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|. UIITYN JACTYP
KUPUII

Jactyp Y36exucrtan PecnyGmuxacmamar 2020 iunm 23 ceHTAOpAA TAacAMKIAHTaH
“Tasmum TyFpucuna’u Konynn, Y36ekucran Pecriy6mukacu Ipesunentuauar 2017 i
7 ¢espammarn  “V36ekucToH PecnyONMKACHHH SHAJA PHBOXKIAHTHPUII Oyiilnua
Xapakarnap ctparerusicu Tyrpucuna’ti [1D-4947-con, 2019 iiun 27 aBryctaaru “Onuii
TabJIUM Myaccacalapu pax0ap Ba Meiaror KaJpJIapUuHUHT Y3ITyKCU3 MaJTaKaCUHU OIIMPHUII
TU3UMUHHM >KOpud HTum tyrpucuaa’tu I1D-5789- con, 2019 #Hun 8 okrsadpaaru
“V36exucTon Pecry6mukacu omuii TabmuM TH3MMEHE 2030 iMarada pHBOMKIAHTHPHUII
KOHIICTIIUSACHHN TacAukiam Tyrpucuaa’tu [1D- 5847-con Ba 2020 #inn 29 oxTsabpmaru
“Unm-pannu 2030 iimnraya puBOAKIAHTHPULI KOHIENIUSACUHU TACIUKIAI TYFPUCUAA TH
[1®-6097-conmu dapmonnapu Ba 2020 #wmn 12 aeryctmarm “Kumé Ba Ouonorwus
nyHanumuiapuaa Y3iayKcu3 TabJIuM cu(aTHHU Ba WIM-(QaH HATHKATOPIUTHHHU OITUPHIILL
yopa-TanOupiapu TyFpucuma’tu I1K-4805-comnn xampa Y36ekucraH PecrnyGimkacu
Bazupnap Maxkamacuauar 2019 itun 23 cenrsiOpaaru “Onuii TabauM Myaccacallapu
paxObap Ba megaror KaJApJapUHUHT MaJlaKaCUHU  OUIMPHUIN THU3UMHUHU  sSHaJa
TaKOMWUIAIITUPUII OYVinYa KylMMuya 4opa-taadupnap TyFpucuaa th 797-coHnu
Kapopnapuaa Oenrunanran ycTyBop Basudanap Ma3sMyHHIAaH KeluO YHMKKAH XOJiaa
TY3uaradn 0ynuo, y OJuil TabJMM Myaccacalapy MeJaror KaJpjiapUHHHT KacO Maxopatu
XamJia MHHOBAIIMOH KOMIIETEHTIMIMHA PHUBOXJIAHTUPHIL, €COXara OWUJl WIFOP XOPHKHU
Taxpubanap, SHrM OWJIMM Ba MaJlaKaJlapHU Y3JalITUPUII, IIYHUHTIEK aManuérra >Kopui
ATHUII KYHUKMAaJAPUHHA TAKOMIIIAIITUPULITHU MaKCaJl KHJIa Iu.

Hactyp noupacuaa Oepwia€TraH Map3yjiap TabJIuM coxacu OyiiMua mnejaror
KaJIpJIapHU KalTa Tal€piail Ba MajaKaCUHU OLUMPHIN Ma3MyHH, cu(daTh Ba yJIApHUHT
Talléprapiaurura KyuuiaaguraH yMyMUd Majaka Taja0iapu Ba YKyB pekajapd acocujia
HIAKJUTAHTUPWIITaH OYJIMO, YHUHT Ma3MyHHU KpPEeIUT MOAYJ TU3UMHU Ba YKYB KapaéHUHU
TAIIKUIJI STUIIL, WIMHIA Ba MHHOBAIMOH (haoJIMATHU PUBOXIIAHTUPHUIL, EJarOTHUHT KacOuii
npo(heCCHOHATUTUTUHY OIIMPHUIL, TABJIUM KapaCHUra pakaMil TEeXHOJOTHSJIAPHU >KOPUN
ATHIL, MAaxCyc Makcajuiapra HYHanTHUpWIraH HHIJIM3 TUIM, MYyTaXacCUCIUK (aHmap
HETU3MJa WIMHAKA Ba aMaJIMi TaJKUKOTJIAP, VYKYB JKapa€HUHU TAIUIKWI JTUIIHUHT
3aMOHaBUM  yciyOmapu — OYyiiM4ya  CYHITHM  IOTYKJap, NEJarorHUHr  KpeaThB
KOMITETEHTJIUTUHU PUBOKJIAHTUPHUIL, TABJIUM >KapaCHIAPUHU PaKaMid TEXHOJOTHUsIIAp
acocuJla MHAMBUAYAUIAIITUPUIL, MacoPaBUil TabIUM XU3MATJIAPUHU PUBOMKIAHTUPUII,
BeOuHap, ownnaiiH, «blended learningy, «lipped classroom» TexHOJIOTHSIIApUHA
amManuérra KeHr KyJulam Oyiinya TeruuuiM OwinM, KYHHMKMa, Majaka Ba
KOMITETEHLIUSJIAPHU PUBOKIAHTUPHUILTA YHAITUPHUIITaH.

Kanra Ttai€piam Ba Majlaka OLIMPUII WYHAIMIIMHUAHL Y3Ura XOC XYCYCHSTJIApH
Xamja Jo0a3ap0d MacanajapuliaH Keiaud YMKKAH XOoJjAa JacTypAa THUHIJIOBYMJIAPHUHT



MyTaxaccucluk  (anmap  goupacujpard — OWiauM,  KYHMKMa,  Majaka  Xamja
KOMIETEHIMsJIapUra KyWniiaqurad Tajaadiap TaKOMUUIAIITUPUIIUIITNA MyMKHH.

MOAYJ/JHUHI MAKCA/ZIX BA BASUDAJIAPU

MoayiauHuHr Makcaam: “@u3nKaBuid KUMEHHMHI 3aMOHABMHA MyammoJiapu”
MOIYJIM MEeAaror KaapjapHd KaWTa Tai€piaml Ba Majaka OIIMPUII  KypCH
TUHIJIOBYMJIAPUHU (PU3UKABUM, KOJUIOW] Ba MOJIUMEpIIap KUMECH XaKHUIaru OMIMMIIapUHU
TaKOMWUTAIITUPUIN, Ha3apuid TaxJuid Ba (U3UMKABUM TAJKUKOT YCIyOJIapuHU amalija
KYJUlalll, IMIYHUHTACK, yjapaa (u3uKaBHil, KOJUIOU] Ba MoJMMepiap KUMECH TYFpHUCHA
KyHHKMa Ba MajaKajJapuHU TapKUO TOMTUPHIIL.

Mopynauunr Basudanapu: QusukaBuil Ba KOJUIOW] KUME COXacHAard 3aMOHaBHMA
X0JIaT OWJIaH TaHUII OYJIMIN, TUHTJIOBUMJIApAA Hazapuil Taxymi Ba (GU3UKABUM TaJKUKOT
yCIyOnapuHd —amanjga KyJulall  KYHUKMAacH Ba MallaKalapUHU — [AKJUJIAHTUPHILL,
dbu3uKaBuid, KOJUIOWJ Ba TMOJUMEpiap KUMECH coxacuja YKyB- JiabopaTopus
yCIyOuUsITIIapy UILIA0 YMKHUII Ba aMaIUETra TAaTOUK ATUIITA YpraTulll.

MoayJ1 0yii4a THHIVIOBYMJIAPHUHT OMIIMMH, KYHUKMACH, MAJIaKACH Ba
KOMIIeTCHUUSIJIAPUra KYHWIaQUran rtajgadJaap
MopyJiHH Y3IallITUPUII XKapaéHua aMalira OIMPUIIaIural Macajiajiap JOUpacuia:

Tunraouu:

- KUMEHUHT cudaT Ba MUKJOPUN aHaNW3Wla KYJUITAaHWIAIUTraH ac0o0 yCKyHaiap,
3aMOHABUN aHAJIMTHUK, OMOHOOPTaHWK, OpPraHHUK, (UMK KUMETapAaru IOTYKIap, KUME
VKATUII yCyJUIapu Ba TEXHOJOTHsJapu coxainapu Oyinya PecrnyOnukaga wiMwuii-
TaIKUKOT Ba WIMHU-YCIyOMI HILIAPUHU PUBOXIAHTHUPUITHUHT YCTUBOP HYyHaIMILIApU
Ba YJIAPHUHT MOXUSITUHU;

- SIHTM MHHOBAIIMOH Ba NEJArorvK TEXHOJOTHSUIAPHU Ba YJAPHUHT XAJIKApO KHUECUMI
TaxXJIUINHY;

- u3MK KUMEHMHI 3aMOHAaBMM  TylIyHYajJapyd Ba acocuil  KOHYHJIapH,
TaJKUKOTIIAap/Aa 3aMOHaBUM (PU3UK KUMEBUHN yCYJUTAPUHU;

- kuM€ Ba KUME YKUTUII yciayOnapu OYyilMya SKCHepUMEHTaNl TaAKUKOTIApHU
YTKa3UIlIK Ba yJIapHUHI HATHKAIAPUHU KaiTa MILJIAIl Ba TaXJIWI KWIHILIHY;

- WIMHI-TEXHUKaBUH Ba WIMHI-yCIIyOHil MaB3yapra Moc )KypHajllapra MakoJasiap

Taiépiainl, UXTHPO, WIMHNA Kam@pueTiapHd mareHTian, QyHIaMeHTan, aMalluid,
WHHOBAIIMOH Ba XaJKapo JIoMKxanap Talépialll Ba JULCH3USIIAILHA OUAUWU 3apyp;

Tunraosuu:
- HAMYHaBMU MeTOoJuKajap Ba Oomikanap Oyilmda SKCHEpUMEHTaNl TaJAKUKOTIApHU
YTKa3Ull Ba YJIAPHUHI HaTVOKAJIAPUHU KauTa UILUIALL,

- SIHTU FOSJIApHU SpaTHUII Ba WIMUN-TAAKUKOT WMIUIAPUHU MYCTaKui OJIHO OOpHIl
Xam/ia WIMHH KamMoaa UIIJIall;

- 3aMOHaBUM axOOpOT Ba MENArorvK TeXHoJorusuiapaad (oiaanaHnd HoaHbaHABUN
YKYB MalIFyJOTJIAPUHM YTKA3MIII,



- TEPMOJMHAMMKA KOHYHJIAPWIAPUHU TYypiau (PU3MK-KUMEBHUN KapaéHiapra
KYJLIAILL,

- Ykutunaérrad ¢aH Oyinya MaIIFyJOTIapHU YTKA3UII YYYH YKUTHUIIHUHT TEXHUK
BOCHUTANApHUJIaH (QONAATaHUIL KYHUKMANAPU2a 32a 0YIuiu Kepax;

TunrioBuu:

- TajmabayapHu Y3ura Kajd KUITaH XOJiJa SHTY TEeI0TOTHK TEXHOJIOTHUIAp acoChua
(baHHU TYIIYHTUPHILL

- Kacouit QaonmsaTaa TaOMMM-WIMHE  (QaHJIAPHUHT acOCHM  KOHYHJIapWJaH
doinananui, MaTeMaTUK TaxJIWJI Ba MOJIEJUIAI, Ha3apud Ba IKCIEPUMEHTAN TaJIKUKOT
METOJIAPUHU KYJIJIAI,

- OYyryHTH pakamJIi TEXHOJOTHUsIap JAaBpujia >KaMUSTHUHT PUBOXIAHUIINATH
ax00OpOT TEXHOJOTUSIIADUHUHT MOXHUATU Ba aXaMHUSTUHU TYIIYHUII ManaxKanapuza 32a
oynuwiu Kepak;

TunriaoB4u:
- 3aMOHaBUI Ba MHHOBALIMOH TabJIMM MYXUTHHHU OOIIKAPHILI,

- KuME Oylinya 3aMOHaBHIl Ba MHHOBALIMOH TabhJIMM TEXHOJIOTHsUIApUTa acOCIaHTaH
VKyB-Omuil (haoausTUHU TAIIKWIT STULL;

- KuME€ coxacu OYyin4a THHIJOBUWJIAPDHUHT M3IAHUILIM-WKOAUNA (paomusTra xanod
ITUI KOMREMEHYUAIAPHYU STATUTAIIN JIO3UM.

Moay/iHM TAIIKKWJI 3THII BA YTKA3WII OyiiM4Ya TaBCUsLjiap
MonynHu YKUTHIIT Mabpy3a Ba aMajIlil MaIIFyJIoTIap Makiauga oaud Oopuiaau.

MonyJiHu YKUTHII >XKapa€HUJAa TabJIMMHUHI 3aMOHABUW METOJJIAapH, IEAArOruK
TEXHOJOTHsIap Ba aXOOpOT-KOMMYHHMKAIUSl TEXHOJOTHSUIApH KYJUIAHWJIMIIK Ha3apaa
TYTWITaH:

- Mabpy3a Japciiapyia 3aMOHaBHM KOMIIBIOTEp TEXHOJIOrusuiapu EpaaMuia
MPE3EHTALMOH Ba 3JIEKTPOH-AUIAKTUK TEXHOJOTUsIIapAaH;

- YTKa3WIAJIWIraH amMalud MaIIFyJoTiapAa TEXHUK BOCUTalapAaH, JKCIpecc-
cypoBiap, TECT CypOBJIApH, aKJIHM XYy>KyM, KUUHK rypyxJap OujaH HIam, Jadopatopus
acb00-yckaHanapyu OuiaH WIUIAl Ba OOIIKAa MHTEPAKTUB TAbJIUM YCYJJIAPUHM KYILIaIl
HazapjJa TyTUJIaIH.

MoayJHMHI YKYB peskagaru 00mka MoayJ/uiap Oujiad OOFIMKJINIH Ba
Y3BHIJIUTH
“PusukaBuii KUMEHMHI 3aMOHABHIl MyaMMoJIapu” MOZIYJM YKYB peXaaaru
OupuHYM OJIOK Ba MyTaxaCCUCIUK (DaHJIApUHUHT O0apya coxayiapy OujaH Y3BUM OOFIaHTaH
X0JI7a TIeAArOTJIApHUHT YMYMUH Tal€prapiivK J1apakaCMHU OLUMPUIITa XU3MaT KUJIaIu.

Moay/IHMHT 0JIMH TAbJIMMIArd YPHU

“DOusukaBuil KUMEHUHI 3aMOHABHUII MyaMMOJIaApuW”’ MOIYJIWHU Y3JIallTHPHIL
OpKQJIM THUHTJIOBYWJIAP TAbJIMM >KapaCHUHHU TAIIKWAJ STUIIIArd TEXHOJOTHK EHIOIITYB
acocnmapunu, Oy Oopagarum wWirop Taxpuba Ba SHTWIMKIAPHU YpraHaawiap, yJapHU
TaxXJIAJI ATHIIL, aMajijia KyJjam Ba 6axosamira Toup Kacouii FoTyKapra ara oymaauiap.



Monaya 0yiin4a coatjiap TAKCUMOTH

THHIIOBYHHUHT YKYB
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1. | ®u3uKk KUMEHUHT 3aMOHABUI TylIyHUYaJapH 2 | 2 2
Ba aCOCUI KOHYHJIAPH.
2. | Kumésnii »xapacHiiapHu Ha3apuil )KMXaTJaH 2 2 2
OOIIKapUIIIa SPUIIIITAH I0TYKIIap.
3. | TepmoanHaMUK HOTEHITHAILIAD, 2 2 2
XapakTepUCTUK GyHKUIHUSIIAP Ba yJap
ypTacujaru MyHocabariap
4. | Dputmanap TepMOJUHAMHUKACH. 4 4 4
5. | DNeKTpOKUMEBUI xKapaHap 4 | 4 4
TEPMOJIMHAMHKACH.
6. | KumEéBnii KMHETHKA Ba KaTaJIM3 MyamMMoJiapu. | 2 2 2
7. | CTaTUCTHK TEPMOJUHAMMKA. 2 2 2
8. | HomyBo3anar xapa€nyiap TepMOJMHAMUKACH. | 2 2 2
Kamu: 20 20 | 6 14

HA3APUH MAIIFYJIOTJAP MASMYHHU

1-map3y: ®U3NK KUMEHHUHI 3AMOHABUI TYITYHYAJIAPU BA ACOCHUM
KOHYHJIAPH (2 coar).

PE XKA:
1. ®u3nk KUMEHUHT 3aMOHABHI TylIITyHYalapH.

2. TankukoTiapaa 3aMoHaBUN (PU3UK KUMEBUHN yCyJIuIap.
3. KBanTokumEBHii TacaBBYpIapHA TAKOMIJIIAIITHPUIIT MyaMMOJIapH.

2-map3y: KUMEBUHA )KAPAEHJIAPHU HABAPUM KUXATIAH
BOHIKAPUILIJIA DPUILINJIT'AH IOTYKJIAP (2 coar).
PEXKA:
1. KuméBnii xapaéHHUHT ¥3-y3uda OOpUII HMKOHUATH Ba MYHaIUIIN

2. Kumépnii TepMOIMHaMHUKa.



3-maB3y: TEPMOJUHAMMUK IOTEHIHHUAJIJIAP, XAPAKTEPUCTUK
OYHKIUUAJIAP BA YJIAP YPTACUJATU MYHOCABATJIAP (2 coar).
PEXKA:
1. TepmMoanHaAMHK MOTEHIIHAIITIAP Ba XapAKTEPUCTHK (PYHKIHUIIAP, KUMEBUI MTOTEHITHAI.

2. TepmonuHamMuka KOHYHJApUHU Typiau (QU3MK-KUMEBHM skapaéHiapra KyJUIall.
dazaBuili MyBO3aHaTIIAP

AMAJIMA MAIIFYJOTJIAP MA3SMYHHU
1-amannii mamryjaor: IPUTMAJIAP TEPMOJINHAMMUKACH (4 coar).
PEXKA:
OpuTManapHi TEPMOAMHAMMK HYKTau HazapAaH TacCHUQIIALL;
[Tonumep 3pUTMANTAPHUHT Y3UTa XOC IPUII MEXAHU3MU;
[Tonumep spUTMaApHUHT Ha3apUsIapy;
4. Tecc Ba Kupxrohd xonynnapuaan ¢oiinananu0 KUMEBUN peakUsIapHUHT
UCCUKIIMK 3(Q(EKTUHHN aHUKIIAILL;
5. KuméBuii  peakuusnap Ba  (U3MK-KUMEBUWA  KapaCHIAPHUHT  MCCUKIIUK
s dexTnapruHn yryani.

W

2-amasmii mamryaor: DJJIEKTPOKUMEBHUI JKAPAEHJIAP
TEPMOAUHAMMUKACH (4 coar).
PEXKA:
DJIEKTp IOPUTYBYU KyU
DAeKTpo TyLIyHYacH. DAEKTPO ] MOTCHIMATMHUHT a0 Oyiuim
Cranpapt noreHunamiap. HepHeT TeHrnamacu
Huddy3ron noreHman
DNeKTpOATApHUHT TaCHU]IIaHUIIN

o0 E

3-aMaJInid MaIIFyJIoT: KUMEBU KNHETUKA BA KATAJIN3 MYAMMOJUIAPH
(2 coar).
PE XA:

KuméBuii peakiMsitHUHT TE3IUTH

Peakrust Taptbu

Peakiust TapTOVMHM aHUKJIAI YCYIUIapU

Peakrust TapTOVMHM aHUKJIAMTHUAHT U@ depeHITan yCyJu.
Peakmust Te3MUTHHUHAT XapopaTra OOFTUKIUTH

A NS



4-amammii mamtyjaor: CTATUCTUK TEPMOJNHAMMKA (2 coar).

PE XKA:
1. OHTponHs Ba CUCTEMA XOJATUHUHT TaAPTUOCH3IUTH
2. Makpo-Ba MHKpOXOJIaTiap XamMJa T €epMOJAMHAMHUK SXTUMOJLIHK.

dazaBwuii Gazo TymryHIACH
3. MonekynanapHUHT SHEpTUsap Oyiinda TakCUMIIaHUIIH. BoabIiMaH KOHYHH.

5-amamii Mmamryaor: HOMYBO3AHAT KAPAEHJIAP TEPMOJWHAMUKACH
(2 coar).

P E KA:
1. HomyBo3aHart >xapaéHiIapHUHT TaCHU(IaHUIIH

2. KommeHcamnusiiiaHMarad HCCUKJIMK TYITyHYACH

3. OxuM Ba yMyMJIAIITaH Kydiap. DHTPONUSHUHT XOCHJ OVIIHII TE3TUTH

4. HomyBo3aHat »apacHiap TepMOJUHAMUKACUHUHT MOCTYJIATIapH
5.OH3arepHUHT ¥3apojuKk MyHocabaTu

6. KoMmrneHcanusiianMarad MCCUKJIMKHUHT TEPMOAMHAMUK (DYHKITUSITAPHUHT
y3rapuiiy OunaH OOFTUKIUTH

YKUTHUII ITAKJIJIAPHA

Maszkyp Moays Oyiinda Kyiugaru YKATUII aKJmapuaad honaanaHuiIaiu:

- Mabpy3ajiap, aMaIdi MaIIFyJaoTiaap (MabIyMOTIap Ba TEXHOJIOTHSUIAPHU aHTIIa0
OJIWIII, aKJIMH KU3UKUIITHU PUBOKIIAHTUPHIII, HA3apuil OMIIMMIIApHU MyCTaXKamJIalll);

- JaBpa cyxOaTiapu (KypwiaéTraH JoWuMxa ednmiiapu Oyinua Takiaud Oepwii
KOOWJIMSITUHY OLITUPHIIL, SIIUTHII, UAPOK KIJIUII Ba MAHTUKHH XyJocajgap YUKapui);

- 0axc Ba MyHO3apayiap (Jioliuxayiap eunMu OYViuda aauiuiap Ba acociu
apryMEHTJIAPHU TaKJIUM KWJIHII, IIATHII BAa MyaMMOJIap €YMMHUHH TOITUII KOOVITUSTHHH
PUBOXJIAHTUPUI).



II. MOJIYJIHU YIIUTUILJA ®OUJTATTAHUIIA IUTAH UHTEP®AOJT
TABJIMM METOJTAPU

Xyaocanau (Pesrome, Beep) meroau

MetoaHuHr makcaam: by Merom mypakkad, KynTapMOKIM, MyMKHH Kajap,
MyaMMOJIH XapaKTepuard MaB3yJIapHU YpPTaHHINTa KapaTuwirad. MEeTOMHUHT MOXUSTH
IIyHJIaH MOOpaTku, OyHAa MaB3yHUHT TYpJIM TapMoOKjIapu Oyiimda Oup Xui axOopoT
Oepunaay Ba alHM MalTAa, yJIapHUHT Xap OMpHM alloXHa acleKkTiapja MyxokKama
sTuinanad. Macanan, MyaMMoO MKOOUHM Ba canOuil TOMOHJapH, ad3amuuk, ¢gaszuiaT Ba
KaMYMJIMKIIapu, Qoiiia Ba 3apapiapu Oyiinua ypranwiaad. by unTepdaon merton
TaHKUJUW,  TaXJIWJIUH, QHUK  MaHTUKHUI (bUKpIamHu MyBaddakuATIN
PUBOMIIAHTUPHUIITA Xama VKyBUMJIAPHUHT MYCTAKWJI FOsUIapu, QUKpiapuHu €3Ma Ba
OF3aKW IaKJJla TU3UMIM OaH OJTHI, XWUMOS KWUJIUIIra HWMKOHUAT spaTajiy.
“Xynocamam”  MeToAMAAH ~ Mabpy3a  Mamlbynornapujga — MHIMBUAYyal — Ba
Ky(pToukmapaaru uil mrakiauaa, amanuii MamtynoTiapuaa KMYuK TypyxXJapAard Wil
IaKIWIa MaB3y Io3acujgaH OWIMMIIApDHH MyCTaxKamulall, TaxXJWIH KWWl Ba
TaKKOCTaIl Makcaauaa (poigananuin MyMKAH.

MeToaHu amaJjira OIIMpPUII TAPTHOU:

TpEHEeP-YKUTYBUH UIITUPOKUYMIIAPHU 5-6 KUITHAAH HOOpAT KUIUK
rypyxJjapra axparaju;

TPEHUHT MAKCaJIH, IapTJiapy Ba TapTUOU OWJIaH UIITUPOKUYUIIAPHU
TaHMINTHPray, Xap Oup rypyxra yMyMuii MyaMMOHH TaXJIWAJI KUJIAHHAIIHA
3apyp OYyJraH KHCMJIapH TYIIUPUITaH TapKaTMa MaTepHaIapHU
TapKaTaJiu;

xap Oup rypyx y3ura OepriiraH MyaMMOHH aTpoJInda TaXJIHI KUiauo, y3
MyJioXa3aJapyuHU TaBCUsI ATHIIAETTaH cxeMa OYViinuya Tapkarma
Matepuaira €3ma 6aéH Kuiaau;

HaBOaTaaru 6ockuyaa 6apya rypyxiap y3 TaKIUMOTIApUHHN yTKa3aauiap.
[llynman cyHT, TpeHEp TOMOHHU/IAH TaXJIUJUIAp YMyMJIAIITHPHIIAIHN,
pUA aX00POTAP OMJIaH TYJTMPHIIAINA Ba MaB3y SIKYHIAHAH.




Hamymna:

TaxJyina TypJIapuHUHT KHECUH TAXJIUJIN

THu3UMIN TAXJIHIT C1oKeTJIH TAXJINJ BazusiTiin TaxJamI

Ad3zanauru KAMYHJIHTH adg3aIMrd  [KaMYWINTH adg3aJyIMrd  |[KAMYMJIHTH
MyMMOHU Kenub — |Amoxuaa V3 BaKTUOA Mynocabar  [Bazust JnHamMuk
YUKHII cababmu  raiéprapnukka MyHocabar Oomika OMp  [MIITHPOKYH- XYCYCUATHH
Ba KEUMII pra OYIUIIHM,  |[OWJITUPUII CIOKETra TapuHUHT (00BEKT [0eNrniIad oIuII
KapaCHIUHU KYII BAKT MMKOHHUSTUHU [HHUCOATaH Ba CyOBEKT) Y4yH KyJu1a0
QJIOKAI0PJIT U QKPATUILHU Oepanu KyJUIaHUIIra [BazudanapuHu  [OyaManau
PKUXaTHIaH ranab sTaau SIPOKCH3 Oenrunad o
ypraHHII UMKOHUHM Oepaiu
MMKOHUSITUTA AT

XyJaoca: TaxmuaHUHT Oapua Typiapd XaMm Y3WHUHT ad3a/UIMTd Ba KaMYWIATH OWiaH Oup OupwuiaH
dapxnanagu. JlekuH, ymap KaTOpUAaH NeAaroruk (aoluaT Joupacuja Kapop KaOyn KWIMII YYyH
TU3UMIIA TaxXJIWIIaH (QOHJaIaHuI KOPUN KaMYWIMKIApHU Oaprapad 3THINTA, MaBXKy] pecypcliapaaH
Makca U (hoiaanaHumia ag3aiivkiapra arajlurd OuiaH axpaiud Typaiu.

“ODCMY” meroau
TexHoJOrUAHUHT Makcaau: Ma3Kyp TEXHOJIOTHUS UINTUPOKYMIIApIArd YMYyMUN

buKpIapJaH XyCyCcHil XyJiocanap YMKapHIl, TaKKOCIHAII, KUEcaam opKaiu axO0pOoTHH
Y3MamTUpHI, Xyaocallalll, IYHUHTISeK, MyCTaK/I KoUK (hUKpIIall KYHUKMaJlapuHU
IAKJJTAHTUPHUILTA XH3MaT KHUJIaau. Maskyp TEXHOJIOTHJIaH Mabpy3a
mamtyrnornapuaa, Mycraxkamjiamiga, yTWITaH MaB3yHH Cypallja, yura Basuda
Ocepuiia xamjga aMainuid MamlbyloT HaTWXKaIapuHM TaxJMI JTHIIA (oHIaIaHuII
TaBCHUS dTUJIAIH.

TexHOI0rusHN aMaJIra OIIUPHUII TAPTHOM:
KaTHAIlIYMIapra MaB3yra ouji Oyaran sikyHU# xynoca €ku Fost Taknud stunanu;
xap oup nmrupokunra @CMY TexHoIOrusACHHUHT 0ockuuiapu €3umiran kot O3mapuu
TapKaTUJIaau;
UIITUPOKYUIIAPHUHT MyHOCA0aTIapy UHIMBUIYall €KU TYpyXHidl TapTuOAa TaKAUMOT
KWINHAIN.



* (puxpuHrH3HU OAEH YTUHT

* puxpunruzam 6aéuura cabad KypcaruHr

* Kypcarran cababuHrU3HU UCOOTIA0
MHCOJT KEJITHPUHT

* (DUKPUHTU3HU YMYMJIAIITAPUHT

OCMY  taxnwiMm KaTHaIMWiIapaa kacOuwii-Hazapuii OWIUMIIApHU aMajuid
MalIKIap Ba MaBXyJ TaxpuOamap acocuaa Te3pok Ba  MyBaddaxusTiu
Y3MamTHPUITUIINITA acoc OYIaam.

Hamymna.

®ukp: “Tusum ampogh myyumoarn axcpanzaw, y OUNaH Axaum mavCcupiaulyiu,
oup-oupu oOunan y3apo 0021aHeaH 3eMeHmIap Mmaxcmyacu O0yaubd, maoxuxom.iap
0Ovekmu cananaou”.

Tommupuk: Maszkyp ¢uxpra nHucbatan mynHocabatuHruzHu OCMY opkanu
TaXJIMJI KAJTUHT.

“AccecMeHT” MeTOIH

MeTOAHMHI MaKCaJAW: Ma3Kyp METOJ TabJUM OJYBUMJIAPHUHT OWUIIUM
JapakacMHM OaxoJlall, Ha30paT KWIHIL, Y3MAIITHPUIN KypCaTKMYM Ba amalui
KYHUKMAQJIApUHU TEKIIMPHUIITra HyHAITHPWIraH. Mas3kyp TEXHHMKAa OpKalIu TabJIUM
OJIyBUMJIAPHUHT OMJMII (aosusATH Typiau HyHanumuiap (TECT, amMaluil KyHUKMamap,
MyaMMOJIM Ba3usTIap MaIllIKH, KAECUN TaxJWi, CUMITOMJIAPHU aHUKJAII) Oyilnua
TAIIXUC KWIMHAIU Ba OaxojaHaIu.

MeToaHu amajira OIMpPUII TAPTHOM:

“AccecMeHT’ napiaH Mabpy3a mamlyloTiapujia TUHTJIOBUMJIAPHUHT MAaBKY/
OMJIMM  JTapakaCMHU YpraHulla, SHCM MabIyMOTJIAapHM Oa€H KWwinnaa, amaiaui
mamlysnoTnapaa aca MaB3y €KM MabIyMOTJIAPHU Y3IAIITUPULI Aapa)KaCUHU 0axoJiall,
LIYHUHTJIEK, ¥3-Y3uHM 0axoiall Makcaauia MHIMBUyall makiaa (oiganaHuil TaBCus
stunagu. llyHUHrIeK, YKUTYBUMHHAHT WKOAMK EHIANIYBY XamMaa YKyB Makcalapuaas
Kenub YMKuO, acCecMEHTra KylInM4a TOMIIHPUKIAPHA KUPUTHUIL MyMKHH.

Hamyna. Xap Oup kataknaru TyFpu >kaBOOHH 0axoail MyMKHH.



- Tecr
\/ e 1. Tusum KaHmaii cy3man
et £ OJIMHTaH?
" 1 .
2 A. modul_us
 B. modulis
« C. model

1 TymyH4ya Taxjauiau
* MexaHuK TU3UM
TYLIYHYACHHU W30XJIAHT

Kuécuii Taxjama

* OnTtHep, KBeiin, ST,
SR, I'onyOkoB
MOJICJUTAPUHHM Y3UTa XOC
KUXATIAPUHU QXKPATHHT?

)é_ AMaJimii KYHUKMA
TU3UMITH TaXJTHITHA aMaira OIIUPHIIL

i t K' YUyH MaBKy[l TaxJInI Mozeiapuaa “SR-

MOJICJIMHY KYJIIal TApTHONHH
owmtacuzmu?



111.HABAPUM MAIIFYJOT MATEPUAJLJIAPHU

1-MAB3Y. ®3UK KUMEHHUHI 3AMOHABUM TYIITYHYAJIAPH BA
ACOCHH IOHYHJIAPH
PEXA:
|.1.®u3uk KUMEHUHT 3aMOHABUN TyITyHYAJIAPH.

|.2. TankukoTaapaa 3aMoHaBui GU3MK KUMEBUM yCyIIap.
|.3.KBaHTOKMMEBHI TacaBBYpJIapHH TAKOMIJLIAIITHPHII MyaMMOJIapH.

1.1. ®u3uK KUMEHUHT 3aMOHABUH TylIyHYAJIaApH

TepMoauHaMUK cucTeMa MOAAMM OOPIMKHUHT XaKUMKUW KU Xa€lnuil yerapa
cUpPT OWJIaH aXPaTUITaH MaKpPOCKOMHUK KHUCMUAMP. TepMoInHaMUKa KyJa Kyl
3appavajapiad  ubopar OyiraH  cucTeMallapHd  ypraHaau. AJjoxuja
MOJIEKyJlajap, aromyap  €KM ~ 3JEMEHTap  3appavajapra  HucOaTaH
TEPMOJIMHAMMKAHU KyJ1ab Oyamaiian. Arap CHCTEMaHMHI TallKU MYXUT OWJIaH
Xed KaHJail y3apo TabCUpJaHUIIM Oyamaca, OyHIal cucTteMa M30JIsUUsIaHTaH
(TallkM MyXUTAAH aXpaTWiral) JAednnagud. Arap 4erapajadH Mojja
AIMAIIMHUIIN KY3aTWIICA, YHAA CHCTeMa OYUK OVYiIaau, akc XoJija, S’bHU Xeu
KaHJal MoJJa uerapa OpKajdd YyTMaca, yHJAa €MUK CHUCTeMa JICHUIaIN.
M3onsmusananrad cuctemManan Gapkiu paBuiiga €MUK CUCTEMa TAIIKA MYXHT
OWJIaH SHEPTUS aATMAITUIIIN MyMKHUH.

Arap cuctema Oapua HyKTajapia OWp JKMHCIM OVyica, YHH TOMOTEH
nenunnanau, akc xoina Qaszanmap xakuaa cy3 oputwiaaud. bup Hewa daszanapaan
TY3WIraH cucTtema rereporeH aedunaau. CucreMaHUHT OOIKa KUCMJIapHaaH
CUPT uerapacu OUjiaH aXpaTUiraH TOMOT€H CUCTEMaHUHT OUp KMHCIIM TOMOTEH
MaTepuan KUICMJIApPHUHT TyIulaMura ¢asa Jednaam.

Cucremann TaBcu(}IoBYM (HU3UKABUI Ba KUMEBHUI XOCCAJApHUHT TYILJIAMHU
CUCTEMAHUHT XOJaTUAUp. TepMOJMHAMHUK CUCTEMa XOJATHUHT TEPMOJUHAMMK
napamerpaapu (T,P,V,C,U,S Ba Gomkamap) Owian taBcudianaau. Tepmoau-
HAMHKAHUHT aCOCUW KOHYHJIADUHU TYIIYHHINI Ba TAJKWUH KWJWIIHA TabMUH-
Jaiiauran  ymyMuid —Oenrmiiapura kapad TEpMOIWHAMUK  TapameTpiiap
cunbnapra oupnamrtupwirad. CoH KUMaTIapy KUXATAaH TOUMUN KUMEBUN
TapKUOJIM CUC-TEMAaHWHT Maccacura MPOIOPIIMOHAN OYJIraH TEpMOIUHAMUK
napaMeTpiap 3KCTEH-CUB MapameTpiiap Aeiunaan. DKCTEHCUB NapamMeTrpJliapra
xakMm (V), macca (M), snektp 3apsauHUHT MUKAopH (Z), wuku sHeprus (U),
suTpornus (S) Ba Oomkamap mucon Oyigamu. CoH KuiiMaTiaapu >KUXaTHAaH
CUCTEMaHUHI  Maccacura Oofnmk OynMaran mapameTpiiap HUHTEHCHUB
napameTpiap Aevmianu. MHTeHCHMB mapa-merpiapra 00cuM, Xapopar, 3JEKTp
3apAMHUHT TOTEHILUAIU, COJIUIITUPMA DKCTEHCUB KATTAJIMKIAp (MOIAAHUHT
OMpIUK MUKIOPH Y4yH OJIMHTaH) Xamja Oapuya yMmMyMJalirad Kywjiap KUpPaJu.
YMymilamran Kywiap Ba yMyMIIAIIlaH KOOpAMHATalap XaM TEPMOJIWHAMUK
napamerpiap 0ynunb, MmexaHukK Kyd (€Ku 0OCHUM), SJICKTP MOTCHIIMAIN, KUMEBUM
NOTEHIMaN Ba OOMIKalap yMyMJIallraH Kydilapra Ba T€OMETPUK KOOPAWHATA,

XaKM, 3apAaa,MabJIyM KOMIIOHCHTHUHT MaCCACH YMYMJIAII'aH KOOpJZMHATAJIapra
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Kkupaau. TepMoaMHAMUK MapamMeTp-JIapHUHT XaTTOKW OUTTAaCUHUHI Y3rapuiiu
Owran OoFnuk Oynran cucremMagaru Xap KaHJal Y3rapuil TEPMOJIWHAMHK
xKapa€H nedmnanu. Arap mHapaMeTpHHUHT Y3ra-puiu (akar OOmoaHrud Ba
OXUPTH Xojariapraruaa ootk 6ynu6, kapaéHHuHT iynura 6otk 6ynmaca,
OyHaail mapameTp xosaT GyHKIUSICH IeHUIa N,

Xapopar - TepMOMETpHsIa aHUKIAHATUTaH OOBEKT, YHH OeBOCHTa Yirdad
Oynmaiau, QakaT MCCHUKPOK EKM COBYKPOK JKMCM XaKHJia TYIIyHYa XOCHII
KWIMII MYyMKHH. XapopaT CHCTEeMa 3appayajapUHUHT ypTaya KUHETHUK
HEpruscu OYnud, *KUCM KaHYAIMK HCUTWITAHJIUTUHUHT YI4OBHIUP. YHU
xapoparra OoFnuk Oynran Oomka ¢Qu3uMKaBuil MapaMeTpIAPHUHT COH
KuiiMatTiaapu OYiuYa aHUKIaHaaAW, Oy 5ca, IOKOpHAa TabKUAJIaraHMMH3JEK,
SMIMPUK XapopaT MIKAIAJAPUHU TY3UIIHUHT aCOCH KUJIUO OJMHTaHIUp.

Hccukiuk - MOIJJAHUHT XapopaTu, Maccacu Ba Tabuatura 0ofnuk Oynran
KaTTaMK OYnuO, aloXuaa 3appadyaHUHI KUHETHK YHEPTUsICUHU Oenrhiiaiau.
Cucremara HCCHKIMK O€pwiranja, MOJEKYJaJapHUHT ypTaya KHHETHK
SHEPIUsiCM OPTHUILIUA XHCOOWra, CHUCTEMaHMHI Xapopatu oprtaaud. Jlemak
VCCUKIIMK SHEPIUsl Y3aTUIIHUHT Oup Typuaup. Cuctemara OepuiiraH UCCUKIUK
Xap JAOMM XaM XapopaTHU omupMaian. MacanaH, My3 CYIOKIIaHAETraHIa €KU
CYB KailHaéTraHja cucTreMara MCCUKIMK OEpHUIl XapopaTHHU Yy3rapTUpMaiu Ba
xapaéH JouMui Xxapopataa Oopaau, OyHJa CHUCTEMaJard MOJIEKYyJaJapHUHT
ypTada KHHETUK 3HEPTUsACH y3rapMmaciaH (hakaT NOTEHIUAN SHEPTUICH OPTaIu.
Ymly HMCCHUKIUMK MY3HHUHT KPHUCTAUT MaH)XapacuHU Oy3uira €Kd CyBHH
oyFnmantupum sxapaéuura capduananu (d3cku amabuéminapiaa  “‘IIMpUH
HUCCUKIUK J1e0 aTairaH).

N - 6up cuctemMasaH UKKUHYM CUCTEMara SHEprusi Y3aTULIHUHT sHa Oup
Typu OynuO, OyHma wum OaxapwiaéTraH CUCTEMAaHUHI WYKU SHEPTUsCH
KaMasiiv, TAbCUP KWIMHAETTaH CUCTEMaHUHT SHEPTUACH 3ca, Oa)kapuiiraH uiira
MOC paBuniaa opraau. Vi Ba MCCUKIMK y3apO SKBUBAIECHTAUDP. VICCUKIMKHUHT
yJIYOB OWMPIUTH KaJOpHs Ba HWIIHUHT YJI4YOB OUPJIUTH >KOYJb Ae0 KalOyn
KWIMHTaH. [xan.=4,1875 JK TeHr 6Ynu0, UCCUKIMKHUHT MEXaHUK YKBUBAJICHTH
JeunIaau.

Nuku sHeprus - kucMm Oapua 3appadallapyHUHT Oup-Oupu OuiaH ¥y3apo
TabCUPJIAIIMII MOTEHIMAJ 3HEPrUsCH Ba alOXUAa 3appadajap XapakaTUHUHT
KUHETUK SHEeprusjiapyu W MHIUCHAAH TAIIKWI TOMNTaH, SbHU MOJIEKYJaJapHUHT
wirapujiaHMa Ba ailJlaHMa XapakaTH SHEPTHsICH, MOJIEKYJaHU TAIIKWI KWJITaH
aTOM Ba aTOM TYPYXJIAPUHUHT WYKUMOJIEKYJISIp TeOpaHMa XapakaTH SHEPrHsicCH,
aToMJIapAard 3JEKTPOHJAPHUHI alJlaHUII S3HEPrUsiCH, aTOM sAJpoJiapuaaru
JHEPrus,  MOJIEKyJajapapo  y3apo  TabCUPJAIIMII  3HEPTUsCH  Ba
MUKpO3appayajapra Terunui OynraH Oomka TypJAard -SHeprusiapaaH
noopataup. Nuku sHeprusi cucremMa HEPrUsICHHUHT YMyMUN 3axupacu 0Yiauo,
YHUHT TapKuOura TyJuK, Oup OyTyH CUCTEMAaHUHI KMHETHK SHEPTUACH Ba YHU
XOJJATUHUHT TOTEHIMAJI SHEPrusick Kupmaau. KucM WYKU SHEPrUSCUHUHT
a0COJIOT KUWMATH MabJIyM 3Mac, YHU TYFPUJIAH-TYFpPU yJ4all XaM MYMKHUH
smac. CucreMa PHEprusiCuHU Oup OyTyHIMruua OeBOCHUTA yiIYalauraH xed 14
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KaHJal ycyJuiap MaBxyJa 3Mac. AMMO KUMEBUM TEPMOJMHAMUKAHU KUMEBUI
XOJIMCAJIapHU ypraHullra KyJamijia cucreMa Oup XojaTlaH HKKUHYHMCHUIa
yTa€Traniaru WIKA SHEPTUSIHUHT Y3rapuIuHu OrmMok kudosaup. M éxu xap
KaHAal  KypUHUIIAArd  SHEPrusi  MHTECHCHUBIMK  Ba  AKCTEHCHUBIIHK
(dakToprapuHUHT KynaiTMacu cudaruaa udoaiaHau.

Wccuknuk curuMu - CHCTEMaHUHT XapOPaTUHU OUp Tpajycra KyTapuil yayH
Tanad KWJIMHTaH MCCUKIMK MHUKIopu Oynmub, y cucremara Oepuiras
WMCCUKIIMKHUHT XapopaT Y3rapuiu HucOatura TeHT. VICCHKIMK CHUTUMU
TYIIYHYaCUHUHT ~ KUPUTUIUIIM  TEPMOJAMHAMHMKA TapuXuja »dHI  KaTTa
IOTYKJIapJlaH Oupu OYJraH.

bocum - Oupnuk cupT ro3acura TabCUP KWIYBUM Kyd OYnuO, Typiu
oupnukiaapaa udonanananu: Ilackans, u/m?, 6ap Ba mm cum.ycm. ByHaa 10uMo
cucteMa O0CUMHUHHMHT aTMocdepa 6ocumu Ounan dhapku sMac, 6aiku adbCoIIOT
00cHUM KypcaTUIa Iu.

TepMoauHaMuK cHucTeMa KaHIAaWaup OOLIIAHTMY XOJAaTAaH YUKUO, KaTop
y3rapuiuiapra yyparanjlaH CyHI siHa aBBaJITM XOJIATHra KaWTaJuraH >kapaéH
alaHMa €KW UUKIMK >Kapa€H nevunanu. bynaan kapa€Haa xap KaHmau xomnat
MapaMeTpJApUHUHT Y3rapuiiy Hoyira TeHraup. JKapaéHHUHT OOPUIIM IIAPOUT-
napura kapa® n300apuK, U30TEPMHK, M30XOpHUK, aanabaTHK xapaHiap Oup-
Oupu-naH (QapkiaHaau, yjapAa MOC paBUIlIa OOCHM, XapopaT, XaxM EKd
SHTpoONUsIAp y3rapmac Oynanu. AnuabaTvK MIApOUTAA CUCTEMA TAlllKd MYyXHUT
OWIaH MCCHUKJIMK aJMalIMaciuru cababiu, TepMOJAMHAMUKAHUHT WKKUHYU
KOHYHHJIaH SHTPONHUSI-HUHT y3rapMac OVIHIIN KeIuO YHKaIu.

ATpod MyxuTaa Xe4 KaHJal y3rapuiuiapcu3 CUCTEMaHUHT OOIUIAHTUY XO-
JaTra KauTUIl WUMKOHUSITUHU OepyBuYHM kapaéH KailTap (MyBo3aHaT) >kapaéH
nernnaaa. Xoccajgapu (xapopar, 00CHM, TapKuO, JJICKTp IMOTSHIMAIA) BaKT
yTUIIA OWiaH ¥3-y3ujaH y3rapMaiinuraH Ba anoxuja (asamapHuUHr Oapua
HyKTajapujaa OMp Xuja KuUMatra sra OyJIraH CMCTEMaHUHI XOJaTjapu KauTap
xKapaCHllap TepMOJMHAMHMKAcuJa KypuO uyukunagu. CuctreMaHUHT OyHaal
XOJlaTiapyu MyBO3aHAT XoJsariap Aedmnand. MyBo3aHaT xkapa€Haa cucTema
MYBO3aHAaT XOJATJIAPHUHT Y3TyKCU3 KaTOPUAAH YTaau Ba KBa3WCTATUK >KapacH
ed XxaM aTajaju.

Xapopat, 6ocuM Ba (pazalapHUHT UYKU TapKUOW TEHT TaKCUMJIaHMaraH Ba
BaKT YTHUIIM OuWjaH Yy3rapyBuaH OYyiraH XxoJiaTjap HOMYBO3aHAT XoJjaTiiap
nevunany. Yiap kalWtmac (HOMYBO3aHAT) jkapa€HiIap TEpMOJMHAMUKacuia
KypuO 4YMKWIaId Ba YHra TEPMOJWHAMUKAHWHT aCOCHH KOHYHJIApUIaH
TallKapy  Karop KylIMM4Ya TOCTyJartinap kKuputwiaan. KapaéHHUHT
TEPMOJMHAMMUK  JKMXATIaH  KauWTap €KUM  KAaUTMACIMTMHU  KUMEBUU
PEAKIMSUTAPHUHT ~ KaTapiauru €KW KaWTMaciurd TyIIyH4Yajgapu OwiaH
JanKamTupMaciuk kepak. Kuména ymlOy aramamap TyFpu Ba TeCKapu
HyHanunuiapaa OOpWINIM MYyMKHH OyiraH Xap KaHJai peaxkuusiiapra
KyJUIAaHUIITM MyYMKHH OVu0, OyH/Ia CUCTEMaHMHT OOIIJIAaHTHY XoJlaTra KauTuo
Kenumuaa —atpod  MyXUTAArd — y3rapunuiap — 9bTHOOpPra  OJMHMAaNIu.
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1.2. Taaxkukotjaapaa 3aMoHABHH (PU3UK KMMEBUI ycyaiap

Tepmonunamuka (U3MK, TEXHUK Ba KUMEBUU TepMOAMHAMUKaIapra
OymuHaau. TepMoaMHAMMKAa WCCHUKJIMK OWJIaH WINHU Y3apo YTHUII XOAHCATIAPUHU
udomanaiiiurad MaKpOCKONHMK Hazapusaup. TepMOAMHAMUKANa KypUJIaJuraH
MaKpPOCKOIUK CHCTEMaJJapHUHI MYyXHM TOMOHHU IIyHJAaH HOOpaTKH, YyJIapHUHT
sHeprusiciin OeBocuTa ynuad Oynmaiau, (akat cucteMa amoxujaa 3appadaiapu
(aToM, MOJEKyJla, WOH) SHEPTUSCUHUHT Y3TapUIIMHUA yI4all HUMKOHHUSTH Oop.
MaxkpocCKOIUK crcTeMa SHEPTUSICUHUHT Y3rapyIlyd UCCHUKIMK €KUM WU KypUHUIIUAA
aHUKJIaHAUM. ABBaJ HCCUKIMK Ba WII OWUp-OMpUIAH MYCTakwi paBuIla KypuO
yukunap sau. @akar XIX acpHUHT ypTanapujaruiHa MaKpOCKOIHMK CHUCTeMaaa WYKU
OPHEPTrUSHUHT KaHAAWaup UMK KaTTaluK cudatuga MaBxXKyd OSKaHJIUTUHU
ypHaruiira myBaddak 6yauHau. ByHUHT yuyH 3ca, aBBajl HOMabiIyM OYyiraH TaOu-
aT KOHYHM - TE€PMOJMHAMHKAHUHT OWPUHYM KOHYHUHU OUHMIN Tanad KWJIUH]IU.
Keitnnuanuk Oomka ymya®d OynMaiinuran KaTTaldukiIapjaH (SHTPOMHS, KUMEBUN
noTeHnyan) ¢oianaHuil 3apypaTd TyFwind. bynnail ynuad Oynmaiauran karra-
JUKIAPHUHT TEPMOJWHAMHUKAHUHT MaTEeMaTHK amnmapatuia KEHT KyJUTaHWJIHIIN
TepMOJAMHAMHKA (PAaHMHUHT y3WUra XO0C TOMOHH OYnu0O, YHM ypraHWIIHHU XKyJla XaM
KUMMHIamTupaad. AmMMo, xap Oup ynya® OynMaliguran KaTTajMK TEpPMOJIHU-
HaAMHUKaJa yJI49aHaJIuraH KaTTaIUKIapHUHT (QyHKumsimapu cudartuga aHuK Oenru-
JaHTaH Ba TEPMOJWHAMUKAHMHT Oapya XyJocaJapuHU Taxpubaaa TEKIIUPHII
MyMKuH. CrcTemMa XoccalapiuHu uQoanai yayH Maxcyc TepMOJAUHAMHUK Y3rapyB-
ymapAaH €Ki TePMOJAMHAMUK TapameTrpiapAad doinananunaan. Ynap €paamuaa
WCCUKIIMK Ba MIIHUHT y3apo yTUIUIapu OujaH OOFnuK Oynran xoaucanap (husuk
KarTanukiap opkanu udopanananu. bymapHUHT XamMmacu MakKpOCKOIMK KaTTa-
aukiap 6ynub, MoJeKyanap Karta TypyXuHUHT XoccanapuHu udojanaiian. Yoy
KaTTAJMKJIAPHUHT XaMMacuHu OeBocuTa yim4yabd OyimMaiiu.

KumEBuii TepMoarMHAMUKaHUHT Baszudacu TepMOIMHAMUKA KOHYHJIAPUHU
KUMEBUM Ba (U3MK-KUMEBUN Xoaucalapra KyutamjgaH wubopar. Kumésuit
TepMOJMHAMKKA, VY3 HaBOaTuaa, Kiaccuk ((hEHOMEHOJIOTMK) TEePMOJUHAMHUKA,
HOMYBO3aHaT JKapa€HJIApHUHT TEPMOJUHAMHUKACH, CTATUCTUK TEPMOJMHAMHUKA
oymumiapuaan uoopar. TepmMoknMé Ba KUMEBHMM MyBO3aHATIap XaM KUMEBUUN
TEPMOJMHAMHUKA  TABJIMMOTHHHUHT  acocuid  kucmuapuaup. DeHoMeHOIoTHK
TEPMOJMHAMHKAIA TEPMOJIMHAMUKAHUHT Ha3apuil acociapy 0a€H KWIMHAIW Xamja
yJlapHu (QU3UKaBHA MyaMMOJIApHHM XaJl KHJIWIIAA KYJUlalll UMKOHHUATIApU KypHO
yukuiagu. CTaTUCTUK TEPMOJMHAMHKA XaM acluja CTaTUCTHK (DU3UKAHUHT OUP
KucMH OYIuO, CHMEKTPOKUMEBUN MabJIyMOTNIap €paaMuiia TYypiad MOJIJaTapHUHT
acocHii TepMOAMHAMUK (PYHKITUSTIAPUHH XHUCOOJIAI yCYyJUTapy UILTA0 YUKUITAHIUTH
cababmu, KUMEBUN TEPMOIUHAMUKA YUYH aXaMUSTIUIUDP. Y CTAaTUCTUK MEXaHHMKA
KOHYHJIApUTra acocCJiaHraH OYynn0, CTaTUCTHK Yycyiuiap €plaMuiia pPUBOXKIAHAIM.
HomyBo3anar KapaCHJIapHUHT TEPMOIMHAMUKACHU PESITUBUCTHUK
TEpMOJMHAMUKAZAH XaM €EHIpoK (aH, JIEKUH XO3UpAacK aMaiauil axaMusaTr KacO
atMokaa. K,aliTMac kapa€HiIapHMHT YMyMUH TEpMOJMHAMHMKACH XO3Upraya
spaTUiIMaral, aMMo alpuM TalllMIl XOJucalapyu yuyH Oapua caBosuiapra kyja Xam
UIIOHYWIM KAaBOOJIAP OJMHTAHIIMIU KaWTMac >Kapa€HJIapHUHI 3aMOHABUM YU3HMKIH
TEPMOJMHAMHUKACUHN HILIA0 YUKHUII UMKOHUATHHU Oepau. K,allTmMac 4yu3ukiIn 16
Kapa€Hllap TEpMOJAMHAMUKACH  KJIACCHUK  TEPMOJMHAMUKa OWJaH  YU3UKIU



KOHYHJIADHUHT YMYMJIAITYBUJIHP.

TepMmoauHaMuka Y3UMHUHT Oapua >Kuxatjapu Oyitmda Tynna Xxaétuil danmmp.
TepMoanHaMUKaHUHT pUBOXKIAHUIIMTA (ancada Ba MIMIIACO3TMK CaHBATHAAH
TOpTUO Ha3apuil MeXaHWKa, HUCCHUKIMK TEeXHUKacHu, ¢u3nka Ba KUME Kabu
danmapraya Tabcup Kypcarrad. TepMoanHaMuKa TaOMAaTHUHT WKKHUTA, Ha3apui
Tap3ga WOUIA0 YMKUII MYMKHH OYynMai, Oankd WHCOHUSATHUHT KYIl acCpiUK
TaXXpUOACHHU YMyMIIAIITHPHUII HATHXKACH OYJraH, yMyMuil KOHYHJIAQpPUHU KyJUTalira
acocJlaHraHAup. YOy KOHYHJIAPHUHT TYFPUIMTHA TaOHWATAa yJIapHU MHKOP 3TYBYH
*KapaCHJIApHUHT WyKIUru OuijlaH TacaukiaHagu. TepmoauHamukana Oopaétran
*KapaCHJIAPHUHT MEXaHU3MJIAPUHM, YyJApHU KEITUPUO 4YMKapa€TraH Ky4wIapHUHT
TabuaTUHU OWJIMIN IIApT 3Mac. byHaa ypraHunaéTraH CUCTEMaHUHT OMp XoJjaTiaH
Oomkacura yTUII Wyad 53Mac, Oanku OOYBIAHTMY Ba OXHUPrH XoJaTjJapuruHa
axamusaTuaup. IIyHUHr y4dyH KIAQCCMK TEPMOJMHAMUKANA JKapaEHJIapHHUHT
TE3NUKJIapyU ypraHWIMaiau Ba yHU KUMEBUHA KHUHETHKara Kyyad OyiMaiiu.
TepmoguHaMuKaHUHT OyHAAll uerapajllaHraHJIMIM, BakKT YTUIIM OwiaH, anbarra,
HykoTiaau. XO3Upru KyHJIapAa€k KauTMmac apaéHiaap TEPMOAUHAMHUKACH TE3JIMK
OwiaH puBOXJIaHAETTaH coxa OYyiIr0, KWHETUK MacajalapHu TEPMOANHAMUK HYKTau
HazapJaH KypuO YMKMOK/IA.

TepMoaIMHAMUKaHUHT PUBOKIIAHUII OOCKUWIAPUHU OMIMacAaH TypuO, YHUHT
XO3Upru 3aMOHJIaru XOJIATUHU Y3TaTHPHULIT Kyna MYypaKkaOup.
TepMoaMHaMUKaHU YPraHuil XapopaT OuiaH TAaHMIIMIIAAH OONUIAHWIIM Kepak.
TepMomeTpnap Ba TEPMOMETPHUK IIKAJIAJAPHUHT SPATHIMII TapUXUHU OMIIUII Xam
TEPMOJIMHAMMKAHU TYIIYHUIIA KYAd MyXUMIMP.

Tepmonunamuka panu xapoparT, UCCUKIMK Ba UCCUKIIMK OWJIaH UIITHUHT OHp-
Oupura aninaHuIIM Xakuaara Ganaup: “repmMo” - UCCUKIIUK, “TUHAMUC” - KydY, UII.
Keitnauanuk “auHamuc” cy3upma ¢akar “Kyd”’ TyIIyHYacH CakJIaHUO KOJTraH Ba
IIYHUHT Y49yH TEpMOJMHAMMKA CY3M OWJIaH YHUHI Ma3MyHU opacujia Kapama-
KApUIWIMK BYXXyAra kenarad. “‘TepmonuHamuka” aramacuHu OupuHun Oop 1854
i TomcoH Takiaug kwirad. “/[mHaMuka” CY3WHUHT WIUIATWIMIIA HOMYBO3aHAT
XOJIATIIApHU KY3 OJAUMHU3Ta KEJITUpaad, aMMmo OyHJa TepMoJAWMHAMHUKa OusaH
OyTyHnaidi  TaHum  OyamaraH — ogamruHa — vantumm — mymkuH.  @Danra
“TepMOJMHAMUKA HUHT YpHUTA “TEPMOCTATUKA aTaMaCUHU KUPHUTHII TakIudiapu
xaMm OVyniraH, JiekuH ymoOy Takiaudiap kadyn kuamHMacaaH konud ketau. by epna
“auHamMuKa”’ Cy3W XapakaTAard CUCTEMalapHH YpPraHWUIIHU OWiaupManiu, Oaiku
xKapa€H HaTIKacua cucreMa OMp MyBO3aHAT XOJIaTJaH MKKMHYKMCHUTA YTraHla YHU
TEPMOJMHAMUK MapaMeTpJIapUHUHT Y3TapUIIUHU, TYpJd *apaéHiapaa Oaxxapuiaran
WII, UCCUKJIUK Ba WYKWA SHEPIUSHUHI Y3rapuIIMHU, SBHU CUCTEMAJard 3HEPrus
OamaHcMHM  Kypcaragud. byHpan  Tamkapu, TepMOAMHAMHUKa  JKapaHHUHT
HyHaIUIMHA, 60pUIIT-00pMACIUTHHU XaM KypcaTuo Oepai.

XapopaTHd TYUIYHHUII MaHOAW - WCCUKIUKHM ‘‘ce3umn aup. Mccukimmkau
“cesumI” OpKaJdM AaHUKIAIl OJaMHM anaad KyHuIIu MyMKHUH, JeraH (ukpiap
HOTYFPH SKAHJIUTUHU KyWHJaru TaxpuoOagaH OMIMIIMMU3 MyMKUH. bup KynmuMusHu
UCCHUK CYBJM, UKKMHYMCHHHM COBYK CYBJIM WAMINTa THUKAWIUK, CYHIpa HKKaia
KyJIMMHU3HH MCCUK Ba COBYK CyBJap apajaliTUpuO r00OpHIraH WIUIIra TUKAWITUK.
bupuHYM 17 KylIMMH3 y4yH CYB COBYK TYIOJICA, MKKMHUHMCHU YYyH HMCCHK OYyiu0
Tytonaau. Ymoy TaxpuOa xakuna GUKp OpUTraH OyroKk A.DWHINTEHH HCCHKIIUK



TyUFynapiMU3HUHT — WMIIOHYCH3IMTH — Xakujard  (GUKPHH  aiTraH.  AMMO,
TaXXPUOAHUHT HOTYFPU KyWMITAHJIUTHHU ITyHJIal KaTTa OJIMM XaM Ha3apra ojiMarat
9KaH. YYTa WAMIIJArd CyB OWJaH YyTKa3WiraH TaXpuOaJa HKKalla KyJIUMH3Za,
anbarTa, Typjau4a HCCUKIUK TyHryjaapu Oynaau. JIekuH XapopaTHU ynyaml €Kd y
Xakujaa (GUKp IOPUTHIN YYYH TaXKpuOaHU OyHIal YTKa3UIl MYTIAKO HOTYFpPUIUD.
Ma3kyp TaxXpubaHUHT XaTocM HuMaga? XapopaTHH TEpMOMETp EpaamMuaa
yJIyaraHuMu3/la XaM TEPMOMETpIaru CYIOKIMK XapakaTAaH TyXTaryHya KyTHO
typumnmu3 1mapt. llyHaa ukkana TepMoMETp Xam YYMHYHM HWAMIIIATA CYBHUHT
XapopaTuHu Oup XWija KypcaTaad. TepMoMeTpaa XapopaTHH YI4aéTraHMMH3/Aa
KYJUTallMMuU3 3apyp OYAraH TapTUOHM KyJIMMU3 OpPKaJM TaXpuOa KUIaéTraHuMU3Ia
XaM TaTOMK KUJIUIIUMU3 [apTIUp.

bupunun tepmomeTpHu utanusaauk onuMm I'. [amuneit sipatran 6ynub, yHu
TepMOcKon Ae0 araraH Ba yHJa TEPMOMETPUK MoAja cudaruia XaBO OJIMHTAH.
TepmoMeTpuk ImIKana Xanud yinabd Ttomuiamaranu cababnu, Oup XapopaTHU
WKKUHYUCUTA COJMINTUpUII ycinyOunan ¢oinananuwnran. Keinnpok ['. Tanwmeit
HIoTupAjiapy OWiIaH OWpraivkia XO3Uprd TepMOMETpiapra yXiaml TepMOMETPHU
ApaTAu Ba TEPMOMETPHUK IIKaJla TY3UII YYyH UKKUTA JOMMHUN HYKTaJapHU TakIug
TAM: Kylu HykTa cu(artuga KOPHUHI Ba IOKOpM HYyKTa cudartuga XailBOHIIap
TaHACUHUHT XapopaTiapuHu. DapeHreT TOMOHUIAH KUPUTUITaH TEpPMOMETpAa
(1714) kyiin HykTa cudaTuaa My3, Ty3 Ba HOBIIAJAWUIAPHUHT apajaliMach OJIMHTaH
Ba ymly XapopaT CyHbUW paBUIIA SPUILIMII MyMKHUH OYJraH Hr KyHu Xapopar,
ned xucoOnaHraH Ba HOJb cudatuga kadbyn kwiuHrad. FOxkopu goumuil HykTa
cudaruga oJlaM TAaHACMHUHT XapopaTu oJivHraH Oynno, yHu dapenreit 12 ned
oenrmwitanu. kkuta 1oMMuii HyKTanap opajuB 12 Ta TeHT KucMiiapra OViIMHTaH Ba
Xy UIyHJalW TEHr Oynumiiap JTOMMHUN HyKTaJapHUHT WKKA Tapadura xam
oenrmwnanrad. KelnHyanuk, xap Oup TpaayCHUHT KUMMATHHU KyJaWpOK KHUIJIMIII
Makcaaua, ymoy conmnap 8 ra kynautupwirad. lllyHanan cyHr, saru mkana 6yinya
cyBHHHT My3aam xapopatu 32 °F ra (0 °C), kaitmam xapopatu sca, 212 °F ra (100
°C) tenr 6ynmu: 1F = 5/9C Ba ®apenreiitnan Llenscuiira yum C = 5/9 (£ - 32)
MyHOca0aT OpKaJlu amalira OIIMPUIA]IH.

Kyna Mmyxum xyriocanapra KeaTUpraH TaakukotTiapau 1817 vunpa [{ronoHr
Ba IItu amanra ommprannap. Yiaap TepMOMETPUK Moaja cudaruaa xXaBo, CUMOO,
TEMHUpP, MHUC Ba IIHIIAJIAPHU KyJU1ad, TEPMOMETPUK MOJAAHUHT XAKMH F037aH OUp
KHCMTa OIIMIIUHY [ym0y Mojda CyroKiIaHaéTral My3 OmiaH (XxaMma Mojganap yuyH
0% Ba armocdepa GocuMH OCTHIArM KaHAETTaH CyB OMIIaH (XaMMa MoJanap y4ayH
100%) TepMuMK MyBO3aHATra KeIraH LIAPOUTIApAa], TEPMOMETPUK IIKAIAHUHT OHp
rpagycu OWIaH COJUINTHpPraHiap. Typid TEPMOMETPUK MOJIajiap COJIMHTaH
TepMOMETpIap KaHAAWUIUp CUCTEeMa OWJIaH TEPMUK MYBO3aHAT MIAPOUTHIA OUp XHII
XOJIATHUHT V3UJa TypJIM XapopatiapHu Kypcariu. Jlemak, TepMOMETPUK IIKaIaHU
TY3UITHUHT TPUHITUNN OWp XM OYJIraH Takaupaa XaMm XapOpaTHUHT COH KUWMAaTh
TepMoMeTpuk Mojagara OoFmmk. dakar ra3 TEepMOMETPIAPUHMHT KypPCATUIIH
ra3HuHT Tabuarura nespau 6of nuk smac.

X034Upru TEPMOMETPIIAPHUHT KYTH/Ia TEPMOMETPUK CYIOKIUK cudatuia cumoo

unuiatuiaaau. [lkana HopMan 6ocuMIaru CyBHUHT MY3JIalll Ba KaHAIII 18



xapopatiapu Oyiinda OenrunaHaau. MapeHreHTHUHT 3aMOHABUNM TEpMOMETpIIapuia
0JlaM TaHACHHUHT XapopaTu (orusaa ymnadanrad) 96° Hu smac, Oanku 98,6° Hu
TalIKWI Kujagud. Mnmuil tankukoTiapia vIUIaTAIaETraH 3aMOHABUN TEPMOMETP
mBen onmumu Llenscuit (1742) TomMoHMzIaH spaTwiraH. YHJa JOUMHUN HyKTajap
cupatuna I amm Gocum octuparu cyBHMHr Mysnam (0°) Ba kaiimam (100°)
xapopatriapu ojvHrad. lIlyHuHr yuyH scku xankapo mkana - Llenscuii mkanacu 103
rpagyciy mKaiga Aedmnand. XOo3Upru KyHJIa MKKUHYM XAapopatiap IIKajgach Xam
amanuéTna Kyutanunaan: 1954 iunaa takmud KAWIWHTaH XapopaTIapHUHT a0COIIOT
TEPMOJMHAMHUK IIKajgacu OYinda acocuil pemep (TasgH4Y) HyKTa cudaTHAa CyBHUHT
yWwiaM4yd HYKTacu OJIMHTaH Ba y aHukK 273,1600K ra TeHr ne0d OelruiaHras.
[ynait kunmb, 3aMOHABUN XapopaT IIKalack OUTTa JOMMHUI HyKTara acocjaHTaH
(MKKMHYMA HYKTa aOCOJIOT HOJaup). bupruHa pernep HykTara acocjaHTaH xapopar
IIKaJACUHUHT TpuHIMnuan ad3amwmruau oupunun 6ynu6 Tomcon (Kenbun) 1854
Wunna aiftran Ba Oy (ukpHuUHT TYFpuiauru ¢akar 100 WwigaH KeHMHTHHA TaH
omuurad. Illy ca6abnu, XapopaTiapHUHT aOCOJIOT TEPMOJUHAMUK IIIKAIacH
KeneBun mkanacu aevimnamu. Llenscuit mxanacuauar 0 °C rpanycu Kenbsun
Oyiinua anuk 273,15K ra moc kenanu. KenbBUH HIKamacMHUHT Xap Oup Tpagycu
abCoOJIOT HOJJaH CYBHHUHI yWwiaMud HyKTacurada Oyiran xapopariap
UHTEPBAIMHUHT 1/273,15 KUCMUHU TalIKWJ KUJIagu. DHT SIHTU TAJAKAKOTIAPHUHT
KypcaTHIlINYa, XapOpaTIAPHUHT a0COJIOT TEPMOAMHAMUK IIKaNacH OyinYa CyBHUHT
HOpMaJI KaiHam xapopatu 373,/48K ra, Llenbcuid MIKAJIACMHUHT HOJIb HYKTacH
OWIaH CYBHUHT HOpMaJl KailHaIl XapopaTH opacujiaru uHTepBai 3ca, aHuk /(00K ra
amac, Oanku 99,998K ra tenr. TepMOauHAMUKAaHUHI MKKMHYM KOHYHHM acoCHja
KEeJITUPUO YMKapWIraH TEPMOJMHAMMK IIKaJla Ba HJeal Ta3HUHT Xapopatiiap
HIKajgacu oup- Oupu OWIaH MOC KEIHMIIMHUA KypcaTtub 6epuit MymkuH. Jlemak, naean
ra3JapHUHT xoccayapura 6ofmamaran xona, yinap acocugaru Xxapopar mKkajiacuaaH
doitnanaHuI MyMKHH.

Xo3up  KyJulaHuiaéTraH  TEPMOMETpJapHM  CO3JIalll  CTaHAApT  Ta3
TEpMOMETpJapu €paaMujia aMmalra OIIMPWIAAN, YYHKA BOAOPOJ Ba IelIUil rasiapu
KeHI Xapoparjap opajoThja Hjaeal ra3 KoHyHjJapura OyicuHaau. by wukkuta
XapopaTiap IKajzacu Oup-OupuaaH MyCTaKWJI paBUINA aHUKIaHTaH O0yimo, 1 amm
OOCMM OCTHJArd MY3HUHI CYIOKJIAHWII Ba CYBHHMHI KallHaml Xapopatjiapu
opanucuaa Kenbpun mkanacuaaru TK 6unan Lenbcuit mkanacuaaru t°C opacunaru
ooFmuknuk 7= 273,15 + t TeHr1ama opKajiu KarTa aHuKIMKAa udoaanaHaau. Yoy
tenriama Illapie Ba Teit-Jltoccak xonynunmar V = Ve (1+at) Tenriamacura
skBUBAJICHTIUP (Oy TeHrnamana a=1/273). TepmomeTpuk Moana cudaruaa uaea
razjlapHd Kyjuiad, TEPMOMETPUK IIKAJIAHW TY3WUI HMMKOHUSTH OYJITaHIUTHHUHT
aXaMHAITH KyJla KaTTaaup. Aciuia uaean ra3iapHuHT KOHYHJIapuaaH abCOTIOT HOMb
XapOPaTHUHT MaBXYUIUTH XaKWJard TylIyHuYa mnaigo Oynran, Oy sca abCoOmIOT
XapopaT Xakujard TYIIYHUYaHUHT KApuTwiIkimmura oym0 kenrad. [eii-JIroccak
ra3JIApHUHT TEPMUK KEHTaWMII KOHYHUHU O4a€Tranaa Xxapopartau yayamza [{enscni
nIKajgan cuMo0 TepmMomMeTpuaan ¢oitnananrad. FOkopu xapopatiapaa cuMo0 Ba ra3
TEPMOMETPJIAPUHUHT KypCcaTKUUIapu opacu-aaru ¢apk optud, ['eit-Jlroccak koHyHH
TOOOpa TaXMUHUI OYIMO Gopasy.

TepMOMETPHUHT SIPaTUIIUIIM TEPMUK MYBO3aHAT XaKUJArd KOHYHHUHT Kalid
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KWIMHUIIUTa onu0 Kenau. TepMUK MyBO3aHAT XaKUJard KOHYH TEepMOIMHAMU-
KAaHUHT HOJIMHYM KOHYHUJUDP. XapopaTHH TepMOMETpiap €pAaMuaa yiadail yuoy
KOHYHHUHT KYJIJITAHUIIUTa OUp MHUCOJIUP.

TepmomeTpuk mapameTrp cudartuna xapoparra 6oFmuk O6ynaran xap kanmaii
¢u3uKaBuil KaTTAIMK ONMHMAaWIu. ByHMHT yuyH TaHnaHraH QyHKIUS Y3IyKCH3,
OJIMHTAaH HATIDKaJap KaiiTa TaKpopJaHyBYaH Ba yidall YYyH KyJiaid OYJIUIIHM Kepak.
bynnait ¢ynknusmap cudatuaa qouMuil 00CHMIArd KUCMHUHT Xa)KMH, JOUMHM
Xa)KM/JIaTl )KUCMHUHT OOCHUMH, JIEKTP YTKa3yBUAHJIHMK, TEPMOAJIEKTP IOPUTYBUHU Ky
Kalu mapaMmeTpiap oiuHaAu. JJouMuil XapopaTHUHT 3TAJIOHH, STbHU perep HyKTajap
cudaruna (azaBuil yruin xapopariapuaal doinananuiaaan. XapopaTIapHUHT Xap
KaHJ1ail SMIUPUK MIKATACUHU TY3UII YUyH KyWHaaru maptiapiaaH ¢oiganaHuiaam:
IpaJyCHUHT yJI4aMHd HWKKUTa perep XapoparT HyKTajgapu opacujuard (GapKHUHT
KuiiMaTu Oyinuya TaHJIAaHAIW; SMIMPUK I[IKajangap/ia HOJb XapOPAaTHUHT XOJaTH
UXTUEPUNIMp; Ym0y Xapoparjap HMHTEpBaUIa TEPMOMETPUK (PYHKIUS UYUZUKIH
ne6 kabyn KuiIMHagu. AMMO TEPMOMETPUK (YHKUIUSIIADHUHT KYMYWINTHA YU3UKIU
aMac, 1y cabaliau Hazapuil TepMOJAMHAMHKAA XapOPATIAPHUHT IMIUPUK IIKATaCH
KyJUIAaHUJIMANTH.

Hazapuii Tap3ga anuknanran (€xku aOCONIOT) Xap KaHAall TEpMOMETPHK
¢doitnanannO, OOBEKTUB (PUMKABUA XapopaT IMIKAJTACHHU TY3ull (QyHKIUSAAH
MyMKUH. ByHnait makcag ydyH TEepMOAMHAMHKana Wieall Ta3 XOJaTh TeHIJIamMacH
KYJUTaHWJIA U pV = nRT (1.1)

Arap p, V Ba n taxpubanan Mabiaym Oynca, ymoOy mapoutiap yuyH 1 HU
xucobnam ocoH. JlekuH xeu Oup peanm ra3 ymly TEHrjJamMa OpKaJd aHUK
udonananmaiinu. Tenrnama ¢dakaT OOCHM HOJTa WHTWITAH 4YerapaBHil XoJjaT
YAyHTHHA OasKapuIaju: lim p~o (pV) = nRT (1.2)

bynna pV kaTTanuKHUHT ¥3U XapopaTiaH YM3UKCU3 Ba OUp TEKUC OynMaraH
paBumga 60ofimanran Oymuiyd MyMKUH. Knuuk Oocumiapra SKCTPaIosIus KUIJIAIIT
aca, XyJa orup TaxpubaBuit macamamup. UlyHUHT y4yH ra3 TEpMOMETPUHUHT
miKajacu Oyiinya XapopaTHU aHUKJIAll aH4ya Mypakkad wum O0ynub, OyHpaai
TaXpuballapHH 3TaJIOH YUyH KaOyi KuianHraH (a3aBuil yTUII perep HyKTaJlapHHUHT
abCoMIOT XapopaTlapyHH YPHATUIN ydyHTMHA yTKaszuiaau. Opaluk xapopatiap,
0JIaT/1a, YMIIUPUK TEPMOMETPHK YCyJIIapa aHUKIaHAH.

1954 iunga kaOyn KUJIMHraH TEPMOJMHAMUK IIKaja XO3Upru Oockuyaa
XapopaTIapHUHT a0COJIOT IIKaJacura SHT aHuK skuHnammaup. (1.2) Tenrinamanan
OollIKa MabJIyMOTJIAPHU MILIATUIN 3apypusiti (PV)pro HUHT derapaBuil KUHMATHHU
TaXpuOaBUl aHMWKIAII XaTONuUTH Ouian Oornuk. byHmaih TakpuOanapHUHT
AHUKIIUTH  V3IyKcu3 optud Oopmokaa, Oy oca ymyaHaéTraH XapopaTjapHUHT
KHMaTUra JOMMO aHUKJIMK KUPUTUO OopuimHu Tanad kunaau. Pemep xapopatinapu
COH KHMWMATJIapUHUHT OyHAall Y3rapyBUaHJIUTUHU OJIJMHHU OJMII Y4YyH pemnep
HyKTajgap/iaH OMPUHUHT KUWMATUHUA IOUMUHN 1e0 KaOyJl KUJIHIITra Kapop KUJIUHIH.
Bynpaii HykTa cudaTiaa CyBHUHT y4jJaM4Md HyKTacH XapopaTuaaH (oiganaHuiiu.
['a3 TepmoMeTpu OuslaH MIIUIAII AHWKIWTH OpPTHO Oopuiura kapad Oorika Oapua
pernep HyKTajgapu XapopaTiIapUHUHT COH KMMMAaTIapu Y3IyKCU3 Y3rapTUPHIMOKIA.
1968 iniiga xapopaTjJapHUHT 3TAJIOH HYKTanapu cudartuia BOJOPOJHUHT yulaMuu
HYKTacuJaH Oouuiad OATUHHUHT CYIOKJIAHUII Xapoparturadya OYiraH OpajiuKHU Y3
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UYMra OJyBUM YH HMKKHMTa OOIIKa pernep HyKTajapuIaH QoWJalaHUII TaBCHs
KWJIVHTaH.

XapopaTHH (pU3MKaBUN KaTTaIUK cU(aTHIa aHUKJIAII TypJIH >kapaéHiiap yuyH
UCCUKJIMK Ba HWIUIApHU aHuWKiam OwinaH Oofmmk. Mopmanunr Typnu (aszaBuit
XOJaTiapAard WHAMBHIYal XOCCAJIAPUHU XoJjiaT TeHriaamacu ned atamysuu p(V,T)
GYHKIUSHUHT  KYypUHUIIA —Oedruiaian. Xo3upru KyHOa >KyJa Ky, Typid
KypUHUIIJArd XOJaT TeHriaamanapu KysutaHwiaan. [aszmap yuyn (1.1) Tenrmama
OOYBIAaHTUYIHD.

1.3. KBantoxkuméBuii TacaBBYpPJIapHU TAKOMMJVIALUTHPUII
MYaMMOJIapH.

CucremanuHr 6apya TepMOJIMHAMUK NapaMeTpiaapunu y3apo 6oFnad typyBumn
OupruHa ymymuil auddepeHivan TeHTJIaMajlaH Kenud YMKaJuraH HaTwkaiap
TaxJIMJIM TEPMOJMHAMUKAHUHT MaTeMATHK arapaTy épAaamMuaa amaira Omupuiam.
by Tenrnmama I'm6OcHuMHr (yHAameHTan TeHrjiamacu ae0 araigaau. AMMoO, yuiOy
YyMyMHUI TEHTJIaMaHu €3WII y4yH, aBBaJlaMOop, Taxkpubana yiauad Oynmaiinurax
UKKUTA KyJa XaM MYXUM KaTTaJIUK - DHEPTUs Ba DSHTPOIMUS TYIIyHYATIAPUHU
KHPUTUIITUMU3 MapT. ByHH TepMoAMHAMUKAHUHT OMPUHYN Ba MKKUHYH KOHYHJIAPH
€pmamuza amainra  OWMpUIIMMK3  MyMKHH. Hazapusaau  Ty3um  yuyH
TEPMOJMHAMHUKAHUHT KOHYHJIAPHaH Tallkapu, KylIuM4Ya HUCcOOTIapCu3, arpHOpH
paBuIlia KaOyi KWIMHAAWTAH KaTtop QapasnapaaH Qoiinananuianu. ABBaiamOop
CHUCTEeMaHUHT TEPMOJMHAMUK MYBO3aHATU XaKUJArd MOCTYyJAT KUPUTHIAAH. Y IOy
nocTynar Oyin4ya CHCTEMaHWHT Tallkd TapaMeTpiapd BakT YTUINUM Owujal
y3rapmaca, MyBO3aHaT y3-y3uaH Oy3uiaMaiuran xojarra Kejaaau. Yoy XoJaTHU
cranmonap (Baktra Oobnuk OynMaraH, JeKMH HOMYBO3aHaT) Aeimianu. Kmaccuk
TepMOJUHAMHKa (akaT MyBO3aHAT XOJaTHJAard CHCTEMaJlapHU  YpraHaJlu.
Cramonap CUCTEMAaJIAPHUHT HOMYBO3aHaT (kaiiT™Mac) xKapaéniap
TepMOJUHAMHKACH ycyiuiapuaa udonanaHaan. VKKUHYM TMOCTyNIaT XapOpaTHUHT
MaBXy[JIuTd €KW TEPMUK MYBO3aHAT XaKuJard IMocTyJaT Oynub, rokopuaa
TabKUJIATAHUMU3/IEK, YHH TEPMOIMHAMUKAHUHT HOJIMHYU KOHYHH XaM JCHUIIaIH.
TepMuk MyBoO3aHaTAa OYyiraHn cucrteManap y3apo MCCUKIMK aaMallMaauiap Ba
CUCTEMaHUHT yMyMJIAITaH Kyuyjiapu y3apo TeHr Oynamu. Ymoly noctynar Oyiinua
XapOpaTHU HUCCUKIUK aMAIIMHMIN XKapaCHIapu Y4yH yMyMIaliran Kyd cudaruaga
KUPUTHIIUMU3 MyMKUH. Huxost, ypranwna€TraH CHUCTEMaHHMHT Oapua XoccallapH
TallKd TapaMmeTpiap, Xapopar Ba CHUCTeMa TApKUOUHUHT OUp KUHMATIU
byHKUMSICUINP.

CucteMaHMHT acocHii TapameTpiiapu OeBocuTa TaKpubana aHUKIAHAIUTAH
napametpaapaup. bymap Gocum (Oupiuk ro3ara TabCHp KHIIYBYM Kyd), XapopaT
(cucTemamaru MoJeKyIajiap UCCUKIIMK XapaKaTH >KaIaJUTITUHUHT yJITY0BH) Ba MOJISIP
XaXKMIIap Xamja YUH dpUTMaiapja acocuil mapaMmeTpiapra KOHIICGHTpAIUs Xam
kupagu. Konran mapamerpiap acocuil  mapaMeTpiapHUHT  (yHKIUSIIAPH
xucobmanagy. CHUCTEeMaHUHT MapaMeTpiiapd XOJiaT TEHIJIaMajapu OpKald Yy3apo
ooFnanran OynmuO, QusnkaBuii KUMEHUHT acocuil BasudanapugaH Oupu
CUCTEMAHUHI XOJaT TEHIVIaMaJlapuHU TOMMIIIaH uOoparaup. Yoy MyaMMoO Xai
Oynranma »aM, Xap KaHJIald CUCTEMaHU TepMOAMHAMUK Hdojanam macaiacu
euwirad Oymapau. CUCTEMaHUHT XOJaT TEHIVIAMACUHU KEATUPUO YMKapHIl Y4YyH
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YHM TalIKWJ KWITaH 3appadajap Opacujaru ¥y3apo TabCHp KyWJIapUHU OWINII
mapTaup. Xo3upya X,0J1aT TEHIVIAMACMHUHI aHMK KYpUHUIIM (akar uieas rasjap
yuyn wMabiaym (l.1). Arap Xxomar TeHrIaMacu MabiyM Oyica, HWHIMBHIyal
MOJJIAaHUHI XOCCAJIapUHU HQoJanam y4yH WKKHATa MapaMETPHUHI KUUMATIapUHU
Ounuin kudos KWiaau, YYMHYHMCHHMA XOJIaT TEHIVIaMacuJaH XucoOnaca Oynmaiu.
CucTeMaHUHT TTapaMeTpiapy cucTemMa ymidy xonaTra KaHjai ilys OuiaH KeiaraHura
oot nuk Gynmarannuru cababmnu, ymoy KaTTaIUMKIAPHUHT YEKCU3 KUYMK Y3TapuIIH
dz Tymuk muddepeHnmanaup (KOJTaH MKKUATA MapaMETPIapHUHT YEKCU3 KUYUK
y3rapunuiapu Oyiinda). YmlOy XyCycHAT TepMOAMHAMUKara Tynuk audde-
peHIMalIap Xoccajapura acocjaaHraH MaTeMaTHK anmnapatHu Oepanu. Tymuk nug-
(epeHIMaUIapHUHT KEWHHIM MyXoKamajlap/la KeHI MIUIaTUJIaJuraH apum Xoc-
caylapuHu Kypub unkamus. Kyitunaru

=2 (x,y) Ba dz = Adx + Bdy (1.3)
bynkuus Tynuk auddepeniman Oyicud. YHaa
dz = (dz/dx)y dx + (dz/dy) dy (1.4)

oynamu. (1. 4) nan A = (dz/dx)y Ba B = (dz/dy)x éxu (dA/dy)x= d?z/dxdy Ba (dB/dx)y =
d?z/dydx.
XocunanuHr kuiMatu nuddepenunaiam Taptuoura o0oFnuk Oynmarannauru
cababmu (dA/dy)x = (dB/dx)y (1.5)
Ym0y xocca TepMoaMHaMHKaaa KeHr Ky/utanwinaad. (l. 4) TeHrmamaHu Kypuo
gukamMu3. Arap Z = const 6yica, yaaa dz = 0 Ba (I. 4) Tenriiamanas:
(dz/dx)y(dx):+(dz/dy)x(dy). = O (1.6)
¢xu dy ra 6y1u6 rodopcak
(dz/dx)y (dx/dy): + (dz/dy)x = 0, Oymman -(dz/dy)x = (dz/dx)y(dx/dy),
FOkopunaruuu (dy/dz)x ra kymanTupcak
(dz/dx)y(dy/dz)x(dx/dy). = -1 (1.7)
HU OJaMu3, SbHU aiylaHa OyiWYya OJIMHTaH yuyTa XyCYCHMM XOCHUJIAJapHUHT
kynaktMacu jgoumo -1 ra Ttenr. Tymuk auddepeHunamapHuar —OorIka
XOCCAJIAPUJIAH KyWHuaaruiapu

J dz = z2- 1= (X2, y2) - 2 (Xi, i) (1.8)

xam unuiatwiand, seHu (1. 8) marm umHTerpan sxapaén Oopaérran iynra Oofmuk
OynmaciaH, cucTeMaHUHT (akaT OOMOAHTUY Ba OXHMPTH XoJaTiapu OujaH
Oenrunanaan. ByHUHr akCHHU XaM KypcaTWI OCOH. Arap MHTETPATHUHT KHAMATH
wynra Oobnuk Oynmmaca, y XoJjJa HMHTErpajll OCTUJArM  KaTTAIUK  TYJIHK

muddepennman 6yaanu. (1.8) Tenrmamaman sz 0 sKaHIMrU Kenub YMKAAM, SIBHU
Tynuk nauddepeHunangan €Nuk aiyiana OyiWYa OJMHTaH WHTErpaji HOJIra TEHTIUp.
bapua mana w1y xoccamap TEpPMOJIMHAMHUK CHCTEMAaJapHHUHT TIapameTpliapura
TaBcu(uM O0YIu0, KeNrycuaa KylaHuaaam.

Ha3zopar caBosuiapu:
KuméEBuii TepMonHaMUKaHUHT acocuil Basudanapu HUMaaH noopat?
TepMoaMHAMUKAHUHT KYJIJIAHWIKII Yerapaiapu KaHaai ?
TepmoauHaMukaaa KaHAal MaTeMaTHK anmnapar KyJlaHuiaaan?

Hccuknuk OuiaH xapopar TylIyHuYajdapu opacujaa kanaaii gapk Oop ?

sl N
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5. WMuku sHeprus aeranjia HAIMaHu TylIyHacus3 ?

6. TepMoaMHAMUKAHUHT HOJIMHYM KOHYHUHU TYITYHTUPUHT.

7. TepmoguHaMUKaHUHT OUPUHYM KOHYHH HHUMaHM yprataau? YHHUHT
KaHai Taspudaapu 6op?

8. Cucrtema XONAaTUHUHT YE€KCH3 KHYMK Y3TrapHUIIapyd Ba OXUPTU Y3TrapHIlu
y4yH TepMOJIMHAMUKA |-KOHYHUHHUHT U(oIaTapuHu KeITUPUHT.

9. MsonsuusiiaHran cucreMaja BOAOPOIHUHT €HUII PEAKIMICH HATHKacHuaa
CYIOK CyB Xocuia OyyicnH. CHCTEMAaHMHI MYKM 3HEPrUsICM Ba SHTAIBIHACH KaHAAM
y3rapaau?

10. TepmomuHaMUKaHUHT 1-KOHyHHMra OWHOAH HWCCHUKIUK JKapaCHHUHT
dbynkuusicu. l'ecc KOHyHHM »5ca KUMEBUU pEAKUUSHUHT MCCUKIUK 3PdexTu
xKapaCHHUHT Mynura OobFnuk osmac, geian. VYmly Kapama-KapUIMIMKHU
TYIIYHTUPHUHT.

11. Bepunran TepMOJUHAMHUK CUCTEMAHHMHT YHTAJBIUSACU Ba MUKU SHEPTHSICH
KaHJIail MyHoca0aTna »>KaHJIMIMHUA KypcaTyBud (opmynanu €3uHr. KuméBmii
peakius yuyH Oy MyHoca0aT kaHaait 6yimaau?

12. UnauBuayan MOAIAHUHT WKW SHEPTUACU EKU SHTAIBIMICH XapopaTaaH
kaHai 6oFnanran? Ymoy 6oF nanunuiapHuHTr MareMaThk UpOoAaCHHU E3UHT.

13. Unean ra3 yuyn Cp Ba Cv opacuaaru 6ot nanumm kanmai?

14. X,onat TeHIJaMaJiapy JeraHja HUMaH! TylIyHacu3?

15. Tepmuk k03P PULIMEHTIAPHUHT MABHOCH HUMA?

16. Kanopuk ko3dduiueHTiap HUMaHu TyIIyHTUpaau?

17. Tepmuk Ba kajgopuk kodduimentiaap opacuaa kanaaii 6ot mukinuk 6op?

2-MAB3Y. KUMEBUU ) KAPAEHJIAPHU HABAPUN
KUXATIAH BOIIKAPUIIJIA SPUIINITAH IOTYKJIAP

PEXA:
2.1. KuméBuii sxapaéHHUHT ¥3-Y3uda OOpHIIl UMKOHUSITH Ba MYHATUIIIN.
2.2. KuméBuii TepMoIMHAMUKA.
2.1. Kumésuit s)xapaHHUHT ¥3-Y314a OOpHILI UMKOHUSTH Ba HYHAIUIIN

Tabuatna y3-y3ugan OOpyBUM >KapaHJIAPHUHT HYHAIMIIN KOHYHUSTIAPUHU
TEPMOJMHAMUKAHUHT MKKMHYM KOHYHM Kypcatub Oepaau. TepMoaWHAMHKAHWUHT
OMpUHYM KOHYHHM CHUCTEMaJa TYPJHM SHEPTUSVIADHUHT SKBUBAJCHTJIIMTMHU Xamja
cucrteMa kaOyn kwiaétraHn €ku OepaéTraH MCCHKIIUK, Oa)kapuiaaéTraH WII Ba UYKHU
DSHEPTrUsSHUHT Y3rapumu opacuaaru Oobnanummapau kypcatud, Xap KaHzail
XKapaCHJIapHUHT PHEPreTUK OajaHCHHM ypHarcaja, Oy KapaHJIapHUHT V3-Y3uJaH
OOpHUII MYMKUHJIUTH Ba WYHAJIUIIM XaKuJa Xed KaHJaldl MabiIymMoT Oepmaiiim.
TepMoauHaMUKaHUHT OMPUHYHM KOHYHUTA OWHOAH WCCUKIMKHUHT MCCHK KUCMIaH
COBYK J>XHMCMIa Ba aKCHHYa YTHUII WMKOHHUSATH Oup xwiaup. AMMO Taluataa
XaKUKaTJAaH XaM OOpyBYM peaj jkKapaéHiap MabiyM WYHAJIMIIra 3ra SKaHJIUTU
Ouznapra a€H. MacaymaH, MCCHKJIMK HMCCHK YXMCMJAH COBYKKa ¥y3-Y3HMJaH YTajlu,
CYIOKJIMK OanaHJJIMK/IaH KyHura okaau, ra3 IOKOPUPOK 0OCUMAaH KaMpOKKa yTajH,

cucTeMaja JOMMO KOHIEHTPALMSUIAPHUHT TeHrMamumu (audgy3us) Ky3atunaau Ba
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eTapiaM Japakajard Karra cucreManapiaa’ OopyBuM pean jkapaéHiapia Xed KaHOH
Teckapu apa€H V3-y3umaH Oopmaiiau. bapua pean jxapaéHiiap HOMyBO3aHAT
(kariTMac)aup. Ymap 1OKopH, alipuM XoJuiapjaa KaTTa Te3JMKiapaa O6opamu, OyHma
HOMYBO3aHaT XoJIaTaaru cucrteMa Yy3rapu® OopuO, MyBo3aHaTra SKUHJIAIIAIU.
MyBo3anar xosatna okxapaéH TyxTamaud. XaMMa HOMYBO3aHAT jKapaéHiiap
MyBO3aHaTra JpUIIMII HyHaIUIIUAA y3-y3U4d, S’bHU TAIIKUA KydJap TabCHPUCH3
Ooopagu. Teckapu  HyHanuIaarun okapa€Hjiap CHCTEMAaHWM  MYBO3aHAT/IaH
Y30KIaITUpPaaAd Ba YyIAPHUHT TaIllKH Kydjgap TabCUPUCU3 OOpPUIINM MYMKHH
smaciura aHuk. CHcTeMaHU MyBO3aHAT XoOJiaTra SKUHJIAIITHPAJAWraH Ba aTtpod
MYXUTHUHT TabCUPHUCU3 OOpaaurad >kapaéHiap y3-y3ujgaH OopyBuM, TaOWUUN EKU
MycOaT xkapaHiap aeiunaau. Talku Tabcupiapcus y3-y3uaaH Oopa oaMalauraH
»apacHiap, Tabunii 6yamarad €ku Man@uit xxapaéunap aevmianu. M3onsuusnaHran
cucTeManap/a, Tallkyd TabCUpJIap YMyMaH Ky3/1a TyTUIMarawiauru cabadmnu, dakar
¥3-y3unan 6opyBun (Mycoar) xapacHiap Ky3aTuiaam.

Kapaéunap kaiitap Ba kaTMac OYJIUIIM MYMKUH. Arap kapaCHHU TYFpU
TOMOHTaruHa sMac, 0ajgkd TeCKapu TOMOHTa XaMm oJiu0 Oopuill MyMKHH Oyiica Ba
OyHJa cucTeMa XaMm arpod MyXUT XaMm Y3MHUHT WITApUTH XOJlaTUra KauTuoO Kejca,
OyHmail »xapa€H kKaitap skapa€H nevmnanu. JXapa€én comup OynraHjgaH KeWHUH
CUCTEMaHU Ba aTpo() MyXUTHU OWp BAKTHUHI y3HJla aBBAJITH XOJIATUra KaWTapHIL
MyMKHH Oyimarad skapaénnap kaitmac aevnnanu. Kaiitmac xapa€Hna cucreMaHu
aBBAJITM XOJjaTra KaWTapuil MYMKHUH, JIEKUH aTpod MyxuTaa KaHIaugup
V3rapummap Koiaau (MacanaH, arpod MyXUTAA HKUCMIIAPHUHT SHEPTUSICH
y3rapaan).

Kapaéuuunr kaiitap €xku KaWTMacIuru ymoOy Jkapa€HHU — YTKa3uWII
IapouTIapy Ba yCyJulapu OwiaH OenruiiaHaau. MacanaH, WANIIHUHT OMp KHCMHTA
MabJIyM MHUKIOpJA Ta3 0OOpWITaH, MKKMHYM KHUCMHIA 3Ca, FOKOPU BaKyyM XOCHII
KkuivHraH 6yiacuH. Tycukau Oup oHJa oJu0 Taliacak, ra3 “OylnuIMKKa™ KEHTasIu.
YOy xapa€H xalTMac, YyHKH TECKapHu >KapaéHHMU YTKA3UII Y4yH (Ta3HU CHUKHII
y4yH) MII Tajgad KWIMHAIW, UIIHK 3Ca aTpo] MYyXHUT SHEPrUSCUHUHT Y3rapulIn
XucoOura oJiiI MyMKHH.

Xyaau 11y Ta3HUHT KEHTaluIl )kapaéHUHU KailTap 0Jin0 OOpUIIT MyMKHUH: arap
ra3Hu MOPILEHb Tarura Koiyad, mopuieHra Oepuiaran 0OCUMHU KaMauTHUPUIL WyJIH
OwJlaH ra3Hu KeHrauTupcak Ba OyHJaa xap Oup oHAaru mnopuieHra Oepuiaérrax
TalIkl OOCHM Ta3HMHI OOCHMMJIAaH YEKCU3 KHMUYMK MHUKIOpra KU4YuK OYJICuUH. Arap
MOpIIIeHb UHEPIUATA dTa OYIMaca Ba UIKAJIAHUIIICU3 XapaKaTiaHca, )kapaéH KanuTap
oynagu. Ilopmiens XapakariaHaéTraHaa KEHTas€TraH ra3 MabiyM HII Oa)kapau.
Arap ym0Oy uimHu WrHUHCA (MacajaH, MpYy>KUHA CUKWIICA), YHIAa WMHUHTAH YHEPTHUs
TeCKapu ’kapa€Hra (Ta3Hd CHUKHUINTa) aHUK eTuinn Kepak. Kaifrap xapaénna
Oaxapuia€TraH W HT KaTrTa 0YyJiaau Ba y MaKCUMall UIII JIeHnIIaIn.

[yngait kim0, katap >kapa€HHU TecKapu HyHanmuiaa Oopuiira mMaxoyp
KAJUII MYMKHH, OyHJa KaHOAiaup MYyCTakui y3rapyBUMHU (MacajaH, OOCHMHH)
YEeKCU3 KMYMK KuiiMatra y3raptupunanu. Kaiitap sxapa€niap pean >kapacHIapHUHT
UJCATUTAIITUPWINIIAIAD. AMalla yHra SKWHJIAIIMII MYMKHH, JIEKMH ETHUIIUII

' TepmMOAMHAMUKAHUHT MKKMHYM K,OHYHUHM Kam COHAM 3appadyanapaaH mbopat cuctemanapra K,yanail MyMKUH
3Mac, YYHKM Yy CTaTUCTUK XYCYCUATrA 3ra.



MYMKUH 5Mac, YyHKH, MacajaH, Ba3Hra odra OynMaraH Ba MWIIKAJAHUIICH3
UIUTAHAUraH MOpUICHHN spaTtud OYnmaiinn. Makcuman umi ¢dakat kaiftap xapaénia
xocwsl Oynaau. ByHMHr MabHOCHM IIyKH, CUCTEMa KaHYaJIMK MYBO3aHATra SKUH
Oynca, IIyHYaJIMK KaTTa MOl OJWII MYMKMH. byHaa ymOy ¥y3rapuil KaHYaJuK
KalTapiMKKa SKUH OYJica, WII IIyHYAJIUK CEKHH WIUIA0 YUKWUIAJHU, YyHKHA KauTap
KEHTaluIIl YeKCU3 CEKUH O0paiu, JIKHH MaKCUMall MUKJOpAa Ul Oakapuiiaiu.

Arap HCCHK Ba COBYK JXHCMJIAp TYTAIUTUPWICA, YHJIAa HCCUKIUK HCCHUK
KUCMJIaH COBYKKa yTaJM. YOy kapaéH TEpMHUK MYBO3aHAT YpHATWITYHYa, SBHU
MKKaJla KUCM XapopaTiiapu TEHIJalryHya Oopaau Ba y KadTmacaup. Bopopon
OujlaH KUCJIOPOJ oOpacuaard KUMEBMH peakuus, YHM OAJUN yCyJjaa, MacajaH,
apajallMaHd yYyKyH OWJIaH MOPTJIaTUIN Wyl OWilaH yTKasuica, KaTMmac Oynaau.
AMMO ymi0y peakuus KaiTap HIUIalIurad 3JIEKTPOKUMEBUN 3JIEMEHTIA OJIMO
Oopwuica, kaiftap Oyiagu.

AlipuM xapacHiiap XaKuKHi KaiTMac Oynaau. YiapHu Xed KaHjaai yn OusinaH
KaiTap yTKazulml MyMKUH 3Mac. by miyHpai skapa€Hiapku, yJIapHUHT Oopuinuaa
OupJaH-OMp HaTWXKa MIIHUHI WCCUKIMKKA aWJaHUIIMAUP: KATTHUK CUPTIAPHUHT
MEXaHUK HIIKAJIAHUIIY, CYIOKIMK Ba Ta3lapJard HWYKU MIIKAJTaHWIL, WCCUKIIHUK

OHCPIUsAHHUHI JUCCHUIIAIUACH, ABHH SHCPTUAHHWHT COUYNINIITN I[GﬁPIJI&IIPI.

yTKa3yBYAHJIMK Ba OOmIKajap.

Xap kaHmai KkaliTmMac kapaéHiapia cucrtemanard Oocum, xapopar,
KOHIICHTpAIUsl Ba OOIIKAa WHTEHCUB MapaMeTPJIAPHUHT TEHTJIANTYBU COIUp OYnaiu,
SBHUA DHEPTUsl Ba MOJJIa TEHTPOK TaKCUMIIAHWINTA WHTWiIanau. byHmai xapaénnap
SKUHJIAIITUPUIN  MyHanmummaa Oopaau. byHman Ttamkapu, ymoy kapa€Hiap
WCCUKIIUK Y3aTUIUIIM €KW MOJIEKYJIaJJApHUHT TapTUOCU3 Xapakatu Owian 60oFuk.
Mypakka0 xapa€nna 6utra O0CKMY KaiTMac Oyica, OyTyH >kapaéH xaM KailTmac

V3 -y3ugaH O0pyBUM KaliTMac jkapaéHiap CUCTEMaHW MyBO3aHAT XOJIaTUTa
oynaau. Pean sxapaéunapna OyHaail 00CKU4JIap UITKAJTAHUII, UCCUKITUK Y3aTUII KU
Macca Yy3atumi (nuddys3usi, KOHBEKIMS) KapaCHuapuaup. YJIapHUHT HaTHXKacuaa
peain xapa€Hiap KaiTMac Oyiau.

2.2. Kuméeuii mepmoounamuxa.

Kapaéunapuunr HyHanuiM Ba OOpUII YerapajapvHd aHUKIAIl Y4yH
TEPMOJMHAMUKAHUHT OHPUHYM KOHYHM €Tapjid D3MACIUId XaKuJard XyJioca
TEPMOJMHAMUKAHUHT ~ WKKUHYM KOHYHUHH YPHATHUIITA OJIUO KEJJIH.
TepMoaMHAMUKAHUHT WKKUHYM KOHYHM TaOMAaTHUHI yMYMUN KOHYHHIUD Ba Y
OMpUHYM KOHYHra yxmabd moctynar xucobsaHaau. TepMoIMHAMUKAHUHT WKKUHYU
KOHYHHMHU Ha3apuil KenTupub unkapud Oyiamaiiny, y TepMOIMHAMUKAHUHT OUPUHYH
KOHYHHUJIEK, HMHCOHHUAT Oapua TaXpUOACMHUHT yMyMJallyBUAaH HUOOpaTIup.
TepMoanHaMyUKa MKKUHYM KOHYHHHUHI MCOOTH OYynn0O, yHIaH Kenub 4YMKaIuraH
Oapya XyJoCaJJapHUHI X03Upraya TaxpuOaja TacAUKIaHUO KEeJIUIIN XU3MAaT KWIAAH.
TepMoaMHAMUKAaHMHI MKKMHYM KOHYHM CHCTEMaJa aWHU Xapopar, OocuM Ba
KOHIEHTpauusiapaa Kaicu kapaéH y3-y3uJaH KeTa OJUIIWHU, YHUHI KaH4ya WUl



OaKapuIIMHU, alHM IIAPOMTAA CUCTEMAHMHI MYyBO3aHAT XOJaTH KaHAal
SKaHJIMTUHU KypcaTaiu. TepMOIuHAMUKAHUHT UKKWHYM KOHYHUAAH (oiganaHuo,
OMpop 25 )kapaHHU aMalira OIIMPUII YUyH KaHIal MIApOUT SpaTUll JO3UMIUTHHH
aHUKJIAl MYMKHH. Arap TEpMOJMHAMUKAHUHI OWpUHYM KOHYHM Xap KaHaau
cucTemanapra TaAOUK KUJIUHHUIIA MyMKHH OYiraH aOCOJIOT KOHYH OYiu0, Makpo-
Ba MHUKpOCHCTEMalapAard Xap Kauaai kapaéHiapra TErHIUIH OYiica, MKKAHYH
KOHYH - SHEPTUSIHUHT COYMJIMII KOHYHM - CTATUCTUK TaOuaTra sra Ba Kyl COHJIU
3appavanapiaH  uOopar, SbHU  CTAaTUCTUKA  KOHyHJapura  OyHCHHYBYH,
cucTeMaiapraruia Ta0uK KUJIUHUIIN MyMKUH. JKya Kyn Mosekynanapaan uoopar
TEPMOJIMHAMHK CUCTEMA YUyH TEPMOJUHAMUKAHUHT UKKUHYY KOHYHHU UIIOHWINAMD.
AMMO y KaM COHJIM 3appadajiapfadH uoopaT cucTemanapra KyJUlaHTaHia Y3WHUHT
MabHOCUHM HyKoTaau. byHpall cucremanapia TEpMOAMHAMUKAHUHI HWKKUHYH
KOHYHUTa 3uj Oynran jkapa€unap Taxpubana Ky3aTWiaaud. XaKUKaTIaH Xawm,
MOJIEKYJIAJJAPHUHT UCCUKIIMK TAbCUPUIATH XaOTHK XapaKaTH HATHXKaCUIa, YIIAPHUHT
Kyla KUYMK XaKMJard COHM JOMMO Yy3rapu0 Ttypaau. byHpaih “racoauduii™
y3rapuimiap HaTH)Kaculla CHUCTEMAHMHI 3HYIUTH y3rapaau - QiayKTyanusuiap
KY3aTUiIaau. Tepmonunamuk cucreMayiapaa (MakpocucTemMaiap/a)
(GAYKTYaUMsUIApHUHT JESpJd TabCUPH WyK Ba yllap Xed KaHAaill poJib yiHamaiiau.
TepMoaMHAMUKAHUHT HMKKHMHYM KOHYHM CTaTUCTHUK TEPMOJMHAMHKAZA TYJIapOK
¢u3uKaBuil HyKTau Ha3apJaH TYLIYHTUpUJIaAW. Y CTaTUCTUK TEPMOJMHAMUKA
NOCTYJIOTJIAPUIaH KEATUPUO YMKAPUIIUILY MYMKHH.

TepMmonuHaMyuka WKKHHYM KOHYHHHUHT ymyMmud Tawpudmiapu KaphHo Ba
Knay3suycHunr tagkukotinapuga Oepwirad. XIX acpuunr ypracuma Kiaysuyc,
Maxkceenn Ba KenpBuniap ymOy KOHYHHHUHI — OJIAaMIIYMYJ — aXaMUSITUHU
Kypcatauiap. TepMOAMHAMUKAHUHT UKKUHYM KOHYHHTa SIKUH (PUKpJIapHU OMpUHYU
6op M.B.JlomonocoB aitu6 ytran. XIX acpaunr oxupuaa Maxkcsei, boiabsiman Ba
['uO0cnap TepMOJMHAMHUKA WKKHMHYM KOHYHUHUHI CTATUCTUK XYCYCHSITHHH
ypHATIWJIap Ba CTATHCTHK MEXaHUWKara acoc cojauwiap. TepMoIWHAMHKAHUHT
WKKWHYM KOHYHHHH acOCJAIll JABUTATEeIUIAPHUHT CU(ATUHU SXIIUIAIITA KapaTUirad
ypuHHILIap OwiaH xam OoFnmk. AOGamuil JBUraTeNHW KypHUII MYMKHWH 3MAacllurd
aHUK OYJiraHjaH CyHT, OJUMJIAPHUHT (PUKPUHU OOLIKa OUp, SBHU KUCMHUHT WYKU
DHEPrUsACHUHM WIIra ainaHntupu® OepyBUM, [AaBpUM paBUIIAA UIUIAWIUTaH
MalIMHAHU Kypull MyMKUHMUKAaH, Je€TaH Fosl sramiad oiau (MacajiaH, OKEaHHUHT
CYBHJIaH PHEPIrUsiHU (MCCUKJIMKHH) OJINO MIUTAMIUTaH JBUTATEIUIA NApOX0 KypHIIl
bukpu). TepmoguHamuka OMPUHYM KOHYHH, S'bHHU DHEPreTUK OallaHC HYyKTau
HazapuaaH OyHJaill naBUrateNHd Kypuil MyMmMKuH. by Fos amanra omummmuHuHT
axamMusaTH abaauil IBUTATENb sSpaThil OwiaH 6apobap Oymap snu. XakuKaTAaH XaM,
0JlaM30T OKeaH CyBJapuja, armocdepana Ba ep KOOMHHMIA My’KaccamilallraH
VCCIIMKIIUK YHEPTUSCUHUHT YEKCHU3 3aXUpajapyuHy UIITa alIaHTUPUILI UMKOHUSTUTA
sra Oynranja a4, Oy abanuii ABUTaTENb KypHIIl OWJIAaH TEHT axaMUSITIM OYyiapiu.
Macanan, okxeannapHunr cysiaapunu 0,01 pgapakara coByTtum xucobura Ep
niapujiary caHoat kopxoHanapuuu 1500 fiun naBoMuna TabMUHIARIUTaH SHEPrUsira
sra Oymap »auk. IllyHuHr yuyyH xam OyHJald MalldHAaHM WKKUHYM Typ abaguit
JBUTATENb €0 aTalii Ba YHU KypHUILTa Xapakar KWIKIIIA. AMMO Oy ypUHHIILIAP
MyBahHaKUITCU3IUKKA y4pa.



TabuaTHUHT KaHAAWUANP YMyMUN KOHYHU OOpJIUTH Ba Y UKKUHYU Typ abaguit
JIBUTATEIHU SIpaTHINra TYCKUHJIUK KUJIAETraHu MabiyM OYynub konau. Yoy
XyJIOCAaHU TePMOJMHAMUKA UKKUHYN KOHYHUHUHT YMyMul Tabpudu neca 6ymaau:

-CHCTeMa/ia Xe4 KaHjai y3rapumicus, (pakaTriHa UCCUKINUK Pe3epByapHHHUHT
MCCUKJIUTH XUCOOUTra IaBpUil paBUIla UILJIAWIMTaH MAallIMHAHU, SbHU UKKUHYHU TYP
abamuil [BUTATeNHU KypuO OYnmmaiinu €ku MKKUHYU Typ abaauil nBUTATelNb, STbHU
Xeu KaHJal Kymumua 3Heprust capd kunmail TypuO, ¢akar atpodaru MyXUTHUHT
UCCUKIIUTH XucoOWra wum OaXapyBud MalIMHAHWUHT OYJIUIIM MYyMKHH 3Mac
(OctBaniba Tabpudm).

YMymuit Tabpudaan Kyingara Xyiaoca Keiuo YuKau:

-UCCUKJIMK KaMpPOK KU3JIMPWITaH KUCMAaH KYyNpPOK KU3IUPHUITaH KUCMTa ¥3-
y3u4a yTa OJIMauI €KW KaHJAWAUp MUKIOPAArd WIIHU UCCUKIMKKA alJIaHTUpMan
TypuO, UCCUKIIMKHU COBYKPOK KHUCMJIAaH MCCUKPOK JKHCMTra YTKA3UIl YUyH IUKIUK
kapaénnan Qoiinananud Oyiamaiiau.

Yoy tabpud 1850 itun Knayzumyc TOMOHHIIaH TEPMOJIMHAMHKA HUKKUHYU
KOHYHUHUHT acocuid Tabpudu cudaruma taknud kwimHrad. Tomcon (KenbBuH)
TOMOHU/IAH 3ca Kyluaaru Tabpud Takind KUIuHTaH:

-UCCUKJINKHU HINTa aIaHTUPUIN YYYH >KUCMHU COBYTUIIHUHT V3U KU(OS
AMac, UITHUHT UCCUKIIMKKA ailJIAaHUIIN ACa )KapaEHHUHT OUpJaH-Oup HATUXKACUIUD.

TepMoaHAMUKA WMKKUHYM KOHYHUHUHT IOKOpUZArd y4ydajga Tabpudu
HKBUBAJIEHTAMP, yJlapJaH KaTop XyJjocajap Keaumd yukanu. MacanaH, U30TEpMUK
[UKJIHAHT WM HOJITA TEHTAUP, aKC XoJAa ymily KUCMHUHT WCCUKIUTHHHU WIITa
alTaHTUPUII, STHHU UKKUHYH Typ a0ajuil ABUTATENb KypUIll MyMKHH OYITHO KOIaIu.
TepmoauHaMUKaHUHT OUPUHYHM KOHYHHM UKKU XUJI MabHOJIM Tabpudiapra sra Oyrca,
STbHM “‘Xe4 HapcaJlaH WI Taiio OYia oamaian” Ba “UIl Xed KaHaal u3cu3 WyKoJauo
KeTMaiau”’, TepMOJIMHAMUKA UKKUHYM KOHYHHUHHUHT Tabpudiaapu OupruHa MabHOTA
ara: ‘“pesepByap HMCCUKIMTHHHM WINTa TYJIWK aiimantupu® Oynmaiinu”. Teckapu
TabKUJIAlll HOTYFPH, YYHKH HIIHU TYJUK PaBUIIA HCCUKIMKKA alJIaHTUPUO
Ooynanu. By Xylioca MCCUKIMK SHEPTUSCUHUHT Y3Ura XOCTUTHAAH Keaud 4YuKaIu,
SbHU Y 3appadajapHUHT XaOTHK XapaKaTUHUHT MaXCyJIuAup. DHEPTUSHUHT OOIlKa
Typiapu 3ca (macanaH, aJeKkTp, EpylPnmk) 3appavanapHuHr TapTUOIU XapakaTu
Oownan OoFfnuk. MCCHKIMK »HEpPrusick SHEPrUsHUHT HSHI KaM camapara oJra
KYPUHHUIINA DKAHJIUTU TaOuuiaup. XyAau IIyHUHT Y4YyH DSHEPrUSHUHT Oapya
TypJlapu TYJUKIUTHYA HWCCUKJIUK OHHEPTrUsCUra alJIaHWIIM MYMKHUH (TapTUOIU
XapakaTAaH OHXTUMOJM IOKOPUPOK OYyiraH XaoTWK xapakarra). Mccukmuk sca
DHEPTUSHUHT CaMapaIMpPOK TypJiapura TYJIUK yTa OJIMAWIN, YyHKH OyHIAl yTHII
XAOTHKIAH TapTUONM Xapakartra y3-y3ujaH YTUII KaOu dXTUMOJU OyIMarad XoJra,
SbHU CUCTEMAHUHI 3XTUMOJIMA KYNPOK XOJATJaH SXTUMOJM KaMpOK XoJjarra ¥3-
V3UIaH yTUILIWTa MOC KeJlap 31u. YMyMaH OJiraH/a, TEPMOJANHAMUKAHUHT UKKUHYU
KOHYHU aifHaH CUCTEMAHUHT y €K Oy XOJaTUHUHT dXTUMOJUTUTH Ounan oot mukmup.
TepMoIMHAMUKAHUHT MKKUHYM KOHYHUHH, FOKOpHJIA TabKUIJAHTAHUACK, TYPIH
KYPUHUIIIATd DHEPrUsUIapHUHT UCCUKIWK SHEPIrUsCUra CEeKMH-acTa YTHUIIU
KY3aTWJIyBYM SHEPTUSHUHT COUWIMII KOHYHH, €0 XaM TabpudIaliuMu3 MyMKHH.
TepMmoauHaMyuKa MKKMHYM KOHYHUMHHMHT yIIOy Tabpu(uIaH HOTYFpU XyJiocanapra
KeJIMII XaM MyMKHH, MacajlaH, TepMOJMHAMUKAHUHT UKKUHYM KOHYHUHHU YEKCU3 27



cucTeMajapra Kyjularanjga. byTyH onamHu €ku Oupop caliépaHu uyerapajaHraH
TEPMOJUHAMUK CUCTEMa /1€0 KaOyJ KUJIUII Ba YHra TEPMOJMHAMUKAHUHT UKKHUHYU
KOHYHMHU KYJUlall HOTYFpU OVnamu, 4YyHKH OHHEPTHUSHUHT HWCCUKIUKKA TYJHK
allllaHUIIM Ba MCCUKJIMKHHUHT Y3-Y3UJaH WIITa aillaHa olMaraHu cababmu, onamja
X,apakaT TyXTalau, X,apopar omu0d KeTHO HCCHKIMK KajoKaThra oJu0 Kenaaw,
JieTaH HOTYFpU GUKpIIap TYFUIAIM.

TepMoauHaMUKa WKKUHYM KOHYHUJAH TEPMOJMHAMUK CHCTEManapia SHIU
Koimar  QYHKOUSCMHUHT — MaBXYUIMTH ~ KenuO — 4yukagu.  TepMoaMHaMuK
XKapaHJIapHUHT TAKIWIM YJapHU TYJUK HQojanaml ydyH TEpMOJMHAMUKAHUHT
OMpUHYM KOHYHM KHU(OS -HMACIUIMHM Kypcarau (OMpUHYM KOHyHIa Kypa
SHEPrUSHUHI CAKJIAHUII KOHyHUIa OylMCHHIaH jkapa€HyIaprvuHa OOpHUIIM MYMKHH).
AMMO Taxkpuba KypcuTUIIMYa, OUpPUHUM KOHYHTra Oyiicynran Ba AU = Q-W
TEHIJlaMara puos KWiraH aiipum sxapaéniap amanga 0opmaiiau. By aca, cuctemana
KaHJaiaup HobMainyM (QyHKIUS €KM KOJAaT NapaMETPUHUHI MaBXYJUIMTM KaKUJaru
XyJiocara oiau0 Keiaau. YOy mapaMeTpHUHI KUWMAaTH OUPUHYM KOHYHra OMHOaH
amajra OUMPWINIIKN MyYMKHH OYJIraH TypJu >kapaHiap yuyH Oup X sMac, Oy sca
KapaCHJIApPHUHT TEHI KUWMaTra s3ra 53MAaclMTMHU Kypcataaud. SHru QyHKOous
Knay3nyc Tomonngan s3aTponus S 1ed aTaiu.

Acnuaa TepMOJIMHAMUKAHUHT UKKMHYM KOHYHU MCCUKJIMK MalllMHAJIApU YUyH
TabpU(IaHraH Ba YJIAPHUHI MIIMAA YIIOy KOHYH alHUKca sIKKoJl KypuHanu. Iy
cababgaH KO3Up KaM TEPMOJMHAMHMKA MKKMHYM KOHYHUHU Kapald YMKHUILI MCCUKIIUK
MallMHAJApUHU Takawl kununad oonuiaHaau (Kapro uwkim). By sca, MKKuHYM
KOHYH (pakaT MCCHUKIMK MallMHAJIapy HMIIMHU UQoJanalIuraH XyCycuil KOHYHUST
neran ¢uxp TyFmupamu. Aciampa sca, Oy TaOMAaTHUHT yMyMH KOHYHU OViHO,
SHEPrUSHUHT CaKJIaHUILI KOHYHUJIaH KeHUHTH (pyHAaMeHTal KOHYHAMP.

Kapareogopu npuHuunu Ba IJSHTpPONHUs. TEpMOAMHAMUKAHUHT WKKWHYU

KOHYHMHU MCCHUKJIMK MAallMHAJAPUHU TaxJIMJ KWIMaclAaH KaM YHUKapull MYMKHH.
TepMmoauHaMuK cucTeMana SHTM KoylaT (yHKuuscu Oopiauruau Kapareogopu
OPUHIMOMN (alipuM KoJslaTjiapra aguabaThK €THIlNa OJMACIUK) SXIIA TYIIYHTHPAJIH.
Kylingaru sxapaéauu Kypu0 YMKamus.
N ; Cucrema Oup KONATIaH WKKUHYUTA HUCCHK- JIUK
IOTUIUIIM  OujaH yTcuUH. MKKMHYM KO- JaTnaH
OupuHuMra aauadbaTuk xapa€Haa yTUll MyMKHH, J1€0
TacaBByp Kwiamui. TYFpu Ba TeCKapu Hysuiap y4yH
TEPMO- TMHAMUKAHUHT OMPUHYN KOHYHHU OYiinya,

I.1-pacm. KapaTeogopu npuHUUIIMHA

Kapaén v ¢ i s
KeJTHpUO 'Hiicipiini.
Q=AU+ W: (1.125) O =-AU + W2 (1.126)
bynapaan arinanma xapaén yuays: Q =( Wi+W2) (1.127)
Kypunaérran xapaéuna uccukiank rotunaérranu yays (Q>0), ruximk
*)apaéHnaru ymyMmui umr Hosigad katta  (Wi+ W2) >0 (1.128)

oynanu.



[Myngait kuand, TUKIWMK >KapaCHHUHT HATWXKAcu: cuctemMa Oovoanrumy 1-
XOJIaTra KauTAu Ba CUCTEMa IOTTaH MCCHUKIMKHUHT XaMMAacH TYJIMK UINTa aiJiaHu.
by »sca TtepMoamHamMuka WKKWUHYM KOHYHUHUHT TOMCOH Tabpudwura kKapama-
Kaprmmaup (MCCHKIIMKHUHT XaMMacd HWINTra alIaHWI| MyMKHH 5Mac). Jlemak,
TEPMOJMHAMHUK CUCTEMAHMHT XOXJIaraH XOJIaTH SIKMHUJA IIyHAal OOIlKa XoJaTiap
Oynanawkuy, yinapra anauabaTUK Wyn OWIaH, SbHH WMCCHKIMK ¥Y3aTMaclaH yTHO
oynMaiiu.

Kapateonopu npuHnunugan ¢akar sHTU XoJaT (YHKIHSICH OOpIUTH 3Mac,
Oankn Oy (QYHKIUSHUHT HCCUKIMK OuyaH OoFnukiaurum xam kenub YuKagu.
XaKuKaTnaH xaMm, arap cucrema |-xojlaTnaH 2-XoJaTra HWCCUKIMK IOTHIN OujiaH
yTran Oyica, HMMa Y4yH OOYOAaHTMY XoOJjaTra HCCHUKJIMK ajMallMaclaH Keja
onMaiiau? HWccukiauk xonaT (QyHKIUSCH 5Mac, OalKu y SHEpPrus Y3aTUITHUHT
xwaup. Cucremara MCCHUKIMK KYPUHHUIIUAATd MabJIyM MUKIOpPJArd SHEPrus
y3atunrad Oyica, yHAA CUCTEMaJaH Xy [Iy MUKIOpJArd SHEPTUSHU U
KYpPUHUIIUAA ONUII Ba Iy OWJIaH CHCTEMaHd AaBBAITH XOJIATUTA KEITHPHUII
MyMKHHJIEK Tyromaan. Awmmo Kapareogopu mpuHIMIUM OYHMHT MYyMKHH
IMACIIUTHHH, SbHU TOMCOH Tabpudura 3ua xkapa€HHU comup Oyna OIMACIUTHHU
KypcaTtaau. Jlemak, HCCUKIIMKHUHT Y31 XoJaT QyHKUMsICH Oyimaca XxaM, cucTeMara
OepwiraH MCCHKIMK XOJaT (QYHKIMSICHHHU, SBHU OHTPONHSIHH Y3TapTHPAIH.
OHpoNMsHU 3Ca CHCTeMara HWCCUKIMK y3aTMacJaH TypuO aBBaIrd KHiMaTUra
KeATupuoO Oynmaiiau. ByHIaH SHTPONUSHUHT Y3rapuiid cucTtemMara OepuiiaéTra
UCCUKJIMKHUHT QyHKIMsIcH dkaHuru AS = 2(Q) kenu0 yrkaau.

Kapno nukiam Ba ’utrponms. IOkxopuma TabKuIaHTaHUICK, TEPMOJIMHAMHK
JKapaCHJIapHU TYJIUK TYUIYHTHPHUII YYYH DHEPTUSHUHT CaKJIAHWII KOHYHH KHQOS
kunManau. Taxpuba KypcaTuiimya, TEPMOJUHAMUKAHUHT |-KOHyHUTa OyHCyHTaH
alipuM >kapaéHiapHu amaira ommpub Oynmaiau. bynunr cababu cucremana sHa
KaHJIalup XO0JIaT MapaMeTpIapUHUHT MaBXyIUTH Oyl MyMkuH. Knaysuyc Oy
SHTH (QYHKIUSIHA S SHTpomms 1e0 ataau. TepMoauHaMUKaHWHT 2-KOHYHH Ba
DHTPOIHUS TYITyHYACH WCCUKJIMK MAITMHAJAPUHUHT WUITUHU TaXJIMT KA SKKOJ
KypUHaJ¥W, IIYHHHT Y49yH Oy KOHYH aBBajlaMOOp WCCHKJIMK MalllMHAJIapUTa
taammyknn  Oynran  (KapHo mnwukmm). JIeKMH TepMOAMHAMHUKAHWHT 2-KOHYHHU
TaOMATHUHT YMYMHUI KOHYHM SKaHJIUTUHU siHA Oup Oop TabKkuuiad yTaMu3. YHH
WCCUKJIMK MAallMHATAPUHUHT TaXJMJIWIAH XOJU PaBHUIINA XaM KEITHPUO UYUKaApHII
MyMKHHIUTHHE Kapateomopu mnpuHIMnuaa Kypauk. AMMo KapHO HKIMHUHT
TaxJIMIKM OU3ra TEpMOJIMHAMUKA 2-KOHYHHWHWHT aHAIMTUK uQoaacuHu Oepaau Ba
SHTPONHUS TYITYHYACUHUHT TyO MAbHOCUHHU aHTJIAINTA OJTUO KeIaIu.

TepmonuHaMuka 2-KOHYHWHUHT YPraHWIMIIA OHT Mypakkab Oynran
KOHYHJIapra KUPUTWIUIITUHUHT KaTop cababmapyu MaBxkKya. YiapiaH OWPUHYHCH
IIYHJIaH WOOpATKHU, TEPMOJUHAMHUKAHUHT 2-KOHYHWHHU aBBaJI OYMIN Ba KaHIAWIUP
MyJiOXa3a IOPHUTHIN, SbHA WCCUKIWK MAlIMHAIAPUHUHT XOCCallapy XaKuJard
NOCTyJIaT KypUHMIIKJA Tabpuduam Ba yHAAH Xyjnoca cudartujga sSHCH XojaT
GyHKUMSICH - S SHTPONUSHUHT MAaBXYUIMTUHUA KENTUPUO YMKApHIIl Kepak HH.
bynnait mocrynar cudaruna rokopuga KEITHUPWITAH Tabpu@uap XU3MaT KUJIAIH.
Ammo ymOy TabpudIapHUHT Xed OupuIa SHTPOIUS Xakujaa OUPOH cy3 HyK.
TepMoauHaMyUKa HMKKMHYM KOHYHH TyO MabHOCHMHUHI, SbHU SIHTM XOJjaT 29



GYyHKUMSICUHUHT  (DaHra KUPUTWIMIIKA  OOYblaHTWY  TOCTYJaTJaH aH4ya Y3yH
MyJioxa3ajap IOPUTHUII OpKaJd amaira omupuianu. [locTynaTHUHT ¥3ullaH 3ca SHTH
X,0JaT (YHKIUACUHUHI MaBXYyUIMTH XaKuja Xyjoca 4yukapuO Oynmaiau. byHman
TalIkapu, OMpUHYM Kapamijga Oup-Oupura ymyMaH yxiiamaral Katop TabKuJJjaluiap
OOpKH, YJapHMHI XaMMacH ¥3apo SKBUBAJICHT OYiIMO, TepMOIMHAMUKA WKKUHYH
KOHYHUHUHT Tabpudu Oyna onanu. byHnmaih xomar kenud YHKUIIMHUHUHT cababw,
XaKUKaTJa XaM OOYblaHTHY MOCTYyJaTiapra Hucbaran ynapaan kenud ynkaguran 8Q =
TdS (1. 129)

XYJIOCAHUHT aXaMUSATH IOKOPUPOK SKAHIUTUAAAUP. ODHTPOMUSHU OeBocuTa Yiauad
OyAMacnuK KylluMYa KUWUHUYUIUKIApHUA fApaTaad. TepMOAMHAMMKANa SHPOIUS
XaKugaru axooporiapHuHT Oupman-oup manOam (I. 129) TeHrmamamup. DHTPONUSHU
bu3uk mapamerp cudaruna Kadyn KUIUII KHAUHYUIUTUHUHAT OOIIKa cababu xam 0op.
MakpoCKONUK CHUCTEMa MUKW SHEPTHSCUHUHT Y3rapuIlUHU, XYJJIU IHTPONUS Kadw,
Yymuab OynMmaiinu, yHu (akat xuco06iad Tommm myMkuH. IllyHra kapamacpaH,
TEPMOJIMHAMHKAA SHEPTUSHU TYUIYHTUPHUII KUMMHUMIUKIAp Tyl nupmaiau, dyHKu
PHEprus Xap Oup ajoxuja 3appada yuyyH TaaUTyKJIUIUp Ba OyTyH OMp CHCTEMaHUHT
DHEPTUACUHM KaHJaWaup HUruHIM cudaTtuaa KaOyn KWIMII OCOH. DHEprusijaa
dapkiau yiaapok, SHTPONUS aJOXHIa 3appadyallapHUHT XOCCaJapuHH 5Mac, OajKu
MOJICKYJTaJJApHUHT CTaTHCTUK TYIUIAMH XOCCAaJlapUHU HaMOEH Kuiaau. Anoxuia
3appaya SHTpomusira ara smac. Mana my cababra kypa, S OJHTpomMs Ha3zapHid
(bM3UKaHUHT HT Mypakka0 napameTpiapuaad Oupu XxucooiaHaau.

OHTPONUSHUHT SIHTU TEPMOJIWHAMUK TIMapaMeTp cudaTUaarn MaTeMaTHK
Xoccajgapy YHUHT UCCHKIIMK aJIMAITUHUII XOJUcaIapuIa XoJaT KOOPAUHATACH POJIMHU
yiHamuaaaup. by sca MCCUKIMKHYU XOXJIaraH TypAard yMyMIIallral Uil KypUHHUIIHAIA
€3Ulll WMKOHMATHHM Oepaau Ba OYHMHI HAaTWKacuJa WCCHUKIUK Ba WITHUHT
SKBUBAJICHTJIUTH Xakuaaru puxpnap sHaga uyykypraamanan. Mccukinuk Ba um Hadakar
Oup-Oupura yta onaau, O0ajgKkd CUCTEMAHWHT MHTCHCHUB Ba SKCTCHCHUB MapaMeTpiapu
Ownan 6up xun 0oF manranaup.

OHTPONUSHU SIHTH X0Jiat byHKUIHICH cudaruaa OenrunoBUn
TepMOAUHAMHUKAHUHT acocuil Tenrmamacu (l. 129), rokopuaga TabKUAIaraHUMH3JIEK,
aH4Ya Mypakkal ycCyJjja OJIMHTaH. ODHTPONMUSHU OeBocuTa VYiuabd OyIMaraHiauru
cababmu, (1. 129) Tenrama OwiaH MQogalaHYBUM aBBaJ HOMAabJIyM OYyiraH TaOuar
KOHYHMHUHT MaBXYMJIUTH, Ym0y KOHYHJIAaH Kenu0 YHMKKaH XyJocalapaaH
doiinanann0, MCCHKIMK MalllMHATApW Ha3apwsicHIa OuYWiraH. MareMaThK HyKTau
Ha3ap/aaH S xoJaT GYHKIHMSICH MaBXyJTUTHHAHT 3apypHid Ba €Tapiiu MapTH

Ky#lugarnya: (1.130)

bynnait €3yB unTeTpan octuaaru udoga kaHmaaup GyHKIUSHUHT AuddepeHIuanm
SKaHJIUTMHU Ounaupanu. byHna wuwHTerpanu Hodra TeHr OYyiMaraH XoXxJaraH
KUWMaTIapHu KaOyl KUMKW MyMKHUH. VIHTerpautapHu nuki Oyiinya KypuO YMKHIL
ypraHaéTraH CUCTeMaJIAPHUHT XOCCATAPUHU TAAKUKOT KUIA€TraH/1a SHTPOIIUSHA OYHK
KYpPUHHIIIA KUPUTMACIUK HWMKOHUSTHHM Oepaan. MexXaHMK Ba HCCUKIHMK
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SPKUHJIMK Japajkacura sra OYJIraH cHCTeMalap Y4yH wuHTerpai udoiacura UK
Oyiinya UIIaiIurad UCCUKINK MalllMHACU MOC
kemagu. Wi Ba MCCUKIMKHM aHHUK XUCOOJall MYMKMH OViIraH KalTap IUKIUK
xkapa€HiapHu KypuO uyukamu3. Wnean ra3, Ban-nep-Baansc rasm Ba xomar
TEHIJIAaMaJIapy ~ MabjiayM  Oynran  Oomika Ta3jap y4yH  TYFpHUIAH-TYFpU
XUCOOAIAPHUHT KypcaTUIINYa, X0XJIarad UK OVinya yimoy UHTerpall HOJIra TEHT.
1864 #mn Knaysmyc nukiauk skapa¢Haa KyJUlaHWIa€TraH MOJJIAaHUHT TaOuaTuaaH
KaTbuil Hazap ymlOy HaTWKaHU YMyMUH KypUHHUIIZA OJHII MYMKHUH JKaHJIUTHHU
Kypcatud Oepau. AMMo, ojjauHra ytud kKermaciaH, aBBasamOop, KapHoHuHr 1824
WWiarn  MCCUKIWK MAalIMHACUHUHT  (oigamyn um  Ko3IPGUIMEHTH XaKUuJaru
TaJIKUKOTUTa Ba X03up KapHo nukiu n1ed arajiran Maxcyc I[UKIra MypoxKaaT KujlaMu3.
Yuly UK UCCUKIMK Ba WIIHUW XWCOOJAIIHUHT COANAIUTK OujlaH axkound® Oymuo,
JIOMMO TEPMOJIMHAMHMKA/la MyXOKaMa KWIMHAAW, BaxojaHku, KapHo nukimm wuugean
O0ynu0, Xeu KaHJall pean UCCUKIMK MallMHacu OyHAaill LMK Oyiinya UIIaMaciIuruHu
TabKUUIAMIUMU3 3apyp (TEXHUK TEPMOJMHAMHUKAAA MOPUICHIN OYyT MalllMHaIapujia
PoHKWH MKW Ba MUKW EHUIIT ABUTATEUIapuia J(u3ens Mukiu KypuO YUKWIAIN).
YMyMaH, HWCCHKIMK UIIra aijlaHa onaau. AMMO, HUCHUTTHYJAaH OJUHTaH
WCCUKIIMKHU UIITra 0aTaMoM alIaHTHUpUO OYIMal iy, YyHKH UCCUKIIMKHUHT OUp KUCMHU
COBYTTMYHM UCUTHUI YuyH capd Oynaau. Jlemak, MICCUKIIMK HIIra aiijaHaETran naTaa
WCUTIUY COBYIIIM OuiiaH Oupra, OUpop COBYTTUY, HICCUKIMKHUHT UINTA ailjlaHMaliIurad
KHUCMHM XHcoOWra ucumu xaMm mapT. byan KapHo mukimm taxiuiuaa SKKOJI KypHII
MYMKHH.

WNnean uccuxknuk mamuHacu Oop ne6 ¢apa3 KWIalnuK, yHAA uaean rasjiaH
doitnananainuk. MammHa MabliyM OUp UCUTTUYJAH OJUHAETIaH UCCUKIIMK XUCOOUTa
ut O6axkapaétran 0yyicun. Vi mukiuk 0a)kapuJICHH Ba YHIArH Xap Oup kapaéH keTma-
KeT coaup Oynamuran Kyiuaaru 4 KucMjaH uooparT IeHiTnK:

1. T'a3HUHT U30TEPMUK KEHTaluIIM: AB srpu.

2. T'a3nunr agmabatuk keHraiumu: BC arpu.

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

4. T'a3HUHT aauabdaTUK CUKWINIIN: /[A 3TpHu.
Kapaéuna [ wmonv wupean ra3  KaTHAILSITH.
: bonblanrnu xosatna (4) ra3HuHr Xapopatu 1,
| Oocumu pi Ba xaxmu Vi 6yacun. Xapopartu

v, V, Vy \'/3 -V
1. 2-pacm. Kapuo nukim.
Ty 6ynraH UCUTTUYJAH OJMHAETTaH UCCUKIIMK xucooura ra3 Vi nan V2 raua u3oTepMuKk
keHraiicud. KeHrailum wu30TepMUK OYJIraHu y4YyH Ta3HUHT MYKH SHEPTUSICH
y3rapmaiinu, kenraidimm wmy (Wi) aca ucurrmugan osimHaétran wuccukiMk (Qi)
xucobura daxkapuiaau:

Qi=Wi=RTisJ (Wi>0) (1.131)
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Pacmma 0y um AB V2 V1 1o3ara tenraump. Ymly kapaéH AB uzorepma OunaH
Kypcatwiran. B HykTara KenraH Ta3HU MCHTTHYJAH aXpaTub, aauadaTHK
KeHraiitupamus. Anmabatuk sxkapa¢Hla ra3 MCCUKIMK OJIONIMaiau Ba Oapua I ras
WYKH DHEPrUsICHHUHT Kamaiumum gaucobura Oaxapuiand. WYKkd SHEPrUSHUHT
KaMmaiuim okubaTua ra3HUHT JapopaTu 72 ra Tymaay, 1axm 3ca V3 0ynub konaau.
XapopaTHUHI KaMaWuIIM yHYa Karra Oyiamaranu ydyH Oy HWHTEpBajija MCCUKIUK
curumu Cv HE y3rapmac Ae0 oiuil MyMKHUH. Y JI0JIJ1a WYKWA SHEPTUSHUHT Y3Tapullu:
AU = Cv(T2-T) (AU<0) (1.132)

Ba Oa)KapuJIraH HIII: W2=-AU = Cv (T1-T2) (W2=>0) (1.133)
oynamu. M BCVsV2 ro03ara Tenraup. XKapaén BC aguabarta 6uinan udoagaHraH.

["a3ra napopatu 72 6yaran COBYTTUYHHU SAKMHJIALITUPAMU3 Ba YHU 11y Aapopatia
CD 6yitnua n3orepmuk cukamu3. CUKHUIIHY Ta3HUHT JaKMU V4 ra Kajgap KaMaiTryH4a,
spHU D HykTaraga gaBom sTTHpamu3. ['a3 M30TEPMHK CUKHITAaHH yUYyH YHUHT WYKU
HeprusdcHu y3rapmaid konaau. ['azum cukum ydyH cap¢ kwimHran W3 um TyJimk
WCCHKJIMKKA aiiJTaHa Iy Ba COBYTIUYTA IOTUIAAN. Y HUHT MUKIOPH:

- Q2= RTzInVr = Wz = -RT2InV?3 (W3s<0) (1.134)
V3 Vg

oynagu. Pacmpa W3 um CDVaVs ro3ara tenraup. CD uzotepma ymly xapaéHHH
udonanarimu. D HykTama rasnaH COBYTIMYHHM aXpaThO, ra3HU aauabaTUK CHKaMH3.
Harwxkana, raz naxxmu Vi, napopatu T, 6ocumu Pi 6Viarad 60mblaHTdy AoJjaTra KeJiau.

Annabatuk cWKWII BakTHaa OaxkapuiraH um W4 Ta3HHMHT WYKA DHEPTUSICUHU
ommpuinra keragun:  Wa= AU = Cv(T1-T2) (Wa<0: AU>0) (1.135)
Wa umr pacmaa DA ViVa ro3ara Tenraup, xkapaén DA aguabara Ounan ndoiananras.

Typrra xapaéHHU yMyMJaIITHPCaK, yjaap TYJIHK aijlaHMa >KapaCHHU TaIlIKWI
ATaJy Ba IIYHUHT YYyH Ta3HUHT WYKH DHEPTUsCH y3rapMmanan. cuTruuman ojauHTaH
Ba COByTrHuYra O€pWraH HWCCHKJIMKIAp aWupmacu OakapwiraH yMyMHH HIITa
TEHTTUD: W = Qi-Q2 = Wi+W2+W3+W4 (1.136)

W2 Ownan W4 kaTTalnuk >KMAATAaH TEHT, aMMO HILOpa XUJATUJAH Kapama-
KapILIU KaHJIUTUHU JUco0ra oJicak,

W = Qi-Q2= Wi+Ws (1.137)
Q1-Q2=RTilnV - RTnVr (1-138)
'1 ‘4
kenu6 unkamau. BC Ba DA apmnabatuk >xapa€nmapra [lyaccon ¢opmynanapuu TatOuK
kwiicak, BC 6yinua: TiV?? = T2V (1.139)
DA 6¥itnua: TiVir= TaVar (1.140)
Oynamu, yiaapHu Oup-Ooupura 0yau0 Ba Y-1 1apakaid WITU3WHU OJICaK,
Vivi (1.141)

Vi Vi dKaHIMrd WMCOOT KHJIMHAIM.
bynu (1.138) ra kyiicak, W = Q1-Q2 = R (T1-T2) InvV- nocun 6ynanu. by uim

(1.142)
ABCD 103ara TEHTUP.
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by udonanunr yan tomonnnu Q1 ra, yHr TOMOHUHH 3Ca YHTa TEHT OYynraH ra
RTilnve. 0¥mu0, KylinaaruHu XOCHT KUTaMU3:
-1
Vv
R (T1- T2)In -2- .
% Q2 V1 Exu (1.143)
ol RTx In V2

1 -1
Q1-Q2 wcuTrHygaH ONWHTAH WCCUKIWKHWHT WINTa ailaHraH KUCMHHH KypCaTaH.
Yuaunr Qi ra O6ynran wHucObatm doigamm wm kodddumuentu (OHUK) 1] nevmmamu.

bunob6apun, (1.143) udomanuHr yHr KucMu XaM (Goiaamu uir ko3 GUIueHTHIND.
Qi-QTi-To W

yHuHT ytgﬂ y=—Q—-—T1—-=Q (1.144)

oynamu. @MUK 0 pau 1 raga y3rapagu: 71=T72 ga 7/0 Ba T>=0 ma "=1 6ynaau. AMMO y

Xe4 KavoH | ra teHr Oyna oamaiau, YyHKA COBYTTUUHUHT Xapopatu 72 abCOIIOT HOJIra

SpHILA OJMaaHu (TepMOJUHAMHUKAHUHT 3-KOHYHU OVitnmua). Jlemak, maean ra3 y4yyH
apHO IUKJIWAA MallMHAHWUHT 88131,&&1114 um koddduimentn Qakarruna 71 Ba 12

xapopatnapraruda 6oF ik skan (KapHo nemmacn).

Ketinnuanuk Knaysuyc (1.144) udonanunr (1.130) ra skBHBaJIeHT SKaHIMTHHA
Ba (oiinanu um ko3 GUIMEHTH OWIIaH SIHTU X0JIaT (PYHKUUACK OYIIraH SHTPONUSIHUHT
JIOKAIOPJIMTUHU KypcaTuO Oepau. DHTPONUSHUHT XOCCATApUHU ypraHaéTranjaa €nuk
koHTyp Oyinmya wHTerpamian (1.130) wccukimuk MamuHacHHUHT —(OMTAIM W
kodpdurmenTrra (1.144) yTHIMAMUZHUHT MabHOCH XaM SHTH X0JIaT (QYHKIUSACHHUHT
MaB)XYyJJIMTUHU Taxkpubana Tacaukiamgan uoopat sau. Knaysuyc 1864 itwnm uaean
razjap y4yH OJIMHTaH MyHoca0aTjap HMCCUKJIMK MalluHalapuja KyJUlaHraH OoIka
MOJJIaNiap yYyH XaM aJoJjaTiid JKaHJIUTWHH Y3WHUHT TEOpeMacuia TabKUIJIAIu:
KalTap WIUIAMAUTaH WCCUKJIMK MAIIMHACUHUHT (odmanu wuim  KodGUIUEeHTH
KyJulaHuaaéTran MOJJaHUHT TaOumatura Oobnmuk Oynmmacman, ¢akaT HMCHUTIHY Ba
COBYTTUYHHUHT XapopaTiapuraruaa 0ot nuk.

OnuHraH HaTHMKAJIAPHUHT YHUBEPCAT XYCYCHSATra 9ra SKaHJIUTUHU TacCAUKJIIAII
YYyH 3ca TePMOJAMHAMUKAHUHT UKKWHYN KOHYHUHU TabpudJan 3apypusatu Tyt niras.
NkxkuHun Typ abamuil JBUraTeIHUHT MYMKUH sMaciurudu Knayswuyc (1850) ¥3-
V3umad MabiayM Hapca J1e0 yinaran Ba ¢akat 1864 imnmgaruna TaOMaTHUHT HOMAbJIyM
OynraH ymMymMuil KOHYHHM Xakuja ram KeTa€TraHJIMTMHU TylyHuO etraH. Knaysumyc
TEPMOIMHAMHUKAHWHT UKKHHYM KOHYHUHHU KyWumarnda Tabpudaaan: KyHu XapopaTin
KUCMJIApJIaH XapopaTH IOKOPHUPOK KUCMIIapra KOMIEHCalUsjIaHMarad UCCUKIMKHUHT
YTUIIM MYMKHH 3Mac. X,03UpTrd KyHAa Oollka Tabpuduiap XaM Ky, JEKUH yJapJaH
HT coanacu ToMCOHTa Teruuuid. Y Kylujaaruua: XapopaThd SHT KHYHK OYiraH
JKUCMHU COBYTHIIITA AacOCIaHWO, JaBpWil paBUIa WIIAHIUTaH HCCUKIUK
MaITMHACUHU KypHIl MyMKHH 3Mac. OcBaJIbJl YHU sSHaJa KUCKAPTUPAH: UKKUHYU TYP
abaauil IBUTaTEIHUHT OYJIMIIN MyMKHH dMac.

3-maB3y: TepMOoAUHAMHMK MOTEHIIHALIIAP BA XapPaKTEePUCTHK (PYHKIUAIAP BA
yJap ypracuaaru myHocaoariap (2 coar)

PEKA:
3.1. TepMOAMHAMMK MNOTEHUHMAJIAP Ba XapaKTePUCTHK (YHKUOHUSJIAP,
KMMEBHH OTEHIHAI.
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3.2. TepMoAMHAMMKA KOHYHJAPUHHM TYPJH (PU3MK-KUMEBHH KapaéHJjapra
Ky/uiam. @a3zaBuid MyBO3aHaTJap.

ABBal TabKUIJATAHUMU3JEK, HW3OJSAIUSIIAHTaH CUCTeMalapiaa Y3-y3ujaaH
OopyBuUM  KapaCHJIAPHUHT  WYHAIMIIUHUA Ba  MyBO3aHaT  IIApTJIApUHU
TEPMOJIUHAMUKAHUHT UKKUHYM KOHYHHM acoCHJla SHTPOMUSHUHT MakCUMall KHMaTH
Oyiinua aBBajjaH alTUII MYMKHH. AMMO amainuétiga U30JsUUsUIaHMaraH
cucTeMmanapjaH Kynpok Qoigananuwnanu. byHnait cuctemanapaard MyBO3aHATHHU
XHMCOOJIaII YIyH TEpMOAMHAMUKAra KaTop SHTH X,0JaT (PyHKIUATIapU KUPUTHIITaH.

KumEBnili TexHOJIOTUSJard KyINTMHA >Kapa€Hiiap OYMK ammapariapja oJyub
Oopunranna y3rapmac 00CMM Ba xapopatna, arap €nuK ammapariapiaa onub 6opuiica
(MacamaH, aBTOKJABIa), y3rapMac XaxXM Ba Xxapoparaa coaup Oymaau. bynna
KapaCHHUHT MYHAJIUIIMHU Ba CUCTEMaJla MyBO3aHAT XOJIATHHU P=CONSt Ba T=const na
['u60c suepruscu opkanu, V=const sa T=const ma I'eapmromnbi sHEpruscu Oyinya
Ooenrunanaau. bByHMHr ca®abu wu3omsAUUsIIaHMAraH cucTeMaiapia SHTPOIUSHU
MyBO3aHATHUHI Ba apa€H WYHATUIIMHUHT ME30HM cudaTua MIUIATAITHUHT
HOKYJIAWJIMTUAND, YYHKHA M3O0JALMSIIAHMATaH CHCTEMallapHU KypuO YHMKHUII KaTTa
KUMnHYMIMKIapau Ty aupanu. Ammo, sHTponus Epaamuya Oomika (QyHKIMUIApHHU,
apHU ['m060c Ba ['enbMrospll SHEPrUsNIapUHM XHUCOOJAll MYMKHH, yJap 3ca
MYBO3aHATHUHT Ba Kapa€H WyHaIUMIIMHUHT Me30oHaapuaup. Kyn agabuétnapna 'n66c¢
sreprusicu G Ba ['enbMronell sHEprUsicu £ xapduapu opkanu OeNruiaHagn Ba Typiauda
HOMJIAp OWJIaH aTanaau: SPKUH SHEPTHUs, 030/ YHEPIHs, y3rapmac O0CUMIaru SHePrus
€KU DPKHH SHTAIbIUS, H300ap-uzorepmuk noreHiman G=e¢ (p, T) Ba ¥y3rapmac
XKMJIarTH 3HEPrusi, SpKUH WUYKH dHEPTHsl, U30X0p-u3oTepMuk norenmuan F=¢ (V, T)
€KMW TEePMOIMHAMHK MOTEHIMAUIAp AeWnIaau. YJIapHUHT Ba OOIIKa TEPMOIUHAMHK
NOTEHIMAJNIAPHUHT MAbHOCUHU TAXJIMIT KUTAMH3.

bapua kypu® ymkuiraH TEPMOJIMHAMUK IMOTEHIMAUIAp TaOWMU IMIapouTiapiaa
XapakTepucTUK (QyHKIUsIap Oynanu. YiapHuHr OyHAa HoMJaHUIIUTa cabao,
GyHKUUSIHUHT Y3u €KW YHUHT TaOumii mapameTpiiap Oyiinda xXocwiiajapu OpKaJu
MOJJJaHUHT Oapya TEepPMOAMHAMUK XOCCaJapUHU OYHMK HQoJanaml MyMKHHIUTHIUD.
JlexuH XapakTepucTUK (YHKIMSJIADHU TaHJAllla YHUHT KyJai Oynuiura »bTHOOD
Oepum kepak. Macanan, U=¢(V, S) Ba H=z(p, S) 6ynranu yuyn U Ba H napaan
XapakTepucTuK (QyHKIUsS cudatuaa QoiganaHuin KUHUHUIUIUK TyFaupamn, dyHKH
DHTPOIUSHU TYFPUIAAH-TYFPU yJ4dall UMKOHUATUIA 3ra 3MacMu3. XyIIM IIyHAau
SHTPOMHSIIAH XaM XapaKTepucTUK QyHKIuUs cudatuaa GoiganaHun HOKyJIal, IyHKA
S=2(V,U) Oynranu y4yH, WYKH DHEPrUSHU OCBOCHTA aHUKIAII WMKOHHMATH HYK.
[yHuHTr yuyyH XapakTepucTuk ¢GyHKuus cudatuaa KynuH4ya ['m66c Ba I'enbMrosibil
sHEeprusiapuaan GonganaHuiagy, YyHKU yJap aHUKIAll ocoH Oynran tabuwmii V, p, T
KaTTaTUKIapHUHT byHKIUSITapuanp.
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1.2. TepMoguHAMHUKA KOHYHJAPUHU TYPJau (PU3UK-KMMEBMH kapaéHiapra
Ky/uiam. @a3zaBuid MyBO3aHaTJap.

X,ap KaHzal TEpMOJAMHAMHUK CHUCTEMaJa OOpUIIM MYMKUH Oynrax
XKapaHJIapHUHT MakcuMall (poiaaiy UIIM HOJITa TEHT OYJraHJjaruHa MyBo3aHaT Kapop
tonagu. MabiiyMKH, kapaéHHUHT ymymuid uimu SW doiinanu unpgan SW' Ba MmexaHuk
KkeHraium umaan pdV nbopataup:

SW = SW'+ pdV 1)

Knittap >xapaénna Qoiigany v SHT KaTTa KHMaTra sra:

SWax = SW'max + pdV (2)

YMymuii xonga mMakcuMman (oijanu Uil >Kapa€HHUHI KaHJall yTKa3WIMIIWTa
ooFnuk, y tynmuk nuddepenunan smac. AUpuM MmapoutTiapaa Kautap xapaCHHUHT
Makcuman ¢oiganu uimu iynara 6ofnuk Oynamacaan, ¢pakar CUCTEMaHUHT Oomia’uy
Ba OXMpPru xoJjiatura OoFnukaup, ssbHM MakcuMall (Qoijgany Uil >kapa€Haa MabiyM
X0JIaT PYHKUMACUHUHT KaMalMIIura TeHr. AilupmMacu Makcuman (poigany uira TeHr
Oynran OyHmail xoyiaT (YHKUMSUIADUHUA TEPMOJMHAMUK MNOTEHLHAIIAp JCHUIAIH.
Ymly (yHKUMATApHUHT KYpPUHHILN >Kapa€HJIApHU amalra OIIMPHII IIapouTiapura
ool nuk.

TepMoaMHAMUKaHUHT OMPUHYM Ba UKKUHYM KOHYHJIApUJIaH:

SQ = TdS=dU+ SWwax=dU+ SW'max + pdV (3)
3Wwmx= TdS-dU-pdV (4)

V Ba S=const na:
SW'Max = -dU; W'max= -AU (5)

SbHA WYKWA DHEPrusi HM30XOP-U303HTPOIHUS TEPMOJMHAMUK TMOTEHUUATAUP. YOy
niapouTiapaa

SW'max = >0; dU<0 (6)
oynran xapa€unap y3-y3ugaan 6opaau. X IKUKUN MyBO3aHAT
U=min, dU=0, d?U>0 (7)
Jla Kapop TomaJiu.
p Ba S=const ga (4) nax:
SW'max = -dU-d (pV)=-d (U+pV)=-dH (8)
W'Max = -AH (9),
S’BHU DHTAJIBIH U300ap-U303HTPONUS TEPMOJAUHAMUK MOTSHIUATANDP.
SW'max >0 Ba dH<0 (10)
Oynran >xkapaéunap y3-y3ugan Oopaau. MyBo3aHat mapTu:
H = min éku dH=0, d2H>0 (11)

Kypu6 uwukwiran U Ba H ¢yHKuuAnapy KUMEBUI TepMOIMHAMHUKANA Kam
KYJUITAaHWJIAJ¥, YYHKH yJiap MOTEHIMan OYIUIIM YYyH Tanad KWIMHIAH [IapOUTIApHU
amanra omupu6 OVnmaiau. Kumésuii TepmoanHaMuka yuyH V=const sa T=const éxu
p=const Ba T=const Oynran ¢QyHKuuADap KaTTa axamusTra sra, 4YyHKH KUMEBUUN
Kapaéniap XyAau 1y HapaMeTpiJapHUHT TOMMUIINIUA Yy TKA3UJIaIu.

V=const Ba 7= const ga (4) TeHrnama Kyiugard KypuHULIHU OJIu:
SW'max = -dU+d(TS) =-d (U-TS) =-dF (12)
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Oy epna £=U-TS (13)
X,01aT (QYHKIUSICH, U30XOP-U30TEPMUK MOTEHILMAN, CHCTEMAaHUHT SPKHH JHEPTIHSICH
ne6 x,am atanagn. YmoOy HoM wiku sHeprusan U=F=+TS (13), kypuHHIIHIIa Xam
udonanami MYMKHHIUTHIAH KHUPUTWITAH: f-M30T€PMHUK paBUIIAa TYJIUX HINTA
allIaHTUPUII MyMKUH OYNTaH MUKH SHEPTUSIHUHT Oup xucmu; TS-6oF nanran sneprus,
y uIra aiinana onMaiiau. (12) naH:
df=dU-TdS-SdT (14)
Ba TepMmoauHamuka xonymmapumaan dU=TdS-pdV Oyaranu ydyH, ymlOy XuiiMaTHH
(1.223) ra xyiinb XUCXapTUPHIILIAPHU amalira OIIHpCak,
df =- SdT-pdV (15)
TEPMOJIUHAMUKAHUHT (yH/IaMEHTAJl TeHTJaMajiapuiad OMpUHUA KeJITUPUO Yynuxapamus.
(12) Tenrnamanan
AF = AU-TAS (16)
Ba SWwmx = -Af skanmru kenu6 unxaau. dF <0 Oyiranna sxapaéH y3-y3umaan 6opaau Ba
£ = min xuiiMarra >puIIranaa MyBo3aHat xapop Tonaau Ba df = 0, d27>0 6ynamu. p
= const Ba 7 = const ga (14) tenrmama xyiugarun KypuHUImHH onagu: SWwx = -
dU+d(TS)-d (pV) = -d(U-TS+pV) = -dG (17)
Oy epna
G = U-TS+pV (18)
Xosat GYHKIUACH, U300ap-u30TepMuK noteHimai. (18)uu quddepennuamiacak, dG =
dU-TdS-SdT+pdV+Vdp (19)
Ba TepMoauHamuka xoHyHmapuman dU=TdS-pdV xuiimataun (1.228) xyiiu6
XHCXapTHPHIIIApHHU aMaira ommpcak, dG =-SdT+Vdp (20)
TEPMOJMHAMHUKAHUHT siHa OMp (yHAaMEHTaJd TEHITIAMACHHU KENTHUPUO YMXapamus.
(28) renrnamana H = U+pV (21)
neb Oenruiacak, U300ap-U30TEPMUK MOTEHUIIAIHUHT SiHa OUp KYPUHULIUHU
G =H-TS (22)
BA YHHU Y3TrapuvIly y4yH
AG = AH-TAS (23)
TeHriaamanu ojamus. (17) tenrmamanan Wivagx=-AG skanauruau Ba dG<O0 ma xapalu
¥3-y3uman OOpUIIMHM XyJioca XWUIUII MYyMKHH. CHCTEMaHUHI MYBO3aHAT IIApTH
G=min; dG=0 Ba d°G>0 ra moc Kenaau.
da3zaBuii MyBO3aHATHUHI acocuii XoHyHu. Moananapausar 6up daszagan
VMKKUHYMCHTA Y3ap0 YTUIIM XaMJla KUMEBUN peaklusIap XaM Ky3aTUIUIIA MyMKUH
OyJraH reTeporeH cucremanap (pazaBuil MyBO3aHATHUHT aCOCUN XOHYHH OpXaJiH
udonanananu, 6y sca TepMOAMHAMHUKA HKKWHYN XOHYHUHUHT MyXUM
XyJUIaHUIUIapuAad Oupuaup. Yoy XxoHyH KynuH4a ['u60cHUHT (ha3anap xougacu
ned aTamaau.
dazanap XOMAaCHHU KEATHPUO YUXAPHUIIT YIYH MYBO3aHAT XOJIaTUIATH CUCTEMA
KOMITOHCHTJIapU COHMHHM K OmiaH, ¢a3anap coHrHU 3ca @ OunaH OenruiaiMus.
MyBo3aHaTaaru reTeporeH CUCTeMaHuHT Oapya (azanapuia xapopat Ba 6ocum
Oup Xui Ba Xxap Oup KOMIIOHEHTIAPHUHT KUMEBUH MOTEHIIMAITIAPHU Y3apo TeHT Oyiaau.
OHT copzia X0, SbHU IeTEPOreH CUCTEMaHUHT Xap Oup ¢azacura 6apya KOMIOHEHTIAP
Xe4 KaHJall HICTUCHOCH3 KUPaJUTraH X0J YUyH yl0y MyBO3aHaT MapTIapUHU
n($01aT0BUM TEHITIaMaJIapHU TY3UJIa/IH.
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(V.1) xatopyiap aiiHWil KaTtopjapAup, YyHKH OOCHM Ba Xapopar CHCTEMaHHHT
XOJIATUHU OCJITUIIOBYM MYCTaKWJI Y3rapyBUMIIap XHUCOOIaHAIH.

(V.2) kartopmap 3ca aiHuii KartopjapHu wudomanraMaiy, YyHKH OHWTTarnHa
KOMIIOHEHTHUHT Typiau (azanapaard KUMEBUN MOTEHIMAIM KOHIICHTpalusiap,
XapopaT Ba OOCHUMHMHI Typiau (QyHKUMsutapu Owinad udojanaHaau (macaiaH, CYIOK
¢dazagarn KOMIOHEHTHUHT KUMEBUH MOTEHIIMAIN aKTUBIIMK €KUM KOHIICHTpAIHs OuiaH
udponananca, ra3 (azamard KOMIIOHEHTHUHT KHMEBHM MOTEHLIUAIN OocuM EKu
dbyrutuBmuk O6winaH ndonanananau). Ymoly Katopiap acocua MyCTaKuJl TEHTJIaMasap
TY3UII MyMKHH.

Mabnymku, KUMEBUN MOTeHIMaN (akaT XxapopaT Ba OOCUMHHUHT (yHKIUSICH
smac, Oanku ypraHwigaérraH (¢aszaHd TalIKWI KWAJTyBUM Oapya  Mojjanap
KOHIICHTPAIUSUTAPUHUHT XaM (QYyHKIUSACUAND. YOy (YHKIMSHHHT XOCCACH yMyMHUH
X0J1/1a MabJIyM 3Mac, aMMo Oup (azasaH UKKMHYUCHUTA yTaéTranjaa Oupop KOMIOHEHT
KUMEBUM MOTEHUIMAIMHUHT TapKuO, XapopaT Ba 6ocumra 6ot nuknurunu udoaanoBuu
(GYHKIMUSHUHT KypUHHIIN y3rapaau Ae0 TabKuaIamuMu3 MyMkuH Ba (V.2) mard L, =
LI,; If = rA Ba OOLIKa TEHTJIUKIAPHUHT Xap OupH MycTakui TeHrnamanapaup. Kyhnga
kentupwiran xucodmap (V.2) TeHrnmukiap acocuga OyHIAl TEHIVIaMallapHU TY3WIII
y4yH NpPUHLIUONAT HMKOHHUAT MAaBXKYJUIMIUra acociaHrad. byHpaill TeHriamanap
CHUCTEMAaCHHUHT YMYMHI XOCCaJapuHU yprana 60pu0, XxoxjaraHda KOMIIOHEHTIapIaH
ubopar OyiraH MyBO3aHAT XOJaTUAArd cucremManap OyHCHHAAUIraH ailpuM yMYMH
KOHYHUSATIIAPHU TOTIHII MYMKHH.

(V.2) TeHrnmkiap Karopura acociaHuO TY3WITaH MYyCTaKWJ TEHIJIaMaiap
CHUCTEMACUHU XOCWJ KWJIYBYM TEHIJaMajap COHMHM Ba ymiOy TEHrjaMmajiap kaMmpad
OJIyBYM MYCTAKHJI Y3rapyBUMJIAPHUHT COHMHH XUCOOTaiMuU3.

(V.2) TeHrnukiIap CHCTEMacHHUHT Xap Oup karopu (@-1) Ta MycCTakuil
TEHIJIaMaJlap TY3WIITra WMKOH Oepanu. Ym0y Karopra KUPYBYM WKKHATAa KUMEBHI
NOTEHIIMAIHUHT TEHITUIMHA Hdogaraiuran xap KaHmai Ooiika TeHriaama (@-1) ta
TEHIJIaMaJIapHUHT KOMOMHALUSACUIAH OJIMHUIIM MYMKHUH, ITYHUHT YYyH Yy MYCTaKWII
TeHrjamMa Oyna onmaiiau. TeHrMKIap cucTeMacuaard Katopiap coHu K ta, mryHWHT
y4yH MYCTaKWJI TEHIJIaMaJJapHUHT YMYMHI COHU
k (®-1) (V.3) ra Tenr Oynazam.

Ymly TeHriamanap cucTeMacura KUpyBYM MYCTakKWJl Y3rapyBumjap Xapopar,
O00OCHMM Ba KOMIIOHEHTJIAPHUHI KOHILIEHTpauusiapuaup. Xap Oup dazama x Ta
KOMITOHEHT MaBXyJ, aMMO XapopaT Ba OOCUMHHUHI XOXJaraH KuiMatiapuHu Oepud
Ou3 UCTHCHOCU3 0apya KOMIIOHEHTIAPHUHT KOHIICHTPAIMUIAPUHY XOXJIaraHya TaHJIan
oJlaMU3, KOMIOHEHTJIapAaH OWPUHHUHT KOHIICHTPAIMSICH aHWK OWp KUWMaTHU KaOyn
KMIMIIM Kepak. ¥Y3apo TabCHUpJAlIMaiiiuraH OMp Hewa ra3iapHUHI apajaliMacHHH
Kypub ymkamui. bepunran xapopaTr Ba Oepwiran ymymui Oocumpja, OuUTTa rasuaH
Tamkapu, Oapua Ta3JapHUHI KOHILIEHTPALMSJIADUHUA XOXJIaraHya TaHiaa0 OJHIl
MyMKUH. OXUpryd Ta3HUHT KOHLIEHTpalMsIcH yMymMuil OocuM OuiaH KojraH Oapua
napuyan 6ocumiap WUCMHANWCH Opacujard aiupmara TeHT OynraH mapiuan Oocumra
aHUK MOC KEJUIIIN [IapT.

Cytok cuctemanap/a xaMm XyJJIM IIyHAail OUTTa KOMIIOHEHTaH Tallkapu 6apya
KOMIIOHEHTJIAPHUHT KOHLIEHTPALMAJAPUHU XOXJIaraHuya TaHJall MYMKHH, OXUPTHU
KOMITOHEHTHUHT KOHIIEHTPALMSICH 3Ca aHUK KUKWMATra 3ra 0ynaau.
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lynnait kuud, xap Oup (azamaru Mycrakui KOHIEHTpausiiapHuHr conn (K-
1) ra tenr 6ynamu, 6apuya @ (azamapaard MyCTaKHJ KOHICHTPAIMSUIAPDHUHT YMYMHUIA
CoHU 3ca D(k-1) HM TamKWI 3Tagd. TONMMITaH KOHIICHTPAIUSUIAPHUHT COHUJIAH
TallKapy, OOCHM Ba XapopaT XaM MycTakui y3rapypuwiapaup. [llyaunr yuyn (V.2)
TEHIVIMKJIApJaH OJIMHTaH TeHrjamajgap CUcTeMacd Kampald oJifaH MYCTaKuil
y3rapyBYMJIaPHUHT YMYMHU COHU

D(k-1)+2 (V.4)

ra TeHr Oymaju.

Arap MycTtakui y3rapyBuuiap coHM yinapHu OoFnabd TypyBum TeHriamamap
COHMIa TEHT OYyyica KyWHJIaruHu €3UUMU3 MyMKUH

K(D-1) = D(k-1)+2

VY xonpma xap Oup MyCTakwil y3rapyBud KaHJaWgup KaTbUil Oup KuHMMaTHU KaOyn
KWJ1aa4 Ba OyTyH CUCTEMa Xapopar, 00CHUM Ba KOMIIOHEHTJIap KOHIEHTPaLUsUIApUHUHT
Oapua dazanapaaru 6up1aH-0up MyMKHH OVJraH KuiiMaTiapuaa MaBxy 1 Oyiia oiajiu.

Arap TeHriamanap COHM MYCTakWJl y3rapyBUWIap COHHMJAaH KUYHMK OYica,
yinapHuHr ¢dapku ' ymlOy TeHrnamanap €ku (azanap coHuga XoxJaraH KAuWMaTiIapHU
Oepulll MyMKUH OViraH y3rapyBUMJIQPHUHI COHMHM KypcaTaJu, YyHKU TEHrjamasap
coHuHU (pazanap COHM OeNruIanIu:

= ®O(k-1)+2-x(D-1) (V.5)
(V.5) TeHriama y3rapTupunuiapaH CyHT KyWnaaru
F+®=k+2 (V.6)

KYpUHHUIIHU oJjiaju. 1876 iuina ['nb06c ToMoHuIaH Takiu(] KWIMHTaH yii0y TeHriama
dazanap kongacunu udoaananu.

Arap cHCTEMaHMHI MaBXY[UIMK LIapouTiapu OocUM Ba XapopatiaplaH
TalIKapu sHa KaHAaWaup y3rapyBYaH MHTEHCUBIMK (pakTopiapu OwiaH OenruiaHca,
MacajaH 3JIeKTp MOTEHIMAIH OWIaH, Y XO0JJIa MyCTaKWI Y3rapyBUMIap COHU KyMHasiau.
Arap, akCHHYa, CUCTEMaHUHT XOJIaT MapaMmeTpiapujiaH aupumiiapu JTOUMHUN KUITUO
y1uiad TypuiiCca, yHJIA MYCTaKHUI y3rapyBuuiap COHU KaMasiJIu.
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yHUHT yuyyH YMYyMH X012 TalKu (paKTOPIAPHUHT COHMHH N OuaH Oenrunad,
['u66cHuHT (azanap KOUAACUHU KyHUAaru

F+®=k+n (V.7)
TeHrjamMa OusaH udoagaHaIm.

Kananeiipon-Knay3uyc Tenriiamacu. To3a MoJITaHMHT UKKHUTA (hazacu
MyBoO3aHatja Oyica, ymoy 7 Ba p Aa yJIapHUHT KUMEBUN MOTEHIMAILIIAPU OUP XU
oynmamu. Arap y3rapmac p na 1 Hu y3raptupuiica €ku y3rapmac 7' 1a p HU
Y3raptupuica dazanapaad oupu Wykonaau. JIekuH, Oup BaKTHUHT y3uja 1 HU XaM p
HU XaM IIyHAal y3rapTupcakku, OyHa ukKaia ¢pa3aHuHT KUMEBUN MOTEHIIMAIIAPU
Ooup xua 6ynub KoJjica, CHCTeMa/ia aBBAITHEK UKKUTA (ha3a cakiianub koyiaau. bynmait
dp/dT 6ot nanwm yuyn tenrnamanu Kianelipon kentupu6 unkapras. Kiaysuyc aca,
Knaneiiponnusr Tenrinamacunu 0yt nanum Ba cyOnmMaTiaHuI yayH
COJUTAAIITUPHUII HyJTMHU Kypcatan, OyHna y OyF nmean ra3 koHyHura OyricyHaau,
7e0 TaXMUH KWJIIM Ba CYIOKIIMKHUHT MOJISIP XaXKMHU X 5.0« OyFHUKMIAH Veyr )Kyna
KUYMK OYJIraHauru cababiu yHu XyucoOra ofiMaca Oyiaau, nerad puKpaH Keiauo
YUK]IH.

Kaiitap sxapaénnap yuyn dG = -SAT+Vdp Ba dGp,m = (ZpidnJpj TeHrIaManapaan
1 monw T03a Mmojnanunr (N = 1 na, dGi = dpi) 1- Ba 2-azanapu yuyH ['u00c sHeprusicu
ypHHUra KUMEBUN MOTEHIIMAIHU E3UIIUMHU3 MyMKHH:

dp® = - SO dT + V@ dp dp®@ =- 5@ dT + V@ dp

(V.8)
MyBo3aHat xonataa dasanap opacuzaa dp®= dp® mapr 6axapunau
Ba (V.8) TeHrTaMalapHUHT YHT TOMOHJIApU XaM ¥y3apo TeHT O0ynaau. Mabiym
As d
=07 (V.9)

AV
y3rapTUpUnuIapJaH CyHI MyBO3aHaTIaru ¢gasainap yuyyH Kyluaaru
TEHTIJIaMaHM ojlaMu3, Oy epaa AS = S@ - SO 7 AV =v®@ -y®
Kaitrap nzorepmuk xapacHiap yuyH TEpMOAMHAMUKAHUHT 2-KOHYHHIaH AS
= AHpymu/T, 6y epna AHpymuu - HpazaBuii yTUII UCCUKIHTH, T - a3aBUil yTHII

d
&AM (V.10)

-mAw

xapopatu. AS aHuar kuiimatuau (V.9) ra kyicak,

(V.11)
TV6yr
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udonanu onamus. by Tenrmama Knanedpon TeHrnamacu nedunaau Ba (aszanap
opacujardi  MyBO3aHaTHU HU(OJAJOBYM  TEHIVIAMAHMHI AHUK  KypPUHHIIUHU
udonanaigu. CylOKIMKHUHT MOJISIp Xa)XKMU OyFHUKHUIAaH Ky/1a KHYUK YKaHITUTHHH (

V eyiok<< V 6yr) Xucobra om0, (V.10) Tenrmamamara AV = Veyr- ypox YPHHTA AV « Veyr
ne0 ojcak Ba V 4. YPHHMra Hcal ra3 xojaT TeHrjaamacuparn RT/p HEM Kyiicak,

KyHUJaruiapHu KeITUPUO YMKapaMu3:

QQ AH b. ymuw AH oyan l_p
dT RT?
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dp AHbyen dlnp AH6yeﬂ

y =dinp S‘vl'dT (V.12) ékmn = -;_?- (V.13)

(V.13) rtenrmama KianefipoH TEHIIAMACHHUHT TaKpUOWH KypHUHHIIKA OYIHO,
Knaneiipon-Knay3uyc TeHrnamacu aerunaam.

(V.13) tenrnamanu (V.12) npan kentupub uyukapumiga OyFHM KpuTHK
HYKTaJiaH, TbHU Ta3 X0JIaTUIaH Y30K/a 1e0 OJMHTaH.

(V.13) Ttenrnamaman OyfnanHuin HCCHUKIMIH ydyH Ky#dumard ©QogaHu
KEATUPUO YNKapaMu3:

A Héyen = RT? ddTp (V14)

(V.14) rTtenrmama xam Kianeiipon-Kiay3uyc  TeHrnamMacHMHUHT — TaKpuOWid
KYPUHUIIHIUD.

byFnanum wccukmuruauar 7 ra Oobmukmurun Mabiym Oynca, (V.12) Hu
uHTerpajiam MymMkuH (Oynzna AHgym. HE CONSt 1e6 onamus):

J dinp-AH» J T-2dT (V.15)
(V.15) TeHrTaMaHUHT YHT TOMOHHUJIArd HHTETrpasl ocTHaaru ndoaa Juvar = - —iera
T
TEHT OYJraHu y4yH:
AH
inp - _ e g oyen.
RT (V.16)

(V.16) TeHrmamagaru HaTypa Jorapu(MHH YHIIN JJorapu(hM KypPHHHIIUTA YTKA3CaK:

p = g + ¢,

2,303RT (V.17)
Oy epna C Ba C' uHTErpajuiail JOUMUKCH.
(V.17) uu kyiinparn KypuHumia é3cak Oymanm: 'gp =" A "B
(V.18)

Oy epma 4=2303rRBa B = C".

(V.18) TeHriiama TYFpuU YU3WK TEHIrJIamacumup, nemak lgp wuer [//T nan
ooF nuknuru ynsuknm Oynaau.

XapopaTHUHI KEHI OpaJucHaa YW3UKIuM OofnanHumjan dernaHunuiap
KYy3aTUiIaay, YyHKH alpuM TaxMUHJIap (TEHIVIAMaHW 4YMKapaéTraHia KWJUHTaH) V3
KyunHu Wykoramu. Igp = &(1/T) unsukimu GoFnanuminarn OypyakHUHT TaHTEHCH tga
= J[He6y2./2,303K ra Ba opauHaTa yYKu OwiaH kecuiuraH Hykta C' ra TeHT OYymaau.
bynnan 6yFnannm uccuxnuru yuyn AHg " = tga -2,303R teHriiamanu onamus.

Kynunua p1 nan p2 raya Ba 71 man 72 rada MHTETpauiaraHia XoCcwi OyiraH
TeHrnamaznan ¢oinananum Kynaiaup. (V.12) Hu HHTETpayUTAlMU3:
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p2 T2
Allger ¢ T2dT AHbyzn 1 (—)
dinp

T2 T1
D1
1 AH 6yen (T2 Ti) 2303R e 1gp2/pieTi*T2
gp2_ [4) 2°Ti (V21) A H by (V22)
T2 -Ti
—--R \J Td (V.19) I py-np1 = R—
T1

Ymby tenrnama Oyiinua OyFnanuim €ku cyOIMMaTIaHUII UCCUKIMTUHU XucoOjaca
oyaanu. Mossip 6yFrnanum uccuknuruan Tonum yuyH (V.22) ndogaHu MOAIaHUHT

A 2,303R 19 p2 /pi« Ti+ Tp (V.23)

Avon —

MOJIEKYJISIp Maccacura 0yiauo ro0opuiiaiu:
Kmaneipon-Knay3nyc TeHrnamMacMHM KOHIEHCHUpPJIAHTaH CUCTEMaJIapJaru
¢azaBuii ytunuiapra xam Kyswiam MyMkuH. Cyroknanum sxkapaéu yuyH (V.10)

TCHIJIAMAHU KyWHIard KypUHHIIA €310 OTaMu3:
daT  TAV
dp  AH (V.24)

CYIOKIL.
Oy epna: dT/dp - GocuMHHUHT Oup OMpIHMKKA Y3rapuIinaa CYIOKIAHHII XapOpaTHUHHHT
Yarapumu; 7T - cyroknanuil xapopath, K; JHywo . - cytokiianuiin uccukiuru; AV = Vc-
V — KaTTUK XOJaT/AaH CYyIOK X0JaTra yTHII )KapaCHUIaru Xakm Y3rapuiiy.

dT/dp xocHIacCHHUHT UIIOPACH CYFOKJIAHUIII KapaéHUIa XaKM Y3rapUIIuHHHT
uiopacura 6ofFnuk 6ymamu. Arap V>V Ba AV>0 6ynca, dT/dp>0 6ynamu, sisbHu
CYIOKJIAaHUIII >KapaéHu/a CyroK (a3aHUHT XaKMH KaTTUK (pa3aHUKHIaH KaTTa Oyica
O0ocuM opTuIM OWiIaH CyrokiIaHuin xapopatu optaau. Arap AV<O 6ynca Gocum
OopTUIM OWJiaH CyroKJIaHuil xapopaTu nacasgu. CyB, BUCMYT Ba OoIlKa alpum
MoJanapruHa OyHaai xoccalapHu HaMOEH KHUJIAIH.

Konnencupnanran ¢asaiapaaru  y3apo yTUII XapOpaTHHUHT OocuMmra
HucOaTaH Kyducu3 OoF nuknuruau xucoOra onub Kyiuaaru

dTAAT TAV
o V.25
dp Ap A (V.25)

TEHIVIAMaHW E3UIIMMH3 MYMKHUH. YOy
TEHIJIAMaJlaH CYHOKJIAHUII UCCUKIINTA aHUKIJIAHAIN.

Ha3zopar caBoJsiapu:
I'Kniitmac sxapa€H SHTPONUSICHHUHT Y3TapUIi OWIaH UCCUKIUK OpacUIaru
MaTeMaTHK MyHOCAa0aTHU E3WHT.

2. 3'73—}”/31/1)1aH OOpyBUM JKapaéHiap/ia: WYKA SHEPIrHsl Ba XaXKM y3rapmac
oynranma, ’HTponus KaHaall Yysrapaau? bocum Ba xapopar y3rapmac Oyiranza,
['u606¢ sHeprusicu kanaau yrapaau?

3. buTra MOQaHWHr yuyTa arperar XoJyaTiapAard MOJSIp SHTPOIUSIAPU
KaH/aii MyHocabata 6ynaau: ras, cyrok, kartuk. K,aiicu Oupu karra?
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4. bepunran TepMOAMHAMUK cUcTeMaHuHr [HOOC »sHeprusicu Owunan
['enpMrospl; SHEprusick opacujaa KaHmad MyHocabat Oop? VYHHHT MaTeMaTHK
u(po1acuHu E3UHT.

5. Kjannmait xommapga TepMOAMHAMUK  (QYHKIUSUIAP — TEPMOJUHAMHK
TNOTEHIMAIUTIAPHAHT Xoccajapura sra Oymamgu? Ysrapmac GocuMM Ba Xapopatia
KUMEBUM peaKIUSHUHT MakcuMall (poijanu Ui HuMa xucobura Oaxxapuiaam?

6. KuméBuit peakius ['m60c SHEPTUSACHHUHT Y3rapHIlM Xapoparra KaHjan
ooFuk? )KaBoOuHTH3HM acociiab OepuHT.

7. T'ubOc »HEpruscCUHUHT ¥y3rapMac XapopaTna ((akar KeHraluin HIITH
Ooaxxapwica) 6ocumra 0ot mukauruHu udoaaNoBUM TEHriIaMaHuHT AuddepeHian
KYPUHUIIUHYU E3UHT. ['eIbMIoNbll SHEPTUICH y3rapMac XapopaTAa Xakmra KaHjan
ooFnuk (pakar kenraituin unm 6axapuiica)?

8. V3-y3uman GOpyBUM JKApASHHMHI HYHATMIOM XaKWAAa SHTPOIHS
V3rapvIIMHUHT HIIOpacu Oyinya (UKp IOPUTUIN Y4YyH CHUCTEMAHHMHI Kalch
napameTpJIiapuHu y3rapMac KWiM0 Typuil kepak?

Q. da3a, KOMIOHEHT, KOMIIOHCHTJIAp COHH, JPKHUHIIUK Japakacw,
MYCTaKWJI TTapaMeTpiiap TyITyHYaJIapH.

10. dazanap KOMJACHHHU E3WHT Ba YHU TypJU CHUCTEMajiapra Taa0ouK
KUJIUHT.

11. Knanetipon-Knay3uyc TeHrinmaMacuHu TYITyHTUPHUHT.

12. CytroknukHuHT Tyhiunaran 0ytu ne6 numara aittunanu?

13. MyBo3aHaT XoOJIaTHJla CYIOK Ba KaTTUK (ha3ajiapHu TyTraH Oup

KOMIIOHEHTJIM CHCTEMaHWHI TEPMOJIWHAMHUK HSPKUHIIHMK Japakajiapu COHU
Heyara TeHr?

14. bup KOMIOHEHTIIM CHCTEMaHWHI XOJIaT JuarpaMMacHIard
y4JaM4H HyKTa HUMa?
15. 26,6-103 /1a 6ocuM ocThaa MUKIOTEKCAH Ba dTHJAICTAT OMp XU

xapoparna kadHaiian. Huma ydyH Hopman Oocumia UMKJIOT€KCAHHUHT
KaliHam xapopary >tuianerataukuaan 3,6 °C roxopu?

16. @dazaBuii MyBO3aHATHUHT YMYMUW TEPMOJUHAMUK IIAPTU KaHIAM?

17. Kartuk xucm yctunaru tyiiuarad 0yt 6ocumu xapopatra KaHman
o0of nmanran?

18. bepunran xapopatrna cCyoxImKHUHT OyFmanwm uccukiuruau

rpaduk Epmamuaa xucooOmam kKepak. ['padukHM TY3WHr Ba XucoOmarl
dbopmynacuHu E3UHT.

19. bup  KOMIOHEHTIIM  CHCTEMAaHMHI  yWwIaM4d  HYKTacHJa
TEPMOJIMHAMUK 3PKUHIIMK JapakaJapuHUHT COHU Hevyara TeHI?
20. Tamku 60cuM y3rapTUpUITraHia CyIOKIMKHUHT KallHAIl XapopaTu

y3rapaau. bylnaHuin MCCHKIMIMHMHT KaiHaII XapopaTtura 0ol mukiurunu
Kaiicu TeHriama ounan udoaaia MyMKUH Ba HUMA YYyH?

21. CyBHUHT 0J/Inii Ba IOKOpU OOCUMIIApAAry XOJIaT TuarpaMmmaapu.
22. buprHun Ba MKKMHYH TYp (ha3aBUil yTUIILIAPHH TYUIYHTHPHHT.
23. OpeHdecT TeHTIaMaJapyuHu TYUTYHTUPHHT.

24, Ontunryrypt Ba GocHOpHHUHT XONaT JUarpaMmmanap.
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25. OU3MK-KUMEBUHN aHAJIN3 BA TEPMUK AHAIU3 TYLIYHUYAIAPH.

26. CoBuIll AMarpaMMacHHU TYIIYHTUPHHT.

27, MoHoTpon Ba 3HAHTHOTPOII (pa3zaBuil yTUILIAP KaHJal Oynaaun?

28. KonHo1a yn3nHu, KpUCTAIIAHUII WY TYITyHYaIapH.

29. W KKy KOMIOHEHTJIM CUCTEMAJIAPHUHT X0JIaT AUarpaMMacH.

30. Cylok XxojaTaa 4YeKCU3 HpUHIUTraH Ba KaTTUK HPUTMA XOCHII
KWJIMaiIurad MKKM KOMIIOHEHT/IM CUCTEMaHUHT X0JaT JuarpaMmacH.

31. WHKOHTPY3HT CYIOKJIIaHyBUM KHUMEBMW OWpPUKMa TYTraH WKKU
KOMIIOHEHTJIM CUCTEMAJIAPHUHT X,0J1aT AUarpaMMACH.

32. OBTEKTHK, IEPUTEKTUK, CUHTYJISIP Ba TUCTEKTUK HYKTauap.

33. JIukBUIyC Ba COMUAYC YM3UKIAPUHUHT MabHOCH KaH Al ?

34. Kartuk Ba CyroKk Xosarimapia YEKCU3 DJpUMAWIaH  HUKKHU
KOMITOHEHTJIM CUCTeMaap.

35. [leputekTnk HyKTa OWJIaH O3BTEKTHK HYKTa oOpacuja KaHmau
dapkiiap 60p?

36. VY4 kxoMnoHeHT)IM cucTemManap. Pozedym Ba ['mub6C ycymnapu.

37. OPKUHIIHK JAapakacyd Ba CUCTEMAHUHT BapUAHTINTY TYLIyHYAIapH.

38. Karruk spurmanap. Yekin Ba 4ekcu3 3pyBUAHJIMKKA 3ra Oyiaran
KaTTUK SpUTMAJIM cCUCTEMAap.

39. bup kommoHeHTNIM cucTeMalapja TeTEeporeH MyBO3aHaTJIapHU
udoaa- TOBYM TEHIIIaMaHU KENTUPHUO YMKAPUHT.

40. Knanetipon-Knaysmyc TeHrnamMacMHUHT aHUK, TakpuOuii Ba
UHTErpaJl KypUHUIIUTApUHU E3UHT.

41. KOHrpysHT paBuilfja CYIOKJIaHyBYM KUMEBUM OHMpUKMa TyTraH
MKKH KOMITOHEHTJIM CUCTEeMAJIAPHUHT XOJIaT AUArPaMMACUHU TYITyHTUPHUHT.

42. WKk KOMIIOHEHTIIM CHCTEMAIApAa yuypauaurad XojaaT Juarpammas-
JAPUHUHT TypJapUHU KyPCATHHT.

43. [Tonumopd yTUILIIApHU TYUTYHTUPHUHT.

44, Enka xonpacuHu TyIIyHTHPHHT.

45. OBTEKTUK HYKTaJM Ba HJBTEKTUK HYyKTara ira OyiaMaraH HWKKHU

KOMIIOHCHTIJIN CUCTCMAJIAPHUHI XO0JiaT JuarpamMmaliapiu.
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AMAJIUA MAIIFYJOTJIAP MABMYHU

1-AMAJIUA MAIIFYJIOT. SPUTMAJIAP
TEPMOANHAMUKACH

PEXA:

OpuTMaapHi TEPMOJUHAMMK HYKTau Ha3apAaH TacHUQIIALL;
[Tonumep SpUTMANIAPHUHT Y3UTa XOC dPUII MEXAHU3MU;
[Tonumep spUTMaIApHUHT Ha3apUsIIapH;
I'ecc Ba  Kupxropd  xonynmapuman  ¢oiinamanu®  KUMEBHI
pEeaKLMSUTAPHUHT UCCUKIUK 3()PEKTUHN aHUKIIALLL;

10.KuméBnit peakumsiap Ba (U3NK-KUMEBUN KapaHIAPHUHT HCCUKIIUK

s dexTnapruHn ynyani.

T ommumpuxaap:

- KyllM Ba IOKOpPH MOJIEKYJSIp MOJJanap SpUTMAJIapUHUHT Y3WUra Xoc
TOMOHJIAPUHU KYpPCATHIIL;

- HOJIUMEP FPUTMATIAPUHUHT XOCHUJT OYIIHII MEXaHU3MUHU ypPraHUII

- SPUTMAHUHT UCCUKJIMK CUCUMUHU aHUKJIAII;

TY3HUHT MHTETPaJ 3pUII HCCUKIUTMHHA aHUKJIALLL;

CYBCHU3 TY3 Ba CYBJAaH KPHUCTAJUIOTUIPATHUHI XOCHJI OYJIMILI MCCUKIUTHUHU
aHUKJIAII,

- KYWIM KHMCJIOTAaHUHI COJIMINTHPMA Ba TYJMK HEHUTpaJUIAHWUII WCCUKJIMIHUHU
aHUKJIaI;

- TY3HUHT CYBJA 3PUII UCCUKIMKIAPUHUHT U30TEPMACUHU TY3HIII,

- ANEKTPOIUTHUHT TUAPATIAHUII UCCUKIUTMHU aHUKJIAI,

- OXUPTH SPUII UCCUKIUTUHUA aHUKJIALLL;

- TypJd M KOHILEHTpauusjapAa Mapuyail MOJISIp SpHII HWCCUKIUKIAPUHU
TOMUILI,

- OpaJIMK MCCUKIIMKIJIAP ACOCHU/IA MHTETPAJT SPUILI UCCUKIINTUHU aHUKJIAIT;

- Cp=r(M) Ynu3MaHu TY3HIIL
Xnacobaam popmyJiaiapu:

© oo ~No

Ck="Cp,i gi (1),
Cx - KUJIOPUMETPHUK CUCTEMAHUHT HCCUKJIUK CUCUMU;
Cpi_KaJopuUMeTp KUCMJIAPUHUHT COJIMIITUPMA UCCUKIIMK COTUMIIAPH; Qi -
KaJIOpUMETP KUCMIIApUHUHT Maccajapu.

A HepMmZCKA TM/g (2),

A Hepuun— MOJJaHUHT UHTETPAJ SPUILL UCCUKIIUTH;
A T - OonutaeTry Ba SIKYHUU JaBpiapaaru bekman repMomeTpu
KypCaTKUYWIApUHUHT (apKu;
M - MOAIAaHUHT MOJIEKYJISIp Maccacu;
0 - OJIMHI'aH MOJJAHUHT Maccacu.

Ay Ay A

TUIP. cyBeus KPUCT.TUAP.

@),

A Hipyyp - KpUCTAIIOTUAPAT XOCHIT OYIIUIL UCCUKIIUTH;
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A Heysens — KypyK TY3HUHT 3PUII UCCUKIIUTY;
A Hipuer.runp - KpUCTAIDIOTUIPATHUHT SPUIT UCCUKIIUTH.

A JAT0Y) o uul- (4)’

A 11¢.| - KHCIIOTaHU UIIKOP OMIJIaH HEUTpaIIall COTUIITUPMA UCCUKITUTH;
A Hx=Cx A T - KHCIIOTaHUHT UILIKOP OUJIaH apaslalliuil UCCUKIUK 3 PeKTH;

A Heyonr - KUCIOTAHU CYB OWJIaH CYIONTHUPHUIN UCCHKIHMIH; Gw - KHCIOTAHHHT
MaccCacCuH.
100 .
A Hv= A h™ ¢ =" 8xn A Hy = ARk Aol (5),
P Viisl. Misl.

Muucn. - KUCTIOTAaHUHT MOJISIP MacCacH;

P - KHCIIOTaHUHT MPOLEHT KOHIIEHTPALIUSICH;
Vraai. - KHCIIOTAaHUHT KaKMH;

Txuen. - KUCJTIOTAHUHT MOJIAP KOHLIEHTPALUSCH.
NiHuHr 0akapuanu:

1. KajopumeTpuk CHCTEeMAHMHI HCCHKJIMK CUFUMUHU aHUKJIaII

KamopuMeTprK CUCTEMaHUHT UCCUKIIMK CUTUMUHU KAIOPUMETPUK CYIOKIIMK Ba Y
OWwiaH TyTallraH KaJOPUMETPHUHI Oapya KUCMiIapu (CTakaH, apajalliTUpIrud,
TepMOMETp, Monaja) uuruHaucu cudaruga (1) TeHrnmamagaH KucoOJlaHAIW.
TepMOMETPHUHT UCCUKIMK CUTMMU YHUHT KaJOPUMETPHUK CYIOKIMKKA TYHIMPUIITaH
KHCMHM JrajjlaraH Ka)XMHU IIHMIIA Ba CHMOOHMHI ypTada KaKMHU HCCUKIIUK
COTUMUIa KymaTupuin opkaiu kucoOmanagu: 1,925 XK/cm”K. TepmomeTpHUHT
CYIOKJIMKKa OOTHpWITaH KaXKMUHHM YJIYOB CWIMHIApPUZA aHUKIA0 OJMHAJU.
Kymrannnaérran  MaTepUajUIapHUHT  COJMUITHPMA  HMCCUKIMK — COTUMIJIAPUHH
JAPCIIMKIAH KapaHr.

2. DBeKMaHHMHI METACTATHK TEPMOMETPHIA CHMOO CATKUHHM YPHATHII
bekMaHHUHI METACTaTHUK TEPMOMETPUHHUHI OAJIUN TepMOMETpAaH (apku
IIYHJIAK{, YHUHT KalWUISIpU IOKOPU KUCMHUZArd CHUMOO YyYyH MyJDKaJJIaHTaH
KyllMM4Ya pe3epByap OwiaH yiaHraHn Oyiaau. YmoOy MociiamMa TEepPMOMETPHUHT
NAaCTKM KUCMHUJArd CUMOOHMHI MUKIOPUHHM V3rapTHpUINTra Ba Kanmwusipaa
CUMOOHMHI Ou3ra Kepak OYJAraH CaTKMHU YpHATHIIra WMKOHHUAT Oepaiu.
TepMoMeTpHUHT IIKanacu ojatga S5-6 rpagycra OYiMHraH Ba Kap OWUp KHYHK
oynaxuanap 0,01 rpagycuu Tamkun kwiagu. UlyHunr yuyH aynagad ¢oiinaaanuo
ymyanutapan - 0,002-0,003  rpagyc aHMKIMKIA YTKAa3uIl MYyMKHH. bekmaH
TEPMOMETPUHU KAJIOPUMETPUK CYIOKJIMKKA OOTHUpUITaHJa CUMOOHUHI CAaTKH
HIKAJIAHUHT ypTa KUCMUAA OVIMIIMHY TabMUHJIAWIUraH KWinb co3naHanu. Arap y
MIKAJTAaHUHT MAacTKM KUCMHUAAa EKM IIKajaJaH [acTAa TyXxTabd KoJica, HOKOpU

pe3epByap/aH MacTKU acOCUi pe3epByapra KylmrMya CUMOO yTKa3HIadH.
3. AT Hu aHMKJIAIT

Kanopumerp noumniicu C, HM aHUKJIaraHaH, bekMaH TEpMOMETPUHU CO3JIaraH1aH
Ba KAJIOPUMETPUK KypHJIMAaHU HOTraHIaH KeiinH 0eBocuta A T HU aHUKJIAIITa
ytunanu. Taxkpruba BakTHIa TalTku KOOWK OWJIaH MCCUKIIUK aTMaITnHUIIIN,
IIYHUHTIEK apallaliTHPUII HATHKACHIa UCUIIIN KUCOOUTa 48



KaJIOpUMETPUK CUCTEMAHUHT TeMIeparypacu y3rapranu tydaiinu, A T HUHT XaKUKAN
kuiiMat  ynuanran A T man  dapk  kunaau. HVccHKIMK — alMallMHUAIIUIATA

yarapuniuiapau T=£(m) O6oFnuknukHaun ypranu® Ty3aTMa KUPUTHII OpKaJld XHcoOra
osmHaaM (pacMmra kapasr). bapua taxxpuba 3ta gaBpra OynuHaau: nactiadku (kamuaa
5 MuHyT), acocuii (kapaén Te3nurura 0ot uk ) Ba skyHuii (kamuga S MunyT). T=£(m)
oof nmuknukau Ty3um yuyyn xap 30cek ga TEpMOMETPHUHI KypcaTKuuiapu &3m0
oopunamu. Ipapux 1-2mm  0,01°C ra Moc kenran MacmTabia uYM3HIALH
(Temneparypaiiap ykuaa y3wiuil Kuiauin MymMkuH). A T Hu rpaduk épaamuaa OyHuan
aHUKJIAIl MCCUKJIMK aJIMAIMHUIIKAA WYyKOTUITaH Ba apalalliTUPUIN HaTHXacuaa
KaOVyJ1 KWIMHTaH UCCUKIIMKHUHT KUMMATUHU XUCOOTa OJIMIITa UMKOH Oepajiu.
4. TY3HMHI CyBJa MHTErpasl IPUII UCCUKIUTHHHA yTYaLl

Crakanra 500My AMCTWIJIAHTaH CyB KyHuiaad. Ammynara ST maiijajgaHran
KYpyK Ty3 COJIMHAIu. AMITyJIaHH KaJOPUMETPUK CYIOKIMKHUHI HYUra OOTUpHUO
MaxkamiaHaay, 10-15muH TepmocTaTinanagu, CyHrpa TeMIeparypa KypcaTKH4JapuHu
€310 Oopunaau(nactinadky JaBp). YH OMpUHUYM KypCcaTKHY/a aMIlyjla CUHAUPUIIAIN Ba
SpUTMaZaH oiub Kyiwnanu, mry cabadbmu (1) tenrnmamagan C, HU XHcoOmaérranaa
VHUHT HCCHKJIMK CUTMMU Xxucobra omuamaiinn. apaéununr A T kwuiimaTu
AHUKJIAHTaHJAAaH KEMWH MHTErpajl SpUILI UCCUKIUTHU (2) TEeHIJIaMaaaH xucoOiaaHaau. A
Hepum MCCUKITMTMHM yuTa yIYAIIHUHT ypTadacu cudaruna onuHaau Ba JK/mon napnaa
udoaanaHIu.

5. KpucrannoruaparjiapHUHI X0CWJI 0y UCCUKJIUTMHM Y T4all

CyBcu3 TY3HMHI Ba KPUCTAJUIOTHAPATHUHI HMHTETPAJ SPHUII HCCUKIUKIAPH
ymuaHaau Ba ['ecc koHyHM O¥iinua (3) TeHriamagaH KpHUCTAJUIOTHUIAPATHUHT XOCHII
Oymum wuccukiauru xucoOnananu. CyBcu3 TY3 Ba KPUCTAJUIOTHApATIAp XOCHII
OynaéTrad 3puTMaTapHUHT KOHCEHTPATCHUIApU OUp XHJI OVIMIIMHYA TabMHUHIIAWUTaH
Mukaopaapaa onuHaau. CyBcu3 TY3 cosivHrad ammyidaHuHr OF3uHu TUkuH OunaH
OepKUTHO KyHHIII KepaK (XaBOHUHT HAMUHH Y3UTa FOTMACIIHUIY YUYH).

6. HeiiTpanjaHuIl HCCHKIUTMHH YI4all

Xap KaHjgal kywid Oup acociad 1 MOJI KHCIOTaHUHI KywId acocjap OujiaH
HEUTpaJUIAaHUII PEAKCHUSICH CYIONTUPHWITaH CYBIM 3pUTMaiapia Aespiud Oup Xuil
ak30TepMUK dPdekT Ounman O6opanu: 298 K nma ~55,900 xK/mon. YmlOy HCCUKIHK
s dexTu ruapaTIaHrad BOAOPO] Ba THAPOKCUI UOHJAPHUIAH CYIOK CYB XOCHJI OYIuUII
peakcHsiCura Moc Kejaau:

H. + OH:, "H20(c)+55,9xK/mom.
Kucnoranunr umkop Ounad conumrupMa A Xeoq (1T aputmacu yuyH) Ba moisip A Hy,
(KUCIIOTaHUHT 1MOJM y4yH) HEUTpaJlJIaHUII UCCUKIMKIapu (4) Ba (5) TeHrnamanapaaH
aHWKJIAHATH.

Kanopumerpuk crakanra NeOH nunr 0,2% mu (0,1H mu) spurmacugan 500cm®
kydunaau. bym Ba tynaupunran crakaniapau 0,lr aHUKIMKAA TOPTUO YJIApHUHT
dapkugaH HIIKOp HSPUTMACUHUHI Maccacd aHUKIaHaau. TepMmocTariaraHiaH Ba
OOMNKKINTUY JIaBpUJard TemIieparypajiap aHUKJIaHTaHJaH CYHI, WIIKOp 3pUTMacura
onpueAad TymmpuO Kyimiran 10cm® 10% mu (éxu 5,0H mm) H,SO, HuHr spurMacu
COJIMHTaH ammyJia CUHAMPUIAIU. DPUTMAHM apajalliTUpUO TypraH XoJja acocui
JaBpAard Temieparypa Vyirapunuiapu €3u0 Oopuinanu. TemmepaTypa y3rapuiiapu
TyXTaraHjaH KeWMMH xaMm, SKyHMH JaBpHUHI HyXTajJapyMHM aHUXJIAIl Maxcajauia,
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ymuanuiap gaBom strupwianu. Cynrpa A T uunr xuiimatn T=£(m) rpaduknan
aHWXJIaHaTU (pacMra XapaHr) Ba skapaéHHUHT UCCUXJUK 3 dexktn A Hx xucoOmanamm.

Kucnora sputmacviHM MIIXOp JPUTMACUTA XYWIaHJAard YMyMHMM HCCHXJIMKKA
HEWTpaJUIAaHUII UCCUXJIMTUAAH TAIIXapU KUCIOTaHU HILIXOP/a CYKOJITUPHUILI HCCUXIIUTU
XaM Kupaau (MIIXOp DJPUTMACHHUHI XaXMU KaTTa OYyJIraHiaurua cababmum daxar
KUCJIOTAaHUHT CYIOJITUPUII UCCUXJIUTUHUA XUCOOTa ojlaMu3). KUCIOTaHUHT CYIONITUPUII
uccuxyiira A Heyion HU 10cm® 5,0 H mu kucnoranu 500 cm®
JUCTWIUIAHTaH CyBra (MIIXOp 3pUTMacura sMac!) XyuraHgard UCCUXJuK 3¢h(eKTHHU
ymuab Ttomamu3. Cyndar KUCIOTAHUHT CYIONTHUPHUII HCCUXJUTH XaM 3K30TE€PMUK
Oynrannuru cabaliay, YHUHT XUAMaTHHM YMyMHH HeWTpamnaHum uccuxyuru A Hy
JaH ailupuO TanuiaHaau.

OnuHran HaTWXanap *aJaBajira TyIIHPUIaIq.

1-skanBan
KajiopumeTpuKk cCMCTEeMaHMHT HCCUXJIMK CUFUMUHU Xuco0J1am
Cucrema nucmiiapu T, Cx
I'paMM | Conumtapma, | YMyMHid,
AK/r*K K/K

CTAKAH. ...ttt
APATAIITUPUTHY ....eveeneveenrieseeeeneessee e ssneessessnneesnessneenseens
Kanopumetpuk cyroxmnuk (cyB €ku 0,1 H au umrxop)
Moana Muxiopu €k S H Jn KUCTTOTaHUHT XaXMHU . .

bekmaH TepMOMETPHHHHT CYIOXJIMKKA OOTraH XUCMUHUHT

KAIKME L. .t eeeeeteeanteesseeeneeesseeenbeesseeebeessbeebeesnseesneeanbeenneens
CRELCD,i Qi

2-KaaBaJ

Epui, kpucTaJuioruapar XocuJi 0yJani Ba HEUTPAJJIAHUIT HCCUXJINKIAPUHA

yJa4yam HaTHXKaJapu

TC: ; Viwm. CYIOX. ZSOOCM; MHaOX:O’1 H, VKI/ICH. =10 cm ; MKI/Icn.:S’O H.
Mognanusar Homu| Mojna M AT Hepmn AHw | wiygprs | AHe | AH | AH |Ab con,
MHUKJIOpH, T [eyee us . eyiorr, | weir | YK/r
K/mon

K3AC(CA)6] 5,0 328,8 ATepui

CUSO4 5,0 159,5 ATepui

CUSO4*5H20 249,5 ATepui

NHOH 500 mn 40

H2S04 10 Mo 96 _
H20 500 mn | 18 :i‘g;;
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2-AMAJIM MAIIFYJOT: SPUTMAJIAPHUHT KOJIJIMTATUB
XOCCAJIAPH

1. Opurmanapuunr 6yF 6ocumu, My3nann Ba KaifHaI TeMIiepaTypaJapuHUHT
V3rapuiliu;

2. DIIEKTPOIUT 3pUTMAjIap y4yH U30TOHUK KOA(DPUIIMEHTH Ba AUCCOLUSIIAHUII
Japa)KaCUHU aHUKJIAII;

3. DpuTMa My3nan TeMrnepaTypacCHHUHT MacaluIuHU aHUKJIIAIT;

4. Knaneiipon-Knaysuyc Tenrnamacuad cyonumaTianuiil Ba Oyt manum
VCCUKJIUKIIAPUIAH SPUTYBUMHUHT MOJIEKYJISIP CYFOKJIAHUII HCCUKIIUTUHNA aHUKJIAIT;
5. Payn koHyHHJaH MY37all TeMIiepaTypacu rnacaiuiiny OuiiaH Spural
MOJJIAHUHT MOJIIp KHCMH Opacuaaru 00T TMKIMKHA aHUKIIAILL

6. Kpuockommk JOMMHWIHN aHUKJIAIT,
/. MoJIJaHuHT MOJIEKYJISIp MACCACHY aHHUKJIAILL.
T ommumpukaap:

- MOJISIp Maccacu MabJiyM OYJIraH HOANIEKTPOJIUT dpuUrad MoAAaHUHT [l Twys
OpKaJu SPUTYBUMHHUHI MY3J1all KOHCTAHTACUHYU aHUKJIAIl,

- DPUTYBYMHUHT MY3JIalll KOHCTAHTACU OPKAJIN HOMAabJIyM HOJJIEKTPOJIUT SPUTaH
MOJJAQHUHT MOJISIp MACCACUHU aHUKJIAII;

- aputma [{Twys OpKalid JUCCOLMSUTAHUII KMMMATH YHYAIUK KUYUK OYMaraHn
Kydcu3 aekTpoiauTiapHudr Bant-I" opd koaddunuentu » Ba nucconusiaHUII
Japa’kaCUHU XUCcoOa;

- spurma A Twys OpKanu Kydiuy 3JEKTPOJIUT SpUTMACUAATH OCMOTHK
KO3 PUITMEHTHHU XUCOOIALLL;

- sputMa I Twys OpKaIy HOANEKTPOJIUT SPUTAaH MOAAAHUHT MOJISIT
KOHLIEHTPALUsICUHU XK COOIAILL.

Xaco01am popmynajiapu:

M:KM}“Is 92'1000/ gi'I[TM}“B (1),
KMS’/3:'D'T M}“/3/ m (2),

1:'D'TM}“/3/ KM}“Is’M 6KkH 1=Mauas./Maman. (3)1
a=(i-1)/(v-1) (4):

M= Tuys /Kuys (5);
(D:I/I/y:,HTM}“B/ KM}“73'm'V (6),

Oy spna:

M-3puran MOJIaHUHT MOJIEKYJIP Maccacu;

M-MOJIsLT KOHIIEHTpanus (TeMreparypara 6of muk smac) Ba m=g,* 1000/M*g; ra teHr,
Oy apna giBa g2 -5pUTyBYH Ba pUTaH MOJIJATAPHUHT MaccallapH;

I-BanT-T'oppuuHT M30TOHUK KO3DPULMEeHTH OYIHO, TUCCOIMIIAHUII HATHXACH A
SpUTMaJa 3appavyaiapHUHT COHU Heua MapTara OpTTaHMHH KypcaTaan Ba Kywin
AIEKTPONUTIAp YUYH a=1 Oynranaa i =v oynamau;

@ - TUCCOLIMJIAHHUII 1apaKacu;

V - OUTTa MOJIEKYJIaJjaH XOCUJI OYiiaiurad MOHJIAPHUHT COHU;

@ - Ky4Jin 3JEKTPOJIUT IPUTMACHIATH OCMOTHK KO3(D(DHUITHEHT, y peasa SpUTMaHUHT
UACAITUK/IaH YETJIAHUII YIITYOBU OYIMO XU3MaT KUIaid Ba TYJIMK AUCCOLIMIIAHUIIT Ba
MOHJIapapo TabCUP Kyusapu OyiranaaruHa OCMOTHK KO3 (GUIIMEHT | HUHT XaKUKUI Ba

51



yerapaBuii KHMaTIapUHUHT HUCOATUTa TEHT.

OpuTMa CYIOITUPUIUIIN OUJIaH OCMOTUK KoepdUTCHUeHT ¢/91Ta nHTUIAAY;

Kuys — 3pUTYyBUMHUHT MYy3J1alll KOHCTAHTACH.

My3mam  koHcTtaHTacw  Kwys  (KPHOCKONUK — JOMMHUN) €KW MYy3jaIn
TEeMIIepaTypACUHUHT MOJISLJT TaCaluIIM YOy SpUTYBUMTa XOC KaTTajauk 0yiuo, sapuran
MoTaHUHT Tabuatura Oofnmk smac. YHuUHT (u3uk MabHOCHHM (2) TeHIVIamMaaaH
tymyHtupca 6ynaau: Kwys 1000 r sputyBunaa 1 Mo mMojaa TyTraH spuTMa My3Jall
TEMIIEpAaTypPaCUHUHI TMacauimyd OYyiaud, ymoOy KOHCEHTPATCHSIard 3pUTMa HJeal
SpUTMa XOccajapura j3ra OYJIWIOM Ba HSpUTaH MOJJA JHUCCOTCUIAHMACIHIU EKH
accoTcwyianMacaury mapT. Kwys HU Taxpubaga aHMKIANl YYyH CYIOJITHPUITaH
3pUTMaJIaPHUHT A Twuy: KHAMATIIApU yIIYaHAAU, CYHIpa
HaTwxkamap 1 Monm yuyyH Kaidta xucobOsaHagu. To3a SpUTYBUMHUHI MY3Jal
temmneparypacu To HU Ba comumtupMa cyrokianum uccukmura Ah (OK/r) aHu Ounran
xonga Kwys HM Hazapuit xucoOiam xam mMymkuH: Kwys = R7<2/1000- Ah, Oy spna
R=8,314 X/moun- K. CyB yuyH Kuys = 1,860 ra TeHr.

NHuHr 0aKapuInIIu:
1. bekMaH TepMOMETPHH €O3J1A1L

Nmnn Oonutamgan aBBajl bekMaH TepMOMETpHW IIyHAAl CO3JIaHTaH OYIuIIH
KEepaKkkH, Taxpuba TemIepaTypacuia Kanuwuisipard CUMOOHUHI CATXU TEPMOMETP
mKanacu uerapacuaa OynacuH. Kpuockomusi ycynuia yJlT4aHMIIM Kepak OYJAraH sHT
Oanmana TemrmepaTypa SPUTYBUMHHHI My3jam Temneparypacuaup. LyHUHr yuyH
TEPMOMETPHUHI TACTKU pe3epByapuiard cuUMo0 Taxpuba TemmepaTypacuaa
KamWuUIsipAard  CUMOOHMHI  CaTXM IIKAJAHUHT FOKOPH KUCMHUJA  OYJIUIIMHUA
TabMHUHJIAWIUTaH MUKJIOpAa OYIIUIITN Kepak.

2. DpPUTYBYMHHMHI Ba YPraHWJIAETraH MOAAA CYHOJITHPUITAH
IPUTMACHHHMHI MY3JIalll TEMIIEPATYPACMHHA aHUKJIALI

OpUTYBUMHHUHI Ba JSPUTMAHUHT MY3Jall TEMIIEpaTypacHHU aHUKIAIl YYyH
KpUOCTAT KyJUIAaHWJIaAW. Y SPUTYBUM YUyH MYJDKAJJIAHTaH €H KUCMUJIaH SPUTUIIAETTaH
MOJJIaHH COJIMII YYYH MYJDKaJUIAaHTaH Hailua YMKapWiIraH KEHI IIWIIa MpoOHpKaaaH
nobopar. IlpoOupkanu mykak OwiaH OEpKUTWIAIUM Ba YHUHI Telukiapura bexkman
TEPMOMETPU Ba apaaliTUpPruy sxkounamrupunaau. [IpoOupkanu TepmMomeTp Ba
apaJlamTUpruy OwiaH OWpraivkia sHaga KEHIPOK MpoOupKara KoWaamTupuO, Ba
KpuocTtatra Tymupwiaad. KpuocrtaT KanwH 4YHHHM CTakaHaaH wubopar Oynuo,
COBUTYBYHM apajamma (My3 Ba TY3) OujaH TYJAUPWITaH Ba yHra apajamTApPTud Ba
TEPMOMETP ypHATUIITaH Oyiaau.

ABBasio Kyn MapoTaba IpUTYBUMHUHI MY3Jall TeMmIepaTypacu aHUKJIaHaIH.
ByHMHr y4yH npoOupkara JUCTHIUIAHraH cyB Kyimmamu (20-25cm®). TIpobupkaHuHr
TyOura Teru3uiMarad Xojjaa bekmaH TepMOMETPUHUHT KyHU pe3epByapH CyBra Tyja
KyMUJIQAUTaH Japaxazaa tepMomeTp xoinamrupuiaau. Cynrpa bekman tepmomerpu
Ba apajalliTUpruy OWJIaH KUXO3JIaHTaH NPOOMPKAaHU sIHAa/a KEHTPOK MpoOHupKara
coin0, COBUTYBYM apajaliMara TyWIupwiagd. MarHuT apajalmiTUpruyjial  Xam
doitnananca O6ynaau. IlpoOGupkanap opacujgaru xaBo KaTjiaMd OMpP TEKHUC COBHUTHIII
yuyH xu3maT Kwiaad. COBUTYBYM apaJlalliIMAHUHT TEMIEPaTypacUHU BAaKTH-BAKTH
Omnan My3 €ku TY3 KymuO TYpHUIl OpTayid, ya4aHAETraH MYy3Jail TeMmIepaTrypacuiaaH
2-3 Tpagyc macTpokiaa, JoMMMKA KuianO yuuiad Typuianud. bup Tekuc coBUTHII
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MaKcaJuJa CYIOKIMKHU apajaliTUprud EplaMujia acta-ceKuH apanamtupud (OyHaa
apaJlaliTUPrd4 ~ TEPMOMETPHUHI  KyWHM  pe3epByapu  JieBopjiapura  TEruo
UIIKAJaHMACIUId  JIO3UM) TYpWIaJd Ba TEPMOMETp KaNWUIApUIArd CuUMoO
YCTYHUHHMHI TIAcTra TYUIUIIMHU KYy3aTuO Oopuiianu. CylOKIHK BaKTH-BaKTH OuJiaH
apanamrTupul TypuiMaca yTa COBHII Ky3aTWUIald Ba TEPMOMETPHUHT KypcaTKUUIapu
OynmaH panonatr 6epu® Typamu. Tosza spuryBum yuyn yrta cosum 0,5-1,0°C raua
pyxcaT STUJaAd. YTa COBUTWITAH CYIOKIMKHU apalaliTHPUIN KPHUCTAJUIAHUITHU
KeNTUpUO YMKapaay Ba KPUCTAJUIAHWUIN MCCHKIMIY YMKHUIIA XHUCOOUTa TeMIleparypa
XaKWKUI My3Jall TeMmIeparypacurada KyTapwiagud Ba OHWp KaHya BakT yi3rapmai
Koianu. Ymly Temmeparypa CYBHHHI MY3Jall TeMIepaTypacHuaup, YyHKH ToO3a
SPUTYBUMHUHT KPUCTAUIAHUIN >KapaéHU OUPHHYM KpUCTaUIap Naiao OynuiuaaH
Oonuiad TO CYIOKJIMKHHUHT TyJjla KOTHUIIMIada JOMMMH Ba MabiiyM Oup TeMIiepaTypana
conup Oynanu. JpUTYBUMHUHT KPUCTAIIAHUII TEMIIEpaTypacu aHUKJIAHTaH/IaH KeHnH
NpOOMpPKAaHU TAaIlIKK MPOOMpPKAJaH YMKApUIagud Ba MPOOMPKAHU KyJ OWslaH HCUTHO
xocui Oynran kpucramuiap sputuianu. CyHrpa npoOupka sisHa COBUTYBYHM apasialliMaia
KOJJIMPWJITAaH TalllKh MpoOHWpKara TYHMIMPUIAAd Ba yTa COBHUII-KPUCTAIIAHUII
xapaCHu kadTapwiaau. KpucrtamiaHuin TemmnepaTypacuHU aHUKIanuiapiaru Qapk
oup-6upunan 0,003°C nanm xam GynmaryHua Takpubanap Oup Hewa maporaba Kalita
YTKa3UJIa/IH.
Kansan
Kpuockonuk ycyaga s3purManvHr A Twys, M, M Ba Kvy: “aMaa 3JIeKTPOJIMT 3pUTMAHUHT
i, @ Ba @) KMiiMATIAPUHH AHUKJIAII

Ta}lKI/IKOT gi | g2 TKpI/ICT. ATMy M KM}“/3 m I a o
00BEKTH ,MI| .1 3

TyJ‘[‘I Ty

n p Ha3 . [XUC . |[HAa3 . XHUC . |HA3 . XUC .

EputyBun 1.

2.

3.

4.
Epuran 1.
MOJIJIA: 2.

3.

4.

Kpuockonuk ycyn wuzomopd Oynmaran OWHaAp CHUCTEMaJapHUHT KyWId
CYIONITHPUJITAH DpUTMAJIApUTa KyJUIAaHWUIIW MYMKHH. ByHmait spuTma Kotaérranja,
aBBAJIO, TO3a PUTYBUMHHUHT KPUCTAJIAPU AXKPAJIay Ba SPUTMAHUHT KOHCEHTPATCUACH
opTaau, OyHUHT OKuOaTHIa KpUcCTajUlaHUI Temreparypacu nacasau. Ly caGabmu
SPUTMAHUHT  KOTHMII  TEeMIEeparypacd  aHUKIaHAa€TraHia  KPUCTAUIAHUIIHUHT
OOILITaHUII TEMIIEPATyPACUHU aHUKJIIAI JJO3UM. BYHUHT y4yH NpoOUpKaHUHT EHUAAru
HayajgaH ypraHwiaétrad MojjaHuHr aHuk Mukgopu (0,20,3r) KupuUTHIAIH.
MopgaHuHr MHKIOpPM YHUHT OlOKC OujlaH Ouprajaukaard Ba To3a OIOKC
MaccajapuHUHr ¢apkujgaH aHukiaaHaau. CyHrpa mnpoOupka Tallkd KOOUKAaH
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YUKapuiaaau, KyJd OWjgaH MCUTWUIIAAHM BAa SPUTYBUMHUHI KPUCTAIJIAPUHU CYHOJITHPHO,
MOJUIAaHUHI SpUIIM TabMUHIAaHaIu. Taxpuba HaTWKalapu MOKOpUIArud >KajBajira
Eé3MIaIu.

HlyHnaH cyHr 3puT™Many npoOupKa TalllKi KOOUKIa >KOMIAIITUPUIAAN Ba Xy AU
TO3a JpUTYBUM Yy4YyH KWJIMHTAH aMajulapHH OaxapuO, COBUTHIN XKapaéHU OJIUO
oopunanu. Jpurmanu 0,2°C 1an Kympokka yTa COBUTMII MyMKHH SMACIMIHHH 3C/Ia
cakJjalml JO3UM, aKC XOJiJja KPUCTAJUIAHUII MAcTPOK TemrepaTypaaa OolaHaau Ba A
Twys HE yiTUamaa XaTodUKHH KeNTUpUO ymkapaau. Taxpubamap Oup Heda MapoTabda
YTKa3unuO, KPHUCTAIUIAHWII —TeMIlEpaTypacMHu Tomumgard  anukiauk  0,003°C
OynuIIMTa SPUILNTIAIH.

To3a »spuryBuM Ba DSPUTMAHMHI KPUCTAUIAHUII TEMIEPATypaJapUHUHT
(dapkumaH HpUTMa KpPUCTAUIAHMILI TEMIEpaTypacUMHUHI JpUTYyBUMra HHUcCOaTaH
nacaiiumm A Twys aHukinaHagu. OpUTYBYM Ba OPUTMAHUHT  KpUCTAJIAHUII
TeMIeparypajiapuHu Ourra Mamlb'yjloT JaBOMHUAA aHUKIAII JIO3UM, YyHKH bekman
TEPMOMETPHU IIKAJACUHUHT CO3JIaHTaH KUHMAaTH, SbHU TEPMOMETPHUHI HOJ HYKTACH,
Oup X1 OYJIUIIKN TIapT.

VYnuam xatonukinapu 0axojaHaau. DHI KaTTa XaToJIMK, OJlaTAa TeMIEepaTypaHu
yadam ckapaéHuga Oymaau. Mojnga MHUKIOPUHM ONIUMPHUIN HUCOUM XaTOJMKHU
KamaiTupaau, 4yHKH ATwys HUHT KHiiMaTH opTaad. AMMO KPUOCKOMNMK yCyJl (akar
CYIOJITUPHIITAH pUTMANAp YIyH aJoJaTIUIUp, IIyHHHT YIyH KOHCEHTPATCUSHU Xy/1a
omupu6 r06opuir (M=0,3 1aH I0KOPH) TaBCUS ITHIMAKIH.

Kansan

Kpuockonuk ycynaa spurManuir A Twys, M, M Ba Kuy: Xamaa 3/71eKTPOJIUT 3pUTMAHUHT
i, @ Ba () KHMIIMATJIAPUHH AHUKJIAII

TaI[KI/IKOT gi g2 TKpI/ICT. ATMy M KM}“]S m i ad
00BEKTH | r 3

Tynq Ty

. p Ha3 . XUC . |HA3 . [XHC . |HA3 . [XUC .

EputyBun 1.

2.

3.

4.
Epuran 1.
MOJI1a: 2.

3.

4.

Kpuockonuk ycyn wuzomopd OyiMaraH OMHAp CHUCTEMAaJapHUHT Ky4IH
CYIONTHPUIITAH SpUTMAJIApUTa KyJUIaHUIIM MYMKUH. ByHnalt sputma Kotaérranja,
aBBaJIO, TO3a SPUTYBUMHUHI KpUCTAJUIApU aXXpaJlaJayd Ba SPUTMAHUHT KOHCEHTPATCUSCH
opTaau, OyHUHI OKMOaTuia KpucCTalIaHUII Temneparypacu nacasgu. Ly cababium
SPUTMAHUHI  KOTHII  TEMIEpAaTypacd  aHUKIAHAETraHAa  KPUCTAJUIAHUIIHUHT
OOlUIaHUII TeMIIepaTypaCHHH aHUKJIAII JIO3UM. ByHMHT ydyH npOOHpKaHUHT EHUIATH
HaiyajaH ypraHwiaérran MoagaHuHr aHuk Mmukgopu (0,20,3r) kupuTHIaIu.
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MopgaHuHr MHKIOpPM YHUHT OlOKC OujlaH Ouprajaukaard Ba To3a OIOKC
MaccajJapuHUHr ¢apkugaH anukiaaHaau. CyHrpa mnpoOupkKa Tamlku KOOWKIaH
YUKapuiIaau, KyJl OWIaH HCUTHIAIU Ba SPUTYBUMHHUHI KPUCTALUIAPUHU CYHOITHPUO,
MOJIJIAaHUHT SpUIIM TabMUHIaHaaAu. Taxpuba HaTWKajgapu IOKOpUIATH KajBajra
é3unanu.

[Iysaad CyHT SpUTMay TPOOUPKA TAITKA KOOUKTA KOMIAIITUPUIIAINA Ba Xy TN
TO3a DSPUTYBUYM YYYH KIWJIMHTAH aMajulapHu OakapuO, COBUTHII >KapaCHU OJu0
6opunanu. Jpurmanu 0,2°C 1an Kympokka yTa COBUTMII MyMKHH 3MACIMIHHH 3CJIa
cakJjaiml JO3UM, aKC XOJiJja KPUCTAJUIAHUII MAcTPOK TemrepaTypaaa OolaHaau Ba A
Twys HE yiTgamnga XaTOJUKHH KeNTUpUO ymkapamau. Taxpubanap Oup Heda MapoTabda
YTKa3uIuO, KPHCTAINIAHMII —TeMmIleparypacuHu Tonuijary anukauk  0,003°C
OYnuIIMTa SPUIIHIAIIH.

To3a oSpuTyBYM Ba HPUTMAHUHT KPUCTAJUIAHUII TeMIIepaTypaJapuHUHT
dapkugaH HpUTMa KPUCTAUIAHUII TEMIEPATypaCHHUHT dJpUTYyBUMIa HHUcOATaH
nacaiumm A Twys aHUKIAHAAW. OPUTYBUYM Ba DPUTMAHUHT KPUCTAJIAHUII
TeMIiepaTypajiapuau Outra MambynoT naBoMMlla aHUKIAIIL JO3UM, YyHKH bekman
TEPMOMETPHU IIKAJACUHUHT CO3JIaHTaH KUWMAaTH, ShbHU TEPMOMETPHUHT HOJI HYKTAcH,
Oup xui OYJIUIIN apT.

VYmuam xatonukinapu 0axoinaHaaud. JHT KaTTa XaTOJUK, OJaTAa TeMIepaTypaHu
yauam ckapaéHuga Oynaau. Mojnga MHUKIOPUHM OIIUPHUIN HUCOMN XaTOIUKHU
KamaiTupaau, 4yHKH ATwys HUHT KHiiMaTH opTaad. AMMO KPUOCKONMK yCyJl (akar
CYIOTHPUJITAH dPUTMAIAP YIYH aI0JaTIMIUD, ITYHUHT YIYH KOHCEHTPATCHSIHH Ky/1a
omupu6 r06opuir (M=0,3 1aH I0KOPH) TaBCUS ITHIMAKIH.

2-AMAJIMA MAIIFYJIOT. DJEKTPOKUMIEBUN
KAPAEHJIAP TEPMOJANHAMUMKACH

Amaliy mashg’ulotning maqgsadi: Elektrokimyoviy ma’lumotlardan roydalanib
kimyoviy o‘zaro ta’sirlarni termodinamik irodalash uslublari haqgidagi
tasavvurlarni raollashtirish.

Elektr yurituvchi kuch

Elektrokimyo aslida Galvanining qurbaga ustida o’tkazgan tajriba-laridan
boshlangan: mis va temir metallari elektrodlar vazirasini bajarib, galvanik elementni
hosil gilgan. Shu sababli, elektroriziologiya 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 rargi paydo bo’ladi, buni voltapotensial
deyiladi (Voltaning kontakt nazariyasi randa uzoq vaqt xukm surgan). 1889 yilda
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 ragatgina elektrod-elektrolit
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chegarasidagi qo’sh elektr qavat sababchi

bo’lganda, ayrim metallarning standart

solishtirish  elektrodiga  nisbatan 0’

Ichangan “nol zaryadli poten-siali” nolga

teng bo’lishi kerak edi (“metallarning nol

nuqtasi” deb ham ataladi). Frumkinning

XX asrning 30-yillardagi izlanishlariga

ko’ra, nol zaryadga ega bo’lgan

metallarning potensiallari ham nolga teng

emas ekan. Demak, elektrod bilan

elektrolit chegarasida umuman qo’sh

omn elektr gavat paydo bo’lmagan taqdirda

D@ ) ham elektrodning potensiali noldan rarq

Wi qilishi Nernst nazariyasining noto’g’ri
ekanligini ko’rsatdi.

> X Metallar rizikasining rivojlanishi

natijasida turli metallar tutashtirilganda

potensiallar rarqi paydo bo’lishi ko’rsatildi. Kvant nazariyasiga binoan, potensiallar

rargiga 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 qavat 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 manriy zaryadlanadi, lekin
elektrod - eritma sistemasi elektroneytral bo’lib qoladi. Elektrod sirti atrorida metall
sirtidan 10° -107 m gacha cho’zilgan qo’sh elektr qavat hosil bo’ladi (IX.5-rasm).
Xuddi shunday qilib, eritmadagi kationlar ham metallga o’ tishi mumkin, unda metall
musbat zaryadlanadi, anionlar esa qo’sh qavatni hosil gqiladi. Metallning sirtqi
zaryadiga mos ravishda oriyentasiyalashgan suv molekulalari bevosita metall sirtiga
tegib turadi (ushbu holatda metall sirti manriy zaryadlangan). Metall sirtining bir
gismini adsorbilangan va kam yoki butunlay gidratlanmagan anionlar egallaydi.
Ularning adsorbilanishi maxsus (spesirik) deb ataladi, chunki u sirtning zaryadiga
emas, balki kovalent bog’ larning hosil bo’lishiga bog’ liq bo’ ladi; kontakt
adsorbilanish deb ham ataladi, chunki degidratlangan anionlar metall sirtiga zich tegib
turadi. 298 K haroratda simob sirtida CI-, Br, J- va Cs™ ionlarining adsorbilanishi, K*,
Na* va F* ionlarining adsorbilanmasligi aniglangan.

Maxsus adsorbilanishning paydo bo’lishi ionning gidratlanish darajasiga va Kattaligiga
bog’liq. Masalan, ftor ioni vodorod bog’lari bilan bog’lanadi va bu hol £tor ionining eritma
hajmidan elektrodning sirtiga chiqishiga halagit beradi. Adsorbilangan ionlarning
markazlaridan G1

elektrod
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masorada o’tkazilgan tekislik Gelmgolsning ichki tekisligi deb ataladi. Bu tekislikdan keyin
gidratlangan kationlar-ning

markazlaridan G2 masorada o’tkazilgan Gelmgolsning tashqi tekisligi keladi. Gidratlangan
ionlar- 10-rasm. Qo’sh elektr qavatining tuzilishi. Manriy belgili aylanalar bilan spesirik
adsorbilangan anionlar ko’rsatilgan; musbat belgi bilan-gidratlangan Kkationlar; shtrixlangan
aylanalar bilan-dirruzion qavatdan tashqarida joylashgan gidrat qavat; o’qli aylanalar bilan-
suvning dipollari; ¢ va @ lar bilan esa, ichki va tashqi potensiallar ko’rsatilgan.

ning radiusiga yaqin oraligdagi O — G2 Gelmgols gavati zich gavat deyiladi. Zich gavatda
ionlar bilan va o’zaro kuchsiz bog’langan suv molekulalari ham bo’ladi (10 - rasmda aylanaga
olingan o’qglar bilan ko’rsatilgan). Bu suvning tuzilishi individual suvnikidan rarq qiladi,
shuning uchun ham zich gavatdagi suvni gayta tiklangan deyiladi. Eritmaning zich gavatdagi
dielektrik singdiruvchanligi E individual suvnikidan kichik bo’ladi.

Zich qavatdan tashqarida, ya’ni dirruzion gavatda, zarrachalarning issiqlik energiyasi
ularni elektrod maydoni bilan tartiblashtirish energiyasiga solishtiradigan holatga keladi.

Buning natijasida zarrachalar tartibsiz tagsimlanadi, ularning konsentrasiyasi esa eritma

hajmidagi konsentrasiyaga yaginlashadi. Shunga mos ravishda e ham EHzo ga yaginlashadi.

Dirruzion gavat eritmaning ichiga tomon ancha cho’zilgan, lekin uning 2 masoradagi G2
tekisligidan samarali gismni ajratish mumkin. 2 ning uzunligi kuchli elektrolit eritmasidagi ion
atmosrerasi radiusining analogidir. Xuddi shu radius kabi, 2 ham konsentrasiya bo’yicha
olingan kvadrat ildizga teskari proporsionaldir. Agar samarali dirruzion gavatdagi hamma
zaryadlar 2 masoradagi yupga gavatga yig’ilsa, unda ular elektrod sirtidagi zaryadlarni
neytrallaydi.

Maxsus adsorbilanish mavjud bo’lmaganda qo’sh gqavatni yupga kondensatorga
o’xshatish mumkin. Bunda M metallning zaryadlangan sirti kondensatorning bitta gavati
bo’lib xizmat qilsa, 2 masoradagi samarali chegara sirt ikkinchi gavat 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 ogimi ularning eritmadan metallga garab ogimiga teng va
elektronlarning eritmadan metallga va metalldan eritmaga bo’lgan oqimlariga teng kuchlidir.
Elektrodning bir birlik sirti uchun olingan bu ogimning kuchini almashinish toki deyiladi.
Eritmaning o’rtacha ion aktivligi birga teng bo’lgandagi almashinish toki standart jo
hisoblanadi. Turli sistemalarda jo=10310° A/m? ga teng.

Elektrod potensiali hosil bo’lishining keltirilgan mexanizmi umumiy emas. Ayrim
metallar (oltin, platina) shunchalik mahkam kristall panjaraga egaki, ulardan kationlar ajralib
chiga olmaydi. Bu metallarda potensiallar rarqi paydo bo’lmaydi. Ammo bunday metallarning
sirtiga oksidlanish yoki qaytarilish qobiliyatiga ega bo’lgan ko’pchilik moddalar adsorbilanishi
mumkin. Shuning uchun bu metallar yordamida eritmalar bilan muvozanatda bo’lgan
sistemalarni hosil gilish 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, qaytarilgani esa, elektrodda bo’ladi.

Moddaning ikkala shakli ham eritmada bo’lishi mumkin, unda almashinish inert elektrod
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va ionlar orasida sodir bo’ladi. Masalan, 7€%" kationi platinadan bitta elektron tortib olishi va
Fe?* gacha gaytarilishi mumkin. Bunda platina musbat zaryadlanadi, eritmada esa ortigcha
anion hisobiga manriy zaryad paydo bo’ladi (masalan, FeCls dan C1), shuningdek keyingi
elektronlarni tortib olishi borgan sari giyinlashib boradi va nihoyat, musbat zaryadlangan
elektrod va anionlar qavati orasida muvozanat o’rnatiladi. Shunday qilib, Fe3*+ e " re?
Kimyoviy reaksiyasi boradi. Shuningdek, unga garama-garshi reaksiya ham borishi mumkin:
fe?*t-e ™ Fedt
Elementni ulaganda reaksiyaning u yoki bu yo’nalishi bitta elektrodning tabiatiga emas, balki
galvanik elementning ikkala elektrodiga bog’liq. Elektrodni eritmadan chiqarib olish eritmani
boshlang’ich holatga qaytaradi. Qo’sh gqavatdagi 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
EYuK si elektrodning standart potensiali hisoblanadi. Potensiali nolga teng deb olingan
elektrod siratida standart sharoitlardagi normal vodorod elektrodi xizmat giladi. Elektrod
potensiallarining absolyut giymatlari noma’ lum. Vodorod elektrodining standart potensiali har
ganday haroratlarda nolga teng deb gabul gilingan. Elektrodlarning standart potensiali vodorod
elektrodi va aniglanayotgan elektroddan tuzilgan galvanik elementning EYuK ga teng.
Bundaygalvanik element ulanganda o’rganilayotgan eclektrodda oksidlanish yoki gaytarilish
kuzatilishi mumkin. Shunga bog’liq ravishda elektrodning potensiali musbat yoki manfiy bo’
ladi. Standart potensiallar yoki kuchlanishlar gatori shu yo’l bilan keltirib chiqarilgan. Bu
gatorda vodorod elektrodi musbat va manriy elektrodlarning orasida joylashgan.

Vant-Gorrning izoterma tenlamasidan roydalanib, elektrodlarning potensialini va
galvanik elementlarning EYuK ni hisoblab topish mumkin:

A =-AG = RT(In Ka- Aln a° (1)
bu yerda: K. - aktivlik bilan irodalangan muvozanat konstantasi; Aa° - reaksiya mahsulotlari
aktivliklari ko’paytmasining boshlang’ ich moddalar aktivliklari ko’paytmasiga nisbati.

E=RTInK RTAIna"
zF © zF

(2)

A = zfE ekanligini hisobga olsak:
Agar dastlabki moddalarning aktivliklari (konsentrasiyalari) 1 ga teng bo’lsa,
Aa’ =1 va AIna’ = 0 bo’ladi va:

RT
E0= —InK 3)
ZFa

ga teng bo’lib qoladi, bu yerda E° -standart elektr yurituvchi kuch.
(1) va (3) tenglamalardan
E=E.,+ RI}-"D‘ In a° (4)
(4) tenglamada aktivliklarni o’nli logarirmlarda irodalasak,

E=E0+ RTflgla |zFaz V ared J
2, 2,303RT 2 303« 8,314 « 298 (5)

721 0@} — oo L =0059 V@
7F 1+ 96500
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N

E=EY + 0,0591g %I aox=1;

red
a=1bo’lganda Igl =0va **®RT «1g1 =0 bo’lgani uchun E=E°yoki 1 = 710 res
, bu erda: x° - standart oksidlanish-gaytarilish potensiali deyiladi.

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

Dirruzion potensial

Ikki elektrolit eritmalarining chegara sirtida ionlarning turli harakatchanligi
turayli dirruzion potensial hosil bo’ladi. Masalan, AgNOs ning bir-biri bilan
tutashtirilgan 0,1 n va 1 n eritmasini ko’zdan kechiramiz. Dirruziya gonuniga
binoan, Ag* va NOs ionlari yuqori konsentrasiyali eritmadan kam konsentrasiyali
eritma tomon harakatlanadi. no s anionlarning harakatchanligi Ag kationiga nisbatan
yuqori bo’lganligi sababli NOs ionlarining konsentrasiyasi kam konsentrasiyali
eritmada ortib ketadi. Natijada turli konsentrasiyali eritmalarning chegarasida manriy
va musbat zaryadlangan sohalar paydo bo’ladi. Ushbu elektr qavatining hosil bo’lishi
eritmalarning chegarasida potensiallar rargini vujudga keltiradi. Mana shu
potensiallar rargi dirruzion potensial deb ataladi. Dirruzion potensial raqat turli
konsentrasiyali eritmalar chegarasidagina emas, balki har ganday ikki elektrolit
eritmasi chegarasida ham hosil bo’ladi. Dirruzion potensialning miqdori
aktivliklarning yoki eritmalar konsentrasiyasining o’zaro nisbatiga va ionlarning
tashish sonlari ayirmasiga proporsionaldir. Dirruzion potensialning ishorasi tashish
sonlarining miqdoriga bog’liq bo’ladi. Amaliyotda dirruzion potensial aniq natijalar
olishga xalagit beradi. Shuning uchun dirruzion potensialni yo’qotishga harakat
gilinadi va dirruzion potensiallar ayirmasini hosil qiluvchi eritmalar tuz ko’prigi
orqali tutashtiriladi. Tuz ko’prigi siratida ionlarning harakatchanligi bir xil bo’lgan
tuzlardan roydalaniladi. Odatda, KCI, KNOs, NHa4NOs eritmalari ishlatiladi. Ikki
eritma tuz ko’prigi orqali tutashtirilganda elektr tokini asosan shu tuz ko’prigining
1onlari o’tkazadi.

Oksidlanish-gaytarilish potensiali

Bir metallning har xil valentlikdagi tuzlari eritmasining aralashmasiga
(masalan, FeCls va feClz2) platina kabi betarar metallar tushirilsa, oksidlanish-
qaytarilish potensiali (redoksi) hosil bo’ladi, bunday elektrodlar oksidlanish-
gaytarilish elektrodlari deyiladi. Bir elektrod boshga elektrod bilan tutashtirilsa,
eritmada oksidlanish yoki gaytarilish jarayoni boradi:

FeClz+e =" fFeCl.éxkufes-+e ~ Ffe?-

Agar reaksiya chapdan o’ngga tomon ketsa, reaksiyaning borishi uchun
elektron kerak bo’ladi, aksincha, reaksiya o’ngdan chapga ketsa, elektron ajralib
chigadi. Agar reaksiya borishi uchun elektron talab gilinsa, uni eritmaga tushirilgan
platina yetkazib beradi. Natijada platinaning o’zi musbat zaryadlanadi. Musbat
zaryadlangan platina eritmadagi manriy ionlarni tortadi. Natijada, qo’sh elektr qavati
hosil bo’lib, potensiallar rarqi vujudga keladi. Aksincha, elektrokimyoviy jarayonda
elektron ajralib chigsa, platina manriy zaryadlanadi va eritmadan musbat ionlarni
tortib, qo’sh elektr qavatini hosil qiladi.
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Demak oksidlanish-gaytarilish potensiali elektrod bilan eritma chegarasida
elektroddan oksidlovchiga (£e3*) yoki eritmadagi gaytaruvchidan (£e?*) elektrodga
elektron o’tishi natijasida hosil bo’ladi. Bunda moddaning oksidlangan va
qaytarilgan ko’rinishlari eritmada bo’ladi, elektrod esa raqgat elektronlar manbai
vazirasini bajaradi. Oksidlanish-qgaytarilish elektrodlarining boshga elektrodlardan
rarqi shundaki, bunda elektrod potensial vujudga kelishi uchun tushirilgan metall
ioni jarayonda bevosita ishtirok etmaydi. Oksidlanish-gaytarilish potensialining
qiymati elektroddan olingan yoki unga berilgan elektronlarning soniga bog’liq. Bu
esa, 0’z navbatida, oksidlovchi va gaytaruvchi moddalar aktivliklarining nisbatiga
proporsionaldir. Bu potensial, yuqorida ko’rsatib o’tilgandek, oksidlovchining
oksidlanish qobiliyatini ko’rsatadi.

Elektrodlarning tasnirlanishi

Elektrodlarni tasnirlashda termodinamik nugtai nazardan garash qulaydir,
bunda razalar soni va gaytarlikning turi hisobga olinadi. Termodinamik jihatdan
elektrodlar quyidagicha tasnirlanadi:

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

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

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

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

d.) lon almashinuvchi (ionselektiv) elektrodlar.

Uchinchi tur - to’rt razali, biologik va rizikaviy 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 boshqga ta’sirlarga chidamli bo’ lgan, konstruktiv
jihatdan qulay va arzon elektrodlarni keltirish mumkin.

Vodorod elektrodi
Elektrod potensiali hosil bo’lishining sabablaridan biri aktivligi kam metall
sirtiga ionlanish qobiliyatiga ega bo’lgan moddalarning adsorbilanishidir. Masalan,
vodorod platina sirtiga adsorbilanadi va ionlanish natijasida elektrodda qo’sh elektr
gavatini hosil giladi. Ushbu usul bilan standart vodorod elektrodi olinadi. Tarkibida
H™ bo’lgan eritmaga sirti yuqori dispersli platina bilan qoplangan platina plastinkasi
tushiriladi. Eritma orgali tozalangan vodorod gazi yuboriladi. Vodorod gazining juda
ham toza bo’lishi muhimdir, chunki AsHs, H2S va boshqgalarning gaz tarkibida
bo’lishi platinalangan platinaning sirtini “zaharlaydi” va elektrodning potensialini
sezilarli darajada o’zgartirib yuboradi. Shu sababli, sor vodorod gazi ishqgorli
eritmalarni elektroliz qilish yo’li bilan olinadi va tozalanadi. Eritma ichidan
o’tkazilgan vodorod platina elektrodiga adsorbilanib, uning sirtiga o’tirib qoladi. Pt
ning sirtida quyidagi muvozanat o’rnatiladi:
2H2(gaz)  Headsorb)» "+ €
Shuning uchun, elektrodning potensiali eritmadagi vodorod ionlarining aktivligi
bilan belgilanadi.
Vodorod elektrodi potensialini nazariy hisoblash xuddi Nernst tenglamasini
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keltirib chiqarishda qo’llangan mulohazalarga asoslangan. Normal vodorod
elektrodining zanjiri quyidagidek yoziladi:
Pt ( H)H . (an.= 1)

latm

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

Vodorod elektrodining kamchiliklaridan biri uni potensialining sekin
o’rnatilishi bo’lsa, ikkinchisi, yuqorida aytganimizdek, vodorodni juda ham toza
bo’lishi talab qilinishidir. Shuning uchun, amalda vodorod elektrodi ishlashga
qulayroq bo’ lgan boshga elektrodlar bilan almashti-riladi. Vodorod elektrodi gaz
elektrodlari turiga tegishli bo’lib, bunday elektrodlardan tashkil topgan zanjirlar gazli
zanjirlar deyiladi. Bunday zanjirlarda qo’ llanilayotgan metall o’tkazgich vazirasini
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 gaytarilishi bilan
bog’liq bo’lsa, gazli elektrodlarda oksidlanish-gaytarilish jarayonida adsorbilangan
gazlar gatnashadi, metall elektrodi-ning o0’zi esa, ushbu jarayonda bevosita ishtirok
etmaydi.

Standart (solishtirish) elektrodlar

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

- ularning potensiallari 0’zgarmaydigan va vodorod elektrodiga nisbatan aniq
o’Ichangan bo’lishi kerak;

- standart elektrodlar potensialining harorat koerrisiyenti 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 Hg2Cl> va Hg larning aralashmasi bilan qoplangan bo’ladi.
Elektrolit siratida KCI ning ma’lum konsentrasiyali (0,1-1,0 n 1i yoki to’yingan
eritma) eritmasidan roydalaniladi. Simobning ichiga platina simi tushirib qo’yiladi, u
raqat o’tkazgich vazirasini bajaradi. Kalomel elektrodi zanjiri quyidagicha
irodalanadi:

Hg/Hg:Cl,, KCI(C)

Kalomel elektrodi simob elektrodi hisoblanadi, uning potensiali simob
ionlarining aktivligiga bog’liq. Ammo HQ2Cl2 eritmasi to’yingan bo’lganligi sababli,
.. = const bo’ladi va elektrodning potensiali ragat Cl ionlarining aktivligi bilan

belgilanadi. CI" ionlarining konsentrasiyasi gqanchalik yuqori bo’lsa, Hgz ionlarining
aktivligi shunchalik kam va elektrodning potensiali shunchalik manriyroq bo’ladi.
Normal kalomel elektrodi (Cker = 1) uchun elektrodning potensiali 0,283 B ga teng,
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ya’ni kalomel elektrodi standart vodorod elektrodiga nisbatan 0,283 B ga
musbatroqdir. Agar quyidagi
(-)(PtyHz2/Hr=1// KC, HgoCl2/ Hg(+)

zanjirni tuzib uni EYuK 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-gaytaruvchi elektrodlardandir. U oddiy yarim element bo’lib,
unga pH noma’ lum bo’lgan eritma quyiladi va kam miqdorda xingidron solinadi.

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

CsHa(OH)20 CsH402 + Hz; H202H * + 2¢

yoki CsH4(OH),ACsH40242H " +2¢

Bu muvozanatda vodorod ionlari gatnashgani sababli, oksidlanish-gaytarilish
potensiali eritmaning vodorod ko’rsatkichi pH ga bog’liq bo’ladi. Xingidron
elektrodini ishqoriy eritmalarda qo’llash mumkin emas, chunki gidroxinonning
ishqority tuzlari hosil bo’lishi natijasida xinon bilan gidroxinonning nisbati
ekvimolekulyar bo’ Imay goladi. 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 atmosrera 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
(ionselektiv elektrodlar) keng roydalanilmogda. Ushbu elektrodlar alohida tarkibli
shishalardan tayyorlanadi va ularning tarkibiga ko’p miqdorda ishqoriy metallar
kiradi, shuning uchun ular oddiy shishaga nisbatan kichik elektr garshiligiga ega.
Ushbu elektrodda kislotaning konsentrlangan eritmasi bilan ishlov berilgan juda
yupqa shisha to’siq (membrana) mavjud bo’lib, bu membranadan eritmaga vodorod
ionlari o’tadi va membrana manriy zaryadlanadi (sios> ionlari hisobiga). Hosil
bo’ladigan potensiallar rarqi eritmadagi vodorod ionlarining aktivligiga bog’liq.
Shisha elektrodining potensiali tez o’rnatiladi va eritmadagi oksidlovchilar va platina
elektrodini zaharlaydigan qator moddalarga bog’liq emas. Shisha elektrodining
kamchiliklari ham bor, masalan, shisha membrananing yuqori omik garshiligi EYuK
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ni o’ Ichayotganda sezgir asbsoblardan roydalanishni talab giladi (pH-metrlar).
Bundan tashqari, shisha elektrodini pH ning 0-12 oralig’ida qo’llash mumkin.

lonselektiv elektrodlar yuqorida aytilganlardan rarq qgiladi, ularda ikkala
chegaralangan razalar - membrana va eritma - ion o’tkazuvchanlikka ega bo’ladi.
Jarayon membrana bilan eritma orasida ionlarning almashinishi bilan boradi.
Fazalararo chegarani kesib o’tuvchi ionlarning zaryadi o’zgarmaydi, ammo zaryad
boshgacha tagsimlanishi mumkin. Membrananing tarkibi va tuzilishi topilsa
razalararo chegaradagi potensial ragat 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.
Qattig membranalarga shisha, kristall va geterogen membranalar kiradi. Suyuq
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elektrodlarga suv bilan aralashmaydigan dielektrik doimiysi kichik bo’ Igan organik

erituvchilar kiradi (xlorbenzol, toluol), ularda kerakli ionogenlar eritilgan bo’ladi

(rosrat kislotaning dierirlari, aliratik kislotalar, aminlar, kraun-erirlar).
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 turayli zaryad tashib o’tilishi kuzatiladigan muhit tushuniladi.
Elektrokimyoviy o’ Ichashlar o’tkazish uchun mo’ljallangan yacheykada doimo 3 ta
runksiyani bajaruvchi elektrodlar bo’ladi (ayrim hollarda 1 ta elektrod 2 ta
runksiyani 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 gilinmaydi;

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

Ishchi elektrodni boshqga elektrodlar bilan birlashtirib bo’Imaydi.

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

Galvanik elementlar.
Qaytar va gqaytmas elektrokimyoviy zanjirlar.

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

Kimyoviy reaksiya energiyasini elektr energiyaga aylantirib beruvchi sistema
elektrokimyoviy zanjir yoki galvanik element deyiladi. Amaliyotda ishlatib
kelinayotgan elektrokimyoviy zanjirga misol gilib mis va rux gaytar elektrodlardan
iborat Yakobi-Daniel elementini keltirish mumkin. Mis elektrodi mis tuzining
eritmasiga, rux elektrodi rux tuzining eritmasiga tushiriladi. Bu eritmalar g’ovak 64



to’sig (membrana) yordamida yoki -elektrolitik ko’prik yordamida ulanadi.
Elektrolitik ko’prik siratida ionlarning harakatchanligi yagin bo’lgan KCI, KNOs,
NHsNOs larning to’ yingan eritmalari ishlatiladi. Bunday zanjir elektrokimyoda
quyidagicha irodalanadi:

(+)Cu/ Cu?* /] Zn* | Zn(-

Bu belgilashda ikkita vertikal chiziglar Cu* va zn?* ionlarini tutgan eritmalar
o’rtasida kontakt borligini ko’rsatadi.

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

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

Ushbu oksidlanish-gaytarilish jarayoni galvanik elementdan tashgarida ham
borishi mumkin, unda reaksiyada issiqlik energiyasining chigishi kuzatiladi.
Galvanik elementda esa ruxning mis ionlari bilan oksidlanish reaksiyasi elektr
energiyasining hosil bo’lishiga olib keladi. Shunday qilib, bunday galvanik
elementlarda (kimyoviy zanjirlar deb ham ataladi) kimyoviy reaksiyaning energiyasi
elektr energiyasiga aylanadi. Galvanik elementning elektr energiyasi hosil bo’lishida
asosiy rolni metall- eritma chegarasi o’ynashi ko’rinib turibdi. Bu rikr birinchi bor
1837 vyili De Lya Riv tomonidan aytilgan, u galvanik elementning kimyoviy
nazariyasini taklir gilgan. Ushbu nazariya Nernst va Ostvaldlar tomonidan XIX
asrning oxirida asoslangan. Ammo bu nazariyada ikki metall chegarasida kontakt
natijasida hosil bo’ladigan potensiallar rargi hisobga olinmagan.

Yakobi-Daniel elementida Zn eritmaga nisbatan manriy, Cu esa musbat
zaryadlanadi. Agar elektrodlarni metall o’tkazgich bilan ulasak, elektronlar Zn dan
Cu ga oga 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 chigishi)
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 qaytar bo’ladi. Shuning uchun, elektrodlarni
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cheksiz qarshilikka ega bo’lgan o’tkazgich bilan uladik deb raraz gilsak, reaksiya
cheksiz sekin boradi va har bir daqiqada elektrodlar bilan eritmalar o’rtasida
muvozanat mavjud desak bo’ladi. Bunday reaksiyalar kvaziqaytar reaksiyalardir.
Termodinamik jihatdan qaytar bo’lgan jarayonlarda maksimal elektr ishi bajariladi.
Bunday sharoitlarda o’lchangan ikki elektrod orasidagi potensiallar rargi galvanik
elementning elektr yurituvchi kuchi deyiladi I'.,, n ny-mi/x.

Konsentrasion zanjirlar

Ma’lumki, metall elektrodining potensiali uni eritmadagi ionlarining

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

(-) Ag / AgNOs// AgNOs/ Ag (1)

misolida ko’rib chigamiz. Avvalambor, konsentrasion elementlarda ishlab
chiqarilayotgan elektr energiyasining manbai bo’lib nima xizmat qilishini aniglash
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 yugoriroq eritmadagi elektrodda teskari jarayon boradi,
natijada, eritmaning konsentrasiyasi kamayadi. Shunday qilib, bunday elementlarda
elektr energiyasining manbai bo’lib eritmalar konsentrasiyalarining tenglashuv
jarayoni xizmat giladi. Shuning uchun ham ular konsentrasion elementlar deb ataladi.
Nernst bo’yicha elektrodlarning potensiallari

RT
I/ AR/ [ R E— | N a 1,Konsentrasion eIementle;/rirél?gdllis\{ggtgggbqa zanjirlardagi kabi elektrod potensiallarining algebraik 6

RT

E= Aa' Ak:— 1T — % 27;
nf a;
yoki yetarli darajada suyultirilgan eritmalar uchun (a® C)
| RT C2
E = --—-In-"2-

nf Cy (8)

tenglamani yozishimiz mumekin.

Shuni ta’kidlab o’tishimiz kerakki, yuqorida keltirilgan (7) tenglama tajriba
natijalari bilan to’la kelishmaydi, chunki uni keltirib chiqarayotganda turli
konsentrasiyali eritmalar chegarasidagi potensiallar sakrashi hisobga olinmagan, u
esa elementning EYuK ga ta’sir ko’rsatadi. Dirruzion potensial deb ataluvchi bu
potensial eritmalar chegarasi orgali ionlarning dirruziyalanishi oqibatida paydo bo’
ladi, u nomuvozanat jarayondir. Dirruzion potensial bir necha o’n millivoltlardan
oshmaydi. Shunga qarmasdan turli hisoblashlarda uni e’tiborga olish kerak. Yuqorida
aytganimizdek, dirruzion potensial kimyoviy zanjirlarda ham paydo bo’ladi. Shuning
uchun konsentrasion yoki kimyoviy zanjirlarning EYuK ni aniglayotganda dirruzion
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potensialni iloji boricha kamaytirish choralari ko’riladi. Dirruzion 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. Dirruzion potensialdan rargli suyuqlik
potensiali muvozanatdir: agar eritmalarning konsentrasiyalari tenglashganda,
dirruzion potensialning yo’qolishi kuzatilsa, elektrolit o’zaro aralashmaydigan
erituvchilarda teng tagsimlangan holatda ham suyuqlik potensiali yo’qolib ketmaydi.

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

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

Bu elementda vodorod elektrodi Hs 0- kationiga nisbatan gaytar, kumush xlorid
elektrodi esa, ikkinchi tur elektrodi bo’lgani uchun, CI anioniga nisbatan gaytar.
Ionlar tashib o’tilmaydigan konsentrasion element olish uchun turli konsentrasiyali
HCI tutgan ikkita shunday elementlar bir-biriga garama-garshi ishlaydigan holatda
ulanadi:

() Ag {AGCI, HCI/ H o PY) - (PY) H 2/ HCI, 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
konsentrasiyasi o’zgaradi va yuqori konsentrasiyali eritmadan suyultirilgan eritmaga
tashib o’tiladi (boshqa hech ganday o’zgarishlar kuzatilmaydi). Demak, ko’rib
chiqgilayotgan zanjir konsentrasion element bo’lib, unda HCI konsentrasiyalarining
tenglashishi bilvosita yo’l bilan sodir bo’ladi.

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

Ionlarni tashib o’tmaydigan konsentrasion zanjirlarga amalgamali elementlarni
ham misol gilishimiz mumkin. Ularning zanjirlari simobda eriydigan gator aktiv
metallardan tuzilishi mumkin. Simob eritmada deyarli ionlanmagani sababli,
ko’pgina metallarning amalgamalari o’zini mos metall elektrod kabi tutadi, bunda
ragatgina standart potensialning giymati 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’liq bo’lgan potensiallar rarqini o’ Ichaydi. EYuK galvanik elementda tok
bo’lmaganda (yoki cheksiz kichik bo’ lganda) o’lchanishi kerak. Bu sharoitda
galvanik element bilan akkumulyatorning yoki yordamchi batareyaning (EYuK
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galvanik elementnikidan katta bo’lishi kerak) bir xil qutblari ulanadi va shu turayli
galvanik elementda hosil bo’layotgan elektr toki akkumulyatorning garama-garshi
yo’ mnalgan toki bilan kompensasiyalanadi. Galvanik elementning EYuK ni
kompensasiya usuli bilan aniglashda Vestonning normal elementi qo’llaniladi. Bu
elementning EYUK o’zgarmas qiymatga ega bo’ Iganligi sababli, xalqaro etalon
siratida gabul qgilingan. Veston elementida katod vazirasini (manriy qutb)
kadmiyning to’yingan amalgamasi (tarkibida 12,5 % Cd tutgan), anod vazirasini
(musbat qutb) sirtiga HgSOs va Hg larning aralashmasidan iborat pasta bilan
goplangan toza simob 8

bajaradi. Elektrolit vazirasini CdSOs « - H.0nrng ortigcha miqdordagi kristallari

bo’lganCdSO«ning to’yingan eritmasi bajaradi (eritma Hg.SOs ga nisbatan ham
to’yingan bo’ladi). Kadmiyli elementning zanjiri quyidagicha yoziladi:
(-)(Hg),Cd / Cd**, SO Hg 22+/ Hg (+)

to'yingan

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

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

Cd + Hgz" o 2Hg + Cd** yoki to’liq holda reaksiyani
qo’yidagicha yozish mumkin:
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88
+

Cd Hg2S04 ¢ 3H2.0 « CdS04.3H20 ¢ 2Hg

Veston elementining 20 °S dagi EYuK Ye=1,0180 V ga teng.
Ushbu element EYuK ning haroratga bog’ligligini En = 1,0180 - 4,06.10 '(t -
20) tenglama orqali irodalash mumkin, bu yerda t - °C lardagi harorat. Veston
elementi tashish sodir bo’lmaydigan elementga misol bo’ladi.
Akkumulyatorlar

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

Umuman, prinsip jihatdan olganda, hamma qaytar galvanik elementlar
akkumulyator bo’la olishi mumkin. Lekin ba’zi sabablarga binoan, masalan, elektr
sig’imi kichik bo’ lishi, moddalar rizik holatining to’la gaytar bo’lmasligi, saqlab
qo’yganda ba’zi kimyoviy va boshqa o’zgarishlar bo’lishi turayli, 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
siratida sulrat kislotaning 32 roizli eritmasi (zichligi taxminan 1,15) ishlatiladi.
Sulrat kislotaga tushirilgan qo’rg’oshin plastinkalar PbSOa4 bilan goplanadi. Natijada,
quyidagi elektrokimyoviy zanjir vujudga kelad:

(+) Pb, PbO2/ 32% yu H,S04 /PbSO. , PhO (-)

Akkumulyator ishlaganda, ya’ni elektr toki berganda, quyidagi jarayonlar

boradi: musbat qutbda
PbO; + 4H-+ 2e ~ Pb™ + 2H,0 ; Pb ™ + SO4 " PbSO4

Y oki umumiy ko’rinishda
PbO .+ 4H " + SO4~ + 2e ~ PbSO 4 + 2H,0

Demak musbat elektrodda hosil bo’lgan potensial:

RT a.
=0+ RL In—

e bo’ladi
Manriy qutbda: Pb ~ Pb- + 2e; Pb** + '

SO ™ PbSO 4 jarayonlari boradi yoki umumiy ko’rinishda Pb + SO, * PbSO4 + 2¢ . Demak
manriy elektrodda hosil bo’lgan potensial: 7z = 20 + RTIna 2. bo’ladi. Elektrodlardagi
reaksiyalar bir-biriga 2r Pb

qo’shilsa, akkumulyatorda borgan umumiy reaksiya chiqadi.
Akkumulyator zaryadlanganda (undan elektr toki o’tkazilganda), bu
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reaksiyaning aksi boradi. Shunday qilib:
zaryadsizlanganda »

Pb+PbO: + 2H2504 & 2PbSO4 + 2H20
< zaryadlanganda
Kislotali akkumulyatorning elektr yurituvchi kuchi E = n1 + n, = 2,02B bo’ladi. Bu
giymatni yugoridagi Kiva k 2 ning tenglamalaridan hisoblab topish mumkin.

Ishqorli akkumulyator nikel oksid (musbat) va temir (mansiy) elektrodlardan
iborat. Elektrolit siratida o’yuvchi kaliyning to’ yingan eritmasi ishlatiladi. Bu
elementning zanjiri quyidagicha irodalanadi:

(+) Ni203-nHO/KOH]I-fe (-)
Akkumulyator zaryadsizlanganda quyidagi jarayonlar boradi:

Ni20s- H20+ 2e * 2NiO+ 20H
Manfiy elektrodda: Fe+20H M FeO+H, 0 + 2

Demak, umumiy reaksiya:

zaryadsizlanganda »
e + NipOs” £e0 + 2NiO

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

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

A=zfE 9)

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

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

Gibbs-Gelmgols tenglamasidagi AG=ARTTECAT  Gibbs energiyasining

tenglamadagi qiymatni qo‘ysak va
e‘“‘?T:—As yoki ZF1 v T| = AS = 23063(dE/dT), kal/gradg-io n (11)
"dT]

ekanligini hisobga olsak:
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(dE A
-H#E=AH-TzF | —1
| dT)

(dE A o y

AH = -z E - T dE =23063[T(dE/dT)-E] kal/g-ion (12)

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

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

ELEKTROKIMYOVIY REAKSIYANING MUVOZANAT KONSTANTASI
(2 coar)

Amaliy mashg’ulotlarning magqsadi: Oksidlanish darajasi o'zgaruvchi
ionlarning ishtirokida boruvchi reaksiyalarning muvozanat konstantalarini
hisoblash. Muvozanat konstantalarining giymatlariga garab gaytaruvchining
ganday oksidlanishi hagida hulosa chigarish.

NAZARIY QISM

Elektrod muvozanat eritmadagi ionlarning har 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 gilinadi, ya’ni muvozanatda bo‘lmagan sistema vujudga keladi. Buning sababi
metallardagi elektronlarning zichligi turlicha bo‘lishidir, shuning uchun elektronlar
tashqi zanjir orqali bir metalldan ikkinchisiga o‘tishga intiladi, ichki zanjirda esa
ionlarning tashilishi kuzatiladi. Jarayon sistemada muvozanat garor topguncha
davom etadi. Galvanik elementdagi termodinamik muvozanat konstantasini AG o= -
RT In K. Va AG? =-z7E? tenglamalardan roydalanib topiladi, bu yerda Eo-standart EYuK
(hamma ionlarning o‘rtacha aktivliklari 1 ga teng bo‘lganda):

InK, = zFE° /RT va  IgKa. =zFE%/2,3RT (1)
Yakobi-Daniel elementining EYuK 1,1 B ga teng. (1) tenglamaga binoan
hisoblangan muvozanat konstantasi K. = 2 « 10s ga teng. Muvozanat konstantasining
bunday katta qiymatni gabul 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 roydalanish mumkin bo‘lgan, oksidlanish darajasi
o‘zgaruvchi ionlar ishtirokida boruvchi, ya’ni elektrokimyoviy reaksiyalarning
muvozanat konstantalarini hisoblash ushbu seminarda muhokama gilinadi.
Talabalar ishtirokida galvanik elementning EYuK bilan ushbu galvanik
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elementda boruvchi kimyoviy reaksiyaning muvozanat konstantasi orasidagi bog’
lanish haqida nazariy masalalar qisqacha ko‘rib chiqiladi. Quyidagi reaksiya misolida
muvozanat konstantasini tahlil gilamiz:

2Al + 3Cu™ ~ 2AI"" + 3Cu

Muvozanat konstantasi: Ka= a2aP* /alcu?*
Umumlashgan holda: Z,Mi+ ziMy?* N ,Mi# + ziM,
Muvozanat konstantasi: Ka=a122 [ a4t

Muvozanat garor topganda:

E = E°E®* = [E°(RT/zit)lnai]-[E2°-
(RT/z2F)Ina2] =0

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

zz1
va Ig(ar22/az ) = IgKa = z1z2(E1°-E2°)/0,05916 (2)
metal ionlarining zaryadlari teng bo‘lsa yuqoridagi iroda soddalashadi:
lgKa= z(E1°-E2°)/0,05916 (3)

So‘ngra Kaning son giymati aniglanadi.

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

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

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 Hg -0,854 2
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* Standart elektrod potensialning ishorasi vodorod elektrodga nisbatan aniglangan
potensialning giymatiga teskari olinadi.

Quyidagi jadvalda topshiriglarning natijalarini tekshirish uchun zarur ma’
lumotlar keltirilgan. Ushbu topsirigni bajarish elektrokimyoning nazariy tomonlarini
talabalar tomonidan mustahlamlashdan tashgari muvozanat konstantalari

giymatlarining o‘zgarish kattaliklari bilan ham habardor qiladi va gaytaruvchining
ganday darajada oksidlanishi hagida tasavvurni kengaytiradi.

Jadval

Standart temperaturada ishlaydigan galvanik elementlarda amalga
oshiriluvchi elektrokimyoviy reaksiyalarning muvozanat konstantalarini
hisoblashga berilgan topshiriq uchun ma’lumotlar.
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Elektrod jurtlik 157-tenglama- lgKa Ka
Galvanik dagi zaryad
zanjirning EYuK miqgdori
1-2 0,897 6 91,00 1,00.10%
1-3 1,220 6 123,70 5,00.10%
1-4 1,257 6 127,40 2,50.10:%'
1-5 1,410 6 142,90 8,00.10:*
1-6 1,534 6 155,60 4,00.101°
1-7 1,660 3 84,20 1,60.10%
1-8 1,997 6 202,60 4,00.10%%2
1-9 2,181 3 110,70 5,00.10110
1-10 2,514 6 254,50 3,00.10%*
3-4 0,037 2 1,25 1,78.101
3-5 0,190 2 6,43 2,70.106
3-6 0,314 2 10,61 4,10.1010
3-7 0,440 2 14,89 7,80.1014
3-8 0,777 2 26,30 2,00.10%
3-9 0,961 2 32,50 3,20.10%
3-10 1,294 2 43,80 6,30.10%
5-6 0,124 2 4,19 1,55.104
5-7 0,250 2 8,46 2,88.108
5-8 0,587 2 19,85 7,10.1019
5-9 0,771 2 26,10 1,25.10%
5-10 1,104 2 37,35 2,22.10%
7-8 0,337 2 11,39 2,46.1011
7-9 0,521 1 8,82 6,60.10s
7-10 0,854 2 28,85 7,10.10%
2-3 0,325 2 10,92 8,30.1010
2-4 0,360 2 12,17 1,48.1012
2-5 0,513 2 17,36 2,29.1017
2-6 0,637 2 21,55 3,55.1021
2-7 0,763 2 25,80 6,31.10%
2-8 1,100 2 37,20 1,59.10%
2-9 1,284 2 43,50 3,20.10%
2-10 1,617 2 54,70 5,00.10*
4-5 0,153 2 5,18 1,50.10s
4-6 0,277 2 9,37 2,34.109
4-7 0,403 2 13,63 4,27.1013
4-8 0,740 2 25,00 1,00.10%
4-9 0,924 2 31,20 1,60.1031
4-10 1,257 2 42,50 3,00.10%
6-7 0,126 2 4,27 1,86.104
6-8 0,463 2 15,65 4,47.1015
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Elektrod jurtlik 157-tenglama- lgKa Ka
Galvanik dagi zaryad
zanjirning EYuK miqgdori
6-9 0,647 2 21,85 7,10.10%
6-10 0,980 2 33,15 1,40.10%
8-9 0,184 2 6,22 1,66.106
8-10 0,517 2 17,50 3,16.10Y7
9-10 0,333 2 11,26 1,82.1011

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

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

ckanligini talabalar bilan birgalikda eslab olish kerak. Zarur ma’lumotlar rizik-
kimyoviy kattaliklar keltirilgan qisqa ma’ lumotnomada berilgan. Birinchi misollarni
eng sodda oksidlanish-gaytarilish sistemalarining kombinasiyalarini hisoblashdan
boshladh magsadga muvoriqdir.

Faol talabalar uchun yana bir topshirig - galvanik elementlarning sxemalarini
tuzishdan iborat: Yakobi-Daniel, Veston elementlari, burer eritmaning pH mubhitini
aniglash zanjiri, alohida elektrodlarning potensiallarini aniglash uchun va
konsentrasion zanjirlarning sxemalari.

3-AMAJIMA MAIIFYJIOT. KHUMEBUI KUHETUKA BA KATAJINA3
MYAMMOJIAPH.

Arally mashg’ulotlarning maqgsadi: Kimyoviy reaksiyaning tartibini aniglash.
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 irodalanadi:

ane yoKi ve ¢ (1)
dt dt

Bunda C va C lar mos ravishda boshlang‘ich moddalar va reaksiya mahsuloti
konsentrasiyalari.

Yugqorida ta’kidlaganimizdek, bir tomonga yo‘nalayotgan reaksiyani ikki turda
tasnirlash mumkin: birinchidan, borayotgan reaksiyaning tenglamasi bo‘yicha
reaksiya tezligi tenglamasi orqali olingan reaksiya tartibiga ko‘ra; ikkinchidan,
reaksiyaning molekulyarligi, ya’ni ayni reaksiyada ishtirok etayotgan zarrachalarning
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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:

ViAi+V2A2+ ... " Vi3As+ ViAs+..
bunda to’g’ri reaksiya tezligining V=KCVCx.... kinetik tenglamasi bo’yicha aa.
reaksiya tartibi (v. + v.+...) yig‘indi orqali irodalanadi.

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

Sodir bo‘layotgan reaksiya bir bosqichdan iborat bo‘lsa, reaksiyaning tezligi
o‘zaro ta’sirlashayotgan moddalar stexiometrik koerrisiyentlariga mos ravishda
ularning konsentrasiyalariga proporsional bo‘lar edi, ya’ni yuqorida keltirilgan
reaksiya tenglamasi uchun quyidagini yozish mumkin bo‘lardi:

]7:-® — Y/ Vi c2%2 O

v “‘ﬂkcAchz (2)
bunda k - reaksiya tezligi doimiysi (reaksiyaga kirishayotgan moddalar
konsentrasiyalari birga teng bo‘lgandagi reaksiya tezligi). Uning o‘lchov birligi

Pi]=[ce- [te.

Hagigatdan ham, amalda ko‘pchilik reaksiyalar tezliklari turlicha bo‘lgan bir
qator bosqgichlardan 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 koerrisiyentlaridan iborat
daraja ko‘rsatkichlari (viv...) butun sonlardan tashqari kasr sonlardan ham iborat
bo‘lishi mumkin.

Odatda oddiy reaksiyalar uchun reaksiya tartibi o‘zaro reaksiyaga
Kirishayotgan moddalar stexiometrik koerrisiyentlarining yig‘indisidan iborat
bo‘ladi, ya’ni n=Xv;.

Reaksiya davomida bitta yoki bir necha moddalarning miqdorlari o‘zgarmay
qolsa, yuqgorida ta’kidlaganimizdek, reaksiyaning “psevdo” yoki “kuzatilgan tartibi”
degan ibora ishlatiladi. Misol uchun, shakarni inversiyalanish reaksiyasini olaylik:

C12H22011 + H2 O w+2C6H1206
Ayni reaksiyada shakardan tashgari erituvchi siratida suvning ishtirokini va
reaksiya kislotali muhitda borishini hisobga olgan holda, reaksiya tezligini
quyidagicha irodalash mumkin:

V=K[ C12H22011] [H20][H30™]

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

V =Kk [ Cr2H22011]
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ko‘rinishda yozish kiroya giladi. 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 orgali irodalanadi. Chunki to‘rtta atom yoki molekulani bir vaqtda o‘zaro
to‘qnashishi amaliy jihatdan mumkin emas.

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

4Fe?* +4H++ 0274fe® + 2H20
Tenglamadan ko‘rinib turibdiki, reaksiya sodir bo‘lishi uchun 4 ta temir ioni, 4
ta vodorod ioni va bitta kislorod molekulasi, ya’ni 9 ta zarracha bir vaqtda o‘zaro
to‘gnashishi kerak. Lekin amaliy jihatdan bu mumkin emas. Ikkinchi tomondan, ayni
zarrachalarning sakkiztasi musbat zaryadlangan zarrachalar bo‘lib, ular o‘zaro
itarilish kuchiga egadirlar. Shuning uchun ham, ushbu reaksiyaga quyidagi
bosgichlardan iborat reaksiyalar majmuasi siratida garash mumekin:

e + O20fe%* + 0.
0, + H*HO>

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

e?* + Hx02” Fe** + OH-+ OH

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

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

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

1) ; AL - monomolekulyar reaksiyalar
2) A+ B"L;2A4"L - bimolekulyar reaksiyalar;
3) A+ B+ C"L;2A+ B"L;3A"L - uchmolekulyar reaksiyalar.

Agarda reaksiya davomida bir dona o‘zaro ta’sirlashish sodir bo‘layotgan
bo‘lsa, reaksiya tartibi bilan molekulyarligi bir-biriga teng bo‘ladi. Murakkab
reaksiyalarda esa reaksiya tartibi alohida reaksiya bosgichlarining
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
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reaksiyalarning bir necha turlari mavjud bo‘lib, ularni sxematik ravishda quyidagi
turlarga bo‘lish mumkin:

1. Qaytar reaksiyalar

A+BNL+M
2. 'Yonma-yon (parallel) boruvchi reaksiyalar
xB XL+...
- ; A+B
c M+ ..
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 tarigasida £€?* ioni kuchli kislotali muhitda H202 bilan oksidlanish
reaksiyasini ko ‘rishimiz mumkin:

HO2+2FeCl2 " 22FeCls+H20 (@)

HO.-221('l > Cl2+2H20 (b)
Bunda H20:2 - aktor, Fe* - induktor, HCI - akseptor vazirasini bajaradi va (a)
reaksiya birlamchi , (b ) esa, ikkilamchi reaksiyadir.

4. Ketma-ket boruvchi reaksiyalar

AMBC...; A+B+... "C+D+... >1"M ...

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

Reaksiya tartibi

O‘zgarmas haroratda reaksiyaning Kkinetik tenglamasini chigarish uchun

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

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

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

dt
Co—V C— \J At

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

Olingan natijalarni (2) bilan taggoslasak,
dTAld(a-x)d
---—1—9-3(-)-—X———k1(a-x) 3)
dt dt dt:
kelib chigadi. Monomolekulyar reaksiyalarda reaksiyadan so‘ng olingan moddaning
miqdori dastlabki modda hajmiga bog‘liq bo‘lmaganligi sababli, yuqoridagi

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

dx

Akt 4)
0 dan t oraliglarida integrallasak
I-a -In(a-x) = In * = kit (5)
hosil bo‘ladi. (5) dan birinchi tartibli reak:i)}(la tezligi doimiysi k1 ni topish mumkin:
ki— -In-n-
ta-x

Reaksiya tezligi doimiysining o’lchov birligi [ki] = [c]*" [tn dan n=1
bo’lganda zii] = [tj! bo‘ladi. Shuning uchun birinchi tartibli reaksiya tezlik doimiysi
konsentrasiyani irodalash o‘lchov birligiga bog‘liq bo‘lmaydi. Agarda reaksiyaga
kirishayotgan moddalar konsentrasiyasining o‘zgarishini X1 bilan, hosil bo‘layotgan
moddalar konsentrasiyasining o‘zgarishini X2 bilan belgilasak,
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reaksiya uchun olingan dastlabki moddalar
miqdori a ning vaqt t ga bog‘ligligi 12-
rasmda ko‘rsatilgan.
Sodir bo‘layotgan reaksiyalarni o‘rganishda
reaksiyaning yarim yemirilish vaqgti ty, dan
, roydalaniladi. Bu vaqt reaksiya uchun
olingan modda miqdorining yarmi sarrlangan
vaqt bilan o‘lchanadi.
12-rasm. Dastlabki modda x1va

reaksiya mahsuloti x2
konsentrasiyalari o‘zgarishining

vaqtga bog‘liqligi.
Shunga muvorig, (5) tenglamadan x = a; t = t. ekanligini hisobga olsak
In2 0,693 t/ ----- =
—ku k1 (6)

bo‘ladi va ko‘rinib turibdiki, reaksiyaning yarim yemirilish vaqti
raqat muvozanat doimiysiga bog‘liq bo‘lib, reaksiya uchun olingan moddaning
boshlang‘ich konsentrasiyasiga bog‘liq emas ekan.

Birinchi tartibli reaksiyalarga quyidagilarni ko‘rsatish mumkin:

1. Asetoxloranilinni paraxlorasetoanilidga izomerlanish reaksiyasi
NCICOCH3 NHCOCHS3

Cl
2. lkkimetil eririning parchalanishi
CHs-O-CHs--"ILH2+CO
3. Murakkab erirning suyultirilgan eritmadagi gidrolizi
CH3COOC2Hs H20 >("H:COOH C2Hs0OH
Bu reaksiyada suvning migdori ko‘p bo‘lganligi sababli, uning konsentrasiyasi
o‘zgarmay goladi deb hisoblanadi. Shuning uchun ham, bu kabi reaksiyalarni
“psevdomonomolekulyar” reaksiyalar, deb ataladi.
Ikkinchi tartibli reaksiyalar. Ikkinchi tartibli reaksiyalarga turli razalarda
sodir bo‘ladigan gomogen reaksiyalarni misol qilib olishimiz mumkin. Masalan,
murakkab erirni sovunlanishi va eteririkasiya reaksiyalari:

RCOORi+NaOH -RCOONa+RiOH
CH3COOH+ C2HsOH-- CH3COOC2H5+H20
Gaz razada sodir bo‘ladigan birikish reaksiyalari:

H2+J2-2HJ
C2Hs+H2-C2Hs
Agarda yuqoridagi reaksiya tenglamalarini umumiy A+B"L+M sxematik
reaksiya tenglamasi orgali irodalasak va dastlabki vaqtdagi (t=0) 4 va B
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moddalarining konsentrasiyalarini mos ravishda a va s deb olsak, t vaqt o‘tgandagi
konsentrasiyalarini (a-x) va (6-x) deb olsak, (2) tengligini quyidagicha yozish
mumkin:

d
dx = ka(a - X)(b - ¥) (7)
dx
(@-x)(b-x - kedt (8)

(7) dagi o‘zgaruvchan kattaliklarni ajratsak,
hosil bo’ladi. Bu tenglamalardagi k2 - ikkinchi tartibli reaksiya tezligi doimiysi.
Agarda reaksiyaga kirishayotgan moddalar konsentrasiyalari o‘zaro teng bo‘lsa

d
(a _XX)Z = kZdt (9)

(a=e), (8) quyidagicha yoziladi:

Reaksiyaning dastlabki shartlari t=0 va x=0 dan kelib chiggan holda (9) ni
integrallasak, ayni holat uchun ikkinchi tartibli reaksiyaning kinetik tenglamasi hosil
bo‘ladi:

———————————— =k21 (10)

_azkzt
Epyory (11)
ko=t X

ta(a-x) (12)

(12) dan ko‘rinib turibdiki, ikkinchi tartibli reaksiya tezligi
doimiysining o‘lchov birligi qo’llanilayotgan konsentrasiya birligiga bog’liq bo’lib
[k2] = [c]*[t]%, mol/I s 1 bilan irodalanadi.

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 tv2 desak, shu vaqt oralig‘ida sarr bo‘lgan
modda miqdori a/2 ga teng bo‘lsa, (12 176) dan

1
te=T~ (13)

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

bo’lmasa (as8), (6) ga asosan
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dddx (1 N /1IQA
O R R | (13)
a-b™a-xb-xJ
tengligi kelib chigadi. (13) ni x=0 dan x gacha va t=0 dan t gacha integrallash
quyidagini beradi:

- -kzt-za—_-l;—[ln(a - X) - In(b - X)] ------ é :I) -a— In — (14)
bunda Inb integrallash doimiysi. a-b a
(14) dan k2ni qiymati quydagiga teng bo‘ladi:
ko= -L-h b(") t(a - b) ab - X)

Reaksiya ~ uchun  olingan moddalardan  birining
konsentrasiyasi ikkinchisidan ancha katta bo‘lsa (masalan, b>>a va (15)
hech vaqt a>b bo‘la olmasligini hisobga olsak ), (14) ni
quyidagicha yozish mumkin:

In| —a— I = bkl (16)
Na-xJ

(4) va (16) lardan kit=Dbkatyoki ki=bk2 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 irodalash mumkin:

e = ks (a-x)°? (17)
Agarda (17) ni 0 dan x va 0 dan t oraliqda integrallasak,
k3= 1Q
(@a-x)® 2a? (18)

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

k x*(2a-x)
8 2ta?(a-x)
Reaksiya uchun olingan dastlabki moddalar miqgdorlari turlicha bo‘lsa, ya’ni a
De D,

x==ks(a-x) (b-x) (c-x) (19)

bo‘ladi. Agarda bu tenglamani integrallasak, ks ning giymatini topamiz:

aa 1 11
AR Ry R Pt T— (20)
tl (a-6)(c-a)a-x(a-6)(e6-c)e-x(6-c)(c-a)C-x
Uchinchi tartibli reaksiya tezligi doimiysining o‘lchov birligi [k:] = [C]?[t]- orgali,
yani mol?12 st yoki mol? sm? s! larda irodalanadi.
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Uchinchi tartibli reaksiyalarga quyidagilar misol bo‘la oladi:

2NO+02"2NO2 2NO+Ch"2NOCI
Umuman olganda, o‘zaro ta’sirlashayotgan moddalar miqdorlari bir xil
bo‘lgan hol uchun n-tartibli reaksiyaning tezlik doimiysini yuqorida gilingan
hisoblashlar asosida quyidagicha irodalash mumkin:
k_1 lan*(axx)"t
"= ~t(n-1)a™(axx)™* (21)
n- tartibli reaksiyaning o’lchov birligi [k.] = [c]:"[t]  ko’rinishda irodalanadi. Bu kabi
reaksiyalarning yarim ajralish vaqgti quyidagiga teng:
tllzzaj(n_l)gn,lz (22)
Agarda vaqt o‘tishi bilan reaksiya tezligi o‘zgarmasa, bunday reaksiyalar
nolinchi tartibli bo‘ladi. Masalan, yuqorida keltirilgan erirni suvda gidrolizlanishi:

CH3CHOC2Hs + H2.) > CH3COOH + C2HsOH
reaksiyasida erirning miqdori ortigcha olinsa, reaksiya natijasida sarrlanayotgan erir
o‘rni erir qatlamidan uzluksiz to‘ldirilib borilganligi sababli, uning konsentrasiyasi
doimiyligicha goladi. Natijada reaksiya tezligi o‘zgarmaydi va bu kabi reaksiya
nolinchi tartibga ega bo‘ladi. Nolinchi tartibli reaksiyalar ko‘pchilik geterogen va
rotokimyoviy jarayonlarda uchraydi. (21) tenglamaga n=0 ni qo‘ysak va tegishli
o‘zgartirishlar kiritsak,

a-x=a-kot (23)
ekanligini ko‘rish mumkin. Nolinchi tartibli reaksiyaning o‘lchov birligi [ko] =
[c][t] * yoki moll?* s bilan irodalanadi. (22) ga n = 0 qo‘ysak, nolinchi tartibli
reaksiyaning yarim o‘zgarish vaqtini topamiz:

=l (24)

T 2k,

Demak, (24) ga ko‘ra, yuqoridagi kabi

reaksiyalar uchun t;, modda mig-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

deyarli to‘g‘ri chizigdan iborat.

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

n=1van =2 bo‘lganda bu bog‘liglik egri ko‘rinishiga ega. Yuqorida keltirgan
misolimizdan tashqgari ko‘pchilik radioaktiv parchalanish reaksiyalari ham nolinchi
tartibli reaksiyalarga Kiradi.
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Reaksiya tartibini aniglash usullari

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

Kinetik tenglamalarga olingan natijalarni qo‘yib, butun sonlar orqali
Irodalangan 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 boshga kinetik tenglamalar orgali bajariladi.
Agarda tezlik doimiysining giymati turli vaqt uchun bir-biriga mos kelsa yoki
amaliyotda yo‘l qo‘yiladigan ba’zi xatoliklarni hisobga olgan holda bir-biridan oz
migdorga rarq qilsa, reaksiya tartibi shu kinetik tenglama orqali irodalangan tartibga
to‘g‘ri keladi. Agarda qilingan hisoblashlar hyech qaysi tenglamada qoniqgarli natija
bermasa, o‘rganilayotgan reaksiya mexanizmi murakkab ekanligi va reaksiya tartibi
kasr sonlar orgali irodalanishi yoki mansiy ishoraga ega bo‘lishi mumkin ekanligini
ko‘rsatadi.

O‘rniga qo‘yish usulining ikkinchi turi grarik usuli bo‘lib, bunda 0 dan 3-

Ina 9

v t g t
tartibgacha bo‘lgan reaksiyalar uchun mos ravishda (a-x), In(a-x), (a-x)* va
14-rasm. Reaksiya tartibini grarik usulida aniglash
(a -n=0; b -n=1; v-n=2vag-n=3uchun).

(a-x)?  Kkattaliklarni  vaqtga  bog‘liglik  chizmalari tuziladi. 14-rasmda
ko‘rsatilganidek, bog‘liglik to‘g‘ri chizigdan iborat bo‘lsa, ayni reaksiya shu tartibga
mos kelishini ko‘rsatadi. a, b, ¢ va g rasmlarning ordinata o‘qidagi a, Ina, a* va a?
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kesmalar mos ravishda dastlabki modda miqdorlariga to‘g‘ri keladi. To‘g‘ri
chiziglarningog‘ish burchaklaridan muvozanat doimiysini topish mumkin, ya’ni n =
O0van=1bo’lganda -tga = ko va -tga = kiga, n = 2 va n = 3 bo’lganda tga = k2 va
tga = 2ks ga teng bo‘ladi.

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

17 A — —2"-1 (25)
12 knn -1

tiza™ ko‘paytma o‘zgarmas kattalik ekanligini ko‘ramiz. Agarda reaksiya
boshlang‘ich a1, a2, .. ai migdorlarda olib borilsa,

(tr2)181" =(tr)22" 2 =...=(to2)ia™ (26)

tengliklarini yozish mumkin. Bu tengliklardan n ning giymatini topish mumkin Gy
)2' In (tl/2x Inaz - Ina; (27)

Reaksiya tartibini aniglashning grarik usullaridan biri (22)
tenglamaning logarirmlangan ko‘rinishidan, ya’ni 1 Int;, = In 2 .

\ ("tdhlamasidan  foydalanishgd2®3soslangan.

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

topish mumkin. Reaksiya  tartibini

aniglashning integral usulidan yana biri
e Ostvald-Noyes usuli bo‘lib, u reaksiya uchun
k(n-1)  olingan moddaning miqdorini gandaydir tix
vaqt oralig‘ida o‘Ichashga asoslangan.

/
hntv2

15-rasm. Yarim ajralish vaqtini
moddaning boshlang‘ich

miqdoriga
bogligligi.
Bu usulga ko‘ra, n tartibli reaksiya uchun (22) tenglama quyidagicha yoziladi:
tin= Db B (29)
(n - Dka™?

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

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

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

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

(30) ni quyidagicha yoziladi:
Vo= k[Aan (31)
Boshlang‘ich reaksiya davomida A moddaning miqgdori doimiy saglanib B
moddaning miqdori o‘zgarishi kuzatilsa, (30) ni quyidagicha yozish mumkin:
Vo= Kk [Bop (32)
(30) tenglamani logarirmlasak,
InV, = Ink+nIn[As]+mIn[B,] (33)
hosil bo’ladi. Bu tenglamadagi Ink va mIn[Bo] lar (B moddaning miqgdori doimiy
bo‘lganligi uchun) o‘zgarmas kattaliklar bo‘lganligi sababli, (33) quyidagi
qo‘rinishga keladi:

InVo= n In[Ao] (34)

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

A
InVe®-InvP=nin ., (35)
logarirmlasak,
hosil bo‘ladi.
(35) dan n ni topamiz:
In Vo(l’- In Vo'z’ (36)

In [ A%]-In [ A< w’]

Huddi shu tartibda reaksiya tartibini B moddaning miqdori orgali ham topish
mumkin:
In Vo(lE)- In Vo(z)o

m-= ———
In [ Boz]-In [ Bo®] (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‘liglik InVo=2(In[A]
diagrammasi tuzilsa (16- rasm), to‘g‘ri
chizigning og‘ish  burchagidan reaksiya
tartibini topish mumkin. Bunda tga=n bo’ladi.

InVO

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

Reaksiya tezligining haroratga bog‘liqligi

Vant-Gorr bo‘yicha uncha yuqori bo‘lmagan haroratlarda haroratni 10° ga
oshirganda reaksiyaning tezligi 2-4 marta ortadi. Reaksiya tezligiga haroratning
ta’siri tezlik konstantasining harorat koerrisiyenti bilan o‘lchanadi ke+1o/K. Yuqori
haroratda Vant-Gorr qoidasi noto‘g‘ri natijalarni beradi. Shuning uchun bunday
hollarda reaksiyaning tezlik konstantasiga haroratning ta’siri miqdoriy jihatdan Vant-
Gorr-Arrenius tenglamasi bilan irodalanadi.

Turli reaksiyalar tezliklarining harorat ortishi bilan taxminan bir xil o‘zgarishi
riziologiyada katta ahamiyatga ega bo‘lib, ma’ lum haroratlar oralig‘ida
hayvonlarning mavjud bo‘lishiga imkoniyat yaratiladi. Agar reaksiya tezligining
harorat koerrisiyenti turli reaksiyalar uchun juda katta rarq 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, dirruziya) haroratga bog‘ligligi kimyoviy jarayonlarga
garaganda ancha kam, bu esa rizikaviy jarayonlarning tabiatini va ularda kimyoviy
ta’sirlarning rolini o‘rnatishga imkon beradi.

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

dinK¢ = v
TRﬁQ (38)
bu yerda Kc = kik bo‘lgani uchun

din ks d Ink; Qv
dT dT RT* (39)
Reaksiyaning issiglik errekti ikkita kattalikning rarqi Qv E2 - Ei ekanligini hisobga
olsak, quyidagi tenglamalar kelib chigadi: bu yerda B -
doimiy son. Arrenius B=0 ekanligini ko’rsatdi va bu holda yuqoridagi tenglam

d :;I_kl E/]\'TZ+ B (40)
ErT-B
dink, RT2 (41)

dT
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(42)

ko’rinishni oladi. Arrenius Ea Kattalikni 1 mol raollangan molekulaning hosil
bo‘lishiga sarr bo‘ladigan issiqlik miqdori ekanligidan kelib chiqib, raollanish
energiyasi deb atadi. (42) tenglamani integrallasak,

Ink=-EL-+ C (43)
RT
bu yerda: C - haroratga bog‘liq bo‘lmagan integrallash doimiysi. Ushbu tenglamani
quyidagi ko‘rinishda ham yozsa bo‘ladi:
K = e-EaRT-c = €C e €-EarTa<' = 1004343-C € €-EART (44)

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

A =100,4343C (45)
U holda, (44) tenglama quyidagi ko‘rinishni oladi:
k=Aeer (46)
Ink=1In A -EART (47)
Ink=-B/T+C (48)

buerda: B=-EAR;C=1InA

Faollanish energiyasini topish uchun tajriba natijalaridan Ink = & (1/T) grarigi
chiziladi. Ushbu bog‘lanish to‘g‘ri chiziqli bo‘lsa, jarayon Arrenius tenglamasiga
bo‘ysunadi va uning burchagi tangensidan raollanish energiyasi aniglanadi:

tga = Ea/2,303R Ba Ea=tga- 4,575 (49)
(42) tenglamani T1 dan T2 gacha aniq integrallansa, ya’ni T1 va T2 lardagi ki va
k2 lar topilsa, quyidagi tenglamadan Yea ni hisoblash mumkin:

11
Inko/ki = En/2, 303R (- ) (50)
1> T1

Arrenius tenglamasidan Ink = & (1/T) bog‘ligligi chiziqgli ekanligi kelib chigadi, bu
esa turli-tuman reaksiyalar uchun tajribada olingan natijalarga mos keladi. Arrenius
tenglamasi reaksiya tezligining haroratga bog‘ligligini juda ham yuqori darajada
to‘g‘ri irodalab Dberganligi sababli, uni asoslab berish kimyoviy kinetika
nazariyasining vaziralaridan 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‘qnashish elementar akt keltirib
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chigarsa, u holda reaksiya tezligini gazlarning kinetik nazariyasidan hisoblab
chigarsa bo‘ladi. Ammo gazlarning kinetik nazariyasiga asoslanib hisoblangan
reaksiyalarning tezligi tajribada topilganlaridan juda ko‘p tartiblarga ortiqdir. Bunday
natija molekulalarning ayrim to‘qnashishlarigina samarali bo‘lib, ragat 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‘qnashishlarning umumiy soni esa, sezilarsiz o‘zgarishi ham tasdiqlaydi.

Yuqorida ko‘rsatilgan garama-qarshiliklarni yo‘qotish uchun Arrenius
to‘gnashgan molekulalarning hammasi emas, balki ragat o‘rtacha energiyadan
ko‘proq energiyaga ega bo‘lganlarigina reaksiyaga kirishadi, deb taxmin qildi.
Bunday molekulalar raol molekulalar deb ataldi, ushbu qarashlarga asoslanib
rivojlantirilgan nazariya esa, raol to‘qnashishlar nazariyasi deb ataldi. Ushbu
nazariyaga asosan, to‘qnashayotgan molekulalarning og‘irlik markazlarini
birlashtiruvchi to‘g‘ri chiziq bo‘yicha kinetik energiyaning tashkil giluvchisi kritik
kattalikdan ortig bo‘lgan to‘gnashishlardagina samarali bo‘ladi. Samarali
to‘gnashishlarning o‘rtacha energiyaga nisbatan ortiqgcha bo‘lgan energiyasi
jarayonning raollanish energiyasi deyiladi. Reaksiyaning elementar aktini amalga
oshirish uchun boshlang‘ich moddalar molekulalaridagi bog‘larni uzish zarurligi va
bunga ma’lum energiya sarrlash talab gilinishi bilan Arrenius tasavvurlarini oson
asoslash mumkin. Shunday qilib, kimyoviy jarayonda ma’lum energetik to‘siqni
yengish talab qilinadi. Ushbu rikrlar 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. E1 va E2 kattaliklar to‘g‘ri va teskari
reaksiyalarning raollanish energiyalarini tavsirlaydi: Q=FE1-F>.

5 Reaksion aralashmada raol molekulalar
—g i issiqlik harakati natijasida paydo bo‘ladi va
' ' kimyoviy ta’sirlar sodir bo‘layotganda

sarrlanadi. Zarrachalarning to‘qnashishlar
natijasida raollanish tezligi ularni reaksiyada
sarrlanish tezligidan ancha katta deb taxmin
gilinadi.  Demak,  kimyoviy  jarayon
molekulalarning tezliklar bo‘yicha
maksvellcha  muvozanat tagsimlanishini
, deyarli buzmaydi. Bolsman statistikasi
v bo‘yicha raol to‘qnashishlar Ze., ya’ni raol
molekulalarning to‘qnashishlari soni

E:

17-rasm. Faollanish energiyasi
tushunchasining sxematik ifodasi.

Zee = ZeE/RT (51 216)
va bimolekulyar reaksiyaning tezlik konstantasi, barcha molekulalar to‘qnashishlari
samarali bo‘lgan hol uchun
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Ink=_JL_ + 1InT+A (52 217)
RT 2

bu erda A - doimiy kattalik. InT ning giymati haroratga deyarli bog’liq bo’lmagani
sababli, ushbu tenglama bilan & =£. tenglamasi bir-biriga mosdir. Demak raol
to‘gnashishlar nazariyasi tajribada o‘rnatilgan reaksiya tezligining haroratga
bog‘ligligini sirat jihatdan to‘g‘ri irodalaydi.

Tajribaviy natijalar asosida nazariyani miqgdoriy tekshirish uchun Ink=¢(1/T)
bog‘ligligidan raollanish energiyasi aniglanadi va uning giymatlarini yuqoridagi
tenglamaga qo‘yib reaksiyaning tezlik konstantasi hisoblanadi, so‘ngra uni tajribada
olingan giymatlar bilan solishtiriladi.

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

Faol to‘gnashishlar nazariyasidan hisoblab topilgan tezlik doimiysining
giymatlari tajribaviy natijalarga mos kelishi uchun, to‘gqnashishlarning yetarli
energiyasidan tashgari, molekulalar to‘qnashayotganda ularning ma’lum
oriyentasiyasi ham talab gilinadi. Shu sababli, Arrenius tenglamasiga sterik raktor p
deb ataluvchi tuzatma ko‘paytuvchi Kiritiladi:

k=pkoe-E/RT (53)

Turli reaksiyalar uchun sterik raktor 10° dan 1 gacha bo‘lgan keng oraliqda
o‘zgarib turadi. Nazariy jihatdan sterik raktor hozirgacha hisoblanmaganligi raol
to‘qnashishlar nazariyasining ahamiyatini kamayti-radi, chunki ushbu nazariya
kimyoviy reksiyalarning absolyut tezliklarini avvaldan aytib berish imkoniyatiga ega
emas. Shunga garamasdan, Arrenius nazariyasining ragatgina yugori energiya
zaxirasiga ega bo‘lgan molekulalar ta’sirlashishi mumkin, degan asosiy holati
to“g ridir.

Molekulalar raqat to‘qnashishlar natijasidagina emas, balki nur energiyasini
yutish, gattig moddalarning sirtiga adsorbilanish va kimyoviy reaksiyaning elementar
aktining o‘zi sodir bo‘layotganda ham raollanishi 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
oralig‘ida amalga oshadi. Molekulalar to‘gnashishga ulgurmasdan oldin valent
kuchlar o‘zini namoyon qila boshlaydi va to‘gnashishdan so‘ng ham ma’lum
vaqtgacha ta’sir qilib turadi. Buni A atom va BD molekula orasidagi 4+ BD -AB + D
reaksiya misolida tushuntiramiz. A atomi BD molekulaga B va D atomlarning
yadrolarini birlashtirib turuvchi to‘g‘ri chiziq bo‘yicha yaqinlashadi, chunki bunday
yaqinlashish energetik jihatdan eng yutuqli bo‘lib, minimal energiya talab qilinadi.
Zarrachalar yaqginlashishi bilan B va D atomlari orasidagi bog* kuchsizlanib, A va B
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atomlar orasida esa yangi bog* shakllanib boradi va shunga mos ravishda barcha
sistemaning potensial energiyasi ham o‘zgaradi. Natijada sistemaning alohida bir
holati - o’tar holat vujudga keladi. O’tar holatda BD molekulasidagi bog’lar yetarli
darajada kuchsizlangan va A va B atomlar orasida yangi bog‘ o‘zini namoyon
qilayotgan bo‘ladi. Demak o‘tar holatda uchchala atom ham o‘zaro bog‘langan
bo‘lib, raollashgan kompleks hosil giladi. Ushbu kompleks juda ham beqaror bo‘lib,
malum energiya zaxirasiga hamda aniq konrigurasiyaga ega bo‘ladi. Faollashgan
kompleksning mavjud bo’lish vaqti juda ham kichik (~10?-10"3sek) bo’lib, so’ngra
u reaksiya mahsulotiga aylanadi. Ushbu kompleksda energiya turlarining normal
koordinatlarga bog‘ligligi barqaror molekulalardagi kabi bo‘lganligi sababligina u
molekulaga o‘xshash bo‘ladi. Ammo, molekulalardan rarqli o‘laroq, mavjud bo‘lish
vaqti juda kam bo‘lganligi sababli raollashgan kompleksda davriy tebranishlar
amalga oshishga ulgurmaydi va shuning uchun uni spektroskopik usullarda o‘rganib
bo‘lmaydi. Faollashgan kompleksning tebranma erkinlik darajalari soni bargaror
molekulalarnikidan kichik, chunki unda reaksiya yo‘li bo‘yicha tebranma harakat
kuzatilmaydi. Lekin raollashgan 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 ¥aollanish energiyasini tavsirlovchi ushbu
to‘signing balandligi raollashgan kompleks bilan boshlang‘ich moddalar orasidagi
energiyalarning rargiga tengdir.

TOPSHIRIQLAR

Turli kimyoviy reaksizlarning molekulyarligi va reaksiya tartibini
aniglashga 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 ranga 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 siratida tirik organizmlarda boruvchi barcha
biokimyoviy jarayonlarning tezligi alohida biologik katalizatorlar - rermentlar bilan
boshqarilishini misol qilishimiz mumkin. Ko‘p kimyoviy ishlab chiqarishlarda ham
katalitik jarayonlardan roydalaniladi. Avval oddiy deb hisoblangan ko‘pgina 91



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 vazirasini bajarishi mumkin. Katalitik jarayonlar qator o‘ziga xos
xususiyatlarga ega. Ulardan biri katalizator miqdori bilan substrat orasida
stexiometrik nisbatlarning mavjud emasligi. Jarayon davomida katalizator
sarrlanmaydi va kimyoviy jihatdan o‘zgarmaydi. Lekin amalda turli yonaki
jarayonlarning borishi turayli katalizator, albatta, sarrlanadi.

Katalizator qgator reaksiyalarning muvozanat konstantasiga ta’sir gilmasligini
termodinamik nuqtai nazardan ko‘rsatish mumkin. Katalizator yangi reaksiyalarni
keltirib chigarmaydi, u ragat termodinamik jihatdan ruxsat etilgan reaksiyalarning
tezligini oshiradi va sistemaning muvozanat holatiga yetish uchun talab gilingan
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 qulrga
tushgandek mos kelishi kerak. Hozirgi vagtgacha u yoki bu jarayonda ganday
moddani samarali katalizator siratida ishlatish mumkinligini avvaldan aytish
mumkin emas. Bu masala hozir ham empirik ravishda yechiladi va ma’lum bir
reaksiya uchun optimal bo‘lgan katalizatorni tanlash ko‘p vaqtni talab qiladi.
Masalan, ammiakni sintezi uchun katalizator gidirilganda 20 mingdan ko‘proq
moddalar sinab ko‘rilgan va katalizator siratida tanlangan temir eng samarali
ekanligini hozir ham ta’kidlab bo‘lmaydi. Aksincha, texnikada qo‘llanilayotgan
katalizatorlar mukammallikdan juda wuzoqdir. Sintetik katalizatorlar bilan
rermentlarning katalitik xossalarini solishti- rishning o‘zigina shunday xulosaga olib
keladi, chunki rermentlarning xossalari tabiatning uzoq vaqt evolyusiyasi jarayonida
mukammalashgani uchun, ularning katalitik raolligi mineral katalizatorlarning
raolligidan o‘n ming martagacha ortiqdir.

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



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

Gomogen katalitik reaksiyalar gaz razasida 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 boshqa reagentlar bilan ta’sirlashadi, bunda katalizator
o‘zgarmagan holda ajralib chigadi. Oraliq birikmalar nazariyasi asosiy tajribaviy
dalillarni tushuntiradi, ya’ni katalizatorning tanlab ta’sir qilishini hamda reaksiya
tezligining Kkatalizator konsentrasiyasiga proporsionalligini tasdig-laydi. Ushbu
nazariya katalizatorning ta’sirlashayotgan modda bilan hosil gilayotgan oraliq
birikmani tajribada bevosita aniglash mumkinligi bilan ham tasdiglanadi.

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

Eritmalardagi barcha gomogen Katalitik reaksiyalarni kislota-asosli va
oksidlanish-gaytarilish jarayonlariga ajratish mumkin. Kislota-asosli katalizga
elektron jurtlarning uzilishisiz (geterolitik) boruvchi jarayonlar kiritiladi. Erirlarning
sovunlanishi, eteririkasiya, polisaxaridlarning gidrolizi, izomerlanish, galloidlash,
kondensasiyalanish reaksiyalari bunga misol bo‘ladi. Bunday reaksiyalarda HsO" va
OH- ionlari katalizator vazirasini bajaradi.

Oksidlanish-qaytarilish  kataliziga elektron  jurtlarning uzilishi va
elektronlarning bir molekuladan boshgasiga o‘tishi (gomolitik) kuzatiladigan
jarayonlar kiritiladi. Bunday reaksiyalar eritmalarda ko‘pincha turli ionlar bilan
tezlashtiriladi. Ionlarning katalitik ta’sirt ularning strukturasiga bog‘liq. Ionning
tarkibi ganchalik murakkab bo‘lsa, bir xil sharoitlarda uning Xkatalitik 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 raollashtirish uchun ishlatiladi. Bunday jarayonni
katalizator yordamida energiyani “rekuperasiya”lash deyiladi va u rementativ
katalizga tegishlidir. O‘zining kimyoviy tuzilishi bo‘yicha rermentlar (enzimlar),
ogsillar yoki ogsillarning kichik molekulali birikmalar bilan komplekslaridir. Ko‘p
rermentlarda ogsillar tashuvchi vazirasini bajaradi, ular bilan bog‘langan prostetik
guruh esa katalitik raollikka ega bo‘ladi.

Fermentlarning ta’sir mexanizmi rerment-substrat oraliq birikmaning hosil
bo‘lishi bilan bog‘liq bo‘lib, keyinchalik u mahsulotga aylanadi, rerment esa
o‘zgarmas ko‘rinishda qoladi. Fermentlarda ogsildan iborat tashuvchining mavjudligi
rermentativ katalizning qator o‘ziga xosliklarini keltirib chigaradi. Ulardan eng
ahamiyatlisi rermentlarning katalitik ta’siri haroratning va muhit kislotaliligining 93



kichik oralig’idagina namoyon bo’lishidadir. Fermentlarning eng yuqori raolligi 40-
50°C haroratlar oralig‘ida yotadi. 40°C dan past haroratlarda rermentlarning raolligi
keskin kamayadi, 0°C ga yaqin haroratlarda rermentativ jarayonlar deyarli to‘xtaydi.
Fermentlar raolligining xuddi shunday keskin kamayishi 50°C dan yuqori
haroratlarda ham kuzatiladi, buning sababi harorat optimal sharoitlardan
chetlashganda oqgsildan iborat tashuvchi strukturasining o‘zgarishidir. Har bir
rerment eritma pHning ma’ lum oralig‘ida yuqori raollikni namoyon qiladi.
Fermentlarning  raolligi 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, nertni va nert mahsulotlarini
gayta ishlash, ammiak olish va uni oksidlash, sulrat 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 qanday razada sodir bo‘lishi bilan

bog‘liq.
Sxematik ravishda quyidagi reaksiya sodir bo‘layotgan bo‘lsin:
A+Br"C+D (@)
Shu reaksiya katalizator ishtirokida quyidagicha amalga oshadi:
A+ K"MAK (b)
AK+B"C+D+K (v)

bunda K - katalizator. (b) va (v) reaksiyalarning tezligi (a) reaksiyasining tezligidan
katta bo‘ladi. Bu rarg, asosan, ishtirok etayotgan katalizatorning raolligiga 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, tiosulratning yod ioni ishtirokida
vodorod peroksid bilan oksidlanish reaksiyasi tetrationat hosil bo‘lishi bilan boradi:

H202+250:;+2H* >2H20 + S10;
Agarda shu reaksiyani yod ioni o‘rniga molibdat kislota ishtirokida olib
borilsa, sulrat hosil bo‘ladi:

4H202+S52035 —=2S0# +2H*+3H:20
Reaksiya sharoiti va katalizator turini o‘zgartirish orqali etil spirtidan turli
mahsulotlar olish mumkin:

Al203 ,H2504

1)  C2Hs0H > C2Hs+H20

350-360° C
Al203 ,H2S04

2) 2C2Hs50H > (C2Hs)O+H20

250°C
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3) C2Hs0H < CH3CHO+H:2

200-2500C

4)  2C2H50H P/JI CsHyOH+H20
5 VAH«)! »CH2=CH-CH=CH2+H2+2HO

400-450° C

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

Katalitik reaksiyalarda reaksiya sodir bo‘lishi uchun zarur bo‘lgan raollanish
energiyasini irodalovchi energiya g‘ovining o°‘zgarishi 18-rasmda ko ‘rsatilgan.

"t

v

Reaksiya koordinatasi

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

Rasmdan ko‘rinib turibdiki, katalizatorsiz sodir bo‘layotgan A * B
reaksiyaning raollashish energiyasi £ (a) katalizator ishtirokida borayotgan A +
KMAK (K-katalizator) va AK"B+K reaksiyalarining raollanish energiyalari £1 va E2
(b) larning yig‘indisidan katta (E>E1+FE2) bo‘lganligi sababli, (a) reaksiyaga
garaganda (b) reaksiyaning tezligi yuqori bo‘ladi. Agarda katalizator ishtirokidagi
reaksiya uchun E£1= E2 deb qaralsa, 1 £ = E1= E2 ekanligini ko’rish mumkin. (a)

reaksiya uchun reaksiyaning tezlik doimiysi

k = Ae" err (1)
tenglamasi orqgali irodalanishini hisobga olsak
ki= k2= A€ -err (2)

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

k=e?rr (3)
nisbatni olish mumkin. (3) tenglama katalizator ishtirokida reaksiya tezligi ganchaga
oshayotganini ko‘rsatadi. (3) dan ko‘rinib turibdiki, katalizator ishtirokidagi reaksiya
bosqichlari raollanish energiyalari yig‘indisi katalizator ishtirokisiz raollanish
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 rermentativ katalizlar. Biz keyingi bo‘limlarda gomogen va geterogen
katalizlar ustida to‘xtab o‘tamiz.

Geterogen kataliz nazariyalari

Adsorbilanish nazariyalari. Oralig birikmalar nazariyasi. Geterogen
katalitik jarayonning zarur sharti ta’sirlashayotgan moddalardan hyech bo‘lmasa
bittasining adsorbilanishidir. Shuning uchun reaksiyani Kkatalitik tezlashishining
sababi adsorbilanish deb taxmin qgilindi. Adsorbilanish natijasida esa, katalizator
sirtida ta’sirlashayotgan moddalarning konsentrasiyasi ortadi va massalar ta’siri
gonuniga binoan reaksiya tezlashishi kerak. Ammo bunday tushuntirish tajribaga
mos kelmadi, chunki ta’sirlashayotgan moddalar konsentrasiyasining ortishiga
qaraganda reaksiya tezligi katalizator ta’sirida juda ham ko‘p marotaba ortib ketadi.
Bundan tashqari ko‘p adsorbentlar katalitik raollikka ega emas. Bularning hammasi
ta’sirlashayotgan moddalarning adsorbilanishi katalitik jarayon borishining yetarli
sharti emasligidan dalolat beradi.

Keyinchalik ta’sirlashayotgan moddalarning fagat raol 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 razaviy oraligq birikma hosil giladi, u esa keyinchalik boshga
moddalar bilan ta’sirlashadi va bunda katalizator kimyoviy o‘zgarmagan holda
ajralib chigadi, deb taxmin qilingan. Keyinroq geterogen Kkatalizda razaviy
birikmalar emas, balki o‘zgaruvchan tarkibli sirt birikmalari hosil bo‘lishi haqidagi
taxminlar rivojlantirildi.

Oraliq birikmalar nazariyasidan kelib chiqadigan ayrim xulosalar ko‘p marta
tajribada tasdiglangan. 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 ganday moddalar orasida ma’lum jarayon uchun raol bo‘lgan katalizatorlarni
gidirish kerak ekanligini aytib berish mumkin. Masalan, kislorod bilan beqaror
birikmalar hosil qila oladigan, ya’ni oksidlanish-qaytarilish reaksiyalarida gatnasha
oladigan moddalar oksidlanish reaksiyalarida raol katalizator bo‘lishi kerakligi

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

Qalay va vismut kabi metallar ham katalizator siratida yaramaydi, chunki ular
nitridlar hosil gilmaydi (past haroratlarda). Xuddi shunday, oralig birikmalar
nazariyasidan roydalanib, xlorlash jarayonlarining Kkataliztorlari bo‘lib ayrim
metallarning xloridlari (AlICls, FeCls va boshgalar) xizmat gilishi mumkin.

Lekin oraliq birikmalar nazariyasi ko‘pgina tajribaviy dalillarni tushuntira
olmadi. Qator ishlarda umumiy katalitik jarayon taxmin gilinayotgan oralig mahsulot
hosil bo‘lish tezligidan ancha tezroq borishi ko‘rsatilgan. Oraliq birikmalar
nazariyasi katalizator raolligi 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 garashlarga binoan, raol 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 derormasiyalanadi va ta’sirlashayotgan sirt
bilan kimyoviy sorbilangan multiplet kompleks hosil bo‘ladi. Uning parchalanishi
reaksiya mahsulotlari hosil bo‘lishiga olib keladi.

Multiplet adsorbilanish ragat katalizator kristall panjarasining qo‘shni atomlari
orasidagi masora ta’sirlashayotgan moddalar moleku-lasining uzunligiga mos
kelgandagina hosil bo‘lishi mumkin (geometrik mos kelish prinsipi). Fagat shu
holdagina molekula multipletdagi ikkita qo‘shni atomlarga kimyoviy sorbilanishi va
natijada undagi kimyoviy bog‘ning derormasiyalanishiga olib kelishi mumkin. Agar
katalitik jarayonda murak-kab molekula gatnashsa, multipletda uning kimyoviy
bog‘larni tutgan (reaksiya natijasida uzilib va yangidan hosil bo‘lib turgan) bir
gismigina adsorbilanishi kerak. Molekulaning indeks guruhi deyiladigan ushbu gismi
multipletdagi atomlarning shakliga va ular orasidagi masoraga 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
oglaydi. Ammo ushbu nazariya barcha hollar uchun umumiy emas, xususan, uni
oksidlanish katalizi jarayonlariga qo‘llab bo‘lmaydi.

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

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

-inert tashuvchi blokli strukturaga ega, ya’ni ozod migrasiya sohalarining
to‘plamidan iborat bo‘lib, ular bir-biridan geometrik yoki energetik to‘siglar bilan
ajratilgan bo‘ladi. Katalitik raol 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
chtimolligi maksimal bo‘lgan holdagi qoplanish darajasida katlizatorning raolligi
eng katta bo‘ladi. Faol ansambllar nazariyasi tajribaviy ma’ lumotlar asosida raol
ansambldagi atomlar sonini, migrasiyalanuvchi yacheykaning o‘lchamlarini, sirt
birligidagi raol ansambllar sonini va bitta raol 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 raol
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 nugtalar 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 qavatida boruvchi
oksidlanish-qaytarilish jarayonlarida qatnashishi mumkinligiga e’tibor bergan. Misol
uchun, vodorodning platinada katalitik oksidlanishini ko‘rib chigamiz. Gaz razasida
2N2+02=2N20 reaksiyasi sekin boradi, chunki ushbu reaksiyaning Kketishi
boshlang‘ich moddalar molekulalaridagi bog‘larning uzilishini, ya’ni ma’lum
energetik to‘signi yengishni talab qiladi. Metallning sirtida adsorbilanganda 98



molekulalar ionlanishi mumkin. Kislorod metallning sirt gavatidagi ozod elektronini
tortib, O ioniga aylanadi, metallning o‘zi musbat zaryadlanib qoladi va
adsorbilanayotgan vodorod molekulalaridan elektronni tortib oladi. Ko‘rsatilgan
jarayonlarda katalizator elektronlarning donori yoki akseptori bo‘lib xizmat qiladi.
Uning sirtida adsorbilangan zarrachalar ionlanadi. Sirt bo‘yicha migrasiyalanib,
garama-garshi zaryadlangan ionlar bir-biri bilan oson ta’sirlashadi. Ma’lumki,
bunday jarayonlarning raollanish energiyasi katta emas.

Keyinchalik Roginskiy, Volkenshteyn va boshgalar tomonidan rivoj-
lantirilgan elektron nazariyalarda katalitik ta’sirni elektron-larning ta’sirlashayotgan
sirtdan chiqish ishi hamda atomlarning bo‘sh d-qobug‘lari bilan bog‘lashgan. Ko‘p
hollarda hagigatan ham qotishmalarning katalitik raolligi bilan ulardagi d-
qobug‘larning to‘lish darajasi orasida bog‘liglik o‘rganilgan. Shunday qilib, sirtdagi
raol 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 hagidagi nazariyani Semenov va Voyevodskiylar taklir gilgan. Ularning
rikricha, qgattiq jismning sirti doimo moyil-likning erkin birliklariga ega va shuning
uchun unga poliradikal kabi garash mumkin. Radikallar, odatda, juda katta reaksion
qobiliyatga ega va kimyoviy o‘zgarishlarda regenerasiyalanishi mumkin. Geterogen
katalitik jarayon sirt qavatda yassi zanjirlarning paydo bo‘lishi orqali ketishi
mumkin. Valent to‘yingan molekula katalizator sirtidagi erkin valentlik bilan
ta’sirlashib, radikalga aylanadi va u boshga adsorbilangan molekula bilan
ta’sirlashib, reaksiya mahsulotini hosil qiladi, bunda sirt gqavatidagi moyillikning
erkin birligi regenerasiyalanadi.

Geterogen katalitik jarayonlarda raqat 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 raol markaz reaksiyaning elementar aktidagi energiyani
yig‘ishi mumkin, u esa adsorbilangan molekulalarni qo‘shimcha raollantirishga
ketadi. Shunday qilib, boshlang‘ich katalitik akt keyingi aktning amalga oshishini
osonlashtiradi. Energiyaning bunday rekuperasiyasi sirtda ortiqcha energiyaga ega
bo‘lgan nomuvozanat strukturalarning hosil bo‘lishi bilan bog‘liq. Yugqorida
ta’kidlaganimizdek, bunday jarayon ko‘proq rermentativ katalizga tegishlidir.
Katalizatorning energiyani vaqtinchalik akkumulyasiya gilishi natijasida kimyoviy
reaksiya davomida uning sirtida raol markazlar soni ortadi. Oralig mahsulotning
hosil bo‘lishi va parchalanishi reaksiyalariga nisbatan summar katalitik reaksiyaning
tezroq borishini xuddi shu jarayonlar bilan tushuntirish mumkin.

Nihoyat, geterogen Kkatalitik zanjir reaksiyalar borishining yana bir mexanizmi
Polyakov tomonidan ko‘rsatilgan bo‘lib, u katalizator sirtida ozod radikallarning
paydo bo‘lishi bilan bog‘lig. Ozod radikallar reaksion hajm bo‘yicha targalib, unda
sekin-asta so‘nib boruvchi gomogen zanjir reaksiyani keltirib chigaradi. Geterogen-
gomogen deb ataluvchi bunday reaksiyalarda katalizator ragat 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: raolligi, 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 tashgari, ularning
yetarli g‘ovaklikka va solishtirma sirtga ega bo‘lishi talab qilinadi. Katalizator
donachalarining ma’lum o‘lchamga ega bo‘lishi ham muhimdir, chunki reaksiyaga
kirishuvchi moddalarning katalizatorga dirruziyalanishi va katalizator gatlamidan
o‘tish jarayonlari uning o‘lchamlariga bog‘liqdir. Katalizatorlarning ayni keltirilgan
xususiyatlarini qisqacha ko‘rib chigamiz.

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

k = VIV va Brx=— 4)
k
bunda: Bk - katalizator raolligi; V V, k« va k - mos ravishda katalizator ishtirokida va
katalizatorsiz reaksiyalar tezligi va tezlik doimiylari.

Katalizatorlarni o°zaro taqqgoslashda ularning solishtirma raolli-gidan
roydalaniladi. Gomogen katalizda sirt raolligi o‘rniga kata-lizatorning konsentrasiya
birligi orgali irodalangan reaksiya tezligi qo‘llanilsa, geterogen katalizda berilgan
haroratda katalizator sirt birligiga mos keluvchi reaksiya tezligi qo‘llaniladi.
Katalizatorsiz va katalizator ishtirokidagi reaksiyalar uchun Arrenius tenglamalari k
= AeFrrva ky = Ae~"""" ko‘rinishlarga ega bo‘lishidan va (4) dan

B = erert (5)

ekanligini ko’ramiz, bunda AE-Katalizatorsiz va katalizator ishtirokidagi reaksiyalar
raollanish energiyalarining o‘zgarishi.

Katalizator selektivligi (Sk) uning ta’sir etish yo‘nalishi bilan tavsirlanadi,
ya’ni selektiv katalizator mumkin bo‘lgan bir necha xil yo‘nalishdagi reaksiyalardan
bittasini tezlashtiradi. Masalan, ammiakning oksidlanishi uch xil yo‘nalishda borishi
mumkin:

+H20 @)

NH3+qQ>x A N2O + H20 (b)
*NO + H20 (v)

Agarda shu jarayon platina ishtirokida olib borilsa, ragat (v) reaksiya sodir
bo‘ladi. Qolgan reaksiyalar ayni sharoitda sodir bo‘Imaydi.
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Katalizatorning selektivligini ikki usulda aniglash mumkin. Birinchi usul
bo‘yicha selektivlik reaksiyaning asosiy mahsuloti massasining hosil bo‘lishi
mumkin bo‘lgan mahsulotlar (asosiy va qo‘shimcha) massasiga nisbati bilan
o‘Ichanadi:

Sk =m_.100 (6)
Xm
bunda: mi- asosiy mahsulot massasi; Em - 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

v, _°n"2n0 + H20

R

n CO; + n H,O

CnHan+2 +02

olaylik:
bunda: A - asosiy mahsulot, B - qo‘shimcha mahsulot. Natijada selektivlik
quyidagicha irodalanadi:

(7)

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

vy _°n"2n0O + H20
CnHan+2 +92

S I

n CO2 + nH20
aylansa, ya’ni:
bo‘lsa, selektivlik quyidagicha irodalanadi:

Sk = ®)

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

Ve=Mn/t yoki Vc=Vm/tVk 9)
bunda Vc - katalizatorning solishtirma hajmi.

Katalizatorning ingibirlanishi va regenerasiyasi
Geterogen katalizda qo‘llaniladigan qattiq holdagi katalizator-larning
ingibirlanishi ikki xil - rizikaviy va kimyoviy bo‘lishi mumkin.
Fizikaviy ingibirlanishga katalizator g‘ovaklarini berkilib qolishi, solishtirma
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sirt yoki raza solishtirma raolligining kamayishi (masalan, katalizator sirtiga
goplangan modda miqgdorining kamayishi va kuyishi) kiradi.

Kimyoviy ingibirlanishlardan biri xomashyo tarkibidagi katalitik zaharlarni
katalizator sirtiga adsorbilanishidir. Bu ingibirlanish gaytar jarayon bo‘lib, xomashyo
tarkibidagi katalitik zaharlardan tozalash orgali uning oldini olish mumkin. Masalan,
nertning hidini yo’qotish jarayonida nikel, platina, palladiy va boshqa metallarga 0,4-
1,0 % atrorida alyuminiy oksidi, seolitlar va boshga moddalar shimdirilgan holda
ishlatiladi. Bu moddalar oltingugurtli organik moddalar ta’siriga sezgir bo‘lib,
ularning ta’sirida katalizatorning raolligi 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 N C kokc)+ CO2
CHs" C kokc) + 2H2
2H2+ CO2"™ C xokc) + 2H20
Shu tariga raolligi kamaygan katalizatorning sirtida hosil bo‘lgan koksni yuvish
yoki yoqish orgali gayta tiklanadi:

C + H20bug CO + H2
C+ 02" CO2
Ba’zi hollarda katalizatorlarning regenerasiyasida kislota, ishqor va turli
erituvchilardan ham roydalaniladi. Zaharlangan qgimmatbaho metal-larni esa,
suyuglantirib tozalanadi.
TOPSHIRIQLAR

Katalizatorlarni tayyorlash

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

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

1. Metall oksidlari o‘zakka shimdiriladi va azot bilan suyultirilgan vodorod
ta’sirida metallgacha qgaytariladi:

Ag20+H2"Ag+H:0
2. Ammiak sintezida ishlatiladigan temir katalizatorini olish uchun yuqori
harorat va bosimda #e304 dan tabletka tayyorlanadi va u gaytariladi:

I'e:()a 4H2>3!""e 4H20
1. Nodir metallar sim, to‘r yoki yupqa gazlama holida qo‘llaniladi.
2. Arzon metallning sirti galvanik usulda katalizator vazirasini bajaruvchi
nodir metallning yupga gatlami bilan goplanadi.
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3. Reney usuli (ishgor bilan ishlash): masalan, nikel bilan alyuminiyning
ma’lum tarkibdagi qotishmasi kerakli shaklda tayyorlanadi, so‘ngra u NaOH ning 20%
li suvli eritmasi bilan gayta ishlanadi:

2Al--2NOOH-+6H20--+2Na[Al(OH)4]-+3H>

Hosil bo‘lgan tuz suvda yaxshi eriganligi sababli, oson yuviladi va natijada,
golgan Ni g‘ovaksimon holda bo‘ladi (Reney katalizatori).

Promotorlar. Katalizator xossasiga ega bo‘lmagan birikmalarni boshlang‘ich
moddalarga qo‘shish tayyorlanadigan Kkatalizatorning raolligini, selektivligini va
ishlash vaqgtini ancha oshiradi. Bunday moddalar raollashtirgichlar yoki promotorlar
deyiladi. Ular ikki guruhga bo‘linadi:

1. Katalizatorning tuzilishini yaxshilaydiganlar.

2. Katalizatorning xossasini o‘zgartiradiganlar.

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

2-tur promotorlar esa, kam miqdorda ham yaxshi natija beradi. Masalan, vodorod
peroksidni parchalanishining katalizatori 98%o0 ferOr 2%0 Al20s dan iborat bo‘lishi
mumkin.

Har ikkala tur promotorlarning kritik konsentrasiyalari mavjud.

Umuman olganda, promotorlar ta’sirida katalizatorlar raolligining oshishi
raollanish energiyasining kamayishi, solishtirma sirtning o‘zgarishi va raol markazlar
sonining ko‘payishi bilan bog*‘liqdir.

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

Qaytar zaharlanishda zahar molekulasi Kkatalizatorning sirtiga qaytar
adsorbsiyalanadi. Masalan, vodorodni oksidlashda qo‘llaniladigan platina katalizatori
CO yoki etilen ta’sirida zaharlanadi. Ular platina sirtidan desorbsiyalanganda esa,
katalizator yana raol bo‘lib qoladi. Ammiak sintezida qo‘llaniladigan katalizatorlar
CO, COg, spirt va suv bug‘laridan qaytar zaharlanadi.

Qaytmas zaharlanishda zahar molekulalari bargaror sirt birikmalar hosil giladi va
natijada desorbilanmaydi. Bunda Kkatalizator raolligini tiklash uchun sirtda hosil
bo‘lgan birikmalar parchalanishi kerak.

“Kimyoviy kinetika” bobini o’zlashtirilganlik
darajasini tekshirish uchun savollar
1. Reaksiyaning tartibi deb qganday Kkattaliklarga aytiladi va u qganday
qiymatlarga ega bo’ladi?
2. Reaksiyaning molekulyarligi va ular ganday turdagi reaksiyalar uchun
qo’llaniladi?

3. Reaksiya molekulyarligi ganday qiymatlarga ega bo’ladi?

4. Reaksiya tartibini aniglashning ganday integral usullari bor?

5. Reaksiya tartibini aniglashning dirrerensial usullari ganday usullar?

6. IgK ning T ga bog’liglik chizmasi ganday ko’rinishga ega?

7 Tezlik doimiysining o’ Ichami qanday va u ganday kattaliklarga
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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 raollanish energiyasini hisoblang.

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

13. Reaksiyaning tajribaviy raollanish energiyasi nima?

14. Agar 293K da reaksiya 2 soat davom etsa, shu reaksiya 15 minutda tugashi
uchun, Vant-Gorr qoidasiga ko’ra, harorat nechaga teng bo’lishi kerak? Reaksiyaning
harorat koerrisiyenti 3 ga teng.

15. Birinchi reaksiyaning raollanish energiyasi ikkinchi reaksiya-nikidan Kkatta.
T1 haroratda bu reaksiyalarning tezlik doimiylari teng. Agar T2>T1 bo’lsa, T2 haroratda
reaksiyalarning tezlik doimiylari nisbati ganday bo’ladi?

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

17. Zanjir reaksiyalar va ularning turlari.

18. Zanjir reaksiyalarning tezligi va tezlik tenglamasi.

19. Tarmoglangan zanjir reaksiyalarda raol markazning hosil bo’lish miqdori
nimaga bog’liq?

20. Tarmoglangan zanjir reaksiyalari.

21. Fotokimyoviy reaksiyalarning turlarini ko’rsating.

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

23. Fotokimyoviy reaksiyalarning sinrlari.

24. Foto gayta guruhlanish reaksiyalari.

25. Fotosensibillanish reaksiyalari.

26. Parallel va konsekutiv reaksiyalar.

217. 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 irodalovchi kinetik egrilar.

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

35. Kimyoviy reaksiyaning limitlovchi bosgichi tushunchasi.
36. Geterogen jarayonlarning dirruzion mexanizmi.
37. Kinetik sohada boruvchi reaksiyalar.
38. Gomogen Kkatalizatorlarning reaksiya tezligini oshirishdagi ta’sirining

mohiyati nimada?
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39. Gomogen katalitik reaksiya tezligi gomogen katalizatorning reaksiyadagi
boshlang’ ich konsentrasiyasiga bog’ligmi?

40.
41.
keltiring.
42.
go’laniladi?
43.
qo’llaniladi?

Gomogen katalitik reaksiyalarning ganday turlari mavjud?
Kislota-asosli gomogen katalitik reaksiyalarning sinslanishini

Maxsus kislotali katalizda katalizator siratida ganday moddalar

Umumiy asosli katalizda katalizator siratida ganday moddalar

44. Oksidlanish-gaytarilish gomogen Kkatalitik reaksiyalar mexanizmining
mohiyati nimada?

45,
46.
47.
48.
49,
50.
51.
52.
tushunasiz?
53.
54.
55.
ko’rsatadi?
56.
ko’rsatadi?

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

Geterogen katalizning ganday turlari mavjud?

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

Fermentativ katalizda energiya rekuperasiyasi.
Fermentativ katalizning mexanizmi.

Katalizator reaksiyaning muvozanat konstantasiga qanday ta’sir

Katalizator reaksiyaning tezlik konstantasiga qanday ta’sir

57. Gomogen Kkatalitik reaksiyalarni oraliq birikmalar nazariyasi orgali

tushuntiring.

58.

Zanjir reaksiyalarida katalizatorning roli ganday?

59. Eritmalardagi  gomogen-katalitik  reaksiyalarning  mexanizmlarini

tushuntiring.
60.
61.

Geterogen kataliz ganday bosgichlardan iborat?
Geterogen katalizning ganday nazariyalari bor?

63. Katalizning multiplet nazariyasi.

64. Faol ansambllar nazariyasi.

65. Katalizning elektron nazariyasi.

66. Katalizning zanjir nazariyasi.

67. Katalizatorlarga qo’yiladigan talablar.

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

70. Promotorlar. Katalizator zaharlari.

71,
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4-AMAJIUA MAIIFYJIOT. CTATUCTUK TEPMOJJUHAMMUKA.

1. OHTpONUs Ba cMcTeMa " OJATHHHHT TAPTHOCH3INTH
TepMoMHAMUKAHHHT MKKHHYY KOHYHH CHCTEMAaHHUHT KaHTalIup S XoccacH
OOPJIMTHHHM Ba y HCCHUKIIMK aJIMAIIMHUAIIH XaMa YII0y HCCUKIINK ajMarily-
Hummaara dQ xapopar Ounad OoF muKIMruHu TabKkuIann: dS > — (1.1)

€KM NCCUKIIMK aJIMAIIMHUAIIY OYIMaraH XoJia N30 sIUUsIaHraH CUCTEMAJIap YUyH

dS>0 (111.2)

Mabiymku, S xoccanu Knaysuyc osurpomus ne6 aragu. FOxopumaru
TeHrnamanap xam Kniaysuyc ToMoHMAaH Takiaud KWwiMHTaH OYiau0, UKKUHYH
KOHYHHUHT MAaTeMAaTHK KypUHHIIUAUpP. YOy TeHrJamansap KalTtap MyBO3aHaT
xapaCHllap YUYyH SHTPONUSHUHT OPTHUIIM KEJITHUPUITAH MCCUKIMKKA TEHIJIMTMHU Ba
HOMYBO3aHaT JkapaéHiap y4yH YH/IaH KaTTaJIMTUHU Udoaananu.

[Mynaait kwmO, sHTponus Oup TapadjaH HMCCUKIUK aJIMAlIAHUIIM OWJiaH,
UKKUHYM Tapaduan sca kailtmaciuk Owinan Oobnuk Oynran xocca. Mana mryHzaa
SHTPOINUSHUHT JYAIUCTHUK TaOuaTh KypuHaau, Oy »5ca ymly XyJa MyXum
TEPMOJIMHAMHUK (PYHKIUSHUHT (UMK MAbHOCUHU TYIIMHUIIHU KUWWHJIAIITHPAIIH.
Xyanu mry AyaqucTAK TabWaT SHTPOMUSHU TYIIMHHUINTA XaM €paaMm Oepaau, aMMo
Knay3umycHUHT KIacCWK HYKTauW Ha3zapuaaH dMac, OaIKM KEHWH pHUBOKJIAHTHUPUITAH
MOJICKYJISIP-CTAaTUCTUK HyKTau Ha3ap/iaH.

OHTPONUSHUHT  IYATHCTHK TAaOMAaTHHU  MATCPUSIHUHT  aTOM-MOJICKYJISP
TY3WIUIIM XaKUaard TacaBBypiapjaH (oiigananu0, CHCTEMaHWHT XOJIATWUHU YHHU
TANIKWAJ KWITaH 3appadaapHAHT XapakaTd €KW XOJATHHUHT TapTHOCHU3IHMTH HYKTaw
Ha3zapuJaH Kapaul OpKajiu TyLIuHca OyIaau.

WNnean taptubnaHraH MOJEKYJSIp CTPYKTypara TO3a MOJAJAA TYFPH TY3WITaH
KPUCTAJUIMHUHT (MacajaH, KaHJaWIup METALUTHUHT) aOCOJIOT HOJb Xapopataaru
HAMyHacu MHUCOJ Oyna onamu. Mabiymku, OyHmad Kpucramiga artomnap (Exu
MOJIEKyJIajap) KpUCTaul MaHKapaHUHT TYTYHJIapua >KOWJaIiaId Ba yjaap arpodpuia
“HONMHYM SHEprus ’Aa Oup Xwn TeOpaHMa Xapakatiap kwiaau. [lmank OVitmda
(TepMOIMHAMUKAHUHT yYYMHYM KOHYHHU) OyHIall KPUCTAJUTHUHT SHTPOMHSICH HOJTa
TEHTJIMTUHA MyXoOKama KuiraaMu3. JKHCM HCCHUKIWMK IOTHO KH3WTAaHIa HIeas
TapTUOMMIMK OY3unagu. MybTaauia KU3OUpWIraHia TapTUOIUIMKHUHT OY3UITUIIH
TypAH DSHeprusiiapaa TeOpaHa€TraH 3appadajapHUHT Kymalumuaa wudoganaHaim.
AMMO 3appadajapHUHT TIaH)XXapa TYTYHJIapUAard ypTada XOJIaTH XaMOH CakKJIaHUO
konaau. JKUCMHUHT KU3aupwivinv Owiad OoFnuk OynaraH TapTUONMIMKHUHT
OY3mHIIY €KW TAPTUOCU3IMKHUHT OPTHUIIHM YHUHT SHTPOTHUSCH OPTHUIIIUTA OJTHO

KeJaIu: AS=] C— (ILL.3)
o
Oy epna C - UCCUKJIMK CUTHMH.
K,artuk >XucM-CyrokiauKk Ba cCylokiauk-OyF ¢azaBuit yTumapu xpucrami
CTPYKTYpaHUHT OYy3unuimu (cyrokjanui) Ba OybFmanmm sxapa€aupma Kydcus
TabCUPJIANIYBYA XAOTHK XapakaTJaHyBUHM 3appadaliapHUHT XOCWJI OYnuIy OuiaH

0ot muk 6Vnm6, OyHIa M30TEPMUK PaBUILIA UCCUKITUK FOTUIUIIN Ba MOJIIa
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OQHTPOIIMACHUHUHT KECKMH OPTHUIIHN Ky3daTUJIaAAU:
AH - cyrorca. AH.
AS T ASgysn =------ —

YN sa oyen. (| 1. 4)

AS HUHT KHMMaTH SHT TapTHOCHU3 XaOTHKJIAIITaH arperat xoJyart 0ynran Oyt €xu ras
XoJaTHIa aifHUKCa KaTTa OYyiasu.

[lynnaii kuamb, cuUCTEMa OTraH HWCCHUKIWK, YHU MOJEKYJIAp XOJIaTH
TapTUOCU3IUTHHUHT KYIAWWIIA Ba DSHTPONHUSHUHT OPTHUINM ypTacwaa Y3BUH
ooF muknuk 60pnurn xakuaa TacaBByp maiino Oymamu. KOxopuaa kentupunran 6apua
*Kapa&Hiap MyBO3aHAT MIAPOUTH/IA XaM YTKa3WIUIIN MyMKHUH, 111y cabaliu ynap yuyyH
(111.1) myHOCabaT TEHTJIMK OeNTucy OWyIaH KYJUTAHWJIUIIA MyMKHH.

Ammo (I11.2) udomara OmMHOAH CHCTEMa SHTPOIMUSCHHUHI OPTHUIIH HOMYBO-
3aHaT kapacH OOpHINNIAa UCCUKIMK JIMAIMHUIICU3 XaM KY3aTWIHIIN MyMKHH. Xap
KaHJali HOMYBO3aHAT KalTMmac >kapa€Hia KaHAaaup TapTUONIM DSHEPTrus Typu
TapTUOCU3 XAOTHUK JHEPrusira, MOJEKYJaJIapHUHI UCCUKIWK XapakaTura aujaHaau
(ytexuH ymly TapTUOIM YHEPTUs KaiTap Hill 0a)kapu0, SHEPTUSTHUHT OOIIKa TapTUOIN
KypUHHUIIINTa XaM YTHUIIA MyMKHH). [lemak, xaliTmMac »xapa¢Haa MOJEKyJIsp Xaoc,
S’bHU CHCTEMa MOJICKYJISP XOJATUHUHT TAPTUOCU3IIUTH OPTA/IH.

yngail kuinb, cucTeMa MOJIEKYJSp XOJIATU TapTHOCHU3IMITMHUHT OPTHUIIH
Ownan (ymoOy TapTUOCU3IMK HCCUKIUK IOTHIUIIN €EKU TapTHOJIM SHEPrUSHUHT
MCCUKJIMKKA aiJlaHuIly OuiaH 6ot muk OYuIuaan KaTbuil Ha3ap) napasuiel paBUIilia
CHUCTEMAaHHUHT SHTPONUSCH XaM opTagu. Jlemak, SHTpOMUsra CHUCTeMa MOJICKYJIIp
XOJaTH TapTUOCU3IUTUHUHT cudar XUXaTAaH yJI4OBH 1e0 KapalmimMH3 MYMKHH.
Mynaail kuamb, MOJNEKYJslp CUCTEMaHHWHI acoCHi TEPMOJMHAMMK XOccajJapHiaH
Oupu OYJIMMIII SHTPOIHUS CUCTEMaHHU TAIIKWJI KWJITaH 3appadyalapHUHT MUKPOCKOTUK
taBcuuiapu 6mian 6ot mK HKaH.

2. Makpo- Ba MUKPOX0JIaTJIap XaM/1a TEPMOJIMHAMHUK
IXTUMOJLIMK. Pa3aBuil (pa3o TylIyHYACH

CratuctTuk TepMOJIMHAMUKA €EpaamMua TypJid MOJJAJAPHUHT  aCOCHM
TepMOJIUHAMHK (GyHKOMsuTapuau (uccukinuk cucumu, U, S, G, F Ba Oomkamnap)
XUCOOJIalll yCyJUIapy HWILIA0 YUMKAPWITAHIUTH cababiu, KUMEBUU TEPMOJIUHAMMKA
Y4yH CTaTUCTUK TEPMOAMHAMUKAHUHI axaMHATH >KyJda Karraaup. Aciaujga sca,
CTAaTUCTUK TEPMOJUHAMUKA YMYMHH KHUMEBUN TEPMOAMHAMUKAHMHI OYiIMMIIapura
KUpMaiu. Y cTaTuCTHK (u3nka (MEXaHWKa) KOHYHJIapUra acocCiaHraH Oynuo,
CTaTUCTHUK yCyJUIap €pJaMuia PUBOKIIAHAIH.

TepmogunaMukaHUHT OWUPUHYM KOHYHU Kyl 3appadaiapiaH  ubopar
cucTeMaiapra xam, KaM 3appadaiapjaH uoopaT cuctemMaapra Xam TaJ0uK dTHIIAJIH.
NkkrHYM KOHYH 3ca, CTaTHCTHK Tabwarra sra OynmO, ¢akar Kym 3appadanapiaH
nbopar cucTeMajapraruHa Tag0WK KWIMHUIIA MYMKWH. TepMOJWHAMHKAHUHT
WKKUHYYA KOHYHHJIA CTaTUCTUK Tabuat Oopnuruau XIX acpHuHr oxupuaa bonbiiman
Ba ['mO0Ocmap aiitran. TepMoaMHAMUKAHUHT acOCHM TapamMeTpiapu OyiaraH xapopar
OwinaHn OOCHMM CTaTHUCTHK Tabuartra sra. MacanaH, aBBajd TabKUAJIaraHUMU3JIEK,
Xapopar ra3 MoOJEKyJajapu WIrapuiaHMa XapakaTUHUHI ypTadya KHHETHK
sHeprusicura 6ot nuk. Tamku mapouTtiap y3rapmac Oyiaranaa xapopar 10uMuil 6yu0
KoJaau, Oy 3ca MOJIEKYyJATapHUHT Te3IUKIap Oyiinya cralimoHap TaKCUMIIAHTAHIUTH
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Oounan 6oFnuk, aMmmo OyHaa alipum MoJeKynagap Typiau Te3NUKIapra sra Oyiaiu.
Xyanu mryHaad, MOJEKyJaJapHUHT WAMIN JeBopiapura ypuiauil 3¢ ¢GeKTIapuHUHT
WHCHHINCH Ta3HUHT OOCUMUHU Oepaiu.

["a3HUHT XXMM Ba 3UWINTH CTaTUCTUK XYCYCHSTra sra OYiraH KaTTaJukiap,
AbHU XapopaT Ba Oocumra Oofnumk. DHr acocuil tepmoauHamMuk (QyHKUUsIap -
BHTAJBNMA, JHTpomnus, ['MOO6c Ba ['enbMroybll SHEprusIapH, WYKH SHEPrHsl Ba
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OolIKamap XaMm CTAaTUCTUK KaTTaJIMKJap, sS’bHU Xapopar, 00CUM Ba XakmJjap OuiiaH
V3Buit 6ot manras.

TepMoaMHAMUKAaHUHT UKKWHYM KOHYHHUTa OMHOaH, Oapua y3-y3ugaH 6opyBun
KailiTMac »apa€Hiap U30JSIUsUIaHIaH CUcTeMasap/ia SHTPONUSHUHT OPTUIIH OWIaH
coqup 6ynanu. bynu bonpliMaH sIXmmm TyuryHTHpUO OepraH: TepMOIUHAMUKAHUHT
UKKMHYM KOHYHH Xap KaHAal W30/UUsIaHraH CHCTEMaHUHT DSXTHUMOJH KaM
XOJIaTiapJaH S3XTUMOJM KaTTapoK Xojamiapra TaOMud Xoyja YTHIIWHUHT
HATH)KACHHU KypcaTaJy Ba MaKpOCHCTEMalap yUyH KaTTapoOK aHUKJIMKKA 3Tra OyiaraH
CTaTUCTUK KoHyHaup. Karra coniu 3appavanapaad uOopar cucreMasnap
HXTUMOJUIMK Ha3apusicu €pAaMuia Xy udoiaaaHaiam.

Kam connu 3appauanapian ubopar cucteMangapra TepMOJWHAMUKAHUHT
UKKMHYM KOHYHUHHU KyJiab OYnMaciukHUHT cababu, OyHIai cucremaniapaa
MCCHUKJIMK Ba UIII TylIyHuYajgapu opacuaaru ¢apk iykonud keraau. [y 6unan 6upra,
TEPMOJMHAMUKAHUHT UKKUHYM KOHYHHUra acoCIaHHuO, KapaéHHUHT MabIyM TOMOHTa
WYHAIMIIMHU TabKU1a0 OYiMail Kojlagu Ba MyHalIMIUIapAaH OMPUHUHT MYTIIAKO
MyMKHH 53MAacClIiTU XaKUJaru Xyjoca Kapama-Kaplld HyHaJTuIUIApHUHT HUCOMI
HXTUMOJUIMTMHHU Oaxojamira y3raptupunaan. HuxosT, MolieKyJalapHUHT COHM KyAa
KaM OyyiraH xoJsja >Kapa€HHUHI MKKaJla UYHAJIUIIM XaMm Oapobap MMKOHHMSTra 3ra
OynubO kosamu. AJOXHa MOJIEKYJIaJapHUHI MEXaHUK XapakaTu Kadtap OynuO,
MabJIyM HyHamumra sra sMmac. Ymoy (UKpiaapHU KyHugard taxpudana KypcaThil
MYMKHH.

VYuta kyTuHuHT OupuHurcuaa 1 nan 40 ravya pakamiiap €3uiraH Taxradaiap,
UMKKMHUMCHAA XYM IIyHJal pakamJlaHTaH Iiapyajap COJIMHIaH Ba YYMHYHU KyTH
Oy 6yncuH. bupunum kyTugan Taconuduil paBuia KaHIAUIAP TaXTaya OJIMHAIA,
YHUHI pakamMH €3WJay Ba TaxTaya KaWTajaH KyTura conu6d kyhunanu. CyHrpa
WKKUHYM KyTHUJIaH XYM IIyHJIad pakamiid 1iap OJIMHAIW Ba YHU YUYMHYHU KyTHTa
convHanu. bupuHuM KyTuAaH TaxTadajgap OWPUH-KETUH OJIMHUO pakamu €3u0
Oopunaan Ba OWp BAKTHUHT Y3WJa MKKWHYM KyTHJAAH YYHHUHMCHTA yIIOy paKaMH
nrapyanap yTKa3wiaAu. Arap Iapyaiap aBBaJl WKKMHYM KyTHIAH YYHHUUTA YTHO
KoJraHn Oyica, opkara kaiTapwiagu. byHpail Taxpu0Oa V30K BakT AaBOMHUAA
yTKa3Wjca, WKKWHYM Ba YYWHYM KyTWIApAard IMIapyaJlapHUHT COHH  ¥3apo
SKUHIAMIO O0paay Ba MabllyM BaKTAaH CyHT TEHTJIAIIA M.

Taxxpuba ssHa TaBOM STTUPHIICA, KyTHJIAp/Iary mapyaiap COHUHUHT allupMacH
sHAa HoOJIJaH Qapkiau Oynub Komaau Ba HOJTra SKUH OYIraH KUYUK KAMMatiap
yerapacuaa y3rapud typaau. Ym0y (apk OpTUITUHUHT UMKOHUATH XaM CaKJIaHUO
KOJIa/Iv, aMMO KatTa (papk yuyH OyHIail SXTUMOJUTUK KECKUH KaMainuo KeTaau.

FOxopunaru Taxpuba OepuiraH Xakmja CHUCTEMa MOJEKYJATapUHUHT TEHT
TaKCUMJIAHUIII XOJaTHJaH YeTJIaHWIIW anlaTTa COAMp OYIMIIMHU XaM KypcaTaju.
Oramna® TypraH XaXMHHUHI aJlOXUJa KUCMIJIApUAA MOJIEKYJAJIapHUHT TEHT
TaKCUMJIAHMINIA BakT OyiiM4a yprada Tap3da amaira omajau. BakTHUHT xap Oup
OHMJIa, MOJICKYJIAJADHUHT XAOTHK XapakaTH HaTWXKacuJa XaXMHUHT Oup
KHCMJIapUa KOHIICHTPALMSUIADHUHT BaKTWHYAa OPTHUIIM, OOIlKa KUCMIapuja 3ca,
Kamaiuim cogup Oyiaau.

Masbiym TepMOaMHAMUK NTapaMeTpiiap OuinaH TaBcu(dIaHyBUM Ky3aTUIaET-TaH

MaKpPOCKOIIHK XOJIaT MOJIEKYJIaJapHUHT TypJd TAKCUMIIAHUIIIHNIA MaBXKY /]l OYIHIIN
108
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MYMKUH, S’bHU yIIOy MakpOCKOIMK XOJIaT TYpJIM MUKpOXOJaTjiap OpKajld amaira
omaau. Jlemak, xap KaHJ1ail CUCTEMaHUHT XOJIATUHU UKKU XWJI U(oaaail MyMKUH:

-T, p, V Ba Oomka Tyrpuaau-Tyrpu YyJd4aHaJuraH KaTTaJUKIaApHUHT
KUWMaTIapyuHU KypcaTraH X0J1a MOAJaHUHT MaKpOXOJIATUHHU TaBCHU(IIal;

-MOJJIaHUHT Xap Oup 3appayacu XOcCCalapuHH, SIbHU YHHUHT (Da3ojgaru ypHH,
Maccacl, TE3JIMTM Ba XapakaT MWYHanuIIUHA HW(OAATOBYM MUKPOXOIATUHU
TaBCH(JIAIIL.

T, p Ba V TepMOAMHAMUK TIpaMeTpiIapu OepuiraH MabiyM MUKIOpAAru rasaa
TallKy IIApOUTIAp Yy3rapMac OyiraHja MakpoxojaT y3rapMmaiu, amMMO Ta3HUHT
MOJIEKyJIajlapy JOMMHMM XapakaTaa Oyiaau Ba YJIApHUHT XOJaTH Ba TE3JIMIHU
y3nykeus y3rapu0® Ttypaau. LyHuHr yuyn ymOy Makpoxojarra Kyn COHJIU
MHUKpOXOJIaTiap kaBoO Oepaau, OyHH TepMOAMHAMUK sXTUMoiuk W neitunan.
Ym0y MakpoXoJaTHUHT 3XTUMOJUIMK yia4oBU W OYnuO, YHUHT KUHMaTH KaHYaJIUK
Karta Oyica, CHCTEMaHUHI Ym0y Xonatja OYJUMIIMHUHT  TEPMOJUHAMHK
OXTUMOJIJIUTY ITyHYAIHK I0KOpH OYmanu. Jlemak, TepMOIMHAMUK 3XTUMOJUIHK yIIOY
MakKpoxoJlaTra MOC KEIyBUM MHKPOXOJATIAPHUHT COHUAHMD. |epMOIuHAMHK
SXTUMOJUIUK  OyTyH MycOar coH OunaH udomananaau. TepmoauHaMUK
HXTUMOJIJTUKHU MaTeMaTHK
HXTUMOJUIMK OWJIaH YankamTUpuO r00OpHIl Kepak 3mac. MaremMaThK 3XTHMOJUIHK
Jeraiia ymoy XOJWCAaHUHI OYJIMIIM MyMKHH OYJraH KyJaid XoJulap COHMHHM Oapya
MYMKUH OyiraH XOJUIApHHHT COHMra HHUCOaTH TylmIyHWIaan. MaTemaTuk
HXTUMOJUIMK HOJIb OWJIaH OMp opaluruaa y3rapaau Bay 10ouMo 1 qaH KUuuk Oyianu.
AMMO 3XTUMOJUIMKJIAPHU KYIIUII Ba KyMaWTUPHIL Xakugaru teopemanap Oy epaa: N
- mouekynanapuuar ymymui conu; Ni, N2, ..., Nn - 1, 2, ..., n- sdeiikamapaaru
MOJIEKyJIaJJapHUHT COHU. MacanaH, MIUIIHMHT MKKM KHCMHM ypTacuja TypTTa
MoOJIeKyJla Kyhuaarnda takcumianuim myMmkuH: 4-0; 3-1 Ba 2-2. (111.5) tenrmama

TEPMOAMHAMUK IXTUMOJUIMK Y4yH XaM TyFpuaup. YmMymun xoinaa TepMOAMHAMUK
AXTUMOJUIHK, ’bHU YIIOY MaKpoXoJjaTra >kaBo0 0epyBYM MUKPOXOJIATHUHT COHH

Kyiugaru Tenriaama ounad udonananaau: N!
W —-mmmmmeeee éKkn N!

Ni!No!..Nnt & w NITIN (111.5)

Oyitrya 3XTUMOJUTHKIIAp MocC paBuiiaa 1; 4 Ba 6 ra Tenr Oynaau.

[Mapyamap OwiraH yTKa3WwiraH OKOpUIArH TaXKpuOama, miapyajgap HUKKHATA
KyTUJa TEHT TAaKCUMJIAHTAHWJIAaH CYHT, Oapya IapyajapHUHT sHa OWTTa KyTHaa
TYILUIAHUIIMHUHT MateMatuk sxTumouury 24°=10"2 ra tenr, apHu ymby xoqucanu
TPWUIMOHAAH OUp MapTa KyTHUIII MyMKUH. XYyJJIU IIIy XOJAUCAHWHT TEPMOIUHAMUK
sxtumosunru 1 ra tenr. Kyrtunapauar oupuna 19 ta, ukkuHuncuga 21 ta mapua
¢ku xap Omp kytuma 20 TajaH mapya OYJIUIIMHUHT TEPMOJWHAMHK IXTHMOJUIATH
13,3-10*° Ba 14,0-10° ra renr. Ilynpaii xuam6, “19-217 KypuHHMIIAru

takcumisianum  “20-20”  TakcMMIJIaHMINTa HUCOATaH 11l = 095 MapTa KaMpoOK
HSXTUMOJUIMKKA 93ra 0JKaH, S/bHM TEHI TaKCUMJIAHTAHJIMK XOJaTh Kalbu Kyl
Ky3aTUJIaJIx.

Kyna kyn connm MoJsekylajgapjiaH uOopaT MOJAMN cucteManap Yy4yH
yTKa3WiraH XyJAu IOyHJal XHCOOJNApHUHT KypCaTUIIM4Ya, XaKMHUHT KaTTa
KUCMJIapUJa TEHI TAKCUMJIAHUIINAH XaTTOKM HHUCOATaH KUYHK quﬂaHHmna}a
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XaMKyJla KUYMK 3XTUMOJUIMKKA d9ra dKaH. Macanan, / mm3 XaxXMJard Ta3HUHT
3UWIUTH [ cm3 XaxMmaaru ymoy ra3HuHr yprada suwimrugan 0,01%o ra dapk
KWIMIIMHUET MaTeMaTHK sxtumoumrd 100 ra Tenr, spHm kyma xam KM4umkmup.
Jlexnn 0,2-10'"? ey xaxmaa yprada suammkgan 1% ra geTnanuin ypra Xxucodaa xap
107 cex ma Ky3aTuaaay, SbHY KyJa T€3 TAKPOPIAHATIH.

Mopana xoccalapuHUHI ypTada KaTTaluKiIapJaH OyHAal KUYHMK CTaTHCTHK
YeTJIAHWIIIJIAPW JOMMO Ba Xap Koima Ky3aTwiagud. MacamaH, ep atMmocdepacuaa
Kyém HypmapuHUHT COYWIMIIA Ba OCMOHHHUHT XaBO PAaHTHU OJIMIIN XaBO
SUWIMTUHUHT XYAJIWd IOyHAal TeOpaHuuuiapu OuiaH TYIIYHTUPWIAIU. AWpUM
XoJulapJia YeTIaHUILIAp UIYHYaIMK KaTTakh, MOJJAHUHT KyI MHUKIOpHUIA XaM
cezunapiu 6ynaau. Mojajia 3U4IUTMHUHT KPUTUK coXajaru (Gpiaykryanusiiapu OyHra
Mucon Oynanu (omajecleHIus Xojaucacu). MacanaH, KpUTHK HyKTa SKUHHJA
YTJIEPOJT UKKUA OKCUIM 3UWIMTMHUHT ypTaya KuiiMaT/aad ypravya yerinanumu 1,6% ra
TEHT.

Jlemak aBBasra TEHT TAaKCHUMJIAHTaH Xojarga OYnraH ra3 3WWINTHHUHT
ypTaua KMiMaT/AaH Xap KaHJal *Ky/1a KHYUK YeTJIaHUIUIapy XaM Y3-Y3uj1ad 0opyBUH
MaH(puil sxapaénnap OYynuO, yJIapHU KY3aTWIMIIMHUHT UMKOHUATH OYnuOrmHa
KoJIMacnaH, Oanku OyHIal >kapa€Hiap Xamma KoWjaa amanra omaau. Katra
cucTeManapja ypradya KhiMatiapJaH CE3WIapid YeTIaHUIUIAPHUHT 3XTUMOJUIUTH
KyIa XxaM KHYUK, aMMO TIPUHITUITHAT HYKTal Ha3ap/laH yJiap XaM HIMKOHHUSTIa 3ra.

[Myngait kunud, y3-y3unman Oopmaiinuran (maHuid) kapa€Hinap yMyMuUn
)apaCHHUHT OuMpaaH-Oup HaTwkacu Oyna onMaiinu, 1e0 TabKUIJIAIl YHYIUK aHUK
Oynmai konMmokaa. MakpoCKOIUK cucTemManapia MaHbuil xapaCHIapHUHT OOpHIIN
MYyTJIaKO MYMKHH 5Mac, JeraH (UKp ypHura, OyHIal »xapaCHIapHU KY3aTHIIHII
SXTUMOJUIMTH JKyJla XaM KHYMK Oynran xomuca, ne6 kapam kepak. Jlemak,
TEPMOJIMHAMHUKAHUHT MKKMHYM KOHYHM OWPUHYHM KOHYHra yXimad TaOMaTHUHT
abCOJIOT KOHYHHM »5Mac, OaJKd CTAaTUCTUK KOHYHIUP. WKKUHYM KOHYH Kyl
MUKIOpAArd MOJIeKyJianap y4YyH IOKOpH JapakaJarn aHUKIMNKKAa 0Jra Ba
CUCTEMAHUHT yIY4amJIiapu KaHYaJIWK KAYUK OYJica, YHHHT KYJUIAHWIIW TTYHYATHK
KaTTa XaTOJIMKKA 01O KeTaIu.

Makpoxomnatra xaBo0 OepyBUM MHUKPOXOJATIAPHUHT COHWHU TOIHWII YYyH
CTATUCTUK TepMojuHaMuKaaa ¢azaBuii ¢azo (/-dhazo €ku _Q daszo, éku p Ppa3o)
TYIIyHYaCH KHPUTWITAaH. MHUKPOCKOTIMK XOJaT CHCTEMaH! TAaIlIKWJI KWIyBYM Oapda
3appavanap ydyyH Baktra Oobnuk Oynran Oapua ymymialirad Ky4JapHUHT YIIOY
OHJIaTM KWiMaTiapu OwmnaH TaBcudaHaau. MacanaH, SPKUHIUK Japaxacu N=3
Oynaran Oup aTOMJIM MOJIEKYJaHUHI Xojarh BakTtra Oofnmk Oynran 6 Ta
KOOpAMHATIAp, SbHU 3 Ta (a3oBuWil KoopauHaTiaap (X, y, Z) Ba 3 Ta UMIYJbC
KOOpJIMHATIApH (px, py=>, Pz) Omnan OenrunanHagu. MoOJEKyJIaHUHT YOy OHAArd
xoJiaty 6 ym4doBiu ¢a3zaBuil (ha30HUHT HyKTacura Moc kenaau. dazasuii Gpazonu Eku
I-bazonu (azaBuii sueiikamapra O0ynuO, xap Oup sUeiikagar MoJEKyJIaTapHUHT
COHM XMCOOJaHaIW; TypJH suevikanmapaaru moJjiekynamapHuar coHu Ni, Nz,..., Nk
yi0y MakpoxoiaTra Moc KeJaiu.

Arap cuctemasna xap Oupu m ta atomnapaan uoopar N Ta mosnekyna 6yica, y
XO0jila  MOJeKyJaJapHUHT  (azomarm  skodnammmud — siagpojapHuHr  3NM
KOOpJIMHaTiIapu OunaH aHukidaHaau. Kriaccuk MexaHukaga MOJIEKyJIadapHUHT
XapakaTu 3Nm TE3JIUK 110
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Ba  UMIYJbCIAPHUHT  KOOpAWHATiHapu  OwinaH  udojamanaau.  JuHamux
y3rapyBunimapHuHr 6NM myskaccamialran KMiMaTiiapd BaKTHUHB Xap OWp OHHJA
CUCTeMa MHKpPOXOJIATUHM aHWK Oenrwiaiian Ba ¢aza ae0 aramaan. Ymly
kuitmMatiapra Moc kemyBur 3NM ummyiasc Ba 3NM koopauHata yk OViaub Xu3mar
krryBur 6NmM yiruamiu dazonu dazasuit dhazo Exu I -dazo nernnaiu.

KBanT MmexaHukajga XyJaAau Iy cucTeMaHuHr XojaTd 3NM KBaHT coHiapu
Epmamuna wudomanaHaau, yiap Oapuya MosekyaagapHuHT  3NM  3pKUHINK
napaxacuHu aHuK TaBcu(mnaiinu. KBaHnT connmapunuHr dazocuHu omgataa .0-(has3o
opkasin udomananaam, y [-daszora HucOaTaH WKKKM MapTa KaM yjadamiiapra ora,
YYHKHU 3appadyaHUHT UMITYJIbCH OWJlaH KOOPJAWHATACHHHM OWp BAaKTHUHT Y3WJa aHUK
tonn6O Oymmaiinn (I'ei3eHOeprHUHT HOAHUKJIMK MyHOca0aTiapura acocaH).

KBa3ukmaccwk SKUHIANIUINT KBAHT MEXaHHMKaJAaru MyBOGHUKIWK MPUHITATIATA
#aBoO Oepanu. Y kiaccuk /-da3o Ba kBaHT O-(a3oidapHH y3apo MociamTupagu. by
sca WirapujiaHMa Ba ailllaHMa XapakaTiapHu udoaanania KIacCUK MEXaHWKaHU
KyJUlalll Ba CTaTUCTUK KaTTAIMKJIAPHU KIACCHK Ba KBAHT-MEXaHUK XHCOOJAIT
HATHKAJIAPUHU OCOH KEJUIITUPUIL UMKOHUSITHHU Oepai.

Mouekyisip TacBUpPHM aHUKIAI 3apypusitu TyFuiaranma p ¢dazo xam
KyJulanuwiagu. p  (a3zo geranma  OuTTa  3appayaHMHr  O0apya  TUHAMUK
y3rapyBUMJIApUHUHT (Pa3ocu TylryHuUIaau. Jemak, p-hazo amoxujaa MOJIEKYJIaHUHT
dazocuaup. Maean ra3 Mojekynanrapuau Kypaérranaa boiasIiMan cTaTuCTUKacUIaH,
S’HHU KJIACCUK CTATHCTHK MEXaHWKaJaH GoiTaTaHuIaIn:

- ¢azaBuil (pazona MoyIeKyJTaTapHUHT Oapya >KOWJAIIUIUIapu OUp Xuil
HXTUMOJUIMKA 3ra (3ProuJJIMK TUIIOTE3acH );

- MOJIeKyJIaJlapHUHT (Pa3aBuil siueiikanapra TaKCUMJIAHUIIKA MHUKPOXOJATHU
XOCHJT KAJIA !,

- MOJIEKyJaJIApHUHT suelika uuuja Oup >KOWJaH MKKUHYMCHIa YTUILIW SHTH
MUKPOXOJATHU XOCHIJI KUIMaNIN;

- UKKUTA MOJICKYJIAaHMHI WKKHTAa s4YeiiKkaga >KOW aJMalldlId  SIHTU
MHUKpPOXOJaTra MOC KeJaju.

MukpoxosaTiiap COHMHH aHUKJIAIHA 3 Ta OUp XWJ MoJIeKyJanapjaaH uoopar
OJIMI cHUCTEeMa MHUCOJIMAA TYLIyHTHpaMu3. Ynap xaénaH 3 Ta Xaxm Oyiinya TEeHT
sueikaapra OyJIMHTaH UAUIIIa OYJICHH. 3 Ta MOJICKYJIAJTApHUHT Xap OUpH XOXJIaraH
OHIa 3 Ta sYCHKaTapHWHT OWpuaa OYJIWIIM MYMKHH, YYHKH MOJICKYJIaJapHUHT
XapaKaTH XaoTUK Ba O0apya >KOHIaIuIiap TeHT SXTUMOJUTATUD.

MonekynanapHUHT suerKanapra TypJii4a TaKCUMJIAaHUIITMHAHT
TEPMOJUHAMHUK OSXTUMOJUIUTHHH, SBHU yImIOy MakpoxoJjiatra XaBoO OepyBuHn
MUKPOXOJIATIAPHUHT COHUHU aHUKIaiMu3. Arap 6apua moJiekyanap 1 Ta sueiikaaa
Xomnamran 0yica, y Xonaa TepMoauHaMuK dXTUMOUTUK 1 ra tenr (W=1), uyHku
syeiika WYHMJAard OKOW  aJlMallMHMNIIap  Xucobra  onuHManau.  byHnai
MakpoxojaTiap 3 Ta: sbHH 3 Ta MOJeKyia Oup BaKTHHHT y3uja €ku OupuHUH, EKH
WKKUHYY, €KW YIUHYH sSYeKaga OYIUIm MyMKIH.

burra sueiikama 2 Ta MOJEKyla, WKKHHYUCHAA | Ta Ba ydyWHYHCHAA
MoJnekynanap iyk Oynca, W=3 Oymagu, uynku 1, 2, 3-sueiikamap opacuaa
MOJIEKYyJIaJap Y4yH 3 Ta KOW aJIMalTUPHILIIAD aMayra OIIUPUINIIA MYMKHH.
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bynna 6 Ta Makpox,onart Oynamu: xap Oup MakpoxoJyiartra 3 Ta MUKpPOXOJaT
Moc kenaau (kamu 0Yiu6 18 Ta MUKpoxosiar).

Monekynanap TeHI TaKCUMJaHraHjga (xap Oup s4eiikaga OWUTTamaH)
axtTuMouiuK W=6 , 4yHKH MojeKkyiamap ydyH 1, 2, 3-sdeiikamap opacujga 6 Ta
TypJin4a >KoHaluiuiap, SbHU 6 Ta MUKpOXoJaTiap OYIUIIN MyMKHUH.

By xonna 1 Ta MakpoxoJyiatra MOC KeJlyBuUM 6 Ta MUKPOXOJaT MaBKy/I.

ynaait Xxunuo, TepMOIUHAMUK AXTUMOJUTUKHU aHUXJIAIl Y4yH K0 1-2-
AIMAlIMHUALLIAPHUHT YMYMHUN COHUHU 3=3! xap Oup sueikagaru xou
aJIMAIIMHUIIIIAP COHUTa OyJIMII Kepak:

MonexkynanapHUHT TEHI TaXCUMJIAHUIL DXTUMOJUIMIH DHI KaTTaaup.
wi=_3' — . 3l 3l

=1 . _ _
L Wzz-=3: Wiz -z 6
3100 ' 2 onnl S o1

Oy epaa HOMHUHT (pakTopuanu 1 ra TEHITUTHUHYU YbTUOOPIaH YMXAPMACITHK KEepakK.
YMyMuit XoJ11a TEpPMOIMHAMMK 3XTUMOJIIMK roxopuaa kentupuiaras (111.5)
TeHrjaamMa OuiaH udoanaHam.
N 3appadanmapHUHT N Ta sAeWKanapra TCHT TaXCHMIIAHTaHUIa MaKCUMaJT Ta
Tenr 6ynagu. Arap N=15, n=3 6yica, Wmax=7,6-10° Ba N=20, n=4 6yiranaa

)
F
Wmax=1,17310% ra Tenr 6ynann.

Mornekynanapauar  conn  optmm N OWiIaH  TEHr  TaXCHMJIAHHIITHHHT
TEPMOJIMHAMHK IXTUMOJUIUTH JKyJla XaM T€3 OPTUO KeTalu, IIyHUHT YUyH OJUTUH ra3
(1 monv na 6,022-10% Ta 3appaua) Gepuiran XakMHH OMp TeKucAa Tyaaupanu. a3
MYBO3aHAT XoJlaTuaa Oyiaau.

CraTucTUK TEepMOAMHAMUKAHUHT TIOCTyJIaTU Oyiimua xap Oup ¥3 XoJura
XyWWIraH W30JSIUsJIaHTaH CUCTEMa »JSXTHUMOJIM OHI KaTTa XoJlaTra yTHUIIra
UHTUJATU, OyHJa W3OJSIIUSJIAHTaH CHCTEMAaHUHT TEPMOJMHAMUK AXTUMOJUIUTH
MaKCUMyMra siXuHJamaad. JleMak, TepMOAMHAMUK SXTUMOJUIMKHUHT MaKCUMYMHTa
CHUCTEMaHUHT MYBO3aHAT XOJaTH MOC KeJaJu.

CTaTUCTUK TEPMOJUHAMHKAHWUHT TOCTYJATIapuaH TEePMOANHAMUKAHUHT
WKKWHYU XOHYHH XyJsoca 0ynu6 unxaau. CTaTUCTUK TEPMOJIMHAMUKAHUHT aCOCUI

S =kInw
(I11.7) Tenrimamacu TepMOJAMHAMHKA WKKMHYM KOHYHHHHUHI acOCHi (QYHKIHACH -
SHTPONUSIHHU (D) CTATUCTUK TEPMOJIUHAMUKAHUHT aCOCUN KATTaJIUTH -TEPMOJUHAMHUK
sxtumosutuk (W) 6unan boabiiman noumuiicu (K) opkanu 6oF mad typanu.

Nnean kpuctamn moana yuyHn 7 = 0 nga tepmoauHamMuk 3XTumoiiuk Wo = 1,
YyHKM aOCOJIOT HOJJAa HAeal KPUCTAUT MoJIeKyJajJapHUHT (akaT OupruHa
TAaKCUMJIAHUILIM OpKaJIM aMalira OLUMPWIMIIKM MYMKUH. Jlemak, CTaTUCTHUK
TEPMOJIMHAMUKAHUHT acOCHM TeHrjamacu abcoiiioT Hojaa 90 = 0 »KaHJIUTHHH
KypcaTajiu.

3. MoJieKkyJaJaPHUHT SHePrusijiap 0yin4a TakCUMJIAHUILIMN.

(111. 6)

TEPMOANHAMUK IXTHUMOJIJINK

max
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bosbuMaH KOHYHH
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Ou3zukaBuii KUMEHUHT KYITMHA KUACMJIApUJa MYyBO3aHAT XOJaTUIaru
MOJICKYJIIp CHCTEMaaa MOJICKYJaJapHUHT SHEprusuiap OVinda TaKCUMIIAHWIIWHU
ndonamaiiurad KOHyH unuiatuiagu. KynuH4a MyBo3aHAT XOJaTHUAAH YHUYAIUK
Karta (apk KuiIMalguraH HOMYBO3aHAT CHCTeMaiapja XaMm Yoy KOHYHHUHT
unuatwiimy poiganu 6ynaan. Macanan, KUMEBUN KUHETHKA Ha3apUsICUAA KaTop
XoJIIapJila OXUPTH MaxcysaoTra HUCOATaH CEKWHPOK Y3rapyBUd KaHIAWTUP OPaHK
MaxcyJoT (€K X0JaT) XOCHJI OYJIMIIM Xakuaaru tacaBBypaan (oigananmwnanu. Uly
cababinu, OyH/1all OpaJIMK MaxCYJOTHUHT KOHIICHTPALMSACH MYBO3aHAT XOJaTAarujaaH
yHYANMK ¢GapK KWIMaau Ba TEPMOJMHAMUK YyCyJUIapJa TaXMUHUN XHCOOJIaHUIIN
MYMKHUH. YMyMaH, XyJJI1 1y iyl OWJiaH KMHETHKa Ba TEPMOJMHAMHKA ypTacuja
ooFmuknuk maitno Oymamu. IllyHuHr y4yH ajoxuja MOJEKYJaJapHUHT TaBcubU
acocu/ia Kyl COHJIA MOJIeKyJaiapjaH ubopar OyJiraH CUCTEMaHUHI TEPMOJMHAMUK
GbyHKUMSIIapUHU XUcoOJamra yia OepyBYM CTAaTUCTUK TEPMOJMHAMHUKA YCYJUIapU
(cneKkTpocKkonuk, 3JeKTpoHOrpaduk) (akar TepMOJMHAMHKA COXacHJlardHa
aXaMUATIIM dMac. Yaap KUMEBUHA KMHETHKAIa XaM, aBBajIaMOop, PEakIus Te3TUTHHA
CTaTUCTUK XHcoObamiga (a0CoMOT TE3MUKIIAp Ha3apusiCH) KaTTa axaMHsITra ara.

Ymby ycymiap acocuja  MOJEKyJaJapHUHT  JHeprusyiap  Oyiinua
TaKCUMJIAHWIII KOHYHU - bonbliMan KoHyHM €Taau. boibiiMaH KOHYHHUHHU KEITHPHO
YUKapuIl ydyH [ Mmoae WAean Ta3 TyITaH H3OJSIIMSUIAHTAH CHCTEMaHW KypuoO
yukamu3. ['a3auHar N1, N2, N3,., Ni momekynanapu Si, S2, Ss3, .., Sn sHeprusutapra sra
OyncuH. Asoxuaa MOJIEKyJIaJlapHUHT SHeprusuiapu ¢akar guckper S = hv
KHHUMaTIapHu KalOynm Kwimaaw, Ae0 xucoOmaiimui. HM3onsiusiaHran cucrtemaaa
MOJICKYJIAJJADHUHT YMyMHUH COHM Ba CHCTEMAaHUHI HMYKH JHEPTUSACH Y3rapMmac
KaTTaJTUKIApAUP:

NAa = ENi = const; U = ENiSi = const (11 8)

TepmoauHaMUK MyBO3aHATAa CUCTEMAHUHT XTUMOJUIATH SHT FOKOPH XOJaTaa
Oynagu. W3zomsmusiianran cucteMa ydyH TEpMOJMHAMHUK OXTUMoOUMK W Ba
SHTPOIHUS S MaKCUMall KhitMaTra sra Oyiaiu.

Cucrema MyBO3aHAT XoOJaTWJa WHaeaj ra3 3appadyalapuHUHT JHEPrHsIap
Oyiinya TaKCUMJIAHUII KOHYHUHH KEITHPUO YHKapaMus3.

N!
TEHTJIamara KyssMu3 S=KkIn- €k S = KINNa! - kInZNi! Ba Ctupiunar

TepmoanHaMuK dXTUMOJUTHK TeHrnamacuaan W Hunr kuitmatian S = KInW

° (kKNAIn NA-NA) - (k YNi In MNi) upomanu é3umummn3 MyMKuH. by Tearimamana Na
terimamacuad INN! = NINN-N xuco6ra omi6, N = Na = NNi na:
= NNi sxaHmuUruHN XUcooTa 010, KUCKAPTUPHUIIUTAPHU aMajira OIIMPCaK, Kyinaaru

S = KNA InNA - kENi InNi (111.9)
tenrnamanu ojgamus. (111.9) au quddepennnamnaimus, 6ynaa Na= const 6yaranauru
cababny TeHrTaMaHWHT OMPUHYY XaJu HOJITA aljaHuO KeTaau Ba Kyhujaru udoma (

1 N

KeanO yrkagu: dS = -kY NiNdNi + dNilnNi =-kY (InNi +1)dNi .
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Makcumymra MOC KellaguraH SHTPONHSHU aHukiIam yayH Ni Hu y3rapyBuaH
kartamuk ae0 xucoomad, (II1.9) TenrnmamanmHr audQepeHIUaTNH  HOJTa

TEHTTIAIITUPAMM3; dS— k(" Ni+1)dN -0 (I11.10)

InNi Hu kaTTa con ne6 oncak, (I11.10) Hu ypaura -kd> —" NdN - 0 (II.11)
ne6 E3UIMMU3 MyMKHH.
Wzonsimusinanran cucreMa yuyH (I111.8) Tenrnmamamapra Ounoan (Si J1apHH

y3rapmac KaTTalIuK Ae0 omamus): dNa =~ dN O (111.12)
dU —SAN -0 (111.13)

S wm w™akcumywmra aWmantupyBun Ni HuHr Kuwimatm (I1.11-11.13)
TEHTJIaMaJapHu  Oupranukga eun0® aHukiIaHaaud. JlarpamwkKHUHT  UXTHEPUN
kynaityBumnap ycynmunan doimgananu6o, (111.12) wvm 2 ra Ba (I111.13) v ra
KynaiTupaMus, CyHIpa yudayia TeHrJIaMaHHu KyIIaMu3:

—(InNi+2+VSi)dNi-0 (111. 14)

Oy epna 2 Ba V - uxtuépuii kynaiityBumnap. (I11.14) rearnama ¢axar dNi onauaaru
KodpunreHTIap WHCHHAMHUHT Xap OWp KyHIMIYyBYHNCH YYyH HOJTA TEHT
OynranmarvHa anojatiauaup, dyHku Ni 3appadaiapHUHT COHH MXTHEPUH Y3rapHInu

MYMKHUH: InNi+2+vSi—0 (111.15)
Bynman Ni-ee Vsi (111. 16)
2 Ba V kynaiiryBumiapuu anukiami yayH (I111.16) au (111.8) ra kyiiuo
-2 NA
g (111.17)

au onamus. (111.17) mHuHr Maxpaxumard udoma Q xapdu Omnan OenrwiiaHagv Ba
XoJiatyiap Oyuda MMCUHIU aerunaiu:

Q- —ew; (111.18)
(111.17) Ba (111.18) nan 2 yuayn xyiugaruau ojgamus: e-2 - NA
Q (111.19)
(111.19) uu (111.16) ra ky¥icax Ni- NAe i
EKu InNi = InNA-InQ-vsi 11.20)

ubpomamap kemn® uwmkamu. (I11.20) tenrmama bBombliMaH TaKCUMOTHHH —EKH
BonbiiMaHHUHT MOJIEKyTallapHU SHEPTUsIIap Oyiinda TakCUMITAaHUIITMHU U(oanoBun
TEHTJIAMaJIHpP.

MyBo3anatnaru 1 mons ujean ra3 CUCTEMACHMHHHT WYKH DHEPTUSCHHHU Ba
YHHHT SHTPONMSICHHU XoJlaTiap Oyinya HucuHmu opkamu udomamaiimus. (111.20)
TeHrjamanu xucobra oncak, (111.8) renrnama U yuyH kyiiunaru KypuHUIIHA OJIa]IH:

Na VS;
u“AESie i (111.22)
|
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Outponus yuyH aca, (111.9) rerrmamanan xyiumaaru ndomxann onammu3 KNA —vs— kNA

_vs kVN A —vs—

S = kNA In NA----~In NATe i +—"A InQTe VS + ------- ATsei
AAg A 0 o

Ba (111.18) Tenrnamanu xucoOra ojicak Ba KaTOp KUCKaPTHPHIILIAP KHIICAK,
S = kNA InQ + kvU (111.22)
TEHTJIAMaHU OJIaMH3.

V wuHr tepmomuHamuk MabHOcHHU aHukinam yuyH (111.22) udomaman V

(111.23) uu cogmanamrupuin mMakcaauaa (111.18) tenrmamanan V Oyitnua \oditHa23)
doQ -VS,
0JIAMM3: =T5e i (111.24)

dv |

(111.21) au \ucodra oncax, (111.24) xyinnarn xypunnmra kexaau: dQ_ QU dv(l 11.25)

dS_kN.dQ k dU kU 6¥iinua xocuna onamus: dvQ'dv*kYdv*kU
(111.25) am (111.23) ra xyiicak, cTaTuCTUK TepMoarnHaMuKaaan dS/dv yayH kyiuaaru

ds du dv kkVdV (111.26)

udoganu onamus.
Knaccuk tepmomumHamukagaH xaxkw ys3rapmac Oynranma dS=dU/T (kaiitap
*apaéH yuyH) udonanan kaitap xxapaén yuyn dv Oyiinda xocusia ojcak:

ds £duU
(111.27)

KenuO YuKau.

(111.26) Ba (111.27) TeHrIaManapHUHT YHI TOMOHJIAPMHH TeHrmamTupcak, vV KV=1; V=

W (111.28)
dV 1dV

HUHT KUMMaTHHU TOIIAaMU3:

(111.28) tenrmamaman ~ = kT Oynaau, sbHM V KyNAWTyBUMHHHT TECKapH KUIIMATH

a0CoIOT XapopaTra MponopIMoHall, OyH/1a TPOMOPIMOHAIUINK KodhpumeHTrnHN R

BonbsiMan JIOUMUNCH yitHaiam k N .

(111.28) nam v wwar kwimatwam (111.18, 111.19, 111.20, 111.21, 111.22)

TEHTJIaManapra Kyicak, Xxonariaap 0yinya iMCHHIUHUII- UPOJACH YUYH:
- Sj /KT

Q=Te (111.29)

MOJIEKYJIaJJApHUHT SHEprusap Oyiindya TakCUMIaHUIIUHYA U(oanoBuu
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BOHBHMaHHI/IHF 9KCIIOHCHIUAJI TCHIJIAMAaCHU YYYH:

N- "t
= + T
N=Ne (111.30)
N-~U — A TSE
: i 111.31
WYKHU DHEPTUs YUIYH S- kN(%nQ +U ( )
HHTPOIHUS YUYH: (111.32)

Q
S

€ ¥ KaTTAIMKHUHT allpuM MyXHUM XOCCaJlapyuHU KypuO unkamus3. ByHuHr

yuyH bonbiiman ternamacunan (111.30) dboitnananamus. YHU Kydnuaara KypuHHIITa
b

KENITHPAMM3: N =Aek (111.33)
S

6y epna A = Na/Q = const. (111.33) man: 770 na e ¥" ~x Ba N, = 0. By a6comoT Hombra
akuaaa ky3Fanran (1, 2, 3, ...) nobOnanapna mosnexkynanap WyKIUTHUHA KypcaTaju,
yJIapHHMHT XaMMacu Ky3Fanmaran nomurun noFOnana 6ymamu. 77 na - 5.
e KT 21 Ba N, = 4 = const, aHU IOKOpU XapopaTiaapaa MoJeKylanapHuHr Ky3Fanran
sHepretuk not'Onanapra takcumnanumm oup texkuc 0ymanu: N1i=N2=... =Ni = const.
Kypu6 uwkunran bonblIMaHHUHT TaKCUMJIAHUIIMHU KEITUPUO YUKAPUIITHUHT
aueiikanap ycyiu (bosibliMaH yCynH) »KyJa XaM aHUK 3Mac Ba KaTop 3bTUPO3JIAPHU
KeITUpUO YuKapaau: sYehKaiapapo alHUN 3appadajapHUHT aJIMAlIWHUIINA STHTU
MUKpPOXOJIATHU KEJITUPUO UMKapMaiau; 3appadajapHd pakamiiad Oynmainau;
CTupavHT TEHIJIaMacMHU KYJUIall XaM YHYaIMK TYFpPU 53Mac, 4YyHKU O0ab3u
AuerKaiapia 3appadyajJlapHUHI COHM YHYaJIMK Karta OynMaciuru MmymkuH. llyHra
KapaMmaciaH, bonplMaH TakCUMJIAHWIIM WAEa]l Ta3HUHI XOCCAJIApUHU TY¥FpHU
udonananu.

busnunr Basudamapumuszra Moc KemyBYM TAaKCHMJIAHWIN KOHYHWHHHT
KYPUHUIIIMHU OJIUIIl y49yH TaXpuOa HaTWKaIapuiaH Xamja KBAHT Ha3apUsSCHIAH
Kenmu0 YWKaauWraH MOJICKyJajiap »JHEPrus CaTXJApUHUHT alpuM  KyIiuM4a
TaBcuIapuHu xucobra ojamus. ['am mIyHIaKu, MabiIyM DHEPTUSIN MOJICKYJIaHUHT
xoJlaTu Oomikadya Oenruiap €ku Xoccanap OwiaH TaBCU(MIAHUIIM MYyMKHH DKaH,
MmacanaH, mMarHuT (3eeman 3ddextn) Eku aektp (Llrapk >ddextn) maiinonmapu
Tabcupuaa OyHaal xoccajgap HaMo€H Oynaau. Jlemak, MosieKyia SHEPTUACUHUHT OUp
XWI KUMUMaTUra Typiau WyJulapja SpUIIUII MyMKHUH, SbHM KBaHT MEXaHHMKa THIIU
OwnaH alTcak, MOJICKYJaHHMHT OWTTarnHa OSHepruscura OWp Heua Xycycwid Y
XoJiaTiap *aBood OepHuIllM MyMKHH KaH.

KOxopunaru dukpnapaan, MosieKyJiaga OUTTaruHa sHeprusara sra OyiraH oup
Heya dHeprusa nol OHalmapuMHUHT MaBXyIJIMIM XakKuJa TaldpUuIIMMHA3 MYMKHH.
bynnaii kaittapunyBun sHepretuk nobOnamapum aiiHuii nobt'Ounamap aeiunanu,
allHUIJIMK Japa)kacuHU 3ca, SHepreTuk nolOHaHWHT CTaTHCTHK Maccacu €KW YHHHT
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arpuop SXTUMOJLIUTH XaM €0 aTajajiu:
N=S = E ges (111.34)
LI

0y epma: N - cucremagaru MosieKyJaJapHUHT cOHM; N - MablyM sHeprusra sra
Oynaran mosexkynamapHuHT conu; No - kyiim sHepretuk nobOnamaru monekyna-
JapHUHT coHH, % - sHepreTrk nmoF OHaHUHT CTATHCTHK Maccacu €KW YHHHT a Priofi

OXTHUMOJUTHTH.
(111.34) Ternama 6apua 3uepreTuk nmot onamapaaru N MosekyagapHUAHT Si

WUTUHAUCUIIAD, YHIAH yi gie -T = NNOZ Q (111.35)
ra TeHr 6ynuob, Oy epna Q - xomarnap O6yinya MOJEKYJISIp WMCUHIU €KU CTATUCTHUK
WurHHIU Aevnnaau, y ¢akaTt ymoy Moaaa MojeKynagapuHuHT i Ba Si xoccanapura
Ba xapopartrra 6ot nuk 6ynu0, MoamaHuHT Maccacura 6otk smac.

Xonatnap Oyilmua MOJNEKYJSlp MMCUHAM Xap OuUp MOJJa y4yH XOC KaTTaluK
O6ynu0, cuctemMa MOJEKyJaJapUHUHT SHEPreTUK XOJATIAPUHHU TYPJIM-TyMaHIUTUHU
Ba ymoOy XOJIATIIAPHUHT HUCOMH dXTUMOJUTMTHHU (S0 - 3HT Kyiin 3HepreTuk not Onara
HucOaTaH) udogaraliyu Ba XapopaT OPTHIU OwiIaH opTaan. Q HUHT YJITYOB OUPIIUTH
WyK, YHUHT KHWMaTd MOJJIAHMHT MOJICKYJIIp Maccacura, Xaxm, XapopaT Ba
MOJIEKyJlaJapHUHT xapakaT TaBcudura Oobnmuk. Howupean cucremamapma Q
MoJIeKyJiagapapo Macoda Ba MoJeKynanapapo kKyunapra xam OobFmmk. Q amoxmma
MOJIEKYJIaJJADHUHT MHUKPOCKOIUK XOCCaJapuHU (SIbHU SHEPTUSHUHT  JTUCKPET
noFOnanapuau, WHEpHHMsT MOMEHTJIAPUHU, UIOJIb MOMEHTJIAPUHU) MOJJIAaHUHT
MaKpOCKOMUK Xoccajapu (MUK DHEPTUsi, IHTPOMUS, HCCUKINK CHUTMMHU) OujaH
oobFmaiinu. Oxupru aramanap aHuUi XoyiaTiapjaa ymOy sHeprusra sra Oyirad
CaTXJIAPHUHT yMYMHUH COHU KyMalWIIM OWiaH Ba ymly SHEPrusyIiM MOJIEKyJayiap
naigo  OVIMIIMHUHT  3XTUMOJUIMTM  opTMM  Ownan  Oofmukaup. Yoy
MyJioXaszajiapjiaH KequO urnkkaH xonjaa bonprmanauHr TakcumoT konyHuHH (111.30)
¢xu (111.33) Tenrnamanap ypHura Kydiuaard KypuHAIIIA E3UMIAMU3 MYMKHH: si . "4-

A T zs KT x kKT ,
Ni=-Qagie T (I136) &u  Ni= Age (111.37)

bonpuMan KOHYHM KyWujaruda Tabpudiianagu: MyBo3aHATAAru MOJIEKYJISIp CUCTEMa
YUyH Si 3HEeprusira sra 6yiarad MoJieKyJIaJapHUHT COHU bonbliMaH KynalTupyBYHCH

e K ra MPONOPUAOHALINP. BOJBIIMAHHUHT SKCIIOHEHIMAJ KOHYHHM XyJa KaTTa

axaMUAT KO30HUO, TypJid aMaJIuii MacajalapHHU XaJl KWIMIIJIA XaM KyJUTaHWJIMOK/A.
Y CTaTUCTUK TEpMOJAMHAMHUKANA BAa KMMEBUW KUHETHMKA HA3apUACHIA KyJlla Xam

AXaMUATIMIND. boapiMaH TeHTrJIaMacUHUHT DKCIIOHEHTACH OJIIUAaru KyHaI?'ITI/IpyBIII/I
NA

= -Qa xapopatra xamja CUCTEMaHH TANIKWUJ KUIYBYM MOJICKYJAJapHUHT COHHU Ba
tabuatura 6ot muk. /lemak, 4 mognanuHT X0occanapura 6ot nuk 6yica, k - yHUBEpcal

TOUMUUIUD.

[
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Q QQTg Q Q gt (111.38)

Arap (111.36) Ternamanu Kylugara = KypuHHIIUAa €3cak, Xojaariap
Oyiinya WOTUHAMHU MoOJIeKyJIagapHUHT TylIuK Na conura HucOatu Qi Mapra Kympok
ofvHraH  bojbiMaH  KymaWTUPYBUMCHMHMHI  Si  JHeprusra odra  Oyirax
monekynanapauHr Ni conura HucOatu kabwm Oymaaum. Ilynmait kmmmb, XomnaTiap
Oyiinya WUTUHAWTA CHUCTEMaJaru ymoly Typlard MOJEKYyJaJTapHUHT TYJIUK COHUHH
TaBcu(IoBUM BONBIIMAaHHUHT yMyMJIAIITUPUITAH KyHaMTHPYBUMCH KaOW Kaparl
MyMKUH 9KaH. FOkopuma TapkujiaraHuMusiaek, Q ymdoB Oupiurura isra smac, y
CHUCTeMaJlar MOJIeKyJajllap ypTacuia OJHEPTUSHUHT TaKCUMIIAHMUIIUHHU —KyJai
MaTeMaTHK KypuHuiiaa upoaanamra Epaam Oepaiu.

Sua oup Oop (I11.36) Tenrnmamara kaiitamus. YMymaH, Xonariap Oyinda
WUTUHIMHA CUCTEMAaHUHT TEPMOJIMHAMUK Xoccaiapu OuiaH 6ofmam Mmymkua. AMmo,
yjcea]l Ta3HUHT TEPMOJMHAMUK (DYHKIMSUIApUHU XojaTiap Oyimda MOJIeKYJsip
WUTUHIM OpKaJIM aHUKIJIACaK KOHHMKApCH3 HATIKajapra KeilaMu3. XaKUKaTIAaH XaM,
WYKW DHEPTUs, UCCUKIUK CUTUMHU Ba OOCHM y4yH TYFpU KUHMaTiap Keiaud 4HKca,
SHTPOIHUS YUYH XaKUKUN KUAMaTIapJiaH KWUUKPOK KUMMaTiaapHu ojamu3. Macananu
TUKKAT OwiaH kapa® 4YMKCaK, HHTPONUSHU Ba YHHM Yy3uja TyTraH KaTop OoIlKa
TEPMOJIMHAMHUK (DYHKIMSUTApHU XoJiaTiap OyinWYa MOJIEKYJIsIp HUTHMHAM acocHja
XM COOJIaIIra Xakiin SMacIUTMMUA3HA KypaMu3, YyHKU ylap Y3UHUHT MabHOCH OYiinua
OyTyH CHUCTeMAaHMHI Xoccainapuhu wudoaanagu. HKxkopumarunapra acocas,
CUCTEMaHUHI XOJjaTiapu Oyiinya WATMHIUCH, JEraH KEHIPOK TYyIIyHYaHU
KUPUTULIUMU3 LAPT OYiaau.

CucremanuHr Oup OyTyH XOJATUHHM YHHU TaIKWJI KWJIa€TraH 3appadaiapHUHT
(MonekynasiapHUHT) QyHKIMAICK cudaTuaa KypuOd yuKaéTraHjaa UKKUTa XOJIHU Oup-
Ooupuaan Qapkiam 3apyp. bupuHuM Xonga cuCTEMaHUHT Xoccajlapu XycycaH KaicH
Ooup anoxuja 3appavdanap y €ku Oy TaBcuduapra sra skannurura 6obFmmx 6ynamm,
apbHU Oy Xonaa 3appadanap Oup-Oupunan Qapxmananu. WkkuHum xonjga oca,
CUCTEMaHWHI XOCcajJapy IOKOpuJa alTwiraH TaBcudiapra sra Oeiruiapra kapad
rypyxjapra TaKCHUMIIaHTaH 3appadaiapHUHT (axat conurarmHa OoFnux Oymamm.
3appavanapHuHT 31 3ca Oy xonga oup-oupunan papk Kuamanam.

bupuHYM X0N yuyH CHCTEMaHUHT XoJatiap Oyiinya HOTUHANCH

Qi=(XerN=Q" (111.39)

ra TeHr Oymamu, Oy epaa Qi - CHCTEeMaHHHTr I-XOJaTjard xoJjariap Oyihndya
HuruHancu;  Si - OMTTa MOJICKYJIAHUHT I-XoJlaTaaru sHeprusicu; Q - xomariap
oyinua monexyssip wuruaan. (111.39) renrnamanu €3aérranma anoxuaa I-
noF'Ounanap OVitnua iuruaau Hazapaa Tytuiaaau. bup neua noFOnanapaunr Oup Xui
SHEprusra sra OyJIraHJIura okubaTuaa XOCuil OyiraH alHUWIMKHUA XUCOoOTa OJraH/a,

(111.39) Tenrnamanu Kyiuaaru
51

X

Qi=(  giekr) (I11.40)

KypUHHUIIHA €3I MyMKHH, Oy epa % HUHT MabHOCH XYJUIM aBBAJITHJICK, OMp XHII
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sHeprusui papkinanysuu not' Onanapuunr conu. llynnait kunu6, rokopuaaru nudoaa
N Ta apxianyBuM TabcupiamMaéTral 3appadaiapaad uoopat Makcsei-bosibiiman
CHUCTEMACUHUHT XoJaTjaap Oyinda HMCUHIUCHIUD.

Nkkunun xonpa boze-OiiHmTedtn Ba @epmu-Jlupak Typuparu rasmap Kypuo
yuxuiagu. Yoy razaapHUHT XOJIaTH, TYpJIM Xojarjiapaa OYiIuIiu MyMKUAH OYiraH
3appavdaJlapHUHT COHMHHU KypcaTulll OujaHTWHA OenruiaHaan. byHma Makcsemi-
Bonbuman cratuctukacunan apxiau y €ku Oy xonaTAa XyCcycaH XaHJail 3appadaiap
oopnuru ¢apxcuzaup. bomrxada aiftranna, 3appadanap (apxcus ned xucobiaHay,
OyHIa CHUCTEMaHWHT aWHWK XOJIATIapW MaBXKyJ OVIMIIM MYyMKHHJIATH Xaxuja
ranupwiagd. AMMo ymlOy aWHUWIMKHUHT MabHOCH aBBall aWTUO yTHITaH
anHuIMKIaH Gapx xuaaam Ba OyTyH cHCTeMara TaaJlTyXju Oymamu. Ymoy Typaaru
allHUWIMK MacT Xapoparjiap Ba [0Xopu Oocumiapjaa HaMmo€H OVmaau Ba
3appavyallapHUHT Maccacu XaH4YaJuK KUYUK OYIica, IyHYaaIuK ocoH ky3atunaau. N ta
Oup XW1 MoJeKyIaapAad nOopaT uaean ra3HUHT Xonatiap Oyinya HUCUHANCH YUyH
XyAUaru

1 -, 1 »

Qi=nN!'(®ie)n= NQN (11-4)
uponanu E3ummumu3 MyMkuH. (111.41) tenrnamanu (111.40) Ouman conumTHpCax,
3appavaylapHUHT dapXJIaHMACITUK IApTH CUCTEMAHUHT XoJaTiap Oyinda MucuHaucu
udogacuna xymumya -1- KynaiTUpyBUMCHHUHT Mai10 Oynuiura onud KelraHuHU
Kypamus.

(111.41) rtenrnamamaru Q Hu norapudmiaad, CTUPIUHT TEHIJIAMAaCHHH
xyiacak Ba N HU KyJ1a KaTTa cCoH Ae0 ojicak, Xxyhuaaru udojara KeJlaMus3.

InQi= N In’N (I11.42)
CucremanuHr xojamiap OyiMya MHUCMHAMCHUHM Xoyatiap Oyilmua Karra
HuruHam 1e6 xaM aTaiajy.

5-AMAJIMA MAIIFYJIOT. HOMYBO3AHAT KAPAEHJIAP
TEPMOJANHAMUKACH.

3. HomyBo3aHaT kapaéHJIapHUHT TACHU(IAHUIIN

bapua pean xapa€nnap TepMoAMHAMHUKaZa XauTap Ba XaWTMac Kapa€Hiapra
axparunaau. Onguaru 6o6mapaa KypuO YUXWITaH KJIACCUK TEPMOJMHAMHKa (haxat
YeKCU3 MYBO3aHAT XOJaTilapulaH YTyBUYM XalTap skapa¢HIaprarmHa XyJUIaHWIHIIN
mMyMmkuH. K,aiTap >kapaCHIapHUHT TE3JUTHM 4YEKCU3 KUYMK Ba CHUCTEMAaHHMHT Oapya
napametpiapu  Baxtra  O6ofnmmx  smacmup.  Kmaccuk — TepMoanHamukana
M30JISAIUSUIAHTaH CHCTEMaHWHI MYyBO3aHAT XojaTuHW u3nad tormmm dS=0 Oynrax
XOJIATHH TOTHIIAAH UOOpAT SKAHIUTHHH KypcaTraH d/UK.

Krnaccuk tepMoanHaMuKa HOMYBO3aHAT kapaHiap yuyH ¢axaT WYHaIUIIHA
Kypcaragu Ba MYBO3aHAaT XOJAaTH XauOH Xapop TOMaau, CHUCTeMa XaHAal Te3JIHK
OwiaH MyBO3aHAT XOJiaTra XalTaaW, JeraH caBoJUlapra Xe4 XaHJai >kaBoO Oepa
onMaiau. ABBaJ KypuHO YHXWITaH TEPMOJMHAMHKAHUHT XOHYHJIAPUAAH Keluo
YuXxaH MyHocabaTiapHH (paxaT MyBO3aHAT XOJIaTUIArd, sS’bHU XalTap >kapa¢Hiapra
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KyJUlall MyMKWH, YyHKH YJIApPHUHI XaMMAacHu TEHIJIMKiIap OunaH wudogaiaHras.
Kiraccuk TepMOIMHAMHMKaHM HOMYBO3AaHAT JKapa€HJIapra KyJulacak, TEHICU3JIUKIIAp
Ounan wudomamaHraH MyHocabaTJIapHH oJamMu3, U1y cababmu, yHu OyHmal
*)apaCHapHu xucobmamra Kyyuad oynManau. byHnalh NMKOHMSTHH HOMYBO3aHaT,
SBbHU KaliTMAac jkapaéHIapHUHI TEPMOJIMHAMUKACU Oepau.

Kaiitap xapaéunap unmuit abctpakius 0ynub, amanga Ky3aTuiaaurad oapya
pean >kapaHiap HOMyBo3aHaT, sibHM KaiTmacaup. lly caGabmu HOMyBO3aHAT
Kapa€HJIAPHUHT TEPMOJMHAMUKACUHU SpaTULI 3apypusTH naiino Oynran. Kaittmac
KapaCHJIApHUHI  TEPMOAMHAMUKACH  TOMOHHMAAH  KUPUTWIraH  SIHIWINK
TEPMOJMHAMMK CHCTEMaHUHI  XapakaT TeHriamanapugaaup. HomyBosanaT
XKapaéHiap MabiIyM Te3nukaa 0opanu. byHnaail pean xapaéHIapHUHT TE3IUKIAPUHU
udonanaml Makcaauaa TEPMOAMHAMUKA YCYJUIApUHM KEHTaWTHpUII MYMKHH
IMacMHKaH, JAeraH (uUKp Tyruiau. by sca, mmpnat OunaH pHUBOXKIAHAETraH
TEPMOJMHAMHUKAHUHT  SIHTH NyHaIMmmn - HOMYBO3aHaT  »kapacHiap
TEPMOJMHAMHUKACUHUHT Basudacu OYynubd konagu. HomyBo3aHaT xkapa€HIapHUHT
TEPMOJIMHAMMKACH PEISATUBUCTUK TEPMOJAMHAMHUKAIAH XaM €EmpoK ¢daH, JIEKUH
XO03UpAAEK aMalluid axamMHsT KacO 3TMOkJa. Kiaccuk TepMoauHaMuKara Kymumya
NOCTyJIaT/Iap KUPUTHILI Ba BAaKTHHU SHTM MYCTaKWJI Y3rapyBuM cU(}aTHa HILIATUII
OpKaJIi HOMYBO3aHAT >Kapa€HJIapHUHI YMYMHI TEpMOJMHAMUKACUHU HWILIA0
YUKUINTa  J3PUIIUIMOKIA. Kyinnarn MHCOJAa  KalTmac JKapa€uap
TEPMOJMHAMMKACH XaKHJa TacaBByp Oepuilra MHTWIAMuU3. bupop sputma €nmk
CUCTEeMaHU Tamkwi KuicuH. Cucremara OUp >KOHAAH HMCCUKIMKHUHI CTallMOHap
OKMMHM KeJlaau, OOIlKa KOoWjaH KeTaaW, NeHIMK. ByHMHr okubaTuaa cucremana
XapopaTjapHUHT CTAallMOHAp I'paJUeHTH MHaiino Oynaau Ba Taxkpuba KypcaTUIIMya,
XapOPAaTHUHT CTallMOHAp TPAAMEHTH TabCUPHIA 3PUTMA TAPKUOMHUHI CTAlMOHAP
rpaaueHTd Kapop Tomaaud. CranuoHap XoJjlaTAa XapopaT TpaJueHTH OuilaH
KOHIIEHTpalUsi TpPaJUeHTH opacuja OOraaHMIIHM YpHATHII Tanald KUIUHAIH.
Kyiimiiran macana KJIacCHMK TEPMOJWHAMHMKA yCyJulapu OWJIaH Xajl KUJIMHMAaMIu:
Kypwia€tran xonar (hakaTrMHa CTalMOHApIUp, JEKUH Xe4 XaM MYyBO3aHaT 3Mac.
HomyBo3aHat xapa€Hiap TepMOJMHAMUKACUHUHT MPUHLUILIAPU OWJIAH TaHULIUII
OJIIUAAH YJIAPHUHT CUH(IAHUIITUHU KypHO YMKaMHU3.

bapua xapa€umap TypT Trypyxra OYIuHamu, YyJlapHU Kapa€HJIAPHUHT
MYypaKKkaOIUru opTUO OOopuIM TapTUOMAA KyHuJaruya >KOMIAIITUPUII MYMKHH:
KBa3UCTaLIMOHAP, CTAllMOHAD, OJJIUNA Ba 3aHKUPIIH.

KBazucrannonap »xapa€H KalTap »Xapa€HIUp, y KIACCHK TEPMOIAMHAMHUKA
HYKTau HaszapugaH KypuO umkwmiagu. Kpasucranmuonap jxkapa€H 4YeKCHU3 CEKHUH
Oopaam, cucTeMa MyBO3aHAT XoJyiatuja ne0 xucobnananu. Kpazucranmonap xapacH
Kapama-Kapiy WyHauunuiapaa 00pyBUM MKKWTA >KapaCHHUHT CyNepIO3ULUSCUIaH
ubopat oymaam.

Kaifrap sxapaéunapra SHr siIKMH OyiTaH jkapa€H CTalMoHap >KapaHIup.
Masbitym noumuil Te3nukaa 6opaéTral cTaloHap kapaéHHUHT, MacallaH, UICCUKIIUK,
AJIEKTP TOKM €KUM MOJJAHMHI TAallMO YTWIMIIM >Kapa€HJIAPUHUHT MaBXKy UIMTUAAH
KaThUil Ha3ap CHUCTEMAHUHI TYpJiM KHUCMJapuja Typiuda OyiraH TepMOJIWHAMUK
napaMeTpJiap BakT yTUIIM OuiiaH y3rapmac 0yiu6 xonagu. CtanpoHap HOMYBO3aHAT
KapaéHIapHUHT OyHJall XyCyCHUSTH YJapHHU TEPMOJMHAMUK KailTap >kapa¢Hiap 120
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OwiaH ymymjamTupand. byHpmail kaiTmac cranuoHap kapa€Hiap TaOuatia KEeHT
rapkajl MH Ba KaTta axamusarra ora. CranuoHap kapa€Hiiap HKKA Typyxra
OynuHaaW: OWUTTAa XOCCAHWHT TPATUEHTH XUCOOWTa OKMM Ky3aTWJIAJWTaH O IHMA
CTaIlMOHAp KaWTMmac >kapa€Hiap Xamja OWp XOCCAHWHT TPATUEHTH WKKUHYH
XOCCAHWHT TPAJMCHTUHHA KEITHPUO YMKApPyBUM Ba OYHWUHT HaTOKacwma Oup-Oumpu
OWiIaH TabCHUpJAIIYBYM HUKKATA OKUM Maiijo OYynanguraH Mypakkald cCTaludoHap
HOMYBO3aHaT KapacHiap.

Onouii cralioHap HOMYBO3aHAT >Kapa€Hra MHUCOJ TapuKacuaa HCCHUKIUK
YTKa3yBUYAHJIUK XMCOOUTA MCCUKIUKHUHI TallUO YTUJIMIIUHU KEJITUPHUII MYMKHH.
Arap xapopatiapu T1 Ba T2 (Ti@-T2) OyiraH MKKHATA KaTTa Xa)XMJIard HCCHKIHMK
pe3epByapiiapu ypTacuja KUYMK HCCUKIMK YTKa3yBUaHJIMKKAa d3ra OYJIraH TYCHK
X)oMnmamtupwiran Oyica, y XoJija TYCUK OpKall MCCUKPOK pe3epByap/laH KaMpOK
KU3JIMPWIITaH pe3epByapra CTallMOHAp KalTMac paBUIIA UCCUKIHUK yTUII KapacHu
Ky3aTuiaau, OyHIa pe3epByapiapHUHT XapopaTIapyuHu JOUMHM 1e0 xucoOianMus.
Tycukna XapopaTHUHT BakT YTUIIM OWIaH Yy3rapMaiguraH MabiyM TpaJUeHTH
Xocui1 Oynmaau Ba TYCUKHMHI Xap Oup HykTacuja Oapya Xoccajiap BakT YTHUILIU
OwiaH y3rapmailau (JEKHH TypJiM HyKTajlapaa yJjap Oup-Oupuaan ¢apk Kuiiajau).
Mana myHmail >kapa€Hiapra HOMYBO3aHAT JKapaCHJIAPHUHI TEPMOJIWHAMHUKACH
KyJUIAaHWIaau. YJap CHCTeMala MOJJa, HCCUKIMUK, B3JEKTp OKHUMH Ba Oomika
xapa€Hnap OwinaH TaBcuuanagu. FOkopuaa TabKUAJIAraHUMU3IEK, SHT COJJa
xoJUuiapia OupruHa OKMM OVYJIMIIM MYyMKHH, MacallaH, XapopaTjiap TIpaaueHTH
KEeJNTUPUO YMKapaJuraH UCCUKIMK OKMUMH. byHHa yTaéTraH OKMMHHMHI CTallMOHAp
KMIUMAaTUHH aHUKJIAIl MacaJlacy Mmanao Oymaam.

MypakkaOpok cTanuoHap HOMYBO3aHAT >KapaéHiap/ia MOJJAHUHT OKUMH
OollTKa KaTTaJIMKHUHT, MacajaH, XapOPaTHUHT TPAJUECHTUHU KEITUPUO UYUKAPUIIH
MYMKHH. YHJIa CUCTEMAJIa UKKA €KUM YHJAH KyNpPOK OKMUMJIap Ky3aTuiaau. byHnain
X0JIJIap/la HOMyBO3aHaT *apac¢Hiiap TePMOJAMHAMUKACUHUHT Ba3u(acu CUCTeMaaaru
acoCui OKUM XOCWJI KWIA€TraH TpaJUCHTIAPHUHT TaOMATHHU aHUKJIAIIaH Ba
cucrteMmaaaru 0apya OKMMJIAPHUHT CTallMOHAP KaTTAJUTMHU XUcoOJaligaH udopat
oynaau. bynpail xapa€unapra audpdyzuon tepmorddekt (drodyp sddextn),
tepmouddy3us xonucacu (Cope ahdextn), TEpMOIIEKTPUK Xoaucanap (3eedek Ba
[lenbre  addextnapn), muddy3uoH  MOTEeHIMad  Ba  KOHILEHTPAIMOH
KYTOJAQHUIUJIAPHUHT XOCWUJ OVIUIIMHA MHUCOJ KWIUO KEJITUPUIIMMHU3 MYMKHH.
Yy XoaucajJapHUHT MOXHUSTUHM Ba HOMYBO3aHAT TepMOAMHAMHKA EpaMujia
OyHnai xoaucanapHau ndoaananHu Kyinia Kypuo dynkamus.

KniitmMac sxapaéHmapHUHT KEHWHTH Typu OJIUIN KallTMmac xkapaéuiap 0ynuo,
ylapra akcapusT KUMEBUU Ba (u3ukaBuil KapaCHIApHU KHUPUTHUIN MYMKUH,
Macalias, KUMEBUU peakuusIapHU. Onnuit KanuTMac »KapacHiiap
TepMOJIMHAMHUKACHJA BaKTHH XHCOOTra OJUIN Kepak. byHmaii >xapa€umapaa
CUCTEMAHUHT TMapaMeTpiapu BakT YTUINKW Owian Yy3rapu® Oopamu. VYmapaa
CUCTEMaHU TEPMOJUHAMHMK XOCCAJApUHUHT udoaachaa BaKT KOOpAMHATACH
oeBocuta kuputwiaad. FOkopuaa kypu® YMKWIraH cTallMoHap xkapaéHiapaa ica,
BaKT cUcTeMa/ia 00paéTraH OKUM TE3JIMTMHUHT Udoaacuiaruia ybTu0opra oJIMHAa M,
amMo ymi0Oy udoaara 6eBocuTa KUpMaiJid, CHCTEMaHUHT TEPMOJUHAMUK XOCCalapH
3ca, YHHUHI Xap Oup HyKTacuja BakT YTUIIM OWJlaH Yy3rapMacliaH KoJaiu.
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Kaiit np xapa€unapmadn SHr Y30k OYyjiraHu 3aHXUpAH (KYUYKHCHMOH)
xapacHiap 0ynu0, ynap aBTOKAaTaIUTHK paBUIIA, SIbHU ¥3-Y3UIaH Te3IaHUI OuaH
OOpyBUM Ba ailpuM XoJulapJa MopTJamra oJin0 KelnyBud >kapaénnapaup. byHnai
JKapaéHiapra 3aMOHAaBUM HOMYBO3aHAT JKAPACHIAPHUHI TEPMOJAWHAMHUKACUHU
KyJu1ad Oynmanau.

4. KoMneHCAUMSAJAHMATAH HCCHKJIUK TYIIYHYACH
HomyBo3aHat xapaéHinapHUHT TepMmoauHamukacuHu Krnaysmycnan Ooriad

£
T

ds - (IV.1)
(1850) xucobmaca 6ynaau, 4yHKH y YOy cOXaJaru SHT aCOCHM TylIyHYa -
KOMIICHCAIIMsUIaHMAaraH MCCUKIUK TYITyHYacUHHU (aHra Kupurtrad: Oy epaa 8Q'Hu
Knay3uyc komneHcanusnanmarad uccukiuk ned ararad. Tomcon (KenbBun) 1854
Hunna OupuH4M Oy TepMOAMHAMUK MyHOCa0aTIapHU HOMYBO3aHaT >kapaéHiapra
Kymarad. 1922 iunga Jle JloHnm TepMOAMHAMMKAHUHI WKKMHYM KOHYHUJArd
TEHICU3JIMKHM alTUIl OmilaH KudosgaHMaclaH, SHTPOIHUS XOCUI OYJIMIINHU aHUK
MUKJIOpaH Tabpudiam MyMKuH, jeraH FosHu adlitran Ba Knay3uycHuHT
KOMIIEHCAIMsUIaHMarad UCCUKJIMTMHA KUMEBUM MOMWILITNK OuiiaH 6of nara.

(11.(1) renrnama acocua MKKMHYM KOHYHHU SIHA/Ia YMYMUHPOK KypHUHHIIAA dS

E3UIIMMHU3 MYMKHH: —*Q 4+ TT (1.2)

MyBo3anart xapaéunap yayd dS=8Q/T 6ynranu yuyn 8Q'=0, HomyBo3aHaT
kapaCHiap y4yH 3ca, 8Q">0 (11.3) srsbam 8Q" moumo
MycOaT Ba CHCTEMaHUHT WYUJa HOMYBO3aHAT Kapa¢Hiap HaTHKacuaa Mmainzio
OyJany Ba CUCTEMaHU KalTMac y3rapuiijiapra oauo Keaau.

OHTPONUSIHUHT TyJUK Y3rapumuan — dS=deS+diS (11.4)
KypuHUIIa &3caKk, KOMIICHCAIMSsJIAHMAaraH WCCHKIIMKHUHT (U3UK MabHOCH
tymyHapian Oymamu. (11.4) na deS - TamkapugaH MCCUKIMKHUHT FOTHJIMIIA OWJIaH
oot nuk Oynran sHTponusHUHT Tamku (external) ysrapumm; diS - cucrema wumaa
HOMYBO3aHAaT >kapafHiap HaTW)KAcHIa KeIWO YHMKaJWTaH OJHTPONHSHWHT WIKU
(internal) y3rapumm. (11.2) Ba (11.4) napHu comuiuTUpcak, KypUHHUIIIA E3UITAMHU3
mymkuH. (11.6) MyHOcabaT KoOMIICHCAIMSsIIAHMAraH WCCHKIUKHH — CHCTEMaa
HOMYBO3aHAT jKapa€Hiap OOpHUINM HATWXKACHAA DSHTPOIHUSHUHT XOCHI OYIUIIM

“ =T (I1.5) ds = (11.6)

omtan oot maiion.

(11.(3) 11.6) wmyHocabaTmap Xap KaHJal HOMYBO3aHAT >Kapa&Hiap
CUCTEMAaHUHI MOJICKYJISIP XOJaTH TapTUOCH3JIMTMHUHT OPTHUIIMHU, YHHU sHaja
Xa0THK XOJjlaTra OJIMO KEJIMIIUHM KypcaTaad. MuKAopaH Oy cHCTeMa XOJATHHUHT
TEPMOJIMHAMHMK JOXTHUMOJUIUTH OPTHUINKJIA, JEeMaK, CHCTEMaHUHT DHTPOIUSICH
oprummaa udoaaaHaIm.

Hlynmai knuaub, KoMIeHcanusuianMarad uccukimk 8Q'=TdiS (1.7)
ra TeHr. HomyBo3aHaT >kapaéHiap MabiyM OWp Te3NUKIa OOpaad, IIYHUHT YYYH
yJIapHU KypHO YMKHIIIA BAaKT KUPUTUIAAH. by 3ca, acnuaa KUMEBHUN KMHETUKAHUHT
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c-dS >o
it (11.8)

122Baszudacuaup. Arap dt BakT MmobaitHua dS sHTpoIHs X0cH Oyiica, y Xoaa

HomyBo3aHaT TepMOAMHAMUKAHUHT Bazudacu XyJIU U1y ¢ HUHT KUHMaTUHU
Xuco6J1ad TonuIAaH HOOpaTIUp.

Wzonsusutanran cuctemanap yuyH (U Ba V=CONSt) sHTPONMUSHUHT TYJIHK
Y3rapuIim dSuv-diS>0 (11.9)
WYKY Y3rapuiira TeHIITUTHHA TabKUIJIAMOK JIO3UMIUD.

5. OkuM Ba yMyMJIAIUTaH Ky4Jap. JHTPONUSIHUHT
YOCHJI OYJIMII T€3JIUMTH

SHTPOIMUAHWUHI \ocun 6y.]'II/IHI TC3JIUTH

K,ailTmMac sxapa€HJIapHUHT TEPMOJUHAMHUKACH, IOKOPHUJIA TabKUJaraHUMH3-
JIEK, PEJSITUBUCTUK TEPMOJMHAMUKATAH XaM EMIPoK (aH, JEKUH X03UPAaEK aMasuii
axamusaTra osra Oynmokna. K,aiiTmMac uyu3ukiam >kapa€Hiap TepMOAMHAMUKACU
KJIACCHK TepPMOJMHAMUKA OWJIaH YM3UKIN KOHYHJIApHUHT ymMyMiamrysuaup. Kiaccuk
TEPMOJIMHAMUKAA H3OJSIUSUIAHTaH CHUCTEMAaHMHI MYBO3aHAT XOJIATUHU U3Ja0
tormm  dS=0 Oynran XomaTHU TONMINAAH WOOpaTaup. AMMO  KJIACcCHK
TEPMOJIMHAMMKA KAa4OH MYBO3aHAT XO0JIaT Kapop TOMAaJd, CUCTEMa KaHJah TE3JIHK
OwiaH MyBO3aHAT XoJjaTra KauTasmnTd, JAeraH caBojulapra Xed KaHjai >kaBoO Oepa
onmvaiian. K,allTmac jkapa€HIIApHUHT TEPMOIAWHAMHMKACH TOMOHHUJAH KUPUTHITAH
SHTWIMK TEPMOJMHAMUK CHUCTEMaHMHI XapakaT TeHIrNamaapunanup. K,aiitap
KapaéH - uiIMU abcTpakius, amanaa 6apua »apa€Hiap KaiTmac Oyau.

TepmoauHaMHUK CHCTEMaHMHT XapakaTuHu wudomanam yuyH okum () Ba
yMymiamrad Kywiap (X) TyluryH4anapy KHpUTUITaH:

-MabJlyM [03aJlaH BakKT Oupiuruga yTa€TraH »dJEKTpP TOKH, HWCCUKIIUK,
MOJAHUHT MUKJOPU OKUM JIeVUIaiu;

-)Kapa€HHU  XapakaTJIAHTHUPYBYM Ky4dyd UWHTEHCUBIUK  (HaKTOPIAPUHUHT
rpagueHTiIapu 0ynuo, ynap yMyMui XoJjaa yMyMIIallirad Ky4jiap Jeiuiaim.

®dakar OWTTa XOCCAaHUHT TPAAUEHTH TabCcUpHaa OOpPYBUM OJMI CTalMOHAp
KapaéHjapAa OKMMHUHI MUKIOpPM YHTa MOC YMyMIIAlllTaH Kyd4ra TYFpH

IPOTMOPIIUOHAIIIANP: li=LiXi (11.10)
OKMMHM XapakaTJaHTUPYBUM Kywiap HWHTEHCUBIUK Qakropiaapu (7,P,p)
o6ymmo6 li=Lii(-grad T) €k li=Lii(-grad y) (1111)

SBHU UCCUKIIMK OKUMHU YuyH Xi=-grad 7, KOMIOHEHTHHHT OKUMH yuyH Xi=-grad p.
Arap cucremana Typiu Te3MKAArd OKUM MaBXyJ Oyica, OyHnail cucremara
MyBO3aHAT TYUIyHYacHMHM KyJia® Oynmaiau. Arap OKUM JOUMHN TE3JIMKKa 3ra
Oynca, OyHAail CHUCTEMaHWHT XOJIATH CTaluoHap OYnmaau Ba HOMYBO3aHAT
XKapaHJIapHUHT TEepMOJUMHAMHUKAcu YyjapHu wudonanail omagu. HomyBoszaHar
YU3UKIM Kapa€Hiaap TEPMOJMHAMHUKACH KIJIACCUK TEPMOJMHAMUKA OWJIaH YHM3UKIIH
KOHYHJIapHUHI  yMywitamyBuaup. CranpoHap OKAMJap y4yH Oup KaH4Ya
(€HOMEHOJIOTUK (YM3MKIIM) KOHYHJAp YpHATWIraH, yjap HOMYBO3aHAT YW3MKIU
TEPMOJMHAMMKA KOHYHJIapuHM Huoaanaiinu. MacanaH, MOJJAaHUHI OKMMH Y4YyH
OukHUHT 1UPPY3UsT KOHYHIIAPH, dJIEKTP OKUMHU YuyH OM Ba UCCUKJIMK OKMMH yUyH
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®dypbe KOHyHIApH MaBXKyl. TepMoauHamMuKara myHAail (apasimap KUPUTHIUIIN
JIO3UMKH, yJapJaH I0KOpUaa KypcaTuirad (eHOMEHOJIOTUK KOHYHJIap KeTHO YUKCHH.
HomyBo3aHaT xapaéHiap TEpMOJMHAMHKACUHHU TY3UIIHUHI OWp HEYa 3KBUBAJICHT
ycysuiapu 0op, yJaapJaH 3HT yMyMmuiicu OH3arep TOMOHM/IaH UILIa0 YUKUITaH.

bup XoCCaHMHI TIpaJMeHTH MKKWHYM XOCCAHUHI TPAJIUEHTHUHU KEJITUPUO
quKapagural Mypakkab crammonap »xapaémnap yuyH (II. 10) tenrmama ypHura
KyHUaru TeHriaMajgapHy €3UIUMU3 MyMKUH:

li = LiiXi+LikXk (11.12) Ik = LkiXi+LiXk (11.13)

(11.112) Ba (I1.13) Tenrmamanapra tepmomuddyzus, Hrodyp >ddekty,
T GY3M0H MOTEHIMATHUHT €KM KOHUEHTPALMOH KYTOJMAHUIITHUHT XOCHJI OYIUIIH
mucon Oymamm. (11.12) Ba (11.13) TeHrnmamamapHUHT KypcaTHIINYa, MKKAIa OKUM
y3apo Oup-OMpura TtabCcup KWJIAAW, YHHUHI OKHOATHJa XapopaT I'paJueHTH TapKuO
TPaJUEHTHHN KENTUPUO YUKapasIn.

Oxumiap xapaéHua CUCTEMaHUHT SHTponusich opTaau. OKkumiap Ba

OupnHUrUIa OPTHUIIH _Vixati (11.14)

yMyMJIAIlITaH Ky4iap IMIyHAai TaHIaHUITH MyMKHHKH, YHIA SHTPONUSHUHT BaKT
tTeHrnama OwiaH udonanananu. Arap (I1.14) tenrmamara puos kwimaca, (11.12) Ba
(11.13) tenrnamanapaunr L ¢peHOMEHOIOTHK KOA(PGHUIMEHTIApH Kyda XaM MyXHM
MyHOcabaTHU  KaHoaThnaHTHpaau. by wmyHocabat  OH3arepHUHr  ¥3apOJIUK
myHocabatuaup (1931) éxkm  kuHETHMK KOI(DOUIMCHTIAPHUHT CHMMETPHKIINK
TPUHITUIIN, J1e0 aTalau: Lik = Lki (11.15)
(11.115) ra xypa, li okumra lk OKMMHUHT Xk yMyMIIallraH Ky4d TabCcup Kuica, lk
okumra li oOkKMMHHMHT Xi yMyMIIallTaH Ky4d TabCUpP KHJIAIW Ba MKKaja XO0JJa XaM
MPOMOPIUOHAIUINK ~ Kod(purmentinapu Oup xunaup. OH3arepHUHT  Y3apOJIUK
MyHOCa0aTh 4YHM3WKIM COXaJa HOMYBO3aHAT jkapaénmapaaru Oofmanunuiapau
ypraHumHuHr acocu Oynau. HomMyBo3aHat TepMOAMHAMUKAHMHI  KEHUHTH
PUBOXKJIAHUIIM Ba YyHUHT acocinanumu [lpuroxun, I'mancmopd, Kazumup,
[TarTepcon, ®@nopu Ba OOIIKa OJUMIAPHUHT HOMIapu OwusiaH 0ot muknup. MacanaH,
[IpUro’)XxMHHUHT WIUIapUAa HOMYBO3aHAT >kKapa€Hiap TEPMOJWHAMUKACUHUHT
yCyJUIapy OKMMJIap Ba yJIApHH KEITHUPUO YMKApyBUM Kywiap opacuaard 0ot manuin
YU3UKIM OYIMaran coxara Tag0UK KWIMHraH. Yoy unuiapu yuyH Unes [Ipuroxun
1977 i HoGenb Myko(hOTHHM OJITaH.

6. HomyBo3aHaT xkapaéHiap TepMOANHAMMKACUHUHT NMOCTYJIATIAPH

Arap cucTeMaHd MYBO3aHaTAaH YUKapuO, ¥3 XoJMra Kyhuica, y MyBO3aHaT
XoJlaThra Kejnaau. Yoy skapaH pesakcanysi Ba yHra KETraH BaKT PEJIaKCcalldsl BaKTH
nevunanu. CucreMa KaHYaJIMK Karrta Oysca, pelakcalus BaKTH UIYHUYAJIUK Y30K
Oynaau. AMMO CHCTEMaHUHI ITYHAA MaKpOCKOIMK ajoxuja KHUCMilapu OYIaJuKH,
yiap OyTyH cucTeMara Kaparasja OJJIMHPOK MyBO3aHaTra spumiaau. byHna jokan
MyBO3aHaTIap XaKWJa TlalupUll MYMKHH Ba yjaap TEPMOAUHAMUK KaTTaJIUKIIAp
Ounan TaBcubiananu. JlekuH, JOKam MyBO3aHATIAp XaKuAa Tranupraijaa,
KyWHMIAarnjapHy Ha3apaa TYTHUII KEPaK:

-CUCTEMaHUHTI KHYUK OWp KUCMHUHHM oiraH Oyicak Xam, yJapjarud
3appadaJlapHUHT COHU KYILAUP;
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-MYBO3aHaT XOJIATH/IAaH YETJIAHUII KyJIa KWWK OYJIHIIY IIapT.

Jlokan MYBO3aHAaT XaKuIaru TaXMUH KanuTMac JKapaéniap
TEPMOJMHAMUKACUHUHT |-1IOCTyNaTH pOJIUHU yIHANIN.

HomyBo3aHart »apacHiiap TepMOJIUHAMUKACUHU UITA0 YUKHUIIIa MUKPOCKOTTHK
KaTapiauK MPUHIUIN UIUIATAITaH. YOy NpuHIUN Oyiinya MyBo3aHAT XOJaTHaa
TYFpPHU Ba TECKapH >KApaCHIIAPHUHT TE3JIMKJIApHW XOXJaraH Mylijaa y3apo TEHrIup Ba
MyBO3aHaT Makpokapa€HJa smac, Oanku Xap Oup MUKpoxkapaéHIa Ky3aTHIaIu.
Mukpockonuk KalTapJInK IPUHLUIIN HOMYBO3aHaT xKapaéHiap
TEPMOJUHAMUKACUHUHT UKKUHYU TTOCTYJIATUJIHDP.

Huxosit, kuHeTHK KOI(POUIIUCHTIAPHUAT CHUMMETPUKIMK TPUHIMIN EKA
OH3arepHHUHT Y3apoJIMK MIPUHIIMIIM HOMYBO3aHAT >Kapa€HiIap TEPMOJUHAMUKACUHUHT
VYUHYU MOCTyJaTUAUpP. YOy MOCTyJaT OKUM OWJIaH XapopaTJIaHTUPYBYM Kyd
ypTacuja YU3MKIM MyHoca0aT OopyuruHu Kypcataau. OH3arepHUHT Y3apOoJIUK
MyHOca0aTh 4YHU3HMKJIM COXaJa HOMYBO3aHAaT >kapaéHiapjaard OolnanunuiapHu
YPTaHUIIHUHT ACOCUHU TAIIKWJI KWJIA/IH.

5.0H3arepHuHT y3apoJIMK MyHOCA0aTH
ds’
DOHTPOMUSHUHT XOCHJ OYIIHII Te3/H &= (11.16)
t

y IoUMO MycOar as>0 (IV.17)
DHEPrusHUHT MHHHMAl JUCCHIALMSACHHUHT MabHOCHHH aHUKIAIl Y4YyH
Omnzarep UKKUTA QYHKINS KHPUTIHU:
-TMCCHNaTUB noTeHnuan @X, X) = 12LkXiXk >0 (11.18)

-OKUM (DYHKITUSICH @@, J) = 12LidiJk >0 (11.19)
@, @ Ba @ nap OKUM Ba yMyMJIAIITaH KyWIapHUHT QYHKIHACH
a(d,x)=2" JiX; >0 (11.20)

Ba KATMACJIMKHUHT JIOKAJ YITYOBH XHUCOOIaHA Y.
OH3arep BapualMOH yCyJiJa SKCTPEMYMJIAPHUHT [IAPTUHHA aHUKJIAAU Ba OKUM |
Kyura Xx TYFpy IPONOPLUUOHAJIINTUHU aUTIN:

n

I = 2 LikX« (||.21)
DKCTPEMYMIIMK IHAPTH: 8(&~¢p)i=0 (11.22)

Omn3zarep Ha3apusCu HOMYBO3aHAT kapaéHiap TePMOJIUHAMUKACUHUHT Ha3zapui
acocuaup (IIpuroxun Hazapusicu XyCycHil Xon):
- XapakaTr TepMOJWHAMUK TeHIJIaMaJapUHUHT YU3UKIINA OYIIUIIIY;
- 1 -Xocca OKMMMHHMHI CHCTEMara TabCHp KWIaéTran Oapya Kyuiiapra
oot muknury;
-¥3aposiuK MyHOCa0aTH.

Ymby MyHocabaT/iapHu OJIMIIA MOJICKYJISIp XOccajiap - MHKPOCKOIHK
KalTapJIMK XOccacH acocuii MaHOa OynraH: MyBO3aHaT XojaTaa T"pu Ba TecKapu
Kapa€HIIAPHUHT TE3UKIIAPH XOXJIaraH ya TeHTInp.

Mypakkab xapaéunap yayd Onzarep  Lik = Lki (11.23)
DKAHJIMTMHU ~Kypcarau. Ymly TtenriamMa OH3arepHUHT Malixyp  y3apoJivK
MyHOCa0aTUIHP.
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Tammm XoaucalapuHUHT Ha3apusIcuaa Mypakkad XoaucajdapHHU - TAIlIWII-
HUHT YOppaxaBUil XoaucalapuHU (TEPMODJEKTPUK Xoaucanap; Tepmomud-¢y3us,
nuddy3non tepmorddert) udopanamia SHIM HaTHXKaIapra SpUIIWITaH. Y MyMUn
X0J/1a YOppaxaBUil TalIUII XOJUCAIAPUHHUHT TE3JIUTU KyWHIard KypUHHIIIATH
YH3UKIN KHHETHK TeHTIaMalap OwiaH udoaaaaHaIu:

I =2 LigradPy (11.24)
Oy epnma: -gradPx = Xy, ymMmyMuii Xoj1a xamMma Kydjap Ba OKAMJAp Yy3apo OOIIIHK
aMac, 6aaku OUp XM TEH30p YJI4OBHUTa 3ra Oynrannapuruna 6ot muxmup:

- tepmoauddy3uana Macca Ba UCCUKIUMK OKMMIIApU Ba yHTa kaBoO OepyBuu
Xk KywJ1ap BEKTOPJIApauD;

- aHM30Tponl  cucreManapaa  aupdy3us  Ba  HCCHUKIMK  YTKA3UII
ko3 puLeHTIapy 2-paHTiaru TEH30pJIapanp;

- TOMOT€H CHCTeMalapAard KUMEBHMA peakiusiap TE3JHUKIApU CKaJsIp
KATTAJTMKIIApAUP.

[y ca6abmm, (I11.24) Tenrnamama TypJid TEH30p yJdaMIIapHIard OKUMJIap
yuyH Oapua Li nap Hosra TeHr. MacanaH, KOMIIOHEHTHUHT JU(G(Y3UOH TalIMIUII
TE3JUTUHUHT KUMEBUH peaklys T€3JUTUra TabCUpU Ky TUIMANIu.

Hemak, kalTMac >kapaCHjiap YHM3UKIM TEPMOJMHAMUKACUHUHI YCYJUIapu
Kyluaary maptiap Oakapwiraijaa Talldil XoJAucalapuHU HQojanamra KyJJlaHUIIN
MYMKUH:

- CHCTEMaJia JOKaJl MyBO3aHATIap ypHATHINIIN;

- “UyKOTWJTaH UIIHUHT UCCUKIIMKKA TYJIUK yTHUIIIN;

- OKMM Ba KywlapHH OoFOBUM YM3HKIM KWUHETHK KOHYHJIAQPHUHT

OakapUJINIIIHN;

-OH3arepHUHT ¥3apoIMK MyHOCA0ATHHH MIIUTATUII MyMKHHITUTH.

Kaittmac xapa€HnapHUHTI TepMOAMHAMHK aHanu3uaa lIpuroxxuH teopemacu
MYXUMJIHP, ¥ HOMYBO3aHAaT CHCTEMAHHUHI CTAIlMOHAP XOJIaTWU OWJIaH HOCTAIMOHAp
XO0JIaTU opacuaard (papkHU KypcaTaJu: arap CUCTeMa OKOpUAaru TypTTa Tanalra
*kaBoO Oepca, Oapua Ly xosddumumentnap y3rapmac Oyica, Px HUHT moumuit
KUWMaTJIapyuHU CTallMOHAp XOJaTja yuuiad Typrasia SHTPONUSHUHT XOCHIJ OYIUIIN
& MuHHMAaI OYIaau.

6. KomneHcanuaiJIaHMAraH HCCUKJIMKHUHT TEPMOJINHAMMUK (PYHKIUATIAPHUHT
y3rapumm omian 6o mukiaurn

TepmoguHaMyUKaHUHT OMPUHYM Ba MKKWHYM KOHYHJIApH Ba ds=~Q + *'Q
T

TEHTJIaMaJlapuIaH 8Q = dU+pdv=TdS-8Q (11.25)
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(11.25) Tenrnamaman nuku 3ueprus dU = TdS-pdV-SQi (11.26)
Ba V Ba S=const na dUsy=-SQ!' <0 (11.27)
SBbHU KOMIICHCAIIMSUTAHMAraH HMCCHUKIUK HMYKH DSHEPTHSHUHT KaMaWWIIUTa TCHT.
(11.27) Tenrnama KJIacCHK TEPMOAMHAMHKAAA >Kapa€HHUHI ¥3-Y3UIaH OOPHIIMHUHT
X,aMJIa YHHHT HOMYBO3aHATJIUTHHUHT YITYOBH X IMJIHP.
Ontanenusauar  H=U+pV xypunnmuan muddepennmannad, dU ypaura
yauHr (11.26) naru kxuiimaTHHU Kyiicak
dH = TdS+ Vdp- SQ! (11.28)
dHsp=-SQ <0 (11.29),
SHPHU KOMIICHIIAIIMSUIAHMAraH WCCHKIMK S Ba P=CONSt 1a SHTANBNUSHUHT
KaMaluIIura TEHT.
['n66¢ Ba ['eIbMIOITBIT SHEPTHSUIAPH YIYH
dGrpr=-SQi<0 (11.30)
dfrv=-SQ'<0 (11.32)
(11.30) Ba (11.31) Tenrmamanap KAMEBUH peakiusaga KOMIOHCHTJIAPHUHT
MOWHJUTUTHHYU 0axoJalira MMKOH Oepau:
-Wmax <AG; -Wmax <AF (11.32)

Maxkcuman uii 3ca, KAMEBUN MOMWJJIMKHUHT YITYOBUJIHP.

7. KuméBuii y3rapyBun, KUMEBH MOMMJIJIMK BA TEPMOANHAMHUKAHUHT
OMPUHYM KOHYHH

1922 wmnna e [Honpe xuméBuit moimumk (A) Hu Kinay3umycHuHr

KOMITCHCAIIMSITAaHMAraH UCCUKIIMTH OpKaJli KyhHuaarnya udoganaiu:

SQ'=Ad £>0 (11.33)
Oy epna: d*=dni/vi ra TeHr; £ - KUMEBHIA y3rapyBuu OYaKO, YHUHT Y3rapuiiu d£
PEAKIMSHUHT «TYJIMK» OOPHUIIIMHU KypcaTau; dNi - peakiiys 1aBOMKIa MOIa
MOJUTAp COHMHUHT Y3rapHIiy; Vi - CTeXHOMETpUK K03 dunnent. Arap Ad=1 Gyca,
“peaxitus OutTa rorypui kunau” aeimnann. (11.33) mynocabar Jle douzae
TEHTCU3JIIUTH JIednaan. Yoy MyHocabaT KUMEBUN MOMUIUIMKHUHT KJITACCHK

TabpUpUIaH YHIATUK papk kuiamaiau. Macanas, dG1p = -SQi1< 0 Ba = Pi

JapJiaH:

- Su.H (11.34)

Knaccuk  tepmogunamukana  (Baut-I'opd, T'enpmronbu) — kuméEBuit
MOWMJUTUKHUHT YI490BH cudatuaa Makcuman Qoimganu unan (7, P = const ) kadyn
KkuiHTraH, Oy 3ca A% = 1 ra, spHU peakiusHuHT 1 Ta “roeypuwuea’” MOC Keaju.
Ymby um -AGtp ra terr. Jle [onnme Oyiinua MOWMIITUK KJIACCUK MOWMJUTHKIAH
XyJIH X,aKUKUM TE3MHK ypTada Te3NukAaH ¢apk Kuinranu kabu dapxmanamm: e
Honne oyinua MOMNUJIUIUK KJIACCUKTra Kaparasja AHUKPOKIHUP.
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8. O4uk cucremasap y4yH TepMOAMHAMUKAHNUHT
OMPUHYU KOHYHH

Tamu Myxut OusIaH 3HEpPrus Ba MOJJIa AIMAIIMHUIIN MyMKUH OYJIraH O4uK
CHUCTeMaJlapHU KypHO YHKaMU3.

TepmonuHamMukaHuHT OupuHYM KOHYHH €nuk cuctema yuyH dU = 8Q-pdV
oyica, ounk cucremanap yuyn dU = do-pdV (11.35)
oymamu. d® - sHeprus okuMH (dHTaNBMUs okuMH). Ouuk cuctema yuyH pdV pean
UIIra MOC KEIMAaCJIUTd MYMKHH, YYHKH CUCTEMAaHHMHT Xa)KMU KOHBEKIUS XHUCOOUTa
XaM y3rapuiiyi MyMKHH.

DOHTANBNUSHUHT TYJIUK y3rapumd yuayH (11.35) au ypuura

dH = do+Vdp (11.36)
ne6 &ummmus mymkuH. H=z(T, p, ni) ne6, dH Huur tymuk auddepeHImaInHu
[@] v (11.37)
T TP

€3aMH3 Ba TEPMOJMHAMUKAHUHT OMPUHYM KOHYHU KYWHUJArd KypUHHILIHU OJIa]H:
do = dT +
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(11.(37) TenrnmamanuHr yHr Tapaduuard OXHPrd Xajl CHCTEMa SHTAJIBIHUSICHHUHT
MOJIajlap MHKJIOPUHUHT Y3rapuiii OwiaH OoFMKIMIMHM KypcaTamd. I-Mojia

TIApIIHA] MOJISpP SHTANBIHA J 5 1 (oH? (11.38)

An )rp.
Oenrucuam kuputamus Ba dni a1 2 kucmra 6ynammu3: dinti Ba deNi. DHEPTUSTHUHT
TYJIUK OKUMHU d® HU TEPMO OKHMM Ba KOHBEKIMOH-TU(PGV3HOH (K.0.) OKUMTa

S@®mepmo OH" 47+ ®+E hdun (11.39)
yaTd T |
oynamus:
Ba 4P 0.=" hiden (11.40)

|
(11.(40) myHocabaT Mo1a OWIaH TalIKapUIaH KSATHPUITaH SHTAIbIHSHA
udonanany.

HomyBo3aHat :xapaéHJiap TepMOAMHAMUKACU 000MHM Y3JIAIITHPUITAHIUK
AApPaKACUHM TEKIIMPULI YYYH CABOJLIAP

1. HomyBozanar xapacHiap kanjaai cunduapra 0ynunaam?

2. KomneHcanusiianMaral UCCUKIIMK JIeraHa HUIMaH! TylTyHacu3?

3. HomyBozanar >xapaHnmap TepMOIWHAMHUKACH KaHJail TOCTynatiapra

acocCJaHraH?

4. DHTPONMUSHUHT XOCHII OYJIUII TE3TUTH TYITYHYaCUHUHT MabHOCH
KaHjgaun?

5.  OkuM JeraHja HUMaHU TyIIyHacu3?

6. VYMymmamrad Ky4iapHUHT MabHOCH KaHai?

7. OwuH3arepHUHT Y¥3apOJIMK MYHOCA0ATUHU TYUTyHTHPUHT.

8. KommneHcanusnanMaral UCCUKIMK TEPMOAMHAMUK (QYHKIUsIap Ouiax
kanngai 6ot nanran?

Q. KuméBuit y3rapyBun JieraHia HUIMAaHU TyIIyHacH3?

10. HomyBo3anaT TepmMoaMHaMUKaga KUMEBU MOMWIUIUK HUMA?

11. Ouuk cucremanap y4yH TEPMOJUHAMUKAHUHT OUPHUHYM KOHYHHHH
C3HHT.

12. Kunetuk  K03(p(OUUUEHTIAPHUHT  CUMMETPUKIUK  HPUHLMIINHU

TYITyHTHPUHT.
13. OKHMMHMHT XapakaTJIaHTUPYBYU Ky4d HUMA?
14, OxkuM OunaH ymMymJamiraH Kyd opacujaa Kaugail OoFmmxmmk
oop?
15. OH3arep Ha3apUsCUHUHT aCOCHM TyIIyHYaIapy KaHaan?
16. Jlokan MyBO3aHaTJIap JeraH/ia HIMaH! TYIIyHacu3?

17. DHeprus OKMMH, TEPMO Ba KOHBEKIHMOH-TUG(Y3HMOH OKMMIIAp
TyUIyHYaJIApUHU U30XJ1a0 OCpUHT.
18. DHeprus QUCCHUMALMACH, AUCCUTIATUB MOTEHIMAT Ba OKUM (DYHKIIUSCH
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TyIIyHYaTapH.

19. MUKpOCKOIMK KalTapiIuK MPUHIUITNHA U30XJ1a0 OCpUHT.

20. KaATMacIMKHUHT JIOKaN yI40OBJIapH KaHAai?

21. YoppaxaBuii xonucanap Ba Mypakka0 skapaéHnap yuyH OH3arepHUHT
V¥3apoiauK MyHOCa0aTH.

22. KumMéBHuii MOMMIUTMK OWJIaH KOMITCHCAIMsUTAHMAraH UCCUKINK Oopacuia
KaHaan OOFJTUKIIUK oop?
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VI. TJIOCCAPUN

Tepmun V36ek THINAATH HIapyu NHIrIu3 TWIMIAryd mapyu
by, nenbcuit mkanacu Oyiuda  [This is a temperature below
HyJbaaH 273.160 mact 6ynran Ba [273.160 degrees Celsius, which is
ADCOII0T
a0COJTFOT HOJIb JIeO aTayBUn calculated rrom the zero zero, and
xapopar
rpagycaad 0oiniad the absolute zero.
XHUCOOJIaHaIUTaH XapOopaTaup.
MOJ1a 3appavyalapUHUHT
Ascop6uns (Mosekyna, atom, moHapHuHT) |The process or absorbing particles

NKKHMHYY MOJJa r03aCura
T MUJIAIIT )KapaéHI/I.

(molecules, atoms, ions) into the
surrace or the second substance.

Arperar xoJiat

MOJIajiap ofaT/aa ras, CyroK Ba
KaTTUK XoJataa Oyiaau,
OynmapHH MOJAIAPHUHT arperar
XO0JIATH JEeHUWJIIaIN.

Substances are usually gas, liquid,
and solid, which is called
aggregate state or matter.

IOKOPU AMCIIEPC 3appadyaiapHu
V3apo OUpUKUO, KHUPUK

highly dispersed particles that are
bonded together to rorm

Arperauust

3appadajiap XOCHJI KUINIIHUTa
anuTHIagu.

ANTUTUB bupop cuctema, mojia €ku The presence or a particular

xoccajap OPPUTMAHUHT 0ab3u Xoccayapura [System, substance, or solution with
yJIApHUHT TapKUOUIA some Or its constituent properties.
XOCCAJIAPUHUHT UUTUUIUCUIAN
nOopaT OYIUIIIN.

I"omoren oup dazanan nbopar single phase systems.

CucTremMa cucreMaiapra aﬁmnaz{n.

I" eTreporen Typyi QUMK Ba KUMEBUIMA system or dirrerent phases with

cucTemMa xoccajapra sra TypJIu dirrerent physical and chemical
dazanapman ubopat cucrema. properties.

['uapataap \When most substances are

KyIITHHA MOJIIaiap dpUraHia
yJIApHUHT MOJIEKYyJIaaapu
DPUTYBUYW MOJIEKYJajgapu OuiaH
Oupukaau, Oy xocusa Oyiran
OupukManap coybBaTIIap
nenuIanau, arap/ia SpPUTYBUU CyB
Oymca rumpatnap neunaaau.
bab3u ruapatinap ertapiau
napaxazna 6apkapop 6yiub ynap
PPUTMAJIaH TAlIKapUIa XOCUII

oynanunap, OViapHu

dissolved, their molecules are
combined with solvent molecules,
the compounds that are rormed are
called solvates, and ir solvent
water is called hydrates. Some
hydrates are stable enough to rorm
outside the solution, which are
called crystalloglycites, such as
CuS0O4 « H20, BaClz+ 2H20
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KPUCTAJUIOTHAPOUTIAP A0
aTtayagu, Macaiiad, CuSOs™ Hz20,
BaClz2« 2H20

KaH/1ail KOHYHUST OWJIaH
OOpUIIMHYU KypCcaTyBYU
MaTEMaTHK Ba T€OMEPUK
ndoaacu.

l'uapaTnanmm | cyB monekynanapunau spuran  the heat released by the interaction
HCCHKJINTH MO/ITa MOJIEKYJIAIapy OMIIaH or water molecules with dissolved
y3apo 0of manumm xxapaéauga  molecules
KpaINO YMKAIUTaH UCCUKITUKKA
auTUIAINA
Enmm 6up rpamMm (éxu 1 rpamMm one gram (or 1 gram or molecule)
HCCUKJINTH MOJICKYJIa) TyJia €HraH/1a or heat that is completely
akpanu6 ynkaauran uccukimk. |dissolved in the combustion.
JInddy3uon WKKH D)PUTMAHU aKPaTuo potential due to ion dirrusion
MOTEHINAJ TypaJuraH 103a opkaiu nonyap [through the surrace separating the
g dy3usicn HaTmkacuaa xocua [two solutions.
OynaguraH nmoTeHIHAI.
SApum panuakTHB aeMeHTHHT Oomia  [the haly-lire or the radioactive
eMHPUJTHIITH OJIMHTaH MUKJIOpUHUHT sspumucH [element at the beginning or its
naBpu eMHUPUITYHYA KeTTaH BaKTH, decay, ror example, the halr-lire
MacajaH U HUHT IpUM Or y 1s 4.6 * 109 years.
emupunuu gaspu 4.6 ¢ 109 vinit.
W3omopduzm | [KumErmii Tabuatiapu It is said that they have the same
PKUXaTuaaH Oup-Oupuiapura Form or crystals as substances that
SKUH OYynraH Mouaidapuu oup  jare close to each other in their
XHJT IIIAKWIIJIATH KpUCcTaJlap chemical properties.
XOCHJT KHJTHIITHTa al THIIa TH.
W3oTepma kapaéHHU y3rapmac xapoparaa mathematical and geomeric

expression or how the process
proceeds at constant temperature.

Nuyxu 3Heprus

MOJIJIaHU TAUIKWAJ KUJITaH aTOM
Ba MOJIEKYJIaJlap XapaKaTUHUHT
HHEPrUs 3aXUPACH.

energy reserve or movement or
atoms and molecules that comprise
matter.

Honaap WOHJIapHU dpuTMaaark xapakar |indicates the velocity or the ions
XapaKaT4aH- TE3JTUTMHU KypCaTay. dissolved in the

JIMTH

W cenkank a) COJIMIITHPMA UCCHKIIUK a) Speciric heat capacity, which is
CUTUM curuM, Oy 1 r Mmoja the heat used to raise the
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xapopatunu 10C ra KyTapuii
y4yH capgiaHaJiural UCCUKIIUK;
0) MOJISIp UCCUKIIUK CUTHM, Oy 1
MOJIb MoJa Xapopatuu 10C ra
KyTapull Y4yH capdiaHaauran
MCCUKIIHK

temperature or 1 g or the
substance to 10 C; b) Molar heat
capacity, which is the heat used to
raise the rashion temperature or 1
moleto 10 C

Karaans KuméBwmii peakius Te3muruay |1 he process or changing the rate
0ab3u MoIaIap AHHU or a chemical reaction with the
KaTaJIM3aTopiiap MINTHPOKHIA  [presence or certain substances,
Y3rapTUPHUII KAPAECHMU. catalysts.

1000 r sputyBumga 1 MoJb Size, indicating a decrease in the

Moaa spuran sputManunr to3a |dissolved solvent per 1000 g or

SPUTYBUYMHHMHT My3jam (kotui) [Solvent ¥reezing (rreezing)
Kpuockonuk [xapopatura HuCOaTaH temperature. This size varies ror

AOMMMA MacalyIIMHU KypcaTyBUH dirrerent solvents.

KaTTalIMK. by KaTTanuk Typiu

PPUTYBUYWIIAP YUYH Typiauda

oymaam.

14001 Oup cucTeManaH UKKUHIH IS another type or energy transrer
crcTeMara dHeprus Y3aTUIIHUHT [From one system to another, where
stHa Oup Typu 0ynu6, Oynma umr [the internal energy or the system
Oaxxapuaérran cucremanuar  |in which it operates is reduced, and
WYKU SHEPTUSICU KaMasi]iH, the energy or the arrected system
TabCUP KUITUHAETTaH increases accordingly. Work and
CHUCTEMaHUHT SHEPTHUSCH dCa, heat are mutually equivalent. The
OaxapwJIraH MIIra Moc pasuiiga [Unit or measure or heat is the
optaau. Wi Ba uccukiuk y3apo [calorie and the unit or measure is
DKBUBAJICHT/IHP. considered to be joul
VI CCUKITUKHUHT YJTYOB OUPJIUTH
KaJIOpUS Ba UIITHUHT YJTYOB
OUpJIUTH KOYJIb J1e0 KaOy
KWJIMHTaH

Bocum OMpIIMK CUPT ro3acura Tabcup  UNit is the rorce acting on the

KUJTyBUU Kyd OY1u0, Typiau
Ooupimkiapaa udoaaraHaau:
Ilackanv, u/m%, 6ap Ba Mm
cum.ycm. byHma 1oumo cucrema
OOCHMUHUHT aTMocdepa
O0ocumu OmtaH gapku smMac,
OasKu a0CoJIIOT oocum

KypcaTHiaiu.

surrace and expressed in various
units: Pascal, n / m2, bar and mm
sim.ust. It always shows absolute
pressure, not the dirrerence or
system pressure with atmospheric
pressure.
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