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H.M. rewKoB*, H.A. Jlomma, IT.T. To,llopos*, 

X.M. IJepaes* 

HEKOTOPME CBO~CTBA H~EPHMX 3MYJibCH~ 
C MAJIMM K03~~HUHEHTOM YCA~KH 

.• ~H3nqecKnfi HHCTHTYT EonrapcKofi AKaneMHH aayK. 



B · aKcnepHMeHTax no ynpyroMy pacceSIHHIO Ha TOHKOH MHllleHH 
111 · Sl.llep­

Hbie 9MYllbCHH HCllOllb3YIOTCSI KaK A9TeKTOp KOpOTKOnpo6e:lKHblX qaCTHll OTAa­

qH1 naAaiOIUHX B 9MYllbCHOHHblH CliOH nepneHAHKYliS!pHO ero ·noBepXHOC.TH, liTo-

6bi yBeliHqHTb AliHHY TpeKOB H llOBblCHTb TOqHOCTb .HX H3MepeHHSI HCllOllb3yiOT.,.. 

CSI paa6aBl19HHble S!AepHble: 9MYllbCHH 1 xapaKTepH3YIOlUH9CSI llOBblllleHHblM co­

Aep:lKaHHeM :lKenaTHHa. YBenHqeHHe ynenbHoro conep:lKaHHSI :lKenaTHHa npHBOAHT 

K CHH:lK9HHIO K8K TOpM03HOH CllOC06HOCTH .S!AepHblX 9MyllbCHH, TaK H HX ycaAKH 

nocne XHMHqeCKOH.06pa60TKH, 

.. .UnSI A8llbH9Hlllero yBenHqeHHSI AliHH TpeKOB ycaAKa 9MYllbCHH· yMeHblllallaCb 

· nyTeM ee HanonHeHHSI i:maCTH¢HllHPYIOIUHMH pacTBopa~H 12 I. TaKHM cnoco6oM: 

MO:lKHO nonyqHTb CliOH1 KOHeqHaSI TOlllUHH8 KOTOpblX npeBbllll89T HaqallbHyiD, 

TaK, HaixpHMep, B npoBeAeHHbiX HenaBHo aKcnepHI':-1eHTax lSI Hcnonb30BaliHCb 

9MYllbCHH 1. y KOTOpblX KOHeqHaSI TO!:llUHHa CliOSI npeBbllllalla HaqallbHYIO B.,1,5 pa-

38 (Koa¢¢HuHeHT ycaAKH "' 0,7). Uenbxo naHHoro aKcnepHMeHTa SIBliSieTcSI 

HayqeHHe HeKOTOpblX CBOHCTB 9MY_llbCHH H BblSICH9HHe B03MO:lKHOCTH pa60Tbl 

npH .A8llbH9Hlll9M CliH:lK9HHH KOa¢¢HllH9HTa ycaAKH, 

B pa6oTe AOKaaaHa B03MO:lKHOCTb nonyqeHHSI cTallHOHapHofi paa6aBneHHOH 

¢~T09MYllbCHH 1 onpeAelleHa TOqHQCTb H3MepeHHSI AliHH TpeKOB B Hefi 1 a T8K:lK9 

a¢¢eKTHBHOCTb perHcTpallHH TpeKOB H ci<opocTh Ha6opa· cTaTHCTHKH, 
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3KCIIepHM9HT 
.;.•. 

0T B~yTpeHHe:ii MHW9HH BbineTaiO'I' B BaKyyMHb!H KaHan. qaCTHUbl OT!laqH 

(npoTOHhi HliH ae:iiTpOHh!). YnpyPo paccesrHHHhie q~cTHUhi. HMeioT Bnonae onpe-: 

aeneHHhie saepPHH B aaBHCHMOCTH OT yPna BhineTa, B aaHHOM · SKCnepHMeHTe 

HccneaoBanHCh ae:iiTpOHhi c saepPHe:ii ao 6 MsB, T,e, c npo5ePoM ao 153 M/4~ 
11cnonhaoBanacb cTaHaapTHasr (napTHSI 5011) H qeThipexKpaTHO paa5aB­

neaaasr (napTHSI 5021) SMYllhCHSI THna H11K<lll1 BP-1, TonwHHa cnosr CTaH.:. 

aapTHOH 9MyllbCHH paBHSillaCb 600 MK1 a pa35asneHHOH - l30 MK, qyBCTBH­

TellbHOCTb paa5aBneHHOH ~MyllhCHH K peliSITHBHCTCKKM qacTHUaM COCTaBliSilla 

npHMepHO 1 ~. ;3~peH ,Ha 100 MK npo5ePa, .!!To5hl •He ·MeWaTb · npOCMOTpy I CBe­

TOBaSI;_MapKHPOB.Ka , 6bma C)lellaHa -Ha HH)!{He:ii llOBepXHOCTH 9MyllhCHOHHOI'O 

cnosr •. 06a .cn~SidJ.83MepoM (20 x3,6) cM2 cTaBHliHCh nepneH!lHKynsrpHo HanpaB­

neHHIO llBH{KeHHSI .. ,pei'HCTpHpyeMh!X qaCTHU 1 TaK 1 qTo6hl H3-3a. a3HMyTallbHO:ii 

CHMM9?;'pHH, Ha" O!lHHaKOBhle· paCCTOSIHHSI. O'I'· Kpasr. Ka)K!lOI'O CliOSI BXO!lHliH !le:ii­

TpOHbl C QllHH8KOBb!MH 9Hepi'HSIMH, · 

Kas¢¢UUH9HT yca)lKH 1. T,e, .OTHOWeHHe 'I'Oli!UHHbl CliOSI ·llO XHMHqeCKOfi 

o6pa60TKH K TOli!UHHe CliOSI nocne Hee1 SIBliSieTCSI' O!lHOH· H3 OCHOBHb!X 9!'0 Xa­

,paKTepHCTHK, ., paa6aBlleHHhi:ii cno:ii nocne o6nyqeaHw1 ·~ aaKpenneHHSI aa· cTeKne 

H ¢oTOXHMH'i9CKOH o6p.?6C)TKH 6bm paapeaaH Ha. 2 paBHb!e qaCTHj If. o6e no­

liOBHHhi npOITHT8Hbl nnaCTH<iJHKaTOpOM !10 K09<P<iJHUH~HTa yca!lKH ( K,y •) coo,._;.. 

BeTCTBeHHO 0,50 H 0,25, ilponHTKa COCTOSilla B nocne!lOBaTellbHOM Bbl!l9p)KH­

Baf(HH 9MYllbCHU. B CITHpTO-I'liHUepHHOBb!X paCTBOpaX C B03paCT8IOWHM CO!lep-
. ' ' ' ' /2/ - . ' . 

)KaHHeM .I'liHUepHHOBOI'O KOMITOHeHTa. , ilpOllHTaHHbiH CliO:ii CBepxy ITOKpbl-. . . . ' -. ' . . . 
BaliCSI Me:iinapOBC),:ii ,;nneHKOH ;TO~IUHHO:ii 20 MKv KOTOpaSI npHK119H!3allaCb no 

Kp8SIM K CTeKny 9llOKCH!lHOH ,CMOliOH, TeM C,8Mb!M npeKpaWaliCSI KOHT8KT. 9Myll~':" 

cHu c OKPY*aiOwe:ii cp~ao:ii, 

PacnoliO)KeHHe H HOMepa CliOeB 1 c;:ooTBeTCTBYIO~H:ii HM Ko;a<iJ<iJHUUeHT 

yca!lKH H WK~lla 9Hepi'HH, nonaaaiOIUHX Ha HH?' ,!lefiTpOHOB OT]laqH~ I!OK838~bl 

Ha pHc, 1. Ha cnoSIX. Bhi6HpanHCh pa6oqHe nonocKH nnowa!lhiO (6 x 1) M~, 
pacn0110)!{9HHhl9 1 KaK llOKa3aHO Ha pHCYHKe, Ha KOTOpb!X H3MepSI1IHCb llliHHbl 

Clle)lOB BCeX OCTaHaBliHBaiOIUHXCSI qaCTHU, 

ToqaocTb H3MepeHHSI anHH TpeKOB paBHSinacb 2 MK. 

BcePo 6hmo npocMoTpeao 12 nonocoK H aapei'HCTpHpoBaHo 145762 cne-

!lOB, 
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PeaynDTSThl axcnepHMeHTa 
'" . ' . 

_nposepsmacb. · repMeTH'IHOCTb paa6asneuuoro cnoSI, noxphlToro' Meiinaposoii. 1 

nneuxoii. DnSI aToii -uenu aMynbCHSI .BbiAepJKHsanacb 6one.e 24 qacos B aTMoc­

«jlepe HaCbimeuuoii anaJKHOCTH. HH TonmHua' cnoSI, HH pacnonoJKeHHe. penepHbiX 

TO"'eK B cnoe He H3MeHSinHCb. 

llepeJl HSIJanoM pa60'IHX H3MepeHHH nposepSinOCb 1 npexpaTHnHCb nH B Ha-

. 6yxmeM SM~rnbCHOHHOM ch.oe BCe JlHHSMHIJeCKHe npoueCCbl1 CBSI38HHhle C ero 

O~pa6,C:>TKOH nn~CTH$HUHpyromHMH p8C'!B0p8MH • .nnSI STOH ~~enH 'lepea 20 JlHeii. 

nocne ynaneHHSI E;!I'O. H3 pacTsopoa o'leHb TmaTenbHO 6bmu nposeneHbl H3Mepe­

HHSI 230 '.!'PeKOB pa3HOH JlnHHbl. '4epe3 10 JlHeH STH_ H3MepeHH~ 6binH llOBTOpe­

Hbl. Ha puc. 2 noxaaauo pacnpeneneHHe paau~cTeii H3MepeHHii. Ecnu 6bl K 

MOMeHTy nepBOI'O H3MepeHHSI npoueCCbl · He npeKp8TH~HCb 1 OHH .npHBenH 6bl K 

_ HeKOTOpb!M H3MeHeHHSIM JlnHH TpeKOB B HHTepaane BpeMeHH Me:JKJlY JlBYMSI 

H~MepeHHSIMH 1 KOTOpble .nanH 6bl ~Knan. B._pacnpeneneHHe OlliH60K. CTaHJl8pT­

HOe OTKnOHeHHe pacnpeneneHHSI paBHO J ,3 !>fK• (;neJlOB8TenbH01 MOlKHO yTBeplK­

. Jl8Tb 1 'ITO BKnan JlHHBMHIJeCKHX npouecCOB B H3MeHeHHe JlnHH TpeKOB 

1,3 .MK • .nnHHbl TpeKOB B HHT~psane MelKJlY ~BYMSI_ H3MepeHHSIMH He MeHSinHCb 1 

Toe• cnoii H8XOJlHnCSI B CT81lHOH8pHOM COCTOSIHHHo 
' ,- -

Ebm npoae.ne.1,1 BTOpOH He3aBHCHMbiH ,npOCMOTp H onpeneneHbl OlliH6KH 

B H3MepeHHH nnHH TpeKOB. J13MepeHO no 2000 TpeKOB B CnOSIX "'}"', "'2a' H 

'26'. Ha puc. 3 noxaaauo pacnpe.nen~uue omu6ox a· H3MepeHHH JlDBH nnSI 

cn~SI t2a"' •. Pacnpenen~HHSI nnSI npyrHX . cnoea aHanOI'H_'IHhl. B Ta6n." 1 . J:l8Hbl 

Bbi'IHCne~l!bl~. cTaHJlapTHbie oT:s;noueuu~: ao IlTOpOM CTon6ue - _nnSI 'leTbipex':"'_' 

xpaTHO pa_a6aaneuuoro pa6o'leJ:7Q cnoSI H B. TpeTbe¥ CTon6ue - npuaeJleHHbie 

K. CT8HJl8PTHOH SMy~CHH C K.y. 2_,'!0. B Ta6n~ 2 npencTaaneHhl CT8HJlp8THble 

· oixnoHeH~SI. H~l.fepeuuii _nnuH nnSI ~pexoa pa~,Hoii JlnHHbi a ~noe "'2a"'. -B~f1H01 

'ITO TOIJHOCTb H3MepeHHH He 38BHCHT OT · nnHHbl , H3MepS1eMbiX TpeXOB B DpaK-
. '." ' ., . . .·. · .. ,1.. -

THIJeCKH He CHH:JKSeTCSI npH, Ha6yX&HHH CnOSI,; C yMeubllleHHeM K.y o1 0JtB8K01 , 
",·. -·· ., ' ' .. · . ,, . ' . . .. ' 

, a6conroTB8SI TO'fH,OCTb H3MepeBHfi1 . T.e., TO~HOCTb B3MepeHBfi 1 npHBeJleHHaSI 

K cTannapTnoA aMynbcHH, CHnbHO aospacTaeT. ,. 

OnpeneneHbl cucTeMaTB'Iecxue oms6xs, aosuuxaJOIIlBe nps B3MepeHBB 
:. . :' ..... i ''/ j.; t . : . ) ·' ' '.·,,. ' } \ ,, ' . ~ ' . . t' ' '/ :: \ - ~; ' ': 

.nnuit Tpexoa pa3Hh1MB ua6nJO.naTen.sMB.- .MaJtCHMBnbHoe saperacTpapoaauuoe 
-~.i.J' ........ ~n:~·Hf{',. :~.· . .~ . 

OTXDOHeBBe COCTaBnSieT 3 MXo 
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n+n' n+ n' ,, .. L ,i 

rne n - •mcno cnenoB, nponymeHHbiX ·.aa6monaTeneM II aapei'IICTpupoBaHHbiX .. 

TOnbKO ripk · KoHTponbHOM npbcMoTpe, a -n '- 'IIIcno aaperiiCTpiipoBaHHbiX cne­

noB ·ntm o6b1Ix npocMoTpax. PeaynhTaihi Bbi'IIIcneHIIH ·naHbi B Ta6n. 3. B Ta6-: 

niiuy BKriJO'IeHhi naHHbie nm1 npo6eroB no--50 MK. npencTaaneHbi niinib ,Te_ IIH- · 

_ TepB~nbi1 !3 KOTOpbiX a4J<f>eKTHBHOCTb 6hma· onperieneHa .aanmKHO, YKaaaHbi TOnb­

KO CTaTIICTH'IeCKHe OlliH6KH, 

npoBepsrnacl:i HeH3MeHHOCTb 'IHCna TpeKOB npii Ha6yxaHIIH SMynhCIIII no 

Koa<f><Pil:uiieHTa ycanKII 0,50 a 0,25, B Ta6n~ 4 npiiBeneHbi cpaBHHTenhHbie nail- · 

Hbie -nnsr paairi.Ix cnoeBi B KOTOphix· nd ·'4Jilaa'lecKIIM 'coo6pa)KeHHSIM '''IHcno qac-: 

THU noml<.ao 6b!Th onaHaKOBbiM, B 9TO "imc'no BXon'srT KaK neil:TpOHhl oTna'III; 

oT ynpyroro pacceSIHIISI c i:mepriieii 0,45 H 1,13 MaB, TaK ·.II · "'IaCTHUbi. 

OT paanH'IHbiX Heynpyi'IIX npoueCCOB, .UaHHbie npHBeneHbi K onHHaKOBOH nno-

manii. >. '.;z j ~ t 

Ha Ta6miUbi BIInHo, 'ITO yMe.ai:.meHHe qacna 'laCTHti, He npeBbimaromee 

2%,i_·.aa6nronaeTC,Sl TOnbKO npH H3MeHeHHH Koa<f>4JHUHeHTa yCSllKII . OT 0;,50 no·, 

0,25, npH H3MeHeHHH K,y, OT 2,00 .no 0,5 H3MeHeHHSl 'IRena 'ISCTHU '!:ie· Ha6-· 

nronaeTcsr.Ha aToro MO)KHO cnenaTb BbiBon, 'ITO -na)Ke npii '6ozlliwoM .aaoyxa-·' 

.anri ·na.a.aoro aMy nhcao.a.aoro cnosr .ae .aacTynaeT cymecTBeHHbiX 'HaMelieimH: 

B cfpy!<Type cnenoB, _KoTopbie npaJ3enii 6hi' :K ax not'epe npli · npo~iMoTpe •. 

npencT.imne.liae 0 xapaKTepe pa6oThi Ha. aMynbCIISIX 'C pasnH'IHbiMH( k'oa«P-o '' 

<PauHeHTaMH ycanKH H o6 o6meM: o5'beMe · patJoTbi Mo)KeT ~aTb • Ta6n. ·B. GKo.:. . 

pdCTb '~pOCMOTpa· HBXOllHTCSl' B npsrMOH 'aaimCHMOCTH OT TOro, 'HaCKOTibKO qeT-' 
KO Banen TpeK, 

A'aTophi 'cqH~a~T 
rpynnbi B.A. HIIKHTHHa· 

t, '·. ' • 

,.; t~4- 'Ji .... t t: ... ;; '~. ,· ·.: ~o1,~·.·fr·~; 

CBOHM npHSITJibiM nonroM no6naronapHTh KonneK;'H~, 
~ ··.~· .. :·. ,,,, '.'": . . : .. , ,, ........ ~ ~.:.·.rr: ·L .. :._. 

( lla6opaTopasr BbiCOKHX anepi'HH OH.HH) aa npoBene.a-
~ ' ~· :····.f~· ·;.;'· ..... ~;\ .. :.:' 
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Hoe o5ny"'eHH9 aa CH~Xpo~a30Tpoae, n.K. MapKOBa, B.A •. CBHPHAOBa·; B.A.HJi­

KHTHHa, M.r. ·llla<flpaaosy aa HHTepec K pa5oTe n ueaHhie aaMe"'aHHSI, a TaK-

2Ke rpymly MHKpOCK~:XHCTOK 38 npOCMOTp 3MynbCHH~ 

• '" 1 - ·- ~-: r;: 

I. B;A, HHKHTHH, A.A. HoMoqmnoa, B.A. Canpnaoa, IIH.CTpynoa, M.r. lllarjl-

panoaa, llT8, M6, JBC (19B8)';• ll;K; MapKos;. X.'M~ ·lfepkea, · 11':313, C/J/1 BAH, 
,.. .,.~. :k 1': ;;· ..!.§, 39 (1966). 
. , ; '!\ ,_.u . 

2. /l,C/J, Knpnnn¢aa, H~A. · /lo}u!na, ~.A •. C~npn~oa, n.r. XpncToa,{M.r. lllaifi-
, ~ ' • .•.• ·f!,;. ¥ 

8, H • .Oanxa)f(aB!,H ap. llpe!JpHHT OHRH, Pl-8641, .0y6Ha,,}9Bf.; ~X.M. lfep-

HeB, M3B, c[>/1 BAH, i.§.,; 3 (1968), ' . .. l "' ~ 
4, w. Peter Trower. Preprint UCRL 2426, 

·• \ .* ~~ .: "" 

5, Y • .K. Lim et,al. Nuovo Cim.Suppl., ~5, ~82 

6. M.H. noaropeiiKHii, a.~;· .llbii"8HOB, llpenpHHT OliR/1, 

,. ~ . ~ 

vol. ~ (~966). 
..... ······'·:{·i!. 
(~960).'; 

~ 
P.-83§/'(. ~y6na, 1961. 

$ 
~ .. 

PyKonRCb nocTynHna B H3AaTenbCKHA OTAen 

15 AeKa6pH 1969 l'OAa, 

('. 

" .... ·~~;~:~(::.· ~·-· .. ·.:;:;·:·;;J· .... ··~:; -~~t- \ .. ··;;'.::· :~·· .. r·~;·~~ .. ···--: 1'''~~-- ... r·. ·::;· r 
I) L: . ..:··.t, · 

( ··~\''Co!ftl:4; :""'.:;>. _, •.f!: '\·~-~ 0'' ,, ... , ..... if'.. . ':~ "'l·.l A ~.}r<•H' .. "; . .'1 '):~;rj't" \· ...... ! .: .".:• • ·lo~ >" ·4:;'11) !S""i:~·; , ~11 .;. a: ,.._ 131; "--•i ·'"'"~""'- • .-:.~.it\~ .Jill-. _.,., >. ~l:·, •: '•": 
II, I ~ ~ \: l ~' ; ·r, .~ r • ~ -~ ~·: Q :; .~, ' .• , .,1. ~ ( ft 1 / \ .,.· 
i • ~ :: { 
~·-~- ..- .. ~~·•·t•w•~· ., ... •"••·'"'''""'"'••~,..L-•-··' ,_,.,_ ... <·: ~. •••"-"''"'· •·. <ow,,-. .,·" ',,.., .... --- ' .. 
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Ta6nana 1. CTaHllapTHbie oTxnoaeaasr oma6ox B3Mepeaali ttnHH cnet~os B 
9MYnbCBSIX C pa3nB'IHbiM Jt09.pjiBUBeHTOM YCSIIKH, 

--• 
•·70• i 0 ,t.tK I ; 0 2,0 'MK ................... ~ ........ , .. . 

• 
0,25 

o,so: 

2,00 

• • • • • 
• • • • • .. • • • • • 

2,6 0,,3 

1,7' I 0,4 " 

2,1 I 2,1 

~' l 

Ta6nBua 2. CTaHllapTsble OTJtnoseBBH oma6ox B3Mepeaal! cnet~oB B aasaca­
MOCTB OT RX nDHblo 

RMK 10 10..20 2G-30 3o-to 40-50 50..70 70..120 

!--•••• ~--·- ........ -····- • ••••••• •••••••• • ••••••• t-········ o. 1.1 1.7 1.1 1.5 1,7 1,7 1,1 
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Ta6nHua' 3;" s'qlljJ9KTH.BHOCTb npOCMOTpa B 38BHCHMOCTH OT AnHH .cneAOB H 

• K~aljlljJH!l!!eHr.a YfBAKH 3!'1Y~I>CHH, 

•''' ... .-,· •.. 

~ 7-e· t-10 '11·~2 13-\4 u-uf I 17-20 
... 

21-30 31-50 . 
o,a3:ao,o2o o,924~.oi: 

.. •,I '< e • 
_, .. , .. .. .. 

2,00 o,115:ao, 009 o, 9511:0,005 0,98~,001 

o, 806±0, 01( 0,8211:0,011 0,817*0,012 
,. 

" o, 984±0, 002 O,SO - 0,1105-tO, 005 0,9411:!:0,003 

0,25 - - 0,511St0~020 O, 839:tO, 021 o, v~7:to, 0191 o, 73oto, ~1~ o,7teto,oo9 o,eeuo,oo&. 

. ' 

Ta6nHna 4, HeHaMeHHOCTb qHcna TpeKOB npH aa6yxaHHH 3MynhCHH, 

------~·-·-·-·-·---·-·-·-·-·-·-·-·-·-·-·-·---·-·-·-·-·-·-·-·-·-·---· I . . . . .. 

N R MK ! 
' \ ~-·-·-·-·-·-·-·--- -·-·-·-·~·-·-·-· ·-·----~·-·-·-·----

K.YCAJ).KI(=0.25: a.;rc.• 2, 00 a.;:rc. • 0,50 
I 

-·-----~-·-·-.-·-·-·-·-·-·-·-·- -·-·-·-·-·-·-·-· ·---·-·-·-·-·-·-·-· "" . I 

60 

1.1 60 

1.5 60 

41. ... 240 

I 
I 
I 
I 
I • .. • I • • . I 
A • . :. 7364:!: 94 
I 
I 

13033 :!: 99 

1.2035 :!: 96 11804 :!: 128 

10471 .. ± 90 \ 10277 -~ 120 
\" •' 

67 

I 

---·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·---·~----·-·-
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Ta6nHua 5. CKopoCTb npocMoTpa.a aaBHCHMOCTH oT KOS~HuHeHTa ycaaKH 
aMynbCHH. 

DpOOIIOTp. 'hlcao . Bpella aa CaopooT• 
K.7C. aao•u• . Tpeaoa JlpOOIIO'l'p IIPOOIIO'l'pa 

[11112] (1.--J,' . Coa•:.al:. .. ~ 

2,00 32 '~ 26171 70 .:· 874 

0,50 125 '80091 24V 322 

0,25 78 39500 154 256 

Bcero 235 145762 

K0341. !lrA.IlKH 

.2·[-. _._·. _·1_1_1._1 1 __ 1 --~-·---~T· 
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Puc.l. PacnonolKeHue pa6oqux nonocoK Ha SMynbCHOHHhiX cnoliX H wKana 
SHeprHH neilTpOHOB OTna'\!Ho 
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P11c,2, Pacnpeaenea11e paaaocTeil 1!3Mepeal!il np11 l!cnhiTaHI!II SMYJihCI!OHHOI'O 

CJIOH Ha CT8UI!OH8pHOCTb, 
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Pl!c,3, Pacnpeaenea11e OW!!60K B 1!3MepeHI!II AIII!H, 
o~~R(.MK]. 
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