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B psrne· HellaBHHX pa6oT 6&ma paaBHTa Teopnsr MHorocTyneiPIBTbiX 

peaxunlf cp&ma A (d p) B Ha ae<jJopMnpoBaHH&rx srnpax, rne Y'IHTbiBBIOTCH 

npouecCbl Heynpyroro B036Y>KlleHHH BpaiUaTenbHbiX COCTOHHHlf BO BXOllHOM 

H Bb!XOllHOM KBHanax. 8 9THX pa6oTaX BBTOpb! BenH paCCMOTpeii:ne nH6o 

C nOMO!Ub!O o6mero MeTOlla CBH38HHbiX KaHanoB, nH6o TOnbKO B nepBOM 

nopHllKe TeopHH B03MyiUeHIIlf no napaMeTpy lle<jJopMaUHII {3 ( CM.
1 

HanpH-

. 6 . I 11) 0 • "'· 
Mep, pa OTy • llHBKO nepBb!H MeTOll llBeT He,llOCTBTO'IHO HarnHllHb!H 

peaynbTaT, KOTop&rlf K ·ToMy >Ke Heyno6eH Ha npaKTIIKe, TaK KaK Tpe6yeT 

MHoro apeMeHH nnH 'IHCneHH&rx pac'IeToB. BTopolf nonxon noaonh

Ho Yll06eH TeM, 'ITO OCHOBBH Ha npOCTOM 'IHCneHHOM KOlle MeTOlla 

HCKB>KeHHb!X BOnH1 OllHBKO B p8MK8X 9TOro ITOllXOlla OCTaeTCH HepeiiieHHb!M 

aonpoc y'I~Ta H oueHKH BKnana ocTanhH&rx nopHllKOB no {3 

Uenh HacTosrmelf pa6oT&r·- ncnonhaoBaTh cneunanhHYIO TeopHIO aoa
/2 3/ 

MymeHnlf, paapa6oTaHHyiO B pa6oTax ' , n nony'IHTh HarnHllHOe B&rpa>Ke-

Hne. llnH Ce'IeHHH MHOrOCTyneH'IaToro Cpb!Ba. llnsr 9TOrO Mbl HCXOllHM H3 
/4/ . 

o6melf <jJopMyn&r nnH. ce'IeHnsr, nony'IeHHolf B pa6oTe , rne B Teopnn CBH-

aaHHbiX KaHanoa H anna6aTH'IecKoM npn6nn>KeHHH 6&m Y'ITeH BKnan Bcex 

IJeynpyrnx Bp~ruaTenhHbiX aoa6y>KneHnfi. I1MeHHo, 

2J A+ I 
I 
JL (1) 
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" " ,, 
fd fdf'df'p 

F "A = cD 0 I (-1) -~~ (f ed mOl Lm)(f f d/L !Ld l LA)· 
L L m (dp) 4 1T L e p p p 

( 2) 

(d p) ,, 

.(e' e'd OOleO)(f' e'd !L !LdleA)lo Y:J.< (k ). 
P P P L t: Pm P . ; 

3}lecb (dp) =Upe; IL pede~ lld l. e =vH+l- 2 m~ ·rn~ kP l 
H c = ·--•-· 

(217 1i 2)2 kd ;2 

Do 03HaqaeT KOHCTaHTY HyneBoro paJlnyca B3aHMOJl9HCTBHR. nanee, 

(d p) 

I e 2 /L d 
I r d r ¢ e de' d 

/Lp 
N e ¢ e pe ~ 

ecTb paJlHanhHbift HHTerpan rrepeKpbiTHR, a 

rot . .· 2 2 J A+ l 2 
SJO =g {JAJKAOJJBKB) -

2j B+ l 

( 2') 

- qaCTb rronHoro CII9KTpOCKOIIHI19CKOrO $aKTOpa, CBR3aHHaR C rrepeKphlTH-. . . 

eM Bpama~enbHbiX $yHKUHH ( g = v2. ' ecnn K A HnH K B paBHO Hymo, 

H g=l B IIpOTHBHOM' cnyqae). Bennl1HH,~I .a a eCTb Koa$$nuneHTbl eA 
HHnbCCOHOBCKOrO pa3n0)1{9HHR JlnR H9HTpOHa, 3aXBal19HHOrO Ha }le~opMllpO-

BalUIYIO op5nTy, a N e - eCTb COOTB9TCTBYIOIUH9 5a3HCHbl9 c$epnqeCKH9 

$yHKUHHo I1HTerpan rrepeKpb!THR ( 2') BKniOqaeT TaK)K9 pa}lHanbHbl9 11aCTH 

rp~, rronHbiX $yHKUHH IIaJlaiOIU9H li yXOJlRIU9H qaCTHU: KOTOpb!9 BO BHyTpH-

RJl9pHOM CHCTeMe KOOpJlHHaT HM9IOT.BHJl 
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( 3) 

3TH ~YHKUHH eCTb HCTO~HHK OCHOBHbiX TpynHOCTefi aana~H, TaK KBK nng 

HX OTbiCKBHHR npHXOnHTCR ~HcneHHO pelliaTb COOTBeTCTBYIOIUHe CHCTeMbl 

CBSI38HHb!X ypaBHeHHH C ne~opMHpOBBHHb!M OITTH~eCKMM ITOTeHUHanoM 

U ( r, ~ (~ ') 1 BKniO~BIOIUMM 38BHCRIUMH OT yrna napaMeTp 

,, " 
~R(r')=f3RY2o (r'). 

(4) 

OnHaKo sTM ~YHKUMM 
p. 

¢ H' MomHo HafiTM npn6nnmeHHO c noMOIUhiO 

6onee npocTbiX pellieHMH ¢ f B none ueHTpanhHoro onTM~ecKoro noTeHuna

/3/ 
na • .lleiicTBMTenhHo, B pa6oTe 6bmo noKaaaHo, ~To npn ycnoBHsrx kR>> I 

. M. CHnbHOI"O BHyTpMRnepHOI"O nornomeHMR Bb!p8)KeHMe (3) MOmHO npfi6nnmea

HO npencTBBMTb B ~8KTOpM30B8HHOH ~OpMe: 

3necb pannanbHbie ~YHKUMM rp f BKniO~BIOT nononHMTenhHO 3BBMCMMOCTb 

oT yrnoBbiX nepeMeHHbiX ~epea napaMeTp pannyca ne~opMMpoBaHHoro Rn-

pa ( 4). 

CpaBHMBaR ~opMynbi (3) M (5) M ncnonhayg {4), nony~aeM 
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cp Fe , = ~ ( -1 ) Jl 'H, ( H '0 0 l n 0 )( H, JL- JL l n 0 ) A n ( 8 ) cp e ( r. R ) • ( 6) 

1 § p (x) 

A (§) = f dx P (x) e 2 
n n 

0 
( 7) 

,, -5- a ·· " 
r.oe a =V-- ~ R -- ,rrpiP:IeM .QOJDKHO Bb!IIOnHSITbCSI ycnosn:e (a ) n = 

4" aR 
5 n an /5/ . " 

=<v-~R) --- .OrrepaTop A,. (eM. ) MO)KHO paanO)KHTb rrpn: ManbiX a 
477 a Rn 

cne.oyiOIIlHM o6paaoM: 

1 "2 
A 0 =1+ 10a + ••• 

1 " 1 " 1 "2 A 2 = _
5 

a o + 7 a+ 14 a + •.. >. ( 8) 

Do.OCTaBnSISI Teiiepb (6) B (1) H HCIIOnb3YSI COOTHOlli9HHSI anre6pb! PaKa, 

~ (-1)A(e pfdJlp Jld IL A }(f ; edll pJl dl fA}(fdf'd Jl d- Jld l n do ){f pe ~ Jlp- JL pIn p 0 ) 
JlpJld 

" f' +f' I e e~ ed ~ ( 9) =~p;d L(-1) P _d ~ ); n· nP nd (nLOAifA)(nPn dOOjnO), · 

· L ep ed 

e' +fd" 2" 21 e P; £d ~ · ~ (-1)P f'f'd n n nd {f'f'dOOifO){fdf'dOOindO)(ff'OOinO) 
f'f' p p p . p p p 
p d L ep ed 

;;p~df ; 1-r- (nf 00 I LO)(n P nd 00 lnO){fpfd 00 I LO), 
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rile aee HHJleKehi uenhie, a n - 'IeTHhie 'IRena, Mhi rrony'IHM OKOH'IaTenb-

Hhifi peaynbTaT: 

2J8 +l 
a (8)=---mult-step 

3n:eeb . 

2J +l 
A 

I 
JL 

(10) 

( 11) 

OKa3biBaeTeSI IIpSIMh!M o5o5meHH9M XOpOIUO H3B9eTHOI'O B paMKaX M9TO}:la 

/6/ 
_·HeKa:lK9HHh!X BOnH Bb!pa:lK9HHSI JJ:nH {3 Lm (eM., HanpHMep1 ) 1 I'Jl9 TOnbKO 

L 

HH:lKHHfi HHJl9Ke JlOn:lKeH 5b!Tb 3aM9H9H Ha f 

HHSI TO'IHO eOBIIaJJ:aiOTo OrrepaTop 

• llnH e = L 9TH Bb!pa:lKe-

2 . ~ A 

=[~ ~d(n ndOOJnO)] (nLOA!fA)(nfOO!LO)A (5 )A (Bd) 
P p n P p nd .. 

(12) 

' . 
s!BnSieTeSI <flaKTH'I9eKH B9eOBh!M KOs<fJ<fJHUH9HTOM 1 KOTOph!H OIIp9Jl9nSieT 

BKnan: Ka:lKJJ:ofi eTyrreHH ephiBa a ( d p ) - rrpoueeee. 
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B '18CTHOM cnyqae OAHOCTyii9H'I8TOI'O Cpb!Ba Heyrrpyrn:e KaHanbi 

He y'IHTb!B8IOTCH 1 TO 9CTb np=nd=n=O. Torna ns Bbipa)l(ean:H (12) 

000 
Mbi rronyqaeM B L fA = 8 f L H C9'19HH9 (10) CBOAHTCH K XOpOlliO H3B9CT-

. c /7/ . 
aoii: ¢opMyne a'Inepa 

a (0)= 
one-step 

2j5 + 1 rot {} 2 Lm 2 
IS n"[Ia ,(LsAIIJO)] Ilcf3L I· 
JL Ju A Ll\ m 

( 13) 

2j A+ 1 

llnH ABYXCTYI19H'I8TOI'O IlpOU9CC81 B KOTOpOM y'IHTb!B89TCH TOnhKO 

onna aeyrrpyrnii: KaHan nn5o B Ha'Iane ( n = n~0,2; n = 0), nn5o B KoH-
d p 

ue ( n = n = 0,2 ; n d = 
p 

0 ) , l!M9IOTCH TOnhKO TpH OTnH'IHb!X OT HynSI KOStP-
202 022 000 

tPilllll9HTa: B L fA 1 

Ill 
B L fA H B L fA • no 3TOMY rronyqaeTCSl pesynhT8T 

Aaao-OcTepaa : 

a (0) = 
two-step 

2J s+1 

2JA+1 

I 
JL 

s ~o~. I I c I a~ A ( L sA I I J n ) . 
m fA L!l 

( 14) 

Lm -5- a a LM 2 . 
• [f3 L aLtt-V- (2LOA lfA)(2fOO 1 Lo><f3A R A--+f3sRs-->f3 e <o,RA, Rs)] 1 • 

4rr aR aR A B 

Aaanorn'IHbiM o5pasoM c rroMOllihiO o5meii: ¢opMynhi ( 10) nosonhHO 

IlpOCTO H8llTH BKnan' Bb!CllillX CTyiieHefi Cpb!B8. 
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B saK.nJO'IeHne saMeTnM, 'ITO nony'IaeMhifi pesy.nhTaT ( 10) JlaeT 

B03M0)KliOCTb llliTepnpeTaUllll Haf'.llSIJllibiM o6pa30M <!Jn3ll'IeCKOll KapTlllibl 

npouecca MHorocTyneH'IaToro cpbiBa. Eonee Toro, oa ocHoBbiBaeTcSI aa 

06bJ'IHOM, XOpOIIIO ll3BeCTliOM 'IllC.lleliHOM KO)le MeTOJla llCKa)KeliliblX BO.llH. 

3TO ll03B0.11SieT )le.llaTb KO.llll'IeCTBeliHblll aHa.11ll3 SKCnepHMeHTa.llhHhiX )laH-

. HbiX no peaKUllSIM Cpb!Ba Ha Jle<!JopMllpOBaHHhiX SI)lpax. 
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