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Baeaeaae 

BalKH8AWRM RCTO'IHRitOM aaeprRR LliiSI IIRT8RRSI R&y'IHOI annapaTypbl R t5opTOBbiX 

ycTpolcTs acJtyccTseaawx cnyTBRJtos 3eMnR I aanee HC3/ s aacToswee apeMsr srsnsrDrcsr, Jt&Jt 

B3B8CTH.O, ll01fYilp080JlHBitQBbl8 /rnaBRbiM Ot5p&30M ltp8MHR8Sb18/ cPoT08118MEtHTbl. 3TO 38C'I"&B

IIJieT 1Ip8ll'lt11BIIJIT& 'lp83Bbi'I&IHO BbiCoX:Jie Tp8t50B8BR51 It H8 ll8lKBOCTR R LlOnrOS8'1HOCTB RX 

4!YHitllROHRpOB8RBII SO BC8X YCIIOSRSIX, C ltOTOpbiMR MOlKeT BCTp8TRT&CSI ltOCMR'I8CitRI neTa

T8nltHbll an nap aT. 

0a&RM R3 R&Bt50nee RBT&pecRbiX pesym.T&TOB H&y'IHbiX RCCII8ll0S&BRI, BblllOIIH8HHbiX C 

DOMOlllbJO HC31 IISIIIIOCb ot5aapylKe&Ke pallR&IIIIOBHbiX n0t1coa B OJtonoaewaoM npocTpaacTae. 

S /1/ 3 "' biiiO D0Jt83&HO , 'ITO B Oltp8CTROCTSIX 8MIIR cywecTayJOT llSB llpOCTp8RCTB8RRO p&30u-

lll8RBbl8 30Hbl ltOpnyCJtyntlpHoro R311Y'I9RRII SbiCOitOI BHT8BCJIBROCTR, p&311R'I&IOWJI8CSI W8lKll7 

COC50I no COCT&By R 8R8prlflf '18CTRII. BayTp8BBBB 3088 llpOCTIIp&eTCII OT 800 ltM B&ll ypoa

R8M MOp51 /a 3&1l&LlROM aonywapRII / R 1800 ltM /a BOCTO'IHOM/ llO p8CC:'r051BRI nopBlllt& pa-

~/ . n1 
.aR;yca 3ewnlf. O~wTw, swnonaeaawe aa S-ew: coseTCJtOM R aa PBll& awep&Jta&cltBX HC3

1 
ll01t83811R, 'ITO OCHOSHYJO pon& BO B&yTp8HR8M Jl051C8 Brp&IOT llpOTOHbl C aaeprBSIMR OT 

T < ,.- 10 Mea llO :z;, • 700 - 1000 Mas. Ha swcOTe oJtono 1200 JtM aacll<Pepeau•anr:.awl 

asepreTR'IBCitRI Cll81tTp apOTOROB 

/4/ 
B B&Tepsane 40 Mas < T .5 700Mas aoaon~oao xopowo ollR-- ,. 

Cb1B88TCSI 38BRCRMOCTbiO : 

I I T •ft 
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• 2 
I,. - s &llRHRUax l'lacT/cM .ceJt.Msa.cTep/. B ueaTpe aTol soaw RHTerpanr:.aasr HHTea-

/S/ 
CRBHOCTb llOTOit8 llpOTOHOB 

I I T > .., o-
/4 5/ 

Peayn&T&Tbl R3Mepeaaa ' npoToaawx cneltTpos BHyTpeaael soaw aa pasabiX awcoTax 

/1 8 6 7 I 
llpRB8ll8Hbl H& pRC. l. HeltOTOpble Ll8HHble ' ' ' CBRLl9T91IbCTBYIOT 0 TOM, 'ITO BO BHyT-

peaaeM noace npacyTcTsyJOT T&Jt>Ke sneKTpoaw c saepr&el ::; 1 Maa. 

Baewaaa paaaauaoaaaa soaa npocTRpaeTCR I& paloae reoMarHRTHoro aJtsaTopa/ OT 

• 10.000 KM llO • 50.000 Kilt OT llOBepXBOCTR 3eMIIR, C YB81IR'I8HH8M r&OM&rHRTHOA WRpO-

Tbl HR>KHRR rp&HRU8 30Hbl 1IpR5nH>K88TCR It 3eMne R B o5naCTR 55°-70° OK83biB8M"Ciil Ha pac

CTORHRR 800-500 ltM OT ee llOBepXHOCTH, KopayCKY1IRpHb18 IIOTOKR B 9TOI 30He COCTORT, 8 OC-

. 181 
HOBHOM, H3 8118XTpOHOS, llR~~epeHUH&IIbHbll 9HepreTH'I8CXHI cnaxTp KOTOpbiX npzseaeH H8 

8 9 2 
pxc. 2. HaTerpanr:.aas HBTeaczaaocTb ax aocTaraeT 10 -10 aneJtT.Icw .ceK.cTepaa ana 

r
13

> 20 Kea z 10
5 

aneJtT.IcM
2

.ceK. cTepaa llliR r 13 > 600 Kaa. BosMo>Kao, 'ITO ao saeLuaeM 

p&llR&UHOHHOM ll0RC8 HM89TCSI T&Jt>Ke H9KOTOpOe lt01IH'I8CTBO npOTO'IOB M81IbiX 9Hepr111, 

C 0Titpb1TH8M p8LlH81lROHHbiX IIOHCOS 3eMIIH S03HRKII8 He05XOLlRMOC1'& BbiSICHHT& llpRl"OLl

·HOCTb llOIIynpOBOLlBRXOBbiX. q>OT091I8M8HTOB LliiSI pa50Tbl B IIOIIHX xopnycxynSipHoro l'!llny'lenm;r. 

TeopeTa'lecxz aToT aonpoc asy'lancs paaee PRLlOM aeTopoe, ao llO aocne.!lHero opeMeHH I<ec~:o 

a 

·~ 
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8 Ha '"!113 11pi-M eHSIJICSI iiHW b K OOM08p.llHp013Ke K pHCT8JIJI8 Sl.llepHbiMH '18CTHU8MH OTHOCHTeJibHO Ma

.'TOii aHeprHH. 6onbWHHCTI30 aKcrrepHMeHTaJibHbiX 11 ccne.aoBaHHil T8K.fKe ObinO 13bli10JIHeHo nHwb 

rrpH aTHX ycno13HHX. CywecT130I38HHe 130 13HyTpeHHeM pa.aHaUHOHHOM rroSJce HHTeHCHI3HbiX noTo

K013 11p0TOH013 C aHeprHSIMH 13 COTHii iV\313 c.aenano HeOOXO.llHMbiM 11p013e.QeHHe 9KC119pHMe~TOI3 13 

COOTBeTCTBYIOWeii 9HepreT!i'leCKOH OOJI8CTH H 38CT8BHJIO yTO'IHHTb H9KOTOpb!9 npe.anOJIO.fK9HHSI, 

HCI10Jlb3013813WH9CSI paHee 11pH TeOpeT!i'leCKOM 8H8.'1H3e 11pOUeCCOB p8.llH8UHOHHOrO 110Bp9.iK.ll9HHSI 

KpHCT8JIJIOI3. 

3Kcnep!iMeHT81IbHbl9 liCCJI9.ll0138HHSI .aeiiCTI3HSI H.llepHOH p8.llli8UiiH H8 KpeMHH9Bbl9 cPOTOane-

., • 19 I 
M9HTbl, 13bli10JIHeHHbie 38 110CJI9.llHHe rO.llbl 13 pS!.ll9 8M9pHK8HCKiiX JI800p8TOpHH, 110K838JIH 

10 2 
'ITO rrony'leH!ie pa.aHaUHOHHOil .aoabi 3,5.10 rrpoT.IcM npH aHeprHH TP "' 17,6 Mas npH130.llHT 

1t yMeHbweHHIO Ha 25% KnLI Si - ¢oToaneMenTol3 c 6aaoil H11 MaTepHana c npo130LlHMOCTb!O 

1101 
n -THrra I nanee p- n -¢oToaneMeHTbii. no npyrHM .aaHHbiM 1 K TaKoMy me peaynb-

13 2 
TaTy npHBOLlHT nony'leHHe .aoabi 5.10 aneKTp.lcM .ceK rrpH T f3 = 500 Ka13. nocne.aHHSI oueH-

1111 
Ka xopowo cornacyeTcsr c TeneMeTp!i'leCKHMH .aaHHbiMH o pa6oTe cpoToaneMeHTOB Ha V1C3 

"'Viccnenol3aTeJib Yl •, TpaeKTOpHS! KOTOporo npOXO.llHJia, 13 0CH013HOM, 130 13HeWH9M p8.llH8UHOH-

HOM 110SIC9. 

Bee 11pHB9Ll9HHble 13blllJ9 peayJibT8Tbl OTHOCSITCSI K p-n -¢oT09JI9M9HT8M. 3KcnepHMeH

T81IbHbiX naHHbiX o neilcTI3HH HnepH0il 6oM6apnli:pOBKH Ha ¢oToaneMeHTbi c p -6aaoii In -p 

1101 
cPOTOaneMeHTb!/ ony6nHKOB8HO 0'19Hb M8JIO, HO 9CTb Cl3e.QeHHSI , 'ITO OHH 6onee paLlHSUHOH-

• HO yCTOii'IHBbl, .,'leM p -n - cPOTOarreMeHTbl. 

HacTOHwaH pa6oTa HsnsreTCSI nepsoii 'IBCTbiO nposonHMbiX HaMH Hccne..llOBaHHA neAcTBHH

npOTOHOB BbiCOKOil aHeprHH Ha nonynpoBOLlHHKOBbie ¢QToaneMeHTbi. Oaa nocssweaa BJIHHHHIO 
~ 

11pOTOHHOrO OOJIY'I9HHH Ha 9KCI1JIY8T8UHOHHble CBOACTBa KpeMHH9BbiX n - p -¢oT09JieM9HTOB H 

110Jiy'leHHIO OUeHOK B03MO)KHOii npOLl0JI)KHT9JlbHOCTH HX pa60Tbl B p8LlH8UHOHHblX 110HC8X 3eMJIH. 

1. MexaHH3M panHaUHOHHblX nospeMneHHii KpHcTanna 

OoH · npo xomneHHH HLlepHoil panHaUHH 'lepea sewecTBo csoiicTBa KpHcTannH'IeCKOii pe

llJ9TKH H3MeHRIOTCH no LlBYM npH'IHHaM. Bo-nepBbiX, B peaynbTaTe ynpyroro paccesHHH snep

Hb!X 'ISCTHU aTOMbl peweTKH MoryT npH06peTaTb aHeprHIO, .ll0CT8TO'IHYIO LliiH HX CMeWeHHH H3 

pasaosecHblX nonomeaHii, 'ITO npHBOLlHT K aapyweHHIO nepHOLlH'IHOCTH peweTKH. Bo-sTopbiX, 

BCJieLlCTBHe npoTeKaHHH HHHUHpOBSHHbiX OOM08pLlllpOBKOii Sl.ll9pHbiX peaKUHA B peweTKe 110SIBJISI

IOTCH qymepOLlHble 8TOMbl, 'ITO 9KBHBaneHTHO BBeLleHHIO B B9WeCTBO 110CTOpOHHHX npHMeceii. 

OnHaxo B paccMaTpHsaeMOM HaMH cnyqae neAcTBHSI Hany'leHHA aa ¢oToaneMeHTbl noHBneHHe 

npHMeceA 3a c'leT s.aepHbiX peaKUHii HrpaeT cpaBHHTenbHO ae6onbwyiO ponb. 3To o6ycnosne

HO npe.iKLle BCero TeM, 'ITO acP¢eKTHBHble C9'19HliSI 06pa30B8HHH CMeWeHHblX H.aep OK83b!B8IOT-

C51 ·Maoro 6onbWHMH, qeM ce'l:eHHSI H.aepHbiX peaKUHA. KpoMe Toro LlJISI H3roTosneHHH ¢oTo-

aneMeHTOB HCI10Jlb3YIOTCH CTOJib CHJibHO nerHpOBaHHbl9 MaTepRaJibl, 'ITO LliiH BBeLleHHH C no

MOWb!O snepHbiX peaKuHA cpaBHHMoro 'l:Hcna nononHRTenbHblX npHMeceA noTpe6osanRcb Obi 

O'leHb 6onbwHe panHaUROHHble .ll03bl. noaTOMy I LliiSI npOCTOTbl pac'leToBI B Ll8JlbHeAweM Mbl 

npeae6pe>KeM noHBneaHeM B KpHcTanne HOBblX npaMecea npH HLlepaol 6oM6apnHpOBKe H 6y neM 

y'IHTb!BaTb IIHWb nospe>KneHHH peweTKH Ha-aa cMeweHBH aTOMOB. 
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npK Dp088Lle8HK p8C'leT08 Mhl B03&MeM 38 OC808Y MexaHH3M 06pa30B88HH CM8W888hiX 

8TOM08, ODHC8H8hll 8 pa6oTe
1121 

C HeltOTOpbiMK YTO:<IH&8KHMH, C8H388HhiMH C p8CCMOTpeBHeM 

838HMo.aelcTBHH c aewecTBOM 'I&CTHU BhiCOJtol saeprHH. BoaHHJtHo&e8He uaMeHe8K_I B Tsep

LlOM Tene DpK Dp0XO>KL18HHK '18p83 Hero HLl8p8hiX '18CTKII 6y.aeM Dp8LlCT8BnRT& Ce6e cne.ayto~ 

WHM Ot5p830M. B.aep8,8R '18CTHI18 /sn&JtTpOH, DpOTOB,, H81Tp08/, DpOXOLlR 'lepe3 TBep.aoe Ten<?.. 

D8p8Ll88T '18CT& CBO&I 888pi'HK 8TOM8M M8T8pHana, 8hl3hi88R T8M C8MblM KX CMeWeHHe H3 

p888088C8hiX DOnO>K88HI 8 yanax ltpHCTannH'I&CitOI peweTKK. npH 8TOM H81tOTOphle 8TONhl 

MOI'YT DOny'IHTb CTOnl> 6om.wyto 888pi'KIO, 'ITO B peayn&T8Te coy Ll8p88HI C LlPYI'HNB 8TOM8NB 

p8WeTitH Olt83hi8810TCR, 8 CBOIO 0'18p8Ll&, CDOC068hiMK 8hl3hi88T& KX CM8W8HB8. ATOMhl, CNe

W8H8hl8 8 peayn&TaTe DpRMOT"O B38HMOL18ACTBHR KX C Dep8H'I80I HaneT&IOIUel '18CTHilel) t5y .a eN 

R83hi88Tb "'uep8H'I80 CM8W888hiMH', a 8T0Mhl, 8hlp888Rhle H3 HX p8B808eCHhiX DOnO>Ke8HI DpH 

coy.aape8HRX C D8p8K'I80 CM81U8R8hiMH 8TOM8MH, R830B8M 'BTOpH'IRO CMeiU88RhiMH"' • 

BepOHT80CTb ot5pa3088HKR uepBH'I80 CM8W88RhiX aTOMOB DpH 6oN6apL1Hp08Jte T&epLlOI'O 

Tena RL18p80I p8LlH811Hel ODpe.aenReTCR C8'188K8N 838HMOLleiCTBHR 6oM6ap.aKpytowel '18CTK

Ubl C 8MTON8MH ltPBCTannH'I8CitOI peweTitH, DpKBOLlRWero It DepeLla'le STONy 888prKH 

/18/ T. > E, • I'Ll& Ed -uoporoaaR 88eprHR CMeiUeRKR STOMa. no nKTepaTyp8hiM Ll88HhiM - , 
8T8 888pi'HR LlnR ltp&NBKR MO>KeT 6hiT& 83HT8 p8B801 18 88. 

llucno N1 Dep8H'IRO CM8W8R8biX 8TOM08 /8 p8C'I8T8 R8 l CM
2 

DOB8pX80CTH/ MO>KeT 

6hiT& sal.ae8o no <IJopMyne: 

N1 = luntt , /2/ 

r.ae I -HHTeHCB&Roc'i'& uoTOJta 6oM6ap.aKpytoiUBX 'I&CTBU /qacTicM
2
.ceKf u -ce'I&8Ke 

8~0Ll&ICT8BR /cM
2 / t5oMt5apLlBpyiOWBX <iaCTHil C B8W8CTBOM, DpBBOLlSIWee It Depe.aa'le 8TO-. 

MY saeprHB T. ~ E, n -'IHcno aTOMOB B e.aHHBile o6"beMa /aToMicM
3 /; -upo.aon-

1iBTen~oaocT& 6oM6ap.aBpoaz:u /ce~t/; t -TonwBHa 6oM6ap.aBpyeMoro o6paana lew/ • 

.llBH.lKeRB8 uepBB'IHO CM&WeHHhiX 8TOMOB B TBepLlOM Tene B o6pa30B88K8 KMK 8TOpK'I80 

cNeiU&88hiX aTOMOB paccwoTpeao, 88DpKMep, B yuoMH8aswxxcH yme pa6oTax
112•141• Cne.ays 

peaym.TaTaM 8TKX pa6oT, tSy.aeM C'IHTaT&, 'ITO aTOM c sseprHel T. , LlBK.lKYWKICR B T&ep-

LlOM Tene, LlO C8081 OCT88081tK C03LlaeT V CMeW8R8biX 8TOMOB, C'IHTSR Bee HX DOltOn&-

BKR, B8'1RH8H CO BTOpOI'O / LlnR Kp8TitOCTH Bee 8TH &TON hi 6y Ll&M 883hiB8T& 'BTOpH'IBO CMe-

IU8BBhiMK"' /, DpK'I8M 5' T • 
v "' 

2Ed 

3Ll&Cio !J' -.aona 8R8pi'HR Ll8K>KYW8I'OCR 8TON8, 38Tp8'1R888M8R Ha Ot5p83088RK8 8TOpR'IHO 

CM8W8RRhiX 8TOMOB 

5' - p 
r+;J 

r.ae p Dp8LlCT8BnR8T cot5ol OT80W88R8 DOT&pb 8HeprHK LlBR>KYWRMCR 8TOMOM 88 ot5p830-

88888 8TOpR'IRO CM8W8RHbiX 8TOM08 It 8&eprHR, 38Tp8'1HB88MOI KM 88 KORB38DBIO. q.Cn&RRbl8 

Ill/ 
3R8'18RR II p Oll&RB&anBCI> DO cpopMyne, CXOLlROI C DpB&eL18HBOI B , RO Y'IBTbiB810W&I 

3dBCBMOCTB I • q OT CKOpOCTB 8TOM8 

5 

J+fn(BT. J 
2E 4 

/3/ 
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3.lleCb m
0 

-Mace a sneKTpOHa; M 
t 

4M1 M2 

(lllz + M2f 

-Macca HaneTaJOwero aToMa; M 2 -Macca noKoHwe-

I"OCSI 8TOM8i 1 = 11,5 z 34141 -scpcpeKTHBHblli: HOHH38UHOHHblli: liOTeHUH81I STOMa; 

q =(Z/Z34>4>); Z34>q:,= ~l zt1 3~;Zt,2 -aapH.llbl Sl.llep HaneTaxowero. liOKOSIWerocH 8TOMOB; 

{3 = _y_. 
M c; 

V -cKOpOCTb 8TOM8j C -cKOpOCTb CBeTa. 

PeaynbT8Tbl Bbl'IHCneHHli: npHBe.lleHbl Ha pHC 3 .llliSI cny"'&SI, COOTBeTCTByiOWero LlBB»<e-

HHIO .. aToM a !tpeMHHH B !tpeMHRH I Z 
t 

z 
2 

= 14 Mt = !lf2 ~ 28 mP mP _ Macca npo .. 

TOHal. 

BepoSITHOCTb o6paaoaaHBH nepBH"'HO cMeWeHHoro aToM a c sHeprHeit T • npH ynpyroM . 
paCC9SIHHB 6oM6apLXBPYJOWei "18CTBUhl onpe.llenSieTCSI BepOSITHOCTbiO ee p8CC9SIHHSI Ha yron 

(} , lipH"19M 

T 
• 

2T (T + 2mc
2

) s· 2(} o o • tn _ 
Mc2 2 

141 T ... ,. Sin 2 0 
2 

I".ll9 To m -JtHH9TH"'9CK8SI 3H9pi"HSI H Macca 6oM68p.llHpy!OW9i "18CTRUhli T ·-MilltCH-..... 
ManbH8SI SHeprHSI 8TOMai M -Macca H.llpa aToMa 6oM6ap.llHpyeMoro MaTepaana. 

nonHOe 'IHCIIO .llecpeltTOB N.lle¢.18 pac"!eTe Hll 1 cM
2 I B ltpRCTanne, o6pa3yiOWRXCSI npH 

6oM68p.llHpOBK9 MOHOSHepreTH"'eCJtHM liY'IKOM '18CTBU, p8BHO: 

N ---
.llecp:= Nt v "" 1 tnfu· !I' T. 

2Ed 
K u Y"T • lt. /51 

• 

K -'IHcneHHhli JtOscpcpauHeHT, o6"&9LlBHSIIOWBA aena'IHHhl, ae aaaHCSIWBe oT T • 

PT. f !I' T. u ( T. ) d T. 

f u (T,.) dT• 

/Sal 

~,.---

u (T )-ce"!eHBe o6paaoaaHBH nepBB'IHO cMeweaaoro aToM a c saeprHeit T • B Ll&nbHelweM • • 
.llliSI Xp8TKOCTH 6y .lleM liOIIb30B8TbCSI 0603H8'1eHH9M 

W:u~ • 
O"!eBH.llHO, aenB'IHHa W nponopUHOH81IbH8 BepOSITHOCTH o6pa30B8HHSI p8.llB8UHOHHhiX liOBpe»<-

. ._ 

.lleHBli: B !tpRCTanne. B Ll&IIbHeitweM aenB'IBHY w 6y .ll9M H~3blBaTb liOBp9»<.ll810WBM .lleicT-

BH9M 6oM6ap.llBpyxowei '18CTHUhl Ha Ll8HH09 BernecTBO. 

Ha aanome&aoro BHLXHO, "'TO .llnSI nO.llC'IeTa 'IRena .llecpeltTOB, o6paayxowaxcSI npa SI.llep

Hoit 6oM6ap.llHpOB!t9 !tpHCTanna, LXOII»<Hhl 6b1T& HCII01Ib30B8Hhl LlaHHblQ 0 B38BMO.ll9iCTBBH 6oM-

6ap.llHPYIOWHX '18CTBU C SILXpaMH 8TOMOB !tpBCTan.na. nosTOMY paCCMOTpBM BeCKOn&XO liO.ll

po6aee npoxo»<.lleHBe H.llepHhiX 'laCTHU 'lepea aewecTao. 

3 II e It T p 0 H hi ~ npa npoXO»<Ll9HBB "!epe3 89W9CTBO 81I91tTp0Hbl 838BMO.ll9itCTByiOT 

C sneltTpB'IeCKHMB aapSI.llaMH 51Ll9p H, p8CC9BB851Cb, MOI"YT Bbl3bl88Tb CM9W9HRSI 8TOMOB 

peweTJtB. Ceqeaae o6paaoaaBHSI nepBH'IBO cMeweBBhiX aToMOB MO>KeT 6b1TD pacC"'RTaao no 

114/ 
cpopMyne 

6 ' 



• 
161 

- ( _k_)[l + 2rr a fJ + ({3 2 +rrafJ) fn ( Tauoz Jll 
Tm•z Ed 

3.llec& a l/137; -17 2 
= 8,8.10 CM ; E 

R 

4>opMyna 1IpHM9HHM8, 110 KpaAaeA Mepe, IIpH z < 27, 

= 13,6 aa; 

fJ = t. 
z -aapHLl K.llpa. 

Cpe.llHKK aaeprHK nepaH'IHo cMel!leHRbiX aToMoa, o6paayxomaxcK apR pacceHHHH aneK..; 

TpOHOB, paCC'IHTbiB8eTCH 110 4JopMyne 

T =· Ed Tm•z 
• 

Tmaz- Ed 

171 

3Ha'I9HHH C9'19HBA o6p830B8HH! H Cpe.llHHX SHeprBA nepBH'IHO CM9Ul9HHbiX 8TOMOB IIpHB9Ll9-

Hbi B Ta6nHue 1. 

Ta6nHua l. 

T0, Kaa 
2 

PT.' SB W=u~ Maa.cM 
2 

u B • CM 

250 50.10-24 18 9.10-28 

500 66.10-24 25 1,6.10-27 

1000 74.10-24 35 2,6.10-27 

5000 82.10-24 67 -27 5,.5.10 

10000 88.10-24 80 7,0.10-27 

~':tia-aa ManoCTH aHeprHH Hllep OT Ll8'1H B 9TOM cny11ae P = 1 H P T. = I;,. BeposTHOCT& 

B03HHKHOB9HH51 HllepHbiX peaKUHA B B9lll9CTB9 1IpH aneKTpOHHOit 6oM6apllHpOBK9 CTaHOBHTCSI 

CyllleCTB9HHOA nHWb 1IpH aHeprHRX, 3H8'1HTen&HO 1Ip9BbiW810lllHX Te, KOTOpbie 110 HMelOUlHMCH 

161 
Ll8HRbiM Ha6niO.ll8lOTCH B p8LlH8UHOHHbiX IIOHC8X 3eMnH. no8TOMY aeynpyrae Slll9pHbi9 

IIpOUeCCbi IIO.ll .lleACTBH9M aneKTpOHOB Mbi He paCCMaTpHBSeM H B Ll8n&HelweM Y'IHTbiB8Tb 

ae 6y.lleM. 

H e A T p o a hi. XoTs a aacToKmee apeMs ReT cae.lleHHA o aa6nxo.ll9HHH a pa.llHa

uHOHHbix IIOHC8X 3eMnH CJtOn&KO-HH6y.ll& HHT9HCHBHbiX H91Tp0RHl>lX DOTOKOB, Mbi BC9 >Ke oc

T8HOBHMC51 H Ha .ll9ii:CTBRH STHX '18CTHU 1 T.K. MHOrHe Ll8HHbi9 0 B38HMO.ll9ii:CTBHB HeiTpOROB 

C B9Ul9CTBOM 6y.llyT RCIIOn&30B8Hbi H8MH IIPH OIIHC8RHH .lleii:CTBHB R8 TB9p.ll09 Teno IIpOTO-

HOB BbiCOJtHX SReprHI. 3aepr9TH'IeCJt851 38BHCHMOCTb nonaoro C9'18HHB q B38HMO.ll8ii:CTBHSI 

x/ ,.,., ' /15 16/ 
H8ii:Tp0ROB C aniOMHHHeM 1IpHBe.ll9H8 Ha pHC. 4, IIOCTpOeHHOM IIO MaTepaanaM pa60T 

1 

C pOCTOM 8H9prHR ynpyroe pacceHHHe aeATpOHOB Bee 6onee C>KHM89TCII It 06naCTR Ma

nbiX yrnoa, a pon& npoueccoa aeynpyroro aaaHM·O.llaAcTBHH yaena'IHBaeTcll. npa saeprasrx 

aeATpOHOB T
0 

~ 40 MaB Heynpyrae npoueCcbi HOCSIT 1 B OCHOBHOM, xapaKT9p B0315y>Kll9HHB 

x/ 
21 nonHbie C9'19HHB B38HMO.ll9ii:CTBHK HeiTpOHOB C B9Ul9CTBOM cna6o /rpy(5o rOBOpH 

KaJt A , I aaaHCKT oT aTOMaoro seca A aemecTBa. nosToMy npa OTCYTCTBHH LlSHH&IX 

o aauMo.lleAcTBBH aeATpoaoa c KpeMaaeM ce'I&HHe ut ( Si) I A 
81 

= 28/ Momao npHHHT& 
paiiR&IM ce'laHHIO. u· ( Al) I A .tf = 211. 

7 ) 
I 



R T.n./. npH saeprRRX r. ~ 40 Msa 3aMeTRYJO H ace 15onee. ao3pacTaJOIUYJO pon& Ra'IHRaJOT 

HrpaT& SI.Q&pBble peaXUHR, COnpOaO:lK.QaJOIUR&CSI a&~neTOM H3 a.apa 3Ra'IHTen&ROrO 'IRena qac
/17 18/ 

THU ' • TaxHe peaxu•• 'laCTO Ra3biB8JOT peaxaHRMR 3ae3.aoo6pa3oaa&HR. Cpe.a&RR saeprHR 

T ,a aTopH'IRbiX '18CTHU a 3883.08 cna6o 3aaHCHT OT SReprHH nepaH'IROI '18CTHilbl H S WRpO-

XOM RRTepaane 8ReprRI MO:lKeT 6b1T& DpRRRTa 6nR3XOI X T 1~ = 10 Mea. lfRcno DP 
3apR:lK8HRbiX '18CTRil a 3a83,ae R C8'18RR8 3a83.Q006pa30B8RRSI DJI, CRn&RO paCT&T C 9HeprRel. 

npR .aocTaTO'IRO 60n&WRX saeprRRX I T > 200 Mas/ cyweCTS&RRbiMR CTaBOaRTCSI TaK-o-
>Ke npoaeccbl Me3oaoo6paaosa&RR. O.aaaJto Mbl R·e 6y.aew OT.aen&ao paccwaTpRBaT& STR opo-

aeccbl, T.x. po:lK.aeaRe weaoaa, xax npasRno, conpoao>K.aaeTca pa3sanoM a.apa • ero ceqe

RRe MO:lKeT 6b1Tb axnJO'IeRO S CyMMap&oe C&'le&Re R.a&pRbiX peaxaRI Jl'nR 3B83.QOOI5pa30aa&RSI. 

n p 0 T 0 H bl. Oni>IT flOK83biSaeT, 'ITO a3aRMO.aeleTaRj. llpOTOROS c aewecTaOM MO:lK

RO paCCMaTpRaaT& XaX CYMMY JtynOROSCJtOro B3aRMO.aeiCTSRSI 9naxTpR'18CitRX 3apSI.OOS R cne

llH~H'Iecxoro R.aep&oro B3aRMo.aeiCTSRSI. nocne,aaee .ana llpOTOHa B HeiTpORa llpaXTH'I8CitR 

o.aHHaxoso. CooTaeTcTseaso sToMy ceqe&He a s3aRMo.aelcTSRR npoToHos c a.apaMR sa-
P 

Ul&CTSa MO:lKRO, C .QOCTaTO'IHOI .anSI RaWRX aenel TO'IROCT&I01 llp8.QCT8aRTJ:. S SB.Q8 CYMMbl 

ce'leRRSI D pe3ep~p,aOSCXOrO paCC&RRHR, o6ycnosneRROrO KynOBOSCXRM B3aRMO,aelcTaHeM 
R 

3apR.QOS H Ce'leRRSI D
11 

SI.Q8pRbiX S3aRMO.Q8ICTSHI /nocne.aaee coana.aaeT C COOTS&TCTSy~ 

IUIIM Ce'I8RII8M ,anSI &eiTpOHa/ 1 T .e. DP !l DR + D11 

Yrnoaasr 3aSRCRMOCTb pe3epcllop.aoscxoro pacceRRRSI npOToaa s.apoM c 3apa.aow Z 11 
x/ 

Maccol II OIIRCbiSaeTCSI R3S8CTROI ~pMynol 

dO= 2uSin(Jd(J 

daR 

dO 
!!! ( z e 2) 2 (To + mp ) 

2 
T

0 
(T0 + 2mP) 

1 /81 

Sin 4
( f) 

-eneweHT Tenecsoro yrna. CTporo rosopa, sTa cllopMyna 3aDRcaaa s 

..,:;;· 

CIICTeMe ll8HTpa Mace CIICTeMhl llpoTOH-R,apo, HO TaX JtaK BO SCeX HHTepecyiOUIIIX HaC cnyqa-

ax m << M 
p 

, ~pMyna H8110Cpe.acTS8RRO llpHMeRHMa II S na6opaTOpHOil: CIICTeMe. 

.... 

HaTerpapyR /8/; aal.aew sblpa>KeHIIR .ana nonaoro ceqe&IIR pe3epcllop.aoscxoro pacceRHIIR: 

11 ana senR'IHBbl 

.. 
D -

R 

rr ( Ze 2)2 

T2 
0 

(T
0 

+ mp)2 

(T0 + 2mj 

( T ... -1) 

Ed 

/9/ 

It' • f lJ T (.!!.!!A) dT , aeo6xo.a11Mol ana pac'leTa 'IRena aecllexTos, B03HH-
R • dT. • 

XaiOWRX 3a C'leT xynoaoaCKOrO B38RMO.Q8ICTaRR: 

WR 2u (Ze'
2 

II 

2 
(T0 + m1 ) 

T0 (T0 + 2m,.) 
fn(~) •D (fiT). 

R • 
Ed 

/10/ 

ilaepHoe B3aRwo.aelcTaRe npoToaoa, xu y>Ke yxa3blaanoc&, coana.aaeT c B3aRwo.aeA

cTaHeM H&ITpOROa TOI :lK&· SReprRR C aemecTaOM R IIO.Q06Bb1M :IKe o6pa30M MO>KeT paCCMaT

PIISaTbCSI Jtax cywwa ynpyroro s.aep10ro pacceRHHR, seynpyroro pacceRRIIR R 3S&3aoo6pa3o

sasas. LlnR DpOCTOTbl pa3,aenRM ace llpOil8CCbl R.aepRbiX B3aRMO.aeiCTBRI 11pOTORa Ra .ase 'laCTR. 

X I 3aecb He Y'ITeHbl 110llp8SXR Ra JtOHe'IHbl8 pa3M8pb1 srapa, T .X. OR II CYIU8CTS8RHbl 
n11w& a o6nacTR 6on&wHx yrnoa pacceRBRR, Mano cywecTae&RbiX a npoaeccax pa.aRaaRoHao
ro noape:lK,aeHRR Taepaoro Tena. 
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' 
l. Bee apoueeebl ynpyroro paeeesaas, aeynpyroro paeeeHHHH H s.oepH&rx peaxaaA, ae 

eonp080>K.llaiOWHXefl 38e3.ll006pa308aHHeM, 6y .oeM paeeMaTpH8aTb xax "yen08HO ynpyroe" 

paeC8SIHH8. nonR08 ee'leHHe TaJtoro npoaeeea npHMeM pa8H&IM 0' """ 0' t -· u Jll , a 8epoSIT-

ROeTb nepe.oa'IH Sl.llpy &HeprHH T. 8 &TOM npoaeeee 6y.oeM HaXO.llBTb no yrn080A 3a8ReH-

MOCTH 0' ,.,., = 0' ,.,.,. (0) • 

2. Bee npoueee&r, eoapoBO*.llarow•eefl 8&rneToM H3 s.opa 3Ha'IHTen&aoro 'IRena 'laeT~u. 

6y.oeM paeeMaTpxaaT& xaJt 38e3.ooo6pa308aHHe. Ce'leHHe aToro npoueeea 6y.oeM o603Ha'laT& 

'18p83 0' u , epe.oaee 'IHeno 8&rneT810WHX H3 H.llp8 npOTOHOB 'lepe3 n,. , a 'IHeno Heny-

W8HH&IX B.llpOM ileATpOR08 'lepe3 n,. • qHeno HeliTpOR08 8 3883.08 o6&r'IHO npHHHM8~ 

p88R&IM 1,.8 n , . H eo6xo.oHM &re .ons .oan&aeAwRx pae'leTo8 aaepreTR'IeeJtRe 3a8HeHMOeTH 
/17 18/ 

6&1.11H 8351Tbl 88MB H3 pa60T ' • 

npa Bhi'IHen&RHH 88p051THOeTH o6pa30a8RH51 pa.llR8IUIORH&IX .oecpeltTOa npOTOR8MH a eoOT

aeTCTaHB e /5/ npHM8M, 'ITO 'IHC.IIO .oecpeKTOa p&8RO: 

N ..,.•Kltlu (Jr).R+u' ('JT) +u,[n ('JT) .+n,.(fi.) ,11• m... .R • ,.,.,. • ,.,., Jo , • p,Jo n,Jo 
/11/ 

• Klt(W.R+ W,.,, + !'Jj) • Klt(W.R+ WJJ,Q ). 

nepabll "1.1188 a &TOM a&rpa>KeHHR COOT8eTCTayeT ol5pa30a8HBIO .oecpexToa 3a e"'eT xyno

aoaexoro B3aHMo.oeAeTaHs, 8TopoA - 3~ e"'eT "yenoaao ynpyroro" paccefiRRB. CTpynypa 

TpeT~:oero "'.lleHa, y"'HT&I8aiOII.I8rO 8K.Ila.ll 8 ol5p8308aRHe .oecpeKTOa OT 3a83.ll, Oape.oenHeTCB 

IIp8.lleTaaneRH8M 0 TOM, 'ITO oeR08HOe XO.IlR"'eCTaO BTOpH'IRO eM81I.I8HR&IX aTOMOa a &TOM 

eny"'ae e03.llaeTefl B&r.lleTaiOII.IHMH H3 Sl.llpa 3aps>KeHR&IM~ "'aeTRUaMH R R8ATpORaMH ManoA 
~'IS 

aaepraa. npa &TOM .ll.IIH npoeTOThl nonaraeTes, 'ITO ace 3aps>Keaa&re 'laet&ahl a 311&3.ll8X 

~~ Sla.IIRIOTC.ll npOTORaMR; aaeprRR aeex npOTOR08 R aeATpoRoa 3Be3.llbl 6epyTeH paBH&IMH 

T11 = 10 Mea. 

npa "'HeneRR&IX pae'leTaX ee"'eRHH 0' .R onpeLtenflnReb no ~pwyne /9/. BenR"'RR&I ce-
. /17 18/ 

"18RHA u.l R O'JI 6panBe& B eOOT8eTeT8HH e pRe, 4 R p860TaMH ' 1 eOOT88TeTII8RRO. 

3Ra"'eRRfl W .. u ('.P T ).R aaxo.llanae& e noMow&ro /10/, a npa 8&r"'Heneaan (ff) 
.R .R • • yap, 

RCfiO.Ilb30BanRel> yr.llOIIhl8 3a8ReRMOeTH paeeeHRRSI ReATpoR08 H.llpaMR aniOMRRHJI 1 np&ae.ll8RH.W8 
/19/ 

8 pa60TaX • npH ahi"'HeneRHR Tp8TI:o&ro "'neaa npRHBManoel:o, 'ITO 

B 

Pe3yn&TaT.w 

Ta6naaa 2 

T Mea 5 7 .14 40 84 
0 • 

Wi cw
2 M.n 

w.R 70.10-26 52.10-26 25.10-26 8.8.10-28 4.7.10-26 

r14 - w,.,+ w,. 28.10-28 7.10-26 6 .1.10 
-26 

5.4.10 -26 4.5.10-26 

!' -w.+W~ 98.10 '"28 59.10-28 81.10-26 14.2.10-28 ~ae 
9.2.10 

8 
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lll.llep • H.llepHhiX pea:s:wiA, c .. aaHHhiX c aHneToM aa H.llpa O.llHOI 'lacTHilhl I p , a , a 

• T.n.l. npll 8H&prHSJX To ~ 40 Msa aaMeTHYIO II ace 6onee. aoapacTaiOIUYIO pom, Ha'IHHaiOT 

arpaTI:o H.llepHhle pea:s:llHH, coapoaO>K.llaiOIUHecsr ahlneToM 113 sr.llpa 3Ha'IHTem:osoro 'IRena 'lac-

THilll7 •
181• Ta:s:ae pea:S:IlHH 'I&CTO Haa&~aaiOT pea:s:llHRMH aa&3.llOo6paaoaaHHH. Cpe.llHRR saeprasr 

T 16 8TopH'IHhiX 11acTHil 8 aaea,lle cna6o aaa11c11T OT &HeprHH nep8H'IHOI 'laCTHilhl a a wupo-

ICOM HIITep8ane 8H&prBI MO>KeT 6hiTI:o IIpBHSITa 6nH3KOI K T8~ = 10 Ms8. lfacno a 
p 

38pH>KeRHhiX · 'laCTBil 8 3893.ll& H C&'I9HB9 3ae3,ll006pa3088HBB U8 J CBnl:oHO paCT&T C &HeprBel. 

npa .llOCTaTO'IHO 60nJ:oWBX &HeprBBX I T > 200 Msal cymecTaeHHhiMR CT8H08SITCB TalC-o-
>K9 lipOileCChl Me30H006pa3oaaHHSI. 0.llHa:S:O Mhl R& 6y,lleM OT.ll9nl:oHO paCCM8TpHB8TI:o 8TH IIpO-

IleCChl, T.:s:. pO>K.lleHHe weaoHa, :s:a:s: npaaRno, coupoBO>K.llaeTcR paaaanow B.llpa B ero ce'le

RBe MO>KeT 6hiTI:o a:s:nJO'I&RO 8 CyMM8pRO& C&'I&RH& B.ll&pRhiX pea:S:IlBI JrnB 38e3.ll0oOpa308aRHSI. 

n p o T o a hi. OnhiT uo:s:aa&~aaeT, 'ITO aaaRMo.aeAeTBRe upoToao8 c aewecTBOM MO>K

ao p8CCM8TpH88TI:o Jta:S: cyMMy :s:ynosoac:s:oro 83aHMO.ll9ICTBHSI &n&KTpR'19CKRX 38pSI.llOB R cae

llH~H'I9C:S:Oro Sl.ll&pHOrO 83aHMO.llelcTaRB. nocn&.llH&9 ,llnSI lipOTOHa R H&ITpOR8 npaKTH'IeCKB 

O.llHHa:s:oao. CooT8&TCTaeaao sToMy ce'I&HRe u aaaaMo.llelcT8BSI upoToao8 c B.llpawa 8&-

" W&CT88 MO>KRO, C .llOCTaTO'IHOA .llnSI HaWRX ll&nel TO'IHOCTI:oiO, ape.llCTa8RTb 8 aH.lle CyMMhl 

ce'leHHSI u peaep~p.lloacxoro pacceuasr, o6ycnoaneHaoro KynoliOBCKRM aaaaMo.llelcTaaeM 
R 

3apSI.llOB R Ce'leHBSI u,. Sl,llepHhiX B38BMO.ll9ICTaHI lnocn&,llH9& coaaa,llaeT C COOTaeTCTByiO-

WRM ce'leRR&M ,llnSI H&ITpoaa/, T.e. u
11 

ll UR + u,. 

YrnoaasaaaacaMOCTI:o peaept}:lop.llOBc:s:oro paccesrHRSI apOToHa Sl.llpOM c aapSI.llOM Z a _,.. 

·Maccol II OIIRChlaaeTCSI aaaecTHOI ~pMynoiXI 

duR 
dO 

!! ( Z e 2 ) 
2 (To + "'e ) 

2 
T

0
(T

0
+2m

11
) 

1 
. "( 8 ) SJn y 

181 

dO= 2rrSinfJd8 -sneMeHT Tenecaoro yrna. CTporo roaopsr, sTa t}:lopMyna aanRcaaa a 

CHCTeMe ll&HTpa Mace CHCT9Mhl IIpoTOH-SI.llpO, HO TalC lt81t BO acex HHT&pecyiOIURX Hac cny-qa-

RX m << M 
p 

, t}:lopMyna H91JOCp9.llCTBeHHO 1IpHM9HHM8 B B na6op8TOpHOA CHCT9Me. 

·<(0·---

HaTerpapya /8/ 1 aal.ll&M Bhlpa>KeHRR .llnsr uonaoro ce'leHHR peaept}:lop.lloacKoro paccesrHRH: 

H .llnR BenR'IHHIII 

lt810lllRX 38 C'leT 

.. 
u -

R T2 
0 

(T
0 

+ m,}' 

(T0 +2mj 

( T••• -1) 
Ed 

191 

i' • f fJ T ( ~) dT., aeo6xo.llRMOA ,llns pac'leTa 'IRena .lletj:l&KTOB, aoaaa-
R • dT. 

~:ynoaoac:s:oro B38RMO.ll&ACTIIHB: 

I' R • 2rt (Ze'2 

II 

2 
(T0 + m,) 

T
0
(T

0 
+ 2m

11
) 

fa ( ..!.w&._) • u (iJT ) • 
E R • 

d 

1101 

il,llepROe B3aHMO,lleiCT8B9 IIpoTOHOa, :S:U y>Ke y:s:aawaanOCI:o, C08IIa,llaeT C B3aHMO,llei

CTBII9M He1Tp0H08 TOI >Ke &HeprHH C 8eiU&CTaOM H IIO.ll06BhiM >Ke 06p830M MO>KeT paCCMaT

pHBaTI:oCSI Jta:s: cywwa ynpyroro Sf.lleJRIOrO pacceaRHH, Heyapyroro pacceHRBB • aaea.lloo6paao

aaaasr • .Qna npOCTOThl pa3,llenBM ace apOil8CChl Sl.llepHhiX 838HMO.ll&ICTIIBI apOTOBa Ha .llB& 'laCTB. 

X I 3.lleCI:o He y'ITeHhl IIOIIpaBKB Ha KOHe'IHhle pa3Mephl Sl.llpa, T .K. OHII cymecTBeHRhl 
naw1:o a o6nacTH 6on~:owBx yrnoa paccesrsHR, wano cymecTaeHHhiX 8 upoueccax pa.llHallROHBo
ro no ape >K .lleHHB Taep.lloro Tena. 
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150 345 650 

2.7.10-
26 

1.4.10-
26 

1.1.10-
26 

4.7.10-
26 

6.6.10-
26 

10.6.10-
26 

7.4.10-
26 

8.0.10-
26 

11.7.10-
26 

npa 60M6ap.oHpOBKe TBep.ooro Tena H9MOB09B9pt'eTH'I9CltHM IIOTOKOM 'I&CTHU CO CIIQK-

TpallbBhtM pacnpe.oeneaaeM I= 10 I(~) 'IHCliO .09cP&KTOB1 06pa3yiOII.tHXCSI Q)KQC&KYH.OBO B 

.1tpHCT8llli9, IIOM9II.t&BHOM B T&KO& pa.oH&UHOBBOe 110119, 6y.oeT paBBO 

/12/ 

(NI\aqJ)t,ceK = KI0W~= Kl0 JW(~)f(T0 ) dT0 .. 
npneM W(T0 ) Mo)KeT 6htT& B3SITO c rpaq:,axa, npaae.oeaaoro aa pac. 5. 

2. 3KCII9pHM9BT8llbBht9 HCC119.00B8BHSI H pe3yllbT8Tht 

06nyqeaae xpeMBH9BhtX n- p -<PoTosneMeHTOB npoToaaMH c saepraeA oxono 650 Msa 

npoBO.OHliOCb 88 BbiB9.09BHOM IIY'IK9 CHBXpOUHitliOTpOB& 06'b9.0HB9BBOT'O HBCTHTyTa Sl!l9pHbiX 

HCC119.00B8HHA. ny'IO.It cPoPMHpOB&liCH M&t'HHTBbiMH H8C8.0K8MH H ItBa.opyiiOllbHhtMH 1IHB38MH H 

91'0 t'90M9TpH51 B MecTe paCIIOliO)KQHHH <i>OT09li9M9BTOB OIIpe.oensnac& 110 IIO'IepHeHHIO peBTre

HOBCKOA DliQHKH. nocTOHBCTBO HHT9HCHBHOCTH IIy'IIta ItOBTpOliHpOB&liOCb C IIOMOWbiO H&IIOliHeH

HOA renaeM aoaasanaoaaoA xaMepbl. 

.LlliH OIIpe.oen~HHH HHT9HCHBHOCTH llpOTOHHOt'O rry'IK& HCIIOllb30B8liHCb rpacPHTOBhte HH.OHita-

TOpbl, 8.1tTHBBpOB8BWH9CSI B npouecce peaKUHH e12 (p, pn) e11 
• TOliii.tHBa rpa<PHTOBbiX o6pa3-

UOB He 1Ip9Bb1W8118 170 MK, 'ITO II03BOliSiliO 1IpH H3MepeBHH 8KTHBBOCTH 1Ipeae6pe'lb IIOT9p51MH 

B TOllll.l9 MaTepHalla. npo.oomKHT9llbHOCTb o6ny'leHH51 HH.OHK8TOpOB, ycTaHOBli9HHbiX B MecTe 

paCIIOliO)K9HHSI cP0T09ll9M9HTOB, COCT8Bl!Hlla 25-40 MHH. 

H HTeHCBBHOCTb rrpoToaaoro rryqxa orrpe.oensnac& a .a Bblpa)KeHHH 

I - ANO. p-
uA[l-exp(-At)] S 

/13/ 

r.oe AN=- dN - cxopoCT& pacrra.oa e 11 
, rrpase.oeaaas x xoau.y o6ny11eaas; A 

dt -27 2 12 11 
Ta pacna.oa s.oep e11 ; u .. 28.10 CM - ce11eaae peaxuaa e (p, 1f1) e 

- KOHCTaH

/20,21/. 

0. - 'reoMeTpas' pacrrono)Keaas HB.OHK"&Topa H C'I9T'IHKa, paCC'IHTb!Baswaacs no MeTo.oy, 

/22/ 
Dp9.01IO)K9HHOMY B pa6oTe ; t - 1Ip0.00li)KHT9llbBOCTb o6ny'I9HH51 HH.OH.It8TOpOB1 S 

. 

nnowa.o& o6paana; N -qacno s.oep eu , H8KOIIHBWHXCSI K KOHily o6ny'leHHH; As -'IHCliO 

R.Oep e l2 B MHW9HH. 

PeayllbT&Tbl OIIbiTOB C rpa<i>HTOBbiMH HB.OHK8TOp8MH IIOK838liH, 'ITO B 60llbWHHCTBe OilbiTOB 

9 2 
HHTQBCHBBOCTb IIpOTOHHOt'O IIY'IKa paBHRll4Cb /0,9-4/.10 llpOT./CM celt. 

06waH cxeMa OIIbiTOB IIO 60M6ap.OHpOBKe cPOT09ll9M9HTOB 1IpOTOH8MH IIpHB9.09Ha Ha pHC.6. 

Harpy30'1Hbl9 xapaKTepHCTHKH K8)KJJ:0t'O cpOT09ll9M9HTa IIepHO.OH'I9CKH CBHM8liHCb B nponecce 

o6ny'leBHH. B K8'19CTB9 OCB9THTelleA HCIIOllb30B8liHCb JJ:Be 500-saTTBbie M8T0Bble ll4Milbl 

10 
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H&K&liHB&HHSI, p&CfiOliO)KeHHbie T&KHM o6pa30M, 'IT06bl C03J:l&Tb J:[OCT&TO'IHO OJ:[HOpOJ:lHYIO OCBe

ll{8HHOCTb B MecTe pacnono*eHH.H <PoToaneMeHTOB. HanpH*eHee neTaHHH naMa cTa6eneaepo

aanocb q,eppopeaoHaHCHbiMH cTa6eneaaTopaMH. OcaemeHHocTb eccneayeMbiX ·o6paauoa c ao

MOillblO sTanoaHoro <PoTosneMeaTa noa6epanacb ao Ha'lana xa*aoro onb!Ta H KOHTponepoaa

nacb nocne ero OKOH'IaHHH • 

.llns HCKlllO'IeHHH neperpeaa <POTosneMeHTOB B npoaon*eHHH acero oab!Ta Me*LlY ocae

TRT&liSIMR R o6pa3U&MR 6blll YCT&HOBlleH TeanosoA <i:lHllbTp, BblfiOliHeRHbdi B BRJ:[e aliOCKOI 

B&RHbl H3 oprcTeKna, aaaonHeHHOA J:lHCTRllnHpOB&HHOA BOJ:lOA. KpoMe TOrO OCBeTHTenH BKlllO

'I&liHCb TOnbKO Ha BpeMH CHHTHSI Harpy30'1Hb!X xapaKTepHCTHK. CneKTpallbHble xapaKTepRCTRKR 

ocseTeTenH ao q,enbTpa R aocne Hero npeseaeabl Ha pee. 7. 

Beg H3M8pHTellbRaH aaaapaTypa J:lliH CHSITRH Harpy30'1Hb!X xapaKTepHCTRK 6bllla Bb!Rece

Ha s paaeaueoHao 6eaonacHbiA aaMepeTenbHbiA nasanboH. CoapoTasneaee aaMepeTenbabiX 

apOBOJ:lOB CX8Mbl COCT&BliSiliO 0,4 OM. 

Bcero 6blno o6ny'leao 40 KpeMaeesblx n- p -<POToaneMeRTOB c Kn.a oT 5% ao 8%. 

THIIH'IHble R3MeReRRH Harpy30'IHbiX xapaKTepHCTHK B 3aBHCRMOCTH OT gony'I8HHOA paJ:lR&UHOR

HOI J:[03bl npeaCT8Bli8Rbl Ha pHc. 8. Ha pRC. 9 B OTHOCRTellbRbiX eJ:[HHRU&X apRBeJ:[eHbl 38BR-

CHMOCTR Toxa KOpOTKoro aaMbiKSHHH I I kl I R HanpH*eRRSI xonocToro xoaa I U n I 

4:lOTOSl18M8HTa OT aony'leRHOli HM paJ:[H&UHOHHOA J:[03bl. DpR IIOCTpOeHHH aocneJ:[Hero rpa4:lRKa 

1IpOR3BeJ:[eHO ycpeJ:[HeHRe pe3yllbTSTOB R3MepeRHA C OJ:[HOA H3 rpynn <i:lOTOSlleMeHTOB, COCTOg-

Ul8A R3 5 o6pa3llOB. Ha STOM roa<i:lHKe 'leTKO BRJ:leH TRfiR'IRbiA J:lliSI BC8X RCClleJ:[OB&HHbiX 06-

pa3UOB 6onee 6biCTpb!A CII&J:l , 'leM u 
"'" 

eTcH Ha 25% ape noaaaaHHH 

• TaK, s apaseaeHHOM cny'lae I"' eaMeHg-

12 2 
aa <tJoToaneMeHT 2.10 a poT /eM , a Uu ae naaaeT ao aToA 

BeliR'IHHbl J:l&)l{e apR J:[03aX, 
13 2 

60llblllHX 10 p/CM • Vf 3MeHeHRe B IIpOaecce o6ny'leHHH CHit-

MaeMOA C <i:lOTOSlleMeHTS MaKCHM&nbHOli MOll{HOCTH P npeacTasneao Ka pee. 10. Baaao, 
me,. 

'ITO J:[O 75% CBOero HS'ISnbHOrO 3HS'IeHHSI 3Ta seliH'IHHS yMeHblllaeTCSI apR IIS.QeHHH Ha <PoTo-

12 2 
sneMeHT 3.10 apOT.ICM • 01llH6KH B oapeaeneHHR paLlHSUHOHHOil J:[03bl, apHBO.!lHILieA K aa-

J:l&HBOMY ClfK)KeHHIO OTJ:[aBaeMOli MOll{HOCTH He npeBOCXOLlHT 40% H onpeJ:leliHIOTCSI, B OCHOB

HOM, paa6pOCOM CBOICTB OT.QellbHbiX <i:lOTOSlleMeHTOB. 

Sbino eccneaoeaao TaK*e Bbi3BaHHoe o6ny'leaeeM H3Meaeaee caeKTpanbHbiX xapaKTepec

TRX <PoToaneMeHTOB. TaaH'IHble peaynhT&Tbl LlliSI aeo6ny'!eRHOro sneMeHTa R Toro *e sneMeR

Ta nocne aaaeRHH aa aero 8.1014 
apoTicM

2 
npeacTaeneHbl aa pee. 11 • 

... 
3. 06Cy)K.QeHH8 pe3yllbT&TOB 

noabiT&eMCSI aaliTH 38BHCHMOCTb CHHMaeMOH c Si -q,oTOSlleMeHTOB MOILIROCTR OT 

BpeMeHH RX ape6b!BSHHSI B 30HSX HHTeHCHBHOli pSJ:lHSIIRH Ha OCROBSHHR cq,opMyliHpOBSBBbiX 

Bblllle npeJ:[CTSBlleRHli 0 MeXSRH3Me pa.QHSIIHOHHbiX liOBpe)KJ:[eHHft KpHCT&llliOB, nony'leRHbiX 

H&MH 9KCaepHMeHT8llbHbiX pe3yllbT&TOB Iii 1IHTepaTypHbiX Ll&HHblX 0 paJ:lHSIIHOHHbiX aOSIC&X 

3eMne • 

.Unlil aaxo*aeHHlil Tarcex oueaoK caenaeM yapomaiOmee npeanono*eHae, 'ITO H3MeHeHee 

CBOACTB Tsepaoro Tena npH o6ny'leRHR UenHKOM onpeae1Ilii8TCH 'IHC1IOM RSXOfiHBUlHXCSI B HeM 

cMemeRHbiX aTOMOB IT.e. B xoHe'IHOM c'leTe eenH'IHHOA It • W I H He aaeecHT O'r THaa ea-

1 1 



=l 

"l 

ny'leHHH, KonH'IecTBo .llelilexToB N .Qa$ , o6paaoBaHHbiX B 6oM6ap.llHpyeMoM MoaosaepreTR-

'IecxHMH 'lacTHU&MH xpHcTanne, aocne aony'leHHH HM pa.llR&UHOHHOI .ll03bl It , aal.lleM ao 

q,opMylie /5/, C .llpyrol CTOpOHbl, 'IHCliO CM8IU8HHbiX 4TOMOB, 06pa3YIOIUHXCH emeceKyH.llHO B 

o6pa3Il8, H4XO.llHIU8MOSI B pa.llRSUHOHHOM aone C HHT8HCHBHOCTbiO I= I
0 

f (T
0

) Bblp43HTCSI 4!op• 

Mynol /12/. 

0'1eBII.llHO, Taxoe me 'IHCliO ,lleq,exTOB, KOTOpoe o6pa30B8liOC& 6hl B KpHCT4lili81 .IIOliY'IHB-

weM .ll03y It .IIpB o6ny'leHHH MOHO&HepreTH'I8CKHMH npOTOHSMH, 6y.lleT o6pa30B4HO B HeM 

.IIPH aaxom.lleHHH B H8MOHO&HepreTH'IecxoM pa.llR&IIHOHHOM none I = I
0 

f (T
0

) aa BpeMSI 

t (Nnaw JMou WMOH It = WMOH It 
/18/ 

( N .Qe<l> ) )( ,ceK I 
0 

( W(T0)x(T
0
)d T

0 
.,. W9$4> • I 

3H&'IeHHH B8liR'IHHbl W • It , COOTBeTCTByiOIUHe 34.ll8HHhiM H3M8H8HHHM CHHM48MOI 
MOH 

C !flOT0Sli8M8HTa MOIUHOCTH, MoryT 6h1Tb paC'IHTSHhl C nOMOWbiO .ll4HHhiX pHCyHKOB 5 H )0, 

.LlliH nO.llC'IeTa CKOpOCTH o6pa30BaHHH .lle!fleKTOB .IIpH H4XO}f{.ll8HHH !floT09li8M8HTOB B pa

.llH4IIHOHHhiX nOHCSX 3eMliH, H806XO.llRMO 34.ll4T&CH SHepreTH'I8CKRM pacape.llelieHHeM '14CTRU 

B STHX 30H4X, 

CaeKTp apOTOHOB BO BHyTpeHHeM nogce B03bM8M B BR.ll8 /}/, SKCTpanOliRpOBaB &TO Bbl

pameRR8 B o6liaCTb M4lihiX &HeprRI H nepeHOpMRpOBSB ero R4 nliOTHOCTb UOTOKa 

4 2 
I tot I T

0 
~ 40 Msa/ .. 2.10 apoTicM cex, cooTBeTcTBYIOIUYIO HHTeHCRBROCTR apoTOROB B uea- -

/8/ 
-rpe aoHca • CoaocTaBneHRe aawel aKcTpaaoliHUHR /6ea aepeaopMRpOBKRI c .ll&HHhiMR pa-

/4 5/ ~>-
60T ' apRB8.ll8RO Ha pRC, 1. 

BBR.llY TOI'O, 'ITO MHI'K4JI '14CTb apOTORHOI'O caeKTpa H3B8CTH4 0'18Rb IlliOXO, Bhi'IHClie

HHJI co caexTpan&ROI !flyaxaHel ·f ( T
0 

) = T 
0
-

1
'
84

6hlnH BhiiiOliReHhl .llliH aecxolibKRX 3H4'18HRI 

T.,
1
n B RRTepaane OT 1 Mas .llO 10 Mas. Peayn&T&Thl Bbi'IRClieRHI apHB8.ll8Rhl B Ta6nHue. 

Ta6nHaa 8 

T., 1n /Mas/ 1 3 5 1 10 

low -20 
s!fl4>./ Maa/cex/ ,91.10 18.10-20 5.4.10-20 2.3.10-20 1.6.10-20 

8 Bhi'IHCli8HHHX, CBSI34RRhiX C BH8WHHM .IIOJICOM, &RepreTH'I8CK08 paC.IIpe.llelieHRe 811811:

/6/ 
TpOHOB B ReM 6p&liOCb B COOTB8TCTBHH C .ll&RRhiMH /eM .OHC. 2/ H .1Ipe,llnOli4I'4liOCb, 'ITO 

nOTOKH npOTOROB B STOM .IIOSIC8 npeRe6pemHMO M&lihl, Pe3ylibT&Thl 9THX Bhi'IHCli8RHI nOX43hl-

BSIOT, 'ITO 

-u 
0 0 ~ ) fJ == 2 • 10 Msa/cex • /14/ 

0~.llCT4BliJISI noliy'leHHhle pe3ylibT4Thl B BhlpameHHe /13/ H BOC.IIOlib30B4BWHCb, X&K YK43hi

B&liOCb, .ll4HRhiMH Ta6liRUhl ) H pHCYHXOB 5 H 10) H&l.ll8M H3M8R8H38 OT.ll&B48MOI 4!0T09liQ

M8HT4Mit MOIUHOCTH B 34BHCHMOCTH OT .IIpO.ll0li}f{HT8libHOCTH npe6hiB&RHSI HX B Il8HTp4libRhiX 
. x/ 

'I&CTJIX BR8WH81"'0 R BRyTpeHR8I'O p&.llii&IIHORHhiX noHCOB 

x/ B cnyqae .llBHmeaHH o6"&exTa, aa xoTopoM ycTaaoaneHhl !f!oToaneMeRTbl, no .IIpOH3BOli&

ROI Tp48XTOpHH R806XO.llHMO Y'IHT hiB&Tb 34BHCHMOCTb CD8KTp&libHOI'O p&C.1Ip8.ll8118RHSI H HRT8R-. 

CHBROCTH 'I&CTHU OT ero nonomeRHH, 8 9TOM Cny'lae !flopMylia /13/ .llOli}f{R& 6b1Tb 34M8H8H4 

Bhlp&)K8RH8M 

I'.ll8 1-pa.llByc- BeXTOp 

-~ 

- WMOH It t - • 
(W(T

0
)F(T

0
,r)dT

0
d; 

nono)KeRBSI 06'&eKTa; RRTerpHpOB&HHe 

12 

/13a/ 
Be.lleTCH B.llOlib ero Tp&eKTOpHR, 

t 
~ 

7 
·~ 
"I 
( 

i 
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• 
Cne.z:tyEIT IIOLl'l&pKHYTb aeyaosneTBOpHTenbHOCTb IIM910WHXCSI B H8CTOSIII.[ee Bp9MSI CBeae

HIII 0 COCT8Be H SH&praTH't9CKHX CJI9KTpax 'l:aCTIIU B p8LlH8lUIOHRblX IIOSIC8X 3eMnH. 3TO .OT

HOCIITCSI XU K H&Ll0CT8TO'IROCTH Ll8HHblX 0 CII9XTpax /oco6eHHO B M5ll'ltOA '18CTH/ IIpOTOHOB 

R8 B-blC-OT8X, 6nH3KHX X USRTpy BHyTpeHRero IIOSIC8, T8K II 0 CII9XTp8X sneJtTpOROB B RaM. 

B.ecbMa rpy6blMH aanaiOTc.H Taxm:e .z:taHHble o caexTpe anexTpoao:a :aaewaero ao.Hca. nosTOMY 

B8ALl&RRYIO H8MH 38BHCHMOCTb OTLlSB89MOA cPOTOSli9M9HT8MH MOlllHOCTH OT BpeMeHJI HX npe-

6blB8RHSI B p8LlH8UHOHRblX IIOSIC8X /cM.pF.Co 12a,6/ cne.z:tyEIT p8CCMaTpHB8TL liHWb XU rpyl5y10 

oueaxy, anniOcTpapyiOmyiO apeanaraeM hlA MeTOLl paccMoTpeaaa Tax ax apouecco:a. npa B:cnonL"'" 

30B&BIIR Ll8HHblX pac. 12a cne.z:tyeT IIOMHHTb, 'ITO B p8C'I9T8X LlliH BByTpeHHero IIOSIC8 y'IT&BO 

naw& aeAcT:aae apOToaoa. Ecnu, xaK sTo yTaepm:aaiOT aeKoTopble aBTOpbl, Kona'leCTBO enex-

Tpoaoa BO BByTp&HB9M IIOHC9 IIpHMepao T8Jt0& >Ke, JC8K BO BB&WR&M, TO O>KHLl8&M09 H3M9B&

BH9 CBOftCTB cPoTOSli&M&HTOB B STHX YCliOBHHX 6y.z:teT oape.z:tenSITbCSI KpHBblMH 2,8 B8 pHCo 1215. 

OcTaaoaaMCSI xpaT~to-Ba aoaMO}KHOCTH yaenu'l:eaaH cpoxa cny}K6bl Si -cjlOTosneMeHTOB 

B p8LlH8UHOHHblX IIOn.HX IIyT9M 38lllHTbl HX OIITII'I9CJCII Up03p8'1HblMII IIOitpblTIISIMHo CTexnSIHHO& 

UOltpblTH& C TOllll[HBOft 0,.8 r/cM
2 

Up8XTII'19CXII IIOliHOCTbiO HCKniO'IHT .z:teACTBRe H8 cPOTOSne

M&HTbl anexTpoaos c aa'l:anbaoA saepraea ao l-1,2 Ms:a. 3To apaaeaeT K yMeH&weaHIO aa-

T&HCHBHOCTH -aany'l:eHHSI, aaaaiOmero aa cjloTosneMeHT :ao :aaewaeM noace • cuocol5ao-

ro noape}K.z:taT& peweTxy /T.e. Tf3 ~ 150 Kaa/, npHMepao :a 1000 paa H, cneao:aaTenbHO, 

B&CioM8 CyLU&CTB&HHO npo.anHT Bp9MH >KH3HH cPOTOsneM&HTa B 9T.HX ycnoBHSIX. 

npH DpOTOHHOft 6oM6ap.aHpOBKe o6ecii&'IHTb UOnHyiO 38lllHTy OT H3ny'laHIIH 1Ip8KTH'I9CXH 

aeB03MO}KHO, T.x. y}Ke npOTOHbl c saepraeA 100 Ms:a HM9IOT npo6erR 6naaKHe x 10 rlcM
2

• 

O.aaaxo aa npH:aeaeaablx aa pHc. 5 .aaHHblX cne.ayeT, 'ITO HaH6onee canbHOe no:ape}K.aaiOmee 

aelcT&He aa Taepaoe Teno oxaabl&aiOT Meaneaable npoTORbl c saeprael T < 15-25 Ms:a. K 
.<$ 0-

TOMY }K9 B CII&JCTpe IIpOTOHOB BHyTpeaaero IIOHC8 'IHCnO T8KHX '18CTHU OTROCHT9nLHO O'I&Rb 
2 . 

.., aen•xo. Y'IHTbl:aaa, 'ITO npo6er npoToaa c saepraeA 15 Maa 6naaox x O,S-o,4 r/cM CT&Jtna, 

CII&LlY9T O}KHLl8Tb, 'ITO H B 9TOM cnyqae 38llliiTHOe .aeACTBH9 IIOKpblTHI 6y.aeT LlOBOnbJIO scjl

cP&XTHBHblM • .lina 0U9RJCII .aeiCTBHH 38LUIITHOI"O IIOKpblTHSI Mbl Bbl'IHCliHliH H3M9H&HH8 B BCIIOnb-

30B8HHOM aaMH ·paaee cneKTpe /pac. 1/ npOTOHOB c Tmtn = 5 Maa apa npoxO>KLl&RHH ax '!:&pea 

cnoA CTexna TOIIlllHHOA 0,8 rp/cM
2 

R H8WnH, 'ITO UpR H8nH'IRH TaxoA 38Il.[HTbl BpeMSI YM&H&-
. x/ 

~eHR.Il OTLl8B89MOft MOLUHOCTH H8 25% y:aenH'IRTCR Dpi!MepHO B 4 p838 • 015 ScP4>eXTHBKOCTI! 

II0Ll05ROI 38lllHTbl CBHL19T9n&CTBY9T TU:lKe IIpOLlOli}KHT&nbHS!I pa6oTa ICBblLU& 1,5 neT/ 3a

Il.[Hlll9HHblX cTexnRHHblMI1 noxpbiTHHMH sJtcnepHMeHTanbRblX Kp&MRHeBblX cjlOTcaneMeHTOB, ycTa-

/23/ 
ao:aneaablx aa TpeTb&M coBeTCKOM HC3 • 

nonyqeHRble _peaynbT8TifRBnRIOTCR 05H8Ll9}KHB8IOLUHMH H, IIO-BHLlHMOMy, II03BOIIR!OT Ra

Ll951TbCR aa :aoaMO}KHOCTb .aocTaToqao LliiHT&nLHOI sxcnnyaTau•• Si -cjlOTosneMeHTo.e a 

pSLlHSUHOHHblX IIOSICSX 3eMnH. CneayeT, OLlHSKO, y'I&CTb, 'ITO IIpH'iHHOI BblXOLl8 H3 CTpOSJ cjlo

TOSn&Me"TOB MO)I(:&T SIBHTbCSI He TOnbKO SILl&pHaSI 60M6ap.aHpOBK8, HO, H81IpHM&p, H3MaH&BH9 

OIITH'I9CKHX CBOftCTB IIX IIOBepXHOCTH. 0 B03MO:lKHOCTH T8XRX scjlcjleJCTOB C006lll8li0Cb B pa5o-

/24/ 6 
Te , rae 15blno ycTaaoaneao, 'ITo B Te'leaae 2-x M&csuea IT.e. rpy6o ro:aopsr aa 5.10 cex/ 

IIOBepXHOCTb CIIYTHHX8 113 39pKanbHOA npeBp8TRnacb B LlHcPcPY3HO-OTp8}K8!0lllYIO. 

AsTOpbl 5naro.aapHbl B.n • .a}Kenenoay H H.C. nH.aopeHJtO aa IIOCTOSIHHbll H.HT&p(IC It 

pa6oTe a noMOWb np11 ee apoaeaeaaa, M.j{. Kyaaeuoaol aa noMOil.[b B opraaaaauRB R3Me-

13 



peHHA HHTeHCHBHOCTH IIpOTOHHOrO IIY'IK8, T .M. ronOBHep 38 IIOMOWb B H3M9p9HHII CIIeKTpan&

HbiX X8p8KTepHCTHK, 10.11. nor.8'1eBy 38 o6cy»<:aeaae BOIIpOCOB, .CBSI38HHbiX C £l8HHbiMH 0 pa

£lH8UHOHHbiX IIOSIC8X 3eMnH, n .n. nacapeBOJ!: 38 06cy»<:aeHHe BOIIpOCOB, CBSI38HHbiX CO 3Be3,llO

o6p830B8HHeM H n.B. CHMOHOBY 38 IIOMOWb B MOHT8»<:e o6opy,llOB8HH.II H B ero o6cny»<:HB8HHH• 

npano»<:eaae 1 

Dns:r anmocTp8UHH rrparoaaocTH rrpean8r8eMbiX H8MH MeToaoB p8c'leT8 38BHCHMOCTH o'l'

!l8B8eMoil: cPoTOaneMeHT8MH MOWHOCTH OT IIpO!lOn»<:HTen&HOCTH HX npe6biB8HHSI B p8£lii8UHOH

HbiX nons:rx rrpBBeaeM cneay»LUHA rrpBMep. 

K8Jt y»<:e yK83biBanoc&, ycT8HOBneHHbie H8 8MepHK8HCKOM 11C3 '11ccneaoB8Ten& 6' q,o-

13 
ToaneMeHTbi YM9Hblll8nH OT,ll8B8eMyiO MOlllHOCTb Ha 25% .qpH IIOny'IENillll £l03bi 5.10 /aneKTp0-

2 
HOB c aaeprRel!: oxono 500 Kas/ /eM • Tp8eKTOpHs:r aToro crryTHHKa 6blna T8KOl!:, 'ITO rrpHMep-

HO 1/4 BpeM9HH rroneT8 OH H8XO£lHnCH B o6n8CTH HHTeHCHBHbiX aneKTpOHHbiX IIOTOKOB. B COOT

BeTCTBHH C £l8HHbiMH Ta6nHIIbi 1 II H8il:,lleHHOil: H8MH p8£lii8UHOHHOII: IIOBpe»<:,ll8IOIUeil: CIIOC06Hoc

TbiO BHelllHero IIOSIC8 /14/, yMeH&llleHHe OT£l8BaeMOil: MOIUHOCTH H8 25% aon»<:HO 6bin0 H86-

niO£l8TbCSI !IpHMepHO qepe3 BpeMH 

1.6.10-27 . 5.1o13 

2 • 10~ 9 . 4 18.10
5 

cex =- 19 CyTOK 

/11/ 
nocne BbiX0£18 o6t.eKTa H8 op6HTy. AM epHK8HCKHe TeneMeTpH'IecxHe £l8HHbie rrOK838nH, 'ITO 

TaxqA CII8£l rrpoH~Olllen H8 11-12 cyTKH noneTa. npH rpy6ocTH Hcrrona30B8HHbiX rrpeanono»<:e

HHA H He,llOCT8TO'IHOCTH HMeiOIU_HXCSI £l8HHbiX 0 BHelllHeM paLlH8UHOHHOM IIOHCe T8KOe corn8CHe 

MO»<:HO. C'IHTaTb BIIOnHe YLlOBneTBOpHTen&HbiM. 

n H T e p a T y p a 

1. C.H. BepHOB, A.E. qYLl8KoB. Y¢1H, 70, N2 4, 1960. 

2. C.H. Bepaos, A.E. qy £l8KOB • .lloKn8Llbi Me»<:LlYH8pOLlHOA xoH¢epeHUHH rro KOCMH'IeCKHM ny

'laM. T. W, cTp. 17, 1960 r. /l13LlaTen&cTBO AH CCCP/. 

S. Baa AnneH • .llOKn8Llbi Me»<:,llyH8p0.0HOil: KOH¢epeHUHH IIO KOCMH'IeCKHM ny'laM, T. 3, CTp. 6, 
1960 r. /l13£18Ten&cTBO AH CCCP/. 

4. S.Freden, R.S.White. Phys. Rev. Lett. 3, No.1, 9 (1959). 

5. J.Naugle, G.Kiffen. Joum. Phys. Soc. Japan 17, Suppl. A-11, 118 (1962). 

6. Hoffman, Amolay, Winckler. Joum. Geophys. lles. 67, No. l,l (1962). 

7. Pizella, C. D. Laughlin, B.J.O'Brien. Journ. Geophys. Res. 67, No. 9, 3281 ( 1962). 

8. B.J.O'Brien, J.A. Van Allen, C.D.Laughlin, L.A. Frank • .Joum. Geophys. Res . .§1• 397 (1962). 

9. J.J.Loferski, P.Rappaport. RCA Review 19, No.4, 536 (1958). 

10. M.Wolf. Solar Energy~ No. 3,83 (1961). 

11. J.M.Denney ."Progress in Astronautics and Rocketry" V.3, 1961, p. 345. 

12. r. K·a11¢¢ea, P. nH3. Y¢1H, JK!, N2 4, 590, 1956 r. 

13. J.J.Loferski, P.Rappaport. Phys. Rev. 111, 432 (1958). 

14 • .llHHC, BHaAapLl. PaLlBaiiHOHHbie a¢¢exTbl B TBepLlbiX Ten8x. MocKBa, Hn, 1960 r. 

15. B.I-1. ron&aaHCKHA, A.n. nl06HMOB, B.B. MeL(Be,lleB. Y¢1H, ii. . NP 1,3, 1953. 

16. B • .ll»<:enerroB, B. CaTapoB, B. ronOBRB. LlAH CCCP, ~ • NP e, 717, l955. 

14 ' 

j 

!! 

.... l 
'):. 

• 

i 

• 



• 

I 

17. L.S.Germain. Phys. Rev . .!,!; No. 5, 596 ( 1951). 

18. E.n. rpHrOpbeB, A.n. nHcapeaa. JK3T«<> _ll, N9 6 /12/, 932 /1956/. 

19. F.B.Bjorklund, S.Fembach. Phys. Rev.~~~ 1295 (1958); A.Bratennahl. Phys. Rev.'!_'!_: 597 (1950); 

R. Wilson et al. Phil. Mag. 1, 1003 (1956); A.Johansson, U.Svanberg, O.Sundberg. Arkiv for Fysik 19, No. 38, 

527 (1961); R.E.Richardson, W.P.Ball, C.E.Leith, Jr., Moyer B.J. Phys. Rev.·~, 29-41 (1952); 

B.C. Me.llBe.llb. Onpe.lleneHHe nonHhlX ce'leHHll: HyKnoHoa c sHeprHell: 640 Msa co cno>KHhl-
MH R.llpSMH • .[lHnnOMHSK pa6oTa • .[ly6Ha, 1954 r. 

20. J.B.Cumming, G.Friedlander, C.E.Swartz. Phys. Rev . .!!.h 1386 (1958). 

21. IO.,ll. npoKOWKHH, A.A. TRnKHH. JK3T<t> 32. 177 /1957/. 

22. E.Beme. RSI 22, No.7, 509 (1951). 

28. B.C. BaaHnoa, A.n. naH.aCMSH, B.K. Cy6awHeB. J.1cKyCCTBeHHbie cnyTHHKH 3eMnH. N!1 3, 
1959 r. /J.1a.aaTenbcTao A H CCCP I. 

PyKonHcb nocTynHna a H3llaTenbcKHll: OT .a en 
18 MapTa 1963 ro.lla. 



( 
1.1acm. ~ 

:Jpj C/'12 M.l CtK.CintP/ 

-:-..... 
lto 
~ 
~ 
~ 
~ 

~ 
"' ... 1 
~ c 
~ '-.... 

l 
~ 
~to"' 

~ 
~ 

to"1 

tO 

·• 

100 1000 fOOOO T11~ 

3Hep<ull npomoHo! ( H3l) 

Pac. 1. .Ll•cpcpepe&uKallb&.ble sHepreTH'IecKHe cneKTp.bl npoTOHOB _!0 BlfYTpeHHeM pa.llRaUROH

HOM DOSICe H8 p83H.b1X B.b1COT8X K reOM8I'HHTHbiX WHPOT8X, 

141 1 - CDeKTp Ha B.biCOTe 1200 KM/
5
/. 

2 - -·- 1400 • . 
s - -·- 1600 • 151• 
4 - -·- 1600 • 151• 
5 - -·- 1884 • 151• 

Ka:lK.Il8SI K3 DpKBe.lleHH.bll: KpKBbiX COOTBeTCTByeT ODpe.lleneHHOI: reOM8I'HRTHOI: WH

pOTe. npa pac'leTaX, B.biDOltH8HH.biX B 9TOI: pa5oTe /cM.p83.1lelt 3/, B K8'1eCTBe 

DpOTOHHOI'O CDeKTpa HCDOllb30Banac& nepeHOpMHpOBaHHasr KPHB8SI 1 R ee 9KCTpano

ltSIUKR B o5naCT& M8n.b1X 9HeprHI:, H305pa:lKe&H8SI Ha pKcy&Ke ny&KTHpOM. 

16 

.... 

"'P''-;...-

.. 

.,. 

• • 

--- ~ 



-.. 

m. CM • ceK. K36 

~l'.. 
~ 
'\ 

\ 
\ 
\ \ 

fO \ 
\ I 
~~ 

\ 
101£' 

Pxc. 2. .ll•<Pci:>epeanRallbHhll saepreTH'IecxHA cnexTp snexTpoaoB BO BHewaeM pa.axauHORROM 
nosrce. 
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PRe. 5. 3aepreTH'I8CKasr aaBHCHMOCT& noapelKll&IOlllero .nelcTBilsr npoToaoa aa KpeMRHI. 

1. 3HepreTH'I8CK&SI 38BHCHMOCT& 
2. -• -• 
3. -• -
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PHc. 6. 06was cxeMa onbiTa. 

1 -ny'IOit npOTOHO'-2 -CHCTeMa OCB9W9HHSI, 3 -BO.lliiHOA cl>HnbTp, 4 -4><>TO&ne

M9HTbi, 5 -HOHH38ltHOHH8SI It&Mepa, 6 -ttonnHM8TOp1 7 -38WHTH8H CTeHa. 
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Pa:c. 8. 

100 200 JOO ~too 
Vmv 

Harpyao'IH&Ie xapaltTepRcTRitR ¢loToeneMeHT~ npa paanR'IH&IX_ pallR41llfOHHbiX llOaax 
1 -llO o6ny'l8HBB, 2 -. 2.1.1012 n~OTICM , 8 -1~.0.10lS n~OTicM
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4 -1.5.1014 npOT/CM , 5 -2.0.10 npoTICM • 
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PHc. 11. CneKTpanbHble xapaKTepHCTHKH clJoTosneMeHTa .110 H nocne oy~yqeHHH n'2oTOH8MH. 
1 -.110 o6nyqeaHsr, 2 -nocne o6nyqeHHH 3.10 npoTicM • 
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PRe. 12a. MaJtcRwam.aas MOLUHOCT& <PoTosneMeHTo8 8 3&8RCRMOCTJI OT 8peweaR apel5b18a
HRR RX 8 aeHTpam.&biX oiSnacTsx pa~RaaROHHbiX nosco8. Y~Teao Ton&Jto ~elcT-
8Re llp0TOB08 C HR)I(Bel rp&BRUel Cll8ltTpa: 

1 -1 Ms8 8 -5 Ms8 
2 -8 Mea 4 -10 Msa. 
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PHc. 126. MaKCHManbHaH MOWHOCTb <PoToaneMeHTOS s 38SHCHMOCTH OT speMeHH 
npe6b!S8HHSI HX S UeHTpanbHbiX o6nacTSIX pa.aHaUHOHHbiX ITOSICOS. 
1 -saewHHA pa.aaauHOHHbiH nosrc ITOnbKO aneKTpOHbl co cneKTpoM pac. 2/. 
2 -SHyTpeHHHli: pa.aHaUHOHHblit fiOHC /yqTeHO .aeitCTSHe npOTOHOS C HH:lKHeit 

rpaHHueit cnifTpa 1 Mas H aneKTpoaos co cneKTpoM pRe. 2/. 
3 -BHyTpeHHHit pa.aHaUHOHHblit ITOSIC /y"'TeHO .aeitcTSHe fipOTOHOS C HH:lKHeit 
rpaHHueit cneKTpa 5 MasH aneKTpoaos co cneKTpoM pRe. 2/. 
4 -SHyTpeHHRii. pa.OR8UROHHblit ITOSIC /y"'TeHO .aeliCTSHe npOTOHOB C HH:lKHeit 
rpaHHueA cneKTpa 10 Mas R aneKTpoaoa co cneKTpOM pHc. 2/. 


