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, Bilenemie 

TeTIJIOBH,Il;e.wIIOUUIe 3JIeMeHTH (TB3JI1l) R,Il;epHOrO peazropa, K~ npana
JIO, OCí'1e-,IUlHHIDTC.fi B OT'.n;eJThIThIe rpyruIlI (CCíOPKE:) ê'T.~Pme:n, 3aRJIlO'tIeHIDlX 
BHYTPH OCíOJIOlieR TOllJIMBHHX RaCCeT. HeCMOTpR na ~O, liTO K~aa TaKaa 
rpyrrna ~~TÇ~ ~OBOJIDHO UJIOT~I H ~eCTKHM oCípa30BaHHeM, B~e-TaRH 

~eeTCR B03MOXHoqT~ nonepeqrrux nepeMemeHHH TB3JIOB BHYTPH RaCCeTH 
(Kax H nepeMemeHHH ,Ç?MRX KacceT) no~ B03~eHCTBHeM,H3rnCí~nx MOM~H

TOB, xoropse scerna B0SHHRaIOT, .ecza eCT!> yrJIOBaH SaBHCHMOCTl> B pac
npe.IJ;eJIeH~m T,eMIIepaTypbI no celi,eHHIO TB3JIa (zaccera) , Xapaxrep HCKpKB~; 

JIeHHH TB3JIqB c~eCTBeHHbIM oCípá30M 3aBHCH~. OT .n;eTaJIl>HOH KOHCTpyKUHH 
TOTIJIRBHbIX KacceT H BeJIHliHHH TeXHOJIOrHqeCEHX sasopOB, a corrYTpTB~He 

3~KTbI peaRTHBHOCTH qame Bcero HBnHHeHHH H Tpy~O npe,D;CR~syeMH71-3( 
B kiMIIYJII>CHOM peaRTOpe Bce 3<PlJeKTbI peaRTRBHOCTH R, B 'tIaCTHOCTH, 

3~eKTbI, caasarraae C' RBJreHReM"liIsrHCía, ropasno oozree 3aMeTHu, lieiV! B 
06H~OM peaRTOpe. HarrpHMep, nepa~emeHHe nepHWepliIHHbIx'TOllJIHBHHX Rac
cer peaxropa MSP-2 TOJIl>RO aa 0,01 MM B HanpaBJIeHHH R .u;eHTPY aKTRB
HOM SOHH ITpRBe,D;eT R Fa3rorry peaKTOpa c nepno.n;OM OROJIO 80 ceK]HA, 
Tor~a Kax B cTàuHoHapHoM (neHMllYJThCHoM) pe~e nepRO,D; pa3roHa Cí~ 

6H panéa 25 MmryTaM. CJIe~oBaTBn!>Ho, nepeaenanae TOllJIWHHX cTePJKHeti 
,D;aJKe aa COT1:le' .n;OJIH MWIJtRMeTpa MOJKeT 3aMeTHO BJIMTl> na fflaMRKY llM
nyJII>CHOrO peaaropa. Xapaxrep noaenenaa peaxropa I$P-2 4 B OT,D;eJII>
HHX nepexo~ p~ax (npH HH3KRX pacxo,D;ax TénJIOHOCHTenH) KOCBeHHO 
y!(aSHBaeT aa BOSMOiKHOCTI> aaraoa 3JIeMeHTOB aKT1IlBHoi-í 30Hl:i. IIoIlbITKa 
nO.IJ;TBep,IUiTI> Wlli onpOBepI'HYTI> TaKyro BOSMO.1tHOCTI> CTOJIlCHYJIaCI> c neoCíxo
,D;HMOCTI>IO ,~~TI> npocTo:ti R ,D;OCTaTOqrrO oCímH2 pe.u;enT pac~eTa, KOTOpHM 
ÓWI os noJie':'~éH:' npa MHOrO'1RCJIemWX npenaapareasaux onensax SepOJITIlliX 
alÍ4leK'roB RSI'RCía. 

IDme.CíYlIY,T nOJIY'tIeHH eJ?o1'MYJIH, ~ aaraõamrax TeMIlepaTJ'PKbIX rpana
.	 eRTOB "B IJ;W!l!H.1WHtIeCROM TB3JIe, noaaonánnae paCC~TbIBaT1> xapasrep RC

ltpliBJIeHHH: TOIIJI:iffiHOrO CTeJi'KIDI 11[ OCíOJIOtIltR TB3JIa c yqeTOM rpex OCHOBHHX 
g)aI\TOpOB, HH~YJll!lHX R3rHó: rrepaBHOMepHOCTR nJIOTHOCTR ,D;eJIeHIDi no 
Ce'tIeHKD CTepmHR, HeCHMMeTpH'tJHOrO pacnOJIoxerrna TOnHlilEHOrO CT~~ 

BHYTPR OCíurrO'tJKH H a3HMYTarrI>HOn aCHMMeTpHR TeMITepaTyp1:l ~OCTR,OMbI
Ba.!l1Ite1í TB3JI • 

B ,D;arrI>HeHmeM no~ HsrHCíaromHM TeMIlepaTyprrHM rp~eHTOM nO,D;pa3YMe
BaeTCff BeKTOp ~ ~(~) , KOTOpH~ orrpe,D;anaeTCR Henocpe,D;CTBeHHO RS 
H3BeCTHOrO ypaBHeHHHCBo6o~oro R3rRCía cTe~ /1/, ecnR 3anRcaTb 

14t~IKti~UHhiB Blltnt'fJi I 
Utf;BWI \ItCJieiOs1U1m1 
..&M~l~OTEK~._ 
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..5... U (l) =-- o( VT(l) (1)01.,.- r 

-to 
t 

r.ne oI.r - Rosc.W)M:U.lieHT ..Jnm:e1ÍHqro paCIIllIpeH~IH 11 U - nporzo c'rep2KHJI. 

-EcJ1U HSBeCiJ'HO pacnpeneaeaae Ter~epaTyphl r(t, SO) B CeQeHI1H c IWOp

.n;HHUToi1 Z , TO ,II,i1.íI lt-pyr~oro 11l17IlfH,lU)a 

vT(;!) =I-lji(t/p)t'tJ\JfJ. (2) 
MHTe~ B3HT no EceH ~om~ nonepe~{oro CeqeHHH ~~a, r - MOMeHT IDiepI1IDI ceseaaa. Pé1;UHYC-B8RTOP ;;: c npOeIcrlIDIMH 

)i:: Co.s 'P = S~h. VJ- ~eJiUfT B IIJIOC.I\OCTll, nepneH,IUnCYMpHOLly'
o.C11..l -CTepifJIH, 7Y~J 41') _3aBHCHT 0'1' ~ RaIt 0'1' napaaarpa, 

~qa O Bhlquc~eHHH HsrHóaromRX rp~eHTOB B TO~RDHOM CTe~e 

V-i, co H ocoxosxe V~ co CBO.n;HTM, TE.l1Cl1M OÓ

Pp.SOM, K orscxaaa» COOTBeTCTBYIOIllme CTawIOHapHbtX pacnpe.neJIeumt TeMIle

paryp J;('t) tJ') li ~ (t) If). 

I.	 HeCIDWJeTpHliHlle Te~mepaTyPHHe pacnpen~BHHn
 

B IllpUrnnmlqeCKOM TB3~-e
 

dJreMeHT TOILlIHBHOl'O crepsaa e.n;miHqJiOH ,If,JIHHhl l:I paaayca /lI OI{PY-

JKeH O~O.JlO~Oi1, BHYTpemutit H JqHelilHHH panaycs KOTOpOít ~.,z H.€J • 

llpOCTpaHCTBO M8Jf;.DY CTep;KHeM a' OÓOJIOqKoí! SanOJIHeHO nO,UBIDItHotl cpenoz 
(raa) , CHapy"AUi TB8JI OMblBaeTCíl nOTOKOM ij\nn;KOCTH. K08<Ix:é~mlleHTbl TeIIJ.(O

rrpOBO.lUIOCTU MaTeplla7.IOB CTepiKHFI }" ' OÓOJIOtllil:I À.l H l'U30BOro 

lIpOMe]ItYTKa Â -I ,a raxse K03<Will.U1eHT TeIllIOOT.n;atIl1 norpaaasxoro 
cnoa iKR,IJ;KOCTH olN CtillTaIOTCíl ROHCTaHTaM.ll. IlepeTetlliR renaa B cceaoa 
aanpasaeaaa ~ OTCYTCTBYIOT. 

TInOTHOCTh T€llJIOn~~1eHRff pacnpe.n;eJIeHa no CeqeHHID CTe~ CorJIUC

HO 3aBMC~10CTH, XapaKTepHOR ~ peaKTOpa Ha ÓHCTpblX He~TpoHax: 

CJ,v ("L) 'fi) = CJ- + V<j., t Cu" cP • (3) 

3.tiec:D !J, - cpermee no GÓ'b8MY 3JI8MeHTa Te..!fIOBhl,1l;8JIeHHe, V Cj, - aoco-
JIIOTHOe anaxeaae rpaaaenra TeIL'IOB~eJIeHRff V ~ ,3élBllC.íllIierO OT r~IO-

óaJI:DHOrO pacrrpeÀeJI8Hl:Iíl HeHTpoHoB no peaKTopy, t - paCCTOílHl:Ie OT 

OCvI CTePiKIDI, yrOJI 'f OTCtllIThlBaeTCH 0'1' ccn J( , cOBna.n8JCHl1eH no 
uanpaaneazo- c BeKTopOM V~ (CM. pRC. I). 

3JIeMeHT CT€P1KHH C,1UlllliYT OTHOCI4TeJI:DHO CHMr-.leTplltIROrO rrOJIOJleHHR na 
paCCTOJIHHe A lJ.. B Hanp~emm ~ (CM. pRC. I) .3TOT cnaar xa
pasreoaayerca sercropoa t. , BeJIRqKHa xoroporo 

E = A u./(Il~-R.,)) (0$ c ~ 1). 
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PRC. 1. "Hcxonsae" BeK'l'0PbI B RCrrOJIb

syeMoR CHCTeMe xoopnaaar , IlyHKTnpOM 

060SHa-qeHO HC-'rumlOe riOJIOJKeHl:IeTOnJm:B~ 
soro CTep.iKHH BHYTpH OUOJIOtIK~ TB3JIa. .I: 

~- ~ 

npe,IOlO~araeTC.a, -qTO ~4 - R., <c .R., H K03qqmlJ;HeH-T TeIIJIO

nepe.n;a"tiR B- HaIIpaBJI~H~ cp ,ijJDl yqaCTKa 0/ s.o aCIDAMeTp~qJiOrO raso-
Boro CJIOH paBeH 

cI~ 0(' 

2.11 r- e COs (ÇI-~o) ) (4), , /	 ' 
rne -Dl == zs: Â / bt. (~.l/.R,) - K03<M>IDU18HT TeWIOIrepe,na1iH 

CHMMeTpH'tffiOrO raaoaoro CJIOíl /5/. 'Ocaosaoe IlpH{)~IDKeHHe, xoropoe nPR;:.... 
HffTO npa nOCTaHOBKe zpaeaoâ sanaxa, SaK.,w-qaeTC.H B TOM, qTO reoaerpa
-qeCKH aCID4MeTpH'lIHbIH CJIOR rasa 3aMeHffeTCíl Ha Cl1MMeTplftIl!élH C1[OH TOJIII{a

Hoi! (.e" - /?', ), OÓJ1a,n;a.JIJiIt1lli aHHSOTpOIImIM K~8@l,IUJ;HeHTOM renaonepenaxa 
(4)*. 

B,uaJIH 0'1' norpaaasaoro CJIOH TeMIIepaTypa OMlUlaDlteH Jllli,1J;EroCTR RMeeT 

KOCmIyCO~aJI:DHyIO yr~OBYID SaBRCRMOCT:D BItma' 1"8- C'O.s (f' - CP,) , 
rne <fI - aanpaaneaae , npa KOTOpOllr1 nepenan TeMIIepaTyp no ooe CTO

pOHH raaaa .n;OCTHI'aeT MaKCHMa.1rbHOrO 3Ha-qeiumDt:pHC. I). AmI Kpa~}nn 
TB3~pB B KacceTe TaRaH SaBHCHMOCTh no.n;TBe~eHa 3KCnepHMeHTaJIhHÓ 

/6-8/. ,HO ee MO~O pacnpOCTpaHHT:D H Ha qeHTpaJI:DHHe TB3~, HeCMOTpff 

Ha	 TO, -qTO ~ TeMnepaTypbI ~OCTH B ueHTpaJI:DHhlX HtIe~ax oCHoBHoA 

HEJISieTCH necraa rapaoaaxa PJI,IJ;a ~he (,rr,mI Tpeyro~bHo1i p,eieTKl:I) MH, 

HaIIpHMep, -qeTBepTaa {,If,}I.fl KB~aTHoit pemeTKH cTepmxeA) 17 , T.e. 

-qeTHhle rapMOHHRH, zoropse ne .IJ;aIOT BKJIa,n;a B nepenan TeMIlepaTyp R no

3TOMY He BnHaroT Ha HsrHÓ (CJIaÓoe BnRHHRe rrOHBJIReTCíl, eC~H y-qeCT:D sa-

BHCRMOCTh o/, N 0'1' !f ). 
. ~ xapaRTepHCTRKH aSHMyTaJIbHOa aCHMMeTpRR TeMnepaTypH ~enJIOHO-

CHTeJIH y.n;OÓHO BBeCTH BeKTOp VT" ' HanpaBJIeIIIII:rll: B.n;O~:D JIY~a 'f, 
(CM. pRC. I), 11 no BMR;qmIe paBHhlit 

* 3'1'0 np~ó~eHHe, rrOSBOJIHromee HCnQIThSO~aT:D cHcTeMy KOOp,IJ;KHaT 
c oó~e~ ~ Bcex SOH ~B3~a OC:Dro CHMMeTpHR, no cBoeA cYTH,He OTJIH-qa
arca 0'1' npaneasaoro -nepex{).n;a : .(.1 - /l, ...,. -o , ~' -. o @H nOCTO-
HHHOM SHa-qeHRH ol.; R JIHIllh yKaSllBaeT, -qTO B áanase .n;OJDKHH WHI'Y
plilpOBaT:D peaJI:DHbIe reOMeTpH-qeCRRe pasMepll. 
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· T _.} -fJ- (5)
V . N - ~ R + ~ lo!. • ..... J ~ N 

TpHBeKTopa V <J. t t li: ti Til t XapaKTepH3yIDlitlie C00TBeT"": 

CTB~HHO HepaaHOMepHOCTD rulOTHOCTli ~en6HHR B TO~kmHOM CTe~KHet CMe

~eHHe CTe~~,K nepeKOC TamcrepaTyp B llQTOK~ ~~OCTlit 3aBliCH~ OT oce-

ROM KoOp~mtaTa.l I<éll\ OT napaaerpaa C'IliTaJOTC.íI 3MélliHtlin,m:. Tpeóy

eTC.íI HaMTH Ter.mepaTypHHe pacnpeaeaenaa B TOllJIHBHorl crepzae r; (ti"J 
li 060JI0tIKe ~ ('1.) Y;) o 

KpaeBafl aanasa WOPMYJmpY6TCJl c.rr6,IJ;YKJllm.i oÓpaSOM. YpaBHeHWl renaonpo

BO~OCT11: 

, ? ~ ~ J?t )
( "t fi ?~ +- i!- tfi2. ": =-À~ (~ 1"V'l- t Co3 YJ), ~ ~ ~ R, ; (6) 

( .L 2. t 2.. .,.. 1. ~l-)T. 
~ ~'t. ~'t. ~ I.í)-f> Z. 2- = O ,q,.I. ~ ~ " R.. 

v • 
(7) 

I'pàIwlfillIe YCJIOBWI: 

T{Cf,~)- r(tpll) =: -2.JíR À J 7;('1 R,) /-!- ~(~-~o) (8)
I } 1 2.' 2. "?-t 0(' ~ 

llG j 7;{'1R ,) _ ;J. R CJ 7,;. ('Jllz ) _ 
I I ~t /2. 2. 'd~ -0.) (9) 

- J.,a d ?t'jl({.eJ
) = olN [ ~ (~,e4) - j b-w.. ('P- cp,)) . (Ia) 

B npaBHX qaCT.íIX YCJIOBllH Ha raSOBO~ rpaH~e pas,IJ;ella (8) II (9) oToporne

HH qneHH, SaBHC~He OT aSlmr,yTaJIbHHX nepeTeqeK TenHa B rase, KOTopHe 

MaJIH IIpll ~c: - R, c c R,' • B YC.1IOmm: (10) c(.N MOlteT aaaace-n, 
OT ~ t HO ne 3aBRCI1T OT <f • Cpe):(HID1 no aSHMYTY TeMllepaTypa 

ZH.U.KOCTH npI1H.íITa pasnoã HYJLIO. 
Pememle sanaxa (6)-(10) ll1IleTC.íI B BR.ne: 

r; ('t/P) =ri>, (l) + E
00 

(alt S1.Ia h YJ I- f>A COS ~Il. ) (li)
h~1 ) 

-o
7; (tJfP)'= ~ (t) f Z ( A" S'An" +-B" CoshYJ) CI2}

"~I ) 
l'~e 95 (to) == T. _ HI.. 9S

4 
(t) = ~fr~ ~.J I- ~ ) 

I () ~ Ã I ) ~ À.r \ I t. o(NI'C.J 

- peaeaaa CBMMeTpH'tllioit 3~a'qI1. TetmepaTYPa n nearpe, crepsna To 

HeH3BeCTHaR: nOCTOaHHaR:.· Ko3éPIJHUHeHTH panos HMelOT BWÚ 

~ 

4 

... 

() 'r.~

21 !...t- · .11=1 
Q;a,('L) =: cIn "li. tn.'c't) =- { C t  K).~ I 1 ~ (I3a) 

.I 

C ... PL
21\ Co I• n >I ) 

1'1. -h, "l.-n-
A ('lo) = C ~ .,.. C ~ • B (to) = C .~ +- C,. t (I3c»

It &n: .fh. / 1\ S"I'L fi /2. o 

Ilocroaaaae C i.J1. (i c f, o. G; 11. ~ I ) H To onpene-

JIíDOTCa J43 rpaRRtlHHX yc.rrOBIm:. 

HaJII1tme xneaa I. Q,s (. tp- 'Po) B npasoã qaCTR (8) He n03

BOJIlIeT BI1'IRCJIRTb necrs ltoHC,TéllIT C ';Ia. OT.n;eJThHO ,II,lLR: KWKAo:ro Il.: 
npa E ~ O R To 3M~ õecxoaexaoã CJ4CTeMOít peKypp~HTHliXC ,h. 
ypaaaeanã. llOCKOJI:bKY pa.J:I;li (JI) H (12) 3aJ3e~OM9 CXO,n;HTC.íI, no Kpa!He!t 

Mepe .n;LIl Ma.JIH:X i. t TO 06{:i psmaMoMo 060pBaTb aa aesoropoa aoaepe 

la. li: N , peumTb K9Heqayx> CliCTeM;y aa 6 N + I ypaBHeIDIR.wm 

rrpRÓJIlmemmX 3HaqeHmi C 011. li To a 3aTeM YCTpeMHTb N K
I. , 

3HarleHI1fI"6eCKOH.e~OCTR" H BHt1HCJIHTb TOlffille KOHCTaHT KaR npe~eJI H6

KOTOpoH noc~e~OBaTeJIbHOCTR. • 

, B RTore JVLff. C i n: noJIY~ CJIe.IJY1WlHe Bl1paJ1teHWI: 

,11. : 1 n>1

C ::: vai c ;; ~ 
I 
. 

(I4a)II m h. R li-I
 
I
 

C :=- V8 .,. j f/fj, 1<..& • c~ =- vG,," (146)1./ / I Â I I ...1'1
I h. R. 1'1-1,
 

c ::..&. r va .,. v 7;, s.,,. C = /{" ~ V a.,. (14B)

ai '.,.,1<, 1"'1(," ~ / 

o 

Jh 'I-I<h h. IG "-1 ,I 
2. 

.2 IH-' 
c=-- ~.2 ('A 'lo. - ri! S,:" so'; C = ~1. ri" V~18 (14r)_ o 

'i! ,+-/( V I N ,.1 "h. It-I( n: .I'
I n 

s; ,IA V~hC ::.!!:!:. f ve -I- O' 7; COaf SO C = (I~)o 

$"1 I.,.N., ' 1+1<, 1/ s« 11-J(" h I? li-I / 
~ 

~.z. 
--LR,hl'I ~vG" (14e)

C ::. - -4.. (fvC - vT C03V»' C ::. _
 
" I +-1<, I '" 1 I e« ,-1-1(,.. n.,'
 

5 



S,n;eC:b CI1MSOJIélMlI "V a ;-1' H V &n: 0003Ha'leHbl IIepBlJIe npOR3BO,IJ;I-rlle 

cIJYHRlU'út QI2 H ~h. na .rPaHKU;€ ~ = ~, , BMH'IHHa 17 ~ on-
pe~eJIeHa (5), j< c;:; ÂI R, / Â.l. IGI. R 

I< == (~l. )J.h. I-h À02 jo(NR3 CI5) 
h. ~ 3 I f- 12 À2./oI.;v R. 3 

I.~ 

I(OS.cWJHll;HeHTH V 0.,.. II ''17 Bn BH'IHC.JDIlOTCíI no çpoplvrYJIaM:: 

VQ", ::: GJS(n-I)~o I-!lh. ~ih.Ch-l)lf'o } (16)X I1
 

V 611. :: - X ti ~~fa.(jt -I) r.po ,... gn CcoS (h-I) 1"0 .J
 

B KOTOpllX 'lHCJIa X 11 , rh zerxo HaxO,IVITCíI 1:13 pBI<yppeHTHhIX COOTHO

rnemúi { 11. ~ 2) : 

~ ==8 J( l{ =q u (I7)11 1l. 1\-1 / ([11. <Tn rTn-t . 

Koôíil~Hll;.vleHTbl ;ElbIp8.iltéllOTCR xepea uenayio ~06.õ BH,Ua9n. 
r: E. ' (IS)


dn, == ( ~ -> 11 --» r>Q)

I - r; r;,1-1 h. I-I-II~J I 

I -r;,.,0" t:
 
1-·_'
 

rne OCioSHa'IeHO ( n: ~ I) : 

r _ (' li n À, /d. ' ( )
1- - Co • -> ê l1.~exJ 

11 I -f- Ón. 1-2li~ Â, /0( l/r;, /.t) ) CIs) 

Y" • '= ;li ~. ( .r -> /l, jÂz. , n -'> C'O I I( < /l.J) (20)
Uh. .À If-/{n. / Oh ;,a.

L 

T~llM 06pa30M, SHWl X, ' fi, - nepsae 3Haqemm B nOC.J18.nOBa'reJIb-

HOCTH 'IRCM Xh" J/11. (I7), H8Tpy,D;H0 BH'IHCJIHTb vali. 11 v t.; 
C IIOM0I.U:&IO (I6) - (7), 11 3aT8M HaHTR Koaqxln1W-IeHThI C ':h. no W0p1~JI8M 

(14). 'iliCJIa XI H 1, orrp8~e.JDIIOTCíI CJI8,nyIW{fiVI OOpaSOM: 

I (R 2R IRX =: Va ~ - - L'q E SI./t. tp .,... -~-' r;T s.; <r.) (21) 
I I I+-'( r:J..' Y o 1+ 1(, N I J 

u ;: VC :.: .L: (- 11RI q <E. Cos 'f! -I- .2.R.~ IR, fi ?; tos}p _ Y.L~l) 
â ! , . If-'( f:)(' r o I"~I I ~Â, • (24) 

3,necb v;:: r /- 2.]f À( (/ _ J.. (J E) (23) \'"o / o{ I ~ d~ 

- Koô~~eHT, XapaKTepK3~HH, no aHanOrllll c M8XaHHKOÜ, TepMH'I8C~ 

RYID "xecTRocT:&" CT8PJ1CWl no OTHOllleHIDO K aC11MM8Tpll"IHHM T8IIJIOBlJIM HarpY3

RaM. I3eJrH'Imm r I II <Ja orrpe,IJ;MeHH (20) li (IS). 
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TeMIIepar:Y"PY B ~eHTpe crepzaa T-o H eró cpe.n;moro'TeMIIepaTY:PY (TI) 
MOJItHO IIpe~CTaBHT:& :s BH,IJ;8 

--r I 1. I l.. 
'o :: <r; >-I-cf'Â,. ~~ ; <~) =ci; ~lil?, '-/- A ~ } (2~ 

r,n;e ...!.. :: _I -I- J.., .,.. -L '"- !lJ f- --!...-- - OOlJI~oe 
oL i17í1, ol -l.r/l,!. ~2. .t~~ 01..# 

BlJIpaReHHe ~ TePM~ecRor0 conpoTHBHeHHH TB3~a ( ol - R03~HgHeHT 

TeIIJIOne~e~a'IH). Be.JrH'IHHa ATo - "nepsrpea" crepaaa sa C'1eT aCIIlMM~T

pR'IROrO pacnpenezeaaa resmeparypa , pacosarssaerca no WOPMY~e: 

-+ ~ J 
.c1 T :: :rÃ, ~ (- lIR,}j,? _ .&"/0 f- ~z vr) (25) 

o 01..,' 1+(( 0/..1' 4À, fi It-/{, N. 

3arra'Ia pemeHa. PH).J;lJI (lI)-(l2) CXO,ItlITCil O'1eH:b 01lCTpO, naae 13 

To~e ROHTaKTa cTePJKHf.I c 00OJIOtmott· ( ~ = I), npR1:IeM TeM osorpee , 
1:IeM MeH:&me 3,,- .B 1:IaCTHOCTH, npa l = O ( Oh.'= O) B1:llClIIHe rap
MOHRKR ~OB ( J1. ~ 2) BOOOnte OTCYTCTBYJDT. ,IWI MHOrBX rrpaKTR'1eCRRX 

o~eHOR ,D;OCTaTOqHO OrpmiR'IHT:bca nepBRM ~eHOM paSHOJKeHEH ( Il = I). 
k13 (25) c...'Ie,nyeT, 13:TO npa cRMMeTpwmoM nOJIO.iKeHHH crepsaa ( ~ =0) 

A To = O B .mo60M eJIytIae, CaMO ze caemeaae ê
.... 

BHsHBaeT OXJIax

.l1emre, a ae "neperpes" CTeI»KHH ( ~ To < O), T.e. oõaerxaer YCJIOB~ 

Te~~Oc~eMa. ]3MeHeHKe TepMR1:IecKoro conpoTRBHeHEH TBB~a paBHO, 01:IeB~

HO, Â ~ /<J,,~R/". 
HeTpY~o yoe,D;HTDCH TaREe, 'lTO rrOJIOEeHRe TeMllepaTypHoro nBRa 

7;, CMenteHO OTHOCRTeJI~HO OCH CTePJltRfl aa Be.rrHtIIDIY ! ~ ~'/~.,. C~' 
C ",,~,,~, 

C 3.1 
B HaIlpaBJIeH1m 0.$ ~ ~ :; Z. l. 1 , JIP~eM T ~ r + ...!. Q 22 

~, I-C.z., ", o 4'.:1,''" 

(o~eIntH ,n;aHIi ,IJ,lI.R: OCHOBHOn raPMOHRKH (II) B llpliOJIIDKeHlill S, (t:w,) = CJ!I t"" 
B (I3a).· HanpmtIep, ,IVlH ~eHTpaJI:bHOrO TB3JIa peaaropa ill3P-2 ( ~ 1i~ z. 
= 134 BTICM aa MOlIlHOCTR 2 MBT) npa c! =.1 R V CJ, c: V ~ c o 

't. IR /V e .z~ÀI 0_"'2. / ~,,, o,
HMe8M: ht i f;"f' . -;zr = O;29, r -c. 7 /l, ~ 36 G, >: M 

ATo = -50°C H To = 5250C (npH HY~eBO~ TeMnOpaTYPe HaTPRff). 

TIaCTHHtt CJIY'IaíÍ pacceorpeaaoã aanaxa, l:.;:: 7 CJ,- = o (mIMMeT-

PR~ TBSJI, paanoaepaoe renaoaanenenae) onacan B 16,7/. 

2. k13rk!OaIClIJRe, TeMIIepaTYDHl!e rpa.ullilliDi 

:as" onpeneaeaaa (2) CJIe,nyeT, 1:ITO ;II)LíI BlJI'IllCJIeHIDI aaraoanaax rpa
,lU!eHTOB B c'repzae V 7; (~ ) li OOOJlOtIKO V ~ (~) He06xo,IJ;HMll 

TOJI:&.KO nepBlJIe ~eH1JI cyMM B (11)..:....(12). EcJIR HaPff,I(Y c "JKeCTICOC!1'lilOlI r 
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,,,li 
I 
~ 

i
li 

_:7 _... ""'" _._._._ 

(23) R napru~eTP~H r" K, ' (20,15) BBeCTH Roa~liUHeHT l\atIecTBeHHy1O o~eHKY "7 TN MOJii.ÍIO nOJIYtIHTb na OCHOBe 3JIeMeHTapno

O' '- ~ ( 
- Ir't f 

TO peSYJlbTaT B!l{1{RCJIeHd no 

.nYI~eíi ROMÓl-llia.I.J;HFI HCXO,Il;Hl:lX 

, 2 2.
c-) ~ ~.J -A!.r' (26) 

- /~/; S )!.!2.+~; ) 

qJ0IWJYJIe (2) MOiKHO npencraaars B nnne CJIe
-. + .. 

sexropoa t., V 1- ' ti ~ , BOOÓme 

roaopa He.JIlIReIDIoid:, rrOCIWJIbRY r '= (Cé) : 
.2 -+

R?T = .: [ h~, <ir/:. 7'0/- Dl'!..P ~,V~) + ~ VrJ.. (27) 
I I ,1-( 01.' l ;'~iI AI cp /I-I<, N J 

/l -;l ::; .Y" 1rR/'CJ,. ('? + 0/.'~ ~<J-) -I- 2.(1-r'J- 3I<. VT (28) 
l ~ U oi. ' ~.Ã,l, 'V I + 1<., 4! N' .... 

Ms CpaBHeHM (27) H (28) Bl-UJ;HO, tITO cMemeHVIe c repxaa (, mn1I~ln1py

eT rrpoTKÊorrOJIOJKHHe rreperr~ TeMIIepaTYP B cTe~Ie VI OóoJIotIKe: BÓJIHSH 

YSRoíi tIaCTH raSOBoro sasopa, oÓJI~ruaQell MeHbillHM TePMHtIeCKm~ corrpoTHB

JIeHHeM, cTe~eHb oxn~aeTcH, a OÓoJIotIKa HarpeBaeTcH. B rrpOTHBOnOJIO~
Hoíi tIaCTH TB3JIa ~ppeRT oópaTHHH. 

KoaíPí>lIUlieHT r I , RaK npasIL7IO, OtIeHb M8.:1, n08TOMY HSrI-IÓa.IOOllrn-. .... 
rpanaear B OÓOJIotIKe (28) c.naoo SaBl1CHT OT G H V <j, • B czysae 

TORRaM OÓOJIOtIKH ( t <<. 1), H npz YCJIOBHH 3- À « oI.NR. }z J 
~e~: ~ 

, Â I () a-. . r =no; (oI.N-R. f2.À;,); Ó 1li /1, (1. - i1;) -/ (29)I: 
J 

3IJ;ecb I/~ - TepMHtIeCKOe COnpOTHBJIeHHe TBSJIa, onpe.n;eJIeHHOe B~e; 

HeJImIefunlli llJIeH fJ~ ~ /.i, o(, I ,3aBRCiIIlU'lli OT e. ~ - YMeHblIIeHHe Tep

MRqeCKOrO COnpOTRBneHRa 3a CtIeT HeCHMMeTpRtIROrO pacrrOJIO~eHM cTe~ 

BHyTpR O~OJIOtmR. 'I'enepr, acen CMHCJI r - STO 1/4 OTHOllleHWi Tep.rn:tIeC

Raro conpOTKBJIeHM uTeTIJIOBOrO axpaaa" CTePJK,HH (T. e. rasosoro rrpoaa

xYTKa, OÓQITOtIKH n norpaRHtIHOrO CJIOH ~OCTH) R TePMHtIeCRO~~ conpo-

TRBJIeHIDO I/8Jí À, caaoro CTe.PJKHíI. 

HCnOJIb30BaHRe OÓmHX WOpMyJI (27) H (28) ~ ROHKpeTHHX paCqeTOB 

HMeeT CMllCJI, eCJW "acxonase" aexrops .n;eRcTBHTeJIbHO onpenexena. Eea
pa3MepHIDí nexrop ~,V<:J,/~ ,He 3aBHCJIlIlIDt OT MO~OCTH peaxropa, 

H3BeCTeH 3apaHee-E3 HeRTpoHHbIX paCtIeToB. Be~op l CBH3aH C rrpo-

I'HÓOM cTep1KH.li U, H nporacoa OÓOJIOtIKH U~ OtIeBk1,.lUlliM YCJI0I!HeM: 
.... -+ -+ 

(~-R,) é. ~ li, ..;. u.~ . (30) 

BeKTOp v7; onpenezaerca , c op;rwa CTOpOHbI , TeMIIepaTyPHHM nOJIeM 
-+ ... -+-r

B TBMe, xoropce 3aBHCRT OT l' , V CJ, li caaoro ae V IN ,a c 

.n;pyrol - nMeM CRopOCTe~ ilUI,JJ,KOCTH, 3aBKCJIDUiIM OT WO:çt.m I:aHaJIa, ROTO

paa CJIOJItHa R MeHffeTCH npa RCKpllBJIeHllli TB3JIOB,R OT mwrHX .IUJyrnx <I>aR

TOpOB, He Bcer~ rrO~~CH yqeTY. 

ro ypaBHeHllFI TeIIAOBOrO óaJIaHca ~ ~~OCTH, rrOJIe CRopOCTefi ROTOpofi 

o~eHHBaeTCH rro BeJIHtIlrne rI1,1.JJ)aB.JIMtI8C1WrO COrrpOTHBJIemm C()"ls-é . Re - rn , 
r.n;e tIHCJIO Pe~{OJIb.n;ca orrpe,n;eJIeHO tIepa3 rt~aBJIHqeCKlili ,IJ;Hru~eTp pUCCMaT- .1 
pn:aaeMoíl: HtIeí1RH xaaana, a ht SaBHCHT OT peiKHMa TetIeH}IR /e/: npz JIa


J
 MURapHOM TetIeHHH In = I, .IJ.IDI TypÓYJIeHTHOro peJImMa I'n == 0,25 B "oóJIac-

TH 104 ~ Re. < 105 H m = U, eCJIH I<e:> 105. . 
AHaJIOrHtIHHH rro,n;xo,n; HcrrO~bSOBanCH B pa60Te /9/ ~ paCqeTa yrJIo~. BOÍi SaBHCI1MOCTH TeMIIepaTypl:l JiUi,I1;KOMeTa.JI.JIHtIeCROrO (!'lO;. - K) TeMOHOCRTe

JI.H, rrpORatIHBaeMoMY no '3Rc~eHTpH'lliOMY KOJrb~eBoMY xaaany. KOHCTPYK~HH
I 

HarpeBaTeJIbROrO aJIeM~HTa rrOSBOJIHJIa rrpeHe6petIb aCill&JeTpHeM Te~OBoro'i rrOTORa, rr03TOMY 8TOT WaRTOp He YtIHTl:lBaJICH B paCtIeTHOll wop(yJIe /9/.\ 

COrJIaCH8 c 3KCrrepHMeHTOM ORasaJIOCb BrrOJIHe y,n;OBJIeTBOpHTeJIbHWA (pacxo~

.n;eHHe B rrpe,n;eJIax 10-30%). 
lilOiKHO Ha.n;eHTbC.ff, tITO TaKOM nonxon, 060ómeHHl:líi na CJIYtIa.ü aCID'ilMeT

plitIHOrO TeIIJIOBOrO rrOTORa, óy,n;eT rrpHro.n;eH H ~LH RaHaJIOB óo~ee CJIO;nIOH 

00pMl:l, eCJIH HX ,n;OJDiamM oopaaon "ycpenaars": VTA' - zarerpazsnaa xa

paKTepliCTRRa, li ORa He .n;urrmHa cymecTBeHHO SaBMCeTb OT ~eTaJIbHOa Wop

MbI RaHalla li ~eTanbHOI'O yrJIOBOrO pacnpe~eJIeHHH rrOTORa TeMa.Ha rrOBepx

HOCTH TB3JIa. 

ECjlll RaHaJI c TeIL'IOHOCMTeJIeM, OM1IBalOll.\V1M 11H,IUffiVI,JJyUJIbHbIÍi TB3JI, pas

.n;eJIHTb Ha .n;Be qaCTH (HtIeRKR) ~HHReR, rrpoxo~eH no ~aMeTPY OÓOJIOqRH 

TBaJIa, TaK tITO oõorpeBaffiAl:lH nepH~MeTp, KaR~1a ,n;~IHTCH rrorrOJI~t, TO pas

nnna B nonorpeaax Jirn,n;KOCTI1 B HtIei1:Kax li! I 11 2 ôy,n;eT nponopnaoaansaa 

paSHOCTI1 ~ / GI - J.l / Gi" r.rr;e :1, - rroJIHbIíl rrOTOR TelIJIa B HtIefu\y c 

pacxonoa G,. IIpH orrpenezenacâ op11eHT~H pas.n;eJI.H~ JIHHlm pasmara 

B pacxonax G, II G.z .n;OCTHraeT MaKCI1MYlvla.. l3eKTOp G ,paBHbIM rro 

BeJIKql1He Mm\cill~aJIbHO~~ SHatIeHHID OTHOCllTeJIzHOH pasH~ B pacxo.n;ax 

Ui,- G2,)/( G, r G.a,) H HanpaBJIeHHbIH nó HOpMaJIH R JIHHHH paanena B CTOpO

HY "YSROt1:" a tiefum , rne pacxozt MUHHMaJIeH, HBJ1íleTCH oómeíl: XapaRT~CTH

ROll rH,IlJ)aBJIHtIeCKOlí aCIDltMeTpl1H RaHaJIa. KaHan CHMMeTpH'tleH, eCJIH G = O. 
CymecTByeT T~e HarrpaBJIeHHe, rrpH ~TOPOM ,n;OCTHraeTCH MaRCl1M,YM 

s paanmte rrO'fOROB 'J, H '.2 . BeKTOp 'J. , PaBHbIH rro BeJIHqHHe MaKCH

Myr.ry OTHOllieHHH (.J,-j,)/(J,~.j.a) H HarrpaBJIeHHbIi1 B CTOpOHY npeHMj'1lleCTBeH

Hora pacrrpOCTpaHeHHH TelIJIa, xapaKTepHsyeT, COOTBeTCTBeHHO, yrJIOBYIO 

aCID~eTpHID TermOBoro nOTaRa Ha nosepXHOCTH TB3JIa. TellllOBOH nOTOR CHM-

Merpaxea, eCJIU .~ Hanpaaneaae 
rrep~na.n ~-.'if J 11 G

J 
! 

~ = O. ...;.
 
aexropa V T ' npa ROTOpOM rraoznnaerca MaltCHMaJIbIIlllt


N 
TeMllepaTypbI ~OCTH, onpe,n;anaeTCH CYMMO~ BeRTopOB 

. Ms ypaaaeaaa TelIJIOSOro oaaaaca CJIe.n;yeT: 
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cL i TI(: 't 7í ......... ...rz =,'p~lJ'8' /_ Ql (::J +- GJ. (31) 

~ 
S,neC:b &-... !I 2. (RJ fo À.,/~N) V ~ - B8RTOp MaKCRMaJI:bHOrO TeMIIepa-

TYPHoro nepenana; '" <".. I ir - COOTBeTCTBeHHO ILJIOTHOCTb, y,ne.JI:bHaJI 

Te~OeMKOCT:b H cpe~ paCXO,I(»aa CROpOCT:b ~OCTR B RaHaJIe G ILJIOma

,nbIO npOXO,I(»OrO cexeaaa S R OÓOrpeBaeMHM nepaxerpoa 2'iR.,J 
(cocenaae xaaans ae nepexpasanrca, TaK 'tITO B cpe)J;HeM S.. cexeaae 

aa 0,nID! TB3JI). 

OÓ03Ha'lHB xepea Si. 1,0, JiI d..,::: ~ S,' / P,' COOTBeTCTBeHHO 

nnoaans , CMOtIeHHrm nepzaarp II rH,npaBJUitIeCRJ21l1 ,nRaMe'I'p t.' -OH JItIe:ti:KH, 

TaK 'tITO B n;eJIOM ,1I,IDI xasana S:r 8 I t: S.z ) P = ,DI .,.,D~ , cI. =fS/~
 

II npe.nno~araa O,nRHaKOBuH P8~ TetIeHRff B oóenx fltIeHKax (h1 • "~el'n) *)
,
nOv~tIRM, c~e,nYJI pacc~~ueHRffM 9/ , 

mG, = Pio (di.)2_3 , ,G :::J G,- Q2/~/GI-GJ./. (32) 
, P o/. , (. = 1,2. ) G, + G, 

~ ROJI:b~eBOrO KaHaJIa c MaJIHM 3KC~eHTpJiICRTeTOM ~N p8meHRe YPaB-

HeIDtíl (31) c nocroaaaoã npasoã tIaCT:bIO npa ~ = O n In = 0,25 
B (32), COBna,n;aeT c paCtIeTHOll ~OPMYJIOll paóoTH 9/, HO' rrpK ÓQn:blliHX 

êN ,naeT 3aH:wKeHHHe 3HatIeHIDI & . TeM ae MeHee, pacxer c RC

nOJI:b30BaIiReM' ABYx JItIeeK, "BMeCTO pascaeaaa KaHaJIa aa SJI8MeHTapHH8 

H~eHKH, KaK aTO ,neJIqnOC:b B /9/, K~eTCH óOJIee ,nocToBep~~, nOCKOJI:bRY 

"TOtUIOe 11 penieaae /9/ RMeeT OCOOeIIHOCT:b npz ê ='I.
"N 

naJIee MO~O nORa3aT:b, tITO BeRTop aCRMMeTpRR T8llJIOBOrO noTORa 

...,. ~). R. 
~ r ~ ;;; -+

J =-:r/I.~ ,/ • f Jfi 7; lf, ~).Q. .J'fJ, (33) 

'I '" o 
.-., -..' 

rne ..n. =- ~ / 'L. - e,nxmHtIHI:lli aexrop c KOWIOH8HTaMB: ( Co.s <p , 
S ~h. y; ). WtrnCJIHB 8TOT IDITerpaJI JiI rro,nCTaBRB pe3YJI:bTaT B (31), nOJIY

~ -+ 
tIRM yp~HeHRe.wm (f E ~ (~J ~ ).42/~) t7 ~ B OROHtIaTeJI:bHOM BH,TI;e: 

-+ 2 -i> -+ 
cL {) +); = ~~,~ .L['6 + ~.t R, , "À/f.~ + ~/V~ 17 (34) 

cI.. ~ . I SU S /- (;2 /(",a. to~J2. I +( ~ o{ ~"f)., ti). 

*)IIepexo.mmit pe.JKklM, xorna B "mzpoxoã" H'tIe:iiilce YCTal:IaB.1lliBaeTcn:
 
TypÓYJIeHTHOe TetIeHKe, OCTaBaaCb JIaMIDIapllliM B "Y3KO:tt1l JItIe:tiKe, MO~O
 
rpyGO yrIeCT:b, nOJIOJlU1B In- == 5/8 B (32).
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i, 

3,nec:b J. = c. f S· .27í#J' -L {1 +~ S-[1 + .2i";'(I_ a ê~)] 1 (35)I "u /-G~ 1+-'1' I 1. 0/./ (/2. I~ J. \ 
- OOpaTHaJI ,I(JlMHa CTaÓKnR3aqaR Te1lliepaTYpHoro nepena,na B ~k~OCTli 3a 

CtIeT TellJIOnpOBO~OCTl1 MaTepRaJIOB TB8JIa. ~M3KRll K e,n}IHK4e K03W0~H

eHT ( / .,.. À.,2 t lolN ~J ), BXO.IJlllIUll1 B (34) R (35) B KatIeCTBe COMHOjjlliTe

JIíl BeJIHtIfiHhI (I + o ), ~Líi npocrors onymen. Ha axone B KaHaJI ( ~ =0) 
cnpasennaao YCJIOBHe (f(o) =0. -+ 

3KcnOHeHIJ;HaJI:bH1:,ríf Bll,L( ypaanenna (34) OO'hlICHíleTeH TeM, tITO J-. 
sanacar OT -I} : TeMrrepaTypmüi nepenan B JKH,wWCTH CaM no ceõe HHHWI-

HpyeT nOTOR TellJra 'tIepe3 TB8~ B Go~ee XO~O~YID HtIeítKy, li TeM Ca\Ullfl 

'tIaCTH~O BHpanHxIBaeT pacrrpe,neJIeHHe TeMITepaTypH no CetIeHlIID KaH~1a 

(.npyrMe MeXaHH3MH BHPélllHRBamIH TermepaTypHoro noza , aanpznep, sa 

cxe'r nepeaenntaaaaa itrIR TeruronpOBO,I(HOCTl1 JKl1,IU<OCTH, MO,ne.JI:bIQ....He YtIHTH

BaIOTC.n:).' TIOCKOJI:bKY Â. 1= O, TO B HeCHMMeTpll'tlHOl\1 K8.HaJIe ('(i 1= O li

!- > O) nDTOR TeILJIa ~ nOBepXHOCTR TB3JIa scerna HeCI1MMeTplltIeH: 

~ 1= O. Y~JIOBRe ,== (3 MOJiGlO OOeCnetIHT:b TOJI:bRO npHÓJI~lJKeHHO, 

npaaaa , nOMI-lMO rpeccaaaxa ê. == V tJ, == O, orpaRl1tIeHLIe À ~ <.< 1. 
B 81\CneplIMeHTax~ rne Ba"KHO YCJIOBUe 1 = D /8,9/, orpaaaseaae 

Â. J! < <. 1 MO;KeT ae BIDIOJIWlT:DCH, ocooeano npz HI13KIDC pacxoztax, 

xonna À B8JIHKO. B rasax CJIY'tIaJIX paccxorpeaanã MexaHU3M 'CTaOWIR3a

~HIi TeMIIepaTypI{Oro nepenana CJIe.uyeT OOH3aTeJIhHO Y'lIRTHBaT:b npa IDITep

nperanan sacnepanenraasnax pesyJI:bTaTOB. ,arrPRMep, ,IJ;Jlíl ÔOJI:billIDICTBa 

8KcnepID~eHTaJI:bHHX Mo,neJIeií TB3JIOB paôoTH 8/ paCtIeT no ~op~JIe (35) 
npz Â, = O npasonar K OIJ;eHKe: l/À.::=- 2.d Pe , rne Pa - tIliCJIO 

Ileiore (oraoueaae I C'p vol K TeILJIOrrpoBo,nHOCTll jKH,II;IWCTH), xoropoe 

IlSMe~1JIOCb B 8KcrrepllMeHTax OT 5-10 ,no 4000. CJIe,noBaTeJI:bHO, Ha pac

CTomfl~DC ~ > 2d Pe TeMITepaTypHHH nepena,n ~ GTaóRnll3RpyeTcH 

rrpaKTHtIeCKli rrOJIHOCT:bID TOJI:bKO sa CtIeT nepeTetIeK Ter~1a tIep8S OÓO~OtIKY 

''TB301'Ia''. Ha saxone as xanaaa (l./c:/ "'" IDO) nocaertaae CJIe.n;yeT ytIRTH

BaT:b YYl..e npa Pe < 200. 
Peuenae ypaaneaaa (34) npa l. = V ~ = O CpaBHHBaJIOC:b C 3I~C

rrepID~eHTaJI:bH1lli1H .n;~til /8/ o Ba1H~llHe Te~mepaTypHoro rrepen~a B 

TeruroHOCL1TeJIe (NCl. .-:. K) xl na rrOBepXHOCTH aarpeaareasaux TpYOOK, 

lllvmTllp~l1X TB3Jlli B rpeyrozsnoã peaerxe , B IJ;eJlOM ypaanenae ,naeT Bep

müi nopanon OIJ;eHKil fJ-, li BepHyIO KatIeCTBelníyro 3élllllCllMOCT:b OT .napa
MeTpOB. EO~bllllle paGXO~eHHR c 3KCnepHMeHTOM (B 2-3 pa3a) HaÔJIID,naJIIICh 

B OÓJIaCT11 ~rut.~apHoro 11 nepexo,I(Horo peXRMoB TetIeHHff. -. 

BeKTop G 3~CHT, OtIeBMUU!o, OT CMememm TB3JIa tI.., OTHO

Cl1Tev1bHO 1l0000JKeHIDi li. IJ;eHTpa rlI,I(paBJIl1tIeCKoti Cl1MM8Tp:w:I KaHaJIa, . c 
KOTopoe orrpe,n~TcH ~TOPH.2!. CYMMO:M nepeMeIlleRID1: cocemUIX 3JleMeH

TOB, T. e. OT li.. = U.r - LJ.c. • B RCXO,I(HOM ("XO~O,I(»OM") COCTOH-

HIDi 112.:::: U ~ O.c 
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Iípeneõperaa H3MeHeHH~M CM01ieHIlliX rrepzaerpon 'H' 'rroaaraa, 'ITO G 
~ 

coanaaaer no nanpaazernno co CMemeHHeM TB3JIa R3 uenrpa Tll,IWaB.7IWleCIWH 

CllMMeTpHI1, rrOJIY'llIM E JIHHeIDIOM rrpI16.JIIDKeHI1H 

--. ~ 3 J.. ... -:+
G	 ::: G1 +- -' - (ti - u) (36) _ o .2-'" S 'l c. 

arr,ecI:. Á - mar pemerxz , ~ - nexrop aCHMlVIeTpHH KaHaJIa E" "XOJIO,rmOM" 

COCTORHllH. ~ ~eHTpaJII:.HHX TE3JIOE B KacceTe ~ = O~ I]-'b -. 
IIapa ypaBHeHHH (I) ~ U H Uz ,B KOTOpbIX CJIe.n;yeT ytIeCTI:.J 

H MeXaHH'tIeCKl1e l-I3rl1ÓalOIllHe MOMelITbI, H ypaBHeHl1.H (27), (28) , (30) , (34) ., '1
"'7. .... T ~ -.,. ..... . 

(36),,1J.JllI V / ~ ti' I~J l.;. V IH J' r; oópaSYIOT,' c ytreTOM BTOpOCTe-

lleHHUX COOTROllleHID1:, 3aMKHYTY.IO Cl1CTeMY', eCJIH 113BeCTHO nOJIO}KeRHe coce.n;

HHX 3JIeMe~TO~ ( ~, ). B npOTl1BHPM CJIytrae rroTpeóyeTcR paCCMOTpeHHe 

nOBe.n;eHID! acex TB3JIOB B xaccere. 
npeHeÓpErtII:. 3aB-HCl1MOCTLIO Ge . 
9,. e/ ê.	 YB BeJI11'IliHY (CM. 

MOJICHO C,11,eJIa'rI:. ~ *), _ 

IIaJIytreHHhIe ypaEHeHHH MO}KHO 

Cl1CTeMa JIllHeHlia, eCJIH B (34)-(35) 

0'1' zt 11 BI\JIa,n;OM BhICIllI1X raPJVIOHI1K 

(23), (29»., 'ITO npa:r<T11'IeCKH 'scerna 

11CnOJII:.30BaTI:. .n;JIR 3a.n;a'I HecTau110Hap

soro Te11JIOOÓMena, npenrroaoxas , q'ro OTHOllIeHRf1 v7; /T, )v7;./T2., 
coxpaHRIDT HaH.n;eHHhIe 3.n;eCL 3Ha'IeHRH li B nepexo)Ull1x npou;eccax. B Raqé

CTBe TI 11 T2, y .n;OÓHO B3RTL cpe.n;HHe Te~mepaTy~hI cTep~ II OÓOJIO'IK11 

TB3JIa~. 

" B 3aIQTIOtIeHlle rrpl1Be.n;eM: MaRCI1tvlaJIbHYIO tIl1CJIeHHYIO onemcy f 11 ae
JIlltÍIDIbI ll3rnÓa.I<Jml1X rpanaearos .ITtJI.l1 TB3JIa c napaxerpaaa: Ãr , la J À', 
~ I tJl ,paBHHMl1 COOTBe'l'CTB8HI-Ià 2,9; 19; 0,26; 44,6; 26,8 BT1M'K; 

: RI vt/~ =. 0',035; 7íR,Z<j, ·~.67 B1'!CM,' ,e == I, r(Il=0,36:, 

(1(0) 
( Re = 

S,.= 
30HDl'( 

= 0,43); CI + 't )t' ~ 0,0122; J' = 0,11; Pe~' 72 

12 000); À = 0,4 M-1 11 G = 0,13 (.P1=34,0'MM, 

11,8 IVIM
2 ; P2=13 , 5 JI,'IM, 5., = 6,9 Mrv'l2). Ha naxone 113 aKTl1BHofi 

~	 -= 0,445 'M) HMeeM: 

-& e- Itj K (G::.- (?, 1.3; l = ~~ ::o) , 
{} = 9) 7K (l =t j G := t7~.: O).J 

&- =o., 3 K (I<, fi~/CJ, ::: o, O-lS; e « G co) . 

'. *) BeJIl1trl1Ha 3tl t/2 (1"E< I) IDJIeeT rrpffiill.llIIllaJII:.HOe SHatreH118. EeJUI 
ee OTÓpOCllTb, TO B rnaHll~{OM ycnOBHH (8) IJC~ CJIe.n;yéT 3aMeH11TI:. 
na 9S CO~ , rne ~ - CHMM:8TpH'IHOe pacnpenezeaae TeMl1epaTyphI. 
B 'õ'roÍl cJIY'Iae sa,n;aqy (6)-(IO) MOJKHO CEeCTl1 K CRCTeM9 OÓlli{r.IOBeHIlliX, 
,n;lliMJepeH~aJII:.HbIX ypaBHeHID1 wm aexropaax BeJI11'IHH TIDIa (33) Xl aeno
cpe.n;cTBeHHo BhI'IHCJIRTI:. ll3rHórury~l1e rp~ReH'rnz. BKna.n;OM BllClliMX raPMoHRK 
M01itHO 3aBe.n;OMG npeseopess , eCJIK e tt <'<.!fl:C/'ol. (CM. (29) ,lI o~eImy "t : ~ 
npa G = o I-í .! = I B npzxepe HIDKe). . 

'.1 

~ ~ ~ 
.B 3aBI1Cl1MOCTll 0'1' OplIeHTEUJ,t1R nercropon ~ J .G. ' ..v CJ,. BeJlJi1:~um 

f} Mefme TCJI, TillCllM oopaaoa , B npenezax 0'1' 4 .n;o 24h. npaI\'rHtleClnI~r 

HHTepec npencraaeter onemca {I- ,= It1K, TJC aaasenae ê = I MalIO-
BepoRTHo. 

nepenaa 1iervrnepaTYP·CJle.rr.yeT OTMeTRTI:., 'ITO BH'Il1CJIeHHhIn f} XOTn 

11 BeJIVTI<, HO OH rrpRBo.n;H1' 1< aeepooopaanoay pacxoxnemno nYq}\a CTepJKHeÜ 

(noxa ,L1X KOIII.U>I cnooonnu) , a.IJ)If! EhI1{I1CJIeHVm 8\f.XYeI<TÓB pear<THBHOCTM: 

Baxcr{O pe3YJIb'1'l1p~OO~ee .n;BIDKeHMe TOTIJII1Ba, T.e. CTerreHb aCl1Nm~eTpl1M 3'1'01'0 

"Beepa"~ 

COOTBeTCTBeHHO, Q -, ê - 11 vq, - COC'l'aEJIíIIOlIll1e ll3nlÓa.IOlllHX 
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060JfO'IKH TB8JIa. (B CKOÓKax YIca3a.H TOJIbKO HeHYJIeBOE napaaerp) : VI3rfiÓa

remIDI rpanaear "" 10 IVCM BbI3LIBaerr- caooonaue CMeIl.leHIDI 'V I MM. 

l{al\ fi CJle.n;OBaJIO O]KImaTb, npa KOHTaI\Te C'PepJKHH c 060,;10lilWM ( t =- I) 

Bü3Hl1KaIDT O'IeHb Cl1JIbIllie l1CKpl-IBJillICll{ne YCMJIID! B crepxae M OTHOCl1TeJIbHO 

cnaoue rrpoTMBOrrOJIOJltI!o nanpaanemrue ycv...mm B 0c50JIOtIRC. Ha HatIaJII:.HOM 

»ranc rro.n;'b8Ma MOll{HOCTH CrLlIO\liHOM TOllJIl1BHblH CTepJK8H!, MO}KüT conepnarr, 
pan CJIOJlUIblX 8BOJIlOI..\MM BHYTpl1 OÕOJIO'lli 11 , no npa ,IJ,OCTaTQtIHO BhICOIWti MOm

HOCTfi (óOJIbllJe 200 IcBT .JJ.7IR l1bP-2) nacrpaznaerca D,nOJII:. uexoropoü I<pn
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TEMATH'IECKHE KATErOPHH IlYBJIHKAllHA 
OB'bE,lUfHEHHOrO MHCI1fl'YTA s,nEPmlX 

HCCJIE,nOBAHHA 

Mlt,QeKC TeMSTIIKB 

1. 3KcnepMMeHTan~H8A ~3MK8 IWCOKMX 3HeprMH 

2. TeopeTM4eCK8A ~3MK8 BWCOKMX 3HeprMH 

3. 3KcnepMMeHT8nbH8A HeHTpoHH8A ~3MK8 

4. TeopeTM4eCKaA ~3MK8 HM3KMX 3HeprMA 

5. MaTeMaTMKa 

6. ~AePH8A cneKTpOCKOnMA M P8AM0XMMMA 

]. ~3MK8 TA*enWX MOHOB 

8. KpMoreHMKa 

9. YcKOPMTenM 

10. AaToMaTM3aqMA o6pa6oTKM 3KcnepMMeHTanbHWX 
A8HHWX 

11. BW4McnHTenbH8M MaTeMaTMKa M TexHMKa 

12. XMMMA 

13. TexHMKa ~3M4eCKOro 3KcnepMMeHTa 

14. HccneA088HMA TBepAWX Ten H *HAKOCTeH 
AAePHWMM MeTOA8MM 

15. 3KcnepHMeHTanbH8A ~3HK8 AA0PHWX peaKqHH 
npM HH3KHX 3HeprHAX 

16. no3HMeTpMA H ¢M3HK8 38~TW 

1]. TeOpHA KOHAeHcHpo88HHOrO COCTOAHHA 

18. Hcnonb3oaaHHe pesynbTaToa H MeTOAOB 
~YHA8MeHTanbHWX ~3H4eCKHX HCCneAOB8HHH 
8 CMe*HWX o6n8CTAX H8yKH H TeXHHKM 

19. 6H~H3HKa ) 

JIOMHA3e B. Jl. 
H3rH6a~He TeMnepaTYPH~e rpaAHeHT~ ~HnHHAPH4eCKHX 

Tennoe~AenA~~Hx 3neMeHTOB 

Pll-86-114 

OpeAnomeHa aHanHTH4eCKaA MOAenb HCKPHBneHHA TB3nOB C y4eTOM Tpex OCHOB 
HbiX ¢JaKTOpOB, HHH~HHpy;O~HX H3rH6: HepaBHOMepHOCTH. TennOB~AeneHHA no Ce4eHHIIl 
TOnnHBHOrO CTepmHA, HeCHMMeTpH4HOCTH pacnonomeHHA CTepmHA BHYTPH o6on04KH 
TB3na H 83HMYTanbHOH 8CHMMeTPHH TeMnepaTyp~ *HAKOCTH, OMbiBa~eH TB3n. Pe-
3YnbTHPYI~~ee AeHCTBI1e yKa3aHH~X ¢JaKTOPOB onpeAenAeT HeKOTOP~H BeKTOp (H3rH-
6a!O~HH TeMnepaTypH~H 11 rpi'IAUetH 11

), OT KOTOpOrO HenocpeACTBeHHO 3aBI1CHT xapaK 
Tep 11CKP11BneHHA TB3na. 0ony4eHHaR CHCTeMa o6~KHOBeHHbiX AH¢J¢JepeH~HanbH~X 
ypaBHeHI1H nepeoro nopRAKa n03BOnReT cpaBH11TeftbHO npOCTO paCC411T~BaTb xapaK
Tep 11CKPHBfleHI1R AnR n~6oro TB3na B TOnn11BHOH c60pKe. MOAenb OCHOBaHa Ha pe
weHI1H CTa~HOHapHOH 38Aa411 TennonpOBOAHOCTH AnA aCHMMeTpi14HOrO TB3na H Ha 
npOCTeHW11X npeAnOnO*eH11RX 0 noBeAeHHH *11AKOCTI1 B KaHanax cnO*HOH H HenOCTO
RHHOH ¢10PM~. Opi1BeAeHbl 411CneHHble MPHMep~. naHO cpaeHeHHe c 3KcnepHMeHTOM. 

Pa6oTa awnonHeHa e Jla6opaTOPHI1 HeHTPOHHOH ¢1113HKH OHRH. 

OpenpHHT 06'be,[UilleHHOro HHCTHTyTa JlllepH'biX HccneAoBaHHii.lly6Ha 1986 

OepeeoA O.C.BHHorpaAOBOH 

lomldze V.L. P11-86-114 
Bowing Temperature Gradients for the Cylindrical Fuel Elements 

The analytical model of the reactor fuel element bowing caused by 
three main factors such as (1) ununiform fission density across the fuel 
pin, (2) eccentric arrangement of the pin Inside the clad and t3) nonsymme-
trical angular dependence of the cooling temperature is suggested. The 
sumnary action of the factors mentioned gives some vector (bowing tempera
ture "gradient") that directly determines the character of the fuel element 
bowing. The sys-tem of one-dimensional equations obtained allows one 
to calculate, comparatively easy, the bowing of any element con
tained In the fuel assembly. The model Is based on the two-dimensional 
stationary thermal conductivity for the ecceotric fuel element and well
known simple hydrodynamics fo.r the cooling, flow. Some numerical examples 
and comparison with experiment are given. 

The Investigation has been performed at the laboratory of Neutron 
Physics, JINR. 
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