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1. MeTQA nOlKHhiX BCTO'UDIKOB 

PacqeT reTeporeaaoro QApa .nna BBTesa.nuoro BCTO'liDlxa a nanuUApe c aaMe.nnuTeneM 

BCTpeqaeTCSI C TpyAHOCTSIMH0 B03BBII:&l01l{HMH H3-3a Toro, qTO B ltOHeqaoi! cpe,ne H9B03MOJK

/l/ HO BOJIL30B&ThCSI cl>ypb&-npeoopa30BaHH9M ypaBH9Bll!l 
1 

II:OTOpoe OBHCbiB&eT reTeporea-

Hbli! pea~~:Top: 

DA N(r,</>)- ~N(r, </> l + 'IY t W(r, </!I r" .</>" JN(r" ,<f>" l-yf }8Cr-r" ),x 
L 

r.ne N - nnoTHOCTb aeliTpoaos, 

D - 11:09~BilB9BT AH~3HB, 

8!<,6-<P" }N(r" , </>") • 0, 
( 1.1) 

W(r,<Mrk.<f\J- BepOliTHOC'rb TOro, qTO BeATpOH, pOAHBWHAcg B T. (rlt ,<f>t), CTBHeT TennoBhiM 

BT.(r,<,6), 

)I TennoBag BOCTOliHH&SI, 

(rk ,<f>tJ- ltOOPilHJiaThl CTeplKHeA, 

N(rlt ,<f>I<J - nnOTHOCTh Jlei!TpOBOB B CT9plKHe. 

TpyllBOCTJI HMeiOTCll H nOToMY, qTO BhlpaJKeuae nnB BepoSITBOCTB 3aMenneBHB W(r,<f>lr" .</>") 
nosom.uo cnoJKBoe. Pemeuae paanenaM ua · llBe q&CTa. B nepsoi! paccqaTaeM BepOSITBOCTb 

3aMe.nneJIHSI w , BO BTOpoA - reTeporeaaoe Bllpo. 

A. PacqeT .BepoBTHOCTB aaMenneug 

~nB HHTeBBilBoro HCToqaaxa B 6ec~~:oaeqaoA cpene c soapaCToM r sepoSITBOCTb 

38Me,nneHBSI ll89TCSI COOTHOWeBBeM 

W(r, </>I~ It ,<f> k) • _
1

_exp 1[-r 
2

- r~ + 2rr k coa(<,6 -<,6 k l]/vl ... , 
~tall: pemeue ypasaeBBg <l>epMe: 

AW(r,<,6lr k ,<f>k) • !r ~(r,<f> lr k ,<f> k), 

3 

(1.2) 

( 1.2a) 



BJ18 Bb!p8)1{98H9M 

W(r,cf>Jr k ,cf> k). __!_ Ko[jr"+ •!- 2rrkcoa!cf>-cf>tl], 
2r r 

ecna AJIH on8C8B8H 38M&AJIBB8H 6yABM noJ1b30BaTbCH ynpomeHBhlM ypaeseBBeM 

-rAW(r,cf>Jr k ,cf> k ) + W(r,rf>Jr k ,cf> k) • .!..ll!r-r k )ll(cf> -cf> k). 
r 

(1,3) 

(1,3a) 

.LlnH KOHB'iBOil CpeAhl ( llBJIBBAP8 C p8A8YCOM R .) 1 Y KOTOpOil B8'18JIO K00pABB8T 11<>

MBWBBO B llBBTpe, AOJI)I{HO fihlTb BhiUOJIBBHO YCJI08Be 

Wk (R,cf>Jrk ,cf>k )•0. 
(1,4) 

Ycnoe8e ( 1.4) AOJI)I{HO 6&ITb ehlnonaeso AJIH ecex cf> , W k - BBJIHBTCH eepOHTHOCTb!O 

38M9AJI9B8H B KOBB'iBOil Cp9A91 8 (rk , cf>k) - KOOpAHBS.Thl 8CTO'IB8K8, 

.LlJIH 8biUOJIB9BHH yCJIOB8H (1,4) peW8M yp8BHBH8H(1.2a) 8JIH (1,3a) B fieCKOHe'IHOil cpe-

Ae, noMeCTBB aa pacCTOHB8B •t > R JIO)KBhlB HCTO'IH8K8 C llJIOTHOCTb!O 8 (cp: ) , nno-r-

HOCTb JIO)I{HhlX 8CTO'IH8K06 onpeABJlHM 83 yCJIOBR!I (1,4), KOTOpOe 6yAeT RHT9I'p8JibHhlM ypae

HBH89M <l>penroJibMa nepeoro pona AJIH lj>yHKABI 8(cf>:) 

~" 
W(R, cf>h ,cf>k) + fW(R, cf>lr:,cf>t )8(cf>:)dcf>: • 0 • 

0 

(1.5) 

Ecn8 pe'ib 81leT o rpaH81le c npyroll cpenoll, AOJI)I{Hbi 6hlTb e&monsea&I cneny10m8e 

yCJIOB8H (eeJI8'1RBhl 1 OTHOCBW89CH K CpeAe BHyTpB ll8Jl8BAp81 03H8'189M 8HAeKCOM 1 8 CH8-

py)l{8 -2): 

8 12 Wlk(R,cf>Jrk ,cpk) • Wn(r,cf>Jrkcf>kl (1,6a) 

bla :. wlk (r,cf>Jrk ,cf>k >Ia• :. Wn(r,cf>Jr k ,cf>k>l. ( 1.6e) 

.Llna YAOBJieTBOpeH8H ycJIOB8il (1,6) 6yAeM llOCTyn&Tb 8H8JIOI'8'1BO npeAbiAymeMY CJIY'I810, 

npeACT8B8M cefie ABB 6eCKOH9'1Hbl9 Cp9Ahl 83 8BW9CTB8 1 H 2, AJIH eepOHTHOCTeil 

MBAJieHHH KOTOpblX BbinOJIBHIOTCH COOTHOW9H8H ( 1,6), .Llna 9TOI'O llOM9CT8M B Cpeny 

38-

sa pee-

CTOHB89 r* >R lk 
JIO)KHblB 8CTO'IB8K8 C llJIOTHOCTb!O 81 (cp) 8 B CpeAy 2 H8 paCCTOHHBe 

r*n < R C llJIOTHOCTb!O 8~ (cp) , nnOTBOCTH JIO)I{BhlX BCTO'IH8K08 Onp9A9JI8M 83 yCJI088il 

( 1,6) 
1 
KOTOpblB fiYAYT HMBTb lj>OpMY C8CT8Mbl ABYX 8HTerpaJibBhlX ypaeHeHBil <l>peAI'OJibM8 1-ro 

POA8 AJIH lj>yHKilRil 81 8 8~ 

ur 
8 1~WI(R,rf>Jrk,r,f>k) + •1~fWI (R,rf>Jr~k,cf>~kl 8 1 !cf>ikldcf>ik • 

0 

~" 
• fWa (R,rf>Jr~krf>;kl 8~!cf>~k)dr,6~k 

0 

4 

(1.7a) 

' f • 
I t 

I 

I 

~"a 
b 12 _a_ w 1 !r • <1>4• k ,rf> k >I a + b u fa; W 1 (r, rf>l •tt • rf>tt>l,. 81 !cf>ft> a. 0 n 

itT iJ 
•f di" "a (r, cf>Jr~k'rf>;k >8a !cf>~k )dr/>;k 

0 

AB8JIBT8'19CK09 peweB8e yp8BHeB8il (1,5) 8 ( 1. 7) B CJiy'iae eepO!ITHOCTB 38: 

Me (1,2) llOJIY'i8Tb He YA8JIOCb1 orpaB8'18MCH ynpomeHHhlM peWBH8eM AJIH Cl 

/2/ 
HcnoJib3YH lj>opMYJihl pa3J10)KeBBH llJIH lj>yamall Eeccena· 

{ 

r r 00 r •k 
Jo! 1: )K 0(~)+2 I 1,. !_,_...) K,. <.~vJcoa(cf>-cf>.) 

2 V' v' n•l v r v' .. 
Ko [y' r +rk"-2rfJ.coa!ffl_ 

r 
1 t r 

00 
r r 

I 0 (-;=) K 0 ( r:- ) + 2 I I D <-:-r.) K D (_ '- ) COB ( cf>-~ 
yr vr n•l vr vr 

B ypaBHeH8H (1,5) t cpa3y llOJIY'i89M K094>1j>8ABeHTbl <l>ypbe-<J>yHKili!Iil 8 (cp) 

TO 

EcJIH o6oaaa'i8M 

lilT itT 

C,. • f 8(cp) coeD cpdrf> 
0 

S;, = [8!<,6) alnnr,f>dcp 

c,.} 
s. 

R l K•(yr 
--R-l 

Ia (y'r 

rk ) 1,.(-q: 
rk ) 

(K,. (y'r 
{ 

coancf>k 

alnnr/>k 

XOTSI OKOH'i8TBJlbHOB peweH8e He 38BHCBT OT Bbi60pa ( r k , cf> k) , OK83b!B8el 
ft2 

<l>ypbe-lj>yBKilHil 8(<,6) CXOABTCH TOJibKO AJI!I •: (; (R .-.-) • 
k 

HcnOJib3YH Te )l{e lj>opMYJibi AJIH lj>yHKil8il EeccenH, HCKJIIO'IaeM 83 ypa1 

K091j>lj>Hil89HTbl <!>ypbe..q,yHKllHil 81 (cp) 

HH II AJIH 6j.r,6) 

a 8
11

!<,6) • B Ka'lecTee np8Mepa np1 

Can} 

sa. 

R , R R , R 
r K,.(~ll,.(y':_l -1,.\fii lK,.(-,:::) 1,.1 

,. a b a Vr1 r, r V'1 ·~ 
, nta"T1§ 8 b 

fj" _!!I (1L)K'(.JL)_..!!..K,(1L)I'(.lL) 1,.(· vr; D yr; D ..;;; yr; yr; D y,1 • 

B. ~e.!. !:.e:r~poreHH~.£2....!!.Al!!. 

feTeporeHHOe HApO fiyllBM Oll!ITb paCC'I8Tbl88Tb BBellBH8eM HOBbiX JIOl 

(e ASHHOM CJIY'I89 TeDJIOBblX HeiiTpOHOB) C llJIOTHOCTb!O 8(<,6) 1 KOTOpy!O 0 

BRA AJIH llJIOTHOCT8 HeiiTpOHOB H8 rpaHRJle, 3aMe'i89M1 'ITO 83 onpeA9JIBH8~ 

HAPS H(r,cf> Jr k ,rf> k) 
N(r,rf>l -~H(r,rf>Jrk ,r,f>k)N(rk ,rf>k) 
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r. ~ g 
W(r,<f>lr k ,if> k) • ...!._ Ko[v_' + •.- 2rrkeoa(<f>-<f>tl]' 

2r r 

3SMSAIT9HHSI 6yASM flOllb30BSTbCSI ynpOWSHHbiM ypSBHSllBSM 

-rAW(r,<f>lr k ,if> k ) + W(r,<f>lr k ,¢ k) • .!..B(r-r k )8(¢> -¢> k). 
r 

(1.3) 

(1.3a) 

cpeAbl (n:snHHApS C pSAHYCOM R ) , Y KOTOpoll BS'ISITO KOOpABBST no-

OITlKHO 6brT& Bbrnonaeso ycnoase 

"k (R,¢1rk ,.pk >-o. (1.4) 

AOnlKHo 6biTb Bhrnonaeao AnSI acex ¢ , W k - SIBITSIQTCSI BepOSITHOCTbJO 

BOll Cp9119, S (rk , <f>k) - KOOPIIHHS.Tbl HCTO'IHHKS, 

S1 ycnOBHSI (1,4) peWHM ypSBH9HHSI(l,2a) HnH (1,3a) B 6eCKOH9'1HOII Cpe-

CTOSIHHH r~ > R ITOlKHble HCTO'IHHKH C fliTOTHOCTb!O 6 (if>: ) , nnOT-

HHKOO onpe11eiTBM H3 yCITOBHSI (1,4), KOTOpoe 6y11eT HHTSI'pSn&HbiM ypaB

nepBOI'O pOliS AnSI <jlyHKIUIJI: 8( <~>:) 

~IT 

W(R,<f>lrk ,<f>t) +fW(R,<f>lr:,<f>tl6(<f>:)d<f>: • 0. 
0 

(1.5) 

T o rpassn:e c 11pyroll cpe11o11, AOITlKH&r obiT& Bbrnonaes&r cne11yromse 

OTHOCRmHeCSI K cpe11e BHYTpR llHITHHIIpS0 03HS'IS9M HH119KCOM 1 H CHS-

8 12 Wlk(R,<f>lrk ,<f>k) • lfn(r,<f>l•t<Pt> (1.6a) 

a a 
b 12 a; W lk (r,<f> Irk ,if> k ) I R • "1;- W 2k (r ,<f>lr k ,if> k) I R ( l.Ba) 

IPSHHSI ycnoasll ( 1,6) OYII9M flOCTyflSTb SHSITOI'H'IHO npe/lbliiYWSMY cny'IS!O, 

e 6ecKoHe'!Hble cpe/lbl sa aewecTaa I s 2, AnSI aepOSITHOCTell 

biiTOnHSIIOTCSI COOTHOW9HHSI ( 1,6), Jlnst 9TOI'O flOMQCTHM B Cpelly 

38-

sa pac-

·lKHbl9 HCTO'IIIHKH C fliTOTHOCTbJO 6 I (if>) H B CpeAy 2 HS paCCTO!IHH9 

b!O 6~ (if>) • nnOTHOCTR ITOlKHbiX BCTO'IHHKOB Onp9A9ITHM H3 yCITOBHII 

.HMeT& <jJOpMy CHCTeMbl IIBYX HHTei'pSn&HbiX ypSBH9HHII 4>peAI'On&MS 1-ro 

e, s 6
2 

2rr 

l•k .¢> k > + "12 f wl (R,<f> lr~k .¢>~.>61 <.Pi. ld<f>r. • 
0 

211 

• f W~ (R ,<f>lr~k<f>;k>62 (<f>~kld<f>~k 
0 

4 

• 

(1.7a) 

I 

I 

l fi/ I 

l' 

j -· 

~"a 
b 12 L W 1 (r • t/>lr k ,if> k) I R + b 12 f 7' W 1 (r, ¢>I •Tt • <f>Tt >I,. 61 <<f>Tkl d¢>Tt a. 0'" n 

211 a 
• f df W 2 ( r, ¢>I r~k, <t>;k ) 6 2 (<f>~k ) d<f>;k 

0 

(1.7a) 

AsansTs'!ecxoe pelllesse ypaasessll ( 1.5) s (I, 7) a cny'lae aepOSITHOCTH aaMeAnesssr a <jlop

Me (1,2) nony'IHTb He YIISITOCb 0 orpaHH'IHMCll ynpOWSHHbiM peWSHH9M IIIT!I cny'IS!I (1,3), 

/2/ 
Ylcnon&ay!l <jlopMYnbl paanolKeRHH .r:tnH <jlyBKURII BeccenH· 

{ 

r r 00 r •t Jo\ff )K 0(7r)+ 2
0
! 110 (Vr)K 0 (yr_)eoa(<f>-<f> k) :r <rk 

Ko [y' r~ +rt2 -2rrteoa(~ • 
r 

1 k r 
00 

r r 
10 (-,.:::-lK 0 (_r:- )+ 2 I 10 <-:r;lK 0 <_c )eoa(<f>-<f>t); r>rk 

yr vr a•t v' vr 

a ypaaseass ( 1.5), cpaay nony'!aeM K09<jl<j!HIU19HTbl 4>yp&e....pyHKAIIII 6 (if>) , 

TO 

Ecna o6oaaa'IHM 

2rr 211 

C 0 • f 6(¢>) coon <f>d¢> 
0 

sil a j6<¢>lslnn¢>d¢> 

Co} 
SD 

R) 
Kn(Y, 

-R 
In (Vr ) [ 

eoan<f>k 

ainn<f>k 

I (2._) 

~ 
(Ko(~) 

XOTH OKOH'ISTeiTbH09 pewesse He 3SBHCHT OT BbiOOpa (r k , if> k) , OKS3b!BS9TC!I0 'ITO p1111 
R2 

4>yp&e~HKIUIII 6(<f>) CXOIUITCll TOllbKO IIIT!I •: Go ( R ,-,-) • 
k 

Ylcnon&ayH Te lKe <jlopMynhr .r:tnH <jlyiiKnsll BeccenSI, HCKITJO'!SeM sa ypaaHessll(l.7) 

xos<jl<jlsnsesT&r 4>yp&e,..PysKnsll 61 (<f>l 

IIH!I .tiiT!I (Jj.<f>) 

s 6 2 (if>) • B Ka'!ecTae npsMepa npsao.r:tHM sx aHa'!e-

C2n} 
San 

( R '(R R ,R r 
r K n Y, ll 0 y':_) - I0 <y,; )K0 (-;=) I0 (.Jr,..) ,~. 

• a b 2 r, r, r Vrt • Vrt I cosnn 
U 12 712 8 \ --.- sin~ (1 9) 

'!"_!!I (JL)K'(..JL)-2!..K,.(JL)I'(JL) I,.(.!L) _,..k ' 

Yr; D ..;r; D ..;r; ..;r; ..;r; D Yrl ..;r; 

B. ~!. !:.e.T~poreHH_c>!'2....!!,.tll!!. 

reTeporessoe !l.tlpO OYII9M Ofl!ITb paCC'IHTblBSTb BBe119IIHSM HOabiX ITOlKHbiX HCTO'IHRKOB 

(a Jl4HHOM Cny'!ae TSUITOBbiX HeiiTpOHOa) C ITITOTHOCTbiO 8{<f>) , KOTOpyJO OITP9119ITHM H3 ycno

BHII .r:tnH nnOTsocTH seiiTposoa Ha rpaasn:e, 3aMe'!aeM, 'ITO sa onpe.r:teness!l reTeporessoro 

!lAPS H(r,<f>lrk,<f>t) 

)I 

N ( r, ¢>) • I H ( r ,if> Irk ,if> k ) N ( r k , ¢> k ) 
k 
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BbiT8Z:8eT0 'ITO l:'eTeporessoe SlllpO .tiOIIJKHD Y•••neTBOpHT:b TaM lKQ CAMbiM YCIIOBaHM Sa 

I'paH.Il~te, 'ITo a JUtOTaocTb aeliTpoaos. HCTo'IJia][J( IIOM9W88M Sa TeX lKe C8MbiX paCCTOii-

saHX, 'ITO a 6( rf>). Llns cnyqag nunasJ:IPa, z:OTopbiil rpaHa'laT c BAZ:YYMOM, reTeporesuoe 

smpo aMeeT ojlopMy: 

'" HJr,rf>l•~t.rf>kl ··H(r,rf>lrk ,rf> .. > + fH (r,rf>l•: ,rf>: )6(rf>tldr{>*k+ 
0 .. 

21r ·~ --* -L-L*) 
....!_ l'r [-I'' +r*t -4rrj,Coa(~k lEUr{>* ldr{>* 

+ 2rD J"' v k t 
o L 

(1.1 0) 

I:'Jle H,. oaaa'laeT Ty 'laCT:r. HJ:IPa H (Jl.IIH 6ecxoueqsoll cpeJlbi), XOTOpai! aoasaxaeT 

Xax <l>yp:r.e-olSpaa BepOHTSOCTa 38M8Jlli9HHH, 8(r{>) nony'laM aa yCIIOBaH 

Hk(R,r{>jrk,rf>kl• o, (1.11) 

XOTopoe pemaeTCil IIJianoruqao (1.5). Ycnoaae AIIH cxoAaMOCTa PHlla <l>yp:r.e-cjlyaxnaa 8(r{>) 

To JKe cauoe. 

Llnil BCTO'lHilxa B nanaa.~:~pe, xoTopbill IIOMemea B Jlpyryro oecxoae'layto cpeey, pemeaae 

8H81IOJ:'B'IHOo 8BOJ:IHM IIIIOTHOCTa IIOJKHbiX aCTO'ISBKOB 8 1 (r{>) B 8
2 

(r{>) 
0 

IIOMemeHHbiX Ha 

TOM lKe paCCTOiiHBa, 'ITO B 6 1 (r{>) B 62 (r{>) • C BX IIOMO!IlhiO H81IJIW9M J:'eTepOI'eHHble 

HJlpa Jl B3 YCIIOBHil aenpepbiBHOCTa Ha rpaaane 

H 1k(R,rf>[ik,r{>k) •Hn(R,r,6jrk .<,6 .. ) 

a a 
Pu a;'"Hik(r,rf>l•t·rf>k >IR •a;-Hu(R,r,6jrk ,cf>t>IR 

onpeA8l!BM <l>yp:r.e-xosojlqlanaeaTbl (jlyHKnJJil 8 1 (r{> l a 8 
2 

( •Pl • Ecna oooaaa'laT:r. 
lilT 

e an'" l8a (r{>)cosn r{>drf> , TO 

• 

e 
28 

• p 12h1 

maL I 

K, (LR H; (...!!.._)- K~(_.!._) 1
0 

(.!.__) 1,(!!-l 
I L1 L1 L 1 Ll .J. 

•--- 008 D¥'k + 
_!.I (..!L)K' (..!_)_!ui'{..!._)K (_!) I (~) 

P1a k + __ I .. , 

La " Ll " La L I " Ll " La " L' 

1 ( R , R 1 '( R ) ( R ) -K, ~)In (-)-~K,_ 1_10 -
L I v 'J L 1 V r1 v r 1 L 1 

_!_I (_!_)K'(..!_)- p12 1' (~) K (~) 
La n L I " La L I " L I n La 

I(i) 
" L1 ooanr,6k-

• -.-.. -
( 2k) 

I D -,:;-

R 1 R R r* 
_l_l (_!L)I' (-l--1' (-ll,(_c-l K,(~) 

Plakl Vrt n Ll "Vrl Ll " Ll vrl .~Cin + 
---- p R R 'at 

"'a -~-1 (_!_lK'(..!!_)- ~1'{--)K, (L) I,(L) 
La " L t " La Lt " L t ' a 

6 

(1 .• 12a) 

(1 .12a) 

( 1 .13) 

rJle 

+~ 
_L 1, (..!_) K' (...!L) - .!J.a. I'(...!_.) K (.!_) 
La . La " La L 1 " Lt " La Can-.. , 
- In ( R ) K~ {_!__)- ~1,: <!_)II:,~ 
La Ll L 1 L 1 L 1 La 

I ( R , R ) Pta , ( R { R ) 
k .--r=- Ia -L )K, <-:-r- - -L I, -L )K, -:-r-a v r 1 1 V'l 1 1 vr 1 

ma ..!..r {...!..)K' {..!..)- Pll I' {.!...)K {__!_ l 
La " Lt " La La " L, " La 

I 

•• I, ( ... ) .Yr. 
1, t!hl 

La 

I 
1 L 1 h7-ll+r1 

iCa, 

k 
1 

• _,_1 _ L I 'I 
2111\ L~ -rl I 

1 
"'1 •- 217DI ; hi --------217DI L 1 -r 1 l'la --

I •1,2. 

MolKBo npOCTo noxaaa'l'lo, 'ITO li.IIPA Hn: a Bu He 38BBCJIT OT BWlSopa 

IIOlKBbiX BCTO'IBJIXOB, X8X MOlKBO lSbiiiO OlKHJl8T:bo npaBOJlJIM ewe Bblp8lK8111l8 ll 

lllr 

Hn(r,rf>lrk ,r{>k) • /Haw(r,tfll~ ... tfl; .. >61.(tfl;k)dtfl; .. + 

'" ~a -2rf! .. coll(t/I~Jl8 <cf'-~ldt/1; .. • Y [-1 3k • a n + -/Ko v La 2~ a · 

2. npBM8B8BH8 DOIIY'IJGBBLIX peaYII:bT8TOB X CTepl1UUIW1 olSTeX88MbiM T8DIIOI 

MeTOJl pac'leTa lllllil llBYX cpe.tl MOlKBO IIpOCTO IIpBM&BBT:b X p8C'l8Ty BII 

BOCBTelllil aa Dap8M8'1'pbl peaxTopa. EciiB BCTO'IBJIX BeiiTpOBOB B8XOI1HTClil B n 

pa, B3 COolSpalKeHBil CBMM8TpBB 0'18BBAH00 'ITO TOll:bXO X09~nB8STbl CliO 

B8Hyii8BbiMH lliiH BCTO'IBBXOB 6a H 8a • 

Ha cjlOpMbl I'eT&pOI'eSB .. O lill1p8 H lk IICH01 'ITO AIIH lSGC!tOBe'IBOI Cp8Jl 

XOM B ne&Tpe B SojlqleXTJIBBbiMH XOHCT8HT8MH 'ler B Yer ( xOTopble onpe11 

yp8BB9BBI) 

"•' r., • '1/Y • 

... lltr 

f f W(r,tf»lr: ... t~»; .. >6 1 <~~ .. Htfl; .. dtfl 
0 0 

21r W(r,O IO,O) 

lllr_ 

y ., - y f 81 (t/l)dt/1 
0 

pemeBJJe B olSnacTB r > R TO lK8 CaMoe, 'ITO B B Cl!y'[88 JlBYX Cp8Jl C pea 

CTABTAWBo 81 B COOTBOIDGHBB (2.2) IIOIIY'l88TClil B3 8 a 

B Bblp8lK8BBB j" Ko [,j r"+.;:-arr;kco•(tfl-t/lik) ]8a (t/ltak)dtfl:k 

o L~ 

Bhi'IIIT8BJI8M '11188 

38BBCHT OT '*n 
xax a JlOlllKBO ... lSbiTbt COXpam&IOTCII C 'lli8H8MB, ltOTOpb19 803BBX8IOT B3 Bb 

f H1,.61 dtfl 
0 

• B Bblp8lK8BJIB 111111 elln 9TO 'leTB8pTblil 'llleB. 
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eJtae-1', 11'1'0 I"M'6P01"6111106 silipo .1101111010 Y•eaneTBOPSITL TeM JKe CBMhiM ycnOBBSIM 118 

ne1 'ITO B DIIOTBOCTb ll&liTpOIIOB, i1CTO'l11Bitll 
noMenureM aa TeX JKe C&MhiX pacCToSJ

.LlnSJ cnyqag nanHHJ:IPa, XOTOpbill rpaHaqaT c aaJtyyMoM, reTeporeaaoe I ~TO B 9(</J). 

RMeeT <jlOpMY; 

2" 

HJJr,</JI•t•tPt>·-H(r,</Jirk ,</Jk) + IH (r,</Jir: • .p: )6(</Jt)d</J*k+ 
0 .. 

2" a,.. _ _. • 
+ L fio[V r +r k -4rrjtcoa(t/>-cPk) Je(</J* )d</J* 

2"D 0 L k k 

(1.1 0) 

H w oaaa'laeT Ty 'lBCTL SU(pa H (Ana 6ecxoaeqaoll cpe.~thl), XOTopas B03HRJtBeT 

ypLe-o6pa3 aepOSITHOCTH 38M9AII9Hil11, 8{</J) DOny'lHM H3 yCIIOBRSI 

Hk (R,</Jir k ,</Jtl• o, (1,11) 

BHBIIOI'H'lHO (1.5), Ycnoaae AIISI CXOJ:IHMOCTH psma <l>ypLe-4JyHXllBR 8(</J) 

a nanaa.~tpe, XOTophlll DOMemea B APYI'YIO 6ecxoae'layl0 cpeey, pemeaae 

'I'II'lHO, BBO.IIHM DIIOTHOCTH Il01101hiX HCTO'IHHXOB 8 1 (</J) B 8
2 

(</J) , DOMemeHHhiX HB 

lK9 paCCTOSIHHH1 'lTO H 9 1 (</J) R 9a (</J) , C BX IIOMOmLJO RanameM r~poreHHhle 
a H3 ycnoaHll aeupep&IBHOCTH aa rpaaaue 

H 1k(R,</J[r t ,</J k > • Hat (R,</J Irk •tPt > 

Pu 
a a 

a;-H 1t(r,</JI•t•tPt >Ia •a;-Hn(R,</Jirk •<l>t>la 

enaM <l>ypLe-~~:oa<jl.pa:uaeaT&I <jlyaxull 8 1 (</J) a 8 a (</J) • Ecna o6o3HB'lHTL 

" 8 2 (</J)cosn <,f>d</J , TO 

e ~a • p 12h 1 

maL 1 

R , R , R R rk 
Kn(L)l•(-l-K•(tlia<-l Ialr,l 

1 L I I L I , __ 1_ ooa D </J k + 
_!.I (JL)K' (..!_)_!u!'(._!_)K (.!_) I (~) 

Pu k + __ ....!._ 

m2 

L2 • Ll n L2 L I • L1 n La • L 2 

I R, R 1 ,R R 
-K.(?"")I (-)-~K.(_ 1_lla(-) L 1 V r! n L I V r1 V r 1 L I 
I R , R Pu , R R 
-I (-)K(-)--I (-)Ka(-) 
La • L I • La L 1 • L I La 

I (..':!_) 

n L1 ooan</Jk-
• --.-.. -

( 2k) 
In "T;" 

R r* I R , _!_,_..!._I' (~)In(-) K.(...lk.....) 
p lak I ~I. (L";"")I D (Vi! L I D L 1 VrJ .----fi.. c •• + 

---- p R R 'n 
m2 I I (~)K'(~)- _E_I'(--)K• (L) I.(L) L; D L I D L2 Ll D L I a 2 

6 

• 

(1 .• 12a) 

(1 .12a) 

( 1 .13) 

f ~; 

I'll& 

+~ 
ml 

__!_ 1, (..!_) K' (JL) - 1.J.a. I'(...!_) K (~) 
L 2 L 1 a Lt L 1 • L1 a Ls C~a-

- I"(..!._) K~ (~)- ~~~ L.!._)K. C'J 
L1 L1 L 1 L 1 .La La 

1 ( R , ( R P12 , ( R R 
k .-r=- Ia -L a. '7"7:""")- -L I• -L ll:a<:-r--) 

•• 
I

8
( U) 

,Vr; •v'a 1 v•• 1 t vr1 
ml ..!...t (J!..)K' (..!..)- !at•(JL)K (..!._) 

La a L 1 • L2 L 1 • L 1 • L 1 

I 

'· c!hl La 

Ll 
L I ('l-l)+r1 

iC Ia 

nl 11:
1

• __ I_ I 'I 
211'1\ L~ -r, I m • - -- ; h1 --- --....---~ 

I 2110 1 21101 L 1 -r 1 I'm ·o.· 
i •1,2. . 

MolKllo npOCTo noa:a311'l'L, 'ITO smpa B 1k B Bu 118 38BIIC$1T OT BhlOOpa nonolK&IIBII 

IIOlKJlhiX BCTO'IHIIXOB1 XBX MOlKJIO 6biiiO OlKBilBTb, UpB80.11HM eme Bhlp8lK8HII9 lln.ll H lk 

2" 

Bu(r,lfllrk ,f/lk) • /Baw(r,lfll~k't/!;k>BI .<1/l;k)df/l;k + 

( 1 .14) 
I" -~- a 

+ Ljl:o [V r +r';k -2ar:kcoa<l/l~J]8 (-'-* )d.l.* 
2~ La 2 "'n '~"n · 

I 

2, UpBM911811B8 DO!!Y'I81111h1X pa3YnLT8T08 X CTaplK.IISIM1 o&rexaaMhiM T&DIIOKOCBTellaM • 
MeTOil pac'l&TB .IIIIH .IIBYX cpe.ll MOlKJIO DpOCTO DpBM&IIBTL X paC'l&Ty 8IIB11HII51 TeDno

IIOCBTeii11 HB napaM&Tphl peaa:Topa, Ecna BCTO'lHIIX ll&liTpOII08 118XOABTC51 B ll&HTpe llBnHII.II

pa, B3 Coo!SpalKaHBll CBMM9TpBB O'l88Billl0t 'ITO TOnLXO XOa<jlcJmueiiThl C 10 B e10 !SyeyT 

118Jiyii9BhiMB ADS! BCTO'liiBXOB 62 B 82 

113 <jlopMI>I rerepor&IIIIOI'O 511lp8 H lk ~1101 'ITO AilS! 6ecxoll&'liiOI Cp91lhl C HCTO'IHH-

XOM B ll811Tp8 B 9~XTHBIIhiMB XOIICTAIITAMB 'ler B yet (xOTophle onpellenSIIOTCH B3 

yp8811811Bll) 
Ill' Ill' 

I I W(r,lfl I r;k. lfl;t>6 1 <l/l~k ldl/l;k d 1/1 
0 0 "•' r., • 'IY • 2"W(r,oiO,O) 

aw_ 
r ., • r I e. <1/l>dl/l 

0 

(2.1) 

(2.2) 

pem&HIIe B o!SnaCTH r > R TO lit& CaMoe, 'ITO H B CDy'l88 llBYX Cp&ll C peanLIIhiMB 11:011-

CT811TAMB, 81 8 COOTIIOm&HBB (2.2) DDny'l88TC51 B3 8 a Bhl'lBT811H8M '11181108, XOTophle 

8 8hlp8lK&HIIH j l:o [vf ri+Jf:4,.coa(f/l-<Pjl!) l8a ltf>"ltldlfl:k 
o L 

~J a 
34BHCSIT OT r*n , 3TH '111811hl 1 

UX H llonlKJIO 6hiTL1 CoxpamaiOTCSI C 'ln8118MB1 XOTophle 80311HX8IOT H3 Bhlp8lK811HSI ... 
I B lw;;; df/l • B BhiP8lK8HBB 111151 e2D STO 'leTB&pThlll '111811, 

0 
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8 Cny'Ule Jiy"'X8 CTeplKBeA MOlKBO liPBM88HTb COOT80W8BHSI(2.1 )B (2.2)
1 

80 88110 

npOB8CTII CyM~POB8HB8 no BC8M CT8plKBliM1 ltOTOpOe 11/ISI OliP8ll8/I88HOrO p83M811l88BSI CTepli0-

88A B ny'IKe MOlK80 38M88BTb BB'I'erpBpOB8BH8Mo fipBM888BBe tjlopMYJI•(2.J )B(2.2) BM8eT C8plo-

83B08 orp88Bq88B&: B BHX 8& YqTe80 B/IBSIBB8 OCT81IhllhiX CT&plKBeA • .nna !S&Cit08eq8oft 

p&lll&TitB nOJiy"'&&TCSI ll/Ill 8 B 8 TAitlKB CHC'I'8Ma B8T8rp81Ih8hlX yp&B888BA <l>peltrO/IIo-

ua, o.QKaJtO nony'IKTJ. ee peme.IIBe aaa/IB'J'Bqecx8 8a yltanoe~o • .nnsr Jt08a'Lioro qBcna 

CTeplKBeA a DOJIY'Ul8TCSI CBCT&MA 2a B CBli34HHhlX BHTerpAIIhllhiX ypasHeBHA Mll 

D.IIOTHOC'J'el BC'J'OqJIBJtOB. 

BIIBSIBBa OC'I'81IhHhlX C'l'eplKBeA MOlKBO yqecn. no Me'I'Ol!Y 91tBHBA.IIaHTHOI gqe1Jta
1 

TO 

8CTb pemasr npo!SII&MY C'J'epMHB C OXII&IIaTeJieM B uanaHltpaqecJtOI gqeftlte C yc.IIOBH&M 

~· • 0 118 Oltp8BH8 gqelu. 8 ltOHB'LIOM peaJt'J'ope MOlKBO nOTOM DOIIh30B4TbCll 
/3/a /4/ 

pe3y/I:b'l'8T8MR pa!SOT .!tits: BB8118HHll· nonpaBOit1 B03HBit81011laX B3-38 HaDCC'I'OSIBCTB8 

rpaueH'J'a DOTOU B c'l'eplKBe. 

3. 3 a 1t n 10 q e H a e 

~aTOA IIOlKilhiX HcToqRaJtoB BB/IllaTCSI DO cyTB l{O!Sasneaa&M It pemaHBlO 11/Ill ~eCJtOHeq

HoA cpelthl pemeaaa roMoreHaoro ypasHeHBsr B coOTseTCTByiOmeA o!SnacTB, KOTOpoe npellcTas-.

naeTcsr lt81t l!O!Sasoq&hll aCTO'Liax • .HcHo,qTO M&TOII ynpomaeT M8T8M8TaqecxyiO Tp8XT0Bity 

p83YIIh'l'8TOB. 

,nywaeu, qTo qHcneHilhiA pacqeT "•r a y
0
r 

38l{aqa a DOTOMY B pa!SOTe OR He llPDBOIIHIICS. 

aM&eT C~C/I TOIIhltO ll/ISI lt081tp8THOI 

.Hcao, qTo BB8J:t8J[B8 Be/IBqJ[J[ 'I or H Y or , npa noMOIIlB ltOTOphlx npo!SneM:a pacqeTa 

peaJtTopa co C'J'eplKBSIMB a'· TeunoHOCH'J'e.II&M csol!HTC.II y)l{e 1t xopomo pa3p&60Taaaoll Teopaa 

pe81tTOp8 C HaTaBal!BhlMa CTeplKBliMB1 CBIIhS:O ynpomaaT 3811&qy. 
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