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I. B:ae.geBlte 

HIrrepnpe'1'aJllDl BSMepemna: )t8HBHJ[ /1-5/ B llJI8.BJtpOIlSBlte BOma: 

8KCIIeplDfeB'1'OB IIO BSBJIe'leBHll HBi,(loPMBItHB 0 .JI -Ra'1'8JIlrIBe pea~ 

CBB'l'esa ~ep ~el!ePIX H '1'pBTBH '1'pe6J.D'l' ~e'1'axDHoro Hcexe~OB8RBR 

DHe'l'DB nponeccoB B CMeCH ~ -+ ~ , litsy<leHHe lCo'1'opol 6WIO Ba'q8

'1'0 B pa60'1'e /s/. 
OcHOBI!lDm nponecc8MJI[. onpe~eJIJDlltiOOl 8(MleK'l'BBHOC1L .fI -Ra'1'a

JlBSa, smmml'c.II peaKJllDl 06pasOBaRBR MesoYOJIeX;YJI citjl COrJIaCHO 

pesoR8BcHOMY MeXBHHsMY /7.8/ DPH napHHX C'1'OJIRHOBeHRaX t.JI -8'1'0

IIOB C 1I000ex;yJI8lfil' Cpe,nH 

(I.jf)~ .f'lJz - [(dt}1)F dee) (I) 

H B COO'1'Be'1'CTBHB C KBasHpesoK8RcHKM MeXBHHSlf01I /9/ DPH '1'polBHx 

cOy~peHBRX 
I 

(IJ'f)F 1 '2Je 1ZJz - [t:iiJ'flp cle:,] -I ZJ, . (2) 

CxOPOCTliI peaKItd (I) H (2) ~:J • r~e F - noJIBlll 

cmm lIesoa'1'OMa t./'. S8BBC.II."l' 0'1' '1'eMnepa'1'ypH ClleCH 2fe (- 1;. • Xa

paR'l'ep '1'eMDepa'1'ypHol SaBHClDfOCTliI ),(i:l(T) onpe~eMe'1'c.II ~el 
4}(E; 1) pacnpe~eJIeBltll t/'" -8'1'OMOB no 8Hepl'HJ'.lM /7-9/. B '1'0 

ze BpelUl CltOPOCTliI ~ (1) I.' (2) 06pasOBaRBR cll,/-f -IfOJIeX;YJI 

).(F) I'V ro8_ro9 C-I /1-5.8.9/ :aeCLYB Be.1llrmli1 H cPaBHHMIi no no.PJt,D;KY 

BeJJ:nJIJDi co CKOPOC'1'JDIII '1'e.PN8JIBSaItHB i/",-8'1'OYOB /S,IO,II/. a 

'1'aDe nepeXBa'1'8 aIOB8 B peaKU,illlX 

fJjf)~s f t - (t/f).n -I J. (3) 

• 
(tjt)P~i + t ~ (tr)~:{) + t , (4) 

• IIU.~......~-~~. t,~::;;;;y'":'r \ I 
",,:~~ ... l.i';. ~N.JoJ;ii.ti ta ..~IDii 

tU!'~'m;2~ W.~.1:.'.aoBimd', I 

h';<~ i"; ~; ","'::::H/' . 


.--.-~~---........" 
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JIpO'fel\:8Dlll1X B 1.s -COC'fOSIHDI MeS08'f01lOB /1-5,I2/. B CBII3B C 

8'fRY Keodxo~ BCCXe~OBa'f~ BCB8ZeHKe MBKCBeaROBCKOro pac~e

JIeHllJl f", (E) r) lIeS08'fOIIOB iI', odYMOBJIelDlOe JIpOQecoau (I) 

(4). 

B O,"CY'l'C'fBBe EaB8.lIOB nO'fep~ IIIlOKa (JIpO:neCCOB pac~ IIIlOKa, 

npBJlBll'aJtIi[JI K J!.ltP8II JIpOJtY'I:l'!'OB ClIJI'fes8) JIpJI oC'!'8Komce jI- - MeSOKa 
No. - ..1 'l - ~ 12 I y 4

B ClleOR .t.Jz + I il S8 BP9MSl r: 0 ».A e-ff "-" IO- 0-. 1')1;8./\ ef{ -

BpelfSl U8D MeSOMOJleXYJIH d.t;v /13/. yO'1'8S0BBJICS dH o'1'rulIIoKapllHl 

PelDDl. l'tO'1'opil xapan8peY8'1'CR nOO'1'OIlBSHIf 'lRMOII B,ll8pma pe~ 

OBB'f8sa. np01lCXO~ B 8~ Bpe_D. O.ztH8KO B peansol OR"", 

'fJ8IODl S8 BpeMii t: >,:.. t Q YO'1'AKaBJlllBaG'fCR KBaSBc'1'BJtIloKapBld pe

lIlIM, JIpJI KO'1'OPOII 'q]ICXO OOSOBma KOMnOaea'!' peaKItd JLI -K8.'1'aJIlIS8 

(ael'fpoaoB. MeS08'fOIlOB B ~yrn) 00 BpelleBell Jlfem.maG'1'CR 8l'tOnO

1
SeBIOllaJII.aO 0 nOEasa'feJlSlfl( .A""')o • r~e J () = 0.455.I060- 

CKOPOO'1'~ paona,na oBOdo~oro IIIlOKa. B 8'1'011 pGllllMe JIp01ICXO~ no

~BJIJDIIIW'l 'l8.C'f~ B,llepma: peaKItd ClIJI'1'8S8. 

B ~1DI01 pa60'fe no.n;yqeBH 11 pemeBH ypaBaeHllJl. OnBCHB8.J)lJtlle 

mme'fllKJ npOD;eOOOB I'" -K8.'!'aJIlIsa B KBaSBO'!'BJtIlOKapaOIl JIpJlCSJr:DeRD. 

BIltmcxeBH 'faDe SKa1leHllJl OKOPOO'fei peSOB8KOsoro odpasOBaBB.S: 

l(FYr) _SOJlOJl6XYJl olt.J1 • yope~ellBHe no aab8l1BYM ~ 
~,. (E).;: ~F fs t) paOnpe~ElJI8Hl1J1 C yqe'fOlI aGpaBao:eeoSOoft onenpa 


tf' -8'1'OIlOB. 


2. 	CBC'feMB ypalIBead lIM: onpe.!IElJIeBBJ! cnenpa 


lIeS08'fOIIOB 1::11 


CitCT€IoI8 ypaimeBd. cxmmm1lecIGI BSodPaaelmaa: Ka PRo.I. 

II OmICHBaDll8R ooaollilH& np~eocH B OIl&eo.rt2)1. + T:l, IIpIl'TElMIIepB'lYP8 T, 

onpe~eJlSIIIIIM onenp I:}'I-8'fOIIOB, BMee'f BJJJt 

2 

?>fp(-l:)E);; _ J_(tIEJ[Jo" )(FYE).,Z;tFF1 (EJ)+ 
~~ J~ 	 p 

+Z j/FI(~ EJ Af'F(~/£jrlEf~ ;fE)t;N:t!;)+ (5) 

F' 	 I) 

+?FS(E.EJjJ{AI'r ~!r(I}CJ)(I~~) klE))o/fl!,ttr, 


N,: (i) :: rfF(~)E)t1E, (6) 

a 

1f/JH.: - (J..,+)Ji)M1/I y.eCel('~tJ.s.)J.effMti,N, (7) 

at 	 ' JIt,(FJ
,i~ = - (JO" ktf",r;)!I,t{r + OF, (8) 

~~ -= ).eff AlJ.t~, (9) 

r~e -
(IO).AF'r (£)= J Af'FfsE:J/E', 

D 

.1 V:) 

IVaLir ; i ~i,lf 
.,.. 
OF ;; C(F(i);!J {r)(E//r("E)riE. 

(II) 

3Aec~ BBe~eBH 060SB81leBBH: 

Cti II CJ. - l'tOB:neB'1'pBJtI[lI B,llep ~el'fepBlt II '1'PB'1'lIJI, 4J + f~ = I; 

~"N;!"I B N"r - 1{]ICXO _S08'1'0IOB tjW co OnBBOII F 11 
,. (FJ J.L 

lIeS08'fOMOB aI,tt; !/,til' - 'lRCXO lIeSOIlOJlexyJl ptt/f co CmI-

BOil F ; IV" - fuiCJto HelTpoSOB, BCnyOK8.81f!a B peam:tBXX ClIJI're

sa .Qep oLi!'-IIOJlexyll.; f F (t) Ii) - ~BKI(II:II PBcnpe~ell.eBBJ! iJ-f 
8'1'0IlOB, B8XO~OJl B 1..5 - OOC'fMJD[l( C noJIBHM CnBBOII F 

J,J,i; - Cl'tOPOO'flt DO'fOlDlOro odMeBS (3). SKa1leHKe KO'1'opol 

).1.4-" 2 I08 C"" 'f paCC'DtT8KO B pa60'fU /I2.14/ • DJI8peSO B 8ltOne

pBMeS'!'8X /1,3,5/. B ypaBaeHD (5) ycrreso. 1{'f'0 B pesyn'rB'1'9 peSlt

Itd (3) DOJlB,lllle'1'OIl _S08'1'01l 1:f'4' C 8llep1'J[el Eo ~ 19 sB B OnBBOII 

P. = O.I nponopD;llOBBnSO C'fBftCft1leOmDI Becu 70 = I/4 • 
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?:t ::; 3/4; ~.:: ,vIA{, , r,ltB 111 11 ~ =4,25.Io22cM-3 _ wrOT

HOC'l'H CMeCll l'I' D,lt1I:oro BO,ltOPO.1t8 COO'l'Be'l'CT:BeHHO; A.Ff'(~ EJoIE' _ 
CltOPOCT]) lIepexO.1t8 MeS08TOMB liS COCTOmum co cmmOM r 11 mmB'flI

'18CltOI. sBepnel. E B COCTomm8 co ClIQOM F' 11 sHepnel. E~dEI 

!Ipl'I' C'l'OJOOIOBeHllax: C MOJIeltYJIBMlI CMeCl'I' ~~ -1- 1;. • BripazelUlJl AIm CltO

pOC'f'el. A1='1= C y-qBTOM .lt8HmlX pa60T /I4-20/ 110 paCC8SflD11) tJV _ 
(F)/,-I

a'l'OMOB JIplIlIe,lt8Hl:l B ITpJil'JIO:Eellllll At ). I E./_ CltoPOCTlI, ltOTOPlie C 

y-qeToM ,ltByx pa3J.lB"lHl:lX Mel:aHllSMOB 06paso:Ba1UlJl MeSOMOJI8RYJI 

pa:BBH 
/ ~)

.A (F)(E):# J~) (E) + J,r (E), 
(I2) 

(i:) (f:) 

r,lte ;\ r l'I' ),,.. - CKOPOC'l'lI peaI<nidl: TJ4lIa (I) 11 (2) COO'l':Be'l'CT

l!eHHO. 3aBlICl'I'MOC'l'lI BeJll'I"CDlB J IF)(E) 0'1 Kl'I'HB'l'l'I"I80ltOI. aBepl'lm E 

MesoaTOMOB fh BIi'mCJIeBH B pa60'l'ax /9,21/ (Ha pHo.2 upl'l'Be,lteHli 

OltOPOO'l'll ). ;YE) 113 pa60TH /18/); IF - OltOPOC'l'lI paOIUWl 

06paS~OH B pe~ (I) M8S0MOJI8ltY~BHX KounxeltOOB: 

£(di/t)Fcleej...... (11')'& .,. 2>.z • (I3) 

~h".I. AlEl1O'co'" 

"" AdiJ.-~T
30 

20 

" "' ....; "*. 
,,,,"" 

",'" ",.,. .... 
".' .... '". 

:.:::-:......,...r;:;:--,~~'" Ali~.". 

Acft.....il. 

o 1000 4OCO1..tt (I-w..) 3OOO1:.K 

PRc.I. CX8Ma OCHOBHHX UPO~BCCOB. PRc.2. 3aBRCHMoCTH OKOPOCT8i P8
OUPB,lta.1.t8l!JllKX cneRTp i/o! -aTOMOB. SOHaHCHOrO 06pasoBaH:Wl: ].,iFtE) M8

MH.It8KCaMH a R I OTMeQBHH SHa'l8HRH SOM0JI8RYJIcttJt B COCTas8 KOMnH8Koa 

oURaa):: COCTOHHlIHtft -aTOMa RrLtr- [(d.t,.}dt.eJ 0'1' sH8prRR Eit-aTOMOB 

M0JI8ltYJlli. B A.C. npR T = 600 K. 
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13Ha'IelUlJl Ii::'" 10100- 11OJIyqeHli' B pa60'l'e /21/; Jeff'"Ju,....).1 

- cytlllaPHaH OltopoO'l']) oTa6BJlBs8IlIlI ltOMWIeKCOB una [,(tit/#)eleeJ 

B npo~ooax ,lt8BOs6~elUlJl M'~~~JIeltYAH ott~, CKOPOC'l']) KOTOp!iX 

paBHa .A.Je/t ::; l,27.I012c-I • l'I' B peaKIJ;IVIX CD'l'eSa .R;D;ep, 

r.4.s ~ 
elI:. }.f / f' e.f 11 (I4a) 

:f*~v 
:£-LL>J 'fIe.,.. n .,/'" - (14 6) 

r,lte .Af ;: 3,9,1070-1 - CltOPOC'I']) .R;D;epHol. peamnm /23/, t))s ::; 

0,58.10-2 /24/ _ K08~8H'1' npllJIlllI8BJl4 P- - MeSOHB R ,,(,.

qaC'J.'BIte. P(E) -~ pacllpe,lteJIeHllH 110 8BepI'llSDof tl'-a'1'OMOB, 

06paSOBaBllllilXOH npl'l' pacna,u:e MeSOMOJIeltY~ma: ltOMIlJIeKCOB B pealtIlllUtX 

'1'Bll8 (I3). COrJIaCBO pa60'l'e /21/ peaKn1!Ul pacIIa,D;a (I3) JIlIIlID Ha 
1)<)

"" 5% RSMe:aa.eT sa6JIJwleMYJ) CltOPOC'l']) ) cl.l~ 06pasoBaHllH MeaOJfOJIe

ltYJI. oI..tl' ' 'ITO DOSBOJIHe'l' B llpe,lteJIax 'l'O'IHOO'l'l'l', npDH'l'ol B .lt8BHOI. 

pa60'l'e, He ltOJmp8'l.BSlIPO:Ba'l']) mm qiyBmnm peE) II BLl6paT]) ee, liIC

X0.ItH lIS WHal'l"lecltoro CMKOJIa, B mme M8KOBeJIJIOBCltOro pacope,lteJIeBllH: 

p (E)- fit I~), (I5) 

l')te 
..f J4 -k 
If'( (E); ;; (~) T '2eKp(- E/rj. (I6) 

,lleI.O'rBll'l'eJD>BO. Jf8S0MOJIeltYJIJIpHlie ltOMllJIeltCH. Bpa.~eJD>HIie COCTOH

HlIH lCO'l'Op!iX S8CeJIeHH OOOTBeTOneHHO 6oJD>D;IIlUIOBOltOM1 pacllpe,lteJIe

BlQ) /25/, MOUO paCCMaTplIBa'l']) KaIt Ol'l'C'I'e..., HaXOMlll'leCSl B 'l'ewr.o

BOM paBBOBeCD 00 ope,ltOl II ".ooy01t8.llQlle" MeSOa'l'OlI:l t:ft . 
K{E) -~ paollpe,lteJIeBll.ll DO 9BepI'UM ~- a'l'OMOB B 

ts - COO'l'OmDIlI, 06pasoBa:.BlllUCSI B peaYJD>'I'a'l'e DpOIteOOOB, npOIlOXO

~ B BOs6~eBKYX COO'l'OSBBHX Jf830a'l'OMoB/IO,26-3I/. B ,It8B

Hoi pa60'l'e ~ K(E) s6paHa B mme MBltOBeJIJIOBCltOro paOnp8,1te

JIeBll.ll (I6), K(E) ::; Ik (E), 'ITO onpa:aeADBO !Ipl'I' wr.O'l'BOO'l'l'l' OMeCII 

f/> O,05/I0/. 
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B ypaBBeRllRX (5)-(7) yq'l'eHO. q'1'O IleS08TOIIH '" J( t-~ 
o6paaymoJ[ B 1..$ - COCTOJlIDIJ( C BepoJlTHOCTJDIB ,Cj J( /-, C*" 
OOOTBeTCTBeHHO, r,Jl;e ~ - BepoJlTHOCTl> TOro, Q'1'O IIIlOB He nepe

XBaTJr1'CJ[ J(S BOs6YJ1,lteHBllX COO'1'Osm:a:I ell' - 8'1'OMOB B pe8J1.I1111t'[ lITjO

TOIIHOro o6MeH8 /32-33/: 

(tI"J .. T t - (ttt)., + J.. . (1'1) 

Kpolle TOro, Bc.ne,Jl;CTlme cOxpaHeHKJl cmma F YeS08'1'OMOB i~ n:pB 

,JI;eBoa6YJ1,lteBJrJ( nO,Jl;YPO~HJr ~ cBepXTOBKol CTpyxrypH OOHOBHOro 

is - COOTO.RBllS: S8CeJU)II'l'CJl CT8ftO'l'B"leCD 0 BeC8lOl /F(;t-Ic"j • 
Ha'll8JIJ>1tHe YOJICJ3]JJl ,JI;JJJl OJ(OTelll ypaBHeHJrI (5)-(Il) lDIell'1' BU,II; 

fF (OJ E): 'F/I-?CtI}fH (E), (Iea) 

ItIJ (0) -= (186),C, ,r 
IF) 

(ISB)Ai"i,. ((»)., ~ (1)):: 0 . 

3. KBasBOT8II!OaapBHI pe:p:!f nponeOOOB # -Ra'!SJIJIS8 

P80CMOTpmIl JalHe'fllRY .f' - lfeSOMOJleItYJUIpBHX npo~eoooB B 

MOlfeHTli BpelfeRJr 1:.') t () UPJ( 

to» ()"H f rF ) -f /"V 10-120. (I9) 
(p) 

BeJJJrtDIH8 N,f,i" (tJ IleHJle'l'CJl OP8BHJ('l'eJIl>HO lfe.n;.neHHO S8 BPeMJl 

1:;> t. /J ,UCDTOIfY pemeHJre ypaBHeHKJl (8) paBHO 

/VJt; (t) = (J.ejf + r,.) -1OF (') . (20) 

C.OTelfS ypaBHeHd (5)-(9) 0 yqeTolf (20) npBIfeT BJ(,JI; 

'dfF(I.}E): -.IF (l,E)[)/J+){F)(E) + 1" .A.FF'(l;} 7+ (21)
~f J~ F' ~ 

-I z:.JfF/~£J iaF'F(S'E)dE'",;D(E)!i-'M-.)()~+ 
1" :> 

+ ?FJJt ~(E-F,,)~I' .,.?,(.JjCt)k'(E)(;t-4JJ Q, 

6 

_dNJr # ()o., lJt)AI'IjI ., (I-t4J,CeI t;J, (22)df 
_ 

JAI" Q (23)
"U' =- , 

r,Jl;e o60sH8Qeao: 

Q.: Z WF t)p, 
(24) 

F 

... Jeff / (J.e{f t r;.). (25)WF 
(F-})Ec.mI nOJIomrr:D ),,'" J .. J~ = 0, TO J(3 ypaBHeHU (21) OJIe

.veT, QTO S8 BP8W1 -:f 

t ~ 26" [/111;" ).,.", (rNT)] , (26) 

I'"JI;e 

). FF' I\J 109 ¥' 0-1 /12/ (27) 

(elf. DpJrJlO.URJre B), IfeS08TOIll 'I" Teplf8JlB8ymCJl, T.e. 

(28)iFfs I).:: AIr 'IN (E), 
8 Ifea;Q" COO'1'OJlIDI8lIil CBepx'1'OHKOI C'l'PYR'I'YIS lit- 8TOMOB YCT8H8BJ.1J(-

BaeTQJl ~QY8BOBCKOe paBHOBeoJ(e: 

tls;t: 3 lis eKp(- AE /r) . (29) 

"'1$ 
3,J1;eo:r:. bE # .M: = 0,241 sB - cBepx'1'OHKOe pacDI8Il.lleHJre 1.1
OOCTOIlJlllll lfeS08'l'OIfS itt. 

B peanaolf CJJ;1'I8e ),.(F) -F 0 J( ).,[I: -F 0 J( YCT8JI8B,lIJIMeTCJl 

KB8SJ(0'l'8JlI'0H8pBH1 pelDDI, UPJ( l'tO'1'OpoII 0'HlQJ)W f (E, t) • 8H8J[O

I'.I"UIO (28). IfODO npe,Jl;C'f8D'l'J> B BJ(,JI;e (elf. npJrJlO.Uoe B): 

"V

!p(e,£): tVp(i)¢F(E), 
(30)J ¢,: (E)d€ =1. . 

o 

C.OTelfS ypaBHesd (21)-(23) ,1t.IIJl BpelfeBllYX l'tOIfUOBee JIpJlJleT 

DJt (op. /6/): 
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-

dA'F /- '::;CFJ ) J i/eli. .::: - (.::10 +..A <+ J FF , ~.,. F'f: IVp .,. (31) 

.,. ?1"(J-ICeI)(I-W.r)Q+ tTl'I.AI~1' ,;:~;:, 
JNJp (32)
df .:: - (),," )"ujAl.l1' -+ (I-(4)I'L,,{t), 


~~::: (). 
(33) 


3.IteCI> 060SHa'leRo: 

) (FJ.:; P~)(E)';;; (E)clE • (34)
IF t> 

...... /'Y 

).FF'':: iF f AFP(E)¢>P(E)a'E, (35) 

IF'"' J;;'(€)tlE, (36) 
"" ,) 

),(f);: ~ )(r~ 
(37) 

Ot.rMe'l'BM COO'l'ROmeBll.a:, KOTOplle CJIe.JtYI)T BS oIIpe,neJIeBlili (12) B (24): 
.... (F) ~ /

O,.(I).:.A /Vf. (38) 

~ (I).: £.. J q:")~ • (39) 
F 

Ha'l8Jll,BYe YCJIOBILfI }I,11H. CBCTeMH ypalIReBlili (3I)-(33) oIIpe,ne

JIeBY Spu8lD1S1lfH (86). USB) B YCJIOBBeM 

(181')ltI,:(o)'" 11"/1-~C,t) I 

KOTopoe CJIe,nye'l' BS (IBa). 
ABaJIOrK'IHO KBReTBRe npo~CCOB B ~CTOM ,neITep&B /34/, B 

ypaBBeHBJD: (31)-(33). ODlllCHB8JllllRlX peSRIlIIl! B CMeCB 'lJz. + Tz. • 
Y'leT paclUI,'It8 (I3) MeSOMOJIeRYMPBIlX ROIm.1leRCOB CBO,n;Jrl'CSI K S8118

(F) 	 cLi: 
Be CROPOC'l'B J.,.,.., o6pasOBaBlm MeSOMOJIeRYJI If Ha 8\f4leK'l'BB-
BYe OROPOC'l'B .It (F) • oIIpe,neJIeBBHe Spu8BBeM (37). 

4. 	PemeB!e CBCTeM ypaBHeHBI 

Pemeoe CBC'feMH ypalIBeBlili (3I)-(33) C 'l'O"IBOC'l':f.II .Ito 'lJIeHOB 

nepBOI'O nop.s;!1K8 I18JIOC'l'B no Be~ ).., B tL>..s BMee'l' Bll,ll;: 

8 

11/F (/:).::- tV (l» e - ..l-t, 	 (40)
F • 

N,I' (t).., Iv'!;) e -).-t, (4I) 

cIN" :::.A e -). -I: 
&(, <: , 	 (42) 

.) .: ) 1'1 .,.. W.s J c:. , (43) 

-I. c: 13). (':' !!::!!.. + --	 (44)
)d+ /J 

3.ItecJ> o60sHalleBo: 
.... (41 (0) ,... J '" /Dfl .. .A ) .,. J ) O:/. f- J )la , 	 (45) 

;UJ '-)(0) 'l8 	.= !O~ -4-l1 ..,.. )~ "" .l\iO , (46) 

(.) Ac I'-(f') ) 1'

NF ::: II (if J -+ )rlF .I P "r . (47) 

N(49:::. Ie,! ) 	 (48)111'1 C. • 

F "d~ 

iI)oPMYJ18. AmI o6uiero ~()J18 ~OB ? -RaT8JIBSS B paClIa

'l'e B8 O.ItBH OCTSHOBilBWHtOH B CMeCB ft -- MeSOB JDlE!e'l' xopomo BS-

BeCTmd Bll,ll; /6/: 
.).D-t 1.'1 

). C, ::: t-Vs 'f (49) 
J..c 

3,neCL ~c - "CKOpoCTL ~". T.e. ~CTOTa nOHBJIeBB4 ael'l'poHOB 

B pe8RIllll! (4) /2/. 13e.1nmnIa .A c (44) iJlopyam.,HO COB~eT C no

JIyqeool B pa60'l'8X /35/ nPB IIpeHe6pezeHBB B BHpu8Hl1Lf1X ( 45) B 

(46) CROPOCTJIlo'Iit ). ot IIpOn;eccoB (4). KOToplle c11IIecTBeHBli !IpB 

BHCOKBX TelllIepaTYJl8X T > 700 K. O.ItHaKO B8.IIB Y'lTeaO, lI'lO CROpoC

'l'B 5,(F) o6paso:BaHBJi tlir -tIOJIeRYJI, BXO.Itmlllle B (45) B (46). 

.IIBJlID)TC1f. 8\f4leRTlmHIDo1B OOrJ18CBO (37) B Oup9,neJIeHH llHpu80eM (34), 

oupaBe.Jt,lIBllllJol 'l'OJIl>KO IIpB KBaSBC'1'8n;J10HaPHOM peDlIe. 

Y'IeT BHpalteHd (40) B (4I). cooTHomeHd, RO'l'op.le CJIe.JtYI)T 

B3 BBX: 

9 
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Up {o.: tlF Mlft (0 , (50) 

a Ah /f4'1A/./"J 
,F 

.r: 
F dJ'" (51) 

S TaRZe yOJJOBlUi (30) npnO,Itl!'1' ollo'l.'erq ypa:aseBlll (21) It Blr'I'.V 

- ¢F (E) [ )/FJ(E) .,. Z. JFI="' (E')J I 
QO pI (52) 

-+ L Jr:!fFI (e) IIF'I: (E~E) tiE"~ IlF {EJ ) J: = 4.:f. 
F' D 

3~eOD 060sBa~eso: 
IV 

tPF(E)-"" tlF¢F(E), (53) 

OF (E).:: I(E)(1- Wp )) fF~r + k(E)}r ~~ -.i)Jd~ 
+ S-(E-E.) 7F )di . (54) 

B ypaBSeHWlX (52) oIIYDleHH 't1IeHH '" t.4 1'1"" .).0/.). • 

KaK JIOKaSaBO B IIp:HJloa:eJDm B, yqeT DPOlleooa nepes8~ (3) 

Dpl'I pac~eTa:x: OKopooTel 06paSOBaH1Ui ). (F) BSOOl'!'l' seSHa'U'l'eJI&ayJ> 

nODpaBRY B 1IDIp01I:OM l'IHTepEl8.lIe TeYIIepaTYP 1'1 KOBllSS'l'paJlIII Olleol'!. 

B TaKOII ~e, BBO.ltli ElMeo'l'O 4JyHKlJ;l!lI 6' (E - Eo) uaRC:eeJUlOBC1l:0e 

paonpe~e~eBBe (16) jFM II yqH~B8a OOOTsomeH1Ui (45). (51), 
(53), npe~CTaBBU ElHpueue (54) B BJl,Ite 

(F) (F'J )1r'J
~(E):: f,,(E)jF w,,),}.. +~-{F')Wr .AFf + 1F w" PFfI, (55) 

Flr~ 

3Ha~eHIUI Be~ .)(f) 1'1 )Ff' B (55) onpe~e~eBH 1)oPMYJI8IDI 

(34)-(36) 1I se l'!SlIeWDl'l'O.!l npll sauese ~ _ ~ C yqeToM paBeHC'l'

Ba (53). 

CXOPOOTB .A (P) B ypa:aseHWlX (52) onpe~e~eHH ooraCHO (12) 
. . fF) _ ff') . " (F/ 

~epes B~ )I r (t:) lI).. 'If'" ( E). Cxopoou ./\ r P8BKllD 

(I) paOC'U'l'aHH 0 'l'0~00nJ) IV 1% /21/. B TO :ae BpeMR: nMytleHmle 

B pa60'l'e /9/ olleJDJI sHa~eBlll OKopoc'l'el ).;~ • paBBHe 

(0) g 2 ~ -I. )(.1) )("')1,r :: (2 -!-II/IIJ f 4t eeK .> ?f'" <It'<' r-, 
10 

oo~epJl8'l' 8Ha'U'l'eJI&ayJl Heonpe~SJleHHOO'fD. B ~HHol pa6oTe, ~ 

OT01'l'C'rBJIJI ~e'l'8J.[bBHX pac~eToB. npJlHJl'fli Me.1tYJlllll!l8 SHa~eHIUI BeB

'<DIH ). 
to),r 

(0) I. (') _ J(::L) / ) (.I) _
)(r IE):::)."..=-)",") ?d E}: r- -0, (56) 

~TO Ka~eC'l'EIeHHO ooraoyeTon 0 8KOnepBYeHT~HHMB lISMepeHHHMH /3/. 

5 •. Pesl~'l'aTHI 

PsmeHIUI OllC'l'ew ypaBHeHl'lI (52), B oHJtY paSJIlIlIHHX MeXSBBSMOB 

pe8l:!JXHl f1- KaTSDS8. SawIOSIT 0'1' MOTSOQTlI. TewepaT;ypH 1'1 ItOH

lleHT~ KOMJIOSeST cNeoll' ;(\L"f/2. ~OBO~HO C~OZHhlll 06paSON. 

Ha pIlc.3 npe~C'l'8MeBH pemeHIUI t:¢.c (E) 0 yqeoroM II 6es yqe'l'8 

npOlleCCOB (2) lIpl'I 'I =I, CI: = 0,3 :II T =600 K. ifs pl'ICYHKa 

<l>,1E)>Ii'1

10 


o llOO 2000 JOOO !!,K 

Pao .3. Pscnpe.n.EIJ1elme (tfth: -STOMOB 

no 8HBpI'IiU!M llpH If = I. Ct = 0.3. 
T = 600 K (CIlJIOmHhlB JImOOl). J:lyHKT.llp
BHB JIII.IDUl - MaKO~OBCKHe ~. 

II 



BlWIO, 'Q:TO qJyHlUlf1ilB ¢p (E) (clIJIOIIIBHe KpJmlile) B MaKCBeJLlIOBCKBe 

pacnpe,IteJIeHlitll (nyKKTBpHHe KPBBIie). HOpYHpoBamme H8 O,ItBHaltOBOe 

'qJ(CJIO MeSOSTOMOB, pasJlll'l1BDl'CII MeHee 'Q:eM H8 10%. Taxoe H88H8'qJ(

TeJIloHoe p89.1lB'me o61..a:OWIeTC.a:,O 0,ItH01 O'l'OPOHH, 60.:rn.m01 BePO.IITHOCT])I) 

lIpo~eocoB (17) lIepeXBaT8 umoHOB B Bos6~eHBHX COC'l'OSBBSX Mea08'l'O

MOB /32.33/. S C JUlYI'OI OTOPOHH, BUOOROI CKOPOOT])I) sue~eHlitll 
MeSOSTOMOB I:.ft (IIpB.n~HBe B) DO CpaBHeBJm co OKOPOCT.IIMK 06pa

SOBBBB.II MeSOMOJIeK,yJI. 

B Ts6.miD::{e npBBe,IteHH npB SH8'Q:eBlDJX t.f::: I. C+ = 0.3 B 

pa8JIB'qBHX TeMDepa'l'f.PllX ~KTBBHHe OKOPO~TB ,).(F) 06pasoBBBB.II 

MeSOMOJIeK,yJI tiil" . paco'qJlTsmme lIO tIlOPM1JI8M (34) C BU'qJ(CJIeB

HIiMlI ~ ¢,c (E) B 0 MaROBeJIJIOBODM pacnpe,IteJIeHBeM f,., (E). 

CpaBHeHBe lIOHBSllBBeT, 'Q:TO BCK8.EeHBe MaKCB8.II'JIOBCKOro ClIeKTpa He 

DpeBHlllaeT 5%. B 8'1'01 lie Ts~e npBBe,IteBY OKOPOO'l'B npo~ecooB (4), 

KOTOpHe :eaJIOOI IIpII BCCJI8,ItOBaHBB KBBe'l'BKB pe~ /'f - HBT8JIltSS. 

npB BHBO,Ite tIlOPM.YJ.IH (49) ~ npoOTO'l'H BSJIOlIeHlitll Be paCCMaTPII

BaJIHOl> npo~80Cli 06pasOBaHlitll MeSOMOJIeK,yJI "It- II l ir ' a TaKlIE! 

nepeXBaT JoIIlOH8 .a.D;PaMI4 He. Y'Q:eT 8'l'ltX npo~OOOB npJIBO,ItllT R 8ue

He B BUpaDJDm (49) Ws BeJIB'qJ(Hol 

W.= t.....?'l>,--t 

..,. (3 ted. Wei )..d'~ .., ).·HM Wt B 
~ t 

AtJ.l (!i; 1/ (57) 

1" (! ('J C;:/ )..d1l2
Ife ..,. ).. i #e . B ) . 

).tJ.l (31: fl 

OTMe'l'BM, 'qTO .BHpalleBH.II (44.57) OlIpaBeltJlBBli Iqa BIilIOJlHeHHH se

paBeHOTBa } 1I"i NJ,.,. .(<. Ad! • 

3,Itecl> Jill' B )I:t~ - CEOPOOft 06pasoBBBB.II 000'1'Be'1'0'l'll~ 

, 	 U=) 
Ts6Jnn::u;!. 	 CKOPOCTB 06pasOBaHlitll d:t/'f -MOJIeK,yJI). ]I 

OROPOCTB ).FF' npoueCOOB t"iF:4ti;:!!! t/,(,t:.o},t 
B OueCII ~2+Iz 

'r K 
) 10$0-1 • 300 600 900 

r> ),r)080-1 

,t ~ (0) 	 1,27(1,27) 3,54(3,62) 5,78(5,81) 

~(I) 1,49(1.62) 5,77(6,14) 8,12(8,31) 
,J. 0

10 3,6 3,6 3,6 

'>'01 0 0,04 0,16 

:> (0) 2,26(2,24) 4,58(4,6) 6,79(6,79) 

.J.(I) I,49(I.62) 5,79(6,14) 8,12(8,31) 
2 

"'10 	 3,6 3,6 3,6 

.).01 0 0,04 0,16 

.> (0) 3.26(3.23) 5,62(5,58) 7,81(7,77) 

J. (1) 

.)tIO 
4 

I,49(I,62) 

3,6 

5,8I(6,I4) 

3,6 

8,13(8,31) 

3,6 

,). 01 0 0,04 0,16 

It 
B oR06R8X npe,ItCTaBJIeHH BeJIB'qJ(HH ORopocTel, Jli'qBCJIemme C 

MaRCBeJLlIOBCDM paonpe,IteJIeHBeM. 3H8'qeKBS OKopooTel lIpBBe,IteHH 

lIpB lIJIO'l'HOOTB r' = I II KOH:U8HTpaIXIDI TpBTlI.II C-t = 0,3• 

MOJIeK,yJI, .:At/fie B i\/a - OKOPOC'l'B lIepeXBaTS MIlOH8 

JWI8UB He 0 .lI,Itep d. II t : Wei - KO~eH'l JIpJLlll!JJaJD! 

JoIIlOH8 B peaRItIDI de/.-CBH'less: fo = 0,58. OrMeTllM, 'qTO tIlOPM1J.IH 

(41). (49), (57) cnpaBe~ B mBpOKOI oOnaC'l'B HSMeHeHHR lIJIO'l

BOO'l'B r>.> 0,01, B KOTOpol BHlIOJIHeHO YCJIOBHe (27) npHMeHHMOc

ft :ECB8no'l'aQlrloH8Psoro npB6JnmeHHR .A 1'6 L< I. 
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llPH T ~ 500 K BHpaEeHlle JtJIfI ). c npe.n;cTaBJlJleTOJI B BB,Ite 
TaJIB3a /4,5/. 0,IJ;H8X0 Teope'l'l1'le~xoe HCCJIe.n;OBaHHe nepexo,IJ;Horo pe

) - t = [fJ Cd -+ rij§ -+- _1_ J.i . (58) DIIB B CJIY'lBe MaJIHX WIoTHocTel SaTPY.IJ;HeHO He.n;OCTaTO'IHHM SRaneM 
C Aii e+ )'JQ t'f )dl,J:J C"f 

~ K(E) pacnpe.n;eJleHBJI it' - aTOMOB, BB,It ROTOpol 06YCJlOBJIeH 
llpH aaanB3e 9RCnepHMeHTa /3/ BTopoe cnaraeMoe He ~HHO npHHH'rO 

npoIleCCaMIiI, npOHCXO.JtlDllBloUl B B()s6~eHHliX COCTOIIllllUtX MesoaTOMOB. 
BO BHHMaHHe. ll09TOMY vesY~TaTH 9RCnepHMeHTa HHTepnpe'rBpOBanHC~ 

B SaRJlDqeHBe aBTOpH BHpa¥aDT 6JIaro.n;aPllOCTl> ~.H.iloHOMapeBY
RaR paccorJIaCOBaHHe M~lJr,lly Teope'l'l1'leC~ OIle~ H HSMepeBHHllJ,t 

sa nOCTOIIHHoe BHBMaHBe x pa60Te, M.B.KasapHOBCROMY H D.B.lleTpoBY
sHa'leHHSDDI :S~JIIf'JlIH rp . KpoMe TOro, xapaRTep S~ClDIOCTJ[ Be

sa nOJleSHHe 06c~eHH$l, M.EY6$RY, B.C.MeJI~ H T.A.CTPKE sa
JIIf'JlIH tp- OT WIOTHOC'l'lI H RO~eH'rpanim TPH'rHJ'[ Tage OTJIH'IBJlOJl 

nOMO~ sa paSJIH'IHHX 9Tanax pa~OTli.OT npe.n;CRaSaHHoro TeollHel /32-33/. O,lJ;HaRO CJlBraeM()eq%o~ c~

HBMO no BeJ!JJ'l]!He C CJCP//J.J/~ npH <f~ 0,5 /32-33/. Y'IeT 9TOro 


06CTOJl.'l'e~C!l'Ba npH 06pa60TRe 9xcnep~eHTa /3/ YCTll8JiIIeT OTMe'lell 


Hoe paccorJIBCOBaHHe. 
 IIPHJI0JKEIffiE A 

BhIlJHCJIEID'IE CKOPOCmi I1 FF/(E,E 
/ 

) PACCEHHHff If'6. SaKJIll'leHHe 

ATOMOB HA H,IIPAX CrocH ~2. + "G 
QD;mI MOOH oCYlIIeCTBJIJIeT npHMepHO Y-c ~ 100 :c;HKJIOB MIlOmioro 

11'1 
,I RaTaJIH3a /2,3,8,36/ sa BpeMll '" J: t »?6 . B 9Tl1X YCJIOBlIJIX MeTO~ paC'IeTa ce'leHBI peaKUHI THna 

1\ 

npBMeHlDlO RBaSHCTa~OHaPHOe npHOnHzeBBe, nOSBo~e CHCTeMY (tjf),c +(1 ~ (t./')F,-f"a , (A.I) 

yp8BHeHHl, COOTBeTCTBYJlIIIYIl RHHeMaTHXe npoIleccoB B CMeCB 2}l of;;;, r.n;e a" d,-i, 6liJIH pa3BHTH B pa60Tax /12,14-17/. llPH HsyqeHml pac

pas.n;eJIHTl> Ha .IJ;Be CHCTe... , HS ROTOPWC O.lUla OnHCliBaeT BpeMeHHoe ce$lHJ[$l MesoaTOMOB tf' Ha $I,IJ;paX cI H t: B CMeCH Zz. +7; He06xo

pacnpe.n;eJlene ROMIIOHeHT, Y'lBC"l'BYDJIIIX B ;U - RaTaJIBSe, a ,llJJyraJl  ,D;HMO llpHHBMaTl> BO BHHMalDle BJIHmIlIIe XHMH'IeclWl CMSH!l,IIJJa a. 
pacnpe.n;eJlene ,~- aTOMOB no 9HeprBRM. B MOJleRYJle II B (A, B= ~T) /18/ H BsaHMo.n;elcTBHe t f' - aTOMa C 

OTMe'rBY, 'ITO B COOTBeTCTBBB C onpe.neJleHBeM RBaSHCTSUBOB8P 9J1eR'l'pOHElMlll MOJleXYJlli AB /19/. Bli'DICJleHHlie C yqeToM 9T1!X 9qxpeRTOB 

HOro peDIIB (27) ypaBHellBJl RBBe'l'llRH, nOJIY'leHHlie B .n;aHH01 pa60 SaBHCHMOCTH CRopOCTel 

Te, HenpBMeHBMli R OnHCSBBD npoIleccoB YCTaHOBJIellBJl paBHoBecBH (A.2)i 
I );F'(~)= ~CtY 

'i no COCTOHHH8M cBepXTOHRol CTPYRTYPH t~ - aTOMOB, upoTe~ 
0'1' 9Hepl'HH C CTOJIRHOBeHBJI MeSOaTOMa ir C $l,lJ;pOM q B CHC

sa Bpewt -t ~ 2"6 (CM. ilPUODIIBJI A H B). HSY'leHBe RBBe'l'llRH 
TeMe HX IleHTpa MaCC npe.n;CTaBJIeHli lIa pHc.4. OTMeTHM, 'ITO ,IJ;JI$I

/"f - RaTaJIB3a B TaROM nepeXO.IJ;HOM pEll!lilMe lIpH tk t, npe.n;
npOIleCCOB CnHH~na (4) yxasaHHlie MOJleKY~Hlie 9qxpeRTli HecYlliecT

CT8B.lIJleT SHa'IHTeJI:&HliI HHTepec B CBSI8B C TeM, 'ITO B 9TOM pe-
BeHHli. 

ZKMe, Ha~eMOM B 9RCnepHMeHTe npH MaJIHX WIOTHOCTRX CMeCB 
CROpOCTl> pacce$lHJ[$l ItFF'(E,E ') B JlB60paTOPHOI CHCTeMe,f./.6 0,01, IIOmiO HSMepnl> HeRoTOpHe xapaK"l'epHC'l'IIRB MIlOHHOro K8

cooTBeTcTBYDlIIYD )F,,(f) , npe.n;cTaBHM B BH,lI;e 

J4. 
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NlJJo·e..... 
PRc.4. 3am!:OiIMOCTR CKOPOOTeI).FF1f). 

IIpOn;ecCOB (t"'}F +a. -+(tf''F'+a{tt::d,!) 
. 	OT aHOprRR CTOJIKHOBaKWI B C.It.M. 

C ytIaTOM xm.mq:ooKoi CMSK Map "a" 
B MOJIaxyJIaX l!. wmmma aJIaKTPOlO1oi 

060JI0"llW MOJIal<YJI. 

250 500 1'10 ml[.M 

AFF' (SE): 1'Io'f[C"Lf:~ ~EJ~~ z;; (~p)1(A.3) 
yo (Q) , 

Be~ L- pF ' (E,E ) onpe~eJIeHH COOTHomeHHeM 

j<rJIIS/.:::]4,-,(L;EJtlE';a c;.{E), (A.4) 

.(l (<lJ 
r~e if B ~.: 6Ff' - CKOPOCT:& CTOJIXHOBeKWI I nOJIHoe Ce'CIeHHe 

pacceHHHa t~-aTOMOB B C.n;.M. COOTBeTCTBeHHO, yrJIOBHO CK06KH 

OSHS'1B1lT ycpe~eHHe no HMIIYJI:&CaM Mep q C MaKCBeJIJIOB'Jq 
OKO! ~al pacnpa~aJIaKWI.B HepeJIHTBBBCTCl<OM npH6JIKEeHKH IIpH 

I (t.) r (t.)Ft F OTJIB'lHH OT UYJIH TOJI:&KO \)PF' B L. • 

IIplt 8HepI'llllX tlf - aTOMa E ~ I aB cnpaBeJlJIBBQ npB6JIKEe

HHe .s. - BOJIH 

cl6'.: cs-(p) dRpl /¥17, 	 (A.S) 

.. 
r~e 	 -'" 

p.:: (Hq f - H,,: )1(J4 1/1) .: fia tJ-', 

pI:;: (Ito "il- Itj:) /If. + H) 

- nmyJI:&CH B CltCTeMe n;eH'I'pa MaCC ~o H nOMe CTOJIKHOBemm, ~j' 
.... ......, J 

H ~} 'I. - nmyJI:&CH r /' -aTOMS B JIJU)a Q ~O B nOMe C'I'OJIKtlo

BeD.ll B JIa60paTOPHO'R cltC'l'eue) jI;.".: If" I 'f 11.,-~ , If H If" -

MSCoo ir-S'I'OMS It JIJU)a Q • IIHpa.eoa (A.4) MIl G (E) npH-

BO,ItJII'I'CS It BW' 

16 

C(E).:: ;;-f tJl5"(p)df2;'I(~)cl7· = 	 . 

: 'I;".' F';>',I'JJ'(if-E,)J(j'-I:}j.)f SU>J!tt-1<.,S) 
r~e 060SSS'CIeHO 

rp.:: j ~i: ; ffjtt): (lilt. 7) -~e.K/'I-,.,/?~ Ti, 
, plJ. J>~ _ 1I.'.l. /,f l fe. i 

E -E .: - - - - A 1::-.: .J!.- -.£. - $ -.L:!... - A E;t-'
-I ; "7"" ~/I. 21'1 NYII lit it If.. ' 

O, npa F:F 
/ 


Af',:F'= .6 E = 0,24 aB npH F; I, F = ° 

{

-A E, npa F = 0, F = I • 

YlDI'l'HB8$l COOTHomeHHe "-:.0 1t/3?~ dl'q'Y.', npOBO,ItR: HHTerpa

pOB8pe no H mm.eJIHH B HBHOM BB~e B (A.G) HHTerpHpOB8JJj : 
HHe no eseprllllJ £..: ~./'''I CTOJIXHOBeH14fl ~ -STOMa B CHCTeMe 

n;eHTpa MaCC, noJIY'lHM 

FG- (E)::- rell" 6'!E"'AE)V... : 6'[E)C(E;!j (A.?) 
D 	 c ... ~~ 

G (E, E) = ..!:- feI) Ie/)It d~- (II,.: -If" f}zZ. ] It 

fi;r/ 2;"4 (liT If,,) 

f'(. "~Il~ 2. ",I'/; .... - - l} 

1t <:l 6 FF ' +..L- + ~ -.e- - Ii"''''l'') /.
P 211 2/(", Zit .?11 

(A.a) 

BiinOJIHHB iDITerpBp0BaHHe no J ~ I B di (k.: '1" -,11"/It)
("J 

B (A.a), noJIY'lHM mlpa.1leHHe .n.JIll BeJIH'lllH LI'F' : 

Z (ev (FEJ.= Ji(II+~)~ E/1 


FP' -; {Zlii):I&lfltJ;,YE e " 


, (elEdX' V E 6',q.,tFJex?!- f -It!!:: X'J (A 9)IJ ' ~'" t;.~, 	 It· 
JZ. 
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r,ne .J2. - 06JJB.CTb B lJJIOCKOCTB ( X/ E ), onpe,ne.lI.lteMaJ!: BepaBeSCT-

B8.MB 

X > 0 .) (y - (HE) 2. .c E.c::: /Y'" (HI?) .a
/",6 ( I 1"4 , 

()' _V:E ) 2..(, ~~Err' < (X f ~IfE)7 .2 
I .0. ft.' . 

(tf}
.1l.lIIl BeJlll1!llH 4p, (E,E ) BlinOJIHReTCJ'I nplIHJ.4BTI ,neTaJI:I)Horo 

paBHOBeCM. ltoTopHl C yqeToM onpe,neJleHM (A.3) cnpaBe.ztmm TSR¥e 

,ll;Jm nomna CKopocTel IfFFI npoIJ;eCCOB (A.I): 
2. F/"J. IfiI <6 E~~/"'E~'

ilpF'f.s E')': Z;;;; VEe r I1F~(t=;4.(A.IO) 
UPH TeMDepaTYpax CMeCH T ~< E OCSOBRol BKn8,n B OKOPOCTb 

A.10 (E. E ') ,n8ll'l' SHBt(eHllJI t IV T B. CJJe,nOBaTeJJ.I.BO. cllpaBe,1l;JlBBli 

npB6JnDleHHIle BRp8ZeHllJI (3,n8Cb H ,nanee .iI: -= 0:; &N,;' J t.::::o Id.... 
0,9.1090-1 I12):I Q 

8 

() (€) ~ J~Q 1!7i;' 
10 V ~- ,

2..v., E ~ 

/\10 (E/=J ~ );,,]l'~ (T~"E) Ze/I'f fir) I' (A.II) 

)I. F[(6'- ,:.1;) V~I .Ie']
2. Tlt.E ) Vr ' 

~ 0 ~ 

.A:f.C ([;) .:: j )10 (c) EJ dEl ~ )10 r,t' C-:t 
o 

/\t:):f. (~FJ;: 3 );0 rt<; ~;~E) ~Xf'[(E-.dE.1EJA-J(A.I2)
---. 

;( FL-(E - ~:)~) V-;'], 
)..04 (E) ~ .t )~: 1~ .t!::---., ex~ f(E- ~€j/r-

V'Edt 
(A.I3) 

- (E - ~E ) ~!(tA € )] , 

F('J,Z)':: f
pa 

elx ex!';)'') sl, (2. z.x). 
'I (A.I4) 
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V-,---.
TOt[HOCTb qJoptO"JI (A.II). (A.I3)-(A.I4) IlOp.a:.ItK8 IiG 

Hs (A.I3) H (A.I4) CJJe.nyeT, t[TO IlpH T «E Ilepexo,n (F= 0) 

.... (F::: I) npoHCXO,ll;HT rJl8BBHM 06paSOM npH CTOJIKHOBeHliLltX t~_ 

aTOMS H H,Iijl8 i. ,.ItBlfEYlItI!XOH B IlpoTHBOIlOJIOllHliX HBDpaBJIeHliLltX 

C aHepl'WlMll (V ~ E/2. O:rMeTBM TSKZe, t[TO IlPK Ilepexo,ne (F = I) 

... ( F ::: 0) MeSOS'I'OMil (tf'),.~o 1l0Ji1!Jlltll'.rCJ'l cornaCHO (A.II) C 

sHepl'Hel EtA( AE/2 = 0,12 sB H paS6POCOM DO SHepl'HH lli'- ~/'" Vr.ot:' 

IIPHJIOll!EHl1E B 


3.AME,lJ'.JIEmf EiGTPI:lX MESOATOMOB -I:.}A 


B npoIJ;eccax nepeXBaT8 MIlOHOB (3) K ClIHH-<fl,mma (4) 1l0.lI1lJISi

M'CJ'I 6HcTpHe MeSOaTOMil {it')d..S C SHepl'WlMll Eo ,........ 19 sB H 

Eo"- 0,12 sB COOTBeTCTBeHHO. 3aMe.n.neHHe "I" -8TOMOB OT Eo f'-' 

19 aB ,no E ~ I sB IlPOKCXO,ll;HT B peayJIbTSTe O,ll;Horo altTs Ilepeaa

pa;Itlm 

i.ft (... 19 sB) + t (-- T)"'" t + it' ("'I sB) • 

CKOPOCTb STOro llpoIJ;eccs )e... .:: eiNoe..,(E.)tJo 1l0pl!.ltR8

I"" 2.roIof 4 c- , r,ne BeJlll1!llHB 6'e.... - cet[eHHe nepeasp.I'U(KH BLl

1D!!CJJeso B pa60Te 1121. UPH 1t8JUl:OM 1l0C,JIe.n:yJlll1eM CTOJIKHOBeHD 

asepraR MeaoaTOMa yYeHbmaeTQa npBMepHO B ,nBS paaa. S BpeMH sa-

Me,nJIeHllJI OT HBt[aJI:I)HOI SHepl'HH E ,no E IV T paBHO 
"\ -/JZ- __ Lmin Ar:r: (F)) , 


r,ne T <'1 < E , (tI) 


).r:F(lj.=N'JrS/Ej-= ~/1~:/~),.e.() (~). 

(tlJ '\ (~) .1).IIapIJ;H8Jll>BHe CKOPOCTl! B'/\ SaMe.n.neHHR z:.J'f -8TOMOB npH-

Be,D;eBH HB pHC. 2. UPH 0,1 ~ el: _< 0,9 Blip8ZeHHe ) FF (£) KMeeT 

MIIlHIIIIYI' IlplI E ~ 0, I aB, OTKY.11.8 HB.XO.ltlDf 

"C -s "" 109y, c-I • (B.I) 
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http:A.I3)-(A.I4
http:Xf'[(E-.dE.1EJA-J(A.I2
http:CJJe,nOBaTeJJ.I.BO
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TaImM 06paSOM,BpeWl: SaMeAlIeHWI 6HCTP:Y:X: MeaOaTOMOB B Is -co
CTO.mnw; IIOPJWt8 rl;{ t Z. npR Ha'iaJIbHoit sHeprRR Eo .... 19 sB 

R IIOPJWt8 c:. IIPR Eo = 0,12 sB. 

llpo8H8JI11SRpyeM pOJIJ:. peaRIt'llll IiISOTOIIHOro o6Me~ (3) B KlmeTlilKe 

IIpon;ecco~ o6paaoBaHWI Me30MOJieRYJi <it/'. Pas,IteJililM tlf- aTO_ 

Ha ,ItBe rpyIII1ll: 6HcTp!ie - C SHepI'RSMll E I:::!. Eo = 19 ~B I! Me.ztJIeB1We 

C SHepI'ilflKll E tv T. llpeHe6perag MaJIOBepoJlTHIlMliI IIpoIXecC8MJ!I o6paao

BaHWI MeaOMOJieRYJI 01ir nplI CTOJIRHOBeHlilJtX 6HCTpHX MeaoaTOMOB iff 
( ). t::::t 0), .llJIJi OTHOmeHJlli 'qJfCeJI 6HCTpHX II Me.ztJIeHRIlI MeaOaTOMOB 

lila RlIHe~eCRHX yp8BHeHHl, COOTBeTCTBYDQIX npOn;eCOaM HS pRc.5, 

nOJIY'<ll1M Qn;eHRY 

J -= Als ~ tfC"~11 (}.;: -f 7:), (B.2)
N,., 

r,Ite Jl,., - CROPOCTb 06paaOBaHHH MeaOMOJieRYJI lila Me.ztJIeHBHX MeaoaTO

MOB. 3qxfieRTliIBHBJI CKOPOCTb 06paaOBaHWI MeaOMOJIeRYJI paBHa: 

J = (A,., tV" + )$ A!JI/(AI/f~AIj) ~ ~;, (B.3) 

T. e. IIapaMeTp J 1mJllleTCH nonpallRol R CROPOCTliI J. . Halil60JIee 

CYlQeCTBeHH8 aTa IIOIIpaBRa nplil MBJIl£lI'.: ~ iii Ci • B aTOM c.nyqae 

Kos~eHT tt ~ (I + I60~etl )-1 (CM. /32,33/), C yqeToM 

(B.I)-(B.2) CJIe~eT On;eHRa 
_:/ -2J = 0,003 (0,05 + Ct )?' ~ <"< I (B.4) 

~"11{I'W~l 

PlIC. 5. YnpOlileBBaJ! CXeMa npon;ecca 3a

MeAlIeWifi "6HCTpliXnt,M -aTQ\lOB, IIOJIB.1I..fiKl

IlIHXCH B peaKrt;IDi(dfl )n. +t .... d.+(i:,.)s;~ . 
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llQIIpaBRa R CROPOCTliI o6paaoBaBliIJI MeSOMOJIeRYJI , o6YCJIOBJIeHHaH IIpO

n;eCCOM CIIlIH~ (4),RaK IIORaS~ on;eHRlI,6oJIee SHS'qJfTeJIbHa 

iii IIOSTOM;y yqTeHa B ypaBHeHHJa: (36)-(37) HBlIHM o6pasoM. llplil MaJIblX 

nJIOTHOCTJa: CMeCI! '/.{ 0,05 CTaHOBllTCH CYlQeCTBeB1WM ;n;OIIOJijUITeJIJ:.

HHI IiICTO~ dNCTPax i~- aTOMOB, o6YCJIOBJIeHHH! TeM, ~TO SaMeT

H8JI ~aCTb MesoaTOMOB He ycneBaeT TePM~aOBaTbCH B Boa6~eHBHX 

COCTOHHBHX /31/. STOT c~al o6cyx;n;aeTcH B ps60Te /11/ iii Tpe6y

eT ;n;eTaJIJ:.HOro paccMoTpeHWI. 

lIPHJ10mmE B 

MO.u;&l[b YCTAROBIIEHIffi KBA3HCTA.llHOHAPHOro PElIfRMA 

li.i;Q:eJIHM B eMeCIiI 2, of 7;. ,ItBe rpynmi t~ -STOMOB: 6HCTpble 

aTOMH C SHepI'll".llMH E tv 0,3 sB iii Me.ztJIeHHHe - C 3Heprnmm E '" T 

(CIIliIHH MeaoaTOMOB He yqHTHBaeM). CxeMS npon;eCCOB C yqsCTlIeM TS

RHX MeaoaTOMOB nplUle;n;eHS HS pRc.6, r;n;e 060aHa~eHO: Ncr I! ~ 

- 'qJfCJIO 6!iCTp!iX R Me,ItJIeHHllX MeaOSTOMOB, ).t I! )-,., - CROPOCTR 

o6paaoBaHWI MeSOMOJIeRYJI dt/' IIPI! CTOJIRHOBeHlilJtX 6HCTpblX H Me;n;

JIemm:x: t/f-aToMoB C MOJIeRYJl8MH CMeCH. 

llpg BpeMeH8X 1:» );H 'qJfCJl8 MesoaTOMOB # H ~ paBHH 

(eM. PRc.6): _ lilt _ _AI'( t 
IVs (t)= AI/(t-*Je ;0 e }-f 

D - AJ t - - AIf t (B. 1)N (f) = -Atf"/.t- bt)e .,. ~ e 
" (O),r 

3,IteCb BBe,IteHH 060SHS~eHWI : 
_~ I) 1 • / ())

1\ $ .:: l' .,. Jt/n. ,/\ J + /Vl' 1'1, 

At(: )o.,-t.V.,).c 
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(f- W,) N;)..1t 	 PRc.6. CXeMa Ma3oaToMHliX np~aCCOB 
B ~yx:rpynnOBOM lIpR6.Dmtamm ;u.nslt.t
aTOMOB. 

dt.)J ) Aet, 

(1- LJI) N~.) elt 

).( 	= ). If ().t + "t- S
) , 

_ I\b __ ~/.. 
(B.2)N.r .: All" )." ) AI',.. ;;. d -IVT 

r,Jl;e Air II AI':~ I - AI').~ - 'IJICM ir -8'l'OMOB B 1.s~coc'l'omom 
IIpR t = 0, c - BpaMli 38Ye.zt,lIaHJJJI 6HC'l'pHX Ma30a'l'OMOB. 

t 	 ' 
llpJI -/;» I\,r. BHpaKelWl (B.I) II (B.2) lIplIHJJM8Il'1' CJIe.QD-

DtJd 	 BB,D;: 

- /(H t 

AI; (0 =10 e t ' 
 (B.3)

A / - 1\14
N 	 (0:: /vl1 e 

II 
-f

CJIa,Jl;OBaTaJIl>HO, lIpIll t >::> 1\-r 38.BIrICHMOCTH 'lHCJIa if -8TOMOB 
0'1' BpaMaHH II 0'1' 9HaprRR ~TOpR3ymTCa. 
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MeHbmHKOB n.H., COMOB n.H., ~aH~MaH M.n. P4-87-82 
KHHeTHKa npo~eccoB MWoHHoro KaTanH3a 
B 	CMeCH AeHTepHH H TPHTHH 
I. 	KBa3HCTa~HoHapHoe npH6~~eHHe 

Hcc~eAoBaH KBa3HcTa~HoHapHhlH peEHM npo~eccoB MwoHHorO 
KaTMH3a B CMeCl-j: D2 + T2 , YCTaHaB~HBaWIII;HHcH npH 3HaqeHHHx 
BpeMeHH t » A~~f (A~f - BpeMH ~H3HH Me30Mo~eKYnbl dt~). 
BbJqHc~eHhl ~YHK~HH pacnpeAe~eHHH no 3HeprHHM t~-aToMoB 


B IS-COCTOHHHH. PaCCqHTaHHb~ cneKTp Me30aTOMOB t~ OT~Hqa


eTCH OT MaKCBennoBCKoro pacnpeAe~eHHH He 60~ee qeM Ha 10%. 
Pa3~HqHe Me~y ~HaqeHHHMH CKOPOCTH pe30HaHcHoro 06pa30Ba
HHH dt~-Mo~eKY~, ycpeAHeHHb~ no BblqH~eHHhIM H MaKCBeITnOB
CKHM ~YHK~HHM, COCTaB~HeT - 5%. 

Pa60Ta BbIITO~HeHa B na6opaToPHH HAepHhIX np06,1leM omm. 

ITpenpHHT 06'be,lUfHeHHoro HHCTHTyra H)lepHhIX HCCJle)loBaHHH. D.y6Ha 1987 


ITepeBoA O.C. BHHorpaAoBoH 

Menshikov L.l., Somov L.N., Faifman M.P. p4-87-82 
Kinetics of Muon Catalysis Processes 
in 	a Deuterium-Tritium Mixture 
I. 	Quasistationary Approximation 

A quasistationary mode of muon catalysis in a D2+T2 
mixture, established in the time region t » A-~ (i\~1:f 
is the lifetime of the mesomolecule dt~). Energ~ ~istr~bu
tion functions are calculated for t~ atoms in the Is sta
te. The calculated spectrum of t~ mesoatoms differs from 
the Maxwell distribution by no more than 10 per cent. Dif
ference between the values of the resonance dt~ production 
rate averaged by the calculated and Maxwell functions 
is 5%. 

The investigation has been performed at the Laboratory 

of Nuclear Problems, JINR. 
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