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KHNPHUI

YMymuil pusrvka KypCUHUHT DJIEKTP Ba MaMOJIEKYJsip (hu3uka OYIMMUHU
VKATUIIHU TAKOMWUIAIITHPUINAA  TEJaror OJuMIIap TOMOHUZAH TaKIU(}
ATWITAH TaBcusiap macodagad YKUTHIL, MOAYJUIM MEJAroruk TEXHOJOTHUsIIap
MyXUM axaMusT KacO »TMokna. Tabiaum Tapakkuéruaa (u3nka KypCHHHHT
OyIMMIIapUHM caMapalld YKUTHUIJA HOAHBAHABUN TabJIUM TEXHOJOTHSICHIAH
doitnaTaHUIMOK /1.

Xankapo Mukécna ¢uszuka (QaHUHM YKUTUIIHH PUBOXKIAHTHPHUII Ba
TaKOMWUTAIITUPUII YYyH TEXHUK BOCHUTANapAaH camapaiu (oiinamaHuil,
VKYBUMJIAPHHUHT aKJIUil CAIOXUATH Ba y3Ura XOC MHAMBUIYAT UMKOHUTIAPUHU
Xxucobra ojiraH xoJjija OWJIMM, KYHHKMa, MaJlaKaJJapUHU IAaKJUIAaHTUPUIIHUHT
HOAHBAHABUN YKUTHILI TEXHOJIOTUACH acOCHJa TaKOMWUIAIITUPUII Oopacuia
TaIKUKOTIap oau0 Oopuiamoknaa. bynmalh €npamyB YKyBUHJIAPHUHT VKYB
MaTepUaJUIApUHH Y3IAIITUPUIL KOOMIUATIAPUHE MHHOBALIMOH TEXHOJIOTHUsIIap
acoCH/1a PUBOXKJIAHTUPHUIIHU TAKO30 3TA/IN.

PecniyOnukaMu3iaru MaBxXy[ akaJeMUK JHLEWIapuga Ba YMYMTabIUM
MakTabnapuaa (paHIapHU YKUTULIITHUHT CaMapaJopJIMTMHU OIIMPHUIL ToUpacuia
Y3IyKCU3 TabluM THU3UMHUAA Tallal WKOAWM y3rapuuuiap, XycycaH ymoy
TU3UMJa UHHOBALlMOH TEXHOJIOTHsUIapAaH K3HT (oiganaHuim Oyinya aManui
unuiap onud Oopunmokaa. Illy Ownan Oupra, ymymuii  Qu3uka Kypcu
ANEKTPOJMaMUKa OYJIMMHUHM 3aMOHABHM TEXHOJOTHSJIApP  acocuia YKUTHII
VMKOHMSTIAPUHN  KOHTAHTUPUIN  3apypuaTH  MaBkyl.  “Y30eKHCTOH
PecnyOnukacunu AHaAa PUBOXKJIAHTUPHUILI oyiinua Xapakatnap
cTpaTerusicuja’... MaTeMaruka, usnuka, KuM€, Omosiorus, nHpopMarrka kadbu
MyXUM Ba Tana0d Iokopu OVynraH QaniapHu YyKypJalITHPUITaH Tap3aa
ypranum’ yctuBop Basuba KWIHO OenrmmanraH. By Gopama ymymuii dusmka
KypCH MOJICKYJIAp (pU3nKkaOyIMMUHU 3aMOHABHI TEXHOJOTHS acOCHIA YKUTHUII
METOJIMKACUHU KIHT KOPUHN ATHUIL MyXUM aXaMusT KacO 3Taju.

Ymby yKyB KyJulaHMaHu Ty3ulaa Gu3nKa KypCUHUHT MOJIEKYJISip Ghu3HKa
OynumMu Map3ynapu Oyiinua Haszapui, amanuil (Macanajap e€4Mil) Ba
nabopaTopus MalIFyJIOTIApUHU TalIKWJl KWIUII ycyJulapura 3bTUOOp
KApaTUJIAu, STbHU:

- YpraHwiaéTraH MaB3y Hazapui gapc UIUIaHMacu cudaTtumia;

- TYpJIM KUHMHIIMK Japa’kacujard Macauajap euuMiiapu;

- J1abopartopusi HWUUIAPUHHUHT Oa)kapWvIIM, XUCcOOJalulapu, Yidaiml
HaTIKAJIAPUHU KOUIAIITUPUII TapTUOSIapu OUp Heva ycysuiapaa Oepuiau.

VKyB (annmmm ykuTwmumm Gyiinua yciaybuii kypcatManap “Monekysp
¢u3mka” paHu Typam arparat XoJiaTJard MaKpOCKOMHK THU3WMIIAp TapKuOuTra
KUPYBUYHM YJIKaH COHJArd 3appadajiapHUHT (MOJIeKyjajap, aTOMIAPHHUHT) Y3apo

Ys6exucron PecnyGmukacn ITpesunentuaunr 2017 finn 7-despangary [ID-4947-cormn «Y36exucTon PecnyGmikacuum
sIHaJla PUBOXJIAHTHpHUII OYiinda Xapakatiap crpaterusicu Tyrpucunantu @apmonn. Ysoexkncron Pecrybimkacu KoHyH
XyxoKatinapu Tymiamy, 2017 iun, 6-con, 70-monna
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TabCUPU Ba KOJUIEKTHB XapakaTh OwujaH OOFIMK OYynraH XojAucallapHU
Vpranaau. Tamabamap ymymuil ¢Gu3UKaHUHT Ym0y OYJIMMUHU YpraHumiiga
KYJUIaHWJIQUTaH ycyJilap Ba MoOJeiap OWaH TaHUIINO VTHUIIM, KEJIrycuaa
V3MapUHUHT MYTaxacCUCIUK coxanapuaa MyBad@akKusaTiIn 6axonap ONUILIapH
Y4yH eTapju OyiaraH Hazapud Ba aMaluid OWIMM - KYHMKMallapura osra
Oynmumnuiapu kepak Oymaaw. Monekymsp ¢u3WKa 3pUINTaH OTyKmIap ¢aH Ba
TeXHUKaHUHT TYypJaH coxXajlapuja, MacajaH, armocdepana (o3 Oepaauran
XOJIMCaJlapHH TYIIYHTUPHILJA Ba YpraHuuiaa, ra3iapia 3 Oepagurad paspsa
OwtaH OOFJIMK KapaCHJIapHU EPUTHUIIAA, BAKYYM Ba KPUOTCH TEXHUKACH OWIIaH
OOFNIMK coxamapia, OWOJOTHsAa THPUK OpraHU3MIapiard OCMOC Ba
KaMWUISIPIUK  OujaH OOFNMWK OynraH skapa€HlIapHUA YpraHUWIaa, TYpJH
mapameTpra 9ra OyiraH apajammManap Ba  KOTHIIMaJlap  OJIMIIJA,
TepMOJIMHAMHUKAA, KUMENA (Ta3 KOHYHJIApH), CTATUCTUK XapaKTepra ara OyyiraH
KapaCHJIapHU Tax)IMJI KWIMIIJAA Ba OOIIKa KYNruHA coxXajlapia WIUIATAIUIIN
MYMKHH.

®dan Oyiinua TanabajapHUHT OWITUM, KYHHKMa Ba MajlaKaJlapura KyHujaaru
tanabnap kyiwianu. Tama0a:

- Tapuud aTroM Ba MolleKyjanap OVHCyHaauraH KOHYHJap KBaHT
MEXaHUKacH KOHYHJIapu Oyicana, >KUCMIIADHUHT KYIMYUIMK XOccalapyu aToM Ba
MOJIEKYJIaJJApDHUHT KBAaHT TaOuWaTy OWIIaH OOFJMK SMac, OaJIKH, yiapJa aToM Ba
MOJIEKYJIAJJAPHUHT XAJJaH TalllKapu KYI COHJIM 3KAHJIUTH OuiaH OOFIMKIIMK
HKAHJINTUHM, CYIOKJIUK CUPTHJIA f03ara KeJIyBYM CHUPT TapaHTAIUK Kydyjlapu Ba
KaWJUISIPJIMK XOMCaJapUHUHT f03ara KeJuill cabalaapHu OWIIHIIIN;

- uAeal ra3 KOHYHJApUM Ba WHJA€all Ta3HUHI XOJIaT TEHIJIaMacuaaH
doitnananran xoyja ra3HUHT y €KUM Oy XO0JIaTU yYyH XOJIaT MapameTpiapuHH,
Typiu >kapaéuiap/ia Ta3HUHT WYKH CHEPTUSICMHUHT V3TrapuIUHH, OakapraH
UITUHUA, OJTaH EKu OepraH HCCHUKIMK MHKIOPHUHH XHC00J1ad Toma OJIMIIH,
ra3HUHT y €KU Oy MIApOUTHIa MOC KETyBYHM UCCUKJIMK CUFUMIIAPUHU XHCO01a0
TOTIA OJIUIIIH;

- Ta3HUHT OUPOp TE3NUK WHTEPBAIMAA XapaKaTIaHyBYM MOJICKYJajJapu
COHM €KUM YIYIIMHHU, Ta3iapja Ba CYIOKIUKIApAa KY4WIl XOJUCATapUHUHT
103ara Kenuu cababimapuHu, Ky4uil Kooe@UUUHEHTIApUHUHT MabHOJAPUHU
OWIMIIM, OJIMHFaH OWIMMJIap acocuaa MOJIEKYJaJapHUHT YpTaya epKUH
IOTYpUIIl HYIW Y3YHJIWUTMHU Ba Kyuuil KoedduiuileHTIapu KuWMaTiIapyHH,
Nnean Ba pean raz xoJarjapu opacugard (apk HuMa cababmaH ro3ara
KCJIMIIUHU OWUIMO OJMINM, OJITaH OWIMMIIApW acocCHJa peajl Ta3HUHT XOoJjaT
napameTpJapyuHu XUCo0J1all OJIUIIN Kepak.



| BOB. YMYMHUI ®U3UKA KYPCUHU VKUTHUIIHUHT TUIAKTHK
ACOCJAPU

1.1. ®u3uka KypcCMHH HOHBAHAHABMN YKUTHII yCYJIapH

VxuTyBunnuk KacOu HUX0ATAA mapadau kach Oyaumum GumaH Oupra,
KacO AracMHUHT Maxcuil cudaTiiapu, KOOWIUATH Ba KU3UKHUIILIAPH, XapaKTepH,
OuuM, KYHUKMa Ba MaJlakajapura I0KOpy Tanadnap Kysiiu.

V36ekucTon PecniyOnukacu JeMOKpaTHK KaMUST HUCIOXOTJIAPUHU SHAJA
qyKypAAIITUPHUIN, XYKYKHH Ba (yKapOJMK KAMUSTHHUA PUBOXIAHTHPUITHUHT
YCTUBOp HyHanuuuiapujaaH OopaérraH Oup maiTAa TabJIMM COXacuJa aMmalra
OIIUPMIAETTaH UCIOXOTIAPHUHT OOII MaKCaau Ba Xapakarra KeATUPYBYU Kydd
Xap TOMOHJIaMa PUBOKJIAHTaH OapKamMoJl MHCOHHU TapOusiIaniian uoopataup.

MaMnakaTuMu3  PUBOXIIAHMIIMHUHT ~ MYyXUM  [IApTH  3aMOHAaBHM
UKTHCOIUET, (paH, MaJaHUST, TEXHUKA, TEXHOJIOTUSI PUBOXKU acoCHa Kaapiap
Tal€piamHd TaKOMWUIAIITaH TU3UMHUHUHT aMall KWINIIUTa DSPUITHIIIND.
"Kagpnap Taii€pnam MUUIMN JaCTypy''HU aMalira OIIMPHIL, Y3TYKCH3 TabIUM
TU3UMUHUHT Ty3WJIMacu Ba Ma3MyHUHM 3aMOHaBUi (aH IOTyKJIapu Ba
WKTUMOUM Takpubara TassHraH X0JiJ1a TyO UCIOXOTIapHU Ky3/1a TyTaiau.

TabiuMm Myaccacanapuja, *XymilaJaH, akaJeMUK JHIeIapaa amanra
OIIMPWIAETTaH TAabAUM >KapaéHuaa ¢usznka QaHuHU cudaTid Ba HATHKAIH
KWINO YKUTHUII Macajlacu XaMm JOMMHUM 1073ap0 MacananapjaH Oyiaud Komaiu,
OYHUHI Y4YyH (U3UKA VYKUTULIIHUHT WIFOP, WIMHUH-YCIyOMl JKUXaTAaH
aCOCJIaHTaH SIHTY Ba 3aMOHAaBU yCIIyOMET HaMyHanapyu OujiaH OOMMTHIL JTO3UM.
Ou3zukaHu  YKUTHIIHUHT ~ Makcaad, Basudanapud, Ma3MyHHU, YCIyOui
tanabiapura kypa ¢aH, TEXHUKA Ba WIFOP TEXHOJOTHS IOTYKJIApUIaH YHYMIIH
doigananui opkamu OyryHTHM TabiuM THU3UMHU OJAUAa TypraH 1oi3ap0
MyaMMOJIAPHUHT €YMMHUHH TOIUII UMKOHUATU OYIau.

Kagpnap Taii€épnam coxacuparu JaBiaT CHUECATH Y3JIYKCU3 TabiIuM
TU3UMH OpKaJd IIMaXCHUHT Xap TOMOHJaMa Oapkamonl ¢ykapo Oyiub
eTUIMINUHA  Ky371a TyTtaau. [laxc »aca, y3ykcu3 TabiuM Ba Kajapiap
Taépanga TabJuM XU3MATJIAPUHUHT UCTEHbMOJTYUCH, HUINTUPOKUYHUCH Xamja
uniad yukapyBurcu cudaruga HaMo€H OVnaau.  AKaJeMHK JIMIEHHUHT
OuTupyBUMCH (U3MKAHU YYKYyp V3JalITUpPraH TrypyxJa TaxCHa OJIUII
*apaéHuja (aHuK, TaOuMWi Ba TexHUKa dangapu WyHamumuaa) y3 HaBOaTuaa
MOJIMHN W10 YMKAPUIT MyXUTH IIAPOUTHA, IIIYHUHTJEK, haH, MalaHUAT Ba
XU3MaTIap KypcaTuin coxaiapuaa uimtupok staau. Ly caGabnu TabaiuMHUHT
Oenrunanran BasudanapunaH Oupu (QU3MKAHM FOKOPH CaBHSAQ YKUTHIITHHA
TabMUHJIAII Ba KEATycuaa noy3ap0 HYHAIMIIUAArW OJUNA YKYB IOPTUHUHT
Tanabacu OVIUIIHYA peXaNTalTUPTaH aKaJeMUK JTUIEeH YKYBYUCUHUHT MaJTaKaIu
KaJp 6yau0 eTHInd YMKUIIN YUyH, YHU 3apyp 3aMOHABHM TabJIUM JacTypJiapH
acocuaa Tanépnamigan udopar. Veub kenmadrran maxcHu VKUTHII Kapa€Hua
ylapra TabIMM OJHII IIAPOMTIAPHHH SPAaTAad. YKyBUMIAPHUHT OWIMMIa
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XTUEKU Ba KOOWIMSTIAPUHU IIAKIUIAHTUPHUIN Xamja PUBOMNIAHTUPUITHUHT
HyHantupuiaran Oynumu YKUTYBYM (AOTUATUHUHT MAbCYJTUSTUHU OIIUPAIM.
®uzrka YKATYBYUCUHUHI Majakacu MaxcyC Ba IMenaroruk (anmap Owuitad
EpUTUIIAIUTAaH WKKUA KUppara sra OYJIuIM Jo3uM Ba y jaoumMo "®usukanu
VKyBUMra HUMa y4yH YKUTMoKAamaH?", "®dusukaHu KaHjma Kuwinbd cudatiu
VKUTUIIUM Kepak?" JeraH caBosuiapra >KaBoO TOIMWIIH, ITYHUHTJEK, TabhIUM-
TapOusl XyCyCHATIApH YBTHOOPTA OJIMHTAH OWIMMIIapra acocjaHTaH OYIWIN
JIO3UM.

®u3nKa TabIUMUHUHT CaMapaJOPJIMTUHU OLIUPUI, IAXCHUHT TabJIUM
Mapkaszujia OYIUMIIMHA Ba CENUIAPHUHT MYCTaKWI OWIMM  OJUIUIAPUHU
TabMUHJIAII YYYH TabhJIUM Myaccacajaapura sXIIu Tau€prapiiuKk KypraH Ba V3
coxacuJarv OWJIMMIIapHU ~ MyCTaxkaM JrajylaiiiaH TallKapyd 3aMOHABHA
MeJJaroruK TEXHOJIOTHSUIApHU Ba MHTEpGaosl yCyJlapHU OWiaauraH, yjlapaaH
bu3MKagaH YKyB MAIFyJOTJIApHU TAIIKWI dTULAA (PolganaHuIl yCyJUIapuHHA
Owiagurad YKUTYBUMJap Kepak. ByHUHT yuyH (aH VKUTYBUMIApPUHU SHTU
NeJIaroruk TEXHOJOorusIap Ba uHTepdaos ycymiap OuilaH KypOJUIaHTUPHUII Ba
oJITaH OWJIMMIIAPUHU YKYB MAIIFyJOTJIapua KyJulall MajlakaJapuHU y3IyKCHU3
OLIUPUO OOPHUIII JTO3UM.

Xo3upru Tapakku€r Oockuuuga (Qu3MKagaH OJIMHAJWTAH JUAAKTUK
OWJIMMJITApUHU PUBOXKJIAHTUPUILI, YyJApHU SHITUJAIIHWHT acOCHM HYimapuiaH
oupu, ¢pu3uKa TAbIUMUHUHT 3aMOHABUMIIMTY Ba JaBPUNUIUTHMHU acOCHALIIUP.
®u3rka KypCUHHHI MOJEKYJsp (pu3uka OYIMMUHU YKUTUIIHU Ha3apuil Ba
amManuil KuxaTaaH —acocjam  (pu3MKa TaBIMMH  Kapa€HU  XyCyCUAaru
TacaBBYypJIAp KIHTAMMINIM, JUIAKTUK XOJUCAIap TYFpUCHUIArKd Kapaluiap
PUBOKIIAHUIIN YUYH MXKOOUHN TabCUP ATAJIH.

®duzrka YKATUIT METOAMKacu - ¢u3nka ¢aHu YKyB >KapaCHUHMU TaIIKUI
ATHUII Ba YTKA3uII OViinya TaBcusiiiap MaKMyacuaup.

@u3nka TabBIUMUIA NEAArOTUK TEXHOJOTHUS - YKYB JKapa€HUHU
XapaKkaTIaHTUPYBYM Kyd €KM OJAMHAAH Oenrwiad KYWWiraH aHWK Makca
nynuna gusuka YKUTYBUMCUHUHT KacOuil (paosIMATHHU SITHTUJIOBYH Ba TABJIMM/IA
SAKYHWI HaTW>KaHU KadosiaTaaigurad Tagoupaap MaxKMyacu XUCOOIaHaIH.

dusnka TaBIMMUAA TEIarorMK TEXHOJOTHsUIap 3aMupuaa uHTepdaod,
VHHOBAIIMOH yCyJuiap €Taau.

"Kagpmap Taiépnam MwumMi JgacTypu''HUHT BasudanapugaH Oupu
TabJIUM >KapaéHUra WIFOp TMEJaroruk TEXHOJOTUSUIADHU OJUO KUPHUILIUD.
XO03Upru KyHJla WIFOP MEJaroruk TEXHOJIOTHsS JIEMEHTH OyiaraH uHTepdao
ycyimapaaHn KdHT (oitnananunMokaa. Matepdaon - inglizcha "inter" cy3uaan
onuHraH 0ynuo, "opacuaa", "ypracuma" neraH MAbHOHU aHTIATAAH, SHHU UKKH
Hapca ypracunard GaojUIMK JeraH MabHOHM Ownnupaau. Mutepdaon meron -
bu3nKa TabIUMU KapaéHuJa VYKyBUWIAp XaMmlla YKUTYBUM YpTacuaaru
(GaoJUTMKHY OIIMPHUII OPKATA YKYBUYMWJIAPHUHT (U3HMKAJAH OJTaH OWIMMIIApHU
Y3IamTUPUITUHA (Ha0JUIAITUPHIIL, TIaXCUid cuaTiapuHu pUBOKIAHTHUPHIIL.



®uzuka TabIuMuiIa uHTEepdhaosn Merod - Oy YKyBuUM OWIaH YKUTYBYH
Ypracuna  ¢uszuka  QpaHuAaH ~ OJMHAAMraH  OWJIMMHU  Y3JalITUPUII
MyHOca0aTIapuHU KydaluTUpuIl, paosIaliTUpUII AeMakaup. Maskyp meroaap
XaMKOpJIMK/IAa MIUIAIl BOCUTACH[A 1apC camMapaJopiWrMHU Oolupulra épaam
Oepanu. Ynap YKyBuumjapHH (PU3MKaBUN TylIyHUYajgap TYFPUCHUIA MYCTaKUII
¢bukpnamra ynnaitnu. Uarepdaon neranu Oy - 6epuiran MaB3yHU YKUTYBYH Ba
VKYBUWJIAp OpacHaa Yy3apo XaMKOPJHMK acocuaa Japc camMapagopiMruHu
OIIUPUIN, MYyCTakwi (ukp Oepuil KYHUKMACHMHHU IMAKJUIAHTUPHUIN, (QUKp-
MyJioXa3a, 0axC OpKaJdu YpraHuil JaeMakaup. Xap Oup VYKyBUM KyWHIITaH
Makcajara MYyCTaKuid y3u (aosl MIITHPOK OTraH Xojja sKKa, KXyQTINKIA,
rypyxjapaa kaBoO TOMUINTa XapakaT Kuiaaw, (Qukpmaiinua, &3amm,
dbopmynanapHu dCiaiy, cy3ra yukaau, GU3MKagaH YTKasraH TaxkpuoOanapura
MOC JIaJIiJI Ba acociiap OpKaiu MacajaHu €puTuO Oepwuinra KapakaT Kuiaau. by
Aca KaTHAIIYMJIAPHUHT XOTUpacuaa y30K cakjaHaau. SHru axOGopoTHU
V3MalmTupuiga TaHKUAWK, Taxawiui  EéHpama  omaan. Pusuka daHu
VkutyBuucu (akar dacwnurarop (Myn-lypuk KypcaTyBud, TAlIKWJI KUJITYBYH,
Ky3aTyBuH) BazudacuHu baxxapaiu.

1.2. ®u3uKa KypCUHU YKUTHIIAA MeAaroruk TeXHOJIOTUsJIAPHUHT TYTraH
ypHHU

Pdu3nKa KYpCUHH YKUTHIIHUHI Basudanapu

®uzuka Vxutuim Bazudamapu «Tabaum TyFpucugantu KoHyH Ba
«Kagpmap Taiépimamr Mwumil 1acTypw» TamMOMWIUIApUAA TabIMM MyaccCacu
onaura Kyhwiran Basudanapman kenud uumkaau. byHra ¢an acocnmapunHm
MyCTaxKaM Srajjiall, >KaMHsIT Taiadura Kypa, YKyBUMJIAPHUHT KOOWIIUSATH Ba
MCTaKJIapUHU XuCcoOra OJraH XOJjja, HIYHUHTCK YKYBUMJIADHU MabHAaBUMH,
axJIOKUW, OCTETUK Ba JKUCMOHUN OakyBBaT OapkamoJl Imaxciap Kuiub
ETUIITHPHUIIAAH HOOpAT.

AxkaneMuk nunennapaa ¢usuka GaHUuHU YKUTHUILIIAH KY3JaHTaH acoCui
MaKCa/I:

- VykyBumjapra ¢usukagaH OouuiaHFud (QyHIaMEHTan OwiumIiIap
CUCTEMAaCUHU OepHill,

- GUBHUK TaIKUKOTIApAa KYJUIAaHWIAOUraH ycyJulap XakKuaa TacaBBYD
XOCHJT KUJTMII Ba Oy yCyJUIapHU YypraHuira iyHaaTHpUILI;

- YKyBUHJIApHUHT (U3UK TadakKypH, GUKPIAIIHHI PUBOKIAHTHPHIIL;

- YKyBUWJIapAa aXAOJJIapUMH3 Ba BaTaHUMU3 OwiaH (daxpiaHuIl
TyWFycuia TapOusia;

- YKyBUWJIAapHU KacO TabJIMMra HyHaITUPHIL,;



- XaB(CHU3IMK Ba TEKAMKOPJIMKHU TabMUHJAraH XoJja TypMmyliaa
UIUIATUIIAUTaH TEXHUK BOCUTAIApAaH YHYMIU (hoHJanaHuIl KYHUKMaJapUHU
IAKJJTAHTUPUII Ba X.K.

AkaneMHK JUUeWnapia Ba yMyMTabJIUM MakTabnapuaa @usuka (anu
Oyitnua cucremanu Owmmmiiap Oepumu 1mapt. lyngaruHa y YKyBUYMIIApHUHT
¢usuk OmnuMiapra TanaOWHU KOHIUPHUII Ba YyJapHU YPraHUIIHUHT IOKOPH
Oockuuwiapuaa (akaJeMUK JIMIEH, OJTUI TabIUM Myaccacaiapu) paH cupiaapuHu
sAHaAa MyKaMMaJIPOK YPraHUIITa YHIAW M.

dwusuka — 3KcrepuMenTal (haH, IIYHUHT y9yH MakTadna Gusnka TabIuMu
aCOCHHHM TakpruOa Ba Ky3aTyBJap Talrkui dTafau. Jlekun Oy xoJiaT Ha3apusTHUHT
POJINHU erapanda 0axoslaMacIMKKa onuo KEJIMAaCJINTH KEpaxK.
V3Buitnamrupuiaran YKyB gactypuja (uzuka YKUTHILIA Ha3apuil Macaianiap,
HKCIIEPUMEHT Ba Ta)xxpuOajapHHU AEMOHCTpalus (HaMOWHUII) KWIUIITa YbTUOOD
Kydaiitupwirad. Jlabopatopus wuNUIapuHU Oa)kapuill Ba Macajajap e4ull
VKyBUMJIapJa aMaJIiii KYHUKMa Ba MaJjlakajap MIaKUIAHUIINHA TabMUHIIANIH.

VKYB MalIFyJ0TJapHHA TAMIKAI KUJIHII MIAKLIAPH

@u3nKagaH YKyB MAaIlFyJIOTIapy TAlIKWI KWJIUIIHUHT aCOCUM IIAaKIH
napc O6ynub, y pacMuil JapcliiK Ba MAIIFYJOTIAp KaJBaIM acOCHUJA TalTKUI
KMIMHAMH. YKYB MAIIFyJIOTIAPUHY TAaIIKWI KMIMIIHUHT Oy IIAKIA CHH(HUHT
Oupraqukaard WIIM Ba YKyBUWJIAp Typyxjapujaa Xap Oup YKyBUMHHUHT
WHJIMBUAYyal HIUIamy OwinaH onaubd Oopwiamu. by mapc maknu YKuTyBYuTa
VKyBUMJIApHHU KaMoaJa Ba Kamoa Y4YyH TapOusuialiga Kyjiai MapouT sipaTajiu.
Hapcna Typnu Xusl YKUTHII ycyJulapuiaH (oijganaHuil UMKOHU TYFHUIIAIU.
Hapcna ykyBuuiap OujiaH MWIUIANITHUHT Xap KaHIal IIakiauja Xam Japcra
pax6apiMK PoiM YKUTYBUHAA KOJABepaid. YKUTYBUYH OYTYH YKYB sKapaSHHHH
pexanamTupaad Ba TalKWI KWwiaav. Y YKyB MaT€pHaUIAPUHH CUCTEMATHK
0aéH  Kwiagu, VKYBUWJIAQpPHMHT  JapciuK Ba  Oomka  MaHOanmapaad
MabIyMOTJIADHK TONUIIra Vypraraad, yJlapHA Typiau Xuwil ¢E3Ma Ba
DKCIIEPUMEHTAJl WIUIApHU Oakapuilra HyHanTupaau, unuiad yYMKapuil Ba
TabuaT KyWHWTra, WIMHUN TaIKUKOT Jlabopartopusiiapu, My3eisapra caéxariap
TaIKWI KAJIaIu.

Cyuru Wunnapna Qu3vkagad Aapc YTUIIHUHT HOAHbAaHABUW YCYyIUIapH,
YMYMJIAIITUPYBUYM CEMUHAp Aapciap, KOH(pepeHUuss Ba MPAKTUKYMIIAPHUHT
SHI'M  Ma3MyH Ba MOXMATJArM IIAKIUIApH  Kamlp  KWIHMHIM.  YKYB
MalIFyJI0TIAPUHUHT TYPJIH IAKUTAPUHUA KYIIHO 0au0 OopuIl YKYBUM IAXCHHU
Xap TOMOHJIaMa UHTEJUICKTYaJl PUBOXKJIAHTUPHUIIIHY KadonaTiaiu.

Hapcra kyhunaguran acocui Ttanabmap. dusuka daHugaru xap Oup
JApCHU SXJIUT Ba OyTYH Japciap 3aHXUPUHUHT aloXuaa TapKuOuii Oup OYruHu
cudaruaa Kapamn Kepak. AJOXHa OJIMHTaH JAPCHUHT Ma3MyHH Ba U yCiayOu
yTraH japciapiard Ma3MyH Ba MII yCIy6lapu OWiaH GOFIaHMOFH Kepak. YKyB
npeaMeTn OVitmda YKyB jkapaéHU pekacw Ty3MacJaH WINJa aHWUK YHJaHTaH
cuctema sipatu® Oynmaiinu. Anoxuma aapcra Tau€prapiuk YTHIaTuraH MaB3y
Oyinua pexa Ty3uniaan OonuiaHaau. by sca yKyB MaTepuanu Xa)XMHHU Ba Xap
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Oup Japc ydyH SHT TabCUpYaH yCIyOHM KYJUIAIIHA aHUKJIAITra UMKOH Oepaju.
Xap Oup mapc TyrajutaHraH xapakrepja OViamo, aHuk Oup VKyB Ba TapOUsBUIA
MacajaJiapHu y3 uumra onuiud mwapt. Illaptoum paBuimpga YKyB xKapa€HUHU
UKKWATa OYJIWII MyMKHUH: YKUTYBUM OWiMM Oepamu (YKuTamau), YKyBUMIap dca
ouwnum onagunap(Ykuiaunap). lyauHr yuyH xap Oup gapcia YKyBUMJIapHU
VKyB xKapa¢aura ¢(aon kajad STUII 3apyp, YJIApHU OWIMMIIAPDHU MYCTaKUI
STajialra YpraTHil Kepak. YKyBUHra GaéH KHMJITaH MaB3yHHHI aCOCHH KHCMH
Ounan Oupraivkia, YKyBUMJIAPHUHT KHTOO, acO00-yCcKyHa Ba TapKaTMma
MaTepuasuiap OWjiaH WIUIAIITa YpraThil Kepak.

Japc camapanopiuru KylWnaaruiap acocuja 0axojaHaiu:

- YKyBYWIAp OJTaH OWJIMM, KYHHKMa Ba MajlaKaJJapHUHT YyKYypJIUTH Ba
MYyCTaXKaMJIUTH;

- YKyBUWJIAPHUHT MaTepUAUIapHU TYJa Y3MAITHPUII Japa)kacd Ba
aManuéTra KyJUlai OJIUIIN;

- YKyBUMHUHT WIMHM AyHEKApAIlMHUA Xap TOMOHJIAMa PUBOXKJIAHMUIIIH,
TapOUSBUN MacajalapHy KaMpal OJIMIIY.

JlapcHUHT camapalopiiurd — VKyB MaTepHaMHM Oa€H KWIMII Y4yH
TaHJaHTaH ycinyOnapu Ba YKyB (aoJMSITHUHHU TAIIKWI KWW MIAK/UIApU Xama
VKYBUMHUHT OWJINM, KYHUKMa, MaJIaKaJIApUHU TEKITAPHUI YCyJIIapura OOFIHK.

du3uka JapCIapUHHUHT TypJiapu Ba Ty3wiumm(cTpykrypacu). Omatiaa
napcaa YKUTyBYM Oup 3mac, Oup Heua MaKcaJlapHu KYSJIH:

- YKyBYHJIapra sIHTA OuammIiap Oepuii,

- VKyBUWJIApHHMHI (PUKpIAlld Ba YJIAPHUHT OWJIMII KOOWJIMSTIAPUHU
PUBOKIIAHTUPHIII,

- WIMHUHN TyHEKApAITUHU IIAKIAaHTUPUILI,

- aMaJIM{ KYHMKMa Ba Majlaka XOCHJI KAJIMIII,

- VTWIraH MaB3yJIApHU TAaKpopJall Ba YKYBUWJIAPHUHT Y3JIAIITUPHUIL
JapakajapyuHu TEKITUPUII OPKAIA OMIMMIIAPHU CUCTEMaAIITHPHIIL.

Hapcna ewwnanuran Basudanap KaHYalIMK Kym OyiamacuH, Xap Owup
Japcia dHT acoCH MacajlaHU aXpaTHUO OJIMIN YKUTYBUMHHHI YKYyBUHM OuWIIaH
UIUTAII yCITyOH Ba 1apc Ma3MYHUHU Oelruaiam.

JlapcHuHr acocuii Macanacura kapad (usuka AapclapUHUHT KyHUIard
aCOCHH TypJIapUHU KYpCaTHIII MyMKHH:

- SIHTY MaTEPHAJTHU YpraHUII 1apCH;

- acocuil Makcaau KYHHKMa Ba Majlaka XOCHJI KHITyBYH Japciap:

a) Macala Ba TecTiap €4ull,

0) nmabGopaTopus UIIIH;

- OJIIVH YTHJITAaH MaTePHUAIIHN TaKpOPJIall Ba YMyMJIAIITHPHIIL JAPCH;

- YKyBYWIApHU OWJIMM KYHHKMa Ba MajlaKaJlaApUHU TEKITUPHIIL JAPCH.

FOxopuna kapanran qapc TypJiapuaH dHT Ky TapKajiraH Typiapura

a) SHTY MaTepUAIUIAPHU YPTAHMIIL;

0) maGoparopus U,

B) Macaja Ba TeCTJap €4UIlI KUpaJu.
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Takpopnam Ba yMyMIIAIITUPYBYM Japciap ajloxuaa, OJaTna MaB3y EKH
oynmuMm oxupuaa VTkaszuiaad. Jlapc osgura KyWwiIraH wMacajaHd CYMJINII
cudatu gapc cTpykrypacura Oornuk. [lapc maBommma opataa YKyBUM VKYB
GbaoUATUHUHT OMp Heya TypU: YKUTYBUYMHUHT TYHIYHTUPUIIMHU TUHTJIANHAM
€Kl CHUH(DIONUIAPUHUHT >KaBOOMHU OSIIMTAAM, TaxpuOamapHU Ky3aTaj,
caBoJuiapra >xaBo0 Oepamu, acOoOmap Owman wnmiaigu, €3Ma Ba rpaduk
unuiapau  Oakapaau. YJIapHUHT KETMa-KeTIUTH Japc CTPYKTypacuHU
AHUKJIAW]IH.

YMyMTabJIUM MakTaOapuja NapCHUHT TYPT BJIEMEHTIH CTPYKTypacu
KyJulaHuinaau. bymap:

a) YKyBUWJIap/iaH YTUJITaH MaB3y Oyiinda cypar;

0) sSIHTU MaB3yHHU YpraHUII;

B) SIHTM MaB3YHHU MYCTaXKamJIalll;

r) yiira Bazuda.

SlHrn MarepuanHu ypraHuil Japcilapyd KyI XoJulapja KyWujard cxema
oyiinua yTunaau:

1. Vii BazudacuHu TeKMMpHUIL, YTraH MaB3yHH TaKpOpJIalll.

2. Slurm wmaB3yHU YpraHuii, HaBOaTJard MyaMMOHU AaHUKJAIl Ba
KYWWITaH MYyaMMOHHM €YHUII YCYJUIADUHUHT Ba MYJIWHW TOIHII, OJIMHIAH
HATWKAIAPHU TaxXJIMJI KAWL Ba yMyMIIAIITUPHUII.

3. Slurm MaTepwsHU Y3NAIITHPUITAaHUHH TEKIIMPHII Ba MAIIKJIap SUUIII.

4. Viira Bazuda Oepul.

bynpgaii Tunparm gapciapHM MHKOp KWiIMacakaa, yjaap Oup KaTop
KamMywiInkiapra sra. byngail gapciapiaa kym xoJjuapaa YKyBUWIAp OUIMMUHU
TEKIIUPHUIITA Ky BaKT KeTajau. JJapCHUHT OMp KUCMHUJIA YKUTYBYH SIHTH JAPCHU
0aH KuJIaau, SHT 3apypuil XucoOJaHTaH VKyBYM OJTaH OWJIMMHHHM TEKIIUPUO
KypaauraH Macajia Ba MalllK €4ullra 3ca BaKT KaM KOJIaiu. YHJaH TallKapH,
VKYBUMJIADHUHT WII KOOWJIMATH Ba JUKKATH dacTiabku 25-30 mMuHyTaa Qaon
oynagu. Jlekun Oy (daommk BaKTH ojaTAa YKyBUWIApD  yHYAJUK
XylulaManurad Basudanapuu cypamra keramu. IlyHWHT y4uyH gapc
CTPYKTypacH Japc Ma3MyHU Ba Makcajaura Kapad y3rapyBuaH OVIHIIM JIO3HUM.
Taxpubanu YKUTyBUMJIAp JapC CTPYKTYpaCHUHU IIAKIUIAHTUPAETTaHIa YHHUHT
VKyB Ba TapOUABUI Makcaau, YpraHuiaa€TraH gapc MasMyHMHH Oo4uO Oepwuiira
KYJUTaHWIAETraH ycny0 XyCYCHUSITIIApMHU VKYBUMJIAPHUHT €1 Ba WHJIUBHUAYal
(mcuxXonoruk Ba (PU3MOJOTMK) XYCYCHSTJIApUHU H3bTHOOpra  ojaauiap.
Taxymnapra kypa YKyBUMJIAPHUHT UII KOOWJIMSTH Ba Yapyallu Japc yciyoura
OOFJIMK DKaH.

VKUTHIIHAHT METOJ Ba MAKILUIAPH KJIACCHUKALHSICH

Meton cy3u rpekuyagaH onguHran OynmO, y30ek Tuiura ycyn (yciy0),
ypranuin MmabHOCUHHM aHTIaTanu. [lemaroruk agabuétinapaa Oy TyiryH4a:

- YKUTYBUYH Ba YKyBUHU (HaOJIUATH;

- HIII yCYJUIapU MaXKMYH;
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- VKYBUMHUHT SIHTU MABJIYMOTJIAPHU  Y3JIAIITUPUIINUIA YKUTYBUH
TOMOHU/IaH 0JTMO OOpuIaauTraH Uy,

- VKUTYBYM Ba YKyBYM Xapakariiapu cUCTeMacH J1e0 N30XJI1aHa/IH.

VKuTHI Metomnapu KiacCH(pUKAIMACH — Oy MablIyM OCITHIap acocHiaa
TapTUOra conuHran cucrema. Kyiluaa sHr K9HT TapKajiral kKiaccH(puKaiusiap
KEJITUPUIITaH.

bunuv manbanapu Oyitnda KiaccupuKamms

1. Or3aku Meton (TYIIYHTHPHIN, AHTJIATHIN, XUKOS, CyX0ar, Mabpy3a,
MyHO3apa, 0axc).

2. Kyprazmanun meron (WUIIOCTpalvs, HAMOWHUII 3TMOK, YKyBUMJIAPHU
Ky3aTHIII).

3.  Bugeomeron (BuaeomaTepuasUlapHU  KYpHUIL,  KOMIIbIOTEpJIaH
doliganiaHuIran MaIikJiap).

4. Amammii meton (TaxkpuOanap, Maikiap, YKyB-HIIIA0 YHUKApPHII
MEXHATH).

bunum gaonusti xapakTepura Kypa:

1. OF3aKku-WILTIOCTPATUBIN METOJT (XUKOsI, cyX0at, TYIIyHTHPHUII, Mabpy3a,
Ta)XKpuOa TapuKacuIa KYpCaTHIII).

2. PemponyktuBim Metoa (Mabpy3a, MHCOJ, HAMOWHII, aJIrOPUTMIIH
KypcaTMa, MallkK).

3. Myammonu MeTof (cyx0at, MyaMMOJIH Ba3HsIT, YUH, YMYMJIAIITHPHIII).

4, Kucman-uznam  meroau (MyHO3apa, Ky3aTHIN, MYCTaKWl WIII,
71a00paToOpHsl HUIITH).

5. TagkukoT MeTo U (TAAKUKOTIM MOJICIUIAIITUPUII, (DaKTIAPHU WHAFHIIN ).

VKyBunIapHu MyCTaKMILTHK AapaXkacu Oyiiiua Kiaccupukarms

2. V3apo yxutHin (KMUKK TYpyXJIapiard uii).

3. VKyBUHIApPHHHT MYCTAaKHII HIILTAPH.

Hazopar ycymiapu

1. E3sma nasopaT (Hazopat UIIM, TECT ONIMIL).

2. Or3aku Ha3opaT (MHAUBUAYANT EKK (POHTAI CYpalll, OF3aKH CHHOB).

3. JlabopaTopus Ha30paTH.

4. Komnerotep €paamuaa Ha3opar.

VKMTHII yCyUIapUHM TAHJAIl YKUTYBYM (DAONHATHHHUHT SHI MyXHM
ToMoHJIapuAaH xucobnanaau. IllyHuHr y4yyH xam mnemaror-aMajauéTdyd Ba
nearor-TaKukoTumiaap Oy daonusarra kaTrTa YbTHOOP KapaTaauiap.

TaIKMKOTYM NEeNarorIapHUHT U3JIaHUIIIApUIA KYpCaTUIINUIINYA, YKATHILLL
METO/JIApUHU TaHJIAlA KyHuaaru Me3oHaapra aMain KAJIul JIO3UuM Oy naau:

- )KaMUST Tajabiapura MOC TahJIMM MaKCaIUHUHT MaBXKY IJIUTH,

- VKUTHII Ba PUBOXKJIAHUIITHUHT MaKCcaJ] Ba Ba3udarapuHu MOCIIHUTH;

- Japc Ma3MyHUHHU MOCIIUTH,

- YKYBUHMHMHI peall YKyB UMKOHHUSTIIAPUTA MOCJIUTH;

- MaBXXy/[ IIIAPOUT Ba YKUTHUII YIYH @XKPATHJITaH BAKTTa MOCJIHTH;

- YKUTYBYWJIAPHUHT Y3JIAPUHUHT AIMKOHUSTIAPUTA MOCIIUTH.
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VKyB apaéHUHMHT TAIIKHI KM MAKILUIApH
VKUTHITHA TAIIKAI KMIAITHAET aCOCHIA IAKIH apc XUCOOIaHaIH.
VKUTHIIHM  TamKul —KWIMIIHAHT  JapCAaH  TAIKApH  IIaK/Ulapura
KyHugaruiap Kapaau:
- JKCKypcusap,
- VKyB yCcTaxOHAcuJaru MairyjaoTiap,
- MEXHAT Ba UIIA0 YUKAPHUIII )KapaCHUIa YKUTHUII,
- JIOMMXa THU3UMH,
- (akynpTaTUB Japciap,
- YU HIIH,
- cuH(man Tamkapu wnurap (paH TYrapakiapu, CTyausIIap, WIMHHA
KaMHATIap, OJMMITHAIajIap, TAHIOBIIAp).
«Muxknopuii» napameTpiap Oyinya KyHugaru Wil MakUIapUHA aKpaTHII
MYMKHUH:

WUHIUBUTyal,

rypyxJy,

¢dponran,

KaMOaBUH.
Ou3znKaHu YKUTHUIIA TH3UMIIM CHIANTYB Ba JWJAKTHK TabMHUHOT
Macananapu. Tabaum Ba TapOusi Mypakkad IUIAKTUK >KapaéH XucOoOIaHaIM.
VYHra uiamMuil HyKTau Ha3ap/aH €HanyB — Oy CUCTEMalU TaxJIMJI XUCOOJIaHaH.
Onamparu Oapua Hapcanap, Kapa€Hiap, y3rapuuuiap, ”HCOHHUHT Y31 Ba YHUHT
Taakkypu xaM cuctema xucooOnaHagu. Cucrtemara KupMauauran xed KaHjan
Hapca Uyk. Cucrema j1ed Oup-oupnapu 6wiad GyHKIIMOHAN OOFIaHUIIIa OVIran
N Ta snemeHT (YHCYp)JAaH TalIKWJ TONraH OYTYHJIMKKAa aWTWUIaAu Ba YHHU
mraptiau pasumia S=S(N,R) kypunummaa wudomanam MymkuH. bynma N —
aneMmeHTiap, R — dyHkuuonan Oornmanunuiap. Mogomuku, Tabuarnaru Qu3nk
kapa€H Ba Hapcajap CUCTeMa dKaH, YHH YpPraHWIl Ba YKUTHUII XaM CHUCTEMaH
Tap3/a TAIIKUI STUITUIIH JTO3UM.

duznKkaHu YKATHIN >KapaéHU MypakkaOd, HOYM3HMKIU, OYHK, JIHHAMHUK

cuctema xucobiaHaau. Arap ¢puszuka GaHuHN YKUTHUII KapaéHUHU cUcTeMa J1e0
Kapacak, YHUHT 3JeMEeHTJIapu AaBiar TabiauM cranaaptiapu (ATC), ykutysum,
VKyBYH, JapClUKIap, yCIyouil Kyuianmanap, pU3nkaHu YKATUII YCIIyOUsITH Ba
X.K.Jap xucoOmaHaau. Acocuil OynmaraH »dJeMEHTJIApHM MaJlaHUui MYyXUT
TApKUOWTa KUPHUTUII JIO3UM. AMMO INApPT-MIAPOUTHUHT Y3rapuind OwiiaH
UKKUHYM Jlapakalld XMCOOJAHTaH AJIEMEHTIIAp acOCUM 3JIEMEHTIap KaTopura
XaM KHpUIA MyMKHH. CHCTEMaHUHT MYPaKKaOJUTH IIyHIAHKHA, YHUHT Xap Oup
JIEMEHTH Y3 HaBOatuma cuctema (mojacucrtema) xucoOnanamu. Cucremanu
¢HmalyB yHUBEpcasl ycyn Oynub, yHIaH ¢(u3MKalaH Mabpys3a, Macaja euull,
nabopaTopus WILIIApWM Ba MYCTAKWI TablIUM >KapaéHjapura Xam KyJJiarl
MYMKHUH. AHbaHAaBUN YKUTUIITHUHT aCOCUN TaMOMMIUIapU Ba OOCKUUIH YCYJTUHU
cakjad KoJraH XoJiJa YHHM 3aMOHABUHA VKHUTHII TEXHOJIOTHsUIApU OWIIaH
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XaMOXaHT (MyBOGMUKIAIITUPWITAH) Tap3Ja TalIKWI OTUIIl 3aMOH Tanabu
XUCOOJIaHa M.

Ilexaroruk TexXHoJ0rUsJIap

[leqaroruk TeXHOJOTUs IeraHaa Kyuaaruiap TyIyHUIaIn:

a) peXaNAIITUPWITaH YKUTUII HATHXKaJapHHU YKyBUWIap TOMOHHAAH
camapaiay Y3MAITUPWIMIINHN  KadoJIaTIOBYM TENaroruk kapaéHIapHU
JOMMXaJAITUPYBYU NEAArOTUK (haHIap WyHaIHUIIH;

0) aManuii KYJUIAaHWIWIINA: >KapaéH anroputMmu (pekanamTHpuiIraH
HaTWXKajapra OSpUIIMII YYyH YKUTHIIHMHT Makcaja, Ma3MyH, METOJ Ba
HIAKJUTAPUHUHT OUPIIUTH.

ITenaroruk TexXHoOJIOrus TAPKUOH

1. Konuenmus (dancaduii, NCUXOJOTUK, IUAAKTHK, HKTUMOUN-
NIeIarOTUK aCOCIIAHHUIIIN).

2. VKUTHIIHYHT MaKcay, YKATHITHIHET PeXaNallTHPHITaH HATHKATapH.

3. Viurum Bocutanapy.

4. VKyBUNTApHUHT KOPHIi XOTATHHH THArHOCTHKA KHJIHII BOCHTAJIAPH.

5. MabiyM MIapouT YYyH ONTHMAI MOJIEI TaHJIAIl ME30HHU.

6. Ykutnm Metomtapu MaxmyH (YKyBuM Ba YKUTYBUHM (DAONHATHHHHT
METO/T Ba IIIaKJIJIapH).

Ileparoruk TeXHOJIOruIAp KIaACCH(PUKALHUACH

[lenaroruk TEXHOJIOTHsLIIap Typiuya oenrunap oyiinua
KJ1accuuKaIrsIIaHAIN

l. Kynnanum napaxacu Oyitnda:

- YMymnenaroruk (yMyMAMAAKTHUK) Japa)ka: YMyMIIEaroruk (ymyM-
OUIAKTUK, YMyMTapOUsBUI) TEXHOJOTUS TAabJIMMHUHI MabiIyM OOCKHUYKIa
yildy peruoH, YKyB IOpTHA SXJIUT TabauM xapaéHuHH udomaa staau. by epna
MEJArOrMK TEXHOJIOTHsI MENArorMK TU3WMMIa YXIIANIAP: YHra YKATHIIHUHT
MakcaJylapu, Ma3MyHH, BOCUTa Ba METOAJApU TYriaamu, (Haoiuar oObEKTH Ba
CYOBEKTH aJITOPUTMH KUPATH.

- Xycycuit Meroauk (daH) mapaxacu: XyCyCHW METOAMK TIeIaroruk
TEXHOJIOTHS “XyCyCHM METOJIMK™ KYPUHMILWIA KYJUIAaHWJIaIW, SbHU Oup ¢aH,
cuH(, YKUTYBUM Joupacuaa VYKUTUII Ba TapOMsiall MabiyM Ma3MYHUHH
amajira OLIMPUII Yy4YyH METOoJjlap Ba BOCHTaJlIap TyImamMu cudaruaa
WIUTATUIIAIN.

- Jlokan (mMomymiMm) napaxacu: JIOKajd TEXHOJOTUsl VKyB-TapOUsBUIA
KapaGHHUHT  aloXHuaa KUCMJapu, XyCyCHH JWJaKTUK Ba TapOUsBUI
MacaajapH{d Xajl 3TUII TEXHOJOTHsCHAaH uoopar (aoxuaa Typaaru (Haousr,
TyLIyHUYajgap UIAKUIAHTUPHUIL, aJloXUJa Iaxcuil cudarmapHu tapOusianl, gapc
TEXHOJIOTHSICH, MATE€pUaUIApHU TaKpopjall Ba TEKIIMPUII TEXHOJIOTHUSACH,
MYCTaKHJI UILIap TEXHOJIOTHICH Ba OoIIKaap).

Il. V3namTupum koHienmuscyu 6yitnya:
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- accolMaTuB-pedIIeKTOPIH;
- pUBOXJIAHTUPYBYH;
- UHTEpUOPHU3ATOPCKHUE;
- OMXEBHUOPHUCTHUK;
- TelTaTbT TEXHOJIOTHH;
- HEHWPOJMHIBUCTUKIIH.
I1l. Tamkunuii makimapu oyiinya:
- cuH(-mapcnau €xu aNbTepPHATUBIN(MYKOOMILIN);
- aKaJeMUKJIH €K KITyOJIH,
- MHAUBUAYAT €KH TypyXJIH;
- YKUTHUIIHUHT )KaMOAaBUH yCYJIIapH;
- nuddepeHIUaNTUPUITaH YKUTHIIL.
IV. Bonara énpamrys O0yiinua:
- aBTOpHUTApPJIH;
- [Iaxcra WyHaJITUPUITaH,;
- XaMKOPJHMK TEXHOJIOTHUSICH Ba X.K.
V. VCTYHIUK KWIYyBUYM METO] OYyitnua:
- pEenpoayKTHUBIIH;
- TYIIyHTUPYBUH-WUJUTFOCTPATHBIIH;
- JIaCTypJid YKUTHIII,
- MAJIOIJIH;
- PUBOXKJIAHTUPYBYH YKHUTHII,
- YUWHIWY,;
- MYaMMOBUH-KUIUPYB;
- ¥3-Y3UHU PUBOXKJIAHTUPYBYHU YKUTHULL,
- WKOIUH,
- ax00poTIIK (KOMIBIOTEPJIH).
VI. Vkurum kareropusicu Oyiinya:
- OMMAaBHUM TEXHOJOIHUS;
- KOMIIEHCAIMSJIOBYM TEXHOJIOTHS,
- KUHWH YKyBYM OWUJIaH WIIJIAIT TEXHOJIOTHSICH;
- WKTUJOPJIY YKyBUM OWJIaH UILJIAII TEXHOJOTHICH Ba X.K.

Ilegaroruk TexHosorusijiap aapaskajapu
“Ilegaroruk TEXHOJIOTHS TYIIyHYacH yuTa achnekTiap OujiaH TaKIuM

STUJIAIIA MyMKHUH:

1) Wnmuii megarorvk TEXHOJIOTHS - YKUTUIIHMHI MakKcaad, Ma3MyHH Ba
METO/JIApUHU YpraHyBuMd Ba WNUIA0 YMKYBYH, MEAArOTHK >KapaéHIapHU
JOMMXANAIITUPYBYH MEIaroruk (paHHUHT OUP KUCMHIUDP.

2) mnporeccyan-taBcuuii: kapaéHHM  TacBHpiAll  YKUTHIIHHHT — Ky31a
TYTWJITaH HaTWXaJdapura 3pUIIUII YYyH BOCHTAIAP Ba MakKcaa, METOMJIAP
TYIUJIAMU.
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3) mporeccyan-aMaauii: TeXHOJIOTHK JKapaéHHU amajira ONIMPWINIIHA, XaMMa
[IaXCUW, HTHCTPYMEHTAI Ba METO/IOJOTUK MEJaroruk BOCUTAJIAPHUHT UIITa
COJIMHUIIIY.

ByHnaH Tamkapu TEXHOJIOTMK MHUKPOCTPYKTYpajapHH XaMm KypcaTaiauiap:
ycyJuiap, KucMiiap, dJIeMeHTIap Ba OolKanap.

Ilexaroruk TeXHOJOTUSAJIAPHU PACMUHIAIITHPHIN YCYJLJIapH

TexHOIOTUK cXeMa — TEXHOJOTUK Kapa€HHU IIAPTIMA paBHUIIIa TaCBUpIIALIL,
VIapHA QJIOXWJa KUCMJIapra axpaTull Ba yJjgap OpacHIard MaHTHUKUN
OOFJIMKJIMKIAPHU KYPCATHUIIL.

TexHoNOrMK Xapurta - KajgaMma-KajgaM, OOCKHMUMa-OOCKUY Xapakatiap
KeTMa-KeTJIUTd KYpUHHIIUAA (KYynmuH4Ya TpaduK Iakiga) KyJUTaHWIaJAuraH
BOCUTAJIAPHU KYpcaTHO skapaéHHU TaCBUpJIALLL.

Texnonoruk skapaéunap: Apabuérnapaa Ba MakTabiap UIUIapU
aManuETHIAa TEeAaroruK TEXHOJIOTHS TEPMHUHHM TEJaroruk THU3UM TYLIyHYACH
cuHOHMYMH cudatuna kymanwiaad. Cucrema TyHIyHYacd TEXHOJOTHUS
TylIyH4YacugaH Kypa KIHrpok OVinO, dhaolusSTHUHT OOCKTH Ba CyOCKTIApHHU
XaM ¥3 uumra oJiajiu.

TexHonorus METOIMKACHAAH HATHKAIAPUHUHT MYyCTaXKaMJIMTH, KahTa
SHTWIAHUIIK, KYIU1a0d ‘“‘arapja” WKKUJIAHUOUIAQPUHUHT WYKIUrd Owinad (apk
Kwiaau (arapaa UCTEBhAOIN YKyBUM Oyiranujaa, arapaa KOOWIMATIN Oojamap,
arapjia ota-oHajiap...).

TexHosorusgap Ba METOAUKAIIAPHUHT apajamTUpuO rdopunuim O6ab3aH
METO/IMKA TEXHOJIOTHUS TapKUOWra KUpuinura, 0ab3aH 3ca akCUH4Ya, y €Ku Oy
TEXHOJIOTHSUIAP - YKUTHUII METOIMKACH TApKUOWUTa KUPUIITUTA OJINO KeJTaIu.

Ilegaroruk TeXHOJTOTHAHMHT TY3WJIHIIH
[lenrexHonorus Ty3WINILIUIa KyWuaaruiap KUpau:
1. Konuentyan acocu.
2. VKUTHIIHMHT Ma3MyHJIH KHCMH:
v’ JKUATHII MaKcajlapi — yMyMHUii Ba XyCYCHIA, aHHK;
v’ JKyB MaTepHai Ma3sMyHH.
3. IIpoueccyan KHCMH — TEXHOJIOTHK KapacH:
v’ YKyB apaéHWHU TaIIKUIT €THIII,
v’ yKyBuMIap YKyB (DaOJMSITH METOUIAPH Ba IAKILIAPH;
v MarepuajUlapHM  Y3JMAIITHPHIN  KapaéHWHH  OomKapuimn  Oyiinua
YKUTYBUMHUHT (haOHSATH;
v' JKyB KapaéHH TaCXHIILIAIL.
JapciaapHuHI acocuil TypJapu
1. Surn MaTepUATHU Yprasuii JapCu. by aHbaHABHUU
(koMOMHAIMsIIAIITAH) Japc, Mabpy3a, IKCKypCHs, TAIKUKOT HWINH, YKyB Ba
MexHaT amanuéth (mpakTtukacu). bymapHuHr OapyacMHM MakKcaaud SIHTH
OWIMMITApHU YPTaHWII Ba OupiiaMuu (1acTiadKu) MycTaXKamIarll.
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2. bunumiapHu MycTaxkamuiail Japcu. by mnpakTHKyMm, BSKCKypcus,
nabopaTopus MIIM, cyx0aT, KOHCyJIbTalus. Makcaau — OWIMMIIApHU KYIai
OWJIAIIHA UIUIA0 YUKUIILIL.

3. bunumiiapuu KoMmmiekc Kysuiaml Japcu. by mpakTukym, jabopatopus
UIIM, CEMUHAp Ba X.K.Jlap OYIumM MyMKHH. Makcaaud - SHTU IIapouTiapaa
OMIMMIIAPHU KOMITJIEKC KYJU1ail OMJIMIIHY UIILJIA0 YUKHIIL

4, bunmuvnapan YMYMJIAITITHPHIIT Ba TU3UMIa COJIHIII
(cucTemaTH3aMIAIITHPHIN) AapcH. by cemunap, KoHbepeH s, aiijlaHMa CTOJ
Ba X.K.Jlap Hakiujaa Oynuimu MyMKUH. Makcaau - OupiaMuu OWJIMMIIApHU
cucTeMara yMyMJIAIITHPUIIIUD.

5. bunumnapau HazopaT KwiMil, 0OaxoJialll Ba Ty3aTHUII (KOPPEKIIHs)
Kuiuil. by - Hazopar uily, 3a4eT, KOJJIOKBUYM, OMIMMIIAp KYpUTH Ba X.K.Jap
Oynmumu MyMKUH. Makcajau - OWJIMMHHU drajuiail, Majaka Ba KYHUKMaJlapHU
JapakKaCUHU aHUKJIAIIL.

KomMOunanusanamrasn (apaaii) gapc 60CKUUIapu:

1) apc OONUTAHUIIM TAIIKHUI KHJTUIIL,

2) Vi BazupacuHu OakapUIMIIUHA TEKITHPHIIL;

3) BrunmiiapHu Xap TOMOHJIaMa TEKITHPHIIL;

4) Slaru YKyB MaTepUATMHU Y3IaMITHPHUINTA TaHEPrapIuK;

5) Suru OunMMIapHU Y3Iam THPUIIL,

6) Sluru marepuanHu YKyBUWJIAp TOMOHUIAH OMpJIaM4H KaOysl KHJIUIINHU
TEKIITUPUIII;

7) SIlHru OMIMMIIApHU MyCTaXKamJIall,

8) Jlapcra sikyH sicalir,

9) Vii Basudacu TYFpUCHIArd MabIyMOT Ba YHH Oaxkapuin Oyiinua
KypcaTMasap.

bormka Typnaru napcinap 60cKuwiapu:

1) lapcHu OOIUIAIIHN TAITKWT KHUJTHIII;

2) SlHru YKyB MaTepHauHK Y3IamTupHInTra (aos Tanéprapinuk Kypuii;

3) Vii Basudacu TYFpUCHIATd MabIyMOT Ba YHH Oaxapuin Oyiinua
KypcaTMasap.

JlapcHUHT acocHil ypraTuil Makcaau y4yH kaBoO Oepanuran Oockud Oom1
0ockuu cudaruaa Typaau.

JapcHuHT Typau OOCKUYIIApUHA YTKA3UIIIA KyJUITaHUIaIUTaH yeryomap:

1. SlHrM MaTepua HU TYITYHTHPHIIL.

N ycny6napu:

a) SAuru  MarepuanHu TYIWIyHTHpHIL, cyx0ar, wmabpy3a, 0axc,
MyHO3apa, YKyB YHUUHIApH, YKUIIT MAIIKJIapy xKapaéHua 0aéH dTHIIL;

0) Jmapciaa Xonauca, kapaéH Ba OOBEKTIapHM HAMOWHII 3TUII, YKYB
Taxpubdacu, HaTypaj 0OBEKTIAP Ba )KUCMIIAP MOJIETH EpJlaMuia KYPCATHIIL;

B) xonuca, xapa€H Ba OOBEKTIApHU TabWaT KYWHHTa SKCKYpPCHS
(caéxar), Mmy3einap, Kyprazmanapiap/a KypCaTullr;
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r) BU3YAJUTAIITUPUII BOcHUTaNapuaan Qoigananuim (roiakariap Ba
KUTOOJAapAaH WUTIOCTpalusiap, auaduibMiap, IUano3utiap, rpadornpoexTop
y4yH Tpacmupartopiap, Buieopuibmiiap, MYJIbTUMEAUSIIAP, KOMIBIOTEP

JacTypJiapu);

1) aTamanap OwraH wunuiam (IyFatiap TY3WIN, WITIOCTpAIUsIap
KHUJIUII, TaKKOCJIAI);

e) MaBXyM Kypra3MajaukaaH ¢oimananum (kaapaymap, Gopmyraiap,

CTPYKTypalIu-MaHTUKUNA  cxemamap, Trpadukiap, KHCKAa  KOHCIEKTJap,
0a3anm KOHCTEKTIap).

DcllaH YMKapMaciauK JO3UMKH, MabIyMOTIapHA KaOyJl KWJIUIIA SUIUTHII
OpKanu y3namTtupuil koddduimentu Taxmutaan 15%, kypuir opkanu y3aTuiiga
sca Oy koaddurment 25% rauya omaau. Arap KaOyin KWIMIIHUHT Xap WKKada
KaHaJapuaan (odjananwiragaa y3namTupuin gapaxacu 65% Hu Tamkui
KWJINIIYA MyMKUH.

2. MarepualiHi MycTaxKamJialll.

N yenyOnapu: SIHru MaTepualiHi KUCKadya TaKpOpJIallL;

- JApCIMKAaH MaTepUaHu YKUIII; Te3UCTapHU €3M0 YUKHIIL;

- acoCcHil Ma3MyH Ba MaTepHaIapHU ¥3apo OOFIMKIUTUra ypry Oepui,
€3Ma Ba OF3aKM caBoJIIapra »x’aBo0 Oepulll; pexa Ty3Hll,

- Vpra"winaauran Matepuan Oyinua caBosuiap Ty3UIll (IIAKJUIAHTUPHIII);
TU3UMIIA-MAHTHKUAN CXEMaJlapHU TaX I KWJINAII Ba TY3WIII, YKaIBaTHU
TYJAVPHILL

- TastH4Y KOHCIIEKTHH TY3HIII; Macajajap e4ull.

3. Hapcaa cypamr. N ycnyOnapu: MHAMBUAYAN IKKaMa - SIKKa OF3aKH;

- MarHuTOQOHIIN; «COKUH cypamnn» (cuH(] Oomka wum OuinaH OaH

Oynranma OurtTa YKyBUM OMJIaH CyX0aT KUJIHIII);

- pexa, KyprazMajauk, cXemalap Ba X.K.Japra CysHraH XOJJaru

xKaBooap;

- 3aHXKHUp YCYJNUJArd WHAUWBUIyal cypam (Oup YKyBUM XHKOS
KuiaéTtranaa TyXTaTiino, OOIIKack TOMOHU/IaH JaBOM ITTUPHUIIA/IN);

- ¢ponrtan or3aku; Tai€p caBoutap acocuaa YKyBUWIAPHUHT Y3apo
cypaiu; KapToukanap €paamuaa €3ma; JKaBoOaapHu TaHIaIl TECTH;

- JIOMMXaJaHTaH >KaBoOJM TecTaap; yi BazudagapuHu ¥3apo TEKIIUPHIL,

- XarTojy eYyuMJIap TaxJIMJI{; HIIra €3Ma Ba OF3aKd U30X €KU TaKpu3
OepuIll Ba X.K.J1ap; penieilin HazopaT WM (OJJAWH €4WiraH Basuda maTHIapu
acocujia YyTKa3uiaaam).
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|. BOb. ®U3UKA KYPCUHUHI MOJIEKYJISIP ®U3UKA BYJIMMHA
MAB3YJAPU MASMYHUHU TAKOMUJIVIAITHUPUIL

2.1. MoJaekyasp ¢puzuka OyaIuMH MaB3yJapd Ma3MYHUHH 3aMOHABHH
TEXHOJOTHSJIAP ACOCHAA TAKOMMJLIAIITHPHUII

TabnTMMHUHI  HOHBAHABUM  MEHATOTHMK  TEXHOJIOTHANA  MapKasuu
MyamMmoJIapuaal oupu 0yimmub xucoOmananu. Ou3nka TabIMMUHN HOAHbaHABUI
VKUTUII Ba YPTaHWI, yJIapHU @XpaTHII VIYOBIAPUHH aHMUKJIAIl Ba Oup-
Ooupuman ¢apkiaml, YKyB HILIapy Kapa€HUHU KaTbUW 4Ysrapaiail, mry0xacus,
KaTop IOTyKJapra onu0 Kejmaad. Xap Oup JaBp Y4yH SpPOKIU TabiIuM
BOCHTANIAPHHH TaHJIAIl UMKOHHATIAPMHY KOHTAHTUPaan. YpraHuiraH Ba SHIM
ypranuinaguradn Owiumiap ypTacuaard ajdoKaJOpJMKHU TabMHUHIIAIL Y4YyH
UMKOHUSTIIAp ApaTuiaau;, y €ku Oy YKyB MaTepUATMHU TYIUK Y3IalITHPHUII
y4yH 3apypHil Takpopjall usrapacd aHUKJIaHAJW; TabJIUMHUHT OKHJIOHA
XapakaTH YUyH IapT-IIapOUT Tal€priaHau.

TabnuMIa MaBXKyJlT HOAaHbAaHABHM  TEXHOJIOTHSICMHU JACTyp acocujia
VKATUTIAAUTaH MOJIEKYJIAp Gu3uka OYIUMU MUCOJIHJIA KYpaMus3.

®u3uka (paHMHUHT WIK KypcM MEXaHHMKa Ba Oolka Oyumiapu OuiaH
TAHUIITAaHUHTU3/1a, KUCMJIAPHUHT XapakaT KOHYHUATIAPWHHU YpraHUIIIa yiap
Oup OyTyH, AXJIUT >KACM Je0 Kapanagd. AMMO KH3IUPUITaH KATTHK
KUCMIIAPDHUHT XKMIIAPUHUHT OPTHUIIH, KU3AUPWIMII TaBOM E€TTUPHIICA CYIOK
XoJaTra YTUIIH, UIYHUHTIEK, CYIOKIWKIAPHUHT KU3IupHiIranga OyF Xojarra
VTUILK Xap KaHJal KaTTHK Ba CYIOK MOJJIa KHYMK Ky3ra KypUHMAcC 3appajiap —
MOJIEKYJIajap/laH TallKWJ TONTAHJIUTU Xakuaaru ¢ukpra onud kemanu. bapua
arparat xoJatiaru (KaTTUK, CYIOK, Ta3) MOJJajap aHa Iy MOJeKyJajlapaaH
Talmkuil TomraH. KaTTuk MonaJajapHUHT CYIOKJIWK Ba Ta3 XoJjlaTra YTHUIIH,
ra3JapHUHT XaM CYIOK, KaTTUK XOJiaTra YTHIIU, CYIOKIUKIAPHUHT KAaTTUK EKU
ra3z xosarra YTumu Oy (UKpHU Tacaukiaiad. MojmanuHr G6apya XUMUSBHMA
XOCCallapyHU  Y3WjJa MyKaccaMJallITUpraH »HI KUYHMK 3appacura YHUHT
MOJIEKYJIACU JEeUNIaaN.

Moananu TalmKWiI €TyBYM KYI COHJIArd 3appajlap — MOJIEKYJIAJapHUHT
xapakatu OwiaH OOFJIMK Xoccajlapu, MOJIAHUHT OUp XOJaTJaH WKKUHYH
XoJaTra YTUIIM KaOu kapaéHiap Ba yJIapHUHT KOHYHUSTHHHU YpraHWII OuaH
MOJIEKYJIsIp ¢u3uKka paHu MyFyUIaHaIu.

MonnaHuHT MOJEKYJSp TY3WIMIIN XaKUJAard TacaBBYp JKyda KaauM
3aMOHIapJaéK manao OynraH. AMMo Oy TacaBBypJiap WJIMHI acociaHMaraH Ba
Taxprbaa ucooTIaHMaraH TacaBBypiap d/Iu.

Viurum  skapaHHZA  MEJarorMk  TEXHONOTMSIAPHHHT  KyJIaHHIIA
Oonutamu OminaH OYIMM MaB3yJapUHHU TAbJIMMHUHT OMPMyHYa KUYUK OUPIUTH
cudpaTuna Kapaml MYyMKUH Oyiaran “YKyB dJeMEeHTH W Je0 HOMIIaHYBYH
OWpIUKKA aXpaTUII MabKyJ BapuaHT OYnuO KoaMokaa. Monekymsap (usuka
Oynmumu OVitmua xap OUp MaIIFyJOTHUHT OOpHUIIMIA YKYB AJIE€MEHTIAPUHHUT
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Y3MAIITUPUINIIN KETMa-KeT Tap3/ia aMmaira omupwiaan. boumanFuy xonataa
1-yKyB dieMeHTH VYpraHuiaund, MycTaxKamiiaHrad, HaTHXKa TEKIIUPUIHO
HaBOaTaaru 2-YKyB AJIEeMEHTHUra YTUJIAId. 2-YKyB JIEMEHTHHHU YpPraHUII Xam
Iy KaGW TAIIKWI STHIAH. Y 3IAIITHPUIINIIY TaNab KHIHMHTaH YKyB 3JIeMEHTHTa
OMJl MAaBIYMOTJIAPHU Ba axO0pOTIapHU KaOysl KWIJIMIIL, YJIApHUA MYyCTaXKamlalll
V3IAIITUPWIMIIMHNA TeKIupuil. Tanabanap y3namTupuIImMIa KaMIniuKk oyca,
OJITUHTH axO0poT SHA TaKpPOpJaHAAHW, TAbJIUMra KyIIMMYajiap KUPUTHIIAIH,
CYHIpa 3-yKyB 2JIEMEHTHHM ypraHuIIra yTHJIAN.

TabIMMHUHI HOAHBAHABUM TEXHOJOTHUSICH Fosulapura Kypa YKyB
aJIeMEHTIapu  Oyinya axOopoT TYIjall, YHra WIUIOB OEpHIl, Y3IallTHPHIL
HATMKACUHU TEKIIMPHUIN KeTMa-KeT oiud Oopunaau. Moinekynsp dusuka
OynuMmu OYiinya TaBJIUMHM Iy Tap3/Ja TAUIKWI ITHII XaM YKYB HIILJTAPUHUHT
Tabakajalran rypyxJjapaa YTKa3ulll UMKOHUSTUHU OIIUPAIH.

®uzrka KypcUHUHT Monekynsp ¢usnka OynmuMuIaru MoJIeKyJa,
MoJieKyJisip kuHeTHK Hazapus (MKH) TymyHuanapuHu KUPHUTHINIA — OJIHNA
taxpubanap — auddy3us Xxoaucacu HAMOMMIIMHM KUPUTHILIUII MYMKUH. by
TyllyH4YaHu Oepuill OwiaH MoJeKyusp ¢usuka OYIUMHUHM YKUTHIIHUHT
acTiIadKu JaBpH OOlIaHaAM, TaBPHUHT OOCKUWIapUra MaB3y Oyiinda axoopoT
TyIuiamra Tai€piaaHuil, Typiaud MaHOalapAaH axOOpOTIapHU Kalysl KWJIUII Ba
axO0opoTJIapHU MyCTaxKamiiail Kupaau. bockuunapHU TalIKW KAJTYBYU KUYUK
VKyB OUpJIUKIIapU, SbHU YKYB 3JIEMEHTIApUHU KYPCATUIIl MYMKHH.

Monekynsip puznka OYIMMUHU YpraHuil kapaéHu — YpraHyBUMJIAPHUHT
V3namTupuiiapy TaOunid Ba MOKTUMOMM  skapaéHiap kabu y3 JaBpiiapura ara.
MaB3yHHHT OOLUIaHUINIM, Xap OWp MaB3ly MATHUHHUHI Ma3MyHH, CY3 Ba
TYIIYHYQJIAPHUHT Y3apo OOFJIaHUIIMHMA, Oa€H KWIMHTaH Fosi, (U3UKABHIA
xonuca, Tabpud Ba skapa€Hiap HyKTaW-Ha3apHIaH TaxXJIWI KWJIUIL, YyJIapHU
YMyMJIAIITAPULI JIO3UM.

Monekynsip GU3MKaOYIMMUHN YPraHUIIHN TAIIKWI KAJTUIIAa OVIMMHU
VPraHUIIHUHT MakKCcaJy, BOCUTACH, HATWXKACU MYJDKaiIra onuHaau. byHparm
aHUK OeNTUIaHTaH MaKcaJl aCOCUM YPHUH 3rajijiaiid, BoCUTajIap Ma3Kyp Makcaj
acocuJa TaHJAHUO, JKOPUI HaTWXKalap TEKIIMPWIAAW, TalIXUCIaHaIu.
Morekyna, MOJEKyJIsIp KMHETUK Ha3apus Ba yHIAH KEWMH Jaspiapaa ypuH
OJITaH KaTop MaB3yjlapja aWTuinaguran (UKpiap KapToTeKajgap TapKaTHull,
Kyprazmajgaru pacmra Kapa0® ranupu® Oepuil, >KyH Ba MaTora HIIKaJaHTaH
700HUT TaéK4yacuM Ba IMUIIAa TaéKYaHUHT DOHTWI JKUCMIIAPHU TOPTHIIIH,
AIEKTPOCKOII OpKaJIM 3apsAHu TadKam KaOW KaTtop AKCIEpUMEHTIIap
(atipumiiapy YKyBUM TOMOHHJAH Oa)kapwiaau) OpPKaIM TaKpOpHil Oakapui
Wymu OwunaH, OWIMM Ba Mayllakajgap XOCWJI KWIMIAA MYn KYWWITaH
KaMUYWIMKIAp Ty3aTWIaAu, TYJIIUpULUIAp KUPUTWIAAH, MYCTaKWI paBULIA
TH3aIap SCAIHUA TOMIIMPUK OCPHINl OpPKaIu OMIMMIIAp MycTaxKamiaaHaau, Oy
TaKpOPHUIIMKAA aifHAH TABJIUMHUHT TaBPUMITUTH HAMOEH OYIau.

[lenaroruk TexHojorus Tanabiapura Kypa, YKUTYBYH, TABJIUMHUHT UK
JMaBpujia Y3WHUHT TYPT XWJI TalIKWIMK-OOIIKApyB MakcaauHu Kysau: 1.
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VYKyBUMIApHU SIHTM MaB3yHHM VYpraHuiira Ttaiépnamni; 2. SHru maB3yHH
YpraHuiiHu TalKwi 3TUll. 3. SJHrM MaB3yHU JacTyiadKu MycTaxkamiami. 4.
TabauM HaTUKACUHU CUHAILL

2.2. Moaekyasap ¢pusznka OYJIUMHMHM HOAHbAHABMI YKUTHIIIA ax0opoT
TeXHOJorusJIapuaad ¢oigasaHul

3aMOHABUI TabJIUM KApAEHUHU axOOpPOT TEXHOJOTHUSIAPUCH3 TaCaBBYP
KAJTUII KyJa KUiuH, OuinuMm OepHll Ba Y3NAITHPUIIHUHT >KapaHiapuia

ax0opoT TEXHOJIOTHSIIAPUIAH doiinananuin Y3IalTHPUITHUHT
camMapaJOpJIMTUHU OMIMPUIIK Taxpubagan MmabayMm. lllynu Hazapma TyTtras
X0J1/1a TabJIUMIa aMaira OLIMPWIAETTaH HCIOXOTIAPHUHT MapKa3ui

Macajanapujgan  Oupu  cudaruma  EuwtapHuHr  (mry  OunmaH  Oupra
VKUTYBUYMJIAPHUHT) KOMITBIOTEP CABOJXOHJIMTHMHU OIIUPUIITa ajoXujia Ypry
Ooepunnau . TeBapak-arpogumuszgary  TabMaTHaru JJEKTP  XOAUCAIApUHU
ypranuin MoOailHUIa HOAHUK Ba TYJIUK OYiIMaraH MabJIyMOTJap Maiao 0ynuo
KoJica-/1a, Oy AJEKTPOMAarHeTu3M OYIMMUTa TaaJUTyKJIM OWIMMIIAPHU Sralijiall
apa€HUra Xajnakut Oeponmaiinu. by MabiaymoTnap acocuia, ypraHuiaérra
ANEKTP XOAMCAIAPUHU JABPUIIMK TEXHOJOTUACH Oyinya ypranui rpapukacu
spatunan. ['paduk ymapHUHT XyCyCHSATIApUHU MYMKHH Kadap TYIapoK aKc
TTUPHIIHN 3apyP.

HoanpanaBuii  TEXHOJIOTHSCH acoChla HJEKTP XOAWCAIIAPUHU YTHUII
peXKacuHU KYpcaTyBUM YM3MAHUHT TAaKpUOWIIIUK XapakTepu TYpJId KYpUHUIIIIA
HAMOEH OYIUIIM MYyMKHWH, CIHMPATHUHT OWp aillaHacy WIAKIWJa, TPYKHUHA
IIaKJIKIa Ba X0Ka3o (2.2-pacm).

2.2-pacM. YKUTHIIHHHT TYPJIH KYpPHHHILIAPH

V36ekucron Pecriy6nukacu Ilpesumentununr 2017 fmnmarn “Xapakat
Crpaterusuiapu” na axOOpOT TEXHOJIOTHUsUIAPU Ba KOMIIBIOTEPJIAPHU KAMUSAT
Xa€TUra, KUIIWIAPHUHT TYpMYII Tap3ura, yMyMui ypra TabluM MakTadiapw,
ypTra Maxcyc, KacO-XyHap TabJIMMH Ba OJMH TabIUM Myaccacajapu VYKyB
KapaCHUTa KAJAUTUK OWIaH OJIMO KHUPHUIN FOSCHU WITApU CypwiraH. Yoy
MacaJlaHd XaJl 3THII y4yH MakTad, Juiei, kacO - XyHap KOJUISKJIApU Xamja
onuil YKyB OpTiapuja KOMIIBIOTEp Ba axOOpOT TEXHOJOrusuiapu OusaH
MIUIAIIra YpraTuil K3HI Kynamzaa uyjra KyWniaMokaa. byHUHr y4yyH, aBBalo,
OWJIMM JaproxJjapyu 3aMOHAaBUM KOMIIBIOTEp TEXHHKaapra 3ra Maxcyc XoHajap
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Owmnan xuxosnanMmokaa. “Kaapnap taii€pnam Muummil qactypu’” HUHT YYHHYH
OOCKMUYMHM amaiira owmupuiga “TabiuM >xkapa€HuHU axOopOTIalITHPHILI,
y3JIYKCU3 TabJIUM TU3UMH, KaXOH axO0pOT TU3UMHU, KaxXOH axOOpOT TapMOFuUra
yJlaHaJIMTaH KOMIIbIOTEp axOopoT TapMOFu OWIaH TYIUK Kampald oJauHaau’”
JIeUnIITaH.

dusnKa AapcilapuHy TAIKUI KWINIIAA, YKUTYBYM, YKATUIIHUHT TYPIU
mrakyapu (Mabpysa, oF3aku 0aéH Kumuil, 0axc — MyHO3apa, Macaiajap e4HIl,
amManuid Ui Ba X.K.)AaH ¢oinamanumm MyMkuH. WnMm-dan, TeXHuWKa, YHUHT
WAl  TEXHOJIOTHUSICMHUHT  YCUIIMHU  KaJajulalllyBU  MIMUNW-TEXHUKABUN
axOOpOTIApHUHT PHUBOXKUTA Te3-Te3 SHrWiIaHunuiap onud kenau. Hatwmkana
KHUIIUIOK, XY KAJIIUTUHA MeXaHU3alusIan TEe3JIaII/IH, caHoar
KOMITBIOTEPJIAIMOK/IA, TahJIUM TU3uMura MHatepHer kupubd kenmokna. by xoun
¥3-Y3ulaH  MabIyMKH, MabIyMOTJIap, axOOopoTJapHU y3aTHII YCYJIHHH
SHTWJIANL, SKaJaUTAIITUPUINIHK Tanad »dSTMokiaa. IOkopuaa KenTupuiral
¢bukpnapaan kenud YMKKAH XOJja akaJeMUK JMleinapaa Qusuka aapciapu
xKapaCHuUIa MIyHJal YKUTUIT METOUIApUHU TaJA0UK STHUII KOU3KH, yIap OXHp-
okuOaT/aa YKyBuM-TajaballapHu MYCTaKuWJ VYKuIlra, QUKpiamra, HIMHR-
TEXHUKaBUI axOopoTiap OWIaH WXXOJIUN HILIAIITra Yprarcud, YKyBUHJIAPHU
y3ura xoc Qukpnamra WyauiacuH, UIIYAHINK KOOWIMSITHHU PUBOXKIAHTUPCHUH,
VKUIIra, MyCTaKuI OWJIUM OJIMINTa KU3UKUIIMHA OIIUPCHUH, Y3 Il (PaoausiTura
TaHKUJMWA EHJAIIUMIITHN TapOUsIaCuH, Y3rapyBuaH UIILIA0 YUKAPUII IIAPOUTUTA
T€3 MOCTAIINII KYHUKMaTapUHU [HAKJIJIAHTUPCHH.

AXOOpOT TEXHOJIOTUSIIapu — THUIEpMaTH, MyJbTuMeaua, WHTEpHeT,
UHTpaHeT, JJiekTpoH mnouta, WEB TexHonmoruscu, CyHbUH HWHTEIEKT
TU3UMJIAPUHHU Y3uja My)kaccamyalmTupagun. AXOopoTiap KymairaH Ba TEXHHUK
BOCUTAJap PHUBOXIAHUO OOpaéTraH XO3Upru JaBpja, (uU3MKa JdapcllapuHu
VKUATHUII jkapaéHuga YKUTYBYU Xap Oup Map3yra JOUp MabIyMOTiaap Oepulma
(hakaTruHa KUTOO aru MabIyMOTIap OWjIaH YeKIaHUO KOJMac/iaH, MaB3yra Ou/l
MPOEKIMOH Kyprazmaniap, 3J1€KTPOH AapcivKiIap/iaH, UHTEPHET MabIyMOTJIapH,
Typiiu AacTypiapja Tai€piaHraH aHUMauUsIapaan GorgamaHui Kyaa MyXum
XucoOJIaHaIu.

VKuTyBunHE 6Gapya 3aMOHABHH TEXHHKA, MH(GOPMAIMOH Ba IEHArOTHK
TEeXHOJIOTUsIIapJiaH xabapaop OVnumu jgaBp tanadunup. Hazapuii Ba amanmii
MAIIFyJIOTAap YTKa3WIljla SIHrd anabuérnapaad QoiganaHnum OuslaH Oup
Karopaa MHTepHET MabiyMOTJIapyM Ba AJIEKTPOH KuUTOONapaaH ¢oiiaanaHuin
¢u3uKa napciapyd camapaJopiUTMHU siHajga omupand. ByHMHr ydyH 3ca
VKUTYBUMHUHT Y31 KOMITBIOTEP TEXHOJIOTHsJIApUIaH MaJlaka Ba KYHHKMajapra
ara Oynmuimm Tanad sTwiaau. AXO60poT TEXHOJIOTUsIIApUIaH Aapc kapaéHuaa Ba
JapcliaH TamKapy BakTiapaa (GodganaHui YKUTYBUHIAH TYpJiIH METOAJIapAaH
doigaaHuIHy, YKyBUWIAP KU3UKHUIIIMHU OIIUPHUIN, Aapcaa (aoia UIITHPOK
STUNUIAPUHU TabMUHJAI Tanmad otunaau. Jlapc TymryHapiw, KA3HKApIIH
OynumM  ydyH YKyB MaTepuajUlapuHM  capajiaiml, YKyB JKapaéHUHH
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JOMMXaNalITUPUII, VKYB jKapa€HUra Teruuuid OYJIraH TypJid TOMIIUPUKIAPHU
OakapuIll Y4yH TaBcHsu1ap OEpHIll 3apyp.

ByHUMHT yuyH aBBajgo YKUTYBUYMHHUHT Y3M KyWuaard OWJIMM, KYHHKMa Ba
Majakanapra sra OYiuiiny tajnad dTUIaau:

- KOMIBIOTEPHUHI aCOCHM TEXHUK BOCHTaJlapy Ba YJIapHUHT
TaBcU(DIApUHN OUITUIII,

- KOMITBIOTEP CAaBOAXOHJIMIH, MHTEPHET THU3UMH, MOJIEM ajoKa Ba
AJIEKTPOH MoYTaaaH Qoiganana OUIuII,

- Japc xapaéHuja axOOpOTHM CakJialll, KalTa WIUIAll, TapKaTUII Ba
HAMOMHUIII KUJjla OJIMIIL

- axO0OpoT TEXHOJOTHsUIapH, YJIApHU Japc >KapaéHuaa XOpUW STHIL
nynnapHu OWuI,

- ax0opoT TEXHOJOTHUIApU acocuja OWINM OJUIIHUHT JIUJIAKTHK
TaMONUIIApUHU OUITUIII;

- ax0opOT TEXHOJOTHUsIap aCOCHIa MyaMMOJIM TahJIMMHU TAIIKHUII THIII
Oyiirya WIFOp MeJarorIapHUHT TaXKpUOaTapyuHu YpraHull,

- Japc kapa€Hura Terunuid Oynran mano6anapuu MHTepHernan u3nabd
TOTUI Ba YHJaH (oiifalaHuIll KYHUKMacHUTa sra OVIIHIIL.

ViuryBun (u3mKa qapcaapuaa MaBxKysl SIeKTPOH JaPCIIHK, MyJbTHMENA
BocuTanapu, HTepHeT MabiiymMoTiIapuaaH Qoiinananum OuiaH OMp KaTtopha,
xap Oup MaB3yra Moc OViran Mojekyssip pusnuka OYauMura ouji MUCOJUIAPHU
KOMIIBIOTEp acoCHja TYIIYHTUPHUII UMKOHUSTIapura sra. MacaiaH, YKUTYBUH
AJIEKTP Ba MarHUT MaWJOHJIApUTa TAaJUTyKJIM MaB3yJapHU TYUIYHTHpULIAA
KOMIIbIOTEp €pamuia TYpJaM JacTypilapAa »dJEKTp XOoJucajapura Ouj
MUCOJUTIApHU Taépnabd kypcatuin uMKoHUATA MaBxy. [y ypunaa maiinon kyd
YU3HUKJIApU, MAWJIOH DHEPTHCH, KY€l CYB UYUUTIHWIapuaa KY€l SHEPTUsACH
xucoOura CyBHMHT OYFJIaHMIIM XamJla YCTKHM KHUCMHUJA KOTUIAHTAH IIUIIAra
Terud KanTa To3a AUCTHPJAHTAH CyBra aijaHUIN >Kapa€HUHU KypcaTHO Oepuii
MMKOHUSTA MaBXKY/I.

Mag3ynapau yTUIIa Typiau XWIJAard aHHUMalMsUIapiaH Japce kapa€Huaa
doitnananca YKyBUMIAPHUHT WKOAWK (UKpIAIIM, MYCTaKWI YKUO YpraHwuii
KoOWIMATH, (aHra GYIraH KU3UKUIIM OpPTaid. YKUTYBYH HApC JKapadHHIA
MYJITUMENIMa OpPKAJIM Ccypbatiiap, *aJBajlap Ba LIyHra yXIIall MaB3yra Ouj
KylIMM4a MabIyMOTIApHU KypcaTtub yrca, Oy YKyBUMIApHUHT HadakaT mapcra
OYJraH KU3UKUIIUHU OIIUPaau, OalIku YKYBUMHUHT MYCTAKWJ YKUIIUHUA Tayiad
Japakacuja  IIAKJUIAHTUPUINTa, MaB3yHM HMKOH  Japaxacuja  Tyjia
V3namtupuiira Xxam €pam oepasu.

Momnekynsap ¢usznka OYIMMUHU YKUTHII CaMapaJOpUTAHUA OIIUPHUII
Makcaauaa YKUTYBUM (U3MKa MaIIFyJoTiapujaa yKyBumjgapra Oynum Oyiinya
MabIyMOTaap Oepurina Kyiuaaru UHTepHeT caliTinapunan xaM (oiiamaHum
MYMKUH:

- http://physics.mipt.ru/\SIl MetodTD)
- http://lib.mipt.ru/
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- http://www.ph4s.ru/
- http://www.lib.berkeley.edu/node, monexymsp ¢puszuka OyaumMura ousa
MabJIyMOTJIAp KEITUPHUO YTUIaAH.

XO03Upru BakTJa >KaXOH TabJIUM THU3MMHJA MacodaBUil TabiIMMIa Karra
»pTHOOp KapaTwirad. PecnyOnukamuzga ymO0y TapMOKHU TAIIKWI KWW
yctuaa OYTyHTM KyHJAa KOHT KyJamjJard HIDap amaira OIIUPUIMOK/IA.
Macodasuii Tabnumaa, QuU3MKagaH YKyB-METOAMK KYJUIaHMajap sipaTUIIa
MONIEKYJslp  (u3MKara oua  MabIyMmMoTiapaaH  QoljanaHuica, — YKyB
Marepuajylapd THHIJIOBUMJIAD TOMOHHJAH TE€3 Ba OCOH Y3JIAIITUPHIIAIM.
MacodaBuii  TabBIUMIA busukagan OoepuitaéTran MabJIyMOTJIap/ia
reJIMOTeXHUKara OuJ] MHUCOJUIap acocuga Oepwica Oy YKyBumiapHu (aHra
OynraH KU3UKUIIMHU ~ OIIUPaaAd, VYKYB MaTEPUAIMHHU  Y3JIAIITUPUIIHA
TE3AIITUPAIN, TABIUM CaMapaJOPIUTUHU OIIMPHUINTA XU3MAT KAJIA IH.

ViuryBun  QusMka Japciapuia  MOJEKynsp  (pU3MKara OUP
MabiIyMoTiIapHu Oepumiga HWHTepHeT MabiaymoTiapuiaH — QoiianaHca,
VKyBUMIap JapcivKia MapxXyJ OWIMMiap/aH Tallkapd MaB3y TYFpUCHIa
KylIMMYa MabIyMOTjapra sra OYymanunap. IllyHunHrnek, VKUTYBUM Japc
XKapa€HuJla MyJIbTUMEIHA OPKAJIM cypaTiap, ’KaJBaJlap Ba IIyHra yxIaml
MaB3yra OuJ KylIMMYa MabIyMOTJIIApHU KypcaTHO yTca, Oy YKyBUMJIAPHUHT
HadakaT mapcra OYnAraH KU3UKHMILMHUA OLIMpaaH, OalKM YKYBUYMHU MYCTaKUII
VKUILIMHY Tayiad Japaxacuaa MakUIAaHTUPUILNTa, MaB3yHH HMKOH Japa)kacuja
TyNa y3mamtupuiunra xam €paam oepaau. Ymly MabiayMoTiaplaH ¥3 YpHUAa
camapaiu (oigananuica GuU3NKa TAbJUMUHUHT Ma3MyHaH TaAKOMUWJUIAUTYBUHH,
Japc caMapagopIUTMHUHT OIIUIIMHU KYPUIL MyMKHH.

HNccuknmuk — XoMuCaTapyuHUHT — V3JMAINTUPUILL — Kapa€HU  OOIIIaHUIIH
V3MATUPUIL AKTIIAPUHUHT, TaBJIUM JABPUMIUTUHUHT Typiau OOCKUWIAPH,
JTABPUIIMKHUHT SKYHUJA 3Ca JaBpHUHT Yy3W HaMo€H Oynaau. bynumuu
V3nmamTupuin kapaéHu Oup-Oupura OornuMK OynaraH Ba OWPUHU TaK030
KWIAINTaH JAaBPUIIIMK aKTJIapu, MakcaJl Ba BOCUTAJIApH, >Kapa€H HaTHXKajlapH
¥y3apo OupnammO, ¥3 HaBOaTHga OOCKUUYJIAPHU Ba HUXOST, OynuMm OVitmda
OWIMMIIApHU Y3TAIITUPHUII JABPUHH TAIIKWI KUJIaau. TabIuM akTiapH, TabJIuM
OocKuuIapura, TabiuM OOCKMYJIapU 3ca JaBpPHU TaIIKWI KWIHMIIKIaya
OopaauraH xapa€H y3ura Xoc XapakaTHU TalIKWI KAJIaIu.

by xapakar Oynum OyiiMya OJMHraH OWIMMIIADHU  HaTHKara
SPUILMITAHUHU Oaxonaiira erryHdya Oup KaTop AUWAAKTUK JaBpJIapHU YTUIIH
7no3uM, OollIKaya aWTraHaa, NUIAKTHK JaBpiapra puosl KWIMHUILK 3apypuil
mapt Oynu0d Kojaau. OJNEeKTp Ba MarHUT XOAHWcCAlapura TaaJlTyKJIH
XOJUCAlapHU ypraHumiga Oepuwiaguran Owiumiap acocaH OyiuM Oyinya
axOoOpoTiIapHM VpraHuill, yjapra UIUIOB OEpull, WKKA Ba YHAAH Ky
TYIIYHYQIAPHA YMYMIIAIITUPHUII XaMJa OJIMHTaH OWIMMIap HaTWKaJapuHU
HazopaT KWIMII KaOW KaTop XoAWcalap KeTMa-KeTJIUTH TabMHHIJIAHA]IN.
Kypcatunran katop cababnapHu TabIUMUN JaBPUIIMKHUHT ME30HIApU Je0
Kapam MyMKHH.
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Nccuxnuk duzukacu OVIMMHU MaB3yJapyHH Y3IAMITUPUIIT MaKCaJIapuHU
TaxJIMJT KWW JKaMUSTHUHT TabIUM OJAUIa KyWraH TanaljapuliaH TOpPTHUO,
KYWWIraH TajJaOHUHT KaHJail aMalira OlIUpuIvrada OViraH XojucajiapHu
¥3uma Kampab omaau. Kyiimnaran makcamiap IeIarormk Makcajiap Oyiuo,
KyHHUIard KypuHUIUIApUHA HapKIaiMu3: OYJIMMHM Y3IaIITUPUITHUHT YMYyMUN
Makcagu — Oy JKaMUATHUHT WIFop (ukpiam HaMoOsHAajIapu, JaBiaT
apOO0JIApUHUHT MKTUCOAUM, CUECUHM, FOSIBUM, MaJaHUW Kapaluiapuia AdaBiaT
Oytoptmacu cudaThaa MaK/UIaHagd. bynmuMHM VKUTHII MakcaIlapuHUHT
TaBJIMMUHU TAIIKWJI 3TULL, OOLIKAPHUIL, HA30paT KUJIHUII KaOu TypJlapyd MaBxKy/Il.
V3gamTupunn Ba YKATHIIHMHT MAKCA/UIapH TAbINMHUHI KSHHHTH CyOBeKTH
cudaruaa Kapasaaural XyCyCHsIT XHUCOOTaHaauran OYIMMHN VKA (HaoTusITUTa
TETULLUTAINUP.

1. ByauMHU YKUTUII MaKCa/UIAPUHUHT Y3UTa TOHT OYITaH Makcajiapu
Xam ¥3 HaBOaTua Typiapra OyJIMHaau: Xapakarra TOHT KyWId Makcaaiap, OoIn
MaKcauiap, OpajuK Makcamiap. Maskyp MakcaJjapHU IUIAKTUK Makcaaiap
cudarua Kapam OUpUHYN ME3OHIUDP.

2. OusMKa TabIMMH BOCHUTACH TAabJIUM JaBPJIAPUHU AXKPATHUILA PUOS
KWIMHAIUTaH HaBOaTJarn ME30H caHayiagu. Bocuta KoHT MabHOJA MHCOH Y3H
OWJIaH MEXHAT MPEAMETH ypTacura Kyinuo, ¥3 (paoausTuHu aManra omuypaaurad
MOJJIMA Ba HOMOAAMM Hapcanap. XyAAd IIyHAAW, YKyBUM ¥3u OujaH YKyB
MaTepualy ypTacura MO/ Ba HOMOJUI HapcajlapHU KyHuO, ¥3 (GaousITHHH
amanra omupaau. @u3rkaaa MOJIMNA BOCUTANIAp — 4M3Ma, KajBaj, acOobiap,
yJIapHUHT Aetaiapyu. Pu3ukana HOMOIIUN BOCHTANIAP CHPACHUra YPraHWITaH
OwinM, KYHMKMa Ba Majakajiap, YKyBUMJia IIAK/UIAHAJWTAH aKJIud MeXHaT
yCyJu1apu KUpaau.

3. OusuKa TabIUMU HATIKAJIAPU TabJIUM JaBPJIAPUHU KPATHUITHUHT
siHa Oup Me3oHuIup. Tabaum HaTHXKACU (PU3UKA TABIUMU KapaéHHUa KYyHUiIrad
Makcanara Takkocnad Vpramwmamm. Iy #yn Owuman  ¢u3uka TabIuMU
CaMapaJOpJIUTMHU TYIIYHTUPUII MyMKUH. @PuH3uMka TabauMuaa KyWWITaH
MakcaJ Ba OpUIIWJITaH HaTwka ypTracuaard  TadoByTtra  OuHOAH
caMapaJIOpJIMKHU aHUKJIAll MyMKUH. DPUIIWITaH HAaTWKa KyWWIIraH Makcaara
KaHYa SKWH OyJca, pu3MKa TabIUMU >Kapa¢HU IIyHYa camapajop caHajlaiu.
du3uKa TabIUMHU XapaCHUAA YKyBUWJIAD Y3JIAIITUPUILIMHUHT Y4 Japa)kach Ba
11y Aapakajapra Moc y4 XuJj HaTka (papk KuivHanu: 1-gapaxa — KYHHUKMara
TOHT HATWXa; 2-Japaka — Majlakara TOHT HaTHKa; 3-1apaxa — TyllyH4yara TOHT
HaTHXa.

@du3uKa TabJIMMUHUHI WIK JaBpU YypraHwia€TraH Mas3y JOHUpacuia
ax0opoT Tymiam OwiaH TaBcudiaaHaan. AXOOpOTIIApHU TYIUTANl WYIJapH
yMyMJIAIITaH X0JiJla Y4 TypyXra akpaTwiaad. AXOOpoT TYTUTAIIHUHT WHTYKTUB
yciiyoum — TabuaT, >KaMUAT, OHIJa amal KWiIaJuraH Hapca-XoAucalapHu
aXpaTuil, yiaapHu aTpoduuya TaxJIMa KWIKII, acOCHM OenruiapuHu
TylmIyHYaJIapJa yMyMJIAIITAPHUII HYITH; axO0pOT TYIUIATHUHT AETYKTUB yCIyOH
— aKCMOMATHK YKyB (haHiapuHu, MacaiaH, (pu3ruka Ba MaTEeMaTUKAHU YKUATHUII
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KapaéHuga JNeAyKUMs yciyOM caMapayd XMcOOJIaHaau; axOopoT TYIUIAIIHUHT
aHAJIUTUK Ba CUHTETUK HYJIU — yHJIa MaB3yra ouJi OMJIuUMIIap TaxJIMJ Ba Kailta
KYIIUIn Wysapu OuinaH ¢haoaustra oJiud KUpHIIaIn.

®dusuka TabIMMU KyWujgaru OockuwiapaaH ubopaT: axOopoT TyIuiamra
Taléprapiuk, Typau MaHOanapaad ax0opoTiaapHu KalOyJl KMITUILL, aXxO0pOoTiIapHU
MyCTaxKamJiall, axoopoTiiap y31allTUPUINIINHNA TECTIIAl;

®du3rka TAbJUMUHUHI KEWWHTW JaBpU YHHUHI WIK JaBpHUJa TYIUIAaHTaH
axOopotnapra umnuioB Oepuin Owinan TaBcuauaup. AxOopoTiapra HIILJIOB
OepuI naBpuaa acocaH Kyiuaaru O60CKAwIapra puost KWIMHAIU: ax00pOTIapHH
OHIJIM 3CTa TYLIUPHIL; aXOOPOTIapHU TYpiH YKYB XOJaTiapura TaTOUK KWL,
MaB3y JOWpAcHHH SIHTU axOopoTiap OwigaH KIHTaWTupuil; (QU3NKaZaH YKYB
MaTepUAIVHU Y3JIAIITUPHUIIHA TECTIIAL.

®dusuka TapIMMHHU HaBOATIaru AaBpU MKKU €KU YHAAH OPTHK MaB3y
Jovpacusia YTKa3wiagu. Y HUHT HaTWXacH TyllyHuYara MOHaHJ OVJIHIIMN 3apyp.
By xam karop Oockuunapra Kypa TaIKWJI ATHJIAaIu: UKKH €KM YHIaH OPTHUK
¢u3MKaBUil TYIIYHYaHUHT YMYMHUH XYCYCHUSATIApPUHU aHUKJIALI;, aXpaTHJIraH
yMyMHUHl Xycycusariapra puosi KwinO, (QU3MKaBU MyamMMO, TOMIUIUPUKIIAP
OakapWJIMIIKMIAH XyJIOcalap YUKApUI;, YKyBUMIAP Y3IAIITUPUIIUHN TECTIIAII.

®du3rkKa TabJIMMUHUHT IKYHHJ1a (PU3MKaJaH OJMHIaH OWUJIUM, KYHUKMa Ba
Majlakajap SKyHUM Ha3zoparT KuiauHagu. byHpaa OwIMM, KYHUKMa Ba
MajakaJapHUHT KEMTHK >KOWJIapy aHMUKJIAHAAHW, XOCWUJ KWJIMHTAH OWIHM,
KYHHKMa Ba Majlakajiap ycTuaa OyHJIaH KeMUH KUJIMHAAUTaH YKYB UIIapy Kaila
ATUIIAJIH.

2.3. ®u3nka paHuIaH YKYBUMJIAPHUHT OMJIMMMHM TEKIIUPHUII Ba 0axoJial
ycyJuiapu

VKyBumnap GHIMMHHYM TEKIIMPHII, HA30paT KWIMII Ba 6AXONall yKyB-
TapOus KapaCHUHUHT MyXHM Ba aXpajiMac TapKUOWM KUCMU XUCOOJIaHAIH.
bapua dannap katopu dpuszmka Oyitnda xaMm YKyBUWIAPHUHT OWIIUM JlapakacHHH
XOJIMCOHA, aA0JaT/Ii, WIMHI-MaHTUKUNA 0axoJa UKTUAOPJIN ENUTAPHU TaHJIAIl
Ba parOaTIaHTUpHUI, KacOra HyHanTupuiiia Ba OMHOOAPUH >KaMUSAT YUYYH
¢doitgany MHCOH KUIMO TapOusIIallja MyXUM axaMusiTra ara oynaau.

VKyBunmnap OWINM JapakacMHM HAa30paT KWIMII Ba 6AXOJAIIMHUHT
aCOCHM 1IAKJI Ba yCyJUlapy MYMJa OF3aKy, €3Ma Ba aMaJlui TEKIIUPHULLIAP KYII
uniaTuiaaan. by 6axonanuiapHu TECT yCyJIuIa XaM YTKa3ulll MyMKUH. Y €ku 0y
YCYJIHM TaHJall YKyBUWJIAp TOMOHHUAH Ha3apuUi-MaHTHUKUM Owinmiiap €Exku
aMauil KyHUKMaJlapHU KaOyJl KWJIHIN JapakKacWHU Oenruiamira KapaTuiraH
O0ynu0, yHM VKU-TYBUM VKYyB >KapaHHUHMHI KEUMIIMIIWTa Kapad TaHJIaIIH
MYMKUH.

VKyBumnap GUIMMIAPUHM OF3aKH TEKIIMPHUIN. YKyBUMIAPHUHT (DH3MKA
(baHUHU Y3MAMITUPUIT Japa)KacHHU aHHKJAIIa OF3aKu cypaml OWiMMIIapHH
TEKIMUPUIITHUHT aCOCHM IIAKIM XHCOONaHamu. bunmmimapHu oF3aku cypari
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OpKaJId OaxOJAllHUHT Y3UTra XOC YCTYHJUKIapu Oop. bupunHumman, or3aku
Cypajraija YKUTYBYM Ba YKYBYM YPTACHUIArd MYJIOKOT >Kapa€HUHHU Kamoa
(spHU  cuH() Ky3aTuO Typaad Ba Oy XOJHMCOHAJIMKHU TabMUHJIAWIH.
NkknHUYMIaH, YKyBUWJIApJaH YTWITaH MaB3yJapHU OF3aKd Cypall OpKalH
VKUTYBUM OYT'YHTH VTUJQIuWraH MaB3yra 3aMHH Tal€pialiii Ba TabJIUMIa
KETMa-KETJIUK Ba Y3BUIIMKHUA TabMUHJIAII UMKOHUSTHU SIpaTWIIAId. Y UMHUH]IAH,
Oy xapa€H KaM BaKTHHU OJaJd Ba YHM YKyBUM OWJMMHUIa IIy Xoina 0axo
Kyhnwiaad. Ba HUXO0SAT OF3aKkM Cypaml YKyBUMJIAPHUHI HYKT MaJaHUSATHHU
HIAKJUTAHUIINAA XaMJa y3apo CaBOJI-KAaBOO MYJIOKOTH KYHUKMAacHUHHM a0
Oynuiura ou0 Keau.

Of3aku CYpalIHMHT KaMYIIMKIApH XaM MaBxynd. KymmianaH, cuHbaa
VY3MAITUPUITN TIACT YKYBYM OWJIMMHUHM OaxoJiall KYIm BaKTHU OJIMO, SHTH
MaB3yHH YTHIIl Y9yH KaM BakKT KOJHUIIHWra oiaub keiaau. by BasusTaaH 4MKUIIT
VKATYBYMHUHT KacOWW MaxopaTu Ba Taxpubacura OOFnuK. ByHman Tamkapu
or3aku Oaxonamijga (QusukaBuil GopmynanapHu OWIUIN Japa)kacl aHUK
MaTeMaTuk udojanmap oOpKadu E3WIMaiau  Ba Taxpubamap aManuéraa
KypcatunMaiau. by kamMuwimkinapra KapamacJaH OF3aKu cypall yCyJu
VKyBUMWIap OMIIMMHUHY TEKITUPUITHUHT TE3KOP YCYJIUIUP.

VKyBumnap GHIMMHHH OF3aKH cypamiia hakaTriHa AapCciIuKaa OepuiraH
(¢u3MKaBUl KOHYHUATIAp Ba yinapHU uUoAaToBYM (PopMynallapHu En/1aH
OWIMIIIMHU TEKIIMPUII OWJIaH KaHOATIaHUO KOJIMHCA, YKyBUMWIapJa KYMpPOK
XOTHUpJAIl XUCTATIapy MaKUIaHUO, MaHTUKUI (DUKpJIall Ba OJIMHIaH OWJIMMIIAp
acocua SIHTM XyJiocanap €K €YMMIIAPHU TakiIu( KWIMII CYHAUPHUIIAIHN.
[Hysunr yuyyn xam Oy ycyn OwiaH VKyBumiap OuWiluMUHU Oaxojamiia
TabuaTaaru Xojuca Ba kapaHiapHu YpraHuwiran GU3NK KOHYHUSTIAP acocuaa
TYIIYHTUPWINIIATA YBTHOOP OEpuivild Kepak Ba OWHOOAPWH IIyHTa MOC
caBoyuiap 0epu6d Oopuiniy J103UM. MacaiiaH, UCCUKIIMK XOAucallapu TYFpPUCHIA
VkyBumiiap OmmmMmuHN Oaxonamiga, «Hosra xum madThaa ouymk XaBojga €rraH
TeMHUp Ba €roura Ky TEKKH3TaHWMHU3/a MKKH XWI TabCypoT maiino Oymamu?y,
«Hora uccuk 4doiga makap Te3poK dpuiian’” kabu caBojuiap OuilaH Myposkaat
KWIKIIT yJaapHu Qukpiamra, TaOuatnard XoAucalapHu GU3MK OuiuMmiiap
OpKaJIi TYILIYHTHPHII MajaKalapiHH [aKJUIAHUIINTA OTHO Kemlai.

VKyBunmap GuIMMIapUHN é3Ma TEeKIIMPHIL. YKyBUMIAp OWIMMHHH 83Ma
TEeKIIUPUI yjaap OWIaH WIUIAIIHUHT UHAMBYAHAN Typjapura Kupaaud Ba Oy
yCcysijia Hazapui caBojuiap OwiaH Oupra ¢u3MKaBUN MacajlajlapHU €UHuIIIa
MaTeMaTuK xucoOmamiap Ba rpadukinapaaH  goiigananuin, — AManuii
TOMNIIUPUKIIAPHA XaM CaBOJUIap TapKUOUTa KUPUTHUIN MYMKHH OYynanud. YHH
Oaxomamn >xapaHUHU YKUTYBUYM CHH(AAH TallKapu BaKTaa Oakapuimu aapc
BaKTJIapUH TEKaIll HUMKOHUATHHU Oepaiu. S"KquI/map OMIMMUHA OaxOJIAITHUHT
OF3aKM YyCYJIM J>KaMOaBH WII TapTHOMHM VpHaTca, €3Ma yCyn 9ca
WHIUBYIHALIUKHA KenTupuO uukapamu. [IyHuHT yuyH YKATYBYM €3Ma WII
TaxXJIWIMHU YTKa3uO, Xap Oup YKyBUMHHHT IOTYK Ba KAMUMJIMKIAPUHU KypcaTuo
OepHUILIH JIO3UM.
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Esma nmnap Tapkubura KUpyBYM Ha3apuii caBoap, Macanajap euHIl EKu
AManuil TONMPUKIApHA OaKapuIl Xama yJlapHu 0axoJiall ME30HJIapUHU Xap
Oup VYKYBUMHMHI OWJIMIIM XOJMCOHAJUK, aJOJaTIMIUKHU Ba JIEMOKpPATHUK
TaMOMMJUIapHU OapKApOPJIUTUHU TabMUHJIAWIM Ba VKYBUMJIAPHU YKUTYBUH
raxcura HuUCOaTaH XypMar-3ybTHOOPH OpTaIH.

VKyBunmap OMIMMIAPUHM aMaddii TEKIIMPHIL. YKyBUHIAp OHIMMHHH
amManuid TeKmupuinga (usukagaH TaxpuOalapHU JAEMOHCTpalys(HAMOWHII)
KUIUII, (pU3nKaBUi KOHYHHUSITIAPHU MaTeMaTUK rpadukiap acocuaa udoaanait
Ba TOIHMII, MabIyM OUp 1aGOpPaTOPHs MIUIAPHHHI GaKapHII KMPaIH. YKyBUMIap
OMTUMUHN AManuii TeKIHMpuUIaa (QU3MKABUM TaXpuOalapHU HAMOWHUII
sTanurad acOo-yckyHanmap €KM MeXaHHW3MIIap SCallHU TOMIIMPHUII Ba YHU
UIUTAIIMHA 0axoJall XxaM MyXUM poJib YiHaIu.

VKNTYBUMHUHT YKyBUMIIAp TOMOHHIAH (POHTAN 1aGOpPATOPHs HILIAPH
¢xu (uzmkaBuil amanuér(Taxkpruba, Ky3aTyB Ba X.K.)JIapHU Oakapa€TraH BakTnaa
Ky3aTu® OOpHIIM aMaluii TEKIIMPUIIHUHT KOHT TapKaJliraH MaKIuaup. by
xKapaCHHU Oaxonaniia HadakaT TOMIIMPUKHU XK Oa)Kapwiuiiy, Oalku yHH
VpHaTWITaH TapTHOJa HATIKAJApUHU XUCOOOT Imakiauaa ¢€3ub, TaxJIni
KWIAOJIMIIIM, YHUHT aHUKJIMK Japakacu Ba  ypranwiaérraH  (Qu3uk
KAaTTAJIMKIJIapra TabCUP KWIYBUM ca0aOJapHUHI KYpCAaTWIIMILK Xamjaa Ha3apuid
Owrmiap OUJiaH TYIIYHTUPWIMIIN 3bTHOOPra OJIMHUILN JIO3UM.

VYKyBunmap OMIMMMHYM aMalMi TEKIIMPHII KyT BAKTHH TaNab KWUITaHH
Ty¢aiiau Oy TeKIUPUII YCYIUHHU OF3aKU CYpalll yCylu Ouiad Oupraivkaa oauo
OOpHII XaM SXIITU caMapaJopJIMKKa 3aMUH OYaau.

®duzrkagad YKyBUniIap OUIMMUHU TEKILIMPHUIL.

VkyBuninap GUINMHHM HAa30paT KWIMII YKYB >KapaSHHHI MyXHM KHCMH
XUCOOJaHaAW, YHUHT TU3UMJIM Ba PEXKalu o0 OOpMiIHIIU YKUTUII CU(ATUHA
ommuiura €pnam 6epagau. BUTUMHY TEKIIMPUITHUHT TYPJIH IIaKI Ba METOjIapu
MaBxkyA. MacanaH, Typjiud MUKIOpJard VKyBUWJAp KOHTUHTEHTHHU KaMpao
OJIMII YYyH TEKIIUPUITHUHT WHIUBUyAIl, TYPYX, CHH(} Ba OMMAaBHUIl MIAKIIApH
TaHJAHUIIM MYMKUH. OXUPTH TEKIIUPHIN IMAKIWJAH OJaT/a XajK TabIuMHU
OpraHjiapu TypJid Jlapa)kaaa TabJIMM CTaHIapTJIapu acocuja OwinM cudaTtuHu
AHUKJIANIIA MIUIATHIAIM. YKATYBUM YIyH OMMABHH TEKIIMPHII HATHKATIApH
VKYBUMJIAPHUHT 3PUILITAH IOTYKJIAPUHU aHUKJIAIIAA «OPUEHTUP» OYInO Xu3mat
KHJIaJIu.

S"KquHnap OWJIMMHUHM HA30paT KWIMIIHUHT aCOCUN KYPUHUILU KOPUM-
KYHJIQJIMK (TeKyIlasi mpoBepka) HazopaT XxucoOiaaHaau. KyHaanuk Ha30paTHUHT
TYpJIM METOMJIapu YKyBUMJIAp IOTYKJIAPUHM TYJAKOHJIM OaxoJail, YKUTHII
Kapa€HUHU Y3 BakThga Ty3aTub Oopuil (KOPPEKTUPOBAaTh) HWMKOHUSTUHU
O0epamu. Maktab Mukécuaa YKyBUWIap OWJIMMHHHM HA30paT KWJIUII cudaTuaa
oJlaTJa MaB3y YOPAKIUK, SpUM HWWUIMK Ba WWIUIMK EKU MakTad KypcH
TyTaJUTaHUIIUIA SKYHUH TEKIIUPUIN UIUIATAIAAN. BUTHPYB UMTHXOHIApU Xam
SKYHUU TEKIIUPUIITA KUPAJIH.
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Xap KaHJiail Ha3opaT YKUTHUIIAA YKYBUMWJIAPHUHT aHUK MaB3y (OYauM €xku
Kypc) Oyiinua peXanamTUpwiran OWiuM Ba MalakajlapHU OJUIIHU
TEKIIUpHUIITa, xamaa Oy OWwIMM Ba MajakajJapHH Y3JIalITUPHII JapakKaCHHU
aHUKJIaIra KapaTwiran Oymumm kepak. Macaman Poccust ®enepanuscu
MakTad TabBIMMH THU3UMU METOJMKACHAA MAaTepUaUIapHU  YpraHUIIHU
V3TAIITUPUIIHUHT TYPTTa Japakacu KaOyJl KWJIMHIaH:

- Takpopiiad aitu6 Oepur napaxacu (1);

- HamyHa Oyiuva Kysutam napaxkacu (11);

- Y3rapTHpwiIraH Basuat Oyiinda Kyyuram gapaxacu(lll);

- IDKOAMHA Japaxa, SBHH HOMAbAyM XOAMCAHU TYIIYHTHUPHII EKU
MacajaHu €4MIll YYyH SHI'M aJITOPUTM Ty3uil Tanad stuiica (IV).

| nmapaka kaOyn KWIMHTaH JacTyp Joupacuaa Tanad KWJIJAMHAIUTaH
anoxyaa OunuMiap Ba KYHUKMaJapHU TYFpUIAH TYFpu €EnnaH(XoTupaaa
cakjaliHu) 3cinad KOJMIIHM HazapAa TyTaau. YHHUHI Oa)KapWIUIIM acocCaH
XOTHpara TasHau. YKyBUHIAPHHHT Oy Japakaard I0TYKIapH KyiHIaruiapHu:

1) ¢pusukaBuil XoaKcaIapHu OF3aku €KUM €3Ma O0aéH 3Ta OJIUIL;

2) puzuka TApUXUHUHT ajnoxXuja GhaKkTIapuHu OUIIUILL;

3) ac600mapHUHT HOMJIAHMIIIY Ba YJIAPHU KYJUTAHUII COXAJAPUHU OUITUIII,

4) pusnkaBuil KaTTATUKIAPHUHT XapPpuil npoaaaHUIINHU OWIINLL;

5) acOo0sapHUHT WApTAU OeNTrWIaHUIUIAPH, YIAPHU TACBUpJIAlI, CXema
Ba YM3MaJlapAa TAHUILIHU OWJIMILL

Il napaxa:

1) ypranmnaguran xoauca acocuia KaHaai Ha3apus €TTaHIMTUHA OUIIHILL

2) (Qu3ukaBui KOHYHJIADHU TabpU(IAHUIIM, YJIApHU MAaTeMaTHK
E3UITUIITMHT OUITUTIT Ba TYITYHHUIIL,

3) ¢du3HKaBMii KATTATUKIAPHU OWIIUII Ba TYIIYHHIII;

4) bu3MKaBUil  KaTTAIMKIAp YJIYOB  OUPIUKIAPUHU, YJIapHH
TabpudIapUHA OUITHII);

5) ac6006apHu UILIAIT TPUHIIMITMHU TYITYHHUII, OVIaKIapHu KUUMATHHU
aHUKJIAI, YIJall yarapacy Ba KypcaTKuwiapHu €3u0 OJUIITHU OWITUIII.

Il napaka YKUTUIITHUHT SKYHUH MaKCaIUHUA OCITHIaiIu:

1) 6ab3u Xycycuil XoaucanapHy TYUIYHTUPHUII YYyH Ha3apusHU KyJjian
ouu;

2) Oup xuia Xoaucanaap TYPYXUHH XapaKTEpJIOBUM TYpPJIM OCNIruiau y3apo
OOFIMKJTMKHY TYIITYHUII |

3) (QusukaBWil KaTTAIMKIAp Opacuiard y3apo OOFIHMKJIMKHU Trpaduk
paBUIlja TacBUpJAIIHM Owiuii, OyHAal OOFIUKJIMKHUHT — XapaKTEpPUHU
aHWKJIAII,

4) SKCHEepUMEHTIAPHH >KABOOJApHHU Ky3aTwO Oopwuii, OyHra 3apyp
Oynran acO00JapHU TaHJIAIIHU OWJIHIII ;

5) mawpnym dopmynanapaan doinananud, xucobmanuiapHu OaKapuITHH
OMJINIII,
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6)  ¢dusuMKaHWHT anoxujga OYIUMIAPUHU TAPUXUN PUBOKIAHUIIH
TYFpHCHA TacaBBypra 3ra OViIui ;

7) akiuid  (QAONUATHUHT «TEXHUK KOUJATAPUHUY» IIAKIUIAHTUPUIIL:
KUTOOHW YKUW OWIHUI, KEpakid MabIyMOTJIapHHU TOIHII, *aBOO peKacUHU
TY3HUII Ba IIyHra yXInamuiap.
buinmiiapHau or3aku TeKIIMpUIN PPOHTAJ cypall

®poHTan TEKIMpUILIa OWIMMHHUHT Xap Oup 3neMeHTuHU ketma-ket I-111
Japakanapaa TEKIIUPUIl Makcaiara myBoduk. Xad Oup caBon KyHujarwa
CTaAMsUIApJAH YTUILH JO3UM:

1) Owmumr €xu OMIMACTUKHY (PAKTUHYU Y3UHU TEKIIUPHII,

2) TYUIYHUIIHA TEKITHPHII,

3) TymyHMaciMK cabajapuHU aHUKJIAIIL;

4) TylIIyHMAacjMK cabanapuHu OapTrapad STHII;

5) caBoJsilary MacaJaHUHT aMajiuil KYJUTaHWIUIIM (arap Oy MyMKUH Oyca).
®poHTaN TEKIMUPUIIIAPHUA YTKAZUII MYMKHH:

- SIHTM MaTepUaliHU YpraHUMIIaH OJAUH (YH UIIUHU TEKIIUPUI EKU yi
uiM Basugacura Oepwii);

- SHTM MaTepUAJIHU YpraHuljlaH KEeWMHrd OUPUHYM MyCTaxKamJiall
Kapa€Huaa,

- amManuil uNUlapHud OaXapulugaH OJIIUH Oaxapull TapTUOJIapUHU
AHUKJIAIITUPUILIA.

®poHTan cypaiiga apanani, 3aHXUPIU (KeTMa-KeT YTUprad YKyBuuiapra
HaBOaTMa HaBOaT caBoJ Oepuin) €ku cuHpHU 2-3 KomaHgara 0yauo, mycobaka
aneMeHTIapuaal (oigananuil MyMKuH. TyFpu €ku HOTYFpU >kaBOOJApHU
YKUTYBYH EKN MaxCyC TaHJIAHIaH YKyBYMIAp XHCOOra OJHMILIAPH MyMKHH.
VkyBunra 6axo y4 éku GermTa skaBoGnap acocuua Kyinaaam. YKyBYHIAPHUHT
KaBoOjapuHu  Oaxonamiia yJIapHUHT TICUXOJOTMK HWHAMBYJIUAN  y3ura
XOCITUKIIAPUHU YbTUOOPTa OJIUIII JIO3UM OVIIaJIu.

NuauBuayas cypaum

WuauBuyan TEKIUPUIT KaBOOHU Ma3MyHUTa Kapad YHUHT TYFPUIMTUHU
aHUKJIalll WUMKOHUHM Oepaau: »XaBOOHUHI KETMa-KeTJIMTH, TYJIUKIWTH Ba
YyKypJAUTH, MYCTakuj (UKpJam, YKYBUMHM TaQakKKypUHUHT PUBOKIAHUII
Japa’kacu, HyTK MaJaHUSTH Ba X.K.

VKkyB Marepuanum HM YKyB4M McOOTIAp, XyJocagap, MaTeMaTHK
udonanap, cxemanap, QUMK XOIUCATAPHUHT TaXJIWJIU, IKCIEPUMEHTIAPHU
KYWUIUII MacalaJlapuHu ¥3 WYUra OJraH XUKOs Tapukacuaa 0aéH KUIMIILIApH
kepak. CaBOJUTApHUHT OEpHIIMIIY YKYB MaTepUAIMHUH Y3IaIlITUPUII JlapakacH
Ba YKYBUMJIAPHUHT €I XYCYCHUATIApU: YJApHUHT YCHUIIUra Kapad IeaKIus
ANEMEHTJIApUIaH HMHAYKIHS dSJIEMEHTIaApUHU JIbTHOOpra ommbd Y3rapTtupud
Oopuay.

WuauByauan of3aku CypallHy YTKa3uIlIaru acocuii tanadiap:

1. CaBosHUHT KYWWIUIIM (CaBOJI UKKA MapTa TaKOpOJIaHJau: OWPUHYH
MapTa cuH( y4yH, MKKUHYUCU-CYpaiaJurad YKyBUH YIyH).
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2. JKapoOra Taii€prapnuk: VKyBuMra kaBoora Ttai€pianuin ydyH (3-5
MHUHYT) BakKT axpatwiaau. KaBoO Oepwuiiia YKyBUMHUHT pexacu €Ky 0a3aBUi
(OTIOpHBIM) KOHCTIEKTH/ IaH (poii1alaHuII MyMKHH.

3. YKaBoOHM YKUTYBUM Ba CHH() TOMOHHMIAH SIIMTHJIHMIIN. YKUTYBUH
cuH(Pra «KaBOOHM SIIUTHINTA KypcaTMa» Oepaau, >KaBOOHM JUKKAT OwWJIaH
SIIUTHII Ba

- (3aMeuaHue) Ba TYJIIUPHILL,

- Takpu3 Oepwui,

- UCOOTJIapHM MIIOHWINTH, MHCOJUTADHA MaHTHUKUWIUTH TYFpPUCHIA
bukp Ounaupw,

- 0axosarr Ba yHU acocar,

- kaBo0 pexkacu Tyrpucuia ranupuiil((pukp OUIIUpuUI),

- QHUWK KOMJIaJJApHH TYIIYHHUIITa HYHAITUPUITaH caBojuiap Oepui,

- HYTK MaJaHUSITUHU OaxoJialll Ba X.K.

4. Y)KaBoOHu cuH( €kM YKUTYBUM OMIIaH MyXoKamMa KUJIUII.

5. baxo kyuwuml.

VKyBunmimapiaH MHAMBYAMAl Cypallia aHMK BAaKT PErVIAMEHTHHH
VpHaTHIll, YHA OaKapuUJIUIIMHU coaT €pJamMuja Ha3zopaT KWIHUII, caBoJuiapra
Myco0aKa deJeHTIApHHI KUPUTHUII XA camapa Oepasu.

NuauBuyan cypalllHUHT OOLIKA WYIapy Xam MaBxKy/I:

- CEKHuH cypail, Oy >kapaéHja YKyBuM (akaT YKUTyBUMIa KaBoO Oepaju,
OyTyH cHUH(} 3ca, MUCOJ YUyH, €3Ma UIll Ba3u(acuHu Oaxkapaju;

- ’KaBOOHHM €3M0 OJIMII OpKAIM Cypall, YKyBUMHH KaBOOM MarHuTo(oHra
€310 oJIMHAIM Ba AapcllaH KeMHH YKUTYBYM SIIMTHO Kypaau Ba 0axoJiaiu;

- YKYBUWIAPHUHT Oup-Oupiapuman cypamapu(0y acocaH KHYHK
rypyxJjap makUIaHTUPUIITaH/Ia aMalira OITUPUIIaIN ).

buiaumMiaapuu é3Ma TeKIIUPU LI

dusnka TUKTAaHTHIA YKATYBUYM TOMOHHUJIaH YKHO OepuiaaguraH caBojiiap
TyIiaMu  (MaXMyu)ra VKyBUWIAp TOMOHMIIAaH OWpJIaHWra >kaBoO &3uiiaju.
®du3rka TUKTAaHTUTA KyWHIard MaTepuaiiap KUPUTUIUIIN TaBCUS ITHIIA]IH:

- (u3uKaBUil KaTTAIMKIApPHUHT Xaphuil OeNrwiaHuIIapyu, YIT9O0B
OMPIUKIIAPUHUHT HOMJIaHUIIIH;

- GU3MK  KATTAIMKIAPHUHT HWGOJATIAHUINN, YJIAPHUHT YI9Y0B
OupJIMKIIapH Ba yJiap opacuaarv OOFIUKIUKIIAP;

- (Qu3MkaBUll KOHYHJApPHUHI TabpU(IaHUIIM, QUMK KaTTaJuKIap
opacuaaru MaTeMaTUK OOFIUKJIUKIIAp;

- (u3HMKaBUI KaTTAIMKIAP opacujaru rpaduk OOFIUKIMKIIAP;

- acbo0mapHu OeNTUIAHUIIM Ba yaap OWjIaH UIUIAIl KOUdaIapy.

Capomapau  Oepuill  KeTMa-KeTIWUTH  (PU3MKaBUW  KaTTaJIHMKIIap,
xonucanap, ¢opMmynanap Ba OoIKa >XaBoOmap pexacMHU IBTHOOPTa OJUO
TaHJaIl TaBcus ATHiaau. MacanaH, GpopMynamapHi OWIHININA TEKITUPHII YUyH
KyHuJarnda caBojuiap KeTMa-KETJINTH TaBCUS STUJIA/IN:
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1) dbopmynamapHUHT MaTeMaTHK KYPHHUIIA Ba Xap OMp KaTTaJIUKIApHU
TYIIYHTUPUIL,

2) ¢dopmyinara KUPYBYM  MPOMOPIUOHATUIMK  KOADPUITMEHTUHUHT
(u3MKaBUIl MAbHOCH;

3) dopmyrnara KUpyBUM KaTTaJMKIIAp Opacuaru OOFIUKIIUK;

4)  dopmynara  KupyBYM ~ KaTTaIWKIAp  opacumaru  rpaduk
KYpUHULI(TACBUD).

@u3MKaBUM NHUKTAHT YTKA3UII METOAMKACH KyWHIATrWJIApHU Y3 HWYNTra
onagu: 1) YKATyBYM Tal€prapiauruHu; 2) IUKTAaHTHU YTKA3HUIIHU (CaBOJUIAPHU
VKATYBYM YKUWIM €kU oniuHIaH MarauTodonra €3ub omanu. Marautodongaru
€3yB MKKHM BapuaHTIa aél Ba JPKaK KWIIA OBO3W OWJaH E3WIMINA MaKCajra
MyBOGUK); 3) HUIIHU TeKWUpHUIl (YKUTYBYM TOMOHUZAH TEKIIUPUIIAIH,
TEKIIUPUIITA YKYBUWIAPHU KO HTuil, XyhT OYnub y3apo TEeKIIMpHIN);
4) HaTwXKaIap TaxJIiu; 5) OV KOMIapHU HYKOTHIIL

Ha3zopat (MycTaku,1) Huuiap

Hazopar (MycTakui) HMIUIQPUHUHT Ma3MyHUHH MaTHJIM (QHAIMTHK Ba
rpaduk) Ba JKCIEPUMEHTAN TOMIIUPUKIAp TaIIKWI Kujdaau. Massyra ouj
Ha3opaT UIIApHU AacTyp Tajabiiapura MyBopHK JapCciluK Ma3MyHH, Basu(aHUHT
MYKOOWJUTUTH Ba YKYBUMHHUHI JaBJIaT CTaHJIApTU TajaOujaH mact OynmaraH
Taéprapiauk aapakacuHu 3bTHOOpra onud Ty3wnaau. Hazopar unuiapuHu
VTKa3WIIJaH OJIIMH YKyBUWJIApra TOIIUMPUKIAPHUHT aCOCUM Typjapu Ba
OaxoJaln HopMaiapu YbJI0OH KUJMHAIH.

Hazopar (Mycrakwi) uOuUIapd BapUaHTIApPUHHU TaW€pHallHUHT TYpIU
nynnapu maBxya. Macanan: 1) Oup xun KUMMHIMKAAru 2-4 BapuaHTiap;

2) MabiiyM 0axo ydyH BapuaHT (YKyBumiapra OWp BaKTHUHT y3uaa 3 Ta
MaTHJM Ha3opaT WA TaKIU( KAJTUHAIW, Xap OUPUHHUHT TYIUK Ba TYFpPU
eUMMHTra MablIyM Oaxomap OenrumaHamm: <«3», «4» éku «5». VKyBuM M
Japa’kaCUHU TaHJAII XyKyKHUTa 3Ta);

3) «mapaxanu Hazopar unuiapw» (0y Xonna YKyBuUMra TONIIMPUK 2
KHUCMIa OYJIWHTaH BapWaHT, yJap KYpUHAIWTaH TOPU3OHTAN YMU3UK OWIaH
axpatunaad. Yus3wk ycruparn OWPHUHYM KUCMHHM Oakapwmimu «3» 0axo
Kyimmmuan Kadonatiaan. FOkopu 6axosiap OIUII yU4yH 3Ca YU3UK yCTHUAATH
Oap 4Ya TONPUINMKJIAPDHM Ba KHUCMaH €KW TYJIUMK YU3UK OCTUIArd
TONIIMPUKJIAPHU Oakapull JIO3UM OYann);

4) «Oannmap OViimya» Hazopar wunuiapu (YKyBuUwiapra MabiyM Oup
0axoapHU OJIMII YYyH OJATHaruiaH KyN TOMIIMPHUK E3WIraH BapuUaHT TakJIug
KWwinHaau. Xap Oup Tommupuk Oamnap OujiaH uMdoanaHaguraH MabiyM Oup
canMokra sra. Mucon yuyH, 3 Ta Tommupuk 1 6annan, 2 Ta ommupuk 2 6anmaH
Ba | ta ronmumpuk 3 6annan. Konukapnu 0axo onuim yuyH yKyBuH 1 Oamiuk 3
Ta OJIUNA TOMIIMPUKHU CUUIINHU, SXIMHA €KW abjio 0ax0 OJUII YYyH 3ca Yy
KUUMHPOK TOMIMPUKIAPHU TaHJIAIIN JTO3UM OYIasn);

5) TommMpuK Ma3MyHH OUp Heua caBoJIap/aH ubopat Hazopar uim (0y
X0Jila KOHMKAp/M 06axo onwiml yuyyH (akaT OMpWUHYM SHT OJAUNA CaBOJUIapTa
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»kaBoO Oepum kudos. KelnHru caBosuiapra xkaBo0 OepuIll 3ca I0KOpH 0axoJiap
KYWWJIMIIIUHA TAbMUHIIANWIN ).
Yii Ha3opaT HULIapU

Vit Hazopar uNUIApU Y4yH KyHuAaru TONMIIMPUKIAPHU TaKJIA(] KHIMII
MYMKHH: -3KCIIEPUMEHTa] TOMIIMPHUKIIAP; -PpopMysaiapHu OTpaOOTKa KHUIIUII
TONIIMPUKIApU (MacanaH, pEe3UCTOpJapHU YJHAIIHUHI MYyMKHH OyJiraH
YCYJUTAPUHU TOIHII Ba SJIEKTP 3aHKUPUHU XUCOOIIAII);

- Oup HeuTa ycymap OuiaH eduMH Tajnad STHIaJUraH TONIINPUKIIAD;

- ajaluit acap/a Ba3usAT KypUIaJauraH TONIIUPHUK;

- TypAd MaB3yjap MaTepuaUlapuHu (QoHJalaHUIIHM Tanald 3TaauraH
YyMyMJIAIITPYBUH XapaKTepAaru TONIIUPUK;

- usukaBuil MO/IENIM Ba KaTTAIMKIIAPY OUYMK KYPUHUIIIIA OepriiMaiiuran
Oaxosail TONIUPUKIIAPH.
buanmiiapHy TeCT/IM TeKITHPHII

Numo Ba pedepammap VYKyB  MarepuajdHU  Takpopijaml  Ba
YMYMJIAIITUPUINJIA, OJIMHTAaH OWIMMIApPHU  OHIVIM  V3JIAIITHPUITAHIIUK
TapakacMHM Ba artpod xa€Tumuznard (U3MK XoAucallap Ba KOHYHHSTIIapra
MUCOJUIAp KypcaTa OJIMIIHU TEKIUPHUIILIa HonamaHuIau.

Numonu 7-9 cundnapaa €3um Makcaara MyBoQUK Oyimaau. TaXMHUHHI
MaB3ynap: «Mmkananum iykonam», «CyB MOJIEKYJIACUHUHT CAapry3allTiapu»,
«ONEKTPOHHUHT caéXaTtw», «ATpopUMHU3IArd HCCUKIUK (EPYFJIMK, TOBYII Ba
ooiika) xoaucanapuy, «Huma 6ynanu, arap...?» Ba X.K.

Pedeparnap OunuMiapHu TEKIIUMPHUIIHUHT €3Ma mmakiau O0ynu6. Opatna
IOKOpH CUH( VKYBUMJIapU YUYH KYJIJTAHUIIAH.

bunumnapau Tect ycynuaa TEKIIMPUII YKYB MAaTEpUAIMHUHI UCTaJITraH
OockuwIapuaa YTKa3WIHIIA MyMKHH.
PDu3uKaaaH YKyBYWIAp OWJIMMHHM 0axosam 0yiin4ya KypcaTmMaJjap

duszukaHun YKUTUII >KapaéHW XaM Xyaad Oomka (aHiap KaTtopu
VKyBUMWiIap OWIMMHHH WHIUBYAHAI-MAaB3yUH TEKIIUPUIIHA TaK030 DITaJlu.
VKyBuMIap TOMOHHIAH YKYB MAaTepHAIMHH Y3NAUITHPUIIMHE GaxXOIAlIHHHT
ydTa acoCUd HIIHMEHTIIApU MAaBXKy[: Hazapuil Ouilumiap, yJlapHU TUIIOBOH
Ba3u(a(macana) Ba MalIKJIApHU CUMIIJIA KYJUIak OWJIMIN Ba JKCIEPUMEHTA
KYHUKMA.

VkyBumnap OGmiMMHHM — Hasopar-Oaxomam — aomusATHAa  (QH3HKA
VKATYBUMJIApU KYTIMHYA UKKUTA cUcTeMa(TU3uM)AaH (oiinananagunap.

1. AwndbaHaBuil Tu3uM. by xonjga YKyBuM maB3y Oyiinuya 0axo OJIMILIU
Kepak:

- MaB3y MaTepuany Oyinda or3aku ®aBoO €Ky OOIIKa MIAKJIIard Ha30paT
Y4YH,

- MacaJajap e4uil Oyinda Ha30paT UM YUyH;

- nabopaTopus Ul Y4yH (arap YKyB JaCTypura KHPUTHIITaH Oyiica).

Sxynuit  O6axo(4opakiuK, SpUM HWUIMK Ba MWWIUIMK) IOKOpHIA
TabKUJJIAaHTaH 0axXOJapHUHT ypTa apudMeTUK KuiiMaTu acocua Kyuunaam.
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2. PeiituHr-TECT TM3UMHU. BYTYHTH KyHAa HI KOHT TapKajlraH OaxoJaiil
THU3UMJIapUJaH  OViamO, VYKyBUMJApHUHT Ouiumiiapu Oamnap WHFUHIUCH
cuatunaa udonananaau. PEUTHHT TH3UMMHU aloxuja MaB3y, OYIMM EKU Kypc
Tyraraija yTKa3WIMIIM MyMKUH Ba Oy TU3UM XaM Ha30paTHUHT Y4 3JIEMEHTHHU
Y3 uuura oyiagu: Hazapuil OWIMMIIApHU TEKIIUPHUII CaBOJUIAPH, THUIIOBOM
Macaja(TOIIIUPHK)Iap Ba SKCIIEPUMEHTAJT TOMIUPHUK (Ba3uda)map.

AxyHuil 0axonap YOpPAKIMK, SPUM HWUIMK Ba WWUIMK SKyHJIApUra
OwuHoan Oapya OaxomapHUHT Ypraya apudMETUK KUWMATH XHUCOOHWTaH
Kyimnaau. Opanuk 0axonanuiap sSKyHUI 0axojapHU KyTapuiia KyUIaHWIaau.

VKyB JnacTypuja O€ITWIAHTaH —YKyBUMIAPHMHT —aMaidii  HMILUIApH
MaB3yJIApHU  YPraHUIIHUHT Typau OOCKAWIapW Xap XWJI IIaKuiapaa
VTKa3WINIINA MyMKUH.

®uzrka YKUTHINIA TECTIAPHUHT KYJUTAHWJIMINW Ba MIAKIIapy

Xo3upru BakTIa YKyBUWIAp OWIMMHM Oaxolyialll Ba YKUTYBUWJIAPHU
aTTeCTalsl KWIMIIHUHT SHI OOBEKTUB IIAKUIApUAAH OUPH TECT YTKa3UII
TH3UMHU Xucobnanaay. 1. Enuk makmu: a) GUTTa TYFpH KaBOOHM TaHJIAMI Hyau
OwiaH (MKKWTA, y4Ta, TYPTTa Ba X.K.); 0) Oup HeuTa TYFpu >KaBOOJIApHU TaHJIAII
uynu Omnan. 2. O4uK makiau ()KBaoO TETUIIUIH JKOMTa €3UIain).

3. Bup Tymiam s5ieMeHTIapuHA OOIIKACUTa MOCIIMTYA KOUJIACUHU YPHATHIIL.
4. Kerma-keT nm O0a)kapuill KOMIACUHU YPHATHILL
TecT TOMUHUPUKIAPUHUHT TYPJIH MIAKJIAPUTa MUCOJLIAp

|. burra TYyFpHu %aBOOHM TaHJAIIHUHT €MUK makin. Tyrpu sxaBoO 1 Oamn
Ownan 6axonanaau. Tonmmpuk. TYFpu »aBoOHM 1OMpa UUKTa OJIUHT.

CrnupTiv TEepMOMETPHUHT UIILJIAIIN acocuaa Kanaa pusnk xoauca €taam?

1. Kuzurranaa CyrOKJIMKHUHT KOHTAUUIIIH.

2. Kusutranga CyrOKJIMKHUHT OyFJIaHUO KETHIIIU.

3. Kusutranaa HypiaaHuml.

4. Kusutranja CyroKJIUKIAard KOHBEKIIHS.

Bapuantnapnaru skaBoOiap COHM KaHua Kym Oyica, TYFpu >KaBOOHU
TOMUII APXTUMOJUATH IyHYa Kamasiiu (Macanas, >kaBoOiap conu 4 Ta Oyrca,
TYFpPU KABOOHH TOMHUII SXTUMOIHATH 25% Ta TOHT OYnasu.)

bup Heya TYFpu )KaBOOHM TaHJIAITHUHT €MUK IIAKIH.

Tonmupuk. bapua TyFpu >xaBoOIapHU JOUPA UUUTA OJHHT.

PU3KK KaTTaauKiIapra Kupaiu:

1.Kyu. 3. bocum. 5. Macca.

2. Mertp. 4. Iudpdyzus. 6. Xaxm.

by xonma xap Oup TYfpu >kaBoO yuyH Oup OanmaH KYWWUII MYMKHH.
Macanan, kelTUpWIraH TONIIMPHUKIArd TYIUK >kaBoOmap yuyH 4 Oamia
KyWuiaau.

Il. Ounk maxmu. byngait maknmgard TOMIMUPUKIAPHU Ty3raHjaa Oapua
(buKpIap UMKOHHAT JAapa)kacuja KUCKa, TEKIUPUIYBUU IITyHYA KaM Cy3 €3I,
Ky urad(TyJIIupuiaagurad) cy3 3ca TONIIUPUKHUHT OXUPHUAA KYUWIHIINA
JIO3UM.

35



I1l. Mocnuruau ypHatuira goup Bazudaiapaa Oup ycTyHaaru xap oup
AJIIEMEHTTa MOC KeJlaJiuraH OolllKa YCTYH/Iary AJIEMEHTHH TOIUII 3apyp.

VI. KetMa-keT uin 0akapuivii TOMIIAPUFUHN TYPJIM UIUTAPHU OaXKapHIIl
QITOPUTMIIAPUHYU TEKIIUpUIIAa Kyinam MyMmMkuH. Duszuka ydyH Oy akiuid
UIUIAP 3aHKUPHU OVIUIIN MyMKHH.

Tonmmpuk. Tyrpu Oypuaknapna pakamiIapHU KYHHII OWIaH KeTMa-KeT
TYFpH Ul OKAPUITUIIUHN KYPCATHHT.

JuHamuka Oyitnua Macajia €4uIl:

O - CaHOK CUCTEMAacCHHU TaHJAILL

O - HpIOTOHHUHT UKKMHYHM KOHYHUHU €3MUIIL.

0 - HPIOTOHHUHT MKKMHYY KOHYHUHU CKaJsIp MaKiAa €3UMl.

O - ThHrnamanap CUCTEMACHHU €UHII.

O - XKucwmra tabcup 3TyBYM Ky4HH rpaduK paBHIIIa TaCBUPJIALLL.

O - XucoOOTHM TaxJIWJ KHITHIIL.

O - ThHrinamanap CUCTEMAacUHU OJIMIIL.

O - C(Cxemaruk pacm sicall.

1. 3aHKMpau TONUPHUKAA KeHNMHIH TONIIHPHUKIATH TYFPH KaBOO
OJI/IMHTHM TONMIMPUKIATH KaBOOra OOFIMK Oy/aamau.

Macanan: Arap 3appauaja:

1) aneKTpOoHIap COHM MPOTOHJIAP COHUra TAHT OYiica,
2) 3IEeKTPOHJIAp COHU MTPOTOHJIAP COHUAAH KaM OyJica,
3) sAeKTpOHJIAp COHM MPOTOHJIAP COHUIAH Ky OYJiica, 3appayva:
a) MaH(uii noH; 0) MycOaT MOH; B) HEUTpa OyIaau.

bepunran TemmnepaTypaga MojAJla MOJEKYJIACMHUHI YypTaya KHHETHK
DHEPIUSACH:

1) y3rapmaiinm, 2) y3rapaju.

2. Kuzutranaa cyroKIuKIaH yYuO YUKaIN:

1) sHr cekuH MosieKynanap, 2) 3HT T€3 MOJIEKyJiaap,

3) Te3nUruaaH KaTbuil Ha3ap Xap KaHjaal MoJeKkymanap.

3. byfnaHuiiga CyroKIMK MOJIEKYJACUHUHT YpTaya KUHETUK SHEPTUSICH:

1) omanu, 2) y3rapmaii Kojgaaw, 3) Kamasiiu.

4. Cyrokuk OyFJIaHTaH/Ia:
1) coBuitan, 2) ucuiiay,
3) noumuii Temmeparypara sra Oyiaaau.
5. CyloKJIMK COBYTHJITAHA YHUHT OYFJIaHUILI MHTEHCUBIIUTH:

1) y3rapmaiinm, 2) omanu, 3) kamasau.

IOkopunarunapra yxmam (usuka YKUTHUIIAA TECT TOMIIUPUKIAPUHUHT
Typiuda BapHaHTIIAPU UILIATUIUIINA MyMKHH.

Pu3nka KYPpCUHUHT MOJIEKYJSIP (pu3nKa 0YJIuMH MaB3yJJAapMHM YKUTHIIAA
aapcjapaa Oepujajurad Mabpy3ajiapAaH HaMyHaJap

24.1. Mag3y: Kupum. “Mogexyasp ¢uszuka” GaHMHUHT
npeaMeTH, Badugacu Ba mandagapu. Moaekyasip pusuka panu. DaHHUHT
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Bazudacu, (GaHHUHTI U3HMKAHUHT OOMIKA MaxXCyCc Kypcjaapu OujIaH
OorMKIMIH. @aHHU YPraHuligarn MyamMmoJiap, yciayomid KypcarmaJjap.
JJIEKTPOH JapCJMK Ba MyJabTuMeausuiapaan doiaansanum. HHTEepHeT
TH3UMHUJATA MaHOaapaaH (oiigajaHuIIL.

Pexa

1. Mounexkyasp ¢usuka ¢anu. DaHHUHr Basupacu, QGaHHUHT
(pu3dnKaHUHT 00K MaXCyC Kypcaapu OnjiaH OOFJIMKJINTH.

2. daHHM YpraHvmmgard MyamMmoJiap, yciayomii  kypcarmadgap.

JJIEKTPOH JapCJMK Ba MyaruMmenusuiapaan  ¢oigananum. HWatepHer
TU3MMHIArd MaHOanapaan Qoiigananum.

Cu3 usuka (haHMHUHT WK KYpCH MEXaHHKa Ba Oolka Oyumiapu Ouian
TaHUIITAaHUHTU3/1a, KUCMJIAPHUHT XapakaT KOHYHUSTIAPUHU YpraHUIIa yiap
Ooup OyTyH, SAXJIUT >KUCM €0 Kapamaau. AMMO KU3JAUPWITAaH KATTUK
AKUCMIIAPHUHT XQKMJIIAPUHUHT OPTHUIIU, KMU3TUPWIMII J1aBOM E€TTHUPHIICA CYIOK
XoJlaTra YTHUIIM, UIYHUHTJEK, CYIOKJIWKIAPHUHT KU3IUpWiIrasga OyF xoJjarra
YTUIIM Xap KaHAall KaTTUK Ba CYIOK MOJJIa KUYUK Ky3ra KypuHMac 3appajiap —
MoOJIeKyJajiap/Aad TAlIKUI TONTaHJIWTU Xakujaaru ¢ukpra onud kenaau. bapua
arparaTt xoJlatgaru (KaTTHK, CYIOK, ra3) MOJJanap aHa LIy MOJeKyJlajJapaaH
Talmkuia Tonrad. KaTTUK MoOjJalapHMHT CYIOKJIMK Ba ra3 XoJiarra YTHUIIH,
razJlapHUHT XaM CYIOK, KaTTHUK XoJjaTra YTUIIHU, CYIOKJIUKIAPHUHT KATTHK EKU
raz xoJjiarra ytumu Oy (UKpHM Tacaukiaaiiau. MojagaHuHr Oapya XUMHSIBUM
XOCCaJIapUHU  y3uJla My>KacCamyIallITUpPTraH »dHI KWYUK 3appacura yHUHT
MOJIEKYJIACU JECUMIIaIN.

Mopaanu TalmKuia 3TyBYM KYI COHJIard 3appajijap — MOJEKyJaJlapHUHT
Xapakatu OwilaH OOFIMK Xoccajapu, MOJJIAHUHT OWp XojaTAaH WKKUHYH
XoJlaTra YTUIA KaOu jkapaéHiap Ba yJapHUHT KOHYHUSTHHU YpraHWIl OWJIaH
MOJIEKYJIsAp du3rKa HhaHu MyFyIIIaHaTH.

MopaaHUHT MOJIEKYJIAp TY3WJIMIIM XaKUJard TacaBBYp JKyla KaJluMm
3aMoHJiapaaék maigo Oynran. AMMo Oy TacaBBypiiap WJIMHUN acoCIaHMaraH Ba
Taxxprubaaa ucOoTIIaHMaraH TacaBBypJiap €.

XBUU acp oxupnapu Ba XHUX acp Oounwapuaa boiin, Mapuortrt, ['eii-
JIroccak, Jlanton, ABoraapo TOMOHHIAH €KCIIEPUMEHTAJ PABUIIA OUYMJITaH ra3
KOHYHJIapU MOJiIa TY3WIUIIHMHUHT MOJICKYJISIp Hazapusicura KYIIWIraH YJIKaH
xucca OyJu.

Aitaukca, XWX acpuunr ukkuHuum sipmura kenu6d XKoyn, Kiaysuyc,
Makcsemt, bonmman, ['m606c kabu onMMMIIApHUHT KYIITaH Xuccacu Ouiad
MOJIEKYJISIP-KUHETUK HA3apUSIHUHT aCOCUN KOHYHMSITIAPU XO3UPIH 3aMOH
KYPHUHUILAHY OJIJIH.

Mounekynsip XapakaTJapHUHT MaBXyJl SKaHJIUTHHU HCOOTIAIIIa WHIJIN3
O0otanuru bpoyHHHMHT TaxxpuOacu X03Up XaM Y3 aXaMHUSITHUHU MYKOTraHdh HyK.
bpoyn xapakaTwHM TemIiiepaTypara OOFJIMK paBHINA YPraHUII MOJICKYJISpP
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XapakaTJIapHUHT OeBocuTa Temreparypara OOFJIMK SKAHIWTHUHU KYpcaTau.
Temneparypa optrania bpoyH xapakaTtu Te3namajiu, TeMiepaTypa nacairasua
eca akCHHYa, CeKHHJIamaau. byHmaH Ttemmeparypa MOJEKYJIsp Xapakar
TE3JIUrura OOFJIMK SKaHJIUTY UCOOTIIAHIH.

XapakaTHUHT MOJIEKYJIAp (hopMacu MaBxKy/l SKaHIUTUHA UCOOTIIOBYM sSHA
MyXuM xonucanapaan oupu auddysus xomucacuaup. Huddysus xomaucacu
MOJIAaHUHT Xap KaHJal arparaT xoJiatujaa pyil Oepca xam, KaTTUK XoOJaTAaru
KUCMIIap/Ia PHT CEKWH, CYIOKJWKIAp/a YHra HucOaTaH TE3pOK, ra3 Xojjga eca
Te3 pyit 6epaau. Juddy3us Teznurn xam MojaIa TeMIiepaTypacura OOFIIHK.

Mynagait kuub, XapakaTHUHT MOJEKYJsp ¢dopMacu MOAa arparar
XOJIATUHUHT Xap KaHdal Typw ydyH XaM YpuHiIm Oynmbd, ra3 xojatga y
TapTUOCH3 XaOTHUK XapakarlaH, KATTUK SKHUCMIIapJla KPUCTA/Ul IaHkapa
TyryHUJa MyBO3aHaT Xo0JiaT arpoduga TeOpaHMa XapakaTjaH, CYHOKJIWKIapia
eca KaTTUK >KUCMJIapIarueK MyBO3aHatT XoJaT aTpoduia TedpaHMa Ba aiyianMa
Xxamja OMp MyBO3aHAT XOJIATJaH MKKUHYM MYBO3aHAT XOJlaTra cakpad YTHIl
KaOu xapakaT TypJiapujaH uoopar.

Monekyinsap ¢usuka GaHUHUHT aMaJIuidi aXaMUATA XaM KyJla MyXUMIHP.
Hccukiiuk eHeprusiCMHUHT O€BOCHTa MEXaHUK CHEPrusCUra aiaHTUPUIIUIIN
WHCOH aKJIM 3aKOBATHHHHI MOJIEKYJIAp (u3uka (paHu Toupacupard 3Hr OyHOK
kamduérnapuaan xucobnmananau. Kelunru #wmapga Kyla —Mypakkad
MOJICKYJISIp CHUCTEMAJapHUHT Wl (AONHATIAPUHA MOJEIUIAIITHPHIIIIapaa
ANEKTPOH xucoOam mamuHagapuHuar (EXM) kyutaHmmimm uiMui-TeXHUKa
WHKWIOON OOCKMYNIA KaTTa BOKEINKKA alIaH/IH.

Mynaait Kuand, MoseKyasp puznka yMyMuid (pU3uKka KypCUHUHT MyXUM
Ba acocuil OyumugaH Oupu XxucoOIaHa u.

Tabuatnaru OGapua Mojamanap I037aH OPTUK XUMUSBHH eleMEHTIap/laH
TalIKWJ TONTraH. DJIEMEHTHUHT Oapya XOCCACHMHU Y3uja My»KaccamJjallTUpraH
PHT KHYMK 3appadacura aroM jaeumnanu. XO3Uprd BakTlia, MabIyMKH,
ATOMHHMHT Y3M XaM eJeMEHTap 3appajap - sSApoJlard MPOTOH Ba HEHUTPOHIIAp
xamaa ynap arpodpuaa MabiayMm opOuTtamap OVina® XapakariaHyBYH
NIEKTPOHJAp/IaH TalKWJI Tomran. Ammo, Oy 3appajiap eJIeMEHTHUHT
XapaKTepJu Xoccanapura 3ra OyiMacaaH, Typiau XUl eIeMEeHTIApHUHT TPOTOH,
HEUTPOH Ba dJIEKTpoHIapH V3 cudartiapu Ousan oup-oupuaan dhapk KuiManu.
Typnu xwun aromiapaa YJIapHUHT COHM Typind4ya OYnraHimurd Tydanau
yJIapHUHT X0ccajapu Oup-OupiapuaaH KeCKUH (papK KUIaIu.

OHT conia 3eMeHT Oy BoJopoI aToMuaup. Bomopoa aTOMUHUHT siapocu OUTTa
MPOTOH Ba YHUHT arpoduaa mMabiym opbOuta OVitnad xapakaTiaHyBYM OUTTa
ANeKTpOoHaH udopar (1-pacm).

XaMMa XUMHUSBHH SJIEMEHTIapjard MycOaT 3apsyiap - MPOTOHJAP COHH,
MaH(H 3apsiuIap - NEKTPOHJIAP COHHUra TOHT OYIMO, YIapHUHT MHUKIOPHU 1Ty
CJIEMEHTHUHT JaBPH CHUCTEMaJard JrajularaH TapTuO pakamu Owitad
aHUKJIAaHATH.
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By 3appanap Maccara sra. JIEKTPOHHHHT MaccackH Me=9.11-10°' kr Ba
saps €=1.6-10"°Ko1. IIpoTOHHMHT Maccacu eca SJIeKTPOHHHHI MAcCacHIaH
1836 mapra karTa, sbHM M,=1836-M.= 1.66-10%" kr 3apsiay SICKTPOHHHHT
3apsiAUra THHT.

Atompa 60p OynraH HEHTPOHJIAP COHU Iy €JIEMEHTHUHI Macca COHMJIAH
JaBpUl CHCTEMaJa »Jrajylaral TapTUOMHMHI alupmacura THHI. MacanaH:
KHCIIOPOJI aTOMUHUHT Macca COHM 16 ra TIHT. YHHHT JaBpHil CHUCTEMaaaru
TapTuO HOMepH eca 8. Jlemak, KUCIOpoJ aToMHa 8 Ta MPOTOH Ba 16-8=8 Ta
HEUTPOH OOp 3KaH.

Mounekynsip ¢pusnkaga aToM Macca COHMHM HUCOUN OMpIuKIIapaa Yidain
KaOyJl KWJIMHTaH. ATOMHHUHI OMpPJIMK Maccacu KWinO, Macca COHM VH MKKHUTa
TOHT OYNraH yriepoja M30TONH MACCACHHUHT YH MKKHJAAH OUp yIymu KaOyin
KWJIMHTaH. YTJepoJ YH MKKM M30TONMM aTOMHUHMHI Maccacu mu:19.92-10'271<r.
YHUHr YH uKkmgaH Omp  ymymm  eca m=1.66-107"kr. Bomka 6apua
€JIEMEHTJIAPHUHT Macca COHU aHa Iy Oupnukiapnaa ymuanaau. Macanan: ¢rop
ATOMHHHUHT MaccacH yTiepoJl aTOMH MAacCCaCMHUHT VH UKKUAAH OUp yIylIuJIaH
VH TYKKM3 Mapra Karta 3KaH. HucOuit Oupnuxmapaa mMe=19. Aobcomior
OupnuKIiapaa 3ca

m, = 19-%-]9,92-10_37/{g= 31,5410 kg .

[yngait kunmb, Oapuya XUMUSBHM €JIEMEHTIApHUHI aTOM Maccallapu
abcomot Gupiuknapaa 102'-10% kr, nucbuii Gupimknapaa eca 1-300 opannkna
Oymap oKaH.

Tabuatna kynruHa MoJjajgap aToM XOJjla emac, MOJICKyJa XOJHuaa
yupaiiaun. Mopana Mosiekymacu Oup, HWKKA €KM  YHJAaH OPTUK COHJAru
aTomJIapZlaH Ba IIYHUHT/ACK, OWp XwWwi aromiapjaH €ku Oup Heda Xl
aToMmJIapJiaH TAIIKWJI TOMNraH OYJIWINIM MyMKHH. Macaiian, KHUCIOpOJA Ta3u
Mosekyiacu O, ukkuTa Kuciopon atomunan moopar. CyB monekynacu (HpO)
ydqra aToM - OuTTa KHUCJIOPOJ Ba HWKKHATAa BOJOPOJ, CyibhaT KHUCIOTa
MOJIEKyJlaCh €ca y4 XWJ aroMjiapiaH TallKuil TonraH Oyiaub, yHUHT
Mosekynacugaru (H,SO4) atommnap conu Herrurara ToHT. FOKopu OupukMaiu
Mojdanapaa (mojuMmepiiapaa) MOJICKYJIaJard aroMjap COHM XaTTo Oup Heua
MUHTAaH uMOopar OYnMIIM MyMKWH. XYII, IIyHJAWd 5KaH, MOJEKYJIAHUHT Y3U
Huma? Y KaHmail Tysuiaran? Mosekyna cy3u JOoTHMHYA - “MOJieKyna” CY3uaaH
OJIMHTaH O0YJnO, Iy MOJIAaHUHT aCOCUM Ba y3Ura X0C XapaKTepiid XOCCAIapUHU
¥3uma akc eTTUPYBYM DHI KWYUK 3appadacunup. Mosekyna cy3uHu ¢aHra
oupunun 6ynu6, 1658 vmnna dpaniy3 onmumu [1.['accenan kuputran. YHUHT
XaKMKaTaH XaM MaBxXya JKaHmuruHu Taxpubana (1906 itmnma dpannusana)
XK.Ileppen ucbotnanu.

Monekynara Oepunran TabpudHH Kylumard Xa€Thil MucoJiapaa
TYIIYHTUPHUII MyMKUH. MoJila KaHaal arparaT xojatuja OVIuImaaH KaThbui
Hazap yHU Maija Oymakiapra Oyaum MyMKUH. MacanaH, Oup Oyak oml Ty3uHU
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Maiiia OVnakmapra Oyicak, y Oyiakiapjaa xaM OII Ty3W XOCCacd HaMOEH
oynamu. by maiina OymaknapHu XaM yHIaH XaM KWUYUK Oyiakiapra OYIdIil
MyMKUH. BYIUHMIIHK siHA JaBOM eTTUpaBepcak, Ol TY3UHUHI Xoccajlapu
CakJiaHUO KoiaauMu? YHHHI XOoccallapd MOJIEKYJsip Oynakiapra OYJIMHryHUYa
caknanuO kojaau. Om Ty3u Mosekynacu Harpuih (Ha) Ba xmop (Cn)
aToMJIapUIaH TallKWJI TomraH Oynu0, YHHHT XOCCAaCH MOJICKYJAHUHT
napyajaHUIM OONUTAHTYHYA CaKIaHUO KoJiaau. Xap OWp Mojaaa MOJEKyIacH
y3ura xoc xoccajapra sra OYnu0, aTOMJIApHUHT OMPUKHO MOJIEKysa TaITKWJI
KWIWIITN aCOCaH MKKHM XWJI OOFJIaHWIN MOHJIM Ba KOBAJICHT OOFJIAHUIN aCOCHIA
xocws1 Oynmaau. By OOFIaHWUNUIApHUHT XOCWJI OYJIHII MEXaHU3MU OuiaH
TaHUIINO YMKaMHu3. ATOMJAru 3JEKTPOHIAp SAPO aTpoduaa Mabaym KOOMKIIU
opOutanap OyinMya XapakariaHuO, KOOMKIAarud 5SJIEKTPOHJIAP COHU MabIyM
tTapTubra OyicyHaau. MacanaH: OMprHYM KOOWKJIa MKKWTA, MKKUHYM KOOUKIA
CaKKHM3Ta, YYUHYM KOOMKIA XaM CaKKH3Ta, TYPTUHYM KOOWKJA eca YH CaKKU3Ta
Ba X.K., ’IbHU JIaBpUN CHUCTEMaJaru xap OuUp JaBplia >KOIIalraH eJIeMEHTIIap
COHM OWIaH aHUKJaHaIWu. ATOMJIAPHUHT MoOJIeKyJlara OWPHUKUIINAA TallKd
KOOMKJIark 3JIEKTPOHJIAp aCOCUM poJIHM YiHaWau. by snekTpoHiapra BaJeHT
NEeKTpoHnap  aedwnaau.  JaBpuit  cuctemagaru  Oup  XWi  TpyIna
€JIEMEHTIIAPHUHT TAIlIKH BAJIEHT JIEKTPOHIIAPUHUHT COHM y3apo TOHT. MacaiaH:
OMpUHYM TpyNmajard BOJAOPOJ, JUTUW, HATPUM, Kaiuii Ba X.K. KaOu
€JIEMEHTJAPHUHT TalllKKM KOOuFuaa OWTTaZaH BaJICHT 3JIEKTPOHJIAPU MaBXKYJ
Oynca, erTtuHud Tpynmnagara ¢GTop, XJIop, OpoM KabW eleMEHTIapHUHT
eTTUTAaH BAJIECHT AJIEKTPOHJApH OOp. ATOMAAru yMyMHil 3JIEKTPOHJIAp COHH
ATOMHMHI JaBpHI cucTeMajard TapTUO pakamura T3Hr OYiuO, TalllKyd BaJICHT
JIEKTPOHJIAP COHM Trpynma TapTuOu Ownad aHukinaHagu. CakKu3uHYH
rpynnajard €JIeMEHTJIAPHUHT TalllKd KOOWFM BaJIeHT »JJEKTPOHJAp OuiaH
Tynran OYiaub, SHT TypFyH aTOMJIAPHU TaIKUJI €Taju. by eleMeHT aTomiiapu
uHepTaup. lyHUHT ydyH XaMm yiap KyNmuHYa WHEPT rasznap ae0 auTuiaam.
bynapra renwii, HEOH, aprOH, KPUIITOH, KCEHOHJIAp Kupaau. Monnm Ba KoBajieHT
OOFJIaHMIII acOCHJIa MOJIEKYJIa XOCHJ OYNUINUa TallKd BaJCHT JJICKTPOHIIAp
aCOCHUM POJIHU YUHAUIU.

a) Nounnu Oornanumi. Monnau OOFJaHUIN acocuaa MOJEKyda XOCHII
oymummman omr Ty3u (NaCl) muconmuna kypub yravnuk. Harpuit aToMUHWHT
TallKyu opouTacuaga OUTTa BaJCHT JEKTPOHU O0p. Arap Iy 3JIeKTPOHHU OOIIKa
Oup aTomra 6epca, YHUHT aTOMH UHEPT €JIEMEHTIIap aTOMU KaOu TypFyH aTomra
ailmananu. XJIOp aTOMUHUHI TallKM OopOMTacuaa HeTTUTa SJIEKTPOH OYiuo,
OOIlIKa €JIEMEHT aTOMHIaH CAaKKU3WHYH DJICKTPOHHU OJIca, Y XaM TYpFyH aToMra
aitmananu. [lynagail kunub, HATPHU aTOMU TaIIKU DJIGKTPOHHU XJIOP aTOMHTa
6epub mycoOat nonra (Na+), xjop aromu eca y 3JeKTpOHHU KaOys Kb om0,
maHpwuit nonra (Cl-) aiimanagu. MycOat Ba MaH(uil 3apsiijlaHTaH HOHJIAP Y3apo
€JIEKTPOCTATUK TOPTUIIAAM Ba HATHKaJa TYPFYH OII Ty3W MOJIEKYJIacu XOCHII
oynanu. bynnait OormaHuI acocuaa XOCHI OYIraH MOJIEKYJIaiard HOHJIAPHUHT
TabCUP MOTEHIHAIIH
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bynnait OOFIaHUIIHUHAT XOCUJ OYIUIIMHU METaH MOJIEKYJacu MUCOJIN/A
AHa/la SKKOJPOK TAacaBBYp KWJIMII MYMKHH. YTJIEPOJHHMHI TallKd KOOWFUAA
TYPTTaZaH BaJIEHT €JEKTPOHM MaBXyHd. By €IeKTpOHJIapHUHI Xap KauCHCH
TYpTTa BOAOPOJ AaTOMHJArH EJIEKTPOHJAp OWiaH KXyPT XOCWJI KWUIUO, METaH
monekynacu CH, o xocwt kunaau (3-pacwm).

KoBasieHT OofnaHuIl TaOuMaTH KBAaHT MEXAHMKACH HYKTauW Ha3apuJaH
sHaJa SAKKOJPOK TyUIyHTHpuiaau. KoBaneHT OOFjaHMIN XOCHU OYIUIIMIA Xap
IouM Ky(pT enekTponiap KarHamaau. lllynunr yuyn xam OyHaai OorliaHuira
KOBaJIeHT (>ky(T) OoFimaHuII JeHnIaau.

MoJiekylaHUHT Maccacu YHM TAllIKWJI 3TTaH atoMjap MacCaJlapUHUHT
HuruHAKCUIAaH uOopat OYyiiaau Ba yiap xam aTomiiap KaOu MYTJIOK Ba HUCOMIA
Ooupnukiapaa Yymuanagu. Macanan: cyB (X20) MoJIEKYJTaCUHUHT HHUCOUMN
Ooupnukiapaaru Maccacu M=18 ra TeHr. MyTiok OupiukiIapaard yHUHT
Maccacu ra TeHr. MojjanapHUHT MOJIEKYJISIp Maccacu HUCOWM Oupiukiapaa
OupgaH TopTMO OMp HEYa MUHI Ba XaTTO MWUIMOH (MOJUMEpIiapia)iapra
HeTnmy MyMKHH. Arap moiekyna Oup tummard aromuapnaad (H, O,, N,, Cl,
kaOW) TalIKWJI ToNraH Oysca romeomnossp, Typiau tumjgard aromnapaas (HF,
NaCl, H2S04 kabu) Tamkwi TomraH Oyjca TeTepoIoyiap MoJIeKyIaiap
nerunand. AlpuMm  MoJieKyjamap Oup-OMpuIaH aTOMJIAPHUHT  yJapJaru
KoMamum YpHU Ounad (apK KUIHIIA MyMKHH.

Typaun xun monana MoJekynaiapu ¢akaTrTiHa TapKuOW, aTomjap COHU
OwranruHa (apk Kwin® KoiMaciaaH ynap ymdamu, GopMmacH, CTPYKTypacu
OwiaHn Xam Oup-Oupuman ¢dapk Kujaaau. Arap MoJieKyjajard aromjap Oup
TYFpH YM3uKAa €1a YM3uKId, éTMaca YU3UKIN OyJIMaradn MoJIeKyna JAchuagu.
MonekynanapHuHr ymdamu skyaa kuauk Oymmub (~10-10 M), axpara onuin
KOOWJIMATH KaTTa ONTHUK MHKPOCKOIIap &EpAaMuaa XaMm YJIapHH KYpuo
oynmaiiau. Mosekynanard atoMmjaap COHUHUHT OPTHINUA OWJIAH YHUHT YiIdyaMu
xam opra Oopamu. MoJeKyJdaHUHT Ya4aMH HHUXOATAA KHYUMK OYITraHiIuru
Tyhalam KHYUK XaKMAard MOJAJIaa XaM HHUXOSTAA Ky MHUKIOpPJa MOJIEKyJa
6ynamn. Macanan: muamerpu 0,1 MM 6ymran cyB tomuncuna ~10'® mona cys
MOJIEKYJIACH MaBXKY/.

Hopman  mapoutmaru  (T=273K  Temmnepatypa, X=1,013*105I1a
atMocepa 6ocumuaa) 1 M3 xaxmaaru xasoaa 2,7*1025 nmona monekysa 6op.
bynun Ouwpunum wmapta 1865 imnga aBcrpammsuimk  onuMm M. Jlommuar
aHUKJIaraHjiurda yd4yH Oy COH YHUHr Homu OwunaH Jlommuar conu 1ebd
toputuiaan. CXyHnai Km0, 6apya Moaganap aromnap €Ku MOJeKyIalapaan
TalKWJ TomraH. Moekynanap Oepwirad MOJJAaHUHT acOCHUH XOCCaJapvHH
¥3usa MykaccaMmIalliTUPTaH €HI KMYUK 3appayiapiaH uoopat 6yiaubd, WoHIHM Ba
KOBAJICHT OOFJIAHMIIN acOCHIa OMPUKKAH aTOMJIAp/IaH Ty3UJITaH.
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2-maB3y: Uean ra3iapHUHT KMHETUK HA3apUSCH
HNpean ras. MoJgekyjassp KHUHETHK HA3APUAHUHI ACOCHMHM TEHIJIAMACH.
HUccukiauk Ba xapopar. MyT/1aKk XapopaTHU aHMKJIAIIL.

Pexa:

Wnean ra3 xakuga TynryHua.

["a3HuHr 60CMMU Ba YHUHT YII4OB OUPIIHUKIAPH.

Monexynsap KUHETUK Ha3apUSHUHT ACOCUM TEHIJIAMACH.

Uccuknuk Ba xapopar.

MyTII0K XapOopaTHU aHUKJIALI.

Xyioca.

1. Monekynsip cucTeMajapHM  Ha3apuil  YpraHUIIHUHT  KaTTa
KUUMHYUIIMKIIAp OMiIaH OOFJIMK DKAHJIUTU TYUTYHAPIIU, YyHKH OYHUHT yUyH Xap
Oup Mosekysara 6omika 6apua MoJieKyJiajgap TOMOHUIAH TabCUP KUIyBUM Oapua
KyWwIapHU Ha3apra OJuIl Kepak Oynaau. Arap MoOJIEKyJIaJIapHUHT XapakaTu cod
MexXaHuKaBuil OYInO, MexaHuka KOHyHJapura OyicyHaau ned dapas KuiauHca,
y X0Ja Xap KaHaail MOJIEKYJsip CHUCTEMaHu Tyia TaBcuiam yuyH ryé Oapya
MOJICKYJIaJJApHUHT OepuiraH Kywiap TabCUPHAA XapaKaTHU TYFPUCUIATH
MacajaHu Heuyuin kepak. Jlemak, coHu yuly cucteMagaru MoJjeKyiajlap COHUTa
TEHT OYJIraH Xapakar TEHIJIaMaJlapHU €3MII Ba €YUl Kepak Oynamu. Arap lem®
rasja OJlaTJaru MapouTaa 2,7-10" Ta MoOJIeKyJIa OYiuIm xucoOra OJuHCa, Y
xoJija OyHJal yJIKaH COHJArd TEHIVIaMaJlapHU Heuull y €KJa TypCHH, XaTTo
€3UIIHUHT Y3U XaM MYMKHH 3Maciurd paBliaH Oynu0 Koyaau. 3appajlapHUHT
COHM OyHYaNuK KaTTa OVyiraHuja yJapHUHT XapakaTUHU XapaKTepJOBYH
KaTTaJMKJIAPHUHI ypTaya KUWMaTJapuHUIWHA, M: yJIapHUHI ypTada TE3JIUIH,
ypTaua eHeprusick Ba 11y KaOuJapHU OWIMII OWJIaH YEKJIAHWII MYMKHH DKaH.
Mounekynsip cucTeMallapHu Ypra"uiiaa o6u3 1y ycynnan dongananamus. Xap
KaHJall MOJJAHUHT y4 arp3rat XOJaTUJaH €HI COJJIaCH T'a3CUMOH XOJATUIUD.
UyHku Oy x0Ji/1a MOJIEKYJIajap opacuaaru TabCup KUIyBYH Kydiap KyJa KHUUK
Oynu6, ymapHu Hazapra onmaciuk MyMKuH. lllyHMHr ydyH Ou3 MOJEKyIsip
bu3uKany 0a€H KWIMIITHU Ta3JIapHUHT XOCCAJapUHM YPTaHUIIIAH OOUUIaiiMus.
ByHuHr yuyH nactinal Ou3: a)MoJieKyJalapHu ¥3abpo TabCUP KYUH KyAa KHYUK
emac, Oanmku OaramoMm HYK Ae0 (apa3 kunamus. 6) Comma OYynumM y4yH
MOJIEKYJIAJIAPHUHT YIT4aMJIapUHU XaM Ha3apra oJIMailMu3, SbHU YJIAPHUA MO
NeiMu3. B) 3V73a1,po TabCUPJIALIMAWIUIaH MO HyKTaJIap TYIUlaMU CHUHIAapU
xoccaapra sra j1e0 Kapaimus.

2. MonexynalapHUHT y3apo TYKHAIIMIIUIAP COHU YJIAPHUHT UAUII JEBOpJIapUra
yYpYJUII COHUTa KaparaHja Ha3apra oJIMaciivK Japaxaja Ku4uk. by maptiapau
KaHOATJIaHTUPYBUM ra3 wuaean ra3 ae6 aramamu. [lynnmait  xkumu0,
MoOJIeKyJajapra Oup-oupiiapu OuiiaH MOJIeKyJajgapapo TYTUHHUII Ky€iapy OWIaH
OofaHMaran DJIacTUK MOJJWN HyKTajmapaup 1ed TacaBBYp KUJIWHAIUTAH Ta3
Unean ra3 neviunaau. Mabaym Oynummmua, HOpMan INIApOUTra  SIKWH

oohkwbdrE
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HIapouTiIap/a, IyHUHTIEK, MacT O0CMM Ba IOKOpH TeMIleparypajiapia peai ras
¥3 Xoccanapu JKUXaTUIaH Uaeal ra3ra sskiH Oyap dKaH.

Arap ra3 MoJjeKkynajapu-Ta3 TYJJIMPWITaH HIUII JIeBOpJapu OuiaH Ba Oup-
Oupu OunaH TYKHAUTYBHUHM YpraHMaraH XoJjja Ta3 MOJIEKyJaJapuHH Xapakat
MaH3apacuHU TyJia TYIIYHTHpPAoJIMalMH3. XaAKUKATIaH Tra3 MOJIEKyJlalapu
TapTHOCU3 XapakaTiaHuO BaKTHU-BaKTH OWJIaH MWL ACBOPJIAPUTa SIKUHIIAIIA/IH.
Hlynunraex ra3 Mojekylanapu Oup-Oup OuiaH XaM SKUHJAIIMAIIN  Ba
TYKHAIIUIITK MyMKHH. byHmail nmaiTiapaa ra3 MoJjekynaiapu opacuma macoda
opTMIIM OWiaH Kamasau. by Kywiap Tabcupuia ra3 MoJEKylalapu Y3UHUHT
XapakaT WYHAIWIIUHA Y3rapTtupaan. byHmai mpocecc TYKHamnryB ne0 ataiaiu.
MornekynanapHuHT ¥3abpo TYKHAIIMIIA Ta3 Tabwartuga >KyJda KaTTa poi
yuHanau. ['a3 Tynaupwirad uaumiga ra3 MOJIEKYJIAJapUHU Y3abpo €KU WU
JEBOpU CHUPTH OWiaH TYKHAIIUIIMHK Ha3apra OJum Myxumaup. [a3
MOJIEKyJalapyu WUl AEBOpJIApUra Ba aKCHMHYa KapaMma-Kapliyd WyHaluIga
WU JI€BOPU MOJEKYyJaJapuHU TabCUPUHU KapailMK. ['a3HUHr waui
7eBopiiapura Oepanurad OOCMMHU aloOXyaa MOJCKYJAJapHUHT YPUIUIIUIAH
kenu6 uukamu ae6 1738 #un IlerepOypriuk akanemuk Januun beprysim
Takau@ KUIraH.

1744-1748 #unnapna M. B. JIoMOHOCOB MOJJa TY3WJIUIIMHUHT aTOM-
MOJIEKYJIAp HA3apUSACHMHM KEHI uinuiad YuKaId Ba OWpUHYM  OYiuo,
HUCCUKJIUKHUHT MOJIEKYISP-KUHETUK HA3apUsICU TYFPU SKAHIUTHHU UCOOT
Ky, ["a3nap Monekynsap-kuHeTHK Hazapusicu gakat XWX acpHUHT UKKUHYH
apMuga Oup katop ¢usukiap, acocan Kiaysumyc, boircman Ba MakcBein
TOMOHU/IaH PUBOKIAHTUPHUIIIH.

JleBOp CHUPTHMHUHT [O3M KaH4ya Karrta Oyica, ra3 TOMOHHJAH JeBOpra
TabCUP KWJIYBUM KydY IIyHYa KaTTa Oynmumm anuk. ['a3 monekymnanapu cuptu C
oynran uauin geopura d-kyy OWIAH TabCUp €Taaurad Oyica, y XOJia WIUII
JIeBOpUTa Ta3 MoJieKyanapu Oepaauran 6ocuM P kyiinnarnda udoaananaim.

_F
P=c (1.1)

by ©Oocum KkaTTanuru Ta3HUHT  acOCHUU
XapakTepucTuKagapuaan oupuaup. ['a3HUHT uauIn
neBopiapura 6ocumu, 18 acpmaék  JI. bepuymnu

TOMOHMJIaH TaBcU(IIaHraH 0ynuo, ras
MOJICKYJIAJJApUHUHT  JIEBOPJIApM OWJIaH YEKCHU3
TYKHAIIUIILUIAPH HATUKACUIUD. I'as

MOJICKYJIaJJTapUMHN  WJIWIN  JIeBOpUTa Oepajuran
x OOCMMHHM  aHUKJAIl YYyH TapajIe/ICTIHIIeT
MaKauAard Waum onaud, raz tynaupamus. [a3
MOJICKYJIAIAPU  WJHWIILIA  MYBO3aHAT  XoJjaTha
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OYJICUH JIeUITHK.

NaumHuHr Oupop MXTUEPUN WYHaAIMINIA XapakaTiaHaéTraH MoJieKyJajap
COHM, YypTaya OJraHja, TE3JMKJIApU Kapama-Kapiiyi TOMOHTra WyHalnra
MOJIEKYJlajgap coHUra TeHr. ['a3HuHr uaui aesopiaapuaad oupura, M - abed YHr
¢H geBopura O6ocuMuHU XucoOmaimk (5.1-pacM). X - KoopauHaATa YKUHH
napajuiesienumne Kuppacu Oyitadb abcd aeBopra mepneHAMKyISAp KWAIHO
HyHantupamus. MoseKynadapHUHT Te3MuKiIapy V  KaHgal HyHanmumzaa
Oynamacun Ou3 gactnad X -  Yku HyHanmmumpgaru Vi HU Kapaiimus. ['a3
MOJICKyJIaJIapy WAMII 1eBopura abcd ra ypuiryHuda macoda yTaan Ba ypHIaIH.
JleBop cuptura F Kyd OWIaH TabcuUp eTajd. Y3 HaBOATHAA WAMII IEBOPH
TOMOHMJIaH AedopMacHsUIaHraH F 31acTUKIMK Ky4dd ra3 MoJieKyjlajlapura akc
TabCUP €TAJIN.

Jemak, HIOTOHHMHT UKKUHYM KOHYHUTa acocaH F Atkyd uMIyJcH XOCHII
oynaau. lllynunraex abcn neBop cupTura ypuinO KalTran ras mMoJieKyJanapu
At BakTIaH KeiinH Macodara CUDKmiim Ba a b’ ¢’ d’” usrapa cuprra Kelau.

bynna monexynamap V4 At Macodara cupkuiiau. Arap WUl JA€BOpU
CUPTHHH S JIeCak y XOJiJja MOJIeKyJajlap XapakaTjlaHaJuraH Uauil XxaxmMu S Vy
Atra TeHr Oynamu. Arap MIMITHUHT OMPJIMK XaXMHUJa H Ta MoJieKyina Oyica,
Kypcatwiaran xaxkmaa NS Vy At monekyna Oynmaau. Bupok ymapHUHT spmMu
yanjaH YHra XapakarjaHagud Ba Karjamra Tymagud. WKKkuH4YM spMu  eca
KaTJaMJIaH T€CKapu TOMOHTa XapakaT KWIaJW Ba KaTjamra Tymmanad. Jlemak

o 1
BAKT HYMJI2 KATIAMI2 JaIjlaH yHIa - n S Vy At Monekynanap Kupaau. Y JapHUHT

xap Oupu MBX HMIyJicra sra (M- MOJEeKyJa mMaccach) Ba YJIapHHMHI KaTjamra

0JIM0 KUpaETraH yMyMHUil UMITYJICH:
1

2
~nmV, S At
2

aHM 1y TNalTga KaTjaMmMJaH VHIJIAH 4alra XapakarTiaHaJIuraH
MOJIEKYJIajap UMITYJICH TeCKapu uInopaiu 0yiud, aMmmo TeHT Oynamu. Y MyMuii

VIMITYJICHUHT Y3TapUIlN

;n mV,2S At -(-;n mV,2S At J=nmv’ Sat (1.2)

Kartnam umnyncunu y3rapumnmau F At desak, y xomnna
FAt=nmviSat (1.3)
Ndonanu xap ukkana TOoMOHUHU SAt Ta Oyinamus.

FAt _ nmvZSAt
SAt SAt

" =nmvi=P (1.4)

P= nmv’ (1.5)
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H -1H . — 5
Cl sistemada: 142 =11a, 1bar=10pa

Bu formulaga gaz molekulalarini bosimini hisoblash formulasi deyiladi.
Gaz bosimi uchun (1.5) formulani qo‘yidagicha ifodalaymiz.
P=nmV/} (1.6)
Har bir molekulaning V —tezligi uchun desak,
VZ2=VZ+V Z4V7?

V2= V4V V2 =V2 +V) +V) 1.7)

ko‘rinishda ifodalash mumkin. Molekulyar harakat batamom tartibsiz
bo‘lganligi tufayli uchala koordinata o‘qlari bo‘yicha tezliklar kvadratlarning
o‘rtacha giymatlari bir-biriga teng deb faraz gilish mumkin.

Ya’'ni Vi=V7 =V}

2
U xolda (5.7) tenglik v? =V? deb yozish mumkin va buni (5.6) formulaga

qo‘ysak.
P:;nmv‘2 (1.8)
Bu tenglikni o‘ng qismini 2-ga ko ‘paytirib bo‘lamiz.
)
poZp™ 2 (1.9)
3 2 3
-2 -2
2MVT _p2mvT _pr (1.10)
3 2 3 2
(10) - (9) P=né (1.11)

bu yerda K =1,38-10 j/k Bolsman doimiysi
bu yerda E, = mV%bo‘lib gaz molekulalarning o‘rtacha kinetik

energiyasini bildiradi va (5.9) formulaga esa ideal gazlar kinetik nazariyasini
asosiy tenglamasi deb ataladi. Demak gazning bosimi birlik hajmdagi
molekulalarning ilgarilanma harakati o‘rtacha kinetik energiyasiga to‘g‘ri
proporsional ekanini ko‘rsatadi.

4. Ideal gazlar kinetik nazariyasining asosiy tenglamasi

2
P=Sn— (112
s (112)

Ideal gaz bosimi birlik hajmidagi gaz molekulalari o‘rtacha kinetik
energiyasining 2/3 qismiga teng. 5.12 formuladagi n gaz molekulalarining
zichligi ya’ni xajmi birligidagi gaz molekulalarining soni.

N
n=

N- idishdagi gaz molekulalar soni

2

hamda

- Tra3 MOJICKYJAJIAPUHUHI WIrapujiaHMa XapakKaT KHHCTUK

eHepruscunup. byHnan kypuHaauKu, uuean ra3 00CUMU OUPIUK XaKMJIaru ras
MoOJIEKyJlajiapu ypTaua KHHETUK EHEPrUsCUHUHI 2/3 KHCMHUIa TEHI DJKaH.
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Taxkpubajgan MabIyMKH, Ta3HUHT XaKMH JOUMHM OyiraHaa yHUHT OOCUMHHHU
dbakat Oup ycys OuiIaH SbHU KU3TUPHUII EKU COBYTHUIN YK OUJIaH Y3rapTHPHII
MyMKuH: ['a3 Ku3nupuiarania yHuHr 60CMMHU OpTajy, COBYTHIITaHIa eca O0CUM
kamasau. bapua skucmiiap CMHTapu KM3AUpUITaHaa €KUM COBYTHITAHJIA Ta3 XaM
¥3 TemmepaTrypacu OuiiaH XapakrepiaHaau. Temmeparypa (XapopaT)- UCCUKIHK
MyBO3aHAaTH XOJIATHHH XapaKTEepJOBYM KATTAJIMK SKAaHUHU KypcaTaiu:
Hccnkimk MyBO3aHaTH XoJlaTWa OYiraH >KMCMJIAPHHUHT TEMIEpaTypacu Oup
XU Oyimamy Ba akCMHYA OWUp XWJI TEeMIEpaTypaid >Kucmiap Oup-Oupu OumaH
WCCUKJIMK MyBO3aHaTtuja Oynaau. Arap MKKU XKUCM KaHAANUIHDP YUHMHYH SKHCM
OuilaH UCCUKJIMK MyBO3aHaTuAa Oyica, Xap UKKajla )KHCM XaM Y3abpo UCCHKJIMK
MyBo3aHatugaa Oynmaau. TemmepaTypaHu ymdamr MyMKUHIUTHHA XaM aHa IIy
KOHYHIa acOCJIaHaJu. MabllyMKH, HWCCUKJIUK MYBO3aHATH Kapop TOIMII
IPOCECCU/Ia HUCCUKIMK OMp IKUCMJAH UKKUHYM OHKUCMIa  y3aTHIIAJu.
ExcnepuMeHTan HyKTau Ha3zap/iaH Kaparaija >KUCMHUHT OOILIKa TeMIepaTypaiu
OOIIKa KUCMI'a UCCUKIMK OepaJuMu €KU YHIAH UCCUKIMK OJaJMMH, aHa IIyHH
AHUKJIOBYM KaTTAJIMKJIAp TEMIlepaTypaHd Yymyam y4dyH (yHH) Typiud
MOJJIAJIapHU  XOcCcajapd  YpraHwIras. Mopnanapau ~ XOcCcalapuHHU
XapakTepJIOBYM TOMOHJIAPU:- XaKM KEHTaWuWIlW, 3UWIATH, COJUIITHpMA
OFUPJINTY KaOW TOMOHJIApH YpraHuwino, OyHaail Moaganap TaHIaHTaH.

Kymnagan Cumo0, crupT- Ba Xokazo. [lactmab cumob Tepmomerpia-
CUMOO YCTHMHM Y3YHJIUTMHHUHI (CUMOO XaXXMHUHHU) TeMIeparypara 4YH3uKJId
OOFJIaHMILIM TAaHJAHTaH Ba Japaka KaTTaJur'd XaM HUXTUEPUN TaHJIAHTaH.
ByHunr yuyyH armocepa OocumMuaa acocuil MacTKM HYKTa KUJIUO CYBHUHT
KailHalll HYKTacu TaHJaHTaH Ba oOpaJukKaard Macoda TEHT [apaxaiapra
oymuuran. Illy acocma Temmeparypa ImIKaiacu TaHJaHTaH. XO3UPTrd 3aMOH
TEPMOMETp XUCOOM ra3 TepMOMeTpH €EpAaMulia aHUKJIAHAJAWraH Hujaean ra3
IIKaJacura acocjaHrad. My3HUHI 3pHII HYKTaCHJaru ra3 TeMIiepaTypacuaru
o6ocuMHu Py 1e0 Oenrmiaimus.

P, T,

Bk (1.13)

(o] (0]

nisbatni tajribada oson aniglash mumkin va uning giymati:

1;k_ 1,3661; shuningdek temperaturalar nisbatining qiymati ham
?‘ 1,3661 ga teng.

T, - T, =100qismga  bo‘lib  topilgan. = Keyinchalik bu farquap

T, —-T° =373,15-273,15 daraja deb belgilandi. Birog jismning temperaturasini
o‘lchash uchun gaz termometrni o‘sha jismga tegizish bilan muvozanatlashish
harorati kutiladi va
27515
—

0

T= P (1.14)
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formuladan topildi. Amalda gaz termometrlaridan kam foydalaniladi.
Ammo boshga termometrlar gaz termometri yordamida darajalanadi. Agar
temperatura shkalasinng nolida termometrik kattalik nolga aylansa, bunday
shkala absolyut (mutlog) shkala, yoki absolyut temperatura deyiladi. Absolyut
temperaturadan boshlangan Kelvin temperaturasi Kelvin da o‘lchanib, 7K”
bilan belgilanadi. Dastlabki shkala Selziy shkalasi deyiladi va “C” bilan
belgilanadi. Ular orasida t=T-27315 bog‘lanish bor. Xulosa qilib aytganda
issiqlik va harorat orasida juda muhim bog‘lanishlar bo‘lib, haroratni aniglash
metodlar yaratilgandan keyin issiqlik to‘g‘risidagi tushunchalar mukammal
o‘rganildi. Ideal gaz uchun temperatura molekulalar o‘rtacha kinetik
energiyasining 2/3 gismiga teng deb hisoblash qulay. Chunki bu gaz bosimi
uchun (5.14) —formulani ko‘rinishini soddalashtiriladi. Ya’ni agar (5.14)

2
formuladan gm;/ = ¢ deb belgilasak quyidagi ko‘rinishni oladi.
P=ng (1.15)

Ammo bunday ko‘rinishda temperaturani energiya birligida SI-
sistemasida o‘lchanishi kerak. Temperaturani o‘lchashda bunday birlikda o‘lash
noqulay. Masalan muzning erish temperaturasi 5,65-10™ =5,65-10"] ga teng
bo‘lar edi.

S’huning uchun temperaturani graduslarda o‘lchash mumkinligini Bolsman

2
doimiy koeffisiyent kiritdi. %-mTV:kT dan

mv? 3
=" KT 1.16
, =) (1.16)

deb belgilab olindi.
Bu formulada mV%:Ek molekulalarning ilgarilanma harakat o‘rtacha

kinetik energiyasi. Gaz molekulalarini harakatini 3ta tashkil etuvchiga
ajratilishini aytgan edik. Har bir tashkil etuvchiga %kT energiya mos keladi. Bu

yerda k Bolsman doimiyligi bo‘lib
3
K :E _ 8.31-10 lelf;mOI . Esjlrad _1.38.10% j/ grad
N 6.02-10”kmol
Bu erda: N - Avagadro soni, R- Gaz doimiysi deyiladi.
Demak temperatura molekulalar xarakatining o‘rtacha energiyasi bilan
aniglangani uchun u, bosim singari, statistik kattalikdir. Normal sharoitda gaz

parametrlari T=273 K, P;=101325pa, V =22,4-10°m® - bir mol gaz hajmi.

_ -2
E-M-_3 Ry (1.17)
2 2 N
Formulada molekullar tezligi kvadratining o‘rtacha qiymati uchun quyidagi

formulani olamiz:

47



ve - 3RL
mN
Oy epaa, m— bir molekulaning soni bo‘lganligi uchun mN molyar og‘irlik
bo‘ladi. Natijada molekulalar ilgarilanma harakatining o‘rtacha kvadratini tezligi
uchun quyidagi ifodani olamiz.

W= \@ (1.18-a)

ya’'ni gaz molekullalari ilgarilanma harakatining o‘rtacha kvadratini tezligi
gaz absalyut temperaturasining kvadrat ildiziga to‘g‘ri proporsional va gaz
molekulyar og‘irligining kvadrat ildiziga teskari proporsionaldir. (5.12)
formulaga asosan hajm birligidagi molekulalar soni;

(1.18)

3 P
Ny =3 E (1.19)
bu yerda, (5.16) formulani qo‘ysak
P
- 1.2
= (1.20)

teng bo‘ladi. Bu formuladan birday bosim va birday temperaturada hamma
gazlarning hajm birligidagi molekulalar soni birday bo‘lishi kelib chiqadi.
Normal sharoitda ya’ni P=1at va T =27% bo‘lganida har qanday gazning
1sm*hajmdagi molekulalar soni 11=2,6810°sm™> =2,7-10“sm™ bu Loshmidt soni

deyiladi.

Mag3syra noup caBosuiap

1. WUnean raz ned6 HuMara anTuiaan.

2. ["a3HuHT OOCMMU Ba YHUHT YI4OB OUPJIMKIApU alTHO OCpUHT..

3. Monekynsip KMHETHK Ha3apUSHUHT aCOCHM  TEHIJIaMaCHUHHU
TYITYHTUPUHT.

4, Hccukiuk Ba XapopaTHU TabpHQIIaHT.

S. MyTn0K XapopaTHU aHUKJIAl yCYJUJIADUHU alTHHT ..

3-maB3y: Hpean rasHuHr xoJjatr TteHriaamacu. Hjaean ra3 KOHyHJIapH.
bapomerpuk ¢popmy.ia.

Pexa:

1. Wpeasn ra3HuHT X0/1aT TEHTIIAMACH:

2. Wnean ra3 KoHyHIapH:

A) Boitn-MapuoTT KOHYHH.

b) I'efi-JTroccak KOHYHH.

I') U3oxopuk npocecc.

) JantoHn KoHyHHU.

E) ABarasipo KoHyHHU.

3. BapomeTpuk hopMyTaCHHUHT MOXUSATH XaKua TyIIyHYa.
4. boiacMaH TakCUMOTH (KOHYHH).
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buszra mabaymku, raz Mosekyiamapu bpoyn (1826 #wun) kamd erran
KOHYHI'a acocaH Y3JyKCH3 Ba TapTHUOCH3 MCCHKJIUK XapakaT Kwiaau. [lyHuHT
Y4YH XaM MOJJa TY3WIMIIM XaKUJard Ha3apus ro3ara Keiad. bupuHun mapra
Oy Hazapusau M.B. JIOMOHOCOB MOJaHMHI TypJiM arparar XoJaTiapJaru
XYCYCHUSITIIAPUHU TYIIYHTUPHUILI MAaKCaauaa PUBOKIAHTUPTaH d/IH.

KelnHuanmk MOJIEKYyJIAp-KUHETHK Ha3apwsi, acOCaH, MOJJAHMHI €HI COoAza
arparar  XOJaTJard, SbHU  Ta3CMMOH  XOJIATHAaru  XyCYCHATIIAPUHHU
TYLIYHTUPUINTA KYJUIAaHWUIAW. DHUPOK, MOJEKYyJsIp KHHETHUK Ha3apUSHUHT
acociiapyiu 0a€H KWIMIIZAH OJJAHMH, Ta3jap OYWCyHaguraH 3SMIIUPUK
KOHYHUSTJIAPHU KYypUO YTalIHK.

boin-Mapuotr Ba I 'eit-JItoccak KOHyHIIapH.

[aznap ¥3u cojuHTraH WAMIIHUHT JeBOpiiapura OocuMm Oepull Xoccacura
sraaup. bocum Il-coH ’xuxaTaaH 103 OupiIMrura HopMajl WYHAIMIIIA TabCUP
KWIyBYM Kydra TeHT OynraH ¢u3uk karraiuk. Jlemak, arap C ro3ara Hopmai
HyHanuiga Tabcup KWIyBYM Kyd F, Oyiica,

F

P=?" (7.1)

CGS cucremaga OocuM P OwiaH, sSbHH lecm®  103ra  MEPHCHIUKYJISAP
HYyHaMUIMIa TabCUp €TyBUM |IMHA KyYHUHT Oepagurad O0cUMra TEeHI OMpIIMK
OwiaH yiauaHaau. Xajakapo OUpiMKIap cuctemacuaa 00ocuM Oupiuru yuyH 1
HioToH Ky4HMHr y3ura NepHeHIUKYJslp CHUpPTAAard ro3ara XOCWJ KWJIaJuraH
6ocuM Kalbyn KuimHran. By 6upmuk H/M® Gumman Genrmnaxanm; Mabiymkn, |
H/m* =106ap. Bynapaan Tamkapn, G0CHMHH YT4ail yayH KyHHAard OHpIHKIap
XaM UILUIaTUIaIN:
1. 1 texuuk armochepa | k' kyunnnr 1 cM” 103ra Gepaguran GOCHMIa TEHT:
2. ®usuk atMochepa -1, 033 k['/cm® GocHMTa TeHT:
3. MumtuMerp cuMo6 yerynu, Gamanmura 1 M, acocuHuHr fo3u 1 M° Gynran
MWIMHIP XaXMAard CMMOOHUHT THHY XOJaTAard OFUPIUTH Tydailim ByXKynara
Kenaaurad oocumaup. by OupnuknapHuHT OMpHIaH UKKHHYMCUTA YTUIIN YIyH
KyHuaaru MyHocadaTaas (povgaiaHu MyMKHUH:

1 ¢us. at= 1,033 Tex. ar= 1033 [/em®= 760 MM cumo6 yeryrn= 1033+ 981
Gap=1,013+10° Gap.

Munnumerp cumo0 yctynu Ba I[lackan opacupma Kyhupgarn MyHocadat
MaBXKy/I:

Munnumerp cuMo0 yCTYHHM Ba Mackal opacuaa KyWuaarn MyHocabaT
MaBXYy/I.

1 mm= 10”° M Ba acocununr 1031 1 M* (srpHH xaxmu 10-3m.1 M°=10-3m° )
OyJraH CHIIMHIP WIUIard CHMOOHUHT OFUPIIUTH:

pgv=136-10%k2/ 0> -9,8m/c? -10°x* =1333H ya’ni | mm sm. ust=133,3 N/m?
ra teHr. ®usumk arMmocdepa (kuckaua atm.) Oamanmmuru 760 mMm Oynran
BEPTUKA CUMOO YCTYHMHHMHT Oocumumup, spHM 1 atm= 760 mm.sim. us.

=101325 pa.
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bupop mukmop ras acocaH TYpTTa KaTTaJuk Ownan; 1) - maccacu, 2.
Oramnanran Xaxmu, 3. 6ocumu, 4. Temneparypacu OujaH XapakrepiaHaau. by
KAaTTAJIMKIIADHUHT XaMmacu Oup-Oupura OOFIMKAMp; yiapaaH Oupu ¥y3rapca
KOJITaHJIapy XaMm Yy3rapaaud. by KaTTalMKIapHUHT TypTajllach oOpacuiaru
KOHYHUI OOFJIaHuIIHU U(BOAOIOBYM OpMyJia X0JaT TeHrjiamacu aevunaau. a3
XOJIaTH yMYMHUH TEHIJIAMAaCUHUHT HdomacuHu OepulIaH OJAWH IOKOpHIa
KEeJITUPWITaH TYpPTTa KATTAJIMKIAH WKKUTAaCH y3rapMaiauran XxoJsuiapra
TErUIUIA COAJTAPOK EMIUPUK KOHYHUSATIAPHU KEJITUPAMU3.

boWII-MapruoTT KOHYHHU.

Temneparypa ¥y3rapmac Oynran (T =const)U30TE€pPMHUK ra3 MPOCECCIapUHU
Yypranu® wHM3 oauMu boitr (1662 i) Ba dpancy3 oaumu Mapuott (1667 i)
Oup-OMpHIaH MYCTaKWI XOJa, KeMMHYAIUK yJIapHUHT HOMH OWJIaH aTalyBud
KOHYHUSITHU SIPATULIIN.

['asHuHr Maccacu Ba TemmepaTypacu Yy3rapmac Oysiranga (m va T
y3rapMac), yHMHI OOCHUMHM XaXMHUra TECKAapu MpPOINOPCHOHAN paBHILIA
y3rapagu. bomikada aiTranja ra3HUHT OOCHMMH HH XaKMH Ta KynmalTMacH
y3rapMac KaTTaJauKIup.

PV = const (7.2)
Oy udona boitn-MaproTT KOHyHMHH MaTeMmaTHK udoaananumu. ['a3 mMaccacu
Ba TEMIIEpATypacH -y3rapMaraijaa, OujaH opacujard OofiIaHuIl rpaduk ycynaa
TEHT €HJIM TUrepOosia OMIaH TaCBUpPJIAHAIH.
el (7.1-pacm)
bois-MapruoTT KOHYHHM TacBHPJIOBYM €TPH
YU3UK y3rapMac TeMmIieparypara TEerHIlIn
Oynranun yuyH Oy erpu um3uK Jeb
oputiwiaad. AMMo boitn-MaproTT KoHyHU
TakpuOuil KOHyHIup. UyHKH peay Trazmap
boitn-Mapuott KOHYHU Oepanuran
HaTW)Kara KaparaHja KaMpOK CHKWJIAJIH.
bupok, yu  Temmeparypacura  SIKUH
TeMIiepaTypaiapna Ba atMocdepa Oocumuman kyn (apk KaaMadaurad
Oocumiiapia Kynmuuiuk rasznap boin-MapHuoTT KOHyHUTa eTapiu Japaskajaru
aHUKJIMK OWjIaH OYicyHaauiap.

I'eii-JIroccak KOHYHH.

Izobarik (P =const) va izoxarik (V =const) gaz prosesslarini o‘rganib,
fransuz fizigi Gey-Lyussak 1802 yilda oz nomi bilan atalgan quyidagi ikki
gonunni anigladi.

Berilgan massali gaz uchun o‘zgarmas bosimda (P = const) gazning hajmi

temperaturaning o‘zgarishi bilan chiziqli o‘zgaradi.

V =V,[1+aT) (7.3)

bu yerda v, —gazning 273 k dagi hajmi,

V —gazning T temperaturadagi hajmi,
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a —hajmiy kengayish koeffisiyenti.
Berilgan massali gaz uchun o‘zgarmas hajmda (V =const) gazning bosimi
temperaturaning o‘zgarishi bilan chiziqli o‘zgaradi:
P=P/1+yT) (7.4)
Bu yerda P, - gazning 273 K dagi bosimi,
P-gazning T, K temperaturadagi bosimi,
y - gaz bosimining termik koefisiyenti. Barcha gazlar uchun,
1 1

= = grad
“=9=57315 273"
A
A P
V
> t
t
7.2-rasm. 7.3-rasm

(7.3) va (7.4) formulalarga muvofig, izobarik va izoxorik prosesslar
grafiklarda temperaturalar o‘qiga qiya bo‘lgan va uni T =273K nuqtalarda kesib
o‘tuvchi to‘g‘ri chiziglar (izobarlar va izoxorlar) bilan ifodalanadi (7.2-rasm va
7.3-rasm). T=273Knugta termodinamik shkala deb ataluvchi temperaturalar
yangi shkalasining sanog boshi deb qgabul qilish mumkin. Bu shkala
termodinamik shkala (Kelvin shkalasi) deb ataladi. Termodinamik temperatura
(bu temperatura avval absalyut temperatura deb yuritilgan) Selsiy shkalasi
bo‘yicha o‘lchangan t temperatura bilan quyidagicha bog‘lanishda bo‘ladi.

T=t+27315°K ~t+273°K (7.5)

ga teng bo‘ladi:

(7.3) formuladan absolyut nolga teng bo‘lgan temperaturada

v =v,[1+ 2283 20
273

ya’ni absalyut nolda barcha moddalar o‘zining fizikaviy, ximiyaviy,
termodinamik  xossalarini yo‘qotadi. Bu xulosa past temperaturalarda
eksperimental gaz qonunlarini qo‘llash mumkin emas degan fikrni yana bir
marta tasdiglaydi. Hagigatdan ham, past temperaturalarda modda gazsimon
holatda bo‘lishi mumkin emas, u suyuq holatga, hatto qattiq holatga o‘tadi.

Termodinamik temperatura yordamida (7.3) formulani yana sodda
ko‘rinishga keltirish mumkin:

1 T
V=V,1l+yT)=|1+—-T |=V,—
o( 7) ( 273 j o.l.0
Binobarin,

o1



AN (7.6)
VO TO

ya’ni o‘zgarmas bosimda gazning hajmi termodinamik temperaturaga
proporsional. Xuddi shu yo‘l bilan (7.4) formulani o‘zgartirib, quyidagi nisbatini
olamiz

LA (7.7)

I:)0 TO

Oy TemIiepaTypa aBBaJl adCaTIOT TeMIeparypa 1e0 IOPUTUIITaH.

AbHU y3rapmac Xaxmja Ta3HUHT OOCHMMHU aOCOJIIOT TeMIlepaTrypacura
nporopcuonai. (7.6) Ba (7.7) dbopmynamap xam boitn-Mapuott Ba ['eli-Jlroccak
KOHYHJIADUHUHT MaTEeMaTUK U(oTaTaHUIIHIND.

Janton kKouyHH. bupop Xakmma Oocumu OYynraH rasinap apajanmMacu
(MacanaH, KHUCJIOPOJ, a30T, BOJOPOJI, HEOH, aprOH Ba XOKa3oJiap) Oop JEHIHK.
by xaxxmma, MacaiaH, a30TJaH TalIKapy XaMMa Ta3JiapHu YUKapuO rdopamms.
Y xonma Oy ra3 (sSpHM a30T) apanammMa i3rauiad Typran Oapya XaxMHU
srajulaiiii Ba YHMHr Oocumu Oyiaau, Oy OOCMM aHa Iy Ta3HUHT Mapcual
Ooocumu nevunanu. ['a3 apamammMacu TapkuOujgard OUPOp Ta3HUHT THapcHall
oocuM €0 aHa Iy Ta3HUHT XaXmaard OOIIKa Ta3jlapHu YHUKapuo
o0opuwiragaaru 0ocuMra aWTuiagd. XaXKMHU SHA ra3 apajaimMacu OuiaH
TYNIMpUO, CYHrpa XaKMJIaH UKKMHYM ra3/aH (MacajiaH, KUCIOPOJaH) OOIIKa
XaMMa Tra3Hi 4YuKapub Oopamusz. Y Xo0J/1a MKKMHYY ra3 0apya XakKMHU Arajuiao,
YHUHT OocuMu Oynanu, Oy HMKKMHYM Ta3HUHT napcuan Oocumuaup. a3
apajlalMacuard OollKa rasjiap y4yH Xam IIyHAal skapaHHU KYiiad, y4uHYA
ra3 yuyH P,, TYPTHHUM ra3 yu4yH P, Ba X0Ka30 Mapcuay 00CHUMIAPUHUA aHUKJIAII

MYMKHH.

1801 #tun wHrnm3 ¢usuru Ba xumurd JlantoH ra3 apanammacu OOCHUMH
Owran Oy apajamiMara KUPYBUM Trasjap Tmapcuain Oocumilapu opacuaaru
MyHOCa0aTHU aHUKIaau, Oy MyHocabar JlanbToH KOHYyHM ne0 arajnaau: ras
apajJlaliIMaCUHUHT OocuMM Oy apajalmmMara KUPYBUM Ta3JIapHUHT Tapcuall
OoocumIapy UMFUHIUCHUTA TEHT.

P=P, +P,+P,+P, +... (7.8)

3. ABaranpo koHyHU. Typnu raznap OunaH onu0 Oopuiran Taxpudanap
acocuna 1811 #mnma wrtansH onuMu ABaraJpo YHUHT HOMU OWJIAH aTajiraH
Kylnaru KOHyHHM aHUKJIaiu: OUp XuJjl TeMIieparypajaa Ba Oocumaa xap KaHaan
Ta3HUHT KWJIOMOJIM Oupaail XxaxMHM srajuiaiiau. Hopman mapoutna Oy Xaxm
22,42 M/KMOIT (22,42-10°1/kmol ) HU TALIKKI STAH.

Wnean ra3HUHT X0JaT TEHIJIAMACH.

['a3 >xapaéunapuma ra3 XOJAaTMHUHT TapameTpiapuaad Oupu y3rapmai
KOJIMO, KOJTaH MKKUTACWHUHT Y3rapaliy Kym Ky3aTwiaad. bup BakTaa ra3HUHT
XaKMH XaMm, OOCMMH XaM, TeMIlepaTypacd XaM Yy3rapajJuraH €HI yMyMHUH
IIPOCECCHApUHU  KapaMu3. byHImail mpouecciapHu TacBUPJIOBYM KOHYHHH
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boitn-MapuotT Ba I'eit-JIroccak KOHyHJIapuHU OUpaimTUpuIn iy owian 1834
munna Qpancys ¢usurun (Cankr-IletepOypr Temup HWyuilap HHCTUTYTHIA
uniarad imniapu) Kinanelipon anukiarad. bupop maccacu Ta3HUHT X0JIaTH Ba
napametpiap OwiaH xapakrtepnancuH. YHU Uni V,,P,va T, parametrlar bilan
xarakterlanuvchi boshqga holatga o‘tkazamiz. Bu prosessni quyidagi ikki bosqich
bilan bajaramiz:

1. Jlactia® wu3oTepMHK paBumiga Temmeparypa (T, =const Oynranma)
Ta3HUHT XXMHHU V,KUiIMaTradya y3raptupamus, OyHaa yHUHT Oocumu P ga
teng bo‘ladi.

2.So‘ngra izoxorik (hajm V, =~constbo‘lganda) gazning temperaturasini
shunday T,qiymatgacha o‘zgartiramizki, bunda uning bosimi P,bo‘lib qolsin.
Prosessning birinchi bosgichi Boyl-Mariott gonuni bilan tavsiflanadi va shuning
uchun

PV, =PV, (7.9)

Bunda P! = V2 (7.10)

2

Prosessning ikkinchi bosgichi Gey-Lyussak qonuni(7.7) bilan ifodalanadi
va demak,

PP_T,

P T,

bu formulaga P, ni (7.10) formuladan qo‘yib, quyidagi munosabatini
olamiz.

I:,1\/1 PZVZ

PV o pundan 22 RYe (7.12)
PV, T, T, T,

(7.11)

Binobarin, gazning berilgan massasi uchun PT—V kattalik o‘zgarmasdan

golar ekan.
PV

== B = const (7.13)

Oy udona Knaneipon tenrinamacu (KOHyHH) €0 aTanaau.

KnanelipoH TeHTJIaMaCHHUHT KaMYHJIMTH TIyHJIaH HOOpaTKH, JIOUMHMA
KATTAJIMK TYPJIM rasjiap y4yH TypJaudaaup.

by xamunmnukau #ykotnm yuyH 1875 #mnpma Mennenees-Knaneiipon
KOHYHU KYpUHUIIMHUA YHU ABarajJpo KOHyHM OwiaH Oupiamtupud Oup o3
y3rapTupanu.

Bynunr yuyH 1 KMon rasHM KypailIuK Ba YHMHI XaXMHUHU OWJIaH
oenrunaitnuk. by xonna KnanelipoHn TeHrinamacu Kyiuaaru KypuHHUIITa Kejaau.
_P¥ﬂ _B (7.14)

Avagadro qonuniga asosan P va T ning bir xil giymatlarida hamma
gazlarning 1 kilomoli bir xil vx hajmini egallaydi, demak, Bdoimiy barcha

gazlar uchun bir xil bo‘ladi. B ning bu giymatini Rbilan belgilasak, u holda
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PV _ R (7.15)

T
bo‘lib, bu yerda R universal gaz doimiysi deyiladi. (7.15) formuladan
PVu = RT (7.16)

tengligi kelib chigadi. Bu ifoda kilomol gaz uchun Mendeleev-Klapeyron
tenglamasi (gonuni) deb ataladi. Sl sistemasida R ni hisoblaymiz.
PVu 10132500224 N m® 1 _g31 J (7.17)
T 273 m2 mol K mol - K
(7.16 )formulani ixtiyoriy m massali gaz uchun yozsak:

pv = MRt (7.18)
7

hosil bo‘ladi.

(7.18) formula eksperimental gaz qonunlarini umumlashtirgani uchun uning
umumiy formulasi, ya’ni ideal gazning holat tenglamasi deyiladi.

(7.18) formulani gazning zichligi p orgali ifodalaymiz:

m
P—,U—VRT (7.19)

R =

bunda P =§ ekanligini e’tiborga olsak, (7.19) formula quyidagi ko‘rinishni
oladi.

P=LRT
u

bundan gazning zichligini p= % (7.20)

formula bilan ifodalanishini olamiz.

Macana: Og‘zi tiqin bilan zich berkitilgan shisha ichidagi bosim t, =7°c
temperaturada P, =1atm edi. Shisha gizdirilganda tigin otilib ketadi. Agar tigin
P, =1,3atm bosimiga chidash bersa, shisha idishni ganday t, temperaturagacha
qgizdirilgan?

Echilishi. Shishani qizdirish izoxorik prosess bo‘lib, unga Sharl qonunini
formulasini qo‘llash mumkin.

P1 Tl

P, T,

bu yerda T, va T,- shishadagi havoning boshlang‘ich va oxirgi absolyut
temperaturalari.

U holda T, =27,
Pl

13-10° H
L3atm g0k = A" 280K =364K . t, =91°C
latm 1.10° %2

2 =
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2- masala: Hajmi 11 bo‘lgan idishda azot molekulalari 27°C temperaturada
va 10° mm. sm. ust. bosimida saqlanadi. Idishdagi azot molekulalarini sig‘imini

aniglang.
Berilgan:
V =1=10"°m?*

T=t"+273c=27"c+273¢c =300k

P =10"° mm.cm.yecm. =1333-10°I1a

Echish: idishning hajm birligidagi gismida
P

Tkt
molekulalar bor.
Bu yerda shdishdagi azot molekulalar sonini

N:nv:ﬂ
KT

formuladan topamiz.
Jadvaldan K =1,38-1O‘23%- bolsman doimiysi
_ PV _1333-10°IMa-10°m®

] =3,22-10"ta.
KT 138.10% 300K

N

['a3 monekynamapuHu TapTHOCH3 Xapakatu Tydalau YHUHT 3appajiapu
WIUITHAHT OyTYH XaXKMHU OYyinad Tekuc TakcumiaHamd. Ba xap Oup Xaxm
Oupnuruaa ypraya Oup Xuisl coHjuaru 3appanap Oynamu. LIyHMHraexk Ttamku
Kyujlap TabCUp €TMaraHja MyBO3aHaT XoOJlaTJa Ta3HUHT OOoCUMHM  Ba
TeMriepatypacu OyTyH XaxxM OVyitmua Ouppail Oynagu. Arap Tamku Kydjap
TabCUp €Ca, UIMILJArd Ta3 MOJICKYJaJapUHUHT TaOWATUHM Y3TapuIllUra Ojauo
kenagu. MacanaH, OFMpIMK Ky4yd Tabcupuaa OyiraH ras (XaBO)HU KypuoO
YTanJuK.

Arap MOJEeKyNaJlapHUHT MCCUKJIMK XapakaTu OyiamaraHjua eiau, yJIapHUHT
XaMMacu OFMPJIMK Ky4d TabCUpHUa Hepra «Kynad» Tymap Ba OyTyH XaBo iep
CUPTH SKUHUJA IOTIKA KaTjiaM XOCWJI KWiIMO TyriaHran Oymap emu. Arap
OFUPJIMK Ky4Yd MaBXyJ OYynmail, MOJEKyJsp XapakaT MaBxyn OynraHna e,
MoJIeKyanap OyTyH oiaMm ¢azocu 6yiinad Tapkanub kerrad O6ymap eau.

Atmocdepa ( iepHUHT XaBO KOOWFU Y3WHUHT XO3UPTU Tap3uja aiHu Oup
BAaKTJa MOJICKYJIAJIADHUHT HUCCUKJIMK XapakaTh Ba Hepra TOPTUIIUIIT Ky4H
Oopnurn  Tydainm  maBxyqaup. MonekynanapHuHr  OanmaHiauk - Oyiinua
TaKCUMJIAHMILN/IA, Ta3 OOCUMUHU OalaHJIMKKa OOFJIMK XOJ/1a Y3rapuil KOHYHU
aMaJl Kuiaaaud. by KOHYHHM MOXHUSTHHU Kapawiuk. l-pacMaa XaBOHM Mep
cuptugaru h=0 O6ynranmaru 6ocumunu Py ra, h Gamangnukna eca P ra Tenr
nevnuk. banannuk ax ra opTrasaa 00cUM I ra y3rapaiu.

Masbnaymku, Oupop OanaHJIMKKa XaBOHUHT OOCHMHM IO3M OUp OMpIIMKKa
TEHT OyJraH mryHaai OanaHIIuKIard BEPTUKAT XaBO YCTYHU OFUPJINTUTA TEHT.
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[IlyHuHT yuyH 111 1034 OUp OUpJIMKKA TEHT OYaraH XxaBo yCTyHUHHUHT h Ba h+dh
OanaHIMKIIapIard OFUPIUKIApU (papKura TEHT, ’bHU acoc 103U Oup OUpIIMKKa
TEHT OYiran ax OajaHJIMKIard XaBo YCTYHH OFUPJIUTHUIA TEHT:

dp =—-pgdh

Oy epAa p - XaBOHUHI 3UWINIK Ba g - OFUPJIMK KYYMHUHT TE3JIaHMIIIU.
["a3HUHT (3UWIATH, MOJIEKYyJa Maccacd M HHU YJIAPHUHT XaKM OWPJIHTHIATH
COHHM N ra KYNaWuTUPUJITAHUTA TCHT:

Gazlar kinetik nazariyasidan ma’lumki, molekulalar soni n=P/kr ga teng.
Shunga asosan n ni o‘rniga qo‘ysak,

p=@ Ba dp:—m pdh (8.1)
kt kr

ga teng bo‘ladi. Bu tenglamani quyidagi ko‘rinishda ifodalash mumkin:
dp=---=dh (8.2)

p=mn

Arap TeMreparypa xamMma OanaHiaukaa oupaait 1e6 xucobnacak, y xonaa (8.2)

MyHOCAa0aTHU MHTErpawiald, Kydiuaaru TEHIJIMKHU OJIaMU3:
mg

In p:—k—h+lnc (8.3)
T
bu yerda C-integrallash doimiysi. Bundan
_mg n
P=ce ¥ (8.4)

C doimiy h=0 bo‘lganda P=P, ekanlik shartidan aniglanadi. (8.4) formulaga h va
P ning bu giymatlarini quyib yozsak:
C=P,
Demak biz qaraydigan havo bosimining yer sirtidan balanlikka bog‘ligligi
quyidagi ko‘rinishda bo‘ladi.
_mg q
P=Pye (8.5)
k R (97}

—=—, ku=mR m=—
m u a R

yoki m =Ni ekanligini nazarga olsak (bu yerda p-molekulyar massa, ya’ni mol

0

massasi, No-Avagadro soni) quyidagi munosabatni hosil gilamiz:

e
P=Pje ™ (8.6)
YYKKAJIApW, CaMOJIETHUHI Yy4yuIl OaJaHJIMTUHU Yioyalira MyJDKaJJlaHTaH
acOobmap mikajmajmapu OeBocuTa  MeTpiapja JapaxkalaHTaH  Maxcyc
O6apomMeTtpaan ubopat 6ynaaun. AMMo Ou3 Oy TEHIJIaMaHU KeITUPUO YUKApHIIIIa
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OalaHIMKHUA Oapya coxajapujia Temreparypa y3rapManau naed XucoOiauk,
IIYHUHT Y4yH (popMyJiara TeMiepaTypa Ty3aTMAaCUHU KUPUTHUII JIO3UM OVIajiu.

Mag3syra goup casouiap
Waean ra3HUHT X0J1aT TEHTJIaMacH KEITUPUO YMKAPUHT.
boiin-MapruoTT KOHyHHHH TabpU(IaHT Ba TYLUIYHTUPHUHT.
["eii-JIroccak KOHYHUHU TabpU(IaHT Ba TYUTYHTUPHHT.
apsn KoHyHUHU TabpU(IaHT Ba TYUTYHTUPHHT.
JlanToH KOHYHUHH TabpU]IIaHT..
ABarasipo KOHyHHHH aiTHO OCPUHT..

ook wnE

4-maB3y: Boabuman TAKCUMOTH. MoJsiekynagapHUHT Te3JIMK
KOMIIOHEHTAJIapu Oyiinya TaKCHUMOTH. MoJleKyJaJapHUHT Te3JIHKJIap
Oyiinuya TakcumMoTu-MakcBe/U1 TAKCMMOTH.

Peixa

1. bapomerpuk ¢GopMyJACHHHHT MOXMSATH XaKHAa TyIIyHYA.

2. bojacmaH TakcMMOTH (KOHYHH).

3. MosekyJIaJapHUHT Te3JIMK KOMIIOHEHTAJIAPHU 0Yiin4ya TAKCUMOTH.

4. MoJjekyJaJapHUHT Te3JUKJIAp Oyiinya TakcumMoTu. MakcuBesul
TAKCUMOTH.

5. XyJaoca

['a3 monekynamapuHu TapTUOCH3 XapakaTH Tydalian YHUHT 3appaliapu
UIUIIHUHT OyTYH XaXMu OVinab Tekuc TakcumiaHaaud. Ba xap Oup Xaxw
Oupnuruna ypraya Oup Xus coHmaru 3appanap Oymamu. [llyHuHTmex Ttaniku
Kywiap TabCHp OTMaranja MyBO3aHAaT XoOJaTJAa Ta3HUHT OOCHUMH Ba
Temreparypacu OyTyH XaxMm Oyinya Oupmail Oynmaau. Arap Tallkd Kydwiiap
TabCUP 3Ca, UIUIIATA Ta3 MOJICKYJaJapUHUHT TaOWAaTUHU Y3rapuiivra ojuo
kKenmagu. MacanaH, OFMpJIMK Ky4d Tabcupuaa OynraH ra3 (XaBo)HU KYpuo
YTauJIuK.
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Arap MoJIeKyJaJIapHUHT MCCUKJWK Xapakatu OVyimaranjia €, yJapHUHT
XaMMacu OFUPJIMK Ky4d TabCUpHAA Hepra «kynad» Tymap Ba OyTyH XaBO ep
CUPTH SIKMHUJA IOTNKA KaTjiaM XOCWI KWIMO TymiaHran Oynap sau. Arap
OFUPJIMK Ky4Yd MaBxKyJ OYnMail, MOJEKyJAp XapakaT MaBxyJ OyiraHaa euu,
MoJIeKyIanap OyTyH ojiaM (azocu Oyitnad Tapkaiaubd keTran oyiaap eau.
ATMocdepa (epHUHT XaBO KOOWFU Y3MHUHT XO3UPTU Tap3uja aiHU OWp BakTAa
MOJICKYJIaJJADHUHT WCCUKJIUK XapakKaTh Ba Wepra TOPTUIIUII Ky4dd OOpPIUTH
Tydaitnu MaBxyaaup. MonekynagapHUHT Oananauk Oyilnua TaKCUMIIaHUIIHIA,
ra3 00CUMUHU OanmaHATUKKa OOFIHMK XOJ/a Y3rapuil KOHYHH aMmal Kujaad. by
KOHYHHU MOXWSATHHH KapaWnuk. l-pacmaa XaBoHm #ep cuptugara h=0
oynranmarn O6ocumuuu Py ra, h=0 Oamanmmkaa eca R ra TeHr meinuk.
banannuk dh ra oprranga 6ocum dp ra y3rapaim.

Mabiymku, 6upop OanaHIMKKa XaBOHUHT OOCUMU 103U OUp OMPIIMKKA TEHT
Oynran myHmal OajaHJIMKAArd BEPTUKAT XaBO YCTYHU OFUPJIUTUTA TEHT.
[ysauHT yuyH a0 1034 Oup Oupiukka TeHr Oyiran xaBo ycTyHHMHHUHT h Ba h+dh
OasaHIMKIIap/lard OFUPIUKIApU (apKura TEHT, SbHU acoc 103U Oup OMpIIHMKKa
TEHT OYiraH ax OajdaHIJIMKIard XaBo YCTYHH OFUPJIUTHUIA TEHT:
dp =-pgdh
bu yerda p - havoning zichligi va g - og‘irlik kuchining tezlanishi. Gazning
(zichligi, molekula massasi m ni ularning hajm birligidagi soni n ga
ko‘paytirilganiga teng:
p=mn
['azmap KWMHETHK HAa3apUsICUIaH MabJIyMKH, MOJIEKyJajgap coHu n=P/kr ra
teHr. llyHra acocan N HU ypHUTaA KYHCaK,

,o=m Ba dp=_m pdh (8.1)
kt kt
ra TeHr Oynaau. by TeHriamanu Kyiuaard KypuHuiiaa udoganamn MyMKUH:
dp=—"9 gh (8.2)
kt

Arap TeMreparypa xamma OajaHiaukaa Oupaait 1e6 xucobnacak, y xohaa (8.2)
MyHOCa0aTHH WHTErpaial, KyHuaarn TCHIJIMKHA OJIAMHU3:
mg

Inp=——>h+Inc (8.3)
kT

by epna C- unrerpannam noumuiicu. bynmgan
_mg.

P=ce " (8.4)

C doimiy h=0 bo‘lganda P=P, ,kanlik shartidan aniglanadi. (8.4) formulaga h va
P ning bu giymatlarini quyib yozsak:

C=P,

Jlemak Ou3 Kapaidauran XxaBO OOCUMUHUHT €p CHpPTHIAH OalaHJIMKKa
OOFNIMKIUTH KyHuAaru KypuHuaa oynaau.

P=Pye ¥ (8.5)
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P=Pje ™ (8.6)
bocumHuHT OanaHIIMK OpTHUINM OWIaH KaMain® OOpUIMHU KypcaTyBuH (8.6)
TeHriama bapomerpuk dopmyna nevinnanu. Tor YyKKuiIapw, CaMOJETHUHT
yUUIl OaNaHIJIUTUHY Yidamra MyJbKajulaHran ac0obiap mkananapu 6eBocuTa
MeTpJiapjia lapakaJlanran mMaxcyc 6apomerpnian uoopar 0ymnaau. Ammo 6u3 Oy
TEHIJIAMaHW  KeITHUpUO uuKapuiljga OanaHJIMKHU Oapya  coxajiapuia
TeMmreparypa Yysrapmaiad Ae0 XucoOnaauK, IIYHUHT Y4yH (opmynara
TeMIlepaTypa Ty3aTMAaCUHH KUPHUTHIL JO3UM OYIIaau.
BoncMan TakcumMoTu (KOHYHH )

busra mabiiyMKu, razlapHUHT OOCHMHM XaXM OUpPJIMIHIArd MoJIeKyJiajiap
COHMIa IPOIMOPCHOHAN sITbHU Oyiranu yuyH (8.6) ¢popmyna OanaHAJIMK OPTHUILA
OWJIaH MOJIEKYJIa 3UYJIMTMHUHT KaMaluIi KOHYHHHH XaM U oaaianu:

_mq

n=nye X (8.7)
Oy epaa n Ba ng-opaiapujard OamaHmauk Qapku h-xap TeHr Oynran
HYKTaJIapJlard Xa)XM OMpJIUTUard MoJiekyJanap conu. (8.7) dopMymnagaru MKX
KAaTTAJIMK ~ MOJIEKYJaHUHT  h-OanaHiyuMkaard  MOTEHIMAN  SHEPTUSCHHU
owngupanu. lynunr yuyH (8.7) dopmyna Ousra enepruscu U=mgh Oynran
3appajiap COHM H HU Oepaau JAeWHIl MyMKWH, OyHIAa €HEprusicu HOJra TEHT
Ooynran 3appanap conu HO ra TeHr OynumIM Kepak. Arap ra3 KaHIaugup Kyd
ManoHuaa 0Yuo, mry Tydaiii yHUHT 3appajiapu OMpop MOTEHCHAT EHEePrHsra
ara Oyiica, y xonma 6epuirad Y eHeprusiid 3appajiap COHU Kyuumaru ¢popmyra

OnJIaH aHUKJIAHAIN:
U

n=nge * (8.8)
Ba Oy dopmynara borcman (konyHu) dopmynacu aed aranaau. by ¢gopmyna

MCCUKJIMK MYBO3aHATH MIapouTHAa Y dHeprusira Oyiran 3appanap TaKCUMOTHHH

aHUKJIaIll HMKOHUHH Oepajiu:
U
2k
=€ (8.9)
ny
by ¢opmyna &pmammpma Oepunran U bsHeprusuin 3appaiap TaKCUMOTH

n
~— HHHT Iy SHEPIus KaTTaJWTHIaH Tamkapd, Gakar Temrieparypara OOFJIHK
ny

OYIMIIMHM  KypcaTaAu Ba  3appajJlapHUHT  eHeprus Oyilmya  KaHjai
TaKCUMJIaHUIIWTa OOFNMUK OYynran karranuk cudatuaa udojanammra MMKOH
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oepanau.

['azmap KUHETHK Hazapuscura Kypa ra3 MOJIEKyJalapd TYXTOBCHU3
UCCUKJIMK XaoTHK XapakaTuaa y3apo TykHamumO Typagu. Kynruna
TYKHaIlyBJIapJaH KEHMH MyBO3aHaT lo3ara Keiaad. AMMO MaKpOCKOIHK
MYyBO3aHAT XOJaTJa XaM MHKPOCKONMK Jkapa¢Hiap, SbHM yJApHUHT
TYKHAIIyBJIapy AaBOM eTaBepaau. by TyKHamrysnap Tydailim MojieKyiaJlapHUHT
TE3JIMKJIapU y3rapud Typaau. JIEKUH ynap TE3NUKIAPUHHUHT Y3rapuild MabiIyM
OMp TE3JIMK UHTEepBAIMAA Py Oepaau Ba yMyMHU KOHYHUAT acocuaa Oyiaau.
["a3 Monekynanpu xapakar Te3NMUKIAPUHUHT Oy KOHYHHSTIAPH WHTIU3 OJUMH
. MaxkcBenn tomonugad (1860 #wmnna) oumnraniaurua Tyailiin YHUHT HOMHU
Ounman MakcBemn TakcUMOTH JAe0 roputuiaad. MakcBelT TaKCUMOTHHH
Kapanmus.

Mabnym V xaxmuparn wauiga N Ta ra3 Mosekyiamzapu Oyiica, Xaxm

N o
6I/IpJII/IFPIIIaFH MOJICKYJaJ1ap COHU N = v ra TCHI' 6ynaz[1/1. Ana ary N — COHUJaH

dn Tacu  4,8+d$ Te3NMKIAP HUHTEPBAIMIA XapaKTepJiaHca, f('g)zr:j_rjg
byHKUIMSTa TE3NMUKIApU &, 9 +d$ HHTEepBaIuAa ETyBYU Ta3 MOJICKYyJaJapUHUHT
TE3JIMKJIApU OYlinYa TaKCUMJIAaHUII (PYHKUUACH TEHNTIaIHN.

Bu ta’rifdan ko‘rinadiki, tagsimot funksiyasi f(4) hajm birligidagi n ta
molekulalarning gancha gqismi (dn)9,9+d¢$ tezlik intervalida xarakterlanish
ehtimolligi  bilan aniglanadi. Bu funksiyaning normallashtirish sharti
quyidagicha ifodalanadi.

o av®x

T f(v)dv, =c[¢ 2 dv, =1 (8.10)

ya’ni butun tezliklar intervalida xarakterlanayotgan molekulalarning
yig‘indisi hajm birligidagi molekulalar sonini beradi.

(8.10) formula x, y, z koordinatalar sistemasida qaraydigan bo‘lsak,
tagsimot funksiyasi:

[fv)dv, =c[r2dv, =1 (8.11)
ga teng bo‘lishini hosil qilamiz.

Bunda, If 2 dv, integralni giymatini jadval integral sifatida hisoblash

—0o0

mumkin.

0 a.VX2 271_
If 2 dv, 2\/? (8.12)
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U holda C doimiy c= ‘/Zi ga teng bo‘ladi. Tagsimot funksiyasini X, y, z
T

0‘qiga nisbatan proyeksiyalar uchun quyidagi ifodani olamiz.

av

f(v,)= E 2
f(v,)= 2,7 (8.13)
2
av?
a Y4
f(v,)=,=—¢°~2
V) =135,
bu formulaga o‘zgartirishlar kiritishi bilan
dnn (72-)3/2 a/2(v +V V7 )dV dV dV (814)
yokl
(v +v +V; 2)
7 (zﬂkT)S’zé2kt dv,dv, dv, (8.15)

hosil bo‘ladi.

Agar gaz molekulalari sferik qatlamga to‘planadi desak va ma’lum vaqtdan
keyin targaladi desak:

4ar*dr =47(v,)°d(v,) hosil bo‘ladi. Bu yerda gaz molekulalarini sferik
qatlamda to‘planganligini e’tiborga olib, sferik qatlamni hajmi 4v’dv ga teng
deb dvdv,dv, =4nv*dv. Hajmdagi gaz molekulalari uchun (8.6) formulani
quyidagicha yozish mumkin.

dn m 3/2 mi\/2 m 3/2 LVZ

—=|— | r%anldv=4aJr| — | ¢2vidv ,

n (antj ”LZKJ (8.16)

bu formulaga Maksvell tagsimoti deyiladi.
Maksvell tagsimoti funksiya ko‘rinishida

mv?

m -
f (V) = 4 (—)%2p 2kt y2
(V) ”(Zﬂkt) (8.17)

ifodalanadi.

Gazlar uchun Maksvell tagsimoti funksiyasining qiymatini Kkeltirib
chigarganda, gaz solingan idishning hamma nuqtalarida temperatura bir xil,
ya’ni gaz muvozanat holatda deb hisoblandi. Agar gaz tashqi biror potensial
maydon ta’sirida bo‘lsa, bu maydon ta’sirida gaz molekulalari qo‘shimcha
potensial energiyaga ega bo‘ladi va bunday gazning to‘liq energiyasi kinetik va
potensial energiyalar yig‘indisidan iborat bo‘ladi. Tashqi potensial maydon gaz
molekulalarining  tezliklar  taqsimotiga ta’sir  gilmasdan fagat gaz
molekulalarining konsentrasion tagsimotiga ta’sir ko‘rsatadi.
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Gaz molekulalarining yer tortish kuchi maydoni ta’siridagi konsentrasion
tagsimotini birinchi marta L. Bolsman aniglaganligi uchun tagsimot uning nomi
bilan Bolsman tagsimoti deb ataladi.

Agar borometrik formuladagi E, =mgh er sirtidan h balandlikdagi m

massali gaz molekulalarining yer tortish kuchi maydondagi potensial energiyasi
ekanligini hisobga olsak

n= nOZE”“‘t (8.18)

kelib chigadi. Bu formulaga Bolsman tagsimoti deb ataladi.

Bu formula faqatgina yer tortish kuchi maydonida o‘rinli bo‘lib qolmasdan,
istalgan potensial maydondagi gaz konsentrasiyasining tagsimoti uchun
o‘rinlidir.

Gaz molekulalarining tezliklari bo‘yicha tagsimoti Maksvell qonuniga,
uning potensial maydondagi konsentrasion tagsimoti Bolsman gonuniga
bo‘ysinadi. Endi shu tagsimotlar orasidagi umumiy bog‘lanishni ko‘ramiz.

Nisbiy tezliklar orgali Maksvell tagsimoti

4

f(u)=—=¢""u? 8.19
() =— (8.19)
ko‘rinishida ifodalanishini aytgan edik. Bu yerda ekanligini e’tiborga olsak,
4 2
dn=-—=n/""u’dn 8.20
- (8.20)
bo‘ladi.
Bu ifodaga Bolsman tagsimotidagi U ning qiymatini qo‘ysak,
4 i)
dn=——n,/  “ u®du 8.21
= (821)

umumlashgan Maksvell-Bolsman tagsimoti hosil bo‘ladi.

S’Hunday qilib, Maksvell tagsimoti muvozanat holatdagi, ya’ni doimiy
temperaturadagi gaz molekulalarining tezliklar bo‘yicha tagsimotini ifodalaydi
va tashqi potensial maydonga bog‘liq emas.

Bolsman tagsimoti esa doimiy temperaturadagi gaz molekulalrining tashqi
potensial maydondagi konsentrasiyani tagsimotini ifodalab, gaz molekulalari
tezliklar tagsimotiga bog‘liq emas. Maksvell tagsimotini tajribada nemis fizigi
Otto Shtern 1920 vyil tekshirdi. Keyinchalik 1947 yilda O. Shtefn, Isterman va
Simpsonlar bilan birgalikda molekulyar dastalar usulidan foydalanib, Maksvell
tagsimotining bajarilishini molekulalarning og‘irlik kuchi maydonida erkin
tushishida ham kuzatdi va Maksvell taqsimoti qonunini to‘g‘ri ekanligini
isbotladi.

Bolsman tagsimotini: ya’ni molekulalarning konsentrasion tagsimoti
Bolsman qonuniyatiga bo‘ysunishini tajribada J. Perren aniqladi. Buning uchun
u bir-biriga aralashmaydigan ikki suyuglikdan emulsiya tayyorlab, bir
emulsiyada ikkinchisini muallaq turadigan mayda tomchilarini hosil giladi.
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Juda sezgir mikroskop yordamida emulsi tomchilari sonining balandlikka
garab o‘zgarishini kuzatadi. Bundan muallaq zarralarning balandlik bo‘yicha
tagsimoti Bolsman qonuniga bo‘ysunishini isbotladi. Shu asosda Bolsman
doimiysini

mg(L —E)(h1 ~h,)

K= - (8.13.)

TIn—

n2
aniqlashga ham Perron erishdi.
K =1,38062-10% % ga teng ekan.
Savollar
1. Gaz molekulalarining tezliklar bo‘yicha taqsimotini tushuntirib
bering?

2. Maksvell gonunini mohiyatini aytib bering?

3. Bolsman tagsimoti (qonunini) tushuntiring?

4. Maksvell-Bolsman tagsimotlari orasidagi o‘zaro bog‘liglikni
mohiyati nimaga asoslanadi?

5. Maksvell va Bolsman gonunlarini eksperimentda kimlar tekshirib
isbotladi va ular bundan ganday xulosaga keldilar?

5-mam3y: Issiglikning Kinetik nazariyasi
Termodinamikaning nolinchi gonuni. Ideal gazning ichki energiyasi.

Reja:
1. ldeal gazning ichki energiyasi.
2. Ichki energiyaning erkinlik darajasi bo‘yicha tagsimoti qonuni.
3. Erkinlik darajasi.
Gazlar molekulyar-kinetik nazariyasiga asosan-gaz molekulalari uzluksiz
va tartibsiz harakatlanib turadi. Bunda molekula ilgarilanma harakatining T-
temperaturadagi o‘rtacha kinetik energiyasi:
3R 3
E, _NT _EKT (10.1)
teng bo‘ladi.
Bu yerda R=831.10° )

K -kmol

Avagadro soni. Bundan K=§=l,38-1023% Bolsman doimiysi kelib chigadi.

universal gaz doimiysi, N =6,02-10*kmol™

Demak, molekulalarning ilgarilanma harakatining o‘rtacha kinetik energiyasi
fagatgina gazning temperaturasi T bilan aniglanadi. Gaz isitilganda yoki
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sovutilganda, unga biror migdorda issiglik berilganda yoki undan olinganda, gaz
molekulalarining harakat energiyasi o‘zgaradi.

Ideal gazning ichki energiyasi barcha molekulalarining tartibsiz harakati
kinetik energiyasi bilan belgilanadi. Biz keyinchalik real gazlar uchun
molekulalarning o‘zaro ta’sir potensial energiyasini ham hisobga olish
zarurligini ko‘ramiz. Real gazlarning ichki energiyasi molekulalarning kinetik
energiyasi bilan ularning potensial energiyasining yig‘indisiga teng bo‘ladi.

Molekulalarning harakat Kkinetik energiyasi, umuman aytganda, ularning
ilgarilanma harakat kinetik energiyalaridangina iborat emas. U molekulalarning
aylanishi va tebranish kinetik energiyalarining yig‘indisidan iborat bo‘lishi ham
mumkin. Molekulalarning barcha tur harakatlariga to‘g‘ri keladigan energiyani
hisoblash uchun Erkinlik darajasi tushunchasini kiritamiz.

Jismning fazodagi vaziyatini aniqlash uchun zarur bo‘lgan erkli
koordinatalarning soniga jismning Erkinlik darajasi deyiladi. Chunki moddiy
nugtaning Erkinlik darajasi uchga teng. Moddiy nugtalarning fazodagi vaziyati,
uchta koordinata Bilan, masalan to‘g‘riburchakli to‘g‘ri chiziqli koordinatalar
sistemasida x, y, z, koordinatalar bilan aniglanadi.

Qattig jismning (10.1-rasm) vaziyatini aniglash uchun:

1. Og‘irlik markazi C ning fazodagi vaziyati;

2. Ma’lum bir 0 0’ o‘qning yo‘nalishi va

3. Qattiq jsimning mana shu o‘qda biror boshlang‘ich vaziyatga nisbatan

burilish, burchagi berilgan bo‘lishi kerak.

C- Og‘irlik markazining vaziyatini aniqlash uchun x, y, z, uchta
koordinata berilishi kerak. 06" -O‘qning fazodagi yo‘nalishini aniqlash uchun
yana ikkita koordinata, masalan uchta koordinata o‘qidan ikkitasining o‘q bilan
tashkil gilgan ¢ va ¢ burchaklari berilishi kerak. Nihoyat, jismning 00 o‘qda
burilish burchagi ¢ ni aniglash kerak.

Shunday qilib, qattiq jismning erkinlik darajasi oltiga teng bo‘ladi. Agar
jismning ayrim qgismlari bir-biriga nisbatan siljiy oladigan (tebranma harakat
qilsa) u harakatlarni tekshirish uchun yana qo‘shimcha erkinlik darajalari
kirititiladi va aksincha qattiq jism biror o‘q atrofida aylanmaydigan bo‘lsa,
uning erkinlik darajasi 6 tadan kichik, anig‘i 5 ga teng bo‘ladi.

Gazning har bir molekulasi ma’lum erkinlik darajasiga ega bo‘lib, uning
ilgarilanma harakatiga faqat 3 ta erkinlik darajasi to‘g‘ri keladi.

Gazning molekulalari tartibsiz harakatda bo‘lganligi sababli, molekulalarga
fagat ilgarilanma harakatgina xos bo‘lmasdan, balki barcha tur harakatlar
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(aylanma, tebranma) ham xosdir. Harakat turlarining barchasi teng giymatlidir,
shu sababli molekulaning har bir erkinlik darajasiga o‘rtacha birday miqdorda

E, energiya to‘g‘ri keladi. Bu holat energiyaning erkinlik darajalari bo‘yicha

birday tagsimlanish gonuni deb ataladi. Bu qonunga asosan gaz molekulasining
o‘rtacha energiyasi E, ni (10.1) formulaga asosan hisoblash mumkin.

Gaz molekulasi uchta erkinlik darajasiga ega bo‘lgan ilgarilanma harakat
gilayapti desak,

E- g KT (10.2)

Tenglik o‘rnini bo‘ladi.
Bundan bitta erkinlik darajasiga to‘g‘ri keladigan o‘rtacha energiya:
— 1 1(R
E,=-KT =2 T 10.3
=3 =2 nT] (103)

formula bilan aniglanadi. Agar gaz molekulasining har birining erkinlik
darajasi i ga teng bo‘lsa, u holda har molekulaga

E-= é KT = é(%)T (10.4)

energiya to‘g‘ri keladi.

E ning bu giymatini gazni tashkil etgan molekulalarning soniga
ko‘paytirsak, gazning to‘la ichki energiyasini topamiz. Agar E ni Avagadro soni
N ga ko‘paytirsak, bir mol gazning ichki energiyasi U ni topamiz.

u=1.Bonolpr (10.5)

2 N 2
Bu formulaga gazning ichki energiyasini, molekulalarning erkinlik darajasi i va

gazning termodinamik temperaturasi T orgali ifodalanishi deyiladi.

Mavzuga doir savollar:
1. ldeal gazning ichki energiyasi deb nimaga aytiladi..
2. Ichki energiyaning erkinlik darajasi bo‘yicha tagsimoti qonunini
tushuntiring.
3. Erkinlik darajasi nima

6-mae3y: Ish va issiglik miqgdori. Termodinamikaning I-qonuni. Gaz
hajmining o’zgarishida bajarilgan ish.

Reja

Ish va issiglik miqdori to‘g‘risidagi tushuncha.
Termodinamikaning I-qonuni.

Gaz xajmining o‘zgarishida bajarilgan ish.
Xulosa.

el NS
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Sistemaning ichki energiyasini o‘zgarishi - sistemalarni o‘zaro energiya
almashinuvi va atrofmuhit bilan energiya almashinuvi natijasida amalga oshadi.
Energiya almashinuvi asosan ikki jarayonda sodir bo‘ladi:

1) Ish bajarish natijasida

2) Issiglik uzatish natijasida.

Bu jarayonlarni porshen xarakatlanadigan silindr gaz bilan to‘ldirilgan
holda garaylik. (11.1-rasm)

cﬂ{
_______ 7
¢

2

11.1-rasm
Porshen ustidagi gaz kengayganda porshen d/ masofaga siljiydi va
dA=Fd/ (11.1)

ish bajaradi, bu yerda F — gaz kengayganda porshen yuzasiga ta’sir
etadigan kuch.
Gaz S - porshen yuzasiga beradigan bosimini P — desak, u holda
F=P-S (11.2)
tenglik o‘rinli bo‘ladi.
(11.2) formulani (11.1)ga qo‘yamiz
dA = PSd/ (11.3)
bunda Sd/ =dv ga teng.
U holda (11.3) formula
dA=PdV (11.4)
ko‘rinishini oladi. Agar gaz kengayish jarayonida dA ish bajarsa, dv >0 bo‘lib,
musbat ish bajariladi. Porshen gazni sigib dA ish bajarsa dv <0 bo‘lib, manfiy
ish bajariladi. Boshqacha aytganda bu holda atrof muhit ta’sirida (ya’ni porshen
xarakati ta’sirida) ish bajariladi.
Agar xajm o‘zgarmas dV =0 izoxorik prosess bo‘lganda bajarilgan ish
ham dA=0 bo‘ladi. 11.2 - rasmda gaz izoxorik prosessda bo‘lganidagi holatini
grafik ko‘rinishida tasvirlaylik.
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11.2- rasm

Gaz 12 egri chiziq bo‘yicha PV koordinata xajm kengayishida bo‘Isin.
Gazning xajm dV ga kengayganda dA=PdV ish bajariladi. Bu ish sxemada dV
kichkina shtrixlangan zonaga mos keladi. agar gaz kengayishi V1 dan V2 gacha
xajm kengayishiga nisbatan qaraladigan bo‘lsa, u holda bajarilgan ish

V2
4, = [Pdv (11.5)
Vi
tenglama yordamida aniqlanadi. Agar gaz bosim o‘zgarmas (p = const) bo‘lgan
izobarik prosessda ish bajaradigan bo‘lsa unda bajariladigan ish
A, = P(Vz _Vl) (116)
formula bilan aniglanadi. Bu prosessda bajarilgan ish grafik holda 11.3-rasmda
ko‘rsatilganidek ifodalanadi.

P -
o .2
1.557
F=const .
M N ¥
11.3-rasm

Bu holda (gaz kengayganda) bajarilgan ish 1 a 2 NM yo‘nalishda
musbat bo‘ladi. gaz 2 8 IMN yo‘nalishda siqilib (dV <0) ish bajaridagin bo‘lsa,
ish manfiy bo‘ladi. gazning bajargan to‘la ishi

S, =1a2NM

S, = 261MN
S=S5,-S,=1a2NM —261IMN =1a2¢lga teng bo‘ladi.
Hamda doiraviy sistemada bajarilgan ish

§dA #0 (11.7)

nolga teng bo‘lmaydi.

} larni ayirma yuzasi S ra teng bo‘ladi.
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Ma’lumki, har ganday boshga jism kabi gazni ham har xil usul bilan
gizdirish yoki sovutish mumkin. yuzani garaganda bunda ish xech ganday rol
uynamaydiganday ko‘rinadi.

Bu usul shandan iboratki, jism o°‘zining xususiy temperaturasidan
boshqga temperaturaga ega bo‘lgan biror jismga tegiziladi. Jismlarning bevosita
tegizmasdan ular orasidagi biror boshqa mubhit, hatto bo‘shliq bo‘lganda ham
shunday natija olish mumkin.

Birinchi holda jismlarning isishi yoki sovushi issiqlik o‘tkazuvchanlik
yo‘li bilan, ikkinchi holda esa nurlanish yo‘li bilan amalga oshadi deb gapiriladi.

Bizga ma’lumki, bir atomli sistemalar uchun ichki energiya
3

U= KT (11.8)

Formulaga asosan gaz temperaturasining o‘zgarishi hamma vaqt
energiyaning o‘zgarishi bilan bog‘liq ekani kelib chiqadi. Bunday o‘zgarish ish
bajarish natijasida bo‘ladi, chunki ishning 0°zi energiya o‘zgarishidir.

Fizikaning taraqqiyot tarixidan ma’lumki, jism temperaturasining
o‘zgarishi, «Kontakt» yo‘li bilan yoki nurlanish bilan amalga oshirilganda
jasmga biror issiglik miqgdori beriladi yoki undan biror issiglik migdori olinadi.

Demak issiglik migdori jismning ikkinchi jismga bevosita tekkanda
yoki nurlanishiga uzatiladigan energiyasidir.

1) Q:i%:ﬂgradt (11.9)

2) Q=oF(t,-t)Ar buyerda a=a,+o,  (11.10)
o, —hur chigarish (radiasiya) bilan issiglik berish koeffisiyenti; o, — tegish bilan
issiglik berish koeffisiyenti.

Issiqlik bilan ish (energiya) orasida xech qanday farq yo‘q. Shuning uchun
bu kattaliklarning har ikkalasi ham bir xil birliklarda o‘lchanishi kerak. Sl

sistemasida issiqlik migdori Q, J da va Kkal da o‘lchanadi.
lxxan = 4186,8 2K = 41900k

1xxan = 4,190
Mexanikaviy ish birligining issiglik birligiga nisbati ifodalovchi son issiglikning
mexanikaviy ekvivalent deyiladi va J bilan belgilanadi
J = 41868 j/kkal = 4,19 j/kal
Bu kattalikka teskari kattalik mexanikaviy ishning ekvivalenti deyiladi.
J'=2,39*%10"kkal/ j =0,239kal/ j

3. Termodinamikaning I gonuni

Har ganday jism yoki sistemasining holat o‘zgarishi ( bu sistemani ish
bajarishi yoki tashqi kuchlar bu sistema ustidan ish bajarishi bilan belgilanadi.
Bizga ma’lumki jismlarning (gazning) holati P, V, T parametrlar bilan
xarakterlanadi.
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Bu parametrlarning ixtiyoriy birining o‘zgarishida tashqi ish bajarilishi kerak.
Masalan gaz temperaturasi o‘zgarishi ya’ni uning isitish yoki sovutishi
tashgaridan bajarilgan ish hisobiga amalga oshishi mumkin. gaz silindrda
porshen ustida bo‘lsin. Mexanikaviy ish hisobidan gaz isqilsa isiydi yoki
xajmi kengaysi gaz soviydi. Ammo gazning xajmini uning temperaturasini
o‘zgarmasdan turib ham o‘zgartirish mumkin.(11.4-rasm).

X

L

11.4-rasm

Agar gazga (yoki jismga) biror dQ issiqlik migdorini berilsa dastlab jismning
d u ( ichki energiyasi o‘zgaradi va dA ish bajaradi. Bunda energiyani
saglanish gonuni shunday ifodalanadi. Sistemaning bajargan ishi sistemaga
berilgan issiqlik miqdori bilan ichki energiyasining o‘zgarishi orasida-gi
fargiga teng:

dA=dQ-du (11.11)
yoki
dQ =dU +dA (11.12)

Bu ifodalar termodinamikaning birinchi gonunining matematik ifodalanishidir.
Demak jismga berilgan issiglik miqdori, shu jismning ichki energiyasini
o‘zgarishiga va ish bajarishiga sarf bo‘lar ekan.

Qo‘yilgan F tashqi kuch, ta’sir qiluvchi P(S ga teng kuch bo‘lib
muvozanatlashguncha siqgiladi.

Porshen dx masofaga siljib gazni siqdi deylik, bu holda bajarilgan ish
dA=Fdx=PSdx ga teng bo‘ladi. bunda Sdx=dV tengligini e’tiborga olsak
Sdx=—dV yoki bundan

dA = —pdV (11.13)
tengligi kelib chigadi.
Aksincha gaz kengayganda uning xajmi dV ortganida tashqi
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kuchlarga garshi PdV musbat ish bajaradi.

dA=PdVv (11.14)
(11.14) —> (11.12) go‘yamiz. U holda
dQ = du + PdVv (11.15)

tenglik hosil bo‘ladi. P V koordinatada bu jarayonni grafik ko‘rinishida
ifodalaymiz. dA=-PdV ifodani 1,2 bo‘yicha integrallaymiz:

A:.z[dA:JZ‘PdV (11.16)

Demak jismning hajmi o‘zgarganda bajargan tashqi ish jismning boshlang‘ich
holatdan oxirgi holatiga uni o‘tishida bosib o‘tgan holat tartibiga bog‘liq
bo‘ladi. yo‘lning shakliga bog‘liq bo‘lmaydi.

Pu

11.5-pacwm.
2 2
[dQ=U,-U, +[Pdv (11.17)
1 1

Bu yerda Ul va U2 jism ichki energiyasining mos ravishda 1 va 2
holatlaridagi qiymatlari. Agar U, =U, bo‘lsa, u holda holat o‘zgarishi

prosessda aylanma yoki sikli holat deyiladi. Bu holda bajarilgan ish

A= {Pdv (11.18)
musbat bo‘lsa, ya’ni agar jismning o‘zi tashqi kuchlarga garshi ish bajargan
bo‘lsa, u holda bu jism tashqaridan Qng issiqlik olganini bildiradi.

Agar bir siklda bajargan ish A ish manfiy bo‘lsa ya’ni tashqi kuchlar jism
ustidan ish bajargan bo‘lsa u holda bu ishga teng Q issiglik miqdori ajraladi.
Demak siklda Q=A ga teng bo‘ladi. Agar sistema tashqi muhitdan ajratilgan
bo‘lsa, aylanma siklda ish bajara olmaydi, shuning uchun §dU =0 bo‘lib,

termodinamikaning birinchi gonuni
fdA={dQ (11.19)

bo‘lib, A=Q teng bo‘ladi, ya’ni aylanma siklda bajariladigan ish tashqiridan
berilgan ekvivalent issiqlik miqdoriga bog‘liq bo‘ladi.
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Bundan o‘zi olgan energiyadan ortiq ish  bajara oladigan davriy
xarakatlanuvchi mexanizm yaratish mumkin emasligi kelib chigadi. O‘zi
olgan energiyadan ortiq ish bajara oladigan fikriy (faraz gilingan) mexanizm
birinchi tur abadiy dvigatel deb ataladi. Shuning uchun Termodinamikaning
birinchi asosiy gonunini yana shunday ifodalash mumkin; birinchi tur abadiy
dvigatel qurish mumkin emas. Shu munosabat bilan aytish mumkinki,
termodinamika birinchi asosiy gonunining kashf etilishi abadiy dvigatel
qurish haqidagi ko‘plab bexuda urinishlarga chek qo‘ydi.

Termodinamikaning I-qonuni odatda energiyaning saqlanish qonuni bo‘lib
ochilishi tarixiy jihatdan, biror ko‘rinishdagi energiyani sarflamay tashqaridan
issiglik olmay ish bajara oladigan mashinani qurish yo‘ldagi urinishlarning
oqibasiz bo‘lib chiqishi bilan bog‘liq edi. Bunday mashina termodinamikada
birinchi xil perpetuum mobile deb ataladi. Termodinamikaning birinchi bosh
qonuni shunga asosan qo‘yidagicha ta’riflanadi: birinchi xil perperuum
mobileni, ya’ni bir davr davomida tashqaridan olingan energiya miqdoriga
qaraganda ko‘proq miqdorda ish bajaradigan davriy harakat qiluvchi mashinani
qurib bo‘lmaydi. Uzatilgan issiqlik bilan ish orasidagi ekvivalentlikning
prinsipial va nazariy mohiyati Robert Mayer (1814-1878), V.Tomson (1824-
1907), Klauzius (1822-1888) va bir gator boshqga fiziklar tomonidan aniglangan.

Energiyaning saglanish qonuni ilgaridan taxmin qilinar edi.
M.V.Lomonosov 1748 yilda moddaning saglanish gonunini bayon gilar ekan,
tabiatda harakatning saqlanish haqidagi qonunini quyidagicha ta’riflab borgan
edi. U «Tabiatda uchraydigan hamma o‘zgarishlar shunday sodir bo‘ladiki, biror
jismdan gancha miqgdor nimadir olinsa, boshga jismga shuncha miqgdor
qo‘shiladi». Energiya saqlanish qonunining miqdori jihatidan ta’riflanishi 100
yil o‘tgach va turli ko‘rinishdagi energiyalarning ir-biriga aylanishi bilan bog‘liq
bo‘lgan juda ko‘p prosesslar kashf gilingandan keyin Robert Mayer va Gelmgols
(1821-1894) tomonidan bajarildi.

Mavzuga doir savollar:

1. Ish vaissiglik migdori nima?

2. Termodinamikaning I-gonunini tushuntirib bering.

3. Gaz xajmining o‘zgarishida qanday ish bajariladi.
7-mag3y: ldeal gazlarning issiglik sig’imi. Ideal gazlar issiglik sig’imining
tajriba ma’lumotlaridan chetlashishi. Issiglik sig’imining kvant nazariyasi
to’g’risida tushuncha. Politropik jarayon.

Reja:

1. Adiabatik proseslar.

2. Ideal gazlarning issiglik sig’imi.

3. Ideal gazlar issiqlik sig’imining tajriba ma’lumotlaridan
chetlashishi.
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4, Issiglik sig’imining kvant nazariyasi to‘g’risida tushuncha.

5. Politropik jarayon.

6.  Xulosa.
Silindrda porshen ostida R1 bosimdagi V1 hajmidan R2 bosimdagi V2
kengayotgan gazni ko‘z oldimizga Kkeltiraylik(13.1rasm).  Grafiklagi bu
prosess 1-2 egri chiziq bilan ifodalanadi.

P4

L

Y AV W,

Kengayishning juda kichik AV intervalini ko‘ramiz, uning uchun bosimi
taxminan doimiy va R ga teng deb olishimiz mumkin. Gazning kichik
kengayishida bajarilgan ish RAvV ga teng. Grafikdan bu ishning migdori
kengligi AV bo‘lgan tor poloskaning yuziga teng ekanligi ko‘rinib turibdi.
Hajmning Av, va AV, gacha to‘la o‘zgarishini n ta kichik AV, AV, AV,,..AV,
intervallarga bo‘lib, gaz hajmining o‘zgarishida bajarilgan to‘la A ishning
miqdori barchp n-poloskalar yuzining yig‘indisiga teng ekanini, ya’ni 1-2 egri
chiziqg, P; egri chiziq va absissalar o°qi bilan chegaralangan yuzaga teng ekanini
keltirib chigamiz:

4=3PAV,

>

[aN

Endi chekli kichik AV intervaldan cheksiz kichik dV intervalga o‘sak, bu
intervallarning har biridagi ish cheksiz kichik

dA=PdV (13.1)

ga teng bo‘ladi. bu tenglikni AV, dan Av, gacha chegaralarda integrallab gaz
hajmining o‘zgarishida bajarilgan to‘la ishning ifodasini topamiz;

A= [Pdv (13.2)

Ma’lumki bir Kilomol ideal gaz hajmining izotermik o‘zgarishida
bajarilgan ishni hisoblashda Mendeleev - Klapeyron gonuniga muvofiq,
_RT
Y

P

P ning bu ifodasini (13.2) formulaga qo‘yib va izotermik prosessda T=const
ekanligini nazarga olib, qo‘yidagi ifodani hosil gilamiz:
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ERT
A= jv dv = RTJ‘ RT(InV, —InV,),

Vi

yoki m - massali gaz uchun

A= SLRT InYz (13.3)

1

formulani olamiz. Bu formulaga gaz hajmining o‘zgarishida bajarilgan ishni
hisoblashni matematik ifodalanish deyiladi. Gaz hajmining izobarik (r=const)
o‘zgarishida bajarilgan ish yana ham osonroq hisoblanadi:

v, vV,
A= [Pdv =P[dV =P(V, -V,) (13.4)

Vi Vi

: : : vV, P : i
Boyl-Mariott gonuniga asosan PV, =P,V, bo‘lgani uchun V—2 = Fl tenglik o‘rinli
1 2

bo‘lib, bu ifodani (13.3) formulaga quysak u holda

A:%RT I (13.4")

2
formula hosil bo‘ladi.

Sistema bilan atrof muhit o‘rtasida issiqlik almashinuvsiz bo‘ladigan
prosesslar adiabatik prosesslar deyiladi. Bu holda dQ=0 va termodinamikani
birinchi asosiy qonunining formulasi shunday ko‘rinishga keladi:

dA=—dU (13.5)

Minus ishorasi adiabatik kengayishda sistemaning ichki energiyasi
kamayishini ko‘rsatadi; sistema o‘zining ichki energiyasi hisobiga ish bajaradi.
Adiabatik sigish holida sistemaning ichki energiyasi tashgi kuchlar bajargan ish

hisobiga ortadi. Shuning uchun dU musbat bo‘ladi, ibroq dA manfiy qiymat
gabul giladi.

Devorlari va porsheni mutlago issiglik o‘tkazmaydigan idishlarga
gamalgan bir kilomol ideal gazdan iborat sistemadagi adiabatik prosessni
ko‘raylik. Ma’lumki bir kilomol ideal gazning ichki energiyasi

U=C,T (13.6)
ge teng, bu yerda Cy — o‘zgarmas hajmdagi mol issiqlik sig‘imi, T - temperatura

Cv — noumuii kattalik bo‘lgani uchun (13.6) tenglikni differensialllab, shunday
ifoda olamiz

du=C,dT (13.7)

(13.1) formuladan dA ning va (13.7) formuladan dU ning ifodalarini olib, (13.5)
formulaga qo‘yamiz.
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PdV =C,dT
Mendeleev -Klapeyron gonunidan foydalanib R ni Fs/—T ga almashtiramiz:

ﬂdV=—cVo|T yoki R _dv__dT

Vv C, V T
Bundan gaz hajmining adiabatik o‘zgarishida uning temperaturasi ham
o‘zgarishi kelib chigadi. Bu tenglikni V1 va V1 gacha chegaralarda va mos

ravishda T1 dan T2 gacha integrallab, quyidaagi tenglikni hosil gilamiz.

Rfdv__fdT
CyyV 1T
bundan

Ci(lnv2 =InV,)=InT, —InT,
A
yoki

R

m(ﬁjcv = mL (13.7
Vl T2

Bu tenglikni potensirlab

R Cp—CV
= —y-1 13.
C, Cy 4 (138)

ekanligini nazarga olib, R.Mayer formulasini hosil gilamiz:
C,=C, =R
holda

ekanligini e’tiborga olsak (13.7%) formula

(V_j L (13.9)

V, T,
va
TV, =TV (13.10)
yoki, nihoyat
TV 7 =const (13.11)
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formula ideal gazdagi adiabatik prosessni ta’riflovchi Puasson qonunini
ifodalaydi. Puasson qonuni xulosasi: gazni adiabatik kengaytirishda uning
temperaturasi pasayadi, adiabatik siqgishda esa ko‘tariladi.

Adiabatik prosessda bajarilgan ishni hisoblash jarayoni Boyl-Mariott
gonuniga bo‘ysunmaydi.

C,dT + PdV =0 (13.12)

Bu formuladan T — Temneparypanu chigarish kerak. Buning uchun gazning
holat tenglamasi PV =RT ni differensiallaymiz. PdV +VvdP=RdT dan dT — ni
topamiz.

_ PdV +VdP

dT 13.13

: (1313)
bu tenglikni (13.12) ga qo‘yamiz.
c, M +PdV =0 (13.14)

bu yerda R=C, —C, ekanligidan foydalanamiz

o, PIV-VEP Lo g
C.-C,

p
C, (PdV —VdP)+P(C, —C, )dV =0
C, PdV —C,VdP — PC dV — PC,dV =0

bundan

C,VdP +C,PdV =0 (13.15)

Shuningdek,

C
C—" =y deb belgilasak u holda (13.15) formuladan

\
dpP dv
o2 ) 13.16
LAy (13.16)
tenglik o‘rnini bo‘lib, uni integrallaymiz:

P cdv
=L =0
P Y;

InP = yInV = const

bundan
PV’ = const (13.17)

formula hosil bo‘ladi.
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Bu formula hajmi adiabatik o‘zgarish prosessda ideal gaz bosimi va hajmi
orasidagi bog‘liglikni xarakterlovchi Puasson tenglamasi deyiladi.

7:%— adiabatik ko‘rsatgich; C, >C, bo‘lganda y>1 bo‘ladi. Shuning

\%
uchun bosimning hajmiga bog‘lanish grafigi giperbola bo‘lmasligi aniq. y>1
bo‘lgani uchun adiabatik prosessda P = f (V) egri chizig adiabata deb ataladi

Gaz holat tenglamasi

PV =RT dan
4
% :% ni (13.17) ga qo‘yamiz P(F\Q/—TJ = const va demak
T”P*” =const (13.18)

ko‘rinishdagi Puasson tenglamasi hosil bo‘ladi. Bu tenglamani har ikkala
tomonini * darajaga ko‘taramiz. U holda (13.18) tenglama:
v
Ly
TP 7 =const (13.19)

ko‘rinishidagi Puasson tenglamasi ifodalanadi (13.17), (13.18) va (13.19)
formulalarga asosan gaz hajmining adiabatik o‘zgarishida bajarilgan ishni:

A=ﬂ(1—T—2J=l(T1—T2)=CV(T1—TZ) (13.20)
y=10 T, ) r-1

formula ko‘rinishida ifodalash mumkin. Demak, adiabatik prosessda gazning
bajargan ishi gaz temperaturasining o‘zgarishiga proporsional ekan. Bu yerda

R _¢, (13.21)

y-1-
ekanligini e’tiborga olindi.

Molekulyar fizikada politropik prosess muhim jarayon ekanligini e’tirof
etish kerak. Politropik prosess deb, S - issiglik sig‘im o‘zgarmas va dQ/dT ga
teng bo‘lib, qoladigan har ganday holat o‘zgarishiga aytiladi:

_daQ i do-
C—dT, yoki dQ=CdT

Termodinamikaning birinchi qonuniga asosan
dQ=CdT =C,dT + PdV
bunda
(C-C, [T =PdV (13.22)
Ma’lumki, (13.13) formuladan
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_ PdV +VdP
R

dT

tengligini (13.22) chi formulaga qo‘yamiz va C, —C, =R ekanligini ¢’tiborga
olsak

C-C (PdV +VdP)= PdV
p =~V
bo‘lib, bundan
( €-Cy —1]Pdv __ 7% vap (13.23)
Cp -C, » —Cy

va soddalashtirish bilan

€-Cp dv__C-C, P
c,-C, V. C,-C, P

tenglikni hosil gilamiz va uni integrallaymiz va potensirlaymiz
C-C,

InP + InV = const
"
bundan
c-C . . . 1
c CF:, =n politropik ko‘rsatgich deyiladi. Demak,
-
PV " = const (13.24)

ifodaga ega bo‘lamiz. Gaz adiabatik siqilganda esa adiabatik siqilish
koeffisiyenti

1.4V (13.25)
vV dP

formula bilan ifodalanadi, bu yerda X :—% ga tengligini e’tiborga olsak,

% -y ga teng, shunga asosan X =+

y P
(13.26)

teng bo‘ladi va X - adiabatik sigiluvchanlik, y — esa izotermik siluvchanlik
deyiladi.

Amalda adiabatik prosesslarni amalga oshirishning ikki yo‘li bor 1) gaz

hajmini juda tez o‘zgartirish va 2) juda katta massani gaz hajmining o‘zgartirish.

Har ikki holda ham sistema (gaz) bilan atrof muhit orasida unchalik issiglik
almashinishi bo‘lmaydi, bu sistema bilan muhit orasida issiqlik izolyasiyasi

yaxshi bo‘lishi bilan barobardir.
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Birinchi yo‘l bilan adiabatik prosessni amalga oshirishga velosiped
kamerasiga nasos bilan tez dam berish misol bo‘la oladi. Havoni ko‘p
martalab tez-tez siqilishida ajralgan issiglik migdorining ancha gismi atrof
muhitga o‘tishga ulgura olmaydi, buning natijasida nasos sezilarli darajada
qizishi ma’lum.

Ichki yonuv dvigateli silindrida yonilg‘i aralashmaning kengayishi va
sigilishi singari prosesslarni ham adiabatik prosess deyish mumkin. Dizelda
siqgish prosessning adiabatik xarakteri ayniqsa ravshan namoyon bo‘ladi.
Dizelda o‘t oldiruvchi (svecha) bo‘lmaydi: aralashma adiabatik isish
natijasida o‘z-o‘zidan alangalanib ketadi.

Katta massali gazlarning adiabatik prosesslariga kelganda shuni aytish
kerakki, ular tabiatda keng targalgan. Agar, masalan, haydalgan shudgorning
juda katta uchastkasi-A, suv havzasi-B va o‘rmon massiva-C bilan
chegaralangan bo‘lsa, havo ochiq bo‘lgan yoz kunlari shudgor qo‘shni
uchastkalardan kuchliroq giziydi. Shudgor ustidagi havo massasi A ham
qo‘shni B va C massalarga nisbatan kuchliroq qiziydi, ularga garaganda
yengilroq bo‘lib ko‘tarilsa boshlaydi (konveksiya). Atmosferaning bosimi
yuqoriga ko‘tarilgan sari kamayib borgani uchun, havo massasi ko‘tarilgan
sari kengayadi va demak, adiabatik soviydi. Uning temperaturasi shudring
nuqtasigacha pasaygach, havo massasidagi suv bug‘i kondensasiya
yadrolarida kondensasiyalana boshlaydi. Issig kunlarda tush vagtida paydo
bo‘ladigan D pag‘a-pag‘a bulutlar hosil bo‘ladi, ularni «yaxshi ob-havo
bulutlari» deb bejiz aytilmaydi.

Mavzu yuzasidan savollar.

1. Gaz hajmini o‘zgarishida bajarilgan ish mohiyatini tushuntirib
bering.

Adiabatik jarayonni ganday tushunasiz.

Issiglik sig’imi tushunchasi nima magsadda kiritilgan.

Ideal gazning issiqlik sig’imi qanday fizik kattaliklarga bog’liq.
Ideal gazlar issiglik  sig’imlarining tajriba  natijalaridan
chetlashishining mohiyati nimada?

gk w

8-maB3y: Termodinamika elementlari
Issiglikni mexanikaviy ishga aylantirish. Tsiklik jarayon va tsikl ishi.

Reja:
1. Issiklik mexanik ishga aylanishi
2. Siklik jarayon va sikl ishi
3. Termodinamikaning Il - gonuni.
4. Xulosa.
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Bizga ma’lumiki, mexanika va energiya issiglikga aylanishda bu prosess
juda sodda holda ro‘y beradi. Mexanikaviy energiyaning hammasi issiqlikka
aylanadi. Bunday aylanishda qancha kolloriya hosil bo‘lishini bilan uchun
joullar sonini 0,239 ga ko‘paytirish kifoya. (Mexanika va ishning issiqlik
ekvivalenti).

Bunday foydalanish koeffisiyenti hamma vaqt birga teng, ammo teskari
prosess ancha murakkab ekanligini bilamiz. Shuningdek issiglikning ishga
aylantiruvchi real mavjud bo‘lgan qurilmalar (bug® mashinalari, ichki yonuv
dvigatellari va x.k) ma’lumki, sikllik ravishda ishlaydi, ya’'ni ularda issiqlikni
uzatish (berish) va uni ishga aylantirish prosessorlari davriy takrorlanib turadi.
Buning uchun ish bajarayotgan jism manbadan issiglik olgandan so‘ng, yana
xuddi shundan prosessni gaytadan boshlash uchun o°zining dastlabki holatiga
gaytishi kerak, boshgacha aytganda bu jism aylanma prosesslarni bajarishi
kerak. Bunday prosess sikl deyiladi. Agar jismning holati uning bosimi va
hajmi, orqgali xarakterlansa u holda bu holat grafik ravishda P-V diagraamdagi
AB nugtalar bilan ifodalanadi.

“AQ
& B

17.1 -rasm

Xolatning o‘zgarishi bunda diagrammada chizik bilan, masalan: 17.1 -
rasmdagi A va B chiziq bilan ifodalanadi. Aylanma prosess (sikl) yopiq egri
chizig masalan A,b va B,a egri chiziq bilan ifodalanadi. Bu sikl davomida
bajarilgan ish bu yopiq egri chiziq bilan chegaralangan yuzaga teng bo‘ladi.
1854 yil V.Tomson (Kelvin): biror jismdan olingan issiglikni boshga gandaydir
jism yoki jismlarda hech qanday o‘zgarishi vujudga keltirmaydi, yagona
mexanikaviy ishga aylantirib beruvchi Sikllik prosessni amalga oshirish mumkin
emas degan edi. Bu prnisip issiqlik mashinalarining ishlashiga tegishli ko‘p
sonli tajribalar asosida isbotlangan.

Birinchidan ishchi jism ikkinchidan issiqlikning manbai ya’ni -
isitgich, uchinchidan issklik uzatiladagan pastroq temperaturali jism - sovutgich
bu jarayonni asosini tashkil etadi. Sikllik mashinada ish bajarish uchun turli
temperaturali ikki jism gatnashishi shart degan tasdiq Karno prinsipi deyladi. Bu
prinsipga asosan issiglik mashinasi (sikllik mashina) fagat issiglik manbai va
ishchi jism bilan ganoatlanib qola olmaydi. Agar fagat ishchi jism va issiglik
manbai bilangina ganoatlanib qolishi mumkin bo‘lganda edi, u holda ish
bajarish uchun dengiz va okeanlarnin suvlari, yer qobig‘i, yer atmosferasi
singari amalda cheksiz issiqlik migdori olish mumkin bo‘lgan «manbalardan»
foydalanish mumkin bular edi. Bunday manbalarning issigligi hisobiga
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ishlaydigan va hech qanday yoqilg‘i talab qilmaydigan mashina, abadiy dvigatel
singari ahamiyatga ega bo‘lar edi va bunday mashina ikkinchi tur abadiy
dvigatel deb atalar edi. Biroq bunday mashinani energiyaning saglanishi qonuni
«tasdiglaydi». Bunda ish issiqlik hisobiga bajariladi. Ammo tajriba bunday
mashinani  yasalishi mumkin emasligini  ko‘rsatadi.  Sikllik issiqlik
mashinasining ishlashi uchun sovutgich temperaturasi issiglik manbaining
temperaturasidan past bo‘lgan jism kerak bo‘ladi. Odatda atmosferaning o‘zi
sovutgich bo‘lib xizmat qiladi.

2. Sikllik jarayoni uchun bilamizki, uchta jism: Issiklik olinayotgan
issiglik manbai (isitgich), issiglik beriladigan sovugroq jism (sovutgich) va
issiqlikning berilishi va ishining bajarilishida vositachi bo‘lgan ishchi jism
bo‘lishi kerak.

Ishchi jismda amalga oshadigan aylanma prosessni bu jismning biror
bosimgacha siqilib isitgich bilan kontaktda bo‘lgan paytidan ya’ni demak, uning
To ga teng temperaturaga ega bo‘lgan paytidan boshlaymiz (2-rasmdagi A).
Temperaturalar farqi bo‘lmagani uchun bunda issiqlik o‘tkazuvchanlik prosesi
bo‘lmaydi. Ish bajarilmasdan issiglik berish prosessi ham bo‘lmaydi. Buzning
maqgsadimiz maksimal ish olish bo‘lgani uchun siklda bunday prosesslar
bo‘lishiga yo‘l quymasligimiz kerak. Endi ishchi jismga isitgich bilan kontaktni
uzmagan holda kegayishi va biror jismni masalan: porshenni siljitish uchun
imkon beramiz. Demak, kengayishi izometrik kengayishi bo‘ladi (17.1-rasmdagi
AV egri chizig).

Bunda ish bajariladi.

Bu ish isitgichdan olingan issiglik hisobiga bajariladi, biroq isitgichning
1ssiglik sig‘imi katta bo‘lgani uchun u o‘z temperaturasini o‘zgartirmaydi.

Ishchi jism oligan issiglikni sovutgichga berishi kerak. Sovutgichga bu
issiglikni ishchi jismni bevosita sovutgich bilan tegizib amalga oshirib
bo‘lmaydi chunki izotermik kengaygan ishchi jismning temperaturasi
sovutgichning temperaturasidan baland bo‘ladi va bevosita
kontaktda issiqlik uzaytirilganda foydali ish bajarilmaydi. Shuning uchun
dastlab ishchi jismni sovutgich temperaturasigacha sovutish va so‘ngra unga
tegizish kerak. Ishchi jismni sovutish uchun esa u isitgichdan izolyasiya gilinishi
va so‘ngra sovutgich temperaturasiga tenglashguncha adiabatik kengayishiga
(17.2 rasm CD egri chiziq) imkon berish kerak.
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17.2 rasm

(Adiabatik) kengayishida jismlar soviydi. Bu ikkinchi bosgichda jism
kengayib masalan porshenni siljitib qo‘shimcha mexanikaviy ish bajaradi.
Shunday yo‘l bilan ishchi jism sovutilgandan keyin u sovutgichga tegiziladi.
Shu bilan siklning birinchi yarimi tamom bo‘ladi, bunda jism isitgichda olingan
issiglik hisobiga foydali ish bajaradi.

Endi ishchi jismni dastlabki xolatiga kaytarish, ya’ni dastlabki bosim va
temperaturani teklash kerak. Demak ishchi jism sikilishi va kaytadan isitgich
bilan kontaktda bulishi kerak. Bunda ham dastlabki bosgichga kaytarish jarayoni
ikki bosqgichda bajariladi.
dastlab izotermik sigiladi - CD egri chizik. sungra adiabatik sigiladi. AD - egri
chizik va nixoyat sikl tugaydi.

Demak aylanma prosess ikki izotermik va ikki adiabatik kengayishi

hamda sikilishdan iborat bo‘ladi. Kengayishlarda ishchi jism foydali ish
bajaradi: sikilishlar esa, aksincha tashki kuchlar jism ustidan bajarilgan ishi
hisobiga bo‘ladi.
Bu xolda butun sikl kaytuvchanlik ykli bilan amalga oshiriladi (ya’ni prosess
juda sekin kvazistatik bulsin) bunday ishchi jism ustida bajarilgan ishni 1824 vyil
fransuz olimi Sadi Karno birinchi bo‘lib bayon etdi. Shuning uchun uning
sharafiga Karno sikli deyiladi. Ishchi jism sifatida ideal gaz olingan.

1) 7,>T, ,=P\V, /R, Ty - sovutgich temperaturasi

| - bosqich:
AV - izotermik kengayishida bajarilgan Al ish
A =RT, |n‘§ ~Q, (17.1)
teng bo‘ladi, bu yerda Qq -gazning isitgichdan olgan issiglik migdori.
Il - bosgich:
BC - adiabatik kengayish To=T; prosess tuxtasada
gaz kengayganda
TV =TV, (17.2)

tenglik urinli bo‘ladi. Shuningdek
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(V—J Lo (17.3)

Vl Tl
tenglikdan V, topish mumkin.
Il - bosgichda gazning bajaradigan iishi A,

A _ﬂll(v_ljyl] _R(,-T,) (17.4)

S y-1 V, y -1

teng bo‘ladi. III - bosgichda, shundan keyin gazning hajmi V, va V3 gacha
izotermik sigiladi. Bunda gaz bajarilgan ish A3 ga teng bo‘ladi.

A - RTllnx—g’:—RTlln\\;—z:—Ql (17.5)

2 3
va Q1 issiqlik ajralib chikadi.
IV - bosgichda gaz adiabatik sikaladi dastlabki Py, V, holatga gaytadi:

7-1
“-3] :1—0 (17.6)
0 1
tenglikdan TV, =TV, ™"

Sikl oxirida IV - bosgichda adiabatik sikishda bajarilgan

A4 _ R(Tl _To) —_ R(To _T1) (17.7)
y—1 y—1

ga teng bo‘ladi.
Siklning natijasi nima bo‘ladi?
Uning issiglikning mexanikaviy ishga aylantirishdan iborat maksadi kay
darajada bajariladi?
Gazning bajargan va gaz ustida umumiy ish A ning
A=A +A +A +A, (17.8)

ga teng bulishi uz-uzidan ravshan

(18.1), (18.4), (18.5) va (18.7) tengliklardan quyidagini olamiz:

A:RTolnﬁ+M-RTlln\ﬁ—M=RTolnﬁ—RTlln\ﬁ (17.9)
vV, y—1 V, y—1 V, V,
(18.3) va (18.6) tenglik ung tomoni teng shuning uchun:
VaVs o yoki ViV ekanligi kelib chigadi.
Vl VO VO VS
Bu munosabatni r orkali belgilaymiz. U xolda
InYt—1nY2 _iny (17.10)
0 V3
Vv, >V, vaV, >V, bo‘lgani uchun. Demak umumiy ish
A=R(T,-T,)Inr (17.11)

teng bo‘lib, T, >T, bo‘lgani uchun A>0 demak ishchi jismning isitgichdan
olgan Q, issiqdik migdoriga teng emas.
Isitgich bergan
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Qo = RTO In\% (1712)

0
issiglik migdoridan
Q, =-RT,Inr (17.13)

ga teng bo‘lgan bir kism gazning V, hajmdan V3 hajmgacha izotermik sigishda
sovitgichga berilgan edi. shunday kilib, olingan issiglikning

Q, -Q =R(T,-T,)Inr=A (17.14)
ga teng bo‘lgan kismigina foydali ishga aylantirishga erishalid.
Demak

Q =R Inﬁ,
TO VO
tenliklardan
D _2A_, Q_Q (17.15)
TO Tl TO Tl .
tenglik urinli bo‘ladi.
Bundan QD _To tenglikka asosan
1 1
pe A _Q-Q (17.16)

Qo Qo
Issiklik mashinasining F.1.K ning aniglashga erishamiz.

n=1 bo‘lgan issiqlik dvigateli g‘oyat manfaatli bo‘lar edi. Chunki bunday
dvigatel ikki jism issiqrogq jismning (isitgichning) va sovuqrog jismning
(sovutgichning) mavjud bo‘lishini talab gilinadi.

Bunday dvigatel ikkinchi xil perpetuum mobele degan nom olar edi. Biroq
fagatgina isitgichdan bir marta olgan Qg issiglik hisobidan davriy A=Q, ish
bajaradigan issiqlik mashinasini yasash yo‘lidagi barcha urinishlar hamma vaqt
muvoffagiyasizlikka uchrab keladi.

Fransuz fizigi Sadi Kamo 1824 yilda o‘zining «Olovning
xarakatlantiruvchi kuchi haqida mulohazalar» degan asarida ( ideal gaz ustida
bajarilgan va gaz hajmining adiabatik va izotermik o‘zgarishlaridan iborat
bo‘lgan ayirma prosessda (agar sovitgichning temperaturasi absolyut noldan
yuqori bo‘lsa) issiqlikning isitgichdan sovitgichga uzatilmasligi mumkin emas,
degan xulosaga keldi.

Klauzius bilan V.Tomson keyinchalik Karnoning xulosalarini quyidagicha
umumlashtiradi. Biror bir manbadan bir marta olingan issiglik hisobida davriy
ishlashi mumkin emas degan issiqlik mashinasi to‘g‘risidagi prinsipga(birdan-
bir natijasi manbalardan bittasidan olingan issiglik hisobiga ish hosil gilishdan
iborat bo‘lgan davriy prosessni vujudga keltirib bo‘lmaydi. Bu prinsip
Termodinamikaning Il ( bosh gonuni deb nom oldi. Termodinamikaning Il (
bosh qonunini butun koinotga va cheksiz katta vaqt oralig‘iga umumlashtirish
xatodir.

Mavzuga doir savollar:

83



1. Issiklikni mexanik ishga aylanishini tushuntiring.
2. Siklik jarayon va sikl ishi nima.
3. Termodinamikaning Il — gonunini aytib bering.

9-maB3y: Termodinamikaning Il-qonuni. Issiglik mashinalari va ularning
foydali ish koeffistienti (F.1.K.)

Reja
1. Issiglik mashinalari va ularning f.i.k.
2. Karno sikli va uning f.i.k.
3. Karno teoremalari.
4. Xulosa.

Issiglik mashinalarida sodir bo‘ladigan jarayonlarda uzatiladigan issiglik
miqgdori hisobida A ish bajariladi va bunda energiya saglanish qonuni bajariladi.
Tashgaridan olingan va tashgariga qaytarib berilgan issiglik migdorining
giymatlari orasidagi Q,—Q; ayirma hosil gilingan A ishga teng.

Isitgichdan olingan Qg issiglik migdorining gancha gismi A ishga
aylaganini bilish katta amaliy ahamiyatga egadir. Chunki sovitgichga berilgan
Q. 1ssiglik miqdorining amaliy ahamiyati yo‘q. Shuning uchun F.IK.
tushunchasi Kiritiladi.

A Qo _Ql

7% Q {18.1)

Bu foydali ish koeffisiyentini hisoblashda o‘tgan mavzudagi ikkinchi rasmdagi
siklni bajarilishida ishlarni hisoblagan edik, 4 ta bosqichdan iborat bo‘lgan bu
siklda ishlovchi modda biror manbadan olingan Qq issiglik miqgdori hisobga A
ishni bajaradi. Shuningdek bu jarayonda Q; issiglik migdori sovitkichga
berilishini ko‘rdik. Bu prosess murakkab harakterlidir. Demak, bu jarayonda
sovutgichga bajaradigan Q; issiglik

Q=Q-A (182)
bilan aniqlanishini o‘rgandik. Bunda A-ish isitgichdan olingan Q, issiglik
miqgdorining ganday qismini tashkil qilishini aniglash muhimdir. (18.1)
formuladan n-birga gancha yaqin bo‘lsa, ya’ni A ish olingan issiglik
miqdorining qanchalik katta qismini tashkil qilsa, mashina shunchalik ko‘p
manfaatli bo‘ladi.

Biz o‘tgan mavzuda Karno siklini ko‘rib, bu jarayon ikkita izoterma va
ikkita adiabatadan iborat bo‘lgan gaytuvchan aylanma prosess ekanligini
bilgandik (18.1-rasm).

1 holat hajm V,, bosim Py va temperatura T, bilan xarakterlanadi. 1 mol ideal
gazni ishlovchi modda sifatida olib Karno siklini o‘rganamiz. Gaz 2-holatni
olguncha hajm Vi, bosim P; bilan izotermik (T=const) kengayishiga majbur
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gilamiz: gaz izotermik kengayishi vaqgtida isitgichdan Q, issiqlik migdorini oladi
va 4, =Q, ish bajaradi.

Gaz 2-hajmdan boshlab, hajmi V, bosim P, ga teng bo‘lgan adiabatik
kengayishi imkonini beramiz va u 3-holatga yetib keladi bu holda gazning
temperaturasi T, gacha pasayadi.

Gaz 3-holatdan boshlab hajmi V,, bosim P, bilan xarakterlanib,
o‘zgarmas temperatura T; bilan sigamiz. Bunday sigilish izotermik sigilish
bo‘lib, gazni hajmi V3 va bosimi P; ga teng bo‘lgan 4-holatni egallaydi. Bu
sigilishda gaz sovitgichga Q issiglikni beradi va 4=-Q, ish bajaradi. Nihoyat,
gazni 4-holatdan boshlab adiabatik ravishda shunday sigishimiz, uning hajmi
boshlang‘ich 'V, hajmni, P, bosimni egallash va uning temperaturasi
boshlang‘ich temperaturagacha ko‘tarilsin. Bunday yonish sikl Karno sikli
bo‘lib, uning f.1.k.

A Qo _Ql

7 Qo Qo (189
orgali ifodalanadi.

Bu yerda A - to‘la sikl davomida bajarilgan ish.

Qo - isitgichdan olingan issiglik miqdori.

Q1 - sovitgichga berilgan issiglik migdori.

Agar bu prosessda: - Ty - ne6 rasmmar (18.1)-( 18.2) izotermik
kengayishidagi temperaturasi. T; - deb gazning (18.3)-( 18.4) izotermik
sigilishdagi temperaturalar desa u holda izotermik kengayishda gaz isitgichdan
Q. issiglik migdorini beradi. Demak isitgichning temperaturasini, T, va
sovitgichning temperaturasini T, desak, Karno siklini f.i.k bilan harakterlanadi:

To _Tl
=T (18.4)

Bu Karnoning to‘g‘ri sikli ideal issiglik mashinasidir. Bunday ideal
issiglik mashinasining f.i.k. n fagatgina isitgichning T, -temperaturasi va
sovitgichning T, temperaturasi deb aniglanadi.

Bu siklning o‘tishi natijasiga gaz

A4=Q, —Q, =71Q, (18.5)
ishni bajaradi. Bu holda isitgichdan Qq issiglik migdori olingan va sovitgichga
Q. =Q _A:(l_n)Qo (186)

issiglik miqdori berilgan bo‘ladi. Demak isitgichning temperaturasi T qanchalik
yuqori bo‘lsa va sovitkichning temperaturasi T; qancha past bo‘lsa F.ILK.
shunchalik yuqori bo‘ladi. isitgichdan olingan Q, issiglik migdorining shancha
ko‘p qismi ishga aylanadi va shuncha kam Q1 issiqlik miqdori sovitgichga
beriladi.

Agar sovitgichning temperaturasi T;=0 bo‘lsa m=1 bo‘lishi mumkin.
Ammo absolyut O-ni olib bo‘lmaydi. Shuning uchun <1 da bo‘ladi. Karno
to‘g‘ri siklning (ideal issiglik mashinasining) ishlash sxemasi quyidagicha:

85



Heutrag

Humopun
EHCM
)]
" G COBHTT‘H'—I
4 S |

18.1-rasm
Korno siklning qaytuvchanlikka nisbatan aksincha yo‘nalishda amalga

oshirish Karno ideal sovuqlik mashinasi bo‘ladi. Uning sxemasi quyidagicha
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18.2-rasm
1-n
n="—-"-4 (18.7)
n
Isitgichga
A
Q= ; (188)

issiglik migdoori beriladi.

Karno aks siklning (ideal sovuqglik mashinasining) ishlash sxemasi 18.2-
rasmda keltirilgan. Yuqorida bayon gilingan barcha xulosalarni chigarishda biz
Karno sikli ideal gaz wustida bajarildi, deb faraz qildik. Ammo
termodinamikaning ikkinchi bosh qonunidan foydalanib, ixtiyoriy ishlovchi
modda ustida bajarilgan gaytuvchan Karno siklning foydalanish koeffisiyenti
ideal gaz ustida bajarilgan Karno siklning foydali ish koeffisiyentiga tengligini
ko‘rsatish mumkin.

I. Mavzuga doir savollar:

1. Issiglik mashinalari va ularning f.i.k. nima.
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2. Karno sikli va uning f.i.k.ni tushuntiring.
3. Karno teoremalarini tariflang.

10-maB3y: Karno tsikli va uning F.ILK. Karno teoremalari.
Termodinamikaning I1-qonunining turli ta’riflari.

Reja
1. Issiglik mashinalari va ularning f.i.k.
2. Karno sikli va uning f.i.k.
3. Karno teoremalari.
4. Xulosa.

Issiglik mashinalarida sodir bo‘ladigan jarayonlarda uzatiladigan issiglik
miqgdori hisobida A ish bajariladi va bunda energiya saglanish qonuni bajariladi.
Tashgaridan olingan va tashgariga gaytarib berilgan issiglik miqdorining
giymatlari orasidagi Q,—Q; ayirma hosil gilingan A ishga teng.

Isitgichdan olingan Qg issiqlik migdorining gancha gismi A ishga
aylaganini bilish katta amaliy ahamiyatga egadir. Chunki sovitgichga berilgan
Q. issiglik miqdorining amaliy ahamiyati yo‘q. Shuning uchun F.LK.
tushunchasi kiritiladi.

A Qo _Ql

7% Q {8.1)
Bu foydali ish koeffisiyentini hisoblashda o‘tgan mavzudagi ikkinchi rasmdagi
siklni bajarilishida ishlarni hisoblagan edik, 4 ta bosqichdan iborat bo‘lgan bu
siklda ishlovchi modda biror manbadan olingan Q, issiglik migdori hisobga A
ishni bajaradi. Shuningdek bu jarayonda Q; issiglik miqgdori sovitkichga
berilishini ko‘rdik. Bu prosess murakkab harakterlidir. Demak, bu jarayonda
sovutgichga bajaradigan Q; issiglik

Q=Q -A (182)

bilan aniqlanishini o‘rgandik. Bunda A-ish isitgichdan olingan Q, issiglik
miqdorining ganday qismini tashkil qilishini aniglash muhimdir. (18.1)
formuladan n-birga qgancha yaqin bo‘lsa, ya’'ni A ish olingan issiqlik
miqdorining qanchalik katta qismini tashkil qilsa, mashina shunchalik ko‘p
manfaatli bo‘ladi.

Biz o‘tgan mavzuda Karno siklini ko‘rib, bu jarayon ikkita izoterma va
ikkita adiabatadan iborat bo‘lgan gaytuvchan aylanma prosess ekanligini
bilgandik (18.1-rasm).

1 holat hajm V,, bosim Py va temperatura T, bilan xarakterlanadi. 1 mol ideal
gazni ishlovchi modda sifatida olib Karno siklini o‘rganamiz. Gaz 2-holatni
olguncha hajm Vi, bosim P; bilan izotermik (T=const) kengayishiga majbur
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gilamiz: gaz izotermik kengayishi vaqgtida isitgichdan Q, issiqlik migdorini oladi
va 4, =Q, ish bajaradi.

Gaz 2-hajmdan boshlab, hajmi V, bosim P, ga teng bo‘lgan adiabatik
kengayishi imkonini beramiz va u 3-holatga yetib keladi bu holda gazning
temperaturasi T, gacha pasayadi.

Gaz 3-holatdan boshlab hajmi V,, bosim P, bilan xarakterlanib,
o‘zgarmas temperatura T; bilan sigamiz. Bunday siqilish izotermik sigilish
bo‘lib, gazni hajmi V3 va bosimi P; ga teng bo‘lgan 4-holatni egallaydi. Bu
sigilishda gaz sovitgichga Q; issiglikni beradi va 4=-Q, ish bajaradi. Nihoyat,
gazni 4-holatdan boshlab adiabatik ravishda shunday sigishimiz, uning hajmi
boshlang‘ich 'V, hajmni, P, bosimni egallash va uning temperaturasi
boshlang‘ich temperaturagacha ko‘tarilsin. Bunday yonish sikl Karno sikli
bo‘lib, uning f.i.k.

A Qo _Ql
7 Qo Qo (183
orgali ifodalanadi.

Bu yerda A - to‘la sikl davomida bajarilgan ish.

Qo - isitgichdan olingan issiglik migdori.

Qs - sovitgichga berilgan issiglik migdori.

Agar bu prosessda: - Ty - ne6 rasmmar (18.1)-( 18.2) izotermik
kengayishidagi temperaturasi. T, - deb gazning (18.3)-( 18.4) izotermik
sigilishdagi temperaturalar desa u holda izotermik kengayishda gaz isitgichdan
Q. issiglik migdorini beradi. Demak isitgichning temperaturasini, T, va
sovitgichning temperaturasini T; desak, Karno siklini f.i.k bilan harakterlanadi:

To _Tl
=T (18.4)

Bu Karnoning to‘g‘ri sikli ideal issiqlik mashinasidir. Bunday ideal
issiglik mashinasining f.i.k. n fagatgina isitgichning T, -temperaturasi va
sovitgichning T, temperaturasi deb aniglanadi.

Bu siklning o‘tishi natijasiga gaz

n

A=Q, —Q, =nQ, (185)
ishni bajaradi. Bu holda isitgichdan Qq issiglik migdori olingan va sovitgichga
Q, =Q _A:(l_ﬂ)Qo (186)

issiqlik miqdori berilgan bo‘ladi. Demak isitgichning temperaturasi To ganchalik
yuqori bo‘lsa va sovitkichning temperaturasi T; qancha past bo‘lsa F.I.K.
shunchalik yuqori bo‘ladi. isitgichdan olingan Q, issiglik migdorining shancha
ko‘p qismi ishga aylanadi va shuncha kam QI issiglik miqdori sovitgichga
beriladi.

Agar sovitgichning temperaturasi T;=0 bo‘lsa m=1 bo‘lishi mumkin.
Ammo absolyut O-ni olib bo‘lmaydi. Shuning uchun <1 da bo‘ladi. Karno
to‘g‘ri siklning (ideal issiglik mashinasining) ishlash sxemasi quyidagicha:
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n=1" 4 (18.7)

n
Isitgichga

A
Q= ; (188)

issiglik migdoori beriladi.

Karno aks siklning (ideal sovuqlik mashinasining) ishlash sxemasi 18.2-
rasmda Keltirilgan. Yugorida bayon gilingan barcha xulosalarni chigarishda biz
Karno sikli ideal gaz wustida bajarildi, deb faraz qildik. Ammo
termodinamikaning ikkinchi bosh gonunidan foydalanib, ixtiyoriy ishlovchi
modda ustida bajarilgan gaytuvchan Karno siklning foydalanish koeffisiyenti
ideal gaz ustida bajarilgan Karno sikining foydali ish koeffisiyentiga tengligini
ko‘rsatish mumkin.

Il. Mavzuga doir savollar:
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4. lIssiglik mashinalari va ularning f.i.k. nima.
5. Karno sikli va uning f.i.k.ni tushuntiring.
6. Karno teoremalarini tariflang.

11-maB3y: Real gazlar
Molekulalararo o’zaro ta’sir kuchlari. Eksperimental izotermalar. Real
gazning holat tenglamasi-Van-der-Vaals izotermalari.

Ry
L.
®

Molekulalararo o‘zaro ta’sir kuchlari.
Eksperimental izotermalar.

Real gaz to‘g‘risida tushuncha
Van-Der-Vaals tenglamasining fizik mohiyati
Van-Der-Vaals izotermalari

Kritik holat

Xulosa.

NogakowodE

Biz ideal gaz molekulyar-kinetik nazariyasini o‘rganganimizda gaz
zarralarini  (molekulalarini) elastik sharlarga o‘xshagan va tartibsiz
harakatlanuvchi molekulalardan iborat deb hisoblagan edik. Molekulalar
orasidagi kuchlar fagat ular bir-biriga urilgandagina ta’sir qiladi va bu kuchlar
itarishish elastik kuchlardir. Molekulalarning o‘lchamlari molekulalar orasidagi
o‘rtacha masofaga nisbatan nazarga olmasa bo‘ladigan darajada kichik deb
hisoblanadi.

Bu model ideal gaz Boyl Mariott, Gey-Lyussak qonunlariga aniq
bo‘yso‘nadigan gazga mos keladi. ammo, biz aytib o‘tganimizdek real gazlar bu
qonunlarga faqat taqriban bo‘yso‘nadi. Yuqori bosimlarda hamma gazlar ham
Boyl-Mariott qonuniga bo‘yso‘nmay qo‘yadi.

Molekulalarni sharlar deb hisoblar ekanmiz, ularning radiuslari 10® sm
chamasidagi kattaliklar deb olishimiz kerak. Bunda bir dona molekulaning
hajmi:

Vv :%m?’ ~4-10*sm’
Normal sharoitdagi 1 cm® gazda ny=3-10"° dona molekula bor. Demak 1 sm?
hajmda bo‘lgan barcha molekulalarning jami hajmi V' =n,\V ~10™*sm® ga teng.
Ya’ni latm=10°N/m? =1pa bosim va 0°C temperaturadasi gaz
molekulalarining hajmi gaz hajmining taxminan o‘n mingdan bir qisminigina
egallar ekan. Agar bosim oshib borsa gaz Boyl-Mariott qonuniga bo‘yso‘nmaydi
ya’ni gazlarni xossalari ideal gaz xossalaridan chetlashishiga olib keladi.

Chunki, birinchidan gaz molekulalari o‘zining ma’lum o‘lmachlariga ega
bo‘lishi. Ikkinchidan ( molekulalar orasidagi o‘zaro ta’sir kuchlarining elastik
sharlardagi o‘zaro ta’sir kuchlariga qaraganda ancha murakkab bo‘lishidir. Bu
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iIkki sababni 1873 vyilda Gollandiyalik fizik Van-Der-Vaals nazarga tutdi.
Birinchi sabab molekulalarning o‘lchami birligidir. Molekulalarning erkin
harakatlanishi uchun hajmi V dan biror B kattalikga qadar kichikdir, ya’ni
V, -V —¢. ldeal gazning 1 moli uchun

PV, =RT (20.1)
teng edi. Agar molekulalarni o‘lchamlarini hisobga olsak
P(V, —6)=RT (20.2)

tenglik o‘rinli bo‘ladi.

(20.1) tenglamadan, P—oo bo‘lganda gazning hajmi Vy—oo intiladi. Ammo
bunday bo‘lishi mumkin emas. Gaz molekulalar orasidagi bo‘sh fazoning
kamayishi hisobiga sigiladi. (20.2) formulaga ko‘ra P—o bo‘lganda, gazning
hajmi Vo-B ga teng bo‘lishiga intiladi.

Ikkinchi sababli ( molekulalar orasida o‘zaro ta’sir kuchlarining
mavjudligi, bir(biridan ma’lum uzooqlikda turgan molekulalarning o°zaro
tortilishlariga olib keladi. bu tortilish kuchlari molekulalar orasidagi masofa juda
kichik bo‘lgandagina yanada kuchliroq bo‘lgan itarishish kuchlari bilan
atashadi. Molekulalar orasidagi tortirishi kuchlari ta’sirida gaz guyo uncha idish
devorlari ko‘rsatayotgan tashqi R bosimdan ko‘ra kattaroq P' bosim ta’sir
etayotgandek, Boyl Mariott qonunidan kelib chigadigan hajmga garaganda
kichikroq bo‘lgan V hajmni egallaydi. Shunday qilib (20.2) tenglikda tashqi P
bosimni P'=P+P; kattalik bilan almashtirish kerak, buning natijasida

(P=P,)V, —6)=RT (20.3)

tenglik hosil bo‘ladi. P; bosim gazning ichki bosim deyiladi. gaz joylashgan A
idishda molekulalarning o‘zaro ta’sirini quyidagicha (20.1-rasm) ko‘rsatish
mumkin.

R,

- D_D QDQ?DE}DE}D? QOQQQ?D?D?D?QDQ _b

20.1-rasm

Devor yaginidagi molekulalar r masofada turgan molekulalar a va b
qatlamdagi molekulalarga ta’sir qiladi desak va bu qatlamning hajmi birligidagi
molekulalar soni n0 ga proporsional bo‘ladi. Nitajada, devor yaqinidagi
molekulalarga ta’sir qilayotgan va gazning ichiga qarab yo‘nalgan kuchlar n; ga
proporsionaldir.

Mana shu kuchning devor 1zi birligiga to‘g‘ri keladigan miqdori ichki
bosim Ri ni bildiradi. Ichki bosim P; ning qiymati o‘zaro ta’sir gilayotgan
molekulalarning tabiatiga ham bog‘liqdir.
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Bundan:
P, =a'n} (20.4)
Bu yerda a* - molekulalarning xiliga bog‘liq bo‘lgan o‘zgarmas kattalik.
n, :VE bo‘lgani uchun (N - Avagadro soni, V- bir mol gazning hajmi) P; ning
0

ifodasini quyidagicha yozish mumkin.

P =25 (20.5)
0
yoki a'N?=a desak
P :\% (20.6)

ga teng bo‘ladi. (20.6) chi (20.3) ifodaga quysak 1 gaz uchun Van-Der-Vaals
tenglamasini hosil gilamiz.

LP + \%) (V, —6)=RT (20.7)

0
Bu yerda a va ¢ lar bosimga va hajmga kiritilgan tuzatmalar bo‘lib, berilgan gaz
uchun aniq giymatlarga ega bo‘ladi. R-kattalik gaz doimiysi,

;
R =8,31-10"kal/ grad - mol = jf; 10 =1,9858kal/ grad - mol ~ kal/ grad - mol .

0

Bu yerda

R=831-10°xc/ K - kmonn
Van-Der-Vaals tenglamasining fizik mohiyati shundan iboratki, agar gazning
molyar hajmi V, juda katta bo‘lganda B-tuzatma V, ga nisbatan, «/v;/ - -esa P

ga nisbatan juda kichik bo‘lganligi uchun ularni hisobga olmaslik ham mumkin.
u holatda Van-Der-Vaals tenglamasi (20.1) tenglama
PV, =RT shaklini oladi.

Demak Mendeleev-Klapeyron formulasining taqribiy ekanligi yaqgol
ko‘rinadi. Kichik P bosimlarda (katta Vo hajmlar) sohasidagi hagigatga yaginroq
bo‘ladi. Bosim P katta bo‘lganda esa a va v tuzutmalar e’tiborga olinishi kerak.

Ya’ni Van-Der-Vaals (20.7) foydalaniladi. Van-Der-Vaals formulasi ham
absolyut aniq formula emas, ammo u Mendeleev Klapeyron formulasiga
garaganda hagigatga ancha yaqindir.

Van-Der-Vaals formulasi (20.7) ni m massali gaz uchun ifodalaydigan
bo‘lsa u holda uning hajmini V belgilaymiz. Berilgan temperatura va bosimda

v ="y, (20.8)
MU
bo‘ladi, bunda p — gazning molekulyar og‘irligidir.

(P+\%](VO —6)=RT

0
Van-Der-Vaals tenglamasidagi V, o‘rniga uning (20.8) tenglik asosidagi
giymatini quyamiz, u holda
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(p+m_j.i](v_ﬂgj=ﬂm (20.9)

ue Vg Ho) ou
ko‘rinishini oladi. Bu formulaga m- massali gaz uchun Van-Der Vaals
tenglamasi deyiladi. Van-Der Vaals tenglamasidagi v hajmga kiritilgan tuzutma
hisoblashlarda

V2

6= 7;m"*N (20.10)
deb belgilab olinadi o=2r masofa. Shuningdek bir dona molekulaning hajmi
v zgms :%7[0'3 (20.11)
Ekanligini e’tiborga olsak u holda (20.10) formula quyidagi ko‘rinishni oladi.
6=3v2-VN ~ 4N (20.12)

Bu yerda V-N — bir mol gazda barcha molekulalarning hajmini ifodalagani
uchun, molekulalar hajmi uchun Van-Der-Vaals kiritgan ¢ tuzama
molekulalarning o‘z hajmidan taxminan 4 marka kattadir.

Van-Der Vaalsning ikkinchi a tuzatmasi molekulalar o‘zaro ta’sir
kuchlarning xarakteriga bog‘ligdir. Van-Der-Vaals tenglamasi:
{P +V102J(v0 —6)=RT
V, ga nisbatan uchinchi darajali algebrik tenglamadir. S’huning uchun u P va T
ning giymatlarga garab, molekulyar hajm V, ning bitta yoki uchta har xil
giymatlarini beradi. T ning har xil giymatlari uchun yozilgan Van-Der Vaals
tenglamasi asosida P va V, ga bog‘lanish grafigini chizsak, bir qator
izotermalarga ega bo‘lamiz.

PV® —(6P+RTNV? +aV —ag=0 (20.13)
Buni har ikkala tomonini P ga bo‘lib, quyidagicha yozish mumkin.
va_(ﬁﬂ)vuiv_%:o (20.14)
P P P

Bu V hajmga nisbatan 3-darajali tenglama bo‘lib, uning uchta ildizi bor.

Uning hammasi haqiqiy yoki ulardan ikkitasi mavxum va bittasi haqiqiy bo‘lishi
mumkin.
Van-Der Vaals tenglamasining mavxum ildizlari fizikaviy ma’noga ega emas.
Shuning uchun ularga garamaymiz. Van-Der Vaals tenglamasi ildizlarning
fizikaviy ma’nosini aniglash uchun (20.1) tenglamaga tegishli izotermalarni,
ya’ni o‘zgarmas temperaturada P bosimning V(molyar hajmga bog‘lanishini
qarash va ularni tajriba ma’lumotlarda olingan izotermalar bilan solishtirish
kerak. Bizga ma’lumki ideal gazning izotermasi giperbola edi, undan farqli
ravishda (20.1) tenglamaga tegishli bo‘lgan izoterma quyidagicha ko‘rinishda
bo‘ladi. biz uni Van-Der Vaals izotermasi deb ataymiz.
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20.2-rasm

Bu izotermada bosimni bitta P, giymatiga molyar hajmining Vi, V, va V3
giymatlari mos keladi. Grafikni maksimal holatiga suyug hamda bundan V; va
V3 holatlarga gazsimon holat mos keladi. Endi hajmi V, bo‘lgan uchinchi
holatining ma’nosini aniqlash kerak bo‘ladi. Van-Der Vaals izotermalari bilan
tajribada olingan izotermalar orasida katta farq bor. Bu fargni 20.3-rasmda
ko‘rsatish mumkin. 20.3-rasmda tutash chiziglar bilan tajribada olingan
izotermalar. Punktir chiziglar bilan esa VVan-Der Vaals izotermasi keltirilgan.

PJL

g%

20.3-rasm

Rasmdan ko‘rinib turibdiki to‘g‘ri chiziqli gorizontal a va ¢ qismi o‘rniga
Van-Der Vaals izotermada bu soha maksimum va minumumli harakterli gajak
ko‘rinishda bo‘ladi. shuni aytish kerakki tajribadan olingan izoterma grafikadan
ad Ba ch lar Van-Der-Vaals tenglamasiga kuzatilmas ekan, chunki bu gismiga
bosimning hajmga odatdan tashqari bog‘lanishi mos keladi, bosim ortishi bilan
hajm kamaymaydi, balki ortadi.

Cd - gism moddaning gaz holatiga mos keladi.

af — gism ad ( tarmoqgning davomi hisoblanadi va ko‘pincha moddaning
bu holatiga o‘ta qizigan suyuqlik deyiladi. o‘ta qizigan suyuqlik deb ochiq
idishda gaynash temperaturasidan yuqori temperaturagacha gizdirilgan, biroq
qaynamayotgan suyuqlikka aytiladi. Bunda suyuqlik erkin bo‘lganda ya’ni
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uning massasi o‘zgaradi. Ammo bizni yopiq idishdagi aniq massali suyuqlik
yoki gazning tabiati gizigtiradi.

Rasmdagi Cd va af gismlarga mos keluvchi holatlar va fed ga metastabil
holatlar deb ataladi.

Shunga asosan, Van-Der Vaals izotermalari bilan tajribadan olingan
izoterma orasidagi farqni tushuntirish mumkin bo‘ladi. holat tenglamasining V;
ildiziga mos keluvchi holatlar nostabil va metastabil bo‘lganliklari tufayli
tajribada ko‘zatilmaydi. Ikkita 4 va B molekula orasidagi masofani r bilan
beglilaymiz. Ularni tortishish kuchi f; manfiy, itarshi kuchini f, musbat deymiz.
Bu kuchlar mos ravishda o‘zaro tortishadigan molekulalarning E, va o‘zaro
itarishadigan E, potensial energiyalarni hosil giladi (20.4-rasm). Shuningdek
20.5-rasmda ifodalanganidek real gazlarda molekulalarni o‘zaro ta’siri ular bir-
biriga tengmasdanoq ya’ni ro masofadan ta’sirlanadi.

0
20.4-rasm 20.5-rasm
f, va f, kuchlarga Ep; va Ep, potensial energiyalar mos keladi.

C’ c”
Eplz_r_kl; EP2=_rk2; Ki=x.-L k,=x,-1
20.5-rasmdan 4 — molekulani qo‘zg‘almas deb, B — monekynanu A

molekulaga nisbatan harakatlanadi deymiz. L ( nuqtada E,=E-E, Van-Der-

Vaals tenglamasining ahamiyati shundaki bu moddaning fagatgina ikkita suyuq
va gazsimon fizikasi mavjudligini tavsiflash bilan cheklanmaydi. U kritik
temperatura va kritik holatining ham muhim faktlaridan bevosita kelib chigadi.
Temperatura o‘zgarganda bu izotermalarning ganday o‘zzgarishini ko‘raylik.
P-V grafikda Karbon oksidiga tegishli izotermalar berilgan (20.6-rasm). Bu
izotermalar a va ¢ ning giymatlari tajribadan olingan:

a=3,6-10"°atm-m®/mol

6¢=428-10°m*/mol

giymatlari uchun hisoblangan.
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20.6-rasm
Bu konstantalarning eksperimental ravishda ganday aniglanishi grafikda

keltirilgan. 20.6-rasmdagi egri chiziglardan temperatura ko‘tarilgan sari
1zotermalarning yuqoriroq joylashishi ko‘rinib turibdi. Ammo shunday
temperaturada (31,4°C da) izotermaning maksimum va minimum birlashib
V =0,94-10"m*/mol Ba P=73arm (iymatlarda Karbonad angidridi (CO,) ning
eksperimental izotermalari. Burilish nugtasiga aylanadi. Demak, temperatura
ko‘tarilgan sari hajmning bosimning ayni bir qiymatiga mos keluvchi uchta
qiymati orasidagi farq tobora kamayib boradi, ya’ni Van-Der Vaals
tenglamasining uchta ildizi orasidagi farq kamayadi.

Karbon angidrid (CO,) ning eksperimental izotermalari

a 8a
2747 V, =38 Tk_TF\’g
Kritik nuqtada moddaning siqiluvchanligi cheksizlikka teng bo‘lishini aytish
kerak. Bunda gazning sigiluvchan holati

L
A7V P

oP

formula bilan xarakterlanadi. Biroq kritik nugtada a—V:O bo‘lgani uchun

P, =

%:oo, binobarin, ¥ ham oo ga teng bo‘ladi.

Ban-Der Vaals izotermalari gazning xossalarini ideal gaz izotermasiga
garaganda anigroq aks etibgina qolmay, gazlarning suyulish prosessini,
shuningdek issiglikning T, kritik temperatura va bu temperaturaga mos keluvchi
golgan ikki kritik parametr — V, kritik hajm va P, kritik bosimning giymatlarini
hisoblash giyin emas.

Hagigatdag ham, Van-Der Vaals tenglamasi (20.10) ning chap qismi,
ya’ni quyidagi
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A —£e+ RT")\/2 LAy 2
I:)k Pk Pk
ifoda T=T, va P=P, giymatlarda aniq kub bo‘ladi va uni quyidagicha ifodalash
mumKin:
VS—[6+E}/2+iV—§=V3—3\/kV2+3VkV—Vk3 (20.11)
I:)k Pk Pk
Bu tenglik ayniy ravishda bajarilishi uchun V ning birday
darajalarining koeffisiyentlari tenglamaning ikki tomonida o‘zaro teng
bo‘lishi kerak:
RT, ’ 123\/,(2, %:Vka
P =3V, P P
Bu tenglamalar sistemasini yechib, kritik parametlarning a va ¢ konstantalar
orgali ifodalangan giymatlarini olamiz: juda kam siquvchanlik xosasini ham
(A.K.Kinoin va [.LK.Kinoin «Molekulyar fizika» T.O‘qituvchi, 1978. 230-246
betlar) aks ettiriladi.

Van-der Vaals izotermalari orasidagi burilishlari  bor bo‘lgan
izotermalarni urilishlari bo‘lmagan izotermalardan ajratib turuvchi bir izoterma
bor. Bu izoterma kritik deyiladi, bunga mos bo‘lgan temperatura T, esa Kritik
temperatura deyiladi. Kritik izotermada burilishlar sohasi o‘rnida faqgat K
burilish nuqtasigina bo‘ladi. K-nuqta kritik nuqta deyiladi. unga mos bo‘lran V
Ba P, bosim esa kritik hamj va kritik bosim deyiladi.

6+

2y

L

20.7-rasm.
Kritik temperatura tushunchasi dastlab D.l.Mendeleev tomonidan 1861
yilda kiritilgan. 20.7-rasmda quyidagicha xulosaga keladi.
1.Kritik temperatura T, yuqori temperaturada modda fagat holatdagina mavjud
bo‘la oladi. T- temperaturasi kritik temperatura T, dan yuqori bo‘lgan gazni
qanaqga siqish bilan suyuq holatga o‘tkazib bo‘lmaydi. Kritik temperaturadan
past temperaturalarda modda bosimga garab gazsimon holatda yoki bir vaqgtning
o‘zida ikki faza: suyuqlik va tuyingan bug* holatlarida mavjud bo‘lishi mumkin.
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2.Tuyingan bug‘ning eclastikligi P, shu berilgan moddaning kritik
bosimi P, dan katta qiymatga ega bo‘la olmaydi.
3.Moddaning suyuq holatdagi hajmi berilgan migdor moddaning kritik
hajmidan katta giymatlariga ega bo‘la olmaydi. Ko‘pchilik suyuqliklarning va
ularni aralashmalarining kritik temperaturalarining M.P.Avenarius va uning
shogirdlariA.l.Nadejdin, V.l.Zayoicheveskiy va boshqgalar tekshirdilar.
Jumladan A.l.Nadejdin 1885 vyilda suvning kritik temperaturasinu (374°C)
birinchi bo‘lib aniqlanid. Mashhur rus fizigi A.G.Stoletov ham moddaning Kritik
massasi bilan shug‘ullangan. U mavjud eksperimental materiallarni analiz qiladi
va ularni nazariy ma’lumotlar bilan batafsil solishtirib chiqdi.

Mavzuga doir savollar:

Molekulalararo o‘zaro ta’sir kuchlari mohiyatini tushuntiring.
Eksperimental izotermalarni izohlang.

Real gaz deb nimaga aytiladi.

Van-Der-Vaals tenglamasining fizik mohiyati aytib bering.
Van-Der-Vaals izotermalari tushuntiring.

Kritik holatlarni tariflang.

ook whE

12-maB3y: Suyugliklarning xossalari
Sirt taranglik. Ikki muhit chegarasidagi muvozanat shartlari.

Py
2.
D

Suyuqlikning tuzilish to‘g‘risida tushuncha.

Suyugliklarning yopishqgogligi

Molekulyar bosim.

Sirt taranglik.

Suyugqlikning egri sirti ostidagi bosim.

Kapillyar hodisalar.

Suyugqliklar va gattiq jismlar orasidagi ayrim o’xshashliklar

Xulosa.

Moddaning suyuq holati uning gazsimon hamda qattiq holatlari orasidagi

oraliq haolt bo‘ladi. Van-der Vaals tenglamasi moddaning fagat gazsimon

holatini tushuntiribgina qolmay, suyuq holatining ba’zi xossalarini ham

ifodalaydi. Shu bilan birga Van-der Vaals tenglamasi suyuq holatdan gazsimon

holatga kritik nuqta orqali uzluksiz ravishda o‘tishi imkoniyatini borligini

ko‘rsatadi. Kritik nuqta yaqinida gaz va suyuqlik orasidagi farglar juda ham

kichik bo‘ladi va suyuqlikni ma’lum dajarada zich gaz deb hisoblash mumkin.
Van-der-Vaals izotermalariichida gisman manfiy bosimlar sohasiga ham

o‘tadigan izotermalar borligini ko‘rsatadi, bunda suyuqlik cho‘zilish holdatida
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bo‘lishi mumkin. Tajribalarda suyuqlikning bunday cho‘zilgan holatda bo‘lishi
qattiq jismlarga o‘xshab  ketadi. Aynigsa suyuqlikning qotishiga
(kristallanishiga) yaqin bo‘lgan sharoitda sezilarli bo‘ladi.

Ma’lumki, gazlarda diffuziya sezilarli ravishda tez boradi. Suyuqgliklarda esa
molekulalar gazlardagiga garaganda bir-biriga ancha yaqin joylashadilar. Ularda
o‘zaro ta’sir kuchlari katta bo‘ladi. S’huning uchun suyugliklarda diffuziya
gazlardagi garaganda ancha sekin boradi. Ammo shu bilan birga suyugliklarning
tuzilishi gattig jismlarning tuzilishidan keskin farq giladi. Qattiqg jismlarda
diffuziya deyarli bo‘lmaydi. Qattiq jismda har bir zarra (atom) o‘z muvozanat
holati atrofida tebranib turadi.

Gazlardagi ichki molekulaning o‘zaro potensial energiyasi molekulalar
orasidagi masofa  biror 7, ga teng bo‘lganda, minimumga ega bo‘ladi. Ammo

hosil bo‘lgan potensial o‘raning chuqurligi katta bo‘lmay, u bir erkinlik

darajasiga to‘g‘ri keladigan o‘rtacha kinetik energiya %kT dan kichikdir.

Shuning uchun gaz molekeulalari bir-birining yaginida ushlanib turmay, balki
ular bir-biriga yaqinlashgandan so‘ng yana uzoqlashib ketadi.

Soddalik uchun bir to‘g‘ri chiziq bo‘yicha joylashgan bir necha molekulani
olib garaylik. Bunday to‘g‘ri chiziqdagi har bir molekulaning ikkita qo‘shnisi
bo‘ladi-biri o‘ngda, ikkinchisi chapda. Ayrim potensial o‘ralarning AE,

chuqurligi suyuqlik molekulasining bir erkinlik darajasiga to‘g‘ri keladigan %kT

o‘rtacha kinetik energiyadan kattadir. Shuning uchun potensial o‘radagi har bir
molekula o‘zining muvozanat holati atrofida bo‘ladi. Suyuqlikning ayrim
molekulalarining kinetik energiyasi fluktasiyalarning mavjudligi tufayli vaqti-
vaqti bilan uning potensial o‘radan chiqib ketishi uchun yetarli bo‘lib qoladi va
bir juft molekula orasidagi yangi o‘rinni egallaydi. Shuning uchun suyuqlik
molekulalari harakatining diffuziyalanishini sekin borishi, yopishqogligini katta
bo‘lishiga ham sabab bo‘ladi.

Ma’lumki, suyuqlik ichidagi molekulaning potensial energiyasi suyuglikning
tashqarisidagi potensial energiyasidan kichik. Suyuglik molekulasi suyuglikdan
tashqariga chiqish uchun muayyan potensial to‘signi yengib o‘tishi kerak
bo‘ladi, ya’ni ma’lum ish bajarishi kerak bo‘ladi. Molekulalar issiglik
harakatining o‘rtacha kinetik energiyasi bu ishni bajarish uchun yetarli emas.
Shu sababli suyuqlik oz hajmini saqlaydi.

Faraz gilaylik, r masofada ikkita 1 va 2 molekulalar joylashgan bo‘lsin Bu
holda ana shu ikki molekulaning o‘zaro ta’sirini e’tiborga olmaslik mumkin
bo‘lsin. A nuqtada joylashgan 1-molekulani r radiusli sfera o‘rab tursin. U

holda r radiusli sfera ichidagi molekulalarnigina garalayotgan molekulaga
ta’sirini hisobga olish yetarli bo‘lib qoladi. Bu r masofa molekulyar ta’sir

radiusli sfera ya’ni molekulyar ta’sir sferasi deb aytish qabul gilingan.
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Suyuqlik ichidagi A molekula atrofida chizilgan molekulyar ta’sir sferasi
ichida juda ko‘p boshga molekulalar bo‘ladi. Bu molekulalarning A molekulaga
ta’sir kuchlari turli tomonlarga yo‘nalgan bo‘lib, o‘rta hisobda nolga teng.
Suyuqlikning sirtiga yaqin joylashgan molekulalar boshqacha sharoitda bo‘ladi.
Suyuglik sirtida joylashgan B molekulani qaraylik. 22.2-rasmdan ko‘rinib
turibdiki, molekulyar ta’sir sferasining faqat bir gisminigina suyugqlik ichida,
uning boshqga bir gismi suyuqlikdan tashqarida bo‘ladi. B molekulaga ta’xsir
qilayotgan kuchlar o‘rta hisobda o‘zaro kompensasiyalanmaydi va suyuqlikning
ichiga yo‘nalgan yig‘indi f kuch vujudga keladi. Demak, suyuqlik sirtidan
molekulyar ta’sir radiusi z ga garaganda kichikroq uzoglikda joylashgan har
bir molekulaga boshqa molekulalar tomonidan suyuqlik ichiga garab yo‘nalgan
kuch ta’sir qiladi. Sirt gatlamining butun suyuqlikka bosimi molekulyar bosim
deb ataladi.

Molekulyar-kinetik nuqgtai nazardan, moddaning gazsimon holati
molekulalar orasidagi o‘rtacha masofalarning katta bo‘lganligi bilan
xarakterlanib, gaz molekulalarning issiglik harakati molekulalarning oz
o‘lchamlarining bir necha marta katta bo‘lgan erkin yo‘ldagi erkin harakatlardan
iborat bo‘ladi. Gazlarda diffuziya sezilarli ravishda tez boradi. Suyuqliklarda esa
molekulalar gazlardagiga garaganda bir-biriga ancha yaqgin joylashadilar. Ularda
o‘zaro ta’sir kuchlari katta bo‘ladi. Suyuqliklarda diffuziya gazlardagiga
qaraganda ancha sekin bo‘ladi. Suyuqlik molekulalari orasidagi o‘rtacha masofa

o ni hisoblaymiz 5z%; n—suyuglik hajm birinchidagi molekulalar soni —

n=N,-p/M; M —molyar massa
1
(5‘%%:3 M/NAp

(22.1)
bo‘ladi 6§ ~10™"°x. Masalan: suv uchun 5 ~3-10™ u
2. Shuningdek suyugliklarning tuzilishi gattiq jismlarning tuzilishidan keskin
faq qiladi; gattiq jismlarda diffuziya deyarli bo‘lmaydi. Qattiq jismlarda har bir
zarra (atom ion) o‘z muvozanat holati atrofida tebranib turadi.

Suyuglikning yopishqoqligi n quyidagi formula bilan aniglanadi

C
Ve (22.2)

bu yerda C — nmoumuit son molekulalarning o‘rtacha «O‘troq hayot» vaqtini
relaksasiya vaqti T deyiladi.

Relaksasiya vaqtining suyuqglik temperaturasi va aktivlash energiyasi bilan
bog‘lanishi Bolsman tagsimotidan kelib chigadigan formula bilan ifodalanadi.

Ea

T =7,eKT (22.3)

77:
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To — molekulaning muvozanat vaziyati yonida tebranishning o‘rtacha
davri o‘rtacha siljishi bilan va o‘rtacha vaqt t ni bila to‘rib, suyuqlikda
molekulalar harakatining o‘rtacha tezligini aniglash mumkin

§=2-2 . u (22.4)
T T,

Masalan: suv molekulalari uchun u shu temperaturadagi bug‘ning molekulalari
tezligidan 20 marta kichikdir. Vo — ¢ — 1 mol suyuqlikning bo‘sh hajmi (22.1)
formulani  A.l.Bachinskiy yopishgog suyugliklarni ifodalagan suyuglik
molekulalarining issiqlik harakatiga asosan Ya.l.Frenkel suyuqglikning
yopishqoqligi bilan temperatura orasidagi bog‘lanishi quyidagi formula bilan
ifodalanishini ko‘rsatadi

nerﬁ (22.5)

bu yerda AE, — har qaysi molekula turgan potensial o‘raning chuqurligi.
3. Suyuglik ichidagi molekulalarning potensial energiyasi suyuqlikning
tashqarisidagi molekulaning potensial energiyasidan kichik suyuglikning sirt
qatlami suyuqlikning butun hajmidan ko‘ra boshqacharoq sharoitda bo‘ladi.
molekulani suyuqlik ichidan tashgariga chigishi uchun muayyan potensial
to‘signi yengib o‘tish kerak bo‘ladi, ya’ni molekula ma’lum ish bajarishi kerak
bo‘ladi.

Van-der-Vaals tenglamasi tagriban suyuq holatdagi moddalar uchun
foydalanishi mumkin

(P + \%J (V, —6)=RT (22.6)

0
_ 54T at~1700at a=547at-1>/mol; 0°C 1 mol

Masalan: suv uchun: P'=i2 5
Ve (0,018)

suv hajmi Vv, = 0,018 /mol.

S’huni aytish kerakki suyuqlikning sirt qatlamiga esa sirtga tik holda
suyuqlik ichiga yo‘nalgan kuchlar ta’sir qiladi. Sirt gatlamining butun
suyuqlikka bosimi molekulyar bosim deyiladi. Bu bosim ta’sirida suyuqlikning
molekulalari bir-biriga yaginlashib qoladi, bu esa molekulalar orasida, sirt
gatlam hosil gilgan siquvchi kuchlarni muvozanatlovchi itarishish kuchlarining
vujudga kelishiga sabab bo‘ladi.
4.Suyuglik hajmi ichida joylashgan har bir molekula qo‘shni molekulalar bilan
o‘ralgan va ular bilan o‘zaro ta’surotda bo‘ladi, ammo bu kuchlarning teng ta’sir
etuvchisi O-ga teng. Ya’ni suyuqlik sirtidagi molekulalarni muvozanatda
saqglash uchun suyugqlik sirtiga urnma bo‘ylab f kuch ta’sir etishi kerak. Bu kuch
chegara chizig‘iga normal yo‘nalishiga ta’sir etadi va unga sirt taranglik kuchi
deb ataladi.

Sirt chegarasining uzunligi 1 qancha katta bo‘lsa, bu kuch ham shuncha
katta bo‘ladi

f=0t (22.7)
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bu yerda o — sirt taranglik koeffisiyenti deyiladi. (22.7) formuladan
f

o= (22.8)
teng bo‘ladi va SI: 2, crc L larda o‘lchanadi. Sirt taranglik koeffisiyenti
M CM

temperaturaga bog‘liq bo‘ladi, temperatura ko‘tarilishi bilan u kamayadi.
Suyuglikning temperaturasi kritik temperatura_T, ga yaqginlashganda, sirt
taranglik koeffisiyenti c—0 ga intiladi. Suyuqlik sirt pardasi yuzini AS ga gadar
kattalashtirish uchun bajariladigan ish AA ga teng bo‘lishi kerak ya’ni
A4 = fAS (22.9)
bu yerda f =z /¢ni qo‘ysak
AA =17 (AS (22.10)

ga teng bo‘ladi, suyuqlik sirt parda energiyasini AE ga oshirish uchun AA ish
bajarish kerak, AA=AE, bunda
AE =7AS (22.11)

ga teng bo‘lib, energiyani bu gismiga erkin energiya deyiladi.

Sirt taranglik moddaning suyuq holati uchun xarakterli bo‘lgan juda
ko‘p hodisalarni, masalan suyuqlik kichik teshikdan oqib chiqayotganda
tomchilarning hosil bo‘lishi, ko‘pikni hosil bo‘lishi va boshgalarni tushuntiradi.

Suyuqlikni sirtiga ko‘tarilayotgan havo pufagi A ni ko‘z oldimizga
keltiraylik. U sirtga yetgach, suyuqlikning yupga gatlamini ko‘tarib, gumbaz
hosil qiladi. Agar pufak yetarli darajada kichik bo‘lsa, sirt gatlamini yorib
chigaolmaydi va suyuglik sirtining ostida qoladi. juda ko‘p mana shunday
pufaklarning majmuasi ko‘pik hosil qiladi. Sovunli suvning sirt taranglik
koeffisiyenti =45 dn/sm, sof suvning sirt taranglik koeffisiyenti holus va
tomchi usullari bilan kabyada o‘lchanadi (lidda qo‘llaniladi).

5. Suyuglikning egri sirti ostidagi bosimni aniglash uchun suyugqlik sirtini
gabariq va botiq holatdagi chegaralarini garaymiz suyuglikning har ganday egri
sirt pardasi yassi sirt pardali suyuqlikka ta’sir etayotgan bosimga nisbatan
qo‘shimcha bosim bilan ta’sir etadi.

Bu go‘shimcha bosim gavariq sirt uchun musbat, botiq sirt uchun manfiy
bo‘ladi. Suyuqlikning sirti R radiusli sferaning bir qismidan iborat bo‘lgan holni
garaymiz. Buning uchun egri sirtdagi AS sferik segmentni ajratamiz. Bu sferik
segmentga ta’sir etuvchi sirt taranglik kuchi Af ga keng

Af = oAl (22.12)
bo‘ladi va sferik segmentni umumiy sirtiga ta’sir etuvchi bosim P ni bir gator
hisoblashlar orgali aniglaymiz
p- %‘” (22.13)
Bu formula sferik sirtning suyuqlikka boradigan qo‘shimcha bosimini aniglash
formulasi deyiladi.
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Suyukliklar va kattik jisimlar orasidagi ayrim uxshashliklar

Suyugliklar-shaklan tez o‘zgaruvchan bo‘lib, siqilish qobiliyati gazlarga
nisbatan juda kichik. Suyuqlik molekulalari orasidagi o‘zaro ta’sir kuchi gaz
molekulalarining o‘zaro ta’siridan katta, shu sababli molekulalarning o‘zaro
ta’sir kuchi suyuqliklar uchun juda muhim ahamiyatga ega. Suyuqlik
molekulalari suyuglikning sirtida va ichida har xil potensial energiyaga ega, shu
sababli suyuqglik sirtining xossalari suyuqglikning ichki gismi xossalaridan farq
giladi. Suyugqlik ichidagi A molekula atrofidagi moleekulalar bilan o‘zaro
ta’sir qilib, bu kuchlar o‘zaro kompensasiyalangan bo‘ladi. V molekulaning
suyuklik sirtidan yuqori gismidagi energiya kompensasiya qilingan bo‘lib, f
kuch molekulani suyuqglik ichiga (pastga) tortadi, chunki bu molekulaga ta’sir
etuvchi kuchlar to‘la kompensasiya qilinmagan. Demak suyuqlik sirtdagi
barcha  molekulalarga, ularni pastga, suyuglik ichkarisiga tortuvchi kuchlar
ta’sir etadi. Ya’ni, suyuqlikning sirt gqatlami suyuqlikka ma’lum bosim beradi,
bu bosim molekulyar bosim deyiladi. Natijada suyuqlikning sirtgi gatlamidagi
molekulalar hajmidagi molekulalarga nisbatan ortigcha potensial energiyaga ega
bo‘ladi. Bu energiya sirt energiyasi yoki erkin energiya deb ataladi.

Sirtdagi suyuqglik molekulalari, suyuglik ichidagi molekulalarga nisbatan
ortigcha energiyaga ega bo‘lib, uning sirt katlamida taranglikni hosil qiladi. Sirt
taranglik kuchi:

F=al (22.14)

Bunda o - sirt taranglik koeffisiyenti: /- suyuqglik sirt chegarasi uzunlik birligi,-
o, N/m hisobida o‘lchanib, suyuqlikning tabiatiga, tarkibiga va haroratiga
bog’liq. Suyukliklarda molekulalar ichki bosimi bo‘lishi real gazlar bilan
suyuqgliklar o‘rtasida umumiylik borligidan dalolat beradi. Bu umumiylik
asosida molekulalarning o‘zaro ta’siri yotadi. Suyugliklar ~ bilan  qgattiq
jismlar o‘rtasida ham umumiylik bor, suyugqliklarning ko‘p xossalari qattiq
jismlar xossalariga o‘xshab ketadi.Bu o‘xshashlik qattiq jismlar eriganda yoki
erigan gattig jismlar qotganda ko‘prok namoyon bo‘ladi.

Havoning namligi

Havoning namligi inson hayotida katta o‘rin tutadi. Namlik oshib ketsa
ham, kamayib ketsa ham odamning salomatligiga ta’sir etadi. Havo tarkibida
dunyo okeanlari bug’lanishi natijasidagi suv bug’lari mavjud. Suyuglik sirtida
energiyasi katta bo‘lgan molekulalarni chiqib ketish hodisasiga bug’lanish deb
ataladi. Molekulalarni tartibsiz harakati tufayli ular bir-biri bilan to‘qnashadi,
natijada ular gaytib suyuqglikka tushadi. Bu hodisa kondensasiya deyiladi.

Suyuglikdan chiqib ketayotgan va gaytib tushayotgan molekulalar soni
tenglashgandagi bug’ to‘yingan bug’ deyiladi. Suvni isitishda suv ichida
pufakchalar hosil bo‘lib, ular harorat ortishi bilan yuqoriga ko‘tariladi. Bu
hodisa gaynash deyiladi. Qaynashda pufakchalar ichidagi to‘yingan bug’ bosimi
ortib boradi va tashqi bosim bilan tenglashganda yuqoriga ko‘tariladi, yorilib
tashqariga bug’ chiqaradi. Demak qaynash tashqi bosimga bog’lik bo‘lib tashqi
bosim ortsa gaynash harorati ortadi va aksincha. Havoning kurukligi yoki
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namligi uning tarkibidagi suv bug’lari miqdoriga bog’lik bo‘ladi. Havo
tarkibidagi bu suv bug’larining bosimiga parsial bosim deyiladi. Havo
tarkibidagi suv bug’larini tavsiflash uchun nisbiy namlik deb ataluvchi kattalik
Kiritiladi. Nisbiy namlik parsial bosimni tuyingan bug’ bosimiga bo‘lgan nisbati
bilan aniglanadi:

r=-2100%  (22.5)

IDT

Inson faoliyati uchun nisbiy namlikni 40-60% eng kulay. YErda 33 gradus
C haroratda 100% nisbiy namlikga ega bo‘lgan tuqayzor, 42 gradusda 2%
nisbiy namlikga ega bo‘lgan sahrolar bor. Tabiatda haroratni birdaniga pasayib
ketishi natijasida nisbiy namlikni 100% dan ortib ketishi yuzaga keladi.
Masalan, kechasi yoki erta tongda. Bunday nomuvozonat vaqgtda ortigcha suv
bug’lari kondensasiyalanib, shudring tushadi, tuman yoki bulut hosil giladi yoki
yomg’ir yog’adi. Parsial bosimning tuyingan bug bosimiga teng bo‘lishi
shudring nuqtasi deyiladi.

Mavzuga doir savollar:
1. Suyuqlikning tuzilish to‘g‘risida ma’lumot bering.
2. Suyugliklarning yopishgogligi nima.
3. Molekulyar bosim nima.
4. Sirt taranglik nima.
5. Suyuglikning egri sirti ostidagi bosimni tushuntiring.

13-mam3y: Qattiq jism. Kristall panjara. Kristallografik koordinata
tizimi. Qattiq jismlarning issiglik xossalari

Reja

Qattiq jismlar hagida tushuncha.
Kristallarning tuzilishi. Kristall panjara.
Kristall panjaraning energiyasi.
Kristallarning klassifikasiyasi

Qattiq jismlarning fizik va mexanik xossalari
Xulosa

ogkwbdrE

Qattiq jismlar bir-biridan o‘zlarining fizik xossalari bilan keskin
farqlanadigan ikki turga, ya’ni kristall va amorf jismlarga ajraladi. Kristall
holatdagi moddaning asosiy alomati unda anizotropiyaning mavjud bo‘lishidir.
Anizotropik deb, bir jinsli jism xossalarining turli yo‘nalishlarda turlicha
bo‘lishiga aytiladi. Masalan kristall jismning issiqlikdan kengayish koeffisiyenti
turli yo‘nalishlar uchun turlicha bo‘ladi; turli yo‘nalishlarda kristallarning
mexanik, optik va elektr xossalari ham turlichadir. Kristallning eng xarakterli
tashqgi alomati uning muntazam geometrik shaklda bo‘lishidir. Deraza oynasida,
suv muzlaganda muz kristallari muntazam geometrik nagshlar hosil gilishni va
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gor uchqunining muntazam shaklga ega bo‘lishini hamma biladi. Kristall tekis
yoqlar bilan chegaralangan bo‘lib, bu yoqlar girralarda va uchlarda uchrashadi.
Odatda, yoglar bir-biriga ni
sbatan simmetrik ravishda joylashadi. Kvars, masalan olti yoqli
piramidalar bilan tugallanuvchi olti yoqli prizmadan iborat bo‘lgan kristallar

hosil giladi (23.1-rasm)

\I ____________ -
\ \
\

23.1-rasm 23.2-rasm

Achchiqgttosh oktaedrlar shaklida (2-rasm), tosh tuz esa kublar shaklida
kristallanadi va hokozo. Ma’lum bir kristall moddaning har xil namunalarida
yoqglar orasidagi burchaklar mutlaqo birday bo‘ladi. Masalan, tosh tuzning
kristallari o‘zaro tik bo‘lgan tekisliklar bo‘yicha paralellepiped shaklidagi
bo‘laklarga ushaladi; slyuda osonlik bilan yupqa gamlatlarga ajraladi. Amorf
jismlar singanda esa hamma vaqt egri bugri sirtli ushoqlar hosil bo‘ladi. Bir
bo‘lak shisha sindirilsa, hosil bo‘lgan bo‘laklar tamomila nomuntazam tasodifiy
shakllarga ega bo‘ladi. Kristall va amorf jismlar erish vaqtida, ya’ni qattiq
holatdan suyuq holatga o‘tish vaqtida o‘zlarini turlicha vaziyatda tutadilar. Har
bir kristall jism tomomila aniq erish nuqtasiga ega bo‘ladi.

T A

»

t (paxr)

23.3-rasm. Kristall qgattiq jismni (A) va amorf gattiq jismni (B) eritishda
temperaturaning vaqt o‘tishi bilan o‘zgarishi.

233-rasmdagi A chiziq tekis isitish bilan eritilayotgan kristall jism
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temperaturasining vaqt o‘tishi bilan o‘zgarishini ifodalaydi. Chizigning BC
gismi gattig holatdagi kristallning isish prosessini tasvirlaydi. Erish
temperaturasi T,, ga yetganda jismning isishi to‘xtaydi, chunki berilayotgan
issiglikning hammasi jismning qattiq holatidan suyuq holatga o‘tishi (erish
issiqligi) uchun sarflanadi. d nuqtada jismning to‘la suyuq holatga o‘tgan payti
mos keladi. Chiziqning yuqoriga ko‘tariluvchi oxirgi qismi suyuqlikning
isishiga tegishlidir.

Muzning erishi bunday prosess uchun misol bo‘ladi: erish vaqtida muz
butunlay suvga aylanguncha uning temperaturasi o‘zgarmaydi, hamma vaqt 0°C
ga teng bo‘lib turadi. Amorf jism temperaturasining vaqt o‘tishi bilan o‘zgarishi
ko‘rsatuvchi chizigda (3-rasm, B egri chizig) amorf jismning yumshash
intervaliga mos keluvchi burilishgina mavjuddir; amorf jism gattiq holatdan
suyuq holatga uzluksiz ravishda o‘tadi. Bu holatdan, umuman, amorf qattiq jism
juda ham yopishqoq suyuqlikka o‘xshaydi. Shisha, har xil shishasimon
moddalar, smolalar, bitumlar va boshqgalar amorf jismlarning namunalari bo‘la
oladi. Keyingi paytlarda polimerlar deb ataladigan gruppalarni tashkil etuvchi
organik birikmalardan iborat bo‘lgan amorf moddalar alohida digqatni o‘ziga
jalb gilmoqda.

2. Kristall jismlar ikki guruhga bo‘linadi: monokristallar va polikristalar.
Kristall tuzilish fagat vyirik yakka kristallardagina bevosita seziladi.
Kristallarning anizotropligiga sabab zarralarining (atomlar, molekulalar, ionlar)
fazoviy panjara hosil qilib batartib joylashganligidir. Har uchala yo‘nalish
bo‘yicha ham zarralar joylashuvining davriy ravishda takrorlanishi bilan
xarakterlanuvchi tuzilish kristall panjara deyiladi.

Zarralar joylashgan nuqta, aniqrog‘i atrofida zarralar tebranma harakat
giladigan nuqgta kristall panjaraning tuguni deyiladi. Kveruning (tog’
xrustalining) tabiiy kristallari, osh tuzining bo‘laklari va boshqgalar ana shunday
kristallardandir (23.4-rasm).

23.4-rasm

Bunday yakka kristallar monokristallar deyiladi. Ko*pchilik gatttiq jismlar
esa mayda kristall tuzilishiga ega bo‘ladi. Tuzlarning kukunlari ayrim
mikroskopik kristallarning to‘plamidan iborat bo‘ladi.

Barcha metallar polikristall ~tuzilishiga ega. Metallning ayrim
kristallchalari bir-birining yog‘ida molekulyar kuchlar tufayli ushlanib turadi va
bunday mayda kristallarning molekulasi bevosita garaganda tutash bo‘lib
ko‘rinuvchi metall parchasini hosil giladi.
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Metallning ayrim kristallchalari anizotrop bo‘lsa ham, ularning tartibsiz
joylashganliklari tufayli metall parchasi anizotrop bo‘lmaydi. Metallarning
polikristall tuzilishini metallning silliglangan sirtini tekshirish orgali bilish
mumkin; ba’zan kristallar ancha yirik bo‘lib, ularni ko‘z bilan ko‘rish mumkin,
ba’zan esa ularni faqat mikroskop yordamida ko‘rish mumkin.

E.S.Fedorov kristallarning simmetriyasini eng umumiy holda tekshirib
zarralarning  kristallarda 230 xil wusulda joylasha olishligini ko‘rsatdi.
Kristallning tashqi simmetriyasi uni joylashishining oqibatidir. Bu g‘oya 709
XVIII arsning oxiridayoq aytilgan edi. Hozir biz kristallarda atomlar bir-biriga
nisbatan simmetrik ravishda fazoviy panjara tashkil qilib joylashganligini
bevosita isbot qilamiz. Bu isbot kristall panjarada rentgen nurlarining
difraksiyasini hosil gilish mumkinligiga asoslangan.

Shunday qilib, kristall murakkab arxitektura qurilishidan iborat bo‘lib,
uning mustahkamligini ichki simmetriyasi ta’minlaydi. Kristallni tashkil
qiluvchi atomlarning o‘zaro ta’sir kuchlari turli xarakterga ega. Tuzlarning
kristallarida elektrlangan atomlar, ionlar bo‘ladi. Musbat va manfiy ionlar
shunday navbatma-navbat joylashadiki, natijada butun kristall neytron bo‘ladi.
Bunday ion panjarada yoki boshgacha aytganda, geteropolyar panjarada zarralar
orasidagi o‘zaro ta’sir kuchlari asosan elektrostatik kuchlar bo‘ladi.

23.4-rasmda osh tuzining (NaCl) kubik panjarasi tasvirlangan; bunday
panjara eng sodda panjara bo‘lib, kubik sistemaga kiradi. Natriy atomlari qora
doirachalar bilan tasvirlangan, ulr musbat elektr zaryadigan ega, ya’ni ular
musbat ionlar bo‘ladi. Xlor atomlari oq doirachalar bilan tasvirlangan, ular
manfiy ionlardir. Ximiyaviy sodda qattiq jismlarda fazoviy panjarani tashkil
qiluvchi atomlarning hammasi neytral bo‘ladi.

Bunday kristallning panjarasi atom panjarasi yoki Gomeopolyar panjara
deb yuritiladi.

Atom panjaradagi o‘zaro ta’sir kuchlarning tabiati fagat kvant mexanikasi
asosidagina to‘la-to‘kis tushuntirib berilishi mumkin. Atomlar faqat yoqlarning
uchlarida joylashgan holda Brave panjarasi yoqlari markazlashgan deb,
yoglarning markazida joylashgan holda esa hajmiy markazlashgan panjara deb
ataladi. Hammasi bo‘lib 14 xil Brave panjaralari bor. Kristallar 7 sistemaga
bo‘linadi.

1-eng kam simmetrik triklin panjara - panjarada tugunlar girralarining
uzunligi ixtiyoriy va ular orasidagi burchaklar ixtiyoriy bo‘lgan parallelepiped
uchlarida joylashgan.

2-0ddiy monoklin;

3-yoglari markazlashgan monoklin;

4-oddiy rombik;

5-asosi markazlashgan rombik;

6-hajmiy markazlashgan rombik;

7-yoqlari markazlashgan rombik panjaralar.

Geksagonal panjara 8 ta tugunlar muntazam olti yoqli prizmalarning
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uchlari va ularning oltiburchakli asoslari markazlarida joylashgan. Undan keyin
Romboedrik Brave panjarasi joylashadi, so‘ng tetrogonal oddiy va hajmi
markazlashgan tetragonal panjaralar bo‘ladi.

Zarralar bir xil kristall panjara hosil giladigan qattiq jismlar
manokristallar deyiladi. Monokristallarning kristall tuzilishi ularning tashqi
shaklida ham namoyon bo‘ladi. Katta kristallar tabiatda juda kam uchraydi.
Lekin sanoatda, fan va texnikada bunday kristallarga ehtiyoj juda katta. Ular
radiotexnikada, optikada, aynigsa zamonaviy elektron hisoblash vositalarini
ishlab chiqgarishda muhim ahamiyatga ega. Misol uchun yoqut kristalli lazer
nurlarini hosil gilishda, segneta tuzi kristallari ultratovush tebranishlarini hosil
qgilishda foydalaniladi.

Aynan shuning uchun ham kristall sun’iy ravishda, hatto kosmik
kemalarda ham hosil qilinadi. Hozir shu yo‘l bilan kvars, olmos, yoqut va
boshga noyob kristallar ham hosil gilinmogda. Lekin buning uchun shart-
sharoitlar zarur. Masalan, olmos kristalini hosil gilish uchun 10* Mpa bosim va
200°C temperatura zarur.

Qattig jismlarning aksariyati polikristallardir. Ular betartib joylashgan
kichik kristalchalar ( kristallitlar ( kichik monokristallardan tashkil topgan
bo‘ladi. Har bir monokristalga anizotrop, lekin kristallchalar betartib joylashgan
bo‘lganligi uchun Polikristall jism izotrop bo‘ladi. Masalan suv besh xil kristall
tuzilishga ega bo‘lgan muz hosil qiladi. Tarkibi bir xil moddaning turli fizik
xossalarga ega bo‘lgan har xil kristall tuzilishini hosil qilishi polimorfizm
deyiladi.

3. Kristall panjaraning potensial energiyasi E, quyidagi ko‘rinishda
ifodalanadi:

g --C.C (23.1)

P rk ke

bu formuladagi birinchi had _rCT tortish kuchlariga tegishli had, +rC—kz esa
itarishish kuchlariga tegishli. 23.5-rasmda bu hadlarning o‘zgarishi va E,
potensial energiyaning panjaradagi qo‘shni zarralar orasidagi r masofaga qarab
o‘zgarishi yig‘indi chiziq orqali tasvirlangan. k,>k, bo‘lganda, r ning kamayishi
bilan itarishish kuchlari tortishish kuchlariga qaraganda tezroq o‘sadi,
kristallning siqilishga garshilik ko‘rsatishiga sabab ana shudir.

A
A
=
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23.5-rasm. Kristall ion panjara E, potensial energiyasining ionlar
orasidagi r masofaga bog°‘liq.

Potensial o‘raning eng chuqur joyi r=r, qiymatga to‘g‘ri keladi; ro-kattalik
kristallning tashqi kuchlari ta’sirida bo‘lmagan zarralari orasidagi masofani
bildiradi. Har bir zarra oz muvozanat holati atrofida, potensial o‘radan chiqib
ketmagan holda, bir oz tebranib turishi mumkin.

Kristall panjaralar nazariyasini Born va boshga fiziklar rivojlantirgan.
Born (23.1) formuladagi k; va k, daraja ko‘rsatkichlar ma’lum bo‘lganda,
kristallarning elastiklik xossalarini, kristallanish energiyasini, uning oltin
xossalarini  va boshgalarini hisoblash mumkinligini ko‘rsatgan. Tajriba
ma’lumotlari (23.1) ni mos keltirish uchun,geteropolyar panjaralar uchun k;=1
va k,=9 deb olish kerak; gomeopolyar panjaralar uchun k, katta giymatlarga ega
bo‘ladi.

NaCl tipdagi eng sodda kubik kristall panjaraning energiyasini hisoblash,
sxematik ravishda, quyidagicha bajarilishi mumkin. Bir-biridan ry uzoqlikda
turgan -/ va +/¢ zaryadlarga ega bo‘lgan ikkita xolis ionning potensial
energiyasi:

eZ

E,=—— (23.2)
I’-0
Panjara ichidagi ikki qo‘shni ionning potensial energiyasi, quyidagi

ikki sababga ko‘ra, bu miqdordan katta bo‘ladi:

Har bir ionga uning eng yaqin qo‘shnisidan tashqari, panjarasining barcha
boshqa 1onlari ham ta’sir qiladi;

lonlar bir-biriga ta’sir qilib, itarishish kuchlarini vujudga keltiruvchi
o‘zaro qutblanish hosil giladi.

[(23.1) formuladagi ikkinchi had].

Hisoblashlarning ko‘rsatishiga NaCl tipidagi kristall uchun (23.2) formula

quyidagi ifoda bilan almashitirilishi kerak:
2

E! = —0,2582i— (23.3)
0

(23.3) formula bilan ifodalangan potensial energiya, son jihatdan, ikki
qo‘shni ionni panjaradan ajratib olib, ularni cheksiz uzoqlashtirish uchun
bajariladigan ishga teng, boshgacha aytganda, u potensial energiya panjaradagi
ikki qo‘shni ionlar orasidagi bog‘lanishni uzish uchun bajariladigan ishga teng.

S’Hu panjarani tashkil qiluvchi moddaning bir molida N juft ion bor va
kubik panjaradagi har bir ion 6 ta qo‘shni ionga egadir. Shunday qilib, bir molni
tashkil giluvchi barcha ionlarni bir-biridan cheksiz katta masofaga uzoglashtirish
uchun 6N bog‘lanishini uzish kerak. Bundan panjaraning bir molga mos

keluvchi to‘la potensial energiyasi
2

(5]
E, = —0,2582E .GN (23.4)
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Kubik panjaradagi qo‘shni ionlar orasidagi ro masofani quyidagicha aniglaymiz;
agar tekshirilayotgan kristallning zichligi p, molekulyar og‘irligi p va bir
molining hajmi V, bo‘lsa, u holda:

Har bir elementar kubik yacheykaga to‘g‘ri keladigan $=r hajmini esa
V, bir moldagi yacheykalar soniga bo‘lib topamiz; yacheykalarning soni bir
moldagi ionlar soniga, ya’ni 2N ga teng bo‘ladi.

S huning uchun

bundan

Fo M
° 2
PN

Bu giymatni potensial energiyaning (23.4) ifodasiga qo‘yamiz:

4
E, =-0,2582-G -ezs/ZA
y7i
(23.5)

e va N konstantalar bo‘lgani uchun, oxirgi ifoda

Y7
(23.6)

ko‘rinishida yozilishi mumkin. Agar p ni g/sm® larda, p ni g/mol larda va
E, ni kal/mol larda ifodalasak, K ning son giymati 545 ga teng bo‘ladi.
CsCl yoki CaF, tipidagi kristall panajaralari uchun ham (23.6) ga o‘xshash
formula kelib chiqadi, fagat K konstantaning son qiymati boshqacha bo‘ladi.

4, Kristall panjaralarni elementar yacheykalari, burchaklari, qismlarini
joylanishiga nisbatan 7 sistemali klassifikasiyaga bo‘linadi.
1. Triklin-tomonlari va burchaklarini bog‘lanishi aze#c, a# B # y #90°
2. Monoklin - aze#c, a=y=90° =4
3.Rombik - aze#c; a=p=y=90°
4. Romboodrik - a=s¢=¢; a=p=y#90°
5. Geksagonal - a=6#c;, a=8=y=90", y=120°
6. Totragonal - a=6#c; a=p=y=90°
7.Kubik - a=¢=c; a=8=y=90°

Bu klassifikasiyadagi kristallar panjaralarini tuzilishiga garab 14 tipga
bo‘linadi va ularni Brave panjaralari deyiladi.

Kristallarni simmetriya nazariyasini o‘rgangan rus kristallografi

A.V.Gadolin kristallar 32 simmetriya sinfiga bo‘linadi. Yanada murakkab
klassifikasiyaga ega bo‘lgan kristallar fazoviy gruppali simmetrik panjarali
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kristallari deyiladi. Rus kristallografi YE.S.Fedorov panjaralar simmetriyani
fazoviy gruppasini o‘rganib, 230 simmetriyali fazoviy gruppaga ega kristallar
mavjudligini anigladi. Bunday simmetrik panjarali fazoviy gruppa kristallariga
Fedorov kristallar gruppasi deyiladi. Kristallarni simmetrik fazoviy gruppalarini
senizoparni  xossalari  bilan o‘rganib, murakkab sistemali kristallar
klassifikasiyasini rus fizigi A.V.S hubnisii o‘rgandi.

Kristallarni turlarga ajratishning ikki xil usuli mavjud:

Kristallografik - bu usulda zarralar joylashuvining fazoviy davriyligiga
ahamiyat beriladi va shuning uchun ham zarralar geometrik nuqtalar sifatida
qaralib, kristallning ichki tuzilishiga e’tibor berilmaydi.

Fizik - bu usulda panjaraning tugunlarida joylashgan zarralarning tabiati
va ular orasidagi o‘zaro ta’sir kuchlarining xarakteriga e’tibor beriladi. Va aynan
shu xossalariga asosan kristallar to‘rt turga bo‘linadi: ionli, atomli, metalli,
molekulali.

lonli kristallar - Kristall panjaraning tugunlarida garama-garshi zaryadli
ionlar navbat bilan joylashgan bo‘ladi. Ionlar orasidagi o‘zaro ta’sir kuchi,
asosan, elektrostantik xarakterga ega. lonli panjara osh tuzi NaCl va seziy xlor
CsClI misol bo‘ladi.

Atomli_Kkristallar - Kristall panjaraning tugunlarida kvant-mexanik
tabiatdagi kuchlar tutib turadigan neytral atomlar joylashgan. Ular o‘rtasida
elektr xarakteriga ega bog‘lanish mavjud. Atomli bog‘lanishga olmos, grafit,
germaniy va kremniy misol bo‘la oladi.

Metall kristallar - Kristall panjaraning tugunlarida metallning musbat
ionlari joylashgan bo‘ladi. Kristall panjara hosil bo‘lishida atomlar bilan kuchsiz
bog‘langan valentli elektronlar atomlardan ajraladi va elektron gazini hosil
qiladi. Natijada metallning musbat ionlar o‘rtasida xarakatlanadigan erkin
elektronlar vujudga keladi va metallarining elektr o‘tkazuvchanligini
ta’minlaydi. Metall kristallga ko‘pchilik metallar misol bo‘ladi.

Molekulali kristallar - Kristall panjaraning tugunlarida ma’lum tartibda
yo‘naltirilgan molekulalar joylashgan bo‘ladi. Ular orasida molekulalar o‘zaro
ta’siriga xos bo‘lgan tortishish kuchlari mavjud bo‘ladi. Molekulali kristallarga
naftalin, parafin, qurug muz (CO,), my3 Ba hoko3anap Kupau.

Real kristallarning uncha katta bo‘lmagan bulagigina ideal tuzilishga ega
bulishi  mumkin. Boshga gismlarda esa panjara tugunlarida zarralar
joylashuvining batartibligi buziladi va kristall panjaraning defektlari deyiladi.
Kristallardagi defektlar (kamchilik, nugson) ularning fizik, mexanik xossalariga
katta ta’sir ko‘rsatadi.

Suyuk kristallar - ba’zi organik moddalarning shunday holati mavjudki, ular

garchi suyugqliklarga xos bo‘lgan oquvchanlik xususiyatiga ega bo‘lsalar-da,
lekin kristallarga xos bo‘lgan molekulalarning joylashuvidagi ma’lum batartiblik
va ba’zi fizik xossalari bo‘yicha anizotropik xususiyatlarga egadir.

Suyuq kristallar ma’lumotlarni gayta ishlash va tasvirlash, harfi-sonli

111



ckranlar, ya’ni eclektron hisoblash  mashinalari, elektron soatlar,
mikrokalkulyatorlar, reklama shchitlarida ishlatiladi. Yupqga ekranli televizorlar
va monitorlarda ham suyuq kristallardan foydalaniladi. Ularning tibbiyotda
qo‘llaniladigan nozik asboblarda, nazorat qurilmalari qo‘llanilishi mumkin.

5. Monokristallardagi siqilish, cho‘zilish, buralish, egilish deformasiyalari,
kristall panjaralarning mavjudligi nuqgtai nazaridan (mexanik xossalari asosida)
osongina tushuntirish mumkin.

Kristall panjaraning muvozanati panjarani tashkil giluvchi zarralar (ionlar
va atomlar) orasidagi tortishish va itarishish kuchlarining o‘zaro
kompensasiyalashib turishidan kelib chigadi. Masalan, ion panjarada, kristall
sigilganda qo‘shni ionlar orasidagi r0 masofa qisqaradi, itarishi kuchlari
tortishish kuchlaridan katta bo‘lib qoladi. Buning natijasida, kristallni
sigayotgan tashqi kuchga aks ta’sir giluvchi itarishish yig‘indi kuchi vujudga
keladi. Ionlar muvozanat holatidan qancha ko‘p chiqarilgan bo‘lsa, ya’ni
deformasiya qancha ko‘p bo‘lsa, itarishish kuchi ham shuncha ko‘p bo‘ladi.
Tashqi kuchning ta’siri to‘xtasa, ionlar o‘zlarining muvozanat holatlariga
qaytadi, panjara dastlabki ko‘rinishga keladi. Bu kristalning deformasiya
yo‘qoldi, demakdir. Kristall cho‘zilganda, burilganda va egilganda ham xuddi
shuning kabi, qo‘shni ionlar orasidagi r0 masofa kattalashadi, tortishish kuchlari
itarishish kuchlaridan katta bo‘ladi, kristal butunligiga tashqi kuchga qarshilik
ko‘rsatadi.

Siljish deformasiyasi vaqtida panjara giyshayadi. Agar panjara eng sodda
kub ion panjaradan iborat bo‘lsa, panjaraning har bir elementar musbat
(yacheykasi) kub shakldan qiyshig burchakli parallelepipedga aylanadi, as-
diognal gisqarib, va diognal uzayadi.

EPA
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23.6-rasm. Siljish deformasiyasida kristall panjaraning giyshayishi

Natijada a va ¢ ionlar orasida itarishish kuchlari b va d ionlar orasida
tortishish kuchlari vujudga keladi. Panjara o‘zining dastlabki shaklini tiklashga
intiladi, bu esa elastik siljish deformasiyasining vujudga kelishiga sabab bo‘ladi.

Har ganday gattiq jism tashqi kuchlar ta’sirida deformasiyalanadi, ya’ni
0‘z shaklini o‘zgartiradi. Masalan, cho‘zuvchi kuch ta’sirida uzayuvchi prujina
siquvchi kuch ta’sirida qisqaradi.

Gun kashf qilgan qonunga ko‘ra, deformasiyaning AX kattaligi ta’sir
giluvchi f kuchga proporsionadir:

AX = Kf (23.7)
bunda K-berilgan qattiq jismning ko‘zatilayotgan tur deformasiyasi uchun
o‘zgarmas kattalikdir.

Eng sodda deformasiyalardan birini, ya’ni bo‘ylama cho‘zilishi yoki bir
tomondama siqgilishini ko‘raylik.

FooL

L+AL L< E é E E \ L L+AL

a) b)

23.7-rasm. Cho‘zilish (a) va siqilish (b) deformasiyalari.

Uzunligi Lga, ko‘ndalang kesimining yuzi S ga teng bo‘lgan bir jinsli sterjenni
garaylik. Bu sterjenning uchlariga f,, kuchlar ta’sir qilsa, sterjenning uzunligi AL
miqdorga o‘zgaradi.

Cho‘zuvchi kuchlari musbat deb hisoblaymiz; bu holda AL ham musbat
bo‘ladi (23.7-a rasm), ya’ni sterjen uzayadi. Siquvchi kuchlari manfiy deb
hisoblaymiz; bu holda AL ham manfiy bo‘ladi (23.7-b rasm), ya’ni sterjen bir
tomonlama siquvchi kuchlar ta’siridan bo‘lsa, uning L-uzunligi kamayadi.
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Demak f kuch ta’sirida qattiq jism deformasiyani uzunligini nisbiy o‘zgarishi
AL/L-muhimdir.
f

S huningdek, bu holda S" = P kattalikni kuchlanish deyiladi. Natijada

AL _op (23.8)

bu vyerda koeffisiyent o—elastiklik koeffisiyenti deyiladi. (23.8)

formuladan E -2 kattalikka esa elastiklik moduli yoki Yung moduli deyiladi.
(24

Yung moduli YE ni (23.8) formulaga qo‘yamiz:

AL 1
TTE P, (23.9)
(23.8) va (23.9) formulalardan:
g=ALL e R (23.10)
P, AL/L

ko‘rinadiki elastiklik koeffisiyenti a,; — sterjenni nisbiy uzayishiga bog‘liq ekan.

Shuningdek uzunligi L, bo‘lgan sterjenga P, kuchlanish ta’sir ilayapti deylik, u

holda sterjenning yangi uzunligi

L=L, +AL

teng bo‘ladi. (23.8) formulaga asosan AL =« L,P, va sterjenning ya’ni uzunligi
L=L,1+aP,) (23.11)

demak, kuchlanish P, ga chizigli bog‘lanishda ekan. Sterjenga ta’sir etuvchi
kuch:

. :E—I'_S-AL (23.12)

ta’sirida AL sterjen uzunligi o‘zgarishi natijasida A-ish bajariladi. Agar sterjenga
ta’sir etuvchi kuchni o‘rtacha f,, bilan belgilasak:

A=f -AL (23.13)
yoki (23.13) formulaga (23.12) ni qo‘ysak
A-1E5 0 (23.14)
2 L

tenglik o‘rinli bo‘ladi. Bu ish elastik deformasiyalangan sterjenda potensial
energiya hosil gilish uchun sarflanadi

L1(E)
E, - 2( : ]AL (23.14)
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Demak, elastik deformasiyalangan sterjenning potensial energiyasi
deformasiyaning AL2 ga proporsional ekan. Qattig jismning siljish
deformasiyasiga keltiruvchi buralish deformasiyasini garaylik. L-uzunlikdagi va
r radiusli doiraviy silindr shakldagi sterjenni garaylik. Buralish deformasiyasi
sterjenning yuqori kesimi qo‘zg‘almas qilib mahkamlanngan va pastki kesimiga
esa sterjenni burovchi M kuch moment ta’sir qilsin. Pastki kesimini biron bir
radiusda OA=p kesmani olib garaymiz.

Burovchi moment ta’sirida OA kesma ¢ burchakka buraladi va OA’
vaziyatni egallaydi. o/L-kattalik nisbiy deformasiya bo‘ladi, ya’ni sterjen
uzunligi birligiga to‘g‘ri keladigan burilish burchagi nisbiy deformasiyani
ifodalaydi. Elastik deformasiya chegarasida bu ¢/L-kattalik burovchi moment
M-ga proporsionaldir.

%=c M (23.15)

Bu yerda c-berilgan sterjen uchun o‘zgarmas Kattalikdir: sterjen buralganda
uning pastki asosi yugori asosiga nisbatan siljiydi; BA-to‘g‘ri chiziq burilib, BA'
vaziyatni egallaydi, y burchak siljish burchagi bo‘ladi. Bizga ma’lumki, gattiq
jismning siljish moduli N ¢’tiborga olib  siljish burchagi nisbiy siljishni
xarakterlaydi; ya’'ni

w=—-P (23.16)

1
~
bunda P; — sirtning A’ nuqta yaqinidagi ds elementiga ta’sir giluvchi urinma
kuch, N-siljish moduli.

Demak,
_AdL _o-p
v="T . (23.17)
bundan (23.16) ga asosan:
P =Nv/=N% (23.18)
shuningdek 8-rasmda ¢—burilish burchagi,
2 L
tenglik orgali aniglanadi (23.19) va (23.15) formulalarning tagqoslab:
2 1
= 23.2
C N (23.20)
kuch momenti M ni (23.19) formuladan:
AN r
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topamiz. Demak kristall panjaralar nazariyasi kristallarning mustahkamligini
hisoblash imkoniini beradi.

IVV. Tayanch tushunchalar.
Kristiallaning anzotropligi, monokristallar, polikristallar, amorf jismlar,
polimerlar va ularning xossalari, defektlar, suyuq kristallar va suyuq
kristallarning qo‘llanilishi, qattiq jismlarning deformasiyasi, deformasiya va
qattiq jismning tuzilishi, materialning mustahkamligi cho‘zilish, siljish, buralish
deformasiyalari, moddalarning murtligi va qattigligi kristall panjaralarni
tuzilishi.
V. Mavzu yuzasidan savollar.
1. Qattiqg jismlarning xossalari, turlarini tushuntiring?
Kristall jismlarning anizotropligi va izotropligini aytib bering?
Kristall panjara va tugunlarni mohiyatini tushuntiring?
Kristall jismlarning turlari, xususan monokristallar deb ganday jismlarga
aytiladi?
Polikristallar deb ganday kristallarga aytiladi?
Kristallar necha sistemaga bo‘linadi va ularni aytib bering.
Kristal panjaralarning energiyasini mohiyatini tushuntiring?
Amorf jismlar ganday jismlar, misollar keltiring?
Kristallarni klassifikasiyasi, molekulali kristallar, suyuq kristallar, ionli
kristallar, atomli kristallar va metall kristallar hagida tushuncha bering?
10.Polikristallarning izotop bo‘lishi, polimorfizm deb nimaga aytiladi?
11.Kristallarning fizik, mexanik xossalari to‘g‘risida tushuntiring?
12.Polimerlar haqgida tushuntiring?

oo

© oo N O

14-mag3y: I- va Il- tur fazaviy o’tishlar

Reja
1. Qattiq jismlardagi issiglik harakati.
2. Qattiq jismning issiglikdan kengayishi.
3. Qattiq jismlarning issiqlik sig‘imi.
4. Qattiq jismlarning erishi va bug‘lanishi.
5. Gazlarning gattiq jismlar tomonidan adsorbsiya va absorbsiya gilinishi.
6. Qattiq holatga o‘tish.
7. Holat diagrammasi. Uchlanma nugta.
8. Birinchi va ikkinchi tur fazoviy o‘tishlar.
9. Qattiq geliy.
10.Xulosa
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Kristall

Qattig jismning fazoviy panjarasini tashkil giluvchi har bir zarra (atom
yoki ion) muvozanat vaziyat atrofida tebranib turadi. Qattiq jismning ichki
energiyani mana shu tebranishlarning energiyasidan iboratdir. Qattiq jismlardagi
zarralarning issiglik harakati, gaz va suyuqgliklardagi zarralarning issiglik
harakatidan shuning uchun farglanadi. Gazlarda alohida molekulalar erkin uchib
yuradi va bir-biri bilan faqat elastik to‘qnashishlarga uchraydi; gazlarda
diffuziya jarayoni tezlik bilan o‘tishiga olib keladi.

Suyugliklarda esa molekulalar o‘zining tartibsiz harakati tufayli qo‘shni
molekulalar bilan uzluksiz tebranib turadi. Suyugliklarda ham, gazlardagiga
nisbatan sekinroq bo‘lsada diffuziya mavjuddir. Ammo qattiq jismlarda zarralar
(atom va ion) ma’lum muvozanat atrofida tebranib tursada, bir joydan ikkinchi
kamdan kam holda joyga o‘tishi mumkin, shu sababli diffuziya juda sekin
bo‘ladi. Qattiq jismning temperaturasi ko‘tarilsa, zarralarning muvozanat
vaziyatlardan chetlanishlari ko‘payadi. Bu qattiq jismni issiqlikdan kengayishiga
olib keladi.

Ma’lumki, gattiq jismning 273 K temperaturadagi uzunligini L, ga teng
deb olib, uning AT temperaturagacha (A7 =7 -T,) gizdirgandagi AL uzayishini
quyidagicha ifodalash mumkin:

AL =a L,AT (24.1)
bunda o — qgattiq jismning issiglikdan chizigli kengayishi koeffisiyenti. Bundan
jismning T temperaturadagi Lt uzunligi;

L, =L, +AL=L,(1+AT)

(24.2)

ya’ni qattiq jismning uzunligi temperatura bilan chizigli bog‘lanishda
o‘sadi.

Qattiq jismlar uchun chiziqli kengayish koeffisiyenti kichik bo‘lib, ular
10 va 10® grad™® ga yagqin kattalik atrofida bo‘ladi. Agar (24.2) dan o ni
aniglasak

1 AL

ni topamiz. Demak, a jismning nisbiy chizigli kengayishi A—LL ning temperatura

o‘zgarishi AT ga nisbati bilan aniglanadi:
1 AL 1m 9
a=— —-——=1K™".
AT L K-wm
Chizigli  kengayish natijasida jismning hajmi ham Kkattalashadi.
Qirralarining uzunligi Lo bo‘lgan kub shaklidagi jismning ko‘z oldimizga
keltiraylik; uning L] ga teng bo‘lgan dastlabki hajmini Vq orgali belgilaymiz. U
holda T temperaturadagi hajm
V=L @1+eAT) =V, (1+aAT).
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Bu ifodadagi (1+aAT) binomni kubga oshirib, o hamda o® qatnashgan hadlarni
etiborga olsak,
V =V, (1+3aAT)

bo‘ladi. 3o ni B orgali belgilasak,

V =V, (1+ BAT) (24.4)
Bu yerdagi kattalik 3 gattiq jismning issiglikdan haymiy kengayish koeffisiyenti
deyiladi.

Anizotron kristallarda chizigli kengayish koeffisiyenti o turli yo‘nalishlar
uchun turlicha bo‘ladi. Natijada kristall kengaygandan so‘ng, o‘ziga o‘xshash
bo‘lmay qoladi: kristall o‘z shaklini o‘zgartiradi. Ammo kristallning to‘g‘ri
chizigli issiqlikdan kengayishi, to‘g‘ri chizigligicha qolaveradi. Bu yo‘nalishlar
kristallografik o‘qlar deyiladi. Issiqlikdan kengayish koeffisiyenti oo hing mana
shu yo‘nalishlar bo‘yicha olingan qiymatlari bosh giymatlar deyiladi. Umumiy
holda kristallar uchta shunday o‘qqa va issiqlikdan chiziqgli kengayishning uchta
bosh koeffisiyenti o, a, va oz ga egadir.

Kristallning  hajmiy  kengayish  koeffisiyenti  taqgriban  chizigli
kengayishning bosh koeffisiyentlari yig‘indisiga teng. Izotrop jism uchun
o, =a, =a, =a Va buholda g =3« gateng bo‘ladi.

Qattiq jismning ichki energiyasi jismni tashkil giluvchi zarralarning zapas
tebranish energiyasidan va shuningdek, ularning o‘zaro potensial energiyasidan
iboratdir, ya’ni W =W, =W, ga teng bo‘ladi. Kristall panjarani tashkil giluvchi
zarralar (atomlar va ionlar) umuman aytganda, erkin bo‘lmaydi, chunki ular
orasida anchagina o‘zaro ta’sir kuchlari bo‘ladi. Shuning uchun zarralarning
tebranishlarini bog‘langan tebranishlar deb qarash kerak; butun panjarada turli
chastotali tebranishlar vujudga keladi. Shu tebranishlarning energiyasi nazarga
olinishi kerak.

Har bir zarra muvozanat vaziyat atrofida tebranma harakat giladi. Zarra
tebranishining o‘rtacha energiyasini aniqlash uchun, zarra ham kinetik, ham
potensial energiya zapasiga ega bo‘lishini e’tiborga olish kerak.

Har bir zarra muvozanat vaziyat atrofida uch yo‘nalishda tebranishini
¢’tiborga olinsa, zarraning erkinlik darajasi i=3 ga teng bo‘ladi. Shuning uchun

o‘rtacha kinetik energiya
3

W = Lkt =2kT
2 2
teng bo‘ladi. Bitta zarrani o‘rtacha energiyasining to‘la qiymati
W =2W =3kT
Bir mol qattiq jismning to‘la ichki energiyasi U ni topish uchun, bir
zarraning o‘rtacha energiyasini bir molda bo‘lgan erkin tebranuvchi zarralar

soniga ko‘paytirish kerak

U =W~N=3NkT=3N%~T=3RT (24.5)

bu yerda R=831- Joc/(momw - K)— gaz doimiysi.
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Issiglikdan kengayish koeffisiyenti kichik bo‘lgan qattiq va o‘zgarmas
hajmdagi va o‘zgarmas bosimdagi issiqlik sig‘imlari amalda bir-biridan farg
gqilmaydi. Haym o‘zgarmas bo‘lganda issiglik berilsa, bu issiglikning hammasi
ichki energiyani ortishiga sarf bo‘ladi. Shuning uchun o‘zgarmas hajmdagi
atomning issiqlik sig‘imi quyidagi tenglik bilan aniglanadi:

C, =(ﬁ) =3R ~ 6ral/ K -mol =2512 j/K -mol
dT ),
ya’ni barcha ximiyaviy sodda kristall gattiq jismlarning atom issiglik sig‘imi
yetarli darajada yugori temperaturada 6 kal/Kmol ga tengdir. Bu xulosa Dyulong
va Pti qonuni deb yuritiladi.

Dyulong va Ptilarning o‘zlari bu qonunni uy temperaturasi sharoitida bir
gancha qattiq jismlar uchun olingan empirik ma’lumotga asoslanib kashf
etganlar. Al-alyuminiy, Fe-temir, Au-oltin, Cd-kadmiy va shu kabi moddalar
uchun C=6 kal/Kmol ga yaqin, ya’ni ular uy temperaturasida atomlar amalda
bir-biridan mustaqil ravishda tebranishi uchun yetarlidir: bu jismlar uchun
Dyulong va Pti gonuni bajariladi. Olmos, kremniy va Bor uchun uy
temperaturasi atom issiqlik sig‘imlari 6 kal/Kmol dan ancha kichik.

Ximiyaviy murakkab moddalarning ko‘pchilik kristallari ion xarakteridagi
kristallar bo‘ladi. Masalan, gazsimon natriy xlorning bir molidagi Nacl
molekulalarining soni Avagadro soni N ga teng bo‘ladi. Osh tuzi kristalida esa
panjaraning tugunlarida joylashgan Na* va CI ionlar bo‘lib, ularning umumiy
soni 2 N ga teng bo‘ladi. Kristall osh tuzining molyar issiqlik sig‘imi

C:Z%k-ZN:GkN:GR

ga yoki tagriban 12 kal/K-mol ga teng bo‘lishini topamiz. Shuningdek barcha
boshga ikki atomli birikmalarning ham qattiq holatdagi molyar issiqlik sig‘imi
tagriban 12 kal/K-mol ga teng bo‘lishi kerakligi kelib chigadi. Uch atomli
birikmalarning molyar issiqlik sig‘imi, taqriban, 18kal/K-mol ga, to‘rt atomli
birikmalarning molyar issiglik sig‘imi taxminan, 24kal/K-mol ga teng bo‘lishi
kerak.

Bu xulosa empirik yo‘l bilan aniglangan Joul va Kopp qonuniga mos
keladi. Bu qonunga ko‘ra, qattiq holatdagi birikmalarning molyar issiqlik
sig‘imi bu birikmalar tarkibiga kiruvchi elementlar atom issiqlik sig‘imlarning
yig‘indisiga teng. Temperatura absolyut nolga intilganda barcha qattiq
jismlarning issiqlik sig‘imi nolga intiladi. Qattiq jism issiqlik sig‘imining juda
past temperaturalarda o‘zgarish fagat kvant mexanikasi asosidagina
tushuntirilishi mumkin.

Uy temperaturasida (T~300K) qattiq jismning issiqlik sig‘imini
klassiq usulda hisoblash mumkin. — 200 °C ga yaqin temperaturalarda esa,
1ssiqlik sig‘imini kvant nazariyasi asosida hisoblash kerak bo‘ladi. Qattiq jismlar
issiglik sig‘imi kvant nazariyasining asoslarini Eynshteyn qurib bergan edi.
So‘ng Debay panjarani tashkil qiluvchi zarralarning past temperaturalardagi
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o‘zaro ta’siri katta rol o‘ynashini e’tiborga oldi. Juda past temperaturalarda
qattiq jismlarning issiglik sig‘imi absolyut temperaturaning uchinchi darajasiga
proporsional bo‘lib o‘zgaradi.

Rus fizigi L.I.Mandelshtam kristallarda elastik issiqlik to‘lqinlarining
mavjud bo‘lishi kristalldan sochiluvchi yorug‘likning xarakteriga ta’sir qilishi
mumkinligini ko‘rsatdi. Bu hodisani rus fizigi YE.F.Gross tajribada kuzatdi va
qattiq jismlarda elastik issiglik tebranishlarning mavjud bo‘lishini tajribalar
asosida tasdigladi.

Agar modda eriganda uning hajmi kattalashadigan bo‘lsa, bosim ortishi
bilan erish temperaturasi ham ko‘tariladi: erigan modda bosim ortishi bilan yana
gotib golishi mumkin,

Agar modda erigan vaqtida uning hajmi kichrayadigan bo‘lsa (suv,
vismut, sur’ma va ba’zi boshga moddalar), bosim ortishi bilan erish
temperaturasi pasayadi; gotgan jism bosim ortishi bilan yana suyulib qolishi
mumkin.

Qattiqg holatdan suyuq holatga o‘tish prosess energiya sarflash bilan
bog‘liq; boshqacha aytganda, berilgan qattiq jism massani shu temperaturadagi
suyuq holatga o‘tkazish uchun, jismga ma’lum miqdorda issiqlik berish kerak
bo‘ladi. Bu erish issiglik deyiladi. Suyuqglik gotgan vaqtda bu energiya issiglik
shaklida ajralib chigadi. Erish issigligi turli moddalar uchun turlichadir.
Masalan, suv uchun u 80kal/g ga , simob uchun esa atigi 2,75kal/g ga teng.

Erish temperaturasi berilgan moddaning tozaligiga juda ham bog‘liqdir.

Ba’zan ozgina miqdorda boshga bir moddaning qo‘shilishi erish
temperaturasining sezilarli darajada pasaytirishi mumkin. Qattiq jismlar ham
suyuqliklar kabi, har qganday temperaturada ozmi-ko‘pmi bug‘lanib, shu
moddaning bug‘ini hosil giladi.
Suyuqlikni berk idishda sovitamiz, suyuqlik ustida esa fagat to‘yingan bug*
bo‘lsin. Temperatura pasaygan sari, bug‘larning bosimi ham kamayadi; bu
bosimning temperaturaga qarab o‘zgarishining grafigi (24.1-rasm)dagi CD
chiziqg orgali tasvirlangan.

To‘yingan bug‘ bosimi ostidagi suyuqlikning qotishi temperaturasiga D
nuqta to‘g‘ri keladi. D nuqtaga yetgach, sistemadan issiqlik olish davom
ettirilgani holda, suyuqlik gattiq holatga o‘ta boshlaydi, shuning bilan birga,
suyuglikning hammasi qattiq holatga o‘tguncha, temperatura o‘zgarmaydi.
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24.1-rasm Uchlik nugta
1-qattiq faza; 2-suyuq faza; 3-gazsimon faza

Bu vaqt ichida to‘yingan bug‘larning bosimi ham o‘zgarmaydi va u D-
nuqtaning ordinatasiga teng bo‘ladi. Butun suyuqlik qattiq holatga o‘tgach,
qattiq jism ustidan to‘yingan bug‘ ilgarigidek mavjud bo‘ladi. Qattiq jismni
sovitish davom ettirilsa, to‘yingan bug‘larning bosimi ham pasaya boshlaydi,
lekin bu pasayish yangi DG chiziq bo‘yicha boradi.

S’Hunday qilib D nuqtada ikkita chiziq uchrashadi, gattig holatdagi
berilgan modda ustidagi to‘yingan bug‘ bosimning temperaturaga bog‘ligligini
tasvirlovchi GD egri chiziq bilan suyuq holatdagi o‘sha modda ustidagi
to‘yingan bug‘ bosimining temperaturaga bog‘ligligini ko‘rsatuvchi CD chiziq
uchrashadi. D nuqtaning absissasiga to‘g‘ri keluvchi temperaturadan past
temperaturalarda bug* faqat qattiq jism bilangina muvozanatda bo‘lishi mumkin;
bu temperaturadan yuqori temperaturada esa bug‘ faqat suyuqlik bilan
muvozanatda bo‘la oladi. D nuqgtaning o‘zida moddaning uch holati qattiq,
suyuq va ular ustida to‘yingan bug‘ yoki boshqacha aytganda, uchala fazasi
muvozanatda bo‘ladi. Shuning uchun D-nuqta uchlik nuqgta deyiladi.

Masalan suv uchlik nugtada (0,00748 °C da) Py=4,58 mm Hg bosimli
to‘yingan bug‘ga ega bo‘ladi; — 1°C da muz ustidagi to‘yingan bug‘ning
elastikligi 4,22 mm Hg va — 10 °C da 1,95 mm Hg bo‘ladi.

Ma’lumki, gaz tegib turgan biror qattiq jismni havosi so‘rib olinayotgan
idish ichiga joylashtirilsa, jismdan ilgari unga tegib turgan gaz chigadi. Bundan,
gattiq jismlar gazlarni yutadi, degan xulosa kelib chigadi.

Gazning bosimi qancha katta bo‘lsa va gattiq jismning sirti gancha katta
bo‘lsa, bu yutilish ham shuncha katta bo‘ladi. Qattiq jismlarda ikki xil yutilish
bo‘ladi; ular adsorbsiya va absorbsiya deyiladi.

Adsorbsiya gazning qattiq jism sirtiga yupqga qatlam bo‘lib yopishishidan
iborat. Absorbsiya (yoki okklyuziya) gattiq jismning butun massasi tomonidan
gazning haqiqatan ham yutilishidir, ya’ni gazlarning suyuqliklarda erishiga
o‘xshash prosessdir.

Ba’zi qattiq jismlar gazni shunchalik ko‘p miqdorda yuta oladiki, natijada
yutilgan gazning hajmi qattiq jismning o‘z hajmidan yuzlab marta katta bo‘ladi.
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Qizdirilgan Palladiy o‘z hajmidan normal bosimdagi hajmi 1000 marta katta
bo‘lgan miqdordagi vodorodni ko‘p yutadi. Yutilgan gazlar vakuumda qizdirish
natijasida ajralib chigadi.

Adsorbsiya va absorbsiya (okklyuziya) hodisalari vakuum texnikasida
katta rol uynaydi. Masalan pista ko‘mirdan ko‘pchilik gazlarni, ayniqsa past
temperaturalarda, juda ko‘p adsorbsiyalash qobiliyatidan foydalanadilar. Qattiq
jismning sirtida fagat gazlargina emas, suyugliklar ham adsorbsiyalanishi
mumekin.

Biz suyuq gazsimon holatlarning qattiq holatga o‘tishi, ya’ni kristallanish
va aksincha o‘tish —erish va gaynashni ko‘rdik. Avval VII bobda suyuqlikning
bug’ga o‘tishini- bug’lanishni va aksincha o‘tish- kondensatsiyani ko‘rdik. Bu
barcha fazaviy o‘tishlarda jism yoki tegishli o‘tishning yashirin issiqligi (Erish
isiqqligi, bug’lanish issiqligi va h.k) sifatida energiya ajratadi yoki energiya
yutadi. Energiyaning yoki energiya bilan bog’lik bo‘lgan boshqa kattaliklar,
masalan, zichlikning sakrashsimon o‘zgarishi bilan bo‘ladigan fazaviy o‘tishlar
birinchi tur fazaviy o‘tishlar deb ataladi.

Birinchi tur fazaviy o‘tishlar uchun modda xossalarining sakrashsimon,
ya’ni juda qisqa temperaturalar intervalida o‘zgarishi xarakterlidir. Binobarin,
aniq o‘tish temperaturasi yoki o‘tish nuqtasi haqida , masalan, qaynash nuqtasi,
erish nuqgtasi va xokazo hagida gapirish mumkin.

Fazaviy o‘tishlar temperaturalari tashqi parametr - p bosimga bog’liq;
berilgan temperaturada o‘tish sodir buladi. Fazaviy muvozanat chizig’i bizga
ma’lum bulgan Klapeyron-Klauzius tenglamasi bilan ifodalanadi:

dp L

ﬁ B T(Vz _V1) ’

bu yerda L-o‘tish molyar issiqligi, V; va V, har ikkala fazaning molyar
hajmlari.

Birinchi tur fazaviy o‘tishlarda yangi faza birato‘la butun hajmda paydo
bo‘lmaydi. Dastlab yangi fazaning markazlari hosil bo‘lib so‘ngra ular o‘sib
butun hajmga targaladi.

Markazlarning  hosil ~ bo‘lish  protsessi  bilan suyuqlikning
kondensatsiyasida duch kelgan edik. Kondensatsiya uchun chang zarralari,
ionlar va hokazo ko‘rinishida kondensatsiya markazlari bulishi zarur. Xuddi
shuningdek, suyuqlikning qotishi uchun kristallanish markazlari bo‘lishi
zarur.Bunday markazlar bo‘lmaganida bug’ va suyuqlik o‘ta sovigan holatda
bo‘lishi mumkin. Masalan, -10° S temperaturada ham, agar suv toza bo‘lsa,
uzog muddat muzlamasligini kuzatish mumkin.

Biroq shunday fazaviy o‘tishlar ham bo‘ladiki, ularda aylanish butun
hajmda kristall panjaranining uzluksiz o‘zgarishi, ya’ni panjarada zarralarning
o‘zaro qayta  joylashishi natijasida darhol ro‘y beradi. Bu ma’lum
temperaturada panjara simmetriyasining o‘zgarishi, masalan, past simmetriyali
panjaraning yuqori simmetriyali panjaraga aylanishiga olib kelishi mumkin.
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Bu temperaturada fazaviy o‘tish ikkinchi tur fazaviy o‘tish deb ataladi.
Ikkinchi tur fazaviy o‘tish sodir buladigan bu temperatura Kyuri nuktasi deb
ataladi. Bu birinchi marta ferromagnetiklarda ikkinchi tur fazaviy o‘tishlarini
kashf gilgan olim Per Kyuri sharafiga shunday deb atalgan.

Holat bunday uzluksiz o‘zgarganida o°‘tish nuktasida ikki turli fazaning
muvozanati bulmaydi, chunki o‘tish butun hajmda birdaniga sodir buladi.
Shuning uchun o‘tish nuktasida U ichki energiyaning sakrashi xam ro‘y
bermaydi. Demak, bunday o‘tishda o‘tish yashirin issikligining ajralishi xam,
ro‘y bermaydi. Birok o‘tish nuqtasidan yuqgori va past temperaturada modda
turli kristall modifikatsiyali bo‘lgani uchun ularning issiklik sig’imi turlicha
bo‘ladi. Demak, fazaviy o‘tish nuktasida issiklik  sig’imi, ya’ni ichki
energiyadan vaqt bo‘yicha olingan hosilasi ‘jTlTJ sakrashsimon o‘zgaradi.

Garchi o‘tish nuqtasida hajmning o°‘zi o‘zgarmasa-da, hajmiy kengayish

koeffitsenti 1 dV sakrash bilan o‘zgaradi.
vV dT

S’Hunday ikkinchi tur fazaviy o‘tishlar xam borki, ularda holatning
uzluksiz o‘zgarishi kristall strukturasining o‘zgarishini bildirmaydi, birok bu
o‘tishlarda holat birdaniga butun hajmida uzgaradi. Bunday tur o‘tishlarning eng
mashhuri moddalarning ferromagnit holatdan ferromagnit bo‘lmagan holatga
o‘tishidir, bunday o‘tish Kyuri nuktasi deb atalgan temperaturada sodir bo‘ladi;
ba’zi metallarning normal holatda o‘ta o‘tkazuvchan elektr karshiligi yo‘qoladi.
Ikkala holda ham o‘tish uzluksiz va birdaniga butun hajmda o‘zgaradi. Suyuk
geliyning Ne I holatdan Ne II holatga o‘tishi ham ikkinchi tur o‘tishga misol
bo‘ladi. Bu barcha hollarda o‘tish nuqtasida issiqlik sig’imining sakrashi
kuzatiladi. (S’Hu munosabat bilan ikkinchi tur fazaviy o‘tish temperaturasi
ikkinchi nomga ega- uni - nugta deb ataladi; bu nom shu nuqgtadagi issiglik
sig’imi egri chizig’ining o‘zgarish xarakteriga qarab berilgan; bu to‘g’rida 118-
da suyuq geliyga tegishli tekstda bayon gilingan edi.)

Fazaviy o‘tishlarning qanday bo‘lishini endi batafsilroq ko‘raylik. Fazaviy
aylanishlarda asosiy rolni fizikaviy kattaliklarning fluktuatsiyalari o‘ynaydi.
Biz fluktuatsiyalar bilan suyugliklardagi muallak qattiq zarralarning Broun
harakati to‘g’risida gapirganimizda duch kelgan edik.

Fluktatsiyalar- energiyaning, zichlikning va u bilan bog’lik bo‘lgan
boshga kattaliklarning tasodifiy o‘zgarishlari — hamma vaqt mavjud bo‘ladi.
Biroq fazaviy o‘tishda uzoqroqda ular juda kichik hajmlarda yuzaga keladi va
shu zahotiyoq yo‘qolib ketadi. Moddaning bosimi va temperaturasi kritik
qiymatlarga yaqin bo‘lganida esa fluktuatsiya bilan gamrab olingan hajmida
yangi faza hosil bo‘lishi mumkin. Birinchi va ikkinchi tur fazaviy o‘tishlar
orasidagi farq shundan iboratki, o‘tish nuqtasi yaqinida fluktuatsiyalar turlicha
rivojlanishi mumkin.

Birinchi tur o‘tishda yangi fazaning eski faza ichida markazlar tarzida
yuzaga kelishini yuqorida gapirib o‘tdik. Ularning paydo bulishiga sabab
energiya va zichlikning tasodifiy fluktuatsiyalaridir. O‘tish nuqtasiga
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yaqinlashgan sari yangi fazaga sabab bo‘ladigan fluktuatsiyalar tez-tez bo‘lib
turadi, garchi har bir fluktuatsiya juda kichik hajmda ro‘y bersa ham, ularning
hammasi bir bo‘lib, agar ularning hosil bo‘lishi joylarida kondensatsiya markazi
bo‘lsa, yangi fazaning makroskopiya markazi paydo bo‘lishiga sabab bo‘lishi
mumkin.

Ikkinchi tur fazaviy o‘tishlar holida vaziyat ancha murakkabroq bo‘ladi.
Yangi faza birdaniga butun hajmda paydo bo‘lgani sababli odatda mikroskopik
fluktuatsiyalar o‘z-o‘zicha fazaviy o‘tishga olib kela olmaydi. Ularning xarakteri
ancha o‘zgaradi. Kritik temperaturaga yaqinlashgani sari yangi fazaga o‘tishni
«tayyorlayotgany fluktuatsiyalar tobora moddaning katta qismini qamrab oladi
va nihoyat, o‘tish nuqtasida cheksiz bo‘lib qoladi, ya’ni butun hajmda ro‘y
beradi. O‘tish nuqtasidan pastda, yangi faza qaror topganidan so‘ng ular yana
qaytadan so‘na boshlaydi va yana asta-sekin qiska ta’sirli hamda qisqa
muddatli bo‘lib qoladi.

Ikkinchi tur fazaviy o‘tishi hamma vaqt sistemaning simmetriyasi
o‘zgarishi bilan bog’liq bo‘ladi: yangi fazada yo dastlab bo‘lmagan tartib
yuzaga keladi (masalan, ferromagnit holatga o‘tishda alohida zarralarning
magnit momenti tartibga tushadi), yo avval mavjud bo‘lgan tartib o‘zgaradi
(kristall strukturaning o‘zgarishi tufayli bo‘ladigan o‘tishlarda). Bunday yangi
tartib fazaviy o‘tish yaqinidagi fluktuatsiyalarda mavjud bo‘ladi.

O‘tishning bayon qilingan mexanizmini hammaga ma’lum bo‘lgan
«bagrayib qolgan bir tuda odamlar effekti» yordamida ayoniy tushuntirish
mumkin. Trotuardan o‘tib ketayotgan va turli tasodifiy yo‘nalishlarga ko‘z
tikib ketayotgan odamlarni ko‘z oldimizga keltiraylik. Bu ko‘chada ketayotgan
odamlar tudasini «normal» holati bulib, unda tartiblashish yo‘q. Endi shu
odamlardan biri ikkinchi kavatdagi kimsasiz derazaga hech ganday jalb
etuvchi sababsiz tikilib qoladi deylik («tasodifiy fluktatsiya») . Shundan so‘ng
tobora ko‘proq odamlar shu derazaga gqaray boshlaydi va oxir nihoyasiga
hammaning nigohi bir nuqtaga yo‘nalgan bo‘ladi. Garchi tartibning qaror
topishiga yordam beruvchi hech ganday tashqi kuch bo‘lmasada ( chunki
ikkinchi qavatdagi deraza  orqasida  hech narsa  bo‘layotgan yo‘q!),
«tartiblashgan» faza yuzaga keladi.

Ikkinchi tur fazaviy o‘tishlar juda murakkab va qiziq hodisa. Bevosita
o‘tish nuqtasi atrofida  bo‘layotgan hodisalar, jarayonlar hali oxirigacha
o‘rganilgan emas va cheksiz fluktuatsiyalar sharoitida fizikaviy kattaliklarning
tabiati haqidagi to‘la manzara endigina yaratilmoqda.

Qattiq geliy.

Barcha moddalar ichida geliyning mustasnoligi shundaki, u absolyut
nolda xam gotmaydigan yagona moddadir.

Biz suyuq geliyning ikki modifikatsiyada ma’lum ekanini va bu
modifikatsiyalar o‘zlarining to‘yingan bug’lari bosimi ostida bulganida 219 K
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da (A-nugta) bir-biriga o‘tib turishini bilamiz. Bunday o‘tish ikkinchi tur
fazaviy o‘tishdir. Xususan, He | - He Il o‘tishda o‘tish yashirin issiqligi
bo‘lmaydi.

Geliyning holat diagrammasi uning suyuqg holatining yuqorida eslatib
o‘tilgan xususiyatlari munosabati bilan o‘ziga xos ko‘rinishga ega bo‘lib, xiliga
ko‘ra yagonadir. Bu diagramma 25.1-rasmda tasvirlangan (bu rasmda
masshtabga aniq rioya gilingan emas) | egri chiziq bug’ hosil bo‘lish egri
chizig’idir. 2 egri chizig’ esa A-nuqtalar chizig’idir. Bu chiziq He I-He I
o‘tishda bosim ortganida temperaturaning qanday o°zgarishini kursatadi.
Nihoyat 3 egri chizig- erish egri chizig’idir. Bu barcha egri chiziglar
diagrammani to‘rt qismga : gazsimon geliyning mavjudlik sohasi, suyuq He |
sohasi, suyuq He Il va nihoyat geliy sohalariga bo‘ladi. Diagrammadan suyuq
He Il ning sohasi absolyut nolgacha borishi ko‘rinib turibdi. Bu absolyut nolda
geliyning bargaror holati suyug holat ekanini kursatadi. Kattik geliy esa,
diagrammadan ko‘rinib turganidek , faqat katta bosim ostida hosil gilinishi
mumkin, hatto absolyut nolda ham bu bosim 25 atm dan kam bo‘lmasligi
kerak. Bunda temperatura gancha yuqori bo‘lsa, geliyning kristallanish uchun
shuncha katta bosim kerak bo‘ladi. Masalan, 50 K da geliy 7000 atm da.

Erish egri chizig’i qattik geliyning suyuk He | (A-nuqtalar chizig’idan
o‘ngda) va suyuk He Il ( chizigdan chapda) bilan muvozanat egri chizig’idir.
Bug’ hosil bo‘lish egri chizig’i ham gazsimon geliyning bu chizigdan chap va
o‘ng tomondagi suyuq geliyning mos fazalari bilan muvozanat egri chizig’idir.
Biroq A-nuqtalar egri chizig’i har ikkala suyuk faza uchun muvozanat egri
chizig’i bo‘la olmaydi.

Geliy holat diagrammasining eng qiziq Xxususiyati qattik va gazsimon
fazalar orasida  muvozanat chizig’ini yo‘kligidir. Bundan har qganday
sharoitda ham qattiq geliy o‘zining bug’lari bilan muvozanat bo‘la olmaydi
degan ma’no kelib chiqadi. Qattik geliy ustida fagat suyuq He | va He Il
bo‘lishi kerak, biroq gazsimon geliy bo‘la olmaydi. Demak geliy haydash
mumkin bo‘lmagan modda ekan.

Geliyning bu barcha xususiyatlari, jumladan uning absolyut nolda ham
suyuqg holda qolishi, fagat kvant nazariyasi asosida tushuntirilishi mumkin;
geliy kvant mexanikasi nazariyasidan kelib chigadigan effektlar makroskopik
xossalarda namoyon bo‘ladigan tabiatdagi yagona moddadir.

Gap shundaki, kvant nazariyasiga ko‘ra absolyut nolda zarralarning
energiyasi nolga teng emas, xolbuki moddaning klassik kinetik nazariyasiga
ko‘ra unolga teng. Absolyut nolda zarralar nolinchi energiyaga ega bo‘ladi,
bu energiya atomlarning massasi gancha kichik bulsa, shuncha kichik buladi.
Shuning uchun nolinchi energiyaga ega buladi. Ikkinchi tomondan, geliy
atomlarining tuzilish xususiyatlariga ko‘ra geliy atomlari orasidagi o‘zaro
ta’sir kuchlari (boshka inert gazlardagi singari) juda kichik. Shuning uchun
atomlar orasidagi kichik o‘zaro ta’sir kuchlarida nolinchi energiya geliy
atomlarining muntazam tartibda joylashishiga, ya’ni kristall panjara hosil
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qilishiga to‘sqinlik gilish uchun yetarli bo‘ladi. Faqat tashqi bosim ta’siridagina
atomlarni ular kristall hosil giladigan darajada yaqinlashtirish mumkin bo‘ladi.

Geliyning o°ziga xos xususiyati shundaki, past temperaturalarda uning
tabiatini issiglik harakatlari energiyasi emas, balki nolinchi energiya belgilaydi.

Erish va eritmadan kristallanish.

Vodorod atomining massasi yana ham kichik bo‘lgani uchun unda
nolinchi energiya yana ham katta rol uynashi kerak. Hagigatdan ham, vodorod
atomlarining nolinchi energiyasi geliynikidan katta. Biroq hozirgina
ko‘rganimizdek, nolinchi energiya bilan zarralarning o‘zaro ta’sir energiyasi
orasidagi nisbat hal qiluvchi rol uynaydi. Zarralarning ozaro ta’sir energiyasi
esa vodorod atomlarida geliy atomlaridan ko‘ra ko‘prok bo‘ladi. Mikdoriy
baholash shuni ko‘rsatadiki, qattik vodorodda nolinchi energiya to‘la
energiyaning yarmiga teng, geliyda esa uning ulushi 80 % ga yetadi. Geliyning
suyulish  temperaturasining past bo‘lishi va odatdagi sharoitlarda uning
kristallanmasligining sababi shu hol bilan tushuntiriladi. Nolinchi energiya
geliyning yengil He® izotopida yana ham katta rol uynaydi. Unda nolinchi
energiya tula energiyaning 95 % ini tashkil giladi. Shuning uchun He® Humr
suyulish temperaturasi (normal bosimda) yana past bo‘ladi (u 3,2 K ga teng,
odatdagi geliyda esa 4,2 K ga teng zid). He® ning kristallanishi uchun He* ga
qaraganda yana ham katta bosim kerak bo‘ladi, absolyut nolda bu bosim 29 atm
dan ortiq bo‘ladi.

V. Mavzu yuzasidan savollar.

Qattiq jismning zarralari harakati va energiya bog‘lanishini tushuntiring?
Qattiq jism zarralarining to‘la ichki energiyasini mohiyatini aytib bering?
Issiglikdan kengayish deyu nimaga aytiladi va uning sababi nima?
Chiziqli kengayishning temperatura koeffisiyenti ganday fizik ma’noga
ega va uning o‘lchov birligi nima?
Qattiq jismning hajmiy kengayishi-koeffisiyenti ganday fizik ma’noga
ega va uning o‘lchov birligi nima?
Kristall qattiq jismlarning issiqlik sig‘imi nimaga bog‘liq bo‘ladi?
Dyulong va Pti gonunini mohiyatini tushuntiring?
Uchlik nugtani tushuntirib bering?
Gazlarni qattig jismlar tomonidan yutilishini adsorbsiya va absorbsiya
yo‘llarini va texnikada, sanoatda foydalanish to‘g‘risida aytib bering?
10.Qattiq holatga o‘tishni tushuntiring.
11.Holat diagrammasi ganday tuziladi va undagi uchlanma nugta nimani

ifodalaydi.
12.Birinchi va ikkinchi tur fazoviy o‘tishlar deb nimaga aytiladi..
13.Qattiq geliy to‘g’risida nima bilasiz.
14.Erish va kristallanish nima.

e

o
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Il BOb. ®u3uka KypCMHMHI MOJIeKYJIsp PuU3UKa OYIMMUHU YKUTHIIAA
TaBCHUSl ITUJIAUTaH JJa0opaTopusi MILJIAPH

3.1. JlabopaTopusi MILIAPUHUHT MaKcajJ Ba Basudagapu. JJIeKTpP YJI4O0B
ac000J1apu Ba yJIAPHUHI XaTOJHUKJIAPH

Mabnymku, Oapua Tabumii ¢annap cuHrapy (¢usuka Tabuat
XoaucaapuHu ypraHaau. Tabuar XomucanapuiaH 3ca MIUIA0 YUKAPUIIHUHT
camMapaJopJMTUHU omupuiga ¢GaH Ba TEXHUKA HOTYKIAPUHU  KHUIIJIOK
XYKQUIUTUHUHT TypiAd TapMOKJapura JKOpWUH KHIWIIIA KIHT KyJamjaa
doinananunaan. duszmka GaHuHM YpraHumiga J1adopaTopus HUIUIAPUHUA
OaxxapuIl MyXyUM YpUH TyTaIH.

JlabGopaTopus wunapuHu Oaxkapuin Oyiinya MaIIFynoTiIap MaTuaa
VKyBuMiaap ¥3 OWIMMIIADWHU OUIMPHIIJIAPH, OJTaH Hazapuidl OWIMMIIApUHU
MycTaxkamianuviapy, (U3UKAaHUHT acOoCHM TyIIyHYallapd Ba KOHYHJIAPUHH
YyKyppOK TYLIYHHII Ba aHriaad oJMIIra SpUILUIUIAPH, SKCIEPUMEHTA
Macajajgap €4l MajlaKaJllapu Ba KYHUKMaJTapUHU OCWJ KWIHIILIAPH, QUMK
acb00 Ba WypunaMmanap, UIYHUHTZCK, VI4oB acOoOsiapyu OujiaH MIIUIAIIHH,
Ky3aTHUII Ba TXpHOa HATIKAJApUHU UIIIA0 YUKUIITHHE YPTraHUILIapH JIO3HM .

JlabopaTopus uILIapuHU Oakapullra TUHIJIOBYM aBBalJlaH Taléprapiivk
KYpuIIM, OyHUHT Y4yH 3Ca y HIIHUHT TaBcu(dU OuiaH TaHUIIUO, KOHCHEKT
€3UIIM, IIYHUHTACK, UITHU Oaxkapuiiaa (oinananuiaaurad agaouériap Ouiax
TaHUTIIHIIHN JIO3UM.

Opatna OyTyH TypyxHM OWTTa WOl OWJIaH MalIFysl KWIMINTa KYNHHYA
UMKOHMST OYynmaiinn. by Xonnma rypyxHu Oup KaHuda 3BeHoJiapra OyimO, xap
Oup 3BeHOra ajoxuaa jgabopaTopusi WINMHUA OaKapUIIHK TakIu( KUJTUII
MyMKHUH. BHWHOOapuH, THHTJIOBUMJIAPHUHT alipuMm jgabopaTopusi HILJIApUHHA
Oaxkapuill MyaAaTiapyu OWIaH yHTra TETHILIM Ha3apui MaTepUalHU Mabpy3aaa
0aH KUIUII MyaAaTiapu Oup-Oupura Moc KenMaiau. AHa Iy XoJulapia HIn
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TaBCU(UHU IOKOpHJAa KEITHPWITAaH TapTHOIa TY3WII MyXHM axammusT KacO
ITaJIH.

VKyBUM MAIIFYJIOTIAH CYHI OJNMHTaH HATWKAJAPHM Ba XaTOJHKIAPHH
XHCco0/Iad YMKaaM, XaTOJUKHU XUCOOTa OJraH XoJia HATWKaHU &3u0 Kysau.
Nurau 6axkapuiiia rpaduk 4u3mil Kepak Oyica, OyHH MUJUTMMETPIIM KOF03]1a
amayja OIIMPUII, IIYHUHTACK, JabopaTtopus nadrapura Gpusnk acO0OIapHUHT
TEXHHUK XapaKTePUCTHKAIAPU XaKUJaru MabJIyMOTIapHU €30 KYHUII MaKcaara
MYBODHUKAMD.

Xap Oup Oaxapunran gadopaTopus WIM [O3aCHIAH YKyBYH XHUCOOOT
tonmmupand. byHaa y WIIHUHT Makcaiu, TaQcuioTH, OaapwiHIl TapTHOH,
ac0600 yckyHanap OWIaH UIuIall KOujaaapy, OJIMHIaH HATHKATAPHUHT TaXJIMIIN
kaOu Macayanap, 11y OwiaH Oupra, WITHUHT TaBCU(U OXUpPHIA KEITHUPUIITaH
caBoJUiapra OepuiiraH aBoOJiapy Ba TOMIIUPUKIAPHU KaHJal OakapraHIUru
aKC STUIIM JIO3MM. YKHTYBUM IOKOPUIA AafiTWIraH BasudanapHd YKyBYH
TOMOHMJIA TYyJia Y3JIalITUPraHUHU aHUKJIAraHJAaH KETWH WIIHW Oakapuiira
pyxcar 6epasii Ba XucoOOTIapHU KaOyJl KUIJIa Iu.

XaTo/IMK Ba YHH XHCOOTa OJIMII

VkyBumnap  naGopaTopus — MAIIFYIOTIApUAa  YIdaml — HIUIAPHHH
Oaxxapamunap. bynaa Vnuammap OeBocuTa Ba OWJIBOCHMTa OaKapuIiaJiu.
beBocura ymyamra y3yHIMKHU YWU3FAY OWJIaH, MAaCCaCUHU Tapo3u OWjIaH, TOK
KYYUHHU aMIlepMeTp OWiiaH, BaKTHU CEKyHJOMep OujaH yiayamn Ba Oolikanap
Mucon Oynamu. bunBocuta yhayamga acO000 wu3NaHA€TraH KaTTaIMKHUHT
KUMMAaTUHU KypCaTaiu.

Ou3MK KaTTAIMKIAPHUHT XaMMacMHU OeBocuTa Ym4yab OyimMaiinu.
[yaunr yuyH wuznaHaéTraH (QU3HK KaTTAIMK OeBocuTa Yyia4a® Tomuira
KaTTaIMKIAp OpKaIM Xucob6ysad tomwmaan. PU3MK KaTTaIUKIApHU OyHai
aHuKam OeBocuTa yiuam jaeimiiand. beBocura yimyamra 9u3uKIM KIHTAWHII
KoeDPUITMEHTUHN AaHUKJIAIIHK MHCOJ KWINO KeNTUpUIl MyMKHH. by
KATTAJIMKHA TOIHUII YyYyH OHpPOp CTEpXKEH IIaKIUJard KATTUK KUCMHUHT
OONUTAaHFUY Ba OXHPTH TeMIIEpaTypajiapy, yjapra MOC KelraH CTEp)KCH
y3yHiaukiapu aiinpmacu Al=I-1, Ba t, TeMmeparypara Moc KejiraH OOIUIaHFHY JIO
y3yHJIUK OeBocuTa YirdaHaau. YM3HKIU KOHT AU
koeddunreHTu o Kyhuaara Gopmyna Epaamuaa Xucooaad YMKUIa M.

a— I —1lo

lo(t —to)

Maskyp KyutaHmana Takiaud KWJIWHTaH JjabopaTopus —HIUIapuaa
aHWKJIaHATUTaH (PU3MK KaTTaJMKIAp acocaH OCBOCHUTA YITyaHaIH.

DkcnepuMeHTUdra 0ap3u Maciaxatiap
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JlaGoparopusiapaa Taxpuoba yTkazuO, OMpoH (UMK MUKJAOPHU YIdall
yUyH Xap XuJ acboOmapiaH doinanaHumra TYFpu Kelaau. DKCIEePUMEHTUH
aBBAJIO Y3 ojaMra KyWraH macallaHd aHWK, paBlIaH TYUIYHHO OJIMOFH JIO3UM.
ByHUHT yuyH TeKmMpuiaagTran xoJucara JI0Mp MacallaHd YKUIIU Ba YHU SXIIH
aHry1a0 OJIUIIN Kepax.

Cyurpa macananu Taxpubana Xajdl JITHII yYyH HHMMa KEpPaKIUTMHU Ba
KaHJal mapouTaa OYIuIIM KepakIUTWHU, UIIHA HUMaJaH Oomnuiam EbutapuHu
aHuKIamy Kepak. Taxpubanu Oaxkapuil yuyH HIUIATHIAIUraH acOoOJapHUHT
TY3WIHIIH, YyJ9all METOAM Ba YIYAIIHWHI AHUKIWK  JapakaJapuHu Tyja
aHuKIa0 onuml 3apyp. AKC XOJJa SKCIEpUMEHTUYM TaxpuOalaH KyTHITaH
HaTWXara bra OyIMaciIuru MyMKHH.

AvipuM ¢u3HMK TakpubanapHU YTKa3WIl y4yH 3apyp acOoOiapHH uIIra
cona Ounam (acOOOHUHT alpuM KHCMIIApUH TYFpU WMHUFUII, acOOOHU TYFpuU
VpHaTHIIl Ba X.K) KaTTa axamusTra sra o6ynaau. Macanan ontuk (EpyxJHK) Ba
ANIEKTPOMATHUT XOJHcaiapra JIOUp Macajajap ycTuja Taxpuba YTKazuiiga
AKCIIEPUMEHTYU y4YyH JHI KUWWH Macaja acOoOiapHu wuira ¢raiéprnamn Ba
poctinab YpHatumaup, Oy HIUIap Terunuidya Oakapuica yiadail aH4a OCOH
oynmu6 xonamu. Jlaboparopusna yTkazuiagurad xamMMma Yidanl HaTWKajlapuH
anbarTa ¥3 BaKTHAA MabiyM Oup TapThO OuiaH Takpuba >KypHaIura »ajBal
cuaruaa €3ui 103uM. Xap Oup Taxkpubara IOUp UII XaMMa MablyMOTJIApHU
TEruiuM Taxproana unuiad (Xxuco6ald) YMKUITaHIaH KEMUH YHUHT y3UJl KECUJT
HaTIKACUHU Maxcyc ’kaaBai (cxema) rpaduk Tap3uaa TaxT KWinb paxOapra
XUCco00T Oepulll OMIaH TaMOMITaHAIH.

Enextp Ba marHetmsumra owuj naboparopus HIUIapuAa ydpalgura
ANEKTP 3aHKUPJIAPUHUHT 0ab3u OMP XOJIATIAPUHY Ba yJIAPHUHT dJIEMEHTIAPUHU
yMyMHITX0m1a 3¢cnatud yrum doitnanu ned xucoodmaiimus. bynapra ammnepmerp
Ba BOJIbTMETPJIAPHU DJICKTP 3aHKHUpJapura yiaii, yjaap €pJlaMujia HOMablyMm
KApIIWIMKIAPHA YIT4alll, IIyHT Ba KYyIIMMYa KapIIMIMKIAPHHA TaHJIAI Ba yJIall,
TOK MaHOAJIapuHU TOTEHIIMOMETPUK, SBHU TaKCUMJarud EpaamMuaa yJjanl
CXeMaJlapu Ba YJapHM KYJUIAHWINK XaKUJard MabidyMoTiap Kupaau. byHnax
TalIKapy, TaXpuOaaa OJIMHTaH YiI4all HaTWXKaJapUHU TYpJAd  MaTeMaTHK
ycyjulapaa XucoOmnammap XakuJard MablyMOTJIapHH yMyMIIAIraH XoJijia
KYJUTAaHMaHUHT KUPHII KHCMHIa OYJIMIIN MaKcaara MyBOQUKINP.

AOcCom0T aHMK VI40B acbo0uM MYK, AbHU YI4OB acOOOJapUHUHT
XaTONMKJIAPH MaBXyA. XaTOJNWKIap a0CONIOT, HHUCOMU Ba KENTHPWITaH
XaTOJIMKJIapra Oy IuHaau.

a) AOGCOJIIOT XaToJMK- Oy y140B acOOOMHUHI KypcaTraH KuiMaTu OujiaH
VHUHT XaKUKUAW KHMaTIIapu opacuaara GapKuaup.

AN =[N, =N, | (1)
06) HucOuii xaronuk n1e0, aOCOMIOT XaTOJIMKHM YIIYaHA€TraH KaTTaJTUKHUHT
XAKUKAW KUAMaTy HucOaTura aTwiaau (kynuHya 0y % napaa 6epuiaan)

e= 28N 000 )

n
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¢) Kentupunran xaTonuk - aOCOIOT XaTOJUKHU YITY0B aCOOOHUHT MaKCUMYM
nIKajga KuiMatu HucOaTura TaHr ( 0y xaMm % napnaa ) Oyiaran KarTaaukaup.

y =8N 00% (3)

max
VIHOB KypHIMaNapHHUHI aHHKIUK COXACH YHUHT aHHKIHK KIACCIIapH
OwnaH xapakTtepianaau. AHUKIUK kiaccnap:0,05; 0,1; 0,2; 0,5; 1,0; 1,5; 2,5; 4
Oynumu MyMKUH. AOCOJIIOT Ba HHCOUI XaTonukiaap kenrupuirad. (1),(2) Ba (3)
ra OMHOAH KENTUPHWITaH XaToIuKIap Oyitnua Kyhunarunya udoaiaHuiam.
ty- N
_ max

N = ——_max 1h

100%

_iy'Nmax 1
Sl @)

AMIiiepMeTp Ba BOJIbTMETP épAaMuIa KAPIIWINKIAPHHA YIdain

ToxkHu yayaiiaurad acboOra amrnepMeTp AeHuaIu.

by ac600 épmamupa ymuanaguran TOKHMHr Mukaopu 0,1 A nmaH kam
Oyica yHH MWUIMaMIIEpMETp JCHMH3; arapja TOK KuiimMatk 10° A JaH Kam
Oynca, OyHmaii acOoOra MHUKpO ammepMmeTp EKU TaJBOHOMETp JAeHuiIaau.
AMnepMmeTpiap 3aHKUPHUHT OUpOp KUCMHUJAH YTa€TraH »JJIEKTP TOKHHU
OeBOCHTA YJIUaiiii Ba YHra KETMa-KeT yJIaHa 1.

Kyunaaumau, €ku deKTp 3aHXUPUHUHT OUPOp KUCMHAArd MOTEHIUAT
TYIIUIIMHA YII4all Y4yH BOJBTMETp HIUIaTuiaau. BonsTMerp OeBocuta yiraoB
acbo0u xucoOiaHaau Ba y KyWIAHUIIWHU YII4aml JIO3UM OYJraH 3aHKUPHUHT
KHCMUTa Napajuiell yiaHaau.

OHIM aMIlepMeTp Ba BOJBTMETP €EpJaMHIa HOMAabiIyM KapIIWJIUKHU
VymuamHu  Kypamus. ByHuUHT ydyH Kyuumaru (1-pacMm) 25eKTp 3aHXKUPH
Ty3uJaau Ba yrmyanuiap yTkaswiaau. by epaa Ry - Homabiaym Kapuwivk, V -
BOJIBTMETP, A-aMIIepMETP, € -y3rapMac TOK MaHOau.

R
—r
t —»
+f - <
I | ]
€
1-pacm

AMnepMmeTp Ba BOJIBTMETP €paaMuia HOMAabIyM KapIIWJIMKHHA YiI4alll
ounBocuTa yiauam ycynu xucoOiaHanu. busra anukiuk kinaccu 0,05 6ynrax Ba
9HT Kymu Owiad 15 B KywiaHwimmHu yidadauradn BOJTMETEpP, Xamja aHUKIUK
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Kkiaccu 1 Oynran SHI KyIH omnan 0,5 A TOKHHU Yyi4yail ojlauraH aMIepMeTp
Oepunran OyncuH. Ymuam Hatwkanapy U=2 B Ba 1=0,25 A 6yacun. Om

KOHYHHI'a aCOCAH HOMAbJIYM KapIINJINK:

2 =Y 128 e
I 0,25A

ra TOHIJIUTHA KeMuO YMKaau. DHIW KyWIAHHII Ba TOKHH VTYaligard BOJBTMETP
Ba aMIIEPMETPJIAPHUHT XaTOJHMKJIAPUHU XUCO0Ja0 KapIIWIMKHU YIIdaliiard

HUCOUI XaTOJIUKHU aHUKJIAUMUA3.

&= AR, -100%
R

X

AU =05%U,,,, =0,005-15=0,075B

R) _U+AU _ 48+0,075
XIMAX | Al 0,25-0,005
AR, R, —R__4928-48

X max X

R R

X X

=49,280m

-100% = 2,7%

Jlemak, aHWKIMK KiIacclapu IOKOpWIA KEITHPWITaH BOJBTMETpP Ba
amrepMeTp €paaMmuia OUJIBOCHUTA YII4all yCyJu OWjiaH XUCOOJIaHTaH KapIIUINK
2,7% aHUKJIMK]A YITYaHTaH SKaH.

HIyHT Ba KyIuMM4a KapIIMJIUKJIAPHU TAHJIALI

Opatna ranBaHoMeTpiap KyJa XxaM KMYUK OYiIraH TOKJIapHU Yiadalija,
KyWIaHUIIApHU Ba 3aps] MUKIOpJIApUHU aHuKJama nuuiatuianu. [y ounan
Oupranukiga, rajlBaHOMETpjlap KaTrta TOKJIApHM  yiyaml  Ba  KaTTa
KyWIaHHMIIJJADHU aHUKJIAIl YYyH XaM HIUIATWIAIIA MYMKWH. ByHHHr yuyH
raJJBAHOMETpra napajuien XojAa IyHT KapUIWIAK, BOJBTMETPra 3ca Kylumya
KApLIUIHK KETMa-KeT yJIaHa/IH.

lyHT KapmmiaukHU XpcoOnamr. Kylumaru smektp cxemaHu kypamus (2-
pacm). dapa3 KWwIalauk, 3JeKTp TapMorumaH katta Tok (l) kemaérran
6yacun. Yirgam ac606MMH3 TaTBaHOMETP KHMYMK TOKKA MYIDKAIIAHTaH OYICHH.
2-pacMaH KYpUHAAWKW, TapMOKIaH KemaérraH Tok C TyryHIa WKKUTa
aXpanaau.

G
JFT o
J c Jsh

— — I 1 —

2-pacm

bup KucMHM TajlBOHOMETpPHAH, KOJraH KUCMH 3Ca IIYHT KapIIWJIUKIAH
YyTalu.
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Onektp 3aHxkupuMu3 mypakkaOaup.lllyHuHr ydyH Xxam TapMOKJaHTaH
Mypakka®  3amkupra Kupxrod  koumamapuHu — MNUIATHO,  TETUIIUIH
KaTTaMKIapHU TonaMu3. bupuHunM kouga Tyryuigap ydyH OYnub, yHma 2-
pacMlaru C tyryn yuyH KupxropHuHr OUpUHYM KOHUJacura acocaH
KYWUUJIATUHU €3aMU3:

=1, +1g 4)

(D) Ttyryn yuyn sca C tyryHHuHr Tteckapucu OVnaau.KupxropuuHr
MKKAHYA KOMJACUra acocaH Xap KaHJal €ENHWK 3aHXUp Y4YyH IOTEHIMANI
TYyWIUIUIAp WHFUHIKUCH 11y €nuK 3amxkupaard EFOK napu iturmnaucura taHr. by
KOMJAJIAPHU MIUIATTAHJA UXTUEPUNA NYHAUITUPWITAH TOK WMYyHAJIMIUIAPUHU Ba

OIOK map knemmanapununr ( "+" €kum "-" ) UIIOpallapvHM Hazapra  OJIMII

KEpaK.

CGDRuC énuk 3amxup yayHKupXropHUHT MKKMHYY KOMAACUTa acoCaH :
IgRg_IshRsh:0 (5)

(4) Ba (5) TOHIIAMAaNapIaH :
=1, +D ©

["arIBAHOMETPHUHT YiI4alll Y3rapacuHU N MapTa OIIUPHUII Kepak Oyica
J=J,-n (7)
ne6 onamus. (7) Hu (6) ra Kyiuo :
N ®)

HU ojaMu3. 2-pacMmaa R, KapImwmkHM mIyHai TaHia0d ojraHaa raiBaHOMETP
IIKaJaCUHUHT KypcaTUIy N-1 MapTa opTraH TOKHU yiadaiiauran ac6o6 Oynaau.
Macanan: buzga mkanacu 100 6ynumra 6ynunran nuku Kapmiura 600 Om Ba
100 MKA TOKHM YmyalauraH MUKpoammepMmerp yiuoB acOoboumuz oOop. Iy
acoo6 ¢&pmamuaa TokHu 0,3 A raua ymayam ydyH amIepMeTp YpHuua
UIUTATMOKYHY OYJIcaK, cCXeMaJiard IIyHT KapIIMITUTHHA KaH4da TaH1a0 OJIIITNMU3
kepak. by Oepunranmapau xucobra onud 2-pacm/la rokopuja KeATUPUITAH
(6)-(8) hbopmynanapra acocan:

n:i_ﬁzg,oo

J. 100mxA

a

J, =100-10"mkA ( 100 6YnuMra orca myH49a TOKHH KyPCaTaim)
R, = Ry _ 600 ~0.50u
n-1 3000-1
Hemaxk, Tynuk mkanacu 100 MkA nuk acO0oOHUHT xap Oynumu 1 MKA HH
Ry, = 0.50m

S

Kypcarrad. YHra JYMK IWIYHT KapIUWIMK YJIAHTaHJaH KEeWMWH yiua
MKA HEHT Xap 6ymmu 3000-10° A=3-10"Ayy kypcartamy. [IyHT KapIIAIMK

yJIaHTaHJaH KeMHH MUKPOAMIIEpMETp MUJUTMaMIiepMeTpra "ainanan' .
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Kymmmuya KapuuaMKHi XUCo0 a1l

BonbTMETpHUHT y4ail ysrapacMHM OIIMPHII (KaTTa Ky4IaHUILIApHUA
yiyai) ydyH BOJIBTMETpra KeTMa-KeT Kyliumua Kapuink yinanaau. Kyiunaru
CXEMaHU Ty3aMH3 Ba YHH TaXJIMJ KHJIaMH3. Rq- BOIBTMETP MYKM KapInwiury, R,
- BOJBTMETP yJYall 4Ydrapacud KIHTaUTUPUII YYYyH YIAHTaH KylIAM4Ya
kapumnk, Uag — AB kiemMManmapm opacuaard mOTEHIHaWIap QGapKu-
KywlaHuml. 3-pacM €MUK 3aHKUpPHU TalIKWa 3Taau.by €nuk 3amxkup ydyH
KupxropHuHr uKKMHUM KOMJACUHU KYIJIaiMu3.

D) : R

+ U o
3-pacm
U, =U, +U, ©)
Ui =IR, +IR, =UV(1+%) (20)
U,g>U, U, =nU, JeCaK,
nu, :UV(%+1);Rk =R, (n-1) (11)

v

(11)-popmyna  ymuam — ydrapacH  KMYMK ~ KYWIAHWIDIAPHW  YJIdarira
MVJDKaJUIaHTaH BOJIBTMETpJIApra KyIIMM4a KaplIMJIUKIApHU yiad, yHM KaTTa
KYWIAaHMIIIJIAPHU YII4alra MYyJDKajJlaHTaH BOJBTMETP fcCalll YYYH OJIMHTaH
dopmynaaup. DHIU BOIBTMETp Vyirdam udrapacu (N-1) mapra OpTTHPHITAH
Oymasu.

bup Xun BoapTMETpiIapAa UKKHA Ba YHIAH OPTHK KYIIMMYa KapIIMJIAKIAP
ynaHnran O0yam0, ymap kyn uwirapamun (3 B, 30 B, 300 B) BombT™meTpap
IeNnIaan.

Macana: Ymgam wsrapacu 3 B ra Ba muku Kapumura 3 kOm Gyiran
ANEKTPOJMHAMUK CHUCTEMacuaaru BOJbTMETP MaBXyJll. by BOJIBTMETpHHU Yiryaln
yarapacunu 300 B ra omupum yuyyH kepak OyiraH Kymumya KapIIWIuK
KUIMaTUHU, aBBAJITH Ba OXUPTU UCTEbMOJI KWJIAIUTaH KyBBATJIAPUHU TOMUJICUH.

2
|1:i1 P]_:Il'Ul:U_l:—g = 3mBt
R, R, 3000
| - Y1 R =R/(n-1)=R,((300/3)~1)=297000 Om
' R +R.’ '
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_ Y
3-10°0.3

S 300 o
Yagam 4srapacuHu n:Tzloo MapTa OIIMPHII YYyH Kepak Oyiran

P,=1,U, 0.3Bt

kymmmua Kapunuik R=297000 Om. Xucobunam mryHu kypcataguku, P<<P,
IHoTeHMOMeTPHUK yJIanLiap

Kyitugaru cxemanu ty3amm3 (4-pacm). By cxemanma ( E - Toxk manOaun
OIOKwu, R - peocrar, D - peocrar cypruun, D - cypruunu C nan F raua Ba
akcunya F ngan Cravaropaupum mymkuH. Kamutr K Hu ynacak, €nuk 3aHxup
(CDF) nan lgrok ropaan. OM KOHyHHTa OMHOAH

lo =— (12)

Peocratnaru norennman tymmm Ug = lg R 6ynu6, man6anunr OFOKra
Hr (Ug=¢ ). Jlemak peocratnan ly Tok yTamu.
PeoctatHunr Oup kucmu Oynran DF kapmwmnuruHa [y gecak, y XoJga
peocratnudr DF kucmupan yraérran tok muknopu Ba my DF xucmuparm
MOTEHIIMAJ TYIINIIT

UX: Iy |07 IO: % (13)
X
(12) Ba (13) napuu T2HIIa0
Usg's (14)
R
HU OJIaMH3.
DF opanukaard KapUImJIMKHHA [y KUAMAaTH CYyprHYHHHT XOJaThra

O0ofnuK OYnu0, yHuHr kuiimartu =0 nas (cypruuD—Fra), To 1,=R ( cypruu D
(C ra kenranaa) rava ysrapamu. (14) -dbopmynara ounoan €=Const Oynaranu
yuayH I, y3rapumura kapab (D cypruy y3rapumura kapa6) =0 man =R raua
y3rapca, y xonna U,=0 gan o U raua y3rapap skaH.

Mynaait kummb, 4-pacmaaru cxema Epnamunga AB kmemmanapuga D -
CYPTrUYHHHT XOJaTHHU Y3rapTUpuO 0< U < Umax =¢ opanukna
Typiu KyWIAHHWILIAPHU OJIMITUMU3 MYMKHH SKaH. byHmail ynam cxemaHu
MOTCHITMOMETPHUK yIIall KU KyWIaHUITHU OYJIUIN cXeMacH JCHUIa Iu.

AI<— U —0B




4-pacm

3.2. Taxpubaga oOJUHIraH Yya4yaml HATHKAJIAPUHUA TYPJIH MATEeMATHK
ycyJuiapaa xucooaaniap

®U3MK KaTTAIMKIAPHU YI4all Ba OJMHIAH HaTWKaJIApHU XHCOOJam
aCOCaH MKKH XWJIIaIup.
|. beBocuTa ynuanuiap Ba yJaapHU XUCOOJIAIIL.
Il.bunBocura yayanuiap Ba yinapHu XucoOJanml.

|. beBocuta ynmuammnapaa QUMK KaTTaIUKIAp TYFpUAaH TYFpU (Typid
ymgam acboOmap EpmamMuma Kynm MapTa-TakpopaH) yiadaHaaw. MacanaH:
MHUKpPOMETp €KUM IITAaHTeH HUPKYJ OWJIaH CTEPXKEH NHUaMETPUHHU, OMpOp HOMKA
MJIACTUHKA KAJMHJIUTHHY, JUHEHKa €épaamuga OUpop CUM EKH CTEPKEHHUHT
y3YHJIUTUHU, €KU OMMETpP €pJaMuia OUpop pe3ucTop KapIIWJIMTUHU KYTT MapTa
Vnuanuiap, OyHra mucon ywia onaau.bupop UMK kaTTaNMKHU, MacajgaH, X
KAaTTAJIMKHU MCTalraH yidam acboOmapu €paamuaa K Mapra ymyad, yHH
KYWHJIary ’KaJBaJira KUPUTaAMU3.

1-xaaBai
n 1 2 3 .. K
X, (sm) X, X, X, | X,

JKanBanparu K Ta yidanrad XK JIAPHUHT ypTaya KHWUMaTU

>,
_ i

o'rt K
Ba xap Oup yayamigard aOCONIOT XaTOJUKIAp: €KW XUCOOJIaHAIH.
By a0comtot kuiiMatiapan K-MapTta yiayanjgara ypraya KBapaThuK XaTOJIUK

X

Ba MINOHY MHTEPBAIMHUHT Ydrapac (Yadain HaTHKaCUHUHT XaTOJIUTH )
AX =t,, -8
xucobnanaau.by epnara t,x ymuamr yuyn o = 95% ra TyFpm kenran

(Xo‘rt *

nmoHwIMK (CtiogeHT koedduimenTn). YHIAH KeWuH AX) (HaTmXKa

&3mmaau). DHT OXUpHIa HUCOMH XaTOIUK
Eps X = 100aX %
o'rt
IpoIeHTIapaa OepuiaIy.
Il.bunBocura ynuanuiap
1.9ur knuuk kBajgpatiap ycyiau (OKKY).
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X Ba Y (pu3MK KaTTaIMKIAp opacuaaru GyHKIMOHAJ OOFJIAHUIITHU TOTTHIII

kepak O6yncuH. TaxpuOa HaTHX)acuaa Xis Xo Xy Jap Ba OyJjapra TeTHUIuJa

Y,Y,,Y, ... Jmap YmdanraH OyicwH (2-xkamBan). Makcan y=f(X) kypunummaru

OOFJIaHMII byHKCUSCHHH TONULIINDP. Kyt
KaTTagukiaap (X 1. (Xo. 1) (X, Xy gygramap  6yau6, XOY  koopaubara
cucremacuna €raau Ba Oy Hykramapra OuHoaH Y=f(X) Tekmc (ury >xymuianad
TYFpu) uu3uK yTkazaimk. [lyHn alTum kepakku, ViyanuiapuMusaa
XaTOJIMKIIAP MAaBXKy/UIMTH caba0iii OW3HUHT HYKTaJIapUMH3  TEKHC YW3UK
oepmacnuru MmyMkuH.FOkopuaaru ynyammap Ousra

f(x)=a+bx (1)

KypuHuIgaru Oofnanuml  (yHKUMSICMHM OepcuH. Y  Xxonjga Xap Owup
X, X, X, X,

.......

jlapra TYFpHU KeJraH S X (K)o f(Xk)JIap (Ba Y.,1,.Y,..Y,

Jap) opacunaru ¢apkiap KBaApaTIapUHUHT WHFUHIANCU DHI KUYWK KaTTaJMK,
SIbHA MUHUMYM
OYJICUH:

S(a,b) = 1Y, — F(X)F - min )

KaBcmapnaru nap opaunata Oyiinuya TaxkpuOajga OJIMHraH HyKTanap OwiaH
u3NaHaéTraH 4YM3WK opacujard anumpmanapaup. TaxpuOama OJWHTAH Yidarl
HaTHXKaJlapura acocilaHuO YU3UK

yrkasuin kepak. [y un3ukan ndo100BUM TIHIIIAMAAArk a Ba b mapuu myHait
TaHJall KePAKKH, TaXprOaaa OJMHIaH Ba YTKa3WITaH YM3UKIArH OpAvHaTaIap
opacuJar KBajaparjiapu HUFMHIUCA MUHUMYM OYJICHH.

bynunr yuyH (2) nan:

=0Ba— =0 (3)
oynumu kepak.(1),(2) Ba (3) mapaan KyiduaaruiapHu OJaMH3:

S(a,b)=Z[Yi—a—in)]2 (4)

k
B 3 —a-bX]

da i=1

0 (5)

ds k
—:—22 Y—-a-bX1X. =0
db izl[l X,

k k k
2Yi=2 a+b XX
i=1 i=1 i=1

k k k (6)
DXYi=a ) Xij+b Y X!

i=1 i=1 i=1

Oy epna K-Taxxpuda COHU
2-KaaBall

| K 11 |2 EN | K




X X, X, X, | X,

i

Y, Y, Y, , | v,

(6)-ToHrIIamManapiaH, — Taxpuba — HaTWKajgapura  OWHOAH,  HOMAabJIyM
rKoedducuenTiiap a Ba b nap Tonmwiaau. (6)-TaHIIIaMaNTapHU OCOHPOK TYIIWHUIII
Ba CUUIN Yy4YyH, TaXpuba HaTWKajJapura acoCJaHuO TOHIIIAMaJapHU
tybanmarnya é3amm3. KOkopunaru taxxpubanapra acocas (1)-Taurmama

Y, =a+bX,

Y, =a+bX,

.................... : (7)

Y, =a+bX,

k
ka+b) X; =2 Y, (8)
(7) ToHTIAMaNapHU KYIIHO:
HU oamu3.(7)-TPHIIaMaTapHUHT xap OupuHH, TErnIuIn4a

Xy, Xy Xy X Japra KynmaTtupuO, Xocwsi OYyiraH SHIM THHIJIaMaJlapHU sHa
KYuo TyOaHAaru TOHTJIaMaHHU OJ1aMu3.

k k k
aZXi"‘bZXiZ:ZXiYi (9)

SAuru xocun 6ynran (8)- Ba (9)- TaHMIaManapra Oenaruianuiap KUpUTaMu3
Ba JETEPMHMHAHT YCYJIWHU UILIATHO, a Ba 0 KoepDULIMEHTIApHU TONAMU3:

k k k k
S1=> X,,82=Y X} ,$3=XY, S4=Y XY,
i=1 i=1

i=1 i=1

k-a+S1b=S3
S1-a+S2:b=S4 (10)
JletepMuHaHT yCyiu OusaH
a-DA p_DB
D D
Y1()=A+B-X(I) (I=1:k) (11)

tormirad koehdunuentiaap (A Ba B map)HUHr XaTOMUKIApUHH XHCOOJIAII

Y4YyH YJApHUHT Ba3HJIapUHU TOMUII Kepak. A Ba B nmapHuHT BazHnapu
D

pa=L pp_D (12)
S2 k
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Y. Yl

Taxpubajga OJMHTaH “iBa” i Jlap oOpacujard KBaJApaTUK (apKIapHUHT
UUFUHINCH
k (Y, —Y1,)?
5:\/2—(1 ) (13)
i1 (k—=2)

A Ba B xoeddunmentiapan xucobnamgaru yprada KBaJpaTuK XaTOJUKIAp Ba
HuCcOmit xaronukiap (%) Kyiumgarnya XucoOraHa .

o o
AA == —F— AB = ——
~ PA ~ PB
EpsA= M , EpsB = M
A
A+AA: B+ AB
Ep = AA -100%
A
[IyHu afTHII KEPAKKH, Yi=A+B- X urmama (X, 1)

Taxpubaga OJIMHTaH HyKTajgapra acociaHu0 VYTKa3WwiraH TYFpU YH3UKHH

Oepau. X Ba Yi Jap opacuuaru Y, =a+bx, KYpPUHHUIIJArd YU3UKIU

OOfaHMIITa ucTanral JjabopaTopuss UMIIUAArd HUIIYM  (POPMYJIaHU
MOCIAIITUPHUII MyMKHH.

Macanan: a) Tanrenc Oyccon é&paamuaa EpHUHT MarHut MaiiJIOHUHU
TOPU30HTAJ TAIIKWJ 3TYBUUCUHU aHUKJIAMIATH UITdu hopMyIia

2
He M L . b (14)
(R2+H?)® tgo, tge,
by epna: tgp, =a+ % I (15)

Kyiinaaru OenrunanuiapHd KUPUTCaK
C
1 g?l l 1 H
FOKOpHUIAaru TOHIIaMa
Y =a+bx,
KYPUHHUILAHY OJIAJIH.

0) DNeKTpoaWHAMUK JOMMHUUCHHM aHUWKJIam Oyiinda mabopatopusi WIIUaaru
uiau GopMyJIaCuHM XaM TYFPHU YU3UK TOHTIIAMACHUTA KEJITUPHUIIT MyMKHH:

K:4\/§7znv_c_ Ui _c. Yo (16)
RH tge, 9o,
Oy epna: tgp, =a+ ﬁ"‘Ui a7
HC
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OenrunaniapaaH KeHuH

Y =a+bx,
KYPUHHILTA KEITAJIN.
Jlexun xap oup naboparopus 17000079 F:] KEJITUPUIITaH

Y, = a + bx, TOHTJIaManaparu Yi.ab,x nap Typiu GU3UK KaTTaTUKIAPAUP.

2. Taunanran HykTtamap ycynu. by ycymHu wunuiatu®, Oupop ¢u3MK
KaTTaJIMKHU XHucoOmam (opMmynacura KUpraH, JIeKWH OeBOCHTa YmyaHMaraH
KaTTaJIUKIAPHU XaM XHC001a0 TOMHUII MyMKHH.

Tannanran HykTanap ycynujaa xam kaOu ¢opmyna unuiatuiaad. byHUHT yuyyH
Yynyanuiap HaTHKacuia OJIMHTaH (KMapTa YadanutapAad TY3WIraH, 2-)KajBail
KaOu), MCTaldraH MKKUTa X Ba YKATTaNUKIApHU oyiamu3 (MacaiaH: X,.Y,
BaX,,Y., €ku Ba  Ba XOKaszojap) Ba YyJapHU OOFJIOBUM KyHuaaru
TOHTIIAMATAPHU TYy3aMU3:
Y, =a+bx,

{Ys =a+bx;
By onvHran ThHriIaManapiaH JeTEpMHUHAHT ycynu €paamuaa a=A Ba 0=b- map
tonunanu. Tomwiran A Ba b-nmapnan ynapra Kupran (QuU3MK KaTTaIMKIap Ba
ynapuuHr xatonukiaapu DKKY ycynmura Vyxmatu6 tonwnanu. llynu aiitum
Kepakky, TaHjaHran Hykramap ycynu OKKY ycynura kaparanma kaTTa
XaTOJUKIIApHU Oepajiu.

3.Ypraua apudmernk ycynBy ycynma xam kabu GornaHumuiap Ba 2-
xKaaBanmard kabw VYmuanutap uwnuiatwin6, ymyammap conu  (K) wkkura
oynmuuaau. Macanan: arap K=6 6yca,

Y, =a+bx, Y, =a+bx,

Y, =a+bx, Va\Ys =a+bx;

Y; =a+bx, Yy =a+bxg
bynnait ukkura >kyQT TOIHrIaMajgapHu KYIIMO, MKKUTa TOHTJIAMA XOCHI
KWJINHAI:

By mkkuTa TOHrIamManapjaaH AUTEPMUHAHT ycynu €paamuaa a=A Ba 6=bmap,A
Ba b ra xupran QUMK KaTTAIMKIAp Ba YJIAPHUHT XaTOIUKIAPHU TOIHJIAIIH.
Vpraua apudmernk ycya OWIaH — ONMHraH HATWXKAJapAard XaTONHKIAp
TONWJITAH HyKTajap yCyJduJaH aH4a SXITUIND.

4. I'pagux ycynu. JlabopaTopusi vILIapuaa yadaHaJuraH Ba Xuco0sad
Tonuaaaurad (pU3MK KaTTaaukiap opacuparu Oornmanuimiap (18)- éku (19)-
dbopmynanap kabu Oepwiran 0ynub, 2-xkajaBanjgard KaOu yadamn HaTvXalapu
ONTMHTaH Oynca, Oy *aaBalira acocaH WIy y, =a+bx; TpaduKacu YM3UIAIN Ba
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Oy rpaduknan tgy=B Ba koedpduuuent B ra kxupran QusMk KarTamuk

TOTIMJIA]IH.
5. Kombunayuon ycyn. (14) Ba (15) xypuHAIINIATH TIHTIIAMaIapaaH
.. (Ij_li) - ]j+1i '
H(j,i)=C——"_vyokiH(j,i)=C—L—— (18
99; —tg9; 12; +189;
U, . U. +U,
K(jai) = 11* C—— L yokiK (j.i)=n*C 1"~ (19)

1gQ; — 1g2Q; tge; + 199,
dbopmynamapau onamMu3 Ba Oy QopMymamapra 2-)KajaBajjard HaTWKaJapHH
Kyiuo, komOuHanmoH ycyn €pnamuaa H(j,i) Ba K(j,i) map Ba ynmapHuHT ypTaya
kuimatnapu  (How,Kow),ymapauar xatomuknapy ? ,H  Ba  AK m;ap
xucobananu. (18s) Ba (19p) dopmynanapaa (j>i). Bynmait xucoOnaiiapaa
v k=D

KOMOMHaIUAIAp COHU ra T3HT Oynaau.

Macanan, k=8 ra TOHT OYyica, XxamMma KoMOMHanusuiap Oyiinuya XxucoOJamiap
*

conu N = = 28 Taaup.

6. Onmuit ycyn.(Tyrpunan- Tyrpu Taii€p Gopmyna épaamuaa xucoosarr).
Arappa nabopatopus umugaru uirdu Jlpopmyna (28)-kypunuinga Oepuiiran
oynca,

H(i)zC*Ll). (i=1+k) (20"
1gp(i)

2-KafBajmard yidam HaTwkamapura acociaanuo  (20") dopmyna
épnamuaa H(1), H(2), H(3), ... H(K) (x) map xucobnananu.by xucobaanutapnan

> (H)

H. =it

ort k
tonmiaau. (14)-bopmynanaru C Kyiiuaariuua OejruiaHraH.
R*M
C =
(R* +h°y

AH Hu xucoOnamgaru xaronukiap R, h, |, ¢-mapra Gornmk Oynaranu y4dyH
yJIApHU YITHaIaara XaToJauKIapHu XaM Hazap/a TYTHUII Kepak:

2 2 2 2 2 2 2

AH=H.. (ZA_Rj MERL AR2 +4? Ah +[A_Ij N _2A<o
R 4 (R°+h%) I sin2¢
SK = Z[H (I) - Ho‘rt]2
k(k—-1)
Niony ko3 uimeHTnHN a=95% oaub, WIIOHY HHTEPBATUHH
Tybanaru dhopmynanap Epaamuaa xucoodnanimus. TB
|. DH, =t,, -SK, arapga SK >AH
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||. DH, =0,65-AH, arapia SK<T
_ 2 2

111, PHs =yDHI+DHy - arappa Az

9

[y maptnapaan Oupopracu OakapuiraHiaH KeMuH
H,.. + DH,

ort —

< SK < AH

DH,
Ba EpsH =100- — %
ypm

_ DHi

& -100%

o'rt
TOTWJIA]IN.
7. Arap ynuanaérraH Ba XucoOJiaHaéTraH (PU3MK KaTTAIMKIAp OpacUIaru
oornanu (14)-bopmyna kypunummuga M 6epunran 6yiica, sbHUA

I, N C
H=C.-——, €KH top. = —1. ,
e, P, 7

MabJiyM Oenruiianuiap KUpuTuo,
y; =bx; (21)
KYPUHUIIIATK KOOpJMHATa OOIIMIAaH VYTYBUM TYFPU UMUK TOIHIJIAMACUHU

onamMu3.by KYypuHHIIZAru THOHTIIaMara 2-%aJBajija KeJITUPWITaH Yirdall
HaTWXAJTApUHU KUPUTUO, Kyiard TOHTIIaMalap CUCTEMaCUHU XOCUII KUJIaMU3:

Yy =bx
Y, = bx;,

by ToHrnamanmapHuHr Xap OWpPUHU —TETHILINYA Mo X5 X3+ Xy Japra

KynauTupuO,cyHrpa yJaapHH Kylicak, TyOaHJard HATWKaBUW TOHIJIaMa XOCHI
oynanu.

k k
2

in 'yi:zxi ‘b

i=1 i=1

by oxupru TaHrIIamangax

b 2 XY
= ZX-Z
1
tormamu3. D -HMHr KuWHMaTUAaH yHra KdUpraH (HU3UK KaTTaauKIapHU
aHuKIaimvu3. Tomwiaran D  HHUHT XaTOJUKIAQPUHUA Ba WINOHY HWHTCPBATUHH

X1c00J1a0 YUKUIIT MYMKHH:
Y1, =bX;

HHN
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b+Ab=(..%..)
Epsb= 100A?b

dusuka S"KyB ﬂaﬁopaTopnﬂcw:[a HIJIamaa TEeXHHUKa xch[)cn3.1mru

JlabGopaTopus uNUIapUHUA Oa)kapuilira KUPUIIMINJIAH OJIIUH XamMma
KyBUMJIap TEXHUKA XaBPCU3IUTH OWJIaH TaHUIIWO, UITHU Oakapaérranjaa ymoy
KouJanapra amai KWIHIIIapy mapT.

1. DOnekTp TOKU OusiaH UIUIaiurad acOOOHUHT XaB(hIu PKAHIUTUHU dCAaH
gyukapMaHr! DXTHET OYIIUHT.
2. OneKTp 3aHKUpU HUFWITaHAA y OXUPrd HaBOaTna maHOara yjaaHau:

WuFuiarad 3aHxkup (QakaTruHa YKUTYBYM TOMOHMJAH TEKIIUPWITAHAAH CYHT
MaHOara ynaHaju.

3. DnekTp acO00IapHUHT OMpPHIA HOCO3JMK Ky3aTWica, Yy AapXoid MaHOaaaH
Y3WIUIIU KEPakK.

4, M3onsiiusinanrad sjieMeHTiaap OujlaH »JJIEKTP 3aHXKUpUra TEruil MaH
ATUIIA/IN.

5. OneKTp 3amKuUpAard Xap Kaujail yirapunuiap (akar 3JIeKTp 3aHXKUp
KyWIaHMIII MaHOAuaH Y3WITaHUJAH CYHT KUPUTUIIUIINA KEPaK.

6. Nm Gaxapunub OynuHraHAaH CYHT XaMMa MaHOaiap VUYUPUIUIIN Ba
AIEKTP 3aHXUPH Y3WIHIIHN KEPaK.

7. VI4oB HaTIKamapy OJNHHTAHJAH CYHT TOK MAaHOAH YUMPUIMIIHHH
YHYTMaHT.

8. Tox MmaHOaMHM YKUTYBUMHUHT PYXCATUCU3 YUMPMAHT Ba EKMAHT.

3.3. TaBcus I THJIAIUIaH J1a0opaTOPHUs MILJIAPH
3.3.1. JIabopatopusi mmm Nel
KoHeHcaTOpJIapPHUHT JIEKTP CHFUMUHHN AHUKJIAII
Nmaunar maxcaau: KonaeHcaTtopiapHU 3J€KTp CUFMMHMHM aHHUKJIAIl Ba
yJlapHHU Ke€TMa-KeT Xam/ia napajuies yjaaml ycysuiapy OuiaH TaHUIIHIL.
Kepaxnu sxuxo3nap: CUFUMHU aHUKJIAHUIIN Kepak OYJaraH KOHIEHCATop, CUFUMHU

aHUK OYNraH KOHACHCATOP, BOJILTMETP, aMIIEPMETP, PEOCTAT, YJIall CUMIIApH.

Ha3zapuit mabayMorJiap
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Konnencarop ne6, Oup Xuj makira sra Oyiaran Ba Oup-OupuaaH Mabiym
Macodaja Koamradn KapaMma-Kapiuii HIIopaad TOHT MUKJIOpIard 3aps] OusaH
3apsA/IaHTaH  MKKUTa YTKa3Tu4d CcuUcTeMacura atunamu. bup-Oupunan
JTURJIEKTPUK KAaTiaMy OWJIaH aKpaTWiITaH MKKUTA Mapajuiesl MeTall IJIaCTUHKA
sCCH KOHJIGHCATOPHHMHT KoIlamanapu aedunanu. KoHaeHcaTop 3apsauHUHT
IJACTUHKAJapy TOTEHCUalap alupMacura HUcOaTH OuiaH ViIdyaHaJuraH
KaTTAJIMK (PKOHACHCATOPHUHT CHFUMH JICHUTIAIH.

c=_9 _14a (1)
p—-p2 U
bup neura C,,C,,...,C, curumiu KoHAeHcaTopyiap Oepunran Oyica, ymapHU
y3apo kerma-keT (1-PACM) Ba mapamren (2-PACM) ymam — HaTmwkacuaa
KEepakiy CUFUMIIAPHM XOCHJI KWl MyMKuH. KoHaeHcaTopimap KeTMa-KeT
yJaHTaH/1a HATHKaBUN CUFUM

131 2
C iaCn
napauien yjarasja sca (2-pacm)
n
c=yc, 3)
i=1
NUdonanap 6mnan xucobmaHaau.
C¢ O Cx Cn
_{HHF..Q.‘4{ [ LR B
U ool =
A U # T ] .o —
1-pacm 2-pacm

V3rapMac TOK 3aHKHpHra KOHAGHCATOP YIAHTAHIa TOK KOHICHCATOP
KOIUTaMaJlapu OpacujlaH YTMaranjuru cababiii y YeKCU3 KaTTa KapUIUIuK
POJIMHY YHHAUIN.

Konnencarop y3rapyBuaH TOKKa yJIaHTaHAa YHUHT KoIlJlamajapu HaBOat
OwiaH 3aps/UTaHHINNA Ba Pa3pSAJIAHUIIN HATIKACHIA TAIIKU 3aHXHUPJard
y3rapyBuaH TOKHU Tauiad typamu. lllyngait kunmmb koHAeHcaTOp Yy3rapyB4YaH
TOK 3aHXUPU YUYH YEKJIM KapIIUIUK Oyinanu, Oy KapIIninKra CUFUM KapITuiInK
IeNnIaan.

®dapa3z xunainmk C cuFuMu  OyiraH KOHJEHCATOp CHUHYCOMJIAJ
y3rapyBuaH 2JICKTp IOPUTYBYH Kyd MaHOaura (3-pacm) ymanran 6yicus. bynna
MaHOa Ba KOHJEHCATOPHU TYTAIITUPYBYM YTKA3TMWIAPHUHT aHUK KAPIIWJIUTH
KyJla KWIUK OYiaiu.

By BakTma xoHJeHcaToOp KoIUIamMallapd Opacujiard KydJaHWI OepuiraH
95.10.K. T'a TOHT Oynaau:
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Uc= €= guSin ot 4)
BakTHUHT ucTaJiraH MOMEHTH YIYH
g=CU.=Cg, -sinat (5)
udona YpuHIMAUD.

u S S G

}
}

C
3-pacm 4-pacm

Arap koHaeHcaTOpHHUHT 3apsaau dt BakT mumma dq ra y3rapran O0yica, yraérra
TOK Kyhugaruda udoaiaHaam;

dq dUc . T
I=—"=C——"=Cgqw-coswt =Ceya-sin(at +
dt dt m me-sinet+7)
3anxKupAaH yTa€Trad y3rapyBuaH TOKHUHT aMILIUTyAa KuiimaTu:M
In=&n-C - (6)
I
Bynnan Eqm — (7)

C-wo
by wudonmanu ¥y3rapmac Toxk yuyn Owm kKonyHu wudomacu U=I-R Ounan

1 o
COIMMTHUPCAK —— KAaTTAJIMKHUHI KapIIHWJIKK OKaHJINTI'K KYPHUHA/H.

C-w
by kapunuk R, 6wian Oenruinanu0 CUFUM KapIIuiury Jenaaau
_ 1
R= = (8)
C-o
Arap 4-pacMia KypcaTuiraH cxemananjaH Qoinanancak, OM KOHyHHUTa
U o
acocaH KOHJIEHCATOPHHUHT CUFUM KapIIHIUTH R.= B oymamu.  (8)-
_ 1
dbopmynara acocan R = Oy udonaa
CX * 0)
| |
Cxy=—— 0=27-V;Cy= 9
*U.w X 2x.wU ©)
by epna U Ba | moc paBumiia V - BoabTMETp Ba A -

aMIIEPMETPHUHT KYPCATUILIU.
Yauanuiap Ba HATHKAJAPHU XUCOOIa1T

1. 4-pacmaa KypcaTUTaH JIEKTP cXxema Ty3ulaau.
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2. PeoctaTnaru KapmMiaukHH Y3rapTUpuO BOJBTMETP Ba aMIIEPMETPHHUHT
KypcaTuiiy €3u0 OJIMHAJIN.

3. By Vmuanurapra Moc paBWIga KOHJAEHCATOPHHUHT  curuMu  (9)
dhopmynnanad Xxuco61ab TOMMIIAIH.
4, bup Hewa maporaba TaxxkpuOa YTKa3WiIaJaW Ba HOMAabllyM KOHIEHCATOP

CUFUMH yUyH TOMNIITaH KUMMAaTIap acoCHAa YHUHT ypTadya KUMMaTy Ba HUCOUIA
XaTOJHMK XUCOOIaHaIH.

S. OnexTp 3aHKHUp Ty3WlIaJW Ba KOHJEHCATOpJjap KETMa-KeT yJaHTraujaa
curuM (2) Ba mapayen yinanragaa curuM (3) udomanap opKaau XHCOOIaHAIN
Ba Ta)XKpuOa HaTHWXKacu OMJIaH TaKKOCTIaHa/IH.

CuHOB caBosutapu

1. DnekTp cuFruMHu HUMa? Y KaHjai oOupimkiapaa udoaaraHaam?
2. Konaencatop HuMa? YHUHT UIILJIAIl IPUHCUIIA KaH1ai?
3. KonpgeHcatopiap keTMa-KeT Ba Mapajuiesl yJaHTaHuJa CUFUM KaHJan

ndomananaay Ba

OyHJ1ail yJIaITHUHT TEXHUK MOXUATH HUMaJlaH noopat?

4, CuruMm  Kapmmiauk Huma? Kapmmmk Oupiaurd KaHaail KenTupuod
yuKapwiaan?

3.3.2. Jlabopotopust mim No2
YTKa3rMYHUHT COJMIUTHPMA KAPIUMJIMITMHH yI4anl

Nmanar makcaan: Metaul cuM - YTKa3TUYMHUHT COJIMIITUPMA KapIIUJIUTHHU
AHMKJIALL.
Kepakim xuxo3nap:

1. VTKasrud KaplIIIMTH BAa YHHHT YH3HKIM YT4aMJIapHHU Tdaiira
MMKOH OepyBUYHM KypHIIMa;

2. Yuzruu.

3. Muxkpomerp.

Hazapuii mykagauma
V3yunuru | kyHaananr kecuM 1031 S, OYIraH YTKa3THYHUHT KapIIUIATH

R — »o—
P M)

dbopmyiia Ounan aHuKjIaHaau. by epaan
RS

£ = T (2)

O0Ynu0, y YTKa3TUYHUHT COJUIITHPMA KAPIIUIIUTH ASHIIIau Ba Y y3yHIUTH | M,

KYHJIaJIaHT KECUM 103U | m? OynraH YTKa3rMYHUHT KapIIHJINTUHU OVIITUPAIN.
Ma3kyp KypuiMaza HHUXPOM CHUMHHUHT COJIMIITHPMA KapIIWJIWUTHU

aHWKJIaHaIu. BYHUHT y4yH YHHWHT Y3YHJIMTH YU3FU4Y Epramuia, auaMmerpu d
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MUKpoMeTp Epaamuaa ymuaHaau. CUMHUHT Kapmuiaurdy OM KOHYHHIa acocaH
aHUKJIAHATH.

| == (3)

Oy epma U - KywlaHWII MWUIMBOJBTMETp €paamuiaa, | - TOk Kyuu 3ca
MHIJUTHAMIIEPMETPAA YITYaHAIH.

(3) Hu (2) ra xyiIuo, conmumTHpPMa KapIIMIHKHA XACOOJIall
(dbopMyITacHU XOCHIT KHJIAMU3.

usS
£ =" (4)
1
e —— @
220 B,
v
NI ENEENNENE RN NN
1-pacm
Niau 6axkapuin TapTuou

1. Cumpma ky3raiayBud KOHTakTiap opacuHu 12-14 cm macodama Kuiub
KOTHPHUHT Ba CUMHUHT Auametpu d Hu yauanr (1-pacwm).
2. Man6anu a1ekTp Tapmorura ynanr. Kanutau €kumin Bazustura OypaHr.
3. MumBOJIBTMETP Ba MUJUTMAMIIEPMETP KYPCATHIILIAPUHU €310 OJTUHT.
4. K¥y3raidyBuaH KOHTaKkTjiap opacuaaru macodpa a1 HU xap Oup 2 cMm ra
SKUHJIAIITAPUO,  YJApHUHT Ba3WATra MOC KeJIraH MWUIMBOJBTMETD Ba
MUJUTHAMIICPMETPIAPUHUHT KYPCATHIIIMHA XKaaBajara E3u0 OOpHHT.
5. Xap oup | yauamra moc kenran  Hu (2) hopMynagan Xuco01ad skaaBaira
€3UHT.
6. ConumrupMa KapIIWJIUKHUHT YpTaya KMUMAaTH P HU Ba YHU aHUKJIAII
xarock ApQ HUHT ypTaya KMHMaTIapH yKaaBaara E3uHr.

Tajriba (U,B |I, A |d, M S,2 LM |p, Ap, <AP> 100%

Ne M Om-m | Om-m <p>

1

2

3

Vpraua

KUIMaT
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1. ConuiuTipMa KapIUIMIMKHUHT KuiiMaTnapuan P =< p > £ < Ap
KYPUHHILINIA E3UHT.
Hazopar yuyn caBosutap
Kapmmnuk Huma?
Conumtupma Kapiuik 1e0 HuMara antunaamn?
HuMma ydyH Xap X1 Moajanap y4yH Typiauda?
OM KOHYHUHU TabpH(IIAHT.
MeTannapHuHT  KapUIWwinrd —Ba COJIMIITUPMA KAPLIWIUK KaHJah
KaTTaJuKiIapra Ooriuk?

bW E

3.3.3. Jlabopatopusi umm Ne 3

Spum yTKa3ruwWid JAUOAHMHI OHP TOMOHJIAMA YTKA3YBYaHJIMTHMHH
YprasHuui

Nuauer  makcagu: SpuM  YTKa3rM4iad AHOJHUHT OWp TOMOHJIama
YTKa3yBYaHJIUTUHU YPTraHUIIL.
Kepaxmm xuxosmap: Jlabopatopus crenaum 17-03L; RU-omsT™meTrp;, PV -
BonbT™MeTp; PA - ammepmerpraap, GT - tok manbau, V1; V2 - nuomnap; KD
103A; manen 17 L-03/11, cumnap.

Ha3zapuii mabiaymor.iap

Apum YTKa3ruu KpUCTAIMAArd N -TUN coXa OWIaH P -TUI coXa
opacuJary usrapara JJIEKTPOH-TEIIMKIM YTUII €KU P -TUI YTUII JCUHWIIaAH.
Kpucrammau 3amkupra myHAal yinadMu3kd, OyHIa TallKM MaloH YTHUII
MaifIoHUra Kapama-Kapum €pHajiral OYJICHH. P - N - YTUIIa MalI0H 3au(poK
OyJ1aay Ba aCOCH TalllyBUMJIapy YTHUII COXACH OPKAJIM UHTHIIAIN.

Hatmwxana yTum coxacu opkaJiv TOK Ky4du yraau. byHnail onia Kynnuiarasn
Ky4WIaHUII Ba TOK TYyFfpu Aevmianu. Kywianum OpTTUpPWIraHia TOK Kydd Te3
opTagy. DHAM KpUCTajuIra TecKapu KyTOnu KyujnaHum Oepaiinuk. Tamku
MauZoH P-N - YTUIIAA MaWJIOHHU Ky4auTUpaaAu Ba aCOCUW TalllyBUWJIAPHUHT
VTUIIM OpKAJIM, OKUMJIApU aHYya KaMmasiaid. Y0y Xoa KyHWirad Ky4jiaHuil Ba
TOK TECKapu Ky4WJIaHWII TOK Jeuwnaau. TyFpu KywiaHumga pP-N - yTUIIAAH
yraérrad TOK Teckapu Il KydmaHumimarura Kaparasaa MUJUIMOH MapTa KaTTa
O6ynap skaH. by myHu kypcaraauku, pP-n - YTUII BEHTUIUTa yX1ad Uiuiap sKaH.
SbHM TOKHM OuWTTa HyHanuIa YTKa3ap Ba TOKHM TecKapu WyHaIWIaa
yTKazmac skaH. [leMak, p-N - YTUIIIM KPUCTAJUIHU Y3TapyBUYM TOK 3aHKHpUTa
Harpy3ka P - xapmmiuru OuiaH KeTMa-KeT yjaHca y XoJaa, Oy KapIIWINKAara
TOK amanjaa uyHanuumm Oyitnda y3rapmac 6ynagu. LllyHusr yayn p-n - yTumm
KpUCTaJUIra IpUM YTKA3TUYJIU JUO NCHUIAIN.

SApum yrkazrnunu nuognapauHr @.JM.K. karra 98% ynuamum Ku4yuk Ba
UIUIAIl MyZAJad Karra. SIpuM YTKAasru4iau JUOMJIAPHUHI KaMYWIMIU FOKOPH
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TeMIiepaTypaja yiaap UIIMHUHT EMOHIAHUIIUAUD. SIpUMYTKA3rudin auouiapaa
TeCKapu TeMIlepaTypa OPTHUIIM OWjiaH Te3[a OpTaau: KPEeMHHIIA Tuoasiap
taxmuHan  200°C TeMmIeparypajia TOKHU TyFpuialigaH TYXTalad, TepMaHuNIn
JMOJIJIap dca ysrapaBuil Temneparypa OyHaaH XaMm kuuuk. [TupoBapauaa sipum
YTKa3ru4iv TUOAHU TAPMOKKA Harpy3ka KapIIMJIUKCH3 yJall MyMKHH Mac.

NHuHr 6axkapuin TapTudu

1. [Tanennu nabopaTopusi CTEHAUTA YPHATUHT.
2. DneMeHTIapHu V3 YpuHIapura KyWuO cxema OVinWda 3aHKUpIIapHU
wuruHr (1-pacm).
3. bupunun cxemanu Tokka ynaHr Ba I'T - TOk MaHOAMHUHT PE3UCTOP
EpllaMUHU KY4YJIaHUIIHY Y3raTupuo, TOK Y3rapuiuau €310 OOpUHT.
4, TYFpy TOKHUHT KyWIaHUINTa OOFIMKJIUTUA BOJITAMIIED XapaKTEPHUCTHUKA
rpaUruHA YU3UHT.
5. NkkyvHYM 3aHXUpHUA TOKKa yinald, Teckapu TOK Ky4d KUMMaTIIapuHU
KYWIAaHHUIIIUHUA Y3rapTUpuo €3u0 OJUHT.
6. Teckapu TOK KyuyilaHUIIra OOFIMKIUTUA BOJTAMIIEp XapaKTEpHUCTHUKA
rpaUIruHA YU3HUHT.
7. Xynoca €3UHT.
V -to’g’ri : . :
Ne & | -to’g’ri |V -teskari || -teskari
1
2
3
T
P\V/ m
| »
T
1‘3 PV D
- | L
o
e = ~—>
o < —
1438




1-pacm

CuHOB caBosutapu

1. P- N yTHIIHWHT XOCCACHHM AUTHUHT.

2 SpuMm YTKa3rU4IN IMOJAHUHT Bazu(acu HIMa/ia Ba Kaep/aa KyJlaHUIa u?
3. ApuM YTKa3rU4HUHT KaHAKA TUILIAPU MaBXKYA?

4 SpuM yTKa3rUUIapHUHT YTKa3ruwiapaad papku HuUMaaa?

3.3.4. JlabopoTopusi umm Ne 4
MU CHHMHI 3JIEKTPOKMMEBHUA 3KBHBAJCHTUHU AHUKJIAII

NmuuHr makcaau: 1. DIeKTponan3 X0AMCaCUHU YpraHull.
2. ®apaneiHUHT OMPUHYM KOHYHUHH TaXXpr0aia ypranuul.
3. MHUCHUHT 3JIEKTPOKMMEBUIN SKBUBAJICHTUHYU AHUKJIAIIHYA YPraHUII
Kepakimy Jkmxosmap: YsrapmMac TOK MaHOau, >JIeKTPOH Tapo3H Ba
CEeKyHIOMEp, peocTaT, »JJEKTPOJUT BaHHA, JUCTUJUIAHTaH CyB, MHCC
KYIIOPOCUHUHT 3pPUTMAcH, OJJIEKTpOJuiap, ¥y3rapmMac TOK aMIepMeTpu Ba
BOJITUMETPH, YTUOBUM cUMIIap Ba OolIka €paMuu aciaxaiap.

Hazapuit mabmymor
CyBIa KucCiOTa UWIIKOP Ba Ty3 JpHUTaHAa YJIApHUHT MOJIEKYJallapy
WOHJIapra axpanaau. by xkapaén AJIEKTPOJIUTUK JUCCOLUUS JCUMIIA/IN.
Monekynanapu WOHJapra JUCCOLMSIJIAHTAH JpPUTMA DJIEKTPOJIUT JCUMIIAIN.
dapaneHUHT OMPUHYM KOHYHUTA Kypa AJIEKTPOJIUTAAH SJEKTP TOKH YTraHua
ANEKTPOJIa AKpaIud YMKKAH MOJJIAHUHT M Maccacu | TOK Kyuura Ba TOKHUHT

YTHUII
BaKTH t ra nponopuUuOHAIIUP.
m= kit (1)
Hemaxk (1) popmynara kypa =1 t=1 6ynranma m=Kk 6ymamgu.
by koepuueHt MOJIIAaHUHT DIIEKTPOKUMEBUI DKBUBAJICHTHU
neviunamu. Tourmama (1) ra  acocaH AJEKTPOKUMEBUM  TEKBUBAJICHT

koeppunentn CU  ymuoB cucremacupma kr/C  jma  ynuanagu.  Arap
ANEKTPOJIMTIIApAaH yYTraH M TOK KyuyM Ba TOKHHMHI VTHII BakTH Xamza
ANEKTPONU3 >Kapa€Huaa aXpaaud YMKKAaH TMOJJIAHMHT M MaccacH MabiyM
OyJca MOJITAHUHT YJIEKTPOKUMEBUIN SKBUBAJICHTH KyWHarnda aHUKJIaHA !,

k=m/ It )
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KypnimMaHuHI Ty3WIHIIY Ba HILIALIH

Kypunma 351eKTposink BaHHa MUCC KYITOPOCUHUHT JUCTUJUIAHTaH CyBJIaru
OPUTMACU DJIEKTpOJJIAp JJIEKTPONMUTIAH YTAa&TraH TOKHM pocTiaiguran R
peocrtar y3rapMac TOK MaHOau, 3aHXHUpJard TOK Ba KyWIAHHUIIHU YI4alauraH
TOK aMIIEpPMETPH Ba BOJTUMEpPpPH Ba KalmuTAaH Ttamkwi TtomraH (l-pacm).
KypuiMmanu umira TyIIMpuIl y4yH TYFpUiIardd y3rapyBuaH 3JIEKTP TapMOFUIa
ymanaau, cyHrpa kanmut (K) Oepkutwianu. LllyHpna snekTpoiauTaaH TOK yTa
oonurany.

DNEeKTpOJIUTAAH YTaéTraH TOK KaTTAJMIH aMIepMepT KypcaTUIIUIAH
onuHaau. TOKHUHT KaTtTanurd R peoctat 6mian poctinad Typuiaam.

. .
o /A\ °
° N/ °
° E- o
[ ] —_—'I: —

° — B < o
: O I B w—
° . -—f-—————- | o
° K - _JCuSOs_| | o
° aritmasi °
o ®
o °
% 00 00000000000000000000000000000000000

NHuMHT 2J1eKTpP cxeMacu

Nuau 6axkapum tapTudu
1. JlaGoparopusi WIIMHUHT FOPUKHOMACHHU VYKUO VYpraHuHr Ba YKUTYBUU
caBoJUIapHUra *,aBoO 0epud UIIHU OakapuIlra pyXxcat OJIUHT .
2. Karon Ba3udacunu TacauKIaiIurad MUC 3JIEKTPOJIHUHT M; MaccacuHuHT JW
-OUpPUHYN PYCYMITH AJIEKTPOH Tapo3uaa TOPTUO aHUKJIAHT.

ICITATMA: seKTpoa TOPTUIUIIUAAH OJIIUH KYPHWINILIN [apT.

3. Muc KynopoCHMHMHT M MaccacMHU Tapo3uja TOPTUO OJIMHT Ba YHU

JTUCTWIJIAHTaH CyBJia OPUTHO 3pUTMA TalEpIiaHT.

4. Muc Kymnopocu SpUTMacura MHUC DJIEKTPOJUTIAPUHU TYUIUPHUO, YJIapHU

Ky3FaaMaiuTrad Km0 MaxKaMJIaHT.

5. Taxxpuba Oonwtanrad ! BakTHU OENTHIIAHT Ba NIy 3aXOTHEK KaJUTHU YJIaHT

XaMm/jia peoctaT €paaMuia TOK Kyuu KaTTanuruau 1,5 A kuliMarnaa y3raptupMmait

cakJiaHT. AMriepMeTp Kypcarran | TOkHM OeNTHIanT Ba yHU €310 OJIMHT.
Taxpubana aHUKJIaHTaH HATH)KAJIAPHHU JKaIBAJIra KUPUTHHT.
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O’Ichash Tok kuchi | Kuchlanish | Elektrod k kg/S Ak
tartibi LA V.,V massalalari
farqi  my-
m,= A m

6. 15-20 MUHYT BakT AAaBOMHUJA JICKTPOJUTAAH TOK YTraHAaH KEHUH KaJIUTHU
y3uHr Ba {, BakTHH Oenrunad KyHUHT. ODJNEKTPOJUTAAH TOK YTraH BaKTHU
XUCOOJIaHT.

7. Karoguu 3puTMazaH YMKapuUHT Ba YHU KypuUTHHT. KatoTaa axkpanu0 4MKKaH
MHC MAaCCaCHHM aHUKJIAIl Y4YyH MHUC YTUpUO KoJsiraH sJjekTpoanu KW-n
ANEKTPOH Tapo3uaa TOPTUHT Ba M=M,-M; wudomagan sAbHU KapacHaa
AIEKTPOAAa KPP0 YMKKAH MUCHUHT Am MaccacHHU XUCOOJIaHT.

8. Taxxpuba HaTmxkanapu acocuja (2) ToHrIamanad (onganaHud MUCHUHT K
AIIEKTPOKUMEBUN SKBUBAJICHTUHU XMCO0JIA0 TONUHT.

9. TaxxpnbaHU TaKPOPJIAHT Ba XaTOJUKIAPUHUA XUCOOJIAHT.

10. Hatmxkanum K + K KypuHUIIAA E3UHT.

11. ®apanevinunr |l konynuman doiinananud, dmMeMeHTap 3apsi] KUWMAaTHUHUA
TOIUHT.

CuHOB caBosapu

1. DnekTp YyTKa3yBUAHIUK XyCYCUATHUra Kypa CYIOKJIUKIAp KaHJal rypyxjapra
oynuHanu?

2. DOnexktponuT HuMa? DIEKTPOJIUT AUCCOIMACHsS Ba PEKOMOMHAIUSA
*apa€Hiiapu Kanjaai nango 0ynaau?

3. Kanpnaii sxapa€HHU 3JEKTPOJIU3 X0Aucacu 1ed atanaaun?

4. @apazeil KOHYHJIapUHU alTHO OEpHHT.

5. DAEKTPOKUMEBUI SKBUBAJICHTUHUHT (PU3UK MabHOCHUHU TYIIYHTHUPHHT.

3.3.5. JlabopaTopusi umm Ne §
AMIIEpMETPHHU Japasasiall

NuHuHT Makcaay: AMIEpMETpHU Japakalialil.
Kepakiu sxuxoznap: AmmepMerp, TOK MaHOau, BOJBTMETP, PEOCTar,
ATAJIOH aMIIepMETP, KAPIIMWIUKIIAp MarasuHu, KajauT, CUMIIap.
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Ha3zapwuii TymmyH4a

Xap kanjai ac6o0 6unan Oupop UMK KaTTATWKHU VI4all Y4yH, aBBaJIo
Oy acOOOHUHT TYFpU €KUM HOTYFPH HILIAIIMHU TEKIIUPUO KYpuIl 3apyp. Ac600
HIKAIacHUa MabllyM COHJIAp OYynaiu.

Ac600 mkamacu Oynmumiapu OwiaH mry ac6o0 EpmamMmuia TOMHMIIATUTaH
KaTTATMKHUAT KAWMATIapy  Opacuaard XMyHocabaTHM Tomuil acOoOHM
Jlapakayiaml Ieuumaau.

Arap TeKImMpUIAJAWTaH aMIepMeTp €MUK 3aHKUpra KeTMa-KeT yJaHTaH
Oyica, YHUHT KypCaTUIIM 3alKUpJard TOK Ky4HJaH 03 Oynaau, YyHKH
aMIIEPMETPHUHT WYKUA KapIIWIUTH 3aHXUp Kapmmiaurura kymwiaaad. [y
cababaH, OJJIMH aMIIEPMETPHUHT MYKU KAPIIMJIUTUHU TOTIMII KePakK.

AMIIEpMETPHUHT MYKH KApIIWJIUTHHU TOMHIN Y4yH acOobsapHu 1-pacmuaa
KEJITUPWITaH cxema OViinya yiam Kepak.

K xanutHu Ouprnamrtupcak, A; STajlOH aMIEPMETPHUHT CTpelKacu V3
mKajgacu Oyimdya Mabiym Oup OVnuMmHM Kypcatamu. CxemMaHUHT OoIlKa
TOMOHJIapUTa TermMacian A, amrepMeTpHu y3u0, ypHura R Kaprmimkiap
MAara3uHUHU yJIauMu3.

E K

-B——®
1-pacm

yHnan CYHr KapIIMJIUKIap Mara3uuHjaaH A; 3TaJoH aMIEMETPHUHT
OJIIMHTH KYpCAaTUIU Yy3rapMalaurad KWinO Kapumuk Ttanuianagu. [y
TapTUO/a TaxkpubaHU Oup Heya MapTa Takpopiaml kepak. JIeknH Xap ranmaru
Taxpubanaru R HuHr KuiiMath xap Xuwil OYJIUIIM MYMKHH, UIYHHHT Y4YyH
tonmwirad R;, R,,... R, jmapHunr ypraya apupmeruxk kuiimMaTu onuHagu. R
JapHUHT ypraya RO KuiimMaTu Tekmmpuiaaétran A2 aMOEepMETPHUHI HMYKH
KApUIMJIMTUTa TOHT OYIaau, sibHU:
_Ri+Ry+R3z+...+ Ry
- n
Oy epla N - TaxpuOaHUHT TAKPOPJIAHMILI COHM, Ry - A, aMIepMETpHUHT UYKU
KAPLIUJIHTH.

Ro

Yauam Ba HATHKAJAPHHU XHCO0J1A1I
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Acbobnap 2-pacmja TacBHpJIaHTaH
yJIaHTaH J]aH KeHuH,

CXCMa acocuaga cumiiap OuiaH

R
—

E
o

® @)

2-pacm

3awkup K kamut €pmamupa ynanagu. bynna R Hu mynpaid Tanma® omum
Kepakku, A, amMnepMeTp 3aHXHUpJIaH KyJla 03 TOK YTa€TraHWUHU KypcauuH. by
TaxXpuba KApUIWIMKIAP MarasuHu €paamuja Typjid KUWMATIU KapIIWJIUKIIap
Ownan Oup Heua MapTa TaKpopJaHUIIM Kepak. Kapminkinap Mara3uHUHUHT R
KApIIWINTKA KamailTupuia Oopuica, A2 aMIEpMETPHHHI KYpCaTHIIM Kymas
Oopasu.

[y Ttaptubga A2 ammepMmeTp NIKaJaCHHUHT Oapya pakamiiapura
TETUIUIA KapIIWJIUKIApHU aHUKJAHTaHAaH cYHr, R HUHr KuiimMaTu siHa acrta-
CEeKMH Kymatupunaau. bynma A2 aMrepMeTpHUHT KYpcaTWIMIIM andaTTa,
kamasi Oopaau. lllynnan cyHr xap Oup Oyiaumra TYFpu KeyBYM TOKHUHT
XaKUKAM Kuiimatiaapuau udona épaammuma xucobsanr. bynga R marasunpgan
TaHJAHTaH KapIIWJIUKHUHT KuiMariaapu. TaxpubanaH oOJMHraH XaMmma
HaTWKaJIap KyWHUIary *KaaBajira E3WIaIn:

Kansan 3
DM KOHYHHU
. A - oyiinua
ok FgK Kynas FgK Kamasi vaaqa : TOKHIHT
opranaa | boprasuaa aHKUPHUHT .
puba praf pratia | Yb BonbrmeTpHUHT P! XaKUKHAU
ru A, Hu | Tu A, HE |KYypca- - yMyMUH
rap- . . KypCaTUIIU Ky'1H
KypcaTu | Kypcatu |THIIA Kapumru R vV
ruou I +1 | =
00051 1107 e =
RO +R
1.
P.
3.
XKansanmaru | Ba | nmapHuHT Xap Xwia Oymumu  acOOOHMHT HOTYFPH

KYPCaTUIIINHYI OUIIIUPAJIH:

Japaxkanain HaTHKajlapu:
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Abuuccanap ykura ac006 mKazacuaaH OJJIMHTY COHJIAPHU Ba OpAUHATaIap
VKUra TOK KYyYMHHHT XHUC007a0 TomuiaraH KuMMaTiIapuHu KyHuoO, rpaduk
paBuia TacBupiaHagu. ['padukna mry taptubpa Kaij KWIMHTaH HYKTapHH
OMPJIAIITUPYBYH UMUK aCOOOHUHT Japakajialll Yu3UFu OYiaau.

Keitnnuanuk yHuHr Epaamuga acOOOHMHI HCTalNraH KypcaTHIINMTra
TEruIUIH OYITaH TOK Ky4WHU XUCOOIaMacaaH TOMHII MyMKHH.

Scanran rpaguk TYFpU YM3UKKA AKUH OYIMO YMKKaH XoJjifa OyTyH IIKaia
yuyH Yy3rapmac (dakar my TTxomgarnna) KaTTadMKHH SIbHU — IOKaja
OYJIMMHUHUHT 0AXOCHUHHU TOIHUIII MabHOTA 3ra OyIau.

CuHOB caBoJu1apu

1.  Awmmepmerp HAra 3aHKHApra KeTMa-KeT yJIaHaan?

2.  A2-amMmepMEeTpHHMHT WYKU KapUIWJIMTMHU KaHAai Tonamus?
3. 1- Ba 2- cxemanapHu YU3UHT.

4, Nurauar 6akapuiuiil TapTUOUHU alTHO OepUHT.

3.3.6. Jlaboparopusi wumu Ne 6
DJIEeKTPOMATHUTHK HHAYKIHUS XOAMCACHHH YPraHUII

NurHuHr Makcaan: ONEKTPOMArHuT MHAYKIUS XOAUCACUHU yPTraHUII
Kepakmm >xuxo3map: MwummamMnepMmeTp, akKymyJsTopiiap OarapescH,
y3aKim Fantakiap, EHCUMOH MarHuT, BKJIFOYATElb, YJIOBIU CUMJIAp.
Hazapuii mykagauma
DJIEKTPOMAarHuT UHAYKLIHS KOHYHU TOK Ky4H y4yH sMac, aitHan DFOK yuyH
tabpudanagun. bynpait Tappudaa WHIYKIHMOH TOK XOCHI OViaauran
VTKa3rUWIapHUHT ~ XOoccajapu OwnaH  OOFauMK ~ OyaMaraH — XOAMCAHUHT
Ma3MyHUTHMHA uoAalaHaan. DJIEKTPOMArHUT WHAYKIUS KOHYHHra Kypa Oepk
KOHTypaa xocus Oynaguran uHaykuus EIOK momynu OVitmua xoHTyp Ouian
YysrapajaHraH CHPT OPKaJIM YTyBYM MAarHUT OKUMUHHUHT Y3TapuIl TE3JIUTHTa
Ap

At

Arap O6epk KOHTYpHH KecuO yTa€TraH MarHuT MaiJoH BaKT YTUIIM OWJIaH
ycub 6opca KOHTypaa Xocusl OyiaraH P MHAYKIIMOH TOKHMHI MarHuUT MaiioH
MHAYKCHUSACH BEKTOPH TAIIKd MAarHUT MAalJIOH MHAYKLIHUSACH BEKTOpUTa HUCOATaH
Kapama-Kapiiy WyHanuiira sra 6ymnanu. (la-pacm)

Arap OepK KOHTYpHU KecuO yTa€TraH MarHuT MalJI0H OKUMH BakT YTHIIH
OwinaH kamaiub Oopca KOHTypJAa XOCWJI OYiIraH MHAYKCMOH TOKHUHT MarHuT
MaiJIOH UHAYKCHUSICM BEKTOPHU TAlllKM MAarHUT MaiJIOH MHIYKCUSCU BEKTOPH
Owian Oup xwmi WyHanuira sra 6ynaau (6-pacm).

TOHTI ¢ =
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1-pacm

by udonanarn munyc umopa naaykiuon EFOK y3unm xocun Kunaérran
TaIIKd MarHuT Mail0H OKUIMMHUHT Y3rapuIlura TYCKUHINK KWIa€TraHInTMHU
OMIIMpaIn.
Nuam 6axkapuim rTaprudu
1. MunnmamnepMeTp KieMMalapHU FalaTaK KiieMMallapra yJaHr.
2. V3akHu GHCHMOH MAarHMTHHHT KyTONapumaH OWpHM SKHHHTA Kyiuo,
FAJITAKHUHT HWYWTa KUPTU3UHT, OyHIa MWIIHAMICPMETPHHUHT CTpPEIKACHHH
Ky3aTuO TypHHT.
3. V3aKkHU FanTakjaH unKapub Ba YHM MACHATHUHT GOIIKA KyTOHTa SIKHH Kyino
aM MIJIJTHaMIIEpPMETP CTPETKACUHUHT KYpCAaTHIIIApUHU Ky3aTHHT.
4. Taxpuba cxemMacuHu 4u3uO OJIMHI Ba Xap Oup Xonga JIeHC KouJacUHU
VpUHIIA OYTUITMHU TEKITUPUO KYPUHT.
5. UkkuH4YM FanTakHU OMPUHUYMCHHUHI €HUTa YJIApHUHT YKJapu Oup-Oupura
TYFPH KeJNaJurad KUIu0 >KOMIaIITUPUHT.
6. HWkkama ranrakka TeMHp Y3akjap KHUPIU3UHI Ba MKKHHYM FaITaKHU
BKJIOUATEJ OpKaJld Oarapesira yJaHr.
7. Kamutau ynab Ba y3u0, rajiBaHoMeTp
CTpEJIKaCUHU OFUIIINHU Ky3aTHHT.
8. Taxxpuba cxeMacuHU YMKA3HO OJHMHT Ba
JleHC KOMIACHHMHI YPUHIM OYJIUIINHU
TEKIIUPUO KYPUHT.
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Temup y3akcus

Temup y3aknu

bupunun | Ukknnum | UkkuHun bupnaun | Ukknnum | UkkuHu#
FAITaKKa | FaJITaKKa | FAITaKJaru | FajdTakKa | FaITaKka | FajTakJIaru
Oepunran | Oepwirad | MHOYKUUMOH | Oepwirad | Oepuirad | MHIYKIHOH
KywiaHui | kyuiganum | 9FOK Kywianui | kyuianum | 9FOK

Ul,V |1,A Si,V U]_,V Il,A Si’V

AIWN|F

CuHoOB caBosiapu
DNeKTpOMarHuT UHIYKIUS XOAUCACH HUMAaJlaH nbopat?
@apanecii KOHYHUHH TYIIyHTUPHUHT?
JIeHT KongacuHU N30XJIaHT?
Nunyxuusa DFOK dopmynacuuu ndomananr?

PO

3.3.7. JlabopaTopusi umu Ne7
TOKHUHI MATHUT MAaIOHUHU YPraHUII

NiHuHT Makcaau: DNeKTPOMarHuT KypujiMacu acocuia TOKHUHT MarHuT
MaiJIOH TabCUPUHM KY3aTHIIL.

Kepaknu >xuxo3map: Vy3rapyB4aH TOK TE€HEpPATOpH, Yy3rapMac TOK
reHepaTopH, JIAMIIOUKa, MUC CUMJIAaH YpaliraH FajTak, TAKaCUMOH TeMHp Y3akK,
yJail cumiiapy, TEMUp MIACTUHKA, [IUIIA U30JIATOP, KJIeMMaap.

Ha3zapuii mabiaymoriap

DNEeKTp TOKMHUHT UCCUKJIMK Ba KUMEBHM TabCUPU KATOPHU YHUHT MAarHUT
TabCUPU XaM MaBXKyJA. TOKHMHT MarHuT TabCUpWUHU OwpunHuu Oyau6 1920
nunna Jlanusnuk onuMm Operen ¥3 TaxkpuOacuja Kys3aTraH dSau. Y TOKIH
VyTKa3ruu atpodura SKOWIAIMMTHPUITAH MArHUT CTPEIKACHHUHT OFHUIIHMHU
JMaiKad TOKJIM YTKa3rud arpodua MarHuT MalJoHM fo3ara Kejajad JieraH
XyJiocara KeJiu.

Toxnu yTka3ruyd arpoduaa Xocui 0YIIyBYM MarHUT MaioHu 3aud OYnu0 yHUHT
aMaluil axamMusATH Kamaup. TOKJIM FaJiTakaa XOocui OYIyBUM MarHUT MailioHd
TOKJIM YTKa3ruura HUcOAaTaH KywIM SKaHJIUTMHU Taxpuba Tacakuwnaau. 1
pacMIa TOK MaHOaWra yjaHTraH FajlTakAa lo3ara KejlraH MarHuUT MaiJIOHHU
TAaCOUKJIOBYM TakpuOa Hamouwnmy TaBcrianran. Tokmm ranrak atpodugaru
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Oy MalioH y3ura TeMup KyKyHJIapuHH TOpTHO oyiaau. FanTakma Toxk HyKoIUIIN
OWJIaH TeMUpP KYKYHJIApU TYKUIUO KETaau.

Fanrak nunra temup y3ak KOMIAIITUPHUIICA TOKIM FANTAKHUHI MarHUT
MalioHn Oup Heya MHUHr OapoOapradya TOPTTaHJIWTHHU Ta)xpuodanap
tacaukianau. [lynaaait Taxxpuba HaMoHuIIapy KypuiMacuaad Oupu 2 pacmaa
TacBUpiaHrad. by Taxpuba KypWIMAacMHUHT TEMHp MHXTa YpairaH
M30JBSIIMSIA MUC cuMAaH uOopar. KamuT opkamu 37eKTp 3aHKUPUHUA TOK
MaHOanra ynacak. Muc ypammapu arpoduga MarHUT MailIoHH o3ara Keiaju.
by Maiijon Temup MuX BOCHTacuja sHaja Ky4ainO, MUXHM MarHUTIANIu.
MarsuTiianran MUxra TeMUp KyKyHJIapura HucOaTtaH aHda oFup OyJiraH maiiaail
MUXYaJapHU SKUHJIAIITUPCAK, YIapHU Y3Ura Ky4wid TOPTUO OoliaraHiuruHu
Ky3aTUII MyMKHH.

KypuiMaHUHT TY3W/JIMIIA Ba HILJIAIIA

TOKHUHI MarHUT TabCUPUJIAH aMaJIJIa KyAa KOHT MUKECAA KYJUIAaHUJIAIN.
Macanan, mynar, 4ysH, TeMUP KUPUHIAWIAPU Ba KyHMaJIapuHU FOKJIAlIAa
AIEKTPOMATHUTIIM KYTapUIll KpaHIapuaaH KoHT GoiigaraHuIaam.

Fanrak nunra >KOWJIAIITHPUITaH TEMUP y3aK YHUHT MUHJIA F03Ta KEIIyBUU
MarHuT MalJOHMHM KydalTupaau. TOKIU FaJITaKJard MarHuT MaiJIOHUHUHT Oy
XOCCACHJIaH aMajja »dJEKTpOMarHutiapaa Kd3Hr Qoinananwnanu. Lynnai
ANEKTPOMATrHUTIApJaH OWPUHUHT MOJENH 3-pacMja TacBUpJAHraH. by
ANEKTPOMATHUT KyHUJlaruya Ty3WIraH: 2 FajiTak y3apo KeTMa-KeT yJaHuo, yjap
TaKaCUMOH TEMHUpP Yy3arura KUPUTWITAH XOJIJa MaxkKamJylaHraH. T anrakiap
YYyIFAMJIAPUHUHT y4Ylapyd LIWIIAa H30JATOpPra MaxKaMJIaHTaH KieMmmasapra
ynanrad. Illuma u3014TOp 3Ca TaKaCMMOH TEMHP Y3aKKa BUHTJIAp €paamMuia
kotupwirad. Kypunma (6B kywianunuim) Tok ManOaura yiaHca TeMup Y[3akna
Ky4Id MarHuT MaWJIOHH ro3ara Keilaau. Arap y3akka TeMHp IUIACTUHKAaHU
SKUHJIAIITUPCAK, YHUHT Ky4JId TOPTWITAHIUTUHU, allHA TTAUT/Aa YHU KYJ OujaH
Y3HUIIl OCOH SMACIUTHHY Maiikam MyMKuH. Kypuima Tok MmanOanman y3uiarasaa
3ca TEMUP IJIACTUHKA y3aKJaH OCOHIMHA a)Kpaslalu.

FOxopuna m3oxymad yTwiran KypwiMma YKyBUMJIAPHUHT TOKHUHI MarHUT
TabCUPUHU aMajui HaMOWMIIA Kypullura €paam Oepaiu.
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3-pacMm
1 - Muc cuMIlaH ypanrad FanTak, 2 - TAKACUMOH TEMHp Y3aK, 3 - FAITAKHU TOK
MaHOaura yiam cumiapu, 4 - TeMup IJIaCTUHKA, S - IIKIIA U30JIATOp, 6 - FalTak

y4JiapH yJaHTaH Kiemmanap.
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3.3.8. Jlabopatopusi umm Ne 8
Cona paiuoHy WUFUII BA HIVIAIAHYA YPraHUII

Nunuar makcaau: Oaanil paqiuonpuEMHUKHAHT TYy3WJIMIIMHA Ba UIUIAII
MPUHLIMUINHYU YPraHuIlL.

Kepaxim xuxosnap: PagmokosekTop, fFanTak, Yy3rapyBu4aH CHUMIIHU
KOHJIEHCATOp, TeNE(POH UKKU KapHai, TUTEKTOP, TaHE].

Hazapuit mykannnma

[Tpuémuuk kabyn KuIuO oJiraH MOAYJSIIUSUIAHTAH IOKOPU YacTOTalu
CUTHAJI XaTTO KyYJaWTHUpWITaHJaH KeiuH Xam TtenedoH Eku paguoKapHaii
MeMOpaHacMHU O€BOCHTa TOBYII  4YacToTach OuiaH TeOpaHMa xapakarra
KEJITHPA OJIManIN.

byHnait curHan OW3HUHT YJIIYOBUMH3 KaOyJl Kuia OJIMAMJIWIraH OKOpHU
yacToTanu TeOpHUILIAp yiroTaau xoisoc. LIlyHUHr ydyH npuéMHHKIA aBBal
IOKOPY YaCTOTAJIM MOAYJIESIUsJIaHTaH TeOpaHUIIUIapaH TOBYII YaCTOTACH AT
CUTHAJIHUA axpatu® onum kepak. CurHan xap OuUp TOMOHJIaMma YTKa3zyBYaH
AJIIEMEHT-AETEKTOPIN KypwiMa €paaMuia JeTeKTopiaHaau. Jlerexrop
Ba3u(aCUHU HIIEKTPOH Jiammna (AMOJ, TPUOA) €KUM SAPUM YTKATUUIU JTUOA
YTUIIN MYMKHH.

Apum  yTKazruuiam IETEKTOP 3amkupura  mMoxayJs [ cusiimaHraH
TeOpaHuIIap MaHOau Ba Harpy3ka OWJIaH KeTMa -KeT YyJaHaau. by 3aHxkup
OpKaJIM TOK acocaH OWp HyHanmumaa yTaad, YyHKA AUOJHUHT  TYFpU
WYHaIUMIIUIArd TOKKA KypcaTaauraH KapIIWIWIura Kaparaija aH4da KA4uK.
Teckapu TokHM OM3 ymMymaH XucCOOTa ojiMacak Ba JHOJHU OWUP TOMOHJIaMa
VyTka3zyBuaH Ae0 xucoOmacak xam Oymaau. by 3amkup opkamu rpaduru
TaCBHUpJAHTaH MYJCIaHyBYM TOK yTanu. by mysncnanyBuu Tok ¢uitp épaamuaa
TEKUCJIAHAIW. ODHIW OAIuMKA (UIBTp Harpy3kara yJaHraH KOHJEHCATOpJaH
noopar. GunbTp Kyluaarnda UIianu:

Juon Tok yTKaza€Tran nanTiapja TOKHHHT OMp KMUCMHU 3ca TapMOKJIaHUO
Oopagu Ba yHM 3apsjuiaind. Pacmpmarm TyTtam cTpenkaniapja TOKHUHT
TapMOKJIAHUII HAarpy3ka OpKaJM YTaauraH MyJICALUSAIAHWIIMHA KaMaWTHP.IU.
Nmnynbenap opacuaa, sbHU auoja Oepk Oyiran maiTiapia 3ca KOHAEHCATop
Harpy3ka OpKaJiu KucMaH 3apsaiacusnanagu. Iy ca®abmu umnynbcnap
opacuaard BaKTAa Harpy3ka OpKajld TOK aBBAJITM WyHAJIMIJA YTaBEPAIU. Xap
Oup SAHru UMNyasC KOHIEHcATopiap KyliruMua paBuuiaa 3apsaiad typaau. Hly
Tydaiianm Harpy3ka OpKajid TOBYLI YacToTacuaaru Tok yTuO Typaau. by Tok
TeOpaHUIIAPHUHT TIAKIM Y3aTyBUM CTAHCHSJAArd TACT YacTOTAIM  CHUTHAJ
IAKJIWHU JCsIpid  ailHaH Takpopiaiian. byHmalh MypakkaOpok Ty3wiraH
¢unTprap yHua Karra OyiMmaraH  [OKOPH YacTOTalIHM MYJICACHSJIApHH am
TEKCJIaiJIi Ba TOBYIII YaCTOTAJM TEOpaHUIILUTAP CUIUTMKPOK OViamu.

1. JleTekTOpauM SHr ONIUKA  paaHONPUEMHUK AaHTEHHA OwWIaH
OOKbJIaHTaH TeOpaHUIl KOHTYpUAaH Ba Oy KOHTypra yJaHTaH JUTEKTOP
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KOHJICHCATOp Ba TelleoHAaH Ty3WIraH 3aHKupjaH uoopar. Pagmo TynkuHmap
TeOpaHUIll KOHTYpHUIa MOAYJISCUsIIAaHTaH TEOpaHUIIIApHU YHFOTAIH.

TenedhoHHUHT FalTakiapu Harpy3ka BasudacuHu Oakapaiu. YiaapaaH
TOBYIII YacToTacujard TOK ypaau. FOKOpM dYacToTalyd Kydcu3 IyJicacusijap
MeMOpaHaHUHT TeOpaHUIIIapUra ce3uiapid TabCUp KypcaTMaiIu Ba KYJIOKKa
SIIUTWIMANIN.

NHu daxxapuwinm tTapTudn:

1) PagrOKOMIIIEKTHHHT 3JIEMEHTIAPH OWJIaH TAHWUIIINO YUKUHT.

2) bepwiran cxema OVitnua pajanoHU HUXUHT.

3) [IpuémMHMKHYM aHTCHHAra Ba epra yJIaHr (BOAOIPOBO Tpybacura).

4) KonpeHncaTop nacTacWHU ainaHTHPUO OWTTAa PaTUOCTAHIUSHUHT aHHK
TOBYIIMHU YJIaHT.

5) CaBomnapra >kaBo0 E3UHT.

CuHoOB caBoJL1apH:

1. CxeMaHUHT 3JIeMEHTIapUHH Ba YIApPHUHT Ba3U(aCUHU TYIIYHTUPHHT.

2. Mopaynsauus ne6 HuMara aiTwiaan? Monaymsius Typiaapu?

3.  AMIUUTYZaId MOAYJIALINS 10 HUMara antuiaaan’?

4. Jlerexktop OYynubO Kaiicu acO00 wuNUIAMIA? (IETEKTOpJall >KapaéHUHU
TYIIYHTUJIPUHT.)

3.4. Macananap e4uliaH HaMyHaJiap
1. Arap maccacu 18 r 6ynran cyB mosekynacuuunr 0,1 kucMuHM HyKOTCAa,
KaHaal 3aps1 Xocw 0ymaam?

bepunran 2280781070000
m=18r H,0 I. 18 T cyBaarm MoJeKyJajap COHUHM TOMAMH3
- 18-6-10%3
g-? N="N="""=6-10%1a
L 18

r
|.L=18m CYBHUHT MOJISIp Maccacu

N,=6" 1023 — ABoOrajJipo COHH
MOJIb

butta cyB monekynacuaa 10 ta anekTpoH 60p.

2. 6-10%3Ta CyB MOJIEKyJIacu/1a aca
n=6-1023-10 = 6 - 10%* 1a snexrpon 6op.

1. CyB monekynacununr 0,1 xkucMuHHM HYKOTCa, CyB
Monekyinacugq = 0,1 - n - e 3apsa xocun 6ynanu. by epaa
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e=1,6- 10 °Kn = 9,6 - 10* Ku.
XKapo6: 9,6 - 10* K.

2. bup Xun 3apsjyiaHraH  MKKU JKUCMJaH OUPUHUHT SpUM  3apsiau

UKKUHYMCUTAa  YTKa3Wjca, yjap opacujard UTapWiIdll Ky4dd KaHaau
y3rapaau?

bepuiran Eunnum
— q_ 4 . 2
h=0-5=3 3apsaanap KydupwiIryHra kagap: F; = k q—z
—_ + q _ 3q 3 L " </ .
R=9+ 5 == apsaziap KY9uprIranaa CYHr:
2qq
B _ _ .99 _ .55, 3, _ 3
Fp Fz_k?"z _krz_ﬂtkrz_-fl—Fl’

F, 3 1
"F, 4 133
Kapo6: 1,33 mapra.
3. 200 Bt KyBBaTiM KaitHaTrHy 6up crakad cys (150 T) Hu 5 MuryTAa 80'Ta

Kuzaupaau. by xapaénaa kaH4a UCCUKINK MUKJIOPH XaBOTa KETain?

Jlemak

bepunran Eunnumm

P=200 Bt 1. KaliHatrmuyman yTaéTral 5JE€KTp TOKUHHUHT
m=150r=0,15 kr umm: A = P -t = 200-300 = 6 - 10*)K
t=5mnur=300c 2.  CyBHMHI  OJraH  HWCCHUKIWUK  MHUKIOPH:

4 Q%7 Q = mct = 0,15- 4200 - 80 = 504005
3. By xapaénma xaBora 4MKHO KETraH HCCUKJIUK
MUKIOpU: Q1 = A —Q = 9600k = 9,6KK;
KaBoO: 9, 6Kkx.

0 o H W

Mac KywlaHuIlra yjaaHraH R kKapmmivmkka 2R KaplimiMkka KeTMa-Ker
yJiaHca, R Kapmunukaaru KyBBaT Heya MapTa Kamasijin?

bepunraun Eunnumm
2R 1. R xkapmmiuk y3rapMac KydjaaHUII MaHOAaWra yiaHraH
o u?
5 Oynca, R kapmmnukaa axxpairad KyBBaT Py = -
2
P, 2. R xapmmmnukka 2R KapIIMIUK KETMa-KET yJIaHTaH
o . U
Oyiica, TOK Kyun Oup xui Oymanu. Y xosnja I = iR
R xapmmmkaaru Ky4iaHuWI:
U U
U =I-R=—R=—
3R 3
R kapmwimkaaru axpajirad KyBBat
ué U?
P2 = =
R 2R

(1) Ba (2) mm xwmcobra oaub KyBBaT 9 wMmaprta
KaMalTaHJIMTHHHA TOTIAMU3;
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P, 1

P, 9
’Karo6: 9 mapra

S. q.=-2MkKn Ba g,=4mkKn Oynran HykraBuil 3apsiiap opacuaaru
macoda 2 cm. lly 3apsanapHusr ypracuaaru gz = —1MkKna Oynran

o M
3apsii KaHJai Te3aHuIl OJ1au (5)? (YuuHuM 3apsiAHUHT Maccacu 6 Mr.)

bepuiran
qq=-2MxKn
q>=4MKkKn
r=2cM

m=6 Mr
a-?

Eunmmm

1. q; Ba g,3apsaanap opacugaru y3apo UTapull Ky4du

Kynon KOHYHUTA MyBOGHUK TOITMJIAIN:
_ 1.9142 — q14qz

2. g, Ba @3 3apsjuiap opacuaard y3apo TOPTUIIUII
Ky4H:

_ 9149z _ ; 4442

3. HaTU:K0JIOBYH KYY:
_ _ a1, 019 q
F=F +F=4k=—2%+ 4k q,

_ 4kq,

2

(g1 + q3).

4. m, wmaccanu @i 3apsa F Kyd Tascupuaa oJiraH
TE3JIAHUIITHU TOIaMU3:

F
a=—
m

4kq M,
== (g1 +q) = 12107 3

Kagoo: 12 - 107

6. Baron kerma-ker ymnanran 10 Ta nmammouka OwiaH Eputwinanu. Arap
BaroHHW 8 Ta jammouka OwsiaH EpUTHIIAIUTaH KUJIUHCA, DJIEKTP SHEPTHUs
capdu Kanaan oymanu?

bepunran

N2 =8

N; =10
U

=715

10R

P
Z/Pl_ 2

Eunnumm
1. 10 Ta nammouyka KeTMa-KeT YyJaHraH Oyiica,
JaMIOYKaJapHUHT EHUII KyBBaTH

UZ UZ
P, =J?-10R = =
1 =1 100RZ  100R
o U2
10 Ta nammouka KeTMa-KeT yJaHraH Oyica, [, = P
JAMITOYKAJIAPHUHT EHUII KyBBaTH
U2 U2
P,=]3-8R = = —
2 = J2 64R?  64R
3. bynapnan:
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P, 100
_=_, P2 :}Pl
P, 64

JleMak, 3JICKTp SHEPrus capPu OpTaIH.
’KaBo06: opranu

MycTakWi TAbJIUM Ba MYCTAKWI HILJIAP YYYH MaB3yJap

MycTakun TabJIMMJIaH Ky3/1aHraH Makcaj Ba Bazudanap — Oy Tanabanapian
MyCTaKkuid OWJIMM OJIMII KYHUKMaJapUHU [IAKUIAHTUPHUIIIAH KOopar.
Myctakun TabiauM J1abopaTopusi MaIIFyJOTJIapura Tau€prapivk KypulaaH
Tamkapu QaH JacTypuja Kypcatuiamarad, amMmmo (an Oyiinua TariabaHUHT
OWIMM JOWMpACUHU KIHTAWTHPYBUM KYIIMMYa MaB3yjap jJoupacujaa Oepuira
OTOIIIUPUKIAPHUA OaXKAPUIIIHU Y3 HUUTA OJIA]IH.

MycTakui TabJIMM YYyH TaBCHS ATUJIAJAUTaH MaB3yJiap:
1. DnexTp MaliIOHWHK ypraHuml.
2. KapmmiukiiapHy ypraHuIil.
3. KapuivkiapHu yiayain yCyJuiapH.
4. Slpum YyTKA3ruuIapHU XK XY)KAUIUTUTA KYJUTAHAJIALLIN.
5. Xap Xui MyXHTIIapAa dJIEKTP TOKU.
6. DIEKTPOIN3 KOHYHJIAPH.
7. DNEKTp IOPYTYyBUYU Ky4, TOKHUHT UCCUKIUK TAbCUPH.
8. MarHut MailIOHUHH YpraHuul.
9. buo-Cagap-Jlamiac KOHyHHMHU YpraHull.
10. Dnextp Tebpanunuiap. Tebpanumn naBpu. Yacroracu.
11. V3rapyBuaH Tok 3aHXHpUIA KAPIIHIHK CHFUM Ba MHIYKTHBIINK
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TecT TONUPHUKIAPUIAH HAMYHAJIAP
TECTJIAP

1. ®uzunkaBuii VIYALLUIADHUHI TYpPJapu Kaiich KaBodaa Tyrpu
KypcaTujran?

*beBocuTa, OuIBoCHTa

beBocuta, TaxMUHaH

DXTUMOJINI,0€BOCHTA,0MJIBOCHUTA

bunsocuTa, 3XTUMOINUN

2. Kymnanm tyagupudr: beBocura yauanuiapaa yadaérran pusukaBuid
KATTAJIUK TYFPUIAH-TYFPH  .......0WJIaH €KH Teruuuim OUPJIMKIApAA
AapakajapaaH ya4dai ac000/apu OMIaH COMUIITHPUIIAA

*Tanox

AHMKJIU KaTTa acbo0

Kangan

JKanBai Ba aHUKJINTH KaTTa acoo0

3. Taxpubanapana  ¢(usukaBuii  KATTAJIMKHH  aHUKJAII  Y4YYH
O0a:KapWwiIaJNraH onepaTuusAIaAp KeTMa-KeTJIUId KaicH xkaBodaa Tyrpu?

* AcOoONapHu YpHATHUII Ba TEKIIUPUII, acCOOOTApPHUHT KYPCATUIIIMHHU Ky3aTHII
Ba €310 OJIMII, aHUKJIAHUIIN Kepak OyiraH (pu3NKaBUN KATTATUKHH XuUcOOall,
XaTOJUKIIAPHU XHUCOOIaII.

AcOo0napHu YpHATHUIN, aHUKJIAHUIIN Kepak OynraH (pu3uMkaBUil KaTTaTUKHU
X{CO0JIaIl, XaTOJIMKIAPHU XUCOOJIaIl.

AcO00sapHu YpHATUII Ba TEKIIUPUII, acO00JIApUHU KYPCATUILIUHUA €3U0 OJUII
Ba (PU3MKaBUI KATTAIMKHUA XHUCOOJIAIIl, XaTOJIMKIAPHU XUCOOIall.
AcOO0MapHUHT KYpCAaTUIIMHU €3U0 OJUII Ba AaHUKJIAHAJAUTaH (U3MKABUMA
KaTTATMKHU XUCOOJIAll, XaTOJIMKIAPHA XUCOOIaII.

4. Kymunanu TYIIUPUHT: DOUHKABUH KATTATHKHH .covveecsveresssnecsanessasens
KATTAa AHUKJIUKAA Y14alm MyMKHH 3Mac.

* Ac000 aHUKIUTUIaH

MHCOH MHSICH UMKOHUSTIApUIAH,

AcOOOHMHT ypTaua XaTOJUTHIIaH,

OranoH acOOOHUHT KYpCaTHUIIINIaH.
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5. Kymiaanu TyYIaupuHr: OU3MKABUN VIYALLIAPAA .cccevreereecceees TY(PARIH
KATTAJTMKHUHT TAKPUOMH KMMMATH AHUKJIAHATIU.

*Ce3ru OprafjIapuMU3HMHT TaOMUI XO0J1/1a XaTOJNUKKA WYl KYWUIIM Ba YIIYOB
acO00apHUHT MyKaJUlallIMaraHiIuru

Cesru opranjapMMHU3HUHT MyKaJJlallIMaraHu Ba Y14oB acOOOIapUHUHT TaOUuii
XOJIJIa XaTOJIMKJIApTa UyJl KyUnIIn

VmyoB ac6061apHHIHT MyKaJUIaIIMaraHu

dakar ce3ru OpraHjIapuMU3HUHT KAMYUIIUTH

6. ACOOOHMHI AHMKJIUTH ACOOOHMHI HUMACH OPKAJIM OepuiIaau Ba HUMAJAA
KypcaTHJIraH 0yaaam.

Kiacen, nacnopruna

Hagu, nacrioptuna

Knaccu, naboparopus uimm nypuKkHOMacuaa

Kitacen, napenuk Ba YKyB MyiaHManapuia

7. XaTOJMKJIAPHUHT UKKHM TYPH KalicH :kaBo0/1a TYFpu KypcaTujiran?
*Cuctemanuk, Tacoauduii

Cucremanauk, HOCUCTEMAaJINK

Tacoauduii, 3XTUMONTNI

Taconudwii, TakpuOuit

8. Kaiicu xaToJiMKk XaMMa BaKT MaB:Ky/ 0yaaau?
*CucreMaJIuk

Taconudumii

Xap MKKajJacH Xam.

Hocucremanuk

9. CucreMaIuK XaTOJHKJIAP JeraHAa KaHAail XaToJMK/Iap TyIIyHWwIaau?

* ACOOOHM HOTYFPH YPHATHUIIH Ba YII4all METOAMHUHT HOTYFPHU TaHJIAaHTaHUaH
Ac600HM HOTYFPH YPHATUIUIIINAIAH

AcO600HM HOTYFpU TaHJIAHTAHUJAH

TaxxprubaHu YTKa3yBUMHUHT TAXKPUOACU3ITUTHIAH.

10. Tacogudmii XxaToIUK/IAP AeraHAa HUMAHU TYIIYHHMII Kepak?
*OnauHaadn xucoOra OJMHUINM KUWMH OyiraH Ba Xap Oup yiuamiia TabCUpU
xap xuj1 6ynran tacoauduii cababnapra kypa 103 0epaaurad XaToJIUKIAp.
Onmuaman xucoOra ONMHUINM MYJDKaJUIAaHTaH, JIGKWH TaXpuba JTaBoMHIIA
xyucoOra onuHMaraH cabadmiapra kypa 103 Oepaaural XaToauKiap

YMymaH KyTwiMmaran cabaliapra acocaH 103 Oepaauran cababiapra kypa 103
Oynanura xaToJIUKIAp

Taxxpuba yTKa3yBUMHUHT KYTIOJI YITHOBIAPY OPKAIH 103 OepauraH XaToIuKIap.
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11. AlipuM VJIYalIHUHT a0COTIOT XaTOJUIM HUMAa?

*V ruan nalTH1a TONWIraH KHMMaTHUHT ypTadya KuiMataan Gpapku

Vmuam MMANTH/Ia TONWJITaH KUAMAaTHUHT ypTadya KUMMaTra KyIujiranu
A¥ipuM yyaniga TOMWIraH KHUMaTHUHT YpTada KuiiMaTra HucoaTu

Vigain nafiTiaa TOMMIraH KHiiMaTHH KajBajiapaaru KuiMarnapaas hapku

12. Ta:xxpu6a 1aBoMuIa TONUWITaH GU3UK KATTAJIMKHUHT YpTaya KUiiMarTu,
Kalicu ¢opMmyaa OpKaJIM AHMKJIAHAAU. X, X,,X; —AHUKJIAHraH ¢u3uk

KATTAJTUKJIAPHUHT KHIiMaTJIapH.

= X X, F X .
x=-1t-"2_73
3

Xy - Xy 0 X
X, + Xy + Xy
XlX2X3
Xp =Xy — X3
X; o X, - Xy
s

*

X =

X |
Il

X =

13. HucOuii XxaTOJMKHH aHUKJAII KAWCH KaBoOJa TYrpu KypcaTwjirau?
X - KATTAJIMKHUHI YpTaya KUMMATH; AX - a0COJIIOT XaTOJMKHHHI ypTada
KHHMAaTH.

A_x
* o0
X
eE=AX-X
AX + X
E =
X
X — AX

14. JlaGopaTopusi HIIMHU 0AKAPUIITA KUPUIIUIIJIAH OJJAUH JHI ABBAJIO
HUMaHM OMJINII Kepak?

*TexHrka XaB()CU3IUTH KOUIaJITapUHN

Ac6006map yauain ysrapacuHu

NimHuHT Ha3apui acociiapuHu

Taxxpuba HaTHKATAPUHU XUCOOTIAII

15. JlabGopaTtopusi XOHacuJa KHMUMHUAMP TOK YpuIl XaB(u TYyFWIuo
KOJITAHU/IA JHT aBBAJI0 HUMA KWINII Kepak?

*[IuToan éku KAIMTAAH TOKHU Y3HII, YMyMaH KUIIMHA TOKJIAaH aXpaTHIII
OpmaMHHM KyiuIaH TOPTHO TOKAAH aXpaTHIIl.

OpamHuu OMp KUCMUHH TYIPOKKA KYMHO TypHILL.

OnamHu cyHbUl Hadac OJIAUPUIL
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16. IlTaHreHIUPKYJ HUMA?

*Kyna karra aHUKIWK Tanad KWIMHMAWIUTaH Y3YHJIMKIApHU YiIdamiia
UIUTaTUIAIUTaH HOLIMYCIIU ac000

Vmyamp 1 MM jaH  omMaifiuraH  OSKUCMIAPHM X@KMHMHH  YyiIdaniia
UIUTaTHIAIUTaH ac000

Cumitapau TUaMeTpu Ba KYHJAJaHT KECHUMHH YIdallJardiHa WIUIaTaaurad
KOHUYcIu ac000

JIunzanapHuHr GoHYyC Maco(pacHHM aHUKJIAIIIA UIIITATHIUTaH ac600

17. Mukpometp — 0y ...... ac000aup.

*Ku4uk >KMCMIIApHUHT YM3HUKIN YI4aMIIapUHU KaTTa aHUKJIUK OWJiaH YioJariaa
UIUTATUITYBYH HOHUYCIIH

Karra s>kucMiapHUHT YM3MKIM ViIYamJIapuHU KaTTa aHUKIWMKAA VYidamiga
UIUTATUIAUTaH HOHUYCIIN

KoBak k1 TeMUKIapHUHT TUaMETPUHU aHUKJIAIIIa UIIIATHIIYBYU

Kuuuk JKucCMIapHUHT YM3UKIW Viidyamjapyd Ba MacCaCUHU TYFpUIAH-TYFPU
YI40BYU

18. Tapo3u HUMA Y4YyH XU3MaT KWjiaau?

*UKKH %KUCM Maccacu €KM OFUPIUTHHY TAKKOCHAII YUYH.

WKk %uCM MaccalapUHUHT HUCOATUHU aHUKJIAIl YUyH

XKucmnapra ep TOMOHUJAH KyHWIraH TOPTULI Ky4r OOCUMHHU aHUKJIAII YUYH .
Te3naHuium cucTeMaliap/ia Macca y3rapuiiHy yadyall y4yH.

19. Tapo3UHUHT Ce3rUPJIUTH €D ........o... TA AUTHIATU?

*[Mannanapugan Oupura Oup Oupnuk (omarma, 1 Mg) KymmMmua 0K KyHUIraH
CTpEJIKaHUHT KaH/ai OypuakKa OFUIITU OWJIaH XapaKTepiaHaIUTraH KaTTaIUKKa
[lammanapHuHr  Xap UWKKajgacura Oup XWwiI OK  KyWWwiIrasjga Tapo3d
CTPEJIKAaCUHUHT Oypaiuiiy Oypuarura

[Tammanapuau MyBO3aHaTIIAI Y9yH OMp Majuiara TalulaHraH TOIl MUKIOPHUTa
[kanacuHUHT OUp OYJIaruHU KUiMaThra

20. IlnkHoMeTp acO600M HMMA YUYH XU3MAT KWJIaau?
*CyIOKIMKIIap Ba KATTUK KUCMIIAPHUHT 3UUJIMTHUHY YT4alll
CyIOKJIMKIApHUHT CUPT TAPAHTIIUK KOA(POUIIMEHTUHH aHUKJIAIIl
CyIOKIUKJIApHUHT ENUITKOKJIUK KOA(DPUIIMSHTUHN aHUKTalll
KarTuk >KMCMIIAPHUHT UCCUKJINK CUFUMUHU aHUKJIAII

21. IlnkHomeTp HUMA?

*Xaxmu cuptura cu® €ku wm® Japaa €3mb KYHWIraH, TeMIieparypa y3rapuiim
OWJIaH XaXXMH JICSPIIH Y3rapMaiaura TypJId IIAKIJIa sSicajiraH IIUTIa WTHIIL.
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Temnepatypa y3rapuinura Kapad XaxMy XxaM MOC paBHIIJIa y3rapud Typajaura,
CUPTHTa XKMH mn® Japja €3u0 KYWHIITaH muiia Koixdaya

WNuura comuHraH CylOKJIUKHU XapopaTHHH OUp Xuiga TyTHUO TYpyBUM KUYUK
XQKMJIU WA UL,

CupTya mKanaiap YM3WIrad Ba CYIOKIUKIAp XaKMUHHU YITHOBYM LIUIIA WML
22. IIcMXpOMETPHHUHT ACOCHI KHCMHM HUMAJIAPAAH TAIIKHWJ ToNraH?
*Kypyk Ba «XyJ» TepMOMETpiapAaH

Tepmometp Ba bopameTpian

HKkknTa TEpMOIIIEMEHTIAH

Hxkuta QoTosnemMeHTIaH

23. KapoOusapHuHr  Kaiichu OMpHIa  CYWOKIMKJIAP  HCCHKJINK
CUTMMJIAPUHHUHT OPTHO OOpHMII TAPTHOMIA TYIPH KypCATHJITaH?

*Cnupt, KEpOCUH, TIUIEPUH,CYB

CyB, ciupT, KEpOCHH,TTIULIEPUH

Kepocun, cniupt, riviepuH,cyB

['muuepuH, CyB, CIUPT, KEPOCUH

24. T'mapocTaTUK TOPTHUII YCYJIWAA KUCMHM 3UYWIMTMHH AHMKJIALI Kaicu
KOHYHI'a aCOCJIaHTaH?

* Apxumen

[Tackanb

Tepocemnn

MoOMEHTIapHUHT TEHTIAITyBH

25. HopmaJj mapour ieranjia HuMa TyuryHujiIajam?

*ArMmocepa xaBocuHUHr Oocumu 760 mMMHza Ba Temmeparypacu 0°C Oynran
IapOUT

ATmochepa xaBocHHHHT Gocumu 760 MMHZI Ba Temmeparypacu 20°C 6yiran
IapOUT

Xasouunr 6ocumu 10° Ila Ba xapoparu 36,7° C 6yiran mapout

XaBonuar 6ocumu 1 MMuz Ba Temmepatypacu 0°C 6¥/IraH mapomT.

26. KaTTHK >KUCMHHUHT CYIOKJIUKKA 00THPraHjia YHUHI HUMACHU y3rapaau?
*Orupiuru

Maccacu.

XaXMH.

Maccacu Ba OFUpJIUTH

27. 7KMCMHHMHI 3MYJMIM Ba COJMIUTHPMA OFUPJMIU reorpadguk
KeHIJIMKJIap 0yiiu4a y3rapagumu?

*3UunK Y3rapMaian, COJUIITUPMA OFUPIINK Y3rapaiu.

3UWIMK Y3rapaju, COJIMILITAPMA OFUPIIMK y3rapMann
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3UYJIUK XaM COJIMIITUPMA OFUPIIUK XaM y3rapMaiiu
3UUUK y3rapMaiiiv, COJIMIITAPMA OFUPIIMK HOJITa TEHT OYITu0 KoJiaau.

28. Jlynéna OupuHYM Oyau0 MuUHepa/LUIap 3HYWIMIHHM aHMKJIAII
YCYJUIAPUHHU UILIA0 YHKKAH?

*bepynuii

Apxumen

Hproton

JIeMOKpHT.

29. ATByl MAIIMHACH HUMAHHU YPraHUIIra UMKOH Oepagu?

* JKucmimapHMHr wirapuiaHMa XapakaTd KHHEMAaTUKacu Ba JIMHAMUKAcH
KOHYHJIApUHHU

KucmnapHuHr (akat SpKUH TN KOHYHJIApUHU

JKrcMiTapHUHT TEKUC XapakaTh KOHYHJIApUHU

KucMmitapHUHT aiijlaHMa XapakaTh JIMHAMHUKAcu KOHYHJIAPUHU

30. ATBya1 MalIMHACHIA TEKHC Te3JIaHYBYAH XapPAKATHHHI KOHYHJIapU Ba
HbIOTOHHMHI MKKUHYHA KOHYHHUHH ... MABKYJIUTH Tyaliim TAaXMUHAH
TeKIIUPHUII MYMKHH.

* MmKataHUII

NnHuHr TapaHTivK Kydu

Ky4yHuHr MOMEHTH

Nuepuysa moMeHTH

31. Tpubomerp ac600M HUMAHN AHUKJIALITAa UMKOH Oepaau?
*CupIanuIll UIIKaJIaHu K03 PGUIMEeHTUHA

Tuny nmkananui ko3¢ OUITUESHTHHA

Jymana6 umkananui KodpPuimeHTHHN

Cupnianu6 xapakariaHaéTraH >KUCMHUHT PEaKIus KyduHH

32. Nuku nmKaJaHUII HUMAJap/aa w3 oepaau?
*CyroKJIMKIap Ba rasznapia

Kartuk xucmnap opacuaa

dakar raznapaa

dakar CyroKJIMKIapaa

33. Tamku MIIKAJAHUII Kaep/aa 103 oepaau?

*bup-6upura Terund xapakaTIaHyBUM KAaTTHK KHCMIIAp Opacua

XaBo Ba CYIOKJIMKHU DPKUH CUPTH OpacHIa

OxkaéTran CyrOKJIMK KaTJlamyIapy opacuja

CyroKiK namuia xapakaTiaHa€TraH KaTTHK KHUCM CUPTH Ba CYIOKJIMK Opacua
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34. 7JKMCMHUHI 3UWINTH eraH/ia HUMA TyIIyHujIaau?

*BUpnuK XaXmra TYFpH KeJTyBUM MaccacH

bupnuk xaxmra TYFpu KeIIyBUH OFUPJIUTH

KucMm XaKMHUHT Maccara Hucbatu

XKucM OFUPIUTMHUHT XaXMIa HUCOAaTH

35. Kyiimaaru :xaBoOJapHUHI Kajlicu OupuAa KATTHK KHCMJap
3UWINKJIAPUHUHT OPTHO OOpPUIIM TAPTHOMAA TYFPH KOMWIAIITHPHITAH?
*[1¥kak, My3, OIII TY3H, YUHHH, IIIHIIA, OIMOC

[Iykak, My3, MIAIIA, YAHHA, OLI TY3H, OJIMOC

My3, nykak, om Ty3u, YWHHH, IIUIIA, OJIMOC

36. Kyiimaaru merajsiap Ba KOTMIIMAJAPHUHT 3UWIMKHA KaMaiiu® Gopuin
TAPTUOUAATH PYHXaTH KaiicH KkaBo0aa Ty¥pu?

*[1naTuHa, Bosb(ppaM, KYpFOIINH, TyIaT, Typ aTFOMAHUAN

Bonbsdpam, KyproumH, rmiaTuHa, myjaaT, T1ypaTiOoMUHHIHI

Kyprommn, Bonbdpam, riatuna, mynar, 1yaatoMUHUN

HypantoMunuii, BojabhpaM, KypFoIluH, IJIaTHHA, ITyIaT

37. JlaGopaTopusi MIULJIAPUHU Oa’kapuiaa 20° TeMIlepaTypa HIApOMTHAA
XaBOHMHI 3UYJIMIH YYYH KaiicH KaBoOJAaru KHUMATHMHHM OJIMIN TYFPH

oynaau (K—i)?
M

*1,205

1,293

0,946
~1

38. Kyiiugaru :kaBoOJapHUHI Kalicu OMpHIa CYIOKJIUKJIAPHUHT KAMH
3UYJIMKHU OPTHO OOpHMINM TAPTHOMAA TYFPH KOMIAIUTHPHITaH?

*CnupT, KAHAKYH)KUT (KacTOp) MOMH, CYB, IIUIEPHH, CUMOO

KanakyHxut Mo, CiupT, CyB, TITUIEPUH, CHMOO

CrnupT, TIMLEPHH, CYB, KAHAKYHKUT MOMHU, CUMOO

39. CyB KaHaaii TeMnepaTypajaa 3HI KHYMK Xa:KMUHM drajuiaigu?
*4°C

0°C

273K

OK

40. Merana OwjiaH MeTAJLI OpacuJard CHPHAHWII HIIKAJAHWII
k03¢ duIHeHTH KalCH )KaB001a TYFPH KYpPCATWITaH?

*0,15-10,20

0,3-04
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0
0,4-0,6

41. Erou 6naan érou opacuaaru CHpPHAHMII MIIKAJAHAII Kod(PuuueHTH
KaiicH skaBo0aa TYrpu KypcaTwiran?

*0,2-0,5

0-0,1

0,6-0,8

0,7-0,75

42. My3 OwjiaH My3 OpacHJaru CHPHAHUII HIIKAJAHUII Ko3(PuuHeHTH
KalCH )KaBo01a TYFPH KypCcaTHJITaH?

*0,028

0,05

0,5

0,1

43. TIynatr mWAPHUHT NYJIaT CHPTAA JAYMAJAIIUAATH MIIKAJAHUIIL
K03 puUIMEeHTH KAlCH KaBo0aa TYFpu?

*5.10" -10"°

10" -107?

10°-10"

0

44. BrokJapHUHT (p.M.K. Kalicu :kaBodaa TYrpu kypcatuiaran(%)?
*04 — 98

50-60

65— 75

0

45. 'mapaB/IMK npeccaapHUHT ().M.K. KAHCH KaB0oOJa TYFPU KYpCATWITaH
(%)?

*80-90

70-80

30-40

0-10

46. Karra émaaru ojataarv OpPHUIIHM JAaBOMHUAA KAHAAl KYBBAT XOCHJI
Kuaaau (Br)?

*60 — 65

10-20

30-40

150 — 200
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47. ATBY] MallIMHACU/IA YJIEKTPOMArHUT HUMA Ba3udanu yramam?

*biiok opKajau YTKa3wiraH Uil ydjapuaard IOKJIapHu OMpUHU TYTHO TYpHUII Ba
TapuOaHy OolIanra UMKOH SpaTUIl

CucremMa xapakaTHHU TabMUHJIAMI.

Ouuirad OKJIApHA XapaKaTUHU CEKUHIAIITUPUII

Wnra ocu6 6JI0K OpKaIy TallJIaHTaH FOKJIAPHHA SPKUH TYIIAIIAHA TaAbMUHIIAIT

48. MaTteMaTHK MAasgTHHK €0 HUMara amruiaagu?

*Uy3unMaliaurad, Ba3HA XucoOra OJMHMAWIUTraH WITra OCHITaH MOJIUI
HyKTara

YUysunmanaurad, Ba3HCU3, UITa OCWJITAH Xap KaHJIal KUCMra

AiinaHui YKy OFUPJIMK MapKa3u OpKaJIM YyTMaral UXTUEPUN Maccallu )KUCMIa
MKkuTa unra ocwiIrad yKJju FUIUpaKka

49. MareMaTUK MASITHMK €épaaMuaa ep TOPTHII KY4Yd Te3JAHUIIHU
AHMKJIAII YYYH KaicH xxkaBooaaru ¢popmysia ypuniau oyaaau?
x..  Ar?l

=

3 27

T

_47r2|

T

50. MaTtemMaTHK MAITHUKHUHI TeOpPaHUII JaBPU Kalicu kaBodaa TYFpu
KYpCcaTHJIraHn?
I

*T =27 |—
g
|2

T=4r ?
|2

T=2x1|—
g

g
51. HNmkananum ko3¢GuuueHTHHM (M)aHMKJIAIITa HMKOH OepyB4YH
¢opmyia Kaiicu :kaBod1a TYFpU KypcaTujiaran?
Foue- MIIKamanui kyuu; N — HopMmai Kyd
x y_Fue

N
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#=F—

u=N.F,_.
u=N-01F

52. IIyaaT mwapJaapHUHT YPWIMIIH 3JIACTHK YPUIMILIAP CHPACUTa KUPAIN.
YyHKH...

*Ypunuiia sHeprus anMaIIMHYBYH JIepiu Oyamaiiau

Ypuiui MapKazui ypUIALLIUD

DHeprus alMallvHyBU pyi Oepanu

IToreHuman 3Heprysi KWHETUK SHEPTUsTra aujIaHaIu.

53. ®u3nkaga TYKHAIIUII HKKH éKH YHIAH KYNPOK KMCMJIAPHM....

*)XKyna Kkucka BakT MUUAaru y3apo TabCUPUIUD

bup-6uposura 6eBocuTa KeIMO ypHUIAIIUAND

bup-6upoBrra KUpUIIUIIUAUD

yHanumenM  y3rapTHpMaciaH  Oup-OGMpOBHra Kenmb YPHIMIIM — Xamja
COUMJTUIIU NP

54. lllapaapHUHT YPUJIMIIN MAPKA3Uil YPUJIMIIUIUAP, YYHKH ....

*Ypuuill TabCUp YM3UFU MKKAJIa I1ap MapKa3WHU TYTAIITUPYBYU YU3HUK OUJIaH
yCTMAa-yCT TYLIAJAU

Tabcup naiTuaa MapIapHUHT MapKas3iapyu OUpXui Macodara CUIHKUIIN.
Tapcup mnaWTHIAa WKKajga [MIApPJApHUHT MapkKasjapd XaM Y3 KOWUWHHU
y3rapTupManiy.

[Mapnap TYKHaIITaHUAAH CYHT XaM JAcTIa0KH XapakaT HyHAIMIUIAPUHA J1aBOM
ATTUPATUIIAP

55. MaxoBHKJIM FUJIUPAK JeraHIa HUMAHU TYITyHWJIaau?

* AisTaHuIn YKUTa 3ra 0yJiran oFup JIUCK

Alinanum YKU 3pKUH OYJIraH FUIIIUpaK

NxTuépuii Yk arpoduaa aillaHuim MyMKHAH OYJIraH MacCUB KATTUK >KHCM
Alinanuin YKura sra OyJirad map

56. JlaGopaTopusi MIIKWAA MAXOBUKJM FUWIAMPAKHHM HHEPUHUST MOMEHTH
Kaiicu kaBo0aa popmyna opkanau tonmuwinaau? M — FIIIMPAKHM Maccacu,
hi, h, — OKHE TYIIHID Ba KyTapHII 0AJaHIJIHKIAPH, XapaKaT BaKTH.

h
* 2 2 2
y=mr?l gt* ——2—— j
|: hl(hl+h2)
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1
7=Emr2(h1_h2)

57. O0epOeKHUHI XOYCHMMOH MASITHUIM HHMMaHH VPraHuiura HMKOH
Ooepagu?

*KarTuk sxucmitap aitlaHMa XapakaTtu JUHAMUKAcH KOHYHJIapH

KarTuk s)xucmiap uiarapuiaHMa XxapakaTtd JUHAMUKACH KOHYHJIapUHU

Kartuk sxucmmap TebpaHnMa xapkaTu JMHAMUKAcH KodDPuImeHTn

KaTTuk uCMHU ailllaHMa XapakaTuaa ............. TE3JIAHULLINHU

58. AilslanMa xapakaT JUHAMUKACUHUHT OJIMI TeHIJIaMacH Kaiicu :kaBooaa
TYFpU KypcaTwiran? M-Ky4 MOMEHTH; Y — HHEpUMA] MOMEHTH; & -
Oypyak Te3JaHUIIN M — Macca V- TE3ITHUK

*u=Ve

M =mr’w

M =Y(s+9)
Y

59. O0epOeKHMHT XOYCHMOH MOSITHMTH XOYHMHHUHI CTep:KeHjapu 0yiiaad
MapKa3JaH Y30KJIAIIMIINAA CHCTEMAHUHI WHEPUMS MOMEHTH KaHIal
y3rapaamu?

*Omaau

Kamasiou

§’3rapMa171,711/1

Honra aiinanaau

60. I'upockon 1e6 HUMara ainTuaaan?

*Y3UHUHT cUMMepHs YK1 aTpo(u/Ia Te3 ailaHaIuraH KaTTUK KHCMIa
V3unuHT cuMMepHs VKU aTpoduna TeGpaHuG TypyBUHM KHCMTa
V3uHKHT cuMMepHs YKI aTpoduaa MyBO3aHATAA TYPYBUH KHCMIa
Ofup nucKra sra Xap KaHaai MexaHu3mra

61. I'upockonjap HUMa YUYYH XU3MAT KWIaau?

*Y3yBunm Ba Cy3yBYM ammapariapja TeOpaHWIUIIapHU  KaMaTupuo,
MYBO3aHATHU F03ara KeJITUPHUII YIYH

Y3yBuM anmnapariiapja KyTapuil KyduHU XOCUJI KWINII Y4yH

YuyBuM anmnapamiap KyHULLIWHA TabMUHIIALI

Cy3yBuH anmnapatjiapHi 4yKMACJIUTUHU TabMUHJIAI

62. DaacTuxkauk Hazapusicuaa jAedopmanus ed0 TAMIKUA Ky4Jap
TabCUPH/A...

*Kartuk JKucM  3appajapuHUHT  HHCOWM SKOWJANIyBUIArd Xap KaHjal
Yy3rapuiira anTuiiaan
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KaTTuk >xucMHU XaQ)KMUHU Y3rapuiiira anTuiaaan

KaTTuk >KHUCMHU YM3HUKIM YiI4aMJapuHU KaTTalallyBUra €Kd KUCKapHUIIUTa
aliTraau’?

KaTTuk >xucm 3appaiapyuHUHT 3U4JIaITHO KOJTHUIIHM X0UCacura auTHIIa Iu.

63. IlnacTUKAHMHT TUJIHIIUAAH JJIACTHKIUK MOAYJIUHM (&) AHMKJIALIAA
Kaiicu popmyaanan doiigananunagm?
p -IUIACTHKAra OCWIraH K orupjaurd, L — miacruka KYHMWIraH
npusmaJjiap opacuaaru macoga, a,B — MOC paBHIIIA IJIACTHHKAHUHI JHHU Ba
KAJMHJINTH, O-IVIACTUHKAHU IOK OCHJITAaH HYKTAaCMHHM JacTJa0KM Ba
OXMPI'H X0J1aTJIApH opacuaaru macoga

*E _ PL®
4a6®d
P
E =
ag®d
3
E_PL
4
2
E_ PL3
2a6°0

64. AGCOJIIOT KATTHK KHCM €0 .... ra aHTHJIAIU.

*Tamku Kyujiapu Tabcupuaa aedopmanusara yapamanuras KucMiapra

Tamku Kywiap Tabcupw OyiaraHuga XaM XaKMHHH cakjiad KoJaJaura
KUCMmapra

Tamku Kywirap TabCHUp OTraHuja XaMm Y3 IIaKJIWHA cakjad KoJIaJuraH
KUCMmapra

Xap KaHJal KaTTUK )KHUCMJIapra

65. Kyiiugaru xaBo0JapHUHT Kaiicu OMpPH NyJaaT yYyH OHT MOIYJITUTUP
(I'la)

*200 — 220

70-80

100 - 120

110 -130

66. ®u3nKk MaATHUK HUMA?

* AWJTaHUTI VKU OFUPIIMK MapKa3uJaH yTMaraH Xap KaHaai KaTTHK KICM
AWaHnII YKU OFUPJIMK MapKa3uJaH yTraH JUCK

Orupauk MapKa3u BaKT YTUIN OuUJiaH y3rapud TypyBYH CHCTEMA
Uy3nimalurad unra O4WIrad Xap KaHaam KaTTUK KUCM

6/. ®uU3UK MAATHUKHUHI KHYHK AaMIUVINTyAa OWjiaH TeOpaHMIIMAA
Teopanu aaBpu (T) popmynacu kaiicu :kaBodaa Tyrpu kypcaTuaran? L —
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KEeJTHPWITaH y3YHJIHK. M — MasiTHUK Maccacu a — MasiTHUKHU OFUPJIMK
MapKa3 OWJIaH ailJlaHMII YKUra Mmacoga

) e
Mga
T=2x L
g
T=2n L
La
To |1
2 L
g

68. ®du3uK MAATHUKHUHT KeJTHPWITaH Y3YHJIUIH 1e0 ...

*Xynou wyHnad  gaBp OuiaH  TeOpaHaéTraH MaTeMaTHK MAasSTHUKHHHT
Y3YHJIIUIUIa anTuiIagu

Xynau umiyHAailk dacrota OuiaH TeOpaHa€TraH MaTeMaTHK MasTHUKHUHT
Y3YHIIUIUIa anTuiIagu

JlaBpuii yactota Oup Xui OyJiraH MaTeEMaTUK MASITHUK y3YHJIUTUTa Al THIIau
[Ty MasiTHUKHUHT JUCKUHUHT PAaIlyCUTra TEHT KATTAIMKKA auTUIaau

69. llTeiinep TeopemMacu Terunuid Kaiicu dgopmyJa épaamuaa ailaHum
VKU OFMPJIMK MapKa3uIaH a Macodaaa :KOUJIAMTIAH sKUCMHUHT Y MHEPIUsA
MOMEHTH AHMbLIAHAAM. Y — alJIAHUII VKU OFMPJIMK MAapKa3sHIaH yTraH
JKMCM YYYH MHepUHus MOMeHTH. M — sKucM Maccacu.

*Y =Y, + ma®

Y =Y, +ma
Y=o
Ma?
Y
Y=Y, +—2%
° Ma?

70. Opauii TOBYNLIAPHUHT TeOPAaHUII YACTOTAJIAPH HWHTEPBAJIM Kaiicu
KaB00Ja TYFPH KYypPCaTHJITaH (TL)

*20 —20000

0-20

2-10* -2-10°

10° —-10"

71. I'unepToBYNIJIADHUHI TeOPAHMII YACTOTAJAPM HWHTEPBAJIU Kaiicu
sKaBo0/1a TYFPH KYpCaTHITaH?

*109 _1013
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20-2-10"
0-20
2:10-4-2-10°

72. ToByll TYJKHHJAPU CHEKTPH TAPTHOM YACTOTAHH KaMaiim® OGopuiIu
Oyiin4ya Kaicu »aBo0Ja TYrpu KypcaTuwiran?

*['unepToByILIap, yITPATOBYILIAP, OJIUI TOBYNILIAp, HHPPATOBYILILIAP
WudpatoBymmap, ofauil TOByILIap,yIsTPaTOBYIILIAp, TUIIEPTOBYIILIAD

Opnuit TOByILIAp, yIBTPATOBYIILIAP, TUIIEPTOBYIILIAP, UH(PPATOBYIILIAD

Y npTpaToByILIAp, OAIUIN TOBYILIAp, TUIIEPTOBYILIAP, HH(GPATOBYIILIAD

/3. YJIbTPaTOBYLLIAP YACTOTAJAPM HHTEPBAJIM KaiicH KaBoOaa TYFpu
KypcaTujiaran?
*2.10* -2-10°

0.
10% -10°
20-2-10*

74. 20°C TemmepaTypajiM XaBoaa TOBYUIHMHI TAPKAJIHMII Te3IHCH KaHYa
(m/¢)?
*343,1
3315

360
3-10°

/5. TOBYIIHUHT TAPKAJHWII Te3JUIrd KamMaiiud Oopuim taprudmuaa é3uiaran
JKaBOOJIApAAH TYFPUCHMHHM KYPCATHHI

*KAaTTUK )KUCMIIap/a, CYIOKJIUKIapAaa, ra3iapaa

Karruk xucmnappa, rasiapaa, CyroKIHKIapaa

Cyroxmknap/a, ra3iapaa, KaTTUK )KucMiapaa

I"aznapna, CyroKIuKIapaa, KaTTUK XKUCMIapaa

76. Jlaboparopusi KypujiMajaapuaa TOBYHI XOCHJ KuiIu® OepyBYu
MaHOaJ1ap HOMHHM KYPCATHHT

*KamepToH, TOByII reHepaTopu

MeTtpoHOM, TOBYII T€HEPATOPHU

Yacromep, KaMEPTOH

Yacromep, TOBYIII FeHEPATOPU

/7. A30T, KHCJIOPOA, CYB MOJIEKYJAJAPUHUHT JMAMETPJIAPH TaAPTHOU
Kalicu )kaBo01a TYFpu KypcaTuiran? (HM)

*0,30

0,50
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1

2,3

78. Bogopoa Ba KHUCJIOPOA MOJIEKYJIAJTAPUHUHT HOPMAJI IIAPOUT/AA XapaKaT
Te3JIMKJIAPHU KAKCH KaB001a TYFPU KypcaTujiran?

*1693,425

425,1693

340,340

3.10°,3.10°

79. XaBo MoOJIeKYJAaCHHMHI HOpMaJ atMocdepa 6ocumMu Ba 20°C xapopar
IIAPOUTH YPTa4a IPKHUH IOTYPHII HyJn KaH4Ya? (HM)

62

0

30

50

80. ITcuxpoMeTPHHUHT aCOCUIl KHCMH HUMAJIAPAAH TAIIKWI TONIaH?
*Kypyk Ba «Xyi»» TepMOMETpIapiaH

Tepmometp Ba GopameTpian

HKkknTa TEpMOIIIEMEHTIAH

Hkkuta hoTo3neMeHTaIaH

81. JKaBoOusapHuHr  Kaiichu OMpHIa  CYWKIMKJIAP  HCCHKJIHNK
CUTMMJIAPUHUHT OPTHO OOpHMII TAPTUOMIA TYTPH KYPCATWITAH?

*CnupT, KEpOCHH, TIUIEPUH, CYB

CyB, ciupT, KEPOCHH, TIULIEPUH

Kepocun, cnupt, riuuepuH, CyB

['muuepun, cyB, CIUPT, KEPOCUH

82. JKapoOsapHuHr Kaiicu OupHAa AJIOMHUHUIHMHT COJHIITHPMA
HCCHUKJIMK CHTMMHUIAa MOC KeJIyBYM pakaM MaB:xky/a?(kx/M.K)

*0,15; 0,92;0,46

0,15;0,46;0,54

0,15;0,46;0,13

0,54,0,46;0,13

84. TeMMPHUHI 4YM3HKJIU KeHraiium TepMUK KodpduiueHTH Kaiicu
skaBoOaa Tyrpu Kypcatuiaran? (1/K)

*2.10°°

23

14

2,4
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85. CyB y4yH XakM KeHraium ko3(@uiuueHTH MUKIOPU KaiicH kaBodjaa
TyFpu kypcaTuiaran?(1\K)

*2.10°

2.10°

2.10°

2.10°°

86. CyB YYyH COJMINTHPMA OYFJIAHUII HCCUKINTH (KK\KI') HOPMAJI IAPOUT
YUYH KalicH :kaBo0Ja TYFpu KypcaTWwiran?

*2500

2256

0

2453

87. Kaiicm :kaBo0aa CYIOKJIUKJIAPHUHT HOMJIAPM CHPT TAapPaHIJIMK
k03¢ punueHTHHA OPTUO OOPHUIIH TAPTUOMIA KOMTAINTHPHUITaH?

*3¢up, CIUpT, KEPOCUH, TJIUIIEPUH, CYB, CHUMOO

Crnupt,3up, KEpOCHH, MNIULEPHH, CYB, CHMOO

KepocwuH, 3¢up, ciupt, riamuepuH, cyB, CAMOO

Cumo0, rmuuepuH, 3pup, CupT, CyB, KEPOCUH

88. DpuTMaHMHI  CHPT TApPaHIJIHMK  KOIQ(PUUMEHTHHH  IPUTMA
KOHIEHTPAIMSCH Ba TeMIlepaTypacura OOFIMKJIMIMHHA AHMKJIAIl YYYH
KaHJAai ycy/JaaH (pOMIATAHUII IHT KAM XATOJMK OUJIAH MIIHHU 0a’Kapuira
UMKOH Oepaau?

*Pebunop

Croxkc

Tomun

XQJIKaHUHT y3yJIUIIN

89. IlyapuHr Hykracu 1e0 HMMAra aiTWIAAW Ba Iy HYKTAHM TONMINIa
ACOCJIAHTaH AaCOOOHMHI HOMM KaiicH ka00BJa TYFPU KypcaTuJran?
*XaBojaru cyB Oyru TYHMHAAUTaHaru TeMIeparypara, TAirpoMeTp

XaBojaru cyB Oyru KOJIMalUrad TeMieparypara, THrpOMETp

XaBojaru cyB OyFu COBYTHJIAETTaH OUpOp cUpTra YTupuO KOHAEHcallusiaHa
OolIaiiiuraniaru TeMIepaTypara,liCuxpomMeTp

XaBojaru cyB Oyru TyiimHa OonuiaraHjjaru TeMieparypara, ICuXpoMeTp

90. Opam ¥3uHM HOpMaJ XHC OJSTHIIM YYYH XABOHUHI HUCOHIA
HAMJIMTUKAHAai 0yaumu kepak? (%)

*40-60

0-10

20-30
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80-90

91. T'a3z OOCHMMHHMHI TepMHK KOI(PPUIHEHTHHH AHUKJAIM OyiH4a
Jaboparopusi HMIIMAA HILUIATHJIAAUIAH acOOOHHUHI acoCHil KHCMJIApH
HUMAaJIapAaH noopar?

*["a3 TepMOMETpH, KEHTI METaJT UAMII, KaltHATWIraH acb00, MKKUTa TEPMOMETP

["a3 TepMOMETpH, UKKUTA IPUXPOMETP, KOJIOA

["a3 TepMOMeTpH, UKKHTA TUTPOMETP, KOJI0a

["a3 TepMoOMeTpH, TEPMOAIIEMEHT, BUCKOZUMETP

92. XaBOHHUHT a0COTIOT HAMJIMIY JIeTaH/a HUMAHU TYIIYHHMII Kepak?

*1M° XaBOJaru CyB OYFUHUHI rpaMMIIap OHIaH XUCOONAHAINIaH MUKIOPUTa
1M° xaBozaru cyB GyFu MUKIOPUHI XaBOHUHT 3UIIATUra HUCOATHHH

XaBo TapkuOugaru cyB Oyru MUKJIOPUHHU XaBO Maccacura HUICOATUHU
XaBOHHHT OepwiradH Ttemmeparypajard suamruaxn 0°C  TeMieparypajard
3UYJIUTUTa HUCOATUHU

93. Kanuisip BUCKO3MMeTP ac000M HUMA MaKCaJ/1a MILIaTHaaau?
*CyIOKJIMKIApHUHT MUKH UIIKAJaHUII KO3(PPUIUEHTUHN aHUKJIAIll yYyH
CyIOKJIHKIapHUHT CUPT TAPAHTIIMK KOA(P(OUIIMEHTHHH aHUKJIAIl YYyH
CyIOKJIMKIapHUHT KaMWUISp Haiuanap Oyilyiad OKUII TE€3JIMIM aHUKJIAall YUyH
CyIOKJIMKIapHUHT Kanwulsp Haiyanap Oyiynad kyTapwivin OallaHJIMTUHA
aHUKJIall YYyH

94. Kymnanu tyagupunr: bpayn 3appacu 0y yauamiaapu (amamerpw).....
TapTUONAA OYyJIraH 3appajapamp.

*10°cm

10%cm

2-3cm

10%cm

95. JlaGoparopusi ummM OakapuiaraHjaa CYBHHUHI CHPT TapaHIVIUK
kodppuumentn 0°C Temmeparypa mapoutnaa 65,6 mH\m 6yiu6
yukau. Taxkpudaga OJMHraH HATHXKAAA KAABAJIATHra HUCOATaH KaHJAAal
a0CoJIIOT XaTOJIMKKA MY/ KyHHIran?

*10mH\M xam

10MH\M Kyt

Xarora nyn KyduiMaras

5 H\m k¥

96. CyBHHUHT CHPT TapaHINIMK Ko3(Q(duiuueHTH TeMnepaTypacuHUHT
opTUIIM OMJIaH KaHJal y3rapaau?

*kamMagau

Opraau
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§’3rapMaI?mH
50°C rada opTam,cyHrpa KaMasiin

97. Ctokc ycyauaa CYIOKJIMKHUHI HYKH HIIKAJAHUI KO3I()PUUUEHTHHHU
AHMKJIANIA CYIOKJIMKKA KHYUK MeTAJJ IIapyajap TallIaHaIu.
HIapuyanuHr paanycuHu Kanaam ac000 épaammnaa aHUKJIAI MYMKUH?
*Mukpometp

Mukpockon

[HITaHreHIUPKYIIb

Cdepomerp

98. ApajamTupuin ycyJu OHJIAHKATTHK SKHCMJIAPHMHI COJMINTHPMA
HCCUKJUK CcuruMH aHukjJIaHaaun. Taxpuba pgaBomuga Ttemup,’ke3 Ba
AJIOMHUHUA HAMYHAJIAPpU/IAH doiinananuaanu, Taxkpudana KATTHK
JKUCMJUIAPHMHI KAWCH OMPMHU COJMIITHPMA MCCHKJIMK CUFUMM 3HI KATTa
0yIu0 yMKaam.

* AIIIOMHUHHHN

Temup

Kes

XaMMacCUHUKH OUp XU

99. MouJekyJsip ¢pusukagad 6ab3u JadopaTopus HUILIAPUHH OaKapuiaa
XOHAAArM XAaBOHMHrOocuMuUHM Owaumra tyrpu kejgaau.lllynpa kaiicu
acOo0xaH ¢oiigamanunagu?

*GapomeTp

bypnion manomerpu

Tupcaknu MmaHoMeTp

bypnon manomerpu Tupcakiu MaHOMETP

100. MeTta/sIapHMHT YHU3UKJIM KeHraimm ko3(p@PUuMeHTHHH AHMKJAIIa
Iy MeTAJIJI CTepKeHH KailHa0 TypraH cyB HYH/Ia TYTHO TYPHJIHMIIU Kepak.
Huma cabadaan?

*kaliHaO TypraH CyBHUHT TeMIlepaTypacH y3rapmac Oyiaau

XucMmmapHUHT COJMUINTHPMA WCCHKIMK CHFUMHHHM (akaT CyBHH KaWHaI
TEeMITepaTypacH MapOUTHIATH YI9aml MyMKHH

ConumrTupMa HMCCHKIMK CHFUMH (akaT CYBHM KaWHAIIl TeMIepaTypacHaa
XaKUKUN YUKagu

CyBHUHT KaifHaIll TeMIIepaTypacua >KMCM SHT KaTTa MUKIOPTa Yy3uiaau
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XVYJI0CA

byrynru kynra kenu® gusnka YKATHII CUCTEMacu YMyMHUH XOJJa Ky
SXIIM YPraHuirad, YHUHT TYpJiu Xuil Kiaccupukanusiapy Takind KUIMHTaH,
VKYB MalIFyJOTJIAPUHU YTKA3UII METOAVMHUHT YMYMHI Ba XyCyCHIl IIaKJIJIapH,
allHMKca VYKyBUMJIap MYCTaKWil TabJIMMUHU TalKWI KWAJIUII IIapTiapu
aHukKJaHraH. @u3Mka YKATYBYMCH OJAMra Kylwiaguran Tanad ¢(aonusTt
JAaBOMUJA TYpJId NMEJAroruk METOMJIapHU Y3 JKoluaa OKHIIOHA (oiiiamaHuil Ba
muagaT OwiaH puBOXIAaHMO KemaérraH ¢u3uka (paHu IOTYKIapUHH VKYB
*apa€Hura oiaud KUPUII Y4YyH WHHOBALMOH TNEJaroruk TEXHOJIOTHsUIAp Ba
ax00pOT KOMMYHHMKAIIMOH TEXHOJIOTUSIJIAPHU, ITYHUHTIEK YeT TUJJIAPUHU SIXIIN
V3namrtupuinigad  ubopar Oynumum  kepak. by aca kacOuit OwiuM  Ba
MajakajJapHU MyHTa3aM OupuoO OOopuIltHU Tanad KUiiaau.

KacOuit OwnuMm Ba ManakajJapHu OINUPHINIA Typiau MaHOamapaan
doitnananu 3apyp.

daH YKUTYBUYNCHHHHT WJIMHU-TIEIArOruK (HaOJUSATHUHH O0axO0JIOBUM HHT
MyXUM Kypcarrud Oy - YKyBUM Y3JIaIITUPraH OWIMMIIAp XaKMH Ba YJIapHH
amania KyJjaai OMInil Majlakacl MUKI0pU OuiaH yimuaHaiau. by ymdoB(Me30H)-
VKyBUMHUHT abjo Oaxocu ¢Exku (¢daH oJuMMIMagagapu Ba TaHJIOBIApAa
FOJIUOJUTH, SHTM OWJIMMIIAp acocujia Makoia €ku Takiaudiaap Ba XyJocajiap
yuKapuiiu, GuankaBuii ac000-yCcKyHanap sipatuin Oyiuya jonuxanap Takiaud
KWINIIHA KaOu I0TyK1ap OuiaH udoaanaHaiu.
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Pusuk KaTTaJduRJaap

1. DJIeKTPOHJIAPHUHT METAJIJIap Ba KOTUIIMAJIAPJAH YUKUII UIlH, 5B,

Boadgpam ... 4,5 | Kymynr ......c.oooeennen. 4,74

WHCB 1,6 | JIutuit ...l 2.4

WAHTX i 2,63 Harpuif ..........ccoooveiinnniil 2,3

Pt + Cb 1,40 | Kamuit ..., 2,0

IImaThHA ... 5,3 (01 1 S 1,9
3. Acocuii (pu3uk noumuiinap

@DU3MK KaTTaJIuKIap

CoH kuiiMatu

['paBuTanon noummui

6,67-10™ H - m/kr

1 MOJIJaru MOJICKYJIaJlap COHH ABaraz[po
COHH

6,02-10% wmon-1

Hopman mapoutnapga 1
Ta3HUHT MOJIAp XaKMu B

KMOJ HIean

22.4-10-3 m>/Mon

YHuBepcain ra3 goumuiicu, P

8,31 JK/(mon'K)

boabiman noumuiicu, K

1,38:10% XK/K

®dapajeii conu, O

9,65-10% Ki/mon

Credan-bonbiman qonmuiicu

5,67-10° Br/(M° k)"

IInmank noummuiicu

6,62-10™* x/c

DJIEKTPOHHUHT 3apsiay, 3

1,6:10" kn

SJ'ICKTPOHHI/IHF THHY XOJIaTgaru Mmaccacu

9,11-10% kr =5,49-10-4 m.a.6.

HpOTOHHI/IHF THHY XOoJIaTgaru Mmaccacu

1,672:10%" kr = 1,00759 m.a.6.

HeWtpoHHUHT THHY XOJlaTAaru Maccacu

1,675 kr = 1,00899 m.a.6.

EpyFIuKHUHT BaKyyMra TapKaJIMILI TE3IUTH

3-10% m/c

®OUJATTAHUJIITAH ATABUETJIAP

Foydalanilgan asosiy darsliklar va o’quv qo’llanmalar ro’yxati
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