
K- 88~ 

3':/DY/£- 77-
A.B.Ky~HHoa, c.n.Ky~ernoB 

METO,ll; nPHMOJIJ.1HEMHhiX OYTEM 

J.1 OPOBJIEMA 3MKOHAJIA. li 

1.9(1_;( -
P2 - 10636 



A.B.Ky~HHOB, c.n.Ky~ernoB 

METO~ OPHMOJU1HEMHhiX nYTEM 

J1 OPOBJIEMA 3MKOHAJIA. l I 

r~--, -- . ''T''l"'V"'. \ I .. , . 
tl ' ,....., 

! --~:.,..:.- ""~·-··~·-~·-J 

P2 - 10636 



KyllJIHOB A.B •• KynelllOB c.n. P2 - 10636 

Meron npsrMOIIHHeiiHhiX nyreii H npo6neMa aiiKoHana. U 

B pa6oTe accnenyercH Monenb CKangpaoii aneKTpOJlHHBMHKH. B npe

He6pelKeHHH p3Jlll8UROHHbiMH nonpaBKBMH H 38MKH)"Tb1MH HYKIIOHHb!MH 

IIHHHHMB ilOK83aHa cnpaBeJliiRBOCTb npa61JRlKeHHH 3HKOHBII8, 

Pa6ora BblilOIIHeHa B na6oparopKH reopeTH"!eCKOH $H3HKH OHSU1. 
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Straight-Line Path Method and Eikonal Problem.U 

A.model of the scalar electrodynamics is studied. 
The validity of the eikonal approximation is shown by 
neglecting the radiative corrections and nucleon loops. 

The investigation has been performed at the 
Laboratory of Theoretical Physics, JINR. 
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1. BeeOeHue 

3HKOHaJibHOe npe)).CTaBJieHHe aMDJIHTY.IJ.bl pacceJIHHJI /I; 

MO)I(eT 6b1Tb 34xlJeKTHBHO HCDOJib30BaHO )).JIJI TeopeTH'IeClCO· 

ro auarru3a 3KcnepaMeHTaJILHbiX .n;aHHbiX 121. B CBJI3H c 

3THM B03HHKJ1a He06XO)),HMOCTb 060CHOBaHHJI npH6JIH)I(eHHJI 

3HKOHaJia B paMKaX KBaHTOBOH TeOpHH DOJIJI. llnO)),OTBOp

HbiM B :HOB o6naCTH 01<a3a.JICH DO)J,XO)J,, HCDOJib3YIOIQHH 

MeTO)). 4>YHKUHOHaJibHOrO HHTerpHpOBaHHH. llpH 3TOM B03HH· 

KaiOT npo6neMbl .IJ.BYX THDOB. 

Bo-nepBbiX, HCDOJib30BaHHe MeTO)),a KOHTHHyaJILHbiX HH· 

TerpanoB ll03BOJ1JieT llOJIY'IHTb 3aMKHYTble Bblpa)l(eHHH JJ;JIH 

aMllJIHTYJJ;bl pacceHHHJI B npe)).eJie S-+ oo ; t - cPHKCHpOBaHO 

Is H t - o6LPIHble MaH)),enLcTaMoBCKHe nepeMeHHble/ 13 1. 
llpeHMyiQeCTBO MeTO)),a COCTOHT B TOM, 'ITO y.n;aeTCH npo

CYMMHpOBaTb BKJia)),bl onpe)),eneHHOrO THlla 6eCKOHe'IHOH 

nocne)),oaa TenLHOCTH .n;uarpaMM. 

llpH 3TOM, ecTeCTBeHHO, KOHTHHyanbHble HHTerpaJibl 

Heo6XO)).HMO npHBeCTH K rayCCOBy BH.IJ.Y H OCHOBHaJI npo6ne

Ma COCTOHT B Bbi6ope fiO)J,XO)J,JIIQero npH6JIH)I(eHHJl. O.n.ua H3 

B03MO)I(HOCTeii - MeTOJJ. npxMonuueiuhlx nyTeii /
4
/. Ha 

Jl3biKe )),HarpaMM cPeHHMaHa 3TOT MeTO)J, JIBJIJie'fCJI )J,aJIL· 

HeHWHM pa3BHTHeM TaK Ha3biBaeMOrO k i k j • npH6JIH)I(e

uui
5 1, T .e. 03Ha'laeT OT6paCb1BaHHe B 3HaMeHaTeJIJIX npo· 

naraTOpOB HYKJIOHOB npOH3Be)),eHHH THlla k i kj , r.n.e ~ H 

k j - HMflYJILCbl Me30HOB. 

BTopax npo6neMa COCTOHT B o6oCHOBaHHH HCflOJib3ye

MOro npu6JIH)I(eHHJI. B npe.n.ene s -+ 00 , t - cPBKCBpoaauo, 

npH6JIB)I(eHHe npJIMOJIHHeBHWX nyTeii cnpaBe,IUUIBO, ecnH 

HMeiOTCJI )J,Be JIH.IJ.HPYIOIJ.Uie 'laCTBUbl, nepeHOCJIIJ.Uie 6om.woii: 

HMllYJibC. 3TO 03Ha'laeT, 'ITO Be)J.yiQBB BKJia)), B aCHMllTO· 

3 



THKY aMnnHTY.IJ.bl pacceHHHH ,IJ,alOT ,IJ,Be KOH4JHrypai.I,HH nHHHH 

Ka:>K.IJ.OH ,IJ,HarpaMMbi, TaK ua3biBaeMble t - nyTH, coana,IJ,aro

mue c "TpaeKTopHHMH" nH.IJ.Hpyromux qacTHU.. Cnpaae,IJ,nu

BOCTb 3HKOHanbHOrO npH6nH:>KeHHH B HH3WHX nopH,IJ,KaX 

TeopHH B03MymeuHB: Hccne,IJ,oaanacb B pa6oTax
16

1.rrpoH3· 

BOnbHbie neCTHH"'Hble ,IJ,HarpaMMbl C nepeKpeCTHHMH B 

MO,IJ,enH C narpaH:>KHaHOM 

u 2 ~. "" g : ¢ ( x) 1/J (x): 
1nt 

auanH3HpoaanHCb B pa6oTax /7,B/, B KOTOpbiX 6binO yKa-

3aHo Ha TOT 4JaKT, "'TO B BOCbMOM nopH,IJ,Ke no KOHCTaHTe 

CBJI3H g nOJIBnJIIOTCJI He3HKOHanbHbie BKna,IJ,bl, HMelOII.I,He 

O,IJ,HH nopJI,IJ,OK C 3HKOHanbHblMH, a B 6onee BbiCOKHX no

pH,IJ,KaX He3HKOHanbHbie BKna,IJ,bl HBnHIOTCH ,IJ,OMHHHpyiOII.I,H" 

MH. llpH 3TOM BbiHCHHnOCb, "'TO 3HKOHanbHOe npe,IJ,CTaB· 

neuHe .IJ.nH aMnnHTY.IJ.bl pacceHHHH cnpaBe,IJ,nHBO nHiilb npH 

onpe,IJ,eneHHbiX COOTHOWeHHJIX / 8 / Me:>K.IJ.Y 3HeprHeH H MaC

CaMH peanhHbiX H BHpTyanhHbiX qaCTHI.I,. 

O,IJ,HaKo cyMMHpoaauHe 3HKouanhHbiX BKna,IJ,OB B cKa

nHpHOM cnyqae HMeeT "'HCTO aKa,IJ,eMH"'eCKHH HHTepec, 

TaK KaK BKna,IJ, ,IJ,HarpaMMbl nopJI,IJ,Ka 2N no g HMeCT BH,IJ, 

a 
f 2N- - N-1 

s 

H 4JaKTH"'eCKH cyll.l,eCTBeHeH TOnbKO nepBbiH qneH pa3nO

:>KeHHJI. CuTyau.HH MeHHeTCJI B cnyqae uanH"'HH qacTHU. co 

cnHHOM 171 . B uacToHmeB: pa6oTe Hccne,IJ,yeTCH Mo,IJ,enb 

cKanJipHOH 3neKTPO.IJ.BHaMHKH, r,IJ,e, B OTnH"'He OT CKanHp· 

uoro cnyqag, ,IJ,HarpaMMbl acex nopH.IJ.KOB no KOHCTaHTe 

CBH3H ,IJ,aKn BKna.IJ.bl O,IJ,Horo nopH.IJ.Ka no s . KpoMe roro, 

3a C"'eT nOJIBneHHH "'HCnHTeneH no,IJ,aBnHIOTCH BKna,IJ,bl He· 

3HKOHanbHbiX t·nyTeH. 

2. BM~ucAeHue u..wnyAbCHt.rx uHmezpaA06 

B :KaqecTBe o6'beKTa Hccne,IJ,oBaHHH Bbl6epeM aMnnu

TY.IJ.Y pacceHHHH .IJ.BYX CKanHpHbiX HYKHOHOB B MO,IJ,enH: 

fint = ig: ¢*(x)a11 ¢(x)A 11(x) :+12 g2: ¢*<x)¢(x)A
2
(x):, 

4 

B npeue6pe:>KeHHH pa,IJ,Hai.I,HOHHbiMH nonpaBKaMH H 3aMKHY" 

TbiMH HyKnOHHbiMH nHHHHMH. 3TOMY narpaH:>KHaHy B3aHMO

,IJ,eHCTBHH COOTBCTCTBYIOT BepWBHbl .IJ.BYX THnOB: 

, fl , I' 

p , 

.,""-

(1) -ig(p+p ')11 

(2) 2i g 2g ILl' 

PaccMOTpHM cuaqana ,IJ,HarpaMMhi c aepWHHaMH TOnhKO 

THna I I/, TaK KaK ecTb ocuoaaHHH npe,IJ,nono:>KHTh, "'To 

HMeHHO OHH ,IJ,aJOT Be,IJ,yli.I,HH BKna,IJ, B aMnnHTY.IJ.Y pacceJIHHJI 

npH s-. oo. TaKHM o6pa3oM, paccMaTpuaaeMaJI aMnnHTy,IJ,a 

npe,IJ,CTaBnJieTCJI B BH,IJ,e CYMMbl ,IJ,HarpaMM THna: 

PI q, 

p2 q2 

r,IJ,e Pt H p 2 - HMnynhCbl BXO,IJ,HII.I,HX, a q
1 

H q
2 

- HMnynhCbl 

BblXO,IJ,JIII.I,HX "'aCTHI.I,. 

)l.nJI HCCne,IJ,OBaHHJI aCHMnTOTH"'eCKOrO noBe,IJ,eHHH BKna,IJ,a 

Ka:>K,IJ,OH H3 TaKHX ,IJ,HarpaMM B aMnnHTY.IJ.Y pacceHHHJI ueo6xo

,IJ,HMO ero 3aMKHYTOe Bblpa:>KeHHe B BH,IJ,e napaMeTpH"'eCKOrO 

HHTerpana. llepexo.IJ. B a-npe,IJ,cTaaneuHe * H HHTerpHpoaauue 

* B OTnH"'HC OT pa60Tbl / 8< r,IJ,e HCnOnb3yeTCH 4JeHHMa· 
HOBCKaH napaMeTpH3ai.I,HH, B ,IJ,aHHOM cnyqae npe,IJ,nO"'THTenb· 
uee a -npe,IJ,cTaaneuHe, ,IJ,nH Koroporo npou.e.IJ.ypa nepeuop
MHPOBOK nyqwe pa3pa6oraua. 
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no He3aBHCHMbiM BHyTpeHHHM HMllYJibCaM ll03BOJIJIIOT llOJIY" 
qurb HHTerpaJILHoe npe~craaneHue ~JIJI aMnJIHTY~bi/9< Ho 
npe:>K~e qeM npuaecru Heo6xo~HMLie liJopMyJihl, HanoMHHM He

CKOJibKO onpe~eJieHHH. Ka:>K~OB JIHHHH CBJI3HOB ~uarpaMMbl 
ct>eBHMaHa G conocraBHM HanpaaneHHe u napaMeTp a 
r = (i, i ) 03HaqaeT, qro JIHHHJI r HaquHaeTCJI B aepmuHe 
i H KOHqaeTCJI B BepillHHe j . llyCTb ~HarpaMMa HMeeT £ 
He3aBHCHMblX neTeJIL. ,ll.epeaoM G Ha3oBeM o~HOCBJI3HYIO 
no~~uarpaMMY' nonyqaiOII.lYIOCJI H3 G y~aJieHHeM r JIHHHH 
H He HMeiOII.lYIO HH O~HOB 3aMKHYTOH neTJIH, 2 • ~epeBOM" 
~BYCBJI3HYIO no~~uarpaMMY G, nonyqaiDII.lYIOCJI H3 G y~ane
HHeM ~ + 1 JIHHHH H He HMeiOII.lYIO 3aMKHYTbiX neTeJib. 
Y~aneHHble JIHHHB Ha3oBeM cooraercraeHHO xop~aMB ~e
peaLeB u 2-~epeabeB. ,ll.JIJI o6o3HaqeHBJI ~epeaLeB B 2-~e
peabeB ucnoJIL3yeM CBMBOJILI T 1 uT2 .Jiro6oe 2-~epeao, 
KOTOpOe CTaHOBBTCJI ~epeBOM npB llO~CTaHOBKe o6paTHO 
y~aJieHHOB JIBHBB r 6y~eM o6o3Haqarb T 2 (r). Jlro6oe 
2-~epeBO, KOTOpOe CTaHOBBTCJI ~epeBOM npB llO~CTaHOBKe 
o6paTHO JIB60 JIBHBB f, JIB60 JIBHBB S, 6y~eM 0603HaqaTb 
T

2
(r,s) . 

,l].JIJI npOB3Be~eHHH £ u£+1 napaMeTpOB,aCCOUBHpoBaH· 
HbiX c xop~aMH ~epeaa HJIH 2- ~epeBa, npuMeM o6o3HaqeHHJI 

e r+t 
Ila H IIa cooraercraeHHO. 06o3HaqeHue Li npuMeM ~JIJI 
KOMnoHeHTbl 2- ~epeaa, co~ep:>Kaii.leB BepmuHy i ; ~ P k 

k~ Li 

03HaqaeT anre6pauqeCKYIO CYMMY BHeillHHX HMllYJibCOB, 
npucoe~uHeHHbiX K aepmuHaM KOMnoHeHTbi L i 2- ~epeaa. 

Tor~a. c roqHOCTbiO ~o HeCyii.lecraeHHoro HOPMHpoaoq
Horo MHO:>KHTeJIJI, BKJia~ ~BarpaMMbl B aMllJIHTY~Y paCCeJIHHJI 

HMeeT BH~ 

""' N -2 N 2 
fG= f (II da,)A (a)exp[-i( ~a rn +P(a,p))]M(a,J), 

0 r= I r=l r r 

/1/ 

r~e N- qucno JIBHBB ~uarpaMMbl; 

e 
A ( a)= ~ ( II a ) ; 

Tl 

6 

r~e 

• I 

£+1 2 
Ma)P(a,p)= ~(IIa)( ~ p); 

T2 a<;.Li a 

00 (k) 
M (a , J ) = ~ M ( a , J) = 

k=O 

N H (a) Jl.V a 
i ~ ~--g --Jl 

= exp [ 4 = t Ma) a J 
r,s r 

_a __ ] M (Ob); 

aJ v 
s 

( ) 
. N H (a) 

M k (a, J) = [ .!-. ~ _!.:.!_ ___ g-v _j!.._ _a_ ]k _!M (O~J); 
4 r,s=l A( a) a Jll a}v k! 

Jl __ 1 FJl ( a , P) ; 
J r - A(a) r 

r s 

JL _1 r+t 
F (a,p)=a ~ (II a)(! pll); r~e 

r r T (r) k~L. k 
2 

f+l 
H (a)=(a a )-l~ (II ah .. k" 

r,s r s T ( ) 1 J, t. 
2 

r,s 

r= (i,j); s=(k, 0; r,ls; 

eCJIH i~Lk; j~Le 
f 

ij,k£ 
= l + 1, 

-1, eCJIH ~ Le; j ~ Lk ; 

H (a) =- £..4.{gL. 
r,r aa ' 

r 

f=(i,j); 
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M <0\q)- qucnuTenh, KoTophlil noJlanJleTCJI a o6bl'IHblX npa

aHnax <lleiiHMaHa. 3To nonuHOM no q, r,I:\e q. - HMnynhcbl 
u 1 

aHyTpeHHBX llHHBB, ecnH eCTb CaJ13~ C npOB3aO,I:\HbiMH H 
nponaraTophi qacTHU co cnuHoM. M O)(J) nonyqaeTcJI B3 

M <0(q)"3aMeHoil HMnynhca, TeKymero a nonmKHTenhHOM Ha

npaaneHHB Ka)I(,I:\OH llHHBB, COOTaeTCTayroli.J;eH aenH'IBHOH J r • 

3. IIepeHop.MupoeKu u ebr~ucAeHue acu.MnmomuK 

KaK noKa3blaaeT abl'IHcneHue HH,I:\eKcoa pacxo,I:\HMOCTB, 

ace uccne,I:\yeMble ,I:\HarpaMMbl pacxo,I:\JITCJI norapu$MB'Iec

KH H BMeiOT paCXO,I:\Jlli.J;BeCJl no,I:\rpariJbl *. ,l].nJl nony'leHHJI 

KoHe'IHbiX aMnnBTY.L\ Heo6xo,I:\HMO npoH3BeCTB R- onepau;uro, 

npu'leM abi'IBTaHHe Y.L\06Hee acero npou3aO,I:\HTh a Hyne 

aHeWHHX HMnynbcoa. ,l].nJl ,I:\HarpaMM nepaoro Knacca, T .e. 

TaKHX, ,I:\llJl KOTOpbiX ll106ble ,I:\aa paCXO,I:\Jlli.J;HXCJI no,I:\rpariJa 

nu6o He nepeceKaiOTCJl, nu6o O,I:\BH H3 HHX u;enHKOM CO,I:\ep

)I(HTCJI a ,I:\pyroM, R -onepau;HJI nonHOCTbiO 4JaKTopu3yeTCJl. 

,l).nJl ycTpaHeHHJI paCXO,I:\HMOCTeH B 3TOM cnyqae ,I:\OCTa

TO'IHO napaMeTpbl acex llBHHH Ka)I(,I:\OrO paCXO,IJ.Jlli.J;erOCJI 

no,I:\rpariJa ,I:\OMHO)I(HTb Ha COOTaeTCTayromee Vi B no,I:\eB

CTBOaaTb Ha f onepaTopoM R v. 

R 
vi 

I 
J dv 

0 i 

I 

a e. --v 1 

av. 
1 

r,I:\e ei- 'IHCllO llHHHH ):\aHHOrO paCXO,I:\Jlli.J;erOCJI no,I:\rpa$a. 
,l].nJl ,I:\HarpaMM BToporo Knacca nono)l(eHHe HeCKOllhKo 

ycno)I(HJleTCJl, TaK KaK a 3TOM cnyqae R -onepau;HJI non

HOCThiO He 4JaKTOpB3yeTCJI. Ho, KaK 6y,I:\eT aH,I:\HO B3 ,I:\anb

Heifwero, nepeHOpMBpOaKH Ha ae,I:\yli.J;yiO aCHMnTOTBKY He 

anHJIIOT. 

llpB HCClle,I:\oaaHBH aCBMnTOTB'IeCKOrO noae,I:\eHHJl aM

nnBTY.L\bl a npe,I:\ene s ... oo ; t -$BKCBpoaaHO, aocnOllb3yeMCJl 

* 0TUeTBM--: 'ITO BMeiOli.J;BeCJI B CKa.Ji.apHOB 3lleKTpO,I:\BHa
MBKe BHt1JpaKpaCHble paCXO,I:\BMOCTB ,I:\ll.R 060CHOaaHB.R 3B
KOHallbHOro npB6llB)I(eHBJI HeC}'lUeCTBeHHbl B MOryT 6h1Tb 
ycTpaHeHbl aae,I:\eHHeM t1JBXTBaHoit1JOTOHHOB MaCChi. 

8 

MeTO,I:\OM, OCHOaaHHbiM Ha npeo6pa3oaaHHH MennHHa. llpH
ae):\eM ocHoaHble pe3ynhTaTbl, nony'leHHble a pa6oTax I 10,6/. 

t -no,I:\rpariJoM Ha3oaeM TaKyiO CaJI3HYIO COaOKynHOCTb 

llBHBH ,I:\BarpaMMbl, 'ITO ecnB CTJIHYTb ace 3TH llHHHB B 

TO'IKy, TO ,I:\BarpaMMa pa36BaaeTCJI Ha ,I:\ae 'laCTB, COe,I:\H

HeHHbie llBWb a O,I:\HOH aepWBHe /a KOTOpyro CTJIHYT t -no,I:\

rpariJ/, npu'leM p 1 u q I npucoe,I:\BHJIIOTCJI K O.L\HOH H3 
qacTeil, a p u q - K ,I:\pyroil. 

":l>A..A.. 2 u 2 u A. ..:.r'l"!'eKTBaHOB ,I:\llBHOH t -no,I:\rpa'i'a Ha3oaeM 'IHCllO 

p=2n-f -2= e -2k; 

r,I:\e 0- 'IBCllO aepWHH, f - 'IHCllO llHHHH, a k - '-IBCllO 

3aMKHYTbiX neTenh t -no,I:\rpariJa. Hau6onee cHnhHhiH BKna,I:\ 

a aCBMnTOTBKY ):\aiOT Te o6naCTB HHTerpupoBaHHJI no a -

napaMeTpaM, a KOTOpbiX napaMeTpbl acex llBHHH O,I:\HOrO 

HllH HeCKOllbKBX t -no,I:\rpariJoa 6nH3KH K HYlliO. 

B cnyqae OTCYTCTaHJI M(a,J) aMnnuTy,I:\a pacceJIHHJI 

6y,I:\eT npu s ... "" aecTH ce611 KaK s -Po On s) 
11 

, r,I:\e p -

HaHMeHbWaJl a03MO)I(HaJI 34J4>eKTHaHaJI ,I:\llHHa t - no.D,rpa$a, 

p.= V npB p < 0 H /l=V- 1 npH p > 0 , v- 'IHCllO 'llleHOa 
0- 0 

Hau6onhweii ,I:\OnycTHMOH nocne,I:\oaa TenbHOCTB t -no .D.-

rpariJoa .L\llHHbl p . 3a onpe,I:\eneHHeM ,I:\OnycTHMOH nocne
,I:\OBaTellbHOCTH C~oaa OTCbinaeM K pa6oTaM /IO/. 

llpu HanH'IHB M(a, J) acuMnTOTH'IecKoe noae,I:\eHHe aM

nnHTY.L\hl B3MeHBTCJI, TaK KaK M( a, J) caMo ganJleTCJl 

nOllHHOMOM no CTeneHJIM S , npH'IeM K034J4>Hu;BeHTbl eCTb 

riJyHKI.J;HH a. ,l).nJI BCClle,I:\oaaHBJI aCHMnT"OTBKH C):\enaeM, 

KaK o6bl'IHO, A -npeo6pa3oaaHHe napaMeTpoa nBHHH t· 

no.D,rpa$a: 

ai=Aa~ , 

f-I 
llda. d)(l- :ia: )A dAllda: 

1 1 I 

Tor,I:\a M( a, J) 6y,I:\eT HMeTh au,I:\: 

M (a, J) = :i A 
8 

s b f ab (a, a') . 
(a, b) 

QqeaB,I:\HO, 'ITO ecnu max(b- a)"" d, 
(a,b) 

TO C y'leTOM 

M(a ,J) acuMnTOTB'IecKoe noae,I:\eHHe aMnnBTY.L\hl pacce.RHBJI 
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6y)l.eT onpe)l.eJIJITbCJI npHBe)l.eHHOH )l.JIHHOH t - no)l.rpa4Ja, 

paBHOH p -d, a HCCJie)l.OBaHHe aCHMnTOTH"'eCKOrO noBe)l.eHHJI 

CBe)l.eTCJI K OTbiCKaHHIO t - no)l.rpallJoB C HaHMeHbWeH npHBe

.D.eHHoii .D.JIHHoii. TaK KaK BenH"'HHa p H3BeCTHa .D.JIJI mo6oro 

t-no.IJ.rpa4Ja 3apaHee, 3a.IJ.a"'a cocTOHT B onpe.IJ.eneHHH Be

JIH"'HHbi d. 
HanH"'He pacxo.IJ.HMOCTeii BJIHJleT ua acuMnToTHKY .D.Har

paMJ.\ibi cne.D.yiOI.QHM o6pa3oM: ecnu t -no.IJ.rpallJ co.IJ.ep)f(HT 

paCXO)l.Jl~.QHeCJI nO)l.)l.HarpaMMbi, TO CTeneHb norapHllJMa MO

)f(eT H3MeHHTbCJI, TaK KaK v - napaMeTp paCXO)l.Jli.QeHCJI 

nO)l.)l.HarpaMMbl H a- napaMeTpbl JIHHHH t, He BXO)l.JII.QHX 

B Hee, )l.aiOT HOBbiH t -nyTb. 

4. HccAeooaaHue M (O) (J) 

PaccMoTpHM npoH3BOnbHYIO .D.HarpaMMY nopJI.IJ.Ka 2N 
,ll;nJI uee 

(0) N 
M (J) = i~I(Jk.-I+Jk.; Je. -I +Jei ) ; 

I 1 I v 

Ka)f()l.Oe CKaJIJlpHOe npOH3Be)l.eHHe COOTBeTCTByeT O)l.HOH H3 

4JoTOHHbiX JIHHHH, npHHJITble o603Ha"'eHHJI nOJICHJIIOTCJI pu-

CYHKOM: 

PI ql 

'\)2. e· -t o. ' ~. 
q2 

Bbi6epeM npoH3BOJibHblii t - no.IJ.rpallJ, HMelOI.QHii k He-

3aBHCHMbiX neTeJib H r JIHHHH, H3 KOTOpbiX a - 4JoTOHHbiX. 

IJyCTb, )l.JIJI onpe)l.eJieHHOCTH, BepWHHbi, K KOTOpblM npHCOe

.IJ.HHeHbi BHeWHHe nHHHH c HMnynhcaMH pi H qi , npuHa)l.ne

)f(a T t - no.IJ.rpa4Jy. 

Pa3o6beM Bee HYKJIOHHble JIHHHH /TOJibKO .D.JIJI HHX 

cooTBeTCTBYIOll.lHe J H H BXO.D..JIT B M (a ,J) I Ha TPH 
r r,s 

rpynnbl: 

10 

J 
I 

t ., 

1/ nHHHH, He npuHa.D.ne)f(ai.QHe t - Ill ; 
2/ JIHHHH, npHHa)l.Jie)f(ai.QHe t, CHJITHe KOTOpbiX JIHWaeT t 

CBJ13HOCTH - 12 I; 
3/ JIHHHH, npHHa)l.Jie)f(ai.QHe t, CHJITHe KOTOpbiX He JIH· 

waeT ero CBJI3HOCTH - I 31. 
IJpo)l.enaeM A - npeo6pa3oBaHHe H paCCMOTpHM J r )l.JIJI 

JIHHHH Ka)f()l.OrO THna B OT)l.eJibHOCTH. IJpH 3TOM 

F ... ..\k[(p -q)f(a)+p f (a)+q f (a)+O(..\)]; rr;;;lll; 
r I I I 22 23 

TaK KaK .D.JIJI nony"'eHHJI 2-.IJ.epeBa HY)f(HO pa3opBaTb Bee 

neTnH t -no.IJ.rpa4Ja, T.e. no KpaiiHeii Mepe k ero nHHHii 

BOH.IJ.YT B qucno xop.IJ.. Ecnu CHJITO poBHO k nHHHii t , TO 

pi H q
1 

MOryT BXO)l.HTb TOJibKO B BH)l.e pa3HOCTH (p
1
-q

1
), 

TaK KaK npH 3TOM OCTaBWHeCJI JIHHHH t o6pa3yiOT O)l.HO

CBJI3HbiH no)l.rpallJ H uenHKOM BXO)l.JIT B O.D.HY H3 KOMnOHeHT 

2-.IJ.epeBa. 

Fr ->Ak[g
1
(a,p,q)+0(..\)]; rr;;;!2l; 

TaK KaK nocne CHJITHJI nHHHH Tuna 2 t-no)l.rpallJ pa36HBa

eTCJI Ha )l.Be KOMnOHeHTbi, HMeiO~.QHe B 06~.QeH CJIO)f(HOCTH 

k neTeJib, )l.JIJI pa3MbiKaHHJI KOTOpbiX no KpaiiHeH Mepe 

ei.Qe k JIHHHii t .IJ.OJI)f(Hbi BORTH B "'Hcno xop.IJ.. 

k 
F ->A [g (a,p,q)+O(..\)]; r~l3l; 

r 2 
k-1 nHHHIO t HY)f(HO BKJIIO"'HTb B qucno xop.IJ. .D.JIJI pa3Mbi-

KaHHJI OCTaBWHXCJI nOCJie CHJITHJI JIHHHH r k -1 neTJIH t 

e~.Qe O.D.Ha nHHHJI t BOH.D.eT B "'Hcno xop.IJ., TaK KaK nocne 

pa3MbiKaHHJI Bcex neTenb t -no.IJ.rpallJ cTaHeT .IJ.epeBOM, 

a KOHUbl JIHHHH r )l.OJI)f(Hbl npHHa)l.Jie)f(aTb pa3HbiM KOWnOHeH

TaM 2-.nepeBa. 

k -Ma) ... ..\ (l!l(a,a')+O(..\)}; 

TaK KaK l!l(a) ecTb cyMMa npoH3Be.neHHii napaMeTpoB xop.n 

,IJ.epeBbeB, ,IJ.JIJI nony"'eHHJI KOTOpbiX BCe neTJIH t ,IJ.OJI)f(Hbl 

6biTb pa30MKHYTbi. 

Cne.noBa TeJibHO: 

Jr-> (pi-q 1)f{(a)+p2f;(a)+qJ;<a)+O(..\); r~lll; 

-Jr ... gi(a,p,q)+O(..\); r~l2l; 

Jr ... g;(a,p,q) +0(..\); r~l3l. 
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)J,n.H CKan.HpHbiX npOH3Be,IJ.eHHH 6y,IJ.eM HMeTb 

(J ,J )=AS 0 +8As+0(.\); r,s~l11; 
r s 

TaK KaK (pi-qi,p 2) ,(p1-qi,q:z> ,(p 2 ,q2),(pi-ql)
2

HMeiOT 
Hyneaoii nop.H.IJ.OK no s . 

Bo acex ocTanhHhiX cnyqa.Hx cKan.HpHbie npouJae.neHH.H 
MOryT ,IJ.aBaTh BKna,IJ. B aCHMnTOTHKY nop.H,IJ.Ka s, qTO co
OTBeTCTByeT MaKCHMallhHO B03MO:lKHOH BenHqHHe. 

TaKHM o6pa30M, Ka:lK,IJ.hiH H3 COMHO:lKHTeneii ( J k· _ 1+ J k· ; 
Jr. _

1 
+lei ) 6y.neT aenuquHoii nop.H.IJ.Ka s, ecnu

1
xoT.H 6M 

o,IJ.\iH H3 qeTblpeX HMnynhCOB COOTBeTCTByeT HYKllOHHOH 
nHHHH t -no.nrpa$a. Ecnu ace qeTblpe HMnynhca cooTBeT
CTBYIOT nHHH.HM Tuna I 11, TO cKan.HpHoe npoHJBe,IJ.eHHe 
HMeeT nop.H,IJ.OK s 0

• 

( Cne.noaaTenhHO, .nn.H npouJoonhHoro t -no.nrpa$a H 
M O)(J) oenuquHa d Ja,IJ.aeTC.H $opMynoii 

d=N-m; 

r.ne m- qucno 4}oTOHHhiX nHHHii, He HMeiOmux o6mux aep-

WHH c t -no.nrpa$oM. 

5. AcuMnmomu<~ecKoe noeeOeHue I 0 ( s, t) 

ilpe,IJ.CTaBHM aMUllHTY.IJ.Y pacce.HHH.H f B BH,IJ.e 

f = f I ( s t) · h , , 
h =0 (h) 

r.ne Ih cooTBeTcTayeT JaMeHe M(s,t) Ha M (s,t) B /1/, 
H paCCMOTpHM aCHMnTOTHKY J

0
(s,t) npH S ->oo. 

Bhi6epeM npoHJBOnhHhlii t -no.nrpa$ H Haii.neM ero 
npHBe,IJ.eHHYIO ,IJ.llHHY, ,IJ.ll.H qero ,IJ.OCTaToqHo BblqHCllHTb ae
nuqHHY m . t -no.nrpa$ HMeeT n =f+ 1-k aepwHH. Ecnu 
a cPOTOHHhiX llHHHH npHHa,IJ.ne:lKa T t , TO n -2a = f + 1-k - 2 a 
cPOTOHHhiX llHHHH HMeiOT O.IJ.HY aepWHHY, npHHa,IJ.ne:lKamyiO t -

no.nrpa$y, npaqeM .npyrae aepwHHhl 3THX nHHHii t -no.n
rpa$y He npuHa.nne:lKaT, HHaqe .no6aaneHHe K t TaKoii cllo
TOHHoii llHHHH, He MeH.H.H m, yMeHhWHT p Ha e,IJ.HHHD;y. 

Bcero qucno cymecraeHHhiX nHHHii, T .e. TaKHX naHHii, 
,IJ.ll.H KOTOphiX CKan.HpHble npOH3Be,IJ.eHH.H HMelOT nop.H,IJ.OK 
s, 6y,IJ.eT paBHO: 

12 

' 
I ., 

t 

~ 

a+ (n-2a) = e + 1-k-a. 

Tor .na .nn.H npuae.neHHoii ,IJ.nHHhl 

f - 2 k - ( e + 1- k -a) = a-k - 1 . 

t -no.nrpa$a HMeeM: 

OqeaH.IJ.HO, qTo .nn.H o6pa3oaaHH.H nepaoii neTnH Heo6xo
.IJ.HMhl .nae $oTOHHhiX nHHHH, npu6aa.rieHHe Ka:lK.IJ.Oii Hoooii 
neTnH Tpe6yeT Ka:lK,IJ.hiH pa3 BKniOqeHH.H B t eme O,IJ.HOH 
cPOTOHHOH llHHHH, cne,IJ.OBaTenbHO, npH k =/ 0 

a-k -1 > 0. 
EcnH k=-0, TO MO:lKHO nonyqHTh MHHHManbHO B03MO:lKHOe 

3HaqeHHe npHBe,IJ.eHHOH ,IJ.llHHhl, paBHOe -1. 3TO COOTBeT
CTByeT a =0, T .e. 3BKOHallhHhiM t -nyT.HM, COBna,IJ.aiOmHM 
C HYKllOHHblMH ,IJ.yraMH, H aCBMnTOTHKe 

f - s ln s . 
B KaqecTae npuMepa paccMoTpHM .nuarpaMMy: 

p • 2 ;j 
I . . q I 

p2 " ~~-IL~~ q2· 
4 5 6 

BhlqucnHM .nn.H Hee F I npu ycnoauu, qTo napaMeTphi nHHHii 
t -nyTH /5,7,10/ 6nH3KH K HyniO. B CKan.HpHOB MO,IJ.enH 
3TOT nyTh ,IJ.aeT BKlla,IJ. B aCHMnTOTHKY TOrO :lKe nop.H,IJ.Ka, 
qTO H 3HKOHanhHble t -nyTH /1,2,3/ H /4,5,6/. 

ilpe.ncTaBHM F 1 a au.ne 

F - F (I) ' F <2> 
I - I +A I 

F i1)cooTBeTcTsyeT cyMwe no 2- .nepeBhJIN T 2 (1), .nn• KoTo
phiX naHHH 5,7,10 He JIBllJIIOTCJI xop.naNH. TaKHX 2-.ne

peaheB - 6: 
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X 
\. 

\\ /'\ )IJ 
X_Z >CL \ 

(2) 
F = a a a . (p -q ) - a a a p - a a a p 

l' 3 4 6 l l 2 34 2 24 6 2 

-a a a p -a a a p +a a a q . 
2492 3492 3682 

ToqHbiH BH,n; Fi2
) HecymecTBeHeH. AHanorHqHo 

IOTCJI F2 H F 4 . TaK KaK paccMaTpHaaeMbiH 
HMeeT 3aMKHYTbiX neTenb, TO 

Ma,a',A)!A=O f 0. 

0TCIO,LJ;a oqeBH,LJ;HO, qTo ,LJ;flJI cPOTOHHOH flHHHH 8 

(J 1 +J 2 , p2 +J
4
)=As 0 +BAs +0(A), 

BbiqHcnH
-nyTb He 

KaK H 6blno noKa3aHo B o6meM cnyqae. AHanorHqHo cKanHp
Hoe npOH3Be,n;eHHe, COOTBeTCTBYIOll.{ee cPOTOHHOH flHHHH 9, 
TO)Ke HMeeT 3cPcPeKTHBHbiH nopH.n;oK s 0

• TaKHM o6pa3oM, 
t -nyTb /5,7,10/ MO)KeT ,n;aTb cne,n;yiOll.{HH BKna,n; B aCHMn-
TOTHKy: 

S 2 X S - 3 = S -1 , 

qTo Ha ,n;aa nopH,n;Ka no s cna6ee BKna.n;a 3HKOHanbHblX 
t -nyTeii. 

6. AcuMnmomu<JecKoe no8eOeHue I h (s, t) 

,D;nH BblJICHeHHJI acHMnTOTHqecKoro noae.n;eHHJI I h(s, t) 
h :~0,Heo6xo.n;HMO 3HaTb, KaK H3MeHJIIOTCJI aenHqHHbl Hr,s 

14 

t 

~ 
' 

t 
! 

~ 
II 

I 

npH A -npeo6pa3oBaHHH napaMeTpoa nHHHH npoH3BOnLHoro 
t -no,n;rpa<lJa. KaK H npe)K,n;e, ace HyKnOHHble nHHHH pa3-
,n;enHM Ha TPH rpynnLI /eM. pa3,n;en 4/ . .6y.n;eM cqHTaTb, 
qTo qHcno He3aBHCHMblX neTenL t -no.n;rpaciJa k ~ 1, npH 
3TOM B03MO)l(Hbl BOCeMb pa3nHqHblX cnyqaeB: 

l)H r, r r ~.;; l1 l . 

a~(a) 
~(a)-Ak H -a;;--r, r 

r k 
cne.n;oaa TenbHO, H - ..\ r,r 

2) H r, r ; r ~ I 2, 3 !. 

B 3TO~ cnyqae ar- A H 

3) H r,s ; r =Is ; r, s 

H -A r,r 

~I 1 1. 

a- Ao 
r ' 

k-1 

Ilocne CHJITHJI flHHHH r H 
no Kpa:HHeii Mepe k nHHHH 
ero neTenb. TaKHM o6pa3oM, 

s noHa,n;o6HTCJI y,n;anHTb e~e 
t -no,n;rpaciJa ,n;nJI pa3MbiKaHHJI 
H - Ak. 

r,s 

4) H ; r fs; r,s <;.!2!. r,s 

CHJITHe nHHHH r H s He pa3MbiKaeT neTenb t 
cHoaa H -A k. r,s 

5) H ; r =I s ; r , s c;; l 3 l. 
r,s 

ll03TOMY 

3ToT cnyqaii HecKonbKO 6onee cno)KeH. Bo3MO)l(Hbl ,n;aa aa
pHaHTa: 

a/ Y.n;aneHHe nHHHii r H s npHBO,LJ;HT K yMeHLWeHHIO 
qHcna neTenL t Ha ,n;ae. Tor.n;a ,n;nJI npeapameHHJI t B ,n;e
peao HY:>KHO c,n;enaTb xop.n;aMH e~e k-2 nHHHH t, e~e o.n;Hy 
nHHHIO t HY)KHO c.n;enaTb xop.n;o:H ,n;nJI Toro, qTo6hl ace aep
WHHbl nHHHH r H s He npHHa,n;ne)KaflH O,LJ;HOH KOMllOHeHTe 
2- ,n;epeBa /TOH, B KOTOpylO BXO,LJ;Hn 6bl npeapall.{eHHblH B ,n;e
peao t - no,n;rpaciJ/. 

6/ Y.n;aneHHe nHHHH r H s npHBO,LJ;HT K pa3Wb1KaHH10 
o.n;Hoii neTnB t. Cne.n;oaaTenLHO, e~e no kpaHeii wepe k-1 
nHHHJI t ao:H.n;eT B qacno xop,n;. k--11' 

TaKHM o6pa30M, B o6oHx cnyqa.ax H - ..\ . 
r,s 

6) H ; r .;;. I 1 I ; s c;; I 2 l. 
r,s 
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Y.n.aneHJ~e nHHHH s He yMeHLwaeT •mcna neTenL t 
Hr,s -A 

7) H r,s ; r ~ I 11, s G-131. 
nocne y.n.aneHHH nHHHH s Heo6xo.n.uMo no npH'IHHaM, aHano

rH"'HbiM Sa, c.n.enaTL xop.n.aMH el..l.\e k nHHBH t -no.n.rpa$a; 
H -A~ 

r,s 

8 ) H r,, ; r c;. I 2 I, s ~ ! 3 1. 
nocne y.n.aneHHH nHHHH r H s t -no.n.rpa$ pacna.n.aeTcH Ha 

,l],Be HeCBH3HbiX KOMnOHeHTbl C 061..l.\HM 'IHCilOM neTenL k-1 . 
CHHTHe el..l.\e k-1 ilHHHH t npeBpaTHT 06e KOMnOHeHTbl B .n.e

peBbH, npu"'eM o6e BepWHHLI nHHHH s 6y.n.yT npuHa.n.ne)l(aTL 

O,l],HOH H3 KOMnOHeHT, H n03TOMY HY)I(HO C,lJ,enaTb XOp,l1,0H no 

KpaiiHeii Mepe el..l.\e o.n.Hy nHHHIO t - no.n.rpa$a. H -A k . 
r,s 

TaKHM o6pa3oM: 

I.Hr,s -Ak-1, ecnH f=S <;:f2,3! HnH r Is; r,s <;: 12,3!. 
I I. H - >.. k BO Be ex ocTanLHLIX cnyqagx. r1s 

C TO"'KH 3peHHH aCHMnTOTH"'eCKOrO noBe,l],eHHH npH 
s-.oo 3TO 03Ha'Iaer, "'TO acnyqae /1/ H /A 3KBHBaneHr-
HO s 1 , a B cnyqae /II/ - s 0 • r,s 

Cne.n.oBarenLHO, acuMnTOTHKa Ih 
cHnbHee acuMnTOTHKH 10 , TaK KaK Ih 

npu s • "" He 
nonyqaeTCH H3 

10 3aMeHaMH nap J 11 J 11 

r s 

iH 
BenH"'HHaMH -~ g/111 a no-

2!1 ' 

cne.n.Hee BLipa)l(eHHe .n.aeT BKna.n. - s TonLKO Tor.n.a, Kor.n.a 

o6a HMnynLca , J H J , COOTBeTCTBYIOT HyKnOHHblM ilHHH-
r s 

HM t -no.n.rpa$a, a B 3TOM cnyqae OHH H B 10 .n.aiOT BKna.n. 

- S, e CilH BXO,lJ,HT B O,l],HO CKanHpHOe npOH3Be,lJ,eHHe, nu6o 
-s2 , ecnH BXO,l],HT B pa3Hble CKanHpHble npOH3BC,lJ,CHHH. 

B n106oM cnyqae OT TaKoii 3aMeHbl Benuquua d He yBenu

'IHTCH. 
H 

Ecnu t -no.n.rpa$ He HMeeT nerenL, ace ~ 3KBH-

BaneHTHhl S
0 H 3aMeHa nap HMnynLCOB j Ha TaKHe Bblpa

)l(eHHH MO)I(eT TOilbKO ocna6HTb aCHMnTOTHKy. )J,ng 3HKO

HanLHblX t -nyTeH BCe CKanHpHble npOH3BC,lJ,CHBH HMelOT 

nopH,lJ,OK S H aCHMnTOTHKa Ka)l(,lJ,OrO B3 lh DO KpaifHeH Mepe 
Ha nopH.IJ.OK cna6ee acHMDTOTHKH I 

0 
. 

16 

I 

i 

I 
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7. BblttUCAeHue eKAaOa 3UKoHaAbHbiX t- nymeii 

PaccMoTpBM TenepL 6onee no.n.po6Ho BKna.n. 3HKouanb

HLIX t -nyTeH B aCHMOTOTHKy. TaK KaK Cyl..l.\eCTBeHHa TOnL

KO acuMnTOTHKa 10 , TO nepeHopMBpoBKB MO)I(HO He npoH3-

BO.IJ.BTL, u6o .n.nH 1
0 

.n.eiicTBBe R
11

• CBO.IJ.HTCH K JaMeHe 

IIi Ha 1. I 

Haif.n.eM BenH'IBHbl CKanHpHbiX npOH3Be,lJ,eHHH, COOTBeT

CTBYIOI..l.\HX $OTOHHblM ilHHHHM. flpH 3TOM BeilH'IHHbl a-na

paMeTpOB, aCCO:UHHpOBaHHblX C nHHHHMH 3HKOHanLHbiX t -

nyTeii, MO)I(HO nono:>KHTL paBHhlMH 0. TaKHe BLipa)l(eHHH 

6y.n.eM o6o3Ha'IaTL TBnL.IJ.aMH. Hcxo.n.Hoe Bhlpa)l(eHHe .n.nH 

fl(a) HMeeT BB,lJ,: 
f 

ll (a) = ! ( n a ) . 
Tt 

HeHyneBhiMH 6y.n.yT TOnLKO Te cnaraeMhle, .n.nH KOTo-

pblx ace nHHHH t -nyTeii He HBnHIOTCH xop.n.aMH u, cne.n.o

BarenLHO, xop.n.aMH Ka)I(.IJ.hiH pa3 6y.n.yT ace $oTOHHLie nu

HHH, KpoMe O,lJ,HOH. TaKHM o6pa30M: 

~(a)= n a, x(! a.-1); -
likl lk likl lk 

r .n.e li ~I - Haoop HH,lJ,eKCOB $OTOHHblX nHHHH. Hcxo.n.Hoe Bbi

pa)l(eHHe .n.nJI F r HMeeT BH,lJ, 

I f+l 
F =a- ! (II a)(! p ). 

r r T 2( r) k<;: L i k 

HeHyneBhiMH 6y.n.yT cnaraeMble, .n.nH KOTOpblx xop.n.aMH 

2- ,lJ,epeBa JIBilHIOTCH nHHHH r H f $OTOHHblX ilHHHH. flyCTb 

HyKnOHHaH nBHHH ne)I(HT Ha aepxHeM t -nyTH. Tor.n.a ao3-

MO)I(Hbl 2- ,l1,epeBbH .IJ.BYX KOH$Hrypa:o;HH 

i j p 1---"l~~____..,.,__ __ ~---• r ____ ____, ___ q I 

! p = q 
k<;:I, k I 

~2- ,.. ~ ----- • - • • -- ·-----;:.--- q 
. • 2 
1 J pi_;_·_...,......._•----:---• r z----~r-JLtk ~p, 

p ' • • .., q2 
2 

17 



TaKHM o6pa3oM: 

Fr =Alpl+Btql, 

rAe A1 H B 1 - noJJO:>KHTeJJLHO onpe,lleneuuLie nonHHOMLI 

CTeneHH r no napaMeTpaM 4JoTOHHLIX JIHHHH. llpH'IeM 

A 1 t-B 1 = K. Auanoruquo AJIJI HYKJIOHHLIX nuuuii HH:>KHero 

t - nyTH HMeeM: 

1\ = A~ 2 +B3 q 2 ; A 3,B 3 >0; A3 t-B 3 =.&. 
B TaKOM BH,l\e MO:>KHO npe,llCTaBHTL H BHeiiiHHe HMUYJIL" 

1 -
eLI, TaK, uanpaMep ,p 1=-=-< A p 

1 
+Bq 1 ); A=A; B = 0. Jho6oe 

A 
cKanJipuoe npoH3Be,lleuue HMeeT BH.Il 

1 
A2[(Alt-A2)pl+(BI + B2)ql; {A3t-A4)p2t-{B3 t-B4 )q2]. 

Y.lleP:>KHBaJI qneuLI nop.IIJJ.Ka s, nony"'HM: 

~ 
2 

s/2 [ A 1 + A 2 + B l + B2 ][ A 3+ A 4 + B3 + B.t] = 2s , 
A 
- N 
M

0
(s)=(2s), 

r ,lle 2N -nopJIJlOK ,llHarpaMMLI. 

TaKHM o6pa30M, 3iiKouanLHLie t -nyTH ,llelicTBHTenLuo 

,llaiOT HaH60Jiee CHJILHYIO B03MO:>KHYIO aCHMfiTOTHKy sln s . 

8. AcuMnmomww ouazpaMM c eepwuHaMu muna ¢*¢A2 

OueuuM B 3aKJifOqeuue BKnan 3HKOHaJILHLIX t- nyTeB: 

AJIJI ,llHarpaMM C "'eTBepHLIMH BepiiiHHaMH. IlyCTb Ha Bepx

ueM 3HKouaJILHOM t -nyTH HMeeTC.II ni TpoB:uLix H n 2 "'eT

aepuLix BepWHH. IlpH 3TOM t - nyTL HMeeT n t +0 
2

-1 JIHHHIO. 

CKaJI.IIPHLie npou3aeneuuJI 6y,n;yT cooTBeTCTBOBaTL nu6o 

OT,l\eJILHLIM 4JoTOHHhiM JIHHHJIM, COe,!J;HH.IIIOll(HM TpOHHWe Bep· 

IUHHLI, JIH60 4JoTOHHLIM )lyraM, uaqaJIO H KOBel( KOTOpLIX • 

TpoB:uLie aepiiiHHLI, a npoMe:>KyTO"'HLie aepiiiHHLI - qeTaep

HLie. BKJia,l\ nopJI,n;Ka S ,n;aiOT Te JIHHHH HJJH JJ.YrH, XOTJI 6LJ 

OJ].HH KOHeU KOTOpWX Jie:>KHT Ha t ·nyTH. llo3TOMY MaKCH" 

ManLHaJI CTeneHL s B M
0

(J) paaua n I· 
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CneAoBa TeJILHO, c TO"'HOCTLIO .n;o norapu4JMH"'eCKHX no

npaBOK BKJia,!J; 3HKOHaJILHOrO t "nyTH B aCHMUTOTHKY HMeeT 

BH,!J; 
n

1 
-(nl+n~l) l-n 2 

S X S = S 

TaKHM o6pa3oM, acuMnTOTHKa MO:>KeT 6LITL Toro :>Ke 

nop.ll,n;Ka no s, "'TO H ,!J;Jl.ll JieCTHHl.fHLIX ,n;HarpaMM, eCJIH n 2 d>. 
Ho npH 3TOM JIH60 ,n;HarpaMMa He HMeeT l.feTBepHLIX BepWHH 

B006W,e H OTHOCHTC.Il K y:>Ke paCCMOTpeHHOMY THny, JIH60 

ciloTOHHLie JIHHHH o6pa3yiOT ,l\yrH, Hal.faJIO H KOHeU KOTOpbiX 

npHHa,!J;Jle:>KaT t -nyTH, a HX BKJia,l\ B aCHMnTOTHKY CJia6ee 

sni . llo'JICHHM 3TO ua npuMepe .n;uarpaMMLI IlleCToro nop.IIA" 

Ka: 

BepxuuB: t -nyTL HMeeT n
1 

= 3 H n 
2 

=0. Ero BKJiaA B 

acHMnTOTHKY 

S 2 X S -2_ S 0 • 

llo,l\aBJieHHe BKJia,!I;OB He3HKOHaJILHLIX t ·nonrpacilOB npo

HCXO,!I;HT auanorH"'HO cnyl.faiO necTHH"'HLIX .n;uarpaMM. Cne

,l\OBaTeJILHO, B acHMnTOTH"'eCKOH 06JiaCTH s~oo , t " cilHK" 

cupoaauo, BKJiaALI B aMnJIHTy.n;y pacce.IIHH.II AHarpaMM, HMeiO

UJ,HX qeTaepuLie aepwHHLI, ua nop.IIAOK s cna6ee BKna.n;oa 

JieCTHHl.fHLIX ,l\HarpaMM. 
TaKHM o6pa3oM, uccne.n;oaauue .n;uarpaMMHoro pa3no-

:>KeHH.Il aMnJIHTY,!J;LI pacce.IIHH.Il B paccMaTpHBaeMOH MO,!J;eJIH 

noKa3LIBaeT, "'TO aCHMnTOTHl.feCKOe fiOBe,!l;eHHe aMnJIHTYALI 

B npe,l\eJie S ~ oo , t - cilHKCHpOBaHO, onpe,n;eJI.IleTC.Il 3HKO

HaJILHLIMH t -nyT.IIMH JieCTHH"'HLIX ,n;HarpaMM, "'TO ,!I;OKa· 

3LIBaeT cnpaBe,!I;JIHBOCTL npe,n;cTaBJieHH.Il 3HKOHaJia. 
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B JaKJIIO''IeHHe, noJILJY.IICb cny•meM, aaTopbi Bblpa:>KaroT 
6naro.napHoCTb A.H. TaaxcJIH.rtJe Ja HHTepec K pa6oTe H 
KpHTH'IeCKHe JaMe'laHH.II, B.A.MaTaeeay, B.K.MHTPIOIIIKH
Hy, A.H.CHcaK.IIHY H M.A.CMoH,rtblpeay Ja nno.noTBOpHbie 
o6cy:>K,neHH.II. 
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