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Ane~H~Koe B.E. ~ ~p. Pl6-30-44B 

Me>K~yHapo~Hoe cpaeHeH~e cpe~CTB ~3MepeH~.R cner<TPOD 
He~TPOHOB ~'A03 ~3ny4eH~~ B ny4Ke 115P-30 

np~Be~eH~ peaynbTaT~ cpaBHeH~.R noKa3aH~~ cpeACTB 
~3MepeH~.R cneKTpoe He~TpoHoB ~ ~o3 ~3ny4eH~~. ~cnonbaye
MbiX B CTpaHax-y4acTH~J.tax 011.1111, B ny4Ke ~MnynbcHoro ObiCT
poro peaKTopa 116P-30. Pa36poc 3Ha4eH~~ A03 He~TPOHOB 
~ raMMa-~any4eH~.n, ~3MepeHH~X paaH~M~ MeTo~aM~, npee~waeT 

30% - sen~4~Hy, peKoMeH~yeMy~ MKPE ~.n OJ.teHK~ AOCTaT04HO~ 
T04HOCT~ np~ ~3MepeH~.nx ~o3, conocTaB~M~x c npe~enbHO 
AOnycT~MbiM~ sen~4~HaM~. B pa6oTe np~BOA.RTc.n npJ.14J.1Hbl 
HeaAeKBaTHOCTVI noKa3aHJ.1~ HeKOTOpbiX A03J.1MeTpOB Ha~6onee 
Bepo.RTHO~ 3KBVIBaneHTHO~ ~03e. 

Pa6oTa BbmOnHeHa B 0TAene pa~V~aJ.tVIOHHO~ 6e3onacHOCTVI 
VI paAV~aJ.tVIOHHbiX VICCne~oBaHVI~ 011.1111. 

npenpHHT 06beAHHeHHOrO HHCTHTyTa IIAePHbiX HCCileAOBaHHH. tly6Ha 1980 

Alejnikov V.E. et al. P16-80-448 
International Comparison of Means for 
Measurement of Neutron Spectra 
and Radiation Doses in the IBR-30 Reactor Beam 

The results of comparison of responses of means for 
measurement neutron spectra and radiation doses in use 
in countries-participants of JINR in a beam of the IBR-30 
pulsed fast reactor are presented. The spread of neutron 
and gamma radiation doses measured by different methods 
exceeds 30 percent - the value recommended by the ICRU to 
estimate sufficient accuracy for measurements of doses 
comparable with maximum permissfble values. The reasons 
for inadequateness of responses of some dosimeters of 
most probable equivalent dose are given. 

The investigation has been performed at the 
Department of Radiation Safety and Radiation Researches, 
JINR. 

Preprint of the Joint Institute for Nuclear Research. Dubno 1980 
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1. BBE.QEHI1E 

CpaBHeHV~e MeTOAOB VI cpeACTB A03VIMeTpVIVI c 4enb~ ycTaHoeneHVI.R 
AOCTOBepHOCTVI nony4eHH~X C VIX nOMO~b~ peaynbTaTOB OCTaeTC.R 
aKTyanbHO~ TeMo~ V~ccne~oeaHH~ e o6nacTVI paAV~aJ.tV~OHHO~ 6e3onacHo
CTVI. 0HO n03BOn.ReT TaK>Ke Bbl6paTb HaVI6onee HaAe>KHble VI ~OCTynHble 

cpeACTBa VI3MepeHVI.R A03 Vl3ny4eHVI~ KaK B noBCeAHeBHO~ npaKTVIKe 
KOHTpOn.R, TaK VI B aeapVI~HbiX CVITYa.J.tVI.RX. 8 06beAVIHeHHOM VIHCTVI
TyTe .RAePHbiX VICCneAOBaHVI~ TaKOe cpaBHeHVIe Ha4ano npOBOAVITbe.R 
c 1969 roAa e non.nx pacce.nHHoro V~3ny4eHVI.R ycKOPV~Tene~/11. 
C 1974 roAa cpaBHVITenbH~e VI3MepeHVI.R e~nonH.R~Tc.n e ny4Ke Vl3ny4e
HV~r:i VIMnyn bCHoro 6~cTporo peaKTopa 115P- 30 140/; e 3To~ pa6oTe 
npVIHVIMa~T y4aCTVIe npeACTaBVITenVI BOCbMVI pa3nVI4HbiX Hay4Hb1X J.teHT
poB cTpaH-y4acTHVIJ.t 011.1111 /f.QP, ·nHP, CCCP, CPP, 4CCP/. 115P-30 
6~n B~6paH npVI CpaBHeHVIVI 8 Ka4eCTBe VICT04HV1Ka Vl3ny4eHVI~ B CB.n-
3VI C TeM, 4TO cneKTp Her:iTpOHOB B ero.ny4Ke 5nVI30K K TVInVI4HOMy 
cneKTPY peaKTopa VI VI3BeCTeH B WVIPOKOM AVIana30He 3HeprVI~ 121 • 

8 HaCTO.R~er:i paooTe npVIBOA.RTC.R OCHOBHble pe3ynbTaTbJ, nony4eHHble 
COTPYAHVIKaMVI 06beAVIHeHHOro VIHCTVITyTa .RAePHbiX VICcneAOBaHVIH VI 

cneAY~~VIX Hay4H~X J.teHTpOB CTpaH-y4aCTHVIJ.t 011HI1: . 
1. TexHV14eCKoro YHVIBepCHTeTa, .Qpe3AeH, r.QP; 
2. 11HCTVITyTa .RAePH~x HccneAOBaHVI~ AH CCCP, MocKea, CCCP; 
3. 11HCTHTyTa $H3VIKH VI .RAepHol1 TexHonorVIVI, 5yxapecT, CPP; 
4. 11HCTVITyTa rVIrHeH~ TPYAa VI npo$3a6oneBaHVIr:i, 5paTHcnaea, 

4CCP; 
5. 11HCTVITyTa paAVIaJ.tVIOHHOH A03VIMeTpVIVI AH 4CCP, npara, 4CCP; 
6. 11HCTVITYTa 6VIO$V13VIKVI, Kapnos YHHBepCVITeT, npara, 4CCP; 
]. nonHTeXHH4eCKoro VIHCTVITyTa, npara, 4CCP. 

2. METO.Qbl 11 CPE.QCTBA H3MEPEHHtl. 
YCnOBHR 05nY4EHH~ 

8 Ta6n. 1 yKa3aHbl npH60pbl VI MeTOAVIKVI, VICnOnb3yeMJore B 3KCne
pV1MeHTaX no cpaeHeHH~ nony4eHHbiX c Hx noMOI!IbiO senV~4VIH norno
l!leHHbiX VI 3KBVIBaneHTHbrx A03 VI ¢n~eHca He~TPOHOB s ny4Ke H5Pa- 30. 
TaM >Ke AaH~ npV16nH3HTenbHbJe VIHTepsamr 3HeprV~~ perHCTPVIpyeMbrX 
Vl3ny4eHVII1 VI AVIana30Hbl VI3MepRe~x senH4VIH. 5onee noApo6H~e cse
AeHV~R o B03MO>KHOCTRx yKa3aHHbiX ~eTeKTopos VI MeTOAVIK, cnoco6ax 
o6pa60TKVI VIH¢OpMaJ.tVIVI C HVIX MO>KHO nony4V1Tb B nVITepaType, yKa-
3aHHOH B Ta6n. 1. 
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KopOTKO OCTaH08~MCH Ha OCHOBHhlX OC06eHHOCTHX MeTOA08 onpe
AeneH~H cneKTp08 B AaHHO~ pa6oTe. 

CoTPYAH~K~ ~3 r.QP onpeAenHJl~ /16,17,27,28,37/ c nOMO!llbiO 
aKT~8a~~OHHhlX AeTeKTOpOB cneKTp He~TPOH08 OT 3Hepr~~ Tenn08hlX 
He~TpoHoB AO 10 4 sB 11 np11 .E > 0, 7 MsB. Me>KAY yJ<a3aHHbiM~ ~H
Tepsan~MI-1 cneKTP ~HTepnon~posancH. CneKTP fiwcTpwx He~TPOH08 
BOCCTaHa8n~sanCH MeTOAOM ~Tepa~~~ /17,27,28/ no' noKa3~H~HM 
noporoswx AeTeKTopo8, np~4eM B Ka4ecTse Hyne8oro np~6nM>KeH~R 
~cnonb3osancH cneKTP AeneH~H. 

Y4aCTH~KJ.1 pa6oTbl l-13 CPP AJ1H onpeAeneHIAH cneKTpo8 l-1cnonb3o-
8aJlJ.1 He~TPOHHbl~ cneKTPOA03J.1MeTp/261,cocTOfl!lll-1~ ~3 TpeKOBbiX Ae
TeKTOPOB ~3 HI1TpaTa ~enJ110J103bl 8 KOHTaKTe C paAl-1aTopaMI1 113 6o
pa, Jll-1TJ.1H, yrnepOAa 11 aJliOMI1H~H • .[lnH BOCCTaHOBJleH~H cneKTpa 
npi1MeHHJlCH MeiOA MOAenbHbiX (j)yHK~J.1~ 1261. 

Y4aCTHI1KI1 113 4CCP onpeAeJ1Hn11 cneKTp He~TPOHOB Ha OCH08e 
paA~oaKTJ.1BHOCTe~ AeTeKTopo8 /13-4, Ta6n.1/ 1-1 AaHHbiX no 3QJQJeK
T~8HbiM ce4eH~HM peaK~11~, nony4eHHbiX c noMO!llbiO MeToAa CAH.£1 1291. 
3TOT l-1Tepa~~OHHbl~ Bbi4J.1CJll-1TeJ1bHbl~ MeTOA OCHOBbiBaeTCR Ha onpe
AeneHHOM nepBOM npl-16J111>KeHIAIA, KOTOpoe ~T04HHeTCH B XOAe J.1Tepa
~110HHOrO npo~ecca. 

CoTPYAHIAKaMIA OHRH 11 HRM AH CCCP cneKTP He~TPOH08 c sHeprlAe~ 
E > 10-S MsB BOCCTaHaBJlJ.1BaJ1CH MeTOAOM CTaTI1CT~4eCKO~ perynH
plA3a~l-1J.1 no AaHHbiM, nony4eHHbiM noc.ne o6ny4eH~H aKTl-1Ba~l-10HHbiX 
AeTeKTopos 1-1 AeTeKTopoe Tenn08biX He~TPOHOB, ofiny4eHHbiX e wapo
BbiX nOJllA3TJ.1JleHOBbiX 3aMeAJ1l-1TeJlHX /30,39/. 

.[leTeKTOPbl o6ny4a.n11 8 ny4Ke N'6 H6Pa- 30 121 Ha paccToHHl-1HX 
/6a3aX/ 8,8 ~ 68,5 MOT ~eHTpa aKT~8HOR 30Hhl peaKTOpa/cM.p~c.l/. 
npoaeAeHo Tpl-1 3Kcnep~Metna: B 1974, 1975 lA 1977 roAaX. MO!llHOCT~ 
peaKTOpa nplA 3TOM COCTaBJlHnl-1 15 lA 21 KBT, 4aCTOTa CJleAOBaH~R 
HMnynbC08 J.13J1y4eHJ.1R - 5 r~. 

YcnOBHR 06Jly4eHHR AeTeKTOP08 KOHTp0111ApoBaJ1J.1Cb A8YMH MOH~
TOpaMIA: OA~H l-13 H~X pear1-1posan Ha ~3MeHeH~e MO!llHOCTIA peaKTOpa; 
AeTeKTOP BToporo MOH~Topa pacnonarancR 86111-1311 ny4Ka /eM. p~c. 1/ 
~ pear~poea.n Ha ~3MeHeH~e ~HTeHCJ.1BHOCT~ J.13Jly4eH~R B ny4Ke. 
0AHOPOAHOCTb nOJlfl ~3J1y4eHJ.1R 8 ny~Ke Ha 6a3e 8,8 M onpeAeJlRJlaCb 
ypeKOBbiMIA /cTeKno 8 KOHTaKTe c 232 Th ! 1231 , aKTHBa~MOHHbiMl-1 
/113 MeAl-1/ 11 TepMOJliO~~Hec~eHTHbiM~ AeTeKTOpaMJ.1 /24/ , Ha 6a3e 
68,5 M - TepMo.niOMHHec~eHTHbiMl-1 AeTeKTopaM~. B npeAe.nax norpew
HOCTe~ l-13MepeHIA~ HeOAHOPOAHOCTb nOJlR He OfiHapy>KeHa. 60JlbW~H
CTBO AeTeKTOp08 o6.ny4aJ11ACb B CB060AHOM 803AYXe l-1 Ha no8epXHOCT~ 
(j)aHTOM08. M3MepeHl-1R c noMO!llbiO peKoM6~Ha~J.10HHoro A03l-1MeTpa Ptl 
/1-Q, Ta6.n, 1/ BblnOJlHHJlJ.1Cb B BOAHOM 3JlJ1~nT~4eCKOM <!JaHTOMe np~ 
norpymeHJ.111 KaMePbl 8 <!JaHTOM 8nJlOTHYIO K ero nepeAHe~ CTeHKe, TaK 
4TO J.13MepeHHaH C nOMO!llbiO P.£1 MOillHOCTb A03bl OTHOCI-1TCR K TOnlll~He 
-1 , 4 CM BOAbl • 
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PHe.1. reoMeTpHH 3KenepHMeHTa: 1 - rpe6eH4aT~R sa
MeAnHTenb, 2 - BOAHHOM 3aMeAnHTenb, 3 H 4 - eTa
~HOHapHaH H nOABHmHaH 30H~ peaKTOpa, 5 H 6 - MeeTa 
epaBH8HHH, 7 - MOHHTOp ny4Ka. 

3. PE3YnbTATbl H3MEPEHHI)I 

Ha pHe. 2 H 3 npHBeAeHbt peaynbTaTbt onpeAeneHHH eneKTpoe HeRT
poHoB e eoaAyxe Ha 6aaax 8,8 H 68,5 M. Ha pHe.3 AnH epaeHeHHH 
npeAeTaeneH eneKTp HeHTPOHOB peaKTopa HEiP-~aMepeHHbiH MeTo
AOM epeMeHH nponeTa121. )J.nH YA06eTBa epaBHeHHH see peaynbTaTbt 
npHB8A8Hbl K MOIJ1HOeTH peaKTOpa 15 KBT. 

B Bbt4HeneHHHX nornoiJ1eHHOR (D) H 3KBHBaneHTHoR (H) A03 HeRT
poHoB Ha OeHOBe 3HepreTH4eeKHX eneKTPOB nepeXOA OT $n~eHea 
MOH03HepreTH4eeKHX HeRTpoHoB K D H H BblnOnHRnH e noMOIJ1b~ 
$opMyn /::31, 321, annpoKeHMHPY~UlHX peKoMeHAOBaHHbte MKPE eenH4H-
Hbl /33( npH onpeAeneHHH e noMOIJ1b~ PA H REM-2 MOIJ1HOeTeR 3KBHBa
neHTHbiX A03, o6yenoeneHHbiX HeRTpOHaMH, 1-13 3Ha4eHHfl nonHbiX MOIJ1-
HOeTeH A03 Bbi4HTanH 3Ha4eHHe MOIJ1HOeTH A03bl raMMa-H3ny4eHHfl 
e nyLIKe, H3MepeHHOe e noMOIJ1b~ rpa$HToeoR KaMepbt /6-0, Ta6n. 1 I, 
o6ny4eHHOR B eeo60AHOM B03Ayxe. 

B Ta6n.2 H 3 npHBegeHbl pesynbTaTbl H3MepeHHR MOIJ1HOCTH 3KBH
BaneHTHOR H nornOIJ18HHOR A03 HeHTpOHOB, a B Ta6n.4 - MOIJ1HOeTH 
A03bt raMMa-Hsny4eHHfl. B Ta6nH~ax yKasaHbl TOnbKo eny4aHHble 
norpeWHOeTH H3MepeHHH. 

4. 05CYlKAEHHE PE3YnbTATOB. BbiBOAbl 

CpaBHeHHe pesynbTaToe H3MepeHHH pa3H~MH np1-16opaMH H MeTo
AaMH /eM. Ta6n. 1/ A03 H3ny4eHHB B ny4Ke 115Pa-30 no3BOnfleT O~e
HHTb T04HOeTb 3THX A03HMeTpOB, 

·8 

"' 

!) 
~ 
f 

·~;· 

J! 

1" 

::t ,l!JI 

,.."" ,,, I 
" , 11 'i " I. \ 
~ 8 AI 
'f 7 1: \ ~ 

=> I' I 

~ 6 tf \1 
::l s 

2 
I: \I 

~ I ' I~ 
~ • ~ I ' 

: ~~ ·-.: __ ~-~- naffiHmiDaffi~~ __ ::(_ \ 
0 L...l..l.l_ L L"''"t , , ""'"" , ' N.!E MaB 

~ - l 10-5 10-4 10-3 19-2 10-1 100 101 ' 

PHe. 2. CneKTp HeHTpoHoB ¢(E) .E Ha paeeTOHHHH 8, 8 M oT 30Hbt peaKTo
pa H5P-30; ¢(E)- AHCpQ:JepeH~HanbHaH 3HepreTH4eeKaH saBHeHMoeTb 
nnoTHOeTH noTOKa H8HTpOHOB, eM-2 e-1MaB-l ;E - 3HeprHfl HeRTpOHOB, 
MaB; 1- no AaHH~M/30;2- no AaHHbtM 1361, 3- no AaHHbtM 119·2°1 
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MOIJ1b~ eneKTPOA03HMeTpa 126~ 3 - no AaHH~M/2/. 
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Taom11.~a 4 

Pe3y!lbTaTbl I-13MepeHMFI MOLIIHOCTI-1 ,Q03bl y-H3Jly4eHMR 
/pa,Q/4/ Ha pa3HbiX paCCTOFIHMFIX OT aKTHBHO~ 30Hbl 

peaKTopa (R) I W = 15 KBT/ 

HOMep : 
.neTeRTopa,: R = 8 8 M : 

MSTO,na : B CB060,nHOM : Ha cpaHTOMe: B CB060,1J,HOM 
: B03&YXS : : B03¢lYX8 

3-0 54,2,t5,5 I36z.I4 0,67,±0,00 
4-0 - - 0,55j:0,04 
5-0 60;t24 
6-0 
9-r a) 48±7 
9-r 6) 39±6 
9-r B) 47±7 

I5-q a) 43,7±2,4 
18-P 34,0 

I04:t20 

177±27 
IOO±I6 
II5j:I7 
1CJ9±I2 

0,58±0,04 

0,45±0,07 
3.,.() 

R = 68,5 M 

Ha <PaHTOMe 

I,43j:O,I3 
I ,4j;O,I 

0,95j:0,06 

1,15j:0,12 

113 paCCMOTpeHIIIH ,QaHHbiX, npl-1 Be,QeHHbiX B Ta6n. 2-4, Cile,QyeT, 
4TO pa36poc 3Ha4eHI-1~ ,Q03 He~TPOHOB 1-1 raMMa-H3Jly4eHIIIFI npeBbiWa
eT 30%. KaK HasecTHo, 3Ty senH4HHY /30%/ MKPE peKoMeH,Qyeyl.33/ 
,QilR Ol.leHKI-1 ,QOCTaT04HO~ T04HOCTI-1 np11 I-13MepeHHFIX ,Q03, COnOCTaBH
MbiX C npe,Qe!lbHO ,QOnyCTHMbiMH Be!liii41-1HaMH. 

B 3To~ pa6oTe Mbl He 6y,QeM no,Qpo6Ho o6cym,QaTb npH411Hbl pac
xom,QeHHH ,QaHHbiX, nony4eHHbiX paaHbiMI-1 MeTo,QaMH. Mbl ocT aHoBHMCR 
Ha B03MO>KHbiX npi-1411HaX Hea,QeKBaTHOCTI-1 noKa3aHI-1~ TOilbKO HeKOTO
pbiX 1113 I-1CnOJlb3yeMbiX MeTO,QHK, 3aBb1WeHHe nor!lOUieHHO~ 1-1 3KBI-1Ba
JleHTHO~ .Q03 He~TpoHoB peKoM6111Hai.IHOHHbiM .Q03HMeTpoM REM-2, se
POHTHO, CBR3aHO C nOBbiWeHHbiM /OTHOCHTe!lbHO TKaHe3KBHBa!leHT
Horo COCTaBa/ CO,Qep>KaHHeM BO,QOPO,Qa B raae, HanOJlHH~UieM KaMe
py REM -2 / 351 • 

CneKTpoMeTpHR He~TPOHos, no-BH.QHMOMy, HBnHeTcH HaH6onee 
KOppeKTHbiM MeTO,QOM ycTaHOBileHHR ,Q03HMeTpH4eCKHX napaMeTpOB 
nonR. Y4aCTHHKH pa6oTbl C4HTa~T 1.1enecoo6pa3HbiM cTaH,QapTHao
BaTb Cpe,QCTBa cneKTpOMeTpHH H MeTO,Q BOCCTaHOBJleHHR cneKTpa 
He~TpoHoB. B nonRx c BbiCOKo~ HHTeHCHBHOCTb~ 1.1enecoo6paaHo 
npHHRTb 3a OCHOBy aKTHBai.I110HHble ,QeTeKTOpbl; a B nOJlfiX C HH3KO~ 
nnoTHOCT b~ noToKa - cneKTpoMeTp 6oHHepa. .ll.nR Bbl6opa HaH6onee 
3¢¢eKTHBHOro MeTo,Qa BOCCTaHOBJleHHR cneKTPOB He~TPOHOB B Ka-
4eCTBe CTaH,QapTHoro 1.1enecoo6paaHo npoeecTH cpasHeHHe MeTo,Qa 
CTaTHCTH4eCKO~ perynHpH3ai.IHH C ,Qpyri1M11 cnoco6aMH BOCCTaHOBJle-
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HIIIH. Heo6xo,QHMo TaK>Ke BblnonHMTb cpasHeHMH peaynbTaToB H3Mepe
HH~ cneKTpOB ,Qpyri-1X I-1CT04HI.1KOB He~TPOHOB yKa3aHHbiMI.1 BbiWe Me
TO,QaMI-1. 

B nosce,QHeBHo~ HHA1.1BH,QyanbHO~ ,Q03HMeTp1.11.1 HcnonbaosaHHe 
cneKTPOMeTpOB BPHA Ill-1 lle!lecoo6pa3HO. npHXO,QHTCH HCnO!lb30BaTb' 
OTHOC!-lTe!lbHO npoCTble ,QeTeKTOpbl, nOI<aaa HHft KOTOpbiX npH6Jli-13H
Te!lbHO nponoplll-lOHanbHbl 3KBHBaneHTHO~ ,Qoae. PaccMoTpeHHe pe
aynbTaTos, nony4eHHbiX .Q03MMeTpaMM TaKoro Tl.1na noKaawsaeT, 4To 
onpe,QeneHHaR c 1.1x noMOlllbiD ,Qoaa He~TPOHOB He Y.QOBneTsopHeT 
peKoMeH.Qai.IIIIHM MKPE 13~no T04HOCTIII H3MepeHI.1H. B 4aCTHOCTH, 
aHaJlH3 npi14HH paCXO>K,QeHMH pe3y!lbTaTOB 11¢KH/3-0/ C ,QaHHbiMH, 
nony4eHHbiMH C nOMOlllb~ aKTMBai.IHOHHbiX ,QeTeKTOpOB /8-0/, noKa3a!l, 
4TO TO!lbKO 65% no!lHO~ ,Q03bl He~TPOHOB 6y~eT aaperHCTPI-lPOBaHo, 
ecnH HcnonbaosaTb rpa,qy11posKy c noMOlllbiO 239 Pu- Be -1.1cT04HHKa. 
AnH .QOCTI.1>KeHI.1H ny4we~ T04HOCTI.1 onpe,QeneHI.1H ,Q03 He~TPOHOB s no
ne peaKTOpa C noMOUibiD 1.1H,QHBH,Qya!lbHbiX ,Q03HMeTpOB rpa,Qy1.1pOBKy 
CJle,qyeT npoBO,QMTb Ha 1.1CT04HHKax, cneKTp He~TPOHOB KOTOpbiX 
6onee 6nH30K K cneKTPY peaKTopa. 
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TEMATWIECKHE KATErOPHH IlYBJIHKAUHR 

OB'bE,ZUmEHHOrO HHCll1TYTA H,llEPHWX 

HCCJIE.Z.OBAHHR 

HHJleKc TeMaTHKa 

1. 3Kcnep~MeHTanbHaR ¢H3~Ka B~COK~X 3Hepr~H 

2. TeopeT~4ecKaR e~a~Ka e~coK~x 3Hepr~H 

3. 3Kcnep~MeHTanbHaR HeHTpOHHaR ~~3~Ka 

4. TeopeT~4ecKaR ~~3~Ka HH3KHX 3HeprHH 

5. MaTeMaT~Ka 

6. ~AepHaR cneKTPOCKOnHR ~ paA~OX~MHR 

7. ~H3HKa TR*en~X HOHOB 

8. KpHoreHHKa 

9. YcKopHTeJH1 

10. AeTOMaT~3a~~R o6pa60TK~ 3Kcnep~MeHTanbH~x 
AaHH~x 

11. B~4~CnHTenbHaR MaTeMaTHKa H TeXHHKa 

12. XHMHR 

13. TexHHKa ~H3H4ecKoro 3KcnepHMeHTa 

14. HccneAOBaHHR TBePA~X Ten H *~AKOCTeH 
RAepH~MH MeTOAaMH 

15. 3KcnepHMeHTanbHaR ~H3HKa RAePH~X peaK~HH 
npH H~3KHX 3HeprHRX 

16. ~03HMeTpHR H ~~3HKa 3a~HT~ 

17. TeopHR KOHAeHCHpOBaHHOrO COCTORH~R 

18. Hcnonb30BaHHe peaynbTaTOB H MeTOAOB 

~YHAaMeHTanbH~X ~H3H4eCK~X ~ccneAOBaHHH 

B CMe*HWX o6naCTRX HayKH H TeXHHKH 


