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1506. CuilpakJATHPUIraH FasJAPHART MOJIEKYJIApP-KHHETHK
xoccanapy, Baxyym Xocu1 KHITHIIHHHT 4COCHI HA3apHIACH.

Onatna BakyyMm [OeraHja TrasnapHHHr atMocdepa OGocHMMAaH macT
GocuMnapaary xonati TymyHunand. JIexuH GH3MK HyKTau HasapAaH BakKyyM
CHHPAKNAWTHPHITAH Ta3HUHT CHAT XUXaTAaH JHrH XyCyCHATIApPHH HaMOEH
Kuna Gomnammpan Gounasany, Macanas, ra3 GocHMH Kamas GopHmi Ouna
YHHHT HCCHKIMK YTKasyBYAHJIMK KO3(HUMeHTH mactiab ysrapmaii Konamd,
KeHHHYaniK MabnyM 6up 6ockMaan Gomrab 6ocuMra MpoONoOpUHOHAT PaBHILIA
y3rapa Gomnaiigu. I'asHuHr 6y AHIH X0NATHra BAKyyM JeHHIaNH.

Xap Kkaupaif cupTnap GunaH yerapanaHrad (aso GeBocHTa Xakmza EKd
CUpTTa ancopbuusianraH GOFNaHrad raiapaa GHpop MHKIOPAArH 3pKHH ras
MHKIOpHra sra Gynamd. AmcopbuusanaHraH ras sappayanapd CHPTAaH AEBOp
Matepuanura  anddysusnaHagu(agcopblMaNTaHany) Ba  YHHHT  H9YHAA
XapaKaTIaHHIK MYMKHH. MyBo3zaHar XoJlaTHaa 3PKHH ras
MoJNeKyJsanapu(aroMnaps) ancopOUMsIaHraH XonaTaa TeckapH  kapaéHaa
JiecopOuMsaHaéTTaH 3appayanap GHiaH MyBO3aHAT X0J1aTHAA GYTamH.

1.1. CucreMann TepMOAHHAMHK 0A€H 3THUIHHHT ACOCHI TYIIYHYATAPH
Ba TacaBBYpJapi. MoJieK/1Sp KHHETHK Ha3apHSHHHT ACOCHH TEHrIaMacH.,

TepMonuHaMuKana QH3HK AMCM YPraHHII 0ObeKTH XHCOGIaHami Ba YHra
cuctema ne6 roputhnand. AKCapHAT XOIapaa TEPMOAMHAMHK CHCTEMAHMHI
HCCHKJIHK 11e6 aTanmyBun XONaTHHH MyBO3aHAaTIH 6ochM Xapaktepnaiimu. By P
Gocum atpod) MyXMTAAarM KHCMIAp TAbCHPHra, CHCTEMA MACCACHTa, YHHHT
XaKMH Ba Xapoparura Gormukanp. P,V T kaTTanuknap cHcTemMa nmapameTpaapi
xucobnananu. IlyHnaii kamuG, TemmepaTypa Ba OOCHM JKHCM HCCHKITHK
XONATHHH aHHKJIOBYM NMapaMeTprap XHcoGaHamH.

Taxpnbana Xankapo amanuii Temmeparypa WKanackmad (oiIataHmwmo,
yHRa Temmeparypa Llenscuit éxu Kenssun rpazycnapuna Vmuanamn. Lenscuit
mKanacH GyifMua MysHMHT opHm  TeMmepaTypacH (cyBHMHT  My3mam
Temneparypacu) 0°S, cyBHUHT Kaiinaw Temnepartypack aca 100°C.

XBT cucremacuna Gocum Hi/nd (TMackan) napma ammknauus, CIC
OupmMKNap cucTemacuma  oum/ew’ napaa Ynuavaau (I Pa=10 duu/cu’).
Axcapusr Xonnapaa 60cHm Hopman atmocepanapna (afm) Ba 1 MM, cin, YCT.
JIapuzia YmaaHan:

larn=101325 Pa, I mm. cum. yer. =133,322 Pa

Bapua xucMnapu Gup Xum Xonamiapra sra chucTeManapra GMp xumHCIR



cucreManap e6 IopUTHITAH.

TepMOOHHAMHMK CHCTEMANAPHUHT OWp JKHUHCIM  Aedunanu. Monpanap
arperaT XONAaTNApHHUHT TYpIM KYpPHHHUIIApHra Kypa ras, CyIOK Ba KaTTHK
thazanapuma MaBXy OYIHIIN MyMKHH.

Xap KaHpail MOANAHMHr yd4 arperar XONATTWAAH 3HI COANACH YHHMHI
rascUMOH XOJIATHAHpP, YyHKH Oy XoJnaTga MONeKyjanap OpacHpard ¥3apo
TABCHP KyuNapH d>KyAa KMYMK Oynu6 ynapHu Oab3u Xolapaa yMyMaH
sbTHOOpra onMaciuk Mymkun. Iy cababmu Momexymsp ¢usukaHu 6aéH
KWIMWHA OW3 rasNapHUHTYMyMHil XOCCANIapMHM YpraHMImaH GolmaiiMmus.
Bynna 6u3 pactiab Monexynanapapo Ky4iapHH Ba MOJIEKYJIANapHUHT XyCyCHI
XakMuapuHd  (Yiyamnapuau) xpcobra  onMaiMM3, ABHM TasHU  y3apo
TabCUpNAIUMAMANrad MOAAMI HyKTanap Tyruiamu ne® onamms. ByHnait rasra
Hyean ra3 ne6 IpUTHIANH.

IOkopupa aiTHO yTHaraHMnex raz XONaTMHM AaHWKJIOBYH acocHi
napaMeTpiapAaH OupH yHMHr Gocumumup. UyHKH ra3 y3u Typrad HaWII
nesopnapura Gocim Gepuir xoccacw GHaH Y3MHHHT MaBXyITUTHHM HaMOEH
Kwiagd. T'asHMar  uwgum  gesopnapura  Oepaguran  Gocumm  ras
MOJIeKyNaNlapMHHHT MOMII JEBOP/IapH OWiIaH YEeKCH3 ¥3ap0 TYKHAIlyBnIapH
HaTHxXacHaup. I'apun Xap Gup amoxuja ONHHTaH TYKHAIIYB BaKTHAA AEBOP
MojieKynanapi OunaH y3apo Tabcup Kydiapd HOMawniayM Oyica Xam, rasHHHI
Gapua MoneKynanapuHu GUPraNMKAA TABCHP KWIrAHZArH YpTaya KyuyHHU Ba Y
OpKanmnapura GepanuraH GOCHMHHH aHMKIAWl MYMKHMH. Monekynsp KHHEeTHK
Ha3apus uaean raanapHUHr GocuMK yuyH Kyiuaard ndonanu Gepamu:

p=§nml.§’ 1.1)

Oy epna my — MOJNIEKYJaHHHI MaccacH, N — XaiM GMPJIMrHAArd MoneKynanap
COHM, +/J* - ra3 MOJIEKyIANaPMHHHT YpTaua kBagpaTiK Teamry. (1) udonasusr
YHT TOMOHMHH MKKHMra KynaiTipu6 Ba 6yym6 KyHHmaruH onamus;

2 m3?
p= T (1.2)
my9?
dopmynanaru —°2f~— - KATTAIHK OMTTa ra3 MoJeKyJaCHHHHT YpTaya KHHETHK

SHeprusicuHu Gunaupann. demak, uaean rasHUHr GOCHMH XaXM GUpmMrupard
ra3 MOJIEKYJIalapi KHHETHK SHEPrHsiICHHHHI YYaH MKKH KUCMUra TeHr KaH.

(1.1) Tenrnama KymMHYA Mpeanm rasnap MOEKYNAP KHHETHK Ha3apUsCHHUHT
acocuit TeHramMacu aed ropuTHIay.



IMlysu Tankuinab yTHIm JO3MUMKH, ra3 GOCHMH Ta3HHHT KYII COHTArd
MOJIEKyTANIAD/IAH TAIIKWI TONTAHIHTH GHtas GOFIMK Oynras, yHH 6y Ty HIHTHIa
XapakTepyioBuM, GeBocHTa TaXpubama YaHaHAOWraH CTAaTHCTHK MabHOra osra
6yaran Makpockonuk Karramukaup. Iy ca6abmu, 6Up éxu Gup Heya MOJIeKyIa
XOCHJI KUNraH 60CHM XaKuja raldpHIl MabHOra 3ra 3Mac.

T'a3 XomaTumar¥ MONAHHHI XOCcanapdl, aliHHKca XKynaa Karra 60cuM Ba
YHYA KHYuK GY/IMaraH TemmepaTypanapia aHya ojmmii. MacanaH, 6up Xui
GomutanFuy Gocum Ba Temmepatypa wapoutna omaurad Oi, N> Ba H> xabu
ragnap karra Gocum (100 arM. fgaH KaTTa) NapAa CHKWIYBYAHIHTH Ba
WCCHKJMKAAH KeHraiumy 6yiiuya 6up-6upunan ¢apx xunamu. Atmoctepa |
aTM ra SKMHNAUraxza rasnapaard 6y ¢apk kamariu6 keramu. Iy cababmu pean
TasNapHUHT YerapaBuii XoJaTH kaOu Haean ras TymyH4acH KHPHTHITaH.

Atmocdepa Gocumunan mespii hapk KMnMaijuran 6ocumaapaa aifHHKca
BOZIOPOJI BA reJliii rasnapy Uaeal rasra SKHH.

Hnean ras xoccalapuHUHr yMyMMIUTHTH Iy OHUNaH TyUIYHTHPHJIAZHKH,
ymaamnapn Ba y3apo TabcHp Kywnapura GOFMHK GyNraH TypnH  Momaa
MOJIEKYIaapHUHHUHT HHAHBHIY A Xy CyCHAT/IapH ras Ky9IH
CHIDAKNAIITHDPHIITAHAA MOJNAHHHT TEPMHK XyCYCHATIADHIA GOFNHK OYaMail
KoJazy.

Macca yarapmac 6ynran xonpa P,V,T Nap TaWKH TascHpiaap (MeXaHHK,
HICCHKITHK B X0Ka30) HATHKACHNA Y3rapHImy MyMKHH. Arap H3HK XonaTiapH
6yiuua Gup HumcIM Oymub, yHma Xeu KaHmail KHMEBHIi peaxumsnap
GopmaéTran 6ynca, napameTpnapaas GUPHHHHT y3rapumu HaTHkacuaa Gowka
NapaMETPNAPHUKT  Y3rapumu cogup Oynamu. Bup JKMHCIM  CHCTeMaHHHT
napameTpnapn (Macca noummii Gynrampa) Gup-Gupira yskunoHas GornHk

6ymamu:
J. V) =0 (1.3)

By (1.3) Tenrnamara cicremanmnr TEPMOAHHAMHK XO0JIaT TEHrAAMACH EKH
oxnuit Kb, Xomar TeHriamacw Aed aramanu. By Tenrnamamm Tormu
MOJIEKYJIAP (hH3HKAHHHT acocHii Macananapuaan GupH XucoOnaHamu.

Monekynsp kunetk Ha3apHi acociaa Molekynanapapo y3apo TabCHPHU
XHcoOra onMaran Xomma cHiipaKknamTHpHITan (unean) ras yuyn xomar
TEHIIaMacH TONMIam,



1.2. Wpean ra3 xonar Tenraamacu. a3 Konynnapu
OpkuH ra3 armocdepa OGocumupmaH macT GocHMnapaa XycycHSTH
KHUXATHNAH MAEANs rasra skuH 6Ym6, yHuHr xonarn Menpenees — Knaneiipon
TeHramacura 6yHcyHamu:

PV =RT (1.4)
€Ku

P=nkT (1.5)

6y epma P-Gocum, ITa; V- xaxm; R-yHuBepcan ras noumuiic, R=8314
XK/(xmoms *K) ; T-abcomor Temmeparypa, k- Bomeuman poummiicu, k=
1.23 107 JK/K ; n-KOHIEHTpALS, XakM GUPIHIHIArH MOJIEKyJIANap COHH.

v Momb ra3 yuyH Mennenees — KnaneiipoH TeHrnaMacH Kyhupmaru
KYPHHUIIHH OJIaAu:

w:%m (1.6)
Oy epna V- ras yofamran HIWI XaxMH.
(1.6) TeHrmamanaH KyHuURaru Keub THKATH:
Gl el 1.7
L T
Ba Xycycuit xonga 6y yu mapamerp (P,V,T) man Gupu ysrapmaii konraHaa
KONraH uKKanacH Oup-OGupura Oornmmk Xonpa Ysrapand. By xopucara
TEPMOAHHAMHMKANA U30JKapaéHiap ned FpUTHIaNU,
a) n30TepMuK ARapaén. Bolins — MapHOTT KOHYHH.

Varapmac Temmeparypana Gopanuran ras skapagHura H3OTEPMHK XKapaén
Aeitnnany. M30TepMuK skapaéHaa ras 60CHMHHHHE a3 XaXKMUra GOFTHKIMIHHNA
aurmusmik onum P.Boiine (1627—1691) sa dipasumsumk oman 3.MapuotT
(1620—1684), Gup-Gupura Gormuk Gymvaran  xomma, 1667 imapa
IKCnepumMeHTan Tapana Tonaunap. Boyl-Mariott qonuni: n3oTepMuKk sxKapaéuna
Oepunran ras MaccacH y4yH ra3 GOCHMHMHMHT YHHHT XaXMUra KymalitMacu
Y3rapMac KaTTanuKaup:

PV = const (1.8)



TasHUHT MXTHEpHH HKKH XojaTH YdyH
’ Boiims-MapyoTt KonyHH PV = PV, éxu
PV= PyV, KypuUHHMIIMAA E3WIHITH MyMKHH.
By epna  Vy— Hopman GocuM (Po=1,01+
10° Pa) mapontdma Oepuirad  ras
MaCCACHHHUHT XaXKMH.

2

2?2l pv KOODAMHATANIApAA M30TEPMHK KapaéH
rpaurx Srp uMsKKmaH ubopar. By arpu
I} YH3HKKa A30TepMa 1ed aTanany.

1.1.Pacm.
Temneparypa ommmy 6unan 75>7;, T5>7; n30TepMa YH3HFH FOKOpHIa
KyTapunanu.
6) m3oBapuk xapaén. Ieii — JItoccak KOHYHH.

Varapmac Gocum maponTiaa Gopamural ras xapaéHura n3oGapHK :xapaéH
Aeiunann. Arap ras xaxmu T;=273 K temnepartypana Fp T temneparypana 3ca
V 6¥nca, y Xonpa raanapHuHT XaxkMHil keHraium ko3ddrimenTH

o V-V 10
B= VoAT (1.9)
dopMyna Grnan anuKTaHaTH.

TasnapHunr HecMKMMKNAH KeHraiiHIIMHK YpraHa TypHO (paHLILATHK
omim Teit-Tioccax (1778—1850) 1802-itmnna mommmii GocHMmaa rasiapHHHT
HCCHKNMKNAH KeHraitum ko3¢ ¢HIneHTHHIHET Gap4a rasnap yq9yH 6up X Ba

1

Sy s jprey
p 273K

T'a TEHTIMTHHH aHHKTaTH,

By Teit-Jlioccak KOHYHHHM TabpH(AAL HMKOHHHH Gepann: J0MMHIT
Bocumpa rasnapHuHrbupop Gepunran Maccacumu / K ra xusmupumaa Oy
MHKIOpAArH rasHuHr Xakmu 70=273 K narn ras xaxsunan 1/273 ra OpTAIH.

Teit-Tioccak  Konyrunan KYpuHUO Typudanku, 7, Temnepatypanari
Ta3HUHT XXM VpHi Gunran xonaa, 7' TeMepaTypagard ra3HHHr XakMu V Hi
AHHKITAU MyMKHH;

V =V,(1+ BAT)



Te=273 K, B =(1/273)K"" sxammrmmm xucobra oNran Xonaa, MXTHEpHit
TeMIIepATypPajiar ra3 XaKMHHM aHUKIAWMMH3 MyMKUH!

vV =V,BAT (1.10)
€K1
\'%
T= const
V, T xoopauHaranapaa MH300apHK KapaéH
rpauru TYFpH YM3HKRAH HOopaT. By TYFpH YMFUKKA
u3o6apa YH3KFK AeinIany.
Bocum opthmn 6unan P;>P;, P:>P; nsorepma 1.2.Pacm.

YH3HFH FOKOPHIa KyTapHIanH.
¢) m3oxopuk xapaén. llapas KonyHn.

V3rapmac Gocum mapouTHaa GOpamHraH ra3 KapacHHra H30XOPHK AapaéH
neiunann. Taxpubanap UryHH KypcaTamuku, H30XOPHK JKapaéHaa ras GocHMu
TeMnepaTypa OpTHIIM OunaH oprap 3kaH. TypiM rasNapHUHT HCHTHIraH
Xonpars Gocumnapuau yimyab dpasmmsmak ommn K IMapme (1746—1823)
1787-funna KyMumard KOHYHMATHM YpHATAW: ysrapMac Xaxmaa ras
6ocumuo‘zgarmas hajmda gaz bosimi / K ra ncurwiranpa 7,=273 K
Temrepatypanari 6ocumuan 1/273 KuiiMartra OpTauH.

T'asz / X ra ucutuirasaa 6ocuM KaH4Yara KaTTATAMIIMHK KYpCaTyBYH Y
ko3 guuientra GocuMHHHT TepMuK Ko3hduuuenTn neifunany;

PoAT L)

Y=

By epna P, P nap rasuunr 7j Ba T TeMmepaTypanapRaru 60cHMIapumup.

Bocnmuinr Tepmuk koadpuumenTn ¥ 6apya raanap yuyH 6Up Xun a

ra TeHIIMTH AHHUKJIAHTaH,
T, Temnepatypamard rasHmHr Gocumu P, Hu 6Gunran xompa, I
TEMIIepaTypajiard rasHUHr GOCHMH P HH aHUKJIAW MyMKUH:

P = P,(1 + yAT) 1.12)



‘60CHMH




YJIOBYM MOCHAMaiap, 04KWY EKH ENKWY MocnamanapfaHn ubopar 6ymib, sxyna
MYCTaxKaM, TaUIKApHAaH XaBo yTKasMmaliiurad, emuk, 6Gepk Kypummanap
viurunagy. Kyprivmanapna acocuit ¢oiiianaHUIaguraH KUCM - HIIYH Kamepa
ne6 arananu. Moram kamepara Marepuauiap YpHATWIAOWTAH MocTaManap,
BAKyyM JapaXaCHHH YJYall yYyH HIUIATHIagUraH MaHOMEeTpiap, HIIYM
KaMepajard KOJMK ra3 COCTABMHM AHMKNAW y4yH 3apyp G6ymran Macc-
CIIEKTPOMETPIAp, TepMonapanap Ba 6omka KymnmMya acb06-yckyHanap MOHTaK
KWIHHaAH, ypHaTHIany. Minun kamepa pe3iHa €K MeTaul KyBypJap €paamMuaa
BaKyyM XOCHN KWIyBYM Hacocnapra ymnaHub, Oepk cucTeMa €kd BakyyM
CHCTEMACH XOCHT KWIMHAIH.

Bakyym Xocunm KwiMm kapaéHu, Oepk cHCTeMa MuMpard ras
MOJNEKYNIANaPUHAHT  MOJIEKyJIAp-KHHETHK ~ Xoccanapura Oormik  Gymamu.
TasnapHuHr MONEKyJIAP-KMHETHK XOCCANapuHM GEeNrHIOBYH KaTTanMKIIapra,
YJapHUHT MaccacH, OOCHMHM, srajiaraH XaXkXMHd, TEMIEpaTypacH, Tealury,
SHEPrHACH, 3PKHH IOTYPMIN HYJMHHHT Y3YHJIMTH, maddy3usacH, HCCHKIHK
YTKa3yBYaHIHK KOOHIHATH, KOBYIIKOKJIMIH Ba GOIIKA KATTAMKIIAPH KMPaIH.

Kypunmanap nuuaan Xaso cypum GomuraHqiny 6nnaH, ra3 MoJeKyanapy
cuilfpaxiama Gownaiiay, KypuiMa MYMAaH TaWKH atMocdepara Kapa, ras
MOJICKYIAIADMHMHT OKMMM 103ara KenamH. Busra ManlyMKH, CYIOKIMK Ba
rasnapHUHr OKUMH TypOyJeHT, TaMuHap (KOBYLIKOK) €KH MONEKyJIp Gymamm
MyMKHH. [asHuHr Typ6ysneHT oKMMH KaTTa 60CHMIapa Ba KaTTa Teanukiapia
KysaTHnand. AMMO, pean BakyyM CHCTEManapHia y KHCKa BaKT JaBOMHAA
Oynib, ymymuil cypu6 onMIm MyANATHHMHT JKYAA KHYMK KHCMMHM TAIIKWII
KHJIAH.

a3 GocuMn macaliMiuy — HATIKACHEA, Taxap MOJIEKyJanapHHHHT
apamamumy - TyXTab, OKYBUM MyXHT Oup-OHMpHmA TypmM Tesnmkiapaa
CHPMAHAETrad anoxuaa Kamiamiapra axpanagd. ['asHHHT JNaMHHap OKUMM
Kysarinany. Byspa Xami, MolexynanapHHUHC YpTaya 3pKHH FOrYPHII iy IHHIHT
Y3YHIMIH, KyBYPHHHT KYHITANaHr KecMM  yIdaMiIapura HHCOAaTaH KHUHK
Gynamu. By ras OKHMMHHHP peXUMHAA MYKH HIIKATAHWII, SHHM [a3HUHTD
KOBYIIOKITHIH XaJl KWITyBYH aXaMHSATra 3ra 3KaHIUIHAaH, BAKyyM TEXHUKACHAad
JIaMHHAp OKMM EKH KOBYIIOK OKMM 1e6 akpaTiiand.

Tasuuur SocuMu sHana nacaliu®, MONEKYNANApPHHHT YpTaua 3pKUH
IOTypHIl HYMUHUKT y3yHIUrH opTa 60puG, HUXOAT KyBYPHHHI KYHOanaHT
KecHm ymuamnapu Sunan Gup taprubpaa Gynranna, rasHUHD MOEKYIISp OKUMH
KysaTHnaan. ByHna uwuku MIIKATaHHIIHMHT TAbCHPHM KAMAsaM, UyHKH Ia3
MoJiekynanapu Oup Oupn GuiaH sKyna Kam TYKHAWIAAW BA aCOCAH KyBypHMHT



Zeopniapy 6unan Tancupramagy. KyBypHUHT YmdamMu Ba DKM y3rapMac
6YTanza, ra3 OKUMHHHHT KOBYIIKOK PEXUMIAH MONEKYJSP PexuMIa YTHIIH
thaxar kysypnaru ras Gocumura GoFMHK GYTANH.

Tas MOneKyJIanapy cuHpaxiauirad X0JUlapaa, YJIapHUHT 6ab3u OHp MOJEKyJIsp-
KMHeTHK XOCCANnapy HOPMal WapoMTIapAarkra Kaparanma ysrapanu. Bynnma,
OuprHunzan, KypunManap HYMaard OOCHM KaMasad, HKKMHYHOaH, ras
MOJNIEKyNanapuHuHr  ¥3apo TYKHAIMIIA KaMasH, YUHHYHAH,
MOJIEKYNaNapHUHT ¥pTaya SpKHH FOTypHIl iynH y3yHmard opramd. Etapmuya
TOKOPY BakyyM XOCHN KWIMHTaHAa, KOJAMK ras MOJEKyJIANapHHHHT 3PKHH
IOrYpHI HYNK Y3YHIHrY, KypHIMa MIIYM KAMEPACHHUHT YI4aMiapHiaH Karra
Oynran KuimMaTiapra spuwany. Byspaii mact GocHMmapaa ra3 MOJeKyJIanapH
AEApIH Y380 TYKHamMaiiau Aeb xucobnam MymkuH, ['a3 Monexynanapi daxar
MMM KaMepa Ba KyBypnap JemopjapH OunmaH TykHawamh. a3
MOJIEKYTaNapHHUHE KypHIMa JeBOPIAPHHH HCCHKPOK KHCMHIA YPHITaH KHCMH
SHEPTUA ON1afH, COBYKPOK KHCMHTa YPHITaH KHCMH 3Heprus Oepamu. By
KAPAEHNAp HATMKACHAA MCCHKIAK Y3aTH rosara Kenagd. Opataard
WapOHT/IapAg, TeMIepaTypa TIpanMeHTH XHcoOMra MaeKyd Oynanurad
HCCHKIIK YTKA3yBYAHIHK XOCCACH, BakyyMJa, HCCHKJIHMK y3aTHII TylIyHYacH
Onnas  anMawmHagu. OfaTaarM —INApOWTNApaa, TAXNAPHUHT  HCCHKINK
YTKasyBuaHINK KoS(QHUMEHTH GocHMra OOFMHK oynmaiiagu. HccHKrIHK
YTkasyBuaHnK Ko3hdHuHenTH Kyiliariua aHHKIAHATH:

k=§pv).c,, (1.13)
Oy epma, k - mccuxmik yrkasysuanmuk Ko3(QHUMEHTH, p - raanapHUHT
SHMIMTH, O - MONIeKyNanapHHHr Vypraya KBagpaTHK Tesnuru, A -
MOJIEKYNANAPHHHT 3DKHH IOTYPHIL HYAN YIYVHIHIH, ¢, - Y3rapMac Xa:kMmaaru

HCCHKITHK CHFHMH.
Tact Gocumnapna, swHM Bakyym XonatHaa (1.13) mudona xyimnaru
KYPHHHIUTA Kenanu:
1 :
k=—£%w_d (1.14)
kypurmmra  kenamt. By wudomaman  xVpumammkm, BAKYYM II3POMTHIA,
Fa3NAPHUHT HCCHKMHK YTKA3YBYAHIHK KOAQQHUHEHTH KypHiMa Mamuard ras
Gocumura nportopumonan Gynamm. By ndomana P - rasemmr Gocmam, R -
YHHBEpCATl ra3 NOMMHiicH, T'- aGCOMOT Temmepatypa, d - MM Kamepa
AeBOPJIapH oOpacuiari Macoga.
Bakyy™m WApOWTHIA, MCCHKINK Y3aTHII KapaéHHHM Kamaiimi MyXHM
axamusTra ora ynami. UyHKH, KypuiManap uamma Koaras 03 MHKJIOpAAru ras



MOJIeKyNaapi XaM, eTapiu¥a KaTTa MHUKIOpAArd HWCCHKIMKHYM Y3aTHIIK
MyMKMH. By 3ca, mact TemmepaTypanu CYIOKIIMKJIapDHH  caKiaumpa
KyJutaHunaguras Jeroap MAMIIIApHAa Ba MAHOMETPHK JIaMrianapaa Y3 aKCHHU
tonraH. JIpI0ap MUIIIAPHAA CYIONTHPHIraH a3oT (Temneparypacu T= - 196 C)
Ba CYIONTUPHITaH renuit (temneparypacu T= - 269 C ) caxnanamu. Bysnai nact
TEMIEpPaTypany HAMII JIeBOpNapura Kenub ypuiaguraH MONeKyJanap COHH
Kyaa XaMm kaM 6ymamm nosuM. YyHkw, Xap Gup Monekyna WOWII JEBOPJIApH
OWnaH TYKHAWIraH#a, Y3UHWHT KUHETHK OSHEPrHACMHM WIMII JeBOpiapHra
y3aragu. Mpmm neeopnapu 3ca, 6y SHEPrHAHM MCCHKJIHK 3HEPrHsCH
KYPHHHIIMAA MOUUI MYHJATH CYIOKNHKKA y3aTany. Hariokana, Maum Wadmard
NAaCT TEMIepaTypany CYIOK a30T &K remdii xkyna Te3 OyFiaHanu, ssbHU Hcpod
6ynanu. IMynunr yuyH, Jploap MAMIIHHMHT ACOCHH KOpIycH OunaH, macT
TEMIIEPATYPaIi CYIOK a30T éKH TeNiiil CaKIaHaguraH WYKH KOpITyCH opacHpa
XaBO MOJIEKyJaNapy JKyla XaM KaM OymuuminM Kepak, SBHM FOKOPH BaKyyM
6ymaun kepax. Iy XongarnHa MCCHKIHK Y3aTHIN KECKUH KaMasiH.

KypunManap MYMpard BakyyMHHM YJT4ampga MCCHKIMK MAaHOMETpJIapHAaH
¢olnananunany. By MaHOMETpHMHr MIINAW NMPUHUMIH, BaKyyM OJIMHAIMraH
KypHJIManap HyHgard G0CHMHHM Yiyamra, SbHU MCCHKIIMK YTKa3yBYaHIHKHHHT
Gocumra GOFMIHra acocnaHamu.

1.4. IMacr Gocumaapaa ras MoJIEKyIANAPHHHHT OKHIUH

Tas Monekymanapy HOpMan WAapOMTAA TapTHOCH3, X4OTHK XapakaTaa
Oynagu. Ta3 MONeKynanapuHUHT ¥3apo TABCHPH, MoJNeKynamap oup — GHpH
Ounan €k WuKM JeBopnapu OumaH TyKHawWraHma o3ara kenagd. Bocum
Y3rapiumm, SHH KypHIIMANap HYHRA BAKyyM XOCHN KWTHII GONITAHUINK Guan
MOJIEKyTaIapHHHE OKWMM jo3ara kenamu. OKMM nmaipo Oynmuumm sca ras
MOJIEKyNaNapd XaoTHK XapakaTHHMHT HucOaTaH TapTHONM  Xapakatra
aiinaHumura omud Kenamw, I'a3  MoNeKynanapMHUHT OKUMM TypGyJIeHT,
JlaMHHAap Ba MONeKyJsip okummapra 6ymusany. HopMan mwaponTiapaarn okum,
JaMHHAp OKHM Xucobnanamy. By Xomna, acocaH, ra3 MoyexynaiapHHHHT ¥3apo
TYKHAWHWH ycTyH 6ynanu. Mact Gocumnap Xocun KWIMHraHAd, AbHU BaKyyM
XOCHI KWJMHIaHNQ, KypHIManap MyMga ra3 MONeKyNaJapuMHHHT  Y3apo
TYKHAWHIIH KYAa KaM GYnuG, acocHit TYKHAWMIIIAP KyPUIMATAPHUHT MUK
Aesopnapn Ounan Gynanm. Bypail wapouTnapma ro3ara KeiraH OKHM,
MOJICKYAp OKUM XucoOnaHamu. Bakyym Xocun KunMmHMHT Jactiaabku



BOCKHuMparH NAMMHAp OKHM acTa — CEKHH, BakT YTHINH GHIIAH MOJIEKYJISP
OKHMMTa aijlaHazu.

Monekynanap opacuna TyKkHamyenap 6yiMaraHua, XaBOCH CYPHIAETTaH
KypHiManap uMHmaH, ra3 MOJeKyJaTapUHHHT TamlKapura OKWINH, Oup
Kapaljia, KypunManap W9ugard Typiid KucMiapaa rassusr 6ocumnap dapkura
6GoFmK 3Macaex Tyfonany. XaKuKaTaH XaM, KypHIMaHHHT GHpOp JeBopumaH
HKKHHYM JeBOpMra 3pKWH y4ub YTHO TYKHAUIyBUM MoONeKyna, Oomka
MOJIeKy/nanap ToMOHMIAH Xed KaHpail Tapcupra ayd xenMainu IIyHuHr yuyH,
KyPWIMaHuHr OHpop KuCMHMAA ra3 MOJEKYJANAPHHHHT 3SHYIHTH  (XaXkM
OupmAruarn Monexysanap coHu) YarapMacnHTH Kepax omu. Bomkaua ka6
alftranpa, KypunManap puunard GOCHMHHHT Y3rapHIIHIAH MOJIEKYJIAnapHHHT
Xapakar HyHamumy ysrapMaiiny. BHpOK, TampHOANApHHHI KYPCATHLIHYA,
MOJIEKY/IAp OKMMIA XaM, ra3 MONEKYJANIapHHHHT XaOTHK XapaKaTH CaKIaHHO
Konap okan. Iy caGabmu, MONEKyNAIapHHHT MabiyM OHp KHCMM OKMMra
TECKapH iyHanumaa XapakaTIaHHIKH MyMKHH JeraH XyJnoca kenud unkanu. By
3c4, Y3 HasGaTima MoNeKynsp OKWMZA XaM, KypHIMamap HYupa Gocumnap
dapku Gop zeb dapa3 kuwmmm MymxurmaruRd kypeatamd. Iy dapas acocuna,
KYPHIManapHuur 6Gup KHCMHUAH MKKHHYM KHCMHra OKMO JTyBum ras
MaCCacCHHHHr MMKIODHHM Ba OKHM KAaTTATHTHHH AHHKIANl  MyMKHH.
Kypunmanuur Oup KHCMMIAH HKKHHIM KHCMura F — 103ami cHpPT (Tupkur)
OPKanM BAKT GMpnuru uMuMga OKHMO YTyBYH a3 MOIIEKYJIANapHHHHI COHH
Kyitupnaruya xucoGnananm:

12 AP
N=—§—F 1.15
Rl (1.15)
=
Gy €pna 9 - MOJIeKy1aiap HCCHRJIMK XapakaTHHHHI yprava Te3nury, AP -
KYPHIMa kucMmapumary Gocumnap ¢apku, & - Boneuman noummiicu, 77 -
aGcomor Temneparypa, F -THpKHII KyHIATaHr KECHM 103aCH.
Bupnuxk pakr nanna, Tupkimaan okHG YTraH rasHHHT Maccack:
12m
M =mN =—3—FAP 1.1
Y T (1.11)

KuiiMaTra Tenr Gynamm, 6y epna m — GUTTa MOJIEKYJIAHHHI MACCACH.
Kyprnvanunr tupkummpnan Bakt GMpHrH MYMAa OKMO YTaéTram rasmu
Macca XucoGHna amac, MoJTeKyISp OFHPIHK Xvcobuia Hpoaaracax



o=M_13F ,p (1.16)
SR
kenu6 uukamy. OnmuHraH udopamaru 9 - MONEKyJaJapHHHr HCCHKIHK
% RT
XapakaT ypraya TEJIMrHHH I= ’% KUAMAT OWIaH anMalmTHPHIN

HAaTHAKACHAA KyHHUAArH MyHOCa0aTHH OJIaMH3:

(0 (1.17)

By udonara kupysun F Ba P KaTTanuiiapHu TakpubanapnaH aHuKiail
MymkiH. By aca, TakpuGanap épmamupa, BakT GMpIMrH MuMia S—KyHOanaHr
KeCHMITH THPKWII OPKATH OKHO YTYBYH ra3 MUKIOPWHH AHMKJIAIl HMKOHHHH
Gepanu.

BakyyM  XOCHN  KWIMHA8ITaHIa, KypWIManap  MYumard  ras
MOJIEKYTAJIADHHHHT OKMMH }03ara Kkenagu. By OKHMHH, TYpJIH XHIOArd XaBoHH
Cypud ONyBuUM KypHIManap, SbHY BaKyyM HAacociapd EpAaMuAa amanra
OUIHpHII MyMKHH. By Xonna okum, ¥3 Has6aTHia BakyyM HAacOCIAPHHHHT 6an3u
OMp  XapaKTEPHCTMKANApUra KywiM OOFmMK Oynand, BaxyyMm Xocun
KHJIMHAETraH KypHIManap MYMAAH TAWKAapura, ra3 MoJIeKyJlaNnapHuHi 4HKapuo
1000pHILIA, HACOCTAPHHHT ACOCHIT XapaKTepHCTHKANApUAaH GHpH, KypHiManap
HYHJIArd XaBOHH CYPHLI Te3nur XucobnaHanu., HacocnapHHHT cypHII Te3nHri
(S)— ned, uxTuépnii V-XamMAan GMPNMK BAaKT MuMAa Cypu6, Tawkapura
YHKapHO TallTAHTraH XaBo OKUMMIa AlfTHIaIH.

Hacocnapuunr cypumr Ttesmuru yarapmac Gymamm. Arap, HACOC HMumIra
TYLWIHPUIraHaa, Kypuama nuugary 6ocum P 6yica, y Xonaa,
Q=8P (1.18)
Ba Oy KaTTAIMKKA HACOCHHHT HULTAL YHyMAOPNHrH neb aranamu, Kypumvanap
WYHIarH XaBo cypuiub, GocuM kamalica, HACOCHMHI HUI yHYMIODJHCH XaMm
nacasaM, seHu GOCHM KaH4Ya macT Gyica, HACOCHMHT KypHMNIMa MYMIAH CYpHG
YHKapaIurad XaB0 OKHMH XaM Kamasau. ByH[a, HaCOCHUHD CypuI Teamuru S,
KypuiMa udugarn P GocuMHMHT (QyHkuuscH 6Ymu6 xonamu. By skapaéHeu
KyHHarnya TyWyHTHPHII MyMKUH. CYPHII skapaéHuaa, KyMUaarknap Kypuima
HuMAa XaBo (ras) MauGan Gynagu neb xucobmau MyMKUH:
l. 0, - necopbums HaTIDKACHAA KypUIMa IEBOPNAPWAAH akpamb

YHKAIMIaH XaBo (ras) OKUMH; { )"

P AYROROT

| ’






P
= ==L 1.23

By epna $,, - Gocum dyHKumacK GG, KypuiMa HWIary Yerapasuit Gocumaa
HOJra TeHr 6o Konagy.

Arap, BaKyyM XOCHJI KWIHHAETTaH KypunmMana &ku uaumpma, O, — Xyda
kuuuk (0, —>0) neb ommHca, SbHM CU3HO KMPA8TraH XaBO OKMMM MaBikKyH 3Mac
ned kapanca, KypuiaMa HuHaard 60cHMHHHT P,— yerapasuii KuiiMatd O, - Ba
0, -karramaknapra Gornuk 6Ynnd xonank. HacocHHHr XaBoHM CYpHO omuwt
xapaéHuna, 0, Ba O, - OKMMIIAp, BaKT YTHIIM OunaH cexuH ysrapamy. Ilysuar
cababnu, WIyHAait BAKT HHTEPBAIMHM TaHNab onum MyMkuHKM, O, Ba O, —
oKuMIIap AouMuM 6Ynu6 xoncuH, ByHnaii xonaa, S HH goumuit 1eb xuco6nab
(1.20) TenrnamaHu uHTerpauiam MymMkuH Ba (1.14) udonanu andopra omo,
Gab3d WIMAITHPHUUIAPHH amMaira OWMpraHmad CYHr KyiMumard MyHocabar
KeJHO YHKamH:

S
P=(P,—B)e " (1.24)
éxu t = 0 BakTnarn GocumuHH Py meb oncak
S
P=Pe vV +PB, (1.25)

MyHOCa0aTHH onaMi3, Arapna S CYpHII Te3murura sra 6ynraH Hacoc épraMuaa
C yTxasyBuaHNMKKAa o5ra Oyiarad KyBypnap OpKaId YJaHraH BakyyM
KyPHJIMacHaH XaBOHM cYpub onuHaérran Gynca, OyTyH cHcTeMamaH XaBOHH
CYPHO ONHII TE3MHIH KyHHIArHYa aHUKITAHATH;
SC

S, = S (1.26)
Omunran udopanad KypHHALMKM, KypWIManapaa KM BakyyM Kamepanapuaa
BaKYyM XOCHJ KMIMIIZA MOJEKYNaNapHHHT OKHIOM y9yH C— YTKa3yBYaHIMK
KHMaTH eTapiiya KarTa Yy Tanab KumaHap aKaH. Y TKasyBUAHIMK KaHYA
karra Oynca, MumYM Kamepana MOJIEKYJNalapHHHT OKMMHM LIYHY4a KaM
KapuImwiMKKa yIpaiau Ba BaKyyM XOCHJI KWJIHII JKapaéHu Ce3dapiy paBHIIAa
eHIHILTAAIH.

1.5, TupKum Ba MHARHAPHK KYBYPIAPAA ra3 MACCACHHUHT
OKHMH XaMAa YJApJArH YTKAIYBYAHIHK XyCYCHATIApH.

Muyn kamepa Munna BaKyyM XOCHJ KMJIMII YHYH, KAMepa KMCMIapH
¥3ap0 LWIMHAPHK IAKIJATH pe3uHa KM MeTall KyBypiap OwiaH ynaHagu

(GupuxTphnany). BupnkTapum (ynaHuur) dkoinapura Maxcyc TauépiaHraH
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OYKH4Nap (BeHTemnap) ypHamwiand. KyBypiap Ba OYKHYJIADHUHT pamHyClapH
Xamaa nuamMetpnapd Typau  xun Oymmmm Mymkud. By aca, Kypuimanap
HYMIarY  XaBOHM CYpH0, TamKapura 49HKapHO OOOpHIIAAa MyXHM pOJb
Viinaiimu, Iy ca6a6m, KyByphap Ba OUKMWIAD YTIaMITADHHH AHHK GHIHII
MYXHUM axamuaT Kach aTagd.
Kypunmanapna Baxyym Xocwi KWIMID >kapaéHupa losara KenaguraH Q
OKHM ras XaKMUHMHT y3rapHlll TE3HIH OPKalH aHHKIIaHATH:
dv
o=P T (1.27)
€KkH ras

Axcapusr Xonnapaa, ra3 OKWMH YpHMra, OKHMM MaccacH
MONEKyNanapuHUHT CORHM KaTTAMMKIapiaaH doinanamunani. Bynna, ysysmirn

IBa pamuyc r 6ynras pumHHAPHK KyBYpAaH BaKT GHPIHIH HYHAA OKHG yTaraH

Ta3HHHT MHKIOPM Kyliufarura TeHr 6ynamm:
=L oy (1.28)

SRT
Tas momexynamapunumr Teamrn 9= f?p— 3KaHIMTHHA 3BTHOOpra oJcax,

(1.28) nichopra Kyitigarn KypHHHIITa KeTamH:
3
b ap (1.29)

=3 Jommr 1

Onuuran udiomaman KypuHamuks, BakyyM XOCHT KHWIHIIAQ, UHIHHADHK
KyBYpllappaH OKAETraH ra3sHHHI MHKIOPH, OAATAArH WapOHTIapAar ra3 OKHMu
MHKIOpHIaH (hapk Kunmamd. BakyyM XOCHI KWIHINAZ, KyPHIMANap ruina,

TasNapHUHT Monekyasp okuMu fosara kenanu. Jlemak, (1.29) ndonara xypa,
MOnel(ym;p OKMMAa, BakT 6HP."lHﬂl HyHaa, UHIHHIAPDHK KyBypiap pa
okué YTTaH = ras  MHKIOpH, ras

OYKHYNAPHUHT  THPKWWIIAPHAAH
MOJIEKyIanapHHUHT HCCHKIHK Xapakar TeXTHrira Xamaa WAIHHIDHK KyBypiap

BAd OYKHY THPKMULTADHHHMHT VY/I9aM1apHra Gormuk  Oynmap akaw, Eytnne
HaTiXXacuna KypuiManapaa BaKyyM OTHLI AAPAEHNIE, KYPHIMA KHCMIIapiimy
OUpHKTHpYBRUN (ynoBun) WWIHHAPHK KyBypaap Ba OHKHY THDKHULIApuHiHr
AuaMeTpNapH Kanmail GyaMWM KepAKAMTHHH OIHHIAH OMmHIT  uMKOHIH,
Taiino Gnanu.

Kypunvanapna pakyym ommumza, KYEYP4p Ba THKMILIADHMHT xano
OKHMHHH YTKasuI KOOWIMATH XaM MyXHM poib ViHARIY. yn\.aw“mm”x
Kyituparu MyrocaGar opkany aHHKIaHATH:
g3 K% (1.30)
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