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3auntTa ,JtHCCepTaJlHH COCTOHTCJI "2.b'" 12. !985"ro,~ta Ha sa-
C~ CnenR84HSHpOBaHHOI'O COBeTa K 047.0!.0! !a6opaTOpBH TeopeTH

'IecJtOI I))HSHKH 06~e,JtHHeHHOI'O HHCTHTyTa JJJtepmrx HCCJie.ttOBaHHft, ,lly6Ha, 

MocltOBCROI o6.mCTH. 

C Jti[CCepTaQIIel IIOZHO OSHaROIIHT:&CJI B 6H6JmOTexe 06~e.ttHHeHHOI'O 

HHCTHTyTa JgtepHHX HCCJieJtOBaHd. 

Y11eHYI ce:KpeTap:& CoBeTa · 

~T I))HSllKo-MaTeMS.TKqeCIOIX Hay!( B.H. DPABJIEB 

061IlAH XAPAKTEPHCTHKA PABOTH 

ARTj'BJ[&HOCT:& 'l'eMH 

B IIOCJie.ttHHe I'O,JtH B CMSH C paSBIITHeM 3RCIIepHMeHT8JIDHOI Si,ItepHOft 

~HSHRH CTJlyRTypa Ji,Itpa KHTeHCRBHO HCCJie.ttyeTCH B paSJIH'IHHX pea~ 

BSaHMO,JteiCTBHH (S' -RBaHTOB, 3JieRTJ)OHOB, npoTOHOB, a TaHlte TJDEE!JillX 

HOHOB C Ji,ItpaMH. lJaCTO ,JtJIH OIIHcaHHH TaRHX peaKtnrl\ npHBJieKai)TCJI paSJIH'I

mte Ji,Itepmte ~eHoMeHOJIOrH'IecRHe MO.JteJIH. O,~tHaRO o6IIlHM He,~tocTaTROM Ta

RHX MO,JteJieft HBJIHeTCH 60JIJ..moe 'IHCJIO IIO,JtrOHO'IJHHX napaMeTJ>OB, I))HSH'IeCRHft 

CMHCJI KOTOp!DC He BCer,Jta HCeH. 3THM H orpaHHtmBaeTCJI IIPe.ltCBaSaTeJU.HaH 

c~a ~eHoMeHOJIOrH'IJecRHX IIO.JtXO.JtOB. IToaToMy Bec:&Ma aRTyaJIDHUM HBJIHeTCH 

MlmpOCR,OIIIDJ:ecRHft IIO,JtXO.Jt K Oimcamm paSJIHtJHIDC pea~tt. Cyi!IeCTBeHH!l! 

nporpecc B STOM HanpaBneHBH 6Hn ,JtOCTRrHyT B IIOCJieJtHHe rO,JtH B CMSH C 

IIOCTJ)OeHHeM MHKpOCKOIIH'!JeCKKX Ji,ItepH!DC MO,JteJieft ,JtJIH onKcaHHH H,!tepH!DC xa
paKTepHCTHR B mHpOKOM RHTepBaJie SHeprBH BOS6~eHHH. 0,JtHOft HS 'l'aKHX 

MO,JteJieft HBJIHeTCH RBaSH'IaCTH'IJH~HOHHM MO,Jte.JU. Ji,Itpa (K~M); ROTOPM 

6Hna ~pMyJIHpOBaHa Ha OCHOBe paSBHTRH H o6o6~eHHH CBepxTeRY'!Jeft MO,Jte

JIH Ji,Itpa. 

HeCMOTpH Ha TO, 'ITO B PaMRSX l®M y;D;aJIOC:b OIIHCaT:& mxp~RHft :Kpyr 
SKCIIepHMeHTBJIDHIDC ,JtaHHIDC riO CIIeRTJ)OCROIIHH TmteJIIDC C~epK'!JeCRHX Si,Itep, 

npe.ttcTaBJIHeTCH Heo6xo.JtHMUM ,JtaJIDHeftmee COBepmemiTBOBaHHe armapaTa K~M •. 

T.K. Ha nepBHX STanax B ~pMaJIHSM MO,JteJIH He 6wm Blt11Jl'qemt HeKOTOpHe 

~RSH'!JeCRKe a!fxi>eKTH, pOJIL RO'l'Opmc B pJgte MyqaeB MOJte'l' OKaSaT:&M Balt...: 
HOI. HanpHMep, B IIOJiy'IJeHHHX paHee ypaBHeHRHX H ROH:KpeTHIDC paC'!JeTax B . 

paMKaX K~M .JtJIH He'IJeTmtX ~epK'IJeCKHX. Ji,Itep He. 61lJIH yt~Temt HH aHrap

MOHH'IJHOCT:& ~HOHHHX BOS6~eHKft tJeTHO-'IJeTHOrO OCTOBa, HH ~OnpaBRH Ha 

IIPHmnut ITayJIK, BOSHmtaDI!lRe ·xa-sa ~epMHOHHOft CTJlyKTypll ~HOHHIDC on epa~ 

'l'OPOB. YBaSaHmte a!fxi>eKTH MOryT OKaSHBaT:& SaMeTHOe BnRHHHe Ha IP!>arMeH

TaqHD COCTOHHKft "RBaSHtJaCTKUa + ~HOH". 

B IIOCJie.ttHHe I'O,JtH CTaJIH ,JtOCTyiiHH ~ -Jiyt1H BHCOROI MOHO:lCpOMaTH'!J- . 

_ HOCTH, ROTOpHe IIOSBOJimJT npOBO,JtHTJ.. SRCIIepHMeHT riO j'IIPyrOMy H Heyrrpy-

. rOMy paCCeHHim ~ -RBaHTOB Ha HHSROJiel!BlllHX KOJIJieRTHBHHX COCTcimmmc H 

TaHlte rzraHTCKHX peaoHaHcax B H,!Ul~. ITocROJILey aJieRTJ)H'!JecRKe .ztHnOJIJ.....: • 

HHe BOS6~eHHH (EI) ,JtOMHHHpyilT B ~TOJi,ItepHIDC rrP0!4eCCax, yrrpyroe pac-
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cesnrne 'lr -KBaHTOB JIB1IHeTc.ll ot~eHD y,n;o6HNM wm l13Y'IeHRl'i: EI-Bos6~e-
Hffil B IU{Pe, BK1ID'IM rnraHTCKffil .ztlillOJThmni pe30HaHC (r,UP). Pesym,TaTH 

8H~3a 3KCIIepl1MeHTaJThHHX ~aHHHX Ha OCHOBe ~eHOM6HOHOrl1'16CKOtt K~eK

TliBHOtt MO~eJill IIOKa3aJil1, 'ITO STli ~aHHHe- OIIliCHBalOTC.II He BCer~a rrpaBWU.

HO, IIpl1'16M T8Kl16 BaJ!tHHe xapaKT6pl1CTl1Kl1_, KaK rrapnna;n,HHe lliHpliHH WIJI 
COCTO.IIHffil, ~PMliPyiOiltiDC r.l(P B JUU)e, BBO,ItR1IliC:& B CXeMy T8Kl1X pact~eTOB 

~eHoMeHOJiornt~eCRH KaK rro~roHo'IH:Ele rrapaMeTPH. IIosToMy Bec:&Ma attTyaJI:&

Ho.n nHTepecHo pa3BHT:& MKKPOCKOIIll'lecKHtt rro~o~ K orrncamno TaKliX npo

~eccoB, r~e H p~~OHHHe nnrpliHH ["'li' wm EI-cocTo.IIHIDl,. Jie:!ta.llll1X Hn

ze HeiiTpOHHOrO UOpora R lliHpllHH Will COCTQ.IIHRH, ~PMliPyiOIItiDC r.l(P, ~OJIJK- · 

HH 6HT:& MKKPOCKOIIl1'16CKl1 Orrpe.zteJIBHH 113 CTpyttTypH STRX El-B036~eHffil R 

RX B3811Mo,tiencTBIDI c ~yrnMR Mo~aMR B036~eHIDI B JUU)e. H3Mepeirn:e nap-

, ~aJI:&HHX nnrpnH EI-rrepexo~oB wm HeKoTopux HR3KOJieJKaiitiDC .ztlillOJThHHX coc

TO.iiHRn, B036~aeM!lX rrpR paccemnrn ~ -KBaHTOB, yKa3aJIO Ha B03MOJKHyiO 

~Byx~HOHHyiO rrpnpo~y 3Tl1X COCTO.IIHffil l1 IIOCTaBRJIO BOrrpOC 06 liHTeprrpeTa-

~ CTpyKTypH T8Kl1X r -COC~O.IIHIDl. ,, 

Heyrrpyroe pacce.IIHlle IIpOTOHOB .IIBJI.II6TC.II 0'16lll> Ea:lKHHM RCTO'II!liKOM 

HH~pMa~ 0 CTPyKType B036~eHIDl pa3JIR'IHOtt npnpo~ B JUU)ax, oco6eH

HO wm aJieKTpll'lecKliX Bo36~eHnn, ttoTopue paccMaTPHBBIDTC.II B HacTo.ll

men ~llccepT~ l1 Will KOTOpHX BeJIH'IRHH rrpHBe.zteHHHX Bepo.IITHOCTett rrepe-

XO~OB B(E7\) cmHo KOPPeJIRPyiOT c BeJill'll1HaMR ce'leiDnl ( P~ p') 
peaiaul:n. B IIOCJie,ItHHe ro~, B CB.II3H C pa3BHTl1eM YCKOPliTWHOii TexHl1Kl1, 

3KCIIepl1M6HTaJThH06 H3Yli6HRe CTOJIKHOBeHIDI_ T.ID!teJIHX HOHOB ( Tif) rrpO_BO~HT-
C.ll B6C:&Ma l1HT6HCHBH01 l1 pea~n, BH3HBaeMHe HaJieTaDmRMR HOHaMll C MaC

COlt · A·~ 3J, HcCJie.rtyiOTC.II c ~OBOJThHO xopollll1M attcnepliMeHTaJI:&HHM pa3pe

meHHeM. IlpH HeyrrpyroM paccemnrn rrpoToH<B n TH aHep:Mrll: ~o HecKOJThKliX 

~eC.IITKOB MaB/HyKnOH; o6:El'IHO Ha6JID~aeTC.II B036~eHRe paSJIH'IHHX HH3KO

Jlellt8llUDC ·K~eKTl1BHHX COCTO.IIHlllt B 1U(paX. IlpH'IeM MHOrlle 113 HRX liMeJOT 

CJIOEHyiO CTpyKTypy THIIa ~B~HOHHOii HJil1 CM6Cl1 O~HO- l1 ~B~HOHHHX 

Ko~a~. Sttcnepl1MeHTaJThHHe ~aHHHe He Bcer~a y,n;aeTc.ll aHaJIH3npo

BaT:& B_ pa.MKa:ic rrpOCTHX !fleHOM6HOJIOrl1'16CKl1X ~eKTHBHHX MO~eJieft, a 

l1M6HHO~ pe3yJThTaTH 8HaJIH30B ~8HHHX Will MHOrRX B036~eHHHX COCTO.iU!lil 

~0 CRX IIOp OCT8JOTC.II IIpOTliBOpe'lliBHMH. Il03TOMy MRKPOCKOIIl1'16CKOe H3Y'I6-

- Hlle CTpyKTypH T8Kl1X COCTO.IIHlfii H OIIHcaHHe COOTB6TCTByi01ltBX HeynpyrRX 

C6'16Hd peamnm ·.IIBJUll)TC.II 0'16HD 8KTya.1I:&HHMH B HaCTOHmee BpeM.II. 

UeJI:&Il pa6oTH .IIBJI.IIeTc.ll ~Helmee pa3BHTl1e annapaTa K~M wm HE!;

'IeTHHX c!flepK1leCKHX .a;n:ep C Y'I6TOM Tpe60EaHID! rrp:HJinWia IlayJIH H aHrapMo

HH1mOCTH ~HOHHHX B036~eHHii '16THO-'t[eTHOro OCTOEa, a TaRXe rrpHMeHe

Hlle K~ WIJI MHitpOCKOIIK1lecKOro onHcamm paccesnrnii lr -RBaHTOB, npoTo

HOB H Tif_Ha c!flepll't[eCKHX smpax C B036~eHHeM COCTO.IIHKlt HaTypaJI:&HOI 

't[6THOCTH B IIIHpOROM HHTepBaJie 3HeprnH. 
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HaJ¥8! HOBHSH8. H up8Jt'l'K't[ec1!8J[ IJ6BHOCTI. 

B ,Itl1ccepT~ rrpo~eMOHCTIJRPOBaHH mnpoRHe B03MOEHOCTH K~M B rrpH

MeHeHHH R MHitpOCKOIIK1l6CROMy l13Y'I6HHil T8Kl1X pa::iJm,nmx pea~, KaR 

paCCe.IIHHe (I' -RBS.HTOB,. r~e B036~eHHe COCTo.IIHKlt B smpe rrpOltCXO.ltliT 

TOJThRO -qepe3 IIOCpe.ztCTBO aJieRTpOMarHHTHOro·B3aHMO~eiCTBIDl lt Heyrrpyroe 

paCCeJ'IliHe iipOTOHOB H Tif, r.zte Mex8HH3M B036YlQiemm BKIIIl'!aeT B Ce6.11 H 

CliJThHOe H 3JI6RTpOMarHHTHOe B3aHMO~elCTBM~ 

HoBHM B~OM .IIBJI.IIeTC.II ~am.Helmee pa3BHTHe annapaTa KqjM WIJI He

-qeTHHX c!flepK1leCRliX .RJtep • IlOJiy'leHa Ha.H60Jlee o6!1lM CltCTeMa ypaBHeHltl MO

~eJilt, .B KOTOpHX YllliTHBallTC.II CB.II3:& O~HORBa311'18CTH't[HHX COCTO.IIHltl C KOH

!fJHrypanHRMH THIIa. "RBa3H118CTHQa + !floHOH" H "RBa3lt't[8CTHna +~ ~HO
Ha" •. Tpe60BaHHe npxmnma IlayJilt 'x aHrapMOJllrqHOCT:& q,cii!oHHHX BOS6~e
Hd 't[eTHO-'t[eTHOro OCTOBa. 

Ha OCHOB6 KWM pa3pa60TaH IIO~O~ ~ MRKPOCKOIIH'I6CROrO OIIltC8Hl1.11 

C6't[6Hl1.11 yrrpyroro paCCe.IIHll.ll ~-RBaHTOB _Ha c!flepll'leCRHX smpax rrpR HH3-

KHX 3HeprHJDC 'lt 3HeprHJDC B. o6JiaCTH r,np • B 3TOM IIO~O~e H mnpHHH p8,1tH

~OHHOro paCIIEWl .fir WI.!~ COCTO.IIHl1ft,.- nezS.una, HDe . HeiTpOHHOrO . rropo

ra •• H nap~H!le ·'lllltPHH!l -~ EI-cocTomtd. ~PMltPYilliiHX rw .. paCC't[ltTY

BaDTC.II MHKPOCKOIU!'II9CRH~Bes RaRHX-Jilt60 IIO~rOHO't[HHX rrapaMeTpOB 6WtO, ~a
HO MHKPOCKOnH'IeCROe. OrrHcaHHe yrrpyroro ~TopaCCe.IIHM Ha p.a;n:e TJDteJIWC 

c!flep~ecRHX smpax c Bos6~eHH8M EI-cocTo.IIHltl B JllltPOROM HHTepBaJie 

&HeprHH. llCCJie,ItOEaHa npnpo~a muraftmwc ,Itl1IIOJThHHX COCTO.IIHHI, Ha6JIII,lt8B

IIIHXC.II_ Ha 3RCIIepHMeHTe no ~TopaCCe.IIHHil Ha p.a:zte .a;n:ep. _ 

, Pa3BltT ~Hllft IIO~O,It R IIHRpOCROIIH'16CKOMy. aHB.imsy paCCe.IIHM npQ.

TOHOB lt Tif Ha c!flepz-qeCKHX ~ C BOS6~eHHeM O,ItHO- lt ~~HOHHYX 
COCTORHltft B smpax-MHmeHRX. PesyJI:&TaTH pac-qeTOB ~ yrrpyTHx H Heyrrpy

I'HX ce-qemdt pea~ xopomo BOCIIpOK3BO,ItiiT 3RCrrepHMeHTaJI:&HHe ~HHHe. 
06c~eH!l :BJiliJmZJI CJIOZHOft MHRpOCROIIH1JecKOft·.CTpyxTypY B036~eHHHX 

COCTORHltft Ha ce-qeHH.II p~. flo~epRHyTH Ha,IteaHOCT:& H HOBYe BOSMOZ~ 
HOCTH Kcaf rrpH O~OBpeMeHHOM MlixpocKOIIH116CRoM OIIHOOHHH CTpyttTypY B03-

6~eHHHX COCTORHHI B smpax lt COOTBeTCTBy.DntBX ce-qeHHft B086~eHHft. 

!Irpodapw pCO!p'f8!!!! 

0CHOBH!le MaTepliJaJD:l ~ccepT~ Heo~HO:KPaTHO ,D;OK.7UI,1tYBa.lllC:& H c)6 ... 
Cyz,It8JmC:& H8. CeMHHapax Jla6opaTOpltH . TeopeT:K'IeCKOI ~SltiOI OHHli, xlxiY, 
BCeCOilSHOft ROHl>ePemnnt no JI,D;epHOI cneKTJ)OCROIIl!bl: H CTJlyRTyp9 aTOMHHX 

.a;n:ep (A.liMa-ATa, I984r.),X Mg,JcyHapO,D;HOI ROH!flepemnor "qacTHilH H smpa" 
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(reazteJID6epr, q)PI', !984. r.) n YII xompeperu:um: EBponelicKoro ({lnsntJecxo

ro o6mecTBa (A.li6eHa, HPE, !985 r.). 

fly6JIKKa!lKK 

flo MaTepRaJiaM ~RCCepTa]lKH ony6JIRKOBaHO BOCeMb pa60T. 

.J 

06'l>eM pa60TH 

~ccepTaUKH COCTORT R3 BBe~eHHR, TpeX rJiaB R SaKmDtJeHHR; ORa 

CO~epXHT !35 CTpa~ MamHHOOHCHOrO TeKCTa, 27 pRCyHKOB, 9 Ta6JIH!l R 

6n6~orpa~ntJecKRn cnncoK JIHTepaTypH ns !40 HasmHRI. 

"' 
CO,llEP!AHHE PAEOTH 

. . Bo BBe~eHRR xpaTKO R3JIOXeHH aKTyaJibHOCTb R BaXHOCTb RCCJI~yeMHX 

_ B ~nccepTanim npo6JieM. }laRa o6mrur xapaKTepncTRKa KBasRtJac:rntJHo-({loHoH

Hoft _Mo~eJIR R,IU>a. llp~cTaBJieH cxaTHli o6sop pesyJIDTaToB ncCJie~oBaHRli, 

BHITOJIHeHHHX B ~RCCepTanRH. 

B nepBon rJiaBe c({lopMyJIIrpOBaHH ocHOBHHe.nOJioxeHRH KBasn~cTRtJHo
({loHOHHoft MO~eJIR npRMeHHTeJIDHO K TmtteJIHM c({lepRtJeCKRM R,IU>aM R npRB~e

Ha HaR60Jiee o6mrur cncTeMa ypaBHeHRli MO~eJIR ~ HetJeTHHX c({lepRtJe~KRX 
smep~ 

B § I onncumeTcir raMRJIDTOHHaH Kq)M, KOTopuft BKmDtJaeT cpe~Hne 
flOJIR: ~ HeftTpOHOB R npoTOHOB B B~e llOTeimiiBJJ)BBy,n;ca-CaKCOHa; MOHO

llOJIDHHe CRJIH cnapHBaHRH, ~etlCTByiOIJtlie TOJIDKO MeJI,lcy .HenTpoHaMR R M~y 

npoToHa.MR; H30CKaJIHpHH9 H H30B9KTOpHH9 MyJIDTHnOJIDHHe H CllHH-MyJIDTK

llOJIDHHe B3aRMO~encTBM, reHepiipyiOIJtli9 SU(epHHe B036yx,IteHRH. ·KpaTKO K3-

JIOXeHa npoJl~ypa- napaMeTpnsanRH raMRJIDTOHKaHa Kq)M, · llpnB~eHH ypaBHe

HRH MO~eJIR B npH6JIUeHRR CJiyqaliHHX ({las (JICq)) ·~ onpe~eJieHRH :meprRH 

n cTPYKTypH o~Ho({loHoHHHX E71 -cocToJUIHli. }laH SIBHHli B~ raMRJIDTOHHaHa 

Kq)M B TepMHHaX onepaTopoB p~eHRH n yHRtJToxeHKSI KBas~aCTHJl'H ({loHo

HOB. 

B § 2 UpHB~eHH OCHOBHHe ypaBHeHHSI ~ tJ9THo-tJeTHHX cwepRtJeCKKX 

smep' KOTOpHe IImpORO RCllOJID3YnTCS! ~ onncaHHR o6yCJioBJieHHHX ~parMeH
Ta]lKeil o~Ho({loHomiwc MK ~ByxKBaSRtJaCTIDnmx cocTOmmil cBoilcTB · smep. _ 

06cyx,zieHa pOJID nonpaBOK, :BosHnKaJDmri Jis-sa Tpe60BaHM npml!lHiia llay.mi, 

B 3THX-ypaBH9HMX, 
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B § 3 . xpaTKO- li3JIOlt9H · MeTO~ CRJIOBWc ({lyHKuml , - SlBJiliiOIJtdCSI aqxpeKTliB

HHM KHCTpyM9HTOM npli. JI3y<!9HRR ({lpai'MeHTai.tl!li MB.ixoKBaSR'laCTli'IHHX KOMOO

H9HT llOJIHOBHX ({lyHimd smep K BHtJKCJieHm ycp"8.ztHeHHHX no H9ROTOpOMy 

3HepreTl!'l9CKOMy KHTepBaJiy smepHHX xapaxTepKCTKK, Henocp~CTB9HHO CBS!-
3aHHHX C TaKKMH KOMnOH9HTaMH, 

§ 4 nocBS!IJteH ~aJibHeilmeMy pasBKTKD annapaTa K~ ~ HetJeTHHX c({le

pl!'lecKRX SU(ep, lfCXO~ R3 MO~eJIDiiOit. BOJIHOBOil <PYKru:um: wti£ B036~eHHHX 
COCTOJU!d HetJeTHHX·c({lepKtJeCKKX SU(ep ll~a: 

~(JM)= Crll{o<rM + L:D;t(J»)(~jmQ:~JJM + 
- -~~ . . 

+ ~ Rii,L.71.1rZCJ ~rex+ [o-r o-r ] 1 l1f. 
~ 11 • J~- » L jm ll.t-f.£, -:,112 f1ai.1 lltf JMj o 
""11 22 ~ 
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+ a+. . 
r~e O<jm R - ll .. i -onepaTOPH pOl!r,l(eHRH KBa3KtJaCTH!lH li ({loHo-

Ha, COOTB9TCTB9HHO; i!ro -BOJIHOBaS! ({lyHKUHSI OCHOBHOrO COCTO

SIHKR: tJ9THo-tJeTHOro OCTOBa, llOJiyqeHa HaH60Jiee o6IJtS.S! CKCTeMa ypaBHeHHit 

K~ ~ HetJeTHHX c({lepl!'leCKRX smep, R3 ROTOpoit· MOryT 6HTb BHB~eHH 
Bee npKdJIDeHHHe ypaBHeHRH MO~eJIK, IIIKPORO npRMeHSI~eCSI npK pactl:eTax 

MHOrKX xapaRTepRCTlilt He~eTHHX smep, C~eJiaHH HB.tieCTB9HHHe O!l9HKK no

npaBOK, BOSHKRalliJtHX R3-3a Tpe60Ba.HKSl npmmmta llayJIR, IlOHB.SaHO, 'ITO 

YtJ9T TO'IHHX KOMMyTa]lKOHHHX COOTHOmeHHft aBTOMaTJitJeCKK KCKmDtJaeT liS 

paCCMOTpeHRH JIOXHHe- COCTOS!HKSl, HapymaDIItlie npH~ llayJi:K, .· 

B KOHne rJiallH npKB~eHH BHBO~. 

BTOpaSI rJiaBa llOCBS!llteHa MKKpOCROllli'l9CKOMy OnHCaHKD B036yl!r,l(eHHSI 

HHSKOJiemiJtHX ,ltHIIOJIDHHX COCTOJUid R r)Ul npK paccemnm: ~ -KBaHTOB Ha 

TmteJIHX c({lepKtJecKKX SJ,Iijlax. 

B § I AAHO xpaTKOe BB~eHKe ll. paCCMaTpHBaeMyl) npo6JieMy, Ha OCROB9 

T90pHa BOSMymeHKit BO BTOpOM nop~e no BSaKMO~eiCTBKD Mel!r,l(y ({JOTOHOM 

K SJ,IijlOM, nOJiyqerul OCHOBHHe ({lopMyJm ~·.ltlt$IlepeHnHBJI])HOioO Ce'leHKSl JtK
ITOJIDHOrO ({loTOpaCCelmKS!, ltOTOpH~ YtJKTHBallT KOrepeHTHHe BMa,ltH B ce

tJeHKe OT BC9X B086y3,JtaeMHX EI-cOCTOmmit B ~aHHOM KHTepBaJie SHepro. 

_ B § 2 aToT no.¢xo.It npHMeHSieTcSI NIJ~ ormcaHRH ~()J[J.Horo ({loTOpac

ce~mKSI Ha TDeJIHX c({lepl!'lecKKX SJ,Iijlax o6Jia.cTH cmitma npH ailepnmr HK

lle HeiTpoHHoro nopora. llOJiyqeH pea.:rmcTKtJecxd o~otJacTK'CUIHI 'cneKTp 

B 
208 Pb nyTeia 110~ OJtHOtJaC'1'lt'Uloro cneXTpa, pacc'IHTaHHoro c 

OOIIOIIU>J) UOTeHJ:tHB,m Byjtca-CaKCOHa, Tax,· tJTo6H -O~OBpeMeJmO BOcnpOKS

BO,ItB.IIICL xapaitTepKC'l'KKK HKSKOJI92JIIHX ypoBHeit :B 208 Pb K SJ,Iijlax, oT

DtUIIllltHXCSI oor Hero Ha O.ItHH HyltliOH • .ztaxee ~oB~eli pac11eT .ttK@lepeH!llrl-
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aJID:m.tX ce'!Jemllt ynpyroro <PoTopacceJUIIDI ( ,o , '6 ) Ha ~e 208 Pb H co

ce.ztHHX He'!JeTm ~ai c Mo~oBa.HHHM. O.ItHO:'!acTH'!JllllM cneRTpOM. 06~
HcHeHo cymecTBOBa.HHe ITO,ItCTpJKTyp B HH3R03HepreTR'!JeCROit o6naCTH B ce

-qeHHH <PoTopacceffinm. Pacc'I!HTaliu HHTe~:m.te ce'!JeHHH <IJoTopacceHHHH, 

· RoTopue .It8.1DT Ra'!JeCTBeHHo rrpaBWffiHoe pacrrpe.zteJieHHe .ItHITom.Holi.c:wm B 

~ax o6Jiacrn CBHHna. 

B. § 3. HCCJie,I{OBaHa CTpJRTypa }OO!rBtlJmn( ,ItHITOJIDHHX COCTOSIHd, Ha6JID

,ItaBimiXCH B 3RCIIepHMeHTax IIO tPoTOpaccemnm Ha p.!I,Ite H30TOIIOB B o6naCTH 

N = 82. IloRaaaHo, '!JTO am cocTOHHHHJHMell)T . .ItOMHHHpyiDnzyiO .ItBJ'X~HOHHyiD 

CTpJRTypy. IlpOBe,IteH TeopeTH'leC:ftd pactteT BepOHTHOCTH B(EI; I=;.O~CH) 
.ItJIH arnx ,ItHITOJII.HHX cocTo!IHd. ,llaHo MHKPOCROITR'!JeCRoe o6~HcHeHHe Ha6-

JOO.ItaBme~cH Ha aKcnepHMeHTe crre~R'lecKOA aaBRCHMOCTH BeJIH'IHHH B(EI) 

oT '!JHcna HeitTpOHOB B6JIHaH N = 82.·IIpe.ztcRaaa:m.t cymecTBOBaHHH no.tto6-

HHX cocToHHirll B HaoTorrax Zr H HaoToHax c N = 32. 

B § 4 ,ItaHO MHKPOCKOIIR'!JeCKOe OITHCaHHe cetteHHH yrrpyroro tPoTopac

CeHHHH Ha C~epH'!JeCRHX ~ax C B036~eHHeM r~. Hp~o~eH MeTO,It BH-· 

'IHCJieHHH lllHpHH. ,ItHITOJII.HHX COCTOHHHa B o6naCTR rw. Ilplt ITOMOIItH MHJtPOCltO

ITHtteCKH paCC'lRTHBaeMHX lllHpHH 6ea RaKHX-JIH60 ITO,ItroHO'IHHX rrapaMeTpOB 

rrpoBe.zteHH pac'leTH .ItH~epeHnRaJII.HHX cetteHHii yrrpyroro <PoTopacceHHRH 

(.IS • 0 )Ha. r~ B psme ~epR'!JeCKHX .II,Itep. Peaym.TaTH pactteTOB xopomo 

BOCIIPOH3BO,ItHT Ha6JOO,ItaeMy!O Ha 3KCIIepHMeHTe 3HepreTH'leCKyiD 3aBHCHMOCT:b 

H a6CQJIJI)THHe 3Ha'leHHH Ce'lemllt. Ilpo,IteMOHCTpHpOBaHa BalltHOCTl> BJIHHHRH. 

rrpo~ecca . @arMeHTa.IU'IH ,ItHITOJIDHHX COCTOHHd B o6JiaCTH r~ Ha CTpyKTypy 

pacc'lHTHBaeMHX cettemllt. ' 

. B KOHne rJiaBH ITpe,I{CTaBJieHH BHBO,ItH. 

TpeTLH.rJiaBa ITOCBameHa MHKPOCKOIIH'IBCKOMy H3YlleHHJI) yrrpyroro H He

ynpyroro paCCeHHKR ITpOTOHOB H TRXeJIHX HOHOB ITpH 3HeprHHX ,ItO HeCKOJII.

RHX . .ttecHTKOB MaB/HyKAOH. 

B § I ,ItaHH OCHOBHHe ITOJiozeHHH TeopeTH'leCKOrO ITO,ItXO,Ita K MHKPOCKQ

ITlttteCKOMy H3Yll6HHJI) .fi.ItBPHHX B036~eHHA rrpH HeyrrpyroM paCCeHHHH ITpOTO

HOB H TH. B paMKaX K~M, ~ IIOMOIIIbD. CJie,I{yll)llleA. BOJIHOBoil ~YH~H ,ItJIH B03-

6~eHHHX COCTOHHd B 'leTHO-tteTHHX ~~: . 

"%CJM)={LRcCJ»)Q+JMt+LP~~·(Jv)[Q~ ~o:u r]JMl..1f.. ·<2> 
· . L . " 11 ''211 "1f-t.., .,,...::a j 0 ' 

t 2 . 
. t1 ta , 

llOJIY'leHH '<IJopMyJIH ,It1IJI JmepHHX. rrepexO,ItHHX ITJIOTHOCTeit, KOTOpHe HCIIOJID-

3y!OTCH B .'I!HCJieHHHX paC'leTax MlfKPOCKOIIR'!JeCRHX HeynpyrKx <lJop~KTOPOB. 
KpaTKo HSJiox:eHa 'cxeMa pactteTa .!I,ItepHHX ITJIOTHOCTeii B MeTo.tte rnrrep~ep:a
'IecKHX clJYH~it ,It1IJI · HaJieT8.1DiltHx HOHOB. 06c~eH ; BH60p . 'aqxpeKTRBHOro HyR

JIOH-HYKJIOHHOrO Baa:aMo.tteiicTBM Mrutr,Izy HYKJIOHoM B HaJieTanmeit 'lacT~e H. 

H~OHOM B ~e-MHmeHH. 
6 
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B § 2 ,ItaHHHit IIO.ItXO~ rrpHMeHHeTCH ,ItJIH MHKPOCKO~eCKOro OIIHCaHHH 

~yroro H ueynpyroro paccemuUi rrpoToHoB paatiux aHeprd Ha MHmeHJiX · · 
Nt , 90Zr z 

208 Pb · •· Peaym.TaTH pac-qeToB rroRa3a.JIH, 'ITO aRc-

nepHMeHTaJIDHHe Ce'leHHH ( p , p' ) C B036yE,IteHHeM HH3KOJIEixantwc KOJtlleK

THBHHX COCToSIHd, HMel)ntHX ,ItOMHHHpy!Ollzy!O O,ItHO<lJoHOHHy!O CTpJRTYPY, xopo

mo OIIHCHB8.1DTCH B rrpH6JIHZeHHH HCRB.llteHHHX BOJIH C tPoPlv$KTOpaMH, paCC'IH

TaHHHMH C nOMOIIl:bll) .!I,ItepHHX rrepexoitHHX ITJIOTHOCTeA, IIOJiy'leHHHX B. rrpH6.:_ 

JIHZeHHH c;cy;mitHux.~a~ Ifa rrpHMepe COCTOHHM 4: B ~e 58 Ni :IIOKa

saHo, 'ITO ,ItaHHHe ,ItJIH C9'qeHHH B036~eHHH COCTOHH:IIH 60Jiee CJIOZHOit 

CTpJKTYPH, THIIa CMeCH O,ItHO- H ,ItByx!f)oHOHHHX KO~Hrypanzi\, MOZHO OIIRCH

Ba.T:b B M9TO,It9 CBR:BaHHHX RaHaJIOB C lfx>PMPaRTOpaMH, paCC'!HTaHHHMH C ITO-

MOIIl:bll) BOJIHOBOA ~ {2). . 

B § 3 rro.ItXO.It nplmeHHeTCH ,ItJl.fi MHKPOCROIIR'!JecKOro HSYlleHwr ynpyro

ro H Heyrrpyroro pacceHHRH THEeJIHX'HOHOB Ha pa3HHX TRXeJIHX C~epH'!BC

RHX MRmeHJDC. BurrOJIHeHH pac'leTH ce'leHd pacceHHHH 
8•-'~ He . : , 6 U. · , 

12c H 
160 HOHOB Ha 'leTHO-'ieTHHX ~epH'i9CKHX ~ax C B086~eHHeM 

O,ItH$HOHHHX COCTOHHd B IIOCJie,I{HHX. 06C~9HH paSJIH'I!HH9 IIpOHBJiemul 

CTpyKTypH BOJIHOBHx ~yHRD;Hft HCCJie,I{OBaHHHX .!I,Itep B · paCC'IHTHBaeMHX' ce'<!e

HHHX peatmd. IlpOBe,I{9HO TeopeTH'leCKOe HCCJie,itOBaHHe RHTep<lJepetmm'I 

M~ eyJIOHOBCKHM lt .!I.It9P~ BBaHMO,IteftCTBHRMH rrpH.paccesnnm Tit. Pesym.

TaTH paC'leTOB.,ItJIH Ce'leHd peamvd· cpaBHHBBDTCH C 3KCIIepHM'eHTWHHMH 

,ItaHHHMH·H HeKOTOpHMH pesyJil>TaTSMH paC'l9TOB ,ItPyrHX MO~eJieft,·AHanHS ce

'leHd Heyrrpyroro pacceHHHH TI1 rromsa;r, 'ITO zcrrom.ayeMB.II-:8 R~M .itpo~e
,Itypa BH6opa KOHCTaHT npH IIOCTpOeHHH tPoHOHHOrO 6as:aca OKaSHBaeTCH BIIOJI- · 

He orrpaEUtaHHoft. · '· · 

. rJiaBa, SaR::\H'IHBa9TCH BHBO,ItaMH. 
. .. 

B 3aKnll)'l9HKR.rrep91IHCJI9HH OCHOBHHe pesyJil>TaTH ,ItHCCepTanHH, 

OcHOBHHe pesyJil>TaTH,B'9@!I!et.:Ue .MJ! 3alltHTH: 

I. B·pa.MRaX.KiiiM, C RCIIOJil>SOBaHHeM TOtmWc KO~atzy~OHHHX .COOTHO-: 

memllt Me:!,Ity. KBa.SR'laCT~HllMH H '<IJoHOHHHMH 'onepaTOpaMH, UOJIY'l'elfil·. HaR6<?

Jiee o6mrur (mcTeMa ypaBHeHd MO.IteJIK .ItJIH He'leTHmr c~epH'!JeCKHX .!I,Itep, B · 

KOTOPHX y'I!HTHBall)TCH KOHqi'HrypaniDJ II9 CJIOZHOCTH OT o.JtHOima3H'laCT~Oft .ItO 

"KBa.SltttaCT~ + .ItBa !f)oHOHa" ~ a Tage Tpe6,0BaHHe ITpHHinUia IlB.yJIH H aH

rapMOHH'lHOCTl> ~HOHHHX BOa6~eHHii 'leTHo-'leTHoro ocToBa~ IIoxB.saHo, 'ITO 

R3 IIOJiy'!JEJHHOA HilMH CHCTeMH ypaBHemllt MOryT 6UTb BHBe,I{BHH Bee rrpH6JIH

~9HHH9 ypaBHeHHH K~M .ItJIH He'leTHHX c~ep~'leCKRX .~I,Itep. 

2. llpOBeUtBHH RCCJI~.ItOBaiD'IJI yTipyroro paCCeHHHH (:r-RBa.HTOB Ha PH-

,Ite ~epH'leCKHX ir.ztep C B036yE,IteHHeM. 3JIBKTpR'!JeCRHX ,ItHITom.HHX COCTOHm 

B mupoRoM 'uHTepBaJie aHeprHR. IIoiasaHo, 'ITO YtJeT·:~arMeHTrunm .ItHITOJII.-
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HHX O,Itllo<iJoHOHHWC. COCTO.fllillil no 60J1e.e CJIOlltlll:lM KOI$IT'yp8.UHP.M UOSBOJifleT 
. pacc"<WTHBa.T:& ~epeimHBJU>HHe ce>'!Jemur ynpyroro ·<Ix)TopacceJimur 6es. Ka
KKX~6o CBo60~HWC napaMeTPOB, '!JT~ COCTa~eT OCHOBY ~ llQnHOro MHK
pOCKOnH'leCKOrO llOHHMaHM STHX nponeCCOB. 

3. Ilpo~eMOHCTPHpOBa.HO, '!JTO llO~CTPyKTYPH .. ~~Ce'!Jemm <I>oTopaCCeJIHM 
Ha ~ax o6~CTR CBRHna B SHepreTR'!JeCKOM RHTepBane HHXe HeilTPOHHOro 
no~ora, o6yCJioBJieHu HRSKnnrum.mmm ~Rnon:&HHMH anRrMH-pesoHaHcaMH B · 
2 6•208 Pb , cynteCTBO:sa.HRe KOTopmc o6~crureTCJI~ o6ono'!Je'!JHoii · CTPyKTY

potl: aTHX ~ep. B1nmHRe sTHX nRrMH-pesoHaHcoB: TaKJKe npOJlBJISllOTCJI B ce
'!JeHRJIX <I>oTopaCCeJIHM Ha COC~HHX He'!JeTHI:JX ~ax. 

4. IlOKaSaHO, '!JTO BQnHOBHe <lJyHKIUni .zt.ID:t liiDl\BJhiJIDc r COCTO.fllmtl: B. 
' p~e C<l>epR'!JeCKKX ~ep RMeDT ~OMHHHpyK)Ieyil ~ByxipoHOHHyKl KOMnOHeHTY · 

[ 2~® 3;] 1- • YcTaHoBJieHo, 'ITO cnenHWR'!JeCKaJI s~BHCHMOCT:& BepoJITHOC
TR ~OJI:&HWC ~~ nepexo~OB Ha 3TH COCTO.fllmJI OT '!JR~ HyRJIOHOB B6Jm-
3R MarR'!JeCKHX '!JHCen o6yCJioBJieHa KOHKYPeHnReft ITpOTOHHOrO R HeftTPOHHO
ro BK1I8,ltOB RS-Sa cnapRBa.TeJI:&HI:JX aqxpeKTOB Il ycWieiDIJlf'KOJJJieKT:I!BHSanHR 
2r H 3r ypOBHeft npR nepexo~e OT MarR'!JeCKoro '!JH~ HyRJIOHOB K HeMarR
'!JeCKOMy. 

5. PesyJI:&TaTH pac'!JeToB ~ ce'!Je~ ynpyroro <I>oTopacceJIHRJI Ha 
r.ILP B TmKeni:JX cwepR'!JeCKHX ~ax llOKaSW, 'ITO napnHaJI:&HHe IIIHpRHH 
¥JI COCTOJIHd,. q,opMHpyx)l!lHX T,llP, B OCHOBHOM o6yCJIOM6HI:J BSa:I!Mo~eftcT
BReM·M~y o~Ho:- _H ~ByxipoHOHHHMH KOHWRrypanHJIMH. HcCJie.n;o:sa.Ho 1lJOOnme 
WParMeHTanll:R O~HOWCHOHHI:JX ~on:&HI:JX COCTO.fllmtl: B o6xaCTR r.ILP aa·cTpyx-

·Typy,paCC'!JRTHBaeMUX Ce'!JeHRft. 

6. PaSBHT ~RM llO,ItXO~ K MHKPOCKOllR'!JeCKOMy aHaJIRSy ynpyroro R 
Heynpyroro paCCeJIHM npOTOHOB R TSDKeni:JX ROHOB Ha C<l>epR'!JeCKHX ~ax. 
IlOKaSaHO, '!JTO He' Ton:&KO ~aHHI:Je ~ Ce'!JeHRft B036yJO{eHM O~HoWOHOHHI:JX 
COCTOJIHH!,BO H ~ C6'!JeBJdR B036~eBHJI COCTOJIHH! Oonee ~OlltHOI CTpyx
'l'ypH, TWIB. cMec:a o.ItHo- il .ItBYJC\l!OBOBBHX xoB~artwt', ycnenmo omic~ma
DTcn B p8yxax ~oro IIO~O~. Pac'!Jar~ XOpOWO BOCDpOHSB~· 3KCII6pld
Y6BTanLHH6 ~e llO'!JTR BO BCQX pacCMOTpeBBHX ~. -'!JTO y&a3HBa9T 
Ha HB,l{e&llocn ~ npx omicamm: CTPYKTYllH BOs6yJr,jtel~Hlii coc!oJIBd: B ~

·pax K COOTB9TCTBYJI!tHX C9'!J_9W B036YlE.JteBHJI. 

? •• 06cYlO{eHI:J pa3Jm'!JHI:Je npoJIBJiemur MruqlOCKOmi'!JecRoft CTPYKTYPH 
BOJIHOBI:JX ~ RCCJI~OBaHHI:JX ~ep B paCC'!JR'l'HBaeMH:J[ Ce'!JeHKJIX peaR
~. PesyJI:&Ta'l'u aHaJmaa ~aHHHX ~ ~a 08 N~ · nomsam~, 'ITO cocTOJI
mur 2l R ·31 RMeD'l' ~OMHHHpyx)teyll O~HO<iJo~OHHyKl CTPYKTYPY ,. a COC'l'OJIHRe 
4r npe.n;c'l'a~e'l' co6oii cMec:& o,ItHO- R ~ByxipoHoHHHX KCBlJRrypa.nd. 

8. HCCJI~OBaHRe RHTepipepeHiliDI MeJr,Jty ItyJIOHOBCKHM R JJ;ItepHID4 BSaR~ 
MO~eftCTBKJIMK npR pacceJIHRR TJIEexHX ROHOB C llOMo~m MRKPOCKOIIKqeCKRX 

./ 
8 

sap~oBI:JX R ~epHI:JX nepexo~HWC nJIO'l'HOC'l'eft ~ae'l' pesyJI:&TaTH,cor~cym
~eCJI C pesyJI:&TaTaMH WeHOMeHQnOrll:'!JeCKOrO aHaJmsa 3'l'HX nponecCOB. 
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