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§I. BBe,l\eHHe 

MexaHHSM KBasaynpyroro Bb!dHBaHHII (e,e/0) coc:roa:r B :roM, 

4T0 sneK:rpOH BLICOKOn 3HeprHH pacceHBae:rCII Ha CBII3aHHOM npo

TOHe H nepe,l\ae:r eMy ,1\0c:ra:roqHO donhlllHe ,!\nil Bhme:ra as il,l\pa 

3H8prli!O H HMITynhC. POnh OC:raJihHb!X HyKnOHQB CBO,I\UT!:il. K !pOpMU

pDBaHU!O KYJIOHOBCKOro U OITTH4eCKOrO ITOTeH~HanOB, 1\0TOpb!e· HCM

ll:aiOT rjJyHKUMH sneK:rpOHOB H npOTOHa B HenpepLIBHOM cneK:rpe. Ta

Kall peaK~Hil nosaon11e:r asyqan Ju.mynhCl!Oe pacnpe.l(eneHae, l!lnpa

HY a sHeprmo .IihiP04HhiX coc:rORHHl1 H){pa. TaK, B onl>!:rax Al!anh.I\H 

H co:rp/l/ HadnJJ)I,anHCh npo:rOHLI H3 fdi_~ , /p H HHli:UJ1l!leJ1 

/&-ooon04Ka pR){a H.I\ep. ~Hepran nocne,I\Hel1 OKasanach nopll.JI.Ka, 

a aHOr.l(a H HHll:e ncnonbsyeMOl1 B Odb!4Hl>IX pacqe:rax rnydHHhl no

:reHUlluJibHOn IIMhl. 

B npHHUHne Hai1dOJihlllHn HH:repec npe.l(c:raBnRIOT d 1o ~ceqe-
HHR, · KO:ropb!e sKcnepn!.!eH:ranbHO a:JMepRJIHCh a onu:rax Ha coana

){eHHe tJllKCUUHl1 yrnoa B!lne:ra. H ;HeprHU qacTHU e" H p /If. 

0){HahO :reopeTH4eCKH Odhi4HO aHaJIH3HPYDTCII donee npoc:rh!e d.~ 
d.

l>t::- • . 4or _ 
a v - ce4eHHil, npH48J.! Ha ll.I\pax ner\ie LLl. • CBRsaHO s:ro 

C :reM, 4T0 ITO TUKHM CEl4eHHIIM HMeeTCII .l(Ol!OnbHO MHOrO SKCnepH

JAeH:ranbHhlX ,1\aHHl>IX. Kpo!!e roro, B cnyqae nerKHX ll.I\8P HHOr.l(a 

MOlitHO IT0U30BaTbCII <~YHK~HIIMH ,l\b!p04Hb!X COCTOiiHHlt npOCTOlt O,I\

H04UCTH4H0l1 MO.l(eJIH, ITO,I\OHpaa COOT!leTCTBYIOJIIHI! OdpasOM rJlOpMy 

ITOTeHUMana H CITHH~OpdHTunhHble CHnh! ·(CM., HanpHMep,/
2
/). EO

nee T04Hhll1 pacqe:i(e,e;oJpeaK~HH/J/ OCHOBaH Ha HCITOnh30BaHHH 
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tlJYHICUHll H :JHeprnil COCTOHHHU IJO)IeJIH OCiOJIO'leK C OCTaTO'lHIJMII 

B3ID!IJO)Ie!1CTBI{ll!JH traCTH'lHO-)IblpO'l!fOro THna. 3)1eC:& noJiy'laiOTCll 

H OT.1!1'1Hble OT HYJIH nmpHH111 'IT? )laeT B03!l0E:HOCTb HaxO,ll;HTb ce

qem!H d4-o 141. 

IlpH paC'leTe peaKUHU (eJe_;o) OCiU'lHO nOJII>3YIOTCll CiOpHOBCl>HM 

npl101IlU:eHitel! C nJIOCKlU.m BOJIHUMU )IJIH 3Jier>TpOHOB H HCKaJ:\eHHW.!U 

DO.'!HaJ.!U OnTU'leCKOrO nOTeHUUaJia ,ll;Jlll Bb!CiUT!lX npOTOHOB, 0tJeBli,Il;

HO, ,TI;Jlll cpe,liHHX H,v;ep CTaHOB.!!TCll BUliHW.lH 3(X)eKTU HCKali>:eHHll 

:JJI eKTpO!IHUX BOJIH B KYJIOHOBCKOM none 11.n;pa. 

l{e·Jlb HUCTOi![I{ell paCiOTLI ._ Hapll,l(y C llCKtuteHHeM npOTOHHUX 

DOJIH yqecT:& KYJIOHOBCKHe HCKa:.:eHHll 3JieKTpOHH!1X BOJIH, B CBH3H 

c :nuu pa3paooraHa npoue.11ypa yqera 3THX HCKalKeHuil H npoaHa

JIH3nponaHa nx pon:& na npHMepe pacqera d46'-ce'l~HHil peaKUl!H 

(e, e~) Hu cuMOM THllteJIOM H3 U3y'leH_Hux noKa 11.n;ep. 
40C::z. II/. 

B npe.n;nonaram.!OU cpopMyJIHpOBKe crpyisypHyiO qacn 3a)la'll1 l.IOJ:tH.o 

pacC'lUTbiBaT:& He3aBHCHMID.! nyTel! B paMKUX JIKJCiOlt npl!eWieMOi! U?
.n;e1Il! ll,l(pa. B ,l{aHHOM cJiy'lae 1111 ucnOJ1:&30BaJin noJiy'leHHue n/5, 7 I. 

3HU'leHUll 3Hepruil ~ H llU!pHH lJ pe30HUHCOB 1 l:OT0p11e OI;a-

3aJIUCb CiJIU3Kl1Ml1 K HaCiJID.n;aeMUM B 3Kcnepn:ueHTe/II, Pac'leT 

3TI1X BeJIH'lHH/5/ npOBO)IHJICll Ha OCHOBe MO,J4eJil1 ,l\UHaMJt'leCI\OrO 

noTeHUI!aJia/o/, npu 3TOM peaKUUH (e,ep}paCCl!UTpUBaJiaCI> B nnoc

KOBOJIHOBOM npUCiJIUllteHJtU no BCeM 'lUCTHUaM HenpepUBHOrO cneKT

pa/7/, B 3T0ll MO,Il;eJIU y'leT HYKJIOHHUX KOppeJIHU!lil npl!BO,ll;UJI 

K nOi!BJieHl1D B OCiU'JHOil noreHUl!aJI:bHOii liMe HeJIOKaJI:bHOil .II?CiUBKU, 

KOTOpall B nepBOM nopll,l(Ke no (£-£F) Jll1HeilHO 3UB!1CeJia OT 

3Hepruu ucKOMoro ypoBHil E = £-; ( ~ - 3HepntH <;;epwt-:-noBepx ... 

HOCTU), hlupuHa pe30HaHCa BblpalltaJia~:b qepe3 MHU!.IYD 'laCTI> COOT:

BeTCTBYD!llero onrnqecKgro noreHUUaJia u raKlite Ci11Jla'paccqurana 

B pMore/7/. 
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§2. BUBO,Jl; !jJOp1!YJill Ce'leHUll 

Ecnu ,paccuarpunari> H.l{pO KaK. BHell!H_ee. none, ro ceqenne · 

)eaKUUU {e,~7,PJc ~By~ traC~UUaMl! B KOHe~HOM COCTO~Ul! - 3JieKT

. JlOHO.M .c HMnYJII>COl! Ke' .l1 npOTOHOM c, l1MnYJII>COM fJ . ,· .:.. 3a

nUCl1Baerca B Bl!,l{e 

d 4o = E'e. 2.. /E-/J! d,P dl;, 
ke {i/) . if , (2T)_6 ' (I) 

r.11e CYM!Ja ifk . 03Hatraer ycpe)IHeHl!e no HatraJII>HI:lM ~ cyMJ.mpoBa• 

rute no KOHetrHI:lM cnuHOBUM cocroHHl1HM, a Ke/ Ee ·ecn noroK 

. ll8,11;aJDII!l1X :meKT,pOHOB (/i=c-f} 1 KOTOpL!ll B OdL!'lHUX yCJIOBl!liX 

(£e~>lneC3) , paBeH I. LfaTpl!tr~~ll ,3JieMeHT peaKUl!U • ~ BL!pa

lltaeTCil trepe3 aMnJIUTY.JIY r;f .. Ha 3~epreT~~eCKOll nOBepxHOCTU: 

e;f =-:bi~(~-Ee' -~-c)- _7:;.!. ' .. (2) 

3)1eci> B illiHOM Bl!,l{e ytrreHo, trro nepe.l{aHHaa 3JieKrpoHOM 3Hep

rua W = £e-£e_, u.n;eT Ha COOdii!6HUe npOTOHy KIIH6TU'leCKOl1 ~ 3Hep

rHU E? n nepe.l{a~y ll,l(PY~P?Ta~KY {4-1) ::~~epruH, 

. E··=· E,;~£a~{ =Ee ~Fe~-~·, .· (J) 

xoropaa .onpe,lleJI.flercJi. na onure penrcTpaunel1 sHeprl1l1 Ha'laJII>Hwx . 

·11 KOHetri.iwx· tiacTHU Ee , Ee• l1 ~ . • 3,l{ecl> ,. EB ·- :meprua 

'cBsi3H npOTOHa;'· £·, ~ :_ 3Heprna ·B03dYJKA6HHH'.~.H.Jipa (A:._I}, a 

E""='tto/.ZM,~('(t/-i;-i;).-··ero 3Heprl1H OT.Jia'liJ. 
'· 

Ce'leHue. d~o , .uadnD,D;ae:u:oe KaKdpyHKUUH ,6 /II, uMeer 

: ; mifpOKUe' peSOHaHcJ.i' B·· TO'!Kax €"'€:i> 1 . C00'!B6TCTBYDII!l16 )IUpO'lHUM 

co.croan.iii.r' c: £-£')): , · ·itoropw:e iiexa,I.. B MPe :npu .. _<10JII>mux . 

~:heprH~··B036yi,i{eHUH (,iteCHTKH ll3B) ·H aMnJIIltYAll.;KOTOpUX HMeDT 
"'::', '" "~ '> • ,<i. • •" • T -· --~ 

: -. ... 
.;.--;,:. 

_:: ~ .- ··r:-.-

.-... 
·.' -'.>.· 
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Tl1nl1liHYD nOJIIDCHYD 3aBl1Cl1MOCTI:. B paHOHe TOlleK £ ::~ +ifi/2_ 

Tor.n;a, nocne' OOllliHOro ycpe,n;HeH.IU!: (2) no HHTepBa.JtY A£ 3He:P

reT!1lleCKOro ·paspeweHHH ·sKcnepl1MeHTa (npe.n;nonaraeTcR, liTO 

AF<<I~-~,1; ~e') .npe;icTaBJIReM uaTpRliHllH :meueHT peaKUHR. 

B cne.n;yDJlle.M pesoHaHCHOM Bl1,Ite: 

. I~)~ 1 . T, fi,= -2:rrt2:;r . £-Ej-i lij,t ~f ' (4) 

TaK liTO CelleHHe (1) OKa3llBaeTCH paBHllU: 

di5-- b-f; 2 jT l dpdK;, 
- (E-E;f+ ~o/f (ifJ •I (22r)6 ." 

(5) 

OctaBJIRH B aMTIJIHTy.n;e peaKl.llll1 HaHOOJiee BalltHOe, npo,n;OJibHOe 

KYJIOHOBCKOe BsaRuo.n;eactBHe sneKtpoHa c sapR.n;OM R,n;pa nnotHOc

TH ~(f) , liMe eM 

rr:~=<-!1 ~-~~t (~ >= e~jdrtott< PA-t> p/ecx)/~>·cu) 

'k
. +1(.. . iwJ;t~il 

. e. ·. r i... ...!::::..--.... ""'-~....-.- ' 

r.n;e 1f. j_ ~ !J>yHKllHH 3JleKTpOHOJI ,ItO 11 nocne CTOJ!KHOBeHHII, ,.,, 
a ~~.n;epHWH :waTpHliHWa·sJieMeHT BKJ!Dllaet 3aBHCHliOCT:b OT clJyHKllHH 

~CXO .. IIOro· ~ H. KOHeliHOrO II,Itpa ~-f H·cpyHKUHH. Bll0l1tOrO 

npOTOHa B. onTH~eCKOM no:reHUHaJle ll.n;pa: (A-1) 
HcKaxeHHe ·sneKtpOHOB Oy,n;eu YliHtwBaTL B BWCOKOsHepreTH

'!IeCKOll npHOJIHXeHHH (£»lJ; HR»1), KOTOpoe B 00WliHW:X ,'sKcriepH:_ 

weuax c sneKTpOHaMH xopomo·ceds onpaB,n;wBae:rlo-Ill. KaK no

Ka3aHO/a,g~ B 3TOM cnyllae tPYHKllHH ,ItBHlll:eHHII 3;1eKtpOHOB. B Ky

JlOHOBCKOll nOAe 11.n;pa llOXKO npe.n;ctaBHTb B Bl1,l(e: 
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~ + ~-j(?J e itj~+_i_¢>c~J. (7) 

.HilHllil BH,n; RCKaiitaxnl(eH aunJIRTY.Itll fJ- 11 lj)asll ¢ .n;an B Hpuno

. ;;teHRHo <:1yHKl.ll1R !/- 3aBllCUT Tar:E:e OT Cn¥IHOpOB HalluJibHOrO l1 

KOHeliHOrO COCTOHHUA. 
,.... - __. 

~eJiaH B (7) 3UMeHy t/.. = 1-X 11 HCll0Jib3Yll Xto.paKtepHOe 

pasno)l(eHne I ilt/fx! /IO/ 

?- rtit; = jri'Jt- ... 

¢rxil)= r/>.(X}r v¢«Ji+···' 
(b) 

-UOJiyllaeM B03MOlltHOCTb npOHljterpnpOBUTb no .U TUK,_ liTO 

. 1:;=4Ji;rjdx- flr?J (!§ ~fJ/f{X)/~>Ji?+iAA9) 
' ~e,t(JCJ~!. 11-t . \·' ' i4 ' . 

r.l{e 

..... ' . .. ~ 

lJe;=f+ VcfC~. 1/=k-=~l: ... (IO) 

Tenepb npeoCipasyeJJ H,I4epmHI MatpHliHbiH sneueH:r, ·. npeActaB- · 

nn11 ero B un.n;e: 

< ~-l;p/fCxJ/'t,> =~ eem C~PJ ){,it" /xJ. . . (II) 

B~>~pas:IU! ,. fenz. llepes c,PyHKlliHi ,n;upoliHOro cocTORH.I1H 

. .!/y (XJ = (PA-l/~>= RK~ {x) ~(f),. . (12) 
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r).(e Y= AltM- >~H).( eKe peaoHaHca, H cpyHKlliUJ B!.!dMroro nporoHa 

/i3>=1-:r~ i~fJoxJ >;M,.(xJ >:: (,P/, 
. AN,. : · · (13) 

r).(e J;. ecu pemeHMe pa,n;MauHoro ypaBHeHMJI c onrM<iecKm.i 

llOTeHW!aJIOM. (B llJIOCKOBOJIHOBOM npMdJIMliteHMM b -: j;. ~,r) ) • 

Tor,n;a, MCll0Jib3YH Oneparop llJIOTHOCTM H).(pa ·c TOt<eqHmrn npOTOHa1lli <'--~(x:J=.Z: o(x-.X;), noJiyttaeM 

. . . . . 'i;...,l .. 

~enz (x,fJ)= ~--~-~~t-.t,...,..f}{tt~+-f-:-f}. 11;-" (xj l;,. Y2.J-N ·. 

(14) 

;/;, (,PxJ /;,y.-(p~(tL ooj~o){etmflf j,)H"j. 

KaK llOKa3aHO B/11/, OCHOBHO~ BKJia,JJ; B MHTerpaJIH TMna (9) 
( C TOt<HOCTbD ).(0 MaJIOCTM 0 1,.1;) ) .JlaDT t<JieHH pa3JIOl!teHMJl 

(II) c HyJieBo~ npoeKUMeil MOMeHra In =0. Tor.n;a, o6oaHaqaa 

r(?p)=2. fto(~p) lf;l~~) 
~ (15) 

/1= ~ (x, or:J, 

aanMme1x' mmJIHTy,n;y (9) B BH).(e 

r,:.~~f;~;f~/;;4/l~ ~C??Je'fdj?e ~Iol 
,l{JIJI ).(aJibHeiiiiiHX Bb!qHcJieHMit B!.ldepeM; CMCT.eMy KOOp).(l!HaT 'C OCbD 

-~ .. 
Ol: B).(OJ!b ~f . , r).(e 
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i:=Jr-:-k:; K,=~-fl= (ke+fre,.J/~ 
/.~~ "- !':" + -1--

tr,=lfe-ke 'j, ; .lf.z= ke,+He,.~ _; CZ== (ke-.fe,J/.t =CU/2. 

ITpM aTOM OKaaiBaerca 

{4j(~;K)= ~+1~-o(.L_fl?Ji, ad.!f 

. ~ [!('J,x)= -cr'/' ~ w~zJf-iiil6r.fy ' 

r).(e o(=8inl9a, a tJ - yroJI pacceaHHH aJieKrpoHOB. 

(17) 

(18) 

_B peayJibTare MHTerpan no ~ B (1o) npHHMMaer BHA . 
+-I 

Jrx.y;:j cljJ { Af'!Y Jj e ik-rffJJ' (19) 

r.n;e 

f(!'J=-!?+2 ftt~t.J!-t-«:t. &.:Jy. (20) 

ITO cpaBHeHMD C llO).(HKTerpaJibHOit 3KCllOHeHTOit (I9) \{JyJIKI.\HH . 

FrX/1 !f') cJiado MeH~erca c j'1 B od.liacrH rJiaBHoro BKJia,n;a 

KXt::tHI?» ( • IIoaro.u:y (19) .u:ou:o BWIUICJIHT:D ~o uero.u 

cral!IIO!lapxo~ qaaw. Ucno.1i.sya IIpuoxeue, xerpy;.:Ho yde;.:xnca, 

qro _B roq.Ke cral\HOHapHocrx 

·/" _ It· ~.t((-o(J!) ~· _11. ~--Pi 
o f" + ut}(D (21) 

.f'l_cf'.t :r .. ' 

KOTOpaH oripe,lleJUleTCH yCJIO~Hell ~~),a0 , \{JyHKTJ,HKJZ t p H. 

fJe{ nepecran::r auBHcera_ OT aaH.u:yraJILHO:o yrJia, qro noaBOJiaer 

npoBeCTH HllrerpHpO!!aHHe:nO · y . • IlTaK, _ OKOilll;areiibHO aKIIJIH

TYAa peaxxum npHHHu<..er BH,J;: 
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Tu =- ~~.e cp(ir.ifi) IfF dK /l{Kj!t>) 
if . ff~ J'~f-1--q/lj OjY· f¢(Kj'o)-UJ~ B CXJI..ff 

(22) 

· expip!rxo<+ ti.t{~-~{ + C/J(~J}, 

r,l\e <jJ(~ i.) - 11HTerpaJI 'PpeHeJIR. ::i,lleCh VYHKUUU p.. , </> H~-( 
H3BecrHu, a p~ HaxO,li;HTCR H3 (15) B pe3yJihTaTe pacqeron 

BOJI!IOBh!X lpyHKI.lHfl ,ll;b!pOqHOrO COCTOIIHHII H Bl:.IJieTeBillero HpOTOHa. 

ltaJibHeilruee Bbii<HCJieHHe (22) llpOBO,li;MTCII MeTO,lJ;OM qacJ!eHHOro 11H

TerpuponaHJ11I. 

§J. Pe3yJihTaru pacqe-ron u odoy)i(,ll;eHHe 

Ha OCHOBe H3J!OllWHHOi1 MeTO,li;HKI1 C HOMOl!lhiO \il0p1!yJibl (22) 

dh!JIH paccqnTaHu d 4o -ceqeHHR KBa3Hynpyroro BhldJtB~llR npo

TOHOB 3JieKTpOHaMH U3 II,ll;pa 4o ca. B YCJIOBUaX1 COOTBeTCTBYIOlllHX 

nepnllM.3KcnepHMeHTaM/I/: 

Ee = 910..v.eP E,o=116/lfeV ~,=z?,=- Sl~ (2J) 

OcHOBHble xapaKTepHCTHKH £y n I; ,ll;blpOqHux<cocroRHHil f;j ·, lp 
H fd OdOJIOqeK dWJIH. _B!.IqHCJ16Hbl Ha OCHO~e 'MO,ll;eJIJ1 ,li;HHaJ,IHqecKOrO 

noTeHunana/D/. B no·n. MO,li;~JIH WHpimu f;.: nupalita!OTCR qepe3 

MHHMW:e qaCTH COOT:BeTCTBYDlllHX OllTHqecKUX llOT8HUI1aJIOB H.,li;JIII 

4oCtioKa3inncb pasHin.tH 151 · · · 

· 1: = RO Mev·· · ;; = 14N~P 
I& 7' ~=t!Nev •. ···(24) .. (•·· 
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,I(aJiee, 3cpcfJeKT yrJiydJieH¥!1! HHl!I:HHX' OdOJIOqeK XOpOiliO B0Cllp0113BO• 

,l\HTCII )(UHaMHqeCKUM llOTeHl.\~aJJOM llpiiMOyrOJIJ>HO!l tpopw/7/: 

[/(x)=-V· B(x-RJ{f+o((E;'-FFJj 
(25) 

V-SONeV Ep=tNeV D(=0,35/V 1?=1. 02/11/:s/~ 
" J' ' 

4-or_. 
KOT0phli1 ,li;J!II 1...U . llpHBO,li;I11' K CJ!e,ll;yiOl!lHM 3HaqeHI11IM .3Hepntl1: 

Ei~ =5-3/lfeV E;p=31-MeV Eid=flNeV. (2u) 

AJIR -roro, qrodu nccJie,l\OBaTh BJIHRHHe pa3Mh!TJ1R rpaHMI.lhl 

R,n;pa Ha llOBe,ll;eHne cJlYHI--l.lHH ,ll;blpOqHbiX COCTOIIHHH (12) it taK11M 

odpa30M Ha d 9o -ceqeHHe, n HacTom:ien padoTe nud11pancR no

TeHuuan ny,llc-caKcoH0BCKol1 QOpMh! roro l!(e· pa,n:11yca c ,li;H<fxj}y3-

HOCThl:l a=~b~ ,npu 3TOJ:t"t~'yui1'Ha llO,ll;rOHRJiaCh llO,ll; yJKe H3-

BeCTHble 3Heprnl1 COCTOIIHHH (2u). 

BOJ!HOBafl lPYHKI.lMII Bh!Ciu£oro npotOHa BhlqHCJ!RJiaCh. ,li;JIR OllTH

qecKoro noTeHJ.(naJia c napal.letpa:MI1, 3al1JHKc11pO!laHHhlllli no ,ll;aHHhlH 

ynpyroro. pacceRHHII np~TOHOB np11.MepHO ·TaKOH lite 3HeprHH/I2/: 

Urx) = 4 rx)-V./, rx;- i TV.£ {x) 

£ =[1-rex.n x-Rpl 
Jf> '/ . a/' J 

. R. =,.. A (I$ 
. ,P ';o 

V=f3MeV W"= I~ZIIIeV If = 0., 9Z:fm . 

az. = "" ~6 .fnz • · r; = ~45'"fnt Cl~ ={)_,42.Jm 

II .. 

(27) 
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.I r: . 1!3 plie. I Bli,JJ;HO, qiO yqei Olliiiqec:r;oro l!CKaE:eHRS! BOJIHOBOR 

YHK~l!l! BllJieieBlllero npOIOHa llpl!BO)l;l!I K Cl1JibHOMy 1!3MeHeHI!Il 

a,I:;l!uJibHOH 3UBI!Cl!MOCII! SI,JJ;epH11X Maipl!qHl.JX 3JieMeHIOB, a 3IO, 

B CBOD Oqepe,JJ;b, CYJ!leCIBeHHO BJIUS!ei Ha adcOJIJOIHYD BeJIUqHHY 

d"o -ceqeHHSI, yMeHblllaSI ero npH .n;aHHOH KUHeMUIHKe B IpH•qe-(\ 1/ 
t , , ; xupe pa3a (pnc. 2). 

\ 

. , 
I 
l 

B TO xe BpeMS! yqei B .n;aHHWX ycnoBHHX RCKUEeHI1H aneKI-

pOHHUX rpyHK~Ul! rrp11BO.D:l!I K yBeJIHqeHI1JJ ceqeHI1SI KBU31!yn.pyroro 

BhldHBUHI1SI llpl!MepHO HU I()% )l;JISI fd-nuKa ~ Ha 20% -,II;Jiil 1J -lli!Ka. 

\ YquniBaSI, qxo 3KcnepHMeHiaJibHJ.J.e OillHOKH B nepBJ.J.X axcnepnueHiax 

\___.n;oBOJibHO BeJII!KH, IaKHe H3MeHeHHSI MOXHO cqi1IaTb MaJIJ.J.MH. 

G: 
Epyron Buso.n; xacaexcSI BJII1SIHHa Ha paccqRt1lBaeuoe ceqeHHe 

puu noxeH~HaJia .n;wpoqHoro cocxoaHHa (pHc. 3). Tipn nepexo.n;e 

~yHK~ll npaMoyrOJibHOH S!U!l K peaJIHCII1qecKHM ~yHK~S!M BY,JJ;C

\ CUKCOHOBCKOrO noteH~aJia OIHOCHieJibHWe 113MeHeHHSI ceqeHHH B 

r6JIUCII1 fp ~ f.S llHKOB ,JtOCIHrtiDt ,JtBYX-:-Ipex paa. 

UeJibiO paooxu 61lJIO Rccne.n;OBaHRe OOhlqHO HCnOJib3yeMoro 

MexaHI13Ma peaK~HH KBU3Hynpyroro BW6HBaHHSI npOIOHOB 3JieKipOHa~ 

Ml!.; li XOISI 3KCnepHMeHiaJihHWe ,JJ;aHHWe llOKa He OIJIHqaiOICSI B!lCO ... 

xost :roqHoc:r•n, conoc:raBxeHHe c KHMH n~oBe.n;eH~WX pacqexoB 

(puc. 4) 00310JlSiet 3alt.ID'IHU, q:ro ,J;UHIUISl OO,J;XO,J; BOOJ!He ceCIJI 

onpaB,JJ;WBae:r, 11 no uepe 00S!BneHI1SI 60nee IOqHllX )l;aHHWX uoxe:r 

011Ih 11Cll0Jih30BaH )l;JISI llOJiyqe~l!S! 113 3KCnepl!MeHta ~eHHJ.IX CBe.n;e

Hl!ll 0 CipyK:rype ,!t!.lpOqHJ.J.X Sl)l;epHJ.J.X COCIOSIHI!R; 

,B 3aKJinqeHI1e a1:ropw OJiaro.~;apa:r B.M.CeMeHOBa aa KOHCYJib

:ra~uu H OOMO!Ilh B llOJiyqeHHI1 perueaHR )l;JIS! CBSI3UHHWX COCIOS!HHR 

11 HenpephiBHoro cneK:rpa. 
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Tip11JIOJB:eHI1e 

UcnoJib3YSI odo3HaqeHRII pa(lo:ru /IO/, npi1Be,lle:l.l Bl:lpa.Jitemta 

. )\JISI llCKaJIUID!Ileit UMIIJ!l!IY.l\ll 11 tPa3!1 (8) 3JieKTpOHHOl! qacil1 .lta.Ipl!q

HOrO 3JieMeHia aMIIJIIiiY){ll peaK~IiU (9), llOJiyqeHHI:le B BHCOKO:mep

reiUqecKOM rrp11dJIH~eH1111 !8,9/ c yqexoM xoro $UKia, qxo B ){aH-
, ' . 

Han 3a.D:aqe ke #Ire" ·: 

· cP(x}= 2.. f[f~Z81te~){~ro)-(ff;x) "'fjoJ~·fa~·(k-:.i)· 
lz=e,e' l' n. .. 

h. d! 2 ........ 21} d. TL-. ~7e r-+ ~:-]4 l •(.3k,X -2(k,..t')/.,.. nL'lnXJ +C4 L.r/(, j (11.1) 

~(?}= k: /(~, tt;,{/t-2. { llafz(!r-;"?)~-
. Ke ke' - lt=~e' · 

,_.r . .t -t / =-> ->.J ........... I·"Z o 1 h / ~~~ · 
:...tr, X - z-k.a rk,x/(}Xj+cf-2one'/L"d'~-tlcn.rr·: 

· .. 

-10C11 (,f;xj[~;!-1~- {d~k,.+ZC,. ~£/(:v,;.exl))'-',e 

(TI.2) 

3.D:ecb Ue.e'- cni1Hopli, cnooo~Horo .n;BHEaHIIa, IaK q:ro' 

.,?: /ttf;;/2 =~1!/j2, .n;anee k,:=k,_ft- ~o)) , V{o) orrpe.n;e-
M =h : . 

JieHO B /IO~; a qucJieHHUe K03~11~11eHI!l Q,_ C,_ c.{~ COBITa,n;a-

IOI C npl!Be,n;eHHilMH B paOOie /10( C(. , C: 11 c( ., COOIBeiCIBeH

HO ,II;JISI KU:iit,IJ;OrO 113 KaHUJIOB e 11 e 1 •. 3aMeHSISI .n;anee 

13. 
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-/.· 3 a,= a kn - .l - 4 d,=d/kn. C~=C/k.n., (II.J) 

r,14e li , C K d .yxe He 3aBHC.fl:r o:r 3Hepraa, 3armmeu a:rH 

lPYHKUHH B ccpep~eCKOll CHCTeMe KOOp,14HHa:r (X.,.j1=Drl{X. Or}, J') , 
r,14e ocy, or l'ttj,., (eM. (17)): 

¢CX;"!f) = -2 VfoJ~x -ax~o<- j~{,-3__~o<(f7JZj(t-ot2JC4!Y)

-2dx~{f-!'~2-(t-/!}{t-42)~yjt-2Ex~{f1jJ~.tfi (II.4) . 

+ftrrJrt-crJ/i"t'~rt-or;c:ary-~-¥~·c2]Cb;jy j 

~(X/'!1)= (1- .t VroJk.)u:, { 1- .:ttl.rzk: . 
ke Ke'. -Yeke" 

. [t ~RI'£.x!i_2(1-;ff )'t-q.!)Ctr.fly r-9/r ;£j;z y;::;;i Ctv!? J + 

-t bdx~ {cttt-..i.;t;::;;t~CqJY') + ~Ocx3A:_ 
ke .fe, k / · .fe Ke~ (II. 5) 

. [- o(n + ¢ Yt-jlJ"llf:;;iCIJJ !I' + ~"'~ g-1"~ .t.lt-/'~ ;(i:;;i(e.J y -r I k k 

+¥{tp'(l-ofZj~'ly-.j-(l-q~rz(I~L~h~y j + 

+ [ax k (.t;JJo( §'-Z Yf-,-;L Yt-o(.t CM y) + 4~ x;, 
2keke' I k . F . : . e • 

. (- f + ~/'~z _ ~c( VI-!'L Vt-o(:tt'M!ft-

-f jft-jl9{1-q2)ur!f)- !~~,.]&:tj Lie •. 

· B qac:rHOM cJiyqae ynpyroro pacce.f!HH.fl, . KOr,J4a Ke = -fe,. , 
qiyHKUHH (l1.1)-(IT.5) COBna,J4an:r c npnBe,IteHHWJJH B paelo:refiD/, 
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4 rpepMu 

Pnc. I. lloBe~eHue peanbHOil qactu HXepHoro MaTpHilHOro aneMeHia. 

ilyHKTRpHRe.KpHBYe- llXOCKOBORHOBOe npRdRH46HHe ~RR BYX6I!Blli~ro 

npOIOHa, CllROlliHYe - yllei HX6pHOrO OlliHil6CKOrO BSaHMO~eilCIBHR 

npOIOHa. ~YHK~IH ~RpOilHRX COCIORHHil - B ~RHaMH'l6CKOM npRMOyrORb• 

HOM noteH~ane. 
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. t,Q (S 
q ·[a (e,e'p) ·_ fp 

fr;\(fd) 
·II 

/
fl· 
I 1\ 

'I I 

It :·\ (fp) (Is) 
,I I . (\ ·" 

II \_' ,. '\. /,.\ 
I 1\ .. I' .. 

1
'1 I ·I'· // \\ 
I 1 /1 I\ ,/ 1 

I ~·~ IJ ' )' \. . . \ I I 

II I. If I ' ~\_ •I I Jl )¥.' 1 1\ 

·' 'i.i' . ~· \\ p 1\ ~'A 1/ ~~ ~~. 
I . ~1\ \\ 

'~ 
' 

10 30 ;q E, M38 

' 
2 

1 

Pnc. 2. CelleHue KBasuynpyroro pacceRHRR 3BeKipOHOB ·ira h , ~ H 

fd Od~ROilKax ~pa 40G:z. • IlyHKIHpHUe KpHBLre ~- dop~OBCKOe npH

dnmieHue, mtpHx-nyHKIHpHue - yllei ucKruieHHR aneKtpoHoB, cnnol!l-: __ 

ilue - yqeT ucKaJS:eHHil B npoiOHHOM u aneKipOHHOll KaHanax. ·gyHK~H 

~UpOilHWX COCT?RHI!il paCCil11TallW B ~HHaMH'l6CKOM UOI6Hl.lHane npRMO

yrOUHOil <!JOpW. 
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Puc~ 3. Binti!HHe.,,BwOopa: I!JyHKrtHll ,JJ;LipOttHoro cocrcisJHHa aa d 9o -ce-

tteHHe. IlyHKTHpHaH KpHBaa - pactteTw c ,JJ;HHaMHttecKnM npHMOyrOJibHLIM 

noreHunaJiou, cnJiomHaH - noreHuHaJI By,JJ;ca-CaKcoHa. llc~y yttreHo 

ncKaxeHne 3JieK_TpOHHLIX H npoTOHHLIX <!JyHKuna. l~p.I!Bue cmHBaJI.I!Cb B 

TOtJKe nHKa fd- p_esoHaHca. 
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PHc. 4. Cpa~HeHHe c· sKcnepHMeHTOM d"o -cetteHHH ,JJ;JIH 40Qz , 
npocylll.!.llpOBaHHOrO no f.s , fp H fd 000JIOtJKaM. 0003HatteHHIJ Te .. 

xe, tjTO H Ha pHC. 2. ~YKKUHH ,JJ;LipOqHWX COCTOIJID!it paccqHTaHW B 

noTeHUHaJie By,JJ;ca-CaKCOHa,-Bce Kp.I!Biole CmHBaJI.I!Cb B TOqKe n.I!Ka 

1d-pesoHaHca~ 
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