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B ,ll;l'lccepTau.1m cywHpoaaHu Hccne~oaaHHa, aunonHeHHue 

8BTOpOM B 1962 - 1973 ro,L\aX H IlOCBSl.Jl\eHHUe pa3pa6OTKe ,lU'IC-

nepcHOHHOH TeOp.lIB HepeMTHBHCTCKRX Ilp.HMHX SJ.,L\epHllX peaKmrn 

Hee npHnoxeHHD K onHcaHHD KOHKpetHUX npoueccoa, a taKxe 

pa60TU TIO IlpHMeHeHHRl KOHU8TIURH ~ruKyillHXM JIOJ!RlCOB Pe,L\lile 

B KOMTIJieKCHOH IllIOCKOCTH yrJIOBOro MOMeHTa K p83OH8HCHHM 

MepRllM peaKURRM. Bo BBOMOH rJia.Be I H3n0EeHli OCHOBHlie 

HL\eH n pe3yJI1,TaTH ,ll;l'lccepTaunn. rJiaBu 2-5 co,L\epl!taT pe3yJih

TaTu, KOC8DI1HeCR ~OpM8JlbHOro annapaTa ,lU'ICTiepcHOHHOH Teopnn 

IlpslMllX peaKIUrli. B rJiaBaX 6-9 paCCMOTpeHH pa3BHT8Sl. aBTOpOM 

C COTPY~KaMH nepn~epHHHM MO,L\eJII, IlpRMHX peaKUHH H HCITOnb3O

BaHHe aToff MOL\MH ,ll;lISl onnca.HRH peaKuntt rrepe,L\a'IB OMoro HJIH 

HeCKOJil,KHX HYMOHOB. B rJiaBe IO O6cy1K,IJ;aeTCSl. npHMeHeHHe 

pe~eJiorm1 K pe3oHaHCHliM MepHHM npoueccaM. 

lllHpoKoe pa3BHTHe ,ll;l'!CTiepcHOHHOH TeOp.lIB IlpRMHX sui:epH11X 

pea~ 6UJ+o-HHHI.UmpoBaHo orry6JIHKOBaHHOtt B I96I ro~ nporpa.M-
·~l'.f-

MHOff CTaTI,eil H.C.lliamipo /I/ (cM. TaKXe /2/). B Heil 6HJI 

C<POPMYJIHPOBBH llPW!IlHIDIBJil,HO HOBmt B3rJISUJ: Ha qJHaHqec.KyRJ · 

np11po.ny llpJIMliX,npoueccoB, KOTOpmt IlO3BOJIHJI C 8.IJ;HJlOit TOq.KH 

apellRll llOMTI, PR,n Sl.PKHX KaqecTBeRHWC 38KOHOMepHOCTeff, IlpH

CYIIIHX 3THM nponeccaM. }UteAHott ocHOBott ,ll;l'!CnepcnoHRoff Teo

po JlBJUU)TCJi o6IUHe npHHUUnli S - MaTpHtzHOtt TeOpHH CHJII,HllX 

B38HMO,L\eilcTBHff (cM., HaTipHMep, /3/). B OTJIHtrne OTTp8,lU'l -

UHOHHliX mpe,ll;l'!HrepOBCKHX IlO~OL\OB K TIPSJ.MllM npoueccaM /4/, 

,ll;l'lcnepcHOHHM TeOpM padoTaeT nenocpe,L\CTBeHHO C 8MIIJIHTYL\8MH 

npoueccoB H HCllOJII,3yeT rrpruumnu YHHTapHOCTH H 8H8JIHTHq

HOCTH. B 8TOtt TeOpHH rrpeL\TIOJiaraeTca, qTQ crrelUi4JnqecKHe 

qepTli npru,n.x peaKrmfl OOYCJJOB.18HH OJIH30CThID K ~n3nqec.KOH 
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o6RaCTH OCO61:lX TOqeK aMIIJillTY.IUl peaKIUm no HHllapHaHTHW/1 

nepeMeHHHM THna nepe'AaHHoro HMITYRbca rum KOCHHYCa yrRa 

paccemum, Tax ze KaK xapaxTepHHe qepTR pe3OHaHCHHX 

peruru:m! o6yCJioBJieHR 6RH3OCTbD 6peilT-BHrHepOBCKWC llORDCOB 

no :meprim. 

,lbrnnepcnoHHaa TeopWI o6na'AaeT TpeMSI HecoMiteHHm.m 

'AOCTOHHCTBaMH. !) OHa He HCllOJII,3yeT TeOpHD BO3MYllle.mti! npH 

paccMOTpe.HlllI CMbHl:lX B38lIMO'AeHCTBHH, KaK 3TO 'A€RaeTCR, 

aanpHMep, B H3BeCTHOM MeTO'Ae HCKaEeHHWC BORR /4/.BMecTe C 

T€M OHa IlO3BOJIR.eT IlOHJlTh, noqeMY npH onpe'AeJI€HHWC qil!:3:n:qec

KID{ YCJIOBWIX (HanpHMep, npH CMbHOM norRomeHHH qacTHI( 

SI.Iq)OM) pe3yRbT8TR, IlORYqeHHHe no TeopRR BO3MYlll€.mti!, MOryT 

xopomo corRaCOB8TbCH C OllHTOM. 2) ,lbicnepcHOHHM TeOpIDl 

llO3BORaeT npOH3B€CTH 3KOHOMIJYil napaMeTpH3aum:> 8.MIIJIBTY'A 

npaMWC peruru:m! qepe3 HCHO onpe'AeJI€HlW€ qJH3WiecKHe BeJIH

lUllil,I - aMnRHTY'A!l peMblWX HRH BRPTYSJII,Hl:lX pacna'AOB, aMIIJIII

TY.IUl paccemum rum cy6peruru:m!. 3) B 3TOI T~-epm1 "8JieMeH

TapHHe" (HYMOIW, llHOHH) H "cocTaBHHe" (aT~tUUle suwa), 
CT86MbHH8 H H8CT86WiblW8 (p830HaHCR) qaCTHilR pa13HOnpaBHO 

BXOMT B 'AHH~SCKHe pacqeTR. 

K MOMSHTY BO3HHKHOBeHIDl 'AHCnepcHOHHOI Teopim llpaMHX 

peruru:m! B S -MaTPWIHOit Teopim y.ze HMeJICR 'AOCT8TO'lHO paa

pa6oTamnrlt MaTeMaTHqecKRI annapaT B qiopMe peJIHTRBHCTCKHX 

YHHTapHHX ypaBHelld, C O'AffOit CTOpOHll, H qJOpMBJm3Ma pe.na

THBHCTCKRX 'AliarpBMM Weth!MaHa H ypaBHemrli JiaH.m3Y .Mil OTRC

K8HHH oco6eHHOCTeit peJillTHBHCTCKHX 'AllarpaMM - c ~pyrott 
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CTOpOIW. OTOT annapaT OK838Rca, O'AffaKO, aeonpaB~aHHO rpo

MO3.I(KHM npH npHMeHeHHH ero K HepeJIR.THBHCTCKHM MepfillM pe

aKUWIM KaK H3-38 CJIOJKHOCTH peJIR.THBHCTCKOH KHH€M8THKH, 

T8K H H3-38 CJIOlKHOCTH peJIR.THBHCTCKOro OllllC8HIDI npOQeccoB 

c yqa~THeM qacTHil c 60RbillHMH crrmiaMH (aTOMHHe suq>a). 

IloaTOMY HaMH 6HR pa3pa60TaH npocTO~ MaTeMaTHqecKIIB 

annapaT, KOTOpml 6HR a'AeKB8T8H paccMaTPHB88MOil HepeJIR.THBHCT

CKOH npodneMe H nO3BO~ pemaTb CJI8JJYIOU\ll8 38~aq:n:: 1) H3Y

qaTb aHaRHTITTeCKYD CTPYKTYPY aMIJJrnTY~ MSpHoil peaKIJ.HH no 

raRMeeBCKH - RHBapHllilTJillM KHH9M8THqecKHM nepeMeHHllM; 

2) BRq:n:CJIR.n BMa~ B aMIIJrnTY~ OT OT~eJibHWC oco6wc TO'l9I<, 

OTB9qaJl!U1X paaHllM M9XaHH3M8M peaxrurn:; 3) npocTllM o6pa3OM 

yq:n:THB8Tb KHH9MaTHKY yrROBWC MOM9HTOB B peaKIJ,IDU( rrpH npo

H3BORbHWC CilHH8X qacTm{. oTOT annapaT 6a3:n:pyeTca Ha pa3-

BHTOM HaMH qiopMaRH3M8 HepeJIR.THBHCTCKHX ~arp8MM WeH~Ha 

H Ha n3B8CTHOM penenTe KyTKOCKH /5/ ,wISl BHqliCRSHHR CK8'IKOB 

Ha pa3pe3ax. 

lfMemca TpH np:n:qnag, KOTOpHe pa~aRbHO yrrpomruoT 

HepeJIR.THBHCTCKHH 'AllarpaMMHHil q>OpM8RH3M no cpaBHeHIDO C 

PWISiTHBHCTCKHM. !) HepeJIR.THBHCTCKHH rrponaraTop (qiyHKIUm 

rpHHa) CBO6O'A8Oit qacTm{R C(x> t) = 0 npH BpeMeHax 

t < o. IlO3TOMY Kaz.non BffYTpeaaen RHHHH HepeJIR.THBHCTCKOll 

~arpaMMH wettHMaHa MOlKHo npmmcaTb onpe~eneHHoe aanpaMeHHe, 

KOTopoe COOTBSTCTByeT onpe~eReHHOtzy BO BpeMeHH ~HlKeHHD 

OTBeq8XX!teil en BHPTYMbHOil qacTHI.{H OT o~ofi Bep!IIHHH ~arpaMMU 

K ,l\PYroit. 2) B CURY Toro ~e O6CTORT8~bCTBa HepeJ!JlTHBHCTCKaa 
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.nuarpaMMa, co.neplKamaa XOTJl Ch,1 O.nllH 3aMKHYTiru ROHTYP, 

Bee BHYTpeHIIBe JilliUlli ROTOporo HanpaBJieHH O.nHHaROBO (rro qaco

BOll CTpenKe unu npOTHB Hee),TOJ[,lleCTB0HHO paBHa Ryno. 

3) 3aBllCHMOCTb Hepe.n8.TfillHCTCHOro rrporraraTopa OT cmma 

TpllBllaJibHa u .naeTC/l cHMBOJIOM KponeRepa Bo-a-' ( 11 - npoeRlUISl 

cmma qacTmm Ha OCb KB8.HTOBamm), TO ecTb rrporraraTOpli ,IµIJl 

qacT~ co CllllHOM qlaRTnqecRll COBna.n:am C nponaraTOpaMll ,IµIJl 

6eccmmoBl1X qacT~. 3TH npnquHH CYil10CTB0HHO ynpoma.JOT RaR 

8HaJlllTllqecRlle CBOHCTBa HepeJIJITHBllCTCRllX .nuarpaMM, TaR ll 

Bee rrpOll3BO,n;HMHe Ha OCHOBe HepeJIJITllBllCTCROro .nuarpaMMHoro 

qiopMaJmaMa pacqeTH. 

Hepe.n8.TllBllCTCR:ml: .nuarpaMMlllrlt ipopMaJill3M pacCMaTpHBaeTC/l 

B rJI. 2 (cM. /6-9/). 3.necb ~op~mipOBaHli IIpaBHJia HallllCaHllJl 

aMIIJillTY.n HepeJiaTllBllCTCRllX .nuarpaMM ll ,IµIJl aMIIJillTY.IJl,I npOll3BOJII,

HOH .nuarpa.MMU C IIOCTOSl.HlillMI{ BeplllllHaMll BHBe.neHO npe.ncTaBJieHUe 

B Bll,ne llHTerpaJia TOJibRO ITO qieH.HMrulOBCRllM napaMeTpaM o(.i /IO/. 
3To rrpe.ncTaBJieHUe npome a.HaJioI'liqnoro pe.1IJlTllBHCTC1toro rrpe.n

CTaBJieHHJl 1IllcxoJibMa-Ha.Mdy /II/ u co.nepiWT Memmee 'llfCJIO 

HeTpllBllaJibHHX .IIBTerpHpOBaH.ro!: no O(i Hs-sa HaJIH'llUi ITO.It 

llHTerpaJIOM t .I{OIIOJIHllTeJibHHX J -<py.!l.l([(m1 ( -t - 'llfCJIO 

HesaBHcllMliX 3aMKHYTl1X KOHTYPOB .nuarpaw.11:,1). Hai1.rteHHoe rrpe.n

CTaBJieHUe ROHRP8Tll3llpOBa.HO ,IµIJl CJIYqaa O.IJl,IOROHTYPHHX .nuar

paMM,H C ero IIOMOI11bID ITOJIYqeHO JlBHOe Bupa~eim:e',IµIJI aMIJJmTY

.IJl,I TpeyroJibHOi1 .nuarpaMMli qepes arreMeHTapHHe qiyruw;llll 

(peJI8.TllBllCTCRa.B. aMIIJIHTY.rta aToi1 .nuarpa.MMH He Blipalta0TC/l 

qepes 3JieMeHTapHHe 4lYHRIUm). B 3aRJilOqeHUe llCCJI8,Dy8TCJl BOil

poc od YCJIOBHJlX npUMeHm!OCTH HepeJJJITHBllCTCROro .nuarpaMMHoro 
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qiopMaJmsMa. Jvm Cll8UllaJibHOro RJiacca peJIJITllBllCTCRHX .nuar

PaMM, BRJIKlqannero .nuarpaMMH, orrncHBaK!lllle Mexa.HHSMH npaMHX 

a.nepHHX pearomil, HaH.rteHH YCJIOBWl, npu ROTOpUX rJiaBHHe 

"IJieHH aMilJillTY.n 3THX .nuarpaMM co~na,na.JOT C aMnJIHTY.naMH COOT

B8TCTBYIIJlllX nepeJJJITllBHCTCRHX .nuarpaMM, ll oueneHH IlOpsl.JU{ll 

BeJIH'll'l'.H PeJIJITllBllCTCRHX nonpaBOR I{ rJiaBHWJI :vreHaM. 

MeTO.IJl,I Haxollt,Il;eHruI ocodeHHOCTefi HepeJJJITllBllCTCRllX 

.nuarpaMM ll3JIO~eHU B rJI.3 (cM. /6,8,!2/~ 3.necb BUBe.neHU 

,ItBe 3RBllBaJieHTHHe qiopMH ypaBHenun ,IµIJI OTUCRaHIDI oco6ennoc

Tei1 npOll3BOJibHOi1 Hepe"MTllBllCTCROH .nuarpaMMH, JlllJIJU'.Il1lleC/l 

aHaJIOraMU pe.n8.TfillHCTCRllX YPaBHeHHH ]an.nay /13/. Oco6oe 

l3HHMaHMe y,neJieHO O.IJl,IOROHTYPHHM .nuarpaMMaM, ,IµIJl ROTOpUX 

YR838HH IIpaBHJia BH,neJieHl!Jl BemecTBeHHHX ll ROMIIJI€RCHUX oco-

6€HHOCTei1,Jie1tal!IHX Ha qlll3HqecROM JillCTe. )vm TpeyrOJibHOii 

.nuarpaMMH np:ime.neHH JIBHHe qiopr,wJIH, nosBOJIJlKllllle naxo.nuTb 

8TH oco6eHHOCTH. 

B rJI. 4 (cM./I4-I?/) paCCMOTpeHH H8ROTopue ~onpocu 

H8peJIJITHBRCTCROi1 TeOpID! Tpex.nyqeBUX B8PIIIHHHHX qacTei1 -

rummrTY.n pacna.noB (BKpTYaJibHHX wm peaJibHHX) R,IU>a a HB 

,ItBa il>paI14eaTa -B H c • B aToi1 rJiaae rrpe.ItIToJiaraeTCSl, qTo 

ffYRJIOHH B3aBMO,IteBcTBYDT nocpe.ncTBOM JIHDII, a.nepHHX CHJI 

KOHeqnoro pa,nHyca. ltRHaMH'l8CR8Jl W$)pMalUUI O B8PlllllHHHX 

qacTax co.nepDTCJl B Bepllll!HHWC: qiopl4PaRTOpax (HHB8pllaHTHHX 

aMILlIHTY.ItBX), 3H8'18H.HJl ROTOpwc: Ha MaCCOBOii IlOBepXHOCTll -

- ROHCTBHTH CBR.3H 0.1 - RBJIIDOTC/l aHaJIOraMH ROHCTaHT 

CBR.3H B qnrnHRe 'JBCT~ ( l H j - OTHOCHTeJibHillt op6u-
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TaJiblllltt MOM6HT H cyMMaplllltt CillUi '1{8CTRU t H C ) • B CJIY'lae 

peaJibHOro pacna.na KOHCT8HTH q.j CBSl3aHH C Il8ptUf8JibHOfi 

llllipliHOfi r;c R6CT86MbHOro ypOBHJi smpa a no OTRomerum 

K pacna,ny B K8RaJI 8 + C COOTHOmeHll'.eM 

- fl i c2 [ I I.a . flc - .7[ ~6 ' 
l,4 

r.ne P, H /if/, - npHBe,neHHM M8CC8 H OTHOCHTElJibHIDI 

RMnYJibC 'l8CTRU t n C • .Ivm smepHO-CT86MbHOro . 

COCTOJll!Rfl a BeJili'lllilH ~d onpe,neJimOT BWI6T S -M8TpRUH 

ynpyroro paccemum -G + c _,. t + c B noJIIOce, OTBe'la.nneM 

cBaaaaaoM,Y cocTOJUWIO a = C+c co cllliHOM la_ 
. J. . (-JlC 2 

tun_ (9-iae)(t':1'/ S a(<t)/t~) =-Ji rJ ~'l~dJ 
'J- i;e 

r.ne Ii, 2Je3/2 fl - 3Hepl'RR. CBSl3H -t H C B JJ,Iij)6 a . 
3aaHHe KOHCT8HT CBSl3H, Hapsmy co 3H8HH6M nOJiogem oco6eH

HOCT6H, He06XO.nHMO JJ,lIR. BH,I(eJI6HRll Ha.R6oJiee CYIIl6CTB6HRHX 

M6X8HH3MOB Il,PRMOH peaKrum. STn KOHCTaHTH, no,no6HO H3B6CT

HHM Cil6KTpOCKOIIHll6CKHM ¢aKTOpaM, co,nepllt8.T B8l!UIYD HHqlOpMa

umo O CTPYKType smep.HHX COCTO.amtl!. 

B rJI. 4 no;zy'leao o6mee BHpageHll'.e JJ,lIR. BepmHHHoro 

q>OpMpaKTOpa B "HeKOBapHaHTHOM" mpe,nHHrepOBCKOM q>OpM8-

JIH3Me (ypaBHeHHe IlHnnua:aa - illBHHrepa). B 3TOM cjlopua.nH3M6 

¢opMpaKTOp JJ,lIR. BHPTY8JibHOro pacna.na BUp81iW6TCJl qepea 

q>Ypbe-o6paa pa.nHaJibHofi 'laCTK I,e
4 
{r) HHTerpaJia nepeKpH-

TIDI 18: (r) = ( ~ I{ /<fa) BayTp6HHHX BOJIHOBHX 

q>yHI{rurtt smep a . 8 H C • a KOHCT8HT8 CBR.3H 

~4 = - ilJ;r Nee' (-_:c) Cej, 
r.ne N - q>aKTop, y'lHTHB8!00\Im T01{.l(ecTB€HHocTb HYKJIOHOB, 

le 
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~6 - BemecTBeHHM KOHCT8HTa, onpe.n6Jiffial1aR 8CHMilTOTH'l6CKYID 

HOpMHpOBRJ ~/r): 

{/rJ::::: ~j e-:e;r, r-oc. 

3aTeM BUpaXeHRll JJ,lIR. Tpex- H 'l6TUP6XJIY'l6BHX paCOB,l(HHX cjlopM

qlaRTOPOB Hafi,ne.HH B TpenaCTll'lHOM ¢opMaJIH3Me ~aimeeBa /18/, 

CqlOPMYJIHPOBaHHOM Ha "KOBapHaHTHOM" R3HR6 HepeJIJIT.l'!BHCTCKHX 

,n;Harpru.w ~enaMaaa.IloMHMO roro,qro pewea:e:e aron 38,l(a'lH HMeer ca

MocroJireJILHhln HHTepec,oao Il03BOJIHJIO yCTaHOBHTL yCJIOBHJI llpHMe

lIHMOCTH mpe,n:11HrepoBCKOM 4JOPMYJIH ,D;JIJI cjJOpMcjlaETOpa.)Ia.nee OClCyll(,l(a

DTCJI B03MOX!Ihl6 reop6TH'l6CKHe H 3MilHpH'l6CKHe M6TO,l(U onpe,n;eneHHJI 

KOHCT8HT CBR3H H ,naH Kp8TKd 063op HHq>OpMaUKH O'KOHCT8HT8X 

CBSl3.l'l Gd, q :e: G4tt JJ,lIR. BHpTyaJibHUX pacna,noB d .... p+n , 

t - d + n :e: ex ..... h, +ll ( h, = He3) , no;zyqeHHofi ,npynIMH 

8BTOp8Mll H3 paC'l6TOB C BOJIHOBUMll ¢YHKlUIBMii·H 8H8JIH3a .naHfillX 

no ynpyrOMY pacceRHlm C IlOMOmbID .n:e:cnepcHOHHUX COOTHomeH:im. 

B 38KJIID'l6H.l'le H3JIOllteH npn6.mnteHHUH M€TO,n 0U6HI{ll KOHCT8HTH 

CBR3H JJ,lIR. BRpTY8JibHOro :e:cnycKaHHR HyKJIOHa JierKHM smpoM. 

B 8TOM M6To,ne cymecTB6HHO HCilOJib3Y6TCR .l'!Hq>OpMauHR 06. 

8HaJIHTH'l6CKOff CTPYKTYP6 BepmKHHoro qiopMpaKTOpa, Haii,neHHM 

H3 paccMoTpeHHR npocTefimnx BepmHHHux .n;HarpaMM. IloJiy'leHHue 

9TllM M6TO,nOM 0U6HI{H KOHCT8HT CBR.3H ~ , . Ct H '?z,/.I(OBJI6T

BOpHTeJILHO corJiacymCR C HX OU6HK8MII H3 .n:e:cnepcHOHHUX 

pac"leToB. 

B rJI.5 (cM. /19-22/) paccMaTpHBaeTca npo6JieMa y"leTa 

KYJIOROBCKHX B38llMO.I(6HCTBHil B .n;HcnepcHOHHOtt TeOp.l'l.l'l Il,PHMhJX 

peaKUH~. HeoClXO.nHMOCTb CileuHaJibHOro odcy1{,I(eHIDI 3TOtt npodJie
Mli BU3B8Ha TeM, 'l{TO .1'!3-38 6ecROH6'lHOro pa.n;Hyca .I(6~CTBHR 
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RYJIOHOBCRHe cwru H8JIL3a opraH:ir'lSCRll BKJm'IBTL B o6J:QYD CXSMY 

aHaJIHTnqecROH TSOPHH S -MaTPHUH, a pa3BHTHe B 8.IU)OHHOtt 

(pli3liR8 cnoco6H yqeTa 3JI8RTpOMaI'HliTHHX aqxpeKTOB OCHOBaHH 

Ha TeOpIDl B03M;Ymemni H HSilpRI'O,nH.1,1 Ma paCCMOTpeHllFl IcyJIOHOB

CRHX aqxpeHTOB B IlpllM!lX sui;epHHX p88HlUISI.X rrpn 3HeprR!iX HliES 

llJill B6JIH3H HYJIOHOBCHOro 6apbepa, xor.na 3TH a<ppSHTH H8CTOnL

HO BSnllRH, qTo nrpruoT BaJltHYlO poJIL B C8MOM M8X8HH3M8 peruaum 

H onpe,neJUllOT a6COJ!l)THHe BeJUillllliH H yrJIOBHe 3aBHCHMOCTH 

ceqemnt. B rJI. 5 H3JIOEeHH pa3BllTH8 HaMH MSTO,Il;H y'leTa IcyJIO

HOBCHllX B38HMO,ne!CTBntt Mel!r,Izy 'l8CTRUaMH B aaqMLHOM, npoMe-

·litYTO'lHOM H HOHS'lHOM COCTOJiHRRX llpslMOH peruaum, 6a3HPYDIUISCSl 

Ha HepeJISITllBllCTC.KOM ,ll;llarpaMMHOM qiopMaJIH3M8 H He HCITOJIL3YD

uure Teopmo BOaM;YmeHH!. Oco6oe BIDIMaHHe y,ne~eHo pememm 

Tex M8.T8M8TH'l8CHHX BOnpocoB, HOTOpHe B03HHH8DT H3-38 

.nannHo.nettcTBWl .KYAOHOBCHHX CM npn BH'lllcnemm Bupaxemn! 

Ma 8MIJJWTy,n IlpllM!lX peruaunt, co,nepZ8111llX .KYAOHOBCRR6 BOJIHO

BHe qiymaum HerrpepHBHoro cnexTpa B RMIJYALCHOM npe,ncTBBne

HRR, RYAOHOBC.KHe 8MIL!IHTY.IU1 pacceJlllWl BHe 3HepreTll'l8C.K~I 

IlOBepXHOCTHwm qiymaum rpHHa. 3,necL •e paccMOTpeHH Te 

H3MeHemm B Tpexny'leBHX Bepmnruwx qiopMpaRTOpax, .KOTOpHe 

B03HHH8DT npn Bl(JJ])'l8HHH IcyJIOHOBC.KOro B3aHMO,nelcTBHa. 

Pa3BHTH8 MSTO,Il;H y'leTa IcyAOHOBC.KHX :$pe.KTOB llpHMSHJlJIHCL 

B Haumx pa6oTax /23-25/ n pa6oTax rpynnH HTMLJlllCRllX T80-

p8TllROB /26/ Ma oimcawm no,n6apLepHHX peruaunt nepe,na'!H 

ae!TpOHa, BH3B8HHHX Tstllt6JIHMH HOHID.!H. 
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B rJI.6 (CM. /27-30,22/) paCCMaTpHBaeTCR rrepnqiepnfi

HaR MO,nen 6HHBPHHX IlpllM!lX sui;epHHX peaRUHH THna A(x,y)B. 

B 3TOH MO,nenn rrocne.noBBTSJILHO peaJIH3Y€TCR ynoMRHYTaR Burne 

,IJ;HcnepcnoHHaa xoimemum npRMHx rrpoueccoB /I/. B ocHoBe 

nepmpeplWHOH MO,nenn A€1KHT H.neR, qTQ IlpslM8R peaHUHR aBnReT

CR npeHMYmecTBeHHo nepnqiepnilHHM npoueccoM, rrpoTeRaromnM 

rrpn 6MLumx rrp:imenLHHX napaMeTpax, TO ec'l'L npn 60JILmnx 

OTHOCHT€JILHHX Op6HTMLHHX MOM€HT8X ,t H l 
I 

CT8JIRHBaJO

mHXCSl H paaJieTaDIItHXC_/1 'l8CTRU*) • OcHOBHOH BI<Jia,n B aMIIJIB

TYJIY TaI<oro npouecca BHOCRT ,nMLHO,neilcTBYJOO\He sqipeI<THBHlrn 

B38HMO,nelcTBM, reHepnpyeMHe 6nHE8HmnMH R qinanqecROH 06-

JIBCTH oco6eHHOCTRMH 8MrrnHTY~ no ROCHHYCY yrJia paccemnm 

2 = ~ 8 B CHCTeMe U€HTpa HHepunR. 3TH ocoe!eHHO,.CTH .naroT 

.noMHHHpymurll BRJia,n B nepnwepHIHHS Il8pllH8JILHHe, 8MilJIHTY.IU1 

C t ~l , t'~ l' . B OTAH'Il!e OT sToro, HH3l!IJll€ napllHaJIL-

HHe 8MIIJIHTY.IU1, OTB€'l8D!Ui€ M8JIHM rrpHI.(eJILHHM napaMeTpaM, 

orrpe,neJISlDTCR MHOrHMH, I<8R 6JIH3RHMH, TBR H ,nBJieRHMH oco6eH

HOCTRMH aMILIIRTY~ peaI<UHH no rrepeMeHHHM 2 H £ ( £ - OTHO

CHT8JILH8R RHHeTHqecRBR 3HeprHR CT8JIRHBBIOOIRXCR 'laCTRU). 

O~axo HX cyMMapHHfi BI<Jia,n B ce"tJeHHe npRMOH peaHUHH npn 

MSJIHX HAR 6MblllIDC yrJiaX 8 ( B 38BHCHMOCTH OT M€X8HH3Ma 

iJlf.neR O nepnqiepnttHHX B38HMO,nelcTBllRX 3JI€M€HT8PHHX 'laCTJl!U 
,D;HcI<yTnpoBaJiacL eme B pa60Te-~.E.01<yHR n H.H.IloMepaHqyI<a B 
!959 ro;ey /3!/. 0Ha HCITOJIL30BaJI8CL 38T€M npH paccMOTpeHHH 
BHCOI<03HepreTH'l€CI<HX peaI<UHH O,nHOM€30HHOro 06MeRa M€E,ny 
3JI€M€HT8pHHMH 'lBCTHUBMH /32/. B03M01KHOCTL OTIHCBHM HH3I<0-
3HepreTH'l€CRHX rrpRMllX sui;epHHX p€8RUHH Ha OCHOBe rnnOT€3H 
0 nepnqiepHIHOCTH npouecca HO ,nOMHHHPYIOUl€li pOJIH H€60Jibilloro 
'lll:Ma 6JIH!t8HlliHX oco6 €HHOCT eil no C0 8 pa CCMaTpHBaJia Cb B 
Hamett pa6oTe /27/. 
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peaKI.UIH) MO~€T d!lTb MaJI H3-3a HX B38m.1HOH ~eCTpyKTHBHoa· 

HHTepqiepeauID1, a T8K~e R3-38 OTHOCHT€JibHOro IlO~MeHM illC 

npu 6om.moM 'lliCJI€ OTKpllTUX KaHaJIOB peaKuRii. B llTOre, npR 

rrpndJIH~eHHOM pacqeTe .nm'fll>epeHI.UlaJibHOro ceqemm ITIJRMOH peaH

UID1 B orrpe,nMeHHHX yrJIOBUX OdJiaCTJiX MOlKHO yqecTb Rllmb rrepn

cpepRiimrn rrapuuMbirne aMnRHTY.IUi c l~l , t':t-l' , a rrpu 

Bll'lliCJI€Hllll IlOCJI€,IUrnX - orpaHHqnTI,CJl lIBJI8,I{OM O,I{HOH Wlll 

H€OOJiblllOro tIHCJia dJIH~lilllllX oco6eHHOCT€li no r , OTBeqaK>--

11\llX npocTelilllUM HepeJISITHBHCTCKHM .I{HarpaMMaM ~effHMaHa C 

MM!lM 'Il'!CJIOM BHyTpeHHHX RHJ) , 

B rJI,6 ~3JIO~eHa TeopeTHqecKaa apryMeHT81.UIH, ITO,I{TBep

lK,ll;al00\8H 3TH coodpa~eHHa, 0Ha OCHOBaHa Ha Hsyqerum aaaRHTR

qecKOff CTPYKTYPll aMIIJIRTY.IC peaKIJ,ID{B r -MOCKOCTH .I{ Ha aHa

Jili3€ pesyJibT8TOB pacqeTOB, BllITOJIHeHHUX ,npyr:m.m aBTOpawr B 

MO,I{eJIR Tpex T€JI H ITO M€TO,I{Y CBH38HHHX H8H8JIOB. 3aTeM B 

nepn~ep:imHoii MO,I{€Rll BHB€,I{€lll ~OPMYRH ~ .I{H(pp€peHI.U1aJII,HOro 

ceqeHRa peaHUID1 cpHBa A(x,y)B, B HOTopoA qacTuua a 
rrepe,naeTca OT a,npa x R a,npy A • IIpn BHBo,ne ~OPMYJI 

npe.I{IloJiara;roci,, qTo 6.mrata:ilme:ii ocodeHHOCTbID aM!lJilITY.I{!l perummr 

B 1 -MOCKOCTH HMH€TCJl IlOJIJOC r=~. OTBeqaIOUIHH IlOJIIDCHO:ii 

.nnarpaMMe pnc.I, u qTo Dee .npyrne ocodeHHocTR, BKJIID'laa 

,!£) IlpR yBeJiliqeHID1 'Il'lCJia BHYTP€HHllX RllH:im .I{Harpaw.w, OITRC!l
B8IOO\€ff pea.KlUIID A(x,y)B, ee codcTBeHHaa ocodeHHocTb no r 
Od!lqffO dllCTpO y,naJISI€TCJl OT ~li3ll'l€CHOff OdJiaCTll /33/. MMoe 
'Il'!CJIO BHyTpeHHHX m.Hmi .n;aarpaMM!l O3HaqaeT, qTo B Ilps!MOH 
p€aHI.UIR BO36YJK,JJ;8€TCJl JillIIII, H€6OJiblllO€ qnCJio BttyTpeHHHX 
CTeneHeff CBOdO.I{ll a,nepaofi CllCT€Mll. 
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ocodeHHOCTH BepnnrnHl1X cpopMpaHTOpOB IlOJilOCHOH ,ll;liarpaMMH, 

pacllOJIOlKe!ill CTOJ!b .naJieHO OT 3Toro IlOJilOCa, qTO IDC BRJ!a.I{OM 

B nepncpepnilille naprm:aJib!ille aMilJlllTY.nH Mo~o npeHedpe%. 

.ll,7m dOJiblllliHCTBa npaRTHqecRH HHTepeCHl1X ~qaeB ,ll;li~epe!ll.U1-

aJibHOe ceqeHHe HMeeT BH.n 

}:, = L 1 ~ ci r °'-tr t.t, t.s; E, e), 
u.i~ l.x:fs ;.c 8 

r.ne 0. ( 0 ) - HOHCTaHTa CBSI3ll .IJ.)l.H BllpTyaJibHOro npo-
.JC tJ 

1.1ecca ~ ➔//+Cl. ( A + a -+ B ) , OTBeqa:ra.naR OTHOCHTeJibHOMY 

opdllTaJibHOMY MOM8HTY (c ( eB ) qacTllI.I !/ ll a ( A ll Cl ) , 

a ~" f .JC , t.s j E, 8 ) - H3BeCTHa.fl. <J>YHKl.lllll £ , 6 , ~ H 

-t.B , aaBHC.llli1M OT napaMeTpoB odpeaamill l H l' ITO 

opdHTMbH!lM MOMeHTaM l H l' BXOMOro u B11XOMoro 

HaHaJIOB RJm TOJibRO OT OMOro ll3 HllX - B "o.zuioITapaMeTpHqec

HOil" ITepncpepmtHOH MO,nem1, B HOTOpOil odpeaaHHe ITPOH3BO,ll;liTC.fl. 

TOJibHO B OMOM ll3 HaHaJIOB. B TOM ~qae, HOr,na napaMeTp 

odpeaaHHR l BMHH ITO cpaBHelIBJO c nepe~aBaeMmL 11 peaKl.lHH 

yrnOBWJI MOM8HTOM J ( l >> {, J ; J ~ l,;c + eB ) , cpOpMYJIH 

.IWR ceqeHH.f!. peaRI.IIDf cpIIBa B OMOITapaMeTpHqecHoi nepmpepltii

Hoil MO,neJIH pa,n;HHaJibHO ynpo~aIOTC.fl., qTo IT03BOJllleT .fl.BRO npocJie

,ll;liTb 3aBHCHMOCTb ceqeHH.f!. OT Bcex cy~eCTB€HHl1X !pH3HqecHH.X 

B8RH4HH: 3Heprllli CT~HBB!Oil\liXC.fl. qacTllI.I, 3Heprmt CBSI3ll H 

opdnTaJibHl1X MOM8HTOB B BepllllUlaX IlOJIDCHOH ,ll;liarpaMMhl pnc. 1. 

Ilo~qeHHHe cpopMYJIH odod~elill Ha ~qafi peaHI.lllil cpHBa aapsi

lKeHHHX qacTllI.I, Ror.na BeJrnI<H HYJIOHOBCRlle ~eRTLl B BeplllHHe 

A+ a ➔B ,ll;liarpaMMH pnc. I. 3TH ~eRTH BaJKim, HanpHMep, 

B peaRI.IMX A ( d , n, )B , npHBO)mlUHX R MadocBR3alilillM 
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COCTO.fl.HRflM ITPOTOHa B ~e. B • B aaHJIIOqeHne nepncpepniiHa.fl. 

MO.I{8Jlb peaHI.IHH cpLlBa cpaBHHBaeTCR C OCHOB!illMl! Tpa~HOHHLl

MH TeOpH.HMll 3TOJ:I peaHI.IHH: MeTO.I{OM HCRalKeHHWC BOJIH, ~paR

I.IHOHH!lMH MO.I{M.fl.MU ll Teopneil BaT~epa. C TO~H apeHHR paaBHTUX 

n,neil .naH HpllTllqecRHH 8H8Jill3 3TIDC T€OpnJ:l,u, B qacTHOCTH, 

cq>OPMYJll!POBalill YMOBll.fl. ITpHMeHHMOCTll MeTo,na liCHalKeHHillC BOJIH. 

IloHaaaHO TaHlKe, qTo Bee cpopMY.lill .IJ.)l.H ceqemrn peaHI.lllll cph!B8, 

BLlBe~eHHLle B pa3RH4HUX ~H<PpaRQHOHHLlX MO~eRHX C pe3KMM odpe-

3aHUeM B l- wrn r -npocTpaHcTBe, .RBJl.lllOTCR "IaCTHLlMM 

~qa.f!.MH qiopMYJI rrepm'pepnilttofi r.m,neJIH n rro~qaIOTCR na 11ocJie.n

HHX B peayJibTaTe pR.na rrpndJIHlKettnJ:I, cnpaBe.JJ.}Il!BLlX JIHillb npu 

.I{OBOJibHO .lKeCTKl1X orpaHHqeIDIBX Ha H11HeMaTKKY< peaHUIIB, IIpnH

IU!Illl8JibHO BaJKiillM MOMeHTOM SIB.Jm8TC.fl. TO, qTo B nepmpepn:ilHOil 

MO.I{eJIH 3TH [pOPMYJill BLlBe,nem,1 dea MCri:OJib30B8HM Tex orpaHH

tmT€JibHl1X, a cpaHTHqecHH Heey.lKHLlX, MO.I{eJibHl,!X npe,nrroJiolKeHUi 

o cTpyHType ;mepH1,1X cocTO.fl.Hmt H BH.ne onepaTopa nepexo.na, 

ROTOpue BBO,nllTC.fl. B ~PaHUllOHHl,!X no.nxo.nax, llCXOM!IUIX H3 

cpopMj'JlllpOBRH Teop:im peaHUHH cpJIBa B paMKaX MeTo,na HCHa

zeHHl,!X BOJIH. 

B rJI.7 ll3JIO~eHLl peayJibT8TLl cpaBH€HIDl BllITOJIHeHHLlX 

HBMH (cM. /22,28,34-36/) H .npyrHMH aBTOpaMH pacqeTOB ITO 

(l)OPMYJiaM nepmpepmtHoit MO.I{eJ!ll, BLlBe,neHHWJJ B rJI.6, c OdlIIHp

HllMlf 3RcnepHM€HT8JibHW,m: .naHHmm ITO ~epeHrm:aJibHWJI ceqe

HWlM peaHIUnt cpHBa H no.nxBaTa ( d , N ) , ( N , d ) , 

( d , t ) , ( h, , d ) , ( h, , ex ) H .np. Ha P.f!..ne Jiermuc 

;mep ( OT H2 .no ca40) H .Ill$IJepettI.lllMblillM ceqeHll.fl.M ynpy

roro pd-, pit- H pcx-pacceRHHJJ HasaJ:l B HHTepBaJJe aneprn:11 

15 



60M6ap,n11pyJ'Oll1HX qacTHU OT HeCKORhKHX MaB 'AO 155 MaB, a 

TaK~e c pe3yRbTaTaMH pacqeTOB ceqe!UUl pea.KUllfi cpuBa no 

MeTO.lJY HCKaXeHHux BO~ li TeOpRH EaTRepa. 

CHaqaRa H3ROXeHU Te pe3yRhTaT!l aHaRHsa 3KCnepI:!MeH

TaRhH1IX 'ABHHRX, H3 KOTOpbIX H3BneqeHa HH~OpManHH O KOHCTaH-

TaX CB.ll3H Gd , ct H C1,,IZ, .lVIH Bepoorn d➔ p+n, , 

t -+d+n ( h, ➔ d+p) u °'--h+n, ( o< -+t+p ). HmpopMa

UIDI o 4i no.7IYqeaa ns ,llaHH!lX no ynpyroMy pd.-paccenHHll Ha3a)l, 

uacpopMa~ o Gt - ns ,B;aHH!lX no peaKnHnM c nerqal!IIIHMH H,llpaim 

( d(ci.,p )t , h,,( n., d )d , h( n ,t)p, 

t ( J) , h, ) n li h,( p , h, )p)H COBM8CTHoro aHaJIH3a peaxnHlt 

( p , d) - ( d., t ) H ( d, n ) - ( h, , d) Ha Rer.KHX .R,Iijlax, 

HHqJOpMBUWl O Cl -H3 aHanH3a peaKilHH He 3(~ ,p) He4H ynpyroro 
fL/'I, 2, 

pa - paccerunm Ha3a'A. OueHKH Gd = O, 40 ± O, rn: qiepMH, 

Ct
2

= 'I,H ± 0,05 cpepMH li 0i.:= 7,3 ± 0,4 qiepMll 

B paMKaX nepH~epHllHOl! MO,»;em1 xopomo cornaCyDTCH C O1:l8HKaMH 

3TliX KOHCTaHT H3 pacqeTOB C BORHOBHMH Cl}YllKUHSlMH li li3 aaa

RH3a 'AaHRwt no ynpyroMY nd- n na - pacceruooo c noMOinbIO 

,n11cnepcHOHHRX COOTHomelllil, c,llenaee!IMH B nocne,B;HHe ro,llll 

(cM. o6sop B pa6oTe /3?/). 0TMeTI:!M, 'IITO BnepBHe H~e~e 

Ci z 
KORifqecTBeHHue oueHKn t H G/r.n 6!lRH n~eHR HMeHHo HS 

aH8JIH38 ~HHRX no npiIM!lM pe81{UWIM B nepHcpep:dHoit MO'A8'

Rli /34-36/. 

.llaRee B rR.7 pacqeTu no nepHcpepllfiHoff MO'AeRH cpaB

HHBaIOTca C 'ABH.llliMH no p6a.KIU11IM OMOHYMOHHOif rrepe~tm 

( d , p ) , ( p , d ) , ( d , t ) H 'AP· Ha Rernnx .R,Iijlax 
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OT B1° 'AO S;, 28 npu aaeprWIX 60M6ap,n11pyl0ll1IDC qacTHU 

~ I5 - I55 MaB. Ha OCHOBe H3BeCTHllX 3HaqeHHil KOHCTaHT 

CB.ll3H Gc:l, Gt H C1uz onpe'Ae.JUUOTCJ'l KOHCTaHTH cBH.3H ~ .IVIH 
'H 

BHPTYMbHOro HcnycKaHRll HYKROHa CROlKHHM .R,Iij)OM. IlpO'AeMOH-

CTplipOBaHo, qTo, Bapbnpya Jililllh O~H-~a napaMeTpa o6pesa

HRll, MOlKHO BOcnpOH3B6CTH noBe'AeHHe yrROBoro pacnpe'AM6HIDI 

'AaHHOH pea.HURM B mHpOKOM HHTepBMe 3Heprllfi ('AO '120 MaB) 

H qTo 3HaqeHWI OMOH li TOH ~e KOHCTaHTH Ct , Hail'AeHHHe 
'N 

H3 'AaHHRX npH CMbHO OT~aJ'Oll1ID(ca 3HeprWIX HRH H3 pa3HRX 

pe81{Uim, H6H3MeHHO ORa3RBaRlTCJ'l 6RH3KHMH. IlocJieMee o6cToa

TMbCTBO ~eTca HaH60Ree y6e~TMbHHM CB~eTMbCTBOM 

Toro, qTo "nORIDCHaa" nepHqJep:dHaa MO'AMb HOppeKTHO yqnTH

BaeT Te rRaBHHe aqxpeKT!l (6RH30CTb nORRJca i! = 5' ' cnHHO

BYRl KHHeMaTHKY, nepHcpepmimm xapaHTep npouecca), HOTopue 

onpe'AMHIOT (l)OPMY li a6CORIOTHYIO BeRHqHffY ~qxpepeaunaRhHOro 

ceqeHHa pea.KUHH OMOHYMOHHOH nepe'Aaqn npli H860RbmIDC yrRax. 

B 3aKRRJqeHH8 pa3BHTaa B rRaBe 6 TeopM cpRBa 

aapageHHoff qacTHUH B Ma60CBH.3aHHoe COCTOaHHe cpaBHHBaeT

ca c cooTBeTcTBY.IWlliMli ~ no pe81{IU11lM A ( d, 11, ) B, 

A( It. ,d. )B H A( o< , t )B. IloKaaaao, qTo yqer KYROHOBCKHX 

aqxpeKTOB B BepIDHHe A +p➔B cymecTBeHHo HaMeHHeT 

yrROBHe pacnpe'AeReHWI H YJIY'Illl88T corRacHe T80pRH C onRTOM. 

B USROM npHB8'A8HHH8 B rR.7 p83YRbTaTH y6e~T6RbHO 

llO'ATB8p1!U(alOT cnpaBe,nJmBOCTb OCHOBHHX llOROXem nepzcpepnff

HOit MO'ASRH H 'A8MOHCTPHPYK>T, qTo OHa OllHCRBaeT ceqeHIDl 

pea~ cpRBa C TO~OCTbRl Toro .lite nopsu(Ra, qTo H M8TO'A 
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HCRa~eHHUX BORH. Ilpn 3TOM BalltiillMH TipaRTnqecR.m.m npenMY-

1uecTBBMH nepn¢epnfiHofi Mo.D;eJIH no cpaBHeHmo c MeTO.D;OM ncRa

~eHHUX BORH RBJimOTCSI npOCTOTa 'lliM8HHUX pacqeTOB ll aaM

aoro MeHbmee 'lliCRO no~oHoqHUX rrapaMeTpoB. 

Ilepn¢epHHHaR MO.ll;Mb ycneIDHO TipHMe~aCb He TORbRO 

R dnHapH11M peaRUHRM, HO ll R npRMHM peaRnMM C TpeMR qac

Tlll{aMH B ROHeqHOM COCTORHlm, a HMeHHO, R peru<rurn cpUBa 

B R.D;epHO-HeCTadMbHOe pe30H8HCHOe COCTORHHe OCTaToqaoro 

JLIU)8 /29, 38, 39/ n K pea.lUI.IDI (p, p n ) , B ROTOpoa HadJID

.ll;8RHCb aqxpeRTU CMbHOro p n -B3aHMO.D;eHCTBM B CHHrReT

HOM S - COCTOSUUlli /40/. B rR. 8 H3RO~eHH pesyRhTaTU TORb

RO ,IJ,JJ.a peaRl.(llH cpUBa B pesoHaHcHoe cocTORHHe, 

Peam:uui cpUBa B pesoaaacHoe coc1·0Rmre B ocTaToq

Horo JLIU)a paCCMBTpHBaeTCSI KBR qacTHHH CRYqafi peaRl.(HH 

A (x, 1J a,, ) A,, C TpeMR qacTlll{aMll B ROHeqHOM COCTORHffil:. 

Ilpe~oRaraeTCSI, qTo peaRl.lHR A ( x, y aP)Af> H.D;eT 

nocpe.D;cTBOM ~yxcTamHoro MeXaHHsMa, OTBeqanuero .D;HarpaM-

Me PHC, 2: caaqaRa B pesyRbT8Te Tiepe.D;a'lli qaCTm\H a, OT 

JLIU)a ~ R .a.n,py-MHIDmm A odpasyeTCSI ROHeqaaJI qacTnua 

!/- H npoMe~ToqHoe H30JIHpoBaaaoe peaoaaacHoe cocTORHHe 

B , a aaTeM noCJie.D;Hee pacTia.D;aeTCSI no ~yXtiacTHqallM 

RaHaRB.M ( 8 - Ap + a,, ) . IlepBHit aTan omtcHBaeTCR 

~OPMYRB!JlH "nOJIDcHott" nepH~epw\aoa MO.D;eRH, BHBe.D;eHHllMI! 

B rR.6. Pa3BHTM TeOpHll npHMeHR8TCR ,IJ,JJ.a BH8JIH3a ,nBHHHX no 

.JJ;l!('iqJepeimnaRbHllM ceqeHWIM peaRnw\ cpUBa ( d , p ) B peao

HaHcaue COCTORHll.fl, Ha OIIHT8 HadJIJO.D;aJIHCb JIRlllb yrROBHe 

pacnpe.D;M8HM TIPOTOHOB ll COOTBeTCTBYnuee .D;Hqxpepemm:MbHOe 
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ceqeHHe B O.D;HonapaMeTpnqecRofi nepn¢epHHHOtt MO.D;eJIH HMeeT 

Bll.D; 

/-£ = ( 2 J-,. f} r:i G: 1 ( ~ ; Ed, 8), 

r.D;e J H !;i, - cmm H HefiTpOHR8Jl llillpHHa peaoHaHCHOro 

ypoBHR, o;'. (~ j Er1,,8) - HsBecTHaR ~YHRIUm aaeprHH n yrRa 

pacceSllillS!, 38BliCSllllaR OT OpdllTaJibHOro MOMeHTa HefiTpOHa tn 
B pesoHaHCHOM cocTORHHll ll napa.MeTpa odpeaaHM l . itnR 
npoBepRn Teopllll cHaqaRa aaaJIHsHpyroTCR ,naHHHe no peaRnMM 

Be9 ( cl. ,p )Bern (7,377 MaB), BH( d ,p )BI2 (3,39 MaB) , 

c12 ( d, p )c!3 (6,868 MsB) ll oI6 ( d, p )if7 (5,08 MaB), 

B ROTOpllX 3Haqeall.fl fn , J ll r;_ HsBeCTHbl H3 He3aBHCUMWC 

8RcnepHM8HTOB no pacceJIHHIO aefiTpOHOB Ha .a.n,pe-MllllieHH. 

Ilepn~epHHHaR MO.D;eRb xopomo onHCUBaeT yrROBHe pacnpe.D;eReHliJl 

IIPOTOHOB ll3 3THX pea.Kf(H'1. lfaBJieqeHHU8 ll3 onb!Ta 3HaqeHM 
r +I6,? +0,8 _3 +6,8 +54 
'~ = (7,5 _ I, 9 ), ( I,9 _0,6).I0 , (4,9 _119) H (?2 _2I) 

R8B ,Il;JI8. ypoBHefi 7,377; 3,39; 6,868 H 5,08 MaB y.D;oMeT

BOPHTMhHo cornacy!OTCSI co 3HaqeHWIMH r;,'= I6, 3.rn-3 , 

6 H (90 ± 5) R8B,rroJiy11eHHbllrn H3 ,JtaHHUX !IO pacce11HHD H8ltTpOHOB., 

3aTeM aaaJIHsnpyroTCR .D;aHHUe TIO ,zwyrHM peaRnHRM ( d ,p), 

B ROTOpllX llMellllaRCSI CII8KTpOCKOIIHll8CKaa illllpOpMBll;HJl O peaoHaH

CHb!X ypoBH.aX HenoRHa HRH HeHa.D;elltlla, Ha npm,iepe aTHX peaR

rum nOR838HO, ~O H3 ROMdHHHpOBBHHOrO BHBRH3a .D;aHHUX TIO 

peaRl.lHRM A ( d.. , p ) B n A <n,n)A MOlKHO nORY'lliTb 

Ha.D;elltllyJO H~OpMaIUilO O cmmax ll qeTHOCTRX pe30HBHCHUX 

ypOBHeit .a.n,pa B. 
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PasBnTaR B rJiaBe 8 Teopllil peam~mi cpillla B pesonaHcHoe 

COCTOillIHe 06Jia,naeT PR,IJ:OM npHBJieRaTeJibHhlX qepT. Bo-nepBhlX, 

B OTJIH'ille OT MeTo,na llCRalKeHHIDC BOJIH aMITJIUTy,na pearoum B 

nepn~epmiHOil MO,neJIH qo,neplKHT TOJibRO 3RcnepHMeHTBJibHO Ha6JIIO

,naeMHe xapBRTepncTHRU pesoHaaca: era sHeprmo, noJIHYID H 

napuHaJibHlle llll1PllHll, CITHH ll op6HTBJibHW MOMeHT. 3TO CBOil

CTBO Teopnn He CBR38HO C RBRUM-JIH60 npe~OJIOJKeHneM O qM3H

qec.Kofl npnpo,ne pesonanca. B TepMUHax MO,D;eJibHoro ormcaHUR 

OH MOlKeT COOTB€TCTBOB8Tb .KBR npocTeflweMY onnoqacTHqffOMJ 

B036ylK,IJ;eHHID, TBR H CJIOlKHOMY MHoroqacT~HOMY B036ylK,Il;eHHID 

cncTeMu. Bo-BTOpllX, TeOpllil co,neplKHT MJUillM,YM nonroHQqffllX 

11apaMeTpOB. B-TpeTbHX, npe,IJJIOlKeHHM. TeopUR CB06onna OT 

TPYMOCTefl MeTOM ncRaEemrnx BOJIH, CBR38HHllX C llJIOXOil 

CXO~OCTbID pa.n;RaJibHIDC HHTerpaJIOB nJIR pesOHBHCHhlX COCTOR

HHil, H 'IBCJieHHHe pacqeTH Tpe6yroT He60JibWOro MalllUHHOro 

BpeMenn. BMecTe C TeM TQqHOCTb OllUCBHllil 3RcnepHMeHTa B ne

p:mpepnflHofl Mo,neJIH He xy11te ToqHocTH, .nocTnraeMoil B MeTo,ne 

HCRBlKeHHWC BOJIH. M3JIO'!teHHw B rJI.8 qiopMB.7ill3M ,norryc.KaeT 

Henocpe.ncTBeHHoe o6o6meHHe Ha CJIYqafl JIID6oro npsIMoro Me

xaHHsMa o6paaoBaHHR npoMegyToqaoro peaoHBHcHoro cocTOSlHWl, 

a Taruite na c.nyq~ pacnana pesoHaHca no JIID6HM MHoroqacTM

HUM RBHBJiaM. 

B rJI. 9 (cM. /4I, 42/)Ha npm~epe peB.RIUifi ( l,6 , d.) 
II ( ll?, t ) o6cy~IDTCR THrmqHue npo6JieMH, BOSHHl{aD!Ule 

B TeopHU peam.um MHoroey.KJIOHHoil nepe,na'ill. CneIUI<fJHRa 3THX 

peaRUIDi no cpaBHeHmo C pea.KUHRMH OMOHYRJIOHHOH nepe,naqu 
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( ( d ,p ) , ( t, d) II np.) cocTOHT B TOM, qTo B HHX ,noBOJib

HO 6JIH8RO R nOJI10CHOH oco6eHHOCTH B t -ITJIOCROCTH, OTBeqaro

meit M0XBHH8M,.Y o( -qanTuqaoil nepe,na'IB, HBXO.n;RTCR 60JibillaR 

rpyrrrra T0CHO pacnoJI01K8HHhlX oco6eHHOCTeil, OTBeqaIOII\HX 

6oJiee CJIOlKHHM M0XBHH8MBM, HBU60Jiee BalKHHM H3 ROTOphlX 

npe.ncTaBJIReTCR MexaHUaM MyxqacTHllHOil nepenaqn (nepe,naqa 

napu qacTHU tp , hn, rum dd ) , cooTBeTCTBYIOll\IDi nnarpaM

Me pnc. 3a. CTpormi nucnepcROHHW pacqeT BRJia,na OT sTRX 

60Jiee CJIOl!tllliX Me.xannaMOB_ no.Ka H0B08M01KeH, rJIBBHHM o6p880M 

U3-8a OTCYTCTBRH HH<!JOPMBUUH 06 aMIIJmTy,nax BllPTYaJibHhlX pac

na,nOB R,IU)B Ha Tpll rum 60Jibmee 'IBCJIO qiparM0HTOB. Il03TOMY 

MU oueHUBaeM OTHOCHTeJibHlie BRJI8nH M0XBHH3MB nepe,naqn 

o( - qacTHUH ll MeXaHll8M8 MyxqacTllqttOil nepe,naqu B 

peaRURHX ( L,, 6 , d ) n ( ll 7 , t ) Ha ocaoBe MYX cxeMBTn

qecRRX nucnepcllOHHliX MO,neJieil. B O.IUJOfl ll8 HHX, Ha~ C 

Il0JI10CHUM M0X8HH8MOM nepe,naqn o( -qacTHUH (pnc. I), y'illTblBa

eTCJl nepe,na'la . c( -qacTHUH B nepBOM B086ylK,IJ;eHHOM COCTORHHH 

o+ (20,3 MaB). 3TO OTBeqaeT arrnpORCHMBUUH MyxqacTllqffOro 

paspesa B 2- -IJJIOCROCTH, COOTBeTCTBYI0111ero neTJieBOH 

,IJ;RarpaMMe pnc. 3a, nOJirocoM, pacnoJIO'fitOHHHM B naqaJie paa

peaa ("peaoHaHcHaa arrrrpoRcHMBUHR paapeaa"). Bo BTopoil 

Mo,neJill BRJia,n OT MyxqacTnqaoro paapeaa oueHUBaeTCR rryTeM 

npm.mro BuqnCJiemm .n;RcIIepcnoHHoro IIHTerpaJia,Ho .IJJIR qeTH

pex.nyqeB1.IX paCilB.IUlhlX BepWHH HCTIOJib8YlOTCJl yIIpomeHHHe nOJI10C

HH0 arrnpORC~HH (pnc. 36 ll 3B). BTOpBR MO,D;eJib npe,ncRa8II

B80T OIIpe,neJieHH11fl OTHOCHTeJibHIIil BRJia.n M8X8Hll3MOB OlUlO-

H MYxqacTnqaofl nepe,naqn B OTJill'llle OT nepBOil MO,D;eJIH, 
B ROTopofi OTHOWeHHe BII'leTOB B no.mocax, OTB0'laJOIIIIIX 
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nepe.natie o(-'IBCT:lm;li B OCHOBHOM H nepBOM B030y~eHHOM 

COCTOR.HIDl.X, SIBJUI6TCSI no,nrOHO'IHHM napa.Merpou, M6HJl!OUU™CSl 

OT o.zmoro R.IUJ8-MHIII6Hll K .npyroMY. B ooewc MO,neJIJU YtmT!iB86T

CSl JIIDIII, Ta 'IBCTI, BKRa.na OT M6X8HH3Ma .nBYX'IBCTH'IHOH rrepe,natJH, 

KOTOpaR COOTB6TCTBY8T TOMY lKe nepe,naHHOMY yrROBOMY MOM6HTY, 

'ITO H B IlOJIDCHOM M6X8lill3M6 rrepe,natJR o<-qacT:lm;li. CpaBH6HHe 

B!i'1HM6HHhlX B nepncpepniiHOH MO,ne~ ,nrnWiepeHUHDJII,HillC cetiem 

C 3KcnepHMeHT8RbHHMII CBR,n6T6RbCTBY6T, 'ITO, BOnpeKH pacnpo

CTP8H6HHOMY MH6fillIO /43/, M8X8HH3M .nBYX'IBCTH'IHOil nepe,natJR 

MOlKeT nrpaTb BaJKHyIO poRb ,nalKe B -:r_ex peaHUHRX ( l i 6 , d ) 
n ( l,7 , t ), KOTOp!ie R.nYT c co6JIRJ,neHHeM npaBM OTOopa no 

yrROBOMY MOMeHTY, 'l6THOCTll H H30CilRHY, xapaKTepHhlX .IT,1ISl 

M6X8Hll3M8 o( -'laCTR'!HOil nepe,natJR. XOTR BlilfflM6HHbl6 yrROBble 

pacnpe,ncReHHR y,noMeTBOpllT6RbHO corRBCYIOTCSl C H3MepeHHHMR, 

Hail,neHHHe ns nap peaHURH A ( l, 6, d )B n A( l?, t ) B 

3MnllpHti6CKlie 3H8'!6HUR OTHOWeHHR KOHCTBHT CBR3H .IT,1ISl Beplllllll 

l,6 
- c,,. + d H Lz7 ➔ o<+t MeIDlllTCR CJIIDIIKOM CMbHo npn 

HsMeHeHRH 3Heprru1 ~ rrpn rrepexo,ne OT o.zmott napH peaKURH 
t, .6/ I, ,?,2 

K .npyroil ( / Go<d co(; ::::: 5 + 60 ) • 3TO YK03blB06T 

Ha HeOOXO,nliMOCTI, YJIYtrul6HRR TeOpIDI. BMeCTe C TeM Yllte Ha 

.naHHOM 3Tane nepmpepmiHM Mo,neJu, ropes.no JIY'Illle ormcHBaeT 

yrROBUe pacnpe,neReHRR, '16M M6TO,n HCKalKeHlillX BOJIH. 

Ocoooe M6CTO B .nnccepTBUlill 38HRM06T rR. iO 

(cM. /44, 45/), B KOTOpoil ll3ROlKeH pa3BHT!itt 0BTOpOM H 

B.C.IlonOBHM rro.nxo.n K pe30RaHCHOMY R,nepHOMY paccemnm, 

OCHOBBHH!ill Ha TeOpllll KOMTIReKCHOro yr~oBoro MOM6HTa. B 
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oowrnoil TeopHU pesoHaHcHoro pacce.mum rrapuHMbHUe 8.MIIJill

TY.nli £ (E) paccMaTpRB810TCR rrpll (l)H3Htl8CKHX 3HatJeHHRX 
;e 

Op6HT8~I,HOro MOMeHTB -e = o, I, 2, ••• H pe30HaHC co 

CIIHHOM f = t,. B03.lillK86T H3-38 0~30CTH K BemecTB6HHOH 

OCH E-IJJIOCKOCTH opeilT-BHrHepOBCKOro ·rroJIRJCa E = Eo - i, r/2, 
r.ne Eo ll r - 3Hepr:im H IDHpllH8 pe30HaHCHOro YPOBH.ll. B TBKOil 

TeOpllll (l)OHOBUe scµ[leKTU B03.lillK810T 38 ctJeT oo~ee ,nMeKHX pe-

30H8HCHhlX ypoBaeil H IIPflMliX rrpoueccoB (n0Temm:a~1Hoe pac

cemme) n rroBe.neHHe MaRliX Hepe30HaHCHhlX qia3 pacceRHIDl 

{IE}, f :f: e,.. , OTBeTCTB8_HHillC 38 3TH scµ[leKTU, HHKaK He CKOP

peRHpOBaHO C IIOBe.neHReM pe30HHPYJOmeil qiasu ~(E}. B OTRH-,. 
,me OT 3TOro, B Teopllll KOMIJJieKCHOrO yr~oBoro MOMeHT8 rrap-

URMbHM aMIJ.JmTY.na {(E} CtJHTaeTCSI aHMHTH'leCKOil cpyHKQHeil 

.nBYX rrepeMeHHhlX f H £ H p8CCMaTpHBaeTCR IIpH JIIOOhlX 

KOMIIJieKCHhlX 3H8'!6HRRX -{=.A (B TeOpllli IIOTeHUHMI,HOro 

pacceRHIDl aHMHTINHOCTb J ( E) KaK qiyHKUmI A 6HJia 
:,i 

,nOK838H8 Pe,nJKe /46/; Mli lKe rrpHIDIMaeM ee KBR IIOCTY~BT). 

Pe30HaHC B03HHK0eT BM8,nCTBH8 Toro, 'ITO TpaeKTOPHR IIOJIDC0 

Pe,n1te .i\ = ~ (E) (l)YHKUlill f., (E) rrpOXO,nliT ORH3KO OT (l)H-
J 

3H'l8CKOro 3H0'!8HHR J = t,.. , TO 8CTI, o<{E}= t,. + ))(E} , 

r.u;e / '))(E)/<< J rrpH / E- Eo/~ r/z • B TaKOfl T80pmi IIMeeT

CJl ,nBa THIIa (l)OHOBhlX sqxpeKTOB: I) (l)OHOB!itt 3qJqieKT, B03HHK8IO

md OT pe30HRpyD.Qero IIOJIIJCB Pe,nxe J : o<(E') , HaH M8,ll;

CTBH8 "KOMIIJI8KCHOCTH CIIHH8" pe30HaHCHOrO ypoBHR.; 2) <pOHO

Blil 3(llqi8KT OT .npyrHX, 6Mee ~eKWC oco6eHHOCTeil B 

.A -IJJIOCROCTH. B rrpe.n;Me OOJIJ,DIHX t o6a (l)OHOBhlX 3(llqi6KTB 
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38Be,nOMO O,!Uloro rrop.iuurn BeJrntruHH, .1160 BKJra.n OT pe30HlIPYJO-
~ -2 

mero rroJIJOca J = o<(E) B HepesoHaacHue ipasu ~ (£) ~ t , 
B TO BpeMJI KaK RJJ:epHUe cpa3H paCCemll.Sl ,noJil!tRI:l 8I{CIIOHe.H.U.11aJII,

HO y6HBaTI, IIplI e➔ oo ll3-38 KOHff1IHOCT.11 pa,nIIyCa ,D;eHCTBlIJl RJ{ep

HllX CW!. l1HHMII CJIOBaMII, np.11 60Jiblll.11X e BKJia,n B 'I (E) 

OT IIOJIIOCa ol.(£) KOMIIeHcnpyeTCJI BKJia.D;OM OT 6oJiee .na.neKIIX 

oco6eHHocTeii. 0,!U!aKO rrp.11 MaJiux l anpIIop.11 B03MO)KHH 

,nBa CJIY'I8Jl: f) qJOHOBHfi aqipeKT OT 6JIBJKa:iimero IIOJIIOCa o( ( £) 
.noMIIHllpyeT rrp.11 t ~ t,., ; 2) o6a !pOHOBllX sqxpeKTa O.D;Horo IIO

psuurn B€JI.11TfilHH rrp.11 t~ t,.. KaK H IIpH t >> t,.., . C TO'IB.11 

speIDIJI IlOCTYJiaTa 06 aHaJIBTll'IHOCTH rrepBOe npe,nrroJio~eHl!e -

- rnnoTesa o IIJiaBHott KOMIIeHcarum IIOJIJOCHilX ipas-rrpe.ncTaB

JIJieTCJI BIIOJIHe ecTeCTBSHHHM, .11 Ml:I paccMaTpHBaeM 8I{CIIep.11-

MeHT8JibHHe CJie,ncTBHJl 8TOH rHIIOT83H. 

CHatJa.na 06cy11maeTCJI pesoHaHcHoe pacce.llHlie HesapJI~eH

HllX 6ecCIIHHOBllX 'I8CT.11U, a 38T8M IIOJIYtJ8HHH8 pesyJioTaTH 

o6o6maJOTCJI Ha 3apa~eHHHe 68CCIIHHOBHe 'I8CT.11Ull. ~ 8TOro 

IIOCJie,nHero CJIY'Ia/l BHBe.neHO.HOBOe MO.nn<p.11UllpOB8HHOe pe,ll;lKeB

CKOe rrpe.ncTaBJieHne aMIIJIHTY.nll paccemll.Sl, y,no6Hoe .IJ.]IR. paccMOT

peHKll p830H8HCHHX ajipeKTOB. B aMIIJmTy.ne pacceruum, HapJI.nY 

c rJiaBHl:lM 6peiiT-BHraepoBCKHM tJJieHOM, BH,lleJieH crreump.11tJeCKHA 

ipOHOBHfi tJJieH, reHepHpyeMUA CaMIIM p830IDipYJ(XUHM IIOJIIOCOM Pe.n

~e H IIPRBOMUIHH, I{ xapa.KTepHoA BCHMMeTp:.rn: B yrJIOBOM pacrrpe

,neJieHIDf paccemrnux tJacTnu ("co6cTBeHHa.11 acHMMeTpH.11 pesoHaH~ 

CHOro YPOBHJI" - CAY). B IIpOCTHX MO,IJ;eJIJIX, OIIHCHBfillIIHX KOM

rreHcamno .naJieKnx IIOJIIOCHHX cpa3, IIORasano, 'ITO aqipSKT CAY 
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MOlltHO Ha6J110.D;8TI, B IIIHpOKOM KHT8pBaJie yrJIOB paccemll.Sl. 

TeopHJI rrpHMeHJieTCJI .IJ.]IR. aHwmsa aKcrrepHMeHTaJioHHX cpas pac

cemll.Sl oS - tJaCTllU Ha Jl.D;pe cI2 B6Jrn3H Tpex HlI3I{08HepreTH

qecRHX pesoHaHcoB. IlOJIY'IeHHHe pesyJioTaTH yKasHBaIOT Ha cnpa

BS.IJ.7IHBOCTo I'l!IIOT€8ll O IlJiaBHOil KOMIIeHcarum H CYlll8CTBOBaHHe 

ajxpeKTa CAY, HO .D;Jlfl OROH'IaTeJibHHX BHBO,nOB H€00XO.nHMl:I 

,na.noHeiimHe 8KCIIepHM8HTaJibHH8 liCCJI8.D;OBamtsl. B 3a.KJI!OtJ8HlI8 

B rJI. 10 .naH RpaTKHii oosop paooT .npyrnx aBTOPOB no npHMe

HeHHJIM pe.I{lteJIOrHH B Teop:im RJ{epHoro pacceruum li CTPYKTYPH 

Jl.D;p8. 

Ha.neXH08 IIO,nTBepl!i,neHHe pe.I{ltSBCKOH rrpnpo,nu RJ{epHHX 

pe30HaHCHHX YPOBHeil nyTeM HaOJIIO.D;SHHJl ajxpeKTa CAY HMeJIO Oil 

Ba.EHHe CJI8.D;CTBHJl He TOJII,I{Q B TeopinI RJJ:8pHHX pea.Krurli, HO H 

B Teop:.rn: CTPYKTYPH Jl.D;pa, HOO B 8TOM CJIY'I~e B03HHKJia Oil 

np:imrunmaJII,HO HOBM cxeMa M8CCHqlR!{8IUm RJJ:SPHHX ypoBaett, 

no,nOOHM peneBCROH MaCCHq)R!{aIUm CTaOWibHHX 'I8CT.11U li pe-

30H8HCOB B 8.npOHHOil qiH3R!{8. 

B 3a.KJI!OtJeHHe nepe'IHCJIHM rJiaBHHe pesyJioTaTu nccJie

,noBamrl!, li3JIOE8HHHX B ,nnccepTaI.Um. 

r) PaspaOOT8H cpopMaJIH3M aepeJIJITHBHCTCKHX ,nliarpaMM 

~e:ltHMaHa, JlB1IJllllllrltCJI y,nOOHHM MaT€M8THtJ€CRHM anrrapaTOM 

.D;Jlfl OIIHCaHHJl HepeJIJITRBHCTCRRX IIp!lMWC RJ{epHHX pea.KI.Uill. B 

paMRax 8Toro cpopMBJIH3Ma P83BHTH M€TO,nll lI3YtJ8HHJl aHaJIHTH

tJeCKllX CBO:ltCTB H pactJeTa aMIIJIHTY.n Ilp!IMWC RJJ:8pHHX perumHil. 

2) PaspaOOTaH M8TO,n ytJeTa KYJIOHOBCKliX B3aHMo,neficTBHH 

B .nncnepCHOHHOil Teop:.rn: IIpJIMHX RJ{epHHX pea.lalHil,ocHOBaHHHfi 

Ha aepeJIJITHBHCTCKOM ,nRarpaMMHOM cpopMaJIH3Me. 
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3) Pemea p!I.n BOllpOCOB, R8C8l!lllIDCCB. BWIBCJieHIDl. Tpex

.nyqeBIDC Beplill1HiillX ~OpMtJrutTOpOB H ROHCTaHT CBH3H B aepe.ml

THBHCTCKOll Teop1m • 

4) Paapa6oTaa aoBml no.nxo~ R onHcaHIDJ .D;ll:i{xpepe.HUHaRb

HIDC ceqealill Il_ps!MHX smepHIDC peaK!Uitt (nep~epmlHM MO~€Rb), 

KOTOpblil 6aaHpyeTCB. Ha rHnOTeae o npeHMYJ!l€CTB€HHO nepn~e

plillHOH npHpo~e npsIMWC B38HMO~eficTBHil ll Ha rHnOTeae O ~OMH

HHPYIO!l1eH po~ 6~lltairumx oco6eHHOCTeil B COJ 0-MOCKOCTH. 

Ha 60RbillOM a1<cnepHM€HT8RbHOM MaTepmue no perutIUmM cpHBa 

npo~eMOHCTpllpOB8Hl1 cnpaBeMHBOCTb 3THX rnnoTea ll ai{xpeKT:lffi--'. 

HOCTb nepll~epirttaoil MO~~ B no.nyqeHHH smepaoil cne1<TpOCKOilH

qec1<on HH~OPManHH. 

5) l1a aHa~aa ~8JillllX no npsIMHM peEU<IUmM B nep~epml

aoil MO~e~ no.nyqeH11 BnepBHe H~emwe oueHim KOHCT8HT CBH3ll 

Gt H Gkn. MSI BepllllIH t-+d+n, H o<-+/i+n, npannwc 

B81ltHYIO pORb KaK B Teopl!H n_pRMWC smepHllX perutrrHI, TaK H B 

reopHll Ma~OflYKROHHHX smep. 

6) Paapa6oTaH HOBllit M€TO~ ~eHoMeHO~o~ecRoro 

OnHC8HIDl. peaOHaHCHHX smepHWC peaK!Uitt, OCHOBaHHml H8 I'HnO

Teae 06 aHaJIHTHllHOCTH napmiaJibHWC m.mn:HTY~ perua.um B ROMII

R8RCH0ll MOCROCTH yr~oBoro MOMeHTB. Ilpe~cxaaaHO H ~OCTa

TO'llll.0 y6e~T8JibHO llO.JJ;TB8pl!,IteHO CYDl8CTBOB8HH8 xaprutTepaoa 

acKMMeTpllH B yrRoBOM pacnpe~e.nemm peaoaaacaoro smepaoro 

paccemma, B03RHRaIOil!el aa cqeT pe.zrarn-nOJmcuo! npHpo~ 

peaOHaHCROro YPOBH.ll. 

OcHOBRHe peay~bT8TH .D;ll:CC8pT8.IlHH ony6RHROB8Hl1 B pa6o-
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Tax /6-9,!2,I4-!7,I9-22, 27-30, 34-39, 4!,42,44,45/ H 

~o.KJia~a~cb aa XIY, rJ, XYII-XX, XXII, XXIII e1Kero~mc 

COBemaRWlX no smepaott cneRTpOCKOilllH H CTPYRType 8TOMHOro 

~a. Ilpo6~eMHOM CHMn03eyMe no ~H3HK8 ~a (T6H.7Il!CH, 

!967 r.) H Cecc1m OT~eReHHH .R,D;ep.HoJ:I cfmaHKH AH CCCP(fureB, 

!966 r.). 

06~eu ~HCCepTBUHH - 300 CTP8.HHil, o6~eM npHnoxe

HHJ:I (pHCyHKH, Ta6nnJ.U,1, CITHCKH nHTepaTypH) - 91 CTpa.HHITa. 
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