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(() £puOHCICUU fl1UB1Aoeec1e1oi UHCTMTllT· 197 8 

BosMOjJ!;HOCT:& vICITOJI:&so:samrfl a;~t.QeKTa pe3cnancHoro paswliteH1u1 

ycrrnpHSMOI'O B CHHXPOTPOHe rry1ma ITO,ll, ,ll,et:cTmleM Bb!COl-:0'.JBCTOTHO­

~o M8I'HVITHOI'O (aneKTpV11Jec1<0ro) rromi: ,Z{;IH ::mcrrepl1M6HT8JI:cHOI'O 

orrpe.l(enemur tJacTOThl 6eTaTpOHHh!X KOJie<5aH11i1 Q paccMOTpeHa :s 
pac5oTax [I - 5]. 

0,2\HBKO, 3KCnepvrMeHTaJI:&Hlile .n.amrue, ITOJIYtJSHHb!e Ha EpeBaH­

CKOM c1rnxporp0He He cor;;raCY'.OTC.R c TeopeTwiec1rnAU1 rrpeAcr<aaaHM­

mu1' B IJ8CTHOCTII!' pa60Tbl [I] . 
TaK, Harrpi.rnep, n aT'!X aI<crrepmAeHTax :acei',11,a c y u;ecTEyeT Ee-

Koe aHatI~llrne ( tH / f 0 )onT , npll! I<OTOpOM rroTepH ny<ma rrp•i aa-

.n.aHHOM F Ha cTo HKax :sa1<yyrr.Hoi1 Kai.rephI - Ha116on:r:.nrne, a rrp11 

OTI<JIOHeHml ~1f0 OT 3TOtl BeJIIl!tJl1Hb! ll TY MJil1 B HHYIO CTopouy 

rroTepz yMeH:r:.ma eTCff. Ta1<oe rro:Be,ne H11e IT.\' tJ!ta 1rnBC SMOlliHO 06'.bffcH11T:. 

Ha OCHOBe TeOpl1H paCiOTh! [r] . 
8Ty H8COI'Jl8COll8HHOCT!> MO;ftHO 06'.0HCHV.T:& .lIO-Bl1,Z!l1MOMY TeM, 

IJT O E paCioTe [I] He YtJT8Hbl c ne.n;y-10m11e OCiCTO.R TSJ!l>C TBa. Bo-11epl'b!X, 

B pe aJI:&HOM CHH.XpOTPOHe R8lli,11,8ll 1!8CTHL\8 IJYIJ!ta Ha ,l(aHHOM o6opo'.l'0 

(II.) HMeeT CBOIO 6eTaTpOHHYIO .ltB83l1- tJ8CTO TY Qi< ' !ll<li:.iettemre 

KOTOpoV. OT oCiopoTa K o6op oTy MO~HO aanv.caT~ B BV.Ae: 



c ~ ' ¥ 
QK 7:: Qt<+ o Q co1 (2Sf t: (K-1) + ~) (I) 

a,:n;eCb ~~ - qaCTOT8 6eTaTpOHHblX KOi!e6aHHH CMHXPOHHOH 1J8CTH-

11,bl HR "K 11 - TOM o6opoTe nocne Jiatrnna Ae~c·.rBID1 B05MVlllemm (I) 

f c./ f 0 - 1J8CTOT8 crirnxpoTpOHHb!X f(OJie6aH~ B e,:n;HHH11,8X qaCTOTbl 

xapawrep;.rnyeT 
o6pameHHfl qacTHl.l,li! B CHHXPOTpORe, napaMeTp s 
qaCTHL\Y no 3H81Jelilll0 ee KB85H-1J8CT0Tb! B MOM0HT H81J8JI8 ,11;0MCTBHff 

f\ 
ll03UY!ll0I!Hfl: (K=l) ~ 6 Q - ;n;orryCTY!Mblll (;n;mi ,:n;aHHOro ycKopwre JIB) 

pas6poc no qacToTaM, o6flS8HHblH ;n;onycTMMOl.r,r paa6pocy no HMIIYJ!b-

caM (Llf/Po ) ~on ' T.e. 

A' 
60/Ct ~(AP/Po) ~on. (2) 

Eo-BTOpb!X, B peaJlbHOM CY!HXpOTpOHe qacTOTa CHHxpOHHOH qac­

c TWl.l,li! QK Y!3MeHH0TCff 1l TeqeHHe BpeMeHH ;n;ei!lcT'BHfl B03MYlll0IDU'I ' 

nc iqia~He~ Mepe, mrneilHO co :speMeHeM , T .e. 

Q> Q
0

+fl · (K-Ko) (3) 

HHb!MH cnoBaM.11, oci!M ;n;Jrff peamirnro 01.rnxpoTpoHa cymecTBYJCT pe-

aoRaHCb!, 13 0 <1hmta10~e I<BJt 11 B [ rl rrp\l. ycnoBMH 

Q
0 

~ !H = N ( 4flJ1De) 1 (4) 
io c 

TO 1'13 ( 4) cne;n;yeT' IJTO 1l OTJlWJI1£6 OT cr..;{'Iafl Q = con..~t ' 3]:(8C:& 

' 6~r;i1e·r H801!l0,11;8T:&Cfi f!:Bil6HM0 npoXOJli'A0HVill qepe3 pe30R8l!C H, T8M 

ca.1"1iM, auniIHTY~S B~HJ'"lit;Z\0HHii!X KOne6aHH~ OKS:IKeTCfl orpaHll!IJeHHOll 

llpH oesrpaHHIJHOM yBeJilill6Hll!ll! Bpe?A:GHlif ,ll;0iitCT'l3Mff BOat.1yu1emrn. 

Ilpv.:Ge;:i;eHHb!e coo6pal1'eHl1fl y!<83b1B810T H:l TO' IJTO npm.i:eHUMOCTl> 

MeT0.1.1;8 peSOrl8HCH01'0 paapymem~H rrytIK8 ].(JUI onpOAC nemrn: 6eTaTPOH-

-Li.-

HOii! '!8CTOThl ]3 peaiI:OHOM cvmxpoTpOHe. ;n;omKHa 6h!TI> o60CHOJ38Ha. 

Tae. 

I. lieooxo,:n;aMo ;n;oKasau, IJTO >1 E peam;HoM c1rnxpo·.rp0He ,Kor­

,11;8 K8))(,ll,8H tI8CTll!U8 

Ko iie 6:rnvrtl GK , 
nyq:ita ll!Mee T CBOIO KB83!1-l-!8CTOTY CleTaTpOHHhlX 

H3M6HflKlll\YlOCH no 38KO.HV 

QK = Q c + 6 ·( K ·· K o)'~ 0 ~CO:~{ C:if :: (If· 1)4" ?")] , (5) 

cyr..1:i~TBYi0T 11peaoHaHclllie 11 yc1ron1rn, Tarra ( 4). 

2. YcTaHo:tmTI> MeTOJ\.t·my HaXOilt.i\emrn 11m:JTll!HHoro:: 3Haqerurn 

ll p ;' £) ' ; np~ iWTC,POM H8(t;;:IOJ(8eTCn peaOH8!1Clillll pOOT :JMITiM·· 
.tti, 'to / onT 
TY/;h! }));JJ'!jilf.,L\6HliblX KOJfoO'Hml1. 

5. YcTaI!O'BH'T::& ?.DHOM J HGl.IGHTY 11 il~' 000 Tll3TC'JEY"'T '1~;._";trFi .;1'J!. -i'DiI' ' 
. ~ (' ,r 

'WG ')' OT<~ () = (.,} 0 ~ o ;.:pe.l(CJlf!eM:-l ff H3 j'CilOBHfi 

n _ . 1 r r lf ) 
\..)( 0 - ry i ! ·; ft / o .1 OnT 

( t)) 

0 CllR!'.lJfi C 3T!rn , :a H3C·:rOi!Ulel: p6•JTE' l1POBO,Ii.l1TC:'i l(CTciJJ"&tib!Yi 

ollt:.Jl .V:<: .4,iHi..,!AJ.rn;! HYliiW B J,"EJ6JI:&B'Ot.~ 0 L-lHX]lOTDOH6 ITO,Zl nev. ·;~"ikl! .. ,_.:~·-

1~Yl!(<.J l0l\el'O .B il' 1.mrliki'.rfroro noJr::r, pa0rro1.tOll!l~:rrnoro "'' 1.1a11oh~ nn<rwn·r-· 

l ;1.:Elr!OH y113c·;:I\" ·~ !-:GJ!bUd c1nixpcJ1I1 J1V Ha • 

.iplli!Om1fi r!OHo f::·c;JKI'C ;z(J:rn;itaH,, if 'l 3 C:'.:'J:u 1:1 (;:~H:.Cpc :i'.IJO!:i:l r~ 

~(8CTKO~± c;:O IQTHpOBKOii !!p.'i Hl:\JIJ.i tJ :C;'. i3C 3M,Ylll.l'J !i.>~ l:I M8:C' ilf<TROI'O 

~ H ( K) rto cooTBeTcT:o;;Y.Juei.1 c,,, ·:1 ~ :::J;r. 015:.:HJ orn~:, ri nti ~ !>:.'··~ 

r!OF•-i.C' ~311'.lOGT·:_l .'13 ~1 ~· i';::o:; ~ 

_d __ 
·.·(:' t' "1' u 
// ~ ~· '· 

D ti \ •· i 

·i ,·c. 

,. I ~ 

: t.:·i :· .. 
~: (.' .. l/ 

.riOJI"' 

C7i '!Hl"..; 



r,I(e ~ =t, ~ ; 2. ... OTI\3IOHSH!1e qacTmi ITO B8pTHK3lll1 OT 

Me;Z(!-18!-!HOti ITJIOCROCTli! (IlJ.IOCKOCT!·l op6l1Tbf), t" - OTltlIOH8HHe IIO 

pa~11ycy; OT KOOp,1\i1H3THOil Kp~rnoii ( paBHOBeCHOll op6HTb!) ]llIHHO~ 

L , cocTOHll!eH lr!S "P:;Jr nocTOHHHoro pa11ayca f> BHYTPlr! uar­

JHtrnhfX 6JIOK0:3 K01I:bU8 li! OTpe 3KOB npHLTh!X - M8Jlt.1lY 6JIOKa:.rn; 

)( - KOOp,l\li!H3T8 B,1l01II> 3TOH KPI1BOL:i, OTC'Il1Tb!B38M8fl OT H8KOTO-

poti HaqaJI:&HOkt T01lKH X = 5 = 0 11 rrpoCieraJOutaR 3HaqeHli!R X = 
= s +(K-1)· L, r.ite S HSMeHHeTCH B HHTepBal!e 0 ~ 5 ~ L ; 

K - HOMep o6opoTa lJBCTHUbl, Ho - HarrpmKeHHOCT:& :ee.itYU1ero 

IlOJ.lfl Ha KOOp]IHH8THOi1 Rpl1BOi1, a 

{ 

- 1 i 1 c 8 :: 
l + 1; 0 

npn y = r 

IlpH Y: "l 

~YHK~l1 11~ (x) HMeJOT B11,1l: 

tlr (x): ~ t eG(xJ 
p E (K) 

R~ (x) = - eG(xJ 

G(x):: (oH;i) E(x) J 

or r = 0 

(8) 

:']16 

r pa.n:HeHT MarHHTHoro l10Jlfl Cl1HxpOTpOHa • 

.1lJIH Cl'i!:!XpOHHb!X qacTl1U 60JI:&illOH 3Hepr1111 ( 11 ~ c ) 
HMeeM E 

0 
( x) = e Ho (x) · p , a B 11.n:ea1.1:&HO!l c 11Hxp0Tp0He 

Hou:em1e G (-x)/Ho (x) He aaBHCl1T OT HOMepa o6opoTa l!8CT1m. 

Ti o a TO",!V ;lllm T8Kl1X lJ3CTHU 

,fl C' I 
G'l ~ (x) = h~ c ( S ) 

( 9) 

OT· 

11 ,ll;l!fl Cl1HXpOTpOHOB C lKBCTKOH qJOKYCYlpOJ3KOW 1i.; ( S) ffBl!flIOTCH 

rrep110.n:11qemrnMM ilJYHKUMHMH c rrepHO;z\OM f rpa.n:>rnHT a G MarmH­

Horo rroJIH, T.e. 

Rte ( s t e J "' ti~c ( s J . (IC) 

B aTOM cnyqae . o6mee pemeHMe ypa:eHeHHff (I) MO~Ho 3arrMcaTD B 

BM.zte: 

~ (x) = [3
9
:'\x) [ Q~0 co~ f!Jo (x} + ~~o sin. tft~o (X)] + 

X I (II) 

+ lfti~(X) J F~ (t) PY~ (!J sin.(+~· (xj- fy.(tJ] dt , 
0 

F. 1 ti H (x} "' 
I';z\e ~ (xJ =- j> ~ ' a. J-'~o u. 

. J dt 
f~o = 

0 
P~o (t) 

113:eecTHble [6J aMITJII1T:i.n:HaH 11 '1Ja3oBafl <IlYHKUVm, o6JiaA8Klli!l'Ie cBoii-

CTBaMH 

f.>~0 (x): l\0 l 5)= ~'Ao(5+K·f), 
(12) 

f yo ( i<) ~ ~ ( s) + ( K -1) · 2 .9f Q ~ 0 , 

S+L 

r.zte Q~o::: J ds/ - 1Il1CJIO 6eT8TpOHHb!X l\OneCiaHVitl c:irn-
s /~~o(S) 

xpOHHblX qa.CTHU Ha 0,1{HOM o6opoTe. Q ~o M g:to - npov19:so.rr:&-

Hh!e IlOCTOHHHble' CEff33HH!::l8 c H8li8JI:&HHMU 3F.8'!8!UlflMH ;/ (o) =- JIH 
d.$j(o} - !/' 

H d -X H 
B ,llaJr:&HeiimeM, .n:J.1H y.z10CicT:ea, :irne.n:eHbl napmieTphI fl ~l 0 

ITO i!IOPMYllaM: 

' -7-



Q - ,4~ y ~o - (~~~z) co~ O~ o 
p _ ~ S in. Ouo • (13) 
b - 1/2) d ~ 0 (f)~ o m a.;< 

o mci.X 

'.lor;n;a i ecmi sa HaqaJI:;;Hyto :J.'OllKY S = 0 np 11HR T:& TO'll\Y, r,Ite 

df-!Ho(ol = fa 1 

(o) = 0 / 
ds '/ ~0 J?>~ 0 ( S) "' ( ~~o) rna-X j 

TO fl Ho 6Y"lJ.eT onpe:u;e:m!T:& M8KCl1M8Jl:&HO B03MOlKHOe OTKlIOHerme 

'!8CTHW>1 OT op6l1Tbl (iurn ITJIOGKOCTl!l op6l1Tbl) npu OTCYTCTBl1.ll B03-

MYl~GHMH ( F ( x}"' O • 
ITapaMeTpb! flgo 11 O}Jo CBH38Hbl c H8481II>Hh!Ml1 ycJ!OBlilff:Ml1 

0 OO'J~ HOillC Hl1ff!.Ul; 

J 
l 

Cf / e• ) . 
/Igo= HH+ ( ~H) {f3go;mo.X 1 

Q'~o ~ a. <'f'iJ ( ~: ( ]3~,jm~x/ ~H ) 

(14) 

HnAeRc 11 011 osnat1aeT. tiTO paccMaTp~rnaeTcR c:;rnxpoHHafl qaCTlU.~a 

J3 11l(ea11:sHOM c irnxpo Tpotte. 

B c~ry\Jae, uor;zia .903Y.YU1eH11e F ( X} JIORaJil1BOBaHO Ha Ma JI OM 

yqacTae 1w;ir:oua, cna11teM r; HHTepBane [S·t 1 .Se] (L.\S=-52 -51 <<L} 
Jr. He 33J3l1C.Wr B aTOM uIHTepBaJie OT s t a OT oC5opoTa R oe5opo-

Ty y,3ue:HH6TCfl no l\aKOI·•.:-·;·· , 3Gl''H'Y · ... , e. 

(FI( np11 

F (x) ~ i o 

S ,t- (t(- 1) /_ ~ 1< ~Se. +(K-1)l 
(15) 

BH6 STOr .' l1HTGplia1IB 

TO pememm (II) na asMMyTe S > ::ia. .rncne (K-1)-r·o npoxo~eim:ff 

-8-

'i8CTH~e~ B03MYJlt6HHOro yt!8CTK8; MOZHO 38IWC8TJ:i B BH,l\e: 

~(s, K} {s:i.s = ( ~o(s} )
112

. A· co1[lf10 (s)+2§Q0 (K-1) -JJ T 

e /!Jo ma.1' ( 16) 

+cf3o'/z(s)'Jo£.' FK-msin[fo(s)+291Qo·m-ci.,]' 
m=O 

r;zie BBB,l\6BH o603H8'iBHHH 

Jo:: . I\J:J't t ( J: r. 
~(,s= je ~:2 { t) ( ~~: ) to ( f) d f , 

(17) 

J.
0 

= Q,'(.<Zt~ \J: f J: ) 
l'I onYJJte H Himexc "Y" · IlpH BliBO,l\8 (16) litCilOJIJ:i3 0B8 HH CBOttCTB8 

(12) H 0603H8'iBIDm (14) l'I (15) . 
B cnyqae 4 5 << L MOZHO r.t crro.Jll>SOBaT:r:i mm pac'ieTOB npr.t-

Jotllte HHlie 3Ha"!eHH!l 

l/2 ( ) ~o ~ {?lo Sg . Ll s ' 

d..
0 
~ to ( Sf,) 1 

(18) 

r,l\e Si - KOOP.l\HHaTa cepe.ztl1HDI yqacTRa [ 5 11 5 2 ] • 

SaueTHM, qTo perueHl'!e (16) c O.l\HO~ cTopoHhl onpe.zteJIBeT nonom3-

H!4e c.1rnxpciRHon qacTH~ c Ha"!aJI:&HblMl1 yoJIOBl'Iffl.G'l (A, ~ ) Ha aa.1rny­

Te 5 Ra 11R11-0M ouopoTe t a c ;zipyrotl OTOpOHbl ;ll1Iff cornaCOJ38HHOI'C 

Ilytl:Ka ....- IlOJIOllreHHe qacTH~ no ceqeHHIO rryq:Ka B 33MMYT81Il>HOtl mroc­

:KOCTH S;;..S~ , OTJIMqa10111HXCH ;zipyr OT ,l\pyra anatteHl'IHIDI fl lit Q~ • 

IlpH STOM 11acTH~a c A = 0 HBJIH8TC!l 11~eHTpaJI:&Hok1 11 qacTm:~e tl 

-9-



rryqna. Cne:n;oBaTen:&Ho, BhlHyJK:n;eHHoe pemeHllle ypaBHe mui ( 7) , onlll­

CbIBaeMoe BTOpbIM qneHOM B·(l6) 'xapaKTeplll3Y6T o;n;HoBp6M6HHO 

;ll;Bllllit6Hllle ueHTP8iII>HOM ll8CTlllUbl fIYl!Ka. 

PaccMoTplllM Tenep:& ;D;BlllJK6Hl1e Heci.rnxporrnoii ( E ::. E 0 + Ll E) 

qaCTlllUbl B lll;n;ean:&HOM Clll HXPOTpOHe • .I\JIH 9TOro ;ll;OCT8 TOlJHO B ypaB­

He!Ull/l ( 7) no;n;pasyMeBaTI> 

f' c I ~P(lc)J .ri ~ ·r J n
1 

( x) ~ 1i ~ ( s) ( f + --p:- = n~ s _ 
~p 

rr ocKOiI:&RY lll3MeHeHlll.H Po npolllCXO;n;l!T c tJaCTOTon ClllHxpoTpoH-

Hb!X KOne6aHllli1 , neplllo;n; KOTOpbIX MHOro 6on:&me BP6M6Hlll o6pameHlllH 

qaCTlllUb!, TO MOJICHO cqllJT8TI> , qTO l/l3M6H6HV!H ~ ( a cne;n;oBa­

T6JII>HO 111 ii?YHKWti1 ~~ ) npoMcxo:n;.HT cKa qKoM oT o6opoTa K o6opo­

Ty, a B T6ll6HM6 Kallt:n;Oro o6opoTa ero 3HaqeHlll.H He M3M6HffIDTCH. 

Ilpvr STOM coxpaID!eTC.H rrep111o;n;lllqHoCTI> IlO 5 t T.e. ~;{Sf fj=fi;ts)., 
AHanorHllHh!e paccy-JlQteHlll.H BepHbl lll ;n;IDI "peaJII>Horo" ClllHxpc-

TpoHa, B ROTOpoM. 38 Bp6MH :n;e~CTBlllfl B03MYmeHlllfl ; OTHOlll6Hllle 

~ M6HH6TCH H8CTOJI:&KO Me:n;neHHO, qTQ B TelleHMe o;n;Horo 
no tX; 

o6opoTa STllll.W l/l3M6H6HlllHMlll MOlitHO npeHa6peqJ.>, CqlllT8H tJTO OHlll 

npolllCXO;ztHT TOJII>KO OT o6opoTa K o6opoTy. 06a STiil cnyqafl 0Ill!CH­

B8IDTC~ O;ztl/JH8KOBII.M o6paaoM, 

IloSTOMY ;ztiIH H8XO)i(,1(6Hlllfl BbIHYJK'A6HHOl'O pemeHlllfl ypaBH6 H1'1fl(7) ·. 

] cnyqae H6ClIHXPOllHOM qaCTlllUbl B " peanl'>HOM" ClllHXPOTpOHe ' npe;n;­

CT8".m!iM Ii, ( X) E Bi<J;li6 

fi_~. ( x) = !i; ( s) = Ii_; ( s) ~ tJ fi if ( 5, K) _ (19) 

Tor ;Lia Ha Ralli,I\OM "K"-oM o6opoTe nyt1Ka : ypaBHeHvm ( 7) npm.qT 

1n;~: 

·IO-

v ( ' -t:t<: 1 ( D p ) ~ /( s) + u1~ ( s) ~ ( s) = t F /( + 6 p . - Pc, I< 

C.11e n:ae1,; sa11eHy . p 
~" :: YK(sJ + 7

1
_tsJ ( ~0 )K 

r,lle ~ (s) e cT:& , saMrrnyToe na rrep~w,L\e rpa;z\l1(rnTa nom-: 1 
IC 

pememie ypa:sHemrn 

t (Ll P) 7> f/ (S) ~K= c5· p Po k 

(.1\lifl ~ - KOJie6a1mii STO p elil3 Hi18 paBHO HY1l10) 

Tor ;n;a , ,1\ JTJI ~ ( S) rrony"lVIM ypa:sHe m1e 

Y/(
11

(s) + 11; (s) Y (s) = c F:t1< 

(2v) 

(21 ) 

tlS CTHO C 

( 22) 

• 

(23) 

)\JIR K8/.\,l\Oro 11
K11-oro o6opor a llOii\HC H8!'f'.HI C IJOl~ J~ (s), tpK (S) 

gJYHRI.iHi1 ii l/l3MS!!6HJ.1f! l!i Q K ITO (cp;,;yJimJ: 

p (s) = ~o ( S) + Ll ~K ( 5) 
s d. c 

,1 , (s) ::. j ___::_ · Q = Q + /1 Q 'f:. 
0 

{? (s) I K o K ; 

[ 
-, K 

7 1 

( 24) 

r.11e 
L. 

6 ~K ($) 1 ( r. 
I'>. (sf 0 2 s<•lf°," ~ j'>, ( t ) LI R ( "· t )cvo I? (51 Q, - /'/', ( i )-f, (s)ljdl 

tJ,..j K = 4{§ J. f-Jo( -1:).1 ;f;_(K1i ) dt '• (25) 

0 

Ilplll"<!6M 

o/K (S +-l) = rk (S) + 2Ji QK (26) 

-II-



(37\ecr, v. ,nairae :.tl·! orrycv.aeM t1H;?.!;CKC 
11 ,.n ) « • 

P0m~E>W (23) Ha Y.a :r.'.;'.;OM 060:,;o:re MOli\li':J 3amica'I::o n m!;LI,c, 

eliB ~Or~~HGM (11): 
1/, 

V~. (s) =i\<'(s) r Q.Kco '.) tJ;r;(s) t gk Sitt +I( ( s) ] T 

' s l/e r .. '/2 . - . J] . t ( 2?) 
tc .~ (s) l Fi< (i)f->I<' (-t:) smLfK(s)-t'K(t d 

._, 
0 

,.,i1(} (1 :~ 
r 
(1/\ t:!:ilf!3:1Hbl C !:l:l48l!:b!-l!>!l.ll1, i~Ji.fi "11"-oro o6opc.'.l::·, 

3 i:S Y: e l :i.i~i i .. !~~ '{(s) 11 Y'(s). 
- M. ""K H 

... ;cnOiLll3Jii 'fCJI01H1R nc.LG:·1::1Rdn tp.-;LaUHl'i~-': "B '.rOtfRe .) ::C ( :a :cG-

~A ' ) I') ' ::- q,oi:i · : . : c - P~ ma. x ) 
I r. l • '' 

~ 28) 
\{ ( L i = V ... ( o) 

K-1 I • " \ 

v' <L)="
1

fo\ 
l K-J • I K ' I 

F _!;~1 _.u;:HT1Vt..ldH:H1 
Il•!ll8 (15), 10iIJ'-i'.;l.I c JJef1V!C~>rn pe 1mypsH'rHLie ·:jlop-

'lYo.!.L!; 

. _ , S 1/2 -'/;: 
1/c I 

Y~.ts) l- /co:;~lt(s); j\(s)smtK(~JJ (-JJ,J1K (s)+)'K-1(L}/':!K ( O)f~ (S) 1 

·J' ,-1 f · l ,J, (I ;1'1<:.t:: n-1/2 V' 
1
/e -1/z) 

'rK(S)} \;-J'l:<(S),,t'1'fK(S;iCO:\'f'K\S/ . \ v" '"Pk (s)+ 'K-l(L)f-k (O} ·[t ,<s) 
(d) 

l
fy (L)\ fCD\1~ (L}• ~Krna~\l1qiK (L) \\(-j ~ fK~~2 +'(K-' (1.) \ 

·- • -· ( I< ~ J.; i(t.)(\J( I 
1 \ - - ~ • 1 , ,..., ( - ;12 I I 

( Y {!_)I 1\·-P "..•Li1.l(f\.(L) CO!>fK (L.) J,.Jv F.- fl, T Yi/(-1 (!~)I 
\ I K ' . ' t<. m~;( i "" " f .JK ,no.u 
\ I · / ( 30) 

_ e~·~d·-: 1 • o( e;~tHtl'-!3i"11lrI 

-:.2-

l'j C,S:: JS~~ '/2 (t) ( C~~) i (t l dt 
JI< I I< SLtt K I 

s, ( 31) 

B npa6:rrVIiKemrn ~K Illa.~~ ~K-IJ ma.x: (:n;;irn EpeBaHc1wro c;riH-

xpoTpOHa wueeM ( f.>K ) = I + 5 • 10-7 ) , (j_Jop1.mru (30) :110EH0 

l?>K-1 ma.x 
38lil'IC8TJ; B BH;!\B! 

YK(L) t /co~!J tm(L}jJ'jmo.11Strt~ lf'm(L) -Jj fj ~;°m: r K K s 1c ) 

1v:(L)l=j=1 l_~J~4-~sin£.rm(L)j Co~ltm(L))(JjcFjf3.-'l'2 " t 
\ \ :n:j ""J Jfl'I"-

K K 

co~~ tf"' CL ) i ~Kmo.xSi.n. L frll ( L)) ( Y H 
+I "'- m=1 

-1 K K 

-~mo.x$~RL fm(L)i cc~[ o/rn (L) Y~ 
m:1 rn"' I 

) 
., 

(32) 

rlJ,e YH " Y H ( 0) i Y ~ " Y ~ ( 0 ) HariaJI:&HbJe 3Hll 4BHI1fl y , y I 
E TOtrne s = 0 B MOMeHT Ha tJ aJia ;n;e1'1CTB¥.ff B03MYl!IBmrn E¥.7.\U(l~:)). 

He Tepnf.l o6D\HOCTJI[ pHccylft,ll;eH11i1 rroJIOJlG1M, uTo TO'nta S =O 

flBJIReTcn cepe;n;1rnoi1 B03M.¥l!lC HiIOro yqacTKa LI S • Tor.n:a 

c 1/2 rr s _ o :J ~ ~ L\ S }, JK -
I( /-'t<. mo.JC 

( "'~I() 1 . JtU!TblB8fl MB;JIOCTJ; Bem-Fll1H Ii""" <<. (;zprn EpeBaH-
~ [JO ma..x 

c 1rnro c;rnxpoTpOHa ( ~) = G,0265), 11MeeM 
f'o rnQ.ll. 

c c 1/c 
'J ~" :::::,9' ·6S K .Jc )Jo rnax (33) 

-13-



'I\ rnep.o, rrepeooosr:a•rnff ViH'Aew:~nr cy1.rnpo:aam:?., !13 (32) rroJiyq;~\1: 
K n -1 

Y (, l - P- Li s ~ F stn. " ~v r L ) + 
K 1-,-1-:,mo..x L K-n.H L 'K-Oti · 

tt.= 1 'j.=- 0 · y 

t Acos [[_ +,,,( L)- (\' J 
tn. 1 

Vi I I I I{ 11.-I 

r,( i.. J=-~S ·L FIHH1CObL._ fK~Q+I (L.)- ( 3l~) 

r,=1 9.0 r 

-1 [ K ] - r~ P-i., mo.)( s in. L. tm (l) - o 
m-.1 · 

~~(,p : -.y; _.,1 1,35) o rq:: <J,ZieJlfi lOT OTKJ:OHell:le Tp::Jcl\TOP11l1 tiaCTm.\l.il 11 

o: e ~T C.II K op61-1Te :s TOl.!Ke S :: 0 B KOH~e "K"--oro o6opoTa rrocne 

i1&'!aJ: 3 ,i.i,t3~l c•r-:!l ¥:ff .B03~.!~T.(6H!lrl ' npuXO.liff B0 3!.!j<'.IC!HHbill JtJ8CTOE ( K-l) 

;<a J. 

]. im cnpe:n;ei;F .urn \. (s) it! Y1/ ( 5) :e ;rpyr•ic~ ·.( ollsox S Ha 

"\ 11 ·<~; o6C•PGTe, ,ilCCT3TO'lHO :102(C·:ra:s:·!'.r:b B (29) 3Ra 1.l tn!tl.H (34). 

P::i :;(;' ;o:;:pr.!f. 1·enep;, KOHKpeT!:iOS 1303l.f,j l!l8 Hl1e ' a it!M6HHO Bt'.,!(3 

" 
I1;:t·.:: f:: 

i"H C " r - J FK -::: F co~ [ 2Jf To ( I<- 1) t ) 

p ,..,_, c 
To....._, T 

( 35) 

~ac TG'Ia 

- C.:.rnJII! :' ~r~a ' tH - t.\8CTO:r a E0 3it.Yi!.lJ!i ViH' 

06paw,eHH.F. ',..,CT~!~J:! B !Wllli!.\6 c;rnxpoTpOllG' ~ - Qaaa B.'i . 

!"' (: ~;;:! ;,; :J0.:.!6HT rre p g ~ .. (; ( l\=I) !lpGY.OiiJioHl'.fr 1!3 CTZ :.i,6~ EC3!.lJ l'le 1rnor o 

' '-' ' ""'" l [c <;:, J •. ; .. ~-::, -- '•< --=> 1 > - G 

T.:i..:,;:i:e ~ ~rnMe r:e:; ::e qa c~'J'fil Q " !!ec:, r::.zpo;:norl 48C''l':!Uhl B "pe-

OJibHO:J" ·~'.'".XPOTI,O!-'. fl 36 Epe;,::n ~e:-!CTB!lfl J3 0 3My~e HY!H MOJ!iHO npa;n;­

c: 'J'3EHT1' Jl Bi1,L(e (Ci>\. ( 5)) : 

OK = Q
0

+L1 · (t< -KQ)·~ ,{r:.;co~ [2.fr ~:( K-i)+ ~] 

- 14-

a;ziec:& "K" - HOMep o6opoTa nocJie Ha11ana :zteilcTB»a BOaMYuteHHf! , 

11 K- l" - 11Hcno c0Bepme1brax 11acTH~e.lt oc>opoToB, Q - SHa11eHHe 
0 

6eTaTpOHHOL1 11acTOTbl cmDCpOHHOli1 ll8CTHI.4b1 B MOMeliT K 
0 

, fc/ f 
0 

. . 

- llaCTOTa CHHXPOTPOHHblX K01.leC5RHHli1 B e;ztHlill!.48X liBCTOTbl oC5pallleJt~H 

11acTHW>1, KOTopaff nonaraeTcff nocTOHHHOM aa BpeMH Ae~CTBHH · BOS~ A . . . 

MYlllemm, 6 Q - ;zionycKaew.lt paa6poc no 11acT0Tau, onpe,11;eID1eMbU! 

c xopome.lt TOllHOCT:D~ H3 COOTHOmemm 

/\ 

60 - t(llP) 
Q,, - Po son 

r:ite, ( ~p/ Po)gon - :itCIIYCTHMblli1 ;ztllff .ltBHHOl'O CHHXPOTpo~a paaC5pc)c , . 

qacT~ no HMn.ym:.caM (Jtllff EpeBaacKoro cHwcpoTpoHa ~~ =1.16c{].!1J. . 
~aaa ~ xapaKTepH3Y6T 8H8ll6Jme KB88H-ll8CTOT!i Q B. MOMeH:r . . . 

BKJl!Oll6HHH BOBJlYlll6HKli. ~H3Hll6CKHit CWlCJI napaMeTpa ? aaKIDo"l~~ . . 

STCH B TOM, llTO OH OTpaxaeT TOT WSKT, llTO. paaHhle !lSCTH~Ii nyqxa 

B MOM6HT BK~!leHHff B03MYlll6HHff KM6~T paSHhle SHsqeHWi KBSBM-11ac­

TOT!il Q B npe:ztell8X (npH A = 0) 
I\ J\ 

Oo-5o~Q~Oa+5Q 

lt1HblW'I CllOBSMH, napaMeTp ) xapaKT6pK3YST llSCTHitY no 3H81'16HHIO 

ee KB8SH- qacTOTlilo 

Be1IHllHHa ll KM66T CMblC1I CKOpOCTH KBMeHeHHH (A~ : ~CJ 
qacTOTlil CKHXPOHHO.lt qacTHJ.tlil npK HSMeHeHKaX OTHOmeHHH (;/ffo 
B TeqeHHe BpeueHH :zte.ltCTBHH B03JlYlll6HKli. 

IlOJtCTSBllffH ( 5 ) H ( 35 ) :a ( 34 ) ' a TaKZe Y1fKTb.'BSff t llTO 

IlO onpe:zte1I6HHIO r I< ( /..) = C Ji Q ~ t Il01!yqKM: 

-rs-



YK(L):: Acos[ 29TQ 0 K + V(K) - ~ + 

-t4.if9--·Si·n.(iK f:)cos(jj~: (tH):))] t-

+ cBm
0

.,.. {lL(K) ·Sin[gL(K)t6-(1<J] + 

+ U+(K) sin.[o(+(K)+6+(KJJ) 

'( (L):: - Af>:~a.ll Si.tt[2$ Q0 f( + V (KJ - 0 + (36; 

+ 4319' Sin. {fl K 1:- )co~(91 t {K-1}t )) ] t-

+ C B,., o.)( f U. ( K) co~ ( o( _ ( K) + 6 - ( K) ) + 

+ U+(K)cos[oC+(K)+6.,.(KJ]) 

r;n;e :ane;n;eHI>! o6osHaTieHH.fI : 

U ! ( K) =-Af~i.n6t (K,n.J]\ [ t co1 G !(K,ri.) J2' 
n:1 l< 11.=I 

·b:t (K)= a.rct ~. si.n.. E>t (k, 11._l ---
~ fu c.o~cbt (!'<, 11..) 

6t (K,n) = 251 {(Q
0

! :: )n.i- A~n. [ 2(K-Ko)-n+3]-

- 'l-s,in.[2.91 .k.(K-11.+o,s) + 3]} 
~o 

d.±(K) = ~ [2rt J:· K+O + 23icistn[2Si i: (K+o,5)+~] (37) 

V(K)-::. 3f·K·ll (K-2Ko+1) 
/\ 

~s 

T ·F B m<U' = Poma.x • 

·lf-

A 

&a 
~ = 2 si. n. Sf .k 

f o 

ilOCKOJI!>KY TIOBe;n;eHHe qaCTJil~ Ha ;n;pyrHX a3JilMYT8X 5 OTJIJllqa-

6TCfl t B OCHOBHOM, Jil'lll!:& Ha BeruiqJiley [ ~ (s}/f.>ma.a]'
12 

(CM. ( 29)) 9 

TO, .He TepffH o6mHOCTH pa ccyl!C;ll;eHHM, JilCCJie;n;onaHJlle B ]J;8JI:&H0Mfil6M 

ITpOBO,IIJilTCH TOJII>KO ]J;lffi TOqKI'l 5 = 0. 

PaccMOTPIDA HeCKORI>KO npHMepo:a. 

a) . Ilone;n;eHHe CHHXPOHHOM qaCTH~Ll B H]J;68JI:&HOM CHHXPOTPOHe. 

llo;n;cTaBJififl B (3'7) A=OQ = 0 , , rronyTIHM ;n;iIH WYHim;JilMU±. (K) 

6t( K) ~1 d... !: ( K) nupamemm: 

U+(K): I Sin.SIK(Qo± i;} f 

- Si.n.3f ( r +_. fi;, /f o 

6!:. ( ,'<. j = JI (K t1) ( Glo ! f H/fo) 

cA ! (K) =· + ( 2!ii :: K + S ) . 
(37a) 

0THYl.\8 GJI67J.Ye T I 1iTO' er.mi qacTOTa ~H Bhl6pa Ha Tait' q•.ro6hl :a;;-

IlOJIHffnHCb yCJIOBJilff 

Qo ± fH /fo" r.J 

TO rrMeeu: 

K 
f I sin (K esrf>l I fo) 

U+(K) ~ ) SLtt(2;rf:/fo) 

• .!..'/ 

(N - [\enoe) (38) 

0 + Jw =-/'/ 
np;i ·o f o ( 39) 

npr Q:::J.'!._= l'I 
" f., .. .. 



6:t (K): 
{ 

:if(Kt 1) ;.J 

5Jf ( K + 1) ( J.h 2 f11) 
f. 

np11 0 + f: =N 

npvi Qo! :: N 

01.1eBVJ,1{HO, 1.!TO npli K » 1/si.rr. ( c!ii fil/ /o) 

( 40) 

O,ll.l!VIM Vl3 tJiISHOB B l~V!rypmIX CK06Rax :a (36) M0lll:HO npeHe6pe1u, 110 

OTHOill8HMID R .n.pyroMy, :a 38Bl1Cl1MOCTH OT Toro, RUROe 113 ycno:a~ 

( 38) llbll10JUmeTC!i. ,npYrl1Mfti ClIOBRMlll, 11p11 O,ll.liOM 113 ycnom1.t1 (38) 

CTKJIOl:ISHHe 1.!8CTl1I.tJ:l ( /1 ' t ) B T01.!Re s = o, Ha 11 R11-0M o6opo­

Ta nocne BR1IIDtJ6HHH B03.Mvutemu1, MOlltHO 38Ill1C8T:& B i3!1,ll.6: 

Y(K) ~A co~ [ 2.fr' 00 'K - ~] + 

+ C (-1 )"'{Kt
1
)Bma..x· K · Si.ti [29i f: K + ~] ( 4I) 

0Tcro.n.a :a1~.n.Ho, 1.ITO WYHKr.~~rn [Y ( K )! lIBiil'IeTc.a pacxymei1 no " x" 

~YHRJ.C10:ti. 11. !IOCKOJI:&KY tJ8CTl11.l,bl ll ycxop11Te11e ,ll.:Eiillll:YTCH B orp3HH· 

ll6RHOM CT8HR61U! J38RYYMHO~ EaMeph! o6oeMe t TO nplll Bbl!IOJIJISHIU1 

0.l(HOl'C >13 ,YCJIOBU:'1 {38) 6Y.V..YT Ha6mo.n.aT:&Cff IIOTepH tJ8CT~ Ha 

::TeHK8X KSMtlphl, no\iepe Toro, RI:!:!< OTKJIOl:I6H.l'.H tJ8CTlllU /Y(KJ/ 
°5Y"A.YT ,ll.OCT!llraT.D· 3H81.!emrn d - IIOJIYl!1HP11Hbl ( ll011YJlblCOThl) K8.M6phl~ 

~ts ycno.sHH 

I y (K) I ::: d ( 42) 
/I 

MO~Ho HaMTH cBH~~ Melf'AY aMnn11Ty.n.ca :aoaMy~eH11n F. 11 Heo6xo~11-

M!:ll4 :ape.wrne.li .zte.YlcTmrn ll03MYll!eH1rn Ii. rrio.x ]lru: o6ecneqemm non­

aoro poapyl!lemrn ny·crna Ha cTemrnx KaMepl:i. Qqe1rn;zi;Ho, qTo nep:Bmm 

-1a ... 

J 

)tOCTlll'H.YT CTeHOK Kaz.rep~ Te ll8CT«Ubl, ]i11JI KOTOpwc HMeeT M8CTO 

ycnoBHe 

Ama.x + B111a..JC • K 1 = d (43) 

H nocJie]tHHJm - Te ll8CT~Ltbt, ;l{ml KOTOPblX 

B,...ll.x · Ka - A"'~J( = d ; (44) 

r.ite 2 flrna..ot - xapaKrep11syeT nonepe11Hblit paaMep nyqKa. 

TaKi'lM o6paaoM, ycJIOBHe ( 44) HBJIHeTcH ycnoBHeM noJIHoro pas·· 

pyllleHlm rrytuta cirnxpOHHblX tJSCT«U Ha CT6HK8X B8KYYMHOH KaMeph! B 

l'l,ll.ean:&HOM CHlLXIJOTPOHe. ~i3 ( 44 ) no11yq11M: 

fiH 
Ho 

= 
2(cl+fl)P 

0,, 1110..,, · AS · Kp~~ ( 45) 

AH t 
( 3,ZJ;ec:& 11 .n.anee ,ZJ;orrycKaeTCH, tJTO H = Cott j aa Bpei.rn J.!6~-

CT:S.V.H B03MYlll6H!-i!i). STOT p63YJL:&T3T C~Bna,ZJ;aeT c Bh!BO]\OM pa60Thl [11 
nHm:& c TO~ pa3HHQe~. llTO B nocJie,ZJ;He~ paCCM8TPHB81I8C:& T01IbKO 

U6HTP81I:&H8R tJ8CTll!U8 nyqKa (A=O). 

Jlia (45) cne.n.yeT, tJTO paapyruemm !IYtII<a MOlitHO ,ZJ;06HTbCH npll! 

llOMOuiH. CKOJI:b yro.nHo. Ma.noro B03MY!!l8lUIH 38 CtJ6T npocToro y:ae­

JI.11!lel!l1J1 BpeMenvi ero ;z;e i1C T.BIUI. !Ip}! 3TOM, H3 YCJIOBHH (38) c11e­

.nyeT, 1.!TO T8K06 paapyrueHHe ,ZJ;011Jii:HO HM8Tb M8CTO npH ]\Byx 3Haqe­

Bl1lIX tf8CTOT 

.. p(1) t f (2) = 
tH tt f.. ( 46) 

-!9-

I 

111 



Tor;Iia qacToTa Oo M01.teT 6ri1T:& onpe.n;eneHa O)iHOaHaqHo .r.Hl cooT-

Homemrn 

Oo=- /I/+ 
f /) 
-f 0 

(47) 

r .n;e N -Men:&lllee anairnmm lleJioro tJl'lc1!a, 6JI.11JiKal.tmero K Q o • 
81wnepl1M6HT8Jl:bflhl~ Il0,1(60p tJ8CTOThl fH npl'I HSMepemmx 

MO~eT 6h!T:& OCYUleCTBneH c . li6KOTOpott norpemHOCT:&D, T.e. YCJIOBllJe 

(38), c ytJeTOM aToro, )iOJI~HO 6liT:& 38Ill!C6HO B Bl'l'Ae: 

Q + .f., . I o--,;::. N+6 

(38a) 
8TO nplllB0,1il1T H CJIO'AY!O!lll!M BH.Zl0l'l3MeHeHl1.iIM <I!YHKrtHl1 ( 39) 11 ( 40) 

r I 
Sln.6JiK/ npu 
Si n..flo 

U;:O<)=) lsitiKsr(2j; +o) 
l $\tt9T(2 t 

Go+ L" :::N+O 

I npu Q o ! :oH -=- ti+ 8 

{ 3i(K-1)(N~6) npu 00 "f f"' ==N +o 
6t=(K) =: o 

Jf(l{ - t)(N+2f1f
0 
+6) npu Q0 t::::. ,I/to 

( 39a ) 

(40a) 

KaR Bl'l.ZVlO M3 (39a) , <iJYHKI.ll'IH U:r. ( K) :s aTOM Clf'.:f'-lae ocTa-

iOTC.H orpam1tJeHHblMl'I B c:aoal.l pee Te ( [ U t ( K) ] rna.x =- 1/si.n 5i 0 ) 

-20 

nplll HeorpaHHtJeHHOM B03paCT8Hl'll'I 11R11
• Ha pr.rn.I, B K8'1!0CTBe np11rne-

pa, npk'!Be,l(eHH @JHKllk'!H U- ( K) 'AIDI 'l!;BYX aHatJeHMH 6 ( 6 =O, DI 

l'I 5 =0,0012). OtJeBl'l:z\HO, tJTO aeo6XO'Al'IMOO Mll!Hl'IMan:&Hoe aHatJeHllle 

8MilJll'ITY.1ihl BOSMJll!B!Oll!8I'O IlOllil )illil noJIHOI'O paapymeHl'lfl nyqRa onpe­

,1(811.llJTCH g8 ycnoBHH 

B "'a." [ u _ ( K) ] - A =- a mo..x ma.JC (44a) 

Ilpl'I aTOM · :speMH ,l(eHCTBl'IH :soaMyll!eHl'IH K~ ,1i01I~HO Y.1iOBJieTBO-

PHT:& ycJIOB!llIO K > _f_ 
~ - 2.o 

B 3TOM CJIY'l80 : tJaCTOT8 Q 0 onpe;n;en:HeTCfl c OIJll'l6I<Ol1 8 t KO-
~ 

Topafl MOllt8T 6b!T:& OI.leHeHa l'IS ycn:OBHH 5 =- 2 K ,,.,.~ , r:z1e Kpa.:?>-q11c· 

JIO o6opoTOB nytJK8 c MOM8HT8 BKJIIO'l8Hl'lfl BOSMynieHllJ.iI ,1(0 MOM8HT8 

HatJan:a noTepl> qacTl'IU Ha CTeHKaX B8RJYMHOl1 R8M8phl. 

6) . Ilo:ae;n;aHl'l8 m!HxpOHHOM tJ8CT!llUbl B 11 pe8J!l>HOl!
11

Cl'IHXpOTp OHS • 

PaccMOTP!llM Tenep:& cn:ytJal1, Kor.n;a aa :speM.H ,1iel1cTBl'lfl BOSMY~e­

mrn' q acTOTa QC Cl'IHxpOHHblX qaCT!llU JA3M6Hfl8TCfl no 38KOHY 

Oc = Oo + Ll ( K - K 0) ( 48) 

3,1i8C:& Q
0 

- SHa11eIDie Qc 1l MOMeHT K 0 • YtJHTh!B8H STO Ill II0,1i-
. /\ 

CTaBnHH B (37) oQ ::0 H8 IIOJIY'll'ITCH !IpOCTblX Bb!pallt8HI1l1 ' ,1i1Ifl WYHK-

' 
Ullli1 r.I:(K) • O;n;HaKO, IIPOB6,7VI lJ!llC1I8HHbl6 paC'l8Tbl Ha SBM, MO~HO 

y6e,1il'IT:&Cfl, 'ITO l'I B STOM cnyqae, npl'I O;llHOM ;.;a YCJI01ll'li1 

Q ! l.!L = ti 
0 Jo 

0,1iH8 1'13 il>YHKUIDi u ±. (K) Olt83bIB88TCil MHOrO 6 0JI:&IJle )ipyroi.1 (B aaB!ll-

~l'IMOCTl'I OT Toro, R8R08 . l'l8 ycJIOB!llitt (38)° 3bli101IHH8TCH. 

Ha pl'lc .I npe;n;cTaBJI8Hhl peayJI:&TaTb! .,<:wtJe :ron ;n;rut cnytJaH 

·21· 



Q0 - f: : N ( = 5) 

,lVIli '/1,"Ilyx 3H6tlemtit l::l ( .1 ::2 • ro-4 ' '1 = 3 • ro-5) H '/1,llyX 

3H8lteH11li Ko (Ko= I, Ko = 250) B T61l6HHe /(_ = SOv o6opo-
ma.r 

roB '/1,e~cTBHfi B03MYD1eH11s. TaM lil8 'JJ.IDI cpaBHeHHB np1rne;lleHa WYHK-

u1rn U- (K) 'JJ.mI nepBoro cxyqan a). 

HaJW11He ll6TKO Bb!paJKSHHblX MaKcwa:yuoB y STHX ~YHKitWi YKSaYBa~ 

eT Ha TO, llTO B STOY CJI.Vllae BpeWi ;ll6MCTBllii B03MYlll6HKff 11 MKHH­

M8JibHOe 3H81l6HHe 8MIIJIHT~H B03MY~6HHH CTporo onpe;lleJieHH K sa­
BHCHT OHH K8K OT BeJIHllHHb! CKOPOCTH l13MeHeHKfi (A.: ~ ~ . )11ac­

TOThl 6eTaTpOHHb!X Kmre6aHH~, TaR H OT q;rnxemrnro asatieHHfi K
0 

• 

KpoMe Toro, Heo6xo;llm.me BpeMa BOSMYl!lemrn ( K Kp ) TaKllte aaB11-

CHT OT trncneHHhlX 3H8tJ6Hl'IM B6Jil1tJl1H A fl! .Ko (cM.pHc.I). 

QqeBH;llHO, llTO paapymeH11e IJYtIKS, ocy~eCTBJiff6MOe npK MHHK-

M8JibHWC (:zlJifi '/1,8HHOro n ) F min 3H6tJ6ID'lffX, npOHCXO;llKT np11 

Ha116om.meM 3H81l6Hl1K WYHKUH« U - ( K Kp , K0 ) , H , TeY caMW.1, 113 

YCJIOBl1fl 

00 : N + /HJ f o 

Bcer;lla onpe;lleJIBeTCH 11acT0Ta Q0 :s TOtJRe K 
0 

, aHa11eaHe 

KOTOpo«, K8K IlOK83YB8IOT pactJeTH, COCTSBJifleT (cM.pHc.2) 

Ko~ K Kp I e . (49) 

06WIHO np11 3KcnepruteHT8Jll>HHX H3M6peHKffX npaBHJibHOCTb BHC-

T8B1!6HWI \lBCTOTH (f H )onT Onp6,1tBIDl6TCR H3 YC1IOBKH, '\ITO npH 

OTKJIOHellltH OT 3TOM B611HllHHLI B TY HJIH l1HYID CTOPOHY Ha6mmaeJWe 

n0Tep11 qacTmt yueHbmamTcH. STo npo11cxo;ll11T no TOK np11t111ue, llTO 

npK l1SM6H6HHH f 11 paapymeHHe IJYllKa OCYJijeCTBJiff6TCR npH .1tPYrHX 
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3H8'!8Hl1RX K 0 ' '/1,Jifl ROTOpb!X ¢.,yHKUMB [ V_!K K
0
'1MeH"bl!l8 \ tcp 1 Jlma.x onr 

qe?l npn npH K0 = (Ko) T.e . 

(1) ) v ( K (f) (k OIJT) u_ (Kt<p, Ko ~ - Kp J a) (50) 

Ha pi·:c. 2 rrpi1_, e'/1,eHbI rparJl}utM 38JllIC~:tJOC Tr1 LJ_ (Klcf,Ko) oT Ko 
;a,nn Tpex attatieH11vi t:i. ( t... = 3 · rn-5 , 4 • Hr5, s • 10-5) . 

Tmr r.te Ii0l\838Hbl COOTBe:cTBYIOlllMe 3H8'! 6HlU! U.(K icp . ' ~o onT ) 

Kmc 11 1.;r.e].IOBS:IIO or.;n.z;;an, rrpH iieH:ournx 3Ha4enHHX t:. 361.il-!-

4V.hcl U. ( K 1<p , K:"T) 6on:ome. J1p11 STOM 11 3H8t!el:me K l<f' 6o;r,;;ll!e. 

YcJimll1e rromwro \ qacTa1rnoro) paapylilemrn n;;--1rna, B par.c!.laTpn­

Birn;.ioM CIIJ '!88' Ha CTemrnx 1\8!.lepb! 38nt'l!I6T€lff B BMll;e: 

Brna.x{U_(KKp , Koom·)}-= d+.A. (51) 

rrp>1 tieM 

A -· 
( A rn:i.x 

l A < Amo.~ npll qac:rwrnor.1 pa spyrue:um 

rrp.lli nomrnu paapymemrn 

B). f[QjJe;nem1e Hecm!XpOHHb!X 118CTlll( B H.l(G8 JI:bHOM c>rnxpoTpOH6 

PacOllOTPMM Tenep:o HeCi-:!iXpOHHY!O '!8CT.11l.Q' B il,l(88ill>HOM CHHxpO­

T pO:ie , T.e . ll;OITJCTJ1M, '!TO ll8Go·OT<3 QC= Q o c;rnxpOHHOi: •rnc:::! !.(B 

B T8KOM cirnxpoTpO!ie oc:raeTCfl l!OC 'I:Ol!Hi!OH 38 Bpe!i!il '/1,<JliCTBilfi BC:>-

1C'fl!l6HV!H. ,l\JT..ii 3TOI'O }LCC T8!0'!H0 no;n.c•ra :s1:•rz. B (3 '7) !::, ;;:: o. 
Pe3vrr:oTaTLI pac'ieTOB Ha S.BM noKaJUB<nJT, 'ITO n 

npV! OP.HO!.: 1'3 ycJIOBI!(; (38). C)liia j,l£l ~YHY.i.\H.li u ( ~) 
OR80blll:Jil?Jfl MHOl'O 60 il£ll!6 ~\py:r;;il. 8Tff; p63Yiil>T8Tbl, 

-~5-

3 oTOM c;ryqae 

np11 K > IOO 

Q ~ .. N 
rrpi1 ."T ""· .. 



(=5), (§&~: o) VI pa3ilWIHh!X :.rnatrnHHHX q, rrpirne.n;eHh! B Bl'l.11,6 

rpacii trno:a aa p~lC .3. ;Qmr cpanHeHH!!. TaM JKe np.vrne.n;eHa KpHBaH 

U - ( K) lJ.lli! c:rryqaH a). 

Pe3VJI:&TaTb! pactrnTOB T8Kli\e nol\a3b!B8IOT , qTO 3Ha4eHVIII WYHK­

l.\!11'! U _ ( K, ~, -')) Hecyll{eCTBeHHO OTJil148IOTCH OT 3Haqeull!i1 

U- ( K, O, O ) 11 ITOSTOMY OHVI He npHB67J.6Hhl Ha pHC .~. 

Ec;irn npOBOl-{HTl> cpaBHeHHe co CJiyqaeM a)' TO MOlllliO 381.16-

T l1T:&, 4TO H s.n;ec:& Ha6mo.11aeTCR 6e CKOHe'lIDiil pocT U-( I<) c yBe .• 

l!l146HH8!.! 11K 11 ' HO B cnyqae B). "rrpRM8R 11 a) OK83Ii1B88TC.ii "npo­

MO'AYl!HpOB8HHOR " c qacTOTOtt CVIHXPOTPOHHbIX KoJie6am1i! H, KPOMe 

Toro (qTO 6onee cymecTBeHHO), H8KJIOH KP.ITTlOR KOCH :apeMeHM 

( i-Hn! 'q!iCJIY o6opOTOB) OK83!IB86TCH CYlll6CTB6HHO 38BUCHll!HM TOJI:&I{Q 

OT BGJil14l1Hbl napaMeTpa 9-
Ha pirn.3 np1rne.11emr rpaqHnm tPYHKI.\l1M U-(/1) JJ,JIH pa3JIM'qHb!JC 

3H84BHHI 

RM t 
rrapaMeTpa q, ' COOTB6TCTBY1Ql.l(IDC ~83)!!1qHb'?!. 3H84em1-

fa H rrpl1 O.ZJ;ROM it! TOM JKe 3H846HlU! 6 Q ( = 0,026) . 

TnE, lJ.iIH cpaBH6Hl1iI f l1Pl1B6,1\6Hbl .n;:ae KJlHBh!e ( CIIJIOIUH8fl 11: nyH-

f c " 
KTHPH8H)' COOTB6TCTBYIOll!W3 T8KOll nape rrapaMeTpOB fo * 5 Q ' 

KOTOph!e ;z\8lOT O;z\Hl'! l! Te ll!e 3H846Hl'!H napaMeTpa q, ( =0,207). 

8T11 KJlHBhle no;z\TBepll\;l\aIOT, tITO. rro:ae,11e1rne 1JYHKUHW U-( K) sa:ai-i-

CHT TOJI!>KO OT Bel!l14l1Hhl rrapaMeTpa q,. 
EC-lll'! B0Cfi0l!I>30B8T:DCR M8JIOCT!>IO Edl!WBIHhl gr ~: < 1 ( ;z\Jifl 

~penaHc1mro c11Hxp0Tp0Ha .zi;11arrasoH ¥!3MeHeHHH fc / f 
0 

no l.l•IKJIY 

ycRopeHMff COCT8BllfI6T 0,04 + 0,0095). TO p83JIOJKMB Si.11.Sf t:- B 

pH,11 'AO Ky6w:recmtx t1neHoB, .i'.13 ypaBHeHHH :z:tJIH cerrapaTpMClil qiaso-

Bb!X Kone6aa!tli [6 J · , .n;JIH rrapaueTpo:a q, rroJiy4lllM BHpalilem1e: 

<} = h~0~ J1-</>sd~<P,.' [1~(31~) 2/G] <
52) 

-24-· 

GTKY.i\D mrn,:;yeT, tf'.LO ::..He4emie (} c na 1ju saEHl!HT OT !13M0!ff'..!O-

u;arvcH no J.(!1KJIY yc1m peHJ1R rra pa:.1'3'.i'Pci /c/f
0 

~~lib;M:! CJrOBa:,,f.vi, ~~J:t:Ho Cti.r1Ta T:&, 't!l'U .d T~~'i8h!1f; n. ~u: •. 3 YCHfJf:") ... 

;!m-1 IT8;:J8!!.CTP '} ,J)If! ,li,Qll!ICr o yc 1;op:t.TC.1IE ( Qo • h. ' al. '~s"" 
Con :'> t ) c~·.caeTCB m.1c·:rosu !:H!.E.i , a ero n.,m:'-rit.r;:::i 3&3!WPT V" <1<.i<:•rn·· 

,mi;; h - KpaT!i .-::rn pa£!J04ac·:roTu , d.. - '\03<.(ic}J:rnn .. HTa Jfi!IO'.I' Pti~ 

mm o,µ6z..rH, <Ps - paBHOEecHol1 Q83lll .vtmopmo<~e ro rro1m 1 1·31;e-

:rnioll.(ero cH n o sai<on~' 

V = V6 .'i co1 <P 
' 

(:53) 

Ha Pt!,; .4 ;, ) Hp8JiC'r:i3;1c: tt:i: 11pa:I,.;;J'(:I '~'YHK~r;; U-( /\) ( i\PHTI!:lt: 

·') ;z\Jm ::inal!J: .:. :--i2}1J tO'I'J .. C:::? q,. iipll r.,nyx. 'i; .. : ·c1J. .• iY.. p::rnP.0-

BGCHO::, .[Ja:m ( rr::, ..;.~a.2" J! cf>s = 45~LJ0 ) ,I\J:rri LT:,/'ion Ji;p1 .. n !.<J-t-

C..:I\vro C!-~!IX}IC7p0iIG c '1)p;J;.~e·rp3Ml{ h ;: 9.-' d... = 1.., U4, Qo = 

- ·5,25. 

U3 pnc.3 r<·;~1:n 1 tJTO B pD3HHX yr·1:0!H. GJIHX (T .. t1 . t:'!ii ~·B:1!i.4L.."{ 

3Fatremr;l g, ) , ,:a;\;rmr qwmrx U- ( I<} 1c ocn 13p i:n!eu:: pas%1:;. , 

rrpJ~treM aToT !i8ICJron Y!te H :&Gj(lf:l~'GH c yBe;iri.itrci 1-mB1.1 srw·iem;H napa.,re: .. 

pa i • 8To u3H1·1aeT, w.ro np11 O'AHOY. i\ 'l'OI{. .iili 3licHElHit!n o~·-

mrnTyl-{bl B03l~:Til\~I0!:;6I'0 JTOllfi ( 3H8lJeHvil1 fJ ma x ) , Heo(.·-:o;!(Vlill.le 

.zlJIB pa3p;flile lil!R rry 1r:\a Bpc •. :emi .11eJ.1GTElin Bos1.:yuie<Uil. :.1\'I'YT cy-

:!;'3GTBeHHO vrm:tJaTI:>CH ~-PJr o·r ;n,pyra Llllil pll 3JG~<IF.l.!.{ ye Ro 1.i!T'.: 11;;;1. 

llpu ::J T Oi:.~, nax r1' :s ·..,J!;iur1e a), H5f!' H,IJ\3:i:-\'.!X or1 rJ~i1·7'H~n;1~ Ea ,. 
I: e JIUtrl1HY Cl H J .c. pc:Jl'Y:UBR!rn rrvcrn;J !.10.'1\HO OCY!i\uCT.BllU !Ipl! 

mo6wx 3;ia·~emmx (AOC7;,TC<JH:J ·.inJibrx:) atJ:i:n::T:Vllhl B03LlYl:l811Jl'(ero rrc-

rn. 
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r). Ilo:ae,L\emrn HeCi1HX::;OHHO~i •iaCTl1llbl ll peaJI:&HOM mrnxpoTpOHe . 

Pac cuoTpHM , HaiwHeu, rrponecc pa3pyweH11H J-Ie c1rnxpo HPJ:lX qac­

THU B peaJI:&HOM crrnxpoTpOHe' T. e. ROr,l:\a RB83H- ll8CTOT8 6eTa­

TpOHHbiX !\OJie6aHl1tl \I8CTl!~ H3llel!f!6TCH no 38!\C:HY ( 5). 

Ha plllc.4 H 5 npe,l\CT8BJI0HH pe3VifbT8TH pactJeTOll Ha 8BiA nplll 

ycno:omr Oc- f: _ = ueJioe ( =5) H .l\IDl 3HatreHH~ rrapa1.rnTpa L\ = 

= z. Io-S H 3.:G-~ ' npH KOTOpi:JX, 38 :apeMH ,L\6ll.CTBl1fi B03MYl'.(eHl18 

( Kma.x= 500) ;rn;zuru treTKO BblpaJKeHHble ;,1aRCMMYMbJ cpyHKL\!111 U- (k) , 

a TaKJKe 11x rroEo,l\er:vm np11 K > K 1<p r,L\e 

u _ (k Kf' ) ;:: [ u - ( K)] mo..x ( 5'~) 

(5aMeTl1M, t!TO 11 3,lleC:& , K8K ~l ll rrpe,l\hl.l\Y~ft1Y. cJiytraHx, 

U+(k) << U-(1<) . 
KpoMe TOl'o, saMeTHa cr.a6aff 3a1rnc ;tMOCTI> U-(1<) 

(Cl~.pHC o 4) • 

OT f c//o 

Vis cpa:aHemm p110.4 11 5 Blll.l\HO, trTO :aem1i:;11H!l U-(K) sa:s1~-

CHT OT napaMeTpa cy ' a 111!6HHO: 

U- ( K) g,f) > U- ( K, q,J (55) 

np11 q,., < q,e 

~anee, · 11s Tex ~e p11cyHKOB cne,llyeT, qTo :acerAa 

u _ c K KP , Ko =- 1 ) < u _ ( "Kp , 1c = 2 s o) . < s6) 

ITpo:ao,l\H aRonor11trnc nyHKTV 6) pactreTbl, nerKo y6e~11T:&CH, 

t!TO B 3TOM cnyqae 11MeeT M8CTO HepalleHCTBO 

2 6) u _ ( K KP, Ko J / ~ u - ( K f< p • I( o) I , (57) 

-2(,_ 

npHtieM, 3H3It palleHCTB8 COOTllBTCTBY8T npe;n,eJI:&HOMY SHatieHMIO 

't = o. 
PeailMHPYH Bee Bbllllenp11Be,lleHHoe . MOlltHO YTlleplf.'JJ:aTi., ti:TO B 

CJIYtiae !113MeHeH!llfi qacTOThl Cl1HXPOHHOti qacTHUhl Jl TetreHv.e BpeMeHlll 

;n,e£1CTBHH B03MYJI(BHl1fl ~ paspymeH!lle IIYt!K3 •, npH M11HHM3JI:&JiblX SHatre­

H!llHX aMnJmTYJU>I JJ08MYlll8Dl!lero noWI 11 npH J: =-{ f: )
0

nT , npmicxo­

'AlllT B COOTB6TCTBllillI C 38KOHOM !113M6li6Hlllfl O;ZJ.H0£1 HS i1JYHKW"I£1 

u f ( K l(p, Koon~ er I ~ ) • rro;TOMY . HaH6onee o6ntee YCJIOB!lle 

paapymeHHfl nytIK8 npH Q 0 - ( I ti )= tJ npl1HHM86T BH;n,: 
To ,{,nT 

a · oM ) 
Umo..x ' LJ_ (KKp, K. , q,, A = d ~A 1 

(58) 

npH'leM .A ma.x 
nplll IIOJIHOM paapymeHHllI 

A = \ fl < A ma.JC 
npH tracTHtrHOM paspymeH1111 

B;n,eci. KKp - M.lllH!llM8JII>HO Heo6xo,l\lllMOe JJpeMff ;n,eiicTJJlllH B03MY-

ll\6HHfl' a 0 - MOMeHT ' npH KOTOpDM onpe;n,emieTCfi' no l}opuyne K onT 

Q = N + (fwl1 ) , 3H8'18Hl/Ie '18CTOThl QC CHI!XpoHHO~ 
0 ? to onT 

qacTllI~. ilpH aTOM, napaMeTphl 'l 
KO ;n,aHHJ:lli CHHXPOTpOH• 

/l. - xapaKTep111ay10T TOlil)· 

B 38KIDOt!6Hl16 nepetrHCJIHM OCHOBHbl6 BllBO,m,l npoBe;n.eHHOri pa60Thl, 

KOTOph!e B H6HBHOM BH;ZJ.6 co;n,epllt8TCff 1l ~opuyJie (58). 

I. Ilolle;n,eHHe CHHXPOHHh!X 11 Hec11mcpoHHb!X qacTHU · npH ycno131111, 

'ITO qacToTa Ge. = Q 
0 

= con.~ i aa BpeMH ;n,e.i.tcTD~H DoauymeHHff, . 
cYJI(ecTDeHHO uoryT oTmI1IBTI>CH ;n,pyr OT ;n,pyra, ecmi napaMeTp Cf. 

CHm>HO OTID1'186TC.fl OT 3H81J6HHff q, = 0. 

727~ 
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3TO OTJU'l"t!llie C!C8 3b!B88TCH JU'Illl'b B TOM, liTO npll! O]J;HOM fl! TOM 

40 3H8t!0 Hll!H 8MilJl. ll!TYJJ;b! B03My~a10mero IlOJifl ]J;JLH H0Cll!HXPOHHb!X i;ac­

THU Tpe6yeTCfl 60JI.bme BpeMeHH ]J;lIH ]J;OCTf/!~0Hfl!H CT8HOK B8KYYMHOV. 

KaMepb! , no cpaBH0Hll!IO c T0M ~e BpeMeHeM ]J;Jl.H CHHXpOHHOK t!8CTll!l.~bI. 

2. IlOB8]J;8Hll!8 t!8CTll!U npv. pe30H8HCHOM paapymeHll!fll nyqKa cy­

~eCTB6HHO 38B V. Cll!T OT qa cJI.eHHOro 3HaqeHHH CKOpOCTfll 11!3M8H8H.IIB 

qacTOT~ Ge cv.HXPOHH0!.1 qacT~bl aa BpeMH JJ;ettcTBfllH BoauymeHaff. 

B oTnaqll!e oT cnyqaa Oc. = cort~i , or11I6a10maH OTKJI.OHeHlrftt 

1i6CTHU, npv. pe30H8HCHb!X ycJI.OBIDiX Q 0 :t ..f,.. /lo =ti ' HM08T 

KOH61'Hbltt M8 KCll!MYM npv. HeorpaHv.qeHHOM yBeJI.ll!qeHll!ll! Bp0M0HH JJ;eK­

CTB lllH B03MY~0Hlllfl . Ilpll! STOM , M8KCll!MYM ]J;OCTV.r aeTCH B MOMe HT 

K=KKp 
qll!CJl.8HH08 3H81'0Hll!6 Kkp 38Bll!Cll!T OT CKOpOCTV. 11!3M6H0Hll!H 

( 6. ) 6eTaTpOHHOi1 i;acToTU, a qucJI.eHHUe aHaqe H.lIB U ( k Kf) 
38ll~!C!IT OT na:p3Y:0TpOB 9' fl! ~ 

3. Ilo Ha6moJJ;eHll!ffM noTepb qaCTfll~ Ha CTeHK8X B3KYYMHOtt Ka-

Mepbl (m160 ¥.3MOHem1e UGHTpa TflllreCTH nyi;Ka) np11 Mll!HUM8Jl.bHblX 

3H81'8Hll!ffX aMTIJl.fl!TY:zu,I B03MYmaromer o noJIB, BCBrAa MOXHO orrpeJJ;eJl.f/!Tn 
on., 

aHa'l!eHvre Q 
0 

:a MOMOHT K 0 , KOTopafl cocTaBJifleT 

onr 
K

0 
~· KKp/2. 

ITpld 3TOM' 3l:WIIepHMeHT8JI.:i>Hblll IlO]J;60p qacTOTbl ( fH If.,) onT 

BOSMYill.8IOll\Bro noID! cylllecTBeHHO o6nerqaeTCfl 6naro,n;apff cymecTllO­

BaHv.10 3Ha'tlemrn qiymnzyrn u ( K;tp I K .,0 ") ' qf1!CJl.8HHOO 3HaqeH!ti0 

KOTopoit Eaiti60nbmee J.13 Bcex ;n;pyrRX aaai;eHll!ii U ( KKp, f( 0 ) T. e ~ 

on r u ( K Kp I K D) < u ( K Kp I K" ) 

-28-

;!lnH TO'l!l:!oro onpeJJ;ei18HHff sHaqeH!IB K,,,-1, ' ''l6xo;zi;ID!o iIPOfll3-

BOAl1Tn rromrne paapymemrn ny'l!Ka c TeM, <IT <.1~1i1 11u MOMBHTa!l J::a­

qana paspywemm ( K 1 ) R IWHUa ero ( K'2 ) :Bbl't!£1CJill!T:& 

KKp ~ ( K1 + K2)/2 H TeM cawM HatiT!ti sHa'l!eH11e K.,~ ( K1 t Ke)/4, 
B KOTOp011 QC ::. Q 0 

4 Moll(HOCTl> B03MYJ!l8Klll\ero 3q rrollil, Heo6xol\ll!MOro ;D;lIH no;irnorc 

paspymeHldH nyi;Ka, saB!tiCldT OT rronepe'I l:!b!X paaMepoB paapymaeMoro 

nyi;ICa (cM.~OPMYJIY (58)). 
5. ViaMeHem~e aHaqemrn H 0 aa :apeMH ;zi;e~cT:lllrn B03MJl'lllOHll!ff 

He BHOCln CYJ1(6CT:B6HHhlX l/l3MOH6HJ/!li (cM.p11c.I)B noBe]J;e H.11!8 1i8CTZ!J 

B pe30H8HCHblX ycJI.O:BltiHX. 

-2"9-
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Pe,lJ;aKTOP JI.IT.My1rn.f!H 
Tex. pe,lJ;aKTOp A.C.A6paMRH 

3a:ita a 410 mi- 034 79 T11pa;r. 299 

ITo.z;n11caHo K neqaT11 2/Xl-78 r. ~opMaT ns.zw mm 60x84/I6 

2.0 yq. Wi,lJ;.JI. U. 14 R. 

i;:;;;llaHo OT,lJ;eJroM H8YllHO-TeJCH11qecKo~ ~H<I;opMal.\trn 

EpeEaHcKoro (j)ll!SWiecKoro >rncT11TyTa, .i!:pellaH-36, nep.iAapKapirna 2 


