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Oraaecs!H IO.U., neanoH:lKKeBII'I 10.3., raBpnnoB K.A., 
KnM .lle Ea 

P7 

Onpe~eneane noporoB peaKunft npn 6oM6ap~npoBKe R~ep 
208 Pb n 238 U noHaMn 

40 Ar n 52 Cr 

7863 

Hay~anHCb ce~eHHR o6pa30B8HllR OCKOnKOB ~eneHHR H8 TOHKllX MnWeHRX 
208 Pb n 238U B aaBncnMocTn oT aaeprnH 6oM6ap~npyiOmnx noaoB 

40 Ar 
ll 52 Cr • C UOMDWbiO nony~eHHbiX 38BllCllMDCTeH onpe~enRnCR KynDHOBCKllH 
6apbep B381!MO~eiiCTBYIOWllX R~ep ll COOTBeTCTBYIOWllH eMy atfltfleKTllBHbiH pa
~nyc B38llMO~eHCTBI!R0 KOTOpbiH OKa3anCR llDCTDRHHbiM ~nR Bcex nccne~ye- • 
MhiX peaKunft n cocTaBnRn 1,44:_0,02 tflepMn. nony~eHHbie naHHbie cpaBHnBa

IOTCR c peaynbTaTaMn paann~HhiX pac~eToB. 

llpenpHHT 06be.[lHHeHHOrO HHCTHTyTa S,llepHbiX HCCJie,llOBaHJdt. 

,ll;y6Ha, 1974 

Oganessyan Yu.Ts., Penionzhkevich Yu.E., 
Gavrilov K.A.; Kim De En 

P7 - 7863 

Determination of Reaction Thresholds in Bombarding 
208 Pb . and 238 U Nuclei by 40 Ar and 52 

Cr Ions 

The cross sections for the formation of fission fra
gments on thin 208 Pb and 238 U targets were investigated as 
a function of the energy of 40 Ar and 52 Cr incident ions. 
:In the 238 U + 40 Ar reaction, the energy dependences of · the 
yield of products from multi-nucleon transfer reactions 
were also studied. By using the dependences obtained, the 
Coulomb barrier of interacting nuclei and the correspond~ 
ing effective radius of the interactions were determined. 

· The latter appeared to be constant for all the reactions 
studied and equal to 1.44± 0.02 fermi. The data obtained 
are compared with the results of different calculations. 

. Preprint. Joint Institute for Nuclear Research. 

Dubna, 1974 
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Ilpouecc BlaHMO~eiiCTBHH ~BYX cno:>KHbi£ .R~ep·xapaKTe.:.. 
pH3yeTC.R 3HepreTHqecKHM noporoM BJaHMO~eiiCTBH.R 3THX 

.RAep; a TaK)Ke 34>tiJeKTHBHbiM pa~HyCOM. lf3BeCTHO, qTo npH 

aJaHMo~eiic'fauu iloHoa ·c ·A <20 c Jl.i{paMli a wupoKoM ~Ha
na.JoHe Mace C 6onbWOB aepo'JITHOCTbiO npoH.CXO~HT peaKUH.R 

cnH.RHH.R 3THX .R~e·p~ cooTBeTCTByrouia.R 31}14leKTHBHbiM pa~Hy
caM a3aHMO~eiiCTBH.R r 8 cpcp. = 1,45-1,50 l~JepMH •. IlpH 3TOM 

3HaqeHHH r scpcp • .R~epHOe B3aHMO~eBCTBH~ H~qHHaeTC.R npaK

THqecKH B Toqi(:e KacaHH.R ~ayx .R~ep; ·)J;n.R '6onee · T.R:>KenbiX · 

HOHOB c A> 40 npouecc cnH.RHH.R ·Mo)i(eT a·TnHqaTbC.R OT • 

Taro; tfTO HMeno MeCTO c 6onee nerKHMH HOHaMH, T.K. 

B 3TOM cnyqae Be.JiHqHHa KynoHOBCKOrO B3aHMO~eHCTBH.R 
Cyll{eCTBeHHO B03pacTaeT H . B npouecce B3aHMO~eBCTBH.R 

B03MO:>KHbl pa3nHqHbie 31}J4leKTbl, 3aBHC.Ril{He He 'TOnbKO OT 

KHHeMaTHKH npouecca /I/, HO ·H oT caoiicTB,:caMHX .R~ep 
/~eliJ~pMaUH.R, B.R3KOCTb H ~p./ / 2 •3/ • 3TO Ji'on:>KHO HaRTH 

OTpa:>KeHHe KaK B BepO.RTHOCTH o6pa30BaHH.R· COCTaBHbiX 

.R~ep, TaK H B 3HepreTHqecKHX COOTHOWeHH.RX, xapaKTepH-

3YIOil{HX npouecc CTOnKHOJ:ieHH.R, CnH.RHH.R H ~eB036y~{lHH.R 
cocTaBHbiX .R~ep. Bee 3TH JaBHCHMOCTH · .RBn.RIOTC.R _aecbMa 

Cyll{eCTBeHHbiMH He TOnbKO .~n.R ·llOHHMaHH.R MeXaHH3Ma 

B3aHMO~eiiCTBH.R CnO:>KHbiX .R~ep, HO H llpH CHHTe3e T.R:>KenbiX . . 
H CBepXT.R:>KenbiX 3neMeHTOB B peaKUH.RX C T.R:>KenbiMH HOHa-

MH. 

3KcnepuM{mTanhHble ~aHHbie no 31}14leKTHBHb1Mpa~uycaM: 
H 6apbepaM B3aHMO~eBCTBH.R ~n.R 6oM6ap~HPYJOIUHX HOHOB 

c A ~.40 aecbMa orpaHuqeubl. P.R~ ·. 3KcnepuMeHTOB 6bln 

npoae~eH B HHcTHTyTe .R~epHoii 4JH3HKH /Opc3, ~paHUH.R/, 
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r,I:(e uccue):(oBauucL 4JyHKnuu 'Bo36y)K):(eHH.H: peai<nu:B: c o6pa- .·· 
3pBaHHeM cocTaBHoro s):(pa 72 Ge+ 84 Kr H 1.16Cd+ 84 Kr 14~ _ 
peaKnuii: MHoroHyKuoHHLIX nepe):(a:<~ /5/, a TaiOKe ynpyroe . 
pacce_SHHe HOHOB KpHnTOHa Ha pa3nHliHLIX S,I:(pax /6/~ CpaB
'HeHHe nouylleHHLIX ,I:(aHHLIX C. pe3yULTaTaMH HCCUe,I:(OBaHHH 
Ha HOHax · c A < 20 noi<a3LIBae-f, liTO B peaKnusx c u(maMH · 
KpHiiToHa HMeeT. MeCTO nOBLIWeHHe KyUOHOBCKOrO 6apbepa 

. Ha BeUHliHHY -50 M3B, liT,OJ::ooTBeTCTByeT r a¢!f!;==l,304)ep
MH. 

BMeCTe C TeM B ,I:(allLHeiimHX onLITaX, npoBe,I:(eHHLIX no 
H3ylleHHIO peaKnuu 232 Th+ 74 'Ge · . 6Liuo noxa3aHo, liTO ce
lleHHJI ·peaKnHii: nepe):(aliH H ):(eueHHS /o6pa3oBaHHe coc:raB
Horo s.lipa/ HMeroi: pa3UH'IHLie :mepreTHlleckue 3aBuciiMoc
iu It I . Kyu_oHOBCKHii: 6apLep ):(_ us peaKnuu ):(eueHHs B :noM 
cuytiae.oKa3au~~ Ha 3o -M3B BLiwe_nopora..peaKnuii:nepe):(a'l. 
H:i· aHauu3a :niix ):(aHHLix Mo)iffio 'npe):(m)uo)KHTL, liT.o pa3-
UHliHOro THna B3aHMO,I:(eHCTBHS xapa:KTepH3YIOTCS pa3UH'IHLI
MH 3HepreTHlleCKHMH 3aBH_ cB::MocTiiMH H noporu peaKnHii 
MOryT OTU~llaTLCS. ):(pyr. OT ):(pyra. llo3TOMy.npe.IJ:CTaBUSeTCS 
HHTepeCHLIM noiiylleHHe HHiiJopManHH 0 TOM, KaKHM o6pa30M 
H3MeHSeTCS :n~epreTHlleCKHHnopor ):(US pa3UH'IHLIX KaHaUOB 
peaKnHii: npH nepeXO,I:(e OTOTHOCHTeULHO uerKHX 6oM6ap.z\u-. 

· PYIOJnHX HOHOB K 6ouee TS:>KeULIM. . . . ·' ~.: · · ·. . .. 
HacTos~nas pa6oTa nocBs~neHa H3MepeHHIO :mepreTHlle

CKHX 3aBHCHMOCTeii CelleHHH ,I:(eUeHHg/o6pa30BaHHe COCTaB- · 
HLIX S):(.ep/ H peaKn~ii: .MHOrOHYKUOJIHLIX nepe,l(all DpH B3aHMO :-:~ 
,I:(eii:cTBHH M:arull~cKoro. s,I:(pa_ -208 Pb u ):(eliJ~MupoBaHHoro·· 
s):(pa 238 U c ycKopeHHLIMH HOHaMH 40Ar H Cr • · · 

3KcnepuMeHmaAbHa.R MemoouKa 
.. . . .' . ' .• . . 2 

. illecTL MHmeHeii: O):(HHaKoBoii T.OUinHHLI ;- 500 MKZ/ eM I, 
H3rOTOBUeHHLIX nyTeM BaKyy:MHOrO HanLIUeHHS BeineCTBa 
Ha aUIOMHHHeByiO .~O,I:(UO::IKKY .TOnJnHHOH 25 MK, BLinOUH,.H:IOinYIO. 
pouL c6opHHKOB ripo):(yKTOB peaKnuii:, _KpenumicL Ha ox_ua:>K
,I:(aeMoii Bo):(oii: noBepxHoCTH nuuHH):(pa, Bpa~naro~neiic.H: co cKo-. 
pocTLIO 100 o6/MUH. 3To no3Bousuo B O):(HOM onLITe o6ny
llaTL cpa3y HeCKOULKO MHWeHeii. 06UylleHHe npOBO,I:(HnOCL Ha 
BLIBe.l(eHHOM nyqKe uoHoB nuKuoTpoHa Jia6opaTopuu .H:):(epHLIX 
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peaKnHii OH.HH Y-3.00. Ycu(mus o6uyq~Hii~ npe,I:(CTaBUeHLI 
B ma6/l. J. 

3HepreTHllecKoe pa3pemeHHe · nyliKa cocTaBusuo .O,S'?'o~ 
3Heprus nyqKa ):(US :Ka)K):(oii: . MHmeHH BapL~poBauacL . _c no
MOinLIO aumMHHHeBLixnoruoTHTeueii. ,D;us onpe):(eueHHs :mep
ruu ucnouL3oBaUH.CL 3aimc'HMOCTH npo6er-3HeprHS, B3STLie 
H3 pa6oTLI 18/. ITouHLiii noToK llaCTHn, · 6oM6ap):(upyro~nux 
MHmeHL, onpe):(eu1mcs no MOHHTOpHoii peaKnuu: 
27 AI ( H 1, -2 p -1 n) 24 Na . . ITo cue. o6nylleHHS Ka)K,I:(as M~
meHh BMeCTe C amOMHHHeBLIM c6opHHKOM no,I:(BeprauacL 
pa):(HOXHMH'IeCKOH. o6pa60TKe C neuLio Bbi,I:(eUeHHS OT,I:(eUL
HLIX 3UeMeHTOB -·. npO):(YKTOB S,I:(epH.LIX peaKnHii: /Ta6n. 1/. 
B CUyllae CBHHnOBLIX MHWeHeii: B KalleCTBe. OCKOUKOB ,I:(eUe
HHS BLI):(eusuucL uerKHe pe):(K03eMeuLiiLie · 3UeMeHTLI. ~us 
ypaHoBoii MHmeHH a KaqecTBe ocKOUKOB ):(eUeHHspa.l(HOXH
MHlleCKHM MeTO):(OM BLI,I:(eusuHcL H30TonLI 3ouoTa. H3oTonLI 
237 U ;38 Np. o6pa30BLIBau:HcL B · KalleCTBe .. npo):(}'KTOB ~ 
peaKUHH nepe,I:(aliH 1-2 HYKUOHOB npH B3aHMO,I:(eHCTBHH' 

238 U 
c 40 Ar. H3MepeHHe ux raMMa- pa):(HOaKTHBHOCTH npoBO):(HUOCL 
cpa3y me llOCUe 06UylleHHS 6e3 pa.l(HOXHMHlleCKOrO BLI,l(e-
UeHHS. 

.. 
..·· 

raMMa-aKTHBHOCTb HCCUe,l(yeMLIX npo)iyKTOB H3Meps-
UaCL · Ha .. Ge(·Li) -raMMa-crieKTpoMEnpe.' 34J4JeKTHBHOCTL 
~cneKTpoMeTpa cocTanusua 6,5'?'o, 3HepreTHllecKoe ·pa3pe- ·. 
meHHe - 2 K3B. ):(1IS UHHHH E = .2SO. K3B. • HAeHTHiiJHKanus.: 
H30TOUOB H onpe,l(eUtmHe. HX sJ'xo,l(a ocymeCTBiJJi.JIOCb nyTeM 
H3MepeHHs. 3Hepruu, nepuo:nanouypacna.zia ~ B:II~e~c-HBHociei' 
H3BeCTHLIX raMMa'-nepexo.z\OB 3THX H30TOUOB. 0THOCHTeUL
HaJi':-norpeWHOCTL onpe):(eUeHHS BLIXO,l(a OT,l(eULHLIX H30TOllOB, 

. TaKHM ;o6pa30M, He npeBLimaua s~·7'J'o. Cell€mue.o6pa30IJaHHS 
~T,l(eULHLIX H30TOUOB onpe.l(eUSUOCb H3 HX OTHOCHTeUbHOrO 
Bi.IxoAa c ylleToM TOJiinHHLi MumeHH u ToKa :HoHoB. iiorpew
ilocTL B onpe.l(eUe.HHH cetieHHS .l(US MaKCHMaULHOH 3HeprHH .. 
He npeBLimana 10~, a· .i:(ug MHHHMallbHOH 3HeprHH onpe,l(e- ,., 
USUaCL·~ CTaTHCTHlleCKOH OWH6KOH H COCTaBUSUa 30-40~. 
CyMMapHLiii 3HepreTHllecKHii pa36poc 3KciiepuMeHTauLHLix · 
,l(aHHLIX onpe,l(eUSUCS HeMOHOXpOMaTHliHOCTbiO ny'IKa ,H He
O.l(HOpO.l(HOCTbiO · noru~niTeus H cocTaBnsu ·2 ';;. 2,5 M3B. 
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3KcnepuMeHmaAbHble pe3yAr.mambl 

B 3KcnepHMeHTe H3Mep.HJIHCL ceqeHHJI · o6pa3oaaHHJI 
oT,neJILHLIX H30Tonoa. PacqeT 3aBHCHMOCTH ceqeHHK,neneHHJI 
OT 3HeprHH 6oM6ap,nHpyJOUVIX HOHOB. ,noiDtceH 6LITL npOH3Be
.neu c yqeToM Macco:Boro · H 3ap.H,noaoro pacnpe,neneHHJI 
3THX ocK_OJIKOB. H3oTonHLie pacnpe,neneuaJI ocKoJIKoB .nene
HHJI 6LIJIH H3MepeHLI HaMH 3KCITepHMeHTaJILHO ,I\JIJI HeCKOiiLKHX 
3HaqeHHii :meprHii 6oM6ap.nHPYJOUVIX HOHOB a peaK~HJIX 
208 Pb( 40 

Ar, f) P33 ; 
208

Pb( 
52

Cr, f) P33 i 
238U( 40Ar ,f) 193,1.94,196,198:199 Au. 

ITonyqeHHLie pe3yJILTaTLI uaxo,nJITCJI B xopoweM corJiaCHH 
C 3KCnepHMeHTaJILHLIMH ,naHHLIMH, ITOJiyqeHHLIMH pauee npH 
H3yqeHHH 3ap.H,I\OBLIX pacnpe,neJieHHH OCKOJIKOB ,neJieHHJI 
B036y)l(,neHHLIX Jl,nep C Z:>"lOQ/91_ llonpaBKa Ha MaCCO.BOe 
pacnpe,neJieHHe OCKOJIKOB paccqHTLIBaJiaCL HaMH Ha OCHOBa-

.. HHH H3BeCTHLIX ,naHHLIX ITO pacnpe,neJieHHIO Mace OCKOJIKOB 
' /I o I . 

.neneHHJI B peaK~HJIX c TJI)I(eJILIMH HoHa!'-fH ~ Cne,nyeT 
OTMeTHTL, qTo 3Ta KOppeK~HJI CJia6o 3aBHCHT OT 3ueprHH 
HOHOB. /H3MeHeHHe ·Maccoaoii .nucnepcHH• a 1,5 pa3a npH
ao,nHT K nonpaaKe 8-1 0~/. 3uepreTHqecKaJI 3aaHCHMOCTL 
ceqeuHJI .neneHHJI ,nJIJI peaK~HH 208 Pb + 40 Ar ; 208 Pb +52 Cr H 
238 U + 40 Ar npe,ncTaaneuLI ua puc. 1 ,2. ,lJ;JIJI onpe.nene -· 

HHJI 6apLepa ,neJieHHJI MLI BOCDOJIL30BaJIHCL npe,ncTaBJieHH
eM, npe,nJio)l(eHHLIM a pa6oTe /II/. B Hccne,nyeMoM HaMH 
,nHana3oue · 3HeprHii ,nBH)I(eHHe Houa 86JIH3H :. •.npa MHweHH 
MO)I(eT 6wTL npe,ncTaaneuo KnaccHqecKoii ipaeKTopaeii, H 
D03TOMY ,I\JIJI 'onHCaHHJI 3aBHCHMOCTH a·= f(E)_ HCDOJIL3y-

. 2 1;3 1/3..2 B 
eTCJI Dp~CTOe COOTHOWeH.He ac.SI':' rrr a<fl<fl (A1 _+A2 } (1- ~). 

KaK aH,nHo Hl puc. 1, 3KcnepHMeuTaJILHLie .nauuLie xopowo 
onHcwaaJOTCJI 3Toii 3aBHCHMOCTLJO. Tor.na ae,nHqHua Kyno
uoacKoro 6ap1.epa MO)I(eT . · 6LITL · onpe.neneua H3 JIHHeiiuoii 

3KCTpanOJIJI~HH . a . · = f( -~-), KaK. 3TO npe,ncTaaJieHO 
c.sr. E . 

". . b 
ua .puc. 2. BenHqHHLI KynouoacKoro 6ap1.epa Hccne.nyeMLIX 
uaMH peaK~Hii npHae,neuLI a ma6A. 2. HcnoJIL3YJI BLipa)l(eHHe 
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.llll.ll KynoHOBCKoro 6apLepa BH.Ila. BKyn= 1j 3 I/ , MuJK-

rs¢qlAI +~ 2; . 
HO onpe.llenHTL 3~eKTHBHhlH pa,llHyc s3aHMO,Ileii:cTBH.II, KO
TOphlii: TaK~e npe,llcTasneH B •a6.11. 2. 

llpe,llCTaBn.lleTC.II HHTepeCHhlM CpaBHeHHe nony'leHHhlX 
,llaHliMX C paC'IeTHhlMH- 3Ha'leHH.IIMH, nony'leHHhlMH B pa6o
TaX /12,13/. BH.zlHO, 'ITO 3KcnepaM:eHTanLHhle ,llaHHhle 3a
MeTHO OTHH'faiOTC.II OT TOro, 'ITO ll,Pe,llCKa3hlBaeTC.II ,llll.ll 
3Ha'leHHH 6apLepa CnH.IIHH.II H 3~eKTHBHOro pa,llHyca B3aHMO
,IleHCTBH.II Ha OCHOBe T·ex HHH HHhlX npe,llnono:>KeHHH 0 xapaK
Tepe B3aHMo){eii:CTBH.II cno:>KHhlX .ll,llep •. TaK, H~npaMef/ .llll.ll 
peaKUHH 238 (! + 40 Ar · cor nacHo pac'leTaM liacca /I se.
nH'IHHa 6apLepa cnH.IIHH.II .llOn:>KHa Ha · 13 M3B npeshlwaTL 
3HeprHIO, COOTBeTCTBYIOIUYIO KaCaHHIO .ll,llep ypaHa H ·aproHa. 
BMecTe c TeM 3KcnepHMeHTanLHO Ha6nro,llaeMa.ll pa3HHUa. 

Me:>K,Ily- 3~epreTH'IeCKOH !),tJH~B:~~-CTf~ .P~i~,lf>H _,lleneHH'\ .H 
O.zlHOHyKnoHHhlX nepe.zla'~tr'tJt Ar,-lnJ U: U( Ar,+1p-lnf3 NP'. 
He npeBhlWael' 3 M3B. 3Ha'leHHe senH'IHHhl. r s<P<P cocTaBn.R
eT. 1,43 - ,1,45 !llepMH, 'ITO cornacyeTC.II c H3MepeHHeM, 
ngose,lleHHhlM paHee CHKKenaH,IlOM B pa6oTe/14/. B peaKUHH 
2 8 Pb + 40 Ar 3~eKTHBHLIH pa,llHyc B3llHMO,Ileii:cTBH.II TaK

:>Ke paseH 1 ;44 !llepMH. Cne.llyeT oTM:eTHTL, 'ITO 208pb .IIB
n.lleTc.ll ,llBa:>KAi.I MarH'IeCKHM c!llepH'IeCKHM .ll,llpOM, .B TO BpeM.II . 
KaK ypaH o6na,llaeT 3Ha'IHTenLHOH CTaTH'IeCKOH-.Ile!llopMaUHeA. 
B pacqeTax PacMycceHa /IS/ . 6hlno. noKa3iHo, 'ITO ·HanH'IHe' .· 
.lle!llopMaUHH .ll,llpa ,llOruKuO npHBeCTH K yBeHH'IeHHIO 34M}IeKTHB
HOro pa,llayca · B3aHMO,Ileii:cTBH.II. B qacTH.ocTH, ,:.lln.ll peaKUH~ 
238 u + 40 Ar npe.llnonaranocL noHH:>KeHae se]ni'IHHhl Ky- · 

noHOBCKoro 6apLepa Ha senH'IHHY 10-20 · M3B. BMecTe. 
C TeM, KaK BH,IlHO H3 CpaBHeHH.II ,llaHHhlX, IionyqeHHhiX Ha 
CBHHUe H. ypaHe, .• ~3~eKTHBHhle pa.llHYChl B3aHMO,IleHCTBH.II 
B npe,llenax 3KCnepHMeliTaHLHOH TO'IHOCTH .IIBH.IIIOTCJI no
cTO.IIHHhlMH·. llepexo,ll oT 40 Ar · . K 6onee T.II:>KenhlM 6oM6ap
.llHPYIOIUHM HOHaM 52Cr TaK:>Ke He npHBO,IlHT K CYJ:UeCTBeH
,HOMY H3MeHeHHIO xapaKTepa B3aHMO,IleHCTBH.II - . pa3HH'IHe 
B 3Ha'leHH.IIX BeiJH'IHH fsllJtfJ' ·He BhlXO,IlHT 3a paMKH 3KCne
pHMeHTanLHhlX · Oll1H60K. 

Ha puc. . 3 npe,llcTa~neiiLI ,llaHIIhl·e no 31}HlleKTiniHi.IM 
pa,llHyca:M B3aHMO,IleHCTBH.II HaCTO.IIIUeH pa60Thl,. a TaK:>Ke 

II .. 
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"Pac. 3. 3aBHCHMOCTb 31ixl>eKTHBHOro pa,IJ,Hyca B3.aHMO,IJ,eHCT
BHJI OT. ··aTOMHOrO HOMepa Z Jl~pa MHWeHH. CmiOWHble 
KpHBble - · ,IJ,aHHhle pactJ:eTa, . B3JITOro H3 pa6oTbl /l7!. • 
3KcnepHMeHTanbHble TOtJ:KH 6panHCb H3 pa6oT /7.,16/ . 3a
qepHeHHble TOtJ:KH - ,IJ,aHu.we HaCTOJiuleB pa60Tbl. . 

3KCDepHMeHnlnbHhle ,IJ,aHHble, nonytJ:eHHble ,IJ,pyrHMH aBTOpa
MH B .peaKl(HJIX KaK c 6onee TJI)KenhiMH;;,;:TaK a c 6onee 
nerKHMH. aonaMH /16/. 3,IJ,ecb >Ke noxa3aH_bl pe3ynLTaTbl 
pacqeTa 117 I , cornacuo KoT'opoMy 3aBaca~o.cTb, r 3 if>~:;, f(Z,A) 
DO,IJ,tJ:HHJieTCJI nnaBHOH · 3aKOHOMepHOCTH,. y'qHT,biBaiOll(eH HyK
nOHHMH COCTa!J B3aHMO.D;eHCTByiO$X JI,IJ,ep • 

Pa3nHtJ:He Me>k.Ay pactJ:eTHbiMJI; a 3KcnepHMeHTanbHbiMH · 
,IJ,aaHbiMH no :Bceii: aepo.H:THOCTH CBH,I\eTenhCTByeT 0 TOM~ 'ITO 
MeXaHH3M B3aHMO,IJ,eHCTBHH .IJ.BYX • JI,IJ,ep JIBnJieTC.JI.' ropa3,IJ,O 
6onee CHO)KHbiM, 3aBHCJimHM He TOHbKO OT KHHeMaTHtJ:eCKHX• 
cooTuoineuaii, no a oT .IJ.pyrax·xapai<TepacTHK~ onacbiBarouuix 
cs.oiicTBa ·B3aa:Mo.IieiicTByrouiax g.z\ep. Bonpoc'.3i-oTnpe.z\cTaB-
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.. 

._, 

. ... : 
nJieTCJI tJ:pe3BbltJ:aHHO · Ba)KHbiM He TOHbKO ,IJ,HJI DOHHMaHHJI 
MeXaHH3Ma B3aHMo,i{eii:CTBHJI~ HO H ·)l;nJI DOnytJ:eHHJI cna6o
B036y>K,IJ,eHHbiX COCTaB~biX JI,IJ,ep B o6naCTH TJI>KenbiX H CBepx-
TJI)KeHbiX 3neMeHTOB. ·: . 

. ,B 3aKiiiotJ:eHHe aBTOPMBblpa:>KaroT CBoronpliim~TenbHOCTb. 
aKa,IJ,eMHKY r .H.cllnepoBy 3a l(eHHble 3aMetJ:aHHJI H BHHMaHHe 
K ,IJ,aHHoii: pa6oTe. Mbi ·- 6naro,IJ,apHM 1i ~H.UycTblnLila:Ka a. 
A.C.HnLHHoBa 3a ·noneiHoe o6cy)K.IJ.eHae ·pe3ynLTaToB; Hry- .. 
eH TaK AiiJI 3a noMOll(b B.H3MepeHHJIX a o6pa6oTKe pe3ynL
TaToB, a TaK>Ke pa,IJ,aoxHMHKOB. Hro · KyoK :si.J:y a HryeH 
MoHr illHHJI 3a noMoll(b :8 pa,IJ,aoxHMHtJ:ecKoM Bhi.IJ.eneHHH 
npo'.z:tyKTOB peaKl(HH: . 
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