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BBEnEHHE 

B CBR3H c nOHCKaMH rtyreã nOBhIllIeHHR TeMna YCKopeHHR 3apR)I(eHHhIX 
/1 ' 

qaCTHU H nOHBJIeHHeM cxevr )J.ByxnyqKOBOrO YCKopeHHR' • B03pOC HHTe

pec K nepHO)J.HqeCKHM YCKOpRIOI.UHM CTpYKTypaM co CJIO)l(HOll q,OpMOll 

nortepexaoro CeqeHHH. Oc06eHHO nepcneKTHBHhIMH )J.JIR uerreá YCKopeHHR 

qaCTHU B 06JIaCTH peJIRTHBHCTCKHX anepraà RBJIRIOTCR naarpparraapoaaaasre 
BOJIHOBO~hI, n03BOJIHIOI.UHe npa q,a30BOll CKOpOCTH BOJIHhl, paaaoíi CKOpO

CTH CBeTa, nonysars BhlCOKHe HanpR)I(eHHOCTH ycxopmoutero nOJIR 

( - 1 I3B/M). TaKHe õorrsuiae rparraearst nOJIR MorYT 6hITb )J.OCTHrHYThl 

TOJIbKO npa paõore na BhlCOKHX xacrorax (f - 30 IIU;) , tITO,B CBOIO oxepens, 
npHBO)J.HT K corcpamenaro nonepesasrx pasr-repoa BOJIHOBO)J.a, YMeHbllleHIDO 

npOCTpaHCTBeHHoro nepaona, YBeJIHqeHHIO Tpe60BaHHll K tIHCTOTe nonepx

HOCTH H T.)J.. /2/. 

OCHOBHaH sanava npoeKTHpOBaHHR nepHO)J.HtIeCKHX BOJIHOBO)J.OB COCTO

HT B Bhl60pe raxoâ reor-rerpaa CTPYKTyphI, KOTOpaR 06eCnetIHBaeT rpeõye
Mhle pa,nHOTeXHHtIeCKHe napar-rerpsr. B CBR3H C 3THM )J.JIR asrõopa OnTHMaJIb

HOll q,OpMhl lIIHpOI<:O npHMeHHIOTCR MeTo)J.hl tIHCJIeHHOrO MO)J.eJIHpOBaHIDI. 

B nacroauteã paõore aa OCHOBe MeTO)J.a KOHetIHhlX 3JIeMeHTOB '/3,4 / H" 

MeTO)J.a qaCTHQHbIX 06JIaCTell' /5/ BbltIlICJIRIOTCR pa,nHOTeXHHtIecKHe xapaxre

pHCTHKH )J.Ha<pparMHpOBaHHOrO BOJIHOBO)J.a, acnorn.ayer-rsre B npoexre
/2/

)J.ByxnYtIKOBOrO YCKopHTeJIR • 

qMCJIeHHble HCCJIe)J.OBaHHR npOBO)J.HJIHCb c rrosroursro nascera npaxnan

HhlX nporpavn-r MULTIMODE )J.JIH BOJIHOBO)J.OB c npRMbIMH H aaxpyrnen

HblMH KpaHMH zraarpparr-r B CJIYtIae a3HMYTaJIbHO O)J.HOPO)J.HbIX BOJIH. llnH 

BOJIHOBO)J.OB c npRMhlMH KPaHMH )J.Haq,parM npOBO)J.HJICR pacser TaK)I(e 

MeTO)J.OM tIaCTHtIHhlX 06JIaCTell, KaK )J.JIH a3HMYTaJIbHO O)J.HOp'O)J.HbIX BOJIH, 

TaK H )J.JIR B01lH c aapaanaeã no a3HMYTY. 

1. nOCTAHOBKA 3AnAql1 

113BecTHO, tITO B cnyxae ocecHMMeTpHtIHOll CTpYKTypbI KOMnOHeHThl 

H cp H Ecp 3JIeKTpOMarHHTHhIX norreü B pesonarope 6e3 BapHaIJ;HH no a3HMYTY 

RBJIRIOTCR peurenner-r crrercrpansrroji aanaxa 

2a 1 au a U 
-r~LU = k 2 U . (1.1)ar ar az 2 

Dt31~tHhiitUH~n Imcmyr' 

~a~~~x. Mr.(:~~fiJna.~~ B 1 



au 
TIpH 3TOM "ã""nl = O,ll,JlH E-BOnH, ui = °AnH H-BOnH, u I = 0.3Aecb r - Me-

I r r= o 
TaJInHqeCKHe rpaaama nonepevaoro CeqeHHH BOnHOBOAa, k - BonHOBOe 

qHCno. Ha rpanauax z = OH Z = D/2 CTaBHTCH ycnoaaa qeTHOCTH HnH He

qeTHOCTM peureaan. 
B crrysae nepaonavecxoü CTPYKTyphI <PYHKUHJI U - KOMnneI<:CHaR /3, I: 

li = Fs (1', Z ) - i F A (r, z ) , 

a <PYHKUHH F H F HBnHlOTCH penienaaraa ypaBHeHHHs A
 

2F k 2F
LFs = k s ' LF = (1.2)A A 

npn 3TOM 

F s I == O, F I = O AJIH H-BOJIH,A
 
r r
 

aFs aFA I = OI = 0, AJIH E -BOJIH. an r an r 

B 060HX cnysaax na rpaaanax r 0, Z = 0, z == D/2 CTaBHTCfl cnenyiourae 
rpaaa-nrsre ycnoanx: 

F s I == O, FA I == 0, (1.3) 
r == o r = o 

aI"s
--I == 0, F A I = 0,az 

z == o z == o 

[Fs Sin ( hz) - FÁ. Cos ( h z ») I == 0, 
z == L, 12 

JF aF
[~s-Cos(hz') + ~ Sin ( h z ) )' = O. (1.4)

Jz az z==L/2 

3neCb h D = e - cnnar qiaa aa nepnon, npa 3TOM ct>a30BbIe CKOpO~TM rap

cuD 
MOHHK f3 n = . I'pamonnae YCJIOBHH (1.4) BbITeKaIOT H3 Teope

(hD + 21Tn) c 

MbI <1>noKe, CM., HanpHMep,'/5:/. 

Ilaxer npaxnannsrx nporpaMM MULTIMODE rrpennaaaanea .n;JIH qHCJIeH

noro peiueaaa paccsrorpeaasrx aanax H onpenenenaa no rronyueanoxry pe

riIeH~1O He06xOAMMbIX pa.,rr,HOTeXHHqeçKRX xapaKTepHCTHK BOJIHOBO,D;a 14,6,10 ;' 

B YKa3aHHhIX paõorax ,D;OcTaTOqHO nO,D;p06HO OIDIcaHbI qHCneHHhIe MeTo.n;hI, 
acrtorrsayesrsre B nascere. 

2. O npOrPAMME ALF 

)lnH nocrpoerraa AMcnepCMOHHhIX rcpnasrx MeTOAOM qaCTHqHhIX 06

nacreã õsnra MCnOJIh30BaHa nporpaxoaa ALF:/7 I •
 

. KaK H3BecTHo, CM., aanpasrep, :/8 ~ B 3TOM MeTOAe BHYTpeHHHH 06


rracrs BonHOBOAa pa36HBaeTcH ~HnHHApHqeCKOll nonepxxocrsro r = a aa
 
ABe 06nacTH: I - r ~ a - 06JIaCTb pacnpocrpaneaaa 11 II - a s: r s: b - peso

HaTOpHaR oõnacrs. KOMnoHeHTbI nona E H Hçb, aanpavrep, HMeroT BM,D;
z 

I . imif> A J m (anr) ih z -icu tE (r, z, t ) = e ~ e nz ln-- e
 
n=-oe J m (a n a)
 

(2.1) 
I .imel>~ [k J~(anr)Hei> (r,z, t) le ..:.. --A mh n rnh n A + n ---C 2 lnn =- oe a n J m (o na) kr ao 

o 

+A ) Jrn(an r) ihn Z - ÍCu t 
]e e2n
 

an J ~ «(7na)
 

rzie a 21TH n yk2 - h2 h == h +
n n O
 

E
II 
z (r, z , t ) imr/J ~ , 2 õ Z (K' r ) d -i(J) t e , in t - on'B ,~_n_-IC08[T/'(z + -2)]e , 

n=o 4 1 n Z (K' a- ) n
1m n 

II . irnci> 00114> (r,z,t) i e . ~ in" I k 2 - <5 on' 13 "Z írn (K n ' r ) m71 o " (2.2) 
4 - -- x n '== o " ln Z 

K n 1m (K o " a ) 2kr 

X[7Tn'm Z2m (K n "r ) 
- B2n ' ]3 1n, Cos [71 ,(z + ~ )] e- iw t daK 2, 

n K "Z2" (K "a) n 2 
o m n 

rAe 

Z 1m (K Ir)n Jm(K n" r)Nm (KO" b ) - Nm(K n" r)J m(K " b ) , 
n 

3 



Z2 (K -r)=J (K "r)N"(K ,b)-N (K ,r)J"(K "b);K'2=k 2- TJ 2" TJ ,= 7Tn' 
mn fi n mn mn fi n n n n d 

lllrpnx - npoaaaonnaa no aprYMeHTY uanaaztpmrecrcoã lPYHK~lili. Cuiaaaa 
peurenaa ,ll;JIH raarennaansnsrx KOMnOHeHT nOJIH npn r = a li liCnOJIb3YH 
CBOHCTBa opror-oaansnocra H flOJIHOThl c06CTBeHHhIX lPYHK~H, nony-raer-r 
6eCKOHeqHYlO anreõpaavecxyro CHCTeMY ,ll;JIH neaanecrasrx lPYHK~liH: A\ 'B1 '.. . n n 
Hccnenoaaaae rracnepcaoansrx CBOH:CTB CTpYKTyphI k (h) nnn f (e npo-
BO,ll;liTCH na OCHOBe nerepraanaara MaTpli~I { uk \ , KOTOphIH: HBJIHeTCH lPYHK
~lieH: h li k : Det [uk \ = <j) (h, k) ,rp;e h - nOCTOHHHaH pacnpocrpaaenaa 
coficrnemtsrx BOJIH B cacresre, k =Ú)/c . .nJIH YJIyqmeHHH CXO,ll;liMOCTli aner-tea
TOB MaTpli~hI liCnOJIb30BaHO YCJIOBlie na pe6pe /8/. 

Ilorraraevr k = f3 h li onpenenaer-r xopan ypaaneaaa <t> ( h, f3 h) = °B 3a
aacar-rocra OT f3 . B CliJIY nepaonauaocra H CliMMeTplili 3aBliCliMOCTH k (h) 
,ll;OCTaTOqHO paccxrorpert,' mrrepaan O~ h S 7T/ D . Iloacrc xopaeá ypaaaeana 
<fl (h, f3 h) = ° npoaaaomrrca rrpn lPliKclipoBaHHoM f3 nYTeM aananaa pa36H
enaa aarepaana (O, 7T/ D) c nraror-r ~ h no nepeMeHHoH h li onpezreneana 
KOHKpeTHoró KOpHH BHYTPli KIDK,ll;OrO anrepaana ,ll;JIliHOH 2~ h MeTo,rr,OM 
Hsroroaa. lif3.MeHeHlieM napar-rerpa f3 onpe,ll;eJIHIOTCH npyrne ro-nca nacrrep
CliOHHhIX xpaasrx. Borree nO,ll;p06HO aHaJIliTliqeCKlie nsrpaaceaaa li liCCJIe

/.noaanae nacnepcaoaasrx CBOHCTB CTPYKTyphI li3JIO:JKeHhI B paõore /9 

3. PE3YJIbTAThI PAC4ETA 

Ilepeàner-r K onncaaaro pe3YJIbTaTOB xacneanoro MO,ll;eJIlipOBaHliH 
naadiparraaponanaoro BOJIHOBO,ll;a. Ha pliC. 1 norcasaaa reoxrerpaa COOTBeT
CTBYIOmeH nepaomorecxoã CTPYKTyphI H npaaarsre 0603HaqeHliH. 

'Z 

z 

PUC. 1. CXeMa SOJlHOSooa. 

qliCJIeHHhle aaasenaa r-eor-rerpaaecrcnx rrapaxrerpoa sormonona 6hIJIli 
B3HThI aa pa60ThI /2/ : a = 0,7950 MM, b = 3,377 MM, paccroanae Me:JK,ll;Y 
nacrcavra d = 2,891 MM, nepaon CTPYKTyphI D = 3,3740 MM. 

.nJIH BOJIHOBO,ll;a c aaxpyrrreaasrr-ra KpaRMli nacxon 6hIJ10 npaaaro, 
qTO panayc saxpyrnenaa paaea nononaae TOJIIlI,liHhI nacxa. 

OCHOBHhIMli xaparcrepacrmcawa BOJIHOBO,ll;a c ôeryuteâ E -BOJIHOH: 
HBJIHIOTCH tlaCTOThI li lPa30BhIe CKOpOCTli OT,ll;eJIbHhIX rapraomnc. .nJIP.: OCHOB
HOH rapvroaaxa E 010 lPa30BaH CKOpOCTb (v = f3 c) CBH3aHa c qaCTOTOH: f li 
cnnaror-r lPa3hI na nepaon () cnenyiotuasr 06pa30M: hD = ~ D = () , rne .\0= ~' 

À [3o

4 

PUC. 2. Iluaepauua EpUJlIl103Ha. tlrrlll 

34.6 

Ha pnc, 2 nOKa3aHhI 3Ha
qeHliH qaCTOThI f KaK lPYHK
~lili () ,ll;JIH BOJIHhI E o l' nOJIY 3"4 .>'.:
qeHHhle pa3HhIMli MeTO;lJ;aMli. _.... 

3,ll;eCb xpaaaa 1 - saaueaaa 
f, BhlqliCJIeHHhle no nporpar-rvre 

34.1'-'--"'-------'-----'------~-~--
MULTIMODE ,ll;JIH rrpaxn.rx 30 60 90 120 150 100 e 
xpaen ,ll;lialPparM, npa aneans
HOH npoaortar-rocru creaorc.I ' 
,ll;JIH peaJIbHOH npoBo,ll;liMOCTli 
(,ll;JIH Me,ll;li). Kpanaa 2 
saaxeaaa f, asrxacneaasre no TOH :JKe nporpar-n-ie ,ll;JIH 3aKpyrJIeHHhIX xpaes 
naarpparra ,ll;JIH aneansnoá npoaonar-rocra, 2' - ,ll;JIH peansnoã. Kpnsaa 3 
snaseaaa f , BhlqliCJIeHHhle no MeTO,ll;Y qaCTliqHhIX 06JIaCTeH (rrporpar-rvra 
ALF). 

KaK nanao, saaxenaa pesoaaacasrx qaCTOT, BhlqliCJIeHHhle paaasnvra 
r-reronaraa, coananaior c TOqHOCTblO ne xY:JKe 0,03%'. 3TO rrorrrnepxcnaer
CH ,ll;a.HHhIMli Ta6JI. 1, rne npaaenensr cooraercrayroume ~lilPphI ,ll;JIH npar-isrx 
ztaarpparra. 

B Ta6JI. 2 npaaenensr 3HaqeHIDI f ,ll;JIH npaxrsrx li saxpyrneaasrx rcpaea 
naarpparr-r, BhlqliCJIeHHble no nporparavre MULTIMODE nna aneansnoã li 
peaJIbHOH rrpoaormxrocru CTeHOK BOJIHOBO,ll;a; 

KaK BH,ll;HO li3 pac, 2 li Ta6JI. 2, ,ll;JIH BOJIHOBO,ll;a c aaxpyrneaasrraa 
xpaar-ra naarpparr-r peaoaaacnsre qaCTOThI YBeJIliqliBalOTCH no cpasaeamo 
c vrorternao npavtsrx nncscoa, TaK, nanparaep, ,ll;JIH e = 120° pOCT f cocras
JIHeT 0,3%. 

qTO xacaerca yxera peaJIbHOH: npoaonar-rocra CTeHOK BOJIHOBO,ll;a, 
TO 3TOT 3lPq>eKT npaaornrr K CpaBHliTeJIbHO neôorrsuroray CHli:JKeHlilO peso
HaHCHOH: qaCTbTbI (B cpennesr aa 0,025%) . 

B mrreparype OTCYTCTBYIOT axcnepuvreararrsasre namrsre ztnn pasnas
HhIX lPa30Bhlx cnnaroa () B naanasoae MIiJIJIliMeTpOBhIX BOJIH . .nJIH () -140°, 

Taõnuua 1 

rll(rr~)
 

r A(r",)
 

f3(AI
 

/lIA)
 

39,6° 46,26° 55,62° ' 69,48° 92,7° 126,54° 139,32° 146,7° 164°
 

34,2579 34,2679 34,2848 34,3163 34 ,3597 34,3726 34,3787 34,3886 

34,..2630 34,2697 34,2792 S4,2954 34,3257 34,3673 34,3797 34,3855 34,3951 

3,5 3 2,5 2,0 1,5 1,1 1,0 0,95 0,85 

rp 0,0034 0,0039 0,0044 0,0050 0,0054 0,0043 0,0035 0:0030 0,0015 

(A)
Ilpuueuauue: f3(A) ,f3 r p - fjja30SaJl U epynnoeas CKOpOCTU E O (SOIlHbl no 

npoepauue ALF. 
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Puc.3. OCqUJlJlOepaMMa pesonancuux IJa.CTOT. 

f3 = 1 na pHC. 3 rrpnaeneaa OCQHJlJIOl-:' G O I	 I'rpaMMa!2'!, rne rrorcasaasr pesoaaac
nsre qaCTOTbI ,ll;JIH r-raxera BOJIHOBO ". 

.	 CBB 855-3541 zra c BbIllleYKa3aHHbIMH napar-rerpavm. 1 
qacToTbI, cooTBeTcTBYIOIIJ;He mncavr I' 

CJIeBa nanpaao, CJIe,ll;YIOIIJ;He: f = .I~ 

= 34,380; 34,450; 34,515; 

-3i1,57q I'T'u. ABTOpbI ne ztaror 06'hHCHeHHH 3TOMY HBJIeHHIO. 3HaqeHHe qaCTO

TbI, cooTBeTcTBYIOIIJ;ee HaH60JIbllleMY rrHKY, OTMelleHO na pHc.2 KpecTHKoM. 

KaK BH,ll;HO, pacxeraoe saaseane XOpOIllO coananaer c H3MepeHÍlbIM. 

. B Ta6JI.3 rrorcasaasr peaoaaacasre qaCTOTbI rapraoaax rrOJIH c aapaana

eH rro a3HMYTY, BblqHCJIeHHble rro nporpaxn-re ALF. Bce OHH asnue B 1,5

3 paaa qaCTOTbI OCHOBHOH rapMOHHKH H HMelOT diasoasre CKOpOCTH f3 60JIb

uie e,ll;HHHQbI. B CBH3H C 3THM BJIHHHHe HX aa npononsnoe ,ll;BHJKeHHe qaCTHQ 

nysrca õyner HeCYIIJ;eCTBeHHbIM, O,ll;HaKO HX pOJIb npa HeYCTOHqHBOCTH rana 

"beam break-up", rrpHBO,ll;HIIJ;eM K YBeJIHlIeHHIO nonepexasrx pasvrepoa nysrca 

C pe3KO asrpaaceanoã HeCHMMeTpHeH, MOJKeT 6bITb 3HaqHTeJIbHoH. 

Ilpa HCrrOJIb30BaHHH ,ll;Ha<}JparMHpOBaHHbIX BOJIHOBO,ll;OB KaK YCKOPHlO

IIJ;HX CTPYKTYP Hé06XO,ll;HMO 3HaTb ae TOJIbKO zracrrepcaoamae xapaxrepa

CTHKH, HO H aaeprerrrsecxae BeJIHtIHHbI. BaJKHeHIllHMH H3 HHX HBJIHIOTCH: 

BeJIHqHHa aercropa IloMHTIDIra - TI = [ E-H] I , rrOTOK MOIIJ;HOCTH, npoxo-

B z=o 

,ll;HIIJ;eH uepes CTPYKTYPY -P
W

=217 [rTIdr , 3HeprHH, sanaceaaaa BOJIHOH B rre
o 

paone CTPYKTypbI - W= Il [IH,.J.1 2 dV , MOIIJ;HOCTb noreps B rrpOBO,ll;HIIJ;HX 
o V 'f' 

rrJIOCKOCTHX Ps = Rs.r I Hq; 1 
2 dS. 

O,ll;HHM H3 rJIaBHbIX MOMeHTOB IÍ{>H rrpoeKTHpOBaHHH BOJIHOBO,ll;a B rca

uecrne YCKopHIOIIJ;eH CTPYKTYPbI C BbICO.KOá HarrpHJKeHHOCTblO rrOJIH HBJIHeT

CH aonpoc o pacnpeneneaaa H BeJIHlIHHe 3JIeRTpHqeCKOrO nona B CHCTeMe. 

Ha pHC. 4, 5 npaaenensr 3HaqeHHH HOpMaJIbHOH KOMrrOHeHTbI 3JIeKTpH

qeCKOrO rrOJIH B,ll;OJIb rrpOBO,ll;HIIJ;HX rroBepxHocTeH ,ll;JIH OCHOBHOM rapMoHH

KH rrOJIfI B crrysae npaxrsrx ,ll;HCKOB. ! 
KaK rrOKa3aJI pacuer, )l;JlH BOJIHOBO,ll;a C 3aKpyrJIeHHbIMH KpaHMH ,ll;HCKOB 

MaKCHMaJIbHOe saaseaae Eu, onpenenaronree orracaocrs rrpoõoa B BOJIHO II 
t 

aone, na 16% MeHbllle, qeM nna BOJIHOBO,ll;a C rrpHMbIMH ,ll;HCKaMH. I 
Ha pHC. 6 rrOKa3aHO pacnpenenenae anercrpauecxoro rrOJIH B,ll;OJIb. OCH ;~;

CH~TeMbI (Ez) ztna rrOJIOBHHbI npOCTpaHCTaeHHOrO nepaona CTPYKTypbI; ; 
xpaasre nna rrpasrsrx H aaxpyrrreaasrx ,I(liCKOB nparcravecxa coananaror. 

Ilq3TOMY cpenaee YCKOp'H:IOme~.none Ma, ..Q~H CHCTeMbI O,ll;HHaKOBO 'l 
,ll;JIH 060HX aapaaaros (E cp = 3,~i·.J_~:~·J~fr\i) ". ' ::: ,. 

Ilororc MOIIJ;HOCTH COCTaB]Út,eT~~~P~····.3TàM"6,88 .106 BT - ,ll;JIH npavnax 

,ll;HCKOB H 9,05 .106 BT - ,ll;JIH··~-aKP~ríie~iffiix. 
........ !... • •
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PuC. 5. Pacnpeôenenue En-KOMnOllell

Puc. 4. Pacnpeôeneuue En -KOMnoTbl no paõuycy npu z= dl2 . 
neurs: eàonu ocu Z . 1 - r = a ; 
2-r=b. 

Puc: 6. Pacnpeõeneuue E z -xounoneuru ElB/")
eõons ocu z npu r := O. 4.108 

fIoJIHaR caonxa OCHOBHhIX pe 2108
 

3YJIbTaTOB pacxera no nporpasoae
 
MULTIMODE npencraanena B Ta6JI.4:
 
LIN - ,nJIR rrparasrx, SQ - ,nJIR 3a 1.1'
 

KpyrJIeHHhIX ,nHCKOB.
 

0.25 0.5 l/O 

3AKfllOQEHl1E 

B paõore 113JIO:>KeHhI peaynsrarsr 11I1CJIeHHOrO Mo,neJIl1pOBaHHR BhICO
KOllaCTOTHhIX xapaKTepl1CTI1K ,nl1aepparMHpOBaHHoro BOJIHOBo,na, npoae
neaaoro MR npRMoyrOJIbHhIX xpaes ,nI1CKOB no ,nBYM nporpasoeasr: 
MULTIMODE - aa OCHOBe MeTo,na KOHellHhIX 3JIeMeHTOB, ALF - na OCHOBe 
MeTo,na lIaCTl1l1HhIX 06JIaCTeH. 

Pe3YJIbTaThI BhItIl1CJIeHI1H ,nl1cnepC110HHOH 3aBI1CI1MOCTI1 - ,nl1arpaMMa 
BPI1JIJII{)3Ha - nOKa3aJII1 cosnaneaae pe3YJIbTaTOB, srro nonraepacnaerca 
TaK:>Ke pe3ynbTaTaMl1113MepeHHH. 

Ilaxer nporpaMM MULTIMODE HCnOJIb30BaJICR rasoxe MR tlHCneH
aoro Mo,neJIHpOBaHHH BOJIHOBo,na c 60JIee CJIO)KHOH <POPMOH rrorrepeuaoro 

10 

CeQeHI1H (saxpyrrreaasre xpaa ,nI1CI-(OB) . Kpor-re Toro, 3Ta nporpar-rwra n03BO
JIReT paCCMOTpeTh pan TOHKI1X 3<p<peI-(TOB B pacnpezrerreaaa nOJIH M BhltIl1C
nars saeprerauecxae xapaKTepMCTMKI1 CMCTeMhI. 

B 3aKJII{)tIeHl1e aBTOphI õnar-onapar 3.A.fIepeJIhIllTellHa sa nnonoraop
Hhle o6CY:>K,neHMH. 
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