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Pa6oTa BbmonHeHa B Jla6opaTOpHH TeopeTwieCKOH cpH3HKH HM. H.H.5oromo6oaa 

06be.D.HHeHHOfO HHCTHTyTa H.D.epHbiX HCCJJe.D.OBaHHH. 

J 

C 3JJeKTpOHHOH BepcHeH .li.HCcepTaU.HH MO>KHO 03HaKOMHTbCH Ha 

OQlHU.HaJJbHOM CaHTe 06be.D.HHeHHOfO HHCTHTyTa H.D.epHbiX HCCJJe.D.OBaHHH 

· B HHcpOpMaU.HOHHO-TeJJeKOMMYHHKaU.HOHHOH CeTH «l1HTepHeT>> no a.D.pecy: . 

h ttps:/ I dissertations.j inr.ru/. 

C neqaTHOH aepcHefi .D.HCcepTaU.HH MO>KHO 03HaKOMHTbCH B HayqHo-TeXHH

qecKofi 6H6JJHOTeKe 06be.lJ.HHeHHOfO HHCTHTyTa H.D.epHbiX HCCJJe.D.OBaHHH 

(r • .Il.y6Ha MocKOBCKOH o6nacTH, yn. :JKonHo-KIOpH, .D.. 6). 

YqeHbiH ceKpeTapb 

.li.HCCepTaU.HOHHOro COBe'ra· .. ,. . ' .... .. -~ -

Ka~.D.H.D.aT cpH3HKo-MaTe~·a~~~ec.KHx ~·ayK · ~ obiCTpHU.KHH 

06IIJ.aH xapaKTepHCTHKa·· pa60Tbl 

AKTyan&uocT& pa6oT&I · 

3KcnepHMeHTaJJbHOe H TeopeTHqecKOe HCCJJe.D.OBaHHe HarpeTbiX H.D.ep HBJJH-. 

eTCH Ba>KHbiM HCTQqHHKOM HHcpOpMaU.HH 0 . CBOHCTBaX aTOMHbiX H.D.ep H H.D.epHOH · 

MaTepHH B 3KCTpeMaJJbHbiX COCTOHHHHX. CBOHCTBa KOJJJJeKTHBHbiX B036Y>K.D.eHHH 

HarpeTbiX H.D.ep HCCJJe.D.yiOTCH C Haqana 80-x fO.li.OB. B 3TO BpeMH 6biCTpoe Ha

KOllJJeHHe 3KCnepHMeHTaJJbHbiX .D.aHHbiX C.D.eJJaJJO OCHOBHbiM 06beKTOM H3yqeHHH: 

TeopHH HarpeTbiX H.D.ep noBe.D.eHHe mraHTCKoro .D.HnOJJbHoro pe3oHaHca (f.ll.P).~ 

Ho, HecMoTpH Ha .D.OCTHrHYTbie ycnexH, 3.D.ecb ocTaJJHCb H HepeweHHbie npo6ne

Mbi. TaK, noKa He y.D.anocb KOJJHqecTBeHHO onHcaTb rnHpHHY f.Il.P B HarpeTbiX 

H.D.pax. He BllOJJHe HCHa TaK:>Ke npHqHHa ee 6biCTporo pacTa c TeMnepaTypofi. 

TeopeTHqecKHe no.D.XO.ll.bi K onHcaHHIO caoiicTB Haq)eTbiX ~.D.ep, Kaj{ npaaH

no, OnHpaiOTCH Ha TeMnepaTypHOe 0606IIJ.eHHe MeTO.li.OB H npH6JJH>KeHHii_. HCllOJJb-

3YIOIIJ.HXCH .D.JJH xono.D.HbiX H.D.ep. CTaH.D.apTHbiM MeTO.li.OM Hccne.D.oBaHHH a 3TOH. 

o6naCTH HBJJHIOTCH TeMnepaTypHbJe cpyHKU.HH fP.HHa. flpe.D.JJaraeMbiH B .li.HC~ep~ 

TaU.HH MeTO.ll._ cyneponepaTopoa no3aonHeT. o6o6mHTb Ha KOHeqHbie. TeMnepaTypbi 

Te H.D.epHbie MO.D.eJJH, KOTOpble OCHOBaHbi Ha HCllOJJb30BaHHH H.D.epHbiX BOJJHOBbiX. 

cpyHKU.HH, B qacTiiOCTH, KBa3HqacTHqHO-cpOHOHHYIO MO.D.eJJb. 

C TOqKH 3peHHH acTpOcpH3Hqecimx npHJJO>KeHHH, • 3HaqineJJbHbiH 'miTepec 

npe.D.CTaBJJHeT llOBe.D.eHHe B HarpeTbiX H.D.pax 3apH.li.OB0~06MeHHbiX H 3apH.lJ.OBO

HeHTpaJJbHbiX raMOB-TennepoB~KHX (fT). pe30HaHCOB. H3BeCTHO, 'qTo r'f 'nepe

XO.ll.bl .lJ.OMHHHpyiOT BO MHOrHX H.D.epHbiX peaKU.iiHX (3aXBaT aTOMHbiMH H.D.paMH 

3JJeKTpOHOB H HeHTpHHO, fi-pacna.D., pacceHHHe HeHTpHHO H T . .lJ.;), o6yc.iJOBJJeHHbiX 

CJJa6biM B3aHMO.D.eHCTBHeM- H HrpaiOIIJ.HX Ba>KHYIO pOJJb Ha. ll03.D.HeH CTa.li.HH 3BO

JJIOU.HH MaccHBHbiX 3Be3.D.. TeMnepaTypa cpe.D.bi, a KOTopofi npoHCXO.lJ.HT cna6ble 

peaKIJ.HH a 3Be3.D.ax, MeHHeTCH oT • coTeH K3B .D.O. HeCKOJJbKHX M3B. Tennoaoe 3a

ceneHHe H.D.epHbiX ypoaHeH cnoco6Ho noanHHTb Hii npoTeKaHHe cna6blx H.D.epHbiX 

peaKU.HH, a TaK>Ke Ha npou.ecc HyKneocHHTe3a a 3Be3.D.~x:· TaK KaK 3KcnepHMeH

TaJJbHOe H3yqeHHe CJJa6biX peaKU.HH C HarpeTbiMH H.D.pa~H BpH)I. JJH B03MO>KHO, TO 

Ha B03HHKaiOIIJ.He BOnpOCbi .li.OJJ>KHa OTBeTHTb TeOpHH. 

CKopocTH H ceqeHHH pa3JJHqHbiX cna6biX ·· H.D.epHbiX peaKUHH Hcnonb3YIOT-

c.H KaK BXO.lJ.Hble .D.aHHbie npH KOMnbiOTepHOM MO.D.eJmpoBaHHH. i<6nnaricHpyiOIIJ.HX 

caepxHOBbiX. IlpHqeM pe3ynl.TaTbi MO.D.enHpoaamiH aechMa i< HHM tiyacTBHTenb

H~. no>TOMY He 6y~eT 6rb. WHM. IIpey BeJlh4tHPitlll. et{8:38:'f~ qTQ. qyBCTBHTeJJb

HOCTb pe3yJJbTaTOB MO.D.eJJ ~KM2et!~~.!f}lfA~dii§lJ o cna6biM H.D.epHbiM 
. 6HOJlliOTeKa 

qHSIH 



peaKUHHM B 3HaqHTenbHOH CTeneHH 03HaqaeT qyBCTBHTenhHOCTb K CBOHCTBaM 

HarpeTbiX HJI.ep. 

XoTH HH OJI.Ha H3 cyiii.eCTBYIOIII.HX HbiHe MO)I.enefi KOnnanca 3Be3)1.bl He BOC

. npOH3BOJI.HT BeCb KOMnneKC HBneHHH, CBH3aHHbiX CO B3pb1BOM CBepXHOBOH, H CO

' JI.ep)KHT ynpOIII.eHHH, B nocne)I.HHe )I.Ba JI.eCHTHneTHH 6b!n JI.OCTHrHYT HOBbiH ypo

. BeHb TOqHOCTH, CBH3aHHbiH C nepeXOJI.OM OT npoCTbiX OJI.HOMepHbiX MO)I.enefi K 

MHOfOMepHbiM, ll03BOnHIOIII.HM yqHTb!BaTb ,cnO)!{Hbie rHJI.pOJI.HHaMHqeCKHe HBne-

: HH~ H 3<P<PeKThi acHMMeTpHH B3pb!Ba. Bee' 3TO JI.enaeT Heo6xoJI.HMhiM coseprneH

CTBOBaHHe MeTOJI.OB pacqeTa ceqeHHH H CKOpOCTefi cna6biX peaKUHH C HarpeThiMH 

HJI.paMH B Beiii.eCTBe CBepXHOBbiX, qT06bl no B03MO)KHOCTH HCKnJOqHTb BnHHHHe 

• HeonpeJI.eneHHOCTefi Ha pesynhTaTbl MO)I.enHpOBaHHH. 

UeJIH H aaAaqu HCCJie)I.OBaHHH 

UenhiO JI.HccepTaUHOHHofi pa6oTbi HBnHeTcH cosJI.aHHe Ha ocHoBe MeToJI.a 

cyneponepaTopos TepMOJI.HHaMHqecKH nocneJI.oBaTenbHoro noJI.XOJI.a K HsyqeHHIO 

. cneKTpanbHbiX. xapaKTepHCTHK HarpeTbiX HJI.ep H ero npHMeHeHHe K pacqeTy ce

qeJ:IHH H CKOpOCTefi cna6biX HJI.epHbiX peaKUHH B ycnOBHHX, peanH3YIOIII.HXCH npH 

, B3pb!Be KOnnancHpyiOIII.HX CBepXHOBhiX. .LJ:nH 3TOH uenH pernanHCb cne)l.yiOIII.He 

.3aJI.aqH: 

• TioCTpoeHHe anre6pbi cpepMHOHHhiX cyneponepaTopos pO)KJI.eHHH H yHHqTo

)KeHHH, COXpaHHIOIII.eH aHTHKOMMyTaUHOHHhle COOTHOIIIeHHH H o6ecneqHBa~ 

IOIII.efi. npocToTy peanHsauHH onepaUHH THnbJI.a-conpH)KeHHH. BhiBOJI. cooT

HorneHHfi Me)KJI.Y MaTpHqHbiMH 3neMeHTaMH THnb)l.a-conpH)KeHHbiX cynepo

nepaTOpOB. 

• TionyqeHHe cyneponepaTOpHOrO npeJI.CTaBJieHHH CHnOBbiX <i>YHKUHH H cneK

TpanbHbiX nnOTHOCTefi OJI.HOqacTHqHbiX onepaTOpOB B HarpeTbiX HJI.pax. 

YcTaHOBnE:;HHe CBH3H Me)KJI.Y ycnOBHeM TennOBOfO COCTOHHHH H BbinOnHe

HHeM npHHUHna )l.eTanbHOfO 6anaHCa. 06o6III.eHHe MeTO)I.a ypaBHeHHH JI.BH

)KeHHH Ha HarpeTbie HJI.pa. 

• TipHMeHeHHe MeTOJI.a ypaBHeHHH JI.BH)KeHHH )l.nH pacqeTa CHnOBbiX <i>YHKUHH 

H ClleKTpaJibHbiX nnOTHOCTefi 3ap_HJI.OBO-HefiTpanhHbiX H 3apHJI.OB0-06MeH

HbiX MynhTHnonhHhiX onepaTopos B OJI.HO<!>OHOHHOM npH6nH)KeHHH. PacrnH

peHHe MeTO)I.a Ha cnyqafi yqeTa CBH3H npOCTbiX H.CnO)!{HbiX KOH<!>HrypaUHH. 

• 06o6meHHe Me'foii}i··.n:oiilleiiiiil-BaJietiiui~-oilifci,maiOmero- nonynemoHHbie 
> ,. ~ ~;· l':.~ ">~ ~J,), ~:; t(. ·';} ~: .:;, ~ .... ~~~ z.,: ~:- '·i ~·.: ~) ;\ ·, 

HJI.epHbie peaKuHif, Ha ~~Y,~~!;i,!:V'\rp~T~IXHJI.ep. ~ i f...J .ll-- i 'l.l .·;·.:o. ' .... _..,. < • ·, 

i--------·-··-~--~~lt_~~---·'"' -----·-; 

• AHanH3 MexaHH3MOB snHHHHH TeMnepaTyphi Ha pacnpeJI.eneHHe cHnbi paspe

rneHHhiX nepexoJI.OB H nepeXOJI.OB nepsoro nopHJI.Ka sanpeTa B HJI.pax rpynnhi 

)Kenesa H HefiTpOHHO-H36hiToqHhiX HJI.pax c N ~ 50. 

• PacqeT ceqeHHfi H cKopocTefi e- -saxsaTa H pasnHqHhiX HefiTpHHO-HJI.epHhiX 

npoueccos c yqacTHeM HarpeThiX HJI.ep. CpasHeHHe c aHanorHqHbiMH pacqe-. ) 

TaMH B JI.PYrHX llOJI.XO)I.aX H BbiHBneHHe npHqHH pa3nHqHfi Me)KJI.Y pesynb-

TaTaMH. 

• OueHKa pas6poca senHqHH ceqeHHH H cKopocTefi, o6ycnosneHHoro Heonpe

JI.eneHHOCThiO napaMeTpOB HJI.epHbiX MO)I.enefi. 

• BbiHCHeHHe snHHHHH TeMnepaTypbi HJI.ep Ha cneKTP HefiTpHHO, o6pasyiO

III.HXCH H pacnpocTpaHHIOIII.HXCH B Beiii.eCTBe CBepXHOBOH. 

HayqHaH HOBH3Ha 

Bee pesynhTaThl, npe~cTasneHHbie B JI.HccepTaUHH H BhiHOCHMbie Ha saiii.HTy, 

HBnHIOTCH HOBhiMH. A HMeHHo: 

• YcoseprneHCTBOBaH · MaTeMaTHqecKHfi anna paT MeToJI.a cyneponepaTopos. 

BnepBbie nonyqem,J COOTIW~eHHH, CBH3b!BaiOIII.He MaTpHqHbie 3neMeHTbl 

THnbJI.a-conpH)KeHHbiX cyneponepaTopos. 

• Bnepsble MeTOJI. cyneponepaTOpOB B KOM6HHaUHH C MeTOJI.OM ypaBHeHHH 

JI.BH)KeHHH npHMeHeH )l.nH pacqeTa cneKTpanhHbiX xapaKTepHCTHK Harpe

Tb!X HJI.ep. TiocTpOeH!lhlll TaKHM o6pa30M CTaTHCTHqecKHH llOJI.XOJI. n03BO

nHeT paccqHTaTh CHnOBble <i>YHKUHH H cneKTpanbHbie nnOTHOCTH 3apHJI.OB0-

06MeHHbiX H 3apHJI.OBO-HefiTpanbHbiX onepaTOpOB B HarpeThiX HJI.pax, He Ha

pyrnaH npHHUHn JI.eTanbHoro 6aimHca. 

• .LJ:nH raMHn~TOHH~~a C OCTaToqHbiM B3aHMQJI.eHCTBHeM B cpopMe JlaHJI.ay

MHr)l.ana, nocTpoeHHbiM Ha OCHOBe acpcpeKTHBHWX CHJI CKHpMa, sriepBbie 

nonyqeH~I ypaBHeHHH TenJiOKBa3HqacTHOrO. npH6nH)Ke~HH cnyqafiHhiX cpas 

(TKTIC¢>), OnHCb!BaiOIII.He pacnpeJI.eneHHe CHn 3K3o- H 3HJI.03HepreTHqeCKHX 

nepeXOJI.OB B HarpeThiX HJI.pax. 

• .LJ:nH raMHnbTOHHaHa KBa3HqacTHqHo-<PoHOHHOH MO)I.enH (K<I:>M) BnepBble 

nonyqeHbl ypa!meHHH, OllHCbiBaiOIII.He cpparMeHTaUHIO OJI.HO<!>OHOHHbiX CO

CTOHHHH B HarpeThiX HJI.pax H yqHTbiBaiOIII.He HanHqHe B TennoBOM BaKyyMe 

TepMHqeCKH B036y)KJI.eHHbiX OJI.HO<!>OHOHHbiX COCTOHHHH. 
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• BnepBbie npo.n.eMOHCTpHpoBaH H rroJiy'lHJI o6bHCHeHHe scpqH~KT aHatiHTeJib

Horo yMeHbllleHHH C pOCTOM TeMnepaTypbl 9HeprHH paapeiiieHHbiX p --t n 
nepeXO)I.OB B HeHTpOHHO-H36biTO'lHbiX H)l.pax C napHbiMH KOppeJIHI.(HHMH. 

• Ha ocHoBe MeTo.n.a .l{oHHeJIJIH"BaJie'lKH H Mero.n.a cyneponepaTopos snepBbie 

peaJIH30BaH TepMO.li.HHaMH'leCKH nocJie.n.osaTeJibHbiH cnoco6 pactieTa ceqe

HHH H cKopocTeii cJia6biX H.n.epHbiX peaKUHH B acTpocpH3H'leCKHX ycJIOBHHX. 

• Bnepsble cKopocTH H cetieHHH CJia6biJf peaKUHH c HarpeTbiMH H.n.paM pacctiH

TaHbi 6ea npHBJietieHHH mnoTe3bi EpHHKa-AKceJIH H HapyiiieHHH npHHUHna 

.n.eTaJibHoro 6aJiaHca. 

TeopeTH'IeCKasi H npaKTH'IeCKasi aHa'IHMOCTb 

· YcoBepiiieHCTBOBaHHbiH MeTo.n. cyneponepaTopos MmKeT 6biTb npHMeHeH He 

TOJibKO )I.JIH H3y'leHHH CBOHCTB HarpeTbiX H)l.ep, HO H·.n.pyrHX CTaTHCTH'leCKHX 

KBaHTOBbiX CHCTeM, B TOM 'lHCJie HepaBHOBeCHbiX. 

flpe.n.JimKeHHbiH CIIOC06 ytieTa cpparMeHTaUHH O)I.HOcpOHOHHbiX COCTOHHHH B 

HarpeTbiX H,ll,pax MmKeT 6b!Tb HCIIOJib30BaH ,ll,JIH aHaJIH3a H HHTepnpeTal.(HH 9KC

nepHMeHTaJibHbiX ,ll,aHHbiX' 0 TeMnepaTypHOH 3aBHCHMOCTH IIIHpHHbl f.l{P B BbiCO

KOB036y)!{,ll,eHHbiX KOMnayH.D. -COCTOHHHHX. 

Paapa6oTaHHbiH B .n.HccepTaUHH TepMO.D.HHaMH'leCKH nocJie.n.osaTeJibHbiH cno

co6 pactieTa . cetieHHH H cKopocTeii cJia6blx peaKUHH c HarpeTbiMH H.n.paMH Mo

*eT 6b!Tb IIOJIO)!{eH B OCHOBY IIIHpOKOMaCIIITa6HbiX paC'leTOB H,ll,epHbiX ,ll,aHHbiX, 

HCIIOJib3YeMbiX npH MO,ll,eJIHpOBaHHH cpHHaJibHOH CTa,ll,HH 9BOJIIOI.(HH MaCCHBHbiX 

3Be3,ll, H B3pb1Ba CBepXHOBbiX. 

Coa.n.aHHbiH B npouecce pa6oTbi Ha.n. .n.uccepTaUHeii KOMnJieKc nporpaMM noa

BOJIHeT npOBO,ll,HTb Ha OCHOBe MeTO,ll,a 9HepreTH'leCKOrO cpyHKUHOHaJia · CHJI CKHp

Ma CaMOCOrJiaCOBaHHbie MHKpOCKOIIH'leCKHe pactieTbl BpeMeH )!{H3HH H,ll,ep OTHO

CHTeJibHO .8-pacna.n.a H sJieKTpOHHoro aaxsaTa. TaKHe pactieTbi HBJIHIOTCH aKTY~ 

aJibHbiMH C TO'lKH 3peHHH BbiHCHeHHH B03MO)!{HOCTH B3pb1BHOrO HYKJieOCHHTe3a 

TH)!{eJibiX H CBepXTH)!{eJibiX 9JieMeHTOB B CBepXHOBbiX, a TaK)!{e npH OIIpe,ll,eJieHHH 

KOHKypeHI.(HH pa3JIH'lHbiX MO.ll. pacna.n.a CBepXTH)!{eJibiX 9JieMeHTOB, CHHTe3Hpye

MbiX B Jia6opaTOpHbiX 9KCnepHMeHTaX. 

OcaosHLie pe3yJILTaTLI, BbiHocHMLie aa aam.HTY 

l. CcpopMyJIHpoBaH HOBbiH crroco6 orrpe.n.eJieHHH npaBbiX cpepMHOHHbiX cynepo

nepaTopoB B npocTpaHCTBe JluyBHJIJIH. KaK cJie.D.CTBHe STOro orrpe.n.eJieHHH 

6 

IIOKa3aHO, 'ITO YCJIOBHe TeiiJIOBOrO COCTOHHHH 3aBHCHT JIHIIIb OT TOrO HBJIH-' 

eTCH JIH cyneponepaTOp cpepMHOHOIIO)I.06HbiM, JIH60 6030HOIIO)I.06HbiM. flo

Jiy'leHbl COOTHOIIIeHHH, CBH3biBaJOII.(He MaTpH'lHbie 9JI~MeHTbl H BaKyyMHbie 

cpe.n.Hue oT THJib)l.a-corrpmKeHHbiX cyneporrepaTopoB. 

2. YJcnOJib3YH cpopMaJIH3M cynepon~paTOpOB H MeTO)I. ypaBHeHHH )I.BH)!{eHHH, 

IIOCTpOeH TepMO,ll,HHaMH'leCKH IIOCJie)I.OBaTeJibHbiH MeTO.ll. paC'leTa CIIeK

TpaJibHbiX IIJIOTHOCTeH H CHJIOBbiX cpyHKUHH B HarpeTbiX H,ll,pax B paMKaX 

60JibiiiOrO KaHOHH'leCKOrO aHCaM6JIH. floJiy'leHbl ypaBHeHHH. TeiiJI?KBa3H'la

CTH'lHOrO npH6JIH)!{eHHH CJiy'laHHbiX cpa a. B MO,ll,eJIH C cenapa6eJIH30BaHHbiM 

saaHMo.n.eiicTBHeM CKHpMa B KaHaJie qacTHUa-.n.blpKa • .l{oKaaaHo BbiiiOJIHe

HHe MO,ll,eJibHO-He3aBHCHMOrO npaBHJia CYMM YJKe,ll,bl B 9TOM npH6JIH)!{eHHH. 

3. Ha npHMepe KBa3H'laCTH'lHo-cpoHOHHOH Mo.n.eJIH H.n.pa paapa6oTaH MeTo.n. 

OIIHCaHHH cpparMeHTal.(HH O,ll,HOcpOHOHHbiX COCTOHH~H B J:iarpeTbiX H,ll,pax. 

IloKaaaHo, 'ITO npHHUHn .n.eTaJibHoro 6aJiaHca Tpe6yeT nepeorrpe.n.eJieHHH 

TeiiJIOBOrO cpOHOHHOrO BaKyyMa npH ytieTe . CBH3H O,ll,HO- H .li.ByXcpOHOHHbiX 

KOHcpHrypaUHH. 

4. flpe,ll,JIO)!{eH CTaTHCTH'leCKHH. IIO,ll,XO.ll. ,ll,JIH pactieTa CetieHHH H CKOpOCTeH 

CJia6biX H,ll,epHbiX peaKI.(HH C Harpe:rbiMH H,ll,paMH B aCTp0cpH3H'leCKHX YCJIO

BHHX, OCHOBaHHbiH Ha KOM6HHal.(HH cpopMaJIH3Ma cyneponepaTOpOB H MeTO,ll,a 

.l{OHHeJIJIH-BaJie'lKH,. OIIHCb!BaiOII.(ero IIOJIYJienTOHHble H,ll,epHbie npoueCCbl. 

5. Pac'leTbi TeMnepaTypHoii ssoJIIOUHH CHJIOBOH cpyHKUHH fTo,± nepexo.n.os B 

H.n.pax 54•56Fe H pH.n.e HeiiTpOHHO-H36biTO'lHbiX H.n.ep c N ~ 50 noKaaaJIH, 

'ITO 'oTKa3 OT HCIIOJib30BaHHH rHIIOTe3bl DpHHKa-AKc'eJIH B HarpeTbiX H,ll,pax, 

pasHa KaK H nocJie.n.osaTeJib~oe ~bmOJIHeHJ:ie npHHUHna .n.eTaJibHoro 6aJiaHca 

aaMeTHO ycHJIHBaiOT BKJia.n. soa6y*.D.eHHbiX H.n.epHbiX coc1'oHHHH B cKopocTH 

H cetieHHH noJiyJienTOHHbiX npoueccos B cpasHeHHH ~. pac'leTaMH B paMKax 

o6oJiotietiHOH ivro.n.eJIH, HcnoJib3YIOII.(HMHCH B CHMY~HUHHX. sapbma KOJIJiim

cHpyiOII.(HX csepxHOBbiX~ · B · qacTHOCTH, rrpe.n.cKaaami 6oJiee cymecTiieHHaH 

poJib sKaosHepreTHtiecKHX npoueccos. 
' 

6. B HeiiTpOHHO-H36biTO'lHbiX H.n.pax c paaBHTbiM cnapHBaHHeM o6Hapy*eHa H 

IIOJIY'lHJia 06bHCHeHHe CHJibHaH 3aBHCHMOCTb 9HeprHH H CHJibl pa36JIOKHpO~ 

BaHHbiX raMOB-TeJIJiepOBCKHX p --t n nepeXO,ll,OB OT TeMrrepaTypbl. floKa3aHO, 
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qTo TenJIOBbie 3cpcpeKThl - rJiaBHh!H MeXaHH3M pa36JIOKHpOBKH HH3K03Hep
reTHqeCKHX nepexo.u.oa. Bnaro.napH 3TOMY npou.ecc 3axsaTa 3JieKTpOHOB Ha
rpeThiMH H,ll.paMH 3Be3,li.HOrO Bell(eCTBa He OCTaHaBJIHBaeTCH Ha HeHTpOHHO
H36b!TOqHb!X H.npax c N = 50. 

7. YcHJieHHe BKJia.n.a rT 0 nepexo.n.oB c TepMHqecKH B036Y:>K.U.eHHh!X H.U.epHb!X 
COCTOHHHH paCIIIHpHeT 3HepreTHqecKHH cneKTp pacceHBaiOIUHXCH B 3Be3,ll.
. HOM Bell(eCTBe HeHTpHHO B cpaBHeHHH C pe3yJihTaTaMH pacqeTOB no MO.U.eJIH 

• .,J 

o6onoqeK. AHaJIH3 cpyHKU.HH TOpM03HoH: cnoco6HOCTH noKa3aJI, qTo ecJIH 
3HeprHH HeHTpHHO cv npeBhiiiiaeT 3HeprH10 fT 0 pe30HaHCa, TO npH TeMne
paType T ~ cv/4 npOHCXO.U.HT CMeHa pe:>KHMa Heynpyroro pacceHHHH. 

8. Ha ocHose pa3BHToro B .U.HCcepTaU.HH no.u.xo.u.a paccqHTaHhi cneKTphi vii-nap, 
HcnycKaeMhiX HarpeTh!MH H,ll.paMH, H C.U.eJiaHa OU.eHKa CKOpOCTH noTepb 
3HepmH. TioKa3aHo, qTo npH TeMnepaTypax T· = 1 - 2 M3B o6pa3yJOTCH 
HH3K03HepreTHqeCKHe HeHTpHHO, qTo ,ll.eJiaeT B03MO:>KHb!M 3cpcpeKT TepMO
CTaTa. 

Anpo6ao.HH AHccepTaU.HH 

.li.HccepTaU.HH BhinOJIHeHa npH nOJJ;,ll.ep:>KKe fpaHTa MHHHCTepCTBa HayKH H 
Bb!CIIIero o6paSOBaHHH pep .N'2 075-10-2020-117. 

Pe3yJihTaThi ,~~;HccepTaU.HH Heo.n.HoKpaTHO .n.oKJia.U.biBaJIHCh asTopoM Ha ce-
• MHHapax Jla6opaTopHH TeopeTHqecKoH: cpH3HKH OIHU1, B MocKOBCKOM rocy
.u.apcTBeHHOM YHHBepcHTeTe, HHCTHTyTe H.n.epHoH: cpH3HKH (Opce, <PpaHIJ.HH), 
Hau.HoHaJihHOM u.eHTpe GANIL (KaH, <PpaHU.HH), U.eHTpe no H3yqeHHIO TH
:>KeJihiX HOHOB HMeHH feJibMfOJibU.a (GSI, fepMaHHH), HHCTHTyTe H.U.epHb!X HC
CJie.U.OBaHHH (r . .ll.apMIIITa.U.T, fepMaHHH), YHHBepcHTeTe, Bac3.na (ToKHO, -.Hno
HHH), a TaK:>Ke npe.U.CTaBJIHJIHCb Ha pa3JIHqHb!X Me:>K.U.yHapO.li.Hh!X KOHcpepeHU.H-

i HX, coaemaHHHX H IIIKonax, cpe.u.H KOTOphiX: VII, IX H XII HayqHhie KOH
cpepeHIJ.HH MOJIO.ll.hiX yqeHhiX H cneu.HaJIHCTOB OH.HH (.ll.y6Ha, PoccHH), 57-59 
Me:>K.n.yHapo.u.Hhie cosemaHHH no H.n.epHoH: cneKTpocKonHH H CTPYKType aToM- · 
Horo H.n.pa (PoccHH), XVII International School on Nuclear Physics, Neutron 
Physics and Application (Varna, Bulgaria, 2007), APCTP-BLTP JINR Joint 
Workshop "Frontiers in Nuclear Physics at Dubna" (Dubna, Russia, 2009), 
International Conference "Nuclear Structure and Related Topics" (Dubna, 
Russia, 2009); XII International Seminar on Electromagnetic Interactions of 
Nuclei (Moscow, Russia, 2009), 11th Symposium on Nuclei in the Cosmos 

8 

(Heidelberg, Germany, 2010), 46th Symposium on Theoretical Chemistry 
(Munster, Germany, 2010), 4th International Conference on Quantum Metrology 
(Poznan, Poland, 2013), IN2P3-BLTP Workshop "Recent Achievements in 
Nuclear Theory" (Dubna, Russia, 2013), XX International School on Nuclear 
Physics, Neutron Physics and Applications (Varna, Bulgaria, 2013), ATHENA. 
Brussels workshop on Astrophysics (Brussels, Belgium, January 27-28, 2014), 
Helmholtz International Summer School "Nuclear Theory And Astrophysical 
Applications" (Dubna, Russia, 2014), XLIII International Workshop on Gross 
Properties of Nuclei and Nuclear Excitations (Hirschegg, Austria, 2015), 
International Conference "Nuclear Structure and Related Topics" (Dubna, Russia, 
2015), Numazu Workshop 2015: Challenges of Modeling Supernovae with 
Nuclear Data (Numazu, Japan, 2015), SKLTP-BLTP Joint Workshop on Physics 
of Strong Interaction (Guangxi Normal University, China, 2015), BLTP-KLTP 
Joint Workshop on Physics of Strong interaction (Dubna, Russia, 2016), 
Zakopane Conference on· Nuclear Physics (Zakopane, Poland, 2016), SKLTP
BLTP Joint Workshop. on Physics of Strong I.nteracting Systems (Shenzhen, 
China, 2017), BLTP-KLFTP .Joint Workshop on Physics of Strong Interacting 
Systems (Saint~Petersburg, Russia, 2018), International Conference "Nuclear 
Structure and Related Topics" (Burgas, Bulgaria, 2018), 13th APCTP-BLTP 
JINR Joint Workshop "Modern problems in nuclear. and elementary particle 
physics" (Dubna, Russia, 2019), International Workshop "Infinite and Finite 
Nuclear Matter" (Dubna, Russia, 2019). 

Uy6JIHKaU.HH 

flo MaTepHaJiaM ,li.HCCepTaU.HH ony6JIHKOBaHO 35 neqaTHb!X pa60T, CnHCOK 
KOTOpb!X npHBO,li.HTCH B KOHU.e aBTOpecpepaTa. H3 HHX 24 CTaTbH B peu.eH3Hpye
Mh!X :>KypHanax [1-24] ( Phys. Rev. C- 7, .H.u.epHaH <l>H3HKa- 4, H3B. AH. Cep. 
cpH3. - 4, J. Chern. Phys. - 2, j_ Phys. A: Math. Theor. - 2, J. Phys.: Con d. 
Matt - 1, Int. i Mod. Phys. E- 1, 3t:IA.H- 1, Acta Phys. Pol. - 1, TIHcbMa ~ 
3l.JA.H - 1 ) H 11 CTaTeH B c6opHHKaX TPY.li.OB KOHcpepeHIJ:HH: [25-a5]. 

Bee H3JIO:>KeHHble B .U.HCcepTaU.HH pe3yJihTaTbl nonyqeHhl JIHqHo aBTOpoM; 
flO.ll.fOTOBKa K ny6JIHKaU.HH noJiyqeHHbiX pe3yJihTaTOB npOBO.li.HJ!aCb COBMeCTHO C 
COaBTOpaMH, npHqeM BKJia.ll. aBTOpa 6hiJI Onpe,ll.eJIHIOil(HM. 

CTpyKTypa H o6'heM ,~~;HccepTaU.HH 

.li.HCCepTaU.HH COCTOHT H3 BBe,ll.eHHH, qeTb!peX rJiaB, 3aKJIIOqeHHH H Tpex npH
JIO:>KeHHH. 0Ha CO.U.ep:>KHT 303 CTpaHHU.hl, BKJI!Oqaf! 62 pHCYHKa, 5 Ta6JIHU. H CnH-
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COK JIHTepaTypbi H3 393 HaHMeHOBaHHH. 

Co.IJ.ep.>KaHHC pa6oTbi 

Bo Bue,~~;eHHH o6ocHoBaHa aKTyanbHOCTb ,nHccepTaiJ,HOHHOH pa6oTbi, ccpop

MYJIHpoaaHa IJ,eJib H apryMeHTHpOBaHa HayqHaH HOBH3Ha HCCJie,noBaHHH, IIOKa3a

Ha TeopeTHqecKaH H rrpaKTHqecKaH 3Haq!1MOCTb rronyqeHHbiX. pe3yJibTaTOB. TaM 

:>Ke rrpHBOAHTCH rrepeqeHh ceMHHapoa, KOHcpepeHIJ,HH H coaemaHHH, Ha KOTOpbiX 

,noKJiaAb!BaJIHCb pe3yJihTaTbi, BKJIJOqeHHble B .nHccepTaiJ,HIO. B 3aKJIJOqHTeJibHOH 

qacTH Baet~:eHHH t~:aHo KpaTKoe orrHcaHHe cTpyKTYPbi .nHccepTaiJ,HH. 

B pa3t~:ene 1.1 nepBoii rnaB&I AHCcepTaiJ,HH H3JIO:>KeH cpopMaJIH3M MeTOAa 

cyrreporrepaTOpOB B IIpOCTpaHCTBe JlHyBHJIJIH H IIOKa3aHa era CBH3b C TepMO

IIOJieBOH · AHHaMHKOH. cDopMyJIHpyiOTCH rrpaBHJia OIIpet~:eJieHHH rrpaBbiX H JieBbiX 

cpepMHOHHb!X cyrreporrepaTopoa po:>K,neHHH H yHHqTo:>KeHHH. BBOAHTCH orrepali,HH 

THJibAa-COIIpH:>KeHHH H ycTaHaBJIHBaiOTCH COOTHOWeHHH Me:>K,ny MaTpHqHbiMH 3Jie

MeHTaMH THJib,na-COIIpH:>KeHHb!X cyrreporrepaTOpOB. 06cy:>KAaiOTCH rrpeHMyii.J.eCTBa 

iicrroJih3yeMoro orrpet~:eJieHHH cpepMHOHHbiX cyrreporrepaTopoa. 

B pa3,neJiaX 1.2 H 1.3, OCHOBbiBaHCb Ha cpOpMaJIH3Me cyrreporrepaTOpOB H 

MeTOAe ypaBHeHHH ,li;BH:>KeHHH, OIIHCaHa 06II.J.aH IIpOIJ,et~:ypa HCCJieAOBaHHH CIIeK

TpaJibHbiX xapaKTepHCTHK HarpeTb!X CHCTeM. TioKa3aHO, . qTQ HCIIOJib30BaHHe 

YCJIOBHH TeiiJIOBOfO COCTOHHHH IIpH pemeHHH ypaBHeHHH ABH:>KeHHH II03BOJIH

eT paccqHTbiBaTb CIIeKTpaJibHbie IIJIOTHOCTH H CHJIOBbie <f>YHKIJ,HH 3apHAOBO-HeH

TpaJibHbiX H 3apHAOB0-06MeHHbiX OIIepaTOpOB TepMOAHHaMHqecKH IIOCJieAOBaTeJib

HbiM o6pa30M, T.e. 6e3 HapyweHHH rrpHHIJ,HIIa ,neTaJibHOro 6anaHca. 

B pa3t~:eJie 1.4 IIpHBO,li;HTCH 06II.J.HH BH,n HCIIOJib3yeMOfO B pacqeTaX HAepHOrO 

raMHJlbTOHHaHa C cerrapa6eJIH30BaHHbiM · OCTaToqHbiM B3aHMO,ll;eHCTBHeM cpopMe 

JlaHt~:ay-MHrt~:aJia. CTpOHTCH cooTBeTCTBYIOII.J.HH Terrnoaoii: raMHJibTOHHaH . .LlnH 

ccpepHqeCKH CHMMeTpHqHQfO CJiyqaH OIIpet~:eJIHIOTCH IIpHBet~:eHHbie MaTpH;_IHbie 

3JieMeHTbl MYJibTHIIOJibHbiX OIIepaTOpOB Me:>K,ny C06CTBeHHbiMH COCTOHHHHMH Teii

JIOBOfO raMHJibTOHHaHa •. 

B pa3t~:enax 1.5 H 1.6 Terrnoaoii: raMHJibTOHHaH · AHaroHaJIH3yeTcH B paM

Kax IIpH6JIH:>KeHHH He3aBHCHMb!X TeiiJIOBbiX KBa3HqacTHIJ,. TionyqeHbi Bb!pa:>KeHHH 

AJIH 3HeprHH H aMIIJIHTYAb! rrepeXOAOB C TeiiJIOBOfO BaKyyMa Ha 3apHAOBO-HeH

TpaJibHble H 3apHAOB0-06MeHHble ABYXTeiiJIOKBa3HqaCTHqHbie COCTOHHHH. TioKa3a

HO, qTO HarpeTaH CHCTeMa cpepMHOHOB IIpOHBJIHeT CBOHCTBa HarpeTOH cpOHOHHOH 

CHCTeMbl. KaqecTBeHHO paccMoTpeH aorrpoc o TeMrrepaTypHoii: 3BOJIIOIJ,HH 3apH-
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,li;OBO-HeHTpaJibHbiX H 3apH,nOB0-06MeHHbiX CHJIOBb!X <f>YHKIJ,HH. 

B pa3,nenax 1. 7 H 1.9 .nnH 3apH.noao-Heii:TpaJibHb!X H 3apH.noao-o6MeHHb!X 

rrpoueccoa rronyqeHbl ypaaHeHHH TKTIC<I> a Mo,neJIH H,npa c cerrapa6eJIH3oBaHHbiM 

OCTaToqHbJM qaCTHqHO-,nb!pOqHbJM B3aHMO,neHCTBHeM B <f>opMe JlaH,nay-MHr,naJia. 

TioKa3aHo, qTo MeTo.ne TKTIC<P B03MO:>KHO paccMoTpeHHe KaK 3H,no:mepreTHqe-. 

CKHX, TaK H 3K303HepreTHqecKHX IIpOIJ,eCCOB C HarpeTbiMH H,npaMH. .lJ.oKa3aHO 

Bb!IIOJIHeHHe Mo,neJibHO-He3aBHCHMoro rrpaBHJia cyMM 11Ke,nbl a MeTo.ne TKTIC<P. 

B pa3,nene 1.8 .nnH raMHJibTOHHaHa K<PM H3JIO:>KeH TepMOAHHaMHqecKH 

rrocne.noaaTeJibHb!H crroco6 Bbixo.na 3a paMKH rrpH6JIH:>KeHHH cnyqafiHbiX <f>a3, 

yqHTb!Ba!OII.J.HH B3aHMO,neHCTBHe TeiiJIOBbiX <f>OHOHOB. 060CHOBbiBaeTCH Heo6xo

,li;HMOCTb rrepeorrpe.neneHHH Terrnoaoro aaKyyMa. 

B pa3,neJie 1.10 Ha OCHOBe MeTo,na .lJ.oHHeJIJIH-BaJieqKH H pa3BHTOH IIpOIJ,e

,nypb! pacqeTa crreKTpaJibHbiX IIJIOTHOCTefi MYJibTHIIOJibHb!X orrepaTopoa rronyqeHbi 

Bbipa:>KeHHH ,nJIH ceqeHHH rronynerrTOHHb!X peaKIJ,HH c. HarpeTb!X H,npaMH. Bbi{Ja

:>KeHHH .nnH ceqeHHH rranyqeHbl KaK c yqeToM HeHyneaoro rrepe.naHHoro H,npy 

HMIIYJibCa, TaK H B ,li;JIHHHOBOJIHOBOM IIpH6Jim~eHHH, KOr,na B ceqeHHH CJia6biX 

peaKIJ,HH ,li;OMHHHpyiOT pa3pemeHHbie cpepMHeBCKHe H raMOB-TeJIJiepOBCKHe rrepe

XO,ll;bl. 

Bo BTOpOH rJiaBe 060CHOBbiBaeTCH IIpHMeHHMOCTb HCIIOJib3yeMb!X H,nepHb!X 

MO,neJieH ,li;JIH pacqeTa ceqeHHH H CKOpOCTeH CJia6b!X peaKIJ,HH C H,npaMH rpyiiiibl 

:>KeJie3a H Heii:TpOHHO-H36biToqHbiMH Ht~:paMH c N ~ 50. 

B pa3t~:ene 2.1 H3Jio:>KeH·a rrpouet~:ypa orrpet~:eJieHHH rrapaMeTpoa raMHJibTO

HHaHa K<PM, II03BOJIHIOII.J.aH C xopomefi TQqHQCTbiO OIIHCaTb IIOJIO:>KeHHe o6eHX 

BeTBeH (fT + H fT _) 3apHAOB0-06MeHHOfO raMOB-TeJIJiepOBCKOfO pe30HaHca Ha 

OCHOBHOM COCTOHHHH ccpepHqecKHX Ht~:ep. 

B pa3t~:ene 2.2 AJIH HecKOJibKHX rrapaMeTpH3aiJ,HH CHJI CKHpMa a paMKax 

KBa3HqacTHqHoro TIC<I> (KTIC<I1) rrpoaet~:eHbl. pacqeTbi CHJIOBOH cpyHKIJ,HH 3apH

AOBo-o6MeHHbiX H 3apHAOBO-HeHTpaJibHb!X fT rrepeX~AOB B Ht~:pe 56
Fe. TionyqeH

Hbie pe3yJibTaTbl cpaBHHBaiOTCH C 3KCIIepHMeHTaJibHbiMH' ,naHHb!MH H pe3yJibTa

TaMH KpyrrHoMacwTa6Hb!X o6onoqeqHbJX pacqeTOa (large-scale shell model HJIH 

LSSM). 
B pa3t~:ene 2.3 Ha ocHoae rronyqeHHb!X a KTIC<P crreKTpanbHb!X rrnoTHocTefi 

AJIH MYJihTHIIOJibHbiX orrepaTopoa cna6oro HYKJIOHHoro TaKa c J1r :5 3± paccqHTa

Hbl ceqeHHH Heyrrpyroro pacceHHHH H 3aXBaTa 3JieKTpOHHOfO (aHTH)HeHTpHHO Ha 

ocHOBHOM cocTOHHHH 56Fe H 82Ge. TipoaHaJIH3HpoaaHo BJIHHHHe IieH:TpOHHoro H3-

6b!TKa H HeHyJieBoro rrepe,naHHOrO HMIIYJibCa Ha BKJia,n 1 + rrepeXOAOB B ceqeHHe. 
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Pl!c. I. C!!JIOBa!l cjlyHKUI!!I rr + nepeXOAOB B 56 Fe AJI!I ABYX 3HaqeHI!H TeMnepaTypbl. Pe3yJib

TaTbl caMocorJiacoBaHHbiX TKITCct> pacqeTOB c CHJiaMI! CK!!pMa cpaBHI!BaiOTCll c pe3yJibTaTaMI!, 

noJiyqeHHbiMI! c HCnOJib30BaHHeM raMI!JibTOHI!aHa Kct>M. CTpeJIKa yKa3hiBaeT noJio)KeHI!e nopora 

e--3axBaTa np11 T = 0 (Q = 4.21 M9B). 

B pa3,ll,ene 2.4 JI.JIH caepxTH}!{eJioro HJI.pa 294Lv Ha ocHoBe CKHpM-KTIC<t> 

npOH3Be,li,~Ha OUeHKa BpeMeHH }!{H3HH OTHOCHTeJibHO 3JieKTpOHHOrO 33XB3Ta. 

B TpeT&eii rJiase npoae,ll,eHbi pactJeTbi H aHaJIH3 BJIHHHHH TennoabiX 3cpcpeK

ioa Ha CetJeHHHH CKOpOCTH 33XB3T3 3JieKTpOHOB HarpeTb!MH H,ll,paMH B 3CTpOcpH-

3HtJeCKHX YCJIOBHHX. 

B pa3,ll,enax 3.1 H 3.2 3TOH rnaBbi H3JIO}!{eHbi B o6mHx qepTax ycTOHBIIIHecH 

npe,li,CT3BJieHHH 0 cpHH3JibHOH CT3,li,HH 3BOJIIOUHH MaCCHBHb!X 3Be3,ll,, a T3K}!{e ne

petiHCJieHbl 06Cy}!{,ll,3eMbie MeXaHH3Mbl B3pbiBa KOJIJianCHpyiOIUHX CBepXHOBb!X H 

Te HOCJie,li,CTBHH, KOTOpbie e- -33XB3T OK33biBaeT Ha ,li,HH3MHKy KOJIJianca. 

B pa3,ll,eJie 3.3 ,ll,aeTCH HCTOpHtieCKHH 0630p MeTO,ll,a pactJeTa CKOpOCTeii: H,ll,ep-

. HOrO e- -33XBaTa Ha OCHOBe 060JIOtJetJHOH MO,ll,eJIH H,ll,pa npHMeHHTeJibHO K acTpO

cpH3HtJeCKHM 3a,ll,atJaM. Oco6oe BHHMaHHe yJI.eJieHo o6cy}!{JI.eHHIO HcnoJib3yeMbiX 

HpH6JIH}!{eHHH - rHHOTe3e 5pHHKa-AKCeJIH H MeTOJI.Y o6paTHb!X pe30H3HCOB. 06-

CY}!{Jl.3IOTCH caoii:CTBa cpa3oaoro HHTerpana npH pa3JIHtJHbiX napaMeTpax (TeMne

paTypa T H nnoTHOCTb pY;,) 3JieKTpOHHoro ra3a. 

B pa3,ll,ene 3.4 np~BOJI.HTCH o6mee Bbipa}!{eHHe JI.JIH cKopocTH e--3axaaTa a 

paMKaX CT3THCTHtJeCKOrO HO,li,XO,ll,a H ero ,li,JIHHHOBOJIHOBOe npH6JIH}!{eHHe. 06cy}!{

,ll,aeTCH OTJIHtJHe MeTOJI.a TKTIC<t> OT TeMnepaTypHoro TIC<t>. 
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P11c. 2. CKopocTI! e--3axBaTa HAPOM 56Fe, paccqi!TaHHwe c yqeToM 11 6e3 yqeTa (g.s.) BJII!l!HI!ll 

TenJIOBbiX 9cjlcjleKTOB Ha CI!JIOBYIO cjlyHKUI!IO rr + nepeXOAOB. CKopocTI! noKa3aHbl KaK cjlyHKUI!ll 

TeMnepaTypbi (1 T 9 = 109 K) AJill HeCKOJibKI!X 3HaqeHHH nJIOTHOCTI! pY;, (B r/cM3). Pe3yJibTaTbl 

TKITCct> BbJql!cJieHHH c napaMeTp!!3aci.Hei1 CI!JI CK!!pMa SkM* cpaBHI!BaiOTCll c pe3yJibTaTaMH 
LSSM. . . 

B pa3JI.eJie 3.5 Ha npmirepe HJI.ep 54•56Fe paccMoTpeHa TeMnepaTypHaH 3BO

JIIOUHH CHJIOBOH cpyHKUHH fT + nepeXO,li,OB, tJeii: BKJI3,ll, ,li,OMHHHpyeT B npouecce 

e--3axaaTa HJI.paMH rpynnbl }!{eJie3a. I1oKa3aHo, 'ITO B MeTOAe TKTIC<t> 3BOJIIO

UHH fT + CHJIOBOH cpyHKUHH npH yaeJIHtJeHHH TeMnep~Typb! o6ycJIOBJieHa TpeMH 

pa3JIHtJHbiX 3cpcpeKT3MH: ,, 
. 

• npH HH3KHX TeMnepaTypax 6JiarO,ll,apH napHb!M J{OppeJIHUHHM fT + nepeXO,ll,bl 

COHpOBO}!{,li,3IOTCH pa3pb!BOM npOTOHHOH KynepOBCK~H napbl, 'ITO Tpe6yeT ,li,O

HOJIHHTeJibHOH 3HeprHH. C HOBb!IIIeHHeM TeMnep~Typbl 3Ta ,li,OHOJIHHTeJibHaH 

3HepmH yMeHbiiiaeTCH H noJIHOCTbiO HCtJe3aeT npH T > Tcr (Tcr ~ 0.8 M3B); 

• TenJIOBOe pa3Mb!THe HeHTpOHHOH H npOTOHHOH noaepXHOCTeH Cl>epMH B H,ll,pe 

yMeHbiiiaeT a6COJIIOTHYIO BeJIHtJHHY tJ3CTHtJHO-,ll,b!pOtiHb!X MaTpHtiHb!X 3Jie

MeHTOB OCTaTOtJHOrO B33HMO,ll,eHCTBHH. )l,JIH OTT3JIKHB3IOIUero npOTOH~Heii:

TpOHHOrO B3aHMO,ll,eHCTBHH 3TO npHBO,li,HT K HOHH}!{eHHIO 3HeprHH tJ3CTHtJHO· 

,ll,b!pOtiHb!X p -t n nepeXO,li,OB; 

13 



• rT + nepeXO.l(bi, 6JIOKHpOBaHHbie B OeHOBHOM eoeTO.HHHH npHH~HllOM flayJIH 

H3-3a 3aMKHYTOH HefiTpOHHOH 060JIO'IKH, pa36JIOKHpy10Te.H e poeTOM TeMne

paTypbi 6naro.nap.H pa3MbiTHIO noaepxHoeTH <t>epMH. AHaJIOrH'IHO, Tennoaoe 

B036y:>K.D:eHHe npOTOHOB Ha BbillieJie:>Kaii.(He O.l(HOtJaeTH'IHbie ypOBHH .l(eJiaeT 

B03MO:>KHbiMH rT + nepeXO.l(bi e HHX. 

B eHJIOBOH <JlYHK~HH t-nepexo.noa, T.e. nepexo.noa e noJIO:>KHTeJibHOH 3HeprHefi, 

nepBbie .l(Ba 3<Jl<JleKTa npHBO.D:.HT K nOHH:>KeHHIO 3HeprHH rT + pe30HaHea, 'ITO eBH-_ _,. 

.neTeJibeTayeT o TOM, 'ITO mnoTeaa EpHHKa-AKeeJI.H (rEA) He Bb!noJIH.HeTe.H a Me

To.ne TKTI C<t>. HapyweHHe rEA .neMOHeTpHpyeTe.H Ha PH e. l' r.ne rT + eHJIOBa.H 

<JlYHK~H.H OeHOBHOrO eoeTO.HHH.H 56fe, paeetJHTaHHa.H e raMHJibTOHHaHOM K<t>M 

H e pa3JIH'IHbiMH eHJiaMH CKHpMa, epaBHHBaeTe.H e eOOTBeTeTBYIOIUefi eHJIOBOH 

<JlyHK~Hefi npH T = 1.0 M3B (T = 1.0 M3B ~ 11.6 x 109 K). 3a etJeT TpeTbero 

H3 nepetiHeJieHHbiX Bbillie TenJIOBbiX 3<Jl<JleKTOB npoHeX?.D:HT pa36JIOKHpOBKa HH3-

K03HepreTHtJeeKHX H .J..-nepexo.noa, T.e. nepexo.noa e oTpH~aTeJibHOH 3Hepmefi, e 

B036y:>K.D:eHHbiX eoeTO.HHHH. HawH paetJeTbi nOKa3biBaiOT, 'ITO H3~3a BbiHY:>K.D:eH

HOrO HenOJib30BaHH~ rEA H MeTo.na o6paTHbiX pe30HaHeOB B LSSM paetJeTax 

BKJia.l( 3THX nepeXO.l(OB B e- -3aXBaT HarpeTbiM .H.D:pOM 3aMeTHO 3aHH:>KeH. 

BJIH.HHHe TenJIOBbiX 3<Jl<JleKTOB Ha eKopoeTb e--aaxaaTa npo.neMoHeTpHpoaaHo 

Ha PHe. 2 Ha npHMepe .H.LJ:pa 56Fe. TipH HH3KHX H epe.nHHX nJIOTHOeT.HX TeMnepa

TypHaH pa36JIOKHpOBKa HH3K03HepreTHtJeeKHX H .J..-nepeXO.l(OB nOBbiWaeT eKOpOeTb 

e- -3aXBaTa Ha nopH.LJ:OK no epaBHeHHIO e 3aXBaTOM Ha XOJIO.l(HOM H.D:pe. flpH Bbi

eOKHX llJIOTHOeT.HX yeKopeHHe e--3aXBaTa eBH3aHO e nOHH:>KeHHeM 3HeprHH rT + 
peaoHaHea. CpaaHeHHe peayJibTaToB LSSM H TKTIC<t> paetJeToB noKa3biBaeT, 'ITO 

3a etJeT yeHJieHHH BKJia.l(a HH3K03HepreTH'IeeKHX H .J..-nepeXO.l(OB e TepMHtJeeKH 

aoa6y:>K.neHHbiX .H.nepHbiX eoeTOHHHfi MeTo.n TKTIC<t> npe.neKaabmaeT 6onee 6b!eT

pb!fi TeMnepaTypHbiH poeT eKopoeTefi e--aaxaaTa H.npaMH rpynnb! :>Keneaa. 

B paa.nene 3.6 .D:JI.H HefiTpoHHO-H36b!TO'IHbiX H.nep e N ~ 50 npoaHaJIH3Hpo

BaHbi .l(Ba MeXaHH3Ma pa36JIOKHpOBKH rT + nepeXO.l(OB - KOH<JlHrypa~HOHHOe eMe

lliHBaHHe, Bbi3BaHHOe napHbiMH KOppeJIH~H.HMH, H TenJIOBbie 3<Jl<JleKTbi, eBH3aHHbie 

e B036y:>K.l(eHHeM KBa3HtJaeTH'IHbiX eoeTOHHHH. 06Hapy:>KeHO, 'ITO B TaKHX .H.LJ:pax 

e poeTOM TeMnepaTypbi MaKeHMYM eHJIOBOH <JlyHK~HH e.l(BHraeTeH B 06JiaeTb HH:>Ke 

H a6JIH3H noporoaofi 3HepmH e--aaxaaTa (eM. PHe. 3). TaK KaK e.naHr MaKeHMyMa 

eoeTaBJIHeT OKOJIO 8-10 M3B, TO OH He MO:>KeT 6biTb eB.H3aH TOJibKO e HetJe3HO

BeHHeM 3HeprHH, He06XO.l(HMOH .l(JIH pa3pbiBa npOTOHHOH KynepoBeKOH napbi, KaK 

B enytJae e H.D:paMH rpynnb! :>Keneaa. AHaJIH3 noKaaan, 'ITO npHtiHHOfi e.naHra HB-
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Pwc. 3. Pacnpe.D.eJieHHe cHJihl pa3peweHHhiX (o+ H 1+) p -t n nepexo.D.OB a 76Ge npw pa3JIHqHbJX 

3HaqeHHliX TeMnepaTyphl T. BKJia.D. o+ nepeXO.!J.OB noKa3aH WTpHXOBOH JIHHHeH. s+ o6o3HaqaeT 

noJIHYIO CHJIY nepexO.D.OB. CTpeJIKa yKa3biBaeTHa noJIOlKeHHe nopora e--3axaaTa npw T = 0 (Q = 

7.52 M9B). ITHKH, o6yCJIOBJieHHble O.D.HoqacTHqHbJMH pe30HaHCHbiMH rT + nepexo.D.aMH lf:/2 -t 

1/!:;2, 1!/g/2 -t 1g'.;12 , ilOMeqeHbl COOTBeTCTBeHHO CHMBOJiaMH A H B. 

JIHeTeH Bbi3BaHHOe poeTOM TeMnepaTypbi OeJia6JieHHe pOJIH KOH<JlHrypa~HOHHOrO 

eMelliHBaHH.H B pa36JIOKHpOBKe rT + nepexo.noa. HaJIO:>KeHHe .neyx MexaHH3MOB 

pa36JIOKHpOBKH npHBO.l(HT K' 3aBHeHMOeTH nOJIHOH, eHJibi 8+ paapeweHHbiX ne

peXO.l(OB OT TeMnepaTypb!. TipH T ~ Tcro Kor.na napHb!e KoppeJI.H~HH oena6JIH, 

HO TenJIOBbie 3<Jl<JleKTbi eme He.l(OCTaTO'IHO eHJibHbi, 8+ MHHHMaJibHa. 06b.HeHeHO 

oTeyTeTBHe no.no6Hb!X 3cp<JleKTOB a m6pH.nHofi SMMC/RPA Mo.nenH. 

06Hapy:>KeHHOe· 3HatJHTeJibHOe yMeHbllieHHe 3H~prHH rT + nepeXO.l(OB npH 

npotiHX paBHbiX yenoaH.HX yaeJIH'IHBaeT eKopo~eTb e--aaxaaTa. B 3TOM eMb!eJie 

TenJIOBbie 3<Jl<JleKTbi HBJI.H_IOTe.H 60Jiee 3<Jl<JleKTHBHbiM MeXaHH3MOM pa36JIOKHpOB

KH, tJeM KOH<JlHrypa~HOHHOe eMelliHBaHHe. 3<Jl<JleKTHBHOeTb TenJIOrO MeXaHH3Ma 

paa6noKHpoBKH .neMoHeTpHpyeTeH Ha PHe. 4, r.ne .l(JI.H pH.na HefiTpoHHO-H36b!TO'I

HbiX .H.nep npHae.neHbi paeetJHTaHHbie' B TKTIC<t> eKopoeTH e--aaxaaTa. CKopoeTH, 

noJiytJeHHbie npH T = 101° K, cymeenieHHO. ~peBbillialoT eKopoeTH e--3axaaTa 

Ha OeHOBHOM eoeTO.HiiHH H.l(ep. flpeBb!llieHHe HaOJIIO.l(aeTeH iipH Beex nJIOTIIOeT.HX, 

HO HaH6onee 3HatJHTeJibHO OHO npH pY;, ;S 1010 r/eM3, Kor.na .D:OMHHHpy!OT rT + 
nepeXO.l(bi. C yaeJIH'IeHHeM nJIOTHOeTH B03paeTaeT ·. pb:Jib 3anpemeHHbiX nepexo

.l(OB. Ha oeHoaaHHH npoae.neHHbiX HaMH TKTIC<t> paetJeToa MO:>KHo yTaep)K.naTb, 

'ITO B OTJIHtJHe OT npe.neKa3aHHH, OeHOBaHHbiX Ha 3KenepHMeHTaJibHbiX rT +pae

npe.neneHH.HX, e--aaxBaT He npeKpamaeTe.H Ha H.D:pax e N = so· H o6ecnetJH~aeT 

.nanbHefiwyiO HefiTpOHH3a~HIO aemeeTBa Kopa aaea.nb!. 

B 'leTBepToii rJiaBe Hecne.nyiOTe.H HefiTpHHo-H.nepHb!e peaK~HH B aeTP?<PH-
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PHc. 4 .. CKopocTH e- -3axsaTa l!JlpaMH c N = 50 npH T = 101° K KaK <jlyHKUHH nJIOTHOCTH. 

CKopocTH paccqHTaHbl s TKnC<I> c nsyMll pa3JIHqHbJMH napaMeTpH3aUHliMH can ·cKapMa, SkM* 
H SkO'. Ha sepxHeil: ocH a6cuacc yKa3aHbi 3HaqeHHll XHMHqecKoro noTeHUHaJia l-Ie sneKTpOHHoro 

ra3a. B OOJIHbiX CKOpOCTl!X 3aXBaTa (cnJIOliiHble JIHHHH) yqTeHbl BKJia)lbl pa3pellleHHbiX Q+ H 1 + 

nepexonos H nepexonos nepsoro nopllnKa 3anpeTa. lllTpHx-nyHKTHpHble JIHHHH, noMeqeHHble KaK 

1+, cooTBeTCTBYIOT sKnany rT+ nepexonos npH T =f 0. CKopocm, noKa3aHHbie liiTpHxoshiMH 

JIHH!il!MH, COOTBeTCTBYIOT BKJiany fT + nepeXOJlOB C OCHOBHOfO COCTOl!Hiill lltlep. 3aKpallleHHble 

06JiaCTH·noJiyqeHbl Ha OCHOBe )laHHbiX 3KCnepHMeHTOB C yqeTOM 01IIH60K H3MepeHHll fT+ CHJ!bl. 

3HtJeeKHX yeJJOBHHX. BnHHHHe TaKHX peaK~Hif Ha .li.HHaMHKY Konnanea H aapbiB 

eaepXHOBOH, a TaK)Ke MeTO,ll.bf yqeTa TellJJOBbiX 3cpcpeKTOB npH paetieTe eetieHHH 

06ey)!{,ll.aiOTeH B HatJaJJe rJJaBbl. 

B paa,ll.eJJe 4.1.1 Ha npHMepe H,ll.ep 56Fe H 82Ge paeeMoTpeHo BJJHHHHe TeM

nepaTypw H,ll.pa Ha eHJJOBYIO cpyHK~HIO 3apH,li.OBO-HeifTpaJJbHbiX fT 0 nepeXO,li.OB. 

TioKa3aHO, 'ITO, KaK H B eJJyqae aapH,li.OB0-06MeHHbiX fT + nepeXO,li.OB, llOBbiiiie

HHe TeMnepaTypb! H,ll.pa npHBO,li.HT K llOHH)KeHHIO 3HeprHH pe30HaHea H pa36JJO

KHpOBKe HH3K03HepreTH'IeeKHX H t-nepeXO,li.OB. TaK KaK,tJaeTH eHJJOBOH cpyHK

~HH, OTBetJaiOill.He t- H t-nepeXO,ll.aM, eBH3aHbl npHH~HllOM ,ll.eTaJJbHOrO 6aJJaH

ea ScT0 ( -E, T) = exp( -E/T)ScT0 (E, T), TO awaaaHHoe poeTOM TeMnepaTypw , 
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Pac. 5. BeryiUHe CYMMbl JlJill 3K303HepremqecKOH (E < 0) KOMOOHeHTbl rT 0 CHJIOBOH <jJyHKUHH, 

paccqHTaHHble C HCOOJib30BaHHeM (1IITpHXOBble JIHHHH) H 6e3 HCOOJib30BaHHll rHOOTe3bl opHHKa

AKCeJil!. Ha Ka)KJlOM pacymte npHseneHbl MaCliiTa6apyiOIUHe MHO)KHTeJIH. 

H3MeHeHHe eHJJOBOH cpyHKJ\HH t-nepeXO,li.OB ,li.OJI)KHO BJIHHTb Ha eHJJOBYIO cpyHK

~HIO t-nepeXO,li.OB. l.J:T06bi npo,ll.eMOHeTpHpOBaTb 3TOT 3cpcpeKT, 6erymHe eyMMbl 

So(E, T) = J!oo ScT0 (E', T)dE' paeetJHTbiBaJJHeb B o6naeTH E < 0 6ea HenoJJb30-

BaHHH H e HellOJib30BaHHeM foA. B BTOpOM enyqae. 3K303HepreTHtJeeKaH KOMllO

HeHTa elinoaoif cpyHK~HH HaXO.li.HJJOeb nyTeM o6pameHHH npH noMOill.H npHH~Hna 

,ll.eTaJJbHOfO 6aJJaHea · fT o paenpe,ll.eJJeHHH . OeHOBHOrO eoeTOHHHH. l1x ·. epaBHeHHe 

noKa3biBaeT (eM. PHe. 5), 'ITO OTKa3 OT HellOJ!b3~BaHHH rBA' npHBO,li.HT e 3HatJH

TeJJbHOMY yaeJJH'IeHHIO llOJIHOH eHJJbl fT o t-nepeXO,li.OB . .lJ.aHHbiH 3cpcpeKT HaH60-
, . 

nee HpKo npoHBJJHeTeH npH TeMnepaType T = 0.86 M3B~ TennoaaH paa6JJOKHpoaKa 

HH3K03HepreTHtJeeKHx t-nepexo,ll.oa .• 6onee tJeM Ha nopH.li.OK yaeJJH'IHBaeT nonHyiO 

eHJIY t-nepexo,li.OB. TipH 6onee BbieoKoif TeMnepaType T = 1.72M3B eTaHOBHTeH 

B03MO)KHbiM TellJIOBOe aaeeJJeHHe rT 0 pe30HaHeil. Bbi3BaHHOe TeMnepaTypoif no

HH)KeHHe 3HeprHH peaoHaHea yaenHimaaeT aepoHTH<ieTb ero aoa6y*)i.eHHH, 'ITO 

TaK*e ,ll.aeT eaoii BKJJa.ll. a poeT 3K303HepreTH'IeeKoif · KOMnoHeHTbi eHJIOiioif cpyHK

~HH. 

B paa,ll.eJJe 4.1.2 HeeJJe,ll.oaaHo BJJHHHHe TeMnepaTypbi Ha eetJeHHe Ileynpyro

ro paeeeHHHH HeifTpHHO ~a H.ll.pax. AHaJIH3 BKJJa,ll.a paaJJH'IHbiX MYJJbTHnOJJbHhlX 

KOMnoHeHT B eeqeime noKaaaJJ, 'ITO Ha6JIIO,ll.aeMoe npH T =/= 0 .· Ha PH e. 6 HetJea

HOBeHHe nopora peaKU.HH H yaeJIH'IeHHe eetJeHHH Bbi3BaHO poeTOM BKJ!a,ll.a , fT 0 

nepeXO,li.OB . .lJ.JJH onpe,ll.eJieHHH OTHOeHTeJibHOro BKJia,ll.a pa36JJOKHp~BaHHbiX t~ H 
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PHc. 6. BJIHHHHe TeMnepaTyphl Ha ceqeHHH Heynpyroro pacceHHHH HeiiTpHHO ·Ha 56Fe H 
82

Ge. Ha 

sepXHHX pHCYHKaX IIOKa3aHbl IIOJ!Hble ceqeHHH, CO)lep2KaW:He BKJ!a)lbl MYJibTHIIOJibHbiX KOMIIOHeHT 

J" ::0 3±. CeqeHHH )lJIH OCHOBHOrO COCTOHHHH IIOKa3aHbl CIIJIOlllHOH JIHHHeii. Cpe)lHHe pHCYHKH 

IIOKa3biBalOT BKJia)l B ceqeHHe 3anpew:eHHbiX nepeXO)lOB J" = o-, 1-, 2±, 3±. HH2KHHe pHCYHKH 

)leMOHCTpHpyiOT OTHOC!lTeJibHbiH BKJia)l 3K303HepreT!lqecKOrO pacceHHHH HeiiTpllliO B Bbi3BaHHOe 

TeMnepaTypoii yseJIHqeHHe ceqeH!lH. PacqeTbl BhiTIOJIHeHhl s paMKax K<t>M-TKnC<t>. 

t~nepeXO,li.OB B TenJIOBOH poeT eelleHIHI paeeMOTpeHO OTHOIIIeHHe 

O"ex(ev, T) 
a(e:v, T) = a(e:v, T)- O"g.s.(ev)' 

r.n.e aex(e:v, T) - 3K303HepreTHlleeKaH KOMllOHeHTa eelleHHH, a pa3HOeTb a(e:v, T)
.ag.s.(e:v) eooTBeTeTayeT yaeJIHlleHHIO eelleHHH H3-3a TenJIOBbiX 3¢l¢leKTOB. B OT

JIHliHe oT LSSM paelleToB, r.n.e a= 1, a MeTo.n.e TKTIC<l> OTHOIIIeHHe a: 3aBHeHT 

KaK OT TeMnepaTypbi, TaK H OT 3HeprHH f:v HaJieTaiOIII.ero HeHTpHHO, XOTH eJia-

6o 3aBHeHT OT KOHKpeTHoro H.D.pa. YMeHbiiieHHe a: e poeTOM 3Hepnm Heii:TpHHO 

f:v eBH,ll.eTeJibeTByeT 06 yMeHbllleHHH OTHOeHTeJibHOrO BKJia,ll.a 3K303HepreTHlle

eKHX -!--nepexo.n.oa a Tennoaoe yaeJIHlleHHe eelleHHH H B03paeTaHHH ponH pa3-

6JIOKHpoaaHHbiX HH3K03HepreTHlleeKHX t-nepeXO,li.OB. Jl.JIH HeHTpHHO e 3Hepmeii: ~ 
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Pile. 7. CeqeHile Heynpyroro pacceHHilH HeiiTpllHO Ha. 56Fe ll 82Ge npll T = 0.86 M3B ll 

T = 1.72M3B. CpasHHBaiOTCH ceqeHf!H paccq!lTaHHbie s TKnC<t> c raM!lJibTOH!laHoM K<l>M 

ll c pa3JIHqHbJMil napaMeTpll3aU!lHMil CllJI CK!lpMa • .[{JIH 56Fe nplllle)leHbi ceqeHHH, paccqllTaHHble 

s LSSM (qepHaH JIIlHilH). 

5 M3B < f:v < 10 M3B o6a THna pa36JIOKHpoaaHHbiX nepexo.n.oa enoeo6eTBYIOT 

poeTy eelleHHH, XOTH HX OTHOeHTeJibHbiH BKJia,ll. 3aBHeHT OT TeMnepaTypbi: lleM 

Bbiiiie TeMnepaTypa, TeM aeeoMee BKJia.n. -!--nepexo.n.oa. B pe3yJibTaTe, eenH npH 

T = 0.86 M3B pa36JIOKHpoaKa HH3K03HepreTHlleeKHX t-nepexo.n.oa H noHmKeHHe 

3HeprHH fT 0 pe30HaHea HBJIHIOTeH rJiaBHbiMH <lJaKTOpaMH, Bbl3b!Ba!OIII.HMH poeT 

eelleHHH .D.JIH e:v > 5 M3B, TO npH T > 1.29 M3B .n.oMHHHpyiOIII.aH ponb 3K303Hep-

" reTHlleeKHX npol..(eeeOB (T.e. {.-nepeXO,li.OB) B TellJIOBOMpOeTe eelleHHH eoxpaHHeT-

eH BnJIOTb .n.o 3HepmH Heii:TpHHO E:v ~ 10 M3B, .goeTaTOliHOH .D.JIH B036y:m:.n.eHHH. 

fT 0 pe30HaHea. 

11elle3HOBeHHe nopora peaKI..(HH H 6bieTpbiH TeMnepaTypHbiH poeT eelleHHH 

npH e:v ;S 10 M3B HMeiOT MeeTo a TKTIC<P paelleTax KaK e raMHJibTOHHaHoM 

K<l>M, TaK H e eHJiaMH CKHpMa (eM. PHe. 7). Oeo6o ene.n.yeT OTMeTHTb TOT 

<PaKT, liTO paelleTbi e pa3HbiMH eHJiaMH CKHpMa npHBO.D.HT K olleHb 6JIH3KHM pe-

3YJibTaTaM. KpoMe TOro, paeeliHTaHHble npH noMOIII.H TKTIC<t>' B paMKax o.n.Hoii 

H,ll.epHOH MO,ll.eJIH eelleHHH ,li.JIH 54
•56fe H 82Ge OKa3b!BaiOTeH 6JIH3KH: Jl.aHHbiH pe-

3YJibTaT cornaeyeTeH e Bb!Bo.n.aMH LSSM paelleToB o .TOM, liTO npH T ~ 1 M3B 
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Puc. 8. HopMuposaHHblii cneKTP HeiiTpuHo, pacceHHHbiX Ha 56Fe npu T = 0.86 MsB (sepxHuii 

pHJI.) u T = 1.72 MsB (HmKHuii pHJI.). Pe3yJibTaTbl TKOC<l> pacqeToB c raMUJibTOHuaHOM K<l>M 

u B3auMoJI.eiicTBUeM SGII cpaBHUBaiOTCH c pe3yJibTaTaMu LSSM BbJquCJ!eHuii. BepTuKaJibHaH 

lllTpUXOBall JIUHUll COOTBeTCTByeT 9Hepruu HaJieTa!Olll.UX HeiiTpHHO cv = 5, 10, 15 MsB. l.JaCTb 

cneKTpa, pacnOJIOlKeHHall cnpaBa (CJieBa) OT 9TOH JIUHUil, COOTBeTCTByeT 9K309HepremqeCKOMY 

(9HJI.09HepremqecKoMy) pacceHHUIO. 

TeMrrepaTypHb!e 3cpcpeKThl erJimKHBaiOT HHJJ:HBHJJ:yaJihHb!e oeo6eHHOeTH HJJ:ep. 

Bhi3BaHHhie poeToM TeMrrepaTyphi 3cpcpeKThi - pa36JIOKHposKa HH3K03Hepre

TH4eeKHX fTo rrepeXOJ]:OB, yMeHbiiieHHe 3HeprHH fTo pe30HaHea, a TaK)!{e yeHJie

HHe BKJiaJ]:a ..1.-rrepeXOJ]:OB B eHJIOBYIO cpyHKIJ,HIO - B eOBOKYIIHOeTH IIpHBOJJ:HT K TO

My,4TO AJIH HeihpHHO e 3Hepmeii f:v ;S 10 M3B eeqeHHH paeeeHHHH, rroJiyqeHHh!e 

B TKTIC<I>, eymeeTBeHHO rrpeshiiiiaiOT LSSM pe3yJihTaThi (eM. PHe. 7). TaKHM 

· o6pa30M, TKTIC<I> paeqeThi rrpeJJ:eKa3hiBaiOT yseJIH4eHHe HeiiTpHHHoii Herrpo3paq

HOeTH BeiiJ,eeTBa 3Be3J]:hl, KOTOpoe 3aTpOHeT rrpe:lKJ]:e Beero HH3K03HepreTH4eeKHe 

HeiiTpHHO. TaK KaK poeT eeqeHHH Bhi3BaH rJiaBHhiM o6pa30M 3K303HepreTH4eeKHM 

paeeeHHHeM, TO 6oJiee 3cpcpeKTHBHO J]:OJI:lKeH IIpOHeXOJJ:HTh IIpOIJ,eee OXJia:lKJ]:eHHH 

BeiiJ,eeTBa 3Be3J]:hl. 

TerrJIOBhie 3cpcpeKThi BJIH~IIOT H Ha erreKTp paeeeHHHh!X HeiiTpHHO. KaK rro

Ka3aHo Ha PHe. 8, IIpH paeeeHHHH Ha TepMH4eeKH B036y:lKJJ:eHHh!X HJJ:epHb!X eo

eTOHHHHX HeiiTpHHO MO:lKeT yseJIH4HTh 3HeprH10 3a eqeT J]:eB036y:lKJJ:eHHH HJJ:pa. 

YeHJieHHe poJIH TeiiJIOBh!X 3cpcpeKTOB a TKTIC<I> rrpm3oAHT K TOMy, 4TO erreKTP 
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Puc. 9. CJiesa: cpeJI.Hee U3MeHeHue 9Hepruu HeiiTpUHO npu HeynpyroM pacceHHUU Ha 56Fe 

KaK ljlyHKI.lUll 9HeprHU HaJieTa!Olll.ero HeiiTpUHO cv Jl.Jill HeCKOJ!bKUX 3HaqeHUH TeMnepaTypbl 

T (B MsB). Cnpasa: TOpM03HaH cnoco6HOCTb semecTBa cocToHmero U3 56Fe npu nJIOTHocm 

p = 1012 r/cM3 KaK ljlyHKI.lUll 9Hepruu HeiiTpUHO Jl.Jill HeCKOJ!bKUX 3HaqeHUH TeMnepaTypbl. 3a

KpallleHHble KpylKKU OTMeqalOT 3HaqeHUll (T, cv), npu KOTOpbiX npoUCXOJI.UT CMeHa pelKUMa pac-

CeliHUll: (T,cv) = (1,4.6), (2, 11.6), (3, 14.5), (4, 17.9), (5,21.5). . 

paeeeHHHh!X HeHTpHHO OXBaTbiBaeT 6oJiee IIIHp~KHH HHTepBaJI 3Hepmii ITO epaB

HeHHIO e rrpeJJ:eKa3aHHHMH LSSM. ooJiee umpoKHH erreKTP paeeeHHHhiX HeiiTpHHO 

yBeJIH4HBaeT eKOpOeTb TepMaJIH3aiJ,HH HeHTpHHO. 

B pa3JJ:eJie 4.1.3 rrpoaHaJIH3HpoaaH rrpoueee o6MeHa 3Hepmeii Me:lKAY Heii

TpHHO H HarpeTb!MH HJJ:paMH rrpH. HeyrrpyrOM paeeeHHHH . .lJ.JIH 3TOfO, IIOJiaraH, 

4TO semeeTao KOJIJiarreHpyiOIII.ero Kopa ecieTOHT H3 HJJ:ep 56Fe, paeei.JHTaHhi epeA

Hee H3MeHeHHe 3HeprHH HeHTpHHO B eJ]:HHH4HOM aKTe paeeeHHHH (Docv} H TOp

M03HaH erroeo6HoeTh aemeeTsa ~(cv, T, p), T.e epeJJ:Hee H3MeHeHHe 3HeprHH Heii

TpHHO rrpH rrpoxO:lKJJ:eHHH ·eJioH semeeTBa eAHHH4HOH TOJIIUHHhi. KaK rroKa3aHo Ha 

PHe. 9, AJIH HeiiTpHHO e 3Hepmeii f:v > 5 M3B •BeJIH4f!Ha epeJJ:Heii rrepeJJ:aHHOH 

3HepmH 3aBHeHT OT TeMrrepaTyphl mrrpH poeTe T MeHHeTeH oT oTpHUaTeJihHOro K 

rroJIO:lKHTeJihHOMY 3Ha4eHHIO. Tipli TeMrrepaTyp·e T ~ 2 M3B H THIIH4Hoii 3HeprHH 

HeiiTpHHO f:v = 10 -:- 15 M3B peaJIH3yeTeH HMemm 3K303HepreTH4eeKHH pe:lKHM 

paeeeHHHH, TO eeTh erreKTp HeHTpHHO 6yJJ:eT eJ]:BHraTbeH B eTOpOHY 60JihliiHX 

3Hepmii. 

B OTJIH4He OT epeJJ:Heii rrepeJJ:aHHOH 3HeprHH, ~(cv, T, p) AeMoHeTpHpyeT 

HeMOHOTOHHYIO 3aBHeHMOeTb OT 3HeprHH HeiiTpHHO B 3K303HepreTH4eeKOM pe

:lKHMe paeeeHHHH. 3HeprHH HeHTpHHO, IIpH. KOTOpOH ~(cv, T, p) rrpHHHMaeT MaK

eHMaJibHOe 3Ha4eHHe, yaeJIH4HBaeTeH e TeMrrepaTypoii. TaKHM o6pa30M, IIOBhi

IIIeHHe TeMrrepaTyphl He TOJihKO erroeo6eTayeT poeTy rrepeJJ:a4H 3HeprHH OT ae

meeTBa HeHTpHHHOMY H3JiyqeHHIO, HO H yaeJIH4HBaeT 3HeprH10 f:v, IIpH KOTOpoii 
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P11e. 10. CKopoeTh noTepll 9Hepm11 (CJiesa) 11 epeAHHH 9HepmH 113JJyiJeHHoii vii-napbi (enpasa) 

Hi!.pOM 82Ge KaK <flYHKUIIII TeMnepaTypbi. 

:na nepe,naqa npoHexo,nHT HaH6oJiee 3cpcpeKTHBHO. ~HaqeHHe TeMnepaTyphl Tch• 

npH KOTOpOH npoHeXO,L{HT eMeHa pe)KHMa paeeeHHHH ,L{JIH ,naHHOH 3HeprHH Hefi

TpHHO, s o6meM eJiyqae 3aBHeHT OT ,neTaJiefi paenpe,neJieHHH fT 0 eHJibi. O,nHaKo 

MO)KHO nOKa3aTb, ;<ITO npH 3HeprHH c11 , npeBbllllaiOill.eH 3Heprmo fT 0 pe30HaHea, 

,naHHaH TeMnepaTypa 3aBHeHT TOJlbKO OT 3HeprHH fTo pe30HaHea H 3HeprHH c11 • 

B qaeTHOeTH, eeJIH c11 ;::: 15 M3B, TO e xopornefi TO'IHOeTbJO MO)KHO e'!HTaTb, 'ITO 

Tch f':;:j cv/4. 
B pa3,neJie 4.2, HenoJib3YH MeTo,n TKTIC<I>, paee'!HTaHbl eKopoeTH noTepH 

3HeprHH 8 npou.eeee H3JiyqeHHH napb! HeHTpHHO-aHTHHefiTpHHO HarpeTbiMH H,npa

MH 

(A, Z)* --+ (A, Z) + vk + vk (k = e, J.L, r), 

a TaK)Ke epe,nHHe 3HepmH H3Jiy'leHHOH vil-napbi (eM. PHe. 10). CneKTP o6pa3y

JOI11.HXeH Vii-nap npoaHaJIH3HpOBaH Ha OeHOBe 060JIO'!e'!HOH MO,nenH H,npa. KaK 

eJie,nyeT H3 HaliiHX pae'!eTOB, 6Jiaro,napH TenJIOBOMY 3aeeJieHHJO B036y)K,neHHb!X 

eoeToHHHH H,npa eKopoeTb noTepH 3HepmH o'!eHb 6bieTpo paeTeT e TeMnepaTypofi. 

IlpH 3TOM epe,nHHH 3HeprHH, yHoeHMaH vil-napofi, noeJie TeMnepaTypbi 1 M3B 

npaKTH'IeeKHe oeTaeTeH noeTOHHHofi. AHaJIH3 noKa3hiBaeT, 'ITO ,naHHaH 3HeprHH 

Bbi,L{eJIHeTeH npH .neso36y)K,neHHH rT 0 pe30HaHea. TaK KaK HH3K03HepreTH'!eeKHe 

HefiTpHHO Jierqe nOKH,L{aJOT 3Be3,ny, TO 6bleTpbiH poeT eKopoeTH llOTepH 3HeprHH 

,L{eJiaeT B03MO)KHbiM TaK Ha3b!BaeMb!H 3cpcpeKT TepMOeTaTa, KOr,na npH llOBb!liieHHH 

TeMnepaTypb! semeeTBO 3Be3,L{bl 3cpcpeKTHBHO OXJia)K,naeTeH 3a e'!eT HenyeKaHHH 

vii-nap HarpeTbiMH H,npaMH. 

B pa3,neJie 4.3 ,nJIH peaKU.HH 3axsaTa (aHTH)HefiTpHHO H,npaMH HeeJie,nosaHo 
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P11e. II. CpaBHeHHe TKnC<I> 11 LSSM eeiJeHIIii peaKUIIII 56Fe(v., e-). CeiJeHIIH noKa3aHbl KaK 6e3 

yiJeTa (plleyHOK eJJeBa), TaK II e yiJeTm,f (p11eyHOK enpaBa) 6JJOK11pOBKII Bb!JleTaiO!lliiX 9neKTpOHOB. 

TeMnepaTypa T 11 XIIMII'leeKIIii noTeHUIIaJJ l'e yKa3aHbl B M9B. 

eOBMeeTHOe BJIHHHHe TenJIOBb!X 3cpcpeKTOB H flayJIH-6JIOKHpOBKH cpa30BOfO npo

eTpaHeTBa 3JieKTpOHOB Ha eeqeHHe 3axsaTa. Ha npHMepe H,nep 56 Fe H 82Ge noKa-

3aHo, qTo, KaK H s eJiyqae Heynpyroro paeeeHH_HH HefiTpHHO, TenJiosoe 3aeeJieHHe 

H,nepHbiX B036y)K,neHHbiX ypOBHeH npHBO,L{HT K He'!e3HOBeHHJO nopora peaKU.HH 
56Fe(ve, e-), 56Fe(ve, e+) H 82Ge(ve, e+) H K poeTy HH3K03HepreTHqeeKofi qaeTH 

eeqeHHH (eM. JiesyJO qaeTb PHe.· 11). B TO )Ke speMH ,nJIH peaKU.HH 82Ge(ve, e-) 
TenJIOBbie 3cpcpeKTbl He Hrpa!OT eymeeTBeHHOH pOJIH, l.jTO eorJiaeyeTeH e BbiBO,na

MH, noJiyqeHHbiMH Ha oeHose LSSM o TOM, 'ITO BJIHHHHe TenJIOBbiX 3cpcpeKTOB Ha 

eeqeHHe Ve·3aXBaTa H,npaMH OeJia6esaeT no Mepe yseJIH'IeHHH HefiTpOHHOfO H3-

6biTKa. HaJIHqHe Bbipo)K,neHHoro 3JieKTpOHHOro ra3a npHBO.D:HT K 3HaqHTeJibHO.MY 

no.nasJieHHJO 3axsaTa HefiTpHHO (eM. npasy10 qaeTb PHe. 11). IlpH 3TOM B03-

paCTaeT poJib 3anpemeHHbiX ..1--nepexo.nos, enoeo6Hbix,nopo)K,naTb 3JieKTpOHbi e 

.noeTaToqHo 6oJibrnofi 3Hepmefi. CpasHeHHe e pe3yJibTaTaMH LSSM paeqeTos ,nJIH 
56Fe noKa3biBaeT, qTo 6Jiaro.nap·H TepMO.D:HHa!VmqeeKH noeJie,nosaTeJibHOMY yqeTy 

TenJIOBbiX 3cpcpeKTOB H 3anpemeHHbiX nepexo.nos TKTIC<I> ee'leHHH 6oJiee qeM 

Ha nopH,nOK npeBbiliiaJOT pe3yJibTaTbl MO,L{eJIH 060JIO'!eK. B HH3K03HepreTH'!eeKOH 

06JiaeTH. . 

CpasHeHHe eeqeHHH 3axsaTa H Heynpyroro paeeeHHHH HefiTpHHO noKa3biBa

eT, 'ITO 6Jiaro,napH 3cpcpeKTY IlayJIH-6JIOKHpOBKH HMeHHO Heynpyroe paeeeHHHe Ha 

HarpeTbiX H,npax HBJIHeTeH OeHOBHOH npH'IHHOH nOBbiliieHHH Henp03pal.!HOeTH Be

Ill.eeTBa 3Be3,L{bl ,L{JIH HH3K03HepreTHqeeKHX HefiTpHHO. tho )Ke KaeaeTeH peaKU.HH 

e yqaeTHeM aHTHHefiTpHHO, TO 3axsaT H Heynpyroe paeeeHHHe Ha H,npax rpynnhl 

)KeJie3a HMeJOT 6JIH3KHe llO BeJIH'IHHe ee'leHHH H n03TOMY ,L{OJI)KHbl yqHTb!BaTbeH 

eOBMeeTHO. 
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B UpunolKenuu A ,ll.aH BhiBO.ll. HeKoTopbiX cooTHoweHHH H3 fnaB&I 1, a B 
UpuJiolKeHnHx B H B rrpHBe.D.eHbl BbiBO.ll. H HBHbiH BH.ll. ceKynHpHb!X ypasHeHHH 
TKTICCI:>, HCIIOJih30BaHHhiX s pacqeTax cTpyKTYPhi H 3HepmH 3apH.lJ.OBo-HeHTpanh
HhiX H 3apH.lJ.OB0-06MeHHbiX O,li.HOlf>OHOHHbiX B036y:>K,ll.eHHH B HarpeTbiX H,ll.pax. 

B 3aKJIJO'Ienuu cq>opMynHposaHbi ocHOBHhle pe3yJihTaTbi .lJ.HCcepTaiJ:HH, 

rrpe,li.CTaBJIHeMbie K 3aiUHTe. 
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