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JlO H&CTOJlll&rO I ~~MeiJH, ftOC~ , ~op~HKii: ~- . ~-~et; ~~89. roAA' 

OTICpliTHH .SlBJJeHaJI HIIUQT8KJlepaTypRc{t6-,~,llepHOr'o Qd~C1Uf1'eaa, ,, 

. ·-c. ~ +,n + 3,27 .-ss-' d + 4 . ,··· ·, 
· . . t + p + 4,03 M9B 

(HTC) H& l&TO.Il&X H3 Pd H. 'i'i I npoUecee U81t~il0Jlll~a ., 
BO.IlY/l, 2f, BIIDOJlH8J$q . ,llOCTaTO~HO . C$oJibm08 ,. • i X~:IW~ 
9JCCnep-.118HTaRioHYX Jf . 'l'&Qpi!'!T1Jtl8CKHX· pat'SoT ( >200), 
HCCJI8.10I&HHD Jl&HHQf'O. ii.IJI.HHJt (CII. ot'Ssop / 3 /) •. B S,.,...r,.,n.aiiuAII'~<· 
HCCJl&JIOB&HIII) HTC npHM&HSJIJI~i. pa3JJH'JHY8 )18TO.IlHKH .•. 

H&H6o_u. ...oro'IROUBflaA r;py11na ncnepHII&HTOB BWDO.JIJI&tfa 

acnoJtuoaa•• lreTo,zunt.H pertleT}IanHH K&ATpoHOB peaxttHM HJI.l 
''.,~: '; ' ' ' ' .' ' ' . ' ' ' . ·.·.. . 

npHII8H8H..... SH,IUUfX H TB8pJlt.IX CllHHTHJIJIJITOpOB. (NB-213·, .. fiiB"'\111~•• 

cTKJIJot5ell! ·· O.lac1'1fa). 1'ax a c Jl&TenopaiiH T.en . .iloa.Yx lteat,p(>~~; 
OCHOBe B1'31 ~.~~ ,'J •6/. B HeJCOTOpiiX pa(SOTalt, t'SIIJI& DPJife: 
118TO,IlHla. 611CTpO-M8JIJltHHIO coenaA&MHR c MCUOJib30B·&KM81t otsow's ,,'l(noi:: 
H&ATPQHHYX .ll8T8lTOJl'll/5' 9 ~ 1 0 ,11/, . 

• SOJlloW&II 'tfaCTlo .XCUpKM8HTOB, BWDOJIH8HHJoiJl. c . ilOKOtlllol> 

perHc'l'p&tUIJI HeATflollOi • ~IHJI&T&Jit.e'tayeT .0 H46~JH!HRK ~nure(;l._,.,,/., 
J ,· ' '.j!•,:_,;· 

H&ATpOBOI pe&XUKil (la) 83 'l'i H Pd (H&CIIal8Hiulll .lleltTepJtetl li)IC fa,: 

9Jl8lTpOJIHTe, 

(HKDYJII>CHIII 

Talt H 8 r&30BOI cpe.11e) B 8HJI9 tteiTpOHHKX BCDKIIleJii 

1C&plliCTep Kcnyca&HHSI HellTpOHOI 8 T9'18KHe XOpOTJCM¥ · · >; . 

Bp8119RHWX JIH1'epB&JIOB OT .lleCIITICOI
1 

IIHICpoceKyHJI JIO H8CKOJII>KJlx 

IIHHYT~' 7 ' 8 • lt/). .IHC50 C8H,IleT8JlloCT8yeT o cytlleCTBeHHOII npeBKtueHHH 

BllXOJI&'HeATpOHOI Ra ypOBHe JlZOHCa/2 / (ypoBeHb JlZOHC& COOTBeTCTBJeT 

CkOpOCTH peaJCUHK dd-CHHTe3a B Pd DOpH.IlK& .,10-23 c-1
) Ha.n ypOBKeM 

~Ha /4,6~8,9,12,13,14,15,16/ o.naaKo HMeeTcJI rpynn• 

9KCnepH118HTOB, BYDOJIHeHHilX C BWCOKOA TO'IKOCTbD/l 7 ' 18• 22 /, . B 

ICOTOpiiX HBJieHKe HTC K8 H&C5JIDJ18JlOCb: llpH'I8M B Jl&HHYX pa60T81C 

DPHB8Jl8KY OUeHJCH B8pXHeA rpaHHilY CKOpOCTH pe&kllHH dd-CHKTe3&, 

KOTOpYe cy•eCT&eHHO lleHbWe ypOBKH JlZOHCa. T&KOe p&3JIH'IH8 B 

pesyJJbTaTax, nony'leHHYX B nepaoA a &Topol rpynne ::~xcnepHM&HTOB, 

MOKHO, XOH&'IHO, DYT&TbCJI OC5~11CHHTb 3& C'I&T 

HeaocnpoH3BOJIHIIoro xapaxTepa JIBJI&HKA Htc/3 /, 

cp&ICT paCXOQeHHII pesyJJl>TaT.OB 3&CJIYJtHB&eT 

TW.TeJibHoro H3Y'I8HHH CyJileCTByomero JIHCkpHD&HCa. 

CDOp&JIH'I8CKOrO H 

Tell He MeHee calC 

Jl&JI&HeAwero C5on.ee 

AH&JIH3HpyH H&WH paHKHe pa60TH/17 • 18/ DO HCCJie,noaaHHI) peaKUHA 

C) 06-l.e.rutHeHHio!A HHC'I'IITJT IIJlepHioJX HCCne,llO.aHHA ny6Ha, 1991 

·":"' i:. ;~ .. ~ ·· .. 

,2 ,f'·'~·.·· 

:·:·tr·~~.~ . ' • •• 1 

' ~.,. .·,, ~·: 1~ /- .;. ·.,;_ •• ;'; ... ' ' 

' /, 

l 

HTC B Pd H Ti,MOJtHO ttpe,nnoJJOJtHTb, 'ITO H3-38 HH3XOA 3~KTHBHOCTH 
' -3 

perHCTp&UHH HeATpOKOB 3KCnepHM9HT8JibHOA ycTaHOBKOA (.,3.10 ) MY, B 

npHHUHDe, MOrJIH He Ha6JII)JlaTb KOpOTKHe no BpeMeHH HeATpOHHYe 
11 BCnYWKH 11

• 

llpHHHM8H BO BHHM8HHe pe3yJibTaTY 3XCnepHMeMeHTOBf23 • 24 / no 

DOHCKY KOppeJJHUHA MeJtJty MOMeHT8MH noHBJieHHH HeATpOHOB peaKUHA HTC 

H CHrHaJiaMH C JlaT'IHKOB aKyCTH'IeCKOA H 3JieKTpOMarHHTHOA 3MHCCHH 

(aKyCTH'IeCKaH H 3JieKTpOMarHHTH8H 3MHCCHH B03HHKaeT npH o6pa30B8HHH 

TpeUlHH B o6pa3uax H3 Ti, Pd H JIP. MeTaJIJIOB rpynnw B B npouecce 

cop6UHH H JleCop6UHH JleATepHH/2S/, a TaXJte npH KpHO- H 

TePMOUHKnHPOBaHHH o6pa3UOB), KpaAHe He06XOJIHMO He3aBHCHMYM 

o6pS.30M nposepHTb ycKOpHTeJibHYI) MOJleJib/26 ' 27 /, npeJIJIOJteHHYJO JIJIH 

o6~HCHeHHH MeXaHH3Ma HTC. 

B CBH3H C 3THM HaMH BYDOJIHeH 3KCnePHM9HT no DOHCKY MHK-

pOCTPYKTYPbl 

B o6pa3uax 

B03MOJtHYX HeATpOHHYX 11 BCDYWeK" OT peaKUHA dd-CHHTe3a 

H3 Ti H Zr, a TaKze B03MOJtHYX KOppeJIHUHA MeJtJty 

MOMeHTaMH perHCTpaUHH HeATpOHOB H DOHBJieHHH CHrHaJIOB C 

aKyCTH'IeCKHX JlaT'IHKOB, ycTaHOBJieHHYX Ha HCCJieJtyeMYX o6pa3uax. 

llOCTAHOBKA 3KCllEPHMEHTA 

3KcnepHMeHTaJibHaH ycTaHOBKa 

Ha pHC.1 npHBeJleH cxeMaTH'IeCKHA qepTez 3KCDepHMeHTaJibHOA 

ycTaHOBXH. 

JleTeKTOpOB 

HeATpOHOB 

PerHCTpaUHH HeATpOHOB npOH3BOJIHJiaCb C DOMOUlbD 33 

(BF
3

) 2, pacnOJIOJteHHYX BOKpyr MHWeHH 1. ~JIH 3aMeJI~eHHH 

JIO TenJIOBYX 3HeprHA HCDOJib30BaJICH rpaHy11HpOB8HHYA 

DOJIH3THJieH 3. MHWeHb 1 H HeATpOHHHe JleTeKTOpY 2 HaXOJIHJIHCb BHyTpH 

6oKCa H3 6opHpOBaHHOrO nOJIH3THJieHa 4. TOJIUlHHa CTeHOK 60KCa 

COCTaBJIHJia .,20 CM. 3TO D03BOJIHnO cymeCTBeHHO (DpHMepHO Ha JIBa 

nopHJIKa) yMeHbWHTb 

BHeWHHM HeATpOHHYM 

~HOBYJO 3arpy3KY 

06Jiy'leHHeM. ~JIH 

JleTeKTOpOB, CBH3aHHYJO C 

3aUlHTY CDeKTpOMeTpH'IeCKHX 

KaHaJIOB HeATpOHHYX JleTeKTOpOB H aKyCTH'IeCKOrO JlaT'IHKa OT B03MOJtHYX 

3JieKTpOMarHHTHYX HaBOJIOK HCUOJib30BaJIHCb 3KpaHY H3 MeJIH 5 H JteJie3a 

6, pacnonozeHHYe BHYTPH 6oxca 4 H oxpyzaJOmHe noJIHOCTbJO BCJO 

perHCTpHpyiOUlYIO annapaTypy, HaXOJIHUlYJOCH B HeM (HeATpOHHYe JteTeKTOpH 

C npeJlyCHJIHTeJieM, aKyCTH'IeCKHA JlaT'IHK C npeJlyCHJIHTeJieM). 

Ha pHC. 2 npHBe,neH qepTeJt ra30BOA MHWeHH. MHWeHb BKJIJOt{aJia B 

ce6H: UHJIHH,np H3 Hep:~taBeJOmeA CTaJIH 1 (e 20 MM, 1 =140 MM, TOJIUlHHa 

~- ... --------
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PHC.1. CXeMa 3KCnepHMeHTanbHOA ycTaHOBKH. 

CTeHOK d =2 MM); ~naHeU 2; Hccne~yeM~A o6pa3eU 3 H3 Ti HnH Zr (0 

6 MM, 1 =240 MM). nnHHa o6pa3Ua, HaXO~~meroc~ BHYTPH UHnHH~pa 1, 
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120 MM 

1 
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PHC.2. CXeMa ra30BOA MHWeHH. 
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COCTaBn~na 120 MM. Ha 

npoTHBOnonOXHOM KOHUe 

o6pa3ua 3 ycTaHaBnH

sanc~ aKycTHqecKHA 

~aTqHK 4. YnnOTHeHHe 

Mez~y ~naHueM 2 H 

o6pa3UOM 3 ocymecTBn~

nocb c noMombD npoKna

~OK 5 H3 BaKyyMHOA 

pe3HH~. ~naHeU MHWeHH 

HMen BO~~Hoe oxnax~e

HHe. nn~ ynnOTHeHH~ 

Mez~y UHnHH~pOM 1 

H ~naHueM 2 Hcnonb-

30Banacb 

npoKna~Ka 6. 

Me~Ha~ 
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PerHCTpHpYDma~ 3neKTpOHHKa 

5noK-cxeMa perHcTpHpyDmea 3neKTPOHHKH npHBe~eHa Ha pHc.3. 

3neKTpOHHKa B TaKOM BapHaHTe ll03BOn~na nonyqaTb O~HOBpeMeHHO 

aMnnHTY~HYD H BpeMeHHYD HH~OpMaUHD 0 C06~THgx, 3aperHCTpHpOBaHH~X 

KaK HeATpOHH~MH, TaK H aKyCTHqeCKHM ~aTqHKaMH. 

PHC.3. 5nOK-CXeMa perHCTpHpyDmeA 3neKTpOHHKH. 

KaHan perHCTpaUHH HeATpOHOB ("N") BKnDqan B ce6g 

3ap~~oqyBCTBHTenbH~A np~~ycHnHTenb, cneKTpOMeTpHqeCKHA ycHnHTenb C 

KBa3HraycCOBCKOA ~pMHpOBKOA CHrHanoB (llOCTQgHHa~ BpeMeHH 

~OpMHpOBaHHg T =2 MKC) H aHanorOUH~pOBOA npeo6pa30BaTenb (AUll) C 

BpeMeHeM npeo6pa30BaHH~ MeHee 10 MKC. 3KBHBaneHTH~A WYMOBOA 3ap~~ 

npe~ycHnHTen~ npH CYMMapHOA eMKOCTH HeATpOH~X ~eTeKTOpOB -500 n~ 

COOTBeTCTBOBan 3HeproB~~eneHHD B HeATpOHHOM ~eTeKTope OKOnO 100 

K3B (3Hepros~~eneHHe B ~eTeKTope B cnyqae perHCTpaUHH Tennos~x 

HeATpOHOB no KaHany peaKUHH n +10B ~ a +7 Li COCTaBn~eT -2, 3 M3B) . 

PerHCTpaUHg CHrHanoB aKyCTHqecKOA 3MHCCHH (A3) npOH3BO~HnaCb 

c noMOWbD cneuHanbHoro aKycTHK0-3MHCCHOHHoro npH6opa APrYc-71281. 

5 



B xaqecTBe 

nbe3o.naT'iHX 

npHeMHHXa 

Ha OCHOBe 

CHrHaJIOB A9 

nbe3oxepaMHXH 

HCnOJlb30BaJ1Cl'l 

UTC-19/29 /. 

WHpOXOnOJIOCHliiR 

Pa6oqal'! nonoca 

qacTOT H3MepHTeJlbHOrO TpaxTa 

HCnOJlb30BaHHlile ,ztaT'iHXH A9 61iiJIH 

onHcaHHoro B pa6oTe/30/. B 

COCTaBJil'!Jla 0, 02 + 2 MfU. Bee 

npoxanH6poeaHlil c noMOIIlbiO cTeH.na, 

pe3yn~>TaTe 61ilnH onpe.neneHlil Hx 

a6COJ110TH1ile aMnJlHTY.IlHO-'iaCTOTHlile xapaXTepHCTHXH. HCXO.Ill'l H3 BeJIH'iHHlil 

a6conK>THOR qyecTBHTeJibHOCTH HcnoJib3yeMoro nbe3o.naT'iHXa H Y'iHTliiBal'! 

TO, 'iTO 3qKpeXTHBHOe 3Ha'ieHHe Hanpl'!:!:eHHl'l C06CTBeHHliiX WYMOB 

npe.nycHJIHTeJil'l, npHBe,IleHHOe XO BXO.IlY, He npeBJiiWaJIO ypoBHl'l 5 MXB, 

61i1na npoee.neHa pac'ieTHal'! oueHxa "noporoeoro" pa3Mepa 

perHCTpHpyeMliiX ,Ile~XTOB. BliiJIO ycTaHOBJleHO, 'iTO axycTH'ieCXHR XaHaJI 

o6ecne'iHBaeT Ha.nezHyK> perHcTpaUHK> ynbTpa3eyxoelilx cHrHanos, 

reHepHpyeMliiX B npouecce o6pa3oeaHHl'l H pa3BHTHl'l .ne~exToB c 

xapaXTepHliiM pa3MepOM 0, 1 MXM H 6onee, .na:..:e npH YCJlOBHH yqeTa HX 

3aTyxaHHl'l B MaTepHaJie o6pa3ua129 • 31 /. CHrHanlil A9, npeo6pa30BaHHlile 

,IlaT'iHXOM B 3J19XTpH'i9CXHe HMnyJibClil, HMeiOIIlHe B 061119M CJiyqae BH.Il 

"3aTyXai01119R" CHHYCOH.Illil H ycHJieHHlile B npH6ope APfYC-7, 

TpaHC~OpMHpOBaJIHCb nHXOBliiM ,IleTeXTOpOM B CTyneH'iaTyK> OrH6aK>IIlYIO, 

XOTOpal'! C naMOIIlbiO ,IlOnOJIHHT9JlbHOro YCHJ1HT9Jll'l npeo6pa30BliiBaJiaCb B 

MOHOHMnyJibC XBa3HrayccOBCXOR ~OpMlil .IlJlHTeJlbHOCTbiO OXOJIO 12 MXC. 

TaXHM o6pa30M, XaK,IlOMY ca61i1THIO A9 COOTBeTCTBOBaJI O.IlHH HMny JlbC, 

napaMeTplil XOTOparo (aMnJIHTy.Ila H BpeMl'! nal'IBJ19HHl'l) perHCTpHpOBaJIHCb. 

.nnl'l ~OpMHpOBaHHl'l JIOrH'i9CXHX CHrHaJIOB B HeRTpOHHOM ( "N") H 

axyCTH'ieCXOM ("S'') XaHaJlaX HCnOJlb30BaJIHCb HHTerpaJibHlile 

,IlHCXpH~~HaTOplil H ~OpMHpOBaTeJIH .IlJ1HT9JlbHOCTH (.IlJ1HT9JlbHOCTb 

JIOrH'ieCXHX CHrHaJIOB "sapOTa'' COCTaBJll'!Jla -1 MXC). CHrHaJllil C BliiXO,Ila 

~OpMHpOBaTeJieR O,IlHOBpeMeHHO no.naeaJIHCb Ha C'ieT'iHXH HMnyJibCOB H Ha 

BXO,Illil 6y~pHliiX HaXOnHTeJieR, CTp06HpyeMliiX reHepaTOpOM TaXTOBOR 

qacTOTlil ( 1 Mru), 3anycx xoToporo ocymecTBJil'IJICl'l c naMOIIlbK> cxeMlil 

JIOrH'iecxoro CYMMHpOBaHHl'l CHrHaJIOB (HJIH), ~OpMHpoBaTeJll'! (cliOPM) H 

TpHrrepa (FF) JII061i1M nepBliiM HMnyJibCOM, npHW9,IlWHM C HeRTpOHHliiX 

C'i9T'iHXOB, JIH60 C axyCTH'i9CXOrO ,IlaT'iHXa. qHCJlO XaHaJlOB 6y~epHOrO 

HaXOnHTeJll'! COCTaBJll'!JlO 1024, 'iTO, B CBOIO oqepe,Ilb, n03BOJll'IJ10 

H3Mepl'!Tb (npH 3a.naHHaR qacTaTe TaXTaeoro reHepaTopa) epeMeHHlile 

HHTepeaJilil MeK.Ity nocne.noeaTeJibHO 3aperHcTpHpoeaHHliiMH co61i1THl'IMH xax 

B HeRTpOHHOM, TaX H B axyCTH'ieCXOM XaHaJiaX B Te'ieHHB -1 MC. 110 

OXOH'iaHHH 1 MC CO,Il9p:!:HMOe BCeX aMnJlHTY.IlHO-UH~pOBliiX 

npeo6pa3aBaTeneR H 6y~pHliiX HaxonHTeneR nepe.naeanocb B 119BM 

AT-286. 
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YCJlOBHl'l npoee.neHHl'l onliiTOB 

HaMH npoBe,IleHlil OnliiTlil no HCCJle,IlOBaHHIO l'IBJleHHl'l HTC B ra30BOR 

~a3e C o6pa3UaMH H3 Ti H Zr. llepe.n Ha'iaJlOM H3MepeHHR HCCJle,IlyeMliiR 

o6pa3eU noMelllaJICl'l B ra30BYIO MHW9Hb H npOBO.IlHJlaCb 

eaxyyM-TepMH'iecxal'! TpeHHposxa era no cne.nyK>meR TexHonorHH. BHaqane 

ocymecTBJil'IJICl'l Harpee o6pa3ua H3 Ti (Zr) .no TeMnepaTyplil -650 K npH 

nOCTOl'IHHO BXJlK>'ieHHOR BaxyyMHOR OTXa'iXe 06oeMa MHW9HH. llpH 

,IlOCTH:I:eHHH ,IlaBJleHHl'l OCTaTCl'iHliiX ra30B B 06oeMe MHWeHH -10-3 MM 

pT. CT. TeMnepaTypa nOBliiWaJlaCb .IlO 1050 K. llpH ,IlaHHOR TeMnepaType 

eaxyyMHal'! OTxaqxa npo.non:..:anacb .no Tex nop, noxa eaxyyM a MHWeHH He 
• -3 

.IlOCTHraJI -10 MM pT. CT. ( npH'ieM CTeneHb ra30Blii.IleJieHHl'l B 06'beMe 
-2 

MHWeHH npH OTXJliO'ieHHOR OTKa'iXe He npeBJiiWana 10 MM pT.CT./'i). 110 

,IlOCTH:I:eHHH 3TH X napaMeTpoe nporpea MHWeHH npexpamancl'! H 

npOH3BO.IlHJ1Cl'l Hanycx B MHWeHb npe.naapHTeJlbHO O'iHIIleHHOrO .neRTepHl'l 

no,Il ,IlaBJieHHeM 15 aT ( O'iHCTXa .neRTepHl'l OCyllleCTBJll'!JlaCb C nOMOIIlbiO 

ueoJIHTOBliiX a.ncop6epoe, noMemeHHliiX a :I:H.IlXHR a3oT; co.nep:..:aHHe 

npHMeceR B O'iHIIleHHOM .neRTepHH He npeBliiWaJIO 5.10-7 06. ,Il. ). 

HaClilllleHHe o6pa3UOB .neRTepHeM npH TeMnepaType 1050 K npoH3BO.IlHJIOCb 

B Te'ieHHe 15 MHH, 3a TeM MHWeHb OXJia:..:.naJiaCb .IlO XOMHa THOR 

TeMnepaTyplil H OTCOe,IlHHl'!JlaCb OT CHCTeMlil ra3006ecne'ieHHl'l (.IlaBJieHHe 

.neRTepHl'l B MHWeHH COCTaBJll'!JlO HeCXOJlbXO aTMOC~ep). KOJIH'ieCTBO 

.neRTepHl'l, nornomeHHoro o6pa3UaMH H3 Ti H zr,cocTaBJil'IJIO 4,2 n.aT H 

1,7 Jl.aT COOTBeTCTBeHHO. Pe3yJibTaTlil npoBe,IleHHliiX H3MepeHHR 

pacnpe.neneHHl'l xoHueHTpauHR .neRTepHl'l no .IlJIHHe o6pa3uoe 

CBH.IleTeJlbCTBOBaJIH 0 TOM, 'iTO .neRTepHR B yxa3aHHliiX XOJlH'ieCTBaX 

npaXTH'ieCXH nOJlHOCTbiO nor JlOIIlaJICl'l B HH:I:HeR qaCTH o6pa3UOB ( H3 -'3a 

HaJIH'iHl'l rpa.nHeHTa TeMnepaTyplil no .IlJIHHe o6pa3ua a npouecce ero 

BaxyyM-T9pMH'i9CXOR TpeHHpOBXH H HaCJilllleHHH .neRTepHeM) C 

a6pa30BaHH9M .neRTepH,IlOB TiD H ZrD . .nJIHHa aXTHBHOR qacTH o6pa3Ua 
2 2 

H3 THTaHa COCTaBJll'!Jla 6,6 CM, a H3 UHpXOHHl'l - 3,7 CM. 

9xcnepHM9HTlil 61i1JIH npoae.neHlil C .IlBYMl'l H,IleHTH'iHliiMH o6pa3UaMH H3 

Ti H O.IlHHM a6pa3UOM H3 Zr. llOJIHOe BpeMl'! Ha6opa CTaTHCTHKH 

COCTaBJll'!JlO -180 q, B Te'ieHHe 3KCnepHMeHTa nepHO.IlH'ieCXH 

qepe,IlOBaJIHCb pa60'iH9 3XCn03HUHH (MHWeHb C HaClilllleHHliiM .neRTepHeM 

o6pa3UOM HaXO,IlHJlaCb B 6oxce) C ~OHOBliiMH 3XCn03HUHl'IMH (MHWeHb 

H3BJleKaJiaCb H3 60XCa). B cpe.nHeM npO.IlOJl:I:HTeJlbHOCTb Ka:I:,IlOR 

3XCll03HUHH COCTaBJll'!Jla -1 q. Pa60'iHe 3XCn03HUHH npOBO.IlHJlHCb npH 

pa3JIH'iHliiX ycJIOBHl'IX: 
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I 
I 
j a) TeMnepaTypa MHWeHH T =300 K; 

6) TeMnepaTypa MHWeHH T =80 K; 
B) pe3KOe oxnax~eHHe MHWeHH OTT =300 K ~0 T =80 K; 

r) ecTeCTBeHHOe yTenneHHe MHWeHH OT 80 K ~0 300 K; 

~) Harpea MHWeHH ~o 400 K c nocne~yvmHM pe3KHM oxnax~eHHeM ee 

~o TeMnepaTyps zH~Koro a3oTa ( ~so K); 

e) noaTopeHHe npoue~yp a) + ~) nocne o6e3raxHaaHH~ o6pa3UOB 

npH TeMnepaType 1050 K H noBTopHoro HacsmeHH~ HX ~eRTepHeM. 

Ha npoT~zeHHH acero 3KcnepHMeHTa 

KanH6pOBKa cneKTpOMeTpHqecKHX KaHanoB 

nepHO~HqecKH nposo~Hnacb 

HeRTpOHHYX ~eTeKTOpOB H 

aKyCTHqecKOro ~aTqHKa C nOMOmbD CTaH~apTHOrO HCTQqHHKa HeRTpOHOB 
252 Cf H reHepaTopa aKyCTHqecKHX KOne6aHHR (COCTaBHa~ qacTb npH6opa 

APrYC-7) COOTBeTCTBeHHO. 

Ha pHC.4 B KaqecTBe npHMepa npHBe~eHo aMnnHTY~Hoe 

pacnpe~eneHHe CHrHanOB C HeRTpOHHYX ~eTeKTOpOB, nonyqeHHOe npH 

KanH6pOBKe cneKTpOMeTpHqecKoro KaHana HCTQqHHKOM 252Cf, 

800 

N 
n 

600 

400 

200 

0 

-. 

1 E =2,3 Mev 
n 

E =2,8 Mev 
n 
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50 100 150 

Amplitudes (ADC channels) 

PHC.4.AMnnHTy~HOe pacnpe~eneHHe 

CHrHanOB C HeRTpOHHYX ~eTeKTOpOB npH 

KanH6pOBKe HCTQqHHKOM 252 Cf. 
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pacnonozeHHYM B MecTe 

ycTaHOBKH MHWeHH. Cne
~yeT OTMeTHTb, qTQ B 

TeqeHHe acero apeMeHH 

3KcnepHMeHTa Ha6nv~a

noc& noCTO~HCTBO ~OpMY 

aMnnHTY~Horo cneKTpa, a 

TaKze nonozeHHe ueHTpa 

T~ZeCTH nHKa B ~aHHOM 

pacnpe~eneHHH, qTo CBH

~eTenbCTBOBano 0 CTa6H

nbHOR pa6oTe KaK HeR

TpOHHYX ~eTeKTOpOB, TaK 

H seeR cneKTpoMeTpHqec

KOR annapaTypY HeRTpOH

Horo KaHana. 3~eKTHs

HOCTb perHCTpaUHH HeR

TpOHOS ycTaHOSKOR onpe

~en~nacb c noMom&v HC

ToqHHKa 252 Cf H COCTas

n~na 207.. 

~ 
l 

I' 
,,'J, 

~~ 

I~·, 

''I 

f\ 
1.1 

!i 
,j 
'! 

HeRTpOHHYR ~OH, ycpe~HeHHYR no 

COCTasn~n 8.10-2 HMll/C. ~nyKTyaUHH 
seeM ~OHOSYM 3KCn03HUHSl:M, 

~Ha S TeqeHHe 

senHqHHY) 

OT~en&HYX 

onHCYsanHCb 3KCn03HUHR (OTHOCHTenbHO npHse~eHHOR 

-4 HOpManbHYM pacnpe~eneHHeM CO CTaH~apTHYM OTKnOHeHHeM U =5.10 

HMn/c. 

AHAHH3 PE3YHbTATOB 

Ha OCHOSaHHH aHanH3a seeR COSOKynHOCTH 3KCnepHMeHTanbHYX 

~aHHYX, nonyqeHHYX C o6pa3UaMH H3 Ti H Zr, HaMH C~enaHY cne~yDmHe 

SYiO~Y. 

1. .llna pa3nHqHYX TeMnepaTyp o6pa3uos (80 K, 300 K, 

ecTecTseHHoe yTenneHHe 80 K ~ 300 K, KpHoy~aps 300 K ~ 80 K H 400 

K ~ 80 K) HH ~ng O~HOR 3KCn03HUHH 

THTaHOSYMH H UHpKOHHeSYM o6pa3UaMH He 

C HaCYII{eHHYMH 

Ha6nD~anoc& s 

~eATepHeM 

npe~enax 

CTaTHCTHqecKHX OWH60K npes·YWeHHSl: BYXO~a HeRTpOHOS Ha~ yposHeM 

HeRTpOHHOro ~OHa. 

2. CpasHeHHe HeRTpOHHYX aMnnHTY ~HYX cn~KTpos, 

pa60qHX H ~OHOSYX 3KCn03HUH~X, nO.Z:\TBePJK.QaeT SYSO~ 

nonyqeHHYX S 

1. Ha pHC. 5 

npHse~eHo xapaKTepHoe aMnnHTY~Hoe pacnpe~eneHHe, nonyqeHHoe s 

pe3yn&TaTe cyMMHposaHH~ ~aHHYX HeCKOnbKHX ~HOSYX 3KCn03HUHR. 

3. 06pa60TKa HeRTpOHHYX pacnpe~eneHHR C sse~eHHeM 

onpe~eneHHYX aMnnHTY~HYX KpHTepHeS TaKze CBH~eTenbCTsyeT 06 

OTCYTCTSHH pa3nHqH~ Mez~y pa6oqHMH H ~OHOSYMH 3KCn03HUH~MH. Ha 

pHC. 4 CTpenKaMH yKa3aH ~Hana30H aMnJ.IHTY~ CHrHanos C HeRTpOHHYX 

~eTeKTOpos, OT6HpaeMYX ~n~ aHanH3a. llonozeHHe UeHTpa TSl:IeCTH 

OCHOSHOrO nHKa S pacnpe~eneHHH COOTBeTCTsyeT 3HeprosY~eneHHD S 

~eTeKTope -2,3 M3B (cornacHo KaHany peaKUHH 3axsaTa Tennosoro 
10 7 * HeRTpOHa n + B ~a + Li + 2,3 M38), a STOporo nHKa, KOTOpYR 

no nnoma~H OT nepsoro 

perHCTpaUHH KaHana peaKUHH 

nHKa COCTasn~eT -7%, COOTSeTCTsyeT 

n + 10B ~ a + 7 Li + 2, 8 M3 B. 

4. Ha6nv~aeTCSl: aKycTHqecKa~ 3MHCCHSI, so3HHKavma~ npH 

no~BneHHH Tpeii{HH S o6pa3uax H3 Ti H Zr, HacYmeHHYX ~eRTepHeM. Ha 

pHC. 6 npHse~eHO speMeHHOe pacnpe~eneHHe aKyCTHqeCKHX CHrHanoB B 

TeqeHHe 1 MC, S03HHKaDmHX npH o6pa30BaHHH TpemHH S o6pa3UaX H3 

~eRTepH~a THTaHa. JlaHHOe pacnpe~eneHHe COOTseTCTsyeT TOnbKO O~HOR 

nepe~aqe HH~OpMaUHH (s 3KCll03HUHH npH yTenneHHH o6pa3Ua H3 Ti OT 

80 K ~0 300 K) C 6y~epHoro HaKOnHTen~ B ll3BM. 
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PHC.5. AMITRHTy~HOe pacrrpe~eneHHe CHrHaROB C HeATpOHHHX 

~eTeKTOpOB, rronyqeHHOe B ~OHOBNX 3KCIT03HUHHX 

B TeqeHHe 6,5 q, 

I I I IIIII II IIIII 
.-- -r 1 

0 200 400 600 800 1000 

Time (lls) 

PHC.6. BpeMeHHOe pacrrpe~eneHHe aKyCTHqecKHX CHrHaROB, 

B03HHKaDwHX rrpH o6pa30BaHHH TpewHH B o6pa3uax H3 ~eRTepH~a 

THTaHa, B TeqeHHe 1 MC, COOTBeTCTBYDwee TORbKO O~HOA 

rrepe~aqe HH~OpMaUHH C 6y~epHoro HaKOITHTeRH B n3BM. 

10 

5. HHTeHCHBHOCTb axyCTHqecxoA 3MHCCHH B HepaBHOBeCHNX 

ycnosHHX - B rrpouecce Haso~opazHBaHHH o6pa3UOB H3 Ti H Zr, a TaKze 

npH C03~aHHH KpHoy~apoB (pe3KOe ITOHHZeHHe TeMITepaTypH o6pa3Ua) 

cywecTBeHHO BNWe, qeM B paBHOBeCHHX YCROBHHX (npouecc cop6UHH 

3aKOHqeH, TeMrrepaTypa o6pa3UOB ITOCTOHHHa). Ha pHC.7 ITpHBe~eHO 

aMITRHTY~HOe pacnpe~eneHHe CHrHaROB C ~aTqHKa aKyCTHqecKOA 3MHCCHH, 

nonyqeHHOe B 3KCIT03HUHH C o6pa3UOM H3 Ti, ITOMeWeHHNM B KH~KHA 

a30T, cnycTH 15 MHH nocne oKoHqaHHH npouecca HaCNWeHHH THTaHa 
~eATepHeM (~RHTenbHOCTb 3KCIT03HUHH q), AHanorHqHoe 

pacnpe~eneHHe, rronyqeHHOe B 3KCIT03HUHH C 3THM ze o6pa3UOM, HO B 

npouecce ero yTerrneHHH oT 80 K ~o 300 K, rrpHse~eHo Ha pHc.8 (speMH 
3KCTI03HUHH -2,2 q), 

60 

50 

N 

40 

30 

20 

10 

0 50 100 150 200 

Amplitudes (ADC channels) 

PHC.7. AITRHTy~HOe pacnpe~eneHHe CHrHanoB C aKyCTHqeCKOrO 

~aTqHKa, nonyqeHHOe B 3KCIT03HUHH C o6pa3UOM H3 Ti, 

HaCNWeHHNM neATepHeM H ITOMeWeHHNM B ZH~KHA a30T qepe3 15 MHH 

nocne OKQHqaHHH rrpouecca HaCNWeHHH (BpeMH 3KCIT03HUHH 1 q), 
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PHC.8. AMnRHTY~HYA cneKTp aKyCTHqecKHX CHrHaROB, nonyqeHHYA 

B 3KCn03HUHH C ~eATepH~OM THTaHa B npouecce ero yTenneHHR OT 

TeMnepaTypY 80 K ~0 300 K (BpeMR 3KCn03HUHH 2,2 q), 

6. Ha6nD~aeTCR 3aMeTHOe yMeHbWeHHe HHTeHCHBHOCTH aKyCTHqecKOA 

3MHCCHH OT 3KCn03HUHH K 3KCn03HUHH C O~HHM H TeM Ie o6pa3UOM (npH 

O~HHX H TeX Ie ycnOBHRX) no cpaBHeHHD CO 11 CBeiHM 11 o6pa3UOM, 

HaCYmeHHYM ~eATepHeM. 

7. HH B O~HOA 3KCn03HUHH, KaK C ~eATepH~OM THTaHa, TaK H C 

~eATepH~OM UHpKOHHR, He o6HapyzeHa BpeMeHHaR KOppenRUHR Mei~Y 

MOMeHTaMH nORBneHHR HeATpOHOB H CHrHaROB C aKyCTHqecKoro ~aTqHKa. 

H3 scero Ha6opa 3KcnepHMeHTanbHYX ~aHHYX (B npe~nonozeHHH 

cyweCTB0BaHHR HH3KOTeMnepaTypHoro R~epHoro CHHTe3a) HaMH nonyqeHY 

Ha 90% ypOBHe ~OCTOBepHOCTH BepXHHe rpaHHqHYe OUeHKH HHTeHCHBHOCTH 

rHnOTeTHqecKoro HCTOqHHKa HeATpOHOB Ha OCHOBe ~eATepH~a THTaHa H 

UHpKOHHR 

T I -3 -1 -1 
I s 10 c .r 

n 

Iz r ::s 2 . 1 0 - 3 c -I • r -I 
n 

COOTBeTCTByDwHe rpaHHqHYe OUeHKH B03MOIHOA CKOpOCTH peaKUHH 

(1a) B Ti H Zr B pacqeTe Ha O~HY napy ~eATpOHOB paBHY 

i\ TI ::s 1 0 -zs c -I • ( dd) -! , 
dd 

i\ zr :S 3 . 1 0 -zs C -I. ( dd) -I • 
dd 

12 

nonyqeHHoe 

pe3YJ1hTaTaMH 

3HaqeHHe i\.:~ 
HaWHX paHHHX 

cornacHH HaXO~HTCR B XOpOWeM 
pa6oT /17, 18,32/ BYnOnHeHHYX 

c 
c 

HCnORb30BaHHeM MeTO~HKH, OTnHqHOA OT HaCTORweA. TeM He MeHee, 

cornacHo nHTepaTypHYM ~aHHYM, HMeeTcR 6onbwoe KOnHqecTBO pa6oT no 

HCCRe~oBaHHD HTC B ~eATepH~e THTaHa, B KOTOpYX nonyqeH KaK 

nonoiHTenbHYA, B nnaHe cyweCTBOBaHHR HTC, TaK H OTpHUaTeRbHYA 

pe3yRbTaT. qTO KacaeTCR HaA~eHHOrO rpaHHqHoro 3HaqeHHR i\.:: B 

neATepH~e UHpKOHHR, TO cpaBHeHHe C pe3yRbTaTaMH ~pyrHX pa60T 

CBHneTenbCTByeT 0 CHTyaUHH, aHanorHqHoA CHTyaUHH C Ti. 

B 3aKnDqeHHe cne~yeT OTMeTHTb, qTo C03~aHHaR HaMH 

3KCnepHMeHTanbHaR ycTaHOBKa no3BORReT, B npHHUHne, npOBO~HTb 

KoppenRUHOHHYe OnYTY no HCcnenoBaHHD HTC C pa3nHqHYMH ~eATepH~aMH 

MeTannOB KaK B ra30BOM, TaK H B 3ReKTpORH3HOM peiHMaX. 

ABTOpY BYpazaDT npH3HaTenbHOCTb B.B.BenReBy H 3.B.KpyMWTeAHy 

3a nno~OTBOpHYe ~HCKYCCHH, f.B.KapneHKO H W.f.lliaMCYT~HHOBY 3a 

nOMOWb npH C03~aHHH ycTaHOBKH. 
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