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AcTBauarypoB P.r. 11 np. 

DeTeKTop raMMa-KBBHTOB H 9neKTpOHOB 90-KaHanbHoro 

qepeHKOBCKaro Macc-cneKTpoMeTpa 

1 - 12365 

OnHcaua KOHCTPYKUHst Monyng 90-Kauanbuoro qepeHKOBCKoro ronocKona 

113 CBKHUOBOrO CTeKna. MccnenoBaHa B03MO*HOCTb KCllOnb30B8HHSI HeCKOnbKHX 

THllOB KneeB nnst o6ecneqeHHSI OllTHqeCKOrO KOHT8KT8 MeJKny CTeKnOM qepeH

KOBCKOro cqerqKKa 11 rporoyMHOlKHTeneM. H3naraercst Meron, Hcnollb30BaHHhiil 

npH non6ope ¢loroyMHOJKHTeneil nnst qepeHKOBCKoro ronocKona. 3KcnnyarauHst 

90 ~10nyneii pa3pa60T8HHOil KOHCTpyKUHH B TeqeHH:e BOCbMK neT UOK83ana 

IIX BhiCOKyiO HBlle*HOCTb. 

Pa6ora BbmonHeHa B fla6oparopHK BhiCOKIIX 9HeprHil OH.R~!. 

flpenpHRT 06t.eLIHHeRRoro HHCTRTyra stttepHbTX HccneaosanRil, Dy6ua 1979 

.,. 

BBEllEHv!E 

B flB3 OVI f!Vl C03/laHa aKcnepHMeHranbH851 ycraHonKa -

90-KaHaJJbHbiH qepeHKOllCKHH M8CC-Cfl8KTpOMeTp /1/, npen

H83H8"'8HHhlH ang H3y"'eHH51 rrpoueccoB pomaeHH51 H pacnaaa 

aneMeHTapHhiX qacrwu. B 1976-77 rT. c rroMOIUbJo Macc

cneKTpoMerpa 6unw H3l\!CpeHLI awq,¢epeuuwanbHhre ce<IeHH51 

peaKUHH TT- + p • 77°+n11p11 11MITynbC8X 3,3 H 4,75 f'a8/c /2,3/. 
OcuoBHI>!M aneMeHTOM Macc-cneKrpoMerpa smn~IeTC51 90-

KaHanbHI>rrt <JepeHKOBCKHH rOJlOCKOil, COCT051lllHH H3 90 U/leH

TWIHhiX /l8T8KTOpOB - 'IepeHKOBCKHX, C,'I8T'IHKOB IIOnHOrO 

nornOWCHHH H3 CBHHUOBOro CTeKna'~. 8 yCT8HOBKe <IepeH

KOBCKHH rOJlOCKO!l CJJYMHT ang H3MepeHH51 3HeprHH 3JlGKTpO

HOB H ral'v!M8-KB8HTOB 1 o6pa3yiOillHXCSI B pe3ynbT8T8 B38HMO

JlefiCTllHH Hanera:omeii 'I8CTHULI C "'8CTHU8MH MHWGHH, 

B Hacromneii pa6ore onwchmaercSI Meron non6opa (oro

YMJJO)l\HTeneii H KOHCTpyKUHH MO!lynH qepeHKOllCKOrO rono

CKO!la. 

KOHCTPYKUV!fl MOllYflfl YEPEHKOBCKOfO 
ronocKonA 

KoHcrpyKuw:o MonynH 11nnrocrpwpyer pH c. I. Ka>l\ilLIH 

Monynb crreKrpoMerpa npencraBnHer co6oi1 caMOCTOHTenb

Hblfi rrpH60p, ITOnHOCTbiO CB8TOH30nHpOB8HHbiH OT ocranbHbiX, 

Pan11arop <IepeHKOBCKoro H3nyqeHHH (2) H3roroBneu H3 

CBHHUOBOrO CTeKna MapKH T<P-1 H HMeeT <flopMy WeCTH

rpaHHOH I1pH3Mbf Bb!COTOH 35 C M C llH8MeTpOM Bf!HC8HHOH 

OKpy)KHOCTH OCHOB8HHSI 17,5 C M, CBHHUOBOe CTeKnO H <floro-

3 



10 

• 12 

---+~ f "''k~l - 13 

I~ 

-~15 

16 

19--

16 

17 

P11c. 1. KoHcrpyKU11H MOJ:(JJIH 

qepeHKOBCKOI'O 90-K8H8JlbHOI'O 

r8MM8-crreKrpoMerp8: 1,11 -
qepHaH Jli1ITK85I ITOJ111XJIOpBHHI1JIO

B85I neHra ; 2 - pa1111arop 113 

CBI1HUOBOI'O creKJ18 MapK11 

T<P-1; 3 - J111rrKaH rrc-n11ar11ne

HOB8H nenra: 4 - peaucrop 

MflT-1 ,5 JV\OM; 5 - I'H83/10 

/1Jl51 TI0/18'f[f BLCOKOI'O Harrp5I)!<8-

HH5I Ha (orOKaroa; 6 neHo-

rrnacroaoe KOJibuo; 7 - awco

KOBOJJbrHwtl t:\8JJHreJJb HaiTp51-

~eHI15Ii 8 - rafiKu KpenneH!f>I 

BhlCOKOBOJibrHOI'O /18JII1rBJ15I 

HaiTp5I~eHH5Ii 9 - illiTI1JlbKH 

J1JI5I KpenneHI15I 11en11reng ll8-

rrp5I~eHI15Ii 10 - U11Jli1HJ1pi1'I8C

K11H rrepM8JlJI08BbiH 2Kp8H; 

12 - Bb!B0/1 ~)OrOK8rOJ18 ¢3Y, 

13 - cjloroyMHOfK11renb ¢3Y-

495; 14 - 8JI:,JMI1H118BB5I cpOJib

I'8i 15 - qepH85I 6yt'-.t8r8; 

16 - ruecr11rp8HHwfi nepMan

noeswA aKp8H; 17 - repMocrar 

CO CBerOBblU /1110/lOM; 18 -

~MrryJibCHWH 11CrO'IH11K cser8 

H8 OCHOBe Kp11Cr8nna NaJ(TI) 
11 p8J11108Kri1BHOI'O 1130rOTI8 

241 An; 19 - ycrpotkrso J1JI5I 

BB0/18 CBer8 or 11CKpOBOI'O p83p5IJ1H11K8i 20 - orsepcr11e 

JlJIH 11MITYJibCHOI'O 11CrOqH11K8 CBera 18; 21 - orsepcr11e 

/1Jl5I BB0/18 CBer8 or 11CKpOBOI'O p83p5I/1HI1K8 B CB11HUOBOe 

creKJIOi 22,25 - CBerOI130JII1py!Oilll1e sryJIKI1 ycrpoticrBa 

BB0/18 CBera or 11CKpOBOI'O p83p5I/1H11K8; 23 - UI1Jli1H/1pl1qec

K11H CBeroBOJli 24- rrpy~11Ha; 26- reKCrOJII1rOB85I TIJ18Cri1-

H8 roJIIIJI1HOH 0,5 MM; 27 - I'8HK11 KperrJieH11H repMOCr8r8 

CO CBer0/1110/lOMi 28 - orsepcr11e JlJlH BB0/18 CBer8 or 

CBer0/1110118. 
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YMHO~I1renb o6epHyrw orpa~8reneM 113 8JIIOMI1HI1eBotl: 

<JOJlbi'If ( 14). flosepx r];OJibi'H, J1J15I CBerOI130JIHU11H, CT8KJIO 

H ¢3Y o6epnyrbl qepHOH ITOJII1XJIOpB11HI1JIOBOir neHroli r11rra 

0.\8 rOJ1illlfHOii 0,3 M M ( 1,11). CBHHUOBOe creKJ10 JlOITOJI

HifreJibHO CBerOK30J1HpOB8HO C ITOMOillb!O CJIOH qepHOll 6yMa

I'II ( 15), paCITOJio.>I<eHHOI'O M8~11Y cjlOJibi'OH H ITOJ111XJIOpB11HH

J10BO(J Jiel!rO(I. 

lln>r 3aiHI1rbi or p8ccemmoro MarmrrHoro IlOJIH 1:8 qacrb 

creKJ111, rrpHJ18)!<8I..IYI:J K ¢3Y, 11 Ha ¢3Y O/lerbl MBI'HI1rHhle 

aKpal!bi 113 oro;:;eHHoro nepMannoH MapK11 80HXC roJiill11HOfi 

0,5 M M ( 10,16). MarHI1rHbW 8Kp8Hbi KperrHrcg c rroMOWbiO 

n11rrKofi rron11xnopnHHKJ1oaot\ neHrw. Ha.UHJI!fH/lpHqecKyiO 

qacrb ¢3Y O/lenaercH KOJibUO 113 rreHorrn8cra (6), oKp8rueH

Hoe B qepHWH UBer JlJ1H /10ITOJ1H11TeJibHOll CBerOII30J15IU11H 

cj10rOJMHOf!direJIH, a raK)I<e J1Jl5I r.perrneHHH U11l111Hilp11'IeCKO-

ro t·18I'HI1rHoro aKpaHa ( 10). B aroM KOJ1bUe 11MeiorcH 

cneuuanbHwe K8H8BK!f JlJIH o6ecrreqeHH51 caerou30JIH~H11 

n 1'-.tecre crL>IKa TI8Henu 11eJI11renH (7) 11 <P3Y, a raK~e 

rHe3JlO (5) JlJIH rroaaq11 BbiCOKoro Harrp>I;::emm Ha cjloroKa

ron ¢2Y (12). flee illlT11JlbKI1 (9) B IIeHOTITiaCrOBOM KOJ1bUe 

cny~ar JlJIH KpenneHuH 11en11renH c rroMOillbiO raeK (8). 

Ha t\tarH11THhte aKpaHbi rro11aercH BbJCOKoe HarrpH)!(eH11e 

or ¢oroKaro11a qepe3 pe311crop c HOMHHanoM 5 MOM (4) 

JlJIH 11CKJlloqeH11H rrpo6oeB M8)!CJ1y q10J1bi'Oll ( 14), ¢3Y 

H MarH11THbiM11 aKpaHaMH. MarHurHbJe 3KpaHbJ csepxy 

o6epHyrw TOHKofi ¢roponnacrosofi nneHKoA 11J1H aneKrp11'Iec

Koi: H30Jl51i111H COCe):(HI1X MOayne!"I ITpH 11X COBMeCrHOH 

C60pKe (pa3HOCrb rroreHUI1BJ10B Ha 8KpaHaX COCe):(HI1X MOlly

net\ 11ocruraer 400 B). 

K OllHOMy 113 ropuoa creKna Kperr11rc51 ruecrl1yronbHa5I 

nnacruHa 113 reKcron11ra ronruHHOil 0,5 MM. B aroil nnacri1-

He, a raK~e B 8JIIOMHHH8BOl! cjlOJ1bi'8 II CBerOI130J1Hpy!OWI1X 

CJ105IX 11MeiOrC51 OrBepCri15I ):(J15I BB0/18 11MITYJ1bCOB CBera 

B CB11HUOB08 creKJIO or rpeX H838BI1C11MhlX 11CrO'IHI1KOB 

ang KOHrpong pa6orw qepeHKOBCKoro MoayJI5I. B ueHrpe 

(orsepcrl1e 20) c rroMOillbiO Kneg MapKH KODAK HE-10 
Kperrl1rC5I 11CroqHI1K 1-IMITYJibCHhlX CBerOBhlX BCIThlilleK Ha 

ocHoae Kpl1cranna NaJ (Tl) 11 pan11oaKr11sHoro 113orona 
241 Am (anbclJa-qacri1Uhi c aHeprueil 5,5 MaB) /5/. Hanpor11s 

oraepCri-I5I (21) TIOMemeH UI1JIHHJlpH'IeCKHll CBeroBOt:l (23) 
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H3 opraHHqeCKOrO CT8KJ18 C CHCT8MOH CBeTOH30J1HpyiDWHX 
BTyrrOK (22, 25), BXOAHWHX OAHa B Apyrym. BryrrKa (22) 
ITOUMHM88TCH C ITOMOWbiD rrpymHHhl (24) K ITJ1aCTHH8 H3 
oprauuqecKoro creKna (ria pucyHKe ue rroKa3aHa), pacrro
nomeuuoil rrepeA MoAyrrHMH. B sry rrnacruny c rroMOWbiD 
CBeTOBOUOB BBOUHTCH CBeT OT HCKpOBOrO pa3pHAHHKa. 
HarrpOTHB OTBepCTHH (21) KBMAOrO MOAYJIH B ITrraCTHHe 
HM8IDTCH OTBepCTHH, qepe3 K@TOphle CBeT OT pa3pHAHHKB 
rrorranaer B Monynu. OruomeHHe aMITJIHTYA CHrHarroB c ¢3Y 
OT pa3pHAHHKa C xopoweil roqHOCTbiD ITOCTOHHHO. Doapo6HO 
sra cwcreMa KOHTporrH orrwcana B pa6ore Ia{ 

TeKcronuroBaH rrnacTHHa (26) HMeer qerwpe raUKH 
H3 s6ouura (27), cnymawHe AITH KperrneHHH rreuorrnacroBoro 
repMOCTaT~ BHyTpH KOTOporo CMOHTHpOBBHhl CBeTOUHOA 
H 9J18KTpOHHBH CXeMB AJ1H ITOAUepmaHHH ITOCTOHHHOH TeMDe
paryphl/7~ 

ODTHYECKHA KOHTAKT ME~ilY CBHHUOB~M 
CTEKflOM H ¢0TOYMHO~HTEflEM 

UnH o6ecrreqeHHH uanemuoro orrrwqecKOI'O KOHTaKTa 
Memay ¢3Y H CBHHUOBbiM creKrroM 6hinO uailaeno ueneco
o6pa3HbiM KrreHrb ¢.3Y K panwaropy. 3ror cnoco6 HMeer 
p51::l rrpeHMyWeCTB DO cpaBII8HHID C rrpHMeH811H8M UJ151 STOll 
ll8J1H mHAKifX CM830K. 

Dpu Bhl6ope KrreH K HeMy 6hlrrH npeALHBrreuw cneaymwHe 
rpe6osaHHH: 

1) BhlCOK851 rrp03paqHOCTb B HHTepBarre AJIHH BOJIH 
3300-5ooo A; 

6 

2) KosqJqmuwenr npenoMrreHHH B npeaenax 1 ,49-::;:.n -::;:.1 ,64 
(npoMemyroqnoe 3Haqenwe Memay KoscjJ~wuweHTOM rrperroM
neuwH CTeKrra cpOTOKaroaa ¢3Y H CBHHUOBOrO CTeKrra); 

3) DOCT051HCTBO XapaKT8pHCTHK BO BpeMeHH; 
4) npoqHOCTb H AOrrroseqHOCTb CKJ18HKH; 
5) B03MOmHOCTb paCTBOpeHH51 C ITOMOWbiD H3BeCTHhlX 

pacrBopwreneil. 
H aMH 6binH paccMorpeH!::>I Knew cneaymri:J.HX MapoK: 

MEK-1, il3f-1, HE -10. Hx xapaKrepwCTHKH npHBOAHTCH 
B ra6nwue. 

1 

:\ , 

Ta6nuua 

MBpKa KJ18H rroKa3arenb rrpenoMrreHHH pacTBOpH
B OTBepMA8HHOM COCTOHHHH Terrb 

CITHpT 

BOA a 

MEK-1 

il3f-1 

HE -10 

1,4840 

1 ,4995 

1,577 xrropoc>opM 

Kneil MEK-1 ( rpexKoMnoneHTHbifr Kneli: MOHo6yrHnMera
Kpwnar, AHM8THJ18HifJIHH, nepeKHCb 6eH30HJia) HMeer HH3KHH 
K09(icpHUif8HT nperrOMJieHif51 n =1 ,484 If TIOCJie OTBepmAeHH51 
np11o6peraer )J<eJITbiH user. 

il3f-1 ( 10 BeCOBbiX qacreli SnOKCHUHOM CMOJibl il3f-1 
H 1 B8COB851 qaCTb 9THJ18HUHBMHHa) yno6eH TipH 3aMeHe 
¢3Y 1 T.K. nerKO paCTBOp51erC51 B BOAe, 110 o6nanaeT TeM 
uenocraTKOM, qro B Mecre CKneAKH AOBOJibHO 6wcrpo 
HapywaeTCH OTirlfqecKHM KOHTBKT. HciTOJ1b30BBHHe KJieH 
il3f-1 AJIH auanorHqHhlX ueneA paccMarpHBanocb B pa6o-

/ ! 

ret8!. Haww liccnenosaHHH rroKa3anw, qro c reqenHeM spe-
MeHH OITTifqecKHll KOHTaKr B cnyqae ITpHM8HeHH51 KJ1e51 
il3f-1 HapywaeTC51 (IT051BJI51IOTC51 "errO'IKH", KOTOpbie AOBOJib
HO 6hlcTpo pacnpocrpaHHIDTCH or KpaH K uenrpy). 

KneeM il3f-1 6biJJa rrpHKneeua rrpo6naH rraprHH ( oKono 

30 ¢3Y). Mecro crc.neAKH 8)K8QH9BHO KOHTpOnHpOBBJIOCb 
B reqenwe nByx MeCHUeB. Pe3yrrbTBThl sroro HccnenosaHHH 
TipHBeUeHbl Ha pH c. 2 , H3 KOTOporo BHUH0 1 qro 38 ABB 
M8C51U8 OITrHqecKHH KOHTaKr HapyWHJIC51 rrpaKTHqeCKH BO 
BCeX 30 CKJJeliKaX. 

Onno H3 B03Momuhlx o6LHCHeHHH sroro - pacrBopw
MOCrb KJ1851 il3f-1 B BOUe. 0ITTH'IeCKHll KOHTBKT HapywaeT
C51 H3-Ga roro, 'ITO B cnoA KrreH npoHHKaer Brrara H3 
oKpyn<amwero B03 nyxa, KOTopaH rrocrerreuuo pacrrpocrpanHeT
cH or nepecjlepHH K uenrpy CKrreAKH. Ebina npennpHHHTa 
ITOTihlTKa repMeTH3BUHH M8CT8 CKJ18HKH TIOKphlTHeM rpaHHUhl 
CKJI8HKH pa3J1HqHblMH BOUOHeDpOHHU88MbiMH COCTBBBMH 
( naKH, KneA MEK-1, BaKyyMHaH CMa3Ka H r.rt.). H o sra 
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Puc.2. 3asucuMoCTb oiTTWiecKoro KOHTaKra 

Me)Kny CBiiHUOBbiM CTBKJIO"vl If iOTOYMHO;:;uTeJIH

Mii OT BpeMBHii nnH KJIBS1 L13f-1, 

Mepa, TaK )Ke KaK If 1i3MBHBHUe COOTHOWBHI1S1 KOJIU'ieCTBa 

3ITOKCHnHOll CMOJlbl If OTBepnuTeJlH, He nana )KenaeMLIX 

pe3ynbTaTOB, 

YlccnenosaHHH c KJieeM MapKH KODAK HE -l 0 (3ITOKCH.'l

HhlA nsyXKOMITOHBHTHhlll Knell) ITOKa3anu, 'iTO OH liMeeT 

K08<fJ4Juuue HT ITpeJIOMJie Hli S1 1 ,58 ( C M. T a 6 J1 If ll y), nocTa TO'i

HO ITp03pa'ieH B TOHKOM CJIOe If CTOeK. 

LlnH CKJl8UBaHUS1 <P3Y CO CT8KJIOM MOnynei1 HaMil 1iCITOJlb-

30BaJICS1 Kneil HE-10. 
LlnH OTKJl8UBaHHS1 <P3Y H CBHHUOBOrO CTeKna B cnyqae 

BbiXona <P3Y H3 crpoH (ITpH cKneilKe c ITOMO!llhiO HE -10) 
6hlJIH H3rOTOBJ18Hhl nsa repMBTH'iHO 3aKphlBa!OIUHXCS1 cocyna 

H3 H8p)KaBeiOIUeii: CTaJIH. f1pH ITJIOIUanH CKJ18HKH OKOJIO 

230 CM2 paCKJ18HBaHH8 ITpOHCXOnHT B XJIOpo4JopMe 3a 

onHH-nBa M8CS1Ua. 
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TIODEOP <POTOYMI-IO:t:<hTEflEB 

B raMMa-ciTeKrpol\IeTpe tJ:epeHKOBCKH.lr cser perHcTpH

pyercH C ITOMO!Ub!O cpOTOYMHO)KHTeJIS1 THITa <P3Y -49E C LH!a

'.JeTpm-r (oroKarona 15 c M, C ueJibl() ynyqweHHH CITeKTpOMe

TpHLieCKHX XapaKTepHCTHK ITpH6opa B rOLlOCKOITe HCITOJib3YIO:'

CS1 <P2Y C KBaHTOBOH 'iYBCTBHTeJibHOCTb!O S~OTOKaTOLla, 
ITpeBL>rwaiOmeti 100 MKA I nM. 

f1epe.a l\IOHTa)!<OM B ciTeKrpoMerpe 6bJJIH nposepeHbi 

al\tfiJIHTYLlHbie xapaKTepHCTHKH 120 C: oroyMHO)!<HTenefl. CpenH 

HHX 6bJJI[f OT06pa:ibl 80 lUT,, o6Jia[laiOIUHX MaKCHMaJibHOll 

al\liTJIHTYLlOM Bb!XOnHoro ClirHaJia ff Bb!COKiiM aM::lJIHTynHb!M 

pa3peweHHBM ITpH HH3KOM ypOBHe C06CTBBHHblX WYMOB. 

!-!a pH c. 3 ITpHseneao paciTpeneneHHe ITo KBaHTOBbiM 

qyscrsuTeJlbHOCTHM 120 HccnenosaHHbiX <P3Y -49E. B ciTeKT

pOl\leTpbi MOHTHpOBaJIHCb G,:OTOYMHO)KifTeJIH, liMe!OIUHe 

KBaHTOBYID 'iYBCTBHTeJlbHOCTb ~OTOKaTOLla B rrpenenax OT 

100 no 200 MKAinM. 
f1posepKa H OT6op <P3Y -49E ITposonHJlHCb ITO CXeMe, 

ITpHBeneHHOH Ha pH C, 4. ~JccnenyeMbie <P2Y ITOMeiUaJIHCb 

B CBeTOHeiTpOHHUaeMblll CTaJlbHOH KQ);\yX, KOTOpblll onHO

BpeMei!HO CJIYII<IiJl H MarHHTHbll\1 3KpaHOM. Llnsr 3KpaHHpOBaHUS1 

OT CJia6bTX MarHUTHhiX ITOJiei1 (·-1 3) HCITOJib30BaJICS1 

llepl\taJIJIOBBbTH 3KpaH TOJllllHHOll 1 M M, : .CTO'iHHK HMilYJibCHb!X 

CB8TOBb:X BCITb!WeK (paLlHOaKTHBHbiJ1 H30TOIT 241Am C KpllC-

TBJIJIOl\1 CsJ ('fi) ITOMeWaJICS1 Han ( OTOKaronoM <P3Y Ha 

paCCTOS1HHl1 OKOJlO 20 C M TaKUM o6pa30M, 'iT06bi OCBeiUaTh 

secb ~oroKaroa. B yKa3aHHhlX ycnoBHHX pa36poc aMITnuryn 

cserosLrx CHrHanos He ITpeBLiwaer 1 Oo/o (FWHM). 
Pe3yJibTaTbr H3MepeHHli HJIJIIOCTpHpyer p 11 c. 5, rne 

rrpuseneHhl pacrrpeneneHHS1 HaH6onee sepOHTHhlX 3HaLieHH~ 

aMilJIHTYD BbiXOnHLIX CHrHaJIOB C <P3Y H aMilJIHTynHLIX 

pa3peweHm"r rrpH HaiTpH)KBHHH ITHTaHHH <P3Y 1600 B. Yl3Me

peHHS1 ITpOBO~HJIHCb Ha rrpensapHTBJibHO ITOno6paHHOM neJIH

TeJie /g/ . f1 OCI\ OJibKy Ka 'iBCTBO llOBepXHOC TH tj:JOTOKa Ton a 

<P3Y llpH CKJleHKe l1Meer 60JlbWOe 3Ha'ieHHe, (OTOYMHO)!Cii

TeJIH co crpenoli ITporH6a OKHa <P3Y 6onee 0,1 M M 

(puc. 6). rrpensapHTBJlbHO wnH¢osanucb H ITonuposanucb 

( 65 <P3Y u3 90). 
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3AKfl!OYEHVIE 

fOJlOCKOIT qepeHKOBCKHX CIT8KTpOM8TpOB 6bJn CMOHTHpO
BBH B 1972 r. H rrpOKanH6pOB8H Ha rryqKe -neKTpOHOB C 
HMITynbCBMH 2 H 4 f38/c. 3a Bp8M5I pa60Tbl rOJlOCKOITa 
(OKOnO 5000 q) TOnbKO Ha JlBYX MOJlynSIX (H3 90) 6HnH 
38M8H8Hbl QOTOYMHOlliHTenH. 

AsropH BHpamaror 6naronapHOCTb rrpo¢eccopy A.M.Ean
JlHHY aa rronnepmKy H HHTepec K pa6ore, E.Bnacoey, 
E.KHaiTHKY H B.VI.:isaHoBy aa rroMOWb B H3MepeHH5IX. 
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PyKOITHCb rrocryrr~:~na B ~:~anarenbCKHH ornen 
3 arrpenSI 1979 rona. 


