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Kipicne 

6yn 01<,y 1<,ypanbl 6ipHewe )!{blnAaH 6epi )!{Ofapbl 01<,y 
opb1HA8Pb1H.Qa OK,blnfaH ,qapicrnp HeriJiHAe )!{83blnf8H. KiTanTblH. 
Heri3ri M8K,C8Tbl - iWTeH )1(8HY K,03f8nTK,blWT8pblHblH, Teopi.--rnnblK, )1(9H0 
H8K,Tbl 4"1KJ1,Qepi; OHblH. )l(VMblCblH Ｘｈ｢ｬｋＬｔＸｾｔ｢ｬｈ＠ Heri3ri KapceTKiWTepi, 
c1r1narraManapb1; ｡ｾｈ｡ｮｷ｡Ｑ＼Ｌｔ｢ＱＭＶｹｮｆ｡ｋＬｔ｢ｬ＠ MexaHJ.13MAepre acep 
eTeTiH KyWTep MeH MOMeHrrep rypanb1 MamyMarrap,qb1 ＾ｋｙｾ･ｲ･＠

Kemipy )1(9He TYCiHiK 6epy, K,03f8nTK,blWT8PAblH. TJ.1iM,Qi ｮ｡ｾａ｡ｮ｡ｈｹ＠
icKepniKTepiH )l(eTinp,ipy. Cryp,eHnep iwTeH >KaHy K,03FamK,blWTapp,btH. 
Heri3ri VFblMA8PblH, Teop1r1smapbl MeH )l(yMblC np1r1H4"1nTepiH OK,btn 
ｹｾｰ･ｈ･ＬｱｩＮ＠ 01<,y 1<,ypanb1 rnmiK 6afAapnaMara ｣｡ｾ＠ )!{83bJnfaH. 

MyH,qa 6asiH,qay, ran,qay, >KiKTey, ＾ｋｙｾ･ＱＱ･ｹＬ＠ 6aranay, 
K,OpblTblH,Qbln8Y CJ.1s:IK,Tbl a,qicrep KeH.iHeH K,011,Q8Hb1Jl8Abl, onap 
apt<,blnbt KamereH ,q1r1,qaKT1r1Kanb11<, Macenenep rnsiHaK,Tbl wewiM.QepiH 
ra6a,Qbl. 

01<,y 1<,ypanbt cryp,eHnepre raHa eMec, rpaKTop MeH 
aeroM061r111bp,ep naH,qeptHIH. MyFaniMp,epiHe )!{aHe 6ac1<,a 
OK,blpMaH,qapFa ,qa ｮ｡ｾＬｱ｡ＱＱ｢Ｑ＠ 6011apb1 caJciJ. 



1 lwTeH >KaHy K,03f8nTK,blWblHblH TeOplilHnblK, L.\lllKil,[J,epi >KaHe 
onapAbIH naiiiAanb1 acep K03cpqm4111eHrrepiH aHblK.Tay 

1.1 }f{annbt ryciHiK 

lwreH >KaHy K,03FanTK,b1WblHA8 )1(8H8pMaiiiAblH iwKi 3Heprn5lCblHblH 
MexaH111Kanb11<, GHeprnHFa aiiiHanyb1 KeaeriMeH ereriH 6ipHewe 
npo4ecrep ap1<,b1nb1 icKe acb1pb1naAbl Aa, OHbl >KYMblC 4111Kili ,qen 
araiii,Qbl. Ko3rnnT1<,b1wra >KYMCanarb1H >KblflYAbl MexaH111Kanb11<, 

>K'{Mb1c1<,a aiiiHanAblPYAblH naiii,qanblflblFblH 3eprrey ywiH K,03FanT-
K.blWTblH rynHyCK,8Cbl 60flbln Ta6b1naTblH repMOAlllH8MlllKanblK, 4111Kil,Qi 
ranAay,QaH 6acraiiiAbl. TepMo,1J,111HaM111KaHblH 2-381-lblHa caiiiKec >KanFbl3 
FaHa >KblflY WblfblHbl 6onaTblH, K,ai-1TblM,[J,bl, ryiiiblK, 4111KI1Ai 
repMOAlllHaM111Kanb11<, L\lllKil ,qen araiii,[J,bl. TepMo,1J,111HaM111Kanb11<, 4111Kn,1J,iH 
eryi 6ip1<,arap waprraprn Heri3,[J,enreH. L1111n111H,Qp iwiHAe >KblflYAbl 
>K'{MblCK,a aiiiH8flAbipy ryiiiblK, L\"1Kfl 6oiiiblHWa Menwepi MeH XlilMlllHflblK, 
1<,ypaMbl rypaK,Tbl, anMaCTblpb1nMaiiiTblH ra3,QblH KeMeriMeH >KY3ere 
aca,Qbl. L1111KI1 ai-1Hanb1Mb1Ha >Kb1ny OHbll-l 6enrini 6ip Ke3eKiHge Cb1pT1<,b1 
blCTbIK. apHagaH ryce,qi. L1111n111H,qp iwiHgeri ra3,[J,blK >Kb111y 
CbliiiblM,Qblflblfbl rypaK,Tbl. ra31J,bl CblfblM,[J,ay MeH OHblH ynratO 
npol\ecrnpi )l(blflY anMacyb1HCbl3 >KYPS.Qi. Ka3ipri K,03Fa11TK,b1wrap 
Mb1Ha 4111Kilgep,1J,il-l 6ipeyi apt<,blflbl >KYMblC ar1<,apagb1. }f{yMblC aarb1Ha 
>Kb1ny 6epinreHge [l,2,3,4,5]: 
o ra3,QblK KeneMi rypat<,Tbl 6onaTblH L\lill<Il. 5yn 4111Kn Kap6t0paTOpnb1 

K.03FanT1<,b1wrap,qa 6onaTbIH >KaHy npo4ecrepiHe >Ka1<,b1H; 
a ra3Abll-l KeneMi >KaHe K.blCblMbl Typa1<,Tbl 6onaTblH 4111Kn-apanac 

L.\llll<Il ,qen arana,Qbl; 
a ra3,Qbll-l K,blCblMbl rypaK,Tbl 6onaTblH L\lllKn. 

1.2 KopblTblH,Qbl L.\lllKil,Qil-l TepM111Hnb11<, naiiiganb1 acep 
K03cpcp1i14111eHTiH aHblK,TaY 

nicneK )l(OFapbl weKTi HyKTege 6onFaH Ke3ge ycTiHge naiii,qa 
6onaTblH Ve K81-liCTiK K,blCblM KaMepaCblHbll-l ayMafbl HeMece >KaHy 
KaMepacbIHbll-l Cbliiib1M,qb1nb1Fb1 ,qen arana,[J,bl. nicneK TElMeHri weKTi 
HyKTeAe 6onraH Keage OHblH. ycTiH,Qe naiiiga 6onFaH va KeHicriri 
41i1n111HAPAiH TOnblK. 1<,eneMi ,Qen arana,Qbl. L\L-1m1HAPAil-l TOJlblK. Ke-

neMiHiK Va K,blCblM KaMepaCblHbll-l ayMafblH8 Ve K,8TblH8Cbl K,03f8JlT-
K,blWTbll-l CblFb1ny gepe>Keci ,qen arana,Qbl. 

Ko3FanTK.bIWTblH >K'{MblC 41i1KniHe MblHanap Kipegi: >Kai-la >K81ifblW 
1<,ocnaHbll-l HeMece ayaHbll-\ Tonyb1, >K'{MblC ar1<,apaTblH 1<,ocnaHblli 
HeMece ayaHbll-l CblfblflYbl, OTblHHbll-\ >KaHybl, ra3,D,blK ynFalObl (>KYMblC 
>KYPiCi), nai-1,qanaHblflFaH ra3,[J,bl CblpTK,a Wblfapybl, 6y,D,aH COl-l OCbl 
npo4ecTep,Qil-\ TaFbl ,qa 1<,ai-1ranaHb1nyb1, HFH"1 Ke3eKTecin Kenyi. 
rncneKTil-\ 6ip weKTi HYKTS,QSH eKiHwi weKTi HyKTere K,03f8Jlb1Cbl 

Ke3iH,D,eri >K'{Mblc 4111KniHiH 6ip 6eniri blPFaK. gen arana,Qbl. 
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Ko3FanTK.blWTblH >K\'MblC L\lill<Ili (111iHAi 6iniKTiH eKi ｡ｾｈ｡ｮ｢ｬｍ｢ｬｈＮｑ｡Ｉ＠

nicneKTiH rnpT ｾｰｩ｣ｩｈＮｑ･＠ (blpFaK.) 8511<,Tanybl MYMKiH, ｍｙｈＮｑ｡ｾ＠

)1{8F.QaCi.Qa K.03FanTK.blW rnpT blPFal<.Tbl .Qen arnna.Qbl. V1iHAi oiniKTiH 6ip 
aCiHanblMblH.Qa (HFHl!l nicneKTiH eKi ｾｰｩ｣ｩｈＮｑ･＠ HeMece blpFaFblH.Qa) 
)l{acanaTblH >K\'MblC L\1'1KI1i 6ap K.03FanTK.blW eKi blPFaK.Tbl .Qen arnna.Qbl. 
U1-1n1t1HAPAeri )i(\'MbtC btpFaK.Tapb!HbtH. anMacbtn Kenyi K.03FanTK.blWTblH 
)i(\'MblC peTi gen arnna.Qbl. nicneK )l{OFapbt weKTi HyKTere (}f{WH) 
1<,apaCi K,03FanFaH K93.Qe K,Ocna Cblfbtna,Qbl. ra3.Qblli. KeneMi KiWipeCieAi, 
K,blCblM MeH TeMneparypa apTa.Qbl. }/{blilY L\lilnl-IHAPAiH. K,80blpFanapbl 
ap1<,b1nb1 anbtn KeTinMeCi,qi, HFHl-1 1<,ocna a,q1-1a6anblK. )l{OnMeH 
CblFb1na,Qbl. CblFbtM,Qay npo4eci rpatj:J1-1Kanb11<, )l{OnMeH pv 
,q1-1arpaMMaCblH.Qa (ac) Cbl3blFbtMeH KepceTine.Qi (1.1 cyper). CblFbtM,Qay 

COH.blH.Qa >K8HFblW K,OCna >K8Hbln, >KblilY.QblH. Q' 1 6ipa3blH oenin 
WblFapa.Qbt. 5yn >KaF,QaCi.Qa raJ.QblH. KeneMi eJrepMe'-1.Qi. la3 
TeMneparypacbl MeH K,blCblMbl aprn Tyce.Qi [l,2,3,4,5]. pv 
p,111arpaMM8CblH.Qa KeneMHiH T'fpaK,Tbl Ke3iH,Qe >KblilY aKeny npOL\9Ci 
K,blCblMHbll-\ p ociHe napannenb, (cz1) Cbl3blfblMeH rpatj:J1t1KailblK. 
)f(OnMeH KepceTine.Qi. Co.QaH Ke'°1iH TVP8K.Tbl K.blCblM Ke3iH.Qe >KblilYAblH 
6ipa3blH Q2" aKeny.QeH (z1z Cbl3btFbl) 1<.ypana.Qbl. Ce'1Tin, ra3Fa 
aKeniHeTiH 6apnblK, )l{blilY OHblH. iWKi 3HeprnHCblHblH. OA8H api apTa 

TycyiHe >KyMcana.Qbl. la3Fa 6epineTiH >KblilYAblH caHbl Q' apK,blilbl 
6enrineHeAi. Co.QaH Ke'°1iH ra3 a.Q1-1a6anb11<, >KOilMeH ynrns:i.Qbl .Qa, 
nicneKTi TeMeHri weKTi HyKTere (TlllH) 1<,apaCi >Kblil>KblTa.Qbl. 5yn 
K93,Qe ra3 iwKi 3HeprnHCblHblH a3al0 ece6iHeH, K,03F8nTK,blW "1iHAi 
6iniriHe 6epineTiH MexaH1-1Kanb11<, >KYMblC >Kaca'-1.Qbl.. YnFaCiFaH Ke3Ae 
ra3AblH. TeMneparypacb1 MeH K,blCblMbl KeM1-1.o,i. la3,D,btl-\ ynrnCiFaH 
K93.Qe aTK,apaTblH MexaHl!lK8flblK, )i(\'MblCbl rpacp111K8IlblK, )!(0JlM0H 
(cz1zbfac) ayAaHblMeH Kepcerine.Qi. EH. COHblH.Qa ra3.Qbl CblfblM,Qay,QblH. 
6acrnnyb1 Ke3iHAeri ｋｹｾｩｈ･＠ ,qeCiiH >KeTKi3y ywiH >KblilY.Qbll-\ 6ipa3bl 
anblHbtn KeTine,Qi (Q2' )f(8He Q" 2). 5yn npol\eC ra3 KeneMi (bf Cbl3blfbl) 
MeH K.blCblMbl (fa Cbl3blfbl) TVP8K.Tbt 1<,annbtHAa T'fpFaH.Qa em.Qi. 
:>Kb1ny.Qbl anbtn Kery npol\eCiHAe raJ.Qbll-\ rnMneparypacb1 MeH 
l<,blCblMbl CblfblM,Qay 6acTanaTblH waMaFa ,QeCiiH K8Ml-1.Qi. 

CeCiTin, 1<,opblTblHAbl L\1-ll<Il pv KOOPAl!lHaTblHAa a,Q111a6anb11<, 
1<,b1cygaH (ac Cbl3b1K.), )i(\'MblC 3aTb1Ha apanac >Kb1ny aKeny,QeH (v=const, 
cz' Cbl3b1K. >KaHe p=const, z'z Cbl3b1K.), aA1<1a6aTanblK. yma10.o,aH (zb 
Cbl3b1K.) >KaHe apanac )f(blilY aKery.QeH TVP8Abl (v=const, bf Cbl3blK. )l{aHe 
p=const, fa Cbl3blK,). OHblH. ,Q1-1arpaMM8CblH pv KOOPAl'1HaTanapbl 
apK,blilbl Kepceryre 6ona.Qbl (1.1 cyper). 

MyH.QaCi TyCiHiKTep >KaHe 6enrineynep eHri3eMi3: 
C' v . 

• " =-!!. - CblfblilY .Qape>Kec1; 
Ve 

• v . 
p = _!_ _ 8Ilf8Wl<,bl yilFalO,QblH ,Qape)l{eCI; 

Ve 
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• o = lJ_ - Kej;1iHri ynFalO,Qbll-t ,Qape>Keci; 
V, 

p . 
• ,i, = -=- - K.blCblMHbll-t apry ,Qape>Kec1; 

pc 

c 6 .. K = ___.!!__ - 8,Qllla 8TTblK, KepceTKIWI, 
c, 

MVH,Q8fbl Cp,Cv - >KVMblC 38TT8p,Qbll-\ M9HWIKTI >KblnY 
cb1j;1b1M,QblnblK,Tapb1 (p=const >KaHe v =canst 6onFaH >KaF,Qaj;1,Qa). 

TepM111Hnb11<, naj;1,Qanb1 acep Koscpcp1114111eHTi aKenreH >KblnYAblK 
MexaH111KallblK. >KVMb1c1<,a aiilHanFaH ,qape>KeciH KepceTe,o,i [l,2,3,4,5]: 

(1.1) 

MVH,D,aFbl Q1->KVMblC 38Tb1Ha 6epi11eTiH >Kb1ny.Qbl1-t Menwepi; Or 
>KVMblCTblK. ,QeHeHiK cyb1TK,b1w1<,a 6epeTiH >Kblny Menwepi. 

,[\eHere 6epineTiH HeMece ,qeHe,QeH a11b1HaTblH >Kb1ny Menwepi: 

liQ=mCliT , 

MYHA8Fbl C- ,o,eHeHiK M8HWiKTi >KblflY CbliilblM,D,blflblfbl; 
reMneparypaCblHbll-t e3repici; m - ,o,eHeHiH Maccacb1. 

CoH,D,blK.TaH 
Q.=Q: +Q." =C, ( T,-Tc )+CP (T,-T, ), 

Q2 =Q; +Q;=c,(Tb-Tf )+CP (T1 -T0 ) 

c 
0Cbl,D,8H _P = k eKeHiH ecKepe OTblpbin: 

C, 

_
1 

ＱｾＭｔ Ｑ ＫｋＨｔ Ｑ Ｍｔ Ｐ Ｉ＠
T/ t - - ＭｾＭｾＭＭ

T,. -Tc +K(T, -T,.) 

(1.2) 

(1.3) 

EH,o,iri MiH,D,8TiMi3 Tb,T1 ,Tc,T,,T,. TeMneparypanapblH T
0
e,p,8,,l,,,k 

KepceTKiWTepiHe ayb1CTb1py. A,Q111a6aTTblK. npo4ecc KeaiH.Qeri raa 
KyiiliHiK Te1-t,Qeyi: 

PVK == const, 

MYH,D,8fbl k- nyacCOH K03cpcp1114111eHTi. 
V1,Qean ra3 KyiiliH c111naTTaj;1TblH Knanej;1poH TeH,o,eyi: 

pV == R 
T 

.(1.4) 

(1.5) 



AA111a6aTTblK, npm-1ecTiH. pv KOOp,1J,1.1HanapblH,1J,aFb1 JJ,111arpaMMacb1 
rnnep6ona K,ltlCblfblMeH KecKiHJJ,eneJJ,i (1.1 cypeT). 

AA1.1a6aTTblK, CblfblMJJ,ay (ac) KeaiHgeri raa KY'1iHil-\ Tel-\geyi: 
Pav/= PcV/ 

TYPiHA0 >K83blilaAbl. 0Cbl,IJ,8H Pc = PaliK. 

ｋｮ｡ｮ･ｾｰｯｈ＠ TeH.JJ,eyi (a MeH c HyKTenep ywiH): 

60JlaAbl, OCbl,IJ,BH 

p.V. =RT0 ; 

PcVc =RTc, 

T. _ PcVc _ PcVcT. 
C- - I 

R p 0 V0 

COHblM0H, 

1.1 cyperreri ( cz') rpaqmKTiH. 6eniriH 1.1aoxop Aen ｡ｲ｡ｾＬｱ｢Ｑ＠

( V = const ), COHAblK,TBH 

6ipiHwi T0H.AiKTi eKiHwi T91-\JJ,iKK0 6ence, 

Wblf8,IJ,bl . 

. MYHABfbl Pz =A., COHAblK,TaH ..!.. = Tc , HeMece 
Pc A Tz, 

(1.6) 

1.1 cypeneri (z'z ) 6enlriH ｡ｮ｡ｾ｢ｬｋＬＮ＠ (1.5) >KaHe (1.6) 
. cpopMynanapJJ,bl ecKe ancaK,: 

pz.Vz, RTz' --=--, 
pzVz RTz 
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(1.4) >KaHe (1.5) cjJopMynanap,qaH a.Q111a6arrb11<, ynFato (zb) 
KeaiH.Qeri ra3 i<ylili MeH KnanelilpoH TeH.,qeynepi (b MeH z HyKTenep 
ywiH): 

PbVhk = P:1v:, 

phVb = RTb, 

p,V, =RT,, 

Pb= ｐＬＨｾｊＬ＠

T. = T Pb (Vi, )1-k = T a•-k = pAEH T 
b : p, v, z a•-1 a 

WbJFa.Qbl. 
Cyperreri (fa) 6eniriH ana'1b11<,. (1.5) Q:>opMynaHbJ ecKe anca1<.: 

6ipiHwi T9H.AiKri eKiHwi T9H.QiKK0 6ence, 

p,V,I (prVr) =RT, I (RTf) >KaHe Pr= P, ecKe ancaK,: 
Tr = Pr Vi T, I (p,V,) = CVr IV,)T, 

WblFa.Qbl. 

p,V, =RT, ,prVr =RTr, 

p,V,I (prVr ) =RT, I (RT1 ) 

Tr= PrVr T, l(p,V.)=(Vr IV.)T. 

Erep p=v/vc . i:= vJvc, O= v.Jv2 , v,lvb 6onca, 
OH.Qa vrlv.= p 8 Ii:, HeMece 

p·S 
T1=-·T · ll a 

Ocb1 re11,qey.Qi e3repre Kenin 
reH.geyre 1<,olilca1<,, OH.Qa 

MaH.QepiH (1.3) 
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1.3 Kap610parop11b1 1<,03ram1<,blWTblli Teopvr5'lnblK. L\VIKil.QepiHili 
repM111s:tnb11<, nai:l,Qanbl acep Kos¢¢1114111eHTi 

pv AVlarpaMMaCblH.Qa (1.2, a cypeT) KaneMiHiH. TypaK,Tbl (v = const) 

KeaiH,qe >KblnY 0 1 aKeny np<?4eci, K.blCblMHblH. p ociHe napanenb, (cz) 
Cbl3blfblMeH rpa¢viKaIJblK. >KOnMeH KepceTine,Qi. COHAblK.TaH [2,3,5] 

V = V1 = V p = V, = 1 
z z c' Ve: 

Kap610paropnb1 K,03FanTK.biWTblli reopV!flJlblK, L\lllKil.QepiHiH 
TepMVlflJlblK, nai:l,QaJlbl acep K03¢¢VILIVl8HTi MblHafaH TeH.: 

1.4 Typ60K0Mnpeccopnb11<, .QVl3eJlb.Qili rnopvis:tnblK. L\VIKil,QepiHil-l 
repMV171JlblK, nai:l,qanbl acep K03¢¢1114vieHTi 

6yn L\lllKil.Qa ra3,QbJH KaneMi V e3repreH.Qe, p=const >1<aF,qa'1,qa 

>1<b1ny 0 1 6epineAi (1.2,6 cyper). MyH,qa P, =A.= l. CoH.QblK,TaH 
- R . 

ryp6oKoMnpeccopnblK. ,q111aenb.Qep ywiH n.a.K. [1,2,3,4,5]: 

p"A.-1 p•-1 
711 =l e•-1[..t-l+.A(p-1)(1- k(p-l}sk-1 

(1.9) 

· .. _:_;_. .... 
..... 

<f!i 
ｾＭ

--..-....... -!-

v 
, .. 

1.1 cypeT - KopblTblH.Qbl 4YIKll 
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1.5 Typ60K0Mnpeccopcb13 Allf30llbAiK reop111H11b11<, 411fKJ1AepiHiK 
TepM111smb11<, na£.1Aa11b1 acep Ko3cptj:>1114111eHTi 

l_\111Kll (1.2,s cypeT) ayaHbll-i a;::i111a6arrb11<, CbtfYblHaH (U,llfKll 

AllfarpaMMaCblH,Qa ac Cbl3blfbt), TYP8K.Tbt KeneM KeaiHAe >KblllYAblK 

Q1' 6ipa3blH aKenyAeH (cz' Cbt3b1Fbl), TYP8K.Tbl K,blCblM Ke3iH,Qe 

6) IJ 

1.2 cypeT - Ko3FanTK.b1WTapAbll-\ rnop1115!11b1K, lllHAlllKarnp11b1K, pV 
)KaHe TV A111arpaMMa11apb1: a) Kap6ioparnp11b1 K,03f8IlTK.blW ywiH; 
6) iyp60K0Mnpeccop11b11<, A1113eilb ywiH; s) ryp60K0Mnpeccopcb13 ,q1113e11b ywiH 

>KblllY,Qblf-\ 6ipa3blH Q" I aKelly,QeH (z'z Cbl3blfbl), 8,Qllf868TTblK, 

y11ra10,QaH (zb Cbl3b1Fbl) >KaHe TYP8K.Tbl KeneM Ke3iH,o.e >KblllYAbl 02 
9K8TY,Q8H (ba Cbl3blfbl) 1<,ypa11a,Qbl [2,3,5]. 

TeMeH,Qeri TeK,QeynepAi ecKepe OTblpbin: 

v v v 
i =e,i i =s,po=s 

c c z 

Typ60K0Mnpeccopcb13 Allf30llb,Qep ywiH reop1t1H11b1K, 4111Kll,QepiHiH 

naK -i KeJleci ryp,o.e epH9KTeJ10,[\i: 

T/, =I 
( 

g)k-1 
p__. ｰａＮＫｾＨｫＭＱＩＭｫ＠

/5 e -1 
e' 1[,\,-l+kA.(p-1)] - ek-i [,t,-1 + u(p-1)] 

(1.10) 
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1.6 ｔ･ｰｍＱＱＱｾｭ｢ＱＱ＼Ｌ＠ nalii.Qanb1 acep Koscpc:j:m41-1eHTiHe ap -rypni 
cpaKTopnap.QblH acepi 

TeHAeynep (1.8-1.10) K.03Fam1<,b1wrnp ywiH rnop111Hnb11<, 41-1KniHiH 
naliiAanbl acepiHiH TepMl-lSlnblK, K08cpcp11141-1eHTi CblfblnY.QblH 
Aape>t<eciHe >KaHe a.Q1t1a6aTaHblH KepceTKiwiHe k 6aiiinaHblCTbl eKeHiH 
KepceTeAi. Cb1Fb1ny Aape>t<eci MeH aA1t1a6aTa KepceTKiwi apTca, 
41-iKnAiH naliiA8J1bl acepiHili TepM111HJ1blK, K08cp1t14111eHTi ,Qe apT8Abl. 

TeHASY (1.1 O) ryp60K0Mnpeccopcb13 A1t13enbA8P ywiH rnop111si11b11<, 
41t1KnAili nali1Aanb1 acep TepM111s:tnb11<, Koscpcp1t141t1eHTi T/, CblFb111y 

Aape>t<eci e apTbin, anrawK,bl '(IlFalOAblli Aape>t<eci p KeMice, 
apTaTblHblH KepceTeAi. 

li1Aean,Qb1K. K.03FanTK.blWTap ywiH repMlllHJlblK, n.a.K.-Ke acep 
ereTiH cpaKTopnap Typanb1 icreneriH >t<annb1 1<,opblTblHAblnap, ic 
>t<y3iHAeri K,03f8nTK,blWTap ywiH AS A¥PblC 6onaAbl. 

6a1<,binay cypa1<,Tapb1 

1. KaH,aalii 1<,0Jram1<,b1wrnp wpr b1pra1<,Tbl ,Qen arana.Qb1? 
2. ,Q1113enb,QiH ryp60K0Mnpeccopnb11<, >KaHe ryp60K0Mnpeccopcbl3 

TeOplilHilblK, 41t1KnAepi TepMlllHilblK, naK apaCblH,Qa K.8HA81ii aliiblpMa 
6ap? 

3. EKi blpFaK.Tbl npo4ecri -ryciH.QipiHia? 
4. KopblTblHAbl 4111KniHiH nalii,Qanb1 acepiHiH repM1!1HJ1blK, Kos<P--

¢>1114111eHnepiHe 1<,aH.Qalii cpaKTopnap acep em.Qi? 
5. Cb1Fb1ny ,Qape>1<eci ,QereH He? 
6. KoafanTK.btWTblH >K)(MblC ｾＱＡＱｋｮｩ＠ ,Qen HeHi aiATBAbl? 
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2 TpaKTopnap MeH asroM06111nb1J,ep K.OJFanTK,blWTapblHblK 
HaK,Tbl 4V1Kfl.Qepi 

2.1 >Kannbl ManiMenep 

lwreH }1(8HY K,03FanTK,blWTa }1(8HapMa'1AblH iwKi 3Hepn151CblHblK 
MexaH111Kanb11<, aHepr111s:ira Ke3eriMeH eTeTiH 6ipHewe npo4ecrnp 
apK,blnbl icKe 8Cb1pbln8.Qbl ,qa, OHbl }l(YMblC 4111Kfli. 1J,en aTa'1Abl. 
>KyMblC 4111KfliHi1-l K,'(p8Mb1Ha MblHanap Kipe.Qi: 4111nV1HApre }1(8Ka 
}1(8HfblW K,OCnaHbll-l HeMece 8Y8Hbll-l eHri3yi; }l('(MblC aTK,ap8TblH 
1<,ocn8Hbll-l HeMece ay8Hbll-l CblFblMA8nyb1; }l('(MblC 8TK,ap8TblH 
K,OcnaHblK T'(T8HYbl MeH }l(aHyb1; f83 KeneMiHil-l '(JlFalObl; 4VIJlVIHAPAiK 
nai:iAanaHblnFaH r83A8H Ta3apybt. 6yn onepa4111s:inap1J,bll-l 6apnblfbl Aa 
nicneKTil-l }l(OFapbl }l(aHe TeMeH K,03Fa11Yb1Hbll-l KeMeriMeH }l(aHe rnicri 
KnanaH.QapMeH }l(a6blllbln rypaTblH Kipri3y }l(eHe WblFapy reciKTepiH 
awy apK,blflbl opb1H1J,ana1J,b1. W11111111HAP iwiH.Qeri nicneKTil-l 6ip ｾｰｩ｣ｩｈＮｑ･＠
ereTiH npm-1ecri blpFaK. Aen arn'1.Qbl. Ko3ram1<,b1WTa }l('(Mblc 4111Kni 
nicneKTil-l 2 HeMece 4 ｾｰｩ｣ｩｈａ･＠ 8SlK,Ta11Ybl MyMKiH. GipiHWi }1(8FAa'11J,8 
K,03F8nTK.blWTbl eKi bipFaK.Tbl, eKiHwi }l(aFAaiii.Qa repr blprnt<,Tbl Aen 
arniii.Qbl. l...IVIJlVIHAP 6yiiiipiHe KeTeTiH }i(blflY WblfblHbl Aa ecenreneAi. 
>KyMblC 8TK,apaTblH 1<,ocnaHbll-\ CblFblMAaHybl }l(aHe ynFalO npo4ecrepi 
non111rpon 381-tblMeH eTe.Qi. 

,QV136JlbA9P ywiH 

S 17rmeopem. , (2.1) 

M':(HAaFbl 1ltHaKmbl , 'fltmeopem. - H8K,Tbl MeH T80p11151JlblK, T8pMt.1SlJlblK, 

nai-1.Q8Jlbl acep Koacpcp1114111eHnepi. 
AHan111TV1K8JlblK. racinMeH H8K.Tbl 4111KfliHi1-t }l('(MblCbtH 8Hb1K.Tay ere 

KYP.Qeni. Ecenrey }l(':(Mb1crapb1H ｾｰｲｩＳｲ･ｈａ･＠ Ta}l(ip1116e apK,blJlbl 
8JlblHFaH K03cpcp1114111eHnep K,OJ1A8H8Abl. VfiHAi 6iniKTiK aiiiHaJlblC C8Hbl 
K8p6top8TOpllbl K,03f8nTK,blWTap ywiH 6000 MJilH-

1
, .QV13eJlbAep ywiH 

2600 MJilH-I; 4VIKflblHblK Mep3iMi 0,02 ... 0,05c, }!(a Hy npo4eciHe yaK,blTTblK 

}l(':(Mcanybl 0,001...0,003c Tel-\ 6ona.Qb1. H8K.Tbl 4111Kfl repMOAVIH8-

MVIK8JlblK. 4111K11F8 K.8paFaHA8 Ken KYPAeni. 2.1...2.3. cypenepAe 
6apJlblK, TepT blpFaK, K93iHAe K,03FanTK,blW 411111VIHAP.Q8ri ra3A8PAblK 
K,blCblMblHbll-t 63repy A11tarpaMM8Cbl 6epinreH. ropV130HTaJlb Cbl3blK,Ta 
nicneK ap rypni }1(8F.Q8i-1.Q8 rypF8HAa, 4111n11tHAPAi1-t iwiHAeri r83 KeneMi 
KepceTineAi, an TiK CblJblK.Ta raJ,qap,Qbll-l MeranacKanb (Mna) ece6iHeH 

K,blCblMbl KepcerineAi. MyHIJ,aiii AVlarp8MMa VIHA111K8TOpllblK, .QlllarpaM-
Ma .Qen arnnaAbl. VIHAVIK8TopnblK, .Qi.18rp8MM8 K,03FanTK,blWTbl CblH8n 
KepreHAe K.03Fam1<,b1wra opH8Tbln8TbtH, 111HAVIKarop Aen 8T8naTblH, 
apHaynbl }1(86.QblK,Tbll-t KeMeriMeH 8JlblH8Abl. 
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VlH,QL11Karopnb11<, ,q1-1arpaMMa >K"1bJnraH (2.1, 2.2 cyper) >KaHe 
>KalAb111raH (2.3 cyper) 1<,annb1H,Qa 6ona,Qbl. nalA,qanaHraH ra3,qap,qb1 
WblFapbln >Ki6epy >KyMblCTblK, >KYPiC aHK,TanraHHaH KelAiH nicneK, "1iH,Qi 
6init<TiK alAHanacb1MeH anraH,Qa, TWH-re 30° ... 60° >Kerneill 6acrana,Qbl 
(2.4 cypeT). CoHblMeH 1<,oaFam1<,blWTblK WblFapy KnanaHbl nicneK 
TWH-re >Kerneill TypraH,Qa awb1na,Qb1. OHblK acb111aill eprepeK 
awblflYbl raa,Qbl WblFapyFa >KyMcanFaH >KyMblCblH aaaillry. HaK,Tbl 
1<,aparaH,Qa Pr :1:- canst . "r" Hyt<Te,Qe ayaHblK cepniM,Qi rep6eneci 
nalA,Qa 6ana,Qbl. 6ipa1<, wapTTbl TYPAe Pr ｾ＠ canst ,Qen anaMbl3 
[l,2,3,4,5]. raa,QblK K.blCblMbl, waMaMeH anraH,Qa, Pr =0,105 ... 0, 125 MnA 
,qeliliH TeMeH,QelilAi. Pr KblCblM,Qbl MblHa cpopMyna 601Ab1Hwa aHblt<,TayFa 
6ana,Qbl 

(2.2) 

M¥HA8fbl n - K,03F8nTK,blW "1iH,Qi 6iniriHiK aillHanblC C8Hbl. 
naill,QanaHblflf8H raa,qap,QblK TeMneparypaCbl KnanaHHblH 

aCTblHaH WblK,K,aH >t<ep,Qe: Kap6iopaTOp1lbl K,03FanTK,blW ywiH 
T ,.=900 ... 11 OOK, .Q"13e1lb,Qep ywiH Tr= 900 ... 11 OOK Tel-l 6onagbl. 
Cblfb1ny ,Qape>Keci & aprca r Hyt<Te,qeri TeMneparypa Tr aaa51,Qbt. 
VliH.Qi 6init<TiH ail!Hanb1c caHbl n aprca r Hyt<Te,Qeri rnMneparypa Tr 
apTa,Qbl. 

2.2 EHriay npa4eci 

6yn npo4ecc 41-1m1HAPAi >KaHFblW 1<,ocnaMeH, He 6onMaca 
ayaMeH rnmb1pyFa apHanraH [1,2,3,4]. nicneK >KWH -HeH TWH-re 
,Qei:iiH ayb1c1<,aH Kea,Qe, eHriay KnanaHbl awb11<, TypFaH,Qa, 4111n1-1H,qpre 
>KaHFblW 1<,ocna rana,Qbl. ,Q1-1arpaMMa,qa (2.4 cyper) eHri3y npo4eci 
a1a 11 Cbl3blfblMeH KepcerinreH. EHriay KnanaHbl >KWH -re 10 ... 30° 
>t<erneill TypFaHAa awbina,Qbl (A Hyt<Te), TWH -HeH 40 ... 80° erKeciH 
>Ka6b1na,Qbl (6 Hyt<Te) (2.4 cyper). 4-b1pra1<,Tb1 1<,aaram1<,b1wra eHriay 
K,blCblMblHblH W8M8Cbl pa: 

•eHriay TyTit<TepiHiK K.¥Pbl1lb1Cb1Ha (onap,QblK K9K,qiri MeH 
yablH,Qblfbl, 1-1iH,Qepi MeH onap.QblK pa,1:11-1ycrapb1, ryrit<Tep.QiK iwKi 
1<,a6b1pranapblH,QaFb1 Ke.Qip- 6y.Qb1pnb1Fb1 ); 

• 1<,oaram1<,blWTbll-l 1-1iH.Qi 6iniriHiK ail!Hany caHblHa 6aillnaHblCTbl 
6ona,Qbl. 

llliH.Qi 6iniriHiK ail!Ha11y caHbl ynKeH 6onca, eHri3y.QiH K.blCblMbl a3 
6ona,Qbl. EHri3y npo4eciH c1<1nanaillTblH K,blCblM Pa >KaHe reMneparypa 
T3 • EHriay apHa,Qafbl K,blCblM Pa - re TeH. 
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P/TPtr 

6) 

2.1 cyper - Kap6toparopnb1 
K,OJFanTK,blWTblf\ 11HAMKaropnbll<. 
A11arpaMMacb1: a) 411KI1 ywiH; 6) 11iHAi 
6iniKTif\ 6ypb1ny 6ypb1Wbl MeH 
nicneKTiH >1<onb1 ywiH; B) Wb1rapy 
>1<aHe eHriay npo4ecrepi ywiH 

2,0 

s 

.. z'z 
p/fQq 

B 

2.2 cyper - Ai-t3enb,Qif\ 1-tHJ:111Karopnb11<, 
AMBrp8MM8Cbl: 

a) 411KI1 ywiH; 6) WblFapy >KEIHB eHri3y 
npo4eci 

}l(ilJH iO f20 TJiJH.2110 ｊｏｍ＼ｊＮｩｊｈｾｏ＠ 480 TlJJH.6flO }f(lJJH 
g1· 

2.3 cypeT- N KOOPAMHaTaABfbl Kap610paropnbl K,03FBnTK,blWTblK MHAMKBTOpnblK, .QMarpaMM8Cbl: 
1,2 - eHri3y KnanaHHblf\ awb111yb1 >KaHe >Ka6binyb1; 3- 3neKTp VWK.blHblHblK nailAa 6onyb1; 

4,5 - Wblrapy KilanaHHblf\ BWblnYbl lKBH8 JKa6blJ1Ybl. 
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2.4 - CYPET- Wb1rapy >KeHe copy npo4ecl 

2.2.l KopwaraH opraHblH K,blCblMbl >KaHe reMneparypacbl 

Typ60K0Mnpeccop11b11<, K.03F8llTK,blWTap ywiH: 

llfiHAi 6iniriHitt aHHanblC 
caHbl 
TeMeH K,03Fa11TK,blWTap 
ywlH 

P,,=1,5· P" 

.---.-Typ6oKoMnpec-
copAaH 

llllHAI 6l11lrlHll\ ｡ｾｈ｡ｊｬ｢ｬｃ＠ C8Hbl 
oprawa 1<,oaram1<,b1wrap ywiH 
ｰＮｾＨＲＬＲ＠ ... 2,5)p0 

llfiHAi 6iniriHitt 
8HHaJ1blC caHbl 
>KOFapFbl 
K,03Fa11TK,blWTap ywiH 
Px=(1,s ... 2,2)-p0 

Typ6oKoMnpeccopAaH WblF8TblH ayaHblH reMneparypacb1: 

(
Pk ｊｾｾＡ＠

Tk =To Po ' (2.3) 

MVHAafbl nk - ryp6oKoMnpeccop,qaH WblFaTblH ayaHblH nomnpona 
K,blCblMblHblH ,Qape>Ke KepceTKiwi; Pk - ryp6oKoMnpeccopAaH Wblf8TblH 
ayaHblH KblCblMbl. 

Ilk M0HAepi 6blflaliiwa 8HblK,TaI18Abl: 

Tynracbl CYblTblJlfSH 
Typ6o-
KoMnpec 
copnb11<, 
K,03f811TK,blWT8p ywiH 
n, =l,4 .. .1,8 

Typ6oKoMnpec-
copAaH WblFSTblH ayaHblf\ 
nom1rpona K,blCblM 
A8P8lK8CiHitt K8PC8TKiWi 

nk 

17 

Ty11Facb1 
Cyb1Tb111M8HTblH ryp60-
KOMnpeccop11blK, 
K,03faJ1TK,blWT8p ywiH 
n, =1,8 ... 2,0 



>KaH.apFaH aap.RATblH. anAblH ana >KblnblTblny waManapb1: 

Kap610paropnbt 
K,03f8nTK.blWTaP ywiH 
LI. T ;0 ... 20 °C an,QblH ana JKbtllbtTb1nyb1 

Typ6oKoMnpeccopnbtK. ,Q"136Jlb,Qep ywiH 
Ll.T Ｍｾ＠ -s ... +10°c 

Ai.iaenb,Qep ywiH 
1H;J0 .. .40°c 

a HyKTe,[\eri K,blCblMAbl Pa aHblK,TaFaHAa, >KaHapFaH aaps:tATblH 
anAblH ana >KblilblTblnYbl ii T ecenreneAL )f(aH,apFaH aapAATblH 

>KblnblTblnYbl ii T MblHaHA8iii cpaKTopnapFa: 
•eHri3y ryriKTiH. ¥3blH,[\blfblHa; 
•l!liHAi 6iniKTiH. aliiHanblC caHblHa; 
•ryp6oKoMnpeccopAblH. 6onyb1Ha; 
•K,03fanTK,blWTblH >KYKTenyiHe 6alf1naHblCTbl. 

2.2.2 EHri3y blprafblHblH a.RK,Tany Ke3iHAeri K,blCblM,Qbl 8HblK,Tay 

EHri3y blpFarblHblH aHK,Tany KeaiHAeri K,blCblM Pa K,03FanTK,blWTblH. 
4111nlilHAPiHe 6apaTblH >t<yMblCTblK. 3aTTblH. caHblH 6enrineiiiriH Heriari 
cpa1<Topnapb1Ha >KaTaAbl : 

MYHA8fbl llpa' llpk - eHrisy blpFaK, WblfblHbl. 
EHri3y blpFaFblHblH. a.Rt<,Tany KeaiHAeri K,blCblMAbl aHb11<,rayFa 

>KlllipeK MblH8 cpopMynaHbl K,OI1A8H8,Qbl: 

6yn ra)!(ip1116e ap1<,b1I1b1 wb1Fapb1I1FaH nerpos-W"1plilH 
cpopMynacb1 Aen aranaAbl, MaHAepi TeMeHAeriAelii: 

• Kap6t0parnpnb1 1<,oaFam1<,b1wrap ywiH: 
Pa= (0,80 ... 0,94) P.;6 Pa= (0,05 ... 0,20)p. 
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,Qvi3enb,qep ywiH: 
Pa= (0,82 ... 0,96) p

0
;f>. Pa= (0,03 ... 0,18)p0 

Typ60K0Mnpeccopnb1K. .QV138nb.Qep ywiH: 
Pa =(0,90 ... 0,96)pk;fipk =(0,03 ... 0,IO)pk. 

EHriay blpFaFblHbll-\ COl-\b1H,Q8fbl K,blCblM,Qbl pa apry yWiH 
Ke,Qeprinep,qi a3aihy KepeK, on ywiH: 

• manaH,qap.Qbl AYPblC opHanacTbrpy; 
•eHri3y K,"1MaHbl ynKei:1ry; 
•eHri3y apHa 6eTiHil-\ Ta38Dblfb1H, ｋｏｈ｣ｰＱｯＱｲｹｰ｡ＴＱｯＱｾｃ｢ｬｈ＠

>1<a1<,capry, y3blH.QblDblfblH a3ai:1ry; 
• ras Tapary K838H,QepiH AYPblC TaH,,qay; 
•opTawa rniM.Qi K.blCblM.Qbl Pe a3ai:1ry KepeK. 

2.2.3 Kan.QblK. ra3.Qap K03cpcpvi4vieHTiH aHblK.Tay 

Kan.QblK. ra3,Qap.QblH. K03cpcp"11..\"18HTi -1 r 1<,an,QblK, ra3,Qap caHblHblH 

(MODb ece6iMeH) M, >Kal-\a,QaH copblnf8H >K8HfblW K,OcnaHbll-\ C8HblH8 
(HeMece ayaFa) M 11<,aTb1Hacb1 6ona,qb1{1,2,3,4]: 

(2.6) 

Kan,QblK. ra3.Qap Koacpcpvi41o1eHTiHiH. cpopMynaCblH 1<,opb1Tbln 
WblFapy ywiH ｍ･ｈＮｑ･ｮ･･･Ｍｋｮ｡ｾｮ･ｰｯｈ＠ cpopMynacb1 1<,on.QaHblJ1a,D,b1: 

pv=MR.T , (2.7) 

MYHA8Fbl p - K,blCblM; v - KeneM; M - ra3 canMaFbr;T -
TeMneparypa; R - ra3.QblH. rypaK,Tbl caHbl. 

"r" HyKTe ywiH: 

(2.8) 

>KaHa ＳＸｐｾａ＠ ywiH: 

(2.9) 

MyH.Q8Fbl p0 , T 0 1<,opwan rypFaH opT8Hbll-\ K,blCblMbl >KaHe 
TeMneparypaCbl ; vh- l..\VIJ1"1HAPAil-\ >K\'MblCTblK. KeneMi; M1 - >1<a1-ta 
3ap5i,Q Menwepi; Ttv - TOny Koacpcp"14vieHTi. 
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(2.8), (2.9) cpopMynaAaH Mr >KaHe M1 ｡ｈ｢ｬｋＬｔ｡ｾ｢ｬｋＬＮ＠ EH.Qi vr =vc 
>KaHe Vh=Vc (E-1) epHeKTepgi ecKepin, 1<,an,QblK. raaAap.QblH. 
cpopMynacblH MblHa Typ,qe aHblK,Tayra 6onaAbl: 

P, v,RoTo P,To 
Y, = R,T,p0vh1], = T,po(e-I)TJ, 

(2.10) 

MVHA8Fbl - Pr >KaHe T, 1<,afl,QblK, raa,qapAblH. K,blCblMbl MeH 
TeMneparypacb1. 
(2.10) TeH.Aey, 1<,anAblK, raagap,Qblli. K,blCblMbl p, apTca >KeHe CblfblflY 
gape>1<eci e KeMice, ra3A8P,Qblli. K03cp¢V14V1eHTi apTaTblHblH KepceTeAi. 

Kon-1V1H c:jJopMynacbl 

Ti +t.T P, 
r,=-r-·ep -p 

r a r 

Kan,QblK. ra3gap Koscp¢V14V10HTiHiH. MaHAepi: 

0Kap6t0paTopnbl K,03f8flTK,blWTap ywiH Y, =0,05 ... 0, 1. 

o,QV138Ilb,Qep yWiH Y, =0,02-0,06. 

(2.11) 

2.2.4 EHri3y blpFafblHblH a51K,Tafly Ke3iHAeri T0MneparypaHbl 
8HblK,Tay 

>KaH.a aapHATblH., 1<,an,QblK. ra3A8PAblH., 1<,ocna 6anaHCblHblH 
TeH,QeyiH Ｑ＼Ｌｹｰ｡ｾ｢ｬｋＮ＠ [2,3,4,5]: 

(2.12) 

M¥H,Q8fbl Q - >Kali,a 38PHATblH. >KblilYbl; Q ->KaHa 
cl ｮｯ､ｾｰｵ＠

38p51,QTbl 8Il,QblH ana >KblflblTYFa K0TK0H >Kblfly; Q, -K,ailAblK, ra3A8PAblH 

>Kb1nyb1; Q" -1<,ocnaHblH (>KaHa 35tpH,QneH K,8I1AblK. ra3,Q8PAblli. 

K,OCblH,QblCbl) >Kbl11Ybl. 

EHAi QcJ,Q,...,,wmy'Q,.Q. M9HAepiH (1.2) cpopMyna apK,blflbl 

8HblK,Tai:iblK,: 

Q,, = M1µcP
1
T0 

Q ... 10,p,. =M,µcP'f:i.T 

Q M 111. 
r = ,µc p r 

Q0 = M.µcP T. = (M, + ｍＬＩﾵ｣ｐＱｾ＠
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M¥HA8fbl M1,M,,Ma - >KaHa aapflATblH, 1<.a.nAblK. ra3A8PAblH, 
1<,ocnaHblH MO.nbAblK, Me.nwep.nepi; µCp,µCp1 ,µC/ - 6ip MO.nb 

K,OCnaHblH, 6ip MO.nb >KaHa 38PflATblH, 6ip MO.nb 1<,a.nAblK, ra3A8PAbll1 
>Kb1.ny Cbli1blMAbl.nblfblHblH oprawa caHbl; T0 , Ta, T, - 1<,opwan rypraH 
opraHblH, eHri3y blpFaFblHblH af11<,ra.ny Ke3iHAeri 4111m1HAPAeri 1<,ocna 
MeH 1<,a.nAblK, ra3A8PAblK TeMneparypaCbl; AT - 8I1Ab1H ana >KblilblTY 
Menwepi. 

>Kb1.ny 6a.naHCblHblH TeHAeyiH 1<,ypaCTblpai1blK,. 

COHfbl T9HAiKTiH eKi >K8fblH M1-re 6e.nceK, Yr= Mr/ M1 

K,8TblH8CblH, µCp "'µCp
1 
"'µC/ ecKepin, (2.13) T0H.A0YAi 6binai1 

>Ka3yFa 60.naAbl: 

Cro +AT)+ Yr Tr= (1 +yr)· Ta 

COHA8 eHri3y blpFaFblHblH. af!K,Ta.ny Ke3iHAeri TeMneparypa: 

To+Af'+yrTr 
Ta=-----

I+yr 
(2.14) 

EHri3y blpFaFblHblH. as:11<,ra.ny Ke3iHAeri reMneparypa 
ｔＶｍＹｈａＰｲｾ･ｩＱ＠ 60I18Abl: 

•Kap610parop.nb1 K.03FaJ1TK.blWTap ywiH Ta= 320 ... 360 K. 
•,lJ,11130IlbA0P ywiH Ta= 310 ... 350 K. 
• Typ60KOMnpeccopilblK, Alll30I1bAep ywiH T. = 320 ... 400 K 
(2.14) T0HA0Y K,8IlAblK, ra3A8PAbll-l 

eHriJyAiH as:11<, Ke3iHit-l reMneparypacbl Ta 
MyHblM0H K,arap, CblfblilY Aape>Keci 
Ke3iHit-l TeMneparypaCbl TeM0HA0i1Ai. 

K03cj:>cp11141.1eHri aprca, 
apraTblHblH KepcereAi. 

aprca, eHriJyAiK as:tK, 

2.2.5 Tomb1py K03cpcj:>1114111eHTiH aHb11<,ray 

Ko3FaJ1TK.blW >KaHfblW 1<,ocnaHbl eHriay Ke3iHAe (HeMece ayaHbl) 
reop111s:t 60HblHWa 4111.nlllHAPAit-l >KyMblC KeneMi K,Opwan rypFaH 
opraHblK K,blCblMbl MeH reMneparypacblHblH. ap1<,acblH,Qa >KaHFblW 
1<,ocnaFa (HeMece ayara) ronyb1 rnic. Wb1HblH,Qa K.03Fam1<,b1wrap 
4111I1111HAPiHiH ca.nMaK, >K8FblH8H TOilYbl reopl!IH >Ky3iHAeriAeH KeM 
60.naAbl. 6ynai1 60.naTblH ce6e6i: KnanaH awblilFaH Ke3Ae, HFHlll 
eHri3YAiK 6ac Ke3iHAe, Cblfbt.ny KaMepacb1 >1<0FapFb1 reMneparypanb1 
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(870 ... 970 K) 1<,an,a,b1K. ra3rn ronbl 6ona,a,b1 >KaHe K.blCblM 1<,opwan 
-rypFaH opraHbll-l 1<,b1CblMb1HaH apTblK. 6onaAbl (0, 11... 0, 115 Mna). 
MiHe, COHAblK,TaH Aa, eHri3y Ke3iHA8 ayeni K,8I1Ab1K, ra3A8P CblpTK,bl 
K,blCblMHaH KSM K,blCblMfa ,a,eeiiH ynfaflAbl, COA8H KeeiiH 6apbm 
K,03f8I1TK,blW 4LllflVIHAPiHe TblH >K8Hfb1W K,Ocna Kipe 6acrail\,a,bl. 

KoarnnTK.blW 4L11nL11HAPiHe 6apbin KiperiH Tbll-l >KaHFblW 1<,ocna, 
eHri3y ryriri MSH KnanaHHaH 8TK8HA8 1<,apblCYAbl K83A8CTipe,Qi >KaHe 
coHblMeH 1<,arap, 1<,anAblK. ra3AapMeH apanacbm reMneparypacblH 
aprrblP8Abl. KocnaHbll-l TeMneparypacb1 eHri3y TyTiri MeH 411m1HAPAiH 
blCTblK. 1<,a6b1prnnapb1Ha, nicneKTiH rnt0iHeH Ae apraAbl. MyHb1MeH 
1<,arap, eHriay ryriri )l{aHe KJlanaHHblH awb11<, caHb1nayb1 eHri3yre 6ipaa 
K,V1blHAblK. ryFb13aTblH 6onaAbl. Ocbinap,Qbll-l Harn>KeciHAe 1<,03Fam1<,blW 
4V1nL11H,QpiHe WblH 6apbm KipreH >KaHFblW 1<,ocnaHbll-l (HeMece ayaHblH) 
canMafblHblH Menwepi K0MV1,Qi. EHri3y Ke3iHAeri WblfblH TOJlTblpy 
KoacpcpV141-1eHTi ,a.en aranaTblH Koacpcp1-141-1ettrneH ecenKe anb1HaAbl. 
Tomb1py K0:3cpcpL114L11eHT T/, ,a.en, K,03f8JlTK,blW 4V1I1V1HAPiHe H8K,Tbl 

6apbm rycKeH >KaHFblW 1<,ocnaHblH G1, canMafblHbll-l (HeMece ayaHblH) 
1<,opwan -ryprnH opraHbll-l 6ap reMneparypacb1 MeH K.blCblMbl KeaiH.Qeri 
reopL!lfl 6oeiblHWa MYMKiH canMaK, caHblHa G0 1<,aTblCbl arana.Qbl 
[1,2,3,4,5]: 

G1 Mi 
TJv=-=-

Go Mo 
(2.15) 

Tomb1py Koacpcp11141-1eHTiHiH. cpopMynacblH K,OpblTbln WblFapy ywiH 
K,03f8JlTK,blWTbll-l >KblnY 6anaHCblH (2.13) K,OJ1A8H8Mbl3. 

EH.Qi (2.8) }f{aHe (2.9) epHeKTepAi ｮ｡ｃ｜Ｌ｡Ｌ｡ｮ｡ｈ｢ｬｾ＠

Mi=Mo· 
Pr 'Vr M,==--
R,·T, 

(2.13) TeHAeyiH MblHa ryp.Qe >KaayFa 6ona.Qb1: 

Po·Vh .. llv(ro+AT)+p,·V, ·T,= Pa.Va ·Ta 
Ro·To R,·T, Ra·Va 

Co1-tFb1 T9HAiKTiH eKi >KaFblH R-re 6enceK, b11<,waMAaca1<,: 

Po·Vh ( ) ---•TJ To+ AT= p ·v -p ·V Ro·To v a a r r 

eKeH,a,iKTepiH ecKepceK, OH,Qa 



_To(p;V.-p,-VJ __ l_. To ._!_(sp -p) 
11 .. - PoVJT.+M) - s-1 To+ AT Po a r 

>Kornprbr (2.16) epHeK Kon4fl1H cpopMynacbr Aen aranaAbl. 
Typ60K0Mnpeccop11b11<, 1<,03ranr1<,b1wrap ywiH: 

= 

Tombrpy Ko3cpcp1114111eHTiHil-\ MaHAepi: 
• Kap610parop11b1 K,03FaJ1TK,blWTap ywiH Tlv = 0, 75 ... 0,85 

•,lJ,fl1381lbA0P ywiH 'l'lv = 0,8 ... 0,9 

(2.16) 

(2.17) 

• Typ60K0Mnpeccopnb11<, Afl138Ilb,Qep ywiH Tlv = 0,8 ... 0,95 

Te1-1,Qey (2.16), rombrpy Ko3cpcp11141.1eHTiHil-\ eHri3y K,blCblMbl Pa 
KeMice, WbrFapraH K03Ae K,blCblM Pr aprca >KaHe eHri3y Ke3iHAe 
TeMneparypa aprca Ta, K8Mfl1TiHiH KepcereAi. EHriay ryririHAS K,8pb1CY 
aprca, eHri3y K,blCblMbl Pa KeM1.1Ai. KapblCYbl ynKeH eHri3y ryririHiH, 
raaapTK,blWTblli 6onyb1 eHri3YAiH K,blCblMblH Pa reMeHAeTeAi, ceilirin 
TOilTblPYAblli K03cpcp1.14111eHTiH a3ailiTa,Qbl. 

Kapb1cyb1 Ken Wbrrapy ryririHili, TblHAblpFblWblHblli 6011yb1 
Wblfapy K,blCblMblH Pa apTTblpa,Qbl, ceChin 6yn A8 TOJlTblPYAblH 
Ko3cpcp1114111eHTiH a3ailiTa,Qbl. EHri3y ryririHiH >Koraprbr reMneparypacb1 
eHrisy aK,blpblHblH TeMneparypacbrH Ta apTTblpa,Qbl >KaHe COHblMeH 
1<,arap TOJlTblPY.QblH K03cpcpllll..\1118HTiH a3ailira.Qbl. 

2.3 CblfblMAay npo4eci 

nicneK >KWH-re 1<,apaili 1<,03ranrnH Ke3,Qe 1<,ocna (aya) 
CblFblMAaila,Qbl - ra3Ab1K KeneMi Kiwipeilie.Qi, K,blCblM MeH reMneparypa 
apTa.Qbr. CblfblMAay npo4eci rpacp1.1Kanb11<, >KOnMeH pv 
AlllarpaMMaCblHAa (2.1, 2.2 cypenep) ac Cbl3blFbrMeH KepcerineAi. 
>KaHfblW K,OcnaHblK CblfblMAanybr 41.111111HAPAiK K,86b1pranapbl apK,blJlbl 
>KblilY.Qbl 8Jlbln KeryMeH ere,[\i, ｾｆｈｬｬｬ＠ WblH K,03f8IlTK,blWTa Cblfb1MA8Y 
8,Qllla6ara 6oilib1Hwa eMec >Kb1ny aKery ap1<,b111b1 no11111rpona 6olltbtHwa 
ereAi [2,3,4,5]. 

CblfbfMAay non111rponacblHbfK KepcerKiwi n1: 

•Ta>Kip1i16eMeH anblHFaH fl1HAfl1KaropnblK. Afl1arpaMMacb1; 
• Kon4VIH-,lJ,eMfl1AOB HOMorpaMMacbr; 
•nerpos cpopMynacb1 (Kap6ioparopnbr K.03FanTK.blWTap ywiH) 

apK,blJlbl 8HblK,TaJ1a,Qbl. 
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2.3.1 Cblfb!MAaYAblH. COKFbl K,b!CblMbl M0H TeMnep8TYP8CblH 
aHblK.T8Y 

( l .4) epHeKTi ｮ｡ｾＬｱ｡ｮ｡ｈ｢ｭ＠ [2,3,4,5] 

Pav;• = Pcv;• 
PaVa=RTa 

(2.18) 

(2.19) 

iypiHAe )f{83yFa 6on8Abl. CoH.Fbl epHeKTepAi 6ipiKTipin 1<,8p8CTb1pca1<,, 
CblfblM.QaYAblH. 8511<. Ke3eH.i K,blCblMbl Pc 8HblK,Taila.Qbl. 

c HyKTe ywiH pc V c = RTc iypiHAe >KaayFa 6ona,Qbl. 

COHfbl )f{9He (2.19) epH9KT0PA8H CblfblM,Qay,QblK COHfbl 
TeMnep8rypacbl Tc 8HblK,T8J18Abl: 

T = P,,Vc =Te"•-1 (2.21) 
c R a 

MYHA8fbl Ta - eHri3y.QiH a5!K, Ke3iHiH. reMneparypaCbl. 
ｃ･ｾｲｩｮ＠ CblfblMAaYAblH, 8511<, K03iH,qeri K,blCblMbl MeH 

reMnep8rypacb1, Pc )f{9He Tc : 
0Cblfb1J1Y Aape>Keci i; aprca; 
unonlilTpOn8HblH. n1, KepceTKiWi KeMiCe, apTaTblH 6ona,Qbl. 
MyHblMeH K,8rap, eHri3YAiH. COH.Fbl K,blCblMbl P0 aprca, Pc K.blCblM 

apTaAbl, eHriay.QiH. 8s:JK. Ke3iHiH. reMneparypacbl Ta apTca, Tc 
TeMneparypaCbl 8pTa.Qbl. Tc MeH Pc M8H.Qepi: 

• K8p6toparnpnb1 1<,oarnm1<,b1wrap ywiH 
Pc= 0.9-2.0 Mn8 , Tc= 600-800 K; 

•AIA36IlbA8P ywiH 
Pc== 3.5-5.5 Mna , Tc== 700-900 K; 

• Typ6oKOMnpeccopnbJK, AIA30J1bA0P ywiH 
Pc=6-8 Mna, Tc=900-1000 K. 

2.4 }f{aHy npOL_\0Ci 

}f{aHy Ｑ＼Ｌ｡ｈａＸｾ＠ Aa 6onca 6ip saTTbJH. (aAene OTblHHblH.) oneriMeH 
XlilMV15!IlblK, K,0CblJ1YblHaH 6onaAbl, M'(HaH ｋ･ｾｩｈ＠ )f{blnY >KaHe >K8PblK, 6e 
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