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BBe:nemrn 

B HaCTOffll\8li pa6oTe, roBOPff O JIOKaJibHOW Teop1111, Mb! hO'ApasyMeBaeM· Bb!IIOJIHeHHe OCHOBHhlX 

IIOCTyJiaTOB peiIHTI1BI1CTCKOll KBaHTOBOti Teop1111 nomi/1 ,21 (CM, TaKl!tef3/)' He Tpe6ya sa'AaHHff KOH

KpeTHOro Jiarpamii11ana~ HanOMHHM, qTQ 6pe.zm 3Tl1X IIOCTyJiaTOB' HapH'AY C Tpe6oBamrnMl1 HHBapnaHT-
; . 
HOCT!1 OTHOCHTeJibHO H80'AI-IOPO'AH0tl rpymm JlopeHua, CYll\eCTBOBaHHff IIOJIHOH Cl1CTeMhl (pH3l1qecKHX 

cocTOHHH.ti c nonoro!TeJinHofi sHeprHeiii l1 MHKponpifq11nHocTH, co'Aepm1T·ca If HeKoTopoe npe'AnOJIOJKeHife · . . 

MaTeMaTifqecKoro xapaKTepa: Tpe6yeTCff, qTOClhl SJieMeHThl MaTpl1Uhl pacceHHl1ff Clhlnlf 060611\eHHhlMif 

myHKUI1HMl1 yMepeHHOrO pOCTa (T.e. HBJIHJll1Cb Jil1H8HHhlMif Henpeph!BHblMH WYHKUifOHanaMif Ha'A rrpOCTpaH

CTBOM 5 6ecKOHeqHO rJia'AKl1X 6hlCTp0 y6hlBaIO!l\l1X <PYHKUifiii - CM., HanpHMep/41). 3HaqeHl1e 3TOro 

Ha nepBhltt BsrJIH'A qucTo QJOpMaJinHoro Tp~6onaHHH o6HapylltlfBaeTCH npH .11syqeHHif nopa,'llKa pocTa 

aHa]ij1Tifl!eCKOro npO,'llOJil!teHifH MaTpl1qHhlX SJieMeHTOB B IfMIIyJinCHOM npocTpaHCTBe. 0Ka3hlBaeTCH, qTO 

OHO o6ecneqifBaeT, HanpHMep, TIOJIIfHOMifaJibHYIO orpaHHqeHHOCTb npeo6pasoBaHl1H ~yp1,e - ~~(t) 
OT 3aIIa3'Ah!BaIOll\eit aMnJil1TY.1lhl BO BCeit 06JiaCTl1 aHaJIHTifqHOCTl1 3TOtt rT1yHKUifl1 (cM/4/, TeopeMa I). 

I 

Ocna6JieHl1e 3TOro Tpe6oBaHl1H npl1B0,1ll1T K TOMY, qTo aHanHTl1qecKoe np0,1lOJIJKeHl1e MaTpl1qHblX SJie-

MeHTOB B l1MnyJibCHOM npocTpaHCTBe MOllteT HMeTb JII060it pocT (Hanpmrnp, 3KCnOHeHUifaJil,H!,1it). l!TO 

COOTBeTCTBOBaJIO 6hl B JiarpaHllteBOM Q)OpManH3Me HenepeHOpMHpyeMOH T80Pl1l1x). 

PH,'llOM al3TOpOB np11 aHaJIHse HenepeHOpMHpyeMUX TeOpl1it TiblCKa3hlBaJIBCb npe,'llIIOJIOJKeHHH, qT~ 

ceqeHHH npoueccoB B TaKHx Teopl1HX ,'llOJilKHhl paCTl1 c yBeJII1qeHI1eM 3Heprl1l1. 0.1tHaKO IIOCKOJibKY 

MOlltHO Olltl1,1laTb, qTO ,'llJIH HenepeHOpMHpyeMhlX TeOpl1ii TOqKa 00 HBJIHeTCH_ cymecTBeHHO oco6oU,· 

TO BOapacTaHHe \'\,-ro qJieHa TeOplrn BOSMYll\eHHit KaK nOJil1HOMa TOi'I llte CTeneHH no 3Heprl1l1 H·e 

oaHaqaeT, qTo _8.MITJIBTY.1la ,'llOJilltHa noapacTaTn B.1lOJib ,1leiicTBl1TeJinHOL1 oc.11 E , TaK KaK HanHqHe 

cymecTBeHHOii oco6eHHOCTl1 Ha 6eCKOHeqHOCTif IlPl1B0,1ll1T K TOMY, qTo aMnJIIfTY,'lla MOllteT HeorpRHHqeH-· 

HO BOSpacTaTb B,'llOJil> O,'llllliX HanpaBJieHHii B KOMIIJieKCHOi'I nJIOCKOCTl1 E ' OCTaBaHCb KOHeqHoi'I B,'llOJib 

,1lpyrHx. 

BKJIIOqelllle npe,'llIIOJIOlltellliH 06 yMepeHHOM pOCTe MaTplfqHhlx 3JieMeHTOB B q11cJIO OCHOBHbIX nocTyJia

TOB JIOKaJibHOi'I Teop11.11.onpaB,1laHO TeM, qTo 6es 3Toro npe,1lTIOJIOllteHl1H HeJib3H IlOJiyq11Tl> ,1ll1CIIepc110H

HhlX COOTHOilleHHii - npaKTHqecKl1 e,1ll1HCTBeHHoro OIIb!THO npoBepHeMoro CJie,'llCTBifH l13 06!1\l1X · np_l!H- _ 

Ul1IIOB KBaHTOBOtt TeOpl1l1. KpoMe Toro, KaK OTMeqaeTcH n/I,2/, MH Toro qTo6bl KOMIIeHcnpoBa.;1, 

aKcnoHeHunaJinHoe noapacTaI-me aMnJIHTY'Ahl B BepxHei'I nonynJIOCKOCTH no SHeprnw E,Heo6xo,1ll1Mo . -~e . 
BBeCTl1 MHOlllliTeJib THIIa e ' !','Ile IIOJIOlltl1TeJil>HaH IIOCTOHHHaH II A, II l1MeeT paaMepHOCTb. 'AJil1Hhl l1 

MOJKeT 6b!Tb l1HTepnpeTif POBaHa' KaK HeKOTopaH Mepa HeJIOKaJibHOCTl1 TeOpl1l1 ( 11 3JieMeHTapHaH ,1lJil1Ha"). 

0Ka3b!BaeTCH, l!TO ecnH K 06!1\l1M Ilpl1HUifIIaM JIOKaJibHOil TeOpl1l1 ,1!06a:Sl1Tb qll13l1qecKOe ,1lOilYll\eHl1e~ 

qTO ceqeHifH npouecCOB pacceHHl1H HeOCUHJinHPYIOT, a l1MeIOT onpe,1leJieHHblH CTeneHHOH l1nlf JIOrapnw

xJc;.;:-;ClCYJK'A;;;-:'JTOro BOIIpOc~ n/3{ n. IT •. 
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MHqecKHti pocT, KOr'Aa. 8Heprli!ff CTpeMHTCff K 6eCKOHeqHQCTli! '(rrpli! WHKCli!pOBaHHOti· rrepe'Aaqe HMrrym.ca) 
. \ . . 

_TO MOlltHO ITOJiyqffTI, Pff'A li!HTepecm,1x, 8KCITepHr..ieHTaJII,HO rrpoBepffeMhlX paBeHCTB Me:m:~ paaJIHqHJ,IMH 

ceqeHli.flMJA.IlepBOe COOTHOmeHHe TaKoro PO'Aa - pa.BeHCTBO ITOJIHblX ceqeaHti B3aHMO'AetiCTBli!H qacTHU 

, lil aH;Ji!qaCTli!U rrpli! ,Bb!COID'IX SHEiprvrnx - 6b!JIO rroJiyqeHO IloMepaHqyKo~/S/. ToqHble ycJIOBlil.fl, rrpH KO-

• Topb!X crrpaBe'AJIHBO yTBepJit'AeHHe IloMepaHqyKa, H CTporoe 'AOKaaaTeJII>CTBO aToro yTBepllt'A0HHH Ha 

OCHOBe TeopeMbl ~parMeHa lil J!HH~eJie@a 'AaHO MetiMaHOM/6/. 

B HaCTOHmeti pa6oTe Mb! ITOKaJiteM, qTO, OCHOBb!BaHCI, Ha TeopeMe ~parMeHa-J!HH'AeJie@a, MOlltHO 

ycTaHOBHTI, .Pff'A aCli!MITTOTli!qecitHX COOTHOmeHHti He }OJII,KO M0llt'AY ITOJIHb!MH, HO li! Mellt~ 'Ali!@@epeH

UHaJII>Hb!Mli! ceqeHHHMH paaJIHqHb!X rrpoueccoB. § J HOCHT BBO'AHblfi xapaKTep. 3'AeCI> Ha sJieMeHTapHOM 

IIpIIMepe paCCeffHli!H BITepem CKaJiffpHb!X .HetiTpaJII,Hb!X qaCTli!U (rrpli OITpe'AeJieHHb!X ITP0'AITOJIOlit0HH.flX O~ 

a~li!MITTOTHqecKOM ITOB0'A0Hlili! aMITJIHTY'Ab! pacceffHlil.H) 6y'AeT ITO'ApO6HO H3JIOllteH MeTO'A 'AOKaaaTeJII>CTBa, 

li! , B qacTHOCTH, ITOJiyqaeTCff TeopeMa IlOMepaHqyKa 'AJI.fl 8TOrO CJiyqaff. 3aTeM yKaa1,rnaeTcff; KaK 

MOlltHO o6o6~TI, rroJiyqeHHble peayJII>TaTbl Ha aMITJIHTy~ pacceffHHff rrpli! rrpOli!3BOJII,HOll rrepe'Aaqe HM-
,' > ' ; ,a • 

rryJII>Ca li! 6oJiee o6mee ITOBe'AeHlie Ha 6eCKOHeqHOCTli!. MeTO'A, li!3JIOllt8HHblti B § I, rrpHMe~HeTC.fl B 

cJie'AYID~X rraparpa~ax 'AJI.fl HayqeHlilff 6oJiee HHTepecHb!X c @HaHqecKoti TOqKH apeHH.fl rrpoueccoB pac

ceaHHH aapHllteHHb!X qacTli!U co CITHHOM H @opM@aKTOpOB. OcHOBHble @Hali!qecKHe peayJII>TaTbl pearoMHpO-
' ' ) . ~ , . 

BaHbl B § 5. 

. § I. AcHMITTOTHqecKHe CBOtiCTBa aMrrJIHTym,r pacceHHHff cKaJIHpHb!X qacTHU 

B STOM rraparpa@e Mb! 6y'AeM paccMaTpli!BaTI> CBHaaHHble Mellt~ co6oti rrpoueccbl yrrpyroro pac

ceHHli!H cKaJIHpIIhlx qacTHU ~~ (c tmccofi ~ ) H i~ ( c _Maccofi M ) 

~~ + .f,.~ --'> tl.,1,-½ ,R,-~ / (I) 

~.I, -+ {)-~ _., Gi:'1- -+ -ft,1, I 
. (IT) 

r'Ae qepTa oaHaqaeT rrepexo'A K aHTHqacTHUe. 

Ey'AeM pac5oTaTI> c HHBapHaHTHOti aMITJIHTY'AOti I (.i.,-t), r'Ae ..6 . Ji! . t - • KBa'ApaT rroJIHOti saeprli!H 

B Cli!CTeMe ueHTpa Mace H li!HBapHaHTHaff rrepe'Aaqa HMITYJII>Ca. IlOJIHOe li! 'Ali!W@epeHU11aJII>HOe ceqeHli!.H ' 

rrpouecca (I) Bb!palltaIDTCff CJIB'AYID~M o6paaoM rrocpe'ACTBOM aMITJili!TY'Ab! Tl~.~): 
G:(-6) ~ _i- IW\,1(.4,o}; 

t, . ~K,Vl> (I.I) 
-t 

~ = ~ \T(,,-t)) . 
.Lt 'Jtrf,6K.'- . J (I.2) 

3'ABCI, ~- MO~JII, TpeXMepHoro li!MITyJII>Ca B Cli!CTeMe ueHTpa Mace: 

Kt 
:, J_ t-4~- ~lM\'Wl-:)..6 + {l'v\~w,"-)t]· •. 

~,4 . 
(I.3) 
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'AMilJrnTyl];a 1'(i,-\:) npol{ecca (ll) CB!{~aHa np:H BemecTBeHHWC A H -1:, 06:crqHl,IM nepeICpecTHNM COOTHO-

meHHeM C aMilJrnTY'AOit Tv,t) ~· - I 

,v . * ( re.A, -1;) =. r (M, t), 
(I.4) 

I',lte . AA.;' ,t, (rii':,,,.;'') - .4 -,:b t a ~ oaHallaeT KOMITJieICCHOe COIIp.flllteHHe. 

B JIOICaJII>HOil: Teop1rn noJI.fl .aMnJIHTyl:J;a T(i,t)aHaJrnTHllHa npH c])HICcHpoBaHHOM -f;; (Ha HeICoTopor<:> 

HHTepBana) B ICOMIIJieICCHOH IlJIOCKOCTH ..6 . C paapeaaw Bl];OJII,, l];eilCTBHTeJII>HOil OCH_ OT:- . (M+ 'It))~ 
. ~ 

;l\O ,:,t:) H OT - cO 'AO {M- "') --t H C ICOHellHHM '1!:HCJIOM IIOJIIOCOB H~ l];eil:CTBHT8JII,HOtt OCl'Ji,;MelK]cy 'ABYM.fl 

paspeaaMM. B l];aJII>HellmeM 'AJI.fl IIpOCTOTU 6yl];eM "iipe;llilOJiaraTI,' llTO IIOJIIOCHHe l1Jl8Hli OTCYTCTBYIOT. 

ll:x: Yll8T •He IIPHBO;l\HT IC aaTPY'AH8HHl'IM I TaIC ICaIC. llJieHU HC'lle8a!OT npH -6 -l> - • 

: J{OICaJiteM.cHallaJia HeICOTOpoe o6o6meHHe.TeopeMlil llOMepaHllyICa, ICOTopoe MOlll:eT CJIYXHTI, xopomHM 

MeTO;lllill8CICHM BBe;lleHHeM IC nocJie]cy'IDmeMy·paccMOTpeHHIO 6oJiee CJIOlKHblX cJiyqaeB, r;lle H8•6Y'AYT 

IIPHBO;l(HTI,C.fl Il0l];06Hli!8 ;llOICaaaTeJII,CTBa. 

Ey;lleM HCXO;l(HTI, HS CJie;llyIOIIIHX g/Iil8JilqecICHX npe;llIIOJIOllteHHtt. 
. ~ 

I) llpe;llilOJIOXHM, lJ'.TO IIOJIHUe CelleHH.fl G'-11 (.6) H 6'i, (A) npol{eCCOB (I) H (ll) CTpeM.flTC.fl IC on-

pell;eJieHHl:lM npe;zteJiaM s; Iii 1o; ' ICOrl];a ,rnepl'H.fl CTpeMHTC.fl IC 6ecICOH8llHOCTH. 

t!) llpell;IIOJIODM l];aJiee, ll'.TO ;llH<I1<J1epeHl{HaJII,Hble CelleHHH ;ztJllI pacce.flHH.fl BIIepell; .l6'~~!2 

Iii · clcr'l~ o) orpam1lleHH IC~i c])yHICI.lHH aHeprm1 H cTpeM.flTCH IC. onpetteJieHHblM npe;lleJiau ~f H ~~ -
llpH .4,-> "° X) • . 

CnpaBe;llJIHBa CJie;lly10maH TeopeMa. 

TEOPEMA I 

llpH npe;llIIOJIOlll:8HHHX.I) H 2) B JIOICaJII>HOit TeOpHH IIOJIH HMeeT MeCTO paBeHCTBO IIOJIHI,IX H ;llHc])

c])epeHl{HaJII,HHX celJ'.eHHil .B npe;lleJie llpii! aHepl'HH, CTpeMHmettcH IC 6eCKOH8llHOCTH: 

(I.5) 

(I.6) 

llOKASATEJThCTBO 

B CHJiy·(I.I)-(I.4) npe;llfroJioJKeHH.fl I) H 2) MoryT 6HTI> cipopMyJIHpoBaHH B TepMMHax c])yHICl{HH· 

· 1' (J, o) :- f ( M~ o) 
. '-f(.,i); (I.7) 

ciie;ziyIOl!(HM o6paaoM; ~YHICl{H.fl f(.A) orpaHHlleHa Ha BemecTBeHHO!-t OCH A H CTpeM:lfTC.fl IC onpel];eJieHHblM 

npell;eJiaM npH .1, ➔ :t.o: 

-"'t"'.-.. -. "."~:':".-:"'.~ : . - - . . .. . . 

x)itiiii' .iioiasaTeni:'c;-iia TeopeMbl ll~MepaHqyICa /T. e. paBeHCTBa. (I .s)/ l];OCTaTOllHO llOTpe6oBaTI, · or-

paHH_lleH~?CT~ .~-W<Ii~~~~~aJII>HHX ?8,ll8HH}i (cu.JG/)• C'AeJiaHHOe HaMH npell;IIOJ!Olll:eHHe ll08BOJI.f18T l:J;O

ICa8aTI, STY, TeopeyY 6oJiee SJieMeHTapHHMM cpell;CTBaMH H aaOl];HO IIOJiy'IIHTI, paBeHCTBO ;lllicpc])epeHl{HaJII,• 
• :, I, ./: •• · \ • • , .• 

HHX celleHH!-t llO'A HyJieBblM-yl'JIOM (I.6). 
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~br. ~-:t-_lG'~)~ 
' ,tt \ ~ (1.8) 

KpoM'e ,' TOI'O, RaR yJKe OTMellaJIOCI,, 118 IlOCTyJiaTOB JIORaJII:,HOii1 Teopirn IlOJIH CJie;n;yeT, tJTO 8Ta q>yHK

ll:Mfl aHan'flf.T'flf.l!Ha B ROMnJieRcHoii1 nJiocROCTH ~ c paspesaM'flf. B;l\OJII, ;n;eii1cTB'flf.TeJII>Holt oc:11 OT (M+~)~ 

;no o6 '/If. OT - . ..,,, ;no C~-'WI) 11.'flf. · tJTO oHa noJI'//f.HOMHaJIIiHO orpaH'flf.t1eHa B KOMnJieRcHolt IlJIOCKOCTH ~ • 

Boc,~oJIIisyeMcii ·iren~pii ·cJie;n;y10mett TeopeMolt ~parMeHa ·'flf. Jl'flf.H;n;eJieqia/6, 7/. 

TEOPEMA'2 (~parMeHa-JlHH;n;eJieqia) 
l . .le n 

IIycTii 'J(z) - aHaJI'flf.THt1ec1taH qiyHKIUrn OT z =- •t•e , perymi:pHall B oe5JiacTH ;;v , sa.RJIJOlleHHOlt 

MeJK;ny_ ;l\BYMll IlOJIYilPHMbl!ffl' ROTOpb!e' 'o6pasyJOT yroJI- 7'/,1,,' C Beplll'flf.HOlt B HyJie ,,:0 orpaH'flf.lleHa Ha 8THX 

IlOJI;frrpHMb!X. ·.flycT:& ;n;aJiee :$-(t) -::> A. . iip'flf.. ~ ➔ ,,,o· B,llOJII, O,llHOit '//f.8 IlOJIYil~llMblX '/If. :j.(e) ~ ,( 

np'flf. r ~ ;,,, B;n;oJI'Ii ;npyrolt noJIYnpaMoit~ Tor;n;a, ecJI:M Q.t- · -t- '/If.. 

TO np'flf. ;n;ocTaTOllHO ClOJII,111'//f.X ~ 
','t,.c.. 

·~;(11,) ~ A fl. · 

M' l """'"'"' · I f<i:>I 
· \ re. "' ' \:i I :. ~, ~ 6- !lJ · . . I 

r;ne A ")o (. > 0 • 

(1.9) 

(I.IO)·. 

~YHKU'flf.H f(!:) MOJKeT 6b!TI, IlOJI'//f.HOM'flf.aJIIiHO orp~H'flf.treHHqlt B 5:/) JI:MIUI, np'flf. "npe;n;noJIOllt~H'flf.'flf., ,llTO . ,.:.::: ,G. , 

1-1 Tcir;na {(-c) CTpeM'flf.TCfl R .~ Ilp'flf. i ➔ oO paBHOMepHO B. 06JiaCT'//f. :t) . • • . , 

~YHRUHH 4 (A) (I. 7) y;n;OBJieTBOpHeT BCeM YCJIOB'//f.llM TeopeMbl 2 (B RRlleCTBe oc5JiaqTH 9) MOJK-

HO Bb!6paTI, BepXHIOJO noJiynJIOCROCTI,; Ilp'flf. 8TOM c( = I). IIocROJII,ey qiyHRU:MH .f(.6) IlOJI:MHOM'//f.aJII,HO 

orpaH'flf.lleHa, TO ee npe;n;eJII>Hh!e sHat1eH'flf.ll np'flf. -4 ~ :t,,;:, ;n;oJilltHhl coBna;n;aTii. 0Tcro;n;a cJie;n;yeT yTBepllt,1te-
. ';\ : ' : . . ' , ' -

HHe Teope.Mbl I. 

3aMeTI1M, ll:TO ,llORa8aHHaH TeopeMa l ;n;onycRaeT CJie;nyromee o606ll\8Hl1e. Ilpe,llilOJIODM, 'IITO 

BMeCTO ROHellHOro npe;n;eJia y IlOJIHoro cetreH'flf.H CYII\8CTBYIOT np'flf. qll<!RC'flf.POBaHHOM t (He o6nsaTeJIIiHO 

paBHOM Hyiro) npe;n;em,1 ,t.:.,,,,, T (6,-i;) 

.A -'> :t cP .:J z: 'f(4,-t' ' (I .II) 

r;n~, qiyHRU'flf.H'\'(,,t)aHaJI'flf.T'//f.ll:H?- B. llC,PXHeli'! · IlOJIYilJIOCRO)CT'//f. ..s, np'flf. (_p'//f.RC'flf.POBaHHOM 1; _,.He o6pall\aeTCll B 
. 'f(',t 

HYJII, np'flf. 1"14l Cl '/If. y;n;oBJieTBOplleT ycJIOBF!IO ',-t:,:wv ,--) ;:,. l. TaIG!M'//f. CBOii1CTBaMlI o6Jia,7J;aIOT' Hanpm.1ep' 
"" ' ,1,-, ,F> ,\.-,,~ • ' 

WYHRU:M'//f. B'flf.,lla (4+.i..J .,/c, ... .:J, ... 0,1 .• _ .. Tor;na B C'//f.JIY TeopeMhl ~parMeHa-JlHH;D;eJieqia MOl!tHO TaRJKe ,llORa-
' . 

, saTI,,paBeHCTBO 8T'//f.X npe;n;eJIOB H Bh!BeCTH OTCIO;n;a COOTBeTCTBYIOll\:Me COOTH01118H'//f.ll Mellt,lly cet1eH'flf.HMl1 , ' ~. . . . . . . . ,H, . ~- . -· . . ·•• . 
pacceHH'//f.fl llaCTHU '/If. aHTUtJaCT'//f.U ~ ' '/If. ~t • 

§ 2. AcUMilTOT'//f.tlecRHe COOTHOmeHUll Mel!t:zty :zmgxpepeHU'flf.aJII>HhIM'//f. cetJeH'//f.llMl1 

AJia t1acT'flf.U co CID!HOM 

Mb! paccMo~pemt CJIYllalt pacceHHU.!l cRaJIHPH~x t1acTHr( ti ~oRasaIDI ac'flf.MilTOT:£1t1ecKoe paBeHcT-' 

BO M6l!t,lly ;n;mpc_pepeHU:MaJII,Hb!MH cetieHUHM'//f. hpoueccOB (I) ~ (II) IlP'flf. ' A-➔ "'°. '. 8TO. paBeHCTBO 
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i 

I 
Tam1te MOJKHO ;1.to1:tasaTI> B cJiyl!ae paccemnrn 11acT.1u~ rjo cn.11HOM. . 

PaccMOTpHM CHatJ'.aJia CJiy-qaiit' KOI';Lta CimH l!aCTl'll Ov.: paBeH HyJiro, a tJ'.aCTHI.U,I -&-.: HMeIOT 

.crnrn I/2. · O6oaHal!HM HMnyJlJ>cbI -qacTHUH . ·Q,.: .11 · .(i) · l!epea '1.: .11· +·• , a Maccu - -qepea m...: 
H \\'\~ , COOTB8TCTB8HHO. EcJm aMilJIHTyia npouecca (I) PaBHa 

TO aMilJIHTy;Lta peaKUl1l1 (Il) paBHa 

1 c~,,1.; r,,'\,)" "ii{~) lAt,.,i)+ ic,,t)•;·:1~) 1t<t~);. (2.2) 

I';Lt8 ,~ ' H 12. ecn HMITYJII>~bI tJ'.~CTHU ~ H ~'- • 

· (1,ymcwm A , r, H A , B Y:i.tOBJieTBop.aroT ycJioBJitHM nepe1:tpecTHOll ·cnMMeTpHH: · 
. ' - * - ~ 

AC,.,t),, A(",t), f>(,.,i)=- f>c,.,·,1;). 
;lIH!W!epeHUHamHoe cel!eHHe npouecca (2.I) paBHO 

d$·· f - ffe' 
.t.t "' blt'TL-'1~ 1 .(2.4) 

· .t. l"--h)'t_(.,..:-'".tt:::..lt-.1.,(._~_,..,.,,ty}[t-(M,-MaJ] ff, [Cr-\ ... r•\_)'1'_-1;-llA\ ; ___________________ 1·e-ft 
~ It ' 

+ L Ms: ( -6- ""· + ~1-- m:-) -t ,/Vl,t. ( .6-: "., + ,,,~ - ,m.!') J ... 
ReAB 

1
. (2.5) ..., ~ 

a cel!eHl'le npouecca (Il) noJfy11aeTc.a Ha (2.4) H (2.5) aaMeHoii A~ A , e,_,, B K '"'~z=-'~.a.". 

IlycTI> A H -' f> HMeIOT o;zuima1:tOBoe a:c11MnTOTH11ec1:toe noBe;1.teH11e np11 -4 _., -:1::,,., ( ecJIH STO He 

TaK, TO ;LtOCTaTO1lHO paCCMOTpeTI> JilllliI, O1.tHY l'l3 aMITJII'ITY:i.t): 

. TOI';Lta °qiyHRUHl'I 
A(A, t) 

(_.a-1-.-),; Cf(-', t) 

..6Tf Cf (A, t;) ,: 

CTpeMHTCH npl'I A ➔ .,0 IC HeKOTOpb!M npe;LteJiaM, 

.. 0TCID:i.ta npH. -6 ..; . .,o 

(2.8) 

,t"'t' 7i 

A(-•,<::).:- ~/-r1i A(,.,-!-) 6 (-,, v) ,.. - .(. 6(,, iJ-, . . ,, ., (2.9) . 

'tJ'.TO BMeCTe c ycJIOBl'leM nepeKpecTHOiit CHMMeTpl'IH (2.3) :i.taeT 

. . A(-1,t):: {!,_,-c-rr A\i,+:) 
1 

B(j:;)·,,_ e_~:-e11: B\,.,~) • (2.I0) 

Ida COOTHOmeHHtt (2.4), (2.5) H (2.I0) CJie;LtyeT paB'eHCTBO :i.tH!W!epeHUHaJII>lWX cetJ'.eHHtl npoueccoB 

(I) H (Il) . ' 
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clo (4, ... ',\ -

.A,-\:; 

I 

l 
) 

. I 
".t ... 1.~p 

;: J --

<l.6 ( ¾--t---'~ --:, ~ 1" .(.t.) 

<l-b 

Tenep~ paCCMOTPHM pacceHHHe HyKnOHa Ha HyKnOHe, HanpHMep: 

I\, ... .t- _,. n, -+ "' • . 
. ' 

AMnnHTy.zta STOI'O npouecca HMeeT BH.zt: 

Tct-•,'kl t-,-,'\•):: L ~(t .. )f; u.(tt.),U:(11.)r.: ... c,,). F4(.6,i-); 

r.zte ;. ~ S, v: T A,£ • • · · 
. I 

npouecc pacceHHHH aH'rHH8~TPQHa Ha IlpOTOHe 

., OTIHCHBaeTCH aMTI~Ty.ztol,l: 
~+t -? t\,-+- t 

T Ct .. , ,4j 1-.. , it•) :: Z: ~"ct~) r.: ~c~) ic~ .. ) r.i "·c,.) F.: (.6;:t;) .. 

.4 -~ .,0. 

(2.II) 

( III ) 

(2.12) . 

;,, •. , 
( IY ) 

(2.I3) 

nnfl Y.zt06CTBa COCTOHHlifl aHTH't!aCTHU Mli TaKze· OnHCblBaeM C TIOMOIIU>ID CTIHHOpOB C nonOlltHTenDHOl,l 

sHeprHeil. ,.I 

.. J-'IHBapHaHTHHe aMn~TY.ztli f.; (-',t) B (2.I3) c:eHaaHH c a.MnnHTY.ztaMw·B (2.I2) ycnoBHeM 

nepeKpecTHOil CHMM8TPHH : 

f.: (.i, t_),. i. F/ ( .. , t), 
.(2.I4). 

r.ite aHaK nmoc cooTBeTCTByeT S , • A , . f , a .aHaR wrnyc - I/ H T • 
Ce't!eHH_e npouecca ( m ) paBHO 

M'" - ,. 
At 

_J__ !;F 
-' )t 7T' {-' I 

(2.IS) 

r.zte 
,r .. (.L .c, ) (,I F I ~ · [ ... ,I. J. . ,I. 1 1· .t. [ ,I. .t. . 4 J. 7:. v-JtM s, + .f. (.t-.t.M.1.) + ( .. -~M) .,.JiM-li' •• f.,;\ -t- Jt (,-.t-~-\,) :i-("-.t,M) 

.t. ,I. 

+' M. - (•-:•) J IF T ,· + ·l (•-•r-l't + ( •-•M')'+. M"( •M"-t)) IF.I' + .t' I F' I 

j . ] * 1r 'I") 
+ , ll< l k M.(,...) ( ., f: -'f, F:) : L l•- ·~"~ (M- _•M'.)' ( ,F, f, - ,FT F, - Ii FT 

+ •"''1, (,F,F, - F,F,)) · · (2.I6) 

llpH qJHKHCPOBaHHOM -\; H -6 _., ti" cj)yHKUHH 'r HM88T acmmTOTH't!8CK08 noBe.zteHHe 
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+ -1:.., I F.e I"" 

(2.17) 
~ 

Ceqe:ime ;zvm npouecca ( IY ) no3IYtJaeTcff Ha (2.15) H (2.16) aaMeHoit \PYHK~it f..: -"> i=:, .• 
PacCMOTpHM OC51Il1'iit cJiyqa£1, KOI';zta B 8.CHMilTOTl'IKY cetJeHHll ;ztaIOT BK~a;ztbl Bee 8.MilJIJ,iTY;zthl f..: • 

Tor;zta qiymnurn A fv., A FT , A Fl'r , F& R f.e HMeIOT O;ztHHaKOBOe acFIMnTOTHtJecitoe noBe;ztemrn. · 

KaK R paHee, Ha TeopeMhl ~parMeHa-JrnH;zteJie\f}a cJie;ztyeT: 

..:~n F . 
F .. (-,.\I-I;) "' ± .e ..: (..4, t,) ' .6 - oO J 

(2.IS) 

( +) ;ztJill S , £ , a (-) ;ztJill V , T H A • 8TH cooTHomeHHll BMecTe c ycJIOBHeM nepeKpecT

HOtt CHMMeTpHH (2.I4) ;ztaIOT 

(2~!9) 

l';zte (+) COOTBeTCTByeT s ' " ' T ' p ' a (-) COOTBSTCTByeT A. 

TaK KaK B aCHMllTOTHtJeCKOM BHpalKeHl1J,I ;ztJill cetieHHll HST .liHTep\f}epeH~H M8llt;zty aMnJIHTy;ztoit 

FA H OCTaJIJ,Hh!MH tJJieHrurn, TO npH .6 ➔ eP Ha (2.19) cJie,ZlyeT paBeHCTBO .-ztH\P\T?epeHUHaJI:E,Hh!X 

ceq:imit 

(2~20) 

AHaJIOI'HlJHO Mbl HMeeM COOTHOme:ime: 

d,t 
(2.21) 

§ 3. ACHMilTOTF!tJeCKHe COOTHOWSHHll M8lKJlY IlOJIHHMH ceqefillllMH 

PaccMoTpHM aMnJIHTY.-ztY ynpyroro paccellmIJt -n: -MeaoHa Ha HyKJioHe Bnepe;zt A t,, o) n 

\') ( A, 0 ) • Ilpe;ztnoJIODM, 'llTO np11 STOM aHatJe:imH -t; nocTOllHHall 'l: B (2. 6) paBHa I. B STOM, 

CJIYllae ;ztHqiqiepeH~aJil'JHOe ceqem,:e (2. 4) npH A ➔ o0 Be;zteT cee5ll ,KaK / '((-', o) /~ AMnJIHTY.ltl:l.' .A· · 
n . B HMeJOT cJie;zty10ey10 naoTOnHtJecKyJO CTPYKTYPY : 

A l+) 

r<( = A r,,4 + 

l-) 

A .L l't' -z: 1 
1. f' ,I. 

(3.I) 

AMnJIHTYlthl .npoueccoB 

a) 1\-,. + t _,, 'Ir-+-+ t I 

B) ,C -+ f _,, iC+ t 1 

c) '7(- -t t- -"> r.•-1-n,' 
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' 0 .,. .a;, -n~t--':,'lt~\'\,, 
e) 1t•.,. t _., 1t"+ t- (3.2) 

CBH3aHH C·aMITJIHTyAaMH (3.I) COOTHOW8HlillMII. 

A~: A<.+"._ A<.-) A'= Al+'.,_ A(-) Ac.:=- A4
:-fi, Al-) 

I 

A e = A<+) 

(3.3) 
H aHaJiorff1rno AJIH 5 ) • 

TeopeMa ~parMeHa-J111HA8Jiewa BMeCTe C ycJIOBMeM rrepeKpeCTHOM CM~M8TPMH AaeT B STOM cJiy~ae 

(CM~ WOPMYJib! (2.IO) c oz; = I): 

. A'\'~ l· * A°'= - A.\* A\- A .. .,, 
I · I 

B'' .('I\" 
=- B 

I 
B\- 64

,t I Be=- Bc't'• 

(3.4) 
·Ha (3.3) li (3.4) CJI8AY8T, qTo 

.. t-, I u c-1 
I- A ·" WI u = 0 I (3.5) 

T.e. "' " - A" .·/\,-IA.\. 
I"" A " I,.., A = lw. ' I Iwi '1 -=- ' ,,.. = " / 

" .t I ~l C,I .\ L .. t, = I ... Y, = ·"" f> , ..,. & "' .., 1, .,,. " • (3.6) 

TaKHM o6pa3OM' ecJIH rrpn -17 = 0 -z; = I' TO liM88TCll aCMMITTOTl,iqecKOe paBeHCTBO M8llt;Lty 

ITOJIHHMH ceqeHHllMli 
6',t,(1t ... t) = 6'-f;(-n-t) ::: ~(7C·t). 

(3. 7) 

IlepBoe MS 3THX paBeHCTB 6b!JIO IlOJiyqeHO IloMepa~yKOM/5/, a BTOpoe 6b!JIO rrpeAJIOllt8HO Ha OCHOBe 

aHaJIMsa 8KC~epHMeHTaJihHb!X AaHHb!X B pa60Te/9/. 

AHaJiornqHo ns cooTHOWeHH~ (2~I9) ·cJieAyeT, qTo ecJIH ~= ~ rrpH -t; = o, TO HMeroTcH 

aCHMITTOTliqecKH8 paBeHCTBa M8llt;Lty ITOJIHblMli ceqeHHllMII 

G'~(ft) _::: Ge- (,f1-f ). :' ~- (tit) ~ u.__ ~.,, -fv) • 
llJIH Apyrnx rrpo~eccoB TaKllt8 MOlKHO AOKaSaTh aHaJIOrl,iqHble COOTHOill8HHll. 

(3.8) 

0TM6THM, qTO COOTHOill8Hlill (3.8).6b!JIH rro31YqeHbl IlOMepaHqyKOM/S/B rrpeAITOJIOllteHHH, qTO ITOJI

Hli6 ceqeHHH rrpn ',&':-:'>ti"' CTp8MllTCll K IlOCTOllHHb!M SHaqeHHllM. Mb! BRAHM 8A8Ch, t!TO OHU liM6IDT, M8CTO 1 

Aallte ecJIH rroJIH!:le ceqeHHH Be;icyT ce6n rrpn ~ -:> d' , HarrpnMep, KaK · (~.i. / l~ -~") S,, 

_i/f'lo • 
Ha (3.3) n (3.4) e~e cJie;icyeT, qTo 

' Al+) 
R< ::. 

lt-) 
·Rt f> ·::: 0. (3.9) 

8TO OSHaqaeT, qTO rrpn .J ➔ ct> 

" A"' ~ ,.... .t. cl 11."' .t i .. " ~ ~ Ile. A = - f-.< "' -~ ~c. n = -Vi f.c. A. , K.c.u ,.,- R.t.~ :.- .r Re. & :=- i. L. ~ 
1 

~A,, 4f, = o. (3.I0) 
. . ~ IL . € 

8TH COOTHOW8Hlill T8Kllt6 MOlltHO rrpoBepHTh3KCITepHM8HTaJihHO. 

Iu 
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. j . 
§ 4. AcHMilTOTHRa BepmHtHOii qacTH 

Ha OCHOBaID'!H Teop1.rn B03Myll\eHHi1 MOlltHO yTBepllt'A&fr,/IO/,. qTO BepmHHHafl llaCT~ ~ ( M.f,, M", v) 
HBJIHeTCfl aHaJIBTHqecROii qiyHK~eii nepeMeHHOH t C paspe30M B'AOJIJ, IlOJIOJKl'!TeJIJ'>HOH 'A6i1CTBHT6JIJ,HOM 

'OCH • ITpe~OJIOilteHHe, qTo TeopHH JIOKaJIJ'>Ha,T.e. qTO qiopM(.PaKTOP B_ospacTaeT He C>b!CTpee IlOnRHOM~ 

_·Il03BOJIH8T C'A8JiaTJ'> HeKOTOpoe 3aKJIJOqeHHe·o6 aCHMilTOTHKe·npoueccoB, KOTOpHe OIIBCb!BaJOTCH B · 
~ . ' 

~- npH6Jrnllt8Illlli qepe3 3JI8KTpOMarHHTHbl8 qiopMqiaRTOpb!. PaccMOTpHM, HanpMMep, npoueccbl 3JI8K-. 

TpOH-IlPOTOHHOro pacceHH!.Ifl H npeBpall\8HHH npOTOHa-H aHTHilPOTOHa B 3JI8KTPOH H IlO3HTPOH. CeqeHHe 

3THX rrpouecCOB Bb!pallta8TCH B 3TOM npHC>JrnllteHHH qepea 3JieKTpOMarHHTHb18 qiOpMipaKTOpb! f:I. {t;) . 

M f~(t) MJIB qepea HX nHHei1Hble ROMC>HHa~H/8/: 

. . Ge:<-t): F:1.(-t)-+ :M~r ~(t)
1 

(4.I) 

6r ct)= F:1.~-1,) + r ~ c-t> , (4.2) 

npHqeM B rrepBOM npouecce 6epyTCH 8HaqeHHH 3THX qiyHK~ii _npH OTPHUaTeJIJ'>HbIX -I; 1 a BO BTO-

poM rrpouecce-npH IioJIOlltHTeJII,Hb!X t • ITocne'AHHe SKcnepHMeHTbl no pacceaHHro aJieKTPOHo:ri Ha npo-.. 

TOHax noKaa@BaJOT, qTo B nrn:poKoii o6nacTH 6onr,m111x OTPHUaTeJir,mx ;; qiyHK~H Ge<t)np1116nH3111TeJir,• 

IIO IlOCTOHHHaH H OTnHqHa OT Hyirn, a (:,r ( ,t;,) CTpeMHTCfl K HYJIJO. 

EcJrn npe'AITOJIOlKl'lTJ'>, qTo Mb! HMeeM 'A8JIO C aCliMilTOTHqecKlllM IlOBe'AeHHeM qiOpMqiaKTOpOB ·np111 · 

-j; -::, - A ~ TO qiopMqiaKTOpbl IIIM8JOT 
1 

B CliJIY TeopeMbl 4>parMeHa-llirn'AeJieqia, TaKllle llte 3Ha-

qeHl/lfl Ill. npH 6OJIJ,mHX IlOJIODT8JIJ'>Hbl; t" • ITO3TOMY B ~~~npH6JIHllt8HHH ~qxpepeHuHaJIJ'>HOe ceqeHHe 
-

npouecca npeBpall\8HHH npOTOHa Ill aHTIIIIlpOTOHa B 3JI8KTPOH H IlO3111TPOH OillllCUBaeTCH npH COOTBeT-. ' . 
CTBYIOIJ\HX IlOJIOlKl'lT8JIJ',Hb!X 3HaqeHHHX t" TeMH llte 3HaqeHHHMH qiopMqiaKTOPOB, qTO H aCHMnTOTHlleC

~He aHaqeHHH 'AJIH npouecca pacceHHHH. 

EcJIH dbl HM8JIHCh 'AOCTaTOqHo y6e'AHT8JIJ,Hble 'AOKa3aTeJIJ'>CTBa, qTO npH 3TIIIX 3Ha~eHIIIHX -f; 

paccMaTplllBaeMble Ha.Ml! npoueccbl xopomo OIIHCb!Ba_JOTCH qiopMqiaRTOpaMIII, TO 1113 HeCOOTBeTCTBlllfl cetieHlllii, 

pacceHHHfl Ill aHHlirlllJiflU!-fli CJI8'AOBaJIO 6bl, qTO Mb! 8ll\e He 'AOCTHrnH aCIIIMilTOTlllqecKI/IX 3HaqeHllli1 -t; 

Ilp111 3TOM H3M8H8Hllle 3HaqeHllli1 qiOpMqiaRTOPOB 'AOJilltHO HaC>JIJO'AaTJ'>Cfl B O6O111x npoueccax. ffCHO Bb!pa

llt8HHO8 aCUMilTOTHqecKOe IlOBe,zteHl/18 O'AHOro npouecca np111 OTCYTCTBl/1111 TaROBoro MH ,ztpyroro CBlll'Ae

£r8JIJ',CTBOBaJIO 6@ o TOM, uo np111 / ti-:> oD BepmlllHHaa qiyHKUHH BoapacTaeT, no Kpai1Heit uepe, a Kc-
' lIOH8HUHaJir,Ho .. · 

§ s. Bb!BO,zm 

OCHOBb!BaflCJ', Ha nocTyJiaTax JIOKaJIJ'>HOit Teop111111 IlOJIH H Ha qil/131/lqecKOM npe'AnOJIOllt8Hlllli, qTo 
· Ao 

J,\HqxpepeHUHaJII,Hble ceqeHHH Tt npH qiHKCHpOBaHHOit nepe,ztalle UMily~r,ca -t; He OCUHJIJIHPYIUT 

KOr~a KBa'ApaT ::rneprlllH Ji CTpeMHTCfl K 6eCKOHeqHOCTIII, a HM8JOT npOH3BOJIJ,Hbltt (JiorapnqiwqecKlllil, 

IIIJIIII CTeneHHOtt) pocT, Mb! Bb!BO~M CJI8'AYIOIJ\He qiH3HqecRl/le CJie,ztCTBHH • 
• 

I) ,UHqiqiepeHUHaJir,H@e ceqeHHH npoueccoB T111na (I) 111 (IT), HanpHMep: 

II 

• 

. ' .. 



{ 1( -t f -, -r,:~ -i" t- / 
-t "t 

.. 1t -t t _., -re .... t ; 

i 
) 
\ 

\ 
j . r~t- -, ;,-.1<,•, 
I , 
l - ~ 

I,(; -'I ·\1-- . ➔ 'L .... 1t ; 

'\ 

' + . r·,.. - 1• .. •t, 
. )(_. 'f: -. K-~ f 

., npH q>IIIKCI!POBaHHOM -\; . H ..6 -, ,I> aCI!MllTOTI!lleCKIII paBHHo AHaJIOrl!llHHe paBeHCTBa cnpaBe~JIHBbl H 

~JIH l(l!q>q>epeHIU1aJIDHbIX ceq'eHI!H rrpoueccoB pacceHHI!H HYKJIOHa 11 aHTIIIHYKJIOHa Ha HYKJIOHe: 

' j ,.. .. :t- - t- -1" t / J II,~ t- _, l\.+ r-) 
·l t ➔ t- - f-i-1\,; l~ .. t---") ti-tt 

np11 t = O l(l!q>qiepeHIU1aJIDHHe cetieHHH !~ Be~T ce6H npH -' ➔"" , Hanp11Mep, KaK 2) EcJII! 

(_4,J) r ., r? o 'TO l!MeeTCH acHMIITOTI!tieCKOe paBeHCTBO Mellt~ IIOJIHh!Ml'! 

cetieHIHIMIII paaJIHtIHblX npoueccoB, Hanpm,rnp :_ 

G'~(-ri~t):: ~t-(•1tf..,) J ~("1't)::~{K"'t), 6:C}t-)"' st-Ctt)' ~ (iir,)::. G.;("-t)· 

:Ecm-1 H3OTOillllll6CKaH IIIHBap111aHTHOCTD BHllOJIHHeTCH, TO IIIMeIOTCH ell{e ~pyrne paBeHCTBa Mellt~ IlOJI

HHMl1 C e q e _HIii HMI! : 

G~(-..-t- 'r') ,, ~ (-..-t) ::. s-t ('Ii". t) 

G't, l 1t'K'):: G'-t, ( r. 1(-t): ~ ( ,r° K:J • 
3) IIpe~eJIDHble 3HatieH!iH q>OpMq>aKTOpOB npH t- --") ±' cP paBHH Mellt~ co6oii.-

B aaKJIIOlleHI!e aBTOphl BHpalltaIOT rJiy6oKyIO 6Jiaro~apHOCTn H.H. BorOJII06OBy aa HHTepec K pa-

6oTe H CTHMYJIHPYIOII\He o6cyXAeHHH , a TaDe .n;.LI. BJIOXHHUeBy, B.C. BJial(l!Ml!poBy, M.A. MapKoBy, 

· X.fl. XpHCTOBY H · II. IIlypaHDll aa noJieaHHe aaMetiaHI!H. 

IlpHMetiaHne np11 KOppeKType. 

IlocJie Toro, KaK py1torn1cn 6HJia c~aHa·B netiaTn, 6HJI noJIYtieH npenpnHT BaH XoBa/II/, 

B KOTOpOM o6O61l{eHHeM MeTO~a IloMepaHtiyKa/5/ ycTaHaBJIHBaIOTCH aCllMIITOTllltieCKI!e paBeHCTBa Mellt

~y l(l!!WJepeHu111aJIDHHMl1 cetieHI!HMH pacceHHI!H CKaJIHPHblX llaCTHU. 

• 
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