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Uem; aTIIX JieKt~JIIII - ;!!an. o<S111ee npe;~~cTaBJieHIIe o 11exaH11811e 

peaoii8HCHWC 11 npllllhiX ll,llepH!lX jleaxt~lllll. Mhl pacCIIOTPIIII Pll.ll npocT!lX 

IIO;!!eJiel! xopomo COO!I!BeTCTBYJ)JIIIIl~ \PII811K8 fiPOIICXOl!llllliiX DPO!IeCCOB, 

;I(O fiO!IBJieHHll IIOl(eJIII O<lOJIOtleK II OfiTII'IeCKOiil IIOl(eJIII ll;!!pa, JieT 

l(eC!ITD - Dli!!Hal(!laTD TOJQ' HaBa,Jt, C'lHTaJIOCI>, 'ITO llexaHII311 ll,llepllhllC 

peax!IHiil HanOIIIIHaeT y;~~ap <liiJIJI~<Pl!HOro mapa o rpynny l!PYriiX mapoB. 

BaaHIIOl(eliiCTBHe •~apOB" ;11pyr C ;!!pyrOII ;!!OJISRO <lhlJIO CKJII>HO yCJIOZ -

Hl!n npot~ecc ll;!lepHolil peax!IIIH n xaaaJIOCI> BeBOBIIOZHhlll B Bell paso<l -

paTI>Cllo 0;!1BHKO BfiOCJiel(CTBBH BlffiCHKJIOCI>, 'ITO lil!POt 118-SH KBaHTO -

11exaB11'1eoxoro xapaxTepa B8allll!l;!lellcTBIIIil, oxaah!BaeTCll <loJiee IIJIH 

11eBee npoapa'IHhlll: •map• He CT!IJII> CKJII>BO "aanyTh!BaeTca•. ,liJIH Taro, 

'ITO<lhl HYKJIOH 11sanyoraJICH" B H:ZUle t HySRO 'ITO<lb! OB nepe;!!aJI SalleTHYil 

qacn CBOelil 8Bepr1111 ;!!pyrOJQ' !Q'KJIOHY, npll STOll fiOCJiel(HIIIil ;!IOJIZ8H 

Depel!rll B HOB08 COCTOHHHe B H)~e, KOTOpoe IIOZ6T OKaaaTI>CH aaHHThlll 

(DpiiH!IKn fiayJIII)o B peayJII>TaTe BaJieTaDJilHH 'laCTII!Ia BSHHIIOl(elilcTBYeT 

S~KTIIBHO He 0 OT;!IeJII>Bhlllll Hyl~OII81111 H)tpa, a CO BCell ll,llpOII KaK 

C qeJihlll, S!rO BSaHIIO;!Iei!CUIIe IIClZBO ODIIChlBHU KOIIfiJieKCHhlll fiO!!eH!IIIa

JIOII V ( '!.) • M!IBII8ll 'laCU 8!1!01~0 DO!reB!lllalla OTpazaeT BOSIIOSROCTD 

norJI011!8BIIH 'laOTIIIt H)tpOII, !!,e, "OTCOC" '!aCTIIIt 113 nyt[Ka (ODTH'I8C -

KaH IIOl(eJII>) o roBOpH <loJiee TO'IIIO: fiYCTD 118 ll.liPO 118JieTaeT KaKaH

JIKdO qaC!rii!IH Cl (BYKJIOH, ~o< - qaCTII!IH ll Tol!o)o SBeprHll ee BSa -

RIIO;!IeiC!!BIIli 0 H)tpOII eCTI> \~g(~~ , r;~~e C~ - no BCell HyKJIO -
D •l 

Hall b H)tpa. B ocHoBe omrnec:xolil II0;!!8JIH JieD!! npel(nonozeHJte, 

61.e,lr HeRHWJI. HHCTIIT) 1 ~
--- --
·~H)~J KCC.Dt,Q,OB2!UII I 

.... 11 c.flH()TEKA 
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'1!0 8'.1!0 B88BJIO;ztei!CUB8 OIIB>JiiB88!rCII &!WieK'.I!BBHO HeKO'.I!Opllll KOIIIIJieKC

HIIII OISIIIIDI IIO'.I!eHilii8JIOK a;ztpa 

V(z,.)~ I{(~) + L ~ M 
[)a'""''!!"" • &..,""' ~~ ' ""' aloe.fo't" £ "'"""~ ] 

11 •oc!ra!o'IHIIII8 BSauo;ztellc'.I!:BBeK V1
= ~ l!;e (1al) v:acTB~ a. c HYK -

JIOH8KB a;ztpa, KO'.I!OpOe JIBB~ >JJiallo B08~88'.1! ;ztBBB8HB8 '18C'.I!B~ IL • 

B~~;zt IIO!I!811JUIMa \IO:e !ov:ao :!eassecTea; pa;ztBYC ero ;ztellcTBBII - 110 -

PllliKS. Io-IB CK. 

liCHO, O;llllaKO, '1'.1!0 pa;zt :3ill\lleK!!!OB KOBeT ll!iU ollycJIOBJI8H l!lleHBO 

B!BII 80C'.1!8'.1!0'1111111n B88BKO;lt8!~CTBBeK, Ilycn HaliPBIIep ll;ltpO COCTOB'l 1A~ 

88¥JCIIY'fliX OISOJIO'I8K II O;ltHOr•l HyKJIOHa g (pBC, !) CBepx OISOJI0'18K 0 

OBII38.11HOrO B ll;ltpe (B IIOJie >J8.KOCOrJiaCOB8HHOrO 110'.1!8Bilii8JI8 !KII8 

Vt(•) olloJio'lex) aa aexoTOP>lK yposae, Sa C'le'.l! •oc!'a'.I!O'IBOro• saaR -

Ko;~~ellcTBilll 'IIC& L'foc) aaxe'.I!<!Dlll8.11 qacult8 · a.. , li:BHraiiO~ :a 11one 110 -

!1!8B!IBaJia V("-) , KoJte'.l! llepe:seC!I!H IIYKJIOH t aa IU)yroll lloJiee suco -

:mit ;)'POBeH~, BJIB B!illBT~ ero BOOllllle 118 

:~. l!acult8 a. IIOtepllet qacn csoell 

:311epru, lly;llet 11epese;zte11a :a IU)yroll KS.

J!aJI, Mllnal! qacn ~ KOKMeKcaoro 

IIO!r8H~B8JI8 OIIIIC!iB88! 88T;)'X8Hile BOJIHO -

1!011 \l)yHK!IBB '18CTH~ a. , CBII88HHOe CO 

' ,-V(•) I!Cellll 11epexo;zt81111 e!i TaKoro !11118, 

]~CJIII \fa< 0 , !1!0 BOJIHOBOil BeKTOp k • 

P~o~d. .. .J~(E-Vt-·~>' '18CTH~ a. BHY!rPB H;zt-

Lk-'i' pa 11118eT IIOJIOU!raJIU;)'II JIHI!IIYII '18CU B 

BOJIBOB811 \l)yHKIIBII ~ Q; 'IIICTB!lli a. "satyxae'.l! 01 B H81!PaBJieHHII 

;IIBIIJ:eHIIIIo ECJIII a. HaJI8!8<l'l H8BH8 Ba ll;ltpO, !0 BOJIBOB8H \l)yHRIIBII 

eB "aatyxae!'" 11p11 11epexo;~~e O! 11epa~ep1111 x sar:peBHBII ollJiaC!riiK a;zt

pa. 



I. PesoHaHCN :& HllePHllX peaKlUIRX 

BaaBKO~eAcT:&He 'laCTH~ C ~!POM HOCKT peaoHaHCHNH xapaKT6p 1 

npKqey MN Cly~eM paaxxqaT~ ~:&a TKna peaoHaHco:& : pesoHaHCN c:&H -
SaHHN8 C OT~eX:&HNMK 8H6pl'eTxqOCKIIMK ypO:BHHMI'I ll;llpa H CO :&Sai!MO -
~eACTBK6M 1 odyCXOBXeHHNM ROT6JI~OM V(T) BC61'0 H~pa, IlOCXe~ -
m THR pe80HaHCO:B xapaH!epHS~fM odllllllt XO~ ceqeHI'IH (WHpOKI!e Mil 
l'Hl'aHTCKHe pe80B8HCN) 1 a nepMdl TKR - "TOHKYD CTPYKTypy0 WHpOKI'IX 
peBOHaHCOB, 

8Ta Kapulla cxeiiB.'fxqecKH npe~cTaBxeHa Ha pxc, 2, OrudamlllaH 
Kpi!BaH Ha pHCyHKe - xo~ cneHJill 1 ycpe~HeHHoro no IIHTepBany A£ 

8Hepl'IIK 1 KOTOpNA MBOI'O Clox:&we 

b(E.) 

E 

paCCTOHHIIH Me~ COCe~HIIMI! 
ypOBHHMI! ll;llpa ( HO MeH:&we WH -
pam raraHTCKoro, HXH reoMeT -
pxqecKoro, peaoHaHca), illHpHHa 
WHpOKOl'O peaoHaHca - :BeXH'IIIHa 
IIOpll;liKa Mel'a:&OX:&Ta 1 TOI'~a KaK 
WllpHHa YSKIIX IIIIKO:B 1 odycxo:& -
xeHHNX OT~ex:&HNMH ypo:&HHMII ll;llpa 
MOSeT dNT~ IIOPH;l~Ka ~OXeA 3X6KT-
poH-:BOX:&Ta, 

WHpoKHe peaoHaHCN - peayx~TaT ~eAcT:&HH noTeHuHaxa V(T) .~H xay -
'leHHH IIX npeHedpezeM ~eACTBHeJ~ "OCT6TO'IHOI'0° B3aHMO~eACTBIIH H 
paCCMOTPHM MO~ex~ - paCCeHHH6 qaCTIIU!i Ha KOMITXeKCHOA 0 HMe 0 

(pxc, I) V = Vt + • Vt • J!eAcTue noTeHUHaJia V 6y~e11 OITIICblllaTI 
KOII!IJieKCHNII rpaHH'IHNII yCJIOBHeli Ha pa~xyce 'Jt H~a; 8TO IIOB:BOXHT 
nepeAU HeiTOCpe~CT:B6HHO K CJIY•laD CTO~OBeHHH qaCTHU!i a. C pe -
aJI~II ll;llpoll, BCID,lly 1 ~JIH npoc•roT!l IIOJial'6611 1 'ITO CIIHH qacTIIUbl a 
pa:&eB HYJID ( COOTB6!CT:B6HHO - <lRHH-OpdHT6JI~HYD '16CU • ilTeHuHaJia 
V {1.) ~ paCCII6TpH:Baell), IlyCU 110116HT 'laC THUll a. OTHOCII -

T6X:&HO ll;liP6 pa:&eH f. ; :BOXHO:Bi!.H \WHKUIIH eij npH 8TOM HK66T XOpOWO 
IIB:&ecTm :&11;11 "f'= 1lfl Yt,..(.9,~) r;~~e Y'1.., - mapoBaH \WKKUHII, 
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a !Ae(~) - pa;!!HBII:DH8H •men. :BOIIHO:BOit l).lyHKUllllt KOTOPYJI IIH 

6y~eu :a ~aJI:oHeltmeu paccuaTpH:saT:Do B oc5JiacT;, ~eltcT:BHH ~epHHX 
CH1I l. "'- 'R pa;!!H81I:DHyll '!BOT!> :BOIIHOEOit tPYHK!~HH 060SB8'1HM 

qepea tft ( ~) o B o6JIBCTH ~ :> "R , r~e HMeeT uecTO c:so6o;~~aoe 
~IIZ8BJI8 t :B01IBOll8H l).lyHK!~HH MOEBT c5b!T:O SBniiCaBB :B :B~e "'f ('<): 

• ~(n)~ fl~l(n) O!!!IIBTHM, '!TO Rt.(n) 11118BT :B~ ~{K<)<= 
="fK<)e~p•(<<-~), r;~~e .~ (e+~)!_(..!:....)v 

~(K~) = ~;!, v! (l-o)! 21<"< , "'~>~'-'"' K~ J2H%_. 
B cnyqae , i<ot.~"" u »! , ?f.""-) .,f. . 

EC1IH t.,o, TO nonyqHM 'tlo{'<)- e-<•• +roe.''" ,n. )..,(<•J=.L 
Benaullli pe onpe~emrn!l! S.llnnHT~IIH pacceaua (a~~nnHTy~ nap!IH -

81I:DllliX :B01IB) . 

Ce'!eHH8 ynpyroro paCCBHHHII HMBBT BH~l 

~ .. ~ :11~: UP+1) I ft-11 1 

i t:2k' 
r;~~e ;$. = ;z - ;~~1!HBa :so1!BH qacTH!IH; aaeprua qacTH!IH [ = TM, 

H - 118008 'lBCTR!II>io 

BeJII!'lHBB :lf<XL (~f+i) pa:BBB nJIOiila;l!H KOJI:D!~Bt Upea KOTOpoe 

npOXO;IIHT nOTOK qacTH!I C llllJIBHTBIIH OT f ~0 f + l o BHp811BBIIB 

I ~t- i 11 onpe;~~eJIHeT :sepoB!!Hocu pacceaBHHo Ou:s~so, '!TO ecJIH r! c i t TO P8CCBHHHH HB!C ,, 

Ce'18HIIe Heynpyroro pa<lCBHBIIH (HJIII, TO'!Hee 1 C8'1BHH8 norJIOIII8 -

Hill! qaC!CH!IH I!IIPOII ) 

BHPaE8HHe !. - I rr l t H881iBaeTCH KOSIPI).lH!IHBHTOJI npHJIHnaBHH HJIH 

CHJIOllOit tPYHK!~HBito 

B CJiyqae BBIIIBCTBBBBOro no!I!BH!IJI81IB ( vi = 0 ) IIOIIYII:D l Ftl = l.. 
B cnyqae KOJ!IlJieKcHoro noTBB!IHMa ( VL < 0) 110~11;, lfr 1 < f • 
BeJIHqiiBa fe lll!JIHeTCH l).lyHKI~~~elt aaepru, Toe. flt = ('1(E). 
3a:BIICIIJIOCT:D f'e (£.) onpe;~~eJIHBT 06111Hit XO;ll ceqeHJIIt 6' ynp, II 

eiaeynp, Halt~ell STY 8aBIICHNOCT:O B CllyqBB P8CC811HKII H8 KOUniiBKCHOJI 
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noTeH!III8Jle V(~) • Ha rpaHH!1'9 H;D;pa llOJiliiiO 1111en. 11ecTo pa:aeHc:r:ao 

JIOI'8pll\bliJ111eCKIIX npOIISBO;D;HilX B<JJIHOBIJX (WHKI.IId! BHYTPII II BHe li;D;pa, 

Jloraplllj)JIIflleCeyRl npOIISBO;D;HYRl B<JJ!HOBO!t lj)yHK!IIIII BHyTpll ll;lijl8 IIOliiiO 

SaniiCaTD B BII;D;e : 

( BeJIII'IIIHa frLE) 6WIB. 61>1 B81116'JTB6HHO!t npll B61i16CTB8HHOII nOT8Hlllla -

Jie ) , STO BliPaEeHIIe CllS;D;yeT npllpaBHliTD llOraplllj)JIIIqecKolt npo11a -

BO;D;HOK BOHHOBO!t iJ!YHK!IIIII BH8 ~~pa (npll z~ R ), T,e, 

0TCRl;D;a llei'KO HaltTII BellllqiiHY f~ o llpe;D;CTaBJI8HII8 0 XO;D;e lj)yHK!IIIIt 

$ II 1t IIOIItHO nollyqiiTJ; Cll8;11JIOIIIIIII o6pa30IIo BHyTpll li;D;pa IIOliiiO 

npeHeOpeqD !18HTpOde:IIIWI nOT6H~IIallOII no cpaBH6HIIRl C ll;ii8PH1i11 1 T,e, 

npeaedpeu 8aBIICIIIIOCUil nOTSH~II!IJ!a OT e , llpll STOll BOJIHOB8H 

lj)yHKIIIIH 6y;D;eT 11118TL TOT lite Bll,~ 1 qTO II B cnyqae f • 0 1 KOI';il8 

>-.: 1 II ~f•o = e ii<Z t T,e, 

'UrC~J~ tilt)"' C. [ e_-i'Kz + 13 e_•Xz J 
3)1eCD C - KOHCTaHTa 1 a Blipa:«eHIIH B CK06K8X npe;D;CTallJiliRlT C060IO 

n8)1aRlliiYIO II OTpaa:eHHYIO BOllHii BayTpll ll;ilpa, Bellli'IIIH8 'B liBJI!ISTCH 

ellnJIIITYIIOII OTpallteHHoll BOJIHii. :~cJIII norllOIIIeHIIe BeJIIlKO, :ro I 'B I << 1 
B CJiyqae 118llOI'O nOI'llOIIIeHKH 16( ~ i o j( - :BOJIHO:BOII B8KTOp BHYT -

PH ll;iiPe, :r,e, t'X1 

"Tii1 ,. E + I Vd . 
llcnOllD8YH 3!0 BliP8llt8HII8 ;D;Jill 'lJ,(•) IIOliiiO 118 npHll8;D;8HHOI'O :Bhllll8 

BliP!lllt8HIIH ;D;Jill ll0I'8plllj)JIII1!8CK<JII npOIIS:BO;D;HOII H811TII iJ!YHKL!IIII ~ II 

1t a 88T811 ~(E), PeCCIIOTpHII OKOifllaTellDHhllt peayllDT~ ;D;Jill ;IIByx 
CJiyl!ae:a, B cnyqae, KOI';ila nOI'JI<J1118HH8 :aeJJIIKO (KOI';D;8 IIHHII8H qacu 

Vi UOT8H!IH!IJI8 V He oqeHD llaJia) 118 (~') ;D;llll K08il/WII!IH8H!I!8 
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npxunaHHH no~aeTCH cxe~~DDtee aaaqeHHe : 

<l;neC:& B6llHUHa 5e (f.) , HaBIIJ!aeiiBJI KOBij)cpH!lH6HTOII JIPOHH!18.6HOC -

TH ~6HTpodexaoro dap:r.epa, onpe)I6XH6!CH BHpSZeHHeH 

S,(E): I ~;~:R)\1 ) I 

a 

~;(£)" (i<R.)i ,_£[(~oR) )2 _siC c), 
I ~t(i<lt) 

(~- "fOWJtogl<a.l "" ~<-ll.). <(•R-~ 
~HK!lHR ~~(~<It)~ .Aft~•R.) e. ) dHl!a OJIPe;nelleHa BliiiDe. 

Ecu aaeprHH £ na;namDtell aa ll,l!po qacu~ llua, TBK qTo 1< R « 1 , 
TO :l<e(~<ll)"' ~~)-~ {B CyiiJie no 'II B Bh!PalleHHH )IU :>.e HaH-

6ol!ee :B6lliiK JIPII STOll 'lll6H C •h f J II 
S,(E)- (~<R)2R+! ~ £ e .. J 

/.j(k.R)'i.f-+l t!:f.' 
( TO'IHee, lll!H S£ Clle;nyeT 3HaqeHH6: Sp"" X, R (2t+t)!f , %M "~ ) 
ITpoHIIrtaei!OCT:& ~eHTpodezaoro dap:r.epa Tell 11ea:r.me qex xea:r.me aaep -

rill! 11 doll:r.me :eHco!a 6ap:r.epa, T.e. doll:r.me t . 

l Ecllll HalleTal!iJI8H '18CTM!I8. "an - aapHl!eHll aapHI\OH i~ , TO 

:B OdllaCTH :BHe H)lpa ;neiiCTEyeT KYllOHO:BCKOe OTTUKII:B8HIIe 1/, " ll~Vz . 
ITpll STOll :BC6 :BHBO)IN OCT8E:YTCH des IIBHeHeHIIII, O)IHaKO :BCIIiQ' :BHeCTO 

lliYHK~HH c:eo6o;llHoro :A:BIIllteEIIH Ke (u) dy;ne!l! llillrypHPOBan lliYHK!lHR 

'Pe(f, ~oR.) liBIIli9HHa :B ftYllCoHO:BCKOII nolle. Eli C:BOIICT:Ba xopomo IIB:BeCT

HN: :BIIJI eli BeBIICHT OT napalleTpa 'l.~U'e•/;t.u-, If: Jt.HE' 1 npH 

~-o 'P,Cf, ~<R) cc>:ena;naeT c Ae ( ~<11 ). ITpH ~e1: ..... """ 

STa lliYHK!lHR 1111eeT :BH)I: p 
'Prl?,kll) .... e.•(kl- '!f -7e..~k~) 



0Ha SKCUOHBH!IIIa.JI:&IIO paC!BT C ;f11eHJ>m6HII611 'Z B OClJIHCTII BClJIH311 

H;!!pH (KOr:zta ~ > ! ) • llpll 3HII•3HB ~t HH ~ ;!!JIH St II 4 
UOJiyqHDTCH 3HH'IBHHH 

-.2fe(d) / 
St = act e. A "" - ( <lre + -ft) 1 ~<"'-:r< 7 > 1 , 

?+ff+f(f+l)' I 

r:zte Ce(~<R) = t Ofe("j).1~ , npll'lell ire{3)= /f + ~t1'-1' i 
qepes Glfe II 0Ce o(loaaaqell!i a:aa'IBHIIH <llf(1) II <l:f'(Jl) npll 

1j ~ lt. R. o B STOll CJIY'!HB BeJIH'liaHH St HBJIHBTCH npOHII!IHBIIOCT:&D 

ayJIOHOBCKoro 6apbepa. llpHBO:ztm•, :ztJIR cnpaBOK, HBHH~ Bll;ll WYHKqi!H 

<:l?e(q 1 1<'<) B HHIIClOJiee IIHT6p61lHOII CJiy'lae, KOr:zta 7>& (:ztJIH KO-

!OpOrO II cnpaBB;llJIIIBH BHUIICHHHiiB BHme SHH'IBHIIH St I! <~~'e ) : 
'3?t = ar·.v.cd) e- reC•t) J 

7 

TaKIIII OClpaSOII B CJiyqHB 1 Kllr:zta norJIOIJIBHHB BBJIHKO BOB l!BJII!'!HIIli 

HBJIHO!rCR nJial!HHIII! WYHK!IHHIII! aJieprHH £ 'IHCTHIIH •a". PacCIIO!pilll 

UOPO~ CJIY'!Hf!: KOr)IH norJIOIIIBHHil IIHJIO (11Hiiii8R 'IHCT:& \& UOTBHqi!H -

Jia O'IBHb liMa) • EcJIH SllllJIHTYII;f OTpallteHHOf!: BHyTpH ll;l!PH BOJIIIN "B 
aanHcan B Bll;l!B B =- e. !li (;~. ~ 't) , r11e f > 0 , TO cnyqaD 

IIHJIOrO norJIOIJIBHI!H COO!BB!C!:&yln IIHJIHB SHH'IBHHH f' << :/. • llpi! STOll 

BOJIHOBHH \{iyHK!IHll Ha rpHHI!!IB Hi!PH 

U ( ,\- e<f<R n e·JC~ ei(Hif<) ( eRr +u =fi c.,;kR_-Otif<) 

6y;!!B! HBIIOHOTOHHO~ \{iyHK!IHB~ 0!! j(R = J ~R)2 + .f~l·:z.IVfl ' 1 !'oBo 

Cly)IB!' HIIBTb IIHKCIIIIYIIH H IIHH~nGi npi! onpe)IBJIBHHHX 3HH'IBHHBX 8HBp

rHH E. '!HCTHIIH• Onpe)leJIHH ee JiorapH~ecayn npoaaBo:ztaym -

R. U{(R) / 'lle(R.) , sueqaell, 'l!~o npa STOll \{iyHKIIKR ~(E) 6y;~~eT oe! -

p~T:&CR B HYJ!b npll onpe)IBJIBHI!Ill: 8Ha'!BHIIHX fi • E;_ , T • B • 

'ff[£.:.) "'0 . B a:ro11 CJIY'!ae, pac:cw:rpiiBaH saa'!eaae E 6J!llaKae K 

£.:.. H U01IIU'8.H ~(e) :>: (J- C:..). 'fl. {G.) UOl!y'lilll H8 paBeHCTBa ((¥): 
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fe(E.) = li + Ar•j(E.)j Q_ :~_,~(e) , r;lle e_2i!1(£)= ~;( ~<R) /~e (~<R.) , 

Aroa (E.) = (E- ~~ .. ~ r E..= E.:.+ "¥./ 'fe(E:..)' 

npll'!eM r. r._ ... r. , r..=2s,ct:~)C-~!ce~)r 1 , r... if-l:R [-'ft'C£~>rt 
[ TO'!Hall lj)opuylia 111111 Ar~(£) cneiiYIOIIlall Ha (*') : A • l< 5< . 

rea 'f,_..,, •<CJt->p)' 
:a Bee no;llcTaMeHo '<'e ... 'Jt ·-XRt~(:tR•>•tJ1 npH f<<i paccuoTpeHbl 

£ 6JIHaKHe K £: , rile .:t.:'R+ .\ = tt:Jr , T.e. 'fe (£,(}= 0 • TipH 

aTOM 1ft= (E- £.:.) vr(t.:) 1 )'t""- Lf.J{.f( • 8To nplltillllllteHile Mll 

Ar·~ cnpa:seMH:so llHIIII> KB.'!eeT:seHHO; lj)aKTH'IeCKH oRo npl!Mo 

npi!MeHI!IIO liC cny'!att pacceHHI!ll He Ha liMe, a Ha peBJI:&Hou H;llpe 

( cu. Hllllte) ) 

Onpe;llen!!H \J.- ~1\ 2 11 1 -If! \i Hall;llell 

C8'16HII!! 06Hapyxll:BBJOT peoOHi~HCHbllil XO;Il C £ 
nol!y'!Rell 

~"1 II 6", • 8TH 

• Hanplll!ep 111111 5;. 

r - Wi!pllHa peaoHaHCa (Mll paCCeHHil!! Ha nOTeHUHalle- nOpli;I!Ka Ma:s); 

r~ - aHallOI' TOI'O, 'ITO :B Clly'!ae paccel!Hilll Ha peall:&HOM li;I!Pe Haobl -

:BSDT Wi!pllHOJil no OTHOW8Hil10 K I!CnyCKRHlliO '!aCTil~ De • 
r.. - nponoplUIOBall:&HR npOH~:naeiiOCTil St (6,.) , KOTOpaH KpyTO 8R:Bil -

CllT OT 3Hepl'llll npll E.._ + 0 ll npll:B8;1!6HHOJil Wllpi!He ta. = [- ~{)v~) r! 
KOTopaa aa:BHCII!f lj)aKTil'!eCK~I He OT £... ' a 0!1! w~ = &. + /v; I .. 
( B81lll'lllHa -'fe (£,.) BC8I';Ila llOllOlltH!feJI:&Ha ] ; fl = iS,(E;J ta-{111.). 

Maou!feJI:& np11 (2f,..J)1r it2 ecn :sepoHTHocn o6paao:saHI!H coc!faB-

HOro lli!Pa c nocJiei!YIOIIlllM pacna;I!OII ero no :sce11 KaHaxall (xpo11e Ka -

Halla ynpyroro pacceaHHH). 9Ta :sepoHTHOCT:& 

~~ r, 1-:.. 
IVt = (£-E._f + ~ r1 
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r)eCTD cyu»a COOTB8TCTBY~~ BepORTHOCTeft pacn~a no OT~&XDBHK 

Ka.RaJ!aJI c _. g -+ s : Wz. = '~ W'd • 

' ~) B81!11'llllnl W,g - B8pOH!I!ROCTII np0!18CCOB a .. A-> c. - e t- 6 • r~e 
C - COCTaBR08 ~0 1 a~ II e - KOH8'1HOe 11~0 II B~8T~~aR '!aOTII -
!la,~O:riZHH OHTD CHUU8Tpii'IHH no OTHOID8HHm K npHKOYY II odpaTHOYy 
npo~:~eccau: W.e '!ii We4. • Oda TpedoBaHHH dy~yT BHrronHe~n~, ecn11 r.. 
11!.166T B~ CyYYH q_ ~ Y'. re . B81!11'111H ft 1 TO'IHO 'laKIIX ze 

e'T ... 
KaK r... • HO aanHcaHHWC /ll!H ~:aHana g ... B [ T.e. f1•1St(E,.I)[-'t'i(du-~ 

cl: pesoHaHCH08 SHa'!eHI!e 8Hepi'IIII B KaHane g+B], lipll 8TOY: 

1.1 rc r.. -. ~ r 6:: 1.4. .. 
Wat : (£-E...)1• ~ r• 1 ~ 17<~ ae , ~ 

,:. r&r.. 
o.ie = ~f+4,}11 (E- E .. )~ +·Jrr2 

' 
a r = ('.._ + £;_ 11116eT B~ C~MIH r_,t f't 
;lla C.- &+ t COCTaBROro ~a .. 

rro !Ceu Ka.HanaM pacna -

B C:riyqae paCC6HHHH Ha RYE! BHeprHH qaCTII!lbl BCer~a B!iDI8 3Hep -
rHH CBHSaHHWC B RYe COCTOHHIIII, ltiCK:riiO'leHI!eM I!Ollt6T db!TD cnyqaft 

1/1 1--'--l !i. 

l
,........_...,3 
f-1--' Puc.3 

pacceHHIIH rrp11 E = 0 • F.cn11 IISI!e -
HHTD rnydi!HY HYH (pliO, 3) - y1!8HD
maTD Vi 1 TO ypOBHII I, 21 8 dy
~T CYe~aTDCH BBepx. lipll H6KOTO -
pOY ~ ypoBeHD I COBII8CTIITDCR 
C HY118BHII YPOBRell aHeprllllo KaK 
MOZHO yde;lliiTCH (HarrpHMep 1 B Cny -
qae DPHMOyrO:riDHOft RYH) peaoRaHC 
B 8TOY O:rlyqae dy;lleT B OO:riaCTII 

aHeprHII 0:riH8KOft K HY1110o PeaoHaHC B paC08HHIIH B08RHKa6T B cnyqae 
KOr;lla SHeprHH '!aCTII!lbl dni!8Ka K SHepriiH CBHSaHHOrO COOTOHHIIRo 

PacceHHH8 Ra peanDHOY ll~pe OT:riH'IRO OT C:rly'lall paCC6HHIIR Ra 
noTeH~a:rie, PaCCMOTPHY aHepreTH'18CKH6 COOTHOID6HIIH B BTOM C:rlyqae -
rrpH oelpaaoBaHHII COCTaBROro 11~a a.+ A ~ C • 
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Ha PIICo 4 CX61.!8TI!li6CKII 11306pa;EeHN ypOBHlll B ll,llpe C, OCHOBH06 

cocTOI!HIIe l!,llpa A 11 aHeprll:> qacTI!I4bl £ (ypo:seH:o aHeprllll 

OCHOBHNX cocTOI!HIIIl f!,llep C 11 A o<5oaHaqeH!l qepea W/ "' ktA • ) 

' 

' 
' ---- r--W:J ' 

f.. 

• I J 
c. -

I! 
A -

Pa3HOCT:& SHeprlllll OCHOBHl>IX OOGI'O· 
~ 

.lkkK ypo:sHell Mep G 11 A onpe;lle -

XH6T aHepriiiD CBI!SII ~ qac -

Tlll11>! a. B 1!1\pe G, T,e, 

3Heprllll!, HOTOpall Bll;ll6Xf!6TCf! 

nocne Toro, KaK qacTH~ 

nonB~~aeT B ll,llpo A. 

YpOBHII !,2,3 ll,llpa C HBIIHDTCf! 

CT86HH:&HHMII no OTHOW6HIIID H 

paCIIBI\Y C ....,. a.+ A. 
COOTBeTCTByro~e Wllpi!HN 

STIIX ypo:sHell paBH!l HynD, B HeKOTOpNX cnyqaf!X OHII COBepmeHHO BHa

norllqHN ypOBRllll qaCTIIIIIi 118 11 CBf!88HHOII B nOT6Hilllan:OHOII I!Jie,Eonee 

Bl>ICOHO pacnono~eHBN6 ypOBHII 1!1\PB C (paCCTOI!HHe KOTOPNX OT OC -

HOBHOrO ypOBHR W; 6on:ome SHeprlll! £._ CBI!311 qaCTIII4bl t1. B 

R,llpe C) He cTa<5M:&IIbl no OTHow:eHHD K pacna11 ~ C. ~ a+ A • 
J{JIJI 3TIIX y]iOBHell Wl!PIIHN ra_ 4= 0 , C pOCTOI! aHeprllll :soa6yz -

I\6Hill! paCCTOI!HIIe 146lltny ypOBHEJ.III oqeH:O 6!lCTp0 yMeH:OW86TCl! (npll -

qe1.1 :s pf!;lle cnyqae:s, yze :s 06;;:acTH aHeprHII :soa6yllt;lleHHf! nopi!JlKa 

aHepr1111 E.,.. c:sf!aH qacTHl11>! 11£c" (o6uqHo :senllqi!JI8. C:a.. nopll,llKS. 

8-!0 Ma:s) - T,e, ,llllf! ypoBHell Tl!na !', 2 1
, 3' Ha pile, 4 -

paCCTOl!HII6 J.l6llt,llY COCe;llHIII!II ypOBHl!J.III - nOPIII\Ka aneKTpOH-BOII:&Ta). 

,l1Ji11 ceqeHI!f! l!;llepHoll peaK!lllll 11a pean:&HOM l!l\pe nerKo nonyqHTr. tl!op

~eyny co:sepmeHHO aHanorHqeym no wopue :s!lpazeHHm ,llJill SQg , 

BblnHC8HHOiey Bllme, ~8KTI!qecKH,, Bl>IW6 npll BblB0)\6 STOrO aHaqeHI!l! 

G:,g KOHKp6TH!lll Bll,ll BOJ!HOBOll WYHKIIIIII 1/e{'<) qaCTIIl11>! BHyTpll f!;llpa 

Hcnonr.ao:saH He 6~>~n (paanl!l!HCltl npe.z~nonozeHHe o B1111e ti!YHHIIIIII Ue('Z.) 
yliOJ.IIIH81111CI'o Bllllle 1111111:0 1\JIR Opi!6HTIIPOBKII), !IOSTOiey, npll nepeXOI\6 

K pean~>HO!.Iy l!;llpy, IISM6HIITCII JIIIW:O l!BHNll Bll,ll WYHKIIIIII ft "''I){E)+\)t(c). 

AHanOrllqHQ peSOH8HCy npH f.,.. 0 B cnyqae IIJ.Ill { O,lli!H 113 ypoB

Hell KOTop!lll HMeeT aaepr11m 6JD!SKYID K HYJID ] , :s cnyqae peaneoro 

l!;llpa TaKllte J.IOlltHO Olltll;llaTr., UO WYHK!llll! 'ft {E) 6y;lleT o6pBJJ18.Tr.Cl! 

B HOIII'o BCRHHII pas KaK ypo:sea:& 'of,0 + £ COBIIBI\e~ 01\HIIJ.I 113 

1toaooe- ...,..,.,. "''""30T )' 



II 

ypoBHe~ (THna I', 2', 3' Ha pKc 4) ~pa c. TaKKU o6paaow 

'fe(£..)= 0 , r;lle £, • wt·•- Wt1 
• lloJiaraH, 'ITO npH 

£ .... £,.. 
'fe(E) = (£-t::._)<f((E.) , 

Ml:l I!Jill ce'!eHHll npm;ecca 4+ A.__. C. -t g + B noJiyqKU \l)oPIIYJIY, 
J.lG\.t(QfHit0(4 

COBepmeHHO aHaJIOrH'I&yD B CJIY'!ae KONDJ16KCHO!! 

noTeHIU!aJIDHO~ mm : s;;, .(ie .. mrN I Ap'J( •, r11e 

A = " _ ~(;.,A ~t: 13 

M L.,. £-E-.-1--{r .. ' 

r11e Q.,A-=Ijc.,AI 2 
, 

ypOBHll IL ll;llPa C, 
EcJIH ilHeprHll '!aCTilll "a 11 He O'!eH:& KOHOXpOKaTI!'!Ha, a ypOBHH 

B ~pe C paCnOJIOSeHH ryCT0 1 TO Ha OD~Te npOHCXO;llKT ycpe;llHeHH6 

C6'16HHll DO KHTepBaJIY (£-If, c+ f) aHeprKK '!aCTII!IIl "a 11 , t:p6;llH66 

8Ha'leHKe Ei;g (€.) DO KH~epBaJiy tJ£ aHeprKK
1 

BKJID'IaKU!16MY HeCKOJI:&-

KO YPOBHe~ Jl6rKO Hall!i~K senocpe;llC~eHHO, Br.u.uk' Wt!"t"f._. ·t"5;e(e} ~~: 
G:: - fi.P 1) :ltx~ ·m- ra rs c-r 
~c- + • 15c.r, 

r;116 De.. - cpe;llH66 paccTOHHtle lles;l!Y ypOBHHKK B HI\P6 C • 

llpOCYKKKpOBaB DO BC811 B08KOS!WK KaHaJiaK 11B 11
1 DOJiyqKU: 

6i ~ _,~2(1le+l) E!,.!; . 
- -- -:lt 

(Mil C'll!~aeK r.. re ~ C.. · rg ) 
CpaBHHBall 8~0 BNpallt6HK6 C 06116!! !i~OPIIYJIO!! 

G"._ • :ro ~2(2e .. l) ( i - 'tW9 
DOIIY'Ia6K 1\l!ll K08!MIHIU!8H~a DPIIJIIIDaHKll (CKJIOBOII !iiYHKUKal) Cl!ei!YD -

11186 Bbipa&aHH6 : 

?i>-= i - I.Stl~ = !!n ~ ,., :lsr<..!l. \ 
I 'De. 1><./ '1'<1' .. 
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B aaKJ!KlqeHite nepeqiiCJIIDI ocao.al!lle. BI!Jlli npRIIIiX peaKulllt : 

I) TipRUHe aeynpyr11e npoueccH: aeynpyroe pacceRHIIe aen~poHoB, npo-

~OHOB 1 ol. - qac~IIU Ha C·~6pii'I6CKHX II H6CW6PJili6CKHX ll,ltpax. 

2) (d,p) II ( J,k-) peaKUHK• 

3) ~O!OBil>il>BK! II B8XBaT qac~KIUI ll,ltpOII 0 IICnyCJCaHKBII 'Q- !CllaH!ao a Q. 

tltu ll.fJI<ow 8}<W.IU>8eJ/:<:.~t<~. 

JleKUHR n 

Peaoaaac B ll,ltepHNX peaKUIIRX (Kpa!KOe pea~11e) 

B nepBon JieKUHH 6HJIO noKaaaao, qTo ceqea11e pacceRHIIR Ha 

KOI4nJI6KCHOII UOT6HP,llaJie V(~) H1166T Helo!OHOTOHI!Illl XO;zt C BHeprHel 

qac~KIUI E • IIIHpoKHe peaoaaHCbl KPIIBot! xo;zta ce'!eHIIR (reolleTpll -

'16CKI!e peBOHBHCbl C ml!pHHOlit nopll,ltKB (t2/1MR')~il'l~&) crJIBUBBil'fCR 

B cnyqae KOrna nOrJI0~6HII6 B6JIIIK0 1 T.e. KOr;zta IIHHMBR 'IBCTD llO~eH -

UllaJIB V(~) He oqeHD llaJIB. PeaOHaHCHbllit XO;zt C6'18HIIR CBRBBH C T611 1 

'ITO BOJIHOBBH il>YHKUIIH 1lt(') 'IBC~HUII B nolle HJIPB,BBHTaR B TOqKe 

t ~ 'It ( 1t- P8.JIIIYC R;ztpa) E.BIIH6TCR HBIIOHOTOHHOlit i!>YHKU116lit BHep -

r1111 11 IIMeeT 118.KC1!14YIIbl np11 pf..;zte BHB'IBHIIII aaepr1111 E ~ E~ , h• 1,2, ... 

B61111BII BTIIX BHB'I6HIIlt £ ~ e~eCTB6HHBR 'IBCU 'ft (c) IIOraplli!> -

MII'I6CKOII npOIIBBOJIHOII BOJIHODC>II il>YHKUIIII 

fp(E) ~ [ z~i~l.f/. ~ <(f(E)t '/P(E) 

npOXO;ztiiT qepea HOJ!D 1 a C6'16HII8 paCC6RHIIH - qepea IIBKCIIIlBIIDHbl8 

BBB'I8HIIHo llpll STOll 8aBIICIIIlOCTD C6'16BJIH paCC8HBIIH 0! aaeprKH 

B6JIIIBII peaOBBBCa OnHOliBB6TCfl npHOJIIIli£8HHO npOCTOII peBOBBHCIIOI i!>Op

IIYIIOII. 
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AaanorH'IHOe no wopNe BMPH~eHHe ~na ceqeHHH pacceHHHH (THH~e 

~~~ 11 ~na ce'leHHH KaKoll-JIH6o H~epaotl peaK!1llll BH~a a+ A ~ C. ~ 
~ e + B ) nOJIY'!HeTCH II B CJIY'!He BSHHIIO~ellCTBIIH 'ltlCTII!I tL c 
peanDHHN ~pow A : 

,... "''P ') '(t \ -r lu .. ic..B \i •og - -.< +, :JT, L.l E {" i.. r. 
h. -c:h..~% .... 

a~ec:r. I ~A,c.l 2= fA,G.. - mllpHaa ypoBHH "- H~pa C no OTHoweHI!Il K 
pacn~y HH 'IHCTII!IM A II ~ , 

fc...,tf ~~.c... , I fs,c.J1
= r's,e._-wHpHaa ypoBaH 11. 

a H~pa C no OTHomeHI!IO K pacna~y na g H 'B, 
r.. = Lo,~ fA ,c.._ - noJII!HH WIIPHHH ypOBHR It H/1-
pa c. 

CYNNHPOBHHHe [, ,._ npOHSB0)1HTCR (B BLJpa~eHJIII 111111 6Qg ) no BC811 
ypOBHHN COCTHBHOrO ~pa C, o6paSOB8HHe KOTOpLIX He aanpeweHo aa
KOHHMII COXp8H8HHH, B T8KON Bll/18 peaOHHHCH8H WOPNYJIH )1JIH 6Qg cnpa
Be~HBH B C11yqae KOr)1a ypOBHII ~pa C BSHHNHO He nepeKpLJBHIOTCH 
(B C3IY'IH8 nepeKpLJBHil~CH ypOBHell SaBI!CHNOCT:& Ce'18HHH OT 5Hep -
rHH onpe)1e11H8TCH 6o11ee C1IOXHOil wopuyJioll). 

TO, 'ITO 8TH peSOHHHCHHH WOPIIYJIH )111H 6Qg )1ei!CTBHT6JI:&HO HN88T 
N8CT0 0 11er110 NOZHO nOHHT:& eC11H nOBTOpiiT:& BCe npOH8Be)1eHHOe BLJWe 
(B I 118Kqi~ll) paCCNOTp8HII8 C yqeTON He T011:&KO !18HTpHJI:&HOrO KONIT -
118KCHOrO noTeH!IHHJia V(!) HO H OCTHTO'IHOrO KOpOTK0)181lCTBY~8rO 
BSHIINO~eliCTBJIH GQ tr.,g 'IHCTH!IM a. c ftYKJIOHHNJI e Hi1PH· 
ITpH BTON B npoBe)18HHON paHee BLIBO~e WOPNHJI:&HO HJI'Iero He IISNe -
BliTCH - OCTHTO'IHOe BBHHIIO~eliCTBile HSMeHIIT 11HW:& BH/1 B011HOBOll 
WYHKI1l!H 'U, 'IHCTH!IM a. B o6JiaCTH BHYTPII H)1pa, T.e. Jlllm:& B~ 
WYHK!1llll ~~ = \fe(E) + •!r(t:) • B OT1III'!He oT CJIY'IHH pacceHHIIH 
aa noTeH!II!Me, 11TO'!HaH" WYHK!IHR lfHEJ c5y~teT Tenep:r. o6paii!HTitCR 
B ao11:r. BCRKI!ll paa ~~~ no11aaa aHeprHH CHCTeNLJ VVA•J+ £ (qac -
TH!IM Q.. H H~pa A B OCHOBHOII COCTOHHHil) COBnH)18T C aHeprHell 0)1-
HOrO 118 ypOBHetl Ri1PH (; (Hanpi!Mep ypOBHell I' , 2 'HJ!il 3 ' HH PH -
cyHKe 4 B I 11811!11111). llOBTOI!Y Ce'!eHHe Oo& onpe)1eJIIITCH CYI!IIOII 
'IJieHOB (OTHOCHII!HXCH K paa11H'IH~ ypOBHHK R)1pa C) npOCTOrO peso -
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Hll.HCHOrO BH)IH, B CJIY'!H6 KOr;IIB. YPOBHH 11;11pa C He nepeKpllllaiOTCII 

(11 KOr)la TO.II:&KO BOe paOOMOTpE•HH6 - :B '!HCTHOCTII .IIIIH611H08 Up116.11Hllt6-

HII8 ~e)"'(/;-£~) "R.{(e,.) CEpa:Be;ii.IIIIBO) S'l:Y CY""Y MOlltHO 3HUHCaTI> 

B TOM Bll;lle, :B KOTOPOM OHa aar:HCHHa :BHW6, 

ToqHO TOT lite peayJir.TaT AJ[H ba& MOlltiiO UO.II.fUTI>, 60.1111 OCTa -

TO'!H08 :B88HMO)Iei!OT:BB6 ~&tr.& paCOMaTpH:B8Ti> M6TO;ilaMII TeOpiiH :BOB -

MYD16HBII (a :e Kaq60T:ee HyJieliOro npHCiJIHiteHHH paccwTpean ;II:BH -

zeHHe qacTIIIl :e no.11e o6[llero noTeH[llla.lla V{t) ~~;~~pa). IlpB aTOM llJili 
:B6.1I~HH PA C.. , onpe;~~e.IIHIODil!X WIIPIIHH ypO:BHell ~~;~~pa C UOJIY'!86TCH t, w 
3H8'!8HH6, npOnOP!IIIOHa.llr.HOe npOIIS:B6;116HHII 14 (~ '/l(R); 

JA,C.. "' [ Ur:t) qp("J(tJjt=R 

r;~~e· 1le(t) > KaK II :BHW6,0nJIC!lli86T ;ll:BHllteHH6 '!HO:rii!IH Q. C 3Hap-

rHall £,._ :B U0.116 UOT6H!IIIa.lla V(~) , cf7.f!ol(l) - :BO.IIHO:BHH !l)yHK!IIIll 

qacu!IH a. c:eaaaHHoll :e llliPe C Ha ypo:eHe h. L KaK H 

paHee, no;~~ :eOJIHo:eoll WYHK!IHell MH no;~~paayue:saeu .1111mr. ee pa;~~Ha.llr. -

HYII '!HCTJ>, T,e, UO.IIaraeu, '!T<l UO.IIIIali :BO.IIHO:BH!I iJ1YHK!111!1 HK66T :BII)t 

"f'=['11(1)/7J '::f~,.(~1 'f)], 9TOT pe;3y.lll>THT Cnpa:se;II.IIIIB THKit6 II :BH6 pa-

UOK TaOpllll :BOBMYDI6HIII!, T • K, :aeJIII'!IIHH 'lie ( t) , KHK IJ1YHK!1HH SBep-

rHII £ '!HCTH!IH a. , HM66T MaKCIIUYMH :B Oei.IIHCTII reoueTpH'!6CKliX 

peaoHaHCOB, TO UHP!IIIH.IIi>HH6 m:~piiHbl rA,C, npiiBHMaiDT :B STOll 06 -
.IIHCfll SHeprHB HaHCiO.IIl>WHe BHa•qeHHII, TaKI!U oeipaaou reOK6TpJ1118CHH6 

peaOKaHCbl KaK Cibl 11110;11Y.IIIIpyiDT 11 TOHHYIO CTpyKTypy XO;ila C8'!8HHH C 

aHeprHell, CB!I3HHHYII C pii;IIOU 5.11113KO - paCUO.IIOllt6HHbiX ypo:eBell H;ilpH 

C [ HaUpiiMep, cpe;~~Bee aHa'!e~~e ceqeHHH nor~IJI6HHH qacTH!IH ~~;~~poM 
( CMo KOB6Il nepBOil JI6K!IHB) l'it = :It Xt~t+l) ~· uaKCI!IIa.lll>HO :B 

OOJiaCTI! raOII6TpH'!6CKliX paSOHaHCO:B] < 

BO.IIHO:BHII !l)yHK!IH!I '!HCTIIIIHt C:B!I3HHBOil B 11;11pe :B OO.IIHCTB 

:sHe 11;11pa 

~ OcTaHOBI!IIC!I KpaT~o Ha HeKOTOPHX c:sollcT:sax BOJIHOBOil WYBK!IIIH 

~!')(t) J OUBCilllaiODiall ;IIBHllt8HII6 qaCTII!IH Q_ , C:BH3HHHOII :e ~~;~~pe C Ha 

• 



ypOBH8 K. • f!BIIlil! Bi!ll STOll ij'yHKin!ll MOlltHO &aiiTII B 06Jl8CTB 

BHe H~pa (TO~&ee - BHe 06JlaCTII ~ei!CTBIIH 1!118PH&X CIIJ!), B BTOII 

06HaCTH OHa OUIICHB86T CB060~HOe ~BIIllt8HII8 qaCTIIqH ~ t T.e, 

KMeeT Bllll pacxo~~el!cs :aonBH : 

~hJ( t) = 7· ~,(~co.~:) 

r~e ~._ - UOCTOHHHaH HOpMIIpOBKII, ~ (>() - ij'yHXIn!H BBe~eHHaH 
pa&ee (Clio Ha~eJIO I-1! Jl8K!IIIK), a 1(,. = /?f,:c:- BOJIHO:aoe UCJIO 

~aCTIIqH •a n, o<lpaao:aa:amei!CH np11 pacna~e G. -c> a-+ A ; 
E..= We00

- WA~ (pacceTpiiBaeM Te ypo:aHII H~pa C ~JIH KoTop&X 

f.,. > 0 II pacnll,ll peeJII>HO 1103:eT IITTH - Ha PIICYHKe B JI8X!IKII 

nep:aol!- STO ypOBHII !', 2 1
, B' II T.~.) KO~In!8HT ~,.B BTOII 

BHPaZeHHII - HSBeCTHaH :aexHu&a, T.K. ero xerKo CBHaaTI> c 

IS 

DlfiPIIHOI! rA,e,. COOTB8TCTBYIJEi8rO ypOBHHo ,llei!CTBIITeJII>HO IIHTer -

peJI OT TOKa ~8CTH!I a. 

<Pt .. 
(~ ~ {2M£,..' cxopocu ~e.CTH!I a.. , 1/' = -z Ye,.. J 
no c!pepll'leCKol! no:aepXHOCTH 60J!!,moro pa;~~ayca '-~oo;~~oJizeH 61o1'1!1> 

pa:aea nox&ol! :aepoHTBOCTII! IA,c,Jt. pacn11,11a C.._ - A +a. aa 

e~ey :ape11eH11 : 

IA,t:./t.. = 1r .. ~ I4{'Y•>I ~I Y, .. C.9.~>1: d~1- ( -r Js..=r<Ja.) 
'1.• c..,l ,_ 

0 i(IG.r.-ur) 
IT pH ~ocTaToq&o 6oxi>DIHX ae~eHI!fiX k.. 't. , "t ( .. r.)"' e. ~ 

I! 
(Clio nepBY!J JI8Kllllll), UOBTOIIY IUITerpeJI pa:aeB 17._1 1 OTKY~ 

\~,[! = fA,~;.= M rA,C,. 
l ~tr. t! 1<,. • 

Ku 6w10 noKaaa&o B nep:aol! xeKrtllll 
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!';116 .5ftC = l~p( .. ll.)j' - eCTl> BepO!!THOCTl> npoHl!KllOBeHliH, a t)'A,,(I6{,) 
npliH6;lleHHaH mliPliHa YPOBHH, aaBliC~ll OT CBOIICTB )laHHOl'O ypOBHll 
H;llpa C (a He OT aueprllll E... ·= kf.Ot'- ~r·J BliJieTaKllJiell qacTllllbl ~) 
IIOBTOJIY 

17··AI(~e,.11)/2 = ~~R (A ,c. (lit') . 

B TaKOII Bll)le Bellll'll!Ha I~··~/' (14.R)/! ue BaBliCliT OT aueprllll £ ... 
'laCTIIllbl ~ 11, fiOBTOIIY ~OpllyJia IIOXeT 6!iTl> nplllleHeHa He TOlll>KO 
K pacnO)IalOlJiliiiCll ypOBHllll C & > 0 , HO II K YPOBHHII C £...=-f..< 0 

(Tllna ypOBH61l I , 2 , 8 Ha PliCyHKe B I-ll li6K~llll ) pacn~ c KOTO -
pwc liTTll H6 IIOX6T, .l(JI!I STI!X ypOBHell <..= JW: {- <..) = ( <3e,_ 

1 
1')16 

a: ... ~ J 2N.&:.(~. 
TaKBK OdpaBOII )Ill!! BOliHOBOM ~YHK~llll '16CTllllbl ~ CBHBaHHOil B 

H;llpe C llbl ITOJIY'Iae!.l (B odllaCTII t > R BHe HJ~pa) Cli6JIYlOIJiee aHaqe -
HHe : 

, 

cnpase)IJiliBOe, xax Jill!! 
£,. < 0 , )IJI!I KOTOphiX 

E,>O TaK ll ;!IJIR CBR3aHHhiX cocTOHHIIA c 
lc Cll6)1yeT BalleHl!Tl> Ha Ur,. 0 

• ECJ!ll l<,.l>.>:l II k.R>>1 , TO 

n t ( k.z- ~) _ 
'C.- .!!llfl ypOBHell C £,. :> 0 
e_- a.,(z- R) 

;llllll YPOBHell C E..<O. 

'Cllll ~ - B6li11KO, T,e, 6CJIII qaCTll~ Clllll>HO CBH -
86H6 B fl)!pe C (B6llll'll!Ha E',. - 6CTl> TO, 'ITO Odli'IHO H63!malOT BHep
l'llell CBH811) TO eij BOJIHOB6ll ~YIIK~Hll BH6 fl;llpa dbiCTpO y6!m66T, 

l~"""' ~e.<c.re:~~ IC.1J!Dk.o8cc:oe. ll4A"-- , To ~p( .. ~) ~*""" ,yo.-.." 
~gt.<to4 q:.~•~!l•e.; 'l'l!(t,. ~e,.z) 1 o"'/'Qp.<Lki<.ol'< &,,..e.]. 

' 



II IlpHIIHe ll,ltepm.w peaii!IKH 

:1:, BaalfiiO;II6IICTBII6 H611TpOHOll !l Heci))epii\!6CKKIIK MPaiiK 

IlpK ll3Bifii0;116IICTlli!K H611TpOHOll C HeCi))epii'I6CKIIIIII ll)lpSIIK 110lt6l! 

np01!30IITK 11811 ynpyroe paCC6l!HII0 1 TaK K Beynpyroe, npK KOTOPOII 

li;IIPOn 8aBPY'!IC886TClln !r, e, BOSCi~rlK,llall'!CH pOTB!1110HHbl6 COCTO!lHKl!, 

IIOCKOJUoKy CICOpOCT:r. H611TpOHOll RO'ITII llCer)la (;ZJ;Sllt6 y nopora BOSCiy:at -

;ZJ;6HKH pOTS!IIIOHIWX nep6XO;IIOB) SIIB'IIIT6JI:&HO CiOJI:&IIIe TOll ICOIIROH6HTbl 

CIIOpOCTH HYICJIOBOll li;ZJ;pa, ICOTOpan CBl!SSHa CO BPBII!6HK611 1 TO B XO -

p011611 !IpKCiJIKlt611HK 1 lf;IIPO npH patJC6l!HIIH MOlltHO C'IKTST:& H6RO;IIl!KlltHblll 

(a)IHaClaTII\IecKoe npKCiJII!IteHHe), GeqeaHe ynpyroro pacceHHHH aa ae -

UO)IBIIEHOII li;ZJ;p6 6CT:& 

do"'~8/J~ = I a. Ill , 
r;~~e Q. =a (9,1-t; Jt) - BJ.IUJIIITY;Ia paCC6HHHll B aanpa:sJI6HliH 8-, {f 
l!a OC6CHIIII6Tp1!11HOII 11,1Ql6 1 HanpUllJI6HH6 0011 CIIIIM6Tp1111 ICO!Oporo _,. 
( CiOJI:&II!Oll 0011 H;ZJ;pa - SJIJIIIRCOI!/18) 6CT:& 1\. , 

Bp81Jl8.T6JI:&Hble COCTOHHIIH H;ZJ;pll onpe;z~;eJIHmCH llOIIHOllOil iJ!YHIC!11161l 1 

36llHCHII!611 0! it" 1 llll,ltB 

/LM = YLM ("-') 
r;~~e Yu'< - ci))epll'!ecJCaH HOPIIHPOJ!aHHaH i))yHKIIHH. ~HKIIIIH JLM 
Oni!CH886T COCTOHH116 BPBIIt6HHH ~IPS npll ICOTOPOII 110116HT llPBII!6HHH 

pa:sea L = 0,2, 4,... , a npoaJC[IHH IIOII6HTa aa aeKoTopoe aan

paBJieHHe (HanpHII6p 1 HB HanpaBJI<lHII6 CKOpOCTK HBJI6Ta.IOI!li!X H611Tp0 -

HOB) paBHO M , r;~~e I HI " L ., .l!JIH npocTOTbl IIH paccMaTpi!Baell 

Jllllll:& CJ!y'ISI! 1 110r;11a CRKH H;ZJ;pa p!meH HyJID, 0CHOBHOJIY COCTOHHHD 

BPSIItBHKH COOTBBTCTBYil! 3HB'I6HIIll L=M = 0 H BOJIHOBBll i))yHII[IKll 1 

pa:BBSll ROCTOJIHHOII 

roo = Yoo ('k) = -A=. vltn . 

ECJIH ;~~o pacceHHKH H;ZJ;po HBX<l;ZJ;IIJIOC:& B cocTOHHIIll Joo , TO noc -

JIB pBC06l!HHll H61lTpOHOB B HB!IpBJ!JI6HHII ~1 '(' ero COCTOHHH6 BpB-

116HHH onp6;116JIK!Cll BOIIHOBOI ~Hit!lll61l CJI6)1YIOIJI6rO BH;ZJ;S 

!-Ohu.:u;eHHwJ! ~110 II" I~.; i 
, I:IJ,~.fiHWX MCCJI ~.li.OaaJllll \ 

··M6IIHOTEKA i 



j(it) = 1··· Cl.(3,'f;iC). 

PaanaraH aTy ~YHK~ID B p~ no mapo:aau ~HKqHHU 

j(ft) = L.u1 6~M (~,'t) 'f.LM (tt) ' 

MU aaueqaeK, qTO (8LMI2 eCTD BepOHTHOCTD Ha6nro~eHHH nocne 
pacceHHHH COCTOHHHH BpaiJleHHfl. C KBaHTOBHMH qucii8JIII L1M , T.e. 
- ~~~~epeHI<IIanDHOe ceqeHI!e E:eynpyroro pacceHHIIH Hell:rpoHOB, xo -
:ropoe conpo:aolK,llaeTCH :aos6y~;eHI!eK poTai<IIOHHoro cocToHHII!I L,H ~a: 

lis :a~a paanollteHIIH ~HKL;HH 1 (>t) cne~eT, q!J!o 

B qaCTHOCTII ceqeBwe ynpyrorC> pacceHHHll Hell:rpoao:a ecn 

~ = I 6'o c~ I 'e) pt 
- M"' r~e 6:Cs,<e)= ~ a(S,'{j ")<iii- cpe;z~aee aBaqeHue O!r a. no aanpa:a-

neHHllK ~. 
lis STIIX ~piiJ'n nerxo :ram1te aa»e:run, q!J!o cyJUmpHoe ceqeHJie 

pacceHHHll Hell:rpoHOB - ynpyroe nnroc ceqeHHe :aoaCSylK,lleBI!H nro6oro 
pOTa!<HOHHOrO COCTOHHIIll - 6Cl~D: 

J~?" = ~ dr;z,.. = ' I ac.9,1( '~J ~ , 
J Q. /.. fol d.Q., .J 

) 

I a 12 -;::" 
no Hanpa:aneHHl!K ·~· 



TaKIIM OCipaaOM BBllii'IIIHii BCBX CBllBHilll - BeynpyrorO pacceHHIIH, 

ynpyrorO II T,:zt, MOrYT Ci!iT:& Bl11114Cl!BB!i 0 BCllil 113B6CTB8 8Mnl!HTy:zta 
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a..(~, If j it) ynpyroro pacCeHH14ll Ba B6fiO;liBHlltBOII H;llpe, BWIIICJIBHile 

fiOCJie;liHBll npe;liCTaBl!BBT B npiiB~dfie npOCTYD, no TBXHII'lBCKII - :ztOBOll:&

BO Cl!OIKIIYD aa:ztaqy, KOTOpaH IIOZ<~T ObiT:& B KOBKpeTBiiX Cl!yll8l!X peme -

Ba lliiCJIBHB!illil 116TO;li811H, ECJIH 3J~eprHII H8l!BT8DIIliiX HellTpOHOB BBlliiK8 

(nOpii)!K8 COTBB MsB) 0 TO 811fil!HTY:zt8 a_ MOZBT Ci!iT:& Bl11111Cl!BB8 O'lBH:& 

npOCTO B :ztH<W!PaKqHOHHOI! npi!Ol!il:lBHHH ( T, B, C YllBTOII l!Hm:& TOll 1l8CTII 

paCCBIIHllll, KOTOpaH CBII38H8 C fi<)JIH!ill 1 IIJIH qaCTII'lHiill norJIODIBBH611 

1l8CTHq npOJIBT8~liX CKBOS:& ll;llpO), B STOll npi!Olll!Z6HIIll 38;!18'l8 0 Bli -

llllCJIBHIIII BCex CBllBBIIIil afi.N llll~BBT a.BallliTII'IBCKOB pemeBIIIB 1 OCOCieH

HO npOCTOB B CJIYllaB llBpHOrO (T,e, fiOJIBOCT:&D fiOrl!OJil810111BrO) ll;llp8. 

Oaa dlil!a pemeBa B pll;lle padoT C, ~oa;lloBa. 

B OOJiaCTll 118J!Oil 8Beprllll Be:~TpOHOB B38llliO:ztei!CTBIIB C BBCilJepl! -

llBCKI!IIil fliiPHIIII ll;liBT no nyu Ba:BaJiall: xpo11e np!llloro paccel!HIIll 

(C BOSdy~eHIIBM IIlli! dea B03Ciy~~BHHII BP8111eHI!I!) B8ZHOB 3H81l8HIIB IIMB

BT K8H8ll, COOTB6TCTBYDJllllll OCipaaOB8HIID COCTaBHOro H;llp8, ITpl! STOll 

BoaCiy~eBHe BpaJileHIIIIl ll;llpa I!Ollte·r npo11aollu JIHCio np11 aex»aTe Hell -

TpoHa 11 oCipaaoBaHHII cocTaBHOr•o IIIIP8 G , JI11Cio np11 HcnycKSHIIH aell--TpOBa B KOHB'lHOI! COCTOHHIIII (T,e, npH pacna:zte L -+ At. -tIt!), 
ffCHO, 'lTO 3exB8T IIlli! I!CfiYCK8HIIB Hei!TpOH8 IIOlltBT npOHCXO;lii!T:& l!IIW:& 

B COCTOIIHIIIB C IIOIIBHTOM f... KOJI.II'I8CTB8 ;!IBilllteHH!I p8BB!ill yrl!OBOIIY 

IIOMBHTY L BOaCiyllt)taeMOrO COCTOHHllli ll;llp8 (eCJIII Cfii!H ll;llpa IIMBBT 

3H8'l6HI!e OTJIII'lHOe OT HYll!l 1 IIlli! 8Clll! 'lBTHOCT:& COCTOIIHIII li;llp8 fiPII 

BOSCiylK,liBHHII 11311BHHBTCII 1 !1!0 8H8'lBHIIB f.._ IIOZeT Cih!T:& H6CKOJI:&KO O!r -

llll'lHiill O!r L ) 
ECJIII aBeprll!l BellTpOHOB uaJia, !r,e, 1c.. R <. i (r:zte 'R - Belli! -

'l1IH8 nOpll:ztKS paauepOB li;llpa), TO B OCiJiaCTII BCiJII!811 li;llpa, CYJilBCTBBH

HOil npH Heynpyrou paCCBIIHIIII 1 BOJIHOB811 WYHKqllli HellTpOH8 C IIOIIBB -

TOll L qpcinopqi!OHM:&Ha (_1<..· ~·)L • rroa!rouy ceqeHHe Beynpyroro 

pacceHHIIII aellTpOHOB n.+ A -.. C - At. + 11.' np11 KOTOpol! BoaCiyz -

)!86TCII poTaqllOHHOe COCTOIIHI!e C MOIIBHTOII L MOZBT Cih!T:& 38fii!C8HO 

B Bli;!IB 



20 

l'llfl cl. H ~ - '11101!8., He 88:Bl1Clllllil9 0!1! 3Hepl'Hll He!l!rpOHa t k 
H lc- 1 

- IIIIIIYJI:&CH HaJie!raEJIIIIIX He!lTpOHO:B II Heynpyl'O paCCflliHHI>IX Hell- . 
!i!POHOI! ( ic:1 <. 1: ) , 11ep:a!il! 'IJiflH COO!I!:Be!I!CT:Bye!r l!OSCiyE,lleHm flllpa 
IIPll BIIXllaTe Hell!rpOHa, a :B!rOJlOil - llpll el'O HCIIYCK8.Hilllo J1pH llaJIOI! 
SHBPI'Illl Bflll!rpOHO:B - :BCIJIIl8ll liOPOl'a Heynpyl'Ol'O pacCel!Hill! 0 1<'- 0 
II l'JIB:BHOe 8H8'18Hile liMeeT IIElp:B!il! 'IJieH (T,e, 38KPY'!lll!aHHe llllPB 
npll BBXlla!l!e). 

B OCIJiaC!rll YBJIOII 3H6Pl'llll 1 KBK IIOK8.8Y:BaroT paC'Ie!I!H 9 (npOil81!8 -
)leHI!He qellaOM II liP• IIPH HflKIJ!I!OPI>IX npe;lliiOJIOJKBHHHX 0 1!8Jtll'IHH8 IIHif
IIOit 'IBCTR IIOT6HIIHaJI8 flllpa; <:TBTltll :B zypHaJie 1'£.to. Ref. ) OCHOI! -
HOe SHB'IeHHe 111188T KaHaJI COI)TBe!I!C!I!BYEllllilll Oc5paSOBaHIU) COC!I!a:BHOl'O 
flllpa, C pOC!I!OM BHepl'llll )l0Jlll 0 COOTBe!I!C!I!BYIDIIIBll IIPRNOM;y' BOSCIYE.llflHilD 
pacTe!l!. Up11 oc:loex 11exaHHBM~( peaKilliH yl'JIOBoe pacnpe)leJieHHe, :aooc5-
1118 l'OBOJlllo He llBO!rpOIIHO (sa HCKJIID'IeHHell Oc5JiaC!rll 3Hepl'llll BCIJIHSH 
nopol'a peaKilllll). Yl'no:aoe paonpe)leJieHKe, B CJIY'!ae npRNOl'O :aoaCiyz
A8HHll, OTJIIl'IHO 0!1! CJiyqBll, K•Jl';llB peaKilllf! 11)16!1! qepea COC!ra:BHOe ll;ll
po, HaJIIlU611 H8'18THI>IX l'BJliiO.ffi!K, 3a)la'la 0 paccef!HIIII HBliTpOHO:B Ma
JIO!l 3Hepl'l!ll Ha Hec~epll'leCKil( ll)lpax IIPII llaJ!Oil 3Hepl'HH Heli!rpOHO:B 
CIH1!8. pemeHa B. PpHCIOBHII (AS~, I956 1',) 

2, Paccef!Hile 88Jlf!ll6HHHX 'IBC!I!IIIl 

B 3!1!011 CJiyqae, Kp0116 H;llepHOl'O BSaHMO)leliCT:Billl 'laC!I!O :aazHOe SHB
'IeHHe HMeeT 'IHC!I!O 3JieKTpll'lecxoe :aaaHMO)lelic!r:aHe. EcJIH, HBIIPHMep 
KHHeTil'leCKall SHeprHll M9Hbme :BHCO!I!H KYJIOHO:BCKOl'O c5apbepa f!)lpa 
n. _ H 1e'-_ ~I/ 
D - 'R - 7ifl> f-13 g 1 !1!0 HaJI9T8l01118f! HB H;llpo aapf!ZeHHaJI qaC!rllllB 
HBilpHMep (11pO!rOH 0 ~ - 'IBC!I!HIIB) He IIOZeT llpOHilKHY!rb l! OCIJIBCTb 
)le!lcTBIIH HABPHI>IX CI!JI, Teu He 11eHee :aoaMOEHO npl!lloe xynoHo:acxoe 
:aoaCiyZ;IleHKe flllpa. qac!ri!IIB Al!Hl!teTCH no l'HIIepCioJIIl'lecxo!l KYJIOHO:a -
CKOA OpCIHTe, IIPII 3!1!011 :B Oc5JiaC!I!H H)lpa ;lleiiCTBye!r nepeMeHHOe SJieK!r -
pH'IeCKOe none. Ce'!eHlle :aoadyZ;IleHI!H nep:aol'O poTaUHOHHOl'O ypo:aHl! 
BeO~epll'laCKil( flllep B S!rll( yCJIO:Bill!X OK8.8Hl!Be!I!CH )lOl!OJibHO CIOJibWilM 
- nopH;IlKa Io-28 c112• KaK noxaaHBae!r npocToll pacqe!r el'o :aeJIII'IKHl 



2I 
CIIJII>HO SBBHCII!r O!r !IIIIa nepeXO,li!L HJlpa IIPII B036yXII8HIIII (HaH60JIJ>11168 

8Ha'I8HII8 C8UBHll IDI88!r ;!~Jill · 3JI81tTpH'I6CKIIX ;!IHnOJII>HHX II KBB;llpyiiOJI:&

HHX uepexo;~~a& ll;llpa} 11 ot aaauuu 6eapas11epaoro napaueTpa 

~ " ~~'ez.. ~( 
,.t tv E , 

Mv' r;~~e E =- T · aaeprHII H8Jia!raJIJIIIell qacu~no~, a 6£ - aaeprHll 

B086yQ8HHII ll)ij)a. 3aBI!CIIMOCTI> ll8'16HIUI 0'.1: j Ollp8;!18Jil!8TCll \J!OPIIYJIOII 

BIQa : 

s;3" : C e.- j /(!) I 

r;~~e ~(f) - l!a;!IJieHHO HaueHl!IODiaHcll \l!YHKilllll (oaa BBBI!CII!r O!r una 

nepexo;~~a HJ~pa 11 npo!ra6yJIIIPOBaHa )IIIli pliJla cnyqaeB). 

Ec1111 aaeprW! C!rOJIKHOBaHIIll ;~ocTIIraeT , IIJIII npeBumae!r BHCO!rY 

JtYIIOHOBCKOrO 6api>epa l!)ij)a, TO •JYJ116CTB6HHO ll)l6pHoe BSaiii!O;li6IIC!rBII8. 

Heynpyroe paCC6l!HII6 B aTOM CJIO:Iti!OM CJiyqae 6biJIO paCCIIO!rp6HO B 

pll;!16 C!ra!rell A. nuAU9 (ony6JI:~KOB8HHbiX B JICS~ B 1958-59 ro;~~ax). 

3. PeaK!IIIII Tlllla ( J if' ) , ( J , IL ) II npl!M08 BOS6yllt,li6H116 

O;liHO'IaCTII'IHbiX nep6XO)IOB B ll)ij)BX 

PeaK!IIIII Tllll8 (t/1 p) II ( J 1 It ) (a T8Kllt8 o6paTHH8 1D1 - ( p, J) 
11 ( h 1 d ) ) l!BJil!IOTCll npocTellmHII np1111apoll peaK!IIIII c nepepacnpe -

d+A-+C•·p, 
r:z~e C - aCT!> HJIPOo o6pa8YDJ1188Cll npll norJIOJ118HIIII HaiiTpOH8 HJIPOII 

A • llycn £.J 11 Ef' - KIIHeTI!'IaCKIIa aaeprHH ;~~eiiToHa 11 npoToHB, 

E4 = 2. 2 llaB - SHeprHR CB!ISH B )16i!TOH8, a E,. = ~- h/,i aaeprHll 

aell!rpoaa B H;llpe c. Tor;liB 

£,. - 1!4 = £1' + E,. 



ECJIK E.. < 0 1 TO Hei!TpOH CBHS8H B ll,llpe C 1 SCJIII f.. ::> 0 1 TO 
HSIITpOH SaxBaqeH Ha ypOBHK l~pa C C KOTOpHX KOEeT npOHSOIITJI 
paCn!l,ll c .... A+ 1\. (ypOBHII ~rllna I (' 2 ', s r 118. PIICYHKe 4 B 
l!SK~II I). 

DpOCTei!Jiall KO)l6Jil> pe8H!lllll ( d, p ) : )l6bpOB CT8JIKBBaeTCll C 
06nBCT!m )l6ICTBIIll nOTSB!lllaml (ll)lpO A ),lleiCTBJD~ero Ba BeiTpOB 
II 118. npOTOH : 

-
-£. 

i 1-t=--1 'J ( t) 

I ./ 

!I---f 
P~c.. S. 

.... -
(Ha STOll ae PIICyBKe YKaSa!lll li6KT0p!l 1 = 'Co.; r,. II f" -e:- Zf ' 
onpe)l6lll!DMH6 noJIOli6HII6 !l6HTpa THE6CTII )l6KTOHa, II Bei!TpOBa OTBO -
CIITeH~HO npOTOBa), HeKTpOB HOE6T 6HT~ SaxBaqeB ftKOI Ha O)IIIH KS 
e!i ypoBHel I , 2 , S ( sll8.qeHKe E...=- E..., )lJIH ypoBHH 2 YKa -
38BO Ha pKCYHKe CTpeJIKOI!), 

Aaae l!JIH STOll npOCTel!mel! KO)ISJIII TQqHOe peweHIIe nOCTpOIIT~ H6JI&-
Sllo 

Dpii6JIIIlleHHoe peweHKS KOliBO JierKO HaDTII,paCCKeTpHBall pe8K!lHD 
o6paTIIYII ( d 1 (' ) ( peaK!lHII ( p, d ); ee aKnJIHTYlla pe.BHa oqeBK)lHO 
unJIHTy)le ( tl., p ) peaK!lllll J . llycn npoToH Hal!eTaeT Ba fD11 

Ba 0)111011 KS YPOBHSI! KOTOpoJI HBXO)IKTCH Bei!TpOHo BsaHKO)l6DCTBII6 

V.rcr> 
K6ll)ly 1\. II p npHBO)lK~ K BH6HB8BIUl npOTOHOK HeliTpOHa K o6pa-
80B8HJII) )leiiTOBao 

ECJIII BBSCTK BOJIBOBH6 WYHK!lKII 1 OnKCHB810111He )lBilllteHHe: 
I/ HSI!TpOHa CBHSaHHOrO B H~~e C (B Hamel! KO)l6JIK - B nOTSH!lllal!~ -

HOI ftK6) 



t (t:) = 'fi..~-r..) Ye. .... (B.. te.) 

(r,lle 'l'p. (t) - \WJIKJnlfl paCCIIO!rp6BB8H p8Hee) 

2/ upOTOl18, 118.1!8!'8Jlllt6ro C liiiiiY11:&COII ~ : 

'I'<; cr;) "' e. Liif 1 . 
!'0 SIIIID!'y;ll8 p88XI.lllll ( p, J ) C llllll (J,p) ] onpe;lleJIH!rCH CJie-

;ztYD116ll, xopomo HBBecuoll wopJ1Y.1!0ll 

S,llec:r. 

eon !'O'Il18H BOJ!HOB8H (WH!C!IJIH, OOO!'ll6!rC!BYllJIIB.H ;llllHZ6Hllll BIIJI6!r811 -

111J1X [ upll ( p 1 d ) - p68XIIIUI j ;!16li!'OHOB C HllnYJI:&COII ~ Ha 

<SeCXOH6'1HOC'I!Ilo qepeB fJ (f) 0(f0Sl18'16l18 BOJ!HOB8H (WHXliJ!ll BHy!l! -

p6HH6ro ;!1Bl!Z6HKH B ,llell!rOHe; 

1' cr> " Iii fr e-•r ) 

~H!CI.lllll ~ H 1ft H116ll'l' Bll,l! UJ!OCXliX BOI!H, !'Oll:&XO B O<S -

l!8CTH ;!ISJ!6XO 0!' H;llpa, !'oXo XYJ!O·HOBCK06 IIOJ!e H H;ll8pi!Hll UO!r6Hqii8Jl 

IIC K8'&811'! liX Bll,l!, 

8anHC8HH8l1 Blilll8 \I)OPJIYJ!8 ;!IJ!H SIIUJ!H!'Y;!IH ( d 1 p ) peaKI.lllll - TO'! -

l18H 1 O;!IB8KO B !r8KOII Bll,1!8 OBa <SecnOJI88Ba, !'oKo Bllll !'O'IBOII \l)yBKqllll 

:tfl:j - B8H8B6C!'8Bo 

fipH<SJ!H:&eHB8H \l)opJIYJ!8, y;~~o<SBSH ;!IJ!H BH11HCJ!8BHII, UOJIY'IH!'OH, 

8CJ!H \l)yBK!lllll ~ 88118HH!':& aa npOH8B8;!16HH6 ~('() J~(f) ,r;lle 

ff4 (i) 'V ~ i~t 

OUHCiill86!' ;lllll!Z8HH8 !l6B!rp8 !'Q8C~rH ;!18li!'OH8 B IIOJ!8 H;!IP8o KpOII8 
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~OrO CII9l!Y9~ yqecu, 'ITO p.ll,JIJIYC )461!CTlliiH fi0!6HUII8.JIB ll.r{f) -llall 

no cpa:BHeHim co :Bce1111 141IIIH9.JIIl CYIIIeCTBeHI!WIIl :11 sa)4aqe, naaTOJIY 

0 JIBIIOII omi!OKOII 11000 C'll!!f.a!:& '1!1:0 S!rO!f Pa/411YC )46l<C!rBIIH paBeH 

BYDo !CaK 118B6C!HO 118 !reOpllll )461!TOHa, npll STOll 

v. t t /-;!' <'~ -) "f(f) Y~(p) =- 4rrM' 2&r o lf 

("'J 
o - ~ell:&!ra - WYHKUBH 

'laKBII OC5paBOJI B B!ip8llt6BIIB ~IIH ~ BJI6C!O - .;;,.~ Y"''(f)~<:('i,f) 
CII8l!Y9! no~C!raBBT:& 

' Pi '!'., (1) 'b (f) ' 
UO ]4aC!r 

~G. (1/;,if) = jf ~ "f-..0") '!'~(<) 1/p.(t) Ji. 

B I!B!rerp!llle HBIII:l01!88 CJJ116CTB81!Ha Oi:li!BC!r:& IIHTerpi!pOBBHIIH BHe 

H~a (To9o Oi:li!BCT:& :II KOTOp·~ll 7 > R. ) T,K, BHYTPII ~a BOIIHO -

:Bille ltiYHKUIIII l:lHC!rpO KOII9i:liiil'fCH II BBTyxaiO!r, Ho B Oi:li!BC!rll BH8 ~pa 

:BOIIIIOBwe ltiYHK!IIIB '4l; 1 "~-"i :! 1f'f. , KaK l:lbii!O noKaaaHo paHee -

IIBB9C!r11Ho !IOSTOJIY Bllni!IITY14ill ~!... 110llt9T l:l!iT:& B!I'II!CileHa; 1411M!e-

peHUIIBII:&H08 oeqes11e np11 aT•JII onpe;~~ellll!rCH CII614Yillllilll ol:lpaao11 

iJo(J,~l = ~Ue..C~.k'f>\2 • 
llaTI!ep llll'lllCIIIlll B9JIIII!IIHY ¥t~ t no;!ICTaBilB BII6CTO '\f'.; ll "f'o;. 
ni!OCKil9 BOnBH B Y'lll!rbiBaH B IIBTerpal!e ;!IJIR fl Jlllm:& Oi:li!BCT:& 

BB8 R~a, CoOTB8TCTBYDIIIIIII :!aTerpaJI 

0 [2.L 1Mi'KA' 11/f I •F 0 d~ 
trJ'II'i·ki),.. 'li' t.'IR,_£ .. ~t:if..l j e kpJ"'•) Ye.,.(-\lf) ,t 

1~R. 

IIOZ8T l:lbiT:& Benocpe;~~CT:B8HBO BWI!IICJieH II BBIIH8!CH npOCTOil WYHKU11611 

li8IIII'IIIIIH qt • ( -;- ~)l II t._ • J2M~ (t.. ( )41IH BOIIHOBOI! 

IIIYBKUIIB seiiTpoaa cp1~ a;~~ec:& Hcnol!:r.aoBaHo B!ipaxeHBe nonyl!eHsoe 

BBIIII pasee ) , llpll 8!1:011 OliCaBbiBB9TC!I t 'ITO yriiOB08 pacnpe)481!8HII8 

Ofii!ObiBB8!rCR lfHKUIIflllll BeCCiliiH, BaBBCHIIIIIIIII O!r B91Ill'IIIIIH qR•Ii<;·~(R 
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H cqeR& qysC~BH~BX&HO K BenHqJIHB l~ op6H~HnbHcrc MOM8H!8 He~ -
Tpoua aa ypoBae ll,l!pa c. ITpa L=O ceqeaHe xaucHMmao B cnyqae, 
Kcr;~~a llpO~OIIH XB!I!e Bllepe;~~; llpB f.:.f 0 M8KCHMyJIH CMCIII!!J)l!CH 1 K8K 
s!l!c yKaaano aa pucyBKe 6, B o6n,~cn -&-p > 0 , Yqet ;~~e~cumu syno
HcBcaoro IIOXII ll,l!pa B H;!IBPHOro lli)TBHIU!Hn8 V{'<) HBCKOXbKO 118MedH
eT BH;ll 3TIIX KPIIBHX. B cnyqae KO:~;ll8 aaeprHH HHnB!I!8J)IIIIIX ;!IBIITOHOB 

lloic..rO< 

I 

/ 

0 

I 
I 

aeBenHKa - xeNtae 

t'l(l,A) = A~l t·IJB KYJIOHOB -
caoro 6apbepa, - BonaoBall 
qiyHKIUill ~ 6HC!I!po (aKCIIOHBH
~HX&HO) y6HB8B~ llpH llpi!OXH -
ZBHIIH K R.l!PY• B BTIIX yCXOBJIIIX 
B IIHTerpane ;llnH ft CYIIIBC!I!BBH
IIH paCC!I!OHHBH Z "-te•/£a 88B8-
;!IOMO 6cnbmHe pa;llllyca ll,l!pa. 
llaTerpan, onpe;~~enl!lllllllil ft xo
zet 61i!b BHqHcneH C KynOHOB -
CKHMH BOXHOBHMII qiyBK~HMH 1ft;; 

H <f'.; • Pacqet IIOK83HB86T 1 q!I!C• npH STOll ;!IHI))qiepeH~HX&H08 oeqeame 
M8KCHMHX&HO ;llnH Cnyq8H 1 KOr;lla llpO!i!OIIH BHnB!I!!!J)!I! 11888;11 (ate COOT -
BB!I!C!I!BYBT !I!OMy, q!l!o pe8K~H H;!IBT C HaH60Xbmel! BepOH!I!HOC!I!bD B cny
qae, KOr;lla llpOHCXO;!IHT B060BOe C!I!OXKHOBBHJIB ll,l!p8 C ;!IBII!i!pOHOM, ITpH 
nc60BOM y;~~ape ;~~e~!I!OH, B yCHOBIIHX. ;llei!C!i!BJIH CHX&Hcro KYHOHOBCKOrc 
O~!I!HnKHB8HHH 1 HOKe! dnHae BCero IIO;!IO~TB K H;!IPY 1 a npO!I!OHH, c6pa-
3YIDIIIBBCH IIPH paaBane ;!IBII!pOH8 0 HB!IIT 11888;11). CeqeiiHe llpH 3TOK 
CJia6o aaBHCH:r o:r BennBIIH e.. ; Benuquua ceqeau11 MaJia, oaa 6tic!l!pc 
y6HBae:r C yKBHbmBHBeK KJIHBTftqBCKO~ aHeprHH [J ;!IB~OHOBo 

Heynpyroe pacceHaHe HYKJIOHOB ua ll,l!p8X [ peaK~II !1!11118 ( f'1 {' 
1 

) 

( I\ 1 h 
1 

) HHII ( h 1 f 1 
)] COIIpOBOI;ll8DlJlBBCII B036YI:;liBHI!ell O;!IHOq8C!I!Ifll -

HHX nepeXO;!IOB - IIOKeT II!I!TH 88 cqe:r IIBX8HH3Ka,cqeHb CXO;!IHOrO C Me -
X8HII3KOK ( f 1 d ) peaK~H. PaCCI~O!I!pD cnyqal! H;!IP8 0 COC!OIIIItlll! H3 
88HKHy:rHX HBIITpOHIIHX II llpO!OHIIHX 060HcqeK II O~Hcrc HYJIHOH8 CBBpX 
aTHX o6oxoqea. 
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.llJill na;ll81Jili6I'O HYKJIOHa ~!aKoe ll,ll;pO SKBI!l!M6Hl!HO liOT6HJ1l!aJI:&HOII 

RK6 (Clio pi!CyHOK 5 BHW6) Ha O~HOM 1!3 ypOBHell liOTOpOII HBXO~I!T-
Cll HYKJIOH 0 IlpRK06 :Baai!MO~Bl!CT:BI!e C HaJiel!8.101JlH11 HYKJIOHOM MOllt6T 
nepe:aeCTI! C:Bll3aHHHll HYKnOH Ha ~pyroll ypo:aeH:& SH6pi'llll 0 IIJIII :B 
CRJIOWHOII CR6l1Tp - ( T~e, :BH6l!Tl> 6I'O 113 ll,ll;pa), PaCCMOTpi!M 0 ~Jill 
Onp6~6JI6HHOCTI! 0 CJIY'!all liOI';~a :B ll,ll;p6 C:Bll3aH H611TpOH 0 a HaJI6T8.1l -
J11111o1 HYKJIOHOII fi:BJlli6TCll ~npOT•JHo !I pH STOll aMRJIHTy~a npRKOI'O npO -

.:1!2J'MVM• D 
I:l6CCa onpe~6JIHTCfl1 TO'IHO Ta~oll llt6 Hall ~Jill aMnJIIITY~ tt~ pealiJ:lHII 
( p 1 d. ) ( c11, nep:aym H3 g,opuyn ~Jill fe. 1 , PaaHHUa 6y~eT coc -
TORT:& JlliW:& :B TOM, 'ITO BM6CTO g,yHliUI!H ~~ B STY g,opJ4YJIY :BOII~eT 
~pyi'all g,yHllllllll liOH6'1HOI'O COCTOl!Hllll - ~ iif'/0: ('if ,'t)"' '\j'iif('lf) "f'e: (7:) 

1 

onHcH:Baro~l! ~:BHllt6HI!e Heynpyro pacceHHHNX npoTOHOB :a none ll,ll;pa 
II H611Tp0Ha :B :B036~6HHOII COCTOl!Hlll! (C 140146HTOII e: ), ITOJiaraH, 
Hall II :B CJIYV:ae ( p 1 d ) peaKnliH, 'ITO pa~l!YC ~eiiCTBI!ll ROT6Hl111Ma 
v~~ paBeH l!YJIID YR ROJIY'!Hll ~Jill aMnJIIIT~H npl!IIOI'O nponecca 

( p 1 p' ) seynpyroro pacceflHIIH cne~lllee aHa'!eHHe 

r~e C - Helloropall nocTOliHHall, C nouolll:&ID aroll g,opllyJIH yrxo:aoe 
pacnpe~eJieHH6 npRKoll peaKl{llll ( p I r I ) :BI>I'IHCJIHJIOC:& c Y'I6TOM JlliW:& 
BKJI~a OT o6nacrH 2 ~ ~ :aRe ll,ll;pa H npH aaueHe WYHllnHII "/'~ H 
-lj-Kf Ha RJI0Cllll6 BOJIHI>Io AUaJIOI'I!'IHO CJIY'IHID ( d 1 p ) peallnllll y !'JIO -
B06 pacnpe~eJI6HII6 111466T pn~ llaliCIIJ4YIIO:B II llll!i!IIIIY140:B II CIIJI:&HO aa
BHCHT OT :B6JIH'IHH f ~ H p_; YI'liOBblX 140146HTOB HBIITpOHa H npOTOHa, 

B CJIY'Iae, liOI';lla H6IITPOH :BHOI!BaeTCH II CRJIOWHOII CR6l1Tp, aJiliJ!li

Ty~a onpe~eJili6TCll TO~ llt6 tpOpllyl!OI!, C 3H1461lOII 'fl..' Ha :BOJIHO:Byro 
WYHKUHID "1'-:: "' e.;;: • OnJ!CHBaiDIIlYKI ~llllt6HH6 HellrpoHa c HIIR:fJI:& -
COli ~ Ha 66CKOH6'1HOC~CI!o 

TaKas KaK H B CJIY'Iae :eoa0y~6HIIll :apalllBHHII Hecg,ep111!6CliRX ll,ll;ep, 
Heynpyroe pacceliHIIe :a aro;~ CJIY'!ae IIJI6!1! no ~yw KaHana~~, npliMO 
H qepea COC!I!a:BH06 ll,ll;pO. KallaJI 0 COO!I!:BBTCT:BYIDIIIIIII oOpaao:aaHl!KI 
COCTa:BHOI'O ll,ll;pa RO'I!I!II BCBI';lla III'paer I'JIHBHYID pOll:&, B CJIY'Iae npli
MOI! pealll:lHH yrno:aoe pacnpe~eneHI!e OTJIII'IHO !Cell, '!!CO BKJIKI'!ae!l! He 
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TOJI:&KO 'leT !We 1 110 II 118'1eTIWe mapOB!ie I'aJlliOHIIKHo 

0dli1!1Wll lfeX81111311 iPOT03ilJWelCT8 : ll,llpo BOSdyw,JtaeTCll norl!Olll8ll 
KB8HT fi0CJI6 11er0 B03d~eHII08 ll,llpO pac~aeTCll 1 IICfiYCKall Hell -
TPOII 1 IIJIH ll.PYI'Yll ll,llepBYJJ '18CTll!lY o Odli'IHO Hell! pOll IICfiYCK8el!Cli C 
fiO}laBJililJlllell BepOIITHOCUJJ 1 ToK" It1JIOIIOBCKI!ll dap:r,ep ll}!pa npenlll! -
CTBYeT BliXO)!y npol!OIIOB 1 HJIH c£ - '18CTII!lo 0,21118K0 1 npll OdJiy'leHI!II 
ll,llep If - KBaHTIIIIII (ocodellll<l B odl!acu doll:&mi!X aaepr11ll) dliJ!o 
odHapyzeao aHOIIaJl:&IIO dOJI:r.moe ~IIICJIO aapRllteHIIIiX '18Cl!llllo KpoJre !O
ro 11X yrJIOBOe pacnpe]!6JI6lllle BE~eTIIO OTJIII'I88TCR OT C~epHl!eCKII 

cHiflle~pii'IIIOro. aro yxaaHBal!o Ela Heodxo.z~HMoc~:& yqeTa nplllloro npo
llecca, Kor.z~a 't - D8HT B!idlll!,ae!l! '18C~IIIlY Henocpe.z~c~BeHIIO B 
Cfil!Omi!Oll cneK!p 113 QBli3811110rO B R,llpe COC~ORIIIIllo S!O npllll08 B!idii
B8HHe KB8HTOII B03KOXHO KaK B CJ!y'l8e aapliX6HHiiX '18Cl!ll!l T8K II llel!
TPOIIOB (~OJI:&IIIill IOIIeHT CIIC!I!8111i H8ll!pOH - aapl!lK8HH8ll 11118 He 
lf811:&me,a }18.S dOJI:&me '1811 11011811! CIICT8111i npOTOH-38pl!X611118ll 11118)o 
BoBIIOlKBII II odpa!rlllill npOI!BCC : H8JI6T8DD!~ 118 llll.PO Hell!pOH aax -
B8TiiB86!1!CR li,llpOII Henocpe.z~C!BBHHO 113 CfiJIOmHoro cneK!pa C llcnyc
KaiiHell t - KB811!8o ECJIII 8HeprHH HeliTpOII8 - peaOH8HCH811 0 !1!0 
BCer,liH npeOdma}!8eT Kaii8JI P88KI!HH 1 COO!BeTCTBY»~ Odp880B8HIID 
COC!8BHOrO ll,llpa. ECJIII ze BHeprllll 118JI8T8Dll!8rO 118 li,llpO Hell~pOH8 
fiO~ae! B cepe,liiii!Y HH!epB8Jia 118E}!Y }!BYJIII COCe}IHIIMH ypOBHRIIII COC
TaBHOrO ll,llpa 0 ~0 BepOIITIIOCT:& p68K!liiH peaKO YJ1811:&ma6!Cll 1 Ce'leHHe 
O,liii8KO II B 3!1!011 CJ!y'l8e He }IOXO,~IIf ,210 HYJIH 0 8 H116eT 118J108 0 110 
KOHe'IIIOe 81181!eHIIe (nopll,liKa CO!I!•BII IIHJIJIHd8pll)o B 8!011 CJ!y'lae peaK
llHH ( ( , ~ ) Qe! aa C'le! 11exa:!IIIB118 nplllloro B8XB8!1!a. llpHBe,llell 
,llllll UlllJCTP81lHII npHIIep pe8~11 ( ( 1 "- ) 1 B CJ!y'186 Helt!pOHOB C HY
JI8BOII BlleprHH 118 ll,llpe Gi (a!rO 111I.PO - B8fiOJIHeHB!iiiH npO!rOHHOII 
II llell!rpOHHOII OdOJIO'IKIIIIII) o fipllll<lll 38XB8!1! H811!p0HOB 113 118'18JI:&IIOrO 
S - COCTOIIHHR H,lle!r B OCHOBHOII 118 }!B8 B03dyz}!eHIIIiX JPOBHH li1I.P8 
ea_4I : B COC!I!OHIIH8 2 p '/t II ;! p'ft (Clio piiCYHOK 7 ) • fipll 3!1!011 
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2r* 

P•<-t. 

IIBJiy'leHHe c aHepr11ell I.95 11 3,95 M~g 
( COCTOHH116 2 p ~1 II 2 p"ft :B l!,lij)e 

Ca. 4I pac111emrem sa cqeT ;ztellcT -

Hllfl ClliiH - opdHTaJIDHOII 'laCTII no -

T6HIU!aJia V (>) H;ztpa Ca._ 4Q ) , 1'!8 

Ha:aecTHOI'o Ha onuTe cpe;~~Hero 'liiC

Jra KllaHTO:B Ha O;ztiiH Bax:BaT ;ztJlll ce

'l6HIIH Bax:BaTa nonyqeHO 8H8'l6BH6 

5'"~ - 220 ... & 0 a ;ztJIH OTHOW6HIIH 

pa;ztH8JlDHHX MaTpll'lBUX 3Jl6M6HTO:B ne

pexo;zta Ha nopol! ( II Ha puc, 7 ) 
H nep:aHlt 2 p ypO:BHII - !IHB'l6HI!e f"" 3, MopHHa'IB. II l'lmll [CTBUH 

:B ~Zo~- of fie.n.. p~~~- To 23, CTp, I6I) :BJ>IllHCJll!Jlll 3H8UHHe ce

'l6HIIH Sax:BBTB II :B6Jlil'llllfil OTHOW6HHH f npll npe;ztiTOJIOllt6HiiH 0 

npHIIOII Sax:BBTae, ,llJlll npHII<1!ji'0JlDHOI! lUW (rJiydi!BOII :B 46,9 M .g 
C pa;ztJIYCOM R.• A!/~.~~~· IO-]. Cll, npll COOT:B6TCT:BYJ0111611 CITIIH - opdii

TaJIDHOII pBCIJI6nJI6HIIII, BhiClpUHHOM TBK, 'lTOdhl ypOBHII I II II dhiJlll 

pacnoJIOllt61W HB M6CT6) OHH ITOJIY'li!Jlll 

oz. =2Brne, P-I.? 
I ll i(t-R) . 

,llJlll lUW c ;ztH\PYaaol! rpaHII!lOII ( THna V( t) = U. [1 + e. a. J ) 
npll QL = 0,65,I0-ISCM, , ~ = 4,55,IO-I3cw . 

t>, = 550 , f' = 3.I 

PeayJIDTaTbl pacqeTa CIIJIDHO BBBIICHT OT PB;IIIIYCB HMhli 6CJIH BM6CTO 

aaaqeHIIJI R = 4.55.Io-I3 ow :aaHu R = 4,23.Io-I3 cw, To ;ztJIH 

C6'16HHH H B6JIH'IIIIW f C.!I:O;zty!OT 8Ha'leHIIH 

6"t = IIO , a f = 8. 5 . 

8TOT paC'IeT llOKaabiBael~, TBKHII oClpaaOII 1 'ITO Ha6.7r!O;zt6HHQII HB 

Onh!T6 :B6JIH'IIIHa C6'16HIIH 110lt6T d!IU xopomo 06:&HCH6H8 npe;ztnOJIO:Ie -

HileY 0 npHMOM 3ax:BaTe, 0& xopomo ll.!r.!riOCTpHpyeT T8Kllt6 HaCKOJlDKO 

CIIJIDHO BaBIICHT peayJIDTaTU Bhi'IIICJI6HHI! B TeopHH npHII!IX peaKUIIII 

o'l! napaueTpo:a noTeH!U!aJra !~;ztpa • 


