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B nocne,nHHe ro~hl 6on'bwoe KonuqecTBO 3KcnepuMeH- . 
TanLHLIX :H TeopeTH'IecKux· pa6oT noca.H~eHo uccne.noaaHiuo 
peaKUHH - MJIOJKeCTBeHHOrO poJK,neHHJI lfaCTHU npH 'BhiCOKHX 
3HepruB:x ·/l~ HIIKruo3HBHhlH no.nxo.nK 3THM peaKUHJIM no3ao-

·nun o6HapyJKHTL aaJKHLie 3aKoHoMepHocTH: npouecco:B MHo
JKecTaeHHoro o6pa30BaHHJI lfaCTHU B pa3HbiX THllaX B3aHMO· 
,neHCTBHH. lihlnO llOKa3aHO .jz/, 'ITO" 3KCllepHMeHTanLHhle. 
,naHHLie He MoryT 6LITL -QllHCaHLI B paMKax o.naoii Moit.enu. 
fio3TOMY ,nns . OllHCaHHR npouecCOB MHOJKeCTBeHHOrO poJK
,neHHB. lfaCTH.U llpH BbiCOKHX 3HeprHRX' 6i.ma: npe,nnoJKeHa 
.nayiKoMnoileHTiias Mo.nenL 13< npe.nnonararo~as cy.uecTao
aaHue .n:HcllpaKUHOHHLIX u MynLTHnepucllepuqecKux npoueeeo_B~ 
B CBR3H e 3THM 6onLWOH HHTepee npe,neTaBnReT Bhl,neneHHe 
peaKUHH, eBJIJaHHWX e AHcllpaKUHOHHOH·,nueeouuauueii Hane;, 

, TaiOIJ.(eii qaeTHULI,' H H3ylfeHue ux xapalnepueTHK. B pa6o
Tax /4/ 6Lmo noKa3aHo, 'ITO . npu 6onLWHX 3Heprusx 3TH 
npouecebJ. HMeiOT ps,n HHTepeeHLIX oeo6e.HHOeTeii. 

HaeTORIJ.(aR eTa TLR noeaxll(eHa BLI.neneHHIO .nucllpaKUHOH
iloii .KoMnoHeHTbl rr--p B3aHMo,neiieTBHii npu HMitynLee V= 
=•40 ·T3B/c H Heene,noaaHHIO HeKOTOpbiX. xapaKTepueTHK 
3THX B3aHMO,neiieTBHH. Pa6oTa' BbinOnHeHa .mi CHHMKaX ·e 
2-MeTpOBOH nponalf'OBOH ny3hlpbKOBOH KaMepbi, ·o6ny'leHiioii 
B ny'IKe rr~·Me30HOB e HMnynLCOM 40 F3B/c HayeKopuTene 
a H«l>B3 /Cepnyxoa/. ,D;ns auanu3a uenonh30BanoeL _,3570 
eo6LITHii rr --p ~B3aHMo.neiieTauii, -r.ne 6blnu' no.imocTLIO H3-
MepeHLI aee 3apsJKeHHLie TpeKH. H3 tlucna ·3THX · eo6LITHii 
6binH OT06paHbi enytJaH, B KOTOpbiX HMeneH O.nJIH u,neHTHcllH· 
uupoBaHH?IB rrpon)u'. H,neHTHcllHKaUHX. npoTOHOB npoao.nunaei. 
no KpHTepHIO HOHH3aUHR • HMnynhe ,nnR ene,nOB e HMIIYllbCOM 
p < 809 M3B/c. HMnynLe npoToiloa, oeTaHOI~H,BWHXea B 
KaMepe, onpe.nens:nes no npo6ery. · 

·' 
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lf3yqaJIHCL HHKJII03HBHLIC npo:u;eCCbl THna 

- X 11 + P -> P Me,n;n. + • 111 

Bcero 6blno oTo6paHo 793 TaKHX B3aHMo.n;eB:cTBHH. Co6hlTHH, 
CBH3aHHLIC C ynpyrHM paCCCHHHCM 11- -Me30Ha Ha npOTOHe, 
6biJIH HJKJIIO'ICHbl cor naCHO KpHTepHHM, OnHCaHHbiM B pa-
6oTe /S, 0Ka3aJIOCL, 'ITO ""10o/o BCCX C06LITHHHMCIOT CHJILHO 
Bblpa>KeHHbiH nepu$epH'ICCKHH xapaKTep, KOTOpbiH MO)KCT 
6biTL cBx:iaH c .nu$pax:u;ueB: Ha.rieTaroiiJ;ero ,nuoHa. ~ , 

IlpH HCCJie,IJ;OBaHHH npo:u;eCCOB .n;H$paKIJ;HOHHOrO • THna 
-- . ' - . ' ' 

npe)K,IJ;e Bcero B03HHKaeT Bonpoc o MeTO.n;HKe BLI,IJ;eneHHH 
3THX peaKIJ;HH, TaK I<ai< B HaCTOHIIJ;ee BpeMH eiiJ;e HCT O,IJ;H0-
3Ha'IHOrO MCTO,IJ;a Bbi,IJ;CJICHHH ,n;H$paKIJ;HOHHbiX B3aHMO,n;eH

. CTBHH. B pa6oTe' /4/ 6Lmo noKa3aHo, .. ITo aHanH3 pacnpe-

.n;eneHHH .'laCTHU no 6biCTpOTaM ,n;aeT HCKOTOpyro B03MO)K
HOCTL Bbi,IJ;CJIHTL C06biTHH, COOTBeTCTByroiiJ;He ,IJ;H$paKIJ;HOH
HbiM B3aHMO,IJ;CHCTBH.HM. Ilpe,n;nonaraeTCH,'ITO ,IJ;JIH C06b1THH 
.n;u~pax:u;uoHHoro Tuna xapaKTepeH cne.n;yroiiJ;HB: BH.n;,pacnpe
.n;eneHHH qac'I'HU no 6blc:poTe: 

!:ly 
1 - 6hlCTpoTa • 

y y 
Yp , • 11 . 

H3-3.a nepu$epuqecxoro xapai<Tepa .n;u«J>pax:u;uoHHbiX npo-
:u;eccoB O>KH,IJ;aCTCH, 'ITO OHH xapaKTepH3yroTCH 60JILWHMH 

!:ly,r.ne !:ly -: pa3HH:u;a Me>K.n;y 6hlcTpoTaMH Me.n;neHHoro npo
TOHa H 6mi>KaB:wero no 6LicTpoTe nuoHa H3 cHcTeMbl X. O.n
Hai<o HY)KHO OTMCTHTL, 'ITO O,li;HOrO :noro KpHTCpHH llC,IJ;O
CTaTO'IIIO ,IJ;JIH onpe,n;eneHHH C06b1THH .n;H$paKIJ;HOHHOrO THna, 
T.K. UO,IJ;06HaH KapTHHa MO)KCT. Ha6JIIO,n;aTLCH H npH ,n;pyrHX 
MeXaHH3MaX B3aHMO,n;eHCTBHH. 

Mbi npoBenu aHaJIH3 co6LITHH Tuna I 11 _ c :u;enLro Bbl,n;e
JICHHH ,n;u$paKIJ;HOHHOH KOMnOHCHTbl B 11-p -B3aHMO,ll;eHCTBH
HX npu 40 F3B/c. Ha puc. 1 npe,n;cTaBneHo~ .nsyMepaoe 
pacnpe,n;eneH~e co6biTHH THiia 111 no BeJIH'IHHe !:ly H KBa.n;
paTy He,n;ocTaroiiJ;eB: Macchl MM I F3B 2 I~ .n;nx pa3JIH'IHOH MHo
)KeCTBeHHOCTH 3apSI:lK9HHhiX '18CTHU: . n+.=2,4 
H n± ;::·6: H3 pucyHI<a BH,IJ;HO, 'ITO . .nnx co6biTH~ _ c i!anoB: 
MHO>KeCTBeHHOCTLIO CYIIJ;eCTByeT HBHaH rpynnHpOBI<a Cny'laeB 
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Puc. 1. ,l(ayMepHoe pacnpeoe/leHue !\,- \1\1- OAR co6brmuii 
pa3HOU MHOJKecmaeHHOcmu n + ~ 2,4 u II+..: 6. 

-( - -

C 60JiblllHMH !\v, KOppenupoBaHHhiMH C MaJihJMH \1\] 2 B 0611~:: . . . ~ 2 
CTH KBa.n;paTa ue.nocTaJOIIJ;eii MaCChi \1\1:.. 20 T3B I C yoe.-
nuqeuueM MHO>Ke cnieHHOCTH 3TOT 3$$CKT npona:naeT, H .!l.jUI 
n + :.- 6 ua6JIJO,[I.aeTCH paimoMepnaH 3ac.enenuoc~l. co6~ITHH, 
xapaKTepH3YIOI.I..\HXCH BCJIH'IHHOH !\ \' OT 0-:-2. Hy>KHO OTMe
THTh, liT<;> 6bJCTpoTa npoToHOB B. na6opaTopHoii cucl-eMe ·· 
Koop.nuuaT. 6JIH3Ka K 0 I y Aa6. P :::: 0 ;5 ,n;nH 6onhlllHHCTB<l: 
npOTOHOB/, a fihiCTpOTa 17, ~MC30HOB, JieTHI.I..\HX· Bnepe.n· 
B cuc-TeMe. · uenTpa .·Mace peai<:u;uu, y 11 Aa6; · ~ 2, 3. TaKHM 
o6pa3oM, B co6biTHHX. ·c . 1'1y ~ 2·. Bee o6pa3yJOIIJ;HecH 3ap.fi-
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.>KeHHhie rr -~e30Hhi neTHT Bnepe.z:r B cacTeMe ueHTpa Mace. 
Ha puc. 2 npaBe~eHhi pacnpe~eneHiiH co6hlTHii /1/ no 

KBa~paTy H:e~ocTaiOIUeii Macchi MM2• KaK ~~Ho H3 pacyHKa, 
B C06hiTHHX C MHO>KeCTBeHHOCTLIO n + < 6 Ha6JIIOi:(aeTCH 
UHK B HHTe.pBaJie i\1~1 2 < 20 T3B 2, npH n ± > 6 HBHOrO nHKa 
HeT. 

! .. -i 
J 

l ,.,.. 4¥. 

o G m ~ ~ ~- o m m m ~ ~ 
MM1(rt~•) 

Puc. 2. PacnpeoeAeHue no Keaopamy Heoocma10~eu Maccbl 
( MM2)0AJI C06brmuu c MHOJ#CecmeeHHOCmbiO n ± = 2,4, 6 u n ±2: 8. 

,D;pyroii xapaKTepacTHKoii :noro Knacca co6hlTHH MO>KeT· 
6b1Th BeJIH'IHHa MaCChi MHWeHH, onpe~eJIHeMaH Ha OCHOBaHHH 
3aKOHOB COXpaHeHHH 3HeprHH H HMny1IbCa K8K 

n 

M t ~ 
i= I 

( E . - p . cosO. ) - ( E
0

- Po ) 
1 1 1 , 

r~e Ei, pi a () i -cooTBeTCTBeHHo 3Hepraa, HMnynhc a yron 
BhiJieTa i -o.H 1faCTHUhl B Jia6opaTOpHOH CHCTeMe KOOp~HHaT, 
E 0 , p 0 - 3HeprHH H HMnyni.c HaneTaiOIUeii 1faCTHUhl / cy:MMH'" 
poBaHHe Be~eTCH no . BCeM BTOPH'IHbiM 1faCTHUaM/~' ,lJ;nH 

-s· 

rr - p - B_3aaMo~eiicTBHH . npa,.. BhiCOKHX 3Hepraax E 0 - p 0 << 
<<l M3B a, cne~oaaTenhHO, 

n-1 c• •••• 

M t "" ~ ( E . - p . c~ ~() . ) + ( E N ..,.. p N cos() N ) , - . 
. i=l 1 1 1 . 

r~e HH~eKC N OTHOCHTCH K HYKJIOHY OT~a'IH.: 31lJ(IIeKTHBHa.H 
MaCCa MHWeHH oppe~eJIHeTCH KaK 

"' n-1 
M t = j ~..! ( E i- p i cos Oj). . 

BeJIH'IHHa . - ~1"t HHTepnpeTHpyeTCH Kai< "qaCTh" MHWeHH, 
KOTOpaH 31iJiiJeKTHBHO yqacTByeT BO B3a1f.MO~eHCTBHH /6/. 
·o>Ka~aeTCH, .'ITO a3'- 3a nepaliJepH'IHOCTH :o:B3aHMO~eiicTBHH 
~aliJpaKUHOHHhie_ HQOUeC~LI ~O,!Di<Hhl ,xapaKTepH30Ba ThCH• Ma-
JIOH BeJIH'IHHOH MaCChi MHWeHH. . ~ ,.., 

Ha puc. 3 npilae~eHo ~ByMepHoe pacnpe~eneHHe ~1 1 a 
MM2 ~JIH c66hiTHii c n + = 4 H n + ~ 6. Bu~Ho, 'ITO B 
HHTepaane ~- Ml\1 2 < 20 - T:JB 2 coGhiTH11 rpynnupyiOTC11 
B o6nacTH -~~ t ;S 150 M:JB B cnyqae n± ~ 4~ a ~JI11 n ± :..:_ 6 
nJIOTHOCTh TO'IeK nO'ITH paBHOMepHa. __ 

Ha puc. 4 npaae~eHo ~ByMepHoe pacnpe~eneHue \1 1 a 
Ay p.n11 co6hiTHii /1/. KaK BH~Ho · H3. pucyHKa, co6hiTH11 
c \1 1 :;: 150 M:JB 11BJI11IOTC11 cunhHO nepuliJ~putieCKHMH 
( 1\y > 2). TaKHM o6pa30M,· ua6niO~aeTC11 Cl:I]IhHafi i<oppenHUH11 
~1 1. Hl'\ y a_o6nacTH 66nhwai.Ay H ManhiX \1 t • 

CoaoKynuocTh npaae~eHHhiX:BhiWe pacnpe~eneuuii no-
.... ~ .·' 

3BOJI1!eT c~ena Th cne~yiOIUHe BhiBO~hi. . 
B co6LITH11X /1/ aMeeTc11 3Ha1fHTenLHa11 ~on11 ·-so~c; . .' 

cny"'aee, KOTOpbie xapaKTepH3YIOTcw cne~yiOu.tHMH · .caoiicT-., 
BaMH: . 

""'\' 
.1. Pacnpe~eneHae ·no KBa~paTY· ue~ocTaiOIUeii. Macchi 
HMeeT Y3KHii nHK B o6nacTH \1\1 2 " 20 T3B 2 . _ . 
2. B pacnpe~eneuuu no 3~eKTHBHoii Macce-Mawe~~ :\1 1 

TaK>Ke Ha6niO~aeTC11 nHK npH. MaJihlX 3Ha1feHHHX \1 " 
. < 150 M3B:· . . 

·' 3. Co6h~TH11, .xapainepH3yiOuiaec~ ·npa3H~KaMH 1/ a 2/, 
HMeiOT 6onhWHe BeJIH'IHHbl A r ( Ay -~ 2). 

,lJ;OJI11 co6hiTHH, xapaKT_epH3YJOIUHXC11 .CBOHCTBaMH 1 7 3 . . . . . - . .. . .· , 
aeJIHKa ~n11 B3aHMO~eHG~BHH C Manoii MHO>KeCTBeHHOCThiD 
H na~aeT C ee pOCTOM. 
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Puc. 3. ,l(eyMepHoe pacnpeoe/leHue M 1 - MM2 O/IJI co6bzmuu . 
c n ± = 4 u n ± ~6. . 

llony'leHHble pe3ynLTaTLI . no3Bonunu oueHHTL BKna.I( 
.I(HdlpaKUHOHHbiX npouecCOB B 1T -p •B3aHMO,I(eHCTBHaX npH 
40 F3B/c. 

Ha puc. 5 np:Hae.I(eHo pacnpe.I(eneHHe co6biTHH Tuna /1/ 
no 'KI 1 /cnnoWHaH KPHBaH/. _3.I(eCL iKe .I(nH· cpaBHeHHH 
npHBe.I(eHo pacnpe.I(eneHHe no M

1 
/nyHKTHpHaH xp1maH/ .I(nH · 

BCeX · COfibiTHH C MHmKeCTBeHHOCTLIO 6onLWe meCTH /3a 
ucKmoqeHHeM Tuna_ /1/ I~ BH.I(Ho, 'ITO BH.I( pacnpe.I(eneHHii 
B 3THX .I(BYX cnyqaJIX pe3KO pa3nH'IeH~ ):J;nH C06biTHH C Me,I(
l!_eHHLIMH npOTOHaMH HafiJJID,I(aeTCH pe3KHH ·nHK npH ManLIX · 
:\i 1 • B :ro apeMH KaK pacnpe.I(eneHHe ,I(nH co6biTHii c 6onLwo:ii · 
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Puc. 4. ,l(eyMepHble pacnpeoe/leHuJI 
OAJI co6bzmuu muna /1/. 

M
1 
-fly~ MM 2 -M 1 " 

•r!' ' < 

~· f 

MHOiKe.CTBeHHOCTLIO xapaKTepH3yeTCH WHPOKHM MaKCHMy· 
MOM co cpe.I(HHM 3HaqeHHeM .· M 1 ·"" 400 · M3B. C.I(eJ_!aB 
HOPMHpoaxy. o6oux pacnpe.I(eJieHH:ii ·B HHTepaane 200 ~ M 1 ~ 
.:::; 800 M3B Ha 0 nonHoe ·qucno co6biTHH B 3TOM HHTep:B8.ne, 
}dbl noxa3anu,> 'ITO 3TH -p~cnpe.I(eneHHJI c xopome:ii Toq- -. 
HOCTbJO coan~,naJOT npu M 1 >. 20_0 _M3B, -n()3~0MY MOiKHO · 
npe.I(nonO)ld{TL', 'ITO BKnaA .I(HdlpaKUHOHHbiX co6biTHH C 6onb- . 
uia!-f · 3Ha'le·H.ue~ ~ 1 _ H c n ± > 6 Man no _cpaaHeHHJO c BKn8..no:M 
He.I(Hdlpaxuuo:HHi.Ix /MynLTHnepudlepuqecxux/ npoueccoa. B 
To. iKe apeMH co6biTHH c M 1 < 150 H c Me.I(neHHbiM npoTOHOM 

·~MoiKHo C'IHTaTL np~Ha.I(neiKa~:MII IC xnaccy ~udlpainiiioiiHbiX. 
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Puc. 5. Pacnpec)_f!AeHue co6butrurl muna /1/ no 3rflrfleK1iiUaHorl 
MQCCe MUWeHU \1 t /cnAOU!_HQJf Kpuea.Rj; JiyHKIIIUpOM o6o3-
HO.'leHO pacnpeoeAeHue no ~l t OA.R ecex co6bzmurl c n + ·. 6. 

Ha OCHOBe BbiCKa3aHHOrO DpOH3Be,neHbl OUeH~H TODOJil)
ruqeCKHX ce'leHHH A]J_Jl,..,,co{ibll;,HH~Hl~Jp~KIJ,HOHHOH AHCCOIJ,HalJ,HH 
rr--Me3oHa npu HMnynhce. 40 T3B/c, y,noaneTBopHIOUJ.HX 
KpHTepnHM i\1 t -..: 150 M 3B H l\1~1 2 ::; 20 T3B 2 • ,UaHHbie 
npuue,neHhl B Ta6n. 1. Hy*Ho oTMeTHTb, 'ITO ornu6Kn, 
npHBOAHMhle, B Ta6nuu.e, . - .9Ta:rucT~1.JeCKHe. 3.necb, *e AJIH . 
cpaBHeHHJI npuae,neHhl aHanorH'IHbJe pe3ynLTaThl no Tonono-. 

-. ru'leCKHM ce'leHHJIM, nony'leHHbiM npu pc ==205 T3B 171. 

Ta6mma 1 
TononorH'IeCKHe cel.JeHH_Jl .nils .nul~JpaKUHOHiiOH .nilccotiua:.: ' 

U.HH rr- -'Me:JOHa ·u rr -p -u3aHMo,neiicTBHHX; 

MHo)l(ec:rue_HHocTh . Ce'leHue /M6/ , 
. npu,pe==40 T3B 
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1,04±0,08 . 
0,89±0,08 
0,34± 0,04 

.0,.05±.0;02 
,2;32.± 0;12 

Ce'leHue /M6/ 
· npu pc == 205 T3B 

0,67-±0,09. 
0,84±0,08 
.0,29 ± 0,06 
0,10± 0,04 
1,90±0,20 

· Cpe,nHJIJI MHO)I{eCTBeHHOCTh 3apJI:>KeHHhiX qacTHIJ, B npo
neccax .nul~JpaKD;HOHHoro Tuna · oKa3anach pauHoii <n +> = 

=3,47±0,17. ,UnH 77-.p -u3aHMOAeHCTBHH npH 205 -F3B-'3Ta 
*e uenH'IHHa paBHa <n±>= 3;8 ± 0,2. 
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Puc.- 6. PacnpeoeAeHUe ourjpaKijUOHHbiX C06!>1111UU no Keaopamy 
'lelllblpeXMepHOZO nepeOaHHOZO li_MnyAbCQ - t • 

Mhl npoaHanu3upouanu HeKOTOphle xapaKTepucTHKH Bhl
.neneHHhiX HaMu ·.nul~JpaKD;HOHHhiX co6hiTHii. Ha puc. 6 npuue
.neHo pacnpe,neneiiue · '3THX co6hiTHii no Kua,npaTy 'leThlpex~ 
MepHoro nepe,naHHOro u:Mnynhca -t; Pacnpe.neneHHe 'l~JHTH'.:. 
poBanOCh C nOMOID;hiO '3KCnOHCHD;HaJihHOH l~JyHKUHH. BHAa 
exp a jtj. BenH'IHHa.a = -10,9±0,9 /F3B-F~A11JI jtj < 
< 0,3 T3B 2• IIony'leHHaJI BenH'IHHa "HaKnoHa" .nul~Jl~JepeHnu
anhHoro · ceqeHHJI oKa3anach 6onhrne, . 'ICM . HaKnOH ,nnJI 
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ynpyrux rr -p -B_3aHMO~eiicTBHiL K CO)I(aJieHmo, ·cTaTHCTHKa 
He n03BOJIHeT- HaM HCCJie~OBaTb 3aBHCHMOCTb BeJIHqHHbl 
a OT ..• KBa~paTa- He~ocTaiOll.leii'. MaCChi . l\11\12' qT6 .j{BJij{eTCH 
XOpOIIIeH xapaKTepHCTHKOH MHOrHX ,nu4Jpa.KUHOHHbiX MO~eJieH. 

Ha puc. 7 npuBe~eHhi pacnpe~eneHHH no 11 y ~ng 
~u4Jpa!UHOHHhiX I Mt ·::; 150 M 3B/ H He~u4Jpa.KUHOHHbiX co6M
THii/ M t > 150 M3B/, ~JIH peaKUHH /1/. KpHBbie npoBe~eHM 
OT pyKH, qTo6hi noKa3aTh. xapaKTep pacnpe~eneuuii. B pa-
6oTe /8/ 6Lmu npoBe~eHbi pacqeTM* pacnpe~eneHHH no 
!1y ~ng nponeccoB ~u4JpaKUHOHHoro Tuna u nponeccoB, He 
CBH3aHHLIX c ~u!IJpaKnueii. KpHBLie, nonyqeHHhie c noMOIUhiO 
3THX pacqeTOB, KaqeCTBeHHO COrJiaCyiOTCH C ~aHHhiMH,ITO
JiyqeHHhiMH HaMH. 
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·Puc. 7~ Pacnpeoe!leHue co6b1111ui1 -no eeAuttuile to., .• CnAow
HaJL KpueaJJ - co6bi111UJI c M t < !50 M3B, nyHKmupHaJJ -

· c Mt > 150,M3B. "' · . . . . 

· .. 
. ;,_*B -paMKaX 'MO~eJIH qy-IlHHbOTT~}.J/H peA}!<e-Mo~eJIH. 
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B 3aKJIIOqeHue aBTOpbl Bblpa)l(aroT ucKpeHHIOIO npH3Ha
TeJihHOCTb rpynne Jia6opaHTOB, npHHHMaBIIIHX yqaCTHe B 
o6pa6oTKe 3KcnepuMeHTaJII:.Horo Ma Tepuana. . 
,.,. . t . . ~ , -. _· ~ , . . ---· , " . .. •• : • - -·. r .. , . . _· ..... 
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