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38lllliT8 .I(HCcepT8llHli COCTOHTC.fI fl fl------ 1980 ro.I(a 
Ha 3808.I(BHHH CrrellJl'a~3HpOB8HHOro COBeTa K047.0I.OI flaoopaTOpliH 
TeopeTHqecKott ¢H3HKH Oo~e.D,liHeHHOro HHCTHTyTa .fI.I(epHHx HCc~e.I(OBa
Hlitt (MocKOBCKa.fI oo~ .• r. ~yOHa). 

C .D,liCCepT8llH8H MOlKHO 03H8KOMHThC.fI B OHO~oTeKe OMilll. 

YqeHuil ceKpeTaph CoBeTa 
KBH.D,liMT (!}li3HKO-MaTeMaTHqecKHx H8YK B .11. JKYP AB.JI.EB 

OHUAH XAPAKTEPl1CT11KA PAEOTU 

AKTyaJll,HOCTh rrpoO~eMli 

IlpoueccH r~OOKOHeyrrpyroro B3aHMO.I(ettCTBH.fI ~errTOHOB C 8.I(pOHa
MH HMeIDT HCMKJtraTe~hHO Ba.lltHOe 3HaqeIDie B ¢H3RR8 MHKpoMHpa. Toqeq
HO-ITO.I(OOHHtt xapaKTep ~eITTOHOB H ~OKaJll,HOCTh 3~8KTpoc~a6HX B3aHM0-

2 
.I(effCTBHtt Il03BOMIDT B 3THX rrpoueccax rrpn 00.Jll,lIIJllX rrepe.I(aBaeMHX 9 
Bli.fIBHTb peMTHBHCTCKYID rro~eByio rrpzpo;n,y CTPYKTYPH 8.I(p0HOB. 

ITpn 3TOM BaJIHblM MOMeHTOM .I(M rrpaBH~bHOtt HHTeprrpeTBllHH 3KCrre
pHMeHT8Jll,H!,[X .I(aHHb[X .fIBM8TC.fI yqeT pa.D,liallll'OHHHX rrorrpaBOK. D CB.fI3H 
C rroc~e.I(HHM B03HHK88T HeTpHBHMbHa.fI 38.I(aqa cpaBH8HH.fI 3KCITepHMeH
T8Jll,H!,[X .I(aHHHX C .I(8T8Jll,HliMli pacqeTaMH KBaHTOBOtt TeOpHH ITOM, B KO

TOpHX rrpHXO.D,liTC.fI yqHTliB8Tb BMB.I(H BHClIIJllX .I(HarpaMM. 
C ITO.fIM8HHeM e.I(HHOtt TeOpMH 3~8KTpoc~aOHX B3aHMO.I(ei1CTBHtt/I, 2/ 

Kpyr rrpoueccoB, .I(M KOTOPHX pa.D,liallHOHHHe rrorrpaBKH MoryT OHTb BH
qnc~eHl,I Ha.I(8JIU!O, 3HaqHTe~hHO paCllilipH~C.fI H, B qacTHOCTH, B~qaeT 
Terrepb rrpoueccH c yqacTHeM HettTpHHO. 

B CB.fI3H C IlpOBO.I(HMHMH B H8CTO.fllliee BpeM.fI HettTpHHHHMH H MIOOH
HHMH 3KCrrepHMeHTaMH UEPH•a / 3- 5/ H Il~aHHpyeMHMl! 3KCrrepHMeHTaMJII 

B ~HAJI/6/ no r~OOKOHeyrrpyrOMY pacce.fIHHID rrpH 3HeprHH ~eITTOHHoro 
rryqKa 500-800 raB, pacqeTH pa.D,liallll'OHHHX rrorrpaBOK B 3TOtt oo~aCTH 
3Heprntt .fIBMIDTC.fI B8CbMa aKTyaJll,HHMH. 

ijeJU, paooTH cocTOHT B nsyqeHHH acpcpeKTOB BHClliHX rrop.fl.I(KOB 
a~eKTpoc~aooro B3aHMO.I(ei1cTBH.fI B r~yOOKOHeyrrpyrHX ~errTOH-8.I(pOHHl,IX 
rrpoueccax pacceRHH.fI npH aHeprH.fIX, xapaKTepHHx .D;M npoBO.I(HMHX H 
IT~aHHpyeMIDC 3KcrrepHM8HTOB. 
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lfa.rma!! HOBH3Ha H rrpaKTHqecRWI ll8HHOCTI, 

B ,nJ(COepTBUHH rrpone.neaa nepeHO?DIJ)OBKa 0,IUIOil8TJI8BOtt aMIIJJHTY
JUi ynpyroro paccemum nyx JUJ6HX l{lep>.moHOB co CllHHOM I/2 . .AMn.lIH
TYJJ11 BH'IHCJieHa B paMKax SU<Z\_ JC U(1) K8JDl6pooo'IJlolil: Teopn BrutH6ep
ra-CaAaMB. C rrpoBSBOAbHHM TIHCJIOM JI0.Blil ~e?fflOHIIUX ,ny6.neTOB H npe.n
CTaBJieaa B YJU11PHlUJPOB8HHOM ~e. Il03B0Jllll!lll8M JierKO pacnpoCTpaHHTb 
npoBe,neHlWe BH'IHCJI0llllll Ha ~yrHe K8JDl6J)OBOtJHLle CX811!,i. 

BH'IHCJieHIDI KOHeqHW( BKJIB,l{OB ncex O,IUIOUeTJieBHX .IOlarpaMM IlOJIY
qeHU C HCllOJlbSOBaHHeM e,II.HHCTB0HHOro npH6JnmelDlff, KOr]J11 HHBapHaJI
TH 8MIIJIHTY~ 1-~.t.u. HaMHOro 6oJlbme .KBa,Iq>aTOB Mace ~epMHOHOB. 
3TO ll03BOJIR0T pa6oTaTI, B 06.nacTH CBepXBUCOKHX 3HeprHI, r.ne cpan
HHMH BKJla,inl CJia6oro H 3JI8KTJ)OMaI'HHTHOro B38.HMO,nelcTBHI. 

Ha OCHOBe uait.neHHOro Blip8&01Dlff ,IJ,1UI aMIJJIIITY~ B paMKaX KBapK
napTOHHOI MO,neJIH a,npoHa BnepBHe paCC'IHTaHH pe,nH8UffOHHUe IlOnpaBKH 
K npoueccaM rJiy6oKOHeynpyroro pacceJIHJUI H01TPHHO (aHTHHelTpHHO) 
Ha HyltlIOHax B WHJ)OKOI 06.naCTH KHHeMB.TnecKHX nepeMeHHHX. _ 

BH'IHCJieHU pa,nHailHOHHUe rronpa.BI01 K P-HeqeTHHM acBMMeTPHHM A+, 
e, B rJiy60JtOHeynpyroM MIJOH-HyltlIOHBOM pacceJIHIDI B ,nllanasoHe 3Hep
l'HI IIyqKa MIX>HOB: .necJITICH I'sB - ,neCJITICH ToB. IIOK8.38HO, qTO pa,nHa-
1.{HOHHlm aqxlleKT j'MeHbmaeT acHMMeTpHH no a6COJJIITHOI B~He. 

Ilpe.n.o:oJr.eHO B KaqecTBe HCXO,IUIOro nap&11eTpa TeOpHH HCilOJil,30-, z 
Ba.Tb napaueTp ~i.ft e,,, , H3BJI8KaeMidl BS 3KCll8PHM8HTOB no H81:Tpa.1Il,-
HYII TOKaM B HelTPHHHHX P8aI<UIUJ! IIpB HH3XHX 3H8prHJIX H 3KCllepHMeH-
TOB no P-HeqeTHHM acHMMeTPHmi7 

/, a OTHOIDeHJle KOBCT8H'1' (✓M2-
,. onpe.neJIJITJ, zs tf- -pacIIB,11,a. w 

IlpaKTIN8CKrul neHHOCTJ, COCTOHT B npHMeHemm: IlOJiyqemua B .IOIC
cepTanlffl pesyJlbTaTOB K BH&IIH3Y. ranecxol HHPOJWWlHJI 113 ,Il8HHlll 

MllOBHoro axcnePHMeHTa NA't 7 4 rpynn Eo.n:oHI,JI - UEPH - J]y6Ha -
Mmxeu - Ca!uie. 

Anpo6agp11 JDiccepTarllllllf 

Ocuomme uaTepB8JIH ,nllccep'1'8UHII ueo,nuoxpaTuo ,n0Jt.lt8n,raamrc1, H 

06cµ',ltllJD!c1, Ba ceMBHB.pax Jla6oparopo Teopenqecxol qmsHKH, Jla60-
paropm1 .11,nepma: npo6.n011, JJa6opaTOpBH BHCOKHX auepl'HI OHHH, Ha cec
co OHi AH CCCP (MocKBa, 1979), B EeponelcKOM neHTPe .11,nepHHX 11c
CJ1e.1tol38llldl (I.lEPH, lllBellnapu, 1980), 118. Co11eiqeue:x r-pynn Mea.nyBa

po.nuoro axcnepmeHTa NA4 (J]y6Ha., 1978-1980) :a Ha Mea,nyuapo,1t
uo11 COB01Q8HJ[lrl no CHCTeMaM JI M8TO,Jtall aHMJITIN8CIOll BH"DICJieHJII Ha 
3BII :a n u;pBMeaeHJlll B TeopeTnecxol qmaBKe (J]y6Ha, 1979). .,,,, 
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Ily6Jnu(auD 

Ilo pesyJII,TaTaM .IOICC8PT8IlHH ony6JIBKOBaHO .lt0Bll'l'I, CT&Tel. 

06'b8M pa.6oTH 

.11.BccepTaI.{H.ll CO-CTOHT 113 BBe,neHIUl, 118Tlip8X rJl8B, 3aKJillq8JDUl JI 

llpHJIOJl8HIUl, CO,Jt8pm!T 84 C'l'J)8.IDUUi MalllBllOIIBCBOro T8KC'l'a, 14 pBCYH
KOB H 6116JIHorpap111ecRHI CIIBCOK JIHT8paTYJIU 113 104 HlilDl8HOBaHBI • 

CO,llEPIAHHE PAEO'.IH 

Bo BB8Jl8HD ]J118TC.ll xpaTRHI o6aop pa3BHTHJI K8JDl6J)OBOqHUX Te
OpHI 9JI8KTJ)OCJia6HX B3aHMO,nelcTIIHI. O~eTC.ll BamiOCTI, H3y-<18BJl.ll 
aqq>eJtTOB BHCIDJIX llOpll,llKOB B nponeccax ll38llllO,JtelcTBBJI aJieMeHTapBlll 
'laCTJin. 06oCHOBHBa8TC.ll JIH'l'epec K --BOnpocaM, paccuaTpBBaeMHII B pa-
6oTe. IIepe'IHCJieBH npo6.neMH, BCCJI8.IIY811H8 B ,nJ(CCepTanBJI, H llORaSa-
118. Ill artTyaJII,BOC'l'b. 

B nepBOI rJl8Be ,nJ(CCepTanBJI BHIIOJJB8Ha peHOJU8.IO[Sal.{HOHHaJI npo
ue,Jtypa .JlJIJI o.nuoneTJieBOro IIpB6.nBJleHIUl BIIIJJDJTY~ pacce.lUIJl.ll nyx .111>-

6HX ~JIOIOHOB co CllJIBOll. l/2 B paMKaX 'reOpBB BaAH6epra-CaAaMa c 
llJ)OJISBOJil,BHII 11HCJIOM JieBHX ~pDIOHBHX ,JW6.neTOB. Cxeua nepeHO?OI
J)OBOK OCHOBS.Ha Ha MeTo,ne JiarpaHDt8Ha KOHTP1t118HOB. BHtfflcJieHH.11 o.n
uoneTJI8BHX .JUlarpaMM npone.1teHU B paMKaX TeXHJllUI pasuepaol peryJIB
pB3anBII B yimTapaol xa.im6pomce. 

B K8118CTBe JICXO,JtHHX napaMeTpoB, IIpB npoBe,JteHD peHO?IM]ISa7 
I.{HOHHOI npone.JtYPH, BH6paHU: sap,r,n aJieKTpoHa - e, CJia6aJI KOHCTaH

:t 
Ta - 9 , Ma.Cea sapueHHoro BexTopaoro W -6osoaa - Mw, Maces 
Bcex cfJeJIOIOBOB - Mf B Macca CKaJIJipa XBrrca - M., . 

B nepBOM naparJBJ)e npe.n.o:o:aeuo iplrsnecxym CJia6ym KOHCTSHTJ 
1 r onpe,neJIJITI, HS IlOJIHOro BpeMeHH Dl3HH MllOHa ~.,. 

~ ~ 4 s 
• " m,. [ J.. G: L 9F m.,. ~ .. 3.zfls'M". f+~-(F- Ill)j f1 3" • 
'I' w 3-2 S Mw 

(I) 

r.ne F - KOHCT8HTa, o6yCJIOBJI8HHa!I 0,IUIOll8TJieBHMH ,IU!8l'p8MM8MH C 06-
, M8HOM B8KTOpHUMH H CKM.llpHUMH 'ISCTJinaMJI, G:cR, - ~UHi 

BKJia,n, BOSHHJtaDQBI OT nepeHO?OIJ)OBKH Ha MacCOBOI nonepXHOCTH 'II -• 6osoaa. CooTaomeHHe (I) H8KJI~eT o.nuo orpaaneHHe ua TPH ae-
Hs:eecTHHX ua cero,IUl.llWHJII .nelll> Hs axcnepBM8HTa napaMeTpa - 9 , Mw 
• M_, H cfJHKCHpyeT OTHomeHHe 9: I ~w n nepeHOJNHPOBaHHHX aMIJJIHTy-
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.n;ax (,n;JIJI saPfl,D;a 3JieKTpoHa coxpaHReTCSl YCJIOBMe e2: -'i !Ii d., ) • B Ka-
'!eCTBe OCTaBJIIHXCSl CBOOO~l,IX rrapaMeTpOB HCI!OJI.b3yeM 5i.n.20~- eZ/~! 
H M,1 (Ma.CCH BCeX q>epMHOHOB "'t qJHKCHpyeM H3 3KCrrepHMeHTa). 

YcTaHOBJieHo, 'ITO 3aBJIICHMOCT.b OT M,1 Ma.lla. HarrpHMep, rrpH 
l TuB' M.1' 100 raB OTHOCHTeJII,HOe H3MeHeHHe O,ll;HOITeTJieBblX rrorrpa
BOK He rrpeBbWIB.8T 1%. IlocJienHHl napaMeTp - ':ii.n. 2 0:., onpe.n;eAAeM 
H3 3KCliepHMeHTa. z 

IloKa3a.HO' '!TO BH'lllCJieHHR B cxeMe rrepeHOpMHpoBOK' r.n;e ';)in. 0; 
orrpe.n;eJieH H3 COOTHOWeHHSI (I) H tpH3HtteCKOH MaCCl,I 'W -6030Ha,npHBO
,nRT K 60.lll,IIIHM pa,D,Ha,n}IOHHl,IM 3,e,TaM B ItHHeMaTIN8CKOl 06JiaCTH 3KC
nepHM8HTa CTB.Hq)Op,ll;CKOI rpynllli 7 . Hmt,neHo, '!TO 8TOT aqxpeKT IlO'ITH 
IlOJIHOCT.bro o6ycJioBJieH KOHCTa.HTmlM 'IJI8HOM, npoHCXO,lJ.l!lllBM OT ,IiHarpaMM 
Zo -CM8DIJIIB8.HHJ! ('1JI8H ~ el\ ~ ) . EcT8CTB8HHO BKJOOlmTl, 3TOT 'IJ!eH 

B orrpe.n;eJieHBe napaMeTpa,H3BJI8KaeMoro ,3 orrHTa, noTpe6oBB.B, '!T06H 
yxe BHITOJIH8HHhll a.HaJIH3 8KCrrepHM8HTa/7 He MeHRJICR B 3aBl4CHMOCTH 
OT y-qeTa pa,In4B.IJ;l40HHblX nonpa.BOK, 'ITO Mo.EiC ,ll;OCT14I'HYTh, eCJIH IlOJ!OlGITl, 

zeit ,.,.[ rJ. l.Fl 
!:>i.i\ 0w • Sil\ 9.· 1+ -<Sl·F'(";.il\ E)..,) ' (2) 

r.n;e Fe '";,i.1\le~ ) - HH3K03HepreTnecrudl: rrpe.n;eJI ,IiHarpaMM ti -cMeWH-
B8HRR. 

,llaJiee ITOKasaHo, ~TO q>HKOaLtH.fl napaM8TpoB (I) H (2) npe.n;CK8.3W
B8.8T B8Jllf'UmY MaCCW W -6030H8. C y-qeTOM Pa.IUfa.nMOHHWX aqxpeKTOB 

~1.3 [' d., ,...e . .z.l"lex> l M • ---· 1+-•,- ~ln..1:7 (3) w c.• 9•x 2lC w . 
.Jll'\. W 

I ti 
IlpH 'Si.II. 9w•0,Z~ BTopoe cJiaraeMoe "'+0,04, T.e. pa,1n4arnioHHhle 

aCW,eKTW YB8JIKIDYB8JlT Macey 1// -6osoHa c 77,8 ThB .n;o 80,8 ThB, 

Bo BTOpoM H Tp8Tl,8M naparpaiJ)ax llOJiy-qeHB. CB060~Wl OT paCXO,IiH
IIOCTel aMIIJmTy.n;a ynpyroro pa.cce.llHJISl nyx Ilpolt3BOJ!l,Hlil. q>eIJO(OHOB B 
t -Ka.H8Jl8 3a Cti8T 06MeHa B8KTOpHHMH Z - H 'I/ -6030H8MJI. 

B '!eTBepTOM rraparpaqie o6c;yuaeTCR COKp81118lm8 pacXO,nHMOCTel. 
B llSITOM naparpaiJ)e ITO.n;Be.n;eHW HTOrH rrpoBe.n;eHHOro HCCJI8,ll;OB8.HHH. 

c::::v.ii 
Bo BTOpo! rJiaBe BH'mCJI8HW p8,!1.HB.UHOHHH8 ITOrrpaBKH O K rrpo-

ueccaM r;ry6oKoHeynpyroro pacceaHll.R: HelTp:rrao H aHTHHe!TpHHO Ha 
HYKJIOHaxi1rn.n;yJJ;HpoBB;HHUM 3ap!IX8HHliMH TOKaMH. 
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B rrepBOM naparprupe .n;Blia cxeMa. pac~eTa HHKJil)3HBHoro ceqemm: 
rJiy6oKOHeynpyroro ))( v> N -pacceaHHR B o~oneTJleBOM npR6JIHllemm 
MO.n;eJIH BalH6epra-CaJiaMa H RBapK-napTOHHOI MO.n;eJIH. 

Bo BTOpoM naparpaqie BH'iHCJieH BKJia.n; B rronpaBKy ,IiHarp8MM c 06-
MeHOM BHpTy8Jll,Hl,IMJII t1aCTHL18MH ( V -BRJia.n;). IlOKasaHO, qTo pesyJII,

'1:'.VY 
THpYJOOIB.11 nonpaBKa O ' He 3aBHCHT OT ~aCTH napaMeTpOB TeOpHH 

z eF' BalH6epra-CaJiaMa: OT M.1 H OT ':I•~ .., . EoJiee Toro, oHa He sa-
BHCHT HOT BH6opa K8JIH6pOBO'!HOI MO~eJIH, o6~e.n;HHJDJnel CJia6He H 
3JieKTpoMarHHTHW8 B3a.m.to.n;elcTBHH. OTMeqeHo, ~TO 8.HaJIOrH'!HOe YTBep
JK.n;elme crrpa.Be,11./ll'IBO H .n;JIJI J'- -pacna.n;a. 
. B TP8T.b8M naparpaqie noJiy-qeH BRJia.n; B aJieKTPOMarHJ!THyro nonpaB-,,-

KY 5 ,,, ,IiHarpaMM TOpM03HOro H3JIY'l0H1!R ( R. -BKJ!a,IJ;). Bee rp0M03,ll;-
KJ4e pact1eTw (mnypHpOBaHHe, HHTerpHpoBBJme no llOJIHOMY q>a30BOMY 
o6~eMy qJOTOHOB) 6HJIH Bli~OJ!HeHW C ITOMOlill>ID CHCTeMH a.HaJ!ll[TlJ'!8CKl!X 
BH'IHCJieHHI ':,CHOHSCHlP /8/. 

B qeTBepTOM naparpaqie o6cy,r,n;aroTcH pesyJII,TaTH tmcJieHHHX pac-
c-v.v 

qeTOB norrpaBKH o' .n;JIJI npoueccoB rJiy60KoHeynpyroro pacceRHHSI 
HelTpHHO (a.HTHHelTpHHO) Ha H30CK8JISIPHOI MHlll8HH npH 3HeprHH 
100 raB (CM. pHC. I). 

PHc. I. 

3JI8KTpOMarHHTHJ,Ie 
norrpaBK14 ( o"•~ ¾) 
I!pH 3Hepnm HelTpH
HO 100 raB, BW'lllC
JI8HHHe C napTOHHWMH 
pacrrpe'AeJieHH.fllVlH H3 
pa.6oT /I2/ (CjWIOIIUW8 
JIHHJrm) H /I3/ (nym<
THpHW e J!HHHH ) , ,n;JIJI 

npoueccoB: 
"',..-ca.) . 'Vr- c 6>, 
"e- C &> ' Ve - ( 2) • 

~ • a V ----,, 
If ,," --d).- --, ".~~ 
~~ ".~~ _:~w -,uPr 

~_L~ 0,112,, t 
-t!i I!' ,,, - . 
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PeayJJhTaTH BH'IBCJJeill'lll cpamnrnaJOTCH c pacqeTaMH pa6o/
9 • 1 ll/, 

BllllOJJHeHHblMl:! B V-A Teop:r,rn, H H8.U8.BHPll pa60Thl/Il/, r.ne rrpH Bbl

qJlcJJeHHH O,UH011CTJJ8BblX .UHarp8.MM COxpaJICHbl CTaplillle CTC/eHn JJorapRC!l

MOB. CprumeHHe rroKaabl:saeT, q•ro peayJJbTaTbl paoo/9 • 10 corJJacyJOT

cn C Ha.IJIHMH peay.iu,TaTaMli JllllIII, B 061.UHX qepTax. BeJUlqHHa H IlOBe.ne-

ID!e norrpaBKll §Y,Y J!hlqHCJJeHHOll B padoT/II/, COB!lauaeT c 

HaIIIm/Ilf peayJJhTaTaMH. 

llHThlH rraparpaq; co.ueplKl'JT KpaTKHe Bb!BO.llll. 

TpeThH H qeTBepTM rJJaBhl nnccepTamrn rrocrunnenh! :vrny-qeHHIO pa

l!lla.uHOHHhlX 3ljXjl8KTOB K P-Hff'l8THh[M acttMMeTpllillv! B paMKax M01!8JIH Ba:l1H-

6epra-Can8Ma H KBapK-rrapTOHHOll MO.UCJJH. 

B Tp8Th8Il rJJa.BC BJlqHcJJeHLI pan11armo1rnue rronpaBKH K P-HeqeTHHM 

acHMMeTp.1'11™ Al' H aapMOBOtl acHMMeTpm,1 B B, rJJy6oKoHeynpyroM pac

cemnm IIOMp.1'130BaHHhlX MKJOHOB ua HyKJJOHax B HHTepnane 3HeprHil :mc-

rrepHMeHTa NA4 / 4/ (5lJ-28ll raB). 

l B rrepBOM rraparpaqie rrpOBOl!llTCH pac"leT HHKJJJ03HBHOrO C8"l8HHH 

d 1 ~ ( >-) rrpoueccoB 
:i: -

f + N - r + a.npom,1 (4) 

C IIOMPH30BaHHblM ( A -rrpo.uoJJI,HM lJOMpl13filll{fi) Ha"laJihHhlM JJ811TOHOM 

B rropR,ll,Ke d.,
3 

H B rrpHdJJHJKemrn 

M¼ << I « M.,,, 

IloJJy-qeHO 0,UHO!lCTJJeBoe llpHdJJHllteHHe ,ll.JIB acHMMeTpHH 

>-·A~= [ll:(>-)-clL~(->-)]/[il.:(>-)+iL;(->-)1, 

Bt•-)= [ l1.:c>-)-d2:~C->-) ]/[ iz.;c>-> + iz.}->-)] 

A+ tt e, 
(5) 

(6) 

(7) 

Bo BTOpOM rraparpaqie IIPOBOJLHTCH .I\CTaJ!hHOe oC\Cy!t,UeHl'!e pe3yJih

TaTOB. lloKaaauo, "lTO pannauHOHHHe rrorrpa.BKH K A+ -rropMKa 2% rrpH 

E = 280 raB H Ma.,n,tX CKellJUlHrOBHX u , HO ObICTpo pacTyT c yBeJJH"lC-
d l 2 

IDl8M ~ • IlpH ~ = 0, 9 H rrepe,UaHHOM 4-llMIIYJJhCC q = 1()0 I'aB IIOII-

paBKH K A+(A-) cocT8.BJJHJOT ~ 15% OU%). llp.11 ~ > ll,9 .11 MaJJh!X 92 

Pal!llauHOHHhlC ll01Ip8.BKH ,llOCT.llraJOT necHTKOB rrpoueHTOB, "lTO CBH3aHO 

c MexaIDlsMoM H3JIY'leID'!H l!eCTK.IIX woToHoB. PannauHOHHhlll ajxpeKT KB 

H306p8JlteH Ha pHC. 2. 

f 

6 

,, 

·.:, ,, 

,'.'ijj) ;d 
,1q:' 

·,," 

;,, 
1i,g 

ij 
I 

,,,\. 
:,Jr 
:\~) 
~\ 

-?& 
;i/ 
',:J 
:1 
,!~,: 
'l 

PHO. 2. 

AcHMMeTpHH B 1 (- 1 ) rrptt 

Si.n2 e:; .. 0,2 3 , :rneprHH MIO<J!IOB 
2 

28lJ raB I'! 9 = 100' 2U() H 3UU 
raB2 . lliTpHX-llyHKTHpOM IlOKaaaua 

6op!IOBCKM acHMMeTp,rn Bo . 

0 

-0,5 

-1,0 

-1,5 

100 
Bl-1l/iq2r1s- 21¾ 

\\l aoo 

\ / 

\ 
\ 
'\ 

'"" 0.2 0,5 09 
' y 

B "lCTBepToli l'JJB.Be Bbl"lHCJJCHhl Pal!lla.uHOHHble nonpaBKH K P-He"leT

HblM acHMMeTpmn.1 A :i: H B B 06JiaCTH cBepXBHCOK.IIX aHepr.1111. 

B rrepBOM rraparpaqie oocyllt,IlaeTCH .IIHBapHB.ijTHOe HHKJJ103HBHOe cetJ:e

Hlle tll -paccemu,m B rrpH6JJ.11l!eHHH M: ~" I . IloKaaauo, "lTO panna

UHOHHhltt aqxlieKT B acHMMeTpHHX MOEIO xopomo arrrrpOKCHMHpOBaTh' Y'<JHTH

BM JIRlIII, t1aCTh ,UHarpaMM: BepumHHhle aJJeKTpoMarIDITHble rrorrpa.BK.11 K Jieh

TOHHOMy TORY, IIOJJHPH3!lll.lllO Ba.KyyMa wepMHOHaMH, BKJIIO"lM ,UHarpaMMH 

Zl -cMeumBaID!H H nnarp8MMll TOpMoaHoro HaJIYlleirnn JJerrToHoM. 

Bo BTOpOM rraparpaqie oocy!t,UaJOTCH peayJJhTaThl. IloKa3aHO, 'ITO B 

odJJacTH E=50U-80U raB HaHdoJJee BeJ!llKa norrpa.BKa K acHMMeTpHH B , 
r.ne OHa ,UOCT.llraeT MHOI'HX .ll,8CHTKOB rrpoueHTOB, Me11ee BJlP8JKCHbl IIOII

pa.BK.11 K A~, He npeBOCXO.IJ.Hm.118 IO% B dOJibIDell "laCTH KHHeMaTHqecKott 

OdJJaCT.11. Ha p.llC. 3 npe,llCTaBJJCHbl "lHCJJeHHble peay.m,TaTbl .llJIB acHMMeT

p.11tl A~ B rJJyOOKOHeyrrpyroM paccemum npo,UOJlhHO IlOJJHPH30BaHHhlX MIO

OJIOB Ha .1130CKaJIHpHOM HyKJJOHe llp.11 '5i.n1 0 ::• 0,23 , 9z = ] LJ(l, 500 H 

9UO raB2 , E = 800 raB C .IICIIOJlh30BaHH8M rrapTOHHHX ClleKTpOB pa6o
Thl/I3/ ( A:;. - acHMMeTp.11.11,Bhl"lHCJJeHHh!e no '18CT.II nnarpaMM). 
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AcHMMeTpHH A H - A . 
A 1 - cIJJiowHHe .mnnra, 
A1 - nYHJ(Tl!pHHe, A0 

WTpBX-rryHRTl!pHHe. 

IlpOBOMTC.fi TaKllte 'll!CJieHHHe pacqeTl,I pa,nHB.UHOHHHX aqxl>eKTOB K 

acm.v.teTpHJIM A:., H B npB aHeprira E =30 TsB • 
B Tp8TI,eM naparpa4,e IlO,IU!e~eHH HTOrB npoBe~eHHOro HCCJie~oBa

HH.fi. 
B S~JOl{8Hml nepe"IHCJI8HH OCHOBHl:le pesyJII,TaTH, no~eHHHe B 

.nBcceprauuB. 

B npMOlleJnra npllBe~eH JiarpaHJDa.H BaitHOepra B y-HBTapHO:I Ka
JIHOpoBKe. 

0CHOBHH8 pesyJII,TaTH .IUICCeprawm. BWIBRraeM!ie WISJ 88.IIIHTH: 

I. B K8JIH0pOBO'IHOtt TeopllJI THna BalH6epra-CaJI8Ma c npOBSBOJII,
HHM "IHCJIOM JieBwt qiepMHOHHHX ~M8TOB BH"IHM8Ha O,IUIOileTJI8BaJi ru.m
JIHTy~a ~uecca pacceJIHBJi ,IU!yx q>epMHOHOB co CilBHOM I/2 B npBOJIH
aeHllJI M+« I . 

2. PaCC'lBTaHl:l pa,nHB.UHOHHHe nonpaBKB K nponeccaM r~OOKOHe
ynpyroro pacceJUIJIJ'I HelTpBHO (aHTHHelTpltHO) Ha H~OHax npB BHep
I'iUU, TBilBlIHHX ,ll,JIS[ COBpeMeHHHX ycKOpBT8JI81. 

3. IlpoaH8JIH3BpoB8.Ha 38.l!KCHMOCTJ, pa,!UlanHOHH0:11: nonpa.BKB 
B r~6oKoHeynpyroM V(Y>N -pacce.flHl!ll OT aHepnm ny-qKa Heil:TplilHo. 
IloKaSaHO, 'tl:TO nonpaBKy MO.EIO C'D!TaTI, He 3B.BllOIJlll81 OT 8H8prllll B 
npeneJiax WBpBHl:l HelTpHHHoro cneKrpa. 

. :; 

8 

4. Ycra.HoBJieHo, 'lTO nonpa.BKH K vtv -paccerumIO B o6JiaCTB 
M8.1lll.X X yM8filIJlaIOTC.fi C pOCTOM ~ . 

5. Ha.lD,eHa saBBCBMOCTI, rronpa.BKB OT BH6opa napaMeTpBSanBI 
,ll,JIS[ napTOHHHX cneKTpOB B Heil:TpBHHliX peaKUB.fiX. IlOKaSa.HO, 'tl:TO 'lYB
CTBBTMI,HOCTI, K BH6opy ~YHKUB:11: pacnpe~eJieHB.fi napTOHOB oco6eHHO 
Blip8.llteHa npB MaJlliX CK8Ml!HI'OBliX :t:. 

6. BlitrHCJICHbl paJJ,lfaU,'101-IHlie rronpaBKli K P-HetJeTHHM acHMMeTpli.A:M 
♦ A li B B rJiy60KOHeynpyroM MIOOH-HYKJIOHHOM pacce.fiHBH B Wl!pOKOM 

,nBanasoHe aHeprH:11:. 
7. HccJie~OBa.Ha 'lYBCTBHT8JII,HOCTI, nonpaBKH K acHMMeTpHKM OT 

BH6opa rrapaMeTpOB MoneJIH. YcTa.HOBJI8HO, t{TO Bapbl!pOBaIDf0 MaCCli 
CKa.Jlfipa Xll:rrca B npe~eJiax OT I raB ~o IOO raB, MaCCli KBapKa B 
npeneJiax OT 0,3 raB ~o I ToB npBBOnHT K OTHOCBT8J1I,HOMY B3M8H8HHD 
acIDl!MeTpB:11:,He rrpeBli!Il8.JllleMY I%. 

8. IloKasa.Ho, 'lTO PaJJ.liauHOHHHe actxtieKTli yMeHI,Ula.lOT acIDvlMeTpHH 
no a6COJIDTHOI B8JIB'lHH8. z 

9. 11pe,IJ,JIOll8HO qllilKCHpoBaTJ, rrapaMeTp CZ)\.a 9w JllS 8.H8JD!sa 8KC
nepJIM8HTOB no H81TpaJll>Hl,IM TOR8M B H81TpJllHHHX P88RUil.lll npB HllSUX 

aHeprB.fiX H 8KCnepBM8HTOB no P-He'tl:8THl,IM acll!MM8TpW!M, OTHOWeHKe KOH
CTa.HT 'Jik~onpe~eJI.fiTI, BS IlOJIHOro BpeMeHH DSHH MRJOHa. 
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