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1. BBE.l\EHHE 

BpeMH npoTeKaHHH peaK4HH AeneHHH HAeP MOmeT 6~Tb HCcneAO­
BaHO C nOMO~blO 3$$eKTa TeHeH npH HCnonb3OBaHHH MOHOKPHCTannH-
4eCKHX MHWeHeH 111. 8 nepB~X HccneAOBaHHHX peaK4HH AeneHHH HAeP 
THmen~MH HOHaMH 6~no nony4eHo, 4TO 3$$eKTHBHOe BpeMH 3aAepmKH 
co6blTHH AeneHHH COCTaBnHeT OKono 10- 17 - 1 o- 18 c AnH MHWeHeH 
H3 BOnb$paMa H ABYOKHCH ypaHa 12- 41. 6onee nO3AHHe HCcneAOBa­
HHH /6-7 / AnH peaK4HH W + 12C H W + 160 AanH OTnH4alO~HHCH 
pe3ynbTaT, COCTOH~HH, rnaBH~M o6pa30M, B Ha6nlOAeHHH AOnromHBy­
~eH BpeMeHHOH KOMnoHeHT~ AeneHHH r i10- 16 c, HMelO~eH BeCOBOH 
BKnaA AO 20-30% OT nonHoro ce4eHHH AeneHHH. npH 3TOM He noA­
TBepmAeH~ pe3ynbTaT~ 12- 41 B OTHOWeHHH Ha6n10AeHHH 3aMeTHOH 
pa3HOCTH rny6HH TeHeB~X MHHHMYMOB 11 X"' X 1-X 2 AnH ABYX yr­
nos opHeHTa4HH OTHOCHTenbHO ny4Ka HAeHTH4H~X KpHCTannorpa$H-
4eCKHX OCeH. TaKoe pa3nH4He nony4eHH~X 3KCnepHMeHTanbH~X pe-
3ynbTaTOB npHBeno TaKme K cy~eCTBeHH~M pa3nH4HHM B onHCaHHH 
BpeMeHHOro pacnpeAeneHHH co6~THH AeneHHH pac4eTaMH Ha OCHOBe 
CTaTHCTH4eCKoro nOAXOAa. 

.l\nH B~HcHeHHH 3KcnepHMeHTanbHoro acneKTa 3Toro sonpoca npo-
BeAeHo H3y4eHHe peaK4HH 238 U + 12 C H W + 22Ne, Ha1.4eneHHOe 
Ha: a/ nony4eHHe CBeAeHHH O AOnromHBy~eH BpeMeHHOH KOMnOHeHTe 
AeneHHH; 6/ nposepKy paHee nony4eHH~x 3Ha4eHHH 11x AnH 3THX 
peaK4HH; B/ H3y4eHHe CTeneHH paAHa4HOHHOro nospemAeHHH MOHO­
KPHCTannoB npH HOHHOM o6ny4eHHH Hero BnHHHHH Ha pe3ynbTaT 
B 3KCnepHMeHTaX no HCCneAOBaHHIO BpeMeHH npoTeKaHHH HAePH~X 
peaK4HH. 

2. 3KCnEPHMEHT 

8 3KCnepHMeHTe H3MepHeMaH pa3HOCTb rny6HH TeHeB~X MHHHMYMOB 
11x 4YBCTBHTenbHa K cpaBHHTenbHO KOPOTKHM BpeMeHaM 3aAepmKH 
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6 - 0 05 - 0 50 A . co ~THH T"' ' V ' , rAe V - CKOpOCTb OTAa4H COCTaBHoro HA-

pa' a BenH4HHa rny6HH~ TeHeBoro MHHHMyMa X 2 AnH OCH, OpHeHTH­
poBaHHOH nOA yrnoM, 6nH3KHM K 180° OTHOCHTenbHO ny4~a, 4YBCTBH-

TenbHa K AOnromHBY~HM BpeMeHH~M KOMnOHeHTaM T >_ l,e A. no3TOMY 

H3MepeHHH, Ha4eneHH~e Ha nony4eHHe CBeAeHHH O AOnromHBy~eH KOM-
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noHeHTe, cneAyeT npOBOAHTb Ta~HM o6pa30M, 4T06~ HMeTb B03MOm­
HOCTb B~AenHTb BpeMeHHYIO COCTaBn.AIOutYIO Xr Ha <t>oHe MeTOAH4e­
CKoro XMeT. H paA11a4HOHHoro Xpa,ll. BKnaAa B X2· npH 3TOM 06~4-
HO HCnonb3YIOT npeACTasneHHe O B03MOmHOCTH aAAHTHBHoro CYMMH­
posaHH.A Bcex BKnaAOB B X2: 

X 2 =. X r + X MeT _+ X pa,ll. • /1/ 

,lvl.A nony4eHH.A BenH4HH X pa,ll. npHMeHeH MeTOA nocneAOBaTenb­
H~X o6ny4eHHH OAHOro H Toro me MeCTa MOHOKPHCTanna C 4lHKCa4H­
eH B03HHKalOutero pa3nH4H.A B X 2· BenH4HHa X MeT • An.A MOHOKPHCTan­
na UO 2 onpeAen.Anacb B peaK4HH AeneHH.A 2aau + 4He. AJ'l.A 
KOTOPOH x r H3BeCTHO 1131, a x pa.Q. MomHo npeHe6pe4b. An.A MOHo­
KPHCTanna W npHMeHeHa peaK4H.A ynpyroro pacce.AHH.A HOHOB 40Ar 
/24 M38/ An.A onpeAeneHH.A MeTOAH4eCKoro BKnaAa B X2• 

TonCTble MOHOKpHCTannH4eCKHe MHWeHH U02 H W ecTeCTBeHHO-
ro H30TOnHoro COCTaBa 06ny4anHCb ny4KaMH HOHOB 4He, 12c 
4HKnoTpoHa Y-200 H 22 Ne, 40 Ar 4H1<n0Tp0Ha Y-300 JUIP cooTseT­
CTBeHHo. noHHmeHHe 3HeprHH HOHOB ocyuteCTBn.Anocb C nOMOlltblO TOp­
M03.AutHX 4>onbr, 3HeprH.A 4HKnOTPOHa Y-200 nOHHmanacb TaKme nepe­
MeuteHHeM no paAHYCY 4HKnOTpOHa ero B~BOAHOro YCTpOHCTBa -
CTpHnnepa, ny40K HOHOB 40 Ar+2 C 3HeprHeH 24 M38 nony4eH Ha 
Y-300 e pemHMe KpaTHOH rapMOHHKH. 

TeHeeaR KapTHHa s npocTpaHcTBeHHOM pacnpeAeneHHH ocKonKos 
AeneHH.A HnH ynpyropacce.AHHWX HOHOB 40 Ar <f>HKCHPOBanacb CTeKn.AH­
HWMH nnacTHHaMH.B peaynbTaTe npoCMOTpa o6pa6oTaHH~X CTeKon H 
nOAC4eTa 4Hcna TpeKOB 4aCTH4 Ha eAHHH4Y nnoutaAH TpeKosoro Ae­
TeKTOpa onpeAen.AnHCb rny6HH~ oceewx TeHeBblX MHHHMyMos.,lvl.A no­
BblWeHH.A cTaTHCTH4eCKOH T04HOCTH peaynbTaTa 4eHTpanbHa.A o6naCTb 
KamAOro TeHesoro MHHHMyMa npocMaTpHsanacb nonHOCTblO no ABYM KO­
OPAHHaTaM x Hy, swnonH.AnOcb TaKme nonepe4HOe AHaMeTpanbHOe cKa­
HHpoBaH1-1e KamAOro MHHHMyMa B HanpasneHHH,nepneHAHKyn.ApHOM K 
nnocKOCTH peaK4HH. npH. onpeAeneHHH rny6HH TeHeBblX MHHHMyMOB X 1 
H X2 BBOAHnHcb nonpaBKH Ha H3MeHeHHe TenecHoro yrna non.A ape­
HH.A npH H3MeHeHHH ero KOOPAHHaTbl, Ha H3MeHeHHe TOnutHH~ pa60Ta10-
utero cno.A C H3MeHeHHeM yrna BblXOAa 4aCTH4 J.13 MHWeHH, Ha yrno­
BOe paapeweHHe 3KcnepHMeHTa H Ha npoc4eTw, CB.A3aH~~e C ABOHHW­
MH HanomeHH.AMH TpeKOB, 8 cny4ae MOHOKPHCTanna U02 Hcnonb30-
eanHCb KpHCTannorpa<f>H4eCKHe OCH <110>',opHeHTHpOBaHHWe nOA yr­
naMH 90 ° H 150 ° K ny4KY' a B cny4ae w - OCH <111> ·• OpHeHTHpo­
BaHH~e OTHOCHTenbHO ny4Ka nOA yrnaMH 90° H 161~ 

B Ta6n.1 H 2 npHBeAeH~ OCHOBHWe peaynbTaT~ OnblTOB; B nepBblX 
4eTwpex o6ny4eHH.AX ny40K Hanpasn.AnC.A Ha OAHY H Ty me T04KY no­
•BepXHOCTH KamAOro MOHOKPHCTanna, speMeHHa.A nocneAOBaTenb­
HOCTb o6ny4eHHH npHBeAeHa B Ta6nH4ax. B APYrHX o6ny4eHH.AX 
B03AeHCTBHIO HOHOB nOABepranHCb COCeAHHe y4aCTKH MOHOKpHCTannos. 
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Ta6nm~a I 

Pesynb'J'aTbl, nonytieHHble B o6nytieHHax MOHOKpHCTanna W 

HoMep B~MR l1oH 0Hepr1111 II.nOTHOCTb 150° 
A/. Q()Jlytl8HIUI O JJY'l8HIUI E,MsB ~3bl j{-At, 'l 41, ro16cM-~ 

l 0-5 4He 33 0,45 0,3411.0,009 0,050!,0,0lli 

2 6-12 12c 81 l,66 0,377!,0,007 0, 033.:tO, 014 

3 162-172 12c 81 0,60 0,457_::0,012 0,034z0,026 
4 - 173-175 4He 28 0,54 0,484;t0,012 0,025;!:0,024 

5 0-6 12c 81 l,00 0,429!,0, 010 0,041!,0,020 

6 7-14 I2c dl l,52 0,462;t0,008 0,035!0,017 

Ta6nm~a 2 

PesynbTaTbl, nonyqemlble B o6nytieHHHX MOHOKPHCTanna U02 
-

~oMep B~MR · l'IOH oHepri!R II.nOTHOCTb J . j.161°, !Jj. p6Jlytl8HH.11 0 Jlytl8HH.fl E,MaJ3 A03bl 
At,'£. AI .rn16cM-2 

I 0-2 22~ 174 0,24 O,IZ3:t0,007 0,043.:t0,016· 

2 3-d 22Ne Il4 0,66* 0,1691;0,0ll 0,070_!:0,025 

3 9-Il 22Ne 174 0,57 0,236.:!:0,008 0,047::t.0,018 

4 293-295 22Ne 174 0,37 0,273.:!:0,009 0,02lzO,Oll; 

5 0-1 4% .. 24 0,016 0,07t;;t0,007 -0,001.:!:0,0IO 

*C BKnID'leHHeM nonpaBKH Ha pasnH'!He 3HeprHH tiaCTH~ B npeAnO­
no~eHHH, 'ITO noBpe~aw~ee AeHCTBHe HOHOB nponop~HOHanbHO E-1, 

·' An.A MOHOKpHcTannaW, HMeswero OAHHaKosoe Ka4ecTso Ha eceH no-
sepxHoCTH, peaynbTaT n.ATOro o6ny4eHH.A MOmeT cpaBHHBaTbC.A C pe­
aynbTaTOM nepsoro o6ny4eHH.A. B Ta6n.1 H 2 npHBeAeH~ nony4eHH~e 
peaynbTaT~ AJ'l.A senH4HH X2 H l\x BMecTe-c norpeWHOCT.AMH HX 
H3MepeHH.A. HHTerpanbHOe KOnH4eCTBO HOHOB Ha MHWeHH onpeAen.AnOCb 
An.A scex o6ny4eHHH Ha ocHose H3BeCTHoro c.e4eHH.A npo4ecca Aene-
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Hl1R 11n11 ynpyroro pacceRHl1R 113,, 113MepeHHOH nnoTHOCTl1 TpeKOB 
4acT114 Ha AeTeKTope e.cny4aHHOM HanpaeneH1111, He coenaAalO~eM 
C KPl1CTannorpa$114eCK11M B~AeneHHWM HanpaeneH11eM. 3Tl1 AaH­
H~e B B11Ae nnoT.HOCTl1 A03~ A I, HaKonneHHOH B Ka>KAOM o6ny4eHl111, 
TaK>Ke np11eeAeH~ e Ta6n.1,2. 

3. PAJtHAUHOHHOE nOBPEmAEHHE MOHOKPHCTAnnoB 

AaHH~e Ta6n.1 no 11ccneAOBaH1110 MOHOKp11cTanna uo2 no3eonR10T 
nony411Tb cBeAeHl1R O noepe>KAalO~eM B03AeHCTBl111 ny4Ka 110HOB 12C 
Ha MOHOKPl1CTa·nn 11 0 een11411He epeMeHHOH COCTaBnRIO~eH X T , exo­
AR~eH e x 1500 AnR pea K41111 238U + 12 C. AnR peweH11R 3aAa411 
HY>KHO 113MepeHH~e 3Ha4eH11R x 2 =x 1500 e nocneAOBaTenbHOCTl1 
o6ny4eHl1H npeACTaBl1Tb C nOMO~blO $OpMyn~ /1/ B B11Ae Cl1CTeMW 
n11He11H~x ypaeHeH11H. flpeAnonaranocb, 4TO paA11a4110HH~H BKnaA 
B x 1500 nponop4110HaneH CYMMapHOH nnOTHOCTl1 A03~ ecex o6ny-
4eHl1H, npeAwecTey10~11x AaHHOMY, nn10c 0,5 A Ii. AnR AaHHoro 06-
ny4eH11R: 

i-1 
x ""=Rl=R(0,56.li + ~ Alk), p...,.... k=l /2/ 

rAe K03$$11411eHT R onpeAenReT noepe>KAalO~ee AeHCTB11e AaH-
Horo 110Ha Ha 11ccneAyeM~H MaTep11an. C411Tanocb B03MO>KHblM, 
4TO 3a An11TenbHOe epeMR /HeCKOnbKO COT 4acoe/ Kon114eCTBO Ae~ 
$eKTOB B np11noeepXHOCTHOH o6naCTl1 MOHOKpl1CTanna MO>KeT 113MeHl1Tb­
CR 3a C4eT A11$$Y31111 Ae$eKTOB. Cne411anbHO AnR 11ccneAOBaHl1R 3TO­
ro eonpoca 6~na cAenaHa epeMeHHaR 3aAepmKa Me>KAY 06ny4eH11RM11 
2 11 3. np11 3TOM AnR 06ny4eH11R 3 B eenl1411HY XpaA, BKnl04anocb 
KpoMe e~pa>KeH11R /2/ A06aeo4HOe cnaraeMoe h, 0Tee4a10~ee 3a yee­
nH4eH11e 11n11 yMeHbWeH11e noepe>KAeHl1R Ml1WeHl1 B pe3ynbTaTe Al1$$Y31111 
Ae$eKTOB. B TaKl1X npeAnono>KeHl1RX $OpMyna /1/ 11MeeT cneAYIO~l1H 
B11A, HanpHMep, AnR o6ny4eHl1R 3: 

X2=x + R(0,5A13 +Al2 +All )+h +xr 
M8T, 

/3/ 

B np11H411ne, nOA06HblH B11A 11Men11 ypaeHeHl1R /1/ 11 AnR APYrl1X o6-
ny4eHl1H. B cny4ae 110H0B 4 He een11411Ha Xr 6wna B3RTa 113 pa-
6oTw18~a paA11a4110HHOe AeHCTB11e 110HOB 4 He C411Tanocb npeHe6pe­
>Kl1MO Man~M, OCTaeanl1Cb TOnbKO 4neHbl, CBR3aHH~e C paA11a4110HHblM 
AeHCTBl1eM 110HOB 12 C. nony4eHHaR -TaKl1M o6pa30M napa Cl1CTeM 
ypaBHeH11H no 06ny4eHl1RM 1-4 11 5-6 /e OTAenbHOCTl1/ 6b1na nepe­
onpeAeneHHOH no OTHOWeH1110 K eenl1411He R 11 OAH03Ha4HO onpeAeneH­
HOH AnR nony4eH11R een11411H h 11 Xr ( 12 C). PeweH11e c11cTeM np11ee­
no K Ha116onee eepoRTHblM 3Ha4eHl1RM een11411H: R=3, 0. 1 o-18 cM 2; 
h = 0 '050; X T ( 

12c) = 0, 051 • florpeWHOCTb 11X onpeAeneH11R, CBR3aH-
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PHc.l. PesyJibTaTbl npOCMOTpa TeHeBblX 
MHHHMyMOB B 06JIY'{eHHflX 1,3,4 
W+ 22 Ne /174 MsB/ npH pasHOH cTe­

neHH pap;HaQHOHHoro noBpe,KAeHHn 
MOHOKpHCTaJIJia. MnHHMYMbl COOTBeTcT­
BYKJT KPHCTaJIJIOrpa~HqeCKHM OCflM 
MOHOKpHCTaJIJia W <I 1 I>', opHeHTHPOBaH-
HblM IlOA yrnaMH 90° H 161° K nyqKy 

HOHOB, , 

HaR C norpeWHOCTblO 113Me­
peHl1R x-1000 • paeHa np11-
MepHo +10% AnR R 11 +20% 
AnR h H Xr (12C). 0AHaKO 
B nonHylO norpeWHOCTb AnR 
eenl1411HW R HY>KHO BKnl0411Tb 
TaK>Ke HeT04HOCTb a6con10-
T113a41111 411cna 110H0B, no­
naew11x Ha Ml1WeHb, TaK 
4TO nonHaR norpeWHOCTb 
onpeAeneHl1R R COCTaBnReT 
oKono +25%. 

TaK011 me noAXOA K pe-
3ynbTaTaM, nony4eHH~M B 
o6ny4eHl1RX 1-4 AnR MOHo­
Kpl1CTanna· W /Ta6n.2/, 
AaeT 6n113Koe K Hyn10 3Ha-
4eH11e h < 0,015 11 3Ha4eH11e 
R=l 0, 1 ,f0 -18cM2 /+20%/. 

Ben11411Ha x r e 3TOM - cny-
4ae AOnmHa 6~Tb nony4eHa 
113 cpaeHeHl1R pe3ynbTaTOB 
o6ny4eH1111 1 11 5, 4TO pac­
cMoTpeHo e cneAYIO~eM pa3-
Aene. 

CpaeHeH11e een11411H R 
AnR cny4aee UO 2 + 12c 11 
W + 22 Ne no3eonReT 1,1c­

nonb30BaTb J.1HTepnpeTa41110, 
B KOTOPOH noepe>KAalO~ee 
B03AeHCTBl1e 110Ha np11Mep­
HO nponop4110HanbHO ero 
aTOMH~M TOpM03H~M noTepRM 
e ee~ecTee, e npocTe11weM 
np116n11meH1111 paeH~M 

Z 2A C -r· rAe Z , A 11 E 

eCTb RAepH~H 3apRA, Mac­
coeoe 411cno 11 3Hepr11R 
110Ha. np11 3TOM nepeXOA OT 
MOHOKPl1CTanna U02 K w 
OKa3WBaeTCR MeHee ~y~ecT­
BeHHWM 11 He CTOnb Cl1nbHO 
Bnl1RIO~l1M Ha eenl1411HY R. 
KpoMe Toro, AnR MOHQ­
KPl1CTaJ1na U0 2 nony4eHo 
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PHc.2. 3aBHCHMOCTb H3MepeH­
HOr0•3HaqeHHK pa3HOCTH rny6HH 
TeHeBblX MHHHMYMOB /)i. )( OT 
HHTerpanbHOH IlJlOTHOCTH A03W 
6oM6apAHPYIOIIIHX qacTHQ: o -
238U + 12c /Bl MsB/;. • _ 
W+ 22Ne /174 MsB/. 

OTnH4HOe OT HynR nonomHTenb­
HOe 3Ha4eHHe h-0~5, H3 4ero 
cneAyeT HanH4He AH¢¢Y3HH Ae­
¢eKTOB H3 BHYTPeHHeH, 6onee 
CHnbHO noepemAeHHOH o6naCTH 
MOHOKPHCTaMa B npHnoeepx­

HOCTH~H cnOH 3a 150 4. B MOHOKpHCTanne w AH¢¢Y3HR Ae¢eKTOB 
He o6HapymeHa: h .$, 0.015 aa 290 4. 0TMeTHM' 4TO TOnlijHHa npH­
noeepXHOCTHOro cnoR, Aa~lijero BKnaA e eenH4HH~ x,onpeAenReTcR 
npo6eroM OCKOnKOB AeneHHR H COCTaBnReT no HOpManH K noeepx­
HOCTH 3-5 Mr/cM2 AnR HCcneAyeMblX MHWeHeH. 

PaccMOTPHM T.enepb eonpoc o enHRHHH paAHa4HOHHOro noepemAe­
HHR Ha H3MepReMy~ eenH4HHY pa3HOCTH rny6HH TeHeBblX MHHHMYMOB 
llx.Ha PHC.1 cpaBHHBa~TCR peaynbTaTbl npoCMOTpa TeHeBblX MHHH­
MYMOB AnR o6ny4eHHH 1 ,3 H 4 MOHOKPHCTanna W.BHAHO, 4TO, He­
CMOTpR Ha H3MeHeHHe Xpa,1:1. OT 0,012· AnR o6ny4eHHR 1 AO 0,166 
AnR o6ny4eHHR 4, pa3HOCTb llx B npeAenax norpeWHOCTH H3Me-
peHHR OCTaeTCR TOH me. Ha PHC. 2 H3MepeHHble eern14HH~ /)i. )( AnR 
peaK4HH 238 U + 12c /81 M3B/ H W+ 22Ne /174 M3B/ HaHeceH~ e 
aaBHCHMOCTH OT HHTerpanbHOH nnOTHOCTH A03~ HOHOB Ha MHWeHH. 
8 npeAenax T04HOCTH H3MepeHHR eenH4HHbl /)i. )( OCTa~TCR nOCTORH­
HWMH, H He B03HHKaeT B03MOmHOCTH roeopHTb O KaKoH-nH6o KOppenR­
'-IHH !!i.x c paAHa'-IHOHHblM noepemAeHHeM MOHOKPHCTannoe. 3TOT pe­
aynbTaT COOTBeTCTeyeT H3MepeHHRM 191• PeaynbTaTbl TafinH'-1 1 H 2 
COAepmaT 4 onpeAeneHHR /)i. )( AnR peaK4HH 238U + 12 C /81 M3B/ 
H 3 onpeAeneHHR Llx AnR peaK'-IHH W + 22 Ne /174 M3B/. CpeA­
HHe 3Ha4eHHR /)i. )( AnR KamAOH H3 3THX peaK'-IHH paBHbl COOTBeTcT­
eeHHO 0,036+0,006 H 0,037+0,009. 0HH OKaaanHCb 6nH3KHMH K 3Ha-
4eHHRM, H3MepeHHblM enepBble B pafioTaX 12•41. 

4. BPEMEHHWE KOMnOHEHTW PEAKUH~ t1EnEHHR 

tlnR peaK'-IHH W+ 22 Ne Ha6n~AeHHe l!i.x Ha YPOBHe HeCKOnbKHX 
npo4eHTOB COOTBeTCTByeT epeMeHHOH 3aAepmKe co6~THH AeneHHR 
OKono 10·17 - 10"18 c. KOHKpeTHO,H3 eenH4HH~ l!i.x- 0,037 B npeA­
nonomeHHH OAH03KcnoHeH4HanbHoro epeMeHHoro pacnpeAeneHHR co6b1-
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THH AeneHHR no ¢opMy11e H3 pa6oT~ /lO/ c napaMeTpaMH r
0 
= 0,4 A, 

C-2,5 nony4aeM 3¢¢eKTHBHOe epeMR mH3HH pacnaAa~lijHXCR RAeP 
r,qiqr"' 2, 5 • 10"18 C. tlnR 3HeprHH HOHOB 22 Ne 114 M38 3Ha4eHHe 
!!i.x = 0,070, coenaAa~lijee c peaynbTaToM 121, AaeT eenH4HHY 
r 3ipqi= 4' 0. 10 ·18 C. Ta Koe epeMR 3aAepmKH co6~THH AeneHHR npH­

BOAHT K BKnaAY Xr B eenH4HHY )( 1610 • 6nH3KOMY K Hyn~. no3-
TOMY Ha6n~AeHHe KaKoro-nH60 3Ha4eHHR Xr. BWXOARlijero aa 
npeAem1 norpewHOCTH H3MepeHHR, oaHa4ano 6b1 HanH4He AOnromHey­
lijeH epeMeHHOH KOMnOHeHTbl AeneHHR. CpaeHeHHe peaynbTaTOB o6ny-
4eHHH 1 H 5 /Tafin.2/ KaK fiYATO .roeopHT 06 yeenH4eHHH x 1610 

npH nepexoAe OT ynpyroro pacceRHHR K peaK'-IHH AeneHHR. 0TMeTHM, 
4TO paAHa4HOHHblH BKnaA B eenH,4HHW X 1610 B o60HX cny4aRX He­
eenHK H Mano OTnH4aeTCR AnR o6ny4eHHH 1 H 5, noCKOnbKY nnoT­
HOCTb A03bl HOHOB 40Ar /24 M3B/ B 15 paa MeHbWe'. 4eM HOHOB 
22 Ne /174 M3B/, a paAHa4HOHHOe AeHCTBHe HH3K03HeprH4HWX HO­
HOB 40 Ar, no-BHAHMOMY, B AeCRTKH paa 6onbwe, 4eM, HOHOB 22 Ne 
/174 M3B/, 4TO ypaBHOBeWHBaeT p.aanH4He B nnOTHOCTH A03W. OA­
HaKO Hafin~AaeMOe pa3nH4He x 16 0 

B o6ny4eHHRX 1 H 5 Henb3R 
npHnHCaTb AOnromHBYlijeH epeMeHHOH KOMnOHeHTe peaK4HH AeneHHR, 
nocKonbKY HMeeT MeCTO 3Ha4HTenbHOe paanH4He no 3aPRAY H 3Hep­
rHH MemAY OCKOnKaMH AeneHHR /o6n.1/ H HOHaMH 40 Ar /o6n.5/. 
npH 3TOM HeManoeamHoe 3Ha4eHHe, eepoRTHo, HMeeT cneAY~lijee paa­
nH4He: e cny4ae ynpyroro pacceRHHR Ha4anbHaR KHHeTH4ecKaR 
3HeprHR 4acTH'-1, e~neTa~lijHX noA yrnoM 161° K ny4KY, yMeHbWaeT­
CR no Mepe yrny6neHHR BHYTPb MOHOKPHCTanna T04KH ewneTa 4ac­
TH'-1W, a AnR OCKOnKOB AeneHHR Ha4anbHaR 3HeprHR 4aCTH'-1 npaKTH-
4eCKH He aaBHCHT OT T04KH H3ny4eHHR. 3TO paanH4He HapRAY C 
paanH4HeM B aTOMHOM HOMepe 4aCTH'-I H B HX MaKCHManbHOH 3HeprHH, 
eepORTHO, AaeT npH HCnonb30BaHHH TOnCTOH MHWeHH Ha6n~AaeMoe 
paanH4He x161°, paeHoe 0,045+0,014 AnR o6ny4eHHH 1 H 5. To, 
4TO 3TO paanH4He x 1610 He CBR3aHO C AOnromHBylijeH epeMeHHOH 
KOMnOHeHTOH, nOATBepmAaeTCR peaynbTaTaMH cpaeHeHHR o6ny4eHHH 1 
H 2. nepeXOA K 3HeprHH HOHOB 114 M3B AaeT H3MeHeHHe X 1610, Ko­
Topoe 4enHKOM 061>RCHReTCR paAHa4HOHHblM AeHCTBHeM ny4Ka. To 
eCTb He OCTaeTCR MeCTa AnR eenH4HH~ Xr, KOTOpaR He AOnmHa 
6wna 6~Tb HeH3MeHHOH npH H3MeHeHHH 3HeprHH' HOHOB /CM. /5-7/ /. 
no3TOMY pesynbTaTw Ta6n.2 roeopRT O TOM, 4TO B peaK'-IHH. 
W+22 Ne He ·Ha6n~AaeTCR AOnromHBylijaR epeMeHHaR KOMnOHeHTa Ae­

neHHR npH YPOBHe 4YBCTBHTenbHOCTH . HeCKO_nbKO npo4eHTOB OT non­
t:toro. c.eYe(:iHR AeneHHR. 

238 12 tlnR peaK'-IHH U + C /81 M3B/ o6pa6oTKa AaHH~X /Ta6n.1/ 
AaeT 3Ha4eHHe Xr = 0,051+0,010 /cM. npeA~AYlijHH ·pa3Aen/.C Hc­
nonb30BaHHeM pac4eTOB 1111.- e~nonHeHHWX C 4enb~ onHCaHHR H3Me-
peHHblX 3Ha4eHHH /l )( 141 AnR 3TOH peaK4HH, MOmHO nony4HTb 
04eHKY eenH4HH~ )( T .. 0,01 AnR co6~THH AeneHHR COCTaBHoro RAPa 
C y4eTOM MHOrHX BeTBeH AeneHHR nocne HcnycKaHHR HeHTpOHOB. Ha-
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MepeHHOe 3Ha4eH11e Xr HaMHOro 60ilbWe 3TOH O4eHKl1, no3TOMY 
nony4eHHY~ Be1111411HY Xr Heo6XOA11MO OTHeCTl1 rnaeH~M o6pa30M 
K BKilaAY npo4ecca Ae11eH11R nocne npRM~x peaK411i1 eaa11MOAei1cTe11R 
11OHOB 12 C C RAPaMl1 238 U. 

TaK11M o6paaoM, e peaK41111 238U + 12 C /81 M38/ o6HapymeHa 
AOI1rom11eyiqaR KOMnOHeHTa AeI1eH11R, COOTBeTCTBy~iqaR rnaeH~M o6-
pa3OM BKilaAY AeI1eHl1R nocne npRM~X peaK411i1. 8 CBR311 C 3Tl1M He­
o6XOA11MO BHOBb nOABeprHYTb aHa1111ay eonpoc O BKilaAe npo4ecca 
AeI1eHl1R npOAYKTOB npRM~X peaK411i1 B 113MepeHH~e ee1111411H~ X 
11 Ax 141 AilR peaK411i1 238

U + HI. Be1111411Ha Ax e 3Kcnep11MeHTe 
no 113y4eHl1~ TeHeB~X Ml1Hl1MYMOB aae11c11T OT OTHOWeH11R HOpMallbH~X 
K KPl1CTa1111orpa~114eCKl1M OCRM COCTaBI1R~lql1X CKOPOCTl1 AellRiqerocR 

900 . 
Vi . 

RAPa ___ , 11 OT ero epeMeH11 ffll13Hl1 r.nocKOilbKY r B ~YHKL.11111 
v}5oo 

E *, Z, A eiqe He 113MepeHO AOCTaTO4HO nOAP06Ho, TO np11MeHReTCR 
ynpoiqeHH~H pac4eT, B KOTOPOM o6XOAl1TCR Heo6XOA11MOCTb B no11H~X 
~YHK1.111RX r(E*, Z, A). CxeMa B~411CI1eH11i1 Ta Kosa: a/ ·Ha OCHOBe 

v90° 
Kl1HeMaTl14eCKoro paCCMOTpeHl1R e~nOilHReTCR pac4eT OTHOWeHHR _..,l_o 

v150 
6 w i AI1R Ml1WeHenOAO HOro npOAYKTa npRMOl1 peaK41111 np11 ycpeAHeHl111 

no yrnoeoMy 11 3HepreT114eCKOMy pacnpeAe11eH11~ nerKoro npoAyK-
112 13/ , w v90° 

Ta • .; 6/ AJ1R Ha11AeHHoro OTHOWeHl1R i ,. HaXOA11TCR MaK-
. v}5QO 

Cl1MaI1bHOe 3Ha4eH11e AX MaKC.• COOTBeTCT_ey~iqee HeKOTOpOMY onpeAe-
11eHHOMY 3Ha4eHl1~ r: e/ C y4eTOM w11pOKoro cneKTpa npOAYKTOB 
peaKl.11111 11, CI1eAOBaTeI1bHO, w11pOKoro l1HTepea11a 113MeHeH11R T AenR­
iqerocR RAPa npeAnonaraeTcR, 4TO cpeAHee aHa4eH11e Ax AI1R npo-
1.1ecca paBHO 0,5 Ax MaKc. ; r / Ha OCHOBe 113BeCTH~X AaHH~X 1141 o 
BKilaAe Ae11eH11R nocne peaK411i1 nepeAa411 HYKilOHOB e no11Hoe ce4e­
H11e AeI1eHl1R B~411CJ1ReTCR 11CKOMOe 3Ha4eH11e 

ul • IT. . 
Ax = ---,0,5Ax • 

p • II. u JIOJH. MaKc. 
r 

CpeAHl1e 3Ha4eHl1R KBaApaTa HOpMallbHOH COCTaBI1R~iqei1 
TRmenoro npOAYKTa peaK41111 nepeAa411 paeH~ 
~' ·1 17 2 1 d 
(pi ) =2rru· / [{p0-p1 cos0

1
) + 2 p;sm20

1
]Tn:sin0

1
d0

1
, 

(_150~2 2 ·1
17 

[ 1 2 7 .2 . 2 ] du· . · 1'.i J = rru· f -
4 

(p0-p1
cos0

1
) +-•P.

1 
sm 01 -,sm0

1 
d0

1
, 

o 8 d{l 

11Mny11bca 

/4/ 

du-
rAe u· 11 an- - ce4eH11e 11 yrnoeoe pacnpeAe11eH11e nerKoro npoAyK-
Ta peaK41111; Po - l1Mny11bc 6oM6apA11PY~iqei1 4aCTl11.1~; P1 -, 11MnyllbC 
nerKoro npOAYKTa peaK41111 np11 yrne e~neTa 01 e 11.c. nony4eH­
H~e no ~OpMyllaM /4/ OTHOWeHl1R cpeAH11X KBaApaTl14H~X CKOpOCTei1 

8 

I, 

I l) 
A r,., 

) 

i 
r;} 
,,I ., 

ilt 
( 

I 

t:if. 
(¼) 

6 

4 

2 

0 

12c 

81M38 

180 

108 M3B 121 M3B 

100 

22Ne 

128M38 175M3B 

102 l 

Puc. 3. BwrncneHin,m BKna,o; pasnH'lHblX npo~eccoB B BenHtIH­
HY pa3HOCTH rny6HH TeHeBWX MHHHMYMOB ,o;nR peaK~HH 
238 u +HI:. D - ,o;eneHue cocTaBHoro n,o;pa (Hl,xnf) 
pactieTHble ,o;aHHb1e1111 ; , 1223 - ,o;eneHHe npop;yKTOB HenonHo­
ro cnHRHHR C BbLIIeTOM IlPRMOH a ,-qacTH~I (HI. a ,xnf); 
~ - ,o;eneHHe npo,o;yKTOB peaK~HH nepe,o;atIH HYKnOHOB 

(HI, zAC ). 

goo 
Vi 
- np1161111ma~TCR K eA11Hl11.1e, B OTI111411e OT peaK41111 AeI1eHl1R v150" 

COCTaBHoro RAPa, 4TO noH11maeT MaKCl1MaI1bHO BO3MOfflHOe AxMaKC. 
AI1R AeI1eHl1R ~POAYKTOB peaK411i1 nepeAa411. Be1111411Ha BKilaAa 3Toro 

a,P.n · · w 238 12 
npo4ecca noJIH C411Ta11acb paeHm1 0, 05 AI1R peaK41111 , U + C 

UC • 
/81 M38/; 0,08 11 0,12 AI1R 238 U+ 180, np11 3Heprl1RX 11OHOB 108 
11 121 M38 COOTBeTCTBeHHO 11 0' 10 11 0 '25 AilR 23su + 22 Ne np11 
3Hepr1111 128 11 174 M3B cooTeeTCTBeHHO. PeaynbTaT np11eeAeH Ha 
p11c.3, Ha KOTOPOM cpaBHl1BaeTCR BKilaA OT pa3H~X npo4eccoe B 
~eti.x. · 

noA06H~i1 pac4eT 6~11 e~nonHeH 11 AI1R npo4ecca AeI1eH11R nocne 
HenonHoro CI111RHl1R eaa11MOAeHCTBy~iq11x RAep C 11cnycKaH11eM npRMOH 
a ,-4acT114~. 3ToT npo4ecc 61111>:<e e peaK4111-1 Ae11eH11R cocTaeHoro 

RAPa, ero MOfflHO cpaBHl1Tb C AeI1eH11eM COCTaBHoro RApa nocne 11c­
nycKaH11R ABYX 111111 Tpex Hei1TpOHOB no Be1111411He noH11meHl1R 3Hepr1111 

9 



B036Y>KAeHHR AenR~erocR RApa. 8 pac4eTe BenH4HHbl BKnaAa 3TOro 
npo4ecca B 6. x HcnonbaoeaHa epeMeHHaR <l>YHKLIHR r( E * ), nony-
4eHHaR ·e/11/ AnR onHCaHHR pacnaAa COCTaBHOro RAPa. 0THOWeHHe 

90° 
~:,___, Bbl4HCnRnOCb no (j>OpMynaM /4/. Ce4eHHe o6pa30BaHHR npR­
. VJ.150° 
M~X a,-4acTHL1 B peaK4HRX c TR>KenblMH HOHaMH, HeCMOTPR Ha HeKo­
TOPblH pa36poc pa3nH4HblX onpeAeneHHH 115-17I, MO>KHO C4HTaTb pae-
HblM 0,2an, . H 0;4an, AnR 3HeprHH HOHOB, HeHaMHoro npeBblWalO-
~HX KynoHOBCKHH 6apbep, H AnR 3HeprHH OKOno 8 M3B/HyKnOH COOT­
BeTCTBeHHO / an_- nonHoe ce4eHHe peaKI.IHH/. nony4eHHble 3Ha4e-
HHR 6.xa, TaK>Ke npHBeAeHbl Ha PHC.3. . 

C yeenH4eHHeM 3HeprHH HOHOB pacTeT BKnaA AeneHHR nocne npR­
MblX peaKLIHH B nonHoe ce4eHHe AeneHHR, OAHaKo BKnaA 3THX npo-
4ecc0B B fl X He yeenH4HBaeTCR. .QnR eenH4HHbl fl X a, 3TO CBR3aHO 
C pocTOM cpeAHeH 3HeprHH B036Y>KAeHHR AenR~erocR npOAYKTa H 
COOTBeTCTBYIO~HM yMeHbWeHHeM T, a AnR eenH4HHbl 6.xp.n. - C H3-
MeHeHHeM 112 •181 yrnoeoro pacnpeAeneHHR nerKoro nPOAYKTa _npH 

v.roo 
yeenH4eHHH 3HeprHH HOHa, npHBOAR~HM K H3MeHeHHIO . 

0 
• Ha 

. vj50 
AaHHblX PHC.3 BHAHO, 4TO BKnaA ecex Tpex npo4ecc0B B nonHoe 
3Ha4eHHe !ix cpaBHHM no eenH4HHe. TeM He MeHee HHTepnpeTa­
LIHR /11/ H3MepeHHblX B 141 BenH4HH 6. )( KaK (j>aKTa, roeopR~ero 
0 cpaBHHTenbHO BblCOKHX epeMeHax >KH3HH AenRUIHXCR RAeP T -

-1 Q·17 - 1 o·lB C npH 6onbWHX 3HeprHRX B03fiY>KAeHHR E*>50 M38, 
OCTaeTCR B CHne. EcnH npHHRTb B pac4eTaX epeMeHHble <l>YHKLIHH 
r(E*), pe3KO y6blBalO~He K 3Ha4eHHRM T - 10 ·20'- 10·21 C AnR E*>" 
>"50 M3B, TO 3TO npHBeAeT K HyneBblM 3Ha4eHHRM BKnaAOB B !ix 

AeneHHR COCTaBHoro RAPa 6.xc • .II, H AeneHHR nocne HC':"YCKaHHR 
a,-4acTHL1 6.xa,· OcTalO~eecR, XOTR H yMeHbWa~eecR, 3Ha4eHHe 
6.xp.n. HeAOCTaT04HO eenHKO AnR 06bRCHeHHR H3MepeHHblX eenH-
4HH flx, . 

3Ha4HTenbHblH H yeenH4HBalO~HHCR C POCTOM 3HeprHH HOHa BKnaA 
AeneHHR npOAYKTOB npRMblX peaKI.IHH B,nonHoe Ce4eHHe AeneHHR co­
OTBeTCTBYeT npeACTaeneHHRM O ponH KpHTH4eCKoro·yrnoeoro MOMeH­
Ta AnR cnHRHHR RAep IKp, B peaKLIHRX C TR>KenblMH HOHaMH H BHAY 
<l>YHKLIHH: B036Y>KAeHHR AeneHHR B peaK4HRX 2ssu + HI /18/ •. 

.QeHCTBHTenbHO, C POCTOM 3HeprHH HOHa yeenH4HBaeTCR HHTepean 
Me>KAY IKp. H MaKCHManbHblM yrnOBblM MOMeHTOM, COOTBeTCTBeHHO pac-. 
Te! ce4eHHe npRMblX peaKI.IHH H HX BKnaA e nonHoe ce4eHHe Aene­
HHR. no3TOMY <l>YHKI.IHR B036Y>KAeHHR AeneHHR MOHOTOHHO eoapacTaeT. 
C 3HeprHeH HeCMOTPR Ha yMeHbWeHHe Ce4eHHR o6pa3oBaHHR COCTaBHo­
ro RAPa. npH HanH4HH IKp. e 06nacn1 3HeprHH E>:EKp.• 

B peaKLIHRX W+ HI BKnaA AeneHHR npOAYKTOB npRMblX peaKLIHH 
3Ha4HTenbHO MeHbWe /npeHe6pe>KHM B 6onbWHHCTBe cny4aee/ H3-3a 
pe3Koro YMeHbWeHHR BepORTHOCTH AeneHHR RAeP C yMeHbWeHHeM Z 
HE* B 3TOH o6naCTH RAep. PacTy~He <l>YHK~HH B036Y>KAeHHR Aene-
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10 

1,:. 16' 22 ., 0 Ne 

ll<Pi--------lftl 

50 

0 
80 

20 ;i 
31p 

l1 
r M1+Mio Rt~ 

!l) le 100 

PHc _- 4 • Cp~B_HeHHe B enHttHH _ I Kp. / no qio?Myne / 5 / / H I !p. 
no TeopHH tl9/ gJ'UI peiiKQHH 186W + HI , KPHBbie 1 H 2 COOT­
BeTCTBeHHO. Ha BCTaBKe noKasaHa cxeMa, HJIJIIDCTPHPYID~aH 
noue,a;eHHe noTeHQHaJibHOH 9HeprHH H,a;ep npH HX CJIHHHHH, 
B - 6apbep B9aHMO,D;eHCTBHH; Q - :rneproBbI,D;eneHHe CJIHHHHH. 

HHR B 3TOM cny4ae CBR3aHbl C nOBblWeHHeM eepORTHOCTH AeneHHR 
COCTaBHoro RApa C POCTOM E *. 

.llnR aHanH3a BenH4HH X H !ix He06XOAHMO npoeepHTb' He CBR-
3aHa nH 3Ha4HTenbHaR AOnR Ce4eHHR AeneHHR C o6pa30BaHHeM AH­
HaMH4eCKH HeyCTOH4HBOH COCTaBHOH CHCTeMbl Hee AeneHHeM 3a KO­
POTKOe BpeMR. KpHTH4eCKHH yrnoBOH MOMeHT Bpa~aTenbHOH AHHaMH-
4eCKOH HeycTOH4HBOCTH RAeP I~ Bbl4HCneH Ha OCHOBe KanenbHOH 
MOAenH B pa6oTe 1191• 0AHaKO o~pa3oBaHHe COCTaBHOro RApa MO>KeT 
6b1Tb orpaHH4eHo no yrnoBOMY MOMeHTY 6onee >KeCTKO CaMHM npo4ec­
COM cnHRHHR RAep HnH 3aXBaTa TR>Kenoro HOHa. 

B pa6oTe 1201npHBeAeHa npocTaR ()>opMyna AnR KpHTH4ecKoro yrno­
eoro MOMeHTa 3axeaTa TR>Kenoro HOHa: 

1/8 1/8 ✓ A1A IKp.=0,155ro(A1 +A2 ) . g (B+Q). /5/ 
. Ar'"A 2 

06oat-ia4eHHR 06bRCHeHbl Ha BCTaBKe pHC. 4. 3KcnepHMeHTanbHble 3Ha-
4eHHR IKp. /21/ AnR o6pa30BaHHR COCTaBHblX RAep C z OT 52 AO 93 
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onl1CblBalOTCR c)>opMyJlOH /5/' a 11MeHHO: np11 Bbl6ope napaMeTpa r O = 
= 1,~ <!>M paC4eTHble 3Ha4eHl1R B 1,17 paa' MeHbWe 3KCnep11MeHTaJ1b­
HblX 211, 

Ha p11c. 4 __ Bbl411CJleHHble no <)>OpMyJle /5/ 3Ha4eHl18 IKp AJlR peaK-
1.111H W +lfi"cpaBHl1BalOTCR C pac4eTOM1191 BeJ111411H I~ 1 AJlR TeX 
lKe COCTaB~blX RAep. B11AHO, 4TO B CJly4ae 110HOB C p.Z<15 eeJ1114W 
Ha I Kp. < I Kp. 11, CJleAOBaTeribHO, epa111aTeJ1bHO HeycTOH411Bble co­
CTaBHble RAPa He o6pa3ylOTCR. AriR Ml1WeH11 2880 11 110HOB 12c, 
180, 22 Ne Cl1Tya1.111R nOA06Ha. no3TOMY npaKTl14eCKl1 AJlff ecex 
113y4eHHblX C noMOlllblO 3c)>c)>eKTa TeHeH peaK1.111H AeJ1eHl1R 2880 + HI 
11 W+ HI BKJlaAOM AeJleHl1R A11HaMl14eCK11 HeyCTOH411BblX RAeP MO}l{HO 
npeHe6pe4b. TaKl1M o6pa30M, o6HapylKeHHaR AOJlrOlKl1BYlllaR KOMnOHeH­
Ta AeJleHl1R B peaKl.11111 288 0 +12 C Jl0rH4eCKl1 YKJlaAblBaeTCR B 
np11HRTYIO HaM11 cxeMy npo1.1ecca AeJleHl1R KaK AeJleHl1R COCTaBHoro 
RApa np11 HaJ11141111 BKJlaAa /HeMaJloro AJlR Ml1WeHl1 288 U / AeJ1eHl1R 
npOAYKTOB npRMblX peaKL1l1H. 

OCHOBHble pe3yJlbTaTbl pa6oTbl COCTORT B CJleAYIOllleM: 
1 , noJly4eHbl AaHHble O paA11a1.1110HHOM noepelKAeHl111 MOHOKPl1CTaJ1J1a 

W 110HaM11 22 Ne /174 M3B/ 11 MOH0Kp11cTaJ1J1a U02 110HaM11 12 C 
. /81 M3B/ •. l13MepReMble B 3KCnep11MeHTe BeJ111411Hbl tlx. CBR3aHHble 
C epeMeHHOH 3aAePll<KOH RAepHOH peaKl.11111, He 3ae11CRT OT paA11a­
l1110HHOro noepelKAeH~R MOHOKpl1CTaJ1J1a. 

2. noATBepll<AeHbl J.13MepeHl1R 12•41 . eeJlJ.14J.1H tlx AJlR peaK1.111H 
w + 22 Ne /174 M3B/ J.1 288u + 12 c /81 H3B/' np1-1BOARllll1e K 

3Ha4eHJ.1RM 3ct><l>eKTJ.1BHOro epeMeHJ.1 npoTeKaHJ.1R peaKL1J.1H AeJleHHR OKO­
JlO 10-17- 10-18c. 

3. B peaK1.1111-1 288u + 12c /81 M3B/ o6HapylKeHa AOJ1rolK11ey111aR 
/ r ;::: 10 -l6 c/ epeMeHHaR KOMnoHeHTa AeJ1eHJ.1R, J.1Me10111aR J.1HTeHCJ.1B­
HOCTb OKOJlO 5% OT noJlHOro ce4eHl1R AeJ1eHJ.1R. 0Ha CBR3aHa C Ae­
J1eH11eM npOAYKTOB npRMblX peaKL1J.1H B3aJ.1MOAeHCTBl1R RAeP Ml1WeH11 1-1 
6oM6apA11PYIOllleH 4aCTJ.11.1bl, 

4. B peaK1.11-111 W + 22 Ne He HaHAeHo aaMeTHoro eKsiaAa AOJ1ro­
lKl1BYllleH epeMeHHOH KOMnoHeHTbl·AeJ1eH11R np11 ypoeHe 4YBCTBl1TeJlb­
HOCTl1 HeCKOJlbKO npo1.1eHTOB OT noJlHOro Ce4eHl1R AeJleHl1R, XOTR 
TaKOH BKJlaA OlKl1AaJlCR Ha OCHOBe peayJlbTaTOB 15 -

11
• noJly4eHHblX 

AJlR 6JlJ.13KJ.1X peaKI.IJ.1H W + 16 0 1-1 W + 12c. 

ABTOpbl 6J1arOABPHbl r.H.<!>Jlepoey 11 ~.U.OraHeCRHY 3a 11HTepec 
K pa6oTe, A.<l>.TyJ111HOBY 11 r.OTTO aa npeAOCTaBJ1eH11e MOHOKpl1CTaJ1-
JlOB U02 J.1 W, rpynnaM 3KCnJ1yaTa1.1111-1 I.IJ.1KJ10TPOHOB Y-300 J.1 Y-200 
aa noJ1y4eH11e ny4KOB J.10HOB C HYlKHblMJ.1 napaMeTpaMl1. 
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