapAaH CyHT MyBo3aHaTaaru (asanap ydyH KyHuaaru

A d
s (V.9)
AV

(V.20)
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TEHIJIaMaHM ojlaMu3, Oy epaia AS = S@ - SO 7 AV =v®@ -y

Kaiitap n3orepmuk >xkapaéHiap yayH TepMOAMHAMUKAHUHT 2-KOHYHHAaH AS
= AHp ymu/T, Oy epna AHp ymuw - hazaBuit yTuill uccukiury, 1 - pazaBuii YU
xapopatu. AS uuHr kuiimatuau (V.9) ra kyiicak,

dpo  AH

a (V.10)

ndoaanu onamus. by Tenrimama Kianeitpon Tenriamacu nefiniaau Ba daszaiap
opacuJaru MyBO3aHATHH H(OIaJJOBUYM TCHIIAMAHUHT aHUK KYyPUHHUIIIHA
ndonamaiiay. CyIOKIHKHAHT MOJISIp XaKMU OyFHUKHIaH Ky/1a KHYWUK SKAHITATAHA (

V eyox<< V 6yr) Xucobra 010, (V.10) TeHrmamamaru AV = Veyr- ydyox YPHHTa AV « Veyr 1€0
ojicak Ba V 4. ypHHra wujaeail Tra3 xojaT TeHDIamacujgarm RT/p Hu Kyiicak,
KyHHIarujiapHy KeJITUpUO YUKapaMus:

QQ AH b. ymuw AH oyan I_Q
dT RT?

ap AHb6yrri_  dnp AH6yn

V =dinp RydT (V.12) ékmn =-=>- (V.13)
P RT RT
(V.13) Ttenrnama KiamelpoH TeHIJIaMAaCHHUHT TaKpUOWH KYpPUHMINUA OYIHO,
Knanelipon-Knay3uyc TeHrnamacu aeduiiaam.

(V.13) renrnamanu (V.12) nan keatupu® yrkapuiiga 0yFHU KpUTHK HYKTaIaH,
S'bHU a3 XOJaTUAaH Y30Kaa 1e0 OJUHTaH.

(V.13) tenrnamanan OyFnaHuI HCCUKIIUTH YYyH KyHHIard UGpoaaHu KeITupuo
YHKapaMU3:

A Hoyen = RT2 ddTp (V.14)

(V.14) rtenrnmama xam Kuaneiipon-Kinay3uyc  TEHIJIaMacMHUHT — TaKpUOWid
KYPUHUIIHIUD.

byFnanum wccuximruauar 7 ra OOFMMKIMTH MabiayMm Oynca, (V.12) Hu
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uHTerpaam MyMmkuH (Oyana AHgyen. Hu CcONst 1e0 onamus):

J dinp-AH» J T-2dT (V.15)
(V.15) TeHrnaMaHUHT YHT TOMOHHMJArH HHTETpal OCTHAArH udoaa vz = - —iera
T
TEHT OYJITaHH YIyH:
AH
inp - _ 6 byen.
RT *€ (V.16)
(V.16) Tenrimamagaru HaTypa Jorapu(GMHH YHIU JJorapuM KypHHHIIUTA yTKA3CaK:
— 4H
p=""aw ¢ (V.17)
2,303RT

Oy epaa C Ba C' mHTerpajUiail JOUMHUNCH.

(V.17) uu xyiingaru KypuHHIa E3cak oymamu: 'gp="A "B
(V.18)
Oy epna 4=2303rBa B = C".

(V.18) Ttenrmama TYFpu 4YM3MK TCHIJIaMacuaup, nemak lgp wuur 1/T nan
OOFJIMKJINTH YHU3UKIIN OYIIa/in.

XapopaTHHHI KEHT OpaJucuia 4YW3WKIW OoFmaHummaH deTiaHWIIIap
Ky3aTWJIaau, YyHKH alpuM TaxMUHIAp (TEHrJaMaHu YuKapa€TraHja KWIMHTaH) Y3
kyunnu Wykoraau. Igp = f(1/T) umsuknm GoFnanumgaru OypuyakHUHT TaHreHcH tga =
JHéyn/2,303K Ta Ba opinHata yku Ouial kecuiurad Hykta C' ra tenr 0ynaau. bynnan
oyFnanum nccuxnuru yuyn AHz = tga -2,303R TeHrnamanu ogamus.

Kynunua p1 nan p2 raya Ba 71 jgaH 72 rada WHTerpajljlaraHjia Xocws OYiraH

tTeHrnamaaan Goraananum Kyaanaup. (V.12) Hu uHTErpaIaiMus:

p2 T2

J dinp Aflgier £ T-2dT AH6yen -]|:2 T1

D1
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1gp2_ A Heéyer (T2"Ti) 2,303R e 1gp2/piTi*T2
IR | (V.21)  AHae B~ (V.22)
=11

—--R vJ Td (V.19) npy-Inp1=R—

T1

Ymly TeHrinama Oyiinda OyFmanuim €ku cyOauMaTiaHMII MCCHUKJIMIMHHM XucoOJiaca

oynamu. Mosip OyFianwm uccukuruau tonum yayH (V.22) udogaHu MOIIaHUHT

A 2,303R 1q p2 /pi+ Ti+ T (V.23)

Avon —

MOJIEKYJISIp Maccacura 0yiub rodopuiaau:

Knanelipon-Knay3uyc TeHrmaMacuHu KOHIEHCHpJIaHTaH cucTeManapaaru (a3aBuid

yTunuiapra xam kKymuiam MmyMkuH. Cyroknanuii xkapaé¢au yuyH (V.10) TeHriamanu
KyHuJaru KypuHuiiga €3ub oJaMus:

dT TAV

o AH (V.24)

CYIOKI.

Oy epna: dT/dp - 6ocuMHHMHT OHMp OMPIUKKA Y3rapHIuaa CYFOKIAHUII XapOpaTHHUHT
V3rapuuy; T - cyroknanuiln xapopatu, K; /{Hywo . - cytoknanuin uccukiauru; AV = Ve-V
— KaTTHK XOJIaTJaH CYIOK XOJaTra YTUII kapaéHUIaru XaXM Y3rapHuIim.

dT/dp XOoCHIaCHHHMHT MIIOpAacH CYIOKJIAHHIN jKapaCHUIa XaKM Y3TapUITHHAHT
uiopacura Oornmk Oymamau. Arap V>V Ba AV>0 6yica, dT/dp>0 Oynaau, sbHU
CYIOKJIAaHUTI kapa€Hu/ia CYIOK (Da3aHUHT XaKMHM KaTTUK (a3aHUKWIAH KarTta Oyica
O0ocuM opTuIM OWaH CYIOKIaHWIl Xapopatu oprtamu. Arap AV<O 6yica Gocum
OpTHIIM OWIaH CyroKJIaHWI xapopatu mnacasau. CyB, BHUCMyT Ba Oolka adpum
MOJITATApTHHA OYHal X0ccallapHU HAMOEH KHJIAIH.

Konnencupianran azanapaaru y3apo YTUII XapopaTUHUHT OOcHMra HucOaTaH
Ky4CHU3 OOFJMKIUTMHHU XUCcoOTa onb KyHuaaru

dT AT TAV
dp Ap AH

CYIOKIL.

(V.25)
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TCHIJIaMaHU €3UIIMMU3 MYMKUH. YHI6y TCHIJIaMaJdaH CYIOKJIaHHWII HKWCCHUKIIUNTH

AHUKJIaHaaH.

Hasopar caBoJsiapu:
I'KniitmMac xapa€H >HTPONUSCUHUHI Y3rapuild OWJIaH HCCUKJIUK Opacuaaru
MaTeMaTUK MyYHOCA0aTHU €3UHT.

2. V3-y3unan GopyBum skapaHiapia: WUKH SHEPIUs Ba XaKM Yy3rapMac
Oynranna, sHTponus KaHnai y3rapaau? bocum Ba xapopar y3rapmac Oynranga, ['u6oc
SHEPrUsiCU KaHAau y3rapaau?

3. burra MommaHuHT yuTa arperat XoJjaTiapAard MOJSp SHTPONUSIIApU
KaHJall MmyHoca0ataa 0ynaau: ras, Cywok, kaTTuk. K,aiicu 6upu karra?

4. bepuwiran TEpMOJMHAMUK CHUCTEMaHMHr ['mOOC »sHepruscu Ouian
['enbMrosibll SHEPrusick opacujaa KaHjgalh wmyHocabar 00p? VYHHUHI MaTeMaTHK
ndoacuHm E3UHT.

5. Kiangait  xommapga  TepMOAMHAMUK — (QYHKUUAJIAD  TEPMOAUMHAMUK
NOTEHIMAIAPHUHET XOCcalapura sra 6ynaau? Ysrapmac 60CHM Ba Xapoparia
KUMEBUHM peaKUUSHUHT MakcuMall (poiany Uil HuMa xucooura Oaxkapuiaam?

6. Kumésuii peaknus ['mOOC SHEPTHACHHUHT Y3TrapuIlM Xapoparra KaHmaau
6ormuk? JKaBoOMHTU3HU acociiad OepuHT.

/. TmbOc »HEprusiCMHUHT y3rapmac xapoparna (dakaT KeHraum Hiu
Oaxxapuica) Oocumra OOFIUMKJIUTUHU UGOAAIOBYM TEHTJIAMaHUHT A depeHIuan
KYPUHUIIMHU €E3UHT. |'€IbMIOJIbIl SHEPIUsICH y3rapMmac xapopaTia Xaxmra KaHJau
O0oFNHK ((pakat KeHrauin umm Oaxkapuiica)?

8. V3-y3uman GOpyBUM IKAPAGHHMHT HMYHATMIIM  XaKdAa SHTPOIHS
V3rapvIIMHUHT HIIOpacu Oyiu4ya (QUKp IOpPUTHIN YYyH CHUCTEMAHUHT Kaiicu
napameTpJiapuHu y3rapMac KWin0 Typuil kepak?

9. @da3a, KOMIIOHEHT, KOMIIOHEHTJIAP COHH, 3SPKHHIUK Japa’kacH,

MYCTaKWJI IMapaMeTpJiap TyLIyHYaJapH.

10. dazaiap KOUJACHUHM €3UWHI Ba YHHM TYypJId CUCTeManapra TaaOuK
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KHWJIMHT .

11. Kianenpon-Knay3nyc TeHrnaMacuHy TyIIyHTUPUHT.
12. CyroKIUKHUHT TyiuHTraH 0yFu 1e6 Humara aitunaau?
13. MyBo3aHaT XojlaThJa CYIOK Ba KaTTUK (aszallapHd TyTraH Oup

KOMITOHEHT/IM CHCTEeMaHUHT TEPMOJWHAMHUK DJPKUHIUK Japakallapu COHH
Heyara TeHT?

14. bup KOMIOHEHTIM CHCTEMAaHHWHT XOJIAT JUarpaMMacuaard y4iamMuu
HyKTa HUMa?

15. 26,6-103 /la GocuM ocTuAa HMUKIOTEKCAH Ba dTUJIALIETaT OWUp XU
xapoparja kaHaiian. Huma yayH HopMan 6ocumaa NUKIOTeKCAaHHUHT KaHaIl

xapopatu stunaneratHukuaan 3,6 °C rokopu?

16. da3zaBuii MyBO3aHATHUHT YMYMHI TEPMOJUHAMUK MIAPTH KaHah?
17. Karruk xucm ycrunaru tyiiuaran OyF Oocumu xapopatra KaHpaaii
6oFnanran?

18. bepunran xapopaTaa CYIOKIMKHUHT OyFJaHWIl HMCCUKJIMIHMHU

rpaduk Epmammuma xucobnam kepak. ['paduxHu TY3uHr Ba XucoOmanl
dbopmMynacuHu E3UHT.

19. bup KOMITOHEHTJIH CUCTEMAaHMHT  y4JamM4u HYKTacuaa
TEPMOJIMHAMUK SPKUHIIMK JapakaJapUHUHT COHM Heuara TeHT?

20. Tamku O0ocuM y3rapTHpUiTraHAa CYIOKIMKHUHI KalHall Xapopartu
y3rapaau. byFnaHuil HMCCUKIMTMHUHT KalHAIl XapopaTura OOFIUKIUTHHU
Kaiicu TeHriaama OuiaH udopganan MyMKUH Ba HUMA Y4yH?

21.CyBHUHT OA1M# Ba FOKOpPU OOCHUMIIapJiary XoJaT JuarpaMmmasapH.

22 .bupuHun Ba UKKUHYY Typ dazaBuil YTUIIIAPHA TYITYHTUPHUHT.

23.0OpeH(decT TeHrnamManapuHu TyITyHTUPHHT.

24.0nTuHTYTYpT Ba (hOCHOPHUHT X0JIaT AUarpaMMalapH.

25.OU3uK-KUMEBHI aHAIN3 Ba TEPMUK aHAIN3 TYLIyHYAJIAPH.

26.CoBuIll JuarpaMMacHHU TYITYHTUPHUHT.

27.MoHoTpon Ba SHAHTUOTpOMN (azaBuil YTUIILIAP KaH1ai OViaau?

28.KoHHOJa YM3UHU, KPUCTAJUTAHUII HYJIH TyIIyHYaJapH.
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29.VlKK1 KOMITOHEHTJIM CUCTEMAJIAPHUHT XO0JIaT JUarpaMMacH.

30.Cyrok xonataa 4YeKcu3 dpUiIuraH Ba KaTTHK PUTMA XOCHIJ KHJIMalgUraH
UKKU KOMITIOHEHTJIM CUCTEMAaHHUHT XOJaT IUuarpaMmMacH.

31.MHKOHTPYIHT CYIOKJIaHYBYM KUMEBUN OMpPUKMA TyTTaH UKKHA KOMITOHEHTIIH
CUCTEMaJIapHUHT X,0JIaT IharpaMMacH.

32.2BTEKTHUK, IEPUTEKTUK, CHHTYJISIP Ba IUCTEKTUK HyKTajap.

33.JlukBuAyC Ba CONMMAYC YM3UKIAPUHUHT MAbHOCH KaH/Iai?

34 Kartuk Ba CyIOK XoJjaTjapia YeKCH3 JSPUHAWraH WKKH KOMIIOHEHTIH
cucTemaap.

35.[TepuTekTrK HyKTa OWJIaH SBTEKTHK HYKTa opacuja Kanmnan dapkiap 6op?

36.Y4 xomnoHeHTIM cucremanap. Pozebym Ba 'nb0c¢ ycymnapu.

37.OpKUHIMK Japa’kacy Ba CHCTEMAHUHT BAPUAHTIUTU TyIIyHYaIApH.

38.Kartuk sputmanap. Ueknn Ba 4eKCH3 SPYBUAHIIMKKA dTa OYIraH KaTTHK
SPUTMAJIH cUCTEMAap.

39.bup KOMMOHEHTIW CHUCTeMajapja TeTEPOreH MyBO3aHATIapHU Hdoa-
JIOBYM TEHIJIaMaHU KeATUPUO YUKAPUHT.

40.Knaneitpon-Knay3nyc TeHr1aMaCMHUHT aHUK, TaKpuOWl Ba WHTErpai
KYPUHUIIUTAPUHU E3HHT.

41 KoHTpysHT paBUIlIa CYIOKJIAHYBYM KUMEBHM OWPHUKMa TYyTraH HKKH
KOMITOHEHTJIM CUCTEMAaJapHUHT XOJIaT AUarpaMMacHHU TYITYHTHPHHT.

42.VIkku KOMIOHEHTJIM CHUCTeMajlapia YyuypaWauraH XojaT Juarpamma-
JAPUHUHT TypJIapyUHU KypCaTHHT.

43.TlonmumMopd YTULITAPHU TYITYHTUPHHT.

44 Enka KOMJIaCUHU TYLIYHTUPHHT.

45.9BTEKTUK HYKTaJIHM Ba HBTEKTUK HyKTara sra OyiMaraH UKKM KOMIIOHEHTJIN

CUCTCMAJIAPpHHUHT XoJiaTt JAuarpamMmaliapu.
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AMAJIUA MALIFYJOTJIAP MAZMYHHU

1-AMAJIMI MAIIFYJIOT. S)PUTMAJIAP
TEPMOJUHAMUKACH (4 coar)

PEXA:

OpuTManapHu TEPMOAMHAMUK HYKTau Ha3apAaH TacHUIIAI;
[TonuMmep 3pUTMaATapHUHT Y3UTa XOC SPUII MEXAHU3MU;

[Tonmumep spUTMaIapHUHT Ha3apUsIIapH;

© ® N o

I'ecc Ba Kupxrodhd xonmynmapuman doiiganaHud KUMEBUNA peaKkUsIIApHUHT
UCCUKJIUK (P (HEKTUHN aHUKJIAI,
10.KuméBmii peakuusnmap Ba (DU3UK-KUMEBHHA IKapaCHIAPHUHT HCCHKJIUK
s dexTaapunn ynyanmi.
T onmupukaap:
- Kyl Ba IOKOpPH MOJIEKYJISIp MoJjajap 3pUTMAJapUHUHT Y3Ura Xoc

TOMOHJIAPUHU KYpPCaTUIL;

MOJIUMEP APUTMAIIAPUHUHT XOCHIT OYIIUII MEXaHU3MUHU YPTraHUII

OPUTMAHUHI" UCCUKJIMK CUCUMHWHHU aHHUKJIAIII,

TY3HUHT UHTETPAJI SPUILLI UCCUKIUTUHN aHUKJIALLL,

CYBCHU3 TY3 Ba CyBJIaH KPHUCTAJUIOTHAPATHUHT XOCHWJ OYJIMII WCCUKIUTHHU
AHMKJIALLL,
- KyWIM KHUCJIOTAaHHUHT COJIMIITUPMA Ba TYJIHMK HEUTPAIJIAHMII WCCHKIUTUHU

aQHUKJIAIII;

TY3HUHT CYBJIa 3PUII UCCUKIUKIAPUHUHT U30TEPMACUHU TY3HIII,
- DJICKTPOJIMTHUHT TUJIPATIAHUII UCCUKIUTUHN aHUKJIAIIL,
- OXHPTH SPUII UCCUKIIUTUHUA aHUKJIAII;
- Typau M KOHUEHTpauusuiap/ia napuuai MoJsip SpUILl HCCUKJIUKIAPUHU TOTIHII,
- OpaJIUK UCCUKJIMKJIAP acOCHa MHTErpaJl SPUII UCCUKJIMTUHYU aHUKJIAIIL;
- Cp=f(m) ynzmanu Ty 3uIII.
Xaco0aam popmyaaiapu:

Ck="Cp.i i (1),
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Cx - KQJIOPUMETPUK CUCTEMAHUHT UCCUKIIUK CHCUMHU;
Cpi_KalopuMeTp KUCMIIAPUHUHT COJIMIITUPMA UCCUKINK COTUMIIAPH; Ji - KAJIOPUMETP
KMCMJIAPUHUHT MacCaJIapu.

A Hepmu:CK A TM/g (2),
A Hepnu— MOJIAHUHT HHTETPAJI SPUIL UCCUKIINTH;
A T - OonutaeTny Ba IKyHUI JaBpiapaaru bekMan TepMoOMETpH KypCcaTKHYJIapUHUHT
apku;
M - MOAaHUHT MOJIEKYJIAP MAacCacu;

g - OJIMHI'aH MOAJaHHWHI MaCCaCH.
Ay Ay A

ruap. CYBCHU3 ) KPUCT.TUAP.

(3),
A Hiyypp - KpUCTAIUTOTHAPAT XOCKIT OYIIHII MCCUKITUTH;
A Heysens — KypyK TY3HUHT 3PUIL HCCUKIIUTH;

A HKpI/ICT.rI/I/:[p - KPUCTAJUIOTUAPATHUHT SPHUII UCCUKIINUTH.
AH AH
A ) e uul- (4)1

Yyis.
A 11¢. - KUCTOTaHU MILIKOP OMJIaH HEUTpaJLIaIl COIUIITUPMA UCCUKIIUTH;
A Hx=Cx A T - xucnoTaHUHT UIIKOP OUJIaH apasialliuil UCCUKIUK d(DPeKrTu;
A Heyionr. - KHCIIOTAHU CYB OMJIAH CYIOJTUPHIL UCCUKIINIH; G, -~ KUCIIOTAHUHT MAacCaCH.

A Hv= A h™ e 20060y A Hy = A sl (5),
’ Viisl. Mkisl.

Miwcn. - KUCJIOTAaHUHT MOJISIP MacCacH;
P - KHCJIOTaHUHT MPOIEHT KOHIEHTPALIMSICH;
Vraai. - KHCJIIOTAHUHT KaKMM;
Txucn. =~ KUCJIOTAHUHT MOJISIP KOHLUEHTPALUSCH.

NumHuHT 0akapuanmm:

1. KajnopumeTpuK CHCTEeMAHUHT UCCUKJINK CUFUMUHU aHMKJIAII

KaJIOpI/IMeTpI/IK CUCTCMAHUHI' UCCUKIINK CUTHUMHWHU KAJIOPUMCTPUK CYIOKJIIMK Bad Yy
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OwiaH TyTalmraH KaJOPUMETPHUHT Oapya KHCMIJIapu (CTakaH, apaJaliTHpTud,
TepMOMeTp, Mojana) HuruHaucu cudaruaa (1) TeHrmamamaH — KHCOOJaHAIH.
TepMOMETPHUHT WCCHUKJIMK CUFUMH YHUHT KaJIOPUMETPUK CYIOKIMKKA TYITUPHITAH
KHCMH 3TajlaraH Ka)KMHH IIHIIA Ba CAMOOHHUHT ypTada KaKMHUA MCCUKIUK COTHMHUTA
KymaTupuin opkaiu kucoOmaHagu: 1,925 K/cm” K. TepMOMETpHUHT CYIOKJIMKKa
OOTHpWITaH KaXMUHU YJI4OB CWIMHIApPHAA aHWUKIa0 onwHamau. Kymnanunaérran

MAaTCPpHAJUIAPHUHI COJIMIITHPMA UCCUKIJIMK COTUMIIAPUHU JAPCINKIAAH KapaHT.

2. DBeKMaHHMHI MeTACTATHK TEPMOMETPHIA CHMOO CATKUHYM YPHATHII
bekMaHHMHI MeTacTaTMK TEPMOMETPUHHUHI OIIUN TepMoMeTplaH (dapKu
IIYHJIAKH, YHUHT KallWUSIPA IOKOPU KUCMUJArH CUMOO yUyH MyJDKaJUIaHTaH KyliuMya
pe3epByap OuiaH yinanrad 6ynaau. Yoy MociiaMa TEpMOMETPHUHT NACTKA KUCMUIATH
CUMOOHMHI MUKJOPUHU Y3rapTUPUIITa Ba KalmWUIspia CAMOOHUHT OM3ra Kepak OyJiraH
CaTKMHU YpHAaTHUIUra HMKOHHUAT Oepaau. TepMOMETpHMHI IIKajacu ojataa S5-6
rpagycra OynuHraH Ba kap Oup kuuuk Oynakdanap 0,01 rpagycHu TalIKuil KUJIAAH.
[yaunr yuyH naynajnad Qoiinananu6 ymyanuiapau 0,002-0,003 rpagyc aHMKIMKAA
YyTKa3ul MyMKHUH. beKMaH TEpMOMETPUHU KaJOPUMETPUK CYHOKIMKKa OOTHpHITraHaa
CUMOOHMHI CaTKHM IIKAJIAHUHI ypTa KUCMUAA OYIMIIMHM TabMHUHJIAWIUTAH KUIHO
co3jiaHaau. Arap y IIKaJIAHUHT TACTKU KMCMHAA €KM IIKaJIaJaH NacTaa TyxTad Kosica,
IOKOPH pe3epByapAaH MacTKU aCOCUN pe3epByapra Kylurmua CuMoO yTKa3uiIau.
3. AT HU aHMKJIAII
Kanopumerp npoummiicu C, HHM aHUKIaraHaad, bekMaH TepMOMETpPUHU
co3jaraHjlaH Ba KaJOPUMETPUK KypWIMaHU HoTraHjgaH keiimH OeBocuta A T Hu
aHukJamra yruinaau. Taxpuba BakTHIa Talllku KOOUK OMIaH MCCUKJIMK aJIMAIIMHUILY,
IIYHUHTIEK apajaliTUPUII HaTWKacuJa MCHUIIM KhcoOWra 48 KaJIOPUMETPHUK

CUCTEMaHUHI TeMIlepaTypacu Yy3rapranu TyQainu, A T HHUHT XaKUKAA KUKWMaTu
ymyanrad A T gan ¢apk kunaau. VcCHKIMK aTMalidHUIIAAard y3rapunuapaa T=£(m)

OOFIMKJIMKHUA YPraHuO Ty3aTMa KUPHUTHII OPKaIu XucoOra ojlnHaau (pacMmra Kapasr).
bapua taxxpuba 3Tta maBpra OynmHamu: gactTiadku (Kamuma 5 MUHYT), acocuil (kapacH

TE3JUrura OOFJIMK ) Ba SAKyHHH (kamuaa 5 MuHyT). T=£(m) OOFIMKIMKHHA TY3HII Y4yH
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xap 30cek 1a TEpPMOMETPHHMHI KypcaTKuunapy &3m0 oopunamu. ['papux 1-2mm 0,01°C
ra MoC KeiraH Macmrabia 4Ym3wiagu (TemrepaTypaiap yKUAa Y3WIWNT KUJIHII
mymknH). A T #Hu tpaduk €pmammma OyHIal aHUKIAN WCCUKJIHMK AJTMAITMHHIINAIA
WyKOTWJITAaH Ba apajalliTUPUIN HATWKAachaa KaOyil KWIMHTAaH WMCCUKIUKHUHT

KHMUMaTHUHU XUCOOTa OJIMIITa UMKOH Oepaju.

4, TY3HMHT cyB/Ia HHTErPaJ 3PUII UCCUKJINTHHH YJI4all

Crakanra 500my1 qUCTWIIAHTaH CYyB KyWWJIaau. AMiyJara ST MaiiialaHTad KypyK TY3
COJIMHAU. AMITyJTaHU KaJIOPUMETPUK CYIOKJIUKHUHI MYWra OOTHUPUO MaxKamiiaHaIH,
10-15mMuH  TepMocTaTiiaHanAM, CYHTpa TeMmmeparypa KypcaTKUWiIapuHu &30
Oopunagu(nactiabku AaBp). YH OMpUHUM KypcaTKM4Jla aMmIlyja CHUHAUPUIIATU Ba
SpUTMaJaH oJub KyMwmianu, mry cababmu (1) tenrnamagan C, HU XucoOjaérrania
VHUHT UCCUKJIMK CUFUMHU xucobra onunmaiau. JKapaéuaunr A T kuitmatu
AHUKJIAHTaHJaH KeWMUH WHTErpajl 3pUIl UCCUKIUTU (2) TEeHIIamMaaaH XucoOmaHamau. A
Hepum MCCUKIMTUHM yuTa yIYalIHUHT ypTadacu cudartuia oiauHaau Ba JK/mon napaa
udoaanany.

5. KpucramnoruapatjiapHuHT X0CHJI OYIUII HCCUKJIMTHHU Y4l
CyBcu3 TY3HUHT Ba KPUCTAIUIOTUAPATHUHT UHTErPa SPHUII UCCUKINKIAPH YI4aHAIHA Ba
I'ecc xoHyHu Oyitnua (3) TeHrIamMalaH KPUCTAUIOTHJIPATHUHT XOCWUJ OYyiuin
uccukiuru xucodbmanagu. CyBcU3 TY3 Ba KpHUCTAJIOTHApATIAP XOCHJI Oynaérran
SPUTMAJIAPHUHT  KOHCEHTpaTcusiiapu Oup Xuwil OYIWIINHM — TabMUHJIAWIUTaH
Mukaopiapaa onvHanu. CyBcu3 TY3 conmHran ammymnanuHar OF3uHu TUKWH OuiaH
OepKUTHO KyWHIIl KepaK (XaBOHUHT HAMUHH Y3UTa FOTMACIIUTH YUYH).

6. HeiiTpa/utanuin MCCUKJIMTHHY Y T4AIT
Xap KaHmail Kyuau Oup acocnu | MOJM KHUCJIOTAaHMHT Kywid acocjap OwuiaH
HEUTpAJJIAaHUII PEAKCUSICU CYIOJITUPWITaH CYBJIM SpUTMaiapaa Jedapiaud Oup Xuiu
sk30oTepMuk ekt Ounman Oopamu: 298 K ma ~55,900 xK/mon. Ymly wuccuximk
sd ekt ruapaTIaHrad BOJAOPO Ba THMIPOKCHII MOHJIAPHUIAH CYIOK CYB XOCHJ OYJIHII
peakcusicura Moc Kenaiu:
H. + OH:, "H20(c)+55,9xX/mon.

Kucnoranunr umkop OwiaH coqUumTUpMa A Xeop (1T 3puT™Macu yuyH) Ba moJisip A Hy,
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(kucinoTaHUHT [MOJIM y4yH) HEWTpasUIaHUII UCCUKIHUKIapH (4) Ba (5) TeHINamanapjaH
aHUKJIaHA]TH.

Kanopumerpuk crakanra NeOH mumr 0,2% mm (0,1H mm) spurmacuman 500cm®
Kyhnnaau. bym Ba tynnupuiran crakanngapHu 0,lr aHUMKIMKOA TOPTHO yIIapHUHT
dapkugaH HWIIKOp SPUTMACHHUHI Maccacd aHUKIaHaaud. TepMmocTariaraHjaH Ba
OONKKIITAY JaBpUJard TemIepaTypaiap aHUKIAHTaHJAH CYHT, HIIKOp JpUTMAacura
onpueAad Tymmpu6 Kyimnran 10cm® 10% mu (éxku 5,0H nu) H,SO, HUHT spuTMacu
COJIMHTaH aMIlyjla CUHIUPWIAIU. ODpUTMaHU apalalTUpuO TypraH Xojja acocui
JaBpJaru Temrieparypa yi3rapunuiapu &€3ub0 Oopwianu. Temmeparypa Yy3rapuiuiapu
TyXTaraHjaH KeWWH XaM, SKYHUW JaBpHUHT HYyXTaJapuHU aHMUXJAll Maxcajauia,

ynuanuiap aaBom astrtupunanu. Cyurpa A T wuar xuitmatu T=£(m) rpaduknan

aHuXxJIaHaJu (pacMmra XapaHr) Ba kapaéHHUHT uccuxiiuk 3¢dextu A Hx xucobnanagu.
Kucnora osputmMacuHm uWIIXOp JpUTMAcura XyWraHgard yMyMHUW HCCHXJIMKKA
HEUTpAJIAaHUII UCCUXJIUTHIAH TallXapy KUCJIOTAaHU UIIXOPJAA CYIOJITHUPUII HUCCHUXJIUTH
XaM KUpaaud (MIIXOp SPUTMACHMHUHI XaXMH KaTTa Oynraniurua cababmm ¢axar
KHUCJIOTAaHUHT CYIOJITHPUII UCCUXJIMTUHU XHUcoOra onamu3s). KucioTaHUHT CyHONITHPUIL
uccuxJiru A Heyop HU 100M3 5,0 H i kucnoranu 500 cm®
JUCTUJUIAHTaH CyBra (MIIXOp 3puTMacura smac!) XylraHaard UCCUXJIUK 3(P(EeKTHHU
ymya® Tomamu3. Cyndar KHUCIOTAHMHT CYIOJITHPUII MCCHUXJIUTH XaM 3K30TEpMUK
Oynrannuru cababiy, yHUHT XMIMaTUHU YMYMUI HeWTpauiaHu uccuxiuru A Hy nan
annpuO TanuIaHaIu.

OnuHara"n HaTWXXaJIap KaJBajira Tyluupuiaau.
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KaﬂopnMeTan CHCTEeMAaHMHT HCCHUXJHUK CUFUMUHU xmuco0Jan

1-xanBaa

Cucrema nucmiaapu T, Ck
Conumtupma, | YMymui,
rpaMm
a\ VaWESE 3 Vad b\ alA Vs

CTAKAH ...
APATTAIITHPHTHY «.ceeevvvveessniieeeessisseeesssntsseessssneeessssseeessnssens
Kanopumerpuk cyroxiuk (cyB €ku 0,1 H nu nmxop)
Moana Muxiopu €k S H i KUCTIOTaHUHT XaXMU . .

bexmaHn TepMOMETPHUHHUHT CYIOXJIMKKA O0TraH XUCMUHUHT

DL€V 41 TP PP
V) a3

2-KaABaJ

Epum, kpucrauiornapar Xocus 0y Ba He TPaJJIaHM I MCCUXJIMKIIAPUHA

T¢= ; V. CYIOX. ZSOOCM; MHaOX

yJa4yam HATHXKaJIapu

—0,1 H. V

wnen. =10 cm 5 Mircn ="

OH.

Moppaauar Homd| Mogpga M AT Mepmut AHep | "™wxS 1 AHc | AH | AH |Ab con,
AHcyse us )
MHUKJOpH, T Kton Kir

Ksre(CMs) 5,0 328,8  [epuu
CuSO4 5,0 159,5 [epum
CuS0+*5H20 2495  [Tepuu

NHOH 500 max 40 _

H2S04 1omn_ 96 [T

H20 500 M1 |18 A" cyion
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2-AMAJINIA MAIIFYJIOT. QJIEKTPOKUMEBHUIA KAPAEHJIAP
TEPMOJANHAMUMNKACH (4 coar).

Amaliy mashg’ulotning maqgsadi: Elektrokimyoviy ma’lumotlardan foydalanib
kimyoviy o¢zaro ta’sirlarni termodinamik ifodalash uslublari hagidagi

tasavvurlarni faollashtirish.

Elektr yurituvchi kuch

Elektrokimyo aslida Galvanining qurbaga ustida o’tkazgan tajriba-laridan boshlangan:
mis va temir metallari elektrodlar vazifasini bajarib, galvanik elementni hosil gilgan.
Shu sababli, elektrofiziologiya va elektrokimyoning asoschisi bo’lgan Galvanining
nomi bilan ko’p ilmiy atamalar nomlangan: galvanik element, galvanometr,
galvanoplastika, galvanostegiya, galvanik tok va boshgalar.

Volta 1799 yilda elektr energiyaning birinchi kimyoviy manbaini yaratdi: turli metallar
tutashgan chegarada potensiallar fargi paydo bo’ladi, buni voltapotensial deyiladi
(Voltaning kontakt nazariyasi fanda uzoq vaqt xukm surgan). 1889 vyilda Nernst
galvanik element elektr yurituvchi kuchi (EYuK) ning “osmotik™ nazariyasini yaratgan.
Nernst nazariyasi Voltaning kontakt nazariyasini butunlay inkor etib, elektrod-eritma
chegarasida potensiallar sakrashi (galvanik potensial) paydo bo’lishining yagona sababi
qo’sh elektr gavatining hosil bo’lishidir, deb tushuntirgan. Agar elektrod potensialining
paydo bo’lishiga faqatgina elektrod-elektrolit chegarasidagi qo’sh elektr gavat sababchi
bo’lganda, ayrim metallarning standart solishtirish elektrodiga nisbatan o’ Ichangan
“nol zaryadli poten-siali” nolga teng bo’lishi kerak edi (“metallarning nol nuqtasi” deb
ham ataladi). Frumkinning XX asrning 30-yillardagi izlanishlariga ko’ra, nol zaryadga
ega bo’lgan metallarning potensiallari ham nolga teng emas ekan. Demak, elektrod
bilan elektrolit chegarasida umuman qo’sh elektr gavat paydo bo’lmagan taqdirda ham
elektrodning potensiali noldan farq qilishi Nernst nazariyasining noto’g’ri ekanligini
ko’rsatdi.

Metallar fizikasining rivojlanishi natijasida turli metallar tutashtirilganda potensiallar
farqi paydo bo’lishi ko’rsatildi. Kvant nazariyasiga binoan, potensiallar farqiga
metalldagi ozod elektronlar energiyalarining Fermi sathlari turlicha bo’lganligi sabab

bo’ladi va metallar tutashtirilganda Fermi sathlari tenglashguncha elektronlar bir
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metalldan ikkinchisiga oqib o’tadi.

Hozirgi zamon tushunchasiga binoan,
elektrodning  potensiali  ikki  metall
chegarasidagi volta-potensial va elektrod-
eritma chegarasida qo’sh elektr qgavat

hosil bo’lishi bilan belgilanuvchi galvani-

potensiallarining yig’ indisiga tengdir.

Elektrod tushunchasi. Elektrod

elektrod

i ® potensialining paydo bo’lishi

Zaryadlangan zarrachalar tutgan eritmaga

»x tushirilgan metallni elektrod deb ataymiz.
Bunday sistemada metalldan eritmaga
kationlar o’tishi mumkin. Olib o’tilayotgan zarrachalarning solvatlanishi (gidratlanishi)
ionlarning o’tishiga ko’ maklashadi. Kationlarning eritmaga o’tishi natijasida metall
manfiy zaryadlanadi, lekin elektrod - eritma sistemasi elektroneytral bo’lib qoladi.
Elektrod sirti atrofida metall sirtidan 10° -107" m gacha cho’zilgan qo’sh elektr qavat
hosil bo’ladi (IX.5-rasm). Xuddi shunday qilib, eritmadagi kationlar ham metallga o’
tishi mumkin, unda metall musbat zaryadlanadi, anionlar esa qo’sh gavatni hosil qiladi.
Metallning sirtqi zaryadiga mos ravishda oriyentasiyalashgan suv molekulalari bevosita
metall sirtiga tegib turadi (ushbu holatda metall sirti manfiy zaryadlangan). Metall
sirtining bir gismini adsorbilangan va kam yoki butunlay gidratlanmagan anionlar
egallaydi. Ularning adsorbilanishi maxsus (spesifik) deb ataladi, chunki u sirtning
zaryadiga emas, balki kovalent bog’ larning hosil bo’lishiga bog’ liq bo’ ladi; kontakt
adsorbilanish deb ham ataladi, chunki degidratlangan anionlar metall sirtiga zich tegib
turadi. 298 K haroratda simob sirtida CI, Br, J” va Cs* ionlarining adsorbilanishi, K*,
Na* va F ionlarining adsorbilanmasligi aniglangan.
Maxsus adsorbilanishning paydo bo’lishi ionning gidratlanish darajasiga va kattaligiga
bog’liq. Masalan, ftor ioni vodorod bog’lari bilan bog’lanadi va bu hol ftor ionining
eritma hajmidan elektrodning sirtiga chigishiga halagit beradi. Adsorbilangan ionlarning

markazlaridan G
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masofada o’tkazilgan tekislik Gelmgolsning ichki tekisligi deb ataladi. Bu tekislikdan
keyin gidratlangan  kationlar-ning

markazlaridan G2 masofada o’tkazilgan Gelmgolsning tashqi tekisligi keladi.
Gidratlangan ionlar- 10-rasm. Qo’sh elektr qavatining tuzilishi. Manfiy belgili
aylanalar bilan spesifik adsorbilangan anionlar ko’rsatilgan; musbat belgi bilan-
gidratlangan kationlar; shtrixlangan aylanalar bilan-diffuzion qavatdan tashgarida
joylashgan gidrat qavat; o’qli aylanalar bilan-suvning dipollari; ¢ va @ lar bilan esa,

ichki va tashqi potensiallar ko’rsatilgan.

ning radiusiga yagin oraliqgdagi O — G2 Gelmgols qavati zich gavat deyiladi. Zich
qavatda ionlar bilan va o’zaro kuchsiz bog’langan suv molekulalari ham bo’ladi (10 -
rasmda aylanaga olingan o’qlar bilan ko’rsatilgan). Bu suvning tuzilishi individual
suvnikidan farq qgiladi, shuning uchun ham zich qgavatdagi suvni gayta tiklangan
deyiladi. Eritmaning zich qavatdagi dielektrik singdiruvchanligi E individual suvnikidan
kichik bo’ladi.

Zich qavatdan tashqarida, ya’ni diffuzion qavatda, zarrachalarning issiqlik
energiyasi ularni elektrod maydoni bilan tartiblashtirish energiyasiga solishtiradigan
holatga keladi. Buning natijasida zarrachalar tartibsiz tagsimlanadi, ularning

konsentrasiyasi esa eritma hajmidagi konsentrasiyaga yaginlashadi. Shunga mos

ravishda E ham EHzo ga yaginlashadi.

Diffuzion qavat eritmaning ichiga tomon ancha cho’zilgan, lekin uning 2
masofadagi G: tekisligidan samarali gismni ajratish mumkin. 2 ning uzunligi kuchli
elektrolit eritmasidagi ion atmosferasi radiusining analogidir. Xuddi shu radius kabi, 2
ham konsentrasiya bo’yicha olingan kvadrat ildizga teskari proporsionaldir. Agar
samarali diffuzion gavatdagi hamma zaryadlar 2 masofadagi yupqa qavatga yig’ilsa,

unda ular elektrod sirtidagi zaryadlarni neytrallaydi.

Maxsus adsorbilanish mavjud bo’lmaganda qo’sh gavatni yupqa kondensatorga
o’xshatish mumkin. Bunda M metallning zaryadlangan sirti kondensatorning bitta
qavati bo’lib xizmat qilsa, 2 masofadagi samarali chegara sirt ikkinchi qavat bo’ladi.

Metall bilan eritma orasida potensiallar sakrashi paydo bo’ladi. Har qanday potensiallar
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sakrashi o’rnatilgan taqdirda ham elektrod va eritma orasida kationlar almashinishi
kuzatiladi. Metalldan eritmaga garab ionlarning ogimi ularning eritmadan metallga
garab ogimiga teng va elektronlarning eritmadan metallga va metalldan eritmaga
bo’lgan oqimlariga teng kuchlidir. Elektrodning bir birlik sirti uchun olingan bu
ogimning kuchini almashinish toki deyiladi. Eritmaning o’rtacha ion aktivligi birga teng
bo’lgandagi almashinish toki standart jo hisoblanadi. Turli sistemalarda jo=10s 10° A/m?
ga teng.

Elektrod potensiali hosil bo’lishining keltirilgan mexanizmi umumiy emas. Ayrim
metallar (oltin, platina) shunchalik mahkam kristall panjaraga egaki, ulardan kationlar
ajralib chiga olmaydi. Bu metallarda potensiallar farqi paydo bo’lmaydi. Ammo bunday
metallarning sirtiga oksidlanish yoki qaytarilish qobiliyatiga ega bo’lgan ko’pchilik
moddalar adsorbilanishi mumkin. Shuning uchun bu metallar yordamida eritmalar bilan
muvozanatda bo’lgan sistemalarni hosil qilish mumkin. Bu holda elektrodlar inert
deyiladi, potensial esa inert elektrodda adsorbilanadi va erigan modda orasidagi
muvozanat bilan belgilanadi. Bunday elektrodga misol qgilib eritmadagi vodorod ionlari
bilan muvozanatda bo’lgan va vodorod adsorbilangan platinalangan platinani olish
mumkin. Bunda moddaning oksidlangan shakli eritmada, gaytarilgani esa, elektrodda
bo’ladi.

Moddaning ikkala shakli ham eritmada bo’lishi mumkin, unda almashinish inert
elektrod va ionlar orasida sodir bo’ladi. Masalan, Fe3* Kkationi platinadan bitta elektron
tortib olishi va Fe?* gacha gaytarilishi mumkin. Bunda platina musbat zaryadlanadi,
eritmada esa ortiqcha anion hisobiga manfiy zaryad paydo bo’ladi (masalan, FeCls dan
C1), shuningdek keyingi elektronlarni tortib olishi borgan sari giyinlashib boradi va
nihoyat, musbat zaryadlangan elektrod va anionlar qavati orasida muvozanat o’rnatiladi.
Shunday qilib, Fe**+ e » Fe?* kimyoviy reaksiyasi boradi. Shuningdek, unga garama-
garshi reaksiya ham borishi mumkin:

Fe’*-e * Fed*
Elementni ulaganda reaksiyaning u yoki bu yo’nalishi bitta elektrodning tabiatiga emas,
balki galvanik elementning ikkala elektrodiga bog’liq. Elektrodni eritmadan chiqarib

olish eritmani boshlang’ich holatga qaytaradi. Qo’sh qavatdagi ionlarni, ko’pincha,
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potensial hosil giluvchi ionlar deyiladi.
Standart potensiallar. Nernst tenglamasi

Ikkita elektroddan iborat bo’lgan va elektrodlardan birining potensiali aniglanishi
kerak bo’lgan, ikkinchi elektrodning potensiali esa nolga teng deb olingan galvanik
elementning EYUuK si elektrodning standart potensiali hisoblanadi. Potensiali nolga teng
deb olingan elektrod sifatida standart sharoitlardagi normal vodorod elektrodi xizmat
giladi. Elektrod potensiallarining absolyut gqiymatlari noma’ lum. Vodorod
elektrodining standart potensiali har ganday haroratlarda nolga teng deb gabul gilingan.
Elektrodlarning standart potensiali vodorod elektrodi va aniglanayotgan elektroddan
tuzilgan galvanik elementning EYuK ga teng. Bundaygalvanik element ulanganda
o’rganilayotgan elektrodda oksidlanish yoki qaytarilish kuzatilishi mumkin. Shunga
bog’liq ravishda elektrodning potensiali musbat yoki manfiy bo’ ladi. Standart
potensiallar yoki kuchlanishlar gatori shu yo’l bilan keltirib chigarilgan. Bu gatorda
vodorod elektrodi musbat va manfiy elektrodlarning orasida joylashgan.

Vant-Goffning izoterma tenlamasidan foydalanib, elektrodlarning potensialini va

galvanik elementlarning EYuK ni hisoblab topish mumkin:

A =-AG = RT(In Ka- Aln &°) (1)
bu yerda: K. - aktivlik bilan ifodalangan muvozanat konstantasi; Aa’ - reaksiya

mahsulotlari aktivliklari ko’paytmasining boshlang” ich moddalar aktivliklari

ko’paytmasiga nisbati.

E=RTInK RTAIna’
zF* zF (2)

A = zFE ekanligini hisobga olsak:
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Agar dastlabki moddalarning aktivliklari (konsentrasiyalari) 1 ga teng bo’lsa, Aa°

=1vaAlna’ =0bo’ladi va:

RT

o (3)
E’=----- In K
ZF @
ga teng bo’lib qoladi, bu yerda E° -standart elektr yurituvchi kuch.
(1) va (3) tenglamalardan (4)

E=E.+RTOIna
zF (5)
(4) tenglamada aktivliklarni o’nli logarifmlarda ifodalasak,

E=zeo+ ' RFlgla_|zFaz V aredJ

2 2,303RT 2,303 « 8,314 + 298 va
z=1da; — === — - , mmmmmmm- = 0,059
zF 1+ 96500
@an

E=E"+0,0591g - | ax=1;
Vred J
a=1bo’lganda Igl = 0 va #*®RT +Ig1 = 0 bo’lgani uchun E=E° yoki 1 = 717 s
, bu erda: 1° - standart oksidlanish-gaytarilish potensiali deyiladi.

Bu tenglama Nernst tenglamasi bo’lib, EYUK (yoki potensial) bilan eritmaning
konsentrasiyasi (aktivligi) orasidagi bog’ lanishni ko’rsatadi. Demak Eo eritmada
ionlarning aktivligi 1 ga teng bo’lgandagi standart EYUK va o eritmada ionning
aktivligi 1 ga teng bo’lgandagi standart potensialdir.

Diffuzion potensial

Ikki elektrolit eritmalarining chegara sirtida ionlarning turli harakatchanligi
tufayli diffuzion potensial hosil bo’ladi. Masalan, AgNOs ning bir-biri bilan
tutashtirilgan 0,1 n va 1 n eritmasini ko’zdan kechiramiz. Diffuziya qonuniga binoan,
Ag™ va Nos ionlari yugori konsentrasiyali eritmadan kam konsentrasiyali eritma tomon
harakatlanadi. no s anionlarning harakatchanligi Ag kationiga nisbatan yuqori
bo’lganligi sababli NOs ionlarining konsentrasiyasi kam konsentrasiyali eritmada ortib

ketadi. Natijada turli konsentrasiyali eritmalarning chegarasida manfiy va musbat
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zaryadlangan sohalar paydo bo’ladi. Ushbu elektr gavatining hosil bo’lishi
eritmalarning chegarasida potensiallar fargini vujudga keltiradi. Mana shu potensiallar
fargi diffuzion potensial deb ataladi. Diffuzion potensial fagat turli konsentrasiyali
eritmalar chegarasidagina emas, balki har ganday ikki elektrolit eritmasi chegarasida
ham hosil bo’ladi. Diffuzion potensialning miqdori aktivliklarning yoki eritmalar
konsentrasiyasining o’zaro nisbatiga va ionlarning tashish sonlari ayirmasiga
proporsionaldir. Diffuzion potensialning ishorasi tashish sonlarining miqdoriga bog’liq
bo’ladi. Amaliyotda diffuzion potensial aniq natijalar olishga xalaqit beradi. Shuning
uchun diffuzion potensialni yo’qotishga harakat qilinadi va diffuzion potensiallar
ayirmasini hosil qiluvchi eritmalar tuz ko’prigi orqali tutashtiriladi. Tuz ko’prigi
sifatida ionlarning harakatchanligi bir xil bo’lgan tuzlardan foydalaniladi. Odatda, KClI,
KNOs, NHsNOs eritmalari ishlatiladi. Ikki eritma tuz ko’prigi orqali tutashtirilganda
elektr tokini asosan shu tuz ko’prigining ionlari o’tkazadi.
Oksidlanish-gaytarilish potensiali

Bir metallning har xil valentlikdagi tuzlari eritmasining aralashmasiga (masalan,
FeCls va FeCl2) platina kabi betaraf metallar tushirilsa, oksidlanish- gaytarilish
potensiali (redoksi) hosil bo’ladi, bunday elektrodlar oksidlanish- gaytarilish
elektrodlari deyiladi. Bir elektrod boshga elektrod bilan tutashtirilsa, eritmada

oksidlanish yoki gaytarilish jarayoni boradi:

FeCls+e —" FeCl.éku Fe3++e * Fe?:

Agar reaksiya chapdan o’ngga tomon ketsa, reaksiyaning borishi uchun elektron
kerak bo’ladi, aksincha, reaksiya o’ngdan chapga ketsa, elektron ajralib chiqadi. Agar
reaksiya borishi uchun elektron talab gilinsa, uni eritmaga tushirilgan platina yetkazib
beradi. Natijada platinaning o’zi musbat zaryadlanadi. Musbat zaryadlangan platina
eritmadagi manfiy ionlarni tortadi. Natijada, qo’sh elektr gavati hosil bo’lib,
potensiallar fargi vujudga keladi. Aksincha, elektrokimyoviy jarayonda elektron ajralib
chigsa, platina manfiy zaryadlanadi va eritmadan musbat ionlarni tortib, qo’sh elektr
gavatini hosil giladi.

Demak oksidlanish-gaytarilish potensiali elektrod bilan eritma chegarasida
elektroddan oksidlovchiga (Fe**) yoki eritmadagi gaytaruvchidan (Fe?*) elektrodga
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elektron o’tishi natijasida hosil bo’ladi. Bunda moddaning oksidlangan va gaytarilgan
ko’rinishlari eritmada bo’ladi, elektrod esa faqat elektronlar manbai vazifasini bajaradi.
Oksidlanish-gaytarilish elektrodlarining boshqga elektrodlardan fargi shundaki, bunda
elektrod potensial vujudga kelishi uchun tushirilgan metall ioni jarayonda bevosita
ishtirok etmaydi. Oksidlanish-gaytarilish potensialining giymati elektroddan olingan
yoki unga berilgan elektronlarning soniga bog’liq. Bu esa, 0’z navbatida, oksidlovchi
va qaytaruvchi moddalar aktivliklarining nisbatiga proporsionaldir. Bu potensial,

yuqorida ko’rsatib o’tilgandek, oksidlovchining oksidlanish qobiliyatini ko’rsatadi.

Elektrodlarning tasniflanishi

Elektrodlarni tasniflashda termodinamik nuqtai nazardan garash qulaydir, bunda
fazalar soni va gaytarlikning turi hisobga olinadi. Termodinamik jihatdan elektrodlar
quyidagicha tasniflanadi:

a.) Birinchi tur: ikki fazali, kation yoki anionga nisbatan gaytar;

b.) Birinchi tur: uch fazali, gaz elektrodlar;

v.) Ikkinchi tur: uch fazali, kationga hamda anionga nisbatan gaytar;

g.) Redoks: oksidlangan va qaytarilgan ko’rinishlar bitta - suyuq fazada bo’lgan
elektrodlar;

d.) lon almashinuvchi (ionselektiv) elektrodlar.

Uchinchi tur - to’rt fazali, biologik va fizikaviy elektrodlar ham mavjud.

Standart yoki solishtirish elektrodlariga misol tarigasida vodorod elektrodi,
kalomel elektrodi, xingidron elektrodi va umuman, elektrod potensiali doimiy giymatga
ega bo’luvchi, harorat va boshqa ta’sirlarga chidamli bo’ lgan, konstruktiv jihatdan

qulay va arzon elektrodlarni keltirish mumkin.

Vodorod elektrodi
Elektrod potensiali hosil bo’lishining sabablaridan biri aktivligi kam metall
sirtiga ionlanish qobiliyatiga ega bo’lgan moddalarning adsorbilanishidir. Masalan,
vodorod platina sirtiga adsorbilanadi va ionlanish natijasida elektrodda qo’sh elektr
gavatini hosil giladi. Ushbu usul bilan standart vodorod elektrodi olinadi. Tarkibida H*

bo’lgan eritmaga sirti yuqori dispersli platina bilan qoplangan platina plastinkasi
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tushiriladi. Eritma orgali tozalangan vodorod gazi yuboriladi. Vodorod gazining juda
ham toza bo’lishi muhimdir, chunki AsHs, Hz2S va boshqalarning gaz tarkibida bo’lishi
platinalangan platinaning sirtini “zaharlaydi” va elektrodning potensialini sezilarli
darajada o’zgartirib yuboradi. Shu sababli, sof vodorod gazi ishqorli eritmalarni
elektroliz qilish yo’li bilan olinadi va tozalanadi. Eritma ichidan o’tkazilgan vodorod
platina elektrodiga adsorbilanib, uning sirtiga o’tirib qoladi. Pt ning sirtida quyidagi

muvozanat o’rnatiladi:

2H2(gaz) » Headsorb)* H**
Shuning uchun, elektrodning potensiali eritmadagi vodorod ionlarining aktivligi bilan
belgilanadi.

Vodorod elektrodi potensialini nazariy hisoblash xuddi Nernst tenglamasini
keltirib chiqarishda qo’llangan mulohazalarga asoslangan. Normal vodorod
elektrodining zanjiri quyidagidek yoziladi:

pt ( Ho)H.@.=1)

latm

Vodorod elektrodining potensiali etalon sifatida gabul gilingan. Boshga hamma
elektrodlarning standart potensiallarining qiymatlari normal vodorod elektrodga
nisbatan o’lchangan. Normal vodorod elektrodining potensiali shartli ravishda nolga
teng deb gabul gilingan.

Vodorod elektrodining kamchiliklaridan biri uni potensialining sekin o’rnatilishi
bo’lsa, ikkinchisi, yuqorida aytganimizdek, vodorodni juda ham toza bo’lishi talab
qilinishidir. Shuning uchun, amalda vodorod elektrodi ishlashga qulayroq bo’ lgan
boshga elektrodlar bilan almashti-riladi. VVodorod elektrodi gaz elektrodlari turiga
tegishli bo’lib, bunday elektrodlardan tashkil topgan zanjirlar gazli zanjirlar deyiladi.
Bunday zanjirlarda qo’ llanilayotgan metall o’tkazgich vazifasini bajaradi va ushbu
metallning sirtida adsorbilangan gazlarning ionlanishi natijasida hosil bo’lgan
elektronlarni olib o’tadi. Agar oddiy metallardan iborat elektrod-larda elektrokimyoviy
jarayon elektrod materialining oksidlanishi yoki qaytarilishi bilan bog’liq bo’lsa, gazli
elektrodlarda oksidlanish-gaytarilish jarayonida adsorbilangan gazlar gatnashadi,

metall elektrodi-ning o’zi esa, ushbu jarayonda bevosita ishtirok etmaydi.

79



Standart (solishtirish) elektrodlar

Turli zanjirlarning EYUK ni o’ Ichaganda potensiali oson gayta takrorlanadigan
va muvozanat giymatiga tezda yetadigan elektrodlardan keng foydalaniladi. Bunday
elektrodlar solishtirish yoki standart elektrodlar deyiladi. Ularga quyidagi talablar
qo’yiladi:

- ularning potensiallari o’zgarmaydigan va vodorod elektrodiga nisbatan aniq
o’Ichangan bo’lishi kerak;

- standart eclektrodlar potensialining harorat koeffisiyenti kam bo’lishi
kerak;

- ushbu elektrodlarning tayyorlanishi oson va arzon bo’ lishi kerak;

- bunday elektrodlarni ishlatish qulay bo’ lishi zarur.

Odatda, standart vodorod elektrodini kalomel elektrodi bilan almashtiriladi.
Kalomel elektrodi ikkinchi tur elektrodlarga mansub bo’lib, u simobdan iborat bo’ladi
va uning usti Hg2Cl2 va Hg larning aralashmasi bilan qoplangan bo’ladi. Elektrolit
sifatida KCl ning ma’lum konsentrasiyali (0,1-1,0 n 1li yoki to’yingan eritma)
eritmasidan foydalaniladi. Simobning ichiga platina simi tushirib qo’yiladi, u fagat
o’tkazgich vazifasini bajaradi. Kalomel elektrodi zanjiri quyidagicha ifodalanadi:

Hg/Hg.Cl, KCI(C)

Kalomel elektrodi simob elektrodi hisoblanadi, uning potensiali simob
ionlarining aktivligiga bog’liq. Ammo Hg2Cl: eritmasi to’yingan bo’lganligi sababli, .
. = const bo’ladi va elektrodning potensiali fagat CI ionlarining aktivligi bilan
belgilanadi. CI" ionlarining konsentrasiyasi qanchalik yuqori bo’lsa, Hgz ionlarining
aktivligi shunchalik kam va elektrodning potensiali shunchalik manfiyroq bo’ladi.
Normal kalomel elektrodi (Ckei = 1) uchun elektrodning potensiali 0,283 B ga teng,
ya’ni kalomel elektrodi standart vodorod elektrodiga nisbatan 0,283 B ga musbatroqdir.
Agar quyidagi

(-)(PYH2/H~=1/1 KC, Hg2Cl2/ Hg(+)

zanjirni tuzib uni EYuK ni o’ Ichasak, o’rganilayotgan eritmaning pH ni oson hisoblash
mumekin.

Shunday qilib, pH ni o’lchayotganda standart vodorod elektrodini kalomel
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elektrodi bilan almashtirish mumkin. Eritmadagi ikkinchi vodorod elektrodini ham
o’zgartirish mumkin, masalan, xingidron elektrodi bilan. Ma’lumki, xingidron elektrodi
oksidlovchi-gaytaruvchi elektrodlardandir. U oddiy yarim element bo’lib, unga pH

noma’ lum bo’lgan eritma quyiladi va kam miqdorda xingidron solinadi.

Eritmaga o’tkazgich vazifasini bajaruvchi platina simi tushiriladi. Bunday elektrodni
normal kalomel elektrodi bilan tutashtiriladi va zanjirning EYuK o’ Ichanadi. EYuK ni
bilgan holda eritmaning pH ni hisoblash mumkin. Xingidron xinon bilan
gidroxinonning ekvimolekulyar birikmasidir: CéH:O2 m CsH4(OH)2, U suvda yomon eriydi.
Eritmada xinon bilan gidroxinon o’rtasida quyidagi oksidlanish-gaytarilish muvozanati
o’rnatiladi:

CeHa(OH)20 CeHeOz + Hz; Hz20 2H * + 2e
yoKi CsH4(OH )M CsH40242H " +2e
Bu muvozanatda vodorod ionlari gatnashgani sababli, oksidlanish-gaytarilish potensiali
eritmaning vodorod ko’rsatkichi pH ga bog’liq bo’ladi. Xingidron elektrodini ishqoriy
eritmalarda qo’llash mumkin emas, chunki gidroxinonning ishqoriy tuzlari hosil
bo’lishi natijasida xinon bilan gidroxinonning nisbati ekvimolekulyar bo’ Imay qoladi.
Xinon bilan gidroxinonning nisbati kuchli elektrolit tuzlari ishtirokida ham o’zgarib
golishi mumkin. Xingidron elektrodi vodorod elektrodga nisbatan oksidlovchilarga
chidamli bo’ladi. Kalomel va xingidron elektrodlaridan iborat bo’lgan galvanik
elementda xingidron elektrodi musbat bo’ladi.

Shunday qilib, xingidron elektrodi o’zini vodorod elektrodi kabi tutadi, ammo
unda standart vodorod elektrodiga o’xshab atmosfera bosimida emas, balki juda kichik
parsial bosimda Pt vodorod bilan to’yinadi. Shu sababli, xingidron elektrodining
potensiali eritmadagi vodorod ionlarining bir xil aktivligida vodorod elektrodining
potensialidan 0,7 B ga musbatroqdir.

Hozirgi vagtda eritmalarning pH ni o’lchash uchun shisha elektrodlardan
(ionselektiv elektrodlar) keng foydalanilmogda. Ushbu elektrodlar alohida tarkibli
shishalardan tayyorlanadi va ularning tarkibiga ko’p miqdorda ishqoriy metallar kiradi,
shuning uchun ular oddiy shishaga nisbatan kichik elektr garshiligiga ega. Ushbu

elektrodda kislotaning konsentrlangan eritmasi bilan ishlov berilgan juda yupga shisha
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to’siq (membrana) mavjud bo’lib, bu membranadan eritmaga vodorod ionlari o’tadi va
membrana manfiy zaryadlanadi (Sios* ionlari hisobiga). Hosil bo’ladigan potensiallar
farqi eritmadagi vodorod ionlarining aktivligiga bog’liq. Shisha elektrodining
potensiali tez o’rnatiladi va eritmadagi oksidlovchilar va platina elektrodini
zaharlaydigan qator moddalarga bog’liq emas. Shisha elektrodining kamchiliklari ham
bor, masalan, shisha membrananing yuqori omik garshiligi EYuK ni o’ Ichayotganda
sezgir asbsoblardan foydalanishni talab giladi (pH-metrlar). Bundan tashqari, shisha
elektrodini pH ning 0-12 oralig’ida qo’llash mumkin.

lonselektiv elektrodlar yuqorida aytilganlardan farq qiladi, ularda ikkala
chegaralangan fazalar - membrana va eritma - ion o’tkazuvchanlikka ega bo’ladi.
Jarayon membrana bilan eritma orasida ionlarning almashinishi bilan boradi.
Fazalararo chegarani kesib o’tuvchi ionlarning zaryadi o’zgarmaydi, ammo zaryad
boshgacha tagsimlanishi mumkin. Membrananing tarkibi va tuzilishi topilsa fazalararo
chegaradagi potensial faqat birgina ko’rinishdagi ionning aktivligiga bog’liq bo’ladi.
Bunday elektrodlar selektivlik xususiyatiga ega bo’ladi va alohida ionlarning
aktivligini o’Ichash imkoniyatini beradi.

Ionselektiv elektrodlarning membranalari qattiq va suyuq bo’lishi mumkin.
Qattig membranalarga shisha, kristall va geterogen membranalar kiradi. Suyug
elektrodlarga suv bilan aralashmaydigan dielektrik doimiysi kichik bo’ Igan organik
erituvchilar kiradi (xlorbenzol, toluol), ularda kerakli ionogenlar eritilgan bo’ladi
(fosfat kislotaning diefirlari, alifatik kislotalar, aminlar, kraun-efirlar).

Elektrokimyoviy yacheykalar

Har ganday elektrokimyoviy yacheyka kamida ikkita elektrod va elektrolitdan
iborat bo’ladi. Elektrod deganda elektron mexanizm bo’yicha zaryad tashib o’tilishi
ionli mexanizmga aylanuvchi chegara sirt tushuniladi. Elektrolit deganda ionlarning
yo’ nalgan harakati tufayli zaryad tashib o’tilishi kuzatiladigan muhit tushuniladi.
Elektrokimyoviy o’ Ichashlar o’tkazish uchun mo’ljallangan yacheykada doimo 3 ta
funksiyani bajaruvchi elektrodlar bo’ladi (ayrim hollarda 1 ta elektrod 2 ta funksiyani
bajaradi):

- ishchi (yoki indikator) elektrod. Ushbu elektrod inert materialdan yasaladi;
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- solishtirish elektrodi. U doimiy potensialga ega bo’ladi. Unga nisbatan
yacheykadagi boshqga elektrodlarning potensiali o’lchanadi. Ushbu elektrodni inert
materialdan gilinmaydi;

- yordamchi elektrod elektronlarning manbai bo’lib xizmat qiladi. Odatda uning
toki va potensiali o’lchanmaydi. Yordamchi elektrod, odatda, inert materialdan
yasaladi.

Ishchi elektrodni boshqa elektrodlar bilan birlashtirib bo’Imaydi.

Har ganday elektr zanjiri impedans bilan tavsiflanadi. Impedans, yugorida
aytganimizdek, omik garshilik (faol garshilik), sig im va induktiv qarshiliklarning yig’
indisiga teng. Omik qarshilik o’zgaruvchan va o’zgarmas toklar o’tayotganda ham bir
xil kuzatiladi. Signallarning chastotasi ortgan sari sig’im qarshiligi kamayadi, induktiv

garshiligi, aksincha, ortadi.

Galvanik elementlar.
Qaytar va gaytmas elektrokimyoviy zanjirlar.

Metall bilan elektrolit eritmasi chegarasida doimo potensiallar fargi paydo
bo’ladi. Yuqorida aytganimizdek, elektrolit eritmasiga tushirilgan metalldan tarkib
topgan sistemalarni metall elektrodlari deyiladi. Metall bilan bir xil ionli elektrolit
eritmasiga ega bo’lgan elektrodlarning amaliy ahamiyati kattadir. Bunday elektrodlar
gayta tak-rorlanuvchi potensiallar fargini beradi. Ularni gaytar metall elek-trodlari deb
ataladi. Qaytar elektrodlarda potensiallar fargini keltirib chigaradigan jarayonlar
sharoitlarga qarab to’g’ri va teskari yo’ nalishlarda borishi mumukin. Demak, qaytar
elektrodlar va ulardan tashkil topgan galvanik elementlar termodinamik jihatdan qaytar
bo’lishi mumkin. Fagat qaytar elektrod va elementlargagina Vant-Goffning izotermik
tenglamasini, Gibbs-Gelmgols tenglamasini va termodinamika ikkinchi gonuni-ning
boshga tenglamalarini tatbiq gilish mumkin. Termodinamik tenglamalarga asoslanib
keltirib chigarilgan Nernst tenglamasi ham fagat gaytar elektrod va elementlargagina
oiddir.

Kimyoviy reaksiya energiyasini elektr energiyaga aylantirib beruvchi sistema
elektrokimyoviy zanjir yoki galvanik element deyiladi. Amaliyotda ishlatib
kelinayotgan elektrokimyoviy zanjirga misol qgilib mis va rux qaytar elektrodlardan
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iborat Yakobi-Daniel elementini keltirish mumkin. Mis elektrodi mis tuzining
eritmasiga, rux elektrodi rux tuzining eritmasiga tushiriladi. Bu eritmalar g’ovak
64to’siq (membrana) yordamida yoki elektrolitik ko’prik yordamida ulanadi.
Elektrolitik ko’prik sifatida ionlarning harakatchanligi yaqin bo’lgan KCI, KNQOsg,
NH4NO3z larning to’ yingan eritmalari ishlatiladi. Bunday zanjir elektrokimyoda
quyidagicha ifodalanadi:
(+)Cu/ Cu?* I/ Zn** | Zn(-
Bu belgilashda ikkita vertikal chiziglar Cu®* va zn** ionlarini tutgan eritmalar

o’rtasida kontakt borligini ko’rsatadi.

Mis va rux plastinkalari orasiga sulfat kislota shimdirilgan material joylashtirib
tuzilgan Voltaning galvanik elementi gaytmasdir, unda quyidagi elektrod jarayonlari
boradi: Zno® Zn?* + 2e; 2H* + 2e ® H, va yig’indi ravishda Zn. + 2H*  Zn?** + H, reaksiyani
tashkil giladi.

Yakobi-Danielning elektrokimyoviy zanjiri ikkita gaytar elektrod-lardan tashkil
topgan bo’lib, gaytar galvanik elementga misol bo’la oladi. Tashqi zanjir orqali
ulanmagan galvanik elementda muvozanat holat bo’lmaydi, lekin shunday holat uzoq
muddatgacha saqlanib turishi mumkin. Elektrodlar metall o’tkazgich yordamida
ulangan ondayoq bunday tormozlangan holat buziladi. Tashqi zanjirda, ya’ni metall
o’tkazgichda elektronlarning harakati kuzatiladi va bunday harakatlar bilan bir
vaqtning o’zida elektrodlarning birida oksidlanish (manfiy qutb - katod) zno» Zn?* + 2e
ikkinchisida gaytarilish (musbat qutb - anod) Cu®* + 2e ~ Cu° reaksiyalari boradi. Ikkala
elektrod jarayonlarining natijaviy reaksiyasini quyidagicha yozish mumkin: Zno + Cu?»
Zn**+ Cuo. Bu reaksiyalar termodinamik nuqtai nazardan qaytmas bo’ladi va muvozanat
holat vujudga kelishi bilan to’ xtaydi.

Ushbu oksidlanish-gaytarilish jarayoni galvanik elementdan tashgarida ham
borishi mumkin, unda reaksiyada issiqlik energiyasining chigishi kuzatiladi. Galvanik
elementda esa ruxning mis ionlari bilan oksidlanish reaksiyasi elektr energiyasining
hosil bo’lishiga olib keladi. Shunday qilib, bunday galvanik elementlarda (kimyoviy
zanjirlar deb ham ataladi) kimyoviy reaksiyaning energiyasi elektr energiyasiga
aylanadi. Galvanik elementning elektr energiyasi hosil bo’lishida asosiy rolni metall-

eritma chegarasi o’ynashi ko’rinib turibdi. Bu fikr birinchi bor 1837 yili De Lya Riv
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tomonidan aytilgan, u galvanik elementning kimyoviy nazariyasini taklif gilgan. Ushbu
nazariya Nernst va Ostvaldlar tomonidan XIX asrning oxirida asoslangan. Ammo bu
nazariyada ikki metall chegarasida kontakt natijasida hosil bo’ladigan potensiallar farqi
hisobga olinmagan.

Yakobi-Daniel elementida Zn eritmaga nisbatan manfiy, Cu esa musbat
zaryadlanadi. Agar elektrodlarni metall o’tkazgich bilan ulasak, elektronlar Zn dan Cu
ga oqa boshlaydi, bunda metallarning eritmaga nisbatan zaryadi yo’qoladi va ionlarni
elektrodlar yonida ushlab turgan kuchlar ham yo’qolib, ionlar issiglik harakati
natijasida eritmada tekis tagsimlanadi, ya’ni qo’sh elektr qavat buziladi. Buning
natijasida Zn ning oksidlanishi (ionlar ko’rinishida eritmaga o’tishi) va Cu ning
gaytarilishi (mis ionlarining eritmadan metall sirtiga ajralib chiqgishi) boshlanadi.
Demak elementda tashqi zanjirdan doimiy elektr toki oqimini ta’minlab turuvchi
jarayonlar boradi.

Elektrodlarni ulab turgan o’tkazgichning gqarshiligi ganchalik katta bo’lsa,
reaksiya shunchalik sekin boradi, ya’ni qaytar bo’ladi. Shuning uchun, elektrodlarni
cheksiz garshilikka ega bo’lgan o’tkazgich bilan uladik deb faraz qilsak, reaksiya
cheksiz sekin boradi va har bir daqiqada elektrodlar bilan eritmalar o’rtasida
muvozanat mavjud desak bo’ladi. Bunday reaksiyalar kvaziqaytar reaksiyalardir.
Termodinamik jihatdan qaytar bo’lgan jarayonlarda maksimal elektr ishi bajariladi.
Bunday sharoitlarda o’Ichangan ikki elektrod orasidagi potensiallar fargi galvanik
elementning elektr yurituvchi kuchi deyiladi I-.,, n ny-m/x.

Konsentrasion zanjirlar

Ma’lumki, metall elektrodining potensiali uni eritmadagi ionlarining
konsentrasiyasi (aktivligi) ortib borishi bilan ortadi. Shu sababli, ikkita bir xil metall
elektrodlari ushbu metallar tuzlarining turli konsentrasiyali eritmalariga tushirilgan
bo’lsa, ular turli potensiallarga ega bo’ladilar. Agar ularni tashqi qarshilik orqali
ulansa, zanjirda elektr toki oqa boshlaydi. Bunday zanjirlarni ionlarni tashib o’tuvchi
konsentrasion elementlar deyiladi. Ularning ishlash mexanizmini  kumush
konsentrasion elementi

(-) Ag / AgNOs// AgNO3/ Ag ()
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misolida ko’rib chiqamiz. Avvalambor, konsentrasion elementlarda ishlab
chiqarilayotgan elektr energiyasining manbai bo’lib nima xizmat qilishini aniqlash
kerak. Agar kimyoviy zanjirlarda elektr energiyasining manbai elementda borayotgan
kimyoviy reaksiya bo’lsa, konsentrasion elementlarda kimyoviy jarayonlarning borishi
mumkin emas, chunki elektrodlar bir xil metalldan iborat. Elektr energiyasini keltirib
chigaruvchi jarayonning tabiatini aniglash uchun ishlab turgan konsentrasion
elementdagi o’zgarishlarni kuzatamiz: konsentrasiyasi kamroq eritmaga tushirilgan
elektrodning massasi kamayadi, eritmaning konsentrasiyasi esa sekin-asta ortib boradi.
Konsentrasiyasi yuqoriroq eritmadagi elektrodda teskari jarayon boradi, natijada,
eritmaning konsentrasiyasi kamayadi. Shunday qilib, bunday elementlarda elektr
energiyasining manbai bo’lib eritmalar konsentrasiyalarining tenglashuv jarayoni
xizmat giladi. Shuning uchun ham ular konsentrasion elementlar deb ataladi. Nernst

bo’yicha elektrodlarning potensiallari

RT

/A )R — IN & 1;Konsentrasion elementlarning EYuK boshqa zanjirlardagi kabi elektrod potensiallarining algebraik (6)

yig’indisiga teng:

RT a2 (7)
E = Aa' Asz 1T —
nF a;
yoki yetarli darajada suyultirilgan eritmalar uchun (a ® C) (8)
RT C2
E = ----In-"2-
nF C;

tenglamani yozishimiz mumkin.

Shuni ta’kidlab o’tishimiz kerakki, yuqorida keltirilgan (7) tenglama tajriba
natjjalari bilan to’la kelishmaydi, chunki uni keltirib chiqarayotganda turli
konsentrasiyali eritmalar chegarasidagi potensiallar sakrashi hisobga olinmagan, u esa
elementning EYuK ga ta’sir ko’rsatadi. Diffuzion potensial deb ataluvchi bu potensial
eritmalar chegarasi orqali ionlarning diffuziyalanishi oqibatida paydo bo’ ladi, u
nomuvozanat jarayondir. Diffuzion potensial bir necha o’n millivoltlardan oshmaydi.

Shunga qarmasdan turli hisoblashlarda uni e’tiborga olish kerak. Yugqorida
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aytganimizdek, diffuzion potensial kimyoviy zanjirlarda ham paydo bo’ladi. Shuning
uchun konsentrasion yoki kimyoviy zanjirlarning EYuK ni aniglayotganda diffuzion
potensialni iloji boricha kamaytirish choralari ko’riladi. Diffuzion potensial paydo
bo’luvchi galvanik elementlar ionlarni tashib o’tuvchi zanjirlar deb ataladi.

Ikkita o’zaro aralashmaydigan erituvchilardagi elektrolit eritmalari chegarasida
suyuqlik potensiali ham paydo bo’ladi. Diffuzion potensialdan farqli suyuqlik
potensiali muvozanatdir: agar eritmalarning konsentrasiyalari tenglashganda, diffuzion
potensialning yo’qolishi kuzatilsa, elektrolit o’zaro aralashmaydigan erituvchilarda
teng tagsimlangan holatda ham suyugqlik potensiali yo’qolib ketmaydi.

Turli konsentrasiyali eritmalar o’rtasida chegara sirt bo’lmagan konsentrasion
zanjirlar ionlar tashib o’tilmaydigan konsentrasion ele-mentlar deyiladi. Bunday
zanjirlar aniq o’ Ichovlar o’tkazish uchun qulay bo’lib, ularda diffuzion potensial to’liq
yo’qoladi. Ionlar tashib o’tilmaydigan konsentrasion elementda elektrodlardan biri
ushbu elektrolitning kationlariga nisbatan gaytar, ikkinchisi esa anionlarga nisbatan
qaytar bo’lishi kerak. Vodorod va kumush xlorid elektrodlaridan iborat elementni

ko’rib chigamiz:

(-) Ag / AgC, HCI/II Pt)(+)

Bu elementda vodorod elektrodi Hs O- kationiga nisbatan gaytar, kumush xlorid
elektrodi esa, ikkinchi tur elektrodi bo’lgani uchun, CI anioniga nishbatan gaytar. lonlar
tashib o’tilmaydigan konsentrasion element olish uchun turli konsentrasiyali HCI
tutgan ikkita shunday elementlar bir-biriga garama-garshi ishlaydigan holatda ulanadi:

(-) Ag / AgCl, HCI/ H 5( Pt) - (Pt) H , / HCI, AgCl / Ag (+)
C1 C2

Ushbu zanjirda birinchi va ikkinchi elementlarning Pt elektrodlari metall
o’tkazgich yordamida ulanadi. Birinchi elementda Ag ning oksidlanish, ikkinchi
elementda gaytarilish jarayonlari boradi. Bu jarayonlar natijasida HCI ning
konsentrasiyasi o’zgaradi va yuqori konsentrasiyali eritmadan suyultirilgan eritmaga
tashib o’tiladi (boshqa hech qanday o’zgarishlar kuzatilmaydi). Demak, ko’rib
chigilayotgan zanjir konsentrasion element bo’lib, unda HCI konsentrasiyalarining

tenglashishi bilvosita yo’l bilan sodir bo’ladi.
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Ionlarni tashib o’tmaydigan konsentrasion zanjirlarda diffuzion potensial
bo’lmaydi, chunki ularda turli konsentrasiyali eritmalar orasida hyech ganday kontakt
yo’q (yuqorida aytganimizdek, ularda Pt elektrodlari metall o’tkazgich yordamida
ulanadi).

Ionlarni tashib o’tmaydigan konsentrasion zanjirlarga amalgamali elementlarni
ham misol qilishimiz mumkin. Ularning zanjirlari simobda eriydigan gator aktiv
metallardan tuzilishi mumkin. Simob eritmada deyarli ionlanmagani sababli, ko’pgina
metallarning amalgamalari o’zini mos metall elektrod kabi tutadi, bunda fagatgina
standart potensialning giymati metallning amalgamadagi konsentrasiyasiga garab
o’zgaradi.

Normal element

Galvanik elementning EYuUK ni oddiy voltmetr yordamida o’lchash mumkin
emas, chunki voltmetr elementning EYuK ni emas, balki voltmetrning qarshiligiga
bog’liq bo’lgan potensiallar farqini o’ Ichaydi. EYuK galvanik elementda tok
bo’lmaganda (yoki cheksiz kichik bo’ lganda) o’lchanishi kerak. Bu sharoitda galvanik
element bilan akkumulyatorning yoki yordamchi batareyaning (EYuK galvanik
elementnikidan katta bo’lishi kerak) bir xil qutblari ulanadi va shu tufayli galvanik
elementda hosil bo’layotgan elektr toki akkumulyatorning qarama-qarshi yo’ nalgan
toki bilan kompensasiyalanadi. Galvanik elementning EYuK ni kompensasiya usuli
bilan aniqlashda Vestonning normal elementi qo’llaniladi. Bu elementning EYuK
o’zgarmas qiymatga ega bo’ lganligi sababli, xalgaro etalon sifatida gabul qilingan.
Veston elementida katod vazifasini (manfiy qutb) kadmiyning to’yingan amalgamasi
(tarkibida 12,5 % Cd tutgan), anod vazifasini (musbat qutb) sirtiga Hg.SOs va Hg
larning aralashmasidan iborat pasta bilan goplangan toza simob 8
bajaradi. Elektrolit vazifasini CdSO. « - H:0nrng ortigcha miqdordagi kristallari
bo’lganCdSOming to’yingan eritmasi bajaradi (eritma Hg.SO. ga nisbatan ham
to’yingan bo’ladi). Kadmiyli elementning zanjiri quyidagicha yoziladi:

(-)(Hg) Cd / Cd?*, SO Hg 22+/ Hg (+)

4 AL

to'yingan
yoki to’liq ko’rinishda
(Hg) Cd/ CdSO4+® H20/ CdSO4/ Hg 2S04/ Hg
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to'yingan eritma

Veston elementida quyidagi reaksiya boradi va bu reaksiya muvozanat holatiga javob

beradi:

Cd + Hg»* o 2Hg + Cd* yoki to’lig holda reaksiyani
qo’yidagicha yozish mumkin:
88

+
cd Hg2SO4 ¢ 3H20 « CdSO4.3H20 ¢ 2Hg

Veston elementining 20 °S dagi EYuK Ye=1,0180 V ga teng.

Ushbu element EYuK ning haroratga bog’ligligini Ex= 1,0180 - 4,06.10 '(t - 20)
tenglama orqali ifodalash mumkin, bu yerda t - °C lardagi harorat. Veston elementi
tashish sodir bo’lmaydigan elementga misol bo’ladi.

Akkumulyatorlar

Agar elektrokimyoviy elementga elektr toki yuborilsa, uning ichida kimyoviy
o’zgarish yuz berib, elektr energiyasi kimyoviy energiyaga aylanadi. So’ngra bu
element elektrodlari sim bilan tutashtirilsa, yig’ilgan kimyoviy energiya hisobiga elektr
energiyasi hosil bo’ladi, ya’ni kimyoviy energiya elektr energiyasiga aylanadi va
element elektr toki beradi. Bunday elektrokimyoviy element akkumulyator deyiladi.
Shunday qilib, akkumulyatorlar zaryadlanganda boradigan reaksiya bir- biriga garama-
garshi kimyoviy reaksiyalardir.

Umuman, prinsip jihatdan olganda, hamma qaytar galvanik elementlar
akkumulyator bo’la olishi mumkin. Lekin ba’zi sabablarga binoan, masalan, elektr
sig’imi kichik bo’ lishi, moddalar fizik holatining to’la qaytar bo’lmasligi, saqlab
qo’yganda ba’zi kimyoviy va boshqa o’zgarishlar bo’lishi tufayli, qaytar galvanik
elementlarning hammasi ham akkumulyator bo’la olmaydi.

Hozir amalda ikki xil - kislotali (qo’rg’oshinli) va ishqorli akkumulyatorlar ko’p
tarqalgan. Kislotali akkumulyator ikki qo’rg’oshin elektroddan iborat. Bu
elektordlarning biri qo’rg’oshin (IV)-oksid bilan qoplangan bo’ladi. Elektrolit sifatida
sulfat kislotaning 32 foizli eritmasi (zichligi taxminan 1,15) ishlatiladi. Sulfat kislotaga
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tushirilgan qo’rg’oshin plastinkalar PbSOs bilan qoplanadi. Natijada, quyidagi

elektrokimyoviy zanjir vujudga kelad:

(+) Pb, PbO2/ 32% nu H,S0. /PbSO. , PhO (-)
Akkumulyator ishlaganda, ya’ni elektr toki berganda, quyidagi jarayonlar boradi:
musbat qutbda
PbO, + 4H:+ 2e ~Pb*™ + 2H,0 ; Pb ™" + SO+ " PbSO;4
Yoki umumiy ko’rinishda
PbO ; + 4H * + SOs~ + 2e ~ PbSO 4 + 2H,0

Demak musbat elektrodda hosil bo’lgan potensial:

RT a.+

=0+ RL In—

0 ’F  apbs bo’ladi.

Manfiy qutbda: Pb ~ Pb- + 2e; Pb*™ + SO, ~ PbSO , jarayonlari boradi yoki
umumiy ko’rinishda Pb + SO, A PbSOs + 2¢ . Demak manfiy elektrodda hosil bo’lgan
potensial: 1, = 10+ RTIna 2 bo’ladi. Elektrodlardagi reaksiyalar bir-biriga 2F ™
qo’shilsa, akkumulyatorda borgan umumiy reaksiya chiqadi.

Akkumulyator zaryadlanganda (undan elektr toki o’tkazilganda), bu reaksiyaning
aksi boradi. Shunday qilib:

zaryadsizlanganda »

Pb+PbO2 + 2H2S04 & 2PbSO4 + 2H20
< zaryadlanganda
Kislotali akkumulyatorning elektr yurituvchi kuchi E = ni + n, = 2,02B bo’ladi. Bu
giymatni yugoridagi Kiva k 2 ning tenglamalaridan hisoblab topish mumkin.
Ishqorli akkumulyator nikel oksid (musbat) va temir (manfiy) elektrodlardan
iborat. Elektrolit sifatida o’yuvchi kaliyning to’ yingan eritmasi ishlatiladi. Bu

elementning zanjiri quyidagicha ifodalanadi:

(+) Ni20s-nHO/KOHI-Fe (-)
Akkumulyator zaryadsizlanganda quyidagi jarayonlar boradi:

Ni203- H20+ 2e * 2NiO+ 20H
Manfiy elektrodda:
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Fe + 20H-"FeO + H, O + 2¢
Demak, umumiy reaksiya:

zaryadsizlanganda »
Fe + Ni2Os” FeO + 2NiO
~ zaryadlanganda

bo’ladi. Ishqorli akkumulyatorning elektr yurituvchi kuchi 1,35-1,33 B ga tengdir.
TOPSHIRIQLAR

Yuqorida ta’kidlaganimizdek, termodinamik jihatdan qaytar bo‘lgan
jarayonlarda (kvazigaytar reaksiyalarda) maksimal elektr ishi bajariladi. Bunday
sharoitlarda o‘Ichangan ikki elektrod orasidagi potensiallar farqi maksimal qiymatga
ega bo‘ladi va u galvanik elementning elektr yurituvchi kuchi (EYuK) deyiladi.
Galvanik elementning bajargan elektr ishi EYUK ni tashib o‘tilgan zaryad miqdoriga

ko‘paytmasiga teng:

A = zFE 9)

Agar reaksiya vaqtida z mol bir zaryadli ionlarning gaytarilishi yoki oksidlanishi
sodir bo‘lsa, unda Faradey qonuni bo‘yicha zF Kulon zaryadi tashib o‘tiladi (F=96493
KI). Faradey soni 1 g-ekv miqdordagi moddani elektrodda ajratib chigish uchun talab
gilingan elektr zaryadi.

Izobarik-izotermik gaytar jarayonda elektr ishi Gibbs energiyasining kamayishi

hisobiga bajariladi

A=-AG va AG = -zFE Yyoki AG -23063zE kal/g-ion (10) o‘rniga (10)
tenglamadagi qiymatni qo‘ysak va

Gibbs-Gelmgols tenglamasidagi AG=ARTTECAT  Gibbs energiyasining

%Ay =-AS yoki zFl — | = AS = 23063(dE/dT), kal/gradg-io n (11)
dT AdT]
ekanligini hisobga olsak:

(dE A
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-ZFE=AH-TzF I —|
1dT)

(dEA _ . (12)
AH = -zFI E - T dE =23063[ T(dE/dT)p-E] kal/g-ion

kelib chigadi. de/dT hosila EYuK ning harorat koeffisiyenti deyiladi. Galvanik
elementning tabiatiga garab de/dT musbat yoki manfiy giymatlarni qabul qilishi
mumkin. (12) tenglama galvanik elementda borayotgan reaksiyaning issiglik effektini
hisoblash imkoniyatini beradi.

Talabalarga Kiselyevada keltirilgan (10-bob, “Ko‘p variantli masalalar”) 5-
masala beriladi. Masalada gator elementlar elektr yurituvchi kuchining temperaturaga
bog’ ligligini ifodalovchi tenglamalar berilgan. Berilgan ma’lumotlardan foydalanib
kimyoviy ta’sirlarning termodinamik xarakteristikalarini (Gibbs energiyasi, entropiya

va entalpiyalarni) hisoblang. llovadagi jadvalda javoblar keltirilgan.
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ELEKTROKIMYOVIY REAKSIYANING MUVOZANAT KONSTANTASI

(2 coar)

Amaliy mashg’ulotlarning maqsadi: Oksidlanish darajasi o'zgaruvchi
ionlarning ishtirokida boruvchi reaksiyalarning muvozanat konstantalarini
hisoblash. Muvozanat konstantalarining giymatlariga garab gaytaruvchining

ganday oksidlanishi hagida hulosa chigarish.
NAZARIY QISM

Elektrod muvozanat eritmadagi ionlarning har qanday konsentrasiyasida
(aktivligida) vujudga kelishi mumkin va bu muvozanat o‘zining potensialiga ega
bo‘ladi. Ikkita 0°z-o‘zicha muvozanat holatidagi elektrodlardan galvanik element hosil
qilinadi, ya’ni muvozanatda bo‘lmagan sistema vujudga keladi. Buning sababi
metallardagi elektronlarning zichligi turlicha bo‘lishidir, shuning uchun elektronlar
tashqi zanjir orqali bir metalldan ikkinchisiga o‘tishga intiladi, ichki zanjirda esa
ionlarning tashilishi kuzatiladi. Jarayon sistemada muvozanat garor topguncha davom
etadi. Galvanik elementdagi termodinamik muvozanat konstantasini AG o= - RT In KaVa
AG® =zFE° tenglamalardan foydalanib topiladi, bu yerda Eo-standart EYuK (hamma

ionlarning o‘rtacha aktivliklari 1 ga teng bo‘lganda):

InK, = zZFE° /RT va  IgKa =zFE%2,3RT (1)

Yakobi-Daniel elementining EYuK 1,1 B ga teng. (1) tenglamaga binoan
hisoblangan muvozanat konstantasi K. = 2 « 10s» ga teng. Muvozanat konstantasining
bunday katta giymatni qabul qilishi jarayon kimyoviy qaytmas ekanligini ko‘rsatadi:
jarayon misning to‘la qaytarilishigacha davom etadi; mis tuzi eritmasiga rux metalini

tushirsak, eritmadagi barcha mis ionlari 0‘z-0‘zidan metall holida ajralib chigadi.

SEMINAR TOPSHIRIQLARI
Galvanik element tuzishga foydalanish mumkin bo‘lgan, oksidlanish darajasi
o‘zgaruvchi ionlar ishtirokida boruvchi, ya’ni elektrokimyoviy reaksiyalarning
muvozanat konstantalarini hisoblash ushbu seminarda muhokama gilinadi.
Talabalar ishtirokida galvanik elementning EYuK bilan ushbu galvanik

elementda boruvchi kimyoviy reaksiyaning muvozanat konstantasi orasidagi bog’
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lanish haqida nazariy masalalar qisqacha ko‘rib chiqiladi. Quyidagi reaksiya misolida

muvozanat konstantasini tahlil gilamiz:

2Al + 3Cu™ "~ 2AI"™ + 3Cu

Muvozanat konstantasi: Ka= a2aP* /alcu?*

Umumlashgan holda: 2,Mi+ ZiM2* A M + ziM,

Muvozanat konstantasi:

= z z1
Muvozanat garor topganda: Ka=ar2/a

E = Ei°-E2° = [Ei°-(RT/ziF)Inai]-[E2°-(RT/z2F)Inaz] = 0

bundan: (Ei°-E2°) = (RT/ziz2F)(z2Inai-zilnaz) = (0,059i6/ziz2)lg(ai*2/a2*')

zz1 00

va lg(a1?2/a2* ) = IgKa = z1z2(E1°-E2°)/0,05916 (2)
metal ionlarining zaryadlari teng bo‘lsa yuqoridagi ifoda soddalashadi:

lgKa= z(E1°-E2°)/0,05916 (3)
So‘ngra Kaning son giymati aniglanadi.

Berilgan elektrokimyoviy reaksiyaning muvozanat konstantasini hamda ikkala
metallning vodorod bilan oksidlanish-gaytarilish  reaksiyalarining muvozanat
konatantalarini hisoblang. Standart elektrod potensialning ishorasi vodorod elektrodga
nisbatan aniglangan potensialning qiymatiga teskari olinadi. Reaksiya chapdan o‘ngga

0‘z-o‘zidan boruvchi deb hisoblanadi. Temperatura standart - 298K ga teng.

Topshiriglar individual bo‘lib, ularni tuzish uchun 10 ta elektrodning standart

potensiallari tanlab olingan:
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Jadval

Ayrim elektrodning standart potensiallari va zaryadlari

No Metall *Standart elektrod potensial Zaryad
1 Al 1,660 3
2 Zn 0,763 2
3 Fe 0,440 2
4 Cd 0,403 2
5 Ni 0,250 2
6 Pb 0,126 2
7 H 0,000 1
8 Cu -0,337 2
9 Cu -0,521 1
10 Hgz -0,854 2

* Standart elektrod potensialning ishorasi vodorod elektrodga nisbatan aniglangan

potensialning giymatiga teskari olinadi.

Quyidagi jadvalda topshiriglarning natijalarini tekshirish uchun zarur ma’
lumotlar keltirilgan. Ushbu topsirigni bajarish elektrokimyoning nazariy tomonlarini
talabalar  tomonidan  mustahlamlashdan  tashgari muvozanat konstantalari
giymatlarining o‘zgarish kattaliklari bilan ham habardor qiladi va gaytaruvchining

ganday darajada oksidlanishi hagida tasavvurni kengaytiradi.
Jadval

Standart temperaturada ishlaydigan galvanik elementlarda amalga
oshiriluvchi elektrokimyoviy reaksiyalarning muvozanat konstantalarini

hisoblashga berilgan topshiriq uchun ma’lumotlar.
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Galvanik

157-tenglama- dagi

Elektrod juftlik e ) i lgKa Ka
zanjirning EYuK| zaryad miqgdori
1-2 0,897 6 91,00 1,00.10%
1-3 1,220 6 123,70 5,00.10%
1-4 1,257 6 127,40 2,50.10:%7
1-5 1,410 6 142,90 8,00.10:%2
1-6 1,534 6 155,60 4,00.10:%
1-7 1,660 3 84,20 1,60.10%
1-8 1,997 6 202,60 4,00.10%%
1-9 2,181 3 110,70 5,00.10110
1-10 2,514 6 254,50 3,00.10%*
3-4 0,037 2 1,25 1,78.101
3-5 0,190 2 6,43 2,70.106
3-6 0,314 2 10,61 4,10.1010
3-7 0,440 2 14,89 7,80.1014
3-8 0,777 2 26,30 2,00.10%
3-9 0,961 2 32,50 3,20.10%
3-10 1,294 2 43,80 6,30.10%
5-6 0,124 2 4,19 1,55.104
5-7 0,250 2 8,46 2,88.10s
5-8 0,587 2 19,85 7,10.1019
5-9 0,771 2 26,10 1,25.10%¢
5-10 1,104 2 37,35 2,22.10%
7-8 0,337 2 11,39 2,46.1011
7-9 0,521 1 8,82 6,60.10s
7-10 0,854 2 28,85 7,10.107%8
2-3 0,325 2 10,92 8,30.1010
2-4 0,360 2 12,17 1,48.1012
2-5 0,513 2 17,36 2,29.1017
2-6 0,637 2 21,55 3,55.1021
2-7 0,763 2 25,80 6,31.10%®
2-8 1,100 2 37,20 1,59.10%
2-9 1,284 2 43,50 3,20.10%
2-10 1,617 2 54,70 5,00.10%
4-5 0,153 2 5,18 1,50.10s
4-6 0,277 2 9,37 2,34.109
4-7 0,403 2 13,63 4,27.1013
4-8 0,740 2 25,00 1,00.10%
4-9 0,924 2 31,20 1,60.1031
4-10 1,257 2 42,50 3,00.10%
6-7 0,126 2 4,27 1,86.104
6-8 0,463 2 15,65 4,47.1015
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Elektrod juftlik Galvanik 157-tenglama- lgKa Ka
zanjirning EYuK|  dagi zaryad

6-9 0,647 2 21,85 7,10.10%
6-10 0,980 2 33,15 1,40.10%
8-9 0,184 2 6,22 1,66.106
8-10 0,517 2 17,50 3,16.10%
9-10 0,333 2 11,26 1,82.1011

Yuqoridagi topshirigni bajargan talabalar oksidlanish-gaytarilish

muvozanatlarini hisoblashga o‘tishlari mumkin. Buning uchun
Eredox = (RT/zF)In(ared/aox) 4)

ckanligini talabalar bilan birgalikda eslab olish kerak. Zarur ma’lumotlar fizik-
kimyoviy kattaliklar keltirilgan gisqa ma’ lumotnomada berilgan. Birinchi misollarni
eng sodda oksidlanish-gaytarilish sistemalarining kombinasiyalarini hisoblashdan

boshladh magsadga muvofiqdir.

Faol talabalar uchun yana bir topshiriq - galvanik elementlarning sxemalarini
tuzishdan iborat: Yakobi-Daniel, Veston elementlari, bufer eritmaning pH muhitini
aniglash zanjiri, alohida elektrodlarning potensiallarini aniglash uchun va

konsentrasion zanjirlarning sxemalari.

3-AMAJIMI MAIIFYJIOT. KUMEBH KHHETHUKA BA KATAJIN3
MYAMMOJIAPM. (2 coar)

ATrally mashg’ulotlarning magsadi: Kimyoviy reaksiyaning tartibini aniglash.

Arrenius tenglamasining gollanilishini o¢zlashtirish.
NAZARIY QISM

Kimyoviy reaksiyaning tezligi

Kimyoviy reaksiyaning tezligi deb, o°‘zaro ta’sirlashayotgan moddalar
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konsentrasiyasining vaqt birligi ichida o‘zgarishiga aytiladi. Reaksiya davomida
dastlabki olingan moddalarning miqdori kamayib boradi, aksincha, hosil bo‘layotgan
moddalarning miqdori esa ko‘payib boradi. Agarda reaksiya davomida ishtirok
etayotgan moddalarning konsentrasiyalari vaqt birligi oralig‘ida kichik miqdorga
o‘zgaradi desak, reaksiya tezligi quyidagicha ifodalanadi:
1zdC dcC' (1)
V=- yoki V= -aem
dt dt
Bunda C va C lar mos ravishda boshlang‘ich moddalar va reaksiya mahsuloti

konsentrasiyalari.

Yuqorida ta’kidlaganimizdek, bir tomonga yo‘nalayotgan reaksiyani ikki turda
tasniflash mumkin: birinchidan, borayotgan reaksiyaning tenglamasi bo‘yicha reaksiya
tezligi tenglamasi orqali olingan reaksiya tartibiga ko‘ra; ikkinchidan, reaksiyaning
molekulyarligi, ya’ni ayni reaksiyada ishtirok etayotgan zarrachalarning soniga ko‘ra.
Reaksiyaning tartibi deb, yuqorida ta’kidlaganimizdek, reaksiyaning kinetik
tenglamasidagi daraja ko‘rsatichlari yig‘indisiga aytiladi. Masalan, quyidagicha

reaksiya sodir bo‘layapti desak:

ViAt+V2A2+ ... " V3A:+VisAs+...

bunda to’g’ri reaksiya tezligining V=KCV.Cx.... kinetik tenglamasi bo’yicha aa,

reaksiya tartibi (vi + v2+...) yig‘indi orqali ifodalanadi.

Reaksiyaning tartibi va molekulyarligi ko‘pchilik hollarda bir-biriga mos
kelmaydi. Bu Kkattaliklar oddiy reaksiyalar uchun mos kelishi mumkin. Chunki
jarayonning borishini ifoda etayotgan reaksiya tenglamasi amalda sodir bo‘layotgan
oralig jarayonlarni to‘liq qgamrab ololmaydi, natijada reaksiyaning mexanizmi
yoritilmay goladi.

Sodir bo‘layotgan reaksiya bir bosqichdan iborat bo‘lsa, reaksiyaning tezligi
o‘zaro ta’sirlashayotgan moddalar stexiometrik koeffisiyentlariga mos ravishda
ularning konsentrasiyalariga proporsional bo‘lar edi, ya’ni yuqorida keltirilgan reaksiya

tenglamasi uchun quyidagini yozish mumkin bo‘lardi:

7= €L y/ Vi c2%2 O~x
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v_ke, ¢, )
bunda k - reaksiya tezligi doimiysi (reaksiyaga Kirishayotgan moddalar
konsentrasiyalari birga teng bo‘lgandagi reaksiya tezligi). Uning o‘lchov birligi
Pi]=[cf- [tf.

Hagigatdan ham, amalda ko‘pchilik reaksiyalar tezliklari turlicha bo‘lgan bir
gator bosqichlardan iborat bo‘lib, umumiy reaksiyaning tezligi ana shu bosqichlar
ichida eng sekin boruvchi bosqichning tezligi bilan o‘lchanadi. Shuning uchun ham, (2
166) tenglamadagi dastlabki moddalar stexiometrik koeffisiyentlaridan iborat daraja
ko‘rsatkichlari (viv2...) butun sonlardan tashqari kasr sonlardan ham iborat bo‘lishi
mumkin.

Odatda oddiy reaksiyalar uchun reaksiya tartibi o‘zaro reaksiyaga kirishayotgan

moddalar stexiometrik koeffisiyentlarining yig‘indisidan iborat bo‘ladi, ya’ni n=Xv.

Reaksiya davomida bitta yoki bir necha moddalarning miqdorlari o‘zgarmay
qolsa, yuqorida ta’kidlaganimizdek, reaksiyaning “psevdo” yoki “kuzatilgan tartibi”

degan ibora ishlatiladi. Misol uchun, shakarni inversiyalanish reaksiyasini olaylik:

C12H22011 + H2 O w+2C6H1206
Ayni reaksiyada shakardan tashqgari erituvchi sifatida suvning ishtirokini va
reaksiya Kislotali muhitda borishini hisobga olgan holda, reaksiya tezligini quyidagicha

ifodalash mumkin:
V=K[ Cr2H22011] [H20][H30™]

Tenglamadan ko‘rinib turibdiki, ayni reaksiyani uchinchi tartibli reaksiya deyish
mumkin edi. Aslida esa reaksion aralashmadagi suvning miqdori erituvchi sifatida
ortigcha ekanligi va gidroksoniy ioni katalizator sifatida o‘zgarmas miqdorga ega
bo‘lganligi sababli, reaksiya tezligini

V =k [ C12H22011]
ko‘rinishda yozish kifoya qiladi. Natijada yuqoridagi reaksiya birinchi tartibli reaksiya
ekanligini ko‘ramiz.

Reaksiyaning molekulyarligi ishtirok etayotgan elementar atom yoki

molekulalarning aniq soniga bog‘liq bo‘lib, odatda 1 dan 3 gacha bo‘lIgan butun sonlar

99



orqali ifodalanadi. Chunki to‘rtta atom yoki molekulani bir vaqtda o‘zaro to‘qnashishi
amaliy jihatdan mumkin emas.

Reaksiya tartibi va molekulyarligini reaksiya mexanizmiga bog‘ligligini
chuqurrog tushunish uchun misol tarigasida ikki valentli temirni kislotali muhitda
kislorod bilan oksidlanish reaksiyasini ko‘rib chiqaylik. Reaksiya tenglamasini

quyidagicha ifodalaymiz:

AFe?* +4H++ O2MFe3* + 2H20
Tenglamadan ko‘rinib turibdiki, reaksiya sodir bo‘lishi uchun 4 ta temir ioni, 4
ta vodorod ioni va bitta kislorod molekulasi, ya’ni 9 ta zarracha bir vaqtda o‘zaro
to‘gnashishi kerak. Lekin amaliy jihatdan bu mumkin emas. Ikkinchi tomondan, ayni
zarrachalarning sakkiztasi musbat zaryadlangan zarrachalar bo‘lib, ular o‘zaro itarilish
kuchiga egadirlar. Shuning uchun ham, ushbu reaksiyaga quyidagi bosqgichlardan iborat

reaksiyalar majmuasi sifatida garash mumkin:

Fe?* + 020 Fe®* + O.
0+ H" HO.

Fe?* + HO2 " Fe®* + HO,
HO; + H* A H202

Fe** + H202" Fe** + OH- + OH

Fe’* + OH " Fe** + OH.-
H* + OH -0- H20

Keltirilgan reaksiya tenglamalaridan ko‘rinib turibdiki, birorta ta’sirlanishda
ikkitadan ortiq zarrachalar ishtirok etmaydi va shu bilan birga, bir xil zaryadli
zarrachalar ham o‘zaro to‘qnashmaydi. Xulosa qilib aytganda, reaksiya mexanizmi
reaksiyani tashkil etuvchi bosgichlar majmuasidir.

Reaksiyaning molekulyarligi o‘zaro to‘gnashayotgan zarrachalarning soniga
bog‘liq ravishda monomolekulyar, bimolekulyar va uchmolekulyar bo‘lishi mumkin.
Lekin biz yuqorida gayd etganimizdek, uchta va undan ortiq zarrachalarning bir vaqtda
o‘zaro to‘gnashish ehtimolligi juda kichikdir. Sxematik ravishda reaksiyaning

molekulyarligini quyidagicha ifodalash mumkin:
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1) ; AL - monomolekulyar reaksiyalar
2) A+B"L;2A4"L - bimolekulyar reaksiyalar;
3) A+B+C"L;2A4+ B"L;3AL - uchmolekulyar reaksiyalar.

Agarda reaksiya davomida bir dona o‘zaro ta’sirlashish sodir bo‘layotgan bo‘lsa,
reaksiya tartibi bilan molekulyarligi bir-biriga teng bo‘ladi. Murakkab reaksiyalarda
esa reaksiya tartibi alohida reaksiya bosqichlarining molekulyarliklariga bog‘liq
bo‘ladi.

Sodir bo‘layotgan reaksiyalar moddalarning o‘zaro ta’sirlashishiga ko‘ra, oddiy
va murakkab reaksiyalarga bo‘linadi. Odatda, oddiy reaksiyalar bir tomonga yo‘nalgan
bo‘lib, bitta kimyoviy bosqichdan iborat bo‘ladi. Murakkab reaksiyalarning bir necha

turlari mavjud bo‘lib, ularni sxematik ravishda quyidagi turlarga bo‘lish mumkin:

1. Qaytar reaksiyalar
A+BL+ M
2. 'Yonma-yon (parallel) boruvchi reaksiyalar

B xL+...

¢ M+ ..
3. Birgalikda boruvchi reaksiyalar

A+B——L (a)

A+C—M (b)
Bu turdagi reaksiyalar sodir bo‘layotganda reaksiyalardan biri o0‘z-o‘zicha boradi va
uning mahsulotlaridan biri ikkinchi reaksiyaning sodir bo‘lishiga sababchi bo‘ladi.
Masalan, bizning misolimizdagi (a) reaksiyada hosil bo‘lgan L moddasi (b)
reaksiyaning sodir bo‘lishiga yordam beradi. Odatda, ikkala reaksiyada ham ishtirok
etuvchi A modda aktor deb ataladi. A moddasi bilan oson reaksiyaga kirishib ikkinchi
reaksiyani sodir bo‘lishiga sababchi bo‘luvchi B modda induktor deb ataladi. C
moddasi akseptor deb ataladi. O°‘z-o‘zicha sodir bo‘luvchi birinchi reaksiyani
birlamchi, uning ketidan boruvchi reaksiyani ikkilamchi reaksiya deb ataladi. Misol
tariqasida Fe** ioni kuchli kislotali muhitda H202 bilan oksidlanish reaksiyasini

ko‘rishimiz mumkin:
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HO2+2FeCl2 2H#-22FeCls+H20 (@)
HO.- 2fI('l > Cl2+2H20 (b)
Bunda H20:2 - aktor, Fe?* - induktor, HCI - akseptor vazifasini bajaradi va (a) reaksiya

birlamchi , (b ) esa, ikkilamchi reaksiyadir.
4. Ketma-ket boruvchi reaksiyalar

ANB"C...; A+B+... \C+D+... >1" M ...

Umuman, formal kinetikaning vazifasi reaksiyada ishtirok etayotgan moddalar
konsentrasiyasining vaqt birligi ichida o‘zgarishini o‘rganish orgali har ganday
sharoitda reaksiya doimiysini hisoblash imkonini beruvchi tenglamalarni ishlab
chigishga garatilgan. Buning uchun o‘rganilayotgan reaksiya tartibini aniqlash asosiy
omillardan biri hisoblanadi.

Reaksiya tartibi

O‘zgarmas haroratda reaksiyaning Kkinetik tenglamasini chigarish uchun
reaksiyada ishtirok etayotgan moddalardan birortasining konsentrasiyasi vaqtga
bog‘ligligini o‘rganish kerak. Buning uchun (2) tenglamasidan foydalanamiz. Agarda
(2) tenglamani integrallasak konsentrasiya bilan vaqt o‘rtasidagi o‘zaro bog‘liglik kelib
chigadi. Olingan natijalarni amaliy yo‘l bilan aniglangan konsentrasiyaning (Ci) vaqtga

bog‘liglik egrilari bilan taqqoslash orqali reaksiya tartibi aniqlanadi.

Birinchi tartibli reaksiyalar. Bunday reaksiyalarga radioaktiv parchalanish,
izomerlanish, moddalarning gaz fazasida parchalanishi va boshgalarni misol qilib
keltirish mumkin.

Sxematik ravishda quyidagi reaksiya tenglamasini olaylik: A——L +
(2) tenglamadagi moddalar konsentrasiyasi o‘rniga ularning mollar sonidan
foydalanaylik. Reaksiya boshlanmasdan avval V hajmda (t=0) A moddaning mollar
soni a ga teng desak, t vaqt o‘tgandan so‘nggi mollar soni X ga teng. A moddaning t
vaqtdagi miqgdori (a-x) molga teng bo‘ladi, dC  1dx

natijada, \/ et

Co—V C—
bo’ladi, bunda ! va C lar dastlabki moddaning boshlang’ich va t vaqtdagi
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konsentrasiyalari.

Olingan natijalarni (2) bilan taggoslasak,

dI'Ald (a-x)dx (3)
—t e — — —ki(a-x)
dt dt dt:

kelib chigadi. Monomolekulyar reaksiyalarda reaksiyadan so‘ng olingan moddaning
miqdori dastlabki modda hajmiga bog‘liq bo‘lmaganligi sababli, yuqoridagi

tenglamaga hajm kiritilgan emas. Agarda (3) ni quyidagicha yozsak va uni 0 dan x va 0

dx
o Kt (4)

dan t oraliglarida integrallasak

I-a -In(a-x) = In * = kit (5)
a-x
hosil bo‘ladi. (5) dan birinchi tartibli reaksiya tezligi doimiysi ki ni topish mumkin:
ki— -In-"-
ta-x
Reaksiya tezligi doimiysining o’Ichov birligi [ki] = [¢]*" [t;z dan n=1 bo’lganda
fiil = [tj* bo‘ladi. Shuning uchun birinchi tartibli reaksiya tezlik doimiysi
konsentrasiyani ifodalash o‘lchov birligiga bog‘liq bo‘lmaydi. Agarda reaksiyaga
kirishayotgan moddalar konsentrasiyasining o‘zgarishini X: bilan, hosil bo‘layotgan

moddalar konsentrasiyasining o‘zgarishini x2 bilan belgilasak,

reaksiya uchun olingan dastlabki moddalar
miqgdori a ning vaqt t ga bog‘ligligi 12-rasmda
ko‘rsatilgan.

Sodir bo‘layotgan reaksiyalarni o‘rganishda

) reaksiyaning yarim yemirilish vaqti ty, dan
foydalaniladi. Bu vagt reaksiya uchun olingan
modda miqgdorining yarmi sarflangan vaqt bilan o‘lchanadi.
12-rasm. Dastlabki modda xi1va
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reaksiya mahsuloti x2
konsentrasiyalari o‘zgarishining
vaqtga bog‘liqligi.

Shunga muvofig, (5) tenglamadan x = a; t = t. ekanligini hisobga olsak

In2 0,693 t/ ----- = (6)
—ki K1
bo‘ladi va ko‘rinib turibdiki, reaksiyaning yarim yemirilish vaqti fagat muvozanat

doimiysiga bog‘liq bo‘lib, reaksiya uchun olingan moddaning boshlang‘ich
konsentrasiyasiga bog‘liq emas ekan.

Birinchi tartibli reaksiyalarga quyidagilarni ko‘rsatish mumkin:

1. Asetoxloranilinni paraxlorasetoanilidga izomerlanish reaksiyasi

NCICOCH3 NHCOCHS3

Cl
2. Ikkimetil efirining parchalanishi
CHs-0O-CHs--"ILH2+CO
3. Murakkab efirning suyultirilgan eritmadagi gidrolizi
CH3COOC2Hs H20 >("H;COOH C2HsOH
Bu reaksiyada suvning migdori ko‘p bo‘lganligi sababli, uning konsentrasiyasi
o‘zgarmay gqoladi deb hisoblanadi. Shuning uchun ham, bu kabi reaksiyalarni
“psevdomonomolekulyar” reaksiyalar, deb ataladi.
Ikkinchi tartibli reaksiyalar. Ikkinchi tartibli reaksiyalarga turli fazalarda sodir
bo‘ladigan gomogen reaksiyalarni misol gilib olishimiz mumkin. Masalan, murakkab

efirni sovunlanishi va eterifikasiya reaksiyalari:

RCOORi+NaOH -RCOONa+RiOH
CH3COOH+ C2Hs0H-- CH3COOC2Hs5+H20

Gaz fazada sodir bo‘ladigan birikish reaksiyalari:

Ha2+J2-2HJ
C2Hs+H2-C2Hs
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Agarda yuqoridagi reaksiya tenglamalarini umumiy A+B~L+M sxematik
reaksiya tenglamasi orgali ifodalasak va dastlabki vaqtdagi (t=0) 4 va B moddalarining
konsentrasiyalarini mos ravishda a va ¢ deb olsak, t vaqt o‘tgandagi konsentrasiyalarini

(a-x) va (s-x) deb olsak, (2) tengligini quyidagicha yozish mumekin:

dx (7)

dx
@-x(b-x = kedt (8)

dx =ka(a - X)(b - x)

(7) dagi o‘zgaruvchan kattaliklarni ajratsak, hosil bo’ladi. Bu tenglamalardagi ko -

ikkinchi tartibli reaksiya tezligi doimiysi. Agarda reaksiyaga kirishayotgan moddalar

d
@ =l (9)

konsentrasiyalari o‘zaro teng bo‘lsa (a=¢), (8) quyidagicha yoziladi:

Reaksiyaning dastlabki shartlari =0 va x=0dan kelib chiggan holda (9) (10)
ni integrallasak, ayni holat uchun ikkinchi tartibli reaksiyaning kinetik

tenglamasi hosil bo‘ladi: (11)

............ =kl

a-xa

(12)

(10) dan x va k2 larning giymatlarini topish mumekin:

1+ akel
= x
ta(a-x)
(12) dan ko‘rinib turibdiki, ikkinchi tartibli reaksiya tezligi doimiysining o‘Ichov birligi
go’llanilayotgan konsentrasiya birligiga bog’liq bo’lib [k.] = [c]*[t]*, mol*/l s~ bilan

ifodalanadi.

Ikkinchi tartibli reaksiyalar uchun yarim o‘zgarish vaqti tushunchasini bitta
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modda ikkinchi tartibli reaksiya mexanizmi bo‘yicha o‘zgarsa yoki ikki moddaning
konsentrasiyalari o‘zaro teng bo‘lgan hollardagina qo‘llanishi mumkin. Agarda
reaksiyaning yarim o‘zgarish vaqtini t12 desak, shu vaqt oralig‘ida sarf bo‘lgan modda
miqdori a/2 ga teng bo‘lsa, (12 176) dan

1
tip=T~

(13)

ako
ekanligini ko‘ramiz. (13) dan ko‘rinib turibdiki, yuqoridagi shartga ko‘ra yarim
o‘zgarish vaqti ikkinchi tartibli reaksiyalar uchun moddalar konsentrasiyasiga teskari
proporsional kattalikdir.
Agarda reaksiyaga Kkirishayotgan moddalar Kkonsentrasiyalari o‘zaro teng

bo’lmasa (ass), (6) ga asosan

dddx (1 1N /1QA
kedlt = =mmnn 1 ~mmmmeemmmeee | (13)
a-bMa-xb-xJ
tengligi kelib chigadi. (13) ni x=0 dan x gacha va t=0 dan t gacha integrallash
quyidagini beradi:

(14)
kot =——{In(a - x) - In(b - x)] --------- -- —In—
a-b a-ba
bunda Inb integrallash doimiysi. a-b a
(14) dan k2ni gqiymati quydagiga teng bo‘ladi: (15)

k2=-L-hb(") t(a-b)a(b - x)

Reaksiya uchun olingan moddalardan birining konsentrasiyasi ikkinchisidan
ancha katta bo‘lsa (masalan, b>>a va hech vaqt a>b bo‘la olmasligini hisobga olsak ),

(14) ni quyidagicha yozish mumkin:

In] —a— I = bk21 (16)
ra-xJ
(4) va (16) lardan kit=bkatyoki ki=bkz ekanligini ko‘rish mumkin. Demak, bu turdagi
reaksiyalarni birinchi tartibli reaksiyalarga taggoslash mumkin ekan.
Uchinchi tartibli reaksiyalar. Uchinchi tartibli reaksiyalar
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uchun dastlabki moddalar konsentrasiyalari bir-biriga teng bo‘lgan hol uchun kinetik

tenglamalarni nisbatan sodda ko‘rinishda ifodalash mumkin:

— = ks (a-x)?
dt 3
Agarda (17) ni 0 dan x va 0 dan t oraliqda integrallasak,

k31= 1Q
(a-x)? 2a?
hosil bo‘ladi. Bunda integrallash doimiysi. (18) dan quyidagi kelib chigadi: 2a?
k x?(2a-x)
8 2ta?(a-x)

Reaksiya uchun olingan dastlabki moddalar miqgdorlari turlicha bo‘lsa, ya’ni a

Des Dc,

x==ks(a-x) (b-x) (c-x) (19)
bo‘ladi. Agarda bu tenglamani integrallasak, ks ning giymatini topamiz:

aa lss 1,1 (20)

In--------- 1--mmmmmmmoee In------- 1 --mmmmmmeeeee In-------

t1 (a-6)(c-a)a-x(a-6)(e-c)e-x(6-c)(c-a)Cc-x
Uchinchi tartibli reaksiya tezligi doimiysining o‘lchov birligi [k:] = [C]?[t]- orqali,

ya’ni mol212 s yoki mol? sm2 s larda ifodalanadi.
Uchinchi tartibli reaksiyalarga quyidagilar misol bo‘la oladi:

2NO+02"2NO2 2NO+Ch”"2NOCI
Umuman olganda, o‘zaro ta’sirlashayotgan moddalar miqdorlari bir xil bo‘lgan
hol uchun n-tartibli reaksiyaning tezlik doimiysini yuqorida gilingan hisoblashlar
asosida quyidagicha ifodalash mumekin:

k_1 lan*(axx)?

"=~t(n-1) a"(axx)"!

(21)

n- tartibli reaksiyaning o’Ichov birligi [k.] = [c]."[t] ¢ ko ’rinishda ifodalanadi. Bu kabi

reaksiyalarning yarim ajralish vaqgti quyidagiga teng:
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1 1 2n (22)

2=y, (n-1) ant

Agarda vaqt o‘tishi bilan reaksiya tezligi o‘zgarmasa, bunday reaksiyalar

nolinchi tartibli bo‘ladi. Masalan, yuqorida keltirilgan efirni suvda gidrolizlanishi:

CH3CHOC2Hs + H2.) > CH3COOH + C2HsOH
reaksiyasida efirning miqdori ortiqcha olinsa, reaksiya natijasida sarflanayotgan efir
o‘rni efir gatlamidan uzluksiz to‘ldirilib borilganligi sababli, uning konsentrasiyasi
doimiyligicha qoladi. Natijada reaksiya tezligi o‘zgarmaydi va bu kabi reaksiya
nolinchi tartibga ega bo‘ladi. Nolinchi tartibli reaksiyalar ko‘pchilik geterogen va
fotokimyoviy jarayonlarda uchraydi. (21) tenglamaga n=0 ni qo‘ysak va tegishli
o‘zgartirishlar kiritsak,
a-x=a-kot (23)

ekanligini ko‘rish mumkin. Nolinchi tartibli reaksiyaning o‘lchov birligi [ko] = [c][t] !
yoki moll?! s bilan ifodalanadi. (22) ga n = 0 qo‘ysak, nolinchi tartibli reaksiyaning

yarim o‘zgarish vaqtini topamiz:

= (24)

a-x Demak, (24) ga ko‘ra, yuqoridagi kabi
reaksiyalar uchun t» modda miqg-doriga
to‘g‘ri proporsional va tezlik doimiysiga

teskari proporsional kattalik ekan.

13-rasmdan ko‘rinib turibdiki, n=0

>

t

bo‘lganda a-x ning vaqt bilan o‘zgarishi deyarli to‘g‘ri chizigdan iborat.

13-rasm. Dastlabki migdorlari teng
bo‘lgan turli tartibdagi

reaksiyalarning kinetik egrilari.

n=1van = 2 bo‘lganda bu bog‘liglik egri ko‘rinishiga ega. Yuqorida keltirgan
misolimizdan tashqari ko‘pchilik radioaktiv parchalanish reaksiyalari ham nolinchi

tartibli reaksiyalarga Kiradi.
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Reaksiya tartibini aniglash usullari

Reaksiya tartibini aniqlashning bir necha tajribaviy usullari mavjud bo‘lib, ularni
Ikki guruhga - integral va differensial guruhlarga bo’lish mumkin. Bu usullar olingan
tajribaviy ma’ lumotlarni kinetik tenglama-larga qo‘yish va grafik usuldan
foydalanishga asoslangan.

Kinetik tenglamalarga olingan natijalarni qo‘yib, butun sonlar orqali ifodalangan
0 dan 3 gacha bo‘lgan reaksiya tartibini aniglash mumkin. Buning uchun dastlab 0 dan
3 gacha bo‘lgan reaksiya tartibi uchun tezlik doimiysini turli vaqt uchun hisoblab
ko‘riladi. Agarda olingan natijalar, masalan, birinchi tartibli reaksiya tenglamasi
bo‘yicha muvozanat doimiysi vaqt o‘tishi bilan doimo oshib yoki kamayib borsa, ayni
kinetik tenglama o‘rganilayotgan reaksiyaga mos kelmasligini ko‘rsatadi. Natijada,
hisob-lashlar boshga kinetik tenglamalar orgali bajariladi. Agarda tezlik doimiysining
giymati turli vagt uchun bir-biriga mos kelsa yoki amaliyotda yo‘l qo‘yiladigan ba’zi
xatoliklarni hisobga olgan holda bir-biridan oz migdorga farq qilsa, reaksiya tartibi shu
kinetik tenglama orqali ifodalangan tartibga to‘g‘ri keladi. Agarda qilingan
hisoblashlar hyech gaysi tenglamada qonigarli natija bermasa, o‘rganilayotgan reaksiya
mexanizmi murakkab ekanligi va reaksiya tartibi kasr sonlar orqali ifodalanishi yoki

manfiy ishoraga ega bo‘lishi mumkin ekanligini ko‘rsatadi.
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Ite )

Ina 3

@ ™ @ x

a“j 2)

L a7
v t g t
O‘rniga qo‘yish usulining ikkinchi turi grafik usuli bo‘lib, bunda 0 dan 3-

tartibgacha bo‘lgan reaksiyalar uchun mos ravishda (a-x), In(a-x), (a-x)* va
14-rasm. Reaksiya tartibini grafik usulida aniglash

(a - n=0; b - n=1; v-n=2vag - n=3 uchun).

(a-x)? kattaliklarni vaqtga bog‘liglik chizmalari tuziladi. 14-rasmda ko‘rsatilganidek,
bog‘liglik to‘g‘ri chizigdan iborat bo‘lsa, ayni reaksiya shu tartibga mos kelishini
ko‘rsatadi. a, b, ¢ va g rasmlarning ordinata o‘qidagi a, Ina, a va a kesmalar mos
ravishda dastlabki modda miqdorlariga to‘g‘ri keladi. To‘g‘ri chiziglarningog‘ish
burchaklaridan muvozanat doimiysini topish mumkin, ya’ni n =0 va n = 1 bo’lganda -
tga = ko va -tga = kiga, n = 2 va n = 3 bo’lganda tga = k2 va tga = 2ks ga teng
bo‘ladi.

Reaksiya tartibini aniglashning integral usullaridan biri yarim ajralish vaqti
usulidir. Bu usulga ko‘ra, (22) tenglamadan foydalanamiz. Agarda (22) ni quyidagi

ko‘rinishda yozib olsak,
(25)

1:}/761”_l = _onl g

tiza™ ko‘paytma o‘zgarmas kattalik ekanligini ko‘ramiz. Agarda reaksiya

boshlang‘ich ai, az, .. ai miqdorlarda olib borilsa,
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(tr2)181" =(tr)22" 2 =...=(to2)iy™ (26)

tengliklarini yozish mumkin. Bu tengliklardan n ning giymatini
topish mumkin ™ (o)1 G Ina, - Inay (27)

Reaksiya tartibini aniglashning grafik usullaridan biri (22) tenglamaning

logarifmlangan ko‘rinishidan, ya’'ni
(n-1)Ina (28)
n»1_|nt1/2 =In2 L.

\ tenglamasidan foydalanishga asoslangan.

Intz2 ni Ina ga bogligligi to‘g‘ri chizigni
" bersa (15-rasm), uni og‘ish burchagining
tangensi tga=1-n ga teng bo’lib, bundan n ni

topish mumkin. Reaksiya  tartibini
aniglashning integral usulidan yana biri
e Ostvald-Noyes usuli bo‘lib, u reaksiya uchun
k(n-1)  olingan moddaning migdorini gandaydir tux
vaqt oralig‘ida o‘lchashga asoslangan.

A
hntv2

15-rasm. Yarim ajralish vaqtini
moddaning boshlang‘ich

miqdoriga

bog‘ligligi.
Bu usulga ko‘ra, n tartibli reaksiya uchun (22) tenglama quyidagicha yoziladi:

tin= b A (29)

(n - 1)ka™

Ushbu usul bo‘yicha, tux vaqt oralig‘ida aniglangan reaksiya tartibi [LOVADAGI
JADVALDA keltirilgan.

Reaksiya tartibini aniglashning differensial usuli. Bu usulning ham bir necha
turi mavjud bo‘lib, ulardan biri boshlang‘ich tezlik usulidir.
Agarda reaksiya nA+mB”"C ko’rinishda sodir bo’layotgan bo’lsa, reaksiyaning
boshlang‘ich tezligi Vo (1) va (2) larga asosan quyidagicha yoziladi:
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Vo= k[AJ [Bop (30)

bunda (0) indeksi moddaning boshlang‘ich miqdorini bildiradi.

Reaksiyaga kirishayotgan moddalardan birining miqdorini boshlang‘ich vaqt
oralig‘idan o‘zgarishi, ya’ni avval A modda, keyin B modda miqdorining o‘zgarishi
o‘rganiladi. Agar o‘tkazilgan turli tajribalarda B modda miqdori o‘zgarmas bo‘lsa, (30)

ni quyidagicha yoziladi:
Vo= k[Aan (31)
Boshlang‘ich reaksiya davomida A moddaning miqgdori doimiy saqlanib B
moddaning miqdori o‘zgarishi kuzatilsa, (30) ni quyidagicha yozish mumkin:
Vo =k [Bop (32)
(30) tenglamani logarifmlasak,
InV, = Ink+niIn[As]+mIn[B,] (33)
hosil bo’ladi. Bu tenglamadagi Ink va min[Bo] lar (B moddaning miqdori doimiy

bo‘lganligi uchun) o‘zgarmas kattaliklar bo‘lganligi sababli, (33) quyidagi qo‘rinishga
keladi:

InVo= n In[Ao] (34)

Reaksiyani A moddaga nisbatan ikki xil boshlang‘ich miqdorlar bo‘yicha o‘tkazilsa va

(33) dan foydalanib, shu reaksiyalar tezliklarining o°zaro nisbatini olsak,

A

In VoW-In VP=nn Al

(35)

logarifmlasak,
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hosil bo‘ladi.

(35) dan n ni topamiz:

In Vo(l’- In Vo'z’ (36)
In[A%}-In[ A< w’]

Huddi shu tartibda reaksiya tartibini 2 moddaning migdori orgali ham topish

mumKkin:
(. @
In Vo In Vo (37)
(11— 0 0_____
In [ Boz’]-In [ Bo’]
NV A va B moddalari bo‘yicha topilgan xususiy
0

reaksiya tartiblarining yig‘indisi umumiy
reaksiya tartibini beradi (ng=n+m). Agarda
moddalar-dan biri bo‘yicha olingan boshlang‘ich

reaksiya tezligini uning miqdoriga bog‘liglik

InVo=f(In[A] diagrammasi tuzilsa (16- rasm),

to‘g‘ri chizigning og‘ish burchagidan reaksiya

tartibini topish mumkin. Bunda tga=n bo’ladi.

16-rasm. Vant-Goff usuli bilan

reaksiya tartibini aniqlash.

Reaksiya tezligining haroratga bog‘liqligi

Vant-Goff bo‘yicha uncha yuqori bo‘lmagan haroratlarda haroratni 10° ga
oshirganda reaksiyaning tezligi 2-4 marta ortadi. Reaksiya tezligiga haroratning ta’siri
tezlik konstantasining harorat koeffisiyenti bilan o‘lchanadi kw+10/k. Yuqori haroratda
Vant-Goff qoidasi noto‘g‘ri natijalarni beradi. Shuning uchun bunday hollarda
reaksiyaning tezlik konstantasiga haroratning ta’siri miqdoriy jihatdan Vant- Goff-
Arrenius tenglamasi bilan ifodalanadi.

Turli reaksiyalar tezliklarining harorat ortishi bilan taxminan bir xil o‘zgarishi

fiziologiyada katta ahamiyatga ega bo‘lib, ma’ lum haroratlar oralig‘ida hayvonlarning
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mavjud bo‘lishiga imkoniyat yaratiladi. Agar reaksiya tezligining harorat koeffisiyenti
turli reaksiyalar uchun juda katta farq bilan o‘zgarganda edi, haroratning kichik
o‘zgarishlari ham hayvonlar organizmidagi stasionar holatning hayot bilan uyg‘un
bo‘lmagan buzilishlarga olib kelar edi. Fizikaviy jarayonlar tezligining (masalan,
diffuziya) haroratga bog‘ligligi kimyoviy jarayonlarga garaganda ancha kam, bu esa
fizikaviy jarayonlarning tabiatini va ularda kimyoviy ta’sirlarning rolini o‘rnatishga
imkon beradi.

Tezlik konstantasining haroratga bog‘ligligini o‘rnatish uchun Vant-Goff
kimyoviy reaksiyaning izoxorik tenglamasidan foydalandi:

dln Kc =_ QV (38)
dT RT 2

bu yerda Kc = kik bo‘lgani uchun
din k; d Ink; Qv (39)
_ ] E2 - Ei ekanligini hisobga
dT dT RT*
Reaksiyaning issiqlik effekti ikkita kattalikning farqgi Qvolsak, quyidagi tenglamalar

kelib chigadi: bu yerda B - doimiy son. Arrenius B=0 ekanligini ko’rsatdi va bu holda
yugoridagi tenglam

dink.  ErT+B
gt RTZ (40)
EAT'B
dink, RT? (41)
dT
(42)

ko’rinishni oladi. Arrenius Ea kattalikni 1 mol faollangan molekulaning hosil bo‘lishiga
sarf bo‘ladigan issiqlik miqdori ekanligidan kelib chiqib, faollanish energiyasi deb
atadi. (42) tenglamani integrallasak,

Ink=--EL-+ C (43)

RT

bu yerda: C - haroratga bog‘liqg bo‘lmagan integrallash doimiysi. Ushbu tenglamani
quyidagi ko‘rinishda ham yozsa bo‘ladi:
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K = e-ealrT-c = €C e €-EarTa< = 1004343-c € €-EART (44)

Shunday qilib, k haroratga bog‘liq bo‘lmagan xad bilan haroratga bog‘liq
bo‘lgan xadning ko‘paytmasidan iborat ekan. Haroratga bog‘liq bo‘lmagan xad A bilan
belgilanadi:

A =100,4343C (45)

U holda, (44) tenglama quyidagi ko‘rinishni oladi:

k=Aeer (46)
Ink =1In A -EART (47)
Ink=-B/T+C (48)

buerda: B=-EA/R;C=1InA

Faollanish energiyasini topish uchun tajriba natijalaridan Ink = f (1/T) grafigi
chiziladi. Ushbu bog‘lanish to‘g‘ri chizigli bo‘lsa, jarayon Arrenius tenglamasiga

bo‘ysunadi va uning burchagi tangensidan faollanish energiyasi aniqlanadi:

tga = EA/2,303R Ba Ea=tga- 4,575 (49)
(42) tenglamani T1 dan T2 gacha aniq integrallansa, ya’ni T1 va T2 lardagi ki va k2

lar topilsa, quyidagi tenglamadan Yea ni hisoblash mumkin:

11
Inka/ki=EA/2, 303R (- —) (50)
o T

Arrenius tenglamasidan Ink = f (1/T) bog‘ligligi chiziqli ekanligi kelib chigadi, bu esa
turli-tuman reaksiyalar uchun tajribada olingan natijalarga mos keladi. Arrenius
tenglamasi reaksiya tezligining haroratga bog‘ligligini juda ham yuqori darajada to‘g‘ri
ifodalab berganligi sababli, uni asoslab berish kimyoviy kinetika nazariyasining

vazifalaridan biriga aylandi. Quyida ushbu nazariyalarni ko‘rib chiqamiz.
Faol to‘qnashishlar nazariyasi. Kimyoviy kinetika nazariyalari kimyoviy
reaksiyaning elementar akti sodir bo‘lishining zarur sharti reaksiyada qatnashayotgan
zarrachalarning o‘zaro to‘qnashishlari haqidagi tasavvurlarga asoslangan. Agar ushbu

shart bajarilsa va yetarli bo‘lsa, ya’ni har bir to‘qnashish elementar akt keltirib
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chigarsa, u holda reaksiya tezligini gazlarning kinetik nazariyasidan hisoblab chigarsa
bo‘ladi. Ammo gazlarning kinetik nazariyasiga asoslanib hisoblangan reaksiyalarning
tezligi tajribada topilganlaridan juda ko‘p tartiblarga ortiqdir. Bunday natija
molekulalarning ayrim to‘qnashishlarigina samarali bo‘lib, faqat ular reaksiyaning
elementar akti amalga oshishiga olib kelishidan dalolat beradi. Molekulalar barcha
to‘qnashishlarining samarali ekanligi haqidagi taxminning noto‘g‘riligini reaksiya
tezligining harorat ortishi bilan eksponensial ravishda ortishi, to‘qnashishlarning
umumiy soni esa, sezilarsiz o‘zgarishi ham tasdiglaydi.

Yuqorida ko‘rsatilgan qarama-garshiliklarni  yo‘qotish uchun Arrenius
to‘gnashgan molekulalarning hammasi emas, balki fagat o‘rtacha energiyadan ko‘proq
energiyaga ega bo‘lganlarigina reaksiyaga kirishadi, deb taxmin qildi. Bunday
molekulalar faol molekulalar deb ataldi, ushbu garashlarga asoslanib rivojlantirilgan
nazariya esa, faol to‘gnashishlar nazariyasi deb ataldi. Ushbu nazariyaga asosan,
to‘gnashayotgan molekulalarning og‘irlik markazlarini birlashtiruvchi to‘g‘ri chiziq
bo‘yicha kinetik energiyaning tashkil qiluvchisi kritik kattalikdan ortiqg bo‘lgan
to‘qnashishlardagina samarali bo‘ladi. Samarali to‘gqnashishlarning o‘rtacha energiyaga
nisbatan ortiqgcha bo‘lgan energiyasi jarayonning faollanish energiyasi deyiladi.
Reaksiyaning elementar aktini amalga oshirish uchun boshlang‘ich moddalar
molekulalaridagi bog‘larni uzish zarurligi va bunga ma’lum energiya sarflash talab
gilinishi bilan Arrenius tasavvurlarini oson asoslash mumkin. Shunday qilib, kimyoviy
jarayonda ma’lum energetik to‘signi yengish
talab qgilinadi. Ushbu fikrlar  17-rasmda
tasvirlangan: ekzotermik reaksiyaning
boshlang‘ich moddalari (1) va mahsulotlari (3)

energiya sathlari hamda boshlang‘ich moddalar

E:z

orasida reaksiyaning elementar akti boradigan

minimal energiya sathi (2) sxematik ravishda

keltirilgan. E1 va E2 Kattaliklar to‘g‘ri va teskari

reaksiyalarning faollanish energiyalarini

tushunchasining sxematik ifodasi. tavsiflaydi: Q=E1-F».
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Reaksion aralashmgda faol molekulalar issiqlik harakati natijasida paydo bo‘ladi va
kimyoviy ta’sirlar sodir bo‘layotganda sarflanadi. Zarrachalarning to‘qnashishlar
natijasida faollanish tezligi ularni reaksiyada sarflanish tezligidan ancha katta deb
taxmin qilinadi. Demak, kimyoviy jarayon molekulalarning tezliklar bo‘yicha
maksvellcha muvozanat tagsimlanishini deyarli buzmaydi. Bolsman statistikasi

bo‘yicha faol to‘gnashishlar Zet, ya'ni faol molekulalarning to‘qnashishlari soni

zef =zeE/RT (51 216)
va bimolekulyar reaksiyaning tezlik konstantasi, barcha molekulalar to‘qnashishlari

samarali bo‘lgan hol uchun

Ink=_JL_+ 1InT+A (52 217)
RT 2
bu erda A - doimiy Kattalik. InT ning qiymati haroratga deyarli bog’liq bo’lmagani
sababli, ushbu tenglama bilan & =£. tenglamasi bir-biriga mosdir. Demak faol
to‘gqnashishlar nazariyasi tajribada o‘rnatilgan reaksiya tezligining haroratga
bog‘ligligini sifat jihatdan to‘g‘ri ifodalaydi.
Tajribaviy natijalar asosida nazariyani miqgdoriy tekshirish uchun Ink=f(1/T)
bog‘ligligidan faollanish energiyasi aniglanadi va uning qiymatlarini yuqoridagi
tenglamaga qo‘yib reaksiyaning tezlik konstantasi hisoblanadi, so‘ngra uni tajribada

olingan giymatlar bilan solishtiriladi.

Ayrim hollarda tezlik doimiysining hisoblangan giymatlari kattalikning tartibi
bo‘yicha tajriba natijalari bilan mos keladi. Ammo ko‘pchilik bimolekulyar jarayonlar
uchun tezlik doimiysining hisoblab topilgan giymatlari tajribada aniglangan
qiymatlardan juda katta bo‘ldi. Bunday natija faol molekulalarning barcha
to‘qnashishlari ham samarali emasligidan dalolat beradi.

Faol to‘gnashishlar nazariyasidan hisoblab topilgan tezlik doimiysining
giymatlari tajribaviy natijalarga mos kelishi uchun, to‘gnashishlarning yetarli

energiyasidan tashqari, molekulalar to‘gnashayotganda ularning ma’lum oriyentasiyasi
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ham talab gilinadi. Shu sababli, Arrenius tenglamasiga sterik faktor p deb ataluvchi

tuzatma ko‘paytuvchi kiritiladi:
k=pkoe-E/RT (53)

Turli reaksiyalar uchun sterik faktor 10® dan 1 gacha bo‘lgan keng oraligda
o‘zgarib turadi. Nazariy jihatdan sterik faktor hozirgacha hisoblanmaganligi faol
to‘qnashishlar nazariyasining ahamiyatini kamayti-radi, chunki ushbu nazariya
Kimyoviy reksiyalarning absolyut tezliklarini avvaldan aytib berish imkoniyatiga ega
emas. Shunga garamasdan, Arrenius nazariyasining fagatgina yuqori energiya
zaxirasiga ega bo‘lgan molekulalar ta’sirlashishi mumkin, degan asosiy holati
to‘g‘ridir.

Molekulalar fagat to‘gnashishlar natijasidagina emas, balki nur energiyasini
yutish, gattig moddalarning sirtiga adsorbilanish va kimyoviy reaksiyaning elementar
aktining o°z1 sodir bo‘layotganda ham faollanishi mumkin.

Faollashgan kompleks yoki o‘tar holat nazariyasi. Faol to‘qnashishlar
nazariyasining asosiy kamchiligi shundan iboratki, unda kimyoviy reaksiyaning
elementar akti bir zumda sodir bo‘ladi, deb hisoblanadi. Aslida esa, u ma’ lum vaqt
oralig‘ida amalga oshadi. Molekulalar to‘qnashishga ulgurmasdan oldin valent kuchlar
o‘zini namoyon qila boshlaydi va to‘qnashishdan so‘ng ham ma’lum vaqtgacha ta’sir
gilib turadi. Buni A atom va BD molekula orasidagi A+ BD -AB + D reaksiya misolida
tushuntiramiz. A atomi BD molekulaga B va D atomlarning yadrolarini birlashtirib
turuvchi to‘g‘ri chiziq bo‘yicha yaqinlashadi, chunki bunday yaqinlashish energetik
jihatdan eng yutuqgli bo‘lib, minimal energiya talab qilinadi. Zarrachalar yaqinlashishi

bilan B va D atomlari orasidagi bog‘ kuchsizlanib, A va B
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atomlar orasida esa yangi bog‘ shakllanib boradi va shunga mos ravishda barcha
sistemaning potensial energiyasi ham o‘zgaradi. Natijada sistemaning alohida bir holati
- o’tar holat vujudga keladi. O’tar holatda BD molekulasidagi bog’lar yetarli darajada
kuchsizlangan va A va B atomlar orasida yangi bog‘ o‘zini namoyon qilayotgan
bo‘ladi. Demak o‘tar holatda uchchala atom ham o‘zaro bog‘langan bo‘lib, faollashgan
kompleks hosil qiladi. Ushbu kompleks juda ham beqaror bo‘lib, malum energiya
zaxirasiga hamda aniq konfigurasiyaga ega bo‘ladi. Faollashgan kompleksning mavjud
bo’lish vaqti juda ham kichik (~10?-10"3sek) bo’lib, so’ngra u reaksiya mahsulotiga
aylanadi. Ushbu kompleksda energiya turlarining normal koordinatlarga bog‘ligligi
barqaror molekulalardagi kabi bo‘lganligi sababligina u molekulaga o‘xshash bo‘ladi.
Ammo, molekulalardan farqli o‘laroq, mavjud bo‘lish vaqti juda kam bo‘lganligi
sababli faollashgan kompleksda davriy tebranishlar amalga oshishga ulgurmaydi va
shuning uchun uni spektroskopik wusullarda o‘rganib bo‘lmaydi. Faollashgan
kompleksning tebranma erkinlik darajalari soni bargaror molekulalarnikidan kichik,
chunki unda reaksiya yo‘li bo‘yicha tebranma harakat kuzatilmaydi. Lekin faollashgan
kompleksning ilgarilanma harakat erkinlik darajalari soni bargaror molekulalarga

qaraganda ko‘proq bo‘ladi, chunki u reaksiya yo‘li bo‘yicha harakatlanadi.

Ushbu mulohazalar kvant-kimyoviy hisoblar bilan tasdiglangan va reaksiyaning
elementar aktini amalga oshirish uchun potensial to‘signi yengib o‘tish kerakligini
ko‘rsatadi. Jarayonning faollanish energiyasini tavsiflovchi ushbu to‘signing balandligi
faollashgan kompleks bilan boshlang‘ich moddalar orasidagi energiyalarning farqiga

tengdir.
GOMOGEN VA GETEROGEN KATALIZ NAZARIYALARI

Amaliy mashg’ulotning maqgsadi: Kataliz va katalizatorlarlar to‘g‘risida
umumiy tushunchalarni hamda katalitik reaksiyalarning mehanizmlarini

o‘zlashtirish.
NAZARIY QISM

“Kataliz” atamasi fanga 1836 yilda Berselius tomonidan kiritilgan. Turli

moddalar ta’sirida reaksiya tezligini oshirishni kataliz deb atashdi. Katalitik reaksiyalar



tabiatda juda keng tarqalgan bo‘lib, kimyoviy texnologiyada va hayotda katta
ahamiyatga ega. Buning isboti sifatida tirik organizmlarda boruvchi barcha
biokimyoviy jarayonlarning tezligi alohida biologik Kkatalizatorlar - fermentlar bilan
boshqarilishini misol qilishimiz mumkin. Ko‘p kimyoviy ishlab chiqarishlarda ham
katalitik jarayonlardan foydalaniladi. Avval oddiy deb hisoblangan ko‘pgina o1
reaksiyalar aslida ta’sirlashayotgan moddalarning tarkibida bo‘lgan katali- zatorlarning
kam miqdori bilan tezlashtiriladi. Ko‘p hollarda kimyoviy reaksiyalar reaksion
aralashmaning tarkibida juda kam miqdorda bo‘lgan suv bilan tezlashtirilishi
aniqlangan. Ayrim hollarda reaksiya olib borilayotgan idishning o‘zi katalizator
vazifasini bajarishi mumkin. Katalitik jarayonlar qator o‘ziga xos xususiyatlarga ega.
Ulardan biri katalizator migdori bilan substrat orasida stexiometrik nisbatlarning
mavjud emasligi. Jarayon davomida katalizator sarflanmaydi va kimyoviy jihatdan
o‘zgarmaydi. Lekin amalda turli yonaki jarayonlarning borishi tufayli katalizator,

albatta, sarflanadi.

Katalizator qator reaksiyalarning muvozanat konstantasiga ta’sir qilmasligini
termodinamik nuqtai nazardan ko‘rsatish mumkin. Katalizator yangi reaksiyalarni
keltirib chigarmaydi, u fagat termodinamik jihatdan ruxsat etilgan reaksiyalarning
tezligini oshiradi va sistemaning muvozanat holatiga yetish uchun talab gilingan vagtni
kamaytiradi. Katalizator ishtirokida reaksiyaning tezlik konstantasi ortadi, muvozanat
konstantasi esa, o‘zgarmaydi. Demak katalizator to‘g‘ri va teskari reaksiyalarni bir xil
tezlashtiradi.

Katalizatorlarning yana bir o‘ziga xosligi ularning tanlovchanligi bilan bog‘liq.
Universal katalizatorlar mavjud emas, har bir reaksiya uchun o‘zining maxsus
katalizatori talab qilinadi. Kataliz to‘g‘risidagi ta’limotning asoschilaridan biri Ostvald
aytganidek, katalizator ta’sirlashayotgan moddalarga xuddi kalit qulfga tushgandek
mos kelishi kerak. Hozirgi vagtgacha u yoki bu jarayonda ganday moddani samarali
katalizator sifatida ishlatish mumkinligini avvaldan aytish mumkin emas. Bu masala
hozir ham empirik ravishda yechiladi va ma’lum bir reaksiya uchun optimal bo‘lgan
katalizatorni tanlash ko‘p vaqtni talab qiladi. Masalan, ammiakni sintezi uchun

katalizator gidirilganda 20 mingdan ko‘proq moddalar sinab ko‘rilgan va katalizator



sifatida tanlangan temir eng samarali ekanligini hozir ham ta’kidlab bo‘lmaydi.
Aksincha, texnikada qo‘llanilayotgan katalizatorlar mukammallikdan juda uzoqdir.
Sintetik katalizatorlar bilan fermentlarning Kkatalitik xossalarini solishti- rishning
o‘zigina shunday xulosaga olib keladi, chunki fermentlarning xossalari tabiatning uzoq
vaqt evolyusiyasi jarayonida mukammalashgani uchun, ularning katalitik faolligi
mineral katalizatorlarning faolligidan o‘n ming martagacha ortiqdir.

Sun’iy tayyorlangan katalizatorlarning faolligi yetarli darajada bo‘lmaganligi
sababli, ko‘p reaksiyalarni yuqori haroratlarda olib borishga to‘g‘ri keladi, bu esa
texnologik jarayonlarni qiyinlashtiradi va ishlab chigarish xarajatlarini oshiradi.
Termodinamik hisoblarning ko‘rsatishicha, elementlardan ammiakni sintez qilish xona
haroratida borishi mumkin. Ammo ushbu reaksiyani quyi haroratlarda yetarli darajada
tezlashtiruvchi katalizator hozirgacha topilmagan. Shu sababli ammiak 500°S
haroratda sintez qilinadi, lekin ushbu haroratda ammiakning ko‘p qismi parchalanadi
ham. Ammiakning unumini oshirish uchun jarayonni yuzlab atmosfera bosimlarda olib
borishga to‘g‘ri keladi. Shuning uchun kataliz nazariyasining asosiy vazifalaridan biri
moddalarning katalitik xossalarini oldindan aytib beruvchi va ma’lum bir reaksiya
uchun optimal bo‘lgan katalizatorni tanlash usullarini ishlab chiqishdan iboratdir.
Katalitik reaksiyalarning turli-tumanligi katalizning umumiy nazariyasini ishlab

chiqishni qiyinlashtiradi. Katalitik reaksiyalarning ko‘pgina



o‘ziga xoslik tomonlari katalizatorlarning ta’sirlashayotgan moddalar bilan qanday
aralashma hosil qilishiga bog‘liq.

Gomogen Katalitik reaksiyalar gaz fazasida va eritmalarda borishi mumkin.
Bunday reaksiyalarning o‘ziga xosligi jarayon tezligining katalizator konsentrasiyasiga
proporsionalligidadir. Demak katalizator reaksiyada bevosita ishtirok etadi, deb taxmin
qilish mumkin. Lekin boshqa tomondan, reaksiya tugagandan so‘ng katalizator
kimyoviy o‘zgarmaydi. Ushbu dalillarning ikkalasi ham o‘tar birikmalar nazariyasi
orqali oson tushuntirilishi mumkin. Ushbu nazariyaga ko‘ra, katalizator
ta’sirlashayotgan moddalarning biri bilan beqaror oraliq birikma hosil qiladi, u esa
boshga reagentlar bilan ta’sirlashadi, bunda katalizator o‘zgarmagan holda ajralib
chiqadi. Oraliq birikmalar nazariyasi asosiy tajribaviy dalillarni tushuntiradi, ya’ni
katalizatorning tanlab ta’sir qilishini hamda reaksiya tezligining katalizator
konsentrasiyasiga proporsionalligini tasdig-laydi. Ushbu nazariya katalizatorning
ta’sirlashayotgan modda bilan hosil qilayotgan oraliq birikmani tajribada bevosita
aniglash mumkinligi bilan ham tasdiglanadi.

Ammo gomogen kataliz mexanizmi doimo oraliq birikmalar hosil bo‘lishi bilan
bog‘lanmagan. Masalan, zanjir reaksiyalarda katalizatorning roli zanjirning o‘sish
jarayoniga ta’sir qilish bilan bog‘liq. Katalizator zanjir rivojlanishining yangi
yo‘nalishlarini va tarmoqlanishlarini hosil qilishi mumkin, bunda zanjirning uzunligi
ortadi, bu esa jarayonning tezlashishiga olib keladi.

Eritmalardagi barcha gomogen Kkatalitik reaksiyalarni Kislota-asosli va
oksidlanish-gaytarilish jarayonlariga ajratish mumkin. Kislota-asosli katalizga elektron
juftlarning uzilishisiz  (geterolitik) boruvchi jarayonlar kiritiladi. Efirlarning
sovunlanishi, eterifikasiya, polisaxaridlarning gidrolizi, izomerlanish, galloidlash,
kondensasiyalanish reaksiyalari bunga misol bo‘ladi. Bunday reaksiyalarda H3O" va
OH- ionlari katalizator vazifasini bajaradi.

Oksidlanish-gaytarilish kataliziga elektron juftlarning uzilishi va elektronlarning
bir molekuladan boshqasiga o‘tishi (gomolitik) kuzatiladigan jarayonlar kiritiladi.
Bunday reaksiyalar eritmalarda ko‘pincha turli ionlar bilan tezlashtiriladi. Ionlarning

katalitik ta’siri ularning strukturasiga bog‘liq. Ionning tarkibi qanchalik murakkab
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bo‘lsa, bir xil sharoitlarda uning katalitik ta’siri shunchalik yuqori bo‘ladi. Murakkab
zarrachalarda erkinlik darajalari soni katta bo‘lganligi sababli, ular reaksiyaning
elementar akti davomida ajralayotgan energiyani o‘ziga yig‘ib olishi mumkin. Ushbu
energiya keyinchalik ta’sirlashayotgan moddalarni faollashtirish uchun ishlatiladi.
Bunday jarayonni katalizator yordamida energiyani “rekuperasiya”lash deyiladi va u
fementativ katalizga tegishlidir. O‘zining kimyoviy tuzilishi bo‘yicha fermentlar
(enzimlar), ogsillar yoki ogsillarning kichik molekulali birikmalar bilan
komplekslaridir. Ko‘p fermentlarda ogsillar tashuvchi vazifasini bajaradi, ular bilan
bog‘langan prostetik guruh esa katalitik faollikka ega bo‘ladi.

Fermentlarning ta’sir mexanizmi ferment-substrat oraliq birikmaning hosil
bo‘lishi bilan bog‘liq bo‘lib, keyinchalik u mahsulotga aylanadi, ferment esa o‘zgarmas
ko‘rinishda qoladi. Fermentlarda ogsildan iborat tashuvchining mavjudligi fermentativ
katalizning qator o‘ziga xosliklarini keltirib chigaradi. Ulardan eng ahamiyatlisi
fermentlarning katalitik ta’siri haroratning va muhit kislotaliligining 93 Kkichik
oralig’idagina namoyon bo’lishidadir. Fermentlarning eng yuqori faolligi 40- 50°C
haroratlar oralig‘ida yotadi. 40°C dan past haroratlarda fermentlarning faolligi keskin
kamayadi, 0°C ga yaqin haroratlarda fermentativ jarayonlar deyarli to‘xtaydi.
Fermentlar faolligining xuddi shunday keskin kamayishi 50°C dan yuqori haroratlarda
ham kuzatiladi, buning sababi harorat optimal sharoitlardan chetlashganda ogsildan
iborat tashuvchi strukturasining o‘zgarishidir. Har bir ferment eritma pHning ma’ lum
oraligiida yuqori faollikni namoyon qiladi. Fermentlarning faolligi reaksion
aralashmada begona qo‘shimchalarning mavjudligidan ham bog‘liq bo‘ladi.

Kataliz jarayoni tabiatda, ya’ni biokimyoviy reaksiyalarda, texnologik
jarayonlarda va kimyoviy izlanishlarda nihoyatda katta ahamiyatga ega. Masalan,
ogsillar sintezi, biologik tizimlardagi modda almashuvi, neftni va neft mahsulotlarini
gayta ishlash, ammiak olish va uni oksidlash, sulfat kislotasini olish, metanol olish va
boshgalar. Bu kabi reaksiyalar tezliklarini oshiruvchi moddalar katalizatorlar deb
ataladi. Katalizator ta’sirida borayotgan reaksiyada ishtirok etayotgan moddalar
katalizator bilan oraliq mahsulotlar hosil qiladi, so‘ngra reaksiya mahsuloti hosil

bo‘lib, katalizator qayta ajralib chiqadi. Katalizator ishtirokida hosil bo‘lgan oraliq
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moddalar yetarli darajada turg‘un moddalar bo‘lib, ularni alohida ajratib olish mumkin.
Ammo bu ko‘p hollarda reaksiyani qanday fazada sodir bo‘lishi bilan bog‘liq.

Sxematik ravishda quyidagi reaksiya sodir bo‘layotgan bo‘lsin:

A+B~rC+D (@)

Shu reaksiya katalizator ishtirokida quyidagicha amalga oshadi:

A+ K"MAK (b)

AK+B"C+D+K (V)
bunda K - katalizator. (b) va (v) reaksiyalarning tezligi (a) reaksiyasining tezligidan

katta bo‘ladi. Bu farq, asosan, ishtirok etayotgan katalizatorning faolligiga bog‘liq.

Katalizatorlarda tanlovchanlik (selektivlik) mavjud bo‘lib, biror reaksiyani
tezlatgan katalizator boshqa reaksiyaga ta’sir etmasligi mumkin yoki tezligi past
bo‘ladi. Agarda biror reaksiyaning tezligiga bir necha katalizator ta’sir eta olsa, bu
ta’sirlanish turli usulda bo‘lishi mumkin. Masalan, tiosulfatning yod ioni ishtirokida

vodorod peroksid bilan oksidlanish reaksiyasi tetrationat hosil bo‘lishi bilan boradi:

H202+28:0;+ 2H* —> 2 H20 + S40;-
Agarda shu reaksiyani yod ioni o‘rniga molibdat kislota ishtirokida olib borilsa,
sulfat hosil bo‘ladi:

4H2024852035 —=280# +2H*+3H:20
Reaksiya sharoiti va katalizator turini o‘zgartirish orqali etil spirtidan turli
mahsulotlar olish mumkin:
AlOs H:S0s

1) C2Hs0H > C2Hs+H20

350-360° C
Al>03 ,H2S04

2)  2C:HsOH > (C2Hs)O+H20

250°C

3) C2Hs0H < CH3CHO+H:>

200-2500C

4)  2C2Hs50H P.JI CsHeOH~+H20

5)  VAH)!  ~CH:=CH-CH=CHz+H2+2HO
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400-450° C

Katalizatorlar yordamida boradigan reaksiyalar tezliklarining oshishi, asosan,
reaksiya uchun olingan moddalar faollanish energiyalarining kamayishi bilan bog ‘lig.
Masalan, katalizatorsiz sodir bo ‘ladigan reaksiyalarda, o ‘rtacha qilib olinganda,
faollanish energiyasi 125-190 kJ/mol ni tashkil etsa, katalitik reaksiyalarda bu kattalik
65-125 kJ/mol ga teng, fermentativ reaksiyalarda esa undan ham kam, 34-50 kJ/mol ni
tashkil etadi.

Katalitik reaksiyalarda reaksiya sodir bo‘lishi uchun zarur bo‘lgan faollanish

energiyasini ifodalovchi energiya g‘ovining o°zgarishi 18-rasmda ko ‘rsatilgan.

v

Reaksiya koordinatasi

18-rasm. Kimyoviy reaksiyaning energetik diagrammasi:

a) katalizator ishtirokisiz; b) katalizator ishtirokida.

Rasmdan ko‘rinib turibdiki, katalizatorsiz sodir bo‘layotgan A * B reaksiyaning
faollashish energiyasi E£ (a) katalizator ishtirokida borayotgan A + K"AK (K-
katalizator) va AK"B+K reaksiyalarining faollanish energiyalari E1 va E2 (b) larning
yig‘indisidan katta (E>E1+E2) bo‘lganligi sababli, (a) reaksiyaga garaganda (b)
reaksiyaning tezligi yuqori bo‘ladi. Agarda katalizator ishtirokidagi reaksiya uchun E1
= E2 deb qaralsa, 1 £ = E1= E2 ekanligini ko’rish mumkin. (2)

reaksiya uchun reaksiyaning tezlik doimiysi
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k= Ae" ert (1)

tenglamasi orgali ifodalanishini hisobga olsak
ki=k2=Ae€-err (2)

tengligi hosil bo‘ladi.
(@) va (b) reaksiyalari sodir bo‘lganda, entropiya o°zgarishi katta bo‘lmaganligi
sababli, A - Ai deb garab, (1) va (2) lardan

Kk —
k=e?rr (3)

nisbatni olish mumkin. (3) tenglama katalizator ishtirokida reaksiya tezligi ganchaga
oshayotganini ko‘rsatadi. (3) dan ko‘rinib turibdiki, katalizator ishtirokidagi reaksiya
bosqichlari faollanish energiyalari yig‘indisi katalizator ishtirokisiz faollanish
energiyasidan katta bo‘lgan holda ham, (b) reaksiyaning tezligi (a) reaksiyaning
tezligidan katta bo‘ladi.

Katalizatorlar ishtirokidagi reaksiyalar asosan uch turga bo‘linadi: gomogen,
geterogen va fermentativ katalizlar. Biz keyingi bo‘limlarda gomogen va geterogen
katalizlar ustida to‘xtab o‘tamiz.

Geterogen kataliz nazariyalari

Adsorbilanish nazariyalari. Oraliq birikmalar nazariyasi. Geterogen
katalitik jarayonning zarur sharti ta’sirlashayotgan moddalardan hyech bo‘lmasa
bittasining adsorbilanishidir. Shuning uchun reaksiyani katalitik tezlashishining sababi
adsorbilanish deb taxmin qilindi. Adsorbilanish natijasida esa, katalizator sirtida
ta’sirlashayotgan moddalarning konsentrasiyasi ortadi va massalar ta’siri qonuniga
binoan reaksiya tezlashishi kerak. Ammo bunday tushuntirish tajribaga mos kelmadi,
chunki ta’sirlashayotgan moddalar konsentrasiyasining ortishiga qaraganda reaksiya
tezligi katalizator ta’sirida juda ham ko‘p marotaba ortib ketadi. Bundan tashqari ko‘p
adsorbentlar katalitik faollikka ega emas. Bularning hammasi ta’sirlashayotgan
moddalarning adsorbilanishi katalitik jarayon borishining yetarli sharti emasligidan
dalolat beradi.
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Keyinchalik  ta’sirlashayotgan moddalarning faqat faol adsorbilanishi
kuzatilgandagina katalitik jarayonning borishi aniglandi. Demak, reagentlarning sirt
bilan kimyoviy ta’sirlashishi katalizning zaruriy sharti ekan. Bunday ta’kidlash oraliq
birikmalar nazariyasining asosida yotadi. Avvaliga katalizator ta’sirlashyotgan
moddalarning biri bilan fazaviy oralig birikma hosil giladi, u esa keyinchalik boshga
moddalar bilan ta’sirlashadi va bunda katalizator kimyoviy o‘zgarmagan holda ajralib
chigadi, deb taxmin gilingan. Keyinrog geterogen katalizda fazaviy birikmalar emas,
balki o‘zgaruvchan tarkibli sirt birikmalari hosil bo‘lishi haqidagi taxminlar
rivojlantirildi.

Oraliq birikmalar nazariyasidan kelib chigadigan ayrim xulosalar ko‘p marta
tajribada tasdiglangan. Ushbu nazariya katalitik jarayonlarning tajriba natijalari bilan
mos keladigan Kkinetik tenglamalarini asoslab beradi. Moddalarning turli
reaksiyalardagi katalitik xossalarini oldindan aytib berish imkoniyati borligi oraliq
birikmalar nazariyasining amaliy jixatdan juda muhim tomonidir. Ushbu nazariya
asosida ganday moddalar orasida ma’lum jarayon uchun faol bo‘lgan katalizatorlarni
qgidirish kerak ekanligini aytib berish mumkin. Masalan, kislorod bilan begaror
birikmalar hosil gila oladigan, ya’ni oksidlanish-gaytarilish reaksiyalarida gatnasha

oladigan moddalar oksidlanish reaksiyalarida faol katalizator bo‘lishi kerakligi

ko‘rinib turibdi. Bunday talablarga o‘zgaruvchan valentli metall oksidlari javob beradi
va ular oksidlanish jarayonlarida katalizator sifatida keng qo‘llaniladi. Gidratlash
reaksiyalarining katalizatorlarini beqaror gidritlar hosil qilishga qodir bo‘lgan
moddalar orasidan qidirish zarur (nikel, palladiy kabi metallarga o‘xshash). Ammiak
sintezi reaksiyasida azotning reaksion qobiliyati eng kam bo‘lganligi sababli, ma’lum
barqarorlikka ega bo‘lgan nitridlarni hosil giluvchi moddalar katalizatorlik vazifasini
bajaradi. Shunday qilib, oralig birikmalar nazariyasi ammiak sintezining
katalizatorlarini metallar orasidan qidirish kerakligini ko‘rsatib beradi. Lekin magniy
va kalsiy kabi metallarni katalizator sifatida qo‘llab bo‘lmaydi, chunki ular juda ham
bargaror nitridlarni hosil giladi.

Qalay va vismut kabi metallar ham katalizator sifatida yaramaydi, chunki ular

nitridlar hosil qilmaydi (past haroratlarda). Xuddi shunday, oralig birikmalar
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nazariyasidan foydalanib, xlorlash jarayonlarining kataliztorlari bo‘lib ayrim
metallarning xloridlari (AlICls, FeCls va boshqgalar) xizmat gilishi mumkin.

Lekin oraliqg birikmalar nazariyasi ko‘pgina tajribaviy dalillarni tushuntira
olmadi. Qator ishlarda umumiy katalitik jarayon taxmin gilinayotgan oralig mahsulot
hosil bo‘lish tezligidan ancha tezroq borishi ko‘rsatilgan. Oraliq birikmalar nazariyasi
katalizator faolligi uning olinish usuliga bog‘liq ekanligini, begona aralashmalar
mavjudligining ta’sirini va boshqa ko‘pgina dalillarni tushuntira olmaydi.

Katalizning multiplet nazariyasi. Birinchi bor Zelinskiy tomonidan aytilgan va
Balandin tomonidan rivojlantirilgan qarashlarga binoan, faol markaz bo‘lib kristall
panjara tugunlariga joylashgan katalizator sirt qavatidagi bir nechta qo‘shni atomlar
xizmat qiladi. Ushbu atomlarning to‘plami multiplet deyiladi. Ta’sirlashayotgan
moddalarning molekulalari bitta atomda emas, balki birdaniga multiplet tarkibiga
kiruvchi bir nechta atomda adsorbilanadi. Bunda ta’sirlashayotgan moddalar
molekulalaridagi valent bog‘lar deformasiyalanadi va ta’sirlashayotgan sirt bilan
kimyoviy sorbilangan multiplet kompleks hosil bo‘ladi. Uning parchalanishi reaksiya
mahsulotlari hosil bo‘lishiga olib keladi.

Multiplet adsorbilanish faqat katalizator kristall panjarasining qo‘shni atomlari
orasidagi masofa ta’sirlashayotgan moddalar moleku-lasining uzunligiga mos
kelgandagina hosil bo‘lishi mumkin (geometrik mos kelish prinsipi). Fagat shu
holdagina molekula multipletdagi ikkita qo‘shni atomlarga kimyoviy sorbilanishi va
natijada undagi kimyoviy bog‘ning deformasiyalanishiga olib kelishi mumkin. Agar
katalitik jarayonda murak-kab molekula qatnashsa, multipletda uning kimyoviy
bog‘larni tutgan (reaksiya natijasida uzilib va yangidan hosil bo‘lib turgan) bir
gismigina adsorbilanishi kerak. Molekulaning indeks guruhi deyiladigan ushbu gismi
multipletdagi atomlarning shakliga va ular orasidagi masofaga geometrik jihatdan mos
kelishi kerak.

Multipletning strukturasiga bog‘liq ravishda bitta molekulaning o°zi turlicha
adsorbilanishi mumkin va shuning uchun reaksiya turli mahsulotlar hosil bo‘lishi bilan
boradi. Masalan, katalizatorga bog‘liq ravishda spirtlar degidratlanishi mumkin.

Multiplet nazariyaga binoan katalizatorning selektiv ta’sirlanishi shu bilan
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tushuntiriladi.

Katalitik reaksiya amalga oshishi uchun geometrik mos kelishdan tashqari, hosil
bo‘layotgan multiplet kompleksning ma’lum mustahkamligi ham zarur. Multiplet
nazariya organik birikmalar orasidagi ko‘pgina reaksiyalarda o‘zini oglaydi. Ammo
ushbu nazariya barcha hollar uchun umumiy emas, xususan, uni oksidlanish katalizi
jarayonlariga qo‘llab bo‘Imaydi.

Faol ansambllar nazariyasi. 1939 vyilda Kobozev katalizning yangi
nazariyasini rivojlantirdi. Ushbu nazariya katalitik faol material inert tashuvchi sirtida
tagsimlangan va adsorbilanuvchi katalizatorlar deb nom olgan katalizatorlarning
xossalarini o‘rganish natijasida vujudga kelgan. Inert tashuvchining sirti kam migdorda
qoplanganda, ushbu komponent alohida atomlar ko‘rinishida joylashishi mumkin
(amorf faza sifatida). Bunday adsorbilanuvchi katalizatorlar gator o‘ziga xosliklarga
ega. Masalan, katalizator mahsuldorligini tashuvchi sirtining faol material bilan
qoplanish  darajasiga  bog‘ligligi ma’lum qiymatda maksimumdan o‘tadi.
Katalizatorning solishtirma faolligi qoplanish darajasi ortishi bilan eksponensial
ko‘rinishda kamayadi yoki maksimal qoplanish darajasida maksimumga ega bo‘ladi.
Adsorbilanuvchi katalizatorlarning o‘ziga xosliklarini tushuntirish magsadida faol
ansambllar nazariyasi taklif gilingan. Ushbu nazariya quyidagi taxminlarga asoslangan:

-katalizatorning faol markazi atomlarning assosiatlaridan iborat bo’lib, faol
ansambl deyiladi;

-inert tashuvchi blokli strukturaga ega, ya’ni ozod migrasiya sohalarining
to‘plamidan iborat bo‘lib, ular bir-biridan geometrik yoki energetik to‘siglar bilan
ajratilgan bo‘ladi. Katalitik faol materialning atomlari ushbu sohalarning har birida
0zod migrasiyalanadi va bunda turli tarkibli ansambllar hosil qiladi, lekin qo‘shni
sohalarga o‘ta olmaydi.

Berilgan qoplanish darajasida ma’lum tarkibli ansambllar hosil bo‘ladi. Inert
tashuvchining sirtida ma’lum sonli atomlarni tutgan ansambllarning hosil bo‘lish
ehtimolligi maksimal bo‘lgan holdagi qoplanish darajasida katlizatorning faolligi eng
katta bo‘ladi. Faol ansambllar nazariyasi tajribaviy ma’ lumotlar asosida faol

ansambldagi atomlar sonini, migrasiyalanuvchi yacheykaning o‘lchamlarini, sirt
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birligidagi faol ansambllar sonini va bitta faol ansamblning mahsuldorligini
hisoblashga imkoniyat beradi. Ushbu nazariya asosida ko‘pchilik adsorbilanuvchi
katalizatorlar o‘rganilgan. Oksidlanish reaksiyalarida bitta atomdan iborat ansambl,
gidrogenlashda - ikkita va ammiak sintezida uchta atomdan iborat ansambllar faol
bo‘ladi. Ayrim hollarda ikki yoki uch xildagi ansambllar katalitik faol bo‘ladi. Bunday
hollarda turli miqdordagi atomlardan iborat ansambllar hosil bo‘lish ehtimolligining
inert tashuvchini qoplanish darajasiga bog‘ligligida bir nechta ekstremal nuqtalar
kuzatiladi.

Katalizning elektron nazariyalari. Moddaning katalitik xossalari uning
elektron tuzilishiga bog‘ligligini birinchi bor Pisarjevskiy asoslab bergan. U metallar
va yarim o‘tkazgichlar katalizatorlar ekanligiga va bunday moddalar ozod yoki kuchsiz
bog‘langan elektronlar tutishini va ular adsorbilanish gavatida boruvchi oksidlanish-
qaytarilish jarayonlarida qatnashishi mumkinligiga e’tibor bergan. Misol uchun,
vodorodning platinada katalitik oksidlanishini ko‘rib chiqamiz. Gaz fazasida
2N2+02=2N20 reaksiyasi sekin boradi, chunki ushbu reaksiyaning ketishi boshlang‘ich
moddalar molekulalaridagi bog‘larning uzilishini, ya’ni ma’lum energetik to‘signi
yengishni talab qgiladi. Metallning sirtida adsorbilanganda 98 molekulalar ionlanishi
mumkin. Kislorod metallning sirt gavatidagi ozod elektronini tortib, O ioniga aylanadi,
metallning o°‘zi  musbat zaryadlanib qoladi va adsorbilanayotgan vodorod
molekulalaridan elektronni tortib oladi. Ko‘rsatilgan jarayonlarda katalizator
elektronlarning donori yoki akseptori bo‘lib xizmat qiladi. Uning sirtida adsorbilangan
zarrachalar ionlanadi. Sirt bo‘yicha migrasiyalanib, qarama-garshi zaryadlangan ionlar
bir-biri bilan oson ta’sirlashadi. Ma’lumki, bunday jarayonlarning faollanish energiyasi
katta emas.

Keyinchalik Roginskiy, Volkenshteyn va boshgalar tomonidan rivoj-lantirilgan
elektron nazariyalarda katalitik ta’sirni elektron-larning ta’sirlashayotgan sirtdan
chiqish ishi hamda atomlarning bo‘sh d-qobug‘lari bilan bog‘lashgan. Ko‘p hollarda
hagigatan ham qotishmalarning katalitik faolligi bilan ulardagi d-qobug‘larning to‘lish
darajasi orasida bog‘liglik o‘rganilgan. Shunday qilib, sirtdagi faol markazda boruvchi

ko‘pchilik geterogen katalitik jarayonlardagi elementar aktning mexanizmi
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ta’sirlashayotgan moddalar va katalizator orasida sodir bo‘luvchi elektron almashinuv
bilan bog‘liq ekan.

Katalizning zanjir nazariyalari. Geterogen katalitik reaksiya-larning zanjir
mexanizmi hagidagi nazariyani Semenov va Voyevodskiylar taklif gilgan. Ularning
fikricha, gattiq jismning sirti doimo moyil-likning erkin birliklariga ega va shuning
uchun unga poliradikal kabi garash mumkin. Radikallar, odatda, juda katta reaksion
qobiliyatga ega va kimyoviy o‘zgarishlarda regenerasiyalanishi mumkin. Geterogen
katalitik jarayon sirt qavatda yassi zanjirlarning paydo bo‘lishi orqali ketishi mumkin.
Valent to‘yingan molekula katalizator sirtidagi erkin valentlik bilan ta’sirlashib,
radikalga aylanadi va u boshqa adsorbilangan molekula bilan ta’sirlashib, reaksiya
mahsulotini  hosil qgiladi, bunda sirt qavatidagi moyillikning erkin birligi
regenerasiyalanadi.

Geterogen katalitik jarayonlarda faqgat radikal zanjirlar emas, balki energetik
zanjirlar ham rivojlanishi  mumkin. Gomogen sistemalarda molekulalarning
harakatchanligi katta bo‘lganligi sababli, energetik zanjirlar rivojlanishining
ehtimolligi juda kam. Qattig jism sirtida zarrachalarning harakatchanligi ancha kichik,
shuning uchun faol markaz reaksiyaning elementar aktidagi energiyani yig‘ishi
mumkin, u esa adsorbilangan molekulalarni qo‘shimcha faollantirishga ketadi.
Shunday qilib, boshlang‘ich katalitik akt keyingi aktning amalga oshishini
osonlashtiradi. Energiyaning bunday rekuperasiyasi sirtda ortiqgcha energiyaga ega
bo‘lgan nomuvozanat strukturalarning hosil bo‘lishi bilan bog‘liq. Yugqorida
ta’kidlaganimizdek, bunday jarayon ko‘proq fermentativ katalizga tegishlidir.
Katalizatorning energiyani vagtinchalik akkumulyasiya gilishi natijasida kimyoviy
reaksiya davomida uning sirtida faol markazlar soni ortadi. Oraliq mahsulotning hosil
bo‘lishi va parchalanishi reaksiyalariga nisbatan summar katalitik reaksiyaning tezroq
borishini xuddi shu jarayonlar bilan tushuntirish mumkin.

Nihoyat, geterogen katalitik zanjir reaksiyalar borishining yana bir mexanizmi
Polyakov tomonidan ko‘rsatilgan bo‘lib, u katalizator sirtida ozod radikallarning paydo
bo‘lishi bilan bog‘liq. Ozod radikallar reaksion hajm bo‘yicha tarqalib, unda sekin-asta

so‘nib boruvchi gomogen zanjir reaksiyani keltirib chigaradi. Geterogen- gomogen deb
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ataluvchi bunday reaksiyalarda katalizator fagat ozod radikallarni yetkazib beradi,
jarayonning o‘zi esa gomogen ravishda boradi. Katalitik jarayonlarning geterogen-

gomogen mexanizmi ko‘p hollarda tajribaviy tasdiglangan.

MUHOKAMAGA QO‘YILADIGAN MAVZULAR
Katalizator xossalari

Katalizatorlarning reaksiya tezligiga ta’siri ularning bir qator xususiyatlariga
bog‘liq bo‘lib, ular quyidagilardan iborat: faolligi, selektivligi (tanlab ta’sir etishi),
unumdorligi, solishtirma sirti, regenerasiyalanishi.

Qattiq katalizatorlar haroratga, turli zaharlarga va suv bug‘i ta’sirlariga chidamli
hamda mexanik mustahkam bo‘lishi kerak. Bundan tashqari, ularning yetarh
g‘ovaklikka va solishtirma sirtga ega bo‘lishi talab qilinadi. Katalizator
donachalarining ma’lum o‘lchamga ega bo‘lishi ham muhimdir, chunki reaksiyaga
Kirishuvchi moddalarning katalizatorga diffuziyalanishi va katalizator gatlamidan
o‘tish jarayonlari uning o‘lchamlariga bog‘liqdir. Katalizatorlarning ayni keltirilgan
xususiyatlarini qisqacha ko‘rib chigamiz.

Katalizator faolligi, “Kataliz” bobining kirish qismida keltirganimizdek,
katalizator ishtirokida reaksiya tezligining nisbiy ortishi bo‘lib, quyidagicha

ifodalanadi:

Kk = Vk/V va Br=— 4)
k
bunda: Bx - katalizator faolligi; V V, x« va k - mos ravishda katalizator ishtirokida va

katalizatorsiz reaksiyalar tezligi va tezlik doimiylari.

Katalizatorlarni o‘zaro taqqoslashda wularning solishtirma faolli-gidan
foydalaniladi. Gomogen katalizda sirt faolligi o‘rniga kata-lizatorning konsentrasiya
birligi orqali ifodalangan reaksiya tezligi qo‘llanilsa, geterogen katalizda berilgan
haroratda katalizator sirt birligiga mos keluvchi reaksiya tezligi qo‘llaniladi.
Katalizatorsiz va katalizator ishtirokidagi reaksiyalar uchun Arrenius tenglamalari k =

AeFrrva kg = Ae~F"T ko‘rinishlarga ega bo‘lishidan va (4) dan

Br = ererT (5)
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ekanligini ko’ramiz, bunda AE-katalizatorsiz va katalizator ishtirokidagi reaksiyalar
faollanish energiyalarining o‘zgarishi.

Katalizator selektivligi (Sk) uning ta’sir etish yo‘nalishi bilan tavsiflanadi, ya’ni
selektiv katalizator mumkin bo‘lgan bir necha xil yo‘nalishdagi reaksiyalardan bittasini

tezlashtiradi. Masalan, ammiakning oksidlanishi uch xil yo‘nalishda borishi mumkin:

+H20 @)
NH3 * Q> A N20 + H20 (b)
*NO + H20 (v)
Agarda shu jarayon platina ishtirokida olib borilsa, fagat (v) reaksiya sodir

bo‘ladi. Qolgan reaksiyalar ayni sharoitda sodir bo‘lmaydi.

Katalizatorning selektivligini ikki usulda aniglash mumkin. Birinchi usul
bo‘yicha selektivlik reaksiyaning asosiy mahsuloti massasining hosil bo‘lishi mumkin

bo‘lgan mahsulotlar (asosiy va qo‘shimcha) massasiga nisbati bilan o‘Ichanadi:

Sk =m_.100 (6)

Xm

vy _°n"2n0O + H20

R

n CO2 +nH0
bunda: mi- asosiy mahsulot massasi; Em - asosiy va qo’shimcha mahsulotlar massasi.

CnHan+2 +92

Selektivlikni aniqglashning ikkinchi usuli asosiy mahsulot hosil bo‘layotgan
reaksiya tezligini asosiy va qo‘shimcha mahsulotlar hosil bo‘lish reaksiya tezliklari
yg‘indisiga nisbati bilan o‘lchanadi. Masalan, quyidagi sxematik reaksiyalarni olaylik:
bunda: A - asosiy mahsulot, B - qo‘shimcha mahsulot. Natijada selektivlik quyidagicha

ifodalanadi:

(7)

Agarda asosiy mahsulot quyidagi sxema bo‘yicha qo‘shimcha mahsulotga

aylansa, ya’'ni:
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vy _°nf2n0 + H20
CnHan+2 +92

S I

n CO2 + n H20

bo‘lsa, selektivlik quyidagicha ifodalanadi:
Sk= ®)

Katalizator unumdorligi reaktorga joylangan 1 kg katalizatorning 1 soat ishlashi
davomida hosil bo‘ladigan mahsulot unumi (kg) bilan ifodalanadi. Agar reaktorga
yuklangan (kg) yoki Vk(m?®) katalizator 1 soat davomida Mm (kg) yoki Vm(m?) mahsulot

hosil gilsa, katalizatorning unumdorligi quyidagiga ifodalanadi:

Ve = Mn/ t yoki Ve = Vil t Vi 9)

bunda Vc - katalizatorning solishtirma hajmi.

Katalizatorning ingibirlanishi va regenerasiyasi
Geterogen katalizda qo‘llaniladigan qattiq holdagi katalizator-larning
ingibirlanishi ikki xil - fizikaviy va kimyoviy bo‘lishi mumkin.
Fizikaviy ingibirlanishga katalizator g‘ovaklarini berkilib qolishi, solishtirma sirt
yoki faza solishtirma faolligining kamayishi (masalan, katalizator sirtiga goplangan

modda migdorining kamayishi va kuyishi) kiradi.

Kimyoviy ingibirlanishlardan biri xomashyo tarkibidagi katalitik zaharlarni
katalizator sirtiga adsorbilanishidir. Bu ingibirlanish gaytar jarayon bo‘lib, xomashyo
tarkibidagi katalitik zaharlardan tozalash orgali uning oldini olish mumkin. Masalan,
neftning hidini yo’qotish jarayonida nikel, platina, palladiy va boshqa metallarga 0,4-
1,0 % atrofida alyuminiy oksidi, seolitlar va boshga moddalar shimdirilgan holda
ishlatiladi. Bu moddalar oltingugurtli organik moddalar ta’siriga sezgir bo‘lib, ularning
ta’sirida katalizatorning faolligi kamayadi.

Katalizatorning o‘z-o‘zidan zaharlanishiga katalizator sirtida va g‘ovaklarida
uglerodning yutilib qolishi sabab bo‘ladi. Masalan, uglevodorodlarning oksidlanishi va
krekingi, metanni suv bug‘i bilan konversiyasi reaksiyalarida katalizator sirtida koks
hosil bo‘ladi:
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2CO " C xoko)+ CO2
CHs" C xokc) + 2H2
2H>+ CO2"™ C kokc) + 2H20
Shu tariga faolligi kamaygan katalizatorning sirtida hosil bo‘lgan koksni yuvish

yoki yoqish orgali gayta tiklanadi:

C + H20bug» CO + H2
C+ 02" COz
Ba’zi hollarda katalizatorlarning regenerasiyasida kislota, ishqor va turli
erituvchilardan ham foydalaniladi. Zaharlangan gimmatbaho metal-larni esa,
suyuglantirib tozalanadi.
TOPSHIRIQLAR

Katalizatorlarni tayyorlash

Gomogen katalizda ishlatiladigan katalizatorlar maxsus usullar bilan
tayyorlanmaydi. Geterogen katalizda qo‘llaniladigan  katalizatorlar ~ maxsus
tayyorlanadi. Bunda ularning fizikaviy va kimyoviy xossalari, tannarxi va mahalliy
xomashyoligi kabi omillar e’tiborga olinadi. Katalizatorlarning faolligi, selektivligi,
chidamliligi, solishtirma sirt, mexanik mustahkamligi va boshga xossalari ularni
tayyorlash usullariga bog‘liq. Katalizatorlarni tayyorlashning quyidagi usullari keng
tarqalgan: cho‘ktirish, aralashtirish va shimdirish.

Geterogen katalizda metall katalizatorlari ham keng qo‘llaniladi. Metall
katalizatorlari quyidagi usullarda olinadi:

1. Metall oksidlari o‘zakka shimdiriladi va azot bilan suyultirilgan vodorod

ta’sirida metallgacha qaytariladi:

Ag20+H2"Ag+H20
2. Ammiak sintezida ishlatiladigan temir katalizatorini olish uchun yugori

harorat va bosimda FesOa4 dan tabletka tayyorlanadi va u qaytariladi:

I'e:()a4H2>3""e 4H20
1. Nodir metallar sim, to‘r yoki yupqga gazlama holida qo‘llaniladi.

2. Arzon metallning sirti galvanik usulda katalizator vazifasini bajaruvchi nodir
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metallning yupga gatlami bilan qoplanadi.

3. Reney usuli (ishqor bilan ishlash): masalan, nikel bilan alyuminiyning
ma’lum tarkibdagi qotishmasi kerakli shaklda tayyorlanadi, so‘ngra u NaOH ning 20%
li suvli eritmasi bilan gayta ishlanadi:

2Al--2NOOH-+6H20--+2Na[Al(OH)4]-+3H>
Hosil bo‘lgan tuz suvda yaxshi eriganligi sababli, oson yuviladi va natijada,
golgan Ni g‘ovaksimon holda bo‘ladi (Reney katalizatort).
Promotorlar. Katalizator xossasiga ega bo‘lmagan birikmalarni boshlang‘ich
moddalarga qo‘shish tayyorlanadigan katalizatorning faolligini, selektivligini va
ishlash vaqtini ancha oshiradi. Bunday moddalar faollashtirgichlar yoki promotorlar

deyiladi. Ular ikki guruhga bo‘linadi:

1. Katalizatorning tuzilishini yaxshilaydiganlar.

2. Katalizatorning xossasini o‘zgartiradiganlar.

1-tur promotorlar ko‘proq miqdorda qo‘shiladi. Masalan, fenolni gidrogenlab
siklogeksanol olishda ishlatiladigan nikel katalizatori 20% li soda eritmasi bilan
faollashtiriladi.

2-tur promotorlar esa, kam migdorda ham yaxshi natija beradi. Masalan, vodorod
peroksidni parchalanishining katalizatori 98%0 FerOr 2%0 Al203 dan iborat bo‘lishi
mumkin.

Har ikkala tur promotorlarning kritik konsentrasiyalari mavjud.

Umuman olganda, promotorlar ta’sirida katalizatorlar faolligining oshishi
faollanish energiyasining kamayishi, solishtirma sirtning o‘zgarishi va faol markazlar
sonining ko‘payishi bilan bog‘liqdir.

Katalizator zaharlari. Katalizatorlar ba’zi moddalar ta’sirida o‘z faolligini
butunlay yo‘qotadi yoki kamaytiradi, ya’ni zaharlanadi. Zaharlanish qaytar yoki
qaytmas bo‘lishi mumkin.

Qaytar zaharlanishda zahar molekulasi Kkatalizatorning sirtiga gaytar
adsorbsiyalanadi. Masalan, vodorodni oksidlashda qo‘llaniladigan platina katalizatori

CO vyoki etilen ta’sirida zaharlanadi. Ular platina sirtidan desorbsiyalanganda esa,
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katalizator yana faol bo‘lib qoladi. Ammiak sintezida qo‘llaniladigan katalizatorlar CO,
COg, spirt va suv bug‘laridan qaytar zaharlanadi.

Qaytmas zaharlanishda zahar molekulalari bargaror sirt birikmalar hosil giladi va
natijada desorbilanmaydi. Bunda katalizator faolligini tiklash uchun sirtda hosil

bo‘lgan birikmalar parchalanishi kerak.
“Kimyoviy kinetika” bobini o’zlashtirilganlik
darajasini tekshirish uchun savollar

1. Reaksiyaning tartibi deb qanday Kkattaliklarga aytiladi va u ganday
qiymatlarga ega bo’ladi?

2. Reaksiyaning molekulyarligi va ular ganday turdagi reaksiyalar uchun
qo’llaniladi?

3. Reaksiya molekulyarligi qanday qiymatlarga ega bo’ladi?

Reaksiya tartibini aniglashning ganday integral usullari bor?

4
5. Reaksiya tartibini aniglashning differensial usullari ganday usullar?
6. IgK ning T ga bog’liglik chizmasi qanday ko’rinishga ega?

7

. Tezlik doimiysining o’ Ichami ganday va u qanday kattaliklarga bog’liq?

8.  Birinchi tartibli reaksiyaning tezlik doimiysi tenglamasini yozing.

9. Birinchi va ikkinchi tartibli reaksiyalar o’lchamlarini ko’rsating.

10. Kimyoviy reaksiyaning tezlik doimiysiga quyidagi omillarning qaysilari
ta’sir etadi: reaksiyaning tabiati, moddalar konsentrasiyasi, katalizator ishtiroki,
eritmaning tabiati, bosim va harorat.

11. Harorat 235 dan 305K gacha ko’tarilsa, reaksiya tezligi ikki marta ortadigan
reaksiyaning faollanish energiyasini hisoblang.

12. Reaksiya tezligi logarifmining teskari harorat bilan bog’ liglik grafigi
ganday ko’rinishga ega bo’ladi?

13. Reaksiyaning tajribaviy faollanish energiyasi nima?

14. Agar 293K da reaksiya 2 soat davom etsa, shu reaksiya 15 minutda tugashi
uchun, Vant-Goft qoidasiga ko’ra, harorat nechaga teng bo’lishi kerak? Reaksiyaning

harorat koeffisiyenti 3 ga teng.
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15.

Birinchi reaksiyaning faollanish energiyasi ikkinchi reaksiya-nikidan katta.

T1 haroratda bu reaksiyalarning tezlik doimiylari teng. Agar T2>T1 bo’lsa, T2 haroratda

reaksiyalarning tezlik doimiylari nisbati ganday bo’ladi?

16.
17.
18.
19.

Faollanish energiyasini hisoblash uchun ganday tajribaviy giy-matlar kerak?
Zanjir reaksiyalar va ularning turlari.
Zanjir reaksiyalarning tezligi va tezlik tenglamasi.

Tarmogqlangan zanjir reaksiyalarda faol markazning hosil bo’lish miqdori

nimaga bog’liq?

20.
21,
22,

Tarmogqlangan zanjir reaksiyalari.
Fotokimyoviy reaksiyalarning turlarini ko’rsating.

Fotokimyoviy reaksiyalarda muhit gatlamiga tushayotgan nur jadalligining

reaksiya unumiga bog’liqligi.

23.
24,
25,
26.
217,
28.
29.
30.
31.
32,
33.

34
ganday?

35.
36.
37.

38.

Fotokimyoviy reaksiyalarning sinflari.

Foto gayta guruhlanish reaksiyalari.
Fotosensibillanish reaksiyalari.

Parallel va konsekutiv reaksiyalar.

Faollashgan komplekslar nazariyasi.

Faol to’qnashuvlar nazariyasi.

O’tar holat nazariyasi.

Reaksiyalarning absolyut tezliklari nazariyasi.
Reaksiyalarning psevdomolekulyarligi va psevdotartibi tushuncha-lari.
Kimyoviy reaksiyalarning kinetik tenglamalari.
Reaksiya mexanizmini ifodalovchi kinetik egrilar.

Geterogen sistemalardagi reaksiyalar kinetikasining o’ziga hos to-monlari

Kimyoviy reaksiyaning limitlovchi bosgichi tushunchasi.
Geterogen jarayonlarning diffuzion mexanizmi.

Kinetik sohada boruvchi reaksiyalar.

Gomogen katalizatorlarning reaksiya tezligini oshirishdagi ta’sirining

mohiyati nimada?
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39. Gomogen katalitik reaksiya tezligi gomogen katalizatorning reaksiyadagi
boshlang’ ich konsentrasiyasiga bog’liqgmi?
40. Gomogen katalitik reaksiyalarning ganday turlari mavjud?
41. Kislota-asosli gomogen katalitik reaksiyalarning sinflanishini keltiring.
42. Maxsus kislotali katalizda katalizator sifatida ganday moddalar
qo’laniladi?
43. Umumiy asosli katalizda katalizator sifatida ganday moddalar
qo’llaniladi?
44, Oksidlanish-gaytarilish gomogen Kkatalitik reaksiyalar mexanizmining
mohiyati nimada?
45. Gomogen katalizning geterogen katalizdan asosiy fargi nimada?
46. Gomogen reaksiyada oralig modda deganda nimani tushuniladi?
47. Geterogen kataliz deb ganday katalizga aytiladi?
48. Geterogen katalizning ganday turlari mavjud?
49. Geterogen katalizda kimyoviy sorbilanish roli ganday bo’ladi?
50. Geterogen katalizatorlarni tayyorlashning ganday usullari mavjud ?
51. Katalizatorlarning muhim xususiyatlari nimalardan iborat?
52. Katalizatorlarning solishtirma sirt yuzasi deganda nimani tushunasiz?
53. Fermentativ katalizda energiya rekuperasiyasi.
54. Fermentativ katalizning mexanizmi.
55. Katalizator reaksiyaning muvozanat konstantasiga qanday ta’sir
ko’rsatadi?
56. Katalizator reaksiyaning tezlik konstantasiga qanday ta’sir ko’rsatadi?
57. Gomogen Kkatalitik reaksiyalarni oraliq birikmalar nazariyasi orqali
tushuntiring.
58. Zanjir reaksiyalarida katalizatorning roli ganday?
59. Eritmalardagi  gomogen-katalitik ~ reaksiyalarning  mexanizmlarini
tushuntiring.
60. Geterogen kataliz ganday bosgichlardan iborat?

61. Geterogen katalizning ganday nazariyalari bor?
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63. Katalizning multiplet nazariyasi.

64. Faol ansambllar nazariyasi.

65. Katalizning elektron nazariyasi.

66. Katalizning zanjir nazariyasi.

67. Katalizatorlarga qo’yiladigan talablar.

68. Katalizatorning ingibirlanishi va regenerasiyasi.
69. Katalizatorlarni tayyorlash usullari.

70. Promotorlar. Katalizator zaharlari.

4-AMAJANA MAIIFYJOT. CTATUCTHK
TEPMOJJMHAMUKA. (2coar)

1. 3HTpOIIl/Iﬂ Ba CUCTeMa XO0JaTUHHUHI TﬂpTHﬁCHZ{J’II/IFI/I
TepMOIII/IHaMI/IKaHI/IHF HNKKHWHYAY KOHYHHU CUCTCMAHHWHI KaHz[aﬁzmp S xoccacu
60pJ'II/IFI/IHI/I Ba y HCCUKJIMK aJIMAIIMHUIIIN XaMa YHI6y HCCHUKJIUK aJIMalllu-HUIIIUuaaru

dQ xapopar OmiTaH OOFJIMKJIMTHHY TabKUTaku: dS > — (1.1)

€KM UCCUKJIMK aJIMAIIMHUIIN OYIIMaraH XoJijia u30JsIUsIaHTaH CUCTeMallap yUyH

ds>0 (IIL.2)

Mabnymkn, S xoccanu Kinaysuyc osuTporus ne6 aragu. FOxopumaru
TeHIamMasap Xam Knay3umyc TOMOHMAAH Takiaug KuiduHraH OYianbd, WKKUHYU
KOHYHHUHT MaTeMaTUK KypuUHUIIUAup. Ym0y TeHriamanap KaiTtap MyBO3aHAT
)apaCHyap y4yH SHTPONHUSHUHT OPTHUIIU KEJITUPUITAH UCCUKIWKKA TCHIJIUTMHHA Ba
HOMYBO3aHaT >kKapaéHiap y4yH YH/IaH KaTTAIUTMHU Udoaananu.

[yngait xkunub, sHTponust Oup TapapAaH MCCUKIUK aJIMallMHUIIM OWJIaH,
WKKUHYM TapadaH 3ca KalWTMaciuk OwnaH OornuK OynraH xocca. MaHa mryHaa
SHTPONMSIHMHT TyallMCTUK TaOuaTh KypuHamd, Oy dca ymly XKyda MyXuMm
TEPMOJUHAMHUK (DYHKIIUSHUHT (U3UK MAbHOCHHU TYIIMHUIIHA KAWWHIAIITHPAIIH.
Xyanu ury AyalducTUK TabWaT SHTPOMUSHU TYIIMHUINTA Xam €paam Oepaau, aMMo
Knay3uyCHUHT KJIacCMK HYKTau HazapuiaH sMac, OaJKu KeWMH pUBOXKIAHTUPUIITaH

MOJICKYJIP-CTATUCTHK HYKTAW Ha3apAaaH.
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OHTPONUSHUHT  JAyaJIUCTAK  TaOMATUHU  MATEPUSIHUHT  aTOM-MOJICKYJISIp
TY3UIUIIM XaKUJard TacaBBypiapnaaH ¢oiigananub, CUCTEeMaHWHI XOJaTUHU YHU
TAllIKWJI KWJTaH 3appadaJlapHUHT XapakaTh €KW XOJATUHUHT TapTUOCU3IIUTU HYKTau
Ha3apuJaH Kapall OpKajiu TyluIuHca Oymaau.

WUnean TaptuOnaHraH MOJEKYJAp CTPYKTypara To3a MOAJAA TYFpU TY3WJTraH
KPUCTAJUIMHUHT (MacallaH, KaHJIaWaup METAJUTHUHT) aOCOJIOT HOJb XapopaTaaru
HaMyHacH MHcoJl OVna omaau. Mabiaymku, OyHmal Kpuctaiga aromiap (E€xku
MoOJIEKyJanap) KpUcTaill MaHXapaHUHT TYTYHJapua >Koujamaad Ba yjaap arpoduaa
“HoIMHYM »Heprusa na Oup xuia TeOpaHMma Xapakariap kuinaau. [lmank Oyiimya
(TepMOAMHAMUKAHUHT YYUHYM KOHYHHM) OyHJal KpHUCTAJUTHUHT SHTPONUSICH HOJTa
TEHIJIUTUHU MyXoKamMa Kwiranmu3. JKuCM HMCCUKIUK [OTHO KHM3WraHja wujaeanl
TapTUOMUIMK OYy3unaau. MybTaaui KU3IUpWITaHIa TapTUOIMWIMKHUHT OY3UIUIIN
TypJId SHEprusuiapja TeOpaHa€TraH 3appavyajapHUHT Kymavumuaa wudomaiaHagu.
AMMO 3appavyajapHUHT TaHXapa TYTYHJapuJard yprada XOJaTh XaMOH CakJIaHUO
kojagy. JKUCMHUHT KM3AUPWIMINK OujlaH OOFIMK OYyiraH TapTHOIUIMKHUHT

OY3WIHILIM €KU TAPTUOCU3IMKHUHT OPTUIIN YHUHT SHTPONUSACH OPTULIUTA OJHO

KEJIaJIx. AS= j C— (I11.3)

Oy epna C - UCCUKIUK CHFUMH.
K,aTTuk JXKUCM-CYIOKJIMK Ba CYIOKIUK-OyF dazaBuil yTunuiapu Kpucramia
CTPYKTYpaHUHT OYy3unuiiu (cyrokjaHum) Ba OyFmanum xapa€Huaa Kydcus

TahCUPJIANTYBYM XAOTHUK XapaKaTJaHyBUM 3appadaliapHUHT XOCWJI Oynumm OuiaH

3HTpOHHﬂCI/IHI/IHF KECKHUH OpTI/IH_H/I KyBaTI/IJ]aI[I/I:
AH - CYIOKT. AH.
AS T ASeysn =------ —

Yo oyn. (l 1. 4)

Ba
OoFuK O0V10, OyH1a U30TEPMUK PABUILIA UCCUKIIUK IOTUIIUIIN Ba MO

AS HUHT KMMMaTH SHT TapTHOCKU3 XaOTHKJIAIITaH arperat xoJjar 0ynran OyF éku ra3

X0JIaThJla alHUKCca KaTTa Oyaau.
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[ysgait  kwmb, cucTeMa OTraH WCCHUKIWK, YHH MOJIEKYJISIp XOJaTu
TapTUOCU3IUTUHUHT KYNaluIIM Ba HHTPONUSHUHT OPTUIIM ypTacuja Y3BUH
OOFIMKJIMK OOPJUTH XaKuja TacaBByp manmo Oymaaw. FOxopuaa kentupwirad Oapda
apaHyiap MyBO3aHAT IIAPOUTHIA XaM YTKa3UIUIIM MyMKHH, 11y cababiu ynap yuyyH
(111.1) myHOCabaT TEHIIMK OeIrucu OuaH Ky/UTAHWIUIIA MyMKHH.

Ammo (I11.2) udonara OnHOaH cHCTeMa SHTPONUSICUHUHT OPTHUIIA HOMYBO-
3aHAT >kKapaéH OOpUILKJA UCCUKIIMK aTMAIIMHUIICH3 XaM KY3aTWIMIIA MYMKHH. Xap
KaHJIaili HOMYBO3aHaT KalTMac »kapa€Hla KaHAalaup TapTUOIM OSHEPrus TypHu
TapTUOCU3 XAaOTHK DSHEPrusra, MOJIEKYJIaJapHUHT MCCUKIWK XapakaTura aiiaHaan
(JtekuH ymOy TapTUOJIU YHEPTUs KalTap uill 0akapubd, SHEPTUSHUHT OOIIKa TapTUOIH
KypUHUIINIa XaM YTUIIN MyMKUH). Jlemak, kaiiTmac xapa€Hia MOJEKYJISIp Xaoc, IbHU
CUCTEMA MOJIEKYJISIP XOJIATUHUHT TapTUOCU3IIUTU OPTaJIH.

[yngait kuimb, cucTeMa MOJEKYJSp XOJATH TapTUOCUBIUTUHUHT OPTHUIIH
Owinad (ymOy TapTUOCH3IUK WCCUKJIUK IOTWIMIIN €EKU TApTUOIU HSHEPTUSHUHT
WCCUKJIMKKA aillanuiiy OusiaH OOFNIMK OYNUIUAaH KaThU HA3ap) mapajuies paBUIlga
CHUCTEMaHUHT DHTPONHUACH XaM opTaad. Jlemak, SHTpomusAra CHCTeMa MOJIEKYJISp
XO0JIATH TAPTUOCUBIUTHHHUHT CH(AT XUXATAaH YI4OBH Ae0 KapaliuMu3 MYMKHH.
[ynaait kunub, MOJEKYJISIp CUCTEMaHUHT aCOCUI TEPMOJIMHAMUK XOcCcalapuial Oupu
OYAMHII HHTPONHSI CHCTEMaHW TAIIKWI KWITaH 3appadajapHAHT MHKPOCKOIHK
TaBcu(Iapu OMIIaH OOFIIUK dKaH.

2. Makpo- Ba MHKPOX0JIATJIap XaMm/1a TEPMOIUHAMHK

IXTUMOJLINK. Pa3aBuil pa3o TymryH4Yacu

CratucTuk TepMOAMHAMHKA EplaMujia TYpJId MOJJMAJTAPHUHT  ACOCHM
TepMoauHaMuK (pyHkusmapuan (uccukmuk cucumu, U, S, G, F Ba Oomkanap)
XucoOJamnm ycy/urapyd HILIa0 YUKAPWUITAHIWTH ca0adim, KUMEBHH TEepMOJIWHAMHKA
y4yH CTATHCTHK TEPMOJMHAMUKAHWHT axXaMHSATH >KyJa Karramup. Achuga dca,
CTaTUCTUK TEPMOJMHAMHKA YMYMHUH KUMEBUU TEPMOAMHAMUKAHHWHT OYIMMIIapHra
KupMmaiau. Y craTucTuk (usnka (MEeXaHWKa) KOHYHJIapWra acocjiaHrad Oynuo,

CTAaTUCTHK yCyJuiap €paMuaa puBOKIAHAIN.
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TepMoanHaMUKaHMHT  OMPUHYM KOHYHH KYI  3appadanapian  uOopar
cucTemMaiapra xaM, Kam 3appadanapjaH u0opar cucTemanapra xam Taa0uK >THIIAIN.
WMkkrHYM KOHYH 9ca, CTaTUCTHK Tabuartra sra OynmO, ¢akar kym 3appadanapiaaH
ubopaT cUcCTeMajaprariHa TaJ0UK KWIMHHUIIA MYMKHUH. TepMOJIMHAMHUKAHUHT
UKKUHYM KOHYHHUJA CTaTUCTHK Tabuat GopnuruHu XIX acpHuHr oxupuaa bonbiman
Ba ['u00cmap aiitran. TepMoAMHaMUKaHMHT acOCH MapameTpiapu Oyiaran xapopar
OwiaHn OocuM CTaTHUCTHK TaOuartra sra. MacanaH, aBBaJl TabKUJIAraHUMU3JCK,
Xapopar ra3 MoJeKyJiajapy WirapuianMa XapakaTHHUHT ypTaya KHHETHK SHEPTUsICUTa
oornuk. Tamku mapoutnap y3rapMac OyiaraHjga xapopar goumui 6ynub koiaau, Oy
3ca MOJIEKYJAJapHUHT TE3JUKIap Oyiinuya CcTaluoHap TAaKCHUMJIAHTAHJIUTH OWilaH
OofnuK, aMMO OyHJa alpum MoJeKyJajgap TypJd Te3Nukiapra sra Oynaau. Xyaau
IIyHJal, MOJIEKyJJapHUHT MJUII  JeBopiapura ypwinil 3G EeKTIIapUuHUHT
WUCHHINCH Ta3HUHT OOCUMUHU Oepaiu.

["a3HUHT X2)KMU Ba 3UWIMTH CTATUCTHK XyCYCHSTra sra OYnraH KaTTajaukiap,
SbHA XapopaT Ba OocuMmra OOFJIMK. ODHI acoCMd TepMOAMHAMHUK (GYHKIUSIIAD -
SHTANbNUS, HSHTponus, ['n66c Ba [‘enbMronbply SHEprusIapu, WYKHA DHEPTUS Ba
Oomkamap Xxam CTAaTUCTUK KaTTaluKIap, S’bHU XapopaT, 00CHUM Ba XaKMjap OuiaH
¥3Buit 60Fnanran.

TepMoIMHAMUKAaHUHT MKKMHYM KOHYHHMra OuHOaH, Oapya ¥y3-y3ugaH OopyBUH
KalTMac »apa€Hiap M30JSLUSIIAaHTaH CUCTeMallap/ia SHTPOIUSHUHT OPTHUINN OWiIaH
conup Oynaau. bynu bonblMaH XM TYHIYHTUpUO OepraH: TEpMOJWHAMUKAHUHT
UKKMHYM KOHYHHM Xap KaHJall W30MSAIUSIIaHTaH CHCTEMaHWHT OXTHUMOJH KaM
XoJIaTapJaH dXTUMOJU KaTTapoK XoJiaTiapra TaOuui XoJaa YTUIIMHUHT HAaTHKACUHU
KypcaTaayd Ba MakpoCHUCTeMallap y4yH KaTTapoK aHWKJIMKKA dra OYIraH CTaTHCTHK
koHyHaup. Karra connu 3appauanapgan uOopat cuctemaiap 3XTUMOJUIMK Ha3apuscu
Epnamuaa sximu udoganaHaIu.

Kam commu 3appavanmapman  ubopar cuctemanapra TepMOAMHAMHKAHHHT
UKKIMHYY KOHYHMHHU KyJ1ab OyiMacnukHUHT cababu, OyHIai cuctemanapaa UCCUKINK
Ba U TylmyH4YaJapu opacuaaru ¢apk Hykonu06 xkeraau. Illy Ounan Owupra,

TCPMOANHAMUKAHUHIT UKKMHYM KOHYHHUI'A aCOCHaHI/I6, )KapaéHHI/IHF MabJIyM TOMOHTIa
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UYyHaMUIIMHUA TabKUUIad OYynMmail Kojaaud Ba HyHanumnuiapaH OMPUHUHT MYTJIAKO
MYMKHH 5MaciUTd XakKuJard XyJjoca Kapama-Kaplid HyHaJIUIIJIapHUHT HUCOMI
XTHUMOJUIMTMHU Oaxounamra y3raptupuiagd. HUxosT, MOJeKylIaJapHUHT COHHU KyZAa
KaM OynraH xonja jkapaHHUHI MKKaja WYHanuImu xam OapoOap MMKOHUSATIA 3ra
Oymmu0 konanu. AJOXHAAa MOJEKYJaJIapHUHI MEXaHUK XapakaTh Kaiitap OYnuo,
MabJIyM HyHanmumra sra smac. Ymoly (uKpiIapHU KyWuIard TaxkpuOaaa KypcaTHIL
MYMKHH.

VYyrta kyruHuHr OupuHuncuaa 1 nan 40 rada pakamiiap €3WiraH Taxradanap,
WKKUHYMCUAA XYAAM IIyHAAl pakaMmJlaHTaH Iiapyajjap COJUMHIaH Ba YUYMHYH KyTH OyII
OyncuH. bupunun KyTuaaH Taconuduil paBula KaHJAMAUp TaxTaya OJMHAAU, YHUHT
pakamMu €3WJIaJM Ba TaxTaya KalTajgaH Kytura conud kyhunaau. CYHrpa MKKHUHYU
KyTUJaH Xy[JM LIyHJAl pakamild [ap OJMHAAW Ba YHH YYMHUYM KyTHTa COJIMHAIM.
buprHYM KyTuaaH TaxTadajap OMpHUH-KETHH OJIMHUO pakamu €3u0 Oopunaau Ba Oup
BaKTHUHI y3WJa MKKUHYM KyTHJAH YYUMHYMCHIAa YOy pakamid Iiapyaiap
yTKa3uiaaaud. Arap mapuajiap aBBaj UKKMHYM KyTHAaH yUYWHYMra yTub KoijraH Oyica,
opkara katapwiaau. bynaai taxxpuba Y30K BakT JaBOMHUA yTKAa3WJca, UKKUHYM Ba
YUMHYM KyTUJapJaru lapyaJlapHUHT COHM y3apo SKUHIAMO Oopaau Ba MabiyM
BaKT/IaH CYHI' TEHIJIAIA/IH.

Taxpuba stHa JaBOM 3TTHUpUICA, KyTWIapJard mapyajiap COHMHHHI ailupMacu
sHa HOJJAH Qapkiau Oynub Koiagu Ba HONTA SKUH OYJIraH KUYUK KAWMAaTiIap
yerapacuja y3rapub Typaaud. YmoOy (apk OpTUIIMHUHT MUMKOHMSTH XaM CakjIaHUO
KOJIaJ iy, aMMO KaTTa ¢apk yudyH OyH/ai SXTUMOJUTMK KECKMH KaMaiinb KeTau.

Oxopunaru Taxkpuba OepuiraH Xakmja CHCTEMa MOJIEKYJIAaJapUHUHT TEHT
TaKCUMJIAHMILI XOJIATHJIaH YETJaHUIIM anbarra coaup OYJIMIIMHU XaM KypcaTaJiu.
Oramna® TypraH XaXMHHHT alloXuJa KHUCMJIApUIa MOJIEKYJaJIapHUHT  TEHT
TaKCUMJIAHMILIM BaKkT OyiiMua ypTauya Tap3ja amaira omaau. BaktHuHr xap Oup oHuna,
MOJICKYJIAJJApHUHT XAaOTHUK XapakaTH HaTWkKacuja XaXMHUHT Oup Kucmiiapuia
KOHIIEHTpAIUSUTAPHUHT BaKTHHYA OPTHUIIH, OOIIKa KHUCMJIapua 3ca, KaMaluIl COIUp
oynau.

Masbaym TepMOIMHAMUK NTapaMeTpiiap OuinaH TaBcudIaHyBUM KY3aTUIAaET-TaH
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MaKpOCKOIIHK XO0JIaT MOJIEKYJATapHUHT TYpJIH TAKCUMIIAHUIIIN/IA MaBXKyJ] OVIHIIN 108
MYMKUH, ’hbHU yIIOY MaKpOCKOMHK XOJaT TYPJIM MUKPOXOJIaTiap OpKajiu amaira
omaau. Jlemak, xap KaHaail CHICTEeMaHUHT XOJIATUHU UKKU X Udoaaiamn MyMKUH:
-T, p, V Ba Oomka Tyrpugau-Tyrpu yiIHaHaJuraH KaTTAJIUKIAPHUHT
KUMaTJIapuHU KypcaTraH XoJiJja MOJTAaHUHT MaKpOXOJIATUHU TaBCUQIIAILL;
-MOJIaHUHT Xap Oup 3appadacu XOcCCallapuHHU, s’bHU YHHMHT (a3ojard ypHH,
Maccacu, TE3JUTH Ba Xapakar WYHAIUIIUHA U(OJaTOBUM MUKPOXOJATUHU TaBCUIIaII.
T, p Ba V TepMOAMHAMUK IpameTpjiapyu OepuiiraH MabliyM MHUKIOpPJArd rasaa
TallK [IApOUTIAp Yy3rapmac OynraHga MakpoxollaT Yy3rapMauiau, amMMO Ta3HHUHT
MOJIEKYJIajapu JOUMHI Xapakarja Oyiaau Ba yJIapHUHT XOJIATU Ba TE3JUTH Y3ITyKCHU3
y3rapu0® Ttypaau. UlyHuHr yuyH ymly MmakpoxojaTra Kyl COHJIM MHKpPOXOJaTiap
*kaBoO Oepamu, OyHu TepMoamHamuk Hxtumoumk W  neliunagu. Yoy
MaKpPOXOJIATHUHT AXTUMOJIMK ya4oBd W OYnmO, yHUHT KUIMaTH KaHUYaJ MK KaTTa
Oynca, cucTteMaHWHr Ym0y XonaTAa OYIUIMMHUHT TEPMOIMHAMHK HSXTUMOJIIUTU
HIYHYAJIMK IoKopu Oynaau. Jlemak, TepMOJAMHAMUK 3XTHUMOJUIMK YHIOy MakpoxoJaTra
MOC KEITyBYM MHUKPOXOJATIAPHUHT COHUAMP. TepMOAMHAMUK DJXTUMOJUIMK OYTYyH
MycOaT coH OwmraH udonaraHaau. TepMOIUMHAMUK SXTUMOJUTMKHN MaTEMaTHK
OXTUMOJUIMK OWJIaH dYalkamTupuO roOopuIn Kepak smac. MaTeMaTHK 3XTUMOJUIUK
Jeraiia ymoy XOJMCAaHMHI OYJIMIIM MyMKHH OYJraH Kyjnail XoJjuiap COHMHHM Oapua
MYMKHH OYJITaH XOJUIAPHUHT COHUTa HUCOATH TyIIyHWJIaau. MateMaThK 3XTUMOJUTUK
HOJIb OWjaH Oup opaiuruaa y3rapaaud Ba y JOMMO | JaH KW4YuK Oynaau. AMMO
OXTUMOJITMKJIAPHU KYINWII Ba KYNAUTHpUIN Xakugard Teopemanap Oy epma: N -
mosiekynagapauar ymymuid conm; Ni, N2, ..., Nn - 1, 2, ..., n- sueiikamapmaru
MOJIEKyJTaJJapHUHT COHHM. MacajaH, WIWIIHWUHT HWKKH KHCMH ypTacujga TypTTa
MOJIeKyJia Kyiumarnya takcumwiianumu mymkuH: 4-0; 3-1 Ba 2-2. (111.5) tenrmama

Oyitrya 3XTUMOJUTHKIIAp MocC paBuliaa 1; 4 Ba 6 ra Tenr Oynaau.
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TEPMOJMHAMHK SXTUMOJUIMK YUyH XaM TyFpumup. YMymuii Xoi1a TepMOAMHAMUK
9XTUMOJUIHK, ’bHU YIIOY MaKpOXoJatra >kaBod OepyBUM MUKPOXOJIATHUHT COHU
Kyiinaaru Tenrinama omnan udonanananu: N!

W —-mmmmmmeee EKH N!

NuINl..NnI & w NN - (111.5)

NI N1

[Mapyanap OunaH yTKa3WwiIraH IOKOpUAaru Taxpubaga, IIapyaiap HKKUTa
KyTUJa TEHTI TaKCUMJIAHTaHWJAaH CYHI, Oapua IIapyajJapHUHT sSHAa OUTTa KyTHIa
TYIUIAHULIMHUHAT MaTeMaTukK >xtuMomru 24°=10"2 ra tenr, spum ymly xomucanu
TPWUIMOHAAH OUp MapTa KYTUII MYMKUH. XYIU Iy XOJAHCAHUHT TEPMOJUHAMUK
sxtumosunru 1 ra tenr. Kyrunapaunr oupuna 19 ta, ukkunurcuaa 21 ta mapya €ku
xap 6up kyruaa 20 TagaH mapya OYIUIMMHAHT TEPMOJMHAMUK dXTUMOJuurH 13,3-10%°
Ba 14,0-10% ra tenr. llynpaii kumu6, “19-21” KypuHUmIAary Takcumaaaum “20-20”
TaKCUMJIAHMILTA HUCOATaH 111 = 0,95 MapTa KaAMPOK 3XTUMOJIIMKKA 3ra 3KaH, sS’IbHU TEHT
TaKCUMJIAHTAHJIMK XOJIaTH KaOu KYTI Ky3aTHIIa Iu.

Kyna xyn conmu MosekylnamapaaH wuOOpar MOJAWN cucTeManap y4yH
YTKa3WIraH XyAJAd UIyHJad XUCOOJApHUHI KypCaTHUIIMYa, XaXMHUHI KaTTa
KHCMJIapUa TeHT TaKCUMJIAHUIIJIaH XaTTOKU HUCOATaH KUYUK YeTIaHUIIIAp XaMKyaa
KMYMK SXTHUMOJUIMKKA 3ra sKaH. MacanaH, / mm3 XaXMAard Ta3HUHT 3U4IUrd [ cm3
Xakmaard ymly rasHuHr yprada suwiurugan 0,01%o0 rta (apk KuIUIIMHUHAT
mareMatuk >xTumoiumuru 100 ra Tenr, apam xyna xam xuuukaup. Jlexun 0,2-10'2
cm® Xaxmaa yprada suunukaad 1% ra dernmamumm ypra xucodma xap 10° cex nma
KYy3aTUIaau, S’/bHU KYy/1a T€3 TaKpopIaHaIu.

Mopna XoccalapuHUHT ypTaua KaTTajdukiapaaH OyHIal KUYMK CTAaTUCTUK
YeTJIaHUIIUTApU IOUMO Ba Xap oiaa ky3atwiaau. Macanas, ep atMmocdepacuaa Kyém
HYpPJIAPUHHUHT COYWIMIIK Ba OCMOHHHMHI XaBO PAHTHU OJIMIIA XAaBO 3UYIUTHHUHT
Xyqau IIyHAail TeOpaHunuiapy OusiaH TYIIyHTUpWIagd. AMpuM  XoJulapia
YeTJaHUIUIap NIYHYaJWK KaTTakd, MOJJAHMHT KYI MHUKIOpPHAA XaM Ce3uJIapiu
Oynanu. Moana 3WYIMTMHMHT KPUTUK coxafard (QUyKTyanusuiapy OyHra MHCOI
Oynaau (omanecueHuus xoaucacu). MacanaH, KpUTUK HYKTa SIKHHUJA YIJIEPOJ UKKH

OKCHJIY 3UWIMTMHUHT ypTadya KuiMataaH ypTada yetnanumu 1,6% ra Tewr.
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Jlemak aBBajMra TeHI TaKCUMJIAHTaH XojaTaa OyiraH ras 3UWIMTHHUHT ypTada
KHIMAaTJaH Xap KaH/aa Kyjaa KHIUK YeTJIaHUIIUIapy XaM V3-Y3uaaH 0opyBur MaHpui
xapaéunap OYnuO, ymapHH KY3aTWJIWIIMHUHT HMKOHMSTH OYnuOTMHA KoJMaclaH,
Oanku OyHnail xkapa€Hiap xamMma >koija amanra omaau. Karra cucrtemanapaa yprada
KUMMaTIIapAaH ce3wIapiu YETIAHUIUIAPHUHT SXTUMOJUIUTH Ky/la XaM KUYUK, aMMO
NPUHLIKIIKAT HYKTau Ha3ap/laH yjap XaM UMKOHHUATIA ora.

[lynnait kuam6, V3-y3upan Oopmaiiguran (Manduii) sxapaéHmap yMmMyMui
Kapa€HHUHT OUpJaH-OMp HaTWwKacu Oyna onmaiau, ne0 TabKHUAJall YHYAIUK aHUK
Oynmail KoJMOKJIa. MakpOCKONMK cucTeMajiapia MaH(uil kapa€HIapHUHT OOpHUIIH
MYTJIaKO MYMKHH 5Mac, JeraH (ukp ypHura, OyHIail >xkapa€HIapHUA KYy3aTHIIUII
SXTUMOJUIMIM JKyJa XaM KWYUK Oynran xonuca, ne0 kapam kepak. Jlemak,
TEPMOJIMHAMUKAHUHT WKKUHYM KOHYHM OUPHHYM KOHYHra yxmad TaOuaTHUHT
abCOJIOT KOHYHHM »3Mac, Oallku CTaTUCTUK KOHYHIUp. WKKHHYM KOHYH KyI
MUKIOPAArd MOJIEKYJajgap YYyH FOKOPH Japa)kaJard aHUKIIMKKA 3ra Ba CUCTEMaHUHT
yidamiaapy KaHYaJuK KHYUK OYJica, YHMHT KYJUIAHUIIW NIYHYAJIWK KaTTa XaTOJUKKa
0110 KeJIaau.

MakpoxomnaTtra xaBo0 OepyBUM MHUKPOXOJATIAPHUHT COHUHHU TOMHII Y4YyH
CTaTUCTUK TepMoauHamukana (azaBuii dazo (/-dazo éxu _Q dazo, éku p ¢azo)
TYITyHYaCH KUPUTWITaH. MUKPOCKOMUK XOJaT CHUCTEMaHH TAIIKWJI KWIyBYH Oapya
3appadaiap y4yH BakTra OOfIuK Oynran Oapua ymMyMmJalirad Ky4IapHHUHT YOy
OHJIaTM KWUWMaTiaapu OwWiIaH TaBcH(IaHaau. MacamaH, SPKUHIMK Japaxacu N=3
Oysran Oup aTOMJIM MOJICKYJIAaHUHT XOJIaTH BakTra OOFJIUK OYJraH 6 Ta KOOpAUHATIAp,
abHH 3 Ta (a30BUI KoopaAMHATIAD (X, y, Z) Ba 3 Ta UMIYJIbC KOOPAUHATIAPH (Px, Py=>,
pz) Ounan OenrwiaHaav. MoJieKyJaHUHT YOy OHJArd XojaTu 6 ym4doBiau (azaBuil
dazoHuHr Hykracura Moc kemamu. DazaBuit (azonm Exu [ -dazonu ¢azaBuit
sueiikanapra Oynub, xap Oup suedkagard MoOJICKyJaJlapHUHT COHU XHCOOJIaHAIIH;
Typau siueiikanapaarud mosiekyianapHuar conu Ni, N2,..., Nk ymOy makpoxonaTtra Moc
KeJaau.

Arap cucremazna xap 6upu m ta aromsapgan udopar N Ta Mosiekyna Oyica, y

XOJI/Ia MOJIEKYJaTapHUHT (pa3oaard KOoWinamumu sapoaapHuar 3NM koopauHaTIapu
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Ounan aHukinaHagu. Kimaccuk mexaHukaga MOJEKyJanapHUHT Xxapakatu 3NM Te3nuk
Ba  WUMMYJbCIAPHUHT  KOOpauHatTiapu  Ounman  udomamanamu.  JIuHamuk
y3rapyBunnapHuar 6NmM my»kaccamiamrad KadMaTiapyd BaKTHHHB Xap Oup oHua
CUCTEMa MUKPOXOJAaTUHU aHUK Oenruiaiau Ba (aza ned atanagu. Yoy kuilmaTiapra
Moc kenyBur 3NM ummynasc Ba 3NM koopauHata yk OYnu0 xu3maT kKuiyBurm 6NM
yaamiu dazonu (azasuii pazo €xu [ -hazo nernnaam.

KBaHnT MexaHukana Xyaaud Iy CUCTEMaHUHr XxojaTh 3NM KBaHT COHJIApU
Epnamuna ndoaamananu, yaap 6apya mosekyiaamapHuar 3NM SpKUHINK JapakaCuHU
aHuk TaBcubnaigu. KBaHT conmapuHuHr (azocuHu ojataa .0O-pazo  opkanu
ubonanananu, y [-dazora HucOaTaH HKKM MapTa KaMm yiuamjiapra 3ra, 4yHKH
3appavyaHUHT MMITYJIbCH OWJIaH KOOPIWHATACHHH OWp BAKTHUHT Y3HIa aHUK TOMHO
oynmaiiau (I'efizeHOeprHUHT HOAHUKIIMK MyHOCa0aTJIapura acocaH).

KBasukmaccwk SKAHJAIIMIT KBAaHT MEXaHWKaJAard MYBO(GHUKIWK TMPUHITUIIUTA
#aBoO Oepanu. Y kiaccuk /-(a3o Ba KBaHT O-(ha3ojapHH y3apo MociamTupagu. by
sca WiIrapwiaHMma Ba ailaHMa XapakarjapHu udogananga KIacCMK MEXaHWKaHH
KYyJUlall Ba CTaTHCTUK KATTAIMKIAPHM KJIACCHK Ba KBAHT-MEXaHHWK XHCOOJAII
HATHKAJTAPUHU OCOH KEJUIITUPUII UMKOHUSITHHH Oepai.

Monekynsip TacBUpPHU aHUKIAm 3apypustd TyFunranga p  ¢aszo xam
KylnaHwiaga. p  ¢ga3o  geraHjga OuTra  3appavyaHuHT  0apya  JIWHAMUK
y3rapyBuniaapuHuHr (azocu tymyHunagu. Jlemak, p-ga3zo anoxuma MOJIEKYJIaHUHT
dazocunup. Mnean ra3 mojexkynamapuHu Kypaérranna boibliMaH cTaTHCTHUKACHIAH,
STHHU KJIACCUK CTaTUCTUK MEXaHWKaaH (oi1aTaHnIaIn:

- (dazaBuii (dazoma MoJeKylIalapHUHT Oapua >KOWIammMnuIapu Oup Xui
HXTUMOJITKA 3Ta (3PTOUJIUK TUTIOTE3aCH);

- MOJICKyJaJlapHUHT (a3aBuii sUEHKalapra TAaKCHUMIIAHWUIINA MUKPOXOJIATHH
XOCHUJI KUJIa]IH;

- MOJEKYJAJIApHUHT sYeiika huyuga Oup >KOWJAaH MKKMHYMCHUIa YTUIIU SIHTU
MUKPOXOJATHU XOCHJI KUIMaNIH;

- UKKUTA MOJIEKYJAHUHT MKKUTa s4YehKaja »>KOM  ajJMalluIid  SHTH

MHKpPOXOJaTra MOC KCJIa/Iu.
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MukpoxonaTiap COHMHU aHUKJIAIIHU 3 Ta OuUp XWJI MOJEKyJanapaaH ubopat
OJTMN cUCTeMa MHCOJUAa TYUIYHTUpaMu3. Yiap xacénaH 3 Ta Xaxm Oyiinua TeHT
sueiikaiapra OYIMHTaH uaunaa OYiIcHH. 3 Ta MOJIEKYJAJTapHUHT Xap OWpH XOXJIaraH
OoHIa 3 Ta sYelKamapHUHr Oupuja OVIMIIK MYMKHUH, YYHKH MOJEKYJIaJIapHUHT
XapakaTH XaoTHK Ba 0apya »KOMIaluiuiap TEHT 3XTUMOILTUAMP.

MouiekynanapHUHI sYeiiKkanapra Typiaudya TaKCUMJIAHUIIMHUHT TEPMOJUHAMUK
HSXTUMOJUIMTMHHU, SBHU YIIOY MakpoxojaTra xaBoO OepyBUM MHUKPOXOJATIAPHUHT
COHMHU aHMKJIaiMu3. Arap O6apua moliekynanap 1 Ta sdeilkana >kodnamrad Oyica, y
X0JIa TepMoauHaMUK 3XTUMOUIMK 1 ra Tenr (W=1), dyHKW sdeika WYIHIard >Koi
aIMalllMHUIIIAp Xucobra onuHMaiau. byHmait makpoxonatinap 3 Ta: sibHU 3 Ta
MoOJIeKyJa OMp BaKTHUHT y3ujaa €Ku OMpUHYM, €KW UKKUHYM, €KUM YUYHHUU sSYeHKaja
OYIIUIIIN MYMKUH.

burra suenikama 2 Ta MOJEKyla, HMKKMHYMCHIAa | Ta Ba ydYHMHUHMCHAA
MonleKkymanap ¥yk Oymca, W=3 Oymamu, uynkm 1, 2, 3-sueiikamap opacuaa
MoOJIEKyJanap y4yH 3 Ta *O0# alMalTUPUIILIAp aMalira OINPUIIAIINA MyMKHH.

byHna 6 Ta makpox,onat Oynaau: Xxap Oup mMakpoxoJiarra 3 Ta MUKPOX0JIaT MOC
kenaau (ckamu 0ynuoO 18 Ta MUKpOXOJaT).

Mounekynanap TeHr TakCUMJIaHTaHaa (Xap Oup siueiikaga OUTTagaH) SXTUMOJUTUK
W=6 , uynkum wmonexkynamap yuyH 1, 2, 3-sdeiikamap opacuma 6 Ta Typiuda
KoMamunuiap, S-HU 6 Ta MUKpOXoJaTiap OYIUIIN MyMKHH.

by xonga 1 Ta MakpoxoJiatra MOC KeJIyBUM 6 Ta MUKPOXOJIAT MaBXKY/I.

Mynnait xunubd, TepMOAMHAMUK AXTUMOJUITMKHU aHUXJIAI YUyH 5Koi 1-2-
AIMAlIMHULIIIAPHUHT YMYMUH COHUHU 3=3! xap Oup siuerikagaru xou
aJMaIIMHUILIIAP COHUTA OYJIMII Kepak:

MoJieKynanapHUHT TEHT TaXCUMJIAHUII 3XTUMOJIIUTH 3HT KaTTaaup.

31 31 31
Wi=———=1; . _ _

: W2z o= 3 Ws= e = 6

:.)’! 10 ’ 2 om1in 8 11111
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Oy epaa HOMHUHT (pakTopuanu 1 ra TEHITUTHUHYU YbTUOOPIAH YMXAPMACITHUK KepakK.

YMyMmHii X0J11a TEPMOTUHAMHK 3XTUMOJUIHMK foxopuaa kentupwiran (111.5)
TeHr1ama OusiaH udoaaraHam.

N 3appadanapHUHT N Ta suelKanapra TeHI TaXCUMJIAaHTaHUa MaKCUMAaJl T'a TEHT
oynamu. Arap N=15, n=3 6yca, Wmax=7,6-10° Ba N=20, n=4 6ynranga
Wmax=1,17310% ra tenr 6ynaan.

(111. 6)

TCPMOANHAMUK IXTHUMOJIJIUK

max

)

MonekynanapHWHT COHM OPTULLIM BUITaH TEHT TaxGYMMAHULWIHWHT TEPMOANHAMUK
AXTUMOIININ XKyaa Xam Te3 opTMb KeTaau, WyHUHr ydyH oaauii ras ( 7 moss pa 6,022-1023

Ta 3appava) bepunraH xaxxmHu 6up Tekucaa Tynaupaau. a3 myBosaHaTt xonatuga dynaaw.

CratucTuk TEepMOAMHAMUKAHUHT TIOCTYyJlaTH Oyitmda xap Oup V3 XoJura
XYWHJITaH W30JSIFSUTAHTaH CHCTEMa SXTHMOJIM DHT KaTTa Xojarra YTUINra WHTUJIAIH,
OyHIa W3OJSALUSJIAHTaH CUCTEMaHWHT TEPMOJMHAMHUK OXTHUMOJUIUTA MaKCHUMyMra
sXUHIamann. JleMak, TepMOJAMHAMHUK 3XTUMOJUIMKHUHT MaKCHMYMHIa CHUCTEMaHWHT
MYBO3aHAT XOJIATH MOC KEJIaJIH.

CratucTuk  TEPMOAMHAMUKAHUHT  TOCTyJAaTJapuiaH TEPMOJAMHAMUKAHUHT
WKKWHYU XOHYHH Xysoca 0ymu0 unxaau. CTaTUCTUK TEPMOIMHAMUKAHUHT aCOCUI

S = kinw
(I1.7) Tenrmamacu TepMOAMHAMHKA WKKMHYM KOHYHHHHMHI acOCHUH (YHKIMSICH -
SHTpONUSHH (5) CTaTUCTUK TEPMOJMHAMHKAHWHT aCOCHHM KATTAJUTH -TEPMOIMHAMUK
sxtumosutuk (W) 6mnan boabiiman gnoumuiicu (K) opkanu 60F1ab Typaau.

Nnean xkpuctamnm moana yuyd 7 = 0 na tepMoauHaMuK »XxTumosuuk Wo = 1,
YYHKH a0COJIIOT HOJAa UAcaT KPHUCTAI MOJICKyJajdapHUHT (akat OupruHa
TAaKCUMJIAHWUIIIA ~ OpPKaJld  aMayira OUIMPWIWIIN MyMKHH. Jlemak, CTaTHCTHK
TePMOJMHAMHUKAHUHT aCOCHUH TEHIJIaMacu alcomtoT Hoyima 90 = 0 SKaHIUTHHU

KypcaTaju.

3. MoJieKyJaJaPHUHT Heprusijiap 0yiinya TaKCUMJIAHUIIIHN.
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bosbuMaH KOHYHH

®u3uKaBui KUMEHNUHT KYyNITMHA KUCMIJIAPHJIA MYBO3aHAT XOJIATUIATA MOJIEKYJISAP
CUCTEMAJ]a MOJIEKYJIJIAPHUHT 3Heprusuiap Oyiinya TaKCUMIIAHUIIMHU Mdoaanainrad
KOHYH wunuiatuiaav. KynmuHua MmyBo3aHaT XoJaTHAAH YHYalIMK KaTTa ¢apk
KWJIMalJIMraH HOMYBO3aHaT cHCTeMalapAa XaMm Ym0y KOHYHHUHI HIUIATHIIAIIA
dornanm 6ymanu. MacanaH, KUMEBUN KWHETUKA Ha3apUACHIA KaToOp XoJUlapia OXUpru
MaxcCyJoTra HUCOATaH CEKUHPOK Y3rapyBuM KaHAAWIUP OpAIMK MaxcyJoT (€KW Xo0Jar)
XOCHJI OYJIAINY XaKuaru TacaBBypaad doinananunaau. [y cababmu, Oynmaii opanuk
MaxCYJOTHUHT KOHIIEHTPAIMSICK MYBO3aHAT XOJIATJAruaH yHUaluK (apk KUJIMauau
Ba TEPMOJIMHAMUK YyCYJUIapJa TAXMHUHHUM XUCOOJaHUIIM MYMKUH. YMyMaH, XyAJId U1y
Hyn OWIaH KWHETMKA Ba TEpPMOJMHAMHUKA ypTacuaa OOFIMKIMK Taigo OVymanu.
[IyHuHr y4yH ajoxuja MOJEKYJaJapHUHT TaBCcU(pU acocuja Ky COHIIHU
MoOJIeKyJlajapaan ulOopar OYAraH CHUCTEMaHUHI TEPMOJUHAMUK (YHKUHSIIADUHU
xucoOyamra iyn OepyBUYM CTATUCTUK TEPMOJIMHAMHKA YCYJJIapH (CHEKTPOCKOIUK,
aNeKTpoHOTpaduKk) QakaT TepMOAMHAMUKA COXAcCHUJArMHa axaMmHsTId SMac. Yiap
KUMEBUM KMHETUKAJlA XaM, aBBaIaMOOp, peakiusl Te3JIMTMHU CTaTUCTUK XHcoOalaa
(abcotoT TE3NMUKIIAp Ha3apUsICH) KaTTa axaMHsITra ora.

Yoy ycynnap acocuaa MOJEKyJIaJlapHUHT SHeprusiap Oyinya TaKCUMIIAHUII
KOHYHH - bonbiMan koHyHH €Tanu. bonbliMaH KOHYHUHU KENTUPUO YyuKapuil yuyH 1
MOJIb WJIeall Ta3 TyTTaH M30JSIUsJIaHTaH cucTeManu KypuoO unkamus. ['asauar Ni, Ne,
Nz,., Ni Monexymamapu Si, S2, S3, ., Sn dJHeprusuiapra 3ra OYJIcHH. Anoxuaa
MOJICKYJIAIAPHUHT SHEPTUsIapu (Gakar TUCKpeT S = NV KuiiMaTiapHu KaOyJl KWJaau,
ne6 xucoOnaimus. M3omsuusiianrad cucTeMaaa MOJIEKyJIaJapHUHT YMYMHUM COHU Ba
CUCTEMAHUHT UYKH DHEPIUSCH Y3rapMac KaTTAIMKIApAUp:

NA = ENi = const; U = ENiSi= const (111 8)

TepMoanHAMUK MYBO3aHATAA CUCTEMAHUHI AXTHUMOJUIMTU SHT FOKOPH XOJaTaa
oynaau. M3onduusyianral cuctemMa y4yH TepMOJMHAMUK 3XTUMOJUTMK W Ba sHTponus
S MakcuMan kuiiMarra 3ra 0ynaau.

Cucrema MyBO3aHaT X0JaTua Uaeal ra3 3appadyajapuHUHT dHeprusiiap Oyitnua

TaKCUMJIaHUIIT KOHYHUHHU KCJ'ITI/IpI/I6 YUKapaMH3.
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( N
TEHIJIamara KysasMu3 S=kIn - &xu S = kInNa! - KInZNi! Ba Ctupaunr

TepMoauHAMUK SXTUMOJUIMK TeHriaamacuaaHn W HuHr kuiiMatuaud S = KInW

YNi) ndonanm E3nmmmus MyMkuH. by Tenrmamama Na

(KNAIn NA-NA) - (k YNi In Ni
termamacuad INN! = NINN-N xuco6ra omn6, N = Na = NNi ga:

= NN akaHnnrnHm xmcobra onumb, KUCKapTUPULLNAPHX amanra owmnpcak, Kynnaarm

S = KNA InNA - kENi InNi (111.9)
terrinamanu onamus. (111.9) vu muddepennmaniaimus, 6yaaa Na= const Oyaranauru
cababyu TEeHIVIAMAaHUHT OMPUHYM XaJIy HOJIra ailjaHuO KeTagu Ba Kyiuparu udopa (

1 A
Kean0 yukamu: dS = -kY NiNdNi + dNilnNi =-kY(InNi +1)dNi .

MaxkcuMmymra mMoc KeJlaauraH SHTpONUSHU aHukinam yayH Ni HU y3rapyByad

KkatTamuk  1ae0  xuco6mad, (II1.9) TenrmamanuHr — AudQepeHIMaTInH  HOJra

TEHTJIAIITHPAMH3: dS— *"Ni+1)dN "0 (111.10)

InNi am katTa con ne6 oncax, (I11.10) au yprura -kd® —"™ NdN - 0 (OI.11)
1e6 €3UMMU3 MyMKHH.

Wzonsumstanran  cuctema yuyH (111.8) Tenrnmamamapra Ounoan (Si JapHH
y3rapMac kartaiuk n1e6 omamu3):  dNa ~ dN O (111.12)
dU—SAN - 0 (111.13)

S Hm wMakcumymra aimantupyBud  Ni  HuHT kwitmata  (I11.11-I.13)

TEHIJIaMaJlapHu ~ Oupranvkia edu0d  aHuKIaHagu. JlarpawkHMHT — UXTUEPUM

KymaityBuminap ycyiaunan ¢ovgananu6, (I111.12) wm 2 ra Ba (111.13) v ra

KyIIauTUpamu3, CyHIpa y4dasa TEHIVIAMAHU KyIIaMM3:

—(InNi+2+VSi)dNi-0 (111. 14)

Oy epna 2 Ba V - uxtuépuii kynaiiryBumiap. (111.14) renrnama dakar dNi onagugaru

kodhuIMeHTIap WHCHUHIUHUHT Xap Oup KYIIWIyBYMCH YyYyH HOJra TEHT
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OynrannaruHa aaojatiuaup, yyHkd Ni 3appadalapHUHT COHM UXTUEPUN Y3rapuiiu

MYMKHH: InNi+2+vSi—0 (111.15)
Bbynnan Ni -ee Vsi (111. 16)
2 Ba V kynairyBumiapau anukiaam yays (111.16) au (111.8) ra xyinb
-2 NA
e?-_g (111.17)

oy onamu3. (I11.17) muar maxpaxumaru udoma Q xappu Ounan OenruiaHaad Ba

XoJiatiap oyinda WMCUHAN AeHuiaau:
Q- —ev; (111.18)

(111.17) Ba (111.18) man 2 yuyH kyiiugaruau onamus: e-2 - NA
(111.19)

Q

(111.19) um (111.16) ra xyiicak Ni - NAe *i
Exun InNi = InNa-InQ-vsi 11.20)

upomanap kemm6 uwmkamu. (111.20) Tenrmama BombliMaH TakCUMOTHHU — EKH
bonpiiMaHHUHT MoOJieKyNnagapHU SHEprusuiap Oyinda TaKCUMIAHUIIMHUA W(OAATOBYN
TEHTJIAMaJIHP.

MyBozanargaru 1 mone uaean ra3 CUCTEMACHHUHT WYKU SHEPTUSICUHU Ba YHUHT
SHTPOIUACUHM XoJaTiap Oyinya iiricuuau opkanu ndonanaimus. (111.20) Tenrmamanu
xucobra oscak, (111.8) Tenrmama U yayH KyiHumaru KypruHAIITHA OJIQ/IH:

N. VS,
urA—Sie i (111.21)

Qi
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Outponus yuyH d3ca, (111.9) Tenrnamanan kyiingaru udoganu onamus KNA —vs— kNA
_vskVN A -vs-

S = KkNA In NA----AIn NATe i +—"A InQTe VS + --——--- ATse i

AAg A Q ol

Ba (111.18) Tenrnamanu xucobra oJicak Ba KaTOp KUCKapTHPHUIILIAP KHIICAK,
S = kNA InQ + kvU (111.22)

TCHTJIaMaHU OJIaMM3.

V muHr TepMoauHaMuk MabHocunu anukitam yayH (111.22) uponaman V dS_KN.

(111.23)

(111.23) vu cognanamrupuin Makcaauaa (111.18) tenrnmamanan V Oyitnua \ocuiia
doQ -VS,

OJIaMHU3: =-TSe i (WIIZZ@

dv |

(111.21) au \ucodra osncax, (111.24) xyitnnarn xkypuanmra kexaau: dQ_ QU dv(l 11.25)

dQ k dU kU 6¥iinua xocmma omamuz:dv Q ' dv * kY dv * kU

(111.25) Hu (111.23) ra Kyiicak, CTaTUCTMK TepMoanHaMmnkaaaH dS/dv yuyH kyimparn dS dU dV

kkvdV

nudoaaHu oJaMus3.
Knaccuk TepMonumHamuikanaH Xaxw Yysrapmac Oymrannma dS=dU/T (kaiitap

*apaéH yuyH) udoaaaan kaiTap xapacH yuyH dv Oyitnua Xxocuiia oyicak:

ds £duU
(111.27)

KennO YuKagu.

(111.26) Ba (111.27) TeHrIaManapHUHT YHI TOMOHJIAPHHH TeHrmaurrupeak, vV KV=1; V=

% (111.28)
dV 1dV

HUHT KHMMATHUHU TOTIAMM3:
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(111.28) Ttenrmamaman ~ = KT Oynmaaw, SSbHM V KYMaWTyBUMHHUHI TECKApH KHHMAaTH
a0CoJIOT XapopaTra MPOomopIMoHalI, OYH/Ia TPOIIOPIIMOHAIUINK KO3 GumueHTrnHN R

Bonbuman JIOUMUNCH yiHAUIM k N .

(111.28) nman v wwmar kwiimatuaa (11118, 11119, 111.20, 1H1.21, 111.22)

TEHTJIaMajapra Kyhcak, xonariap 0yiinya iMcUHIUHUII- UPOJaACH YUYH:

-Si/kT

Q=Te (111.29)

MOJIEKYJIaJJapHUHT SHEprusiiap OVindya TaKCUMIaHUIIIMHA U(OIaTOBUH

BOJIBI_[MaHHI/IHr OKCIIOHCHIIMAJI TCHIJIaMaCHu yLIyH
N- "t
= :l: T
N=Ne (111.30)
i Q
N-~U — -A- 1Ot
kT

WYUK DHEPTUS YIYH: (111.31)

S = KNIHO + U

SHTPONHS YUYH: (111.32)

St

€ T KaTTATMKHUHT alipUM MYyXUM XOcCcajJapuHu KypuO unkamus. ByHunr

yuyH bonbsivan Terimamacuaan (111.30) doitnananamus. YHu KyHugara KypyuHHUIITa
b
KEITUPAMU3: N =Aek (111.33)
S,

oy epma A = Na/Q = const. (111.33) man: 7°0 na e K" ~x Ba N, = 0. By abconroT Hobra
akuHaa ky3Famran (1, 2, 3, ...) noFOnanapna moinekynanap WyKJIUTHHA KypcaTaw,
yJIapHUHT XxaMmacu ky3Fanmaran Honuaun noFOwnana 6ymaau. 77 na - S

e T A1 Ba N, = 4 = const, sbHM I0KOpH XapopaTiapia MoJeKyJlalapHuHT Ky3Fanran

sHepreTuk noFOHanmapra takcumianumu o6up Texkuc 6ymamu: N1i=N2=... =Ni = const.

Kypu0® uwmkwiran bBoiablIMaHHMHT TAaKCUMIIAHUIIMHM ~KENTHUPUO UYMKAPUIIHUHT
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aueiikanap ycynu (bonblMaH ycynM) KyJa XaM aHMK 3Mac Ba KaTop bTHPO3IAPHU
KEeJITUPUO YMKapaau: sSuelKazapapo alHUN 3appadalapHUHT AJIMAIIMHUIIA SHTH
MUKPOXOJIATHU ~ KEATHpUO YHMKapMailiu;, 3appadajiapHud pakamiad Oyiamaiiu;
CTUpiMHT TEHIJIaMacHMHM KyJUlalll XaM YHYalIMK TYFpU 5Mac, YyHKH Oab3u
sueiikajgapja 3appadalapHUHT COHM YHYANUK KaTTa Oynmaciurua mMymkuH. [ynra
KapamacliaH, bojblMaH TakCUMJIAHMIOM UWA€aJl Ta3HUHT XOCCAJIApUHU  TYFpU
udogananu.

busHuHr Bazudamapummu3ra MOC KEIyBYM TAKCUMJIAHWUII KOHYHUHUHT
KYpPUHUILIMHY OJIMII YYyH TaxxpuOa HaTHKajdapuJaH XaMmja KBaHT Ha3zapusCHIaH Keauo
YUKAJUTaH MOJIEKyJajap HSHEPrusl CATXJIAPUHUHT alpuM KylmuM4a TaBcU(IapuHU
xucobra onamus. ['an myHIaku, MabiyM 3HEPIHsUIM MOJIEKYJIAHMHT XOJaTu Oollkaya
Oenrunap €ku Xxoccanap OwiaH TaBCU(IAaHUILIM MYMKHH 5KaH, MacajaH, MarHUT
(Beeman a¢pdextn) €xu snextp (IlTapk >ddextn) maitnonnapu Tabcupuaa OyHal
xoccanap HamMo€H Oynaau. Jlemak, MOJeKyJla SHEPrUsICHHUHI Oup Xuil KuiimaTtura
Typiau Wyijiapja SPUIIUII MYMKHH, SbHM KBAaHT MEXaHMKa THIW OWIaH aiTcak,
MOJIEKYJIaHHHT OMTTaruHa sHeprusicura Oup Heua xycycuit 9 xomatiap »kaBod Oepuru
MYMKHH 3KaH.

IOxopunaru duxpnapaan, mMojekyiana OWTTariHa >Heprusara sra Oynran Oup
Heuya sHeprus noFOHanapuHUHT MaBXyUIUTH XaKu1a ramupyuIIuMu3 MyMKUH. byHait
KaitapuiyBun SHepreTuk noFOHamapuu aiinunii noFOnanap neimnanu, aiHUNINK
JapaxaCMHU 3ca, dHepreTHK MOFOHAHWHT CTATUCTHK MaccacH €KW YHHHT arpHuop

OXTHUMOJIJINTH XaM ae6 aTajlaamn.

N=S = E ges (I11.34)

0y epaa: N - cucreMagaru MoneKkyjaanapHUHT coHu; N - MabiyM sHeprusra sra 0yiaran
MoJieKynanapHuHr coHu; No - Kyiin sHepreTrk noFOHanarn MosekynanapHUHT COHH; i
- sHepreTrK NOFOHAHUHT CTATUCTUK Maccacy €KW YHUHT g Priori X THMOJUIHTH.

(111.34) Ternama 6apua suepreruk noFonanapaaru N MosekynanapHuHr Si

WUTUHIUCUAND, YHAAH Y gieXT=N=0Q (111.35)
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i NO

ra TeHr 6ynu0, Oy epaa Q - xonatmap OVinMuya MOJEKYJISp MUCHHIU €KU CTATUCTUK
WurnHaU nednnany, y ¢akar ymoy Moaaa MoseKkyianapuHuHr %i Ba Si xoccajapura Ba
xapoparra OoFauK O0VIr0, MOJITAaHUHT Maccacura OOFJIMK 3Mac.

Xonatinap Oyiimya MOJIEKYJIp WHCUHIM Xap OWp MOJJa y4yH XOC KaTTaJIHMK
O0ynmu0, cucteMa MOJEKYIAJIAPUHUHT HEPTETUK XOJATIApPUHUA TypJIU-TyMAaHIUTHHU Ba
ymoy XOJaTJapHUHT HUCOWUN SXTUMOJUIMTMHHU (SO - SHT KyiM sHepreTuk noFOnara
HucOaraH) ndomanaiay Ba Xapopar OPTHINN OWiIaH opTaad. Q HHUHT YITYOB OUPJIUTH
HyK, YHHHT KHAMaTH MOJJaHUHT MOJICKYJIIp Maccacura, XaxM, XapoparT Ba
MOJIEKYJIaJJapHUHT ~ XapakaT TaBcudura Oornuk. Howmpean cucremanapma Q
MoJIeKyanapapo Macoda Ba MoJeKynajgapapo Kydiaapra xam Oornmuk. Q amoxmua
MOJICKYJIAJJAPHUHT ~ MUKPOCKONUK  XOCCAJapUHU  (IbHU DHEPTUSHUHT  JUCKPET
noFOunanapunu, uWHEpPIUS MOMEHTJIAPUHHU, AUMNOIbL MOMEHTJIAPUHU) MOJJTAHUHT
MaKpOCKOIIUK Xoccajlapu (MYKH DHEPrus, DSHTPONUS, HCCUKIMK CUFUMH) OWIaH
O6oFnaiimu. Oxupru aramanap alHuUW Xojarjapaa yui0y sHeprusira ira Oyirax
CaTXJIAPHUHT YMYMHUW COHM Kymalluimum OwiaH Ba YHIOy SHEPrUsid MoOJEKyjanap
nan0 OYVIMIIMHUHT SXTUMOJUIMTY OPTUILY OuiIaH OOFIMKIup. YOy mMyJioxa3anapaaH
Kenub uukkaH xojna bombiivanHuHT TakcuMoT kKoHyHuHH (111.30) éxm (111.33)
TEHTJIaMaJlap YPHUTA KyWHIard KypUHHUIIIA E3UIMIUMHA3 MyMKUH: si . M4

N Na KT zs KT x KT ,(“|37)

Ni= -Qagie KT (L1.36)  éxwm Ni= Age

bonpuMan KOHYHUM Kyiuaaruya TabpuiiaHagu: MyBO3aHATIard MOJIEKYJSIp CUCTEMa

YUyH Si JHEprUsira sra OyiraH MoJIeKyJalapHUHT COHU bosibliMaH KynanTupyBUnCH

e kT ra IporInopmuoHaJIaup. BOHBHMaHHI/IHF OKCIIOHCHIIMAJI KOHYHH XKYy/Ja KaTTa

axaMusAT KO30HHO, TYpJIM aMajuil MacajlaJapHUA XaJl KWJIUIIIA XaM KyJUTaHUIMOKIa. Y
CTaTUCTUK TEPMOJIMHAMUKAIAa Ba KUMEBUUM KHHETHMKA Ha3apusaCHIa XKyJda XaMm

axaMuATInaup. BOJ'IBL[MaH TCHTJIaMAaCHHHUHT DKCIIOHCHTACH OJIAuAaru KyHaﬁTHPYBQH
NA

A = -Qa xapopatra xamJa CUCTEMaHHU TAIKWJI KWIYBYM MOJICKYJIaJapHUHT COHH Ba

tabuatura OornuK. Jlemak, 4 MOJIaHUHT Xoccaapura OOFIMK Oyica, Kk - YHUBepcal
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TOUMUUIND.

[

Q QQTg Q Q g (111.38)

Arap (111.36) Ternmamanu Kyluaara = KypuHHIIUIAA €3cak, XoaaTiap
Oyiinya MOTUHAMHU MOJIeKyJalapHUHT Tynuk Na coHura HucOGaTu Ji MapTa KYmpoK
oJIMHraH bonbliMaH KYyNmalTUPYBYUCHHUHT Si DHEprusira sra OYiran MoJieKyJadapHUHT
Ni conura nucOGatu kabu Oymamgu. Ulynnmait kwimb, xonarmap OYimva HurMHANra
cucTteMajaru ymoy TypJard MOJIEKYJJIapHUHT TYJIUK COHUHU TaBCU(IJIOBYU
bonpuMaHHUHT YyMyMJIAIITHPUITAH KYMAUTHPYBYMCH KaOM Kapall MyMKHH D3KaH.
Oxopuaa tabkuamaranuMusaek, Q ym4oB Oupiurura sra sMac, y CHUCTEMajaaru
MOJIEKyJIajap ypTacuja SHEPIUSHUHI TAKCUMIIAHUIIMHM  KyJlail — MaTeMaTHK
KypuHuiaa udoanamra Epam oepaiu.

Slua oup Oop (I11.36) Tenrmamara kadiTamu3. YMymaH, Xojariaap Oyinua
WUTMHIMHY CUCTEMaHUHI TEPMOJMHAMUK Xoccajapu OwiaH OoFmam MmyMkuH. AMMO,
uaean Ta3HUHI TEPMOJMHAMUK (QYHKUMSJIAPUHHM XoJlaTinap Oyiinya MOJEKyJsap
WUTUHIM OpKaJd aHUKJIacak KOHMKAapCU3 HaTKKajapra KejlaMu3. XaKUKaTIaH Xam,
WYKUA DHEPrusi, UCCUKIUK CUFUMHU Ba OOCHMM YYYyH TYFpU KuUHMaTiaap Keaud 4ukca,
DHTPONUS YUYH XaKMKWWA KAWMAaTIapJaH KHYMKPOK KMHMATIapHU ojaMu3. MacaiaHu
TUKKAT OwiaH kKapa0d 4YWKCaK, SHTPOINUSHM Ba YHU Y3WAa TyTraH KaTop Oorika
TEPMOJIMHAMHUK (QYHKIUMSJIApHU XoJjaTiap Oyiuya MOJEKyJsp HUIMHIM acocuja
XUcoOJamra Xakjau 3MacJIUTUMUA3HU KypaMu3, YyHKH yjap Y3UHUHT MabHOCU Oyiinua
OyTyH cuUCTeMaHMHT Xoccamapuau wudonanaiiau. HOkopugarwmapra acocas,
CUCTEMaHUHI XoJlaTiapu OyinWya WHUTMHOUCH, JEeraH KEHIpoK TYIIyHYaHU
KUPUTHUIIUMU3 apT OYIaau.

CucremanuHr Oup OyTyH XOJATHMHM YHHM TAlIKWJ KWJIAETraH 3appadalapHUHT
(MonekynanmapHuHr) GyHKOusICH cudartuga Kypub YuMKaéTraHja WKKUTA XOJIHU Oup-
Ooupuaan Qapkiam 3apyp. bupuHuM Xonaa cucCTeMaHMHI XOccalapu XyCycaH KaicH
Ooup anoxuaa 3appadaiap y €ku 0y TaBcuduiapra sra SKaHIUTrura OoriauK O0yaaau, sbHU
Oy xonma 3appadanap Ooup-Oupunan dapkiaHaau. WKkuHIM XoJa 3ca, CHCTEeMaHUHT
Xoccanapy IoKopuaa alTwiraH TaBcu@uapra sra Oedrunapra kapald rypyxiapra

TAaKCHUMJIAHTaH 3appavajapHUHr ¢akaT COHUTraruHa OOFIMK OYnanu. 3appadanapHUHT
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y3u 3ca Oy xojaa oup-oupuaan Gapk KuiMaingm.

bupunuM X071 ydyH CUCTEMaHMHT XoJatiap Oyinda HOTHHINCH

Qi=(XekN=Q" (111.39)

ra TeHr Oynaau, Oy epaa Qi - CHCTEMaHUHT I-XOJIaTAard XoJaTiap Oyinua HUTUHINCH;
Si - OMTTa MOJICKYJIAaHUHT I-X0JaTaark sueprusicy; Q - xomatiap

oyiinua monekyssap vuruaan. (111.39) Tenrnamanu é3aérrana agoxuma I-

noFOnanap 6yiinua WuruHau Hazapaa TyTwiaau. bup Heda noFOHanapHUHT OUp XU

AHEprusra sra OYJraHJIUrd OKUOaTUIa XOCHUJ OYIraH alHMIJIMKHU XHcOOra oJiraHjaa,

(111.39) Tenrinamanu Kyiuaaru

Si

X

Qi=(  giekr) (I11.40)

KypUHHIIUAA €3I MyMKUH, Oy epaa % HMHT MabHOCH XYIJAWU aBBalNTHUICK, OWUp XM
sHeprusiim papxinanyBun noFOnamapuunr conu. lynmait kunu6, rokopuaaru udomaa
N ta ¢apxiaHyBUM TabCUpJAIMaETraH 3appavanapjaH udopar Makcsemi-bonbiman
CUCTEMACHHUHT XoJaTiap Oyinya HUCUHIUCUIND.

Nkknnun xonga bosze-Ditamrelin Ba depmu-dupak Typumaru razmap Kypuo
yuxuiaad. YOy Ta3NapHUHT XOJaTH, Typiu Xojariapiaa OYauimm MyMKUH OYyiraH
3appavyallapHUHT COHWHU KypcaTull OwiaHTuHa OenrunaHaau. bynma Makcsen-
bonpuMan cratuctukacugan dapxim y €ku Oy xosiaTna XycycaH XaHJal 3appavanap
Ooopnuru dapxcu3aup. bomxawa aWtranma, 3appadanap dapxcu3 ned xucobiiaHau,
OyHIa CHUCTEMaHUWHT alHUN XOoJaTiapu MaBXya OVIMIIA MyMKHHJIUTH XaxX#jaa
ranupuiagd. AmMMo ymlOy aWHUWIMKHUHT MabHOCHM aBBajl aWTUO  yTWITaH
aitHuimkaaH (apx xuiaaaud Ba OyTyH cucTeMara TaautyxJju Oynaau. Ymoly Typaaru
alHUMJIMK TacT Xapoparjiap Ba [OXopu Oocumiapaa HaMo€H Oynaau Ba
3appavyallapHUHT Maccacu XaH4YaluK KMYMK Oyica, MIyHYaIMK OCOH Ky3aTwiaau. N Ta
Oup XU MoJeKylanapiaaH ubopaT ujaean ra3HUHT XoJlaTiap OVin4a WNCHHANCH yUyH

XyHHUAaru

159



1 -, 1 ”

Qi=nNl(®ie)n= N'QNnN (11-41)
ubponann &3ummumu3 MyMkuH. (111.41) tenrmamanu (111.40) Oumnan comuinTHpCaK,
3appavalapHUHT (DapXJIAHMACIIUK MIAPTH CUCTEMAHWHT XOJIaTiap OYinda WHCUHINCH
udpogacuaa Xymmumya -1- KYHaUTHPYBYMCHHUHT MaWI0 OYIuIInMra Oau0 KeNraHWHU
Kypamus.

(111.41) Terrnmamanaru Q Hu sorapupmiad, CTUPIMHT TEHIVIAMACHHU XYyJLIacak

Ba N HU Ky/aa KaTTa CoH Ae0 oJicak, XyhHuaaru udojara KeJramus.

INQi= N In’N (II1.42)

CucremanuHr xoisatiap OViM4Ya WHCMHAMCHHM XojdaTiap Oyinya Karra

WUTAHIM 1e0 XaM aTaliagu.

5-AMAJIMA MAIIFYJIOT. HOMYBO3AHAT KAPAEHJIAP
TEPMOANHAMMUKACH.

3. HomyBo3aHat skapaéHiapHUHT TaCHU(IAHUIIN

bapua pean xapa€niap TepMOAMHAMHUKaZa XaWTap Ba XalWTMmac kapa€Hiapra
axparunaau. Onauaru 0obnapaa Kypud YMXWITaH KJIACCUK TepMOAMHAMuKa (axaT
YEKCHU3 MYBO3aHAT XOJATIApWIAH YTYBUM XaWTap >Kapa€HjapraruHa XyJUIAHWIALIN
MyMKHH. K,aliTap *apaCHIIapHUHT TE3JUIM YEeKCHU3 KHYMK Ba CUCTEMAHUHI Oapua
napamMetpyiapu Baxtra 0oFmux smacaup. Knaccuk TepMoarHaMukana U30JsUsIIaHTaH
CHUCTEMaHMHI MyBO3aHAT XOJaTWHH n3aad torumin AS=0 OyiaraH XoJaTHH TOMHUIIIAH
nOOpaT SKaHJIUTUHUA KypcaTraH 3JIUK.

Krnaccuk TepMoanHaMuKa HOMYBO3aHAT jkapaéHiap ydyH ¢axar HyHaTUIIHUA
KypcaTaJyd Ba MyBO3aHAT XOJaTH XauoOH Xapop TOMaau, CUCTeMa XaHAail Te3JIUK OuiiaH
MyBO3aHaT XOJiaTra XauTaau, JeraH caBoJulapra Xeu xaHjai >kaBoO Oepa oJMaiiau.
ABBan KypuO UYMXWITaH TEPMOJAMHAMUKAHMHT XOHYHJApuIaH Keiauld dYuxxaH

MyHOoca0aTiapHu (axaT MyBO3aHAT XOJaTUAard, SIbHM XalTap kapaéHiapra
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KyJUlall MyMKHWH, YyHKH YyJapHUHT XaMMacu TEHTJIMKIAp Owiad wudoJaiaHraH.
Knaccuk TepmMonuHaMHKaHW HOMYBO3aHAT jKapa€Hiapra KyJulacak, TEHTCH3IUKIIAp
Owran wudojanaHraH MyHocabaTIapHM oJlaMHu3, Iy cababmu, yHU OyHaal
)apaCHapHu XucoOnamra Kyuiad OynMmailau. byHmaili MMKOHHMSITHH HOMYBO3aHAT,
SbHU KaliTMac jkapaéHIapHUHT TEPMOJIMHAMUKACU Oepaju.

Kaitrap xapaamap mnmuii abctpakmus 6ynmb, amanga Ky3arwiagurad Oapda
pean >kapa€Hiap HOMyBO3aHaT, sSbHU KaillTmacmup. Ly caGabmu HOMyBO3aHAT
)KapaCHJIAPHUHT TEPMOJMHAMUKACUHM SIPATUINl 3apypustu maiino Oynran. Kaitmac
)KapaCHIApHUHT TEPMOJUHAMUKACH TOMOHUAAH KUPUTHITAH SHTUIMK TEPMOIUHAMUK
CUCTEMAHUHT XapakaT TeHrNaManapuaaaup. HomyBozaHaT xapaHiiap MabiyM
Te3nukaa 6opanu. byHnai pean skapaéHIapHUHT TE3NUKIAPUHU Udoanain MaKcaauaa
TEPMOJMHAMHKA YCYJUIADUHW KEHTAaUTUPHUII MYMKHH SMAacMHKaH, JeraH QUuKp
Tyrunau. by oca, mmamar OuiaH pUBOXKIAHAETraH TEPMOAMHAMUKAHUHT SIHTH
UYyHaIMIIM - HOMYBO3aHAT >Kapa€Hiap TEPMOAMHAMUKACHHHUHI Baszudacu OYauo
kojnaan.  HomyBozaHar  jkapaCHIAapHUHT  TEPMOIWHAMUKACH  PEISTUBHUCTHK
TEPMOJUHAMHKAAH XaM €mpok ¢aH, JIEKMH XO3upAacKk aMalui axamusT KacO
aTMOKAa. Kriaccumk TepMoaWHaMMKara KyImIMM4a IMOCTYJaTiap KUPHUTHIN Ba BAaKTHHU
SIHTY MYCTaKHJI Y3rapyBun cu(aTha UIUIATUII OPKaJId HOMYBO3aHAT >Kapa&HIapHUHT
YMYMHIH TE€PMOJWHAMHUKACUHU MILIA0 4MKHUINTa ’pumuiMokaa. Kyhumaru mucosnna
KalT™Mac jkapaéHiap TepMOAMHAMHUKACH XaKH/1a TacaBByp OepuInra nHTUIamMu3. bupop
spuUTMa €MUK CUCTEMaHHW Tamkui KuiacuH. Cuctemara Oup >KOWIaH HCCUKIMKHUHT
CTallMOHAp OKUMHU Kejaau, OOoIlKa >XOWJaH KeTaau, OeWnuk. BbyHuHr oxubaTtuia
cCUCTeMajZia XapopaTJIapHUHT CTallMOHAP TPAJMEHTH Maino Oymamu Ba Taxpuoda
KypcaTHIIIN4Ya, XapOPaTHUHT CTAllMOHAp TPATUEHTH TabCUPHUAA dPUTMA TAPKUOWHUHT
CTalMOHap TPaAMEeHTH Kapop Tomanu. CTanpoHap XoJjaTaa XapopaT IpaJueHTH OuiaH
KOHIIGHTpAIusi TPaJWEHTH oOpacuja OOTAaaHWUITHU YypHATUIN Tajlad KUJIWHAJIH.
Kyiinnran Macana KJIacCHMK TEpMOAMHAMHUKA yCyUlapyd OWjlaH Xajd KUJIHHMAMIH:
Kypwia€Tran XxojaT (akaTruHa CTal[MOHApJUp, JEKUH Xed XaM MYyBO3aHaT 3Mac.
HomyBo3anat xapa€Himap TEpMOIWHAMUKACUHUHT MPUHIUIUIAPY OWIAH TaHUIIUII

OJIIUAAH YIapPHUHT CUH(MIAHUIITUHU KyprO YUKaMU3.
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bapua xapa€umap TypT Trypyxra OyiaMHamu, yJIapHU OKapa€HIApPHUHT
Mypakkabmuru optud OopuiM TapTHOWAa KyWuJaaruya >KOMIAIITHPUII MYMKHUH:
KBa3UCTAllMOHAP, CTAllMOHAP, OJIUI Ba 3aHKUPIIH.

KBazucranmonap »xapa€H kauTap >Kapa€HIHUp, y KIACCUK TEPMOJAMHAMUKA
HYKTau Ha3zapuaaH KypuO uukwianu. KBasucramonap sxapaéH 4eKCu3 CeKUH Oopaiu,
chUCTeMa MyBoO3aHaT xoyiatuaa ned xucoOmanamu. KBasucranmonap xapaéH kapama-
Kapim WyHanunuiapaa OOpyBYM HMKKHUTA Xapa€HHUHT CYMEpHO3ULIUICHIAH HOOpat
oynau.

Kaiitap sxapa€nnapra sHT SSKMH OYJIraH *apa€H cTaimoHap xapaéuaup. Mabiym
JOUMHUN Te3NMMKAa OOopaéTraH CTAalMOHAp *apa€HHUHI, MacallaH, MCCUKJIHK, JIEKTP
TOKA €KUM MOJJIAHUHT TalluO YTUIUIIM >KapaCHJIAPUHUHT MaBXYJJUTHAAH KaThbUN
Ha3ap CUCTEMAHMHI TypJid KUCMJIapHia Typiinya OyJiraH TEpMOJMHAMUK MTapameTpiiap
BaKT yTumu OwinaH y3rapmac Oynub konanu. CraupoHap HOMYBO3aHaT
XKapaCHIapHUHT OyHJIall XyCyCHSTH yJIapHU TEPMOJMHAMUK KalTap xkapacHiap Ouinan
yMyMIIalutTupaau. byHnai kailTMac crauuoHap skapaéHiap Tabuaria KeHr rapkail MH
Ba Karra axamustra sra. CranuoHap jkapa€Hiiap MKKM Typyxra OynuHaau: OuTTa
XOCCAHMHI TPAJIMEHTH XUCOOMra OKMM KYy3aTWJaJWraH OJJMHA CTallMOHap KailTmac
xKapa€Hiaap Xxamaa OUp XOCCAHHMHI TpaJMEeHTH HMKKHUHYM XOCCAHUHT TI'paJueHTHHU
KeNTUpUO 4YMKapyBuM Ba OYHUHT HaTWxkacuja Oup-Oupu OuiaH TabCUPIANIYBYU
MKKHATA OKUM Tai10 OYaaurad Mypakkad cTallioHap HOMYBO3aHaT >kapaéHiap.

Opmmii  cranpoHap HOMYBO3aHAT >Xapa€Hra MHUCOJI TapUKacHuIa HWCCUKIIUK
YTKa3yBUAHJIUK XUCOOMra WCCHUKJIMKHUHT TallMO YTUIUIIMHU KEATHUPUIL MYMKHH.
Arap xapopatmapu 71 Ba 12 (71@®-12) OynraH WUKKHTA KaTTa XaKMJIAard HCCHKIHMK
pe3epByapiiapid ypracuja KHYMK MCCHUKIMK yTKa3yBUAaHJIMKKa dra OYaraH TyCHK
XKoMmamTupwiran Oysica, y XojiJa TyCHMK OpKalM HMCCUKPOK pe3epByapJaH KaMpoOK
KM3JUPUWITaH pe3epByapra CTAalMOHAap KaWTMac paBHINJA HCCUKIMK YTHII KapacéHU
Ky3aTuiaau, OyHAa pe3epByapllapHUHT XapopaTiapuHU AOUMHUHN N1e0 XHCcOoOmaimus.
Tycukaa XapopaTHUHT BakT YTUIIM OWUJIaH Y3rapMaiiuraH MabliyM T'PaJUEHTH XOCHI
Oynmaam Ba TYCHKHUHT Xap Oup HyKTacujga Oapua Xoccajap BakT YTHIIM OuWjaH

Vy3rapMaiinu (JIeKMH TYypJM HyKTajgapjaa yinap Oup-OupuaaH dapk kuiaaau). Mana
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mIyHAal ~ Jkapa€Hiapra — HOMYBO3aHAT  JKapaCHJIApHUHT  TEPMOAMHAMUKACH
KyJUIaHWIagu. YJap CUCTeMaJa MOJJa, MCCHUKIUK, D3JEKTp OKUMHU Ba OoIlKa
xapaCHnap OunaH TaBcudianaau. FOkopuaa TabKUAJAraHUMU3IEK, HHT COJIIA
XojutapAaa OupruHa OKMM OYIMIIM MYMKHH, MacallaH, Xapopariap TpagucHTH
KEeNTUPUO YUKaApaJuraH HCCUKJIMK OKUMHU. ByH&a yTaéTraH OKMMHHUHI CTallMOHap
KHUMaTUHY aHUKJIAIl Macajlacy a0 0ymaau.

MypakkaOpoK CTallMOHap HOMYBO3aHaT >kapaéHiap/ia MOJIaHUHT OKUMHU OOIlIKa
KATTAJIMKHUHT, MacajlaH, XapOpaTHUHT TPAJAUCHTHUHHU KEITUPUO YUKApUIIA MYMKHUH.
YHma cuctemana UKKU €KW yHJAaH KYNPOK OKMMJAp Ky3aTwiaau. byHmail Xosmapaa
HOMYBO3aHaT jkapa€Hjiap TEpMOIAMHAMMKACUHHUHI Ba3udacu CHCTEMaJaru acocui
OKUM XOCWJI KWJIA€TraH TpaJyuEHTIAPHUHT TaOMATUHU aHUKIANIIAH Ba CHUCTEMaJaru
Oapya OKMMJIAPHHUHI CTAallMOHAp KaTTAJIMTMHU XUcoOiamjiad noopar Oymanu. bynnait
xapaéunapra auddyzuon tepmodpdextr (Hodyp sdbdextn), Tepmomuddyzus
xoaucacu (Cope »sddektn), TepMmosrnekTpuk xonucanap (3eebexk Ba Ilenmbre
abdexTnapu), 1uPpdY3uoH NOTEHIIMAT Ba KOHLIEHTPALMOH KyTOJAHUIUIAPHUHT XOCHUI
OYIMIIMHU MUCOJI KWJINO KENTUPULIMMHU3 MyMKHUH. Y IOy XOAUCAJIapHUHT MOXUSITUHU
Ba HOMYBO3aHAT TepMOJWHaMUKa &paamuaa OyHmal XoawcanapHu HdOAATANIHA
Kyhuga Kypub yuKamus.

Kniitmac »xapa¢HIapHUHT KEHUHTH Typu OAJNUNA KaliTmac >xapa€umap OYnuo,
ylapra akcapusaT KUMEBUHN Ba (GU3MKABUH >KapaCHIApHU KUPUTHUII MyMKHH, MacallaH,
KUMEBUM peakuusiiapHd. Omauii kaiTMac skapaéHiiap TepMOJMHAMHMKACHIA BAKTHHU
xucoOra onui kepak. byHnai skapaénnapia CHCTEMaHMHT NTapaMeTpiiapy BakT YTHUILN
Ownan ¥y3rapub Oopaan. VYmapaa CHCTEMaHUW TEPMOJIWHAMUK XOCCAJAPUHUHT
udogacumaa BaKT KoopauHaTacu OeBocuTa kuputwiagu. FOxopuma KypuO yYMKuITaH
CTalMoOHap Jkapa€HIapaa dca, BaKT cHCTeMajga Oopa€TraH OKHUM TE3JIUTHHUHT
udonacugaruia »bTUOOpra ONMHAIM, aMMoO ymoOy wudonara OeBoCHUTa KUpManiu,
CHUCTEMaHUHT TEPMOJIMHAMUK XOCCaJapy 3ca, YHHHT Xap OMp HyKTacuaa BaKT YTHUIIH

Omiax y3rapMacaan KOJIaIu.
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Kaiit np xapaénnapiaH 3HI 30K OYITraHH 3aHXUPIU (KyYKHCHUMOH) Kapa€Hiiap
O0ynu0, ynap aBTOKaTAIMTUK PaBUIIAA, SbHU Y3-Y3UIaH TE3JTaHUII OWiaH OOpyBUM Ba
aipuM XoJuiapjaa MopTiamra oiaud KeayB4Yu >kapa¢Hmapaup. bynpail skapanmapra
3aMOHABHIl HOMYBO3aHAaT JKapa€HIapHUHT TEPMOJMHAMUKACUHY KyJIJ1a0 Oyiamaiiau.

4. KoMneHcanMsJIAHMATaH HCCUKJIUK TYIIyHYACH

HomyBo3aHnar sxapa€HiIapHUHI TepMmoAuHamukacuHu Kiaysuycnan Oomutad

(1850) xucobmaca Oymanu, 9yHKH y yIIOy coXaaard SHT aCOCHH TylTyHYa -

KOMIICHCAIWAJIaHMarad UCCUKJIMK TYIIYHYACUHHU (baHra KHUPpUTTaH:

£
T

ds - (IV.1)

0y epna 8Q'Hu Kiay3myc koMIeHcanusiiaHMaraH HWCCUKIUK 1ae0 artarad. TomcoH
(KenpBun) 1854 #tmnna Gupunun 0Yi1ubd TepMOAMHAMUK MyHOCa0aTIapHU HOMYBO3aHaT
xapaCuinapra kyswiarad. 1922 #mnna Jle JoHnu TepMOIUHAMUKAHUHT WKKUHYU
KOHYHHUJIATM TEHICU3JIMKHU alTuim OuiaH KudosIaHMAcAaH, SHTPOIUS XOCHII
OYNMUIIMHM aHWUK MHKIOpaH Tabpudiam MyMKUH, jgeraH FosHu aifTran Ba
Knay3uycHUHr KommeHcalusijlaHMaraH WCCUKIUTUHA KUMEBUM MOWWIUIMK OWIIaH
o0oFnaran.

(11.(1) Tenrnama acocuaa MKKMHYM KOHYHHH SIHaJla YMYMUHPOK KypuHHIIa dS --

E3UIIMNMU3 MYMKHH: * 1.2
y Q+TT

MyBo3zaHnar xapaéniap yuyn dS=8Q/T oyiranu yuyn 8Q'=0, HomyBo3aHat
*apaéHiap y4yH dca, 8Q'>0 (11.3) ssbam 8Q" mommo Mycoar
Ba CUCTCMAaHHMHT MYH/Ia HOMYBO3aHAT JKapaCHap HaTH)KAacHIa maiIo 0ymaan Ba
CHCTEMaHM KaliTMac y3rapuiniapra oJind Kejaaau.

DHTPOMUSHUHT TYJIHK y3rapumuad — 0S=deS+diS (1.4)
KypHHHIIAA €3CaK, KOMIICHCAITUsITAHMaral HCCUKJIMKHUHT (DU3UK MabHOCH TYIIYHApPIIH
oynamu. (11.4) na deS - TamkapugaH MCCUKIMKHUHT FOTHIUIIM OWJIaH OOFJIMK OYiraH
suTponussHUHr Tamku (external) V3rapumm; diS - cucTtema WuYuza HOMYBO3aHAT
*kapaHiap HaTWXkacuja KeauO uukaaurad sHTpornusHuHT wuku (internal) y3rapuim.
(11.2) Ba (11.4) napam comumTupcak, Kypunuiaa é3umumu3 MmyMkuH. (I1.6) myHocabar

KOMIIEHCAIlMsUIaHMaraH HMCCUKJIMKHU CHCTEeMaZa HOMYBO3aHAT >kapa€Hiap Oopuiu
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=T (I1.5) dS= (11.6)

HaTWXKacuJa SHTPONUSHUHT XOCUI Oyiuim owiian 6oFnaiinu.

(11.(3)  11.6) myHOcabatnap Xap KaHIaii HOMyBO3aHAT apaéHaap CUCTCMAaHWHT
MOJICKYJISIp XOJIATH TapTUOCH3JIMTHHUHT OPTHINWHYU, YHU SHaJla XaOTHK XOJIaTra oo
KeJIUIIMHA ~ KypcaTamgd. Mukmopadn Oy CHCTeMa XOJIATHHUHT — TEPMOJIWHAMUK
SXTUMOJIIUTH OPTHUIIIH/IA, IEMaK, CACTEMaHWHT SHTPOIHUSICH OPTHUIIIH 1A U o 1aIaHa IH.

lynpaii kuaub, KoMIeHcausuianMarad uecukimk 8Q'=TdiS (1.7)
ra TeHr. HomyBo3aHar »apa€Hiap MabliyM OHp Te3MuKaa Oopaiu, IIYHUHT Y4yH
yJIapHU KypuO YUKHINIA BaKT KUPHTWIaAW. By 3ca, acimpma KuMEBHUH KMHETUKAHUHT
Basudacuaup. Arap dt Bakt MobGaitHuaa dS sHTpONHUsA XocH OYiica, y X0J1a

c-dS >o (”8)

SHTPOIMUAHWUHI \ocun 6y.TII/IH_I TC3JIUTHU dt

HomyBo3aHat TepMOAMHAMUKAHUHI Bazudacu XyIAu LIy ¢ HUHT KUHMaTHHU
xuco01a0 TonuuaH noopaTaup.
W3onsuusnanran cuctemanap yuyH (U Ba V=CONSt) SHTPONMUSHUHT TYJIUK
Y3rapuIim dSuv-diS>0 (11.9)
WYKH Y3Tapyilra TeHTJIMTUHA TabKUATaMOK JO3UMIND.
5. OkMM Ba yMyMJIAIITaH Ky4/1ap. DHTPONUSIHUHT

YOCHJI OYJINII Te3JIUTu

K,aliTmac xapa€HnapHUHT TEPMOJUHAMUKACH, FOKOPHJIa TAbKUJIaraHUMU3- JIEK,
PEISATUBUCTUK TEPMOJAMHAMHUKATAH XaMm €mpok ¢aH, JIGKUH XO03UpJaéKk aMmaiuid
axamuarra 3ra 6ynmokaa. K,aiitMac un3ukim kapaéniap TepMOJIMHAMHUKACH KJIACCHK
TepMOJMHAMHUKAa OWJIaH YM3UKIM KOHYHJIApHMHT  ymymiamyBuaup. Kriaccuk
TEPMOJMHAMUKA/Ia U3OJSIUSJIAHTaH CUCTEMAHUHT MYBO3aHAT XOJaTUHU HU37a0 TOMHII

dS=0 6ynaran xoyslaTHU TONMHMIIAAH HOOPATAUP. AMMO KIACCHK TEPMOJUHAMHKA KauOH
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MyBO3aHaT XOJaT Kapop TOMaau, CUCTeMa KaHJail Te3NWK OWiIaH MyBO3aHAT XOjarra
KalTasnTH, JeraH caBojulapra Xxed KaHjgad »xaBoO Oepa onmaigu. Kalitmac
KapaCHJIADHUHT TEPMOJAMHAMMKACH TOMOHMJIAH KMPUTWITAH SHIUIMK TEPMOJIMHAMHUK
CUCTEMaHUHI XapakaT TeHrjaamanapunagup. K,aitap sxkapaéH - unmuid aOcTpakuus,
amaja 6apua kapaéHiap KaiTmac Oynasu.

TepmoanHaMUK CUCTEMaHUWHT XapakaTuHu udomanam yuyH okum (1) Ba
ymymiIairat Kyaiaap (X) TylyH4anapu KHpUTHITaH:

-MabJIyM [033J]aH BaKT OUpIUTUAa YTa€TraH 3JIEKTP TOKU, UCCUKINK, MOJJAHUHT
MHUKJIOPH OKUM JECUMIIA/IN;

-)Kapa€HHU  XapaKaTJIAHTUPYBUYM  Ky4Yd  HHTEHCUBIUK  (PAKTOPIAPUHUHT
rpagueHTiaapu 0yauo, yaap yMyMUid X012 yMyMJallirad Ky4uiap AeHnsaiu.

@akar OUTTAa XOCCAHUHI TPAAUEHTH TabcUpuAa OOPYBUM OAJMIA CTALMOHAP
’KapaCHilapaa OKMMHMHI MHKIOPM YHra MOC yMyMJalllaH Kydra TY¥FpHU
MIPOTTOPIIUOHAIIIHP: li=LiXi (11.10)

OKMMHM XapakaTJIaHTHUPYBUYM Kyusap MHTEHCUBIUK (aktopnapu (7,P,p) 0ynud

li=Lii(-grad T) ¢k li=Lii(-grad y) (1111)
S'hHU UCCUKJIMK OKUMU YuyH Xi=-grad 7, KOMIIOHEHTHHHT OKUMU y4yH Xi=-grad p.

Arap cucreMaza TypiM TE3JIUKIard OKMM MaBXyJl Oyica, OyHaall cucremara
MyBO3aHAT TYITyHYaCUHH KyJu1ad OynmMaiau. Arap OKMM JOMMHI TE3JIMKKA dra OyIca,
OyHJall CHCTEMAaHMHI XOJIATU CTallMoHap OYyiaauM Ba HOMYBO3aHAT apa¢HJIApHUHT
TepMOJUMHAMHUKACH yJapHu udojanail onaau. HomyBozaHaT 4u3ukiu KapaéHiap
TEPMOJIMHAMMKACH  KJIIACCHUK TEPMOJMHAMHMKA OWJIaH YM3UKIM  KOHYHJIApPHHHT
ymyminamyBuaup. CtanuoHap OoKMUMIIap yuyH Oup kaH4ya ()EHOMEHOJIOTMK (YM3UKIIN)
KOHYHJIAp YpHAaTWIraH, yJiap HOMYBO3aHAaT YMU3HMKJIM TEPMOJMHAMUKA KOHYHJIAPUHU
udonanaiinu. Macanan, MogaaHUHT OKMMHU yuyH DuxHuHr auddys3us KoHyHIapu,
ANEKTp OKMMM yuyH OM Ba HUCCUKIMK OKMMHU yuyyH Dypbe KOHYHJIApPU MAaBXKY/I.
Tepmonunamukara myHaa Qapasznap KUPUTWIMIIN JIO3UMKH, yJapAaH OKOpUaa
KypcaTwirai (eHOMEHOJOTMK KOHyHJap kenn® uukcuH. HomyBo3aHaT >xapaéniap
TEPMOJMHAMHUKACUHH TY3UIIHUHT OUp HEua SKBUBAJIEHT yCyJulapu Oop, yjapJaH SHT

ymymuiicu OH3arep TOMOHHUIAH UILTA0 YUKUIITaH.
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bup XOCCaHMHT TpagUCHTH WKKUHYA XOCCAHHHT TPAJIUCHTUHU KEITUPHO
yuKapaJuran Mypakka® crammoHap skapa¢umap yuyH (II. 10) Tenrmama ypawmra
KyWHJaryd TeHIVIaMaJIapHU E3UIIMMU3 MYMKHH:

li = LiiXi+LikXk (11.12) Ik = LkiXi+LiXk (11.13)

(11.12) Ba (I1.13) Tenrnamanapra tepmoauddysus, Todyp apdextu, nuddyzunon
HOTEHIIMATHUHT KM KOHIICHTPAIIMOH KyTOJAHUIIHUHT XOCHJI OYJIUIINA MHUCOJ OYaau.
(11.112) Ba (I11.13) TeHrimamamapHHHT KypcaTHINNYa, UKKaJla OKHM Yy3apo Oup-Ompura
TabCUP KWJIAJIU, YHUHT OKHOATHIa XapopaT TPaJueHTH TapKUO TPaJUCHTHHU KEJITUPUO
YHKaPa/IH.

Oxkumuitap xapa€Hujia CHCTEMaHUHT SHTpONHscH opTaau. Okumiiap Ba

OMPIHUTHIA OPTHIIH __Vixati (11.14)

YMyMJIalirad Ky4dJap HIYH,Z[aﬁ TaHJIaHUIIIN MYMKHWHKH, YHIA SOHTPOIIMAHUHI BAKT

TeHrigama Ownan udonmamanaau. Arap (I1.14) tenrimamara puwos kwimaca, (11.12) Ba
(11.13) TenrnamagapHuar L (eHOMEHOIOTHK KOA(POHUIMEHTIAPH JKyJa XaM MYyXUM
MyHOCa0aTHU  KaHoarjaHTupagu. by  MyHocabat  OH3arepHUHr  ¥3apOJHUK
myHocabatuaup (1931) &xu  kuHeTHK  KOI(DDUIMCHTIAPHUHT  CHMMETPHKIHK
MIPUHITUIIH, 1e0 aTaTaIu: Lik= Lk (11.15)

(11.15) ra kypa, li okumra lk okuMHHUHT Xk yMyMJIaIliraH Ky4u TabCup Kuiica, lk okumra li
OKMUMHHUHT Xi yMyMJIallllTaH Ky4d TabCUp KWJIQJAM Ba HKKajla XoJJa Xam
MPONOPIUOHAIIMK KO3 duuuentnapy Oup xungup. OH3arepHUHT  Y3apOsIMK
MyHOca0aTh YM3UKIM COXaJa HOMYBO3aHAT kapauimapaard OoFnanumnuiapHu
YpraHulHUHT  acocu  Oynau. HomyBo3zaHat  TepMOAMHAMUKAHUHT  KEWMHMHIH
PUBOKJIAHUIIM Ba YHUHT acocianuiu [lpuroxun, I'mancaopd, Kazumup, IlaTtTepcon,
dnopu Ba 601K OJTUMIIAPHUHT HOMJIApHW Owitan Oormukanp. Macanas, [IpuroxuHHUHT
WIUIapHIa HOMYBO3aHAT XapaéHiap TEPMOIMHAMHKACHHHWHT yCYJUIapH OKHMIIAp Ba
yJIapHU KEITUPUO YMKAPYBUM Kydjap opacuaaru 6oFnanumm un3ukiy OynMaran coxara

TaAOUK KunauHrad. YmOy wummapu ydyH Wnes Ilpuroxun 1977 imnum Hobenw
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MYKO(OTHHU OJITaH.

6. HomyBo3aHat skapaéniiap TepMOIMHAMUKACMHHUHI MOCTYJIATIAPH

Arap cucTeMaHM MYBO3aHATHaH 4YMKapuO, ¥3 Xonura Kyiuwica, y MyBO3aHaT
XoJlaTura Kejaaau. Yoy kapaéH pesakcalusi Ba YHra KeTraH BaKT peiakcallusi BaKTH
neimnanu. CucremMa KaHYaJIMK KaTTa Oyiica, pejakcalus BakKTH UIIYHYAIHK Y30K
Oynmaan. AMMO CHCTEMAaHHMHT IIyHJIal MaKpOCKOMMK alOXUaa KUCMJapu OVYIaluKH,
ylap OyTyH cucTeMara KaparaHja OJAMHPOK MyBO3aHaTra spuinaav. byHnma mokan
MyBO3aHaTiap XaKuaa ranvpuil MyMKUH Ba yJap TEPMOAMHAMUK KaTTaJuKJIap OWiaH
taBcudananau. JlekuH, JoKan MyBO3aHATIAp XaKuja Tranupraiaa, KyWuJarwiapHu
Has3apJaa TYTHII KEPAK:

-CUCTEeMaHUHT KUYUK OUp KUCMHUHHM OJITaH OYJicak xaM, ylapiaru 3appadajapHUHT
COHH KYTIAUDP;

-MYBO3aHaT XOJIATH/IaH YETJIAHUII )KyJ]a KUYMK OYJIMIIN mapT.

Jlokan MyBO3aHaT XaKuJaru TaXMUH KauTMac KapacHiiap TEPMOAMHAMUKACUHUHT
1-nocTynaTu ponvHU yHHAUIN.

HomyBo3aHat jxapaénnap TepMOJMHAMUKACUHM HILIA0 YHMKHUIIAA MUKPOCKOIHUK
KaTapauK TPUHIMIN WOUIATWITaH. YOy mpuHmMn Oyiinya MyBO3aHAT XOJIaTH[a
TYFpPU Ba TECKapH JKAPACHIIADHHUHT TE3NMKJIApU XOXJaraH MyJjiga y3apo TEHrAUp Ba
MyBO3aHaT Makpokapa€Haa sMmac, Oanku xap OWp MHUKpokapaéHaa Ky3aTHIaju.
MUKpPOCKONIMK KaWTaApJIMK MPUHLIMIIM HOMYBO3aHAT Kapa€Huap TEPMOJIUHAMUKACUHUHT
WKKUHYY MOCTYJIATUAUD.

Huxost, xuHeTHUK KOADPUIMEHTIADHUHT CUMMETPUKIMK TPUHIUNN  EKH
OH3arepHUHr Y3apoJIMK NPHUHIMIIA HOMYBO3aHAT apa¢Hiap TEPMOJAMHAMUKACUHHUHT
VUMHYMA MOCTYJaTUAUp. YOy NOCTyJaT OKUM OWJIaH XapopaTJaHTUPYBUM Ky4
ypTracuia 4YM3MKJIM MyHocabar OopiauruHu Kypcartaad. OH3arepHUHT Y3apOJIUK
MyHOca0aTh YM3UKIM COXaJa HOMYBO3aHAT kapacHmapaaru OoFnanunuiapuu
YPraHUILIHUHT ACOCUHU TAIKUJI KWJIAIH.

5.0H3arepHUHT Y3apoJIMK MyHOCa0aTH
ds'

DHTPONMUSHUHT XOCH/ OVIIMII TE3IH  a =— (11.16)
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dt
y IOMMO MychaT as>0 (IV.17)

DHEPrusiHUHT MUHUMAaJ JUCCUTNIAUSICUHUHT MabHOCUHM aHUKIAm yuyyH OH3arep
UKKUTA QYHKIUS KUPUT]IH:

- IMCCUIIATHUB MOoTeHIHaI Q(X, X) = 12LikXiXk > 0 (11.18)
-OKMM (DyHKIIHSICH @, J) = 12Lididc >0 (11.19)

¢, @ Ba @ nap OKUM Ba yMyMJIAILTaH Ky4wIAPHUHT QYHKIMACH

a(3,x)=2" JiX; >0 (11.20)

Ba KAUTMACIIMKHUHT JIOKAJ YIYOBHU XUCOOIaHAH.
OH3arep BapualMOH YCYJIJIa 3KCTPEMYMJIAPHUHI MIAPTUHU AHUKJIAJA Ba OKUM |

Kydra Xx TYFpy NpONOPUHUOHAIUIIUTUHY alT/Iu:
n

I = 2. LiXk (11.21)

DKCTPEMYMIIMK IHAPTH: 8(& ~¢p)i=0 (11.22)

OHzarep HazapusiCd HOMYBO3aHAT >KapaéHjiap TEPMOJMHAMHKACUHUHT Hazapuii
acocuaup (IIpuroxun Hazapusicu Xycycuit Xom):

- Xapakar TepMOJMHAMUK TeHrJIaMaJapUHUHT YH3UKIIN OYIUIIIN;

- | -X0CcCca OKUMHUHMHT CUCTEMAra TabCup KunaéTran 0apya Kyuiapra OOFIMKIUIH;

-¥3apoJIMK MyHOCa0aTH.

Ymby wMyHocabatiapHu OJMIIAA MOJEKYJSp Xoccajap - MHUKPOCKOIHUK
KalTapJIMK Xoccacu acocuii mMaHOa OyiraH: MyBO3aHAT XojaTaa T'pu Ba TeCKapu
KapaCHJIAPHUHT TE3IUKJIAPU XOXJIaraH WyJia TeHTIHpP.

Mypakkab xapaéunap yuyn Ouzarep  Lik = Lki (11.23)
DKAHJIMTUHU  Kypcartad. YmOy TeHrjama OH3arepHUHT  MalIxXyp  y3apoJIuK
MyHOCa0aTUIuUp.

Tammm xoaucanapuHUHT Ha3apusICHa MypaKkad XOaucalapHU - TallUIl- HAHT
yoppaxaBUuil ~ XojucajapuHu  (TEPMORJIEKTPUK  xoaucanap;,  TepMmoaud-dy3us,

andoy3uon Tepmordpdekt) udoanamga SHCA HATWKANIAPTa SPULIIITAH. YMyMHHA

169



XOJila YOppaxaBUi TAIIWMINI XOJIWCAJAPUHUHT TE3JUTH KyWHJard KypUHHUIIIATH
YU3UKJIM KHHETUK TeHTJIaMasiap omiian udogaianaiu:

I =2 SigradPy (11.24)
Oy epaa: -gradP«x = Xy, yMyMuii XoJiga XxaMMa Ky4Jiap Ba OKUMIIap y3apo OOIJIHMK sMac,
Oanku OMp XU TeH30p YIUYOBUTa dra OyIraHIapuruHa OOFIUKIND:

- tepmoauddy3usia Macca Ba HCCUKIUK OKMMJIApPH Ba YHTra »)aBoO OepyBUM X
KyWiap BEKTOPJIApAUD;

- aHU3O0TPON cuctemanapaa  auddyzus Ba  HUCCUKJIMK  YTKa3uIl
Kod(puImeHTIapu 2-panraaru TeH30pJIapaup;

- TOMOTE€H CHCTeMajapJarn KUMEBUU peakIusuiap TE3MUKIapu  CKaJsip
KaTTaJMKIIApAUP.

Iy ca6abmm, (I11.24) Tenrmamana TypJid TEH30p ya4aMiIapuaard OKHMJIap y4yH
Oapua Ly map Honra Ttenr. MacanaH, KOMIIOHEHTHUHT AU(G(Y3UOH TalIMINLI
TE3JIMTUHUHT KUMEBUM peaKIlsl Te3JIUTUra TabCUpU KyTUIManIu.

Jlemak, KaWTMac >kapa€Hiap YM3HKIH TEPMOJMHAMUKACHHUHT YCYyJUIapu
KyHuJard maptiap OakapuiraHja Talluil XoAucalapuHu udojanamra KyUIaHUIIA
MYMKHH:

- CHCTeMaja JOKaJl MyBO3aHaTap ypHATHINIIIN,

- “UyKOTWITaH UIIHUHT UCCUKJIMKKA TYJIUK YTHIIIH;

- OKHM Ba KywIapHU O0FJI0BYM YM3MKIN KHHETUK KOHYHJIAPHUHT Oa KapUJTUIIIN;

-OH3arepHUHr y3apoJIMK MyHOCA0aTUHU MIIJIATUIL MYMKHHJTUTH.

Kalitmac xapa€HnapHuUHr TepMOAMHAMMK aHanus3uzaa lIpuroxuH Tteopemacu
MYXUMIHUpP, Y HOMYBO3aHAT CHUCTEMAHHWHT CTAallMOHAp XOJaTH OWJIaH HOCTAIMOHAp
XoJlaTu opacugaru (apkHM KypcaTaJu: arap CHCTeMa IOKOpUJArd TypTTa Tanabra
xaBoO Oepca, Oapua Ly xosdpdunmentmap y3rapmac Oyaca, Py HHUHT JOUMMHIA
KAWMATIIAPUHU CTAI[MOHAp XOJIaTAa yInuiad TypraHjaa SHTPONUSHUHT XOCHI Oymuimm &

MUHHUMAI Oy Jaju.
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6. KomneHcanusiilaHMaran MCCHKJIMKHUHT TePMOANHAMUK (PyHKIMATAPHUHT

y3rapumm OuJjiaH OOFJTUKJINUTH

TepMoanHaMUKaHUHT OUPUHYM Ba MKKMHYM KOHYHJIApU Ba ds=~Q + *'Q

T
TeHTJIaMaJIapuaH 8Q = dU+pdv=TdS-8Q (11.25)(11.25)
tenrnamanan nuku sHeprus dU = TdS-pdV-SQi (11.26)
Ba V Ba S=const na dUsy=-SQ!' <0 (11.27)

S’bHU KOMITCHCAIMSUTAaHMAaraH MCCUKINK WYKW SHEPrusHUHT Kamaiummra teHr. (11.27)
TEHTJIaMa KJIACCUK TEepPMOJIWHAMHKa[a >KapaHHHUHT Y3-Y3umaH OOPUITMHHUHT X,aMJia
YHUHT HOMYBO3aHATIUTHHUHT YITYOBU XIMIIUP.
OutanenusHuar H=U+pV kypunumuman quddepenimamiad, dU ypHura yHUHT
(11.26) maru xuiiMaTHHU Kylcak
dH = TdS+ Vdp- SQ* (11.28)
dHsp=-SQ <0 (11.29),
STbHU KOMITCHITANMSUTAHMAraH UCCUKIINK S Ba P=CONSt 1a SHTAIBMUSHUHT KaMaHuIIIra
TCHT.
['u60c¢ Ba ['enbMronbIl SHEprUsIapU YIyH
dGrp=-SQi<0 (11.30)
dFTv=-SQ'<0 (11.32)
(11.30) Ba (I1.31) Tenrmamamap KUMEBHH peakiusaga KOMIIOHCHTIAPHUHT
MOMMJIMTUHYU OaxoJallira MMKOH Oepajiu:
-Wnax <AG; -Wnax <AF; (11.32)

Makcuman v 3ca, KHMEBUM MOMWIUIMKHUHT YITYOBUIMD.

7. KuméBuii y3rapyBumn, KUMEBNH MOHM/IJINK Ba TEPMOAUHAMHUKAHUHT

OMpPHMHYM KOHYHH

1922 jimnpa e J[Honge xkuméBnii Mouwwmk (4) Hu  Kinay3uycHuHr
KOMITEHCAIMSUTAHMAral MCCUKIIMTH OpKaJii KyhHuaaruda udoaanaiu:

SQ!=Ad £ >0 (11.33)
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Oy epxa: d*=dni/vi ra TeHr; £ - KUMEBHIA y3rapyBuu 0ynu0, yHUHT y3rapumu d£
PEAKIHUSIHUHT «TYJIMK» OOpUIIIMHU KypcaTaay; dNi - peakius JaBOMIIa MOJJIa MOJLIAp
COHHMHUHT Y3rapHilu; Vi - CTeXuoMeTpuk kodhdurment. Arap Ad=1 Oyiica, “peakuus
owrra rorypumr kuiaw” neimtany. (11.33) mynocabar Jle JloHe TeHrCu3muru

nevunaay. Ymoy MyHoca0aT KUMEBUN MOMUIUIMKHUHT KJIACCUK

tabpuduaan yHuanuk papk kumMaiian. Macanan, dGtp=-SQi< 0 Ba = Pi
JapJiaH:
(11.34)
=-Sv-H
Knaccux TEPMOIMHAMHKAIA (Baut-T'odd, ['enbMrosbir) KUMEBUI

MOWMJUTMKHUHT ya490BU cudaruaa Makcuman ¢oiiganmd umau (7, P = const ) kabyn
KuInHraH, 0y aca A% = 1 ra, ssHU peakiussHUHT 1 Ta “rocypuwuuea’ MOC Kelaju.

Ymoy umr -AGTp ra Tenr. Jle Jonme Oyitnua MOWMIITUK KJIACCUK MOWWJUTMKIAH XYJITH
X,aKUKUM TE3NIMK ypTaya Te3nukiaaH (apk kwiranu kadbu Qapxmanamu: e [Honne

Oyiinua MOMWIIJTMK KJIACCUKIa KaparaHa aHuKpOKJIUp.

8. Ounk cucremanap Y4YH TEPMOANHAMUKAHUHT

OMPUHYN KOHYHH

Tamwu Myxutr OwiaH sHeprusi Ba MojJla aJIMAIIMHUIIM MYMKHH OYJIraH OYHMK
CUCTEMaJapHU KypuO YMKamus3.

TepMoauHaMHUKaHUHT OMPUHYM KOHYHH €nuk cucremMa yuyH dU = 8Q-pdV
Oyica, ounk cucremanap yuyn dU = d@d-pdV (11.35)
oymanu. d® - sHeprust okuMu (FHTANBIUSA okuMHK). Ounk cuctema yuyH pdV pean umira
MOC KEJIMacJIUId MYMKHH, YyHKH CHCTEMaHUHI XaKMU KOHBEKIUS XHUCOOUTa Xam
y3rapuiy MyMKHH.

DHTaNbMUSHUAT TyAHK Y3rapumu yuyH (11.35) Hu ypuura

dH = do+Vdp (11.36)

ne6 &ummmu3 mymkua. H=f(T, p, ni) ae0, dH HuHr Tynuk auddepeHnnaaTniu €3aMus3

Ba TEPMOJAMHAMHUKAHUHT OMPUHYM KOHYHH KyWUJaru KypUHUIIHHI OJaIu:
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dd = [@] a7 + d (11.37)
T TPy

TCHIVIAMAaHWHI" YHT' Tapa(l)I/II[al"I/I OXUpIru XaJd CUCTEMaA SHTAJIBIIUACUHUHI MOAdaJ1ap

MUKJIOPUHUHT y3rapuiiy Ouian

napIya; MOJISIP SHTAJIbITUS (11.38)

OOFJIMKJINTUHH KypcaTajiu. F

mMoaga yuyH (0H "
n h
n )T,P,nj
OenrucuHu kuputamus Ba dni Hu 2 kucemra 0ynmammus: dinti Ba deNi. DHEPTUSTHUHAT TYIIUK

OKUMU dP HU TEPMO OKUM Ba KOHBEKIMOH-TUPPY3UOH (K.0.) OKUMTIa

d@mepMO (0H " dT + dP+E hid intn (||.39)
yoTJ - :
Oynamus:
Ba 4P 0.=" hideni (11.40)

[
(11.(40) myHocabaT Mo1a OWIIaH TalTKapUIaH KSITHPUITAH SHTATBIHSHA

ndomananu.

HomyBo3aHat :xapaéHJjiap TepMOAUHAMUKACH 000MHH Y3JIAINTHPHITAHIUK

AAPaKaCMHM TeKIIMPHUII YYYH CaBOJLIaP

1. HomyBo3aHat xapaénnap Kanaai cuaguapra 6yimHaamu?

2. KoMIieHcanmsutaHMaral NCCUKJIMK JIeTaHa HUIMaH! TyITyHacu3?

3.HomyBo3anar kapaéHmap TEpMOJWHAMHUKACH KaHJaW MOCTyJiatiapra
acociaHras?

4. DHTPONUSHUHT XOCWJ OVJIMII TE3JIUTH TYITYHYACUHUHT MabHOCH KaHJa?
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5. OkuM JieraHjia HUIMaH! TylIyHacu3?
6. YMymramraH Ky@wIapHUHT MAbHOCH KaH/ali?

7. OH3arepHUHT y3apOJIUK MyHOCAO0ATUHU TYUTYHTHUPHHT.

8. KowMrmeHcanusiiaHMaraH MCCUKJIMK TEPMOJAMHAMUK (YyHKUMsUIap OwWilaH KaHjaau
6oFnanran?

9. Kuméuii y3rapyBum JieraH/ila HUIMaHU TyIIyHAacHU3?

10. HomyBo3aHaT TepMoaMHaAMUKaAa KUMEBUA MOWMUIIITUK HUMA?

11. O4uk cuctemanap yuyH TEpMOJUHAMUKAHUHT OMPUHYHM KOHYHUHU E3HHT.

12. Kunetuk k03QhUMeHTIapHUHT CUMMETPUKIIUK MPUHIIUIIMHA TYITYHTUPHHT.

13. OKUMHHHT XapakaTIaHTUPYBYU Kyud HUMA?

14. OxuM Ouad yMyMIIalliral Ky4 opacujaa Kanjail OOFIMKIUK 60p?

15. On3arep Ha3apUSCUHUHT aCOCUM TyUTyHUalapy KaHan?

16. Jlokan MyBO3aHaTIap JeTaHa HUIMAHU TyIIyHACH3?

17. OHeprusi OKUMH, TEPMO Ba KOHBEKIMOH-AU(PGY3UOH OKMUMIAp TYyUIyHUAJTApUHU
n30xJ1a0 OEpHHT.

18. DHeprust AWCCUMAIUACH, JTUCCUIIATHB TIOTCHIMAT Ba OKUM  (QYHKIHSICH
TyIIyHYaJIapH.

19. MUKpOCKONHK KaUTapiIuK MPUHIIUITUHI H30X1a0 OCpUHT.

20. KaiiTMacTMKHUHT JIOKAJT YIYOBJIApU KaHan?

21. YoppaxaBuii xoaucanap Ba Mypakkad skapaéunap yuyH OH3arepHUHT Y3apOJIMK
MyHOca0aTu.

22. Kumépuii MOMMUIMK OWjIaH KOMIICHCAIlMsJIAHMAaraH HCCHUKJIMK opacuia KaHIau

OOFIUKJIUK OOp?
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VI. TJIOCCAPUI

Tepmun V36ex THAMAATH mapyu NHram3 TuiMaary mapyu
by, nenbcuii mkanacu Oyinda This is a temperature below
AGCOIOT HynbaaH 273.160mact Oynran Ba  [273.160 degrees Celsius, which is
xapopar a0COJTIOT HOJIb 710 aTaTyBUYH calculated from the zero zero, and
rpaaycaad 0oiniad the absolute zero.
MO SappatiaiiaprHiHL The process of absorbing particles
Ancopbuus  (MOTICKYJIA, ATOM, HOHJIAPHHHT) (molecules, atoms, ions) into the
HKKHH;{HMO{T‘C}‘O%CHM surface of the second substance.
MO ITaIap ojaT/ia ra3, CyloK Ba Substances are usually gas, liquid,
Arperat KaTTHK xonatia 6yamm, 6yaapan  and solid, which is called
XoJjart MOIaJIapHMHT arperar xojaTu  laggregate state of matter.
&8})}’ ;[;Icnepc 3appavajapHu highly dispersed particles that are
Arperamus Y3apo OMpUKHO, KHUPHUK bonded together to form
3appadajiap XOCHJI KUJINIIUTa
ANIUTHB Eﬁ;&;gﬂfmem, MojIa KU The presence of a particular
xoccajap SPUTMAHUHT Oab3u Xoccanapura  [System, substance, or solution with
yIIAPHUHT TapKUOUIA some of its constituent properties.
XOCCAJIAPUHUHT UUTUUIUCUIAN
TomoreH 'éﬁﬁ“@?ZggigﬁrE‘éopaT cuctemanapralsingle phase systems.
cucreMa anTHIaau.
I" ereporen [Typiiu GU3UK Ba KUMEBHIA system of different phases with
cucTemMa xoccanapra sra Typnu ¢asanapaan |different physical and chemical
noopar cucrema. properties.
I'uapataap \When most substances are

KYIITMHA MOJIJTJIap 3pUTaH]ia
YJIApHUHT MOJICKYJIajlapy SPUTYBUYU
MoOJIeKyanapu OuiiaH OupuKaiu,
Oy xocui 6ynaran OupuKManap
COJIbBATIIAp NECHUUIIAH, arapa
OPUTYBYM CYB OyJjica rujpatiap
nevinnaau. baws3u ruaparnap
eTapyu gapaxajaa 6apkapop 6yim6
yJap pUTMAaJIaH TallKapuaa XOCHII

oynamunap, OyiapHu

dissolved, their molecules are
combined with solvent molecules,
the compounds that are formed are
called solvates, and if solvent
water is called hydrates. Some
hydrates are stable enough to form
outside the solution, which are
called crystalloglycites, such as
CuS04 « H20, BaClz+ 2H20
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KPUCTAJUIOTHAPOUTIAp A0
ataimagu, Macaimad, CuSOs™ Hz20,
BaCl2+ 2H20

Tuapataanum  |cyB Monekynanapuau spuran  [the heat released by the interaction
HCCHKJIUTH MOJIJIa MOJICKYJIajapy OHJiaH of water molecules with dissolved
V3apo 0oFnanumu sxapaéuumga  molecules
KpaATUO YMKAIUTaH UCCHKIINKKA
" aTHIIagu
Enni oup rpamm (€xu 1 rpamMmm one gram (or 1 gram of molecule)
HCCHKJIHTH MOJIEKyJa) TyJa €HraHa of heat that is completely dissolved
akpannb YMKaauraH HCCUKIUK. (I the combustion.
Nudpdy3non WKKW SPUTMaHH aKpaTHO potential due to ion diffusion
MOTEeHI[AAJ TypajJuraH 103a opkaiu nowsap [through the surface separating the
nuddy3uscu HaTwkacuaa xocu [two solutions.
OVnaguraH MoTeHITHAIL.
SApum paauakTHB 3neMeHTHHT Oomia  [the half-life of the radioactive
eMHUP TN IIH OJIMHTaH MUKIOpUHUHT sspumucH [element at the beginning of its
naBpu EeMHUPUJITYHYA KETTaH BaKTH, decay, for example, the half-life of
MacajaH U HUHT SIpuUM y is 4.6 « 109 years.
emupunuu gaspu 4.6 ¢ 109 vinit.
H3omopduzm | KumErmii Tabuatiapu It is said that they have the same
KUXATHIaH Oup-Oupuiapura form of crystals as substances that
SKUH OYynran Mojuaidapuu oup  jare close to each other in their
XHJT IIIAKWIIJIAaTH KpUCcTaJlap chemical properties.
XOCHJI KMJIMIITUTa A TUITA TN,
W3oTepma kapaHHU y3rapmac xapoparaa [mathematical and geomeric

KaHJall KOHYHUST OuJiaH
OOpHUIIMHY KypCaTyBU1
MaTEeMaTHK Ba TEOMEPUK
ndoagacu.

expression of how the process
proceeds at constant temperature.

Nuyxu 3Heprus

MOJIaHU TalTKWJI KWJITaH aTOM
Ba MOJIEKYJIajlap XapaKaTUHUHT
PHEPI'Us 3aXUPACH.

energy reserve of movement of
atoms and molecules that comprise
matter.

Honnap WOHJIAapHU dpUTManaru xapakar (indicates the velocity of the ions
XapaKaT4aH- TE3JTUTMHU KypCaTay. dissolved in the

JIMTHU

W ccnkank a) COJIMIITHPMA UCCHKJTHK a) Specific heat capacity, which is
CUTHM curumM, 0y 1 T Mmoga the heat used to raise the
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xapopatunu 1oC ra kyrapuiu
yuyH cap(aaHaauraH UCCUKIIUK;
0) MOJIIp HCCUKJIUK CUTUM, Oy 1
MOJIb MOJa Xapopatuau 1oC ra
KyTapull Y9yH cap@aHaaurad

temperature of 1 g of the substance
to 10 C; b) Molar heat capacity,
which is the heat used to raise the
fashion temperature of 1 mole to
10C

Karanau3 Kumésuii peakiust re3nuruay  [The process of changing the rate of
0ab3u MoIaIap AbHU a chemical reaction with the
KaTajn3aTopyIap MINTUPOKKUIa  |presence of certain substances,
1666“;3;HTYB;;;;1MOHB g?;él Iior;aicating a decrease in the
MOJ11a dpuraH spuT™ManuHr To3a (dissolved solvent per 1000 g of
oputyBurHHHT My3nam (kotumr) SOIvent freezing (freezing)

Kpuockonuk XapopaTura HuchaTaH temperature. This size varies for

MOMMUIA nacaifMIIMHA KypcaTyBuu different solvents.

KaTTaJMK. by KaTTaluK Typiu
DPUTYBUMIIAP YUYH TypJin4da
oynau.

1401l Ooup cucreMagaH HKKUHYIH is another type of energy transfer
crcTemMara 3Heprus y3aruirHuar [from one system to another, where
siHa Oup Typu 0ynu0, Oynaa umr [the internal energy of the system in
Oaxapwinaérran cucremanuar  \Wwhich it operates is reduced, and
WYKU SHEPTUSICU KaMasiJiu, the energy of the affected system
TabCUP KUJIUHAETTaH increases accordingly. Work and
CHUCTEMaHUHT HEPTHUSCH dCa, heat are mutually equivalent. The
OaxkapwiraH uiira Moc pasuiiga [unit of measure of heat is the
optaau. Ui Ba uccukmk y3apo [calorie and the unit of measure is
DKBUBAJICHT/IHP. considered to be joul
VICCUKJIMKHUHT YT4OB OUPJIUTU
KaJIOpHA Ba MIIIHUHT YJIHOB
OUpJIUTH KOYJIb 1e0 KaOy
KWUJIMHTaH

0CHM OMpIIMK CUPT ro3acura Tabcup  [Unit is the force acting on the

KUJITyBUU Kyd OY1u0, Typiau
OoupimkiIapaa udoaaraHaau:
Ilackanw, H/m?, 6ap Ba MM
cum.ycm. byHaa 10MMO cucTeMa
atMocdepa
O6ocumu OmtaH dapku smac,

OOCUMHUHUHT

OaJIKu a0COJIIOT oocum

surface and expressed in various
units: Pascal, n/ m2, bar and mm
sim.ust. It always shows absolute
pressure, not the difference of
system pressure with atmospheric
pressure.
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