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nepBbie CBe)leHIISI 0 pa3p800TKe II B03MO>KHOCTII llpiiMe HeHHSI nonynpOBO)lHHKOBbiX 

aeTeKTopoa 113 repMaHH!I a raMMa-cneKTpocKonllll noSIBIIIliiCb a pai50Tax
11

•
21

• B HHX 

HCilOilb30BBilC!I Me TOll Jlpei\¢a HOHOB llHTHSI Iilli! C03)l8HH!I p-i-n CTpyKTypbl B repMa ­

HHII. nanbHei\wee p83BIITIIe 3TOT MeTO)l llOily~llll B paoOTBX/
3

-
71

• 

npei\¢oB8HHhie lliiTIIeM KpeMHIIeBbie JleTeKTOpbl Obinll pa3pai50T8Hbl Jl8BHO II npiiMe -

HSIIliiCb B OCHOBHOM an11 15eTa-cneKTpocKoniiH. B03MO>KHOCTb nony~eHII!I p- i-n CTpyK-

TYP a repMaHIIII no3aonllna HCilOilb30BaTb nonynpoBOJlHIIKOBbie aeTeKTOpbi an11 uene i\ 

raMM8-CIIeKTpOCKOIIHH. 

p-i-n aeTeKTOpOB 113 repM8HII51 llll!l raMM8-CIIeKTpOCKOIIHII llO 

Cp8BHeHIIIO C KpeMHIIeBbiMII aeTeKTOp8MH O~eBIIIIHbi, T8K K8K a¢¢eKTHBHOCTb nOrllOWeHHSI 

raMM8-113ny~eHII!I yaen11~11aaeTC!I c yaenll~eHIIeM aTOMHoro HOMepa nornowaiOwero aewe­

CTaa. HanpiiMep, an11 raMMa-KBaHTOB c aHepr11ei\ 100 K3B llHHeliHbie Koa¢¢11uHeHTbi ¢oTo­

nornoweHH!I )lllSI repM8HII!I ( Z =32) COCT8Bil!IIOT 2,1 CM- ! II 0,05 CM-! - llll!l KpeMHII!I 

( Z = 14), anH raMMa-KBaHTOB c aHeprHeil I Mas KOa#llulleHT KOMilTOHOBCKoro norno­

weHII!I 0,3 CM -I_ llllS! repM8HHSI II 0,16 CM -~ llllS! KpeMHHS!o np11 nOrllOWeHHH raMM8-KB8H-

TOB BbiCOKHX aaeprHll npeol5naaaeT npouecc po>KaeaHSJ aneKTpoaao-n03HTpOHHbiX nap, 11 

COOTBeTCTByiOWHe KOa¢¢11UHeHTbl 0 H81lpHMep, llllS! 10 M3B paBHbl 0,094 e:M -I llllS! rep­

M8HHSI II 0,02! CM-! llllS! KpeMHHS!. 

fepM8HHeBbie p- j- n aeTeKTOpbl ll03BOilSIIOT llOilY~IITb BbiCOKOe 3HepreTH~eCKOe 

pa3peWeHBe, B !0-20 pa3 npeBOCXOIIS!Wee pa3peWeBHe CUIIHTHilllSIUHOHHbiX CneKTpOMeTpOB 

NaJ (Tt) • BpeMSJ coi5HpaaHSJ 3apSilla Konel5neTCSJ B 38BIICIIMOCTII aT TOilWIIHbi aeTeKTOpa 

H npHilO>KeHHOrO CMeWeHBS! OT 10 110 30 HCeK, ~TO 118 llOpSIIIOK BellH~HHbl Melibwe, ~eM 

a NaJ (Tf) • 3<!><l>eKTHBHOCTb aeTeKTopa 38BHCIIT OT aHeprHB raMMa-KBaHTOB 11 oo'beMa 

era pal5o~ei\ o15necTII. 3¢¢eKTHBHOCTb obina noac~IITaHa 18 • 7 1 
11 aaeT, uanpHMep, 35% 

)lllS! !22 K3B II 0,16% llllS! 1333 K3B, llllS! JleTeKTOpa C TOilWHHOil ~yBCTBIITellbHOrO CllOS! 

3,5 MM 11 ol5'beMOM 2,8 cM
3

, ~To xopowo cornacyeTcSJ c aKcnepHMeHTallbHbiMII aaHHbiMH. 

3To Ha aaa nopHaKa HH>Ke, ~eM a<!><l>eKTHBHOCTb aeTeKTopa Na J (Tf) pa3MepaMH 

7 .,5 CM X 7,5 CM. noaTOMY ll81lbHei\wee yBellH~eHHe p83MepOB repM8HHeBbiX aeTeKTOpOB 

npeaCT8BilSJeT rll~BHYIO TeXHOilOrH~eCKYIO 3aaa~y . 

3 



8 HllCTORWei! pll60Te OfiHCbiBilOTCR TOXHOliOrHR H3rOTOBli9HHH aeTeKTOpOB H npHBOaRT-

CR HeKOTOpbiO pe3yllbTilTbl 0 fiOliY'IOHHbiO C HX fiOMOWbiO, 

H3roToBneHHe aeTeKTOPOB 

nng npHrOTOBlleHHR aeTeKTOpOB HCfiOnb30BilliCR MOHOKpHCTilllliH'IOCKHi! repMilHHi! p -Til­

fill, H3rOTOBliOHHbill B fHPEnMET~a. MoHOKpHCTilllllbi repMilHHst, nerHpOBilHHOro rllnnHeM, 

BblpllWHBilliHCb no MOTOay "'OXpllllbCKOrO C OpHeHTilUHei! (1,\,\) II (\,\,0), HMeliH yaenb-
3 3 -2 

HOe conpOTHBliOHBe OT 5 110 40 OM•CM 0 filiOTHOCTb aHCliOKilUHi! \•\0 - 8•\0 CM H BpeMH 

lt<H3HH HQOCHOBHbiX HOCHTenel! 6onee 100 MKCBK, llillil6bi H3 repMilHHll Bbipe3aliHCb nepne H­

aHxynstpHO OCB pOCTil KpHCTilllllll H WliH¢QBilliHCb CO BCQX CTOpOH nopOWKilMH 3liBKTpOKo­

PYHllllo llinH¢0BilHHe 31lKilH'IHBilliOCb nopowxoM M7. 31lTeM o6pll3eu TpllBHliCst B TPilBHTene 

3 3 3 3 
CP-4 (25 CM HNO 3 , 15 CM HF , !5 CM CH 

3 
COOH , 0,3 CM Br 

2 
) B Te'le-

HHe H9CKOnbKHX ~.fHHY· H TWilTBllbHO npOMbiBilliCH liHCTHllliHpOBilHHOi! H llBHOHH3HpOBilHHOI! 

BoaoA. 

nnst C03llllHHR D -p nepeXOllll npOBO!lHliOCb HllfiblliCHHe H llH¢¢y3HR liHTHH, nnst 

3TOrO o6pll3BU noKpbiBilliCSI llKBil!lllrOM TaK, 'ITO HB31lWHWBHHOll OCTilBilllllCb TOllbKO Til 

'lllCTb fiOBBpXHOCTH, Hll KOTopyiO HllfibllliUICSI liHTHi!, 31lTBM o6pll3BU fiOMBWilliCll Hll rpll¢11-

TOBOil noanoJKxe, npeaoxpllHstBwell repMilHHll OT TepMH'IeCKHX yallpOB, Hll neqxy, noa xon­

nllK BllKYYMHOA pllCnblliHTenbHOll ycTaHOBKH. 

-5 
HllnbmeHHe llllTHR npoBoaHnocb B BaxyyMe 10 MM pT. CT. Ha npeABilPHTBllbHO Hll-

rpeTbii! 110 400°C o6pll39U0 KOTOpbli! Bbl!lBplKHBilliCSI npH 3TOII TeMnepllType B TB'IBHHB 

3-4 MHuyT, 3/l 3TO BpeMst liHTHi! aH¢¢yHaHp0Billl B repMilHHi! Ha rny6HHy 300-500 MK, 

o6pa3yst n+ enol!. noc~e aH¢¢y3HH o6pa3eu BMecTe c rpa¢HTOBoll noano•xoi! noMewancH 

Hll MllCCHBHbii! KYCOK anst OXlllllK!lBHHSI, "'T06bi nony'IHTb B o6pa3UB B03MOlKHO 60llbWYIO 

KOHUBHTpllUHIO BOHH30BilHHOrO liHTBst, Heo6XO!IHMO BBCTH OXlllllK!lBHHe C MBKCIIM/lnbHO 

aonyCTHMOi! CKOpOCTbl00 H36erllst B TO lt<e BpCMH fiORBliBHBR MHKpOTpeWHH, H36biTOK liHTHll 

C nOBepXHOCTH repMilHHR CMbiB/lliCSI PBCTBOpOM MBTHliOBOrO CnHpTa B Boae; BKBB!lBr CHHM/lli­

CH TpllBliBHBBM B fillllBHKOBOi! KHCliOTB, 

KoHTilKTbi x n+ H p CliORM fiOlly'laliHCb 3liBKTp0liHTH'IBCKHM HBHBCBHHeM HHKClllt, 

3aTeM KOHTBKTbl 3/lWHWBliRCb BHHHliOBbiM KliBBM HliH fiOliHCTHpOliOM, pllCTBOpeHHbiM B TOllyo­

ne, H 6oKOB&Ie noBepXHOCTil !IHO!lll TpaBHliHCb B CP-4 npR KOMHaTuoi! TeMnepaType B Te'le­

HHe HBCKOllbKHX MBuyT. nng TpBBlleHHR HCfiOllb30BilliCll TBKlKe Te¢fioHOBbii! aeplKBTBllb 

c npoxnllaKaMB H3 CHliBKOHOBoA pe3HHbi (pRe. I ) ; npH aToM 3BWHTHbie nneHKH He HaHo-

CHnHCb. 

H3rOTOBliBHHbiB TllKHM CfiOCOISOM llHOabl HMBliB o6paTHbiB TOKH HBCbiWBHBH npa KOM­

HilTHOi! TBMnepaType 2-\0 Mil npH CMBWBHBH 100 Bo 80llbT-aMnepHblB XapaKTepHCTHKB 

4 

CHHManHCb C ITOMOWblO X 

npei!¢ HOHOB liHTHH 

nnst apei!¢1l Hll B03 

OxnlllKalliOWilst BOall HMen 

llll C MBaHbiMH llHCKilMH 

HHe npH apei!¢e orpllHR'II 

06bCW.Il KOMfiBHCHpOBilHH< 

¢e HCfi0llb30BilllllCb CXBM 

BOliHllll orpllHH'IHBilTb TOt 

0-300 cex. B Te'leHB• 

ao 1000 B. Tox npH aTOP 

- 30 Mil anR TOro, 'IT06l 

Xoa apei!¢a nepHoa: 

HHEB-1 c npHcTaBxoi! (J 

rny6HHil apel!¢a H3 ¢op> 

rae £ - aH3liBKTpH'IBC! 

TOpll B CM 
2 

0 C - BMKOC' 

KoHTponb rny6HH&I 

nnst 3TOro Hll llHOa noaai 

llOM HllHOCHliCR pllCTBOp 

CSI 'IHCTbiM 1 8 H8 n + -C 

BenH'IHHa -cnog 

paCC'IHTilHHOi! H3 M3Mepel 

fny6HHa, Hll KOTOpy 

rae D - xoa¢¢HuHeHT aH 

o6pll3Ue, i - fiOCTOliHHa 

liHTBR. 

3TOMY COOTHOWBHBI 

THnH'IH&Ie BpeMeaa 



eKTOpOB H npHBOaRT-

:all repMaHHll p -TH-

OBBHHOrO r annHeM, 

1,1,0), aMena ynenb-

. 8•10
3 

CM -
2 

H BpeMH 

BbipeaanHCb nepneH-

>OWKaMU sneKTpOKQ-

!BUnCH B TpaBHTene 

' M
3 

Br ) B Teqe-• 2 
l aeHOHH3UpOBaHHOl! 

1)'3HH nHTHH, llnH 

~anacb TonbKO Ta 

oMewancg ua rpa<Pu-

npeb.BapaTenbHO aa-

~aType B Teqeuae 

DUH)' 300-500 MK, 

303MO>KHO 6onbWYIO 

HHe C M8KCUM811bHO 

JeWHH. Ha6&ITOK nHTHst 

e sane; aKaanar caBMan-

iM H8HeCeHH9M HHKenSI.. 

pacTsopeHHbiM a Tonyo-

>li TeMnepaType a Teqe­

IOHOBbtlt aep~Tenb 

iiTHbl9 nneHKH He H8Ho-

i HaCbiWeHBH npH KOM-

,Ie XapaKTepKCTBKB 

CHHManacb c noMOWbiO xapaKTepuorpa.pa, cxeMa KOToporo npeacTaBneua ua puc, 1 • 

llpeli<P uouoB nBTBH npoBoaancH aByMH MeToaaMB: ua aoanyxe B B xnopo<PopMe, 

llnH npeli<Pa ua aoaayxe ucnonb30Banocb npucnoco6neaue, noKaaaaaoe ua pac. 3. 

Oxna~aaiOWaH Bona HMena TeMnepaTypy 7-12°C. llnH ynyqweHHH TennoBoro KOHTaKTa nao­

na c MeaHbiMH nacKaMH acnonhsoBanacb aunaeBaR <Ponbra. MaKCHManbuoe o6paTHOe CMewe­

uae npu apeli<Pe orpauaqaBanocb reuepauaoHHbtMH TOKaMH naona, KOTOpbte aaBacena OT 

o6~ew.a KOMneucapoBauuoro cnoH a ycnoBuli TennooTBoaa, llnR orpauaqeaug TaKa npB npeli­

<Pe acnonbsoBanacb cxeMa, cocToHWaH B3 pene TaKa a pene BpeMeHB (puc, 4), CxeMa noa­

Bongna orpaaaqaaaTb TOK npu n106oM aanaauoM ypoBHe a OTKniOqaTb aeTeKTop ua BpeMH 

0-300 ceK, B TeqeuBe aByx qacoB uanpg~eHBe ua aeTeKTope nocTeneaao nonaaManocb 

no 1000 B, ToK npu sTOM cocTaBnHn 10-15 Ma. Orpauuqeuae no TOKY ycTaHaBnuaanocb 

• 30 Ma ang Taro, qTo6ht ucKniOqKTb cnyqallaoe neperpeaaaue o6paaua. 

Xon npeli<Pa nepaoauqeCKB KOHTponapoBancg H3MepeaBeM eMKOCTU nepexona npu6opoM 

YfYfEB-1 C npHCTaBKOll (pUC, 17), Yfa nony'leHHOrO 3Ha'leHBH eMKOCTU auoaa HaXOaHTCH 

rny6uua npel!<Pa ua <PopMYnht: 

w <S 

4trC 
1,4~. 

c 
( 1) 

rae - nusneKTpaqecKaH nocTOHHHaH, W - rny6uua apel!<Pa B CM, S - nnowaab aeTeK-

Topa B CM 
2

, C - 9MKOCTb aeTeKTOpa B n<P, 

KouTponb rny6aabt npel!<Pa BencH TaK~e no aneKTponaTaqecKOMY oca~AeHBIO Menu. 

llnH STOrO H8 aBOA nOAaBanOCb o6paTH09 CMeweaue 10-20 B U H8 nosepXHOCTb C nepexo-

aoM aaaocuncg pacTsop Cu(N0
3

)
2 

• Meab oca~nanacb aa p -cnoe, i -cnoli ocTasan-

CH 'IUCTbiM, a aa n+ -cnoe noHBnHnacb caeTnag nonocKa ( CM, pac, 5), 

Benaqaaa -cnoR, nonyqeaaoro no oca>KD.eHHIO Me .au, COOTBeTcaoaana senHt:~ a: ae, 

paccqUT8HHOli U3 M3MepeHHOli eMKOCTU, 

fny6KHa, Ha KOTOpyiO npawen apeli<P, noaqKHHeTCH COOTHOilleHBIO 

w = [ 2De V t 

kT 

])I 

• 

(2) 

rae D - Kos<P<PauueaT na<P<Pyaaa, e - aapHA aneKTpoaa, V - o6paTuoe aanpH~eane aa 

o6paaue, k - nocTOHHHaH EonbUMaaa, T- TeMnepaTypa aaoaa, t - BpeM.H apel!<Pa aoaoB 

nHTBH, 

3TOMY COOTHOilleHBIO COOTBeTCTByeT ·HOMOrpaMMa, npeaCTaBneHHaH Ha pac, 6
191

, 

Tanaqabie apeMeaa npel!<Pa Ha aoanyxe cneayiOwae: 

5 



..______ 

MM 3a 24 'laCa, 

2 MM 3a 95 'laCOB 0 

3 MM 3a 210 'laCOB 0 

4 MM 3a 340 'laCOB, 

5 MM 3a 500 C 'laCOB. 

TeMnepaTypa o6pa3ua, Bbl'IHCneHHaH H3 COOTHOW9HBSI (2), COCTaBnHna 10 -12°C. 

nocne OKOH'IaHHSI apell~ npH60pbl TpaBHnHCb B CP-4 H noMeman&Cb B BaKyyMHYlO 

KaMepy, OXnalKQaeMylO lKHQKHM a30TOMo 

B OTnH'IH9 OT ape A~ Ha B03ayXe, ape A~ B KHnSIWeM xnopo<j>OpMe ( TeMnepaTypa KHne­

HHSI 61,3°C) HQ9T 3Ha'IHT9nbHO 6blCTpee. 3TO o6ycnosneHO TeM, 'ITO npell~ B lKHnKOCTH 

aonyCKaeT 60nbWYlO MOlllHOCTb paCC9SIHBSI Ha o6pa3ue, TaK KaK B03pacTaeT 3~~9KTHBHOCTb 

OTBOna ::>6pa3yJOlll91>0CH Tenna H o6ner'laeTCSI CTa6HnB3aUHSI TeMnepaTypblo 

.nnH npeA~ nuon noMemancH a Te~oaoayJO onpaBKY c HHKeneablMH 3neKTpoaaMH • 

norpylKancH a Kon6y c xnopo<j>opMoM. ~eTonuKa npell~ a xnopo~opMe aaanoru'laa
1101

• 

HanpHlKeHHe a aa'lane npeA~ ysenH'IHBanoc& ao 200 a nocTeneH&O a Te'leaue aecKOn&KKx 

'laCOB nnH TOro, 'IT06bt H369lKaTb npo6oH, nOKa cnoA, Ha KOTOpOM naaaeT BCe HanpHlK9HBe, 

0'19Hb TOROK. B nepuon npeA~a HanpHlK9HRe nanano K B KOHne npeA~ COCTaBn>UIO OKOnO 

30 Bo .nnH orpaHH'I9HBSI TOKa HCnOn&30BanaCb Ta lKe CX9M80 'ITO K Ha B03UYlllHOM apeA~; 

orpaH&'IeHlle no TOKY ycTaHaanuaanoc& a npeaenax 0,8 - 1 a. PacceuaaeMaH MOlllHOCT& 

npu 3TOM cociaanHna a cpenHeM oKono 50 BT. 

Haorna so apeMH npeA$8 aa6n10nanoc& yxynweu•e aon&T-aMnepaoA xapaKTepliCTHKH. 

Torna o6pa3eu BblHBMancH, nepeTpaanuaancH H cuoaa ndMemancH B xnopo<j>opM. Ecn11 3TO ue 

nOMOrano, TO npOBOQHUHCb BTOpH'IHoe H&nblneHBe H UH~3HSI UHTHH, nocne 'lero B0306HOBUHn-

CH npeA<j>. 

TeMnepaTypa auona so apeMH npeA~ aa 10-20°C npeablwana TeMneparypy KHnSIWe-
/11/ 

ro xnopo<j>opMa • CnenyeT OTMeTHT&, 'ITO pacnpeneneaBe TeMnepaTypbl 6&tno uepaaa<>-

MepHblM auyTpH o6pa3ua, o 'leM MOlKHO cynHTb no TOMY ~KTy, 'ITO npeA~ a cepenaue 

o6pa3ua wen H8 H9CKOllbKO 60n&Wyl0 rny6uuy (nOpHnKa 0,5 MM), '19M no KpaRMo .nnH 

nony'I9HHSI TOnUlHHbl 2 MM HaM nOTpe6oaanOC& 40 '18COB1 

3 MM 

5 MM 

6 MM ·-
-~- 70 '18COB1 

140 'laCOB1 

200 'laCOBo 

fny6HHa npeA~, OnpeneneHH8SI no OC&lKneHHIO MeQB0 COOTB9TCTBOBana CKOpOCTH Jlpell~1 

nony'leHHOA B3 HOMOrp&MMbl (puc. 6). 

6 

Ecnu npu apell~e ~ 

3aHo c npeuunuTauueA n 

3-5 MHHYT yaaaanoc& liB 

no OKOH'IBHHH apell 

'BbtpaBHHBaHHe' (npell~ 

H CM9lll9HHH 200-300 B E 

TeM, 'ITO BO BpeMH apell 

TOnbKO aKUenTOpbt, HO H 

no3TOMY npB noHKlK9HHB 

neT C03naaaTb TO'IHOA K< 

paType n03BOnHeT no6HTI 

BHnCH H llOMemanCR B Be 

npa T9Mneparype ~ 

XapaKTepHCTHKH (puc. 7) 
-9 

nax OT -10 a no HeCK< 

ucnon&3oaaTb nnH cneKTI 

B OTnen&HbtX cny'IB 

-8 o6paTHblX TOKaX 1 Q a 

Ecnu TOKK 6&tnB 6c 

nosTopaoe Tpaaneaue, a 

6onbWHX TOKOB 6btn0 CBS! 

6btCTpoe BbtpaBHHBaH&e: 

1000 B npu TeMnepaTy 

ae npea&twan& 1-2 Ma. 

.neTeKTOpbt xpauunu 

co6e xpaueH&H ue Ha6mo. 

H&te cnoco6&t xpaueuuH 11. 

B lKHnKOM a3oTe HnH Ha 

Heo6XOUHMO npOTpaB&Tb I 

KpHocTaT. Ecna aeTeKTop 

parype, To acneacTaue 6< 

nHT HeKOTOpaH paCKOMnef 

Bblp8BHHB8HH9 M. 

Pa6oTaJOmuA neTeKT< 

5 MMX3 CM
2

• 

nony'leHHe aeTeKTOp, 

HOI! TexHonoruu He npenc1 



WBnllCb B BaKyyMHy~ 

de (TeMnepaTypa KHne­

TO npel!cj> B lKHAKOCTH 

pacTaeT acj>cj>eKTHBHOCTb 

eMnepaTypbt, 

BWMH aneKTponaMH ll 

/10/ 
·Me aHanorH'!Ha 

• a Te'leHHe aecKollbKHX 

nanaeT ace nanpH*euue , 

tcj>a COCTaBnHnO OKOnO 

Ha B03AYWHOM npel!cj>e; 

~eBBaeMa!l MOWHOCTb 

~paoli xapaKTepHCTBKH, 

3 xnopo<l>opM. EcnH aTo He 

1, nocne 'lero eoao6aoen11n-

' TeMneparypy KHnHWe­

JaTypw 6btno HepaeHo­

) npeA<I> B cepenRHe 

eM no KpaS!M, nnSI 

tna CKOpOCTH npel!cj>a, 

EcnH npH npel!cj>e poeT KOMneHckpoeaHHoro enoS! npaocTaHaBnHBancSI, 'ITO 6btno CBSI­

aaHo C npeUHITHTaUHeil nHTHSI, TO nporpeBOM o6paaua B BaKyyMe npH 400°C B Te'leHHe 

3-5 MHHYT ynasanocb llHorna 'ecTpSIXHYTb • nHTHll H no6HTbCSI nanbHellwero pocTa i -cno11. 

flo OKOH'JBHHH npei!cj>a o6pa3eU BblHHMSnC!I 113 xnopocj>opM8 0 Tp8BHnC!I II CT8BHnC!I H8 

'BbtpaBHHBaHHe' (npel!cj> npH ITOHBlKeHHOil TeMnepaType), KOTOpOe senOCb y HaC npll -15°C 

H CMeweHHH 200-300 a B Te'leHHe 2-3 cyToK. Heo6xonaMOCTb BbtpaBHHBaHHSI CBH3aHa c 

TeM, 'ITO BO BpeMSI npel!cj>a npH ITOBbtWeHHOil TeMnepaType HOHbl nHTH!I KOMneHCHpy~T He 

TOIIbKO 8KUeiTTOpbt, HO H npOCTP8HCTBeHHbti! aap!lll, C03AaHHbti! reHepaUHOHHblMH TOKaMH. 

rloaTOMY npa noHHlKeHHH TeMnepaTypw neTeKTopa no pa6o<Jell pacnpeneneHHe nHTHSI He 6y­

neT coanasaTb TO'IHOil KOMneHcauHH aKuenTopoa
1121

• B btpaBHHBBHHe npH nOHHlKeHHOil TeMne­

paType IT03BOn!leT A06HTbCSI 6onee TO'IHOil KOMneHCBUHil. flocne 3TOr'O npll6op CHOBB Tpa­

BHnCSI B noMewanCSI B BBKYYMHY~ KaMepy nn11 nanbHeilwHX HCITbtTaHHll. 

flpB TeMnepaType lKHAKOr'O aaoTa CHHManHCb BOnbT-aMnepHbte B BOnbT-eMKOCTHbte 

xapaKTepHCTHKH (pHC, 7). EcnH 3Ha'!eHHe o6paTHblX TOKOB npH6opa HBXOAHnOCb B npene­

naX OT ~ 10_g a AO HeCKOllbKHX COT BOnbT, TO TBKHe npH60pbt 0 KaK npaBHnO, MOlKHO 6btnO 

HCnonb30B8Tb AnSI cneKTpOCKOITHH, 

B OTnenbHbtX cny<JaSIX ynaeanocb nony'!HTb ynoen&TeopHTenbHbte peayllbTaTbt npH 

o6paTHblX TOKaX 10 -Sa npH 300 B, 

EcnH TOKH 6btnB 6onbwe, TO nn11 yMeHbWeHBSI noeepxHOCTHOi! yTe'JKH npHMeHSinocb 

noeTopaoe TpaeneHHe, a TaKJKe o6peaaHHe 6oKoeol! noeepxHOCTB neTeKTopa. EcnH HanH<JHe 

6onbWHX TOKOB 6btn0 CB!I38HO C HepaBHOBepHblM pacnpeneneHHeM nHTHSI, TO npHMeHHnOCb 

6btCTpOe Bbtp8BHHB8HBe: Ha AeTeKTOp, H8XOA!IWHiiC!I B K8Mepe, ITOA8B8nOCb CMeWeHHe 

1000 B npB TeMnepaType OKOnO -15°C B Te'JeHHe OAHOr'D-ABYX '18COB TaK, 'JT06bt TOKH 

He npeBbtwana 1-2 Ma. 

neTeKTOpbt xpaHHnHCb B BBKyyMe npH TeMnepaType lKHAKOr'O 830T1$• flpH T8KOM cno­

C06e xpaHeHBH He Ha6niDnanocb aaMeTaoro yxynweHBSI xapaKTepHCTHK npH6opo8• Bee ocTanb­

Hbte cnoco6bt xpaHeHHH MeHee HanelKHbt, B cny'lae xpaHeHBH neTeKTopoe HenocpencTBeHHo 

B lKHAKOM aaoTe HnH H8 B03AyXe npH TeMnepaType -15°C · non He6onbWHM CMeWeHHeM 

He06XOAHMO npOTp8BilTb 60KOByiD ITOBepXHOCTb nepen ITOMeWeHHeM neTeKTOpa B pa60'!Hil 

KpHocTaT, Ecnll AeTeKTOp H8XOAHnC!I B Te'leHHe HeCKOIIbKHX 'l8COB npH KOMH8THOi! TeMne­

paType, TO BCneACTBHe 6onbWOi! ITOABHlKHOCTH HOHOB nHTH!I npH 3TOi! TeMnepaType npOHCXD­

AHT HeKOTOpaSI p8CKOMITeHC8UH!!, OAH8K0 0 i -enol! MOlKeT 6btTb BOCCTBHOBneH 6WCTpbtM 

BbipBBHHB8HBeM. 

Pa6oTaiDwHll neTeKTOp c HaH6onbWHM 'IYBCTBHTenbHbtM o6'beMOM HMen paaMepbt 

5 MMX3 CM
2

, 

flony'JeHHe AeTeKTOpa C 'IYBCTBHTen bHbiM CnOeM OKOnO Tpex MHnnHMeTpOB no ASH­

HOi! TexaonorHH He npencTaBnSino oco6btX TpynHocTell. OnHaKo HaroToene8ae pa6oTa~w8 x 
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.[leTeKTOpOB C 6onbWHMH CnOSIMH OCnOlKH!InOCb TeM, 'ITO, XOTSI .!lpel!cjJ H wen Ha rny6HHy 

6 MM H 6on&We, npH60pbl 0 O.!lHBKO o6na.!lanH 6on&WHMH 06paTHblMH TOKBMH npH MBnbiX 

CM9WeHHSIX npB TeMnepaTYpe lKH.!lKOrO 830T8, 3TOT acl>cl>eKT Mbl CBSI3biB8eM C HanH'!HeM 

.!l9<j>eKTOB H HeO.!lHOpO.!lHbiM pacnpeneneHBeM npHMeCB B HCXO.!lHOM repMBHHB, 

HcnbiTaHBSI neTeKTopos 

ilnSI npe.!lBBpHTen&HblX HCDbiTBHBli repMBHHeBblX .!leTeKTOpOB HCDOnb30BanaCb KBMepa, 

CXeMBTH'leCKHll paapea KOTOpoA DOK838H HB pHC, 8, a .[lnH H3MepeHBA npHMeHSinBCb KBMepa, 

BbtnOnHeHHBSI HB OCHOBe 38BO.!lCKOrO DSITHB.!lUBTHnHTpOBOrO .!l!OBpa. KaMepa nOK838H8 HB 

pHc. 9. 

repMBHHeBbte .[leTeKTOpbt KpenHnHCb Henocpe.!lCTBeHHO K OXn8lK.!l810WeA noeepXHOCTH, 

3neKTpH'leCKHe KOHTBII,;l"bl K aneKTPO.!lBM .[leTeKTOpa H3rOTOBneHbl H3 HH.!lHeBOA cjJon&rH-npo­

KnB.[lKB. CHrHan, CHHMaeMbtli c neTeKTopa, BbiBO.!lHncR H3 KaMepbt qepea BbtCOKO'laCTOTHbtll 

saKyyMHbtA paa'beM, HaroToeneHHbtA Ha ocHose CTaHnapTHoro paa'beMa BP-54cjJ. KaMepa 

-1 
C .!leTeKTOpOM OTKB'lHBBnBCb .!10 10 MM pT, CT,, BeHTHnb nepeKpbiBBnCH B 38nHBanCSI 

lKH.!lKHll 830T, ilan&HeAWyiO OTKB'lKY o6ecne'!HBan HBXO.[lHWHHCSI B KBMepe 8KTHBHpOB8HHbtA 

yron&, KOTOpbtA npH HH3KOA TeMnepaTYpe ancop6Hposan ocTaTKH raaa. B peayn&TaTe 

-5 
naeneHHe s KaMepe -nanano 110 4· 10 MM pT. CT. KaMepbi neplKanH BBKYYM 6ea nononnH-

TenhHOA OTK8~KH B TeqeHHe H9CKOnbKHX MeCRUeB. 

HaMepe HHSI raMMa-cneKTpoe npoH3BO.!lHnHCb Ha annapaType, HaroTosnennoA B OT.!lene 

pa.!lHOaneKTPOHHKH na6opaTOpHH n eA TpOHHOA cPH3HKH. Hcnonb30BanCH 38pMOBo-'lyBCTBHTenb­

HbiA n~e.[lyCHnHTen& H ycHnHTenb C K03cl>ci>HUHeHTOM ycuneHHSI nOpS!.!lKB 1000, ilnH nony'leHHSI 

MBKCHMBnbHOrO OTHOWeHHSI CHrHana K WYMY Bbt6HpanaCb OnTHMBnbHBH nonoca nponyCKBHHH 

.[lnSI KBlK.!lOrO KOHKpeTHOrO lleTeKTOpa llO.!l60pOM HHTerpHpy!OWHX H .!lRcjJcjJepeHUHpy!OWHX ueno­

'leK. WyM npenycHnHTenR npH nyneeoll eMKOCTH na axone cocTaBnRn ~ 5 K3B. 

ilnR Bbi60pa OnTHMBnbHOrO CMeWeHHH CHHM8n8Cb 38BHCHMOCTb paapeweHHSI OT npHno­

lKeHHOrO CMe WeHHH (pHC. 10), 

raMMa-cneKTpbl CHHMBnHCb B .!lHanaaone 3HeprHA OT 70 K3B .!10 4,5 Mas. Ha pHc.11-15 

B KB'leCTBe npHMepoe uao6palKeHbi cneKTpbi co
57

, Gd
149

•
151

, cs
137 

, c 0
60 

, Na2 4 

H3 npHBe.!leHHbiX cneKTpOB BB.!lHO, 'ITO pa3peweHHe no 3HeprHH COCTaBnSinO 

.[lnSI 122 K3B 5,1 K3B (4,2%), 

631 K3B 9 K3B (1,4%), 

1170 K3B 9,6 K3B (0,81%), 

1333 K3B 9,6 K3B (0,72%), 

1732 K3B 15,0 K3B (0,76% ), 

2754 K3B 17,7 K3B (0,64%). 
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H a pHc. 13 cpaBHHBBIOT• 

Top a H KpHCTanna N a J • 

cneKTpoMeTpa Ha nopR.!lC 

nHHeliHOCTb .[leTeK' 

OWH60K H3MepeHHli ( pHC, 

3cjJcjJeKTHBHOCTb .!le' 

/13/ 
Ll8HHbiM COCTBBnSin 

1, D.V.Freck, J,Wakef: 

2, P,P,Webb, R.L.Wllli• 

3, A,J,Tavendale, J,E, 

4, G,T,Ewan, A,J,Tav 

5, O.A. MaTeeee. AToMH 

6, W,LQHansen, B.V.J< 

7, A,J,Tavendale, G,'l 

8, E.Sakal, Proc. J,A. 

9, L,Sta.b, R,Henck, F 

10, A,J,Tavendale, J.l 

11. A.J. Tavendale, J,l 

12, J,W,l\1ayer, J, of .1-

13, H.P.Hotz, J,M.!Vhtr 



K wen Ha rny6HHY 

~8MH rrpH M8nbiX 

eaeM c aanHttHeM 

'l8HHH. 

lnb30sanacb K8Mepa, 

11pHMeH!li18Cb K8Mepa, 

3Mepa 110K838H8 88 

IOUlel! 110BepXHOCTH, 

HJlHeaoA <j>onbrH-npo-

ea BbiCOKO't8CTOTHbll! 

BP-54<j>. KaMepa 

11CS! H 3811HB811CS! 

~pe 8KTHBHpOB8HHblll 

•a. B peaynbTaTe 

38KYYM 6ea Jl011011HH-

OTOBneHHOll B OTJlene 

!8p!lllOBD-'tYBCTBJ{Tenb-

1000. nn!l 110I1y'teHH!l 

~ nonoca nponycKaHH!l 

p<j>epeHUHpy!OlllHX ueno­

= 5 K3B, 

JaapeweHHSI OT npHno-

) 4,5 Maa. Ha pRe. 11-15 

. 37 Co60 Na24 

Ha pRe. 13 cpaaHHBaiOTCSI raMMa-cneKTPhi, nony'teHHbie c noMOUlbiO repMaHHeaoro JleTeK-

Topa H KpHCTanna N a J (Tf) paaMepaMH I 0 CM x I 0 eM. P aapeweHHe repMaHHeaoro raMMa-

Cl1eKTpOMeTp8 H8 110pS!JlOK npeBOCXOJlHT paapeweHHe CUHHTHI111S!UHOHHOro. 

llHHellHOCTb JleTeKTopoa a yKaaaHHOM JlHanaaoHe aHeprHR coxpaHSieTcSI a npeJlenax 

OWH60K H3MepeHHl! (pHC. 16). 

3<j><j>eKTHBHOCTb JleTeKTOpa 3 CM 
2 

X 5 MM 11pH p8CCTOS!HHH 4 CM OT HCTO'tHHK8 110 

naHHbiM 
113/ 

COCT8BI1S!I18 Jlr.S! raMM8-KB8HTOB C 3HeprHel! 100 K3B. 

JlRTepaTypa 

1, D,V,Freck, J,Wakefleld, Natur~ 193, 669 ( 1962 ). 

1000 

2500 

5000 

K3B 

K3B -

K3B 

- 8,3 ·10-3 

- 1,4 ·10-3 , 

9,2 ·10-4, 

- 8,6 ·10-4• 

2, P.P.Webb, R.L.Williams. Nucl, lnstr. and Methods, g 361 ( 1963 ). 

3, A,J,Tavendale, J,E.E.E. Trans. Nucl. Science, N&-11, 191 ( 1964). 

4, G,T,Ewan, A,J,Tavendale, Nucl, lnstr. and Methods, ~ 185 ( 1963); 
Nucl. Instr. and Methods, ~ 183 (1964). 

5, O.A. MaTaeea. ATOMHa!l aHeprHSI l!i. M 362 ( 1964). 

6, W,LQHansen, B,V.Jarrett. Nucl lnstr. and Methods, ;u, 301 ( 1964). 

7. A,J,Tavendale, G,T,Ewan, Can. J, Phys., g 2286 (1964). 

8, E,Sakal, Proc. J,A.E.A. Conf, Nuc!,Electr., Paris, 1964, p,20!;. 

9. L,Stab, R,Henck, P,Stlffert, A,Coche. Nucl, lnstr. and Methods, ~ 113 ( 1965), 

10, A,J,Tavendale, J,L.Fowler. Chalk River Report, GP:I-57, 

11. A,J,Tavendale. J,E,E,E. Trans, Nucl. Science, NS:...1?, 255 ( 1964 ), 

12, J,W,Nfayer, J, of Appl. Phys., 33, 2894 ( 1962 ) • 

13, H,P,Hotz, J,M,Nfathlesen, J,P,Hurley, Nucl. Instr. and Methods, 37, 93 ( 1965). 
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PyKonHCb nocTynHna B H3Jl8TenbCKHR OTJlen 

12 <j>eapanSI 1966 r. 
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