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HacTORll.lBR p a6oTa RBnReTCR 'IBC TbJO npoBO.UHMblX HBMH Hccne.uoaanHi! .ueilcTBHR 

npoTOHOB BblCOKOil 9HeprHH H8 nonynpOB O.UHHKOBble YCTpOl!CTBB H CO.Uep)I(H T n p e.UB8pHTenb­

HOe C006ll{eHHe 06 H3MeHeHHH HeKOTOpblX CBOi!CTB nonynpOBO.UHHKOBblX .UeTeKTOpOB np11 HX 

6 0M68p.UHpOBKe npOTOHBMH C 9HeprHel\ OKOnO 650 ~9B. 

06ny'leHHJO l10.UBepranHCb o6p83Ubl l10BepXHOCTH068pbepHblX .ueTeKTOpOB, H3rOTOBneH­

H b !X H3 KpeMHHSI n -TH!1 8 C y.uen b HblM C011pOTHB!1eHHeM 200-500 OM • CM H p aa p e W e HHeM 

OT I .uo 3% np11 periiCTpBUHH an~a-qacTHU c aneprHeil 4,8 ~3B. 

npH H3rOTOBneHHH .UeTeKTOpOB 6bln8 HCnOn b30B8H8 T e XH OnoriiR, KOTOp8S! 6y.ue··· B3SIT8 

38 O~ HOB)' II np11 cep11l!HOM B bll1 YCKe 3 TIIX npH60p OB. 

8 XO.lle OIIbiTOB H3yttanHCb 3aB HCHM OCTH' OT nonyl.feHHbiX .003 8M IInHTJ,llbl HMnynhC8, 

eMKOCTeA, 9 He preTII'IeC K o ro paa peweH IISI, aenii'II!Hb l o6paTnoro TOKB 11 ypoBHll wyMoB .ue-

T eK T OpOB. 

Bcero o6ny'leHIIJO n o.uaeprnocb 14 o6paau oa. J..1nTeHCHBHOCTb npoTOHHoro ny'IKB onpe­

.u <;:nS!n acb no BKTHBBUHII a n JOMHHHeaoA <j:>onbrH (no p eaKUHH AJ21 (p, 3pn) IV a H ) 
1 

YCT8H8BnHB8eMOA B MeCTe pacnan O)I(eHHSI .ueTeKTOpOB. npoae.ueHHb!e H3Mepe HHSI l10K838nH, 

'ITO HHTeHCHBHOCTH npOTOHHOrO ny'IKB B p83H b!X Ce8HC8X o6ny'leHHSI MeHRnHCb OT J,7•J0
8 

.UO 6•!08 
11pOTOH/cM

2 
CeK. ~8KCHM8nbHBSI .U038, nony'leHHBSI .UeTeKTOp8MH B 9TOI! pa6oTe, 

6nH3K8 K 2 · 10
13 

npOTOHfcM
2 

nnll TOrO, 'IT06 b! HMeTb B03MO)I(HOCTb C p8BHHTb HBWH .UBHHble C peaynbT8T8MH .Upy­

/ J 2/ 
rH X BBTOpOB ' , nonyqeHHblMH 11pH 06nyqeHHH nonynpOBO.UHHKOBb! X .UeTeKTOpOB Hel!TpOHB-

/3/ 
MH c aneprHeA 14 ~aB, MO)I(HO aocnonb30BBTbCll peaynbTB TBMH naweA pa6oTbl • B aToll 

p a6oTe 9HepreTH'IeCK8SI 38BHCHMOCTb l10Bpe)I(.UeHHOrO .UeilCTBHll li.UepHblX 'IBCTHU HB KpeMHH'" 

eab!e <j:>oToaneMeHTbl pacc'IHTb!Banacb B npe.unono)l(eHHH, 'ITO noape)I(.UBJO!l.lee .uellcTBHe 

S!.Ue pHOll p8.UH8UHH onpe.uenS!eTCSI KOnH'IeCTBOM 9HeprHH, 38Tp8'IHB8eMOil B o6p83Ue B e.uH­

HHUY a p eMeHH HB o6paaoaanHe CMell.leHHblX B TOMOB. 

Cornac Ho peaynbTBTBM aToil pa6oTbl noape)l(.aeHHll o6paauoB npH o6ny'leHHH neATpona-

MH c aHeprHell T H npoTOHBMH c aneprHell T P 6y.uyT O.llHH BKOBbl a TOM cnyqae, Kor.aa 

BbliiOnHSI9TCSI COOTHOW9HH9 

D (T ) • W (T) c D (T ) • W (T ) , 
P pp nn nn p 

r.ae D H D - nony'leHHble o6p83UOM COOTBeTCTBeHHO Hei!TpOHHBSI H npOTO HHBSI .U03bl; 
D 

W n II W P - noape)I(.UBJOll.lHe .uel!CTBHR Hei!TpOHOB H npoTOHOB. 

Vf cnon b3J51 3 T O COOTHOWeHHe, MO>KHO JTB9p>K.ll8Tb, qTQ T8KH9 }f{9 H3M9H9HHSI XapaK-

3 



.. 
" 

TepHCTHK o6p83UOB, KOTOpble H86JIIOJJ.anHCb npH nony'leHRli RMH JJ.03bl HeiiTpOHOB D 6yJJ.yT 
• n ' 

RMeTb MeCTO npH ,nony'leHHH JJ.03bl IJPO'l'l)llOB D P B TOM cny'!ae, ecnR D ( T )~ .JL..!..I,.J D /T,), 
p r W (T ) 

npH 3HeprHR Hel!TpOHOB }4 ~3a li 3HeprHR npOTOHOB 650 ~3a B COO~BeTCTaHR C ~e31nb­

/3/ 
T8T8Mli pa60Tbl 3TO npHBOJJ.HT K COOTHOWeHHIO 

D (650) ~aa a0,52· 
p 

Dn (14 ~as), 

~3MeHeHHH XBpBKTepHCTHK JJ.eTeKTOpOB a pe3ynbTBTe HX o6ny'leHHR HnniDCTpHpyiDTCH 

pHCYHKBMH }-4, npH flOCTpOeHHH KOTOpblX, KpOMe HBWHX JJ.BHHblX, ycpeJJ.HeHHblX flO aCeM 

II 2/ 
o6ny'leHHblM o6p83U8M, HCflOnb30B8Hbl TBK>Ke pe3ynbT8Tbl pa6oT ' , nocauweHHblX Heli-

TpOHHOMY o6ny'leHHID nonynpoaOJJ.HHKOBblX JJ.eTeKTOpOB, nony'leHHble JJ.8HHble MO>KHO KpaTKO 

xapaKTepH30BBTb cneJJ.yiDWHM o6pa3oM: 

I. He Ha6niDJJ.~eTcH CKOnbKo-HH6yJJ.b 38MeTHoll pa3HHUhl a paJJ.HBUHOHHbiX CToliKOCTHX 

o6p83UOB, OpH H3["'0TOBneHHH KOTOpbiX HCnOnb30B8n8Cb XHMHqeCK8SI H aneKTpOXHMl.PteCK8SI 

nonHpOBKa noaepxHOCTH, TaKyiD >Ke paJJ.HBUHOHHyiD CTOl!KOCTb, KaK o6bi'IHbie o6paauhl, HMeiDT 

nonynpoBOJJ.HHKOBble JJ.eTeKTOpbl C nneHKOll OKHCH onoaa, 

2. Bee napaMeTpbr JJ.eTeKTopoa JJ.OBOnbHO cna6o MeHHIDTCH npH JJ.oaax D ( 650) < 
11 12 2 p -

5·10 -}0 npOTOHOafCM , npH nony'leHHH JJ.03, npeBb!WBIDWHX 3TY aenH'IIIHY, xapaKTe-

pHCTHKH JJ.eTeKTOpOB HB'IHHBIDT MeHHTbcH C yaenH'IeHHeM JJ.03bl 3H8'1HTenbHO 6biCTpee, 

3. AMnnHTyJJ.a HMnynbCoB (eM. pHc. I), Bhrpa6aTbiaaeMbiX C'leT'IHKOM npH CTBHJJ.apT-

HOM aoa6y>KJJ.eHHH ( anbcj:lB-'IBCTHUbl C 3HeprHel! 4,8 ~3B), cna6o MeHHeTCH BO BCeM HCCne-

JJ.OBBHHOM HHTepaane p8JJ.HBUHOHHblX JJ.03, npH'IeM 3TOT acj:lcj:leKT 6onee 38MeTeH npH pa6oTe 

JJ.eTeKTOpa 6e3 CMeWeHHR (.~J': 20-30% npH D '=-10
13 

npOTOH.OBfcM
2

) H npaKTH'IeCKH 
u p 

oTcyTCTByeT npH cMeweHHHX I0-15 aonbT, 

4, ~3MeHeHHH o6paTHOrO TOKS JJ.eTeKTopa ( CM. pHc.2) OKB3b!B810TCH 3HB'IHTenbHO 5o­

nee pe3KHMH npH MBnbiX BenH'IHHBX CMeWeHHH (0-5 a), '!eM npH 60nbWHX (20-50 B), 

5, 3aBHCHMOCTb OflTHMMbHOrO OTHOWeHHH U CHrH, OT paJJ.HSUHOHHOH JJ.03bl npHBeJJ.e­
U WyM, 

HS HB pHC, 3. ~HTepeCHO OTMeTHTb, 'ITO CMeWeHHe, COOTBeTCTBYIOWee OflTHMSnbHOll aenH'IH-

He 3TOrO OTHOWeHHU, HeCKOnbKO MeHUeTCH C paJJ.HBUHOHHOll JJ.030l!. 

6. ~3MeHeHHe 3HepreTH'IeCKOrO pa,3peweHHH JJ.eTeKTOpOB npH HX o6ny'leHHH flOK838HO 

12 2 
Ha pHc. 4. 3aMeTHoe yxyJJ.WeHHe pa3peweHHH HB'IHHaeTCH npH JJ.Oae DP!! 10 npoToHoa/cM 

H npH JJ.03e },5-2•!0
13

npOTOHOBfCM
2 

3TO YXYJJ.WeHHe paapeweHHH MO>KeT JJ.OCTHI:8Tb 

250-300%, CMeWeHHe, npH KOTOpOM pa3peweHHe JJ.eTeKTOpa OKB3b!B8eTCH HSHny'IWHM, 

TBK>Ke HeCKOnbKO MeHHP.TCH C yaenH'IeHHeM nony'leHHOA o6p83UOM JJ.03bl, 0JJ.H8KO, KBK H a 

cny'lae OTHoweHHR 
CR["'H, 

wyM. 
, npH nepexoJJ.e oT o6pa3ua K o6paauy 38KOHoMepHOCTH 3Toro 

H3MeHeHHH npocneJJ.HTb He y JJ.BeTCH, 

7. ~3MeHeHHe eMKOCTH JJ.STeKTOpOB ao BCeM HCCneJJ.OaSHHOM HHTepsane paJJ.Ha­

UHOHHblX JJ.03 6brno He3HB'IHTenbHbiM. HaMeTHawaucu TeHJJ.eHUHH yKaabraaeT Ha HeKoTopoe 

4 

yMeHbWeHHe eMKOCTH o6ny'll 

nHWb JJ.nH oJJ.Horo o6paaua, 

wam1cb ace ero xapaKTepHC 

3a nocne,n.HHe ro.!lbl s 

HOCTR HCOOnb30B8HIHI nonynp 

!lel!CTBHTenbHO, nopTBTHBHO 

CflOC06HOCTb JJ.ena!OT HBCTOI 

CKRX ycnOBHHX pa60Tbl HB HC 

O.>KHJJ.BTb B 6yJJ.yWeM BCe 6c 

no3TOMy y>Ke celi'IBC 

pa60Tbl H K3MeHeHI!e OCHOBH 

npe6b!BBHHH B paJJ.HBUHOHHbiX 

Hhi MeTO.Llbl p8CtteT81 OllHCBH 

well pa6oTe aKcnepHMeHTan> 

naranocb, qTo crreKTp npoTO 

eTCH cj:lyHKUI!eA 

a cneKTp aneKTpOKOB ao BHe 

npoaoJJ.HnHcb a npeJJ.nono>Kel 

OJJ.HO H3 3HB'IeHHA T =I tv 
min 

EcnH JJ.eTeKTop noJJ.sep 

II H aneKTpOHOB CO cneKTpOM 

6yJJ.eT OnpeJJ.enHTbCH B OCHOl 

Hao6opoT, nospe>KJJ.BIDWHM t:. 

AsTOpbl 6naroJJ.apHbl 8 

np11 ee npoaeJJ.eHHH H H.r.3 

ny'IKB, 

1. C.A.~aTaees, c.~. PbiBK 

Bb!M JJ.eTeKTOpBM HJJ.epHbl 

2, R.W.K!ingensmith. Trans. IRE 

3. 6.~. ronoaHH, A.n. naHJ] 

!ly6Ha 
1 

1963 • 

4. CM. HanpHMep, R.Takali, I 

5. B,J,O'Brien, J.A.\!.n Allen, C.! 



l03bl Hei!TpOHOa D n ,6YJJ.YT 

e , ecnH D (T )~ ...!!'..i..1I.J D_(T,). 
P p If (T ) 

B COOTBeTCTBH H C ~eatnb-

>6ny'!eHH51 HIIIIIOCTpHpyiOTCH 

, ycpeJJ. HeHHbiX 110 BCeM 

I I ,2/ 
, nocasuueHHbiX HeA-

hie .ll8HHbte MO>KHO Kp8TKO 

I p8JJ.IiBUiiOHHbiX CTOi!KOCT51X 

IK 06bi'!H ble 06p83Ubl, HMeiOT 

npH JJ.oaax D (650) < 
p 

X 3 TY BeJIH'IHHy, XBpBKTe-

HB'IHTell bHO GbiCTpee. 

C'!eT'!HKOM npH CTBHJJ.BpT-

t MeHHeTCSI BO BCeM HCCne-

;onee aaMeTeH np11 pa6oTe 

2 
!Oa fC M ) H npaKTH'!eCKH 

3biB 810 TCSI 3 H8'1HTenbHO 6o-

6onbWHX (20-50 a) . 

HBUHOHHOl! JJ.03bl npHaeJJ.e-

A. 

)H HX 061ly'!eHHH TIOK838HO 

12 2 
loae DP !'! 10 npoToHoa/cM 

S1 MO>KeT .QOCTHr.STb 

3biB8eTCSI H8Hny"'WHM 1 

I .0.03bl. O.aHBKO, K8K H B 

83UY 3BKOHOMepH OCTH 3TOrO 

" HHTepaane paJJ.Ra-

yKB3biaaeT HB HeKOTOpoe 

yMeHbWeHHe eM KOCTR o6ny'leHHbiX o6paauoa . CHnbHoe yMeHbWenHe eMKOCTH 6btno t•TMe 'l e no 

nHWb JJ.IIH o JJ.Horo o6paa ua, y KoToporo nocne non y'!e HKH JJ.03bi 1,6 ·10
13 

aH B 'IHTe n b HO yxyJJ. -

WBIII!Cb ace e ro XBpBKTepH C THKK, 

3 a TIOCJieJJ.HH e rOJJ. bl a JIHTepaType H OJJ. HOKp8 T HO TIOJJ.HHM BIICSI BOflpOC 0 u e n ccoo6pna-

HOCTH H"CnOnb30B8HHSI nonynpOBO.QilHKOBbiX .a e T e KTOpOB npH H3 yY.elH1U KOCMHI.J e CKII X ny4 eH . 

.[l e l!C TaHTe llbHO, nopT8THaHOCTb, MBJIBSI TI OTpe6nSi eM851 MOWHOCTb, Bbi CO KBSI paapeWBIOW851 

CTIOC06HOCTb JJ.eiiBIOT HBCTOIIbKO npHBJieK8Te llbHbi M npRM e H e HR e 3 TH X npH6opoa a C lleUHCpH'I e ­

CKHX ycno a HSIX p a60Tb! HB HCKyCCTBeHHbiX CTIYTHHKBX 3eMIIH, 'ITO MO>KH O C yaepeHliOCTbiO 

O>KHJJ.8Tb a 6yJJ.yW e M ace 6onee W!ipOKOrO >IX HCTIOJib30SBHH51 S KO CM H'l eC KHX HCCJieJJ. Oa8HH 51X . 

noaTOMy y>K e cel!'!BC npeJJ.CTBSII51eT HHTepeC OUeHHTb S03MO>K HYIO n p OJJ.OII>KHTellbHOC Tb 

p a60 T bl H li3Me HeHRe OCHOaHbiX CSOl!CTS TIOIIynpOS OJJ.H IIKOShiX JJ.eTeKTOpOB np11 H X JJ.IIUTellhHOM 

npe6 biB8 HHH B pBJJ.IIBUHOHHbiX 11051C8X 3eMIIII, .[lns1 llOIIy'le HH51 T BKHX OUeHOK Gb!IIH HC TIOIIb30S B -

/3/ 
Hbl MeTO/J. bl pBC'IeTB, Oll>ICBHHbie S ynOMKHBSWeliCSI y>Ke p a6oTe , II HBIIJJ.eHHble B H8CT051-

Ulei! p a6oTe 3KCilepRMeHT81lbHbie JJ.BHHbie, npH nposeJJ.eHHH paC'! e TOa, KBK H B 
13 1

, npeJJ.no­

n a r aJIOCb, 'ITO CTieKTp llpOTOHOB SO BHyTpeHHeM pBJJ.HBUHOHHOM TI051C e 11pH611H>KeHHO OllHCbiBB­

eTCSI ci>YHKUHell 

I b 

p 

T •I ,84 . 
(3) 

a cneKTp aneKTpo~;~oa so aHeWHeM nogce HM eeT BKJJ., n pHae JJ.eHH biA s p a6oTe
151 

B bi'IHcne H>Ht 

nposoJJ.HIIHCb s npeJJ.nono>K eHHH , 'ITO HH>i<HHSI rpaHHU B T min npoTOHHoro cneKTpa npHHHMaeT 

OJJ.HO H3 aHa'!eHHll T =I Mas; 5 Mas; 10 M as. 
min 

Ecn11 JJ.eTeKTop noJJ.sepraeTCSI OJJ.HospeMeHHOMY JJ.ellcTSHIO npoTOHos co cneKTpoM (3) 

/5/ 
H a n eKTpoHos co cneKTPOM , TO HaMeHeHHe ero napaMeTpos n pu T min =5 Maa- 10 M a a 

6yJJ.eT onp eJJ.eJIS!TbCSI s OCHOSHOM nospe>KJJ.BIOUIHM JJ.el!CTSHeM a neKTpOHOa. npH T = I M a a , 
min 

HB060pOT, noape>KJJ.BIO UIHM JJ.ei!CTaHeM aneKTpOHOS MO>KHO llpe!ie6pe'!b, 

A aTopbi 6naroJJ.ap!ibi B.n • .il>Kenenosy aa nocTOSIHHhiA HHTepec K p a6oTe H noMOWb 

np11 ee nposeJJ.eHRii " H.r.3aAuesoi! 3a noMowh s onpeJJ. e n e HHH HHTeHc.asHOCTH npoTOHHOro 

nyqKa. 

n 11 T e p a T y p a 

I. C.A. MaTsees , C .M. P biSKHH, H.B. CTpoKaH. M a T e pH a n bi conewaHHII n o nonynpoao JJ.HHKo ­

abiM JJ.eT eKTOp BM 51/J.epH biX Hally'leHHll (.[ly6Ha, a npellb 1962 r), CTp, 50 , 

2. R.W.Klinj!'ensmith. Trans. IRE. NS -8, No.1, 112 (1961). 

3. B.M. ronoaHH, A.n . naHJJ.CMBH, r.M. rpHrOpbesa, B.n. OcHneHKO, npenpHH'D OvHH1 P -1 247, 

.[ly6Ha J 1963 • • 

4 . CM. HanpKMep, R.Takali, M.Perkios, A.Tuzzolino. Trans. IRE NS - 8, No. l, 64 (1961). 

5. B •. !.O'Brien, ,l.A.Van Allen, C.D.Lauchlin, L.A.Frank • .lourn. Geophys. Res., 67,397 0962). 

5 
PyKOilllCb noc Tymwa s 11 3/J.BTellbCKHA OTJJ. en 

3 JJ.eKa6pH 1 963 r . 
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PHc. 3. 3aaHCHMOCTb onTHMBn bHO A senHl.IHHbi oTHowe HH R C HrHan OT nonyqeHHOA 

AP(D) 
P(ijj 

2 . 
~5 

J,O 
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Cl.leTl.IHKOM panH8UHOHHOA n03bl. 
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2 ~ 6 I 1011 2 
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PHc. 4 . 3aaHCHMOCTs. aHepreTHqecKoro paapew eHHll .ueTeKTopa oT nonyqeHHolt HM panHa­
UHOHHoA .!l03bl. 
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PRe. 5. 3aeRCRMOCTb <>HepreTR'IecKoro paapeweHRR neTe KTopa oT nponomKRTenbHOC TII 

ero npe6biB8HHS'I B 30HBX M8KCRM8nbHOll HHTeHCHBHOCTH p8JJ.R8UROHHb!X llORCOB 3 eMnl!. 
i - nellcTeRe npoToHoe co cneKTpoM/3/ R T 

0 
= 10 M s e 

1 
2- -·- -·- -•- R T 0 = 5 M s e 
3- -•- -•- -·- RT0 =1Ms e 
4- neliCTBRe sneKTpOHOB CO CneKTpOM/5/ • 

10 

·, 

,.. 

4l l----- ·---L- _ 

I 

J -- TT----

- ... .Ll_~ 

~ 
~(0) 

P 11c . 6. 3aeHCI!MOCTb OTHO 

c q eTqH Ka D 3DHax , 

fiORCOB 3eMnl! . 

I - neilcTeRe npOT• 
2 - - · -
3 - - · -
4 - neilcTBHe sneK" 

P11c . 7. 3aei!CHMOCTb o6 

ero npe6biB8H HR 
HbiX llOSICOB 3eN. 
I - .a.ellcTeHe n 

2 - - ·-
3 - -·-
4 - neliCTBHe :3, 

CMew eHHe Ha L 
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OT npo n o mKHTenbHOC TH 

p 8 llH8UH OHHhlX HORCOB 3eMn~ . 
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PH c . 6. 3aaHC HMOCTb OT H OW eH H R ~ 
WYM 

OT n p onon>K HTe n bHOC,T J{ npe6 biB 8 HHR 

C l.f eTttH Ka B 30Hax M8 KCHM8n bH O 'A H' H T eHCHB H OC TH p8.0H 8 UH OHHblX 

fi O RCOB 3eMnH . 

I - ne i!cTaHe n p o T O H OB co cneKTpoM
131 

H T ~ 10 M~a, 
2 - - · - - · - H T~ ~ 5 M aa 1 

3 - -·- - · - /BJ T 0 ~ I Maa . 

4 - n e HC TB He a n eKTp O H OB CO cneKT p OM 
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P Hc . 7. 3 a a H CHM OC Tb o6p a THoro T OKa c q e T'IHKa O T npo n on>KHTen bHO C T H 

e r a n p e6biB8HHR B 30H8X M8 KCHM 8 nbHOA HHTeHCHBHOCTH p 8 .0H8UHOH ­

HbiX HOR COB 3 e MnH . 

I - netlcTBH e n p oTO HOB co cneKTpoM
131 

H T ~ 10 Maa J 

2 - ·- - ·- - • - " · ~ ~ 5 Maa 

3 - · - - · - - · - I B? T 0 ~ I M a a ; 

4 - netl CTBH e a n eKTpOHOB CO cneKTpO M 

CMew e HJ< e H 8 n e T e KT Op e p a aH o 50 a. 


