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Bseaeaae 

npouecc Heynpyroro paCCe!IHH>I HJ19pBb!X '18CTBU smngeTC!I BBlKHblM cpel!CTBOM H3y'le

HH>I KBK CTpJKTJpbl HllpB, TBK H M9XBBB3Mil B38HMO.QeliCTBH H. 

B nocneaaae ro.Qbl 6naroaapH 6biCTpoMy paasRTlliO a~tcnepKMeRTBIIhRbiX K Teope TK'Ie

CJ<HX HCCTiel!OBBHHii B 3TOA o6naCTH 6b!TIO TIOJ<838HO, 'ITO HCJ<TIIO'IHTenbHO 60IIbWJIO pOnb 

HrpaeT np!!MOll MOX8HH3M B38HMOll9llCTBBH. llpB 3TOM Ha1160nee MOWBbiM H p93JIIbT8THB

HblM OK838TIC!I M9TOll HCI<BlKOHHblX BOTIH, OTIRp8IOWRAC!I BB ljleBOM9HOTIOrR'IeCJ<Rli yqeT B38HM<>

.QeliCTBH!I B H8'18nbHOM H I<OH9'1HOM KIIB8TIBX p911XURH. 

B 6opaoBCKOM npa6nHJKeHRH aa¢$epean&anbaoe ce~eaBe aeynpyroro pacce>!HHH 

aaeTC!I <j>opMynoA: 

da /dfl m k ( 

k cp. 

(1) 

r.ne m - npHBelleHH8SI M8CC8i k
1 

, k , - BOnHOBble qgcna B H8'18nhHOM H KOHe "'HOM K8H8-

nax, 1
11

- BMTITIHTy.QB pe8KUIIH. 

11! = 4" A.\~ 
l'.f' 

f...J''-.\ •<qi +lly~ _, ( •f '+ !) \0 
e 

.\ 
( f' .\ """1' Ill f 0)( P' .\ 00 I f 0) yt I' (II, 0) M f,f' 

X 

(2) 

(3) 

B e lD!'IHHa A.\ H BXO.QSIIUBH B MBTPH'<Hhlll :3TieMeHT (3) <j>yHKuHn F .\(r) CDH38Hbl c npa se

.QeHHbiM M8TpH'IHbfM 3n9M9RTOM rrepexona COOTHOW9RHeM: 

v 

KOMnOHeHT8 ITOTeHUHBnB V tnt ( r: _;) 

.. , ~ 

( r, () = ~ 

.\,I' 

Bonao,sbrc <j>ya~tnua oTaocuTe!lbHOro ABM>t<eHHH ff(kr) 

3 

(4) 

, npasoasnuero K nepexoay 

(5) 

yaosneTsopHIOT ypasne>lHIO 



d~ 2 2<1) f(f+ 1)- ___:::_ U(r)) 
- ... k ------~ b2 

dr • r r 
fy(kr) =0, 

(6) 

2 
rne 1J = z z e / hv 

I 2 ' a U( r)- o nTH'IeCI<HA nOTean a an, yno sneT&OpBTenbHO onHCb1&810WHA 

ynpyroe pacceKHHe COOT&eTCTBJ'IOWHX '18CTBII. ACHMDTOTH'Ie CXIIli 81111 <jlyHXnHii 

onpenenP.eTCSI <!>opMynoil: 

~ (kr) 

~ (k r) ~ 

npa•teM ~=Of+ Kf 

rne 

Sin l kr - 7] fn 2 kr - ~ + Sr )., Sin ¢p , 
2 

oe .,. -r < e + 1 + i 1) 

(7} 

(8) 

I<YllOHOBCX8S! ¢Baa, 8 "!' - nonpanxa, o 6 y cno8neaaaSI BAliii 'IHeM xoMnnexcaoro Slllepaoro 

nOTeanaana U ( r) • 

KoaxpeTHblli 8BA paan o JKeHB SI (5 ) onpen e nHeTCH Dbl6opoM B03MYUt810!llero noTe an&an a . 

Hanpa Mep, 8 cny'lae x ynoaoncxoro aoa6yJKAeHHH, con p o a oJKnaeMoro nepexon oM E.\. -Tana, 

paanoJKeHlfe V tnt 

v 
lnt 

rne 

wMeeT a &n: 

= 4, z e 
I 

,\ 

I. I. 
>.=1 1'~,\ 2A+1 

__ y (0 ) ~ ( E,\ •~-') , 
r ,\+I -\! 

~ ( EA, I')= ( ,>..y-\! (0 ) p ( r) dr , p( r) -

onepaTop nl!OTHOCTH aapgna n Slnpe, z 1- a apSIII aaneTa10meli 'IACTHnhl. 

(9) 

EcnH MeXAID<3M a oa6yJKneHHSI HAepahlli, a V l nt 8bl6apaeTCSI n aRne noTeanaa na 

lOI8 Bbl, TO 

-a , 
(1) 

j e< i a r < ) h ( i a r >) y fm ( n <) y fm ( n) . {1 0) v 
lnt 

V _e __ = - 4" V I 
o a r o f.m 

Haa6o1lbmHe TPYABOCTH B03BHX810T npa Bbi'IHcneBHH M&TpB'IHblX s neMeHTO& 
.\. 

M f , f ' 

UOCXOllbKY Heo6XOAHMO HCUOllb30B8Tb p8AH81lbBble '18CTH OUTH'Ie CKHX BOliHOBblX $yHXI!Bii. 

n ocneAKHe Bbi'IHCliHIOTCSI HA 3lleXTpOHHblX M8WHHAX. 3TH <i>YHXIIHH 8 cnyqae pacceHBHH TSIJKe

l!bJ X qacT a n oco6eaao c no:t<Hbl . KpoMe Toro .ll11SI nony'leHHH na<l><l>epeHnHallba oro ce'leHHH 

He 06XOAHMO HMeTb B CBOOM pacnopHlKeHHH HeCXOllbXO neCHTXOB T8I<HX <i>YRXI!Hli. 

n o 9 TOMY noneaao HccnenonaTb &03MO>KHOCTb &bi'IHcneaHH MaTpH'IHbiX sneMeHT08 M ,\ 
f,f' 

6 onee npOCTbiM CUOC060M, MHKyB CT8AHIO llOilY"eHHH BOliBOBbiX $yHKI!BA ff()U) t HBJI SJ1Cr-

WHXCH pew eaa eM O'leHb CliOlKHOrO AH<I><!>epeHUB8llbHOri ypa8BeHBB &Toporo DOpHAX8 C KOM-

nneKCHbiM noTe unxanoM. 

Xapai<Tep 38A8'1B - XB83HXli8CCB'IHOCTb OTHOCHTellbHOro A&HJKeBHB - H8T8liXB&8eT 

4 

Hll MhiC1lb 0 TOM , qTQ >Kena 

llOC8!lllleH8 118HH8 S! CT8TbS!. 

§ 1. Kynoaosci<IIA MeJU 

TlOCI<Oilbi<Y 6op110BCI<O< 

(n lt811HOM cny'lae npH E • 

HHS! SIIIP8 npennonaraeTCSI • 

'ITO UOTepS!NH 311epr1111 MO~ 

KpoMe Toro, aanoMH 

no norsni<Y 8el!H'IIIHbi aecr 

IIBT B OCH08HOM npH nepH 

=f 0'19Hh B9J 
min 

a) PacceHHHe 8 Kyno 

PaccMoTpHM caa'lana 

IIHMO nony'IHTb M8TpH'1HblH 

II 

3anaca8 ypanaeaHH lllpen1u 
2 

d 
[_ 

dr 2 

d2 

dr2 

y MHOlKH8 nep80e B3 HHll H· 

HHTerpHpOB8HHH UO dr 

f f ' [ f' ( 

n OCI<OllbXY f ' = f+ 1 ' T 

2(f+l) 

npaB8S! '18CTb ypanaeHHB 

'lecxoe noneneKHe (8) <!>YB 

(-



{6) 

119TBOpBTe.l1bBO OOIICbiB8IOI.UBll 

fr (kr) 

.. (7) 

(8) 

:BeM xoMnnexcaoro S~Aepaoro 

I B03MYWaiOI.Ue r o nOT9 HilBalla. 

Moro n epexo11oM E.\ -TRna, 

E.i., 11) , (9 ) 

p( r) -

!TC.H B BHlle nOTeHQ.BBna 

{~ (.Q ) y (0 ) . 
tm < f m > (1 0) 

,\ 
H'IHbiX s neMeJITOB M f, f ' 

9 CKHX BOIIHOBbiX <jlyBJ<IlRA. 

IHH a cnyqae pacceSIHBa T>VKe

P¢epeBilHallbHoro Ce'leHHR 

a TaJ<HX <jlyHI<IlRll,. 

MBTPB'IHbiX sneMeHTOB 

' SIBJ'ISIJO-

'" BToporo nopSIAKa c KOM-

JlBH)KeHHSI - H8TaJIJtBB8eT 

H8 MblCllb 0 TOM, 'ITO lKenaeMbl9 ynpOI.U9HliSI B03MOlKBbl. 6biSICK9HHIO 3TOI"'O BOnpoca B 

OOCBSllll9H8 AaHH8Sl CT8TbSI. 

§ 1 . KynoaoacJ<ui! MexaBH3M aoa6y>KAeHBB. MaTpB'IHbie sneMe!{Tbi 

~ .1 .... !! .. _1:~2- nepexoAOH 

nocJ< Ollbi<Y OOpHOBCJ<Oe npHOliB>K9HHe npBI"'OilHO npH 110CT8TO'tHO HbiCOKHX SH9p1"'11HX 

( a AHHHOM cnyqae npa E~2V 8 , rAe v,.. - xynoaoacKui1 6apbep), a 3HeprHH roa6y>KAe-

HBB SII1P8 npe11nonaraeTCSI Mano i! , TO 3J19Cb B B AaJibaei!meM Mbl 6y11eM npeAnOnal'aTb, 

'ITO n o-repHMll sueprHB MO>KHO npeae6pe'lb, T.e. nonolKHM k ~ k 
I r• 

K p oMe Toro, aanoMHliM, 'ITO '1 >> 1 • p » 1 T8 H .Upyra SI BenH'IHHa p8BIIbl 

no noJ:H.IlKY aenH'IHHbi Hecxom.I<HM necSITKaM). npo uecc aeynpyroro pacce>~HHSJ npoacxo-

.UHT B OCHOBHOM npB nepH<j>epH'I9CKBX CTOnJ<HOB9RHllX Sl.Uep, T.e. MHRHMaltbH09 3Ha'l911>19 

min 
= f o<JeHb aem<xo. 

a) PacceSJHHe B KynoaoacKOM none, E1-nepexoA . 

PaccMOTpHM caaqana aaa6onee npocToi! c nyqall, KOI"'Aa U(r) = 0 

.UHMO n ony'IHTb MaTpH'IHbli! sneMeHT 

( xyn. ) = 
r 2 

f f dr . (11) 

3anacaa ypaaaeHHSI lllpe.u1<arepa .unH <jlyai<nxi\ 
2 

d 2 2k '1 p <f+ 1) [_ + k - ] f fkr ) = 0 
dr 2 r 2 (12) 

2 
2k'l _d_+k2 f'<f'+l) l ff,( kr)= 'l, 

dr 2 r 2 

YMHO>KHB nepaoe B3 HRX Ha f f' (kr), a BTOpoe f f(kr) 

HHTerpHpOBaHR!I no dr , nony'IHM: 

, COCT8BHB HX p83HOCTb, nocne 

f'<f'+l) f df f 
df 

f f ,[ f( f+l) l f edr =- [ f' . 
~ r 2 

e ~- -fe--
dr dr 

(13} 

n~KOltbi<Y e • = f+ 1 , TO: 

2 < e + 1 l 
dr 

=-[f ~-f _d_~] 
ff+t f f r 2 P+, dr £ dr 

(14) 

npaBaSI 'laCTb ypaBH9HHSI {14} npH 1-+ 0 o6pawaeTCB B ayllb. Y'll<TbiBaSJ acaMnTOTH-

qecxoe noae.ueHBe (8) <jlyaxuall f £ , HM99M: 

(~ .. k Cos 
d r 

5 



npaBBJI 'IBCTb BhlpalKeHBSI ( 14) CTpeWBTCSI It 

d d f ~ 
- [ f n --.':!J - f n _ ____it.!_ ] = k Sin ( </ f - ¢ n ) • 

L+ 1 dr < d r O <+ 1 

Bocnon&aosaBWHCh onpeneneHHeM ~a 

¢r-¢r+l 

TaxHM o6paaoM 

=-%,- •ae -af+ l :::: _!!_ 
2 

a f, nonyqaeM: 

+ Jm fn r ( f+ 1 + i 1) ) = 

f(f+ 2 + il)) 

= .!!_ - lm fn ( f + 1 + ir1 ) • 
2 

L OS U -a ) = ... + • 
Sin ( <t f - '" f+ 1 ) = C ( f f+ 1 ! f + 1 + i TJ 1 

Ha coOTnoweanll (11), (14}, (15) u (16) cnenyeT, 'ITO 

-· M 
f+l, f 

( xyn.) = 1 
2k 1 r. + 1 + il) I 

(15) 

(17) 

3TOT peayn&TaT nonaocT&IO cosnanaeT c onpelleneaBeM MaTpB'Iaoro aneMeHTa M"/ , 
-+1, f 

nony'leRBhiM nyTeM HenocpeliCTBeHHOrO RHTerpBpOB8HHSI C K)'DOHOBCKHMH BODHOBhiMH tjlyax
/2/ 

llHIIMB 

6) Y'teT ltllepnhlx can, E 1-nepexoll 

npu H8DB'IBII HllepHblX CHD <!>a3bl 

'IHCneHHJI B 3TOM Cny'lae BOCDOn&3yeMCSI 

0 f SIBDSDOTCSI KOMDDei(CHb!MII BenH'IRH8MB, LlnH Bbl

/3/ 
peayn&TaTaMB pa60Thl • Torlla liDJI paaaocTR 

( <f - ¢ ) Dony'IHM! 
f f+l 

¢f- <t =..E..+o.-of =~+ Re(o -8 l+ilm(o -ll )= 
f+ I 2 < + I 2 f f+ 1 f f+ I 

- " . -2-Y,O(fl+~ 
2 

Sin~¢ f- ¢f+l ) = Cos[ 0 ( f) /2] Ch (y/2)+ i Sin [O(f)/2 ] Sh (y/2) , 

< f < f 
I-

(18) 

i 19) 

rlle e(f') - KD8CCH'IeCJ<8SI <I>YHXIlHSI OTKDOReKHSI1 8 y=--2- - napaMeTp MRHMOK 'IRCTH 

e.- r. 1 
.paaw, )'K83biB8JOl!lHil Ha HRTeHCHBHOCTb nornomeHHSI, fk - HOMep napllHBJlbHOii BOnHb!

1 
Lin!! 

ICOTOpOll )''leT SlllepHbiX CHD CT8HOBIITC!I C)'l!lCCTBCHHbiM, a f I - HBJJltHHnbH8SI BODHB
1 

11D!I 

I<OTopoll peanHayeTCSI npaxTH'IeCJ<II nonuoe nornomeuue, T axHM o6paaoM, aiJ><jJeKTHBHO 

y~eT HCK8lK8JOlllero BDHSIHHH !lllepHbiX CHD Heo6XOI1HM TOnbl<O B 30He f < r < e 
t- -

llApUKllllbBl>le BOIIHbl, ne >KBUlHe D HHTepsane 

npaKTJf'teCKK BHitBKOro BJUtSU:lHU
1 

H M- 2 
f+U 

6 

f > f k , ltllepHb!e CHUb! He OKa3biDBIOT 

= \l ~:l,f xyn. ) . 

Ha 

KnaccuqecxaJI cjlyHJ<IlH!I • 

/3/ 
csr cnenyJOmHM o6paaoM 

0(0 = rr-212f ( t 2
- f 2 )-~ 

2 

+ arcSin f <· '1 p' 

p' ( T/2 + f 2) \; 

rne 

p' = k ( R o + /'; ) 

q = '1 + p' ( p - 1 ), 

·lh 2 
f

1
=p [(p-1)f• 

npu'leM V o =40 Mas, .\ =" 

TaxHM o6paaoM, c nOM• 

-2 

M f+l,f ( HCK.) 1 )''IHTb!BaJOlll: 

BRAHM, "qTQ 3TH BblqBCileHKSI 

C HCK8lKeHHbiMH BonHOBhiMB q 

6onee Toro, HMeH <l>oP"' 

oneHHTb pon& HCKalKeHHll. 

LleliCTBHTen&HO, cpyHKilH 

110 0 ( f k) = 0 k = 2 arctg ( r: I 

IID!I II:OTOpbiX 6opHOBCKOO npH 

noaTOMY Y, 0 •=0,3-0,4. 

raeT csoero M&KCBMAnhBOro 

HHTepaane f 1 <_ f ':_ f • 
- 2 

M f+l, f (uc~:) HB -10% 

nocxOJibi<Y 

Co• 

B 

Sin 



(15) 

Cn ( f + I + ht ) • 

( 17) 

:aoro eneMeaTa M- 2 

P+l, f ' 
BOBCKHMB BOnHOBbiMH tjlyaK-

CHb!MB 89nH'IBH8MB, JlnSI Bbl
/3/ 

~ • TorJla Jlna paauocTB 

i y 

T 

( y/ 2) . 

< f < f 
I-

(IS) 

\1 9) 

napBM9Tp MBHMO~ 'IBCTH 

• rrapnHll iibHo.B sonHhr , D.ILR 

napuua1IbHan aonHa , .ansr 

l6p830M, a<P<f>eJ<TH8110 

ao11e f
1

<S_f <_ f •. Ha 

:Knbl He 0Kll3biDBK>T 

) . 

Knacca'lecllaSI ljlyHililHll OTilnoaeJIBSI O{f) 

CSI cneJlyJOII!HM o6paaoM
131

: 

, BXOJ1l1111BSI 8 <l>opMyny (18). onpeJlensmT-

tl{f) = , -2 {2f ( t 2 - f 0 )-~ arcth [ p' ( '1 -D ~) + 
\i 

J + 

+ arcSin 
e 2 + '1 p' 

~--=--,-

p' ( T/O + f 2
) \i 

p'=k(l< 0 +l'l) 

q = '1 + p' ( P - I ) • 

f I = p ·li [ ( p - I ) f : 

- arctg ( 'llf ) ! ; 

D =q
2
-p (t 0 - f ') , 

t
0

=(p -l)p'
0 

npa'leM V o = 40 Mea, ,\ = 2,2 f , 
I / 3 1/ J 

R o = 1, 27 ( A 
1 

+ A 
0 

) f • 

(20) 

p =I+ 

TaKBM o6paaoM, c noMOII!bJO ljlyRKnaa MO>KHO Bbi'IBCnHTb MBTpB'IIrblli e neMeHT 

·2 
M f+l,f (HCK..) 0 Y'IHTbl&a!OII!HA BBnH'IHe BCil8lKeHBA, BBOCBMblX >l)lepabiMB CBJl8Mil. 

BH.U.HM, "'TO 3TH Bbi'qBCneHRSI OK83hiB810TCSI BeCp8BHeBBO upome, '{eM B cnyq:ae OlleHOK 

C HCKBlK9BBb!MB BonHOBb!MB cpyRKnBKMB. 

·2 
Bonee Toro, HMeSI <I><>PMY ny JlJlSI MBTpB'IHoro :oneweaTa M f+ l,f (a ell.) , Nhl MOJKeM 

Oil9HBTb ponb HCKB>KeHBA. 

JleliCTBHT9nbB00 cpyHKilHSI 0(f) H3M9Hll9TCSI 8 BHT9psane f 1~f <_ f k OT aynSI (;I (f ~ = 0 

Jlo t1 ( f • 1 = e • = 2 arctg < 1) I f • l - M8KCHM8.1IbHOrO CB<>erO 3H8'1eHBH. flpH 3 BeprKHX,. 

Ansi llOTOpbiX 6opuoscKoe npa6nu>KeHHe cnpaBeAnHBO ( 10 Mea/Byllnoa), lJ If • - 1/3 · 

OoaTOMy ~ 0 , = 0,3-0,4. nepsbiA 'lnea B <I><>PMYne (19), smmuomulica ocaoslrblw, JIOCT11-

raeT csoero MBKCBM8nh&oro 3B8'19HBSI DpH 0{ fl= 0 • 3aMeHBM tl{ tJ aa 0 • so BCew 

HBTepsane f I<_ f ~ f k 
-2 

TeM CBMbiM Mbl 38HBJKaeM 3Bll'leHHe wa-rpa'IHoro eneweBTll 

M f+l, f (Belt) H8 - 10%. 

"nocKOnbltY 

B 

Cos [ 0 • I 2) Cos arctg ( '1 I t , ) 

1'1 
Sin [ 0 • 12 ] = Sin arctg ( '7 I t ,>= --.-----

{ 1'1 .+ t 2 ) \i 

• 

7 



TO 
• 2 

__ 1_! Ch (y/l) fk 'I M ( HCK) = + Sh ( y/2) I= 
f+ '· p 2k( f + l) (ry'+f2)~ 

k (ry'+ r:>~ 

M·" 
f+l.f 

(Kyn) ! Ch(y j2)+ i( ry/ f.) Sh (y/2) I. 

Y•n<TLtaast ManoCTb napaMeTpa y = = 0 2 
P k - r, , • C TO'IBOCTbtO AO 'UI9HOB 0 nponop-

2 
UHOR8nbHWX Y , MM e eM: 

• 2 

M f+I,r (HCK,) 

• 2 
'I 

( ~~:yn. ) ! 1 + i Tk M P+l,P e • - r , 

nocnfll!HBII •me n D <f>opMyne (21) n pHU11113 11renbHO B 30 pa3 MeBbme n epso r o. T a l<KM 
· 2 

(21) 

o 6 pa3oM, M ·f': l ,P (treK,) = M f+l, f ( Kyn.) c TO'fHOC TbJO no 10%. B ADHHOM c ny •ra e 

OCI!OBHOil 3<f><f>eKT UCK8 >K91!Hl\, BliOC liMbiX !IJJ.epliL!MH CH!18MH 0 3 8KIIl0'18e TCSl B TOM, 'ITO nllp

II.H8!1bllb19 BOIIHhl C I' 1 <_ f <_ f' k ll810T M9BblUBil BK!18A B AH<f><f>epell!lH8!lbH09 Ce'!eHHe H3 -38 

uanu"''" MHKMOA '<llCTH <!>a3L! /) (' BO MIIOliUITene exp[i( S p+ /l p, )1 , T,e. 113-38 R811B'IJ!Sl 

nornonteHH s:~ .. 

a) PacceHHHe a KYIIOROBCKO M no.Jte. E2-nepexou 

• 3 
PacCMOTPBM llll8l'OH8!1bl! Lol il M<tTpH'IHblii 9!19M9HT M r.r (KynJ• Jlnsr ero Bbf 'IHCneHIUI 

aocnollb3yeMcH cnenyJOWHM npaeMoM. 3anameM ypaaueHHe lllpenMurepa a aune: 

+ k 
2 k '1 

d r 2 

ru + 1) 

(r + ro)2 
f' r = o • (22) 

rne r 0 - Man LJil napaMeTp, CTpeMHIItHlicH K uyT<tO, B npenene r 0~ 0 pewenHe f 'f~ f f • 
npu;tHcjl<~epe i!U !t pOB8B 3TO y pan HOHBe no r 0 ' YMHOlKHB ero na f f H npOIIKTerpupoaaa 

110 dr , IIOnyqHM COOTUOW e HRe 

• 3 

M f,f (Kyll .) = li m ' ; fp ' f e dr 
NO 

k 2 
0 ( r + r o) 3 

0 (23) 

~ 

= li m t - --.-~ ---- 1 r r _d _ _,:_ ~£. - ~r S 
' -o 2k- f ( P+ l) d r c' 'o a, dr 

0 

8 

f 

l 
i 

Tat< KaK 

(WTpHX 03H8'189T 0 'ITO ¢ ' 

HanH'IHSI Manoro napaMeTpa 

·• 
M f,f ( Kyn.) =lim 

'-+() 
0 

Jln>I Bbi'IHC!leRHSI lim (a ue 
• ~ 0 

0 

' 2 
(7 f = ( ! [ k 

2k ry 

r min 
OTKylla 

lim ( ~)=f( l 
' ~ 0 (} r o 

=k - k 'I r l k ' 

rmln 

OnuaKo 

duf 17 

dT 

!l03 TOMY 

( __!!___i_e 
a r 

0 

C noMOWbtO COOTHOWeRHII (24 

·8 
M 

f,f 
(x: 

TaK UK dur/df. = lm __ 
r < 

CKOII npOH3BOUHOA OT f - q 

·• 
M £,f ( xy n, ) = 

3To Bblp8lK9HHe !lOTIHOCTbtO C( 

nonb30BBilH9M SIB!IO!'O Bl<US K) 



+ Sh ( y/2) 

!) l . 

'IHOCThiO llO 'fn9HOB, nponop-

_1 __ ! 
• k - f ' (21 ) 

'Hhwe nepaoi' O, T a!O<M 

110 I 0%, B lllll<HOM cny•Iae 

KnJOqaP.TCst B TOM, ttTO flllp-

~peunuanbHoe ceqeuue H3- 3a 

Op•)] , T,e, H3-38 H81lH'IH51 

: xyn,l. JlllSJ ero Bbi'IHCneKI!>I 

•fiKHrepa B BKlle: 

() 
(22) 

pewauue r·, .. f p • 

f f H 11pOBHTerpKpOBSB 

) 3 
f e dr 

(23) 

i 

TaK KaK 

(wTpHX 03H8'f89T, 'ITO </. ' H u ', soo6me roeopsr, OTJmttaJOTCR OT 

HSnH'fHH Manoro napaMeTpa r
0 

) , To: 

( Kyn. ) = lim 

r -><l 
0 

k 2 
r f f __ 1_ f f dr = lim 

(r+ro)3 ' o-+o 

¢ H a ua-aa 

~ 
Jr 

(24) 

0 

Jlnu Bbl'fHcneaHll lim (J of I a r 0) HCUOnhayeM KB33HKnaCCH'f9CKoe np9llCTSBn9HHe $83: 
• .. 0 

0 

10 

of I [ k 
2 

f ( f+ 1) 2] - k ! dr + !:._( f + IS ) - k ,min • 

r min ( r + r ) 2 
0 OTKYllS 

2kr, P(E+ I) 
_,, 

d r 
li m (~ )=f(f+1) r [ k --,-3 r) r r 2 r -+ 0 min 0 0 r 

2k 1) ~)] 
· I> 

dr =k -k7) [ k 2 

,min 
r 2 r 2 

Onna Ko 
H+1 2k '7 f(f +I) • .., dof 1T • .l..L~ r [ k l dT 2 r 2 r 

r min 

U03TOMY 

(~ = k - 2k 1) (~- ~ ) . 
a r r -+0 ~ + 1 2 d f 

0 0 

· 3 C UOMOtilblO COOTHOWe HHl! (24) B (27) nnB MaTpH'fHoro aneMeuTa 
M f,f 

• 3 

( Kyll,) = 1 

~ ( f + l)(Zi+ll 

M 
f,f 

(25) 

(26) 

(27) 

(Kyn) nony'fae M: 

(28) 

TaK I:,IIK dar/ d f = lm ----~----= lm .P ( f + 1 + i 17) - MHHMB51 'fSCTb norapR<jJMH'fe
r(~+1+i,, ) 

CXOJ! npOH3BOllHOl! OT r - <jlyHXUHR, TO 

(29) 

3To BblpalKeuue nonHOCTblO coananaeT c <jlopuynoA nn" M r'l ( xyn), nony'feHHoll c Hc-

nonbaoaauueM RBHoro suns KynoH oBCKHX aonuos~x <jlyuxuua1 1 

9 



r) Y'ieT RAepHhlx can. E2-nepexon • 

J13 upenblllYUIOrO paCCMOTpeBB!I cnenyeT, 'ITO .(lJl!l yqeTa BCJ<a>l<eBBA1 BBOCBMbiX 

SIAOpHb!MB CHJI8MB, Be06XO.[lBMO Bbi 'IBCJIIITb npOB3BOJl!IYlO! 

(~) f( f +1) r r k • _ 2k'7 fiL±..D 
r 2 

-10 

+~U(r)] 
h 2 

dr 
-~ 

r (SO ) 
a r 0 ' ~o 

0 

rne U ( r) - RAepHbiJ! llOTeHilBBJI. 

,m i n 

LVI B npocTOTbl c naq:ana 6yneM C"t:BTaTb nOTeuuuan U(r) neliCTBIITeiibBhiM. Bocnom.-

ayeMCB npencTaBJieHBew nOTeaunana U(r) , npennoll<eHBbiM B pa60Te/S/. 3To npencTas-

neaue noaaonReT npouecTH ueo6xonBMbie pac"t:eThl B aaaoTB'iecJ<oM BRne. Torna B.llepuhlll 

nOTeuuuan nonuocTbJO BbiKJIJO"t:aeTC 9 sa paccTomDIHX r ::: R 0 + /';. , rne R 0 cpenBBII 

panuyc SLUepuoro naauMoneilcTnBR, a 

HOCTB. Knaccu'ieCKaH TO'iKa nonopOTa 

f:.. - napaMeTp, cnB3aBHbll! c MRPBHOII aoHbl llBc!><I>Y3-
mi n 

r , COOTneTCTBYJOUlllB llBBlKOBBIO C MOMOHTOM f 11 

T.e. op6HTe
1
,llBH>KeHBe, no KOTOpoll npRBOllBT It npaKTB'IOCJ<H DOIIHOMY nornomemno, pacno-

naraeTCR n HHTepnane R 0 < r mtn < R o + /';. -

B ocnOilbayeMCR sTHMH o6cToBTellhCTBaMB H npencTaBBM uxonumull B tjJopMyny (30 ) 

RRTerpan cnenyJOmBM o6paaoM: 

2k '7 f (f + 1) +~U( r) ] 
-10 d r r r k "- __ -

mi n r r 2 h 2 ---;-s 
' 

b+6 10 - 10 (3i) 
~f[k 2 -~-~)+~U(r) ] - ~ +f[ k 2- 2 k'7_f(f+l)J- ~ 
,m 

10 
r r 2 h 2 r 3 R d-1 r r 2 r 3 

nocKOJlhKY R 0 < 'm i n < R o+ .~H KpOMe Toro .'\ I R 0 <<1, cnenae .. npH6JIHJKeHBe 

1/ r 3 ~(1!R) (11r') ~ rne -R = R 0 + .'l • Bun HHTerpa11hHOrO Bhlp8lKeHBB B (31) yK83b!BaeT 

Hll TO, 'ITO T8KOO npH6JIH >K OHHe npBBOJlOT I< O'IOHh Be60JihWOii norpeWHOCTRo 

r mln 

11cnOJih3YH,KpoMe Toro,To~ecTaeauoe npeo6paaoaaHBe, nonyqaeM: 

• k ~ ~+ 
r • 

-14 
2m U(r) J 
h2 

dr 
r s R-

Ro+.'l 
( [k2-~ f(f+ 1) 2m 

---+--
' 2 h 2 

rmln 

2k, f(f+ 1) -" d r 1 2 ?k '1 f(f + 1) 
1 

-!> dr 
+ - flk'- ----1 --~f[k- ---- --~ 
-- - -- 2 R r r2 r2 R \ r r • r RJ-6 Rt · 

U(r)f 10-G.t. .,. 
r 2 

0 2kn f(f+l) 
1

-IO dr _ (32) 
+(!k ------- ---

R o+ \ 
r r 2 r 3 

10 

,-

... 

T r r k •_ 
,min 

2 

+ r t k 

R o+.'\ 

2k '7 f(f+: 

nepnbl l! BHTerpan n npanoll -q, 

HOHHR, Y'IBTb!BllJOUIOil Bllepuoe 

O(f) ~ 2 ~"' n 
d f 

3Ta ~YHKUBB B HHTepnane f
1 

MYJIO (20). 11TaK: 

If k -
2k 'I P(f+l) 

m in r 2 

9Topoil u Tpenll HHTerpanbl I 

Ro+J\. 

2 
k 

( [k 2 _2k'7 

Rt t'\ 

2k" f<£+1) 

r 2 

f(f+1) -Y. dr 
-1 - = 

r 2 r 2 

11cnoJih3YH ~opMyJihl ( 34), (3c 

(( k 2 _ 2k n f( f+ 1) 
---+ 

r 2 :'"l in 

-~ 
r 

2 

arctgl~' 
ru:-r•liO 

2m 
h2 

) -

lrr-O(f) -2 
2P(R o+L\l 



BCK8>KeB11ll 1 BBOCHMbiX 

-+~U(r)] 
-~ 

h 2 

dr 
-~ 

r (SO) 

nellcTBIITe1IbBbiM. Bocnom.

/3/ 
a pa60Te • 3To npencTaB-

~cx:ow Bll.tle. Torna ltllepsb!A 

, rae R 0 cpenB11A 

l b! ll C WllpHHOll: 30Bbl .t1B<I>¢ya-

8SI .t1BHJK9HHIO C MOM9HTOM f 
11 

>DHOMY nornomeuJO, pacno-

BXO.tiHmllll B <jlopMyny (30) 

(3i) 

c n enaeM npH6nHlKeHxe 

'b1P8JKOBIISI B ( 31) YK83b1BBOT 

norpeWHOCTKo 

nony~aeM: 

2k'7 f<f+1) 2m ·-- ---+--
' 2 h 2 

f(f + 1) l · !> ~ ; 
r 2 r 2 

(32) 

-~ 

r [ k 2- § - f(P +1) + ~ u ( r ) ]-~ 
~R r 2 h 2 ,min 

2 

+ r t k 

R
0

+L\ 

2k '1 

r 2 

-K 
l dr 

r a 
li [ k -

d r 
~+ 

r 2 

dr 

r 2 

nepBblll BHTerpan B npaBOll ~I!ICTH p8BOHCTB8 (32) CBH38H C KD8CCH~OCKOll ¢yHKnBell OTKDo-

aeaHB, y~HTbiBaiOmeil ltllepHoe saa&MonellcTaHe: 

ou l = 2 ~~ "-<2 r +l> r r k 2
-

2k'7 
d f m in 

-~+~ U(r)].u. ~- -( 3S) 
, 2 h 2 r2 

3Ta <jlyHKl\HSI B HHTepaane f I <_P. <_f k Bb!p8lK89TC!I ~epoa napaMeTpbl 38.ti8~H DO <jlop-

M)'De (20). !'!Tax: 

f [ k -
2k '1 f(f+l) 

--,-2-
2m ·I< dr 

+ U(r)] h2 -;o-
~ 

" - 2 df 
2f + 1 min 

:3Topoll H Tp9TIIll IIHTerpanbl B <jlopM)'ne (35) p8BHbi COOTB9TCT80HHO; 

2 r [ k 

2 
k 

2k n 

r 2 

f(f+1) - ~ dr I 
--l -=-

' 2 r 2 f 

2 

e + '1 P 
! arctg [ - --::c----1 - arctg < r,! r l I . 

f(f: _p 2 )~ 

11cnonb3Y!l <jlopMyDbi (34), (35), (36) H (20), nony•taeM 

([ k2- 2kn 2m . ]-~ dr 1 rr-0( e ) 1 __ U (r) __ = __ _ __ + __ I k -
h 2 ra R

0
+.\ 2f;J f(f+l) 

2 
f + • 

2 

(34) 

(35) 

(36 ) 

[ arct g f 1/P 

PU 2 -f 2 >~ 
k 

r + '1 P • 
) - arctg ( r1/f) ll- I a rctg ( ------) - arctg(l)/ f ) I = 

f ( R 
0
+.\ ) P ( f : - f 2 

) ~ 

2f(R+L\) 
0 

- 2 arctg ( 
f 2 + l)p' 

) + 2 arc tg ( Tj/ r ) l + 
1 e" _ e 2 > ~; 

k 

11 



+ __ I_! k -[_"~ 
f(f+ l ) 2f+l 

(f : _f 2) ~ 

R o + t\ 

2kT/ 

2f +1 

~ a rctg(T//f )]+ ~ 
2f+l 2f+l 

arctg 

2 

(-~TIP' ---
f(f2_f2) ~ 

k 

2 

l k-~(rr-2~\ + ~ [ .::_ - a ret g ( 
f +TIP 

, 

f(f + 1) 2r+l de e 2 f(f 2 -f 2 ) ~ 
k 

2 
- f 2) ~ p'(TI-D~)+f2 (f 2 ~ 

k 
I+ arctg [ _] 

R o + t;, ( R 
0
+M( t 

~ - f ~) ~ p' < Tl + o·~l + f 2 

(37) 

) l 

Torna, yqHThiBaH orrpeAelleHBe M. • 
e.e (~tyll) (eM. (28) ) Allst M ·3 

f,f 
(Hex), HMeeM 

2 

• 3 

"'e.e 
·8 

( HCK.) = M f,f t xyll. ) + 1 ---- 1 .!!_ [ ~ - arctg ( 
f 2 

f +TIP' ) ] + 

+ u ( f+l) 

p '(t'L e•1~' 

2f u + 1) 

p' ( T/- D ~ ) + f 2 ~ 
arcth [ --} 

p'(TI+D~+f 2 

f ( f: - f 2) ~ 

(f
2 -f 2 )~ 
-·--- I. 
p ' 

(38) 

<l>opMYila ( 38) BbiBeAeHa B rrpeAITOilOlKeHHH, qTo rroTeHUHilll U(r' AellcTBHT&IleH, 

· 3 
HeTpyAHO rronyqHTb MHHMYIO A06aBxy x M8TpHqaoMy aneMeHTy M f.,f 

B (jlopMylle (34) BMecTo dll f I d f cllenyeT rroncTaBHTb BblpaJKeHne 

(xcx). JlllH aToro 

~+i dlmi>L. 
df df 

nepBblll 'lll9H llpHB91l9T X llp9lKHHM pe3yllbTaTaM, a BTOpOll naCT HCKOMYIO A06aBKy: 

2 p' f 
~ 

df 

y (39) ·• lm M ( acx) 
f,f 4 p' f 

3Ta A06aBxa Ha llOpMOI M9Hhllle rllaBliOrO 'llleHa B (j}OpMYil9 (38), ll03TOMY K8K H B CllY

qae E l-rrepexonoB e10 MO}I(HO TaK"'e upeae6pe'lb, 

llpHHHM8SI BO BHHM8.HR9 c.nenaHHble 38M9'18HH.B1 HM99M OltOH't8T9llbBO: 

12 

•3 
M 

f.f 
(U:I.) = 

~ ~ ~ 
( f .-t ) _ + 

p' 

T/ 

l 

06cy~esxe B&nBqua~ 

§ 2. &!epahlll Mexaa 

B xonneltTHBHoll u onenH 

3ll9M9 HT8 OUpen emleTCSI COOTJ 

M f,f ("n·) 

3necb M~ orpaHHqaMCB p ace• 

h=2 • dU/dR 
0 - llpOH3BOnJ 

saaln,.one llcTBHB, Bblq&CrrHM s 

Jlacjl<j>epeuuapysr ypaBHeaJ 
~ 

[_d_ • 2k l) 
+k 

d r 2 

V ( r, 

n o R"' yMHOlKS SI ero aa 

d ' dfe d r l re - -- - -
d r • dR 0 d 

YqsT~Basr acBMUTOT•qecioe n 

3aBBCSIT OT R H Be 38BKC ~ 
0 

d rt d r 1 
lre--- --

dr dR 0 dR 0 

+ ~~f Cos
0

¢ l 
d r dR 

0 
p 



f-~ 
2£ + 1 

-o 10 >+ e• ___ ) 

+ o · ~>l + e • 

( 37 ) 

nna M -a 
f,f 

(sex), HM&&M 

. - arctg ( 

( f 2 - f 2) ~ 
k I . 
p' 

IIURan U(r' .aeACTBRTeneH. 

-· ) HTY M P.,f (KCK • llnR 3Toro 

'blpa>KeHIIe ~+ i d lm 8 .f.._. 
df df 

naeT BCKOMYJO ao6aexy: 

£.. - __ Y __ 

4 p' f 
(39) 

ne (38), noaTOMY xax II e eny-

A: OX:0R"q8Ten&HO: 

-3 
M 

f,f 

- a 
II f,f ( xyn,) + __ 1_ I 

2f'(f + 1) 
2f(f+ l) arcth[ll~~~ 

p'(t•-e•> p'('I+D~>)+f• 
2 • I> 

_ ( _£ =-k -_t -'-)- + 
p' 

[~ 
2 

f ~ 'IP ' arctg ( __ _.:..,:~---> ) I 
f(f:_£ 2 )1> 

06ey>t<Aesse B&nH'IUBh' Kexa>Ke .. l e aTOM enyqae 6yne-r naso ssJKe, 

§ 2, 5!.o,&p11b1A M&XAH113M B036YlKlJ&BH!!, fiep&X08bl Hll pOTBUHOHBbl& 

s es6pausosHble ypoeus 

(40) 

B xonnexTueuoA uonen11 npssaTo e'IHTBTb/l/, 'ITO panBanbuaa 'laeTb uaTpB'Isoro 

aneM&HT8 OnpenenB&TeB eOOTBOW&HII&M 

f f d U ( r, R 0 ) 

d R 
0 

f f dr • (41) 

3neeb Mbl orp8HH'IBMell paeeMOTp&HB&M .tlBBrOHilnbHbiX M8TpB'IHbiX an&M&HTOB H cnyqll&M 

.\=2 • dU/dR 
0 - nposaeonuaa OT onTH'Ieexoro noTesusana no cpenaeuy pansyey 

B3811MO.tl&AeTBRB, 8bi'IBenRM STOT M8TPH'IHb1Ji: g neMeHT. 

ns¢¢epeunspya ypaeuesue lllpensurepa: 

• 
[_d_ 2 2k'l f (f +1) 

+k - V ( r, R 
0
)) f e= 0 d r 2 r 2 

2m 
V ( r, R 0 ) U ( r, R 

0
) 

h 2 

no R"' YMBOJKaB ero sa f t • KBTerpspyB, nonyqaeM 

[ 
d. dte dff n1 ff~ff f ff_ dr = f dr = 

d r 2 dR
0 

d R
0 d r • !' d R 0 

(42) 

= [ft_._ ~-~~) 
dr d R 

0 
d R o d r r~~ 

Y'IBTb1B8B AeHMRTOTH'I&exoe ROB&.tl&Bie <jlyHXUBA f f (eM, (7)) H TOT <jlaxT, 'ITO <jla3bl {)f 

38BBeHT OT R H Be 
0 

38BHeHT OT r 
1 

HMeew: 

d ft d f f d f f 
=-[..§~_ Sin 

2 
¢ + [ ff 

dr dR 0 dR 0 dr dr dR o f 
(43) 

+ .ti:~f Cos • ¢ ) =-[ d¢£ ~f =-k d{) f-
d r dR 

0 
f ...- dr dR 

0 dR 
0 

13 



noaTOMY 
d U ( r, R o) 

[ 

r d R o 
[ r dr ~ ~ = - _:_~r.. 

2m dR 0 k dR
0 

(44) 

Bhi'II<CnHM d/5 r/ dR 0 • HcxoaR H3 onpeaeneHHR ltB83HJtnaccuqecJtoA $9aw "'r , nonyqaeM: 

d ;; f = y, 

d R o min 

' 

0 
k 

2k7) 

r 2 

- ~ dV 
+ V(r,R)] __ dr. 

o d R o 

P(f+ll 

Haw6onee '18CTO HCnonbayeTCSI Sl.llepHbtA noT&HilH8n THna CaltCOHa-Byna. nnR aero 

dV / dR
0
= - dV / dr. 

noaTOMY 

~~ = - y, r t k · - ~ f(f+ll 1 
-•; 
~dr --- + V ( r, R 0 ) 

dR 
0 mi n r r 2 dr 

' 

r t k 2 - ~ - f<f+ n + v 
-~-> 

[ ~ + 2k7) + 2(f+l)f] dr + = - 1-\ l 
mi n r r 2 dr r 2 r 3 

' 
~ 

+II r [ k 2-
2k '1 P(f+l) ] -~ !_!<~ + 2(P+ll e 1 dr -- ---+ V 

min r r 2 r 2 r a 

' 
~ 

f ( f+l) 
[k · -~-

~; dr 
= -k+k7) r + v l + 

mi n 
r r 2 r 2 

2 2k, f (f+ l) 
_.., 

d r 
+f(P + l) r [ k - - - - ---- + V l -

m i n 
r r 2 r 3 

(45) 

nepBbtli HHTerpan B llp8BOH '18CTH ( 45) onpene nReTCH COOTBOW&HH&M {34), BTOpO!l HHTe

rpan TaKlt<e Bht'IHCn eH (eM. (37)). 

npowasonH npeo6paaosaHJur, cosepweaHo aHanorH'IHhte nposeneHHhtM a npeahtaymeM 

paa nene, nony><HM anH M8TpH 'IBoro aneMeHTa <jlopMyny: 

M r.r < Hn. ) r r 
d U (r,R o ) 

d R 0 

[ r dr ~ ( d Re fi P + i J1lm__QJ ) 

E 
- 1 

k 2 

k 2 k 2 dR 
0 

dR o 

~ , HI 2 
2 (f ) th[ p (,) -0 )+f ] ____ -+ TJ arc 

2 2 
(P • _f ) ~ I + 

(t 2- n'·S r> ' p ' ( 7)+ 0 I>)+ f 
2 o' 

+ _!__!_r_ < _r_+ ~> ; 
2k2 p' r 

14 

< f < r. • 
1- - k 

(46) 

0cTaROBHMCSI Tenepb ltp. 

· ~ 
MATpB'IKoro sneMeBTa M f,f 

(eM, (48)) M f.f (SI.Il.). 0£ 

"' 
'1 

T 
TT 

2 -

+ 2t(f+l) 
arcth 

p' < t ~-n~> 

a aTopaSI 

2 

.;, ~ 
~ 

( ~~- f2)1> 

( _f_ 
o' 

Ha pac. I npe.QCTaBli&Rbl <jly1 

( Ec.n.M. • 200 Msn ) 

Kalt W , TU B if, 
I 2 

BIUUO'I&IIJIIO Sl.ll&pRbiX CKil. 3a, 

M8llbBOI'O 3B8"19BHSI B61DI3B 

0apllK4llbllble Borurbl C 

n ceqeoe aa--aa JUlml'llllil n • 

qTo HAIIH'lii&N BCit8l!UlJOII!&A lji 

M -3 
upeae6pe~ a nonOJJ(](Tb f.f 

llp&Bb!CBT - JO%. 

TaJtHM o6paaow, sbfq&cl 

6yli(.QeHHll, upa saeprHliiX nop' 

B J<aq&CTse M&TpH'IHbiX sneM< 

B Hallli'IKII $&JtTOp4 (-1m c5 f) 

BOnK B o6nacTK 3JUlqeBIIA f 

B cny"'ae li.Qepaoro wex 

MllllyYil, T81< H neACTBHT&1Ibl 



__::_ ~.J. 
k dR 

:aqecxoA ljlaa b1 » r 

11 dV _ _ dr. 

d R 
0 

eoaa-Byna. lln11 aero 

~dr ~ 
dr 

~(f+ l)f ] dr + 
r 3 

1 dr 

+ 

(44) 

(45) 

IOWOHHOM ( 34) 0 BTOpOll HHTe-

npoaeneaHbiM s npenhtllyllleM 

2 
~·-; 1 + (46) 

< f < p • .. . 

0cTaHOBHMCSI Tenepb JtpaTJtO Ra ojlyHJtllHSIX 0 lUlp81tTepR3YII>lUKX RCJ<aJKeHKe (eM. (38)) 

M-· M8TpH~110r0 9ll9M9BT8 f,f (Belt) R B9liii'IRHY pe.en..&oA 'l&CTII M8Tpll'lHOrO aneMeHTa 

(eM. (41)) M f,f (sm.). On cxonaw no esoe..y BRIQ'. nepsaa aa HHX pasaa: 

+ 

a aTopaR 

f 2 + .., p' 
..:!... - arctg ( -----

2 

arcth r 

2 

o'<,.,-o ~;l + r• 

p'( T/ + D 1\ ) + f 2 

---:-...:2:._ __ ( _!_ + T/ ) arcth [ 

( t
2

- f 2 )" o' 

l + 

Ha pae. I npeneTaBJteaw ojlynnaa <b 

( Ee.n.M. • 200 Mas). 

R </J 
2 

Jl.ll!l eTOJUtHOBOHKSI smep 
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Ka" w , TJU a 
I 

1/J 
2 

paBilhl &yllJO B TO'llt9 , ltOTOpaR COOTBeTCTByeT 

BJtnJO~eaatO smepBhlX CRil. 3aTeM STR cjlyRitllRR M9Jlll9JlBO paeTyT, JlOCTRraR CBoero MaltCR-

MHnLHOro 3H8'l9BRR &6nR3H f = f . 
I 

napnHHnLBhle BOllHhl e s6nB3R npakTR'lOCitR R8 R410T RRitJUOrO Bltn&llH 

B ee'leHRe R3-34 HHnR'lHR 8 aMn.IIHTyJle racRIIlero .. HOli<HTellR e:o:p ( -Jrao t ] . nosTO..y RCHO, 

'lTO H8nR'IR9 .. HCitAJK8JODI911 ojlyJUDRR 

"' ~o~·• (ae-npeaevpe'lb a nonoJKRTb f,f -

npe&LICIIT - 10%. 

·I 
Y, 

1 
s .. aTpH'IBO .. sne .. a.-r. M U 

\_ -· ,.M f f(JtYn). CBR3aHBaR e Taltal 3aNeaoll owa6Jta ae 

TaJUtM o6paao .. , BLl'lHcnSIR scjlcjleJtTLl, o6ycnosneaawe JtynoaoBCJt.,. ... exaRlla .. OM soa-

-1 ·(Mil 
6ylKll.oHHR, npa saeprasct nopsmJta 10 M9s•ay~tnoa , MOli<HO acnOllhaosaTb M { Jtyn) u 
8 K8'lOCTBe M8TpR'lHhlX 9ll8M9HT0Bo J1e1[8lK9HRR B 9TOM CJly'l89 npOSIBJl!llOTCII B OCHOBHOM 

8 HanR'IRR cjlaKTopa [- Im 0 rl eOOTseTCTBYJOD!ero nnaBROMY Bblltn!O'leHIIlO napnH8nLHbiX 

BonK II o6naeTII 3Ha'leHKA f < f < f • 
1- - k 

B cny'lae smepaoro .. exaHH3Ma soa6ylKll.eBRR s npaanane aeo6xooMo y'lHTbiBSTb Jtax 

MHRMY!O 0 T81[ R uelleTBHT911biiYIO '18CTR MATpH'lBOrO 9ll9M8HT8 ( 46) • 
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