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§ I. BBe8eHHe 

HoBaR o6~aCTb ~H3HKH BUCOKHX 3HeprH~ - B3aHMO~e~CTBH8 pena

THBHCTCKKX 11,11,ep C ll~paMH-npHBn8K68T ' 3HallHT8JibH08 BHHMaHHe KaK 

3KCll6pHMeHTaTOpoB, TaK H TeOpeTHKOB. OKCnepHM6HTaTOpOB llpHBJI6Ka

eT B03MOIHOCTb H3yqeHHH 11,11,6pHOR MaTepHH B 3KCTpeMaJibH~ ycJIOBHRX 

H B03MOIHOCTb Ha6nD~6HHH Heo6~ peaKqHR H ~KTOB, He HMe~HX 

MecTa B ~H~HH~ H ~H-1f,ll,epH~ coy~peHHax. Ha 3TOM llJ.TH 
C~eJIB.HO H8M8Jl0 H nonylleHH HHT8peCHHe ~aHHble ( CM. 0630pb1 /l-3/ ) . 

C TeOpeTwqecKOR TO~H 3peHHH 1f,ll,P0-11,11,epHble B3aHMO~eRCTBHil 

MOJI[HO paCCMaTpHBaTb KaK 11 HCllbiTaTe~bHOe" llOJI6 ~ll pa3JIHqH~ MeTO

~OB H llO~O~OB,anpo6HpoB8.HH~ B ~H3HKe 3JieMeHTap~ qaCTH~ H 

aTOMHOrO ~· KaxHe H3 HHX OK~yTC$1 HaH60Jiee ~eRCTBeHHbiMH H pe-

3YJibTaTHBHbiMH ,OOK~eT 6y,Jzy~~~ee 1 a B HacTO.RIIIee BpeMil CHTyaqHH XapaK

TepHsyeTCil 60JihmHM pa3H006pa3K6M ~eR H npe~OieHHR (KpaTKyD Xa

paKT~HCTHKY H nepeqeHb C~eCTByD~ llO~O~OB MOIHO HaRTH B pa6o
Tax •4/ ) • lloJmJiy1t ,HaH6o~ee c~ecTBeHHble ycnexH ~ocTKrHYTbl no

Ka B TeOpKH ynpyrHX ~-~r~ peaKqHR, paCCMaTpKBaeMbiX B i(lopua
.liK3M6 r.11ay6epa-CHTeHKO / 5- • fipe,IVIaraeMWI pa6oTa llOCB.RIIIeHa ee 

~bH6Ame~ pa3BHTHD. 

Kax H3B6CTHO, 8MIJJIHTY~ ynpyroro 1f,ll,P0-11,11,epHOrO paCC61lHKil 

B 3AKOHaHbHOM npH6nHaeHHH rJiay6epa-CHTeHKO ~eTCH KOH6QHbiM 3HaKO

nepeMeHHbiM p11,1l,OM / 5/. ~eHaM 3TOrO p~, OllRCWBa~HM pa3JiwqHble 

npo~eCCbl B3aHMO~eRCTBHH COCTa~RD~ HyKJIOHOBtlWOieT 6b1Tb DOCTaB
JieHa 8 COOTB6TCTBH6 COBOKynHOCTb ~arpaMM /S, 0/. KJiaccl$fK~H 



~KarpaMM, He pa3pa60TaHHaR ~0 CKX nop, npoBe~eHa BO BTOpoM na

parpa¢e, r~e qeTKO ~OPMYRKpoBaHo BaMHOe llOHHTKe CBH3HOCTK ~ar

paMM. B pesynbTaTe nonyqeHo a~eHKe ~R aMITRKTY~ pacceRHKR, 

KOTOpOe B npe~ene 60RbWKX aTOMHbiX tlKCen CTMK.KBaiOIJlKXCfl ~ep ( B 

onTKqecKOM npe~ene) npKBO~KT K ~30BO~ ~JHKqKH, CO~ep~~e~ BKRa

~~ TORbKO CBfl3aHHbiX ~KarpaMM. ~OKa3aTenbCTBO 3TOPO YTBep~eHKfl, 

C~eCTBeHHO KCnORb3yeMOPO B pa60Tax/6-B/ npKBO~KTCfl HKme. B §3 
' K3RaraeTCR MeTO~ llOCTpOeHKfl CBfl3aHHbiX ~KarpaMM K B~KCReHKR KX 

BKn~oa a aMITRKTY~ (~sy) ynpyroro ~o-~epHoro pacceRHKR. 

§ 2. JleMMa 0 COKpa!I!eHKK BKRMOB HeCBfl3aHHbiX ,nHarpa.MM B 

pasoayp ffiyHKgKD ynpyroro RAPO-RAepHoro pacceRHKR B 

OnTKqecKOM npe~ene ITO aTOMH~ HOMepaM 

rnay6epOBCKaR aMITRKTy~a ynpyroro fi~O-~epHOPO pacceRHKR 

B npe4cTaaneHKK npK~enbHoro napaueTpa ~aeTCH cne~~KM B~aMeHK
eM 75/: 

~ lAB ... _._I -r;8 cBJ"'<'fA'f8 nn[1-t(C+1.-1j>1 '1'8 %> -1., 
(..,z,f J~f (I) 

r~e A K B - aTOMHbre qHcna CTMKKBa~IJlKXCR ~ep, {SA} / {.Z\! /
Koop~KHaTbl HYKJIOHOB ~a A (B) B ITJIOCKOCTK npK~eJibHoro napaMeT

pa t . YrJIOBble CK06KK 03Haq~T ycpe~HeHKe no OCHOBHbiM COCTOH

HKRM a~ep, a ~ (i;) onpe~enneTcR KaK 

'f(l):2J[{Lp" ]d2'1-{NN(i) exp{-i.9-i)' 

fN,J if J - aMITJIKTy~a ynpyroro HYKJIOH-HJKJIOHHoro pacceRHHR, a 

P,v - KMnyJibc, npKXO~KACR Ha HJKJIOH HaJieTa~~ero ~a A • 
ilpeHe6peraR CnKHOBOA K K30CllKHOBOA 3aBKCKMOCTb~ HJKROH

HJKJIOHHbiX aMITJIKTY~ K ~eJiaR o6~Hoe npe~nono~eHKe o ~TopH3ye

MOCTK ~yHK~HR llJIOTHOCTeA OCHOBHbiX COCTOHHKA ~ep, T.e. npKHKMaH, 

tlTO 

- ~· + 2. " -/'fA ("l-,, . .. ,tA)/ = QfA('l.t) i = (f, ~) 

I - - z. s -'fs (1-,, ... , Z- 8 )/ : [2 .l' e. (t•) t "' ri, f >, 
d 3 

't = i 
' 

. s J A C&l C'i) 

J,. ( S)= SpA (t)dl. f 8 (~) = J f e.e:t) d l 

2 

(2) 
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npeo6pasyeM BapaMeHKe (I) K B~, B KOTOpoM K~OMY cnaraeMOMy 

MO~eT 6~Tb ~aH BnORHe onpe~eneHHdA ~K3KqecKK~ CMNCR. 
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dj 

(,:; ) d2 0 , d2J· c/2 7: + Je, tl( "L J I( 

TaK,HanpKMep, nepB~A qneH OTBeTCTBeHeH 3a peaK~KK, B KOTOpb!X B3aK

MO~e~CTB~T no O~OMY HJKROHY K3 CT~KKBa~~KXCfl R~ep. BTopoA, 

TpeTKA K qeTBepT~~ - HBRR~TCR TeHeB~K nonpaBKaMK K nepBOMY K CBH

saH~ c npo~eccaMK ~eyxKpaTHoro pacceRHKH. llpKqeM KMeeTcR ~Be aos

MO~HOCTK: KRK B3aKMO~eACTB~T no nape HJKROHOB K3 K~OrO fiAPa 

(BTOpOA qneH), KRK ~e O~KH HJKROH K3 KaKOPO-RK60 ~ KCn~T~BaeT 

~BJXKpaTHOe CTORKHOBeHKe C HYKROHaMK ~yroro (TpeTKA K qeTBepT~~ 

qneH~). AHanorKtlHaR CKTya~KR KMeeT MecTo K ~H pacceHHKR 6onee 

B~COKOA KpaTHOCTK, r~e qKCRO B03MO~HOCTeA ropa3~0 60Rbllie. ~H KX 

yqeTa y~o6Ho aaecTK ~KarpaMMHoe npe~cTaeneHKe /I0,8/. 

ConocTaBKM npo~eccau o~HoKpaTHoro pacceRHKH coeoKyiTHoCTb 

~KarpaMM pKc.I, r~e HJKROHaM ~A cooTBeTCTB~T ropK30HTMbH~e 

JIKHKK, HJKJIOHaM R~ B - aepTKKMbHhle, a B3aKMo~eAcTBKe ~ -HYKJIO

Ha ~ A c j - HJKJIOHOM ~ B npe~cTaBKM TOqKoA, JielKBJileA Ha 

nepeceqeHKK JKa3aHHbiX RKHKA. KpoMe Toro,npKnKmeM K~oA JIKHKK 

~a A(B) - _pA (i,,)/Jp, (Tj )/ ' a TOtlKe- xrl +{-ij) . Tor.o.a 

BKn~ ecex ~KarpaMM pac ce.RHKH pKc. I B aunJIKTYA.Y ~8 paaeH npoKs

ae~eHKn B~eyKa3aHHbiX BenK4KH, npOCJMMKpOBaHHOMJ no pa3RKtlHbiM 

HYKJIOHaM K npOKHTerpMpOBaHHOMY ITO KX KOOp~HHaTaM. ilo~o6HbiM o6pa-

30M MOryT 6~Tb yqTeH~ 60Jiee CJIO~H~e npo~eCC~ paCCeHHKH, npK 3TOM 

KCTIOJib30BaHKe AKarpaMM He TOJ!bKO ~aeT HX HaPJIR~Oe npe~CTaBJieHKe, 
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HO H IT03BOHHeT orrpe~eHHTb B03MOMHOe ~CHO O~OTHITHHX ~arpaMM. 

HarrpHMep, tmcno aosMOMHbiX ~Harpa.MY pHc. I paBHO liHcny pasue~eHHR 

TOqKH B AB - ysHax, a tlHCHO ~arpaMM pHC.2, COOTBeTCTByD~X BTO-

pOM] liJieHy B!ipwtteHHff (3 \ paBHO A ( II- I) B ( B- I) /2 H T -~· 
~pMyHHpyeM 06~ee rrpaBHHO B~CHeHHff liHCHa B03MOmHb!X 0~0-

THnNX ~HarpaMM, ~ llero rrpOaHaHH3HpyeM CTpyKTypy BKH~a rrpOH3-

BOHbHOR ~HarpaMMI:l, OXBaTbiBa!OIIlef.\ m JIHHHH ~ A H n.. HHHHii 

~ B H BKJliOliB.Ill!leH k TOlleK. 

~"""- ~ J fA (i,) x . . . < p,.. rl,) f,. (.Z:, )x . .. )( Jr. ("E ... ) X 

- - - b - - ) - - - (4) }( ( { ~ 1' St. . -&j,) '((b -t !> t. .~--'tj L ' ... • '6 (B+5;_1< - 1:J~) · 

" d2-J1 .. . dzc!,., dz7:~ . .. dz'l:.._ • 

3~ecb { 1';. .,_} / {f1., j I - HeKOTOpaH Bb160pKa C ITOBTOpeHHffMH H3 

m. I n-1 ::meMeHTOB [.!, J I { -f ,.,J I . ~em!M a MHOllteCTBe { .!~ J 
HeKoTopoe ITO,l\MHOlll:eCTBO [!.., · J I m.' < "' I H pasocYbeM rro~HHTerpaHb-
HOe rrpOH3Be~eHHe ( -<flyHKL\HR, Ha ~Be rpyrriTbl COMHOJII:HTeHef.\. B rrep-

ByD rpyrrrry saqHCHHM ( -<flYHKL\HH, CO~epllt~He B KalleCTBe apryw.eHTOB 

3HeMeHTDI [ 5 ,.,, } , a BO BTOpytO - BCe OCTaBIIIHeCR. fipH 3TOM,,B03MOJII:-

HO , f ;z;:, J pa306I>eTCSI . Ha ~sa HerrepeKpbiBaiO~XCff ITO~OllteCTBa. 
Orrpe~eHeHHe. Ha3oBeM ~arpaMMy HeCBR3aHHoR, eCHH c~ecTayeT 

XOTH 6bl 0~0 pa36HeHHe f J,J Ha MeHee MO~ble ITO~HOllteCTBa, Me-

K~ee pa36HeHHe MHOJKeCTBa i if><} • B rrpOTHBOITOJ!OlltHOM OHyqae Ha-

30BeM ~arpaMMy CBH3aHHolt. Ha pHc.3 rrpHBe~eHbl rrpHMepbl CBff3aHHbiX 

a , /,, C H HeCBH3aHHbiX d, e, f ~HarpaMM. 
H3 orrpe~eHeHHH acHo, liTO BKH~ HeCBRaaHHoii ~HarpaMMbi paaeH 

rrpOH3Be~eHHD ~Byx HHH 6onee BKH~OB CBff3aHHbiX ~arpaMM. ilOCKOHbKY 

ace ~HarpaMMbl MoryT 6b1Tb paa~eHeHbl Ha caasaHHble H HeCBH3aHHble, 

TO a~alla yrrpyroro ~o-~epHoro pacceRHHH cao~HTCH K rrpo6HeMe 

KJiaCCH~Kal\HH H B~CJieHH~ BKJia~OB TOHbKO CBR3aHHbiX ~arpaMM. fio

KaJKeM,KaKHM o6pa30M aMITHHTy~a pacCeffHHff Bblpa~eTCff llepea BKH~ 

CBff3aHHbiX ~arpaMM. ~ff 3TOrO paCCMOTpHM rrpoH3BOHb~ ~HarpaMMY 

mn. - ITOp.f!AKa, KOTOpaH pa36HBaeTCff Ha f. CBH3aHHbiX ~HarpaMM, rrpH-

lleM IIMeeTca k~ caaaaHHbiX ~HarpaMM o~oro THrra, kJ. - ~yroro 
H T. ~. I f. : 1:.1 -t let .... . !cj I . no~CliHTaeM o6~ee liHCHO ~arpaMM ~aH-
HOH c TpyKTypDI . Ol.leBH,l\HO, liTO m / n.f JIHHH!.\ ~ A I B I MOJKeT 

6LITb Bb16paHO C'; /C~/ - CITOC06BMH, rrpH 3TOM liHCJIO pa36HeHHH m/11. / 
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JJMHH}\ Ha (. Ppynn 

paBHO 

I rn = m,J:, 4rrJLicr+ ... + mj.kJ; n. =n,k, +nzl~• ... • n;iki I 
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.n.HarpB.MMoJ:l i.. - THrra I I~ L ~ j I • YliHThlBaR trnCJIO rrepecTaHOBOK O)l.K-

HaKOB~ rpynn, Ha~)l.eM, liTO !IOJIHOe liHCJIO BCeB03MO~hlX )l.HarpaMM 

m n. rrop.R,II,Ka 3B,IJ,aHHOA CTPYKTyphl orrpe.n.eJIHeTCSI RaK 
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~ Cs(m ')k, (m')kj '(n.')k, (n · ')kj · i(-1 
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0
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Cne.n.oaaTeJibHo, aMIIJIHTY.O.a yrrpyroro pacceHHHR, rrpe.n.cTaBJIH~aR CYM

My BKJla)l.OB BCeX CBSI3aHHhlX H HeCBSI38.HHhlX )l.HaPpB.MM, .n.aeTC.FI B~~e

HHeM 
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A K1 .' .. . Xj! ... 
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cl> . ')"'' ( m - l)"'j I m, . , . . J. 

( rt,l(, + .. .• >tj k:j + '. • ) ·' ""' 

(n 1 )·IC, (n ·')"'i ~""•"o "' ~"'j"'j 1 . • • • J . . .. 

(6) 

B cooTHOWeHHH (.6) rronaraeTCH, liTO 

em { A I'Yl"' A 
A= mi ( A-m)! ' - ' 

0 m >A 
' . 

a HH)l.eKCbl K,, Kz,... IIpHHHMaiOT pSI)l. 3HalleHKJ;I:0,1,2,3, •••• 4epe3 

~ m,.. o603HaqaiJTCSI BKJia)l.hl CB.FI38.HbWIX )J.HarpaMM I m < , n i. >/ -1 I. 
HaJ;I.n.eM Terrepb rrpe.n.en BhlpaJKeHHR (6) rrpH A, B -+<•o • llpHHKMaR 

I ... "" I "- I " c TOtiHOCTbto .n.o 1 1 A 1 1 B I , qTo CA m .' """A C
8 

n. . ?t:. B I , 
HMeeM: 

6 

j 

• 

- l { [ 1- ~p,t~J] :>:: l;:.,K, ... K, ! ,., l(i [ ... ( 
l"' .a::_ ~ )K' m.T n.,! '/m.,,n.. 

A,&-oo 

( 
A,.,.,. l'; ~ )ICj ..... --m · • n · • ~m-n · J · J. J J 

::: 

--ex A _L ~ 
[ 

00 m; rt; 

- p 2::_ m - I tt. · I f}m i. n._]. 
(..::: f L ' l ' 

3HatrnT, tPa30BaR fPYHKI.\HSI, O!Ipe)l.eJISieMaR KaK 

f (f,) = en [ 1 -- r,. .. cl} 1 r 
A,&-+oo 

..., A'"' B"' ~ 
= L fn.l n,_r ~ ,.,, n, l 2 1 l. , _ 

CO)l.ep~HT BKHa)l.hl TOJJbKO CBSI38.HHhlX )l.HarpaMM, liTO H Tpe60BaJIOCb 

)l.OKa3aTb. 

§ 3. llocTpoeHHe CBSI3aHHhlX 8HarpaMM. KopHeahle 8HarpaMMhl 

PaccuoTpKM orrepaTophl, 

" sdz dl .. - - - - 8-CJJ .... =- ~ r: f• (~) .PL\ ('L) ~ (f,+<'. - 'i:) bp&li) 

(7) 

(8) 

" J z dz~ - - - - - fi ( 9) '1:!~=-- d~ ~- yA tnJ&cqn<:H - 'L.) 0 f,. (-IJ' 

)l.eHCTBYSI KOTOp~H Ha BKJ!a)l. HeKOTOpOH )l.HaPpB.MMhl, MO~HO IIOJIJt~HTb 

BKJ!a)l. )l.HaPpaMM~ 6oJiee B~COKOPO IIOpSI)l.Ka. HarrpHMep, )l.eliCTBYR Ha 
~ I uJ I Cj11 9-11 ~ KMeeM: 

~ ( 1) 

~ ..,, 
a (1) 

d..,n.. 

~ (1) 

~ 2~ 

" ,.._., (...,) 

(~A) 'J-11 
" n-1 ( 1 ) 

(9:! s) ~ 11 • 

"' 1\ 1\ 1\ (1) 

('l.J A <;!) P, + ~ p, 'JJ A ) ~ ~· 

llOCKOJlbKY OIIepaTOp~ .£A K .£ r. B 06111eM CJiyqae He KOMMJTHpytoT, TO 

MX npOH3Be)l.eHHSI, OTJIHllalOII!HeCSI TOJibKO pa3JIHqHIJIM IIOpSI)l.KOM COMHO~M

TeJieH~pM )l.eJ;\CTBHH Ha ~m~ 6y.n.yT IIpMBO)l.HTb K pa3JIHliH~ pesyJibTa

TaM. 4TO 3KBMBaJieHTHO !IOJiyqeHHD BKJ!a)l.OB )l.HaPpaMM 3a)l.aHHOPO IIOpSI)l.

Ka, HO OTJIHq~XCH pa3JIHqHoJ;\ CTpyRTypoH. ~.FI !IOJiyqeHHSI BCeB03-

MO~HhlX CTpyKTyp BBe)l.eM OIIepaTOp S , KOTOphl~ )l.eliCTBYR Ha IIpOH3-

Be)l.eHHe onepaTOpoB cb A H 4).,, Bhl)l.eJI.FieT HYJI!.Hhle !IOCJie)l.OBaTeJJbHOCTH 

c cooTBeTCTB~HMH aecaMH. Tor.n.a 
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(.() A A rn-< 'j)""< (<1} 

Q = ;; ~.. 6 CJ~. d mn ( 10) 

H <flopMaJibHO 
-+ A [ A A ] A 

} ( /,) = S e::rp A <;OA + BCZ>s """' ?:)_,..,, 4-n, 
~ A & 

c 

(i) 

~ mi rtL • (II) 

. "-1' 

3~ecb <=IJ" K 
1\ -1 

9J ~ - onepaTopbl,o6paTHble onepaTopaM (9), a ,., 
~ ,;, . l'l · - aKJIB,D.bl 11 KOpHeabiX" ~Harpa.MM, H3 KOTOpb!X abiWeOPHCaHHhiMH 
on~p~qHHMH MOryT 6b1Tb flOJI~eHbl ace OCTaJibHble. ~R HX onpe~eJieHHR 

A -<i " 'f 

pacKpOeM CMbiCJI c:;()A H CZ\11- • IlOCKOJibKJ ~elicTaHe KSlK,I\OrO H3 
onepaTopoa (9)COCTOHT BO BKJIDqeHHH a ~HarpaMMy HJKJIOHHOA JIHHHH, 
co~ep~~eA o~y ToqKy, TO AelicTaHe o6paTHbiX onepaTopoa saKJI~qa
eTCR a YAaJieHHH Hs ~HarpaMMbl HJKJIOHHOA JIHHHH, co~ep~~etl o~HY 

TOqKy. iloCJie~oaaTeJibHO HCKJI~qaR HJKJIOHHble JIHHHH H3 KaKOii -JIH60 
npOH3aOJibHOtl ~HarpaMMbl, a KOHqe KOHqoa npHAeM HJIH K KaKoli-JIH60 
~HarpaMMe pHc.1 HJIH ~e K ~HarpaMMe, B KOTOpotl Ha K8JK,I\OH JIHHHH 
HaXO~HTCR !10 t<patlHetl Mepe ~Be TOqKH. 

OnpeAe!eHHe. KopHeBoA AHarpaMMotl,HJIH KOpHeM,Ha3biBaeTCR AHar
pa~a, B KOTOpoA Ha K8JK,I\OH HJKJIOHHOA JIHHHH HaxOAHTCR no KpaliHeA 
Mepe ~Be TOqKH. ~arpaMMa, COAep~~aR TOJibKO o~y TOqKy, TaKKB 
OTHOCHTCR K KOpHeB~. IlpHMepbl KOpHetl ~aHbl Ha pHC.4. 

KaK ~e roaopHJIOCb ahlme, KSlK,I\aR KOpHeBaR ~HarpaMMa nopo~a
eT p~ ~pyrHx ~HarpaMM. ECJIH a KaqecTae KopHR B3RTb ~HarpaMMJ 
pHc.4a, TO MO~HO y6eAHTbCR, qTO p~ aOSHHK~~HX ~HarpaMM COBna
~aeT C p~OM, paCCMOTpeHH~ B pa6oTe/S/, r~e 6b!JIO JCTaHOBJieHO, 
qTo ~HarpaMMa m n nop~Ka ~aHHOA cTpJKTYPhl Mo~eT 6b1Tb o6paso
BaHa m "-• n. ..,_ 1 cnocof5aMH H co~epJKHT m + rr-1 TOqKy. BKJia~ acex 
3THX AHBrpaMM a <f>asoa~ cfJJHKf..lHIO J ( l) a npH6JI~eHHK MaJIOCTH 
pa,n.Hyca N N - asaHMO~e,cT ~~R no cpaaHeH~m · c H,IJ,epHbiMH pasMepaMH 
~aeTcR p~oM AHAPSeBa 6 • • 

oo Am 

L:m. 
m,n z i 

n. oo rrH·n - 1 
B -(<} ""' (-1) >1 · < m -1 2 fdl- .., 11 

/iT ~ mn. X L m I 11.l m. rt 6" · t.. ~ i = 
'"·"·4 . . 

(12) 

= - l. J d 2't [ u ( e.l. -1 ) + 2.. ( e "- 1 ) - u r.] 
~ ' 

8 

• 

(J ::-i. ~ INN(O) x=AJ ... cl-7), ;j=B.Paci> 

{ 

-;1 

U=<'Je 

~ = .::x: e-" 

(13) 

PaccMoTpH~K qeMy npHBO~KT yqeT APYrHx KopHetl. 
IlocTpoKM Ha ocHoBe ~ -KOpHR, aKJI!Oqa~~ero m.- I rtJ HJKJIOHHb!X 

JIKHHJ.l ~ A/131 , ~KarpaMMy mn nopffAKa I m ~ h1i ; n. ">---lli I, 
,IJ.JIR qero Heo6xOAHMO ~o6aaHTb m-m; JIKHHJ.l ~A H 11..- 11..;. 

JIKHHA ~ B , COABPX811lHX no OAHOA ToqKe. ()qeaH~o, qTo m-m; H 
n - rt i ToqeK a sa,n.aHHoJ.l ~KarpaMMe HesaaHCHMO APYr oT APyra MOJK-

,..._"' ,.._""" HO pasMeCTHTb nL ~ cnoco6aMH, o~aKo He ace 3TH pasMe~e-
HHR ~OITJCTHMN. 3anpe~aeTCR ITOnB,D.aHKe ~ayx TOqeK B OAHH H TOT ~e 
yseJI (B TQqKy rrepeceqeHHR HJKJIOH&IX JIHHHA). C yqeTOM 3TOrO 06CTOR
T8JibCTaa noJiyqHM, qTo qHCJIO ~OllyCTHMbiX KOM6HHaf..lHJ.l paBHO: 

n-n; m-l'tt,· ( n-n~-"' m-tr1i.-~ 
m n. - m -m;){n- n.;_) m. n • (I4) 

KpoMe Toro ,Heo6xo~HMO yqecTb qHcJio cnoco6oa, KOTOpbiMH m- m' 

In.- n., I ~o6aBO~biX JIHHHJ.l MO~eT 6b1Tb B~6paHo H3 min. I JIHHHA 

mmm 
a I c 

*** d. e I 
PH c. 4 
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jc'".:,""'' c:"' I. B pesyJibTaTe BKJI~ ,li,Hal:'pBMM, nopo~eHHblX i.
KOpHeM, B ~30BJID ~yHKQHD ynpyroi:'O pacceRHHR B npH6JI~eHHH NaJIOCTH 

p~Hyca N N - asaHMO,JJ,ei'lcTBHR no cpaBHeHHD c R,IJ,epHWK pasMepaMH 

onpe,JJ,eJIHTCR B~~eHHeM 

t A""B"" ~tLI ~d.·~ (-1)..,.,. .. 

"'=IT11 ~ 'lmn rv L ~m ; (m-rt1i)f (n-n,)f (15) 
n= n\. r\10 r'l;. 

[ 
n-n; m-m; n-rli-~ m-m;-1] 2 J L "' n. rn rt _ ( m- rn, ) ( n- n i) rn n. ;= d ·t.:. x 'f 

(J' (J • 

CyMMHpyn pR,JJ, (I5) MeTO,JJ,OM pa6oT/?/, Hal:I,JJ,eM, qTo 

~ A"' Bn. <<l l.. J z m, tti 
h-n · ~ 'J mn. ~ d.i_ ~ d 1: l U 
, :- f'\~ 

1:')1,6 U. H "i:- pemeHHR CHCTeMbl ( 13) , a de - HeKOTOpbli:l MHOJKHTeJib, onpe-

,JJ,eJIReMbll:l CTpyKTypOM KOpHR H BH)J,OM fNN(~) • 
~TaK, ecn11 s~aH KopeHb, TO MoJKeT 6b1Tb onpe,D,eJieH PM nopoJK

,JJ,aeMbiX HM ,JJ,Hal:'paMM H BblqHCJ!eH HX BKJI~. 0cTaeTCR TOJ!bKO npoBeCTH 

KJiaCCH~HKaqHD KOpHeBblX )J,Hal:'paMM~ KaK 6biJIO noKa3RHO B pa6oTe/S~ 
He06XO)J,I1MbiM ycJIOBHeM CBR3aHOCTI1 )J,HarpaMMbl m~ nopR,D,Ka RBJI.ReTCR 

Tpe6oBaHHe, qT06bl B Hell. CO,JJ,epJKaJI8Cb no Kpai:~Hetl Mepe m+tt-.{ TOqKa. 

EcJIH qHCJIO TOqeK npeBblillaeT 3TY BeJIHqHHy, TO BKJI~ nO,JJ,06H~~ ,JJ,Hal:'

paMMbl nponopqHOHaJieH MaJIOMY 6espa3MepHOMY napaMeTpy t ~ ~ B 
CTeneHH~aBHOtl ~CJIY ,JJ,06aBO~biX ToqeK HJIH qHCJIY 3aMKHYT~ neTeJib 

B ,li,Hal:'paMMe / 6 • ?/, HanpKMep, KOpHH p11c. Lrf>, 'lc 1 CO,JJ,ep)!(aii!He 

O,JJ,Hy neTJIIq nponopqKOHaJibHbl e 1 a BKJI~hl ,JJ,ByxneTJieBbiX KOpHei:l 
(p11C, i(d, f.te, itf ) COOTBeTCTBeHHO nponopqHOHaJibHbl c

2 
, llOCKOJ!bKY 

qi1CJIO 3aMKHYTbiX neTeJib onpe,JJ,eJIReT MaJIOCTb BKJI~a ,JJ,HarpaMMbl, ecTe

CTBeHHO BeCTH no HeMy KJI~CC11~HKaqHD. 

08HOneTJieBble KOpHeBble 8HarpaMMb1 
Cor naCHO CKa3aHHOlLY BHme B ,JJ,HarpaMMaX :3TOI:'O THna rrt "- no

pR,D,Ka )J,OJIJKHO 6b1Tb m • n. ToqeK, IlOCKOJ!bKY Ha KB.JK,JJ,Oil. HyKJIOHHOH JII1-

HHH HaXO)J,HTCR no Kpal:\Hel:\ Mepe )J,Be TOqKK, TO )J,OJIJKHH BblnOJIHRTbCR 

ycJIOBHR 

{
2m 
2tt 

~m+n.' 

f m + n. 
(16) 

KOTOpble cnpaBe)J,JIHBbl TOJ!bKO np11 m~n, CJie,JJ,OBaTeJibH0 1 O)J,HOneTJieBble 

KOpHeBble ,JJ,KarpaMMbl CYTb ,JJ,HarpaMMbl, OXBaTb1BaDI!ll1e paBHOe qHCJIO JIH

HHR KaK R,JWa A , TaK 11 R,JJ,pa B 11 CO,JJ,eplltaJIIHe Ha KB.JK,JJ,Oi'l HyKJIOHHOil. 

JIHHHH pOBHO no ,JJ,Be TOqKK. 

10 

4ByxneTJieBble KOpHeBble 811al:'paMMbl 
B 3THX ,JJ,KarpaMMax qHcno ToqeK paBHO rn + n. + -1 , a yCJIOBKe 

Tl1na (!6) HMeeT BK)J, 

( 2m+ K = 
l 2n t f. : 

m + n +1 

m+ n +1 
IKtl =2. (17) 

Cne,JJ,oBaTeJibHO, B03MOJKHbl Tp11 pemeHI1R 11 coOTBeTCTBeHHO Tp11 TKna 

KOpHeBbiX ,JJ,ByxneTJieBbiX ,JJ,Hal:'paMM. 

K e 
0 2 m.:: n+"' 

~ 1 m =11. 

2 0 tt = m ... ~ 

llpocTeMilll1e 113 HHX 11so6pa)!(eHbl Ha p11c. 4d ,4e, 4j. 
PaCCMOTpeH11e, 8HaJIOJ:'I1qHoe npHBe~eHHOMY BHme, MOJKeT 6b!Tb BH

fiOJIH6~0 11 )J,JIR KOpHeBbiX ,JJ,I1al:'paMM, CO,JJ,eplKaJIIHX 60J!blliee 411CJIO neTeJ!b, 

3aKJIDqKTeJibHble 3aMeqaHHR 

B pa6oTax/6- 8/ np11 Bb14KCJieHKK ~3oBoll. ~yHKqKK ynpyroro 

R,JJ,pO-R,IJ,epHOI:'O pacceRHH.II Henocpe,D,CTBeHHO B OnTK4eCKOM npe,JJ,eJie TOT 

~T, qTO OHa onpe,ll,eJIReTC.II TOJ!bKO BKJ:~aMH CB.R3aHHbiX ,li,Hal:'paMM, 

npO.IIBJIRJIC.II B COKpallleHKH BKJ!a)J,OB HeCBR3aHHbiX ,JJ,Hal:'paMM. ~OpMYJIKpO

BaHKdR KaK JieMMa, OH, C ~eJ!bD COXpaHeHK.II npeeMCTBeHHOCTH, 0Tpa-
3KJIC.II B Ha3BaHHK BTOpOI:'O napar~, KOTOpOe MOJKeT Bb13BaTb HeKOTO

poe He,JJ,Opa3yYeHKe, fiOCKOJ!bKY HHI:')J,e He K)J,eT pe411 0 COKpaJ!IeHKH BKJia

)J,OB HeCB.R3aHHblX )J,Hal:'paMM, 3To 06yCJIOBJI6HO B016paHHbiM MeTO)J,OM )J,O

Ka3aTeJibCTBa. 
~3 CaMOR ~pMJJIKpOBKK JI6NMd CJ!e,li,YeT, qTo )J,JI.II ee ~OKa3aT6Jib

CTBa Heo6XO,JJ,HMO HaRTH ~3Y 11JIH aMOJIKTY,li,Y pacce.RHH.II 6e3 nepeXO,JJ,a 

K OnTKqeCKOMy npe,D,eJiy. BJiaro)J,ap.R KJiaCCH~KKaqi1K ,JJ,Hal:'paMM Ha CBR-

3aHHbl6 11 HeCBR3aHHHe 11 onpe~eneHHD CTPYKTYPH KX BKJI~oa, 6blna 

HaR,JJ,eHa aMOJIKTy,JJ,a pacce.RHHR 11 ee npe)J,eJI. Il03TOMy CO)J,epJKaHKe BTO

pOI:'O naparpa~ He orpaHK~aaeTcn paMKaMK yKasaHHoR neMMl>l. 
I. Bbi~eHHe (6) nosaonReT onpe)J,eJI.RTb aMOJIKTY,IJ,Y pacce.RHKR 

6e3 nepeXO)J,a K OnTKqecKOMY npe,ll,eJiy. 
2. B rAB (i) MOI:'YT 6b1Tb yqTeHbl qJieHbl, . COOTBeTCTBYKJ!IIKe pa3HbiM 

npoqeccaM pacceRHHH,qTo MOJKeT 6b1Tb nonesHo np11 aHanKse sKcnepK

MeHTaJibHbiX )J,aHH~, npK oqeHKe TOqHOCTH TOI:'O HJIH KHOI:'O npK6JI~eHI1.11 
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B ynpyrou ~-ffAepHOM pacceHHHH, a Ta~e npH o6o6~eHHH rnay6e
poacKoro npH6AKKeHHH C ~eAbD OnHCaHHH HeynpyrHX ~-ffAepH~ 
peaK~HR, HanpHMep, C HCnOAb30BaHHeN pe~eOHHOR TeXHHKH pa3pe30B. 

fl 6naro~apeH A.B.Tapacoay sa nocTaHOBKY s~aqH H npoqTeHHe 
pyKOnHCH. 
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