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JU1. lloHoMapea, T.n. llpbiHHHa 

3A,llAqA ,li;BYX UEHTPOB· KBAHTOBOM MEXAHJ1KJ1 
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Pa311Hqawe 3&Aaqa KBAHTOBOfi MOX8HHKH HpHBOAHT K aeo6XOAHMOCTH pemaTb cneAyro

lllYJO CHCTOMY ypaBliOHHfi llJTypMa-JluyBimnn: 

(la) 

(16) 

aa. BliT9pBane: 

c ycnoBRRMB orpaaaqennocTn pemeHHfi na rpannnax BHTepaana. 3Aec&: H b' -3aAaH-

liMO napaMO~hlj 

onpenennT&. 

p :II .). -co6CTBOH)Ib!O 3HaqeHHH CIICTOMhl ( 1) 1 KOTOpblO IIAilnlllKHT 

0TM9THM II91tOTOphle OC060JIHOCTII STHX ypaBHOHHfi, YpaBJIQHHR ( 1) HMO roT ABO . perynnp

llblO oco6bi8 Toqxn (: 1) a OAIIY neperynnpnyro • ( . .. ) • K HnM npnMeHHMbi Mnorne ol5mne 

T80p8Mhl1 CHp8B91liiHBbi9 An.II Oi5biKHOB91IHhlX nnaefiHbiX nn<j><j>epeannanbHhlX ypaBHOIIHI! BTOpo
/1/ 

I'O nopRAKBj B qaCTIIOCTIJI AHCitp8THbifi CllOKTp 3THX KpaeBbiX 38/laq HOBblpOlKAOll , npn 

p
2 

• 01 b • 0 ypaanenne (16) nepexoAHT B ypaBaeHHe nnn npucoennnennwx <j>ynxnnfi 

nelK&JIAPAI a ypaBHOHBO ( la) npn ~ »1 - B ypaBnenue Ann nonnHOMOB nareppa. B ol5m'eM . 

C/17'188 1 KOI'AB. b .f 0 u p
2 .,l 01 pemennn ypaBae:Unfi ( 1) MolK!!o paccMaTpHB&Tb xax o6o6-

lll8lii'III COOTBOTCTBYJOlllHX cnennanbHbiX <j>yBKII.Hfi1 '!Op83 KOTOpbi01 OAJI8K0 1 STU pemOHHll Bbi

pAlKOHhl 6WTb ae MOryT, nosTOMY OCT88TCR TOnbKO OAHU nyTb: 'IHCnenao peillHTb ypaBHQHHR 

(1), Peman ypaaneJIBn ( la) u ( 16) con:MecTnol Momno onpenennTb coi5CTBOHHbie 3Ha~ennn 

p It .\ K8K <j>ynltUHB napaM&TpOB 

rAe n~ x n 71 -'IHcno nynel!: cjJyHitll.nll 

paMMhl CJI/lbHO ocnOJKH.IIOTCR T8M1 'ITO 

BOIIUqHHiol p H .>. • 

b H b~ 1 8 T81tlKO'UOnbiX 'IHCen n ,, n'l, m , 

X(~) H Y(7j). 0AH8KO ocymeCTBneane STOll: npor

ypaBHOHHR (la) ll (115) CB.II38Hhl MOJKilY COI50fi '!9p&3 

. . /2-4/ 
06hl'!ll0 IIOCTynalOT cneAyromHM ol5pa30M HlllYT peillOIIU.II X(~) H Y (7j) B BUlle 

pA3110llt9llllll no .IIOKOTOphlM <j>yiiKnH.IIM II v. : 
D 

X(~) - I g. u. (~) (2a) 
•=0 

3 

\ 



Y("J) = I c
8 

v. ("Jl, (25) 
a=O 

·g-I=C-1=0 (3) 

IlpH YAH'lHOM BbiOOpe pa3HOlK9HHII ( 2), AOACTaBn>:!!I HX B ypHBH9liH!I ( 1) 0 nony'lHM Tp9X'lH9H-

' . 
Hbl9 peKyppeRTHbl9 COOTROW9HII!I THna: 

\ 

_.I as gs+l -f3s gs + Ys gs-l =- 0' (4a) 

Pscs+l -AsCa+ ;;sca-r= o • (45) 

rne a. ; fJ. n Y. Ps ·, A. H 8 
0 

-H3B9CTHb19 <J>yRKllliH napaM9TpOB 3HilH'lH 

p • A • b' H b . 

C y'leTOM paB9HCTBa g -I = C -I e 0 COOTHOlli9HHll ( 4) 3KBHBHH9HTHbl 09CKOH9'lHbiM 

nenabtM .npoollM: 

flo = 
ao Y1 

{JI 
al Yo (5a) 

- fJ.- ... 

Ao·= 
Po 81 

A I- pI il2 

(55) 

A.- ... 

CxonnMOCTb aTnx nenabtX npot5ei1 nn!I perynllpHbiX pemeaal! noKaaaaa B paGoTax
13

•
51

• 

TaKIIM oopaaoM, 3Hilfi'lfi COBM9CTHOrO p9lli9)1H!I ypaBH9HHi!. ( 1) CBOAHTC!I K p9lli9HHIO 

llBYX CB!I3HHHblX ypaBH9HHii: 

rne 

• f I (p ,,\) = 0 , 

f 2 (p,A)=0, 

a 0 Yt 
= f3o - . a 1 Yo . 

fs"' fNI fJs- flo- ..• 

r. ". rN• = Ao-

·4 

(6) 

a NctYNI 
-
~ (7a) 

(75) 

PN.-s8N• 

AN
2 

·~,~I 

a N 1 _ H N 2 03HH'laiOT 'lHCHO 'lne 

Nl H No AOCT8TO'lBO oOnbWHMI 

aanaaaoa To'laocTbiO, 3aasr Benl!'lKBbt 

(4) nerKo Bbl'lHCHI!Tb nocnenoBaTenba 

aal!Tn pemeaasr x<e> 
HOlt 3B.A4'lH 38XOII'l9HO, 

H Y("') c 

naaaaB M8T9M8TII'!ec:S:~SI 38AS'Ia 

o ABKJKe!laa anexTpoaa· B none na:rx ¢: 

paccTOsriiHe R (Tax aaabiaaeMaR a 
/2-6/ 

eM, ). B aToM cny'l:ae: 

2 
2 R 

p •--r:-E b', 

IIoaToMy npu ¢uxcapoBallBbiX 

aenpepblaaoro napaMeTpa R 

Z1 li 

H ll9Hb 

E • 

,\ e 

rne 'll!Cna ne H .n'1 p8BHbl 'lHCII; 

Mbt paccMoTpaM neTanbBO aMeaao aTe 

CSI ¢H3H'I9CKOJ! T&pMHBOHOrHei!, Cornac 

MSMII0 p.&W91IHH x<e> H 'y("J) yp 

pemeaal! n e , n '1 ·,H m - KBAH~ 

TepMbl. E,.e,. '1,.(Rl npenc'l 

H Z 2 _ Krut ¢YBKIIHIO p8CCTOSIHHB R 

Bblp0lKA9H80 TO K8lKAOMy H8flopy KBaH'I 

KPHB8H E(R) • 

TOBbiMH 'IHCH8MB 

Ilpa R • 0 K8lKAbl 

N, f , m-, B:OTOp 

rj 

f 

Ilocxom.xy. Itpa naMeaeaaH R 'I:Bcno 

3Ta XHSCCJI<j>IIXallHH TepMOB HM99T CMb 

f5yneM liOHh30B8TbCSI~ 

x/B KBAHTOBOI! M9XBBHK8 HCAO~ 
BO KOTopbiM N OIS03H8'l810T 'IHCJIAME 

Ilpa aTOM N • 1,2,3, ••• f = s 

0,1,2,3, ••• m • u , rr , 8 (0,1,2 
N • 3, f • 2, m • o; 



l:c
8

v
8

(7]), {25) 
•• o 

c_ 1 = o {3) 

) , noucTanmut ux B ypanaeHnll { 1), nony'IHM Tpexqnea-

fJ. g • +. Y • gs-1 = O ' 
(4atJ' 

As CB + (jfJ cs-1- 0 t {45) 

"'· H I'J 
8 

-H3B9CTHb19 <jlyHKilHH napaM9TpOB 3a)laqn 

= 0 COOTHOUI9HHll { 4) 3KBHBaneHTHbl 5eCKOH9'1HblM 

a 0 Yt 

~ 
- {J3- ... 

I-

{5a) 

{55) 

. /3 5/ 
perymtpHbiX peUieanl! noxaaaaa B pa5oTax ' • 

peUiei!Hll ypaBH9HHfl { 1) CBO.IlHTCll K p9U19HRIO 

,,\ l = o , 

• ,\) = 0. 

ao Y1 

.a, Y2 
1 - {J2- ... 

Po l'i1 
P1 u3 

a N
1
-1YN1 

{J Nl 

1---- /') 
.\ 2 - •• _PN2 -t.N3 

,\N3 

4 

{6) 

{7a) 

{75) 

l 
a N1 

Nl 

H N 2 oaaaqa!OT qncno .qneaon·a·nenl!biX npo5Hx {5a) n {55). Bb16npall qncna 

H N3 JlOCTaTO'IHO 5onbUIRMH, MOmEO Bhi'IHCnHTb 3Ha'I9HHH p H ,\ c a~nepe.tt 

3a)lal!BOl! TO'IBOCTbiO, 3aal! BEinH'IHHbl p H A n Y'IHThiBan ycnonne (3), H3 COOTBOUI9l!Hl! 

{4) nerxo Bbi'IncnnTb nocne.ttoBaTenbao nce·xos<P<!>l!IlneaTbi paanoJKel!nH c. n gs .• T.e. 

aal!Tn pemeanH x<e> H Y(17) c Bbt5.paaaoft To>illocTbiO~ TeM caMbiM peUieune nocTanneu-

l!Ol! ~a'IH 38XOH'I9BO, 

nannaH M8T9M8TH'I9CXAH 3a)laqa n0311HKna llpH pemeBHH KOBKp9Tl!Ol! <jlH3H'I9CKoll 38Jla'IH 

o unnJKel!nn sneKTpoua n none Anyx <!>nxcnpona.HxhiX aapHilOB Z 1 n Z 3 , yl!ane.a:ahiX .a:a 

pACCTOHIIH9 R {TaB: HA3b1B89M811 381l8'18 llBYX ll9l!TpOB KMBTOBO!t Mexannnn, nonpo5uee 

cM/
2

-
61

). B STOM cnyqae: 

2 
2 R 

P •--r-E h'•R(Z 2 +.Z 1 ); h~R(Z:j-Z 1 ). 
{8) 

IToSToMy npn <jlRKCRpoBalllibiX z1 n Z 2 BCEI BenH'IHI!bl 38.1l8'1H 38BHCHT TOnbKO OT OllHOI'O 

uenpepbiBIIOI'O napaMeTpa R X nenbiX .'lncen n e . "'I • m : 

E • E,.,,. m(R), 
... 'I . 

x~ x,.,,. 11 .<R> 
{9) 

r')le 'IHCna ne H n'l pABBbl 'IHCJlY Bynel! pemeHHfl X(e-J H Y(7]) COOTBEITCTBEIHHO, 

Mhl paccMoTpnM neTanbli:O nMeano STOT cny'lal! n noSToMy B .ttanbl!el!meM 5y.tteM nonb3oBaTb

CH <jln3H'I9CKOl! T&pMHI!Onornel!, cornaCI!O KOTOpOft Kpii:Bb!EI E a E(R) B83b1Ba!OTCII Tep

M8MH, pemel!HH X ( e> :n Y ('I) ypanaen:nl! { 1 ) - oonnoBuMn cj>yl!KilBHMHj a qncno nyneft 

pemenul! n e , n 1] H m - KBBIITOBbiMH. 'IHCnaMU, 

TepMu· E,. "',. ., ( R) npencTannHIOT sueprlrro snexTpoaa B none l!BYX 34P!!.IlOB Z 1 .. 'I . 
H Z 3 xax <jlyaxnniO paccToHanR R Me:lK.Ily aap.!l.llaMH. ITocxollbKY xpaenaH aanaqa { 1) ne 

Bblp0:1K.Il911a, TO K8)K)lOMy aa5opy KBaHTOBbl~ 'IHC&n De, nf/, m OTB9'189T TonbKO O.lllla 

KPHB811 E(R). ITpn R • U KA)K)lbll! TepM npBHHTO XapaXT9pD30B8Tb c<jlepD'IEICKDMH KBAH• 

TOBblMX 'IHCnaMH N, l , m:, x/ 
XOTOpble onpenemtiOTC.It cnenyromuM o6pa3oM ! 

rt•ne+f+I, 

l - n'l + I m I . 

floCKOliblty. IipH H3MEIHEIIIHH R 'IHCnO Hynel! nonnOBblX <jlyHKilHl! H3M9BHT&CH ne MO:lKeT/1/ 

3T8 XnaCcH<jll!KanHII TepMOB' HM99T CMblCn npH 1IpOH3BOnbHblX R 1 II Mbl 910 B ll8libH&l!U19M 

6y.tteM llOnb30B8TbClil', 

x/ B KBIIBTOBOl! M9X81IHK9 IICIIOJlb3yroT o6b!'IHO CllEIKTpOCKOilH'IEICKH9 Ofl03B8'19HHll1 cornac-

110 KOTOpblM N 0503B8'18IOT 'IHCnaMH, f. -naTIIBCKl!MB 5yKBAMH, a m -I'PII'IEICKDMB, 

ITpn STOM N • 1,2,3, .. ~ f - s , p , d , f , · g ,·'ITo cuoTneTcTBY&T .pHny: 

0,1,2,3, ... m- u , rr , l'i {0,1,2, ... ). HanpnMep, cnMnon 3 du oana'laeT TepM c 
N•3, f-2, m•.O,' 

5 



Bb16op paanolKeanl! 

Jlmr <!>yun:HII: X(') 
. . 171 

o6hl'l.RO ncnonb3yJOT paanolKeRHe H<l><!>e : 

2 T . u ....,,.. ' - 1 • 
X(') a(' -1) (' +1) .e 8~g 8 (~) ( 10) 

Cl -

b' 
2P- (m + 1) 

X 
/2/. 

HIIH wmepac!=a • 

-.J 2 T -pe 00 m 
X(') •<$ -1) e· l'. g 8 L 8 [2p(,-1)]. 

8':.~ • (lOa) 

Jlns <!>yaxn:nn Y('l) H3B9CTRO 3 paanOlK9RHH/
3/ 

2 m/2 -P'I 
00 

m 
Y('l) • (1-'1 ) e. I C 8 P•+m('l), ,.o ( lla) 

2 m/2 -P'I.. m 
Y('ll. 0-'1 l e l: c.L.[2p0+'1ll 

•• o 
( 116) 

2 m/2 -P'I oo . • 

Y('ll-0-'1 l e IC 0 0+'1l 
o..O 

(liB) 

rAe p - npiiC09)lHH9HRbl9 4JyRKiliiH nelKBH.!lpB0 8 
m 

L., - llp1IC09111IH9HHbl9 llO/IIIHOMbl 
•+m 

nareppa, Bee STII pB3/IOlK9HIIH · SKBIIBB/19HTHbi,. HO BblpBlK9HIIH 11/lH !19/III'IIIH p 8 , ). 8 II ll 8 

B COOTHOW9HIIIIX (4) 6y11yT, KOH9'1H0 0 pa3/IH'IHblMIIo 

PaanolKeRIIH (II) xopowo CX0/1HTCH B IIBTepBB/19 'I· [-1,0 1 H xylKe npH '1 .. 1 • noa-

TOMY B 06/IBCTII '7 a ( 0, 1 ] IICllO/Ib3YJOTCH Jlpyrne p83/10l!i09HHR: 

2 m/2 P'l eo m 
Y('ll- 0-'1 l e I c'. P ('ll, 

a•O s+m 
( 13a) 

2 m/2 P'l 00 m 
Y('l)- 0-'1 ) . e I c'.L. [2p0-'ll]. 

•• o 
( 136) 

· 2 m/2 P'l 00 • 8 

Y('l) • 0-'1 ) . e .::o c: 0-17) ( 13B) 

Pexypp9!1TBbl9 COOTHOW9HHR (46) npHMyT Tenepb BH)l: 

.p:c;+l- ,\'.c.+ a'. c.-1- 0' (4B) 

6 

rAe p; , . >.'; 11 ll; ll/IR paanolKeRHII ( 13) 
p83nOlK9RHIIX ( lla) ll , (liB) 3BM9ROI! b.~ -1 

IIOI! p .. - p • CywecTBOBaRHe ,.2 THno!l · pa: 

!lnonae Ollpell9119BIIblll 4JH3li'I9CKHII CMbiC/l H C 

MO!I npn R ..... npll R • 0 .anexTpon CBJI3BB c o6 

llpyr OT Jlpyra OR MOlK8T OCTBTbC.!I IIH60 y 3Bp.!IJ 

STOMy B nanLHellmeM 6yll&M paanii'IBT» eZ1 -T 

nepeXOil.!IT TepMbl E Nfm (R) npll R .. oo 

CTB8RHO !I TO'DOI '7 • -1 H '7 • 1; TO~ 
eZ2 - T9] TepMaM, a paanolKellll.!l ( 13) -

BO/IIIO!Ib19 <l>yRitllHll eZ,-TepMO~ llpll ' Z I 

'I • -1, SKCnORGHlliiB/lbHO 3BTyXBJOT no liB 

3YlOTC.!I 'lliC/lOM nynall D 2 , XOTOpO! MOlK9T 

<!>yllltllliH Y ('I ) . Jlns eZ2 -TepMOB npn 

BO/IROBbl9 <!>yHKllHll Y('l) COCp9llOTO'I81Ihl B6< 

STOM Cny'IB9 llpHRRTO o6o3HB'IBTh '19pG3 n 1 

(nnn n', ni, n; , m) aashiBaeTc.!l napa6onn'IE 

Bwqncneal!le· co6c1 

Co6cTB8Hllhie 311B'I9HH.!I pH). II&; 

2 
f - ru, 

·r.lle 
ar, 2 ar,- ~-J . 

"',·-[(op-l +(dX""')J, ·-1,2, 

ncnollbays cTallllapTllyJO nporpaMMY MHK (M' 
. /8/ ' ' 

H,H. CHIIHHbiM , Ollaaxo, ncnonb3yR BbipB>I 

pem9Rll8 3BllS'IH-llltR BbiCOKHX T9pMOB {c 6011 

no cneAyJOmel! npn'III&e, llennhxe llP061I (7a) 

HO B Dt -QM ~ · f -oM 'llt9HSX OT HB'IB/l. 

'IHC/19HHOM llH4J4JepennnpOBBRBH p93KO B03pBC1 

omn6xii. 

B qacTnocTH; no aTOll npnqHJie B nexo7 

pB3/IOllt9RHJ! ( 11) pesyrrbTBTbl pBC'I9TOB H9 C 

Bh!ll9111IB yKB3BHRb19 cnnrynnpHOCTII, llltR 'lerc 

•(7). Ollaaxo o6mnl! cnoco6 npeo)loneRHH aTru 

KOH9'1Hbi9_Il9llHhl9 )lp06H (7) B·BH)l9 OTHOW9E 

r, 



pa3noJKei!He H<jl.p/
7 1

: 

r u "1>e.. e - 1 • 
o <e·+o .• .~g·<"F+T> 

- (m + 1) 

l: C 8 P.::m(q), ,.o 

m/2 -oq:; C Lm [ 2 p (1 +'I)] 
e ..w 111 a 

.Qo 

m/2 
) 

-pq ~ Ill 

e l:C
0
0+ql 

• ..o 

m 

(10) 

(lOa) 

(11a) 

( 116) 

( llB) 

a L,. - npllcoe)lHHeHHbte noniiBOMbl 

Bblp8lK9BHSI )liiSI B91IH'!IIH Pa • ,\ 11 H 

-..; 

li . 
'7• [-1,0) II XyJKe npH q .. 1 , noa-

pa31IOJK9HHSI! 

(13a) 

Pl] ero m 
e I C'

0 
L. [2p(l- ql] . ..o ( 136) 

•'I f' ·c· O-ql• 
· e a•O 11 ( 13B) 

Teneph Bll)l: 

+ 8'. c. -1- 0 • (4B) 

8/ 

I 
·-' 

I')l9 p~ , . A~ II lJ: )liiSI pa31IOJK91!Hll ( 13) OTII~'!aiOTC>t. OT COOTB9TCTBYIOIU~X BOIIH'!HH B 

pa3nOJK911HHx (Ita) 11 (liB) 3aMenoll b · ~- •b a oT BenB:~n pa3noJKeHII>t ( 116) - 3aMe-

noll p .. - p • CymecTBOBai!He,.2 TllflOB pa31IOJK91!Hll (11) .II' (IS)' )liiSI Y(q). IIM99T 

Bfl01IH9 Oflpe)l91I9HHblll <jlii311'!9CXHI! CMbiCII II CBSI38HO C T9M1 '!TO C_ym9CTByeT )lBa THna Tap

MOB npll R .. oo.npll R • 0 .91I9XTpOH CBB34H C OOOIIMII 3ap>t)laMH Cpa3y, HO. np11 y)laii911HH 3lipsr.t~OB 

)lpyr OT Jlpyra. OR MOlK9T OCTaTbC>t IIH60 y 3ap>t)la Z I 1 l!1160 y 3apB)la Z 2 , CoOTB9TCTB9HHO 

STOMy B nanhnel!maM 6yAeM pa3nll'laTh eZ1 -TepMbl 11 eZ~ -T&pMbi, B xoropble nenpepb!Bno 

nepeXoAHT TepMbi ENfm (Rl np11 R ..... Ecn11 noMecTIIT& 3apHAbl Z 1 11 Z2 cooTBeT-

cTBenno B TO'IKII 'I • -1 II 'I • 1; TO p831IO)i(eHJi:H ( lJ) 6yJJ.yT COOTBGTCTBOBaTb eZ1 -
~ /8/ 

TepM8M1 a pa3nOJK9HIIH (13) - eZ2- T8pMaM,,np:a: 9TOM1 K8X noKa3aHo B pa60T8 1 

BOIIHOBb19 <jlyHxnHR e2,_-TepMOB npll Z 1 .;.. z2 COCp9)lOTO'i9Hbl B OXp&CTHOCTII TO'!Kll 

'I • -1, 9KCJl0H8HIIHaiihHO eaTyXaroT no HanpaBII9BniO X 3ap>t)ly Z2('1• ll_ H .XIljl8KT9p1I-

3y~C>t '!HCIIOM nynell n 2 

<jlyunnn y ('I ) . nn!I 

BOIIR0Bbl9 <!JyBXnll:ll Y(q) 

KOTOpoe MOliC9T Be COBIIa)laTh C O!SIUIIM '!HCIIOM Rynel! n 'I 

eZ2 -TepMOB npn R .... 

cocpeAOTO'!QHbl B61IH311 

xapaxTepnoe qucno nynel! paBno 

11 • +1, 1bcno uynel! <jlyHKnHII 

' n 2 , a 

x<e> B 

9TOM cnyqae npiiBBTO o6o3Ha'!aTh '19])03 n 1 • ne (linK ~· • ne) ,a B9Cb Baoop n,nl ,n2 -,m 

(Hnll: n', ni, n;, m) Ba3biB89TCH napa50IIII'!9CKHMII KBaBTOBbiMH. '!HCIIaMH (n•n 1 +n 2 + m +I), 

Bw'!Hcnenll&: co6cTB9BBbiX 3Baqe~nll p H A 

CooCTB8HHbi8 3B8'19BII>t p II A BaXOAHM 113 ycnOBHSI MHBHMyMa <!JyHK)lHOBana 

2 2 2· 
f • "'~ f1 +cu2 f 2 (14) 

rAe 
at, 2 at1 ~-J 

"'t -[!op-> +<ax-)J. i-1,2, 

llcnom.3y>t cTaBJlapTnyro nporpaMMY MHK (MeTOA·HaiiMenbmllx KBaApa'roB), nan11canuyro 
. /8/ . 

H,H, CIIIIII:Bb!M • Onuaxo, IICIIOIIh3y>t Bblpa>KeHIIB (7) nnH <jlynxn111! f 1 , uenb3H nony'!IITb 

pemeBIIQ aa)la'IH. )lii!I Bb!COKIIX T9pMOB (c OOIIbWHMII. 3Ha'!OHIISIMII N .II f ) npn z2 > 3 

no CII9AYIOIU9l! np1I'i.IIB9, llenBb19 )lpOoH (7a) H (76) CO)l9p>KaT CHBrynHpHOCTII COOTJ;>OTCTB9H-

BO B Dt -oM Jf .f -oM 'III9BaX OT HS'!SIIa, noSTOMy npn BH'!IICIIQJIH.II <jlyHKUIII! f 1 II IIX 

'l.llcneunoM )lll<jl<jlepeunllpoBaBIIII peaxo Bo3pacTaiOT norpemuocTn Bbt'!llcneanll 11 cnyqaliHbte 

OWIIOKH. 

B qacTBOCTII; no aTOll npii'!UHe B uexoropolt o6nacTn R npn IICIIOIIh3oBaBIIII pa3nR'!BbiX 

pa31IOliCeanll ( 11) peaynbTSTbi pac'leTOB ne conna)laiO'r, nono>Kenne Mo>KBo neMBoro ncnpaBHTb, 

Bbt)lennB yxa3aBBble cllnryn>tpBocTH, Ami qero ueo6xoAHMo qacTII'!BO o6epnyTb · nenable Apo611 

•(7), 0)lBaKO o6mnl! cnoco!) npeO)lOII9l!H!I 9TIIX Tpy)lBOCTel!: COCTOHT B CIIe)lyromeM: np9ACTlmHM 

B:oneqBble .neiiBbie Apo6n (7f B·BBAe oTnomei!H>t AByx <jlyun11ll 

fl -

. 7 

(I) 

UNI +I 

--:-m-- . 
KNI 

( 15) 



(I) (I) 
rne ,Pyaxnuu oN 

1
' H K N · -aanaHHbte nonuaot.-fht . oT nepeMeHHbiX p H A • nocxonbKY 

i ,+ l "' 
HaC IIHTepecyJOT TOnbKO aynH ljlyHKUHil 11 , T.O Jln>l Bbi'IHCneHHSI COOCTB9HHbiX 31I8'I9HIII1 p 

H A JlOCTaTO'IHO peWHTb CHCT9MY anreop8H'I9CKHX ypaBH9HHI1: 

(1) 
ONt+l(p,A) a 0' 

(16) 
(2) 

ON2+ 1(p,A) • 0. 

(I) 
<l>yHB:JliiH '· ON 

1 
B llpOB3BOAHbl9 OT BHX no napaMeTpaM 

.,.J. I + 
peHTHbiX COOTHOW9HHI11 KO!Opb19 BblllBCaHbl B npHil0)1{8HHH. J, 

p u A HaXOA!ITCB H3 peKyp-

KouKp9TBbll1 BHil nonBHOMOB ( 16)· 3aBHCHT OT Bbtoopa paanOJK9HHI1 ( 10) H ( 11) 1 KOTO

pbl9 obtnH uccnenoBaHbl B Aauaoll paooTe. Oxa3anocb1 'ITO paanoJKeaue .Hijlljle ( 10) nnn ljlyux

nuu X <e> xopowo CXOiliiTC!I BO Bcell oonacTH B3MeileHH!I e. HecKOnbKO cno>KUee ~ono-
' 

)l(eaue c <jlyaxnuell Y( 71l : npenBapuTenbHhtll auanua paano)l(euull ( 11) noKa3btBaeT1 'ITO B 

oonaCTH MBnbiX R HBHOOnee npHrOAIIO pa3n0)1(9HH8 ( 11 a) I a npH R >> 1 -paanO)I(8HH9 

( llo) H (liB) o 

np11 'IHCneHROM peW9RHH ypaBR9HHI1 (16) OK838nOCb 0 'ITO pa3nOJK9HH9 (JJa) DpHM9HIIMO 

snnoTb JlO 3H8'I9HHI1 R .. 20 .;. 40. Bm! 9TOI1 oonacTH Jl8Jlll9T TO'IIIOCTb Bbl'IHCil9HH!I TepMOB 

H OAHOBp9M9HHO 3H8'18Hil!l npOH3BOilHblX c1f 1 /iJp H iJ! 1 /iJA (neooXOilHMbl9 llll!l paoOTbl 
9 19 . 

MHK) peaKo BoapacTaiOT JlO ypoBH!I 10 .;. 10 • 3To1 : onaaxo 1 ae npnBOAHT K TpynaocTSJM1 

T.K, DpH STHX 3H8'I8HH!IX R yJKe CDp8B9AilHBbl aCHMDTOTH'I8CKII9 ljlopMynbl All!l p( R) H 

A ( Rl • To'IIIbte rpaHHJlhi npnMeiiBMOCTH paanoJKeHH!I ( 11a) paann'<Hbl nn11 pa3HhiX TepMoB II 

onpeJlen!IIOTC!I TO'IHOCTblO Bbi'IIICJl9HH!I T9pMOB < : 

Paano)l(eane ( lla) naorna nenecooo'paauo ncnonb3oBaTb npn R » 1 

TepMOB, 

Paano)l(eune (loa: Bnonae axBnBaneHTHO paano)l(eauro ( 10), 

llnR eZ 1 

Ocoohte TpynaocTn BoaauxaiOT npn Bht'Incneunn TepMoB, 

nceBnonepeceqean>l (eM, pnc, 1 n 2 1 Tep~bl '5 go ; n 4 lo 

KOTOpbte oopaayiOT KapTHHY 

), II nonpooao oocyJKAanncb B 

/9/ . ' 
nepBoll .qacTH nauaoli paooTbl • CBoeoopaaaoe BaanMonellcTBIIe aTnx TepMoB TpeoyeT BllllO-

H3M9H8HH!I oomell M9TOAHKB Bbl'IHCJl9HIISI, npll 

JleiiCTBYIOT TepMbl C KBaHTOBbiMH 'IHCnaMH 

Z I • ] 1 
Z 2 = Z I H 4 ~ Z ~ b B38HMO• 

N=Z - z -1 II N = Z -1 £ = Z-2 

np11 7 ~ Z ~ 9 K HHM Jl008Bn!I9TC!I T9PM C KBBHTOBblMII 'IIICJl8MH: 

N = Z -2 1 f=Z-3. 

np11 Jl8JlbH9li1118M yBenii'I9HliH Z 'IHCnO TBKHX 'B38HM01l911CT.BYIOIIIHX' TepMOB YB8Jlii'IIIBfi8T-

C!l. 

no}lpOoHblll' anropn'rM nn!l Bbl'lllCJl9HH!I COOCTB8HHbiX 3H8'I911Hli p Nfm ( R) H KOHCTBHT 

paaneneun!l ANfm (R) 

Jlii'IIIH p 11 >. oT ·n 

llBH B npllll0)1(9Hllll 1. Pnc. 1 II 2 nnnrocTpupyroT 38BHCHMOCTb Be-

}ln>l p83nll'IHhlX TepMOB npll 

8 

z 5. 

Bbi'IHcne!me BOnHOBbiX q 

3nalm& coocTB911RbiX aaaqeHRil pNfm (I 

ljlynKIUIII: X Nfm (el R) II Y Nfm (e 1 R ), C, 38Jl 

nenu:. Jlnn ,PyJIKllllH x<e1 ucnollb3osano 

, no>KeHKR ( 11B) 11: ( 13B), T.x. npn R » 1 

II ( 13a) 
0 

a llpll R << 1 SKBHBaneBTHbl HMo 

(AnR eZ1 -TepMOB) II C~ (nnn eZ2 

nowenull ( 4a); ( 4o) 11. ( 4B) c ')''IeToM ycnoB 

g - c 
-1 -

So = Co 

KapTHna BonnoBblx ljlyHKnull npu paanu• 

cucTeMbl Z 
1 
~ 1; Z 2 ,. 5 npusenena na 1 

noBenenH>I BonnoBbiX ljlynB:ItHil np11 R .. 131 

'I9BHR T9pMOBo 

B paanH'IBblx ljluauqecKRX aanaqax (c~ 

K11 <nl-fdr</1 1 <e 

R 
Qll(R) = Tfdr .PI 

R II (R) = f dr 1/J 1 ( e, 

1/J 
1 

<e • 'II' R) = X 1 ( 

rrR 8 · 2 
- 4-<e -11 dr .. 

Anan~~II'1:8CKH9 Bbtpa)I{9BHSI llllR. MaTpl 

npunO)I{ElHBH II • TaM )1{8 onncanbl neKOT 

HBTerpanoB aana'IH. 

Ha puc. 5 11 6 npuBenenbt riJaljlHB:H 1 

AnR CHCT9Mbl z1 1; z2 - 2. {3nec: 

0 = 1 sa= IN =1 1 f • m 01). 



non:HHO!'.fbl OT nepeMeHHbiX p H ,\ • nocKOObKY 

TO AnSI Bbi'JHCn:eaa.R co6cTaeanhiX anaqeaai! p 

anre6paaqecxax ypaaaeaai!: 

= 0 • 

(16) 

- 0. 

RHX no napaMeTpaM p H ,\ H8XOA.RTCH H3 p~Kyp-

B npHOOlK9HHH. J. ·.J 

(JO) H (11) 1 KOTO

Qxaaan:ocb1 'ITO paan:oJKenae .H¢<j>e ( 10) nn.R tyax

o6nacTB H3M9H9HHII e . HecxonbKO COO)f<Hee nono

aaanaa pa300lKBRHi! ( JJ) HOKa3biBaaT1 'ITO B 

paan:oJKenae ( 11 a) 1 a npa R » I -paan:oJKenae 

(J6) OK83800Cb1 'ITO p8300lK9HH9 (JJa) npHM9RHMO 

9TOl! o6n:aCTH H8ll89T TO'IHOCTb Bbi'IHCn:eHHII TepMOB 

iJ£1 /iJp H of 1 /iJ,\ (aeo6XOllHMbl9 11011 pa60Tbl 
9 19 

10 .;. JO o 3Too: Ol!H8K01 He HpHBOl!HT K Tpyl!HOCT.RM1 

cnpaaenn:HBbi acHMHTOTH'tecxne <jlopMyn:hl nn:SJ p{ R) a 

p8300lKBHHII ( 1Ja) p830H'IHbl l!OSI p83HblX TepMOB H 

( : 

HCHOOb30B8Tb npH R >> I llnH eZ 1 

paanoJKeaaro (10). 

HpH Bbi'IHC09HHH T9pMOB1 KOTOpble o6pa3yJOT KapTHHy 

'5 go ; a 4 fo )1 a nonpo6ao o6cyJKAanncb a 

B38HMOl!Bi!CTBl!9 9THX TepMOB Tpe6yeT Blll!O-

z 1 = 11 Z2 = z ; a 4 ~ z ~ b B3811MO• 

H N • Z -I f - z -2 ; 

C KB8HTOBbiMII 'IHC08MH! 

f=Z-3, 

'B38HMOl!ei!cTBYJOrnHX' TBpMOB YB90H'Il!Bfi9T-

C06CTB9HHbiX p Nfm { R) H KOHCT8HT 

2 l!OOIOCTpHpyroT 38BHCl!MOCTb Be-

Hpll Z = 5, 

'I 
I 

I 

!. 

Bbi'IHcnelllle aonaoabrx pYRKnni! R MaTplr<IB'hiX M&MeHToll 

3aalllle co6CTBB.IIHbiX 3Ha'19Hlli! P Nfm { R) ll ,\ Nfm {R) H03ll00li9T Bbi'IHC::nHTJo 

cjJyHKIOill · X Nfm (e; R) ll Y Nfm (e; R) C 381!8HHOi! TO'IllOCTbiO BO Beall o6nac;;Tll, liX OIIpellB-

neBHSio Jlna <J>yHKnliB xce1 Bc::nonb3onano· paanoJKeHlle ( 10), a nna <J>yllltiUIJl Y(q l - paa':"' 

. nO)KBHH.R (JIB) II ( 13B), T,K, llpll R » I OHll 'CXOll.IJTCSI llhiCTp991 '19M pa3nOlK9BliSI ( 11a) 

11 ( 13a) 1 a np11 R << I SKBIIBaneliTHhi liM. CooTBBTCTBYIOmH& xoscjJ<j>HIInaHThi g • , C • 

(nOll eZ1 -TBPMOB) II c; (AnSI eZ2 -TepMOll) Bhi'IHCOlllOTCB 113 pexyppeHTRhiX COOT-

l!Omel!Hi!, (4a); (46) II. (4B) C )''IBTOM ycnOBHll: 

g_s - c -t 7 c:.s- o , 
(17) 

go • Co .. co - 1 . 

KapTnna nonROBbiX cjJyaKnlli! np11 paann'IRhiX R Ann T&pMo:a 51J7 • 4b H 4oo 

CIICTBMhi Z I • 1 ; z 2 "' 5 npaaeneaa sa puc. 3 a A. 06pamaeM BBHMaaae aa oco6eaaocTH 

llOBBl!BIIHSI BOnBOBbiX <j>yRitllHi! HpH R "' 131 KOTOpbiB CBSI3aHbi C SIBnBHliSIMII llC9BAOnepece-

'19BBSI TBpMOB, 
. row; 

B pa3nii'IHhiX <j>H3H'IBCXHX aana'laX (eM, 
1 

) Heo6XOAHMO 3B8Th HHTerpanhi BRAS! 

K II {R) = f dr r/J 1 ( e , '1 ; R ){ -!\ ~) rp I ( e , 7J ; R ) , 

R , 
Q 11 <R>- 11 Jdr ¢ 1 <e. 71 ;R><-v,it>¢1 <{.~;Rl, 

( 18) 

R,1 <R >- J drr/11 <e • ., 1 R> .;.e,., ¢ 1 <e • .,; R> • 

r/J 1 <e, 1'/1' R) = X 1 <e ; R )Y 1 (7f; R) , 

dr "' 
rrR 8 

2 2 
-

4
- ce - ,., > dediJ 

Aaan~~H'Iecxae BbipaJKeaaa AnSI. MaTpH'IHhiX sneMeBTOB K 11 !I Q11 .npnneneHh1 B 

npnnolKBRBB II • TaM lKB ormcaBhi ReKOTOpbie TBXHli'IBCKBe ABT81IB Bbl'IHCneBBH cjlyaxnnll B 

HBTerpanoa aaAa'IB. 

Ha puc, 5 n 6 npHBeAeBbl rJ)a<J>uxa MaTpa.ffiblx sneMBHTOB K00 , K 11 , K 10 , Q10 

.llnH cncTeMbl z 1 • 1;· Z 2 - 2. (3Aecb nonoJKeao: 1 = 2 po • IN ·2; f-I ; m • o I; 
0,. 1 oo = IN =1; f • m • 0; ) . 
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TaKRM oopa3oM, nama aanaqa BbiiTOnnena: noeTpoen anropl!TM JlnSI Bbi'IRenennSI eooeT

B9HHbiX 3Ha'l9HHli ·n eooeTB9HHbiX <jlyHKUHli eneTBMbl ypaBH9!1Hli, ( 1) 1 a TaK)l(9 MaTpH'IHbiX c 

3neMBRTOB no 3THM <jlyHKUHSIM, 

Taonnu&I neKoTop&Ix· TepMOB nn<~ eneTeM ·z1 - 1; Z2 = 3-;.S,a TaK)l(B MaTpH'lHbiB 

aneMBHTbl ( 18) JlnSI eneTBMbl Z I = Z 2 a 1 oynyT onyomixoaan&I B oTuenbnoli paooTe, 

B aaxmoqenne oTMBTHM, ·-i1-o nonyqenn&Ie <jlynxunn "'I ((. 7J ; R) YllOBHBTBOpSIIOT 

yenOBHIO OpToronanbHOeTH 
f dr ifl1 t/JI • /)11 

_..., -5 -3 -2 
e TO'IHOeTbiO 10 · ,;. 10 (HHOrna_ 10 B 3aBHeHMOeTH OT 3Ha'JBHHR R ). 

Mbi rnyoOKO npH3HaTen&Hbl C,C, replllTBliHy 3a UOeTOSIHHOe BHIIMaHHB H HHTepee K pa

OOTB1 a TaK)l(B n,H, qHpHKOBOli 38 noMOWb npn eoeTaBnBHHH TaonHU H noeTpOBHHH oon&ruoro 

KonnqeeTBa rpa<jJUKOB, 

nPHno:>KEHHE I 

llporpaMMa eoeTaBnena npnMennTen&no K eneTeMe KOMann 3BM M-20 n npennaanaqe-

na nn11 Bbl'lHenennSI eo5eTBBHHblX 3Ha'lennli P Nfm Oi.l. H A Nfm ( R) e 3anaHHOli TO'IHOeTbiO 

n 3anana&IM waroM A R JlnSI BblopaHHOrO TBpMa1 KOTOpbili onpenenSIBTeSI HaoopoM 

KBaHTOB&IX queen Nfm H 3Ha'IBHHSIMH 3apS!JlOB Zi n Za 

nnsr paoOTbl nporpaMMbl HBOOXOJlHMO 3EUlaTb enenyroruyiO HH<jlOpMaUHIO! npH3HaK TBpMa: 

z 0 - JlnSI 

(Beerna 

eZI TBpMOBo ,f. 0 JlnSI eZ2 -TepMOB, 3na'JBHHSI 3apS!nOB Z I H 

z I~ Za ) ; napaoonnqeexne ·xBanToB&Ie 'IRena Bbiopannoro TepMa: 

Dt t n2 t m JlnSI e Z1 - TBpMOB HnH n'1,n;,m JlnSI eZ 2 - TBpMOB , . 

R H - Ha'lanbHOB 3Ha'JBHHB R ; 

AR 1 - war, e KoTop&IM Bbl'lnenSieTeSI TepM Ji,o R • Rep. 

R 
ep • 

- 3Ha'IBHHB R 1 Ha'IHHaSI e KOTOpOrO MO)l(HO ll3MBHHTb mar .1.R; 

.1.R2_ war _Bbi'lllenennSI TepMa oT R no Rk ; 
ep 

R k - KOHB'IHOB 3Ha'IBHHB R. 

Z2 

llo 3aJlaHHOll nn<jlopMaUHII Bhl'lllen!IIOTeSI JlOnonHHTBnbHbiB xapaKTBpHeTI!KH TepMa (Bbl.-

UHlllBM HX JlnSI eZ 1 -TBpMOB): 

3Ha'l9HHSI Nfm 

llO)l(HM m "' I m I l : 

161 
no <jlopMynaM eOOTBeTeTBHSI paoOTbl ( 8 e3ne B JlBnbHBlillleM no-

{ ,,_,, . '• 2n
2 

+ m + n • --z-- , ecnH OTBom~HHe n • z-
f = I UBHOMY 'IJieny t· ( 11 .1) 

Z2-z Za 
n2 + m +1 + & nl(n

2
+ n•--'J. eenn n • z / uenoMy 

zl 'llleny I 

( @nt(x) oanaqaeT uenyro qaeTb OT x 

10 

I 
N·· f + n 1 + 1, 

n • n 1 + n 2 + m + l 

aeHMnTOTH'lecKHB 3Ha'IBHHSI p • .1.p • A • .1.A 

H 3aJlaHO .1.R > 0 )/6,111: 

R·_,-, 
P•rv-2Ei A=A- 1 

E = _<zl +Z2)2 
~-2R2 z 1 z 2 (Z 1 + 

N3 (2f -1H2f+ 1) 

m2 

A•-f(f+1l+ 'ltp2 [1-~ 

a:> 
.1.p· aa .1.a .1.A• 

llpH R >> 1 3anaeTell .1. R < 0 _ H Bbi'IUen!IIOTell 

161 
no <jlopMynaM : 

2 z2 3 
Z 1 + _ n( 

E -- 2,;.'T' - R 2 

A • p 2 + 2p ( 2 n 1 + m + 1 l-

+ (2n 1+1Hn1 +m +ll-n 1 

3Ta npennapnTBJil>HaSI uB:<jJopMa_un<~, neooxoJliJ 

na ne'laTb B enenyJOweM nop<~nxe: 

fipli3HS.X •0; Z1, Z 2 , n 
1 

, n 
2 

, m , l, N ; 

Hn,PopMaunn nnSI eZ
2 

-TBpMOB OTnH'l8BTeH OT B 

llpn3HBK i' 0; D 1 ... D 1 ; n 2 -+ n~· ; z 

npu aTOM 
161 

Bbl'IHensreTeSI llO <jlopMynaM ! 

11 



abmonnena: nocTpoen anropl!TM nnR Bbi'IHcnenuR coficT

cucTeMbi ypaanenul! (I), a TaK:>Ke MaTpR'IHbiX " 

Z1 • I; Z 2 = 3.;. 8 1 a TaK:>Ke MaTpH'IHble 

fiynyT onyfimiKoaanw B oTaen&noli pafioTe. 

nonyqeHHb!e <jlyHKUHH t/1 1 <e. 'IJ ; R l ynoane'raopRIOT 

dr t/11 r/11 • 011 

I 0-
2 

a aaaRCHMOCTH OT ana qenuR R l. 
-.J 

fepwTel!Hy 3a liOCTOSIHHOe BHIIManue H HHTepec K pa

liOMOIUb npu cocTaanenuu Tafinuu u nocTpoenuu fion&moro 

nPHnO)I(EHHE 1 

K CHCTeMe KOMann 38M M-20 H npenaaanaqe-

p Nfm Oil H ..\ Nfm ( Rl c aanaaaoll TO'IHOCTbiO 

TepMa, KOTOpbill onpeAenReTcR aafiopoM 

z1 u z2 

cnenyromyro un4>opMauuro: npuaoaK TepMa: 

eZ2 -TepMOB, 3na'I9HHSI aapSI/lOB Z 1 H Z2 

:KBBDTOBbl9 'IHCna Bb!DpBDHOrO TepMa: 

n'11n;,m Ill! II 

R • R 
cp. 

eZ 2 - TepMOB i. 

KOTOpOrO MOlKHO H3MeOHTb mar fl R ; 

R cp no Rk 

llOIIOl!HHTellbDble xapaKT9pBCTHKH TepMa { Bbl"" 

16/ 
cooTBeTCTBHll pafioTbt { aeane a nan&neflweM no-

n • 
z 2 - Z 1 

--z-;-' ecnu OTH6meaue 
nenoMy qncny 

Z2 
n•--

Z1 

z -z . Za 
f, nt(o2+n·-

2
-\ ecnn • ·z- I nenoMy 

zl 'II!Cny I 

OT X 

IO 

{11.1) 

N·~ f + n 1 + I , 

nczn 1 +n 2 +m+l ( II , 2) 

aCHMIITOTH'I&CKHe 3HB'IeHHR p , /lp , ,\ , /l,\ 

H 381\BHO flR > 0. ) 16•Il/: 
nns R = R. H {ecnu R H finnaKo K nynro 

R-
P = -,;-V-2E; ,\ = A-p2 

2 2 
(Z 1 +Z 2 ) 2 Z 1 Z 2 (Z1+Z2l 

E = -~ - 2
R 'Na(2£-1)(2£+ 1) ( 2l + 3 l 

3m 2 

[1- 1: 
l(l+Il + O,I 

{ II .3) 

2 2 2 
m2 IR(Z 2 -Z1)( ·_sm 1· 

2 [ 1- . I- • A·-f(l+Il+~p I-;(£+ 1) +O,I !r N l(l+Il+O,I 

a:> 
llp- 'ail llR 

a..\ 
/l,\- ;rallR. 

npn R >> I 3BAB9TCR flR < 0 II Bbi'IHCIIHIOTCR BCHMllTOTH'IeCKlle 3Ha'I9BHB p ,/lp, ,\ , /l,\ 
161 

no <j>opMynaM : 

z~ z2 3 z2 
E =- ::;--r --- + - n(n 1 -n 2 ) • -:;-;;-z 

2n R 2 Z1 R 

A a p 
2 

+ 2p ( 2 n 1 + m + I l- R ( Z ~ + Z 1 l .+ 
{ II .4) 

R 
+ (2n1+l)(n1 +m +ll-n 1- 2P (Z 1 +Z2 l!2n 1 +m +ll. 

3Ta npenaapiiTenbaall nH<j>opMauns, neofixoAHMaR nns pafioTbl MHK, BbiAae_TCR aaTeM 

Ha neqaTb B cneAyJOmeM uopllnKe: 

np1I3Halt ""0; z1,z 2 , n 1 ,n 2 ,m ,f,N; ,\, p,/l..\,/lp. ( II. 6) 

HH¢opMaUIIR nmr 

npiiaaax: r o; 

npii aTOM 

eZ
2 

-TepMOB OTIIB'IaeTCH OT Bblpa:>Keanl! {JI,3) {JI.4) II {JI,6) aaMeaol!: 

n 1 ... n t 
, 

D2 -+ D2' ; 

16/ 
Bbi'IHCl!ReTCll no <j>opMynaM : 

II 

z 1 ;;: z2 ( II .6) 



fm 

n; <n'• z2- z. 
-z--2-

{ 

n; + m , ecnn 

Z2 -z1 
n;+ m +I+ &nt+(n' -n'·---), ecnu 

2 . z2 

llporpaMMa MHK MURUMU3upyeT ¢ynxnuonan 

2 2 2 
f a(Lllfl+"'2f2. .• .J 

( II .2a) 

n' > n' Z2-z 1 
2- .• --

z2 

( II • 7) 
(I) (2) _ 

rne <jJyRKilUU f I • UN +I U f 2 = 11 Bhi'IBCn<IIOTCR U3 peKyppeHTHhiX COOTHOmeHBII, KOTOpbie 
I N2 +I 

nmr <I>YRKilBll f 1 uMeroT cnenyromull Bun: 

17k+l = 17k fJNI-k- 11 k-1 "NI -k YNI-k+l; 
( II. 8) 

u0 -=1; u_
1 

-o; 

k 0, I,2, .... , N1 
llpn aTOM 

2 -~ - -~ 
a 8 a a 0 • (1 + fJ 

0
) ; ·fJ 

8 
• f3 

0
• (1 + f3 

0 
) r.- r. (1 +f3 2 )-~ .. 

a. • (s+IHs+m+ I); 

/ 

{3 8 • 2s
2 

- m(m+ I)-.\- b'+ (2s+ m + I)(2p -a) 

• 2s(s +2p-a) -.\-2pa- (m +IHm+a) 
( II ,9) 

b' b' r.- (s-I-aHs-m-I-a)- (s-2p)(s+m-2p). 

Taxasr HOpMBpOBKa BGIIH'!BH a. ' fJ. 11 r. ueo6xolli!Ma, T.K. np11 • >> I fJ • • s 
2

, 

B <jJyHKiliiB II 
• 4NI 

a npoMeJKyTO'!HbiX Bbi'!Bcnelinsrx llOCTHraeT B91IH1Jl!Hhl • N1 • To &C'rh-

'!UCIIO 'III8HOB N I B <jlymtltBB f I H81Ih3B B3!tTh tlOIIbWIIM 7, 'ITO RBllO H9lXOCTBTO'IllO 

ltiiR Bbi'IBCIIGHIIR T9pMOB C Bh!COKOI! TO'IHOCTh!Oe 

<l>yHKilll!t £2 ltiiR eZ 1 -TepMOB Bbt'!llcnsraTCsr ananori!'!Ho nocne 3a¥en: 

Nl .. N2 i 

aa-+ Pa ; fJ .. >. . . r • .. a. 

rne nrur pa3nOJK9HB!t ( 11a) Benu'JliBhl p • , .\ • u a • liMe roT cminyromull Bull: 

P. • 
(s+2m+Il[b-2p(s +m + I)j 

2(s+m) +3 

12 

,, 

.\
8 

• .\+(s+m)( 

s • {b +2p (a 
a. - 2(s +!D)-I 

b• R(Z 2 -z 1 ); b'-~ 

llpu Bhi1JBCII9Ul01 <jJymtlllOI t; ltn<! e 

lKBTh: 
>. ... -.\8-

U B BblpSlK£'llU!tX lXIIB p 
0 

U a. 3SM9UUTh 

b .. - b. 

iJf I iJ£ 1 
3Jla'!8HUB npOB3BOltllbiX ap B -ar-

11 .9) B ( II .10) IlpOCThiM nu<jJ<jJepeHitllpOB, 

ila0 ila
0 ap = --ar- =-

JlnB eZ 2 -T9pMOB H80tlXO!(BMO ltOIIOIIJl 

Mhl 110llp06Jlo OIIBCBIIII anropi!TM .JI.II!t CJ 

ll9llHhiM <jJyHKlliiBM neJKaHitpB ( lla) •. 

llpB 3BlXBHllOII TO'!HOCTU Bhi'!UCII9HII!t Te 

z 1 • 1, z_2 • 1 .;. 10 np11 nro6blx 3Ha'!eJ 

s, p, d -T9pMOB ( f • ·0,1,2) B pe 

IIOIIOlKBTh N I • . N 2 • 40. Jlnsr TepMOB C 6 

MO Bb16paTh Nl - 40, .. N2 - 100. B ST< 

llllll acex TepMOB nporpaMMe MHK nocTaTO'Il 

Hh!G 3HB'!9HIIll p U .\ C 3BlXBHHOI! TO'!HI 

N 2 • 100 Bp9MSI C'!eTa OltHOII TO'!KB HS T• 

Ma na unrepBane R • 0,2 (0,2)30 ueo6xo 

E~liU npll !)ollbWUX R I!CIIOIIb30BBHO 

He06XOlXIIMO IlpBllllTh <jJopMyllhl ( ll ,4), a BM 

mue Bbtpa)l{eHI!R: 



n; <n'• z2- zl -z--2· 

, Z2 -Z1l, ecna 
'-n. z2 n2 ~ n:. z2-zt 

z2 

( II .2a) 

( II. 7) 

-~' 
H3 pexypp9HTHb1X COOT.ErOW9Jml!

1 
KOTOphie 

~1 -k YNi-k+1; 

0 ; 

- -K - 2 -K 
f3 • .. f3 • • (1 + f3 • l ; Y. • y • (1 + f3 • l 

b'+ (2s+ m + 1)(2p -er") 

(m+1Hm+er) 

b' b' 
(s-rp)(s+ m-rpl. 

( II. 8) 

( II ,9) 

2 a r. aeo5xoABMa, T.x. npa s >> 1 f3 • - s • 
4NJ 

AOcTaraeT :aenH'll!llhl • N 1 • To 8CTI> 

:B3>1Tb 150nLWHM 7, 'fTO I!:SliO 119AOCT8TO'fHO 

y • ... ll. 

A8 H lJ.· HM9IOT CnBA:YIOWHI! :SHA: 

+ 1) [ b - 2p ( s + m + ll j 

2(s+m) +3 

12/ 

'i 

A8 • A + (s + m)(a + m + 1); 

s•[b+2p(s +ml] 
ll. -

2(a +m)-1 

b' 
b- R(Z 2 -Z 1 ); b'-R(Z 2 +Z 1 ); er•---(m+ll. 

2p 

( II .10) 

npa :Bhl'fHCneHHl! ljlyBXIUlH r; Ans: eZ2 -T9pMOB H90I5XOABMO AOUOnliHT9nbHO nono-
:lKl!Tb: 

A ... -A • A' . . . 
H B Bblp8lKI?liB>IX Ani! p 

8 
H lJ

8 
38M9liHTb 

b ... -b. 

( Il,lla) 

( II .1115) 

ar 1 ar1 
3na'I9liHI! npOH3BOJlllb1X ap B ax- nerxo Bhl'fBCnBTb B3 COOTJIQmeaal! ( II ,8) 

1 

Il.9) u ( II .10) npoCTblM JlBijlljlepeJIUupoBaJIHeM c y'feTOM ycno:aul! 

aero aero aer_1 a er -1 
a;-=ar-=ap-=ax--· (.II .12) 

Llna eZ 2 -TepMOB aeoi5XOAHMO JlOUOnliHT9/lbHO npoAenaTb 38M9!Ib1 ( II .lla) n( Il.115), 

Mbl no)lpo15Jio onucanu anropHTM _Jlns: cn;y'faa paanoJKeaau perueaaa Y (., l no npacoeAn

JieJIHhiM ljlyHitnHl!:M neX<aliJlpa ( lla) • 

npil: 38A8HJIOI! TO'I!IOCTB Bbi'IHCnBliHI! TepMOB -7 
( a 10 B HHTep:aane 3li8'19HBI! 

Z 1 • 1, Z.2 • 1 + 10 npa niOI5hlx aaaqeaanx rna:aaoro x:aanTo:aoro 'lncna N Ann 

s, p, d -TepMOB ( f "·0, 1,2) B pexyppeHTHbiX COOTJiorueaanx ( II ,8) AOCTSTO'IHO 

nono:lKl!Th N 1 • N 2 " 40, Llnn T9pMOB C 5onee Bh!COKHMli MOM9HT8MH ( f :) 3) Jie06XOJlli-

MO Bb16paTb N1 • 401 I .N 2 • 100. B aTOM cny'fae npu xaJKAoM aaaqeana· R no'ITn 

Ann Bcex TepMoB nporpaMMe MHK JlOC~aTo'IHo · 2+3 

awe aaaqeaun p H A C 38Jl8HHOI! TO'fHOCTbiO 

N 2 " 100 Bp9MH C'f9T8 OJlliOI! TO'fKH HS T9pMe 

Ma Jia BHTep:aane R • 0,2 (01 2)30 Jieo6XOAHMo 

HTepannu, 'fT06bi Bhi'IliCnHTL co6cTaea-' 

( • (npu ( = 10-7~ N1 ,.;. 40
1 

• 5 cex1 T,e. Jlmr Bhl'IHCneaun Bcero Tap

" 10 MHJI,) 

Ec.1IH npu 6on~oruux R ucno/lbao:aaJio paanoJKenne. 0 1:a) 1 TO Ann eZ
1 

--repMoa 
•e H. • • ' • • 

aeo6xoAHMo npnanTL ,PopMynbl ( 11 .4) 1 a BMecTo p • • A • n ll. ncnonLaoaaTL cneAyiO-

rune BhipalKeJmn: 

13 



p •2(s+1Hs+m+1), . . . 

A
8 

• A + s (a+ 1) + b + (2s + m + 1) (2p + m) , 

( II .15) 

8 • • b + 2p (a+ m) 

Jlng eZJ -TepMOB Heol5XOttHMO ltOIIOnHHT&ni>.IIO 3SM811HTJo b .. - b • 

B CII}"IS,.pa3nOJKellH.I[ ( 115) II:O!!<M>mtH8HTbi P. • A. H a. IXpHllHMSIOT Bmt: 

b 
P. --<•+m+1Hs+1+ 2 >. 

. p b 
A • • A+ (a +.mHm+ 1) +b+ (2s+m + 1J[2p- (a+ m+ 1 '+2Pl), 

s.--•<s+m+'*). 

TouoCT:& Bl>l'liiCnemm: TepMo:B OIXp&lt&II.IlBTC.Il IIO. cjlopM:ynAM~ 

f -
lf1 I 

I • 1,2 • "'ax of ofl 
lA af-1 + I P • crp I 

HecJtom.xo cn:yJKe5awt nepcjloxapT JI03BOn.KIO'J' M&B.IlT:&: 

'IHCnO 'lnBB!)B N1 H N 2 B lj>yHXJIHJIX f I H f 2 

TO'lBOCT:& Bbi'IllcneHH.Il t 3Ha'leHHI!: · p • A 

Maii:CliMan:&Boe 'lHcnO HTepaJIHI!: IXpJI swmcneHHH p H A 

Ba'lan:&Bb18 ·oxpeCTBOCTH Jipll BllXO:lltlt8HHH pemeRHli; 

Blllt BbiXOltBOI!: HBlj>opMalUil!o 

( 11.16) 

IIocne xapaxTepnCTIIII:ll TepMa (11.5) npx xaJKJlOM sBa'lell:HH R Bl>lltaeTC.Il nalj>opMa-

JIH.Il B cnenyromeM nop.Kttxe (c sa.ttaH!II>IM maroM !1. Rl: 

R - paccrostHHe MeJKny sapsmaMH z 1 11 z~ ; 

E - 3BS'l8HH8 TepMS B aTOll: TO'llte;. 

A- XOBCTSHTS pasneneRH.Ilj 

zlz2 
W • E + 

R 
- Ol5II!S.Il saepr.ll.ll CHCTeMI>I 

R .--
p•y-y-2E, 

• 2 
A=A-p • 

z 1 eZ 2 ; 

b' -
U =. ro..{m+l)- IIOXS38Ten:& CTeiiQBII B pa3nOJOHHH ( 10) o JlOIIOnHHTeiiJoll:O MOlKIIO Bl>lltSTJ.; 

. of of P · 
f 1 • ~ • 7ft- H 'lHCIIO HT8p81IHI!: IIpH Xal!CD.OM 3Ba'l8HHH R • Jlng Bbi'liiCII8HH.Il BOnBOBhiX 

ljlyBXIIHA ll MSTpH'lBbiX 3II8M8HTOB HBijlopMamiiO :UOlltiiO IIOriy'IJITJ. Ba ttepcjloxapTSX. 

14 

I 
r 

. I 
f 
I ,. 

. ( 

I 
~t 
~,· 
·r 
10 i . 
• 

( 
f 

' ~ 
1 
I 

~ - ,: 
~ 

t 
k 
::f' ·. 
··~· ' . 

I 
l\ 
l 

I 
I· 

. I· 
! 

. IIPHno:>KEHl 

HaHoonee ooiiUie :BLipalKeHH.Il JUm MaTpll'lliW 

Z 1 ./Z 2 , i./j , M1 ./ld2' m • 0 HM&IOT cn&ttYJOIIUI 

IIpH. STOLl: 

(+) (-

QII- Qll + KQil 

<.a . (-) 2 • 
1:11 • l:il + KK 11 + K l 

. M2 ;..yl 

K•---
~2+loll 

(+) (I) 5 (2) 4 Q' 
x: --x: -1fx: +RT 

<-> • Q<2> . 2 m 
x: ·-:RT +ax: 

Q(+) •. - 1:(2) + 

. . 1 
Q<-> .• - T Q 

(I) 0 (2) otf>
1 

1:11 • aft 1:11 - J dr TR 

(2) 

Ku • 
. ot{>l 

J drrp 1 -- ·• oR. • 

(I) dr orp . 2 

Kll • f ~2-rl w [~(~ 
(O dr 2 2 

X: II • £~2-'15(~ +'1 -lJI 

m I dr ~[q ~~2-
X: 11 • ~~-'72 oR 

(I) 
X:·· II I 

dr . 2 
'i:"'2 ~'1 [ ( ~ - 1 
lo -,'1 

15 



p .2(s+1lCs+m+l), . . 

A. + s ( s + 1) + b + ( 2 a . + m + 1 ) ( 2p + m ) , 

8 • a b" + 2p ( 8 + m ) • 
( II .15) 

~XO,[IEMO ,ll0110n:e:ET8JII>.IIO 38M81lliTio b .. - b • 

( 115) ~oscjl<jJmman& p. • A.. :a: 8. lXPil.li.IIMaJOT Bll:.ll: 

b 
P. •-(s+m+1Hs+1+2";), 

A.+ (a +.mlCm+ 1) +'b+ (2s+m + 1)[2p- (a+ m+ 1'+/p-->J. 

a. -.-. ( 8 + m +" 2~ ) • 

·onpe.llenaeTc.sr no.~opMynaM: 

I '• I 
ar ar. I 

'

A.-• I+ IP ·......-oA. . op 

~I<Rn'l' 1103BOIUI10T M8B.IlTio! 

I • 1,2 • 

B ~Y.IilliUI.IlX f 1 K f
2 

3118'181llilt · p !1 A. 1 

IXTan.au.srA npx ·BLI'IBcneua p :a: A. 

II.l6) 

npa xalK.lloM 311S'I&.Imu R BLI.llaeTC.sr .sr~opMa-
~R): 

Z I H Z2 ; 

- o5maa aneprua CHCT&Mu Z 
1 

e Z 
2 

; 

R .-
P• y-y-2E,. 

>.~A-p2, 

CTeneau B pa3JIOlK81UIK · ( 10) • .nononHHTenlo.llo MOlKHo BLI.llan.: 

rrpa lt8lK.llOM 3lla'l&.li.I[J[ R • .nrur BLI'IBCli&HHll BPJIHOBI>IX 

liH<jJopMa.JUiiO MOlKHO IIOJIY'Ili"Tio IDt neJl'PoxapTaX. 
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·'; . 

"\· 

{ 

I I' 
j. 

lf. 
;.~·· 

I ,. 
(, 

! I I 
l 
I 
'I 

~' . 
tj / 

I 

i ... 

J 
i• 
( 

t ,., t,. 

"i 

I 
! 
l 

l 
! 
I 
1. 

t . . , 

·. liPHnOJKEH.HE n 

Huoonee OOIIUIQ BLipalKeiUI.sr .TUm M8TpE'IBhiX all&M&J!TOB Q II ll 1:
11 

Z 1 ./Z 2 , 1./j, M1 ./Mll' m ~ 0 lU.UllOT Cli8.llYJOIIO!lt. IIJ!.Q: 

llpa STPM! 

<+> <-> 
Qll • Qll + ICQII I 

(~ (-) 2 o# 

1:11 • E:il + ICI:II + IC KIJ 

·M 2 -M1 
K.•-; 

~2+MI 

(+) (I) 5 (2) 4 (I) 2 (8) 1 (4) 

~:: • - E: - 1f ~:: + ftT Q - a E: + Ji2 ~:: 

(-) 4 (2) 2 (I) 2 (8) 

x: ·-ro +al: -arE: 

Q(+) 1.:(2) 1 (I) 

·- + TQ 

Q
(-) . 1 (2) 

·- -~~Q • 

<I> 8 <2> . a.p
1 

a.p · 
K 11 • aR K 11 - I dr aR • R-

ca> . otf>
1 

Kll • I drt{>l aR 

<8> dr a.p 2 a 2 a 
1 
. 

..: -I~ .::!:1. [ece -1>::=- + .,u-., >rn "'· II e -'I oR "1. 7f 

w dr 2 2 2 a.p ·a 
K II - f ~ ce +"If -1H<e -1) -·!.:A ,+:·(1-,2) i¥. a.pl] .. _, ae ae ., Tria;;-

<a> dr iJ¢. 2 a 2 a ..:•1- Ie2_.,2 W"-[.,<e -oae-+eo-., > 8.,1<P
1

1 

(I) f d r ( 2 otf>1 ot{> 1 2 iJ¢.
1 

otf>
1 Kli • -2--2 e7f <e -1l--+Cl-7f >-·-]. e _, . ae ae . a'l ·a., 

. '· 

16 

ttpll 

( II .17) 

( II .18) 



i 
!· 

<1> · dr 2 a a 
o11 - rf1C? r/>1 [e<e -1>ar +'7u-712 >a,;l<~> 1 

<2> dr [ 2 a · 2 a 
011 • I _e-2_

71
2 r/>1 '7<e -ll ~ + eo-71 >a;;-191 

( II .19) 

-.J 
.. 1 dr 2 ar~> arp a.~. 
ICII • JiVf"E2"1![{e -1)..:..!la _I +U-'72)2b,._.'~'_l] 

., -'1 e ~ . a71 a71 • 

3Aec&: 

rrR
3 

2 2 
dr - -- <e -71 >dedi'/ 4 

r/>
1 

• _!__.XI <e ; R)Y 1 (71;Rl; 
Nl 

2 2 
N

1 
~ fdr(X 1 Y1 ) ; 

rrRa e" '1~ 2 2 
fd•- --f Jded'1 <e -71 >-

4 I '7': 

. ( II .20) 

Be/Ili'iDHbl e• , 1'/: , 1'/~ Bbl6Hp810TCH B COOTBeTCTBHH C 38A8BHOA TO'IHOCTblO Bbl"'HC-

neHHH HHT&rpanOB 8 :·, 4>opMyi!'bl ('II .17) H ( II ,18) cnpaB&AnHBbl TOnbltO An!l cny"'rut 

m • 0, H8H6onee Ba~oro B npuno~eHHHX. HaTerpupyn no "'SCTHM H ncnon&ayn -ycnoBH& 

COXp8H9HHH BOpMHpOBKH ( II .20), MO>KBO nony"'HTb CneAyiOIIlH& COOTBOI!l&HHH CHMM&TpHH: 

(2) (2) 3 

"11 ·- K,l - T 8
11 

(I) (I) 
Qll • -QII -3811; 

(4) (4) 

ICII • IC II 

(2) (2) 

Qll •-QII 
( II .21) 

(8) (8) 

ICII = ICII • 

floSTOMY An!l AHaronan&BblX M&TpH"'HbiX sneM&HTOB Bblp8lK9HH!I ·( II ,18) ynpomaxoTCH: 

<+> aq, 2 ca> 1 u> 
ICII • f dr(:ift·l -_if ICII + }?" ICII 

IC<-> .. .!.. JCU> _ 2 <S> 
II R 11 JiTICII 

(+) (-) 
Ou - Qll .. o. 

( II .22) 

16 

·a cny"'ae zl.,. z2 HOll:Bnll:eTCH AOB< 

A&n&HH&M <jly.IIKUHA Y ( '7) II& "19TIIbl9 H 

nony"!HM ABa cnyqag:: 

QC/Ill If I -f I I 

(-) 
. IC II 

(+) .. (+) 
npx 3TOM JC 11 , IC 11 ·a Qll 

(H/Ill ( II ,22) npH I• j ) l 

ecnx JKe lf 1 -f 1 
I 

(+) (+) 

"II -. Qll 

IIO 
(-) 

Qll ·{.. 0 H 
(-) 

IC II .,t 0. 

0TM&THM B&.XOTOpbl& TeXBH"'&CKH& l 

"'&BHA BOpMHpoBO"'HblX HBTerpanOB N 1 

paano~enu.u: 

f-m 
Y(l'/) = (-) ( 

Ana eZ 1 -Te'pMOB H 

2 ' 
Y(l'/) .. {l-'7) 

A lUI eZ 2 -T&pMoB. 

06nmA 3Balt BOnBOBblX cPYBIOU!ljl ( II 

71 .. 1 BeerAa 6blno Yl71l>O (npa R .. 

BeTCTBYIOIIlH& cPYBKnHH ne~aBApa), lfacno 

C.U B COOTB&TCTBHH C 38A8HHOA TO"'HOCT&: 

8 • 10-3 AOCT&TO"'BO nonO>KBTb: 

c,O+'l 

l: c. o . 
• ..o 

Paano~enan ( II ,25a) a ( II ,256) 

TepMOB AHKTy&TCH nHIIlb COo6pa:M.:enHHMH ' 

o6a pa3noJKenan aqnon&ayiOTCH BO BCeM 1 

STOM B TO"'K8X 1'/ .'" 1 AnH eZ1 -T• 

pymaT&CSl ycnoBHe ( II .26), lfTo6bl ua6e. 

nanx, B cjlopMynax ( II .25) nonoJKeno· 



· dr 2 a a 
r~ <1>1 re<~ -o"JT + 71 u-71

2 >-l<P !;--·~ "!; a, 1 
(I) 

- f ~ </>1 £,<~ 2 
-ll iz.. + ~o-, 2 >4-l<t>1 e _, "!> U'J 

1 dr , a¢> a¢> .u. a-~. 
~~~- 'Ji"Tf~£<~ -1).:..2ae :>)+<1-, 2 >~-"'-1]./ 

~ _, . ~. ""' . a, a, :.. 

rrR
3 

2 2 
dr- -- (~. _, )d~d, 

4 . 

</>
1 
-~'X 1 (~;R)Y 1 ('1;R); 

Nl 

2 . 2 
N I a f dr (X I y I ) ; 

rrR.a ~'I+ 2 2 
fdr • -- f f d~d'l (~ .-71 ) • 
. 4 I * ,_ 

( n .19) 

. ( n .20) 

Bhl6nparoTCR B COOTBeTCTBHH C 38A8RHOA TOqBOCTbro Bhl~HC-

("II ,17) H ( II ,18) Cllp8B9AIIBBhl TOIIbKO AliH Cllyqag 

npHliO*eHHRx. HaTerpnpya no ~aCTRM a ncnonb3yH ·ycliOBHe 

li .20) 1 MO*&O IIOliY~HTb ClleAyromne COOTHOIIleBHH CHMM&TpBH: 

(2) IC(2) 3 
8

. 
II - - -,1 -. R IJ 

((). 

Kll 

(I) (I) 

QIJ a -QJI - 3 811; 

(2) (2) 

oil --o~~ ( II ,21) ·· 

MaTpH~HbiX 3li9MeBTOB Bb!p8*9Brut ( II ,18) ynpomaroTCH: 

a¢> 2 2 m 1 u> 
f dr(w) - _R Kll + 7 Kll 

2 (G) 2 (0) 

·aKII - )i"TKu 

<-> 
- Qll -0. 

( n .22) 

16 

B. cny~ae z , ... z2 IIORBll.l!eTCH AOIIOliH'HTellbH8H CHMMeTpll.l!j KOTOpa.l! CB.I!38H8 c pa3-

Aeli&HH9M <jlyaxuHA Y( 'I) aa ~eTHbi& n ae~eTHhle, 3~Me~aH 1 ~ npn m • 0
1 

f • n
71 

, 

I!Ony~M AB8 Cll)"r8.1!; 

&Clltt ll 1 -f 1 1-n; k - 0,1 1 2 t ••• 1 TO! 

(-) (-) 
KIJ • QIJ • 0 • (IT.23) 

(+) -
IlpH 8TOM 1: 11 • 1:

11 
(+) 

lJ Qll 110-IIpe*&eM;r p8BHbl Bblpa*&HIJ.I!M ( II .18) 

(nnn (II .22) IIpn l• j ); 

(-) 

BO 
Qll ·" 

0 lJ 

ecmr *e ll 1 -£ 1 I· 21i+1, TO: 

<+> <+> -
KIJ • Qll • KIJ • 0 ' 

(-) 

K 11 .{o. 

n .24) 

0TM&TnM aexoTOpb!e 'l'eXHu~ecxne JleTanu, Bo-nepBbiX1 'IT06hl n35emaT&. fiollblllDX 3Ba-

~eBDA HOpMHpoBO'IHbiX D.lr'l'erpanoB N I 1 BMecTO p8.WIOJK9BHA (JIB) H ( 12B) HCIIOnb30BaHbl 

p83li0JK9HD.I!: 

f-m 2 m/2 -p(lt'l) r a 
Y('ll•(-l U-71) e ~C.U+'Il 

... o 
( II .25a) 

All.!! eZ I -TepMOB H 

2 m/2 -p(l-'1) r • 
Y('ll • 0- 'I l e ,~0 C'

8
U-71l 

( II ,256) 

AII.I! eZ 2 -TepMQB, 

06mnA 3Ha.K BC!liHOBbiX cPYHIOU!JI: ( li .26a.) H ( II ,266) Bb15Hpa&TC.I! T8KHM
1 
~T06bi llpH 

'/-+ 1 BC&rAa i5blll0 Y ( '/) > 0 ( IIpH R-+ 0 pemeBH.I! Y ( '/) AOliJKHbl nep&XOAHTb B COOT-

BeTCTByromne cPYBKilDH neJI<aBApa), 'lncliO 'ln&BOB B p83liOJK9HHSIX ( II ,26) Bbi6npaeT

Bbi~Cli9HH.I! H.HTerpaliOB ( II ,19), IlpH C.l! B COOTB&TCTBHH C 38A8HBOA TO'IHOCTbiO 8 

8 • 10-3 AOCT8TO'IBO IIOliOmHTb: 

c,u+,>' 

~c. (I +'/l
8 

.-a 

-0 
~ 10 

( n ,26) 

P83liOJK9HH.I! ( II ,25a) H ( II .256) p8BBOI!p8BBb11, B nx Bb160p All.!! eZ z- n eZ
2 

'l'epMOB AHKTy&TC.I! liHIIlb COo6pa~&HH.I!MB CXOJlHMOCTIJ COOTBeTCTBY.IOIIlHX p.I!AOB, IloaTOMy 

o15a p83liOlKeBH.I! HCI!Onb3YIOTCB BO. BCeM lJBTepB8ll9 H3M&BeHH.I! - 1 :> 'I ~ J, 0AB8KO npn 

9TOM B T0~8X '1•1JlliH. eZ 1 -TepMOB H '/ • -1 All.!! eZ 2 -TepMOB MO*&T aa-

pymaTbC.I! ycliOBHe ( II ,26), t{To()b[ H36emaTb 60llblllHX B&liH'IHH B IIpOM9JKyTO'IHbiX Bhl'IHClle-

HHHX, B cjJopMyllax ( II .25) IIOllo~eno r :5 40, 
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llnst Bbl'mcneiDIR nponaBOAHbiX· -fuf n 
ay 
dR 1 KpOM9 T9pMOB p(R) n A(R), neo6· 

XOllHMO 3HSTb 'CrrBHHYTbi9' T9pMbl p(R +8R) 
-3 

n A( R + SR) • 1lTo6bi o6ecne'IHTb TO'IHOCTb 

Bbl'IHCil9H11R HHTOrpanOB 8 a 10 1 HOOOXOllHMO liOilO:lKliTb 
. -4 

Sa = 10 npn TO'IHOCTH 
-7 

( = 10 • Bbl'IHCit9HH>I TepMOB· 

npncBbl'IHCil9HHH llpOH3B01lHblX ax 
~ 

n 
ay 
Cli/ Bb16paabl npnpame.EmH: 

M= 10-a. 
' 

!:J.q = 10-4 

C KBBApBTH(HOA HHTepliOilHnBOll ¢yRK~Hll X(e) n Y(q). 

4>ymmnn X ( e ; R) , Y ( 7J; R) H HX lipOH3BOliHb19 nepa~HOHBilbHO Bbl'IHCIIRTb BO acelt o6-

IISCTH onpenenOHH>I nepeMOHHblX e H 7J • llellCTBH~91lbH01 T,K, p831l0)1{9Jm>l ( 10) H 

( II ,26) acerna conep)f{HT y6b1BBIOW}'l0 3KCliOH9HTy, TO OOIISCTb HHTerpnpOBSHHR AIIR eZ 1 -

T<.-pMoB MO)f{HO orpaiDI'DITb cnenyromnM o~paaoM: 

·nn>~ eZ 2 -TepMOB: 

'q* 
1rR 3 (;* + 2 2 

fdr - - 4-. f ~ fdqce -TJ >. 

ITR 
8 

fdr- -4-

1 -1 

e· 1 

f de f d7J ce
2 

-TJ 
2

) 

1 q* 

H1 HHKOHe~, lllltl MSTpH'IIJblX 31IOM9HTOB1 conep)f{8WHX 008 anna TOpMOB 

Ltl = 

3 /:* TJt .2 
ITR ~ 2 

f dr "'. Lcf> l = - 4- f de -' dqce - 71 >c/> 1 L q,l 
' 7J_ 

npn 3TOM llllR p 1 > 10 , pl > 10 

:/*+ = -1 + ~ p 
TJ*_ = 1 _ 20 

PJ 

31JS'IOHHO e* onperrall>IOTCR ¢opMynoft (npH BCOX p ) : 

f'=~+l p 

npn pi,;: 10 7J+ = I j npn p l <. 10 7J~ =-1. 

MaTpH'IHblll aneMenT L ll ( II .27a), .O'Ieannno, . paBea aymo, ecnn 

ecnn BblliOilHOHO YCIIOBHO: 
I .I 

+--<-
Pt . PJ 10 ' 

18 

( II ,27a) 

( 11.276) 

L -onepaTop) , 

( II .27B) 

( II ,28) 

( II ,28a) 

7J::;: 7J: T.e, 

( II ,29) 

llmr Bbl'lllCIIOHH>I MSTpH'IHbiX 3119M91JTOB ~ 

waraun: 

eo - I 
he';'~~ 

k1 = )17; 

HaTerpallbi Bbi'IHCIIHIOTCH rpynnoBblM Me' 

¢yHKllHll, 

Bap&npoBaane BellH'IHH SR , e· . 'I! 
Bbl'IHCIIOIJH>I HHTerpanoB 8 CHilbHO 38BRCHT ' 

HbiX BOIIH'IHH~ 0KOH'I8T91lbHO npn 8 - 10-3 

k1 = t7; k - t6; r = 40; - /}., 
2 

n H TO: 

t, 4>, TpRKoun, lln# epeaunan&Hbie ypaBaeang, 

2, E. Teller. Zs. Phys.,@, 458 ( 1930) ; A. Hylleraas. Zs. 

3, \V.G. Baber, H.H. Hasse. Proc. Camber. Phys. Soc., 31, 5 

4, D.R. Bates, 1(. Ledsham, A.L. Stewart. Phys. Trans. Roy 
D.R. Bates, T.R. Carson. Proc. Roy. Soc., A234, 207 (I! 

5, S.IC. Chakravatry. Phyl, M~g., ~. 423 (1939). 

6, c.c. repwTella, B.n. KpRB'I9HKOB, )1(3T4>, 

7, G. Jaffe. Zs. Phys.,J!!, 535 ( 1934). 

8. C.H. CoKonoB, H,H. Cnnna, Haxo)f{fleang r. 
npenpnaT OHHH, ll-8t0, lly6na, t9 

9. n.H. noaoMapea, T.n. nyabiHHHa. npenpnE 

to. n)f{, XacTen. 4>nanKa aTOMHbiX CTOilKHOB9l 

tt. c. c. repwTelln, n.H. noaoMapeB,. T.n. n 

PYJ 



M II 
aY 
i1R 1 KpOMe TepMOB p(Rl II A(R), aeoo-

R +8R) II ).(R +8R) • 'ho6bt o6ecne'DJTb TO'IBOCTb 
. -4 

aeo6xOJliiMO nono:>KRTb BR = 10 npii TO'IHOCTII 

ax II aY Bb16paabl np1Ipameanst: 
a[ CJi/ 

-3 M· 10 ; !:!.'7 = 10-4 

x<e> II Y(l'/). 

npoiiaBoJlHble aepaniioaanbao Bbi'IIIcnSITb ao acelf' o6- . 

AellcTBIITenbao, T.x. p83noJKeanSI ( 10) II 

axcnoaeaTy, TO oonacTb IIHTerpiipoaaHIIli JlnSI eZ 1 -

a (;* · '7~ 2 2 

.!0_ I~ fd'1<e -'1 >. 
4 1 -1 

ITR 
8 

--4-
e• 1 

Jde Jd'7<e
2

-'7
2

> 
'7* 

( II .27a) 

( II .276) 

COJl9plKarniiX ooa BIIJla T9pMOB ( L -onepaTop) t 

3 ~* 'It . 
ITR ~ 2 2 

~ - 4- J de .( d'7<e -'7 ><P. L <P1 . < II .27s) 
I '7_ 

'7*_ = 1 
20 

PI 

Be ex p ) : 

=-1. 

, oqeBIIJlao,_paaea aynro, ecnn 

+_I_< .l._· 
P1 10 ' 
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( II .28) 

( II ,28a) 

'7: ~ '7': T.e. 

II .29) 

AnSI Bht'lncneaiiSI MaTpH'IBhiX aneMeaToB cllyHKlliiii x<e> II 

maraMII: 

(;* - 1 
heo;o~1 h'7 = 

'7\ - '7! 
2 k2- 1 

Y('7) Ta6ynnpyroTCli c 

( II .30) 

lr.1 - 17; lr.2 .. 16. 

HaTerpam.t Bhi'IIICnliiDTCli rpynnoBbiM MeTOJlOM c· maroM, Pl,lB_HbiM mary TaoymipoBaHIIli 

cllyaxniill. 

Bapbiipoaaane aenn'lnH BR , e· . 'I! • '7~. he • h'7 noxaaano, 'ITO TO'IHOCTb 

Bbt'lncnean.st HHTerpanoB 8 CIInbHO aaBRCHT OT BbiOOpa BR H cnaoo - OT Bb160pa OCTanb-

8 • 10-3 nonoJKeao: BR -4 - 10-7. HblX BenR'IIIH; 0KOH'IaTenbBO npH - 10 ; • • -3 
!:!.'7 .. 10-4. Jr., - 17; lr. - 16; r a 40; !:J. ~ = 10 ; 

2 

n H Te p a T y p a 

1. ct>.'l'pnxoun, An<P<flepeannanbHbte ypaanenna, Hn, Mocxaa, 1962. 

2, E. Teller. Zs. Phys., ~. 458 (1930); A. Hylleraas. Zs. Phys., ZL 739 (1961). 

3. W.C. Baber, H.H. Hasse. Proc. Camber. Phys. Soc., :!,1564 ( 1934) 1 

4, D.R. Bates, 1(. Ledsham, A.L. Stewart. Phys. Trans. Roy. Soc., A246, 215 (1953); 

D.R. Bates, T.R. Carson. Proc. Roy. Soc., A234, 207 ( 1954). 

5. S.J(. Chalr.ravatry. Phyl, Mag., 1!!. 423 0939). 

6, C. C. l'epmTella, B.A. KpHB'IeHKOB. )1(3Tct>, 1Q., 1491 (1961). 

7, G. Jaffe. Zs. Phys.,,!!1, 535 (1934). 

• 

8. C.H. Coxonoa, H.H. CnnnH. Haxo)!{JleHHH MHHHMyMoB cllynxnuoaanoB MeTOJlOM nnneapuaannu. 
npenpHHT OHHH, A-810, Ayona, 1961. . 

9. n.H. noaoMapea, T.n. nyabiHHHa. npenpHHT OH.HH, P2-3009, nyona, 1966. 

10. AlK. XacTen. ct>nanxa HTOMHbiX cTonxnoaeanlt. ~ Mnp'. Mocxaa, 1965. 

11. c. c. I'epmTeliH, n.H. no~;~oMapeB, T.n. nyabtHiiBa. )1(3T ct>; .i§, 632 ( 1965). 

I, 
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