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E P E B A H C R: It1 M ~ A 3 ~ q B C R: hl ~ ;1 H C T i: T Y T 

HayqHoe coo6~eHHe ~11-45(73) 

c.r.MATMIDIH 

MO.l{E]lb ITAPTOHOB B ~J13J1KE S]EMEHTAPHb!.X 
qACTill.! 

(]eK~HH, npoqHTaHHue .llJlfl OOTPY'AHHROB E~J1 B uae I973 ro'Aa 
no HHH~8TIIB8 CoBeTa UOX0,1tUX yqemz:x:) 

EpeBaH I973 



Scientific Report E<!>Ml-45(73) 

LJ.G. MATINIAN 

PARTON MODEL ELEMENTARY PARTICLE PHYSICS 

An idea of po.rtone ia dealt with in the lectures and from 

of view the following effects of electromagnetic and thlo .. crrt 

uLrong interactions are discussed: scaling in the deep electro-

production, strong interaction of hadrons (elastic and inelastic), 

Hogge pole intercept~ (o), multiplicity, electromagnetic fonn 

factors, interaction of hadrons with largo transverse momenta, .. -
final states in deep electroproduction and e e - annihilation. 

The idea o:f partons is discussed in relation ·to mul tit>eripheral 

model. 

An analogy with nuclear physics is developed and a ques-

tion of the violation of scaling at very lurge \) nnd Cf '2. 

is considered. 

Yerevan Phy•io• I not i tute 

Yerevnn, 19'/~ 

Y)U(,539,12 Hay'111oe oood1110HHB Dllll-45( 73) 

c.r .t.1AT111~1u 

MOAEJII> l!AJ>rOHOB Jj <l>il:JMl!l ~Jlr:.J1·:ll'rAl'llblJ. 

qA~TllU 

B neKl\HW pasBl!BaeTcn 1111utJ 1111vro11<>1< ('~« .. lllAl<ll) 11 c ~Toll e1111Hoil 

TOtIKH apemIH oCSCYJ!t,Zt810TCil pu~nni11MU ·'· 111w111t ,1JJ 1:1t•11po:.Wl'!WTHUX l1 

c~JillHblX :ssanMol.(e!ic~BHH :onoHJU1Hl' 11 1·11:1r1111,11u ;1Jtr111•1•popo:.K,I1em1.r1 ,cun:o-

HOe B381!JIOl(e~CTBl!O Oll)JOllUIJ (Ylli'.Y I'<'" II 11«,Yllp;; l'<lll) '11epece~eHl!8 ri.fo) 
pe,n:AteBcKoro non.10ca, Mnoa;uo'l.'1uJ11t1111!'rt•, ,111111('l'J1111m1•1111•.rmm t1JOp1A.-1l!aM­

r.ropbI, BS8J.1MO,zr;et1cTBHO UA}JUHOll Cl n11111.~1•IMI! lllllflJ)ltJllllllMM 11M.nyJI:&C8MM t 

f -
KOHetJHble COCTOHHlllfJ ll rJI,VOolC,JN :1n111c'l'l1111u1,1fl' llLBI 11 e -'!,, -aumtrH-

llfll\111!, 

PaccMO'l'peHB CBfHJI> i-tltOM llU(l'1'11111111 q M'Ull· nllhJil~Vi_iUJH14tlCKOLt MO,l(SJI'I>IO. 

PaalmTa aHanorm1 o nA.npnuil 11•11.t11111 i1I u 1111 'tJ1Ao 1rpo11 .Bonpoc o Ha-
l 

pyweH11H cHeUnm1ro 11pn u~all~ nun•H• 1l 11 Cf • 
l!lpeBUHUllMOI tNt,IM'UtllHM11 .-111,'1'11'1','fr 

l\jlD«•ll 111'/t 

JlEKllMi.H I 

IlapTOHbl - COOTaBHHID!lllll6 a.ztpOHOB, Ill B STOM OMlilcne OHJ/l B KaKOH­

-TO OT6ll6HJ/l 11!M6IDT OTHOW6HJ/le K MO,ll6HHM OOOTaBHlllX qaOTJ/lU ( ~epMlll -

-.HJU' ' CaKaTa-OKYHD1 KBapKlll renn-MaHHa-UBeUra J/l T.n.) J/l ,lla~e K 

Jll,ll6HM .ztpeBHJ/lX rpeKOB. 0.ztHaKO no opaBH6HJ/lID 00 BC.6MJ/l npe.zt~.ztYl!IHMlll 

KapTJ/lHSMJ/l a.ztpOHOB paocMaTplllBaeuan· MO,ll6HD HOOJ/lT MeHee a6oonIDTH~H 

xapaKTep J/l ,l{aeT BOSNOlltHOOTD orurnaHJ/lff a.ztpoHOB KSK OOBOKYilHOCTJ/l C·.C­

TSBHHfill!llllX He B006Dte, a B KOHKpeTH~lC RHH6M8TMqecKJ/lX YCHOBMHX, ,llJ!H 

OIU'IOSHHH npouecooB o xapaKTepHhlMH K11HeMaT11qecKHMH KOHWHrYpaulllHMH. 

Mli OCTaHOBHMCH HS STOM ,lleTaHbHO HHxte, a ceUqac BBJ,ll6M H6KOTOp~e 

nOHHTJ/lH H o6oaHaqeHl4H 11a o6nacTJ/l rn:y6oxoro sne1tTpopc'llt.ztem.H 1 11!<' 

KOTOporo no CYTlll .ztena Ill BOSHJ/lKHa OaMa Jll,ll6ff napTOHOB (~eaHMBH). 

PacoeHHJ/le (ynpyroe J/l Heynpyroe) aneKTPOHOB Ha npoToHe rroaBom1-

eT nonyqJllTb ueHJiNID HHWOpuauHm o ero OTPYKType. 

B ynpyroM paoceHHJ/llll Mbl JllM66M .zteno c aneKTPOMarHJ/lTHh!MJ/l wopM­

-waKTOpaul/l a.ztpOHa, B KOTOIJi!X coope,l{OTOqeHa BCH J/IHWOPM8UHH 0 OTPYK­

Type. MHliMJ/l OHOBaMH, pacceHBaH ynpyro aneKTPOH Ha npOTOHe, Mli 

HSyqaeM MaTpHqHlia SH6M6HT aneKTpOMarHHTHOrO TOKa, B3HT~H Mellt,lly 

Haqan:bH~M H KOHeqHhlM OOCTOHHHHMJ/l npOTOHa: 

<Pf I J~ I Pi>= iif { dJ F1 (~2 J't- i. 6~~q,\) Fe ('1-
2

)} Ui, (I.I) 

r.zte f1 - aapH,llOBliH ' a f2 - MarHHTHhlH ~OPM-WaKTOIJil npOTOHa. 

Ilpoueccy eP - pacC6ffHJ/lff OOOTB6TCTBY6T ,llHarpaMMa 

- 3 -



~ 
P P' 

a·CTPYKType npOTOHa COOTBeTCTByeT BeplllJllHHaff \l>YHK~Hff npOTOHa,orm-

CblBaeMaH WOPMYnoM (I.I) 

~ 1 -- -p p' 
Ecn11 BBeCTH aHeprmo, nepe,7.taHHYIO a21eKTPOH011 npO'?OHY v"' E - £ ':: 

== P·q,/M - ( E; E' - B 21a6.c11cTe11e) 11 nepe.itaHHNlt HMIIY.1I:&c 

~z::.-4ff
1

sin.2 B/e ( e - yrox paccem~l1ff 8JleK'lpOH8 B 21a6.Cl-1C'?e-

11e ), TO Mellt,7.tY HJlllll1 llOEHO YCTaHOBHT:& cne,7.tym~ee OOOTHomeHHe: 

- q.2 
= 2 M v ( M - :eq1>)ly Hue 11acoa npo'?oHa ) • 

Ecn11 6bl npOTOH Cifm CiecCTPYKTypeH, TO ,7.t.11iI><t>epeHl\H82!IiHOe ceqeHitle 

ep -yrrpyroro pacceaHHH na.ita210 K&K q,- ti , Ka1c ~ff '?oqeqHott qac-
2 ·fi! 

THq!i. Ha ;14ene OHO na)lae'? IIPH 60JI:&llll1X q. K8K q ' 1160 SJieK-

TPOMarH•2HHe \l>OPM-WaK'?Oµ,I npOTOH8 ll8)!81>T KIK lf ~ 

Boa6yJlt,7.t8ff aneKTpOHBllH npOTOH H nepeB0,7.tft aro li AHCKpeTHOe peao­

HSHCHOe CQCTOHHJlle (HanpH11ep, :e /j - peBOHUHo)' IW OllffT:& .11u:ee11 

;14e;n:o c npOHB2!6HH611 CTPYKTYJ>Ll npOTOH8' BL1pa•1m111ol1 Oil B HE<JI.l'lll.1'1.11 \l>Op11-

\l>8KTOPOB nepexo.ita HJIH 11aTpH11Ho11 a.ne11eH'?e iroKu < I\ I JJA I P > 
IlpM STOii nerKo BH.iteT:&, uo 2 M v = -'l' • M ~ M?. 

r.ite MR - 11acca peaoHaHca, :e KOTOpYll 1111J11Jw1111 111unoH. 

~v 
P, i'1 P1

1 MR 
- 4 -

KaK JllS:BeCTHO, d6 /d.Q ,7.tnH BOS6yllr,7leHHH IlPOTOHa B .ltHC.KpeTHOe 

peaoHaHCHOe COCTOHHl/le TSKJJ!:e IIa,llaeT ropaa,Jto 6blCTpee, qe14 q, -4 

np1111epHo TaK~e , KaK d6/d.fl. .lt7Iff ynpyroro pacceHHHH, OIIHT:& 11a-aa 

OHJ.l:&HOI'O ll8,7.t6HmI COOTBeTCTBYIO~.l'IX \l>OPM-WaKTOpo:e c q2 

rny6oKoe anexTpopoz.lteHMe cooTBeTcTBYeT nepeBo,ity npoToHa B 

CllHOillHOM cneKTp, KOI'~a poJlt,7.taeTCH 6on:&moe llMCHO 8.JtPOHOB c Maccott 
,, 2 a M2 W • c. M v ::::: - q, + \IV - , np.l'Jqe11 W » M 

a M2 - q, >> J V» M (rny6oKoHeynpyroe Boa6yJCAem1e), 

BepmMHH8ff \l>YHKUlllH 3TOI'O npouecc1 COOTBeTCTBYeT ~Harpau11e: ,,,,,,,_ 
- 422@w P, M 

Ha nnocKOCTM (~ q.21 2 M v) Mao6paxeHu oOJ1acT.11 H rpanMqix ~Jiff 
Boex Tpex BOSMOZHblX cnyqaeB BOS6yJ1t,7.teHMH npo~oHa: 

-12 

¢o7'of'0ftuertve c ~ ~= o 

i'11v 
PMc.I 

I'Hy60KOe 5H6KTpOp0~,7.teHMe 0,ltpOHOB HS llpOTOHe, KOr~a M1:i He MHTepe­

cyeMCff KOHeqHElM COCTOffH.l'lell 0,7.tpOHOB M CYMMMpyey no BCeM H11M, onx­

CblJlaeTCff CHe.JtYD~HM .ltHW\l>epeHuMaHiiHNM ceqeHHeu: 
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d 2 6 
cLc:i.-2 d v = 

l.i5fc(2 
Qil 

_£_{2w1 si.n
2 8/z+ Waco.3

2 e/e.J 1 

E . (I.2) 

r,11,e \l(/1 H W2 B OCillleM c;nyqae c.l>YHKUHH CJ.. 
2 

H Y 
li>ouu-4)aKTOpbl W1 H v Wa KOlltHO Blilpasu:r. 11epea nonHlile ce11emsa 

norJiolf\eHHff BHpTya;n:r.Horo ~ ,ToHa c a He pr Heit v H w:accoil q, 2:: -Q 
2 

E)T ( none.peqwi!: g)OTOH) H bl. { np0,11,0iI&Hlili!: g)OTOH) : 

Qi! 

~ oz. 
Wi = 4'.IT~ ( \) - 2 M )6r ' ,, 1- ~ 2( ) 

V w z. : Ji:if.?o/. 'f + ~ Q 6T + 6"- . 

9TOT npouecc I'JIYCiOKOI'O aJieKTpopoll,?teHHff npe,11,0CTBBJIHeT YHHK8JI:&­

nYIO B03M01If.HOCT:& HsyqeHIM.I ceqeHHfl nOI'JIOl!\eHHH qioTOHU n 38BJl!Cl4MOCTH 

' OT ero M80Clil q, . ~· 

)'.lJifl MaJiblX yrno:s 6::::: 0 

d:6 "' Li9ic/!~ z. 
dQ dv ~ "1i \X/2 (Q, v) . (I.21) 

SKcnepHMeHTaJI:&Hlile ,11,aHHhle no rJIYCiOKOHeynpy1°ouy :JmrnTpopolK,7.leH.llUJ 

Ha npOTOH6 fi03BOJifl!OT nony1mT:& 38BHCHllOC Tl> w .· 01' \) H 

a 2 M'' ''M M2 q, • KaK xopO!llO HBBeCTHO ' ,11,.1lfi - q. >"> ., ' v >> BSJIH-

qHHO vW2 OKa3lilBaeTCH g)yHKUReil o,11Hol no1m11n1111oll c.l ·~;/ ,T.e., 

KaK I'OBOPflT' HMeeT M6CTO cKeilJIHHI' ' fipel,llOltlt:lll lllll~ll I:LLlpKeHOM B 

1968 rOlJ,,Y. Ha p1rny:!e 12 fiOKaSaH XO;lt v w,. c: .~:'. 

~~ 
0,16 

--1£:__--+---··'t 
0 

" a 
- 6 -

(Ji 

PJl!c.2 

2 
EcJrn 11syqaT:& v We , WHKCHPYH Macey nyqKa W::: ( p + q,.) 2 , TO 

npH MaJiblx yrJiax H11eeT MecTo {I.21) , ii , y:seJIHqHBaH W , lilhl no-

a . 4 Jiyqae:11 :see Cionee c:naCiyD sa:s.1o1cvruocu OT q, . , H y3e ,11,na cv ~ 
We ( q. ~ 'V) He SBBHCHT OT q. 2 

• MHlilWf CJIOBaWf' ceqeHHe BOSCiyl!C­

,11,6HHfl npOTOHa B HenpeplilBHlilil cneKTP B6,11,6T ceeia K8K ceqeHvre Ha TO­

qeqHoii qacTvrue. 

nna ,11,8JI:&H6Hlll6I'O Il0:1I63HO HUeT:& 8H8JIOI'HD C 8TOMHOi! H:1IH fl,11,6pHO~ 

WH3lllioi!:, r,11,e TaKxe npoacxo,11,HT HsyqeHHe CTPYKTYJllil aToua (H,11,pa) c 

IlOMOl!\:&10 pacceHHHfl aJieKTPOHOB (ynpyroe pacceHHHe, B036Yl!C,11,eHH6 ;IJ;HC­

KPBTHhlX ypOBHeM CHCT6AW ' BOa6yl!QleHHe c nepeB0,11,0M B cnnomuo~ 

cneKTP (HOHHaanHH BTOua, BR6HB8lille HS Jl;Ztpa HYKJIOHOB)). 

IlpH P8CC1\10Tp6HHH STHX CHCTeM, eCT6CTB6HHO, HCX0,11,HT H3 TOr0,4TO 

8TOM (H,11,po) COCTOHT H3 SJieKTpOHOB (HYKJIOHOB). OCHOBBHHeu ;IJ;Jlfl 3TO­

·ro ClJIYl:.HT MBJIOCT:& napaueTpa 't = SHeprlrUI CBff3H COCTBB.lIHIO!J!HX B CHC-

TBMe. 
n ~ev -5 
,14Jlfl 8T01l8 STO 't"-' --p~ IO 

0,5M3o 

Maces IlOKOfl COCTBBJIH!OlllHX 

IO MaB 
, .ll:1IH a,11,pa 'l. "' IOOO Ala:s 

--..;- ro-2 

MueHHO CiJiaro,lla:pn USJIOCTK '? MOl:HO ro:sopHT:& 0 COCT8BMIOlllHX BT':: ' 

{H;IJ;pa) c qeTKO BNpaJKeHHoil HH,11,HBH'AYSJI:&HOCTaE (uacca, sapH,ll, CilHH H 

T.n.) • llJIH npOTOHa STOT napaueTp 1- MogeT 6l:ilT:& nopfi,11,RS 6,llHHH­

nlil, H B STOU CMblCJie H6JI:&3fl·;IJ;8ae I'OBOPHT:& 06 onpe,11,eJieHHOl\I q.11cne 

COCTBBJIHIOllUIX llPOTOH8 - CHJiaHOB3BHMO,llelcTBYBJlllero o6~6RT8. 

TeM He ueHee, aHaJior.11n c aT0111ou ( ;m.11 a,11,pou - HMZe ,ll:na onpe,11,e­

neHHOCTH Mlil 6Y;IJ;61\I Hl\16Ta ,11,e:no c a,11,pou) npe;IJ;CT8BJifi6TCH llOJI63HOM , 

XOTH H orpaH.11qeHHOM. 

PaocMOTpHu paccena.11e aneKTpoHB Ha R;IJ;pe. 

By,lleM cq.HT8T:&, qTo fi;IJ;PO 6ecKOHeqHo THXeJioe, H6T OT,ll&qH, Hll66Jl 

qHCTO KY:1IOHOBC1Uill rIOTBHIU!S.11 , II OnJie tJ6UCfl IIOK8 OT err - o6pa 30-
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:saHKH, T.e. cq11JTaeM, qTo npoTOH ToqeqHhlli. Tor.zta .zina aMnJIKTYN>J 6y-

,ll6M KM6T:&: 

2 . _.. ..... 

A"' ; 2 {:(Xjet<J-'Z</2?,P>o(Ex-v-Ei!) 

~ t x 
A,"t. 

(I.3) 

B KOHeqHOM COCTOHHKK KJIK CaMO H.ztpo, llJJIK ll036yx.zteHHOe H.ztpo, llJ.1IK 

npo.ztYKT~ ero pac111enneHKH. Tor.zia .ztJIB .ziawwepeH~KaJI:&Horo ceqeHKH rrpo­

~ecca HaM.zteM: 

..... - ....... 
~:6 = ~Q(aL (E, P/e-i~'Z· fx><X/ el'f-'Zj/z,P>o(~ ~l)-Eir). 

dq, dv CJ.. l,j (I. 4) 

!IycT:& v B6JIKKO, T.e. MOI'YT :soa6yll,1taT:&CH YPOBHK H llb161111aTl:CH 

rrpOTOHhl H H6HTPOHbl. He KHTepecyac:&, qTo ll03HKK86T B KOHeqHQM coc­

TOHHKH, rrpOCYM¥KPY6M ITO KOHeqHh!M COCTOHHKHY. llpK6JIK3HT6JI:&HO 6y.zteM 

CllHTaT:& IX>< X j = 1 (ycJio:sKe nonHoT~) K 110.11yt1HM 

- -- --M =jd26 dJ= l.,!iicla\"'(i,Ple-l'l-('Zi-ZJ)/z,P/. 
d. -a J -a J a 4 L.i I' I 'J, a.ci. a \? t l j (I.5) 

. ~ -p ......... 

Kor.zia 'it = 'l J , CYMMKpo:saHKe .zta eT :Z , eonK 'Z l .,,.. 7j ,c yqeTOM 

.zi:syxqaCTifqHblx HYK1IOHHb!X KOppemi~llllt, HBM.zteu: 

:~~ == 4!f;z {z+z(z-1)fe(l'i}/J). (I.6) 
i(-) q. q. f ~ l~I - WYHK~Ka, xapaKTepKBYIDlllSH KoppeJIHW11>: .ztnn~~ 'lo~ 300Ma:s, 

I',llEI 'lo - pacCTOHHKe MellC,lly HYKJIOHBYK B H.ztpe ' f, ( ~) .. o. 

- 8 -

'ii 

B 8TOWiott WKBKKe <l)opuyna, co:sepmeHHO aHanor,l{qHSH (I.6), HOCKT 

Haa:saHKe npa:sKJia cyMM ToMaca-Pattxe-KyHa • 

.7lJI11 ~= of2 = I rronyqaeu: <l)OPJIY1IY xorepeHTHoro pacceirnim 

d.6 ~ijjd., e a 
d-a = a-ti l. 

q.. r- -1 1 Hae HHTepecyeT oC5nacTr. "rny6oKoii HeynpyrocTK" /CJ,- :::>- ~ 

f
2 
(~) = O, Tor.zta 

(I. 7) 

d.6 4'.iicJ.. a (I.8) 
d. ct'a = q:-" Z • 

T.e. KMeeT MEICTO HeKorepeHTHOCT:&, (I.8) - CyYM8 cet1eHH~ Ha OT,ll6JI1>-

HHX ToqeqHblx HYKJIOHax • 

IlocTpoHM rpa<l)HK, no.zio6Hblti rpa<l)KKY .ztmi \) W2 rny6oKoro aneK-

TpopollC,lleHKH. 

d
2
6 

~'d." 
~D~6y"f.<leHue 
i!Vt:/:f,,~111 #61 K 
ypoiHeu ' { . 

Pac.3 

,- k~'1.3V.Jnpy,:,.-o 
---r-._ 111/I: 

Vo :~feM ~ 

K:saaKynpyr.wl nKK BOSHKKaeT Ka-aa :saa11JMo~eMcTllHH BHpTyanr.Horo <l)oTo-

Ha c OT~6JlliHh!M rrpOTOHOM, KOTOpli~ KB83Jl!C:B060~Hbltt, C:BHBb c~~~T8Jlli-

. Jd.~d\/ HMMH HYKJIOHaMiiI He cy111ecT:BeHaa. IIJto111a.ztb no.zt KPKE~ti ~ = 
4
;; .• ~ _. • 

- d
2
6 \VJ ( 2 ) ./ f ctq.2~ vdJ) t ,lJ,JIH aJleKTpopolK;lleHirn dqed\l...., w 2 q., V KMeeM tv= Hfr:J.e/Qq = 

= J~ v v W2 = e 11 v ' 'T. e. "' - 8H8J!Ol' 2. - orrpe.zteJIHJDlllmd q_l'ICJlO 

IJ8CTK~, paCTeT KBR en V ~ ( ) a 
ol.6 49iol. ~cl 

EcJI.K (I.8) 3BIWC8Tli B BR.zte df'" = ~ ~ t TO llH,llHO, 

IJTO BXO,llHT cpe~Hl!~ RBa.ztpaT.irqHIDI aapH.zt H,llpa, npwco~HllliiIMcx Ha 

O,llKH llPOTOH .IlOJlOl!eHKe KB83Kynpyroro ITKKa Ha KPJl!BOM 
~ ~ -a 

.zt a:Baeyoe cooTHomeHJ1Ie:11 v 0 = a~ = 
2

q, A ~ ~ A 
MA 2 1·1A 

- 9 -
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r x. IilJIO 6bl :a np111H1urne' c ytJeTOM cpepMW:l:SCKOI'O ,llBl'llllfH!V[H' H8MTl/I 

.y coc:ra:sl.!HIO!llei?: qacTlllUli H](pa - JcyKl.lOHa - M Vi ;n:axe yaHaT:i; , 

uHa :a A pas MeH:i;me, qeu Macca a;n:pa. Ilpa:s](a, x cqacTnro, 

lllM86TCH MHOro ."ZIPYI'HX cnoco6o:s BNHCHlllTb, 1113 qero COCTOl/IT a;n:po, 

RSKOBN npocTe~m111e ( lll He TOl.lJ;KO npocTeMmllle) CBOMCTBa STlllX COCTaB­

l.lfflOllUfX Ill T.n. ' O](HBKO ·r XOT6l.llll 6u no~qepKHYTb, qTo B ITPlllHUlllne 

eCTn TSROi1: IJYTD, lll a~ecn no STOMY IJYTlll KaK paa llllCfT np111 111ayqeHllllll 

CTPYKTYill npoToHa. 

0TM8TltUI, 'llTO (I.2).lllIDI (I.21) eCTn pel.lli'rlllBlllCTCKOe 06061Jl8Hl/le 

(I.8). 
qTO KacaeTCH p0CT8 c ~ aHaxora q111axa cocTaBIDIIO!lUIX .lll.lfl 

HYKl.lOHa, 0 KOTOpOM Mbl I'OBOpllll.!111 Bblfil8 1 TO OH WOPM8l.lbHO CBffS8H c 
OTCYTCTBYIOllUfM :a CJIY'llae aneKTpopo~eHlllH :a a,llepHOH w111a111xe Ho:soro 

HBl.l8Hlllff, l/1Mel01Jl8I'O pel.lffTlllBlllCTCKYIO np111po,lly , - 'AlllW~PSKUlllOHHOCTlll 

npoqecca pollt,ZleH111a Ha HYKl.lOHe , xapaKTep111ayeMoro nocTOHHHblM nol.!HblM 
. e 

Ce'leHl/leM (B qac'laiOCTH, Gr = con st' v - 00 ' 11- ::qiHKCHpOB8HO). 

Boa:epal118HC:& K ff,118pHO.i1 (pi4SKK0' lW Blll](KM, qTo TaKJK0 K8K Ill B r;r,ry-

60KOM aneKTpOpOll,1{6Hllllll, npocyW&apo:saHH08 no :sceH KOH6QJ:ll>IM COCTOH­

HHHM ceqeHKe np.11 WHKC!4pOB8HHOH I er I ~ 300 Ka:s pa:BHO Ce'l.8H1'11l 

HS TO'll8QHOllO,ll06HOM H,llpe, TOr~a KaK AHil4.>epeau111aJI:&Hble ceqeHl/IH :eoa-
-e 

6yJK,11eHl/IH OT,110JI:&HblX ypo:eHe.i1 H,llep 6NCTPO y6bl:eamT c q, • Ta:KHM 06-

paaoM, 6Cl.!H 6H Nbl OCTSBSJIHCJ; B P8MK8X C,116X8HllliX ,JIOilYlll6Hllli1:, TO 

o6HaaTeJI:&Ho ,11onz1:11>1 6blx111 111ue'fi> cKe.iil.lHHr H :a H,llepuo.i1 WHSHKe,xor~a 

cyioa111pyeu no KOH8'lllliK COCTOHHHHH Cl/ICT01lld, COS,llSHHoA B Heynpyrou 

3XeKTpOp0~0HiIM C 60JibIDHM ere • 0,llHaKO M& 3H86M 1 'lTO 3KCil8pH­

MeHTaX:&HO CK0.i1l.!HHI'a B 3TOM fiBXeHHH H0T, HeT H TO'lleqHOil0,ll06HOCTH. 

IlpH'llHH8 O'll0BH~Ha - )II>! He yqx.i:, qfo yJKe npK 3Tl/IX ~2 
' ,llJIH KOTO-
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• 

• 

pNX MN BHB6l.!H (1.8) , Haq~HaeT 111rpaT:& pOJin WOPM-WBKTOp HYKJIOHOB 

u MeaoHoo6pa ao:eamrn, caMo onpe.zte;r,raio111ee cyutecT:aeHHO CTPYKTYPY npo­

TOHa. IToaTOMY ,llllff a.zipa He .llOl.llKHO 6~T:& H.14 CKeMl.lHHra,HK ToqeqHono­

.ll06HOCTH.BMeCTe c TeM, 3TK paccy;t.'Zlemm Il03EOJIHIOT H81JlYil8 TI> ny•.r::& .lll.lfl 
11
6CT6CTBeHHoro" 06'.bliCH6Hl/IH HBl.lemrn CKei1:l.lHHra B r;r,ry60KO HeynpyroM 

aneKTpopOllC,lleHHH Ha HYKJIOHe' MM8IOll!Cd4 M8CTO B ,i'\6flCTBlt1TeJIJ:.HOCTM ' 

Ha 6aae 3JI6M8HTapm1x ToqeqHNX COCT8Bl.!HlOlllHX HYKl.lOHa - napTOHOB • 

11 EJLU Ill fl lI 

KaK lllhl ro:sopHJIH, aHaJIOI'lllH c H'APOM (aTOMou) orpaHHqeHa M npH­

'lHHa KpOeTCll B 6on:i;moi1: B8l.!H'lll1He (,...., I) napaMeTpa i. ' 0 KOTOp0.1.1 

ro:eop.11nocb :a nep:sol1 neKu111111. 

8Ta np.i:q.11Ha He Il05BOJiffeT paccMaTplllB8Tb npOTOH KBK CillC'l'6M;. ::: 

KOHeqHoro q;icna Cli.ll.ll>HOB38HMO'A8MCTBY!Ollll/IX 1!8CT>ll(, HMEllOl!lUX qo•t.Kjtc 

lllH'Al1BK'AYBJihHOCT:&, npOHBJIHJOlllYlOCH B KBBHTOBhlX 'lHCJiax. 

Ho MOllCHO rrocTaBHT:& 6o;r,ree 11cxpo1.rny1011 aa,lla'ly - Hen:i;aa JI.11 Hal1Th 

K8KH8-TO Kl/IH8M8Tl/l'll6CKl/18 YCJIOBHff, r.zie MOEHO HM8T:& HeqTo, IlOXOJKee 

H8 rrpa:Sl/IJIO CYWt (I.8) ' lll ](aEe ro:sopHTD 0 H6KOTOpbiX COCT8Bl.lff!Ol1UIX 

npOTOHa, IJYCTh ,llaze He qeTKO onpe](eXeHHHX B yp;aaaHHOM BblIIIe CMNC­

ne? 8To - TaKllte CTPYKTypa npoTOHa, npoHBJIHJOIJlaHcH B onpe'AeJieHHNX 

Kl/IHeMaT.11qecKHX YCJIOBHHX noqTH Ta~JJte, K8K npOHBl.!HeTCH CTPYKTypa 

H,llpa B Tex OIINTax, 0 KOTOpbiX yxe rOBOPHJIOCD. 

qTO H.YlltHO' qT06bl 11 npolll.Vll8T:& 11 npOTOH? J.(l.!H &Toro H8,ll0 C006lllKTJ; 

e.uy ItpaTKOBpeMeHHhltt HMnym:.c B05,lleikTBIDi. 8TO' :a CBOIO oqepe](D ' 

Tpe6yeT 6ol.l:&IlllllX rrepe,lla'l aHeprHH v . .Spew aToro BOS,lletlcTB1rn: 't' 
'AOJiaHO 6h!T:& M6H:&me, qeu Bp6Mll ~li.l3HH npOTOHa ~ B onpe](eneHHOM 
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COCTOHHllllll, B KOTOPOM VIMeeTCH KaKoe-T~ qvrcno COCTaBJIHIOllllllX. QqeBVI)J;­

HO, tlTO STO BpeMfl MOliCHO C)J;enaT:& OtleH£ 6on:&illlllM, ecnH npOTOH )J;Blll­

liCeTCH c 60JI:&illHM HMnyn:&COM (nopeHU~KOe aaMe~neHllle BpeMeHlll) • 

0)J;H8KO, Mb! YBlll)J;lllM, tlTO He BCe TaK npOCTO, 11160 14 BpeMfl BSBl4MO)J;e£t-

CTBl1H ( -KB6HT0 c npOTOHOM TOlEe paCTeT c lllMIIYJILCOM npOTOHa. 

IIosTOMY , KaK 6y)J;eT H'AH • HYlEHb! onpe;lleneHHble yonoBlllH Ha 't' 111 T , 
IJT06bl MOl!CHO 6blnO 6bl c IlOMOlJl:&IO KPBTKO~peMeHHoro BOS;z\eltcTBlllH "YBVI­

;z\eT:& 11 B npOTOHe KBKH6-TO COCT8B11HIOlJIH6. 

HTaK, aa;zto, qTo6hl m.a:eno MecTo HepaBeHcTBo 't'« 'f . Sa BpeMH 

t(<< 'r) napTOHbl (Mb! _BBO;z\m.l STO CJIOBO, T8K KSK Y'J'llJ npl4Bb!Knl'I, HB­

)J;eIOC:&, K HeMy ) MO(YT 6blT:& CB060)J;Hb!Mlll, Ill MOZHO npHM0HHT:& lllMnyn:&­

CHOe np111Cinm1teHvre. ~CHOBHe t' << 'T OSH8Ti86T' q TO Mhl npodyeu npoTOH 

B TetJeHHe BpeMeH111 r.1H:&mero, lieM uacmTa6 Bpe11eHl4, xapaKTepHSYIOlllRlt 

BHYTpeHHee ,llBHllte Hile napTOHOB B npOTOHe •• Ecm1 Cl40T81'8 014.Jll>HO CBH-

88HH8H, TO STO BOSMOl!CHO B Bhl;zteneHHO£t Cl4CT0U8 KOOp,lll4HST, I';z\0 14~ 

nyn:&c npoTOHa 6ecK0He1JeH ( ~n.f i.nite momentum f"t.ame-IMF) .Koueq-

HO, c-c111cTeMa ep c v >>M ecT:& xopomee npKdn11llteu14e K IMF 

8aMeliy, tlTO IM F' , cTporo roBOPH, Ha HBJIH8TOfl nopeHu-111uBap111aHT-

HhlM lIOHH T1'1eM Ill S;z\e CL' lIO-MOeM;y' HM0IOTCH 'l'PY'AHLICI npHHUVIIllll8JI:&H,!>16 

BOilpOCbl, CBHS8HHble c TeM, tlTO KOI',ll8 >'IMfiY.11:&0 Htl decI<OHetieH, a 

otieH:& 6on:&moti - ecT:& m1 aTo IM F • Mb! He dy ,ll8Y KacaT:&CH a;z\ec:& 

3T>1X p;eJI>1K81lHblX MOMeHTOB. ~C.11>1 Bbl,lle JilllT:r. T0 na PTOHbl' !tOTOpble B 

ClllCTeMe nOKOH npoTOH8 lllM6IOT KOHetiHbl0 lllMlT,YJIJ.Obl DllY'l'p0HH0I'O ,llB>'ll!Ce­

H>'IH. TO B I M F OH>'I B;z\OJI:& 00>1 'l ( H8lIP8111CI HllOM BJ.tOJI:& ,llB>1llt6HHH 

npOTOHa c l1MfiYJl:&COM p ) >1M61lT KOHeqHyll ,llOH xi. lllMlT,YJI:&Ca p : 
Pt,=:x.i.P. 

H111llte Mb! IlOKal!CeM' IJTO KOH\lllllrypau11a 148 I'll PTO HO 11, B KOTOpO~ XOTH 
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6::1 O.l(HO '.X:.~ < 0 ' MaJIOBepoffTHa, noaTOMY x t l48HHeTCfl OT 0 \0 
L" '<:"" T 6 pp .-.p <;:"' P ·'·• ,.ow-~tJHO ,~ X;_ ::-: _, rl 0 "" ;:: "'.L (2 = LXi ~:?. 

c 
J;'1tiJ(eM R)Ji,1:1 :!(W3H.l1 r:poToHa c :,neprirn!1 E B BH.zte cv.v OMH v.:-i 

... .-,:ur:oB c 0:-J.D~J~!IFJ:l1 c ; , 0EO 0!1Jl8.Z(e.Tt.>:l'.'?GH 06i:i(Li•;;; (;1 :;C::\!'JJ!W'i.1 · 

,1 ·:c':Ji!iJC,Ti,0,T'.~; :rc.:oCTM: 

·i rr· ~ 
> t:, - !_) - Z.. It_ • ,~·; ,, ) ( ., 

-:.r .. -~Ol-i,1;I lil.:.'._>_ 

···::.·HO·-' i."QH0ll }f_•,; 

:·• -~ I~) 
I.,; 

-.. _L}C:~0 ?-~- f'G 

, :_1_1~J~1J,'ll.O :' ..t3 q.J: 

C'.lC~C~·~~I uai-;q;\_ ... (' 
•' 

-i(!\~ .\~ l T _ 

,__ . J. E i 

t .:1l C:l! H'.t13 .. ! _. r...!TO 110Ji'.:t. 1}3'., 

•'"\ 
c1i''.•l /- --: . •:::>= 

1-=t: I i.) (-: 
·I .• \, 

:· .. :·_··-i. 

~I-~ 

;!!.~88M 

P:~~ '· 

<. 

.~'-'.'. J ~;(,(, -~,;·r_;r~\ ~;:··~ 

J.-·_u_ 'r~ ~_,:;!J xo:t~ l~Ll 

· ;, '.f•Jo._,·1~:.rro.:io.1 ~.v"' 

i!.UI,I '.I)v·; 

,!/,:-~. ' ,., 

.l,; ._ •• :i_._:2; ~LT.: 

~_,(..l·~1 0h,: /":i.~C~~.;;~_1:-~. 

(;
1l'!J8t.u1·111Cfl ~~ ;I't 1·. ;lp:·'i -·-·· ~:~:· :..lOJY•J.~-:r) . •I'\ 1 · :.~1:,1;,:::E::..17J:I,HD ;·_~. 

:r.inK.Vie I{OHqi~1r.}:.\:.ilC~G Hecyu~ec·rner.u1H, 1) ((:\t :J'~.:r. r,,~·1opvrJHJG.:i.z-

,Lllli1 Xt > C: «fol llO!IY'iUE:M, t;1•0 Bpc;rn ,,·1.o_i'.:· u11c:reMu m:qYfJ;~o:.i ,_. 

RO He IJ Hhlli X ( 

I ! 
T ~ P / M2ff > M a ,...., 1 / ""2 ,. o. L2 + M . 2 ( 

elf ....... 2 '' -T , "><i l , 

,ZlonOJIHlllTen:&Hbl~ MH01AHTen:& p /Meu, KOHe 1JHO' ecT:& JIOpem~-cpaKTOp 
;z\B>'IJKeHHH aToro oocTormHH c .11acco.li M eJJ • 
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s B1:rno]{a B!ilpalittlH!llll J{Jm: T cne;n;yeT, qTo KOHeqHOCT:& Yi oaHa-

c 
·"'- , t!TO Xi.> P , r]{e c - HeKoTopall KOHCTaHTa. TaKHe nap'fo-

Hbl poeM cne]{YJOT 38 IlpOTOHOM, H TOJI:&KO c HHMH B38HMOJ{8MCTBY8T IIPH 

WHKCHPOB8HHIXX KOHet!HUX XL BHPTYBJI:&HUM a -KE8HT. IlapTOHhl xe, 

., ::\OTOpblX x ~ ~ 0 ( WU,, 'PTOHbl - KapJIHKOEble napTOHbl - no TepMHHO­

rrori-rn ~eHHll8H8)' CTporo I'OBOPH' He BXO,l\f!T ]3 STY J:tapTV.HY' 1160, K8K 

:irn;zi;Ho H3 npe;zi;hl;n;Yl!lero, T ~ 0 ,l\Jlfl X ~ ·;::: O • O;zi;aaKo aKcnepHMeHTaJI:&Ho 

Ha6JIJO,l{8eM!itlt CKeiiJIHHr E rJIY60KOM 3il8KTpopoll,Zl;eHHH J103BOJif!eT EKJI!Ot!HTI> 

11. WU -napTOHbl E aTy 1<apTHHY ;n;Jlf! pacc11aTp11Eae1Loro rrpouecca 

et o-e + aJ{pOHbl. HanouHHM, qTo W£e- -rrapTOHbl - aTo Ehl-
J 

CQ!{.)\!8CTOTH8H qaCTI> cneKTpa npoMel!l:yTOqJiblX COCTOf!HHit E ITOKOH!J.161.!C.fl 

rrpoToae. 

BhlqHcJIHll Te11ep1> BpeM.fl B38HllOJ{eitcTEH.fl EHPTYBJI:&Horo tlJoToHa c npo­

TOHOll 11 IMF • QqeBHJ{HO, t!TO 'to;::! 1/'fo , TBK t!TO 3a;zi;aqa cocTOHT 

E Haxo~eHHH a B IMF .IAM:eeu: ]{JI.fl 4-Hll!IYJI:&ca rrpoToHa 'B;zJ;OJI:& 
r 0 e 

OCH~ ~=(fP2+M&J Q, p)~ (P~ ;f, 0, p) o TaK R8K 

I 
2Mv-Q 2 

v == P · q, M , TO q,
0 

"' • - .Ec1rn: l!BOCTH 61>epKeHOECKYJl 

; 'PSllCHHY!O W = 2;~ , TO 

e~ liP (w-if- 1 
(2.4) 

QZ 2 

.~l ;r ;JIOBHe t°<< T CBOJ{HTC.fl K ycJIOBHll Q 2 
( (....)- 1) » M e_ff ' qTO 

l:i C':r.i:;pKeHOBCKOM npeJ{eJie tlJr.tKCHPOBBHHl:ilX W ,. 1 11 CioJI:&lllHX Qe» Ma 
• Q 2 

( W- 1 ) llOll:HO Bblpa 3HT:b 
!'~eeT MeCTO ;n;JI.fl KOHet!HblX x~ 

q8nE:;3 aaeprHD E Cl1CT81l6 U6HTPI M8CC BHPTYIA~HOI'O J -KE8HT8 H 

npo~oHa 'If../ , HJIH , qTO Toae caMoe, qepea woccy poa,l\eHIWX a;n;po-

HOB. B peayJil>T8T6 Wl661l 

2 w »L: 
l 

2 2 
Pi.L + ~.i. 

Xt 
(2.5)1 
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iipell!,1te' qeM ITOiIY'lHTl> CK8MJIJ1HI' B K8pTHHe napTOHOB, OTMeTHM, IJTO 

DOJIHOE8H ~YHKUH.fl COCTO.f!Hlllll H8 CllCTeMbl napTOHOB T8Kllt6 

rrporropuHoHaJI:&Ha aHepreTH'!eCKOMY sHaMeHaTeJI!O E-~ E i. 
L 

.!b!M ;,u,: ::JC1HHMaJI11c:& npH oueHKe T . 8To - cJie,11cTB11e 

oopaTHo 

• i\01'0--

o6wrno:i Teo-

p,!}! B05MY!11eHJ1tt. 0TMeTJ1M T8KlKe. qTQ cyll(eCTBeHH:V!O pOJII> urpaJIO r.0r.v­

ll(eHHe, qTo napTOHhl - aTO 06'.beKThl c KOHe'lHblMJi! MaccaMH Mi. 
ITepe~;zi;eM K ITOJIYIJ6Hl1!0 cKeitJIHHI'B B 3J!GKTpopollt,lleHHH B MC,ll8J!H nap­

TOHOE • .Un.fl 3TOro CB.flllteM ;n;mp¢epeHUH8Jl:&HOe ceqeHHe rJIYCiOKoro '.)Jl1;)!(-

TpOpOJE,l\8HH.fl dd;<~v (T.e.<lJyHKUH!O W1,2(v, q, a)) c MHHMO~i ;;ar;·rx 

81l!IJ!l1TY;llbl pacce:'lHJlll! B!Iepe,zi; THllteJioro tl>OTOHa c M8GCOM q, z- -,, 

TO He. 9Ta CBH31i BblTeKaeT !18 CJie ,1!.VIO!l(eii f!OL..'8,i\0.BBTe llbE'.1C2~? .i :13'.j ''. 

KHX COOTHOmeHHii, Bh!T8KB!Oll!HX 113 or:pe,ll6Ji."JHl'!!' !' ~;c;;:omm jiL . .' ::i· 

d
2
6 

dq,td v --
2 9-- I Cf· 

q, I v 1, I ./·) 

·~x = k:"'::-">\, 
~~Ip-. p 

' ·1~ 
-' l -· - .J rn --i-.~, 

}:' . ... 

'p 
,_ 

c 

B KBPTHH6 napTOHOE BHPTYBJil>HblM tl>OTOH B38HMO,ll;eMcTByeT c OT,lleJII>HblMH 

rrapTOHBMH, TaK '!TO ,11uw~epeHUH8Jil>HOe Ce'leHHe eCTI> HeKorepeHTHBH 

cyuua ceqeHH~ Ha OT,lleJI:&HhlX napTOHax, HHb!Ml1 CJ!O'BBMH, ,llJIH Bbl'lHC~e-

(') 
lHlllH Wa (~a, V) Mh1 ,llOJilltHbl BhlqHcJIHTI> BKJia,11 B Wa L Ha oT.zi;en:o-

!HhlX napTOHax OT KOMI1TOH-aw~eKTa Brrepe,zi; EHPTYBJII>Horo <IioToHa, a sa-
1 
,TeM npocyMMHPOBBTI> ITO ECeM napTOHaM. B COOTE8TCTBHH co CK838HHhlM 
I 
lEblme Mhl ,llOJilKHbl Bhl'lHCJIHTI> B nepByID oqepe,111> MHH:uyro qacT:& ,11HarpaMMhl 

}-Z 
xi. p xl p 
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~1;;J•);;.;!!afl :rniiil/: COOTBeTc~·3yc:T iiop:ony c i1.14ITJJibC OM x t p 
;i....-.,,1.J.,I'~ -·uapToHa Q ~ 
~1M0eu 

q, I q, 
W,(iJ=. J_ Tm\ __ I / __ 

<. gr JI/' I \-

i! 
2 M; Qi Tm --- - - ---~---

c:- JI p )'- i! " • 
jf (Xi ~- q. - Ml + ' .., 

xiP 1 XtP 

1 GT 
/ 

) 
BocrrOJIL3JCMCfl ¢opM;JJLOil J m ~ =- - .JI 8 ( )( il Yl.JTCM 

X·H<. 2 

tr'.CO c TO'iHOC'l'b!O .i;o rronepe 1!Hh1X Vi!All.JJ:nCOB rrapTOlil'll (:-:i r)c=- Mi 
r.!.,UI.'/~'.J 

ll) 2 2 
~ :;;:2M, Qi. 6[2Xt P·q, +q,]::: 

""2 M< Q,
2
0[2Xl Mv - Qo:]. 

llBel(eM p..,, -BepOf!THOCT:b ,ll8HHOi1 l\0Hilll1ryp<.1ll,JH1 {'/ napTO!!OB c 

rrpO;z\OJII>H11Ml1 l1MIIYJII>C8!.[l1 x p ' pacrrpel(eJieHIJIJX 110 :Jr:JiO!!Y f,; {JC.) 

Bn11l(y Toro, '<TO rrpb!.i,ecc npoucxo.z111T HeRorcpcwruw., u(jp3:J01J , TO B 

cy!.luupttyro cpymrn,1110 W2 ( v, q, 2 ) Boi1.z1eT cpcl.(Jwc :111::•:1·q11c cyMMLI HBal(-

p'l'rOB aapH,llOE rrapTOHOB B 3TOi1 ROHl!H1rypau.1H1 . < 2: 0 ~>I .Y1n:eM 
' t. 

~'aimc, l!TO M~·= x, M • B peayJI:DTaTe /~Jiii q1y111c1t1111 'JI/,! 1H;ero 

npormia rroJiyq1<114: 

i 

\V2(v.q,2):: 2M[ P ([ Q.z( ff (x)·1 A(:'-1 M11-q2)dx, 
"'" i. l,J"' 0 

o~:;·:yp,a 

,; \Kl,? ( V 1 q, <! J : ~ p N < ~ Q "? < '.X f N ( ')( ) ':'. ( X) 
1 

( 2 • 7) 
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0 c -· ."' )~(: 'J::. s ··-. • (._ . . ~~Ti )(Olli! SHe prrrn :Ia PTO Ha. c KOTOPblM 
2M, . e 

)c;.:;;m11:011eucnyr." up::r:inLl·lhlti .qioTo:e. c irneprl'let! 0 •1 Maccott - Q. 
~' :•3: KBY Mlil B.lfiH':.l, o6p~33 OhopKeHOBCKOi1 rrepeMeHHOt! lJ • TaR 

ll03HMR86T CKei1JI!<!Er B i\SPTHHe rrapTOHOB. JA3 (2.7) MO!XHO Bl'l,lleTL,llTO 

v Wz ( x) / x = F2 (x} /x - cpe,11H11t! RBa,11paTWIHh!t! aapff.n; rrapTOHOB , 

l1MeJOutnX ,l\OJIIO SHeprH11 x !IpOTOHa. 

KaKoi1 cM11cJI MMeeT lflYHKrwi: f 11 ( x} ? EcJI1<1 BBecu1 !fJYHKLtl<IJO pacnpe­

.ZJ;eJie HMff N napTOHOB c .l(OJiffMl'I ::me pr mi rrpoToHa x 1 , x c . . . , 

X.,.; (#ix i = 1) , TO ~ rJ (IC) rroJiytI1<1TCf! HHTerp11po:saH1<1eM aToii !fJYHKU!<ll~ r.; 

BceM ' KPOMe O,llHQ;j' nepeMeHHblM: 

" f ti ( X 1) =- J dx a., . d Xrl ¢ ( 1 -f:. X d £J 1:1 , .. ., X ..J) • 
1 ~= 1 

0Tc10.z1a acHo, tITO j J"' ( x} cf.)( = 1 . Ec;ir:: y•rncT:&, ti?.'O 

j,./ ( X1) ••. ) .x rJ) ,llOJIJtHa 611T:D CH.!UleTp!ft!Ha 0 "HOC,!~\·en:.,P.0 x,, ) i{,. J 

TO Hat!,11eJ11: 

~I 

J x,cl.x, J" (x.J = .ifdx, ... dx l xl f.. 
o N "'i.=1 " 

" 
, ' x ··;·. (x., ... , .. (? .. )) 

........ 
0 ( 1 - ,L xi ) = 1/ N 

~='f 

!Aa (2.8) I'! (2.7) Tor.n;a cJie.n;yeT npaB1<1.110 cyMM: 

1 J d.x Fe ( x) =) p ~~ Qi:>>.1 
0 ,.t ti rJ ' (2.9) 

r.z1e B rrpa:eot! t:raCTH MOJEHO YCMOTpeT:& cpe)IHHt! Irna.zipaTl'll!Hld! '38Pfi,l(, 
f 

!IpHXO,llHutMt! Ha OJ.lliH rrapTOH. 3Kcnepl'IM6HT itaeT, 'ITO f d.x s (x) '" 
Q' ~ ~ 

= - J d.'I) vW. :Q 16. 'iTO 1'0l!HO crrasaT:L CJ p, -BepOHTHOCTK.JtOH"" 
2M • 'l)Z 2 ' "' 

!,Plirypan111111 c "' 11apfoHaY1<1? 'lOlKHO .1oxasaT:& (Br..epEeH, IlaCKOC), 

'l!?O P,.., :aa~eeT c :J se ChiCTpee, 1.IeM -.r2 
11p1<1 CIOJII>WHX N 
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t' ':a .. 36TCH TBKHX KBBHTO:ShlX llHC6JI napTOHOB' 111IpoHBJIHIOIJtHXCH 11 B 

Tpopoa,iieHHH, KSK CilHH, TO 3KCll6pHll6HT llOK8ShlB8eT, llTO napTo­

vJII>KO c HyneBHM CIIHHOM He,11ocTaTOllHhl. 

B cauou .zi;eJie, SKcnepH.MeHT .ztaeT, llTO BeJIHllHHa R = 6 t/6
7 
~ 0.2 

,n;JIH GJ < 12 H He HCKl!IOlleHo, llTO :soo6111e R = 0 • C ;zipyro.li1 CTO-

poHhl, ecl!H H6CYIIIH.li1 38,i: napTOH m'el! 6!i CllHH Hym;, TO 6T = 0 

.ztJIH cn11Ha I/2 , Hao6opoT , 6L = O • B STOY MO.lltHO y6e;ziHTI>CH,pac­

cuaTpHB8H CTOl!KHOBeHHH llO~epellHOro (rrpo.zi;Ol!I>Horo) ~OTOHa c napTo­

HOM B CHCTe.Me Epe.li1Ta. 0TCD,l(8 CJie,l(yeT, llTO ;llOJIXHhl rrpeo6na;ziaTI> nap­

TOHhl CITHHa 1/2 (no Kpa.li1He~ uepe, 3TO HM66T ll6CTO B 0THOW6HHH Tex 

rrapTOHOB, KOTOphle cy111ecTB6HHbl B 3JI6KTp0pOli,7l;6HHH). IlapTOHhl CllHHa 

I/2 ,ll;Ol!Xlihl npeoCiJIB;llBT:b 11 HB;ll napTOHBAU! BblCWHX CIIHHO.E, HOO, KBK 

noKaahlBaeT paccMOTpeHHe, aHallHTSl!:&HaH ,11onH napT0110E cn11Ha I 

~anpHMep, npH:se.zi;eT B 3JI6KTpopoJK,1!eHm'I K peaKOM.Y OTl\JIOH6Hl'l!O 

CKeiil!HHra. 

OT 

Tenep:r, MOlltHO ;llBTI> 06111.Yll K8PTHHY BSSHMO;lleltcTEHll EHPTYBJII>HOro 

~OTOHB ~v c npOTOHOM B MO;ll61!H napTOHOB. 

B CHCTeue llOROff npOTOHa napTOHhl, 8CJIH 0 TUl<Oll!JX M01KHO ro:so­

PHTJ: 11 TaKHX ycno:sHHx, HHlleK He Bhl).leJIHIOTCH, 11u 110 s1.1ccM onHcimau 

naaHMo.n;ettcTBHe av c HHMH. B CHO Telle ] M f 
1 

l'.J(e P - oo 

Q 'i -KB8HT B38HKO;n;eMcTBY6T H6K01'8P6HTHO c <!IW 'J'l:Mo~! rOJ'lhlX llSC­

THU (napTOHOB) ' M~ K3l{ Mb! BH,l(enH, npHK611HMO l!Mll.YJJ;.1:uoe npl'.161!HXe­

HHe ITO OTllOWCH.l!ICi K nspTOHa!.l c KOHCllHhlMH x . l1w.t;1 GJJ6;ll.YRllllYX> 

ESPTHR.V~ 

17pomo11 c .f = O 

I/'1 P _!_-(d- : .. ".~) p 
.
·.· •..... ,._,·~-:- : _-J(;j 

I'/ ___ .. --- . ·-' '"' 
.-- 00 --., r, 

- I8 -

C:BOOO~Hh':t. I!!>OTO!'. ~- - ROH0t<Hc;;, 
OTO 

J, >cBs!::r CTaJJ~l>!:B!.'eTc.1 He:.:o:-epeHTJ-lo~ nepe~aBa.fl 0oJJ:&IDo:V. 
~ 

::eTHpeXH1my.ii:::: '{" O"!;Hm:jl r.a.l;)TOEJ ::: ::OHS'-l!ihlE "' "' Y.OTOphli1 rre-

'<'J'X:0,1.lvi~ :J ax:. ·:.;:~i, :=erie~'~O."'.;~' I' ;. ;j}J,}'OI-J:r>: i :.i:::~a:smaHC.fi ?Ia CT:O napTOiIJB. 

;·lnae:r '~t,3CT:_1 ~~.3r.3.'I ::a:'~.Vl.H? :: l 
I, 

,,,.. ' ~ 
II ,,-..,_ .-" 

• j :~·~===-~ ··, . _: '\----
__ ,. \//; ---->.-. ----

·<2'.t.:=::, . ----·.· .. -' - ·----.i.-_. 

--__ :.... __ 
"'Jo3H.;~::3·1T :!..!Ju~>. 1 ):~ -· ~~a~·~ '' 1 rr~,:--·>·:: .... ,,_, · · 

.,.. __ __ 

n~::r.::n~ ~APOH11.; .J~:~.~·> ·~)_ic~ 

,.~·"'ff t :r I! .. U!J r 1 
I :• J.: ~ .'l ,11 

~ 3 TCTI" ·::.:o ·. ,~;;~·( ..:;\1.r · 

I, '3l!0:3.SITJ()r!i'!!f• ., ; . ~ ,l (.; .... -~-- rt, 
,:'.;. .. 

·)·c~ · •1(.3pTc.::i 
. \1 : :~C , ·~1J<'. . J" i:;n; __ ·:.'1 . 1 ::~ ~. i_.; ~ -~ 

'.~{ CBO!iG'.1.1BffUr11. r -~1:1:r1 ~iH·J ~.:. l ~., ..... 1.-,t·r, , Tf."'•, 
r.')-,j'./!J.'1i~<)·.r;r ~ T, 

:0J1em1:~ c .Z\P l>' · "' ':JJJi.\'1\Jl.l:! :;.,iciynn '"' 
•,·}' _1, ·.u )j·lilj'\ . :1~1 IJJI.ll;O T.h 

·r9ooim;1 3:1pn,-1 i "i :'JcJ\l 'U 1·1p(nn:n: i\rJi'1ri:r" .. ;,1 '-Itiauc11py::n~un rrpk! 

:CpOXO:ZJtomrn 'f.'•;1., ;',i(~'.'J.;•y "'1.1Tl1.l\OII, 'l-1.''.' ') ,,, .iH'l!L .::.•Y.~iJC>u:J:I>IJ 

om MO;llona~ ;1.1 •:""·· 1·1 J· ~; n '.1:m,1, :JC•Fi ·.Ju·>.' 1 :~ : ·"" .. ! :izi 5:n;; :1.1rrrn1a: 

i1urnrun: :wpp.J r,r:·::d 1
1.;:_(1(,/ 1/\pommi1 l ;.!~J,;' ·.JI :"n·J:p;J!lYl~~li:i.'v1, l71u11-

.;:1 H()T :!lU\il(\Oi( ;. 1·:·i:<:l.1\'d!ll)IFeH f['),l\J1l.1'e;; '(,~,) .') ''·( \OllDm;;{:niiillWm.):l') 

1?!)3J3!IO:gc1l c )d~·cr:1:r 1Hr ~,;t)(lH.1~.H-l..i tJ 1o~(u 1 r.1 '1 1 11 J:t'f'\,~-~)).'.11.H".l 

> \') ' 
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JlEKU~H Ill 

Bee CK88BHHOe Bblme np1111eHHllO, CTporo rOBOpH, TOJI:&KO K TeM 

napTOHBM, y KOTOPNX KOH· -!hie x . c .ztpyroi.1 CTOPOHN' ecmi o6pa­

Tl1T:&CH K WOPMYJI6 (2.7), COCT8Bn:H!Olll6tt OCHOBY napTOHHOrO OllHC8HHH 

rny6oKoro aneKTpopollt,ll;eHHH, TO, TBK KBK 8KCITepHM6HTBJl:&HO /fz(x)=C'QIUf 
.ztJlfl )(< 1/:3 H OCT86TCH ITOCTOHHHO!l, ll0-BH,ltl1MOMY, .ztJlfl 0'16H:& M8Jlb!X X 

(6oJI:&mHx w ) , TO cpyHK~lllH pacnpe,1.1eJieHll!H rrapTOHOB np11 X - o m1e­

eT Bl1.zt JN ( x),...., '/x I T.e. HB'IHHB!OT 11 pa60TaT:&" we.e -napTOHhI. 

B11ecTe c TeM, ~a (2.5) (cM.TaK:se paccyllt,ll;eH11.q nocne (2.3)) cne,ztyeT, 
c 

'ITO' CTporo rOBOPH' Ha me paccMOTpeH11e ro.ztHTCH TOJl:&KO ;nJl.H x > w . 
,1),JIH 1/.)€~ -napTOHOB HB.ZJ;O 6b!T:& 6one e OCTOpOXHhlM. Ilpa B.zta' HHTep-

w-· BBJI "' ' r.zte CYlll6CTB6HHhl OHH <V 11 CTp6!.WTCH K HYJllO c poCTOM 

v (w) •. 
0.ztHBKO B an:eKTPOPOZ]l;6HHH, K C'IBCT:&!O, .ztaxe "lAJee -napTOBbl npeK-

paCHO YKJIB.zt!U!B!OTC.H B H6ITPOTHBOp011KBYJO cxeyY, 1160 6Jlaro.ztapH CK6ll­

JIHHry Fa. ( w) MOZHO paccMaTpKBaT:& B o6nacTH VJ - oo , T.e. 

x - 0 ' !ti ' KBK Mb: 8H86Y H8 8KCnepHM6HT8' HK'IOro npn 8TOM H6 

'M6HfieTCff, F
2 

(w) ,...._, U.3 (.ztJIH w >5), TSK 'ITO w npo6ye11 6naro;ztap.a: 

SJl6!<TpopoX,zteHHil He TOJl:&KO napTOHbl c KOH61UiW(H x ' HO :·: c x- 0' 

T.e •. 11:3yqaev H BI:WOK08H6prwrnyxi tf8CTI> cneKTpa HBPTOHOB B ( llOKO.H-

1li6ltC!1) llpOTOH0 • 

µVic .2 noaBonRe~ c.ztenan o;n;Ho HHTepecuoe na6JIK1.zteH11e. Ka11 Mb! BH­

·r>i1.1., f-2 ( x) Ot{tJIJ, 1181.!C .ztJIH x > I/3 ( (..J < 3); Hl!Ll!H; CJIO:B8MPI cpe­

~1· napTOHOB Otf6H!: MBl'!OBepO.f!THO HSllTH napTOH, HOCYllll1ll .ztOlW HMny11:&ca 

' 1poT0He, 6011:&myD, qeli 1/3 .Oauat1aeT 11.K sTo TPY.ztHOcT~ ,l.lJIH MO.ztenH 

HBBPKOB 1'!1111 au;ec:& HMSSTCH KBKOll-TO napa.ztOKC - He HCHO. 

- 20 -

l10Ilb!T8SllCH Tenep:n BKJI!()qJ1T:& B cxeMy .CHJ'.l:&HHe B88HMO,ll6.fiCTBHF • 

T.e.paCCMOTP11M B38HMO,ll6MCTBl'!e ,l.lByx a,l.lpOHOB (HHlKe ,ltllH npOCTOT!il -

llpOTOHb!). 

b.z1ec:o 0
2 

MeHHT:& H8JII>3H 11 paBHO OHO f1
2 

- (Macce npoToaal 

2M v COOTB6TCTBYST 3.ztec:& s -(aHepr.11.11i B c.u.11:. Tax qTQ Mb' 

Bcer.zta MM66M ,ll6JIO c tve.e -napTOHBJm: x = nrs . EcJrn Ilpi'IHHTo. 

!JTO ,2\JIB HHX L1M86T MeCTO pacnpe.zteJieue npo;ztOJI:&HllX HMIIYllliCO:B, .l{fl··· 

BaeMoe Ollb!TBMH no 3JI8KTpopoz:zteH.KIO £ (X') ,...._ /X' ' TO CHH3Y cneKTp 

Ha.zto o6pesaT:E,. TaK HBK ycno:e11e nplU.leHHMOCTH BCell KBPTH.Hbl 1J 3'.l'( 

a e f a 2} 
cnyqae ecT:& W ~ S » Me.r.r ::. x (Fl i + Mi. ,To 9aay:w:Hc· o~~::ie-
aaT:& cneKTP 'Wee -napToHoB c:eepxy Ha :seJIHtnrne .x =/rs , !"" 

m ~ I ran.Mb! celtqac YBl1.l!HM, q~c V'MBHHO 7.cJ?P • .,~ff.J'."0filI 11 r,;cb; ,,. 

JI.HIOT CHJI:&Hoe B381'!MO.zte.i1cTBl'!e (ITO Kpat:r.ea !c ·.lj'~ >!---·."TI~·. t.i 

Coo6palfl:e1rnn rJIB.ztKOCTl'l lte rroa:eo7~:~n'." .-:er::i~trv. '5 :o;i.~. · :: . "'i.!•o 

JIBC'l'H x "' fT1 I w K -wee -napTOHBM - x ,..._, m ~-\·;/;: 

PaccMOTPHM ;z\Ba 6blcTp1i1x npoToaa, IjBJieTaJJntv.x ,l.lpyr· •i'.J APY'.- ~ 

HllnyJI:&COM p B c.u.M. S: (E,+ E2} 2='1Pz'. IlpOTOH, H.ztYD.tH" 

Bnpa:eo (:eneBo), 06o::iHatr11M 6yxBoii ,'( ( !... ) • Kax M.bl Y!f.e 3Hae!l~ 

6blCTPO ;z(B.tmyllll'IWC.H llpOTOH MOZHO npe.ztc TBBHT:& Ha!: "polt" napTOHO:S 

conpOBOl[,Zl8!01l!HX tfBCTHI.iY: 

0 , ..... . 
f 1 

KaK OHH (npOTOHhl)D38HMO;z(elicTBYIDT M8R.ztY code~? B KBBHTOBOtt Teopaa 

- 21 - • 
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npoTOHN ,n;onJKHbl qeM-TO o6MeHHTDCH. HcHo, 4TO B Hame~ KapT!ll-

TO ,ll;01.L11£Hbl 6b1TD C8Mlll napTOHhl - rOJihle qaCTlllUbl, l/l3 KOTOpNX TOJib­

KO lll COCTOlllT npOTOH. IlapTO.llbl, KOTOphle HecyT H8 ce6e KOHe4HYll ,n;o­

mo p ( x - KOHetrno' llteC TK~ napTOH { ha. T. d. ) ) ' He MOryT 

CiblTD T6Kl/IM.l'I qacTllll\8MH ll!60 Mb! yxe 3H8el4, 4TO T8KHS napTOHN OCTa­

!OTCfl c po,n;1fi~eJIDCKLU.! '·• .. dOHOM R ( L) • llT06bl o6MeHf!T:&Cfl 111.1:,T.e. 

nepe6pocll!TD JKeCTK!lli1 napTOH c R ( l) B l ( R ) , Ha,n;o 3annaTll!T:& 

P-C! 
MHOJltll!TeJieM B BOJIHOBO~ WYHKl\ll!lll. 

0,n;HaKO, eCJil'I .x~o (wee -napTOHbl), Tl T8Kile napTOHhl MOryT 

c BepOflTHOCTDlO nopH,n;Ka e,n;ll!Hl'll\N aa6b1TD CBO!O npll!H8,ll;JieJKHOCT:b lll ne­

peilTH ll!S R :s l l'I Hao6opoT, T. e. ne peHeCTl1 c1m:&Hoe :ssa.llllrlo­

;i:aLicTBl'le. TaKmi: o6paaoM, Mhl ll11,ll;l1.M, 4TO ,n;Jifl Bblllr1cnemrn BepoHT­

HOCTH (ceqeHlllH) Cl/lJI:&HOrO B38l/IYO,IJ;eUcTlllllfl (BepHee, ero 3HepreT!ll­

qeCKC~ 38Bll!Cll!MOCT!ll) H8,ll;O Hai1Tlll B6POHTHOCTD H8XOJK,1(6Hlffi t,Vee-nep­

TOHOB B npoToHe, a BepOHTHOCT:b nepe6poca 3Tl/IX napTOHOB, K8K 6bl­

JIO CK838H0 1 Il0Pfl,1J;K8 8,ll;ll!Hlll~· 

SamlllleM a1.1mrnTy,n;y :sepoflTHOCTlll Ha'1Tlll B npoT1He R -wee -napToH c 

,n;one« lllMn:vn:&ea B lllHTep:sane X , X + cL X B Bll!,n;e dx / x rl..' 
.Una ne:eoro aH8JIOrlllqHO d.x j/z . BepXh..iH npe,n;e11 x -wee -napTo-

HOB 
m m x-rs ~ 7 • Tor,n;8 ,n;nfl nonHoro ceYeH"ft 6y,n;eu lllMSii: 

m/e, 2 m/fe 2 

<Ot rv ( J dx/ X<h,} ( J. dx /xa<1 ) . 
(3.I) 

Ho, 1c~scT:BeHHO, IJTO rJ...= d.., = J.. (o.ztll!Ha.KOBNe a,n;poH1~).IIoa­
To11y 6t,..,, ( t, E z) a (cJ..-;l 52 (J.-4

) • .llnfl nonyqeHl'IH noCTORHHOrO ce­

q~HHfl (c TOIJHOCTDE ,n;o B03140ZHblX norapll!WMOB, .KOTOpiie Hae He ll!HTe­

pecymT.3.ztec:&) Ha.n;o rronoHT:& d... •I, T.e. w npll!X0.1lll!M K pacnpe,n;e-
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~ 

neH.lll!O GJee - napTOHOB, ,1!8BaeMOMY 011b1T8Ml1 no l'Jly60KOMY aneKTpO­

pox,n;eHll!IO f ( x) ,....., 1 /x. CrreI\TP tvee -n8pToHo:s, TaKHM o6pa am1 , 

HanoMnHaeT cneKTP 1.mr1rnx woTOHOB :s a1Ie.KTPOJ.1.ll!H8Mll!Ke lll 1 KaK Mhl 

3H8eM, - TaKJKe cneKTP peaJI:&Hb!X a,n;pOHOB (II.ll!OHOB) B o6naCTlll Ill/l0Hl1-

38t:(l1.lll, r,1.1e ll!MeeT MeCTO CKeliiJill!Hr (lllHOr,"lla ero H83l:JB8!0T ~eliiHM8HOB­

CKlllM). Ho :SN MOllteTe cnpoc.ll!T:b - npll!qeM 3,lleC:& cneKTP 8,llpOHOB,Be,1!:& 

cneKTP poJK.1(6HHblX B pp -cTOJIKHOBeH.lllll a,n;poHOB lll cneKTP Il8PTOHOB 

- pasH@e :semlll. STo :sepHo, 1.1 Bonpoc - KaK .lll3 crreKTpa nocne,1!HlllX 

IlOJIYIJ.ll!T:b cneKTP peaJI:&HhlX 0.1\POHOB .lll, :soo6me, KaK rrapTOH@ nepm· ;­

,ll;f!T :s a,n;poHhl, CMYll\8eT MHOrlllx. MHe .1lJ11186TCfl, qTo ueHHOC'rD nc ···~Oh­

HO~ MO,"lleJilll COCTOl/IT .ll!MeHHO B TOM, qTO napTOHbl - He o6fl36T6HbH0 R -

Kl/!8-TO HOBble r11noTeTl'l1JeCK!ll6 IJ6CT!lll\U - STO, Ha ,"lleJie I Te JKe ;rl!C'l~:1 

lll ,1.1pyr11e qaCTlllW>!, KOTOpble :scer;rr.a O.KPY~t3IOT Jii060ki e,n;poH v. C30~0TllP 

KOTopwc 1rnrJIH,ll;Hhl 111 rrpocT@ :s IM F • Baa.ll!U:O,"lle~ic~:BilEl c · '·', ··1-rM 

a,n;poHoM, TaJOKe oKpyJKeHHblM poeu II8 pTOhO:.:>·-m:oHOJ , IT!JHE 0,n;w'· ~· ·.~..- 1-' 

IJTO 3TOT polii M8Tepll!8Jilll3Y6TCfl B TOJii HJIJ.1 ;!Hott CTeneav. 1: 1mc ,. 

,n;pyr.llle q3cTlllW>!· 

Ho K8K 6@ TO HJ.1 6wro' l(Jlfl x, He 6Jil13Kl/IX K 6,ll;.l/IH!.11\6 ,JierKO 

Bl1,1leT:&, IJTO cneKTP KOH61JHblX a,llpOHOB 6y,1.1eT IlOBTOpflT:b cneKTP 148-

TepHHCKl/IX napTOHOB. Aerqe BCero STO B.lll,1.16T:b Ha fl3@Ke 6blCTpOT 

(p8IIl1,ll;lllT.lll) ,onpe,n;eJifl6MblX COOTHOlll6Hl16M ':J = ~ f n. £ + P,
1 

1 
E-P11 

IJTO IIPH He !rl8JiblX p .1(88T npocTO en P/m ' nponopnlllOH8Jl:bHOe ~ x. 

Ecnlll Tenep:& 38mrnaT:& pacrrpe,1.1eneH!lle wee -napTOHOB ctx/x qepea 

~ t TO OHO ,n;aeTCfl O,ll;HOp0,1!HblM pacnpe,n;eJI6H.lll611 dy.EcJIJ.1 HBC .lllH-

repecyeT pacnpe,lleJieHHe 6HCTPOT ,1.1oqeplll'IX 8.1\POHOB, TO OHO 6y;zteT noB­

TOPflT:& aTo pacnpe,n;eneHHe, ll!6o np.lll nopeHn-rrpeo6pason8H.lll.lll 6blcTpOThl 

rrpeo6pa3Y!QTCfl TaK: y' ~ ':I + y ' r.zte y - 6NCTPOT8 Cll!CT614LI 
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0' 

r 

c • ..,., 

'• To1rnee , rrpH Jiopeau-rrpeo6pasoBaHHH B.ztOJII> Fl. (F{=/ +J3E, 
1-.J!>i! '> - CKOpOCT:& CllCTBMH OTcueTa) y = _!__ en.. j + )3 • 8TO pac-

2 1- _,3 
iHe , KOHet:IHO, He I!pl'l.M6HHMO ;!!JUI napTOHOJJ C KOHe1rnw.rn: X~ I, 

HO BIIOJIHe rO;llHTCfl .zvm x ~ 0 • 0 KOTOpOM Mh1 H roBopmrn; Talt 

1J:TO Ci"TeKTp IIV.OHH3BUMH CBfl3blB86TCfl co CllCKTPOM wee -i18PTOHOB' KO-

TOpbltl Mb! nsBJieKJIH 1rn r1!. 1'oro 3JieKTpopolK,ZleHID!. 

3,zi;ec:o YMCCTHO C,Z\6JI8T:O 02\HO 38MCtJ:amrn, CBfl38HHOe c Te1.1, K8K 

Bhll'Jifl,Z\l1T TO' 1J:TO 3,1le er, CK838HO' Ha .ff 3h!Ke Teop1111 BO 3MY1!{6Hl1tl. 

Mu y~e roBopHJrn Bo IT JieKUMH (cM.paccy~.I\eHMH rrocne w-Jih! (2.5)), 

qTo 8Ml!JIHTY'A8 BepOHTHOCTH (T.6.BOJIHOBafl ~YHKl.l11H) Toro, 1J:TO B rrpo­

TOHe m.ie10TCfl rrapTOHhl, ;ziaeTcfl Bhlpa~eHJlleM ~ = M,, , 2.f;.--·- , 
lu:: <--L.r,~+M,a 

i. xi 
TaK IJ:TO CCJIJI! XOTH 6bl 0,1lHO xl - 0 ' TO aMIIJIJl!TY.I\a A rrporropu110-

HaJI:&Ha x • ~T06bl HatlTH Cl!CKTp, ee Ha;zio YMHO~Jl!T:O Ha W830Bh!tl 

o6Tieu d.P /i= "'dxjx , TaK tJ:To Mb! rronytJ:Mu:, tJ:To A .-... cl x , a He 

d.X/x o D tJ:eM .ZJ;l'3JIO? 8TO CBH38HO C TCM 1 IJ:TO lolbl lipH!.lCHfiJIH Teopmo 

Boswy~eHHtl K napTOHaM crrHHa Hyn:o. EcnH 6h! rrapTOHhl HMeJIH CllJl!H I/2, 

TO pacnpe,Z\CJICHHe 6blJIO 6bl dx~/X" (3TO CBH3aHO c TCM, 1J:TO rrporrara-

TOp CK8JilipHotl tJ:aCTHIUi eCTJ, 1 ' CllJl!HOpHotl -. -1- ) .8a-
pa + m-Z p+m 

KOH dx/x COOTBCTCTBOB8JI 6bl BCKTOPHbllol napTOHBM. To CCT:&, TOcX ~ 
KOTopoe Mb! HMeJIH B (3.I), COBna;ziaeT co Cl!Jl!HOM rrapTOHOB. KOHBIJ:HO, 

3TH paccy~;zieHHH Be npeTeH;llYDT Ha CTporocT:r., H He ;llOJill:HJ,! ITPMHi'I­

M8ThCfl Bcep:r.es, XOTH 06 3TOM rrpOTHBOpeqHH cne.zi;yeT 3HaT:o. 

Pes10u11pyfl, Mbl MOZeM rOJJOPllT::O 0 pa3JIHIJ:Hb1X COCTBBJIHIDmllx npOTO­

Ha, IIPOffBIDIIDmHXCH B paanHqHblx HBJieHHHX. 

CJia6o CBfl38HHlile (B CHCTeMe IIOKOH rrpOTOHa) COCT8BJI1iIDmllle, 11uHr­

Kaff qacT:& crreKTpa". Ilpll! P- oc. OHH HecyT KOHetJ:HYID ;ziomo X 

HMII.YJI:&Ca npOTOHa (X6CTKHe napTOHhl). l:lx pacnpe;ziene1rne BllOJIHe Kop-
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peKTHO 9H8Jil13l1p0ll8T:O Ha ff3b!Ke 11MIIYJI:&CHOro npH6n!llll:6Hi'IH B 6:oepKe­

HOBCKOM llpe;n;eJie c.J=fixeti, v ,ci- 2-~. Kor;n;a GJ>>1(><-o) 

Mb! BX0,1lll!M B o6JiaCT:O ~ee -napTOHOll ( 11BhlCOKOIJ:9CTOTHaH qacT:& 

crreKTpa 11). HaJIJ/jq)le CKekiJIHHra II03llOIDrnT rOBOpl1T:&, IJ:TO B rny60KOM 

aJieKTpopolK,ZleHJlllll Mb! npo6yeM l1 crreKTP rvee -IIBPTOHOB. Cil!JI:&Hh!e B3aH­

uo;n;eMCTBl1H, KaK Mb! lll1;ZJ;6Jil1, HenpOTMBOpeq!llllo OIIJl!Ch!BBIOTCH 3Til!M CV.•>-

TpOMo 

PaccMoTpvrM Terre pr, rrpe;zieJI w - 1 ( x - 1) • B aTOM c;rryqae w 

HMeeM TBRYID KOHtiiMrypaUllID, ICOr;z(a B3al1M0].46i.l:CTlH'l6 Bl1PTY81ll>HOrO wo­
TOHa npOll!CXO;lllllT c rrapTOHOM,Hecy~llM II01J:Tl1 Beer, lllMITYJI:&C I' rrpo­

TOHa (B 1 M F ) • Ha ocTaJI:&Hb!e napTOHh! npll!XO.ZJ;HTCfl .z!OIDI 1 -x = 
= 1- ~ - 0 llMllYl'IbCB p ' T.e. Bee OHi-i wee -napTOHbi. 

STa F.OHq,mrypauvrn, KOHeqHo, om:mrnaeTcli lJ!YHKUHeit v We npH 

~ - 'f , Jil3 3!\CTI6pl1M6HT9 H3B8CTHO , qTQ ,J '«/ 2"' ( 1 - X) ( , KO!'­

,l\9 x ~ 1 
c npyroH CTOpOHhl, B I JI6Kl.lilll1 lJhl BH;ll6Jill, qTO - o/= eMv ( c.J = I) 

COOTBeTCTBYCT ynpyrOMY ep -pacceHHl1!0, T.e. 3JICKTpoMarHl1THOMY 

qiopM-<.l!BKTOPY rrpoToHa F ( q.'~) • TaKHM o6pa aoM, l.lhl 1i1oimM CBH3BTll 

F ( q a) c v W 2 ( v, q..?) np11 t:..J - I. 

EoJiee TO•rno, .llIDI Toro, qTo6h! HaHTJll F ( q, 2 } , w :ztOJIXHhl Hait-

TH BepoHTHOCT:O Toro, IJ:TO B npOTOHe l1M6eTCH napTOH c x ~ 1- c 

r;zie c - o, KOr;zia -CJ.2 
- 00 • 3Ta BepOHTHOCT:& onpe;n;eJIHeT-

CH, KaK Mb! SHaeM, y w 2 2 npH x x 

:aiim Q2 (w-1) ::>-> M 2 -I:. Pu+ Mi.~ 
OTCIO;n;a, ;!!Jiff x~ I CJie;nyeT, IJ:TO 

rpopM-i1JaKTOP rroJiyqHTCH za \) W2 ;n;IDI 

STOMY YCJIOB.1110. 
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I , HO c co6JID;zieHHeM yc110-

, Bl:Dle;z(eHHoro B I Jiex1urn. 
2 

1- x -;>>Mla2 
• TaKHM 06paao11, 

X , ~OBJISTBOPffiOllUIX 
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!':.' >Ka30Tii, qTo CYDteCTB6HH!ilil: HHTepBaJI x ' no KOTOpOM;y 

_ -iHHTerpHpoBaTii v W2 , t1Tors.bl 110Jiyt1r-1Tii F ( q_!!) ,ecTii 

1- M/IQ2 ~ X ~ 1 . 3TO TOT HHT6pBaJI X , KOTOp.b!ti V.M6JOT 

napToHhl, onpe'A6JIHJOll{Me aneKTpoMarHHTHYJO CTPYKTYPY rrpoToHa. 

L1TaK 

1 

F ( <}
2

} = J v \X/2 ( x} d.x 
M 1-­IQ2 

Eepil v ~:a ( 1 - :x:) ~ ' OKOHqaT6JIIiHO ITOJIY'llV.M! 

F(~') ~ a.({-~z )~+~. (3.2) 

0TK6THM,. 'llTO 3KCIT6plfM6HTa.1I:&HO 'Alli! YW2 DC'iJIHSH X :::I xoporuo 

IlO'AXO'A.HT a =3, OTKY'AB .1tru! F('{) Cl!6'AJf.;T l13B6CTHce llOB6)l6Hl16 

(-~Z );z_ 00 ° 

OT?leT.HM TaKl!te, 'llTO Ha OCHOBBilHH T60PHl1 B(J; 'i;flll6ll.llH CJJe,l(yeT 

'llTO d H6'll6THoe COOTB6TCTBY6T IIOJiyqeJIOMy Cii':Hy napTOH('F I 

'lleTHOe - ~6JIOM;Y. 

a 

Ha R:Sb!Ke MO'A6JIH rrapTOHOB IlOHffTHo, rrot1e11y <lJ01;M-cpaKTOp l.\OJilteH 

8CHllllTOTHqecKH IlB'ABTii c pOCTOM - q.a • Be'A:&, KBK M.bl BH,1t6JIH, OH 
. a 

Oilpe'A6Jiff6T BepOffTHOCTii, qTo rrpv. 60JIIiWHX - ~ Bee:& npOTOHHh!M HM-

nym;c cocpe'AOTO'lleH Ha O'AHOM ( sapm1teHH011) napToHe B IMF 
2 A aTa BepOffTHOCTii ,1tOJilltHa CTp6MHTiiCH K HYJIIO c POCTOM - cy ,M6o 

2 
'll6M 6on:&we - q. ' TeM TPY'AHee C06,1tHHHTii 6blCTp.blil: napTOH, c KOTO-

P.blM CTOJIKHYJICff THllt6Jiblli ([JOTOH, c OCTaJIIiH.blMH napTOHBJl.H ('W~e -nap-

TOHbl c 'AOJieti .llMII.YJI:&ca p 1- x - 0 ) • 

0TM6THM, 'llTO CBH3:& 'I) W2 B6JIH3H GJ =l C <lJOpM-WaKTOpOM, 

KOTOPYJO Mb! 3'A6Cii IIOJIY'UllIH, MOJC6T 6JilT:& YCTBllOBJieHa H H3 coo6paJ1Ce­

HHil: 'AYBJIIiHOCTH (TaK Ha3blB86MaH 11.llHKJI103HBH0-::3KCKJI103HBH8H CBff3:& 11). 
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t 

H E K U L1 H IY 

Ceil:qac )(bl Ha H6KOTOpoe Bp6Mff ocTaBHM ao6CTBeHHO mlpTOHbl H 

OCTBHOBHMCff HS KaQ6CTB6HHOil: K8PTHH6 CHJI:&HOrO BSa.llMO'A6MCTBHH B'APO­

HOB, npHMb!K8IO~eR ' npaB'AS, K H'ASIIK 0 napTOHBX. Paccyll('AeHHH STiil 

IIPHH8'AJI6lltaT, B OCHOBHOM, ~eMHMaHy. 

PaCCMOTPlllM ,1tByx:Q8CTWIHYJO peaK~HD nplll BliCOKHX SRepr111ax ' H8-

llPHMep, nepeaaplI'AKY IllllOHa Bll6P6'A 

:n- + p -::--110 + rt. • ( 4.1) 

MIJ aHaeM, Ha H3b!He noJIIOCOB Pe'Allte, q-:ro s.itec:& Bee (HJilll not1T'1 Bee) 

orrpe.iteIDieTCII o6M8HOM p -M630HOM. 

ASBaMTe BsrIDiHeM Ha a-roT npoueoc c Toqx111 apeHHH 111s0Torr.11qecxo­

ro cnHHa. KaK Blll'AHO, B rrpo~ecce npo111cxo'AH'r peaxoe HSMeHeH111e ero 

3-eR KOMIIOHeHT.bl I 3 B HanpaBxe-:e:H Bnepe'A, Hanp.HMep, I 3 · MSHH­

eTCH Ha 6'AHH.11cy. 

8TO OOCTOHTeJI:&CTBO llOBBOJIH6T npoBeCTH 8H8JIOr.KIO c aJieKTP0.1tlllH8-

MlllKOM, r.ite, HanpHMep, pesKSH OCT8HOBK8 8JI6KTPH'll6CKOro aapH,lta npH­

BO'A.llT K HCJIYCKBH.11!0 KB8HTOB 8JI6KTPOMarHHTHOro IIOJIII, KOTOJ.li6 CBIISa-

Hbl c SJI6KTPOM8rHHTHHM TOKOM .Jj4 • B HameM cnyqae npO.llCXO'AHT 

11 TOpMOlK6H.lie 11 'rOKB Hl30TOIICII.HH8 J,JJ , Ill t CT8JIO 6blT:&, ]J;OJilltHO 111M6T:& 

M6CTO ~lCHYCK8H.if.e qacTl'IU, CBIISaHHh!X c 5Tl1M TOKOM. TaKHMH 'll8CTHU8Mff, 

K8IC M.bl 3H861.l, HBJifflOTCff p -MeSOH.bl, H Mb! llPlllXO'Alm K TOllY' 'llTO npH 

co- (;70 
nepexo.ite ::II ;--.. :JI J;OJilXHO imeT:& K6CTO 06HJI:&H06 (KOHCT8HT8 CBH-

aH p -MeaoHa c I Jl Bemrna ! ) HC!IYCKBHHe p -MeaoHOB. ..P -Meao­

Hhl, B CBOIO oqepe'ADt C8MH H6CYT TOK H30TOIICllHH8 If MOryT Olli!T:& HC-

'IYCK8T:& qacT~ npH " TOPMOJK6HiUi". 8TOT MOM6HT OTJIHqaeTCII OT 
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;;,;:t::'.!:p01!.8rw::Tl~3Mo, VI60 TaM \f;OTOHhl He HecyT sapH;lla l1 He CJiyJKaT 

~rec'> H:.:<:0:: -:01\a. KoneqHo, ecTI> H ;11pyroe OTJI11q1rn: Cif.JII>Haff CBH3I> 

I\I;C.H. JL ITOJifl • .B OCT81I:&HOM aHaJiormI BII01.!He KOppeKTHa. 

~ls cKaaaHHoro c1.1e;eyeT, qTo peaKU>fff ( 4.I) , B KOTopoit - Hecr.10-

TPH Ha 11Topuolltemie" .11a0Tom:mrna- He 11c11ycKaIOTCH ;11onoJIHV1TeJII>Hhle 

KBaHTbl ( .P -M630Hbl H 'APYI'He a,D;pOHhl - JUlOHhl)' HBCYll\HB H30TOl1CIIHH 

HJIH CBH30HHble c ero TOKOM, ,D;OJil!IB8 6b1Tl'> 110,D;aBJieHa aHepreT.1-1qecKV1. 

c ,11;pyroM CTOpOHlil, ecJIH 61.1 p -MeSOH, o6MeHHBaeM!ilit B STOH peaK .. -

UVIH, 6h!JI peaJII>HOit qacTuneA co CIIKHOM I,TO 

Bnepe;11 61mo 61:l 6,.., S 2 J'-
2 = con.st 

P -Jlesoua. 

ceqeuHe npouecca (4.I) 

• , r,11;e I= 1 cnHH 

AH8JIOrHH lie Tpe6yeT, qT06bl STO ceqeHHe IIS,D;aJio, VI TaK VI 6CTJ; 

Ha SKCIIepHMeHTe K B COOTB6TCTBHK c npe,D;CT8BJI6HVl6Jl 0 IIOJillC8X Pe,11;ze: 

2o<(o}-2. // 
·6""S rv /S, cl.. (o) ~ o. 5 • 

3TO paccy~KHe B KIKOlt-TO CT6II6HH JlOZHO P8CCM8TPKBaTI> KaK 1106i>llC­

H6HH611 pe~•••eKero MeX8HH3M8 'ABYXll8CTHqHhlx peBKUHit c 06MeHOM He­

'.B8KYYll:HhlMM KBSHTOBwrn tJKCJiaJlH. 8aB.11cm1ocTI> d.. OT t a;11ecI> BOSHH­

KaeT K8K ~pe60B8HMe YM6HI>MHTI> ceqeHHe T6M 6onee, qeM CHJII>Hee HS­

~eHeHO Hanpa:BJleHae H3KeHeHKH TORS H30TOilCJUllHa. Ilpo,D;OJill:HM aHaJIOrHD 

c SJieKTpO~HBIJUIKOi ,D;SJII>me. 

Xopomo HB•ICTHI, qTo pacnpe,D;eJieHKe TOPM031WX ~OTOHOB no aHep­

i'HH W I/IK6eT Bill,D; 

ac..1 
w 

d.xl 
r.J .f'J( I (4.2) 

r,11;e x: B,D;6Cl'> ,D;O~ 3HeprHH axeKTpoKa, YXOC.lllllft ~OTOH8MK. (4.2) 
noxo:a:a Ha pacnpe.1;e.11:eHHe tvte -napnse• J ( x) , o KOTopow ua 

peq:& B Ill rnaBIJ • IlpaB11uHee IIHCaT:& Ke d.fx , a d Pi!'/ E • 8TOT 
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r ,. l I 

; I, 

crrexTp JierKo rroHHTI>, eCJI.il yqecTI>, 'iTO npM 6om;nmx 11Mn:v1.1:ricax 

( P- oo ) w H.1.1ee1.1 O.llHOPO.llHOCTI> pacnpe;zieJieHllJH no npo,11;0JI:&HhlM vIM­

IIYJII>CaM Pz Ms-aa nopeHUOBc:icoro coKpal!leHHfl B,llom. 0011 Z 

Pacnpe,lleJieHHe HSJiyqeHHOH 3HepI'llJ!1 'i8CTl1U 6y.zie T d p ii! ' l1Jil1, eCJIH 

Ha6JIIO,llaeMaa oT.zie1.1:riHaH qacTHUa HMeeT aHepraro E , TO ee npo,11;onI>­

H1>1e HMIIYJII>Cli pacnpe,11;eneH1i1 KaK d P~ / £ • 

Mb! yllCe r0Bop111.111 B Ill rnaBe, qTo ,llJill X , He oqeH:ri om1s1rnx K 

6,llHHllJlle, pacrrpe.zie1.1eHHe napTOHOB 6y,lleT llOBTOpflTI>CH B pacnpe~eJie­

HVIH peaJII>HhlX a,11;poHoB. ivl1i1 TaKli\e aHaeM, qTo aTo pacrrpe,lleJie1rne xopo­

mo OIIl1CblBaeT peaJI:&HYJO Cl1TY8UllJID B HeyrrpyrMx npoueccax B 06nacT>1 

IUIOHH38UH!IJ • 

0,D;HaKO CJie.ziyeT IIOMHHTI> 0,llHO paanHqVJe, CBff38HHOe co cnenH@HKOH 

CMJII>Horo B38HMO,lleticTB.l'IH. B 31.l6KTPO.zll1H8Ml1Ke HMeeTCff cnaCSaH 3HHCH­

MOCTI> OT rrorrepeqHhlX MMJIY1.II>COB BTOp!1qHblx qacTHU, CBff38HHafl c .1;ax•-
cJ.2p .... 

HO,ll6HCTBH6M 31.l6KTPOMarHHTHhlX CllJJI pJ.e ' Tor;zia KaK ,D;JIH CHJII>HWX 

B38HMO,llettcTBHit xapaKTepHO 3KCilOHeHUH8JII>HOe (;111.Ifl ll0,ll8BID!Xlll\6H Mac-

Clil cJIYqaeB c B.~ 2 raB) { ,e-a.P..1.:e-tP..1. ) o6peaaHHe no PJ. 

IlpO,D;OJDEaH aHaJIOI'HIO, H8H,D;6M 'iMC1.IO HCilYl!leHHblX BT0Pl1'ill1IX qacTHU. 

HaBeCTHO, qTo pacnpe;zie1.1eHHe ch/x B 31ICKTPO,llHH8MHKe COOTBeT­

CTBY6T pacnpe,ll6JI6HHXl IlyaccoHa no qkrnJiy KBaHTOB' o6yCJIOBJleHHO.MY 

.M81.IOCT:&m KOHCTaHTli CBfl3.il: 

- n. -
W h. -n 

n =---e 
nl ( 4.3) 

·KoHeqHo, nepeueceHl'!e STOI'O aaKOHa Ha Cl1JII>Hli6 B38HMO,D;eitcTBHH CTpO­

!ro o6ocHOBaTI> HeJII>aH. Ho paaywHo, Ha 6aae aHaJior1111, cqHTaT:&,tJTO 

:pacrrpe,D;eJieHHe B OCROBHb!X 'i8CTHX rrpaBHJII>HO OTpallCaeT ,ll6JIO (yqTHTe, 

:llTO B OCHOBe (4.3) ~eXKT npe,llcTaBJieRHe 0 HeaaBHCHMOCTH KJIH 110lJTH 

H638BHCHMOCTH aKTOB HCllYCK8HHH >!:JIH npe,llCT8BJieHHe 06 OTCYTCTBHK 
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.zia11eRV.X KOppe;imWf]ii). B KaqecTBe O,IlHOro HB apryMeHTOB (He 6,IllllHCT­

Be:iriioro Ill He pemam~e:rti) MOEHO npHB6CTH, Hanpv.Mep, 3KCneplllM6HTBJIL­

H~U waKT, lll3BecTHhlH eme~He KOclU!llecKv.x .ziaHHblX o TOM, qTo BTopv.q­

H~e qacTV.Uhl YHOCHT B cpe,IlHBM fiOCTOffHHYJ) ,Il01IID sHeprv.lll HBJ16TBID~ea 

qacTlllUhl, TaK ~e KBK B TOpMOBHOM lllBJiyqeHllllll. 

EcJil'! Mb! nplllHffJilll pacnpe.zieJieHv.e qv.cna BTOpHqHblx no (4.3), 

JierKO Ha~Tlll BepOffTHOCTL aaweM peaKUllllll (4.1) - Olia eCTL 111%, 

BepOHTHOCTL He lllBJ1yqlllTL Hiil 0,IlHOro KBBHTa: 

TO 

w. -n 
0 f'V e . q.ol..o-2 

c .zipyroii CTOpOHh!, 3TB BepOHTHOCTL eCTL ceqeHllle 62"' s 
OTKY.IlB CJIB;l!yeT t 'lTO rt= 2 {1- d.. 0 ) fn $ , T.e. lllM6eT MBCTO JIO­

rapV.WMlll'leCKBH 38BlllCV.MOCTL cpe.ziHe~ MHOEeCTB6HHOCTlll BTOplllqHblx 8,Il­

pOHOll OT sHeprllll'l. KcTaTlll t BHB'le!Ule d..o =0,5 Ka'leCTBeHHO H6IIJIO­

xo OTBeqaeT O~TV, eCJil/l cql/lT8TL, qTQ IllllOH~ npOHBOillJil/l OT pacrra,IlOll 

poa.zieHHh!X B BKTB .!' -MBBOHOll. Me~;iiy npoql'!M, lllB BTl'lX paccy~.zie­

HWI npocTo cne.ztyeT CBHBL uellt].ty nepeceqeHHeM nonIDca Pe;zixe (rnaB­

Horo, HeBaKyyuHoro) l'l KOSilJWRUl/leHTOM c B BKCnep11MeHT81ILHOit sa­

BlllCRMOCTR ii. OT E 

ii: c £n s + & ) ( 4.4) 

~(o)=1- C/z , noJiyqeHHBH Xapaplll 11 Pff.?IOM ;zipyr11x aBTopoB 

,Il8BHO. 

BaKOH (4.4) MOXHO no11yq11TL H Henocpe,IlCTBBHHO l'l3 pacnpe.zie11e­

H!rU! 
dx 

4 x ii.= ~ f dXfx ,...., c 1 en Eo +Ce } 
IS~ C/ 

1m1, c5011ee TOqRo, Hi
0

pacnpe.zieneH.l'IH cl P~ / E = d P;r 
1 Pg'+ P.l'+ m -
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He-

1.E"o 
11.,..., -.,.. J dx 

,._ Jxe• mc+P.i.2 
,..., fn 2Eo 

Jma+pJ.2 o El!. 

/; 0 - nepBi.1rraaa aHepr.l'IH) 

TaK.l'IM oc5pasou, Ha OCHOBe BHBJIOI'H.l'I c 3JIBKTPOMarHeT.1'18MOM,npHBJie­

Kaff HBKOTOph!e OCHOBHhle npe;l{c Tal!Jle HlUl napTOiiHOLi MO,IleJUI' y.ziaeTCH 

onHcaTb TaHHe VYHAaMeHTSJihHNe KaTeroplllH BJ.lPOHHoM WH8MRH KaR St , 
nepecetieH11e nomoca Pe;zillte B Hy11e H ero OTI<JIOH6H.l'le npH i= - mJC 2 

OT cnv.Ha peaJibHoro o6~eKTa (qacT.l'l~N), cneKTp pollt;l{eHHhlx B neynpy­

r.l'lx CT01IKHOBSHl1fiX BJ.lpOHOB, cpe,Z!Hfffi !'IX Mliu~eCTBBHHOCTbo 

KOHB'IHO, ST.S KapTMHa He IIpeTeH,2J;yeT Ha CTpOfi1~1 KOJIM'!eC'.:.'.BBHHb!M 

YPOBBHL, TBM He MeHee OHS }.\OllOJILHO RHTepec1rn :i ~6HHa •. MOlltHC JI.rt 

UOHHTL, KBKO~ HOH~Hrypa~IDI ll .l'IMilyJIDCHOM npocTpaHOTnf. COOTBeTCT­

BYBT pacnpe;zieneime dxjx ? 1{1 3H86M yllte' qTo B,Z!pOH B r H F 

MOlll:HO npe}.\CTBBHU KSK COBOHY:ffi!OCTL ( "pokf") lltlPTOHOE' corrpOBOE;l!alO­

mHx a;L(pOH. IlapTOHbl, cor11acHo BHBJior1m, yuocHT onpe;qeJieHHY'iJ ;11omo 

:rne prim a.zipoHa. f.!hr MMeeM cJie,llVIDl!(ylO 1iap:r11i:y. 

p \j I I 0 %1 J 1:1 .L 
· j I I • ::x::, 

1 
k

2 
J. 

~j I :r!, l<b.J. . ~t: ::C1t
1 

Ku 

, %/!I brJ. 

3 (EC1Il'l I'Ol!OpV.TL Ha HB~Ke Teop1111 B03MYlllBHl'la - ~ <f -TeOpHlI ) • 

B.IleCL XL -AOiIH npo.zionbHoro v.unyJibca npoToHa, YHOCMMBlI ( -nap­

TOHOM. K·l.L -ero nonepeqtt1i1! LumynLC ( L Xi. =I). JlerKo HanucaTL 

BOJIHOBYID WYHKIJ;RID 'f 11. 8Toro cocToi1H11H B c11cTeMe P ~ oo Ha 

H8b1Re Y.IlOc5Hol 3,Il6CL HeROBBPH8HTHOM TeOpHM ll03MY~6Hl1~, OITBPHPYID -
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li(e~ c 3HepreT.WieCKl1Ml'! 3Hal.!eHaTemnrn: lf,, ,...., n ( £ - E ;_ )-: • 
i1pOTOH J.!OlitHO omrnaT:& I\8K cynepno::rnumo napTOHHh!X COCTOH!l?.~ 

I Y d.p dx dz 
X, K 

1 
• • • x K > . l!Teu, t!TO -- = - k 

I .L • ' n. M.L 2 E CX .L 
TorAa AJIH BeKTOpa COCTOfllil'!H rrpOTOHa 6y;zi;eM l1M6T:b 

II. 2 

1 t > =: L J n d K i.Ll d. x .;_ t. (x I } I\ I .L ) ... ) )( n > Kn .L ) . 
" i.~1 (2'Tr) 2n n 

n. .... I • o(:L" K1 1 )&(1-?: x;_) X,,K~.i., ... ,Xn,Kn.L.). (4.5) 
•=" l:1 

'f n. Mmrnc no;rry<rnTii 113 BbllileITpl'!Be;zi;eHHOro pl1CYHKa Ha OCHOB8Hl1Vi 

Teopmir !J03:.!Jlll6ImU, COCT8B1Illfl :mepreTJ.!l!eCK!1e 3H8!.!6H8T6JI!ll, COOT1leT­

CTEJlOlltl-:6 po3HOCTlil 11ei!t;zi;y Hal!aJI:&HUM COCTOH!ll1e!.l c 3Hcprrie:i f 0 v. 

ECe:.::: COCTG?.!i!UHJ;1, noJiyl!aeMUMV. pacce'!eHllHl~l!' Yl\833 HHb!MV. Ha pv.cyH-

;ce .rip:: sToi.: Mb! padoTaeM B c11cTeMe c P - o0 , r.n;e, HanpnMep , 

11 3Heprzm" rrpoToHa 6meT npocTo M
2/2 (!). llol!eMy aTo Tai'? 

K" * m 
2 

iJoi:rno rrOKJ38Tii, l!TO B IM F pon:r, :rneprirn 48CTi1Ul1 11rpaeT .J. 2 x 

,1Hh!Ml1 C1!0BaM•l, ;rneeT 11.eCTO O;zJ;H03H8l!HOe COOTBeTCTBllle 1.1e:it;zry npeo6-

pa30B8H!llf1Mi'i Jiopemi;a B 06Ul!HOtt Cl'!CTe!lle OTC•ieT8 '1 rrpeo6pa30B8Hl1JU.rn 

rammef! (HepeJif!T!llBl131L) B TM F- ' J\OTOpoe BUrJif!;zJ;l1T TaK: 
...... -+ ... 

K.1. - Ki+ x V , X - X • PoJI:& Maccbl B IM!=" >irpaeT X ,a 

111LilYJIIiC8 /t<J..2+ m 2' I TaK l!TO raM!i!Jl:bTOHJil8H m.ieeT HepeJif!TlilBl1CT-

CKYIO <jiopu;y B 3T!i!X nepe11eHHblX. 0TCIO.zta H cne.z.tyeT, t!TO B IMF BMecTo 

K.1.a+ Ma M2 ( z ) E llbl ;zi;onis:Hbl 11MeT:& --- .... - l<i = o • x .. 1 
0 2x 2 

13 pe 3JJI:bToTe ;ll;Jlfl tn. MOJKHO ITOJIYl!l1TF.i: ' 

n-1 o-< [ j ~ 2 -1 

t~ =- ~ D (~1 K d. ) + tl1 ] 2 X n , ( 4.6) 

r,lle m -Mac ca :rnpTOHa: Mb! 6ylf.eM ;icno11:&ao:11an (xoTf! 3TO He neo6xo 

;zi;11Mo) ::noT yrrpo1J1eHHblti Bl1.ll B01!HOBOZ. \i.JYHRU11lil B 11Mnyn:&cHOM rrpoc'l!1'8L-
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c TB6 t ITOJlY'I810l!ll'lticH V.3 lJi .. yHJia' e c;rn ilOJIOll>11T:&' 4TO BO llcex 3Be Hbf!X 

fa I<. << :x: 1<" (CM, pm:yHO!\). Jler'\O Bl'.!,l\6'.I':O ' 'iTO :IOJIY'feHH8fl 1rapT11-

Ha IlOCITPOYl3!30.llHT Bee c;rre;zi;cTBL!f! illhpOKO J13B6CTHOil MYJII>T>:inepmpep.11-

qe CKOJ1 MO~eJrn c KO POTH.l'IM!ll KOppeJIB"l..ll1f!Ml1 :a rrpocTpa!iCTBe l'IMIIYJI:bCOB. 

B qacTHOCTH, MOJll:HO ll01\838Tii, ITOJI:b3JflCii (4.5) 11 (4.6)' l!TO 

'.XIT1•1~ cf... 'Xm ( O<ot:< 1 ), T.e. '!TO B l..l6ilOtjKe Ha111ero p;i-

CY!llia ;zi;oJIJ'l sneprl'!H yHoczMaf! napToHoM, pac:rcJIOllCCHHh!M Ha 6.l\lf.!Ull..lY 

Hl'IJK6 no ;rreCTHl1J..le' He 38Bl1CYlT OT Mec·ra B Jl6CTm1ue. 

Jler.Ko ~amice HaiiTH pacrrpe,n;CJIOHl'!e '18CTl'fU B ilJIOCHOCT.'1 rrpm.;eJIIiHb!X 

rrapaMeTpon (rreprreHAl1HYJIHpno mrnpaJJJieH;110 flBHJKemrn ~ ) .Ono ,l(aeTcfi 

~yp:r,e-o6p~3oM (4.6) 

+n(x1,X1, ... , Xn1Xn)= JndeKu. c(.{ K,.L). 

· exp{t (I\ 1.LX1 + .. ·+kn1Xn.)1 fn (.x1, kn, ... , xn knJ.}, 
r;zi;e Xi -Koop.l(HH8Tb! 1l nJIOCKOCT.11 np1!'~0m,1mx: rrapaMeTpoB. 

BUt!l'!CJIHfl, Halt.zi;eM 

tn(x1,X1, .. · x,.,Xn.)rv K0 ( m /Xc-Xf /j. .. k0 {m/Xn-~-1 /j 
K0 -!J!YHK!.ll!H MaK.zi;oHaJIIi,lla HYJieBoro 11op;!i\Irn. 

( 4. 7) ll03BOJIHeT HallTH Cpe,llHH.£1 HBl:l,llprJT Yll3JICHl1.ff 11. -oil l!BCTl'!IUil B 

K6CKa.zi;e B norrepeqHolt IIJIOCKOCT.11: 

<(Xn-X1t)= J (Xri -X1J2 fnz (x,,Xi, ... ,xfl,X,,)dX1 ... dx 
BBO,zi;H HOBUe nepeMeHHue 

~=X2-x1} Ya= x3-xe, ... 
11.-1 

Yn.=X~(X~-X1 =~ Y~L l=1 

I '(_1 = xn. -x 11.-1 ) 
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IIOJiyq1u.1 

<(Xri.-XJ)=(n.-1Jf Y~Koe(m/Y/J d
2 Y) 

T .e. cpe,nHee 1rna,npaTl1'lHOe OTKJIOHeHl1e n. -ro rrapTOHa OT 00:1 Z! 

B rronepeqHOl-i MOCKOCTH IIO;l\'ll1H.fleTCH 38KOHY CJiyqaiiHhlX 6JIYllt;l\8Hl1ti 

R~ (n.J"" n, (,2111ij)@ysrui).E.cJIH yqecTI> cxaaaHHoe Bblllle (rJiaBa lli) o 

TOM, 'lTO B3811MO,llei1CTBl16 a,npoHOB ocy~eCTBJI.fleTC.fl qepea 1'.)ee -rrapTO­

Hhl I TO JierKO Hait TH CYlJ.16CTB6HHble rrp!tl~eJI:OHh!0 rrapaMeTphl BO B3a 11MO­

,nel-lcTBHl1 a;llpOHOB. OHM onpe,neJIHJOTCH paaB11T11eM KacKa,na ,no f.Jee rrap­

TOHOB. TaK KSK rrpill 3TOJl I KaK Mb! ylKe 3HaeM, Fi "-' .en. s ' TO OT-

010,na CJI0'AY6T :SbIBO'A 0 JIOrapmpMill'l6CKOM pocT e KBa,n;paTa pa;n;;1yca B3811-

MO,ll0ii!:CTBlll, 11rpa10~11ii!: \lJyH,naueHTaJI:&HYJO poJII> B pe.nllteBcKoii cxeMe. 

KoHeqHo, 3TO xe MOlKHO BhlBeCTl1 11 113 OTMe'leHHOro il>aKTa, qTO 

X,.,., ''·":/..""' X
0 

• C ToqK11 apeHHH rrapTOHHOti 1.10,n;en11 pacTym11ii!: pa-

;n11yc B38l/IMO;n;eticTBl1.fl (,........fens ) COOTB6TCTBY6T TOM.Y' qTQ qeM 

6hlCTpee ;ZJ;Bl1lK6TC.fl qacT11~a, T6M ,llOJiblll6 (a CT8JIO 6h!Tb 11 Ha 6onee ;n;a­

JI0Kl16 rronepeqHue paCCTO.f!HHH) OH8 ;ZJ;OJilKH8 II K8CK8'Al1POB8Tb
11 

' 'lT0-

6hl ;naTI> 11e;n;neHHble (wee ) rrapToHu, ocy~ecTBJIH10mHe HaH6oJiee :se­

.poHTHoe B38ID.lO,ll6i.iCTBl16. 

CJie.nyeT l1M6Tb B Bl1'AY1 'lTO Mbl a;n;ec:o, KaK Bcer;n;a, H6HBHO C'll1T8-

eM, 'lTO rrapTOHhl 113 pa3HhlX a;n;poHOB B38l/IMO;llel-icTBYJOT M6lK;ZJ;Y co6oi.l 

;TOllbKO nfH MBJihlX OTH0(.)V!T0JibHblX 3HeprHHX ( T .e. Te ,KOTOph!e 6JI113Kill B 

1taae~oK .,ecTpaHCTBe). Mo&Ho Bl:i'llllCJilllTI> cpe,nHHM rrorrepe'lHbll-i HMIIYJII>O 

tn. -ro naPTOHa B KBCK8,ll6 HS ft rrapTOHOB: 

<K: tn )- J fn (x1,X 1 •••. , Xn,X11) a~:z +n (x.X1 , .•. ,xriXri} 
· d.-aX ..... d~X I'\.· 
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e 
Ilo,ncTBJH!:B (4.7) CB'.l,lla, Mb! MOE614 JTBl1;ZJ;6Tb, '!TO <K.L;.,,) He 38Bl1CJl'.T 0'.:: 

3HeprHlll lll He 38Bl1011T OT 110JIOlK6HilIH B ~erroqxe K8CK8,lla, a 38Bl/IOHT 

TOJlbKO OT MSCChl napTOH8. Koppen11pyIDT Jiillfilb rrorrepeqHh!e li!MITYJlbChl 6J1H­

xaj;imHX :a ~erroqKe rrapTOHO:s. 

06paTlllMOH :-c B~rrpocy o cneK·.rpe d1x . OH rronyq11TCH, ecnH Mhl 

llh!t{Ji!CJ!li!M :sepOHTHOCTl> Toro t t{TO ll 1rnc1ca,Z(e '13 ti -rrapTOHOB It -b!j;i 

napTOH HMeeT ,nomo :rnepr1u1 X = ?C., : 

Pn. ( X o) = J d ( X ri ~ X 0 } f n,e { X 1 , K 1 J. , .. ., X n. Kn J.} '5
1
a
1 
( %

1 
Ki. J ) • 

n " t 
·6(~-Ixt)n~ 

i.=i i•i (Z'JT)~ 

IlOJib3YHCl> (4.6) t nonyq1.1M: 

J.:;c; 
2,,,i 

X = -- · _ dx, d.x,.-1 dx,. P ( ~ n.-~ I " 
n. o) f.(2"')~ I 8 (:x,I '- .. ) ,s (I L x.J- ... - - ' :11 t•1 X, .x,..f Xn 

r,ne 

I-­- 2(z:rrJ~ 

MHTerplllpO:aaHK8 no ::c, 
u.aTeJibHO 

f~l. 
( kJ.' ..... )' 

i u"(-1) 
;ztaeT (n· 2J1 tn -;; 

~ ( q.~r ~ [ ' ~ J n-2 
n. Xo)= 2(211)~ {n-2)! ~ [ f11 i_-:; • 

t TBK t{TO OKOH-

( 4.8) 

~-na (4.8) ;ztaeT pacrrpe;zteJIBHHI 1ly111111111111 110 t{ilICJIY napTOHOB h.,, 

.Il03TOMY llbl MOlt8M e~e pa.6 H8'1Tl4 (J PU/1111111 '111UJ!O rrapTOHOB B K8CKa;zte' 

IIOCJI6,llHHii H3 KOTOphlX 11M66T ;ztOJlll 1111n 1'1'1111 '.)Cu : n"" en. ( ~ .. ) 
BepoHTHOCTI> Toro , qTO :a npoto11 11111111·1•011 napTOH c ,none:lt z -u-
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nym;ca Xo paBHa 

P (x0 

1 
::. L p (x l _ li.._ ~ 1 

) " "- o/ - 2(C.3Tj?' t-'e -(n---2-} ! 

c 1 )tI1ri-2_ j-aI r 1 ) ~2I 
• tn(Xo J - 2(2g;)3 (To" • (4.9) 

ECJIM Terrep:& Mhl 38XOTMM Bhrnl1Clll'lTJ> BepOffTHOCTb Ham1ql'lff B npoTOlie 

w ecz rrapTOHa c SHepr.11eii t.. Xo • TO STO Bb!palltem~e Ha;n;o IIPOl'IH­

Terpl'lpOB8T:& OT 0 ,llO Xo : 

( d.. 1 ( 1 c/.- 1 
P <xo)==- - -) 

2Jr cl..-1 Xo ' 

r)le Mhl rronolltl'IJil'I d.. :::: ~ '2 I 
l!TOO!-i llOJiyqJ.:!Tl) llOCTO.RHHOe IIOJIHOe ceqemrn (cp.paccylK,ZJ;em1fI B 

rJI. ill nocJie ().I)), Ha,110 noJIOJi!MT:& d-. =I, 11 :U:hl npMXO,lllfM K pac-

npe.l(eJieHMIO d x / x mrn d ~ /£ . TaK1n.1 oCipasoM, uu Bl1,llMM cooTBeT­

CTB11e napTOHHO~ MO,llSJIJ.:l c MYJII>T!fl1ep11Iwep.11qecxoii MO,lleJI:&ID 6ea ,ll8JI6Kl'IX 

xoppemu~!ftl. 

B STOM CMbiCJie napTOHil8f.{ MO.zteJI:& (Ii! JieCTHl'l'IHble ,lllfarpaMMbl 11.ym,­

THrrepmpepl1311.ii) OOJ!8,ll86T l13'.I>J1HOM. B Heii OTCYTCTBYST BSBMMO.ztei1cT­

Bllle Mel!l.ztY CJi!ll:&HOBsam.i:o.zteiicTBYIO!lll1U:l1 napTOHBMlf. BT_O B ,llyxe BBe;n;e­

Hl'l.11 rOJih!X qacT11~, K8KOBUMl1 ffBJ!fflOTC.11 napTOHU. 

YcnoxrneHJ.Ie (M, MOJKeT 6h!T:& 1 np11I6JIMllteH11e K peaJI:&HOCTH) cJie,llyeT, 

ITO-BH,llMMOMy, MCK8T:& BO B38Ji!MO,lleitcTBl1.l'l M6Jlt'Ay11 napTOH8Ml1 11 ' T.e. 

BBe;n;eHMH ,llJI.l'!HHh!X KOppeJIR~il. 

BTo :u:orno 6u BHrnff.zteT:& ynpo!lleHHO Tax: 
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BepTHKaJI:&Hlile Jl.l'!Hlli! :u:ex;n;y 11 11& PTOH8Ml'l 11 COOTB6TCTBYIOT STO!.cy :eaam.rn­

.ztei1CTBl'llO. PaaHaR qacTOTa sTax Jll'IHl'ltt B aaBll!Cl'lMOCTll! OT y.ztaJieHHR OT 

nepB!fqHOi1 '18CTl1~ COOTB6TCTByeT 6onee pe.zt~l1M B381/lMO.ztetlcTBl1J1M MSllt­

.ztY ClhlCTpO,llBL'llKYl!llfMll!CH "napTOHaMllI 11 no cpaBH6Hl1!0 c Me.ztJieHHHMl/l (JIO­

peHu;eBCKaR ,llHJiaTa!l;L'lfi :epeu:eH11). 

Pe 3JOMlllpyeM BK pa Tu;e' KBKBf! B03HHK8 eT :rnpTHHi:l Cl'IJI:&Horo B38HMO­

.ztei-icTBl/lff Ha OCrlOBe napTOHHb!X npe;n;CTBBJI6Hl1H 0 npocTpaHCTBSHHO!I 

CTPYKType BO:IIHO:SOil (J:JyHKu;•m a;zipoaa ' ll!Me!Oll!6I'O 60JI:&WYD ::rnepr .) L:: • 
Ero cTa!l;HOHapHoe COCTORHHe - B cpe.ztHeM - MOXHO OilHCBT:& B BH.zte co-

::oKyrrHOCTH napTOHO:S c orpaH!fqeHH!i!MH nonepeqHbllrn JiiMITY:II:&CaMH n 

c :JHepreTll!tiecKMM cneKTPOM d Pa/ E ( m < E < E 0 J ; qacTm.u.i o 

2!iepr1rnM11 ,.,_, ~ pacrrpe.zteJieHJ::I :S ,llHCKe pa;zi11yca rv Jen. fo.., H TO:n:-
-1 £ 

11.urnhl E • Kor;n;a Taxoll: 11pott" (11;rn 11rpee5eHKa 11 
) HaneTaeT Ha 

ITOKOf!ll!l1ilCH a.ztpOH, TO c Hll!M B3811:U:O;ztettCTBY6T TOJI:&KO Me.zt:n:eHHaR qac-

THu;a. 3TOrO 11pOR 11 ; IIOCJie :eaa111.i:o;n;eilcTBHfl KOrepeHTHOCT:& B Cl1CT6110 

paspymaeTcR, OCT8Bl11H6CR qaCTl'lu;hl 11!°3 "po.11 11 TBY.ll!:e CBOcJO;!IHU (sa :apet.rn 

..... E j ma ) , cneKTP l'IX Ta KOH xe ( d Pi! j E ) ; q11cJio BTOpl'lqfillx 

uacTH!l; rv ~n. E 0 'IIOJIHOe ceqefille onpe.zteJIHe TC.11 B38l1MO,n;eilCT:Bl'leU: 

Me;ztJI6HHhlX qaCTl/ltl; l'I IIOTOMJ 6 rv ~~ ( rrt -3,lldC:& lil8CC8 IIHOHS) • 

no Cll!X IIOp :S till!C~O a.ztpOHH!llC npo~eccaX l4bl 111166U: ;ztSJIO C ,l!OllHHH­

py!Oll!HMV npou;eccaMllI, .ztJIR KOTopux xapaK~epH~ uaJiue nonepeqHNe 1111-
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ny21:&c!i. SKcnep.111.1eHTaJIJ>HO , KaK Mlil Y1Ke OTl49'13ll1 l n:pe o6:r.ra;z;£J;ud'l"'! 

li!ICT:& ::etJeHH.l! nm6wc (ynpyr•Mx H Heyrrpyr·11x) .-:Dol.{ecc::i::i C.)OTBC'.!.'~·s3y­
eT OIJ01il> CHJI:&HO:.ty ( 3HC!IOJ113HJ.{H81IT>HOuy) o6pe'."· 'lfIO no ITOITC[Je•.;:Jhf!\f. 

HJllly:r.ri:.caM ~Pr ,'$. I-~ r;i:s/c) 0 0.ZJ;HaKO ·: TH: ,"'J:Bec~'.'O' HS;l\B:3Hl1s 

aKcnepvJMeHTU Ha llCTpe'!HbIX TIPOTOliHE:.( !~')J!Ln: .. ;· ~ l.iE::>:.a )6!:a~l.1' -'•DU 

CYll!eCTlleHHoe OTKJIOHea.11:e !HlKJlKl3DHl:lx ce 1;o;:;;-'; >T 3K0noile:-:1ui.:J.:1Ln1-

ro ( e -6 Pr ) ,1\.IDI ,q. ;> 2 ra:a/~: ()'D!::l ll8~}'<'l:I~ ,; :cr.::rr-•:t 
38llHCV!MOCTii l1HKl.IJ03JUlHOl'O CCl'lOlllm AM 601!l)li!'l;{ ?T ( ,,. ?r --6 "-"ti: 

H ca.u:a B0lIJl!IJMHa Ha TpM-1i6Tf:lP6 rIOpff,Z(!m ape:rrJ'rJJ:;JT 3:Ic!lICJE:r, ·:JJ<W·. 

HRH, rro.rryqaeuoro 3KCTpano'l!:;r.;vr:i1! cnpa:ee.2.\mrno1•0 .ZJ;JL'i f-~ <--:: :.~ ':}= - .. ,,.. ~ 
(;, 3KCllOHeHJ.{Ha:r.r:&HOl'O 38HOH3o 

To, '!TO rmr: 60llblll.HX R-- ' 3I:CI'.OHCRJ~l!3.1ZtJ\};j !"'.ll).(Sa~;e lcey;ipy:':;;~ 

rrpoIJ;eccrm ."'i07!::.:ro c~:oH~Tricrr :;·..:::i\;e.:::m,114 c·_~·Jo , ' ::iaci:: !Ji:! Swro Ecri;·:m·-
,1(9!1ll0.~?.::Sil: '.'.:! ('3;'.'.'::}:;;, , :: l;;p38 F0) 

'., ,:::;q~';._rt :1 .ilc~j :; .:;o:rpsiinn~:t:.:a--· 
r.m (:s CIBA) rr.i:;e.zi;c1:aa!Jll'ill'.I .iW90:':\>1: :~ WcllJ''~iIHO:cy Jan-.;:i;1· ~np11 P, "":,; 

!j. raB/C ) 30 CtteT I'Jiy60!W'1ilYll'J'11'liX a;;re li'i'pmrnI'Hl!TfllD: Il;JO!.\OCCOU .'.J 

8)l;POE.HLIX CTOJIRHOEIJHIDl:X. 'le 1}Z'iJJ~8iIJWM Or;133:rn3 CI. B8Jll1'-10.Ha a Toro Cfll\f.>· 

HH.11, KOTopoe y-Jr.e npH PT ">-. '~ T:''r:J/c Ea 'lHNp.:; fIOPfJ,!(Ita 60.n.ome 11J:;u 

UOH6HJ.{H8Jil>HOro" H npe;a;crta3.:DQl)['Q. B YllO:rHllYT'-lX pti60Tax. 

0)J;H8KO 3TO HBlICJilfe oqe;u; JG:S8CT:f$6l!li0 C '"0 1IKl1 3pi3HliJI napTOE·-

HOti MO.ZJ;0JIK. 

B OBllOll .n;eJie' B .Zl;lllflltYIJ!llXOf! Tl~CTpetzy ."!\PY 1' .11pyry llPOToirar Yl!>!tliO'l' 

CH He TOlil>KO tvee -IIa}JTO.!U:l, •) 1~011RHOJ31l!ill3 ".la \24Y ItOTOPmllf ll Oi!pE:·" 

~e.imeT ~OMHHHPYJJll!YJO 'lacu !!p0tt.:i1;co:B c H1JiH'llJ Pr , xo a 6lJlc'~lY1J 
napTOHiil. CTOJIKHOBSHHe .l{nyx <JHG 17.1x: n:ipT1mo'J '!'.l l'SS::I!:lX r:rpoToao::J ) 

conpoBollf,ZtaJOU1eecli ux pacceiurne!t :13 60JI~!il1)] -y ,_,,,,1, xox.a x P6.71KO, •10 

.ll:MeeT M6CTO. OHO H rrp;.i:eomn l< PO;JABID.!l!l ·lJ{jl•J:LO 81 C_!:S~H ;co~op•cr •it) J 
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ryT 61i1Ti:. O.Z!HH H11M HecKOJibKO c 6oJibillHMH Pr 

Ha pHcyHKe rroxasaHo cxeMaTH'!ecK.11:,xax STO npo.11:cxo.ZJ;HT. 

a 

t 
2" 

d6 
Kpy:llCOIJ6K c d.rr~: 
6NCTplilX IlPOTOHOll I 

c111.1BOJIHSHpyeT :i11uoh yapyroe paccenH11e "/l,llyx 

M 2 Ha 6oJIHo'I y1•0J1 .Q 12 • BcH ocTa21i:.Hafl 

xapT11Ha CBHsaHa c irnneH11eM rnyCS01cu1•0 :inur<Tpopollt.n;eHrur H onpe.zi;e­

JiaeTcH :aepOflTHOCTliMH Hai1TH ll npOTOJllJX a 11 t 118pTOH!i c x, H r. 
(::icf,2 * 0 ) ' HCillilTBEmHe yrrpyroo UTUJll(lJOllUJ!l.le c 60JIH0.!1 nepe"/l,a­

qe.t!.. STH llepollTHOcT.11: cyTi:., Hax ML! yJCu :.i1111011, v ~ (x.) ,Tax tJto 

M01KHO HBflHCBTl>: 

E d6 
dfi 

E J cl.612 (x,, x 1 ) 

d.J212 
v w,.° r~ 1) y \i'<{~(xz) d.x, dxz 

x, Xe 

. o (?.) ( P; - r ) . 
Mu He 6y.ZJ;eM no.zipo6Ho pas6.11:paTI1 1cH1111w111·1111_y, 11'.l'MCTHM mnu:o, 'lTO 

cl.6 
ec:r.r.r.1 CIJHTaTi:., TlTO d n'z 1111eeT OT1111111111,y"1 :1;rn;1cHMOCT:& OT Pr 

""-1z 
KaK 3TO H .Zl;OUHO 61iiTii ,1\JIH ynpyroro ll'l'llJJl\ llllllf!lll1fi "/I:BY'X TOIJBIJIWX 

d6 i \!BOTH~ - rrapTOHOB, ( d n'z "'-' -;:a;--·~ . , ·ro uaH6021ee CYU1ecT-
... " 12 I 'r 

BBHHble :x: 1• 2 S"/l,eci. nopa.ztKa Pr /.fS •. 1 _ 1 · I 'r » rn • Bepa .ztJia: 

,; wt: ( x) pacnpe.zieJieHHe' COOTBeTOTil,YllUllll· IJ(ll :('l'POPOllf,ZteHHI>, T.e. 

, 11! ' w.. { ll)=- cons t Mb! !IOJIY1UUI ,11nn c l'OII6HHYI> 38BHCH-
.:. "· J I - I 
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Tl'! 

.llOCT:O PT n: 
Pt!TI:i c '1hl'lY. 

r~ :IOXllO fIO,l\06paTJ> 
d.. 6,~ 
d. ..1: I~ 

'l:aK, 11T06hl yp,or..'.; ~.re-

'!'13Kll!M 06panr.1 ·;1MeeTCfi CBH3l> W6ll.Z\Y Heynpyr·:urn npouecc.:i.1u1 :: 

oo.1bm1M1: PT v1 nry<ioK0Heynpyr11M an:~KTpopoJQemrnu. Ha COOTE~: -

GTBY!Oll\ll!X ~;npoHaX. Kotteq'io, rro,Z.(o6Hoe omrnanl'!e MOlit:rn rrpoBecT.11 , He 

o6pamarrcEi K r:apToHaM, B pa1rnax M.f1I:&T:rnepm]!ep1;:;. B Mo,zi;em1 1wpTc­

HOB MOlKHO 06'.bRCH::T:& ,; .n,pyr1rn qepTbl l'l3yqaeMoro RBJieH.l'lP- l'l nmryql'!T:o 

;rnTe j:G Cl!bl8 IT})(l.l\CI\838Hllff, KOTOpb!e Bille JK,ll;YT CB06L1 IIpO.Eep!rn ( KOppe­

JiilUHi; M8:t.lJ.Y qacTHU8Mll c CiOJI:Cfill'!M norrepelJHblll! HMfIYJI:CCOM, MHOJ!tecT_BeH­

HOCT:& qacTl1U, Cu:I1JOBOliil1.8!0ll(llX o6pa30B8Hl'l6 qaCTl1Ub! (; 60JI:&illl1M P-r-
11 T.n.). AHaJiort1tJ110 MOiiiHO orr:10aT:& B 3Tol1 KapT11He yrrpyroe pacceR­

H11e 8l1.POHOB Ha OOJI:&Ull!e yrJiu (KaK,Brrpo1rnM, 11 Ha Ma1me): 

a ct 

~ s 
3l1.d Cl> MOJi\HO ITOJIY1ll1Tl> CBH3l> l1.lii\[J:jJepeau11aJII>HOro ceqeHl1ff c lj)opM-t)!aK­

Topai.m al1.POHOJJ, nony;r.rnpHyJO B o.zi;no BpeMR c nerKoLl: pyK.11 HHra. Ml:l: 

ue uy;n;e M ocTaHaBnuBaTI:iCR no.zi;po6Ho Ha npoueccax e+e- -aHHllirllIJIHO:l111 

B a:n;poHe npii 601Il>lill1X SHeprl1HX, o6pa30B8Hl1H JI6IlTOHHOi1 rrapbl c '50Jl!i­

li!O~i l1HBapH8HTHOl1 Macco.i.1 11 T.;n;. 0TM6Tl1M, qTo B paMKaX rrapTOHHO~ 

:.io;n;eJiu Ka1J:ecTBeHHoe orr11caH11e ffBJIHeTCH Yl1.0BJI6TBop11TeJII>HblM, llIMeeT­

cfl Pfl.l\ npe;n;cKasan1111. KOJil1qecTB6HHoro xapaKTepa,KOTOpble MOlltHO npo­

Bep11TI:i B l1.6'.l.'a.lll>Hb!X 8HCrrep11MeHTax. 
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]: :[ r..\ y 

t) nor;Jre.1;;.;.ec :t:rew: JC06uw·1 ,;; .::;u r:'.i:<:.·>J ClOJ!:.:c rro.z:100,;oe 

·::::y<rnHne lhiHC'l'.FJX Ci.JCTOfllH1i1 <l/·!'";U:I, :"•':i;le)iliblX B ee- vl e+e--

rrpoueccax c oonhWHM Q2 ' . .~.u 1J'1 r :1: .4(; .!. i 1:1!.! _l!(!C :·.OJI:bKO rro;n;po6HO 3TO 

c TQqKJI! spemm M0,1J;0Jil1 rrapTOl!OH. 

0,l\HaKO npel!J\e, qeM nepeLi·rn 1c 11,,:;, llJ!OEC!(CM o6u:ec pocc110TIJ0fo:c, 

r:G CBff38HHOe c Mo;n;eJIJ,IQ. B <J/~JlUf:••iJ/l,J'"llllJ.:X peaKu:rnx HOHC'lHb16 qacT;:-

:.\LI, R,:,1' MD: y?.:co roEop;mv., B o,;111.:w'"' (:1;1 :1c1·:JIJ0qem:e1.1 wpan.ieHTau:rn11-

EHX llKpblJI:&eBI!) paBHO~.repHO 3~1111'1,JI.)'!' lHll, j1::f!'.'.;ZJ;l1Tlll, rpGHl1Uh! l\CiTOpoii 

c•rrpe,11,e.nmcTCR Ha'icJlioHbIMl1 panl1Jlll'1'. • " 1 I' c 1-X Ya ;E t;:J~ ~ g 

B Jia(C:J!CTi:;?Je qac'l'l:IJJl a ~"' "- (I 111' (pc\: = Y. '., MOl!IHO JU! BBeCTil 
...... J·.~ \. ,,-,a..;: 

parrnJJ.'i!TY. c•11iJ>HO mrpTyaJ[I>Horo, 11111" ·, : " "•'' ·;.; <iU--ITO,l\OCiHoro l)!u•.rotta? 

BCT8CTB6HHO orrpe;n;enHT:&: 

~ = J_ el1. - q.. II 
I 'I 

~v 2. q. ., ,, 
q TO B Jia6. CHCT8MG npoTOHa ,l(clll~': 

2M 
r}le GJ= ~ 

Y~--::::; en.w+~- P11 IJ' 
v .... fl. 
3H8l{()M8ff nepuMUllllllll. 

O;n;Ha1co ~0 11 He 6CTI> M8KCl1MllJll.tl1n 

(c: .IO) 

(5.II). 

.:11:•'11111l1C pam1,1\JIJTl'l ;ZJ;llff BTO-

pl:!q:10H 4BCTl1Uhl. Yma.x 
sttcprirnti rropa;n;rrn v 
~OTOHa. OHO paBHO! 

cooT1rn1·i: ·1·11 v, .. , ... ' ' 11:1JJl'J;zI.HTl1 qacT11uu c 
~ 

, .zi;m1i!<yu1nlli:11 11 "·"''"1.111:1 ''H 'i- -11Mrryn1ca 

u ~ enw 1 r,, 
(.) tno..~ 

I .1·· 

r-1· (5.12) 

Ilpll!Hli!M8fl, qTo pacupe,zi;eJieHl16 ll<l oi:n 1111111:1111·1·11 p<JBHOMepHO, Mbl IIOJIY­
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r,--

1rn;.i;, 1.!TO l.IHOli8CTB8HiiOCT:O a~pOHOB pciBHa: 

. , Q2 
(tt> "-' (..11.W +en. -z_ ,....., frt 5, 

M (5.13)' 

E':IK :!l OObll!Hh!X a;llpOHHhiX CTOJ!i\HOBel!l1RX. :J.z;uaxo, 1(8f( Mhi 3!1,1\ll!.!, 

3,ll0C:O i1M6!0TCi! ,n;Be o6JI:..CTl1. 06JlbCT!> "-tnc..> CBfl3al!a c l.(GHTpaJihiiC'.1 

06JI8CT:OIO ' l1 I IIO-B>l;zJ;l1MOMY' ITOXOJKa Ha COOTB6TCTBYIOU\YIO o6JiaCT:o 

;z\Jlff a,1\pOIU!hlX np01-1eccoB. 06JiaCT:O rvfn. Qe COOTB8TCTBY8T B>:pTY8JI:OiiO­

MY ~-oToH.Y ( 0611acT:o ¢1par1.1e.t1Tal.\Hl1 Bl1pTyaJI:oHoro itoTOHa). i:l!.i:eHHO 

3,ll8 Ch ,llOJ!lEHO npORBJIRT:OCR, eCJIH OHO e CT:O , p:JSlW-! 1ie !.!8ll£,ZJ;Y <me TO 

a;zi;po:~Hb!Ml1 rrpoueccaMH u npol.\eccau\! rny601i0ro sJie r:Tpo ( Hel1 Tp;rnc )-

pOlK,Ii;8HllRo 

KoHetIHO, ~CT:& er~e, 1w1c B o6brl!Hb!X ;rpoueccax, o6JiacT:& ljlparMeH-

·Tal..\lrn i.rnmeurt - rrpoToHa. 

,lHc.!.t..11 CJlOB2Ml1, pac npe;11elI8Hl16 no ~ l(Jlfl 3Jl8 '\Tp0p0ll(,ll8Hl1E B~rr-

JIH,llHT TaK: 

dtJ 
dH 

'OM11C~I L/eHmjXMoN'1"1J Oo11ocm1:> 
I ot!.nacm6 1 <PpctMtHmcl./1.111 

(n.17 cYmo) I r:pomoHc:t 

enw I- e"Qe· 

~JlH .11BY'l8Hl1H KOH6l!Hb!X COCT0f!Hl1~ B 3Jl8KTpOpO~,ll8Hl1H paCCMOTpl1M 

l1HKJII03l1BHYIO peaKl.\HIO, 11306pa~eHHYIO Ha ;1111arpaMMe: 

p 
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o,i.\e cJ> P-r 
1 

E 1 . - 11eTh!pexmrnyn:r,c 11 ;:rneprllH Bhl;lleneHHoro a.z1poHa • 

1me;11e14 x. 1 = p. R = ~· -:seJI1111m1y, 1wTopaH :s Jia6.cHcTeMe ecT:o 
P·'Y v 

;l(Q]!fl SHCprvlll c v -KBLlliTf:I, YHOC11M3fl 3,llPOHOM. JlerKO 1ll1,ll6 Tl>' '!TO 

'.X 1 Bbipa:-::aeTGIT qepe 3 JIOJ!ll,YIQ ),l(JCCJ .ricex: 8,i!,pOHOB 'XI l1 Macey 

HeH8U'IKi.';Ll'1MLlX a,llpOHOB .J.J. .... , ; 
, ~I ~ 

'.)::.1 = ·I .,U I 'XI • 
, 

1 
2 ? oo<: 

.3:tJe;l!:o'M •ramice rrapaMeTp ~ .: JJ ( 1 - x 1) = _Q_ .1J. ~ _v{..( __ 
a a 1 m·' m<- ')(/2. (w-1)m'' 

.3en:.i•H;!la 2 -1= IX/ m ~ ;irpf:ltl'J l '•JI J, J(CIG:l!Iyca J I'll8 B t -Kal!BJW' 
I J.f-2 Q<> 

COOTB8TCTBGHHO }.\HarpaMMe: 
l'I\ 

R 

,,, J11 
noaTOMY .lll1fl 2 << 1 Mh! 11Meow 111 :11 "·: 11011:i1111n rrp11Me.t111T:o peP-. .. nc1cy~1 

f ~ .. 
K8pT1:ey 11 ,l(Jlff Q :::.;:. m .li,Y/\i!M ')'<lll1;pr. ITOCTeneHHO yBeJH1'll1BllTJ. 

:2 ,llO e;lll1Hl1!.\b! t T. e. OT}.\Un ll'rlo 
2 I r 1 11·1· I.~~·&eeM: l,>::> 1, Q >>m 

-a.11ec:r, pe}.\lite:scKaH KapT11Ha 1111 11111n111111'1', 11 c·1,.;oe BpeMfi arreJI1111po11wri. 

r. napTOHaM. Ho Y.8K MOl!l:HO RIHJU'l'K LIX J···:•.YIU!Uil 06pasoM?,Ul1arpa1aa 

M 
t If' 

__ Jr 
p 

"' IP 

•· 
' 

/t 
~ 

.J12 

r;zi;e r- osHaqaeT napTOH npH Ku111111111a ·x. 1 , He Ol!eH:o pal3YMHa, 

H60 ecml Jilli 110Cl!11T86M Macey DHIJ'r,Yltlllolllll'() mipTOHa-t=(P,-g.)
2

• 

.. (€. -.v) a= "V 2 
( :x:: 

1 
_ 1) 2>::> m 

1 
, ·1·u 111111 1111 a :iwBaeTCH ol!eH:o 6on:&woit, 
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"T"r I 

H ~To He (:~1:)TBe11 c:r-::.;j'eI /;.) .. :··1 ·.:.o/~:..~.-u.'. ~IL .l _;nop ::aTOJ.!.\ !o :.~: f1:. : ... ..., ·.12--

JU! ,I(O Cl1X no;;' 

l1,ll;I!3!\(J !~~C'LJ BO~J;J,(1 .. ~~'.C).~·.: .• :1 ~J:lE'T:h · .. (::!J~i~U .:.d:J-.:'''.v; ... J'.bHU·;r~}i IIal/i.'U.:iu ~ 

-..• l':U'l'D!J~E~ l· :JG~,::.:.JJl,r:JL:.,.:'.i I_;'.:" ri;j! ~ ··.!..,,.; , Ji T1 ( , . · ;;1. ,. tcs: , ·~ ,., 

li;J!.1 .. f~i\3 C.Z{-il :.~~: .. ~.11·~ ;;T· .. ".'..'·)1{'..i H:.J.·\1 r-·:.T-:-, :.1_ .. '.,.<!1· 

'.:l,l(pG!lOB ( v~.: .,L;l"I8l1pt:i!.:;.:Y) ~ 'J 
... ~ ' ... ' 

")I 
'\,.''\~-· ... .~. --(~~ !~, 

';j ::-1~ .. ·'):·:,);_. ~., - - :\..,.·.!·: ~·. 

. " 
:·~ ;. -~ \ :'~~ t 

2 =- Ojm.'/1 - ·:::) 

I ··i. 
! I 
! .-- 7"' 

.. -"'·''')";::~:_·~-
1") ,· 

Pc 
,.~ ._ ... :. r:~~c::-

!.:r: '_;. :!.~)~ .if.:')~'· 

~:;:;JL .. :~~l, ·~· j;_,: \~·J1 1) ,,i_!i·~,, J.:: ·.· .. '.~~ J~-i=./.t".Y,:. 

}Jl.1 :! ().'..,•,; ~-:~J1:1·,'.::. 

J rv-::J . .-S.')·1_':1·.1:. ::: ii~f 1 ·~:u_,_ .. , ~.J:~Ol1 J-:.'...:ii'l.'.: 

j;. ·-,~--~~:· '.\l'~··· ~; ~ ••:··11• 
J:"• •• :r:: r__;'I' ~~!.l,. .. ;. ,: ,! .... j~~ ~t ''\'!1 

''.J _L,_.J.~ 1 :.r::_;li~i:, .. iJ,,~~-'. ·.,·-~rf~''.1J; -~()/~!:/J' rT_,_:,~:_: 

·" v;. 

•) !/ 

-~ ~:· c: ·.!.' ... r L\ : : ~.: 

-·~··, ..... ~c·::~!::.:.:'L :~·.1]:. 

• 1) lf 1 i..~ -~;.' ; : .:; r: ._:-1. 

r. I. -~ • : '. (, I_!.' (: : ;::• 

··:_:E .".LJ1 :,1: .. :.() '); .. 

-~-·, :_1.~·r~en·, 

.',!dO l!'J. •.LCEU) •Pt:.:c ·~ ).'.() ili~ ~WC :JJ~~l;l ~:_, '· \ <~:,.;· ~: _ """,, "' '-., ;-,~-r.i{}i5l, 
-<~;:·, 1 i1EG E .. ~G(:ij; ;.i3r,;cy .. J.J.. 1 ::: \'j.,; l ·, ·- X:) ~ \/./ ~1: i~- / ~\l ·_-:.,-n (w-i r~ ~ r.:l ·~c:....: 

8Ta I'P~'nna COOT!leCT~8Y8T •;;par·:.:CHTiJL\JiEI[ :.rnllJeHll, 0 J;OTOpou; MIJ J?..ll 

r 0EopVIm1, i.iHOJKrJ cTlie;rnocT:& s TVIX qa cTm~ u;zi:poHHOllO,l.(061rn, n nopHl(E<l 
- a e s 
na IV Ca en. l.e1 "'Ca rt w ;:::;-. c<! eri. oa • l1lHOJKOCTBOl!HOCT:& qac-

TVII.\ VIS wpar1J8HT8L\Vll'I cj)OTO!liJ nopH,Z\)ta nj "'C1 Cn. Q2
/m 2 ' T3K 

llTO IT0:7IH8H .MHOllt8CTB8HHOCT:& fi. = rt
1 

+ rlz"' en.$ B COOTB8TCT-
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BHH c TeM, qTo 6~no nonylleHo Ha ocHOBaHHH o6mHx coo6pallteHH~. 

TaKHM o6pasou, KapTHHa pacnpe~eneHHH no paID'!~HTH npH.MepHo BhlI'­

JUI'AVIT C:IIS'AY!OlllVIU o6pasou: 

dN 
dy ..llpa11t:11m6#dHff ! 

0~/ldCm• 

tjJpo~n111mt1tJV/I 

rv 

e17c.)--+ ---· en q%,, 1 ~I 
¢!'o~Mr#m'1WI rp1;m()f/ft 

L1HTepecHblli BOrrpoc COCTOVJT I TOM, GOTL H:IIVJ HeT rrpOBSJI uez;zcr .Ill!Yll.R 

Bhl~eneHHDIMH o6JiaCTHUl4 (:SHpKIH 111 IWJJSO T 3TOT npoBaJI II ~ofe 

fta.~merd:a.ti.o n. 11
) • EcJIM HI rp,YllflLI Bbl,Z\eJISHhl VI He BSaVJMO'AettoT-

BYJOT ue~y co6oM (Mhl yze ro1op1r1.11M, wru o6paTHoe He TaK rrpooTo 

c~enaT:& B MO'A0:7IH c KOPOTK/olUK KOJlJJGllllU11111ll1; CM.KOHS~ III Jl6K~V!H),TO 

y BepXHeii rpymlhl, ecmI napTOIGI IUlftlllT ICllUIJKOBhle CBOHCTBS' ~OJIZeH 

6blT:& 'AP06HhlH sapa:~. 0'AHSKO' llW ,YID 1'0110 PHJI!I TSM lite' He T HVIKSKOtt 

Heo6XO'AHMOCTH Ha;n;eJifIT:& napTOKW KllJllCUn1A11r1 CBO~CTBSMH. 

IToJiesHo paccuoTpeT:& :eoe 110 o 11"111111111o1cu ~pyrott TOllKVI speHH.R 

(BepHee, KapTHHlil). CJite'AYH ~eitx11111,y ( uu .01•0 HOBYIO HHHry "Pho fol'\. 
Hadwn Jnteta.dtons 11

1 1»'11) , 11110AeM CVIGTeMY, B KOTOpott 

qeTblpeXV!MITYJI:&Chl IIPOTOHS H IKP'l.YIUMOl'll 111u•r0Ha CYT:& COOTBeTC TB8HHO 

M~ - ) . - ) ~ = ( P.. ~ p + 2 p I 0' - p , ~I'· It" 0 I 0 I h .. 

L1s cooTH0111eHHH v=P·q,/M 11 c.). lr"fv 
~.· 
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uJie,zJ;yeT, llTo 9,t2x P. 
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~ 

,lJ.o CTOlIIUIOBeH!i!H Uhi 11M86M T8KYID lCi:lpTMHY ( a ) ( CJieBa liarrpaBO 11,Z\CT 

B!i!pTyaJI:OHb!H ~OTOH): 
I 

2x P 
~ ¥ 

d) 
- eti.2P 

dN 
d:J 

~) 

() y 

Pacnpe.21ene HHe napTOHOB B npocTpaHCTBe panvr,l\HTl1, !(BK OClhl'tl'HO' O,l(­

HOPO'AHO (KOpOTKHe KOppeJIH~H) l1 HM66T M6CTO IlJlaTO OT - en(cP}\ 
.itO HYJ!R C g ) • 

CT01IKHOBeHHe. ~OTOH " Bbl6l'lpaeT 11 napToH c npo.2101r:&HLIM mmy11:r,-

coM - x P (CM. TaK:ate paccyl!t,Zlelllie :so IT n:em~1111, noc1Ie (2. 7)), 

rrepe,Z\aeT eMy cl!o.li npo.zi;oJI:&Hliii HMnyn:r,c 2 X' P ( l1MilY1I:&O no Be1IvrtrnHe 

He .l\O.llllteH H3M6HffT:&C.fl; lU.!nyl!:&eHOe np116miJKeHne ! ) • IlapTOH' Il01IYtIHl! 

TOJil.lOK' M6HiiM' HanpaBJle 1n1e. l1MeeM T8RYJO ltaPTHHY ( a • 6 ) : 
dtl 

~-J. ~-xJP 
:Xf 

a) 

d':J t 

c_ ~ L1 
0 y 

- t • .EP I en "'1' 

~) 
Bos6yz;n;eHHOe COCTOHHHe nepeXO,l\HT B P8l!HOB6CH06 COCTOHHHe. ITpo:san 

no panH,l\HTH IlOCTeneHHO MOJli6T 38Il0JlHHT:OCH, H.MOX6T BOSHHKHYT:O HO­

BOe Il1!8TO OT - en 2 p .2\0 ~n.X p • :Sy,lle T .lIH OHO rJI8,l\K06, 6es npo-
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aaJio:s ~mH HeT - ,He irnHo. q,oUHuau cti:u;raeT, tITo 6y1wr. Ha .i:te;rie , 

K8K Mhl l!H,lUiM, ecT:o Cion:oman potl!IOCU CliOpOCTeit y .ztBy:x rpynn ' H 
I 

BS8HMO;,lle.licTBH6 Mew HHMH e,ltlJtl Jll1 6y,ileT sQJ\ileXTH:BHO np.lf:B0,14lllU K 

PSBHOMepHo:uy sarronH6HHD. ECJIM XO OTO TaK, TO nonyqaeu K8PTMHy: 

-
(1-:cJP 

• tn2P 

~ 
a) 

0 

~) 

d.l'I 
d!J 

e11.xP 
y 

I 
Tenep:r:. H6TPY.llHO 1I01Iy1rnu 11ex11u11 t r ·• HHHrHJIHitlf.i! JI a;llpOHH :e 

:aTol K8PTHHe. OH COCTOHT JI pOll,lllMM Tn1nnw11 upeueHM-IlO;ll06:!11iK \POTO­

HOK II8pTOH-8HTHIIapTOHHOA ll8Jll 0 o••••o J*DAuneB~HIO! P8IlH.JlHTH JI 

;c ·lt·M~. c nocne,llYIOIJIHM pacll8~011 n1ptOH ( lll'rlllllll PTOHa) HS KOH6llHii6 

'MPOHH, KOTOPl\16 MOl'YT' . JI llPHIUllll, .. tllllMM'l'r. 1106 ,llOC!rYilHOe npoc­

:TPSHCTBO paIIH;n;HTH. Huee11 TSKHI HOOllAUllTtll •Ht.10 KSPT.ilJW:: 
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I 

if01 i.W 
Cl) 

-~--[ 
c) 

J 
gtJ. 
dY 

• if11CJI O I f>) 
1 

dtJ i "3V_ 

f 
' +;e"'f.' 

.0.1 ~· 
d) 

+ -Ecm1 HeT STOI'O aano21HeHHH t TO m.i:eeM ;zi;:syx.nHllH6Bym KSPTHHY B e e 

SHHHI'H.lIHitJW, KOTOPYIO oqeH:& HHTepecHO Ha6mo;ztaTD axcnepHM6HT8.lIDHO. 

B;zi;e CD eme 6ol!ee, qeu :s ep -cTonxHo:seHHH, aTo aanonHeHze ua:.no­

BepoHTHo, TSK KaK napTOHli H SHTHnapTOHH ;ztB.iflltYTCH :B npOTHBOllO.lIOJICHQ( 

Harrpa:sneHHH co CKOPOCTDIO c:seTa, OT;zteneHH SHaqHT6.lIDHO no panH­

;ztHTH H, ecnH HeT ;ztlIHHHblX KOppenHwi~. TO He :BSSHMO;zteMCTBYfilT ue~ 

co6o~. B rrpoqecce pacna;zi;a rrapTOHO:s o6paaymTCH ue;zi;neHHHe qacTH~, 

KOTOpHe MOI'YT rrpHB6CTH K 3Sll0l!H6HHIO Il.lISTO. O;ztHSKO :speMH, :B Teqe­

HHe KOTOporo napTOHH KSCKa;ztHPYIOT ;zi;o STHX Me;zi;.neH~X qacTH~ rropa;zi;­

KS J"Q,?' (i!opeHqe:scKaH ;ztH.llaTaqHa BpeueHH). CTa.no 6HTD, STH qac­

TM~ HSXO;ztHTCH Ha paCCTOHHHH ~ ;zi;pyr OT ;zi;pyra, H He MOI'YT 

:ssaH11:o;zi;eMcT:BOBSTD Me:z;zi;y co6oM. TaKHM 06paso11:,;zi;:syx.nH:sHe:saa napTHH 

. B e+e- - SHHHI'H.lIH~H OtieHD npa:s;zi;ono;zi;o6Ha, H ee OTCYTCTlHie YK83Ii­

BS.lIO 6H HS npOH:B.lleHHB ;zt.lIHHHblX KOppe.nai:tIDl. 

MOUO c;zi;enaTJ, 61116 O;ltHH :BH:BO;zt, 6CJIH BCllOllHHTD CK888HH06 0 W!O­

lKeCT:B6HHOCTHX ;ztllYX rpynn B ep - BSaHMO;zteMcT:BHH. Koa<Ii<IiH~eHT C1 
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B BHpazeHHH ;lt.llfl MHOEeCT:B6HHOCTH t'l.1 ;zi;onzeH pa:BHHTLCS ROs<Ii«PHUHeH­

'!Y :s MHOEeCTBeHHOCTH B PP -cTO.lIKHOBeHHH. Koa<Ii<IiHUHeH Ca :e cooT­

:eeTcTBHH c TeM, tITO HMeeT M6CTO <llP8I'M6HT8~HH napTOHa, ;ltOJIJKeH 6HTD 

CBH3SH C MHOlK6CT:B6HHOCTDIO B e 1'e' - SHHHI'HJ!HUHH. 

TaKOBH, B OCHO:BHOM, rrpe;ztCTB:B.lleHHH napTOHHoa MO;ztenH, ee c.ne;zi;­

CT:BHH H npe;ztCKa3aHHH. MH He K8CSJIHCL OtI6HL :BaJICHOM H HHTepeCHO~ 

-06JISCTH r.ny60KOI'O HeMTpHHOPOllt,ZteHHH, r;zi;e STS MO;zte.lIL TSRJ!Ce xopomo 

pa60T86T H npe;ztCK83Iim86T MHOI'O HHTepecHoro. 

MHe 6H XOTe.lIOCD 38K.lIIOtIHTD TOM lKe aHa.norzea, c KOTopoa llH Haqa­

.lIH - 8H8.lIOI'Hel Mellt,1{y IlPOTOHSMH H CBHSiHHOi Hepe.lIHTHBHCTCKOi CHC­

Te110M (H;zi;po ' STOM). IlO:BO;ztOM ;zt.lIH STOI'O IlOCJIYZH.na 38M6TK8 Jtpe.n.na 

c coa:BTopou ll TeTpa;zi;x Pli~3.i.ccie Review ;teHn:s , :BliJIJe;zi;mel'l: 

llO Bpeua tIT6HHH STOI'O Kypca xeK~a. ABTOPH HCXO;ztHT HS Hepex.aTH:e~­

CTCKOM aHa.lIOI'HH, Ha KOTOpoM ~ no;zi;po6HO OCTaHaB.lIHBa.lIHCL :B I .neK­

UHH. B KOHUe I .lI6KqHH 6bl.JIO 0TM6tI6HO, q!o cxeM.lIHHI' Ha H;ztpe HS 

HMeeT M6CT8 no )tBYM IlpHtI~Hau: 

Io llPH Tex ~~ ' ;zt.lIH KOTOPHX HSCTynaeT pexma: H6KOI'epeHTHOC­

TH, ya:e H8tIHH86T CYl!l6CTB6HJIYll pox:r. HrpaT:r. pOllt,ZteHHe jj. (f) - Me­

SOHOB - K:BBHTOll, KOTOJlH6 CBH3Hll81!1T HYK.lIOHH B H;zi;pe; 

2. 5TH Jire K:B8HTH Ollpe).le.llmoT CTPYRTYPY HyKXOHa, T.e. ero wop11-

<IiaKTOP F ( Q2
) , KOTOpHM llpH TSKHX Q~ YJKe CYl!l6CT:BeH H llpH:BO­

'AHT x HapymeHHI> cxel'l:xnHra. 

~Bh!MH C.lIOBSMH, CKel.nHHI' HaqHHaeT HapymaT:LCH paHJime, tieM OH 

MOr 6W HK6T:L M6CTO, H60 IlpH T6X Qa , npH KOTOpHX HKee! M6CTO 

:BexorepeH!Hoe B88HllO).lelcT:eHe axexTpOH8 (BHpTya.n:r.HOI'O· <llOTOHa) 0 

"cocT8B.lIHllllPUU! H;ztpa - HYK.lIQH8MH, axeKTPOH "npo6yeT" CTPYKTypy S!HX 

COCTBBXHl!llllHX, onpe).le.lIHeMym 3i' -H p -M830HS:tm. 
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Ho ecm1 npH)lepJKll!BaT:&eH aHaJIOI'.1'1.1'1 H 11cxo.z:111T:& H3 qiaKTa cKelt1nIHra 

B r;ny60KOM 3JieKTPOPOJit,ZJ;eHHl1 Ha IiYKJIOHe' TO Ha H3b!Ke napTOHHOM MO­

,ZJ;e1111 3TO oaHa1JaeT, ttTO .l'lcnon::r,ayeMble Ha .SL AC -e aHepr1111 He,ZJ;ocTa­

TOttHbl ,ZJ;JIH Toro, ttT06H Ha111YnaT:& cTpyKTYPY napToHOB H o6paaoBaT:& 

Te KBaHTbl, KOTOpb!e, B03MO~HO, CBH3b!B8IDT napTOHbl BHYTPH HYKJIOHOB 

(I'JIIDOHl>I). MHb!MH CJIOB8M.l'I, I'JIIDOHbl Otte~ TH~6Jible, 11 3TO HBJIH6TCH 

npHIJHHO~ cKeMJIHHra, Ha6Jim,ZJ;aeuoro cero,ZJ;HH B aJ1eKTpopolE,ZleH11H. Macca 

HX onpe,Zl;6JIH6T MSCmTa6bl HOBlilX WH3H1JeCKHX HBJieHHA B MHKPOM.l'lpe, l1 

npH T8KHX Q2 
MH ,Zl;OJilltHbl 6y,ZJ;eM YBH,ZJ;eT:& HapymeHHe CK6HJIHHI'a,cBH-

38HHOro c BTOpJKeHHeu B CTPYKTYPY napTOHOB. 

KaKHe ecT:& HaMeKH H yKaaaH11H ,ZJ;JIH TaKo~ B03MOJKHOCTH (He e,ZJ;HH­

CTBeHHoM ' KOH61JHOI) • .llpeJIJI BCilOMl1HaeT, IJTO 3H8M6H.l'IT8H ,Zl;HITOJI:&H8H 

wopuy;na ,Zl;JIH 3JieKTPOMSI'HHTHOI'O WOPM-tliaKTOpa npoTOHa Ha ,ZJ;eJ!e BblnOJ!­

HH6TCH He oqeH:& xopomo ,ZJ;JIH 6on:&m.l'lx Q2 
• B ttaCTHOCTH, 3HKHKH .I'! 

Maccax YTBe~amT, '!TO nyqme onHCHBaeT ,ZJ;aHH!ile no ynpyrouy ep -
-pacceHHmo Bb!pallteH.l'le 

F (0 2J = (1+Q 2/o.11r 2 
( 1- Q

2/MG2
}, 

r,ZJ;e MG ~ IO rsB. ( MG = 7. 7 :1: I. I rsB) • EcJIH yqecT:&, ttTO 
. 2 

Q2 
B Oilb!Tax ropaa,ZJ;o MeH:&me, qeu M G To F ( Q j Mouo aa-

l!HCaT:& B BH,ZJ;e: 

ilunoiti.H· 

F(Q 2
) == F (02

) F~ (Q 2
), 

a a 
Ma<< Q <<MG J 

2 ~ Q2 
Fe: (Q J = AL~ ~ 1- -H2 

Ma G 
6 

SaueTHM, '!TO TaKaH tliaKTOpHsa~HH - npHMSH aHaJIOI'HH c H,ZJ;eplWM cny-

qaeM. BeJIHIJHHa MG,i ~ 2.ro-15 CM l! aTou cxyqae osHaqana dli! Ho­

Bym ,Zl;JIHHY B 8,Zl;POHHOA ~HSHKB (pasuep napTOHa ?I). 
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BTopotl H8M6K MOlf.HO ;ycMOTpeTD npn lltellamrn B ,Zl;<:JHHhIX no I'JIY60KO-

MY SJie KTPOPOJK,Zl;e JH!JO ,Zl;llH Q 
2 

B l!HTeplJalle OT I' 5 ,Zl;O IO raB
2 

,](llH 

KOTOPb!X TOJI:bKO 11 paa'AeJiffIDTCH v Wz lll \V1 • ;l\Jlff (,) = 2 v W2 

rra.zi:aeT OT Q 
2 

=I' 5 ,1{0 IO raB
2 ' 11 STO MOlKHO yqe CT:& T8K 

v Wa (w, Q2
) = J2 (w)(1- ~~

2

) 1 
G-

a 
r;n;e M6 = (luO :!: 50 ) raB

2 

11pnB,Zl;8' H8;z\O ..l'IMeT:& B Bn,Zl;y' IITO ,Zl;JI.fl 0Il.l'IC8Hll!H STOI'O QiaKTa MOJKHO 

rrpe,Zl;JIOlKll!T:& lll ,Zl;pyroe OCl'.IiHCH6HH6, Kalt STO ,lleJiaIDT .6JIIOM l1 r.l'IJIMaH. 
I M2 

Eclll! roBOpl!T:& Ha H3b!Ke BBe,Zl;eHHOLi mm rrepeMeHHOM GJ =CJ+ Q2 

TO STO YM6Hblllemie \) W2 MOJKHO 06'.Iif!CHl1T:& T6M 1 l.!TO 8,Zl;6HBaTHOLi nepe­

M6HHOM HBll.fi6TCff He w ' a w I • 0,Zl;H8RO MelK,Zl;Y 3T.1'1Ml'I .l\BYMH 00'.IiHC-
2 

HeHllHMH JilM61tTCfI p83Jlllttll6: c pOCTOM Q (HJil1 CV ) siJ)iJ.leKT ,Zl;OJI-

lK6H Jilcl.!esHyT:i;, e cJI11 cnpaBe,Zl;JI.l'IBO o6'bflCHoHwe BJIJOMa vi rHJIMaHa. 

Hao6opoT, tteM 60JII>!lle 0 2 
' TeM HBHee ,Zl;OJ!lKHO 6b1T:& yMeH:&lll6HVI6 110 

;J.pe:imy. 

CKasa1rnoe osHaqaeT, ttTO y'!'l.e npH QZ. = 20 ra:a2 Mb! ,llOlllltHW 

YBH)leT:& HBHO Hapyllle m'le CK6i1llHHra' e C:IIl1 cnpaBe;n;mrna lWHJ:~em:~HH 

]{pe1111a. 

Ha STOLi KOHu;em-11111 BblTeKaJOT IilHTe peCHble ,Zl;JIH 3.KcnepvrMeHTa CJ!6;z(-

CTBHH. ~ 
t . Ma a M 

I. CeqeH.l'!e e e - -aHHHI'lllJIH~H B a,Zl;pOHb! B ll!HTe p:aane <..:q,. << C7 

,1{8JKe 6y,11eT paCTlll: 

Ge~e- 'V ~a ( 1 + C. q/j M &
2 

) 

2. AHaJIOI'HllHO cetteHHe polK,11eH11H ~ut.}'- -napbl B 

B6Hllllll 6ylJ.eT paCTlll B STOM lllHTepBaJie M8CCbl nenTOHOB 

d6 -=- .!i. 3iol.i j:° ( q.2/s) ( 1+24/' M2G) 
cl~a 3 ci,~ 
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pp -CTOJII\HO­

~ a 
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Kpoue Toro, ll He~TPMHopoJ!(,ZleHMH 0APOHOll Miil ,ll;OJI)J[Hh! HM6Tb CKaqoK 

ceqeHHH Ha rropore poll[,ll;eHHE rnIDOHOll c Macco~. f1G 

MOllCHO cnexym•!POllaT:& ABJibUl6 .If Cllff3h!ll0T:& POOT ITOJIHoro pp -ce-

qeHHH M rrolle,11;eHMe ,ceqeH.im rrpM 6onbUIMX PT 
, 0 KOTOPOM MM rOllO-

PMJIH, c o6paSOll0HH6M jlf ll0CJI6AYID~HM pacrraAOM STMX HOllb!X rHllOTeTH­

qecKHX o6~6KTOll. TaK HJIH HHaqe ' 6CJIJ1 STH o6~eKTh! cy~eCTllYIDT, 
TO, y:B6JIMQ.lfll8H SHeprMM H Qa 

' Mh! MMeeM ll03MO~H0CT» llCTYIIMTb ll 

06JI8CT» HOllblX ~M3MQ6CKHX ffBJI6HHU, ll 06JiaCT» HOllOro M0CU!Ta6a 

npocTpaHCTll6HHO-llpeMeHHh!X C06h!TH~. 
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Pe,11;axTop JI.11 •• ~yKaHH 
:Jaxaa 0508 Bell-0345'7 · Twpall[ 600 

Ilo;z:urMcaHo K rreqaTH I0/12-'73r. ~opuaT H3,ll;aHHff 30 x 40 
3,5 yq.14.U,,J, Ii.. 25 K. 
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