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AnolliHH A.~f. 11 np. PI -I2II5 

"YacrnLrii" KHO-cKeiinunr s anpon-anponn~orx H anpou-HnepnLrx 

B38HMOileHCl'BHHX 

Hay,Iaercst aaroMo.ncnhHOe noaeneHHe pacnpeneneHnil no :\1!IOJKecrneH

HOCTH pO>KneHHhlX t.J8CTHU B 38DifCHMOCTH OT K03q_)(jH1UH€HTa HcynpyroCTU 

B pp (19,2 f38/c), IT- p(N) II IT- 12 C (40 r3B/c)-B3811'101lCiicl'BIIHX, 

noKa3aHO, '!1'0 HMeel' MeCl'O aHanor KHO-cKeiimrHra. OGcy;<",i(<JKJl'CH 

npHqHHhi HapyweHHR 3Toro cKetinnura. 

Pa6ora BbiiiOilHeHa B na6opal'OpfiH BhiCOK!IX 3Heprur1 Olf HH. 

npenplllll' 06belllllleHHOrO UHCl'Hl'yl'a SlllepHbiX HCCilellOB81lllil, .Qy6Ha !979 

Anoshin A.I. et a!, . PI - I2115 
"Particular" KNO-Scaling in Hadron-Hadron and 
Hadron-Nuclear Interactions 

Automodel behaviour of distributions over the multiplicity 
of produced particles as a function of inelasticity coefficients 
in pp (19,2 GeV/c), IT-p(N) and IT-

12 C (40 GoV/c)-interactions 
is studied, It is shown that the analog of KNO-scaling takes 
place, The roasons for scaling breaking are discussed, 

The investigation has been performed at the Laboratory 
of High Energies, JINR, 

Preprint of the Joint Institute for Nuclear Research. Dubnq 1979 

ABToMo~enLHOe nose~eHHe pacnpe~eneHHH no MHo~ecT

BeHHOCTH 'laCTHIJ;, po~eHHLIX COBMeCTHO C KaKOH- llH60 BLI~e

neHHo&· qacTHu;e&, HJy'lanocL B pJI~e 3KcnepHMeHTanLHLIX 

H TeopeTH'IeCKHX pa6oT. B qacTHOCTH, 6Lino noKaJaHo /1 · 4/ , 

'ITO HMeeT MecTo aHanor KHO- cKeHnHHra 1111, T .e. 3KcnepH

MeHTanLHLie pacnpe~eneHHJI Y~OBneTBOpHTellLHO OnHCLIBanHCL 

YHHBepcanLHOH l)yHKIJ;HeH t/J ', onpe~enJieMOH COOTHOWeHHeM 

/1/. 

t/1 '( --=-!! ___ ) = _ii(x)_ __ dan_ 
n (x) du/ dx dx 

/1/ 

r~e an - Ce'leHHe po~eHHJI n- 3apJI~eHHLIX 'laCTHIJ;, n(x) -
cpe~HJIJI aCCOIJ;HaTHBHaJI MHO~eCTBeHHOCTL 'laCTHIJ;, po~eH

HLIX BMeCTe C BLI~eneHHOH 'laCTHIJ;eH, HMeiOliJ;eH I)HKCHpOBaH

HOe 3Ha'leHHe KaKOH-nH60 KHHeMaTH'IeCKOH nepeMeHHOH X 

I P l - nonepe'IHoro HMnynLca, y - 6LICTpOTLI, M 2 - KBa~
paTa po~eHHOH MaccLI/. CooTHoweHHe no~o6HJI iHna /1/ 
6Lino npe~nono~eHo B pa6oTax 11 ·5,61, a Tpe6osaHHe cos

MeCTHOCTH 3Toro nose~eHHJI c BLinonHeHHeM KHO-cKeHnHHra 

o6cy~anocL B 15. 71. 

B HaCTOJiliJ;eH pa6oTe MLI HCCne~yeM 3TO CBOHCTBO, ~anee 
HaJLIBaeMoe ~nJI KpaTKOCTH "qacTHLIM" KHO-cKeHnHHroM 

B JaBHCHMOCTH OT K034>1)HIJ;HeHTa HeynpyrOCTH - k. BL160p 

3TOH nepeMeHHOH, C O~HOH CTOpOHLI, o6ycnoBneH TeM, 'ITO 

OHa O~H03Ha'IHa ~llJI HH~HBH~yanLHOrO C06LITHJI, B OTllH'IHe 

OT ~pyrHX nepeMeHHLIX, 3aBHCJiliJ;HX OT THna BL16paHHOH 

'laCTHULI; C ~pyrOH CTOpOHLI, npH 3TOM B e~HHOM nO~XO~e 

MOryT 6LITL H3y'leHLI a~pOH-a~pOHHLie H a~poH- JI~epHLie 

B3aHMO~eHCTBHJI. 3HaHHe JaBHCHMOCTH pacnpe~eneHHH no 

MHO~eCTBeHHOCTH OT k noneJHO npH pac'leTaX no MO~enH 

3 



BHYTPHJI,D;epuoro KacKa,D;a. KpoMe Toro, MOMeHTbl 3THx pac

npe,D;eJieHHii C~, KaK OfiHapy)l(eHO HaMH, 6oJiee nOCTOJIHHhl, 
'leM 3TO 6LIJIO noKa3aHo B 6onee paHHHX pa6oTax I 1, 2. 4/ 

r,D;e B Ka'leCTBe x 6paJIHCb M;, P.J.. , y. 

C' = -
1 ---}.; nqlj!'(-E--). 

q ii q + 1 (x) n ii (x) 121 

3KcnepHMeHTaJibHbiB MaTepHaJI, HCnOJib30BaHHbiBDpHaHa
JIH3e, COCTOHT H3 ,D;aHHbiX no peaKUHJIM 

P+P--+NN+n + 
TT -0 

npu 19,2 F3B/c IS! H 

+ (+) 
rr - + p (N) --. n H + X 

TT 

TT 
(+) 

+ 
12

C --. n t-) +X 
TT 

131 

141 

lSI 

npu 40 F3B/c, o6pa6oTaHHblX cornacHo npHHJIToB: MeTo,D;u
Ke t9,10/, 

§1. "qacmHbH'i" KHO- CKeuAuHz 
B pp- B3UUMOOeUC111BUJIX * 

0CHOBHblM 

r,11;e no,11; x 

peaKUHH 131 

npe,IJ;nOJIO)I(eHHeM JIBJIJleTcJI Bblpa)l(eHue I 11, 
DOHHMaeTCJI K03~HUHeHT HeynpyrOCTH ,IJ;JIJI 

c.m.s. 
1 

-
k=}.;E + ,(Js-2mp)· 

rr-O 161 

Tor,D;a ycJioBue coBMecTHMOCTH BbiDOJIHeHHJI "qacTHoro" 

KHO- cKeB:nuura H KHO- cKeiiJIHHra /11/, c4JopMynupoBaHHoe 
B/5,7/, COCTOHT B CJie,D;yiO~eM: 

n 1 1 da ii , n 
l/1 <-:::-) = r --. -- -=-- l/1 < --=---) ctk . 

n 0 a 1n dk n(k) n(k) 171 

* B 3TOM naparpa4Je paccMaTpHBaeTCJI 6onee npocTaJI 
peaJIH3aUHJI no,D;xo,D;a, c4JopMyJiupoBaHHoro B /51. 

4 

3,D;eCb ll - cpe,D;HJIJI MHO)I(eCTBeHHOCTb TT ·Me30HOB B ~eaK
IUIH 131, a ain - ee nonuoe ueynpyroe ce'leHHe, __ 1 __ Q__ -

a in dk 

pacnpe,D;eneuue no K03~HUHeHTY ueynpyrocTH, npuBe,D;eHHoe 

B lSI, KOTOpoe Mbl napaMeTpH3yeM B BH,D;e: 

~ ~Q:_ = ___ L_~----- k1,7 (1- k) 1,2 181 
am dk B(2,7; 2,2) 

IB(x, y) - H3BeCTHaJI 63Ta-4JyHKUHJI 3B:Jiepal. 3aMeHHMnapa

MeTp 1,2 B 181 Ha e,D;HHHUY ,IJ;JIJI npOCTOTbl pac'leTOB H npHMeM, 

no ,D;aHHbiM pa60Tbl 181, 'ITO npHfiJIH)I(eHHO 

- - k 
n(k) = n=-. 

k 
191 

Tor,11;a Tpe6oBaHHe 17 I, c y'leTOM 181 H 19~ ,D;aeT cooTHO

weHHe ,IJ;JIJI MOMeHTOB cq H c ~ WYHKUHB l/1 H l/1 ', 

c~ =(q-+-3.7)o(q-+- 2.7)okqocq/3,7/2.7. 1101 

KOTOpoe OTJIH'IaeTCJI OT Bblpa)l(eHHJI 12,71 pafiOTbl !5/ TeM, 

'ITO OHO CBJI3biBaeT MOMeHTbl pacnpe,D;eJieHHB O,IJ;HHaKOBOrO 

nopJt,D;Ka. Bb16upaJI ljJ (z) ,D;JIJI "HCTHHHo" po)I(,IJ;eHHblx qacTHU 

B BH,D;e /12/ 

1T 1T 2 lj!(z) = -- z exp (- -- z ), 
2 4 

MO)I(HO y6e,D;HTbCJI, 'ITO MOMeHTbl C' HMeeT WYHKUHJI q -

1111 

, 4 (TT 22 1T 2 
ljJ (z) = -----x[ ----z ) + 0,2(---z ) + 0,35·0,85] x 

3,7·2.7 4k2 4k2 

1T TT 2 x --- z 0 exp (- --- z ). 
2k 2 2k 2 1121 

3HaHHe WYHKUHH lj!' no3BOJIJieT Bbi'IHCJIJITb pacnpe,D;ene

HHJI no k npu WHKCHpoBaHHOB noJIHOB MHO)I(eCTBeHHOCTH po)l(

,neHHhiX 'laCTHU, 

1 _dan=-~- _da_ 0 ::.!!_f/!'(-_!!__)/lj!( ~), 
dk am dk n (k) n(k) n 

1131 
an 
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KOTopoe cornacyeTcJI c 3KcnepHMeHTOM I puc. 1,21, qTo 

cny)I(HT KOCBeHHLIM yKa3aHHe'M Ha CDpaBe,I:\nHBOCTL npe,I:\DO· 

no)l(eHHJI I II. llpoBepHM 3TO npe,I:\nono:>Keuue ,1:\nJI rr- N H 

rr- 12C "B3aHMO,I:\eHCTBHH. 

k~ 

lt.O 

LO 

~.0 

30 

2.0 

1.0 

~.0 

10 

2P 

tO 

PP -NN +fl:r9i, 19 'Jii 

np~f n,=2 

n,.,3 n1r=Lf 

K 

Puc. 1. Pacnpeoe;reHUJI no K03(Jf/JUijUeHmy Heynpyzocmu 6 
pp - 63aUMOOeUCIII6UJIX npu pa3AU .. HbiX 3Ha .. eHUJIX nOAHOU 

MHoxecm6eHHocmu poxoeHHbiX .. acmuij. Kpu6ble - pac .. em 
no (JopMyAe I 131. 

6 

(::f PP -NN +pions, 19 7"11 

t 
as 

• 

az o.lf 06 oa 1.0 12 l'l 16 tB 2.0 2.2 2.11 2.6 

Z== f:;> . <nJr) = 4.0 

Puc. 2. CpecJHee 3Ha .. eHue k 6 3a6ucuMocmu om n tot 
Kpu6a.R - pac .. em no (JopMy;re I 131. 

§2. "qacmHbul" KHO- cKeilAuHz 
6 rr-N u rr- 12C- 63aUMOOeilciii6UJIX 

H3yqeHHe B3aHMO,I:\CHCTBHJI DHOHOB C HyKnOHaMH H JI,I:\pa • 

MH, B OTnHqHe OT pp- H pA "B3aHMO,I:\CHCTBHH, OCnO)I(HJICTCJI 

npo6neMoH BLI,I:\eneHHJI nH.L\HPYIOO-'HX qacTHU. llo3TOMY MLI 

coqnu uenecoo6pa3HLIM npoBO.L\HTL auanH3 OT,I:\enLHO ,1:\nJI 

OTPHUaTenLHO H nonO)I(HTenLHO 3apJI)I(CHHLIX qacTHU lcpe,I:\H 

DOnO)I(HTenLHO 3apJI)I(CHHLIX rr ·MC30HOB B03MO)I(Ha DpHMeCL 

HCH,I:\CHTHcllHUHPOBaHHLIX DpOTOHOB C HMDynbCOM 6onLWe 

700 M3Bicl. 
B KaqecTBe Ko341cllHuHeHTa ueynpyrocTH ,1:\nJI peaKUHH 141 

6panacL Benuquua 

(±) C.l\. M. I -
k = ~ E + -Js, 

7T (-) 
1141 
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a ~JIJI peaK~BB /5/ 
+ 

k (-) = ~ E lab.sys./ E 
77(±) 0 

/15/ 

COOTBeTCTBYIO~BM o6pa30M HOpMBpOBaHHLie pacnpe~e
neHBJI no MHO)KeCTBeHHOCTB po)K~eHHLIX qacTH~ npu paJJiuq

HLIX k ~JIJI peaK~BH /4/ npe~cTaoneHbl Ha puc. 3,4. KaK 

BB~HO, 3KCnepBMeHTaJILHble TOqKB BnOJIHe y~OBJieTBOpHTeJIL

HO JIO)KaTCJI Ha O~HY H TY )Ke KpHByJO, 6onee Y3KYJO, qeM 

~aoaeMaJI 4JyuK~Heii: t/J *. ToJILKo npu 6oJILlliHX JHaqeHHJIX 

~r-----------------~~----------------~ 

7r-p-t7r•+ X 1T-p-t7r+.t 

o.s 

, 
or Y"=-:.:•·· .. -+ ·"""' · .. · 1 

11-n-t'R'.,.•K 11'-n--t'ff-.,.x. 
/.Q 

I . ~. • - I -....,, • I 
D. ,_fl 1.11 • tD u z'j 

Puc. 3. HopMupo8aHHble pacnpeoeAeHUJI no MHOJICecm8eHHo
cmu poJKoeHHbiX '1acmu14 npu pa3AU'IHbiX 3Ha'leHu.llx k: 

, - dan / da n t/1 (z)o: D(k) 1f'K (l'j(• Z "' llk) I 

CnAOWHaJI KPU8QJI - npo8eOeHa ~Ha 2Aa3", · . · · .. - f/JYHK-
ijUJI t/J 8 8blpaJICeHUU /11/, ............ - f/JYHKijUJI t/J' 8 8bl-
paJICeHUU /12/, Kpu8ble ----- , - - - , - · -·- • coeouH.II10111 
1/IO'IKU npu k-, coom8emcm8eHHO pa8HOM • 34, .41, .49. 

* B pp -oJaHMo~eiicTBHJIX HJyqanacL nonHaJI MHO)KeCT
BeHHOCTL qacTH~, a B 77- N- H 77- 12 C- TOJILKO MHO)KeCT-
BeHHOCTL 3apJI)KeHHbiX, n03TOMy t/J' y)Ke, qeM 3Kcnepu-
MeHTaJILHaJI KpHBaJI. 

8 

I 

I 
J 

~,-------------------.--------------------, 

10 

I 

IIJ 

~~ ,,_,_ .. 

/ ~( 
,, 

•- p-- t n• ... x 

,-n-t11'+x I 1\ x-.-nr.x 

\ 
\ .. z 

Puc. 4. To JICe, '11/lo u Ha puc. 3, Ho 6e3 y'lema "Auoupy~a-
114eil" 'lacmuijbl, 8biOeAeHHoil no Kpumepwo 1. 

k- (k- >0,3) B 77-P -BJaHMO~eHCTBHJIX Ha6JIJO~aeTCJI ~OBOJIL
HO 3HaqHTeJILHOe OTKJIOHeHBe OT YHBBepcaJILHOH KPBBOH, 

qTo npOJIBJIJieTCJI B HeperyJIJipHOM noBe~eHHH 3aBHCHMOCTB 

~cnepCBH D OT n(k) /puc. 5/. 3Ta HeperyJIJipHOCTL npo-

JIBJIJieTCJI TaK)Ke B noBe~eHHH C~ H C~. 
EcTeCTBeHHO npe~noJIO)KHTL, qTo HapyllleHue "qacTHoro" 

KHO-cKeHJIHHra CBJI3aHo c JIH~HPYIOil\HMB qacTH~aMH. Ilo3-

TOMY Mbl npooeJIH aHaJIH3, He yqHTLIBaJI 3apJI)KeHHOH "JIH

~HPYIO~eii:" qacTH~bl, BLI~eJieHHOH no O~HOMY H3 Tpex KpH

TepHeB I puc. 6/: 
1/ "JIH~HpyJO~aJI" qacTH~a - qaCTH~a C MaKCHMaJILHOH 

3Heprueii: B cucTeMe ~eHTpa Mace /c.~.M./; 

2/ "JIH~HPYIO~aJI" qacTH~a - qaCTH~a C MHHHMaJILHbiM 

yrJIOM OTKJIOHeHHJI () OT HanpaBJieHHJI nepBHqHOH qaCTH~bli 

3/ "JIH~HpyiO~aJI" qacTH~a - qaCTH~a C MHHHMaJILHOH 

HHBapHaHTHOH nepe~aqeii: t. 
KaK BH~Ho, HeperynJipHOCTL cTaHOBHTCJI MeHee Bblpa)KeH

Hoii, HO BCe )Ke OCTaeTCJI. 3TO MO)KeT 6biTL o6yCJIOBJieHO 
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:I 
7f"p- t11•t11"J+X 

... ... 

• : t 

• • + ... 

t 

t 

1f·n-t7t•nr-J•x 

. ; i I .. 

} t ~ 

4 ·. .. .. 
.. 

Puc. 5. 3aeucUMOC111U n(k), 
"IIUOUPYIOJI#eii" ~aC111UIIbl U c 
mepwo 1. lJepH&re mo~Ku -
OIIJI rr-- Me30HOe. 

. 
' 
' 

f 

. ., . 

n-p-ht't1n••-. .... · 

I . 
• f 

• • f .. 

; • .f "f 

..· 
lt ·. .. 

.-,_, .. 1711••• ........ 

. . 
I 

• 
• f t 
• ! 

.. 
.tl} 

.. I 

++ 
#-

. 

., 
D(k) u D(n(k)) 6e3 e&roeAeHUJI 
6biOe/leHHOii ~QC111UIIeii no Kpu
OIIJI rr + - Me3oHoe, cee1ltll&re -

HnH TeM, 'ITO HH O,!J,HH H3 KpHTepHeB He Bbi,ZJ,enJleT ,!J,OCTaTO\fHO 

\feTKO llH,ZJ,Hpyro~yJO \faCTHIJ;y, HllH )l(e TeM, 'ITO HapyweHHe 

Bb13BaHo .IJ.pyrHMH npH'IHHaMH. BbiJICHeHHe npupo,ZJ,bl TaKoro 

HapyweHHJI O\feHb Ba)I(HO ,!J,llJI DOHHMaHHJI rr- 12C-B3aHMO

,ZJ,eBCTBHB, r,ZJ,e OHO TaK)I(e HMeeT MeCTO, HO TOllbKO Hapywe

HHe CBJI3aHO C 7T+ -Me30HaMH. Pe3yllbTaT Bbi,ZJ,eneHHJI "nH

.IJ.HPYIOIIJ;ei" \faCTHIJ;bl B 3TOB peaKIJ;HH npe,ZJ,CTaBneH Ha pUC. 7. 
3,ZJ,eCb y,ZJ,aneHHe "nH,ZJ,HpyiOIIJ;ei" \faCTHIJ;bl ynyqwaeT BbiDOn

HeHHe "qacTHoro" KHO-cKeinHHra. 0TMeTHM, 'ITO s na6o

paTopHoi CHCTeMe ,ZJ,llJI rr -p -s3aHMO,ZJ,eBCTBHB He OTMe

qaeTCJI DO,ZJ,06HOB HeperynJipHOCTH, a c; H C~, KaK roso

pHnOCb Bblwe, .IJ.OBOnbHO nocToJIHHbl I puc. 8/. H3MeHeHHe 

xapaKTepHCTHK Bbi3BaHO TeM. 'ITO Mbl HCDOllb3yeM HeHH

sapHaHTHYIO BenH\fHHY k, npH 3TOM DpH nepexo,ZJ,e H3 O,ZJ,HOB 

cucTeMbl B ,ZJ,pyryro npoucxo,ZJ,HT nepepacnpe,ZJ,eneHHe co6bi

THi, 3aTyweBbiBaJOIIJ;ee HapyweHHe "qacTH\fHoro" KHO-cKei

nHHra. 
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,j) 

z a 

/ 

TCP c. ns. 

2 o c~ 
0 0 

elleeie••, 
• • • • • Q Q ~ ~ 

K 

• 6 • !I 8 ~ 6 + c; 
• e 6 1 c~ • • CJ 8 

/{ 

• 8 • e 3 s 
ct • G Cl I I 

. / 

• o c1 
• 8 c: 

/( 

• • • 
• • • 

f 8 II • 8 
• II I • I 

0.3 I( 

Puc. 6. 3aeucUMOC111U D(n(k)) u C 2(k), , C s(k) 6e3 
6biOeAeHUJI "IIUOUPYIOJI#eii" ~QC111UIIbl (a) U C 6biOeAeHHOii 
~acmu11eii no KpumepUJIM 1 - /6/, II - /e/, III- /z/. t411J1 
HQZIIJIOHOC111U ~epHble 1110~KU OIIJI TT + - Me30H08 coeouHeHbl 
HenpepbreHoii Kpueoii e nop.Ri>Ke yeeAu~eHUJI k . 

He B,ZJ,aBaJICb B DO,ZJ,p06HbiB aHanH3 TeopeTH\feCKHX MO,ZJ,e

nei, 3aMeTHM, 'ITO OTHOCHTellbHO ero BbiDOnHeHHJI MOryT 

6b1Tb nony\feHbl pa3nH\fHble npe,ZJ,cKa3aHHJI. 

3AKJIIOlJEHHE 

B paccMoTpeHHbiX HaMH a,ZJ,poH-a,ZJ,pOHHbiX H a,ZJ,poH- JI,ZJ,ep

HbiX peaKIJ;HJIX HMeeT MeCTO DO,ZJ,06He pacnpe,ZJ,eneHHB DO 
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2>f :JI- '"c 

H a/ l a il .. " " e i c; 
• .. .. Iii " " & c; • 

li I< 

2>1 

"fi :1: 2f 
0 e ' ' • ~ ~ c~ • 
8 .. .. .. G e .f c~ 

;; K 

2>1 

H B/ 2 • 
0 • ' 8 e 8 e t c; 
8 0 

8 • c:. 1 .. • • 8 .. 

n If 

2>J 2/ 2 

• I 

• • 8 8 e 8 i 
CJ 

• • • • • • .. • cf I 

I 2 ) • s: fj f.) IC 

Puc. 7. To JKe, 'IIIlO u Ha puc. 6, HO OAJI 17- 12 C- 63UUMo
oeuc1116UU. Kpu•epuu 6biOeAeHUJI "AUOUPYIOIIIeU" 'IUCIIIUI#bl aHa-
AOZU'IHbl IIIUKUM JICe OAJI 17- P - 63UUMOOeUC1116UU. 

MHO>KeCTBeHHOCTH po>K,D;eHHhiX 'laCTH~ DpH pa3llH'IHhiX K03cWl&
~eHTaX HeynpyrocTH /"'laCTHWB" KHO-cKeinHHr/. Hapy
weH&e 3TOrO CKeBnHHra B 17-N- H 17- 12C -B3aHMO,D.ei
CTBHJIX npH k > 0,3 B 3Ha'I&Tem.HOB CTeneHH o6ycnosneHO 
"nH.D.HPYIOUUIMH" 'laCTH~aMH. 

AsTopaM np&JITHO no6naro,D.ap&TL B.r .rpHW&Ha, B . .li.nJ0-
6&MOBa, A.B. Tapacosa, K.r .rynaMoBa, .6.3.Konen&oB&'Ia, 
H.AHrenosa 3a CO,D.eBCTBHe B BhiDOnHeHHH 3TOB pa60TLI. H o6-
cy>K,D;e HHJI. 
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I 
I ,. 

I 
~ 

n-p L a£ 1_y-r. 

j) 
3· 

2 2 
~ c' 
i~~~tJ(JtJ 3 

~ ~ ~ tJ (J tJ tJ tJ c~ 
, 

~ I I 
i 

o 1 2 J If s n 
K 

Puc. 8. 3a6ucu.Mocmu D(n(k) u C g(k) , C 3(k) OAJI 
17- p - 63auMooeucm6uu 6 Aa6opamopHou cucmeMe. 06o3Ha
t~eHUJI me JKe, t~mo u Ha npeObiOYIIIUX pucyHKax. 
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