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BhlCTpH~HH RM. H 'AP, 
OTpH:a;aTeJibHhle peayJibTaThl no rrpoBepKe mrroTe3hl 

- - . - . 

0 cy~eCTBOBaHHH <<XOJIO'AHOI'O>> H «rop51qero>> ~epHoro CHHTe3a . 

B CHCTeMax Ti/_(D-T) H ZrNbV /(D~T) ' 

IlpHBC>'A5ITC51 pe3yJibTaThl 3KCIIepHMeHTa ri:o n:pOBepKe rHIIOTe3bl O cy~eCT~ 
BOBaHHH 5IBJieHH51 HH3KOTeMrrepaTypHOI'O ~epHoro CHHTeaa, B CHCTeMax Me
' TaJIJ.II B0'AOPO'A: B KaqeCTBe HCCJieAyeMhlX MaTepnanoB BbI6paHM THTaH n HHTep
. MeTa.lIJ:mqecKoe 'COeAHHeHHe Zr Nb V'. HaChlID;aeMhle AeHTep:QH-TpHTHeB~H 
CMecbIO. He o6Hapy)KeHo B rrpeAenax m:i:m6o!< H3Mepeii:n:u rrpeBhlmeHH51 cqeTa 

. HeHTpOHOB . H3 · HCCJieAOBaHHbIX MaTepHaJIOB, HaCbl~eHHbIX AeHTepHH-
TPHTHeBoH CMeCbIO, HM ypOBHf:M cpoHa. I'HrroTeaa O B03MO)KHOM cy~eCTBO
BaHHH ~<rop51qero» '5I'AepHOI'O dt-CHHTe3a B CHCTeMax MeTamI/(D-T) TaK)Ke 
He HMeeT 3KCrrepHMeHTaJibHOI'O IIO'ATBep)K'AeHH51. : 

. - Pa6~Ta BhllIOJIHeHa B Jia6opaTOpHH 51AepHhlX rrpo6JieM Oli.Sil1 . 

. - . --. . . 
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K HaCT051ll(eMy BpeMeHli_ BhlllOJIHeHO .nocTaTO'!HO 6oJibWOe KOJIH'!eCTBO 

pa6oT, llOCBHWeHHh!X HCCJie.noBaHHID HBJieHHH HH3KOTeMnepaTypHoro H.nepHoro 

CHHTe3a (HTC) llpH HaCh!WeHHH .nefiTepHeM Ti, Pd, HHTepMeTaJIJIH'!eCKHX 

coe.nHHeHHfi H KpHCTaJIJIOB KaK B pelKHMe 3JieKTpOJIH3a THJKeJiofi B0.llhl D20, TaK 

H B pelKHMe ra30BOfi cpa3h!11-
51

, 0,nHaKo, Ha OCHOBaHHH BCefi COBOKYllHOCTH 

pe3yJibTaTOB .naHHh!X HCCJie,noBaHHfi (MHOrHe H3 HHX llpOTHBOpe'!HBhl), KaK HaM 

KaJKeTCH, .neJiaTb 

cymecTBOBaHHH HTC 

npe.nllOJIOJKeHHH Toro, 

KaKHe-JIH6o 0)1H03Ha'!Hh!e YTBepx,neHHH 

HBJIHeTCH HeCKOJlbKO npex.nespeMeHHhlM, 

'!TO HBJieHHe HTC HOCHT cnopa,nH'!eCKHfi 

0 

.naxe B 

xapaKTep. 

OTCYTCTBHe BOC1lpo11iB0)1HMOCTH pe3yJibTaTOB B 6oJibWHHCTBe CJiyqaeB ewe pa3 

CBH)1eTeJibCTByeT O TOM, '!TO TaKoro po.na pe3yJibTaThl, CTHMYJIHPYIDWHe 

HHTeHCHBHh!e )1HCKyccHH B WHpOKHX Hay'!Hh!X Kpyrax, )10JllKHhl ll0)1BepraTbCH 

TWaTeJibHOfi 3KCllepHMeHTaJibHOfi npoBepKe HeCKOJlbKHMH rpynnaMH C 

HCllOJlb30BaHHeM npHHUHllHaJibHO OTJIH'!Hh!X .npyr OT .npyra MeTO.llHK, 

06HapyJKeHHe 3MHCCHH HefiTpOHOB B BH.ne HefiTpOHHh!X BCTih!WeK .llJIHTeJibHOCTbID 

OT .necHTKOB MHKpoceKyH.n .no HeCKOJlbKHX MHHYT 3aCJIYlKHBaeT oco6oro 

BHHMaH~H
16

'
71

• llpH'!HHOfi B03MOlKHOfi 3MHCCHH . HefiTpOHOB, KaK CJie,nyeT H3 

paccMOTpeHHH pa3JIH'!Hh!X TeopeTH'!eCKHX Mo,neJiefi, MOJKeT HBJIHTbCH 

B03HHKIIOBeHHe JIOKaJibHh!X BO BpeMeHH H B npocTpaHCTBe HepaBHOB,eCHh!X 

ycJIOBHfi B CHCTeMe MeTaJIJI/Bo,nopo.n llpH HaCh!WeHHH MeTaJIJIOB BO.nopo.noM
141 

BpyrHMH CJIOBaMH, B 3THX JIOKaJibHh!X MHKpoociJiaCTHX MOJKeT npoTeKaTb 

"ropH'!Hfi" H,nepHhlfi CHHTe3 (o6pa30BaHHe Bh!COKOTeMnepaTypHofi llJia3Mhl, 

llOHBJieHHe 

B03HHKaIDT 

MHKpOTpemHH, MeJK,ny npOTHBOTIOJIOlKHhlMH CTOpOHaMH KOTOph!X 

B/cM), BepOHTHOCTb CHJlbHh!e 3JieKTpH'!eCKHe TIOJIH E 108 

KOTOporo Ha MHOro nopH,nKOB npeBh!WaeT 

XHMH'!eCKH CBH3aHHh!X ,nefiTpOHOB B Pd, 

BepOHTHOCTb H,nepHoro CHHTe3a 

Ti (paCCTOHHHe MeJK,ny .llBYMH 

.nefiTpOHaMH B .nefiTepHpOBaHHOM Pd npeBh!WaeT paCCTOHHHe MeJK,ny .nefiTpOHaMH B 

MOJieKyJie Dz)· ECJIH npe.nnoJIOlKHTb, '!TO Ha6JIID,naeMaH 3MHCCHH HefiTpOHOB eCTb 

pe3YJibTaT "ropH'!ero" CHHTe3a, TO, C TO'!KH 3peHHH npoBepKH 3TOfi 

rwnoTe3hl, 

dt-CHHTe3a 

Ha1160J1ee rrpHBJieKaTt:JibHhIM HBJIHeTCH 11ccJie,noBaHne peaKUHH 

llO cpaBHeHHID C peaKuHefi dd-CHHTe3a: 

d + t -
4

He + n + 17, 6 M3B , ( 1) 

d + d t 3
He + n + 3,3 M3B (2) 

t + p + 4,03 M3B 

3TO o6ycJIOBJieHO CJie.nyIDWHMH o6CTOHTeJibCTBaMH, Bo-nepBhlX, B CJiyqae 

perHCTpaUHH HefiTpOHOB c 3HeprHefi 14,1 M3B ypoBeHb HefiTpOHHOro cpoHa 

cymecTBeHHO HHJKe, '!eM B cJiyqae perHCTpaUHH HefiTpOHOB c 3Heprwefi 2,5 M3B 

rd~i7.;:;_;:•·::._.·_:: ;;-~-~;;;:;:rt·\ 
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(peaKUHH (2)) (3TO, B CBOD oqepenb, Il03BOJIHeT nonyqaTb JIOCTOBepHyD 

HH~OpMaUHD 06 HHTeHCHBHOCTH B03MOXH08 3MHCCHH He8Tp0HOB 3a cqeT 
npoTeKaHHH peaKUHH ·(l)). BO-BTopux, cornacHo /B/ OTHOUleHHe Mexny 
ceqeHHHMH dt- H dd-peaK!Ufil:, 

IlJia3Mll, eCTb: 
B cnyqae o6pa30BaHHH BllCOKOTeMnepaTypH08 

Udt---?/Ud- { 

11 (E 
cm 

83 (Ecm 

1 K3B) 

10 K3B), 

rne Ecm - OTHOCHT~JibHaH 3HeprHH (B C,U,M,), B cnyqae B03HHKHOBeHHH 

TpemHH (YCKOpHTeJibHll8 MeXaHH3M) OTHOllleHHe ud_,/ud--M npaKTHqeCKH He 

3aBHCHT OT 3HeprHH Jie8TpOHa B na6opaTOpHo8 CHCTeMe, BilJIOTb JIO 3HeprHH 

-1 K3B, H COCTaBJIHeT "' 178, TipH 3HeprHH ne8Tp0HOB E~ab < 1 K3B naHHoe 

OTHOllleHHe He HBJIHeTCH IlOCTOHHHllM, _eCJIH rrpHHHTb B paCCMOTpeHHe 3~~eKT 
3JieKTPOHHoro 3KpaHHpOBaHHH. 

B CBH3H C 3THM. ueJibD HaCTOHmea pa60Tll HBJIHJiaCb npoaepKa rHnOTe3ll 

O npoTeKaHHH. peaKUH8 "ropHqero" HJiepHoro CHHTe3a B PHJie MeTaJIJIOB H 

HHTepMeTaJIJIHqecKHX coenHHeHH8, HacumeHHllX CMeCbD ne8TepHH H TpHTHH. 

3KcnepHMeHTaJibHaH ycTaHOBKa 

Ha pHc.1 npHaeneH cxeMaTHqeCKH8 qepTex 3KcnepHMeHTaJibH08 
ycTaHOBKH, PerHcTpauHH __ 

1 
He8Tp0HOB ocymecTBJIHJiaCb CUHHTHJIJIHUHOHHUM 

JieTeKTOpOM 1 · H JieTeKTOpaMH TeITJIOBllX He8TpOHOB, 3aIIOJIHeHHh!MH 

Tpex~TOpHCTllM 6opoM (BF3). neTeKTOp 1 6un H3rOTOBJieH B BHJie CTaKaHa H3 

nnaCTHqecKoro CUHHTHJIJIHTopa c BHyTpeHHHM JIHaMeTpOM 120 MM, JIJIHH08 200 

MM H c ToJimHH08 CTeHKH 28 MM. neTeKTOpll TeITJIOBllX He8Tp0HOB 2 H 3 

Kaxnua H3 KOTopux npencTaBJIHJI co6oa c6opKy H3. nHTHanuaTH BF -neTeKTopoa 
'½ 3 

THrra CHM0-5M, ITOMemaJIHCb B 3aMeJIJIHTeJib H3 rrapa~HHa 5 H pacnonaraJIHCb 

BOKpyr neTeKTopa 1 no o6pa3yDmHM JIBYX KOaKCHaJibHllX UHJIHHJipDB. Cocyn 4 c 

HccnenyeMUM BemecTBOM, HacumaeMUM ne8TepH8-TpHTHeBo8 CMeCbD, ITOMemancH 

BHyTpH IlOJIOCTH JjeTeKTopa 1. Cocyn npencTaBJIHJI co6o8 UHJIHHJip H3 

HepxaBeDmea CTaJIH JIHaMeTpOM 25 MM H Jl~HH08 300 MM,c TOJimHH08 CTeHKH 

3 MM. 1!3MepeHHe TeMrrepaTypu cocy na rrpOH3BOJIHJIOCb C IlOMOmbD 

xpoMeJib-aJIDMeneaux TepMorrap, yKpenneHHllX Ha ero Kopnyce. Cocyn 4 H 

He8TpOHHlle JieTeKTOpll 1, 2, 3 HaXOJIHJIHCb BHYTPH 6oKca H3 6opHpoeaHHOro 

110JIH3THJieHa. TonmHHa CTeHOK 6oKCa COCTaBJIHJia "' 20 CM. 3TO 1103BOJIHJIO 
YMeHblllHTb BeJIHqHHY He8TpOHHoro ~OHa, 
H3JiyqeHHeM, ITPHMepHO Ha J!Ba 110pHJIKa. 

CBH3aHHOro C KOCMHqecKHM 

2 

4 
" 

( D, T) --> =fXl===ll 
1 

2 

3 

5 

6 

~1100 MM 7 

-~ #" 

LJ 

~900 MM 

PHc.1. 

cxeMa 3KCrrepHMeHTaJibH08 ycTaHOBKH: 

1 - CUHHTHJIJIHUHOHHU8 JieTeKTOp; 2, 3 - neTeKTOPll TenJIOBllX He8TpOHOB, 

3anoJIHeHHlle BF 
3

; 4 ...: cocy JI; 5 - 3aMeJIJIHTeJib H3 napa~HHa i 6 - Kopnyc 

napa~HHOBOro 3aMeJIJIHTeJIH; 7 - 6opHpOBaHHll8 IlOJIH3THJieH 

3 



,llETEKTOP I 

t 
YCHJIHTEJIL 

C:;0 
HHTEP<I>EMC 

Pnc.2. EJIOK-cxeMa perncTpHpyIOmeA :rneKTPOHHKH. 

3JieKTpOHHKa 

EJIOK-CXeMa perHCTpHpyIOmeA 3JleKTpOHHKH, HCnOJib30BaHHOA B 

3KcnepHMeHTe, npHBe,lleHa Ha pHc.2/9
/. 3JieKTPOHHKa B Ta·KOM BapHaHTe 

no3B0Jll!Jla noJiytJaTb KaK aMnJIHTY.llHYKJ, Tax H BpeMeHHYKJ HH~OpMaUHKJ O Kal!CJIOM 

co6hlTHH, 3aperHCTpHpoBiHHOM ,lleTeiTopaMH 1, 2 H 3. 

3JieKTPOHHKa BKJIKJtJaJia B ce6l! TPH He3aBHCHMhlX KaHaJia (1, 2, 3) 

perHcTpaum1 C06hlTHA CUHHTHJlJil!UHOHHhlM )1eTeKTOpOM 1 H JieTeKTopaMH 

TenJIOBhlX HeATpOHOB 2 H 3. KallC,llhlA KaHaJI perHcTpauHH COCTOl!Jl H3 

cneKTpoMeTpHtJecKoro ycHJIHTeJil!, aHaJioro-uH~poBoro npeo6pa3oBaTeJill (AUTI) 

H ,6y~epHoro HaK □nHTeJil!. l13MepeHHe speMeHH nol!BJieHHll CHrHaJIOB C 

JieTeKTopos 1, 2 H 3 ocymeCTBJlllJIOCb c noMOll(blO TaAMepa, o6mero .llJill BceA 

CHCTeMhl perHCTpaUHH c06hlTHA. Tiepe,llatJa COJiepllCHMOro 6y~epHhlX HaKOnHTeJieA 

B TI3BM AT-286 ocymeCTBJll!JiaCb no 3anoJIHeHHH JIKJ6oro H3 6y~epHhlX 

HaKOnHTeJieA HJIH no OKOHtJaHHH HHTepBaJia BpeMeHH, 3a,llaBaeMoro TaAMepoM. 

TOtJHOCTb H3MepeHHll BpeMeHHhlX HHTepBaJIOB MelKJIY nocJieJI□BaTeJILHO 

3aperHcTpHpOBaHHhlMH co6hlTHl!MH cocTaBJillJia 2 MKC. 

YCJIOBHll npoBeJieHHll onhlTOB 

3KcnepHMeHT BKJIKJtJaJI B ce6l! TpH onhlTa no npoBepKe rHnoTe3hl o 

npoTeKaHHH peaKUHA "ropl!tJero• ll.llepHoro CHHTe3a B ry6tJaTOM tJHCTOM THTaHe 

(.llBYX MO,llH~HKaUHA) H B HHTepMeTaJIJIHtJeCKOM COe,llHHeHHH ZrNbV npH 

HacumeHHH HX neATepHA-TpHTHeBOA CMeCbKJ. TiepeJI HatJaJIOM KalKJIOro onhlTa 

HccJieJiyeMoe semecTso 

BaKyyMHO-TepMHtJecKal! 

noMell(aJIOCb 

TpeHHpOBKa 

4 

BHyTpb 

era no 

cocyna H 

cJie.llyIOmeA 

npoBO,llHJiaCb 

TeXHOJJOrHH. 

IlpOH3B0.llHJlCll HarpeB BemeCTBa ,llO TeMnepaTypu 650 K npH nOCTOllHHO 

BKJIKJtJeHHOA BaKyyMHOA OTKatJKe cocyna. IlpH .llOCTHl!CeHHH JiaBJieHHll OCTaTOtJHhlX 

ra30B Ha yposHe 10-3 MM pT. CT. TeMnepaTypa BemecTBa nosuwaJiach ,llO 1050 K. 

KpHTepHeM OKOHtJaHHll OTKatJKH l!BJll!JiaCb CTeneHL ra30Bhl,lleJieHHll H3 

06pa3ua H CTeHOK cocy.lla B era 061>eM, KOTopal! npH OTKJIKJtJeHHOA OTKatJKe 
-2 -1 

He ,llOJIJKHa rrpeBhIIIIaTL BeJIWIHHhl 1~ MM pT. CT. x tJ • no JIOCTHlKeHHH 

3a.llaHH□ ro ypoBHll ra3osuneJieHHll naJILHeAwall oTKatJKa cocyJia npeKpamaJiacL H 

TeMnepaTypa BemecTBa noHHl!CaJiacb ,llO KOMHaTHOA (300 K). IlocJie 3TOro 

npOH3B0,llHJlCll HanycK ra30BOA CMeCH H30Tonos BO.llOPO.lla B cocyJI. B onhlTaX 

HCnOJib30BaJiaCb TpOAHall CMeCb H30TOnOB BO.llOpO.lla - CMeCb npoTHll, JieATepHll 

H TpHTHll B onpeneJieHHOM npaueHTHOM COOTHOWeHHH, yKa3aHHOM HHl!Ce B TeKCTe 

(3TO 6hlJIO CBl!3aHO C TeM, 'ITO ,llJlll npHrOTOBJieHHll .lleATepHA-TpHTHeBOA CMeCH 

HaMH HCnOJib30BaJICll He tJHCThlA TpHTHA, a CMeCb H2 +, T2). nepeJI HatJaiioM 

HanycKa CMeCH B cocyn npOH3B0,llHJiaCb OtJHCTKa ee OT npHMeceA (N, 0, co 
7 

.. 2 2 2 

H .llP.) Ha yposHe 5 x 10- 06. ,llOJieA c HCnOJib30BaHHeM THTaHOBhlX 

nor JIOTHTeJiei'!, HacmueHHe HCCJieJiyeMhlX BelUeCTB cMecbKJ: 'H30Tonos BO,llOpona 

npOH3B0.llHJIOCb B TetJeHHe 3 + 5 '·MHH npH HatJaJibHOM naBJieHHH CMeCH ~ 2 aTM. 

'lTO KacaeTcl! nsyx MO.llH~HKaUHA THTaHa, HCnOJib30BaHHhlX HaMH B 

3KCnepHMeHTe, 

THTaHoM Tf2 

TO B OJIHOM CJiyqae ,cocyn 

(0,3% Fe; 0,15% Si; 0,05% c; 

3anOJIHl!JICll 

0,07% Mg; 

tJHCThlM ry6tJaThlM 

0,2% O;', 0,03% H; 
0,05% N; 0,07% Cl) - nponyKTOM aTetJeCTBeHHOA npOMhlWJleHHOCTH,'a's ip~~OM 

- BhlCOKOtJHCTOA THTaHOBOA ry6KoA, npoJiyKuHeA JINATTA TORINO TITANIUM SpA 

(10-4% Ni, 7-10-4% Cl, 4·10-4% 0, 10-4% N, 3·10-4% Fe, 2·10-4% C, 10-4% Si>. B 

tJaCTHOCTH I rpynnoA ~H3HKOB H3 TypHHa/lO/ npH HCCJie,llOBaHHH HTC 

HCnOJib30BaJICll HMeHHO 3TOT MaTepHaJI, npHtJeM noJiytJeHHhle IIMH pe3y JlbTaThl 

CBH,lleTeJibCTBYKJT He TOJlblCO O cymeCTBOBaHHH l!BJieHHll H,H3KOTeMnepaTypHoro 

l!JiepHoro , CHHTe3a, HO H O B03MOJICHOCTH BocnpOH3B0.llHMOCTH era. B 

,llaJibHeAweM B TeKCTe HcnoJib3YKJTCll o6o3HatJeHHSI 3THX .!!BYX'• MO,llH~HKaUHA 

THTaHa 

ZrNbV 

GTI H ITI COOTBeTCTBeHHO, a HHTepMeTaJIJIHtJeCKoro coeJIHHeHHll 

MET. 

B Ta6JIHue 1 .llJill KaJ1Cnoro onuTa npHeeneHu Macca •HcnoJIL3yeMoro 

semecTBa, KOJIHtJeCTBO norJJomeHH□ro HM ,ra3a, cocTaB ,ra30BOA CMeCH 

H30TOnOB BO,llopona, a TaKJ1Ce cTeneHb HacumeHHll JiaHHoro MaTepHaJia 

H30TOnaMH BO.llOPO.lla (1) = N /N , rne N - tJHCJIO aTOMOB H30TOnOB BO.llOPD.lla 1 
H m H 

norJIOll(eHHhl~ MeTaJJJIOM; N - nOJIHOe 
m 

tJHCJIO aTOMOB HccJieJiyeMoro semecTsa). 
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Ta6JIHUa 1 

OnblT BemecTBo Macca, KOJIH'leCTBO COCTaB 11 BpeMll 
r nor nmueHHoro CMeCH, OnblTa, 

ra3a, CH2 : CDz : CT2 q 
JI X aTM 

1 GTI 28 3,0~ 29:49:22 0,48 21 

2 ITI 3,5 1,54 29:49:22 1;96 28 

3 MET 5,4 1,28 29:49:22 1,66 22,5 

Kal!C)lbll! onblT BKJIKJ"laJI B ce6ll 

o6pa3U_OM, HaCbll!leHHblM ra30BOA 

npoBe11eHHe KaK pa60<il!X 3KCn031!Ul!A (cocy.u C 

CMeCblO, HaXO.Ul!JICll BHYTPH nonoro 061,eMa 

.ueTeKTopa 1), TaK I! !pOHOBblX (cocy.u 1!3BJieKaJICll 1!3 6oKca I! y.uanl!JICll B 

.upyroe noMemeHHe; BMecTo pa6oqero cocy.ua B 061>eM .ueTeKTopa 1 noMemancH 

ayTeHTl!"!Hblll BaKyyMHpOBaHHblH cocy.u, 3anOJIHeHHblH HCCJie.uyeMblM MaTepl!aJIOM). 

KaK nepe.u Ha"!aJIOM 3KcnepHMeHTa, TaK H no era OKOH<iaHHH npoBO.Ul!Jll!Cb 

.UOCTaTO"IHO .UJil!TeJibHble qioHOBble 3KCn03HUl!I! (- 50 <!). ITOJIHOe BpeMll Ha6opa 

CTaTHCTHKI! B pa60"ll!X 3KCn031!Ul!llX COCTaBJil!JIO s: 22 q. B KaJK.UOM on1,1Te 

npOBO.UHJiaCb cepttll 3KCn031!Ul!H npl! BapHaUHH TeMnepaTyp1,1 06pa3ua OT 78 K 

.uo 280 K (TepMOUHKJibl). ITepe.u Ha"!aJIOM KaJK.UOl! 3KCn031!Ul!I! cocy.u OXJial!C)laJICll 

.ub _TeMnepaTyp1,1 l!CH.UKoro a3oTa H noMemancH BHyTpb 061,eMa .ueTeKTopa 1. 

Ha"!HHall c 3Toro MOMeHTa B npouecce yTenneHHll cocy.ua .uo KOMHaTHOA 

TeMnepaTyp1,1 np□1!3B0,1\l!JICll Ha6op CTaTHCTl!KI!. B cpe.uHeM BpeMll yTenneHl!ll 

cocy .ua COCTaBJillJIO 4, 5 q. B Te"leHHe Kal!C.UOro onblTa np01!3BO.Ul!JIOCb 4 + 5 

TeMnepaTypHblX UHKJIOB. 

B Te"!eHHe Bcero . 3KcnepHMeHTa npOH3BO/IHJIHCb npoaepKa CTa6HJibHOCTI! 

pa60Tbl BCel! perHCTPHPYIDl!leH 3JieKTpOHl!KH, .ueTeKTOpOB, a TaKl!Ce KaJIH6poBKa 

cneKTpOMeTptt<ieCKHX Hel!TpOHHblX KaHaJIOB C noMOl!lblO CTaH.uapTHblX l!CTO"IHl!KOB 
252

cf, 
137 

Cs. 
60

co. KpoMe 3Toro, HaMH 6blJII! BblnOJilleHbl 1!3MepeHl!ll 

3qi!peKTl!BHOCTI! perHCTpaUHH Hel!TpOHOB .ueTeKTopaMH 2, 3 c HCnOJib30BaHHeM 

3TaJIOHHoro l!CTO"IHHKa Hel!TpOHOB 252Cf. 3qi!peKTl!BHOCTb perHcTpaUHH 

Hel!TpOHOB .ueTeKTopaMH BF3, ycraHoBJieHHblMH B 1-M H 2-M KOJibUaX (CM. 

pHc.l), COCTaBJil!Jla 5,2% H 3,5% COOTBeTCTBeHHO. 3qi!peKTl!BHOCTb 

perHCTpauHH Hel!TpOHOB (En 14,1 M3B) .ueTeKTOpOM 1 onpe.ueJil!JiaCb 

"ll!CJleHHblM nyTeM C noMOl!lb_lO MeTo.ua MOHTe-Kapno. B pe3yJibTaTe pac"!eTOB 

Hall.ueHHOe 3Ha<!eHHe 3qi!peKTHBHOCTI! perHCTpaUHI! HeHTpOHOB .ueTeKTOpOM 1 npH 

ycraHOBJieHHOM aMnJIHTY.UHOM nopore B .uaHHOM KaHane (COOTBeTCTByi<ll!leM no 

CBeTOBblXO.UY 3HeprHH npoTOHOB OT)la"IH 3 M3B) OKa3aJIOCb paBHblM 9,4%. 

6 

BBe.UeHHe yKa3aHHOfO 3Ha<!eHHll aMnJIHTY.UHOro nopora B KaHane perHCTpauHH 

HeHTpOHOB .ueTeKTOpOM l no3BOJil!JIO He TOJibKO l!CKJIIO<il!Tb 1!3 .uaJibHellwero 

aHaJIH3a 3aperHCTpHpoBaHHble co6blTHll, CBl!3aHHble C B03MOJKHblM npoTeKaHHeM 

peaKUl!H dd-CHHTe3a (B cnyqae, KOHe"!HO, cy~eCTBOBaHl!ll HTC), HO I! 

cymecTBeHHO yMeHbWl!Tb 061,eM HH!pOpMaUHH, nocTynaKJmeA B IT3BM no .uaHHOMY 

KaHany (Y<iHTblBall 60JibWYIO BeJIH"IHHY qioHOBOl! 3arpy3KI! nnacTH"leCKOrO 

CUHHTHJIJil!TOpa .ueTeKTOpa 1 H qiopMy ~MnJIHTY.UHOro pacnpe.ueneHHll co6blTHA, 

3aperHCTpl!pOBaHHblX .uaHHblM .ueTeKTOpOM). 

CKOPOCTb cqeTa !pOHOBblX co6blTHl!, ycpe.uHeHHall· no aceM !pOHOBblM 

3KCn03HUl!llM .UJill .ueTeKTOpoB 1, 2, ~ COCTaBJil!Jla 7,2 c-
1

, 4 X 10-
2 

c~ I! 

Sx 10-2 - I 
C COOTBeTCTBeHHO. <l>JIYKTyauHH !poHa B Te<!eHHe acero 

3KCnepHMeHTa onHCblBaJil!Cb HOpMaJibHblM pacnpe.ueneHHeM co cTaH.uapTHblMI! 

OTKJIOHeHHllMH 0,2 c- 1 , 5,2 x 10-3 c- 1 H 5,5 x 10-3 
c-

1 
.UJ!ll .ueTeKTOpOB 1, 

2 H 3 COOTBeTCTBeHHO. 

AHaJIH3 I! 06cyJ1C.UeHHe pe3yJibTaTOB 

MeTO.UHKa o6pa6oTKI! 3KCnepHMeHTaJibHblX .uaHHblX, nonyqeHHblX KaK B 

pa60<il!X, TaK I! B qioHOBblX 3KCn031!Ul!llX, OCHQBaHa Ha aHaJIH3e pacnpe.ueneHHll 

BpeMeHHblX l!HTepBaJIOB MelK.UY nocne.uoBaTeJibHO 3aperHCTPHPOBaHHblMI! 

co6b1Tl!HMI!. B pelKHMe off-line npOH3B0.UHJIOCb nocTpOeHHe pacnpe.ueneHHll 

BpeMeHHblX l!HTepBaJIOB MelK.UY co6blTl!l!MH, 3aperHCTpl!pOBaHHblMI! KaK 

.ueTeKTopaMH 2, 3, TaK I! nop03Hb KaJK)lblM 1!3 Hl!X. AHaJIH3HpyeMblA .UHana30H 

BpeMeHHblX l!HTepaaJIOB 61,1n pa36HT Ha Tpl! no.u.uttana3oHa: (At),= 0 + 2 MCj 

(At)2 = 2 MC + 2 c; (At)3 = 2 + 200 c. Ha pl!C. 3 B KaqecTBe npHMepa_ 

.UJIH .UHana30HOB speMeHH 0 + 10 MC, 10 MC+ 2 c H 2 + 200 c npHBe.ueHbl 

pacnpe.ueneHl!ll BpeMeHHblX l!HTepBaJIOB MelK.UY co6b1Tl!HMH, 3aperHCTpHpOBaHHblMI! 

.ueTeKTopaMH 2 I! 3, nonyqeHHble KaK pe3yJibTaT CYMMHpOBaHHH 

COOTBeTCTBYKlllll!X pacnpe.ueneHHA no BCeM qioHOBblM 3KCn03HUHHM. B1,16op 

.UHana30HOB BpeMeHHHX HHTepBaJIOB (At\, (At)2 I! (At)3 Mel!C.UY 

nocne.uoBaTeJibHQ 3aperHCTpHpOBaHHblMI! co6HTl!HMI! 61,1n o6ycJIOBJieH cne.uyKJIJll!MI! 

coo6pal!CeHHHMH • 

1) CpaBHeHHe pa60<il!X I! qioHOBblX pacnpe.ueneHHA B .UHana3oHaX (At)l ~ 

(At)2 KaK no qiopMe, TaK I! no <il!CJIY co6HTHA B.HHX ~03BOJIHeT nony<iHTb 

OTBeT Ha Bonpoc: HOCl!T. Jill l!MnYJibCHHA xapaKrep npouecc .npoTeKaHHH 

p_eaKUHA HH3KOTeMnepaTypHoro CHHTe3a (B cnyqae era cymecTBOBaHHH)? 

KpoMe 3TOro, HMeeTCH B03MOl!CHOCTb onpe.uenHTb .UJIHTeJibHOCTb HeATpOHHblX 

BCnHWeK H qacTOTY l!X noBTOpeHHH. 
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B) 2 c/KaHan . 

BpeMeHHUX HHTepsaJIOB Mel!CJly co6UTHHMH, 

Pnc.3. 

Pacnpe.neneHHH 

3aperHCTpHpoBaHHUMH pa3.1{eJII,HO .neTeKTopaMH 2 H 3, COOTBeTCTBY~IIIHe 

pa3JIHqHUM .!lHana3oHaM H3MepeHHH .!lJIHTeJibHOCTH HHTepBaJIOB: 

a - 0 + 10 MC; b - 10 MC+ 2 c; c - 2 + 200 c. 

Pacnpe,neJieHHH a, b, c COOTBeTCTBY~T noJIHOMy qffcJiy co6UTH8, 

3aperHcTpHposaHHUX pa3,neJibHO .neTeKTOpaMH 2 H 3 B TeqeHHe scex ~OHOBUX 

onUTOB. 

8 

2) B cnyqae OTCYTCTBHH npoHBJieHHH HMilYJibCHoro xapaKTepa HTC 

cpaBHeHHe pacnpe.neneHH8, COOTBeTCTBY~IIIHX noJIHOMy speMeHHOM.Y .unana30HY 

H3MepeHHH 

co6UTH5iMH 

HHTepBaJIOB 

(0 - 200 

Mel!C,ny 

C ),. MOl!CeT 

nocne.uoBaTeJibHO 

,naTb 

CyJileCTByeT 

3aperHCTpHpOBaHHUMH 

O.!lH03HaqHuA OTBeT Ha 

npHHUHilHaJibHO Bal!CHU8 Bonpoc: JIH, B npHHUHne, 

HH3KOTeMnepaTypHUA H.UepHUA CHHTe3? 

3) MMeeTcH B03MOl!CHOCTb onpe.ueJIHTb He TOJ!bKO BeJIHqHHY ypoBHH ~OHa; 

era ~JIYKTyaUHH, HOH nonyqaTb CTOJ!b Heo6xO.!lHMY~ HH~OpMaUH~ 06 H3MeHeHHH 

BpeMeHHOA CTPYKTypu ~OHa Ha npoTHl!CeHHH scero BpeMeHH npose.ueHHH 

3KcnepHMeHTa. 

JlJIH cymecTBeHHoro no.uasneHHH ~oHa, c ueJib~ o6Hapyl!CeHHH peaKUHA 

"ropHqero" dt-CHHTe3a c o6pa30BaHHeM HeATpOHOB c 3HeprHeA 14, 1 M3B, 

HaMH TaKl!Ce 6uJI npose.ueH OT6op co6UTHA, 3aperHCTpHpoBaHHUX .ueTeKTOpOM 1, 

npH ycJIOBHH HaJIHqHH B TeqeHHe nocne.uy~IIIHX ·400 MKC cHrHaJIOB c .ueTeKTOpOB 

2 HJIH 3. CpaBHeHHe pacnpe.ueJieHHA speMeHHUX HHTepsaJIOB Mel!C.UY MOMeHTaMH 

IlOHBJ!eHHH CHrHaJIOB co CUHHTHJIJIHUHOHHOrO H HeHTPOHHUX .ueTeKTopoB, 

nonyqeHHUX B pa6oqHx H ~OHOBUX 3KCil03HUHHX, MOl!CeT TaKl!Ce .naTb BilOJ!He 

0,!lH03HaqHUH OTBeT Ha Bonpoc; cymecTsyeT JIH "ropHqHA" CHHTe3 H.Uep 

.ueATepHH H TpHTHH npH HacumeHHH ry6qaToro THTaHa .!lBYX MO.!lH~HKaUHH H 

HHTepMeTaJIJIHqecKoro coe.UHHeHHH ZrNbV .neATepHA-TpHTHeBOH CMeCb~. 

C ytieTOM seem CKa3aHHOro BU!lle, HaMH 6una ocymecTBJieHa o6pa6oTKa 

3KcnepHMeHTaJibHUX .uaHHUX B cne.uy~meA nocne.nosaTeJ!bHOCTH. 

.1. ITOJIHOe BpeMH Kal!C,noro H3 pa6oqHx H ~OHOBUX OilllTOB pa36HBaJIOCb Ha· 

paBHUe npoMel!CyTKH .!lJIHTeJibHOCTb~ 1,5 q, )lJIH Kal!C,noro npoMel!CyTKa BpeMeHH 

npOH3B0.!lHJIOCb nocTpOeHHe pacnpe,neJieHHA speMeHHUX HHTepBaJIOB (B 

.!lHana30He speMeHH O + 200 C) Mel!C.!lY IlOCJie.!lOBaTeJ!bHO 3aperHCTpHpOBaHHUMH 

co6UTHHMH no KaHaJiaM 2 H 3. Ha pHC. 4 .!lJIH KaHaJIOB perncrpaUHH 2 H 3 H 

.!lJIH Kal!C.uoro H3 HCCJie.uyeMUX semecTB npHBe.neHU 3aBHCHMOCTH qHcJia 

BpeMeHHUX HHTepBaJIOB B pacnpe,neJieHHH (COOTBeTCTBY~llleM epeMeHH H3MepeHHH 

1,5 q) OT TeKymero BpeMeHH (BpeMH H3MepHeTCH OT HaqaJia 3KcnepHMeHTa). 

JIHHHHMH H H L yKa3aH KopH,nop 3HaqeHHH H3MeHeHH~ ~oHa Ha 90%-M yp.OBHe 

.!lOCTOBepHOCTH. JIHHHeH A yKa3aHO cpe.nHee 3HaqeHHe ~OHa, nonyqeHHOe nyTeM 

ycpe.nHeHHH .naHHUX no BCeM ~OHOBUM 3KCn03HUHHM, npoBe.neHHUM B TeqeHHe 

3KcnepHMeHTa. · KaK BH.!lHO, no KaHaJiaM perHcTpaUHH HeATpOHOB 2 H 3 .!lJIH 

HCCJie.uyeMUX semecTB GTI, ITI, MET npH HacumeHHH HX ra30BOA CMeCb~ 

H30TOnOB BO,!lopo.na He Ha6JI~,naeTCH B npe.nenax CTaTHCTHqecKHX OWH60K 

npesuweHHH cqeTa 3aperHcTpHpoBaHHUX Hel'!TpOHOB Ha.n ypoBHeM ~OHa. Ha 

TaKHM nyTeM OCHOBaHHH cpasHeHHH nonyqeHHUX 

pacnpe.ueneHHA BpeMeHHUX HHTepBaJIOB cne.uyeT, qTo 

pa6oqHx 

eCJIH H 

H ~OHOBUX 

cymecTsyeT 
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Pnc.4. 
BpeMJt, q 

_3aBHCHMOCTH 'll!CJia BpeMeHHHX l!HTepBaJIOB Mell(.11y co6UTl!HMII, 

3aper11cTp1!pOBaHHHMI! nopo3Hb .11eTeKTOpaM11 2 II 3 (npe.11cTaBJIHI01Ue,o co6oli 

cyMMY 'lHCeJI BpeMeHHHX l!HTepBaJIOB, COOTBeTCTBYIOIUl!X pacnpe.11eJieHHHM B 

.1111ana3oHaX (At), = 0 + 2 MC; (At)2 = 2 MC + 2 c; (At)3 = 2 + 200 c), OT 

Texywero BpeMeHI!, noJiytJeHHHe .!IJIH ~OHOBHX H pa60tJl!X OilHTOB. 

fll!Hl!HMI! H H L yxa3aHH BepXHl!e H Hl!ll(HHe ,paHl!tJHHe 3HatJeHHH ~OHa Ha 

90% ypoBHe .!IOCTOBepHOCTI!. flHHl!H A OTpall(aeT 3HatJeHl!H ~OHa, ycpe.11HeHHHe 

no BceM ~OHOBHM OilHTaM. 

HH3KOTeMnepaTypHHli H.!lepHHli dd- H dt~CHHTe3, TO npouecc npoTeKaHl!H e,o 

BO BpeMeHI! MOll(eT HOCl!Tb TOJlbKO HMnyJibCHHli xapaKTep B Bil.lie HcnycKaHl!H 

OT.!leJibHHX HeliTpOHHHX BCilHWeK. KpoMe 3TOI'O, xapaKTep 1!3MeHeHl!H BO 

BpeMeHI! ~OHa CBH.!leTeJibCTByeT o CTa61!JibHOli pa6oTe .11eTeKTOpOB 2 11 3, a 

TaKll(e pe11!CTp11pyI01Ueli 3JieKTpOHl!KI! Ha npOTIDKeHHH BCe,o '3KCnep11MeHTa 

(~JIYKTyau1111 ~OHa Oill!CHBaIOTCH HOpMaJibHHM pacnpe.11eJieH11eM raycca). 

2. B CBH31! co CKa3aHHHM B nyHKTe 1 HaMI! 6uJia npoBe.!leHa o6pa60TKa 

.11aHHHX pa60tJl!X II ~OHOBHX OilllTOB C ueJiblO noJiytJeHl!H (.!IJIH Kall(.11010 

npoMell(yTxa BpeMeHH 1,5 'l) pacnpe.11eJieHHH BpeMeHHHX HHTepBaJIOB Mell(.!IY 

IlOCJie.!IOBaTeJibHO 3ape11!CTp11poBaHHHMI! co6HTHHMI! no KaHaJiaM 2 H 3 .!IJIH 
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Pnc.5. Bpe1,m, 'i 

3aBHCHMOCTH IlOJIHHX 'lHCeJI BpeMeHHHX HHTepBaJIOB Sum23MKC, Sum23MC, 

Sum23c (Mell(.!IY co6UTHHMH, 3ape,11cTpHpOBaHHHMH .11eTeKTOpaMH 2 H 3, 

He3aBl!CHMO OT HOMepa KaHaJia pe,HCTpau1111 HeliTpOHOB), COOTBeTCTBYIOIUIIX 

BpeMeHIJHM .!1Hana3oHaM (At) , (At) H (fit) , OT TeKy1Ue10 BpeMeHI! (Sum23 = 
. 1 2 3 

Sum23MKC + Sum23MC + Sum23c). 

0603HatJeHHH Ha pncyHKe COOTBeTCTBYIOT o6o3HatJeHl!HM, np11Be.11eHHHM Ha 

pnc.4. 

.1111ana30HOB BpeMeHH (t.t)l, (At)2, (At)3, til!CJIO HHTepBaJIOB B Kall(.!IOM H.'.3 

3THX pacnpe.11eJieHHH, COOTBeTCTBYJOID;HX .1111ana30HaM (lit),, (t.t)z' (At)3 

(Sum23Mxc, Sum23Mc, Sum23c), onpe.11eJIHJIOCb cyMMapHoli cxopocTbIO ctJeTa 

co6UTll8, 3aper11cTp11poBaHHHX .!18T8KTOpaMI! 2 H 3. TaxaH npoue.11ypa BilOJIHe 

o6ocHOBaHHa, T. ·x. Ha ypOBHe 60JibW08 CTaTl!CTl!KI! (pe3yJibTIIPYI01UaH 

3~~eKTHBHOCTb perHCTpau11H
0 

HeliTpOHOB no KaHaJiaM 2 11 3 COCTaBJIH8T ~ 8,7%,· 

II 



qTo npHMepHO B nsa pa3a 6onhwe 3¢¢eKTHBHOCTH perHcTpaUHH He8TpOHOB no 

Kallr,!IOMY H3 KaHanoa B OTnenbHOCTH) noHBnHeTCH peanbHaH B03MOXHOCTb 

06HapyxHTb BpeMeHHYD ·cTpyKTYPY 3MHCCHH He8TpOHOB H3 pa3nHqHUX o6pa3UOB 

a npouecce HX ttacumeHHH ,a3osoa cMecbD H30Tonos ~onopona. Ha pHc.5 nnH 

pa6oqHx H ¢oHOBliX onuTOB npencTaBneHU 3aBHCHMOCTH qHcen HHTepaanoB 

Mexny nocnenoBaTenbHO 3ape,HcTpHpOBaHHUMH co6UTHHMH Sum23MKC, Sum23MC, 

Sum23c, COOTBeTCTBYDWHX nHana30HaM H3MeHeHHH nnHTeRbHOCTH HHTepsana 

(At)l, (At)z' (L\t)3, OT speMeHH OTHOCHTenhHO Haqana 3KCnepHMeHTa (Sum23 

; Sum23MKC + Sum23MC + Sum23c H npencTaBnHeT co6o8, B npHHUHne, nonttoe 

qHcno co6h!THii:, 3aperHCTpHpOBaHHUX neTeKTOpaMH 2 H 3 B TeqeHHe apeMeHH 

H3MepeHHH 1,5 q). 

KaK BHnHo H3 pHc. 5, nnH acex HccnenyeMux aemecTB ypoBeHb cqeTa 

He8Tp0HOB B npenenax CTaTHCTHqecKHX OWH60K coananaeT c ypOBHeM ¢0Ha, 

qTo, B CBOD oqepenb, He nonTaepxnaeT ,HnoTe3y O B03MOXHOM HMny RbCHOM 

xapaKTepe npoTeKaHHH:HnepHUX peaKQHH HTC. 

cnenyDWHM 3TanoM .aHaRH3a naHHhlX HBRHnaCb nonliTKa o6HapyxeHHH 

B03MOXH08 Ko_ppenHUHH (B cnyqae cymecTBOBaHHH HBneHHH HTC) Mexny 

HHTeHCHBHOCTbD 3MHCCHH He8TpOHOB H TeMnepaTypoa HccnenyeMoro o6pa3ua. 

nnH 3Toro nonttoe speMH TepMOUHKRa T; 4,5 q (apeMH yTenneHHH cocyna oT 

78 K no 280 K) pa36Hsanoch Ha TPH HHTepaana nnHTenhHOCTbD 1,5 q (Kaxnua 

HHTepaan 

(t1T)1 

COOTBeTCTBOBan cnenyromHM 

170 78 + 170 K; (AT)
2 

nHana3oHaM 

+ 235 K; 

H3MeHeHHH 

(AT)
3 

; 235 

TeMnepaTypu: 

+ 280 K)
1 

H 

npoH3BonHnocb nocTpOeHHe pacnpeneneHHH apeMeHHUX HHTepaanoa Mexny 

co6uTHHMH, 3ape,HCTpHpoBaHHhlMH neTeKTOpaMH 2 H 3 B yKa3aHHUX Burne 

nHana3oHax (At)
1

, (At)
2 

H (At)3 nnH Kaxnoro TeMnepaTypttoro HHTepaana 

(AT)
1

, (AT)
2

, (L\T) 3 H nnH Kaxnoro TepMOUHKna. 3aTeM nnH Kaxnoro 

aemecTBa npOH3B OnHnOCb cyMMHpOBaHHe 

pacnpeneneHH8 no aceM TepMOUHKnaM c 

COOTBeTCTBYIDWHX 

naHHUM. o6pa3UOM. 

apeMeHHUX 

Ha pHc. 6 

npencTaanettu 3HaqeHHH aenHqHH Sum23MKC, Sum23Mc, Sum23c H Sum23, 

COOTBeTCTByIDmHe nonyqeHHUM BpeMeHHUM pacnpeneneHHHM nnH Tpex au6paHHUX 

HaMH nHana30HOB TeMnepaTyp (AT)l, (L\T)z H (L\T)3. flHHHHMH H H L Ha 

naHHOM pHcyHKe yKa3aHa o6naCTb ¢nyKTYDUH8 3HaqeHHH HeHTpOHHO,O ¢oea Ha 

90%-MYPOBHe noCTOBepHOCTH. HeTpyneo BHneTb, qTo nnH acex Tpex 

HCCRenyeMUX aemecTB, HacumeHHUX ,a30BOH CMeCbID H30TOnoB aonopona, B 
I 

npenenax cTaTHCTHqecKHX owH60K He ea6nronaeTcH npeauweHHH cqeTa 

He8Tp0HOB B npouecce BapHaUHH TeMnepaTypu OT 78 K no 280 K Han ypoBHeM 

¢Otta. 9TO 

o6ttapyxeHa 

CBHneTenbCTByeT 0 

3MHCCHH He8TpOHOB 

TOM, qTO 

H3 CHCTeM 

HaMH 3KcnepHMeHTanbHO He 

Ti/(D-T) H ZrNbV/(D-T) B 

npouecce TepMOUHKnHpoBaHHH. 
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3aBHCHMOCTH 3HaqeHHH Sum23MKC,. Sum23MC, Sum23c 
TeMnepaTypu o6pa3uoa. 

H . Sum23 OT 

·rroneoe apeMH yTenneHHH o6pa3ua OT TeMnepaTypu 78 ~ no 280 K (apeMH 

TepMOUHKna) pa36HTO 'tta TpH HHTepsana nnHTeRbHOCTbID no 1,5 q, qTO 

78 + COOTBeTCTByeT cnenyromHM nHana30HaM H3MeHeHHH TeMnepaTypu: 

i70 K, (L\T)
2 

; 170 + 235 K, (L\T) 3 ; 235 + 280 K. 
n 

Sum23MKC; E (Sum23MKc) , Sum23Mc; E (Sum23Mc) , Sum23c 
., , , , ', I= 1 - i I= I I 

Sum23; Sum23MKc + Sum23Mc + Sum23c, 

(LIT) 
,. I 

n 

E ( Sum2 3c) 
1 

, 

I= I 

rne n _qHcno TepMOUHKROB C naHHUM BemeCTBOM. ITpHBeneHHUe. 3HaqeHHH 

Sum23MK~, Sum23MC, Sum23c H Sum23 HOpMHpoBaHU Ha onHo• H TO xe qHcno 
TepMOQHKROB, 

0603HaqeHHH Ha PHCYHKe COOTBeTCTBYIDT o6o3HaqeHHHM, npHBeneHHUM Ha 
PHCYHKax 4 H 5. 
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cnenyeT oTMeTHTb, 4TO ace paccyxneHHH H auaonu, H3noxeHHlle euwe, 

KacanHCb 3KCnepHMeHTanbHOA npoeepKH rHnoTe3ll O cywecTBOBaHHH 

HH3KOTeMnepaTypHoro HnepHoro_ dd- H dt-CHHTe3a B CHcTeMax MeTann/(D-T) H 

6a3HpoeanHCb Ha aHanH3e naHHllX, nonyqeHHllX TOnbKO C noMOWbID neTeKTOpOB 

2, 3 6e3 npHBne4eHHH HH¢0pMaUHH, nonyqeHH?A no KaHany perHcTpaUHH 

6UcTpllX HeATpOHOB (KaHan perHCTpauHH 1). 
llnH OTBeTa Ha eonpoc : B03MOXHO nH npoTeKaHHe RnepHllX peaKUHA 

"ropH4ero" CHHTe3a npH HaeonopaxHeaHHH pa3nH4HllX MaTepHanoe, HaMH 

npoeonHncH aHanH3 naHHllX ~ornacHo cnenyroweMy anropHTMy. KaK 6uno 
OTpaxeHo BO BBeneHHH, HaH6onee 4YBCTBHTenbHllMH 3KCn~pHMeHTaMH, B nnaHe 

06HapyxeHHH "ropH4ero" HnepHoro CHHT83a, HBnH~TCH 3KCnepHM8HTll no 

HacuweHH~ pa3nH4HllX MaTepHanoe neATepHH-TpHTHeBOH CM8CbID (H3-3a 

cywecTBeHHO MeHbwero YPOBHH ¢□Ha npH perHcTpauHH" HeihpoHOB H3 peaKUHH 

dt-CHHTe3a, no cpaBH8HHID co cnyqaeM dd-cHHTe3a, nOHBnHeTCH peanbHaH 

B03MOXHOCTb 48TKoro o6HapyxeHHH npeBllW8HHH euxoia H8HTpOHOB B pa6o4HX 

3KCn03HUHHX Han ypoBH8M ¢□Ha). B CBH3H C 3THM, KaK nnH pa6o4HX, TaK H 

nnH ¢0HOBllX 3KCn03HUHH, OT6op co6llTHH nnH nanbHeAwero aHanH3a 

npOH3BOnHnCH npH BllnonHeHHH cnenyIDWHX ycJIOBHH: 

a) HanH4He cHrHana OT neTeKT□pa · 1 npH aMnnHTY nHoM no pore B Ka Hane 

perHCTpaUHH 1, COOTBeTCTBYIDW8M 3HeprHH H8HTPOHOB 3 M3B (naHHOe 3Ha4eHHe 

aMnnHTynHoro nopora 003BOnHnO HCKnID4HTb H3 pacCMOTpeHHH co6llTHH, 

CBH3aHHlle C npoTeKaHHeM peaKUHH dd-CHHTe3a); 

6) HanH4He B TetieHHe 400 MKC; OTHOCHTenbHO MOM8HTa nOHBneHHH CHrHana OT 

neTeKTopa 1 (naHHoe epeMH 3a0en0Mo 6onbwe epeMeHH oT M□MeHTa nonanaHHH 

HeATpOHa B napa¢HHOBllH 3aMennHTenb 1 .OKpyxa~II\HH BF3 -neTeKTOpll t no 
MOMeHTa 3axeaTa era HnpoM 10B B BF -neTeKT□pe), cHrHana oT nro6oro H3 

' 3 

neTeKTOpOB TennoBllX HeHTpOHOB 2, 3. 

KoHe4HllM 3TanoM 

nocTpoeHHe H cpaeHeHHe 

aHanH3a 3KcnepHM8HTanbHllX naHHllX HBnHnocb 

Mexny co6oA pa6o4HX H ¢oHOBllX pacnpeneneHHH 

epeMemrnx HHTepeanoe Mexny 

CUHHTHnnHUHbHHoro neTeKTopa 1 

Bb!IlOJIHeHIUI . yKa3aHHb!X Bb!IIIe 

H 

MOM8HTaMH 

neTeKTOpOB 

YCJIOBHH. 

, 
noHBneHHH 

Tennoeux 

Ha 

cHrHanoe co 

HeATpOHOB, npH 

pHC.7 npHBeneHll 

pacnpeneneHHH epeMeHHllX HHTepeanoe, nony4eHHlle B pe3ynbTaTe npoeeneHHH 

KaK ¢0HOBllX, TaK H pa604HX OilllTOB C HccnenyeMllMH eemeCTBaMH. flHHHHMH H 

H L orpaHH48Ha o6naCT~ ¢nyKTyauHA ~Ha48HHH ¢□Ha Ha 90%-M ypoeHe 

nocToBepHOCTH. KaK BHnHo H3 pHC. 7, B npenenax CTaTHCTH4eCKHX OWH60K 

H3MepeHHA He Ha6nronaeTcH HHKaKoro pa3nH4HH Mexny pacnpeneneHHHMH 

BpeMeHHllX- HHTepeanOB, nony4eHHllX B pa604HX H, ¢0HOBllX OilllTaX i KaK no 

¢opMe, TaK H no 4HCRY co6uTHH B HHX. 
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PacnpeneneHHH epeMeHHllX HHTepeanoB Mexny MOMeHTaMH noHBReHHH 

CHrHanoe co CUHHTHnnHUHOHHoro neTeKTOpa 1 H neTeKTOpOB Tennoeux 

Hel!TpOHOB 2 H 3, nony4eHHlle B pa604HX H ¢0HOBllX onuTax. l{Hana3QH 

H3MepeHHH epeMeHHllX HHTepeanoB COCTaBnHn: 0 + 400 MKC. 

06o3Ha4eHHH Ha pHCYHKe COOTBeTCTBYIDT o603Ha4eHH~M, npHeeneHHllM Ha 

pHCYHKax 4, 5 H 6. 

llnH 6oJlbmeJl: nocToeepHocTH Toro, 4TO oTo6paHHlle nm1 nanbHel!wero 

aHanH3a co6UTHH COOTBeTCTBYIDT HMeHHO ¢aKTY perHCTpaUHH Hel!TpOHOB 

neTeKTOpaMH 2, 3,HaMH 6una TaKXe npoeeneHa o6pa60TKa Beel! COBOKynHOCTH 

naHHllX no nomioMy anropHTMY, onHcaHHOMY BllWe, HO' C' BBeneHHeM 

onpeneneHHoro aMnnHTynHoro KpHTepHH. TipH nocTpoeHHH pacnpeneneHHl! 

BpeMeHHllX HHTepeanoe Mexny nocnenoeaTenbHO 3aperHcTpHpo0aHHllMH 

co6uTHHMH OT6HpanHCb TOnbKO TaKHe co6llTHH (3aperHcTpHpoeaHHlle 

neTeKTOpaMH 2, 3), nnH KOTOpllX aMnnHTy na cHrHanoe OT neTeKTOpOB 
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