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OHUAH XAPAKTEPHCTIIKA PAEOTll 

AKTyaJII,HOCTl, pa60Tll. B ~epao~ ~H3HK8 HMeeTCJI plI.ll; ITpoMeM, 

,!(JUI pemeHIDJ KOTopux Tpe6yeTcR 3HaTb ITO~Hy10 aHeprnro ~pa c 6ecITpe

ue~eHTHOH B ~pyrHX o6JracTRX ~epHoli ~H3HKH TOtJHOCTbID - ITO~a 

0,01%, 'ITO Heo6xo~o ,!(JUI TeopeTHtiecKoro ITpe~cKasaHIDJ, Harrp~ep, 

Maccu, ~OpMll ITOBepXHOCTH H Be~~Hll 6ap1,epa ~MeHIDJ aTOMHllX ~ep. 

To~OCTl, pactJeTOB aHeprHH CMSH, B KOTOpllX HCXO,lUIT H3 HYMOH-HYK

~OHHOro B3aHMO~ettcTBIDJ B iiyCTOTe, eme COBepmeHHO Hey~OMeTBOpH

T~Ha C 3TOH TO~ speHHR. HCIT0~3YR aqqieKTHBHOe B3aHMO~ellcTBHe 

HYMOHOB B cpe~e. MOlKHO 3Ha~Te~HO YTO~Tl, pesy~bTaTll, HO He

CMOTPR Ha TO, tJTO ITPHXO~HTCJI ITpeo~o~el38:Tb rpoMa,IUill8 TeXHHtJeCKHe 

TPY.ItHOCTH, Tpe6yeMott TO~OCTH ~OCTHtJD He y,ttaeTCJI. Han6o~mM TOtJ

HOCTb B pactJeTax aHeprHH ~e~OPManHH ~ep ~OCTHraeTCJI B MeTO,Ite 060-

~o-qe~oa ITOITpaBim CTPYTHHCKoro (MOITC), B KOTOpoM ITO~HM aHeprnR 

~ ITpe,ItCTaMReTCSI B BH~e CYMMll .I(ByX KOMITOHeHT, MaCCHtJ8CKOH 

aHeprHH B MO~e~ l!tH,ItKOii KarrJm H KBaHTOBOii (060~0-qetJHOtt) ITOITpaEKH, 

B~~eMoii Ha OCHOBe cITeKTpa O~HOtJaCTHtJHllX COCTORHHii fiYMOHOB B 

cpe,ItHeM ITOT8HUHaJie MO,Ite~ 060~0-qeK. 

:3qxpeKTHBHOCTb n KatJecTBO pactJeToB ITO MOITC saBHCJIT OT ITpe~o

~oJKeHHtt, ITO~OlKeHHllX B OCHOBY ~eHOMeHo~orn-qecKoro OITpe,tte~eHIDJ ITO

TeHUHaJia cpe~Hero IT~, HOT a~eKTHBHOCTH B~CJieHM O,ItHOtJacTHtJ

HOro CIT8KTpa B 3TOM ITOTeHUHaJie • .Ji)IJI Ha,IteJKHott 3KCTparro~n ITOT8H

Ul'la7Ia Ha 6o~mne ~e~OPMaulfH H B HOBlle o6~aCTH ~ep B03HHMa Ha

CTORTe~HM He06XO,ItHMOCTb OITpe~e~Tl, O~HOtJaCTHtJHlltt ITOT8HUHaJI, 

HCXO,lUI H3 ~H3HtJeCKHX ITpe~ITOC~OK, a He coo6paJKeHHtt MaTeMaTHtJec

Koro y:v;o6cTBa. Bospo~ Tpe60BaHHR K TO~OCTH H ~H3HtJeCKOii o60CHO

BaHHOCTH pactJeTOB cXeM O~HOtJaCTH~ YPOBHett. 

Che;11;,:t;;;HLl~ 1mcmry'T 
Ut;iilril Vi:rfa:1oi;and 

6'1JGJWICTEKA 



0CHOBHOR gem,ID pa60TU HBBHDTCH ~OpyYnllpOBKa ll pa3pa60tKa llO~

xo,a;a, II03BOJI/IICIIISro sqipeKTllBHO llCCJie,a;OBa.Tb o6oJio~e~HYJO CTPYKTYPY He 

TOJll,KO xopomo ll3~8HHUX sr,nep, HO ll sr,nep, y,a;BJISHHUX OT JIHHllll 6eTa

CTa6nm.HOCTll, a Tarute 6HCTPOBpa.ma.IOOlllXCH sr,nep n sr,nep B npouecce .a;e

JISHIDI. Ilo.a;xo.a; OCHOBaH Ha orrpe.a;eJISHllll o.a;Ho~acTn~oro llOTSHUHBJia npn 

npoH3BOJll,HOR ~opMe IlOBepXHOCTH.B COOTBSTCTBHH C HMSK1I!ettCH 3Kcrrepn

M8HTBJibHOR ll TeopeTn~ecKott HH~pMaunett O CBORCTBax sr,nepHUX CM, 

MOTHOCTH pacnpe.a;eJieHIDI HYMOHOB B smpe,n C03.D:aHllll aqipeKTllBHUX Me

TO,a;OB B~<?JISHIDI o.a;HO~aCTH~oro cneKT.pa H COOTBSTCTBYJOOIHX BOJIHOBUX 

~YHKUHtt. 

Hay:•rnaH HOBH3Ha. B .a;nccepTaunn BnepBue ,a;aHo orrpe.a;MeHHe pea

JIHCTH~ecxoro IIOTSHUHBJia cpe,a;Hero IIOJIH B sr,npe rrpon3BOJll,HOR ~OpMU, 

rrpe,n;JIOlltSH MSTO,a; B~CJieHIDI O,a;HO~aCTH~Horo CIISKTpa H COOTBSTCTBYIO

lllllX BOJIHOBUX <lJYHKUHtt, KOToputt c~opMYRHPOBaH B Bn,a;e 6ucTpott rrpoue

;n;ypu, peaRHSOBaHHOtt Ha SBM. ll:CCJIB;D;OBaHa ~opMa sr,nep, y;n;BJIBHHUX OT 

JIHHHH 6eTa-cTa6nm.HOCTH,H BIIBpBUe IIOKa3aHO, ~TO IIOJiy,IBHHUB HB;D;aBHO 

SKcrrepHMBHTBJibHUe ,a;aHHUB (CM. HHie) MOlltHO HHTeprrpeTnpoBaTb KaK 

sqipeKT "cocymeCTBOBaHIDI ~opM" cpe;n;n Hll3KOJIBJKalllllX B036yJK,IJ;BHHUX co

CTO.HHHtt, KOTOputt HaxO;n;HT CBOe IIOMOe o6MCHBHH8 B paMKax cqJOpMy

JIHpoBaHHoro rro.a;xo.a;a. 

IlpoBe;n;eHO o6o6meHHB Morre .a;R.H B~CJIBHIDI IIOJIHOtt SHeprnn KaK 

MB,n;JIBHHO, TaK H 6HCTpo BPalllaIOll!HXCH sr,nep, ~TO II03BORMO HCCJie;n;oBaTb 

H3MeHeHHe ~opMU sr,nep pe.a;K036MBJll,HUX 3JIBMBHTOB no.a; BRH.H~BM 6ucTpo

ro Bpamemm H BrrepBue c;n;eJiaTb BUBO.a; 0 TOM, ~TO BCJIB;D;CTBHB KBaHTO- , 

BUX sqipeKTOB sr,npa 6oJiee CTa6nm.HU OTHOCHTBJll,HO .a;eJiemm, ~eM 3TO 

rrpe;n;cKaSUBaeTCH B MO;D;BJIH XH.a;KOtt KaMH. 

B B;n;HHOM rro.a;xo.a;e rrpoBe;n;eHO HCCJie.a;OBaHHB pa3H006pa3HUX qJOPJI, 

KOTopue sr,npo IIl)HHHMaBT B rrpouecce .a;MBHIDI. BrrepBHB c;n;eJiaH BUBO.a; 0 

TOM, ~o TpaHcypaHOBHe SJ.nl)a Ha rrepBOM H3 ,a;Byx 6apbepoB ;n;MeHH.H 

HMBIDT HBaKCHBJibffYID ~OpMy. Ha BTOpoM 6apbepe cymecTBBHHYID pom, 
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nrpaeT ;n;e~opMaun.H, HapymaillllaH aepKBJibffYID cRMMeTpnID .impa. IloKaaa

HO Tarute, ~TO B MIIHHMYMS M8'1Q:CY .a:BYM.H 6apbepaMH'sr,npo aKCHBJibHO-

H aepKBJibHO-CHMMeTpn~o H YCTO~O OTHOCHT8Jll,HO .a;e~pMauntt, Hapy

manI!HX aKCHBJibffYID H sepKBJibffYID cHMMeTpHID. 

HaY'!Ha.H H rrpaKTH~BCKaH UBHHOCTb pa60TU. IlpoBe;n;eHHUe HCCJie;n;o

BaHH.H CBH.a;BTBJll,CTByIOT o TOM, ~TO HS~eHHe a~eKTOB o6oJio~e~HOtt 

CTPYKTypu sr,npa B rro.a;xo.a;e, OCHOBaHHOM Ha peaRHCTH~ecKOM orrpe;n;eJieHHH 

IIOTSHUHBJia cpe;n;Hero IIOJI.H, IIOSBOJI.HBT II~Tb 6om.mott o6~eM ~H3H

~ecKH HHTepecHOtt H yHHKBJibHOtt HH~OPMaunn O CBOitCTBax sr,nep, Y;D;aJISH

HUX OT JIHHHH 6eTa-cTa6HJibHOCTH, 0 6HCTp0Bpa!llaD~HXCH H~pax ll O · 

;D;SJIBHHH .H;n;ep. B TBX ~a.HX, Kor;n;a HMBSTCH B03MOlltHOCTb cpaBHSHH.H 

TBOPSTH~BCKHX pesym.TaTOB C 3KCrrepHMeHTaJibHUMH ;n;aHHUMH, MB:Jl!JJY HH

MII Ha6.mQIJ;aeTCH xopomee cor;racne. IlpoBe;n;eHHUe ncCJie;n;oBaHM CTHMY

JIHpym IIOCTaHOBKY ;D;BJibHettmnx 3KcrrepHMeHTOB. 

Pa3BHTUtt B ;n;nccepTaunn rro.a;xo;n;, OCHOBaHHUtt Ha HCCJIS;D;OBaHHH 

O;D;HO~aCTH~oro IIOTBHUHBJia rrpn rrpoHSBOJll,HOtt ~OpMe IIOBepxHOCTH, MO

llt8T HCIIOJll,30BaTbC.H B Ka~ecTBe tpyH;n;aMBHTa ~PH ;n;am.HettmeM pa3BHTHH 

pgn;a HarrpaBJieHHtt B TeopeTn~ecKott sr,nepHott ~H3HKe, KaK rrpn H3~BHHH 

HH3KOJI9.lKalllllX KOJl/IBKTllBHUX B036yJK,IJ;eHHtt B aTOMHOM smpe, HaIIpHMep, B 

IIOJIYMI!KpDCKOIIH~eCKOM rro.a;xo;n;e, pa3BHBaeMOM B.r.CoJIOBbBBUM Hero 

COTpy;n;HHKaMH, HJIH B TBOPHH KOHS~ ~epMH-CHCTBM A.E.~ H 

.a;p., TaK n rrpn ;n;HHaMH~ecKoM paccMoTpeHHH rrponeccoB c rrepepacrrpe

.a;eJieHHeM 6om.mnx Mace sr,nepHoro BemecTBa, rrponcxoMillHX, HarrpnMep, 

rrpn ;n;eJieHHH .impa HRH rrpH CTOJIKHOBSHHH T.HXSJIUX HOHOB. 

BUBo;n;u, C~OpMyJIHpoBaHHble B ;n;nccepTauHH, UHTHPYIDTCH BO MHOrHX 

o6aopax n B MOHOr~H.HX B.r.COJIOBbBBa "TeopH.H CJIOlltHUX smep" (na.a;

BO "HayKa", I968 r.), P.BaH;n;eH6oma'n ,Illit.P.XattaeHrH ",UeJieHne .impa" 

("Academic Press", I973 r) n B ~e6HHKe M.A.IlpecToHa n P.K.Exa

;n;ypn "CTpyK-rypa smpa" ( Addison Wesley, I975 r.). 

3 



Anpo6amm·pa.6oTH, OcHOBHHe MaTepnaJIH ,I(llccepTa.rmn 6wrn npe.n;

CTaBJieHH Ha XYIII, xx, XXIY-XXYIII exero.n;HHX COBema.mmx no smepHOH 

cneKTpoCKOilllll H CTPYKTYPB aTOMHOro smpa, MBlliJJYHapo.n;HOM CHMil03llYMB 

no CTPYKTYPB smpa B J{y6He B_l968 ro,Ity, MBlliJJYHapo.n;Hott KOH@epeHU!iH no. 

smepHott @nsHKe B MiomceHe B 1973 ro.n;y, MBJJmYHapo.n;Hott KOH@epeHU!iH no 

pea.KUID™ M8JJmY CJIOJKHHMll JmPaMll B H3lIIBIIJIJI8 B 1974 ro.n;y, Ha XIY Ccrne

maHHH no smepHOH cneKTpoCKOilllll H T80PHH smpa B J{y6He B 1975 ro.n;y, 

MelliJJYHapo.n;HOM CHMil03llyMe no BHCOKOB036y;K,IJ;8HHHM COCTOHHH.FIM B smpax 

B IOJrn:xe B 1975 ro.n;y, Mew-Hapo.n;Hott KOH@epeHUHH no ns6paHmiM Bonpo

ca.M CTPYKTYPH smpa B Jly6He B !976 ro.n;y, Me,ir,nyHapo.n;HOM CHMil03HYM8 

no COCTOHHH.FIM c BHCOKHM cnHHOM B ~pes.n;eHe B 1977 ro.n;y H M8JJmYHa

po.n;HOM CHMil03HJM8 no smepHHM peaKUHHM B EaJraTOH@IDpe.ne B 1977 ro.n;y. 

,l@ccepTau;rur C088pDT 198 CTPaHllU TeKcTa, BKJIJOtIM 3·Ta6Jrnnu, 

40 PHCYHKOB H CilllCOK D;l'lTHpyeMOH JIHTepaTypH H3 223 HruiM8HOBaHHtt. 

CO,IJ;EPJKAIDIB PAEOTU 

l, I!OJIHM 3HeprHH smpa H M8TO:ZW ee Bli'!HCJI8HHH 

0.n;HHM H3 HaH60JI88 xopomo ycTaHOBJIBHHHX @aKTOB B smepHOH @H3H

K8 HBJIH8TCH npH6Jrn:3HT8Jll,H08 nocTOHHCTBO WIOTHOCTH pacnpe.n;eJI8HHH 

HYKJIOHOB B o6~eMe H.n;pa, '!TO no3BOJIH8T roBOPHTh O '!BTKO BHpaxeHHOH 

noBepXHOCTH H.n;pa. IlOHHTH8 noBepXHOCTH H.n;pa BXO,Il;HT COCT~HOH -qacThID 

BO MHOrHe MO,Il;8JIH smpa. HecXHMaeMOCTh smepHOll M8T8PHH HaXO,Il;HT CB08 

BHpaxeHHe B nocTOHHCTB8 orpaHH'!8HHOro noBepxHOCThID o6~eMa smpa. 

Bo MHOrHX HH3K03HepreTH'!8CKHX nponeccax M8HH8TCH TOJlbRO @opMa 

noBepXHOCTH. Jl,Jm onpe.n;eJieHHH TaKHX CTaTH'!8CKHX xapaKTepllCTHK smpa, 

KaK ero Macca, paBHOB8CHM @opMa HJIH 6apnep ,Il;8JI8HHH .n;ocTaTO'!HO 

3HaTn ITOJIHYfil 3HeprHID smpa KaK @yHKUHOHaJI @opMH noBepxHOCTH. 

B ITepBott, BBO,Il;HOH, rJiaB8 ,Il;HCC8PTaUHH .n;aeTCH CX8Ma BH'!HCJI8HHH 

ITOJIHOH 3HeprHH smpa ITPH ITpoli3BOJlbHOH @opMe noBepXHOCTll KaK B MO.n;e-
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JIH Jm.n;Kott KaWIH (§ l), TaK ll B MOIIC, corJiaCHO KOTOpoMy- K XH.n;KOKa

IT8Jll,HOH KOMITOH8HT8 3HeprHH .n;o6aBJIH8TCH o60JI0'!8'!HM ITOITPaBKa, onpe

,Il;8JIH8MM CTpyKTYPHHMll OC068HHOCTHMll H.n;pa (§ 2). Jl,Jm BH'!HCJI8HHH o6o

JI0'!8'!HOtt ITOnpaBKH ITPH npOH3BOJU,HOH @opMe noBepXHOCTH ffYXHO C,Il;eJiaTn 

npe.n;noJioXeHHe O BH.n;e ITOT8HU!i8J.la cpe.n;Hero ITOJIH H BH'!HCJIHTh cneKTp 

O,Il;HO'!aCTH'!HHX ypoBH8H B 3TOM ITOT8HD;l'laJie, Bu6op ITOT8HU!iaJia H BH'!HC

JI6HH8 cneKTpa· o6cy;K,IJ;amCH B ITOCJI8,Il;YIOlllHX rJiaBax ,I(l!CCepTa,rmll. To-q

HOCTh pactJ:eTOB o60JI0'!8'!HOtt ITOnpaBKH ITO MOIIC B paMKax T80PHH XapTpll

~OKa pacCMaTpHBaSTCH B § 3. 

II. 0gHO'!aCTH'!H08 noJie smpa npH npoH3BOJU,HOtt WOpMe ITOBepxHOCTll 

McCJie.n;oBaHHe KBa.n;pynOJU,HOH .ne@opMaUHll ll3B8CTHHX smep B6Jrn:3H 

JIHHHH 6eTa-cTa6HJU,HOCTH 8CT8CTB8HHO npoBO,I(l!Th, OCHOBHBMCh Ha npoc

TOM nOT8HD;l'l8J.18 HllJU,CCOHa, napa.MeTpli KOToporo ITO,Il;06paHH ll3 YCJIOBHH 

xopomero Bocnpoll3B8,Il;8HHH CBOHCTB OCHOBHHX H HH3KOJI8xamHX B036y,R,IJ;8H

HHX COCTOHHHtt ~THX xe smep. IIepBOHatJ:aJU,HH8 paCtJ:8TH ITO MOIIC .n;ettcT

BllT8Jll,HO ITpoBO,I(l!JIHCh C HCnOJU,30BaHH8M noTSHU!iaJia HllJU,ccoHa, 0606-

meHHe KOTOporo Ha CJiy-qatt @OPMH smpa, annpOKCHMllpyeMott Tp8XOCHHM 

3JIJIHITCOH,Il;OM, 6HJIO ,Il;aHO lihIDTOHOM, HeKOTopue pe3yJU,TaTH TaKHX pac-qe

TOB npHBO,nl!TCH B ,Il;aJU,H8Hlll8M, 

O.n;m~JCO, ITPH HCCJI8,Il;OBaHHH ~ep, Y.D:8J!8HHllX OT. JIHHHH 6eTa-cTa-

6HJU,HOCTH, BCTaeT Bonpoc O B03MOXHOM ll3M8H8HHll ITapaMeTpoB ITOT8H

D;l'l8J!a ITpll ,Il;8J!8KHX 3KCTpaITOJIHD;l'!HX. AHMorH'!HO, paCtJ:8TH 3Hepr1m .n;e,,, 

@opMa,rmH B ITponecce .n;eJieHM, npoBo.n;HMHe B paMKax MO.D:eJill HllJU,ccoHa, 

npHXO,I(l!TCH ,neJiaTn B ITP8.D:ITOJIOX8Hllll O H83aBHCllMOCTH napa.MeTpoB no

T8HU!iaJia OT .n;e@opMa.ImH npn 3Ha'!llT8Jll,HOM ll3M8H8Hllll @opMH smpa. IlpH 

3TOM @ll3ll'!8CKlltt CMHCJI noITpaBO'!HHX 'VI8HOB B nOT8HU!iaJie HllJU,ccoHa 

ITPH CJIO~HOH @opMe smpa OCTaeTCH H8HCHHM. 

BoaHHKaeT ITpo6JieMa onpe.n;eJI8HM BH.n;a ITOT8HU!iaJia ITPH npoH3BOJU,

HOtt @opMe ITOB8PXHOCTH B COOTB8TCTBllH C HM8Bl!18HCH 3KCnepRM8HTaJU,-
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HOfi H TeopeTH~SCKOtt HHipOpMall;Heil O CBOHCTBa.x smepHllX CHJI H IIJIOT

.. HOC TH pacnpe,neJiemm HYKJIOHOB B smpe • PerneHHS 8TOH npo6JreMH ,naHO 

Bo BTopon rJiaBe ,nHccepTarnm. 

}iJISI BH~HCJISHM IlOJIHOH 8HeprHH smpa B COOTBSTCTBHH C MOITC H6-

06XO;nHMO TaKJKe ~OPMYJIHpoBaTb MST0.14 B~CJISHM o,nHo~aCTH~ 8Hep-

rHn. IlpH nepexo.ne OT npocToro noTeHIJ;l'laJia ffirJihccoHa K peaJIHCTH~ec

KOMY IlOTSHIJ;l'laJIY CJIOEHOCTb sa.na~ 0 BH~CJISHHH o.nHo~aCTH~Horo cneK-. 

Tpa SaMSTHO BOSpacTaeT. B CBJISH C TSM, ~TO npH HCCJie,nOBaHHH npo

uecca ,neJI_SH.IDi ~HO pacc~THBaTb MHOroMepHHe noBepXHOCTH 8HeprHH 

,neipopMamrn, )J,]IH ~ero Tpe6yeTCR npoBO,nHTb B~CJISHHR O,nHO~aCTH~oro 

. cneKTpa B 60Jlblll0M ROJIH~6CTB6 TO~eK·B npocTpaHCTBe napaMeTpOB .ne

ipopMar(HH, MSTO,n B~CJieHHR ,noJIESH" 6HTb BSCbMa· 8~6KTHBHHM. 3Ta sa

.na~a T~e 6HJia perneHa. ~eKTHBHHil MSTO,n B~HCJISHH.II o,nHo~aCTM

H_oro cneKTpa H COOTBSTCTByIOil!IDC BOJIHOBHX WHKUHil OilHCaH BO BTopon 

rJiaBe. 

~eHoMeHoJiorH~ecKoe onpe,neJieHHe noTeHIJ;l'laJia cpe.nHero noJIR ,naHo 

B npe,nnOJIOESHHH O TOM, ~TO o.nHo~aCTH~HHH IlOTSHIJ;l'laJI SaBHCHT TOJihKO 

OT paCCTORHM .no IlOBepxHOCTH R,npa /I/, ~TO Haxo,nHTCR B COOTBSTCT

BHH C KOpOTKO,neilcTByJOlllHM xapaKTepoM smepHHX CHJI. B paMKax TaKoro 

npe.nnoJIOESHHR MOEHO pas,neJihHO paccMaTpHBaTb sa.nrume ~PMH Jl;ll;SPHOH 

IlOBSPXHOCTH H SaBHCllMOCTH IlOTSHIJ;l'laJia OT paCCTORHHR .no IlOBSPXHOCTH 

smpa. B § I paSBHT npn6JrueHHHil MSTO,n onpe,neJISHM paccTORHH.II .no 

IlOBSpXHOCTH smpa npn npOHSBOJihHOH ~pMe IlOBepXHOCTH 12- 41_ 3TO 

paccTORHHe MOEHO TaKES onpe,neJIRTb ~CJISHHO, MHHHMHSHpyR paCCTORHHS 

OT sa,naHHoil TO~ .no npoisBOJihHOH_TO~H Ha noBepxHOCTH. 

B paMKax MOITC HMS!OTCR coo6paxeHHR B IlOJihSY Toro, ~TO B Ka~e

CTBe IlOTSHIJ;l'l_aJia cpe,nHero IlOJIR CJie.nyeT BH6npaTb CTaTHCTH~SCKH 

Ca.MOCOrJiacoBaHHHil IlOTSHIUIM. B § I HCCJIS,nOBaHa pa,nHaJihHaR SaBH

CHMOCTh CTaTHCTH~SCKH CaMOcorJiaCOBaHHoro IlOTSHIUian:a H IlOKaSaHO, 

~TO B xoporneM npH6JrHE6HHH OHa RBJIRSTCR YHHBepcaJihHOil ipyHKIUieil, 
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He SaBHCffil!Sil:_HH OT ~CJia HyMOHOB B smpe, HH OT .neipopMarnm /I/. 

B npaKTH~SCKHX pac~eTax Pa.nHaJihHaR SaBHCllMOCTb BH6HpaJiaCh B BH,ne 

npocToil ipepMHeBcKoil: WHKIUIH 

V(lf) = V
0 

/ [ 1. • e-xp (t(~)/a..)], (I) 

r.ne \!:: - rJIY6HHa IlOTSHIJ;l'laJihHOfl RMH B [lSHTpe R,npa, C( - napaMeTp, 

onpe.neJI.fIIOOIHil pasMHTOCTh RPM R,npa H t, (-?-) - paccTORHHe .no noBepx

HOCTH smpa, KOTopoe YCJIOBHO C~TaeTCR OTp:imaTSJihHHM BHYTPH smpa ll 

IlOJIO.lltRTSJihHHM CHapy,m. CnHH-op6HTaJihH06 BSaHMo,nettcTBHe ll KYJIOHOB

CKJdt noreHIUtaJI Y~HrHBaDTCJI 00H1lHlill cnocoOoM. Onpe.zteJieHHlllt T8.KHM cno

coOoy IlOTSHIJ;l'laJI nepexo,nHT B llSBSCTHHH IlOTSHIJ;l'laJI By,nca-CaKCOHa B 

cipepn~ecKOM smpe. IlpH paccMOTPSHHH ,neJieHHR R,npa Ha ,nBa OCKOJIKa B 

TOM ~ae, Kor.na Ha 60JihlllOM y,naJiemm: OHR llMSIDT ~epMSCKyIO ipOPMY, 

noTeHIJ;l'laJI, KOTopHfi xopomo onpe,neJieH B JII06oll MoMeHT rrpouecca pas.ne

JISHHR, nepexo,nnT B IlOTSHIJ;l'laJI By,nca-CaKCOHa B K~OM HS OCKOJIKOB. 

Krut xopomo HSBSCTHO, .noBOJihHO mHpoKHil Mace IlOBepxHOCTett, 

6JIHSKHX K cipepe, MOXST 6HTh npe,ncTaBJISH B BH,ne pasJIOXSHH.II B psm 

no cipepH~SCKHM rapMOHHKaM. 0,nHaKO npn HCCJie,nOBaHHH ipopMsmpa B 

rrpouecce ,neJieHHR TaKOe npe.ncTaBJI6HH6 HJIH CTaHOBHTCR Hey;n;o6HHM, 

HJIH ,na.JKe Boo6me He cyniecTByeT. qiopMa .neJIRlllerocR R,npa xopomo ann

poKcHMHpyeTCR OBaJIOH,nBMll KaCCHHH (B.C.CTaBHHCKHil, H.C.Pa60THOB l'I 

A.A.CepernH, I968 r.). Bo BTOpoM naparpaqie IT rJiaBH npe,nJioxeHa 

.nocTaTo~o o6maR naPaMeTpHsauM / 5/, B KoTopon ipopMa smpa sa,naeT

CR B CHCTeMe KOOp,nHHaT C OBaJiaMH KacCHim B Ka~6CTB6 O,nHoro HS 

ceMeilcTB ROOp,nHHaTHHX JIHHHtt. B 8TOll napaMeTpnsamrn qJl'ISl'l~SCKll BaJlt

HHe ipopMH smep KaK B OCHOBHOM COCTORmm:, TaK H B nponecce ,neJiemm 

C .nocTaTo~on TO~HOCThID npe.ncTaBJIRIDTCR C noMO!I!I,D He60Jlhmoro ~CJia 

napaMeTpoB. Ilpn o6pamemm: B HYJih paccTORHH.II Me:amy qJO.KYCaMH OBaJIOB 

KaccnHH pasJioxeHHe nepexo,nnT B o6H~oe pasJio~eHHe no ~epn~ecKHM 

rapMOH!IKaM. IlpeHMYntSCTBOM npe,nJIOXSHHOH napaMeTpHSar(Hl'I no CPaBHe-

7 



HHD C HeKOTopmm .n;pyrllMH JIB.JllI8TCJi TO, ~TO Bee @opMH smpa B rrpo

necce .n;eRemm rroJiyllaJDT e,I(IlHoo6pasHoe orrncrume. MeTo,n; Haxollutemui 

8HepreTn~ec.lWX ypoBHefi II BOmOBWC ~~it O,ll;HO~aCTII~HWC COCTommfi 

B IlOT8HnHMe rrponSBOJll,HOfi @opMH II rrponSBOJll,HOfi pa,I(HaJU,HOfi 8aBIICII

MOCTII / 3 ,4/ orrncaII B § 3. KoHe~o, llMSIOTCJi B BH,lly ,ll;OCTaTO~HO rRa,n:

Kne noTSHUlia.Jm, IIM8.IOUlH8 @nsn~ecutt CMHM B SI,n;epHOfi @nsnKe. MeTo,n; 

OCHOBaII Ha paSJIOlKSHIIII BORHOBOit ~~n B p!I,u; no co6CTB8HHllM ~HK

i:nISIM .n;e~pMnpoBaHHOro rapMOHH~SCKoro oc~~Topa. ,llJm 8~8KTIIBHOC

TII MSTO.n;a BalKHO TntaTSJll,HO BH6npaTb CBOfi 6asnc npn K~on @opMe smpa 

H _npoBO.I(IlTb BH~M8HH8 MaTPII'IHHx; 8R8M8HTOB raMHJffiTOHIIa.Ha no KBa,n:

paTypHHM @OPMYRa.M HaHBHcmefi a.rire6paHtI8CKOH CTeneHH TO~OCTH. 0TRH

~T8Jll,HOli oco6eHHOCTbID MSTO.n;a, BalKHOil npn ,ll;MbHSiimeM ncnMb8OBaHHR 

O.n;HO~aCTII'IHOro cneKTpa B pac~eTax no MOITC, JIB.JllISTCJi TO, ~o B pe

syJU,TaTe pac~eTOB IlOJiyllaIDTCJi ypoBHH C nMOlKHT8Jll,HOfi aHeprnett, KO

TOpHe 6Rll8KH KBaSIICT~OHapHRM ypoBH.llM B TOM CJiyllae, Kor.n;a rroc

R8,ll;HII8 HMSIDT MMyID mnpney. B o6meM lK8 CJiyllae MOlKHO cKaSaTb, ~TO 

MSTO.n; .n;aeT y,J:(O6HO8 .n;oorrpe.n;MeHIIe ypoBHSfi C IlOROlKHT8Jll,HOfi .aHeprnett. 

BaJKHO OTMSTHTb, ~o HH rrpn orrpe.n;eReHHH IlOTSHnHMa, HH npn 

B~MSHIIH o.n;Ho~aCTH~oro Cll8KTpa He npe.n;rroRaraeTCSI MMOCTH OTMO

HSHIISI @opMH smpa OT c@epH. 

MeTo,n; ~OPMYRHpoBaH B BII,n;e B8CbMa 6HCTpofi rrpone.n;ypll, peaRHSO

BaIIHOfi Ha 3BM. 3THM MSTO.itOM 6URO rrpoBe,n;eHO HCMe,n;OBaHHe 6oJU,mOro 
' 

~Ma @ns~ecux sa.n:a~, B KOTOpllX, B ~acTHOCTH, HaxO,n;HRCSI O.n;HO

~aCTH~Hit CITSKTP rrpn paBRII'IHOli @OpMe IlOBSpxHOCTH H paSRII'IHOft pa

.I(Ila.lll,HOil 8aBHCHMOCTH noTSHnHMa, n 6URa npo.n;eMOHCTpHpoBaHa BHCO

KaSI Ha,n:Sl!CHOCTb H 8~8KTIIBHOCTb MSTO,n;a. 

ill. ~pMa gnep B OCHOBHOM COCTOSIHIIH H B O8HQ~acT~!IllX 

BO86.z!88H!IllX COCTORHHSIX 

KaK YJKS OTMS~MOCb Bllill8, npn HCMS,ll;OBaIDm PaBHOBSC!IllX .n;e~p

M~tt smep B6Rll8H RHHHII 6eTa-cTa6lIJll,HOCTH Ha rrepBWC rropax 6UR 

8 

,; 

HCilOJll,8OBaH IlOTSHnHM Hnm,ccoHa-HI,moHa. B Tp6Tb8it rRaBS HSJIOlKSHH 

peSyJU,TaTH IICMS,ll;OBaHIISI @opMH OCHOBHWC H HHJKaiimHx BO36Yllut8HIIllX 

COCTOSIHHll aTOMHllX smep B pe,n;KO38MMbHOll H TPaHCYPaHOBWC o6RacTd61 

· H 6onee nerKHX a.itep c 50<Z< 82 n 50 <N< 82 /7 I. 0oo6oe BHI'IMa

Hne y,n;eJI.fIJIOCb H3~8HHID BO3MOlKHOro OTMOHSHIISI OT aKCHa.lll,HOH CHMMST

pnn n BH6opy rrapa.MeTpOB noTSHnHMa. Bwro rroKaaaHo, ~TO, KaK n OlKH

,ll;MOCb, ClIJll,HO .n;e~pMHpOBaHHll8 smpa aKCIIaJU,HO-CHMMSTPH~ B OCHOB

HOM II B08ClYllutSHHWC COCTOSIHIISIX. fln;pa B rrepexomicitt O()RaCTH TaKlKS SIB

RSIIDTC.li aKCIIa.lll,HO-CHMMBTPH~Hb!MH, HO,B OT~He OT ClIJll,HO .n;e@opMHpO

BaHHWC smep, pa3HOCTb 3Heprnfi MSllutY-PaBHOBSCHmm COCTOSIHHSIMH BHTSI

HYTOH n CIIJIJOCHYTOH @opMH MMa. CocTOSIHHe C 6oJiimett 8Heprnett Heyc

TOfflBO OTHOCIITBJll,HO HSaKCHaJU,HOll .n;e@op~. PaaHOCTb aHeprnft MO

lKST IIM8Tb pa8Hllli 3HaK B OCHOBHOM II BO86Yliut8HHOM COCTOSIHHH, ~TO 

,ll;ORJICHO rrpoJIB.JllITbC.li Ha SKcnepHMSHTe KaK HaRH~e H3OMepoB @opMH cpe

.I(Il HH8KORSJKa.IllHX BO3Clyli\!];8HHWC COCTOSIHHfi. Ha BO3MOlKHOCTb OTRH~ 

~PMll H8~8THHX smep OT @opMH coce,n;Hnx ~8TH0-~6THllX smep II @opMH 

BO3ClYllut8HIIllX COCTOSIHHH OT ~pr,n,i OCHOBHOro COCTOSIHIISI ClHRO yKa8aIIO 

B pa6oTe B.r.CoROBbBBa (I966 r.). 

llcMe.n;oBaHHe poRH reKca,n:eKarrOJU,HOil .n;e@op~n B smpax pe.n;Ko

seMSJll,HOit n TpaHcypaIIoBoil o6RacTeil 6URo npoBe.n;eHo B pa6oTe 181 *>. 
0Ka3MOCb,' ~o Ha:3.neHHll8 3Ha~eHIISI rrapa.MeTpoB reKca,n:eKarrOJll,HOli .n;e

~p~ xopomo corRacyroTCSI C pac~eTaMII,BHITORHSHHmm .n;pyrnMH aBTO

paMII C ITOT8HnHMOM Hnm,ccoHa, II C aKcnepIIMSHTa.lll,HllMII 3Ha~eHHSIMH, 

rro.rry,reHHRMH B peayJU,TaTe aIIaRHSa ce~emm Heyrrpyroro pacceSIHIISI 

aRb@a-~aCTHU C B08ClyJK,lt6HH8M HHl!ta.ffnmX ypoBHett poT~OHHOit ITMOCH. 

llcMB,ll;OBaHHS ~8TH0-~8THWC smep, IlpOB8,ll;8HHO8 B pa6oTe 181, 
6URo .n;orromeHo na~eHIIeM He~eTIIllX smep rrpn I53 < A< I77 / 9/ n 

~eTHo-~eTHHX n He~eTHHX smep rrpn I74 ~A< I85 /IO/. OcHOBHott 

*' B pa6oTe 787 IICITMb8OBMC.li 0,ll;HO~acTn~tt IlOTBHnHM n CITSKTP 
ypoBHeft, orrpe.n;eReHHHfi B pa6oTax ~.A.rapeeBa n .n;p. (I966-I968 rr.)_. 
ABTop .I(IlCC8pTrunm 6UR OTBSTCTBBH sa pac~eT PaBHOB6CIIllX .n;e@o~tt 
no Morre. 
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BHBO,II; 3TilX pa6oT 38.KJII()qaSTCJI B TOM, 'ITO Y"JST OTJilI'IWI .n;ecpopMaUIDI 

B036yll\I(eHHOro COCTOHHIDI OT .n;ecpop11runrn OCHOBHOro COCTOHHIDI YJIY'llllaeT 

cor~acne MSllf,Ily sKcnepHMeH'lBJibHHMlf n TeopeTH'!eCRHMH pesyJibTaTaMH 

no no~oxeHHID O.n;HO'!aCTH'IH!:lX ypoBHBH. 

3Ha'!HTeJibHO 6oJibmee pas~e .n;ecpopManHH OCHOBHOro (IlO'ITH ccpe

PH'IBCKOro, Ma6o CIIJIIOCffYTOro) n B036yll\I(eHHOro (CHJII,HO .n;ecpoIJMHpoBa.H

Horo, BHTHHYTOro) COCTOHIDIH 6WIO 06HapyxeHO TeopeTH'ISCRH H 3Kcne

pHMeHTaJII,HO B Il?,S(r /II/ n B 121- 125 ! /I2,r3/ 3!:), 'ITO .n;aeT 

OCHOBamie roBOpHT:E, 0 '!eTKO BHpaxeHHOM scpcpeKTe "cocymecTBOBaHHH 

(pOPM" B 3THX smpax. CJre.n;oBaTeJII,HO, .naxe smpa, 6.JllI3KHe K MarH'!eCRHM, 

MOrYT 6HTI, cymecTBeHHO .n;ecpOIJMHpoBa.HHHMlf B B036ylK,!(eHHHX COCTOHHHHX. 

I.Y. <llopMa. Bpama.DIJIDCCH gnep 

06o6meHHe MOITC Ha CJiy'IaH BpamaIDI.IIIDCCJI smep npoBe,neHO B '!eT

BepTOH r~aBe. Ilpn 3TOM ecTeCTBeHHo pa3.JllI'!aTI, MeMSHHOe /I4/ H 

6HcTpoe /I5,I6/ BpameHne. B nepBOM CJ!y'Iae npHMeIDIMa. TeOpHH B03My

meHIDI,H OCTaTO'!HOe B3aHMO.I{ettcTBHe Tmia cnapnBaHHH MOXHO Y"IeCTb B 

OclH'!HOM npn6.JllixeHHH, BO BTOpoM - cnapHBamie HJilI He nrpaeT 3aMeT-. 

HOH po.1IlI, TaR 'ITO Ha nepBHX nopax ero MOXHO He Y'IHTHBaTI>, HJilI 

HC'!e3aeT COBCeM. 

IlepByro, rpy6yro opneHTa.qm!l B Be.JllI'!HHe scpcpeKTOB, CBH3aHHHX C 

BpameHHeM, MOXST ,naTI> paCCMOTpeHHe B MO.I{e.JllI .lm,I(KOH Ka.IIJIH, npoBe

.neHHOe B § I • .Ivm smpa 127Lct- oQeHKH noKasHBaroT, 'ITO sHeprHH 

BpameHHH npn KPHTH'ISCKOM 3Ha'!eHHH yr~oBoro MOMeHTa, npn KOTOpoM 

Jmpo Tep!IST CTa6HJII,HOCTI, OTHOCHT8JibHO ,neJieHHH, PaBHa 60 MsB, 'ITO 

COCT~eT He 6o~ee 6% 3Heprnn CBH3H 3Toro H,npa. CooTBeTCTByJ)lllali 

yr~oBruI '!aCTOTa BpameHHH B 3HepreTH'I8CKIDC e.nn~ax paBHa I,4 MsB. 

TaKHM o6pasoM, .naxe caMoe 6:ucTpoe BpameHne, ena He paspimaromee 

*'B HanHCaHHHX COBMeCTHO c 3KcnepHMeHTaTOpaMH pa6oTax/II-I3/ 
aBTOP .nnccepTrunrn OTBeTCTBeR sa pac'!eT cpOJ)Mll OCHOBHOro H B03-
6yll\I(eHHHX COCTOHHHH. 
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H,npO Ha '!aCTH, JilimI, Ma6o MeHHeT YMOBHH, B KOTOPHX HaxO,nHTCJI smep

HOe BemecTBo. Ec>JII,ll!Dti scpcpeKT aToro Ma6oro BosMymeHHH, BHpa.JKalOOtHtt

cH B cymecTBeHHOM H3MeHeHHH cpopMH, 06'bHCHHeTCH TeM, 'ITO BpameHHe 

"BMennmaeTCH" B TOHKHH 6aJiaHC CpaBHHT8JibHO 6onmHX Ky~OHOBCKilX CR~ 

H CM noBepxHOCTHOro HaTHXeHHH. TaR KaR npn BpameHHH ~OKaJII,HHe 

CBOHCTBa smpa MeHHIDTCH MaJIO, TO MOXHO_ npe.nno~OXIITI,, 'ITO npn OilHCa

mm BP8Il!8.l!IIteroCH smpa noHHTne cpe.n;Hero noJIJI Tax ze xopowo onpe~e

~eHo, KaR H B MY"JaeHeBpama.IOllleroCJi smpa. OQeHKH Be.JllI'!HHH Kopno

JllICOBa B3aHMO.n;ettcTBHH IlOKa3HBaIDT, 'ITO OHO,C O,II;HOH CTOpoHH, cpaBHH- · 

MOC pacCTOHHHeM Mellf,Ily o6o~O'IKaMH, a C .npyrott - MeHI>me 3Heprnn 

<llepMH. Ha OCHOBaHHH npnBe,neHHHX OQBHOK Me,JJyeT o.im;o:aTI>, 'ITO 060~0-

'IS'IHHe acpcpeKTH, cymecTBeHHO CBH3aHHHe C MOTHOCTI,ID ypoBHett y no

BepXHOCTil <llepMR, npn 6HcTpOM BpameHHH npeTepneBaIDT 3Ha'!HTenHHe 

Il3MBHeHHH, TaR 'ITO B03MymeHHe, BHOCHMOe BpameHneM, He MaJIO. 0.n;HaKO 

'IHMeHHHe OQeHKH BJilIHHIDI Bpamemm MOXHO npoBO.I{HTI, B Tex xe npH6.JllI

xemmx, OCHOBaHHHX Ha IlOHHTHH cpe.n;Hero IlOJIJI, KOTOpHe xopomo sape

KOMBH.n;OBaJIH oe6H npn pac'!eTe sHeprnn ,necpopMaQH~ HeBpamaIOIIIHXCJI smep. 

B § 2 r~aBH IY IlOKa3aHO, 'ITO MR 3HeprHH smpa_BO BP8Il!8.l!IItettCJI 

CllCTSMe Koop,nnHaT MOXHO npoBeCTH pa36HeHne Ha .n;Be KOMIIOHeHTH, 0.I{Ha 

H3 KOTOPHX B xopomeM npncl~eHHH BH'IHCJIJIBTCJI B MO.I{BJilI XH.n;KOtt Kan

~H, a ,npyrrui:, o6o~O'!e'IHrul nonpaBKa, BH'IllCJIJieTCH Ha OCHOBe CilBKTpa 

co6cTBeHHHX 3Ha'IBHHH O,II;HO'!aCTH'IHOro onepaTopa Payca 
A ~ ~ _. 

r == -L - f w + v, c2> 
.... "' 

r.n;e f - KRHeTR'!eCKrul 3HeprHH HYMOHa, r -ero yr~OBOH MOMeHT, 

a V - cpe.nHee norre smepHHX en~ BO BP8Il!8.llIIIBMCJI smpe, saB:n:cnMocTI> -KOTOporo OT yr~OBOtt '!aCTOTH uJ B npaRTH'IBCKilX BH'IHMeHHHX He 

Y'IliTHBaJiaCI>. 

B MY"Jae MeMeHHoro Bpamemm sa.n;a'!a CBO.I{HTCJI K BH'IHMeHHID 060-

~0'Ie'IHOH KOMIIOHBHTH MOMSHTa HHBPQHH. Ilo.n;poclHOe 'IHC~eHHOe Il3Y"JeHHe 
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ycpe.rureHHOro MOMeHTa HHepnnn /I4/ ITOKa3aJIO, qTQ B orcyrCTBH8 cna-,,. 
pnBamm era 3HaqeHHe 6.JmsKo K TBep.I(OTeJinHOMY, a o6o~oqeqHHe qLJIIOK-

TYaUIIH BemKH, oco6eHHO B smpax noqTH c<IiepnqecKofl <IiopMhl. C .I(e~p

Mannefl smpa ~Ty,!(a o6o~oqeqHUX OCnH,JIJI/Illllfl HecK~KO YMeHnmaeTCR, 

O.I(HaKO ITOMe pa3.I(e~eH.IIB Ha .I(Ba OCKO~a CHOBa pe3KO B03pacTaeT npH 

npm5.i1WKeHHH <IiopMH ocKo~oB K c<IiepnqecKofl • .AMrurn:Ty.I(a ocrui~fl 

yMeHnmaeTCR npH YBemqeHHH TeMITepaTypH smpa H npH TeMITepaType 

nopgn:Ka 3 MaB CTaHOBHTCR npeHe6pelKHMO MaJIOfl. 

E.lm30CTn ycpe.rureHHOro MOMeHTa HHepumr K TBep.I(OTeJU,HOMY .I(aeT 

HeKoTopoe'ocHOBaHHe ~ OITHCaHHR HH3KMeJKa111IDC BpamaT6JU,HUX B030YJK

,IJ;eHHfl B MO):{eJIH ,' B KOTOPHX aHepr.lIB ,IJ;eqJOPMaU!IH smpa CITHHa I npe.I(

CT~eTCR B B~e CJMMH 

E I~ o( ) = E
0 

( ol) T L I ( I + i ) / J ( o(,) , (~) 

r.I(e f
0 

(cl.)- aHeprIIB ocHOBHoro cocToRmm, BuqnMeHHaR no MOIIC, 

] (cf..) - MOMeHT HHep1urn B MO.I(em npHHYJJ;HTSJU,HOro Bpamemm, a na

paMeTpl,I; onpe,IJ;e~mrnnrn <Iiopr,zy- smpa, o6osHaqeHH qepes o/._ • Ilpn aToM 

He COCT~eT Tpy,D;a yqeCTn OCTaToqaoe B3aHMO,IJ;eflcTBHe THna cnapn~ 

BaHHR. IlpH MHHHMH3aU!IH BHpru!t6HHR (3) no ol... ytnITHBaeTCR 3aBHCH

MOCTn MOMeHTa HHepumr OT (pOpMil smpa. 

B xopomo ,IJ;eqJOpMHpOBaHHHX smpax npH MMRX I ~HHS BpameHIIB 

Ha (pOPMY smpa MaJIO Hero TP~HO 3aM6THTb Ha (pOHe ~yrHX a~eKTOB. 
, ~ 

IloaTOMY ecTecTBeHHO HaqnHaTn nsyqeHHe MIIBmIB BpameH.IIB Ha <POPMY R.I(-

pa B nepexo~x ,mpax, KOTOpHe, Bo-nepBHX, 6o~ee "MRrKHe" OTHOCH

TSJU,HO .I(6(pOPMaU!IH, a BO-BTOPHX, OMa,IJ;aIOT no Kpattffefl Mepe ,IJ;ByMF! 

ceMeflcTBaMH PaBHOBSCHHX (pOpM, 6m3KHX Mell\ey" co6ofl BffYTPH Kruimoro 

ceMet!CTBa. BHYTPH ceMeflcTBa COCTORIIlffi'. paamqaIOTCR CITHHOM. Ilepexo,IJ;H 

H3 O.I(Horo ceMeflcTBa B ,D;pyroe CBR3aHl,J C 3aMeTHHM H8MeHeHHeM (pOpMil, 

qTO ~erqe KaK 06Hapy.lKHTb aKcnepHMeHTaJU,HO, TaK H HHTepnpeTHpoBaTn 

TeopeTmecKH. 
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EoraTHfl aKcnepHMeHTaJU,HHfl MaTepHBJI O nepexo,IJ;ax C H8MeHeHHeM 

(pOIJMl:l 6~ HaKOim8H B noMe,ruree BpeMlI npH usyqeHHH ~erKHX H30TOnOB 

pryTH, H TeopeTHqecKH8 pacqerH /I7/, OTHOCHIItH8CH KaK K PTYTH, 

rax HK COC8AHHM aneueHT&!, npHBOAHTCH B § 3. 

HHTepec K aTofl oMacTH R,D;ep BH3BaH SKcnepHMeHTaJU,HHM o6Hapy,Ke

HH8M peaKoro YBemqeH.IIB cpe.rureKBa,IJ;paTmHoro pa,D;Hyca B nsoTonax 

PTYTH npH YM8Hbll9HHH 'iHMa H8HTpGHOB OT I07 .I(O I05 H BHCOKoro no

~oxemm ypoBHR 2+ B coce,!(HeM H80TOITe C 'iHMOM HefITpoHOB I04, KaK 

B 6o~ee TJDKe~,noqTH ~epnqecKHX uaoTonax. B TeopeT.li'IecKIDC pa6o

Tax, npe,D;meCTBOBaBmHX pa6oTe /l7/, paCCMaTPHB~Cn T~KO qeTHO

-qeTHHe smpa H 6:wm c,!(e~rurn BHBO,IJ;H o nepexo.I(e OT c<Iiepnqecxon K .I(e

<IiopMHpoBruIHofl (pOpMe B qeTHO-qeTHHX H30Tonax, qTQ He no.I(TBep.ItHJIQCb 

B aKcnepHM8HTax. B pa6oTe /17/ B paMKax C<POPMY~HpOBa!IHOH BHme MO

,IJ;em (CM. BHpaxeHHe (3)) 6:wm paccMOTpeHH KaK qeTHO-qeTHHe, TaK 

H HeqeTHHe-smpa, a Trutl!te ~e BpamaT8JU,HH8 COCTORIIlffi'. B qeTHO

qeTHHX R,IJ;pax. Ew!o noxasaao, B ITMHOM COOTB8TCTBHH C aKcnepHM8H

TOM, qTQ qeTHO-qeTHHe H30TOITH JIBJIJIIOTCR noqTH C(pepnqecKHMH B OCHOB

HOM COCTORHHH, TOr.I(a KaK B HeqeTHHX H80TOnax B OCHOBHOM COCTORHHH 

npH YM8Hnill8HHH lJHMa H8ilTpoHOB npoHCXO,ll;HT nepexo.I( K CHJU,HO BHTR

HYTOfl qiopMe. 0.I(HaKO H B"i8THO-q8THl,JX R,D;pax .I(O~X8H HaM~aTnCR 

nepexo.I( K CHJU,HO BHTRHYTOfI <IiopMe, ecm R,D;po Haxo,IJ;HTCR BO BpamaTeJU,

HOM COCTORHHH. Pacc,mTaHHH8 SHElprHH BpamaTSJU,HWC no~oc OKa8~Cn 

B xopomeM cor~cHH C HM6BmHMHCR B TO BpeMR: 8KCnepHM8HTaJU,HW.m .I(aH

HHMH. IlMyq8HHH8 ITOM8 ony~OBa!I.IIB pa60Tbl /l7/ .I(OITO~T8JU,Hll6 

aKcnepHM8HTaJU,HH8 .I(aHHH8 TB.Kllte xopomo cor~Cyx>TCR C HallillMH npe.I(

CKa3aHIDIMH. Ilpli"<lliHOH 6~mofI pa8HHnl:l M8llm,V qeTHo-qeTHHMH H H8-

qeTHHMH H80TOnaMH ~8TCR OOJU,illaR pasmma B ImOTHOCTli H8fITpoHHl:lX 

O.I(HO'!IaCTHqHHX ypoBHefl H, CJIS.I(OBaTeJU,HO, pMH B8aHMO.I(eficTBHJI THIIa 

cnap:ima.HIDI npu CllJlllCHYTOfl n BHTRHYTOfl qiopMax /I7/. 

B paMKax TO:lt xe npocTofl MO.I(8J.IH 6:wm npe.I(IlpnHRTbl ITOHCKH aHBJIO-
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rH"!HOro aqqieRTa 11COCYllleCTBOBaHH.II ipopM" B a.a;pax 8JieMeHTOB, cocemmx 

C PTYTI>JO. EHJm HCCJie,n:OB8Jil,l H8OTOII!,1 WiaTHHbl, CBHl{Ua, IlOJIOHH.II /IB/, 
a TaKJKe acTaTa, pa,n;oHa, ifJPaJIUWJ H pa.I(H.II /l9/. Ewm: npe.n:c.Ka8aHH 

tJHCJia HeilTpoHOB, npH ROTOPIDC .D:OJOK!lli H8MeHHTI,CJI i{IOPMa a.a;pa, a TBlO!te 

xapaRTep BO8MOlKHIDC nepexo.n:oB cpe,l(H BpamaTeJII,HblX COCTORHHii. Ilo.I(pO6-

Hlifi aHaJIH8 CBOHCTB Rpattlie y,l(aJieHHblX OT JIHIDIB 6eTa-cTa6HJII,HOCTH 

a.a;ep npoBe,l(eH B CB/18H C Ha,I(e~aMH 8RCnepHMeHTaTopoB HCCJie,l(OBaTI, 

8TH a.a;pa Ha YCTaHOBRe "H30J.U,.I{A". 

PacqeTli H8MeHeHH.1I ipOpMli a.a;pa no.n: BJIHJIHHeM 6HCTporo BpameHH.II 

BWIOTI, .n:o npe.n:eJia CTa6HJII,HOCTH OTHOCHTeJII,HO ,l(eJieHH.II 6HJIH npoBe.n:e

Hbl B Ha.IUHX pa6oTax /l5,16/ (§ 4) H B pa6oTax 6OJII,WQR rpynII!,1 aBTO

poB H8 Jiy.!ijJ;a H Bapwa.Bli, ony6JIHROBaHHIDC IlO'tfTH O.I(HOBpeMeHHO C HawHMH. 

Bo Bcex 8THX pa6oTax npH H8~emm o6oJio~e~HliX llOilPa.BOR HCilOJII,8O

BaJICR O.I(HO'tfaCT~ii llOTeHUHaJI Hwu,ccoHa-HE,XJToHa H paccMaTPHBaJIHCI, 
t· :. 

TOJII,RO 8JIJIHIICQH.I(aJII,Hble i{lopMl,I. Pac~eTli llORa8liBaXJT, ~o RaR RJiaccH-

qecRaR ROMilOHeHTa B IlOJIHOii 8HeprHH, TaR H o6oJioqeqH8JI llOllp8,BRa 

CYll!eCTB8HHbl ,l(JllI onpe.I(eJieHH.II i{IOpMl,I a.a;pa. JlORaJII,HOe llOBe,l(eHHe ::rnep

reTH'tfeCROii IlOBepxHOCTH onpe,l(eJIReTCR O6OJioqeqHoil nonpa.BRoii, ROTO

paJI oco6eHHO CYll!eCTBeHHa B o6Jiacrn Wia.BHOrO H8MeHeHH.II RJiaccnqecROfi 

8HepreTH'tfeCROii llOBepXHOCTH. KpoMe COCTORHH.II C HHJKai!meii 8HeprHeii 

npH 88,I(aHHOM yrJIOBOM MOM8HTe (TaR Ha8HBaeMHe "HpaCT-COCTORHH.II") 

Ha 8HepreTH'tfeCROii llOBepxHOCTH,O6H"IHO HMeeTCJI O.I(HH HJIH .I(Ba JIORa.zrI,

HblX MHIDIM.YMa. Bco6me rOBOpii, Pa.BHOBeCHlie COCTORHH.II He JlllJIJ!DTCJI 

aRCHaJII,HO-CHMMeTpH'lfHHMH. Hx ipopMa IJJia.BHO MeHReTCJI C H8MeHeHHeM 

yrJIOBoro MOMeHTa a.a;pa. IlpH HeROTOpoM RPHTH'tfeCROM 8Ha'tf8HHH yrJIO

Boro MOMeHTa a.a;po TepiieT YCTOii'tfHBOCTI, OTHOCHTeJII,HO ,l(BIIeHH.II. 

PacqeTli llORa8HBaXJT, 'lfTO 8TO RpHTH'tfecRoe 8Ha'tfeHHe llpH ~eTe 060JIO

'tfe"IHIDC aqqieRTOB IlOBHWaeTCJI Ha 20-30 8.I(HIDm no Cp8,BH8HHD co 8Haqe

HRIIMH, n~eHHHMH B MO,l(eJIH Bpa!ll!UOOleiiCJI Jm.IlROii RaWIH. Tarum o6pa-

8OM, o6oJioqeqH8JI CTPYRTypa CTa6WIH8HpyeT a.a;po OTHOCHT6JII,HO ,l(eJie-
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RH.II. Oco6eHHO rJIY6ORHii MHIDIMYM npH CHJI!,HO BliTRHYTOii ipopMe BO8HH

RaeT B a.a;pe 154 D ~ ( ".I(ei{lopMHpoBaHHaJI o60Jio'tfRa" B TepMHHOJiorHH 

CTpyTHHCROro), ROTOpHii IlpH yrJIOBOM MOMeHTe, 6Jm8ROM R RPHTHqeCRO

MY, CTaHOBHTCJI a6cOJIIOTHHM. 

Pa8HO06pa8He ipopM, ROTOplie MOJKeT npHHHMaTI, BpamammeeCJI a.a;po, 

npHBO,l(HT R TOMY, 'lfTO B npo~ecce CHRTM B086~eHH.II RaCRB,I(OM raMMa

RBaHTOB HHOr,l(a ,l(OJIJKHO npoHCXO.I(HTI, 8aM8THOe H8MeHeHHe ipopMl,I so:u>a, 

ROTopoe ,n:OJIJKHO npORBJIRTI,CJI Ha 8RcnepHM8HTe RaR 8alla8,n:HBaHH8 B sa

ceJI8HHH IlOJIOCH OCHOBHOro 9OCTORHH.II. CJie.I(YeT OTMeTHTI,, 'iTO Bee 

o6cy~aeMHe MHHHMYMH HMeXJT oRpyllta.IOOlHii HX 6ap1,ep He HHllte (l-2) MaB. 

MeJIRHe BapHaUHH B IlOJIHOii 8HeprHH He npHHHMaJIHCI, BO BHHMaHHe. 

IlpoBe.n;eHHOe paCCMOTpeHHe cnpa.Be.zv.tHBO TOJII,RO ,l(JllI a.a;pa Ha HpaCT

IlOJIOCe, ROr,l(a a.a;po RBJIReTCR 11XOJIO,n:HHM" •. BeyTpeHHee BO86y~eHHe 

(llOBHW8HHe TeMnepaTypH) crJialKHllaeT HeperyJIRpHOCTH, CBJl8aHHble C 

O60JIO'tfe"IHOH CTpyRTypoii, H RBa8HRJI8CCH'tf8CRO8 OllHCaHHe CTaHOBHTCJI 

Bee 60Jiee,TO'tfHHM. H8JIOllteHHble BHW8 OCHOBHble BliBO,n:H HawHX pa6oT 

/l5,16/ 6HJIH no,n:TBe~eHH B pa6oTe Heeprop.n:a H 'AP• (1977), B Ro

Topoii np0B8A8HH aHaJIOrHqHue pacqeTH C IlOTeH~HaJIOM BYACa

CaRCOHa. Pesym,TaTH opHrHHaJII,HblX pa6oT, Ha ROTOPHX OCHOBaHa lY 

rJia.Ba, H8JIOllteHbl CHCT8MaTH'tf8CRH B o6sope 1201. 

Y • JleJI8HH8 Jmpa 

B MO.D:8JIH ~oii RaWIH ycTOii'tfHBOCTI, smpa OTHOCHT8JII,HO ,l(eJI8HM 

onpe,n:eJIReTCJI ROHeypeHUHeii .I(Byx 60JihWHX RJiaccMecRHX cwr, a HM8HHO -

eyJIOHOBCROro OTTaJIICHBaHIDI M8JK,Ily npoTOHa.MH H R,n:epHoro npHTJDKeHH.II, 

MO,l(eJIHpyeMoro CHJIOii llOB8pxHOCTHOro HaTRllteHHR. C pocTOM 8apii.D:a sm

pa OTHOCHT8JII,H8JI pom, RYJIOHOBCRHX CHJI pacTeT, H npH H8ROTOpoM 

RPHTH'tf8CROM 8H8'tf8HHH OTHOW8HH.II RBB,I(paTa 8apii.D:a R 'IHCJIY HYRJIOHOB 

a.a;po T8pii8T YCTOii'tfHBOCTI, OTHOCHT6JII,HO .D:eJIBHHR. IlpH H8CROJII,RO 
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MBHI,lllliX 3Haqemurx 8Toro napa.MeTpa TJIJKBROe smpo B OCHOBHOM COCTOH-

mm OKPYJKBHO llllipoKHM n MOCKHM 6ap1,epoM. cliol)Ma H,IU)a B ce,nJIOBOil 

ToqKe B MO~Mll lm,I(KOR RaMH 06.Jra,naeT Bl:lCOKOil CTenem,ro CllMMeTpllll, 

a HMBHHO: H~O 8.KCHBJil,HO-CHMMBTP~HO ll CHMMeTpll~O OTHOCllT~HO 

OTpalKBHHH B MOCKOCTll, nepneH.IUffiYMPHOil OCH CHMMBTpllll (sepKBJII,HaH 

CHMMeTpHH). Mo~e~ He MOllteT 06'.b.fICHHTI, npn6~3llT~Horo IlOCTOHHCT

Ba 6apMpoB ~Memur B TpaHcypaHOBl:lX smpax,n TOT <pa.KT, qTQ smpo c 

6o~moil BepoHTHOCTI,ID ~e~CH Ha ~a OCKO~a HepaBHOil MaCCl:l. C 

yqeTOM CTPYKTYPHl:lX ~eKTOB OilllCaHHe npouecca ~MeHHH CYIIlBCTBBHHO 

MBHHBTCH, OcHOBHOe COCTOHHlle ~ CTaHOBllTCH 'ABqJOIJMHpoBaHHl:lM, KaK 

aTo onncaHo B npe~ rRaBax, a llllipoKHil u MaBHl:lil ~oKan~

Hl:lil 6ap1,ep MO~RupyeTCH oc~pyIOllleil o6o~oqeqHoil nonpaEKoil TaKHM 

o6pa80M, qTQ B TpaHcypaHOBl:lX H~pax B6RU8U BBp!IUHl:l lm,I(KOKail~Horo 

6ap1,epa IlOHBRRBTCH MllHHMYM, COOTBBTCTByIOIIIIlH KBa8llCTauHOHapHOMY 

COCTOHHHID (CilOHTaHHO-~BJIHIUliliCH U80Mep). TaKHM o6pa80M, B npouecce 

~eReHHH smpo ~o~o npeo~oReTl> ~a 6ap1,epa. Bl:lcoTa Han6~mero ns 

~yx 6ap1,epoB B TpaHcypaHOBl:lX H~ OCTaeTCH npll~3llTB~HO IlOCTO

HHHOil Be~qllHOil, B IlORHOM COOTBBTCTBllll C 8KcnepHMBHT8JII,HJ:lMil ~aH

Hl:lMH. 06c~eHHID qiopMl:l ~ Ha o6onx 6ap1,epax n B ROK8JII,HQM MHHH

MYMB Me.llr,!Jy HllMll IlOCBHIIIBHa IlHTaH rRaBa. 

B npe~ rRaBax pacqeTl:l qJOpMl:l aTOMHl:lX smep B~8ll RHHilll 

' 6eTa-cTa6Ml>HOCTll B OCHOBHOM ll HBKOTOPl:lX B036~eHHl:lX COCTOHHHHX 

OCHOBl:lBaJIHCI, Ha <p6HOMBHOROr~ecKOM onp6'A6RBHilll IlOTBHUHBJia cpeMe

ro IlOM, npnqeM B pime CRyqaeB npe~OROlltBHHH O B~e IlOT6HUH8Jia 

MOlltHO 61:lRO TmaT~HO npoBe~llTI,, llCil~8YH 6oraTYJ() cneKTpoCKOilH

qeceyio llHqJOIJMauHID. ,IvllI pacqeTa KapT IlOBepXHOCT6H IlOTSHUHBJII,HOil 

aHeprnu ~e<pOPMauHH H,IU)a npn onncaHHH npouecca 'AMSHHH HYXHO 'Ae

RaTl> IlPS'AilMOXSHHH O B~e IlOTSHUHBJia cpeMero IlOM npll qJOIJMS H.n~ 

pa, CMl>HO OTRHqaiomeilCH OT cqiepl:l. B 8TOM CRyqae npa.KT~SCKH HST 

HHKaKHX cneKTpoCKQilHqecKHX ~aHHl:lX .Ji)IH npoBepKH C'AMaHHl:lX npe~o-

·,s 

ROllteHHil. T~KO noHeMHory B Kpaillie TPY'AHl:lX 8KCneprurnHT8X Ha.KaIIJIH

BaeTCH llH<pOPMauHR 06 ypoBHHX BO BTOpoil IlOT6HUil8JII,HOil HMS, COOT

BSTCTBYlllllSH CilOHTaHHO-'A8RHm8MYCH ll30Mepy, U 06 aHepruu Ha,I( 6apMpoM 

'A6R8HHH ll KBaHTOBl:lX qHM8X Ta.K Ha81:lBaeMl:lX "KaHBJIOB 'AMSHHH". Il08TO

MY Kpaillie BaXHO.IlpU paCCMOTpSHHll npo~ecca 'AMSHHH OCHOBl:lBaTl>CH Ha 

nplleMReMl:lX C qJllSHqecKoil TQqKH speHHH rHilOT838X O B~e IlOTSHUHaJla 

cpeMero noM npn 6~11llix 'ASqJOPMauHHX. TeM He MeHee, n B aToM QRY

qae T8XHliq8CKaH MOlltHOCTI, pacqeTOB 8H6pI'llll 'ASqJOPMaunll npn H88.KCll-

8JII,HJ:lX <pOIJMBX sacTBBMeT npn6eraTl> K rpy6HM ynpomeHHHM n ncn~so

BaTl> B Ka~ecTBS cpeMero IlOM IlOTSHUHaJI HH.m,cc~Ha-HI,moHa. B Ta

KHX CRyqaHX HM88T CMl:lM o6c~aTI, TO~KO pesy~TaTl:l npn YMSPSHHl:lX 

. 'AS<pOPMauHHX, npn KOTOpl:lX OTHOill8Hlle pa3MepoB H,IU)a B~O~ ll none-

peK OCH 'ASRSHHH He npeBOCXO~T 2:I (<pOl)Ma smpa B CilOHTaHHO-'ASJ!H-; 

meMCH ll80MepHOM COCTOHHllll). Ilpll 8TOM Ha nepBl:lil Mali B~HraIOTCH 

KaqecTBSHHl:le C006pal!teHHH O Tllnax CHMMeTpllll qJOpMl:l ~ Ha TOM~ 

llHOM 8Tane npouecca 'ASRSHHH, XOTH B 6~mHHCTB8 CRyqaeB npe~cKasa

HHH o BB~He 6ap1,epoB HaXD~TCH B Y'AOMeTBOpllTS~HOM corRaCllll 

C 8KcnepUMeHT8JII,HJ:lMil 'AaHHl:lMH. 

CliMMeTpllH qJOpMl:l ~ Ha nepBOM 6ap1,epe 61:lRa llCMS'AOBaHa B 

pa6oT/2I/ (§ I) n 61:lRO IlOKaSaHO, qTQ TpaHCYpaHOBl:le H,IU)a Ha nep

BOM ll3 'AByJC 6ap1,epoB 'AMSHHH Tepm:JT 8.KCll8JII,H]D CllMMSTpllID, a BO 

BTOpoM Mll.HHMYMS YCTO~ OTHOCllT~HO H88.KCll8JII,HOli 'ASqJOl)Maunll. 

Oco6eHHO BaXHO yqnTl:lBaTI, OTMOHeHHe OT 8.KCUBJII,HOH·cHMMeTpllll B ca

Ml:lX THJKSRHX smpax, 8aMl:lKaIOlllilX nepno~qeceyro Ta~ 8R8M8HTOB, B 

KOTOPl:lX IlOHHllteHHe nepBoro 6ap1,epa 'AOCTHraeT 2 MaB. Elmo TaKllte 

IlOKa8aHO, qTQ BaXHl:l TO~KO MaJll:le OTMOH6HllH OT 8.KCll8JII,HOil qiop.Ml:l, 

TaK qTQ He llCMIDqSHO, qTQ BJ:lqHM8Hil8 OMOqacT~ ypoBHeil B 6o

Ree peamrcT~SCKOM IlOT8HUH8JI8 MOlltHO npoBO'AllTI, B paMKaX TeOpllll 

B08MYJ118HllH. Pesy~TaTl:l pa60Tli 12r1 6HRH BilOMS'ACTBllll Il0'ATB8p,lm8Hl:l 

B pa6oTax 'APyrllX aBTOpoB. B CaMOe IlOM8'AH88 BpeMH HaqHHaeT IlOHB-
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JI.ffTI,CJI 8RCII8PllM8HTa.JII,HaJI HHqJOPMa.urut, CBn,neTSJII,CTBylCIItruI O Hapy

meHHH aRCHa.JII,HOH CIIMMSTPHH Ha nepBOM 6ap1,epe. 

EoJrI,mott HHTepec npe;ncTaBJIJieT qiopMa ,impa Ha BTOpoM 6ap1,epe H 

ee aBomorum B npouecce cnycRa co BToporo 6ap1,epa Ha nyTH R TO"tJ.Ke. 

paapHBa. IloCJie paapHBa Ha ~a OCROJllta llOJlllJIIJSTCJI BOaMO.lltHOCTI, Heaa

BHCHMOro OllHCaHIDI RaJK,JJ;oro Ha OCROJIROB B OT){SJII,HOCTH, H pacqeTH B 

Ta.EC HaaHBaeMOH "Mo;neJil'I .Ka.CamtruCCJI OCROJIROB" npoBO~CI, ;naBHO, 

CM., HallpHMep, pa60TY HrHaTIO.Ka. (I968), o;nHaRO OllHCaHHe paaJmtIHHX 

aTanoB npouecca ;neReHl'I.fI B paaHHX no;nxo;nax, no Mefilmett Mepe, ocTaB~ 

JIJieT ~CTBO HSY.I(OMSTBOPSHHOCTH. B§ 2 OllHCaH npouecc ;neRe.mm B 

paMRax e;nnHoro no;nxo;na / 5/, npnqeM pacc11,mTpHBMac1, aBomorum qiopMH 

,impa OT o6~HOH qiopMH B OCHOBHOM COCTOHHHH qepea Bee qJHanqecRll 

BailtHHS npoMS:iityTO~He qJOIJMH, COOTBSTCTByKII!IIS nepBOMy 6ap1,epy, BTO

poMy MH.IIHMyMy, BTOpoMy 6ap1,epy H TO"tJ.Ke paapHBa. lfcnoJII,aOBMCJI pea

Jil'ICTHqecRlltt llOTSHUHM H napaMSTpnaa.urur qJOIJMH ·noBepXHOCTH, OllHCaH

HHe B rRaBe rr. PaccMaTPHBMRCI, TOJII,KO aRCHaJII,HO-CIIMMeTpKtIHHe qiopMH. 

0CHOBHHM BHBO'AOM pa60TH HBJI.IISTCJI yTBeplK,l(eHHe o llOTepe aep.Ka.JII,HOH 

CHMMSTpHH qiopMH llOBSPXHOCTH TpaHcypaHOBHX .imep Ha BTOpoM 6ap1,epe. 

CTellSHI, Y.Ka.aaHHOH acIIMMeTpHH, HaMepsreMruI Ra.EC OTHomeHHe Mace qiopMH- ' 

pymnocCH OCROJIROB, pea.ECO HapacTaeT OT e~~oro aHaqeHHH BO BTO

pon HMe (aep.Ka.JII,HaH cmm.iieTpHH) ;no MaRCHMMI,Horo Ha BTopoM 6ap1,epe 

n aaTeM CJia6o YMSfilmaeTCH B npouecce cnycRa c cewroBott TOq.ECR. B 

TO"tJ.Ke paap!ma cTeneHI, acRMMeTpHH npH6JmanTBJII,Ho cooTBeTcTByeT 

SRcnepRMeHTa.JII,HO Ha6JllmaeMOMy HaH60Ree BepoHTHOMy OTHomeHm> Mace 

OCROJIROB ;nMeHHH. TaIGIM o6paaoM, acRMMeTpHH B BHXO;ne OCROJIROB ;ne

RSHRH onpe;neJIJieTCHHe B TO'!J.K8 paapHBa, a yxe B CS;lt}IOBOH TO'!J.Ke. 

XoTH no;no6HHtt BHBO;n Bll8PBH8 C'ASRaH B pa6oTe Me~epa R Hwn,ccoHa 

(I970), o;nHaRO B me pa6oTe BHBO;n OCHOBaH Ha pacqeTax c llOTBHUHa

ROM Hwn,ccoHa, npRMeHRMOCTI, KOToporo .IVISI OllHCaHRH cpe;naero llOJI.II 

npn paccMa.TpnBaeMHX 6QJII,mmc ;neqiopMB.UHJIX, Ra.EC yxe oTMeqMoc1, BHme, 
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BHaHBaeT 60JII,mH8 COMHSHHH. B llOCJie;nyJllleM BHBO;nH pa6oTH / 5/ 6wm: 

no;nTBeplK,l(SHH B pa6oTax ;npyrmc aBTOpoB c peMRcT:l'IqecRID.m llOTeHUHa

RaMH. B pa6oTe / 5/ noRaaatto Tarute, qTO aa nepBoM 6ap1,epe .impo 

aepKMI,HO-cRMMeTpn~o. Cor~cne MBll\!lY TeopeTnqecRlIM:l'I n aRcnepn

MBHTaJU,HHMR 3HaqeHHHMR BHCOTH BTOporo 6ap1,epa y.7JY'IlIIaeTCJI npH 

yqeTe 38PRMLHOH acID.!MeTpIDI. 

B llOCJI8;nH8M, TP8TI,8M naparpaqie Y r~H npRBe;neHH peayJII,TaTH 

pacqeTOB 1221 6ap1,epoB ;nMeHHH rRllOT8Tllq8CRlIX CB8pXTJDlteJIHX 8R8-

M8HTOB, npoBe;neaHHe C llOT8HUHMOM Hwn,ccoHa. STO o;nHa Ra nepBHX 

pa6oT Ha aTy TeMy. B Hett npe;ncRaaaHa oco6aH cTa6RJII,HOCTL OTHocn

TeJII,HO ;nMemm .imep B oRpecTHOCTl'I ;nBa.llOUl MarnqecRoro ,impa 298rr4. 

B MHOrOqRCJI8HHHX llOCJI8JJYIOlllHX pa6oTax 6~ HCllOJII,30BaH mHpoRHtt 

Mace llOT8HUHaJIOB H peayJII,TaTH .KaqecTB8HHO He OTR:l'Iqa.IOTCH OT BHBO

;noB pa60TH 1221. K HaCTOJD!ISMy BpeMeHH npo6JieMa CBepxTJllteJIHX 8Re

M8HTOB BHSHBaeT 60JII,filOH RHTepec BO MHOrmc Ra6opaTOPHHX, a BOllpo

CH CYll!BCTBOBaHHH ll MBTO'AOB ll~BHHH CB8pxTJll[8JIHX 8R8M8HTOB ll!Hpo

RO o6Cy2f,ll;a.IOTCH Ka.EC C TBOPBTHqeCKOH, Ta.EC RC 8KCll8PHM8HTWHOH 

TOq.E(H apeHHH (cM., Harrpm.,ep, Tpy:I(H XXYII Ho6eReBCROro CRMnoaeyv.a 

B POHH86H, IIIBeURH, B I974 r. H KOHqiepeHUHH B .lia66oKe, Texac, 

1978 r. Cll8Ulia.1ll,HO llOCBJD!18HHHX 8TOH T8M8). 

OCHOBHblE PE3YJThTATH 

0CHOBHH8 peayRI,TaTH ;nHccepTaUHll MO.lltHO IlO;nHTOllmTI, B Bn,ne 

CJI8;nyJlllllX llOJIOlll:8Hl'Itt, KOTOpHe BHHOCJITCH Ha aBllUITY: 

I. Paapa60TaH cnoco6 qJ8HOM8HOnOrlil1:IecKoro aa.I{a.HRll: llOTBHUH8J!B. 

cpe;naero llOJI.II B .impe npoHaBOJII,HOH qJOJ)MH B Bn,ne·qiyHKUHH paccTOHHRli 

;no llOBepXHOCTll .impa, rroaBOJI.IIDllHH onpe;neJmTI, llOT8HUHM B COOTBBTCT

BllH C 8KCll8PllM8HTa.1ll,HO~ll TeopeTnqeCROH llHqJOJN~ett O CBOHCTBax 

.imepHHX CHJI H MOTHOCTR pacrrpe;nMeHHH HYMOHOB B .impe. 
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2. P~am,HaJI SaBlICHMOCT1, CTaTHCTlI"II8CRH CaMOcor.nacOBaHHoro 

noT8HIJ;liaJia B paSJmliHWC H.'JU)ax H nplI paSJmtlHWC qJOp,iax H.'JU)a B xopo

meM npH6JmxeH1IH onHc!lllaeTCH ymmepcam,Hott cpyHRitHett paccTORHWI ~o 

noBepXHOCTlI JJ,IU)a. 

3. OnHcaHHe qJOpMl:l smpa B CHCT8M8 KOOp~HaT C OBaJiaMll:,KaCCHHlI 

B Katt8CTB8 KOOp~aTHl:lX JmHlitt JIBJill8TCJi y,n;o6Hott lI ~OCTaTO'!HO o6mett 

nap8M8TpHSa.I\R8tt,nosBOJIJlll!ll8tt nplI H860Jll,mOM ~CJie napaMeTpoB onlICR

BaTli BC8 ~OPMR smpa, B!ll!t!W8 C ~llSlI"II8CKOtt TO'!KH spe.H:wl (B ttaCT

HOCTll, B nponecce ~8JI8RWI). 

4. B~CJI8HlI8 BOJIHOBWC cpyHRI(Htt ll SHeprntt o~ottaCTlI"IIHWC COCTO

JIImtt B noT8HnllaJ.18 nponsBOJll,HOtt qJOp,ili nocpe~CTBOM pasJIOX8HlIH BOJIHO

BRX cpyHRitHtt no co6cTBeHJWM cpywanmM ~e~opMHpoBaHHoro rap,iOHlI"IIec

Koro OC~Topa JIBJill8TCJi H~8lmllM H ~8KTllBH1:lM M8TO~OM, nosBO

JI.lmllHM, B ttaCTHOCTlI, HCCJI8~0BaT1i ~Op,ili smep OT ~eplI"II8CKOtt ~o rau

T8Jieo6pasHott n ~anee ~o pas~eJieHHH smpa Ha ~a ocK~a HBPaBHOtt 

MaccR. 

5. WOpMa BOS6YJ!Ut8HHWC COCTOJIHlitt.MOllt8T OTJIHttaTliCJi OT qJOp,ili 

OCHOBHOro COCTOJIHHH. HHor~a pa~~e qJOpM ~OBO~HO B8JIHKO. Pam

~e ~Op.Mil smep B pasHWC COCTOJIHWDC ~onycRaeT Ratt8CTB8HHl:ltt ll K~-. 

'!8CTBerumtt ~3 B paMRaX paSBlITOtt cxe.Mll. :3qlqleKT "cocymecTBO

BaHHH ~OpM11 cpe~ ImSKOJI8llt8ll!HX BOS6YJ!Ut8HHIDC COCTMHlitt Ha6JIJu:(a-

8TCJi SKcneplIM8HTa.1II,HO. 

6. IIpoBe~eHo 0606meH1Ie MOIIC Ha ~ail: BpamamnIXCH n;n;ep, KoTo

poe, B ttaCTHOCTll, nosBOJIH8T HCCJI8~0BaT1i lISM8H8Im8 ~OPMR smep no~ 

BJIHHHlI8M BpameHHH. 

?. B JierRl!X H8'!8THWC HSOTOnax PTYTlI C YM8H1im8HlI8M ~CJia 

HettTpoHOB Ha6Jiiul:aeTCH nepexo~ K BRTJiffYTOtt qiopMe. B coce~ tteTHO

tteTHRX llSOTonax B OCHOBHIDC COCTMHHHX COOTB8TCTByJil!8ro nepeXOM 

HST, HO OH npolICXO~T B BOS6YJ!Ut8HHl:lX p0Ta.I\ROHHIDC COCTOJIHHHX 
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npH YB8JIHtt8HHll yrJIOBOro MOM8HTa. 8TH T80p8TlI'!8CRll8 B!lllO~ noJI

HOCTliD COOTB8TCTByJ)T SKcnepHM8HTaJII,HllM ~aHHRM. 

8. 060JI0'!8'!Hli8 3(!Xp8KTR npHBO~T K YB8Jilltt8HlllO cTa6liJI1iHOCTH 

11XOJIO~HIDC11 BpamammxCH n;n;ep OTHOClIT8JI1,HO ~eJieHM. llcCJie~OBaHli8 

BBOJIXJitlill ~Op.Mil smep no~ BJIHHim8M 6RCTporo BpameHM nOSBOJiaeT 

c~eJiaTli B!lllO~ 0 BOSMOlltHOM YB8JIH'!8Hlill B H8KOTOPRX smpax BpeMeHH 

npoT8KaHHJi KaCRa.I(a r -RBaHTOB, HCilYCKM KOTOpRe,smpo nepexo~T 

ll3 11XOJIO~oro"- COCTOJIHHH C BRCORllM CilllHOM B OCHOBHOe COCTOJIHHe. 

9. Ha nepBOM 6ap1,0pe ~eJieHM TpaHCYPaffOBRe smpa He HBJiam'CJi 

aRCllaJII,HO-CliMM8TplitIHllMH._IIoHllllt8HH8 6ap1,epa BCJI8~CTBH8 H8aRCHaJII,

HOli ~e~OpMa.I\RlI YBB~BaeTCJI C YB8JilI"II8HH8M aTOMHoro HOMepa. Bo 

BTOp0MMllffliMYM8 smpo HBJiaeTCJI aRCHaJII,HO-CilMM8TplittHRM. 

IO. Ha nepBOM 6ap1,epe ~eJieHM HBO BT0p0M MllHHMYM8 Tpaucy

PaffOBRe·smpa 38pKaJII,HO-CliMM8TPil~. CTenem acHMMeTpHH CJia6o 

M8HJI8TCJi M8:lK,lly BTOpoft CB,D;JIOBOR TO~Oi!: l'I TO~Oi!: paspima H npH6Jill

SHT8~HO COOTB8TCTBY8T SKcnepllMeHTaJII,HOMY HaH60Jiee B8p0JITHOivW 

OTHOmBimD Mace OCKOJIROB ~8JI8HHJI. 06oJI0'!8'!HaJI CTPYKTypa smpa OT

B8TCTB8HHa sa acHMM8TpHID B MaCCOBOM pacnpe~eJieHHH OCKOJIKOB 

~eJieHM. 
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