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P.a.cnpa.a!rpaneBJIA y.nTplUOJIOWJ'Hf HBb'pmrolLinH) no uebpouonoJtJ l: 
aHaJIorJlllHO IWJl9KYJIJlpHOUY '1'e1leHO rr'sa no orpyd8ll, O Tell '1'()J[!)K0 OTJDrU

ell, 11'1'0 Tepuau88ItJ[J1 YIH npI y.nape o CTeHKY npno.Itft ~ E BH6HBaHJQ) 

113 IlrPIl). Te1leHIe raaa YIH conpOB0JUT,8.eTCJI ero nO'1'ePJDO[ .1llIdo 1tB-3~ 

nor.nOllteHJlJl, .odo _8-"88 sarpeaaaaa ~a C'1'eHItaX, JJI60, HaKOHeIt, I3-3a 

CodC'1'BeHHOrO ~ -pacIIa,ltB.. llpoIteccll TpaHCnOPTJIPOm YXH paCCuaTPeaJIBclJ 

li 3Kcnep:romHTanHO, _ TeOpe'1'JI1IeCRJI (CII., HaIIp., I , rJl. 4) aa OCHOBe 

MO,n8JIJ1 sepxa.JIDHoro o'1'paaeHllS: 0'1' CTeHOI(, ~D _ MeTO)J,8JQI qJ[CJIeH~ 

aoro pacsêra aa 3m. O,1tHol JI3 HHTepecHIiX 98,1taq B 8'1'02 06JIaO'1'. SlBJrJieT~ 

CSI Sa.nRqa o .JtIlIxW3J1J1 YIH no HeITpOHOBO.lt1 B nplló1TO'1'BD JIOJUl 'fueo'l'•• 

OBa DeeT OTHomeHIe K np06.neue nOJlY1lelDlJi YIH Ha YOTaROBKaX o BePTIl

K8J1hJfHyK'. H8.KJIOHHWOl R8H~ )[ ~ YHCHeHQ) npIHIUmOB paOOTIl rpaBllTa.. 

IUlOHHoro CneK'1'pOU~Tpa (eM.!1 ,rJI.3). llpll 3TOU OBa pema.uaCl> ,1t0 cn nop 
JIBda TOJlbRO 'IIII0JI8HHO lia SBM, .n:u:60 coaee JIJIJI MeHee Ra1leCTBeHHO. AIlaJIJ1-' 
'1'neCKIl nOJIe 'l'JDl8C'l'H f1I:I'1'lfB8JIOCL TOJIDKO B ~qe O xpaHeHllB iIH B 

cocy,ne. B HaCTOJIJlleA pa60'fe paCOI&U'pllBaeTCSI ~SIlOHHoe Te1leHJIe YXH 
no Bep'1':HK8JIDHOUY H,8itTPOHODO,lly. ~,nQOb no~eHO 8.HaJaIT~eCKoe peneaae 
.u.na nOJlHOCTbD no,nrpllBlltIHHX IIetrpoHOB. 

B pa3,ne.ne I od0Y3.Jtll9TOSI oupe,1t8JIeH1le ~31l0HHOrO nOTom npll 

IIaJmtJD nOJUI THZeOTlI • IIOJJy1lae1'OJI .ItBiPW3l10HHOe ypaBHeHBe ,JlJIH 1I0HO%pQ.to :d. 

MaTHqeCItn H9I'rpoBOn. B ptlS.tt9:tté 2 pama8TeH ypaBHeH_e AIDI CJIYlJBJI, 
Kor.ua nOTepmm BelTponoB MOZlIO npeHe6p8Th. B pa3,lte.ne .3 pemaarca ~ 

~3BoHHoe YpaBH8HZ9 o 1~~TOU DOTe~D, _ B pas,ne.ne 4 06c~eTcH B03

IIOZHOCTh npllM8HORaa R ~BBOHHHY npoueccau MaTO~ pexyppaHTHHJ Co

OTHomeHd, BOD0JID8yeuoro odfilDlO TOJIbltO AIDI BO.mfOma nponeccoa (CM. II/ , 
ra. 5). 

I. 1IBdxIlY3HowmA nOTaR no DuollUlOM nOJIQ 

IIpu OT01TO'l'Dmt mlomnoro DOJUJ .ttmlxWsZOH1IhlA nOTOR 06filIHO OIIHCIlBa~ 
8TCSI rpa,ItliteH'l'OU ItOl~OllT~ 

Jlz) =:J. -:lJ ri 'fi.(i)/r/! ) 
I'Jle n< i!) - tmo.no 1UlO1'Ull D o~o oCS~~Ma, a 

@raB. Ilpll II8JIB1UtD DlIonmoro DOJUl 11 D 10.n0DllfIJ: 

.ttmlxWSJIlolluHI DOTon onmrOlUU1QTOIl n DJJle 

J(~)= ;;n(/j -~ tlnfa)/rh. 

(I) 

;!J - ltoa<I$nnIeHT .u;Kip
renaoaoro paBHOBeOHJl 

(2) 

S,neob 11- o,po.nwm 01l0POOT., DUptW10UM qopea rpa.n:8HT BH8mH8rO nQJUI 

- of {/(r)/da I DO,nnanOOt'!l fi I 

1J: ~ clVfi)/tlt-, (3) , 

·
 

B ~ae YXH ~ B c~e Te~eHRff pa3pe~eHHoro ra3a, Mo~eKY~ 

ROToporo HCDHT~~ TOHLKO ynpyrze coy~apeHKH co CTeHKaMH Tpy6u, 

nO~aH 3HeprHH COXpaHHeTCH, a KRHeTgqeCKaR 8HeprRR, a 3Ha~T)R TeMITe

paTypa YMeHblliamTCH no Mepe nepeT8RaHRH ra3a m3 OÓ~CTH c ~ nOTeH

wran:OM B 06.naCTb npocrpaacrsa c 60JThlliHM nOTeHIJ;HaJIOM. 1l03ToM;y ~PMY~ 
(2) H (3) Tep.JIm CBOJO rrpBMeHMIMOCTL, H Tpe6yeTcH BBeCTR zaoe npencras
~eH~e ~ ~~3mOHHoro nOTOKa. BHp~eHRe (I) Tpe6yeT H3MeHeHH~ rrOTO

MY, ~TO BO BHeWHeM noae lffiCTm.J;H pacnpenezanrca Heo.n;HOpO.n;HO H rpanaenr 
KOaneHTPanHH OT~eH OT HY~ ~axe rrpm rrOJIHOM TepMo~~eCKOM paBHO

.secaa, xorza HHKaKHX MaRpOCK01mlIeCKHX rrOTOKOB tIaCT~ ae CYllteCTByeT. 

Ta.KHM 06pa30M, M01ltfiO OJm,UaTb, tITO K nOTOKY 6y~eT npRBO,IJ;HTb ae nOJlHll~ 

rp~eHT KOHUeHTpaqHH, a TO~bKO Ta ero qaCTb, KOTopaa npeBHlli8.eT 

paBHOBeCHH~ r~eHT Ko~eHT~HH BO BHeillHeM no~e.

t 06paTHMCH K ypaBHeHHID EOJThIJ;MaHa ,IJ,JllI <lJYHKr.um pacnpene.neaaa 1ffiCTRU 

(l ,f ):dl/di +i {j//tJi - (c1WrJt) 'J//JI zz cll/cli. 
, (4) 

3~ecb ? - IoIMIIY~bC 'tIaCTRn, a npasaa 'tlaCTb B (4) rrpencraanacr HHTerpaJI 

CTOJIKHOB8Hd:. B c.rryqae pasaoaecaa npasaa 'tffiCTb passa HYJIIO" pacnpene
~eHHe CTaqHOHapHO, H nOTOMY npOH3BO.n;HaJI no BpeMeHR c~eBa To~e paBHa 

HYJIlD, H ~ IÍJYHKUHJ4 I (~ .p : n0.1J!'tl8:eTCfI ypaBHeHHe 

i df(i/p)/a~ - (c/tl/ril) {)/(l.;p)/Jp=t0 (5) 

xoropoe nocze 3a.MeHH "2 = p Im, rne 111 - Macca qaCTm,nl (B HameM cJIY

qae - 'MaCca HeItTpoHa),' npHBO~TCJI K BR.DY , " 

rrJ..{.(c/ p))() c -.in: (d '!lcltJ.o I (i; p)~p.2:= tJ. (6)
; s:'. 

ITpH OTCYTCTBHH no~oro paBHoBecHH, HO B CTaumoHapHoM COCTOHHHH, MOX

BO BBe6TB .ztHClxl)Y3ROHHHit riOTOIf~ "BéJIHtúiiui 'KoTop'oro "xap8.K'l'epH3Ye~T'Mepy 

OTJil{qw! BHpaJlte,JiHH (6) OT HYJIJl,: -, . :,' ,[ . 

",' . J(~/ p) :::. -:J[ dl/ai -2m!clV/cli}éJl/8PJ. (7) 

3TO II eCTh 0606~eHBe BHpameHHH (I). OHO nepexo~T B (I) IIpH OTCYTCT

BmI saemaer-o noza, Kpo~e 'Toro" ~pH TeIlJlOBOM pasaoaecza, sorna pacnpe

~e~eHHe qaCT~ no 3HeprBHM onpe~~~eTCH Ma.KCBe~oBCKoit ~YHKUReA, 

nanyqaeTcH BIlpaEeHHe (2)'c Ko~eHToM nOEERMBÓCTH (3), KOTOpUit 

CBH3aH c K03~eHTb~~~3HH K3BeCTHaM 3HHlliTenHoBCKKM COOTHomeHH

\ ~M)I;';!J/KT. ' 
Ilpa ,paBHOBeClm H3 B~p8.!teHJ:ffi (6) eJIe.nyeT, 'lITO B rpamITaIUIOHHOM 

IJOHe I (~)p) =I (pi-+.2 m !j i~ '" 
(8) 

H ec~ na HeKoTopoA BHCOTeZ = O NU aMeeM MOHOXp~MaTwqeCKHe HeATpOHH 

._
i~\'ii' 11(~~I.Li'i v.iiCTl!ryr I 
glA"'1J~ibdX ~lU .,t~\Ron~u8fj 

" 6l15nJ.!OTEHA



-: 

/~jJ) = ~ .c, I~! J(PZ.I&~~ (9) 

TO aa .JIIOC50H .IJ.pyroH BUCOTf~ pacnpezteaenae CSy.n;er HMeT:b BH,IJ. 
r . ('--.2 1. 2.)I (Z.J r)> lo (q. RJ) o(p +.2177 'jr- -IJ ) cro: 

r.n;e MHOJIrnTeJIIi I1epe.Ii. d·...,1!yHKIJ,He-i1 H.e 3amfCRT OT C • Korna pannonccae 

aapymacrca M B03W!WJ,-)T nO'fU:K, ifaRTOP ~ nepen S- -(llYJ!Rune.ti npaoopera
er 3aBUCMMOCTl:> OT C . TaKHM oõpasoa.pacnpeneaeaae (10) CJm,nyeT 3aID'I

CaT:D B BH;D:e _,. :l. .t .2 

!(l:/ p)==- J,Ji/ 1&) ~ (p +2m]~ -Fo 'l, u n 
a B03HmauM}í nOTOR 6Y.m~T panea 

j{lrP) =- -2)- S-(f2.+2m~!Jl-/g.J)ri~(t.JI1J)/tI~. (I2) 

ECJIH npozarerpaposar» ero no BceM HMJIYJIhcaM p, TO nQJIyqHTCR BllpaJlte-

J{Z;;,» = Jire;p)J3p '" -cZJ 2.J7lp/-Y?7?jr 'til.ii,?,Yclt. U3) 
BBe.rr.eM oõoauaxomse .2JTfo lli3) fo} =?lo (i: Po i, rorna nOJJ:YllIDJI 

:I(e/PD)=- - ZJ,VL-29r/lJ/'c/-r/.o (l/ Pb)/c1l. (14) 

.u.n.a tI>~ n~ ( l , Po ) JleI'RO no.nyqRTl:> ypasneuae , xoropoe CJIe.nyeT as 
38.K0Ha 

C/,'V- J(l/Po) ~ - Tl(r/Po)/?(~/?é), (15) 

r.rr.e n (l/ Po) z: 1i-=2-ii/11/ nl) (~Pc) , 
(I6-) 

a C[ {t , ~ )- - BpeMR 2KR3HH HenTpOHa, xoropoe, sooõme rOBopsI,3aBHCHT 

oT ero CROpOCTH, a 3Ha~T,H OT nuCOTll ~ B rpaBRTauHoHHOM nane~ 

2-, YpaBHeMe JmdxfJYªIDi {roR OTCYTCTBM IIOTepb 

!JyCTb1:= O, 06paTIdM BHHMalUle na TO, llTO R03qxpHIUIeHT .nmIx}jy3HH 

3aBHCHT OT CROpOCTH li nOTOMY Toxe 3aB-J4CHT 0'1' r~::---,,---:~ 

cVx: /?lA z: 8-..l!P/ZI?"L~ x: yl1-..!/~zr;a" ' (I?) 

3.l(ec~ /- cpe,D;HH.H ,IJ)mHa npoaera Mez,u,y .ItBYMH coy.n;apeHHSIMH co CTeHKa
o. KOTOpyIO W CSYll.eM C1JHTaT-b neceoaaaoã. 

IIo-,n:cTaBHB (17) 13 (I4} I! (15), IIOJIy1IBM YpaBHeHHe 

(tI/tlr) !.i.-J J V 'lf, 3.)(C// tlZ) J1,; (r/~)= Ci. (I8} 

PemeHJle ero npBBe,IteHo na Ma'1'l;aMaTj[qecKoM PlIC-YHKIf I (MaTpJlCa I) li H3 
Hero CJle~eT.. 1JTO rrponycKaHJle: HelTpOKQBOi!a ,ItJn'IHli L .. pacnozoseaacro 

:aeP'l'B::KaJn>HO ... pa.BHO 

UI::: .7(.t.)/ .l/o}::::. 2'"~AoLH.,..z)-::r~n.:€J, (I9} 

!?la 

x =- i -2;L/7{..1) a:'= .fq4~~ (20) 

4 

MaTpHca I, PemeHHe ypa.BHeHHH ~3D YJThTpaxOJIO,n;HI:lX HeiTpoHOB 

no BepTmKaJIDHOMY HeATpoHOBO~ 

a) :r. =1. -2.jZ/?í/, ójdjk= - (2J1?70l )ri/dx , #)ix:x1:rllo('):)~o. (I) 

Q)!l. (:x) =r.drz x +#, d/i(x) z: tFwo(x) 'lJ/'l+ (2/2)dn.czJ/dc1. 
(2) 

'a)zr ==- o; .;x, ÓJ 7]== /1//3 ==;IJ~ IX, 1;;)0 ==1tJ;;13. (3) 

:;!' ..t
 

a.) I(X)=(X'l1ó/'J)[120(X)!:.o<..tinD{XJ/d~], $) oL=.f~/3Z'o . (4)
 

CJJA!ov/t::l(x)/2:::iL' s)i (tl:)la =ll=o. 
(5) 

~ :2#0:: ~ (a In XL -t &- -t-dCl./.xi,}, Õ) ex. (tnx,l -cl/.x.zJ+~;;:o. (6) 

,2~-Zt ~ (7)
)!-a(9f -/nx",), b)a.== - eX.: oL{fXJ,-I'oX.l)rX.tx.t!n{:Z:t!:r.t) 

W~ -;Z>,t. 6;, [clno(a)/r11]li=~.t /(~ U/J)~oL a/IX;1ft; . 
(8) 

W-::. i. xJ. /[ Xl. -to x,.. -+ x4, (Xi. /ot.) In (Z'- Ix,!)] . 
(9) 

Cf.) Xl.:: i, õ) W:: ,2 X.1./[ :i oj.:X.t. - (a:t/ot)/n x.tl. (10) 

Cf) 3/1!;;t.--? O, S}o<.... o, tJ tnai/,io( z: - 3 c~/~L . (11) 

Dl) 2.L :::i. , S) ~ ==,2 Z, I) -W::. 1/(1. -r3/./Bc) . 
(12) 

BBe,J:teM nepeMeHHYD (Ia), Tor~ npOB3Bo,u;HasI no r nepermmeTca B 
BIrUte (ICS) " YpaBHelUle ,n1I@}y3.o:npª()TCYTCTBIDlnOTePbnplDleTBB.n(IB}' 
a ero pemeHHe _ (28)), IlOJIHHi ~HOHHI:ii\: .nOTOR lf~O pa3CSJlTb aa ;ftB 
nOTOK8. (2CS), Y'UlTHB8H 3aBlilCJlMOCTD (3a) CROpOCTII 0'1' ~COTU, nepemmIe 
RosdxPBIUleHT ~3D B ~~ (3CS,B), IlO;n;CTaBHB (3a,CS) B (26.) n~ 
(4aJ-c OCS03HalJeHHeM (46) ,'qToCSU onpe;n;eJIBTb K03~eHTu B (2ã),3aíIB 
meM rpa.mNlIHe YCJlOBBa (Ba) aa BXo,u;e 11 (56) lia BllXo,u;e ~mxo.narag 
BüXo,u;Hoe oTBepcTBe nOJIHOCTbJ) OTRPliTW4, Ilo,J:tcTamm (4aj B (~), no 
CooTBeTcTBeHHo (6a,6), PàmeHJle cllCTeNH (6) nplIBe,lteHO B (7), llpouy:c
KaHIe HelTpOlloBO.rr.8- onpe,n:eJIeHO B (8). llo,u;cTaBHB CI)~ {76J, no~ .(9) 

. IJycTb.2:.~ =O Tor;n;a mleeM (IDa), IlO,ltCTaBHB (IDa) B (9J, n~ (IOCS). 
B npe;n;eJIe <ila} H, COOTBeTCTBeHHo, (116) cnpaBe~ (IIB), BBe;n;eM 
0603HalJeHHe (IZa), }1,JIH c~ IUJJDIH.u:PrIeCKolt 'l'PlCSH pa.1tIIYca Z HMeeM
a~l: IJoncT8MB (12a.6) B (~IB) J[ B (106), c Y'lé~o.. "'i =.! nQJlY'Ule.. 

'5 
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c 

B cJIY'rae, xorna rp:UH11'1U\}JOmTHM 'nOJIeM MOJK.HO npoueopo qb, T. o • B rIpe,n9JW 

i. J- L:..~ v:.2., nOJI;Y'laeM xopoiuo ~'3BeeTHOe Bllpa.liWHI-l8 

o W= i /L i+- 3L/1'Il.	 (20 

3.	 ypaBHt3H.He IDidrlN3HH np~ yqeT€ rroTepó 

QT06:!i aanacars ypaPH9HH0 .n;mppY3HH npa Y'IeTe uoreps , H806xo,IUIMO l!,
\. 

KOHKpeTR3HpoBaTb, q'fO npe.n;cTa.BJJmO'l' C060H norepa..1v1ll rrpenecpexea coú
WI'BeHHbl.M pacnanox lW~íTpoHa 'I YtITeM TOJIbKO norepa, 06YCJIOBJIeHHUe Jj;
nornouieuaea M aarpeaanaev neilTpoHa npa coynapenaa co CTeHRL-lMa. 3TH 

norepa MOJlíHOOlllma'l'b RÓ3 1ppmUl eHTOM ncreps fi ' ROTQPUR npa CKOpOCTRX 

ú, MeHbIJ.IHX rpaHWIHoti CROpOCT~ V-//m , xopouro onpenexesnoã .IT,1I..ff KaJKJf.orO 

senecraa (cM/ I/ , -c.227) I MOJK8T 6biTb armpoxcaxaponaa Bl:lpaJKeHHeM 

fi = (f'/3) ? V'"/ôLc'm, (~2) 

rne 
~ ==	 .I]'Y}t /Ret1 

(23)
 

nponcrasxaer C0c50M OTHomemI8 MHIDlOH R ,IlettcTIDITeJIbHoí1: tW.CTeÍ1 a.MIIJmTY.n;H
 

paCCemUUI, nplNêM B MHHMYIO IIaCTb BKJIIOtIeHO KaR CetIeHHe nOrJIOmeHHH, TaR
 

li cexeaae Heynpyroro' paccenaaa, IlOCKOJThKY BpeMH JItH3HU CC CM3a.H0 C
 

ROaqxpmUleHTOM fi COO'rHOrneHHeM
 
-'	 / /-2'"'/i,,'::::..t-/ '/~.,	 (24) 

~ 

r,ne ~- ~a cBodo~oro rrp06era Me~ ~yMff' cOY.Ilap~HHaMH co CT8HKOM,
 

'TO ,d/f'"' OKa31:1BaeTCJI uponopnaonansno V-.l , HO T.R. B rpaBHTa,uRoHHOM
 

nDAe CKOpOCTb SaBHCHT OT BllCOTllnOn~eMa, TO
 

i/ez- ~ 1/;;.11:/-,t'~r/~.lJ/	 (25) 
1'1 ypasaeaae .ztR<IxlJY3l'1R MOJKeT CíI:iTb sarracaao B mUle 

(cI/tI.x)x(#r/cr) no(xj ~ j3.ta: ~J1o(X~ (26) 

rne 
'X z: Lo - -2 0-2/2J. z, j,=lpzt~/#I' ~/}1.(1	 1)) (27)
 

KaK nOKa3aHO B MaTpHCe 2, 3TO ypaBHeHHe npIlBO,IUlTCH K ypaBHeHHlO Becce


~, a ero pemeHxe BHpaxaeTcR qepe3 M0.IlH~pOBaHHHe ~YH~HH Eecce~
 

lo (~J H Kc(}):. ~ ;f.j
 
77~J j!) =:: a: Ia fi) -I- D'Kc l~~ ,	 (28) 

r)J;e J ==/!i/s)jJ.z.
S/f 

. Ilocae orrpe,neJIeHBH 113 rpaHINHliX YCJIoImit KO~-
IUleHTOB a JI cf JIerKO HaxO,UlITCH nponyoxaaae HeA'fpPHOBo,na 

. \11:::. ' .)ot:/.lX~ , {29) 

(I()l~tJ-T~l~lJJJ(K/~zJ-t-Ií..j(JJ~~)-(I(Jl1J.) -r.z. 11. (~.l.»){K~ {jiJ -6t «, (h J) ,
 
f'1I.erl."=fIJ/3VóL, ~i=ot~:Xi«f, ~,.=.)f~). B npeneze acxeaamiero
 
noraoueaaa ~ ...:, O noJIY'tlaeMnpeJlHl)l) qKlpMyJ.tY (19).
 

,) 

.~~ 

U
 

~ilaTpnca 2. ,/pamlOrme JlMqXYY3lm: e yqe'1'OM n(j'~''; ph 

Cf) X =i -;l32/~J.., S}jo: ~.J:Y, lJ.v::Çj%, z)S~!1J;J/;;)vfzt/ti:. (I) 

a} ll/'+n//j -11 ={}, ó)ll() ::- ClZ/l)-fIJ;, o: ÔIo I: t., c)J.~ ~-K~ . (2)
0 

a) jl(j)/tI~ =-1/1
~/1~(J' Ó)t=t1/.y:c~il?Zb;/?Ji~, I)(/~, ~=;,.(3) 

(v'r[ ClIo+fK~ + o(q~ -(k1.)])1. ==.24, Sj!;Ia +tKo-'t(aI[gK.J~=:O. (4) 

a) 1-:= - 0(( Lo-111.) b} a =: __.2;Vq (-to +ot:f Jl/v:Yi .. (5) 
Ko -+t /(L '1 ' tx, -+- ~I 1 Jl 0':'(> rYAJ.J"t - (To -rlj~/t"o -rt'f.Jj 

IN =. - IX;. (l'ZJz/110 7fi ) Idn€J/JJ)l ~f'(1-x?-I!Vo Jlf;) (C!I1. -#tI)!/. • (6) 

q) «, I I + K1. lo = fi!, d) W= JoL 'Y/:rt[!I"o~!t.);JK(J+~~)t-(Lo-rIJ.L(fo-(tJ.~1.(7) 

~ t -,. o, S)cÓ~O, !;J-O, z) I o-1, J)Ii~O' e.)Ko'" - t n /1-, JIl) ti." -i/J.( 8) 

w-s«V/.zt. L~//I~ -t-O't/j'J + tntJ-0.t.)] -=f.oI.j[oI(:lt.+:X! )+:1i~1'''[.7tP2DJ.t.l.(9) 

Cl) x/ -;:: i -~J r; /Z{~, S) t.: ?J J:/. f)otz: 7/;/3 2{, .J. • (IO ) 

3aMeHa nepeMeHHllX (Ia,6) c napaMeTpaMM :(IB,r) npHBo,nHT ypaBHeHHe R
 

BH.DY (2a). Era pemeaae YKa3aHO B (2c5}. BOCnOJIb3Yf;:,.mH CBoi1CTBa.MH <PYHK

nl'lM Beccaarr {2B,r), r.ne lIlTpKX osaasaer J.U!@;epeIID.MpOBaHHe no ~ • ECJIH
 

npn BH~c~eHM~ nOTOKOB ~~peHnHpOBaHRe no c npe~CTaBRTb B BH,ne
 

(3a), rne BBe,neHO odo3Ha~eHHe (3d), H BBeCTH' 0Ó03HaQeHlie (3B), TO
 

rpaHR~e YCJIOBlIH aa KOlID.ax neãrpoaosona nponcraaarca B mme (4),
 
OTKY~ CJle.rryeT (5a,6). Ilponycxaaao HeliTpoHoBo,na 3amICa.HO B (6). TIo.n;


CTaBJI1B {5) B (k)') H BOCnOJIb30BaB11lJICb CBoaCTBOM (?a), nOJWlHM (?-6).
 
B npeneae (Ba) a, COOTBeTCTBeHHO, (136, B) crrpasannaso npZdJllDlteHH9
 

-(8r-'1t)" 'qTO np~O.nxT (76.) R BH.IlY {9). OúOJHa!le~ ywi3aHl:l B (IDa-B).
 

BlipaxeHHe {29) Y'JKe n03BOJIHe'l' orracars padOTY cneXTpOMe'l'pa /2/, 
npe,IlcTaBJIHiJJ.teT0 c060R ceKJJ,.KIl HeRTpoHoBO,na, KOTopaR nyTeM-noBopoTa 

BOKpyr ropHsOHTanhH~A OCR U9BopaquBaeTCH OT ropn30HTanbHOrO nOJIOZeHHA 

:K BepTHRaJIbHOMY" OQeBR,IlHO, 'qTO npa ,nOCTaTÔtIHO MaJIOM ~ce HeitTpoHO-

BO,It, HaRJIOHeHlU:di 'non .yrJIOM «f .K ropM30HTY:, MO~HO Cl.IHTaTb Bep!I'HKaJIl) 

b	 7 
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HHM, HO YCROpeHHa cBo60~oro n~eHHHl rrpx aTOM Hy.EHO SaMeHRTh Ha 

~ stn 'f • IIyCTh nepBRlffiHH nOTOR RMaeT CIIeRTp 

oI~ == c E dE (J(ElIl~EL Ec.,)) (30) 

r,Ite () - 4!yHKUM PaBHa. e,1UffiJllUe npa BlinOJlHelUlH HepaBeHcT:sa, yRaSa.HHO

ro B ee apryMeHTe, 11I HYJlIO B npoTlIBHoM o.nyqae, a C - HOpMl'IpOBO'CfiiM 

nOCTOSIHHaH. 3TOT cnexrp nORaSd.H aa BCTa.BRe aa pRcyHKe. BeJIKtmHl:l EJJ,t .H jiEc« COOTBeTCTByIDT rpaH~M aHeprIIIRM aHDMHHKH R Me~ COOTBeTCTBeH-

HO. 

l~lLL
 
Cu E O A( 

oI I ................ , I 

~ , 

ECJIJI 6li cneKTpOMeTp HSMe L 
p&X no~oe ~HcnO HeftTpoHoB, It 
,IT.OCTHI'a.IOOlHX Bb1COTli:Z npIII paBHO


BeCHOM pacnpe,IJ;eJIeHD, TO CRO


pOCTh c~eTa ~eaHhHOrO ,IteTeKTO


pa B SaBRCBMOCTX 0'1' yrJIa HaKJlO f-

I 

aa O~riBaJIaCh 6liBHpaJtteHReM 
1',

(CM. , c.62, (.J)oPMYJIa 3.3 B 

HeCKOAhRO HHliX 060SHaQeHBHX): 

1>=c [fl.- j i l1 f JL..;. 

_ [Mtt'JC (-6in ~ -~in1J O)].!l
J 

EAr Cu 6 (11 'fI.;::' E.tJl!fie" . (3I) 

Oao COOTBeTcTByeT RpHBO~ I na pRcyEKe. EcJm se .npOlIHTerpHpOBaTh BJipa
zelDle (29) no cneRTpy (30), TO no.ny1lHTÇH cnexrp , lIs06pa.&eHliHA RpHBol. 

2 aa pIllcyHKe. O6e RpltIBlle HOpMHpOB8lfhI aa e~ npa Cf = O. Ka.~ecTBeimo 
OHB cor.nacymCH c p8sYJIl>TaTaMIII RSMepeHRR: B 2/. BOJIee BHTepecao, 

onsaxo , pacCtIIITaTl> pa60TY U-06pasHoro rpaBltTa.InioHHOrO Cn;eKTpoMeTpa, 

KOTOpidt llpIII cnexrpe (30) ,ItOJDKeH llplffiecTH R mI'l'erpaJIhHoi RpHBOI, CO

,llepza1Itei ~eTKO BlipaJleHHOe IUIaTO. . 
BlipaJleHBe (29) no.nyqeHo ;IJ)IH nOJIHOCThll .n;EIxW3Horo OT~mm HeitT

pOHa OT CTe~pK HeitTpoHOBona, HO ero MOMHO 0606~h 11 ~ c~ ~~., ·1
lW aepKa.JIhHoro oTpa.1teHHH 0'1' CTeHOR. IJyCTl> '., HalIpOep, ,ItOJIH ~S9HO t. 
aoro olf~eHWl COcTa:BJIHeT ~ , rorna aTO npllBe,IteT K YBeJIHlleHJU)  ..i
npocera l B Bblp8JltelIlm (20) B (2 -} ) /5 pas , B, Bllpa:ateHD (24) JJ,lIIIHa 

I cooTBeTcTByeT ;nmme npooera MEmJJY ,llBYJ4ll CTOJIKHOBeHHRMlI. co-cT.eHKot&:, 

eCJIH 060SHa~TD ee TaK Xe,KaK III B (20), T.e. CqaTaTl> ee' TpaHcnOpTHol 

~ol, TO BO 1Is6eEaHlIe lICKaJtteHHH ~al{qeCKoro pe3Y~TaTa He06~0~0 
Y13eJIF[B'rl> 11 norJIOmeIDIe, T. e. 'P B (22) T.ose B (2 -l )/~ pas , TaKID4 l: rI'

8 

Ü\1P<:lSOM,.,II,JlfI C.7JY'I3.R .nH:<í4JY3HO SepKaJInBOrO OTp8J1:erIH.H OT CTeHOR MOiKHO 

rrOJIh3úBaTbCR TeM 2Ke BHpaJiteHHeM (29), YBomt'llHB TOJIbKO L H f B HeM }I 

(2 - ~ )/~ paa , 

4., k!CIIOJIb30BaJUfü peKvppeÍITHHX COO'1'HomeHH.0 H ,s:J.ilé"i1.W :nwI:xPY3PIPI 

JI,n.n: peueaaa BOJTIWBWC sanas oxeas y.nOÓHUM ORa3aJICH MaTo.npeKYP

penrnux COQTHOmeHHfi (CM./I / , rJI. 5). OKa3fIT.af:''l'(;,H, l{TO 8TOT JKe M8TO,n 

IIf.lHNIeHHM n B c.rryqae .D:HíI4>Y3mt .. llTO JJP.eT B03MCi!CHOCTh .n;O.BOJlbHo. npoero 
paCC'tllITUBaTI> ,UH1XPY3RIO B CJlOJltHl:lX HeHTpoHOBO,IlJHJX KOHCTpYKItmIX, nOCKOJIl>

KY ~ aToro AOCTaTO~O paCCllB'1'aTb AH~J3~K' no OT~eMl>HOMY y~aCTKY. 

K03(!4~HeHT nponycsaaaa OT.n;eJ1l>HOrO yqaCTKa, HE:3aBHcHMO OT Toro, HBJlH

8TCSl EM OH ropH30HTaRbHHM 1tnM BepTRKaJlbHUM. MOJKHO, K8K H R BomIOBOM 

cJIYllae, paccxarasarr. IIO tIopMYJIe 

7;1. = t./eJL í.t /1.1- e(-l. ~ ·e./f 7:/~ (32) 
t'Y r J :t. ;r.,,'f, ~ pone c » .H 'E. - KOS'l-'*'HU,HeHTbl orpaaeaaa li TIpOXO)K,Il,eHJ.ffi na KOHIJ;ax aezrpo, , 

HOBOn' a e'i - ~YIlKIuni pacnpocrpaneaaa 
' 

I1JIOTHOCTH 0'1' KOHIJ;a J 
, 

R KOHIJY 

i 37. B ,IJ;aHHOM CJIY'Iae 

e.11 = retz/:K1 I(ji/h)/L!J1)' ef2=~/;;K/!:t)jKoiJ.z). ("33) 

)lJm l:leropHSOHTaJIbHOrO ueRTpoHoBO,na nponycxaaae W CBHsaHO. c KOa<I$i

J:U1eHTOM nponycaaaaa 7;1. cooraoneaaea W z: 7;1 .~/~ • HHTepeCHO OTMe

THT:b-, llTO 7:2. npa OTCYTCTmm. nororomenaa CmJIMeTplfleH no CBOHM apry

MeHTaM, KaK li ,n0Jr/KH0 6liTn B cwry TpeC>OBaHIüí YCJlOBliH ,neTaJI:bHOPO paBHO:" 

BeCHH. B MaTpRCe 3 TIpRBe~eHo pemeHHe 3~allH o TIporryCRaHKR BepTHKaJlh

Hora HeRTpOHOBO,na c nOMOmnIO" peKYPpeHTHWC COOTHomeHIDl. OHO, KaK Ir 

,IJ;9'JDK,HO 6HTl> , nOJlHOC'1'nJO COBIIa.,ItaeT c penenaex, nOJIytleHHl:IM B MiTpJiICe· Z 
KaHOHHtIeCKHM crrocoooa. 

MaTpllca 3. BlillRCJIeHJiIe nponycsaaaa peKYPpeHTHUM enocoõoa 

CI)ll,ul. =(i+Z;Ji1o, ó) n.; =i; no IX/~i I;;fJ}/Iol}~), IJ''''Z/=t;l+. (I) 

r)ll 1Jf1.-'ZJ.of)/.2. ::: - ~t J7~ lJi. /tl/rli.)LflJ!.rtlJ.i) ' ~) i-z/::.,~~+, 1j/~~J/tJ+Í'Jl(2)o

Jt~of-~(1-'1}jrlf-'J.), S)7,' =ii IJ.'l;)!Icg,i.), ~Ii- =f~g)X;ijk tÍ?li~- (3) 

'C/YI1;n ~. ntJ-,/:X/~' [XtJ(j )/K I'~) -i:1(1 lJJ/.I~ l1JJ, 8)11.'41.= i,-I1().- (4)D 

af 1. -t 'tt-.~ .[~- , S)tl. {Pt.-Z.t-J::: ç, I; f>t~'= t~;t~Kf)c~h1=;. · (5) 

'9: 



'1 n,' n = Jl (:L/.x; [ lo l~)/I;; {j.zJ + ft2,T 1<0 (~J//(of)J] , ~) n(J~i == t + nD• (6)
2

aJ i +~:/ ;:: t;, ~) 12. (i. -fi 7.;) :::-1:,."', ,~; i/o = j). fi +'p"')/Ii+h.hJ • (7) 

(8)a) ~.,.::: !I.z-J Yfl+7-.lh), á)ti.~ ~ 't 1t tp,,)!tI.+7-J.), C);" ::.(jJ.Pt-1)/(i+t~)., 

a)1;,.. ,:: t"te.ui; Iri-e,2{ 't~ e(Z t;), s)42J.( :: Y.z-zj:i; ID(l,)/Io (~J. (9) 

S) w~ v'.x,e/~; 7;.1 . (IO)
a)€t.t ~ ({{,!.:t).. Ko (~J/Ko{J.t.), 
,., sxona 6eCROHe1JHO .n;.mrnHOí1: TPy6ul. pacnOJIOlteHHOH B.n;oJIb.i 7 2 ! , IIJIOTHOCTb 
Hap~ II BHYTPH, Kor.n;a nepBH1lli1iH nOTOR rra.n;a8T CHapyu, rrpe.n;CTaB:PJ:M B 
H.n;e (Ia) H (I~). YC~OBHe H8rrpepHBHOCTH nnOTHOCTH II nOTOKa rrpHBO~T K 
'p8.BHeHHRM (IB) H-(2a) COOTBeTCTBeHHO. Y~BHeHHe (2a) y.n;06HO 3anR
aTb B BH,D;e (26), rorna pemeHHe YPaBHeHd (IB),. (26) nw.n;cTaBHTcSl BH

,9aJKeHH.R:MlI (2B) li (3a), rrpHl18M :aBe.n;eHli.0603Ha'tl8HIDI (36,B). ECJm nep
,~~~ nOTOR n~eT H3H]TPH Tpy6u, TO COOTBeTCTBYID~e lIJIOTHOCTB BHYT

R 11 BHe TPy6I:l npe.n;CTaBJlmarCSi B Blme (4a,6). YCJlOBRfI Hen~pHBHOCTH 
:pBBO.ItHTCSi K ypaBHeHIDIM (5a,6), r.n;e BBe.n;eHO 0603Ha'tleHHe (5B). Y BliXO
a 68CROHe1JHO~ TPy6H, PflcrrOJlOJKeHHOK npa '2'L r 2., ILlIOTHOCTb BHYTP:lII H 
HapY1Ui, xorna nePBRtffil:üi nOTOR nanaee Jl3ayTpH,. n})8,IJ;CTaBJIReTCSl B BH,IJ;8 

(6a ô). Ypa.BHeHIDi aenpepasaocra ~3aHhl B (7a,6), me peuieaze - B 
(7B*f.~(8a). Peaeaae ze ypaBHeHd (5a,6) npne.n;eHhl B (86 ,B). Bcna B 
"~03 eHT nponyCKaHWI,{ 9a) no,nCTB.BHTb <J)YHKIum pacnpocrpaaeaaa (96) 

( a, TO AJIR nponycaaaaa (.106) nOCJleno.n;CTaHOBRR scex K03~eH-
OB~, , t~ nOJIyqRTcH rrpe~e8 BapaJlt8HHe, rro,JIyqeHHoe B MaTpHCe 2 • 

. I , , 

ABTOp 6JIaro.n;a.peH B.B.foJImCOBY H''"D.B.HHKHTeHKo sa aarepec K 3TO~ 

aanaxe, penenae ROTOpOH 6wro npeJVIpIDUlTO' rro HX :muu:tHaTHB8. ABTOP 

6JIaro.n;apeH D.B.HRKBTeHKO TaKM8 3a nOMOm:o B npoB8,neHRH qHCJIeHHhIX 

paC1l8TOB. 
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PllrHaToBHq B.K. 
~H~Y3HH ynbTpaxono~Hb~ HeftTpoHoB no 
HeHTpoHoBO~y B npHcYTcTBHH rpaBHTaQHoHHoro 
nonH 

4-87-4ü2 

BBegeHo HOBoe BbIp~eHHe gnH ~H~Y3HoHHoro nOTOKa B npH
CYTCTBHH BHernHero nonH, KOTopoe nepeXO~HT B oG~enpHHHToe 

npH TennOBOM paBHoBecHH. CocTaBnHeTcH ~H~~Y3HoHHoe ypaBHe
HHe H HaxO~HTCH ero perneHHe. Onpe~enHeTCH nponYCKaHHe 
ynbTpaxonO~Hb~ HeHTpOHOB BepTHKanbHb~.H HaKnOHHb~ HeHTpo
HOBOgOM. 

PaGoTa BbInonHeHa B ITaGopaTopHH HeHTpÜHHOH ~H3HKH OllHll. 

Ilpenpaar Ü6'henHHeHHOrQ HHcrHTYTa JU~epHbIX accnenoaaaaã, )ly6Ha 1987 

Ignatovich V.K. P4-87-402 
Diffusion of Ultracold Neutrons 
in Neutron Guides and in the Presence 
of Gravity Field 

New expression for particle díffusion flow in the pre
sence of an externaI fiel~ is introduced. It ~oes over in
to the usual one in the case of thermal equilibriurn. New 
diffusion equation and its solution are faund. The ultra
cold neutron transrnission through vertical 
neutron guide is obtained. 

or inclined 

The investigation has 
af Neu&ron Physics, JINR. 

been perforrned at the Laboratory 
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