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KeHrammHuHr Kapopu OMJIaH HALIPra TaBCUsl KMJIIMHIAH
(2020 szun “30” oexobapoazu 9-connu 6aénnoma)



I. HIIYU JACTYP
Kupum

Jlactyp Y36ekucron Pecriy6mukacuuunr 2020 i 23 ceHTA6pIa TacMKIaHTaH
“TapmuM TyFpucuaa’n Komynn, Y36exucron PecryGmukacu IIpe3suaeHTHHHHT
2017 iiun 7 deBpammaru “V36ekucTton PecryOIMKacHHH SHAaIa PHBOMKIAHTHPHII
oyitnua Xapakatnap crtpareruscu Ttyrpucuna’tu [1D-4947-con, 2019 #un 27
apryctaarn “Onuil TabliuM Myaccacajdapu pax0ap Ba TMeaaror KaApJapuHUHT
Y3JIYKCU3 MaJaKaCMHHU OLIMPUII TU3HUMHUHM KOpUW ATUII TyFpucuna tu [1D-5789-
com, 2019 imn 8 oxTabpaaru “Y36exucTon PecryGmuKkacH oMM TabIuM TH3HMUHH
2030 ¥nnraya pUBOXKJIAHTUPUII KOHLENUIMSICHUHM TacOukiam Tyrpucuaa tu [1D-
5847-con Ba 2020 #iun 29 oktsa6paaru “Unm-pannu 2030 iunraya puBOKIAHTUPHUIILL
KOHIeNUUsACHHU Tacaukiam Tyrpucuaa’ tu [Id-6097-connu @apmonnapu Ba 2020
mun 12 aBryctnarn  “Kumé Ba Owuonoruss HyHamuuuiapuaa Y3JIyKCH3 TabiIuM
cudaTrH Ba WiIM-(haH HATUKAJOPIUTUHHU OLIUPHUIIT YOpA-TaIOUpIapu TYFprucuia’ Tu
ITK-4805-conmm xamya Y36exncton Pecry6ukacn Basupnap Maxkamacuausr 2019
wun 23 centaOpparm  “Onuit  TabauM Myaccacajlapu pax0ap Ba memaror
KaJIpJApUHUHT MaJIAKACUHU OIIUPUII TU3UMUHM SHA/Ia TAKOMWUIAIITUPUII OYiinua
KyluMua 4opa-tanoupnap tyrpucuaa’tu 797-comnu Kapoprmapuna OenrunaHraH
YCTYBOp Basudanap Ma3MyHUAaH KeIuO YMKKAH XOJ1a Ty3wiraH Oynu0, y onuii
TabJIUM Myaccacajlapy Meaaror KaJpjJapuHUHT KacO MaxopaTd XamMjJa MHHOBAIlMOH
KOMIIETEHTIMTUHYU PUBOKIIAHTUPHUII, COXAra OUJI UIFOP XOPXKUHN TaxkpuOanap, stHru
OwiMM Ba MajlaKaJIapHU V3JIAIITUPUIN, [IYHUHTACK aMalu€rra MXOpUM STHUIL
KYHUKMaJapuHA TAKOMUUIAIITUPUIIHA MaKcal KUJIAIu.

Hactyp noupacuna OepunaéTraH MaB3yjiap TabIuM coXacu Oyilmya memaror
KaJpJapHu KaiTa Taiiépiaiil Ba MaJlakaCUHU OLIUPHUII Ma3MyHH, cu(aTy Ba yIapHUHT
Taliéprapiaurura KyWuiaaguraH yMyMUWA Majlaka Tajabiiapy Ba YKyB pexalapu
acocujia Mak/UIaHTUPWIrad O0yinub, YHUHT Ma3MyHHU KPEAUT MOy TU3UMH Ba YKYB
XKapa€HUHM TAlIKWI ATUII, WIMUNA Ba UHHOBAIIMOH (DAONUSTHU PUBOKIIAHTUPHII,
MeJJarOTHUHT KacOuil mpoheCCUOHAIITUTUHY OLIUPUI, TABJIUM KapaéHHUTa paKaMmiIn
TEXHOJOTHSJIAPHU KOPHUM ATUII, MaxCyCc MakKcaJlapra WyHAJITHPWITaH WHIJINA3
TUJIM, MYTaxacCUCIUK (aHnap HEru3uaa WIMHUM Ba aMalluil TaAKUKOTIAp, YKYB
*Kapa€HUHM TAIKWJI STUITHUHT 3aMOHABUU yciyOnapu Oyilmua CYHITH IOTYKJap,
MEeJArOTHUHT KPEAaTUB KOMIETCHTINTUHU PUBOXKJIAHTUPHILL, TABJIUM Kapa€HIApUHU
pakamiIM TEXHOJIOTHSJIAD acoCHAa WHAMBUAyAUIAIITUPHUII, MacodaBUil TablIuM
XU3MATIIApUHUA PUBOXIIAHTUPHI, BeOuHap, onnaiH, «blended learningy», «flipped
classroom» TEXHOJIOTUSIAPUHU aMaIUETra KeHr KyJanm Oyiuya Teruiian Ouimnm,
KYHHUKMa, Majaka Ba KOMIETCHUHSAJIAPHU PUBOKIIAHTUPUIITA NYHAITUPUIITAH.

Kaiita Tahépmam Ba Majaka OWIHUPUII WYHAJWIIUHUHT Yy3Ura XocC
XycycusTIIapu Xamjaa naoa3ap0 MacanajnapuaH Keaumd 4YMKKAH XoJiJa AacTypha
TUHTJIOBYWIAPHUHT MYTaxXacCUCIWK  (aHiap Jgoupacupard OUIUM, KYHUKMA,
Majaka xamja KOMIIETEHIMsJIapUTa KyWHJIaIuTan Tanabnap
TaKOMWIJTAIITHPWINIIN MYMKHH.



MoayJqHMHT MaKcaau Ba Ba3udauiapu

Moayauaudar Markcaau: @DusukaBuii KHUMEHUHI 3aMOHABUM MyaMMOJapH
MOJYJIM TENaror KaapilapHU KalTa Tal€piam Ba Majaka OIIMPUIT KypcHu
TUHTJIOBUWJIApUHN (U3UKABHM, KOJJIOMJ Ba TMOJUMEpJIap KHUMECH XaKWJaru
OMIMMIIApUHM TaKOMWIJIAIITUPHIN, Ha3apuid TaXJIuid Ba (PU3UKABUM TaIKUKOT
ycnyOnapuHu aMalijla KyJUlall, IIYHUHTACK, ylapja (Qu3nkaBUil, KOJIOWJ Ba
MOJIUMEPIIAp KUMECU TYFpUCHIA KYHUKMA Ba MajllaKaJapuHU TapKUO TONTUPHIIL.

Moaynauunr Basudanapu: ¢Qu3MKaBUil Ba KOJUIOMA KUME CcoXacHjaru
3aMOHAaBUN XO0JaT OWiIaH TaHUII OYNIWI, THUHTJIOBUMJIApAA Ha3apuil TaxJWi Ba
(bU3uKaBUN TAAKUKOT yCIyOJapyuHU amaiaa KyJjaan KYHUKMacu Ba MajakalapuHU
AKJUIAaHTUPUII, (DU3MKaBUM, KOJUJIOWZ Ba MOJUMEpiap KUMECU coxacuia VKyB-
nabopatopus yCIyOusaTIapy Uiiad YMKUII Ba aMaIuETra TAaTOUK ATUIITA YPraTHIll.

MoayJ 0yiiM4Ya THHIJIOBYMJIAPDHUHT OWJIMMH, KYHMKMAaCH, MAJIaKacH Ba
KOMIIeTCHUMSIJIApUra Ky HHIaaurad rajadJaap

MopaynHu  y3namTupuinl kapa€HuAa aMalira  OLIMpWIaAuraH Macajiajiap
aoupacua:
TunriioBun:

- KUMEHUHT cudaT Ba MUKJIOPUI aHaM3Ka KYJUTaHWIaural acoo0 ycKyHanap,
3aMOHaBU aHATUTUK, OMOHOOPTAHUK, OpPraHuK, (PU3UK KUMENApIary I0TYKIap, KUME
VKATUII YCyJIJIapu Ba TEXHOJOTHsJIApU coxaiapu Oyitmua PecnyOnukana miamuii-
TaJKUKOT Ba WIMHUNA-yCIyOMI HWUOUIAPUHA  PUBOKIAHTUPUIIHUHT  YCTHUBOP
WYHAIIMIILIAPU Ba YIAPHUHT MOXUSITUHH;

- SJHTM MHHOBAIlMOH Ba NENArOrvMK TEXHOJIOTHUAJIAPHU Ba YJIAPHUHI XaJIKApO
KHECUM TaXJIMJIMHU;

- ¢U3uMK KUMEHUHT 3aMOHABUU TYyIIyHYallapd Ba acoOCUWA KOHYHJIApH,
TaJKUKOTIap/1a 3aMOHaBUI GU3UK KUMEBUHN yCYIIIApUHU;

- KUME Ba KUME YKUTHUII ychyOsiapu Oyiinda sKCHepUMEHTaN TaJKUKOTIapHU
YTKa3WIlM Ba YIAPHUHT HATWKAJIADUHU KaWTa UILIAII Ba TaXJIWJI KUIUIIHH;

- WIMHHA-TEXHUKAaBUIl Ba MIMHUK-yCIyOMH MaB3yjapra MoC JKypHajiapra
MakoJiajnap Taiépiaill, UXTUPO, WIMUN KamlpuETIapHu MaTeHTIal, pyHIaMeHTal,
aMaJui, WHHOBAIlMOH Ba XaJIKApPO JOWMXalap TauWEpiiall Ba JULEH3USIIAIIHU
ounuwiu 3apyp;

TunrjaoBun:

- HAaMyHaBHM  MeToaMKajmap Ba  OomKamap OyiiMya  SKCIEepUMEHTAl
TaJKUKOTIAPHU YTKA3UII Ba yJIAPHUHI HATHKAIAPUHU KailTa UILLIalI;

- SIHTU FOSUTAPHU SIPATHII Ba WIMUU-TAIKUKOT HIJIADUHUA MYCTAKUI OJIUO
OopuIll XaMJa WIMHI jkaMoaja UILUIanT;

-3aMOHaBUM axOoOpoT Ba TMENaroruKk TeXHoJorusuiapjaan (oiganaHnuo
HOAHbAHABUM YKYB MAIIFYJIOTIAPUHU YTKA3HNILL;



- TEpMOJIMHAMUKA KOHYHJIApUHU Typiu (U3UK-KUMEBUMN KapaéHaapra KyJuialir;
- YykuTHiiaérrad QgaH OyilMya MalFyJoTJapHU YTKa3ull YYyH YKATHLIIHUHT

TEXHUK BOCUTaNapuaad GoiganaHuIl KyHUKMaiapuza 32a 0yauuiu Kepax;
Tunrinosum:

- TanabanapHu y3ura xaiad KWITaH XOJJa SHTCU MNEAOTOTHMK TEXHOJIOTHsIIap
acocuia (paHHU TYIIYHTUPHILL

-kacOuil QaonusTaa TAOMUU-UIMUNA (PaHTAPHUHT acOCUN KOHYHJIApUIaH
dbolnananui, MaTeMaTHK TaxJIMJI Ba MOJEIJIAIl, Ha3apuil Ba HSKCIEPUMEHTAI
TaJKUKOT METOJIApUHU KYJIAIIL;

- OyryHTH pakaMJId TEXHOJIOTHUsIAp JAaBpHUAa >KaMUSTHUHT PUBOXKIAHUIIUIATU
ax00pOT TEXHOJOTUSJIADUHUHT MOXUATH Ba aXaMUATHUHU TYLUIYHUII MalaKaiapuza
32a Oynumu Kepak;

Tunrinosum:

- 3aMOHAaBHUM Ba HMHHOBAIIMOH TabJIMM MYXUTHHU 60111Kap1/1111;

- KkuME Oyiinua 3amMOHaBUM Ba HWHHOBAIMOH TAabJIUM TEXHOJOTHUsJIApUTa
acocCJaHTaH YKyB-OWIHIl (PaoTUSITUHU TAIIKIII STHUIIL;

- kuME€ coxacu Oyirya TUHTJIOBUWJIAPHUHT HW3JIAHUIUIA-WKOAUN (aonausitra
KaJIO ATUII KOMHEeMEeHUUANAPHU STAIIIAIIHN JTO3UM.

Moay/HHM TAIIKHJ ITHII BAa YTKa3uIlI Oyiin4a TaBcusjiap

Monynar YKUTHII Mabpy3a Ba aMaldid MAIIFyJoTiap IIAKIHAA OJHO
Oopmtaan.

Moaynau YKuATHII Kapa€HUJAa TABJIMMHHUHI 3aMOHABUWA  METOJJIApH,
MEJaroruKk  TEXHOJOTUsJIap Ba  aXOOpPOT-KOMMYHHUKAIUS  TEXHOJOTHsUIapH
KYJUTAHWINIIY Ha3apAa TYTUJITaH:

-Mabpy3a Japciiapuia 3aMOHABUNM KOMIIBIOTEP TEXHOJIOTHSJIApU €EpaamMuaa
MPE3EHTALIMOH BA 3JIEKTPOH-IUIAKTUK TEXHOJOTUSIIApaH;

-YTKa3ujaaJurad amajgnid MalfyJoTiapJa TEXHUK BOCUTaJapAaH, dKCIpecc-
cypoBiap, TECT CYpOBIapH, akKJIUh XyXyM, KHUMK Typyxjap OWIaH uILIAIl,
naboparopusi ac000-yckaHamapu OuWJlaH WIUIAll Ba OOIIKA WHTEPAKTUB TabJIUM
YCYJUIAPUHU KYJUTAIl Ha3ap/ia TYTHIAIH.

Moy JHHHT YKYB pe:xxajaru 00mKa Moay/iap Oujiad OOFJIMKINTY Ba
Y3BHUMJIHUIH

29

“Pu3ukaBuil KUMEHMHI 3aMOHABMM MyaMMOJIapu ~ MOIYJIH YKyB peXaaaru
OupuHuM OJIOK Ba MyTaxacCUCIUK (aHapUHUHT Oapya coxajiapu OuJiaH Y3BUU
OOfJIaHraH XO0J1/1a NEeJarorIapHUHI YMYyMHU Tal€prapiuk Aapa’kacMHU OLUMPHILTa
XU3MaT KHJIadu.



Moay/THHHI OJIMH TabJIUMIATH YPHH

MopaynHu V3naiTupuil OpKajlyd TUHTJIOBUYMIAP TabJIUM >KapaCHUHU TalIKHII
ATUIIA TEXHOJOTHMK EHJAIYB acocjiapuHu Ba Oy Oopajard WiIrop TaxXpuOaHH
Vpranaawiap, yJaapHU TaxXJIWil 3TUII, amaija KyJulam Ba Oaxojaiira Joup KacOui
KOMIIETEHTIMKKA 3ra Oynaaumiap.

Monaya 0yin4a coaTaap TAKCMMOTH

Ayauropus yKyB
IOKJIaMacH
KyMJIAIaH
Ne Monyab MaB3yJaapu
=
~ =
5 |% |=2gt
=% =¥ =5 25
< HoF A
2 |28 &
= < 5 & =
= =
l. | ®u3uk KUMEHMHI 3aMOHABHMM TyllyHYajdapu Ba | 2 2
aCOCHUM KOHYHJIApHU.
2. | KuméBuii xapa€HJIapHM  Ha3apuil  KUXAaTOaH | 2 2
OOLIKApUIIIa SPULIMITAH I0TYKIap.
3. | TepmonuHamMuK NOTEHUHAIAP, XapPAKTEPUCTHUK | 2 2
(GyHKUMATIAp Ba yJap ypTacuaaru MyHocalatiap
4. | Dpurmanap TEpMOJUHAMUKACH. 4 4
5. | DneKTpOKNMEBHI KapaéHiiap TEPMOJIMHAMUKACH. 4 4
6. | KuméBmil KNHETHKA Ba KaTajanu3 MyaMMOJIAPH. 2 2
7. | CTaTUCTUK TEPMOANHAMUKA. 2 2
8. | HomyBo3anart »apaéniap TepMOAMHAMUKACH. 2 2
Kamnu: 20 6 14

HA3APUN MAILIFYJOTJIAP MASMYHHA

1-maB3y. @®U3UK KUMEHUHT 3aMOHABMI TYLIYHYAJIAPH Ba aCOCHH
KOHYHJIapH (2 coar).

1.1. ®u3nk KUMEHUHT 3aMOHABUH TYLIyHYAJIAPH.




1.2. Taaxukotnapaa 3aMmoHaBUM (UMK KUMEBUM yCyIuap.
1.3. KBanToxkuméBuil TacaBBYpJIapHH TAKOMWUIAIITUPUII MyaMMOJIapH.

2-maB3y. KuméBnii skapaéniiapHu Ha3apui »KMXaTAAH OOLIKAPU LA
IPUIIMJITAH OTYKJIAp (2 coar).

2.1. Kumésuii scapaénnune y3-y3uia 60punt UMKOHUSMU 64 UYHATULUY

2.2. KuméBuil TEpMOJUHAMUKA.

3-maB3y. TepMoauHaMHK NOTEHUHALIIAP, XaPAKTEPUCTHK (PYHKUMAIAP Ba
yJaap ypracuaaru myHocaodarJap (2 coar).

3.1. TepMmoaAMHAMUK MOTEHIIMAUIAP Ba XapaKTEPUCTUK PyHKUMsIIAP, KUMEBHI
MOTEHLIHAIL.

3.2. TepmoauHamuKka KOHYHJIapUHU TypJiu (HU3MK-KUMEBUN kapaéHiiapra
Kysutam. da3zaBuil MyBO3aHaTIAP

AMAJIUA MAIIFYJOTJIAP MABMYHHA

1-amanuid MalIFyJI0T. DpUTMAJIAp TEPMOAUHAMUKAcH (4 coar).

2-amaJiuii MALIFyJI0T. DJIIEKTPOKUMEBU N Kapa€Hnap TepMoguHamMukacu (4 coar).
3-amaJuuii MamryJa0T. KuMEBMI KMHETHKA Ba KaTalln3 MyaMMoJIapu (2 coar).
4-amauuii MmamryJaoT. CtaTucTuk TepMoarHaAMUKa (2 coar).

S-amanuii MmamryJsaor. HomyBo3anar xapa€nnap tTepMoauHaMuKacu (2 coar).

YKUTHUII IHAKJIJIAPHA

Maskyp Moy Oyiinua Kyiugaru YKuTUII akimapuaad GonganaHuiagm:

- Mabpy3ajap, aMmMaiuil Mamryiaomiap (MablymMOTIap Ba TEXHOJOTHSIIAPHU
aHriad oOJUIl, AaKJAUW KU3UKHUIIHK PUBOXKIAHTUPHUIL, Hazapuil OWIMMIapHU
MyCTaxKamial);

- naBpa cyxoariapu (KypunaérraH Jiolnxa edyumiapu OVitmya takiaud Oepuin
KOOWITUSATUHY OIIUPHUIILL, SITUTHUII, UIPOK KAJTUII Ba MAaHTUKHUM XyJiocajap YUKApHIII);
- O0axc Ba MyHO3apaiap (Joiimxanap eyuMu Oyiinuya nanuiiap Ba acociu
apryMEHTJIapHU TaKJIUM KWINII, OSIIMTUII Ba MyaMMOJiap €UMMHHHU TOIMIII
KOOUITUSATUHY PUBOKIIAHTUPHIIL).



II. MOAYJHU YKUTHUIIJIA ®OHJATTAHUIAJUTAH HHTEP®AO.T
TABJIUM METOIJAPHU

Xyaocanam (Pe3rome, Beep) metoaun

MeTtoauunr makcaau: by meton Mypakkad, KYNTapMOKIN, MyMKHH Kajap,
MyaMMOJId XapaKTepuJard MaB3yJapHH YpraHWIIra KapaTwiradH. MeToqHUHT
MOXMATH IIyHAaH MOOpaTKH, OyHJa MaB3yHHUHI TypJu TapMOKJIapu Oyiinda Oup Xui
axOopoT Oepuiaau Ba ailHW mMaWTAa, YJIapHUHT Xap OWpU ajoxuja acrexkTiapa
MyXoKama 3Tujiaaan. MacaiaH, MyaMMoO WKOOWN Ba cajOwii ToMOHIapH, ad3auiukK,
¢aswmiat Ba kaMumIMKiIapy, Goiiaa Ba 3apapiapu Oyiinya ypranwiaau. by uarepdaon
METOJM TAHKHIWW, TaXJWINH, aHWUK MaHTHKUN QUKpiamEan  MyBadhaKusaTIn
PUBOKIIAHTUPUINTA XaM/la YKYBUMJIAPHUHT MYCTaKWUJI FOSUTapH, GUKPIApUHA E3Ma Ba
OF3aKW IIMAKJJIa TU3UMIW Oa€H OTUIN, XUMOS KWIHINTA WMKOHHUAT SPaTaju.
“Xynocanmam”  METOAWAAH  Mabpy3a  MAIIFyJIOTIapuja  HWHAUBUIAyal  Ba
Ky(PTIHKITapaary Wil MakiIuaa, aMaInid MalIFyJI0TIapuaa KHIUK TypyXJjiapIard Uil
MaKiIuaa MaB3y I03acHJaH OWJIMMIIADHA MyCTaxKamJjiall, TaxXJIHJIA KWWl Ba
TakKkociam Makcaauaa ¢hongaaaHuI MyMKHH.

MeToaHu amMaJjira OMMPHII TAPTHOM:

TPEHEeP-YKUTYBYH UIITUPOKUUTIAPHU S5-6 KUITUIAH HOOpAT KUUUK
rypyxJjiapra axxparaiu;

TPEHUHT MAKCay, IapTIapy Ba TAPTUOU OWJIaH UIITUPOKYUIIAPHU
TaHUIITUPrad, Xxap OUp rypyxra yMyMuid MyaMMOHU TaXJIWJI KAJTUHUIIN
3apyp OyJraH KucMJapy TYyIIUPUITaH TapKarMa MaTepruaiapHu
TapKarajy;

xap Oup rypyx y3ura Oepuiran MyaMMOHH aTpodinya Taxjiui Kuino, y3
MyJl0Xa3aJlapuHU TaBCUs STUJIAETraH cxema Oyiinya TapkarMa
Marepuanra €3ma 6aéH Kuiaau;

HaBOataaru 6ockuyaa 6apua rypyxjiap ¥3 TaKIuMOTIApUHU YTKa3aauiaap.
IllynpaH cyHT, TpeHEp TOMOHMAAH TaxXJIMJIJIAp yMYMIIAIITUPUIAIH,
3apypuil axOopoTiIp OuIaH TYIaupUiIaan Ba MaB3y sIKyHJIaHAIH.




Hamymna:

Taxuj1 TypJapuHUHT KUECHH TaXJIMJIH

Tuzumim Taxaua C1oKeTJIH TaXJ 1IN Bazusitiiu TaxJamia
Ad3zanauru KaMYHJINTH adgzanaurn | kKaMmuuaIHrn ad3anauru KaAMYHJINTH
Mymmonu kenub | Anoxuaa V3 BakTHIA Mynocabar | Bazust JImHaMUK
yukuI cababnu | Taliéprapiaukka | MyHocadar Oomka OMp | MIITHPOKYHU- XYCYCHUATHHU
Ba KEUUIII sra OynumHY, | OMIAMpUII CIOXKETTa JAPUHUHT 6enrunad
KapaCHUHU KYT BaKT UMKOHHUATUHH | HUCOATaH (oObekT Ba OJIUII YIYH
AJI0KAIOPIIUT U QKPaTUIIHU Oepaau KyJIJIaHumra | cyobekr) KyI1ab
JKUXaTUOAH Tanad dragu SIPOKCH3 BazuQalapuHH Oynmaiinu
Ypranui Oenrmnad ouI
MMKOHMSTHUTA 3T UMKOHHHHU
oepaau

Xyaoca: TaxauiHuHr G6apua Typiapud XaM Y3WHUHT ad3ajuird Ba KaMywiIdru Owinan Oup Oupuman
¢dapknanagu. JlekuH, ynap KaTOpHAAH MEAaroruk (aosmsaT goupacuia Kapop KaOyll KWIMII Y4yH
TU3UMJIM TaxJIWIIaH (hoiianaHuIl skopuil KaMUMIUKIapHU OapTapad 3TuIra, MaBxyja pecypciapiaH

Makcaui oiigananuma ah3auIMKIapra Srajaurd Ouia axpamd Typau.

“@CMY” meroamn

TexHoNOrUAHMHI MaKcaau: Maskyp TEXHOJOTHS MINTHPOKYMIApAAru
YMYMHI (UKpIapaH XyCycHil Xyjocajgap YMKapHIl, TaKKOCHall, KUECall OpKaiu
axOOpOTHHU V3NAIITUPHUIL, XyJiocajiall, IIYHUHI/IEK, MyCTaKWI WXOAuM (QuKpial
KYHHKMAaJIQpUHU IAKJUIAHTHpUIIra XHW3Mar Kuwiaau. Maskyp TeXHOJIOTHsIaH
Mabpy3a MAIIFYJIOTIApUAA, MyCTaxKaMJilallla, YTWITaH MaB3yHHM Cypamija, ywra
Bazuda Oepuniga XamJa aMaldid MALFYJIOT HATHOKAJAPUHU TaxXJIWI 3STUIIIA
(doiinanaHuII TaBCUS STHIIAJIN.

TexHOJIOrUsIHM aMaJIra OIIUPUII TAPTHOU:
KAaTHaIIYWIapra MaB3yra oujl Oyiaran sKyHHi XyJjoca €Kd FOsl TAKIU( 3THIIAIU;
xap oup umtupokuura ®CMY TeXHOTOTUSICUHUHT 0OCKUYIapH E3UIITaH KOFO3IapHU
TapKAaTUJIA]IH;
UIITUPOKYMWIAPHUHT MyHOCca0aTIapu UHAUBHUIYA €KU TYPYXUM TapTUOIa TAKAUMOT
KUJIMHAIU.
[
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* GUKPUHTU3HUA Oa€H STUHT

* (pukpuHru3HU O0a€Hura cabad KypcaTuHr

* Kypcatran cabaOWHTH3HU KUCOOTIA0
MUCOJI KEITUPUHT

* GUKPUHTU3HA YMYMIAIITHPUHT

OCMY  TaxaunM KaTHaIuWiapjaa KacOui-Hazapuil OWIMMIIApHH aMaiui
MalllKJIap Ba MaBXyJ Taxpubanap acocuaa Te3poK Ba MyBadakusTIn
V3MamTUpUINIINTa acoc Oyaaau.

Hamymna.

®uxp: “Tuzum ampoh Mmyxumoan axcpaneau, y OUNGH AXIUM MALCUPIAULYBYU,
oup-oupu ounan y3apo 6021aHeaH dNEeMEeHmaap madxcmyacu 6yaud, maoxuxomiap
obvexkmu cananaou”.

Tommupux: Maskyp ¢ukpra Huc6atan myHocabatuHruzau ®CMY opkanu
TaxJIUJI KAJIUHT.

“AccecMeHT” MeTOAU

MeTOOHHHI MAaKCagu: Ma3Kyp METOJ TabJIUM OJIyBUMJIADHUHT OWIMM
JapakacHU Oaxojall, Ha3opaT KWIMIL, V3JAIITHPUII KYpPCaTKU4YM Ba aMaliuid
KYHUKMAJIADUHU TEKIIMPHUIITa HYyHANITUPWIraH. Ma3Kyp TEXHHKa OPKAJIA TabJIAM
OJIyBUWJIAPHUHT OWIIHII (PAOJIUATH TYpiH WyHanumap (TecT, aMaiuil KYHUKManap,
MyaMMOJIM Ba3UsTIIap MAllIKW, KUECUN TaxXJIWi, CUMIITOMJIAPHU aHUKJAWm) OYyitnda
TAIIXUC KWIMHAIU Ba 0axoJaHaIH.

MeTtoaHu amaJira OIIMPHUII TAPTHOU:

“AccecMEHT” JIapZaH Mabpy3a MAIIFyJOTJIAPHUIA TUHIVIOBUYMIIAPDHUHT MABXKY ]I
OWIMM JapaXaCUHHW YPraHWIJA, STHTM MabIyMOTJIApHUM 0aéH KWIMIIAA, aMalldi
MalIFyloTaapaa 3ca MaB3y €EKM MabIIyMOTIAPHU Y3JIAIITUPUIL JAPaKaCUHU
Oaxonaml, LIYHWHTACK, Y3-Y3MHHM OaxoJjlall MakcaguJa HWHIMBHyaad MIAKJIIa
¢doitnanannm taBcus 3tunaau. LyHUHTrIEeK, YKUTYBUMHUHT WXOIWWA EHAAIIYBU
XaMmJia YKyB MakcaajapuaaH Keaud YMKuO, aCCeCMEHTra KyIMM4ya TONIUPUKIAPHH
KHUPUTUII MYMKHH.

Hamymna. Xap Oup kaTakgaru TyrpH )kaBoOHU 0axoJiail MyMKHH.
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;“f*? 1. Tusum Kangaii cy3man
\. OJIMHraH?

* A. modulus
* B. modulis
 C. model

) Tymynya raxjaniau

e MexaHuK TU3UM
28 TYLIYHYACUHHU U30XJIAHT
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Kuécnii Taxjmia

* OmntHep, Kgetin, SAxr, SR,
lonyOxoB MozemIapuau
y3ura Xoc *KUXaTIapuHu
QXpaTuHr?

!
1‘1‘ AManni KYHHKMa

Tu3uMaun TaxJuUIHU amanra
OILIMPHUII YIYH MaBXYJ TaXJIUJ
Mozeapuaa “SR-monennau
KYJUIam TapTHOUHU Ounacu3mu?
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I11. HABAPUH MAIIFYJIOT MATEPUAJJIAPU

1-MAB3Y. ®U3UK KUHMEHUHI 3AMOHABHUH TYITYHYAJIAPHA BA
ACOCHH KOHYHJIAPU
PEXA:

1.1. ®wn3uk KUMEHMHT 3aMOHABUH TYyIIyHUYAJapH.
1.2. TagkukoTiap/aa 3aMOHaBHM GU3UK KUMEBUHN yCyIIap.
1.3. KBaHTOKMMEBUI TacaBBYpJIAPHH TAKOMUJUIAIITHPHUIL MyaMMOJIapH.

1.1. ®u3uK KUMEHUHI 3aMOHABHH TYLIYyHYAJIApH

TepmonuHamMuk cuctemMa MO OOPIUKHUHT XaKUKUM €Ku Xaénuil yerapa
CUPT OWUJIaH aXXpaTUITaH MaKPOCKOMUK KHUCMUIUp. TepMoauHaMuKa xKyaa Kym
3appavanapaan  uOopar Oynaran cucremMaidapHu  ypraHaau. Anoxuaa
MoOJIEKyJlanap, aromjap €KM  3JEMEHTap  3appadajapra  HucOaTaH
TEPMOJIMHAMHKaHU KYi1ad OynmMaiu. Arap CUCTEMaHUHT TallKK MYXUT OWJIaH
Xed KaHjaal y3apo TabcupiaHuiu OynMaca, OyHaal cucTeMa U30JAIUsIaHTaH
(Tamiky MyXWTOAH axpaTwiaraH) Jedwnand. Arap dYerapajaH MoJja
aJIMalIMHUIIN Ky3aTWica, YHJa CUCTeMa OYuK OYynajau, akc XO0Jijia, SbHU Xeu
KaHJal MoOJJa uerapa OpKaJlu yTMmaca, yHIa €NUK CucTeMa JACHUIIajIv.
M3onsuusinanran cucteMagad (Gapkiau paBuilia €MUK CUCTEMa TallKU MYXUT
OWIaH HEPrUs AIMAIIUIIN MyMKHH.

Arap cucrtema Oapua HyKrajmapaa Oup >KuHcIU Oyica, yHH TOMOTEH
nernnany, ake xoiaa ¢azanap Xakuaa cy3 oputwiaaud. bup Hewa ¢azanapnan
TY3WIraH cucTeMma rereporeH aeimnaau. CucreMaHuUHr OOIIKA KHCMIIapHIaH
CUPT uerapacu OujaH aXXpaTWIraH TOMOT€H CUCTEMAaHUHT OUp KMHCJIM TOMOT€H
Martepuall KUICMJIapHUHT TyTIuiamMura Qasa nelunaiu.

Cuctemanu TaBcu(dioBUM (pU3MKaBUI Ba KUMEBUNM XOCCAJAPHUHT TYIUIaMU
CUCTEMAaHUHT XOJaTuaup. TepMOIuHAMHUK CUCTEMA XOJATHUHT TEPMOJAMHAMUK
napametpiapu (7,P,V,C,U,S Ba OGomikanap) Ounan taBcuduanaau. Tepmoau-
HAMHKaHUHT aCOCUM KOHYHJIADWHM TYIIYHHINI Ba TaJIKUH KWIHUIIHA TabMUH-
nalural yMyMui oenrunapura Kapad TepMoAMHaAMUK napaMeTpiap cuHdiiapra
oupnamtupuirad. CoH KuMMaTiapu >KUXaTIaH JOUMUNM KUMEBHUI TapKuOIU
CUC-TEMaHMHI MaccacHura mponopuuoHain Oyiaran TepMOJMHAMUK TapaMeTpiap
AKCTEH-CUB NapameTpiap Aeiwiaan. OKCTEHCUB mHapamerpiapra xaxm (V),
Macca (m), JIEKTP 3apsSAUHUHT MUKAOpH (Z), nuku sHeprus (U), surponus (S)
Ba Oomkamap mucon Oynmagu. CoH KuNMaTIapu >XUXATHUAAH CHUCTEMaHUHT
Maccacura OOFJIMK Oyiamarad napameTpiiap UHTEHCHB MapaMeTpiap ASHUIaIu.
Nutencus napa-merpiapra 00CUM, Xapopar, SJIEKTP 3apsAMHUHT MOTEHIIUAIIH,
COJIMILITUPMA SKCTEHCUB KATTANUKIAp (MOJJAHUHT OUPIUK MHUKIOPH Y4yH
OJIMHTaH) Xamja 0apya yMyMilalliTaH Kywiap KUpaau. Y MymIIalirad Kyuiaap Ba
yMyMJalllTaH KOOpAWHATalap XaM TEPMOJMHAMHK MapaMmeTpiap OYynuo,
MEXaHUK Kyd (€K OOCHM), AJIEKTp MOTEHIMANW, KUMEBUM MMOTEHIHMAT Ba

OolllKanap yMyMmJlalliTaH Kywjiapra Ba TeéOMETpPUK KOOpIMHATa, XaxKM, 3apsl,
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MabJIyM KOMIIOHEHTHUHT MacCcacu YMYMJIAIITAH KOOpJWHATajgapra Kupaiu.
TepMonuHaMuK mapaMeTp-JapHUHT XATTOKM OWTTACHUHUHT Y3rapuiiv OuiaH
OoFnuK OynraH cuctemMazard xap KaHaall y3rapuil TEpMOAMHAMUK KapacH
nenunanu. Arap mapamMeTpHUHT Y3ra-puiiu (akat OONUIaHFUY Ba OXHUPTU
XoJjaTiiapraruia 0ofnuK OynuO, )xapaéHHUHT Hynura OofnuK Oynmaca, OyHan
napamMeTp XoJiaT QyHKIUACH AeUIIain.

XapopaT — TepMOMETpHUsIa aHUKJIAHAJAUTaH OOBEKT, YHU OeBocHUTa Yiyad
Oynmaiau, pakaT UCCUKPOK EKM COBYKPOK KHCM XaKUa TYIIYHYA XOCHI KWL
MyMKHH. XapopaT CHCTEMa 3appavajapUHUHI ypTauya KUHETUK SHEPIHsICU
OynuO, >KUCM KaHYaJuK WCUTWITAHIUTUHUHT YIYOBUAMP. YHU Xapoparra
Oornuk Oynran Oomnika (U3MKaBUN MapaMeTPIIAPHUHT COH KuiiMatiapu OViinya
aHuKIaHaau, Oy 3ca, IOKOpHAa TabKUUIATaHUMHU3AEK, SMIMPUK Xapopar
HIKaJaJJapUHU TY3UITHUHT aCOCU KUJIUO OJIMHTaHIUp.

Hccuknmk — MOJIaHUHT XapopaTH, Maccacu Ba Tabuatura OOFJIUK OYiaraH
KaTTAIUK OYnIuO, amoxuja 3appayaHUHT KUHETUK YHEPTrUSCUHU Oelruiaanu.
Cuctemara HCCUKIWK Oepuwiranjia, MOJEKyJIalapHUHT VypTaya  KUHETUK
SHEPrUsCH OPTHUILN XUCOOUTa, CHCTEMaHHUHT XapopaTH opTaau. JleMak HCCUKINK
SHEPIUs Y3aTUIIHUHT Oup Typuaup. Cucrtemara OepuiraH UCCUKIUK Xap JOUM
XaM XapopaTHu owmupMmaau. Macamad, My3 CyIOKJIaHa€TraHga €U CYyB
KailHaéTraHja cucTeMara HUCCHUKIMK OepHIll XapopaTHU Y3rapTupMmMaiaud Ba
xapa€H JouMUM XapopaTiaa Oopanau, OyHIa cHCTeMaJard MoJIeKyJaJapHUHT
ypTaya KMHETHK SHEPrusicH y3rapmaciaH (akaT NOTEHLHA SHEPTUACH OPTaIH.
Yy HUCCHUKJIMK MY3HUHI KPUCTaUl TMaHXXapacMHW Oy3uiira ¢EKU CyBHU
OyfnaHTupuil kapa€Hura capdnaHaau (3cku anabuérnapaa “SIupuH
HCCUKJUK’ J1e0 aTairas).

N — 6up cuctemMazaH UKKMHYM CHCTeMara SHEPTysl Y3aTUIIHUHT stHa OUp
Typu 6ynub, OyHa uin 0axkapuiaaéTraH CUCTEeMaHUHT MUKW SHEPTUSACH KaMasiJiy,
TabCUP KUIMHAETraH CUCTEMAHUHI SHEPTHSCH 3ca, OaXapwiraH HIIra Moc
paBuia opragu. Mim Ba HUCCUKIMK ¥Y3apo SKBUBAICHTIUP. VICCUKIMKHUHT
YI4OB OUpIMIA KaJOpUsi Ba UIIHUHT YIYOB OUPIUTH XKOYyJIb Ae0 Kalyin
KUIUHTaH. [kan.=4,1875 7K TeHr 6ynnb, NICCUKIMKHUHT MEXaHUK SKBUBAJICHTU
NEeUUIaIHn.

Nuku sHeprus — xucMm Oapua 3appadajapyuHUHT Oup-Oupu Owia" ¥y3apo
TabCUPJIALIUII MOTEHIMAJ HEPrUsCH Ba aIOXMa 3appadayap XapaKaTHHUHT
KHUHETUK SHEPTUsiapyu WAFUHMCUJIAH TAILIKWJ TOMTaH, SbHU MOJICKYyJIalaApHUHT
WirapujiaHMa Ba aijlaHMa XapakaTdh HEPTHSICH, MOJIEKYJAHW TAllKWJ KUJITaH
aTOM Ba aTOM T'YPYXJApUHUHT UUYKUMOJICKYJISIp TeOpaHMa XapakaTh YHEPTHUSICH,
aToMmJIapJlard JJICKTPOHJIAPHUHT aWIaHUIl JHEPTUsCH, aToM SapoJiapuiaru
JHEpPrus,  MOJIEKyJajlapapo  y3apo  TabCHpJallMII  JHEPrusick  Ba
MUKpO3appayajapra Teruuuid OyiaraH Oomika TypAaru O3HeprusjapliaH
ndopataup. Muku 3HEprust cuctemMa 3HEPrUsACUHUHT YMYMUU 3axupacu 0yiuo,
YHUHT TapKuOura TYIuK, Oup OyTYH CUCTEMaHUHT KMHETHK SHEPIHsICU Ba YHU
XOJATUHUHT MOTEHIMAN HEepruscu kupMaiiau. XKucM HUKU SHEPTUSICUHUHT
a0COMIOT KUMMaTU MabiIyM 3Mac, YHH TYFPUAAH-TYFPU Yiadall XaM MYMKHUH
smac. Cucrema 3HeprusiciHu Oup OyTyHJIMruya OE€BOCHTA YiIdailiMraH Xed
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KaHJal yCyJuiap MaBxXyJ sMac. AMMO KUMEBUM TEPMOJUHAMUKAHU KUMEBHUU
XOJIMCANlapHU YpraHumira KyJulalijia cucTtemMa Oup XoJIaTJaH HKKUHYUCHUTA
YTaéTranaart M4KU SHEPTUSHUHT Y3rapuiinau OunMok kudosaup. U €ku xap
KaHJall ~ KYpUHHUILJArd  DSHEPrusi  MHTEHCUBIMK  Ba  AKCTEHCHUBIIHK
(daxkTopnapuHUHT kynaiiTMacu cudartuaa udoganaHagu.

Nccuknk cuFMMU — CUCTEMAaHUHT XapOpaTUHU OUp Tpajlycra KyTapuill y4yH
Tana®d KWIMHTaH WCCUKIUK MHKIOpu OYynub, y cucremara Oepuiraxn
UCCUKJIMKHUHT Xapopar Yy3rapuimu HucOatura TeHr. VCCUKIMK CUFUMU
TYINIYHYaCUHUHT ~ KUPUTWIMIIK TEPMOJAMHAMHKA TapuxXuja HHI  KaTTa
IOTYKJIapJlaH Oupu OYras.

bocuM — Oupiauk cHUpPT ro3acura TabCHpP KWIYyBYM Kyd OYiauO, Typiu
oupnukinapaa udonanananu: Iackanw, n/m?, 6ap Ba mm cum.ycm. Byrua 1oumo
cucteMa 00CUMHUHMHT atMocepa 6ocumu Omnan gapku smac, 6aaku abCoIOT
0ocum KypcaTuiaiu.

TepmonuHamMuk cuctema KaHgalaup OOIUIaHFUY XOJaTAaH YUKUO, KaTop
y3rapuiuiapra ydyparanjiaH CYHI SiHa aBBaJIM XOJATUra KAaWTaauraH >KapacH
alJlaHMa €KUM LUKIMK Kapa€H aennnanu. bynnan kapa€una xap KaHaau xojaat
napaMeTpJIapyUHUHT Y3rapuild Hoyra TeHraup. KapaéHHUHT OOpUIIN MIapOUT-
Japura kKapad n3o0apuk, U30TEPMUK, M30XOPHK, aJauadaTUK kapaéHuap Oup-
Ooupu-nan (dapxnaHagu, yiaapaa Moc paBuiiga OocuM, xapopar, XakM EKu
SHTpoNUsUIap y3rapmac Oynaau. AnrabaTUK MIAPOUTA CHCTEMa TalllKU MYXUT
OWIaH WCCUKIUK aJMaliMaciuru cababiu, TepMOJWHAMUKAHUHT HUKKUHYU
KOHYHU/JIaH SHTPONUS-HUHT y3rapMac OVIHUIIN KeTuO YrKaIu.

ATtpod MyxuTAa Xe4 KaHJaill y3rapuiuiapcus CUCTEMaHUHT OONUIaHFUY XO-
JaTra KaWTUIl UMKOHUSITUHU OepyBUM >kapa€H KaiTtap (MyBO3aHAT) *apacH
nevimaan. Xoccajgapu (Xapopat, 00CHM, TapKuO, JIEKTP MOTEHIIMATH) BaKT
yTuimu OunaH y3-y3uaaH y3rapmaiiaurad Ba anoxuga ¢asaJapHUHT Oapua
HyKTajnapuja Oup Xuia KuiMarra sra OyiaraH CUCTEMaHUHT XOoJaTiiapyu KauTtap
xapa€uiap TepMoJMHaMUKacuaa KypuO uukuiagu. CucteMaHnuHr OyHuan
XO0JIaTJIapu MYBO3aHAT XoJjariap Aevunaau. MyBo3aHaT xkapaéHaa cucTema
MYyBO3aHaT XOJATJIAPHUHT Y3IYKCU3 KAaTOpUJIaH YTaJau Ba KBa3UCTATHUK kKapacH
1ed XxaM aTanau.

Xapopat, 6ocum Ba (azajapHUHT WYKUA TAPKUOU TEHI TaKCUMJIAaHMaraH Ba
BaKT YTUIIM OwiaH Yy3rapyBuaH OYJraH XoJjiaTiiap HOMYBO3aHAT XoJatiap
nevunanu. Ynap KalltMac (HOMyBO3aHaT) »apa€Hiap TepMOJMHAMUKacUa
KYpuO YMKUIIaJH Ba YHTa TEPMOJIMHAMUKAHUHT aCOCUN KOHYHJIapUAaH TalllKapu
KaTop KylIMMYa TMOCTylamiap KupuTwiagu. JKapa€HHUHT TepMOIUHAMUK
KUXATAAH KalTap €K KaUTMACIUTMHA KUMEBUN PEAKIUSIIAPHUHT KalTapiauru
KM KaWTMAaclurd TyIIyHUYajapu OWIaH dalKallTHpMaciuk kKepak. Kuména
yi0y aTaManap TYFpu Ba TeCKapH MyHanmunuiapaa O0puig MyMKUH OYITaH Xap
KaHJIaid peakuusgapra KyJUIaHMIIA MYMKHH Oynu0, OyHAa CHCTEMaHHUHT
OOIlTaHFUY XOJIaTra KaWTHO Kenumuaa atpod MyXUTIard y3rapuiiiap
bTUOOpra OJIMHMAaNIN.
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1.2. Taaxkuxkoriapaa 3aMoHaBUH (PU3UK KUMEBHH yCyJLIap

Tepmonunamuka (U3MK, TEXHUK Ba KUMEBUM TepMOJMHAMHUKalapra
OynuHanu. TepMoAMHAMUKA WCCUKIUK OWIIaH WIIHU Y3apo YTUII XOJUCalapuHU
udoganaliuran MakpOCKONUK Hazapusiaup. TepMoauHaMHKaaa KypuiaJaura
MaKpOCKONHMK CHUCTEMAaJapHUHI MYXUM TOMOHHU IIyHAAH HWOOpPATKH, YJIAPHUHT
SHEprusiciHu OeBocuTa ynmuald Oynmaiiaun, Qgakar cuctema ajoxuja 3appadanapu
(aToM, MOJEKyJa, WOH) HSHEPTUSICMHUHT Y3TapUIIMHU Yiodall HMKOHUATH OOop.
MakpoCKONMK CHUCTEMa SHEPTUSCUHUHT Y3rapullld UCCUKIIMK EKU U KYPUHUIINAA
aHUKJIaHaAW. ABBaJ UCCHUKJIMK Ba HIll OUp-OMpUAAH MYCTaKWI paBHIla KypuO
yukuiap 4. Paxkar XIX acpHUHT ypTajlapyugaruHa MaKpOCKOIIMK CUCTEMAa UUKU
SHEPTUSHUHT KaHmaaup (QU3MK KaTTaauk cudaTtuga MaBxXyl SKaHJIUTHHU
VpHatumra myBadgak O0ynuHau. ByHUHT y4yH 3ca, aBBajl HOMabJIyM OyiraH TaOou-
aT KOHYHM — TEPMOJMHAMHKAHUHT OWPUHYM KOHYHUHU OUHUII Taiad KWIMHIH.
Keitunyanuk Oomika ynua® OynmalauraH KaTTalukiIapjaH (SHTPOMNUs, KUMEBUU
noTeHuan) (oiananuin 3apypatv TyFwiad. byngai yoyab Oynmaiiauran karra-
JUKIIAPHUHT TEPMOJMHAMUKAHUHT MaTEeMaTUK anmnapaTuia KEHr KYJUTaHWIUIIN
TEpMOJIMHAMHKa (PAaHMHUHI Y3UTra XOC TOMOHHM OYJINO, YHH YpraHUIIHMU KyJla Xam
KUMuHIamTupaan. AMMo, xXap Oup Yynua® OyiamalauraH KaTTaauK TEePMOJIU-
HaMHKaJa YlIYaHaJWraH KaTTalUuKIApHUHT (QyHKIusnapu cudatuaa aHuK Oenru-
JAHTaH Ba TEPMOJMHAMHUKAHUHT Oapua XyJiocallapuHU TaxXpuOaja TEKIIUPUIILI
MyMKHH. CHcTeMa XoccallapuHu Udoaaial y4yH Maxcyc TEPMOJMHAMUK Y3rapyB-
yuiapAaad €K TepMOJMHAMMK MapaMmeTpiapiaH ¢oiinananunaau. Yiap €pramuaa
MCCHUKJIMK Ba WIIHUHT Yy3apo yTunuiapu OuiaH OOFNIMK OynraH xoaucanap (pu3uk
KaTTaJuKiIap opkKaiu udopanaHaau. bymapHUHr XamMmacu MaKpOCKONHMK KaTTa-
TuKiIap 0ynub, MoJekynanap KaTTa TYpyXUHUHT XOccallapuHu udonananau. Ymoy
KATTAIUKJIAPHUHT XaMMacUHH OeBocHTa Yiuad OynamMaiiau.

KuméBnii TepMonuHaMUKaHUHT Ba3udacu TEPMOJIMHAMUKA KOHYHJIApUHU
KUMEBUM Ba (U3MK-KUMEBUM Xoaucajapra Kymiamgad ubopar. Kumésnii
TepMOJAMHAMHUKA, Y3 HaBOaTHAa, KIACCUK ((PEHOMEHOJIOTMK) TEPMOJANHAMUKA,
HOMYBO3aHAT >KapaHJIApHUHT TEPMOJMHAMUKACH, CTAaTUCTUK TEPMOJUHAMUKA
oynumnapunan ubopar. TepMokuMé Ba KUMEBHMM MyBO3aHATIAp XaM KHUMEBUU
TEPMOJAMHAMUKA  TABJIUMOTHHUHI  acoCUil  Kucmiapuaup. DOeHOMEHOJIOTHuK
TEPMOJIMHAMHKaa TEPMOJAMHAMUKAHUHT Ha3apuil acocnapu 0aéH KWIMHAIHA Xamaa
ylnapHu (PU3MKABUI MyaMMOJIApHM Xall KWIHIIAA KYJulalll UMKOHUSATIApU KYpuo
yukuiaau. CTaTUCTUK TEPMOJMHAMHUKA XaM aclii/la CTaTUCTUK (DUBUKAHUHT OUp
KUCMHU OYNuO, CHEKTPOKUMEBUU MabAyMmMoTIap EpaamMuia Typjid MOIAaTapHUHT
acocuil TepMOJIMHAMUK (QYHKIUSJIAPUHU XUCOOIAIll yCyIapy UIIad YUKUITAHIUT A
cababiu, KUMEBUM TEPMOJMHAMHKA YUYH aXaMUSTIUIUAP. Y CTATUCTUK MEXaHHKa
KOHYHJIapUIa acocjiaHral Oynaum0, CTaTHCTHK ycyiuiap €paaMuia pPUBOXIAHAIM.
HomyBo3aHnat JKapa€HIapHUHT TEpMOAMHAMUKACHU PEISATUBUCTUK
TepMOJMHAMHKAIaH XaM €mpokK (aH, JEKHMH X03upAacK amaauil axaMusaT KacO
sTMOKIa. KaiTmac kapa€HIIApHMHT YMYMHM TEPMOAMHAMMKACH XO3Uprada
spaTUIMaral, aMMo alipuM TallIMII XOAucalapy ydyyH Oapya caBojuiapra xyjaa xam
UIIOHWIN >KaBOOJIap OJIMHTAHJIMTU KaTMmac >KapaéHJIapHUHT 3aMOHABUU UYM3UKIU

TepMOJMHAMHUKACUHN HWILIA0 YHKHII WMKOHUATHHU Oepau. KalTmac dwuszmkin
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xapa€Hiap TEpMOJAMHAMUKACU  KJIACCUK TEPMOJMHAMUKA OWJIaH  YM3UKIU
KOHYHJIAPHUHT YMYyMJIAITYBUJIUDP.

TepmonuHamuka Y3UHUHT Oapya >kuxatiapu Oyitmua tyna xa€tuit danaup.
TepMonMHAMUKAHUHT pUBOXJIaHUIIUTA (asicada Ba IIMIIACO3TUK CaHbATUIAH
TOPTUO Ha3apuil MEXaHUKA, UCCUKJIMK TeXHUKACH, Pu3nKa Ba KUME kabu (panmapraua
TabCcUp KypcartraH. TepMmonnHamMuKa TaOMATHUHT MKKWTA, Hazapuil Tap3ga uIuiad
YUKUAII MYMKUH Oynmail, Oajdkd MHCOHMATHHHI KYI AacpiuK TaXpuOacuHU
YMYMJIAIITUPUIL ~ HATHXKAcK  Oyiran, yMyMuid  KOHYHJapUHU  KyJjamra
acociaHranaup. Yuly KOHYHJIApPHUHT TYFPWINITA TaOWaTAa yJapHU MHKOP STYBUU
xKapaCHIapHUHT HYKIWrM OwiaH TacaukiaHagu. TepmoauHamukaaa Oopaétran
xKapaCHIapHUHT MEXaHU3MIIApDUHU, YJIapHU KENTUPUO UYMKapaéTraH KydJIapHUHT
TabuaTUHU OWIMII mapt sMac. byHaa ypranunaérradn cuCTEeMaHUHT OMp XOJaTAaH
Oomikacura YTuil Wynu smac, Oanku OOIIJTAaHFUY Ba OXHUPTU XOJATJIApUTHHA
axamustauaup. UIyHUHT y4YyH KJIAacCUK TEpMOJMHAMUKAAA >KapaCHJIApHUHT
TE3NHKJIApU YpraHUIMaau Ba YHU KUMEBHM KUHETHKara Kyiiad Oynmaiiau.
TepmonnHaMukaHUHT OyHJal 4YerapajaHTaHJIWTH, BaKT YTUIIM OwiaH, anobartTa,
UyKoTHIaau. XO03UPru KyHJIapAa€K KauTMac xkapa€Hiiap TePMOJIMHAMHUKACH TE3JIUK
OwiaH puUBOXKJIaHAETTaH coxXa OYIn0, KWHETUK MacalaJlapHU TEPMOJIMHAMUK HYKTau
Hazap/aH Kypub YUKMOK/IA.

TepMoaMHAMUKAHUHT PUBOKIIAHUINT OOCKUWIAPUHY OWIIMacaaH TypuO, YHUHT
X03UPTH 3aMOHaru XOJATUHU V3namTupuil Kynaa Mypakkaoaup.
TepMmonuHaMuKkaHu YpraHuil XapoparT OWIaH TaHMIIUILJIAH OOIJIAHUIIU Kepak.
TepmomeTpiiap Ba TEPMOMETPUK IIKAJTATAPHUHT SAPATUIIUII TAPUXUHU OWIMIIL XaM
TEPMOAMHAMUKAHU TYUTYHUIIIIA KYJa MyXUMIUP.

Tepmoaunamuka ganu xapopaT, HCCUKIMK Ba UCCUKIUK OWJIaH UITHUHT OUp-
Oupura aimanuim xakujaara Gasaup: “TepMo” — UCCUKIUK, “‘TUHAMHC” — Kyd, UIII.
Keitmnuanuk “nunamuc” cy3uaa dakar “kyd” TyHIyHYacH CakjiIaHUO KOJIraH Ba
IIYHUHT Y4YyH TEpPMOJIMHAMHUKA CY3M OWIaH YHMHI Ma3MyHU opacuja Kapama-
KApIIWJIUK BY>KyAra Kejira. “TepmoanHaMuka” atTaMacuHu Oupunuu 0op 1854 itmnu
Tomcon taknud xwirad. “JluHamMuka” CY3MHMHT UWIUIATHIIMIIA HOMYBO3aHAT
XOJATIapHU KY3 OJJAUMU3ra KEeITHpaaAu, aMmMo OyHAa TEepMOJIMHAMHUKA OuWJaH
OyTyHyiaii  TaHum  OyiMaraH  OJaMIruHa  YaJfulud  MyMKuH.  @Danra
“TepMOAMHAMUKA HUHT YpHUTA “TEPMOCTATHKA aTaMaCUHHU KUPUTHUII TakaudIapu
XxaMm OVyira, JiekuH ymly Takiudiap kaOdyn KuiIuHMacaad KohauO ketau. by epna
“nuHaMuKa”’ CY3W XapakaTJaru CUCTeMaJIApHU YpPraHUIIHU OWIAUpMaiau, Oanku
*apa€H HaTKacuja cucteMa Oup MyBO3aHAT XOJaTJAaH UKKMHYUCUTA YTraHja YHU
TEPMOJMHAMUK MapaMeTPIApUHUHT Y3rapUIINHU, TYPJIH *KapaéHiapaa Oaxkapuirad
UII, UCCUKJIMK Ba WYKU DHEPTUSHUHT Y3TapUIINHU, SBHU CUCTEMAJaru SHEprus
OamancuHu  kypcataau. byHman Tamkapu, TepMOAMHAMHUKA  >Kapa&HHHUHT
HYyHATUIIMHYU, OOpUII-OOPMACIUTUHY XaM KypcaTud Oepaau.

XapopaTHu TYIIYHHUIII MaHOAW — UCCHUKJIHUKHU ‘‘ce3ulr’ nup. VCCUKIMKHU
“ce3unr’”’ OpKaJii aHUKJIAIl OJIaMHU alija0d KyHUIu MyMKUH, JeraH QuKpiaap HOTYFpu
SKAHJINTUHU KyWHAaru TaxpuOajaH OWIMIIMMHU3 MyMKUH. Bup KYIMMU3HU HCCHK
CYBJIM, UKKWHUYUCUHHU COBYK CYBJIM WJIMIITAa TUKAWIUK, CYHTpa MKKaJIa KYJIUMH3HU
HUCCHUK Ba COBYK CYBJAap apajalTupud OOpWIraH WAWIITa TUKaWIuk. bupuHum
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KYJIMMHU3 y4yH CYB COBYK TYIOJICA, UKKUHYHMCH Y4yH MUCCUK OYnuO Tyronaau. Yoy
Taxxpuba xakuaa Qukp oputrad Oyrok A.DUHIITEHH UCCUKIUK TYUFyJIapUMU3HUHT
UIIOHYCU3NUTH  XaKujaarn (UKpHU alTraH. AMMO, TaXpUOAHUHT HOTYFPHU
KYWWITAHJIUTUHA IIyHAAW KaTTa OJUM XaM Haszapra oJIMaraH 3KaH. Y4Ta WAuligarua
CyB OWJaH YTKa3WIraH TaxpuOasa ukkaiga KyJIuMu3aa, andarra, Typiauda UCCUKIUK
Tyirynapu Oynanu. JIekuH xapopaTHu ynyam €Kd y Xakuaa (pukp IOpUTHII YUyH
TaxxpuOaHu OyHIail YTKa3UIl MYTJIAKO HOTYFpUIUDP. Ma3Kyp TaKpUOaHUHI XaTOCH
HUMana? XapopaTHU TEPMOMETp €paamMuia yiadaraHuMu3Ja XaM TEPMOMETpAaru
CYIOKJIMK XapakaTlaH TyxTaryHya KyTuO Ttypummmu3 mapt. I[llynna wuxkana
TEPMOMETpP XaM YYHMHYU WIUIIIArd CYBHUHI XApOpaTWHHU OWp XWJJa KypcaTaH.
TepmomeTpia xapopaTHu YiadaéTraHuMu3aa KyJUIalluMu3 3apyp OyiaraH TapTuOHU
KYJIUMHU3 OpPKaJIH TaXpruOa KWIa€TraHMMU3/a XaM TaTOMK KWIHIIUMU3 [AapTAUP.

bupunun tepmomeTpHu utanusauk onuMm I. [anuneit sipatran 6ynu0, yHU
TepMockon €0 araraH Ba YHJa TEPMOMETPUK MOAJAA cH(aTHIa XaBO OJMHIAH.
TepmomeTpuk MmiKana Xanu VYinad TomwiMmaranu cababnu, Oup XapopaTHU
UKKUHYMCHUTa CONMINTUPUIN ycayOunan — ¢oinananwirad. Keinnpok I'. 'anuneit
miorupajgapy OujiaH Ouprajaukia XO3Mprd TEPMOMETpIiapra yxiiam TepMOMETPHH
ApaTayd Ba TEPMOMETPHK IIKaJIa TY3UII YU4yH MKKHTA JOMMUN HYKTaJIapHHU TakiIud
TAM: KyWH HyKTa cudartuga KOPHHHI Ba IOKOpM HYKTa cu(aThaa XanlBOHIAP
TaHACUHUHI XapopaTiapuHu. PapeHredT TOMOHUJAH KHUPUTWITAaH TEPMOMETpHa
(1714) kyitn HykTa cudaTuaa My3, Ty3 Ba HOBIIAIWUIAPHUHT apajaliMacy OJIMHTaH
Ba ym0y XxapopaT CyHbUM paBHII/Ia SPUIITUIIT MYMKHH OYJIraH HT Kyill Xapopart, 1e0
XpcoOJlaHTaH Ba HOJIb cudatuia Kadyn kununarad. FOkopu noumuii HykTa cudartuaa
0JlaM TaHACMHUHI XapopaTu OoJuHraH 0ynub, yHu dapenredt 12 nebd Oenrmmanu.
WNkkuTa 1oMMUN HyKTajgap opaiufd 12 Ta TeHr Kucmiapra OYJIMHraH Ba XyAJIu
IIYHJAl TEHT OyIuMiap JTOMMUN HYKTAJIApHUHT MKKH Tapadura XaMm OelrujaHraH.
Keitnnuanuk, xap Oup rpaAyCHUHI KUIMaTUHU KyJalpoK KWINAII MaKCaauaa, yuoy
conyiap 8 ra kymatupunrad. lllynnan cyHr, sHru mkana 0yinya CyBHUHI MY3JIalll
xapoparu 32 *F ra (0 °C), kaitnam xapoparu sca, 212 °Fra (100 °C) teur 6ynuu: IF
= 5/9C Ba @®apenreiitaan llenscuiira ytum C = 5/9 (F - 32) myHocabar opKaiu
amaJjra OHpUIaIu.

Kyna MmyxuMm xyJiocaiapra KeJITUprad TaikukoTiapau 1817 innnga [{rosoHr Ba
[Itn amanra ommprannap. Yiaap TepMOMETPUK Mojda cudaruia xaBo, CHMOO,
TEMHUpP, MHUC Ba IIMIIAJIAPHU KYIIa0, TEPMOMETPUK MOJJAHUHT XaKMH 1037aH Oup
KHCMTa OLIUIIMHY [yiI0y MOJIa CYIOKJIaHa€Tran My3 OujiaH (xamMmMa Mojanap yayH
0%) Ba arMoc(hepa GOCHMMH OCTHIArW KaiHaEéTraH CyB OWIaH (XaMMa MOJIaiap yayH
100") TepMHK MyBO3aHATIra KeJraH MIAPOUTIAPAA], TEPMOMETPUK LIKAJAHUHI OHp
rpagycu OwiaH cojumThprannap. Typaun TepMOMETpHK Mojjaiap COJMHIaH
TEpMOMeETpJap KaHIalaup cucTeMa OMJIaH TEPMUK MYBO3aHAT IIAPOUTHAA OUpP XHJI
XOJaTHUHT Y3UJa TYpJIM XapopaTiapHH KypcaTau. J[eMak, TepMOMETPHUK LIKaJaHU
TY3UILIHUHT OPUHIUNN OUp XU OYIraH TakaupAa XaMm XapoOpaTHUHT COH KUWMATH
TEPMOMETPUK Mozaara OofyIuK. Pakar ra3 TepMOMETPIAPUHUHT KYPCATUIIN Ta3HUHT
Tabuartura Jaesapiau OOFIIUK 3Mac.

XO03Upru TEPMOMETPJIAPHUHT KyNuAa TEPMOMETPUK CYIOKIMK cudaruaa

cuMo0 wunuiatunanu. lllkama Hopman OocuMJard CyBHUHI MYy3Jalll Ba KalHaIll
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xapopaTiapu O0yitnya Oenrunanagu. GapeHreUTHUHT 3aMOHABUN TEPMOMETpIIapuIa
0J1aM TaHACHHHHT Xapopaty (oruszaa yauanran) 96° uu smac, Ganku 98, 6" vy Tamkun
Kwiagu. WnMui TagkukoTiIapAa HWIUIATWIAETTaH 3aMOHABUM TEPMOMETP IIBE]
onumi Llenbcuit (1742) TomoHuaaH sipaTuiirad. Y Hjaa JOMMUN HyKTanap cudaruaa /
amm 6ocum octuaaru cyBHuHr mysiani (%) Ba kaitnau (100) xapopatiiapu OJIMHTaH.
IIIyHUHTr ydyH OCKHM XalKapo IKaja — llenbcuil mkanacu 103 rpagyciy IIKaia
aevmnand. XO3UPrM KyHJAa WKKAHYM Xapopariap IIKajdachu XaMm aMaluéraa
Kymnanuwiaan: 1954 ¥wunga  Taking KWIMHTAH — XapopaTJIapHUHT  aOCOJIOT
TepPMOJAMHAMUK IIKaIacu OYyilmda acocuil pernep (TasH4) HyKTa cudaruga CyBHUHT
y4JlaM4yi HYKTacH OJIMHTaH Ba 'y aHuK 273, 1600K ra tenr ne6 6enrunanrad. Llynmaii
KO, 3aMOHABUH XapoparT IIKajiacu OUTTa JOUMHI HyKTara acocliaHraH (MKKHHYH
HyKTa a0codoT Hoiaup). bupruHa penep HyKrara acocjaHraH Xapopat
IKAJIACUHUHT TpUHIUNuan ap3aumuruan oupunun 6ynu6 Tomcon (KenbBun) 1854
Hunga adtran Ba Oy Qukpuunr tyrpwinru ¢akat 100 HungaH kKelMHruHA TaH
onunrad. [y ca6a6iu, xapopaTiapHUHT a0COJIIOT TEPMOANHAMUK ITKanacu KenbBuH
mkanacu aevinnany. Lenscuit mkanacununr 0 °C rpagycu KenbBun OVitnua aHUK
273,15K ra moc kenaau. KenbBUH MIKaTaCUMHUHT Xap Oup rpagaycu abCoOIOT HOJJIaH
CYBHUHI y4JaM4u HyKTacuraya OyiraH xapopatjiap HHTepBaJuHuUHT  1/273,15
KUCMUHUA TallKWJI KWIaAu. OHr SHTW  TaJKUKOTJIAPHUHT  KypcaTUIInya,
XapopaTiapHUHT a0COJIIOT TEPMOAMHAMUK IIKajlacu OyirWya CYBHUHI HOpMAa
KaitHamn xapopatu 373,148K ra, llenbcuil MIKAJIACMHUHT HOJb HYKTacu OuWiaH
CYBHHMHI HOpMaJ KaillHaIll XapopaTu Opacuaaru uHTepBai 3ca, aHuk /(00K ra smac,
oanku 99,998K ra tenr. TepMOIMHAMUKAHUHT UKKUHYM KOHYHU acocuia KeATUpHuO
YUKAapUraH TEPMOJMHAMUK IlIKajda Ba MJeaj Ta3HUHT Xapopariap IiKajzacu Oup-
Oupu OWIaH MOC KEJHUIIWHU KypcaTuO Oepuill MyMKHH. Jlemak, uaeas ra3iapHUHT
xoccanapura OofjamMaraH XoJja, yJaap acocujard Xapopar IIKaJllacHuJiaH
(dbolnanaHuI MyMKHH.

Xo3up  KYJUIaHWIAETTaH TEPMOMETPJApHM  CO3JIalll  CTaHJapT  ras
TEpPMOMETpPJIAPU EpAaMHa aMaira OLIMPUIagY, YyHKU BOJOPOJ Ba TE€JIUM rasiapu
KeHI XapopaTjiap Opajliufujia ujeanl ra3 KoHyHnapura OVyiicunanu. by ukkurta
XapopaTiap Hikagacu Oup-oupuaaH MyCTaKuJI paBHIlla aHUKIaHTaH O0yiuo, [ amwm
00CHM OCTHJIard MY3HUHT CYIOKJIAaHUIII Ba CYBHUHT KalHAIIl XapopaTiapyu Opaiuruaa
Kenbsun mwkanacunaru 7K 6unan Lenscuii mkanacunaru ’C opacugaru OOFIMKINK
T = 273,15 + t TeHrnaMa opKajiu KaTTa aHUKJIUKAA udoaaniaHaau. Yoy TeHriama
[apnaw Ba ['eit-JItoccak konyHuHUHr V = V) (I+at) TeHrnamacura SKBUBAICHTAUD
(Oy Tenrnamana a=1/273). TepmomeTpuk Mmoa cudaTtuaa uaeai ra3jaapHu Kyiiao,
TEPMOMETPUK MIKAJIAHU TY3UIl HMKOHHUATH OVITAHIUTMHUHT aXxaMUATH Kyjda
Kartaaup. Aciuga ujaeal ra3jJapHUHT KOHYHJApUJaH aOCOJIIOT HOJb XapOpaTHUHT
MaBXXYJIJTUTH XaKUJlard TyluryH4a naijgo oynras, Oy aca abCoNIIOT xapopat Xakuaaru
TYHIYHUYaHUHT KUpUTHIMIIUTa onubd kenran. ['eii-Jlroccak  raslapHUHT TEPMUK
KEHrailuul KOHYHMHHM o4aéTranja xapopaTHu ynuampaa llenbcuil mkanamum cumo0
tepmomeTpugan  (Qoigananran. MOxopm  Xapoparimapga cumod6 Ba  Tas
TEPMOMETPIAPUHUHT KYypcaTKUuiIapu opacu-naru papk optu0, I'eit-Jlroccak KoHyHU
ToOOpa TaXMUHUN OYIMO OOpaau.
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TepMOMETPHUHT APATUIUIIN TEPMHUK MYyBO3aHAT XaKuJaru KOHyHHUHT Kaiid
KWIMHAIINTAa ou0 Kenau. TepMHK MyBO3aHAT XaKHJard KOHYH TE€pMOJWHAMMU-
KAaHUHT HOJIMHYM KOHYHHUJIUP. XapOpaTHU TEPMOMETpJiap €pAamMuia yiyam ymoy
KOHYHHMHT KYJIJIAHUIIUTA OUP MUCOJIIUP.

TepmomeTpuk napamerp cudaruga xapoparra OOFIMK OyiaraH xap Kanpaan
(¢bu3uKaBUi KaTTAIMK ONMHMaWIU. ByHMHT y4yH TaHnaHraH (QyHKIHUS Y3JTYKCHU3,
OJIMHTaH HaTWXKajap KalTa TakpopJiaHyBYaH Ba Yi4alll yuyH KyJjal OYIuIm Kepax.
bynnaii ¢dyukiusanap cudaruga AouMuil 0OCHMIArd >KUCMHUHT XaXMU, JTOUMHMA
XKMJIaru >)KUCMHUHT OOCUMHU, AJIEKTP YTKAa3yBUAHIMK, TEPMOAJICKTP IOPUTYBUU KyU
KaOu mapametpiap oauHaau. JlouMuid XapopaTHUHT 3TAJIOHU, STbHU pernep HyKTaaap
cudaruna daszaBuil YTy xapopatiapuian (oiinananunanyd. XapopaTIapHUHT Xap
KaHJall SMIUPUK MIKATACUHU TY3UIl YUyH KyWHJaru mapriaapaad (oianaHuiaim:
IPAlyCHUHT YIYaMU HWKKWATa penep Xapopar HyKTajlapu opacujaard (HapKHUHT
KuilmMaTu OViiMua TaHJaHAIW;, AMIIMPHUK IIKajajgapaa HOJb XapOpPaTHUHT XOJIaTH
UXTUEPUUIUD; YIIOY XapopaTiap UHTEpBaIUIa TEPMOMETPUK PYHKIIMS YU3UKIH €0
KaOys1 KWJIMHAAU. AMMO TEPMOMETPUK (PYHKIMSUTAPHUHT KYMYHJIMTYA YU3UKJIA dMAc,
my cababnu Hazapuil TepMOJIMHAMHUKANA XapopaTJapHUHT SMIIUPUK [IKAJIACH
KYJUIAaHWJIMAWIH.

Hazapuit Tap3ga aHukigaHran (€xkd aOCONIOT) Xap KaHJIakl TEpPMOMETPHUK
doiinanannb, OObEKTUB (U3MKABUN Xapopar IIKAJACMHU Ty3UIl (YHKIUSIAH
MyMKUH. byHaall makcaj yuyyH TepMOJMHAMUKaJa HUJieall Ta3 XOJIaTH TEHIrJIaMacH
KYJUIAaHWIA/IN: pV =nRT (I.T)

Arap p, V'Ba n Taxpubagan MabiyM Oyiica, ymOy mapoutiap yuyH 7 HH
xucobmam ocoH. JlekuH xed Oup pean ra3 ymOy TeHriamMa OpKajdud aHHUK
ndpomanmanmaiiau. Tenrmama QakaT OOCMM HOJTa HWHTWITAH 4YerapaBui XoJjaT
Y4YyHTMHaA Oakapuiaiu: lim p»o(pV) = nRT (1.2)

bynna pV kartanukHUHT ¥3U XapopaTaaH YM3UKCU3 Ba OUp Tekuc OyamaraH
paBuiia Oornanran Oynumu MmyMmkuH. Kuuuk Oocumiiapra 3KCTpanosius KAWL
aca, XKylna orup TaxpubaBuit macanagup. UIyHUHT y4yyH ra3 TepMOMETPUHHHT
mKanacu OVinya XapopaTHUM aHUKIAIl aH4ya Mypakkad wum O0ynub, OyHnaii
TaXpuOanapHU STANIOH YUYH KaOys KUIWHTaH (pa3zaBuil YTl pernep HyKTaTapUHUHT
a0COJIIOT XapopaTIapUHU YpHATUILl YYyHTHHaA YTkazwiaau. Opalluk xapopatiap,
0J1aT/ia, SMIIUPUK TEPMOMETPUK yCyIapaa aHUKIaHAIH.

1954 #iunma kaOyn KWIMHTAH TEPMOJMHAMUK IIIKajga XO3UPrH OOCKUYja
XapopaTIapHUHT a0COJIIOT IIKAJacura SHT aHuK skuHiamunanp. (1.2) renrnamanan
00I1IKa MabJIyMOTJIAPHU UIIIATHUII 3apYPUATU (P V) p—»9 HUHT yerapaBuil KHMIMaTUHU
TaXpuOaBUM aHUKIAIl XxaToJurd OunaH Oornuk.  byHpail TaxpuOanapHUHT
AHUKJIUTU y3IyKcu3 opTud OopMokaa, Oy 3ca ymyaHa€TraH XapopaTIApHUHT
KUHMaTUTa TOMMO aHUKJIMK KUpUTUO OopuiHu Tanad Kunaaud. Pemep xapopatiapu
COH KUUWMATJIIApUHUHT OyHJal Y3rapyBUaHJIWTMHHU OJJWUHU OJIUII YYyH perep
HyKTajlapAaH OMPUHUHT KMMMATUHU JOUMHUM €0 KaOys KWIMILITa Kapop KUJIUHH.
byHnaii HykTa cudartuaa CyBHUHT y4JlaMud HYKTacu XapopaTuaaH GoigaiaHuIIN.
a3z TepmomeTpu OwslaH WILIAII AHUKJIWTH OPTHUO Oopwuinura kapad Oomrka Oapua
pernep HyKTajJapu XapopaTJIapUHUHT COH KUWMATIapu Y3ITyKCU3 Y3rapTUPUIMOKIA.

1968 imnna xapopaTlapHUHT 3TaJOH HyKTajdapu cudaruia BOJOPOJIHUHT yUJIaMUH
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HyKTacuaad Oouuiad ONTMHHUHT CYIOKJIAHUII XapopaTurada OyiaraH opajukHU Y3
Hyura OJyBYM YH HKKHTA OOIIKAa penep HyKrajlapujaH (olJanaHuIl TaBCHs
KUJIMHTaH.

XapopaTHu (pU3MKaBUN KaTTANUK cU(aTua aHUKIAIl TYPJIH KapaHiap yu4yH
HMCCUKJIMK Ba HWIJIAPHU aHUKJAm OuiaH Oornuk. Moananunr typiu ¢aszaBuii
XoJaTiaapaaru UHANBUyall XOCcalapyuHu XoJiaT TeHrnamacu neb aramysuu p(V,T)
(GYHKIUSHUHT  KYpUHUIIM  Oenrwiaiian. Xo03upru KyHJa Kylda Kym, Typiu
KYPUHUIIJATH XO0JIaT TeHINamanapu Kymtanwiaau. ['azmap yuyn (I.1) tenrmama
OOILTAHFUYTUD.

1.3. KBanTOKMMEBHMH TaCABBYPJIAPHU TAKOMM/IAIITHPHUII MyaMMOJIapH.

CuctemaHUHT Oapya TEPMOJMHAMUK MMapaMeTpiIapuHu y3apo 00Finad TypyBUU
Ooupruna ymymuil auddepeHnran TeHrjlaMmaaaH Keau0 4YUKaAuraH HaTuxazap
TaxX/IWJIM TEPMOJIMHAMUKAHUHT MAaTEMATHK amnmapaty €pJaMuia amainra Ouupuiain.
By Tenrnmama I'mOOcHuMHT (yHIaMeHTal TeHriamacu ne0 artanagu. AMMo, ymoy
YMyMHI TEHIJIaMaHW €3UIl Y4YyH, aBBajiamoOop, TaxxpubOana ymuad Oyiamaiauran
UKKWATA XKyJda XaM MYyXHUM KaTTaJuK — DHEPrusi Ba SHTPONUSA TYIIyHUAJAPUHU
KUPUTHIIUMU3 apT. ByHH TepMoauHaMUKaHUHT OMPUHYM Ba UKKUHYU KOHYHJIapHu
épmamuza aMaira  OLIMPUIIMMU3  MyMKUH. HazapusHu  Ty3um — y4dyH
TEPMOJIMHAMHUKAHUHT KOHYHJApHJaH TallKapu, KyIIMM4Ya HUCOOTIapcH3, anmpuopH
paBuilla KaOynl KwinMHaguraH katop (dapasznapnan ¢oitgananwiaau. ABBaaaMOop
CUCTEMAaHUHT TEPMOJIMHAMUK MYBO3aHATH XAKUJIaTW MOCTYJNAT KUPUTUIATU. YOy
MOCTyJaT Oyiinya CUCTEMaHHMHT TallIKU TapaMeTpiiapy BaKT YTUIIN OujiaH y3rapmMaca,
MyBO3aHaT y3-Y3UaaH Oy3wiIMaiiurad xojaTra Kenaau. Yoy XoJaTHU CTalliOHAp
(BakTra OOFNMK OYynMaraH, JIeGKHH HOMyBo3aHar) Jnevmnanud. Kiaccuk
TepMOJIMHAMHMKa (akaT MyBO3aHAT XOJATHJArd CHUCTEMAaJapHU YypraHaiu.
Cranuonap cucTeMallapHUHT HOMYBO3aHaT (KaiiTmac) »apaéHiap TepMoIMHAMUKACH
ycymnapuna udonanananu. MKKMHUM MTOCTYyJaT XapOpPaTHUHT MAaBXKYMJIWTH EKU
TEPMHUK MYBO3aHAT XaKHJaru noctynar 0ynul, oKOpuIa TabKUJIAraHUMHU3AEK, YHU
TEPMOJAMHAMUKAHUHT HOJIMHYY KOHYHH XaM JAeiunaau. TepMuk MmyBo3aHata oynran
cUCTEMANap ¥y3ap0 MCCUKIMK alMalIMaiJuiap Ba CHUCTEMaHUHI yMyMIIallTraH
KywIapu y3apo TeHr Oynaau. YmoOy mnocrynar Oyiinua XapopaTHH HMCCHKIHK
aJIMaIIMHUII )KapaéHapu YU4yH yMyMIIAIITaH Ky4 cuaTua KHPUTUITUMU3 MYMKHH.
Huxosr, ypranunaérraH cuUcTEMaHUHI Oapuya Xoccajapud TallKd IapameTpiap,
Xapopart Ba cucTeMa TapKUOMHUHT OUp KUUMATIu QYHKIUICUIUP.

CucteMaHMHI acocuil mapameTpiiapu OeBOcUTa TakpuOaja aHUKIAHAIUTAH
napametpiaapaup. bymap Oocum (OupnuK ro3ara TabCUp KHIYBUM Kyd), Xapopat
(cucTeMazaru MoJeKyIaliap UCCUKIMK XapaKaTu KaJaNIMTUHUHT YIIYOBH) Ba MOJISIP
XKMJIap XaMJa 4YMH SpUTMalapia acoCUil MapaMeTpiapra KOHIEHTpaUus XaM
kupagu. Konran napamerpnap acocuid  mapaMeTpIApHUHT  (YHKIMsUIApU
xucobOnanaau. CHUCTEeMaHUHT MapaMeTpiapu XoJiaT TEHIJIamMalapu OpKaiHu Y3apo
Oornanran 0ynuo, Gu3nkaBuil KUMEHUHT acOCUM Bazudanapuaad Oupu CUCTEMaHUHT
X0JaT TeHrjJaMajlapuHU TONULIAaH uoopaTaup. Yoy MyamMMo Xan Oyiranja s,
Xap KaHJail CHCTEMaHd TEPMOJMHAMUK HQoJajaml MacalacH €4WIraH Oyiapiu.
CucTeMaHUHT X0JIaT TEHIJIaMaCUHH KEATUPUO YMKAPHUII YUYYH YHU TalIKWUJ KUJITaH
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3appadajap opacujard y3apo TabCUp KyWIApUHU OWIUII mapTaup. X03upya XoJat
TEHIJIaMAaCUHUHT aHWK KypuHuinu pakaT uaean raznap yuyH Mabiym (I.1). Arap
X0JaT TEHIJIaMacH MabJIyM Oyiica, MHAMBUYall MOJJAHUHT XOcCcallapyuHu ndoaanani
Y4yH MKKUTA MapaMETPHUHI KUWMAaTIapuHu Owiuil Kudos Kulaau, YYUHUUCHUHU
X0JaT TeHIJIaMacujaaH xucooOsiaca Oynaau. CHCTEMaHMHI MapaMeTpilapd CHUCTEMa
yily xonaTra Kanjai uyn Ouinan Keiaranura OOfJIMK OyiaMaraniuru cabadinu, ymoy
KATTAJIMKJIAPHUHT YEKCU3 KUYUK Y3rapumiu dz Tynuk nuddepenunanaup (Koiaras
MKKWTA MapaMeTpIapHUHT YEeKCU3 KUYUK Y3rapunuiapu OViinya). Ym0y Xycycusit
TEpMOJIMHAMHKAra TYJIHUK AU(Qe-peHIraiaap xoccajapura acocjianraH MaTeMaTHK
anmnapaTtHu O0epanu. TYnuk nud-dbepeHunanrIapHUHT KEHUHTH MyX0oKaManap/ia KeHr
UIUIATUIAANTaH allpuM Xoc-canapuHu kKypub uynkamus. Kyitugaru

z= fxy) Ba dz = Adx + Bdy (1.3)
bynkus Tynuk quddepennuan 6yncud. Yaaa
dz = (0z/0x), dx + (0z/0y), dy (1.4)

oynanu. (I.4) nan A = (0z/0x), Ba B = (0z/0y)«€ku (0A/Oy)x = 0°z/0x0y Ba (OB/0Ox),
= 0°z/0yox.
XoculaHuHr KuiiMatu JuddepeHnnamiam TapTuoura OOFIuK OYiMaraHiuru
cababmu (0A/0y)x = (0B/ox), (L.5)
Ymby xocca TepMoauHaMuKkana keHr kymnanunanu. (I. 4) TeHrnamanu kypuoO
yuKamu3. Arap z = const Oynca, yuna dz = (0 Ba (l. 4) Tenrnamanas:
(0z/0x),(dx)-+(0z/0y)«(dy). = 0 (1.6)
€k dy ra 0ynub robopcak
(0z/0x), (Ox/0y). + (0z/0y)x = 0, OyHmaH -(0z/0y)x = (0z/0x),(0x/0y):
Oxopunarunu (0y/0z), ra KymaTupcax
(0z/0x),(0y/0z)x(0x/0y). = -1 (1.7)
HU OJIaMHM3, SbHU ailllaHa OViMYa OJMHTaH Yy4Ta XYCYCHMH XOCHJIaJapHUHT
KymaiitMacu 1oumMo -/ ra tenr. TYnuk auddepenimaniapauar 001Ka xoccanapuia

Kyuuaaruinapu
2

I dz=2z; -z; = f(x2¥2)— f(x1, y1) (L.8)

1
xam unuiatwiaau, spHU (I 8) marm uHTerpan xapa€H Oopaérran ynra OOFIIMK

OynMacnad, CHUCTEeMaHUHr (pakaT OONUIAaHFUY Ba OXMPrU XoJaTiapu OwusiaH
Oenrmna”aad. ByHUHr akCMHHM XaM KypcaTHUII OCOH. Arap MHTETPAJIHUHI KUHMaTu
iynra 60Uk Oyiamaca, y X0J1a UHTErpajg OCTUAArd KaTTAIMK TYIHK Tudpepernnan

oynanu. (1.8) TeHrnamanan §dZ =0 skammurn  kenuG 9MKagM, SBHH TYJIHUK

muddepennmangan €nuk aiiiana OYinMya OJIMHraH MHTErpasl Hoira TeHraup. bapua
MaHa Iy Xoccajlap TEPMOJMHAMHUK CUCTEMAJIADHUHT MapaMeTpiapura TaBcudu
O0ynuo, kenrycuaa KyutaHuIaau.

Hazopart caBoJsiapu:

KuméBnii TepMoamHaMUKaHUHT acOCHM Bazudaaapyu HUMaJgaH noopat?
TepMOaMHAMUKAHUHT KYJUIAHWJIWII Yerapajapy KaHaam ?
TepMoauHamukaza KaHJail MaTeMaTUK aniapar KyJUlaHWIa n?
Nccuxnuk Ounan xapopat TylIyHUalapu opacuaa Kanaait ¢papk oop ?

el .
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5. Wukwu 3HEprus aeranna HUMaHU TyLIyHAcus3 ?

6. TepMOOMHAMUKAHUHT HOJWHYY KOHYHUHU TYLIIYHTHUPUHT.

7. TepMoaWHAMHUKaHUHI OWPUHYM KOHYHM HHUMaHU Yyprataau? YHHHT
KaHaail Tabpuduapu 6op?

8. (CucreMa XOJAaTUHUHT YEKCH3 KUYUK y3rapuiulapy Ba OXUPIrU Y3rapuiln
Y4YH TepMOJMHAMUKA |-KOHYHUHHUHT U(POJATIAPUHUA KEATUPUHT.

9. M3omsauusnaHran cucteMajia BOLOPOJHUHT EHUII PEAKIUACH HATHKACHIA
CYIOK CyB xocui OYyiicuH. CHCTEMaHUHI WYKH DHEPTUsCH Ba SHTAIBIUACU KaHJal
y3rapaau?

10. TepmoiMHaMUKaHUHT  |-KOHyHUTra OHMHOAaH WCCUKJIMK >Kapa€HHUHT
¢bynkausicu. [ecc KOHYHM »5ca KUMEBUM PEAKIUSHUHT HUCCHUKIUK 3 dexTu
xKapa€HHUHT Wynura OOFIMK dMac, JAedau. Ymly Kapama-KapIIINKHUA
TYIIYHTUPHHT.

11. bepwiran TepMOIMHAMUK CUCTEMAaHUHT SHTAJIBIIUACHA BAa UUKU YHEPIUsCHU
KaHaall MyHoca0aTna »SKaHJIUTMHU KypcaryBuu (opMmynanu &3uHr. KuméBuit
peakius yuyH Oy MmyHoca0art KaHjaai 0ymnaaun?

12. UuquBuyan MOAIAHUHT WYKU SHEPTUSCHA €KW DHTAJIBIUSACH XapopaTAaH
KaHjaail 6ornanran? Yoy OofJlaHUIIIAPHUHT MaTeMaTUK U(POoTaCHU E3UHT.

13. Unean ra3 yuyn C, Ba Cy opacuaaru OOfJIaHUII KaHan?

14. Xonat TeHrnamanapu AeraHja HUIMaH! TYIIyHAacu3?

15. Tepmuk ko3pdULIMEHTIAPHUHT MABHOCH HUMA?

16. Kanopuk ko3 puniueHTIap HUMaHu TYyIIYHTHPAIN ?

17. Tepmuk Ba kanopuk ko3 puiiveHTiap opacuaa Kanaai OOFIUKIUK O0p?

2-MAB3Y. KUMEBUM )KAPAEHJIAPHU HABAPUN
KUXATIAH BOIIKAPUIIJIA SPUIIINJITAH IOTYKJIAP

PEXKA:
2.1. KuméBuii )xapa€HHUHT y3-Y31ua OOpUII UMKOHUSATH Ba HYHAIMIIH.
2.2. KuméBuil TEpMOJIUHAMUKA.
2.1. KuméBuil )xapa€HHUHT ¥3-Y314a OOpUII UMKOHUSATH Ba HYHAIUIIN

Tabuataa ¥3-y3uman OOpyBUM Kapa€HJIAPHUHT WYHAIUIIN KOHYHUSATIAPUHU
TEPMOJAMHAMUKAHUHT MKKUHYM KOHYHU Kypcatub® Oepanu. TepmMoaMHAMUKAHUHT
OMpPUHYM KOHYHHM CHUCTEMaJa TypJU SHEPTUsIIAPHUHT SKBUBAJICHTIIMTMHHU XamJa
cucteMa KaOyn Kuia€trad €ku OepaéTraH MUCCUKIMK, Oa)kapuiaaéTraH Wil Ba WYKU
SHEPTUSHUHT Y3rapuilld oOpacujaru OOFJIaHUIUIApHU KypcaTuO, Xap KaHaail
Kapa€HJIApHUHT 3HEpPreTHK OajaHCUHU ypHarcajga, Oy >KapaéHJIapHUHT Y3-Y3HJIaH
OOpHUIIIM MYMKUHJIUTH Ba MYHAIMIIM XaKuJa Xe4 KaHaakl MabiaymMoT OepMaiiiu.
TepMonHaAMUKAaHUHT OUPUHYM KOHYHUTA OMHOAH UCCUKIMKHUHI MCCUK >KHUCMJIaH
COBYK »HCMra Ba aKCHMHYa YTHUIII HUMKOHUATH Oup Xwinup. AMMO Tabuatia
XaKUKaTIaH XaMm OOpyBUM peanl >kapa¢Hiiap MabiyM WYHaIuIIra 5ra 3KaHIWUTd
Ouznapra aéH. MacanaH, MCCUKIMK HCCHK >KMCMJAH COBYKKa Y3-y3uaaH yTanu,
CYIOKJIUK OallaHIJIMKAaH Kylura okajau, ra3 IoKOpUpoK OOCUMaH KaMpOKKa YTaJiu,
CUCTEMAJIa IOUMO KOHIIEHTpAIUsIapHUHT TeHrnamuiy (quddys3us) Ky3aTuiaam Ba
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eTapiIu Japaxaaard KaTTa cMcTeMasapfal GopyBuM pean xapaéHiaapia Xed KauoH
Teckapu skapa€H ¥3-y3uman Oopmaiiau. bapua pean »xapaéHiap HOMYBO3aHaT
(kariTMac)nup. Yiap OKOpH, alpuM XoJlapjAa Karra Te3iaukiapaa oopaau, OyHaa
HOMYBO3aHAT XOJaTJAard cucrteMa y3rapub Oopub, MyBO3aHaATra sIKMHJIAIIAQIH.
MyBo3aHat xosaTtaa JKapaéH TyXTaluau. XaMmMma HOMYBO3aHAaT >KapaHiap
MYBO3aHATIa JPUIINANI HYHAIMIIMAA y3-Y3W4a, STbHU TAlIKU KywIap TabCUPHUCHU3
oopamu. Teckapu HyHanumigaru oSkapa€Hiap CUCTEMaHM  MyBO3aHaTAaH
Y30KJIAIITUPAaM Ba  YJAPHUHT TallKU  Kywiap TabCUPUCHU3 OOPHUIIH MYMKHH
sMaciauru aHuk. CUCTEMaHUW MYBO3aHAT XOJlaTra SIKMHJAIITHPAIUIraH Ba aTpod
MYXUTHUHT TabCcUpUCH3 OopajuraH >xapaéHiap y3-y3uaaH OOpyBuM, TaOUUN EKu
MycOaT xapaéunap Aehunaau. Talmku Tabcupiaapcus y3-y3ugan Oopa onmaiguraH
xapacunap, Tadbunit Oyamaran €ku maHduil xxkapaénnap neiunanu. M3onsuusnanran
cUCTeMaap/a, TalllKd TabCUpJap YMyMaH Ky3/la TyTHJIMaraHiauru cabadmnu, ¢gakar
¥3-¥3unan 0opyBum (MycOar) xapa€niap Ky3aTuiau.

Kapaéunap kailtap Ba KallTMac OYIuIIM MyMKHH. Arap xapa€HHU TYFpHU
TOMOHTarnHa sMac, Oallkl TeCKapu TOMOHTa XaM oJub Oopuill MyMKUH OYIiica Ba
OyHIa cucteMa xaMm atpod MyXHUT XaM Y3UHHMHI WITApUTH XOoJjaTura KaiTuO keca,
OyHnail >xkapa€H Kailtap kapa¢H nedunanu. XKapa€H cogup OynraHgaH KeWUH
CHUCTEMaHM Ba aTpo() MYXUTHU OUpP BAKTHUHT Y3U7a aBBAJTU XOJIATUra KalTapuiil
MyMKHH OyiMaraH kapa€Hiap Kaiitmac neimnaau. Kaldtmac xapa€Hna cucteMaHu
aBBAJITY XOJaTra KauTapuill MyMKHUH, JICKUH aTpo( MyXuTAa KaHJalup Y3rapuiiap
KoJaau (MacajaH, aTpod) MyXHUT/Ia >KUCMIIAPHUHT SHEPTUSCH Y3rapajiu).

Kapa€nHuHr KaliTap €K1 KaWTMACIUTH yIIOY KapaHHU YTKA3HIL [IAPOUTIAPU
Ba ycy/ulapu OunaH OenrwiaHaau. MacanaH, WAUIIHUHT OUp KUCMHIa MabiyM
MUKJIOp/a Ta3 000pWIraH, UKKHHYM KUCMUZA 3Ca, FOKOPH BaKyyM XOCHJI KUJIMHIaH
oyncun. TYycukHu Oup oHma onub Tanuiacak, ra3z “OyunUIMKKa’ KeHrasau. Yoy
xapa€H KallTMac, YyHKU TecKapH kapa€¢HHU YTKa3ull y4yH (Ta3HU CUKUII YUYH) UIII
Tanad KMJIMHAIU, UITHU 3¢a aTpOo( MYXUT SHEPTHSCUHUHT Y3rapyuIllyd XUCOOHUTra OJIUII
MYMKUH.

Xyaau 11y Ta3HUHT KEHTaluIl )kapaéHUHU KaliTap 0aub OOpHUIl MyMKHUH: arap
ra3Hy MOPIIEHb Tarura >Koiad, mopiieHra oepuiarad O0CUMHHU KaMalTUPHIL WHYIu
OWIaH ra3Hu KeHraTupcak Ba OyH/1a xap Oup OHJAru nopiieHra OepuinaéTrad Talku
0ocHuM ra3HUHT 0OCUMUIaH YEKCU3 KMUUK MUKJIOPra KHYUK OYJICHH. Arap MopiieHb
MHepHMsra sra 0yiMaca Ba UIIKaJaHUIICU3 XapakaTiaHca, )kapa€H KauTap Oynaau.
[lopuiens xapakaTiaHa€Tranja KeHrag€Trad ra3 MabiyM HIl Oaxkapaau. Arap ymoy
UIIHU Hurwica (MacaiaH, MpYKUHA CUKWICA), YHAA HUFWITaH SHEPrusi TECKapu
xapacHra (ra3Hu CUKUIITa) aHUK eTuiln kepak. Kalrap xkapacnaa Oaxapuiaérran
UIII SHT KaTTa OYyJiaii Ba y MaKCUMAJl UIll JeHUIaIu.

Mynnait kuaub, KaTap >kapa€HHU TecKapw HyHanuiiga Oopuiira mMaxoyp
KWINAII MYMKHUH, OyHJla KaHIaaup MyCTakwi Y3rapyBuMHH (MacajiaH, OOCHMHM)
YEKCU3 KMYUK KuiMatra y3raptupuinanu. Kakrap xapa€niap pean xapa€HIapHUHT
UJeaUTAIITUPUITUIIUIUD. AManja yHra SIKUHJIAMIWIL MYMKHWH, JIGKUH ETHUIIHII

1 TepMO,CI,MHaMMKaHMHF MKKUHYUN KOHYHUHN KaM COHNU 3appadanapiaH M60paT cnucrtemanapra m"//mam MYMKWH 3Mac,

YYHKWU Y CTaTUCTUK XYyCYCUATIa 3ra.
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MYMKUH 53Mac, YyHKH, MacajaH, Ba3Hra i3ra OyiMmaraH Ba WIIKaJAHUIIICHU3
UIUIaliurad NopileHH: spaTtud 0ynMaiian. Makcuman um ¢axat KaiTap xapaéHaa
xocui1 0ynaau. ByHUHT MabHOCH IIYKH, CUCTEMa KaHYaJIMK MyBO3aHaTra siKH OVica,
ITYHYAJIMK KaTTa I OJIMII MyMKHUH. ByHna ymly y3rapuin KaHdajauk KalTapiukka
AKAH OVyica, WII NIIYHYAJIUK CEKWH WILIA0 YUKWIAAW, YyHKH KalTap KEeHrailuin
YeKCHU3 CeKUH O0pajiv, JEKUH MaKCHUMall MUKIOpAa Ul Oakapuiiau.

Arap HCCHK Ba COBYK >XHCMJIap TYTalITUPUICA, YHJA HCCUKJIMK HUCCUK
KUCMJIaH COBYKKa VTaau. Ym0y xapa€H TEpMHUK MYBO3aHAT YpHATUITYHYA, IHHU
MKKaJa )XMCM XapopaTiapy TEHIIAryHya 0opaiu Ba y katmacaup. Bonopon 6umnan
KHCJIOPOJI Opacujiard KUMEBUM peakiusi, yHU OJAUM ycyiaa, MacallaH, apajaliMaHu
YUKyH OWiaH MOpPTJIATUII Hynu OwiaH yTkaswica, Kautmac Oynaau. AMMO ymoy
peakiusl KalTap UIUIAlIUral 3JIeKTPOKUMEBUN 3JeMeHTIa oub Oopuiica, KauTap
oynanu.

Alipum >xapaéHiap XaKukui Kaiitmac 0ynanu. YiaapHu Xeu KaHaai iyn ouinan
KaillTap yTKa3uil MyMKUH 5Mac. by mryHpail skapaéHiapku, yJapHUHT OopuIlnja
OupaaH-Oup HaTHKa WUIMHUHT UCCUKJIMKKA aWIaHUIIUIUD: KATTUK CUPTIAPHUHT
MEXaHUK MWIIKAJAHUIIM, CYIOKJIUK Ba razjapjJard WYKWA HIIKAJAHUII, UCCUKIUK
YTKa3yBUaHJIMK Ba OomIKaiap.

Xap kangaid KaWTMmac okapaéHiapAa CcHUcCTeMaaarm OocuM, Xapopar,
KOHIICHTpAIMs Ba OOIIKA WHTEHCUB MapaMeTpIapHUHT TEHIJIAIlyBU COAUp OYnanu,
S’bHU SHEPrusi Ba MOJJa TEHIPOK TaKCUMJIAHWINTAa WHTUIAAU. byHnai xkapaéunap
SHEPTUSHUHT JUCCUTIALNSICH, SHbHU SHEPTUSHUHT COUMIUIIM AeHMIaan.

Sv’3—3“131/maH OOpyBuUM KaillTMac »apa€Hjap CUCTEMaHH MYBO3aHAT XoOJaTUra
AKUHJAINTUPUIT  HyHanumuaa Oopaau. byHaan Ttamkapu, ymolOy >kapaéuuap
UCCUKJIMK Y3aTUIUIIN €KW MOJICKYJIAJIAPHUHT TapTHUOCHU3 XapakaTu OwusiaH OOFIIHK.
Mypakkab >xapaénma Ourra 00ckud KaiTMac Oyica, OyTyH ’kapa€H XaMm KaWTMac
oynanu. Pean xapaéunapaa OyHaaii O0CKUWIap UIIKATAHUI, UCCUKIIUK Y3aTHII KU
Macca y3atuil (auddy3usi, KOHBEKIUs) KapaCHaapuaup. YJIApHUHT HATUXKACU]A
pean xapaéHiap kaitmac Oynaau.

2.2. Kumésuii mepmoounamuxa.

Kapaéunapuunr #yHanumu Ba OOpHUII YerapajapuHU aHUKIAIl Y4yH
TEPMOJAUHAMUKAHUHT OUPUHYM KOHYHU €Tapjid HMACIUTU XaKUJaru XyJjoca
TEPMOAMHAMUKAHUHT ~ WKKUHYM  KOHYHUHU  YpHATHINTa  OAMO  KeJau.
TepMonMHAMUKAHUHT WKKUHYA KOHYHU TaOWAaTHUHT YMYMHUU KOHYHUIIUP Ba Yy
OuMpHHYM KOHYHra yximabd mocTtynat xucoOiaHaau. TepMoJIUHAMUKAHUHT UKKUHYU
KOHYHUHH Ha3apui KenTupuO yukapud OYiamaiu, y TepMOJMHAMUKAHUHT OUPUHYU
KOHYHUJICK, MHCOHMAT Oapya TaXpUOACHUHMHI yMyMIIAIIyBUAAH HOOpaTAUp.
TepmonnHaMuka WKKUHYM KOHYHUHUHT UCOOTH OYnIMO, yHAAH KenuO 4YMKAJUraH
Oapua XyJocaJapHUHT X03Upraya Taxxpudaaa TacIUKIaHUO KeTUITN XU3MaT KUIaau.
TepMonMHAMUKAHUHT UKKUHYM KOHYHU CHCTeMaja alHM XapopaT, O0ocuM Ba
KOHIICHTpalusiapaa Kaiicu skapa€H y3-y3uaaH KeTa OJUIINHU, YHUHT KaHya Ml
Oa)kapUIlIMHY, allHU MIAPOUT/Ia CUCTEMaHUHT MyBO3aHAT XOJIaTH KaHJal SKaHJIUTUHU
Kypcatagu. TepMOIMHAMUKAHWMHT  UKKWHYM KOHyHUJaH (doiinananud, Oupop
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*Kapa€HHU aMalira OIIMPHUILl YIyH KaHJal MIapOUT SPaTUI JIOZUMIIUTHUHU aHUKJIAI
MYMKHUH. Arap TepMOJAMHAMUKAHUHT OWPUHYU KOHYHHM Xap KaHJal cucTemaiapra
TaAOMK KWJIMHUIIM MYMKUH Oynaran aOcoimtoT KOHYH OynuO, Makpo- Ba
MUKpOCHCTEMAaIapIaru Xap Kaujaan xapacuiapra Teruiuuia 0yiaca, MKKUHYM KOHYH —
SHEPTUSHUHT COYWIMII KOHYHHM — CTaTHUCTHMK TaOuaTra 5sra Ba KyYN COHJIH
3appavanapiad  uOopaT, SbHM  CTAaTHUCTHUKAa  KOHYHJIapura  OYWCHHYBYH,
cucTeMaliapraruia Taa0ouK KWIMHUIIM MyMKHH. JKyia Ky MoJiekynanapaaH uoopar
TEPMOJAUHAMUK CUCTEMA YUYH TEPMOJANHAMUKAHUHT UKKUHYU KOHYHU UITOHWINUDP.
AMMO y KaMm COHJIM 3appadajiapiaH uOopar cucTemaiapra KyJUlaHraHja Y3UHUHT
MabHOCUHM WYKOoTanu. byHmall cucrteManapjia TEpMOJAMHAMUKAHUHT  UKKUHYU
KOHYHUTra 3uJ Oynran s>xkapaéunap Taxpubana Ky3aTuiaau. XakuKaTAaH Xawm,
MOJIEKYIaJTapHUHT UCCUKIIUK TaAbCUPUATU XaOTHK XapaKaTH HATHXXacua, yIapHUHT
Kylla KUYMK XaXMIard COHM JIOMMO Yy3rapud typaau. bynmait “racomuduii”
y3rapunuiap HaTWXKAacHJla CUCTEMAHWHT 3UWIWTU Y3rapaau — QIyKTyalusiiap
Ky3aTHJIaIH. TepMoauHaMUK cucTemMalapja (MakpocucTeManapa)
(bIayKTyaluusJIapHUHT JESpJid TabCUPU MYK Ba yjiap Xed KaHjaail posb yiHaMaiau.
TepMonMHAMUKAHUHT HMKKUHYM KOHYHM CTAaTUCTHK TEPMOJMHAMHUKANA TYJIapOK
¢bu3uKaBui HyKTaum HazapJaH TYNIYHTHUPWIAAU. Y CTaTUCTHUK TEPMOIUHAMHKA
MOCTYJIOTAApUAAH KEATUPUO YMKAPUITUIITN MYMKHH.

TepMmonnHaMuka HMKKUHYM KOHYHUHUHT yMyMuil Tabpudiapu KapHo Ba
KnaysuycHunr tagkukoTiapuna Oepwiran. XIX acpuunr ypracunma Kiaysmyc,
Makcgenn Ba KenbBuniap yiOy KOHYHHUHT OJIaMITyMYJT aXaMUSTUHH KYpcaTauiap.
TepMOIMHAMUKAHUHT WKKHHYM KOHYHHMTa SIKMH (QUKpJIapHU OupuH4Yu Oop
M.B.JlomonocoB aiitu0® ytran. XIX acpuunr oxupunga Maxcsemn, bonpiiMan Ba
['mb6cnap TepMOAMHAMUKA UWKKMHYM KOHYHUHHMHI CTaTUCTUK XYCYCHSTUHHU
VpHaTAWIAp Ba CTAaTUCTUK MeEXaHUKara acoc coyauiap. TepmMoanHaMUKaHUHT
WKKWHYYA KOHYHUHH acociall JBUTATE/UIAPHUHT cU(aTUHU sIXIIUJIAIITa KapaTUirad
ypUHHUIILIAp OWIIaH XaMm OOFNIUK. AGaauii ABUTATEIIHU KypUIl MYMKHH 3MAaCIUTH aHUK
OynraHjgaH CYHr, OJUMJIApPHUHT (UKpUHU OoliKa OWp, SHHU >KUCMHUHT WYKU
SHEPTUSICUHU UIITa alIaHTUpuO OepyBUH, TaBpUil paBUIIIIA UIILJIAWIUTaH MalllMHAHU
KypUIll MYMKHHMUKAaH, Je€raH fos sramiad onau (MacanaH, OKEaHHUHT CyBUJaH
SHEPTUsHU (UCCUKJIMKHU) OJINO UITAaWUTraH ABUTATEIUIA MApOX0J KypUll GUKPH).
TepmonuHamuka OUPUHYM KOHYHH, S'/BHU SHEPreTUK OallaHC HYKTaW HazapuJiaH
OyHJlaif IBUTATEIHU KypHUIl MyMKHUH. By FOs1 amalira OIIMIIMHUHT aXxaMusTh abaauii
JBUTATENh sipaTull OwinaH Oapobap Oynmap »au. XakuKaTIaH XaM, 0JaM30T OKeaH
cyBiapuma, armocdepaga Ba e€p KOOWUFMIA MyX,accamJlallllaH HCCIUKIUK
SHEPTUSICMHUHT YEKCU3 3axXdpajapyuHu WINra aIaHTUPUIL HMKOHHSITUTA dra
oynranga sau, Oy abaauii ABUraTedh KypHIl OWIAH TEHT axaMUATIW Oyiapiau.
Macanan, okeannapHuHr cysiaapunu 0,01 napaxara coByTtuin xucobura Ep
mapuaary canoat kopxonaiapuau 1500 Wui 1aBoMua TaAabMHUHIAWIUTaH SHEPTUATA
sra Oynap sauk. IllyHuHr yuyH xam OyHAaill MamlMHAaHW MKKWUHYMA Typ abaauii
JBUTATEh A0 aTalllv Ba YHM KypHINra Xapakar KWIMIan. AMMo Oy ypUHUIILIAP
MyBa(hHaKUATCU3ITUKKA YUPAJIH.
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TabuaTHUHT KaHJAWIUP YMYMUM KOHYHU OOpJIUTH Ba y UKKUHYHU Typ a0aauii
JIBUTATEJIHU spaTUINra TYCKUHJIMK KWiIa€TraHu MabiyM OYynu0 konnu. Yoy
XYyJOCaHU TEPMOANHAMUKA UKKUHYM KOHYHUHUHT yMyMul Tabpudu neca Oynaau:

—cucTeMaza xed KaHaai ysrapumicus, ¢pakaTruHa UCCUKIUK Pe3epBYapUHUHT
WCCUKJIUTH XUCcOOUTa JaBpui paBuUIlla HIJIAWIUTaH MalllMHAHU, S'IbHU UKKUHYU TYP
abanuii ABUTaTeIHU KypuO OyIMai i €KUM UKKUHYM Typ abaauid IBUraTesb, SbHU Xe4
KaHaall Kymmm4ya sHeprus capd kuiamad Typuo, dakar arpodmaru MyXUTHUHT
UCCUKJIUTH XxucoOWra wum OakapyBUM MAIIMHAHUHT OYJIMIIA MYMKUH 3Mac
(OcTBanba Tabpudu).

YMymuii Tabpudaad Kydugaru xyjaoca Kenud Yukaau:

—HCCHUKJIUK KaMpPOK KU3JUPWITaH KUCMIAH KYIPOK KU3JAUPUIITAH KUCMIa ¥3-
y3u4a yTa olManau €KW KaHAaugup MHUKIOPAArd WIIHU UCCHUKJIMKKA alJlaHTUpMan
TypuO, UCCUKJIUKHU COBYKPOK >KHUCMJIAH UCCUKPOK KUCMra YTKA3UII YUYH HUKIUK
xapaéuaan doiinananud Oynmainau.

Ymoby tavpud 1850 iun Kiaysuyc TOMOHMAAH TEPMOJMHAMHMKA HKKHUHYU
KOHYHUHHUHT acocuil Tabpudu cudaruna takiud xuinuarad. TomcoH (KenbBuH)
TOMOHUJIAH 3ca Kyhujaru Tabpud Takiud KUIMHTaH:

—WCCUKJIUKHHM HIITra AIaHTUPUIL YYyH KUCMHHU COBYTHMIIHHMHT Y3U KU(POS
AMac, UIIHUHT UCCUKJIMKKA alIaHUILIN 3ca Kapa€HHUHT OMpIaH-Oup HaTUKACUIUD.

TepmonnHamMuka WKKUHYM KOHYHUHHMHT IOKOpUAArd ywdana Tabpudu
SKBHUBAJICHTIUD, yJapJaH KaTop XyJjocaiap Keiaud dukaau. MacaiiaH, U30T€PMUK
IUKJIHUHT UM HOJITA TEHTJIUpP, aKC XOJja Ym0y >XKUCMHUHT MUCCUKJIUTMHHU UIITa
alIaHTUPUILL, SIbHU UKKWHYY TYp abaauil ABUraTedb KypUIll MYMKUH OY1ur0 Koiaau.
TepmonrHaMUKaHUHT OMPUHYMA KOHYHH UKKH XUJT MabHOJIM Tabpuiiapra sra 6yica,
SbHHU ‘‘Xed HapcaJaH Uil naiigo Oyna onMaiinn” Ba “UIll Xe4 KaHaail u3cu3 uykoauo
KeTMalu’”’, TepMOJIMHAMUKA UKKMHYM KOHYHUHUHT Tabpuduapu OUpruHa MabHOTA
sra: “pe3epByap HCCHUKIWTMHU HINra TYIUK aWinaHTtupud Oynmaitnu”. Teckapu
TabKUJIAIl HOTYFPU, YYHKHM HIIHU TYJIUK pPaBUILIJA HCCUKIUKKA aWIaHTUPUO
Oynaau. By Xynoca MCCHUKIMK 3HEPTUSICHHHUHI Y3Ura XOCIMIHJaH Keaud 4YMKau,
SbHU Y 3appadyallapHUHT XaO0TUK XapaKaTMHUHT MaxCyJIUIUp. DHEPTUSHUHT OOIIKa
TypJiapu 3ca (MacajaH, 3JIeKTp, EpyHINK) 3appadyallapHUHT TapTUOIN XapakaTu OuiaH
O00fnMK. VCCUKIMK 3HEpPrusiCM SHEPrUsIHUHI SHI KaM caMmapara 3ra KypUHUIIN
SKAHJIUTU TaOuuiaup. XyIAud UIYHUHT YYyH OSHEPrUsSHUHT Oapua Typiapu
TYJIUKIUTHYA UCCUKJWK SHEPrUsiCUra ajaaHUIIM MYMKHUH (TapTUOIM XapakaTaaH
AXTUMOJM IOKOPUPOK OYyJraH XaoTHMK Xapakarra). VMICCHUKIMK 3ca 3HEpPrHsSHUHT
caMapaJlupoK TypJjapura TYJIMK yTa OJIMailu, YyHKHM OyHJal VTHUII XaOTHUKIAH
TapTUONM XapakaTra Yy3-y3uJaH YTl KaOu SXTUMOIM OYyJIMaraH Xoira, s’bHU
CUCTEMaHHMHI AXTUMOJM KYIPOK XOJIATAAH 3XTUMOJIM KaMpOK XOJiaTra y3-y3uaaH
YTummura Moc keiap 3Au. YMyMaH oJiraHjia, TePMOJUHAMUKAHUHT UKKUHYU KOHYHU
allHaH CHUCTEeMaHUHT y €KUM Oy XOJATHMHUHT SXTUMOJUIMTH OWilaH OOFIUKIUD.
TepMoIMHAMUKAHUHT MKKUHYM KOHYHUHH, IOKOPHAA TabKUIAaHTAHUACK, TypJu
KYPUHUIIJATH SHEPrUSsJIADHUHT MCCUKIHMK DJHEPruscura CeKuH-acTa YTHIIH
Ky3aTWJIYBUYM SHEPIUSHUHT COYWIMII KOHYHH, €0 XaM TabpudaaluMu3 MyMKHH.
TepmonnHaMuKka UKKMHYM KOHYHUHUHT yHIOy TabpuduUIaH HOTYFpU XyJliocajapra
KEJIUIIl XaM MYMKHH, MacajlaH, TePMOJIMHAMUKAHUHT UKKWHYM KOHYHUHU YEKCHU3
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cucTteManapra Kyjuarasjga. byTyH onamHu €ku OWpop cailépaHu uerapajaHTaH
TEPMOJAMHAMUK CUCTeMa J1e0 KaOysl KUJIUII Ba yHTa TEPMOJMHAMUKAHUHT UKKUHYHU
KOHYHUHHU KYJIJIall HOTYFpU OVyiIaau, YyHKA HHEPTrUSHUHI HCCUKIMKKA TYIUK
allIaHMILY Ba UCCUKJIMKHUHT ¥3-y3uJaH UIITa ailylaHa oiMaraHu cababmiu, osamja
XapakaT TyXTailiu, XxapopaT omud KeTUO UCCUKIUK XaloKaTura oiub Kenaau, 1eran
HOTYFpu (pUKpIap TyFUIQIN.

TepMmonnHaMuKa UKKMHYMA KOHYHUJAH TEPMOJUHAMUK CHUCTEMaap/a sHTU
XonaT  (QYHKUMSACMHUHT  MaBXKYJUIMTH  Kenud  4yukaauw.  TepMoauMHaAMUK
xKapaCHIapHUHT TaxXJIWIM yJIapHU TYIuK udojanam y4yH TEpMOIUHAMHKAHUHT
OMpUHYM KOHYHHM KU(OS HMACIUTUHU KypcaTau (OMpUHYM KOHYHra Kypa
SHEPTUSHUHT CaKJaHWII KOHYHUTra OYMCHHTaH kapa€HlIapruHa OOpHUIINA MYMKHH).
AMMoO Taxpuba KypcuTHIIN4Ya, OMpUHYM KOHYHra OViicynran Ba AU = Q-W
TEHIJamara puosi Kujiral aiipuM xkapaéniap amanga oopmaiau. by sca, cucremana
KaHAalaup HObManyM (PyHKIUS €KU XOJIAT MapaMEeTPUHUHT MaBXKYJIUTH XaKuaaru
XyJocara oau0 kenau. YOy nmapaMeTpHUHT KHMaTh OMPUHYM KOHYHTra OMHOaH
amajira OUIMPHIMIIN MyMKUH OVIIraH Typiiy >kapaéniap y4yH Oup xuu amac, Oy 3ca
Kapa€HJIApHUHT TEHI KUIMaTra sra SMaciluruHu Kypcaragu. SHru QyHKOus
Knaysunyc ToMoHuaaH suTponus S 1ed aranau.

Acnua TepMOJIMHAMUKAHUHT UKKUHYU KOHYHU UCCUKJIUK MallluHaIapyu Y4yH
Tabpu(IaHraH Ba yJIApHUHT UINKJA YIIOy KOHYH alHMKCca SIKKOJ kypunaau. [y
cabab1aH X03Up XaM TEPMOJMHAMUKA UKKUHYM KOHYHUHU Kapal YMKHII UCCUKIUK
MalllMHAJIapyuHU Taxjaui Kwmigad oonvtaHaau (Kapuo umknm). By 3ca, ukkuH4uu
KOHYH (hakaT MCCUKJMK MalllMHadapu UIIUHU Udoanaliurad XyCycuid KOHYHUSAT
neran Gukp TyFaupand. Aciupa 3ca, Oy TaOMaTHUHI YMyMUWA KOHYHU OYiuo0,
SHEPTUSHUHT CaKJIaHUII KOHYHUJAaH KeMUHTY hyHAaMEHTaa KOHYHIUP.

Kaparteonopun npuHumnum Ba 3HTpONMsA. TepMOAMHAMUKAHUHT UKKUHYU

KOHYHUHHM HCCUKJIMK MAllMHAJIAPUHHU TaXJIUJI KWIMAacHaH XaM YUKApHIIl MYMKHH.
TepMmoauHamuk cucremana sHru xonaT ¢yHkuuscu Oopiauruau  Kapareomopu
MPUHIUIN (alipuM XoJlaTiapra aauadaTUK €THUIA OJIMACIHK) SXIIU TYIIYHTHUPAH.
Kyiinnaru xapaéHau kypu0 YuKamus.
v Cuctema Oup XonaTAaH MKKHHYUTA HUCCHK-
’ JUK IOTWIAIIKA OwinaH YTcuH. MKkuHYM X0-
naTaaH OupuHYura ajauabaTuk skapaéHaa
YTUII MyMKHUH, Je0 TacaBBYyp KHWJIAMMH3.
Tyfpu Ba Teckapu UyJUlap y4yH TE€pPMO-
JMHAMHUKAHUHT OMpUHYM KOHYHHU OViitnua,

Kapaén uynu
1. 1-pacm. KapaTteogopn NpMHIUIIMHHA
KeJTHPHO YNKApPHIIL.

Q=40+ W, (1.125) O=-AU+ W, (1.126)
bynapnan aiinanma xapaéu yuyn: Q =(W;+W>) (1.127)
Kypunaérran sxapa¢Haa UCCUKIHK IOTHWIAETTaHH YuyH (Q>0), TUKIUK
xapa€Haaru yMyMuit umi Hoigan karra  ( W;+W,) >0 (1.128)

oynanu.
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Myngait Kuaub, UUKIUK >Kapa€HHUHT HATHXKAcH: cucTemMa OoluIaHfu4 1-
X0JlaTra KaTau Ba CHUCTEMa IOTTaH UCCUKJIUKHUHT XaMMacu TYJIHMK UIITa aillaHau.
By »sca TepMoaMHamMuKka WKKMHYM KOHYHUHUHT ToMcoH Tabpudura Kapama-
Kapmuaup (MCCUKIMKHUHT XaMMAacH HINra alllaHuiu MyMKHH 5Mac). Jlemak,
TEPMOJMHAMUK CUCTEMAHUHT XOXJIaraH X0JaTH SKUHUAA IIyHJai OoIIKa XoJatiap
Oynaauku, ynapra aguabaTUK HYyn OwiaH, SbHU HCCHUKIMK Yy3aTMacaaH YTuO
oynMaiiau.

Kapareonopu npuniunugan gakar sSHTM X0JIaT (YHKIUSICK OOpJIUTU SMac,
Oanku Oy (QYHKIUSHUHT HMCCUKIUMK OWslaH OOFIUKJIUTH XaM KeluOd YuKaIu.
XakuKaTmaH xaM, arap cucTeMa l-XonaTaaH 2-XoJjaTra WCCHKJIWK IOTHUIN OWjiaH
yTran Oyica, HUMa ydyH OOILIIAHFUY XOJaTra HCCHKJIWK alMaliMaciaH Keja
onMaiiin? Hccuknuk xonaT (QyHKUMSICH 5Mac, OalKd Yy SHEPrusi Y3aTUIIHUHT
xunuanp. Cucremara UCCHUKIMK KYPUHUIIUIATH MablIyM MHUKIOpPJAard SHEPrus
y3aTwiran Oyica, yHAa CHUCTeMaJaH XyIJQud Iy MUKIOpJard SHEPrUsHU U
KYPUHUIIKJA OJUII Ba Iy OWIAH CUCTEMaHW aBBalld XOJaTUra KEJITHPHII
MYMKUHEK Tytoiaau. Ammo KapaTeonopu npuHIUIN OYHUHT MyMKUH SMAacClIUTUHH,
apbHu ToMcoH Tabpudura 3uj Kapa€HHU coaup OYyJa OIMACIWTHMHU KypcaTajiw.
JleMak, UCCUKJIUKHUHT Y3 XoJiaT (yHKIUACH Oyimaca Xam, cucremara Oepuiran
UCCUKJIMK XO0JIAT (PYHKUMSICUHU, SbHU SHTPOINUSHU Y3rapTUpaau. DHPOMUSIHU 3Ca
CUCTEMara UCCUKJIMK y3aTMacllaH TypuO aBBaJIrd KMilMaTura KeITupuo OynMaiinu.
ByHnaH »SHTpPONMSHUHT y3rapuilid cucTemara OepuiaéTraH UCCUKJIUKHUHT
¢ynkuusacu skanuru AS = f(Q) kenub ynkaau.

Kapno nukiau Ba ’uTponus. FOxopuma TabKUIJIAHTAHUIEK, TEPMOJMHAMUK
xKapa€HIapHU TYJIUK TYIIYHTUPHUII YU4yH SHEPTUSHUHT CAKJIAHUII KOHYHU KuOs
kuimMaiian. Taxpuba kypcatuiinya, TEPMOJUHAMHUKAHUHT |-KOHyHHUTra OYiiCyHTaH
alipuMm xkapa€HiapHU amanra omupu6 Oynmailau. byHuHr cababu cucremana siHa
KaHAalaup XoJaT mapaMeTpIapuHUHT MaBxXyUIUTY Oynuiiu MymMkuH. Kiaysuyc 0y
aHrd QYHKUMSHU S »HTponust ne0 artaau. TepMoaMHAMUKAHUHT 2-KOHYHU Ba
SHTPOMHUS TYITYHYACH UCCUKIUK MAIIMHATIAPUHUHT UIIUHU TaXJIUI KWIHIILIA SKKOJ
KYpUHAJIW, I[IYHUHT Y4yH Oy KOHYH aBBajgaMOOp UCCHUKJIMK MallWHajlapura
taamnykiaun  Oynran (Kapno muknu). JlekuH TepMOAMHAMHMKAHUHT 2-KOHYHHU
TaOMAaTHUHT YMYMHUH KOHYHU JKaHJIUTMHHU siHA Oup Oop Tabkuainad yramus. YHH
MCCUKJIMK MallMHAJAPUHUHT TaXJIWIUJAH XOJIU PaBUIIIA XaM KEITUPUO UYUMKapUII
MyMKHHJIMTHHU Kaparteopopu npuHnunuaa kypauk. Ammo KapHO UHMKIWHHHT
TaxIWIK Ou3ra TepMOJMHAMHUKA 2-KOHYHUHUHT aHaNWTUK uUdoaacuHu Oepaau Ba
SHTPOMHUS TYIIYHYACUHUHT TYO MabHOCUHU aHTJIAIITa OJU0 KelaIu.

TepMoauHamuka 2-KOHYHMHHUHT YPraHWIMIIM SHI Mypakkad OyiraH
KOHYHJIapra KUPUTWIHIIUHUHT Katop cababiapu MaBxkyl. YiapjaaH OUPUHUYUCH
IIyHJIaH UOOpaTKU, TEPMOJMHAMUKAHUHT 2-KOHYHUHU aBBaJl OUMIL Ba KaHAAWUIup
MyJIOXa3a IOPUTHUIL, SIbHU HWCCHUKJIMK MallMHAJapUHUHT XOoccallapyd XakKuaaru
MOCTYyJIaT KYpUHMIINUJA Tabpudiam Ba yHAAH Xyjnoca cudarujga SHICA XO0JaT
GyHKIUSICH — S SHTPONUSHUHT MaBXYJIMTUHU KEATUPUO YUKAPUII KEpak dJIU.
bynnaii moctynatr cudaruna oKopuaa KEATUPWITaH Tabpudiap XuzMaT KUIaaw.
Avmo ymiOy TabpudJapHUHT Xeu Oupuja SHTPONUS Xakuja OUpPOH Cy3 MYK.
TepmonnHaMuka UWKKUHYM KOHYHH TyO0 MAabHOCUHMHT, SIbHU SIHTU XOJIaT
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GYHKIUSCUHUHT  (DaHTa KUPUTWIMIIK OONUIAaHFUY TOCTYJNATAAaH aH4Ya y3yH
MyJIOXa3aJiap IPUTHI OPKAJIM amanra omupmwiaau. [locTynaTHUHT Y3uaH 3ca sSHTU
X0JaT (YHKIUSCUHUHT MaBXYyIJIUTH XaKuaa Xylioca 4ukapub Oynmaiinu. bynnan
TalkKapu, OUpUHYM Kapaiijga Oup-Oupura ymyMmaH yxiiaMarad KaTop TabKujIaluiap
OOpKH, yJTapHUHT XaMMacu Yy3apo SKBUBAJICHT OYiIuO, TepMOAMHAMHUKA WUKKUHYU
KOHYHUHUHT Tabpudu O0yna omanu. byHnail xonar keamd YMKUIIMHUHUHT cabaow,
XaKUKaTAa XaM OONUIaHFWY MocTyjaTiapra HUcOaTaH yilap/laH Kenud 4YuKaguraH
oQ = TdS (1. 129)

XYJOCAHUHT aXaMHSITH OKOPUPOK SKaAHIUTHAAAUP. DHTponusiHu OeBocuTa Yiauad
OyIMacluK KyllMMuYa KUWMHYWIUKIApHU spaTaau. TepMoauHaMHUKaaa SHPOMUs
XaKuaru axoopoTiiapHuHr oupaaH-oup manoau (1. 129) renrnamanup. SHTPONUSIHU
¢buszuk mapametp cudatuga KaOya KWIMII KUHMHYWIMTUHUHT OollKa cababu Xxam
00p. MakpOCKOINUK CHUCTEMA MYKU IHEPTUSICHHUHT Y3TapUIINHU, XYAAU SHTPOMUS
Kabu, ynmuab Oynmaiiau, yau dakar xuco6:1a6 tonum myMmkuH. lllynra kapamacnas,
TEPMOJAUHAMUKAJA PHEPTUSHU TYITYHTUPUII KUWUHYUIUKIIAD TYFAUPMaANiIn, YyHKU
SHEPrus xap Oup ajoxuja 3appaya yuyH TaaUTyKJIHAUp Ba OyTyH OUp CUCTEMaHHUHT
SHEPTUSICMHU KaHAaaup WuruHau cudaruaa kaOyl KWIMII OCOH. DHEprusjiaH
dapkiin ¥aapok, PHTPOIHUS aloXuja 3appadajapHUHT XOCCaJapyuHU 3Mac, Oanku
MOJIEKYJIaJIAPHUHT CTAaTUCTUK TYIUIAMU XOCCalapUHU HAMOEH KWiaau. AJoxXuaa
3appada 3HTponusra sra smac. Mana my cababra kypa, S SHTponus Hazapuid
(bU3UKAHUHT SHT Mypakkad nmapamerpiapuaad Oupu XxucoOaaHaIu.

OHTPONUSHUHT SIHTU TEPMOJMHAMUK TMapameTp cudatugaru MaTeMaTUK
XOccallapi YHUHT HUCCHUKJIUK aJIMallMHUIN XOJUcallapujia XoJaT KOOpJAUWHATACH
poJIMHM YWHamMaAaaup. by 3ca MCCUKIMKHU XOXJaraH TypJlard yMyMJaliraH MWl
KYpUHUIIKJA E3UII MUMKOHUATHHU Oepajlyd Ba OyHUHT HATHKacula HCCUKIUK Ba
UITHUHT 3KBUBAJICHTIUTH XaKuaaru Guxkpiap ssHaia yyKypiaamanau. Mccukimk Ba v
Hadakar Oup-Oupura yTa onagu, OalKM CUCTEMAHUHI WHTEHCHB Ba JIKCTEHCUB
napaMmeTpiapu OunaH Oup Xuia OOFJIaHTaHIUDP.

OHTponusHM  SHTH  XojaT  (QyHkuwuscu  cudatuga  OENTUIOBYH
TepMOAMHAMUKAHUHT acocuil TeHrnamacu (1. 129), rokopuna TabkuaiaraHuMHU3IEK,
aHya Mypakka0 ycyija OJMHraH. DHTpONusiHM OeBocuTa Yyiuad OYIMaraHiuru
ca6abmu, (I. 129) renrnama 6mnan ndoaanaHyBuM aBBaj HOMabIyM OyiraH taduar
KOHYHUHUHT MAaBXY/UIMTH, YOy KOHYHAaH Kenaud YMKKaH XyJocalaplaH
dolinanannb, UCCUKINK MallMHaIapy Hazapusicuja odwiiraH. MaremMaTuk HyKTau
Hazapaad S xoJaT (YHKUIMACH MAaBXYUIMTMHUHT 3apypuil Ba e€Tapiid ILIapTu
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bynnaii €3yB unterpan ocrunaru udonaa Kauaaaup GyHkuusHuHr quddepeHunanu

Kylujaruya: ff (1.130)

SKAHJIUTUHU Ownaupanu. bynna §5Q WHTErpaJId HOJITa TEHT OYyJIMaran xoxjaraH

KUMaTIapHu KaOyJl KWIMIIK MyMKHH. VIHTerpaimapau muki 0yiinya KypuO YMKUILI
Ypra"Ha€Tral CUCTEMAJIAPHUHI XOCCAIAPUHM TaAKUKOT KWIAETTaHIa SHTPOIUSIHU
OUYMK KYPUHMILJA KUPUTMACIMK HMKOHUATUHU Oepaau. MexaHMK Ba HCCHKIMK
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SPKUHIIMK Japakacura sra Oyiran cucremanap y4yyH is uHTerpan udoaacura IUKI

Oyiinua uIIaluraH UCCHUKJIUK MAaIIMHACH MOC

kenagu. M Ba MCCUKIMKHM aHUK XucoOnall MyMKUH OYyiraH KalTap HUKIMK
xapa€unapau kypub uukamus. Wpaean ra3, Ban-nep-Baanbc rasm Ba xonat
TEHrJamMajapu MablyM Oynaran  Oomika ra3map Y4yH TYFpUIAH-TYFPU
XUCOOMANIApHUHT KypcaTUIINYa, XOXJaraH LUK Oyinya ymly MHTEerpajl Hojra
TeHr. 1864 iwun Kilaysmyc UUKIMK >Kapa€HIa KyJUIaHWIA€TraH MOAJAHUHT
TabuaTuJlaH KaTbuil Hazap ymly HaTWKaHU YMYMUU KYPUHUIIAA OJUII MYMKHH
SKAHJINTUHU KypcaTtuO® Oepau. AmMo, onauHra YTHO KeTMaclaH, aBBajiaMOop,
Kapuonunr 1824 fiunnaru UCCUKIMK MallMHACUHUHT (oiinanu um kodhPuiueHTu
XaKuaaru TaAakukoTura Ba Xo3up KapHo muknum ne® artairan Maxcyc IMKITa
Mypo’KaaTr KujaMu3. YOy HUKJI UCCHUKJIMK Ba WUIIHU XUCOOJAUIHUHT COIIATUTH
Ownan axoitn6 6ynub, TOUMO TEPMOJIMHAMUKAIA MyXOKaMa KWJIMHAIU, BAXOJIAHKH,
Kapno muknu uaean 0ynub, xed KaHIall pean MCCUKIMK MallMHACH OyHIAW LUK
Oyiiya uWNUIaMacIUTUHU TabKUIJAIIUMU3 3apyp (TEXHUK TEepMOAMHAMUKAIA
MOpIICHIM OyF MallMHAJapuja PIHKMH UUKIM Ba WYKU €HUIN JBUTATEIIapuja
Jluzenb HUKIU KYpUO YMKUIIAIN).

YMyMaH, HCCUKIUK WHIITa aiiaHa oyiaaiu. AMMO, UCHUTIHYJAaH OJMHTaH
WCCUKJIMKHM MIIra 0aTtamMoM ailaHTUpuO OYyiIMalau, YyHKH HCCUKJIMKHUHT OHp
KHUCMU COBYTTMYHM WCUTHII YyuyH capd Oymamau. J[lemMak, HCCHUKJIMK uIITa
alimaHa€TraH MaTaa uCUTrUY COBYIIM OuiIaH Oupra, Oupop COBYTIUY, UCCUKTUKHUHT
uiira aianMaiaurad KUCMU xucobura ucuimu xam mapt. bynu Kapuo nukiu
TaxXIWIIHIA SIKKOJI KYPUIII MYMKHH.

Nnean uccuxnuk mamuHacu 0op ned Qapa3 Kunainuk, yHaa uaean ra3iaH
dolinananaiinuk. MamnHa MabiyM OWp MCUTIMYJIaH OJUHAETraH UCCUKIIUK
xpcoOura um Oaxapa€tran O0yncun. M 1mukivk Oa)xxapwiCHH Ba yHAAru xap Oup
XKapa€H KeTMa-KeT coaup Oynaauran Kyiuaaru 4 KucMaad uoopar JeiInK:

1. I'a3HUHT U30TEpPMUK KEHTAaWHIIN: AB 3rpu.

2. I'a3auHT agnabatuk keHraumm: BC arpu.

3. I'azuuHT M30TepMuk cukmwmimu: C/ arpu.

4. I'a3HuHT aquabaTuK CUKUIUIIN: /[A 3rpu.
Kapaénna [ wmonp wupean ra3 KaTHAIIANTH.
bounanruu xonatna (4) razuuar xapopatu 717,
Ooocumu p; Ba xaxwmu V; OYicuH. Xapoparu

p

1. 2-pacm. KapHo muxiIn.
T; OynraH HMCUTTMYIAH OJMHAETTAaH HMCCUKIMK Xucobwura ra3z V; nan V, raua
M30TEPMHUK KeHraucuH. KeHraimm wu30TepMUK OYAraHM y4yH Ta3HUHT WYKU
SHEPTUsiCH y3rapmaiiau, kenranum uiu (W) aca UICUTTUYjaH OJIMHAETTaH UCCUKITUK
(Q)) xucobura daxapuaaau:
0,= W, =RT, Zn% W>0) (L131)

1
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Pacmpa Oy umt AB V> V; wo3ara tedraup. YOy xapaén 4B uzorepma Ouian
Kypcatunrad. B Hykrara KedaraH Ta3HM WCHUTTUYJAH axpatubd, aauabaTuk
KeHraTupamus. Annabatuk xapa€Hia ra3 UCCUKIUK OJIOJIMaiiin Ba Oapya Wil ras
WYKA DHEPTUSCMHUHT KaMaumu xucobura Oaxapunagu. WUYKU SHEPrussHUHT
KamMaluIM oKuOaTu1a Ta3HUHT XapopaTu 1> ra Tymaau, Xaxm 3ca V3 0ynub Konaau.
XapopaTHUHI KaMalMIIKd yHYa KaTTa OyiamaraHu yuyH Oy HMHTepBajja HCCUKIUK
curumu Cy HU Y3rapMac J1e0 OJIMII MYMKUH. Y XOJJja WYKU SHEPTUSHUHT Y3rapulliu:
AU = Cy(T>-Ty) (AU<0) (1.132)
Ba Oa)kapuiraH UIi: Wy,=-AU = Cy (T;-T5) (W>>0) (I1.133)
oynanu. U BCV3V; 103ara tearaup. XKapaéu BC aguabata 6unan udoganaHra.

lNazra xapopatu 7, OyiaraH COBYTTMYHHM SIKUHJAIITApPAMU3 Ba YHH Iy
xapopatna CD 6yiinua n3oTepMuk cukamus. CUKUIIHYA Ta3HUHT XaXMU Vy ra Kajaap
KaMairyHua, sbHU D HyKTarada 1aBoM 3TTupamMus3. ['a3 H30TepMHUK CUKUITAHU YYYH
YHUHT UYKW SHEPTHSICU y3rapmai Konaau. ['a3Hu cukuin yuyH capd KuinuHran W;
WII TYJIUK UCCUKIMKKA ailJlaHaId Ba COBYTIAYra FOTUIAAU. Y HUHT MUKIOPHU:

—-Q, =RT, lnﬂ=Wg =—RT, In 2 (W3<0) (1.134)
V, v,
oynanu. Pacmpa W3 umn CDV,V3 wo3ara tearaup. CD uzorepma ymily xkapa€HHU
upopnamaiiiu. D HyKTaja ra3iaH COByTTUYHU aXpaTuO, ra3HU ainadaTUK CHUKaMU3.
Hartwxkana, ra3z xaxmu Vi, xapopatu 17, b6ocumu p; OYynran OouuiaHFud XojaTra
KeJau.

AnuabaTHK CUKHII BaKTHJa Oakapuiran uil Wy ra3HUHT UYKH SHEPTUACHHU
ommpuinra ketagu: Wy = AU = Cy(T}-T>) (W4<0: AU>0) (I1.135)
W, w1 pacmaa DAV, V, w3ara TeHraup, xkapaéu DA annabata Owiiad udoaaiaHras.

Typrra xapa€HHu yMyMIAIITUPCAK, yJap TYJIWK allIaHMa jKapa€HHU TallKWII
ATa/i¥ Ba LIYHUHT YYyH Fa3HUHT UYKHU 3HEPrUsicu y3rapMaiau. Mcutruynan onvHran
Ba COBYTrM4Yra OepwiraH HCCHKIMKIAp aWupmacu OakapuiaraH yMYMHH HINra
TEHT IUP: W=Q1-Q,= Wi +W,+Ws+W, (1.136)

W, Ounan W, xaTTalnMK >KMXaTJaH TEHI, aMMO HIIOpa >KUXaTUIaH Kapama-
KapIlv SKaHIUTHHU XHco0ra oJIcak,

W=0Q1-Q,=W;+Ws; (1.137)

0,-0>= RTiln % _RT,In > (L138)
I 4
kenu0 unkaau. BC Ba DA annabatuk sxapaéunapra [lyaccon ¢popmynanapunu TaTONK

kuncak, BC oyinua: T,V = ToVy-! (1.139)
DA 63@11/1‘1212 T, Vyl=ToVp! (1.140)
Oynanu, ynapuu Oup-oupura 0Ynub Ba y-/ gapakaid WITU3UHU OJICAK,
,_V
273 1.141
v ( :
skaHauru ucOot KkunmHaau. bynu (1.138) ra kyiicak,
W= 01-0:=R (T)-T3) In % (1.142)

1

xocui O0Vnaau. by uin ABCD ro3ara TEHTAUD.
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by ndonanunr yan TomoHuHu (; ra, YHr TOMOHHMHH 3Ca yHra TEHT OYyiras

V. o o
RTin 72 ra Oynu0, KyHuaaruHu XOCHJI KHJIaMH3:
1

,
R(T,-T,)In -2 _ _

Q,-Q, A e k. (1.143)

Q, RT.In 2 Q 4

Ty

1

Q;-Q> WCUTTMYJaH OJIMHTaH MCCUKJIMKHUHI MIITa allIaHraH KUCMUHH KypcaTaau.
Yuunr Q; ra 6ynran nucOatu doiinanu um kodppunuentu (PUK) n nehunagu.
bunoOapun, (1.143) udomanunr yHr kucmu xam ¢oiganu um kod3PGUIHeHTHAUD.

- T-T w
IyHuHT yuyH n= QIQIQZ = lTl 2= Q (1.144)

oynagu. ®UK 0 nan 1 rava y3rapanu: 7;=7> na =0 Ba 7,=0 na =1 6ynangu. AMMo
77 Xe4 Ka4yoH 1 ra TeHr Oyia oaMmailau, YyHKH COBYTTHYHUHT XapopaTu T, abcomiot
HOJITa 3pulla oAMalIu (TepMOAMHAMUKAHUHT 3-KOHYHU OViinua). Jlemak, uaean ra3
yuyH KapHo muknuga mamvHanuHr oitnanu um koddduuuentu gakatruda 7 Ba
T, xapopatiaprarutaa 0oriauk 3kaH (KapHo nmemmacn).

Keitunuanuk Knaysuyc (1.144) uponanunr (1.130) ra skBUBajIeHT SKaHIUTUHU
Ba (¢oiganu wum kodpdunreHty OwiaH sSHTU Xoaar (QyHKUuiIcH OYiran
SHTPONUSIHUHT AJTOKAJOPIUTUHU KypcaTuO® Oepau. DHTPONMUSIHUHT XOCCallapUuHU
Vpranaétranna €énuk Koutyp Oyinya unaterpanigat (I1.130) nccukamk MalmHACUHUHT
doiinamu uim kodpunuentura (1.144) YTUIMIMMUZHUHT MabHOCH XaM SIHTH XO0JIaT
(YHKIUSICUHUHT MaBXKYJ/UTUTMHU TakpuOajia Tacaukiaiiiad noopar >au. Kinaysuyc
1864 itwin mpaean rasnap y4yH OJMHIAaH MyHocalaTiap MCCHUKIMK MallMHaldapuia
KYJUlaHTaH OOIIKa MOJAaNIap YUYH XaM aJ0JIaTiIu SKaHJIUTUHU Y3UHUHT TeopeMacuia
TabKUJIAIN: KalTap UWIOUIAaluraH MCCUKIWK MAIIMHACUHUHT Qoiganu uin
Kod(ppunueHTH KYutaHmwiaéTrad MOJIaHUHT Tabuatura OOFIuK OYynmacaaH, dakar
MCUTTUY Ba COBYTTUYHUHT XapopaTiapuraruia OOfIuK.

OnuHran HaTHXKAJTAPHUHT YHUBEPCANl XyCYCHSTIa 3ra SKaHJIUTUHU TaCIUKIaI
V4yH 3Ca TEPMOAMHAMHUKAHUHI WKKUHYM KOHYHUHHU Tabpudiaml 3apypusTi
Tyrwirad. UkkuHuM Typ abaauii JBUTATEIHMHT MYMKUH SMacauruiu Knaysmyc
(1850) ¥3-y3unan mabaym Hapca Ae6 yitnaran Ba ¢akat 1864 iinngaruHa TaOMaTHUHT
HOMabJIyM OYIraH yMyMHU KOHYHU XaKuJla ram KeTa€TraHJIUTMHUA TYIIyHUO €TraH.
Kinay3uyc TepMoiiHaMUKaHUHT UKKUHYY KOHYHUHU KyHuaruya Tabpuduuaan: Kymu
XapopaTiu KUCMJIApAaH XapopaTd IOKOPUPOK KUCMIIapra KOMIIEHCAlUsJIaHMaran
WMCCUKIUKHUHT YTUIIM MYMKHH 3Mac. X03UpTH KyHaa Oollka Tabpudiap Xam Ky,
JIEKAH yJapJaH 3HI coajacu TOMCOHra TEerHuuid. Y KyWHJaruda: XapopaTd JHT
KHYUK OYJraH >KUCMHM COBYTHUIITA acOCIaHUO, JaBpUM paBUIa HUIUIAMAWTaH
HCCUKJIMK MalIMHACUHYU KypHIll MyMKHUH 5Mac. OcBajibj] yHU siHaJa KUCKAPTUPJIU:
WMKKWHYY Typ abaauil ABUTATEIHUHT OYIUIIIN MyMKHH 3Mac.
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3-maB3y: TepMoOAMHAMMK MOTEHUHAJIAP BAa XapPaKTePUCTHUK PYHKIUAIAP Ba
yJaap ypracuaaru myHocadarJap (2 coar)

PEJKA:
3.1. TepMoaMHAMHK NOTEHUHMAJJIAP Ba XaPAKTEePUCTHK (PYHKUIUSIAP,
KHMEBHUH MOTEHIINAJ.

3.2. TepmMoauHAMHUKA KOHYHJAPUHH TYypJu (PU3NMK-KUMEBHI Kapaéniapra
KyJu1am. daszapuii MyBo3aHaT/Iap.

ABBan TabKUJATAHUMM3EK, M3OJSIIUSJIAHTaH cUcTeManapiaa V3-y3uaaH
OoOpyBuUM  JKapaHJApHUHI  WYHAIMIIMHU  Ba  MYBO3aHAaT  IIapTIapUHU
TEPMOAUHAMUKAHUHT UKKMHYM KOHYHU aCOCHa SHTPONMUSHUHT MAKCUMAJl KHAMATH
Oyiinua aBBajJaH aWTUII MYMKHH. AMMO aManuéria HW3oJAlUsIaHMaral
cucTteManapiaH Kynpok Qoiinananunanu. byHnail cucremanapiard MyBO3aHaTHU
XUCOOJAIl y4yH TePMOJUHAMUKATA KATOP SIHTU X0JIaT PYHKIUSIIApYU KUPUTHIITAH.

KuméBnil TexHomorusijaru KynruHa >kapaHiiap OYMK amnmnapatiapja oauo
Oopunranzaa y3rapmac 60cUM Ba xapopatia, arap €nuK anmnapatiapaa oaubd oopuica
(MacanaH, aBTOKJIaBJa), y3rapMac Xakm Ba Xapopatrga coaup Oynmamu. bynna
*KapaCHHUHT UYHAJIMIIMHA Ba CUCTEMaJla MyBO3aHAT XOJIATUHU p=const Ba T=const
na ['mO60c sHepruscu opkamu, V=const Ba T=const n1a ['eabMrojsll dHEPrusicu
Oyiinua Oenrunanagu. byHuHr cababu wu30dSUMsIIaHMAaraH cuUcTeMaliapa
SHTPONMSIHA MYBO3aHATHUHI Ba JKapa€H MWYHANIMIIMHUHT ME30HU cudartuia
UIUTATUITHUHT HOKYJIAWTUTUAND, YYHKU U30JSIUSJIAaHMAraH CUCTEMaIapHu KYpuo
YUKUII KaTTa KUWMHYWIUKIAPHU TyFaAupaau. AMMO, SHTponusi €paaMmuaa Oolka
bynkusaapay, ssbHU ['H00C Ba ['enbMIobl] SHEPTUSIIADUHHN XHUCOOIAIll MYMKHUH,
ylap 23Ca MYBO3aHATHUHI Ba JKapa€H WYHAIWIIUHUHT Me30oHnapuaup. Kym
anabuétnapna ['ub6c sueprusicu G Ba 'enpmronbil sHEprUsicu F xapdiaapu opkanu
OenruiiaHaayd Ba TypJiauya HOMJIap OWiaH atajaju: 3pKUH dHEPTrus, 0307 dHEPrus,
y3rapmac 0oCUMJIary SHEPTHs EKU SPKUH SHTAIBINS, U300ap-U30TEPMHUK TOTEHIAAT
G=f (p, T) Ba y3rapMac xaxkxmJarv SHEpPrusi, SpKUH WYUK SHEPTHUSI, U30XOP-U30TEPMUK
notenuuan F=f (V, T) éku TepMoAMHAMUK NOTEHIMAIUIAp AcHuiIaau. YIJIapHUHT Ba
0oIIKa TEPMOIMHAMUK MOTEHIIMAJNIAPHUHT MAbHOCUHU TaXJIWJ KHUJIAMU3.

bapua xypubd yukwiran TepMoAMHAMUK MOTEHIMAIUIAP TAOUMI 1IapouTIap/a
XapakTepucTuK (GyHKIusmap Oymaau. YinapHuHr OyHAal HoMJaHumura cabao,
(GYHKIUSHUHT Y3U €KUM YHUHT TaOMUN mapaMmeTpiap Oyilmya xocuiiajlapu OpKaJu
MOJJaHUHT Oapya TEPMOJMHAMUK XOCCATIAPUHU OYUK Hoganam MyMKUHIUTHIUD.
JlexuH xapakTepucTUK (QYHKIUSIIAPHU TaHJAILIA YHUHT Kynail Oymuiura 3bTu0op
Ooepuin kepak. Macanan, U=f(V, S) Ba H=f(p, S) Oynranu yuyn U Ba H napnan
XapakTepucTuk QyHkuusa cudatuaa oitnananuil KAHUHYWIUK TYFIUPAIU, YYHKH
SHTPONUAHU TYFPUIAH-TYFPU yI4all MMKOHHSTUTA 3ra 3mMacMu3. XyJIJIH IIyHAAl
SHTPOMHUSAAH XaM XapaKTepUCTUK QyHKIMs cudaruaa honganaHul HOKyIal, YyHKI
S=f(V,U) OynaraHu ydyH, WUYKH HHEPrUsHU OEBOCUTA AHUKJAIl UMKOHUATH HVK.
HlyHuHT yuyyH XapakTepucTHK (QyHKUIUA cudaruga kynuH4ya ['m60c Ba I'enpmroinbi
sHeprusiiapuaad GonganaHuaagy, YyHKA ylap aHUKJIall OCOH Oyirad tabuuii V, p,
T xaTTanuKIApHUHT QPYHKIUSIIAPUTUD.
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G=f(p,T) Ba F=fV,T) &yuknusanapau kypub uukamus3. Yoy
GyHKIUSIApHUHT TYIUK AuddepeHimainim €3aMus:

oG oG
i =99 ar+[ 29 4 24
[5ij +[6pjr ! 9
dF:(a—Fj dT+(a—Fj av 25)
or ), v ),

TepmonnHamuka OMPUHYM Ba WMKKUHYM KOHYHJIAPUHUHT TEHTJIaMallapuaH
KailTap >kapaéunap yuyH (cucteMana QakaT TallKd OOCUM Kywlapura Kapiiu Ml
Oakapusia€Tran >HI' COJIa XOJIHM KYpuO yuMKamu3) rokopuja kentupwirad (15) Ba
(20) Tenrnamanapuu (24) Ba (25) TeHrnamanap OuiaaH COTUIITHPCAK:

G (e (B (B

udonanapuu onamui. (26) Ba (27) TeHrnamanapaaru QyHKIUSIAp XapaKTePUCTHK
bynkusap OYnaub, ynap CHCTEMAaHUHT TEPMOJAMHAMUK XOCCAJIApUHU OYHK
ndomamaiigu. Macanan, (26) TeHriamanapaaH:

—y3rapmac Oocumaa cucTemMa Xapopatu opTuiiu OunaH ['mO0c sHeprusicu

. . oG .
KaMalUIIMHUHT YTYOBU SHTPOIUSAUD, IHHU —[a—T =S (MaH(puit uIopa SHTPONUS
P

OpTHUIIY OWJIAH HPKUH SHEPTUSHUHT KaMalUIINHU KypcaTaan);
—y3rapmac xapoparaa cucrema Oocumu opTuiiM OunaH ['mOOc s>Heprusicu
OPTUIIMHUHT YIYOBHU XKMJHUP.
T'uéoc ea I'enomzonvy Inepeusanapu ea xapakmepucmuk QynKkyuaniap
G=f(p,T) Ba F=f(V,T) pyuxuusuiapuu kypud yukamus. Yoy (QyHKIUSIAPHUHT
TYUK quddepeHmanuim €3aMus:
oG oG oF oF

o))y 0w (D) m(D)e e

TepmonnHamMuka OMPUHYM Ba WMKKUHYM KOHYHJIAPUHUHT TEHTJIaMallapuaH
KailTap >kapaéunap yuyH (cucteMana ¢akaT Tallkd OOCUM Kywlapura Kapiiu Ml
OakapusiaéTraH »HI COJJa XOJMHU KypuO 4YUKAMU3) IOKOpHA KEITHUPWITaH
AH3-AH>3= AH;; Ba Q,=-AU, =—(U, —U,) Tenrnamanapuu (1) Ba (2) TeHriamanap
OuJIaH COJUIITUPCAK:

E e e ()

udonanapuu onamus. (3) TeHrnamanapaaru (QyHKIUSIApP — XapaKTEPUCTHK
bynkusnap OYnaub, ynap CHCTEMAaHUHT TEPMOJAMHAMUK XOCCAJIADUHU OYHK
udogananu:

—y3rapmac Oocumaa cucTemMa Xapopatu opTuiiu OunaH ['mb0c sHeprusicu

. o oG .
KaMaWUIIMHUHT YITYOBU SHTPONUSAIUD, SHHU _[G_T =S (MaH(puit uopa SHTPONUS
P
OpPTHUIIY OWJIAH YPKUH SHEPTUSHUHT KaMalUIIINHU KypcaTaan);
—y3rapmac xapoparaa cucrema Oocumu opTuiin OunaH ['mOOc >Heprusicu
OPTUIIMHUHT YIYOBHU XKMJHUP.
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Xynau mysgai (3) TeHrnaManapiaH ['enbMrosibl] SHEPTUSICUHUHT Y3rapMac
XaKMa xapopartra €ku y3rapMac xapopaTria Xa)xmra OOFJIMK paBHIIIa KaMaluiim
SHTpomMsl Ba Oocumiap opkanu ouukK udonanananu. (3) TeHriIamanapaaH
SHTPOTNUSIHUHT XaKM Ba O00cUM OYiinda XocuialapuHi OCOH TOTUII MyMKUH. ByHUHT

oS oV
Y4YH XOCUJIaJIapHHU Kapama-Kapiiu TeHriao, (3) TeHrinamanapaaH =1 =35 Ba
T p

(2—5} :(2—?} XOCWIQJAPHU TOIMAMU3, SbHU DHTPONUSHUHT TYPJIM Kapa€Hiapaa
T V

Yy3rapuIrHy Kypuod yuKaéTranaa KeITUpUO YMKapuiraH TeHIJIaMalapHy OOIIKa Wy
ownan onauk. TepMoauHaMuKk QyHKIUSTIApHU OOFJIOBUM OYHIall TEHTIIaManap xyja
kyrn. Ynapaudr kymuniaurd H.I1.CyBopoB TOMOHMIaH kajBainra WMFWITaH, YHJIaH

XOoXJarat (2—xj KYPUHUILJATH XOCWIAHU (Z=const) TONMUII MyMKHH. ByHUHT y4yH
V).

Z=const Ta TYFpU KEIyBYM YCTYHJAH Ox ra TYFpH Kenaauran udogaHu KaTopiaH
TonuO, OOIlKa KaTopAaH TONWIraH Oy Ta TYFpPU KeiaraH KuilMarra OViauHaiu.

oG _

Macainas, T XOCWUJIa YUyH 0G HU p=const OWJIaH KECUITaH KaTaruHu OJlaMu3

p

Ba yHjaru udojaHu, sbHU —S HU, KACPHUHT CcypaTura Ba 0T HH p=const OuinaH

KECHUIlITaH KaTaruHu oyn0, yHaaru udoaaHu, SbHU | HU, KACPHUHT Maxpakura
-V

N . [0G -8 . (0G
é3amMm3: | — | =—=-5. Xynau wmwyHaam |— | =——=V HaTWKaHU Xam
or), 1 op ),

KEJIITUPUO YMKAPUILI MYMKHH.
(1) Ba (2) Tenrnamanapaan uaean ra3z yuyH G Ba F GyHKUusiapHuHr 1=const
naru udoaaiapyuHu TOMHUIIT MyMKHH:
d,
dG=Vdp=RT*?. G=G,+RTlnp; AG=G»G,=RTIn % 4)
p

1

dF=-pdV=-%dV; F=F,-RTInV; AF=F2-F1=RT1n§ ()
2
(1) Ba (2) Tenrnamanap KUMEBUM TEPMOJMHAMUKAHUHT KATOp MYXUM
TEHIJIaMaJapuHU KEeATUPUO YMKapUIITra UMKOHUAT Oepanu. ['mo6c éxu I'enbMronbi
sHeprustiapuHuHr y3rapuiuil AG=AH-TA Ba AF = AU-TAS Ttenrnukiap Ouiad
udonananumau - kypcatran sauk. Y xomma (1) Ba (2) Tenrmamanapaas

OAG OAF
w0 (e @
AKAHJIUTU Kenub unkanau. (6) Ba (7) TeHrnamanapiard KMMMaTIapHU MOC paBUIIIa
AH  peaiyus = EVpaye AH /5 =2V5  AH S Ba Q ,=—AH , = —(H, — H,) TeHIIaMalapra
KYMCaK,

aAGj
p

AG = AH+T [G—T (8)  AF = AU+T (aa;‘fl 9)

['u606c-I"enbMronbl] TEHTIaMallapuHu KeATUpuo unkapamus. AG Ba AF nap KuMEBHi
PEaKIUSHUHT MaKCUMaJl UM MabHOCUHU Oepajid Ba peakilus U30TEPMHUK Ba KalTap
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o0 OOpWIMIIKA KEpakJIUruHu Kypcaraau. (8) Ba (9) TeHIrNIamMalapHUHT VHT
Tapaduaary UKKMHYYM KYIIMTYBUYWIIAp KaTap >kapaHHUHT

Qigaﬁmap =TAS

HCCUKJIIMI'M MAabHOCHUHH aHTJIaTadu.

l-oacaoeanun.

(10)

TepMOI[I/IHaMI/IK (l)YHKIII/IHJIapHHHF XOCHJIAJAPHUHH XHCOﬁ.Ha]_[I

Dyukyus- z=const
HUH2 ycuuiu p T V N
(0p) - -1 -alV G
T
(oT) 1 - — BV -aV
, v - y
@) aV B C,p- -
T T
() Cp alV - C,BV 0
©ow) apV BpV 0 C B pr
T
(V) C,-apV (aT — Bp)V —Cvpy —Cﬁ-p—V
T
(OH)) Cp (aT -1V ~(CvBy+an)lV o
(@F) ~(S+ap) o’ 24 pSV (@TS=C,fp):,
6] -S -V (BS—aV )V (aTS - C,;);
1 —o1caoeaun (0asomu)
Dyukyus- z=const
HUH2
. U H F G
ycuuu
(0p) apV -C, -Gy S+apV S
(°7) (fp—aT)V (1-al)V BV \%
o) G pV G p+arV - BSv (aV - BS)V
pV Y _ars).” _ars).
(8S) CB G (G, fp—aTS) (C,—aT$)
(0q) C, BV cy (C, B — oISV (C, oISV
(ow) C, Vv G, p-a)pV — BSpV (aV - BS)pV
(0U) - (C,—apV)-V =C,ppv | (BSp—alS+C,pV |  v(C,—apV)—(@IV - Bp¥)s
S+apV)-(V—-alV)+
(0H) C,BpV —(C,—opV)V - OV (C,+S—alSV
(S+apV)- SV (ﬂ -1) -
p—1)
F) (=C, Bp +aTS — BSp)V (aIV =V)- - 5
— C,,ﬁpV - OtpV
V(epV —C,)+ o So(l-fp)+
(0G) +(aTV - BpV)S (@I5=C, =SV +apv? B
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1.2. TepMoaMHAMHUKA KOHYHJIAPUHH TYpPJd (PU3MK-KUMEBHI KapaéHiaapra
KyJu1am. daszapuii MyBo3aHaTIap.

Xap KaHgal TepMOAMHAMHUK CHUCTeMajJa OOpUIIM MYMKHH OYyiraH
Kapa€HIApHUHT MakcuMmall (oiialii UIIM HOJNra TEHr OyJraHjardiHa MyBO3aHaT
Kapop Tonaau. MabiyMKu, kapaéHHUHT yMymui uiu oW doitnanu umgan oW’ Ba
MEXaHUK KeHrailui Uiujaad pdV nbopataup:

oW = oW+ pdV (1)
Kaiitap xapaénna Qoiiganu il SHr KaTTa KHAMaTra sra:
Wax = W ax +pdV (2)

YMymuit xonma makcuman Goigany Uil >Kapa€HHUHT KaHJal YTKa3uIUIIIra
O0ornuk, y Tynuk auddeperiman smac. Aipum mapouTiapja Kaltap >kapaéHHUHT
MakcuMal doigany uiy uynra 6oFauk 6ynMacaas, (hakaT CUCTEMaHUHT OOIIJIAHFUY
Ba OXUPTH XOJaTura OOFJIUMKAUD, s’IbHU MakcuMal (poifany uiil kapaéHlia MabiyM
xonaT (YHKIMSICMHUHT KaMmaluiura TeHr. Aupmacu makcuman Qoiiiany umra
TeHr OynraH OyHmail XonaT (YHKUMSUIADUHUA TEPMOAMHAMHUK MOTEHLHAIAP
nevunanu. YmoOy (QyHKUUSJIADHUHT KYPUHMINM >Kapa€HIIapHU aMalira OUIUPHII
mapoutiiapura OOFIHK.

TepmonHaMUKaHUHT OMPUHYM Ba UKKWUHYY KOHYHJIAPUJIAH:

00 = TdS=dU~+ W, ux=dU+W"ux + pdV 3)
OW yax= TdS-dU-pdV 4)

V' Ba S=const na:
5W§wax = 'dl], W?wax: 'AU (5)

SbHU WYKU DHEPTUs HU30XOP-U303HTPONUS TEPMOAMHAMUK MOTCHIUAIAUDP. YOy
mapouTiapaa

OWyax =>0; dU<0 (6)
Oynran xapacunap y3-y3uaan 6opaau. XaKuKuil MyBO3aHaT
U=min, dU=0, d°U>0 (7)

71a Kapop TOTIa]IH.
p Ba S=const na (4) nax:

W' = -dU-d (pV)=-d (U+pV)=-dH (8)
hwax = -AH ),
STHHU DHTAIBIAS W300ap-U30HTPOIHUS TEPMOIUHAMHUK TTOTSHITAATIHD.
OW'ax >0 Ba dH<0 (10)
Oynran xapacunap y3-y3uaan 6opaau. MyBo3aHaT mapTu:
H = min éxu dH=0, d’°H>0 (11)

Kypub umkunran U Ba H QyHKuusiiapy KUMEBUM TEPMOJAUMHAMUKATA KaM
KYJUTaHWIaAu, YYHKH yaap MOTEHIHAN OYJIHIIK YUyH Tajlald KWJIMHTaH HapOUTIaApHU
amanra omupub oynmaiinu. Kumésnil tTepmonnnamuka yauyn V=const Ba T=const
€ku p=const Ba T=const Oynran GyHKUUsIIAp KaTTa aXaMUSITra 3ra, YyHKU KUMEBUN
xapa€Hiap XyAau 1y napaMeTpiIapHUHT JOUMUIUINIHUIA YTKA3UIIaIu.

V=const Ba T= const na (4) TeHriama Kyiujgaru KYpuHUIITHU OJIAJIN:

W ' = -AU+d(TS) =-d (U-TS) =-dF (12)
Oy epna F=U-TS (13)
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X0JaT GYHKIUACH, U30XOP-U30TEPMHUK MOTEHIMAT, CHCTEMAHUHT SPKUH YHEPTUSACH
ne6 xaMm atanaau. Yoy HOM uukd sHeprussuu U=F+TS (13), xypunuimga xam
udoganam MyMKUHIUTHAAH KUPUTWITAH: F—M30TEPMUK paBUILJa TYJIUK UIITa
alUIaHTUPUII MYMKUH OYJIraH HMYKH SHEPTUSHUHT Oup KucMu; 7S5—OOfnaHrax
SHEprus, y uilira aiinana onmaiau. (12) nan:

dF=dU-TdS-SdT (14)
Ba TepMOJMHAMUKa KoHyHnapunan dU=TdS-pdV Oynranu yudyH, ymOy KUHMaTHH
(1.223) ra xyiub KUCKapTUPHUIIIIAPHU aMalira OIHUPCAK,

dF =- SdT-pdV (15)
TEPMOJAMHAMUKAHUHT  (yHJAMEHTaJd  TEHIrJamajapuaaH OUpUHU  KeATHUpHUO
yukapamu3. (12) Tenrinamanan

AF = AU-TAS (16)
Ba OW ' ax = -AF 3xannuru xenud unkagu. dF<( 6ynranna sxapaéH y3-y3unan oopaau
Ba I = min KMiiMaTra spyMiIrania MyBo3aHaT Kapop Tonaau Ba dF = 0, d°F>( 6ynau.

p = const Ba T = const na (14) Tenriama KyHujgaru KYpUHUIITHU OJIAJIN:

W' = -dU+d(TS)-d (pV) = -d(U-TS+pV) = -dG (17)
Oy epna
G = U-TS+pV (18)
xonaTt GyHKusAcH, n300ap-u30TepmMuk noreHmani. (18)uu nuddepenimaniacax,
dG = dU-TdS-SdT+pdV+Vdp (19)
Ba TepMoAuHaMuka KoHyHiapuaaH dU=TdS-pdV xwitmatau (1.228) kYyitu6
KUCKapTUpHUIIUIApHU amanra omupcak, dG =-SdT+Vdp (20)
TEPMOJIMHAMHUKAHUHT SHA OUp (QyHIaMEHTaN TEHTJIaMAaCUHU KEJITHPUO YMKapaMus.
(28) Tenrnamana H=U+pV (21)
neb Oenrunacak, n300ap-u30TEPMUK MOTSHUITAIHUHT sTHA OUP KYPUHUIITMHU
G = H-TS (22)

Ba YHU y3Trapuilv y4yH
AG = AH-TAS (23)

TeHraManu onamus. (17) rearnamanan W',..=-AG sxannuruau Ba dG<0 na xapa€t
V3-y3ugaH OOpHMILMHU XyJ0oca KWIMII MYMKWH. CHUCTEMaHUMHI MYBO3aHAT IIapTH
G=min; dG=0 Ba d’G>(0 ra MOC KeJaju.

da3zaBuii MyBO3aHATHUHI acocuii KOHYHU. MonanapHuHr oup dazanan
WKKWHYHCHUTA ¥3ap0 YTUIIHM XaMm1a KUMEBUN peakIusaap XaM Ky3aTHIUIIA MyMKAH
OynraH reTeporeH cucremanap (pazaBuil MyBO3aHATHUHT aCOCUN KOHYHH OpKaJIA
udoaananaau, 0y 3ca TepMOJMHAMUKA UKKUHYA KOHYHUHUHT MYXUM
KYyJUlaHUNUIapuiad Oupuaup. Yoy KoHyH kynuH4ya [ mOOCHUHT (azaiap konaacu
ned aranajy.

dazanap KOMJACUHM KEITHUPUO UYHMKAPUILI YUYyH MYBO3aHAT XOJaTUAArd
CUCTEMa KOMIIOHEHTJIapU COHMHU Kk OunaH, ¢aszanap COHMHU 3ca @ Ounan
Oenrunaimus.

MyBo3aHaTaaru TreTeporeH CUCTeMaHuHr Oapua (azanmapuga Xapopar Ba
0ocuM Oup XU Ba Xxap OMp KOMIOHEHTJIAPHUHT KUMEBUM TOTEHIUAIITIAPH ¥3apO TEHT
Oynmanu. OHr cojda XOJ, S’bHU T'e€TEPOreH CUCTeMaHUHT Xap Oup daszacura OGapua

39



KOMIIOHEHTJIAp XeY KaH/Iall MCTUCHOCU3 KUpAJUraH XOJ YYyH YOy MyBO3aHAT
mapTJiapuHyd UPpoaIOBUU TEHIIaMallapHU Ty3aMu3.

CucteMa KOMIOHEHTJApHWHHM TIacTAard HHJIEKcHIap OuiaH Ba (a3amapHH
IOKOpUJIaru WHAeKcnap OunaH Oenrmnad, k Ta koMmnoHeHT Ba @ Ta (asza TyTra
CUCTEMaJIard MyBO3aHaT yU4yH KyWUJaru TeHriaMalapHy €3UITUMU3 MyMKHH:

' =1"=7"=.=T7
p1=pH=pIH=...=pd) (Vl)
Ba
I/ S // A
H =H =H =..=H
L= =
Hy = Hy = H, Hy (V2)
VN / S/ S
He =He = Hy =...= Hy

(V.1) xaropnap aiiHuil KaTopJaapAaup, YyHKH OOCUM Ba XapopaT CUCTEMaHUHT
XOJATUHU OENTUIOBYM MYCTaKWII Y3rapyBuuiaap XucooiaHaau.

(V.2) xaropmap sca aliHuil KaTopiapHu udoaaiamMaiu, YyHKH OWUTTaruHa
KOMIIOHEHTHUHT Typiau (azanapjgard KUMEBUN NOTEHIMAIU KOHIEHTpalUsiap,
XapopaT Ba OOCUMHHHT Typiiu QyHKuusiapu Ounan udoananaau (MacajiaH, CyHOK
(dazagaru KOMIIOHEHTHUHI KUMEBHUM MOTEHIMATU AKTUBIUK €KUM KOHIICHTpAIUs
Oownan udonananca, ras pazagaru KOMIOHEHTHUHT KUMEBUU TOTEHIIMAN OOCUM €K1
dbyrutuBauk Omnad udoaananaam). Yoy Karopiap acocuia MyCTaKuII TeHTJIaMaiap
TY3UIIl MYMKHH.

Mabnymku, KUMEBUN MOTeHIMaN (akaT Xapopar Ba OOCUMHUHT (QYHKIUSICH
smac, Oanku ypranuwna€trad @azaHu TallKWi KWIyBYM Oapya Mojajiap
KOHIICHTPALUSIAPUHUHT XaM QyHKuusicuaup. Yoy QyHKIUSHUHT X0cCacu YMyMU
X0JI7Ia MabJIyM 3Mac, aMMo Oup (azalaH MKKMHYKCUTA YTaéTrana Oupop KOMIIOHEHT
KUMEBUM TMOTEHIMAIUHUHT TapkuO, XapopaT Ba Oocumra OOFJIUKJIUTUHU
ndonanoBun QYHKIUSHUHT KYPUHUIIU Y3rapaaud ae0 TabKuIallliMU3 MyMKHUH Ba
(V.2) marm u =p; p' =u™ Ba OOIIKA TEHIIMKIAPHUHT Xap OHUPH MYCTaKUII
tenrnamanapaup. Kyitmaa xentupunran xucobnap (V.2) TeHrnuknap acocuaa
OyHJail TeHIJamMaldapHU TY3UII YYyH MPUHIHUIUAT HMKOHUST MAaBXKYyIJIUTUTa
acocnaHrad. byHail TeHrimamanap CHUCTEMAaCMHUHI YMYMHI XOCCAJIADUHU YpraHa
O00pub, XxoxJiaraH4a KOMIIOHEHTJIapAaH HOopaT OYyiraH MyBO3aHaT XoOJaTHaru
cucreMasnap OyiicuHaauran alpuM yMyMui KOHYHUSTIApPHU TOMHII MYMKHUH.

(V.2) Tenrnuknap KaTopura acocliaHu® Ty3WJIraH MYCTaKWI TEHIJIamanap
CUCTEMACHHU XOCHJI KIJIYBUM TEHIJaMajliap COHMHU Ba ymi0y TeHrjiamanap Kampao
OJIyBYM MYCTaKuJ Y3rapyBUMJIAPHUHT COHUHU XUCOOIAMu3.

(V.2) TeHrnukmap CUCTEMAacHMHUHI xap Oup katopu (@D-1) Ta MyCTakuil
TEHIrJIamManap Ty3ullra UMKOH Oepanu. Ym0y KaTopra KHUPYBUYM MKKUTAa KUMEBHI
MOTEHIIMATHUHT TEHJIUTUHY udoAanaiiiurad xap Kanaai oomika TeHriama (@-1) ta
TEHIrJIaMaJapHUHT KOMOWHAIMSICUAH OJIMHUIITN MyMKHH, IIIYHUHT Y4YH Y MYyCTaKuJI
TeHr;inama O0yna onMaiinu. TeHrnukiap cucteMacuaaru Karopiap conu k ta, myHUHT
Y4YH MYCTaKWJ TEHTJIAMAJTapHUHT YMYMUM COHH

k (D-1) (V.3)
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ra TeHr Oyiaau.

Yy TeHrnaMmanap cucTeMacura KHpyBYM MYCTaKui y3rapyBumiap Xxapopar,
0ocM Ba KOMIIOHEHTJIApPHUHT KOHIICHTpauusiapuaup. Xap Oup ¢azama k Tta
KOMIIOHEHT MaBXXy/Jl, aMMO XapopaTr Ba OOCUMHUHT XoXJaraH KuiMatiapuau oepud
O0u3 wucTHUCcHOCU3 Oapya KOMIIOHEHTJIADHUHT KOHIIEHTpAUUsJIAPUHU XOXJjIaraHda
TaHJai 0JIaMU3, KOMIIOHEHTJIapJaH OUMPUHUHT KOHIIEHTPAIUsACH aHUK OUp KUUMAaTHU
KabyJq KWIMIIH Kepak. Y3apo TabCHpJalIMaijuraH OWp Heda Ta3JapHUHT
apanammMacuHu kKypub unkamu3. bepuiran xapopat Ba 6epuiiran yMmymuii 6ocumaa,
OuTTa Ta3jgaH Tamkapw, Oapua Ta3JapHUHT KOHIUEHTpAlMsJIApUHM XOXJIaraHuia
TaHnab onuil MyMKUH. OXUpPrd ra3HUHT KOHILEHTPALMICH YyMyMUM OocuMm OuiaH
KoJraH Oapya mapruan Oocumiap WUFMHAUCU Opacujard aldpmara TeHr Oyirad
napiuan 6ocumra aHuK MOC KEJTUIIU [IapT.

Cywk cuctemanapia xam XyJIJId I[IyHJad OWTTa KOMIIOHEHTIIaH TalllKapu
O0apua KOMIOHEHTJIAPHUHT KOHIEHTPALUMSUIAPUHKM XOXJaraHda TaHJAll MYMKUH,
OXUPTU KOMIIOHEHTHUHT KOHIEHTPALUSICH ACa aHUK KUilmatra 3ra Oyiagu.

Mynnait kb, xap Oup ¢azagarn MyCTakuil KOHUEHTpPALUSIIAPHUHT COHU
(k-1) ra Tenr Oynamu, Oapua @ ¢dazanapaaru MycCTaKkuil KOHIIEHTPAIUSJIAPHUHT
ymymuid conn 3ca @D(k-1) Hu Tamikuia 3Tand. TonmuiaraH KOHIIEHTpAIUSIapHUHT
COHHMJAH TalIKapu, OOCUM Ba xXapopaT xaM MycTakui y3rapyBuwiapaup. LlyHunr
yayH (V.2) TeHINuKIapJaH OJWHraH TEHrJaMalap cHucTeMacu Kampald oJraH
MYCTaKWI y3rapyBUMJIAPHUHT YMYMUN COHU

D(k-1)+2 (V.4)
ra TeHr Oyiaau.

Arap MycTakuwi y3rapyBuujap COHU ylapHu OOfiad TypyBYM TEHIJIamaiap
COHMIa TeHT OYyiica KyWHJaruHu €3uIMMu3 MyMKHH

k(®-1) = O(k-1)+2
VY xonpa xap Oup MycTakwi y3rapyBUd KaHAaaup KaTbuil Oup KuilMaTHU KaOyi
KWwiaau Ba  OyTyH  cucTeMa  xapopar, OOCMM  Ba  KOMIIOHEHTJIAp
KOHIICHTpAlUsIIapuHUHT  Oapua (Qazamapgaru  OupnaH-OMp MyMKUH OYyirad
KUiiMaTiapuaa MaBxys Oyna onaau.

Arap TeHIJIamanap COHM MYCTaKWI y3rapyBuujiap COHUJAH KUYHK OVIca,
yinapHUHT (apku F ymlOy TeHriamanap €ku azajiap COHUAA X0XJIaraH KuiimMaTiapHu
Oepuill MyMKUH OYJIraH y3rapyBUMJIapHUHT COHUHU KYpcaTaiu, YyHKUA TeHraManap
coHUHHM (hazajap COHU OeNTUIalIu:

F=®k-1)+2-k(D-1) (V.5)
(V.5) Tenrnama y3rapTupHIUiapiaH CYHT KyHuaaru
F+®=k+2 (V.6)

KypuHuiiHu onaau. 1876 imnma ['mbOc ToMoHUAAH Takiaud KUIMHTaH YHIOy
TeHrjama (azanap KougacuHu udopamaiam.

Arap CHCTEeMaHUHT MaBXYJJIMK IIapouTiIapu OOCMM Ba XapopariapaaH
TalKapy stHa KaHAalaup y3rapyByaH MHTEHCUBIUK (pakTopiapu Ouiian OenruiaHca,
MacallaH »3JIEKTp NOTEHIMadu OWllaH, y XO0Jila MYCTaKujJ Y3rapyBuujap COHH
Kynasiad. Arap, aKCMHYa, CHCTEMAHMHI XOJaT MapaMeTpiapuiaH apumiapu
JOUMUN KWUiauO ynuiad Typuica, yHAAa MYCTAKWJ Y3rapyBuujap COHU KaMasijiy.
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HIyHUHT yuyyH YyMyMUH X0Jia TalIKH (PaKTOPJIAPHUHI COHMHMU h OujaH Oenruiao,
['u60cHuUHT dazanap KoMIACUHU KyHuJaru

F+®=k+n V.7)
TeHrJ1Iama OuiaH udoaaaaHaIm.

Kaaneiipon-Kuay3nyc renrinamacu. To3za MOATaHUHT UKKUTA azacu
MyBoO3aHaTAa Oyica, ymoOy 7' Ba p 1a yIapHUHT KUMEBHUM MOTEHUUAIUIApU OUpP XU
oynanu. Arap y3rapmac p na 7' Hu y3raptupuica €ku y3rapmac 7' 1a p HU
V3raptupuica ¢aszanapaan oupu nykonaau. JIekuH, Oup BakTHUHT y3una 7 HU XaM
P HU XaM IIyHJai y3rapTupcakku, OyHaa ukkana ¢pa3aHuHT KUMEBUI
MoTeHIMaIapu Oup xui 0ynub Kojca, cucTeMaa aBBaTUACK UKKUTA (haza
caknanu6 xonanu. bynnait dp/dT O6ofrnanuiu yuyH TeHriaamanu Knaneipon
kentupuO unkaprad. Knaysuyc sca, KnaneiipoHHUHT TeHIrJlaMacuHU OyFJaHUII Ba
CyONIMMATIaHUII YYYH COJIANAIITUPUII HYIIMHU Kypcatau, OyHaa y OyF ujeanl ras
KOHYHHra OyilcyHaau, 1e0 TaXMUH KWW Ba CYFOKJIMKHUHT MOJISIP XQKMH V oy,
OyFHUKUIAH Vi )Kya KHUMK OYITaHIury cabadbiu yHH Xucobra onmMaca Oyiany,
neraH (GUKpAAH KeTuO YUKIIH.

Kaititap xapaéunap yuyn dG = -SdT+Vdp Ba dG,r = (Zudn),r
TeHrJIamanapaan / moas T03a MoamaHuur (n; = Ina, dG; = du;) 1- Ba 2-dazamapu
yuyH ['n00c¢ sHeprusicu ypHUra KUMEBUI MNOTEHIMATHHU €3UIIMMU3 MYMKHH:

du® =-S"aT + vV Vdp
du® =-SOdT +Vdp

Mygosanar xonataa dasanap opacuna du’= du® maprt 6axapunaau Ba (V.8)
TEHIIAMAJaPHUHT VHI TOMOHIApY XaM y3apo TeHr Oymamu. Mabaym
Y3rapTUpMILIAPAAH CYHT MyBO3aHATAAry (aszanap yayH KyHuaaru

22 (V.9)

AV dT
TeHrIaMaHu onamus, 6y epaa AS = S@ —sO . Ay =p@ _pO,
Kanrap n3orepmMuk xapaénnap yu4yH TEPMOJNHAMUKAHUHT 2-KOHYHHIAaH AS
= AHyp ymu/T, Oy epna AHgp jmu — dazaBuil YTUII UCCUKIUTH, T — ¢pazaBuil YTHIL
xapopatu. AS aunr kuiimatunu (V.9) ra kyiicak,

e AR DR A
T (V.10)

T-AV
udonanu omamui3. by tenrmama Kianmeiipon tenrmamacu nedunanu Ba (dazanap
opacujard MyBO3aHaTHM HM(OJATOBYM TEHIJIAMAHUHT aHUK KYPUHUIIUHU
uponanaiigu. CyrOKJIMKHUHT MOJIAP XaKMHU OyFHUKUJIAH JKYyJa KHYUK YKAHJIUTUHHA (

(V.8)

V eyioc<<V 6yr) Xxucobra onu0, (V.10) Tenrnamanaru AV =Vege—Vepor ypHUTA AV = Ve

neb oncak Ba V. YpHUTa HAeal ra3 XoJlaT TeHriamacujaaru RT/p HU KYyicak,
KyWHJIarujaapHu KeITUPUO YUKApaMU3:

d_p_ AHgl)ymum _ AHﬁy&v'p

2
dT T V oye RT

(V.11)
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AH dlIn AH
D — ginp =210 4 (V.12)  éxn F=—2
P RT ) dT RT
V.13) tenrnama KianeiipoH TeHINIaMaCUHUHT TaKpuOWN KYpuHHIIK OYIuo0,
p p yp y

Kimanenpon-Knay3suyc Tenriamacu neinnany.

(V.13) tenrnamanu (V.12) nan xkeatupu® uyukapuiijga OyFHU KPUTHUK
HYKTaJaH, S’bHU ra3 X0JaTUAaH y30Kaa 1e0 OJIMHTaH.

(V.13) Tenrnmamanan OyfiaHUII HWCCUKJIMIU YYyH Kyluaaru uQPOaaHU
KEJIITUPUO YMKApaAMU3:

(V.13)

AH gyen = RTMC]{H—TP (V.14)
(V.14) rtenrmama xam Kianelipon-Knay3uyc TeHIJIaMacMHMHI — TaKpuOui
KYpUHUIITUIUD.
byrnanum uccuknuruHuHr 7 ra OOFIUKIWTH Mabiym Oyica, (V.12) Hu

MHTErpauiall MyMKkuH (0ynaa AHgy., HU const ned onamus):
At g
dln =———JELJI"2dT \Y4
f P R (V.15)

. _ 1
(V.15) TenrnamaHuHr YHT TOMOHUJArU UHTETpa ocTuaaru udomaa IT 24T = -—+C ra

TEHT OYJIraHU Y4yH:

AH ;
_ V2L,
(V.16) Tenrnamanaru Hatypai Jorapu@mMHu YHIH JorapudM KYpUHUIIUTA YTKA3CAK:
—-AH,
1 _ Vel e
S 303RT (V.17)

Oy epaa C Ba C' uHTErpaiail JOUMUNCH.
(V.17) vu Kyiingaru kKypunuia €3cak oynaau:

A
lgp:—?+B (V.18)

Oy epna 4=l Ba B=C
2,303R )

(V.18) Tenrnama TYFpu YM3HUK TEHrJIaMacuaup, Aemak [gp uudr I/T nan
OOFNIMKJIMIY YU3UKIIN OYynaau.

XapopaTHUHT KEHI Opajufuja YU3UKIW OOFJIAHMIIJIAaH YETJAHUIILIIAP
Ky3aTWIaJ¥, YyHKA ailpuM TaxMUHJap (TEHIJIaMaHu YMKapaéTraHja KWJIWHTaH) V3
KyuuHU HyKkoTanu. [gp = f(1/T) un3ukiu OoffaHUIaru OypuakHUHT TaHTEHCH 12X
= AHpy.:./2,303R Ta Ba opaMHAaTa YKU OwiaH kecumrad Hykra C' ra TeHr Oynaau.
bynnan OyfiiaHuI UCCUKIUTH YUYH AHpp., = tga -2,303 R TEeHIr1aMaHu OJlaMu3.

Kynunua p; nan p, raya Ba 7; nan 7, radya WHTerpajuiarania Xocwui Oyiras
TeHrinamajnan Qoitnananum Kynanaup. (V.12) Hu uHTErpaiaiMmus:

i AHoon o AHgo| 11
Idlnp ZTIT dT (V.19) In p; —In py ZT{—E—(—E)} (V.20)
P 4
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Py _ AHgen(T) —Th) 2303R-1gpy/py- T, - T,

» 2303RT; T, T, -T
Ymly Tenrnama O0yiinya OyfiIaHUII €KUM CyOJIMMATIAHUII UCCUKIUTMHU XHcoOaca
oynanu. Mossp OyFinaHuI UCCUKIUTUHU Tonui yuyH (V.22) ugomnaHu MOJJaHUHT

MOJIEKYJISIp Maccacura 0ynubd rodopunaiu:
_2303RIgp,/ p-T7 - T,

v (- M
Kimaneipon-Knay3nyc TeHrmamMacuHu KOHIEHCHpJAHTaH CHUCTEMaapaaru
¢dazaBuil yrunuiapra xam Kyimnam MyMkuH. Cyroknanum xapaéau yuyH (V.10)
TEHIJIAMaHU KyWH1aru KypuHUIaa €310 olaMus:
dT  TAV

dp  AH

CYIOKIL.

(V21)  AHge. = (V.22)

(V.23)

(V.24)

Oy epna: dT/dp — 6ocuMHUHT OUp OUPIMKKA Y3rapUIlli/ia CYIOKJIaHHII XapOPATUHUHT
y3rapumy; T — cyroKnanum xapopatu, K; AH,yo. — CYIOKIAHUII UCCUKIUTH; AV =
V.-V, — KaTTHUK XOJIATAAH CYIOK XO0JaTra YTUII )Kapa€HUAAru XaxM Y3TapUIlu.
dT/dp XOCUJTaCHHUHT UIIOPACH CYIOKJIAHUII XKapa€HUa XaXM Y3rapuIIuHUHT
uiopacura 6ornuk Oymaau. Arap V.>V, Ba AV>0 6ynca, dT/dp>0 Oynaau, sbHU
CYIOKJIAHMIII )Kapa€Huia CyloK (ha3aHUHT XaKMHU KaTTUK (a3aHUKHUIAH KaTTa Oyica
O0ocuM OpTHUINM OWIAH CYIOKJIAHUII XapopaTu opTaau. Arap AV<0 o6ynca Gocum
OpTUIIM OWJaH CYIOKJIaHUII Xapopatu nacasnu. CyB, BUCMYT Ba OolllKa aipum
MojAanapruaa OyHaal xoccalapHu HaMOEH KHUJIaJIu.
Konnencupnanran ¢Qazanapaaru  y3apo YTUII XapOpaTUHUHT Oocumra
HUcOaTaH Kydycu3 OOFJMKJIUTUHY XUco0ra o0 Kyluaaru
dl AT TAV
dp  Ap  AH

(V.25)

CYIOKIL.
TEHIJIaMaHd €E3UIIHMMM3 MYMKHH. yIH6y TCHIJIaMaJlaH CYIOKJIaHHUII HCCUKIINTU
AdHUKJIaHaIu.

Hazopart caBosiapu:

1.Kaiitmac sxapaéH SHTPONUSICUHUHT Y3rapuiliyi OujaH UCCUKIIUK Opacuaru

MaTeMaTUK MYHOCA0aTHU €3UHT.

2.V3-y3uman GopyBuM >kapadHiapia: MUKH SHEPTHs Ba XaXKM y3rapMac
Oynranga, >HTpornusa KaHjal y3rapagu? bocuM Ba Xxapopar y3rapmac Oyiranna,
['u606c >nepruscu Kanaait yzrapaau?

3.butTta MOpmaHUHr y4dTa arperar XoJaTiapJard MOJSp SHTPOMUsIIApH
KaHaall MyHocabarna Oynaau: ra3, Cyrok, Kartuk. Kaiicu 6upu xarra?

4.bepwiran TepMOAMHAMUK cHCTeMaHUHr [uOOc »sHeprusicu Owian
['enbMmronell sHEprusick opacuaa KaHaal myHocabat 0op? YHHUHI MaremMaTHK
udogacuHu E3UHT.

5.Kanpmait  xomnmapaa  TepMOAMHAMHK  (YHKIOUSIAD  TEPMOAMHAMUK
NOTEHIMA/NIAPHUHT Xoccajapura sra 6ynamn? YsrapMmac 6GocHMM Ba Xapopatia
KUMEBUM peakUIHUHT Makcumaln Goilanu Uil HuMa xucooura Oaxkapunaau?
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6.Kuménil peakuust ['mO0C >HEPTUACUHUHT Y3rapuilll XapopaTra KaHJai

0ornuk? ’KaBoOMHIU3HU acociad OCpHUHT.

7.I'mb60c »HeprusicuHUHr ¥y3rapMac Xapoparna (¢dakaT KeHTalui UM

Oaxkapuiica) 6ocumra OOFIUKIUTMHU U(OJATOBUM TEHTJIaMaHUHT TuddepeHnnan
KYPUHUIIUHH E3UHT. [ €1bMIroMbll SHEPTHUACH y3rapMac xapopaTaa XaXMra Kanaau
0ornuk ((akat keHraitum uim 6axxapumnca)?

8.V3-y3uman GopyBuM KapaHHMHI WYHANMIOM XaKua DSHTPOIHS

V3rapuiuHUHT UIIopacu Oyitmdya (UKp IOPUTUIN YYyH CHUCTEMAaHUHT Kaiicu
napameTpJapuHH y3rapmMac KHiIn0 Typuil kepak?

9.®a3a, KOMIOHEHT, KOMIIOHEHTJIAP COHU, 3PKUHJIMK Japa)kacu, MyCTAKUJI
napameTpiap TyLIyHYalapu.

10. dazanap KOMJACUHU E3UHT Ba YHU TYPJIU CUCTEMallapra TaJ0uK KUIUHT.

11. Kuaneiipon-Kiay3nyc TeHIIIaMacuHU TYIIYHTHPHHT.

12. CyroKJIUKHUHT TYHUHTaH OyFu 1e0 HuMara aitunaau’?

13. MyBo3aHaT xoJjlaTW/la CYIOK Ba KaTTUK (a3anapHd TyTraH Oup
KOMIIOHEHTJIM CHUCTEMaHUHI TEPMOJMHAMUK SPKUHIMK Japakalapu COHU
Heyara TeHr?

14. bup KOMIIOHEHTIM CHUCTEMaHUHT XOJIaT JUarpaMMacuiard ydjiamuu
HyKTa HUMa?

15. 26,6-10° Ila GocuM OCTHAA LUKIOTEKCAH Ba JTHIALETAT OHp XHJI
xapopataa KaitHaiingu. Huma ydyH HopMman OocuMIa UHUKJIOT€KCAaHHUHT
KaliHam xapoparty stunanerataukunad 3,6 °C roxopu?

16. ®azaBuii MyBO3aHATHUHI YMYMUN TE€PMOJUHAMUK IIAPTH KaHAAN?

17. Kartuk xucM ycTujgaru TyluHran OyF OocuUMH XapopaTra KaHJai
OofnaHran?

18. bepunran xapopataa CYIOKIUKHUHT OYFJIaHUII UCCUKIUTHUHU Tpaduk
épnamuga xucoOnam kepak. ['padukau Ty3uHT Ba xucooOuail GpopMynacuHu
€3UHT.

19. bup KOMINOHEHTIU CUCTEMAHUHI YWIiaM4d HYKTacuJa TEPMOJIUHAMUK
SPKUHIIMK JapakaJIJApUHUHT COHU Heuyara TEHI?

20. Tamku OocuM Y3rapTHUpWIraHJa CYIOKJIMKHUHT KalHaIl XapopaTu
Vy3rapaau. ByfiiaHuil MCCUKJIWTMHUHT KaWHaIll XapopaTura OOFJIUKIUTUHU
Kaiicu TeHr1ama OusaH udoaaiaml MyMKUH Ba HUMa Y4yH?

21. CyBHUHT OJIUii Ba IOKOpU OOocUMIIapAaru XoiaT AuarpaMmmaiapi.

22. bupuHuYM Ba UKKUHYU Typ (PazaBuil YyTUILIAPHU TYUTYHTUPHUHT.

23. DOpeHdecT TeHrIaMajlapuHUA TYLIYHTUPHUHT.

24. OnTuHryrypT Ba (ocPOpHUHT X0JIaT TUarpaMMalIapu.

25. Ou3MK-KMMEBHM aHAIW3 Ba TEPMHK aHAJIA3 TyLIyHYaIapH.

26. CoBui nuarpaMMacyHU TYIIYHTHPHHT.

27. MoHOoTpoIl Ba 3HAHTUOTpPOII (pa3zaBuil yTunuiap Kangau oynanu?

28. KoHHOIa 4yM3UFH, KPUCTAJUIAHUII UYJIU TyIIyHYaJapH.

29. Hkxu KOMIOOHEHTIM CUCTEMAJIAPHUHT X0JIaT IUarpaMMacH.

30. Cyrok XxoJlaTaa YEKCH3 DJPUWJINITaH Ba KATTHUK JSPUTMA XOCHII
KWIMalAUTaH UKKU KOMIIOHEHTJIM CUCTEMAHUHT X0JIaT IUarpaMMacH.
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31. VHKOHIpY3HT CYIOKJIaHYBUM KUMEBUH OWpPUKMA TYTTaH HKKH
KOMITOHEHTJIM CUCTEMAJIAPHUHT X0JIaT JUarpaMMacH.

32. DBTEKTHUK, IEPUTEKTHUK, CHHTYJISIP Ba JUCTEKTUK HYKTajap.

33. JIukBHAYC Ba CONUAYC YM3UKJIAPUHUHT MAbHOCU KaHai1?

34. KarTtuk Ba CYIOK XOJaTjapAa YEKCU3 SPUUAUTIaH UKKA KOMIIOHEHTIN
cucreMaap.

35. TlepuTekTHK HyKTa OWJIaH 3BTEKTUK HYKTa opacujia Kanmail Qapkiap
6op?

36. VY4 xomnoneHtnu cucreManap. PozeOym Ba ['m60c ycymapu.

37. DPpKUHIMK Aapa’kacu Ba CHCTEMaHUHI BapUaHTIIUTU TyLIyHYaJapH.

38. Karrtuk spurmanap. Yeknu Ba 4eKCHU3 3pyBUAHIIMKKA 3ra OYITraH KaTTHK
SPUTMAIHU CUCTEMATIAP.

39. bup KOMIOHEHTIM cUCTeMallapAa reTeporeH MyBo3aHaTJIapHu udonaa-
JIOBYY TEHIJIAMAHU KEJITHUPUO YUKAPHHT.

40. Kianeitpon-Knay3nyc TeHrnamMacMHMHI aHUK, TaKpUOWIl Ba WHTErpal
KYpUHUIUIAPUHU E€3UHT.

41. KoHIpysHT paBHIIJa CYIOKJIaHYBYM KUMEBUU OMPHKMA TYTraH HKKHU
KOMITIOHEHTJIM CUCTEMAJIAPHUHT X0JIaT JUarpaMMAaCUHU TYIIYHTUPHUHT.

42. VIKkM KOMIIOHEHTJIM CHUCTeMajapja yuypalJuraH XoyaT auarpamma-
JAPUHUHT TYypJIapUHU KYPCATHUHT.

43. Tlomumop@ YTHUNIIAPHU TYIIYHTUPUHT.

44. Enxa KOMIZACUHU TYyLIYHTHUPHHT.

45. DOBTEKTHMK HYKTalM Ba 3BTEKTUK HYyKTara sra OyiMaraH HWKKU
KOMITOHEHTJIM CUCTEMAJIAPHUHT XO0JIAT JUarpaMMaliapH.
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AMAJIUA MAIIFYJOTJAP MA3SMYHHU

1-AMAJIMA MALIFYJIOT. SPUTMAJIAP
TEPMOINHAMHUKACH

PEXA:

OpuTManapHu TePMOJUHAMUK HYKTaW Ha3apJlaH TacHUGIAII;
[Tonumep s3pUTMaNTaApPHUHT Y3UTa XOC IPUII MEXAHU3MH;
[Tonumep 3pUTMaNapHUHT Ha3apUsIIAPH;
I'ecc Ba Kupxrodg¢d konynnapuman ¢oiinanann® KUMEBUN peakIUsUTAPHUHT
UCCUKIUK 3(PPEKTUHU aHUKIAI,
5. KuméBuit peakuusiiap Ba (PU3UK-KUMEBHUM ‘KapaCHIAPHUHT HMCCUKIIUK
s dexTnapunu yyar.
Tomuupukaap:
-Kyld Ba IOKOPM MOJEKYJISp MOJJalap 3SpUTMAJapUHUHT y3Ura Xoc
TOMOHJIAPUHU KYPCATHIIL;
-[OJIUMEP SPUTMATIAPUHUHT XOCHIT OYIIHII MEXaHU3MHUHU YpraHuUIIl
-3PUTMAHUHT UCCUKJIUK CUFUMUHY aHUKJIAIIL;
-TY3HUHT UHTETrpaJl SpUII UCCUKJIUTUHU aHUKJIAIIL;
-CYBCU3 Ty3 Ba CYBJaH KPUCTAJUIOTHAPATHUHT XOCHUJI OYIJIHII HUCCUKIUTUHU
aHUKJIAIIL;
-KyWId KHCJIIOTAaHMHI COJIMIITUPMA Ba TYJIUK HEUTPAUIAHUII HUCCUKIUTUHU
aHUKJIAIIL;
-TY3HUHT CYBJIa SPUII UCCUKIUKIAPUHUHT U30TEPMACUHH TY3UIII;
-3JIEKTPOJUTHUHT TUAPATIAHUII UCCUKIUTUHA aHUKJIAIT;
-OXUPTH 3PUII UCCUKIUTUHU aHUKJIAII,
-TYpJIM M KOHUEHTpalusuiap/ia Mapiuual MOJISIp SPUIl HUCCUKIUKIAPUHU
TOMUII;
-OpaJIUK MCCUKJIMKJIIAP aCOCHIa UHTETPasl SPUII UCCUKJIUTUHU aHUKJIALIL;
-Cp=f(m) un3manu Ty3uml.
Xucooam ¢popmyianapu:

el

C=2Cyi g (1),
Ck — KQJIOpUMETPUK CUCTEMAHUHT UCCUKJINK CUFUMU;
Cp,i— KanopuMeTp KUCMIIAPUHUHT COJIMIITHPMA UCCUKJINK CUFUMIIAPH;
gi ~ KAJIOPUMETP KUCMIIADUHUHT MacCajlapu.
A Hepunr=Cic A TM/g (2),
A Hepun — MOAJAHUHT UHTErPa SPUILL UCCUKIIUTH;
AT — Gonutanruy Ba siIKyHUM naBpiapaaru bekman TepmomeTpu
KYpCaTKUWIAPUHUHT PapKu;
M — MOAZTaHUHT MOJIEKYJISAP MaCCacCH;
g — OJIMHT'aH MOJJaHUHT MAaCCAaCH.
A HFI/Iﬂp,: A Hcych -A HKpI/ICT.FI/I,IIp.
A3),
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A Hiupp — KpUCTAIUIOTUAPAT XOCKI OYIIUII HCCUKIUTH;



A Heygens — KYPYK TY3HUHT 3PUII UCCUKIIUTH;
A Hipuer.runp — KPUCTAIUIOTUAPATHUHT SPUII UCCUKIIUTH.

A heor= —AHK Ao 4),
Elist.

A heon — KHUCTTOTaHU UIIKOP OMJIAH HENTpasliall COTUIITUPMA UCCUKITUTH;

A Hi=C(A T — KHCIIOTAaHUHT UIIKOP OWJIaH apayaliuil UCCUKIUK 3dDeKTu;

A Heyionr. — KACTIOTaHU CYB OMIJIAH CYIOJITUPUII HCCUKIUTH;

g, - KHCJIOTAHUHT MacCacH.

100-M,,, _AH, - AH

suyul. (5),

Vst Mg,

A Hy=A heoy - éku A Hy

Miucn. — KACIIOTAHUHT MOJIIP MAaCCacCH;

P — kuCIOTaHUHT TPOLIEHT KOHIICHTPAIUSICH;
Viuen. — KHCIIOTAHUHT XAKMHU;

Myycn, — KACIIOTAHUHT MOJISIP KOHIICHTPALUSICH.
NimHuHT 0akapuiInIm:

1. KajnopuMeTpUK CHCTEMAHUHT UCCUKJIMK CUFUMUHH aHUKJIAII
KanopumMeTpuk cucTeMaHUHT UCCUKINK CUFUMUHU KaJTOPUMETPUK CYIOKJIUK Ba Y
OwiaH TyTalllaH KaJOPUMETPHUHI Oapya KucMJIapu (CTakaH, apalaliTUpIrud,
TepMOMeTp, Moana) uuruaaucu cudaruna (1) TeHriamagaH XucoOnaHaIu.
TepMOMETPHUHT UCCUKIWK CUFUMH YHUHT KQJIOPUMETPUK CYIOKJIMKKA TYIIMPUITAH
KHCMHU 3rajularad Xa)kKMHHU IIUIIa Ba CAMOOHHMHT YpTaya XaXXMUU UCCUKIUK CUFUMUTa
kynaiitupuin opkanu xucodmananu: 1,925 XK/ecm> K. TepMOMETPHUHT CYIOKIHMKKA
OoTUpUITaH XaXKMUHU YIIUYOB CUJMHApUIA aHUKIA0 onuHagu. Kymnanunaérran

MaTepuaIapHUHT COJUIITAPMA UCCUKIUK CUFUMIIAPUHU JapClIUKIaH KapaHr.

2. BeKMaHHMHI METACTATHK TEPMOMETPHAA CUMOO CATXHHHU YPHATHII

bekMaHHUHTI MeTacTaTUK TEPMOMETPUHHUHI OAJAMM TepMoMeTpAaH (apKu
IIYHJAKW, YHUHT KanWwuIsipd IOKOPHM KHCMHUJAArd CUMOO YYyH MYIJDKajUIaHTaH
KyliMMua pe3epByap OwiaH ynaHraH Oynanu. Ymly mociiaMa TePMOMETPHUHT
NAaCTKA  KUCMHUJArd CUMOOHMHI MHUKIOPUHHM Y3rapTUpHINra Ba Kamwulsaplaa
CUMOOHMHI OwW3ra Kkepak OYiraH caTXMHM YpHaTUIOra HWMKOHHAT Oepaju.
TepMoMeTpHUHT MmIKajdacu ojataa 5-6 rpaaycra OYiauHraH Ba Xap OUp KHYUK
oynakyanap 0,01 rpagycHu tamkun Kwiagu. Llysunr yuyn nynagas ¢oiigananu0
ymaammapaun - 0,002-0,003  rpagyc aHHMKIMKIA YTKa3ul MYMKHH. bekmaH
TEPMOMETPUHU KAJIOPUMETPUK CYIOKIMKKAa OOTHpWIraHga CHUMOOHUHI CaTXH
HIKaJaHUHT ¥pTa KUCMUAA OYIUIIMHA TabMUHJIAUAUIaH KWIHO co3inaHaau. Arap y
IIKaJaHUHT MacTKM KUCMUJAa €KM IIKajJaJaH [acTaa TyxTad Kojica, HOKOpH
pe3epByap/iaH MacTKU aCOCU pe3epByapra Kylmunmia CuMo0 YTKa3uiau.

3. AT Hu aHUKJIaII

Kanopumerp noummwmiicu Ci HHM aHUKIaraHjgad, bekMaH TEpMOMETPUHHU
CO3JIaraHJiaH Ba KaJOPUMETPHUK KypWJIMaHHM Hufra"jgaH kelnH Oeocuta AT Hu
aHuKJamra yrunaaud. Taxpuba BakKTuJa TallKd KOOWK OWJIaH HUCCHUKIIUK
AIMAIlMHUAIIY, UIYHUHTZAEK apajaliTUPHUIN  HATWKacuJa MCHUIIM  XucoOwura
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KAJIOPUMETPUK CHUCTEMAHUHT TeMmIiiepatypacu Vyi3rapranu Ttydainu, AT HuHT
Xakukui kuiiMaTtu ymuanran AT nan gapk kuiaau. MccukInk alMalimHUIIMAATH
Varapunuiapau T=f(7) OOFIMKIMKHU YpraHu® Ty3aTMa KUPUTHUII OpKalu Xucoora
onuHaau (pacmra kapanr). bapua Ttaxpuba 3Ta ngaBpra OynuHaaAW: AacTiaOKu
(xamuma 5 mMuHyT), acocuid (kapa€H Te3nurura OOFJIUK ) Ba AKYyHHM (kamuga 5
MuHyT). T=f(7) OOFMMKIWMKHM Ty3ull y4yH Xap 30cek aa TEpPMOMETPHUHT
kypcartknaaapu é3u6 Gopunamu. I'padux 1-2mm 0,01°C ra moc kenran macmradna
yu3uiaau (TeMieparypaiap YKuga y3uiauil Kuinin MymkuH). AT Hu rpaduk
épramMuna OyHOal aHUKIAIl HMCCHUKIMK — alMallMHUIIWAA MHYKOTWIraH Ba
apalalliTUPUII HaTWXKacuaa KaOyl KWIMHTAH UCCUKJIMKHUHT KUHMaTHHU XHCOOTra
OJIMIIITa UMKOH Oepajy.
4. Ty3HUHT CyBJa HHTErpPaj 3pUIl UCCUKJIUTHHHU YIYALI

Crakanra 500Mn nMCTWIUIaHTaH CyB KyWwnaau. Ammyiara ST MaiJajlaHTaH
KYPYK Ty3 COJIMHAIU. AMIYyJIaHH KaJOPUMETPUK CYIOKIMKHUHT U4uura OOTUpHUO
MaxKamJaHaIu, 10-15mun TEPMOCTATJIAHAIH, CYyHIpa TemIreparypa
KYpCATKMWIApHHN 310 Gopuiamu(nacTiabku 1aBp). YH OMPHMHUM KypcaTKhuIa
aMITyJia CHHIUMPUIaAN Ba 3puTMaaaH onub Kyiunaau, my cabadmnu (1) TeHrnamanax
C« HU XHCO0OMa€Trania YHUHT UCCUKIMK CUFUMHU XHUcoOra onuHManau. XKapaéHHUHT
AT KuiiMaTu aHUKJIAHTAHIAH KeWMUH MHTETpall SpUII UCCUKIUTHU (2) TEeHIriIamaJaH
xucobmanaau. A Hepum HICCUKIUTUHM YUTA YIYAIIHUHT YpTadyacu cudaTuia ONMHAINA
Ba XK/moun napaa udoganangu.

5. KpucTa/uioruApaTjiapHUHT XOCHI OYJIMII HCCUKJIUTUHH T4l

CyBcu3 Ty3HHHI Ba KPHUCTAJUIOTHMAPATHUHT HMHTETPaAj 3PUILI HUCCUKIUKIAPU
Vnuanaau Ba ['ecc koHyHUM OYitnua (3) TeHrIaManaH KPUCTAJUIOTUIPATHUHT XOCHUII
oynmum uccukymru xucobnmananau. CyBCU3 Ty3 Ba KPUCTALIOTHAPATIAP XOCHII
OynmaétraH  HSpUTMAJTAPHUHT  KOHCEHTparcusiapy  Oup  Xuil  OYJIUIIMHU
TabMUHJIAWIUTaH MUKAOpAapaa oiuHaau. CyBcHU3 Ty3 COJIMHTaH aMITyJIaHUHT OF3UHU
TUKUH OWIaH OEpKUTUO KYWHIll Kepak (XaBOHUHI HAMUHU Y3WUra IOTMACJIUTH YUYH).

6. HeitTpayustaHuIl MCCUKJIMIMHM yr4yanl

Xap Kanmail kyunu  Oup acociau 1 MOJ KMCIOTAHUHT Ky4IM acociap OuiiaH
HEUTpAJUIAHUII PEAKCUSCH CYIOJNITHUPHWITAH CYBIW SpUTMaiapiaa Jespid Oup Xui
sK30TepMUK ekt Ounan 6opanu: 298 K na ~55,900 x2K/mon. Ymby uccukiuk
s ekt ruApaTIaHnrad BOAOPO Ba TUAPOKCUI HOHTIAPUAAH CYIOK CYB XOCHJI OV I
peakcuscura Moc KeJajau:

H} +OH, —H,0(c)+55,91K/ Mo,

Kucnoranusr umkop OunaH cConumTupMa A Xeoq (1T 3putmacu yuyHn) Ba mossip A Hy,
(xkucnotanuHr Imonu  y4yH) HeWTpasanum —uccukiaukiapu (4) Ba  (5)
TEHIJamMajapaaH aHUKJIaHAIH.

Kanopumerpuk crakanra NaOH nunr 0,2% mu (0,1H nu) sputmacunan
500cm® kyiimnagu. bym Ba Tynaupunran crakamnapaud 0,1T aHMKIMKIAa TOPTUO
yIapHUHT  (apKugaH  UIIKOP  SPUTMACUHUHT  Maccacd  aHUKJIaHaIu.
TepmocTtatiaranian Ba OOIUIAHFUY JaBpUJAard TeMIleparypaiap aHUKJIaHTaHJaH
CYHT, MIIIKOP APUTMACUTa OJAUHAAH TYIIUPUO KYWHUITaH 10cm® 10% (€xm 5,0H
mu) HoSOs HUHT 3puTMacu COJMHTAH aMIlyjda CHHAMPUIIAIU. OpPUTMaHU
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apajamTUpud TypraH xXojJa acocCHil JaBpAaru Temmueparypa y3rapuuuiapu €3u0
oopunanu. TemnepaTypa y3rapuiuiapu TyXTaraHjaH KeWUH XaM, SIKYHUU JaBpHUHT
HYKTaJIapUHU aHUKJIAIl MakKcaauaa, yirdanoap 1asom srrupwiaau. Cyarpa A T HuHr
kuitmatu T=f( 7 ) rpaduknan anukiianaau (pacMra KapaHr) Ba >kapaHHUHT UCCUKIIUK
apdextn A Hyx xucoOmanamm.

Kucnora spurMacuiu MIIKOp 3pUTMAcUTra KyHTraHAarn yMyMud HCCUKIUKKA
HEUTpAJUIAHUII MCCUKJIWUTUJAH TallKapu KUCIOTaHW UIIKOpAA CYKOJITHPUII
UCCUKJIUTH XaM Kupaau (MIIKOp SPUTMACUHUHT Xa)KMU KaTTa OYNnraHiauru cabadiu
(akaT KUCIOTAaHUHT CYIOJITHUPHUII HCCUKJIMTUHM XucoOra onamui). Kucnoranunr
cytonrtupunl  MCCUKIUTH A Heyor, B 10cM® 5,0 H nmu kucmorarm 500 cm?®
JUCTUJUIAHTAaH CyBra (MILKOp dpUTMacura smac!) Kymranaart UCCUKINK 3P HEeKTUHH
¥nmuad Tonmamuz. CyndaT KUCIOTAHUHT CYIOJITHUPUII HMCCUKIUTH XaM SK30TEPMUK
Oynranauru cababiu, YHUHI KUUMAaTUHU YMYMHH HEUTpayutaHuil uccukiauru A Hy
JaH altupuO TallJaHaIu.

OnuHran HaTUXanap >kaJBajira TYIIUPUIAIN.

1-skanBaJ
KaﬂopnMeTan CUCTCMAHHUHTI UCCUKJIMK CUFTUMHUHU XHCOﬁHaIH
Cucrema Kucmiiapu T, Cx
rpamm | Conumrtupma, | YMyMHUi,
K/r*K K/K

CTaKaH. . . ..ottt e i
AN €21 11100319171 7 & (O
Kanopumerpuk cytokmuk (cyB €xku 0,1 H m
170000:0] o) JRRUURRN
Moana mukaopu €ku 5 H nu KUCIOTaHMHI XaKMHU
bexmaH TepMOMETPUHUHT CYIOKIMKKA OOTraH KUCMHHHHT
XATKMEI .« oo ettt ettt et et et ettt e et
CimZChi i o v ettt i e

2-kaaBaJl

Epuin, KpUcTa/UIOrHAPAT XOCH OV/IMII Ba HEHTPAJUIAHMIN HCCHKJIMKJIAPUHH
ynqam HaTHKAJIapu
TOC: ; VKaJ] CYIOK. :SOOCM3, MHaOXZO,l H; VKI/ICJI. :10 CM3 , MKHCH,:S,O H.

MonaHuHr Monna M AT AHepun AHeyse | AHyp | AHrgpxs | AHe | AH | AH | Ah

HOMH MHKJIOpH, s A cyonr. | meiir | con,

r K/mon Kir

K3[Fe(CN)¢] 5,0 3288 |  ATepuw=

CuSOq4 5,0 159,5 | ATepun=
CuSO4*5H,0 2495 | ATepun=

NaOH 500 mn 40

HzSO4 10 M 96 ATKZ

H,O 500 mn 18 AT cyion=
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2-AMAJIU MAIIFYJIOT: SPUTMAJIAPHUHI KOJIJIUTATUB
XOCCAJIAPAU

1. DputmanapHuHr OyF 60CMMU, My3Jalll Ba KallHAIIl TeMIepaTypalapuHUHT
y3rapuinu;
2. DAEKTPOIUT 3pUTManap yuyH U30TOHUK KOA(DPUIIMEHTH Ba
JMCCOLMSIIAHUII JAPAXKACUHU aHUKJIAI;
3. DpuTMa My3Jall TEMIEPaTyPACUHUHT MaCANUIINHA aHUKJIAIIL;
4. Knaneiipon-Knay3uyc TeHriiaMacuiad cyoJMMaTIaHUII Ba OyFIaHHIL
WCCUKIUKIAPUIAH SPUTYBUMHUHT MOJICKYJISIP CYFOKJIAHUII UCCUKJIUTUHYA aHUKJIAI;
5. Payn KoHyHUaH My3J1alll TEMIIEpATypacu Macailuiim OWiaH 3puran
MOJJAHUHT MOJISIp KUCMH Opacujiaru OOFJUKINKHY aHUKJIAlll,
6. Kprockonuk JOMMUHHN aHUKJIAII;
7. MOOnaHUHT MOJIEKYJISIP MAaCCAaCUHU AHUKJIALLL.
Tomuupuknap:

-MOJISIp Maccacu MabJyM OYJIraH HOAJNEKTPOIUT 3pUrad MOATAHUHT ATy
OpKaJIM SpPUTYBUUHHUHT MY3Jalll KOHCTAHTACUHYU aHUKJIAIIL

-3PUTYBUYMHUHT MY3JIalll KOHCTAHTACHU OPKAJIM HOMabJIyM HORJIEKTPOJIUT SPUTaH
MOJIJAaHUHT MOJISIP MaCCAaCUHH aHUKJIAIIL;

-3put™Ma AT,y; OpKaIy JUCCOLMSUIAHUIL KUIMATH YHYAJIMK KHYUK OYIMaran
Kyucu3 3JiekTponautiaapHuHr Bant-I'odhd kordunuentu i Ba aucconusaaHum
Tapa)kxaCuHU XUCoOIaI;

- aput™Ma AT,y; OPKaIU KyWIH 3JEKTPOJIUT IPUTMACHIATH OCMOTUK
KO3(pPUIIMEHTUHU XUCOOIaIIL;

- aput™Ma AT,y; OPKaJIM HOSJEKTPOJIUT SPUTAH MOJAAHUHT MOJISUT
KOHIICHTPAIUSICUHU XHUCOOIaII.

Xucooam ¢popmyJianapu:

M=K,y; 21000/ g1-ATyys (1);
Kuys=ATwy/m (2);
i:ATMy3/ KMy3'M E€KH i:MHa3./ Mayan, (3 )s
a=(i-1)/(v-1) 4);

m= ATwy; Ky (%);
O=1/V=ATys/ Kyyzm-v (6),

Oy spaa:

M-3puran MOJIJTAaHUHT MOJIEKYJISIP MaccacH;

m-MOJIsUT KOHIIEHTpaIus (TeMneparypara 0oriukK smac) Ba m=g>*1000/M*g; ra TeHr,
Oy spAa g Ba g, —3pUTYBUYM Ba 3pUTraH MOJJaIapHUHT Maccaaapu;
i-Bant-I'oppuunr nzoronuxk koddduimentu O6Ynud, AUCCOUMIAHUII HATHXKACUAA
IpUTMAja 3appavyallapHUHT COHM HEYa MapTara OpTraHWHM KypcaTaJu Ba Ky4dsu
ANEKTPONUTIIAP YUyH =1 Oynranna i =v Oynanu;

o - TUCCOLIWIAHUII Tapa’kacH;

v - OuTTa MOJIEKYyJaJlaH XOCUJI OYIaaurad HOHJIAPHUHT COHU;

@ - KyWId 3JIEKTPOJIUT SPUTMACUIaTH OCMOTUK KOA(P(UIIMEHT, y peasl SpUTMaHUHT
UJeaJUTUK/IAaH YeTIaHuIl YI4oBU OYnub Xru3Mat Kuiaau Ba TYJIUK JUCCOLMIAHUII Ba
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MOHJIapapo TabCUP Kywiapu OYVIranaaruHa OCMOTUK KOA(PPUIIMEHT [ HUHT XaKUKHUI
Ba uerapaBuil KUMMAaTIIApUHUHT HUCOATUTA TEHT.
OpuTMa CYIOJITUPWIUIIN OUIaH OCMOTHK KoehPUTCUEHT ¢ —>1ra uHTUIAIu;

Kuys — 3pUTYBUMHUHT My3J1alll KOHCTAHTACH.

Mysnamr  koHctaHtacu K,y  (KppOCKONUK — oMMHUHM) €KM  My3Jamll
TEMIIEpaTypaCUHUHI MOJISUJI Macauimy ymly SpUTYBUMIa XOC KaTTaluK OYyiuo,
SpUTaH MOJJAHUHT Tabuatura OOFIMK »Mac. YHUHI (UMK MabHOCUHU (2)
TeHramanan TymyHtupca Oymanu: Kyys 1000 r spuryBunaa 1 mMon moana TyTra
SpPUTMA MYy3Jall TEMIEPATYPACUHUHT NMacauiy O0ynuo, ymlOy KOHCEHTpaTCHsIAaru
PpUTMA HJ€a]l »HPUTMA Xoccajapura ara OynuIuM Ba DBpUTraH Mojjaa
JUCCOTCUIIAHMACIUTH €KH acCOTCHUIaHMacauru mwapT. Kyy; HU TaxpuOasa aHUKIIam
Y4YH CYIOITHUPWITaH JSpUTMaTapHUHT ATy KHMMaTiIapu yildaHaad, CYHIrpa
HaTwkamap 1 Moy ydyH Kadta xucoOmaHanu. To3a SpUTYBUMHHMHI MYy3Jjall
temrneparypacu Ty HA Ba CONIMIITUPMA CYIOKJIaHUII UccuKIuru Ak (OK/r) uu Ounran

xosa Kyy; Hu Hazapuii xucobmam xam MyMkuH: Kyy;= RT;/1000- Ah,

0y ospma R=8,314 X/mon- K. CyB yuyn Ky, = 1,86° ra Temr.
NimHuHT 0aKapuanim:
1. bekMaH TepMOMETPHH €O3J1ALI

WNman 6onutamgan aBBasl bekMaH TepMOMETpH IIyHAAl CO3JIaHraH OyiIvin
KEpaKKu, TaxkpuOa TeMmIiepaTypacuja KanuuiapJard CAMOOHHUHI CaTXU TEPMOMETP
niKajgacu yerapacuaa 0yiacud. Kpuockonus ycynuaa yadaHUIIM Kepak OYiraH 3HT
OaylaH] TemImeparypa 3pUTYBUMHUHI My3jam temieparypacuaup. LIyHUHT yuyH
TEPMOMETPHUHI MACTKU pe3epByapuaaru cumMo0 Taxxpuba Temmneparypacuia
KaNWwUIApJard CHUMOOHUHI CaTXy IIKAJIAHUHT IOKOPHM KHCMHUJA OYJIMIINHU
TabMUHJIANINTaH MUKIOPAA OYJIMIIN Kepak.

2. DpUTYBYMHHUHI Ba YPraHWJIAETraH MOAAa CYIOJITHPHITAH
IPUTMACHHMHT MY3J1alll TEMIIEPATYPACUHN AHUKJIALI

OpUTYBUYMHHUHT Ba SPUTMAHHUHI MY3Jalll TEMIIEpATypacUHU aHUKJIAIIl YUyH
KpUOCTAT KYJUIAHWJIAQAU. Y DOPUTYBUYM YYyH MYJDKAUIaHTaH €H KHCMMJIaH
SPUTUIAETIAH MOJAAHH COJUII YUyH MYJDKAJIJIaHTaH Hailuya YMKApWIraH KeHI [IUIIa
npoOupkagan ubopar. IIpoOupkanm mnykak OwunaH OEpKUTWIAAM Ba YHUHT
Temukiaapura bekmMaH ~TepMOMETpHM Ba  apaJlAlITUPTUY  SKOMIAIITUPHUIAJIH.
[IpoOupkanu TepMOMETp Ba apajalliTUprud OuiaH OWpraaukaa sHaja KEHIPOK
npoOupkara »oinamTupuO, Ba KpuocTaTra Tymmpuwiaad. Kpuocrar KaauH YMHHU
cTakaHaaH udopat 0yiub, COBUTYBUM apaaniMa (My3 Ba Ty3) OWiaH TYIAUPUIITaH Ba
YHIra apajalliTUpruyd Ba TEPMOMETP YpHATUITaH OYiIau.

ABBaJIO Ky MapoTaba 3pUTYBUYMHUHI My3Jall TEeMIEpaTypacu aHUKIaHAIM.
ByHUHT yuyH npoOupKara IUCTHIUIAHTaH cyB Kyiunamu (20-25¢m?). IIpoGupkaHuHr
TyOHra Teru3wiMarad xoinja bekman TepMOMETPUHUHT KyiH pe3epByapH CyBra Tyia
KYMWIaQUraH Jaapaxaga TepMomeTrp kxounamrtupwiaan. Cynrpa bexkman
TEPMOMETPHU Ba apajaliTUPrud OWJIaH KUXO3JIAaHTaH MPOOMPKAHM sTHAJA KEHIPOK
npobupkara  conu0,  COBUTYBYM  apajammara  Tyluupwiagd.  MarHur
apanamtupruyiad  xam  (Qoiinananca Oynmagu. [lpoOupkamap opacugaru xaBo
KaTjJaMyu OMp TEKUC COBHUTHUII Y4YyH Xu3MarT Kujaau. COBHTYBYM apajaliMaHUHT
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TEMIIEpATypaCMHU BaKTU-BAKTU OWIaH My3 €KUM Ty3 KYIIMO TypHIl OpKaiH,
Ynuana€Tran MysJjaml TeMmmepaTrypacujian 2-3 rpaayc macTpokaa, JOUMHUN KUIUO
yuuiad Typwiaau. bup Tekuc COBUTHIN MaKcauaa CYIOKIWKHU apalaliTUPray
épanamua acta-cekuH apanamtupud (OyHIa apailaliTUPrdd TEPMOMETPHUHT KyWH
pe3epByapH AeBopiapura Terud MIIKAIaHMACIIUTY JIO3UM) TYpHJIaaud Ba TEPMOMETP
KaNWwUIgpUJard CUMOO YCTYHHHHMHI TMacTra TYIIMUIIUHU Ky3aTuO Oopuiau.
CyIOKIuK BaKTH-BaKTH OWJIaH apajaliTUpud TypuiMaca yTa COBMII Ky3aTUJIadu Ba
TEPMOMCTPHUHI KypCaTKudwIapu OyHIaH namonar 6epub Typamu. Tosa spuryBuu
yayH yta cosum 0,5-1,0°C raua pyxcaT STHIAmH. YTa COBHTIITAH CYIOKIMKHH
apalallITUPUII KPUCTAIIAHUIIHYA KEATUPUO YMKAPaIU Ba KPUCTANIAHUII UCCUKJIUTH
YUKUIINA XMCOOUTra TeMIepaTypa XaKuKuil My3Jiaill TeMIepaTypacurada Kytapuiaau
Ba OWp KaHuYa BakT Yy3rapmail Kojaau. Ymly Temmeparypa CYBHUHI My3Jalll
TEeMIepaTypacuIup, YyHKA TO3a SPUTYBUMHUHT KPUCTAJUIAHUII KapacHU OUpPUHYU
KpUCTaJIap naigo oynumuaad 00muwiad To CYIOKIMKHUHT TYJIa KOTUIIUTada TOUMMUN
Ba MabllyM Oup TeMmIieparypana coaup Oynaau. DPUTYBUMHUHT KPHUCTAJLIAHMIII
TeMIepaTypacd aHUKJIaHTaHJAaH KeWMH NpoOUMpKaHW TallKd IpoOUupkKagaH
YUKapuiaagd Ba MNPOOMpPKAHM Kyn OWJIaH MCUTHUO XOCWi OYlraH Kpucramuiap
sputmwinaau. CyHrpa mpoOupka siHa COBUTYBYM apajiaiiMaja KOJJAUPUITaH TallKd
npoOupkara TYIIUPUIAIW Ba YTa COBHUII-KPUCTAJUIAHUII Kapa¢HU KalTapuiaaw.
KpucTallaHuI TeMOepaTypacuHu aHMKiIamuiapaard Qgapk Omp-6upuman 0,003°C
JlaH KaMm OynMaryH4a TaxkpuOanap Oup Heua MapoTaba KalTa YyTKa3WIaau.

Kaasan

Kpuockonuk ycyiaaa 3putMaHuHr ATyy; , my, M Ba Kuy; Xxamaa
JIEKTPOJIUT SPUTMAHUHT i, BA (0 KUAMATIAPUHA AHUKJIALI

TankukoT | g1 | 82 | Twpuer. | ATuy M Kuys m ilale
00BEKTH ol r s
Ty | Ty Ha3 | XMC | Ha3 | XUC | HaA3 | XUC
- p
EputyBun 1.
; 2.
3.
4.
Epuran 1.
MozAa: 2.
3.
4.

Kpuockonuk ycyn wuzomopd Oynamaran OuHaAp CHCTEMaJapHUHT  KyWwIid
CYIOJITUPWITaH >pUTMalapura KyJUIaHUIIM MYMKWH. byHaal sputMma Kota€trannua,
aBBaJIo, TO3a DJPUTYBUMHHMHI  KpUCTaUIapW  axpajlaad Ba  HAPUTMAHUHT
KOHCEHTpPATCUSICU OpTaiau, OYHUHT OKHOaTHJa KpUCTAJLIAHUII TeMIepaTypacu
nacasiau. Illy cabGabnu SpuTMaHMHT KOTHII TeMIepaTypacu aHUKJIaHa€TraHaa
KPUCTAJUIAHUIITHUHT OOUUTAaHUII TEMIIEPAaTypacCUHHM aHUKJIAIl JO3UM. ByHUHT y4yH
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NpoOMpKAaHUHT EHUJIATU HallyajaH Ypranwiaétran MOJIaHUHT aHuK Mukaopu (0,2-
0,3r) kuputunaau. MoagaHUHT MUKJIOPH YHUHT OIOKC OMJIaH OMprajukaard Ba To3a
O1oKC MaccanapuHUHr (apkugaH aHukiaHaau. CYHrpa npoOupka Talku KOOMKIaH
YUKApUIaau, Kyl OulaH UCUTHIAN Ba S3PUTYBUMHUHT KPUCTAITIAPUHU CYHOITHUPUO,
MOJJAaHUHT JpUIIK TabMUHIAHAIU. Taxpuba HaTHKalapu IOKOpUJIATH KajJBajra
éswnanu.

lyngan cyHTr spuTManu MpoOUpKa TallKM KOOWKra >KOMJIalITUPWIAAN Ba
XYJJIM TO3a 3PUTYBUU YUYH KWJIMHTaH aMaJlIapHu Oa)kapu0, COBUTHII KapaéHu 0J1n0
6opunanu. DpurManu 0,2°C naH KYIpoKKa YTa COBUTULI MYMKHH SMACIMIHHH 3C/a
CaKJIalll JIO3UM, aKC X0JIJIa KpUCTaJUTaHUIII TACTPOK TeMIlepaTypajaa OoluiaHaan Ba A
Tuys HE Y4amga XaToJIMKHU KeATHUpuO unkapaau. Taxpubanap Oup Heua MapoTada
YTKa3uIMO, KPUCTAUIAHMIN TeMIepaTypacuHu  tomumaard aHukiaumk 0,003°C
OyNuIIMra SpUIIIIA]IH.

To3a »puTyBuUM Ba SPUTMAHUHT KPHUCTAJUIAHWII TEMIIEpaTypaIapuHUHT
dapkugaH SpuUTMa KPUCTAJUIAHUII TEMIEPATYpaCMHUHI SPUTYBUMra HHUCOATaH
nacaimmm ATy,  aHUKIaHAAWM. OpPUTYBUM Ba HSPUTMAHMHT KPUCTAJUIAHMIL
TeMreparypajlapyuHu OUTTa MAIIFyJIOT JaBOMHJA aHMKJAII JIO3UM, yyHKU bexman
TEPMOMETPH IIKATACUHUHT CO3JIaHTaH KUUMATH, SbHU TEPMOMETPHUHT HOJI HYKTacH,
Oup X1 OYJIMIIN IIApPT.

Viyam  xatonmkmapu — GaxomaHajgM. OJHr  KaTTa  XaTONMK, OJNATIa
TeMIeparypaHu yiyain skapaéHuaa Oynanu. Moama MUKIOPUHU OLIMPHUIIT HUCOUN
XaTOJIUKHUA KaMauTupaau, 4yHKU AT,y; HUHT KUiIMaTH opTaau. AMMO KPHUOCKOIHK
ycynl (akar CyHITHpUITaH »>pUTMaiap Y4YyH aAoJaTIuiup, LIYHUHT VY4YyH
KOHCEHTPATCUSIHU Kynaa omupu6d ro0opui (m=0,3 1aH 10KOpH) TaBCUS STUIMANIH.

Kaasaa
Kpuockonuk ycyiaaa 3putMaHuHr ATyy; , my, M Ba Kyuy; xamaa
JIEKTPOJIUT SPUTMAHUHT i, BA (0 KUAMATIAPUHA AHUKJIALI

Tankukor | g1 | 82 | Twpuer. | ATyy M Ky m 1lo| e
00BEKTH ol r s
Ty | Ty Ha3 | XMC | Ha3 | XUC | HaA3 | XUC
: p
EputyBun 1.
; 2.
3.
4.
Epuran 1.
MozAa: 2.
3.
4.

Kpuockonuk ycyn wuzomopd Oynamaran OuHaAp CHCTEMAJapHUHT  KyWwIid
CYIOJITHUPWITaH dpUTMaNapura KyJUIaHUIIM MYMKWH. ByHaal sputMma Kotaétrannua,
aBBaJIo, TO3a DJPUTYBUMHHMHI  KpUCTaUIapy  axpajlaad Ba  HAPUTMAHUHT
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KOHCEHTpPATCHUsICU OpTaAu, OYyHUHT OKHOaTHAa KPUCTAIIAHUII TeMIepaTypacu
nacasiau. Iy cabGabnu SpuTMaHMHT KOTHII TeMIepaTypacu aHUKJIaHa€TraHjaa
KPUCTAJUIAHUIITHUHT OOUUTAaHUII TEMIIEpAaTypacCUHHM aHUKJIAIl JO3UM. ByHUHT y4yH
NpoOMpPKaHUHT EHUJIATU HallYajaH Ypranwiaétran MoOJAaHUHT aHuK Mukaopu (0,2-
0,3r) kuputunagu. MoagaHuHT MUKJIOPH YHUHT OrOKC OuiaH OMprajiukiard Ba To3a
O1oKkCc MaccanapuHUHr (apkugaH aHukiaHaau. CYHrpa npoOupka Taluku KOOMKIaH
YUKApUIaau, Ky OulaH UCUTHIAN Ba S3PUTYBUMHUHT KPUCTAITIAPUHU CYHOJITHPUO,
MOJIJTAaHUHT JPpUINK TabMUHJIAHAAW. Taxpuba HaTwKalapW FOKOpHIArW >KaaBajra
€3nIaau.

yngan cyHT spuTManu MpoOUpKa TallKW KOOWKra >KOMJIalITUPWIAAN Ba
XYJJIM TO3a 3PUTYBUU YUYH KWJIMHTaH aMaJlJIapHu Oaxkapu0, COBUTHII Kapa&éHu 0J1n0
Oopuitaan. DpUTMaHH 0,2°C nan KYMPOKKA yTa COBUTHUII MYMKHH 3MACJIUTUHU 3CHA
CaKJIalll JIO3UM, aKC X0JIJIa KpUCTaJUIaHUIII TACTPOK TeMIlepaTtypaaa OoluiaHaan Ba A
Twys HE Y4amga XaToJIMKHU KeATHpUO unkapaau. Taxpubanap Oup Heua MapoTada
YTKa3uIMO, KPUCTAUIAHMIN TeMIepaTypacuHu  Tormumgaru aHukiaumk  0,003°C
OynuIIMra SpUIIIIAIH.

To3a »puryBUM Ba DSPUTMAHUHT KPUCTAUIAHUII TEMIIEpaTypallapUHUHT
dapkugaH SpuUTMa KPUCTAJUIAHUII TEMIEPATYpaCMHUHI SPUTYBUMra HHUCOATaH
nacaiumm ATy  aHUKIaHaAW. OpPUTYBYM Ba HPUTMAHUHI KPUCTAJUTAHMII
TeMreparypajlapyuHu OUTTa MAIIFyJIOT JaBOMHJA aHHMKJAII JIO3UM, yyHKU bexman
TEPMOMETPHU IIKATACUHUHT CO3JIaHTaH KUUMATH, SbHU TEPMOMETPHUHT HOJI HYKTacH,
Oup X1 OYJIMIIN IIApPT.

Virgan XaTONMMKIapu OaxojaHaau. OHr KaTTa XaTOJHMK, OjaTia
TeMIeparypaHu yiyain skapaéHuna Oynanu. Moana MUKIOPUHU OLIMPUIIT HUCOUMN
XaTOJIUKHUA KaMauTupaau, YyHKU AT,y HUHT KUAMaTH opTagu. AMMO KPUOCKOITHK
ycyl (akar CyoITHpUITaH »>pUTMajiap Y4YyH aAoJaTiuAup, IYHUHT Y4yH
KOHCEHTPATCUSIHU Kynaa omupu6d ro06opui (m=0,3 1aH 10KOpH) TaBCUS STUIMANIH.

2-AMAJIUM MAIIFYJIOT. DJJEKTPOKUMIEBUN
KAPAEHJIAP TEPMOJINHAMUKACH

Amaliy mashg’ulotning maqgsadi: Elektrokimyoviy ma’lumotlardan foydalanib
kimyoviy o‘zaro ta’sirlarni termodinamik ifodalash uslublari haqidagi
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 qilgan. Shu sababli, elektrofiziologiya va elektrokimyoning asoschisi bo’lgan
Galvanining nomi bilan ko’p ilmiy atamalar nomlangan: galvanik element,
galvanometr, galvanoplastika, galvanostegiya, galvanik tok va boshqalar.

Volta 1799 yilda elektr energiyaning birinchi kimyoviy manbaini yaratdi: turli
metallar tutashgan chegarada potensiallar farqi paydo bo’ladi, buni voltapotensial
deyiladi (Voltaning kontakt nazariyasi fanda uzoq vaqt xukm surgan). 1889 yilda
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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 qavatining hosil bo’lishidir, deb tushuntirgan.
Agar elektrod potensialining paydo bo’lishiga faqatgina elektrod-elektrolit
chegarasidagi qo’sh elektr qavat sababchi bo’lganda, ayrim metallarning standart
solishtirish elektrodiga nisbatan o’lchangan “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 qavat 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 metalldan ikkinchisiga oqib o’tadi.

Hozirgi zamon tushunchasiga binoan, elektrodning potensiali ikki metall
chegarasidagi volta-potensial va elektrod-eritma chegarasida qo’sh elektr gavat hosil
bo’lishi bilan belgilanuvchi galvani-potensiallarining yig’indisiga tengdir.

Elektrod tushunchasi. Elektrod potensialining paydo bo’lishi

Zaryadlangan zarrachalar tutgan eritmaga 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 70~ -10-7 m gacha cho’zilgan qo’sh elektr gavat hosil
bo’ladi (ZIX.5-rasm). Xuddi shunday qilib, eritmadagi kationlar ham metallga o’tishi
mumkin, unda metall musbat zaryadlanadi, anionlar esa qo’sh qavatni hosil giladi.
Metallning sirtqi zaryadiga mos ravishda oriyentasiyalashgan suv molekulalari
bevosita metall sirtiga tegib turadi (ushbu holatda metall sirti manfiy zaryadlangan).
Metall sirtining bir qismini 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 aniqlangan.
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j‘ 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  chiqishiga
halaqit beradi. = Adsorbilangan
ionlarning  markazlaridan G
masofada  o’tkazilgan  tekislik
Gelmgolsning ichki tekisligi deb
/ % ataladi. Bu tekislikdan keyin
\ / gidratlangan kationlar-ning

markazlaridan G masofada
> o’tkazilgan Gelmgolsning tashqi

tekisligi keladi. Gidratlangan ionlar-

elektrod

G: G2 A

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 tashqgarida joylashgan gidrat qavat;
o’qli aylanalar bilan—suvning dipollari; ¢ va
v lar bilan esa, ichki va tashqi potensiallar
ko’rsatilgan.

ning radiusiga yaqin oraligdagi O — G> Gelmgols gavati 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 qiladi, shuning uchun ham zich gavatdagi suvni qayta tiklangan
deyiladi. Eritmaning zich qavatdagi dielektrik singdiruvchanligi & 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 taqsimlanadi, ularning
konsentrasiyasi esa eritma hajmidagi konsentrasiyaga yaqinlashadi. Shunga mos

ravishda & ham €py,0 ga yaqinlashadi.

Diffuzion gavat eritmaning ichiga tomon ancha cho’zilgan, lekin uning A
masofadagi G, tekisligidan samarali qismni ajratish mumkin. A ning uzunligi kuchli
elektrolit eritmasidagi ion atmosferasi radiusining analogidir. Xuddi shu radius kabi, 4
ham konsentrasiya bo’yicha olingan kvadrat ildizga teskari proporsionaldir. Agar
samarali diffuzion gavatdagi hamma zaryadlar 2 masofadagi yupga qavatga yig’ilsa,
unda ular elektrod sirtidagi zaryadlarni neytrallaydi.
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Maxsus adsorbilanish mavjud bo’lmaganda qo’sh qavatni yupqa kondensatorga
o’xshatish mumkin. Bunda M metallning zaryadlangan sirti kondensatorning bitta
qavati bo’lib xizmat qilsa, 4 masofadagi samarali chegara sirt ikkinchi qavat bo’ladi.
Metall bilan eritma orasida potensiallar sakrashi paydo bo’ladi. Har qanday potensiallar
sakrashi o’rnatilgan taqdirda ham elektrod va eritma orasida kationlar almashinishi
kuzatiladi. Metalldan eritmaga garab ionlarning oqimi ularning eritmadan metallga
qarab oqimiga 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 j, hisoblanadi. Turli sistemalarda j;=10°-
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 chiqa olmaydi. Bu metallarda potensiallar farqi paydo bo’Imaydi.
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 qilib 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, Fe’" kationi 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, FeCl3 dan C1), shuningdek keyingi elektronlarni tortib olishi borgan sari
qiyinlashib boradi va nihoyat, musbat zaryadlangan elektrod va anionlar qavati
orasida muvozanat o’rnatiladi. Shunday qilib, Fe'* +e — Fe’* kimyoviy reaksiyasi
boradi. Shuningdek, unga qarama-qarshi reaksiya ham borishi mumkin:

Fe’ —e — Fe’*
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 gaytaradi. Qo’sh gavatdagi ionlarni, ko’pincha, potensial
hosil giluvchi ionlar deyiladi.
Standart potensiallar. Nernst tenglamasi

Ikkita elektroddan iborat bo’lgan va elektrodlardan birining potensiali
aniqlanishi kerak bo’lgan, ikkinchi elektrodning potensiali esa nolga teng deb olingan
galvanik elementning £YuK si elektrodning standart potensiali hisoblanadi. Potensiali
nolga teng deb olingan elektrod sifatida standart sharoitlardagi normal vodorod
elektrodi xizmat qiladi. Elektrod potensiallarining absolyut qiymatlari noma’lum.
Vodorod elektrodining standart potensiali har qanday haroratlarda nolga teng deb
qabul qilingan. Elektrodlarning standart potensiali vodorod elektrodi va
aniqlanayotgan elektroddan tuzilgan galvanik elementning EYuK ga teng. Bunday
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galvanik 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 qatori shu yo’l bilan keltirib
chigarilgan. Bu qatorda 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(InK, - Alna®) (1)
bu yerda: K, — aktivlik bilan ifodalangan muvozanat konstantasi; 4a° — reaksiya

mahsulotlari  aktivliklari ko’paytmasining boshlang’ich moddalar aktivliklari
ko’paytmasiga nisbati.
A=zFE ekanligini hisobga olsak:

EZEIHKa _RT g (2)

zF z

Agar dastlabki moddalarning aktivliklari (konsentrasiyalari) 1 ga teng bo’lsa,
Aa’ =1 va Alna” =0 bo’ladi va:

RT
E'=""InK
ok, 3)
ga teng bo’lib qoladi, bu yerda E° -standart elektr yurituvchi kuch.

(1) va (3) tenglamalardan
RT

E=E"+——Alna’ (4)
zF
(4) tenglamada aktivliklarni o’nli logarifmlarda ifodalasak,
g g0 2303RT lg[ a, j 5)
ZF ared
=1 da: 2,303RT _ 2,303-8,314-298 0,059 va
zF 1-96500

E=E"+ 0,059lg[ Bor j a, =1;
ared

2,303RT

zF

a,,=1bo’lganda Igl=0 va 1g1=0 bo’lganiuchun E=E° yoki = =x"

,buerda: z° — standart oksidlanish-qaytarilish potensiali deyiladi.

Bu tenglama Nernst tenglamasi bo’lib, EYuK (yoki potensial) bilan eritmaning
konsentrasiyasi (aktivligi) orasidagi bog’lanishni ko’rsatadi. Demak E, eritmada
ionlarning aktivligi 1 ga teng bo’lgandagi standart EYuK va r, 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, 4gNO;3 ning bir-bir1 bilan
tutashtirilgan 0,/ n va I n eritmasini ko’zdan kechiramiz. Diffuziya qonuniga binoan,
Ag" va No; ionlari yuqori konsentrasiyali eritmadan kam konsentrasiyali eritma
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tomon harakatlanadi. NO; anionlarning harakatchanligi 4g"™ kationiga nisbatan
yuqori bo’lganligi sababli ~NO; ionlarining konsentrasiyasi kam konsentrasiyali

eritmada ortib ketadi. Natijada turli konsentrasiyali eritmalarning chegarasida manfiy
va musbat zaryadlangan sohalar paydo bo’ladi. Ushbu elektr qavatining hosil bo’lishi
eritmalarning chegarasida potensiallar farqini vujudga keltiradi. Mana shu
potensiallar farqi diffuzion potensial deb ataladi. Diffuzion potensial faqat turli
konsentrasiyali eritmalar chegarasidagina emas, balki har qanday 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, KCIl, KNOs3, NH;NO; eritmalari ishlatiladi. Ikki
eritma tuz ko’prigi orqali tutashtirilganda elektr tokini asosan shu tuz ko’prigining
ionlari o’tkazadi.
Oksidlanish-qaytarilish potensiali

Bir metallning har xil valentlikdagi tuzlari eritmasining aralashmasiga
(masalan, FeCl; va FeCl;) platina kabi betaraf metallar tushirilsa, oksidlanish-
qaytarilish potensiali (redoksi) hosil bo’ladi, bunday elektrodlar oksidlanish-
qaytarilish elektrodlari deyiladi. Bir elektrod boshqa elektrod bilan tutashtirilsa,
eritmada oksidlanish yoki qaytarilish jarayoni boradi:

FeCl,+e <> FeCl, éku Fe " + 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 qilinsa, uni eritmaga tushirilgan
platina yetkazib beradi. Natijada platinaning o’zi musbat zaryadlanadi. Musbat
zaryadlangan platina eritmadagi manfiy ionlarni tortadi. Natijada, qo’sh elektr qavati
hosil bo’lib, potensiallar farqi vujudga keladi. Aksincha, elektrokimyoviy jarayonda
elektron ajralib chigsa, platina manfiy zaryadlanadi va eritmadan musbat ionlarni
tortib, qo’sh elektr qavatini hosil qiladi.

Demak oksidlanish-qaytarilish potensiali elektrod bilan eritma chegarasida
elektroddan oksidlovchiga (Fe’") yoki eritmadagi qaytaruvchidan (Fe’") elektrodga
elektron o’tishi natijasida hosil bo’ladi. Bunda moddaning oksidlangan va qaytarilgan
ko’rinishlari eritmada bo’ladi, elektrod esa faqat elektronlar manbai vazifasini
bajaradi. Oksidlanish-qgaytarilish elektrodlarining boshga elektrodlardan farqi
shundaki, bunda elektrod potensial vujudga kelishi uchun tushirilgan metall ioni
jarayonda bevosita ishtirok etmaydi. Oksidlanish-qaytarilish potensialining qiymati
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.
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Elektrodlarning tasniflanishi

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

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

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

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

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

d.) Ion 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
qiymatga 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 qiladi. Ushbu usul bilan standart vodorod elektrodi olinadi. Tarkibida
H" bo’lgan eritmaga sirti yuqori dispersli platina bilan qoplangan platina plastinkasi
tushiriladi. Eritma orqali tozalangan vodorod gazi yuboriladi. Vodorod gazining juda
ham toza bo’lishi muhimdir, chunki AsH;3, H»S 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. P¢ ning sirtida quyidagi
muvozanat o’rnatiladi:

1 N
EHZ(gaz) <« H(adsm‘bA) < H +e

Shuning uchun, elektrodning potensiali eritmadagi vodorod ionlarining aktivligi bilan
belgilanadi.

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

Pt(Hz)/fF(aw =1)

Latm

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

Vodorod elektrodining kamchiliklaridan biri uni potensialining sekin
o’rnatilishi bo’lsa, ikkinchisi, yuqorida aytganimizdek, vodorodni juda ham toza
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bo’lishi talab qilinishidir. Shuning uchun, amalda vodorod elektrodi ishlashga
qulayroq bo’lgan boshqa elektrodlar bilan almashti-riladi. Vodorod 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-qaytarilish jarayonida adsorbilangan
gazlar qatnashadi, metall elektrodi-ning o’zi esa, ushbu jarayonda bevosita ishtirok
etmaydi.
Standart (solishtirish) elektrodlar

Turli zanjirlarning £YuK ni o’lchaganda potensiali oson gayta takrorlanadigan
va muvozanat qiymatiga 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’lchangan bo’lishi kerak;

—standart elektrodlar 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 Hg,Cl, va Hg larning aralashmasi bilan qoplangan bo’ladi. Elektrolit
sifatida KC/ ning ma’lum konsentrasiyali (0,/—1,0 n 11 yoki to’yingan eritma)
eritmasidan foydalaniladi. Simobning ichiga platina simi tushirib qo’yiladi, u faqat
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 Hg,Cl; eritmasi to’yingan bo’lganligi sababli,
a,.,:- = const bo’ladi va elektrodning potensiali fagat CI ionlarining aktivligi bilan

belgilanadi. CI" ionlarining konsentrasiyasi qanchalik yuqori bo’lsa, Hg>* ionlarining
aktivligi shunchalik kam va elektrodning potensiali shunchalik manfiyroq bo’ladi.
Normal kalomel elektrodi (C,., =1) uchun elektrodning potensiali 0,283 B ga teng,

ya’ni kalomel elektrodi standart vodorod elektrodiga nisbatan 0,283 B ga
musbatroqdir. Agar quyidagi

KCl

()POH,/H] _/IKCl, He,Cl,/Hg(+)

zanjirni tuzib uni £YuK ni o’Ichasak, o’rganilayotgan eritmaning pH ni oson hisoblash
mumkin.

Shunday qilib, pH ni o’lchayotganda standart vodorod elektrodini kalomel
elektrodi bilan almashtirish mumkin. Eritmadagi ikkinchi vodorod elektrodini ham
o’zgartirish mumkin, masalan, xingidron elektrodi bilan. Ma’lumki, xingidron
elektrodi oksidlovchi—qaytaruvchi elektrodlardandir. U oddiy yarim element bo’lib,
unga pH noma’lum bo’lgan eritma quyiladi va kam miqdorda xingidron solinadi.

62



Eritmaga o’tkazgich vazifasini bajaruvchi platina simi tushiriladi. Bunday elektrodni
normal kalomel elektrodi bilan tutashtiriladi va zanjirning £YuK o’lchanadi. EYuK ni
bilgan holda eritmaning pH ni hisoblash mumkin. Xingidron xinon bilan
gidroxinonning ekvimolekulyar birikmasidir: C,H,0,-C,H,(OH),, u suvda yomon
eriydi. Eritmada xinon bilan gidroxinon o’rtasida quyidagi oksidlanish-qaytarilish
muvozanati o’rnatiladi:
C,H,(OH), & CH,0,+H,; H,2H" +2e

yoki CH,(OH), &> C,H,0, +2H" +2e

Bu muvozanatda vodorod ionlari gatnashgani sababli, oksidlanish-qaytarilish
potensiali eritmaning vodorod ko’rsatkichi pH ga bog’liq bo’ladi. Xingidron
elektrodini ishqoriy eritmalarda qo’llash mumkin emas, chunki gidroxinonning
ishqorty tuzlari hosil bo’lishi natijasida xinon bilan gidroxinonning nisbati
ekvimolekulyar bo’lmay qoladi. Xinon bilan gidroxinonning nisbati kuchli elektrolit
tuzlari ishtirokida ham o’zgarib qolishi 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 vaqtda eritmalarning pH ni o’lchash uchun shisha elektrodlardan
(lonselektiv elektrodlar) keng foydalanilmoqda. Ushbu elektrodlar alohida tarkibli
shishalardan tayyorlanadi va ularning tarkibiga ko’p miqdorda ishqoriy metallar
kiradi, shuning uchun ular oddiy shishaga nisbatan kichik elektr qarshiligiga ega.
Ushbu elektrodda kislotaning konsentrlangan eritmasi bilan ishlov berilgan juda
yupga shisha to’siq (membrana) mavjud bo’lib, bu membranadan eritmaga vodorod
ionlar1 o’tadi va membrana manfiy zaryadlanadi (Si0;  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 qarshiligi EYuK
ni o’lchayotganda sezgir asbsoblardan foydalanishni talab qiladi (pH-metrlar).
Bundan tashqari, shisha elektrodini pH ning 0—12 oralig’ida qo’llash mumkin.

Ionselektiv 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
boshqacha 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’lchash imkoniyatini beradi.

Ionselektiv elektrodlarning membranalari qattiq va suyuq bo’lishi mumkin.
Qattiq membranalarga shisha, kristall va geterogen membranalar kiradi. Suyuq
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elektrodlarga suv bilan aralashmaydigan dielektrik doimiysi kichik bo’lgan 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’lchashlar 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;

—solishtirish elektrodi. U doimiy potensialga ega bo’ladi. Unga nisbatan
yacheykadagi boshqa elektrodlarning potensiali o’lchanadi. Ushbu elektrodni inert
materialdan qilinmaydi;

—yordamchi elektrod elektronlarning manbai bo’lib xizmat giladi. 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, yuqorida
aytganimizdek, omik qarshilik (faol qarshilik), 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 garshiligi kamayadi,
induktiv qarshiligi, aksincha, ortadi.

Galvanik elementlar.
Qaytar va qaytmas elektrokimyoviy zanjirlar.

Metall bilan elektrolit eritmasi chegarasida doimo potensiallar farqi 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
qayta tak-rorlanuvchi potensiallar farqini beradi. Ularni gaytar metall elek-trodlari
deb ataladi. Qaytar elektrodlarda potensiallar farqini keltirib chiqaradigan jarayonlar
sharoitlarga qarab to’g’r1 va teskari yo’nalishlarda borishi mumukin. Demak, gaytar
elektrodlar va ulardan tashkil topgan galvanik elementlar termodinamik jihatdan
qaytar bo’lishi mumkin. Faqat qaytar elektrod va elementlargagina Vant-Goffning
izotermik tenglamasini, Gibbs-Gelmgols tenglamasini va termodinamika ikkinchi
qonuni-ning boshga tenglamalarini tatbiq qilish mumkin. Termodinamik
tenglamalarga asoslanib keltirib chiqarilgan Nernst tenglamasi ham faqat qaytar
elektrod va elementlargagina oiddir.

Kimyoviy reaksiya energiyasini elektr energiyaga aylantirib beruvchi sistema
elektrokimyoviy zanjir yoki galvanik element deyiladi. Amaliyotda ishlatib
kelinayotgan elektrokimyoviy zanjirga misol qilib mis va rux qaytar elektrodlardan
iborat Yakobi-Daniel elementini keltirish mumkin. Mis elektrodi mis tuzining
eritmasiga, rux elektrodi rux tuzining eritmasiga tushiriladi. Bu eritmalar g’ovak
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to’sig (membrana) yordamida yoki -elektrolitik ko’prik yordamida ulanadi.
Elektrolitik ko’prik sifatida ionlarning harakatchanligi yaqin bo’lgan KCI, KNO;,
NH NO3 larning to’yingan eritmalari ishlatiladi. Bunday zanjir elektrokimyoda
quyidagicha ifodalanadi:

) Cu/Cu™ 1/ Zn* | Zn®

Bu belgilashda ikkita vertikal chiziqlar 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 qaytmasdir, unda quyidagi elektrod jarayonlari
boradi: Zn® —Zn’* +2e. 2H"+2e— H, va yig'indi ravishda Zn° +2H" — Zn** + H,
reaksiyani tashkil qiladi.

Yakobi-Danielning elektrokimyoviy zanjiri ikkita gqaytar elektrod-lardan
tashkil topgan bo’lib, qaytar galvanik elementga misol bo’la oladi. Tashqi zanjir
orgali ulanmagan galvanik elementda muvozanat holat bo’lmaydi, lekin shunday
holat uzoq muddatgacha saqglanib 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)
Zn° — Zn** +2eikkinchisida qaytarilish (musbat qutb — anod) Cu** +2e— Cu’
reaksiyalari boradi. Ikkala elektrod jarayonlarining natijaviy reaksiyasini quyidagicha
yozish mumkin: Zn’ +Cu™* —Zn** +Cu’. Bu reaksiyalar termodinamik nugqtai
nazardan qaytmas bo’ladi va muvozanat holat vujudga kelishi bilan to’xtaydi.

Ushbu oksidlanish-qaytarilish jarayoni galvanik elementdan tashqarida ham
borishi mumkin, unda reaksiyada issiqlik energiyasining chiqishi 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 0’ynashi ko’rinib turibdi. Bu fikr birinchi bor 1837 yili De Lya Riv
tomonidan aytilgan, u galvanik elementning kimyoviy nazariyasini taklif qilgan.
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 issiqlik
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 qaytarilishi (mis ionlarining eritmadan metall sirtiga ajralib chiqishi) boshlanadi.
Demak elementda tashqi zanjirdan doimiy elektr toki oqimini ta’minlab turuvchi
jarayonlar boradi.

Elektrodlarni ulab turgan o’tkazgichning qarshiligi qanchalik katta bo’lsa,
reaksiya shunchalik sekin boradi, ya’ni gqaytar bo’ladi. Shuning uchun, elektrodlarni
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cheksiz qarshilikka ega bo’lgan o’tkazgich bilan uladik deb faraz qilsak, reaksiya
cheksiz sekin boradi va har bir daqigada elektrodlar bilan eritmalar o’rtasida
muvozanat mavjud desak bo’ladi. Bunday reaksiyalar kvazigaytar reaksiyalardir.
Termodinamik jihatdan qaytar bo’lgan jarayonlarda maksimal elektr ishi bajariladi.
Bunday sharoitlarda o’lchangan ikki elektrod orasidagi potensiallar farqi galvanik
elementning elektr yurituvchi kuchi deyiladi E,n=mc.-mzn.

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/ AgNO,/l AgNO,/ Ag(+)

misolida ko’rib chigamiz. 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 qiladi. Shuning uchun ham ular konsentrasion elementlar deb ataladi.
Nernst bo’yicha elektrodlarning potensiallari

T, =7, +Eln a;

T, =T, +—Flna2

Agar a,<a, bo’lsa, unda =, <z, bo’ladi. Demak konsentrasion zanjirda
birinchi elektrod katod vazifasini bajaradi va 4g — 4g™ +e elektrokimyoviy reaksiya
natijasida elektrod manfiy zaryadlanadi. Ikkinchi elektrodda qarama-qarshi jarayon
boradi Ag* +e— Ag va kumush ioni qaytariladi. Natijada ikkinchi elektrod atrofida
ortigcha anionlar qoladi, ular birinchi elektrodga o’ta boshlaydi. Mana shunday
elektrod jarayonlar natijasida eritmalar konsentrasiyalarining tenglashuvi kuzatiladi.
Konsentrasion elementlarning ishlash mexanizmi shundaydir. Suyultirilgan
eritmadagi elektrod doimo manfiy zaryadlanadi, konsentrasiyasi yuqoriroq
eritmadagi elektrod doimo musbat zaryadlanadi. Anionlarga nisbatan qaytar bo’lgan
ikkinchi tur elektrodlardan iborat konsentrasion zanjirlarda elektrod potensiallarining
ishorasi teskari bo’ladi.
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Konsentrasion elementlarning EYuK boshqa zanjirlardagi kabi elektrod
potensiallarining algebraik yig’indisiga teng:

E=n —n,=—In—= 7
a k l’lF al ()

yoki yetarli darajada suyultirilgan eritmalar uchun (a ~ C)
RT . C,
= nF C, ®)
tenglamani yozishimiz mumkin.

Shuni ta’kidlab o’tishimiz kerakki, yuqorida keltirilgan (7) tenglama tajriba
natjjalari bilan to’la kelishmaydi, chunki uni keltirib chigarayotganda 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 garmasdan turli hisoblashlarda uni e’tiborga olish kerak. Yuqorida
aytganimizdek, diffuzion potensial kimyoviy zanjirlarda ham paydo bo’ladi. Shuning
uchun konsentrasion yoki kimyoviy zanjirlarning £YuK ni aniqlayotganda 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 suyugqlik
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’lchovlar o’tkazish uchun qulay bo’lib, ularda diffuzion potensial to’liq
yo’qoladi. Tonlar tashib o’tilmaydigan konsentrasion elementda elektrodlardan biri
ushbu elektrolitning kationlariga nisbatan qaytar, ikkinchisi esa anionlarga nisbatan
qaytar bo’lishi kerak. Vodorod va kumush xlorid elektrodlaridan iborat elementni
ko’rib chigamiz:

(-)Ag/ AgClL HCVH,(Pt)(+)
Bu elementda vodorod elektrodi #,0* kationiga nisbatan gaytar, kumush

xlorid elektrodi esa, ikkinchi tur elektrodi bo’lgani uchun, CI~ anioniga nisbatan
qaytar. lonlar tashib o’tilmaydigan konsentrasion element olish uchun turli
konsentrasiyali HCI tutgan ikkita shunday elementlar bir-biriga garama-qarshi
ishlaydigan holatda ulanadi:

(-)Ag/ AgCLHCI H,(Pt)~ (Pt)H, | HC, AgCl/ Ag(+)

Ushbu zanjirda birinchi va ikkinchi elementlarning Pt elektrodlari metall
o’tkazgich yordamida ulanadi. Birinchi elementda Ag ning oksidlanish, ikkinchi
elementda qaytarilish jarayonlari boradi. Bu jarayonlar natijasida HCI/ ning
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konsentrasiyasi o’zgaradi va yuqori konsentrasiyali eritmadan suyultirilgan eritmaga
tashib o’tiladi (boshga hech qanday o’zgarishlar kuzatilmaydi). Demak, ko’rib
chiqilayotgan zanjir konsentrasion element bo’lib, unda HC/ konsentrasiyalarining
tenglashishi bilvosita yo’l bilan sodir bo’ladi.

Ionlarni tashib o’tmaydigan konsentrasion zanjirlarda diffuzion potensial
bo’Imaydi, chunki ularda turli konsentrasiyali eritmalar orasida hyech qanday kontakt
yo’q (yuqorida aytganimizdek, ularda P¢ elektrodlari metall o’tkazgich yordamida
ulanadi).

Ionlarni tashib o’tmaydigan konsentrasion zanjirlarga amalgamali elementlarni
ham misol qilishimiz mumkin. Ularning zanjirlari simobda eriydigan qator aktiv
metallardan tuzilishi mumkin. Simob eritmada deyarli ionlanmagani sababli,
ko’pgina metallarning amalgamalari 0’zini mos metall elektrod kabi tutadi, bunda
fagatgina standart potensialning qiymati metallning amalgamadagi konsentrasiyasiga
qarab o’zgaradi.

Normal element

Galvanik elementning EYuK ni oddiy voltmetr yordamida o’lchash mumkin
emas, chunki voltmetr elementning EYuK ni emas, balki voltmetrning qarshiligiga
bog’lig bo’lgan potensiallar farqini o’lchaydi. 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, xalqaro etalon
sifatida qabul gilingan. Veston elementida katod vazifasini (manfiy qutb) kadmiyning
to’yingan amalgamasi (tarkibida 72,5 % Cd tutgan), anod vazifasini (musbat qutb)

sirtiga Hg,SO, va Hg larning aralashmasidan iborat pasta bilan qoplangan toza simob

bajaradi. Elektrolit vazifasini CdSO, -§H20ning ortigcha miqdordagi kristallari

bo’lgan CdSOning to’yingan eritmasi bajaradi (eritma Hg,SO, ga nisbatan ham
to’yingan bo’ladi). Kadmiyli elementning zanjiri quyidagicha yoziladi:

(-)(Hg)Cd | Cd* ,SO; Hg>" | Hg(+)
4 2

to'yingan

yoki to’liq ko’rinishda

(Hg)Cd | CdSO, -%Hzo / CdSO, | Hg,SO, | Hg

to'yingan eritma
Veston elementida quyidagi reaksiya boradi va bu reaksiya muvozanat holatiga javob
beradi:

Cd + Hg," <> 2Hg +Cd*"
yoki to’liq holda reaksiyani qo’yidagicha yozish mumkin:
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Cd + Hg,SO, + gHZO © Cdso, -§H20+ 2Hg

Veston elementining 20 S dagi EYuK Ye=1,0180 V ga teng.
Ushbu element EYuK ning haroratga bog’ligligini
E, =1,0180 —4,06-107° (- 20) tenglama orqali ifodalash mumkin, bu yerda ¢ — °C
lardagi harorat. Veston elementi tashish sodir bo’Imaydigan 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 qarama-qarshi kimyoviy reaksiyalardir.

Umuman, prinsip jithatdan 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 gaytar 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 tushirilgan qo’rg’oshin plastinkalar PbHSO, bilan qoplanadi. Natijada,
quyidagi elektrokimyoviy zanjir vujudga kelad:

(+) Pb, PbOy»/ 32% nmu H,S0, / PbSO, ,PbO (-)
Akkumulyator ishlaganda, ya’ni elektr toki berganda, quyidagi jarayonlar
boradi: musbat qutbda
PbO, +4H" +2¢ — Pb** +2H,0 ; Pb* + 80, — PbSO,
Y oki umumiy ko’rinishda
PbO,+4H" + SO, +2e—> PbSO, +2H,0
Demak musbat elektrodda hosil bo’lgan potensial:

T, =7, R
»" bo’ladi.
Manfiy qutbda: Pb— Pb™ +2e¢; Pb*" +SO,” — PbSO, jarayonlari boradi
yoki umumiy ko’rinishda P»+ S50, — PbSO, +2¢. Demak manfiy elektrodda hosil

a

bo’lgan potensial: =, =rx, +%lnapb2+ bo’ladi. Elektrodlardagi reaksiyalar bir-biriga

qo’shilsa, akkumulyatorda borgan umumiy reaksiya chiqadi.
Akkumulyator zaryadlanganda (undan elektr toki o’tkazilganda), bu
reaksiyaning aksi boradi. Shunday qilib:
zaryadsizlanganda —
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Pb+PbO, +2H,50, < 2PbSO, +2H,0
« zaryadlanganda
Kislotali akkumulyatorning elektr yurituvchi kuchi E=r +7, =2,028 bo’ladi. Bu

qiymatni yuqoridagi m; va m> ning tenglamalaridan hisoblab topish mumkin.

Ishqorli akkumulyator nikel oksid (musbat) va temir (manfiy) elektrodlardan
iborat. FElektrolit sifatida o’yuvchi kaliyning to’yingan eritmasi ishlatiladi. Bu
elementning zanjiri quyidagicha ifodalanadi:

(+) Ni:Os- nH>O/KOH/ “Fe (-)
Akkumulyator zaryadsizlanganda quyidagi jarayonlar boradi:

Ni;Oz- H;O+ 2e — 2NiO+ 20H
Mantfiy elektrodda: Fe+20H ™ — FeO+ H,O+2e

Demak, umumiy reaksiya:

zaryadsizlanganda —
Fe + Ni,O, < FeO+2NiO

« zaryadlanganda
bo’ladi. Ishqorli akkumulyatorning elektr yurituvchi kuchi 7,35-1,33 B ga tengdir.
TOPSHIRIQLAR

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

A=zFE 9)

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

Izobarik-izotermik qaytar jarayonda elektr ishi Gibbs energiyasining kamayishi
hisobiga bajariladi
A=-AG va  AG=-zFE yoki AG =-23063zE kal/g-ion (10)

Gibbs-Gelmgols tenglamasidagi AG = AH +T[%} Gibbs energiyasining
o‘rniga (10) tenglamadagi qiymatni qo‘ysak va

dE

AAG) 45 yoki zF[d—Tj = AS = 23063(dE/dT), kal/gradg-ion (11)

dT
ekanligini hisobga olsak:
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—zFE = AH —TzF[d—Ej
dr
AH = —ZF(E - Tj—ij =23063[T(dE/AT),-E] kal/g-ion  (12)

kelib chiqadi. de/d47 hosila EYuK ning harorat koeffisiyenti deyiladi. Galvanik
elementning tabiatiga qarab dJE/dT musbat yoki manfiy qiymatlarni qabul qilishi
mumkin. (12) tenglama galvanik elementda borayotgan reaksiyaning issiqlik effektini
hisoblash imkoniyatini beradi.

Talabalarga Kiselyevada keltirilgan (10-bob, “Ko‘p variantli masalalar™) 5-
masala beriladi. Masalada qator 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. [lovadagi jadvalda javoblar keltirilgan.
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ELEKTROKIMYOVIY REAKSIYANING MUVOZANAT KONSTANTASI
(2 coar)

Amaliy mashg’ulotlarning magqsadi: Oksidlanish darajasi o‘zgaruvchi
ionlarning ishtirokida boruvchi reaksiyalarning muvozanat konstantalarini
hisoblash. Muvozanat konstantalarining qiymatlariga qarab qaytaruvchining
ganday oksidlanishi haqida hulosa chiqarish.

NAZARIY QISM

Elektrod muvozanat eritmadagi ionlarning har ganday konsentrasiyasida
(aktivligida) vujudga kelishi mumkin va bu muvozanat o‘zining potensialiga ega
bo‘ladi. Ikkita o‘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 qaror topguncha davom
etadi. Galvanik elementdagi termodinamik muvozanat konstantasini AG® = -RTIn K,

va AG°=-zFE’tenglamalardan foydalanib topiladi, bu yerda E’-standart EYuK
(hamma ionlarning o‘rtacha aktivliklari 1 ga teng bo‘lganda):

InK, =zFE"/RT va  1gK,6 =zFE"/23RT (1)
Yakobi-Daniel elementining EYuK [,1 B ga teng. (1) tenglamaga binoan
hisoblangan muvozanat konstantasi K, =2-10%7 ga teng. Muvozanat konstantasining
bunday katta qiymatni 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 chiqadi.

SEMINAR TOPSHIRIQLARI

Galvanik element tuzishga foydalanish mumkin bo‘lgan, oksidlanish darajasi
o‘zgaruvchi 1onlar ishtirokida boruvchi, ya’ni elektrokimyoviy reaksiyalarning
muvozanat konstantalarini hisoblash ushbu seminarda muhokama qilinadi.

Talabalar ishtirokida galvanik elementning EYuK bilan ushbu galvanik
elementda boruvchi kimyoviy reaksiyaning muvozanat konstantasi orasidagi
bog’lanish haqida nazariy masalalar qisqacha ko‘rib chiqiladi. Quyidagi reaksiya
misolida muvozanat konstantasini tahlil qilamiz:

2A1+ 3Cu" > 2AI" +3Cu
Muvozanat konstantasi: Ka=as’" /a’c®
Umumlashgan holda: M| + Z2IMy?" > M2 + 1M,
Muvozanat konstantasi: K, =a12 / ay”!

Muvozanat garor topganda:
E= Elo—Ezo = [E10—(RT/21F)11’1211]—[Ezo—(RT/ZzF)lnaz] =0
bundan: (Elo—Ezo) = (RT/lezF)(Zzlnal—Zllnaz) = (0,05916/zlzz)lg(alz2/a2Z1)
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va lg(a122/a,”") = 1gK, = z122(E1°-E2°)/0,05916 (2)
metal ionlarining zaryadlari teng bo‘lsa yuqoridagi ifoda soddalashadi:

1gKa = z(E°-E2°)/0,05916 3)
So‘ngra K; ning son qiymati aniglanadi.

Berilgan elektrokimyoviy reaksiyaning muvozanat konstantasini hamda ikkala
metallning vodorod bilan oksidlanish-qaytarilish reaksiyalarining muvozanat
konatantalarini hisoblang. Standart elektrod potensialning ishorasi vodorod
elektrodga nisbatan aniglangan potensialning qiymatiga teskari olinadi. Reaksiya
chapdan o‘ngga o‘z-o‘zidan boruvchi deb hisoblanadi. Temperatura standart - 298K
ga teng.

Topshiriqlar individual bo‘lib, ularni tuzish uchun 10 ta elektrodning standart
potensiallari tanlab olingan:

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 Hgo -0,854 2

* Standart elektrod potensialning ishorasi vodorod elektrodga nisbatan aniqlangan
potensialning qiymatiga teskari olinadi.

Quyidagi jadvalda topshiriglarning natijalarini tekshirish uchun zarur
ma’lumotlar keltirilgan. Ushbu topsirigni bajarish elektrokimyoning nazariy
tomonlarini talabalar tomonidan mustahlamlashdan tashqari muvozanat konstantalari
qiymatlarining o‘zgarish kattaliklari bilan ham habardor qiladi va qaytaruvchining
qanday darajada oksidlanishi haqida tasavvurni kengaytiradi.

Jadval

Standart temperaturada ishlaydigan galvanik elementlarda amalga
oshiriluvchi elektrokimyoviy reaksiyalarning muvozanat konstantalarini
hisoblashga berilgan topshiriq uchun ma’lumotlar.
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Elektrod Galvanik 157-tenglama- 1gKa Ka
juftlik zanjirning dagi zaryad
EYuK miqdori
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'%
1-5 1,410 6 142,90 8,00.10'*
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 5,00.10!1°
1-10 2,514 6 254,50 3,00.10%%*
3-4 0,037 2 1,25 1,78.10!
3-5 0,190 2 6,43 2,70.10°
3-6 0,314 2 10,61 4,10.101°
3-7 0,440 2 14,89 7,80.10™
3-8 0,777 2 26,30 2,00.10%
3-9 0,961 2 32,50 3,20.10°2
3-10 1,294 2 43,80 6,30.10%
5-6 0,124 2 4,19 1,55.10*
5-7 0,250 2 8,46 2,88.10°
5-8 0,587 2 19,85 7,10.10"°
5-9 0,771 2 26,10 1,25.10%
5-10 1,104 2 37,35 2,22.10%7
7-8 0,337 2 11,39 2,46.10!"
7-9 0,521 1 8,82 6,60.10®
7-10 0,854 2 28,85 7,10.10%®
2-3 0,325 2 10,92 8,30.10'°
2-4 0,360 2 12,17 1,48.102
2-5 0,513 2 17,36 2,29.10"7
2-6 0,637 2 21,55 3,55.10°!
2-7 0,763 2 25,80 6,31.10%
2-8 1,100 2 37,20 1,59.10°7
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 1,50.10°
4-6 0,277 2 9,37 2,34.10°
4-7 0,403 2 13,63 4,27.1018
4-8 0,740 2 25,00 1,00.10%
4-9 0,924 2 31,20 1,60.10°!
4-10 1,257 2 42,50 3,00.10%
6-7 0,126 2 4,27 1,86.10*
6-8 0,463 2 15,65 4,47.101
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Elektrod Galvanik 157-tenglama- 1gKa Ka
juftlik zanjirning dagi zaryad
EYuK miqdori
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 1,66.10°
8-10 0,517 2 17,50 3,16.10"7
9-10 0,333 2 11,26 1,82.10!"

Yuqoridagi  topshirigni  bajargan  talabalar = oksidlanish-qaytarilish
muvozanatlarini hisoblashga o‘tishlari mumkin. Buning uchun

Eredox = (RT/ZF)ln(ared/aOX) (4)

ekanligini talabalar bilan birgalikda eslab olish kerak. Zarur ma’lumotlar fizik-
kimyoviy kattaliklar keltirilgan qisqa ma’lumotnomada berilgan. Birinchi misollarni
eng sodda oksidlanish-qaytarilish 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
aniqlash zanjiri, alohida elektrodlarning potensiallarini aniqlash uchun va
konsentrasion zanjirlarning sxemalari.

3-AMAJIMA MAIIFYJOT. KHMEBU KHHETUKA BA KATAJIN3
MYAMMOJIAPH.

Amaliy mashg’ulotlarning maqsadi: Kimyoviy reaksiyaning tartibini aniqlash.
Arrenius tenglamasining gollanilishini o‘zlashtirish.

NAZARIY QISM

Kimyoviy reaksiyaning tezligi
Kimyoviy reaksiyaning tezligi deb, o‘zaro ta’sirlashayotgan moddalar
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 oraligida kichik miqdorga
o‘zgaradi desak, reaksiya tezligi quyidagicha ifodalanadi:

dC . dc'
V- o yoki e (1)
Bunda C va C’lar mos ravishda boshlang‘ich moddalar va reaksiya mahsuloti
konsentrasiyalari.
Yugqorida ta’kidlaganimizdek, bir tomonga yo‘nalayotgan reaksiyani ikki turda

tasniflash mumkin: birinchidan, borayotgan reaksiyaning tenglamasi bo‘yicha
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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:

VA +v, A, +...=v, A, +v, 4, +...
bunda to‘g‘ri reaksiya tezligining V=kC"; -C: -... kinetik tenglamasi bo‘yicha
reaksiya tartibi (v, +v, +...) yig‘indi orqali ifodalanadi.

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

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:

dc Vv, V.
V=- o =kcCy -Cy 2)
bunda k& — reaksiya tezligi doimiysi (reaksiyaga kirishayotgan moddalar

konsentrasiyalari birga teng bo‘lgandagi reaksiya tezligi). Uning o‘lchov birligi
k=[] [t}'.

Haqiqatdan ham, amalda ko‘pchilik reaksiyalar tezliklari turlicha bo‘lgan bir
qator 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 (v,,v,...) 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’nin=2Xv,.

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:

C12H2:01; + H; O —2 2CsH 1,05
Ayni reaksiyada shakardan tashqari erituvchi sifatida suvning ishtirokini va
reaksiya kislotali muhitda borishini hisobga olgan holda, reaksiya tezligini
quyidagicha ifodalash mumkin:

V=k[ C12H2:01,] [H:0][H;07]
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Tenglamadan ko‘rinib turibdiki, ayni reaksiyani uchinchi tartibli reaksiya
deyish mumkin edi. Aslida esa reaksion aralashmadagi suvning miqdori erituvchi
sifatida ortiqcha ekanligi va gidroksoniy ioni katalizator sifatida o‘zgarmas miqdorga
ega bo‘lganligi sababli, reaksiya tezligini

V=k[CiH2»0i]
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‘lgan butun sonlar
orqgali  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
chuqurroq tushunish uchun misol tariqasida ikki valentli temirni kislotali muhitda
kislorod bilan oksidlanish reaksiyasini ko‘rib chiqaylik. Reaksiya tenglamasini
quyidagicha ifodalaymiz:

4Fe’* +4H" + O, —»4Fe** + 2H,0
Tenglamadan ko‘rinib turibdiki, reaksiya sodir bo‘lishi uchun 4 ta temir ioni, 4
ta vodorod 1oni va bitta kislorod molekulasi, ya’ni 9 ta zarracha bir vaqtda o‘zaro
to‘qnashishi kerak. Lekin amaliy jthatdan 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
bosqichlardan iborat reaksiyalar majmuasi sifatida garash mumkin:

Fe? + O, Fe** + O]
O;+ H'— HO;

Fe?" + HO, — Fe’* + HO);
HO; + H* — H:0;

Fe* + H,0, — Fe¥* + OH + OH

Fe’* + OH — Fe’* + OH
H" + OH & HO

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 bosqichlar majymuasidir.

Reaksiyaning molekulyarligi o‘zaro to‘qnashayotgan zarrachalarning soniga
bog‘liq ravishda monomolekulyar, bimolekulyar va uchmolekulyar bo‘lishi mumkin.
Lekin biz yuqorida qayd etganimizdek, uchta va undan ortiq zarrachalarning bir
vaqtda o‘zaro to‘qnashish ehtimolligi juda kichikdir. Sxematik ravishda reaksiyaning
molekulyarligini quyidagicha ifodalash mumkin:

1) ; A— L —monomolekulyar reaksiyalar
2) A+ B—L; 24— L —bimolekulyar reaksiyalar;
3) A+B+C—L;, 2A+B —L,; 34— L—uchmolekulyar reaksiyalar.
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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+B— L+ M
2. Yonma-yon (parallel) boruvchi reaksiyalar

/B | - /L+...
g \l\/l+..

3. Birgalikda boruvchi reaksiyalar
A+B—L (a)
A+C—->M (b)
Bu turdagi reaksiyalar sodir bo‘layotganda reaksiyalardan biri 0‘z-o0‘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 H>O, bilan oksidlanish reaksiyasini
ko‘rishimiz mumkin:

A

H>O,+2FeCl, —24 s 2FeCl;+H>0 (a)
H>O,+2HCIl— CL+2H,0 (b)

Bunda H,0;— aktor, Fe’" — induktor, HCI — akseptor vazifasini bajaradi va (a)
reaksiya birlamchi, (b ) esa, ikkilamchi reaksiyadir.

4. Ketma-ket boruvchi reaksiyalar

A—>B—>C...; A+B+... >C+D+... L+ M+...

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

Reaksiya tartibi

O‘zgarmas haroratda reaksiyaning kinetik tenglamasini chiqarish uchun

reaksiyada ishtirok etayotgan moddalardan birortasining konsentrasiyasi vaqtga
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bog‘ligligini o‘rganish kerak. Buning uchun (2) tenglamasidan foydalanamiz. Agarda
(2) tenglamani integrallasak konsentrasiya bilan vaqt o‘rtasidagi o‘zaro bog‘liglik
kelib chiqadi. Olingan natijalarni amaliy yo‘l bilan aniqlangan konsentrasiyaning (C;)
vaqtga bog‘liglik egrilari bilan taqqoslash orqali reaksiya tartibi aniqlanadi.

Birinchi tartibli reaksiyalar. Bunday reaksiyalarga radioaktiv parchalanish,
izomerlanish, moddalarning gaz fazasida parchalanishi va boshqalarni 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 (=0) A moddaning mollar
soni a ga teng desak, ¢ vaqt o‘tgandan so‘nggi mollar soni x ga teng. A moddaning ¢
vaqtdagi miqdori (a-x) molga teng bo‘ladi, natijada,
dC _ 1dx

c-a  c_leey) va

Vv dt V.t
bo‘ladi, bunda C, va C lar dastlabki moddaning boshlang‘ich va ¢ vaqtdagi
konsentrasiyalari.

Olingan natijalarni (2) bilan tagqoslasak,

_d[4] _da-x) _dx_, 3
i@ a @ )

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

tenglamaga haym kiritilgan emas. Agarda (3) ni quyidagicha yozsak

B &)

a—Xx
va uni 0 dan x va 0 dan ¢ oraliglarida integrallasak

Ina —In(a-x) = In—4— =kt ®))
a—x
hosil bo‘ladi. (5) dan birinchi tartibli reaksiya tezligi doimiysi 4&; ni topish mumkin:
k=t
r a—x

Reaksiya tezligi doimiysining o‘lchov birligi /k;] = [c]" [t} dan n=I
bo‘lganda [k;] = [t}! 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 x, bilan belgilasak,
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reaksiya uchun olingan dastlabki
moddalar miqdori @ ning vaqt ¢ ga
bog‘ligligi 12-rasmda ko‘rsatilgan.
ax Sodir bo‘layotgan reaksiyalarni
o‘rganishda reaksiyaning yarim

X5 yemirilish vaqti 7, dan foydalaniladi. Bu
—> vaqt reaksiya uchun olingan modda
t miqdorining yarmi sarflangan vaqt bilan
o‘Ichanadi.

12-rasm. Dastlabki modda x; va
reaksiya mahsuloti x;
konsentrasiyalari o‘zgarishining

vaqtga bog‘ligligi.
Shunga muvofiq, (5) tenglamadan x = %; t =ty ekanligini hisobga olsak
In2 0,693
ty=—>" =" 6
=== (0)

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
NCICOCH, NHCOCH,

2. Ikkimetil efirining parchalanishi

CH;-O-CH;—>CH,+H>+CO
3. Murakkab efirning suyultirilgan eritmadagi gidrolizi
CH;COOC,Hs+H>O—-CH;COOH+ C>,H;OH
Bu reaksiyada suvning miqdori ko‘p bo‘lganligi sababli, uning konsentrasiyasi
o‘zgarmay qoladi 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 qilib olishimiz mumkin. Masalan,
murakkab efirni sovunlanishi va eterifikasiya reaksiyalari:

RCOOR;+NaOH —-RCOONa+R,OH
CH;COOH+ C,HsOH— CH;COOC,Hs+H>0
Gaz fazada sodir bo‘ladigan birikish reaksiyalari:

H>+J>—2HJ
C>H+H>—C>Hs
Agarda yuqoridagi reaksiya tenglamalarini umumiy A+B—L+M sxematik
reaksiya tenglamasi orqali ifodalasak va dastlabki vaqtdagi (t=0) A va B
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moddalarining konsentrasiyalarini mos ravishda a va 6 deb olsak, ¢ vaqt o‘tgandagi
konsentrasiyalarini (a-x) va (s-x) deb olsak, (2) tengligini quyidagicha yozish
mumkin:

L k@-00-x ()
(7) dagi o‘zgaruvchan kattaliklarni ajratsak,
_dx
(a=x)(b-x)
hosil bo‘ladi. Bu tenglamalardagi k> — ikkinchi tartibli reaksiya tezligi doimiysi.
Agarda reaksiyaga kirishayotgan moddalar konsentrasiyalari o‘zaro teng bo‘lsa
(a=s), (8) quyidagicha yoziladi:

k,dt (8)

dx
(a—x)°
Reaksiyaning dastlabki shartlari =0 va x=0 dan kelib chigqan holda (9) ni

integrallasak, ayni holat uchun ikkinchi tartibli reaksiyaning kinetik tenglamasi hosil
bo‘ladi:

= k,dt 9)

L1 4 (10)

a—x a

(10) dan x va k> larning qiymatlarini topish mumkin:

2
=8 kot (1)

- 1+ ak,t

I x
k,=- 12
> a(a—x) (12)
(12) dan ko‘rinib turibdiki, ikkinchi tartibli reaksiya tezligi doimiysining o‘lchov
birligi qo‘llanilayotgan konsentrasiya birligiga bog‘liq bo‘lib [k,]=[c]"'[¢]", mol !/l s

! bilan ifodalanadi.

Ikkinchi tartibli reaksiyalar uchun yarim o‘zgarish vaqti tushunchasini bitta
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 ¢, desak, shu vaqt oralig‘ida sarf bo‘lgan modda
miqdori a/2 ga teng bo‘lsa, (12 176) dan

Lia =Cl_]1€2 (13)
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 kirishayotgan moddalar konsentrasiyalari o‘zaro teng

bo‘lmasa (a#6), (6) ga asosan

81



a-b\a-x b-—x
tengligi kelib chigadi. (13) ni x=0 dan x gacha va =0 dan ¢ gacha integrallash
quyidagini beradi:

et = - (1 - lj (13)

kg:—L{mw—@—mw—@}_i—mé (14)
a->b a-b a
bunda — 3 in? inte grallash doimiysi.
a— a
(14) dan k> ni qiymati quydagiga teng bo‘ladi:
1 lnb(a—x) (15)

k, =
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:

m( a j=bk2t (16)

a—Xx
(4) va (16) lardan k;t=bkt yoki k;=bk, ekanligini ko‘rish mumkin. Demak, bu turdagi
reaksiyalarni birinchi tartibli reaksiyalarga tagqoslash mumkin ekan.
Uchinchi tartibli reaksiyalar. Uchinchi tartibli reaksiyalar uchun dastlabki
moddalar konsentrasiyalari bir-biriga teng bo‘lgan hol uchun kinetik tenglamalarni
nisbatan sodda ko‘rinishda ifodalash mumkin:

& k- (17)

Agarda (17) ni 0 dan x va 0 dan 7 oraligda integrallasak,
| 1

kit = -
’ (a—x) 2a’

(18)

hosil bo‘ladi. Bunda 2% integrallash doimiysi. (18) dan quyidagi kelib chiqadi:
a

_ x*(2a-x)
2ta’(a —x)
Reaksiya uchun olingan dastlabki moddalar miqdorlari turlicha bo‘lsa, ya’ni a

FeFc,

3

%zl@(a—x)(b—x)(c—x) (19)
bo‘ladi. Agarda bu tenglamani integrallasak, k3 ning qiymatini topamiz:
3=1{ SRR W A S . S —— 1} (20)
t|(a-6)(c—a) a—-x (a-86)e6—c) 6—x (6—c)(c—a) c—x

Uchinchi tartibli reaksiya tezligi doimiysining o‘lchov birligi [k;] = [C}?[t}! orgali,
ya’ni mol?1?s! yoki mol?sm?s' larda ifodalanadi.
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Uchinchi tartibli reaksiyalarga quyidagilar misol bo‘la oladi:

2NO+0;—2NO0O:; 2NO+Cl,—»2NOCI
Umuman olganda, o‘zaro ta’sirlashayotgan moddalar miqdorlari bir xil bo‘lgan
hol uchun n-tartibli reaksiyaning tezlik doimiysini yuqorida qilingan hisoblashlar
asosida quyidagicha ifodalash mumkin:

1 1 a'(a—x)""
— - 21
" t(m-)a" (a-x)" D)
n- tartibli reaksiyaning o‘lchov birligi [k,]=[c]""[¢]"" ko‘rinishda ifodalanadi. Bu kabi

reaksiyalarning yarim ajralish vaqti quyidagiga teng:

D i 22
Z1/2 - kn (l’l—l) a"" ( )

Agarda vaqt o‘tishi bilan reaksiya tezligi o‘zgarmasa, bunday reaksiyalar
nolinchi tartibli bo‘ladi. Masalan, yuqorida keltirilgan efirni suvda gidrolizlanishi:

CH;CHOC>Hs + H,O— CH3;COOH + C,HsOH
reaksiyasida efirning miqdori ortiqcha olinsa, reaksiya natijasida sarflanayotgan efir
o‘rni efir qatlamidan 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‘Ichov birligi [ky] = [c][t]
I yoki mol " 57! bilan ifodalanadi. (22) ga n = 0 qo‘ysak, nolinchi tartibli reaksiyaning
yarim o°‘zgarish vaqtini topamiz:

-4 (24)

Demak, (24) ga ko‘ra, yuqoridagi kabi
reaksiyalar uchun ¢,,, modda miq-doriga
to‘g‘ri proporsional va tezlik doimiysiga
teskari proporsional kattalik ekan.

13-rasmdan ko‘rinib turibdiki, n=0
bo‘lganda a—x ning vaqt bilan o‘zgarishi
.y deyarli to‘g‘ri chizigdan iborat.

13-rasm. Dastlabki miqdorlari teng
bo‘lgan turli tartibdagi
reaksiyalarning kinetik egrilari.

n =1 van = 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 aniqlash 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 aniqlash 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 boshqa kinetik tenglamalar orqali bajariladi. Agarda tezlik
doimiysining qiymati turli vaqt uchun bir-biriga mos kelsa yoki amaliyotda yo‘l
qo‘yiladigan ba’zi xatoliklarni hisobga olgan holda bir-biridan o0z miqdorga farq
qilsa, reaksiya tartibi shu kinetik tenglama orqali ifodalangan tartibga to‘g‘r1 keladi.
Agarda qilingan hisoblashlar hyech qaysi tenglamada qoniqarli 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.

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

(a - X) Ite )
\% ) a
as Ina
b t
a 1
t t
1 2
@ ™ (@ x
l o
-1 B
a \L aZJ{
Y t g t

14-rasm. Reaksiya tartibini grafik usulida anigqlash
(a- n=0;b- n=1;v- n=2 va g- n=3 uchun).

(a-x) kattaliklarni vaqtga bog‘liqlik 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 chiziglarning
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og‘ish burchaklaridan muvozanat doimiysini topish mumkin, ya’nin =0 va n = 1
bo‘lganda -tga = kg va -tga = k; ga,n =2 va n=3bo‘lganda tga =k, va tga =
2ks ga teng bo‘ladi.

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

i 11

tl/za =k—-ﬁ2”71 -1 (25)

n

t,,a"" ko‘paytma o‘zgarmas Kkattalik ekanligini ko‘ramiz. Agarda reaksiya
boshlang‘ich a;, a»,....a; miqdorlarda olib borilsa,

(tl/z)laln% =(t5),a" 2 == (),),4] (26)
tengliklarini yozish mumkin. Bu tengliklardan » ning qiymatini topish mumkin
. In(1,,), ~In(s,, ), 27)
Ina, -1Ingq,

Reaksiya tartibini aniqlashning grafik usullaridan bir1 (22) tenglamaning
logarifmlangan ko‘rinishidan, ya’ni
_ 7,2 -1
Inty; = In k(n_l)—(n—l)lna (28)

A tenglamasidan foydalanishga asoslangan.
Int;» ni [na ga bog‘ligligi to‘g‘ri chizigni
bersa (15-rasm), uni og‘ish burchagining
tangensi fga=1-n ga teng bo‘lib, bundan n ni
topish ~ mumkin. Reaksiya  tartibini
aniqlashning integral usulidan yana biri

i Ostvald-Noyes usuli bo‘lib, u reaksiya uchun
olingan moddaning miqdorini qandaydir #;

15-rasm. Yarim ajralish vaqtini  vaqt oralig‘ida o‘lchashga asoslangan.

moddaning boshlang‘ich
miqdoriga
bog‘ligligi.

Int; /5

Bu usulga ko‘ra, n tartibli reaksiya uchun (22) tenglama quyidagicha yoziladi:
_esxe-n]-1
tin= | 29
- Dka™ )
Ushbu usul bo‘yicha, ¢, vaqt oralig‘ida aniqlangan reaksiya tartibi ILOVADAGI
JADVALDA keltirilgan.

Reaksiya tartibini aniqlashning 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 V, (1) va (2) larga asosan quyidagicha yoziladi:
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Vo= k[Ao]" [Bo]" (30)

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

Reaksiyaga kirishayotgan moddalardan birining miqdorini boshlang‘ich vaqt
oralig‘idan o‘zgarishi, ya’ni avval 4 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=Fk[A]' (31)
Boshlang‘ich reaksiya davomida 4 moddaning miqdori doimiy saqlanib B
moddaning miqdori o‘zgarishi kuzatilsa, (30) ni quyidagicha yozish mumkin:

Vo =k [Bo]" (32)
(30) tenglamani logarifmlasak,
InV, = Ink+nin[A,]+min[B,] (33)
hosil bo‘ladi. Bu tenglamadagi /nk va min/B,] lar (B moddaning miqdori doimiy
bo‘lganligi uchun) o°‘zgarmas kattaliklar bo‘lganligi sababli, (33) quyidagi
qo‘rinishga keladi:
InVo=nln[A,] (34)

Reaksiyani 4 moddaga nisbatan ikki xil boshlang‘ich miqdorlar bo‘yicha o‘tkazilsa
va (33) dan foydalanib, shu reaksiyalar tezliklarining o‘zaro nisbatini olsak,
logarifmlasak,

V" —1nV® = nlnb——= (35)

hosil bo‘ladi.
(35) dan 7 ni topamiz:

n _ (2)
- InV, InV, (36)

EEIEr

Huddi shu tartibda reaksiya tartibini B moddaning miqdori orqali ham topish
mumkin:

B ano(l) —In Vo(z)
m=
ln[Béz)} — ln[Bél)}

(37)
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A va B moddalari bo‘yicha topilgan
xususiy 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‘liqlik
InV,=f(InfA] diagrammasi tuzilsa (16-
rasm), to‘g‘rt  chizigning og‘ish
burchagidan reaksiya tartibini topish
InA] mumkin. Bunda ftga=n bo‘ladi.

|nVO

16-rasm. Vant-Goff usuli bilan
reaksiya tartibini aniqlash.

Reaksiya tezligining haroratga bog‘liqligi

Vant-Goff bo‘yicha uncha yuqori bo‘lmagan haroratlarda haroratni 70° ga
oshirganda reaksiyaning tezligi 2—4 marta ortadi. Reaksiya tezligiga haroratning
ta’siri tezlik konstantasining harorat koeffisiyenti bilan o‘lchanadi kw10/k. Yuqori
haroratda Vant-Goff qoidasi noto‘g‘ri natijalarni beradi. Shuning uchun bunday
hollarda reaksiyaning tezlik konstantasiga haroratning ta’sir1 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 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‘liqligi kimyoviy jarayonlarga
qaraganda ancha kam, bu esa fizikaviy jarayonlarning tabiatini va ularda kimyoviy
ta’sirlarning rolini o‘rnatishga imkon beradi.

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

dinK
i :_152762 (38)

bu yerda K. = k;/k> bo‘lgani uchun

dink, dink, Q,

dT dT ~  RT*

Reaksiyaning issiqlik effekti ikkita kattalikning farqi Q, = E,— E; ekanligini hisobga
olsak, quyidagi tenglamalar kelib chigadi:

(39)

dln k, E,
= B 40
dT RT * i (40)
dn k, E,
dT RT? (41)
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bu yerda B — doimiy son. Arrenius B=0 ekanligini ko‘rsatdi va bu holda yuqoridagi
tenglam

dlnk E,

dT  RT?
ko‘rinishni oladi. Arrenius E, kattalikni / mol faollangan molekulaning hosil
bo‘lishiga sarf bo‘ladigan issiglik miqdori ekanligidan kelib chiqib, faollanish
energiyasi deb atadi. (42) tenglamani integrallasak,

(42)

Ink=-—44c (43)
RT

bu yerda: C — haroratga bog‘liq bo‘lmagan integrallash doimiysi. Ushbu tenglamani
quyidagi ko‘rinishda ham yozsa bo‘ladi:
kze—EA/RT+C _ . e—EA/RT+C _1Pse. e—EA/RT (44)

Shunday qilib, £ 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 = 1004343C (45)
U holda, (44) tenglama quyidagi ko‘rinishni oladi:
k=Ae "% (46)
Ink=In A-Es/RT 47)
Ink=-BT+C (48)

buerda: B= -E4/R ; C=In A

Faollanish energiyasini topish uchun tajriba natijalaridan /nk =f (1/T) grafigi
chiziladi. Ushbu bog‘lanish to‘g‘ri chiziqli bo‘lsa, jarayon Arrenius tenglamasiga
bo‘ysunadi va uning burchagi tangensidan faollanish energiyasi aniqlanadi:

tca =E4+/2,303R Ba Es=tga-4,575 (49)
(42) tenglamani 7; dan 7> gacha aniq integrallansa, ya’ni 7; va T, lardagi k;
va k; lar topilsa, quyidagi tenglamadan Ye, ni hisoblash mumkin:

Inky/k; =E4/2,303R (L—L (50)

T2 Tl
Arrenius tenglamasidan /nk =f(1/T) bog‘liqligi chiziqli ekanligi kelib chiqadi, bu esa
turli-tuman reaksiyalar uchun tajribada olingan natijalarga mos keladi. Arrenius
tenglamasi reaksiya tezligining haroratga bog‘liqligini juda ham yuqori darajada
to‘g‘ri ifodalab berganligi sababli, uni asoslab berish kimyoviy kinetika
nazariyasining vazifalaridan biriga aylandi. Quyida ushbu nazariyalarni ko‘rib
chigamiz.

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‘gqnashish 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‘gnashishlarigina samarali bo‘lib, faqat ular
reaksiyaning elementar akti amalga oshishiga olib kelishidan dalolat beradi.
Molekulalar barcha to‘gnashishlarining samarali ekanligi haqidagi taxminning
noto‘g‘riligini reaksiya tezligining harorat ortishi bilan eksponensial ravishda ortishi,
to‘gnashishlarning umumiy soni esa, sezilarsiz o‘zgarishi ham tasdiglaydi.

Yuqorida ko‘rsatilgan qarama-qarshiliklarni yo‘qotish uchun Arrenius
to‘gqnashgan 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 qarashlarga asoslanib
rivojlantirilgan nazariya esa, faol to‘qnashishlar nazariyasi deb ataldi. Ushbu
nazariyaga asosan, to‘qnashayotgan molekulalarning og‘irlik markazlarini
birlashtiruvchi to‘g‘ri chiziq bo‘yicha kinetik energiyaning tashkil qiluvchisi kritik
kattalikdan ortiqg bo‘lgan to‘gqnashishlardagina samarali bo‘ladi. Samarali
to‘gnashishlarning o‘rtacha energiyaga nisbatan ortigcha 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 qilinishi bilan Arrenius tasavvurlarini oson
asoslash mumkin. Shunday qilib, kimyoviy jarayonda ma’lum energetik to‘siqni
yengish talab qilinadi. Ushbu fikrlar 17-rasmda tasvirlangan: ekzotermik
reaksiyaning boshlang‘ich moddalari (1) va mahsulotlari (3) energiya sathlari hamda
boshlang‘ich moddalar orasida reaksiyaning elementar akti boradigan minimal
energiya sathi (2) sxematik ravishda keltirilgan. E; va E kattaliklar to‘g‘ri va teskari
reaksiyalarning faollanish energiyalarini tavsiflaydi: O=E;-E>.

) Reaksion aralashmada faol molekulalar
S A issiqlik harakati natijasida paydo bo‘ladi va
' ' kimyoviy ta’sirlar sodir bo‘layotganda
sarflanadi. Zarrachalarning to‘qnashishlar
natijjasida  faollanish  tezligi  ularni
reaksiyada sarflanish tezligidan ancha katta
| deb taxmin qilinadi. Demak, kimyoviy
A jarayon molekulalarning tezliklar bo‘yicha
! maksvellcha muvozanat taqsimlanishini
a I """"" ; deyarli buzmaydi. Bolsman statistikasi

_______________________ ' v bo‘yicha faol to‘qnashishlar Z., ya’ni faol
molekulalarning to‘gqnashishlari soni

Ex

17-rasm. Faollanish energiyasi
tushunchasining sxematik ifodasi.

Z,=2e""" (51 216)

va bimolekulyar reaksiyaning tezlik konstantasi, barcha molekulalar to‘gqnashishlari
samarali bo‘lgan hol uchun
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Ink=__£_ ,LinT+4 (52 217)
RT 2
bu erda 4 — doimiy kattalik. /nT ning qiymati haroratga deyarli bog‘liq bo‘lmagani

dlnk _ i — tenglamasi bir-biriga mosdir. Demak faol

sababli, ushbu tenglama bilan

to‘gnashishlar nazariyasi tajribada o‘rnatilgan reaksiya tezligining haroratga
bog‘ligligini sifat jihatdan to‘g‘ri ifodalaydi.

Tajribaviy natijalar asosida nazariyani miqdoriy tekshirish uchun /nk=f(1/T)
bog‘ligligidan faollanish energiyasi aniqlanadi va uning qiymatlarini yuqoridagi
tenglamaga qo‘yib reaksiyaning tezlik konstantasi hisoblanadi, so‘ngra uni tajribada
olingan qiymatlar bilan solishtiriladi.

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

Faol to‘qnashishlar nazariyasidan hisoblab topilgan tezlik doimiysining
qiymatlari tajribaviy natijalarga mos kelishi uchun, to‘gnashishlarning yetarli
energiyasidan tashqari, molekulalar to‘qnashayotganda ularning ma’lum
oriyentasiyasi ham talab qilinadi. 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 oraliqda
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 faqatgina yuqori energiya
zaxirasiga ega bo‘lgan molekulalar ta’sirlashishi mumkin, degan asosiy holati
to‘g‘ridir.

Molekulalar fagat to‘qnashishlar natijasidagina emas, balki nur energiyasini
yutish, qattiqg 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‘gnashishlar
nazariyasining asosiy kamchiligi shundan iboratki, unda kimyoviy reaksiyaning
elementar akti bir zumda sodir bo‘ladi, deb hisoblanadi. Aslida esa, u ma’lum vaqt
oraligiida 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 qilib turadi. Buni 4 atom va BD molekula orasidagi A+ BD—AB+ D

reaksiya misolida tushuntiramiz. 4 atomi BD molekulaga B va D atomlarning
yadrolarini birlashtirib turuvchi to‘g‘ri chiziq bo‘yicha yaqinlashadi, chunki bunday
yaqinlashish energetik jihatdan eng yutuqli bo‘lib, minimal energiya talab qilinadi.
Zarrachalar yaqinlashishi bilan B va D atomlari orasidagi bog‘ kuchsizlanib, 4 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 4 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 giladi. 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 (~/0%-103sek) 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 usullarda o‘rganib
bo‘lmaydi. Faollashgan kompleksning tebranma erkinlik darajalari soni barqaror
molekulalarnikidan kichik, chunki unda reaksiya yo‘li bo‘yicha tebranma harakat
kuzatilmaydi. Lekin faollashgan kompleksning ilgarilanma harakat erkinlik darajalari
soni barqaror 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.

TOPSHIRIQLAR

Turli kimyoviy reaksizlarning molekulyarligi va reaksiya tartibini
aniqlashga doir misol va masalalarni yechish.

GOMOGEN VA GETEROGEN KATALIZ
NAZARIYALARI

Amaliy mashg’ulotning maqsadi: 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 katalizatorlar — fermentlar bilan
boshqarilishini misol qilishimiz mumkin. Ko‘p kimyoviy ishlab chiqgarishlarda ham

katalitik jarayonlardan foydalaniladi. Avval oddiy deb hisoblangan ko‘pgina
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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
aniglangan. Ayrim hollarda reaksiya olib borilayotgan idishning o‘zi katalizator
vazifasini bajarishi mumkin. Katalitik jarayonlar qator o‘ziga xos xususiyatlarga ega.
Ulardan bir1 katalizator miqdori bilan substrat orasida stexiometrik nisbatlarning
mavjud emasligi. Jarayon davomida katalizator sarflanmaydi va kimyoviy jithatdan
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 chiqarmaydi, u faqat termodinamik jihatdan ruxsat etilgan reaksiyalarning
tezligini oshiradi va sistemaning muvozanat holatiga yetish uchun talab qilingan
vaqtni 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 vaqtgacha 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 qidirilganda 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 katalitik 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 chiqarish 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
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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 boshga 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 gilayotgan oraliq
birikmani tajribada bevosita aniqlash 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 katalitik reaksiyalarni kislota-asosli va
oksidlanish-qaytarilish 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 H;O™" va
OH- 1onlari katalizator vazifasini bajaradi.

Oksidlanish-qaytarilish ~ kataliziga elektron juftlarning uzilishi  va
elektronlarning bir molekuladan boshqasiga o‘tishi (gomolitik) kuzatiladigan
jarayonlar kiritiladi. Bunday reaksiyalar eritmalarda ko‘pincha turli ionlar bilan
tezlashtiriladi. lonlarning katalitik ta’siri ularning strukturasiga bog‘liq. Ionning
tarkibi qanchalik murakkab 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 chiqaradi. Ulardan eng
ahamiyatlisi fermentlarning katalitik ta’siri haroratning va mubhit kislotaliligining
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kichik 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
oraligiéida 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
qayta ishlash, ammiak olish va uni oksidlash, sulfat kislotasini olish, metanol olish va
boshqalar. 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
moddalar yetarli darajada turg‘un moddalar bo‘lib, ularni alohida ajratib olish
mumkin. Ammo bu ko‘p hollarda reaksiyani ganday fazada sodir bo‘lishi bilan

bog*liq.
Sxematik ravishda quyidagi reaksiya sodir bo‘layotgan bo‘lsin:
A+B—>C+D (a)
Shu reaksiya katalizator ishtirokida quyidagicha amalga oshadi:
A+ K— AK (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:

H,0,+28,0; +2H"——2H,0+S,0;
Agarda shu reaksiyani yod ioni o‘rniga molibdat kislota ishtirokida olib borilsa,
sulfat hosil bo‘ladi:

4H,0, +S,0; —¥%_5250> +2H" +3H,0
Reaksiya sharoiti va katalizator turini o‘zgartirish orqali etil spirtidan turli
mahsulotlar olish mumkin:

A1,05,H,50,

1) C,HsOH — CH,+H>0

350-360° C

203 ,HZS 4

2 2CH0H 5 (C:H)O+H0

250°C
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3)  CHsOH - CH;CHO+H.

200-250°C

4)  2C:HsOH- C;HsOH+H-0

ZnO-CryO4
5) 2C,HsOH —» CH,=CH-CH=CH>+H>+2H>0

400-450°C

Katalizatorlar yordamida boradigan reaksiyalar tezliklarining oshishi, asosan,
reaksiya uchun olingan moddalar faollanish energiyalarining kamayishi bilan bog‘liq.
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.

E‘}

v

Reaksiya koordinatasi

18-rasm. Kimyoviy reaksiyaning energetik diagrammasi:
a) katalizator ishtirokisiz; ) katalizator ishtirokida.

Rasmdan ko‘rinib turibdiki, katalizatorsiz sodir bo‘layotgan A4 — B
reaksiyaning faollashish energiyasi £ (a) katalizator ishtirokida borayotgan 4 +
K—AK (K—katalizator) va AK— B+K reaksiyalarining faollanish energiyalari £, va E>
(b) larning yig‘indisidan katta (E>E;+E>) bo‘lganligi sababli, (a) reaksiyaga
qaraganda (b) reaksiyaning tezligi yuqori bo‘ladi. Agarda katalizator ishtirokidagi

reaksiya uchun E; = E, deb qaralsa, %E = E; = E>ekanligini ko‘rish mumkin. (a)

reaksiya uchun reaksiyaning tezlik doimiysi

k= Ae “I%T (1)
tenglamasi orqali ifodalanishini hisobga olsak
~E/RT
ki =k,=4e / (2)
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tengligi hosil bo‘ladi.
(a) va (b) reaksiyalari sodir bo‘lganda, entropiya o‘zgarishi katta bo‘lmaganligi
sababli, A = A; deb qarab, (1) va (2) lardan

Tl p2RT 3)

nisbatni olish mumkin. (3) tenglama katalizator ishtirokida reaksiya tezligi qanchaga
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 garaganda
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.

Keyinchalik ta’sirlashayotgan moddalarning fagat 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 oraliq biritkma hosil qiladi, u esa keyinchalik boshqa
moddalar bilan ta’sirlashadi va bunda katalizator kimyoviy o‘zgarmagan holda ajralib
chigadi, deb taxmin qilingan. Keyinroq 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 tasdiqlangan. Ushbu nazariya katalitik jarayonlarning tajriba natijalari bilan
mos keladigan kinetik tenglamalarini asoslab beradi. Moddalarning turli
reaksiyalardagi katalitik xossalarini oldindan aytib berish imkoniyati borligi oraliq
birikmalar nazariyasining amaliy jixatdan juda muhim tomonidir. Ushbu nazariya
asosida qanday moddalar orasida ma’lum jarayon uchun faol bo‘lgan katalizatorlarni
qidirish kerak ekanligini aytib berish mumkin. Masalan, kislorod bilan beqaror
birikmalar hosil qila oladigan, ya’ni oksidlanish-qaytarilish reaksiyalarida qatnasha
oladigan moddalar oksidlanish reaksiyalarida faol katalizator bo‘lishi kerakligi
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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 qiluvchi moddalar
katalizatorlik vazifasini bajaradi. Shunday qilib, oraliq 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 barqaror nitridlarni hosil giladi.

Qalay va vismut kabi metallar ham katalizator sifatida yaramaydi, chunki ular
nitridlar hosil qilmaydi (past haroratlarda). Xuddi shunday, oralig birikmalar
nazariyasidan foydalanib, xlorlash jarayonlarining kataliztorlari bo‘lib ayrim
metallarning xloridlari (4/C/3, FeCl; va boshgalar) xizmat qilishi mumkin.

Lekin oraliq birikmalar nazariyasi ko‘pgina tajribaviy dalillarni tushuntira
olmadi. Qator ishlarda umumiy katalitik jarayon taxmin gilinayotgan oraliq 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). Faqat 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
qismigina adsorbilanishi kerak. Molekulaning indeks guruhi deyiladigan ushbu qismi
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
tushuntiriladi.

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

Faol ansambllar nazariyasi. 1939 yilda 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
miqdorda qoplanganda, ushbu komponent alohida atomlar ko‘rinishida joylashishi
mumkin (amorf faza sifatida). Bunday adsorbilanuvchi katalizatorlar qator 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 qilingan. 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‘siqlar bilan
ajratilgan bo‘ladi. Katalitik faol materialning atomlari ushbu sohalarning har birida
ozod 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
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 gqatnashishi mumkinligiga e’tibor bergan. Misol
uchun, vodorodning platinada katalitik oksidlanishini ko‘rib chiqamiz. Gaz fazasida
2N>+0,=2N>0 reaksiyasi sekin boradi, chunki ushbu reaksiyaning ketishi
boshlang‘ich moddalar molekulalaridagi bog‘larning wuzilishini, ya’ni ma’lum
energetik to‘signi yengishni talab qiladi. Metallning sirtida adsorbilanganda
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molekulalar ionlanishi mumkin. Kislorod metallning sirt qavatidagi ozod elektronini
tortib, O 1oniga 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-qarshi zaryadlangan ionlar bir-biri bilan oson ta’sirlashadi. Ma’lumki, bunday
jarayonlarning faollanish energiyasi katta emas.

Keyinchalik Roginskiy, Volkenshteyn va boshqalar 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
haqigatan 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
ta’sirlashayotgan moddalar va katalizator orasida sodir bo‘luvchi elektron almashinuv
bilan bog‘liq ekan.

Katalizning zanjir nazariyalari. Geterogen katalitik reaksiya-larning zanjir
mexanizmi haqidagi nazariyani Semenov va Voyevodskiylar taklif qilgan. Ularning
fikricha, qattiq jismning sirti doimo moyil-likning erkin birliklariga ega va shuning
uchun unga poliradikal kabi qarash 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 qiladi, bunda sirt qavatidagi moyillikning erkin birligi
regenerasiyalanadi.

Geterogen katalitik jarayonlarda faqat radikal zanjirlar emas, balki energetik
zanjirlar ham rivojlanishi mumkin. Gomogen sistemalarda molekulalarning
harakatchanligi katta bo‘lganligi sababli, energetik zanjirlar rivojlanishining
ehtimolligi juda kam. Qattiq 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. Yuqorida
ta’kidlaganimizdek, bunday jarayon ko‘proq fermentativ katalizga tegishlidir.
Katalizatorning energiyani vaqtinchalik akkumulyasiya qilishi 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 ataluvchi bunday reaksiyalarda katalizator fagat ozod radikallarni
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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 yetarli
g‘ovaklikka wva 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:

k= Vi/V va By = & (4)

bunda: Bx— katalizator faolligi; Vi V, kx va k — mos ravishda katalizator ishtirokida
va katalizatorsiz reaksiyalar tezligi va tezlik doimiylari.

Katalizatorlarni o‘zaro taqqoslashda ularning 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 &
= Ae"RTva k, = de **/*" ko‘rinishlarga ega bo‘lishidan va (4) dan

BK — eAE/RT (5)
ekanligini ko‘ramiz, bunda AE—katalizatorsiz va katalizator ishtirokidagi reaksiyalar
faollanish energiyalarining o‘zgarishi.

Katalizator selektivligi (Sx) 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:

N2 +H2O (a )

NHs * OZT N20+H20 b)
NO + H20 v )

Agarda shu jarayon platina ishtirokida olib borilsa, faqat (v) reaksiya sodir
bo‘ladi. Qolgan reaksiyalar ayni sharoitda sodir bo‘lmaydi.

100



Katalizatorning selektivligini ikki usulda aniqlash 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‘lchanadi:

Sx= "¢ 100 (6)

2m
bunda: m;— asosiy mahsulot massasi; 2m — asosiy va qo‘shimcha mahsulotlar massasi.
Selektivlikni aniqlashning 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:

Vi CntonO + H,LO A
CnHont+2 +O5

V2
1’1C02 "‘1’1H20 B
bunda: 4 — asosiy mahsulot, B — qo‘shimcha mahsulot. Natijada selektivlik
quyidagicha ifodalanadi:
v
Sk= — 7
K= ™
Agarda asosiy mahsulot quyidagi sxema bo‘yicha qo‘shimcha mahsulotga
aylansa, ya’ni:

Vi, CnHonO + H,0
CnHont2 +O, Vs
V2

n CO, + nH,0

bo‘lsa, selektivlik quyidagicha ifodalanadi:

_nh-n
Sk VT (8)
Katalizator unumdorligi reaktorga joylangan / kg katalizatorning [ soat
ishlashi davomida hosil bo‘ladigan mahsulot unumi (kg) bilan ifodalanadi. Agar
reaktorga yuklangan (kg) yoki Vg(m?) katalizator I soat davomida M, (kg) yoki
Viu(m?) mahsulot hosil gilsa, katalizatorning unumdorligi quyidagiga ifodalanadi:

Ve=M,/t yoki Ve=Vn/t Vk 9)
bunda V¢ — 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
qoplangan modda miqdorining kamayishi va kuyishi) kiradi.
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Kimyoviy ingibirlanishlardan biri xomashyo tarkibidagi katalitik zaharlarni
katalizator sirtiga adsorbilanishidir. Bu ingibirlanish qaytar jarayon bo‘lib, xomashyo
tarkibidagi katalitik zaharlardan tozalash orqali 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 boshqga 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:

2CO — C orc) + CO;
CHy — C okc) + 2H,
2H, + CO;, —» C xokc) t 2H>0
Shu tariqa faolligi kamaygan katalizatorning sirtida hosil bo‘lgan koksni
yuvish yoki yoqish orqali qayta tiklanadi:

C +H20bug‘ — CO+H,
C+0, - CO;

Ba’zi hollarda katalizatorlarning regenerasiyasida kislota, ishqor va turli
erituvchilardan ham foydalaniladi. Zaharlangan qimmatbaho metal-larni esa,
suyuqlantirib tozalanadi.

TOPSHIRIQLAR

Katalizatorlarni tayyorlash

Gomogen Kkatalizda ishlatiladigan katalizatorlar maxsus wusullar 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 boshqa 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 yuqori
harorat va bosimda Fe3O, dan tabletka tayyorlanadi va u qaytariladi:

Fe;0,+4H>,—>3Fe+4H>0
1. Nodir metallar sim, to‘r yoki yupqa gazlama holida qo‘llaniladi.
2. Arzon metallning sirti galvanik usulda katalizator vazifasini bajaruvchi
nodir metallning yupqa qatlami bilan qoplanadi.
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3. Reney usuli (ishqor bilan ishlash): masalan, nikel bilan alyuminiyning
ma’lum tarkibdagi qotishmasi kerakli shaklda tayyorlanadi, so‘ngra u NaOH ning
20% i suvli eritmasi bilan qayta ishlanadi:

241+2NaOH~+6H,0—2Na[Al(OH)4]+3H:

Hosil bo‘lgan tuz suvda yaxshi eriganligi sababli, oson yuviladi va natijada,
qolgan 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.

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

2-tur promotorlar esa, kam miqdorda ham yaxshi natija beradi. Masalan,
vodorod peroksidni parchalanishining katalizatori 98% Fe;O4+ 2% Al;O3 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 katalizatorning sirtiga qaytar
adsorbsiyalanadi. Masalan, vodorodni oksidlashda qo‘llaniladigan platina katalizatori
CO yoki etilen ta’sirida zaharlanadi. Ular platina sirtidan desorbsiyalanganda esa,
katalizator yana faol bo‘lib qoladi. Ammiak sintezida qo‘llaniladigan katalizatorlar
CO, CO., spirt va suv bug‘laridan qaytar zaharlanadi.

Qaytmas zaharlanishda zahar molekulalari barqaror sirt birikmalar hosil qiladi
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 qganday kattaliklarga aytiladi va u qanday
qiymatlarga ega bo’ladi?
2. Reaksiyaning molekulyarligi va ular qanday turdagi reaksiyalar uchun
qo’llaniladi?
3. Reaksiya molekulyarligi ganday qiymatlarga ega bo’ladi?
4. Reaksiya tartibini aniqlashning ganday integral usullari bor?
5. Reaksiya tartibini aniqlashning differensial usullari qanday usullar?
6. IgK ning T ga bog’liqlik chizmasi ganday ko’rinishga ega?
7. Tezlik doimiysining o’ lchami qanday va u qanday kattaliklarga bog’liq?
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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’liqlik grafigi
qanday 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-Goff qoidasiga ko’ra, harorat nechaga teng bo’lishi kerak? Reaksiyaning
harorat koeffisiyenti 3 ga teng.

15. Birinchi reaksiyaning faollanish energiyasi ikkinchi reaksiya-nikidan katta.
T; haroratda bu reaksiyalarning tezlik doimiylari teng. Agar 7>>T; bo’lsa, 7>
haroratda reaksiyalarning tezlik doimiylari nisbati ganday bo’ladi?

16. Faollanish energiyasini hisoblash uchun qanday tajribaviy qiy-matlar
kerak?

17. Zanjir reaksiyalar va ularning turlari.

18. Zanjir reaksiyalarning tezligi va tezlik tenglamasi.

19.Tarmoqlangan zanjir reaksiyalarda faol markazning hosil bo’lish migdori
nimaga bog’liq?

20. Tarmoqlangan zanjir reaksiyalari.

21. Fotokimyoviy reaksiyalarning turlarini ko’rsating.

22 Fotokimyoviy reaksiyalarda muhit qatlamiga tushayotgan nur jadalligining
reaksiya unumiga bog’ligligi.

23. Fotokimyoviy reaksiyalarning sinflari.

24. Foto qayta guruhlanish reaksiyalari.

25. Fotosensibillanish reaksiyalari.

26. Parallel va konsekutiv reaksiyalar.

27. Faollashgan komplekslar nazariyasi.

28. Faol to’qnashuvlar nazariyasi.

29. O’tar holat nazariyasi.

30. Reaksiyalarning absolyut tezliklari nazariyasi.

31. Reaksiyalarning psevdomolekulyarligi va psevdotartibi tushuncha-lari.

32. Kimyoviy reaksiyalarning kinetik tenglamalari.

33. Reaksiya mexanizmini ifodalovchi kinetik egrilar.

34. Geterogen sistemalardagi reaksiyalar kinetikasining o’ziga hos to-monlari
qanday?

35. Kimyoviy reaksiyaning limitlovchi bosqichi tushunchasi.

36. Geterogen jarayonlarning diffuzion mexanizmi.

37. Kinetik sohada boruvchi reaksiyalar.

38. 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.
4].
42.
43.
44.

Gomogen katalitik reaksiyalarning qanday turlari mavjud?

Kislota-asosli gomogen katalitik reaksiyalarning sinflanishini keltiring.

Maxsus kislotali katalizda katalizator sifatida ganday moddalar qo’laniladi?

Umumiy asosli katalizda katalizator sifatida qanday moddalar qo’llaniladi?
Oksidlanish-qaytarilish gomogen katalitik reaksiyalar mexanizmining

mohiyati nimada?

45.
46.
47.
48.
49.
50.
51.
52.
53.
54.

Gomogen katalizning geterogen katalizdan asosiy farqi nimada?
Gomogen reaksiyada oraliq modda deganda nimani tushuniladi?
Geterogen kataliz deb qanday katalizga aytiladi?

Geterogen katalizning qanday turlari mavjud?

Geterogen katalizda kimyoviy sorbilanish roli ganday bo’ladi?
Geterogen katalizatorlarni tayyorlashning qanday usullari mavjud ?
Katalizatorlarning muhim xususiyatlari nimalardan iborat?
Katalizatorlarning solishtirma sirt yuzasi deganda nimani tushunasiz?
Fermentativ katalizda energiya rekuperasiyasi.

Fermentativ katalizning mexanizmi.

55.Katalizator reaksiyaning muvozanat konstantasiga qanday ta’sir ko’rsatadi?

56.
57.

Katalizator reaksiyaning tezlik konstantasiga qanday ta’sir ko’rsatadi?
Gomogen katalitik reaksiyalarni oraliq birikmalar nazariyasi orqali

tushuntiring.

58.

Zanjir reaksiyalarida katalizatorning roli ganday?

59.Eritmalardagi ~ gomogen-katalitik  reaksiyalarning  mexanizmlarini
tushuntiring.

60.
61.
63.
63.
64.
65.
66.
67.
68.
69.

Geterogen kataliz qanday bosqichlardan iborat?
Geterogen katalizning qanday nazariyalari bor?
Katalizning multiplet nazariyasi.

Faol ansambllar nazariyasi.

Katalizning elektron nazariyasi.

Katalizning zanjir nazariyasi.

Katalizatorlarga qo’yiladigan talablar.
Katalizatorning ingibirlanishi va regenerasiyasi.
Katalizatorlarni tayyorlash usullari.
Promotorlar. Katalizator zaharlari.

4-AMAJIU MAIIFYJOT. CTATUCTUK TEPMOJUHAMUKA.

1. BHTpOHl/IH Ba CUCTEMAa XO0JAaTHHHUHI T&pTHﬁCHi}JII/II‘I/I

TepMO,Z[I/IHaMI/IKaHI/IHI‘ HWKKWHYY KOHYHU CUCTCMAHUHT KaHﬂaﬁHHp S xoccacu
60pJ'II/IFI/IHI/I Ba Y HCCUKJIMK aJIMAITMHUIIN XaMJda YH_I6y HCCHUKIHUK aJIMalllTn-HUIMMMUAaru

Xapopart OuiaH OOFIMK/INTUHYU TabKuIaam:  dS = % (II1.1)

E€KH HCCHUKJ/IMK aJIMalllnHUIITH 65”J'IMaFaH XoJiga n30JsiguAjiaHrad CucTeMajap y4yH
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dS >0 (I11.2)

Masbnymkn, S xoccanum Knaysuyc sHtpomms ne6 artaau. FOxopunparu
TeHrinamanap xam Kray3suyc TOMOHUJAaH Takiud KwinHTrad OYnu0, HKKUHYU
KOHYHHMHI MaTE€MaTUK KYpUHHIIHAWP. YOy TeHriamaiap KaiTap MyBO3aHAT
xapa€Hiap y4yH SHTPONUSHUHT OPTUILIU KEITHUPUITAH UCCUKINKKA TEHTJIUTUHU Ba
HOMYBO3aHAT >Kapa€Hliap YUyH YHJAH KaTTaIuruHu udoganaiiu.

Mynnait kunub, sHTponust Oup TapadaaH UCCUKIMK aIMallMHUIIA OWIaH,
UKKWHYM TapadaaH dca KalTmaciauk OwiiaH OOFnuK Oynran xocca. Mana mryHaa
SHTPONUSIHUHT JyalUCTUK TabuaTtu KypuHaau, Oy »5ca ymly XKyda MyXuUM
TepPMOAUHAMUK (DYHKIUSHUHT (PU3UK MAabHOCHHU TYIIMHUIIHUA KUWWHIAIITAPAIU.
Xyaau ury AyalucTUK TaOuar SHTPONUSIHU TYIIMHUIITa XaM €plaMm Oepaau, aMMo
Kiay3nycHUHT KJIacCHMK HYKTau HazapuliaH dMac, OAJIKU KeWUH PUBOKIAHTUPUITAH
MOJIEKYISIP-CTATUCTUK HYKTaW HazapJaH.

OHTPONUSHUHT JIyalUCTUK TaOMaTUHU MATEPUSHUHT aTOM-MOJICKYIISIP
TY3WIMIIN XaKuJard TacaBBypiapaaH ¢oiiganaHund, CUCTEMaHUHT XOJATUHU YHHU
TAIIKWI KWITaH 3appadaapHUHT XapakaTu €KW XOJATUHUHT TapTUOCU3IUTH HYKTau
HazapuaaH Kapaul opKaiau TylrHca Oyiaaau.

Nnean Taptubiianran MOJIEKYJAp CTPyKTypara To3a MojAjAa TYFpU Ty3WITaH
KPUCTAJUTMHUHT (MacajaH, KaHIalaup METaJUTHUHT) aOCONIOT HOJIb XapopaTaaru
HaMyHacu MwHcoJl Oyna onaau. Mabiaymku, OyHIail kpuctamiga aromiap (E€xu
MoJIeKyanap) KpUCTall aHKapaHUHT TYTYHJIapU/ia Kolalaan Ba yiaap arpoduaa
“HONMMHYM SHEprus’Aa Oup xwyi TeOpaHma xapakarinap Kwiaau. I[lnank Oyiinua
(TepMOJIMHAMUKAHUHT YYMHYM KOHYHH) OyHJal KPUCTAJUTHUHT SHTPOMUSICU HOJITa
TEHIJIUTUHU MyxokamMa Kuiraumui. JKUCM HCCHKIWK IOTUO KHU3WTaHJa ujean
TapTUOMMINK Oy3mnaan. MybTaaun KU3AUpWIranjia TapTUHONMIUKHUHT OY3UIUIIU
TypJid 3HEprusuiapja TeOpaHa€Tran 3appadvajapHUHT Kymaumuaa udoaaiaHaai.
AMMO 3appavaiapHUHT MaHXapa TYTyHJapuaard yprada XoJaTh XaMOH CakKjJIaHuO
Konaau. JKUCMHUHT KU3AMpUIUIIUA OuiaH OOFNMMK OyiaraH TapTUOTUIMKHUHT
Oy3WIHIIN €KW TAPTUOCHU3IMKHUHT OPTUIIM YHUHT SHTPOIUSCU OPTHUIIUTA OJIUO

T
dT
KeJaIu: AS = JC e (111.3)
0

0y epna C — UCCUKIIUK CUFUMU.

Kartuk XUCM—CYIOKIMK Ba CYIOKIMK—OYF (a3aBuil YTULUIApU KPHUCTAII
CTPYKTYPAaHUHI Oy3WiMIIM (CYIOKJIAHMIN) Ba OyFJaHUII >Kapa€HHUIA KydcH3
TabCUPJAUTYBUM XAOTHK XapakKaTIaHYyBUM 3appadajapHUHI XOCHJ OYiuiuu OuiaH
OofnmuK OynuO, OyHIa H30TEPMUK paBUIIJA MCCUKIMK IOTWIMIIM Ba MOJAJA

SHTPONUSICUHUHT KECKUH OPTHUIIN Ky3aTUJIAH:
‘ AH,
S = CYIOKIL . A S = DY& .
CYIOKIL. T oya. T
cyiox. Ba Oyar. (I11.4)

AS HUHT KUAMATH SHT TapTUOCU3 XaOTUKIIAIITAH arperar XojaT Oyiran Oyr €ku ras
X0JaTHa allHUKCa KaTTa Oyiaau.

[Myngait kuiub, cucTeMa OTraH WCCUKIMK, YHH MOJIEKYJAp XOJaTH

TapTUOCHU3JIIMTUHUHT KYNMalMId Ba SHTPONMSHUHI OPTUIIM YpTacujaa y3BUU
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OOFIUKJIMK OOpJIMIY XaKuaa TacaBByp naiao 6ynaau. KOxopuaa keaTupuiran 6apua
*Kapa€Hiap MyBO3aHAT MIAPOUTUIA XaM YTKAa3WIMIIM MYMKHUH, 11y cababmnu ymap
yuyH (III.1) myHOcabaT TeHrnuk Oenrvcu OuiaH KyJUITaHUIUIIN MYMKHUH.

Ammo (II1.2) udonara 6mHOAH cUCTEMa SHTPONMHUSICUHUHT OPTHUIIM HOMYBO-
3aHAaT Jkapa€H OOPUIIKIA UCCUKIMK AJIMAIIMHUIICU3 XaM Ky3aTUJIUIIN MyMKHH. Xap
KaHJall HOMYyBO3aHAT KaWTMac »apa€HJa KaHIaaup TapTUOIU DHEpPrus TypH
TapTUOCU3 XAOTHK SHEPrusira, MoOJIEKyJaJapHUHT HCCUKJIMK XapakaTura aiiaHaiau
(lekuH ymlOy TapTUOIM HHEprus Kailtap um OaxapuO, SHEPTUSHUHT OOIIKA
TapTUOJIM KYPUHUIIINTA XaM YTUIIM MyMKHH). JleMak, kaliTMac xkapaéHaa MOJIEKyJIsp
Xa0C, S’/bHU CUCTEMA MOJIEKYJISIP XOJATUHUHT TapTUOCHU3IUTH OPTA/IH.

yngait kunub, cucteMa MOJEKYJSp XOJaTH TapTUOCHU3JIUTUHUHT OPTHUILIH
Owrnan (ymOy TapTUOCU3IUK HCCUKIUK IOTUIUIINA €KW TapTUOIM SHEPrUSHUHT
UCCUKJIMKKA ailaHuiu OwiaH OOFNIMK OYIMIINWIAaH KaThbUW Ha3zap) Mmapaien
paBUIllJ]a CUCTEMAHUHT JHTPOMUACH XaMm opTaau. JleMak, sHTpomusAra cucrema
MOJIEKYJISP XOJaTHU TAPTUOCHU3IUTHHUHT cU(daT XUXATAaH YI4OoBU €0 Kapalimmus
MyMmkuH. [lyHgalt Kunub, MOJEKyNsSp CHUCTEMaHUHT AacCOCHM TEepMOJUHAMUK
XoccallapuJiad Oupu OYJIMUII SHTPOMUSI CUCTEMAHU TAIIKWII KWITaH 3appadaiapHUHT
MHUKPOCKOTUK TaBcU(iapu OuaH OOFIIMK DKaH.

2. Makpo- Ba MHKPOX0JATJIap XaM/J1a TePMOJUHAMUK
XxTUMOJINK. Da3zaBuii pa3o TymyH4acu

CratuctTuk TepMOJMHAMHUKA EpAaMujia TypJiad MOJJaJapHUHT acOCUM
TepMoAMHAMUK (yHKIusnapuHu (dccukiauk curumu, U, S, G, F Ba Ooikanap)
XUcoONall yCcyuiapu unuiad 4YMKapuiraHiaura cadaldiu, KUMEBUN TepMOJUHAMUKA
Y4yH CTaTHUCTHUK TEPMOJMHAMHKAHMHI aXaMHUSATH XKyda KaTTtaaup. Aciauja sca,
CTaTUCTUK TEPMOJMHAMHKA YMYMUN KUMEBUM TEPMOAMHAMUKAHUHT OYIMMIIapura
KupMmaiian. Y cratuctuk (Quinka (MexaHuWKa) KOHYHJIapura acociaHrad Oyiuo,
CTaTUCTHUK ycyJuiap €pJaMuia pUBOKIaHAH.

TepMonMHAMUKAHUHT OUPUHYM KOHYHM KyI 3appadaiapiaH uOopar
cucTeMaliapra xam, KaMm 3appadajiapiaH noopar cuctemaiapra Xam TaJi0uK dTHUIAIH.
NkxuHuM KOHYH 3ca, CTaTUCTUK Tabuatra sra O0ynuO, dakat xyn 3appauanapaan
ubopar cucremanapraruHa TaAOWK KWIMHHUIIA MYyMKHUH. TepMOoJIUHAMUKAHUHT
MKKWHYYA KOHYHH]Ia CTaTUCTUK TabuaT 6opaurunu XIX acpaunr oxupuaa boiasimMan
Ba ['m66cnap aiftran. TepMoAMHAMUKAHUHT acOCUH MmapaMmeTpiiapu OyiaraH xapopat
Owran OocUM CTAaTUCTHK Tabuatra sra. MacanaH, aBBajl TabKUJIaraHUMU3JIEK,
XapopaT ra3 MOJIEKyJallapd WIrapuilaHMa XapaKaTUHUHT ypTaya KUHETUK
sHeprusicura Oofnuk. Tamku mapoutnap y3rapMmac Oyiranjna xapopaT IOUMHIA
oynmu6 konamu, Oy 03ca MOJEKyJIaJIapHUHT Te3NuKiIap OVyiimya cranuoHap
TaKCUMJIAHTaHJIMIK OujlaH OOFJIMK, aMMO OyHJa ailpuM MoJeKyjanap TypJiH
Te3NuKIapra sra Oynanau. Xyaaud UIyHJad, MOJIEKYJAJIApHUHT WML JeBOpJapura
ypuiuiil 3P heKTIIapUHUHT UMFUHANCU Ta3HUHT OOCUMUHU Oepaiu.

[Ma3HMHT Xa)KMU Ba 3UWINTH CTATUCTUK XyCYCHsTra sra OyiaraH KaTTaJlukiap,
SbHU XapopaT Ba OocuMra OOFJIMK. DHI' acoCUi TEPMOJMHAMHK (DyHKIusIap —
SHTANbIUA, 3HTponus, ['mOOc Ba ['enbMrosibll >HEprusiapyu, WYKH DHEPrus Ba
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OollIKanap XaM CTaTUCTUK KaTTaTUKIAp, S’bHU XapopaT, 00CUM Ba Xakmiiap OuJiaH
y3BHi OOFJIaHTaH.

TepMoaMHAMUKaHUHI UKKWUHYM KOHYHHUTra OMHOaH, Oapya y3-y3unaH 0opyBUH
KalTMac sxapaéHiap U30JBIUsIIaHIaH cCUCTeMalapa SHTPOIUSHUHT OPTUILN OUJIaH
conup Oynamu. bynu bonbumMan sximu TymryHTUpHO Oepran: TEpMOJAMHAMUKAHUHT
MKKMHYA KOHYHU Xap KaHJal M30JSUUsJIaHTaH CUCTEMAaHHHT HXTHUMOJIUA KaMm
XoJaTiapAaH OJXTUMOJM KAaTTapoK XoJjarjgapra TaOuui Xojiga YTUIIHMHUHT
HATW)KACHHU KYpcaTaJy Ba MaKpoCHCTEMAJIap YUyH KaTTapOK aHUKJIMKKa 3ra Oyiran
CTaTUCTUK KOHYHJUp. KaTTa connu 3appavanapian uoopaT cucreMainap 3XTUMOJUIUK
Hazapusicu €paamMuaa sXuu upoaanaHaim.

Kam connmu 3appavamapman ubopaT cucTtemaiapra TepMOAWHAMHUKAHUHT
UKKUHYM KOHYHMHHM KYyijad OYaMaciauMKHUHTI cababu, OyHmail cucreManapnaa
MCCUKJIMK Ba MIII TyllIyHYanapu opacuaaru dapk itykonuno keraau. [y Ounan Gupra,
TEPMOJAMHAMUKAHUHT UKKWUHYM KOHYHHUTa acOCIaHuO, sKapaéHHUHT MabJiyM TOMOHTa
UYHAIMIIMHU TabKuas1ad Oyiamail Kosiaau Ba WyHaIUILIApAaH OMPUHUHI MYTIAKO
MYMKHUH 3MacCiIuTrd XaKuJard XyJjoca Kapama-Kapiiyd WYHalIUIUIapHUHT HUCOUI
AXTUMOJUIMTMHU 0axofamira y3raprupuiaad. HuxosT, MojieKynaJapHUHT COHM Kyaa
KaM OynraH xojja *apaCHHUHI MKKaJla MyHamumu xam 0apoOap MMKOHMSTIA 3ra
OymuO Konaau. Ajoxuaa MOJIEKyJaJapHUHI MEXaHHMK XapakaTh Kailtap OYyiuo0,
MablIyM HyHamumra sra smac. Ymoy gukpiapHu Kyiuaaru taxpudana KypcaTHIIl
MYMKUH.

VYuta Kytunusr oupuHuricuaa 1 gan 40 rada pakamiap €3wiIrad taxrayaniap,
MKKWHYHACHIA XYIJIA IIyHAAl pakaMJlaHTaH IIapyajap COJMHIaH Ba YUYUHUHU KyTH
oy 6yincuH. bupunuu Kytuaan tacoquduil paBuiga KaHaaiaup Taxraya oJMHaHU,
VHUHT pakaMu E3WIaJ Ba TaxTaya KalltagaH Kyrtura conu0 kyhunamu. CyHrpa
WKKWHYYA KYTUJAH XYyJJIU [IyHAal pakaMid Iap OJMHAAW Ba YHU YYMHYHM KyTHTa
coliuHaau. bUpWHUM KyTWJaH TaxTauajap OWPUH-KETHH OJUMHUO pakamMu ¢&3u0
Oopunaau Ba OUp BaKTHUHT Y3WJa MKKUHYM KyTHJAAH YYMHYHCHUTA YIIOY pakamiiu
mapuanap yTkaswiaau. Arap Iiapuajiap aBBajl UKKMHYM KyTHIAH ydyuH4Yura yTud
KonraH Oynca, opkara kaWrtapunaau. byHpail TaxpuOa y30K BakT JaBoMHAA
VTKa3uiaca, WKKUHYM Ba YUYMHYM KyTWIapAard IiapyajJapHUHT COHHM ¥3apo
AKUHJIAINO OOpaau Ba MabJIyM BaKTIaH CYHT TEHIJIAIIA M.

Taxxpu0a siHa 7aBOM 3TTUPUIICA, KyTWJIapJar Iapyaiap COHMHUHT alupMacu
gHa HoidaH (apkiau OYnaumO Kojiald Ba HOJra SKUH OYJIraH KWYUK KUHMatiap
yerapacuaa y3rapub typaau. Yoy gapk OpTUIIMHUHT UMKOHUATH XaM CaKJIaHUO
KOJaJH, aMMO KatTa (papK yuyH OyHJail SXTUMOJUIMK KECKUH KaMaiiu0 KeTau.

Oxopuaaru Taxkpuba OepuiiraH xaxkmja CUCTEMa MOJICKYJAJapPUHUHT TEHT
TaKCHUMJIAHUII XOJIATHIAaH YETJAHUIIM andaTTa cOoaup OYIMIIMHU XaM KypcaTaaw.
Oramna0d TypraH XaKMHHHI aloOXyJa KUCMJapuia MOJIEKYJAJIapHUHT TEHT
TaKCUMJIaHUIIM BakT OyiiMuya yprada Tap3da aMaira omajad. BakTHuHr xap Oup
OHHMJIAa, MOJICKYJAJapHUHT XAaOTHUK XapakaTh HaTWKacuaa XaKMHUHT Oup
KHCMJIapua KOHLEHTpaUUsJIapHUHI BaKTHMHYA OPTHILM, OOIIKAa KHCMJIapuaa 3ca,
Kamaiuium cogup Oynagu.

Mabaym TepMOAUHAMUK IMapaMeTpliap OuiaH TaBCU(IaHYyBUYM Ky3aTUIAET-TaH
MaKpOCKOMHUK XOJaT MOJICKYJaJapHUHT TYPJIM TaKCUMJIAHUIIKA MaBXKyJA OYIUIIN
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MYMKUH, S’bHU yIIOY MaKpOCKOMHMK XOJaT TYpJu MHUKpPOXOJIATiiap OpKaldu amanira
omaau. /lemak, xap KaHjal CUCTEMaHUHT XOJAaTUHU UKKH XUJ Udoaasan MyMKUH:

—1, p, V Ba Oomka TYFpUIAH-TYFpU VIYaHAAWTaH KaTTAIUKIAPHUHT
KUIMaTIapyuHU KypcaTraH XoJa MOJJaHUHT MaKpOX0JIATUHU TaBcUuiali,

—MOJIJITaHUHT Xap Oup 3appayacu XoccalapuHH, S’bHU YHUHT ¢azonaru YpHHU,
Maccacu, TE3JIMTM Ba XapakaT WYHAIUIIUHU HUGPOAATOBUA MHUKPOXOJATUHU
TaBcudIanl.

T, p Ba V TepMoMHAMUK TIpaMeTpiiapu Oepuiiran MabiyM MUKIOpJAru rasia
TallIKY IIapouTiap y3rapMac Oyiranjga MakpoxoniaT y3rapMmailaym, amMMO Ta3HUHT
MoOJIeKylaiapu JOUMUHN XapakaTaa Oyaau Ba yJTapHUHT X0JIaTH Ba TE3JIUTH Y3IIYKCHU3
Vy3rapu6 typaau. lllyHunr yuyH ymOy MakpoxojaTra KyI COHJIM MHUKpPOXOJaTiap
#&aBoO Oepaan, OyHU TEPMOAMHAMUK OHXTUMOJUIMK W nediunagu. YOy
MaKpOXOJIATHUHT AXTUMOJUIUK YI40BU W OYnIuO, yHUHT KHIMATH KaHYaJuK KaTTa
OyJsca, CUCTEMaHHMHI YOy XoJjaTaa OVIMIIMHUHT TEPMOJAMHAMUK SXTUMOJUIUTH
IIYHYAJIMK FOKOpU OVnaau. JleMak, TepMOJMHAMUK SXTUMOJUIMK YIIOY MakpoxXoiaTra
MOC KEIYBYM MUKPOXOJATIAPHUHT COHUAMP. TepMOIUHAMHUK >XTHUMOJUIUK OyTYH
MycOaTr coH Ownad wudonanaHagu. TepMOAMHAMUK HXTUMOJUIMKHU MATEMaTUK
AXTUMOJIIMK OWJIaH YalKalTUpUO r00OpHUIll Kepak 3mac. MaTeMaTuK 3XTUMOJIIUK
Jerasja yumoy XOAUCAHUHT OYIUIIM MYMKUH OVIraH KyJail Xoiiap COHMHU Oapya
MYMKUH OYJIraH XOJUIAPHUHT COHMIra HuUcCOAaTH TylmlyHWIaad. MaremaTuk
AXTUMOJLIMK HOJIb OWjIaH OMp opaiuFuaa y3rapaau Ba y 1ouMo | 1aH KU4uk Oyiaau.
AMMO DHXTUMOJUIMKJIAPHM KYyIIWII Ba KYNAWTHPUII XAaKUZArd Teopemaiap
TEPMOJAUHAMUK SXTUMOJUIMK YUYH XaM TYFpUAUpP. YMyMHUM X0Jila TEPMOJIMHAMUK
AXTUMOJIIUK, SIbHU YIIOYy MakpoxojaTra »KaBoO OepyBUM MUKPOXOJATHUHT COHHU
Kyluiaryu TeHriama ouian udoaanaHaau:

NINLN) Ok NIN—N)! (IL5)
Oy epna: N — MonekylalapHuHr ymymuii conu; N;, N, ..., N, — 1, 2, ..., n-

AYeHKaIapIard MOJICKYJaJapHUHI COHH. MacanaH, WIWIIHUHT WKKA KHCMHU
ypracuaa TypTTa MOJEKyjla Kyiugaruya TakCuMiaHumy Mymkus: 4—0; 3—1 Ba 2-2.
(IT1.5) Tenrnama Gyiinya >XTUMOJUIMKIAp MOC paBuiia 1; 4 Ba 6 ra TeHr Oynaau.
Hlapuanap OwnaH YTKa3WwiraH HOKOpPUAArd TaxpuOaaa, miapyaigap HKKUTa
KyTUJa TEHI TaKCUMJIAHTaHWJAaH CYHI, Oapya IIapyaJlapHUHI sHA OUTTa KyTHAa
TYIUIAHUINMHUAT MAaTeMATUK >XTuMoiury 2*°=10"1 ra tenr, apHu ymdy Xoqucanu
TPUWUIMOHJIAaH OUp MapTa KyTHUIIl MYMKHUH. XYAJAHU 11y XOJUCAHUHT TEPMOJIMHAMUK
sxtumoiuru 1 ra tenr. Kyrunapuunr oupuaa 19 ta, ukkunuucuna 21 ta mapua €ku
xap Oup kytuaa 20 TagaH mapya OYIUIIMHUHT TEPMOAMHAMUK SXTUMOJUIUTH

13,3-10'° Ba 14,0-10'° ra Tenr. [Mynnait  kunmub, “19-21" kypuHuigaru

133
takcuminanum  “20-20”  TakCHMJIaHHWINTa HHUCOaTaH Ti0-095 Mapra  KampoK

>

AXTUMOJUIMKKA 3ra 9KaH, SbHU TEHI TAKCUMJIAHTaHJIMK X0JIaTH KaOu KYIT Ky3aTHIIA]IH.

Kyna xyn connm MolsiekynanapaaH uOOpaT MOIIUN cUCTEMallap y4yH
VTKa3wiraH XyAad IIyHJad XHUCOOJApHUHTI KypcaTUlIMYa, XaKMHUHI KarTa
KHCMJIapUa TEHI TaKCUMJIAHUIIJIAH XaTTOKM HHCOATaH KUYMK YETJIAHMIIAP XaM
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KyJa KAYUK SXTUMOJUIMKKA ora SKkaH. Macanas, / vy’ XaMIard ra3HUHT 3UYJIATH
I cm? xaxmaarn ymoy rasauar ypraua suuaurugan 0,01% ra Gpapk KMIMIIHHAHT
maTeMaTHk sxrumounru 10°°° ra TeHr, srpHU Kyaa xam knuukaup. Jlexun 0,2-1 012
ey’ XakMaa yprava suuiaMkgaH /% ra dernaHuin ypra xucodma xap 10 cex na
Ky3aTWIaJIH, sS’IbHU KYyJla T€3 TaKpOpJIaHaIU.

Mopana xoccanapyuHUHT ypTadya KaTTajduKJIapJaH OyHJlall KMYMK CTAaTUCTUK
YeTJIaHUIUIApU JIOMMO Ba Xap »Koilna Ky3atwinagud. MacanaH, ep atMocdepacuaa
Kyém HypaapuHUHT COYMJIMIIM Ba OCMOHHHUHI XaBO PAHTHU OJUIIM XaBO
SUYJIMTUHUHT XYJIJId IWIyHAal TeOpaHuluiapu OujaH TYIIYHTUpUIAIU. ANWpuUM
XoJIap/a 4YeTJaHWIIAp IIYHYAIUK KaTTakKh, MOJJAHUHT KYI MHUKIOpHUIIA XaM
ceswiapau Oynaau. Moana 3udIUTHHUHT KPUTHK coXajaru QuykTyanusiiapu OyHra
Mucon Oynanu (omanecueHus Xoaucacu). MacanaH, KpUTUK HYKTa SKUHHAA
YTJIEPOJ UKKU OKCHJY 3UWINTHHUHT ypTaya KMMMaTAaH yprada yetnanumu /,6% ra
TEHT.

JleMak aBBajura TEHT TaKCUMJIAHTaH X0JaT/a OYaraH ra3 3U4JIMTHHUHT YpTada
KUIIMaTIaH Xap KaHAall Kyla KUYUK YeTJIaHWIUIApu XaM Y3-Y3ujaH OopyBud
MaH(puil xapa€Hiap OYnauO, ynapHM Ky3aTWIMIIMHUHT HMKOHUSTH OYinOrmHa
KoimacaaH, Oanku OyHpmail skapa€Hiap Xamma >koijga amanra omanud. Katra
cucTteManapja ypraya KuiMatiapiaH Ce3uiapiii YeTIaHUIUIAPHUHT 3XTUMOJUIUTH
KyJla XaM KUYUK, aMMO TPUHIIMIIMAT HyKTau Ha3apJlaH yjiap XaM UMKOHUATTA 3ra.

Myngait kb, ¥3-Y3uman Oopmaiinuran (MaH@uil) skapa€Hiap yMyMui
*KapaCHHUHT OUpJaH-Oup HaTHXKacu Oyia onMaiinu, Ae0 TabKUJIalll YHYAUK aHUK
OynMail KolMoKaa. MakpocCKonuK cucteManapaa MaHpuii sxapa€HIapHUHT OOpUIITN
MyTJIaKO MYMKHH 3Mac, AeraH ¢Gukp ypHura, OyHaail »xapa€HiIapHU Ky3aTHIIMII
SXTUMOJUIUTH >KyJa XaM KWYUK OynraH xoauca, ne0 kapam kepak. Jlemak,
TEPMOJAMHAMUKAHUHT WKKUHYM KOHYHM OWMpUHYM KOHYHra yxmabd TaOWaTHUHT
a0COJIIOT KOHYHU »5Mac, OallKu CTaTUCTUK KOHYHAWpP. WKKUHYM KOHYH KYII
MUKJOpJIary MOJIeKyJiajgap YUyH IOKOPH Jlapa)kajJard aHUKJIMKKa 3Ta Ba CHCTEMaHUHT
Vadamiiapy KaH4alauK KAYUK OYJica, YHUHT KYJUIAHUIIN IIYHYAIUK KaTTa XaTOJUKKA
0JIn0 Kemaau.

Makpoxoinarra xaBo0 OepyBYM MUKPOXOJATIAPHUHT COHUHU TOMHIN YYYyH
CTaTUCTUK TepMoauHamukana ¢azaBuii $azo (/—bazo €ku 2-dazo, €xku —dazo)
TYIIYHYAaCH KUPUTWITaH. MUKPOCKOIUK XO0JIaT CUCTEMaHU TallKWJ KWIyBUM Oapya
3appadajap y4yyH BakTra OOfiMK OynraH Oapya yMymJiallraH Ky4lIapHUHT YHIOY
OHJAaru KukMatiapu OunaH TaBcudiaaHagu. MacajaH, SpKUHIMK Japaxacu n=3
Oynran Oup aroMyIM MOJIEKYJAHUHI XOJIaTH BakTra OOfnuK Oynaran 6 Ta
KoOpAuHaTIap, SbHU 3 Ta (pa3zoBuil koopauHatTiap (X, y, z) Ba 3 Ta UMIYJIbC
KoopauHaTiapu (px, p,, p-) Ounan OenrwiaHagu. MonekyJaHUHT yumiOy OHAAru
xonatu 6 ymuoBnu ¢dazaBuil pa3oHUHT HyKTacura Moc kenaau. PazaBuit pazoHu Eku
I—dazonun (dazaBuii suelikanapra Oynubd, xap Oup sUelKamaru MoOJICKYyJaJapHUHT
COHM XMCOOJaHaJW; TYpAW suehKanapjard MoJeKylalapHUHT coHu N;, N, ..., Ni
yi0y MakpoXxoJiaTra Moc KejaaaH.

Arap cuctemazaa xap oupu m Ta aromnapnan uoopat N ta moliekyna Oyica, y
XOJI71a MOJIEKYyJIaJapHUHT (pa3oaru xKoWIamuiiy sapoJapHuHr 3Nm KkoopAuHaTIapu

Oomman AHUKJIaHaaH. Kmaccuk MCXaHHWKa/la MOJICKYJIAJIAPHUHI XapaKaTu 3Nm Te31uK
110



Ba  HUMNYJbCIAPHUHT  KOOpAWHATIapu  Owian  udomananaau.  JuHamuk
Y3rapyBUMIapHUHT 6Nm My)KaccaMjallraH KuWMatiapu BaKTHUHT Xap Oup oHHza
CUCTEMa MHKPOXOJaTUHU aHuK Oenrwnaiiam Ba ¢asza ne6 artamaau. Yoy
KuiiMaTiapra Moc keinyBun 3Nm umnyibc Ba 3Nm koopauHaTa YK Oynu0O xu3zmar
KHIyBYM 6Nm ymuamnn pa3zonu gazasuil gpazo €xu [ —Pa3o aeinnagy.

KBanT MexaHukaga XyJau Iy CHUCTEMaHUHT XoJiaTh 3Nm KBaHT COHJIApH
épramuia udoaanaHaau, yiaap 0apuya MoJeKyIaJIapHUHT 3Nm 3pKUHIIMK Japa’kacuHU
aHuK TaBcubnaan. KBaHT conmapuHuHr ¢da3zocuHu ojataa (2-ha3o opkaau
udonanananu, y /—dazora HucOaTaH MKKM MapTa KaM yiadyamiapra 3ra, 4YyHKU
3appayaHUHT UMITYJbCH OWJIaH KOOPJMHATACUHU OWp BAKTHUHT Y3UJa aHUK TOMHO
oynmaiinu (I'eli3eHOEprHUHT HOAHUKJIMK MyHOCa0aTIapura acocas).

KBa3zuknaccuk SKMHIAMIMII KBAHT MEXaHUKAJAaru MyBOMDUKINK MPUHIIUIUTA
xaBo0 Oepanu. Y kiaccuk / —(ha3o Ba KBaHT {2-(azonapHu y3apo Mociamtupagu. by
3ca WirapwiaHMma Ba aijlaHMa XapakarjapHu uQoaaiaiiia KIacCUK MEXaHUKaHU
KyJUlalll Ba CTAaTHUCTUK KATTAIMKIAPHU KIACCHK Ba KBAaHT-MEXaHUK XHcOOmall
HaTWXKaJapyuHU OCOH KEJTUIITUPUII UMKOHUSITUHU Oepaju.

Monexkynsip TacBUpHHM aHUKJIAIl 3apypusiTd TyFuiranaa p—@azo xam
Kymuianuinaau.  p—pa3o  geraHjga  OWTTa  3appadyaHUHr  0apya  JTUHAMUK
V3rapyBumiaapuHuHT (hazocu TymyHuiaau. Jemak, p—ha3o anoxuaa MOIEKyIaHUHT
dazocuaup. Mnean raz Monekynanapunu kypaétranaa boiabiMan cTaTUCTUKACUIaH,
S’bHU KJIACCUK CTATUCTUK MEXaHUKaaaH GoiganaHuiaam:

—(azaBuit (pazoga MoJseKynadapHUHT Oapya Koinamwumapu Oup Xum
AXTUMOJLIMKA 3Ta (SPrOUJIMK TUIIOTE3aCcH);

—MoJIeKyJanapHUHT ¢a3aBuil sUeiikamapra TaKCUMJIAHUIIN MHUKPOXOJATHU
XOCHJI KWJIAIH;

—MOJIEKYJaJapHUHT siueika Wuuja Oup >KOWJAaH MKKUHYMCHUTA YTUINU SHTH
MHUKPOXOJIATHU XOCHJT KWJIMalau;

—MKKATA MOJICKYJIaHUHT HUKKHTa s4elKkaja KoM  alMallluild  SHTH
MUKPOXO0JaTra MOC KeJlaau.

MukpoxoJiaTiiap COHUHU aHUKJIAIIHKA 3 Ta OUp XWJI MOJEKylalapJaH uoopat
O cHUCTeMa MHCOJUJA TYIIyHTUpamMu3. Yiap xaénaH 3 Ta Xax OViinua TeHT
suelikanapra OyJIMHraH uauinaa OyacuH. 3 Ta MOJIEKyJIaIapHUHT Xap OUpHU XoXj1araH
oHna 3 Ta sueHKaJMapHUHT OuWpuaa OYIUIIM MYMKHUH, YYHKH MOJIEKYyJaJapHUHT
XapaKaTy XaoTUK Ba Oapua »oMIaluiuiap TEHT dXTUMOILTUIUP.

MonekynanapHUHT siuekamapra TypJinua TaKCUMJIAHUIIIUHUHT
TEPMOJAMHAMUK SXTUMOJUIUTUHM, SbHU YHIOYy Makpoxojarra XkaBoO OepyBuu
MHUKPOXOJIATIIAPHUHT COHMHU aHUKJaiMu3. Arap 6apua Mmojnekynanap 1 Ta suelikaaa
xKoinamran 0ynca, y Xoija TepMOJMHAMUK 3XTUMOJUTHK 1 ra TeHr (W=I1), uyHku
syeiika MYMIary KoM aaMallHUIIIIAp Xucoora onuaMaiinu. bynnait makpoxonatiap
3 Ta: spbHU 3 Ta MOJIEKYJIa OMp BAaKTHHUHT Yy3uja €Kd OMpPUHYU, EKU UKKUHYHU, EKU
YUUHYHY stYeiikana OYIUII MyMKHH.

burra sueilikaga 2 Ta MOJIEKyJla, MKKMHYMCHIa | Ta Ba yuyumHUMCHIA
Mojekynamnap Hyk Oynca, W=3 Oynamu, uynku 1, 2, 3-sgueiikanap opacujaa
MoOJIeKyJlaiap Y4yH 3 Ta oM aJMalITUPUIILIAp aMalira OIUPUIIAIINA MyMKHH.
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bynna 6 Ta makpoxonat Oynaau: xap Oup MakpoxoJsarra 3 Ta MUKpOX0jiaT MOC
kenaau (xkamu O0Yiau6 18 Ta MUKpOXOJIAT).

Monekynanap TEHTI TaKCUMIIaHTaHjaa (Xxap Oup suelikaga OUTTaaaH)
AXTUMOJUIMK W=06 , 4yHKH MOJIeKynanap y4uyH 1, 2, 3-gdeiikamap opacuga 6 Ta
TypJidya )oWlaluiuiap, SbHU 6 Ta MUKPOX0JIaTiiap OYJIUIINA MyMKHH.

by xonma 1 Ta Makpoxonarra MOC KEIyBUM 6 Ta MHUKPOXOJAT MaBXKYA.
MonekynanapHUHT TEHT TAKCUMIIAHUII SXTUMOJUIMTY SHT KaTTaJIHP.

Myngait kuanb, TEPMOAMHAMUK HXTUMOJUIMKHU aHUKJAIl Y4YyH SKOU
AIMAlIMHULUIAPHUHT  yMYMUA coHuHM 1-2-:3=3! xap Oup sAuelikamaru xKou
aJMalIMHUIUIAP COHUTA OYIIUII KEpaK:

I I -
3o 2mor oo
Oy epaa HOJHUHT PakTopuaiu 1 ra TEHMIUTUHU YBTUOOPIAH YMKAPMAaCIUK KEpax.

YMyMuil xonja TepMOJMHAMUK 3XTUMOJIIUK tokopuaa kentupuirad (I11.5)
TeHrJ1iama OuiaH udoaaaHaIm.

N 3appavajapHUHT n Ta sf4Ye€lKajgapra TEHI TAaKCUMJIAHTAHWAA MaKCHMall

m

TEPMOAVHAMUK IXTUMOJLIUK wooo-_ NV (I11. 6)

max { (NH -
n

ra Tenr Oymamu. Arap N=15, n=3 6ynca, Wyuu=7,6-10° Ba N=20, n=4 Gyaranma

Winax=1,173-10'" ra Tenr 6ynanm.

MonekynaapHUHT  COHUM  OPTUIIM OWJaH TEHr  TaKCUMJIAHWIIIHUHT
TEPMOJAUHAMHUK HXTUMOJUIATH KYyIa XaM T€3 OPTUO KeTaju, ITyHUHT YYyH OJIIUN ra3
(I monv na 6,022-10% Ta 3appaua) Gepuiaran Xa)XMHU OUp TeKucAa Tyagupanu. a3
MyBO3aHaT XoJjaTuaa Oynaau.

CraTucTUK TEpMOJMHAMHMKAHUHI TOCTynaTH Oyiinya Xap Oup ¥y3 xoiura
KYWHWIITaH U30JISIIUSITIAHTaH CUCTEMa 3XTUMOJIY SHT KaTTa XoJ1aTra YTUIlra MHTUIaau,
OyHJla M3OJSLMSUIAHTaH CUCTEMAHUHT TEPMOJMHAMUK SXTUMOJUIMTH MAaKCUMYyMTa
SKUHTamaau. Jlemak, TepMOJMHAMUK SXTUMOJUIMKHUHT MAKCUMYMUTA CUCTEMaHUHT
MyBO3aHaT X0JaTH MOC KEJaJIH.

CratucTuKk TEPMOJMHAMUKAHUHT TMOCTyJaTIapuIaH TEePMOAMHAMUKAHUHT
MKKWHYY KOHYHH Xyjioca 0ynu6 unkaau. CTaTUCTUK TEPMOJUHAMUKAHUHT aCOCHI

S =kinW
(II1.7) TeHrmamacu TEpMOAMHAMUKA MKKWHYM KOHYHUHHUHI acOCUH (DYHKIMSICU —
SHTPONHUSHU (§) CTATUCTUK TEPMOJUHAMUKAHUHT aCOCUI KATTAIMTU —TE€PMOJIUHAMUK
aXTUMOJLTUK (W) 6unan bonsiman noumuiicu (k) opkanu 00ofnabd Typaau.

Nnean xkpucramn moana yuyn 7' = () na TEpMOAMHAMUK SXTUMOJUIMK Wy = 1,
YyHKH aOCOJIIOT HOJJIa ujAeal KpPUCTAT MOJIeKyJlajdapHUHT (akaT OupruHa
TaKCUMJIAHUIIM OpPKaJIM amMalira OUIUPWIUIIN MYMKHH. Jlemak, CTaTUCTUK
TEPMOJAMHAMUKAHUHT aCOCUU TeHrjamacu alcoitoT Homaa Sy = ( SKaHIUTHHU
KypcaTau.

3. MoJjieky/JaJapHUHT HeprusJiap 0yinya TakCHUMJIAHUIIH.
BoJbuMaH KOHYHU
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@u3ukaBuil KUMEHUHI KYNTHHA KHCMJApUJa MYBO3aHAT XOJIATUIArd
MOJIEKYJSIp CUCTEMajJla MOJEKYJIJIApHUHT SHEprusijap Oyiinua TaKCUMIIAHUIIWHU
udonanaliguran KOHyH wunuiatuiaagud. KynmuHua MyBO3aHAT XOJaTHAAH YHYaJIUK
Karta (apk KuiIMalauraH HOMYBO3aHAT CHUCTEMallapjia XaMm Y0y KOHYHHUHT
unutaTiimu goinanu O0ynaau. MacanaH, KUMEBUM KUHETHKA Ha3apusCUlla KaTOP
XOJIIap/a OXUpPrd MaxcyJsioTra HUCOATaH CEKUHPOK Y3rapyBUM KaHJaWIUp Opajuk
MaxcyJoT (€KU X0JIaT) XOCWJI OVIIMINK XaKuaaru tacaBBypaaH (oitnananunanu. [y
cababiu, OyH1all OpaJIMK MaXCyJIOTHUHT KOHLIEHTPALMSICU MYyBO3aHAT X0JIaT/IarujiaH
yHYaIMK (apK KuiIMalayd Ba TEPMOJAMHAMUK YCYJUIapJa TaXMUHUNW XUCOOIAHUIIN
MYMKUH. YMyMaH, XyAJIud 1y Wyn OujaH KUHETHKa Ba TEPMOJAMHAMUKa ypTacuia
OOFMMKNIMK mnaigo Oynmaau. UIyHMHr ydyH amoxuja MOJIEKYJaJapHUHI TaBCcU(pU
acocujia Ky COHJIM MOJEKyJanap/ian uoopart OyJaraH CUCTEMaHUHT TEPMOJUHAMUK
dbyHKIUSIapUHU XHcoOamra ya OepyBUM CTAaTUCTUK TEPMOJUHAMHUKA YCYIUIapu
(CIeKTpOCKOMMK, 23JeKTpoHOorpaduk) ¢akar TEepMOAWHAMHUKA COXacHIaruHa
axaMusTIu dMac. Yiaap KUMEBHI KMHETHKAJIa XaM, aBBAIIaMOOp, peaklusl Te3TUTHHU
CTaTUCTUK XpcoOmamiaa (abCoM0T Te3MUKIIap HAa3apusICH) KaTTa axaMusITra ara.

Ymly ycynnap acocuia MoJIeKyJaJapHUHT dHeprusiiap Oyinya TaKCUMIIaHUII
KOHYHU — bonbliMan KOHYHH €Taau. boablMaH KOHYHUHU KEATUPUO YMKAPHUII YUYH
[ monv uaean ra3 TyTraH U3OJALMSIAHTaH CUCTeMaHu Kypub unkamus. ['asHuHT N,
N2, Ns,..., N; Monexynanapu &, &, &, . & JHeprusuiapra sra OVyicuH. Anoxuaa
MOJIEKYJIaJIapHUHT SHeprusiapu pakaT AUCKpeT & = hv KuilmMaTiaapHu KaOyn
KWiaau, n1e6 xucoonaitmusz. M3onsiusiianral CUCTEMaia MOJIEKyTAIApHUHT YMyMUN
COHM Ba CHUCTEeMAaHUHTI WYKMA DHEPrusick  y3rapMac  KaTTaJuKIapaup:

N 4 =2N; =const; U =ENE; = const (ITL.8)

TepMmonnHaMUK MyBO3aHAT/a CUCTEMAHUHT 3XTUMOJUIUTH SHT IOKOPU X0JIaT/1a
oynanu. WM3onsuusuiaHral cuUCTEMa YYyH TEPMOJAMHAMUK HJXTHUMOJUIUK W Ba
SHTpoOMNHUS S MakcuMal KuiMaTra sra Oyiaau.

Cuctema MyBO3aHAT XOJIaTWJIa WJe€all Ta3 3appadyallapuHUHT SHEpPrUsiap
Oyiirya TaKCUMJIAHUIII KOHYHUHU KEITUPUO YUKApaMU3.

TepMoauHaMUK 3XTUMOJUIUK TeHIJIamMacuaaH W HUHT KuiMmatuau S = kinW

N!
TeHrjaamara Kysamus S =k1n[mj éku S = kinNy! - kin2N;! Ba Ctupmunr
ternmamacuan  [nN! = NImN-N xumcobra omu6, N = Ny, = 2IN; na:

S=(kN4InNy—Ny)—(k Y N;InN;— > N;) uponanu é3ummmMmus3 MyMKUH. by Tenriiamana Ny
Yy y

= XN; SKaHJIMTUHU XHUCcOoOra oJin0, KUICKApTUPHUIIUIAPHHA amara olumpcak, Kyuuaaru
S=kN,nN,—kEN;InN, (I11.9)

tenrinamanu onamu3s. (I11.9) uu nud pepennmannaiimus, Oynaa N = const OyIranauru
cababiu TeHrJaMaHUHT OMPUHYM XaJlh HOJTa aillanu® KeTaau Ba Kyhugaru udonaa

1
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MakcuMymra MocC KellaJJuraH SHTPONUSHU aHUKJall yayH N; HU Y3rapyBuaH
katTanuk nae6 xuco6mad, (II1.9) tenrnamanmur auddepeHnIuaInHd  HOJTra

TEHTJIAIITHPAMHU3: dS =—kX(InN; +1)dN; =0 (1I1.10)

|
InN; vu karta con ne6 oncak, (II1.10) uu ypuura _;dS =ZInN;dN; =0 (IIL.11)

ne0 €3UIMMU3 MyMKUH.
M3onsuusinanran cuctema yuyH (II1.8) Tenrmamanapra OunoaH (& napHU
y3rapMac KaTTaiauk 1e0 onamus): dN,=2ZdN,; =0 (I11.12)
dU =3E;dN; =0 (I11.13)
S Hm wMakcumymra annantupyBur N; HuHr kKuiimata (IIL11-I11.13)
TEHIVIaMaJlapHu ~ Oupranvkiga e4ud aHukiIaHaau. JlarpaHwkKHUHT — UXTHEPUI
kynaityBuwiap ycynmunan ¢ongamanu0, (II1.12) sm A ra Ba (III.13) v ra
KYITauTUpaMu3, CYHIpa yydayia TeHIJIAMAH! KyIIaMH3:
S(InN; + A +VE;)dN; =0 (111.14)
Oy epna A Ba v— uxtuépuii kynantysuunap. (I11.14) rearnama dakar dN; onguaaru
Ko3ppuuMeHTnap MHUFUHAMHUHT Xap OWp KYIIWIYBYMCHM Y4YyH HOJra TEHT
OynraHgaruHa ajgoJIaTIuaup, YyHKH N; 3appadajJapHUHT COHM UXTUEPUN Y3rapuiinu

MYMKHH: 11’1]\71 +A+ve; =0 (I11.15)
_3 Ve
Byngan N;=e A (111.16)
A Ba v kynautyBumiapuu anukiam yayH (I11.16) au (I111.8) ra xyitn6
2 __ N4
e T E— (I11.17)
Ye 1

Hu onamui. (II1.17) Hunr maxpaxunaru udoaa QO xapdu Ownan OenruiaaHagd Ba
xoJnatiap Oyiinua WUHFUHIU JeUnIau:

-ve;
Q=2e (111.18)
(IT1.17) Ba (II1.18) nan A yuyyH KyWHIaruHu OJIAMU3:
.7
) (II1.19)
(IIL19) rm (IIL16) ra Kyiicak N, :%e‘v‘%
EKun InN; = [nN4-InQ-ve; 11.20)

ndpomamap kemm6 uywmkamu. (II1.20) Tenrmama bombliMaH TaKCUMOTHHH EKHU
BonpliMaHHUHT MOJIEKYIaTapHU SHEprusiap Oyinda TakCUMIaHUIIUHA UHOJATOBUH
TEHIrJIaMajiup.

MyBozanataaru [ mone ujean Tra3 CUCTEMACHUHUHI WYKH SHEPTUSICUHU Ba
VHUHT SHTPONUSICUHM XoJiathap Oyitmua vurunau opkanu udonanavimui. (I11.20)
TeHriaamanu xucobra oncak, (I11.8) renrnmama U yuyH Kyiiugaru KYpuHUIITHU OJIA/IN:

Ue N y e —Véi-
0 i€ (II1.21)
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Outponus yuyH oca, (II1.9) rtenrnmamaman kyhugaru wudoAaHU OJIAMU3

kN -ve; kN . kvN —VE;
S =kN,InN ——AlnNAZe I+ —A1nQxe Vg+—AZgl-e !
Q Q Q
Ba (III.18) Tenrmamanm XxpcoOra ojcak Ba KaTop KUCKapTHPHUIILJIAp KUJICAK,

S=kN ,InQ+kWvU (I11.22)
TEHIJIaMaHU OJIaMU3.
V HUHT TepMOJWHAMUK MabHOcuHM anukjam yuyH (II1.22) udomaman Vv

dS_kN, dQ , dU

OYiiya XOCHIa OJaMH3: v Q dv +kv v +kU (111.23)
(IT1.23) #u copmanamtupum makcanuna (II1.18) tenrmamaman vV Oyitnua xocuiia
OJIaMU3: dv —xg5e (I11.24)
(IT1.21) uu xucobra oncak, (II1.24) kyliunaru KypuHUIITa KeIaau:

dQ Q

. I )

dv N, (IT1.25)
(IT1.25) uu (I11.23) ra kyiicak, CTaTUCTUK TEpPMOAMHAMUKATAH dS/dV yuyH KyHugaru

dS _y,dU

dv dv (I11.26)

udoganu oaamus.
Knaccuk tepmoamnaMukagaH xaxw ysrapmac Oynranna dS=dU/T (kaittap
xapacH yuyH) udoaagan Kanrtap xxapaét yuyH dv Oyiinua xocuiia 0JcakK:

ds _1du
v T dv (I1L.27)
KeJInO YuKaau.
(IT1.26) Ba (I11.27) TeHrnaMmanapHUHT YHT TOMOHJIAPUHU TEHIJIAIITHUPCAK,  V
1 1
HUHT KMAMATHHA TOIAMU3: kv = 7 V= T (1I1.28)

1
(II1.28) tenrnamanan v kT Oynmanu, sbHA V KYIaWTyBYMHHHT TECKapH KHMaTh

a0CoOJIIOT Xapopartra MponopIuoHai, OyHAa MPONOPHHOHAIIIUK KOd(PPUIIMEHTHHU

R
BonblMaH Joumuiicn Viinaimu K = N,
4

(ITI1.28) pan v wuur xkwimatuau (I1.18, 11119, M1.20, IIL.21, I1.22)

TEHrJIamajnapra Kyicak, xonamiap 0yitnya MuFMHAUHUHT U(DOJACH YUYH:
-&i kT
Q=2e (I11.29)
MOJIEKYJIaJIApHUHT  BSHeprusiap  Oyinua  TakCMMJIAHUIIUHM  UGOAATOBUH
BosibIIMaHHUHT SKCIOHEHIMAJ TEHIJIaMacy YUyH:
&
NG

N, = (111.30)
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E

WYKHU SHEPTHS yUYH: U= EA&CJ e (1I1.31)
S =kN1 Y
SHTPOIHS YUYH: - nQ+ T (IT1.32)
_&
e " xarranukHuHT aifpuM MyXEM XOCCaNapuHM KypuO umKamu3. ByHuHT

yuyH bonbuman ternamacuaan (I111.30) doiigananamus. YHU Kylugaru KypuHUIIra

<c"i
KEeJITUPAMU3: N, = Ae i (I11.33)
&
6y epna A = No/Q = const. (I11.33) nan: T—0 na e " >0 Ba N; = 0. By abcomoT
HOJIbIa sIKMHAA Ky3fanradn (1, 2, 3, ...) moroHalapja MoJieKylanap WYKIUTHHU
KypcaTaay, yJIapHUHI XaMMacH Ky3FajMaraH HOJMHYM MOFoHana Oymamu. T—co na

i
e ™ 1 BaN;=A4 = const, T5HA IOKOPH XapopaTaapaa MONeKyTaTapHHUHT Ky3FalTaH
AHEPreTUK MOFOHaJapra TaKCUMIIaHUIIU Oup Tekuc OVmaau: N;=N,=...=N; = const.
Kypu6 wyukwiran bBoablIMAaHHUHT TaKCUMJIAHUIIUHA KEITUPUO YUKAPUIITHUHT
auelikanap ycynu (bonbuMaH ycynm) *KyJaa XaMm aHUK 3Mac Ba KaTOp 3bTUPO3JIapHU
KEeJIITUPUO YuKapaau: sueiikanapapo ailHUM 3appadajapHUHT aJIMalIUHUIIN SHTU
MHUKPOXOJIATHU KEJITUPUO YuKapMmalau; 3appadalapHud pakamiad OynMmaiinu;
CTUpnMHr TEHIJIaMacCMHM KyJUlalll XaM YHYQJIMK TYFPH 3Mac, 4YyHKH O0ab3u
sueikanap/ia 3appadajapHUHT COHU YHUAJIMK Karra Oynmaciauru myMkuH. [llyHra
KapamacjgaH, bonplMaH TakCUMIIAHMIIM UA€al Ta3HUHT XOCCAJIAPUHU TYFPH
udonananu.

busnunr Bazudamapummuzra MoOC KeNyBUM TAKCUMJIAHUII KOHYHUHUHT
KYPUHUIIMHA OJIMII Y4yH Taxpuba HaTHXKaJlapuJiaH XaMJa KBaHT Ha3apusiCHUIIaH
Kenu0 YMKaJWraH MOJICKYyJIajlap »dSHEeprusi CaTXJapuHUHT allpuMm Kymum4da
taBcudIapuHu xpcoOra ojaMu3. ['am myHaaku, MabIyM SHEPTHUSIN MOJIEKYJIaHUHT
XonaTtu Oomikaya Oenrunap €ku xoccanap OuiiaH TaBCU(IAHUIIM MYMKHH JKaH,
Macaniad, MarHuT (3eeMan 3dextu) €xu smektp (LlTapkx >ddextn) maitnonnapu
Tabcupuaa OyHaai xoccanap Hamo€H Oynanu. Jlemak, MoeKyia SHEPrUsICUHUHT OUp
XWJI KAWMaTura Typiu WyJuiapja SpUIIUIl MYMKHUH, S’bHU KBaHT MEXaHHKa TUJIU

OwWiaH aifTcak, MOJIGKYJIaHUHI OWTTaruHa sSHepruscura Omp Hewa xycycwid &i
XoJaTaap kaBo0 OepuIlId MyMKHUH JKaH.

IOxopunaru dukpnapaan, Mojiekylajia OUTTaruHa YHEprUsira sra Oyiran oup
HEYa DSHEPrusi MOFOHAJTAPUHUHT MAaBXYIJIUTH XaKWJa TanupUIIUMHU3 MYMKHH.
bynnaii kalTapuilyBUM SHEPIeTUK IOFOHAJAPHU aWHUK MOFOHAJAp JEeWWIanu,
AUHUWIIAK JapaKaCHUHU 3Ca, YJHEPreTUK IMOFOHAHUHT CTATUCTUK MACCAaCu €KUM YHUHT

arpyuop IXTUMOJUIUTH XaM J1e0 aTanaiu:
&

N = ZN[ = NOZg[e_"} (111.34)
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Oy epma: N — cucreMajaard MOJIEKYJaJapHUHT COHU; N; — MabJiyM DHEprusra sra
OynraH MoJIeKyJlaJapHUHT COHM; Ny — KyHH HDHEpPreTHK IOFOHAJard MoJIeKyJia-

JAPHUHT COHU; &8/ — 3HEPreTUK MOFOHAHWHT CTATUCTUK Maccacu €KW YHHUHT a Priori

AXTUMOJLITUTH.
(IT1.34) Termama Oapya SHEpPreTUK MoroHandapaard N; MOJEKyJTaJIapHUHT

E.-
_ 1 N
WUFUHIUCUIAD, YHIIAH Z ge kT = I Q (I11.35)

0
ra TeHr 6ynuo, Oy epaa Q — xonatiap Oyiirua MOJEKYISIp UMFUHAN €KU CTATUCTUK

HUFUHIN neinnany, y gpakar yndy Mojia MOJISKYJIATaApUHUHAT &) Ba & XOoccallapura
Ba Xapoparra 00ofJIuK 0YIr0, MOJAaHUHT Maccacura OOFJINK AMac.

XonaTnap Oyiinda MOJEKyJsIp MUFUHIU Xap OUp MoAAa y4yH XOC KaTTaJukK
0ynuo, cuctemMa MOJIEKYJAJApUHUHT SHEPIeTUK XOJATIaApUHU TYpPIU-TYMaHIUTUHU
Ba ylOy X0JaTIapHUHT HUCOUM SXTUMOJUTUTHHH (&) — IHT KyWH SHEPreTUK MMOFoHara
HucOartaH) udoaanaiiin Ba xapopat OpTUIIN OuiaaH opTaau. O HUHT YI4OB OUPIUTH
WYK, YHHHI KUMMAaTH MOJJAHUHI MOJIEKYJISIp Maccacura, Xaxm, xapopaTr Ba
MOJIEKyJIaJIapHUHT Xapakar TaBcudura Oornuk. Houmpean cucremanapma @
MoJIeKyJlanapapo macoda Ba MoJieKylajlapapo Kywiapra xam OOfnMK. O anoxuiaa
MOJIEKYJIaJIapHUHT MUKPOCKONHMK XOCCallapUHU (SIbHU DHEPTUSHUHT JTUCKPET
MOFOHAJIAPUHU, WHEPLHS MOMEHTJIApPUHHU, JUMOJIbL MOMEHTIAPUHU) MOJJAHUHT
MaKpOCKOMNHMK Xoccainapu (MYKH SHEPrus, SHTPOIHMS, HUCCUKJIUK CUFUMHU) OWIaH
Oornaiimu. Oxupru aramanap aWHuUN XojnaTiapjaa ymiOy sHeprusira sra Oyiran
CaTXJIADHUHI YMYMHUM COHM Kymauuiiu OWslaH Ba ymiOy SHEPTHsUIM MOJIEKyJaliap
naigo OYIMIIMHUHT  SXTUMOJUIMTA  OpTUIIM  OwiaH  OOFNMMKIup. Yoy
MyJioXasajiapJiaH Keauod YukkaH xohaa bonsumanaunr TakcumoT KonyHuHu (I11.30)
éku (III.33) Ttenrnamanap ypHura Kyluaaru KypUHHUILJIA €E3UIIMMHA3 MYMKHH:

£

&'i —

N - kT
N, :FAgie kT (II1.36) &éu N, = Ag.e (I1L.37)

bonbimMaH KOHYHH Kyiuaaruda TabpugaaHagu: MyBO3aHaTIard MOJEKYJISIp CUCTEMA
YUYH €; DHEprusra sra OyJaraH MOJIEKYJaJIapHUHT COHM bonblMaH KynanTupyBuncH

Ei

kT

e ra OponopUUOHANAVP. DOJBIIMAHHUHI 3KCIIOHEHIMAJ KOHYHHU XyJa KarTa
axaMmusT KO30HUO, TypJiM aMajiuii MacajalapHU Xall KWIUIIAA XaM KYJUTaHUIMOK/IA.
Y CTaTUCTUK TEPMOAMHAMHKANA Ba KUMEBUN KUHETHMKA Ha3apusaCUIa Xyda Xam
axaMuSITIUAUpP. bonbIMaH TEHIITAMACHHUHT 3KCIIOHEHTACH OJIINAAru KyauTUPYBYH

N
A ZEA Xapopatra xaMaa CUCTCMaHU TAalIKWJI KUWJIYBYH MOJICKYJIAJIAPHUHIT COHHU Ba

tabuatura Oornuk. Jlemak, A MOIJAHUHT XOccajapura Oornuk OVyica, k —
YHUBEpCAI JOUMUNIND.

Arap (I11.36) Ternamanu Kynaaru Ng = (I11.38)
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KypuHUIIUIa €3cak, xojatiap Oyilmya WUFUHIUHU MOJICKYJAJIAPHUHT TYIUK Ny

coHura HucOatu & MapTa KYNpoK OJIMHTaH boiblMaH KYNMaHTHPYBYMCHHUHT &
sHEprusira 3ra OYiarad MoJjieKynajgapHUHT N; conura Hucoatu kadu 0ynanu. [llynnait
KO, XonaTiap Oyilnya WMFUHIUTA CUCTEMAIary Y0y TypAaru MOJIeKylaJIlapHUHT
TYJIUK COHUHU TaBCU(}IJIOBUM BOMBIMAHHUHT YMyMJIAIITUPWITaH KYNaWTUPYBUUCH
KaOu Kapail MyMKUH 3kaH. FOkopuaa tTabkuiaranHuMusaek, O YIdoB OUpaurura sra
aMac, y cucTeMaJaru MoJieKyjanap ypTacuia SHEPTUSTHUHT TAKCUMIIAHUIIINHY KyJ1ail
MaTeMaTHK KYpuHHIIIa udoaanaiira épaam Oepaiu.

Suna oup O6op (III.36) Tenrnmamara kaWtamu3. YMmymaH, XxoJjatinap OVyiinua
WWFUHMHA CUCTEMAHUHT TEPMOAMHAMUK XOccajaapu OuiaH Oofnai MyMKUH. AMMO,
ujean Ta3HUHT TEPMOJMHAMHUK (YHKIUSJIAPUHU XoJaTinap OVinuya MOJIEKYIsp
WWFUHIM OPKaJIu aHUKJIacaK KOHMKAPCU3 HaTKKalapra KelamMu3. XakKuKaTAaH Xam,
WYKUA DHEPTHUsl, UCCUKIUK CUFUMHU Ba OOCUM Y4yH TYFpu KUKWMATIap Keiaud 4uKca,
SHTPONHUS YUyH XaKMKUM KUMMAaTIapAaH KHYMKPOK KUUMAaTIIapHU ojlaMu3. Macananu
JTUKKaT OuiaH Kapa® 4YMKcak, SHTPONMSHU Ba YHM Yy3uJa TyTraH KaTop OoIIKa
TepMOAUMHAMUK (DYHKUMSUIADHU XoJlaTiap Oyiimya MOJNEKyIsp WUFUHIU acocujaa
XpcoOJamnra XakJid YMacIUrMMU3HU KYypaMu3, YyHKH yliap Y3UHUHT MabHOCH OYitnua
OyTyH CHUCTEMaHMHI Xxoccalapunu udonanaiinu. HOkopuaarmmapra acocas,
CUCTEMAHUHI XojaTjapu Oyiinya WAFUHIUCH, JEraH KEHIPOK TYILIYHYaHU
KUPUTHUIIIUMU3 AT OYIaau.

CuctemaHuHr Oup OYTYH XOJIATUHM YHU TalIKWUJ KUJIAETraH 3appavdalapHUHT
(MonekynanapHuHr) QyHKUIuiIcH cudatuga Kypud yuka€Tranaa UKKUTa XOJIHU Oup-
oupunan dapxiam 3apyp. bupuHun Xonaa CUCTEMaHUHT XOcCcajlapu XycycaH Kahcu
Ooup anoxuaa 3appavanap y €ku Oy TaBcudapra sra SKaHJIurura OOfIuK Oyiaawu,
abHU Oy XoJjija 3appavanap Oup-Oupunan dapxnanagu. VKkuHYM XoJjia AHca,
CHCTEMaHMHT XOccalapu IOKOpHJa aWTuiraH TaBcudiapra sra Oenruiapra kapad
rypyxJjiapra TakCUMJIAHTaH 3appadallapHUHT (akaT COHUTaruHa OOFJIUK OVYiaaw.
3appauanapHUHT ¥3u 3ca Oy xonaa Oup-oupuaan Gapk KUIMaam.

bupuHuM X0 y4yH CUCTEMaHUHT XoJaTiiap Oyinya HUFUHANCH

_ 5

N
Q = ¢ ) =QF (I11.39)

i i
ra TeHr Oymaau, Oy epaa (J; — CHCTEeMaHUHT [-XOJaTAaru XxoJjariap Oyitnua
HUFUHANCH;, & — OWTTAa MOJIEKYJAHUHT i-XOJaTaard sHeprusicu; ( — xoJjaTiap
oyitnua monekyssip urunau. (I11.39) tenrnamanu €3aérranga anoxujaa i-
NoFoHaNap Oyiinya HUFUHAN Has3apjaa TyTHiIaaud. bup Heya moroHallapHUHT OUp XHJI
AHEprusra 3ra OYIraHaIuru OKuoaTuAa XOCHi OYiIran alHUIIMKHY XUcoOra oiraiaa,
(IT1.39) Tenrnamanu Kyiugaru
£,

—1

Qi=gpe )" (I11.40)

KYpUHHIIUA 3UII MYMKHH, Oy epja 8; HUHT MabHOCH XYW aBBAITUICK, OUP XU
sHeprusui dapKiianyBuu noroHanapHUHT conu. [llynmait kunuo, rokopuaaru udoaa
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N Tta dapkiianyBUM TabcUpJAlIMAaETTaH 3appavanapian uoopatr Makcsemi-bonbiiman
CUCTEMACUHUHT XoJaTiap OVinua WHFUHIUCUINP.

Nkxunun xonga boze-OitHiiteiin Ba @epmu-/upak Typunaru raznap kKypuo
YUKWIaad. YOy ra3iapHUHT X0JaTH, TYpJu XodaTiapjaa Oyl MyMKUH OYiaraH
3appadajapHUHI COHMHM KypcaTull OunaHruHa OenrunanHaau. bynna Makcsesi-
bonbivman cratucTkacugal Gpapkiu y €ku Oy XoJaTaa XyCcycaH KaHaai 3appavanap
oopnuru papkcuzaup. bormikaya aiftranga, 3appayanap dapkcu3 ae0 xucobiiaHaay,
OyHJla CHCTEMaHUHI alHUN XoJIaTiapu MaBXyHd OYIUIIN MYMKUHJIUTH XaKuaa
ranupuiaagl. Ammo ymlOy aWHUHIMKHUHT MabHOCH aBBajl alTHO YTWiIraH
allHuIMKAaH Qapk Kuiaau Ba OyTyH cucTeMara TaajulyKjiu Oynaau. Yoy Typaaru
alHUINIMK TacT Xapopamiap Ba IOKOpu Oocumiapaa HamMo€H Oyinaaum Ba
3appadajjapHUHI Maccacu KaHYaJIMK KMYMK Oyica, ITyHYalIuK OCOH Ky3aTuiaau. N Ta
Oup X1 MoJIeKyJaapAaH noopaT uaean ra3HUHT Xonariaap 0yinya HHFUHIUCH YYYH
Kyuuaaru

0 1

_ 1 KT NN 2
Qi_ N!(zi:gie ) = NI

udonanu &3umumus MymkuH. (II1.41) tenrnamanu (I11.40) OGmnan conaumTUpCak,
3appavyaiapHUHT (apKIaHMACTUK IIAPTH CUCTEMAaHUHT XoJiatiap OViinya WMFUHIUCU

Q" (111.41)

udoaacuaa Kymumya % KYNaUTUPYBUUCHHUHT NARA0 OYIummra oinb KearaHuHH

KypaMus.
(IT1.41) Tenrmamagaru @ Hu norapupmiad, CTUPIUHT TEHIJIAMACUHU
KyJulacak Ba N HU XyJa KaTrTa CoH 1e0 oyicak, Kylunaru ugojaara KeJaMus:

Q
InQ. = NIn—=¢
Q, N

(111.42)

CuctemaHuHr xonatiap OViinya WWFMHIUCUHM XoJjaTiap Oyiinua Karrta
HuFuHIU 1e0 XaMm aTamajiu.

5-AMAJIU MAIIFYJOT. HOMYBO3AHAT KAPAEHJIAP
TEPMOINHAMMUKACH.

1. HomyBo3aHaT xkapaéHJIapHUHT TACHU(IAHNIITH

bapua pean xapa€Hnap TepMOAMHAMHUKaa KauTap Ba KauTMac kapa€Hiapra
axpatwianau. Onauaru 006mapaa kKypud YMKWITaH KJIacCUK TepMOJIUHaAMUKa (pakaT
YeKCH3 MYBO3aHAT XOJaTilapuiaH YTyBUM KalTap >kapaéHiapraruHa KyJUTaHWIUIIN
MyMkuH. Kalitap skapa€HIIapHUHT TE3IUTM YEKCHU3 KHUUMK Ba CUCTEMaHHUHI Oapua
napaMeTrpiapu  Baktra  Oornuk  amacaup.  Kiaccuk — TepMoauHamMukania
M30JISLMSUIAHTaH CUCTEMAaHUHT MYBO3aHAT XOJaTHHU u31ad Tomuim dS=(0 Oynran
XOJIATHU TOMHUIIJAH UOOpAT SKAHIUTUHU KYpCcaTraH 3/UK.

Kinaccuk tepMoauHaMuka HOMYBO3aHaT Xkapa¢Hiap yuyH gakaT HyHaIUIIIHU
KypcaTaau Ba MyBO3aHAaT XOJATH KAuOH Kapop TOMaau, CUCTeMa KaHJail TEe3JMK
OwiaH MyBO3aHAT XoJjaTra KaWTajau, JeraH caBoJulapra Xed KaHaail »xaBoO Oepa
onMaiin. ABBal KYpuO YMKUITAaH TEPMOJAMHAMHUKAHUHT KOHYHJIApHAAH Keinub
YUKKaH MyHOca0aTiapHu (pakat MyBO3aHAT XOJaTUIATH, SbHU KalTap >kapaéHiapra
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KyJulalll MyMKUH, YYHKU YJapHUHT XaMMacu TEHIVIMKJIap OuiaH udojajaHTaH.
Knaccuk TepMomHaMHKaHM HOMYBO3aHAT Kapa€Hiapra KyJJIacakK, TCHICU3JIUKIIAP
OwiaH wudojanaHran MyHocaOaTIapHU oJaMu3, Iy cababmu, yHH OyHAail
XKapa€HiapHU Xucobsamra Kyanad Oynamaiiau. byHnalh MMKOHUATHH HOMYBO3aHar,
S’bHU KaWTMAC jKapa€HJIapHUHT TEPMOJANHAMUKACU Oepau.

Kaittap xapaéunap unmuii abctpakiusa 0ynu0, amanaa Ky3aTwiaauran oapua
pean xapa€Hiap HOMYBO3aHatT, sSbHU KaWTtMmacaup. Iy cabGabiaum HOMyBO3aHAT
xKapaCHIapHUHT TEPMOJIMHAMUKACUHU SpaTUI 3apypusaTU naiino oynran. Kaktmac
XKapa€HJIIADHUHT  TEPMOAWHAMUKACH  TOMOHHMAAH  KUPUTWITAH  SIHTWJIHK
TEpMOJIMHAMHUK CHUCTEMAaHHMHI  XapakaT TeHrnamanapuaagup. HomyBozanat
xapa€Hiap MabiIyM Te3nukaa 6opanu. bynmail pean skapa€HlIapHUHT TE€3NHKIAPUHU
udoganam wMakcaauaa TEPMOJAMHAMUKA YCYJUIAPUHU KEHTAUTUPHUIL MYMKHH
AMacMHKaH, JaeraH ¢ukp TyFuwiau. by »sca, mmanar OwiaH puBOXIJIaHAETTaH
TEPMOJMHAMHUKAHUHT  SHTW  WYHaJWIIM  —  HOMYBO3aHAaT  >KapaéHiap
TEPMOJIMHAMHUKAaCUHUHT Basudacu Oynmubd konaaun. HomyBo3aHatr >kapa€HIapHUHT
TEPMOJMHAMUKACU PEIATUBUCTUK TEPMOJMHAMHUKAIaH XaMm EIpoK (aH, JEeKUH
XO3UpJAEK aMaiauil axamusT kacO 3TMokzaa. Kiaccuk TepMmoauHaMuKara Kymumua
MOCTYJIaTiap KUPUTHUII Ba BaKTHU SIHTM MYCTaKWI y3rapyBuu cudatuia UIUIATHII
OpKaJli HOMYBO3aHAT >KapaHJIApPHUHT yMyMUW TEPMOAMHAMUKACUHU HIILIA0
YHAKHIITA SPUIITMIIMOK/IA. Kyitnnarn MUCOJIIa KanTMac JKapa€Hnap
TEpPMOJAMHAMUKACH XaKUJa TacaBBYp Oepwullra WHTWIaMu3. bupop sputma Enuk
CUCTEMaHM TamKuil KuicuH. Cuctemara Oup >KOWJIAH HMCCUKIUKHUHI CTallMOHAP
OKMMHM Kenaau, OollKa >KOWJaH KeTaau, NeWNnuk. ByHWMHT okubaTuja cucremaaa
XapopaTJIapHUHT CTallMOHAp TPaJUEeHTH maijo Oynanu Ba TaxkpuOa KypcaTuilndua,
XAPOPATHUHT CTAIlMOHAP TPAJUECHTH TabCUPHUAA SPUTMA TAPKUOMHUHT CTAIIOHAP
rpagueHTd Kapop Ttonaau. CranMoHap XoJaTaa XapopaT TIpaJueHTH OuiaH
KOHIICHTpAIMsl TPaJUEHTH opacuaa OOFIaHUIIHU YpHATHUIL Tanad KUJIMHAIY.
Kyiinnran Macana Ki1acCMK TEpMOJMHAMHKa yCyJJapu OWiaH Xall KUJIMHMaWIu:
Kypunaétran xonar (akaTruHa cTalMoOHapAup, JIEKUH Xe4 XaM MYyBO3aHaT 3Mac.
HomyBo3anat xapaéniiap TepMOJMHAMUKACUHUHT TPUHIUIIAPY OWJIaH TaHUIIHUIIL
OJITWJIaH YIAPHUHT CUH(IAaHUIINHU KYpUO YUKaMu3.

bapua xapaénmap TYpT Typyxra OYIuMHaIM, yIapHU SKapaCHIAPHUHT
MypakkaOnauru optud Oopuly TapTUOUAa KyWHuaaruda MKOWIAIITHPHUIIL MYMKHUH:
KBa3UCTAllMOHAP, CTAllMOHAP, OJIINI Ba 3aHKUPJIU.

KBasucranmonap >xapa€H kKauTap xapa€Haup, y KIACCUK TE€PMOJIMHAMHUKA
HyKTau HazapugaH Kypub uukwiaau. KpasucranuoHap jxapa€H YEKCU3 CEKUH
O0opajau, cucteMa MyBo3aHaT XoiaTtuaa ned xucodmanaau. KBasucranuonap xapaéx
Kapama-Kapim WyHaaunuiapaa OOpyBYM MKKUTA >KapaéHHUHT CYNEpHO3ULUSICUIAH
ubopar Oynaau.

Kaiitap xapa€unapra »Hr sSKUH OynraH »apa€H cTalMoHap KapaSHIup.
Mabnym noumuii Te3auk1a 60paéTran cTalioHap xKapaéHHUHT, MacallaH, UCCUKJIIUK,
ANEKTP TOKU EKU MOJJAHUHT TalIMO YTUIUIIN >KapaCHIApUHUHT MaBXKYJJIUTHIAH
KaTbU Hazap CHUCTEMaHUHI TYpJM KUCMIIapuJa Typiiuda OYyiraHn TepMOJMHAMUK
napamMeTpiap BakT YTuiu Ominan y3rapmac 6ynu6 konaau. CtauroHap HOMyBO3aHAT
xKapaCHIapHUHT OyHAal XYCYCHUSITH yJIapHU TEPMOJAMHAMUK KalTap »xapaéuiap
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Owian ymymiamtupand. byHaall kalTMac cTaiMoHap >kapaéniap TaOuaria KeHT
TapKaJiraH Ba KaTTa axaMmusTra sra. CtauuoHap >kapaHiiap UKKU Typyxra OyJIuHaau:
OUTTa XOCCAHWHT TPAJMEHTH XUCOOWra OKUM Ky3aTWJIaJuraH OJJUN CTallMoHap
KailTMac xapa€unap XxamJa OUp XOCCAHUHI TPAJAUEHTH HMKKUHYM XOCCAHHUHT
IrPaIMCHTUHU KENTUPUO 4YMKApyBUM Ba OYHHUHI HaTXKacuja Oup-Oupu OuiaH
TabCUPJIANIYBYM UKKUTA OKUM Tal10 OYmaaurad Mypakka0 cTalluoHap HOMYBO3aHAT
JKapaénnap.

Onnuit cranoHap HOMYBO3aHAT jKapa€Hra MHUCOJI TapUKACUIa HCCUKIUK
VYTKa3yBYaHIUK XUCOOWUTa UCCUKJIUKHHUHT TallUO YTWIMIIHHU KEITUPUIIT MYMKHH.
Arap xapopatnapu T; Ba T, (T/#7>) Oynran UKKATAa KaTTa XaxMJard HCCUKIUK
pe3epByapiapu ypracuja KUUYUK UCCUKIMK YTKa3yBUaHJIMKKA d3ra OYJIraH TYCUK
xKoMnmamtupuiran 0yica, y Xoija TYCUK OpPKaJId UCCUKPOK pe3epByapJaH KaMpOK
KU3MPWITaH pe3epByapra CTalluOHap KalTMac paBUIIA UCCUKIHMK YTHUII >KapaéHU
Ky3aTwiaau, OyHAa pe3epByapJIapHUHT XapopaTiapuHu JOUMUHN 1e0 XucoOmaitmus.
Tycukaa XxapopaTHUHT BaKT YTUILN OWIIaH Yy3rapMaiIurad MabIyM I'PaIUC€HTH XOCHII
Oynmaau Ba TYCUKHUHT Xap Oup HyKTacuja Oapua xoccajlap BakT YTUINM OuliaH
Vy3rapMmaiinu (JIGKUH TypJid HyKTajapjaa yinap Oup-Oupuaan dapx kunaau). Mana
WIyHOa  JKapa€Hjiapra  HOMYBO3aHAaT  JKapa€HJIApPHUHI  TEPMOAWHAMHUKACH
KYJUlaHWIaAu. Yiap cuctemMaja MOJJa, HCCUKIMK, 3JEKTp OKHUMHU Ba OolIKa
xapacunap Ounan TaBcuduanaau. MOkopuna TabKuUIIaraHUMU3ACK, SHT COAAA
Xojapaa OupruHa OKMM OVIUIIM MYMKHH, MacajaH, Xapopariap TpaJueHTH
KEeJIITUPUO YUKApaJuraH MCCUKJIWK OKMMH. byHaa yTaéTraH OKMMHHHI CTallMOHAp
KUIMATUHY aHUKJIAII Macallacy maiao 6ymanu.

MypakkaOpoK CcTallMOHap HOMYBO3aHAT >Kapa¢Hiapja MOJJIAHUHT OKUMH
OOllIKa KaTTaJIMKHUHT, MacajaH, XapOpaTHUHT TPAAUCHTUHU KEITUPUO YMKAPUIIU
MYMKHUH. YHJa CHCTEMaJa UKKM €KUM YHJIAaH KyIPOK OKMMIIAp Ky3aThiaau. byHnaii
XOJIIap/ia HOMYBO3aHAT Jkapa€Hiiap TePMOJIUHAMUKACUHUHT Ba3udacu cucTeMaiaru
acocuil OKMM XOCWJI KWJIaéTraH TpaJueHTIApHUHT TaOWaTUHM AaHUKJIAIIaH Ba
cucTteMajiaru 0apya OKMMIIAPHUHT CTallMOHAp KATTAJMTUHU XUCOOJallgaH ubopar
oynanu. bynpmait skapa€nmapra nuddysuon tepmosrdpdekt (Hdrodyp s>dbdextn),
tepmoaudPysust xogucacu (Cope 3 dexTn), TepMOIEKTPUK Xoaucanap (3eedek Ba
[lenbre  addextnapn), muddy3noH  mOTeHIMad  Ba  KOHILEHTPAIMOH
KyTOJaHUIIUTAPHUHT XOCUJI OYITUIITMHYA MUCOJT KWJIUO KEATUPUIIUMU3 MYMKHUH. YOy
XOJIMCAIApHUHT MOXMSITUHMA Ba HOMYBO3aHAT TepPMOJIMHAMUKA €piaamMuaa OyHAail
XOoJMcanapHu uQoaanaiiig Kyiuuaa Kypud ynKkaMus.

Kaiitmac xapaéHilapHUHT KEWHUHTU TYpU OJJuN KalTMmac xapaéuiap O0ynuo,
yJiapra akcapuart KUMEBUM Ba (PU3UKABUI kapaCHIaApHU KUPUTHILI MyMKUH, MacaJiaH,
KUMEBHM peakuusiiapau. Onauil KauTMac sxapa€Hiap TepMOJIMHAMUKACUIA BAKTHU
xpcoOra onuil Kepak. byHmail ’xkapaéHiapia CUCTEMaHMHI TapaMeTpiapu BakKT
YyTumm Ounan y3rapud 6opanu. Yiapjaa CUCTEMaHH TEPMOJAMHAMUK XOCCATAPUHUHT
udogacuma BakT koopauHatacu 0esocuta kuputuiaau. Oxkopuna kypud yukuiaran
CTalMOHAp JKapa€Hliapja 3ca, BakKT CUCTeMajia Oopa€TraH OKUM TE3JIUTHMHUHT
udoaacuaaruia 3pTUOOpra ojJMHagu, aMMo ymoOy udoaara O0eBocuTa KHUpManu,
CUCTEMAaHUHT TEPMOJUHAMHUK XOCCAJIapU 3Ca, YHUHT Xap OUp HYKTacH/a BaKT YTUIIH
OwnaH y3rapmacaaH KoJaju.
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Kaiitap xapa€nmapaad >3HrC y30K OynaraHu 3aHkupid (KYYKHCHMOH )
xapacéunap 0Ynuob, yinap aBTOKaTaAIUTHK PaBUILJIA, SbHU Y3-Y3UAaH Te3JIaHUII OWIaH
OopyBuM Ba aiipuM XoJuUlapAa TMOpTIaIira oaud KelxyBYH >kapaéHmapaup. byHnai
Kapa€Hiapra 3aMOHaBUM HOMYBO3aHAT >Kapa€HJApHUHI TEPMOJMHAMHKACUHU
Kyu1ab Oynmanau.

2. KoMneHcanusyIaHMaral MCCUKJINK TYITyHYACH

HomyBo3aHnaT jxapaénnapHUHT TepMoaMHamukacuHu Kiaysmycman Oominad
(1850) xucobmaca 6ynaau, YyHKH y yiI0y coXaaaru SHr aCOCUHM TylIyHYa —
KOMIICHCAlUsJIaHMaral MCCHKJIMK TYIIYHYacHHH (DaHTa KUPUTTaH:

as - Q- aIv.1)
T T

Oy epaa o6Q Hu Knay3uyc KoMIeHcanusslaHMaraH UCCUKIHMK 1e0 ataraH. ToMcoH
(KenbBun) 1854 i#iunga OupuHum OYynuO TepMOJMHAMHUK MYHOcaOaTlapHU
HOMYBO3aHAT kapa€nnapra Kyuiarad. 1922 vunna e Jlonam TepMoAMHAMUKAHUHT
WKKWHYA KOHYHHMJArW TEHICU3JIMKHHU auTui OwiaH kudossianMmacaaH, dHTPOIHUS
XOCHJI OYIUINIMHU aHUK MUKJIOpaH Tabpu(Iiall MyMKUH, J€TaH FOSIHU alTraH Ba
Knay3nycHUHT KOMIIEHCalUsiJITaHMaraH MCCUKJIUTUHA KUMEBUNW MOWMIIIMK OWIIaH
Oofaras.

(IL.1) Tenrnmama acocuaa MKKMHYM KOHYHHHM SIHa/Jla YMYMHUUPOK KYpUHUIIIA

€3UIIMMU3 MYMKUH: ds = % + 5QT (IL.2)

MyBo3anat xapa€ninap yuyH dS=0Q/T Oynranu yuyH oQ =0, HOMYBO3aHAT
xapacHiap y4yH 3ca, 00 >0 (I1.3)
aSbHU OQ  noUMO MycOaT Ba CHCTEMAaHMHI WYHJa HOMYBO3aHAT >Kapa€Hiap
HaTWKacHuaa raijio 0yinaam Ba CHCTEMaHHM KalTMac y3rapuuuiapra oju0 Keaaau.

OHTPONUSHUHT TYIUK Y3rapuinan  dS=d.S+d;S (11.4)

KYypuHUIIa €3CaK, KOMIICHCAIUsIIaHMaraH WCCUKIMKHUHT (U3UK MabHOCH
tymyHapnau Oynanu. (I1.4) na d.S — Tamkapuman WUCCHUKIMKHUHT FOTHIUIIN OWIaH
OOFNUK OYJraH SHTPONUSHUHT TalIKU (external) y3rapuiu; d;S — cucrema uduaa
HOMYBO3aHAT >kapa€Hyap HaTWXKacuaa KeluOd 4YWKAIuraH OHHTPONUSHUHT WYKU
(internal) y3rapumu. (I11.2) Ba (I1.4) napau conuitTupcax,

is=X (IL5) as=2 (IL.6)
T T
kypunuimga &3umumu3  MymkuH. (I.6) MyHocabar KoMIeHcauMsuIaHMaraH
UCCUKIMKHU CHCTeMaJa HOMYBO3aHaT kapafHiap OOpHIIM  HaTHXacHuaa
SHTPONUSHUHT XOCWJI Oynuiy Ounan Oornanau.

(I1.3)—(I1.6) mynocabatnap xap KaHaaii HOMyBO3aHaT JKapa€HJiap CUCTEMAHUHT
MOJIEKYJISIP XOJaTH TAPTUOCU3IUTUHIHT OPTUIIIHHY, YHU SHAJa Xa0THK X0JIaTra OJIr0
KeUIIWHU KypcaTanad. Mukgopan Oy cucTeMa XOJaTHHHUHT TEPMOJUHAMUK
OSXTUMOJUINTA  OPTHUINHIA, JE€MaK, CHUCTEMaHWHI DJHTPONHUACH  OPTHUIIHA
ndomamanagy.

[Mynaait kb, KoMIeHcalusIaHMaral uCCUkIuk oQ =7d;S (I1.7)
ra teHr. HomyBo3anat jkapa€Hnap mMabiyMm Oup Te3nukAa Oopaiu, UIyHUHT Y4yH
yIIapHU KYpUO YMKHUIIIA BaKT KUpUTIWIAIU. by aca, aciuma KuMEBHA KHHETUKAHIHT
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Bazudacuaup. Arap dt BakT moOaitHuaa d;S sHTpomms Xocuia OVyica, y Xoiaa

SHTPONUAHUHT XOCHT Oy Te3mury = 6 = —— =0 (I1.8)

dt
HomyBo3aHaT TepMOAMHAMUKAHUHT Bazudacu Xy Iy ¢ HUHT KUUMaTHHU
xuco0yab TonumaaH noopaTaup.
Wzonsmusinanran cucremanap yuayH (U Ba V=const) SHTpONHUSIHUHT TYIIUK
Y3rapuiim s, ,=d,§=20 (11.9)

WYKH Y3rapuIlra TEHIVIMTHHU TAbKUIIAMOK JIOZUMIUD.
3. OKuM Ba yMyMJIALITaH Ky4J/iap. DHTPONUAHUHT
XOCHJI OYJIMII Te3JTUTH

Kailitmac >xapa€HnapHUHT TepMOJMHAMHUKACH, IOKOPHAA TabKUIIaraHUMU3-
JIEK, PENIITUBUCTUK TEPMOJUHAMUKAIAH XaM €IPOK ¢aH, JIEKUH X03UPJaEK aMalinil
axamusitra sra 6ynMmokaa. KalitMac yn3ukim skapaéuiap TepMOJMHAMHUKACH KIIACCUK
TepMOJAMHAMUKA OWIaH YW3UKIM KOHYHJAPHUHT ymymuiamyBuaup.  Kiaccuk
TEPMOJAMHAMUKAA H3OJALMSIAHTAaH CUCTEMAaHUHI MYBO3aHAT XOJATUHU H3Ja0
tonumi  dS=( OynraH XOJaTHU TONHUIIJAH uOoOpaTAup. AMMO KJIaCCHUK
TepMOJMHAMUKA KAa4OH MYBO3aHAT XOJlaT Kapop TOMajau, CUCTeMa KaHJal TEe3JUK
OwiaH MyBO3aHaT XO0JiaTra KaWTasnTH, JIeTaH caBoJUlapra xed KaHpaai »kaBoO Oepa
onMmanau. KalTtMac xapa€HiapHUHT TEPMOJMHAMHUKACU TOMOHUJAH KUPUTUITAH
SHTWIMK TEPMOJAMHAMUK CHCTEMAHUHI XapakaT TeHrilamanapunanup. Kaiitap
xapa€H — WIMHUHN a0CcTpakius, amanaa 0apya xapa¢Hiap KaitMmac Oyiaau.

TepMonHaMuK CUCTEMAaHUHT xapakaTuHu udonanam yduyH okuM (/) Ba
ymymiamrad Kyuiaap (X) TymyH4anapy KHpUTHITaH:

—MabJyM 03aJlaH BaKT Oupiauruaa YyTa€TraHn »>JEKTp TOKH, HCCUKIHK,
MOJJAaHUHT MUKJIOPU OKUM JIeNianu;

—Kapa€HHU XapakaTJaHTUPYBUM Kydd HWHTEHCUBIUK (aKkTOpIapuHUHT
rpaaveHTIapu OYnuo, yinap yMyMHU Xoa1a yMyMIIallraH Ky4wiap JeUniiau.

dakar OUTTa XOCCAHUHT TPAUEHTH TabcuUpHuaa OOPYBUM OJJIUNA CTallOHAP
xapa€Hiap/ia OKUMHUHT MUKJAOPM YHTa MOC yMyMIIAlITaH Ky4yra TYFpHU

MPONOPLUOHAIIIUAD: Ii=L;:X; (I1.10)
OKUMHU XapakaTJIaHTUPYBUM Kydjap HUHTEHCUBIUK (aktoprapu (7,P, )

oynu6 Ii=Li(-grad T) éxu  Ii=L;(-grad 1 dr1n)

SbHU HCCUKJIUK OKUMHU YyuyH X;=-grad 7T, KOMIIOHEHTHMHI OKHUMH Y4YyH

Xi=-grad u.

Arap cucreMaza TypJid TE3JIMKIard OKUM MaBxXyJ Oyica, OyHnail cucrtemara
MyBO3aHaT TYUIYHYaCHMHM Kyjnad Oynmaiau. Arap OKUM JOMMMM TE3JIMKKa 3ra
Oynca, OyHIall CHUCTEMaHMHI XOJaTH CTaluMoHap OYyiaau Ba HOMYBO3aHAT
Kapa€HJIApHUHT TEepMOJMHAMMKAcu yinapHu wudponamnaii onaau. HomyBoszanat
YU3UKJIN JKapaéHiaap TEPMOJMHAMUKACH KJIACCUK TEpPMOAMHAMUKA OWIIaH YU3UKIH
KOHYHJIapHUHT  ymymjamyBuavp. CranuoHap OKUMIIap Yy4yH Oup KaH4a
(€HOMEHOJIOTHK (YM3UKJIM) KOHYHJIAp VpHATWITaH, yjJap HOMYBO3aHAT YHU3UKIU
TEPMOJIMHAMHMKa KOHYHJIApUHU HQonaanaiu. MacajiaH, MOJJAHUHI OKUMHU YUYyH
OukHUHT AUPDy3Ust KOHYHIIAPH, 3JEKTp OKUMH YuyH OM Ba HUCCHUKJIMK OKUMU YUYH
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dypbe KOHYHJIApU MaBXKynd. TepMoAMHAMHKara IIyHJIal Qapasnap KUPUTUIUIIN
JIO3UMKH, yap/laH I0KOpUJia KypcaTuiarad (heHOMEHOJIOTMK KOHYHIAp KeTUO YUKCHUH.
HomyBo3aHat >xapaéninap TepMOJMHAMUKACUHU TY3UIIHUHT OUp HEYa HKBUBAJICHT
ycyinapu 00p, yliapjaH SHT ymymuiicn OH3arep TOMOHU/IaH UIILIA0 YMKUITaH.

bup xoccaHMHT TpaJWEeHTH HWKKMHYM XOCCAHWHI TPAJUCHTUHH KEITUPUO
yuKapaauraH Mypakka0O craruoHap xapacunap yuyH (II. 10) tenrmama Yypuwura
KyHUJIaru TeHrJIaMaJlapHu €3UIIUMHU3 MYMKHH:

1= LiXi+LiyXk (I1.12) Iy = LigXi+ L Xk (I1.13)

(I.12) Ba (I.13) Tenrnmamanapra tepmoauddysus, Hwodbyp >¢dexTu,
U Py3uoH MOTEHIUATHUHT €KM KOHIEHTPALMOH KYTOJAHUIIIHUHT XOCUJ OVIHIIN
mucon OYymaau. (I1.12) Ba (II.13) TeHrnamamapHUHT KypcaTUIIN4Ya, UKKajda OKHUM
¥3apo Oup-Oupura TabcUp KWIaJW, YHUHT OKHMOaTHAa XapopaT I'paJUeHTH TapKuO
IpaIMCHTUHU KEITUPUO YMKAPAIH.

Oxkummnap xapa€Huga CHCTEMAHUHI DSHTponuscu oprtaau. Okumiaap Ba
yMyMJIalliTaH Kywilap HIyHAAW TaHJAHUIIM MYMKHHKH, YHJIA SHTPONHUSHUHT BaKT

dsS
OUpIMIHIA OPTUIIH i > IX, (11.14)

TeHrinama Ounan udonananaau. Arap (Il.14) tenrnamara puos kununca, (I11.12) Ba
(II.13) TenrnamanapHuar L ¢eHOMEHONOTrUK KOd(PPUIIMEHTIApU XKyJa XaM MYXUM
MyHOCa0aTHM KaHoaTIaHTHpaau. by MyHocabar OH3arepHUHI  Y3apOJIMK
myHocabatuaup (1931) €xku kuHETUK KOIPPUIMEHTIAPHUHT CUMMETPUKIHK
MPUHIMIH, €0 aTamagu: Lix= Lii (I1.15)

(II.15) ra kypa, I; okumra I; OKUMHUHT X; yMyMJIalITaH Ky4d TabCUP KUJca, [y OKUMra
[; okuMHUHT X; yMymuamraH Ky4d TabCUp KWIAJM Ba HMKKaja XoJJa Xam
MPONOPUUOHAIUINK Kod(hduuuentnapu Oup xwinup. OH3arepHUHT Y3apOJIUK
MyHOCa0aTH 4YHM3HMKIM COXaJa HOMYBO3aHaT Kapa€Hiaapaaru OOfIaHMILIApHU
ypranumHUHr acocu Oynau. HomyBo3zaHaT TepMOJMHAMHMKAHUHI KEWHMHTU
PUBOXKJIAHUIIM Ba YHUHI acocnaHumu llpuroxwun, I'mancmopd, Kasumup,
[larrepcon, ®nopu Ba OOIIKA OTUMIAPHUHT HOMJIApU OuiaH Oornukaup. Macanas,
[IpUroXKMHHUHT HWOUIApUJA HOMYBO3AaHAT Kapa€Hjiap TEPMOJMHAMUKACUHUHT
yCyJUIapU OKMMJIAp Ba YJIapHH KEJITUPUO YMKAPYBUYM Kywjap opacuaaru OOFJaHUII
YU3UKJIM OyJIMaraH coxara TaJ0uK KWIMHIaH. Yoy unuiapu yuyH Unes [lpuroxux
1977 vinnmm HoOenb MyKO(QOTHHH OJraH.

4. HomyBo3aHAaT :kapaéHjiap TepMOJIMHAMUKACUHHUHT MOCTYJIATIAPH

Arap cucteMaHu MYBO3aHATJaH YMKapuO, ¥3 Xoiura KyWuica, y MyBO3aHaT
XOJaTura Kenaau. Yoy skapa€H peakcaliys Ba yHra KeTraH BaKT peslakcaliusi BAKTH
nevunanu. Cucrema KaH4YalduK KaTTa Oyica, penakcaius BaKTH IIYHYAIUK Y30K
Oynagu. AMMO CUCTEMAaHUHT IIyHAAl MaKpOCKOMMK aloXuaa KUCMIapu OYIaauKH,
yinap OyTyH cuUcTeMara KaparaHja OJJIMHPOK MyBO3aHaTra spuiiaau. byHnaa mokan
MYBO3aHATJIAp XaKWJa TanupUIl MYMKUH Ba yjlap TEPMOJAWMHAMHK KATTaJIUKIap
Ownan TtaBcuduanaau. JlekuH, JOKaJl MyBO3aHATiIap XaKuJa Tranuprasja,
KyWuJaruiapHu Ha3ap/a TYTHUII KEpakK:
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—CHCTEeMaHUHT KHYMK OUp KUCMUHU oOJraH Oylcak xam, Yylapjaru
3appadaIApHUHT COHU KYTIIUD;

—MYBO3aHaT XOJaTUaH YETIaHUII Ky/1a KHIUK OVIUIIN I1apT.

Jlokan MYyBO3aHaT XaKugaru TaXMUH KanTMac JKapa€Hnap
TEPMOANHAMHUKACHHHHT |1-ITOCTYJIATH POJIMHU YHHANUN.

HomyBo3zanat sxapaéniiap TepMOAMHAMUKACHUHU UIIIA0 YHKUIIA MUKPOCKOTIHK
KalTapivK MPUHIMINN WIUIATWITaH. YOy NpuHUMN Oyiindya MyBO3aHAT XOJIaTHUla
TYFPHU Ba TECKapH Kapa€HIAPHUHT TE3JUKJIApU XOXJIaraH uynaa y3apo TEHTAUp Ba
MyBO3aHaT Makpo)kapa€HJa sMmac, Oalku Xap OMp MHKpoOXapaéHIa Ky3aTHIAJIH.
Mukpockonuk KauTapJIMK NPUHIUIIN HOMYBO3aHaT Kapa€uiap
TEPMOIMHAMHUKACUHUHT UKKUHYHU MMOCTYJIATUIUD.

Huxost, kuHeTUK KOA()PUIUEHTIAPHUHT CUMMETPUKINK TPUHIUIN EKU
OH3arepHUHT V¥3apoJIuK MPUHLUTIN HOMYBO3aHAaT YKapacHiap
TEPMOAUHAMUKACUHUHT YYUHYU TMOCTYJATUAMP. YOy NOCTyJaT OKUM OuiaH
XapopaTIaHTUPYBUM Kyd YpTacuia YU3UKIM MYHOCAa0aT OOpJIUTHMHHU KYypcaTaju.
OH3arepHHHT ¥3apouK MyHOCAa0aTU YU3UKJIM COXaJla HOMYyBO3aHaT *kapa¢Hiapiaru
OOFJaHUIUIAPHU YPTraHUITHUHT ACOCUHU TAIIKWII KUJIaIu.

S.OH3arepHMHI y3apoIMK MYHOCA0aTH
_ds’
T dr
y JOUMO MycOat o, 20 (Iv.17)

OHTPONMUSHUHT XOCUJ OYIUII TE31U (I1.16)

DHEPrussHUHT MUHUMAJ AUCCUTIAIIMSICHHUHT MAbHOCUHY aHUKJIAI YUyH
Omnzarep UKKUTA QYHKIUS KUPUTIH:

—JMCCHIIaTUB NoTeHIMar (X, X) = %ZLI.,(X X, =20 (IL.18)

—OKHMM (DyHKIHACH D(J,J)= %ZLI.,(J J, =0 (IL.19)
¢,D Ba O nap OKUM Ba yMyMJAIITaH KyWIApHUHT (PYHKIUACH
o(J,X)=3J X, >0 (I1.20)
Ba KAUTMACIIMKHUHT JIOKaJ YI4OBU xncl(:)l6naHaz[H.

OH3arep BapHalMoH yCyjja SKCTPEMYMJIAPHUHT MIAPTUHU AHUKJIAIH BA OKUM
I xyura X, TyFpu NIpONOPLUUOHAJUINTUHY aAUTIU:

[=Y L, X, (IL.21)
k=1

DKCTPEMYMJIMK LIAPTH: o(c—¢), =0 (11.22)
Omn3zarep HazapusicCu HOMYBO3aHaT *apa€Haap TEPMOJIUHAMUKACUHUHT Ha3apuil
acocuaup (IIpuroxuH HazapusiCu Xycycut Xomn):
—XapakaT TepMOJIMHAMHUK TEHTJIAMAJIAPUHUHT YU3UKIH OV ITHIIT;
—I -X0cca OKUMUHUHT cHCTeMara TabCup KWjiaétran 0apya Kydjiapra
OOFJIUKJINTH;
—y3apouK MyHOCa0aTH.
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Ym0y wmyHocabatiapHU OJUIIAA MOJEKYJSIp Xoccalap — MHUKPOCKOIHUK
KalTapMK X0ccacu acocuil MaHOa OyiraH: MyBO3aHaT XoJjaTAa TYFPU Ba TECKApU
Kapa€HIIAPHUHT TE3JIMKIIAPU XOXJIaraH Uynaa TEeHTIup.

Mypakka0 xapaéunap yuyn Omzarep L, = L, (I1.23)

SKAHJIIMTUHU KypcaTau. Ymly TeHriama OH3arepHUHr Mamxyp y3apojauk
MyHOCa0aTUIup.

Tammm XoaucaJapuHUHT Ha3apusICHAAa Mypakkad XoAHCallapHU — TalllWII-
HUHT 4OppaxaBUl XoJucalapuHU (TEPMOSJIEKTPUK Xoaucanap; TepMmoaud-dysus,
muddy3non tepmorddext) udonanaiiga SHru HaTHXKaAIApra SPUMIUITAH. Y MyMUn
XOJJla 4YOppaxaBUil TalIUIl XOJAUCAJIAPUHUHT TE3JIUTH KyWHIaru KYpUHUIIIArH
YU3UKJIM KUHETHK TeHTaManap OuiaH udoaanaHaau:

I, =2%L, gradP, (IL.24)

Oy epna: -gradP, = X, yMyMuil Xo//1a XaMMa Ky@jIap Ba OKUMJIAp y3apo OOFIMK
aMac, 0anku OUp Xui TEH30p YIYOBUTa 3ra OyiaraHjapuruHa OOFIUKIUp:

—tepmoanddy3usia Macca Ba UCCUKIMK OKUMIIApU Ba yHTa *aBoO OepyBumM
X, Kyw1ap BEKTOpJIapauUp;

—aHU30Tpon  cucremanapaa  Aupdy3us  Ba  HCCUKIUMK  YTKa3WII
Kod(ppunueHTIapu 2-paHrjaru TeH30pIapaup;

—TOMOI'€H CHCTEMajlapard KUMEBHM peakuusuiap TE3NUKIapu CKaJsap
KaTTaJUuKIapaup.

[y ca6abmnu, (I1.24) Tenrnamana Typjiv TEH30p Ya4amiIapuiard OKUMIIap Y4yH
Oapua L, map Hoiara TeHr. MacanaH, KOMIOHEHTHUHT JU((Y3UOH TalIWINII

TE3JIMTUHUHT KUMEBUH peakius Te3IUTUTra TabCUPH KyTHIMaiIu.

JleMak, KailiTMac >kapa€Hjiap YM3UKIM TEPMOJAMHAMUKACUHUHT YCYJUIapH
Kyluary mapmiap 0akapuirasjaa Talluil XoAucaiapuHu udoganamnra KyuiaHuim
MYMKUH:

—cUcTeMaia JIOKaJl MyBO3aHaT/Iap YpHATUIIUIIIY;

— “HYKOTHITaH UITHUHT UCCUKJIMKKA TYJIVK YTHILH;

—OKHUM Ba KyWwIapHU OOFJIOBYM YU3UKJIU KHHETUK KOHYHJIAPHUHT

OaKapUIIUILIY;

—OH3arepHUHT ¥3apojJuK MYHOCA0ATHHH UIILIATUII MYMKUHIUTH.

Kalitmac xapaéHiiapHUHT TepMOAMHAMUK aHanu3uaa lIpuroxxun teopemacu
MYXUMIUP, Y HOMYBO3aHAT CHUCTEMAHUHI CTAllMOHAp XOJaTu OWIAH HOCTAIMOHAP
XO0JaTU opacujaru (GapkHU KypcaTaau: arap CUCTEMa IOKOpUJIard TypTTa Tajgadra
xKaBoO Oepca, Oapua L, koaQ¢uunueHtiap ysrapmac Oyica, P, HUHT TOMMHU

KUIIMaTIapyHU CTAllMOHAP X0JaT/Aa yuuiad TypraHja SHTPONUSHUHT XOCUJ OYIIUIIN
O MuHUMAaI Oynanu.

6. KomneHcanusiJIaHMaral HCCUKJIUKHUHT TEPMOAMHAMUK PyHKIUATAPHUHT
y3rapuiu OuaH OOFIMKINTH

I
TepMonMHAMUKAaHUHT OWPUHYM Ba HMKKMHYM KOHYHJIapu Ba gs =R, R
T T

TEHIJIaMajIapuIaH 00 = dU+pdv=TdS-60' (IL.25)
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(I1.25) Tenrnamanan wuku sHeprust  dU = TdS-pdV-60! (11.26)
Ba V' Ba S=const na dUsy=-00"<0 (IL.27)
SbHU KOMIICHCAIlMsJIAHMAaraH HWCCHUKJIMK HWYKWA SHEPTrUSHUHT KaMmalulura TEHT.
(I.27) Tenrnama KJIacCUK TEPMOJMHAMUKANA KApa€HHUHT Y3-Y3uaaH OOPUIIMHUHT
Xamja YHUHT HOMYBO3aHATJIUTUHUHT YITUOBU XaMIUP.
OuranenussHuar H=U+pV xypunuimunu auddepennmamiad, dU Yypuura
yauHr (I11.26) naru kuitmMmaTuHu Kyhcak
dH = TdS+Vdp-60' (IL.28)
dHsp=-0Q' <0 (11.29),
SbHU KOMIIEHIALMSUIAHMAraH WCCUKIUK S Ba p=const Aa SHTAJIbIUSHUHT
KaMaiuIIura TeHr.
['u00c Ba ['ennbMrosbll 3HEPTUsIIapu y4yH
dGT,P: -5Q1_<0 (H.30)
dFry=-00'<0 (IL.31)
(I1.30) Ba (II.31) Tenrnamanap KUMEBUM peakiUsiga KOMIIOHEHTIAPHUHT
MOMMJUTUTHHY Oaxojamira UMKOH Oepaju:
~Winax < AG; ~Wiax < AF; (11.32)
Maxkcuman nm 3ca, KUMEBUN MOMWJUTMKHUHT YITHOBUIUD.

7. KuméBuii y3rapyBuu, KUMEBUI MOMUJJIMK Ba TEPMOAUHAMHUKAHUHT
OMpPHHYM KOHYHHU

1922 #mnpna e Howne xuméBuit monmumk (A) Hu  Kiay3nmycHuHr

KOMITIEHCalUsJIAaHMaral UCCUKJIUTH OpKaJIM KyHuaaruda ndoaananu:
00 = Ad £ >0 (IL.33)

Oy epna: dé=dn;/v; ra TeHr; & — KUMEBHM Yy3rapyBuu OYnuO, YHUHT y3rapuiu d&
PEaKUUSIHUHT «TYJIHUK» OOpPUIIMHM KypcaTaiu; dn; — peakius JaBOMUJa MOJAa
MOJIIAp COHUHMHT Y3TapuIld; V; — CTEXUOMETPUK ko3P duituent. Arap AE=1 G¥ica,
“peakuust Outra torypumn kKuiaaw® aedwnaau. (I1.33) mynocabar Jle [loune
TEHICU3JUTH JAevmiagu. Ym0y MyHocabaT KUMEBUI MONWUIMKHUHI KJIACCHK

n.

1

. oG
tabpuduaan yHYamuk Gapk kuamanan. Macanan, dGrp = -00' < 0 Ba [8} = 4,
P,T

JapJaH:

A=W= -[Z?jw - v (I1.34)

Knaccuk  tepmonunamukana  (Bant-I'opd, TenpMmronbi)  kuMEBUi
MOMWJUTMKHUHT YimuoBU cudaTtuaa makcuman doiganu uiinu (7, P = const ) Kabyn
KWJuHraH, 0y aca AS = [ ra, apHU peakuMstHUHT 1 Ta “Jocypuwuea’ mMoc Kenaau.
Ymby um -AGrp ra Tenr. e Hdonzae Oyiinya MONMWUIUK KJIACCUK MOWMIUIMKIAH
XYJIId XaKUKUM Te3NMUK YypTada Te3nukaaH (papk kKuiaranu kabu dapxmanaau: e
Honpe 6yiinua MOMUIUIMK KJIIACCUKra Kaparanaa aHuKpOKIUpP.
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8. O4uK cucreManap y4yH TepMOAUHAMUKAHUHT
OMpPHHYU KOHYHHU

Tamky MyxuT Ouiad 3HEprus Ba MOJJa aIMAIIMHUIIN MYMKHH OYJIraH O4HMK
CUCTEMAJIAPHU KYpHO YUKAMMU3.

TepMmonMHaAMUKAaHUHT OMPUHYM KOHYHHM €nuK cuctema yuyH dU = 6Q-pdV
Oyica, OUMK cucTeManap yayH dU = d®D-pdV (IL.35)
oynanu. d® — sHeprusi oKUMH (dHTaNbIUS OKUMH). QUMK cucTemMa yuyH pdV pean
UIITa MOC KEJIMACJIUId MyMKHH, YyHKH CHCTEMaHUHI Xa)XMU KOHBEKIIUSI XHCOOUTa
XaM y3rapuily MyMKHH.

OHTaNbOUSHUHT TYIUK y3rapuiu yuyH (I11.35) Hu ypHura

dH = d®+Vdp (IL.36)

ne6 €3umumu3 mymkuH. H=f(T, p, n;) ne6, dH nunr tynuxk auddepeHnnannamn
€3aMM3 Ba TEPMOJMHAMUKAHUHT OMPUHYM KOHYHU KyHUJAru KYpUHUIIHU OJIaJIu:

dd = (8—HJ dT + (8—HJ ~V |aP-Y. o dn, (11.37)
T )p, OP ), T\ )

(I.37) TenrmamaHuHr YHr Tapadujard OXHUPrd XaJl CHUCTEMa SHTAJbIUSICUHUHT
MOJ1ajiap MUKJIOPUHUHT y3rapuily OuinaH OOFIMKINTUHYU KypcaTaau. i-MOA/Ia YUyH
OH
napiuyan MOJIsIp SHTAJbITHS — =h, (I1.38)
ani T,P
k) 5”]
OEJNITUCUHU KUPUTAMU3 Ba dn; HU 2 KUCMTIa Oynamus: di,m; Ba d.n;. DHEPTUSHUHT

TYIUK OKUMU d® HH TEPMO OKUM Ba KOHBEKIHOH-IUP(DY3UOH (K.0.) OKUMTIa
Oynamus:

OH OH
AdDyermwo= | == | dT+|| — —V |dP hd. n. 11.39
g ( or jP " [( oP jf } " Z (il (11.39)
Ba d®K.(). = Zhideni (II'40)

(I.40) wmyHocabar Moana OwiaH TalIKApUJaH KEJITUPWITaH SHTAJBIHUSIHU
ndomananau.

HomyBo3aHaT skapaénjiap TepMOAMHAMHUKACH 000MHM Y31AIITHPUITAHIUK
AApa’KacHHU TEKITHPHUII YYYH CABOJLJIAp

1. HomyBo3zanart xapaunap Kanjaai cudiapra OyiauHaau?

2. KomneHcanusilaHMaral HCCUKJIMK JIETaHa HUMaHU TylIyHacu3?

3. HowmyBo3aHar xapa€Hnap TEPMOAWHAMUKACH KaHAAW MOCTyJaTiapra

acoCJIaHTaH?

4.  DHTPONMSHUHI XOCWJ OVIMII TE3JIMTM TYLIYHYaCUHUHI MabHOCHU
KaHzaau?

5. OxuMm geraHjga HUMaHH TYIIYHACU3?

6. YmymiamraH KywIApHUHT MabHOCH KaHAau?

7. OH3arepHUHr y3apOJUK MYHOCAOATHUHH TYUIYHTUPHUHT.
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8. KommeHcanusnaHMaraH HMCCHKJIUK TEPMOJIUHAMUK (yHKIusIap Oulian
KaHJaii OofnaHran?

9. Kumésnii y3rapyBun eraHia HUIMaHU TyIIyHacH3?

10. HomyBo3aHaT TepMOAMHAMHKAJA KUMEBHI MOMUIUIMK HUMA?

11. Ouuk cucreManap y4yyH TEPMOJMHAMUKAHUHT OWPUHYM KOHYHUHU
€3UHT.

12.  Kunetuk  k03QPUIMEHTIAPHUHT  CUMMETPUKIMK  TPUHIUIIHUHU
TYIIYHTUPHHT.

13. OKuUMHUMHT XapakaTJIaHTUPYBYM Ky4d HUMA?

14.  Oxum OunaH yMyMJjalirad Ky4 opacujaa KaHjaai OOFaukiIuk 6op?

15.  OH3arep Ha3apUACUHUHT ACOCUM TylIyHYaJapy KaHai?

16. Jlokan MyBO3aHaT/Iap AE€TaHAa HUMAHU TYLIyHACHU3?

17. DuHepruss OKUMH, TEPMO Ba KOHBEKIMOH-IUP(DY3MOH OKUMIIAP
TYLIYHYAJIAPUHU U30XJ1a0 OCpHHT.

18. DuHeprus AuUCCUNALMICU, JUCCUIIATUB MOTEHIIMAN Ba OKUM (PYHKIIMSICU
TyIIyHYaJapHu.

19. MuUKpoCKONUK KaUTapJIvK OIPUHIIUIIUHA U30X,1a0 OCpUHT.

20. KaWTMacCIMKHUHT JOKAJI YITYOBIAPU KaHIAM?

21. YoppaxaBuil xoaucaigap Ba Mypakka0 skapa¢Hmap yuyH OH3arepHUHT
¥3aposIuK MyHOCa0aTH.

22.  Kuméunii MOMMIIIUK OMIaH KOMIICHCAIMsJIaHMaralH HCCUKIMK Opacuia
KaHJal OOFIMKINK 0op?
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VI. [JIOCCAPU

Tepmun V36ex THAMAATH IAPXH WNHran3 Tmimaara mapxm

by, nenbcuii mkanacu 6yiinya | This is a temperature below

Hybaal 273.16° macr 6ynran | 273.160 degrees Celsius, which
AO0coaI0T :

Ba a0comtoT HOMb €0 atanmyBun | is calculated from the zero zero,
xapopar

rpagycnias oomuab and the absolute zero.

XUCOOIaHaIUTraH XapopaTaup.

MOJIJ1a 3appadajapuHUHT The process of absorbing

MOJIEKYJa, aTOM, HOHJIAPHUHT articles (molecules, atoms,
Ancopbuus ( y. pHUHT) | D (

WKKWHYM MOJIJIa 103acura
MIUMUJIUII KapACHH.

ions) into the surface of the
second substance.

Arperar xoJart

MO Iajiap OJaT/aa ras, CyroK Ba
KATTHK Xo0J1atna Oynaau,
OynapHU MOJAATaApPHUHT
arperar xoJaTu JICHIIa .

Substances are usually gas,
liquid, and solid, which is called
aggregate state of matter.

IOKOPH JUCTIEPC 3appadaiapHH
¥3apo Oupukuod, KHupuK

highly dispersed particles that
are bonded together to form

Arperanus
3appadanap XOCHI KIIAIITUTA
AUTUIIAN.
AJUTHTHB bupop cucrema, moana €ku The presence of a particular
xoccaJjiap SPUTMAHUHT 0ab3U system, substance, or solution
xoccanapura yJlapHUHT with some of its constituent
TapKuOUil XOccaTapuHUHT properties.
WUFUHAUCHIaH HOOpaT
Oymumn.
I'omoren oup ¢azamgan udbopar single phase systems.
cucreMa cucTeMasapra auTuiaam.
I'eteporen Typsid PU3MK Ba KUMEBUI system of different phases with
cucremMa xoccanapra 3ra Typiau different physical and chemical
(dhazamapaan nbopat cucrema. properties.
I'mapatiaap KYTNIT'MHA MO/JIJIajiap dpUranjia When most substances are

YJIApHUHT MOJIEKyJaJapu
APUTYBYH MOJIEKYJalapu
Owian oupukaau, Oy Xocui
Oynran OupukMaap
CoJbBaTIAp IeHUIIaau, arapjia
PUTYBYM CYB OYiica ruapatiap
nevwiany. baws3u ruapatiap
eTapiu Japaxaja 0apkapop
0ynuo ynap spuTMagaH
TalKapuaa Xocua oynaaunap,
OynapHu

dissolved, their molecules are
combined with solvent
molecules, the compounds that
are formed are called solvates,
and 1f solvent water is called
hydrates. Some hydrates are
stable enough to form outside the
solution, which are called
crystalloglycites, such as CuSO4
: Hzo, BaClz : 2H20
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KPHUCTAJUIOTUIPOUTIIAp 11e0
ataimaau, macaiaan, CuSOgy-
Hzo, BaClz : 2H20

I'mapataanum | CyB MOJIEKYJIAJAPUHU IPUTAH the heat released by the

HCCHUKJIUTH Mojiia MOJIEKyJiajlapu OuinaH interaction of water molecules
¥3apo 6ornanuiy xapaéuuaa | with dissolved molecules
aXpaaud YuKaauraH
UCCUKJINKKA auTuiIaau

Ennm oup rpamm (€xu 1 rpamm one gram (or 1 gram of

HCCUKJIUTH MoOJIeKyJa) Tyjaa €HraHja molecule) of heat that is
axpannd yuKaaurad uccukiuk. | completely dissolved in the

combustion.

Auddy3uon MKKW SpUTMaHU aKpaTuod potential due to ion diffusion

MOTEeHHUAJ Typaauras ro3a opkanu uonnap | through the surface separating
muddy3uscu HaTHXKacuIa the two solutions.
XOCHJI OYTanran MOTSHITHAI.

Spum panuakTuB dnnemeHTUHr Oomia | the half-life of the radioactive

eMUPHJINIIH OJINHTaH MUKJIOPUHUHT element at the beginning of its

AaBpH ApUMHUCH eMUpWITyHYa KeTran | decay, for example, the half-life
BaKTH, MacaJlaH V HUHT SIpUM of yis 4.6 - 10° years.
eMupuIumy aaspu 4.6 - 10°
AW

HN3omopdusm | KumEBuii Tabuarnapu It 1s said that they have the same
KuxaTuaaH oup-Oupunapura form of crystals as substances
AKUH Oynran monnanapHu 6up | that are close to each other in
XWJI IAKWIAaru KpucTauiap their chemical properties.
XOCHJI KAJTUIIIATA Al TUIIA]IH.

HN3oTepma xapa€HHu y3rapmac xapopatiaa | mathematical and geomeric

KaHJlaii KOHYHUST OWJIaH
OOpHIIMHM KYpCaTyBUH
MaTeMaTUK Ba F€OMEPUK
ndomacu.

expression of how the process
proceeds at constant temperature.

HNuxu sHeprus

MOJIJTaHU TAlIKWJI KAJITAaH aTOM
Ba MOJIEKYJIaJap XapaKaTUHUHT
JHEprus 3axXvUpacH.

energy reserve of movement of
atoms and molecules that
comprise matter.

Honaap MOHJIapHM 3puTMaaaru xapakat | indicates the velocity of the ions
XapakaT4aH- TE3JIUTUHU KypPCaTaJIH. dissolved in the

JINTH

Uccukank a) COJIUIITUPMA UCCUKITUK a) Specific heat capacity, which
CUFUM curuMm, 0y 1 r moana is the heat used to raise the
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xapopaturu 1°C ra xyrapum
y4yH cap(aHauran
HCCHUKJIUK; 0) MOJISIP UCCUKIIUK
curuMm, Oy 1 Monb Moaa
xapoparunu 1°C ra kyTapum
y4yH capiaHaurad UCCUKJIUK

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 10 C

Karaaus Kumésuii peakuus teznuruau | The process of changing the rate
0ab3u Moaanap SbHA of a chemical reaction with the
KaTaJM3aTopiiap MIITUpOoKuaa | presence of certain substances,
VY3rapTupuiIl kapaéHu. catalysts.
1000 r sputyBunaa 1 mosb Size, indicating a decrease in the
MOJIIa SpUTraH SPUTMAHUHT dissolved solvent per 1000 g of
TO3a SPUTYBUYNHHAHT MY3JIALl solvent freezing (freezing)

Kpuockonuk | (kotui) xapoparura HucOaran | temperature. This size varies for
AOUM Ui MTaCalMIINHU KypcaTyBYU different solvents.

KarTanuk. by karTanuk Typau
SPUTYBUMIIAP YUYH Typiuda
Oynanu.

N Oup cucrteMajaH UKKUHYU 1s another type of energy transfer
cucTeMara dHeprus from one system to another,
Y3aTULIHUHT siHa OUp Typu where the internal energy of the
0ynu6, OyHa Uil system in which it operates is
Oaxxapuna€rran cuctemManur | reduced, and the energy of the
WYKU SHEPTUSACH KaMasi/iy, affected system increases
TabCUP KWINHAETIaH accordingly. Work and heat are
CHUCTEMAHUHT JHEPTHUSACH 3Ca, mutually equivalent. The unit of
Oa)kapuJiraH UIIra Moc measure of heat is the calorie and
paBuia opraau. M Ba the unit of measure is considered
UCCUKJIHUK ¥3apo to be joul
HKBUBAJICHTIUD.
VICCUKIMKHUHT YIT40B OUPIIUTH
KaJIOpHsl Ba HIITHUHT YIIYOB
OUpIIUTY KOYJb 1e0 Kadym
KWIMHTaH

Bbocum OupIMK CUPT ro3acura Tabcup | unit is the force acting on the

KWJIYBYM Kyd Oynu0b, Typiu
oupnukiapaa — udoaanaHagu:
Hackane, w/m’, 6ap Ba MM

cum.ycm. bynna noumo cucrema
OOCUMUHUHT atMocdepa
O0ocumu OunaH Qapku 53mac,
Oanku abCoII0T oocum
KypcaTuiaaau.

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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Cunres

Oy MpeIMETHUHT OUJIMHTaH
TOMOHJIapH, OENTUIapH,
Xoccajgapy Ba X0Ka30JapHU
(dbukpan OUpIAMITUPUIL,
OOBEKTHUHT TY3WIHIITAHA
YHUHT 0apua anoKajiapu,
MyHocabaTiapu,
PUBOXJIAHUIIY Ba (paoausTura
00f1a0 TymyHUO eTUIIIUD

JKenepT

KacOuil OMIMM Ba ajoKaaapu
ypranuna€rrad macajiaaa
HyHanuuuiapau oenrunad
OJIMII MMKOHWHM Oepagurat
maxc. Y MaBxkyJl MmyaMmmora
SHrU4a Kaparira ypratuo,
acocuy MaTepuaslapHu
O6epanu, axXOOpPOTHUHT
HOMabJIyM OyJraH
MaHOanapuHu KypcaTho
Oepaau

Taxxpuoda
JKCIEePUMEHT

XyJ0ca Ba Ba3UATIAPHUHT
Ha3apuil aCOCUHU TEKIIMPHUILLL
MaKcaauaa CyHbUl Ba3UsITHU
103ara KeJITUPUIL WyiIu OuiaH
TaxpuOa YTKa3HIl ycIyou
Tabuuii Gpannapaaru acocui
ycnyOnapaan oupu

Kapop ka0ya
KHJIH I

MykoOun BapuaHTiapAaH SHT
MaKOyJIHMHM TaHJIall,
IaKJJTAHTUPUIITaH
OMIMMIIApHU KYJUIalll KOHKPET
aMaJIuy MacaJajlapHyA €YUl
Y4YyH Tan€p MOJAEN, yCyJ, IaKI,
dbopmynanapaan

dbol nananuaup.

Kapop ka0ya
KHJTHII
TEXHOJIOTUACH

ax0opoT TU3UMIIApUIA Kapop
KaOyJT KWIHII TYFPUCUAATH
MIaKJUTAHTUPWIITAH OUIMMITapra
acocCJIaHTaH ax0opoT
TEXHOJIOTHSICH.

Kapop ka0y.a
KHJTHII
MOXHMATH

aJTepHATUB KapopJiap
TYIUIAMUAAH KEPAKIIM KUCMUHU
TaHJal €KU yJaapHu TapTuora
COJIUIII
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