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1. B B e .n e a H e 

npa B38HMOil911cTBHH TSVK9Jib!X HOHOB C B/lp8MH MOryT npOHCXOilHTb perutUHH, B KOTo

pbiX OT B/lpa JC SlllPY nepenaiOTCS! OllHH H11H HeCKonbJCO HyJCJIOHOB. K H8CTOBDl9MY BpeMeHH 

x) 
ony6JIHKOB8!10 3H8'1HT911b!I06 'IHCJIO pa6oT, llOCBBDl9!1HbiX Oll!IOHyJCJIOHHbiM nepeii"'l8M 

B yJCaaaHHbiX pa60TaX ycTaaoaneHbi xapaJCTepHbie oco6eaaocTH :i!THX peaKuall, caaneTenb-

CTBYIOIUH9 0 TOM, 'ITO OllHOayKJIOHHbl9 nep91l8'1H S!BJISIIOTCS! peaKUHS!MH npS!MOrO B38HMOileii

CTBHS!. npOilYKTbl Oll!IOHyJCJIO!I!IbiX nepell8'1 BbiJI9T810T B llOBOJibHO yaJCOM HHT9pB8JI9 yrnoB, 

06pa3yH B yrJIOBOM p8Cllp91l9JI9HHH M8KCHMyM, ll03HUHH JCOTOpOrO COOTB9TCTByeT K8C8T9Jib

HOMy CTOJIJCHOBeHHIO nayx Hllep. Ce'leHHe peaKUHH 6biCTpo aoapacTaeT a6naaa KynoaoacKo

ro 6apbepa, 8 38T9M C pOCTOM aHeprHH npOHBJISI9T T9Hil9HUHIO K H8Cb!IU9HHIO. nep91l8'18 

HyKJIOH8 npOHCXOilHT B OCHOSHOM B CBSI3Hbl9 COCTOHHHSI C B036ylKil9HH9M He CJIHWKOM 

ShiCOKHX ypoaaell. KOHe'IHhiX Hllep. TeopeTH'ISCKHe pa6oTb/
3

-
7 1

, B KOTOpbiX OllHOHYKJIOHHbie 

nepena'IH paccMaTpHBBJIHCb B KB83HynpyroM npa6JIHlK9HHH,Il8JIH xopowee cornacae c aKcne

pHMeHTOM B OJIHC8HBH yrJIOSb!X pacnp91l9JI9HHII. 

3KCnepHM9HT811BHhl9 ll8HHbie JIO MHOI'OHYKJIOHHbiM rrepeJ:I8'18M 6oJiee orp8HH'I9Hbl H 

ae noasoJIHIOT cnenaTb OKOH'<aTenbHhiX sbisonos o MexaHH3Me peaKuall. Yrnosbie pacnpene

neHHH MHoroHyKJIOHHhiX nepena'< OTJIH'IBIOTCH 3H8'1HTellbHhiM paaaoo6paaaeM. B pa60Te 

Kaylj>MaHa H Bonblj>raara
181 

npH o6nyqeHHH Rh 103 HOH8MH 0 l6 (160 Mas) o N 14 

( 140 Mas) Ha6niOaanocb nponyKTbi peaKUHII cpb!sa H nonXBaTa aeCKOllbKHX HyKnoaos, 

yrJIOSOe p8CIIp91l9JI9HB9 KOTOpb!X X8p8KT9pH30S8JIOCb MOHOTOHHblM Cll81l0M llHijllj>epeHilH8Jib

HOrO C9'19HHH C yseJIB'I9HH9M yrna. KyMnlj> H noaeu
191

, HCCJI9J:IYH MHOrOHYKJIOHHbl9 nepe-

232 
aa'IH npa saaaMoaellcTBHH HOHOB Ne 22 c sapaMH Th , o6Hapy>KHJIH a yrnoaoM 

pacnpeaeneHHR 'ISTKRe M8KCHMYMhi, cooTseTcTsyiOmHe KacaTeJibHOMY CTOJIKHOBeHHIO. HaKo-: 

HSU, B aKcnepHM9HT8X nolKHHCKoro
1101

, 11pOS9J:19HHbiX npH aHeprHHX B6JIH3H KyJIOHOBCKOrO 

6apbepa, yrJIOBbl9 pacrrpeaeJieHHSI npoayKTOB nep91l8'1R H9CKOllbKHX HyKJIOHOB X8p8KT9pH3YIOT-

CSI HaRH'IHeM .Q8>K9 Tpex M8KCHMYMOB . 

x) C 11,?.1 
M. o630pHbl 9 CT8~'bK 
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naaUbl8 no SRepreT11'18CIHM pacnpeneneRHSIM nponyiTOB p88KilHJ! BBCbMS MSllO'IHCllBH

/8/ 
Bhi, TeM He Meaee, OHH nOK83biB810T , 'tfTO B MHOrOHYKnOHHhiX rrepeJl8'tf8X KOH9ttHbl9 

Mpa soaf5yJKnaiOTCSI ana'IHTBnbHO CHnbHee, 'IBM npa nepena'le onaoro Hyxnona. 

Cpenn MnoroHyKnonHbiX nepena'l ocof5bil! anTepec npencTaBnHeT aayqeaae nepena'ln 

ABYX npOTOHOB H ABYX HBl!TpOROB, KOTOpbie, B03MOlKHO, nepeAaJOTCSI B BHilB a -KnacTepa. 

PeaK!lHH sToro Tnna aayqanacb na nerxnx Slllpax a npn cpasnnTellbno naaxax sneprn~ 11 • 1 ~ 1 

B nacToS<mel! paf50Te accnenosanacb peaK!lHSI nepena'la nsyx npOTonos a nsyx neA

Tponos ( N 
14

, F ]8) HS SIJlP8 Af 27 
C ll8llbl0 nony'leHHSI Jl0UOllHHT8llbHOA HH<j>OpMa!lHII 0 

M8XSHH3M8 MHOrOHyl<llOHHbiX nepena'l, YfCU01Ib30Banc!l MBTO!I perHCTpa!lRII paAHOaKTIIBHbiX 

UpOAYKTOB peaJ<IlBH . 8 STOM Cny'lae H3Y'I8HH8 nepe}lS'III a -Kll8CT8p8 MOJK8T f5hiTb ocy-

Dl9CTBll8HO nHWb c noMODlbJO onnoA peaK!lBH: ( N 14, F 18) , 3xcnepnMeBTbi nposonHnHCb 

BS BbiB8Jl8HHOM ny'll<8 150 C8HTHM8TpOBOrO llHIWOTpOBS naf5op8TOpKII !IA8pBbiX peaK!lRll 

Ol1.HH. B paf50Te naMepHnncb snepreTK'Iecxne pacnpeneneanH nponyxTa peaK!lBH F 18 

llOJl pa3llii'IBbiMH yrnaMH II llll!l p83llH'IRblX SHepraA HalleTSIODlBX IIOHOB, 

2. MBTOilHKa sKcnepBMBHTa 

CxeMY SI<CnepHM8HT8 MOJKHO BH)l8Tb Ha pnc. 1. ny'IOI< y CI<OpBHHbiX HOHOB N 14 

Bblll8ll8HRbill KOllllHMSTOpOM p881<UHOHHOII K8M8pb1 0 UOU8A8ll HS MHW8Hb Af 27 TOllli!HHOJ! 

2 18 
1,73 Mr/cM , npollyl<Tbl p88KUHH - Slllpa F COf5KpanaCb B CTOnKaX 8lliOMHRH8BbiX 

<j>Onbr, paCUOllOlKBHHbiX B p88KUHOHHOJI KSMepe non p83llH'IHb!MH yrnaMH, nocne of5ny'I8HH!I, 

KOTOpOe npO)IOlllKSllOCb 2-2,5 'ISCa, Cf50pHHKK H3Bll8l<SllHCb H3 KaMepbl H SKTHBHOCTb KaJK

)IOJ! <j>onbrH of5c'IHTbiBanacb na perHCTpnpyJOmeil ycTano sxe. YcTanosxa npencTasnSina 

cof5ol! CHCTBMY H3 llBYX CUHHTHllll!lllHOHHbiX C'IBT'IHKOB, perHCTpnpyiODlHX COBUa)l8HHSI 

annnrnnnSIUHOBHhiX y -KBaHTOB OT pacnana F18(,e+, T ~ ~ 112 MHH), B hinenenne 

al<THBH OCTH, npnnanneJKameA F 18 , aa l<PHBhi X pacnana n e BCTpeqano TpynnocTel!, Tal< 

27 ~ + 
KSI llpH B38HM0 )18J!CTBHH A£ +N He MOryT B03HBKaTb npyrae {3 -aKTHBHbl8 npo-

AYKTbl c nepno n o M nonypacna na, 6nnaxnM 1< 112 MnHyTaM, 

O HeprHSI HOHOB H3M8H!InaCb C UOMODlbiO nornoll!aiODlHX anJOMHHK8BbiX <j>Onbr, ycTaHaB-

14 
nBBSBWB XCSI nepen KOMHMST Op OM, B enB'IHRa SHeprHH KOHOB N Ra MBWBHB, a TaK-

18 
JKe anepraH nponyi<TOB F , onpenenSinacb aa aasncnMocT n npof5er- aaepr nH nnSI 

/ 13 / 
a moMBBBH, aJ<cn epnMe n TanbHO n a Mepennol! H op T x nn<P<t>o M • 

nonpof5noe onncaa ae a n napaTypbi a MeTOilHKn naMe penn A M OJKao n a AT n B a awell 

/ 14/ 
patiOTe • 
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3. Pe3ynbT8Thi a nacKyccaB 

Pe8KllHH HCCJ19.tlOB8Jl8Cb IIpH '19Tblp9X 3H8'19HHBX 3HeprHH HOHOB 

N14 : 107,3; 91,4; 78,7 H 65,0 Mas (a JI815op8TopHol! CHC TeMe ). 015hi'IHO nn11 naanoli 

aaeprHH O.tlHOBp9M9HHO H3M9pSDOTCB 'leTbipe 3HepreTH'I9CKHX p8CIIpeneJI9HH!I IIpOJcy'KTOB 

IIO.tl pH3JlH'IHbiMH yrnaMH. nony'leHHbl9 pe3y/lbTHThl Ilp9.tlCTHBJI9Hhl HH pHCo 2. I13MepeHiiH 

rrpoao.tlHJIHCb c noaollbHO 15onbWHM m8rOM no aaepraa, orrpenenHeMbJM T01IIUHHol! <jlollbr a 

CTOIIKHX ( 1,7 Mr/cM
2

). TeM He MeHee, nony'leHHhie naHHbie OT'IeTnaao OTp8JKHIOT HeKo

TOphle OOWH9 38KOHOM9pHOCTH HCCJl9.tlOBHHHOH peHKUHR. nyHKTHpHblMH JIHHHHMB 0003HH'I9H 

OlKH.tlH9Mblli Bb!XO.tl F 18 38 C'I9T B3HHMO.tl9HCTBHH pHCC9HHHOrO H8 MRW9HH IIy'IKH C 81110-

MRHH9Bb!MH COOpHHK8MH. 3 TH OII9HKH 6b1Jl H C.tl9JlHHbl HH OCBOBHHRH pe3y/lbT8TOB .tlODOllHH-

TenbHblX :9KCnepHM9HTOB 1 B XOTOpbiX CTORU 81IIOMHHH9BbiX q>Onhr, IIOMetneHBhle B KOJIJieK-

TOp ·TOK8 1 OOJIY'I8JlHCb Henocpei1CTB9HHO JIY'IKOM N l4 H3B9CTHOli HHT9HCRBHOCTH. 3aTeM 

3TH pe3y/lbTHTbl HOpMHpOBHJIHCb BH OTHOW9HH9 paCC9SIHHOrO IIO.tl 11HHHbiM yrJIOM IIy'IKH 

K IIOllHOMY IIY'IKY (p8C'I9Thl IlpOBOI1HJlHCb IIO pe3eplj>Op.tlOBCKOii ljlopMyne). 

113 pac. 2 BH.tlB01 'ITO B3HHMO.tlei!CTBH9 paCC9HHHOrO IIY'IKB CO COOpHHKHMH BHOCHT 

38M9THbiJ! BKJIHI1 JlHWb IIOI1 C8MblMH MHJlblMH yrJIHMH H Il9 MOJK9T IIOBJlHHTb HB OOUIH9 38KQ-

HOMepHOCTH, rrpoHBnmomaeca a rrpei1CT8BneHHbiX peayllbT8Tax. CTpenKH H8.tl crreKTp8MH 

yKa3biBBIOT aeJIH'IHJIY aaepraa rrpo11yKTOB F 18 
nn11 cny'laa, Korna a peHKUHH 

Af 
27 

(N 
14 , F 

18 
) Na 23 o6a KOH9'1HbiX H!1p8 OKH3b!B8IOTCH B OCHOBHblX COCTOHHH!!X 

( Q =-5,7 Mas). 

Haal5onee HHTepecaaa ocol5eaaocTb rrony'<eHHbiX a aepreTH'Ie CKBX p8crrpeneneaali 

COCTOBT B TOM, 'ITO B CII9KTpe HHpH.tly C IIBKOM0 COOTB9TCTBYIOUIHM 'KJI8CCH'I9CKOli' IIepe

.tl8'<91 IIpHCyTCTBYIOT '18GTHUhi1 3HeprBH KOTOpbiX IIpOCTHp89TCH IIO'ITB OT HYJIH (a 3KCII9pH

M9HT8X ae Ob!Jl 38XBa'leB HHTepaan aaeprali 0-20 Mas) 110 M8KCHM8/lbHO B03MOJKHoli. 

3To 03H8'<8eT, 'ITO rrpa B3HBMOI1elicTBHB N 14 
c Af 27 

rrpoacxo11HT rrpouecCbi, a KoTo

pbiX ol5paaoaaaae F 
18 

corrpoaoJKnaeTCH 3HB'IHTeJibHOll nOTepell rrepBOH8'18JibHOll 3Hepraa 

HOH8 N 
14

• Pana KpHTKocTn Mbl 15yneM a 11H/lbHellweM HB3biBBTb 3TH 11B8 rrpouecca cooT

aeTcTaeaao 'KBH3HynpyraM' B 'aeynpyrHM'. npa MBJlbiX yrJIHX IIRK1 OoyCJIOBJI9HHblll 

'KB83RyrrpyrHMH' Il9p9118'18MH Bhii19JlHeTCH 110BO/lbHO '19TKOo C YB9JIH'I9HH9M yrna B9JIH'IHHH 

ero ObiCTpo IIH.tl89T H onaoapeMeHHO pacTeT BKnan OT 'aeyrrpyrax' rrpoueccoa. YaeJIH'<AHHe 

3HeprHB HOHOB N 14 
IIpHBO.tlHT K B03pHCTHHBIO OTHOCHT9JlbHOrO BKJIBUH HB3K09BepreTH-

'19CKHX nponyKTOB peaKUHH. npa MHKCHMB/lbHOll aaeprHH 107,3 Mas CII9KTp F 18 
xapaK-

T9pH3Y9TCH WHpOKHM 'aeynpyrHM' MHKCHMYMOM1 KOTOpbill rrepeM9UIH9TCH C YB9JIH'I9HH9M 

yrna OT -60 Mas (111IH Q ~5,1°) .tlO - 40 Mas (11JIH Q -19,9°). npa MBJlbiX 9BeprHHX 

HOBOB .tlOMHHHpyiOUIHH p01Ib IlpHHHI1Jl9lKHT rrepe.tlH'IHM B CBH3HHBb19 COCTOHBHH KOB9'1Bh!X 

nponyKTOB peaKuaa. Ha pac. 3 rroKaaaao, KHK MeaaeTcH 110JIH 'KB83aynpyrax• npoueccoa 
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s o6meM 6anaace o6pa3osaaa ~ F 18 • Berul'raaa (7 CSII3R I u nona, OTJio>KeaaaST 

no oca opiiKBaT, OJ'!pe11eneaa cnaiiYIOmKN o6pa3oM: 

IMaxc (~) 
f d8d F. 

dE 

11 Mas E 
0 

u CBII3R. 

u non.~~. 

'M1I(~) dE 
0 d8 dE 

311eCb E Maic - sepXBKB rpaaana saepraa IISHaoro cneKTpa, a E
0 

- pac'teTaas saep

raa F 18 111111 11aaaoro yrna sblneTa s cnyqae o6pa3osaaas I<oae'tBhiX npOIIYKTos peaKaaa 

B OCHOBHbiX COCTOSl.HJIHX (9TH 3H8'l8HHH 9HeprBK 0603H8'l8Hbl Ba pac. 2 CTpe1lK8MK) • .[laana-

3011 saepr11ll soa6y>KA&IIKII, OTaecellllblll K "KBa3aynpyraM" nponeccaM - II Mas, sa!IT 

H3 nopora .<tHccouaa.<tHH Na 
2 3 

(8, 79 Mas) npo cpe11aeii saeproa soa6y>KII8HH!I !lllpa 

F 18 ( 2,2 Mas). 113 pac. 3 OT'teT11HSO SHIIHO, KaK na11aeT c poe ToM saepraa aoaos 

a c ysena>teHKeM yrna SbilleTa 1101111 "Ksa3aynpyrax• npoueccos s o6pa3osaann F 18 

Ha pac. 14 npeiiCTasnaHbi IISHKhie, xapBJ<Tepa3yJOmae yrnosbie pacnpeneneHH!I o6oox 

npoueccos • . Pa311ene11ae nposo11anoch TBKHM >Ke cnoco6oM, KaK K nn11 IIBHHhiX, noKa3aHHbi X 

aa pac. 3. B "Ksa3aynpyroM" cnyqae KpBsbie HMeJOT MOHOTOHHhrli non'beM a cTopoa y 

M81lhlll.IIX yrnos aaanorH'lHO peaynbTaTaM Kay¢MaHa H Bo1lh¢raara
18 1 

111111 MHoroay KnOHHhl'< 
103 lR 

nepe11a>t aa R h • Yrnosbre pacnpeneneaasr, HB3KosaepreTa'lHhiX nponyKTOB F 

KM8JOT npOTKSODOilOlKJiyJO 38BKCKMOCTh - sellH'lKHB (du, / d8 ) M8111l9HHO pacTe T 
aeynp •• 

c ysena>teRKeM yrna ( S KCC1191lOSBHHOM HBMK IIH8D830He yrnos) • 

::::ne11yeT TBK>Ke OTMBTKTb eme OllKY KHTep8CJlYIO oco6eHHOCTb 1 npOH111lJOCTpKpOSBHHYIO 

H& pKC. 4, - yM8H:I;W8HKe C9'l8HKS! !IllS! nepena'l S CSSI3BHRble COCTOSIHRS! C yse1lB'l9HKeM 

saepraa npa O.<tHOspeMeHHOM pocTe ceqeaa!l "aeynpyrax• nponeccos. BoaMOlKHO, 'lTO o6a 

DpOU&CCB KORKypHpyJOT Me>KllY C060ll 1 K yS91lR'l8HK8 p01IK KBHBilOS peaKUBH C o6pa30BBHK-

8M llK3I<osaepreTK'lHhiX nponyi<TOD F 
18 

npn Sbicwax aaeprn>IX npnsoiiHT K na11eHH10 

C8'l8BKH llllH nepel!B'l S CSH3BHHbl8 COCTOHHHH. 

florty'teBHhie pe3ynhTBTbi MO>KHo nonwTaTbCH o6'bHCIIBTb cnenyJOIUHM o6pa3 oM. XapaK-· 

Tep B3BKMOlleliCTSBH THlK81lOrO HOBB C KllpOM cyweCTS8HBO 3BBHCHT OT yrnosoro MOMBHTA 

H41l9TBJOIU8ll 'lBCTK!lbl. flpK MBllbiX 3HB'leBKKX p o6pa3yeTCH KOMDBYHil-SIJlpO. flpH 3118 •· 

'l8HKSIX f 1 COOTSeTCTBYIOIUKX KBCBT81lhBOMY CT011KHOS9HKIO ( !illPB KBCBJOTCSI CBOHMit 

nosepXBOCTKMK)
1 

S3BHMOileliCTSH8 BOCHT KSB3Hynpyrall XBpBKTep. 3TO o6naCTb "KnaGCB

·qeCKKX" onao- H MB1lOJlYK1lOBHhiX nepena'l. Me>Kny 3THMH IISYM" o6nacTRMK ne>KKT Tpe TaA 

IIKBU430H 3RB'l9HKII 1 B KOTOpOM !!U9pRoe B3BHMOIIeliCTSH9 IIOCTHraeT 3BB'lHTe1lbHOH 
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I 
1 

I 

HHT8HCHBHOCTH, OAH8I<O H3-38 (Som,wolt B8Jlii'IH!lbl ll8KTpo!SeJKKOrO oapbepa I<OMnayKA-H.D.pO 

o6pa3oBaTbcR He MOJKeT. B sToM AHana3oHe npoxcxoABT pa3naqHhle Heynpyrae npo-

necCbi! pasaan HaneTaiOmelt qacTKilbi Ha 6onee neri<Ke <jJparMeHThl, Bbi!SKBaHKe Hyi<nOHOB 

H nyKnoHHbiX rpynn, 3axaaT HaneTaiOmelt qacTHnell 3HaqHTenbHoro qacna nyimoHoa as SI.Apa 

MHweHH. Kai< noKa3bi saeT aHanH3 yrnosbiX pacnpeAeneaalt OAHOftYK1lOHHbiX nepeAaq, w11paaa 

30Hhl, B KOTOpolt p83birpbiB810TCSI I<S83HynpyrHe nponeCCbl COCT8B11!18T ~1-2 <jJepMII II noq-

Til ae 38BHCHT OT sHeprHH aaneTaiOmell qacTHil. lllKpiiHa 30Hhl Heynpyrax npoueccos,aanpo

THB1 tSyAeT B03paCTaTb c saeprHelt. B peai<IliiHX Ha ner1<11X SI.Apax B03MOlKeH cneAyiOmlllt 

9<jJ<!Jei<T, npa COyAapeHIIH C yr1lOBbiM MOM8HTOM a npoMelKyToqlloli otSnacTa (MeJKAy 

30HOil IOMilBYHA-SI.Apa H 30110li •KB83HynpyrHx• nponeccoa) B03HHK88T CHCT8M8 AByx SI.Aep, 

CH1lbHo B3BHMOAellcTayiOmex MelKAY co6olt. Enaro11aps BTOMY B3BHMonellcTBHIO 3Haq11Tenb

HBH qaCTb KHH8THqeC.KOli SHeprHH H81l8T810illero IIOH8 MOlKeT nepeAaB8TbC!I SI.APY-MHW8HII. 

0AH8KO OTHOCHTe1lbH8!1 CKOpOCTb O!SOHX !IAep He ll8A88T 110 HynH, T8K K8K H3-38 OOJlbWOro 

neHTpotSeJKHoro 6apbepa a KynoHoacKoro oTTanKIIBaHaH H.D.pa pa3pbiBaiOTCH c nepeAaqelt 

HeCKOnhKHX KYKilOHOB. 

Ha sTHX cooopaJKeaall HaM npeACTaBnHeTcH, qTo KapTaHa saepreTaqecKax cnei<Tpoa 

F 
18

, HaoniOAaamaxcH a Hawax onbiTax, CBHAeTenbCTsyeT o cymecTaosaRHII Aayx pa3naqHbiX 

M&X8HH3MOB nepe11aq11 rpynn HyKnoaos OT !!Apa I< !IAPY· ':leTI<O BhlAeneHHbie no11 Ma1lbiMH 

yr118MH •IB83Hynpyree• UHKH MOlKHO !Sbi110 !Sbi HHTepnp8THpOB8Tb 1<81< pe3ynbTaT nepe11aq11 

a -xnacTepa B npouecce np!!Moro S38HMOAeilcTsiiH ABYX SI.Aep. H113IOSHepreTIIqecKaH qacTb 

Cll&I<Tpa CBH38H8, UQ-BH)1HMOMy, C nponeCCOM, B KOTOpOM F 
18 

o6pa3yeTCH a pe3ynbTaTe 

cnyqallaoro pa3pbisa nsyx CllnhHO B38HMOneltCTBYIOWQ:X !1118p. nocnenH!ISI p88KUHH 38HII-

MaeT ItaK tSbi npoMeJKyToqaoe nonoJKeRIIe M8lKAY 'qacToli• pea~t~t11ell npsMoro S3AIIMOneJ!

cTaeH H peai<nllelt otSpasoaaHHR KOMnayaA-Hnpa. 

J:l 38K1lJOqeaae Mbl Bhlp8JK88M !SnarOA8pROCTb r.H. <l>neposy 38 llOCTO!IRRbllt HRTepec 

I< patSoTe, B.A. 3arepy 11 onepaTopaM Y-150 3a otSecneqeaae paoOTbi naKnoTpoHa, 

H.A. Ape<jlbesy a A.r. 3onxeny 3a noMOwb a H3MepeHeHX. 
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