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© UeHT'pUWIWI ...,.._-c•...,..llCKHA HllCTllTYT HllCtJc>PMalUlll 
11 teXll.....,......caa 9CICMAOU"" A no 81QllllOI HayR 

11 'ltJUlllM (Ut*flla I J ' l985r· 

BsaJ1110Aelcr1ae .AllJDQ'•erocs no 11ep110N1qecxol rpaesto1111 

snestpoaa c nnocxol yosoxpouar1qecKol s:nexTpouarB1'fBOI JOJIBOI 

filJUl8tCB OJUllDl BS B08MOEllKI cnoco6ol JCB:ll8HHB a:neKtpOllaI'llJl!BOI 

1ou11 :a :naaepe ea c10C:SoJU1t.a: a:nenpoeax.IlpeJtJIOll8BBHI :s [I] u -

tOpe80BaHCHHI naaep ea CJOCSOAHWX: a:neupoaax, OCBOlaHBHI Ba 1aa­

lllOA&IC!IHI sapHZeBBOI qactH~H 0 a:nextpOllal'BB!BOI IWIBOI, pac­
npOC'fpaBIUlltCIOB JAO.U OJUIOPOA&Oro •ar1111tBoro nons 80 II 2 

xapastepB8J8!CB llOO!OftBO!JOI pacotpolKJI Of !O'IHOrO peaoaasca 

np1 11s11eaeu1 aaepru aapJU,a. B [2] noxaaaso, uo nocToaacHo 

paoctpOIBB, CBB8aHB08 c OJ~8C!IOBWll8M BB!8rpa:na ,ltl1Dt8HllB 

I=~-P~, (I) 

Hll88! 1180!0 Jlll!ii. B npaCS:nKK8llllB 3QA8JIBOI JB821H8I JOJIBH. 

sxec~ 0 - noJl&aa aeepraa, a P~ - JlllIIJlll>C qac'fa~a JAOJllJ no:na 

B0 (B 8ABHB~ax rn = c = 1 ). 
B .aac'foll!tel paCSo'fe pacouatpz:saerca B:nBBBHe a1ropeaoaascaoro 

B88HUOA&IC'fBIUI qacfll~ c JOJlHOfl aa nonepeqald 911BT'faBC DJ11BS. 

JqHHl8Jl CBHB~ t = J P't.' + P~ + 1 t BS (I) BetPYNIO llOJlYUU 

.iuu1 nonepeuoro K11eeua!H11ecxoro HMilym.ca 11acn~: 

P:=2It-1-I2
• 
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JIJl4.(lepeBitiIPYH 8!0 Blil)aZ8HH8 no lipeMeBH 14 ycpeJtHHH no liCell 

qacH®M nyua, DOJIYqJ411 ypallH8Hll6 )Ul!I CKOpoC!B 1131118ll6Hl!H cpek­

Hero KJJ8Jtpata nonepeqnoro uMIIyn:r.ca nyqKa 

d. dt < P.1.2. > = 2 < I ~ > . (2) 

KaK noKaaaao li pa6oTax [I-3], !paBK'fOpHH aneK!POBOB RBJIH­

D!CR BBB!OBYllH JIHHHRllB C H3M8HlUlilUIMCR BAOJlli ny!H pa]UtyCOY. llo­

CKOJI:&Ky ,lijlelw ~tH!pa napuopo»cKoro Kpyra otcytcTByeT HI >0 , 

!O BaaooAeltcnHe B peuue xaaepa ( i < 0) oi!Haqan yuenmeaae 

nonepeqaoro auattaHca nyqKa. 

Kax BetpJJtHO nonyqn!:r. HS (I), OTHOCH!6Jl:&BBJI CKOf'C!li H3M6H6-

. I 2. " BIB npoion:r.aoro HWiyn:r.ca P~ Pr: :e 2P.i./(1+PJ..) pas ueH:&-

H O'l'HOCJl!em,aoA cKopoctK 1a11eaeHBH nonepetUtoro BMIIy:n:..>ca P,_/P.,.. 
Il08!011Y yiaea:r.meHJ48 8MIT'l'aHOS 6yJte! slfMl>eK!HBHO )Ulff II)":KOB c 

2 < i: > « 1 t KOrM IIO!ep• 8Hflpl'Hl4 Mallli. Ho B DpaK~Hll8CKBX np•-

Jl0K6HBRX MOSHO TaKZ8 KOMII6HCHpo:eaT:& notepa aaepl'illl :eaemHBllH 

ycKOPHl>lllllOI 8JI6K6Hta»H. 

B npH6nxaeHHH uanocTB uaueHelUIR nonepeqaoro HMIIyJll>ca np• 

B8aHMO;ztelCTBHH c BOXHOlt, KOrM ABHll6llJl6 B nonep& ·,aoll nnOCKOC!ll 
--... . 

onpeJtenseTcH none11 B
0 

, MR ~ :e none nonapaao:eaaaolt no ocl!I 

x BOHH H8TPYJU!O nonyuu: 

• ~ P_.. 
~ = s U) T cos If , (3) 

r'P,e U) - qactoTa :eonsY, ~ = e E/(.i) - 6eapaauepHaH a111u111tyAA 

8Jl6KTp1qecKoro IIOJIH :eonHli, a ':f - ~a xapuopOBCKOI'O :epaD18HHH, 

O!C1UIT!illa&MaR OT ~Ii BOXHH B fOqKe HaxOllA8HHH qacTH~H. 

YcpeJtH6HH6 no BC6M qacTH~aM nyqKa B ypa.BH6HBH (2) II08BOJ1H8'1' 
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Bll6CTO Jt6faJI1>HOI Tpa6K!OpHH O;itROI qacTH~ B sa,JtaHHYX BJlellllHX 

nonRX HCCJl6JtO:B8Tli cpeJtHH6 no nyqKy B8JlHllHHY, HCIIOJl:&ByH KHH8!14-

qecKHA nO.itXOA. IlpH HaJlB1UlH 3Jl6K!pOMarHHTHOi :BOJlHY c 
- --- t(c.>t- l<i!) E' B ~ e t KO!OpylO 6YJt611 CllH8Tli uanoa no cpaBH6HKI) 

- i (wt-1<<!0) 
c Bo ' BOSHllRaxlT <)nyK!JaxtHH IIJlOTHOCTH nyqxa ~ e 
KO'l'OPH6 npHBO,'IUI! K 110,llyJlH~H ny11Ka no <:f H COOTB6!CTB8HHO, 

K HeHyneBoA npa:eoA 11actH (2). ,llna pac11era sroro aqKlleKta npeA­

CTa:&l411 qiyHKIUID pacnpeJt6Jl6HH!l ll Bl4,?t6 (4] f = t + of , rAe 

t 
0 

- ocao:BHaa pa:eHo:eecsaa <PYHK~li pacnpe,?texee1r1a,a j 5/ I« /0- Ma­

Jl8!l nonpaBKa K f 
0 

, o6ycJIOBJieHHrui: Bonaolt. B6JIB314 peaoeaeca 

YA06HO of npeJtCtaBH!h B BHA6 p!l,?ta ~yp:r.e Of <f 
of= L ~5 ( p.L' pi!) e LS:f • IlOJtCTaBJlHH f B 6ecCTOllKHOBHT6Jl:r.H06 

KBH8!14116CK08 ypa:&H6HH6 H npeae6perllfl llJl6HaKB B!Oporo nop11JtKa, 

nonyu11 CJ16;QDD1ee pemeue MS Koaqxpz~eHTOB 9s ( P.L , Pc) 
2.rr . 

Gs 
~s= i.(cl+S) 1 

1 ( -LS°t' 
G. 5 = 2 ~ ~ e Q(P.L, P= 7 t')d~ j 

0 

,.., e a.fo (--- 1 - ...... - ) 
q = C.Ue aP E + w [ v [ t< E ]] ; ol = 

KVi!. -c.u 
Cil9 

(4) 

r'/I,6 Wa = e Bo Ix - napuopo:scKaH qacTOTa, 'C' - waaa HH!erpapo-
--- [---] :ua!BH H acnonso:eaaa CBH3li (A) B = K E )fJUI nonH BOXHH. 

B6J1Haa npoctoro ~xnotpOHHoro peaouaeca ocao:&HHK 11neao11 B 

lflYp:r.e-paanoaeHllH 6f 6yJt6T 11neH c S = I. Jl.rul lfJYHKlO!B 

pacn pe M ne HH s 
z/ 2 £ _ 1 -P,_<P ... > 

To - :Ir< P2> e 
.L 

0 (Pr - Po) 
(5) 

c yqeTOli I z (11" P!.)/2P0 B penHTHBHCTCKOM CJIYqae 

2. 2 ) ( P0 » 1 + P .1. nonyu11: 
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,, 

Sf=- P.l.(1+P;) i!f 
g <P.1.2.> dLl 11 -P}) e 'fo J 

(6) 

SL 
ru ·Ll 11 = 2 c;;- P0 -1 , SL= U)s )(. 

Dpmellllane upoJtOJll>Ho-MosoxpOMa!Kqecxoro nJ11Ka B f 0 , KaJt 
-1 

BHPJAllO OJlOUU H peaoaaacaoro llBOZH8JUI ( 1 + d) ' cnpa-

BOJgm•o, •~ 01aocatellI>aHll i;sa6poc no npoioJii.so111 IDllly.ni.cy 

(Pi! - f'..)/P0 uoro 11ea:r.11e P: 
Dpm JCP8All8IDUI no 6-f IOSBllKSH 06yq.1nd I !8.KJIX cJJyqaJIX 

2 uo.uo • ~na P.1.. = A 11 , o6ycnoBneBBHil pesoaascHHM 1u1on1e-

H•. Do apuuy o<SxoAa nonJOCoB Jla&JtaY (sa11eaa ro - (J) + Lo ) 

1111 DQ11111:11 AIJl astepecy~lll8rO sac as1erpaJ1a: 

f t ( ~) d& = C f U!) dr: + LJC6(.A11- ~), 
J t:, - ~ J .111 - 2 o II 

2 
r~ Z = PL , a Jlllterpan c qeptoqxol oaaaqae1 1a1erpSJ1 B 

c11~e rJiaBaoro asaqea•a. 

IlocxOJI:r.KJ' iJ,ills1qecKHl c11wcx •11001 !OJI:r.xo peam:.•aB qact:r. 

ypuseHH (2), 'l'O np• .1 11 < 0 , Kor.-a upaBWI qacu 1DIC!O 1111B-

11aJ'I, CKOpOC!Z. K3116H011HH cpe.1t11~ro DOIIepeqsoro IDllIY.U.Ca pall88 

BJD. A BP• .111 > O uonyqaeia: 

d 2 

dt 
< P.1.. > = - ~ aru:i A (1 +" )e-Au/-'JJ:.> 

S zpoz < P/>2 II ~II • (7) 

Uazco111 IIpaBOA 11acn JI cJJyqae < Pi,, 2 > « 1 ( P0 % con st) 

AOC'l'•raetc11 .a toqxe .6. 11 = < P; > , • ero pe111eaue11 flllJIHHOH 

2 z z_ 23r 2 ~2_E__)Yz 
< P"' > = ( < ~o > e S 2.A P

0
l. , (8) 
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rM < P ..... 2.
0 

> - aaqwtl>HOO BBaqea.e cpe;zt11ero DaJtpata nonepeqao­

ro IDOlJ.JI:r.ca nyua, ). - ,IUll!Ba BOJIJIH, a ~ = ct - ~a upoll­

iesaoro IIJqK011 1111x. 
B cnyqae, zorJta ..:1 11 = const 

nyuia: 

• llBOro 118HH8 < p,Z > ,no-

2 ( 2 3 6.1!'
2 

~2 )11.3 < ~ > = < P.._o > - 21' p; s A11 c . (9) 

Y11es:r.mes•e nonepeqaoro a11•ttaHca uyqKa np• 8.lltopesosaacso11 

BBWUIO~eac!BBB nyqoK-BOJIBa llOZ8! 6H!:r. 8ftaq11eJIZ.HliDI !aJtze B Jtlft 

110A,YJ1BpOBaHHoro no tf nyqxa, ~YBKIUU> pacnpell8JI8BKH KO!oporo 

Bw61pae11 B !aKOll BHJte: 

f U'.1. , Pa, If) = f ( 1- c cos 'f) , (IO) 

rll8 0 < € ~ 1 - rJ1Y<S1sa MO)lylUIIUIK, a f 0 onpeMJlfte!CB H 

(5). IIOCJ18 ycpe;ztBeHlllft (2.) no WBKIUIB pacnpe~eJI81lH (IO) noJIY-

111111: 
d Cc) 6 

d t < 8_ > = - e S 2p2 ( 1 + 3r < p"' > 2)' 
0 

(II) 

.JF ~ I r~e yqreua OBHU < fl> = 2 < ~z > 
O'l'CJO,lta npa < P.1.2 > « i ( Po ::::: const) , DOJIJ'IUlll 

2 
< ~ > = P.1.0 - c S 3f 2 A P

0
z (12) 

1CJIOHO llUOCH K8118B8Ull nouepeuoro lllDY.lllca, KCDOJll>SOBaJJ­

BOrO npu BYBOAe Bcex top11y~, osuaqaet was1z11ecKB orp~qeu•e 

Ha .l.JIBH1 DpOl.leBHOro DJ!•: 
2 

1 < 2), pa « J1, 
0 

(13) 
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e P.2 .e.1. 2 r.2. 3/ 2 z I rJ;e .A= 2n'l. < .10 >15 ; < J.o > / 2ar s L.\11 ; P ..... 0 c gar coot-

Be!C!BeHHO ,JUIR WOP8YJ1 (8),(9) H (!2). A J18B08 H8paB8HC!BO HB­

J1H8!CB cneAC!BH6U llpB6nHZ6HHR a~a6a!HqecKoro BKJIEq8BHR nona 

BOJIBH (aueaa Cc) - a> + i. o ) • IlocKonx1 B aameu cnyqae none 

BBJlllqae!CB urHOB8BBO, !O llJll6JIHZ8BH8 BJU11S6a!1qeCKH H8.IUI8HBOro 

B1JU>qeaa11 nona cnpaBe.IUIHO npu :apeueaax, 60JI:&llllX Bpeueu peJiaK­

CIUUfB. To 8C!I> Bsp8.118HB8 (6) ~ Of CilpaB8.1{JIHB0 1 JCOrRt ny­

qoK npomex nyu, 6on111H.ll 2 ~ Po2 
• 

lloAqepxaeu, q!o 1cno1ae (!3) oxe)tye! HS ue!OAS pacqe!a. Cauo 

ze ypaBH8HH6 (2) CllpaB61UUIBO B npH6JIHZ6lil'IH SSA!UIBOrO BBemaero 

nona, xorAS neBl'llmpo1cxaa qactota nyqJCa UBoro uea:&me qac!O!H 

BHemeel aneK!pouarBB!HOI BOJIHH [2] • OHO YKS8HB28! Ha CBB8:& 

U6K,llY CKOPOC!:&E H8U6H6BBB nonepeqaoro HMllynca H CKOpOC!:&E HS­

ueHe&Hll aeeprHB nyqKa. 

J(JIH nyqxa c P0 = IOO H {}- = 10-3 H naaepa c g .. I0-3 

• .:>... = IO UKU .IUIHBa ny!H, Ha KO!Opou < p"'" > il8M8BH8!CH Ha 

IO%, cocta1naet 80 cu, npa Hou .JUillHa penaa:ca1uu1 nopa~a 20 cu. 

B a8KJllOqeaHe aBtop BYpa&ae! 

sa uonesaye o6cyzAeHBft. 
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6naroAapaoct:& YeJIBKllBY P.A. 
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