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8 DOCllG,IlB88 BpeMB tSom.moll RB.Tepec npOBBnBeTCB ll: RCClleAOBaBRJO rR6pllllBWX INiftTpO~. 

MarBRTBhlX IIOnJI B B<mBOBOJUIWX CTJIYKT)'ll&X. B uepay10 oqepeAJo &TOT aBTepec Bhi3INUI ~ 

TellCRBBOlf pa3pa6oT!tOll MeTOJlOB C8DapanU 38pBllt8BJII,IX qacTRD BhiCOli:RX &BeprRII· (eM.; Ba­
/1/ . . 

DpRMep KpoMe TOro ra6pRJlJlhle IBOllBhl MOryT BaliTR BCOe DpBM8.B8RBe DpR pa3pa15oTI:e 

MRorax upatSopoB CB'{. 
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Sollee Mil Meaee AeT8lllbBOe 11ayqeBRe ratSpllllBWx oomr ( KaJt TeopeTRqecJI:oe ' , Tall: 
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a &KcnepaMeBTanlbHOe ) DpOBe.!leuo B naa4JparMRpoBaBJli,IX BOmrOBOilaX. B KpyrnHX B<mRo-

BO.!lax C qaCTRqaJ,IM 38DonBeBReM JlRSileli:TpRKOM DOilpo6RO RCClleJlOBaBhl namib CBMNeTpii'QHe · 

171 18 9/ 
TM a TE B<mBH (cw., uupawep, ), a B patSbTax ' naa BWBOA McnepcaouROro )'PIIB-

B.JID!B TaJtllte. R .1U1S1 B8CRMMeTp&quHX IBOllBj 8BanR3 yp8BBI!IBRB DpR &TOM He DpoBO,!lRTCBo 

B uacTOmnell patSoTe accne.!lOBaBhl ycnosaa pacupocTpaReBRB a cBOllcTBa ratSpR.!lRWX 

BOnB B BOnROBOJle, UCTRquo 38DOllBeHH<fM ..QRSileli:TpRli:OIII. 0CBOBB09 BBRMBBR& DpR &TOM y,qe­

mleTCB cnyqaJO, JtOrna 4taa<>BaB Cli:OpoCTib BOnllhl '6na3lta ll: Cli:OpoCTR CBeT80 &60 C TO'IRR ape-. 

BRB cenapallD 38pBllt&IIJihlll: UCTRD JlaBRhlll cnyqaf np&JlCTaBnBeT .BaRtSonlbmRI RBTepec. reo- .. · 
MeTJIRR ae..qaqu • o6oauqeRRll npuBeneBhl aa pac. 1 • 
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8 

aa rpa-

JJI(h2b) N
11

(h
2 

b ) 
I 

.P,(b,p)= 

( h2 p) t, . IJII+I(hl) N ( h p) 
V+l 2 

I 

(9) 

J'·(h b) v 2 N~·(h 2b) 
I 

• </>l(b,p)-
I 

Jv+l hap) N ( h p ) 
V+l 2 

COOTHOW9HIISIM llliSI UllliHHilPH'I9CKIIX cpyHKUHA II, B '18CTHOCTH, 

1/JO-.,P I 1 
_1_ a ¢0 = _::_ ¢.. _ 4> • 

h2 ap haP o I 
(10) 

H8MH 6y11yT HCUOllb30BaHbl C.JI9JlY!OIIlll9 CBOACTBa 9TIIX 

a 

• 

!/l(b,b)-0, 
0 

</>
0 

( b,b ) •· 0 , 

"'I ( b, b ) .. -· _2- • 
, h 2b 

211 
4> ( b, b ) .. ·-· :-;-r:a • 

1 rrh b 
2 

(11) 

Bocnon&3oBaBWHC& 'leT&Ip&MSI rpaHH'IHbiMH ycnoBHHMH H3 wecTH u Y'IHTblaau ( 9), nocne 

rpOM03JlKIIX, HO JlOBO.JibHO npOCTSIX Bb1Kli81lOK0 MOlKHO Bblpa3HTb UOCTOSIHHbl8 
C I c 2 • 

0 , 0 'lepe3 P=·P l 11
(h a) q•Q l'1(h a): 

I 2 V I II • I 

N11 (h 2 b) ( p +:~ q ) , 
C I" ,Po( b,a') k 

. 
~·(hab )(P~+:q ), 

C2=-•4> (b,a) k 
0 

( 12) 

JJI(h2b ) " ) 
0=· (p+:-q • 

I .p ( b, a) k 
0 

J~· ( h2 b ) ( P ~ + q ) • 
0 a· 4> ( b • a ) k 

0 

BMnuweM BblpalK&HHH noneA B o6nacTu 
H II B HHTepecyJOIII&M Hac cnyqae 

V cp =·C H.JIH y1 = 0 nollCT8BliHH ( 12) B ( 8) H nonaraH 
I( •·k , nony'IHM 

KOMUOHeHTbl UO.JIH B 06.JiaCTH fl 

{i, = (p+:q) .Po (b,p) • 

• !/1
0

(b,a) 

l: = I ( . ) [ v <Po (b,p)- 1 a.po (b,p) I 
"' -- P+q --- -- ---' 

p . y 2 h.p 4> (b,a) "'(b,a) a(h2p) 
0 0 

{i,(J=-l ( p+:q) [ ·.!:-.- 1/10 (b,p) __ I_ a¢0 tb,p)]~ 
Y2 h2p ,P

0 
( b,a) cp0(b,a) a ( h 

2 
p) . 

I'll& Y - h2 
a T" 

R. =i ( p+ q) cf>o(b,p) 

4:, ( b, a) 

\=-~p+q)[!!... ~l_l. ~)]., 
y 2 h2 p !/10 (b,a)¢0(ll,a)a(h 2p) (IS) 

J{ =·· i ( p+· ) [ v .~(b,p) r a.~(b,~ 
(J - q ------- ., 

y h p ¢ (b,a) "' (b,a) a ( h p) a . 2 o o· 2 
Jo 

Bbip8lK9HHH llllll KOMUOH8HT none A ( 7) B oCSnaCTR I 1 Y'!HTblB8ll CBOACT88 cpyHKUIIA J (I) 

II 
a J~;~ ! eM, ( 5) 11 ( 6) I npu J; = 0 11 nepexolll'l oT xoscjlcjlllulleBToa. P u Q 

K UOCTOHBH&IM p 

o6paaoM: 

H 

~I 
\( 

q , MOI'YT CSbiTb Up8JlCTaB.JI8Hbl B Jl8HHOM C.JIY'I88 Cli91lY!OIIIHM 
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II 
G;z~(p + q )(.L)' 

a 

k p II+ I I< a II+ I 11 II• I 
lbp·ilp--a_(_) +q[ ___ (_l!_) +--(J_) 

2(11+:1) a 2(11+:1) a k a a 
1·1. 

k V+l k a p V+! V p II• I lho· P __ a_(..L) +q [ __ (_) --<-> 1-. 
2{v+1) a 2(v+l) a ka a 

(14) 

v 
J{ = i ( p + q) (_f_ ) • 

• a 

v+! V•l 

J{ p • -·p [ _k_a_ ( _!!_ ) +-"-( .L_ ) I - q 
2(v+:1) a ka a 

V+l II V·! 11+1 

J<o•ilp[_ka_(__i?_) --(-L) l+q_l!.!_(_P_) I 
2(v+•~1) a ka a 2(v+l) a 

V+l 
~(_P_), 
2(v+l) a 

Hcnonb30B8HR9 OCT8BWRXCB rpaHRqH~X ycnOBRi! D03BOnBOT H8i!TR COOTHOWOHRO MO~y DOC­

TOS!BH~MB P R q , Jln11 Cnyqag Y1•·0 OBO RMOOT cneAytoWRi! AOCTaTOqao npocT­

TOi! BRA: 

rAe 

p [ <~/1 1 (b,a) 
~ ( b,a) 
~ I , • q [ (•-ll -~~- - • 1/1 t (b,a) 
2(v+1) h~a 1/J (b,a) 

D 

+~) •• 
2(11+1) 

.fiRcnepcRO~J!2E! COOTHOWOHR,!.,JL.4!!:9, ~!,I~IJ!f~-

(15) 

rpaHaqu~e ycnOBR!!, DpRBOAOHIIbiO B~WO, fi03BOJi!!IOT H!li!TB ARCDOpCROHHOO ypaBBOHHO 

o6~qa~M cnoco6oM , Oao RMeeT cneAyiOWHA BRA: 

ya ya <I> 'I' +~(•-·1)[{1-•y:l) <I> +'I' J,.O • 
I 2 ka I 

<I> ,. ¢1 ( b,a) 

ya.,)o(b,al 

J(l)(h a) 
V+l I 

J~l) (h.•) 

{I) 

'I' .• 1/1 1 (b,a) _ lvtt (h 1a) 

Y~ •?
0 

{b,a) JO> ( b a ) 
II I 

( 16) 

.fi RCIIOpCHOHHOO yp8BHOHB e ( 18) IlpH V ~ 0 p8CII8A89TC!! H!l AB8: 

<ll-0 R 'I' =·0 , 

qTo COOTBOTCTByeT B3BOCTHOMy ~8KTY - B03MO*HOCTH H038BRCRMoro CYWOCTBOB8BRII B T8-

KOM BOnHOBOAO CBMMOTpH'IBblX E • R H -BonH. npR 3TOM <IJ ... o npeACT8BniiOT co-

8 .. ' 

' I ~~ 

~·-~. 

'·" t;. 

:·;~1 
~. 

~. 

~ --- ' 

H -BOna, a 'P-o -cOOTB8TCTB8RI 6oft ARCII8pCROHR08 yp8BH8HR8 AnB 
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aonR ( CM. ) , B cnyqae, xorAa v;c (y

1 
.. o 1 YPaBHOBHQ (16) 

cneAytomee: 

<I> +'I' -o 

nocne aecnOlKH~x npeo6pasoaaaRII, yqaT&IBa!!, qTo npa y
1
-·0 

ero MOIKBO 38DR~8Tb B BRAS 

rl/l¢+1/1¢-~1/1¢•0. 
I 0 D 1 11+1 0 0 

D~p8lKOBRQ 

npoBOA8M BCCnOAOB8HBO ypaBBOBBII ( 18), Jln11 STOro ORpOAOnBM ycnol! 

BBB ra6pBAHOi! BOnB~ 'vm ( J1 -• 83BMfT8nbB09 'IBCnO, 

HOMOp KOpHB ABCDOpCBOHHOrO ypaBHOHBII) DpB r
1
··0 

AnB cny'l811 II • ·1 Il03BOnBnB H8IITB 38BRCBMOCTb h1 b 

m -puunbl 

, CooTB&TC'I'aJ'IOI 

OT OTBOW8HBII 

38Jl8BBOrO , 3Ta 38BRCBMOCTb Dp9ACT8Bn8H8 H8 pBCo 2 Jln!! .f ··10 

'IORBil nr •·1,2,3,4. Ha STOM *e pBCYBKO Mil BBlKBOII HTBB (m•1) 

a ) a norB'IB~e xpaB~e npu saaqeBBliX r .. 2 . ( nyHitTBpB8!! KpBB8B 

(nyBKTBpRaR xpRB&R b ). Ha puc, 8 npeAcTaBnea~ xpaB~e b~ b oT 

ltOilbKBX 3R8qQBBBX a/b nn11 cny'lall m •·1 , Hs rpa~a:ttoB puc, 2 a 8 

DpB M8n&IX 3B8'19BBBX a/b B 60/lbWBX t BOnR'IBB8 h1 b 

03B8'189T, 'ITO B A8RHOII 06n8CTB D8p8M9TpoB a/b B 

r.lle A -ARRHa aonH~. 

hall 

cna60 38BRCRT 

OTHOW8RB8 __!!_ 
A 

20 t-----r----r--'"T'T7--,r"'1 

10 

0 0,5 1,0 % 
PRe, ~. 3aBHCRMOCTb '18CTOTbl OT napaMeTpoB BOnaoaoAa A 

V • 1 npR f • 10 R V cp • C • 
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II J/•1 
+·-- (J.) 

k a a 
+q[~(_L)+l 

2(v+:1) a 

;p )'+I 

v+I k a p v+1 v p >"' 1 I ) +q [ __ (_) --<- ., 
2(v+1 ) a ka a 

v 
) . 

II+ 1 11·1 

( ..!!.. ) +-"-< .!.... > I - q 
a ka a 

ka p v+1 

2(v+1) (-a- ). 

v+l v- t Y+l 

..£.....) --"- ( ....L) I+ q..l!.L ( _P_) I 
a ka a 2(v+1) a 

1·1. 

(14) 

WHXC9 rpaHH'lHhlX ycnOBHA II03BOII99T H&ATR COOTHOWOBH9 Me~y noc-

• Jlng cnyqag Y 1 = 0 ORO HM99T C119AYJOWRA AOCT8TO'IHO npoc1'-

~ j,., q[ (r-l) _v _ _ • 1/1 1 (b,a) 
2(v+ 1) h 2 a 1/1 ( b,a) 

0 

+~I .. 
2(v+l) 

... no..;u.,pCHOJ!J!2~ .£~~~- '!..~. {l!.f!l{l!.f~-

(16) 

npRB0!19HIIbl0 Bb!W9 0 II03BOII9IOT HSATR LIRC119pCROHH09 ypaBH9HR9 

M , Oao HMeeT cneayiOWHA BH!I: 

2 ~ 'I' + ~ < • -·1 )[ < 1-·y 2) ~ +'I' I-= o , 
ka 1 

(16) 

1< l)(h a) (I) 

V+l I 'P=•t/1 1 (b,a) _.\,t1 (h 1a) . 
J~l) (~,.) y

2 
•i

0 
{b,a) J(l) ( h a ) 

V I 

( 18) npH v = 0 pacnaaaeTC9 aa LIB&: 

~~o H 'I' =·0 • 

~8KTy - B03MO*HOCTH H938BRCHMOro CYW9CTBOB8HR9 B T&-

E- H H -sonH. npH <ITOM <I> ... o npeAcTasnReT co-

8 

..... 

··~· 
l.:' •I 

~1! 
'•' r ~ 

! 

; 

~
'f"l:'l 

~, I 
.,'{:':,t : 

~,-.f; 
' I 

' I 1:• 

<· 
.:. I 
1 . 

H -sonu, a '1'-o -cOOTB8TCTB8RRO AIIR E OoA ARC118pcBORR08 yp&BH8KR8 All9 
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BOIIH ( CM, ) , 8 cny'lae, XOrA& v; c ( y

1 
.. o 1 ypaBH9HR8 (16) 118p8XOART B 

CII8AYIOIIl89: 

~ +'I' - 0 

nocne aecnolKHbtX npeo6paaosaRalt, y'lRTwsas, 'ITO npH y
1
•·0 

ero MOIKRO 38Dli~8Tb B BHA8 

•1/14>+1/14>-~l/lt/>•0. 
I 0 0 I v+1 0 0 

Bhlp8lK8RR8 

( 17.) 

i"'' \'It- I 

Jti) 
'r 

k a 
- 2(v;.1) 

( 18) 

npos9A8M RCC118AOB8RB8 yp8BR9HB9 (18), Jlng STOre Ollp8A911RM yCIIOBHR CyW8CTBOB8• 

RBII rH6pHAROit BOIIRW 'vm (v -• 83HMy1'811bR08 'IHCIIO, m -p&AH811bR09 'IRCIIO, HIIR 

ROM9p KOpRII ARCnepCRORHOrO ypaBR8RRR) llpR r, ... o , CooTB8TCTBYJOIIlR8 p&C'l9Thl 

AIIR CIIY'ISR v • ·1 1103BOIIBIIR H&ltTR 38BRCHMOCTb h,b OT OTHOW8Rll!l a/b AIIR 

38A8RROrO , 3Ta 38BRCRMOCTb npeACT8Bn8H8 H8 pHC, 2 A119 ~ •·10 H 'l9Tblp8X 3R8.-

'l8HHit nr •·1,2,3,4. Ha 9TOM lK8 pRCyRX8 AIIR RRlKR81t B8TBH ( m • 1) 

a ) H 

A&Hbl aua-

I!OrR'{HW9 KpHBW9 npR 3R8'19BRIIX f- 2 .(nyBKTHpH89 ltpHB89 .. 100 

(nyRxTapuas xpBB&R b ). Ha pac, S npeAcTaBneuw xpaBwe h, b OT npR aec-

ltOIIbKHX 3H8'19RHIIX a/b nnR cny'las m •·1 , !13 rpa~REOB puc, 2 R 8 BRAHO, 'ITO 

npB MSIIWX 3R8'19BRRX a/b R 60I!IbWRX f B811R'IHR8 h
2 

b 

03R8'188T, 'ITO B A8RROA 06118CTR napaM8TpoB a/b R 

CII860 38BRCHT OT 

OTHOW8HR8 _j_- _1_ 
A 1/t-l 

r11e A -MHH8 BOI!Hhlo 

h,6 

10 

0 0,5 1,0 % 
f>Bc, ~. 3&BHCRMOCTb '18CTOTW OT nap&M9TpOB BOIIHOBOII8 All9 

~I 
'I ,, 

v • 1 npa 1 • 10 R v 4> • C • 
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I 
I~ 
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h,6 
15 

10 

5 

0 

3aBHCHMOCTb 'ISCTOTbl OT 

v --1, m -=·1. 

• 

ico 
10 81 e 

p H C, 3, 

l{ml <jlHKCHpOBSHHhiX 3HS'IeHHJ! a/b npa v9--c 

~ 
10 

'· 
8 Dp8A81D»HOM CIIY'I881 KOrlla • +•·0 , B81IB'IBBa -hi b liBIIR8TCSI 

ypaBB8BBII ]
11 

( h
1

b )•·0 B J~·( h
1

b );·0 , H ra6pBAB8R BOIIB8 

npell&IIbBOM cny'lae DpB Be'I&TBhiX m. Dp8Bp8Ul8eTCll B If -BOIIBy, 

- B E - BOIIBY, .nanee MOlKBO DOK838Tb ( CM, . npBIIOlKeBBe A) , 'ITO 1 

hj ( h 
1
a « 1 ) ypaBHeBBe ( 18) paCD81l8eTCll BA l{Ba Be38BRCB 

(a) • . • , £ .•. ( baa )8/ e. 0 • 
J" ·( hi b ) +.Nv· ( h1 b ,) (t+l) 11! (11-l·) I --z--

(6) J ( h b ) +:N ( h b ) " ( h 18 ) 8/. 0 
II I II I (t+l) V !(11-ol)! -2-

1 

'I. 
i ~ 

as KOTOphiX, B '18CTBOCTB, uenocpeACTBeHBO· cnellyeT YK838BHhlll: ..,..., ' 

ra6pBl!BhiX BOIIB B H BII.R E BOIIHbl npa hlla +0. \ ~ 
;ll 

Hall:lleM rpynn:osyJO CltopocT& v •· c {3 

&Toro npOAa<jl<jlepeanapyeM ypaaueuae (16) no 

, rile {3 •· dk 
d;" 

,1 
·., D~ 

IC_ . B 3aT8M IJOIIOlKBM ) 

TaTe nony'IHM cneayJOUlee ypaaaeaae nns rpynnoDoll: cxdpocTa: 

...!.1L ~ ( 'I' -·~ ) t ~ _d_. ( ~ +:'I' ) ... 0. 
d lC ' ka ka d lC 

0TciOJ:ta nocne rpoM031XKRX a anBHHhiX npeo6paaoBaHHII:, y'IHThiBaR1 'ITO 

2 2 

k ~ s·k ~ =·2 ( {3 -•1) J J' ....!!!. •. ( {3 -•1) ~ 
d'IC d II I dK 

H 

k 
d¢

1
(b,a)· 1 

-dl( m-:::T [-(11+:1)"' +:1/J h a+¢ h h)(£ fj -'•1) 
' 102 12 • 

k dl/J0(b,a). 1 LIII#.-•1/Jha+</>hb).(£{3-·1), 
--- -::1" 0 I 2 0 I 

d'l< "• 
ll 

k d ¢1(b,at--h [-(11+:2)</>l+ciihaa +:(~-1)h •. b <PI I( 
h >; 2 

I 

k drpJb,a) -~[ (v-1)</>-·<P ha+(-
11
--1)h2 b 1/10 1(£{1-:1) 

d'll. J' 012 hlbl I 

I 2 . 
H8111leM llblpalKeHHe AIIR rpynDOBOII CKOpOCTH lliiR CIIY'I8H {J rpic-1 ( p q; 
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f3· '1]+( 
r -- • 

£'/} +:( 
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p H C, 3, 

OT llnSI <jlHKCHpOBBHHhiX 3HB'I6HHl! a/b npH v9•·C 

10 

..... 

B npeAen&BOM cnyqae, xor11a '+··0 , sena'IBBa h1 b HBnH&TCH KOpB8M OllBOrO B8 

ypaBR&BBil J
11 

(h
1

b )•·0 B J~·(h 1 b )'7·0 , R ra6pBIIB8H BOnae & Vm 1 B S'POM_ 

npiaAen&aoM cny'lae npa ,se'I&TBhiX m npespamaeTca s H -sonay, a npJI 'l.eTHhiX 111 

- B E - BOnJI!, .Qanee MOlKBO fiOK838Tb ( CMo npanOlK&BJI& A) 1 'ITO DPR M&nbiX 3B8'1EIJI.BIIX 

hj ( h 
1
a « 1 ) yp&BH&BB8 ( 18) p8CD8A88TCII B8 AB8 B838BBCBMhiX yp&BR8BHH:, 

(a) IT r · ( h2a >"" = 0 
J:·( hi b ) + N~· ( ha b ,) (r+1) 'vi (v-1) I ---r- ' 

(19) 

(6) J(hb)+N(hb) IT (h1a>""=o 
V I 11 t (r+l) v!(v-.J)! --2 ' 

83 KOTOphiX, B '18CTROCTH, aenocpeACTB6HBO cnelly&T YK838BHhlll Bbime <jl&KT BhlpOlKli&BBH 

ra6pBliBhiX sons B H llnB E BOnllbl npa h1a .. 0 : 

Hal!AeM rpynn:osyiO cxopoCTb v •· c {3 • rAe {3 •· 2l. ' DPB v A. •· c • nna ' dK ~ • 
&Toro npQ.lla<jl<jlepeanapyeM ypasaeaae ( 16) no K a aaT&M nonolKBM y1 ·:·o • B pesyn&-

TaTe nony'IBM cnellyiOmee ypasaeaae Ana rpynno!ol! cxdpocTB: 

..!.II_ , ( 'P -·~ ) t ...!:_. _d_ ( , +:'P ) ,.. 0. 
d "K ' ka k a d K 

(20) 

OTctoAa nocne rpoM03AKBX a AnBHHhiX npeo6pasosaaal!, y'IRTbiB&II, 'ITO npa )II =0 

d "'
2 d y 

1 
d h ( d h2 • k __:_.u-k...:..L1=·2({3 -·1), y __ 1 •· {3 -·1)., y --•ff3 -1 

dte d K l d'K d K 

R 

d¢1(b,a)" = 1 [-(v+l) t/1 +:t/1 h a +:cf> h b l(r{3 -'•1), 
--- ·-:;-T I 0 I I 2 

d 0( ~ 
k 

\ 
k dt/10(b,a)_ 1 Lvl#.-·t/lha+c/>hb).(r/3-·1), 
--- -::T 0 I 2 0 I 

k 

d'K )II 

I 

d cf>l(b,a~---h- [ -(v+:2) cf>
1

+ 4b b
2

a +:( ~ -1) h1 b c/> 1 I ( r {3-1 [I '• 
dx >; I • 

2 

k dcf>Jb,a) = 1 [ (v-11</>-·cf> ha+(_
11
_-1)h2 b 1/10 )(£{J-;1 ), 

d·oc· --:y; _o 1 a habl , 
/ B 

H&llli&M .BI>Ip8lK&HR6 llnH rpynDOBOl! CKOpOCTH lln51 cny'l&ll {3 c/>•·1 ( f:Jcf>· .:cf> ) : 

rlle ' • 

fJ· 7]+( 
r ---· £7]+:( 
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, I I 

' •. 2 f '...!._ "' cp -·--la.L 
' b I I (v+1)( II+~ 

· __!... ',p_ </>. +:( ( -.1) _v- ( f 1/1 cp -•</> 1/1 I • · 
b . 0 0 , bl b I 0 1 0 

17 •-IV (r+:1) __ ·a_ .p cp + 
, b I I 

v (£-1).1/J. cp + _v_....!..-h. a (1/1 tp +:1/1 cp )+ 
0 0 V+ 1 b I ' . I 0 0 I 

I ' 
, I ·'· V b +:v (t+:1) :.p1 rf>0 +:v (i+ 1 I:<:~ -1 ) r/11 "'o-v+l -·. Ia 

V I • 
( ~ -1) 1/1 _,_v_ blarp • 

I 

PaccMoTpBM s_aBBCBMOCT& rpynnoaojl cKopocTH {3 r 

saaa••oM 3Jia'leRBH r • B npeaen&HOM cnyqae <+'7·0) 

h1 b o v+1 o · 
I 

oT napaMeTpa a/b 

B8JIB'IIIH8 {j •. _1_ 
r ' 

DpH 

3TO 

BaXO.I1HTCSI B COOTB&TCTBHil CO 3H8'leRBeM rp.yDDOBOA CKOpoCTH B KpyrnoM SoiiHOBOJle,. DOn-
' ' 

.HOCT&IO 38DOIIBeHHOM 3HeneKTpHKOM0 llJlll KOTOpOro, K8K B·'JBeCTBO, B&IDOIIBHeTCSI COOTBOIIIe-

ne 
(eM. 

1 
{3r fJ cp •-,-

(e)), ~ -~ 
o lieACTBHTeii&HO, ecnB a -o -b-

..o DpH 'leTHOM 3H8'l&HBH ~ 

, TO, K8K HeTpyllHO y6ellBT&CR 

• 8 cp B 
0 cpl DPB noM 

OTIIB'IHbl 0": BYIIlli. DpB B&'l&TBOM 

s~a'leRBe." noaToMy a aTOM cny'lae 

m rf>o •</>.1• 0 ' ll 

'··0 , 8 IIEinB'IBB8 
"'0 

17 

B r/JI BM,.lUT KOHG'lHOe 
I 

OTJIH'IB& oT ayn11 B pas--

u: 
V ( f + 1) rp0 cp I 1 - ( m -'l&THOG) 

. vi ) 
V~f+:1)(----1)r/J r/1,- ( m -H&'I&THOG, 

h lb 2 0 I 

17•· 

I 

~TO llpliBOilHT B COOTBGTCTBHH 

A~m&BOM cny'lae, Ko~ua a/b 

c ljlopMynoA ( 22) K sHa'leHBIO {3. •. _1 • B apyroM upe-
r r ' 

DpB61IB)KSGTCil. •K GllHHHDe, 3H8'l8HHe {3 r T8KJKG CTpEIMBT'l' 

-<;II )[ 11 DpB STOM B81IH'lHH8 h2 b Heorp&HB'IGHHO B03p8CT8eT,. nony'leHH&IG· 'IBCneHH&IM 

pac'leTOM rpaljiRKB 3aBHCHMOCTH fJ ~ OT a/b llpH HGKOTOpbiX 38ll8BH&IX 3H8'l8HBSIX 

una cny'l&ll v •·1 B m =·1 DOK83BH&I H8 puc, 4, 3aMGTHM, 'lTO B OTIIH'IBe OT llH&Ijl--

p&rMHpoB8HHOrO BC?nHOBOJla, r!le cymeCTBYIOT K8K IIpliM&Ie, T8X B o6paTH&Ie rH6pHllH&I6 BOII-

/4 8/ ' 
Bioi 0 

, B p8CCM8TpHB86MpA BOIIHOBOilHOft CTpYKT)'pe CYIIIGCTBYIOT TOJibKO 1Ip11Miol6 BOJIH&J,·. 

A-
~0 r-r--r-___,.-.L 

. 1=-- !..L V !I I o,sl ---

£.•20 
0 0.' tO ~ 

p'• c. 4,. rpYIIDOBall CKOpoCT& B 38BBCHMOCTH OT a/b B V•·l, Ill ··1 DpH Vrf>•·C 
lliiii p831IB'IH&IX 3H8'l8HBA f , 

12 

• 

t 

~ , 

~&BeprRH B BOIIROBOA& 

noTOK &BeprBB BllOIIIo OCH BOIIBOBOil8 P,8B8H 

S •· _c_ f ( E p He - E () H* ) d u· , 
81f u p 

rue u· -ce'leHBe BOIIHOB0ll8 H d (1 - p dp d(). HaAlleM oTnen&Bo no 

nepBOA cpeue 5
1 

B BO BTopoA S II DIIII C:IIY'l8ll fJr/>•1. noucTaan' 

lliill KOMDOR6HT DOIIR ( 14) B ( 23) , DJISI IIOTOK8 &ReprBB B Cpeue 1 DOJIY'IBM 

rue 

I 2 I 
S • ~ ((p+:q) (ka) -pq V It 

1 4 4( v+ l)(v + 2) "('ii8lJ' 

H CBS138Hiol COOTROWeBHGM (15). p q 

'l 

*1·~ 
I ,,,,, 

JlnR onpeueneuxa s·n BCDOII&3YeM cnenyJOIIIBe COOTBoDI&BHR: 1, ·~ ti J ,•? 

2 2 2 v a <Po ( b, p ) ) + _v - r/> ( b, p ) .. --
a ( h1 p ) b

1
1p 1 0 . h,P 

a 1/10 ( b,.pl 

a< h1p 1 , 

I v• 
+ 

h
2
2 pI 

v J( b p),.._ "'0 • hlp 

I 
~·<Po (b,p) 

a< h1 P 1 

2 ' 
+rp(b,.p:,,. 

I ', 

) .. 

:Y'IBTMB8ll (25) B BCDOIII>3Yll Blolp8lK8HHR lliiSI KOMDOR8BT DOIIII OS). 11 

38T&1 'ITO B cpeue II : 

I 

[ ~ (b,p) v a 
-~-

I 

E Hlj - EoH* •. (p+q) 
P P r••l h{ a<h,P 1 </>-

11

.,...i (-b-,a-)...,. 

I 
+: 1/ip(b,p) 

1/1 1(b,a) 
0 

, 
I ... [ <PI ( b,pll· 

cp 1( b,a) 
0 

+r 

, 
1/J I ( b, p) 

1/11( b,a) 
0 

- (r+l) 1/io( .b,P).rpo(b,p f 
1/1 (b,.) cp ( b,a) 

0 0 

II 

lienee, BCDOIII>SYR CBOACTB8 ljlyBKllBA r/10 , 1/11 o r/>0 B ¢ 1 

ypaBR8HBe ( 18), . OltOH'l8Teii&BO DOIIY'IHM Blolp8lK8HB6 lliiR DOTOK8 SHeprBJ:I B 
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' ,, ,, -

I I 

"' t/> -·----la!.... 
I I (v+l)( 1'+2J _!_ "'- </> +:( t -.1) -"- ( f "' t/> -·</> "' ) • b 0 0 &

1 
b I 0 1 0 

)._._"' t/> + v 
b I I 

(r-l):r/1_ t/> + _v_ --•- h. a (1/1 rf> +:1/1 rf> )+ 
0 0 V+ 1 b a • . I · 0 0 I 

A ~· I v 
tf> +:v(Hl)X~ -1 )1{11 !{1

0
-----h

1
a 

o h
1

b v+l 
v 2 • 

( i:TL1 - 1 ) 1/1 -·-"- h 1 a rf> , 
h b 0 v+l 0 

I 

38BHCHMOCT& rpynnoaoll CXOpQCTH {3 r OT IISpaMeTpa a/b 11p11 

, B npeAen&HOM cny'lae (-8-··0) B9JIB'DIHa fj ,._1_ 3TO 
b r r. 

I,.,.':TBIIII CO 3Ha'I9BII9M rp.yiiiiOBOI! CXOpQCTII B KpyrJIOM fioJIBOBOAe,. IIOJI-
' . 

3HSJI9KTpiiXOM1 AIIB XOTOporo, XU JI.'JB9CTHO, B&IIIOJIBSI:eTCB COOTHOme-

, .lleiiCTBHTeJI&B01 9CJIII a • 0 -b- 1 TO, KSB lleTpyABO y59AIIT&CB 

11p11 '19THOM aHa'I&HHH m , a r/>0 B r/>
1 

llpH aTOM 

H9'19THOM m r/>0 •·rf> 1• 0 ' o!l . 1/1
0 H 1/J I BMtfiUT XOHe'IBOll 

OTJIH'IHa OT HYJIB II paa~-B STOM cny'lae (; •·0 , a BeJIB'IJIHa 7J 

7J •· 

.. 

V ( f + 1) rf>
0 

rf> I 1 - ( 
.,a 

v(r+:l)C---01/1 1{1,..; ( 
h lb 2 C) 1 

I 

C ~OpMynoll (22) X 3Ha'leBB~ 

m -'leTaoe) 

m -H9'19TH09) , 

fj ._1 , B ApyroM np.e-

hi b 

r • ' 
npH5JIB>KaeTcH •K 9ABBIIII9, 3Ha'leHBe {3 r TaKJKe CTpElMIIT'!' 

{:Jr 

HeorpaHB'I9HHO B03paCT891',. fiOJIY'I9HHf>le. 'IIICJieHH&IM 

OT a/b llpB H9KOTOp&IX aaAaBH&IX 3Ba'I9HBBX 

IIOXa3aB&I Ha pHc, 4, 3aMeTBM, 'ITO B OTJIH'IHe 01' ABa~-­

r~e cymeCTBy~T XaK llpHM&Ie, TSX II o5paTH&Ie riJ5p!IAH&Ie BOJI• 

BOJIHOBOAHOII CTpyB:Tj'pe CYW9CTBY~T TOJI&K() llpHMbl9 BOJIHblo• 

' 

0,5 ~0 ~ 
B aaBBCBMOCTH OT a/b npu Y.p•·c II V•·l, 111•·1 

12 

Jll .:..: 

~&HeprBB B BOJIBOBOA8 

noTOit 8HeprHB BAOJib OCB BOJIBOBOAa ~aBeH 

S •· _c_ f ( E H* - E H* ) do· , 
Bw 

0 
p (J 0 P (28) 

rAe 0' -ce'leHBe BOJIHOBO.[Ia H do • p dp dO. Hai!AeM OTAeJibHO IIOTOK SH9pl'BH B 

nepBOII cpeAe S1 B B0 BTOpoll S11 Al!SI CJiy'laSI fj t/>•1 • noACTaBJIBB BblpalK9BIISI 

AJIH KOMIIOHeHT IIOJISI ( 14) B ( 23) , .llJIH IIOTOKa &HeprHB 8 cpeAe 1 IIOJIY'IBM; 

2 I 
1 (ka) v 1 S a ~ [ ( P +:q ) - p q TI:\T I 

I 4 4(v+J)(v+2) (ka) (24) 

rAe p II q CBSJ38HI>I COOTHOmeHB9M ( J5), 

llna onpe.aeneHBB s·11 ucnon~yeM cne.ay~mae cooTuomeaHSI: 

I I 2 
orf>o(b,p)) + -"- rf>l(b,p ),._"_ 1.¢g (b,p) I 

a c &2 p > &
1
1p 1 o haP a c h1 P > 

+rf>,(b,p)., 

(25) 

a 1/JO ( b,p) ) I v I 1/J 2( b, ) . II 
I 

a "'o < b, P > + "':c b, P I . +- 0 p .. _ 
a(blpl blip I . hlp a c h 1 p 1 

Y'IHTI>IBaH (25) B HCIIOllb3YH B&IpalKeHHH Al!H XOMIIOH9HT IIOJIB (13), B8TPYAHO IIOB:a­

aaT&, 'ITO a cpe.11e II : 

I 

EpHiJ - EoH* •· (P+q) 
p ···l 

v a 
h,P a(haP I 

I 
+: "'a ( b, PI 

r/1
0
1

( b,a > 
I+[ <~>:<b,pfl. 

~lol(b ) + f o ,a 

~·(b,p). 
[~---, 

f/>:(b,a) 

a 
rp I ( b, p) 

r/12( b,a) 
0 

-(r+J) 

II. 

~( b,P) 4,
0
(b,p) 

1/1 ( b,•) t/> ( b,a ) 
0' 0 

+ 

(26) 

.lienee, HCIIOJibaYH CBOIICTBS cjJyHB:liHII r/1
0 

, r/1
1 

, t/>
0 

H ¢
1 

( 11) H Y'IHT&IBSSI 

ypaa&eHHe ( J8), . OXOH'18T9JlbHO IIOliY'IHM B&IpaJKeHHe AJIB IIOTOXa aaeprH~ B cpeAe II : 
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r·. 
! 
~' 

h~ . .. 

Ill:~~ I 

f:'· 

b 
.{ 
~-' 

~~" 
~':. 

~;: 
t:~ 
r·· .. : 

f::~. 
L~ .. 

.,r. 
.·~·. 
:~,· 

~.;: . , .. 
,, \ -~ 

·-~. 

' 

s •· 
II 

2 

c (p+q) 

4(r-·1) 

2 
2. 

I 2 ( 1 -~)+ 2r 
II' 2 b • .p 2( b a) b 2 b 1 -,-:1:-:-h-=a t/1-:-;;1-:-( .,..b-.;-:-) 

10' I tO' 

I 

-....!..[ 
2 

.P1 ( b,a) 

:r.::--:­
":,',(b,a) 

.+r 
.PI ( b,a l 

-;r.:-:( •+{ r -·0 I I 
0 

b,a) 

41oKy<;BPYIOII1B& CBOIICTBa rB6Jlll8l!loiX BOIIB 

(27) 

&aBMO.Q&IICTBBe rB6pB.IIBI\'IX BOnK C yna.TpapelUITBBJIC'I'CII:BMB '18CTBD:8MB B CTPYB:Typax, aBa 

norB'IHbiX B<;cneJlyeMOII ( B8DpB:Nep, B JlR8fparN&pOB8BBON I!IOnBOBOJl&), o(ina.QaaT pHJlON BH• 

Tep8CBbiX B IIOit83JlloiX ·caoi!CTB,· Ka11: B3138CTJIO, MO)la C V •·l IlpH Y.p• C &MeeT 
+ 

aec&Ma neBBble xapa~~:TapBCTUB Jlns nenell. ceDapann: uonepe'IBo-oTxnoussomaa c•na FL· 
ttellcTBysomaa Ba yn&TpapensTBBBC'I'CKBe 'I&CTBD:Iol, OD.BOpoJlBa no &cell anepType 2 a '3Ta 

c&na MOlKeT 61o1Tb BblpalKiiBa TOitbKO 'lepa3 ·' Z •KONnOB8HTY 81teKTpH'I8Cli:OrO nons 

/1/ 
( CM., H8DpHMep ) 

Fl • T V l E z • ( 28) 

e -38Pll4 '18CTBD:Iol v l .. i, L+ i 6 _ 1 _a-
+ + 

. a, P ea 
Y'IHTbl&ast ( 28), ( 1) . B ( 14), Jlna MOJllol c a3BMyTjUibBWM '!Bcnoid 

ie ip r4e· • 

6Jf1Tb Ilp8JlCT8MeBa CneJlYIOIIlBM o6pa30M! 

ll -l ... j ... 

lj. e v (p+ q) 

k a 
<+) o11 cosv6- i 6Sinv6 

0TC10Jl8 BBJlBO, ~TO no CB09Ny neACTBBIO Jla 38pBlK9HBYIO '18CTBny 

ne nBB3bl c :lv -nonKC&MB,· B 'I&CTBOCTB, Jlnst wonw c ·v •·2 

,ABH8T8X BM&&M: 

{ 

Fx •· 

F •­y 

2e (p+q) (_x_ ) 
k a a 

2e(p+q)(..2_ ). 
k a a 

-&JlBBB'IIIbie Be&TOplol, 
'+ 

v c&na FL MOlKeT 

(29) 

F L 911:BBB&n9BTB8 CB· 

B Jl&ll:&p'l'OBbiX II:OOp- , 

(SO) 

Taxas cana 6yneT ocymecTansT& no aanpaaneHBso X 49foltYCBpoBII:y 'I&CTBil, 8 B. Y 

aanpa!m&HBB-4loKYCBpOBKy, T,e, BOnBOBOJl (iy)le'l' .Q&I!CTBOB&Tb H8 'I&CTBny IIOJl06HO ltB8.11PY·"' 

nonloHOII nBB3& C 9KBIIBaneHTHioiM rp&JlB9BTON 

14 

.;Ia 
".-:;; 

2(p+~ 
G •k"7"" (81) 

f 1(1'1'~-"l't';'~~~.l.~"·l:JH~ II 
·;· .~·>::-~·(~:.::_~:·.~r-~. ·'. ..... _.'4 , 

OPHDOlJSEHHE A 

PaceMo'l'pBM cny'lall, Korlla b
1
a ·«1 1 !'_ 6yAeM BCX&Tb, Jt&ltOII. U.Q 

6nB311:0 II: KOPBIO yp&BH9HBR J~· ( h 
H9HB9 ( 16) 1 ~CnB 3H8'1eBB9 h1b 

N~·O 2 b r Tor11a J .,< b
2 

b ) , N11 ( h1 b ) B BM910T onpE 

Rbl9 3B8'18RHSI B cpyBII:IlBB rP0 B 
rP 

1 
MOry'l' 6b1Tb llp&J1C'r&Bn9Hb! II ' 

.Po •- Jv (h2b) 
(v-1)12 

v 
rr( b

2 
a ) 

v 

v·+l 
v I 2 

1/JI m-•lv (h,b} 11+1'
0 

rr ( h
2 

a ) 

0oJ1CT81WfliJI BblpalKeBBH J1nH 8TBX ljlyHKUBII B ypaBH9HBII ( 16) B ~ 
ll ~~~.· pa30BaBHll, nonY'IBM cnenysomee ypaBHeH&e: 

41yl111:1lBB 

h
2 

a </> 
1 

( b, a) + 2 v r q!l 0 ( b, a) ~ 0, 

.P
0 

H .P
1 

nns h a << 1 
2 

paBHbl 1 COO'l'MTCT!IeBHO': 

.P =- J'·( b b ) (v-•1)! { 
0 v 8 ---~----, ( b

2 
a ) " 

N~:( h, b ) 

v 
( h ga ) 

v I 2 11 

<fl
1
•- J~·( b 2 b ) 

V+l V 

vi 2 -N'·(h b) (h1 a) 
rr (h

1
a ) 141 11 2 (v+l).12V.M 

~ .. 
' . 1: . 
·~ 

0oACT8Bn!MI <f. B <f. B 8TOM BB.Q9 B ypaBH9HB9 ~A,S) H onyciafl 
0 I · . 

KOrO nopH.IIK8 M&nOCTH OTHOCB'l'enbHO h2a , OKOH'I&T&nbHO nony'IBM l 

't. 
IV 

•"' ( baa ) • 6 • 
J"' (bib ) +N~(h,b \<+:1)J:'I(v-1ll ~ 

AuanorB'IHO MOlKHO H&IITB ypaBHaBBe ( 1915), ecnB npennonolKH'I'b, 11~ 

K KOpBliM ypaBR9HBH J 11 ( h2 b ) = I) • 

DaTepaTYpa 

1. B.A. BarBH, B. H. Ko'l'oB, H.H. CeMeHJOWKHH. Y.ci!H, ...§2, 707, 1964 

. 2. M. Yvea Garault. Compt. Tend., ~ 843, 1962; 254. 1391, 1962; ~ 2920, 19 

15 



2 2 

rr2h~(1- " a""o (b,a) b'i'b"i )+ 
2 

2• 
ll'lbl.t.l( b ti') 

2 ¥' 0 ' 

b,a) 
2 

.PI ( b,a l 
~( '+'(•-,1)11 

0 
b,a) 

e»oACTB8 

(27) 

BOIIH C ynbTpapenRTBBBCTCitBMB '18CTllll8MB B CTpYJtTypax, 8B8 

B .llB8cpparMBpOB8BHOM IIOnBOBO.Ile), o(in8.1l88T PlUIOM BB-

B3li&CTBO, MO.Il8 C V •,1 llpB YeP• C 

neneA cellllpallBB: nonep&'IBo-oTJtnOBRJOillaa cana 

'18CTBil:bl, O.llBOpo.llBa no seal anepType 2 a 

RM88T .. 
FL.' 

• &ra 

11epea Z ~KOMIIOB8BTy 8n8KTpB'18CXOrO IIOnll 

Fl=-f-VLEz (28) 

:> a ~ 1 a .. .. v 1 =,• ... -+•o- -- , tP a t 0 - r op p oa -&.llBBB'IBLie Beii:TOpbi, 

, .llnB MO.Il:bl C 83BMYTIUibBI>IM 'IBCnOM V cana FL MOlK8T 

o6paaoM: 

v -1 ~ j .... 

1 •r · '" ( _!!_ ) ( ip Cos v 0- t
0

stn v 0 
a . 

(29) 

.llellcTBBIO B8 aapBlK&HBYIO '18CTBilY FL SltsBsaneKTBa CB· 

F = X 

F =­y 

.llnll MO.Ilbl C 'V •·2 B .ll81t8pTOB:biX ltOOp- • 

2e (p+q) <~X- ) 
-.-- a a 

2e(p+q)(__2'_ ). 
k a 8 

(SO) 

no KanpasneHHIO x .lle4Joxycuposxy '18CTBil, a ll' y 

rpa.llaeu'l'oM 

14 

.ll8ACTBOB8Tb B8 '18CTBily IIO.IlOelKO XB8.1lpy,• 

~ 

G • 2(p+q) 
);";T' (Sf) 

~ 

'·',1, ,I 

.:; 1'1 

UPHDO)J{EHHE A 

PacC'MOTpaM cny'lal, .xor.lla h
2

a «1 , • Ciy.lieM acxaTb, xaxoll 111111 npaHBMaeT ypas-

CinB3KO It XOpBIO yp&BH8HBB J;· ( b 2b ) = 0· .• K&BB& ( 16), ecna· aBa'leBBe h2b 

Tor.11a J ._(ha b ) , N._ ( ha b ) B N ~ · ( h 
2 

b )· liM SlOT onpe.lleneBHbl8 KOJI.8'1-

Bbl8 3B8'UIBBll B ljlyHXIlBB tP
0 

B t/J 
1 

MOryT elbiTb 1Ip8.1lCT8Bn8Hbl B cne.llyiOill&M Bll.ll&: 

.P 0 - - J,_ (h 2b > (v-1)12 

" ,.( h
2 

a ) 

V·+l 
2 

"' - -· .\, ( h ab ) I 

" 
(A,1) 

0o.llCT8114lUI Bbtp8lK8BBll .llnB 8TBX cpyBKllBII B ypaBB8HBll ( 16) B npoR380.1lll npoCTb18 IIp&OfS-. 

paaoliaJIIRll, nonY'IBM cne.llyiOillee ypasHeHae: 

cllyHXIlBB 

h
2 

a ¢
1 

( b, a) + 2 v • ¢ 0 ( b, a) = 0. 

c/>
0 

R c/>
1 

.lliiR 

cf>
0 
•- J;·< h 1b ) 

h a « 1 
a 

( v-•1 )I 2" 
--;(~ 

p8BHbl 1 COOTB8TCTB8HHO: 

- N'· ( h b ) 
II I 

" ( h a• ) 

" ! 2" 

11+1 " 

cf>~-- J;·Oab) vi 2 -N'·(h b) <haa) 
rr(h

2
a)141 "a (v+l)I2".M 

(A,2) 

"" 

(A,S) 

UoncTasnaa cf> a 
0 

</> B 8TOM BB.Il8 B ypaBK8HB8 (A,S) B onycxasr--'lneHbl 6onee BbiC0-
1 

Koro IIOpll.llXa M8110CTB OTHOCBT81IbHO h2a 1 
OKOH'I8T8nbHO IIOIIY'IBM yp8BH8RB8 (J9a): 

\ 
Ill 

J ' ( ha b ) + N~ ( h2 b ) • " ( ~ ) - 0 • 
" (<+:l)':'!(v-1).1 2 · (A,4) 

ARanora'IHO MOlKHO aaiiTR ypasHeHae ( 196) 1 ecna npe.llnonolKHTb 1 'ITO h ab, !Snaaxa 

X ltOpBliM ,YP8BH8HBll J 11 ( ha b ) = 0 • 
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