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. Ilp11BO)ISITCSI pe3yJihTaTbl 3Kciiep11MeHTa. no 
0

ilpoeepKe Bb!B0)I0B pa6oT, Bblll0JIHeHHbIX. 
B liHcmryTe BbiCOKOTeMneparypHOH 3JieKTp0X11Ml111 p AH (r.EKaTep11H6ypr)' CBH)leTeJibCTBYIO~HX 
06 o6Hapy:>I<eH1111 3Ml1CC1111 Hei1TpOHOB, o6yCJJOBJieHHOH npoTeKaH11eM peaK~lfH Hl13KOTeMneparyp-. 
H0l'O_ dd-Cl1HTe3a II ClfCTeMaJC ~11,c WO/ ;ieifTep11ii. B npe)leJiaic CTamcmqeCKHX oum6oK 113Mep_eH11H 

·HaMlf He o6mipy:>I<eH0 npeBbIWeH11e cqeTa m:f!TpOHOB Ha)I yp0BHeM cpoHa np11 B3al1MO)leHCTB1111. 
)leHTep1111 11 CMeClf D-T C Kp11CTaJJJiaM11 0KClf)IH0H BOJJbcppaMOBOH 6poH3bl, I'HnoTe3a 0 B03M0:>I<H0M 
npoTeKaH1111 peaK~11ii: «rop11qero» dt-c11HTe3a TaK:>I<e He 11MeeT SKcnep11MeHTaJJhHOro no)ITBep:>I<
JleHilsi. Pe3y JihTaTbI HaCT011~eif pa6oThI crassiT no)I C0MHeH11e si.IBOJlhI pa6oT MB3 P AH. Ha 90 %-M 
yposHe JIOCTOsepHocm' sepxHllSI rpaHw:iHall o~eHKa rnnoTemqecKriro 11croqH11Ka HeifTpOHOB dd~ 
11 dt-Cl1HTe3a. Ha 0CH0Be . M0H0Kp11CTaJJJia 0KClf)IH0H . BOJJbcppaMOBOH 6pOH3bl C0CTaBJJSieT 
Ins s,-10-3 c- 1:· • . .·· 

Pa6oTa Bhmom;eHa s Jla6opamp'11icl 11J1eJ>HhIX npo6neM O~M. 

~- - , . 

· Ilpenp111n.06'beJ111He.;~o~ 11HcmryTa 11)1epHbIX.11c,CJ1e)losaHHH: ,Ify6Ha,_ l 994 · 

IIepesoA asmpos 

_Bystritsky.V.M: et al. ... , 
. Negative Result on the Verification of Reported «Cold Fusion» Phenomena 

· Jl:IS-94-499 

in N~xWO3/(D; D-T) System · · · 

.. · To check the reports on a low~temperature dd-fusion to.be held in.the Institute ofHigh
Te~perature Electro-Chemistry (Ekaterinburg) the experimental research with Na~WO/ deuterium 

systems was carried out. Within the limitsof statistical-errors, the excess of neutron yield above 
the background level under the interaction of deuterium· with oxide tungsten bronze was not found. 
The experimental results are not also evidence in favour ofa suggestion that a «hot~ dt-fusion can be 

:possible in a system of such type. The results of this research have cast some suspicion on the validity 
of i;onlcusions in IHTEC reports. At ·the 90% confidence level the upper limit estimation o( intensity 

. of a hypothetical neutron source.owing to· dd- and dt-fusions in moriocrystals of oxide tungsten lfronze 
· was less than 5 • 10-3 s- 1, • · · · • 

Jhe investigation has been performed at the Laboratory of Nuclear Problems, JINR. 

. . .. -- . 
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K HaCTOlll.l~eMy BpeMeHH, 

<!>J!el!111MaHa H flOHCa ( 1989 

Ha"!HHaH c MOMeHTa ony6JIHKOBaHHH coo6meHHH 

r. )
111 06 o6HapyJKeHHH HBJieHHH HH3KO-

TeMnepaTypHoro H,!\epHoro CHHTe3a (HTC) B CHCTeMaX MeTaJIJI/.nel!TepHl!, 

B!IllOJIHeHO ,!\OCT a TO"IHO 6oJiblllOe KOJIH"!eCTBO pa6oT ( 6oJiee 250) /2-
5

/ 

Pe3yJibTaTJI .naHHJIX pa6oT BeCbMa npbTHBOpe<!HBJI B nJiaHe O,!\H03Ha"!HOro 

ycTaHOBJieHHH caMoro <tJaKTa cymecTBOBaHHH jlaHHoro lIBJieHHlI, Ha npOTHlKeHHH 

Bcero 3TOro BpeMeHH y <lJH3HKOB H XHMHKOB, 3aHHMaDll\HXCH TaKoro THna 

HCCJie,!\OBaHHHMH, HacTynaJIH nepHO)\JI ' 3MOUHOHaJibHOro llO,!\'beMa H 

pa3oqapoaaHHH. ll OJ\HOl! H3 r~aBHIIX npH<!HH TaKHX 3MOUHOHaJibHJIX CTpeccoB 

HBJIHJIOCb OTCYTCTBHe BOCllpOH3BOJ\HMOCTH 

llOJIHOM llOBTopeHHH ycJIOBHll npoBe,!\eHHH 

cnopa.nH<1ecKoro xapaKTepa Ha6JID,!\aeMol!. 

pe3yJibTaTOB npH, Ka3aJIOCb 6JI, 

3KCnepHMeHTOB. nJIH o6'bHCHeHHH 

B TaK Ha3JIBaeMJIX "llOJIOlKHTeJibHIIX" 

3KC_nepHMeHTax 3MHCCHH npo.nyKTOB peaKUHH dd-CHHTe3a 

d + d ~ 3He + n 

~ t + p 

( la) 

(16) 

npe.nJioJKeHO )\OCT a TO"IHO 60JiblllOe KOJIH"leCTBO TeopeTH"!eCKHX MO,!\eJiel! 
16

-
91

' 

06'bHCHHDll\HX 3.TOT <tJeHOMeH ( "ropH<!Hl!" H,!\epH!Il! CHHTe3; B03HHKHOBeHHe 

MHKpoo6JiaCTel! BIICOKOTeMnepaTypHOl! nJia3MII •· .). 

B He,!\aBHO ony6JIHKOBaHHJIX pa60Tax110
-

121
, npH HCCJie,!\OBaHHH HTC C 

MOHOKpHCTaJIJiaMH OKCH)\HOl! BOJib<lJpaMOBOl! 6poH31I Na0,9wo3, 6JIJIO coo6meHO 0 

npaKTH"!eCKH 100%-H BocnpOH3B0,!\HMOCTH pe3yJibTaTOB, CBH,!\eTeJibCTBYDll\HX 0 

3aMeTHOM npeBJillleHHH BJIXO,!\a Hel!TpOHOB peaKUHH (la) Han ypoBHeM <lJOHa. 

o6ocHOBaHHeM BJI6opa KpHCTaJIJIOB OKCH,!\HOl! BOJib<lJpaMOBOl! 6p.OH31I ( C 

o6mel! <lJOPMYJIOl! Na WO ) )\JIH HCCJie,!\OBaHHH HTC/lO-lZ/ HBJIHJIHCb . BJIBO,!\JI 
X 3 

pa60TJI
1131

' CYTb KOTOp!IX CBOJ\HTCH K CJie,!\yDll\eMy. 

3KCTparHpyH HaTpHl! H3 KaHaJIOB no.npe111eTKH W-0 (KaHaJIJI JKeCTKbl! 

no.npe111eTKH W-0 MOHOKpHCTaJIJia pacnoJIOJKeHJI nepneH,!\HKYJIHpHO era pa60<1el! 

noaepXHOCTH-rpaHH ( 001)) 3JieKTpOXHMH."!eCKHM MeTO)\OM - . aHO,!\HOl! o6pa60TKOl! 

KpHCTaJIJia Naxwo3 B BaKyyMe, MOlKHO C03,!\aTb BaKaHCHH B pe111eTKe, KOTOp!Ie B, 

.naJibHel!llleM, npH HanycKe .nel!Tep_HH, MoryT 3allOJIHHTbCH .nel!TpOHaMH C 

C03JlaHHeM CTPYKTYP C BJICOKHMH rpa.nHeHTaMH COCTaBa. C03,!\aHHe TaKHX 

CTPYKTYP, B CBOD oqepe.nb, (corJiaCHO TeopeTH"!eCKHM MO,!\eJIHM) )\OJllKHO 

npHBO,!\HTb K npoTeKaHHD peaKUHl! HH3KOTeMnepaTypHoro H,!\epHoro dd-CHHTe3a, 

ABTOp!I pa60T
110

-
121 Ha OCHOBaHHH noJiy"!eHHJIX pe3yJibTaTOB .neJiaDT, Ha 

Halli B3rJIH)\, 

ynpaBJIHeMoro 

BeCbMa CMeJIOe YTBeplKJ\eHHe 0 

HCTO"IHHKa Hel!TpOHOB Ha 6a3e 

B03MOlKHOCTH C03,!\aHHH 

CHCTeMbl MOHOKpHcTaJIJI 
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~900 MM 

PHc.l. CxeMa 3KCnepHMeHTa/IhHOH yCTaHOBKH: 

1 - CUHHTHRRHUHOHHllA ,neTeKTop; 2, 3 - ,neTeKTopu TennoBUX HeATpOHOB, 

3anonHeHHlle BF3 ; 4 - KaMepa; 5 - 3aMe.nnHTenb H3 napaqJHHa; 6 - Kopnyc 

napa¢HHOBOro 3aMe,l1RHTenH; 7 - 3amHTa H3 6opHpOBaHHoro IlORH3THneHa 

2 

CTonh ceHcauHOHHoe coo6meHHe nocnyxHno TonqKoM nnH npoaeneHHH HaMH 

HCCnenoaaHHA HTC C HCilORb30BaHHeM MOHOKpHcTannoa OKCHJIHOA BORb¢paMOBOA 

6pOH3U Na0,9wo3, HO no MeTO,IIHKe, npHHUHilHa/IhHO OTnHqHoii: OT OilHCaHHOii B pa6oTax /IO-l2/_ 

nocTaHOBKa 3KcnepHMeHTa 

CXeMa 3KcnepHMeHTanbHOA ycTaHOBKH nnH HccnenoeaHHH 

HH3KOTeMnepaTypHoro H,llepHoro CHHTe3a C MOHOKpHCTannaMH OKCHJIHl,IX 

BORb¢paMOBUX 6pOH3 npHBe,neHa Ha pHc.l. 

CnenyeT OTMeTHTb, qTo naHHaH ycTaHOBKa HCilORb30Banacb paHee HaMH B 

3KCnepHMeHTax no HCCnenoaaHHD HTC B CHCTeMax Ti/(D-T) H ZrNbV/(D-T)/14
~ 

PerHCTpaUHH HeATpOHOB ocymecTBRHnacb CUHHTHRRHUHOHHUM neTeKTOpOM 1 

H ,neTeKTopaMH TennOBllX HeliTpOHOB 2, 3, 33IlMHeHHblMH Tpex¢TopHCTllM 6opoM 

(BF). ReTeKTOp 1 6un aunonHeH B BHJle nonoro cTaKaHa H3 nnacTHqecKoro 
3 ' 

CUHHTHnnHTOpa BHyTpeHHHM ,IIHaMeTpOM 120 MM, JIRHHOA 200 MM H c TonmHHOA 

CTeHKH 28 .MM. 

lleTeKTOpll Tennoaux HeATpOHOB 2 H 3, KaxnuA H3, KOTOpux COCTOHn H3 

15 cqeTqHKOB THna CHM0-5M, noMemanHCb -B napa¢HH H pacnonaranHCb no 

o6pg3yDmHM ~BYX KOaKCHaRbHUX UHRHHJlpOB BOKpyr CUHHTHnnHUHOHHoro 

neTeKTopa 1. cxeMaTHqecKHA qepTex KaMepu, B KOTOpoA pacnonarancH 

KpHcTann Na · WO , npHaeneH Ha pHc. 2. KaMepa npencTaanHna co6oA cocy,11 1 0,9 3 

H3 HepxaaeDmeA cTanH,· Bo ¢naHue 2 KOToporo 6unH npenycMoTpeHu:· naa 

UITyuepa .( O,I1HH - ,nnH BaKyyMHpOBaHHH KaMepu, npyroA - JIRH HanycKa B Hee 

.neATepHH HRH CMeCH D-T ), ,IIBa BUCOKOBORbTHUX TOKOBBO,lla (3, 4), 

paccqHTaHHUX Ha pa6oqee HanpRxeHHe 2 KB, H ,IIBa 3ReKTpHqecKHX TOKOBBO,lla 

(5, 6), paccqHTaHHUX Ha HanpHXeHHe 220 B 
I 

JIRH Harpee'a -~PHCTanna c 

noMombD 3ReKTpHqecKoro HarpeaaTenH (H) .' MOHOKpHCTann. Na0,9W03 ( 7), 

H3rOTOBneHHUA B BH,lle nnacTHHll c pa3MepaMH 10xl0x2 MM, yKpennHnCH Ha 

BUCOKOBORbTHOM. 3neKTpo,11e, HBRHDmeMCH al-!O,IIOM ·(A). Ha paCCTOHHHH 2 MM OT 

pa6oqeA noeepXHOCTH KpHCTanna }'CTaHaBRHBanacb nnaCTHHa H3 •,. B0Rb¢paMa, 

HBRHDmaHCH BTOpUM BllCOKOBORbTHllM 3.JjeKTpOJIOM - KaTO,IIOM. (C). KaMepa B 

CUHHTHnnHUHOHHoro. :.neTeKTopa 1 (CM. c6ope 

pHC .1), 

noMemanacb BHYTPH 

llnH c.ymecTeeHHoro 

KOCMHqecKHM H3nyqeHHeM, 

nonocTH 

yMe
0

HbllleHHH HeATpOHHOro ¢oHa' 

BCH ycTaHOBKa (JleTeKTOpll 1, 

o6ycnoaneHHoro 

2, 3 H KaMepa) 

pacnonaranacb B 6oKce H3 6opHpOBaHHOrO IlORH3THneHa C TonmHHOA CTeHKH 

20 CM. 3TO n03BORHRO IlOHH3HTb ypoaeHb HeATpOHHOro ¢0Ha 6onee qeM B 

50pa3. 

Ha pHc.3 npHBe,lleHa 6noK-cxeMa perHCTpHpyDmeA 3ReKTpOHHKHn~ 

HCilORb30BaHHOA B naHHOM H B paHee BllilORHeHHOM HaMH 3KCilepHMeHTe/l4/ no 

HCCne.noaaHHD HTC B CHCTeMax Ti/(D-T), ZrNbV/(D-T). 

3 



2 
MKA 

R 

2,5 KB 

7 

H 

Pnc.2. Ilp~HUHilHaJibHblH qepTe:lK KaMephl: 

1 - Kopnyc KaMepli; 2 - (JJJiaHeu; 3, 4 - BliCOKOBOJibTHlie 3JieKTpH'leCKHe 

TOKOBBO.lllii 5, 6 -, TOKOBBO.llli HarpesaTeJISI; 7 - MOHOKpHCTaJIJI OKCH)lHOA 

BOJib(JlpaMOBOA 6pOH3lii C :,KaTO.lli A - aHO.lli H - HarpeBaTeJib 

,!IETEKTOP I ,!IETEKTOP 2 ,!IETEKTOP 3 

I 

' . I YC~JIHT~b I 
~ Il3BM 

Allll .r-

Pnc.3. BnoK-CXeMa perncTpHpyJO~eii 3JieKTPOHHKH 

4 

PerHcTpHpy101uasi 3JieKTpOHHKa n03BOJISIJia noJiy'laTb aMnJIHTY.llHYIO H 

BpeMeHHYIO HH(JJOpMaUHIO O KalK)lOM co6HTHH, 3aperHCTpHpOBaHHOM )leTeKTOpaMH 

1, 2 H 3. 3JieKTpOHHaSI CHCTeMa BKJIIO'laJia B ce6si TpH H)leHTH'lHliX KaHaJia, 

COOTBeTCTBYIOmHx )leTeKTopaM 1, 2 H 3. KaJK)lliA KaHaJI COCTOSIJI H3 

cneKTpoMeTpH'lecKoro ycHJIHTensi, aHaJioro-uH(Jlposoro npeo6pa30BaTensi H 

6yqiepHoro HaKonHTeJISI, H3MepeHHe BpeMeHH noHBJieHHSI .cHrHaJIOB OT 

)leTeKTOpOB 1, 2 H 3 ocymecTBJISIJIOCb·c noMombIO 6JIOKa "T~e~· rrepe)l~'la 

CO)leplKHMOro 6yqiepHliX HaKOnHTeneA B IT3bM (AT/386) npOH3B0)1H./laCb · no 

3anoJIHeHHH naMSITH XOTSI 6H O)lHoro H3 6yqiepHliX HaKOnHTeJieA HJIH no 

o_KOH'laHHH speMeHH, 3a.llaBaeMoro "TaiiMepoM". 

noSIBJieHHSI co6HTHA COCTaBJISIJia 2 MKC. 

TO'lHOCTb H3MepeHHSI BpeMeHH 

TaKHM o6pa30M, <!JYHKUHOHaJibHO perHCTpHpy10masi 3JieKTpOHHKa no3B0JISIJla 

H3MepHTb pacnpe)leJieHHH. BpeMeHHliX HHTepsaJIOB MeJK.llY nocJie)lOBaTeJibHO 

3aperHcTpHpOBaHHliMH co6li:)'HSIMH KaK no KaJK)lOMY H3 KaHaJIOB. TaK H )lJISI 

pa3JIH'lHOA KOM6HHaUHH KaHaJIOB. CJie)lyeT OTMeTHTb. 

pacnpe)leJieHHA MOlKHO 6HJIO ocymecTBJIS!Tb )lJISI 

)1Ha~a30HOB CHrHaJIOB OT )leTeKTOpOB 1, 2 H 3. 

'!TO nocTpoeHHe TaKHX 

pa3JIM'lHliX aMilJIHTY.llHliX 

CpaBHeHHe JU!HHliX pacnpe)leJieHHA, nonyqeHHliX B onliTax C HCCJie)lyeMliM 

semecTBOM H B (JJOHOBliX 3KCn03HUHHX, KaK no (JJOpMe, TaK H no 'lHCJIY 

co6HTHA, C:_OOTBeTCTByIOmHx HM, no3B0JIHeT )laTb O)lH03Ha'!HliA OTBeT Ha 

Bonpoc: cy~ecTByeT· JIH Ha Ha6JIIO)laeMOM ypoBHe 3MHCCHSI HeATpOHOB, 

o6ycJIOBJieHHaSI npoTeKaHHeM Sl)lepHliX peaKUHA HTC B CHCTeMe 

MOHOKpHcTaJIJI/(D2; D-T). 

HaMH 6liJIH ,BlinOJIHeHli HCCJie)lOBaHHSI C TpeMSI H)leHTH'lHliMH 

MOHOKpHCTaJIJiaMH OKCH)lHOA BOJib(JlpaMOBOA 6pOH3li Na WO, HMeIOmHMH pa3Mepli 
U 3 

10x10x2 MM. 3KcnepHMeHT BKJIIO'laJI B ce6si TPH He3aBHCHMliX OllliTa c 

yKa3aHHliMH MOHOKpHCTaJIJiaMH. 

noMemancsi B 10%-u pacTaop 

rrepe)l Ha'laJIOM KaJK)lOro onHTa MOHOKpHCTaJIJI 

H SO 
2 4 

Ha 30 MHH, a 3aTeM npOMliBaJICS! 

)lHCTHJIJIHpOBaHHOA BO.llOH. rrocne 3TOro MOHOKpHCTaJIJI .noMemaJICSI BHYTPb 

KaMepli H y11;penJ11SIJICS!. Ha aHo)le. 3aTeM npOH3B0)1HJlaCb OTKa'!Ka KaMepli H 

BaKyyM-TepMH'leCK~S! TpeHHpOBKa ee )10 )laBJieHHS! OCTaTO'lHliX ra30B nopS!)lKa 

10-
6 

MM PT, CT. ·rro )lOCTHJKeHHH )laHHoro )laBJieHHS! npOH3B0)1HJICS! HarpeB 

KpHCTaJIJia )10 TeMnepaTypli 400°C npH noCTOS!HHOH OTKa'!Ke KaMepli B Te'leHHe 

4-5 qaco~. 3aTeM TeMnepaTypa KpHcTaJIJia IlOBliWaJiaCb )10 700-750°C H MelK)ly 

aHO)lOM H KaTO)lOM npHKJia)lHBaJIOCb HanpsilKeHHe ~ 700 B. B Te'leHHe 5 qacoB 

np□ BO)lHJiaCb aH□~HaS! o6pa6oTKa noaepXHOCTH MOHOKpHCTaJIJia, npH'leM TOK e 

uenH (.llJIS! pa3H~X KpHCTaJIJIOB) BapbHp□ BaJICS! OT 150 )10 300 MKA. 3TO 

COOTBeTCTB□BaJIO ·)1Hana30HY H3MeHeHHS! IlOJIHOrO KOJIH'leCTBa 3JieKTpH'leCTBa; 

5 



npowenwero qepe3 3a3op aHon-KaTon OT 2,7 no 5,4 Kn. nocne oKOH4aHHH 

aHonHol! o6pa6oTKH KpHCTanna npoH3BonHnocb ecTeCTBeHHoe era oxnaxneHHe 

no KOMHaTHOl! TeMnepaTypu. 3aTeM ocymecTBRHRCH HanycK B KaMepy 

ra3oo6pa3Horo nel!TepHH, npenaapHTenbHo 04HWeHHoro OT npHMecel! B HeM (no 

YPOBHH 10-
5

%) C noMOWbD ueonHTOBhIX ancop6epoB, nH6o ra30B0l! CMeCH 

H30TOnOB BOnopona (CHZ: C
02

: CTZ,,; 0 1 22 0 1 49 0 1 29) non naaneHHeM 

=1 aTM (HaJml!He npOTHH B CMeCH 6uno o6ycnoaneHo TeM, 4TO H3HaqanbHO nnH 

npHrOTOBneHHH nel!TepHl!-TpHTHeBOl! CMeCH HaMH HCnORb30BancH He 4HCThll! 

TpHTHl!, a CMeCb TpHTHH C npOTHeM). 

MOMeHThl Haqana HanycKa ra3a B KaMepy, TaK xe KaK H MOMeHThl Haqana 

3BaKyaUHH era H3 KaMepu, HBRHRHCb Ha4anoM OTC4eTa BpeMeHH B Kaxnol! H3 

3THX 3KCn03HUHl! (pa604He 3KCn03HUHH). CornacHO naHHhIM pa60T /!O-lZ/ 

ecerna, B npenenax nepaux 5 MHH, HaqHHaH c MOMeHTa HanycKa nel!TepHH B 

KaMepy nH6o ee OTKaqKH, aBTopaMH Ha6nvnanocb cymecTBeHHoe npeauweHHe 

BhIXona Hel!TpOHOB Han ypoBHeM ¢0Ha B TeqeHHe nBYXMHHYTHOro HHTepBana. 

c KaxnuM H3 HccnenyeMux MOHOKpHcTannoB HaMH npoaonHnocb no 4 UHKna 

H3MepeHHl! ( 3anonHeHHe KaMepu pa6oqHM ra3oM - OTKaqKa ra3a H3 KaMepu) 

KaK C qHCThIM nel!TepHeM, TaK H co CMeCbD H30TOnOB eonopo;ia. BpeMH Ha6opa 

CTaTHCTHKH B Kaxnol! 3KCn03HUHH COCTaBnHno ~10 

pe3ynhTaTaM _ pa6oT/rn-tz/). H3-3a Toro, 4TO -pa6o4He . 

MHH (cornacHo 

. 3KCil03HUHH 

6blJIH BecbMa Henpo,110JDKHTeJibHhI, Mhl He HMenH B03MOXHOCTH npoaonHTb Mexny 

HHMH ¢0HOBhle H3MepeHHH Ha ipe6yeMOM ypoaHe CTaTHCTHqecKol! TQqHQCTH. 

TT03TOMY nocTaToqHQ nnHTeRbHhle H3MepeHHH YPOBHH ¢0Ha H era BpeMeHHOl! 

CTPYKTYPhl <~ 50 qacoB) npoaonHnHCb KaK nepen HaqanoM 3KCnepHMeHTa, TaK 

H no OKQHqaHHH era. C.n'enyeT OTMeTHTb, qTo ¢0HOBhle 'H3MepeHHH 

ocymecTBRHRHCb TaKxe B HHTepaanax (~ 20 qacoB) Mexny 3KCn03HUHHMH c 

4HCThIM nel!TepHeM H co CMeCbD H30TOnOB aonopona. 

CpenHHH CKOpOCTb cqeTa ¢0HOBhIX co6hITHl!, 3aperHCTpHpOBaHHhIX 

neTeKTopaMH 1, 2 H 3, COCTaBnHna 7, 2 c - 1 
, 6, 3 x 10-2 c - 1 H 7,8xJ0-2 c-1 

COOTBeTCTBeHHO. ,· ~nyKTyauHH ¢oHa B Te4eHHe acero :ciKcnepHMeHTa 

nonqHHHRHCb rayccOBCKOMY pacnpeneneHHD co '.CTaH,llapTHhIM OTKnOHeHHeM 0,2 c-1 

H 3 COOTBeTCTBe1:rno. nocne 11 3 x 10-3 c - 1 nnH neTeKTOpOB 1 , 2 

OKQHqaHHH 3KCn03HUHl! C qHCThIM nel!TepHeM H nepen HaqanoM 3KCn03HUHl! co 

CMeCbD H30TOnOB aonopona npOH3BOnHnacb OTKaqKa KaMepu no BaKyyMa 

nopHnKa 10-
6 

MM pT.CT. c onHoBpeMeHHhIM HarpeBOM MOHOKpHCTanna no 

TeMnepaTypu 750°,c. 0TKa4Ka MHWeHH npeKpamanacb, Karna CTeneHb 

ra30BhlneneHHH co CTeHOK KaMephl H H3 KpHCTanna npH OTKnvqeHHOl! BaKyyMHOl! 
~ ~ 

OTKaqKe He npeBhIWana 10 MM pT.CT. x q. 3aTeM ocymecTBRHROCb 

ecTeCTBeHHOe oxnaxneHHe MHWeHH no KOMHaTHOl! TeMnepaTypu npH BKRD4eHH08 

BaKyyMHOl! OTKaqKe. 

6 

'1 

B Te4eHHe Bcero 3KCnepHMeHTa npOH3BOnHnacb npoBepKa CTa6HnbHOCTH 

pa60Thl Beel! perHCTpHpyvwel! :cineKTpOHHKH, a TaKxe KanH6pOBKa 

cneKTpOMeTpH4eCKHX KaHanoB perHCTpaUHH Hel!TpOHOB 1, 2, 3 c noMOllibD 

CTaHnapTHhIX HCT04HHKOB 137 Cs, 6°Co H 
252

Cf. 3¢¢eKTHBHOCTb perHCTpaUHH 

Hel!TpOHOB neTeKTOpaMH 2 H 3 onpenenHnacb C noMOWbD 3TanOHHOro HCT04HHKa 
252

Cf H COCTaBnHna 5, 2% H 3, 5 % COOTBeTCTBeHHO. 3¢¢eKTHBHOCTb 

perHCTpaUHH Hef!TpOHOB c 3HeprHe8 14 t 1 M:iB ( d + t ➔ 4He + n + 17, 6 M:iB) 

neTeKTOpOM 1 Bhl4HCnHnacb MeTonoM MOHTe-Kapno H COCTaBnHna 21, 3%. (ilpH 

aMnnHTynHOM nopore perHCTpaUHH CHrHanoB no KaHany 1, COOTBeTcTeyvmeM 

3HeprHH Hel!TpOHOB 2, 5 M:iB OT peaKUHH ( 1 a), 3¢¢eKTHBHOCTb perHCTpaUHH 

Hel!TpOHOB neTeKTOpOM 1 COCTaBnHna 9,5%.) Hcnonb30BaHHe coenaneHHl! 

cHrHanos l 112, I H3 B Te4eHHe pa3pewavmero apeMeHH ~ 400 MKC 

(onpenenHeMoro apeMeHeM ::iaMenneHHH H nH¢¢Y3HH Hel!TpoHa B napa¢HHe no 

MOMeHTa 3aXBaTa era HnpQM 10a B neTeKTopax 2, 3) npH 3HepreTHqecKOM 

nopore no KaHany perHCTpaUHH 1, npeaurnavmeM 3HeprHD Hel!TpOHOB 'H3 

peaKUHH (la), n03B0RHeT 4eTKO HneHTH¢HUHpOBaTb (B cnyqae era 

cymecTBOBaHHH) "ropH4H8" HnepHhll! dt-CHHTe3 (npoTeKaHHe- HnepHhIX 

dt-peaKUHl! 3a cqeT. HanpHMep. B03HHKHOBeHHH B KpHCTanne MHKpoo6nacTel! 

BhICOKOTeMnepaTypHOl! (D-T) - nna3Mhl HRH CHRbHhIX :cineKTpH4eCKHX nonel! C 

HanpHxeHHOCTbD ~ 10
8 

B/CM - ycKOpHTenbHhll! MexaHH3M 
111

). 

AHaRH3 naHHhIX H o6cyxneHHe pe3ynbTaTOB 

AHanH3 3KcnepHMeHTanbHhIX naHHhIX OCHOBaH Ha cpaBHeHHH pacnpeneneHHl! 

BpeMeHHhIX HHTepaanoB Mexny nocnenoBaTenbHO 3aperHCTpHpOBaHHhIMH 

co6hITHHMH, nony4eHHhIX KaK B pa6o4HX, TaK H B ¢0HOBhIX 3KCn03HUHHX. 

npoH3BOnHnocb nocTpoeHHe pacnpeneneHHl! apeMeHHhIX HHTepsanoe KaK Mexny 

co6hITHHMH, 3aperHCTpHpOBaHHhIMH Hel!TpOHHhIMH neTeKTopaMH, npHHannexamHMH 

onHoMy H TOMY xe KaHany perHcTpaUHH ( KaHany 2 HRH . 3), TaK H Mexny 

nocnenoBaTenbHO 3ape~HCTpHpOBaHHhIMH co6hITHHMH He3aBHCHMO OT HOMepa 

KaHana HX perHcTpaUHH. JlHana30H H3MepHeMhIX BpeMeHHhIX HHTepBanoB 61m 

pa36HT. HaMH Ha TpH nonnHana30Ha: (t.t)l= 0 + 2 MC; (t.t)z= 2 MC + 2 c; 

(At) = 2 + 200 c. CpaBHeHHe BpeMeHHhIX pacnpeneneHHl! ¢oHOBhIX co6!lTHl!, 
3 . 

nony4eHHhIX Ha npOTHXeHHH Bcero 3KcnepHMeHTa (COOTBeTCTBYDWHX yKa3aHHhIM 

nHana30HaM), KaK no ¢0pMe, TaK H no qHcny co6UTHl! B HHX, no3BORHRO 

KOHTponHpOBaTb CTa6HRbHOCTb pa60T!,1 Beel! perHcTpHpyvmel! :cineKTpOHHKH H 

neTeKTOpOB. CpaBHeHHe xe pa604HX H' ¢0HOBhIX pacnpeneneHHl! ,c TaKHM 

Bhl6paHH!,IM pa36HeHHeM no BpeMeHHUM nHana30HaM ( t.t ), • ( t.t), H (At )3 naeT 
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B03MOXHOCTb, B cny'!ae cymeCTBOBaHl!R HTC, HanexHO Knacc11t11u11posaTb He 

TOnbKO xapaKTep 3Ml!CCl!I! HeATpOHOB 113 Cl!CTeMbl MOHOKpl!CTann/(D2; D-T) 

{l!MnynbCHblH Hnl! Henpepb!BHblH), HO I! nony'll!Tb HHtOpMaumo O BpeMeHHOH 

CTpyKType oTnenbHblX Hef!TpOHHblX "BcnumeK". Ha p!!C. 4 nnR n11ana30HOB 

speMeHI! 0 + 10 MC, 10 MC + 2 c 11 2 + 200 c B Ka'!eCTBe np!!Mepa 

np11seneHhl pacnpeneneHHR BpeMeHHblX HHTepsanoB Mexny co6UTHRMH 

{3aper11cTp!!pOBaHHblMI! neTeKTOpaMH 2, 3), nonyqeHHble KaK pe3ynbTaT 
. ,.~ 

cyMMl!posaHHR COOTBeTCTByIDmHx pacnpeneneHl!H no BCeM toHOBblM 3KCn031!Ul!RM. 

Ha pile. 5 np11seneHbl 3aBHCl!MOCTI! CKOpOCTI! C'!eTa co6b!Tl!A ( CKOpOCTb 

C'leTa co6b!Tl!H 'll!CneHHO pasHa CYMMapHoMy 'll!cny BpeMeHHblX l!HTepsanoB B 

pacnpeneneHHRX, cooTseTCTBYIDm11x n11ana3oHaM (/It) 
1

, (ilt)
2

, (ilt)
3 

11 

apeMeHI! 1!3MepeHl!R 1 Ml!H), 3aperHCTp1!posaHHblX neTeKTOpaMH 2, 3 OT 

apeMeHI! nna onb!TOB C 'll!CTblM neATepl!eM I! co cMeCbID neRTepHR C TPl!Tl!eM 

(BpeMR OTC'IHTb!BaeTCR OT MOMeHTa nepsoro HanycKa neHTepHR nH6o CMeCH D-T 

B KaMepy). AHanorH'!Hble pacnpeneneHHR nony'leHbl B KaxnoM 113 Tpex onh!TOB, 

COOTBeTCTByIDmHx TpeM HccnenyeMblM MOHOKpl!cTannaM OKCHnHoA BOnhtpaMOBOH 

6pOH3bl Na WO. RHHHRMH H I! L yKa3aHbl BepXHee I! Hl!XHee rpaHH'IHble 
0.9 3 

3Ha'!eHl!R toHa Ha 90%-M ypoBHe nocTOBepHOCTH. RHHl!l! A COOTBeTCTByeT 

3Ha'!eHHID toHa, ycpenHeHHOMY no pe3ynbTaTaM BCeX toHOBblX 3KCn031!Ul!H. KaK 

BHnHo, HI! B onHOH 113 'leTblpex 3KCn03l!UHA, KaK c_HanycKOM (Fill) neATepHH 

n1160 CMecH D-T B KaMepy, TaK I! C OTKa'IKOH ee (Evac.), He Ha6nIDnaeTCH B 

npenenax CTaTl!CTl!'leCKl!X Olll1!60K npeBblllleHl!H C'!eTa HeATpOHOB Han ypOBHeM 

toHa. 

C uenbID ITOBbllllB~l!R CTaT~CTl!'IBCKOA nocTOBBpHOCTI! nony'IBHHblX 

pe3 y nhTa TOB nna Kax.aoro 113 11ccnenyeMblX Kpl!cTannos Na
0

_
9 

W0
3 

np01!3BOnHnOCb cyMM!!pOBaHl!B 3aperl!CTp!!pOBaHHblX OTC'l~TOB (COOTBBTCTByIDmHx 

onHHM I! TeM xe HHTepsanaM BpeMeHI! OTHOCl!TenhHO Ha'!ana KaxnoA 

3KCn031!Ul!I!) no BCBM 'IBTblpeM 3KCn031!Ul!HM naHHoro Tl!na (oTnenbHO no 

3KCn031!Ul!l!M C HanycKOM ra3a B KaMepy I! OTKa,'IKOH eef Ha_ 'p11c. 6 nnH 

onb!TOB C ne8Tep11eM I! co CMBCbID D-T np11aeneHbl 3aBHCl!MOCTI! nonHblX 'll!Cen 

3aper11cTp11posaHHblX co6uT11A N 3a 1 MHH (N= ~ 4 
N, r ne N - '!Meno 

l=I l l 

3aper11cTp!!pOBaHHblX OTC'IBTOB B i-ii: 3KCn031!Ql!I!) OT BpBMBHI! 

OTHOCl!TBnbHO MOMeHTa Ha'!ana 3KCil031!Ul!I! naHHOro THna (Fill nH60 Evac.). 

KaK BHnHo, I! B 3TOM cnyqae B npenenax cTaTl!CTl!'IBCKl!X Ollll!60K He 

Ha6nIDnaeTCH Hl!KaKoro npeBblllleHl!R C'IBTa 3aperHCTp~posaHHblX co6b!Tl!A B 

pa60'll!X 3KCn031!Ul!HX Han ypoBHBM toHa. TaK_ xe, KaK I! Ha pile. 5,nHHl!RMI! H 

I! L yKa3aHa o6naCTb tnyKTyau11A HBATpOHHOro toHa Ha 90%-M ypoaHe 

nocTOBBpHOCTI!, a Rl!Hl!BH A - 3Ha'IBHHe toHa, ycpenHeHHoe· no BCBM toHOBblM 

3KCn03l!Ul!HM. CnenyeT OTMeTl!Tb, '!TO HaMI! nposon11nocb TaKXB cpasHeHHB 

8 

j 
l 

'1l 

l.J 
' 

60 

i "--II 
j 20 

0 

0 10 20 30 

a) 0.1 MC/KaHan 

40 50 

KaHa.Jihl 

60 70 80 90 100 

I:~~ ........................ .. ~ 40 jl'llilllllllllllllllllllllllllllllllllllllllllllllllllllllllllllitlllllllll ~ 20 

6) 20 Mc/KaHa.rr 

6000 

5000 i <000 

3000 _J IIL B) 2 c/KaH8.JI 

j 2000 

1000 

0 

Pnc.4. Pacnpenene= 
3aperHcTp11poaaHHUM11 

BpeMBHHblX 

neTeKTOpaMI! 2, 

HHTepsanos Mexny 

3, COO_!_B~'J'_C"I'B_YIDmHe 

co6b!Tl!RMI!, 

_pa3nH'!HliM 

n11ana3oHaM H3MBHBHHH nn11TenhHOCTH HHTepaana: a) 0 + 10,Mc; __ 
•~- I' - . 

6) lOMc + 2c; · a) 2c + 200c. PacnpeneneHHH a).· 6) 11 iB) 

COOTBeTCTBYIDT nonttoMy '!Hcny C06b!Tl!H, 3aperHCTpHpoBaHHblX ReTBKTopaMH 

2, 3 B TB'leHHe. HeCKORbKl!X toHOBblX 3KCn031!Ul!H. 
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nonyqeHHllX B pa6oq11x 11 ~OHOBllX 3KCTI0311UIIHX pacnpeneneHHH BpeMeHHllX 

IIHTepaaJJOB Mexny nocnenoaaTeJJbHO 3aperHCTp11pOBaHHllMII co6llTIIHMII no 

KaHaJJaM 2 II 3, COOTBeTCTBYIOlllllX apeMeHHllM n11ana30HaM (/1.t),, (/l.t)2 II 

(/l.t)
3

• B npenenax cTaTHCTHqecx11x orn116ox H3MepeHHH ttaMH Taxxe He 

o6HapyxeHO HI! npeaurneHHH cqeTa HeATpOHOB B xaxnoA 113 pa6oq11x 3KCn0311UIIH 

Han ypoatteM ~oHa, HI! xax11x- n1160 OTJJ11q11A no ~opMe pacnpeneneHHH 

BpeMeHHllX IIHTepBaJJOB Mexny nocnenoBaTeJJbHO 3aper11cTp11poBaHHllMII 

co6HTIIHMII B cnyqae pa6oq11x II ~OHOBllX 3KCn03HUIIH. C ueJJblO npoaepKH 

r11n0Te3ll cymecTBOBaHHH "ropHqero" Hnepttoro dt-CHHTe3a B onllTaX co 

CMeCblO D-T HaMH npoaonHJJCH aHaJJH3 co6llTIIH, 3aper11cTp11poBaHHllX 

neTexTopaMH 1, 2 11 3 np11 co6n10nett1111 cneny10m11x ycnoa11A: 1) ttan11q11e 

c11rttana OT neTexTopa i, np11 aMnJJHTynttoM nopore B xattane per11cTpau1111 1, 

COOTBeTCTB yJOmeM 3Hepr1111 HeHTpOHOB 3 M:iB ( BllnOJJHeHHe 3Toro Tpe6oBaHIIH 

noJJHOCTblO IICKJJIOqaJJO 113 attaJJ113a co6UTIIH, CBH3aHHlle C per11cTpau11eA 

HeHTpOHOB dd-Cl!HTe3a, B CJJyqae, KOHeqHo, ero cymecTBOBaHHH); 2) Han11q11e 

B Teqett11e 400 MKC, HaqHHaH c MOMeHTa noHBJJeHHH cHrHaJJa OT neTeKTopa 1, 

c11rHaJJOB OT !JI06oro 113 neTeKTOPOB TenJJOBllX HellTpOHOB 2, 3. cpaBHeHHe 

nonyqeHHllX B ~OHOBllX II pa6oq11x 3KCn0311UIIHX co CMeCblO 0-T pacnpeneneHHll 

BpeMeHHllX IIHTepBaJJOB Mexny MOMeHTaMH nOHBJJeHHH CHrHaJJOB co 

CUIIHTIIJJJJHUIIOHHO,O II ttellTpOHHllX" neTeKTOpOB ca11neTeJJbCTByeT TaKJKe 06 

OTCYTCTBIIII xaxoro-JJ1160 pa3JJ11q11H Mexny HIIMII, qTo, B CBOIO oqepenb, He 

nonTaepxnaeT Ha tta6nJOnaeMOM ypoaHe cnpaaenn11BocTb r11n0Te3ll "ropHqero" 

Hnepttoro c11HTe3a. 

CnenyeT "OTMeTHTb eme on11H BaJKHllll acneKT o6pa60TKII 

3KCnep11MeHTaJJbHllX. naHHllX. .Lvra 6oJihmeil. nocToBepHOCTII Toro. qTQ 

OT06paHHlle nJJH naJJbHellrnero aHaJJH3a co6HTIIH COOTBeTCTBYIOT HMeHHO ~aKTY 

per11cTpau1111 HellTpOHOB, HaMH 6una Taxlice npoBenetta o6pa6oTxa naHHllX c 

BBenett11eM onpenenettttoro aMnJJHTYnttoro xp11Tep11H. ~JJH nocTpoeHHH 

pacnpenenett11ll apeMeHHllX HHTepaaJJoB Mexny nocnenoBaTeJJbHO 

3aper11cTp1!pOBaHHllMII c06llTIIHMII OT611paJJl!Cb TOJJbKO TaKHe co6llTIIH 

(3aper11cTp11poBaHHlle neTeKTOpaMH 2, 3), nnH KOTOpllx aMnJJHTyna CllrttaJJOB OT 

neTeKTOpOB JJelKaJJa B n11ana3oHe aMnJJ11Tyn. COOTBeTCTBYIOll(IIX 

3HeproauneneHHIO 2, 3 M3B B BF3 • neTeKTOpe 3a cqeT npoTeKaHIIH HnepHOll 

peaxu1111 n + 10B ➔ 7Li*+ CX + 2,3 M3B (TIOJJOJKeHHe ueHTpa THJKeCTII OCHOBHO,O 

n11xa B aMnJJHTYnHOM pacnpeneneHHII CHrHaJJOB C BF3 - neTeKTOpOB, 

HcnOJJb30BaHHllX HaMH_B 3KcnepHMeHTe, np11aeneHO B pa6oTen
6
'). Pe3YJJbTaTll 

npoaeneHHoro aHaJJ113a, Taxxe, xax II pe3yJibTaTu attaJJH3a naHHllX 6e3 

BBeneHHH aMnJJHTY~Horo xp11Tep11H, ca11neTeJJbCTBYIOT 06 OTCYTCTBIIII B npenenax 

cTaT11cT11qecx11x orn116ox H3MepeHHll xaxoro-n1160 pa3n11q11H B q11cnax 
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P11c.5. Bpemi:, M11:H 

3aBHCIIMOCTII CKOpOCTII cqeTa co6llTHll ( 3aperHcTp11pOBaHHllX neTeKTOpaMH 

2, 3 ) OT BpeMeHH. Fill - 3KCn0311UIIII C HanycKOM nel!Tepl!H JJ1160 

nellTep11ll-Tpl!THeBoll CMeCH B xaMepy; Evac. - 3KCn0311UIIII C OTKaqxoll ra3a 

113 KaMepll. JlHHIIII H II L- Bepxttee II HIIJKHee rpaHHqHue 3HaqeHIIH ~Otta Ha 

90%-M ypOBHe noCTOBepHOCTII. JIHHIIH A OT06paxaeT 3HaqeHHe ~Otta •. 

ycpenHeH~oro no BCeM ~OHOBllM 3KCn0311UIIHM 

Hel!TpOHOB, 3aper11cTp11poBaHHllX B pa6oq11x II ~OHOBllX 3KCn03HUHHX. HcxonH 

113 BceA COBOKYTIHOCTII noJJyqeHHllX HaMH pe3yJJbTaTOB C~OpMyJJ11pyeM OCHOBHlle 

BllBOnll. 

1. He o6ttapyJKeHO B npenenax CTaTIICTl!qecKHX Ollil!60K 113MepeHHH 

npeBurneHHH cqeTa Hel!TpOHOB Han YPOBHeM ~oHa np11 B3aHMOnellcTBHII neATep11H 

C MOHbKpl!CTaJJJJaMI! oxc11nHoH BOJJb~paMOBOH 6pOH3ll (Na0.9WOJ) ·c 

npenBapl!TeJJbHO npoBeneHHllM 3KCTpar11poBaHHeM IIOHOB HaTpl!H 113 KaHaJJQB 

nonperneTKII W-0 B noBepXHOCTHOM CJJoe Kpl!CTaJJJJa. H3 3TO,O CJJenyeT, qTQ 

HaMI! Ha Ha6JJJOnaeMOM ypOBHe He o6HapyieHO HBJJett11e. Hll3KOTeMnepaTypHoro 

Hnepttoro dd-Cl!HTe3a B CIICTeMe MOHOKpllcTaJJJJ Na WO /neATep118. 
0.9 3 
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PHc.6. BpeM", MHH 

3aBHCHMOCTH noJIHoro qHcJia· co6HTHH, 3aperHCTpHpoBaHHHX neTeKTopaMH 

2, 3 3a 1 MHH B .3KCn03HUHllX C qHCTHM ne8TepHeM H co cMeCbIO D-T, OT 

BpeMeHH (BpeMll OTCqHTHBaeTCll OT MOMeHTa HaqaJia 3KCn03HUHH naHHOro THna 

(Fill HJIH Evac.)). 

0603HaqeHHll Ha naHHOM pHcyHKe Te JKe, qTO H Ha pHC. 5 

2. llpH 

HCnOJib30BaHHeM 

npoBeneHHH • 3KcnepHMeHTOB 

ne8TepH8-TpHTHeBOH_ CMeCH 

"ropl!qero" HnepHoro dt-CHHTe3a. 

C naHHHMH KpHcTaJIJiaMH C 

HaMH He o6HapylKeHO llBJieHHe 

3. He 06HapyJKeHO KaKoro-JIH6o npeBHllieHHll cqeTa He8Tp0HOB B pa6oqHx 

3KCn03HUHllX Han ypoBHeM ¢oHa npH BapHaUHH B lliHpOKOM nHana30He 

KOJIHqeCTBa HOHOB HaTpHll, 3KCTparHpoBaHHHX H3 MOHOKpHCTaJIJia Nao_gwo3 

nyTeM aHonHo8 o6pa60TKH era noBepXHOCTH B BaKyyMe. 

4. BHBonu, npHBeneHHHe B nyHKTax 1-3, OTHOCllTCll KO BCeM TpeM 

He3aBHCHMHM 3KCnepHMeHTaM (npoBeneHHHM no onHOH H TOH JKe MeTonHKe H npH 

onHHX H Tex JKe ycJIOBHllX) C TpeMll HneHTHqHHMH MOHOKpHCTaJIJiaMH OKCHnHo8 

BOJlb¢paMOBOH 6poH3H, BHpameHHHMH MeTonoM 3JieKTpOJIH3a nDJIHBOJlb¢paMaTHOro 

pacnnaBa. 

5. HH B onH08 H3 48 pa6oqHx 3KCn03HUH8 (c KalKnHM KpHCTaJIJIOM 

npoBonHJIOCb no 4 3KCn03HUHH C HanycKOM ne8TepHll H cMeCH D-T, H, 

COOTBeTCTBeHHO, no 4 3KCn03HUHH C OTKaqKo8 ra3a H3 KaMepu) HaMH He 6un 

o6HapylKeH nocTaToqHo MOlliHH8 "HMnyJibC" He8TpOHOB nnHTeJibHOCTbIO 2 MHH HH 

B npenenax nepBHX 5 MHH OTHOCHTeJibHO Haqana 3KCn03HUHH, HH B TeqeHHe 
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nocnenyIOmero BpeMeHH/IO-lZ/ HamH pe3yJibTaTH nDJIHOCTbIO npOTHBOpeqaT 

pe3yJibTaTaM pa6oT/lO-l2/. CBHneTeJibCTBYKllliHX 06 o6HapylKeHHH BO Bcex 

npoBeneHHHX onuTax c MOHOKpHCTaJIJiaMH Na WO (6onee 100) HMeHHO 
0.9 3 

TaKOH BpeMeHHOH CTpyKTypu npouecca 3MHCCHH He8TpOHOB. YqHTHBall TO, qTQ 

cpenHllll HHTeHCHBHOCTb 3MHCCHH He8Tp0HOB H3 CHCTeMH MOHOKpHCTaJIJI/ 

ne8TepH8 B TeqeHHe "HMnyJibca • nJIHTeJibHOCTbIO 2 MHH, cornaCHO naHHHM 

pa6oT/IO-l2/. COCTaBJll!J[a 6, 7 c-1
, HeTpynHo BHneTb, qTQ C HCnOJib30BaHHeM 

Hame8 3KCnepHMeHTaJibHOH ycTaHOBKH MH noJIJKHH 6HJIH 6u Ha6JIIOnaTb B KaJKn08 

3KCn03HUHH Fill, npaKTHqecKH co 100%- 8 noBTOplleMOCTbIO, B TeqeHHe 

nBYXMHHYTHOro HHTepaana npeBHllieHHe ,cqeTa He8TpDHOB Han ypoBHeM ¢oHa, 

paBHOe B cpenHeM 70' (O' - CTaTHCTIPleCKaSI OlliH6Ka H3MepeHHll BHxona 

He8TpOHOB H3 peaKUHH (la)). 

6. Ha 90%-M ypoBHe nocTOBepHOCTH BepXHllll 

HHTeHCHBHOCTH rHnOTeTHqecKoro HCTQqHHKa He8Tp0HOB 

OCHOBe MOHoipHCTaJIJia OKCHnHo8 BOJlb¢paMOB08 6pOH3H 

-3 -1 
I ,s 5 x 10 C • 

n -

rpaHHqHall oueHKa 

dd- H dt-CHHTe3a Ha 

COCTaBJilleT: 

CTOJ!b cepbe3HOe pacxoJKneHHe MeJKny pe3yJibTaTaMH H BHBonaMH 

HaCTOllllieH pa60TH H pa6oT/lO-lZ/ CTaBHT non COMHeHHe cnpaBenJIHBOCTb 

BHBonoB aBTOpOB pa60T 
/10-12/ 

ABTOpH BHpalKaIOT HCKpeHHIOIO 6naronapHOCTb H npH3HaTeJibHOCT.h, 

K.A.KanHeBy 3a npe,11ocraaneHHe KpHCTaJIJIOB OKCHnHOH BOJlb¢paMOB08 6pOH3H H 

nHpeKUHH BHlflfHM 3a cone8CTBHe·, non.neplll:KY H noCTOllHHH8 HHTepec npH 

. npoBeneHHH HaCTOlllliHX HCCJie)loBaHHH. 
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