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repwTeHH c.c. H AP P4 - 12910 

KHHeTHKa npo~eccos MOOHHoro KaTanHaa 
B CMeCH AeHTepHH H TPHTHR 

nony4eH~ npOCT~e aHanHTH4eCKHe B~pa*eHHR, OnHC~Ba~He KHHeTHKY 
npo~eCCOB MOOHHOrO KaTanH3a B MOneKynRpHOH CMeCH AeHTepHR H TPHTHR. 

HaHAeH~ YCflOBHR, npH KOTOp~x AOCTHraeTCR HaHfiOnbWaR 3~eKTHBHOCTb 
npo~ecca HCOHHOrO KaTanH3a. 0fiCY*Aa~TCR pa3flH4H~eTHO~ 3KCnepHMeHTOB 
Heo6XOAHM~X AflR H3MepeHHR OCHOBHWX xapaKTepHCTHK npO~eCCOB. 

Pa6oTa B~nonHeHa B na6opaTOPHH TeOpeTH4eCKoH ~H3HKH OH~H-

npenpHHT 061>ellHHeuuoro HHCTHTYT8 l!llepHbiX uccnellOB8HKll • .Uy6ua I 979 

Gershtein S. S. et al. P4- 12910 

Kinetics of Processes of the Muonic Catalysis 
in the Molecular Mixture of Deuterium and Tritium 

Simple analytic expressions are obtained which describe the 
kinetics of processes of the muonic catalysis in the molecular 
mixture of deuterium and tritium. Conditions are found for the 

maximum effeciency of the muon catalysis.Various types of experiments 
on measurement of the main characteristics of the process are 
discussed. 

The investigation has been performed at the laboratory of 
Theoretical Physics, JINR. 
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I. B B e :n e a H e 

Kax cJie.n;yeT Hs" TeopeT.Il'leCI<HX pac~eTOB/I/, B MesoMonexyne 

df/A cymeCTBYBT B036Y~ll6BHHI BpamaTeJibHO-l<OJI868T8JibHH! ypo
B6Hb ( J =l, 1T =l) c o~e f{b ManoA aaeprHel CBSSH E

11 
~ 0,? aB 

/ 2/, 6Jiaro~pa ROTOpoyY B03MOEHO pe30H8HCH06 o6pa30B8RH8 M630-

MOJ18RYJI dt~ B peaRnaRX: 

-t~+:tJ:~. _,. [(.J~)d2eJ:, (la) 

t)A + ~T _,. [ (Ji).t) t ,?,e J: . (Id) 

CymecTBOBaRJrie aaaJIOrJriqHOro pesoaaacaoro MexaaHsMa B ~HCTOM :nai-
Tepu, cl;« + !l>z. ~ [ ( J J_;.t) J 2 e ]~, 
npe;nnOJI8T8JIOCb ~Baol3/ H H6ll8BHO p;OR838HO 3RCD8pKM6HT8JibH0/4/ 
H T60peTH~8Cl<H/ I. 

CRopocn pesoaaacaoro o6pasoBaHHS ol~ -uoneRyJI ;noJIEHa 

38BHC6T.b OT T6Mnepaor;ypy CM6CH ~Z. of- '7'.£. 1 8 ee M8KCHM8JibH08 
3H8~6HH6 AJt~ rv raP c-1• B 3THX ycJIOBHSX 3~~6RTHBHOCT.b MDOH
HOro I<BTSJIBsa s;napaol peaRURH CHHTesa B ~eno~Re nponeccoB 

>. ). ~""s ;-t~He + 11 
d ~ i: ~ Jf f (IB) 
~ ~ ~ 1-Ws 11He + n +.)-<-

B6C~8 B6JlBR8 1 ~TO D03BOJIR6T DOCTSBHTb BODpoC 0 B03iOEHOCTH 
Dp8RTH"i6CROrO iiCDOJib30B8HHS SBJIGHHS ,M -R8T8JIB3a/5 • 

B CHJIY 60JibmOI O~H~6MOI CROpDCTH o6pa30B8HHS M630MOJI6RYJI 
dt)A (Cp8BHHMOI CO CROpoCTbD nepeXB8T8 d_)(. -+ t-/" ) RHH6-

THR8 peaR~ B CM8CB ~I. + Tz_ HM88T CD6UR~.Il'I6CRH6 OC068HHOCTH 1 

OTJI.Il'ISDIIHe ee OT RHH8TRRH peaRURA B cuecH H,~. + ~.z. H ~HCTOM 

~eatepHH161 • B ;naHaoa padote rroJiyqeaw rrpoctwe aHaJIHTHqeCKHe 

$OpyYJIY, OITHCYBaD~He KHHBTHKY npo~eCCOB ~~ -KaTaJIH3a, H odcy~a
DTCH yCJIOB)H' rrpH KOTOpYX MOryT dYTb H3MepeHH XX OCHOBHYe xapax
T8pHCTHKHX • 

x) B !Hll OHHH TOJibRO ~To sasepmea aRcnepHMeHT/?/, B KOTOPOM 

BD6PBH6 38perHCTp!ripoB8H8 pe8RUKR CHHT638 s;nep B N6SOMOJI6RY
JI8X dt,P- 1ri no.ny~eH HURHI npe;naJI ;nJIR - CROpOCTH 06p830B8-

HHS MesoMoJieRyJI Jt_,.u ( >.Dclt.,.u. > /JoB c-1 ), 'ITO corJia
cyeTCH c TeopeTH~eCRHMH npe~RasaHHSMH.I/ HsMepeHHas cRopocTL 

A
0

dt = (2,'7!:0,9)·Id3c-1 npo~ec<;J! al;<_..t;it< TSRllte cornacy
eTcs c TeopeTH"ieci<HMH pac~eT8Miri 01. 
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2, 0003H8~6HKR H CHCT6M8 ypaBH6HHA 

00!Il8.R CX6M8 M630MOJI6RYJI.RPHWC llpDD;6CCOB B CM6CH ~.2 + 'r.e , 
Cllp8B6~8.R llPH llPOH3BOJibHOa llJIOTHOCTH H ROHU6HTP8UKH ROMDO

H6HTOB, H300p8~6H8 H8 pHC. I, 3~6Cb BB6~6HH 0003H8~6HH.R: 
). 0 = 0,455•IcP c-I - cRopocu pacna~ /<--Mesoaa; 

'f = II /N. - OTaomeaHe llJIOTHOCTH .R~ep cMecH ( N ) R nJior-

HOCTH U,ll;ROrO BO,nopo,n;a ( /1. = 4, 25 • Io22 cr,C3); 

>."- ( >." ... )- CKOpDCTH 38XB8'1'8 ;"--M630H8 H8 K -
OpOHTY M6308TOMOB d;U H t~ npH DJIOTHOCTH CM6CH Af H 

llJIOTHOCTH U,ll;ROrD BO~OpO,IT,!l ~ COOTB6TCTB6HHO; 

A ( ).~t) - CRopocrH Hsoronaoro oc5Meaa cl;-<+ t .... ~+J; 
)..Jt~ , ), cld,.M. H ).~_,.. ( A

0

Jt.l", ).:~ H )~~ J - CKOpOC'l'H 
06paSOB8HKR M630MOJ16RY1I Jt,.M, d d_,.« H -t-1:,« ; 

C.J H Ct - ROHU6HTP8UHH .R,nep ~6~T6pKR H 'l'PHTKR (Co~+C-t=i); 
).f, ).-{.~ H ).ft - CROpDCTH .R~SPHWC peaRUHi! CHHT6S8 

B M630MOJI6KYJI8X dt)A 7 d d)-<. H tt)A COO'l'B6TCTB6HHO 

(yCp6~6HHH6 no CDHHOBHM COC'l'O.RHH.RM M630MOJ16Ry1!); 

C»d wJ Wt Ws - R03®HUH6H'l'H npHJIHll8HKR ,.M--' . ' 
M630H8 R 38PRK6HHHM npo~RT8M CHHT638 B p68RUH.RX, npe~T8BJ16H-

HWC H8 pac, I; 

N_,... .= IY,v. (t) - ~HC1!0 CBOOO~WC ,#--M630HOB B MOM6HT 

Bp6M6HH t 
/lid/( .II /11-t:,M- - ~HCJIO M6308'!'0MOB d,f-< H -t/-< j 

ti.Jt !V.J~ H N-tt,A - ~HCJ10 COOTB6TCTBYI!JllKX M630MOJ16RyJI; 

f1 "~' NnrJ H Nnt - 'UICJIO aeAorpoHOB, HcnycRaeMwc npH 

p68RUH.RX CHHT638 B M630MOJ16J<YJ18X c:Ji,« > oJ d_,.M. H -t t"r« 
COOTB6'l'C'l'B6HHO, 

CHCT6M8 yp8BH6HH~, ODHCHB811JllKX RHH6THRY llPOU6CCOB, HSO-

Opa~SHHWC H8 PHC. I, HM66T BH~: I 

d /{. ( W~+I.<J .. ) - ~ = ().. 0 +).e~.)~ - '>.f(-1-Ws)NJt~ - Afcl 1- ~ ~J:; 
Jt y· 

- >.ft (i-wt) /v'tt/"' ' (1.0) 

di'I.J~ -c c\ 
Jt - -Ao+).Jtci + A.J.,il""- J)~_;-< -)..._C.J Nl""-, (I. I) 

:~+cc = (~o+ ).Jt~Cd -t-~tt~C~)N~ - '>.cltCt!Vo/-<- (1.
2

) 

\ C fl. - .i. Au w: fi.JJ.u 
- .)\Q. i j'< ;, T"' 7 - I 

4 \ 

J~ = ( >..+ >-+) f/d~ 
d-t: 

- )..11)<-< C_, ~,;'<- I (1.3) 

J~ = ( >.. -r >.1<') fv'ddJ'- - )~ S N~ 
dt I 

(1.4) 

J~= (>..+>.+t)fiH - ).~c-t~/'< 
cJ-/; ~ I 

(I,5) 

J fl" = _ '>.+ NJ-t;u 
d.C I (1.6) 

d ;./~ : - f ).Jrl J{Jd_)A I 

dt (I.?) 

J fV ... t ~A N -= - ft -t~ di (1.8) 

B H8~81IbHHA MOM6H'l' Bp8M6HH, '1',6, B MOM6HT nona~aHH.R MDOH8 

B cMecb 3J2 + T2 , IV,-. ( o) = 1 , a Roau;eaTpaUH.R Be ex ocraJ1b-

awc ROMllOR6H'l'OB fl;. (o) = 0 • BBH~ p630R8RCHOrO X8p8RT8pa 

o6pa30B8HH.R M630MOJ16I<YJ1 dt_,.«. CROpoCTH ).~~ H ~'.:~ . 
DpDU6CCOB (Ia) H (IO) MOryT CHJlbHO p83~8TbC.R MSE~ 0000~. llos-

'l'OMY no~ B6~HROI ").d-t,;'<- Cd B ypaBH6HKRX (I) B ~6~CTBHT6Jlb-
HOCTH ll0~3YM6B86TC.R B6JIH~HH8 

, C<t> \ ct> 
.Ad-t.;« s = >. ..~~ z c:>3. + ,...J~ c .t~rr (2) 

r.ne C $z. H C ll '1' - ROHU6RTP8UH.R MOJ16RY J1 i<J z H ~ 'f , ilo-

CROJ!bRY YES npH ROYR8THWC T6MD6paorypax B CY6CH ~2 + 'Pz OHCT-

po npoHCXO~'l' HSO'l'OllHHA 00M6R .II YCT8H8BJ1HB86TCR p8BROB6CR8.R I<OH

U6H'l'p8UH.R : 

2 
CSlz : c:b'T' : c'1'z =- cci : z ~ ct : C./' I (2a) 

B RRH6TH~6CRHX ypaBR6HH.RX (I) npH YCJ10BHH (2a) ~6RTHBR8.R CRO-

pDC'l'b ). clt,.A p8BR8 : 

(A.) 

A"'~ = '>: .J~ c.~ + 

5 

, ct> C 
/\ .J~ t 

(26) 



>.. 

f11~Re;fnl ..: ____ ...J 

PKc. I. Cxeua M8SouoneKynapHNX npoueccos, npotexan~Hx B cuecH 
~eRTepHH H TPHTHH. 

dNn 
Cit 

0.4 

0 

Ct•O.l 
P•10 aim 
Adt,. 2 ·108 s·• 
~~~c(Q,5; 1.0; 2,0;4.0)·1)8 

s·l 

f. t (!-IS) 

6 

PHC, 2. 
BpeueHHue pacnpe
~eneHHa (20) HeR
TPOHOB C 3HeprHeR 
14,1 WaB, HCnyc
KaeMHx B peaJtl.lHH 
CHHtesa ol + t-. "Hem 
B uesouonexyne 
oft.)" npH ~aBJl8Hl!H 
p • IO aTM , KOH
ueHTP~H tPITXR 
Ct. • o, I, 3Ha'II8-
HHHX )\~t-2•IdJc-I 
H Aoc/i • 
•(0,5;I;2;4)~8c-I. 

• 

Aaanor~HHM o6pasoM 

). \. (<l) \(I) 
deY< = Add ... c., + A J.y< c-t , 

\ (<l) \(I) ,---
r,ne ,..d~ 11 ,.. .,~ - cxopoc'l'H pesoaaacaoro o6pasoBarut.R 

11630MOH6RY.ll dd_~< DIJH CTOnRROB6JUm BTOMOB ~ C JJ~ ,n;eft-

T6prui B MOJI6RYJIBX ~2 II ~T • ) 
(q,) \ (( 

CH6,Jzy6T OTMSTR'l'b, 'ITO BS~.IUW )..ol;,.« H A6~ B Cl'l-

JIY pe30H8HCROro M6X8RRSM8 06p830B8HH.R dt',...« - MOJ16RYJI CSMH MO-

ryT OJIOIHHM 06pa30M 38BH06'1'D 0'1' '1'6Mil6paTyps, DJIO'l'HOOTH H ROH

OSH'l'panaz ROMDOHSHTOB 0116011. 

llpe~e BO&ro, HX T6MD6p8TYPHS.R 38BHOHMOCTD 51'6T CJIOEH66, 

'16M npOC'i'SlbnH! 88 CJcy'iB:!, paCCMO'l'peRHHft B pa60'1'8 , DOCROJIDRY 

B ,n;eACTBH'1'8JIDHOC'l'H Y•8 npH yMepeRHHX 'l'SMnepaTypax peaRUWH (la) 

H (10) a,eyT RS TOJIDKO liS OCROBHOrO, HO II as B036y•.n;eHHHX Bpa~a

'1'6JIDHHX OOCTO.RW MOJ16RYJI JJ. II ~7' B B036y-.neHHH6 Bp8IIt8-

'1'6JIDHH6 COC'l'O.RHH.R ROMD.Il8RCO:B [ ( d f,#) d 2. e]: a 

[(clt,.,u)tl.e]; • 
Cne,eyeT 'l'BRE y'IH'l'HBB'l'L, 'ITO o6paso:ea!Uf8 M8SOMOJISRY.ll d~ 

npoi!CXO.I!;Il'r B pas~HHX COC'l'OHHII.RX HX CB6pJC'l'OH:KO! OTPYRTYPJ>I• Co

rJ1BORO pac'ler~8 ypo:a8HL ( J =1, 1r =I) sa o'leT :esaHMo,neltc'l'

:BHR ODl'lHOB 'IBC'l'R~ H Op6RT8JIDROrO MOM8HT8 J M830MOJ16RYJIH pac

~6DJI6H aa IO yposae!, MaRcHMaALaoe pacoro.Ralle M8~ xoropHMH 

OOC'l'SBJIR8'1' N 0,2 aB. CKopoCTH o6paso:aaau dt)" -IIOJISRYJ! :a 

:KBK,IIPM .liS OOC'l'OJJRJd h f S HM81l1' OBOJl pe90K8HOHYil S8BIIIODOC'l'I> 

OT '1'8Mneparypu. KpoMe roro, &TB :aepoJJTHOC'l'H oy~eOTB&HRYM o6pa

soM SSBIIOJJ'r 0'1' R8'18ALHOI 3806Jl8HHOC~H ypOBH81 O:B8px'l'OHROI 

O'J,'PYKTYJlH t)A- - 8'1'0M8, RO'l'Opa.R, B OBOI) 0'18pe.DP, 38BHO.&'l' 0!' 

OROpDO'l'B nepeBOIJOTB OIU!HOB B pe8RUIIIil t,« ( t1") + t - 1:_;«. (t~) + t 
' '1'.6. 0'1' DJlOTHOC'l'lf If 01180a a ROHil6HTp8~ C~ JJ.I!;8p Tp!I'1'IDI. 

Bo B08M np6.DJi.11Y~6M 06cy-.n8HHH H8JJBRO Dpe.I!;DOJlBrBJlOCL, 'iTO 

B'l'OMH i-_,.u B pe8J<~X (!a) H (!0) T8fM8JlHSOB8RH. O,n;aaRO Dl71J 

.I!;DO'l'B'rO'iHO MBJIHX KOROSH'l'p8~X TPH'rHJJ ( C+ <.< ~ ) M8S08TOMH tM 
o6pasymos B peeKIUtH HSO!'onaoro oelMeas d~ + t - ~ + cJ 
o saeprael ~ 20 aB • ae ycnnam s811e,ll,Uuos ~ '1'8DJIOBHX 

OKOpoc'l'81. aro MOK8'l' DPKI80'1'. K •SIII&8&Km X8piK'l'8p8 'l'..Utpe'l'yp-
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HOH 38B~C~OCTH n pOU6CC8 jU -K8T8RH38x ), B 3TOM cny~ae CHCT6-

My ypaBH6 1I~ tl (I) CJI6.llY6T peDJ8Tb COBM6CTHO C yp8BH6HUIJMH, ODH

CHBa~mHMH KHH6T~KY 38M6~6HHfl M6308TOMOB ~~ 

Bee ne pe 'll1CJI6HHH6 a<fifeKTH Ba'KHO ytJHTHB8 Tb npH TeopeT~e-
'("J \( I) 

CKOM B!lli~C JI€ Hl1H CKOpOCT6ft /1 d~ a /1 Jt-« .II ,11.6T8JlbHOM 

PflC~eTe K~HSTHIHI npouecca ,;« -I<aTaRH3a. I1pli II;eHOMeHonor~eci<OM 

IIDJTXO.ll6, np~HIJTOM B .11.8!-IHOH pa6o~·e , CK0p0CTI1 ).(";jt« a ).~~ 
MO~IO pacCM8Tpl1B8Tb Kai< H6KOTOpH6 ycpe,II.H6HliH6 xapai<T6pJIICTHK.II 

opouecca , 0 Hii C~HTaJOTC.fl H6113B6CTHhiMH II;yHKUii.fiMH 'f H Ct., 
KOTOpH6 Ha~e~T Ollp6.li.Sni!:Tb H3 OTIHT8, 

qTO ~6 1<8Ca6TC.fl 38BHCHMOCT.II CKOpOCTii .fl,11.6pHHX peaR~ OT 

CTII1HOEOrO COCTOIJH.II.fl M630MOX6I<YJI, TO B cny~ae, KOr~ BC6 3TH 

CI<OpOCTH B6nHI<H ( ~f ~ lOll c-1
), KHH6THR8 M630MOX6I<YJI.fiPHHX 

TipDU6CCOB ,II.Jlil Bp6M6H t >> >.t OT HRX H6 38BHCRT (CM. D. 3). 
I103TOMY B CliCT6M6 ypaBH6HH! (1) ,II.OCT8TO~HO HCD0nb50B8Tb 3Ha~e-

HIUI A-t , ycpe.nH6HHHe no cocTO.fiHH.fiM cBepxroHROft crpyi<TYPH Me-

soMoneRyn. 

~ ~JlbH6ftmKX ~liCX6HHHX OUSHOI< DPiiM6M CJI6~~6 OpH6HTRpO

BO~HH6 3H8~6HIUI KOHCT8HT CI<OpOCT6ft ~ -M650MOX6I<YJI.fiP.H~ npo~c-

COB, TipHB 6.11.6HHH6 l< DJIOTHOCTH !l.II,!ll<OrO BO,II.OpO~ /'10 J10 : 
~J~ = 2•Io8 c-1; 

~d~ rv loB C-l 1 3aBHCJIT OT T6MD6p8TypH 

~ ,., (0,00-0,8)·IrP c-1 J cpe,ll.ll, 

dell"' o - • ~f:. -I 
A-~;y. - 3 ILJ c , 

).. -v roi2 c-I ' (3) 
f II I 

).f.l "' >.ft "' IO c- , 
>.: -v 1010 c-1 

w.s ~ ro-2 , Wc:l=0,13, w~ =0,0u27, w-t"'O,I, 

X) Ha 3TO OOCTORT6JlbCTBO 06p8THX BHHM8HH6 IT.~.Rpuonoal?/ 
(oM, TBKll'\6/9/), JlerRO OOR858Tl>, ~TO ,II.Jl.fl 38116,11.Jl6HHR f,t« -8TO

M8 OT a.aeprHii ~ 20 aB ,11.0 aaeprHH "' 0, 04 aB H600XO,II.IDIO 

6-8 CI!OJIRHOB6HHft -t-~ + ..1 -+- t~ + J. • ilrHHMa' BO BIDDI8-
HH6 ce~eHHe a'!'oro npouecca 6' = 1,5·10-

1 
cu

2 10/, aait-

.n.eM, ~TO BpeWI T6IJA8JIH58UIDJ t;,.« -8TOM8 7:,., (Io8 If )-I C, 

TaRHM o6pasoM, nPH OOJibmHX oRo~crnx o6paso~iHHR J~ -Mo
neKyn ( A,:H·..-'<- ~ 7:-~ , r .e. >-.,~ ~ rbB c ) ae 11oe -t;~
aroMH ycneJ>T T6PM8JIH50B8'l'bCR. 

8 

• 

'f = 1 , 28•10-3 p (8TN), r.n.e p - ,11.8BJI6H.II6 B CM6CJII npa 

HOpM8nbHOft T6MD6p8Type 7 = 273°K~) 

3. PemeRHe cacreMH ypaBH6HHl 

TIO ycnOBIUIM 3I<CD6pHM6HT8 OOH'lHO Tpj',II.HO H80nD,II.aTb COOHTHR 

B MOM6RTH t < t, = 10-80 nocne OCT8HOBKH _..A•C-M630H8, OrpaRH

~BMCR noaTOMY ODHC8HH6M I<MH6THRJII ~ -M650MOJI6I<YJI.fiPHHX nponec

COB npa t; > 't,>> ).-/ Jll pacOMOTpRM, HanpRMep, ypaBH6RH6 

(1.3). Pem6HH6 3TOro ypaBH6HHR MOEHO sanacaTb B BH,II.6 

JJ \ -.)..f"t 5t ).tt/A/ -i_/ 
,.J'fj" (t) =- "'J'$« cJ e e '·-r{t') J • 

-1 (J 

llJlR t >> ~ f/t-" (t) M6RR6TCIJ cpaBHH'l'6JlbHO M6~6HHO, no 

38ROHY -.>. -t -).~ t 
1'1-~;_,., ( -t) =- 61 e ~ + B.a e 

npH~6M ).:f, ).
2 

<,C:. )..t , 003'l'OMY C TO~HOCTbiO ,11.0 ~Jl6HOB 

,.., ( >...; >. .f ) nony~RM : 

u (-t) "' >..,-~;~ CJ !1. (t) (4) 
fYJ~ "' ),f ~ 

~H5~60RHft OMHOJI 3'l'OrO COOTHOW6HHR RC6H: ROHU6HTp8gHE 

d~ - MOJI6RYJI 0Dp6,11.6Jl.fl6'l'CR RaHOOJ166 M6,11.Jl6RHHM n pOU6CCOM o6pa-
50B8fUUI t;e.c. - aroMoB, noaroMy sa BpeMeaa t "' >.1 ycraHaB-

JIHBaeroR RB85Hp8BHOB6C.II6 ROHU6H'l'p8~ flo~t,u.. H "'rc- C MHO-

UT6JI6M nponopUHOHSnbHOC'l'H ). .1~ c., / At , paBHHM orHomeHHJ> 

CROpDCT6l B05HHRHOB6HIUI H Y~TOJK6HWI J·~ - MOJI6RYJI• (3TOT 

pesyJib'l'8T MOJKHO UOJIY~HTb H6M6~6HHO, 6CJIH Y~60Tb YCJIOBM6 RB85H-

p8BHOB6CWI JI"<AV'/.Jt 'Z 0, RO'l'OpD6 03H8~86T, ~TO CROpoCTb H5-

M6H6HWI N.J-t/'( saa~HTeJibHO N6Rbme oRopoo'l'H A+ ) • 
AHanorH~Ho H3 ypaBHeHHR (1.4) H (1.5) nonyqaeu cooraomeHHJI 

Nd~ ~ 
.>..,~ c_ tv' .y.t 

~tel 
(5) 

* ) llpHB6,11.8BRH8 588~6HWI R03¢¢HUH6H'l'OB npHn!!:D8HWI (..<J.s wJ .1'1 
) 

!'.,II.. H6 Y~H'l'HB8JO'l' "C'l'JlRXHBSHHR" _,M.-- Y65080B OJlR CTOJIRHOB6-

BHRX 00p830B8BWHXCR M6508TOMOB reJIIUI, H8UpRMep, B p68I<URSX 

,.c.c 11 He + t - t-~ + JsHe, ~ + .J _,. ~ + t-, 
RO'l'OpHe a@:eR'l'HBBO yuelibma'l' saa~e.IU!!SI w, w., , w ~ H wt • 
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~y. X 

>. tot,.. ct; N 
~~ >-tt 

.L. -j 
a H3 ypaBHBHrul (I. 0) llpH 1..- >> ).,._ .1'1 HB O'l6Hl> M8.1lillC 

Ror.na .>..,. >> >-o , n:>ny•nm*) 

tl~ x >.~
1 

{ >..,~ c,~ ( 1 
I 

w.~ +~)fl. + 
~- -0 z 

(6) 

'f', 

-f- [ ).J~ CJ (:1-W$) + ).-fY" C-i (:t- w-t)] ,.v'? ~. (?) 

C Y'l6TOM COOTHOmeH~ (4)-(7) Bp6M6HHb6 pacnpe.IJ.6JI6H.I'I6 HB~TpoHOB 
BHP8~86TCR ~OpMYJIBMH: 

~ = ). cJt"M C.,/ f-/ ~ .st ,. (8.I) 

~ = ..L >..,., c., ~,A-4-
J"t; l, :!t" I 

(8.2) 

~ == z, ).tt-M. c t- t-1-t ..... J-t / ,-., 
(8.3) 

JV ~ {t) H ,N ~ (t) Ollp6.IJ.BJ!RIOTCR H3 CHCTBMH a q:yHRJ.UHI 

ypaBH61U1~ 

- .J ~,B = c;tH "".JM - a.:12. /'(._ 
dT 7 - ¥'I 

- Jfl-t.M = - a.~. 1 No/'< + Gtu J./~ 
.,Jt; .1 

c aa'laJII>HHMH. ycJIOBH.f!MH ( npH to>;> ).-a. ) 

!/,;~(t.) = C.; 
7 

JV'~ (t.) = c-t, c., + c-t = .1. . 

Ko3<Iif:HWl6HTs a. . ypaBaeaHR (5) paBHs: 
'J 

(9) 

(IO) 

iE-) llpH MBJIOH llJIOTHOCTH 'f B8JIH1j.I'JH8 )."- Ollp8.D;6J!R8TCR Bp6-

M6H8M M8308TOMRHX ll8p6XO.IJ.OB Ha BHCORHX Op6HT8X, ROT0Jlti6 .D;J1R 

M8308TONOB BO~opo.na llpDHCXO~T l! OCHOBHOM 3a cqer OX6-

3<l'tf6RT8 aa "'loux" aroMax, noarONy >."":::: '1 'f , r.ne 

'( .-v IOI C-l, T.e. llPHHJ!T08 n~6JIHJ:8HH8 He rD.D;HTCR 

.D;JIR CJl.l'lillROM MBJIHX 'f ( If ~ Io- ) . 
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' ,_ 

• 

Gt.H 

ct,s1 

at.1. 

= ~o + >-• .~-tCt + >-o~.y.,._CJ- ).J~C./"(:1- wd;wd')_ 

= )..I~ C/ (:1-ws) + ).-t-0 eel ct (:1- Wt) 
I 

Wd +Wj ~ _.\ I = .>..uC-t + .>..,.y..< c., Ct(j- z ) + Z, J~c_, wJ, 

a..u. = ). o + .>. .1 ~ c., + .>. t-t_,... ct- - ). _,~ c., ct u- ~) _ < n > 

- ).t-~ C_/(:J.-w--t), 
a o6o!ee pemeRHe CHCT6MH (9) .I'IM66T BH.D.: 

fl.;~ 
i ( -:>._~.t -.>.zt) 

= - B.~, 1 e + B,s.a. e , 
~z-.>.1 

N~ = 
i ( ->...~t ->.:lt-) 

>-z-.>..:1 B:~-1 e + Bu e . (12) 

flBRIDi l!H.D; >..: H B <j Ka.K fl>YHKUH!t KO 3<P<l>HUH8HTOB a i. i npH-

Be~eH B llpHJIO~BHHH. 

BpeMeaaoe pacnpe.neneaHe ae~rpoaoB c y'l&TOM cooraomeaH~ 

(1.6) H (4) :espa~aercR '!epe3 IV~ 

df/H \ c Tt =- .... .,~ cl t-1~ • (!3) 

llilrerpaJII>HIDi :B11XO.D. aefirpoaoB c aaeprHeft 14, I MaB H3 peax-

IU'IH CllHTe3a B cl~ - MoJieRyJie YJf0<- = IV",. (oa) (B pac-

'lere HB O.D;HH OCTBHOBHBIIIHftCR ,.#-- -M830H) MD !tHO npe,D.CTalHlTb 1 HC

ll0Jll>3YH ~OpMyJIH ilpHJIOX6HHH 1 B BH~e: 

w. w v - --t cJt: I !(I4) 
1 L - ( WJ+W~) .1-ttt 1-0-'-"s)W~~~ -(.1-w-t)W~Wt:t""- 1- -2.- Wcj«W.I.IA 

r.IIIl BeJIH'IHHH W-e-'" , Wdy.c_ , w--tt-« , wdd-"" 
~H3H'l6CRd CMOOJI : 

w -C ~- 't -t-

-1 I \ z. 
~J-t ct c.~ + z ""4 ..... .,.,_,4( c., 

) 

.). 0 + >-.,-t c-i + .>..,~c., . 

).J+"" c.~ 
wd~ = 

>.0 + ~ .. "0cJ + ).t-e-..Act 

II 

HMem npocroA 

~.I'<:CJ > (I5.I) 

(15.2) 



w-t~ = 
>-t~ ct 

(!5.3) 
.>.. + .>.J?< c.,~ + A~ c-r: 

y./JJ/" = 
A o + AJt C-e + >-..14M- C.,~ 

>. .. .~"" Cc~ (!5.4) 

W-~:,.,u - sepoSITHocu o6pasoBaHIDJ M8SOBTOMa -/;~ (n8psl:dt •vrea 

OTBa'iBBT OIJRMOa OOC8;D;R8 ~- -M630Ha H8 TPRTlfit, B'l'Opoa - 08pe-

38p!J;D;R6 d,.,u - ~ , a TpeTd - pereaepamm -t,.« B peaRrum 

del,;« ~ -t-,;« + p ); WJV' , W#_,..._ Iii WJd,;«- p8BHH co-

OTB8TCTB6HHO B6POSITHOCTSIM 06p830B8HIDJ M630MOJ18IcyJl J~ JI 

J d)A- R3 aTOMS i-~ JI M630MOJ161cy .n J d/'( HS BTOMOB ..j.-4. 
~DPMy.na (!4) Y'iHTHBa8T B03BpameHB8 MDOROB B ~.n RaTa.n.asa OOCJ18 

peaKUJHI CHHT638 Sl;n,ep B M830MOJIBI<y.nax J+"", -b~ Iii J~ , 
'iTO BH.IJ.HO .as CTPYRTYPH 88 saaMeaaTeRR. AHaJiorH'iB.H8 BlilpalltaHHSI 

'f. J.y.c. R Y'-t-t-~ ,lUlJ! 'iRCJia peaKud ..Jd - 3 H~ + H H 

t-i _ ~He -+-21'1 B M630MOJI8KyJiax J~ H tt-,M- OOJIY'I8IOT-

CSI H3 (!4) 38MSHOa B 'lHC.nRT6J18 OpD.II3B8,It8RRB W-;.<t WJ+_.«. 

aa :f- ~~'< wJcl~ .a w_.-'" w-tt-,.... cooTseT~TB8Hao. 
~p.!YJlY (!4) MOlltHO npe,IJPTBB.IITb TaRIIt6 B BH;ue*" 

'f. C•) 

.lt,.,u 
YJ. = (I) (f) I v (0) yc. j +W5 'f.li;M- +W-t 'f. -tt,... + (w,~-t-w4 ) 1 .,.,._.,.... 

(!6) 
(O) y (0) y (•) 

r.tte '(.1 t,.A , .ld/'1- H H.-" - 'lHCJIO peaRIUIA CHH'l'63a C HC-

nycRaHHBM R6itTpOROB B M630MOJ16RY J18X .1-t~, J J_...« Ill -ttc< COOT

BBTCTBBRHO B OTCYTCTBH6 npHJlHOSHJISI K 06pa3yDmSMYCSI ~.IJ.PY I'6JJRSI 

( w.s = w,~ = w-1: = o): 
.J.. /). L y<•> = .>.,+-.-«c.~ . ( >.. +>..a + >."~c.~) ct + 1- w.~ JJ,.... c .. 

J~ >-o Ao+(>-.a+>.,~?<S)~+(~cl~c .. +)..~CtJCo~ (!7) 

v£O> v<•> 
H 8HBJIOrH'iRO ,lUlJ! l. Jcl,;«. H .1-t~ • 

x) Y'leT qneHOB ~w; CYI!lBCTBBH TOJJbRO .1tJlSI OOiiiTDB npl! 'ipes-

Biil'iaaHo MBJIHX ROHUBHTP8UHRX TPHTHSI ( C--1: .!5 !0-5) HJlH B UC

TOM ,ItBftTBPHH (CM. HH~S). 
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4 . KMHBTMRB npoU6CCOB DpM yMepe HHHX DROTHOCTBX 

CMBCJ.i lJ, + T,._ 

IlpH .Il.BBJJBHHBX B CMBCH p = 5-t!OO BTM , KOilll6 HTp8UHRX 

C~ ~ 0 , 5 H npH I ~THX 3H aqeHHRX CROpOCT6~ M630MOJJBKYRRPHHX npo

UBCCOE (3) cnpBB8.Il.Jil1EH H6 p8B6HCTD8 

>-J~ c.J >> >.-tt-« c-~: :> >. .. t- >> ).. ~c0 Cc~ , 

{ w.s ).lt« c-t, w.~ >.J~ Cc~, w-t >.-e~ c-t 3 << >. o . 
(!13) 

ilOCJI8.IJ.H66 yCJJOBH8 03HB'i86T, 'iTO q.acJJO p88RUH~ CHHT838, BH3HB86-

MHX O.IJ.HHM ""'- -M830HOM, JIHMHTHpy8TC.fl ero BpaM6H6M :llli3HH H BJIH.fl

HHBM npHJJHDBHHSI M~H8 R R.IJ.P8M reJJM.fl MOlltHO Dp6H86peqb. 

C Y'ISTOM H6p8B8HCTB (!8) H3 (!?) CJI6~6T 

'i '{ £•) 
cl-t;M- ~ J~ ~ 

( >-o + A~t) >.J~rc Ceo~ C+ 
z. . (!9) 

Ao (A.,+ Ao~tC.t + Ac1~ c., ) 
BlilpallteH.IIS (!3) ,lUlJ! ~ B 3TOM CJJY'iBS TBR~S CYI!l6CTBBHHO 

ynpOIJlBBTCSI: dt 

J/V" ~ >-.. t~c~c* f).. e).j!c(.>. c.->.\ ->..Lt} 
d-t .A c " c z.l dt ., clt"- J-t) e 

clt t+ ..... ~ ;,j 
• (20) 

r;ue 

.>.j ~ ). 0 I 

>-.z. x >.., + >. .. t c~ + >..,~ c.: . (2!) 

BHpa~6HRSI (!9)-(2!) MOryT 6HTb HCOOJib30BaHiil .D.Jl.fl 3RC06pH-

M6HT8JlbHOrO 0Dp6.Il.BJ16HHSI CROpOCTSft A Jt H A Jt/"' OpH pas-

JIH'iHHX T6MD6parypaX CM8CH. ~3M6paHH06 3H8'l8HH6 DOR83aT6JISI 3RC-

OOH6H'I'H Az .n.aeT D.D.HY ROM6Haawm cKopocTeft .A.o~-t H ). ..~~, 
a OTHOWBHRB Opa,It3RCDOH6HT - .n.pyryD. C Y'lBTOM COOTH0ill6HHSI (26) 
R3M8paH.IISI 9'l'.IIX BBJIR~HH DpH p83HHX ROHUBHTP8UHS!X l:-t DOSBOJISIDT 

HaiTH T8HIIt6 CROpDCTH )..'J-t~ H ). '!~ DPH 38.IJ.8HHO! 'I'BM-

nepaType H DJIOTHOCTH CMBCH. 
I .,1 /lfw 

Ha6nJO,naeMaSI <top.~a BpeMeHHoro pacnpe.n.eJieHHR 4lt- cynte-

C'l'B6HHO 3BBHCHT OT COOTHOWBHIDJ MBI!t,DJ CROpoCTSIMH A,1~ H 

.>.d-t~· .OnTHWanhHHe ycnoBHH .ttJia axcnepHweaTan&aoro onpe.tte

JieHHH _ DOKa3aTeJISI )._ ,2, ,ItOCTHraDTCH npH BliiDOJIH8HHH COOTHO-

illBRHSI ).dtCi +).cl~ C.f .v ).., • IlpHHHMSJJ, 'iTO Aclt- = ).~t- 'f' 
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H \.1~ = ).."J.~ 'f *), R RCnOm.SyR 3H8'!6HR.R CROpoCT6ft (3), HS

XO,IWM, '!TO YR838HH06 COOTHO!ll6HR6 BWIOJIHR6TCJI npH 'f ~ 10-2 , 
'1' .e • ll:IE ,11.8BJI6HRRX f '""' 5 8'l'LI R HOJN8JU,HOI T6Mll6paType CM6CR. 

Ha pHc. 2 np:~~ae.nenu BpeMea~s pacnpe.ueJieHWJ .JN,./Jt-
7

BI:i'!RCJI6HRH6 

no ~OpMyJie (20), llPH ,11.8BJI6HHH B CM6CH 10 STM, RORU6R'l'p8UWR TPH-

'l'HR c~ = 0,1, 3R8'!6RHH A~-t = 2·108 c-
1 

X SR81i8HMX 

~od~~ = (0,5; 1,0; 2,0; 4,0)•Io8 c-
1 • Hs S'l'Oro PRCYRRa BH,IJ.-

o o I 
RO, '!TO llpH )..It;-< C., = ).. dt" X8p8R'l'6p Bp6M6HHOro pacnpe,I1.6Jl6RHR 

H61TpOHOB p63RO H3M6RR6'l'CB. 

RsuepeHHe HH'l'erpaJ!bHOrO BHXO~ :{d~ B 38BHCRMOCTH OT 

RORU6HTp8UWH C~ '1'8RE6 ll03BOJIR6T Ollp6,IJ.6JIH'l'l:. CROpoC'l'H npouec-

COB, B '!SCTHOC'l'H ll:IE If >> !{)2 • 
llpH DJIO'l'HOC'l'RX CM6CH 'f < 10-3, '1'.6. npz ,IJ.8BJI6BRSX 

p < I STM, YCJIOBH6 >.... >> ~. Y71.6 H6 BWIOJIB.R6TC.R H 8R8Jli!!Tlfi36-

CRH6 BHP8E6RHR (19)-(21) B 06~6M CJIY'«i86 yze R6CDp8B6,IJ.nHBH, OC0-

66HHO B MOM6H'l'H Bp6M6HH l: ~ '>.:_1 
• lti!CJI6HH06 pem6HH6 CHCT6MY 

ypaBH6HRI (1) DOR83Ji1B86T, '!TO B S'l'OM CJIY'«i86 Dp!!! t < ~:I.. Bpe-

116HH06 pacnpe,I1.6Jl6HH6 J "'"leU: CHJlbHO O'l'TM'l86TC.R OT RS06pazen

ROrO HS pHC. 2, B no xapaR'l'Spy STOrO OTJIH'!RR B DPHHURD6 MOERO 

Ollp6,ll6JIH'l'l> 3H8"'!6HH6 ~~ • ,I{O CHX DOp SRCnSJ)HMSR'l'Y DO H3M6p6-

HHil CROpoCTH STOMROrO 38XB8'1'8 ,)-'- _..630HOB H6 opoBS~HH 0'1'

'!SO'l'B DO'l'OMY,1i'l'0
0 

BC6 H3B6C'l'HH6 OROpoc'l'H 116308~0UHL~ npo-

J:¥1CCOB (RpoMe ).. ,H_f< ) HB H60R0111:.I<O DOpR,n.RO!I BSJIH'!HHY 

Mea~tme , '!alii .>."' • 

5. KHH6'l'IR8 npogaOOOB UpH 601II>mHX DJIO'l'HOCT.RX CII90H 

aq¢6R'l'HBHOO'l'l:. MmOHROrD R8'1'8JIB38 oy~SO'l'B6HRO 38BHOHT 0'1' 

B6JIH'!KHS ROS\t~RUR6H'l'8 DptiJIHll8RWI Ws (o Y'«l6TOM npoueooa 

"C'l'JlRXHBBHHR" ~- -M630H8, OM. Dpi!M61i8HH6 Ha CTp. 9). )VUI S.JCC

U6JEM6H't81II:.ROro 0Up6,n8Jl6HHR 8'1'01 B61IiAHHii DO HSMElpeHWDt ~ 
H 1d+~ H606XO~Y Onw'l'li llpH 6om.max DJlO'l'HOO'l'i!X CMSOB. B 
S'l'OM CJIY'«i86 B OOO'l'HC>I!I6HHH (12) MO&HO npeae6pe11:& "6HO'i'poi1"aRCUD

H6H'l'OI ( ')...& ) , 8 °116,IJ.JII RH8JI~ ( ~:t ) 1101t6'1' 61i'1'I> npe~'l'8BJl688 B 

BIIPIIJ 

).$ ~ >.. + 
.>..y.Ct ) )..4,.,4( >.tttC.il~r ws + u.Jt • ).J.~/'lc~ · 

ci~ )._..C-e + '>._,4A;, 
(22) 

*) BOSMOit!We aapymeau 8'l'.U COO'l'HOII6ad 06cyltJUl.UOio B n. 2. 
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• 

~a cJ;op.&yJIB DOSBOJUI6'1' onpe,neJIH'l'l:. B61IH'!HRY Ws , 60JIH H3B60'1'

HH 00'1'8JlloRH6 B6JlH1iHHHo 

llpz 'f ~ ro-1 • C.e rv 0, 5 cnpaBe,nJIHBH ooo'!'aomeaHJJ 

')._,'$M C., ·>> Ao 7 >..H C-~; >> '>.. (23) 

H ~OpYyAa (14) ,IJ.JU1 HH'l'6rpaJIJ..ROrO BHXO~ H6A~poHOB (HS RO'l'Opo! 

'1'8Ril6 IIO&HO onpe,neJIB'l'l> W s ) MOE6~ 6H'l'l:. Dp6,IJP'l'SBJl6H8 B BH,ll.6 

A o c.~ ">.-H"-"' c~ 
_.f_ ~ ~+ 
'iJ~ ~..~~c .. 

+W.s + ·Wt 
A.ttCt .>.,a·,;~A cd '(24) 

MaRCHMSJIJ.HH! BHXO,ll. aeA~pOHOB Y ... -d~ 
ROHil,6RTp8UWH 

c~ ::IS (1+ YY1 ~ 
H p8B6R 

'D = ( .>.d-t: \Yz 
>-dt,;~A) 

.li.OO'l'Hrae'l'OI! npz 

(25) 

_L_ '.!: W.S + ~{ 2 + '( +W-t• ).~}' (26" v.,._ .>. '! ..... . 
.la~t,... .. ~ 

ilO,IJPTBBJIRR B 3'l'Y ~OpMYJlY 3H8~6RKR ROHO'l'BR'l' (3) H DOJiara.R, 

'!'1'0 ).. J~ = ).."JV< If H '1' .,n., DOJiy'IIHM: 

~"""" z ws + ). • .>.. 'f'( ( 2 + "'( + 0~~'f). (27) 
.l.,lf;« 4Y. ... -
Ha pRo. 3 npe.IJP'l'BBJiea H saBHOHMOOTR Y .H""' ( Ws, If) , no-

c'l'poeHHwe UpH 3H81i6HHRX W.s = 10-2, Ws = 0,7•1()
2 

H 
"o I ...A -I "o 109 -I 
A J~~ = Ll 0 , /' d t-_,.A(. = C npH 3H8116RHH 

)..0 Ji; = 2•Io8 C-l • ~3 pHCYHR8 BH,IJ.HO, ~TO yze npH 'f..v 0,1 
npHJIHDBHH6 ~- -M630H8 R r6JlBil 3aM6'l'H0 BJIWI6'1' HB B6Jlif'IRHY BH-

XO~ H6ATpoHOB 'f ;t: H YM6Hl>M86'1' ero aa 20-30%. flpz 
,-- v ... 411" 

'f N I, T .6. DJ>H DJIOTHOC'l'R U,IU<OrO BO.li.OP0~1 B6JlB'!HR8 .LJ."9'< 

0Dp6,ll.6Jl.R6'l'OR B OOHOBHOM 3H8'!6HH6M W.s • il03'l'OMY 3RCll6PRM6H-,. " 
T8JU,H06 0Dp6,n6Jl6HH6 W.s , a '1'8RE6 -"d~, A.t-t___... 
H W't BM66'1' nepaOOT6D6HH06 3H8116HH6 ,IJ.JUI H8XOil,I(6HHR S~SR
'l'HBHOC'l'H MllOHHOrO RBTSJIHSB. llpH 3H8~6RRRX ROHCT8H'l' (3) H 

').0cl-t: n.1 109 C-l BHXO,IJ. H6A'l'poHOB MOil6'1' .li.OO'l'XrB'l'l> B6JIHIUtHW 

)i'<y;_:: .... w;1
1 
~.6 • O,ll.aH ,;«- -4650H B 01160X ,ll.6l'1'6pul H TpJI'l'JIJ'I 

MOil6'1' OCY!Il6C'l'BHTI> "' 100 ~JlOB R8'1'8JIHS8 p6811UHH OBH~638 JI,I1;6p 

J + t _...... 'tHe + f1 -+-H,'M•S II/ • 
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3aM6THM, ~TO B cny~ae, 6CHH rHnOT638 06 OTCYTCTBHH T6PM8-

HH38UZH f;K- 8TOMOB OR8~TCR npaBHRbHO!, H3Y~6HH6 ~-R8T8-

HH38 npH llHOTHOCTRX If"' i MOitHO npDBO,ItH'l'l> H B M.JU(OLf CM6CH 

3!1.,_ + T.,_ , 'ITO, no-BH.IU!MOMY, saa'IHTenbHO npol!le, '!eM Oll!iTR c ra
soo6pasao~ CM6Cl>D npH BHCORRX ~8BH6HRRX f~ 500-1000 8TM. 

6. OnHTR B 'IJHCTOM na~TepHH H TPHTHH 

KaR H3B6CTHO, p68RUKR CHHT638 R~p ~eiT6pRR B M630MO~eRy
H6 JJ~ C paBHOH B6poRTHOCTLD npOHCXO,ItHT no ~YM R8H8H8M 
(eM. pRe. I), B O.IJ.HOM as ROTOPRX o6pasyeTcn R~ 3 He , npz
'IBM C B6p0RTHOCTLD WJ ~ 0,13 R HeMy npHMnaeT .-"--M630H. 
WsMepeHRe B6HH'IHHH W. 0'16Hl> B8aHO ~ npOB6PRH R0pp6RTHOCTH 
T60p6TH'I6CRRX paC~6TOB R03¢¢Hna6HTOB npHHHll8HRR H, B '18CTHOCTH, 

R03¢¢HnaeHT8 Ws • ,ll,o CHX nop ~ B6HH,HHH wei nOJ.IY'I6H8 
HHID:b B6pXHRR 3RCll6pHM6HT8RbH8R 01..{6HR8/12 • 

Dpa Ct=O !}:op.~ynH (!2) H (14) ynpomamcn: 

J!V, J;d z ~ ),J.y< e- (>.o+ J;wcl>.cl.y<)t 

(28) 
),cl~ y ,., ~ 

.I~ - "i ~o-r j;w.~ Ac1c1~ 
W3 COO'l'HOID6H~ (28) MO&HO H3BH6'1Jl> B6HH'IRHH 

ilpR Cd = 0 nOJ.IY'IHM BHp8Z6HRR 
), cl.6_,.u H wd • 

J N. - (~o-r w.f: ).~0J t-
~ "' Z >.t-t-~ e , 
Jt- z ~ot--t-< (29) 

Y-t-t.l'-' ::: ~0 + ....... -t >--t~ 
H3 ROTOpRX MO&HO H3BR6'1l> 3H8'16HHR 

1 
.>..H,..._ H vJt: • 

.IlJIR cMecR ~ + He BpeMeHHoe pacnpe~eneHRe H RH'l'erpanl>-
H!lli BRXO~ H6~Tp0HOB H3 peaKI.tHH i: t - \'He + 2"" BH'IIIIC-
JI.lliOTCfl no-npei!HBMY no q.opw.yJJBM (29) C 38M6HOil: 

CA-t >.-i-t"p - w-t ). ~~· c-t + A;.... He c He 

r.ne )..t;....ffe = )."t;,.<lft. 'f ·· CIW{JOCTh OClp830E8HHSJ t-u ffe 
MOJI6RYH B peai\LUU! t:/'"< + He - rpHe , 8 Clu .. - ROH-
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• 

1..{6HTP8l.UU! SJ,nep reHRR B CM6CH ( L-t + C HL = :1. J , V13M6HSJR 

CHe , no R3M6p6HHHM 3Ha'IJeHHSJM .JN"~/Jt H 'f.~t:.-M c no-
MOUil>D !}:op.~yn (28) MOitHO Ollp6~6HHT:b We> ~ff_,.c.t H ).~He. • 

3 8 R H D 'I 6 H H 6 

KHH6THR8 npoueCCOB .fA -R8T8HH38 B CM6CH ~eifTBPHR H TPHTHR 
~0 CHX nop llp8RTH'IJ6CRH H6 H3Y~6H8! B H8CTOSJUI66 Bp6MR CYUI6CTBY-
6T H6CR0Hl>RO paC'IJ6TOB CROpOCT6~ M630MOJJ6RYJI.llPHHX npOI..{6CCOB/6 , 
10/ H BCero O.IJ:HH 3RCll6pHM6H~?/, 

B ~HHOH pa00T6 OCHOBH06 BHHM8HH6 Y.IJ:6JI6RO oOcy~,neHHD B03-
MOitHOCT6if H3BJI6~6HRR HH!}:OPMBUHH 0 npOU6CC6 ~ -R8T8JJH38 nyTeM 

I 

H3M6p6HHR HHTerpaJJLHOro BRXO~ H Bp6M6HHOro pacnpe,neJJSHHR H6H-
TpDHOB V13 pea.KqHH CHHT638 d -t-t - "He + V1 , Ha 3TOM nyTH 
MOKHO BH,n6Hi!Tl> no Rp8IH6H M6p6 '16THpe THll8 OllHTOB, p83JIH'I8D
UIHXCSJ 38~'18MH R H3BJI6R86MOH HH~Op.I81..{H6H, 

a) OnHTH npH yMepeHHHX nJJOTHOCTSJX cMecH (If~ 3·10-3+10- 2) 
H M8JIHX ROHU6HTp8UHSJX TPRTHSJ ( C~~ 0,2+0,1) ll03BOJI.lliDT H3M6pRTL 

\(A) 
CROpOCTH A cltM H ).ci-t- • _ 

a) OnHTH npH 'f -v J· 1o-3.ro-2 H C.e, ,v o,s.o, 9 AaDT so3-
MoXHocn H3MepHn cxopocn ~(t.~ L.l" H, xpoMe roro, pelliHn Bon
poe o poJIH repMaJJH3al(HH -6 .t' -aTO.MOB B npouecce pe30HaHCHoro 
o0pa30Ba.HHH !.!830!.!0JI8KYJJ o(,t, .)1 • 

B) B onHrax npH OOJJLlliHX nJJOTHOCTHX cMeCH ( ~~ 0,1+1) H 
KOHq6HTp81l,HJDC TPHTHH C t -v 0,5 !.!OllllO H3U8pHTb K03<Ixl>Hl.\HeHT 
npHHHll8RHR w5 , a T8RZ6 H6ll0Cp6;ri;CTB6HHO onpe,neHRTL M8RCHM8Jib-

'f. "'""' HOB 'IUCJIO UHRHOB R8T8HR38 .1~ , ROTOpoe MOI!t6T OCY l!I6CTBHTL 
O,ItHH .;<-<- -M630H. 

r) OnHTH B 'IHCTOM ~e~TepHR H TPHTHH noaBOHRDT H3M6PHTL 

CROpOCTH )."'¥< H ).~ li R03®HUH6RTH npRHRll8HHR wei 

H w-e (~o cHx nop HaMepeHa Mm:& cRopocn >.d¥-< 141). 
B AaHHOtt paOOTe He paCCMOTpeHH H8KOTOpHe npOU8CCH, KOTO

pHe MOryT H3M6RHT:b R8PTHHY RHH6THRH )A -R8T8HH38, H8llpHMep 
TaKHe, KaK opronapanepeXOA B t-;K -aTOMS llPH CTOJIRHOB6HHSJX 

ero c SUPSMH TPHTHH, "crpHXHBa.HHe" JA -MeaoHoB B peaxqHH 

_,u!tHe 1- t - "t« + yffe III T.~. Bee OHH Tpe6yJOT .IJ:OllOHHHT8RbHO
ro HCCJ16.IJ:OBaHRR, 

AsTopu npasHaTeJJl>HH B.M.EHCTPHUROMy, W.W.fypes~y. 
B.il.~6JI6DOBY H B.f.3HHOBy 38 MHOrO'IJHCJI8HHH6 oOcyllt,neHHSJ, ROTO
pse CTHMyJJRpoBaJJR noSJBJJBHHe ·;n;aHHOil: paOOTH, 
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Q T 

0.5 

PHc. 3. 3~eKTHBHOCTb MDOHHOrO KaTaHH3a B CWeCH ~e«TepHS H TpH-
y

..,,4~ 

TH8 1 T.e. WaKCIDlaHbH~« BWCO~ He«TpOHOB Jf:.-~ Ha O,IU1H 

,;tr -M630H 1 B 3aBHCHMOCTH OT IIJIOTHOCTH CMe? 'f IIPH OII

THMSRJ>HO« KOHU6HTP~HH TPHTHS Ct :.(f ... ['t , p(Ac(Lf)..rJt .• / 1
-J-

npH A rAt 2 2·Io8c 1 H paanH'l~x 3Ha'leHHSX l({xb- 1 

pOCTH 00pa30BaHHHit~ -MOJieKyJI H K03~HUH6HTa rrpHJIHIIa-

HJIS ws 

TIP~JIO!EH~E 

PemeHHe cHCTSM~ (9) c aa'lSnbHHMH ycnoBH.RMH (IO) HMeeT 

BH:O: (12), r;o;e 3H8'16HH.R )..: H f3lJ' paBH~: 

, _ aH + a.u _ { ( a"- Gla.a.)Z ( ~ 
1\ ~.2. - ~ + 2- + a.u a~. 15 , (TI.I) 
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• 

BH = - ( <lu- ~z)Cd -t ~a. ct ' 

B:12. = ( QH - >..i) c.~ - ~2. ct , 
(Il.2) 

~2.i = a.&1 c., - ( a.u- ~.t) c~ 

B.u = - Qu c.~ + C Qzz. - >.1) ct 

HR~erpanbH~e BHXO~ asA~poHOB paBH~ 

qzt c., -t '<:~~ c-t Y - ). c . 
d ~ - .1~ :.1 ~" G\.u. - a. sa. au 

'{ . ..i. \. Qz.z c., + Q12. ct 
dd)" -= , "'.l.d;« . 

aH Qzz. - a.u a.u 

'{H:_)(-= 2· At-Vc -~ - 'f.d4-u • 

(II.3) 

~.It~ CJ 7·· 
Y1JR'1'~8.R MSJIOCT:& R03q¢H!U!6H~OB npHJIHIIBRH.R W;. }I)I.R B6-

' JIH1JHH (IJ.l) l! (IJ.2) MOJtHO IIOJIY'IHT:& DpoC'I'Jil6 8H8JIHTH'I6ClU!6 J3sp8-
K6HH.R. BBO~ 0603R8116Hl'I.R 

G<:~t -= >.. + a:l + ( s.i + ~,,' )cJ a.:12 = a2 - ~.z cJ , 

Gl.u 

r.ne 
= a.:l - a-:1 ci + b'.i' c;, 

' 
(Il.4) 

a.z.z. = >." + a2 + b1 ct , 

ai = ( >-c~t +>..,~c., )ct, 

'<.z = ( )..I'SM C.l + ').-t-~·'•C-t)Ccl 
i. ). c ( ( li ;:: ? Wd .I..IU 'I a : j_ W >. I I C 

j ,., 7" .q ' .1 z fJ .. ~ d 
(II.5) 

b.z = Ws AJ-y. CJ + ""t ).t~ Cf ' 

DOJIY1186M C TO'lHOCTbD ~ 'IJI6HOB napsoro IIOPR~8 ITO RO~KUR6H
TBM W.: 

).:1 ~ >.o + 0 
1 

I 
>.2% >.. + Q,t+Qz_- ~ + s I 
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(II .6) 



B11 ~ a£- ~c.~ , 
Bu ~ a1 c.~ - ~ ct -+ ( b '- & ) c.~ I 

f>u ~ a:1 + oj' c.~ - ~·C4:- I 

Bz.z. ~ az. ct - Q:1 eel - s1' cd + c s ~ s) c-e , 
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