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Hacroa~ee noco6He O!Kp~Baer cepHll Bhl.1YCROB Efoporo Ha,'48;-

HHH Te~perHqecKoro H;ll;epHoro npaKTHltJMa. 3a ro;l(li. npome~m1i1e 

nocne BbUIYCKa nepEoro Ma~aHIDI, TeopeTHqecKH~ H;liepm.ill npax!Jt-

KYM saHHR noCTOflHHOe Mecro B CHCTeMe o6yqe:rna Ha OT~eneHHZ 

a~epao~ Q~saKH WHSliqecKoro ~aKJRDTeTa MI'Y. Bpel.W noKaaa~o, qft> 

rnaBHOe ADCTOHHCTBO HOBO~ ~OpW:iI saHHTHil - npoKexyroqao~ K8XJIJ' 

yqe oliblM ceM~HapoM H rrpaKTHKon B naoopaTOPHH - COCTO~ ~ opraHJt-

30BaHHOM CTIDzynHpOB8HHH caMOCTOHTennHOR pa6oi'bl cry~eHfOE. Ilpax

TMKYM ~aeT aaB~KH npoBe~eHHfl CTaHAapTHblX pacqeros B mtepHO~ ~KSH

Ke, Heo6xo,1{v.Jrae Ka21tAOMJ aayqaouy paCloTHHh'Y - aKcnepHJi1eamropy 

H TeopeT~Ky. OH CTan Ba~HO~ CTyneHn~ no~rOTOBKB cry~eH!OE K 

.can:roMH01'~ paeic:re . MsoroJleTF.Ze sae5.mo;nea:as: aa c!y;nes.Tau, rrpome,ll

il!f!MZ :reope'l: n11ec.Klit~ ripaKTHicyM :s MocK:se H .B ~WIHa3Ie HmIB~ MrY :a 

JlyOHe, ITOKa3a~H, qTQ OH OKaauBaeTCR paEHO rro~e3BHK KaK ;l{Jlfi rex. 

KTO ~hITTO~HneT. AlliIROMHYID pa6oTy no ~H3liKe fU(pa , ~aK ~ AJI.H rex, 

KTO c~eu~a~~3z,ye'l'C?. no ~H3RKe aneMeHTapma: Gac'l';m. 

BTonoe ~s;a;aaHe OT~HqaeTCH O! nepBoro , rna:e.H!ilM o6paso» 

o~cTeuo~ pacnonollteH~H MaTepaana. 3a~aqm nepEoro HSAaHJm CiHXZ 

CJIIDnKOM Kpynfiliu.rn:,M, Kor;a;a ~ Hsyqem1e pacfHr~rnaJioc» Ha aecxoJib

Ko yqeOiib!X saERTR~, ato qac'!'o Kemano qe!KO~ opraJHaanzz aaRRTBi. 

TenepD M~ pacno~araeu Bee~ MaTepHaJI Yll ceMecfpa no !JleK feMBJI: 

"Be:::ropHot. c.:roiKem.1e MOM:eH'l'OB", "Airrec>pa '!'essopma oneparopol! 11 

K "CnHHOBaa MaTpHI,\a IlJIO!l:HOCT.14 11
• Kallt,1{8 ff 1!3 HHX COCTOH~ D 'fpeX

-qeTlipex 3aKoHqeama: pasAeROE, CHaoaeHHHX C~OHK CllHCKOM 
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7npaZ.BeBHI. AW c~peKWICR npH6nR3HrbCH K TO.r.cy, qro6li K~ 

raKoa paa~e~ wor OliTb oc.Boea 3a O'ABY Ke~eJID. 

]CCOOllH no reue "BeKTOpHoe cno~eHHe yr~OBblX MOMeE!OB 

aan~Ca.iili ~oueHTOH c.~.CMHpHOB~M. 

•1..B!opc1nrn KOJIJieK'l'Hl! "TecpeT:r.rqecKoro H,Zlepaoro npa1t~:iu;; 

:y;xe! l!CKpe;:i:.se OJiaI'OZI,apea .BCe.M • .H:'fO BblCKaxer CBOH 38.Mel!aHJ 

::o :IOBO,?U ao.soro li3itaa:.rn. 

~poQeccop n.B. EAJIAillOB 



~: .::.t BBOJ.tBOs saaa!Ha npecJie~ef IJ;en zmno.lilBlfn oo~ no.m

lieRRH !eOPIDI .KOHeB~a ltOXHqec!Ba ;zt]UllteliiIB B R:Ba.R~OBOA Jf.f1limEf.e 

~ noitaaa~b c:aolc~a c(pepHqecxxx: rapxoRHE-co6c!BelllllL'! ~Y~ 

onepa!opa op6~a.imHOro KOKSH!a O~RO~ ~aCTHIUiI. 

§I. MoMeaT KOllH'llec!Ba iunmeHg ! m.a'fo::soa Hexaiume. 

Ku ms:aectHO / ! - 4 / , MOWHtT xoll11ecna munmmm 1 ar

KO!opoM CBC'feMH (Byr~OBOl KOKE:IHf") ru3J!Re~CH BeK~OPBOl EflJU!q]l

ROi R E EBSR~BOi MexaHRite eTily COilOCfa.B~Cfi !PB 3pl!h~Omitl: 

oneparopa 7x, 'J!f > J~ ~ npoeK.tUnt MOMeH~a K0JU1qec:r11a }Ula:e

HU C£!Cftttlli! ml OCl'I KOOPJl:.l41UU X, f.J, z. • Ou j;D;Ol!JteDOJllf.m CJIS-

;l1.Y:l1Jl!UW coo!Iromea.wrn: 
LJx1 'J~J = 1..Ji!, ['J't , 'J.!] = t. Jx ~ CJi. J x] == · ~ 'J~ 

l:Jr1+=(J"L P"""X,iJ,l 
ROW!J'lS.lUi£Ht.oma c'oo,;1mmemm (I) ilouo aamroarn mime 

EO B!!Oti cpopm 

( J x j J ·= L J , ( 3) 
-+ -

r~ ca x B J - BeR!'OpHOe npoma:se.nemte BeK!OpO:B a. u B . 
Ha.uoJm&, qfo onepaTop KOMe!f'fa Kouqecna ;zumeeR c:umu 

c o.aepa!opoM 6ecxo.aeqiro MaJioro no:aopome Harrpoep, ec.zrn npou

:so;iut~B rro:aopo! c~crew KOOM&a! x, ~, ~ aa yrox 8 'f aoicpyr 

OC.!I Z , !D HeKO!rOpaii rp:f!llttU'UI O~ 3!Jll nepeMel.ilmX 'f' (X,~,l) npe:;pa

m,&e~S: :a peaynfa~ !amro npeo6paao11a1um :s KGEYJ) ~ysm:um 

(4) 

r-111! onepa~op CSeCKORe1llW D.JIOI"O IIO»OPOT8. 3allllC!iReTCS CJ1DAJ--

06paao11: 

(5) 



~3 (5) cne,zcye'f, t1To onepairop no1mpon HS KOBe~ yroJI 'P ::aoJCpyl' 

OCK 1!: HMeeT BI!~: 

(6) 

r,Z(e 3KCnOHeHTY' C0,2!;epem;yD one pa Top B IIO:EtaSaTeJie C'f6Il6lill, HymiO IIO

HHM3T:Ei KaK COKpameHHYll 38IlHC:& COOTBeTCTliYilll\61'0 pa;zi;a Te.ttnopa, coo

T8BR6HHOl'O Ha cTeneHeH orrepaTopa j~ . EoJiee rro~o6ao onepaTOJ>H 

XOHeqHwc rro:aopoTOB MN 6y,Z(eM paccMaTpHBBTD B 38Hff~Irlli ~ 5, a cettqac 

BepHeMCH K orrepaTopy MOMSHTa KOnHt;6CTB8 ,Z(B~lteH~R. 

~fa (5) H (6) HCHO, liTO onepaTOpbI crx,'la., ':Ja RBJlHIOTCR PimPHHMT83H

:.:aJI:Ol!bUJH one )8TopaMH rpynmi1 :spameHH~ :s rpe.nrnpnoM npocrpaHCT:Be R3 • 

J03TOMY TeOpHR MOM6HT8 KOnMt;6CTB8 ,ZtllHXSHHH B Kl38H~OBO~ MexaRRXe no 

cymecTBY co:ana,Z(aeT c TeopHett HenpHB0.2l;HMIDC npe,Z(CTSEI6HHtt rpynmi R3 • 

I'py;moByIO TpaKTOBKY 3Toro :aonpoca CM. B KH~rax / 5 -9 /. 

BuecTO orrepaTopoB :J~,'J~, 'J~ MOlltHO BBeCTH 'J!JJyryro TpoiilKy ohepaTO-

pOB J+-=-:J~~lJ,,, 'j_=JJC-~J~, ':fo~Ji5, 
" 

!{QM~.'.yTanMOHHble COOTHOill6HHH .ZJ;JIR KOTOphIX HM610T EH.zt: 
[Jo, 'j±] = t:1±; (q.) 

(t) 
(9) 

[ 1+1 :1-J-= 2 'Jo~ 
(J~)+ -:J_. 

11p1rne.n;eu ~OMMyTarnrnHHhTe ~OOTHome1~nrn t:Jo, 'J~] :tKJ±; 
n;JIH cTerreaett amx onepaTopo::a: 

[:J+, :J~ J : r<J~-'(2.Jo -K~i); 
(iO) 
(H) • 

a. t ;V(CL,#>) CL! Q, ! &-i. f£.-l &.-t. ) 
. ['j., J_J=~ i.!fa.-C:)!(,-q! J_ J+ P.c (2.J0 ~ .-+a.-K j {ii) 

KO'r'OpHe irerito .2l;OK83blB8!0TCfl MeTO,Z(OM HHZJ;YKntut. OTH onepaTOPbI IIOJI83Hb! 

TeM, qTo, 6CJIH MhT HMeeM co6CTBeHHYID ~YHKUM!O 1-'M orrepaTopa 

. . 

TO co6C'l'B6HHble cpyH?.UHI! ~Mt K c .ztpyr:r.uur 3H8't!9HHH.MH npoeimu1 

i.101.1eHTa Ha oc11 :C M t. I<.. JierKo noJiyt;PIT:& c rroMouu,m onepaT"Opo:s.:lt: 

Cf K'tt<. ,_ ( ')t) K \f M (ti) 
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.l1ettcn11~enm>, ll»W (7) 

l'1 f r;!<. y; } ( ){ JK 
·J r_. \. ,)± I t-i . = M ± K ± (15) 

J 2 
= J; + J: + J! ~ J_ J+ + J: ~ J0 = 1+ J_ + J! - Jo ( i6) 

OR EOWIYTHpye! co :see.am onepa~opau j~, :J~ , 7:. 11 llJJdH:D n 

crenewua .z ito.HOHBaIUUUm 

[ 1'12 J 1 -
,) • ,. i. J - 0' (n) 

C06CfEe.!UlliliH ~YHKIUUillH OOOllX onepafopo~: 
• 

~Y~D 
1

'±':.JM 

C MO.YtHi!OU: J 

!Ip.oeM.M des Ju::t:sozta xopomo a::sec!Hliie pesynmm: 

... 

I) HO.Ilea! XOJlll'ieC!Ba ;lt:SUeHH.H K.BaH~O.BOYeX8HiNeC:KOJ4 enc~- J 
11oaef npHHiu,1a:r1> fonxo ~eJilie J1UI.e: .IIOJIYne.me aaaqe11& 

"1-o ., . -
J ·-· • ~,2. • 1 ' '/2' .. . ' 

2) rrp11 aa.Aaa:a:o11 'J npoeroui.a M np:mnwaef 2.1+1 aHatmuit: 

M -= J, J -1 , J - :l , ... , - J + L - J -. (20) 

3) ~a: coc!oruma c Jla.Kcwuu:IiBlill auaqeoe11 npoeKIJ;o M == J 
JUiee~ J.SeC1'0 CDO!ROme.Hlle 

J+ 1'1J :::. 0 ; ( 2.i) . 

4-) :ao:imoBI:W tPY.EDaUDI oproaopupoa.Bli 

s <±1;t-f '±'J1
M' d<t: = d'JJ ' OMM ' 

C llOKODU>D COOfHOE6RHi (8,9,II) RefPYARO llOK8.3a~, 1IYO 

. ( J +M) ! . • ~ 
J-M 

Y;,M .:: (2J)!('.J-MH ( J_) l.rJ:r ' 



SMC:& YJ'.J u ~JM J?{O:BJie!liOPHm 1CJI011D ( 2.2.) . 

Ha (23) :SQRO, qTo 

HcnOJIDaya COO!HOlleHJm (9), llODO nOlcy"llHll II ~Op.IQ"JIY JlllH Wl!.pH"l

:aoro SlleMeafa onepafopa 'j+ : 

< 1M'I J-tlYJM> = g~,, M"t! J(J M)( :J ~ M .. 1x (25) 

B npH:se~eHHOM Efill1Ie paccKOfpelUUl RmtaK He KCllOJII>SO:aaJUiCD KOil

Kpe fHaH llPHPOAa KOKeHfa KOAHqecrBa ~BZJteBHH ( op6H!aJIDH8JI, 

cnHHOBaa H f.~.). CoofHOmeHHH (I) - (26) cnpaBe~~HBli ~JIH .mo-

6~x yrxo11ax xoxeafo:e, a raxze .ztJIH npoHaBOJIDHHX onepaTopoB, no~

qHHH~~HXCB COOfHOmeHHHM (I,2), aanpHKep, ]lJIH onepa~opo11 .H30f0-

m1qecztoro cmma T, paaJIHtlHLtX :e~o:a K11aaHcnm.so:a, nce:e:ztocn:::aa, · 

onepafopo11 U - cnzna, '\/ - cnaaa H r.~., ncnoJ11>ayeJWX :a :re
opHH aJieeampma qacrim H B ~opHJt jQpa. Ecu pacc.Md.!1'p11maerea 

IlOJIHH~ .llOKeH!J'HeKOfOpO~ CHC!eK!il, COC!'OH~el 1113 no~CHCfeK I,2, •• 
• • • n t !'O _... n _.. 

1 = 2: J ( i.)' .... 
'J ( i) 

HueHRO 3!0 11HpalleRJte (27) Clle,zcrer no~ctaBH!fili B STOM CJIYll8.8 11 

cpopKYmi (I-26). · 

H~e KW noApo6aee paccxorpm1 cnenz~.iAecXBe cEOacT:ea o~aoro 
113 lHQO:B yrlIOBlilX HOlreH'.rOli - opOHftJIDHOro xo·MeEn.~a KOJlllqectl!a 

~Bmceau ot)lenaol qac!!JmH l 



§ 2. CdJepnec.ne rat>DFI~ .. 

Komm .!f.~- iJpi) 5:!8.llS'OI'C S)Jl!UI!a 0!]4elll!OI 'f{aC! 

o .LrXa ua] . ';) 
t~=-(. ~-dd,( :-(,.(iip, 

ix = -i.[~.:~ -l~] =L(W-1'f'{~ t-ei8roi'f'2()'f ):> (25) 

l ~ :::-i.[i 0°x -xhJ ~-i.(ec~if;.}8 -ef~fh~rif~) . 
OllepafOP KB8.,1tpafa op6B!a.Jll»BOro MOlreBT& 

ei =-L.L~e "dat:+;)!,r; fe($;..ieefa-) J (i9) 

co:anaA&e! c Y'!'lIO:Boit tmC!:&ll oneparopa llanaca. 

A =j_ .a ( 'l::..~ )' - J_ p. 
r.,a (fi. o't. "t. .i L 

GcCJcnemnuu1 @YHKllIDID unepaiopo:a p~ JI 

qecxae ~YHKnHZs WIH cif!epzqeCKRe rapMOHH!:UI 

(50) 

f c rutJIBIJ!O'S: cipep11-

Ye."' ( e, tf') . . 
£2 Yem ( e, \f') = e( £ ~ l) Yem { 8,lf), (;H) 

~E }1m ( G, If) :: m YE.,, ( e, ~L (3;i) 

npg-qeM: KliaRTOBHe r.ut:cu £ 11 m npmuwan.t !nnm IteJIOUC-

JKeame 2aa11eau: 

l ~ 0, l , Q ~ . ' . . 

m = £, £-1~ .. . , -i H. , l 
(33) 

.lilnndt :BHA cq)epHl!ec1ua: rapMoHHX o6HllllO sa,aae~cs c.xe~ · 

m~O 

' 

(34) 

(35) 

(36) 

r:zte Pt< eo~ e) - npHCOe~~rneHm.Ie ll0Jll1ROMH JiexaBJU)a; cqepaqec-
oe rapuomum npa rn <. O onpe].(eJlllKl!CHl cxe)(J:lllll.U 06pas011 

(364) 



-8-

Up• !axo1i1 onpe~eJieHHH cnpa:Be'AJIDH ~OpJ11.:H (23) - (26). 

~PH11eCXlle rapKOt:.lXB OOJia~aD! CJieJJ;Ylll!I,mot CEOIC~a!Oi: 

I) IlpH KDepco I(1: - -"l, G-: JZ-G, 'f-Jt·'f') on ywm-

zaD!CH Ra W830l3J:dt HHOD!rell (- .j) t : 
0 { . R. 
I Yr ~ -1) v · (3?) - ln• ~ Te,., , 

fo-ecf:& rap11oauz c qe~mnrn t o6xa~aIDT noJioJKZfeJU>Hol, a c 

aeqefEWllll l - O!Pm:ta!8JI:&HO~ 'tle!HOCfDD. 
/'\. 

2) ilp1:1 o6pa~eau Bpe.w.esa K ( onepaD,HI4 KOMIIJI""KC.aoro conpmcemm) 

OHH :se;zzyr ce6s: cJie,eyllllOUt o6paaOK: 

R Yr ( G,~) ~ y/+· (8J) = (-1)';1 Y.e ( e, lf) (3s) 
_,,. 1. 111 , -w1 ' 

~aor~a B ~B?epa'fJ'pe zcnoJU>ayerca ~pyroe onpe~eneuJie c<lJepm

qecKHX rapKOHU 

y = iL Yi ( G f) 
t•n lm 

s~~ ~YRKUZH npeo6paaymrcs: npn 06pa~ea1:11:1 Bpexea1:1 no saxosy 
\ "" """ .. .-..._. 
I. ' .,.. ( ·I l -•YI . 

1\. 't .e,~ = l~;;: - 1; 'ti:. ,.,., . 
Y~o6cr30 a!HX ~YHKllR~ saK~mqaercH i rou, qro ORB rrpeo6pPay~cu 

'!aK ze , KaK x cmmo:s!ile cpyRKrraz ~ s M . · 
A B 
1 ···v · 'i>-l'vls v 
i\ /\.... .) Ms "=- ( - J ) • / \.._ S- Mg ' 

Q~HaKO MU HHXe .BC~'J!.Y Oy~eM liCilOJThSO.BaTb o6~qa:He rapKOHKltZ (34-38, 

3) Yc~o.Bze optoHopKmpoBaHHOCTH 

Jds (39) H 

~ \.1·•· ,. \ ·1i ' .,i _J 1 It 
J /· ',_ Y:) ., / {G f .L2 -=-O P£ ' Ci'l'lrn' 

t.1 .1 \ - 4 t m , ..... 

H3 ~ore g)ciKTa t qto . ff)yHKUMH v - _j__ 
l 00 ·- 1f41f' 

J! ]I'JIO.B 

( 40) 

!O ecn npH l. f C c~pHt1ecitaa rapYoR.e.m ltBJIHefca saaxonepeue&

aoa ~YHKUHe~ Ha cqiepe H BK~aitlil no~04MTenbHllX H O!pe:na~eJIItm:a: 

yqactKOB .B HHTerpan (40) KOWieHCHpymt ~pyr ~pyra. 



pe. YCJlO"'iie .;::(.;;:~;~ .. ; 

·:-~ )/ (G'f) Yr ( G~ \f 1
) =a (lf- 'f') 6 { ws (9 -~ e ').@1) 

t ;.11 t-ff! ' vt>I 

, Ami cqiepnecKHX rapKomm :imee! .1mcro nnopei&a CJlOzeUS-: 

SCJUl Ha ccpepe mleIOrcs: ~e !'Otralll C KOOp~BB.fBJUl ei if11 II 8,i \f~,a 8:-
_., -

yt'OB Me~ pa~u:yc-BeK'fOprum ti H ~~, coe~HHHJlllUile S~B rt>'llKll c 

BB.T!B.JIOM KOOp~Wla! (pRc.I), !C 

~ 2.'. y-~ (G.~JYi . (9/f~) = 
7, rn trtt t • 1.m , 

, i _ 2e -...J. / _ I - 4 1i Pe ( eo~ G), ( 42) 

/~-- ·i:i I -z.~ e - . 
0 I CO& e = ec~ e:f CO-~e.l+-W1 e, gt,vi8.i ~{~-~J 

P-i-C c . i. . I I 
(~cxaaa!reJil>CTl!O a?ol: reopeim e11. :s 1t1un•e 10 f.Il crp.I45; 

c • !aime aaBH~Jie ~ 3.). 
!4a ( 42) cJia~e !!! pa:se sc~:ao 

~ I Yem { e, 4') I 2 = 2 ~ -;1 , (43) 

'fO-SC!» raxas: cyima .a:e aruu1ca! ot yrno:a . Sra <llOPlfJJW. qac~o lilC

nonsye 'fcH ;L\JIH noJIY'tleau yrJioBHX pacnpe:zteJielUtit ff)tepma pealtl4d 

llOJcy'lllf!CH llOlll!HO• 

~trl Ci) ~ ii 'fe,., ( e~ f), (44) 
RO!Opujt YAOBKef:BOpaer ypaBJieIDilll Jianlraca 

Ll. 'Yem ('i) = 0,. (45) 
o-eC~l> lillJifl@fOa rapMOHHt!8CIG'lli llOJiiIHO.llOJI. lloJumo•'Yt,...(if )qacm 

!fa3~BaJl~ ~81Clte npoc!paHC!BeHHO~ H.11H !.eJieCROi ~Pl111eCKOI rap

liQHl'IUtol .. 0Ba BNpaEae!l!CR qepea ,1{eKap~Ol3Ii ItOOp]tilliam CJie,VDUll 

06paao.1r ~/ (°i) -(-<lY'"'J(:U '",t) _(l-m)f'(x ~i.Ll)m K 
• "Jem - 4~ (£+1'Y1)! () 

(46) 
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Upue;zi;ex 11exo~op~e lla.C!lllie saaqeJIDI c~pHtiecKHX rapuo.lil:'Dt: 

V (/"i'f) ./ 2fd I rl ( f"I' 
'le v> ~ V 4JL t"'i W!!. o )~ (47) 

Pe (~>G) - noJiuoK JleJiaH,7.tpa. Pl3 (46) ii (it?) .uerKo BQe!:o,. 

' 1 (00')-C\ i'_z(~.; 
I lm , - Omo.V 4;71 

(48) 

~p.Hi:reCKHe rapMOHHKJI c 1 =:J. WOJB:HO CBaaan c KOWIOReB~lll'Si 

. Be .KTO pa. ~ ( 46 ) CJie ;zore ! ' lllO 

u · "':Of'""\ _ . :T · ;. If "\ 
' j, . =-.12-(X+-lll\ --t.1T7;€ ~IA'lb, 

' 1 Y8Tt (j l w~ 

ct -== 
"'1G 

'!J -,.Ji -j -

0TCilAa :S~HO, (42.) npe11pam.ae~ca 

3 npOC!Oe pa:BeHCfllO 

('Ii · :r2 ) = (. 1 'lJ_ cc~ G, -r;zi;e cJieBa aar .. ::caHo CICa.JIHpHoe npoHaBe;zi;eH:lie 11eY.!I'opoll r: 1 a '1-L , 
a cnpa:Ba ero oc5blqHoe BupaxeHHe qepea UO)'.(yJIPI BeKTopo:e ·1 KOCWIYC 

:Jr'lI.a ll.eA.~Y ·rnuH. 

ITpue;zi;e:u H:lJHhril BH'A CtPePHtre cKn rapMOHKK c R-::: 2 : 
. .,1 _ . ~ ( . )i. i.2. /~ • ,;..G .!: i" 'f' 
· '~rZ - ~~ X!t..~ =?: ~32.:li '..>l~1 -~e. ; 

'-.! - I~ (- - ' .: ; 1 .:- . G' {J c..~ 'f 
.Ji~l -=..- ve7t4 l X~L~l=1=-I ~· B .71.·:>IAl ~~ ...... e J (50) 

·i~ - J~ ( 2 l;,, x'-L.f:_) - z..<. 17 /,,co-~ ;l 8 -1.), ·h c ' 'J_j,(; - <] - v i61i \ ._, , 

-'13 3TKX Bbipa;;;eHIDi HCHO' qfo rapMOHwtH c f = z Cllfl3allli C KO.MIIO-

aeHTa.MH .crna.zi;pynoJI:&Horo MoMeHTa OT.Z!:eJI:sHoi! qacTmta 

r· ;~...2\ / 
.._A.zrn ::: e~ -t " l2m (5i) 

!'zte € - sapfU qac~mi;bl . 

3 npHnoEeHl!IBX qacTO HCilORbSYDTCH Ta!Olte c~eicrm~He CBO~CT:Ba 
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. e. e (a\_+ I a:rm+mt.twi +2>' ~l + 
~m, (,,... .,,.--~ (2l-t-lXzf.-r3) 0 l+J m.if 

- .I a+: m><f +- rn --1f 
+ y (£l+J)(;le--t) et-~ t>H1 .> 

/ 

(53) 

~ d~ee(G) =Jtf+m~1)(l-m) £9~,~ .. ~ -~(E-m+i)(t~m) 8er11-1.(54) / 

2. ll.m1 npoR3B6;zteHim ;ltllyx ccj}epHtieCKHX cpymc1u1l O! O}U!Ol'O ii !Oro 

xe apryireRTa mme! MeCTO paBeHC~O '. 

i.~+t.. v· Xl ( e 'f) Ye re Y7) = ~' c2e, 1-{}(!li.:: ~& ) ·,,. 
iM1 ' zhl). l i.ft-e:.I 49i ( .iL+~) (55) 

J(. (l1m, l:zm2 ILM)Cl1oi.zclLo) Yl.M lG.\f'). 
~CITOJI:&JYR ero, MOZHO yireR!>mB!]) B KaXOM-!O Bl:ilpaxeHIUI 1UtCJW ci{le-

pHqecxHX rapMOHHR, aaBHCruil,HX o~ ~annoro apry-Kex~, io o~HI>i

-'JI)lyx c !el4,. tIT061:il AlO:llHO 61mo BOCllOJI:030lW.! ])CH COO!HOmemmJl 

op!onopMapoBaaaocfH (39) HJll! (40). B npaBym qac!l> a! or o Bwpaze-

UH BX0.1UI! 1toa<.P@mnilfrn!a KJie6ma-rop~sa. .( l1.m~ l.im.tl LM) (CK. 

saHaT~e 2; ;ztOKa3ateJIDC!BO ~OPJ4Y.1Ilil (55) Aaao B aarui~HH ~ B npa

BO~ qactH (55) IDlee! MeC!O CYKllHPOEaHRe rox~KO no aaaqeHmDI h ' 
IDl6ID~IDI !y ze qeTHOCTD, tITO H cyl.Ula l~+i! (q!o OTpazeHO m~pH
XQM y aaaxa cy~. Sro orpaawreHHe aa B03.MOEHI:i!e asa.qeaRH L 
.HailOCpe~C!BeHHO c~e;nye! H3 (37). 

). nxs pa3AOXeBHH paaxzqHJ:i1X ~~pazeHHI no C!PepJiI?Je C.Kml rapKOHHKall 

:BaZHQ CJI8,lty'D~ee COO~HomeHBe 

K ~ .l43( 'V (di \, £lK.f(~) ! • '1. IC~ ~ 2e !' 
i: ~L-:: '4 L /lo J4 (1'+{~~H(¥J! (56) 

f-lf.,I< 2, .. . ~HAI( 0 
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I :o I ( I20) KOfOpoe )tOKaaaHO, BB.IIp&ep, JI KHBI'e - C!p. • 

4. EcJIJI & uee• npoc~paBCf:eeaaym rapMoaay 'Yim< rt) , I'lte ... _. .... -
:-r. - S!O CJWIS. BeK!Opo:a "l "'"'li +"l.;z. t fO ee KODO llpel(C~a:un 

B Ba;ite paaJIOJ:eHHH no npocrpaucr:eenmill rapKO:wncaK ot RaEltoro BS 

cJiaraeMia: · · · 

~»< (~) = 2:{, (l1 m1 l.tmLI €ttt) I (£i~~:,f ;ev;J)' 'ji,m,(~)~m}~, 
'"•11'1.i. 1 ~ ! . ~ . ( 5&) 

f,\ 9 r
1 

+ £.2. = l ( CM . ( 55) ) . . 

ara ~OP.MYJia KO:Ee!r 6H!r» HCilOnb30BaHa ;IUIH ror~ , 'q!06H BHpa311'.rl> 

ctl>epHqecK:ee rapMOHHKH ~""Ci) , o!aecemwe K HBKOfop.oJQ' . BaliaJIY 

i<oop~HHa!r, qepes rapMOlllUCH Yt,m, (ii ) , KO!rOpJlle aamicam1 B cac--re.Me KOOp~HBar, CMe~eHHOI O!rHOCHTe1I!lHO nepl30l Ha pac!Ofllllle "l..z • 

JIWI'EPATYPA. 

I. ~.n.~aa~ay, E.M.Ru~m~ "KBaR!OBaa Kexaa.HKa" (!963) 
.. 

2. A.c.na:a~i~~ "KBaaro:aaH uexaHHKa" (!963) 

3. A.A.Bausa~rHc, A.II.I>nr&c "TeopHH MO.M:eH!a KOlLH'leCll'\ ;lU!i'.meliitH 

B KBaJTOBO~ MexaHmre". BHJUiHK>C (!965) 

4. A.S~MO~C "YrxoB~e KOMeHTli B irnaRTOBOI Mexaam<e" B c6opamte 

"]J.e~opMa~HH aTOMH!:OC B,1tep". l4JI ' (I958) 

5. E .BHraep "TeopHH rpynn" WI (I96I) 

6 • .o.~.EeID.taH "JieKUHH no npwieHeHHm TeopHH rpynn B H.LtepaoU 

cneKTPOCKOilHH". (I96I). 

7. M.XaKepMem "TeopHH rpynn" . MHp, (I966) 

8. ~ .M , re~b'i}aa,u, P.A. MHWI00 1 8.R. Waunpo "Upe~o' 
rpynn~ rpeXMepHWC Bpa~esHa H rpynnY !opeana" (I95B) 

9 . H.H.BzneHKHH "CnenHaJIIiHLle tl!YHKIUut H ~eop.HR npe~c~aBJieumtt 

rpynn" ( 196 5) 

IO.a .T .YarteKep, IIz.H.Barcoa "Kypc coBpewrnaoro amunl3a." 

?.Il (1963) 

I t 2 .A Y!larvc-t ,,;tf>~,1 A.H. H()~~ " 18. ~ . Yo/~'-'~ 
~~o-CtJ 7~-1' r"'~ ~o~~~ 

., )...(~ " , ~r/ ., f~'J-r" ~. s-. 



.F 
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Ynpaueus 

r. SanHCaH 17 *PB'llS<:ltl!X EOOpjU!Ha!ax fpe.XKep aym 8- - g'/yn-
~ 1- -- ' IllOl 0 . '7., - t.,, .: . 

~~ EfilpliuoBa!~ Ra.P!BHY a~exrpolil!oro cdJJaxa ~ cocfOillllllll 

c !:::.2;mc:t21!,0. 

3. B sro.iteJI:a lUUtKO~ KBnJiz q;opua nonepxaocTH Hl4Pa onliICllrSae!CR 

BlipaleemteM R0U+2:oly XrJ • Rap.wco11a?J) B m)l fi24epaoLi n0Bepx1mc-
Jt.r ) 

fK B CJiyllae ! a) KBa:z.tpyllOllHO~ ;zte<l>opMaUD ( .A..:: 2 , fl ::: 0 ) ; 

6) oK~ynonHoil ;ueqiopKanIDI ( fl=- 3 J ;~ : c ) • 
4. acnoJl~aya CBO~C!Ba no~HBOMOB ~ellt8.mtpa , .2tOKa3a!» C-OOfHO~eHiUI 

( 52 - 54). 

5. Pasxouua no c¢epaqecKIUI rapKOmutaK eo; 
4 e • 

6 .. Pa;zumnHa.a BOJIHOJ3a.ll <l>YHKIU!S: !peXMepHoro OCUJliJIJUi!Opa, COO!-

BefCBYllll\8.H co6cT:sea:HOMY aHatiemm aHepr1rn En==(n. -1-Vi;.c..:J JI opo11-

'.l;aJil>HOHY MOUeR!fj £ , Iilllee!I! B!iUX: 

( J_,lfl..e.21 -~'f!J-(n-E)(-!t° (l ~·eJ(n-f)/1(nd~;.)!! • '"t.:=_i. 
Ritt t -vl5i'ue ~~ K' "t,,J (Y1 - t -21<.)!~t:zed.>1.~i)t 1 > 0 mur. 

BHpa31n~:Ei ~YHKIUfi! ~cc(i), '±{20 C't) qepea OCIUUIJUITOPBiie 

@yHRnMa :B ~exaproBax iwop~lilla!ax. 
i,1(.2_ 

7. ilOJIYlUIU1 pa3J.IOXe Hiie IIJIOCKO~ BOJIBiil e no ccpe pne..C.KD rap-
~I<. ii!. 

.liOHMma.M. ( YKaaaHHe: pasJI01.1tH!D e B PH.it n o cTeneHD :i! Jt 

BocnoJUa30BaTbOff ~opuyxoa (56), ~a~ee Bli~eJIH!D K031fxtlHilmtH~ npa 

'fe 0 H BLipaaR:b era 'lie pea ccpepB'lleCJ:CYll tPYHXIO!ll fecceu). 

8. Ha~fz pacnpe~eJieaze aanpaBJielml! mmyJIDCOB qac~.wni · E cocros-

.t:!Jili 4-'trtt c i -=1 ~ m :: 1. ( a!a :eeJIFWm onpe-

~eJIEe~ yr~oBoe pacnpeAeJieHRe lW.C!m:tN, mcrrycKaeuou pacna~a~elca 

CHCTe.Mol, H8X0.1Uilll6~Cli :B COCTOHHU 'f tm. ) • 
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~. ITonyqx~l) pasJioxeHRe n~ocKo~ ~o~HLI c npoMSBOJ!llHO HaIIpaBaeH-._ 
Will llll!I]Jil)COK k m.. ci;f}e paqe CK.wt ra PllO BRKall. 

:c. 
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3aHRTHe 2;. 

BeKTOpHOe CJIO~eHBe !El! MOM8HTOB KOJ1HqecTB8 

f.P3MEe HHH. Koa<MJHuHeHTN Kne6ma-ropitaHa. 

Uenl> HBCTOHmero B cne.ztyIOlll.HX 38HHTH~ COCTOHT B BHpa60TKe 

H8BblKOB pemeHHH paam!qHJ:iIX 38.ZJ;B'!i' C::SH38HHIDC co CJIOJE:6HMl6M aec

KOJil>K3X MOM8HTOB KOJIHqecTBa .ztBH~eHHH. HaHOonee IlO.ZJ;p06B06 H 

co::speueHHOe H3JIOX6HH8 KB8HTOBO~ TeOpH~ UOMeHTa KOJIMqecT::sa 

.ZJ;::SHX8HHH CO.ztepltHTCH B KHHrax /I,2/ H ooaope /3/; MH B OCHOB-

HOK cne.ztyeM 3TW& pa60T8M. 

§ I. BeKTDpHoe cno~eHHe AByx MOMaHTOB KDJIH~ecT::sa 

,ll;BHZ8HMH. 

IlyCTl> HM88TCH CHCTeMa, CQCTDHmaa 33 .ZJ;Byx qacTeA: I r-2. -MoMeHT KonmqecT::sa .ztBHxeHHH o.ztHO~ '!iaCTH pa::sea ;Ji BTOpOt\ -

lj2. TaKyID CHCTeMy, HanpHMep, COCT8::SJIHIDT JIBe qacTH!lli, 

.ztBHlltYIIU'leCH ::s neHTpaJII>HOM none c MOM8HT8ME: jot Vi :12,. ' lij)yrHM 

npHMepOM MO~eT CJIYJ!tHTl> COBOKynHoc~D op6HTan~Horo MOM6HTa qacT~-

nu l H ee cmrna s H T.1I. 

EcJm no~CVICTSM~ He B38l1MOH6~CTByDT lIPYr c 'APYrOM, TO coc

TOHHP.18 CliiCTeM.bl omrnl:ilB88TCfi BOJIHO:BO~ l±iYEKUiieJ.1, HBJIHDme~CH npo

~3B6'A8HH8M :BOJIHO:BhlX (flyP.KIU:1 }1 Z(BYX I!O.ZJ;CVICTeM: 

\f!:11M£j~M~ (1,~)::: \t'~~t (i) 'f "J1.M~ ( 2.) (i.) 
?.e. COCTOHHUe CNICTeMhl xapaKTep~rnyeTCfl KB8HTO:SblMid q11cJiaMZ 'Ji 

:JL (MoMeHTbl rro~cHcTeM) Iii M 1, M1 (n il D6KuPll1 3THX MOMeamo::s Ha 

OCl> i!. ) • 

' 

ECJIH USJIUl;y IlO~Cl1CT8M8MH HMeeTCH B38HMoae~CTBHe, TO MOMSHT~ 

OT~6JlbHHX Il0.ZJ;CMCT8M H RX npoeKIIBH He coxpaHHfilTCH, H xopomHME 

KBSHTO:BDIMH q11cnaMH MOryT 6.bITb JlHWD I!OJIHhI~ M0~8HT KonzqecT:Ba 

~BHX8HHH CHCT8Mhl H ero rrpoeKUHH M • 01IH8KO, SCJIE 

B38HJIO-



l.l!O Ee ccxpar.!lllTC.a TOJili!CO rrpoe:iu~n14 YOMBH!CO:S lIO;ll;CliC

' lv;, , a ~cMe H:rbl ] 1 li J.i. coxpaEF.JD~ c:soz saaqe-

~:r. :i.:rM(f,2) =>:(~!M 1 :JJvUJM)~M(1)Y1.Mi(2). (2) 
... • "'{M,1. t i • 

{· ~~~HUY.efi!~ 3!0~ nHHe~HO~ K~MORHanHK Ha3~EaIDTCfl K03~IDl,.l4eH~e-

1Z 3eKrcpnoro c~oxeEYn ~nH 3JaqjqlKr.aeHTaMH Kne6wa-rop~asa, a 
'i ,...., .... .:atL'.:i IT?OUe~pa nepeXO,ll;a OT .140MeH!'Ql! 0 1, v;,. 11 BX npoeKIIMlll It 

~yMMapsouy MOMeETY Y.O~Mqect:sa 1.tllHxeHVJ.H Ha3~3ae~c~ BeK~Opmill 

~40EeE~eK yraOE!i..~ MOMeHTCE J , g J, • Oneparop ~OJIHOro MOMeR~a 

;;1cTe!W J ;~:aeH cyMMe one~aTopo:B N MOMeHTOJ3 f!OJI.CVJ.creMJ ... "i+J:. 
iipM ;iacCMCTpe EF:~ BeKTOp.1:1oro :JIO:Ke H~!E: MOMe.UTOB BOS "'l:wcae :e 

:.Ea ocH~FEE::IX :sonpoca: I) KaKHe snaqeHHa Mo~eT npMHHMaf~ no~

:~:1. UOA!eET J npR aa.r;ammx .ftOMeI'iTaX !!OAClilCTeM Ji kt J2.. ? 

~: ia3 ~~q~c~llJ)TCH K03¢9mu3e~T~ EeKTOpHoro c~oxeHH~ , He06XO'Alr1-

G€ 11...'I'F. nocirpoemm BOJIH03i:iX <l>Y::L'<mHi (2 ) ? 

J'r:se! aa r.epBbHl :sonpoc ~aeT ~aBe:~Hoe R3 KBaHTo:soi 1.le.xa

~~IBA ~~aEH~O BeKTOpHoro c~o~e3HR MGMenTOB KO~H'tieCTBa ;l413IDKeHHii, 

:-~o ~op e riraC;1'.:, '!i'l'O n pH CJ'I0~9HI.iH P;BYX MOMeH~Oll Jj }I J.i., cyM-



~o-ec2» OHR AomKBH 6·T~ ~Opallb! ~aK, qro6u ~HaroHB.JIBaapo:sa-
r-> ~ · i 

Jiac:o - ~PV.l\B. o.~EJpa!rcpa \ 'J1 ... J:i..) • 
B rrnn~.,. r B e:·~ ~ .. u.;xa1rn:Ke noJLyqeH qeJThI~ PH.'A ~opuy.n: a coofaome

··!iiJa ~ r: ; ~.DO lH!IDllUIX. IJhltUACJI.HTI> aeoOXO~VlMh!e 1wa<MJIDJ.HeH!lil KJiae5ma-r op

Aaaa. Paccuo~pm.l OCHOBHbl . OBO~CrBa 3~1i1X KOS~~HUReH?OB . 

Ha OCHOBe npR~I411a cynepn03HUHM UOXHO B~HCHH~~ ~HSHlleC

Rd CMb!CJI KOS~Jmi!SHrOII B6K'f0PHOI'O CJIOliteHIDl. CootHomeHKe (2 ) 

rr oRaabl:sae~, "tl!fO BeJIMtn1aa {(J!M 1 J,Jvl2\ ) M) I.<. npe;ncfa:sm1e~ 
co6o~ BepOHTHOCT.D Toro, qTQ B CliCTeMe c ll O~flliM MOlleRTOK J H 

npoemu1e~ M o.MeHT rrep:soi"1 ciac~emi. .1.1 . 1.tlMeeT rrpoe~:wo f'v lt , 
a MO.Me:n~ l3TOpO~ llO;D;CHCTeMhl 'J:L H.Mee~ npoeKnHIO /\'!: . • 

KoaiM)HnHeHT~ Be KTopHoro c~o~e Hlifi ocy~ecr:sJiarot YHHtap~oe 

npeo6pa30B8HRe Of opToroHaRDHliX H HOpUMpoBaHHHX ~yRXIJ;litlt {I) K 

opTOHOPMHpOEaHBHM ~YHKUHffM (2) . ITOSTOMY oOpaTHCe npeo6paso:sa

Hlre 
1±j r-i (1) ~~.l\1 (2 ):=I: (J1M, :11 Ml I JM) \r; ;; ~ n (.i ,i) (4) 

i l :.. ;, 'JM i I. .S 

l!!iJIOJIHHe TCH c noMO~:&D TeX Ee ca1mx KOSil>{j)MnHe HTO:S Kxe6ma-rop,ztaHB. 

(Koac]'A?~HeHTli KJie6ma-rop'AaHa o6uqao EHdHpa roTca Ae ~CTBBTe~~mn&B ) . 

Lia (4) :B~HO, "!TO l(J'11\'ltllv'tl:1M)l 2 
lll3JIH6TCH !a.De :aepoH~ 

HOCTbID ~oro , ~TO CHCTe Ma, oopa30BaHHaH ~3 ~BYX no~CHCTeK E coc-

TOffHiiIHX :11 M1 ~I J~ ~/1 2 , KMeeT noJIHhl~ liOMeHT, pa.Bimit-· 'J • 
Hs n pa:s~na Be KTOpHo r o cnoEeH~a (3) cne,nyeT, trro K03(f><j)RnHeH!A 

BeKTOpHoro c Jioxemu1 (J1 MJ .J.i M2 IJ M) ouurcura OT HY JIB TOltbKC 

B TOM Q1TVqae' Kor-na MOMeHTN J1 . J, H i'"f ·~ ~ , ~ J y~o:sJieT:so pa~! Tax 

Ha3~BaeMOMJ "npaBnllY TpeyroJI:&HHKa", T.e . eCHH 

I ::ri - ·1). J {: J £:. Ji + J .2 , 

I j - Ji I ~ 1i ~ J + J fl , 

!J -'.11l~J2.~J +Ji. 



.\po !OI'o, B coo!:seirc!.BH c a KOiiO.li coxpaaemrn .llpoaimilli o-

KeH?a KO~H~ec~.Ba ]!JHll.JRZR ~OJIZ~O i~n~~SH~~ca pa~eHCT~O 

'v; == t\li ~ -1'-i'V\ ~ ( 6) 

as coo?aomeaRH (2) H (4) (!o-ecrI> H3 yrrnTapi:rnc rz s:i:..rx: npeo6pa

JO.Baa2~) UTeEaD! C~SAYD~e c~oijCTEa oprOHOPM~poBaH'OC?li Koaq>

~~.l!eB'rO.B BeK?Op.aoro C~OJteHM.~ 

.2: (JiMi J~M2l JM)(Ji M11.z ,V!J J',V 1
) = c.,\j' (\_1-1>1' 

~, "1; 

...---, (' M j .\ 1M)h M'J 1
1 

I "H '1\ ~·\ " ~ J1 ! J:i. f\ l.. •' \ .J~ l 2- ~·ti J IV ) .=: U~<,.-.i; (}"'•"'; 
,'.:M 

(?) 

(8) 

( ) 
.;1(+1.a.-1r t ) 

J1 MjJ2M2lJM =(-iJ t:J,.Mi:11Mi :HY! = 

=(-1)~·Mt.i/z:J+i. (:J-M' :1zMi!:Ji-~li) · == 
v 2::f1+i 

----., I . 
=,·_ 1 -?i-"\l:zj +1 { :1

1 
M{ :1-M 1 J~ -tvl) . 

\ f ~ ;zJ~ +-1 \ 

Jrclllta c.ne,icrar, iuo, ecm1 woMeEPrbi 'j-i a ) 4 o~maKOl35 H paDBH j, 
!O ~YBlmBH (2) CWUieTpaqHB. OTHOC~Ten~no nepecTaHOBKll nepeuea

mzx I I! 2, ec.irn :seJnrtuma 2.t -J qerHa, .a aaTHcruateTplillHa, ecu 

~~ ~ j - Helle\'HO. B :ro ~ :speWI, ec.nu 'J1 =t-1:1.. t fO <ilYHKI:4IDI (2) 



L~_i7..,_r ......... lfYJl'.fil( Uyx !O r :;~11emra:t llWl.~, ITO/l,~1<14J..,......_ 

'i.P1C% .Eo3c-a :... iina .i:.U Q.le 

ma (7) 

r-opEOro C4'llmlilm a Oo.1Iee cmme!'p 

~ '.3} - ClDl:BWr!i. 

§ 2. 

' 
{

f Js. .r~ b) ({2) 
'111 l'rl.z mJt• 

IlI3 35!oro pa.Be:sc~:aa CJie~f, qro 3 j """Cr.ml!0.11 o~ 1'T fiJ' 

!tOJILXO CJiy1rae t KO rn } i .) } ;z. ' A- 3 jl!01tte 2.BO_pm!J'f dlI'µmi' ..,...,,,. 

!"peyrOJI.&RmcaH 1 m 1 +- ttt i. + rn3 = G. 

Ilepetn:tc.n.mi OCHO:BH!re Cli01itcna j j -c~. 

( {3) 
\ 

Be uerure~cg, a np;: HBIUIRJiutreCKO~ - YMROJCaefCll. Ha (-If.'-1'.l-.a..~ 3 

i3?4eHeRHe 3IDlKa npoeK~r.m :ECCX .MOl.!eHTO:B, BXOJU'ml.E:: ]! 3 J -CmtaO.t:! 



(14) 

,1tpyr c ](pyrow -~ )- - CllltBOJill c pa3Jili'U!H.Mli Ha.OopC:.~!3 .uoueR!rOB 

~ I \ • 9fK C»03CTEa C.~.M!i:e~pza o~~~ OfKt~T~ T.Pe~Ee J1,r;..':P . 
:''+I. Hailc50Jiee BlillYRJIO 3TH C:BOlCTJ.38. rrpo~urn:nDTCn :B !aKotl <.Poplfe 
! ' 

JanacH, xorn :3 J -cwao.zr !i3c ·~paL'.lerzr.: • :~rnz9 Ma:rp.w:r::it nopHJI-

ma 3.x.3: 
j .. , 

I '-'-•' .. 
-:::.1.,.,H . ~, 

\ '-"..J{ 

'.a.,l a,.!'. Clis\ 1-.h ... }.1..-,}3 
t'1..u i.i.,'-- ..:..l..) i =( J,1.•m .. 
\Q.H U..;:;,. a-u/ i ,j!. -1')11 

..,. ....... 
tl:.:,,: ., 
\.1-5.:.. 

a-.t. .. + JJ 
~.1.•m1 

)i-m.L 

(t?) 



-2!-

B pesyJIIa!afe !aKHX onepauH~ fiOJIYilll!CH li8KO'!'OpaH BOBaa Ma!pmia 

II ~~I( I/ , I:tOfopollt w conoc<rallJIRCHt Ho1ni:£13j - cu:aoJZ 

( 
~1 /-t J'~ \ ;' ; 1-: .),_ { ~ . "!- £i •. \ ' / ( l i 1 

~ ,, 
0 1 °3 1 m. = " '°z• - "'J~ J • rnJ: m·~ '' , 1 ~~ . ,., t • • ... 

YMLF \88'.:Jl.Lilji HB. (-I)h T .1-. "JJ , ecJll! npoaa:BOiWiac:i:. neqefBBJi 

nepec'!'aHOBKa ctpox WI~ croxonon. 

!erxo BH.nef:&, qro nepec!aHOBKa c~o~OuoB 1 MafpHJl8 (I8) 

llPI4BO~H'!' K COOfBO!l1eBIDill (I3), nepec?aHOBKa B'!'Opol K Tpe!MSI 

C'fpOKH ]taer coosraomemre (14). HoBhte He'!'PDI4aJI:&Hble pesynmm 

BOBlll'IXa~! apH nepecraaoBKe ctpox I H 2, I H 3, a !aKZe npa no

Bopo'!'e BOKpyr rJia.JlllO~ ~Haroaa~H. COO'!'Be'!'C'!'BYD~Im COO!BOmeHBR 

WlelJ! JJQ; 

(-!)-it·h~t, I !(}l }!>+ m1) 

l jl- f( i £~ h-~i) 

±(}i. + j-.s- ttt1) 

il}·t - .h- ~i)-1t13 

r(}J.-+ }z 't- mJ ) ) = 
j i -i(.} L .. } L - !t13) I 

t(; ... , , .. .. ,j , 1 
f(i~-}3 +lfl1)+~3; 

Bcero !aKlUI cnoco6oK KOZHO llOJIYqHfb 72 OOOfHOJneHIDi CH.lllle!pJIUI 

,7.tlIH 3 J - OHMBOJIOB • 

g3 COO!HOmeHJ4~ (I9) B~Ro, q~o B HeKO~OpHX CJiytnlHX c no

JIOIIU>I> c11oiicf.B cm.weTpI4I4 Pe;lt2te uoxao ynpocu1T:D Blltquc.neBBe 3 j -
CD.BOJ!O.B, yMe~mo 3Ha'!Jemra BXOAallU4X B Hero MQUfHifOll, llOCKOJDJq 

SfB COOfHOmeRHH ll03llO~HDf nepe~TH K 3j - ClUIBOJiy, co~eps8Jll81Q' 

llDM8B!H !.tma l ( ji + }~ ± l'>tf..), ( i. # 14. * l). 
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§ 3. BN~HcneH~e KoamrnHu~eHTOB Kne6ma-ronAaHa ~ 

i_ J - CIDlBOJIOB. 

J6mym ~opuyny .ztJIH H8XOJ!t)l8HHH K03~MnHeHTO:S l38KTOpHoro CJI0-

.~6HHH BHBeJI BMrHep /5/ TeopeTHKo-rpynrrOBW4M MeTo~aMJll. PaKa /6/ 

JOJIYT.fZJI o6myIO ~OpMyny 3TMX K03W¢HUH6HTOB, HCXO~H H3 peRyppeHT

.{ :..iX COOTHOmeHH~. B ztaJI:&Hei11!li...M .zrpyrmrn a:sTopa!rn C5bIJ!O npe,14JI0Jlt6HO 

~]e H8C!{QJ!:OKO BapHaHTOB T8KID: qiopMyJI (CM .Krtli!ry /2/). 9TH cf)opMyJilil 

::ueIDT ZIOBOJI!>BO rpoM03.iUGI~ Bill,1[. HanpHMep' qiopuyna PaKa 38IUtCtIBaeTc 

J.:re:ryKllllHM oc5paam.iI: ('JcJ~-1-j)! (:11-M{)l 

(,... M J M \JM)=~ r(t.1 d)(j.,_-+Ja -j)!(:T~~)~x 
i • ..l-t, t ll ~ OH1M1.-M~l <'1 +-'J,,_ + =1+-!)! 

-.v,. "{ . 
x CJ,. -+;\1~) ! ( '.1.i - M:4) ! ( :J+ M)\ { 1-M)!J · ~ (-:i) td (JtJ~-'J-nH,, 
" ( :1l-MJ.-t1)~(:J~·M1-~)~ CJ-'J?. ~Mi-11)!x {f.o) 

('J-j1_' fy1t +n.)! 1-t; 
3nec:& it= O,I,2 •••• , HO rrpH CyMMHpo:saHHH 6epyTCH TOJI~KO 

!nKHe 3H8~8HHH, KOr~a apryMeHT~ ~aKTOpM8JIOB, CTOHmHx B 3H8MeHa

TeJie,HeOTp~naTeJI:&H~. HecKOJibKO ~pyrMx paaHOBH~HOCTe~ STD~ ~op

'lym,r npr.rne~eHtr B KHHre /2/ ( §13). TaM lite no.ztpoOHo o6CYJI.ztaeTcH 

.-;BH3b Me :i_zty pa3JIH"tjHhJMH SKBMB8JI8HTHb!Mll! aHaJI.RTidlleCKJ/IM.r.i BHpallteHHH

MH lVIH K03~~~Uid6HTOB KJie6ma-rop.ztaHa. 

nnH K03¢¢HUH8HTOB B6KTOpHOrO CJI0~8HHH C HyJieBHMM IlpOeKnHHAm 

( i.10 £2C' ec ), KOTOpbie qacTO BCTp6tJ8lOTCH B pacqeTaX, J4M66T 

MeCTO 6onee npOCT8R ~OpMyna: 



e [) 0 p {) f; 
S;a;ec:& 2~ = 1 -r-{.g_ +-{.. , ecJIB t.·i-.. L;i + l -qe!11e. 

EclU1 aeqeTan l !. +t:i_ + i. ~ N ( .t 10 l:;.o \ to)= o 
.lIJIR .ifo~U' .. "1'! .. r:, :w;~ :.\0 3Wc})Rnl4eH~OB :SlleC'rO 06Il\el <.PoPKYlDil YJJ;OOH9 

J.dC1i:P-:::;:..::!L,a :i::& ~aei1!H!Ui (llop!eyJI KOiiltpe!Bl:ll 3HRtIBRldt J.t:::~.·i,t2. 
3tK ra6~m:tJ;i IlPHBe~eHH B KHidl'e KOH,ltORa ~ illopTJIH /7/ m ;a;p. 

/ I,3,9,IO / • idMe1>~ca q11cJieruwe '.t:aCl.lIHIUil xuaqzj)m:u1eR!OB lleKrep

Boro cxozemm. Hanp.tmt}p, CallJ.ioH / 8 / aa~aoym1po11all Kosqxp1m11eH!lil 

( J1m1 }.,_ m.2. \ .'JM ) .ztJrn snaqeHd 
' . · "f ll~ .9.-J1;0,-!,2,,'3,4, J1 ~J.::::0,;r, ·i., ..2.,.~., R. . 

UeJll:I~ p~ no11esHLIX pexyppeH~ffilX: cooTaomeHJirl1 a ~pyrHX c:aolc~ 

K03<.P@Y.4W6Hf0~ lleK!OpHoro CJIOXeH!dH npKBe;a;eH B KHHrax /I,2/. Tall 

as ,Jta.IW ra6JIHIU:il <f?Opi.tyJI ;a;JIR SUIX K03lM)~aeH!O:S ( f- ~ j2 ~ 4 ). 

CXeJU"e~ mren s JHflJY 1 q~o B JIH!repafype .e:cnoJII>ayeTca aecKDJilJ

Ke pasnzqHblX OCl03Ha"t!eHlia ~JIH KOa(fxl>~MeH~OB BeK~OpHoro C~O&eHJr!B 

{ J1M1 J1Mt.. \'JM), Hanplllfep,( r.1 1 tvti :J~M.i lJ1'Ji JM), ~:1,~M.t 
m !.n. B aaKJDOqeana atoro pas~eJia np~]e~eK ~6Jimcy Kos~~mearo~ 

:eeK?OpHOI'O CJIOllteHJ4.fI ( Ji Mir Mil j M ) I4 paCCJiOf po npoep. 

............ ...._ ____ _ 

Ta6Jim.ta I. 

Kosq><}}mrneHTbl (Ji M1 {-M.2.IJM) 

! 
! 

! M==-~ 



CTpmrnp. ITocne,1lHH~ HYKJIOH :s H.1Ipe J17
Hueeir ope5MT8JII>HH:t! uoueH~ 

l = 2' cmrn ~ = I /2' IlOJIHhiill MOMeHT KOJUI'tleCTBa .1Il3HJlteIDUl j;:: f. 
]OCTPDI4K ~OJIHDliYIO <llYHKUidIO a Toro HyKJIOHa lf'j,.,, npu .,n: i H3 CilH

.:IO:SI::lX ¢yHKUH!rlft ms H ~YHKUNiki op6HT8Jil>HOro ~l1Illllt8HHH y'-*l : 

l¥f i Pt, 6) =~ (fl »1t f msf ~ ·i) 'li.,,t ~ m,. 
31;rc:mcJIHH c IIOMOUU>ID Ta6mm.hl f K03cj')cpHIUieHTbi c tt'tt ~ i ' 

"""' A u . 2 ..... ' H8XQ'71'UU • "':!=2: n l'tfe.,-:::' nt~=-y, ~uoo • 

l-t' l ('i 5)- ..!... y j('J.. .i. + " v _)("' . f -,; ' - ff .a1 z. ;i rt l 22 t ~ Ji . 
'!'aKrri.M 06P83DM, B COCTOHHHPI 11/ ( . - .£. m- ..l.) HyKJIOH HMeeT 

• "1' ~"' J - 4 , - a 
G BepOHTHOCTl>lO 80% CIIHH, harrpa:aneHHli~ BBepx, a c :aepoHTHOCTl>D 

?0% - cnaa, Hanpa:aneHH~~ BHilla. 

tlT8K, OCHOBHOe H83Haqea~e K03~IIIUHeHTO:S KJie6ma-rop.1IaHa aa

:;;moT..JaeTCll' l3 TOM' '1TO c ItlX IIOMOl!l!>IO as BOJIHO:BbIX ~YHKD;Jdti pasJmqHblX 

::c.n;c~cTeM c 1;m.&eHT8MH 'Ji 111 'J a. CTPOHTCR ::S0.1IHO:Sli16 \PYHKUHH CHCT8MU 

E ~eJIOM c ~IIIKCHpo:aaSHblM rronH~M MOMeHTOM J • 

TeopeT~Ko-rpynnoBo~ CM~cn K03~WHUHeHTOB IUre6ma-rop'AaHa coc

!OMT B TOM , qTQ OHH o6pa3yIDT MaTp~uy, ocymecTB~RID~yio paano~eH~e 

~~ ~~ . 

~~HMoro npOR3Be ~eHHH IJ XJJ ~BYX Herrp~B0.1IIDJClX npe~CTaBneH~~ 

:;pyrrm.r TP6XM8 PHh!X BpameH"'illl R.3 B npHMYXl cyMMY He rrpHBO,ZUIMblX 

JpencTa:anemi:H 1J'1 3TO~ llte rpynmir (cM. / I,2,4 /) 

~.ztHaRo' K8K yA!.e OTM8tj3JIOC:O B npeAb!,Z(J!!l,eM 38HHTMH t MOlitHO ZCilOJI:&30-

Ba T~ 3TH K03~~UH8HThl T8IU!:e JU[H Toro, tj!06H Bblp83liT~ nponaBe~erute 

ReCKOr.l>K~X ~YHKU~~, OTHOCH~MXCH K OlIHO~ H TOR se CRCTeMa, a 

3Y6HHO rrpo~rn:Be,Zie!!.ae H6CKO.lI:bKHX ccpepHtJeCKHX rapMOHKK OT O,D;Horo 

Toro xe apryuesTa, qepea ueH:omee KonHqecTBO TaKruc ~YRKIUta: 
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)( ( l ~ m<. i • . 'i ~ \ L M) ( l.,_ ~ l~ 0 I L 0) lu.. ( e, lf). 
' ; ~- ''E.pc:aamrn rro t.. 

. • .• ~-... c ao :rna qeH" !Ill ~ 

L-= r.ei- l:.i, I t.t -l.:tl .2, .. . 1..i +l9... 

lIMTeDaTypa. 

I. A.IT.DIU'Ic, ~.E.EeBHHCOH, B.B.Banarac "Ma TeMaTHqecKH~ annapaT 

T60pH~ MOM6HT8 KOnMl:JeCTBa ~BH:ateHHH". BH~bHIDC, I960r. 

2. A .II .IO~Yic, A .A EaHsa~THC "Te opKH woueHTa KOJIH11ecr13a .ZOU'l:ateH~E 

» RBaHTOBO~ Y8X3HHKe". BznhHlDC, I965r. 

3a A.3,2UiOHC, B COOpHHKe "~e$opMa~H 8TOMHWC a4ep" rur, I958r. 
CTp. 305-351. 

4. T.Re~~e W!AOVO Ci.me>1to {0, 544(195'&) 

::i .. E .. B11r:1Iep 1ire0p~~; :rpymr" tiJ!,I96I:r~ 

6., f1., Ro..~ca.h Ph.ye- f(~v. G2, 4 38(-i<:14Q),63,13:i5(!9 3) 

Tiepe1mzr 8.dIX 'JTE'.!?8fa IUl66 TCH E .rurnre V!.E .. Jl e :BiiSC OH9 A.A.HZKPI

TlilH, itpyKO:SO~CT'SO no TeopeTt-J-qecrrnuy 1H:NHCJI6HHID IUIT6HCHJ1Hl)t'~ 

Teli RRHH~ B aTOMHb!X ~~8KTpax~, H3~.]I'Y,I962r. 

7e E~itoH):IOH, r.!Ilop 1J.'Jni nTeopHff aTOMHhIX cneKTpo:e". I949r .. 

B.A.Ca~YOH, B c6opHHRe "~e~opMan;PIR aTOMH!:iX HJ(ep" £UJ,I958r. 

C:Tp. 355-379. 

9. A.M.Ea~'AnH, B.~.ronb'A8HCRH~, ~.E .PoseaTaab "RHHeMaTHKB s~ep

Hmx peaKw~~ " M.I959 , 2-oe zs~.I967r. 
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YnpazaeHHH. 

~ I. IlonyqaT~.o6~Yll ~opMyny ltJIH xoa~~IIJl!eHTo:a Kne6ma-ro~a~a 
BHJta: ('J1 Mi j.iM~ \ Ji. +:f~ M) 

JxaaaaHe: yqecn, 111'0 l¥ :It +'J'-,..::J
1 
+'t,. (xi XL)= 

H :BOCI!OJII>30138T:&CH rpopMyJioa: 

4>),M : v «~~:rn.-M,) ~ (:J_) ,_ _., ~-',, J, > 

rite j_ =- J_ ( x,) + j_ (-" .t). 

2. ]oKaaaT~ ~opuyJiy (58) Ha onHcaHHH aaHHTHH ~ I. 

J~aaaHHe: iloKaaau cnpa:se~"IH:Bocu STO~ q>opMy.111i1 np2 M: L 
i!Cr!OJi!i3yH R.b.:Eiltl BHlt npuC'fpaHCTBBHHE>IX rap!lOH~K ":lw. (fi), 3a1'eM 

..... -J!'~O:SU1..i! Moi.:einaP.m rro ne peMeHHW 'ti H 't,z. ~ BOCIIC uao:aa-::l>CF 

3. ::c Jb°;ne;1 1JOp:MyJie (20) !II:i.TliHCJ!HTl> K03r;flqlHnllluJTU BeKTOpaoro 

';:i~:ACJ-nrn; (Ji% '%.I '1f2. '%.), ('112 7'~ o/z Y~ l J2) . 

4. c J0MOm~D :oKpameHHUX ~OpMyJI itnR K03~WHUH8HTOB TMna 

(1 i ~l'lt i l'>t.1.. 1 'm) :BbltJHCJl.HT!> K03<fHpHqHeHTR; 

( %. ~ 1 j { 5"/ 2. 5/i ), ( i -1, 3/e - i/g_ \sh - 3/2 ), 

( !J. f 3 -{ l i 0 ) . 

5. B~P83ijTb qepea 

:rnyx 3JieKTpOHOl3 r f -s. f ,_ 
we HT8M2 .R. i = 2 

: LM > 
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i,.. = 3 :a c:.cy'!ae, Kor;na no.:rB:bli! uoM:=:.t.t _ --i . el. a "Tpo ).Kl~zs: M::::. ~. 
6,. be 11ac".- • CO Cil:4.H3.k~ [{ -.;.. 1. H S~. :::: ~ Ra.XO,il;R!l'ig CGC?OJ!-

RIDl, P. V:'1"',.. . ,. - ·--::::.:~k!R o6oKJC C"!VJI·l:S na oc=. z 

- - ..... 
HHit cnJIIR 'lJ,JJyx tiaC"'il..U 8 =-~~ ... + '~t ae uoze~ npilllllMaT:, srra'l'.1.e.rnm 

s: 2 • 

7 • .l(Ba sJieKrpoaa aaxo;l(ETca ::B ! -060110-qKe afoMa ( R~ = l<J. "" 3) 
I 

BliffCH~~~, KaKne 3HaqeHHff nonHoro op6Y.T84LHOro MOMCR?a CODAreC~B-

1.!hl c noJIHbIK cm:rno ,g =0 z S =I. lJpoBect~ aHa.iior:~rq;.,.oe pac

CMOTpeaMe Bo3MOXBliX cocTOHHHL! Koli¢Hrypanu P4 ( £1 = & , iL =3\ 
B tieM saxmotiaetca pa3JI!i:1me u.elf.ll:f STHMR .IOlYKH c;izyqamm? 

8 .. B H.it6PHOR \l!H3rute pacc.uaTpKBalDTCH KOlIJieKTRBIDile EOJieCia.e:u 

nonepXHOC~a fmpa pasJHftIHOH MyJil>fIDIOJUiROCT.H .il '"; 2,, '3 ••.• 

K"Ea;I(pynoJI:.DHh!e KOJie6aH.V.H ( Jl-:.. 2. ) OTBettalDT 3J.::JUlilCQ;!;!taZT:&ROi ae<PO!lilra 

~nli c~epzqecKHX ( ~ ~aBHOBeCHOY COCTOaEMH ) ?mep. KruQJ;Ha E..~aE~ 

a~wc: 1wJie6aHHli (ere Mo:r.Ho pacc.MaTp:;rnar~ .rmK HeKCT pyIJ K5aali!

t1aCTlmJ QOHOH, aBJIH.IO!lzylOCfl 6030H::>Y) HeCef MO.MeHf KN:w::i.ec~l3a :zi;m 

zem1a: 1-::.2 l'i! ID.!:ee! noJIOlKn~eJI:EiHYIO '!.eTHOC:::!:.&. BhlfiCHTff'h, I-3:R~ 
aaa11emm II011Ho110 MoMeHTa L ztonycTIDrllil :a c:acreMe :zi;:ayx IGa,il;pynon

mxx <I!OHOHO:B. Kamm sHalle mm L :soaMOlltHH :s cioic re Me n~ OKfYilOIDi

mzx ¢0HOEOB (1rna3Hl!aC~lil:U:l c .MOlleHTO.M £::3 H OJ!~ID.1;3.Te.lili'Jl qe~ROC
T:.&ID, OTBeqaromire rpyrueER]l;Ho« ~e~opManmH ~pa). 

9. IloKaaaTD, q~o BO~liOEaa ~YHKnJ.UI CHC~elW Tpex lffiC~IDJ; Emi;a: 

\VJ ii ~l ~ ( f, 21 ?J) = :z. ( ~: .t: ~3) ~, rn ( i) \f J ~.,,,. ( 1) YJ 3 ~ ~ ( !J) 
~t»ILJIH) d { 

KB~He~Cfi CKaJIBpOM. llCXOAR ~3 aTOrO WaKTa, llOKaaaT~ , ~O ~I!Cfe 

!pex OKfYllOJll:iHhlX <I!DHOHO:B He MOaeT o6Jia~a~~ ay~eBtal llOJlllllll .ao

HeR!?OL 

IO. C llOMOIIUiD CBOHCTB CliMM8TpHR Pe~~8,IlOR83aT~, UTO 3J -CZ!lliOlt 

(
3 f -l ) pa:BeH HyJID. 

0 i: - i 



a~.Hf!IIB HBJIHe !CH paccMO!penne pa;n;a :sonpo-

HeCI\OJII>KHX M0:.18 HTO:B KOJlRlleC~Ba )lB 

-·~ ). 06c~a.ri;ae.M1!e 3""eCI> BeJIHtuuw( Kos~ ..... 

Q if - CfilraOJru} HCr!OJih3YlO!!!Ca ~aiare :l3 ,;e°"'"' 

~r.e Hli Sll,npmDC peaxnM~ H yr~OBlilX KOppeXfi!lli'!I • 

. ypon a:B.:I.rI6TCH ]lte uwr:apoll ";.,...filfi i!!Hll.rR/1.-3/. 

Pllli.llleHTH ~' §.! - mnrno 1El ! g_; cBOllcr~. 

::c .! R rpll UOM€BTa K~JIH~T:sa ~illireHHH J·b}~,b' 
. Ji R }4 ( j1 + }i. :;, 1:i:i ), Sa!reM It EX 

~ rronyqHrb COC~OHHMe CZCTeMl:il ~pex MOMeHTOB 

M J JI ero rrpoe1n.~'1eil M aa ocD -z(i~ -rT.i = 1), 
ITOJ 1".lemi:yD TaKv.i.M. o6paaoM, o6mrnarum 

UH 

- ) no PHlt.Y.O ~ c.:roc:e HBH .MOMe HTOB ~ i' } l. 

.... ::i. .r c (I) c TO t!HOC 'i'.hD 1(0 4'a31:il 

,. =(-1)1 1
-} ... -~1.1; ; (J ) l • ''h·1> :::: 

l t 4i • j 2. J f 3 • J ll; 

Ii ) · j M ,> 

(1) 

(2) 

H C~O?:ellHe ~DMCETOE no ~pyroli c:x.eMe. li!MeHHo, 

H ~ (f z ... T ~ = 'J.z 3) _, a no.nyqeanym cy 

i ~3 =}) . iloJiy1UITCi! COCTOamm CliCfew, 

·-
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IJ-i,k.:.}~l:r~3'): :lM> ==Z (J~.,,& j3"13\J11Mn) ir 

"'1"'•1tt,Mo 

.x(J1mi :11.3 M0 I~ M) )( lf~i~J !} '11~~~. (i ) lf~Jmi( ~). 
(3) 

~YHKl\'ID'l ~~j . (3) KOXHO CBa3Bfb APYr c APYI'OK ~apBHll npeOCS-

pJ..3o:eamrea: 

IJ· t}J :1u), ~:s: :1M >-2: <Jt}Jjtth.s: J f j 1 , ~· h{1B): J >• 
0 j,_~ 

"'k!~f~~ ~ (:In): JM>, 
(4) I J i~.} ~(~,3): :tM >fa< ii}.t {':tu),~ 3 : J\ At,lz., h ( 1a.,): 1 > l 

U, )(bl ~L( :1u),h: J "1>. 
Koa«1muteH!hl <j ~}: ( J:tt),} l " 'J l i1j 1 , } J!:f.u):J> nepexoJta ~ 

oinol cxe.m.1 CBHsH !pex KOMeR! OB (I) x APYl'OI ciBJff3 C~.&3• (3) 

Ha3UBa1011ca s:oa~m:tHeH!fAMW PAKA ~ 6oJiee Kpaf.KO o6oaimll8.D!ca cDBe-

11011 uui }.itfJJ~;Ju.j.z.3) • IlepeXO]l (4) Ke'C/13 ]tB1JIJl pacCKH
peBBhtMH cxeuauz cBaaH Tpex MOMaH!OB naabraae~ca C!aJQtap~mnl mspexo; 

'ADU. MozHo nos:aaa!b (cu.ynpax. 6), q~o nepexo~ KBX.JtJ JtBYBS: lill-

6~Hm APYrIDAa cxeKaua CBHSH BWIOJIHHefCH c noW>m;Ian !e% ma caJ1BX 

K03!MHUH6HTOB u (a~ e d; e J) ' B XOf OpHX HeCHD.1WW eau pac

iIOJI01lt0HH MoMeHTH ji, i,_, ~1 , wm c :rioKOl!lldl ooJ.tee npocna: JleJDl

-ima - i»aao:BHX MHOJt:ia:feJiei. IIoafOKY :a urepa'l'ype oowmo m<Synp3m

ca TOJI»KO KOaifxl)RnHe:sm U~-s}~ 1 J ,; :lu lu) , ;l{Jii! c~puoro Bepem

;aa ( 4). 

Koscii~imRe HTli Pazra U 1411aromJIIamt no noJmo .se~ e:ro 

npoo mth ·l M , onm n:o. sa1n1011r O!r n !O JIP ~· CI) 
H (3) Il! ',1~no, qfo xoscP<PlmHeR~hl Pax.a BHpazaJ>rca r.repea ~mt am 

KJieu.c::o.··ropJ:taHa c.ne,icrDill,llll oCipasOM: 

2-: (},~;i.!L~tt~I ~1.i.Mu)(':1u.MuJ!t1t3 \'JM)(~£m.ij1~11 ilM") l( 

1or1. 1t111t1 1M..iMi3 (S) 

x(}1m1 jl3Mt3 \ 'J'M') ==-g:t:t' 8-MM'U(Jtii ':/ j,; ~t: 'Ja.J). 
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? IA (i .l'z 7,,1;;; ~.1 ~5)u(),~ J.;, j y:: J J )4 
-'Z.$1 ..:> .... ~~ 

K (in., ~-:i ku/ J 'H;·) = J;., ~N' IA(~ 4 .7 ~ / .7,z ~-J 
-:.:oscpiprnrneHThI u c TOtJHOCTI:ilO ;ztO MH0)KHT8JIB COBII8,48IOT c 

!TI'I8HT8Ml/1 w (jd.z.. ~J~;~iJ.{3),B:ae.zteHHbIMM B paooTe /4/, 
::.e c 6 i - Cll!M::SOJI8MH [~ 1 J4 'Ju.1 

J~ j J.n 

Roacpqm

a TBK-

U (a. g ~ d; ef) =JCzi.+1)(24-1-t)' W(a~c.d~ ef)= 

=(-!)",••<•.L ~(£e+u_)(J.f+sJ f ~ ~ U (?) 

Koa<MJ:trn;vreHTb! PaKa oo.na.n;aIOT .ZIOBOJll>HO IIpOCTh!MH C:BO~CTB8MH 
·J~M.JeTp:r,rn OTHDCHTeJI..CHO ne·peCT8HO:SKI-!. MOMeHTOB, OT ROTDpbtX OHM 

;am-lCffT. )~Halm HaliC5oJr:t.meti CMMM6Tp~et1 OOJI8J.18IOT 6 J - CitIMBOJihr. 

JHli ne M3M8HffIOTC~ npM JIIDOOM nepecTaHOBKe CTOJI6uo:a; 

(~) 

ii r.pw 38M8He .:wyx JlIOOb!X MOMeHTOB B BepxHeti CTpDRe COOTB8TCTBYD-

(~) 

2 zr::c:c 

.1i,, i (C+e+ · +Jf), 12-=4£{t1.+a.1+e.+/), .J3 ::.J:{tJ.t-l-1e4d). (ii; 

'JB•JSC T Ba PeA,'\e YJ.IOOHO HCIIGJI:o30B8T:O B TOM CJiyllae' 6CJ1M KaRaH-JIK~ 

pa:aaa oJJ,.:..oMy vra rrapaMeTp:rn, H3 KOTOpIU: 



- 31 -

os ze noc?poe.sa. B aToM cJIYqae o;zurn Ha napaMefpc:a 6} - cwo&

JCa rrpe:epam.ae Tc.a: :a HYll, 'ITO cyntectBeKHO o6Jier'tlB.e! :BliltlHCJiemm. 

,ileJIO :B !OM .. l!:tO ~or;n;a HS MOMeETOB O;ltHH pa:aeH eyJIJD, ~o :ztJla 

- c~o~a m.reeu npocroe :s~pazeH.He 

[ ~.;: i;J :gi·h 8-i,l, (-d"l<' i'. ~( i,k•) (.tj, + j) - ' (t2) 

C1mar, 

,U.l!II xoaifif}JAJl.HCHtoB W(a i~ c,{; e f )ll pa6o~ /4/ noiry11eaa oom.a11 e»op

M.yAa (cu.TaKJKe /~/ §22). Bo Maorwc pa6o~ax npHBo~a~ca ~OPJilYJIB 

3TliX KOS~WMUMeHTOB ~Jlfl ROHKPBTIDi!X anaqeRHli MOJ.teHTOB ( Hanpmaep~ 

JJ;JIH CJlyqae:s e::. f, :4., ±, 2 RoaCM>JAJl.HeHTa aata6y.napo:eaHB B pa6o 

re /6/, a .ivrn e ... f :n paOoTe /? /~ MMeio~ca 06111MpHI:le qzcne Hmi8 

TaOJifillli xoai!XDKUHeHTOB PaKa /8/. Eonee no~po6Hoe onHcaHKe cym,ecT

BYJOntBX Ta6.7lm\ xoaw@11uMeHTOB Paim uoxHo Ha~T~ :a KHHrax /I,2/. 

§ 2. 2,} - CliIDOJibl. 

EcJIK CKRa'A~Ba~TCH qeT~pe MOMeHTa KOnHqecTEa ;ztBH:leHH.H ~i' 

}i,h,~4 , TO .MOJKH~ c1ra~aJia C.lIOlKHtI> j t. 14 ~.i (Ji + }~ .::. "'fu) , aareu 

}~ H } 4 (~ • }• = :JJ4), a nocJie a~oro npouexy~OllHlie 11r\ieHm 

Ju. 14 'j 34 CJIOE!1TI:i l3 IlOJHillH MOM6H~ ':J • IloJiyqemcy-1> B pe ayn'fa!.8 

:eonHo:syro @yHKUIDO c6oaHat1IDJ / ~s }.1. {:1,,~),J.s j 4 (J34}::1M>. Mozao BS-

MeHRTb CXeMY C:Bfl3H MOMeHTOB: 
._:;,, ~ ~ ~ -:1" _... __. ~'J -1 
ji+}.-~Ou, }l>+}...,:::.IJH, ':113+ 24==. (i4_) 

IlpH STOM nonyqMTCH ~YHKUHH 

)i1}3U1o),j~ 1~(:1:..): :1M >. (~5) 
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KoaiWllllllleRm nepexo'A;a OT nepl3oi! CllHBB t:efapex ilOMefil!O:B xo JJre

P A BaSHBal)!CR o6o6~H"liDIK KOaqxpJ4IlH6HfaMH PaICa a o6osnaqaJ>fca 

L... j f J~ (:-Ju),}~ ~4 ('J 3~): :1{ Jd 3( 1o),J~Jt {:Ja.4) : 'J >. ~6) 
.Eo~e mme~pl!lUiott ll81Utlll1Rol HllJllletca !a.K aaal:iBaew.rW 9 j -cu

oz:: 

:Be ~H .. B HeXO!Oplil: CJiytraHX KOS~IDlldeH!Cllt rrepexo

~?J:, &oA£E npoc'£oA BQ ( c11:.ynpaz.HeIDfe 6). 

3p~ qe?aoil ne~~~aHoBKe C!o~6no:s RJU1 c!poK, a fa~ npu orpaxe

~~~ o aoc~~enbao o~eHX AHa oaaxea 9j -CWlBO~ oc~aeTca aeHaMeH

B'.iiill. Ilp~ aeqe~ao~ nepecTaaoBKJ cro~6uo:s J4Jll:t ctpox OH y»HOlltae~ca ,. 
..,a (- - .. " r 8 -cyinra :3C"'X ,ABEfl~JI BXO}JJi&,{i'IX aero JrolltHl:fOB. 
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B:rrn:;a.y ya11:rap.Hocu1 npeo6paao:eaHIDi (I8) ;ttJI.a: 9 J -cUBoJio mm T 

.treCfO yc~OBEB nproaopMlipOBaHHOC~R : 

;: \~ ._+i)(.~Lf H)(2~-j--i)(2f1fi)r~ , ~ 1i[~ ~ fi =&ec~~t. 
~ k l~ h i. J ~ IL " J 

KorAa O'AHH na MOMeHTOB B 9j - CHMBOJ'le pa.Ben ayJill, fO nocire~.m.m 

Cl30~lil:!fCR npOCfO K 6 J -Cl4Ml30J!Y • 

[

a. g .e. l (-i)l.e+e .. j r a t e.} 
e. d er-= i ' .P f ~ o J V (Ze~~)(2f4-1) l d. <! t 

9 j - cmrnoJibl Hcno1i:&sy10;rca npH rrepexoie Of L~ B: J ( CltDK 

{~RH Hao6opor). ECJIH HMeIDTCa ~Be qaC!l41Ui c op6HtaJUaHL!KI4 MQ· e~ 

ua l i 1il ~ :. z cmrnabi11 $ ~ = ~ , ~ = I/2 ~ !'O B L ~ -c:all3 c:xe 
- ---,+-+ ct- - -

CJ'IOEeHHH MOMeHTOB CJie)Q'IOII\aa; .f1 .... ! 2 =-L'"> S: + 3';_=-,), L+S ==;:/, 

B d j -C:Bfl3lil CXeMa CJ!O~emra MOMeH~O:B HMee~ JSQ: 

Ji +SJ =r1, t +-;,.=Ta. ~ ·ri + r~ = -q-_ 
IlosToey ne:i;:cxo.it OT LS K J} -CDH3H MOlltHO ocyn;,ect:Bl4fl> e no ~ 
faKoro npeo6pasoBaHrut: 

/fit ( L), S:i s:l ( S): J'M>~ [(2L +1X2~ +1)(~J1 +I)(2jz+i)]± x 
JI J;. 

[
t -f.~ Ll . . - (t~) 

x ~~ s1 s \ risi(J 1), t:~ tt(J1}.1M >. 
Ji. J~ j 

06paTHh!M nercxo~ B~flO~HflC~CH c IlOMO~hD Tex ze 9j -cm.rao~o~. 

ttist(Jl), t'l.s~ (J ~) : ~M>=it[(2L+i)(2S+1){1jJ•1)(iJ1+1)]t"' 

x [;: ts:~ t ! ~j C(Lt !iS~ (S): jM >. . (M) 
J ,_ Ji J J {£ 1 f_"L L1 

AJira<5pa11u.:cc!\HO <tiopuyJihl Kosg:xpllnliieHTO:B ~ ~ ? ,zi;ami J 
J-1. }~ :J 

c6opHllliO /9/, ~all &e lL.!JO~TCH q~c~eHHble Ta6nll!Ui aTKX KOS\lXIl~BeR

!O:B i;.JI.a.Pi, €:. = O,I,2,3,4 /9,IO/. CcbU.IK.l:! Ha ;L{!f/rHe fa6JimtJi 
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?j. -CKKBO~OB H PHJJ; no~eamn: qopyYA H ~a6Jlllll; UOXHO Ha~~z E 

"&:£.Ir 2/. 
I 

G~z BSMeHeHKR CX6Mli C~H3H llHtH MOMeH~OB KOAHqectBa .zunme 
.1 .fil!ZIDO!CS 2 l -CHM.:BOJW R ! • .ii;. Ho Olili no.Ka eine He HalllJ!ll lllltpOlW

d 
'n np.iiU.le3EHME B upax~gqecKMX pacqe!ax. 

lHT6paqp§.. 

:. B.B.Baaarac, M.B.l!e~HHCOB, !.IT.DuHc "MateMaTMtreCKK~ arrrrapa! 

TeopRH KOMeH~a KOJIHqectEa ABH~eHllil:" BWIDHX!~ \ 1960~. 

2 • .A .A.Earr.ZJ;sa.l1THC, A .n .10Iu1c "Teo pMia uo.Meu:ra KOJIHqe cT:sa ~:snemm 
B KBaHTOBoa YexaaRKe" BIUibHIDC, I965r . 
5. A.8~MO.liliC "YrnoB&e ~CMtiHT~ B KBaHTOBOH MexaHRKe B c6opH.HKe 
11 .1e!fopMaIIru; a:ouimx R.!{ep" HJI, J. 956. 

..... G. Ra.eo-1-t, Phy.s. Rev. 62,438 ( 104.Q.). 
'.J. T R~gge, Nu.ova Ci.me nlo 11, ·H.6 ( 1959} 

6. !-i A. Jahn, Proc. Roy Soe AQ05, 192 (i95i} 

? • A.t\_. [d;n1:1nds, B. t-l. Ftower-.s Pr-oc.. Poy. Soc. 42i4J515{d.952) 

.,. .jj.. Si.rnon et al. Ann. Tok.yo l~st~~cn. Clb.s. 3, $9 (1.9S3) 

J. "fa~w-;;ryq11~ c6opmnc M-11. I%I(AH CCCP, w11s11Ko-TP XHH'llecK1di 

JHCTll~Y? IDl.A.~.Ho~). 

:o. .M.5an'AHH, B.~.ro~h'AaHcKztt, B.M.MaKcMMeHKo, M.~.PoseHTaJil> 

"~liiieMaTHKa H;l(epH!ilx peaK~H~" I959, 2-oe H3A.I967r. 
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!!!,YJ2¥!!!&• 
I. Paccu:c'2'!'::-·:..1 . .;:,.·,~:zt~µ ~a.itY paaJ.tatimn.t!I c:mM<Um cBBBR 2. x 

MOMlH!':. 0•I: -; ~:;:n.no Eldpaai!n liOJ!liOBli@ <l>Y!iltIUil! :.inmal}1~i(J'1J,J . .;J> 
::; ;: ~9 :BQXBD:Bt:Je @y:i:mrum, OfBBlia.IJllUl6 CJieJO'IDllUUl CXBMall CllmJ 

a) 1~4-fF4-1J, ~)r~~(fc .. F), ~)i~+lJ:+J:), z)j1 ~(~~[L), 

. g) j.tf[i~rJ, e) J~ +(f:~ f,.), ~ JK) (f~~1)·•Jz, · ~)(fi~T,)+;,, 

Bspaamu, xoalfxPm:umH!H nepexolta qepes craQapTHHe mOJinmie »e

Jim:tiwm (K0~11ttmeH!li Pasa ll(a...&cd.; ef ) HD 6 J -cmaoJIH; :s HeKo

Toplil CJIYttaHX :Boauo:a:mi .1r1 OoJiee npocme :Slilpalte3IDI .1X1m Kosqxpmuma

!DE nepexo~a - npOCTO c,PaaOBlie KHOlt.lrlf8lllt). 

2~ Mcxo~a aa CBC crE CIDOW!pHH 3j -CHU:SOnOB, ~itasaf:D C:BOIC!J!a 

'~m.met~HR t:.. ~· -CIDmCJ:Oll • .I{oF.aaa!:& ¢opey:JI1 (I2) 
" f . l <1 

3 , Huit~ ii -me ·re B.!3l:l:'; a a:a <te HBS 6 J -c.w.!BOJla 1 ~ 5 3 .... · 
Y~asaHze: c nouomDD cBoac!B CHlWetp~a Pe.Ille noHMSH~b aaa-.reBBa 

];X~~R!ltHX B a~o~ 6 .i· - CID.mOJI uapairerpo:s, sareK BOCIIO.lLPBOliS.~CR 

:ra6Jiaua1.rn (aanp~ep, .ea pa6oni /3/) • 1 s*cl!: J :::~ ~ 
4 ~ I!epeitrH Of it -c.aa3H K LS -c:aHs11 :s BOJLao:aol ~YHIW:llll ... U1X 

846KTpOBOE (Ra~~H tU1C~eBHhte 3HatreHMR xoaqxpwxaeH!OE nepexoia). 

s .. IIepe~n~ o? LS c11asH x ~~ c:as:a• :s BOJIR011wx <bYB.KIUUIX "JUY'X 

-SlieKfPOROi It'": L.::.3°, S:i, ':1=2> K \tZ:L=4,5::0,'.J=-4>. 
6 o HailTH Ko34!{Q11llI.14eBfli nepexo~a or cxeam 'lie!Hpex uo:teR'!O~ 

(~ :~:; + ( ;l ~ 14) K ;apyrota c:xae ClUISB fe.X: a .140lleHTOlS 
l~-- -.\_.,,. . 
l(}~·~" ) i-,tt \ .. } 3 BI:Jp:'SH'll> lilX qepes 6 J - CHKBOJD:ii.. 

7. noKa3a!D ~OP.MYJJJ" (I9). 
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3aHHTl!e 4 , 

Rutntc~eHHC £!!!! nuOH3Be~eHHI KOS!WlHRZeH~O~ ~eK!OD

.!2!2. CJIOJ:e BIDi. 

qecTO rrpa pa~cMo~paRIU! yrnoBHX pacnpe~e.nellllit ~PHHX p ~~a 

nau H.1llt paccea1Il!lll, 3 pacqe~ax no xo~e~H ~pmn: WIN a~o~?VlX c6 

~o-res :iOa~.er Reo6xo~axoc!b ~ cyHllllpoBai'iliH ~rozs:BeAesru! 6oJIIi

~oro KO~HqectBa,iroa~mtHeH!OB aes!opaoro c~ozeHHa no BXO~~ml 

J HK.I llDYeHTaK l! n: npoe;mJl"CUL. Iipmroe :etlqJ!cl!emte raKzx cyo oita 

3iaae!CH »ec:o ·a !:PY:r4Ce ~mur iteiro , nocKonxy, aanpmaep, cyoapo:B 

!Ute IIO npoemmruA 110ll8H!O:B f 1, (.to ,.+n npuo;tt.B! lt CyMKe' COA6pxatlla 

·ucJio cJiaraeKhtX nopazuta (2Ji+ I) (2j.1 +I) ••• (2jn +I). 

B C~H3• c 3!WI EOSHlUCaef 8C!8C!:BeHHOe C!p61UI6Hire npeo6paao:im!~ 

3!B CYIOD:i !'a.KW& o6paaoK. qTQ6H yueHJ;mH!~ BaCKOJf.&KO EOS~~&EO KO

HHqec~BO llH.lleKCOB Cy.w!Kpo»aHIDi. 4.llil 3!0~ ~e.1!Z MC HO HCUO.llb3C

Ba u, t J , Y} 11 t .;a;. - cm.raoJ!li. OitHD 6 j -crur.Do.n:ou il.OZI-J aa11 .. -

aE~ CYYJ!Y no 6 ~eECaK npomaBe,1teHZli qc1'!Xpex XG3~IDlH6HTOB -~ 

!Opaoro CJI.OXeB.1!H,9j - CmuiOJI 3<il!8HHB! CYUJIY no 9 !dh]teKCa!L npaas 

Be14enmt mec~.a K03qxp~Henfo::a KJie<5ma-rop;zi;aHa z f.;:i: .. EcD pas6m::r 

:taKJJO-fO paccwTpnae1111> cyWf1 npoH:3Be,14ea.d m::>acf.xl1mi;.weato:s Ee:E:

ropaoro c~ozeaIDI RR aecKOJibKO napnz1maJD>!DiX cyWA, aoBna~amlltE[ 

c 6j ) 9 j II ~ .. ~. - CIDlliOJiaic:a, .Bli1U!CJI6Hae ee c;y~C!:BSHHO yrrpoc

fK~CH! MH no;zy~llM CYwc:f aaaqHreJI:&ao YeHJ)mei xpa~Hocra, B RO~OPYJ 

BOWf ta6rur:urne :seJI•rq14w-6 j a 9 j - cmaom. 

Cymec!nye~ .it:Ba cnoco6a :B~qHc~onilli rcaKoro por.a cyKK: 

aJire6pa.RG:eCKH.:.~ a rpa¢1tt1ec1uu~. 06a OH.!4 ocao:saw na Hcnonao:aaHR 

CBOACfB OpfOEop:.mpo~aliHOCfH KOa~HllMGli!O:B Kxe6ms-rop'Aa.&a Y.1.Uil 

3 :r -ClWBOJJN.'~ a ~an:e COOfHJIUe!H!.i!, llblpaxaXlill,il 6 j ; 9 j .. :- cm.mo

ml qepea so:;M~EeHr:ti KJie6ma-ropAas:a. Kas:.71Pl2 H3 ueTo.?to:B oO..aa. a-



er CllOHMM ~oc~OHHC~Eauz g ae~oc~a2Ra.M.14. TaK, rpa~Hl!ecKRtt Hero~ 

Hll.It.aeTc.a: o'tle.ffI> :s:arJIH,1.{Rb!l'l~ noaBOJIJ1er JierKo npoaaa1rn:azpo:Ba!r:& paa

JIH.i!Hb!e cno~~0d.t:1 :r.apome1rn.s: paccw:rpruiaeMoro :ab!pal!teHrui a mxopan 

EE~JIJ~mmii~ O~HaKo npH acnonDSOEaaKH aToro iretoia B03Rmt&e! i1!3-

Bec~noe ReYlOOCT~o , CBH3aHHOe c ~eM , qro ~~H no.zryqeHlUl npaBHJil,

HOro pesyJI~xa~a .aeooxo~l-Wo BHm.&a~eJibRO cJie~liTD aa opHea~anme~ 

ys~OB H gaHY~ Ha rpa~HHe, sa aa~Hqaey B cyMMa.x HeDOXO,ItiIMliX qia-

30Bh!X JiltOXli!eJre!. 

Axre6paM~ecKali Me~oA aBJIH.efCH MeHee ~opMaJffilWK, aaxox;zte.lilie 

g;aaoBWC llHODi'eJie~, BXO;D;~:WC :s lCOHeqifil~ peaym,:raf, :B He». :ae npe]t

CTaBJI£~T fPY'AHOCfeH. O~HaKO OH ueaee npospaqeH H 3Jieraa~R, qe¥ 

rpa~nqecx.wt cnoco6. Ha upaK~RKe qac~o HcnoJU>ayD~ KOM6~aan1m coo

.we ueTo~oE. A RMeaao c nouom~D rpa~lf!lecKOro cnoco6a BriOHpam~ 

ao~ee noAXO~Hntwt cnoco6 ynpo~eHaa paccMarpzBaeMoro B~paaeHR.S 

(npH SfOM !iroEHO He o6panta~» EHill.iaH~ff Ha opHeHTanHE Y3HOB a lU'ililitt) 

3~0 ~ae~ HaK KOlie qR.bi~ pesyJUi~af C fQqHOCTDD ~O ~a30EblX MHOEH!e

.trel, a @aaOBlie MHO~Hte~H iroano .n:erKO H&~~H, HCilOJI:b3YR a~re6pail

'ieCRne COO~HomeH.Wi~ 

B CBfi3B c 8fml E ~aHHOH 38IDlflU! lil:l KpaTKO H3~0XWii ooa Ke~OJa 

Baaqa.Jie 6yll.e!f orrHcaH a]l:re6pakiqecKz~ xeTo~. Ma'l'epi!a.n sroro _paa;n;e

JI.a :BsieH !aDe IIOTOuy' 11?0 npueAemme B He.M COO~HO~ RWI fillJIHJD!'

~H aJII'e6pa~qecKO~ OCHOEOi rpa~R'lleCKoro MeTO~a. KO~Op~~ Alli 1!3XG

Eml ~ penen~ypHOR n~aae, He npHBO~a ~OKa3a~e]!»C~:B. neTaJibHDe 

zs~oaeHHe rpa¢HtreCKOro MeroAa MOXRO Ba~~a » KmI!'aX /I,2,3/. 

§ 2. Alrre6paHqecKmt Meron. 

~opvyIDlpyeM Hexorop~e o6~Mre npRHURII~, KO~op~M.1 cgeJQ'e~ 

pyxoBo~c?~oBaTDCa npH EHqHc~eHlill% y.KaaaHH.blX Elime cyADl. Pacey~~ 

pmi ciraim.Jia cyMw no npoeKIUmK lloueHxo:s. IIycr.;, ma:eeTca ::mpaze-



ue F{j,ttt,; hm.1.~. · •. ; ja:m11:; j~"', ... , },,), KO!opoe npe;itcTa:a-
JWt! co<Soa CyJIJC! npor'311e'Aelli xoa!W)m:u1eH!rOB Itne6ma-rop~aa, np1 

TleK cyJOUlpo:uamm :BeAeTca no npoe~HIDI m"-+-i , ... ,mn. .1i1oueH!fOB 

j,.,, ... ,}n , a no mJ,·-- t1'Lic cyKW!po:aamm Heir. KpoMe !Oro, no-

!peCSyeK, qiro<SH Ita%,1.tli~ 113 UOMe H!l!Ol! }.:~~ , ..• J j t'I BXO;llHJI ll aey CYJAlf1 

Alla~; <So1I:DmHRC!fBO cyLW, :ac!fpeqammHXca na npaKTJ11Ke, Y'AOBJie~Bo

paJJr S!OMY rpe<SoBaR.HJ) • 

.1IJ[a roro, qro6s BH'ABJIR!fb B S!fO~ cyM.Me 6JIOKH, O!fBe11B.D~He 

6j a 9j -CHMBOJIBJt, KO!fOpHe BKJilO~aID!f B ce6H cy~ no npoeKn~ 

:acex :OXOltHI!tHX MOKeHfOB, HYXHO caaqaJia !fOX~eCTl!eHHO npeoCSpaao:aa~ 

sry CY'MJlY' BBO].Ui B Hee c llOMO!ltblO C005:liOlliOHV.il Op!i'OI'OHaJI:&HOC!fH 'Ai!S 

xos(Pip~HeH!rOB Itne<Sma-rop;z.taHa cyw.rn:po:sarme ~aK"~o H rn R11itexcru1 

Boa~»eM~ sanpIDLep, cyw.ry: 

F ( j 1 mi, }6' ms; j, m,,, }.1. }~ ~.,) =-Z . ( }·1 n1n J.L m. IJ 5 n-t_) x 
tn,.n<3t>tf (t) 

· x{},»·113 ji m-+IJs ms-)(j,.m.t j4m4j j,ri1,). 
JqJlfW!a.a, q!fo 

2:. (Jim~ }, VTl: I j~ m:) (Ji mi J~ m, I ji m~) =-8,;iim: St,,,/?I;, ( i) 
.f5'ff:; 

KOZHO aamICa!rll : 

F(j1mi, isms,}~~,;J~ L~+) =?,{~: (}i~'~ J~m~ lJ~m3)x 
Jslns mJ1r1am.J1114 m, (

3
) 

x{jJll13 ~'1 h14 I h~s)(j.i m, }4 ttt4 I j, m: ){j1m~ j, m~ }j~ tn:) J (js111t j,m, j F t11;). 

CyWla B W.H;rypH.btX CI:C06Kax co:sna;itaoT c llaTpfill,e.ld ncpc>:o;zJ,a O!I! OJ:t·· 

RO.it cxeJ.W CBli3U 'TPOX .uoMeRTOBl~1h}4(jc,):j;~;> K .21:pyroi! CY..elle 

BX CBH32 ljj j.t(}3) j~: j; m1 > _, ?0-CCT:& OHa pa:aua a-Jsj:8,..~""P( 
"U(j.L},,jsh; }> h). 01maqaTenao l.!OXB.O aanzcaf11: 

L (jL~1 i;;.m~j.$m1)(j3 rn 3 i4m4 l}i'm~){j11tn.iJ•m_.\j,m,) = 
"''"' .t ltt4 

s'U(J1j:.}j'}4; hh)(jtm.f j,m, \ls m,). 
(4) 



PaccMoTpHM Tenepb Conee CJIOXHH~ rrpHuep: 

F {j.11»1) 1. m.,, .f 3h1;s ,j,.m4.1 ~s J t J J j & ) = Z (j-1m~Js m~\i, m, Jll 
m!"'''°''l>I.!: , ( ~) 

Y { j J ~'t, ja h 9 / j+ m~)( Js h1s- J1 m1 /J m1) (J,m, j-?m~ I j 4 fr7-i ; 

li.;HI Toro' tJT06bl BBeCTY! CyMMr1rpOB8HM8 ITO rrnoeirnlirnM MOl!.6H~OE 
" ,. 

ji,jL,~3 ,ZJ;OMHOUM 3TO :BbIP8Et8HMe Ha C'"1l'11;(:m!in;<\11 ,ttt~-:: {(; 

~. Z: , ( J2 m.t Js.mll (H}f "-Xj1mlj,m:/am~){amaJJm1l-lmi;Xrw1f ;3m;f i~ ,) 
~IJ.ltlc.l'ffc. I J ' • 
~ npocYMMHpyeu no mi , m~, m) • Pc3yn:oTaT M021tHo Cll!M:BOJI!II"!iGCKY: 

rrpe~CT8:B~T:O B BMne 

F = ~ \l(a.){jz.»11! j1fMt I cunA.)(cun4 jJ1tt, j f ti",) (--11 
arn. t m" . 

HeTpy,24Ho y6e.iniTI>CR. qTo cyMua V (a.) ITO ll!HlieKoaM l'l'l:.m ~ m; ~;5"' 

m, 111:i »ts ' COCT8BJI6HH8F. PI3 rrpoH3B8~8HM}1 mecTPI It03~q,JIIIIU16HTOI. 

Kne6wa-rop,Zl;aHa, rrpe,ZJ;CT8BJIH8T co6orr c TOYHOCTbID ~o MHOllillT6Jifi 

SJI6M6HT MBTPll!UH nepexo,ZJ;a OT O~BOA CX6MY CBH3H qeTspex MOMGHTOE 

~----~~~- ~~~-~ ~!-.Js-=j,,~_. ... j 41 ::=J+,J'i"J.,.,J 4 K .n;pyro~ cxeMe vix CBH3~ Js+Ja:J.z.JJ'- +Ji""!' 

:::a._,a+J:: g, TO SCTl> OH8 IlfOITOpUHOH8Jll>H8 2-"j_.g 0111,__,, 

B HTore 

{: = ~_; V( a)Z (J"~ .. J~m1 \ am.)(a.1it .. J 3 111~ ii• ti-1~) ( ~) 
I,;.. Jtl.:; " . ' 

G;ie.:rc:BaTeJI:bHO, Mill Blirn;eJrn.M B cyMMe F qacT'D V (A) ( oaa npen-

CTG~~HeT 0060~ M8TP.!i1UY rrepexo~a OT O~HO~ CXBM~ CBH3H HeCitOJI'D!rnI 

MO~SiiTOB K .ZJ;pyrom cxeMe CBH3.!i1 H MOEe~ 6HTl) B naJil)HGlmeM na30HT~ 

HB 6 j - CMMBOJihl) YI MHH.!i1M8JI:OHOe qMCJIO K03Cpqll.1Ull8HTOB KJieOma- ro1·-
.ZJ;8H3' BKJiID't18lOl!l.!i1X B cec5H npOBitlllt1H mi, I Vl'I,.) J.>1) .> m4 ' no KOTOTIWl 

H8T oyMMHPOB8HHfl B rrepBOHaqaJI:OHO~ Bhlpa•eHH~ (5). KpoMe Toro, 

llOHBYIJIOC:D O~HO ~onoJIHHTB.il:OHOe cyMMHPOB8HYl8 ITO rrpoMeE:yTOl1HOMY 110-

MSHTY Q.. 

TipHBO.ZJ;H aaanor11qHue paccyfill;eHHH,MO~HO ITOK838T'D, qTO B 06-



•e• CJq11ae, eCJm aexo!opaa K..OMC:Svreatt•a F .Kosif!<PimeR!OB 

KJle6ma-roPJtua co.:ztepr.! It npoeKilld m, , no KOfOPiill &e! cy»

•apo::eamm, !O ll 60.ur:.m&c!::ee BC!petmJ>DUDCca Ba npax!oe CJJ:YtmeB 
. . 

oaa lllJIB! 6H!l> c noMolltHl iJ!opuyJi !IIIIa (2), (6) c:se;zteEa K cyue 

llPOB3lle)lelilllt fl- 2 K03iJ!~BeH!Oll K.uee5ma-ropll',a.Ba, CO].tepaauua; 

ymsaam1e npoeKitHB, sa BeKO!OpyD Ka!PHllY nepexo~ V(ji.,a~) G 

o;zuma cxeiw c:sBS11 .110J1ea!o::e jt , BXo.:ztmiua: B F , :a: :ztpyrol 

c::ce.118 Ia: ClU:raH. ~KCallK CJKKHPO:BaHIDl B 3!0lt cymre, Kalt :e (8), 

6y741! CJIYD!:i n-3 npOMeZJ'!OtUl:HX KOJl8H!a a~ ll llX npoe~Jlh'la..: 

Bu6op S!HX IIpOM8JtY!OlllWX KO.KeR!OB H ::SEQteJieHl!e n.-2. KO~ 

!PIItHeH!Oll K.ue6ma-ropll8.aa, co;ztepzaDXHX npoemuut 11oea!oB, no D!O

PWI Be! cyJiUmpoBaHlUI, npoza::eO;ztH!CR :B o<Sute.11 CJiyllae IE O]Ul08Rallll0. 

Ilpa a!o.11 paaHlie :aapHaR!H ::es6opa npoMeayfoqlWX MOMeR!o::e npa:so.ltH! 

K pa3HWI xo.eeqJDilK ::espaaeHHRM. Tell CaJIHU .. npR BWIOJIBeH.HH S!oa npo 

ue741ps ne.uecooc:s~aao pacc.11o!pe!!» HeCKOJU,KO BapHaR!OB nueo6paao 

HRH BCXO;!.BOro BHP8XellllH B BH6pa!l> !Of, Kl!Opsa ]1.88! HaH60Jiee 

;fJI.OC:SlfY'JJ ;ztJIH miucJiea:mt xoa:eqxym l}opMyny. HanpHllep, rcy Ee CaJiyl) 

KO.ll6Illl8IUUl KOS(fxpHIUieHTO:B ::eeKTopaoro CJIOJtelUUi (5) KOZBO 6HJIC 

tpaa:cqiopupoBafI> .eecxoJIIJW mw.qe • .l{ouHozWl ee Ha cyWIY 

.~ ( j 1 »tJ }s~3 \ e m,)(} 1 tt1~ j;1m~ I e nit~)( C ~c }.i.»"1. \ d »iJ) x 
d.lll(t ltlc ill: . ( 9) 

x( <!m: j.1. m~ / rJ. tt1i.t) = ~ ... , ... ; ~ne,ttr; 31w,m; 

K npocylOIHpyeK non:yq.i1J3meeca Bdpaxewm no 

F npBo6pe!aer :BQ: 

.IlpJI S!OJl 

(to) 

r;ite V( e) -8j
4
d 8m

4
rn" - MaTpmta nepexoAa Of cxew C:BRSJI 

It 1~"' ;, . Tj +Te =1;, r> T1 = J4 K RO:SOit cxeMe CJ3H314 ~+T,= e,j;•Ta·J;_, 



- mnm .. 

/ :• h( 2;h• .1)(2c ·-i;{2J,d)(tj~·d~• 
5.z Jt ) 

(H) 

Taruw o6pa3o.u:, VI c) .a a'l!OK c.iryqae c:ao~'!CSi s: O;zu!DJIY g J -
-cmrBOJI:f wrn: E cyw,re no o.irao:.cy- rumeKcy npo11Ia::ee;aea:d Tpex b} -

-CIDCBQjIQJ3 • 

Paccuo2pm.! ~enepb, ~K BlipaxaetCH trepea bJ -cln!.30.m:z J&a~pil

ua aepexo;z1;a V(a.)z3 $JPMYJIB (Cl). 06nuI.tit nprun:um cse)lefi'liH cngJtBlilX 

!pam::¢opri1a14ZOHHHX Ma:rpml: lt 6 j -CIDCSOJia.K aaKIDJqaeTCE 'B ~OU , tt'tV 

R.YZHO npe;z1;c~a:aaTb rrepexo~ OT aaqaJ.n>Hott cxeMlil CBJ13K µaccHa~nJiatlf'J-

lt:-.:X YOMeRTOE K nx: KOHetIBOli CY.e.Me CBff3a "B ume iieCKOJffiltUX: l!OCll&

~OBaTenDHllX nepexo~oE, B ~OM M3 KOtOPI:iiX R3MSHBe~Cfi CD:lMa c~xs~ 

~!iO_:rpg I-•a.a::vrx:-TO MOlle HTO:B. Tor:na Ra.UO.MY nnOKeX.'f!O'iHD IEB-

·~eX.Ol!:.f MOl!tHO nocTaBll'i!l> :s COOT:sexcrBze OI!Ufl,l!e.JieHR&Il'i 6} -CJIDQ.J: "' . .., 

3!l:OT :m:r:rre.Kc co:im:i.ztae!r c Ol.!I:!:il.i Ha .!40MeH~oB~ q>liI'JJlHpj'llllUU 11 :m~

soi.1 cz:eJ.:e c:saa ). Hanpm.cei;:i, Mr3.Me:eem1e axe.us c11&am ·.re~1r1re.x r-

TOB, O!:S::F.talC:<ree 06bI'iHOMj" g j - CilOCBOJIY' ~~r 6I:In lWIJO.Jnmfre :E 

Tp.ll s~a.1:3. (oTO l.U1Hill.HUIIiHOEl qzc.::o 3!'aIIOli JlJ:rfl 9} - C!UIBJJta .}. 

. 'J \ 'J \.] ~, -.{L.};<.~ 1 i),/•!,"l H•·, - ..,u;.i· . .,1;::3/u4:J -

-j 1 4 ~(Ju),}~(Ju. ;) , ? .. ."] -Jqi·.:11J,,.ii.1-.( J, .,~::' 
(!.? 

0_3 3TO~ !leI!Ott.KE 1m:rn:o' t!!O g i -Ci!M.E~::.r, ?.alt ii. 1IOJID.O oor~ C30U~ 
'J 

"""' ca R cywe no OJJ;RO!.lJ ziweKcy J~H rrpotia:as.zrelm.t!t !ne.x ~~.a-

iro:s Paxa U( J1.: i, J J-. ·, 'J !Z 3 J iJ, U(. 2 .h j H ~d 1 • ~ 12 ,.) o ,. 
I "~.L- ,j i'"J'Z r ) J11-k~~ i i /rt ~ 

J1\-1) i-l , 11 '-A,.J{ 1i.;. J} , ;.1u.Jv1.L4 ·· 



! WJ , RO poe JWae~ 6H5 BsnOJllWIW 1J lf..D&. 3 

} 1 d s(},), ~3 A & (i ,.) : }~ - ~ ' }s(a. ),j ~= ~~- f s je {;~ j, ( a.), j 3 =j* (43) 
iIP.it ams IIDO~CH ,1tB8. K03\tl!PBIUUHl!a Palm, ]tOll0.1i'BlPleJL;;JI.~ 

c.W3 cymmpo:aa.mm Ha cmte~ mx KaK am a. 11 j :z. , 

OliO J{OURD 6wro ds mm~, cpmryp~ EU Dfilml 

ita 'B .m uo.a c::m ~: 

3a.HeYmi, 'lift> ll3JLe.Rea1m cmm CJ1aa 11 {!2) 'iempex MoueR~OB one

qa.er o~ gj -ClI.WiOJl (9 j -cmcso~ II po;zta), sJieiream WTPHil& 

ne ~ ~ ( !3) cmo;aH!rCit E !3.K HBSlilaeJWuy 9 j -cwmOJiy I PDJ(a. 

Ha @oPJIY.m (J4) ~RO , lffO 9 j -c11eO.J1 I po~ npoJWj 11.0 Ens:c~ 

~ 'tlBK 9 j -CJUGO.Jl II po~a , OR npocm paB 11 npou Jieite BIDD 'JJ)Jyx. 

6 i -cmmGJIO:B .EIB. @aaomd Wiouren. 
() 

lla.x, & cimrD npe.JtCmun eywq (5) :s AJ11X mut~ 

. Z ( ~ 1 md~ 1Hs\j , 1H~){ j1 m,Jem1J J ~H4;)(jsrwsj tt ~, j m,,.~ x 
~ ""'"" 1 i'ol• 

)((j, ~){, ~~ ~ .. \ j 41 i.>'+) =~-(-i)j,' .. ~'"tr . ts -tt'U(lsht}~ h; a J1) • 

·1,,l (, 1 jsO. ~" ~ ~1. h) x (~ i.. ~2 }1~d a. mt.e)( am4 j3 rm! I J• ~ .. ) 
aJill 

, jr}"" } S" ~, 1 - I ) 
= ?, J( f~~ i'~x1+. •i)(2j ,..,.i)(J.c~) j~ ~ '~J(Jitt1ijj~n, e•11i: " 

(.: me a J1 '" /(.<ems:. ~,,lfl& Ii· m+) 
(-ie) 

acao , q~o nt1mCJm?e:ri cyllmil , cforurum :ao :BTopoa WU& pe ?:cel 

ctpoRe Sforo mipSZSH.3fi , 3Ralllt!0Jt&HO npo~e treH HC.XOJBYm CYJIJl.Yt 

?aK KaK B HEX OC~aJlfCa !OJil>KO .n:aa ~eKca cyw.tMpOBa RR& BMeC~ 

~etHpex. Ha Borrpoc o !OM, xaHaa ma ~Byx WOP• npo.m,e: (IS) 
(I6 ) - ae;u,aa .zta!~ OAH03RatUioro O!Ee~a. Boe aa~J4CR! Of foro, 
RaKBe !ad~.w:uit WI~ Ka.KHe nporpawm ~a 9BM mtemfcs D RameK pa.c

n.opBXeau. EcJu1 .Hl4eD!CCff ~octatotmo o6m12:pmze ! a6JUUU1 9j -cmam

JIO:B , ?O aecKOnKO .nerqe Be.Cf.II BWlliCJieR.im no WOP1'3'Jm (!6), 



i 
I 

eCTiR KX HeT, IO c~eJtYe! rrpe.zmoqecT~ ~CPM1 (IS), ITOCKOn~,;q ;zuw 

6 j -c:mrno.ir:J:s fill:P.JDT.CE eLm:~rotrncJ1eHID.!e rro~pooH!ile !'d.6JI.HI0i 1 Epo.ve 

O!'O; npY. p7-::r.w.. .·.r '.fe r.ert:m EH'-li!CJili!!J> :u;::aa Koa~~litHI!a Paxa~ 

il0AD6Ill™ o6pa.30M MO~EO nozryq~T~ Pll.'Zt axreopaKt<eCEJU: COO~Hn

~eHiitt, ltOTOpae MOXHO liC~CT.~30Ba~~ ~E cyB.MHpoBaH:aa HeEO!OphlX KOU-

6m!arur., 6 j P. 9 .~ -C:aMBOJrD'B IIO OT]Iefil,HWI :SXO]U1Ill.ID4 'B IIn m>lleH

faMJ. Hanp?.Mep, nepe.xol( 02 .. xe!.1.::1 c:sr.:JH ~pex wMeHTOll J.a.J t ( 1u .. ) j,;.-: 
K ;z;;pyroi"! c.xeue Cl31I3Jil i ! i ; i ~1~ 'J'.,);JMO:tii0 BWlOJIIDl~.D HB.l!OCOO,!tCT:BeHHW.:'. 

nyTeM, ttTo np1-u3o;zr;li! lt K03tSQ~~HeHTY PaKa Cltl a.H)} 3:li~J.31 a .JmZll'ID 

Quo:> W".T mQ'i' '<>"r.> .!'Te.-,_e•ro:: "t>, -;:'~a ':'.1..,-''"'''"'ua ; - I . 1 Ilp """I'3C.u.1. .1. - ....., a .., ....., -. - -- ,_.,. }il-,JJ I ·Ji.! .ij .~ _., ·, ,, -

-J.1,j.1.}i. ('JLJ); J- j.1., ~ 1 ~J:Jn) : 1 , B pesy.lll>fare qero iro~~ 

cyr-1.u? no ruui;eKcy 1 !.~ rrpouz:ae.J.eliliti ~yx KO&~mIER!r~ Pam .• 6 

peaylibTaTe llOJIY1il!M cro~eanoe paBescm»u 
~ ' ~ ( ) "~'3 1 ' ( • . "i . ,., I '7 I f ~. H ,...., I 

~l-1 /ll l i } '-J .~'!> ; J J:Z -
1
:..:.; .,i,,Jx)3 A~> h~Jn J :::: /i..,\ 

~&~ l ~ ) 
~{-i)".1u. -i-Jo-J JrJ-..i-~.s °i,LlJi. ii J .13, :-;1.Q. J.n }, 

Pacc.uofpemrue :Bh!li!e npi.we phi irazi:r n:pe,zrcTaJ>JllHil!e o !tlfi.. mx 

ay~HO CDO~ll~~ C~04Rlie Cyw.a,.! K03~IDlMeli~OB K~e6ma-ropitaaa K Oo

.:ree rrpOCT=u.t CJM!!aM, C0 71ep::a.:;rID1 6 .\ I4 9 ~ - C.ru.a30mii .. 

Te.uep}) nepe~eM ':t i'!3:ro::.-re rum rpa~litI.ecKoro eTo,ua .. OH orre1;n1-

pye~ He KOS<M!lillliCETa!.:r.ll 3B:.::Wp1iOI'O CJIO:leli.Wl MOlieH~Oll ,, a 3 I cmmo
c: 

§ 3. I'padrmreCRt".~ M'.lT05 Sl_liinf!.lC'Ea:i!iL~ ImOR3Jre'AeH~ 

l ~ - cmrao.rro13. 
i 

PaccMo~pm.1 HeKOTopoe npoyt3J3enesne Kos~mizea~o11 BuHepa 
. ~ 

znR 3J -cm.iBo~ol3. ITyCTD aeo6xo~.m.::o nnocy:i:.IMpol3aT~ er0"1IpoeK1D1~ 

aeKoroporo :axo;n;r.nnero :s Hero uout=rn!a j.. • Ey;neu paccua~puan. 
' 



4 -

• Mo.u:eH! i ' .IIO npoeKI.t.i!K KO~OPO!'O Il1sOI:iCXO;ztZ!C cy!.iWipo:eamre i 

co~epXM?CH B ~aHHO n~Oli3ne~eHRa K03c.P<!l14I;MreHTO:B Blil'Repa ].03a pa 

aa .. O:ztHH paa c np e~.ri.e~ m , ;ztpyroii pas - c npoeEnw;~ - m " 
2. Do~ 3Haxo cyw.m no rn :ztOmteH CTOHTb cpaaoa~~ YRO~BT0AD 

(-1) j-"". (18) 
Bc!pe~aD~Heca aa npaXTlllie cyMlihl BCer~a MO&HO npKBeCTZ K BYRE·-

nepBOMJ rpe6o:aaauro MO~Ho Y'AOBJier:BopHTb · ~en ~DSYR npaBWIO 

.~aMeHemrn: amrna npoeRIUILi :ace:x: MOtreRTOB :s 3 J -cm.raoJie. 

(t1 ;.l }1 ) ~ (-\d' i• }»tJ { L } l J.i) 
\ m1 mi. wi 3 1, \ ·m!-rnt -~11 3 ) 

(19) 

Jpa:BR~bHlil~ cpaaoD~~ MHOXHTe~b MOXHO IlOJIYqHT~ c IlOMO~bID paBeHC~ 

,:2-J 1 , ,Z ;,, )j·+Ni ( )}-tH(- lJ 
(-1) =( - i) , (-i = -i -:i) J mrHnt.qrt = 0 . c~o) 

Cy~a npoH3Be!' "'lH~~ti KOS~m{HeHTOB B:virHe pa no n~oeK~HID! uo.uea~o::s 

Ha3~:Bae:rc.a J ;;1 "'."'c1tn.rao11aMRe Ec.nr-r cyin,rnpoBamm npolila:ao;in1Tca uo 

rrpoeKnlilflM :scex 3n MOMeH~O::s, BXO~H~HX B KOS~~Mn~eHT~ BHrliepa~ ~o 

taKaa cyMMa aa3i:rnaeTCH 3 nj -cru.rno.nou (6 j -c.w.raoJI, 9 j -CHMBOJI, 

I2 .~ -cru.rnon z T . ;r. .. ). 

TenepD nepe~e K rpCWHqecKOAcy HaoopaxeHHIO K03~11mR0HTOE 
3~rHe~a H paa~lilqimX ~ m -CiriM:BOJIOB • 

... 

A. rua&irqecKoe ~ao6pa:l!teHHe } vn -cm:r.rnoJioll. 

Kos~~H~HeRT B~rHepe ( }i i. ~J ) Hso6pa:liaeTCH op~eHTHJJO-
wi 1 m ol. 171 3 

E8HH:::i!~ Y3JIOM, C:BH3bIB8ID~KM TpR HHHHH. 3TH JIHID1H COOTBeTCTBYD? 

~a.Me HTa.M J 1, ( L,} 3 , a c:::io6o,zuwe KOHUbI JIBHRiii - rrpoeKru1ma: m 1 , m .t., 

tn, • EcnH npxr o6xo;a;e BOK:;>yr yana npoTHB qaco:aoid ctpeJIKH O!f 
. . . 

JIBHY.H ~ i MoueHThl pacnono:a:eHbl 3 noprr.JJ;Ke J 1 }~ }3 , ro yaeJI ira.srs-

:.saeTcr.: opneaT111po:saHH.!:Hl IIOJIOliUiTeJI:&HO a OKOJIO Hero CTaBIIITCH 3Ha:K 

~n~c "+". ECJIH npH 06XO'Ae npOTHB qacoBoa CTpeJIKH MOMeH~ ~cTpe

qaD!CH B IlOPJl'l4K6 ~~ }g t~ ' !O yse~ Ha3~BaeTCH OpI11eHTHpOB8liHiill! 

QTpWJ,afen:&HO H noMeimeTCH SHaKOK HIDcy'C "-". 



- 45 -

Jlmnm !ane OpHeHTHPYIO!Cfi o ECJrn: rrp oeh.~:i!fi yni EXO;ztli~ :B 1'03YxPilllm

eH5! BLU'Hepa (L 3.Ha.ROtil ITJI!OC .1 ::n Ji!IB!Ml CHaosaeTCH CTpeJIKOft, aa

!IpaBJie!W.Otl' W'B ~" -: ,, 3.apyzy. ilpoe"IJ;kili -mi. coo ~:seTcrByeT crpe.ua t 

cnococ>airn:: 

~ 
\ 

I 

\ I'-
\ 

II. 

+\- < UH, 

!. Jj 
' ·J !> 

I 
J! 

CyMMHpoBam~e no rrpoeKIU1M m Ka:<oro-R!!ICO Mo.:vreHTa · rpa<I>LPieCIG! 
J 

ocymecTBJIHeTCR nyTeM coe~HH8H¥.Ji AByx CE06.0~fillX KOHUOB, OTBeqaD-

tnKX npoeimIDIM rn 14 - rn STO!'O MOMeHra, :B O~HJ JillliHll. UocTpoHU, 

Hanpm!ep, aaoc5pazemre 6 } -cmrncJia: 

rJ1ij.}J/ =5"°' (Ji~~b\(j .. l~ 
el. l l. ,f,}) ~,r••:s f'>l1 In, ·m, I ·-m! "! 

ilt "'l ti; 

x ({i l;_ } 1 ) (- 1)JJ-"'i •J-o1-m.1 ... j~-mJ .. i.,- h1 '"i.1 -n t•l;-1;3. 
rlj - 11.i. YYI 3 



H 
; • 1 

rrocJie cywu1po:Baau no npoeKitIDlll Bcex ..rec!a KoJLeH!rOl3 no.uyv.e• 

.itHarpamry: 

3ey .ixHarpawzy Uli 6y.zi;eK paccKafprima!:c KaK c?a.£Utap?Hliit rpacp.wc 

6 j - Cli!OOJW.. 

9 j -CHMBOJI, KaK 1431!6CfHO, Blipaxae?ca qepea mecf~ 3j -CIDI-.. 
:SOJIO B • 

.!lnarpaWLa 9 j -cmrao.rra W!ee? :su: 
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Cne~yeT OTMe THTI> TPM BalltHhIX CBO~C TBa lll!arpaMM. 

I. McRa~eHMe reoMeTpHqec Ro~ ~O DMhl ~HarpaMMH, npH RDTopo~ He 

M3MeHHeTC fl op1~ ·TH'!::H.urn yanoB ¥1 JIJiUiH!il, He ~3MeHHeT .BeJI.11~rnHDI Ji>1 
CPIMEOJ.r<L ~rn oopa;;caeMoro ~.11a rpa.YMO~ . 

2. liis.MeaeHft!e op HeHTai:zyrn y3na, ::mrnaBaJOme r o .;iIHrnil. Ji}i~.l , H3Me

HHeT j~ -CIDABOJI Ha MHQ;1mTeJI:O (-I) / i ~~.4 .. ~.J 
3. M3M6H6HH6 opH6HT8Ulim JIHHMH ~ ' C BH3~BaIDme~ nBa yana, H3-

[rn ;i · o 
M6HH6'1'4 CKMDOJI aa (-I) . { • 

rpa<lJHtJ6Cl\H YCJIODIAH 2 liI 3 MOJ!IBD npe~CT8BHTI> CJI6~J!OUlHM oOpa-

30114! 

r ' pj ! 
.ij I 

= (- ·i) I n· (z1) ~~ ! I 

' I 
l 

ilpHMoyroJII>HMK Ha ~THX noc~e~yIDmHX ~HarpaMM8X 38M6HH6T BCD COBO

KYilHOCT:& JUH·H~ J .., - CV.~BOJI8' aa HCRJiroqemrnM Tex, i\O'l'Opb!e ITOKa-

38HbI HBHO. 

3TM COOTHO "l eHHH I':03BOJIH10T rroJiy'Q8Tl> C:SO~CTBa Ct-iMMeTpHP: 

J itl CHMBOJIOB OTHOC.11T6J!1'HO nepeCT8H030Y. l.WU6HTOB ~ t J\PDMe Toro, 

IT D3BOJIHIDT rrp~BO~HTI> K CT8H!3pTHOMy BH~Y H9CT8H~8PTHGe Jm 
.BQJI~. 

- Crui-

PaceMoTpHM rrpHMap. IlonepHeM .iurnrpauMy 6 j -eviM11ona (23) Ha 

180° BDRpyr mrn~rn J ~ • I1p11: :3T01l vrn1.ieHETCH opHeHTa~rn :Bcex y-a

noB. nnH TOrO, tJTOO~ BMpa~eH~e OCT3~0Cl> He~3M6HHhlM, Hy~HO ORHO

:Bpe ~eHHO c IlOBOpOT8MH DOM6HHT~ 3H8KH y BCBX yaJIOB. B ?e3yJI~Ta Te 

nonyiuua, trTo 



(2&) 

JpHBe~eHHaa 3'AeCb ~Harpa.w.m. OT~.l4'tlaefCR o~ CTaH,1tap~HO~ ;LtMa.rpaM

llbl (25) • .llJia Toro, ~to6~ npeo6paaoBa~ ee E ~?afI'AaprHOMY B.H.l(y, 

HJJtHO caaqana no npa:Bwiy(26) noMeHR!l.'li ss:an y :scex yamrn Ba 

npO!ill30IlOJIOXIme, a aareM c llOMOUU>ID pa:BeHC!l.':Ba (27) RaMeHH~ 
.' . {) 

"Jp~eara1um JIHHmt { 1 , tt.,-t, • B _peaym,Tare .it.aarpa!WB. (28) 

1pe:aparHrBH :a craH,7.\apreyJD irnarpa!WY 6 ,~ - C2MBoJia U: t t 1· 
Jpvt 3?0U ITOJrJtraeM H3:BeCTH08 c:aoi!CTJ30 C:k111IM5TPH14 6 J -CHMBt!Lil:Ol3 ; 

~. j J. } ._ ~ 'l ·- ( ~ ~ t1 J-_J ,1'; n) 
~t:. i2 t ~~ - le. e'! lJJ ... :J 

~OCKOJibKY dla.30:B~~ MHOEHTeJili 

) ~ . + !, .. ~;( '); 1 ~i, .. e3 ( )li .. <. • ~J;( \ c1 ... f .+t'3 1 )i..t.1+ilt +1e~ 
.~1 -1 - 1 1..-1) l-1 , 

noRaJinIDfilli~CH B peayJib'ra.Te H3M6H8HHH op~eHTaUx!Id YSJIO:B H JI.k!Ii.11ll1, 
I ) 2i. ( \ -2 e ' ) 

] a:SeH +I, H60 ( -1 -= -i) ? (3C 

( - 1):2J l +LJ.i d~ ~ := .-1, (.3i ) 

ecJrn: JIHH.~U!Ji,J-', h C:Bfi3trBaIOTCfi 13 O,Zl;rui yse:i. 3aM8TIDl, q'fO ecJIH 

J H.BJIH8'.l:Cff :SeKTOpHOH Cylr!MO~ MOM8HTOE j 1 ,j:<.J·";JK 
........... -....» __:,, ~ 

-{ 
.J "" J 1 ..,. .} ; -+ • . . i- .} ;._ , TC 

c npaEe~~HEO paBeHCT:BO: 

. . 

( 
, L] .. .2j1-+2j,_+ . . . +:2;< (32) 

-i l -= +d. 
,C JTOMtJ B e~ -c>lMl3C/1€ ljA.130f:'.J.ll-JA.R 
~J!.!Ma JIZl6~x qer~pex MOMeHTOE, nY.HRH KOTOp~x o6paayIDT saMKsyTlili 

KOaTyp Ha Aaarpa.w.re (23), qefaa. Hanpwa:ep, 
(- 1.Y' .. J.~ .. e, .. fl. == (-1)i-1-+-}s ... t .... <J = ···. =-+1 

Orc10,ita HCHO t 'llfO B cpo pKyJie' ClUi3IXBaIJl!le!.t 9 j -cmraoma 

:rau, 
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c wry (33) oee! · MeCfO paBBBC!:BD: 

(- .£)b - (-1 ) .Zj1. •ij1 ~2l~ 

B. C:&el{BHBe r ODJ!OJlO:B !. 3nj - CH14BOJI8J!. 

Tenepb .paccuo!pm1 1 KaK rpa@HqecKH :esnoJIHHe!CH onepaitHH, 

no.;zi;oOHB.R IIpeoOpaSOBaHmJ ( 4). 

llycu~ &ee!c.a jm cmmo.n, . co;zr;epxautwt !OJil»KO rpa: c:aodollmitt 

JI.HHint J. rn. , }.a. m~ , j l m, r11 wao6pazaewl ;zr;zarpaaoa; 

LJI . ·. t-. -r: 
j s 

(J5) . 

Bll8Cf0 pa:eeHCf:Ba (2) !enepD HCilOJUiSyeM aaaJIOrJlllROe COO!.Bellelllte 

,ltJili 3 j -OHDOJIO:B: · . 

""' (·- )~~- ... r£ . ~t\fj"}d"~fJ~J~,jl) ·=(-is· -"'t(- ,,km,.& , u , (3&) 
~ i \' Js ~\"'. *"% lflAt...j~-m " ,...,... o;.. ..... 
j.~, . 

• I I YimozaH Jm-01.umoJI (35) aa (36; H cywrnpya no rn, m,, , no.Ayt.tw:.i no 
aRa.JIOrKB c (4 ) peayJIDfaf, KOTOP~~ rpa~liqeCKH MOZRO npeJC!8JIB!l> 

c.ne~utHK o6paaow: 

i--.,----- ~ 
Jt 

~--.......... }, 
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9fo osa~qa.e!~ qfo _jwi -cmrnoJI (35) DJIB.JfCR npoga:ae)teHHe.ll 3J cm1= 

110JIB. ( Ji. h h) R aeLJfcporo 3 n j -cwmom, no.n:y~eoro o67>e;zui
mi m,_ 111J 

HeHHe.ll rpex CB060A.fniiX KO~OB B O~:wi yaeJI. 

O!Kefmc, qro ec.zm B j rn CllIMlloJie (:5) aecxollbKO c:so6o:ztm;:X 

JIHHH~ (o~a, ,ltl!e WIH BCe rpm) IDleDT npO!HBOilO~OSBYJl opKeH~IUG>, 

!O .llmi !aKOro j m -cmraoJIB. MDERo aan.wcaTb cootnomeEme (3?) c 

~OOTBeTC!BYllllte~ opMeHTa~Re~ JIRHHil, O;D;HaKO B HeU ITOHBaTCfi ;zi;ono~

~HTBJlbHble MHOEHTeJIH (-rfi•' COOT:BeTCTBYDll\P18 Kal!Ql;O~ ~Riillll, waeD

~e~ HanpaBJIBHHYD opHeRTa~mo. 

TaK, aa.npwmp, 

I Ni ----J1 

= I ~z? + • - ~ - iL• {3&) 
!__j~j-3' ~ }3 

-----,p 

-----~· 
f---0'--- J j 

)( (-i)lj1 • lj.i. 

Vis (.3? ). nerieo noJI;y~rnTb (J/opuyJIH .:zvrn c:Be;zi;emrn: jm -cmmo."Oli It 

.3nj-cru.rnoJiaM B CJiyqae, KOI',Z(a jm-CID!BOJI ' HMeeT 2 .WUI I CB0602(

H~H KOHe~. B traCTHOCTJii'., nonaraH, B (37) j3::::. 0? aa..:o,zum 

I 

~1 =I 
~----}L I 

l 

AHaJior~Ho no.JIYt1aeK 

(40) 
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Haxonen, paccnorpm c::se~e1nre K S#t j-C14DOJIY J ;,, cm.mom. 

IDJemuiero qe~upe cBoOol.1.!ill.X ROitna, TO ecTJ:i Ha'1AeM rpa@zqecxllli 

a.s:a11or npeor:p, r3:,-'c.:r JIH (8). ,ZI.ng aToro CJIY'lia.a: .wmp 

I 
Jt ~ /I• +-

h I r. ......____ )1 

== I I a.~ • C<, (4i) 
~ + T h · ~ i I / /' h 

I ~ ~+-l 
\ J4 }4 ~d4 

3~ecb a !llDICe qepfoqKa Ha JIKHHlf "a" oaHaqaeT, qTo :s npa:soi tra.CTM 

( 4~) H.MeeT .Mee To cyM1ou1po:sam1e no HH;zi;eEcy 11a" c AlHOJUITeJieM (la+~), 

TO eCT:D 3!1:0 COKpa~eHHaR 3aIIHCJ:i Bb!paJKemIB ,z: (£a. +1) ... 
Q 

06pa~ae 14 B.HDB.Hlie Ha TO. t!!l'O 0 pHe RTan14H JIHHH:IA: J 1 J 21. J 1 i 4 

B 7.1.EYX COMHOJitMT8JiflX :a ( 4.l) rrpo~IDJOIIOJIOEHU, a opHeH'faium mmHH . 

"a" O;ll;HHaKo:aa, HB.npa:aJieHae ee MOlltHO Bhl6paT:D rrpoHS:BOJIIiHO. Ec.llld 

aac HETepecyeT ciryqa~, KOI'l.1.a :a Jie:son qacT~ (4t J Kah-a.R-To JIKHHH 

i~ !IIJIH H0CKOJIIiKO JIHHHH IDJeIDT IIpOTID30IlOJIOZHYm opaea TaUHDJ ! O 

Hj'JlHD ~aMeHHT:D OpHeHTaUHM STIIIX JigHffi! TaIOlte H B rrpa::soi tm.CTR li 

~o6a:BRTJ:i COOTBeTCT8JID~ee qHcao KHO~ZTeJieli (-I)
2

J< a.HaJioraqao 

(38). 0TMeTm.t: TaI01te, q;ro qeTape .MOMeH~a ). 1 } ... J } d~ MOJJtRO o<5~e-
., 

'AHlffi~J:i B napa mo6~M cnoco6ou. B 3~oK aa.KJiilqae~cH Heo~Hoaaaqaoc!~ 
c:se;zrearui: ~aKmc jm -cnMl30Jio:a K 3 n J -crumoJiaM, OTYeqemraa :s paa

~eHe 2. naHRYID HeO~HOSRaqHQCT~ MO~HO KCU01!b30l3a~~ ~Jlil Toro, 

qfo6a BHdpaT~ raKO~ BapHaH! o6~e;zi;HHeHIDI MOMeHTOB l3 napa, KO!Opsl 

ilDIUIO~Hf E doJiee npOCTOMy pesyJI:DTaTy (cu.o6cy!t)teHHe BapaJteBlllt 
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(IS), (!6 )). 

CoofHOmeHmH f.rma (4l) uomro noJJYUn faxze J.tJIH j m -<tmmo

JIOB c Illlf:Lll H 6o~ee· CB060,11;IillM1'1 XOHita!lll. 1hi Re 6y~e· o6c~~ 

Sfl! CJIY"t!a.a, OTCbllUUi qnareJili K KHHraM /r,2/ . 

B. PaaJioxemre 3nj- Cm413CJIOB !!.Q. 6j ! 9j cau.csoJiaM.. . 

Tenepr, pacc11orpm :sonpoc o npe,11;cra:BJiemm 3nj CH.Wi0.112. :s :SL!,11.e 

KO'ldI-IHanH.a 6 j .H 9 i CHQOJIOB , ra-ecu, CBe,11;6.Hllll ;a.Ma.!.'palDlli.311j-crm

BOJia K ~Harpa.MHau 6oJiee npocrblX cIDmo110B~ a~a anepa~HH Haaiillae!f

ca paape aamreu: ,zu:ra.rpaw.m. Oaa filIUOJIHHefcg no CJieJQ'JmqD npaJUIJiaK~ 

KOTOpHe CJie ;zzymr 143 (38-4~) 

hi 

A B A ( "4) 

A B· A B 

HanoMHIDl, qro ec~a HylrHO B JieBwc tmcrax paBeRcrB (43-45) HaJ.16-

HHTI:i opHeH'I:aruuo Ka.Kott-re Jimnm j ~ , fO CJie;zurer c;qeJra.n coo~"Ber

iJ · CTBJDmee H3M6HeHHe B npaBoa 'tltlCTH H ~o6aBH~~ KHOXHreJI& (-I) ~~ 



- 53 -

Kpoue Toro, :a (45) :aoaxouo mo6oa 06'.De:n;.ime HHe MOMeH!o:a J~ · fJ. 

J~ x4 :a napbl .. 
P~eac::'!Jr, {42) - (45) noa:aoJiroDf paapeaau> ,n;:aarpal.UDX mmrJieit

c~ fLj .e.a 6oJiee npocrue qa9fH, co:n;ep:ata.11Ul6 no oT:n;eJib.EWCfH OJioKm 

A M B~ B (42-45) MLt paapeaa~a coor:aercrBeHHo I,2,3,4 JI.il.Hm4. 

MoxHo paapeaaTD :n;Harpa.MMI:i K no 6oJI:nmo.acy imc.ny JIM.HWA (cu./1.2/ ) . 

ilOB!OPffR npone.zcypy paapeaaHHH COOTBeTCTEYIDmee qacJIO pa3, MOJtHO 

np~TH K peay/TaTy, KO~Op@li co,n;epliUlr fOJIDKO 6j K 9J-CID!BOJI.Ci. 

;ll.JIH Toro, qroou npo:n;eKoacTpapo:aar», Ka.s Rcno.Ir})ayeTca :a 

KOHKperHHX pacqerax penerrrypa, onMcaHHaa :a IIJHKrax E a B ~amroro 
pas:n;eJI1, paccMorpmit npW.t:ep. 

Uycr:n m1eerca J p, -c1n.moJI, 

~ ~ ~ 
l I 

ROTOpOMy 
__ y 

! 
' 

' 6-
1 

' 6 '? I 
I 
i 

// S 1C ~ 
o6oaaaqamT HOMepa COOTEeTCiBjllil{l'lX MOMeHro:a. OpHeH-

Ta~Ha yaxo:a H ~KHE~ Ha STOM rpa~HKe He yKa.aaHa, TaK Ka.K Olia He 

BJIMRST Ha od~m axe.My npeo6paao:aaHHt. 

CaaqaJia c:ae:n;eM STO!f jm CH!fBOjl K HeKctopouy 1·2j -CidUOJIY. 

~XH afore B COOfB0fCTBHZ c (41) Ha~o nonapHO coe~IDil!f» CBOOO~

RHe KOHD;li H coe~KHH1'006paaoEaB11U4eca rrpH 3TOM Y31Ili ~OllO~HHTe~~

HO~ ~Hlil!8~ c HOMepou 12. llireeTCH aeCKO~EKO cnoco6oB oO~e~KBBHWi 

KOHIJ;O» I,4,8,II B napH. PaccuoTpW4 ~a BapHaa:a . 
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B neimo11 CJiytme nOJiyux·: 

4-
2. 3 

·~ 5 ' ? = • i 
, & H / 9 10 .' 8 

ii 

HanoMHo, qto qep:roqxa .aa .nHHIDJ ~ awrea11e~ Blipa21reneEtii •f) __ 
4 . \ II 

PaaJioxeHHe no.n:;;nrnaaoro -12.j -cmi::Bo21a Ea 6 j c~rn.1lo;ir;l rrpa1308.ztx~ca: 

nyreK ~ByxparHoro paspeaaHWH .n;HarpaMMH ~ CLocn6 paapesaHBf! yita

aaa EO~HHC HMH JIHHHHMH. B pesy.Iffi~a?e IlOJiy~lti( 

l 4 ,,. 

s 
9 iO 

fj 

B cJiyi:me 6) npeo6paao:aaHHe j m - CHYBona rrpo:ao.n;wrcn :a T:lKOM uo

p.ii.n;Ke: 

= 

= {2. 

j .. 
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Ha aroro np.r.wepa :eQao, qfo npocfo~a .ttoaetmoro peaynmm aUJt

ce o: YAB·:.R<!rr; ~T¥.6cpa cnococ>a ynpo~.au • .Baprme a) ttpu~ 

K D HO ~?.-·'.":.':' !i;1c.:c;q peayn!aey., qe.11 6). 

lialroHeit, pa~Hotpu nocJie,1.tlDlm onepaxum ~ i"' CllltBDDD. 

r. CyoHpOBamre j m -c~o.iIOB !!.Q. llOAre m j 
llyC!l» m:eeTCS: j 11( CillDOJI :a llQe: 

Ero HyXRO npocywmpo:aa'f}) no MO.IWH!l!Y a. O!»e!o, qm B snmu1 

ys:ae 74Harpa.ww cxo,1U1?cs: 'fe ze .MO.Ile am d 1 , ! 4 , tn!O ll B BepxBBK. 

Cy1ou.rn:po:BaE:r11e ~ -cm4BOJIOB no aexoTopo.My JWMeaey j , :exo~u:y :a 

j ~~ -cmrac.iI, OCHOBaRO ea CBOLtC5!Be opTCMOpM14pC6AHHOC'fM Koac.f!(pmui-

eH~O:a BHrHepa (36). 

c era IIOUO!IU)JD llOJIY'liaeM: 

+ 
(l. 

-+ 
(4&) 

CJie].tO:Sa'feJII>HO, eCJIH yaJW aa KOHUax lIHHHB 11a" CBR3IiBa.Jl! o:zi;ea

KOBI:ie KO.MeRm 14 o:ztHHa.u:o:so opHeHrHpo:samz, np11qe11 o;zum Ha ma 

ClUIS.bt'BaeT CXO~J.i18CB: lIHIUUI, a :zi;pyrota - paCX01UflltH8CR., !O ltllll 

'· 
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cy)U{mpoBaH.RH no "a" HYZHO BHpeaai'D qac~b ;zurarpalWlil, co~pxall\'.YI) 

"a", R COe.1l.iUiln'b B OCi'~Bwe~ca qaci'H KOHIU:i 0.1lHOIDleRIDiX JimnUt. 

EcJIH syzao npocyr.wupoBa!» no KaKOAfY-!O MDMeir.ey" npoH3Be~e

H14e HeCXOJil>ICHX .3n J CHM130JCOB Ha J m CW.CSO.II, TO CJie]tY'ei' CHatra.Ua 

Odbe.1lKHR'fl> Bee 3TZ COKHOXHT8JIH 13 e~HHH~ Cm.cBOJI, a aare» npol3ec

TH cywrn:po:Bamre c noHO~il npaBrura ( 4 S). 

qi'o Kacaei'Cn oC5'1>e,1lHHeH14H 3nj c.mraona · w J m cWCBoJia l3 e;a.illilili 

J»i cwraoJI, i'O aro npo~e.zzypa o6paraaa paapesa~IUJ Ait11irpaWA, H 
1 

npOH3.B0,1lI4TCH oaa CJiei(yID~Irill odpa30M. 

ilycTb HeKorop~~ yse.II3njcIDLBona 

r ~-~1 
I A I .. f,_> + LYij 

a 0.1lRH I43 Y3.IIOB J »1 cru.tl3oJia : 

GlHI3bIB8DT O;ztHH H Te :ate MOM8Hi'.bl [ \, l 
d1' ,~•J-!.' 

·~OrJiaCHO ( 44) J4X MOlKHO OCl'1>8.1llUIBTI> .B e.zi;ili.bi~ KOMIIJieKC, BHpeaa!r:b 

O~HHaKOBble yaira li coe~HHKi':b o.zi;HOID.!8Hfille .III4HY.14; 

I A ~fS: . 
~ naqeCT.Be li.IInDCTPB.4liK Bliq~CJIIDL cyMMy BH,1la: 
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me-:oaupa • 
. r. A~.Kl~c, l.li.JieBRRCO.H, B.B • .BB.Harac ,,Uare11a91mcxd aim~ ' 

pa!r feopim HOMeHm KOJilmicm uaemra.! BHllJ.Hllc, I960r. 

2. A.ll.X)m4c, A.A.BaR;l1;saA!lm.,,Teopmt llOMBRta KOJilltreC.!118 .U-llDUR 

B J:tBalml:soit xexa.umce ~ B11cn>.H1JC, I96 Sr • 

3 G A ~MeliaJQUIH, B. z..rom.J~cU:ICI:Cd, B .. M .ltaKClWtHUW ' H.Jl .. Poaenan 
"Kwrewrmm H;ZtePlilil peaJ:tndn I967r. 

4. A.EJUUUOtc B c6 • .1Ie~opuan1m amMRDIX jijtep, WI, I958, eyp.305 · · 
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Y n paJtaeli.llH • 

I. KaKoe CBO~CfBO CHMM~?PHH6j CHllBO~O~ ll0.JIY1iae!r<:R npH noBopo~ 
~Harpaww (23) Ha 90°? 

2. ~oKasa~~ cooTHomeHze (34) (anre6paHqec!O! R r~c1t11). 

3. ~oKaaaf~ COOTHOmeHBH (rpa~HqecKm« !LeTO~OH, 6e3 ytle!t'a $CU:O

Bfil MHO:l.'tH!!'eJre ~): 

a) 



,, . 
~. 

ei 

f A ' \ (,[ c. A 1 f ':Ji. a. .il } ( ~ .L d l ) > · ( -t) (2.tt ~-tJ i '1 ,,. .1 ..., trl .1 1 ~ ~ ;e r .: 
A l .JJ_ (..I.. • 1 -o<.....: l L \;. 1 J 

J) 

\ ;. + ~.,, ... '21 ( tA, ri ,f.. L I 
==[-11 it 1x ... ~ 

l ':11 Ji c: ) 

~OPMYJW a) - a) B3HTbl Ha RHlil'H /4/. Cooraome.a:IDI B) - a) IlOJiea

HO ~oKaaarb B ode cropoHbl-cnpaBa Ha~eBo H c~eBa aanpaBo, To ecrb 

MeTO~OM paapeaaHIDI ~Marpa.MM 3 MeTO~OM CYMMHPOBaHMfi KO MOMeary. 




