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0HI!AH XAPAKTEPHCTI1KA PAE01H 

AKTyaJll>H6CTI, pa6OTH 
3KcnepID1!9HT8JII,HO8 HCCJI9'AOBaBRe J!BJI9HHJ! Ml/JOHHoro ItaTaJmSa CID!T83a 

.a;n;ep HSOTOllOB BO'AOp0.I(a CBJ!38HO C IDJi!lp0RIDII Kpy!'OM ~H3l'fCl9CruDC npo~SM • 
Bo-nepmDC, SHaH:119 :xapaKTepHCTHK npo~ecca MlOOHHOro KaTaJmSa H8O6XO,DJ11MO 
~ npaBW!I,HOii RHTepnpeTarom OlIHTOB no SaXBaTY OTp~TMI>HHX MlOOHOB 
.a;n;paMH HSOTOnOB BO'AOp0.I(a C ~9JII,ID onpe'AM9BRH napaMeTpoB c.n:a6oro B3aH
MO'A9HCTBIDI. Bo-BTOpHX, axcnepmieHTaJII,HOe onpe'AM9BR9 napaMeTfB MlOOH
Horo ItaTaJm8a nO8BOJISI9T npoBep:r.rr1, C BHCOKOii TO'l!HOOTI,ID ( ~ IO- OT. 9'A, ) 
npaBW!I,HOCTI, a~OplITMOB pememm KBaHTOBO-M9xaHl'fll9CKOii SMa'llll Tpex 
TSJI, .B88EMO'A9iiCTBYKJ[llmC no 88KOHy KyJIOHa. B-TpeTI,HX, aKoryaJII,HOCTI, 
axcnepID1!9HTaJII,HOro H8Y"l9HIDI J!BJI9HIDI M!DOHHOro KaTaJm:38 pearonrll OID!T8-
sa .a;n;ep R8OTOnOB BO'AOp0,I(a OBJ!88Ha C BO8MOJltHOCTI,ID HCnOJII,8O:BaHWI STOro 
ymm8Jll,HOrO J!BJI9Hlm ~ lIOJiy-g:8HR!I aHepnm. KpoMe Toro, ·aHaJIRa Bpe
M9HHHX H 8H9pr9Tl'fll8CKHX pacnpe'AMSBRii npo,IJ;yKTOB pearonrll CIDIT93a .a;n;ep 
B M93OMOJI9KYJiaX H80TO1IOB BO'AOp0.I(a .I(89T ~.:i;u.amm O llapaM9Tpax CHJII,
HOro B8aHMO'A9iiCTBHJi M9.llt.IIY .a;n;paMH B o6JiaoTH SHeprd, 6JIH8KHX K HyJIID. 

Uem, pa6oTH 
3KcnepID1!9HTaJll>HO9 HCCJI9'AOBaHH9 pearonrll 

31-le + n. + )-' 
d.p + d- d.d.j.; <:::::: 3He;.,1 + n. 

-t + d- cltli-<:: 'iH.e +n +-j,< 
'-? r ¼Hej-( + n 
clµ+ t- cl.+ tp 

B CM9CJDC Tm!tMHX HSOTOnOB BO'AOp0.I(a. 

Haytmag HOBi'l8Ha 
Bnep1ae B MR!)8 HSMepeHB cxopocT1, o6paso:BaBRH d~--MOJieeyJI Add_,. 

B 'A8t1Tepo npH T ~ 300 K B 'Ai'!Blla3OH8 .I(aBJISBRit 0,4 x6ap 4,p 'I,5 x6ap. 
Ha OCHOBaBRH lIOJiy-g:9HHHX pe3yJII,T8TOB C'A9JiaH BHBO~: B ,ll;K81Ia8OH8 HSM9-
H9IIRR; lIJIOTHOOTH ~ettTep:wr O 4. rp 4. 0,88 ( <p = N/N0 , r'Ae N - lIJIOT
HOOTI, .a;n;ep cpe'AH, N0 = 4,25• I□22 CM-s - lIJIOTHOCTI, .a;n;ep JICIJ,ltKoro 

~ ~, .~:1,'~:' -:;: :~~,~:,i;/J;;,:~ r 
~ C'~,;,;.,Jiid'.Jl Erff, J 
,_.;....,~ ..,...... __ ~ -·· 



oo,u;opo,n;a II!)H T =·20,4 K) BKJ.18,11; KBaSH_peSOHaHCHOro M8xaHHSMa B o6pa-
SOBSHH8 c(clj' -MOJI8KYJI He II!)8Blilll88T 3%. .. 

C IIOMOUU,D paspa6oTaHHoro H cos.n;aHHoro KOMIIJ18KC8 armapaTy:pli BII8p
Bli8 B MH_pe (1979 r.) o6HaPYJ!t8H IIpon;ecc MIOOHHoro xaTaJIHsa JI,I1;e:p110il 
_peaKIOOI cmrresa (d + t) H on:pe.u;eJieHH ero ocHOBHHe xapaxTe:p:acTHKH. 

IlpaKTJiN8CKaH ll8HHOCT!, 
Paspa6oTaBH H cos,n;aHH SKCII8:pm&8HTaJll,Hli8 KOMIIJ18KCli 'A}Ill HCCJ18,ll;O

BSHHH MJD-aTOMHHlC H ~OJI8KYJill!)HliX npon;eccoB B CM8CSIX HSOTOIIOB B0,11;0-
po,n;a B ,ll;HaII8SOH8 TeMII8JaTy:p 20,4 K <. T < 300 K H ,n;aBJielid ,u;o 1500 aT. 

Paspa6oTaHa O!)Hl'mJa.JII,HaH M8TO.u;mta ,ll;OSHp0BaHHOrO HaJIYCKa T:pHTHH 

B MH1118HL. 

.ABTOp ::iarnmnaeT: 
I. 3KCII8:pHM8HT IIO HSMe:pemro A ddr -CK0p0CTH IIpon;ecca 

d.])- + D2 - [ C dd_p) d2 e] * 
II!)H T8MII8!)8Ty:p9 T e! 300 K H ,n;aBJiemm: ,u;eiiT8.PM 0,4 K6a:p (p '1,5 K6a:p. 

2. PesyJII,T8Tli paspa60TKH, cos,n;amm: H l:ICIIOJiI.SOBaHHH B SKCII8.PH
M8HT8 ,u;eiiTe:pml:-T:pHTHBBoii MHIIIBHH H cicTeMH ee rasoo6ecne~e:ima:, IIOSBO
JDIIBllll1I8 BIIe:p13ue B MH:p8 06Ha:pyuT1, IIpon;ecc MOOHHoro KaTaJIHsa _peaKUIDI 

cmrresa Jm8.P ( d + t) . 
3. PesyJII,TSTli paspa6oTKl:I, cos,n;aHHH lI HCIIHTaHHH B EMHTan;HOHHI:lX 

omtTax u,u;KOT!)HTl:I8BWC MH1118Heii. 
4. MeTO.u;HKY ,u;osHpoBaHHOro HaIIYCKa T:pHTM B MH1118H1,. 

Aµpo6amrn pa60Tll 
PesyJII,T8Tli l:ICCJI8,ll;O:samni, IIOJIOX8HHWC B OCHOBY ,u;Hcce:pTawm, 

,u;oKJia,ll;IlB8JIHCI, Ha X EBpoIIettcxott KOH~_pem:o;m: IIO ynpaBJI.l!eMOMY TeP40-
Jm8!)HOMY ClllIT8SY H @{3HK8 wtaSMH (MocKBa, 1981 r.), Ha pa6o~8M C0l38-
ntamm IIO IIpo6JieMaM MOOHHoro KaTSJmSa SI,Il;8:pliliX _peaKD;ml: ClllIT8Sa (<I1JIO
.Pl:I.n;a, CDIA, 1988 r.) l:I Ha c8Mlm8_pax Jia6opaTO.Pl:IH a.u;e:pmJX IIpo6JieM owrn.' 

IIv6JIHKamm 
B .u;HCC8!)TaW!H o6o61(8Hll !)89YJII,T8Tli :pa6oT, BliIIOJIH8HHhlX aBTOpoM B 

JJa6opaTO!)HH JI,Il;8!)HHX IIpo6JI8M OWll'I B II8:pHO,ll; I978-1988 rr. 0cHOBHH8 

_peSyJII,T8Tli Jil'.SJIOX8Hll B 9 ny6.mntan;J.mX. 

CTpJRTYJ?0: :gr o6'I>8M mi;ccem:amm 
,JJ,Icoe:pT~ COCTOHT HS BB8,11;8mut, T:pex rJiaB H saKJIIIR8HHll. 06MM 

.u;HOC8:pTaIJ;Hl! - II6 OTpaHHD;T8KCTa, B TOM ~CJI8 28 !)HCYHKOB H 6 Ta6Jtml;. 

CIIHCOK mrrepaTy:pli HaO~IlBa8T 158 HaEM8HOBa:inni. 
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CO,IJ;EPJ!iAHHE PAIDTH 

Bo BBeneHHH OqlOJ?l{YJmp0Balili D;8JII,,_ Ha~ HOBHSHa Jit aKTyaJII,HOOTI, 
HCCJI8,ll;OBalid, II!)Jil'.B8,11;8Hli OOHOBHli8 IIOJIOX8Hl:IH .u;:ia:ooe:pTawm, BHHOOEMH8 
Ha S81IU!TY. 

B IIepBOll rJiaB8 OIIJil'.CliBa8TCH 009,ll;aHHrul SKOII8:pHM8HTaJII,HaH ycTaHOB
Ka, yOJIOBM Ilp0B8,11;8HM OIIHTOB IIO Jil'.OOJl8,ll;OBaHHD MTOOHHoro KaTaJIHSa 
JI,Il;8!)HOH !)88KWIH CHHTesa ( cJ. + t) B rasoo6paSHOll .n;eiiT8:pHH-T!)HTJil'.8BOH 
CM8CH II.PH .n;aBJiemm .n;o 60 aT Jil'. B ,u;:ia:anasoHe T8MII8:paT71 OT 93 K .n;o 
613 K, a TaKllte o6cyx,n;anTca :pesyJII,TaTH :acCJie,u;oBalid I, II.PHBOWITCH 
BliBO.lJll. 

K MOM8HTY IIO,u;roTOBKH ,n;aHHoro SKCII8.PEM8HTa yxe 6wro o6Ha:pyllt8HO 
Jil'. T80!)8TliN8CKH 06'I>HCH8HO HOB08 HBJ18HJit8 - :pesOHaHCH08 (no SH8_pI'lim 
d..p -aToMa) 06:pasoBaHKe dd,)J-MOJieKyJlll (,llateJieIIoB B.II. H .n;:p. JK:3'N>, 
1966, T. 50, C. 1235; BeOMaH 3. IJ:e:OJ,MS BX~, 1967, T. 5, C. 113; 
EHCT.P~ B.M. Jit .n;:p. X~, 1979, T. 76, c. 460). BHIIOJIH8HHJ:l8 B TO 
B!)8MII T80!)8TR'i8CKH8 pac~8TH (BmmlntIDt C~H., IlOHOMa_peB .lf.H. Jit .n;:p. 
JK:3'N), 1978, T. 74, c. 849) II!)8.D;CKa3liBaJIH CYllt8CTBOB8HJil'.8 aHa.Jio~oro 
M8XBHJil'.SM.a H B CJIY'i,a8 06:paSOBalil:IH cJf),I-MOJI8KYJIH H CBJil'.,11;8T8JII,CTBOBaJIH 
O TOM, ~TO OKOpoCTI, o6rsOBaHHH d "tj.i-MOJI9KYJIH MOX8T .D;OCTHr8TI, SHa-
~em A.c,U_,,..,...,, lrf3 C- , T.8. n:pm.,:e:pHO Ha ,ItBa IIO.PJW(a. II!)8BmuaTI, 
OKOp0CTJil'. pacna,n;a MOOHa ( A-o = 0,455•!06 o-1) H o6:pas6BaRWI dcJj,1-MO
JIBKYJlll ( A#p~ID6 c-1). 

3KCII8:pHM8HT8JII,HaH IIp0B8:pKa STOro BimO,ll;a,H8COMH8HHO, n:pe.u;cTaBJIII.II8 
SH8~8Jl1,Hlill lllIT8_peC C TO~ s:peHHH BWIOH8HHH BOSMOXHOOTJil'. HOIIOJII,SO
BaHJil'.H HBJiemm: MJO-KaTamrsa :peaxn;.m ( d + t) 'AJill sHe:preTneoKHX n;eJieii 
(IleTpoB IO.B •• T:pY.lJll XIX 3mmeii DIKOJIH Jllffi!li, 1979, c •. 249). 

B CBHSH.C STHM HaMH 6HJI BliIIOJIH8H SKCII8:pHM8HT, D;8JII,D KOTO:poro 
HBJillJIOCI, 06H8.PYJlt8HH8 :peaKIJ;IDI 

~ t: ly4~ +n f),A. + a ,It;, cJ..tu ~ e, -+- _,)A + 17,6 MsB (l) 
'-'.s. "He...;,t+n 

Jit HSM8:peHHe ee Bl:IXO,ll;a B saBHCHMOCTJil'. OT T8MII8!)8Ty:pll c_pe.lJll, 3.!tCII8.PJit
M8HT oonoBimaJioa Ha :pernoT:pan;m! HeiiTpoHOB ( En.= 14, l MsB) :peaxn;.m 
OHHT8Sa (1) IIOCJI8 OCTaHOBKH OT:pmJ;aT8JII,HOro MDOHa B ,u;eiiT8!)Hll-T.PHTJit8BOii 
OM8Cl:I. 

CxeMa IIp0D;8CCOB, II!)OROXOWIIIU!X II.PK IIOIIa,n;aHHH OT!)l:ID;aT8JII,Hl:IX MJOO
HOB B ( Dz + Ti} -cMec1,, n:pne,u;eHa Ha .PJitC. I. 

Ill)R S8M8~8Hl:IH MDOHOB IIp0HCXO.u;HT o6paSOBaHJil'.8 d.)A - l:I i.f' -aTO
MOB CO OK0p0CTSIMJ1.I A.tACJ H Aa Ct , OOOTB8TOTB8HHO ( Ao - OK0p0CTI, 
06:pasoBaHM m>-aTOMoB; Ca :a Ct - oTHoc:aTeJII,HHe xoHD;eHTpawm .n;ett-
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Tue. I. CxeMa npo:a;eccoB, mmrumpyeM11X
0
0TPlil

:a;aTem.H11Mir MrOOHaMH B CMeClil .n;eHTepIDI 
lil TpRTIDI. 

TepIDI lil T.PHTIDI, Ca +Ct= I). KpoMe nPflMoro KaHaJia o6pasoBaHIDI 
t.f(-aTOMOB OIDI MOryT TaKllte o6pa30Bl1BaTI,CJI B pesym.TaTe perut:a;IDi lil30-
TOllHOro o6MeHa (aHeprmr OT,JJ;a"ll11 t)A -8TOM8. paBHa I9 sB). 

dp + t ~ d. + tfi' , (2) 

npoTeKalOIIleft co ckopocTI>ro At/.t , KOTopyro TaKllte Heo6xo,IO!Mo 611JI0 sxcne
plilMeHTaJIE,HO onpe.n;eJmTI,. 

Ilp:e: .n;aBJiemm ( D.:t+ Tz) -cMeclil p = 5+IOO aT lil xoHD;eHTpa~ T.Plil-, 
TWI Ct < 0, 5 BJIXO.n; (xo~ecTBO Heii:TpoHoB, reHepli1pyeM11X O.n;HHM MIDOHOM) 
lil BpeMeHHOe pacnpe.n;eJieIDie HeilTpoHOB pea~ (I) HM:eIDT mm: 

Y = (Ao+ Aclt)"),c1tp CJ Ct (3) 

II.. )..., ( Ao+ AJt Cr+ >.c191 CJ) 

JY,,_ = . Acit,.CclCt, :1- {>..jt e...::,.,\ Cd(Ady,Ca -At1t)e->-~t}, <3a> 
dt J..dt Ct+Ad~ Cc1 

r.n;e ~.--- Ao , Ai=· >-o+ Ai/.t Ct +Aat.,.. C;;. 3KcnepnMeHT npoBO,ll;WICJI Ha 
MIDOHHOM IIY'Ilte cHHXpo:a;HKJIOTpcHa OIDIB. ]Jy'Iox MIOOHOB c Ha~HblM HMIIyJIE,
coM 130 MaB/c BllBO,ll;WICJI B MaJI~HOBYRJ Jia60paTO,PHID, r.n;e pacnoJiaraJiaCI, 
raaoBaJI MllllleHI>, cricTeMa ee rasoo6ecne~eHIDI lil .n;eTexTop11. CxeMa pacno
JIO,mHIDI MmIIeHR lI .n;eTeKTOpoB npE:Be.n;eHa Ha ,PHO. 2. PerncTpa:a;mi: HeilTpc
HOB OT pea~ g.n;epHoro cmrTe3a (I) npoR3BO.n;HJiaCI, ~eT11pI>M1I BllCOKOaji,
cpeKTHBHllMlI .n;eTeKTOpaMH N c D.n;IWM CIUIBTWIJIJITOpoM NE -213, 
a 3JieKTpoHOB - .n;eTeKTOpaMH f. C llJiaCT~eCKJilM CIUIBTWIJIJITOpoM. )vm 

Bll,ll;SJiemm ocTaHOBOK M!OOHOB B Mm1IeHR :e:cnoJI1,soBaJIHc1, "6110Tp11e" (IOO He) 
aHTlilCOBna.n;eHHH .2·3•(r£-+'[N} . · .Ivm aHaJililsa 0T6lilpa.im:c1, co6I1TlilH, xor.n;a 
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e- □ 

~tJ = 

PHc. 2. CxeMa 3KcnepJilMeHTaJIE,HOli ycTa
HOBKlil: I,2,3 - MOimTOpHHe c~eT'll!lW c 
IIJiaCT~ecKHM Cqm!TWIJUITO_.POM· 4 - c~eT
'ill:K c KplilcTaJIJIOM CJ.J(Tt) ; ~. 7 - KOJI
JIHMaTopu; 6 - 3aMe,IJ;JmTeJIE, MlOOHOBj 8 -
rasoBaJI MHinem,; 9 - Ba~ KOJ!tYX; 
N - .n;eTeKTOpll HeftTpoHOB; E - .n;eTeK
TOpll 3JieKTp0HOB. n //:lemeKmop HeOmpoHOO 

LJ .QemeKmop 311f'KmpoHoO 0,· 1 raao~afl MuweHb 

~~ ,,,~, '. ~< 
I ' i I 

5- .iJ ..l..J 2..; l_§_ \i_ 

B Te~eIDie lilHTepBaJia IO M!tc ("BOpcTa") IIOCJie BJieTa MIDOHa B MmIIem, pe
rRCTpl!poBaJIKCI, IIOCJie;D;OBaTeJIE,HO HeftTpoH lil3 pea~ (I) lil MeKTpoH OT 
pacna.n;a MIOOHa. 3TO II03BOJIWIO 3Ha"ll1!TeJIE,~O YMeHI>IlllilTI, WoH CJIY'!allimx 
COBna;n;eHml: lil WoH, CBJI3amnrll: C OCTaHOBKaMH MIDOHOB B CTeHKaX MmlleHR. 

B Ta6Jilil:a;e I YKa3aHH OCHOBHHe YCJIOBIDI npoBe;n;eHlilJI OIIllTOB. 

T.a6~_I 

.Ifill! ¥ aT CocTaB Ct T,K N,,_ Nt•ro-3 
llll ~93 K) rasa 

I 2I,O De+ "G 3.ro-2 293 2762 566,I 
2 It " " 443 1996 384,3 
3 " " " 563 2003 382,5 
4 " " " 6I3 2I07 407,6 
5 I0,5 " " 293 1452 696,9 
6 2I,O " I,57.I0-2 293 1250 467,6 
7 2I,O Dz. 0 293 I52 297,3 
8 I□-5 MM BaKYYM 0 293 24 42,9 
9 6,6 Dz.+ Te 7,8.rn-2 93 98 52,0 

IO It " " I43 236 129,3 
II ti ti " I93 207 93,6 
I2 It It " 243 472 240,3 
I3 It It It 293 273 135,9 
I4 66,2 " 0,8I.I0-2 93 8765 I734,~ 
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Plic. 3. CxeMaTlltleCK!m ~epTe~ ra30B0ll MIDJie:im .u;IDI 
3KCIIepHMeHTOB co CMeCI,IO ( D,2 + l;). 

0,ItHy H8 OCHOBHHX ~acTeil 3KCIIepHMeHTaJibHOll ycTaHOBKll COCTaBJiffJI8 
raaoBaR MHlll8HI,/2/. 06!1lllil Bll,ll; Mlilll8HH IIpHBe,u;eH Ha pHc. 3. C J:(eJII,IO 
o6ecrre~eHRR He06XO.n;ID/!Oli 6eaorraCHOCTH CaMa MHllleHb, a TaIOKe Herrocpe,u;cT
B8HHO coe.mm:eHHHe C Heil MaHOMeTp 3 H BeHTllJib I3 6wrn: 3rut~eHH 
BHYTPI> BaKYYMHO-IIJIOTHOro KOJKYX8 2, KOTOpHll coe,ll;llHRJICR c 6aJIJiaCTHHM 
peaepByapoM. 06nutii 06'beM KOJKYX8H peaepByapa 6HJI BH6paH paBHHM 
I30 JI, TaK ~To rrpH cnyqailHoil paarep.1:eTuaa~ MIDI1e:im o6mee ,u;aBJie:ime 
ra30BOli CMecu B HeM He IIp0BbllllaJIO 0,6 aT. 

3aIIOJIHe:ime MmJieHH CMeCI,IO ( D,2 ... 1; ) ocymeCTBJIRJIOCI, C HCIIOJII,80Baim
eM cucTeMH raaoo6ecrre~eHHef3/. O~cTKa ,u;e11TepHR OT rrpHMeceil (Ne, 

De. , CO2. u T.,u;. > ,I{o ypoBim ~ ro-7 06.,u;. rrpouaBo,D;MacI, c rroMomI>ro 
Tpex coe,ll;HHeHHHX rrocJie.I{OBaTeJibHO J:(eOJIHTOBhlX (Co.A) a,u;cop6epoB, rroMe
meHHHX B ~ll a30T. 'r~eCTBe llCTO'llUIKa TpHTHR HCIIOJII,30BaJICR 
TPHTll.u; THTaHa Tt Tz 4 , ·rroMemeHHHil BHYTPI> aMIIyJIH Ra Hep.iKaBeromeil 
CTaJIH. HarrycK TpHTM B MmIIeHI> rrpoH3BO,ll;lIJICR IIYTeM .I{llcco~a~ TiT2 
IIPH HarpeBe ero ,I{O TeMIIepaTypH 750+80o0c. 

Ilp:iIMeHe:ime TpHTH.I{a THTaHa B Ka~eCTBe lICTO'llUIKa TPHTM II03BOJIRJIO 
OJUIOBpeMeHHo rrpoH3BO.I{HTI> o~cTKY TpHTM OT rrpHMeceil ( Ne. , 0 t. , CO2 
H T.,ll;.) ,ll;O ypoBHR ~ I0-5 06.,u;. H ocymeCTBJIRTI, .I{03HpDBaHHHll HarryCK 
TplITM B MIDJieHI,. 

,ll;7IJI YMeHI>rne:imR raaOBH,D;eJieHHR C BHYTPeHHIDCIIOBepxHOCTeil CTeHOK 
MIDJie:im IIpe,D;BapHTeJII,HO IIpOBO.n;wiaCI, ee BaKYYM-Te~eCKaR Tpe:impoBKa, 
~TO rapaHTHpOBaJIO COXpaHeHHe ~CTOTH .I{eilTepl'l'.ll:-TpHTHeBOli CMeCH Ha 
ypOBHe <. 10-6 06.,u;. B Te~e:ime ,n;JmTeJII,HHX 3KCII03~ ( ~ 200 ~). 

Ha pnc. 4 IIpHBe.I{eHO BpeMeHHOe pacrrpe,I{eJie:ime HeilTpoHOB, IIpDCYM
MlipoBaHHOe rro BceM N -,u;eTeKTOpaM .u;IDI aKcnoam:um 12 (CM. Ta6JI. I). 
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Plic. 4. BpeMeHHoe pacrrpe,u;eJie:ime HeilTpoHHHX 
co6HTI:tll:, aaperncTpHpo:sammx: B aKc
rroam:um I2. 

3ppeKTHBHOCT.I, perHCT~ HeilTpoHOB COCTaBJIRJia 
Cn = 0,0IID±0,0OI2 (aHepreT~ecm nopor 

3 MaB). ,Il;7m .I{HCKPHMHH8~ tpOHa OT J-KBaHTOB, 
perncTpHpyeMHX N-.u;eTeKTOpaMII, ocymecTBJIR-

101 2 4 • '·"" JIOCI, n-6 -paa,u;eJie:ime IIO cpop.1:e C~T~OH-
Horo HMrryJII,Ca. IlpH OT6ope "HeilTpoHHHX" C06H
TI:tll: C J:(eJII,IO IIO,D;aBJieHHR tpOHa OT p0rutJ:(9 CRHTeaa 

dd.p-!J.le. +n. +.,;i (aHeprRR HettTpoHOB E..,_= 2,5 MaB) HCIIOJib80BaJICR KpR
Tepl'l'.ll: E" > 3 MaB. KaJIH6poBKa crreKTpoMeTp~ecKoro RaHaJia perncT~ 
H8liTpoHOB IIpDBO,ll;HJiaCI, C HdIIOJII,30BaHHeM HCTO~OB 60co, Po-Be (rpa
HHJ:(H CIIeKTpDB KOMIITOHOBCKHX MeKTpoHOB COOTBeTCTBeHHO 0,98; I,I2; 
4,19 MaB). 

Ha pnc. 5 IIPllBe.I{eHa aaBRCRMOCTI, OTHOCHTeJII,HOro BHXO,u;a HeilTpOHOB 
OT TeMIIepaTYpH CM8CH ( l)l + ~) • 

m 

05 

Ji I f i ! t 

AHaJIH3 3KCIIepHMeHTaJibHHX .u;aHHHX 

3~JICR B cpaBHeHHlI no MeTO,D;y Hall

Mem.mmc KBa,Iij)aTOB 8Ha~eHI:tll: BHXO,D;a H 
napaMeTpoB BpeMeHHoro pacnpe,u;eJieHIDI 
HeilTpoHOB pea~ (1), II0.7J:Y'leHHHX B 
Kal!r,ll;Oli 3KCII08m:um, C OD,IT.a8MHMR Teope
T~ecKHMH BH~eHRRMlI (3) H (3a). 

B peayJibTaTe aHaJIH8a 3KCnepm.,:eH-
m 200 lD ~ 500 ooo K T8JibHHX .I{8HHHX II0.7J:Y'leHH OIITHMaJII,HHe 

Plic. 5. 3aBRCRMOCTI, \?THO CH- 8Ha~eHRR CKOpDCTH o6pa80BaHHR o( t.u-
- TeJibHoro BHXo,p;a HeHTpoHOB MOJiernrJI Aot > ro80-l (Ha 9ro1 HOM 

ll3 perutJ:(9 (I) OT TeMIIe- •• .,, t,JA u;o-, 
fTYPH ra}OBOR CMeCH ypoBHe ,ll;OCTOBepHOCTH) H CKOpoCTH H30-

n ~ + T 2 • TOIIHoro o6MeHa B perutJ:(9 (2) Ac1t = 
= (2,9±0,4).ro8 c-1 (aHa~eHRR Adtl'-' 

H Ac(t npHBe,I{eHH K IIJIOTHOCTH R,D;ep Jllll.ItROrO BO,u;opo,u;a No = 4, 25.la22CM-3 ). 
OIIm:6Ka Be~ AJt onpe.u;eJmeTcR cTaTHCTHKOil Ha6op:1 co6HTI:tll: H He
onpe,u;eJieHHOCTI>IO pac~eTHOro 8Ha~eHHR Be~ € 11. • 

Hali.I{eHHOe 3KCIIepm.,:eHT8JII,HOe 8Ha~eHHe CROpDCTH rrepenaTa MIOOHa 
c ,u;ettToHa Ha Tl)RTOH Ad.t HaXO,ll;llTCR B xoporneM corJiacHH c peayJibTa
TaMH Bli'mcJieHI:tll: ( Atit = l,9.I08 c-1 B p:160Te MaTBeeHKo A.B., IloHo
MapeB JI.H., J!!3'N>, 1970, T. 59, c. 1593). l!TO KacaeTCR Be~ A.cit,.., 
TO Hru.m II0.7J:Y'leHa Jil!llll, Hml!WIR: O~emta. oTO 06'bRCHR8TCR T8M, ~TO, 00-
rJiaCHO BH!)alltemm (3), BHXO,ll; He:liTpoHOB :as pea~ (I) MaJIO ,zyBCTBRTe
JieH K Be~e Afit,. npu sHa~emooc Acl"9' Cd ~ .,\ 0 • 
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Yitasamme pesym,TaTH 6wm: IIOJIY'I8HH BII8pBH8. Omt CBH,D;8T8Jll,CTBO
BaJm o BmIOJill8mIH ]JJ3yx Bammx YCJIOBlm, Heo6xo.n;HMHX ~ oc~eCTBJI8HIDI 
BHCOKOsiMeRTRBHOro MIOOHHOro ItaTaJmBa pearo:um CmIT88a smep .n;eiiTepIDI 
K TPKTIDI - cKOpocTK Att't_,.. K A-t/.t oitasaJmcI> .n;ocTaTo,mo 6om,mm.m. 

YcTaHOBJI8HH08 3KCII8pBM8HTSJII,HO rpaHK'IH08 3Ha'l8mt8 CKOpoCTK 06-
pasOBaHR!I d ij,i --Mo.ne:ey.n o6'hllOH.lleTcH TOJII,KO c IIpltBJie~emteM pesoHaHcHo
ro M8.xaHK8Ma o6paso:samm MIOOHHHX MOJI8:eyJI, T.e. C~8CTB0Bamt8 peao
BaHCHOro Mexrumsm, ycTaHOBJieHHoro paHee ~ dd.JA--MOJie:ey.n, IIO'ATB8p.'lt
,n;aeTcH K ~ cl.t),1--MOJie:ey.n. 

Bo BTOpo:ii: r.mme IIpm30'Al'l'.TCSI ormcamre 3KCII8pBM8HTaJII,HOro KOMIIJI8KCa, 
003,11.aHHOro ~ pa6oTH C KBOTOIIaMK BO,T.topo,n;a B 'Al'l'.8II830H8 Ter.mepaTYP 
20,4 K <. T < 300 K K JJ',8BJI8mtff .n;o 1500 aT. 

AnSJ KCCJI8,1t0BaHR!I MJO-aTOMllllX K MIO-MOJI8ItYJIH~ npon;eccoB, IIpoKc
XO.IQillll!CC B TpKTKK, COB'ASHH JDm[tOTpKTK8BaSI MJlllll8HI, S K JDm[tOTp'T'8BaSI 
Mml!eHI> c Bap~e:a TeMIIepaTYPH B ,ll)IanaaoHe 20,6 K <. T < 40 ~ 6 • 

Kopnyc MJlllll8H8:ii: K3roTOBJI8H KB H8p.'lt8B8101118H CTaJIK. B Ka'l8CTB8 
XJIS'AOareHTa KCIIOJII,8Y8TCSI ~ Bo.n;opo.n;. MaltCEMaJU,HO B03MOlK!I08 KOJIK
'l8CTBO TPl{TIDI B MJlllil8mt ~ 8,5.Ia4 KK. Mmnemt BKJILUqS!OT B ce6SI ycTpoH
CTBa (B TOM lJKCJI8 IIp0,T.tOXpaHKT8JII,HH8 KJiaIIB1IH), KOTOpHe o6ecnelJKBaIOT 
pa'Altan;KOHHYJO 6830IISCHOCTI, IIpz.ee 3KCIIJiyaTan;KK. 

l'zc. 6. !Ip~ -qep
Te.llt JDm[tOTpl,ITH8BOH Mmll8HK 
C Ba:piian;K8li T8MII8paTYJlH. 

Ha pzc. 6 IIpl!tBe.n;eH npmm;mmam,.. 

HHii: ll8fg.i' MKIIl8mt C BaPl{an;Kefi T8MII8-
paTYIJH'6, coa.n;aHHOH Ha 6aae JDmKO

TpzTKe'o' Mm118HK 683 ·BapzaD;KK T8MII8-
paTYJlH 5 • 06'b8M MJlllll8mt I paB8H 34 CM~ 

lKil,lJ;Rmi BO.n;opo.n; 3aJIRBa8TCSI B BO.n;opo.n;
mrn: 6alJOK .BE2. Bo.n;opo,wmtt 6a'lOK BE! 
(o6'b8MOM 8,5 JI) 38IIOJIHSl8TCSI raaoo6-
pa8Hllll BO,!tOpo,!tOM B KOJIK'l8CTB8 
.~!00 JI.ST. HarpeB MJlllll8HK, IIp0KCXO'AKT 
sa C'l8T T8IIJia, BH,1(8JIJmll8roCSI IIPK 
pacn:a.n;e TpltTKSI. HaM8HJm KOJIK'l8CTBO 
Bo.n;opo,n;a B .BEIK r.ny6mi:y IIOrpy;JteHIDI 
Tpy6IDI 4 (cM. pzc. 6), MOlltliO K3M8HKTI, 
YCJIOBKSI T8IIJI006M8Ha M8Jlt.IlY CO,T.t8.l)l!tllMW4 
Mmll8HK I H JltlJ.I(KEM BO.n;opo.n;oM, HaXO.It/I
~8MCSI B B62. Onpe.n;8Jlemte cTa6HJII,HOCTH 

IIOJUt8pi!t8HKH T8MII8paTYJlH Mmll8HK IIpoBO'AKJIOCI, B m.mTaD;IIOHHHX OIIHTax. 
AnSJ 3TOro MJlllll8HI, I 8aIIOJIHHJI.aCI, ,T.t8HT8PK8M B ItOJIK'l8CTB8 --20 JI.aT. llME!
T~ Harp8Ba MJlllil8HK sa C'l8T 8CT8CTB8HHOro pacna,n;a TPKTIDI, HSXO~e
roCH B Hett, OC~8CTBJISIJIOCI, C IIOMO~lD 3JI8ItTPHlJ8CKOro HarpeBaT8JISI, IIO
M8~8HHOro BHYTPI> MIDI18HR. ~JIYRTT,3D;Kl'I T8MII8paTypH ,T.t8fiT8PKH B KPHOCTST-

8 

Mllll!8HH B T8'18HH8 CyTOK He npeBll!llaJilI 0,2 K IIPK OIIpe.n;eJieHHHX ee 3H8'18-

HK.flX (25 K, 32 K, 37 K). 
/CIIOJII,30BaHH8 KPKOCT8T--Mlllll8HH C BapKan;Kefi T8MII8paTypH He06XO'Alt

M/7 ~ 0~03H8'IHOrO onpe.n;eJI8HHSI CKOpoCTK o6pa30BaHIDI t;.,1--MOJie
tt 

:eyJI A ttp , cKopocTK smepHoro cHHTeaa B HKX A-i: K KOa:I$mReHTa 
npKJIKIIaHIDI ( Wt) MIOOHa K MPY 4tte, o6pa3~8~.!1 B peaKD;KK . 

f;-t+t~ tt~~ 
t 

4J..le +2 n +/' 
4 J-12)" +2 n 

+ II,3 MaB (4) 

Coa.n;aHHHe Mlilll8HH MOryT 6HTI, HCIIOJII,30BaHH B SKCII8pKM8HTax Kalt C 

tfflCTl:lMH K30TOilaMK BO,!tOpo~, T8K KC KX CM8CSIMK. 
B aaIIJiamtpoBaHHHX Ha.mi: SKCII8pKM8HTaX npe.n;noJiaraeTCSI HCilOJ!I,30Ba

HK8 TPKTIDI - pa'Al'l'.OaKTKBHOrO K30TOIIa BO.n;opo,n;a, aKTKBHOCTI, KOTOporo 
MOX8T ,lt0CTKI'8TI, B8JmlJKHH 8,5.I04 KR. HcnOJII,30B8HK8 TPKTIDI B TaKKX 
6om,wmc KOJIK'l8CTBaX onpe.n;eJIH8T IlOBHlll8HHH8~Tp860B8HKSI It CKCT8Ma raao
o6ecne'leHKH. KpoM8 BHCOKOH rep.18T:INHOCTK K Ha,T.texHOCTK BC8X ee Y3JIOB, 
,T.tOJDKHH 6HTI, npe.n;ycMOTp8HH ,T.t0Il0JIHKT8JII>HH8 Cll8D;II8JII,HH8 ycTpoHCTBa, ra
paHTKPY10~8 6eaonacHOCTI, Ilpll pa60T8 nepcoHaJia Ha ycTaHOBK8. 

Ha PRC. 7 K306paxeHa np~aJII,HaH cxeMa CII8D;KSJII,HO 003,11.aHHOH 
CKCT8MH raaoo6ecnelJeHKH MK!ll8H8H 8 • 0Ha COCTOKT K3 CJI8.n;y!D~ Y3JIOB: 
I) CKCT8MH BHCOKOBaKYYMHOH OTKalJKK ( H, ,IDl, \liH); 2) JDm[t0TpKTK8BOli 
Mm118HK (M); 3) CKCT8MH 38IIOJIH8HHSI MKW8HK TpKTK8M (lITI, HT2); 4) CHO-

r {j. - - - - -:as1 
I I 
I M><t--"-~HIXh Yl~H-411$-----, I 
I m---+--"'--...l{>lc:i-=~><1---L-4-----=----,,~ I 
I ,--+---~"4-~ I 
I I 
I I 

I l=-1:::1--r--HIIµ 21 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

62V <l>H~ Bn\81 i.,nci UA ~ P'----' I -------------------------------------' 
l'zc. 7. IlpmID;KIIKam,HaH cxeMa czcTeMH raaoo6ecne'le

HKH ~OTPKTK8BOH MKmeHK. 
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TeMll O'IBCTKH ,I{eil:Teprui (UJII+I.(JI3); 5) amrapa-rypu .I{03HMeTpHtiecKoro KOHT
pomI (.IIJII, ,IIJI2); 6) CHCT8M!l ycTpollCTB. o6ecnetmBaIDIIUtX 6e3onacHOCTb 
pa60TH nepcoHaJia B aBapRHHHX CHT]a!U'[JIX. IlpH C03.I{aliRR CHCTeM!l ra3006ec
ne~eHIDI Mm!leHeil: npmmm Mepu no npe.I{OTBpamemm nOCJI8.I{CTBRll M8.nyIOIIUDC 
aBap:ioornx CHTyarunt: a) HapymeHHe rep.teTK'IHOCTH Baicyywmro xoxyxa (BK); 
6) pa3pllB CT8HOK Mmll8Hll M; B) pa3pymeHHe KOH,IJ;eHcarnroHHOll Tpy6KH (KT); 
r) pa3repd8TH3arnr,r MeCT ynJIOTHeIDIJI KOMMYTarnroHHHX H H3MepHT8~HHX 
3JI8M8HTOB, coe,IUIHemrux 'c BHyTpeHHHM 06'I>eMOM MIDIIeHH M; .I{) HaT8KaHlle 
B03,JJ;yXa B TpHTH8BH8 MarHcTpami:; e) noHBJieHHe TPHTIDI B aTMocqiepe. 

,ll;7m HCcJie.I{OBaID!JI MlOOHHOro KaTaJIH3a B 'IHCTOM .I{8llTepHH 11[ CMeCH 
(/./z + D.?) B IIIHp0KOM .zurana30H8 TeMnepaTyp (20,4 K<.T<'.300 K) H .I{aM8HRll 
.I{O 1500 aT pa3pa6oTaHa H C03.I{aHa ycTaHOBKa, BKRro~aIDillWI B ce6H Mm!leHh, 
KPHOCTaT H BeHT~ BHCOKoro .I{aMeIDIJI (fucTpmntHit B.M. H .I{p. IIT3, 1989, 
J& 1, c. 50). Ox.na~eHHe 11[ Tep.tOCTaTHpoBaHHe MIDIIeHH oc~eCTBJISieTCH C 
nOMO~ro KPHOcTaTa, cxeMaTHtiecm ~epTe~ KOToporo npHBe.I{eH Ha PHC. 8. 

-1 

~ 

-c-

,...........B~ 

IlOJIY'l8Hl!e BllCOKIDC .I{aMeHRll ( p ~ 1500 aT) 
oc~eCTBJISieTCH KpHoreHirnM MeTO.I{OM nyTeM O.lKH
~eHlIH ra3006pa3HllX ]1[30TOnOB BO.I{Opo.I{a B 06'I>eMe 
Mm!leHHc nocJie.JJY!Ol!lHM ee HarpeBOM. Taxott cno
co6 n0.71Y'l8HIDI BHCOKOro .I{aM8HIDI rapaHTHpyeT 
coxpaHeHHe BHCOKOil 'IHCTOT!l ]1[30TOnOB BO.I{Opo.I{a 
(cJ'MMapHoe co.I{ep;RaHHe npHMecett He npeBI:miaeT 
10-5%). HeO6XO,Il;HMaH T8Mll8paTypa Mm!leHH BO 

-13 BOOM .zurana30He .I{OCTHraeTCH nyT8M BapHaURH 
~ ' 
~ .I{aMeHIDI reJIIDI B cocy.I{e C (CM. pzc. 8) H MOlll-

_M 

_H_ 

HOCTH HarpeBaT8JISI H. To~HOCTb no,Jmep;RaHIDI 
TeMnepaTypu He npeBI:miaeT l K. 

PHc. 8. CxeMa KpHO
cTaTa. 

C noMo~ro co3.I{aHHOil: ycTaHOBKH npoBe.I{e.llll 
3KcnepHMeHTH no HCCJI8.I{O~ 3aBHCHMOCTett 
cxopocTH o6pa30BaHHH dcJ.J-1-MOJieeyJI OT nJIOTHO
CTH (0,36~c,0~1,~), TeMnepaTypH (20,4K'T 
{ 300 K) .I{eil:Teprul9 • KpoMe 3TOro Ha .I{aHHOli' 
ycTaHOBKe BHllOJIHeH 3KcnepHMeHT no H3MepeHHID. 

CKOp0CTH nepeXBaTa MlOOHOB OT r/..;u -aTOMOB K Jl,IijlaM He (B HaCTOJmtee Bpe
MH npOBO.I{HTCH o6pa6OTKa no.71Y'leH.1illX 3KCnepHMeHTaJ!b.lillX .I{aHHHX). 

TpeTLH rJiaBa nOCBJmt8Ha 3KcnepHM8HTaJ!bHOMY HCCJie.I{OBaHlflO 3aBHCH
MOCTH CK0p0CTH o6pa30BaHHH cid_fl-MOJieKYJI OT llJIOTHOCTH .I{efiTepHH npH 
TeMrre pa Ty-pe T ~ 300 K B .zurana3oHe MMem O, 4 x6a p ( p ~ l, 5 x6a p. 

IlpoBe.I{eHHe .I{aHH!lX HCCJie.I{OBaHRll 6HJIO npo,I!;HKTOBaHO Me.JJY!Ontm,m 
06CTOHTe~CTBaMH: BO-nepBUX, He06XO,Il;HMOCTbID 3HaHIDI a6COJIIDTHHX 3Ha~e
mm CKOpoCTH o6pa30BaHIDI cic{µ-MOJieKYJI B YCJIOBWDC a@)eKTHBHoro npo-

IO 

l 
r 

) 
J 
I 

TeKaIDIJI MIOOHHoro KaTaJIH3a peaxrnrtt CliHTe3a H,D;ep .I{eil:TepRH H TpHTRH, 
npOHCXO.I{Hlllero B .I{eil:Tepd-TpHTHeBOH CMeCH j BO-BTOpllX, onpe.I{eJieHHBM 
BKJia.I{a KBa3Hpe30HaHCHOro MexaHH3Ma (Menehikov L.I.,Ponomarev L.I., 
Phys.Lett., 1986, v. 167B, P• 141) B o6pa30BaHHe clcljA-MOJiexyJI B 
peaxrnrHX THna 

d.
1
u + D2 + D,. -- [ (c/d;i) d 2 ~J * + '/); (5) 

KpoMe Toro, To~e H3MepeHHH A clcl_;,< B nm:poxoM .zurana3oHe TBMIIepaTyp 
H llJIOTHOCTeil: .I{eil:TepHH He06XO,IJ;HMll ,Il;JilI npoBepKH npaB~HOCTH Teope~e
CKHX pac~eTOB H npeJ:nr3HOHHOro H3MepeHHH 3HeprHH ypoBHH cldj,t-MoJiexyJIH 
B COCTOHHHH ] = '/' = I. 

1 5 ftH 
t.... ,.~J "" I 

NE213 

~ Li 2 

,-fCs8M ~ D -
.CH, 3 t.' 2 5 

, 
NE213 

P:Hc. 9. CxeMa 3KcnepI,IMeHTaJU,HOll YCTaHOBKH 
,Il;JilI Ha~eHHH MlOOHHOro cmi:Te3a B .I{eHTePHH: 
1~2,3,4,5 - CURHTHJIJISIInrOHHHe .I{eTeKTOpH; 
C - TOp.i03HOll W~Tp; M - MmJiem,; 
N 213 - Heil:TpolIIIHR .I{eTeKTOp. 

Ha PHC,_9 npne.I{eHa CXeMa 3KcnepHMeH
T8JlbHOtt YCTaHOBKH. liyqoK OT~TSJlbHHX 
M!OOHOB 9 HMIIyJ!bCOM 130 MaB/c H mITeHCHBHO
CTbID 2.104 c-1 npoXO.I{HJI ~epea CURHTWLIIl{-
rnromme .I{eTeKTOpH 1,2,3,4, TOp.f03HOll 
W~Tp c~ H nolla.I{aJI B MIDIIem, M. Mmnem, 

npe.I{CTaBJilJJI8 co6ofi TOJICTOCTelI!IHR Il;Ji!JIIDI.llJ BffYTpeHHHM .I{HaMeTpoM 42 MM, 
HapyiKHHM .I{HaMeTpoM 60 MM H ,n;mmott 100 MM, H3rOTOMeIIHW1 H3 CIIJiaBa 
3M437E. Mmnem, noMell!aJiaCb BHYTPH KPHOCTaTa (CM. pzc. 8), B xa~ecTBe 
XJia.I{oareHTa HCnOJ!b30BaJICH JIH60 .lKlJ.lJ;ltIDl: BO.I{Opo.I{, JIH60 ~ 830T. 
~CTKa H30TO~ecKH 'IBCTOro .I{eil:TepliH (xo:im;eHTparnrH npoTIDI 
< 3, IQ-a 06,.I{.) npoH3BO.I{HJiaCL C nOMO~ID ~eOJIHTOBHX 8.I{C0~6epoB (CYM
MapHOe CO.I{ep;RaHHe npHMeceii N,2., O,e 'co,! H T • .I{. < 5.IO- 06 • .I{.). J(ett
Tepd O.llmlKaJIC.H B o6'I>eMe MmIIeHH npz TeMnepa-rype T ~ 20,4 K. IlPH HarpeBe 
Mm!leHH HarpeBaTeJieM H .I{O T ~ 300 K .I{aMeHHe .I{eil:Tep:wr .I\OCTHraJIO 
p~l500 aT. ,ll;7m p0I'l1[CTparnrH aneitTpoHOB OT pacna.I{a MIDOHOB H BH,IteJieHHH 
aKTa OCTaHOBKH MIDOHa B 06'I>eMe MmIIeHH (CM. PHO. 9) BOitpyr Hee pacno
JiaraJICH CrnrHTHJIJISIInrOlIIIHR .I{eTeKTOp 5 (IIJiaCTHtiecrotil: CrnrHTWLIIl{TOp rnr
JIHH,IJ;pHtiecxoii WQp.fll ¢'IOO MM, l = 150 MM, · J" = 5 MM). HettTpo.lill p~ 
CmITeaa H,D;ep ~eiiTepllH 

1--tJJ "S II 

l"! ½ ne+n+ /' 
dp + cl J,..,,, ddp ~ ; ~ 'ff£}'+ " +3,3 •·B (Ga) 

l-f., t + p+ ..)-' (66) 
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per:aCTpllpoBaJmCl:, 'ABYM!l H8HTpoHHHMH ;!(8T8KTO_paM!l C D.I(!tHM crnraTHJIJI.fITO-

poM NE -213. _ 
C:arHaJI OCT8HOBKR MIOOHa B Mmll8HH 2.3.4.5 sanycKaJI "BopoTa" ;I(Jll'I

T8Jil:,HOCTl:,D IO MKC, B T8~8HH8 KOTOpl:DC nponsBO;I(lL)IaCl:, perncTpanruI H8liT
poHOB pearunm CRHT83a ll aJI8RTpoHOB OT pacna;I(a MDOHa. Alia.Jm3 C06HTllli 
R II8p0;!(8~ IIBiJ?op.mIUill B 3BM IIpoll3BO;I(ll.lll'ICl:, Ilpll HaJilllIIDI TOJil:,KO JillJIIl:, 
O,u;Horo c:arHaJJB. C ;!(8T8RTOpa 5 B T8~8HH8 11 BOpoT" ll OTCYTCTBRll CllrHaJia 
C ;!(8T8RT0pa I B T8~8HH8 5 MKC ;1(0 H IO MKC IIOCJI8 OCT8HOBKR MOOHa B 
Mll!ll8HH. HcIIOJil:,30BaHHe IIPll o6pa60TR8 3KCil8pHM8HT8JI1:,Hl:DC ;I(aHHl:DC 38:r(ep
JKB.HHl:DC COBII8;!(8Hllli 11MDOH-H8HTpoH-3JI8RTpoH" II03BOJil1JIO C~8CTB8HHO YM8Hl:,
IID'IT1:, cp()H, CBJi38IDnm C OCT8HOBK8Mll MIOOHOB B CT8HR8X Mmll8Hli M (B H8IlIHX 
ycJIOBruIX ~CJIO OCT8HOBOK MJIJOHOB B CT8HK8X MHllieHH 6HJIO B ;!(8CHTKH pas 

60JI1:,lli8, ~eM B ;!(8HT8pHH). )bICRpliMRHaIUIH ~OHa OT J-RBaHTOB; perllCTpli
pyeMHX H8HTpOHHHMll: 'A8T8RTO_paMH, OC~8CTBJIIL7I8.Cl:, C IIOMO!l\I,D cxeMH n-f 
pa3;!(8JI8HHH IIO cpoµ.ire crnraT~OHHOro llMflYJil:,Ca (ItICIIOJil:,30BaJIOCl:, COOT

HOlli8HH8 6HCTpo:ii EK H M8,JJ,JI8HHO:ii MK ROMIIOH8HT HMnyJI1:,C8). 

I .. 
0 

60 

5() 

40 

30 

E{MJBJJ) 
Q2 0.4 0.6 

.. . . 

Pnc. IO. ,Ib3Y?4epH08 pacIIpe'A8JI8Hll8 aMIIJillTY'A 
CRrH8JIOB EK (6HCTpoll lt0MIIOH8HTH) H MK 
(M8,JJ,JI8HHOH ROMIIOH8HTH). 

•• ••• • ~- • Ha pnc. IO IIpHBe'AeHo xapaKTepHoe .ItBY-
•• : ·::::-:: M8pH08 pacnpe;I(8JI8HH8 Cm'HaJIOB EK ll MK 

.. ::. : :•:::::.: e : ROMIIOH8HT, IIOJIY'I8HH08 683 KaRIDC-Jm60 RplI-
• ·=:r==. :. :. Tep:aeB OT6opa. Jl,Jm IIO;I(8BJI8HRH "MrHOB8HHOro" 

20 i ·-:: .:::. • :.:1 • 
•••• i: •• _ ·r-••:· ~oHa, CBHSaHHoro C OCT8HOBK8MII MDOHa B 

10 1 .::::::==· ::··i:;:!!!::::=: crnraTM.1.tflTOpe H8HTpoHHl:DC ;!(8T8KTOpOB ll B .. ,,r ... _.1.i.11 ........ . 
.:!i.::r:=-tT.::_ •:•:• .. :.. CT8HK8X MIDJISHH, llCIIOJI1:,30BaJillC:& "6HCTpl:l8" 

0 :==rs:.:· ... · · ::·... ( ~ 50 He) aHT:acoBIIa;I(eHHH 2·3•!N • C BBe-

0 10 20 30 4
0 SO 60 

A5K ;!(8HlI8M 'AOIIOJIHRT8JI1:,HHX KpllT8pIIeB' OT6opa 

-C06HTD CT8II8Hl:, n-f pa3;!(8JI8HHH COCTaBJI/L7I8. ~ I0-3 • 3HepreT~8CK8H 
KaJm6poBK8 H8HTpoHHoro ;!(8T8KTOpa IIpDll3BO;I(lL)IaCl:, C llCIIOJI1:,30BaHH8M J
HCTO~OB. 137 Cs, 60 Cc n Heil:TpoHHoro ncTo~ 239 Pu-Be • 

YCJIOB:e:H IIpoB8'A8HlIH 3KCII8pHM8HTa IIPRB8;!(8HH B Ta6mm;e 2. Boero 
6HJIO IIpoB8'A8HO I2 OIIHTOB. B 'AllCC8PT8IUIR IlpHBO;I(HTCH pesynTaTH aH8-
Jill38 3RCII8p:aM8HT8JI1:,HHX .I(al!HWC, IIOJIY'I8HHl:DC BI, YI H X OIIHTax • 

B KB.JK,IJ;OM OIIHT8 IIpoll3BO;I(llJIOCl:, ll3MepeHHe BpeMeHHoro pacnpe;I(eJieH:e:H 
SJI8KTpoHOB OT paCIIa;I(a MDOHa, Bl:DCO;I(a ll Bp8M8HHOI'O pacIIpe;I(eJieH:e:H I-x, 
2-x, 3-x, 4-x IIOCJI8;I(OBaT8Jil:,HO aaperllCTpllpoBaHHHX HeiiTpoHOB peaKIUill 
(6a), llHHIUillPY8MHX O'AIDIM MDOHOM. 0IIHTH XI H XII SIBJI!IlOTCH cp()HOBHMH, 

12 

Ta6mru:a 2 

0IIHT ras p, aT T, t( IJ.7IOTHOCT1:,, '() 

I Di! (raaoo6p. ) 1490 296 0,88 
II -"- 650 120 0,96 
III -"- 390 74 0,98 

IY -"- 175 49 0,99 
y D.;l (,m;r(Kliil) 0,44 2I I,2 

YI .l)~ (rasoo6p.) 390 296 0,36 
YI! -"- 150 120 0,4I 
YIIl -"- 80 74 0,42 
IX -"- 35 49 0,43 
X -"- 830 296 0,63 

XI BaKYYM I0-7 296 
XII reJIRil: IOO 2I 

Bp8M8HHH8 pacnpe;I(8JI8HHH I-x, 2-x H 3-x H8:iiTpoHOB, saperncTp:apo
BaHHHX C MOM8HTa OCTaHOBKR B MIDll8HH MDOHa, aIIIIpOKCHMIIpoBaJmCl:, BHpa
llt8HHHMll 

cl N, ->.t 
-= A, e, + 5, 
dt 
dN -A(t-~ d/ = Ae. ( t--6.) e + C, 
dN3 A (i -):t n->,.(t-ZA)_ 'I\ 
-- - 3 1;-.A c.. t .LJ, dt --

(7) 

(8) 

(9) 

r;I(e: A 1 , Az. :a A3 - HOIJMllpoBO~He ROHCTaHTH; B , C :a D 
cp()H CJIY'IaHHl:llC COBII8;!(8HH:ii; b. = 0,28 MRC - "MepTBOe" Bp8MH CX8MH 

n - t pa3~8JI8HHH; A = Ao I- ( t·.._ ~ WcJ -D.JcJ )If fa Add,,< + A ,c ; /\.o = 
= 4,55.IO c-1 - cxopocT1:, pacIIa'Aa MOOHa; c.._ - ~eKTmmocT1:, perncT

P8IUill H8RTpoHOB ;!(8T8RTOpaMH; c..Jd = 0,122±0,003 - K0~8HT "IIplI
JillIIaHRH" MDOHa K MPY 3He B peaKIUill (6a), ll8MepeHHH:ii B Jillfl<I> 
(Ea.mm )l.B., Bopo6MB A.A. H ,JU). Illlc™8 B ][3T<]), 1984, T. 40, c. 3I8i1r1 
fo = 0,5~2±0,017 - OTHOCHT8JI1:,HM B8poHTHOCTl:, peaRIUIH (6a); 'f - OTHO-

CRT8JI1:,H8H IIJIOTHOCTl:, H;I(8p 'A8liT8pM ( <f' = I IIpH IIJIOTHOCT:a H;I(8p No = 
= 4,25.ro

22 
CM-3 ); A.1< - CROpoCTl:, nepe:x::saTa MDOHOB OT ol'.,M-aTOMOB K 

H,IqlaM np:e:Mece:ii B ;1(8:iiTep:all. 

Ha p:ac. II IIpHBe;I(8HH BpSMeHHHe paCIIp0;!(8JI8HHH IIOCJI8;!(0B8T8JI1:,HO 
sapernCTpllpoBaHHl:DC HeitTpoHOB, II0~8HHH8 B OIIHTe I np:a f{' = 0,88. 
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"" ~ 027E•03 
.8 
8 
e 
~ Q37E•02 
:r 

050E•01+---~--
0.10E+()1 0.20E+()3 b~0E•03 °0.60E•03 

KaHanbl {1K=10HC} 

a) 

0{.~•02 

'"' j 0.12E•02 

e 
~ 035E•01 

0.10E+01 

018E•03 

•~ O/.OE•02 

~ 
g 089E+01 
~ :r 

n2.'f=O~ 

I 

020E+01 +-lo-_u_E+_01--\i-2,-&.03 'o43E•03 'o.64E•03 
Ka<anb1 {11<=UHC} 
6) 

Tue. II. BpeMemrne pacnpe~e~eHlill 
I-x, 2-x H 3-x xapencTpHpoBamru:x 
H9liTp<)HOB. CILJionraaa JllIBIDI - pesym,
TaT 1HTHpoBaHHa. 

B pesym,TaTe annpoKcHMai:nm 
8KCII9pl'IM9HTaJII,H!lX .rr.amrnx BHpa;K8HlillMl'I 
(7)-(9) Hali'A9HbI 3Ha~eHHa B8~HHH 
A H B11XO~ noc~e~oBaTSJII,HO sape-

I'l!cTpHpoBaHHHX H9HTpoHOB Ni , Nz 
H N; . e1n=n~+0~2~02~::BOJ~~o~.t.L.E+()~=3-b.64E+03 

KaHallbl (1K:10HC} 

B) 

Bemrnma >-..,,, onpe~eJI.ffJ!BcI> H3 
aHamsa BpeMeHHoro pacnpe'Ae~eHlill 
M9KTpOHOB OT pacna~a MR)OHOB. Bpe

MeHHoe pacnpe'A9~8HH9 3~9KTp0HOB, saperHCTpHpOBaHH!lX 'A9T8KT0pal{ 5 B 
OllHT9 YI, npHBe'A8HO Ha PHO. 12. Ha 3TOM ~e pHCYHK8 IIOKa3aH ypoBeHI> 
(!)OHa, H3MepeHHoro B OllHT9 XI C BaKy:vMHp0BaHHOli Ml'llll9HI,IO. B pesym,TaTe 
aHamsa BpeMeHHoro pacnpe'Ae~eHlill MSKTpoHOB Ha~eHo, ~To Ax= (0,05± 
±O,OI)• yi,106 c-1 . 

Onpe'Ae~eHHe B8JIH'IHHH Aclclp H3 pesym,TaTOB annpoKcHMai:nm npo
BO~OCI, ~YM!I cnoco68MH. ITepBHH cnoco6 II03BO~ 6 ~eTOM Hatt.n;eHHOH 
Be~ ';,..,,_ OIIpe'A9DTI, 3Ha~eHHa €.,._ H A..rJclj,1 , a BTOpoft - A,)( .I![ 

>... tf.ci,;,• • ITp.H onpe'AMSHHH Be~HH '>..c1c1.,.. BTOPHM cnoco6oM .Hcnom,so
Ba~ocI> pac~eTH08 3Ha~9HH9 s®>eKT.l!lBHOCT.l!l perHcTpai:nm H9HTpoHOB ~ n • 

Ha pHc. 13 npHB8'A9HO 3Kcnepl'IM9HTaJII,H09 aMIIJmTY~Oe pacnpe~e~e
HHe ~ I-x saperncTpHpOBaHHHX H9liTpoHOB, II0~9HH08 B OllHT8 I 
(CILJIOIIIHaH ~Hlill - paC~9TH08 a\iWIBTy,Il;li08 paCIIp0'A8~8HH8). 

06a cnoco6a onpe'AM8Hlill BeJI.l!l'IHHH AdJJA .rr.a~ IIpaKT~ecKH coB
na.rr.alO!IUie B npe'AeJiax onm6oK HaMepem pesym,TaTH. 
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Plic. 12. BpeMeHHoe pacnpe'Ae~e
HHe M9KTpoHOB, II0~9HH08 
B OllHT8 YI ( If= 0,36). 

_7E.!!!,_~ 

2S 30 
CHANt-ELS 

Tue\ 13. AMwmTY~Oe pacnpe~MeHHe _ 
(EKJ I-x sa_perncTpnpo:aammx H9HT
poHOB ~ ip = 0,88 tcILJionmaa JIHHIDI 
- WC~8TH08 aMIIJmTy,Il;liOe pacnpe'Ae~e
HHeJ. 

rro~emrne npH T = 296 K sHa~emm 
CTH f = l) OKa3aDCI, paBHHMH: 

A,lcl,.. (np.HBe~eHHHe K ILJIOTHO-

ArJrl,i,. = (2,53±0,33).106 c-1 

A dJ,- = (2,48±0,32) .106 0-I 
AtJcl;, = (2,40±0,31) .106 c-I 

p = I,49 K6ap ( If= 0,88) 
f'. = 0,83 K6ap ( cf = 0,63) 
p = 0,39 K6ap ( rf = 0,36) 

H HaXO~TCH B xopomeM corJiaCJiIH C pesym,TaTaMH T90peT~9CKHX B~C~e
Hl'Ili H co 3Ha~8HHeM )..,u,.. =(2, 76±0, 08) .106 c-1• no~eHHHM B pa60T8 
(Ea~ n.B • .l!l 'AP• lJHCI>Ma B ~3'Ni, 1984, T. 40, C. 698) IIpH ILIIOTHOCTH 
'A8HTep.HH 'f'"'O,I. 

Pesym,TaTH annpoKcHMai:nm Hatt.n;eHHHX 3Ha~em B9.JIHllllllll C( = A-.Ao 
BHpa;KSHHeM BH.rr.a CA ( tp) = A Cf+ B'P:t , ~TimaIOil\ero B03MOlltllllli BKJia'A 
TpoliH!lX CTO~OB9Hl'Ili (KBa3Hpe30HaHCHHli MexaHH3M), CBH;D;eTeJil,CTBYIOT 0 
TOM, ~To cKopocTI> o6pasoBaHIDI ddfa -Mo~eey~ He saBHCHT OT ILIIOTHOCTH 
'A9HTep.HH C OTHOCHT9JII,HOH TO~OCTI,IO ~3% B 'AH8II830He 0,36 <. If < 0,88. 

B 38RJ.OOtieHH.H C<po,PMY~poBaHH OCHOBHHepesym,T8TH 'AHCCePTai:nm: 
I. BnepBHe B MHpe BHIIOmeH 3KCIIepHMeHT no H3M8peHHIO CKOpoCTH 

o6pasoBaHlill dct~-MOJieey~ np.H TeMIIepaType T ,; 296 K B um:poKOM 'Allana
soHe ,I(aMeHIDl 'AeHTepR!i 0,4 K6ap'p' I,5 K6ap. 

ITo~eHH c~e,n;yIOlllHe SHa'lleHHH cKopocTH o6pasoBaH.HH dcy,i-Mo~eeyJI, 

Adel)' : 

(2,53±0,33).106 c-1 npH p = I,49 K6ap 
(2,48+0,32).ro6 c-1 npH p = 0,83 K6ap 

- 6 -I (2,4G_t0,3I).IO c Ilplt p = 0,39 K6ap. 
H3 pesym,TaTOB 3KcnepHMeHT8 c~e'AYeT, ~o BKJia'A B o6paSOBaHH9 

dd_µ -MO~eKy~ sa c~eT KBaSHpesoHaHcHoro MexaHH3Ma (Tpo:lhme cT~JIKHo
BeH.HH) He npeB:wuaeT 3% B .l!lCCJI8~0BaHHOM 'AH8II830H8 MOTHOCTH 'A8ttTepHH. 
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2. Paspa6oTaHa K cos~ rasoBaH 'AeiiTepd-Tpl!TKeBaH Mmllem, 
o6i>8MOM 3,25 JI Ha pa60'!J88 'ASBJI8IDl:8 55 ST, C IIOMOlll!>IO KOTOpoii 6Wlll'..BH
IIOJIH8.Hli xccJie'AOBaHruI IIpon;ecca MIOOHHOro KaTaJillsa peaICqrul CID!Tesa JI,D;ep 
'A8RT8pRll K Tpl!Tl'IR: B ,ll;l!aIIS30H8 T8MII~paTyp OT 93 K 'AO 613 K. C0:3'ASHHaH 
Mmll8Hb o6eCII8'IllBSJUl 6esorracHOCTL pa60T C 6oJILmm.m KOJilI'I8CTBaMH pa,ll;l!O
aKTHBHOro KSOTOIIa BO'A0p0'AS - TPHTl'IR: ('AO 5.000 Kn) H rapaHTHp0BaJia 
coxpaHemre Tpe6yeMOii IIO YCJIOBHRM 8KCII8PHM8HTS BblCOKOii l!HCTOTH 'A8liT8-
pml-TpHTK8BOii CM8CH (CYMMSPH08 CO'A8plKSIDl:8 IIpEMeceii He 60JI88 1□-606,'A,) 
B T8'1J8IDl:8 200 .... 8KCII03~ rrpH MaltCHMSJILHOii pa60'IJ8ii T8MII8paTYPe 
613 K. 

3. Paspa60TSHa H C03'ASHa CllCTeMa rasoo6CII8'1J8HID! 'A8iiTepd-TpHTH8-
BOii Mmll8IDI:, HCIIOJIL30BaHR8 KOTOpoft IIOSBOJIH.110 IIp0BO'AHTL 8KCII8p:HM8HTH 
C 60JILl!IBM KOJilI'I8CTBOM TpHTIDI (15.000 Kn), a Taruite ocymeCTB-
JiliTL O'!JHCTKY 'A8liT8pl'IR: H TPHTIDI OT rrpHMeceii 'AO ypoBHH 2.1□-7 06,'A, 
H 1□-5 06,'A,, COOTB8TCTB8HHO, 

4. Paspa60Ta.Ha, C03'ASHa H HCM8'AOBaHa OpHrmiaJU,HaH M8TO,ll;l!Ka 
'A03Hp0B8HHOro HaIIyCKa TpHTIDI B rasoByio Mmll8HI,, 

5. Paspa60T8HHa.!I arrrrapaTYpa BXO,ll;l!JIS B COCTBB 8KCII8pHM8HTSJILHOii 
YCTBHOBKH, C IIOMOIIU,B) KOTopoii BII8pBH8 B M:Hpe 6wr 8KCII8p:HM8HTSJILHO o6-
Hapy,lt8H IIpon;ecc MRJOHHoro KaTaimsa JI,D;epHoii peamu,m CIDITesa (cl+ t) 
H H3M8peHbl ero OCHOBHbl8 xapaKT8pHCTHKH: 

cKopocTL IIpon;ecca nsoToIIHoro o6Me.Ha Ad-i ( d.i" ... -/:....,. d .. f;,µ), 
cKopocn o6pasOBBHHH MesoMoJieeyJI df;u. 
6. BII8pBH8 B CCCP (1982 r.) paspa6oTa.HH, C03'AS.Hli H HCIIHTaHH B 

J1!MlITBD;HOHHHX OIIHTBX l£Jd,ll;KOTPHTH8BH8 Mmll8IDI: (BKJll!lll8H ycTpoitcTBa, o6ec
II8lJHBBIOII!H8 pa,ll;l!aD;HOHHYBl 6830IIaCHOCTL IIpl! RX 8KCILeyaTaD;HH) ~ pa60TH 
C 6oJILmm.m KOJilI'I8CTBSMH pa,ll;l!OSKTHBHOro H30TOIIa BO'A0p0'AS - TPHTl'IR: 
(~50.000 ID.I) KSK npH IIOCTOHHHOil: T8MII8paTYP9, TaK H C BapHan;Heii T8M
II8paTypH B ,ll;l!8IIa30H8 20,6 K<T<40 K (cTa6:HJILHOCTL IIO'A'A8J)lKSHIDI T8MII8-
paTYPH ±0,2 K). HcIIOJILSOBaHHe·MmJiemr c BapHan;Heii TeMIISpaTYPH Heo6xo
'AJ™O ~ O.In!OSHalJHOro OIIP9'A8JI8Hl!IJI xapaKT8pl!CTmt IIpon;ecca MIOOHHOro 
KaTSJIHSa peaKD;Hlii CHHT838 H.ll:8P TPHTHH. 

7. COS'ASHbl KpKOCTST H CKCT8Ma T8p.!OCT8TKp0BBHIDI rasoBoii Mm118IDI: 
BHCOKOro 'ASBJI8HHH ( p~ 1,5 1t6ap) ~ npoB8'A8IDl:H HCM8'AOB8Hd IIpo
n;ecca MBlOHHOro KaTaJIKsa peaKD;Hii CIDIT838 JI,D;8p 'A8HT8pl'IR: B nm:poKOM 
,ll;l!aIIS30H8 'ASBJI8IDl:li II.PH T8MII8paTYJ)BX OT 20,4 K 'AO 300 K. Ilpe.n;JioxeHHHii 
crroco6 3aIIOJIH8HHH Mmll8HR HSOTOIISMH BO'A0p0'AS rryT8M me OJ!Wllt8IDl:H B 
06i>8M8 Mmll8IDI: C IIOM8;ny!)l!U21M 88 HarpeBOM II03BOJm8T IIOJIY"Di!TL BHCOK08 
'ASBJI8HR8 rasa B Mmll8HR C coxpaHemreM·ero BHCOKOii 'IJHCTOTH (CYMMSPH08 
CO'A8pJIC8Im:8 IIp:HMeceii H8 IIP9BHlll88T 1□-7 06,'A,), 

8. Paspa6oTaHa n cOS'ASHa ymmepcaJILHaH cncTeMa rasoo6ecrre1JeHWI 
Bcex TKIIOB Mm118H8ii, HCIIOJIL3Y8MHX B 8KCII8PHM8HT8X IIO llCM8'AOBaHm> 
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HBJI8HHH MRJOHHoro KaT8JIH38 B CM8C.flX ll30TOIIOB BO'A0p0'AS IIPH 'A8BJI8HWIX 
'AO 1,5 1t6ap B ,ll;l!aIIasoHe TeMIIepaTyp 20,4 K(T( 300 K. 

0CHOBHbl8 pesyJILTSTH p:HCC8pTamm orry6rnoBBHH B CJI8.llVIOIIIIDC' 
.P§.6Q_Tax:_ 

I. EHcTp:HD;Kll'.ii B.M., ,JJ,,lteJI8IIOB B.Il., EpllIOBB 3.B., 3JIHOB B.r., 
KaIIHllleB B.K •• MyxaMeT-raJieeBa C.III •• Ha,n:elK,IUill B.C., P.lmKHc JI.A., 
PJ'AeHKo A.H., CaTapoB B.H., CepreeBB H.B., CoMoB·JI.H., 
CTOJIYlilIB B.A., ~HJIL'!JeHKoB B.B. 3KcIIepHMeHTaJU,Hoe o6HapYJ(temre 
ll KCCJI8'AOB8HH8 MlOOHHOro KaTamrsa JI,D;8pHOii peaKD;KK CID!T838 
(d+t) . - lTu:CLMB B JK3'N1, 1980, T. 31, c. 249-253; JK3'N1, 
1981, T. 80, c. 1700-1714. 

2. EHcTpHD;Kmi B.M., ,JJ,,!teJieIIOB B.Il., 3:HHOB B.r., POMBHOB B.M., 
CaTapoB B.H •• CTOJJYlIHH B.A., !Il&mYT'A:HHOB ill.r. rasoBB.11 Mm11eHL 
BblCOKoro 'ASBJI8IDl:H ~ 8KCII8pHM8HTOB.C rasoo6pa3HHM TPHTH8M, 
- IlT3, 1982, i 2, c. 21-23. 

3. EHcTp:HD;KKii B.M., KanHllleB B.K., MyxaMeT-raJieeBB C.III., 
PKBKKc JI.A., CaTapoB B.H., CTOJJYlIHH B.A. CncTeMa rasoo6ecrre-
1Jemr.11 Mmll8Hll B 8KCII8pKM8HTe IIO llCCJI8'AOB8HIDO MIOOHHoro KaTSJIH38 
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