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EapaweHKOB B.C., KocreHKO 6.41. P2 - ll789 

PeanuayeTCSI nH KBCKBllHbli! MeXBHH3M SlllepHblX B38HMO.Qei!CTBHli 

B o6naCTH Bb!COKHX 3HepraA? 

3KcnepHMeHTBnbHble IIBHHble no ueynpyrHM B38HMO.QeliCTBHSIM Me30HOB 

H uyKnOHOB C Sl!lpBMH npOBHBnH3BpOB8Hbl B paMKBX MOI!enH BHYTPBSI!lepHbiX 

KBCKBIIOB C Uenb!O Bbii!enHTb nyHKTbl, r'.Qe MOI!enb npOTHBOpe'lHT OnbiTy 8 Tpe 

6yer I!BnhHeliwero ycoaepweucraoeaHHSI. MolKHO yreeplK.QBTb, 'ITO, no Kpaliueli 

Mepe, 110 9HeprHli T~ 100 raB B HBCTOS!Wee epeMSI HeT .QOCTBTO'lHbiX OCHOBB

HHH l!nSI UOCTynHpOBBHHSI KBKHX-nH60 CyWeCTBeHHO HOBblX MeXBHH3MOB BHyTpB

SII!epHblX B38HMOileliCTBHli, XOTSI C y'leTOM yeenH'lHBWerOCSI 06'beMa B TO'lHOC

TH 9KCnepHMeHTBnbHOli HHij>OpMBUHB HCUOnb3yeMbie nporpaMMbl KBCKBilHblX 

pac'leroa rpe6y10r yTO'lHeHHSI H 6onbweii 11eranuaauua. B 'lBCTHOCTH, npa T .. 
~ 10 faB l!nSI xopowero cornaCHSI C 3KCnepHMeHTOM He06XOilHMO UpHHBMBTb 

BO BHHMBHHe npOUeCCbl, UpH KOTOpblX C OI!HHM BHyTpHSI!lepHblM HyKnOHOM 

B.3BHMOI!eiicrayer cpaay HeCKOnbKO KBCKBilHblX 'IBCTHU. B o6naCTB 9HepraA 

nopHI!Ka coreR faB 6ea y'leTa TaKHX npoueccoa MOlKHO nony'lHTb cornacue 

C OnbiTOM nHWb rpy6o-KOOH'leCTBeHHO B OCHOBHblX XBpBKTepHCTHKBX, C TO'l

HOCTb!O llO ljlaKTOpa 1,5-2, 

Pa6ora BblllOnHeHa B na6oparopHH Bbl'IHCnHTenhHOli TeXHBKB B 

BBTOMBTH3BUHH OIHUI. 

npenpaHT 06'bellHHeHHOr'O HHCTHTyT8 SlllepHbiX llCCnallOB8Hilli. lly6H8 1978 

Barashenkov V.S., Kostenko B.F. P2 - ll789 

Is the Cascade Mechanism of Nuclear Interactions 
Realized in the High Energy Region? 

Experimental data on inelastic meson and nucleon interactions 
with nuclei have been analyzed within the framework of internuclear 
cascades to separate out the points, where the model is at variance 
with the experience and requires further improvement. It is possible 
to state, that at least up to T ~ 100 GeV energy at present there is 
no sufficient basis to postulate some essentially new internuclear 
interactions, although taking into account the increased volume and 
accuracy of experimental data, programs of cascade calculations 
require making more precise and large detailing. In particular, alread 
at T ~10 GeV for a good agreement with the experiment it is neces
sary to take into account the processes, with which some cascade 
particles interact at once with an internuclear nucleon. In the region 
of energies of a hundred GeV without considering such processes 
it is possible to obtain the agreement with the experiment only 
rough-quantitatively in main characteristics with the accuracy up to 
factor 1,5-2, 
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1. BBE,4EHHE 

MHorHMH asTopaMH 6Lmo noKa3aHo, l.fTO KacKa,n;HaJI 
MO,IJ;enb, B KOTOpOH B3aHMO,IJ;eHCTBHe HaneTaiOlll,eH l.faCTHIJ,bl 
c H.n;poM npe,n;cTaBnJieTCJI B su.n;e seTBJilll,eH:cJI nocne.n;osa
TenLHocTH /".nepesa"/ ynpyrux u Heynpyrux B3aHMo.n;eH:cT
suH: pO)I(,IJ;aiOlll,HXCJI H pacceHBaiOlll,HXCJI l.faCTHIJ, B HenpepbiB
HOH BHYTPHH,n;epHoH: cpe.n;e, xopowo cornacyeTcH c onLITOM 
B rnupoKoH: o6nacTH 3HepruH: OT HecKonLKHX ,n;ecJITKOB M:JB 
.no HecKonLKHx F:JB /eM. pa6oThl 11-8(r.ne yKa3aHa no.n;po6-
HaH 6u6nuorpa«iiuJI/. O,n;HaKO npu T ::: 3-5 r :JB *' a ,n;nH 
nerKux H,n;ep y)l(e npu T 2 1 F:JB Hal.fHHaiOT npoHBnJIThCH 
6LICTpo ysenuqusarollJ,HeCH c poCTOM T pacxo)l(,n;eHHH pac
l.feTHbiX H 3KCllepHMeHTanhHblX ,n;aHHhlX: B MO,IJ;enH naBHHa 
BTOpHl.fHbiX l.faCTHIJ, OKa3biBaeTCH 3Hal.fHTenbHO 6onee MOII.\
HOH, l.feM Ha onLITe_ 

llpoTusopeque y.n;anoch ycTpaHHTh nyTeM yqeTa 
.n;ucKpeTHoro pacnpe,n;eneHHJI ueHTPOB BHYTPHH,n;epHLIX HyK
noHoB, qucno KOTOPLIX yMeHLrnaeTcH B npouecce pa3BHTHH 
KaCKa,IJ;HOH naBHHhl 6naro,n;apJI Bhl6HBaHHIO HX KaCKa,IJ;HhlMH 

* 3,n;ecb H Be3,n;e HH)I(e T • KHHeTHl.feCKaH 3HeprHH 
11~neTaiOllJ,eH l.faCTHIJ,bl B na6opaTOpHOH CHCTeMe KOOp,D;HHaT. 
.I - KHHeTHl.feCKaH 3HeprHH O,IJ;HOH H3 BTOpHl.fHhlX l.faCTHIJ,. 

liH,n;eKCaMH S H g 6y,n;eM OTMel.faTb BenHl.fHHhl, OTHO-
CHlll,HeCH COOTBeTCTBeHHO K l.faCTHIJ,aM C TOHKHMH H cephlMH 
cne,n;aMH; HH,IJ;eKCOM h 6y,n;eM OTMel.faTb CYMMapHhle ,IJ;aHHhle 
,n;nH qacTHIJ, c cephlMH H qepHhlMH cne,n;aMH. CHMBonoM Em 
6y.n;eM o6o3Hal.faTb cpe.n;Hee H.n;po 41oTo3MynLcHH /6e3 so,n;o
po.n;a/, cuMsonaMH LEm H HEm - cpe,n;He-nerKoe (CNO) H 
cpe.n;He- T H)l(enoe (!Ag, Br) JI,n;pa «PoTo3MynLCHH. 

3 



qacTHU.aMH /TaK Ha3biBaeMbiH "TpeiinHHr"/. Pe3ynLTaThi 

TaKHX paC'IeTOB, BblnOJIHeHHbiX B 1970·73 rr., XOpOWO 

cornaCOBaJIHCh C H3BeCTHOH B TO BpeMH 3KCnepHMeHTaJih" 

Roil HH$opMau.ueii ,IJ,JIH o6nacTH ycKopuTenhHhiX 3Hepruii 

T < 30 F3B /2,8-10/ - . 
CuTyau.uH B o6nacTH 6onhWHX 3HeprHii ocTaaanach 

MeHee HCHOii. B pa6oTaxls-Hl~acKa.IJ.HYJO MO,IJ,enh c yqeToM 

TpeiinHHra y,IJ,anoch cornacoaaTh c pe3ynLTaTaMH $oTo3-

MynLcHoHHhiX H3MepeHHH annoTh .IJ.O 3Hepruii T "'100 F3B, 
CyiiJ.eCTBeHHOe 3aBbiWeHHe paC'IeTHOH MHO:>KeCTBeHHOCTH 

po:>K,IJ,aiOIIJ.HXCH 'laCTHll. no cpaBHCHHIO C 3KCnepHMeHTOM 

OTMe'lanocL nHWh npH T > 100 F3B. O,IJ,HaKo H3BecTHaH 

B TO BpeMH 3KCnepHMeHTaJihHaH HH$OpMaU.HH 0 B3aHMO,IJ,eHCT

BHH qacTHU. c H.IJ.paMH npH T =307100 F3B 6LmaorpaHH'Ie

Ha He60J1hWHM 'IHCJIOM cpe,IJ,HHX xapaKTepHCTHK, a 3ano:>KeH· 

Hble B OCHOBY pac'leTOB ,IJ,aHHbie 0 (rr-N)- H (N -N) "B3aH

MO,IJ,eHCTBHHX B 3TOH o6naCTH 3HeprHH 6hinH BeCLMa HeTO'I" 

HhiMH, 'ITO n03BOJ1HJIO B ,!J,OBOJihHO WHpOKHX npe,IJ,enax aapbH" 

poaaTh pe~ynLTaTbl KacKa.IJ.HbiX pac'leToB. Wcnonh30BaHHe 

B pa6oTe I 11/ 6onee TO'IHbiX ,IJ,aHHhiX ,IJ,nH BHYTPHH,IJ,epHhiX 

(rr- N)- H (N -N) • CTOJIKHOBeHHH noKa3ano, 'ITO KaCKa,IJ,HaH 

TCOpHH ,IJ,aeT npH6JIH3HTeJihHO 30«1o·Hoe 3aBhiWeHHe MHO" 

:>KecTBeHHOCTH nHBHeBhiX qacTHU. y:>Ke npu T = 60-80 F3B. 
3aBbiWeHHbiMH no cpaBHeHHIO C 3KCnepHMeHTOM, oco6eHHO 

,!J,JIH HH3K03HepreTH'IeCKHX g- H h ·qacTHU., 3Ha'leHHH 

MHO:>KeCTBeHHOCTH OKa3aJIHCh H B BapHaHTe KaCKa,IJ,HOH 

TeOpHH C MHOrO'IaCTH'IHbiMH B3aHMO,IJ,eHCTBHHMH, KOr,IJ,a C 

O,!J,HHM BHYTPHH,IJ,epHbiM HYKJIOHOM MOrno B3aHMO,IJ,eHCTBOBaTh 

cpa3y HeCKOJihKO KaCKa,IJ,HbiX 'laCTHU./1,11,12(06Hapy:>KeHHble 

pacxo:>K,IJ,eHHH nocny:>KHJIH ocHoaoii ,IJ,JIH yTaep:>K,IJ,eHHH PH.IJ.a 

aaTopoa o npHHU.HnHanLHOH HenpHMeHHMOCTH H,IJ,eH BHyTpH

H,IJ,epHoro KaCKa,IJ,a B o6naCTH BbiCOKHX 3HeprHH /CM., 

HanpHMep(13-16j. ,[l.nH 06'bJICHeHHH 3KCnepHMeHTa CTanH 

npe,IJ,naraThCH pa3JIH'IHble rHnOTeTH'IeCKHe MO,IJ,eJIH /HanpH· 

Mep, pa6oThl I 13,14/, r,IJ,e npe,IJ,nonaraeTcH cyiii.eCTBoBaHHe 

OC06b1X, cna6o B3aHMO,IJ,eHCTBYIOIIJ.HX COCTOHHHH 7T ·Me30Ha 

H HYKJIOHa/. 

HacKonhKO o6ocHoBaH BbiBO.IJ. o HenpHMeHHMOCTH KacKa,IJ,

Horo MexaHH3Ma B o6nacTH 3HeprHii T>> 10 F3B'? B Hac

TOHIIJ.ee BpeMH B 3TOH o6naCTH HMelOTCH 6onee Ha,IJ,e:>KHble 
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H 3Hal.fHTC1IhHO 6onee ,!J,CTaJihHhie 3KCnepHMCHTaJihHhiC ,IJ,aH· 

HhiC, l.JCM 5-10 neT Ha3aJJ;, KOr,IJ,a 6binH BhfnOJIHeHhi 06Cy:>K· 

,IJ,aCMhiC B JIHTepaType KaCKa,IJ,HbiC paCl.fCThl. 3TO II03BOJ1HCT 

IlpOBCCTH 6onee TO'IHhiC Bhll.JHCJICHHH H ionee 06CTOHTC1Ih" 

HOC CpaBHCHHC HX C 3KCnepHMCHTOM, ,IJ,JI.ll TOrO 'H06bl 

Bhi,II,CJIHTh TC llYHKThl, r ,IJ,e KaCKa,IJ,HaH MO,IJ,CJih ,IJ,CHCTBHTCJih

HO CYIIJ.CCTBCHHO npOTHBOpC'IHT OllhiTY H Tpe6yeT HCTpHBH

aJibHOrO H3MCHCHHH. TaKoH: aHanH3 H HBJIHeTca u.enhro uaweH: 

CTaTbH. 

PaCl.fCTbl OCHOBaHhl Ha KaCKa,IJ,HO"HCnapHTCJihHOH MO,IJ,CJIH 

c TpeH:nHHroM, ucnoJih30BaaweH:c.H paHee B pa6oTax 17 •8< 
)];ononHHTCJihHO Yl.fTCH BKna.n. npe.n.wecTBYIOIIJ.HX ucnapHTCJih

HoH: CTa,IJ,HH HCCTaU.HOHapHbiX npou.ecCOB pacna.n.a B036y:>K

,IJ,CHHhiX OCTaTOl.fHhiX H,IJ,ep. 3Ta l.faCTh paCl.fCTOB BhillOJIHCHa 

B COOTBCTCTBHH C pa6oTaMH/17,18<B o6naCTii 'I <20 FaB 
BHYTPHH.IJ.CPHhiC (rr-N)- H (N-N) - B3aHMO)J.CHCTBHH !\.fO)J.CJIHpO

B8JIHCh flO npaBHJiaM, OIIHCaHHhiM a/1/.fipH 60J1hWHX 3Hep

rHHX Bhl,LI,CJIJIJI8Ch BbineTaJOIIJ.aH llO,IJ, MaJibiM yrnOM JlH,JJ,Hpyro

maH l.faCTHU.a, :JHeprHH KOTopoi onpe.n.enxnach MOHTe

KapnoscKHM p03hirpbiWeM 3KCIICpHMCHTaJ1bHOrO pacnpe.n.e

JICHH.ll K03lPlPHU.HeHT8 HeynpyrOCTH; napaMCTphl OCTBJihHhiX 

l.f8CTHU. pa3hirpbiB8JIHCb 110 3KCIICpHMCHTaJ1bHhiM yrJIOBhiM 

H 3HeprCTHl.fCCKHM pacnpe,IJ,CJICHH.!IM TCM )KC MCTO,IJ,OM, 'ITO 

H npu T .--: 20 F3B *. Bo acex cnyqaax MO,IJ,enHpoaaHHe 

(rr-N)-n (N-N)- B38llMO,IJ,CHCTBllH npOH3BOJJ;HJ10Ch TaKHM o6pa-

30M, l.fT06hi B Ka:>K,IJ,OM aKTe B38HMO,IJ,CHCTBH.ll TO'IHO BhliiOJ1· 

HHJIHCb 3aKOHhi COXpaHCHHH 3HeprHH H HMllYJihCa. 

3KcnepHMCHT8JlbHhiC ,IJ,aHHhiC no .li,IJ,CpHhiM B38HMO,IJ,CHCT

BHHM B HaCTOHIIJ.ee BpCMH HMCIOTC.ll KaK ,llJIH npOTOHOB, TaK 

H ,IJ,JIH 7T "MC30HOB. fiOCKOJihKy, O,IJ,HaKO, BhiBO,!J,hl, KOTOpbiC 

MO:>KHO C,l],CJ18Tb H3 cpaBHCHHH paCl.fCTOB C 3KCnepHMCHTOM, 

B :JTHX CJiyl.faHX nonyl.falOTCH npaKTH'ICCKH O,!J,HHaKOBhiMH, Mhi 

orpaHHl.fHMCH ,IJ,anee B OCHOBHOM TOJihKO npOTOH" .li,IJ,CpHblMH 

B38HMO,IJ,CHCTBHHMH. 

* Cnoco6 Mo,IJ,enupoaaHHH BhiCOK03HepreTHl.feCKHX (rr-N)
H (N-N)-B3aHMO.IJ.CHCTBHH HBnHeTCH ycoaepweHCTBOBaHHhiM 
B8pH8HTOM MCTO,IJ,a, HCnOJ1h30BaBWCrOCH B pa6oTax/10,19/, 

C 6onee TOl.fHhiMH K03~HU.HCHT8MH. 
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2. MHO)I(ECTBEHHOCTb BTOPHlJHhlX lJACTHJ..( 

KaK au,n;uo H3 puc. I, cpe,n;HJIJI TeopeTH'IecKaH u 3Kcne

pHMeHTaJILHaH MHO)KeCTBeHHOCTH JIHBHeBLIX qaCTH:U <n s > 
xopomo cornacyroTcH annoTL ,n;o 'I ::::30 T3B. llpu 6onLmHx 

3HeprHHX TeOpHH ,n;aeT 3aBLIWeHHYIO MHO)KeCTBeHHOCTL, 

H pa3JIH'IHe C OITLITOM CHJILHee npOJIBJIJieTCH B TH)KeJILIX 

x,n;pax. O,n;uaKo 3Ha'IHTenLHLIM 3TO pa3JIH'IHe cTaHOBHTCH 

numL B o6nacTH 'I >100 T3B. llpu 'I=200 T3B pac'IeT

Hoe 3Ha'IeHHe <n s > ,D;JIJI rpynnLI nerKHX x,n;ep lPOT03MYJILCHH 

llpH6JIH3HTeJILHO B ITOJITOpa, a ,D;JIH TJI)KeJILIX H,D;ep lPOT03MYJIL

CHH B ,D;Ba pa3a npeBOCXO,D;HT 3KCITepHMeHTaJILHYIO BeJIH'IH

HY <n s>. 
B HeKoTopLIX pa6oTax /eM., uanpuMep(

13
•
14f KaK o.n;HH 

H3 Ba)KHLIX apryMeHTOB npOTHB KaCKa,D;HOH MO,D;eJIH yKaJLI

BaeTCH OTCYTCTBHe 3HepreTH'IeCKOH 3aBHCHMOCTH H3MepH

eMLIX Ha OITLITe 3Ha'IeHHH R A- OTHOWeHHH cpe,n;HeH MHO

)KeCTBeHHOCTH JIHBHeBLIX 'IaCTH:Q, o6pa3yiOI:QHXCH npH BJa

HMO,D;eHCTBHH c JI,n;poM A, K cpe,n;HeMy qucny 3apH)KeHHLIX 

BTOPH'IHLIX 'IaCTH:U B HeynpyroM (p-p) - B3aHMO,D;eHCTBHH llpH 

TOH )Ke 3Hepruu 'I. B ,n;e:HcTBHTeJILHOCTH 3aBHCHMOCTL 

RA (T) cTaHOBHTCH oqeHL cna6o:H numL npu 3Hepruxx, 6onL

mux uecKonLKHX coTeH T3B*,B o6nacTH )Ke 'I<100 T3B 
3KcnepuMeHTanLHLie 3Ha'IeHHJI R A ,KaK 3TO BH,D;HO H3 puc. 2, 
06Hapy)KHBaiOT 3Ha'IHTeJILHLie H3MeHeHHH B 3aBHCHMOCTH 

OT 3HeprHH nepBH'IHOH qaCTH:ULI B COOTBeTCTBHH C pe3yJIL

TaTaMH KaCKa,D;HOH MO,D;eJIH /B TO )Ke BpeMH 3TO npOTHBOpe

'IHT BLIBO,D;aM, nonyqeHHbiM B pa6oTax/13,1Vua OCHOBe runo

Te 3LI 06 aHOMaJILHbiX CBOHCTBaX 6LICTPLIX a,n;pOHOB BHYTPH 

x,n;pa/. 

3Ha'IHTeJILHO Xy)Ke KaCKa,D;HaH MO,D;eJIL cornacyeTCH 

C 3KCITepHMeHTaJILHLIMH ,n;aHHLIMH ,D;JIH HH3K03HepreTH'Iec

KHX 'IaCTH:Q. XOTJI XO,D; KpHBLIX Ha puc. J nepe,n;aeT ua6JIIO

,n;aeMoe B 3KcnepuMeHTe CHJILHoe ocna6neuue 3HepreTu

qecKo:H 3aBHCHMOCTH <n i' H <n h> B o6naCTH BLICOKHX 3Hep

rHH, a6COJIIOTHLie 3Ha'IeHHH pacqeTHOH MHO)KeCTBeHHOCTH 

*llpu T =200,300,400 T3B B pacqeTe ua cpe,n;uee 

x,n;po $oT03MYJILCHH RA =1,71t_0,04; 1,78±0,04; 

1 ,78±0,04 / 30/. 
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Puc.2. 3aeucuMocmr:. omHoweHUJl RA om 3Hepzuu nepeu~HbiX 
npomouoe. 3Ha~IWMU x ,• ,1'1 HaHeceH't 3Kcne7puMeHmaA&Hbte 
3Ha~eHU.Ji OA.Ji LEm, Em u HEm 1.2°-29 . IlyHKmupHa.Ji, 
cnAOUJHa.Ji u mo~e~Hali Kpue&re • coomeemcmey10114Ue meopemu
'iecKue oaHHbte. 

3HaqHTCJibHO npeBOCXO)J,~T 3KCITCpHMCHTaJILHWC 3HaqeHHH. 

)l.n.H nnKenwx H)J.ep pa3nHqHJI 3aMeTHw y:>Ke npu 'I:: 10 F3B. 
B o6nacTH BhiCOKHX 3Hepruii reoperHqecKHH xacxa,D, 

OKa3biBaeTCH CJIHWKOM pa3BCTBJICHHLIM, )J,a:>Ke CCJIH yqeCTh 

B03p~lCTaHHC "npo3paqHOCTH" H)J.pa 3a cqeT Bbi6HBaHHK 

qacTH ero HYKJIOHOB. 3TOT BbiBO)J, MO:>KHO cquTaTh ycTaHoB· 

JICHHLIM )J.OCTaTOqHo Ha)J,e:>KHO. 

Ecnu )J.aHHLie )J.JI~ nerKHX H T »:>Kenwx JIACP annpoKCHMH

posan. 3aBHCHMOCTLIO <n>""'Aa, r.u.e A - Maccosoe qHcno 

~~pa·MHlllCHH, TO B COOTBCTCTBHH C 3KCITCpHMCHTOM 

,IJ.JUI HH3K03HCpreTHqeCKHX qaCTHU. fiOKa3aTCJih a = 
= ln(AT.fDK. /A.rer.) /ln(<n>TRlK. /<n> JWl'.) OKa3LIBaCTCJl. 

B HeCKOJlhKO pa3 60JILWHM, qeM )J,JIJI JIHBHCBbiX qacTJru;. 3TO 

06'b.flCIUlCTC.JI pa3JIHqeeM MCXaHH3MOB o6pa30BaHHR ~ g- B 

h -qacTHU. /eM. hi j. 

8 

Ha puc. 3 H 4 noKa3aHbi KoppeiiHU.HH MHo>Kec rlieHuoc rH 

IIHiilleBbix: H IIH'lKO'HICpreTH'-ICCKHX 'laCfHU. llpH '[=70 f'J8. 
Pacxo>K.LJ.eHHH c onblfOM npoHBIIHIOTCH B 3Bel.LJ.aX c 6oJiblllHM 

'IHCJIOM Hy'-lefi. Mo.LJ.eJIHposaHHbiC 3BC3.LJ.bl co.LJ.ep>KaT HlJIHllJ· 

Hee '-IHCJIO KaK S·. TaK H g-'-laCTHU. jnoCJIC.LJ.HHe <.:OCTOH f 

B OCHOBHOM H3 npOTOHOB OT.LJ.a'-IH/. 3TO CHUBa yKa3WBaer 

Ha CJIHlllKOM 6oJiblllYlO pa3BCTBJICHHOCTb reopeTH'ICCKHX 

KacKa.LJ.oB. B o6nacTH T 30 F:JB TeopHH H :lKcnepHMeHT 

cornacytorcH 3Ha'-1HfCJibHO IIY'-llllC /
2/ . 

Eme o.LJ.noli xapaKTepHCTHKOH MHO>KecnwHHoc rH 

pmK.LJ.a!OU\HXCll 'laCTHll,, '-laCTO paCCMaTpHBaCMOH B 'IKCilepH

MCllfUJibHbiX pa60TUX, HBflJICTCll OTHOCHTCJibHall .LJ.HCUepCHll 
1/•l l ~ 2j j'l I D . II !l- -·II · - . < Il >, KOTOpall B npe;\CJiaX. 

s s '-; s 
30/o HbiX. norpeWHOC fCH H3MCpeHHH OC raeTCll IIOC fOliHHOH 

B WHpOKOM HHrepBaJie 3HeprHH, OT HCCKOJlbKHX r J8 .ll.O 

IWCKOJlbKHX. CO reH r J8. 
B 

v D~' KUCKaJ~IlOH MO.ll.CJIH BCJIH'-IHI!a s' II s MC,J.JieHIIO 

BO'!pac rae r npu yseiiH'-ICHHH 3HeprHH 'I /eM. ma6AUIIY 1/. 
CIIC.LJ.YCf, O.LJ.HUKO, HMCTb B BH.ll.Y, '-lfO BO BCeX paccMarpH· 

BaBWHXCll .LJ.O CHX nop oapHaHTaX KaCKa.LJ.HbiX: fCOpHH paC'-IC f 

(77 N) H (N-n)-sJauMo.LJ.elicrsuH: npoHJBO.LJ.HTCH 6e1 no.LJ.I"OHKH 

.LJ.HCIICpCHH MIIO)KCC fBCHHOCTH pO)K.LJ.afOlli,HXCll '-laC fHll, K CC 

'IKCnepHMCH raiibHOMY '3Ha'-ICHHIO. B '-laCTHOC rH, npH u.ameM 

CllOCo6e MO.LJ.CIIHpOBaHHll 3IICMCHTapHWX BJaHMOBeHCfBHH 

pa'lJIH'-IHe pac'-le fHbiX H ua6IIIO)J.aCMbiX 3Ha'-ICHHH D ~2 /<n 5 • 

B o6nacrH T .. lO 70 F:JB )J.OCTHraeT 20-300/o. Pacxo>K)J.CHHe 

TeopeTH'-ICCKHX: H 3KCnepHMCHTaJibHbiX BCJIH'-IHH B ma6AUije J 
B JHa'-IHTCJibHOH CTCIICHH o6yCJIOBJICHO HMCHHO 'HHM o6cTo· 

liTCJlbCTBOM. 

Ha puc. Sa noKa3aHa pacc'IHTaHHaH c noMOlll.biO KacKa)J.

noli MO.LJ.CJIH JaBHCHMOCTL i\ 8 (n h) .., 0 8 (n h) I n ~ (n h), ~ 
.ll.Illl cPOT03MYIIbCHOHHblX 3BC3,1J. C pa3JIH'-IHbiM 4HCJIOM h -qac· 

ntu. nh. BenH'-IHHa i\ <; yMeHblllaCTCH c poe roM n h. Ilo,!J,o6uoe 

YMCHbWCHHC, OTpa)KafOlli,CC CHH:>KCHHC OTUOCHTCJlbHOH .LJ.HC· 

nepcHH npH yoeJIH'-ICHHH '-IHcna BHYTPHH,IJ.epHbiX: c roJIKHose

nuii, • OTJIH'-IHTCJibHaH '-lepTa KaCKa)J,HOf'O MeXaHH'3Maa)J.poH· 

H,ll,epHWX B3aHMO.LJ.CHCTBHH, npOTHBOpe'-lalll,aH.KaK :lfO 110)1," 
I ' '-ICpKHBaCTCJI B pa6oTax· H. l5,ua6JIIO,IJ.aCMblM Ha Ollbl re IIO'ITH 

nocroHHHbiM 3Ha'-leHHB.M \ s (n h)/. 0.LJ.HaKo H3 cpaoueuHB. 

puc. Sa H Sa BH.LJ.HO, 4TO pac'-leTHLIH rpa)J.HeH r H'JMeHeHHH 
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Puc.3. CpeoHJIJI MHo:w:ecm6eHHocmb AU6He6biX ~acmuij 6 
36e30QX C pa3AU~Hb1M '-IUCAOM cepbiX Ay~eu. 3Hep2UJI nep-
6U~HbiX npomoHo6 T=70 F3B. 

rucmozpaMMa - pac~em, mo~Ku - 3KcnepuMeHmaA&Hble 
3Ha~eHuJI/2o/. CmpeAKaMu Ha ocu ng yKa3aHbl 3Ha~eHUJI <n g->. 

10 

4 

3 l LEm 
1\ 
~ 2 c: 
v i~ r I r I -

0 5 10 15 20 

ns 

15 

I· HEm 
1\ tO 

f sl r i 
t 

0 5 10 f5 20 25 

ns 
Puc.4. CpeoHJIJI MHo:w:ecm6eHHocm& cepblx cAeoo6 6 36e3oax 
C pa3AU~HbiMU ~UCAOM AU6He6biX ~aCmUij. 3HepZUJI nep6U"'
HbiX npomoHo6 T =70 F3B. Bee o6o3Ha"'eHuJI, 1<a1< Ha puc.3. 
CmpeAKaMU Ha ocu n 

8 
yKa3aHbl 3Ha~eHUJI <n 8 >. 
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Ta6nnua 

3HepreTil"'8CK851 38BIICHMOCTb OTIIOCI1T8JlbHOi1 llHCTiepCI!H 

D Y:: ;<n , 
S I S ~ 

'I I rsB PacLJeT 

10 

30 
75 

OJIJ,lT: 

0.4~ \ 

02' I 

c:-1 

~ 0 c 
~o4 1 ' .., ' 
A 

0.2. 

0 

p+LEm P+HEm 

0,56:!:_0,02 
0,66:!:_0,02 
0, 71 :!:_0,02 

0,59:!:_0,02 

30 T3B 

.__ ... • y 'l 

200 T3B 

5 10 

. 

0,51:!:_0,02 
0,64:!:_0,02 
0,66:!:_0,02 

0,55:!:_0,02 

a 

a 
' 

15 20 

nh 
Puc.S. 3aeUCUMOC11fb 011fHOCU11fe/lbHOU oucnepcuu Ds/<n s > 

2 

om <~ucAa h - <~acmut~ npu e3auMooeucmeuu npomoHoe c .Ro
paMu (/Jomo3MYAbcuu. a - pac<~em OA.R 'I =30 T3B, b - 3Kc
nepuMeHmaAbHble oaHHble/22/o/IJf 'I =200 T3B. 

12 

' J 

) 
) 

BeJJHl.JHHbl !\ (n h) HeCHJlbHO OTJJHl.JaeTCB OT 3KCnepHMeH

TaJJbHOrO *. E~onee TOl.JHoe Mo.n.enupoBaHue TaKoii "TOHKoii" 

XapaKTepHCTHKH B3aHMO,D,eHCTBHB, KaK ,Il,HCnepCHB, B03MQ)I(

HO JJHllib npu 6onee .n.eTaJJbHOM onucaHHH JJJeMeHTapHoro 

aKTa B KaCKa,D,HOH MO,D,eJJH. Bo BCBKOM CJJyl.Jae, rOBOpHTb 

0 HeycTpaHHMOM npOTHBOpel.JHH C 3KCnepHMeHTOM 3,D,eCb 

flOKa eLQe HeT ,l],OCTaTOl.JHbiX OCHOBaHHH. 

3. YFJJOBblE H 3HEPFETHlJECKHE 
PA Cll P E,JJ,EJJ EHHJI lJA CTH~ 

113 ma6AUllbl 2 H puc. 6-8 BH.D.HO, 'ITO pacl.JeTHble yrno

Bble pacnpe.n.eneHHB 6JJH3KH K JKcnepuMeHTaJJbHbiM. KaK 

H B OflbiTe, l.JHCJJO JJHBHeBbiX l.JaCTHIJ,, BbiJJeTaiDLQHX flO,Il, 

MaJJbiMH yrJJaMH, CJJa6o JaBHCHT OT THfla B,D,pa-MHllieHH; 

B npOTOH- B,D,epHbiX B3aHMO,D,eHCTBHBX B 3TOH 06JJaCTH BbiJJe

TaeT npaKTHl.JeCKH TaKOe )l(e l.JHCJJO l.JaCTHIJ,, KaK H B 3JJeMeH

TapHbJX (p-p) - BJaHMo.n.eiicTBHBX I puc. 7/. Hao6opoT, npu 

H3MeHeHHH 3HeprHH nepBHl.JHOH l.JaCTHIJ,bl 'I CHJlbHee H3Me

HBeTCB yrJJOBOe pacnpe,D,eJJeHHe B 06JJaCTH MaJJbiX yrJJOB, 

l.JHCJJO JJHBHeBbiX l.JaCTHIJ, 3,D,eCb 6biCTpO B03pacTaeT C yBe

JlHl.JeHHeM JHeprHH npH lgtg 0/2 ::; -2 H CJJa6o H3MeHB· 

eTcH npu 6oJJblliHX yrnax. l1To KacaeTCB yrnoBoro pacnpe-

Ta6nuua 2 

CpeJl)mi1 yroJI elf: ' l3 KOTOpLii1 Bl>lJieTaeT llOJlOBHHa s- H 

g -"'aCTIIII npn ~ = 70 fsB ( !3 rpaaycax) 

P + LEm p +HEm 

Te Opl151 OTibiT/20/ TeOpH51 OllblT /20/ 

< 0 V: > 
2 s 

8,5:!:_1 9,6:!:_1 13,5:!:_0,5 14,0:!:_0,5 

<Ot;; > 
2 g 

51:!:_3 60:!:_3 66:!:_1 66,4:!:_1 

* B pa6on!lill l.JaCTb TOl.JeK JKcnepHMeHTaJJbHoro pac
npe.n.eneHHB puc. Se nponyll.l,eHa, noJTOMY BeJJHl.JHHa ~s H 

OKaJaJJaCb He3aBHCBll.l,eH OT n h' 

13 
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Puc.6. YzAoeble pacnpeoeAeHUJI AUeHeebiX l.lacmu~ e rjJomo-
3MYAbCUOHHbiX 36e30QX, o6pa306QHHbiX npomoHaMU npu 
T =70 T:JB. CnAOWHble Kpueble- 3KcnepuMeHm/20/ nyHKmup-

pacl.lem. ' 

~eneHHH HH3K03HepreTHqeCKHX qacTHU, TO OHO B COOTBeT

CTBHH C 3KCllepHMeHTOM oqeHb cnafio 3aBHCHT OT 3HeprHH 

'I. 
BMeCTe C TeM Mbl XOTellH 6bl llO,Z:J.'tepKHYTb, qTo cor

naCHIO cpe~HHX TeopeTHqeCKHX H 3KCTiepHMeHTallbHblX yrno

BbiX xapaKTepHCTHK He cne~yeT npH~aBaTb CllHillKOM fionb

IllOe 3HaqeHHe, TIOCKOllbKY 3TH xapaKTepHCTHKH B CyiUeCT

BeHHOH CTeneHH onpe~enHIDTCH KHHeMaTHKOH npouecca H 

cna6o 3aBHCJIT OT ~eTaneu Mo~enu. 
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fX) 

50 

0 
-7.8 

r· 

·4.6 

fj'\. .. , 
' I 
I 
I 

-tit +f.8 

ent~B/2 

Puc. 7. YzAoeoe pacnpeoeAeHue 3apJIJICeHHbiX l.lacmu~, !6pa-
3Y10UIUXCJI 6 ueynpyzOM (p-p) - cmOAKH06eHUU neu 'I = 
70 T3B. CnAowHaJI zucmozpaMMa - 3KcnepuMeHm /2 : nyu~e
mup - pe3yAbmam cmatiiUcmul.lecKozo MoOeAupoeaHuJI. 

Ta6nHua 3 

CpeJUiee 'IHCJio qacTHU c 9HeprHeii :f>:f*, o6pa3yeMbrX 

B cpoT03MyJibCHH rr--Me30HOM np!i 'I = 50 f38 

rr- +LErn rr- +HEm 
:I*'; f3B 

TeOp!iH Ollb!T/3l/ TeOp!iH OTibiT / 3 l/ 

. 
5 1,05 1 ,57::t_O, 14 0,90 1 ,34::t_O, 14 

10 0,64 0, 78::t_O, 10 0,51 0,58::t_O, 10 
15 0,50 0,46::t_0,08 0,40 0,28::t_0,07 
20 0,48 0,34::t_0,06 0,35 0,14::t_0,05 
25 0,43 0,24::t_0,05 0,29 0,10::t_0,03 
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CosS 
Puc.B. Y2A08ble pacnpeoeAeHUR cepblX cAeooe e (JomoJMYAb
cuoHHblX 38e3oax, o6pq3o8aHHblX npomoHaMu npu T =70T:JB. 
TollKU - :JKcnepuMeHml:w(zucmozpaMMbl - pac'lem. 

0'-ICHh Ba)I(HhiU pe3YJihTaT co,nep)I(HTCH B ma6AU14e 3: 
reopHH npe,ncKa3wBaer 3Ha'IHTeJihHO 6onhlllHH npou.eHT sw

coKo:JnepreruqecKHX qacruu., 'leM 3TO ua6mo.naercH B 'JKc

nepuMeHTe. Pa3JIH'IHe oo3pacraer npu ysenu'leHHH 3Hepruu 

nuoHesoii qacTHU.hi u Macchi H,npa. Pac'leruoe qucno qacruu., 

YHOCHILI,HX 6onee nonoBHHhi :JHepruu nepouqnoii qacTHU.hi, 

B nerKOM H,npe B,nBOC /2±0,4/, a B TH)I(CJIOM B 3,5 pa3a 

/3,4±0,8/ npesocxo.nur :JKCnepnMeHranhHOe. )J.pyrHMH cno

saMH, no cpaBHCHHIO C OllhiTOM TeopeTH'ICCKHH KaCKa,n 

OKa3hiBaeTCH He TOJihKO 6onee pa3BCTBJICHHhiM, HO H 3Ha-

4HTCJihHO 6onee o6orall.l,eHHhiM BhiCOKO:JHepreTH'ICCKHMH 

'laCTHLJ,aMH. 

16 

C '-ICM CBH3aH 3TO pe3yJihTaT - C ne,nOCTaTO'-IHO KOp

peKTHOH annpOKCHMal.I,HCU BhiCOK03HepreTH'-ICCKOU '-laCTH 

cneKTpa nu.nupyro~ux qacTHU. o (1r-m -B ( N-N) -<:TonKnooe

HHHX HJIH )I(C CO cneLJ,HtPH'-leCKHM MeXaHH3MOM BHYTPHH,nep

HhiX B3aHMO,ne:iiCTBHH, OC06eHHO CHJihHO CHH)I(aiO~HX MHO

)I(CCTBCHHOCTh 6biCTpOH KOMllOHeHThl po)l(_naiOD.lHXCH 

'-laCTHLJ,, - ,nnH HaC OCTaeTCH TIOKa HeHCHhiM. 

4. BJIHJIHHE HECTAL!HOHAPHOFO PACIIAAA 
OCTATOf/HhiX JIAEP 

PacqernaH MHO)I(CCTBCHHOCTh HH3K03HepreTH'-ICCKHX qa

CTHLI, MO)I(CT 6biTh HeCKOJihKO YMCHhlllCHa, CCJIH npHHHTh 

BO BHHMaHHe B03MO)I(HOCTh HCTIYCKaHHH 6hiCTphiX '-laCTHLI, 

na cTa,nuu, Kor.na ocTaoweecH nocne BhineTa naBHHhi Kac

Ka,nHhiX '-laCTHLI, CHJihHO B036y)l(_nCHHOC H,npo penaKCHpyeT 

K CBOCMY paBHOBCCHOMY COCTOHHHIO. Y'-leT TaKHX npe,npao

HOBCCHhiX pacna,IJ,OB CHH)I(aeT cpe,nHIOIO 3HeprHIO B036y)l(_ne

HHH OCTaTO'-IHhiX H,nep 3a C'-ICT o6pe3aHHH BhiCOK03HepreTH-

1.{CCKOU qacTH cneKTpa w(E~). 3ro xopolllo ou.nno H3 puc. 9, 
r.ne o Ka'-leCTBe npuMepa npuoe,neHhi cneKTphl 3Hepru:ii oo3-

6y)l(_nenHH ,nnH peaKU.HH npu T = 70 T3B. ,[l.nH nerKHX H,nep 

LE rn cpe,nHHH 3HeprHH B036y)l(_nennH <~>CHH)I(aeTcH ua 10'1o 

/c 42 .no 38 M3B/, a ,nnH TH)I(CJihiX B:,nep HEm- na 20'1o 

/c 420 .no 336 M3B/ *, 
qacTHU.hi, ucny~ennwe npu nepaonooecnhiX pacna,nax, 

HMCIOT, KaK npaBHJIO, qepnhle TpeKH; MHO)I(CCTBCHHOCTh 

g -qaCTHLI, npH 3TOM npaKTH'-ICCKH He H3MCHHCTCH /eM. 

puc. 1/. Cpe,IJ,H b -qacTHU. o6pa3ooaowuecH npu necTau.uo

napnhiX pacna_nax qaCTHLI,hl COCTaBJIHIOT BCChMa 3aMeTHhiH 

*IJpH 3TOM ynyqWaiOTCH yCJIOBHH npHMCHHMOCTH "HC
napuTenhnou MO,IJ,enu" pacna.na oo36Y)I(.IJ.CHHhiX .H,II,ep. Bo 
Mnorux cnyqaHx, ,IJ,a)l(e ,IJ,JIH nerKHX H,IJ,ep, pacqeT MO)I(eT 
6biTh l.I,CJIHKOM BhiTIOJIHeH Ha OCHOBe 3TOH MO,IJ,CJIH, 6e3 
npuone'-le)IIJH oechMa TPY.IJ.OeMKHX "B3PhiBHhiX MO,IJ,eneu" 
pacna,IJ,a /2/. O,IJ,naKo nonnocThiO ycTpanHTh "o3phiBHhle 3tP
tlleKThl" He y,naeTCH - CaMhle BhiCOK03HepreTH'-1HhiC qaCTH 
cneKTpa 3HeprHH B036y)I(.IJ.eHHH H,IJ,pa npe,II,paBHOBCCHhiH pac

na,IJ, ne o6pe 3aeT. 

17 
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Puc. 9. PacnpeOe/leHUJI 3Hep2UU eo36yJKOeHUJI oc111a111o'iHbiX 
JIOep, o6pa3Y10UIUXCJI noO Oeilc111eueM npo1IIOHOB c 'I =70F:JB. 
CnAOWH&ze 2UC1II02paMMbl - pacnpeoeAeHUJI nocAe e&z/le111a 
I<QCI<QOHbiX 'iQC111Uij, nyHK111Up - paeHoeeCHble pacnpeOe/leHUJI, 
nocAe 111020 I<QI< 3QI<OH'iU/IOCb HeC111QijUOHQpHOe ucnyCKQHUe 
'iQC111Uij. 
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Puc.JO. 3Hep2e111U'ieCKOe pacnpeOeAeHue b- 'iQC111ULI, ucny
IJI€HHbiX 111JIJK€/IbiMU JIOpaMU ifj011103MY/IbCUU no() Oeilc111eUeM 
npo111oHoe npu 'T =70 F:JB. CnAowHaJJ 2UC1II02paMMa - cneK111P 
ucnapu111e/lbHbiX 'iQC111Ul#, nyHK111Up - cne1<111p 'iQC111Ull, ucny
UieHHbiX npu H€C111QijUOHQpHbiX pacna()ax B036yJKOeHHbiX JIOep. 
Ilooo6Ho moMy KaK 31110 'iQC1IIO oeAae111cJJ e :JKcnepuMeH111e, 
npu noc111poeHuu 2uc111o2paMM npeonoAa2aAocb, '11110 oeil111po
Hbl H€0111/IU'iUMbl 0111 np01110HOB, C030Q10IJIUX 111QKY10 JKe 
UOHU3QijU10. 

npou;eHT. HanpHMep, a peaKUHHX p +LEm npH T =70 F:JB 

qucno TaKHX qacTHU cocTaan.seT oKono 120/o oT qucna 
HCnapHTenhHbiX qaCTHU, B peaKI.J;H.SX p+HEm 3TO qucno 
-30~. 0AHaKo cneKTphl 3THX ABYX THnoa qacTHU 6nH3KH 
no $opMe; 3TO o6b.SCH.SeT, noqeMy pe3ynLTaThl pacqeToB 
XapaKTepHCTHK HH3K03HepreTHqeCKHX qaCTHI.J; He yqHTbiBaiO
II.J;He npeApaaHoaecHhlX pacnaAOB, qacTo nonyqaroTc.s Henno

xo cornacyiOII.J;HMHC.S C OflhlTOM. 
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5. 3AKJIJOqEHHE 

Pacxo:>K.D;eHHe c 3KcnepHMeHTOM pacqeTHhiX .naHHhiX, 

IIony'-leHHbiX C IIOMOIQblO MO.D;enH BHyTpHH.D;epHbiX KaCKa

.nos, Ha'-IHHaeT npoxsnHThCH y:>Ke npH T ::: 10 F:JB H ysenH

'-IHBaeTCH C B03pacTaHHeM 3HeprHH IIepBH'-IHOH l.J:aCTHUbl. 

TeM He MeHee xapaKTep paCXO:>K.D;eHHH TaKOB, '-ITO IIOKa 

HeT OCHOBaHHH .D;flH yTBep:>K.D;eHHH 0 IIpHHQHIIHanhHOH He

IIpHMeHHMOCTH KaCKa.D;HOf'O MeXaHH3Ma BHYTPHH.D;epHbiX B3a

HMo.neH:cTBHB s o6nacTH BhiCOKHX 3HeprHB. KaqecTBeHHO 

MO.D;enb BHYTPHH.D;epHhlX KaCKa.D;OB XOpOlliO OIIHChlBaeT BCe 

OCHOBHhle qepThl HeynpyrHX H.D;CpHhlX B3aHMO.D;eHCTBHH, IIO 

KpaB:HeH Mepe, .D;O 3HeprHH B HeCKOflbKO COTCH F:JB, '-ITO 

yKa3biBaeT Ha Heo6xo.D;HMOCTh .nanhHeB:rnero ycoseprneH

CTBOBaHHH, a He OTKa3a OT 3TOH MO.D;enH. 

B qacTHOCTH, npH 'I>> 1 F:JB, Kor.na qacTHUhi, o6pa3yiO

IQHecx BO BHYTPHH.D;epHbiX CTOflKHOBeHHHX, BbinCTaiOT B Y3-

KHH TeneCHbiH KOHyC,CYIQCCTBCHHYJO ponh .D;OmKHbl HrpaTb 

MHOf'Ol.J:aCTHl.J:HbiC B3aHMO.D;CHCTBHH, IIpH KOTOpb!X C BHyTpH

H.D;CpHbiM HYKflOHOM CTanKHBaCTCH cpa3y HCCKOflbKO 6biCT

phlX l.J:aCTHU/1, 11, 12,32~ <PeHOMCHOflOf'Hl.J:CCKH TaKHe B3aHMO

.D;CHCTBHH Y'-IHTbiBaiOT TaK:>KC BKna.D;, BHOCHMbiH B pa3BHTHC 

KaCKa.D;HOH naBHHbl "pe 30HOHaMH" p, w H T . .D;. MHOf'04HC

neHHbie 3KCIICpHMCHTbl CBH.D;CTCflbCTBYIOT 0 6onhlliOM Ce

'-ICHHH pO:>K.D;CHHH 3THX l.J:aCTHQ, HC Y'-IHTbiBaCMbiX B COBpe

MeHHbiX KaCKa.D;HbiX paCl.J:CTaX, y:>Ke IIpH 3HeprHHX IIOpil.D,Ka 

HCCKOflbKHX F:JB. 

Pa3pa6oTKa KaCKa.D;HOH MO.D;enH C MHOf'Ol.J:aCTHY:HhiMH 

B3aHMO.D;CHCTBHHMH HBflHCTCH, IIO HarneMy MHeHHIO, Haa6o

nee MHoroo6emaiOIQHM HanpasneHHeM .nanhHeH:rnero pa3BH

THH. 

ilOIIbiT~a IIOCTpOCHHH TaKOH MO.D;CflH 6hlna npe.D;IIpHHliTa 

B pa6oTaX 29 • 30~X0n1 MO.D;Cflb BO MHOf'HX OTHOlliCHHliX 6bina 

BCCbMa IIpH6nH:>KCHHOB, a 3KCJICpHMeHTanbHbiX .D;aHHbiX 6hinO 

HC.D;OCTaTO'-IHO .D;flH o6CTOHTCflbHOf'O ee aHanH3a, pe3ynbTa

Tbl paCl.J:CTOB IIOKaJanH, '-ITO MHOf'Ol.J:aCTHl.J:HbiC B3aHMO.D;CHCT

BHH pe 3KO CHH:>KaiOT MOIQHOCTb KaCKa.D;HOH naBHHbl H IIpH6-

nH:>KaJOT Bbi'-IHCflCHHhlC xapaKTCpHCTHKH H.D;CpHbiX B3aHMO

.D;CHCTBHH K Ha6nro.naeMbiM Ha OIIhlTC. 
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