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I. Ba eneHHe 

K aK uasecTao, onTH'leCKRA uoTeHnHan IIJJOTOHOB He pnaeH rrpocTo cyMM~ neHTpoH-

HOrO H KynOHOBCKOro IT OT9 H UH81l0B 1 0 t{eM MO>KHO 38Kil10tf.HTb
1 

dlHipHMep, no 9HepraH OT

neneHI!H npOTORB. Do3TOMy npn <jl8HOM8l!OnOf'li"!8CKOM BOA X OJle OJlJ!OBpeMeHR O C JlOOBBne-

HH9M KyliOHOBCKOf'O nOJ1Sl npOTOHHbll1 flOTeHUH 8ll Bbi6H:p&eTCH 60.'199 rny60KUM, qeM HetfTpOH

Hbli!/1/. 00bl'!HO nonara;oT , 'ITO 3T8 PB3HI!U8 OOycnoanena TOIJbJ<O M8>KHyKIJOilHblMJi HJlep-

HblMH CHJ18MH , XOTSI 3TO YTBep>K.ll9HUe 9lll9 H9nb3SI CqHT8Tb JlOCTllTQqHQ 060CHOB81fHbiM. C 

Jlpyrott CT OpOHbi, acer.na a smRoA HllH HeqanoM cPopMe npe.nnonaraeT cSI, qTo H.llepHhro cunb! 

OTBeTCTBeHabi aa B03HHKHOBenue cpeaHero llll.epaoro nons:r, a y'lteT KynoaoacKoro B38«Mo-

neliCTBH!l npoBOJlBTCH He3aBHCIIMO n npn6nu>KeHHU XapTpn-<l>oKa. B ueiiCTBHTenbHOCTI! ""' 

HIITep¢epei-U.tll5f R,O,eprrbti. H KYilOUOBCKUX CJfll MO>i\eT H3MCHHTb 3¢~JleKTHDHOO DOlle HyKJlOHOB, 

T eM 6onee '-ITO KOppeiiHTHBHOe B38HMO.Q8i!CTEHte B SlD.pG l1CIIb3H Cl.IHT£1Th cna6hiM. 

B J-tacTosmlei1 paGoT<? pttccMaTptHH-lOTcsr norrpoc o ann HHHH KoppClliSTTHlHIJ:.lX n.UG!JHbiX 

CHJl aa KynouoncKoe none tryKnouou a cpe.nwfx H T~PKenLrx ~Jlpt1x. IlpH aTOM no Kynoaon

CKOMY B.:JaHMo.aeHcTBH!o, ytf.HTbroas-r ero ;taiihHOJJ.eticrayJOuufii X.'lpaK-rep, MO>Kno orpnHiftUITb

csr HR3lllHM npHf5JTH)Kei-£HeM I a anem-1.1:1e naepnhiX cnn yl.feCTh B paMI\ax TCOpHH cflepMM-.1!\HHKo

cTu. noKll3BHO, l.fTO BHYTPH smpo KOppellSlTHBHble Clllll..l MC >:.ny liYJ\ilOHUMH YM8HbWlHOT ~:njr
q~KTURHOe KynoaoscKoe none ltl1S1 npoTOHOB 1 HO n To JJ<e npeMH rrosmn.HeTCH KynouoaCKBSJ 

ll.068BKll K Cpe.nHeMy ITOllJO HeJ.i:TpOHOB. 0K83LlB8 f:TCH, l.fTO tiiCllOMeHOJlOf'J.-1\.feCKlH:I pa3HUltC1 

Me>Kay npOTOH Hhi M H UeH T pOHHbiM fiOTeiiU H81I8MU B OCHOBHOM 06bHCHSieTCS1 HHT8p!h~pen-

OHeil Slll9pHoro H KynoHOBCKOrO B38fiMOaeiiCTDHi1 . 

2. 0CHOBHbl8 COOTHOlli8HHH 

8 npeaCTBBneHKH BT OpUq Horo KBBHTOB8HHS1 38IIHllleM JIOJIHbii.f r&MHJlbT OIIHBH CHCT8Mbl 

H YKIIOH OB B BHAe CYMMbi: 

II= liN + H'
0 

• 

( 1) 
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3A9Cb H N - raMBJibTOHIISH CB060AHOrO ABH>K9HBst RyKnOBOB R BX stAepaoro B3BIIMOAeliCTBHst, 

H ~ - raMHIIbTOHIIaH KynoaoscKoro B3aiiMOAellcTBB st nparoaos: 

H'
0 

= -
2
1 f dxdx'o/ (x).P (x') v (xx') 'I' (x') 'I' (x). 

p p Q p p 
(2) 

rAe X o6oaaa~aeT COBOKynaOCTb npocTpaaCTB9HHWX (7) II cnHROBWX (a) KOOPAHHST 

JIYK110HOB1 'I' p (x) B 'I'P(x)- onepaTOphl pO>KA9HHSI II yHB~TO>K9HHSI npOTOHOB { dx ~ ~ fdf*, 

v
0

(xx')=e 2 /17 -r+' l. 

npeAnono>KBM Tenepb, ~TO RAM 113B9CTHB tjlyHKilHH I 0 > 

raMIIJibTOHBaRa HN : 

OCHOBROrO COCTORHBH 

HNI0>=•
0

IO > . (3) 

Bocn01n.aosaswucb 3 TIIM, a an11meM OAHO'ISCTII~Rwe <jlyRKilllll fpHRa nnst ael!Tpoaos 

(i • n) II npOTOHOB (i- p) B c neAyto!ll9M BRile /
2

/ 

G
1 

(12 ) •-1 
< 01 T('P, (1)q; 1 (2)59(~ ))I 0> 

< Ois
0

(oo)IO> 

3A9Cb llB<jlpaMB 0603HB'l9HB COBOKyUHOCTb KOOpJUUIBT X " Bp9M9HH t 1 HBUpBMep, 

la(x ,t ) , 'V
1 

R '{I - onepBTOphl pO>KAI!RBst H yHII~TO>K9HHR ayKnOHOB, npll'l9M 
I I I 

iHNt l -J.HNtl 
'!1

1
(1)-e '1' 1 (x

1
)e 

(4) 

(5) 

S - MBTpllna no KynoHOBCKOMY B38RMOileliCTBII10 YA0Bn9TBOp119T 113B9CTH0MY ypaBH9HIIIO 

( S 0 ( t) e S0 ( t, -"' ) ) : 

"' S
0
(t)-l-i f drH'0 (T) S 0 (r), 

rAe 
..JHHT -IHNT- alrl 

H'0 (r)•e H'
0

e 

B nepaoM nopi!AKe no H' 
Q 

A nil 

a ~ Manast nono>KaTenbHBII senll'lllaa). 

G 1 6yAeM aMeTb: 

(6) 

G
1 

(12)-G
01 

(12)- Jdl'd2 'v (1'2')<0IT('I' (1)'1' (2)'1' (1')'1' (2')'1' (2')'1' (1')10 > 
Q l J. p ~ p p 

(7) 
rAe v (12)-S(t -t )v (x :r ),G (12)=-i<OIT('I' (l)W (2))10 > 

Q I 2 Q I 2 01 1 1 

nocKOJibKY: no QTHOW9HH10 K KynoHOBCKOMY B3811MOil l! liCTBII10 MPO llBnBeTC II CHllbHO 

C>K8TOll CIICT9MOil, TO OCHOBHOil BKnBA B (7) 6ynyT llSBBTb ~aCTII~HQ-AblpO~HWe nopeXOAbl 

B6nB3B nOBepXHOCTB <S>epMBo npeae6perast U03 TOMY Tp9X'<BCTII''!Rb!MH KOppenmtHstMII, B TSK>Ke 

ManWMII 06M9RHWMII 'IJI9H8MH 1 npeACTSBBM (7) npa6nB>K9HHO B BRAe: 

G 
1 

( 12)"" G 
0 1 

( 12) + f d1 ' ••• d4' v 
0 

(1' 2') G 
0 

P (22') G 
01 

P ( 13' 24 '), 
(8) 
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G {ll)mi<Oj~ (1) 1V (l)jO >•ip {x )(p -<lnOTIIOCTb 
0 I. i 1 01 I 01 -PO COpTa qeCTHU B OT-

C)'TCTBRA ttyJlOBOBCKOPO B3BHMOJlAIICT!IBH), G
011 

- AByxqaCTH'IBB<! <jlyHKUHH rpa!<a, ltOTOpyJO 
121 

Mbl llpAJlCTBBBM B BH)le 

H 

G 011 (1234)a<OjT(
1
V1 (1)

1
V1 (2)iii1 (3)'1'

1 
(4))j0>aG

01
(13)G 

0
,(24)-8

11 
G

01
(J!I)G

0

,(23)+ 

<l>yHI<UHH r(O) OllpAJlAIIHAT HAApHOe !<OppeJlliTBBHOe B3BI!MOAel!cTBHA 'IBCTHU 1J 

-ro copToa, BBOllH eepmaaHyJO 4>YIIKURJO 

( 0) (0 ) 

i -ro 

:J 1 (l23)a8 1PSq3) 1l(2,3)-i {dl'd2'G
0

P( ll') r
1
P {H' 32') G Op(? 'l), (10) 

nonyqaM BMACTO (8) cooTaoweaa e 

(rpa<jlsqecKI! (II) rrpencTaaneR o Ha p uc, 1}, Pa3naran Aanee MaTpuuy S 0 (~) a PHA no 

Jl' Q H CHOBB OCTBBI!SIP. TOJlbKO rmJBIIb!A 110 KyliOHOBCKOMy B3BIIMO!leficTBHIO '1Jl9Hb!
0 

liOJlY'lHM 

nnn <)JyHKUHH G1 ypaaHeHue: 

G, (12)=G 01 (12)+{dl',,, d4'G 01 (12')J
1 

( l'2'3 ')v
0

(1'4')p•(x' )G
1
(3'2). (12) 

3AACb Mb1 l!ApAlliJlH OT pOp K pABJlbHOH l!JlOTIIOCTH p (x) II OT J (O) - K BApWHH-

P 1 
HbiM <iJYHKUHRM ~ft , n KOTOpon;. ll01IHOC TblV Yt.tHTbiBfleTCSI H BK1I8Jl. KYIIOHOBCl<Oro B3aHMo-

llAACTBBH, TaKotl nepexoA nerKo ycMOTpeTb, ecna q>OpManbHO pa3no>l{HTb cj>yHKUBJO G 
1 

a 

Pll.1l H !10 !IAApHOMy H no KYIIOHOBCKOMy B3BHMOAeilcTBH!IM, rpa<jJH'IACKH ypaaaeaae ( 12) 
!1306pa >Keao Ha pac. 2 . 

!13 ypaal!ellan ( 12) cnenyer. 'ITO ao6naKa K MaccoaoMy onepllTopy, o6ycnoaneHIIB!I 

KyJIOHOBCKHM D3llHMOneliC T B JI9M, HMeeT BHll: 

( 13) 
JlOCKOllbKY Ml:tCCOBhlit onepaTop HenocpenCTB9HHbiM o5p830M CBS13BH C CllMOCOrJJBCOBBJHJbiM 

HO";i"Hfi\H8:-'0M 1 TO U3 (13) \..fO>KHO 38KJlJ(PlHTb, l.fTO 5narO.QBpSI KOppenst:TH B H blM CHnaM Kyno-

H05CKOe B31:tHMOJl9HCTBHe !ll1eT BKllB!l KBK B npOTOHUbiii, Tax: H B Hei1TpOHHbiJ1 fiOT9H!Ul8llbi . 

l.JT06LI KP11Ht.{9CTBCHHO OitemiTb 3TOT BKfiOll, rreo6xonHMO 06p8THTbCSJ K TipH5nHn<9HHbiM Me

Toa aM, ll0300I15UOJUHM onpe.Q9JIHTb B0pWHHHb19 ¢YHKUHU ::f 
1 

3, l!E!!6na>KeHHe TeOpRH cj>epMH-)J(RJlKOCTR 

KaK Mbl y >i<e OT~Ie'IBJlH, R3-3a CBOi!CTB KYllOHOBCKOPO B3Bl!MOnefic TB1!5! OCHOBHOi! BKIIHJl 

B MllCCOBh!il Ol!ClpATOp ( J3) DYll)'T l!BBl!Tb 'JBCTU'IliQ-JlhlpO'IHbie nepeXOJlLI B0llH31! liOBepXHO

CTH <l>epMH, rl09TOM)' B IIBIUeJl 3BJ1B'le Mbl MO>KAM BOCl!Ollb30BHTbC5! MeTOJlBMK, pll3pa6o-

TB!IHb!MH 8 TeCp>!l! KO!fA'IHb!X <jlepM>!-CHCTeM/
4 /, rJpH 9 T OM JlliH J l!Olly'II!M ypaBHAHH!I; 

1 
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:f (123)·8 8(1,3)8(2, 4)-i I fdl' ... d4':f (12'3')G (3'l')G1(4'2')F (1'2 4'3)(1 4) 
l 1, p J J J J l 

rAe F 
11 

- cjlyHKUBII, KOTopyiO y JKe senh3SI paaiSan. sa ABe 'lACTa, c oeAaHeBBhle ABYMII naRHli

MH G 
1 

• BISnaaa noaepxHOCTH <l>epMB nonO)I(BM: 

F
11 

(1234)=t,
1 

(r
2

)8 Cf
1
-?

2 
)8(t 

1
-t

2
) 8(1,3)8(2,4). (15) 

3neCh f
11 

- HMnnHTyAa paCCal!HRII KB83H 'l8CTDU B TeOpRH cjlepMB-lKHAKOCTD. noACTBBnRSI 

( 15) a (14). Cp83Y y6alKAB9MCII D TOM, 'ITO: 

1 . (123)=8(2,3)~. ( 1 2) ~8 ( 2,3)f~~ 1(x 1 x 2w)~iw!tt- t 2 l. 
1 1 277 

(16) 

!13 Bb1pHJKeHBII (13) AnSI M10 cnenyeT, 'lTO AnH Ramel! 38,[(8'lH AOCTBTO'IRO onpeAe-

11BTh 1
1

(x
1

x
2

w)npH w-0 • 11Ha'le roBopst, HBM Heo6xonRMO pelllHTh yp&aaeHHe (14) 

B CTBTH'I9CKOM npH611HlK9HBH H C Y'I9TOM (16). 3TO yp8BH9HR9 &MeeT BRA: 

~f 1 (xx'0)•81.P8(xx')-ii fll ( x')f ~; fdx"''J1 (xx"O)G1 (x'x"<)G 1(x"x'<). (17) 

npeACTSBHM Teneph OAH0'18CTH'tnY"<' ;jlyHKUHIO rpHH8 B BRAe: 

G1 (xx'd• If~ a </> A1 (x)</>;1 (x ' ) 

A 277 •-•A + ia C <• -• ) 1 A 1 API 
(18) 

rAe a - nepeHOpMRpOBO'IHbtl! MROlKHTanh (a < 1) </>A 
1 

( x) H c A 
1 

- co6cTae&Hble cjlyax-

UHH H C06CTB9HHbl9 3HaqeHHSl1 OttHCbiB8JOJlllle ,llBH>K9BBe KB83H'l8CTRil B C8MOCOr1laCOB8HBOM 

none, <AF" t - rpaRH'IRS!I aaepras <l>epMR. Bb1'lHCl1HM Teneph RRTerpan, sxonsmHll so &To-

poll qneH cnpasa s ypasHesua (17) : 

J(xx') = -i f ..'!LG (xx'c)G (x'x<)• 
2rr 1 1 

=a2 Af. </>AI (x)¢:, (x') </>A't (x')</>:.,(x) 
nAI-nA't 

'x,- •x·, (19) 

/ 4 ,5/ 
n A,- 'IHClla 38l1011 119Hl!R ). Cnenyll nanee pa6oTe H paanaral! pa3ROCTb nAt - nA't 

s p l!A n o < >.
1

- c A' 
1 

s6mt3 l! nosepXHOCTll <l>epMJI, nony'IHM 111111 <j>y HKURB J (xx') npH6na-

*9HHoe Bblp8)K 9HHC: 

J (xx') = -a 
dp 1 (x) , 
--- 8 ( x x ) ; (p ( x ) • I n A </> A ( x ) </> t ( x ) ) • 

d< F" I A I I I 
(20) 

nonCTSBlll!R (20) B (17), yMHOlKB>J (17) 88 pp v
0

a npOBOAII COOTBeTCTByiOmHe HRTerpapo

B8HHR, nony'IBM npOCTYIO Cl!CTe MY ypasHeaa fl AnSI KynoROBCKOll no6aBKR K MSCCOBOMY onepa-

ropy: 
M (12)=8(1,2)W (x ) 

1 0 1 0 I (21) 

6 
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I 

w' 0 1 
( x) - nOTeiDUlan a np111Sni•en• Xap'I'J)II: 

Q 

(O I · 
W 0 (x)• fdx' ·v0 (u') pP (x'). (22) 

nepexonll nanee 1< 6e3 pa3MeplloA aMJinllTyJle F 11 11 ojlyuu1111 nnOTHOCTII n
1

.(x) (p 
1 
(x) .. 

K', 
3;2 n 1 ( x) , rne K P 1 rpallll"'llhlA RNnyllbC 41epMJJ ) , 6ynaw RMeTI> ! 

dp(x) 

dt 
1'1 

= F
11 

(x)n
1 

(x). 

EcnR npR6nR>KORHO C'lliT&TI>, 'ITO n (x) an (x) II F a F , TO 83 (21) DOii}"l!IM! 
p n PP 

Fap(x)n(x) 

R(x ) 

R(x)-[ l+Faa( x )•n( x)] :_ F:P n 2 (x). 

Y"'llThli!IB.ll (21) 11 (24) , 6yne111 IIMeTI> .o.na G 1 

li..i._-[T +M(al(l)+W (x )JlG (12)•8(1,2) 
dt 

1 
Zl N DQ 1 D 

(28) 

(24) 

(25) 

(26) 

(1) 
r.o.e M N ( 1)- M8CCOBb10 onepaTOpbl, y'il1Tb18810lllll9 TOJ1J>KO Sl.ll.9plloe B3ARMOJlOl!CTBBO MO>KJly 

IIYKnOB8Mll, npa STOM Mbl nonO>KHM ! 

(i-a- - T -M0 1 (1))G (12)-8(1,2). 
dt I z I N 01 

(27) 

Ecna orpaHa'lliTbC!I paccMOTpeHlleM O.O.HO'I&CTB'IHhiX aoa5y>KnelUIA a5na3a noaepxHocTa 

<l>epMII, TO M8CC0Bblll onep8TOp M~) MO>KBO npOCTO npapaBHliTI> Cp0JlH9MY Sl.ll.9pBOMY 
(1) (11 

nOTeHuaany: M N ( l)D'V N (x 
1

) • Torna nonHblll HeATpOHHhlA noTeBnKan, xax sTo cne-

nyeT 113 ( 25), npeJlCT8Bnli9TC<I B BHJl9 CyMMbl Sl.ll.9pHOrO II xynOHOBCJ<Oro DOT9HlllUlnOB! 

(28) 

113 (24) cnenyeT, 'ITO SHe SI.II.P8 Wa Q (x) o5p8lll89TCR B Hynb, a BIIYTPll R.D.pa paaeH OTpB-

ll8TenbHhlll Benll'll!Be, DOCJ<OnbKY 88 Man&IX paCCTO<IBH<IX OT neBTpa SI.II.P8 II F (x)>O a 
DD 

R ( x ) > 0 • O'leBaJlHO, 'ITO so acex Ha5nJOJl89MhlX sq.jlexTax nposmn<!eTCR &MesKo nonBblA 

aeliTpOHRhlll noTeHllllan Va (x) • 

7 



flpOTOHHbiil: llOTeHUHBil MOlKHO Ilp81lCT8BI!Tb B BHil8: 

V P (x) = V n (x )+ !\ VN (x )+ !\ W 0 (x ), 
(29) 

( P) ( n) 
rne :'\VN(x)=VN (x)-VN (x);A'V

0
(x) = W.

0
(x)-Wn

0
(x ). 

Taii:JJM oopaaoM, paaoOCTb Me>Kuy npoTOHHhiM a uellTpOHHbiM noTeouuanaMH cnaraeTCn B3 

p83!10CTH M8lKJJY ll)lepHbiMB UOT8HUH8Il8MH B xynOHOBCKOil llOOBBXB !\IV O (X), 113 (24) rrony

'188M llil H !\ \V O (X ): 

!\IV (x) = 
1 

W101(x) 
Q 1 + 2 f' (X ) • n (X ) O ' 

rrpH'I8M f' (X ) 
141 

p BBHO : 

f ' (x)= -!.-fF (x)-F' (x) ] =f' +(f' -f' 
L. nn n p l n ell: In 

n(O)-n( x ) 

n ( 0) 

(30) 

(31) 

f' - 3H8t.teaae B.MlinBTY.D.bl B HyTpH, 
In 

f' - aue Hupa, Ka x cnenyeT 113 paO<Yrh/
61

, f ' 

rrpH 6mi>K8HHo MOlKHO nonolKBTb panaoll l!ymo ," Torna ,\ ·•; 
0 

( x ) paauo: 

"W 0 (x l= ~W 
+ 2 f' 

In n (0) 

• w1 0 1 < x ). 
0 

ex 

(32) 

( 0) 
TI OCKOllhKY f' 

! n 
> Q , TO OTCIOllE. cne.a:yeT , 'ITO 

I o l 
\ w 0 (>:) BHyTpH HllPil. M8l!bW8 IV O ( x ), 

B BH<il HllPB npH n(x)~(J AW0 ( x)~W 0 (x) . 

J1CII01lh3Y8M <j>opMyny (32) l l/1!1 8H8Ilii3B CRTYBllHH, B03HBKIIIOIU811 B KOHKp8THbiX !lllpax, 

B KB'IeCTBe caMocornacoaauaoro rroTeHaHaJia np!IMeM caKcon-ayncoacrmll c napaMe TpBMH 

r 
0 
~ 1,24 <!>, a~ O,ti5 <j>. O oecne'IIIBB!l npa B HJiblfYIO aen!I'IIIHY aHepr!IH oTaeneuu" uei!Tpoua 

Hllll npOTOHa, IlOTiy'I88M 3 Hll'I8HHSI V
1 0 ~ v (0) i!IlH v1 0

\, v ( 0 ) COOT B8TCTB8HHO. B Ta omme IIpH-
n n P P 

aeneHbi ual!neunbre TBKHM oopaaoM 3Ha'!eKlHI V 
1 0 1 

a V 
1 0 

l JlilSI !lllep 'Zr 91 , Nd 
143

, Ph
2 09 

n P 

B COC91lBHX C HHMll IlO 3ap!lllY. 

Ecna npeAnono>I<HTb, 'ITO caaur· rroTeuaa ana '\ W 
0 

( x ) uenaKoM o6b><CH !18TC R pace MoT-

peHHbiM aaMH 94>¢eK TOM, TO JJn9 1 . f' HCTtlHTbJ ?: f' HMeeM: 

2 f' = [W
1
_
0 1

(0)- \'V
0
(0)]/ '\W (0), 

" 0 

'YBCneHHbie 3HD'ti9HIHJ JJJHT 2 f 1 
ITOMeiii.9Hbl B nocne.uHeM CTOIJ6Ue T a6nHUbi H y.llHBH T enbHO 

. 14 61 
xopowo cornacyiO-rcsr c .aaHHhiMH, nony't'i e HHUIMH Ha OCHOBe o5pa6oTKH npyr11:x smneunti ' . 

l1HTepecao c paaHHTb TBK lKe paAHBllhHY!O saaHCHMOCTb \ W 
0 

( r) c <j>e HOMe nonorH'!e-

CKHMH .llBHHhiMH. Ha pu:c. 3 npeacTaaneHhi aef\TpOHHbtfl u npoTOHHLJll noTeHuaanhl Sl.D.pa N d 
1 43

, 

B Hll pHC, 4 - l!X p83HOCTb B 38BHCI!MOCTH OT KOOpllHKtlTbl, 

8 



8hi'IBCilBHBB 1\ W O ( r) C 2 f' = 0,78 (aaeCb llll!l npOCTOTbl npBHIITO , 'ITO <jlyHKUHSI 

flllOTROCTH n ( r ) onBCb!BBeTCH TBMH lKe napaMeTpaMH, 'ITO u noTeHuuan CaKCOHa-Bynca) 

no tjlopMYilB (32) ll8BT KpHBYIO 1. EcnH OTK830TbC!I OT HHTepnOilmiiiOHl!Otl tjlopMyllbl (31) 

H C'IHT8Tb llMnllHTYilY f' nOCTOIIHHOll (a 3TOM cnyqae B Bblp81KBHHR (3:.!) CnenyeT 38Me

HHTb n 
2 

( r ) H8 n ( r ) ) , TO nonyqgM KpHBYIO 2. 

113 pHC. 4 BHilRO, 'ITO pBilH81lbH8!1 38BHCHMOCTb <jleHOMeROilOl"'U'IeCKOii ll068BKH K noTeH

UHOny BeCbM8 HenllOXO BOCnpOH3BOilHTC!I COOTHOWeHHeM (32). 

0cT8HOBHMC!I Tenepb Kp8TKO H8 BOnpoce 06 3HepreTH'!eCKOM C)lBlll"'e npR 38MeWeHHH 

Hel!TpOH8 H8 UpOTOH B CpellHHX H TSVKBJlb!X !lllpax. npa 3TOM B03HIIK88T npOTOIIHOe COCTO!I

HBB H HeliTpoaBaR llhlpKa. KaK 6blno noKaaauo .U.<I>. 3apenKHM a M.f. YpallblM (noKnan Ha 

pa6o'!eM coaemaHBR no cneKTpocKonHI! HeliTpoaonetjlHUHTHb!X uaoTonoa, .lly6aa, I!IOHb 1966 r.), 

npa61lH)f{eHRbll'! yqeT B38RMO)leliCTBR!I MelKilY npOTOHOM II HeliTpOHHOil Ub!pKOi1 nph30Jli!T K 

cnenyi0Dl9My COOTHOllleHBlO Me >Kay H86nJOll89MblM C.O.BHTOM (zJ O II pa3HOCTbJO HeB03MyWeH-

Kb!X 3Keprall 'l8CTHUbi H )lbipKH C O.LlHH8KOBhlMH KB8HTOBbiMH 'IHCn8MH: 

(33) 

Pa3ROCTb i\ t 
0 

onpenen!leTC!l ao6aaKoil ll IV 0 "• BBHilY cna6oli 3 8BHCHMOCTK \ W 
0

( r ) OT r 

BKYTPH Sl!lpa (eM. pac. 4), llll!l oueiiOK MO~<Ho npHH!ITb 

i\, ;;; L\\V (r );;;_I __ ,J'Ol( ) 
o Q r. P• 1 + 2 f , ' Q r c P , (34) 

rne f
0 

p- HBKOTOpoe 3HB'I8HH8 I<OOpllKB8Tbl BRyTpll !IJ1P8. 0TCIOil8 H 113 (33) nerKO Bllll8Tb, 

'ITO aa6nJOA8BMb!ll CABKr '" 0 npa6na ~<eaao paaea cpenaeii KynoHOBCKoll 3HeprHH npoToHa, 

Bhl'IRCneHKOll B npa61lHlKBHHH XapTpa: 

'" ~ w1 0 '<r ). o o cp 

TipHfilJH}f{9HHO T8KO~ C!lBHr H Ha6nl0,0.88TCSI 8 9 KCII9pHMeHT8X no 8HlllJOrOBbiM COCTOSIHHHM. 

4. 3 a K n 10 q e a n e 

B HacTomneii pa6oTe 6b!1lO npaaeaeHo, no cywecTay , Ka'!eCTBBHHOe HCCJJenonaHHe 

BllHHHH!I KOppellHTHBHO!"'O B38HMOilelicTBH!I H8 B81lH'IHlfY KYliOHOBCKOJ1 ao6aBKII K CpeaHeMY 

R.QepROMy nonro. EcTeCTBeHno, 'ITO a I-Jcnonh30BllHHOM noJ.lXOJle Hellb3SJ pacctiHTbiBaTb aa 

TO'IHOCTb, npeBb!W8101llYIO :.!0%, a, C1leAOB8TOJlbHO, Hellb3SJ H 061>!1CHHTb cjJllyKTyBUHH npOTOH-

HOrO nO'T'eHUHana B 38BHCl.fMOCTB OT BTOMHOrO HOMepa. 0.UH8KO MO>i<HO YTBep>K!l8Tb 1 'tlTO 

p83HOCTb V P - V n J B OCHOBHOM 1 o6ycnoaneaa KynOHOBCKHM B38HMOneftCTBHeM B ero 

( 0) 
HHTep,PepeHuHel! C MepHbiM. noCKOJlbKY \ W Q ~ \V Q 

,;, 
Z I A , qTo He rrpOTnaopequT onbtTHLJM U.B HHbiM 

9 

, 3T £l pa.:JHOCTh nponopUHOH8llbR8 

no onTH'IOCKOMy noTeHuuany
17 1

• Bec. -



ycnosao, 
B p 8 3ROCT H V P - V n MOryT CO)lep>KaTb C>J H llpyrae 38BHCHMOCTR

0 
Ha npaMep, 

OT N - Z t HO, K8K BH.O,HO B3 p 8C WJ.9 TOB, H X p Onb OK83biBaeTCH H93H8qHTenbHOii.. 

B 3aKmo 'l eaae .:JBTOpLI Bbipa>KaiOT 6naroaapHOCTb B.r. Con osbesy 3a BHRMBHHe 

K pa60Te H IJOIIe3HOe 06CyA<)H'HHC, 

Ta6naua 
---

A 
( 0 ) "f : ~ \V v 

2 f ' n 

' ---

91 50,96 58,:. 7,54 0,95 
143 48 ,8 :S/1!,\ 8,7 0,78 
~09 •16,7 59,5 12,8 1,14 
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PyKOTIHCb nocTynnna n H3/.lBTellbCK~<J! OT !\en 
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Gi. Got GoL 
i'' 

Gol 2 c:::. 1 2 +1 ~·A.5· 2 1 .. 
J:(o) 

Pnc . 1. OaHoqaCTHqHaH <jlyHKUHH rpaHa D HH3!p8M no KynOHODCKOMY B38HMOAe ik TDH IO 

npa6naJKeHH>I. 

p 
tl 

2~3' 
2 + 1 --·-==---· 2 

Pac. 2. YpaDH8HHe anH OAH0'18CTH'IHOii <jlyHKUHH rpnHa. 

II 
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