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OBi>E;IMHEHHb1£t J/IhCTHTYT HliEPIWX JIICCJIEJlOBAHJdl 

Jia6opaTOpHH BblCOKHX aHeprHl 

E.JA~JlbflliKOB 

KoHueaTpa·UHoHaaa ·H TepMH~ecKaH ~H~yaHH npHuecel 

B llOTOKe raaa B npHXOE6HHB K aa~a~e 0 aamHTe OT aarpH-

8H6HHl OTBep~eBWHMH raaauB HXXIDMHHSTOpa Kopnyca KpHoreR

HOI nyab1p»KOBOl K8Mepu C ~»roapROI T6flXOH30XHUHel. 

l{y6Ha, !97! r. 



A H H 0 T A U III H. 

B pa6oTe paccuoTpeHS :sonpoca KOHD;eHTPSJ:UiOHHoM m TepumqecKott 

~H<P<bysmm :shluepsaronua npmuecel· npVLue::~m·TeJI:&Ho K KpmoreHHOit nysyp:&.Ko

:so~ Kauepe c ~:&roapHol cmcTeuol TenJIJmsoJIHitJ4M ~ !aHa ueTo~Ka onpe

~eJieHHH B6JIJ4qJ4Hb1 CKOPOCTH npo~yBKH .BHyTpeHHeit UOJIOCTJ4 ~:&roapa qJ4CTWI 

rasou, o6ecneqm:saro~e~ sa~TY HJIJiroumaaTopa Kopnyca KauepH oT BHuep

aaromroc: npHuece~. 

TioKaaaao corJiacme aKcnepmueHTa c pacqeTou ~JIB IOO-cu :so~opo~Hott 

nyahlp:&KOBo~ KauepH OJII~. 
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§ I. ~arpaaHeHme HapysHo~ noBepxaocTm m~nroMHHaTopa xopnyca 

xauepu Buuepaarommum npmuecaum. ~aWMTa oT aarvaaaeHml 

nyTeu HenpepNBHol npOAYBK~ AIDapa qmcTNM HeKOHAeHcm

pyrommuca raaou. 

Pa6oTocnoco6aocT~ xpmoreHHO~ nyaup»KOBol Kauepu B aHaqmTen»Hol 

CT6ll6HH 38BHCHT OT qmcTOTY ee HHSKOT6MnepaTypHYX CHCT6M~ 0co6oe BH~ 

uaHme ~onsao 6HT» o6pameao Ha ~cToTy pa6oqero o6~eua xauepw, a TaK

ze npocTpaHCTBa, OKpyzaro~ero .HapyzByD UOB6pXHOCTb HHHIDMHHaTopa KOp

nyca KaMepH. naze H6SHaqHT6H»HH6 KOHHqeCTBa npmMecel, OCe~aro~HX Ha 

OnTmqecKHX OOBepXHOCTHX B BH~6 TB6f~ qacTHU, npHBO~HT K peaKOMY 

CHHX6HHID KOHTpaCTHOCTH CH6~0B aapHJ.eHHNX qacTHU Ha nneHK6. 

T~aTeH»Haa oqmcTKa noBepxHocTel xauepu nepe~ c6opKo~ m npmue

HeHHe ~HH»TpOB fiOSBOHHeT OTHOCHTeHl·HO nerKO H368BHT»CH OT M6XaHmqe

CKHX npmuece~. MHDrO CHOZH66 Ha6eXE.T» OC8S~6HHH KOH~6HCHpyro~XCH 

npmuecel. KaK BHHCHHHOC» HS SKCnep~IM6HT8 H8 100-CM BO~OpO~HO! Ka

Mepe ~flm He HBHH6TCH ~OCT8TQqftHy npe~BapHT6H»HOe aanOHH6HHe npo

CTpaHCTB8 ~»roapa, OKpyzaro~ero HHHID!IHHaTOp RaMepH, BO~OpO~OM 1 npaK

TmqecKH He co~epzammu npmuece~. 

H npo~ecce pa6oTu xauepu muee~~ uecTo HenpepHBHoe nocTynneHme 

raaoo6paaHHX npmuece~ ( napu BO~, uacna, ~BYOKHC» yrnepo~a, aaoT, 

KHCHOpo~, OKHC» yrnepo~a H ~p. ) B YK838HH06 npOCTpaHCTBO. llpHM6CH 

nocTynavT B peayn»TaTe razeHHH noBopxHocTel, naxo~ammxca B ~»roape, 

H ~·~~YSHH 8TMOC~6pHOrO BOS~Xa qepea ~6T8HH KPNWKH ~biD&pa. 

B peayn»TaTe UOCTynneHHH npHM13C6l BOSHHKa6T rpa~H6HT KOH~eHT

pa~H npHM6C6! B~OH» CTOH6a BO~OpO;~a B ~»roape. Y HHHIDMHH8TOpa KOp

nyca KaMepH ( Pmc.4 ) xon~eHTpa~a npmuecel B raae onpe~enaeTca HX 

ynpyrocT»ro napa npm TeunepaType cTexna ( 28°K ) m ~a 6on»mmHCTBa 

ma nepeqmcneHHHX npmuecel npaKTmqecxm paBHO Hynm. 
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Bxaro~apa rpa~H6HTY KOH~6HTP8l~H, a TSKEe Tepuo~~YSHH npmue

CH ~BHEYTCH K OT6KXY H BHMepsa~T HE ero fiOB6PXHOOTB. OOHOBHO~ BKX8~ 

B nocTynxeHme npmuece~ nyTeM raseHJtH BHOCHT noBepxuocTm, HM6DmHe 

OTHOCHT6XDH0 BHCOKym TeMnepaTypy, ~·.e. fiOB6pXHOCTH, pacnOXOE6HHH6 

y KphiWKH ~:&JOapa. 

C I.t6X:&m YM6H:&W6HHH rallt6HH.fl CTE:HOK H606XO,ll;HMO HCfiOX:&SOBST:& Ma

T6PH8Xbl, J4M6JOIIU!e OTHOCHTeJIDHO H6BHC:OKYIO CKOPOCT:& raSOOT~exeHI/IH III 

npOHSBO,ltHT:& TpeHHpOBKY nOB6PJFHOCTeit •. 

B HSCTOHtnee BP6.MH OCHOBHOit X8j)8KT6pHCTHKOit M8T6pH8JI8 no raso

OT;zJ;6JIHT6JI:&HHM CBOttCTBSM C'lHTSJOT HSUeHeHHe y;neJI:&HOit CKOpOOTH raso

OT,lteJieHHH B 88BHOHMOCTH OT BpeueHH OTK8qx1{ npH fiOCTOHHHOit T6Mnepa

Type. BpeM6HH8H SSBHCHMOCT:& y;zJ;eJI:&HUtt CKOpOCTH raSOOT,11;6Jl6HHR ,ll;XH 

paSJIH'lHHX M8TepH8JIOB OfiHChlB86TCH ~HYMH BH;zJ;8MH ypaBH6HHit 
_c{C 

w = K e • ( tt 1 ' -d... 
Wrr. = K 2rt • ( 

' 
r;ne W7; - oxopocTD rasooT;nexeHHH B KaKoit-To :uoueHT BpeMeH\.l 

OTK8lllCH- rt; i 

q:' - BpeMH OTK8liKH (fL Ei: :COO '18COB ) i 

KK , K2, a. m d... - nooTOHHHble. 

I ) 

2 ) 

B 6oJI:&WHHCTBe cJryqae:s y.ueH:&Ill13HHe rasooT;z:teneHHH co BpeueH:EM 

npH KOMHSTHOit TeMnepaType HSXO,D;HTCa: B COrJiaCHH C ypaBH6HH6M ( 2 ) , 

npmqeu ~a ueTaJIJIOB m KepauHKH ~ pa:sHo npmuepHo I, ~H anacTH~

mx M8T6PH8JIOB H M8CTHKOB d.. : ~ • Pese H86JI~,11;ae:ca SKCfiOH6Htm-

8JI:&Hafl 38BHCHMOCT:&, COOTB6TCTBYIOtn8.il ypaBH6HHJO ( l ) • 

B pa6oTe I I I npm:se~eHH SH8'13HHH cxopocTm rasooT,n;eJie~H KOH

CTPYKtmOHHNX uaTepmaxoB npH pasJIHliB:hiX cnoco6ax mx o6pa6oTKH. lloKa

saHo, liTO npOMHBK8 MSTepH8JIOB 6eHSOJIOM, 6eHSHHOU H CllHpTOM 
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YM6Hl)W86T CKOPOCTJ:, raaOOT;zt6Jl6HHH npJ:JI6PHO :B 4 paaa. MeXaHHtleCKSH H 

DMHt16CK8fl o6pa60TKH ;zt8IOT YM6HJ:,W6HHE' CKOpOCTel raaOOT;zt6JI6HHH Ha no

pfl;ztOK :B6JlHtiHHH. 

PaHHidt OIIHT 3KCnJiy8T81Uiil !00-CII :BO:ztOpO;ztHOit K8M6pli fiOK838JI,qTo 

;ztJIHTeJIJ:,HSH TpeHHpo:sxa(:s TeqeHHe 300 t~aco:s ) BHyTpeaaero npocTpaucT

:sa ;ztJ:,IOSpa nepHO;ztHt16CKOit OTK811KOI ero H 38fiOJIH6HH611 qHCThlM BO;ztOpO;ztOII, 

ae o6ecnet~H:BaJia ;ztocTaToqaym npo;ztoJimlT6JIJ:,HOCTJ:, pa6oTH Kauep~ 6es 

aarpHSH6HHH Hapy3HO~ fiOB6pXHOCTH HJIJIIOMHHSTOpa KOpnyca KSUepH BHMep-

88IO~HMH nplUieCHUH. flpH TSKOit TpSJmpOBKe H6SH811HT6JI::DHhlit {pOH UOHBJIHJI

CH yse :a nepBse cyTKH pa6oTH xauepH nocne oXJiaS;zteHmH ee ;zto pa6oqeit 

TeMnepaTyphl ( Pmc~ 2A ) ~ llepea 5 cy~eox pa6oTH Kauephl (pou cTaHOBHJI

ca npe;ztSJIJ:,HO ;ztonyCTHUhlJI ;ztJlfl o6pa60TJGI CHHMKOB ( Pmc • 2B ) • 

B TOM CJiyt~ae, KOr;zta TpeHmpO:BK8 BHYTP6HHero npOCTpaHCTB8 ;ltl)I08-

pa nocJie c6opo xaMeps npomaBo;ztmJiac:& JIHW:& B TeqeHHe 8+!0 t~acoB, (poa 

6hlJI aaat~HTeJIJ:,HHM yxe ~ nepBse cyTKH nocne oxnaa;zteama Kaueps ;zto pa6o

t~el TeunepaTyp~ ( Pmc~ IA ). 
EcJIH B KOHCTPYK~H Kaueps muexorcs paaJim~oro po;zta peaHHOBhle 

ueu6paHH, npoKJia;ztKH, TOHKH6 CT6HKH ~ T.n., paa;zteJIHIO~e 8TMOCW6PHHi 

BOS;ztyX ( HJlH ;ztpyrme 06~ellhl C KOH;zt6HCHPYIOmHYCH rasou)oT BHyTpeH~e~ 

fiOJlOCTH ;ltl)I08pa, TO, K8K UOK88MB8IOT pacqeTH H8 OOHOB8HHH ;zt8HHbtX1 no 

;ztm~yaHH B TBep;ztHX TeJiax I 2 I, KOJIH'leCTBO AH~YB;ztHpyxo~mx np:wuecel 

HS 8TMOCW6PH MOX6T 6b1TJ:, 3H81:1HT6JIJ:,HHM~ B STOM CJ!yqae ;ztJIHT6Jl])H06 

o6eara&HB8HH6 fiOB6PXHOCTel, HSXO;ztHWHXCH B ;ztJ:,IOSpe, o6ecneqH'f CHHE6-

HH6 nocTynaiO~ npmuecel JIHWJ:, ;ztO YPOBHH, nocTOHHHO ;ztHWYH;ztHpyiO~ero 

qepea CT6HKH. 

Ha paHHel CTS;ztHH 5KCnJiy8T8UHH K8M6pH HSWH UOnHTKH, BanpaBJieH

HHe H8 YM6H])W6HHe fiOCTYnJI6HHH BhlM6t38IO~ npmuecel B npOCTpaHCTBO, 

oKpyEaxo~ee xauepy ( saueaa aeKoTophx opraaHqecxmx uaTepmaxo:s aa 
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ueTannw, TpeampoBKa BHyTpeHHe~ nono~TH ~»mapa npo~onSHTenbHOCT»m 

~o I uecHua, nooTaHOBKa Bo~opo~aoro mnmsa ues~ euxocTbiD aBapm~aoro 

c6poca m npe~oxpaHHTenbHHMH xnanaaaMH aa ~»mape H ~p. noaBonmnH 

o6ecneqmT» pa6oTy xauepH c ~onyoTMU~M sarpasaeameu mnnmumaaTopa xa

uepw nmm» B TeqeHBe I ae~enm. 

lloBm~muouy,~m~ysmoaaaft OTKaqKa BHYTpeaael nonooTB ~»mapa B 

npouecce pa6oTH xauepw TaKse ae paapemmna 6H yxasaaao~ npo~neuw. 

BHCOKHl B8KYYM B YK838HHOM npOCTp8ECTB6 y~anoo» 6H COS~8Tb• O~HaKO 

KOHOTPYKUHH Kauepy TaKOBa, qTo CT6B:no KOpnyoa KauepH HY66T Teunepa

Typy zw~xoro BO~opo~a H no nnoma~ saamuaeT saaqmTen»HYD ~onro OT 

BC6X XOXO~HHX flOB6pXHOOTel. B STOU cnyqae HXXIDUHHSTOp HBXH6TOH 

Kpmoaacocou c 6on»mo~ npomaBo~mTenJ,aocT»m ( aaa~Ten»Ho 6on»men, . 
qey paayMHO MOSHO 6HXO 6H yoTaHOBH~~» ~H ~H~YSHOHHO~ OTKaqKH )~ 

IToaTouy saaqmTenbRaH qaoTb nocTynanmmx npmuecen saxBaTNBanacb 6N 

HXXIDMHRaTOpOM K8Y6pH. 

B xoaeqaou cqeTe aaum 6an npe~~osea cnoco6 aammTH oT aarpHaae

HH~ OTBep~eBWHMH raaaMH flOB6pXHOCTt3~ OXHa~~eHHYX COCY~OB, OKpyzeH: 

HHX aexoa~eaompymmHuea raaou I 3 1. a TaKEe amaxoTeunepaTypaaH ny

awp»KoBaH Kauepa I 4 I, B KOTopo~ 1pmueaeame yKasaaaoro onoco6a 

noaBonaeT o6ecneqmT» aa~ezaym sammry mnnmumaaTopa xauepH OT BHMep

saro~x npmuecel ( Pmc. 3 ) npaKTmqecKH 6es TpeampoBKH BHyTpeaael 

nonooTH ~»mapa nepe~ oxna~eameu xauepH. 

CymaocT» npe~ozeaaoro cnooo6a sammTY saxnmqaeTcH B ToM, qTo 

B npouecce pa6oTH xaueps B npocTpaacTBe oxono aammmaeuol noBepx

HOOTH ( RapySHO~ flOBepXHOCTH HXXDMHHaTopa KOpnyca KauepH) opraHH

syeTCH aenpepHBHN~ noTOK qmcToro EeKoa~eaompymmerocs rasa ( Bo~o

po~a ) co cxopoCTbm, ~ocTaToqaoU ~~R orpaamqeHHR xonmqecTBa ~~ 

~ya~pymmmx npmuecel K cTexny aa 1~6paaaou ypoBae. qHCTHI ras 
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;zt0Jlllt6H nep6M6Jn8T:&CH B HanpaBJI6HHB npOTHBOfiOJIOlltHOM HanpaBJI6HHIO .ztH!f>

WYSHH npuuece~. SarpasHeHHH~ ras B :toJIH~ecTBe, paBHOY nocTynaiO~neuy 

~J4CTOMY rasy, Bh16paChiB8IOT HS yKa3SH:foro npOCTPSHCTBS. 

B Ka~6C'fB6 HCTO~HPIKS rasa ;ztJIH :lpO.ztYBKH HSMH HCfi03l:bSY6TCfl :IH.zt

KHit BO;ztopo;zt, HCnapHBWHitCH B pa;ztHSTO}HOM SU66BJ4K6 Kauephl lit OT!f>BJI:&T

poBaHHhlit q,ToponJiacTOBhiM q,BJI:bTpou 8 <~ nopaMH I MHKpoa. IloToK nocTy

naeT ~apes nepq,opHpOBaHHYIO Tpy6Ky 6 ;ztH8M6TpOY 6 X I MY, pasuemeHHYIO 

no nepewepHH !f>JISHUS Kauephl. 06'beMHa.i! CKOpOCT:& npo;ztyBKJil ycTaHaBJIH-. . 

Ba6TCH C nouom:&IO HrOJI:&~8TOrO B6HTHJlij 7 C npOXO;ztOU ;ztBSMeTpOM 3 MY. 

06H~HO npH pa60T6 K8M6pht 06'beMB:8H CKOpOCT:& npo;ztyBKH COCTaB

JIH6T""" 0,5 HM3/~ac, ~TO COOTB6TCTB.)"6T cpe,nHeit JIHH6itHOit CKOpOCTB 

noToxa B ce~eHHH :zt:biOapa I ( y xphlmKrt ) ~. :t I,4·I0-4 ujcex H B 

C6~6HHH 2 ( B B6pXH6it MOCKOCTH pa;ztk!aTopa )~Z. ~ O,I4•I0-4 M/CeK. 

IlOTOK rasa OTH606H KO BC6MY C6~6HHIO BHYTP6HH6it DOJIOCTH ,1(:b10Spa. 

Bhl6poc sarpssaeHHoro rasa ocymecTBJIHeTcH us KphlmKH ,n:&IOapa 4 c 

DOMOJn])IO peryJIHTOpa :zt8B3l6HJIH B ;zt:biOape 9. KOJIH~6CTBO npo;ztyBaeuoro BO

;ztopo;zta KOHTpOJIHpyeTCH pOT8U6TpOM 5. 

MeTO;ztHKa onpe;zt63l6HHH H606XO;ztHMOit CKOpOCTH npO.ztYBKH paCCY8TpH-

BaeTCH HHll£6. 

§ 2~ KoHqeHTpaymoHHaH H Tepum~ecxaa AHWWYSHH npuuecel 

B OAHOM6pHOM Jl8MHHapHOM DOTOK6 rasa. 

2-I. BHHapHaH CM6C:b. 

C U6Jl:b10 DOJiy~eHHH K03lH~6CTB6HHhlX COOTHOW6HHit ,1(JIH peweHHH KOH

Kp6THOit sa.zta~m o :ztmq,q,ysmm npmueceit K H3lJIIOMHHaTopy xopnyca IOO-cu 

BO.ztOpO;ztHOit K8M6phl paOCMOTpHM sa,na~y 0 KOHU6HTpaUHOHHOit H T6pMH~ec

KOit ;ztHq,q,ysHH B O;ztHOM6pHOM JiaMHHapHOM DOTOK6 6HHapHOit CM6CH~ 

nna O;ztHOU6pHOrO DOTOK8 6HH8PHOit CM6CJ4 npH UOCTOHHHOM ;ztaBJI6HHH 

H nepeMeHBOit 'f6MnepaType B OTCYTCT:EJ4H BH6WBHX CHJI IDIOTHOCT:& DOTOK8 
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MOJI6KYJI nep:soro KOMflOH6H!r8 CM6CH B EanpaBJI6HHB 2. ( PHc.5 ) ;ztJIH 

npOHSBOJI:&HOrO C6'16HBH Z onpe;zt6JIHTC:ft ypaBH6HH6M 

h r 0"\ d f'-1o 0'. ' d.~ -,Q ("\ 
J"l =- \\ ~i2 ~ \\ eN,.--- - f'\ '-'' '-iO , ( 3 ) 

1 d"l; ~d.z. 

r~e ;ztJIH npOHSBOJI:&HOro C6'16HHH ~ 

_N 1 - WIOTHOCT:& DOTOK8 MOJ16KjfJI nE~p:soro KOMflOH6HT8 B HanpaBJI6HHB 

~ ; 

\\. - 0611\66 'IHCJIO MOJI6KYJI :B e~HH»U~e 067leMa CM6CH; 

~ 12 - K~~(j)H~H6HT KOHneBTP8IUIOHHOit ;ztH(j)<»ysBB ;ztJIH 6BH8PHOi1 CM6CB 

I-2; 

~~ - KO~n146HT T6PMH'I6CKOI ;ztHg~ysHB ;ztJIH CSHHapaol CM6CB !-2; 

f\~0 - KOHI{6HTP8ItHft YOJI6KYJI nep:BOl'O KOMDOH6HT8 i 

dn,cr rpa;ztH6HT KOHneHTP8UHB MOJI6HYJI nep:soro KOMflOH6HT8 l3 Hanpa:s-

d l. JI6HHH :z! i 

'Y - aCScoJIIOTHaH TeMnepaTypa raso:sol cMecH; 

~'r - rpa;nHeHT TeMnepaTyphl :s raso:soH cuecH :s uanpa:sJieHHB ~ 
de 
"G - CKOpOCT:& UOTOK8 raso:sol CMUCH. 

llpHM6M BO l3HHM8HH6, qfo l3 npOHB:BOJI:DHOM ceqeHHH ~ : 

n.. ::= ~ 1 -+- f\.2 ; f\.1\o + f\.;:~o = ~ ; n._,o =- ~-t ; 
n.. n.2 - na . 

o- \\... 
S;nec:& \l-\ H f'\ 2 - qmcJia MOJI6KjfJI nep:3oro H :BTOporo KOMUOH6HTOl3 B 

• 
' 

6;ztHHH~e 067l6Ma CII6CH; f\ 20 - KOHI{6liTP8nMfl MOJI6KYJI :BTOporo KOMDOH6H

Ta. 

KaK ms:secTHO I 5 I, Koa~HIUI6H1rhl JL.r H n12 npe;ncTaBJIHIOT coCSol 

CJIOSHble WYHKitHH H sa:sBCHT oT .uacc YlJieKyJI, HX KOJIHqecT:s, a TaKEe 

l36JIHqHH, onpe~eJIH6MHX M6SMOJI6KYJIHpmxMH CHJI8YB. 

06bi'IHO npH HCCJI6;lt0l38HHHX Tep.UO,mi~YSHH UOJI:DSYIOTCH T6pMO;nB~y

SHOHHhlM OTHOnt6HH6M KT t onpe;zt6JIH6Mbl.W l3hiP8lt6HH6M 
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• ( 4 ) 

rpaHHquH6 ycnoBHfi Sa~a~. 

- 0 . - ' 

Jl,rra ce t~eHHa 2 • ~ = H ; 

T.e. 

HHH 

3a~a~y 6y~eu pewaTD ~a cny~aa, Kor~a TeunepaTypa B ce~eHHHX - . . 

nOTOKa M6Hfi6TCS HHH6AHO OT r t T.3. 

'T = '""'+ (12 -T~) -~ • ( 6 ) 

B 3TOM cny~ae TeMnepaTypHHM rpa~M6HT cl\ nOCTOfiRHHM BO BC6X 
cl"2: 

ce~eHHflX ~ H paBeH 
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cl \ \2.-'" -= 
d.2: H 

• ( ? ) 

OCh;eMHaH KOHI.\6HTpa!4HH MOJI6KYJI OCiOHX KOMfiOH6HTOB \\. ~JIH rasa 

B]XaJIH 0! KpHTHti60KOro OOO!OHHHH oCSpa!~Honponopi.tHOHaJIJ>Ha !6MnepaType 

T, T.e~ 

• ( 8 ) 

K08<Wliii.tH6HT BSaHMHOi4: ]XJ4~YSHH JI12 ]tJIH MO]l63IH li60TKHX o!Pep npld 

flOOTOHHHO~ flJIOTHOOTH nponopUHOHaJieH ,-·~, a npm fiOOTOHHHOM ]XaBJieHHJ4 
~. . -

~ 1a ~ nna MO]XeJie~, 60Jiee CSJIHSKHX K peaJI:bHHM MOJieKyJiaM, KO~HI.tH-
6HT JI12 M6HS:eTOH OT TeMnepaTypH SHaliHTeJI:bHO CSHOTpee~ Tipm HHSKmX 

Teune/~Typax JI12 npH flOOTOHHHOit nJIOTHOOTH H3M6HHeTOH nponopi.tHOH83I~ 

HO~ ~6 t a npm BHOOKHX TeMnepaTypax npH UOOTOHHHO~ fiJIOTHOOTH KO~-
';l· 

!PmnHeHT n12 BospaoTaeT o TeunepaTypo~ npmCSnmsm:TeJIJ>Ho KaK T'Y~ I 6 I. 
000JI6]XYH S8BHOHMOCT:b JI12 OT T6Mnepa~ypH npH ITOOTOHHHOM 1XaBJI6HHH no 

sKcnepmMeHTaJIJ>HHM JXaHHau, uanpmMep i 7 I, uozao YBH1X6Tl>, liTO npm 

KOMH8THOit T6MnepaType npH ITOCTOHHHOJif ~8BJI6HHJ4 KOS({iPHilH6HT JI12 npH

CSJIHSHT6JI:bHO nponopi.tHOHaneu T2• 

TaKHM oCSpasoM, 0 ]XOCTaTOliHOi4: ~[B HHS6H6pHHX pactleTOB TOtiHOCT:bD 

B S8]X8llaX, r;n;e T6UnepaTypa CM6CJ4 H6BHaqHT6Jl:bHO npeBHmaeT KOMHSTBY!Ot 

MOlKHO npHHS:T:b, q'.ro KO~HJUI6HT JI12 llpH flOCTOHHHOII ;ZJ;8BJI6HHH nponop

!lHOH8Jl6H T~ 
KOslPWHilH6HT ;ZJ;H~YSHB JI12 OJia6o S8BHCHT OT KOHU6HTpanHJ4 KOMITO

H6HTOB B ouecm I 5 I, noaTouy B pac·:teTax uosuo npeue6peqJ> aToll sa-

BHCHMOC'l':bl>. 

Koa~mUKeHT ;n;mw~yamm n12 .npm nocTos:aaol TeunepaType oCSpaTHo 

nponopnmoaaneu ;n;aBneum~ cuecH. 

TaKHM o6pasou, ;n;ns: ~aJil>HelmHx pacqeTOB npmyeu: 

IO 



( ';b~~ \, T = (~\a )n T ( ~~~ .)

2 

( ~ } , 
) \.\.) '\ 

( 9 ) 

r;zte ( ~'\'2,) ~.) T H ( ~ \ 2 ) p
1 

J\-\ - KO~H~6H!Ii BS8HMH~it ;ztH~-
~YSHJ4 MH cue em I-2 npm ;zta:sJiemtm P J! TeMnepaType T m npm PI, T1 _. 

8KcnepHM6HT8JI»BH6 SHaqeHHH KO~pH~6HTOB :ztH~YSHB n!2 H6KO!O

pHX raso:sHx cueceit npe~cTa:sxeHH B Tajxm~e I. 

PaCCMOTPHM 0! K8KJ4X ~8KTOPOB S8B~CJ4T T6pMO;ztH~3SHOHH06 OTBOW6-

HH6 Er• 
KT CHJI»HO S8BJ4CHT OT COCT8B8 CM6CB, qTQ ;zt6JI86T fiOJI6SHHM BB6;zt6-

HH6 T6pMO;ztH~~YSHOHBOit fiOCTOHHHOit ~ , onpe~6JIH6MOit Blip8S6HH6M: 

,,...).,_ ;. K' 

n.'\0 n..:lQ 
• 

llpH msyqeHJtiH T6pMO;zui([)(pysmH BBOJtfiT B6JIHlWHY 

( IO ) 

OTHOW6HH6M T6pMO~~YSJ40HHNX fiOCTOfiJlHNX. 0npe;zt6JI6HH8fi 3KCn6pHM€H

T8JI:DHO B6JIJ4qHH8 ~\ npe;ztCT8BJIH6T COI)0£1 OTHOill6HH6 3KCnepHM6HT8JI»HO 

onpe;zt6JI6HHHX SHaqeHHit KT (SKcn) HJIH ~ (aKcn) ;ztJifi ;zt8HHO« CM6CJ4 K 

COOTB6TCTBYIOUlHM T60p6TH'ti6CKHM 3H8tt6:iiiiifiM \<T(,o) HJIB cX.(..--o) MH_ 

TOM X6 CM6CH 1 fiO;ztCttHT8HBHU Ha OCHOBS ;ztOfiYUl6HJ4H 9 t!TO MOJI6KYJI~\ BS8-

HMO;zt6itCTBYIOT K8K ynpyrue wapH, T.e. 

·-
~'tC.Cf\ 

K' ·- cl ~"tn - -
\( T (.oO) ~~ (OlD ') 

Tor;zta ms ypa:sHeHHI IO m II noJ:yttHM 
~"-t'\\ 

KT : .d...(oo) \\,o f\c'c R., 

.. 
( II ) 

( I2 ) 

Q i S8BHCHT OT OTHOCJ4T6JI:DHOro CO;zt6j)llt8HHR KOMfiOH6HTOB B 116H:&ill6it 

II 



Ta6nmua 1o 

9KcnepHM6HT8JI»HHe 8HaqeHHft KO~HUHeHTO» ~~YSHH n12 
HeKoTop~ raaoBaX cuecem. 

CMec:r, llaBJieHHe, TeMnepa•eypa 1l12 ,c.l-;ceK JlHTepa-
TOp. T°K Typa 

H2- .N2 760 273,2 0,674 5 
II 760 293~2 0,8 7 

" 760 373,2 1,251 7 
H 760 473,2 1,86 7 

H2 -C02 760 273,2 0,550 5 
; I 760 293,2 0,65 7 

.. 760 393,2 1,02 7 

II 760 473,2 1,54 7 

l-4a. -Oa 760 273,2 0,697 5 

He.- CO 760 27~·.2 0,651 5 

H2 -CH4- 760 27~;,2 0,625 5 

.N~-02 760 27~i,2 0,181 5 

.Ne,-C.O 760 27~>,2 0,192 5 
..N 2 - COa. 760 27 :> ,2 0,144 5 

Ha-\-\e 700 29J~,4 1,504 8 

He-.N 2 690 289,4 0,717 8 

12 



OTeneHH, 'leU d... , H noaTOMY MOJ!teT pac:OMaTpMB8T:&OH K8K xapaKTepHOTH

xa oueom npm ~aaao~ TeunepaType. I 9 I 
TepMO;ztMWcDYSHOHH8H noOTOHHH8H d.._ :UICIM6HH6TOH 0 pOOTOM ;naBJI6HHH, HO 

SH8'1PIT61l:&HO 01la6ee, ll6M XO~J41Ui6HT lSS8HMHO« ;z(H~YSMB Jl12 ~ Tax, B 

OM60H paBHbiX KOJUi'q60TB H2 H C02 npm ~rBeJIH'lleHMII ;naB1l6HHH 0 3 ;ztO 80 

aTuoowep ol yBenmqMBanao:& B TPH paau, a oueo:& aaoTa H Bo;nopo;na npm 

TOM ze pooTe ;naB1leHMH ;nana yBenm'lleHHH d...- TOJI:&KO aa 30% I 10 I~ 
IloaTOMY ;nJIH pemeHHH Sa;zta'l!H 0 y'lleTOU ~eepMO;ztiilW<PYSMH, 60JIH ;naBJieHH6 

OM60H He OJI11l:&HO OTJIHll86TOH OT 8TMOOWt~pHOr0 3 MOlltHO fi01l:&SOB8T:&CH aKone
~~cn 

pHueHTaJI:&HNMH ;ztaHHhlUJil d... ( axon) H R, , onpe;neneHHNMH ;nJIH 

OM60H npH 8TMOO~epHOY ;naBJI6HMM. 

IlOOKOJI:&Ky 8H8JIHTJII'll60XH6 88BHOJIIMJOTH ~ axon. OT T6M~epaTyphl 
T 

;ztJIH paSJIH'llHhlX CMeoe~ paSJIHllHN H rpOMOS~KH, B ~aJI:&He~meM npH perueHHH 
- ~'<.C\\ 

38~8llH 6y;zteM nOJI:&SOB8T:DCH cpe~HHM 8Ha'll6HH6M \<1\ -T ) ;ztJIH ;zt8HHO~ \ _, a 
CM€0H B HHTepBaJie TeMnepaTyp T1-T2 Ill Bhlpa~eHHe ;ztJIH KT aanmmeM B BH-

:zte: 

' 
( 13 ) 

"'T': \((1' '\ •T2) -:::. cl. (co) 

-~~en 

r;ne 'K: ("T~-,2) m Q (T\-·Ta.) - ope;ztHHe aaa'lleHMH K, H R1 B 

~manasoHe TeunepaTyp 'T\ m T2 ;n.nH )ISHHO~ ouecu. 
D -9-\c:.cn 

B Ta6JIH~e 2 npHBe;zteHN SHaqeHMH ~\ 
R ~~c" 

H . (T'\-12) 
~JIB H6KOTOpb1X oueoe~ 0 paBHblM 00~6plt8HH6M XOMnOH6HTOB. 

JIIS MOJI6KYJIHpHO-XHH6TH'q60KOi! T60pHH raSOB ;nJIH M0~6JIJ1 TB6p;ltb~X 

ynpyrmx ruapoB msBeOTBO Bhlpaseu:we I !> I 

') ( 14 ) 

13 



Ta6JIHUa 2~ 

t onpe~eJI6HH06 aKcrrepHM6HT8JIDH0 ~ft 

HeKOTOpHX CM6Ce~ C paBHNM CO~epEaHHeM KOMITOHeHTOB. ECJIH 
:)~en ·· 

~aH TeMrrepaTypHhl~ HHTepBSJI, 'To ~.T - cpe~Hee 
R ~'::en 

SHa~eHHe B aTOM HHTepBaJie lT~-\2) t 6CJIH 
o~~o ~~en 

~aHo""aHa~eHHe TeMrrepaTyphl, To R.T oTHOCHTCH K 

aTo« TeunepaType. 

CM6CD TI + T2 
aKcn. JlmTepaTypa 

RT OK 

H2 -He 600 + 90 0,59 12 

H2 ~ He 292 + 90 0,58 13 

H2 - He 292 + 20 0,59 13 

H2 - .Ne 290 + 90 0,57 14 

H2 - .Ne 290 + 20 0,34 14 

H2 ~CO 288 + 373 0,58 IS 

H2 - CO 293 + 90 0,38 13 

H2 ·~ .Na 373 + 288 0,60 15 

H2 - .N2 292 + 90 0,42 13 

H2 - J--.l2 293 0,49 16 

H2 - Co2 373 + 288 0,49 17 

He - .Na 373 + 287 0,62 18 

- 14-



r,D;e \\. "O H f\ ao KOHneH~paUHH MOHeKyH nep:aoro H BTOporo KOM-

flOH6HTOB B 6HHapHOU CM6CHi 

Q~, Q2 ,o\2) s, , s~ 
pa3HOCTH M8CC MOneKyH H HX ,D;H8M6TpOB. 

Jlla ypaBH6HJ.Ilfi ( !4) BH,D;HO t liTO npll ManbiX KOHU6HTP8UJ.IlfiX r\. \o 3H8-

li6HJ.IIH d.. (-) cna60 OTnHli8IOTCH 0~ 3H8li6HHH C>l (oo) npH t\.'\O 

cTpe:ua~e~ca K Hynxo,_ T.e. ~ 
1 [d(<00)1n.,

0 
~ \_ d..to=»)j r\'\o ~9 • 

TaK, ;n;na c:uecett Bo;nopo;n-oKHc:& yrnepona·, BO,D;opo;n;-aao~, BO.D;OPOlt-.D;BY-

OKmc:& yrnepo;n;a 3H8li6HHH c:>lcoo) npn ("\_ '\O = 0,0! OTnHli8IOTCH OT 

3H8li6HHH ~ (. c:3C) npM \\.\c...; 0 nHill:& H8 3-5%~ llo STO:UY B ,D;an:&-

Het!meM 6y,D;eM npPIHHMa~:& 3H8li6HH6 ~ ( 00 .) llOCTOHHHNM H paBHhlM 

oL ( 00 ) npH \\. '\c ~ 0 c oroB:>pKo~, q~o omm6Ka npm Bbi'IHCJie-

HitiHX H6B6JIHKa B cnyllaax, KOr,D;a f'\ '\o <.. O,OI. 

~H H6KOTOpbiX CMeceU ,D;nH MO,D;enH TB6p;nbiX mapo:B SHa'leHJIIH ~ 1 t 

Q a t Q ,
2 

t S \ J4 S 2 t a T8Klt6 :Bbi'IJ.I!Cne HHble H8MJII 8H8 'tl6HitiH 

~ep:UO,D;HWWYSMOHHO« llOCTOHHHO~ npH KOHU6HTP8UMH f\\a CTpe:uame~CH 

K HY1IIO [d. ( QO) 1 n 
0 

npe;n;ca:r a:aneHhl :a Ta6n~·n~e 3. 
\o~ . . -2 

BhtpaJiteHme ;n;nn KT :as ypa:aHe~.H (!3) npm f\ 10 <.. IO sa-

nmmeTCH B BM,D;e 

BeKTOp CKOpOC~J4 nOTOK8 rasa K8lt nenoro \r ,D;nfl 6JIIHapHOit CMe

CH onpe,D;6JIH6TCH ypaBH6HH6M 

v = n. 4.~v,. ·-t- "-2ov2 
S;n;ec:&:'l, H ~ - :aeKTOphl cpe;n;HHX ~Kopoc~e~ :uoneKyJI nep:aoro m :aTo-

poro KOMfiOH6HTO:B CM6CHi ft\c JII {\ 2 .) KOHU6HTP8UJIIH :U03I6KYJI nep:aoro 

H :BTOporo KOMllOH6HTOB. 

IS 



-·
·-

·-
--

-·
--

--
·-

-·
--

--
·
-
·
-
-
·
-
-
-
-

Ta
CS

JIH
tta

 
3 

B
H

qm
cx

eH
H

H
e 

aa
aq

eH
m

H
 
T
e
p
M
O
~
H
~
Y
S
H
O
H
H
H
X
 

fiO
CT

O
H

H
H

H
X

 
~
H
 

H
6K

O
TO

pH
X

 
c
u

e
c
e
i 

np
B

 
H

Cf
iO

JI:
&

SO
B8

H
IIH

 
JI
0~
6X
H 

T
:a

ep
ltJ

;n
 
c(
_p
ep
~ 

~
~
 ·

 
-

O
T

H
O

m
eo

e 
M

8C
C 

M
O.

Tl
6K

YH
 

O
JI

H
8P

H
O

it 

C
M

6C
JI

; 
~
 4 

-
O

TH
O

m
eH

H
e 

;zt
H

81
16

Tp
O

B 
M

O
.T

le
i)J

I i
 

S
 >

 Q
. 

-
B6

H
H

'llH
H

hl
 

B
 Y

P8
BH

6H
H

H
 

( 
14

 )
 l

J,J
l~ 

o
l 

(o
o

) 
; 

l o
lt

o
o

)1
1

\.
1

0._
, 0

-
Te

pu
o~

m<
.P

t,
py

~H
OH

H8
H 

fiO
C

TO
fiH

H
8f

l 
;zt

.Tl
fl 

cM
ec

m
:, 

K
O

r;z
ta

 
n,

o 
cT

pe
M

H
T

C
a 

K
 a

yx
m

. 
S

ua
qe

um
s 

s,
 ,

 S
2

, 
Q

"
; 

Q
 2

 
u 

G~
2.

 
:a

aa
T

N
 

Ji
a 

pa
6o

T
N

 7
 9

 I
. 

-
C

M
ec

:o
 

TY
\"

 
~'

 
s..

, 
Q

, 
( ~<

.oo
~l\

"o.
.-.

o 
-

-
-5

2
. 

Q
2 

Q
,2

 
m

2. 
6

2
 

\4
~-

H
e

 
2,

0 
0,

80
 

0,
34

1 
0,

5!
1 

1,
35

5 
2,

18
6 

3,
64

2 
0,

14
1 

\ 
\ 

("
>

I'
\ 

T
~
 

Q
 

T
 
~
A
 

n 
. c

:;.
:;n

 
n_

uP
.? 

1,
43

0 
0,

43
8 

1,
?8

4 
1,

10
5 

,--,
 z.

-"
'v

 
__

 ,_
 

-,
_-

-y
--

-
-
' 

-
-
-

\4
a-

.N
2 

13
,9

 
1,

38
 

0,
55

0 
0,

48
? 

1,
43

0 
0,

43
8 

1,
?8

4 
1,

10
5 

H
 

H
a

-
O

a.
 

15
,9

 
1,

33
 

0,
51

0 
0,

44
3 

1,
32

0 
0,

40
5 

!,
6

3
0

 
1,

09
5 

0
\ 

\-
\,

a-
C

0 2
 

21
,8

 
1

,?
0

 
0,

54
0 

0,
34

8 
1,

40
9 

0,
23

2 
!,

2
?5

 
!,

5
 

\-\
e-

J\
12

 
?,

0
0

 
I,

 ?3
 

0,
80

5 
0

,?
!8

 
2,

!3
7 

0,
55

4 
2,

58
4 

1,
29

5 

..N
2-

C
02

 
1,

5?
 

!,
2

3
 

0,
40

8 
0,

4!
8 

2,
!5

4 
1,

48
0 

3,
38

0 
0,

28
3 



llpm YCTSHOBMBID8UCH COCTOHHHK nHOrHOCTH flOTOKOB 060HX KOMflOH6H

TOB B Ka~~OM ce~eHmm nOTOKa flOCTOHHHN, T.e. 

TIOCKOB:DKY 

n.,v, +f\.2Vz ::.Const, 

. """" - n 2~ 
, '~:> - --.. f\. 

"""'V nV c:or\.St V:: ' "" " + 2. a :::. -- • 
\\.. \\. 

, TO 

TaKJIIU o6paaoM_, CKOpOCT:b flOTOKa raaa V , MJIH B H8ID6M CJiy~ae 

'U , o6paTHO nponopUMoHaJI:&Ha tJHCJIY ~-o~eKyJI B e~JIIHM~e o61>eua raaa, 

KoTopoe B c:soD oqepe~:& o6paTHo nponOJt~JiloHaJI:&Ho TeunepaType raaa, 

T.e. 

T 
( I6 ) 

Tio~cTaBJIIB B ypaBH8HMe ( 5 ) Bblpa:ateHM.H ~H n.) ~12,' KT 'T_ \.4 \J"' ' 
noJiylleHHb16 COOTB6TCTB6HHO MS ypaBH8Hllit ( 8 ), ( 9 ), ( IS ), ( 6 ) 

' 

H ( I6 ) , nocJie npeo6paao:saHH~ noJiyqJ~M 

.N, ,._ ll'\)1 C~12 ) 1 (1~1-\ +(T2 -1,):2.] 
\~\4 

1 ·- ~~Ct'\ 

_ _5!\)~ (~\2..)1 (T~- \2) ~clcoc)j \\'\o~O RT\-\2.. -----------=-- f\"o ~ 
\'\\-\ 

• ( I7 ) 

IS ) 

I? 



OCSoaHa'CU'IM 

H ypaBHeHHe (IS) nepenHmeM B BH~e 
2. 

d..n.,o 
+ 

d f\1\c _ 
0

,_ - . 
cl ~?- d.~ 

0611\HM perueHmeu ;zu~w~PepeHnH~JI:&Horo ypaBHeHHHI ( 20 ) CSy;n;eT 
·w -

l' 4\-\ ~ ( 1'2-\+\ ') l ] 
n. \o-= C 1 

r~e c1 H c2 - nocToflHHhte HHTerpmpoBa::iiiiH. 

~fl rpaHHqHNx ycnoBH~ aa;n;aqm: 

( I9 ) 

( 20 ) 

( 2I ) 

npH _2: 0 (\ \o '= (\\;?) '\ H npH ~: \-\ t'\ \O: ( T\ \0) 2 

perueHHe ypaBHeHHfl ( 20 ) CSy;n;eT } 
r ~ ·""l r w _ ~ 

(1\,.,)\ ~[ 1\ 4+(\.:t1)z1-trz\\) ~1-(niO>)~('T\\\) -~1t\\+\Tz.~~1 · 
n 1o -= w w < 22 ) 

t (1,~) - (1}-\) j 

3,14eC:& W Cll, BhlpallteHHe ( I9 ) 
~ ' 

llpo;&mw'6p6HIU'IPOB8B ypaBH6Hil6 ( 22 ) no .2: t HM66M 

d.n,., _((nw)\-(1'\,o)JtyT\)W(T~I-\ +(T.r.:11)? 1 w- ~ 
d7; '[(111-\)w- (12~i)w} 

( 23 ) 

IS 



npeo6paaoBaHH~ Hueeu 

· r(~ \"" (n\o)2. l 
_N = (n) ~n.),(\,-Ta)W(n.,o)1 l ~ J - (n~o) 1 J 

1 I I,~ ~ ~ _ c~. )'N l 
S~ec» ·vv cu. B~pazeHHe ( I9 ) • 

( 25 ) 

ITOHOEHB B yp8BH6HHe ( 25 ) ~\ = 0 t MOEHO onpe~enHT» CKOpOCT» 

t npH KOTOpO~ nm~OK MOHeiCyn nepBoro KOMIIOH6HT8 

B HanpaBneHHH :t 6y~eT paBeH Hy.mo. 

qacT~e cnyqaH pemeHHH ypaBHeHm:n ( 5 ). 

I-bl~ cnyqa~. K,.~o, ·'t9 =0 • 3TOT cJiyt~a~ cooTBeTcTByeT yc1Io

BM10, KOr~a TepMO~H!MJyaHOHHOe OTH0lli6HJI16 Kl OK838HOC» paB~Y HYHD, 

HH60 KOr~a T6pMO~H~Y3Hfl He yqHT~BaerCH, a TeMnepaTypa li MeHHeTCH 

no HHHe~HOYy 38KOHy. B BTOM cnyqae y~aBH6HHe (5) 58ItMill6TCH B BH~e 

.N ~ (n)\('3;:)12.~~ t'T,\-\+(iz-l,):t J d..n,o 
\ \1\\-\ d~ 

l{JIH ycTaHOBMBlllerOCH COCTOHHHH, KOr~a d.W~ : 0 
dl:. 

d.2.n,o + (12. -I, ) ~~ -= 0 • 
d.~ -z. ,. ~ \-\ ·-\- ( 'z -1 ") ~ d_ ""l 

~H rpaHmqHNx ycnoBm~: 

I8 

• ( 26 ) 

t HM66M 

( 27 ) 



np• 'Z = 0 (\. ro = ( n. ro)r ; 

npJti ~ = H \\. IO = ( n_ro)z· 
PeweHmeM ypaBHeHMH ( 2? ) 6y;neT: 

( 28 ) 

( 29 ) 

T.e. C~yqa~ KOHU€HTpa~OHHO~ ~M~YSMM B M30TepMmqeCKOM noTOKe raaa. 

S;nec:o ypaBaeame ( 5· ) aanHweTca B Birt;Z,e 

.N \"' - n. (~~a ~n~o + \.9 f\.H,) 

d \"\'\o 
+ "\9 d 

~ 

l~H rpaamqaax yc~OBH~ 

npH t = O R. IO = ( (\ IO~I' 
npm & = H t\. IO = ( f\. IO )2 

:: ~ 

• 

d..N~ ~o 
·d~ 

Peweameu ypaBHeHHH ( 3! ) 6y;neT _ 19~ 

1 
e ~,~ 

f\. 1o-= (n~·\- ~(n.~o),-(nlc)2 '-· ----"~~~-
\9k _ ·t - e ~'?. 

m .... .,~ t.c~"~)i-(n.\~)ae~'L) 
J~ \ -= f\ \::7 19 H - • 

e ~\1. - ~ 
20 

( 30 ) 

t I4M€6M 

( 3! ) 

( 32 ) 

{ 33 ) 



YpaBHeHHH ( 28 ), ( 29 ), ( 32 ) m ( 33 ) onpaBe~nmBY ~na nm6ux 

SHaqeHHHX KOHD;6HTP81Udt KOMnOH6HTOB O~eom. 

2-2~ MHoroKoMnoHeHTHaa oueo». 

B pa6oTe I II I paoouaTpmBaeToa ~H~yama B uHoroxounoHeHTHHX 

OM60HX. 3a~aqa 0 ~W~YSHH B UHOrOKOMGOH6HTHHX CM6CHX cymeoTB6HHO 

ynpomaeTCH, 60BH KOHD;6HTpaD;HH O~HO« ~S KOMnOH6HT SHaqHT6B»HO 00B»ll6 

KOHD;6HTPSUHH OCTSB»HNX KOMnOH6HT CM6CH. 

BblpaxeHme noToKa \. - P.~~a - .N ~ B ~ - KOMnOH6HTHO~ 

CM6CH, KOr~a KOHD;6HTpan;HH V - KOMDOH6HTbl SHaqHT6.bHO 6on»me KOH-

D;6HTp8D;li1M OCTBB»HblX KOMnOH6HT ( l\\)~ ~). {\ ~O ) B onyqae, KOr~a 

~HW~Y3HH HM66T M60TO TOB»KO no~ ~e~CTBH6M rpa~H6HT8 KOHD;6HTpan;PII, 

npHHHM66T BJII~ 

( 34 ) 

e;~HHHn;e o6~eua oMecm; 'i) ~ . -
. ~ -~,,. 

K03~HD;H6HT ~HW<JlY3HH l, - KOMnOH6HTbl B ~ - KOMnOH6HTHOI OM6CHj 

~· A - K03~H~6HT ~H~Y3MH ~ - KOMllOH6HTbl B ~BYXKOMnOH6HT
~-v 

Hoi cue om t-v • 
' .. 

n_to -KOHD;6HTpan;I4H MOBeKyn \.,- KOMliOH6HTbl B ..J - KOMnOH6HTHOiit 

OM60li1. 

TaKHM o6paaou, B aTOM onyqae ~IH perueHMH aa~aqm uoryT ObiT» 

HCllOB»30B8Hbl 38BHOHMOOTPI ~fl ~ByxKOMnOH6HTHOI OM60H, B KOTOpOiit nep-

" BOiit KOMnOH6HTOI 6y~eT \.. - KOMllOH6:iT6, a BTOpol KOMnOH6HTOi! Oy~eT 

V - KOMUOH6HTS ~ - ROMnOH6HTHOiit OM60H • 
• 

ECBH llt6 K03~HD;PI6HTbl ~H~YSHH ~ -ROMUOH6HTOB ( H630BeM npH-

M60HMH ) no OTHOlli6HHID K V - ROMnOH6HT6 paBHbl, a ROHD;6HTpSD;PIH 

J - ICOMnOH6HTbl 3HaqHTeJI»HO OOB»IDe KOHD;6HTpan;HH npHMeoel, TO 

2I 



DJIOTHOCT:& DOTOK8 npHMecei J'(n onpe;ZJ;3JIHTCH BbipaltemteM 

~· :. - ~ n. 6:). ' dn.::." J"'~ n · L \.-\"\"\\.X J 
4 ~~e 

.. 
( 35 ) 

ilOCKOJI:&Ky, 

~ ~-~'~'~•,. == ~~-"~ ~ ~t-1:: 't:lz_,,= · · · " ~K--J ' 

r;n;e ~ ~ ~ -" - KO~HD;HeHTbi \.-" ) a-\J, .. , ·', N'K-v 
;ZJ;H~ySHH ~ - KOMDOHeHTOB ( COCT8B~HID~X npHMeCH ) no OTHOilleHHID 

K ~ - KOMDOHeHTe CMeCH, 

" z=. f\ ~C> :: \\\0 + f'\~o +' • 
4 

f\i<O : \\, t\0 
i ' ' 

( 36 ) 

r;n;e 'f\. 10, \\ 20 , • • • f\ KO - KOH~eHTp81UiH K8lt;ZJ;Oti JD:S KOMDOHeHT 

npHMecei; 

f\~0- KOH~6HTP81Uifl npHMece~, 

Tor;n;a 

Q:'\. dnno 
N" = - n. d-Vn-"' . d.~ ' ( 37 ) 

r;n;e <jJ n-..J - KOa!PtlJH~HeHT ;ZJ;H!i>WYSHH npH.Mece~ no OTHOmeHHil K " -

KOMDOHeHTe CMeCH. 

CJie;ZJ;OB8T6JI:&HO, ;ZJ;JIH T8KOi MHOrOKOMDOHeHTHOi CM6CH MoryT 6biT:& 

HCDOJI:&SOB8~ ypaBHeHHH KOH~6HTpaqHCHHO~ ;ZJ;HW~3HH B ;ZJ;BYXKOMDOHeHT

HO~ CMecm, B KOTOpO~ nepBO~ KOMDOHEHTO~ 6y;n;yT npHM6CH, a BTOpoi 

KOMDOH6HTO~ 6y;n;eT ~ - KOMDOH6HT8 MHOrOKOMDOHeHTHO~ CMeCH. 

§ 3. flHdxi>YSHH BbiMepS8IDQX nplUieceti K HapYltHO~ 

DOBepXHOCTH HJIJIIDMHH8TOpa KOpnyca 100-CM 

BOAopo;n;Hoti KauepN. 

3-1. llpeADOCbiJIKH K pacqeTy. 

KoHB:peTHO sa;n;aqy o ;n;m~ysmrn: BhiiiepsaiOUUtX npmueceti K 
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HHHDMHH8TOpy KOpnyca OflMCHB86MOH K8M6pN npe~CT8BMY B cne~yromeM BH

~e { PI4c·~4 ) • 

B BepXHe~ t~aCTM BHYTP6HHe~ noHOCTH ~:biOapa ( cet~eHme I ) npH 

T6MnepaType T1= 293°K J4M6mTCfi npHM6CH B BO~opo~e, CYMM8pHafi KOHI.\6H

Tpa~H KOTOPbiX ( f\ ro)r o6yoHOBH6Ha I 1allteHHeM noBepXHOOTeta, Haxo~H-_ 

UlHXOfi B yKaSaHHOM .M6CT6 t a TaKlt6 ~IiiWgly3H6~ H3 8TMOOQ}epb1 t~epea KpNW

KY ~:&mapa m ee .zteTaJim. B oet~eHmm 2 BHyTpeHHet! noJioCTJ/1 ~:broapa ( ypo-
' 

l36H:b Bepxaef,t flJIOCKOCTH pa~HaTop~ ) TOM!16P8Typa T2 = 28°K, a KOHI.\6HT-

paUHH npmuece~ B BO~opo~e (\\10)2• ~IH ynpomeHHH pact~eTOB rallteHme 

flOB6pXHOCTett, paonOJIOXeHHbiX M6X~Y KpUWKOtt ~:bmapa H HJIJimMHHaTOpOM 

KOpnyoa KaMepbl, YllHTbl:BaT:b He 6y~eM, :lOOKOJI:&Ky 60JI:blllafi llaOT:& 1113 

STI4X UOB6pXHOOT6~ H8XO~HTOH npm T6Mfl3p8Type oymeCTB6HHO 60JI66 HH3-

KO~, t~eM TeMnepaTypa KpbllliKH T1, m noaTOMY raaHmaH onooo6~ooT:& mx :s 

opal3H6HHI4 0 TeflJibiMH OT6HK8MH 3Ha~T6n:bHO M6H:bme. Pa~HaJI:&HOM ~H~WY-

3H6~ qepea BHYTP6HHDIO o6onot~Ky ~:&mapa npeHe6peraeM. Pact~eTbl 6y~eM 

npoBO~HT:b ~Hfi ycTaHOl3Hl3WerOOff OOCTOflHHH. 

llpm.MeM paonpe~eneHme TeMnepaTYfbi no BblOOTe cTon6a rasa B ~»IOa

pe Jil"'H6tiHhiM, a H30T6pMI4'160Ki'I6 no:sepJLHOOTH l3HYTP6HH6iii flOJIOOTi'I ~:&mapa 

nnooKmMH m napanJieJI:bHblMJ/1 KPhllliKe ~»mc:.pa. 

ilOCK01I:bKY KOHI.\6HTP81\HH npmMecett ( C. 02! 1 .N 2 l 02 l C Q.) \-\2 0 j 
.M8JI8 flO OTH01ll6Hi'Im K OOHOBHO~ KOMflOHEIHT6 CM60H - BO~OpO~Yt 8 K05~Jil

l\II16HTbl ~HtMlYSHJI yKaaaHHblX npHMeceM B :BO~opo~e 6JIIli3Ki'l ~pyr K ~pyry, 

TO aa~aqy MOXHO ynpOOTi'IT:D: npm:uecm l5y~eM OllHTaT:D COOTOHtni'IMi'l M3 

o~Horo KOMnoHeHTa, HanpmMep, aaoTa. 

PaoOMOTpHM OT~6JI:DHO ~138 OJiyllaH: 

!) BO~OpO~ B ~:bmape H6flO~BHlit6H, 2) BO~OpO~ B ~:broape ~l3i'IX6TOH 

-BBepx 0 H6KOTOpOiii Ope~Heiii CKOpOOT:biD ~ • 
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3-2. llH<IxPyaHH npHuece~. Kor.zta :ao.ztopoll :a ]l:&IOape Heno.ztBHJKeH. 

Kom1qecT:ao :abluepaaiOntHX np•ureceit, ;naromee d>OH Ha WoTo

rpa<bHax. 

IIpHHflTble npe.ztnocblnKH noa:aonaiOT :3ocnon»ao:aaT:&Cfl pemeHHflMH, nony-

lleHHbiMH B § 2 . ;li;HH aa.ztallH 06 O;li;HOMepHO~ ;li;H~YSHH. 

KOHHli6CT:BO ;a:m(bqlyH;a:HpyiOUf£11X npHMeeeit { aaoTa ) K KHHIOME:H8TOpy 

KOpnyca K8M6pbl MOJK6T 6btT:& :Bblllm:CH6HO llO ypaBH6HHIO ( 25 ). 

S.zteC:& J4 B ;a:an:&HeitmeM 6y;a:eu :Bbtllmi}HHT:& KOHJ4ll6 CTBO .ztHCW)YH.ztHpyiOil.(HX 

npm:ueoett B Hcu3 /c~ cex. Jl,JIH a~oro HI30.6xo;a:HMO B Hcnon:&ayewe ypaB

HeHHH flO;li;CT8BHHT:& BM6CTO ( (\.) i B6Jll4'UIHY 

(~) = ~ ~ 
\ n 'T ro <1 

' { 38 ) 

r;ne p1 m "T 1 - pa6oqee ;naBneHHe B ,o;:&roape m TeMnepaTypa Bo.ztopo;a:a 

y KpblmKH ;n:&IOapa; 

P~ M lr0 - ;naBneHHe H TeMnepaTypa npH Hopuan:&Hax ycnoBMHX. 

KoH~eHTpanMro npmueceit 6y;a:eu onpe;a:e~ar:& B o6~eMHbiX .ztonax. 

nna I00-CM BO;li;OpO.ztHO~ K8Y6pbl np~HHM86M CH6;li;YIO!l.(H6 HCXO;li;Hbl6 ;li;8H-

Hhte ;ll;~ff paclleTOB ( PHC.4 ). CMeC:& 6J4ff8PH8fl, COCT0ffll.(8fl 143 BO;a:opo;na 

H npmMece~ aaoTa. TeMnepaTypbt: TI = 293°K, T2 = 28°K. PaclleTHaH 

BbiCOTa H = 93 CM { paBH8 paCCTOffHMIO OT KpbiillKH ;24:&108P8 ;li;O BepxHeit 

nnocKOCTH pa;nHaTop~ ~a:aneHme B ;a::&roape PI = I~5·I05 H/u2. ~a ouecm 

>f 2 J4 H2 HS T86HHnbl 3 H8XO;li;HM 

L dcoa) ] n,c ~ 0 = I,I05. 06osHalleHHff a;nec:& Taa:me ae a:aK H 
. 1"\ ~".::\\ ..... \-\ 

B § 2. IlOCKOH:&Ky ;li;8HH~X no SH8ll6HHIO 'K'T>\-T ;a:Hfl CM6CH J~- 2 

B ;li;J48fl8SOH6 { 293-28 )°K He J4MeeM, npHHJ4M86M~fl paclleTOB SH8ll6HJ46 
r:; ~~tf\ . . 0 
~ 1 B ;a:HanasoHe { 293 + 90 ) E { Ta6nHna 2 ), T.e. 

- c~ -{) ~\<.(.~ <;\ en 0 l-o 
1'. = 0,42 • Ills T86HHJJ)ll I H8XO.ztHM *-J\2.; NJJ2.a~~ ' ~ 

1-\-1'2. ' 
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npH ~aBH6HHH ?60 MM pT.CT. H T6MnepaType 293,2°K. 3H8~6HH6 ~!2 npH 

uamHx ycnoBHHX T1 H P1 onpe~enHM, ncnDsyacD ypaBHeaHeM ( 9 ) 

( n12 )l = 0,6? c:,l-;ceK. 

ll0HD3YHCD ypaBH6HH6M ( !9 ) t Bbl~HCH:PtM 3H8~6HH6 ·w.. W = - 0,465. 

C nouo~Dm rasoaHanmsaTopa Tmna MKS/ 19 I 6HHo onpe~eneao, ~To 
KOHU6HTpau;HH npHMeCet:i y KpblillKH ~Dmapa npH pa6oTe Ka.Mepll, KOr~a H6T 

npo~yBKH, OCTaeTCH npaKTJ11~6CKH flOCTOHHHOt:i H COCTaBHH6T 

( f\. IO)I-::: ro-5 o6~eMHblX ~onet:t. 
llpmHHMaeM KOHUeHTpal\I4IO npHMece:~ _·( \\ 10 )2 = 0. llo;n;cTaBnHH 

~HCH6HHbl6 3Ha~6HHH B ypaBH6HH6 ( 25 ), H8XO;TJ;HM KOHH~6CTBO npHM6Ce~, 

~H~~YH~HpymmHX K HHHDMIIIHaTopy KOpny~a KaMepb1 

(N I j "\9. = O = 5,? ·I0-8 HCM31 ceK.cM2 • 
' 

3aM6THM S~6CD, ~TO H3M6H6HH6 KOHU6HTP8UHH npHM6C6~ (lt!O )2 
B npe;n;enax OT !0-? ;TJ;O HyJIH, KOr;n;a ( f\ !0 )r>> !0-~ He OKa3b1Ba6T 

cymeCTB6HHOrO BJIHHHHH Ha B6JIJllqmHy { ~ !j "= 0 • 3Ha~eHH6 KOHU6HT

paUHH (fl !O )2 = !0-? COOTB6TCTBY€T MOJI~pHOt:i ~OJIH asoTa B nape 

;n;na CHCT6Mbl asoT-Bo~opo~ { ras-KpN'lc:Tann ) npm TeMnepaType 28°K H 

~8BJI6H¥'1Jll !,!5•!05 HIM2• llony~eHO Sl:CTpanOJIHpOB8HH6M HS Kpi4BO« ~a-
30BOrO paBHOB6CHH CHCT6Mb1 8HOT-BO~OPOl.t, npHB6~6HHO« B C60p-

HHK6 I 20 I. 
9KCll6PHM6HT8HDHO, nyTeM ynaBJIUB8HHH HCll8P1ilBlllHXCfl npHMecet:i 

npH OT6flJI6HHH ~DIOapa, 38 !2 ~Het:i pa60Tb1 KaMepbl KOJIH~6CTBO BblM6p3-

WHX B ~DIOape npHMecet:i COCTaBHJIO OK3HO 400 HCM3
o llpH STOM B nepBU6 

cyTKH nocne Ha~ana oxnaE;n;eHHH KaMepll ;n;o pa<5o~e« TeMnepaTypbl ua 
' 

HHJIDMHH8TOpe llOHBHJICH H600J1Dlll0t:i ~OB ( pHC. 2A ). 

Pac~eTH06 KOHJll~6CTBO BblM6P38IDmJ4X npmMecet:i sa Bp6MH pa60Tbl 

KaMepll~ = !2 cyToK npH nnoma~ nonepe~Horo ce~eHHH BHyTpeHHet:i 

llOJIOCTH 7-lDIOapa F = 0,85 M2 COCTBBHT! 
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1 _H it ~ 
(.N,) = (J\J-.) <t. F;:. 5 ,7~\Q. 8,b·\\\. '2· $700 = 700 KCM " 

'U :0 "l9·=o 

PacqeTaoe KOJIHqecTBo xopomo cornacye'l'CH c ::n:ccnepHM6HTaJI:DHb1Mo 

0IJ,eHHM MJ.IIH1t1M8JI:OH06 KOJIJ.~qecTBO nptn:Mece~, Bb1M6p88lOUU:lX H8 HJIJIIO:UM

H8TOpe .N rn~n , KOTopoe ;naeT oTqEiTJIJIIBO Ha6niO;n:aew:t:i aa wo'forpa

WMHX woH, T.e. qepes 3 cyToK rrocne HatlaJia paooTbl KaMephl 6es npo;nyB

KM ( Pvw. 2E), a TaKllte KOJIHqecTBO npaMeceil ( .N m\f\.) K~ , ;n:aiO~nee 
ene saueTHhl~ woH., T. e. t~epes I cyTKJ~ rrocne Hat~aJia pa6oT'bl KaMe phi 

oes npo;n:yBKH ( P~n:c. 2A). 
llpMHMMaH, qTo B e;n:JIIHH~ BpeMeHH KOJI1t1tl6CTBO ITOCTYIT8lOtnHX npH.Me

ce~ K HJIJIIOMtn:HaTopy rrocTOHHHO B npoiJ,ecce Bee~ paooThl KaMephl; rrpmue

CH paBHOMepHO ITOKphiB8lOT HJIJIIOMit1H8TOp, ITJI0tn8]l;:OIO 0,4 u2, KOTOpaH CO

CT8BJIH6T 25% OT ITJIOtna~ ITOBepXHOCTe~, H8 KOTOpblX npOHCXO]l;HT Bh1Yep-

38HH6 nptn:.uece~, a IOOO HCM3 npH.uece~ ;naiOT I CM3 TBep;noro BemecTBa, 

tn:Mee.u cne;ny10mee: 

KOJitn:tlecTBO npHMece~ N n-.\"' Ha I 

""' ~(\0·3"0)27 
..Nrn, .... = 2 4 '" ' . () ) 

ToJitntn:Ha CJIOH npHMecetA Ha HJIJIIOMMH8TOJ>6 npH 

- 7,8•I02 MHKpOH. 

TaKRM oc5paso.u, 8 m·, n. COCTa:aJIHeT OKOJIO 0,1 ;ZI.JIHHH BOJIHbl 

cBeTa, HcnycKaeuoro ocBeTHTeJI:oHo~ alnapaTypotA. 

KoJIHtleCTBO BhiMepsarotnHX np~n:.uece~, ;n:a10mee eJie saueTHbl~ ~oH Ha 

woTorpawHHX B 3 pasa ueH:owe, qe:u -~rn\~, T.e. 

( ~ \1\\ 'C'\. ) Kp =:: 26 HC:U3 j,}. 

3-3. nnwwYsHH TIPJIIMece~ npm npOAYBKe A:OIOapa Jn:CTI8Q6HHb1M 

BOAopo;gou. PacqeT Heoc5xoJ,JIIMO~ cKopocTH npO,llYBKH. 

B OOtneM CJiyqae, Kor;n.a ras B ]ll.IOape ;llBHllt6TCH BBepx C H6KOTOpO~ 
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-cpe~HeM CKOpOCT»m ~ t onpe~enaeMO~ KaK OTHOilleHHe 06~eMHO~ CKOpoc-

TH B ~aHHOM ce~eHHH K nHO~a~ nonepeqHoro ceqeHHH BHyTpeHHe~ nono

CTH ~»mapa, M6CTH8H CKOPOCT» flOTOKa 1 p83HHX qacTHX nonepeqHoro Ce

qeHHH pasnmqHa. Y CT6HOK OH8 paBHa H~XID H K neHTpy Ce~eHHH yBenmqm

B86TCH ~0 MaKCHMaH»HOrO 3HaqeHHH. 

llpH naMHHapHOM flOTOKe Me~y ~BYMH 6eCKOH6~HUMH nnaCTHH8MH HHH 

B Kpyrnoti Tpy6e anropa cKopocTe~ muee~~ napac>om;~:qecKmtt BH;zt m onmm:~

BaeTcH ypaBH6HH6M 

·19~ ~ 2i; ~ ~- (%) l ' 
( 39 ) 

r~e ~- - M60TH8H CKOpOCT» B C6~6HHH Ha paCCTOHHHil G OT OCH CHM
l. 

ueTpmH, i9 - cpe~HHH cKopocT» noT oRa, R - pa;nzyc ceqeHHH HHH 

fl0HOBHH8 pacCTOHHHH Mem;zty fln8CTHH8MH. 

KaK flOKa3UB8IDT pac~eTU, npH Ope,o;He~ OKOpOCTH flOTOKa BO~Opo;zta 

y KpumKH ~»mapa t9
1 

= I•Io-4 M/ceK ~na IOO-cu Bo~opo~Ho~ nysu~»Ko
BOH KaMepu qHcno Pe~HOH»~ca Re = a, 5. 

' . 
YpaBHeHHe ( 22 ) m ( 25 ) nony~eHU ~a o;nHouepHoro noToKa o 

flOCTOHHHOti CKOPOCT»ID B nro()o~ TOqKe ;ztBHHOrO ce~eHHH UOTOKa. STH 

ypaBHeHHH MOryT c5h1T» HCflOX»30B8Hbt ~mt npHc5mtiJK6HHOrO pemAHJIIH Halllett 

3a~a~III. PacCMOTPIIIM ;ztHH STOrO ;ztB8 KpaHHIIIX cnyqaa. 

I) Tipe~nonoxmM, qTo pa;nman»Hott ;nm~~ysmm uex;ny OT;zten»HUMH 

8H6M6HT8pHUMH OTpy~K8MH ~BH:atymerOCft flOTOK8 HeT, T.e. KaJK;ztaH CTpyH

Ka no 6oKaM KaK 6hi OT~eneHa HenpoHHUa6MOti H He TOpM03H~ett UOTOK 

neperopo~KOH. 

2) llpe~nonoDM, qTo BO Bcex TOt;Kax ceqeHHH noToKa, nepneH~KY

napHoro BeKTOpy CKOPOCTH "'" , KOHt;AHTPRIUJ.H npm:Mecett ( asoTa ) 

O;ztHH8KOBa. oTO COOTB6TCTBY6T npe~nOJJO:at6HHID, qTo pa;ztHaH»H8H ~lil~y-

3HH B HanpaBH6HHHX, nepneH;n;HKynapHblli: B6KTOpy CKOPOCTH flOTOKa, 
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aeorpaiU~J:t~eHa. 

le~oTBHTen:&HU~ cnyqa~ neZHT ue~ny yKaaaHHUMH ~BYMH KpalHHMH~ 

TIO-BH~MOMy, lleM 6on:&me OTHOill6HHe pAcqeTHOi1 BROOTH H K paauepy no

nepellHOrO 06ll6HHH nOTOKa,TeM B 60JlbW6i1 uepe ~e«cTBHT8JlbHHi1 OJIYll8~ 

npH6JIME86TOH KO BTOPOMY Kpa~Heuy onyqa~. 

JlnH nepBoro KP8i~Hero OJiyqaa KOJI[I!'tl60TBO ~ilqJYH~HPYIOmHX npMMeoe~ 
. . \ 

r aaoTa ) ( N \ )-_ MOJB:eT 6h1Tb onpe~eneao KaK 

- ""' . \ K 

(.N,)- =- ~ Ft .(J'C~)(~~) ( 40 ) , 
19" \.=" t\ 

r~e \7 t - aneMeHTapaaa nnoru;a~Ka oe 'tleHHH I BHyTpeaae« nonooTH 

;ll;biOapa, r~e OKOpOCT:& ITOOTOHHH8 M pa:aaa ( \.9 \..) t\ ; 

( N 1 ) (\.9t. .) ~ - ane.MeHTapHoe KOJIMqecTBO npHueoeit, 

py~tu;MX llepea ITJIOUJ;S;zJ;KY ~t t r;n;e OKOpOOTb ITOOTOHHH8 H paBHa 

cp 
;zJ;HqJYH;n;H-

( .t9\. )I 

S;n;eob M :a ~aJibHe~meM HH;n;eKOOM I oaHa'tlaeTca oe'tleHHe y KPhiiDKH ~biOapa, 

MH~6KOOM 2- 06ll6HH6 ;zJ;:&IOapa y Bepxae~ nJIOCKOOTH pa~HSTOpa ( PH0.4 ) 

lJIH BTOporo Kpai!Hero OJIY'tl8H - f8~1118J!bH8H ~HqJqJY3HH aeorpaamqeHa) 

KOJIHqeOTBO ;n;M~yH;n;HPYIOmHX npH.Meoe~ (830T8) 1 MOJB:6T 6biT:& paOO'tlHTSHO 

npHMO no ypaBH6HHm ( 25 )~ llpH STOM ~8'tl~HH6 OKOpOOTH nOTOKa ~~ 

onpe~eJIHeTOH ope;n;H~« ero OKOpOOTblO .{9\ • ~e~OTBHTeJI:&Ho,nOOKOJibKY 

( no npe~nonoJB:eHH~) KoHneaTpanMH rrpuueoe« f\ 10 B JII06o« TO'tlKe ropH

aoHTSJibHoro 06ll6HHH ~:&IOapa O~MH8KOBS, TO H rpa~H6HT KOHneHTPAnHH 

npHuece« no BUCOT6 ~»mapa dl~•o BO Bcex TOQKBX ceqeaHH 
l: ' 

O~HH8KOB. Tor;n;a, HOnOJI:&3yH ypaBH6HHE (5.3) ~H OYMMSpHOrO KOJIH-

ll60TB8 ~pHMeoe«,)."ltH{b~yH~HpyiOUJ;HX qepe~; 06ll6HH6 \'= MO:atHO H8ITi108T:& 

( J.n (' ... I) .::)\ d (\'\0 ' .N - = F· \. J"l c10a. ') = - f\. <N\2 ·- L ~-· -
' \9.. \. v.., ·\ d~ ~ 

- n. ~ ....L <ii. 2 \=":- --- o. n. :L ~· ~· 
1 \ d~ " -,o " ~ ( 4! ) 
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IlOCKOJI:bKY i: F. :. F a. 2 \.9~ \= ~ = i; F , 
\. ') " . 

TO HeTpy~HO BM~6T:& 1 qTQ ypaBH6HH6 ( 4I ) npHBO~MTOH K BH~Y ypaBHeHHH 

( 3 ) , B KOTOpOM 110).1; CKOpOOT:bJ) 1,9 EOJ,tpaayUeBaeTCH cpe;ZJ;HHH CKOpOCT:& 

-110TOK8 -~ o 

Ha pmc. 6 npe.n;cTaBJieHa HOMorpaMlla aaBHCHMOCTeii yJ,teJI:&Horo Konm

qecTBa .n;m~yH.n;mpyromero aaoTa ltJIH OJ.tHouepHoro noToKa cuecm aaoT-BOJ.tO

poJ.t B 88BHCII1~0CTH OT CK~pOCTM "·>\ npH pA8JIJ4qHblX KOHD;6HTp8:QmHX 

aaoTa ( n. IO)I H ( n 10)2. 3aBMCHMOO'N4 paccqJtiT8Rbl no ypaBReHJillO 25. 

SHaqemte napaMeTpoB l T1 , T2 , H, lol(O()>)n. ~o R~"Ken , 
. " \o J "'T "-T2 
(~\a ) 1 ) ~aHTH ~fl ycnoBH~ p360TH IOO-caHTmMeTpoBoK BOltOPOJ.t-

HoM KaMepbl ( 3-I ). 

Ma pmc.6 BHltHO, qTQ J,taze npm cpaBHHTeJI:&HO BblCOKOK KOHD;eHTP8UMH 
- . 

aaoTa ( npmueoe~ ) ( fl 10)1, ;n;ocTa~oqHo mMeT:& noToK raaa, o6na.n;an-. 

mHK He60JI:&WOK CKOpOCT:&lO ~\ , qTOCbl KOJIJilqecTBO 880T8 ( np111MeoeK )~ 

ltJil~~yH;n;HpyiOmero K Cel:leHJilJ) 2 6biJIO CHII:llteHO H8 H6CKOJI:&KO nopHJ,tKOB. 

0Ho MOllteT 6blT:& T8Kllt6 CBe;n;eHO K HYJIIO, eCJIH KOHD;6HTP8~H 880T8 ( l1piil-
, ' 

uecett ) B cet~eHHRi 2 ( £"\ 10)2 He paBna HYJIIO. 

Ha pHc. 7 ;n;na cpaBHeHmH npe~cTa:3JieHbl aaBHCJilMOCTH KOJIHqeoTBa 

;n;B~YHltHPYIOmero aaoTa t~epea e;n;mHmqHI)e ceqeHJtte ( I ml) o! cpe;n;Heii 

CKOpOCTJil 110TOK8 \9 t ltJIH ;ZJ;BYX Kpa:f.tiJilX cnyqaeB; P8ltiii8JI:&H8H J,tJilqxpy-

8Jilfl B l10TOKe OTCYTCTByeT Jll pa;ZJ;Jil8Jl:&H9H ~Jil~WY8JilH B l10TOK6 HeorpaHHqe

H8. KpHBble nocTpoeH& ;n;na ycnoBmM IOO-cM Bo~opo~Hott KaMepb1. Pacnpe

;n;eneHme CKOpOCTeM B ceqeHHH, nepneH;ZJ;HKYJIHpHOM BeKTOpy CKOpOCTH 110-

TOKa, npHHHM8JIOC:& T8KI11M, K8KOe YCT8H8BJIJ11B86TCH npiil Jl8MJ11H8PHOM Te

qeHHH raaa M6llt~y 6eCKOHeqHbiMJil 11Jl8C~JilH8MH. BH;ZJ;HO, qTQ npm He6oJI:&WHX 

CKOpOCTHX 110TOK8 o6a CJiyqaH M8JIO O~'JIHqaroTCH ~pyr OT ~pyra. 

Ilpiil pacqeTaX B08HHK86T BOnpoc 0 Bb16ope pacqeTHOK BblCOTbl H, 

l10CKOJI:&Ky y KpbiUlKJil ~:&IOapa HMeeTCH eyllteHHe 110TOK8 ( pmc.4) 
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{raa BblXO;ztHT H3 KphllllKH tlepea naTpyc50lC ;nHaMeTpOM 300 MM ). OtleBH;D;HO, 

6CJIJtl B BepxHe~ tl8CTH ;D;:biOapa H.M6IOTC.fl uepTBhle 30Hbt, r;ne BhiHOC8 npHMe

ce~ llOTOKOM HeT, TO He06XO;ztHMO 3TO Y11JtiThiB8T:b yMeH:bineHH6M pactleTHO« 

BbiCOThl H. HaBeCTHO I 21 I, qTo B o6nacTH caMhiX ManbtX t~Hcen Pe~HOJI»;n;
ca ( R e oT 0 ;no IO + 30 ) ;ztBMnKeHHe noToKa cTporo naMmHapuo. B no

;no6uoM cnyqae CTPYH noToKa, pacnonoEaHHHe y cTeHKH, noJIHOCT»m o6Te

KBIOT cy~eHHe 6ea o6p830B8HH.fl MepTBbiX SOH. TaKO~ xapaKTep ;D;BJtiEeHJtiR 

COOTBeTCTByeT peaJI:bHhiM yCJIOBHHM TetleHH.fl raaa B ;It:biOSpe !00-CM. KaMe

phi, H ~.fl pact~eToB B Kat~ecTBe H MO~Ho.npHHHMaTn paccToHHHe uez;ny 

KPhiinKo~ ;n:broapa H BepxHeH nnocKOCT:biD pa;nHaTopa. 

llOCKOJlnKY CetleHHe ;D;»IOapa HMeeT CJIOZHYID WOPMY, HO B TO ze BpeM.fl 

npH6JIHZaeTC.fl K BbiT.flHYTOMY npHMoyrOJI!.HiilKY, pacnpe;neneBHe CKOPOCTe~ 

B ropH30HT8JlnHOM ceqeHHH ;D;»IOapa 6y;n;EM onpe;neJIHT:b K8K Mez;ny ;ztBYMH 

6eCROHetlHHYH ll118CTHH8MH. 

Ba;na;nHMC.fl I.teJinlO onpe;nemllT:b CKOI>OCT:b npo;nyBKPI ,_, \ , npm KOTO

po« ene aaMeTHbiH woH Ha PIJIJIIOMHHaTopu Kopnyca KaMephl no~BHTCH, Ha

npmMep, t~epea 25 cyToK pa6oTbi KaMepu. Ene aaMeTHhl« wou- TSKOH wou, 

K8KOH UOHBHJICH B nepBble CYTKH pa6o~~ KaMephl 6ea npo;nyBKH. npyrHMH 

CJIOB8MH, onpe;neJIHM CKOpOCT:b llOTOK8 \9\ , npH KOTOPOH y;neJI»HOe KO

JlH'tleCTBO npHMeCeH, ;nH~WYH;ztHpyromHX K CetleHHlO 2 yMeH:blliHTCH B 25 paa 

no cpaBHeHHIO co cnyt~aeu, Kor;na 19i = 0~ 

Ha pHc. 7 MH ( n 10)1 = ro-5 H · ( f\ 10)2 = o Haxo;nHM 

npH 19 1 = 0 N 1 = 5,7•10-8 HCM31c.f. ceK; 

npH i9i = 1,4•!0-2 . CMICeK .N \ ~ 6·10-9 HCM3 lc.f. CeK ; 

npH ~ ~ 2.10-2 CMiceK ,N \:=' 2.10-9 BOMB /C; ceK. 
\ ' - 2 

TaKPIM 06paaou, CKOpOCT:b npo;nyBKH ;D;GJIZH8 COCT8BJIHT:b 19;-: 2 • IS- CM/CeK 

TipmBe;n;eHHble KOJIHt~ecTBa ;n;m~yH;n:v..pymmmx npmMecettt ( aaoTa ) nony

t~eHhl npH ycnoBHH, t~To KOHI.teHTpanma npmMecettt B ceqeHHH I (t\10)1 
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nOCTOHHH8o&AefttCTBMTeH»HOCTH, KOr~a H~eeTCH npo~yBK8, npOHCXO~HT 

BblHOC npHMeCe~ HS ~:&IOapa, H KOH1J,6HTpE I.U!H { n IQ)I C YB6HHtieHH6M 

CKOPOCTH npo~yBKH yMeH:&illaeTCH. KonHtiECTBO ~~~yH,nmpyromHX npmuece~ -npH ;zt8HHOii CKOpOOTlil llOTOK8 131 YM6HJ,UIHTCH npoBOpu,MOHSH:&HO yueH:&ille-

HHD KOHU,eHTP8IU1H npmMecett ( 0. IQ)I • 

llpH yCT8HOBHBUleMC.fl COCTOHHHH C5aJ£8HC npHMeCeit ;ztJIH cetieHHH I BHpa

SJ4U B BH~e 

' ( 42 ) 

r~e ( .N,) ·'@-= 
0 

- xonHti8CTBo npKueceftt, nooTynaiOutHX B raa, Ha-

xo.namm~cH B ~:&IOape ( npHHHMaeY paBHblM KOBHti60TBY npmueceftt, ~H~YH

~HpyromHX npH'\9t = 0 K OetieHHIO 2 Kauepa { B6PXHHH llHOOKOOT» pa~Ha

TOpa); 

+ (>J~);;1 - KOHHtieOTBO npmueceftt, YHOCHMOe HS ~:&roapa C aarpHSH8HHblM 

raaou, npm npo~BKe ~:oroapa oo cKopoc:T:biO \9t ; 

~ 
( N ~)- - KOBHtieCTBO npmueoeftt, ~H~g~yH~HPYIOmmx K cetieHHil 2, npH 

~~ -
npo~yBKe ;zt:&roapa 00 OKOpOCT:&Jl ·\9 1 " 

Ou,eHHM KOHlJ,6HTpa~Jl npmuecei 

po~ cpe~Heftt CKOPOCTH ll0TOK8 19 
4 

S,nec:o P1 m T1 - pa6ot~ee 

y xpamxm ~»roapa; 

~ ( fl1o )'\1 i9" npH H8KOTO

cne~romHY o6paaou: 

( 43 ) 

TeMnepaTypa Bo,nopo.na 

Po H To - ,naBneHHe H TeunepaTypa n~H aopuan:&HHX ycnoBHHX; 

(J~ 1)6 .~ H ( N, )~ - TO se, qTo 111 :e 

' 
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ypaBH6HHB ( 42 ). 

llpm pa6oTe 100-cu Bo~opo~ao~ xaYepH cxopocT~ ~9, no~~epzm

BaeTCH nocTOHHHOLt H paBHo:tt !,4•!0-2 cujcex. Kax yze ynoMHHaJioc~, 
KOHD;6HTp8IUUI npHMece:tt ( f\. !0)! nplll pa6o'!e Ka.MepH 6es npo~BKJII COCT8B

JlflJI8 10-5 o6~eMHHX ~OJie:tt~ llpH 3TO:tt HOHD;6HTP8UHH H iS, =!,4•!0-2 

CM/CeK KOJIH'l6CTBO ~HW~YH~Hpy~mHX npmuece:tt K Ce'leHH~ 2 ( HS pHCo7 ) 

+ ~ 
( .N \'~ I.' =i 6• ro-9 HCM3 ;mfceH. llOCROJI:DKY ( N~)~ - ~ J... \0-2. 

~}5\=\\ ... \a -CA ~ ,- • 

aaaliiiTen:&Ho IIBH:&me ( N \ )~· = 
0 

-: 5; 7 · \ 0 c:~~", ;!lJ!fl m~eBKH 
KOHD;6HTP81UiH '[( \\'\0 ) 11- _-\ 4 . \O-~ ~OCT8TO'lHO nepBoro IIpH-

19.,- I 

6J1Hlt6HHH, T.e • B ypaBH6HH6 ( 43 ) llC1;nCT8BMT:D 3H8'l6HH8 

( }J ~) ~- _ 
4 

-Z. npH KOHD;6H~'P8D;HII ( f\IO)I = !0-5, TOr~a 
191 - \, .\o 

noJiyquu: 

= 3,4•I0-6 o6~eMHHX ;noJie:tt. 

SaMepeHHSH KOHI.J;6HTP8J.UIIH npHM6Cl3:tl y KpbiWKIII ~ll~apa npH pa60T6 

K8MepH C npo;nyBRO:tt CO CROPOCT:D~ ;g\ = I,4•I0-2 CM/CeK COCT8BJIH-

lla t(n,o)\1;;,-:~,4.\o-a e:t :3. \0-6 
oo~eusax ;noJie:tt H xopomo corJiacyeTcs c pac'leTHo:tt. 

TaKHM OOpaSOM, pacqeTHOe ROJIM'l3CTBO npHMece:tt, ;nH~YH~HPY~mMX 

K C6'l6HHD 2 npJI \.9t = I,4•ro-2 CM/C6K H ( (\ IO)I= 3,4•!0-6 

06~eMHHX ;noJie:tt COCT8BHT ~ 

-"'' =- 6 . t09 3,4. ,o-
1 io-; 

-9 
- 2. ·\ () 

Toe. yMeB:DWHTCH npmuepao B 28 pas no cpaBHeHHID co cJiyqaeu, xor;na 
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KOH~eHCHPYIOIUHMCH raaou ••••••••••••••••••••••••••••••• 3 

§ 2. KoH~eHTP8UMOHHa.a: H TepuHqecKa:i ~H<l>q)yam.a: npHuece:£;i B 
O~HOUe pH OM Jl8MHH8pHOM ITO TOKe :E'8-88 • •••• • ••••• •. •. • ••• • 7 

2-I. DHHapHa.a: CMeCb•••••••••••••••••••••••••••••••••••••••7 
2-2. MaoroKounoHeHTHa.a: cuecb ••••••••••••••••••••••••••••• 2I 

§ 5. ~H~yau.a: BbiMepaaiO~ upHuecel K aapyEao« noBepx-
HOCTH J4JIJilOMHH8TOpa KOpnyca 100-CM BO~OpO~HOiii Kauepb1.22 

3-I. Tipe~ITOCbiJIKH K pacqeTY•••••••••••••••••••••••••••••••22 

3-2. ~H<I><l>YSHH npmueceit, KOr~a BO~O~O~ B ~b108pe Heno~BPI
xeH. KoJIPiqecTBO BbluepaaiOmmx npHuecel, ~aromee q)oH Ha 
<I>oTorpa<I>m.a:x ••••••••••••••••••••••••••••••••••••••••• 24 

3-3. ~<l><I>YSHH npmuece~ npH npo~yBK3 ~biOapa mcnapeaaau 
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PHc~ I~ llep;sae ~oTOCHHMKH co IOO-cu ;so~opo~Hol nyaYp~xo;so~ 
xauepa. 
TpeHHPOBKa Ka:uepa nepe~ oxna~~eHHeM H npo~yBKa BHYT-
peHae~ nonocTH ~~mapa npH pa6o!e He npo;so~nac~. . 
Am :s--. .cooT;seTCTBeHHO qepea I H 4 cyToK pa6oTI:l xa:uepa _ 
nocne oXJia~~eHHH ee ~o pa6oqefri TeMnepaTypa. Ha ~oTorpa
~HH A ~oH yze aHaqm en~Ha~~ 



PMC~2~ ~OTOCHHMKit CO 100-CM :so;n;opo;n;HOiit nyaup:&KO:SOJl K8M6Pblo 
B:&ma TpeHHpo:sKa KaM.e hi .OTKaliKoiit c nepHo;n;mqecKiUI aanoJI
HeHJde.M ee q~CTbiM :SO;ZJ; po;n;OM ( :S Teqemte 300. qaco:s nepe;n; 
OXJI8Jlt;ZJ;6Hm6M) • llpOJtY:S _ :SHyTp6HH6iit fiOJIOCTH ;zt:&IOapa npll 
pa6oTe He npo:so;n;HJiac:o. 
A, B H B- COOT:S6TC.T:S HHO qepea I, 3 H 5 CYTOK pa60TH 
Ka.uepu nocJie . oXJiaJK;n;eHMH ee ;zto pa6oqefit Te.unepaTypu·~ 
SaueTHo nocTOHHHoe HapacTaHHe woHa~ 



PHC.3~ ~OTOCHHMKH CO !00-CY BO~OpO~HOl nya~p~KOBO~ KaMeps. 
llepe.~ OXJiallt~6HH6M Ka ep~ npOBO~HJiaC~ TpeHHpOBKa ee OT
KStiKOtt c. nepHo~mt~ecK u , aanoJIHeBmeM ee qmcTblM Bo~opo~oM I 

( B T6t16HH6 8-!0 qaCOB). llpH padoTe KaMepN ooymecTBJIH
JiaC~ llOCTOHHHaH npo~yBKa BHyTpeHHett fiOJIOCTH ~~mapa 
zcnapeHHWM BO~OpO~OM CO CKOpOCT~D~ , = !,4•!0-2cujceK. 
( CKOpOCT~ B ceqeHHH y KpbiWKH ~~mapa) A H.B-COOTB6TCT-. 
BeHHO t~epea I z 24 cyToK padoT~ KaMep~ nocJie oXJiaz~eama 

ee ~0 padoqett TeMnepaTyp~.Ha ~OTOrpa~HB B HadJIID~aeTCB 
ene aaueTH~~ toa~ 



Pmc.4~ Cxeua cnoco6a samm!N noBepxaocTe~ HHSROTeunepaTypHHX 
COCy;ztOB 0! aa:rpHSH6HlUl OTBep;zteBWHYH raaaMH nyT6M opraHH~ 
aaUHH noToRa qmcToro HeROH;zteHcmpymmerocs rasa. ( Ha npm~ 

Mepe aamliiThl HJIJIDMHHa'rOp8 BO;ztOpO;ztHO~. nyabtp:&ROBO!t R8Y6Phl 
C ;lt:&J08pHOJ1 CHCT6MOit 'r6nJIOJII30JIHIUiH ) ~ 
I-Ropnyc Kauephl; 2- :!JIJIDMHHaTop; 3-;zt:&IOap; 4-RphlmKa 
;zt:&108pa; 5-pOT8M6Tpj 6-nepcpOpHpOBaHHSH Tpy6R8j 7•peryJIH
pOBOqHbtlt B6HTliiJI:&j 8 ·-cl>HJI:&Tpj 9-peryJIHTOp ;lt8BJ16HHH. 



T 

l=O. (n1o}t, Tt,Vi, 
(~tZ)1 ,(Kr).,, (n)t 

Z. n1o, T, U, iYtz, 
Kr In. 

l=H.(n10)z, Tz, ~z, 
(1J1z/z, (Xr)z, (n)z. 

PHc.S~ Cxeua K sa~a~e KOH~6ETP8UHOHHO~ H TepuHqecKOM 

~H~YSHH :B O;ztHO.MepHOII Jl8MHHapHOM fiOTOK6 6HHSpHOt;i C.M6CH. 
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PHc~6. Houorpauua aaBHCH.uoc·eett y;neJI:DBoro KOJIJiqec!Ba ;nm~H.nH!'!t 
PYilutero aaoTa .N ~ NI.ri o;nao.uepaoro no!oxa :s cue em: aaoT
:so;nopo;n B 88BHCHMOCTa OT CKOpOCTH nOTOK8 B ceqeHHH 
I "Ct t npm: pasnHqiWX ~oHueaTpauHax asoTa B ceqeHHHX 
1 H 2 (\\ ro)r 14 (f\ ro)2 • 
PaccqHTaaa no ypaBHeHHID 25 ;nna ycnoBH~ pa6oTY !00-c.u 
Bo;nopo;naott nyaYp»KO~oM Ka.uepH. Tr=293°K; T2=28°K; 
H=93 eM; t~ .. (Cll0)1(\ -•o = 1 1!05; 
- 'l\<.C:n ,o . 
R, _, = 0,42; ( :n12)1=0,6? c.u2 /ceK, ;naBJieame cMecH 

1 2 5 "? p = r,r5.ro u/r, ·w = - 0,465. 
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PHC~ 7 • Y,neJI:&H08 KOJIHqecTBO :lpHuecett ,D;Hif}ciJyH;LtHPYIOlUHX 
K HJIJIIDMHH8TOpy KOpny~~a I00-CM BO,D;OpO,D;HOi! nysup:&KOBOi! 
Kauepu B 38BHCHUOCTH OT cpe,n;He~ CKOpOCTH fiOTOK8 B 
,n:&mape B ceqeHHH I 19t • 
I- pa,nmaJI:&H8H ,D;Hif}~y3~B B fiOTOK6 OTCYTCTBY6Tj 
ll- pa,nHaJI:&H8H ,nmlf}lf}ys~H B fiOTOK6 HeorpaHHqeHa. 


