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Pac!ora nunoJ1111J 11r1 tJ Mr><lKOMK011 OP.Iteaa Tpy.zto;aoro Rpao110J111 
.emreaepno-.J1.Ha 11o,rnor::;.i MllOTHTy'l'e. 

Ha~ PYJC()Jir))(wr 
: )(OKTOp lf>.es.exo-MaT8M8T.B"leCIWX lll\ylt , 

11 J>°'f>e coop Rap.B.7I..1PJ8-¥.rPD.f oB D. l'. 
Hay'!ffiwt 1<011oy JtLTt1J!T : l<Jlll.IUIJtaT <I>.es.eRO-MaTeMara"leo 1ou: 1111y 1t, 

ArapoHIUi ~.A. 
Oil.eruaaJtbllllO 01111 UllOllTll: ,11,0K'l'Op <I>.esJUto-MaTeMaTJ!'l00KJIX 11(\Ylt 

1illll.Reaxo M.II. 
1ClUf.It.B.ItaT ~8.ff RO-MaTeMaT .R 'le 0 ltl!X filly l'C 
JlaBJioB r.r. · 

Be.ztYutaJI opm11icn111trur: ~HSJ!'lecrudt .BBC'l'.BTyT !M. Ir. 11,JlooMn 
AH CCCP 

<" ) • v I /ID 3alimTa .1U1ooopT1t111tH ooaToarca ---: . . , ,,, r. 11 I G 'iao. 
Ha s ace,11,0111111 011011Hwia:u1poBaHHoro oo:BeTa R. 053 . 0.'.1 , 0 
B MocRonc1wM HJ lJl011op110-1f>H.e11eoKoM .eaoruyre no M peoy: . II5409, 
MocKBa , Kanmpo1<oe moooe, .zt.3I. 

c .zteccepTlU(llOit MOllJ (O OSHaKOMHTI>OJ{ B d.1tdruioro1rn MM~H. 

ABTope<'f>opaT po,3 0 0J1n11 ".L" __ (,_'j_· - ---
IOO) r. 

Ilpoc.eM ITPHOJU\Th 0T3 Ull B 0.ztHOM SR3eMIIJ.UI1~ . anuepeHHJijt IlO"lQThn 
opraa.e3ruurn . I UJ1tt1t11U1x np.1umr1. y11acr11e 11 {ll1dore coBera npoc 11M 
3BOH.BTJ. no TOJI. !14-89-98. 

Y"liemdt oe1cperap1. 
Cne!UiaJt.e :H1po111u111oro C6Bera 'Zt. )~ Z-- ff.B.EBoeo u 

Jl=97794 IIMnncauo K ne3arn06.I2.85T1p;u IOO ax3, J~.l!#!J 5M7 
Tnnorp11tf1H1c 1.mcriu, MocRBa,KaumpcJ<oo rnooce ,3I. 

AKTyB.JrDHOCTJ. npo6JieMH. BypHoe pasB.BTBe acTpolf>as2IU1 BHCOKl!X 
aHepr.ett .BWlll.BJIO cymecTBOBaa.Be B KOCM211ecKoM npocTpaHCTBe ycJio­
Bztt, SKCTpeMa.m.HWC c T011K.B speID!.R: 3eMHwc. CIO,ll,a MOJ!tHO OTHeCT.11 yc­
JlOBM wopMRpOBaHM BliCOKOTe.MIIepaTy¥HO! ( kT ...... IOO KaB) IIJia3Mli, 
BOSH.BRHOBeHWI cBepxcanHwc ( 8 ... IO 3 rar;cc) MarHnTHl:lX noJieR, yc­
KPpefill.11 11acr.en .n,o cBepXBHcoIWx CE ~ro1 sB) sHepr.Bn a r.n. Bi:l­
RcHeH.ae np.B'Il!H B031UUUtOBeHWI IlO'AOc!HHX SKCTpeMa.r. . .DHliX C.BTya.IUltt no­
SBOJUIT OTBeT.BT.D Ha MHOrae BOJl!tY10!Ime acTpow.e3.BKOB BOITPOCH 0 npa­
PO'Ae oKpyx8JOU{ero M.Bpa a 6y.n,eT HecoMHeHHIDll nporpeccoM B o6Jiacra 
aoTpolf>.11saKR. 

XapaKTepHIDll np.BMepoM SKCTpeMa.m.HliX YCJIOB.Bn MO%eT c!HT.D TaK­
ze C.llTYaIUaR, npa KOTopoa IIJlOTHOCT.D q,oTOHOB aJieKTPOMarH.BTHOro .03-
JiyqeHBR npeBOCX0,11,.BT IIJIOTHOCTJ. aJieKTpOHHO-.BOHHO~ KOMilOHeHTU B 
paccMarpaBaeMOH cpe'Ae, TO eCTJ. KOI''Aa cpe,11a 3aHJITa IIJlOT.lillM ~OTOH­
HIDll Il0Jl6M. ITpaMepoM npo.R:BJieH.BJI Il0'A06HO! C.BTYa.IUl.0 CJIYX.BT UOJle pe­
JlllKTOBOrO .03JlyqeH.BH, 3allOJUUilllllee c IIJIOTHOCT.DD ...... 400 ~OT/cM3 , no 
Boen Bepo.R:THOCT.B, Bee 0Kpyxa.J001ee npocTpaHCTBo. Taxoe noJio~eHae 
MOXeT TaIOKe B03HHRHYTb Bc!JW3.B umpoKoro .KJIB.CCa peJ1iIT.BB.BCTCRIDC 
od'.DeKTOB (MarH.B TOC~epli nyJI.DcapoB, B.RKperuaOHHI:le ,11,.BCK.0 HeliTpOHHhlX 
3B03'A .e qepmnc 'AHP1 ~ 8.KT.BBHl:lX ra.naKTBK a KB8.3apoB .II T.n.), 
B 06JiaCTIDC, 3a.HJITWC pa,nzan:.eoHHO-'AOM.IU!.RpOBaHHO! IIJia3MOtt. Ka3aJIOCI> 
6H, qTQ B TaKBX yCJIOBaIDC . raMMa-KBaHTH BliCOKl!X aHepr.en He MOryT 
llOK.BHYTJ. BCTO'llU!K H.113KO'laCTOTHOro .esJiyqeH.wi:, B C.Jcy1iae, 60Jll! 
cpe,11,HHJI ,I\J!ZHa RX npodera M6HI>l!le pa3Mepa 8.KT.l!BHO! oc!JiaCT.11 BCT01l­
H.l!Ka I .es-sa norJiomeH.llJI rB.MMa-KBaHTOB cIJOTOHaM3 llOJlSI, r + UJ- e-+Et. 
0.D,HaKO TOT 4JaRT, qTO K.BHOT.11.Ka pacnpOCTpa.HeH.l!SI raMMa-Klla.HTOB .B 

SJleKTPOHOB BHCOK.BX 3Repr.ett B Taxoa Cpe'Ae HOC.BT KaCKB,JUi!idt xapa.K­
Tep, 'AeJiaeT ocy~eCTBHMOi aTy B03MOltHOCTJ.. B CBMOM . .zteJie, npOB3a­
.BMO'AettcTBO:sa.B c ~OTOHOM IlOJil'I, raMMa-KBaHT odpa.ayeT SJleKTPOHHO­
llOS.BTPOHHyro napy, 0,11,.BH .es KOMIIOH0HTOB KOTOpoa, pacceaBastCJ. KOMII­
TOHOBCKI! Ha q,oTOHe, BHOB.D o6pasyeT BHOOKOSHepr.e"'IHlil raMMa-KBaHT . 
a T.'A. TaR.BM o6pa.aoM, .es-sa lf>o:pM.apOBaH.IU{ aJieitTpoMarH.l!THoro JI.EB~ 

JUI B cpe.n,e c nJIOTHHM ~OTOHHI:lM noJieM, BHXO'A .1!3 Hee raMMa-zsJIYqe­
HRIH BHCOK.BX sHepr.ea CTaHOB.BTCJI pea.m.HHM. RpoMe Toro, paCCMaTp.e­
BaeMYD o6JiaCT.D c!Y'AYT no~aT.D KaOKS,IUllle rru.wa-KBaHTH c aHeprzett, 
H6'AOCTaTO'!HO! .IVISI odpasOBaH.B.R: aJl8KTpOHRO-II03.BTpO.EmHX nap. IlOJIY- , 
qeHffl:lA BHBO'A BalE6H 1I)fSI i3Y1JOR.Wi pe.llllTiBBOTCKJ!X od~eRTOB.• no­
CKO.Jll>KY OTKpHBaeT B03MOJEHOOT~ IX BCC~9'AOB8HBJI 0 llOMOmJ.D raMMa-
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acTpOHOMElieCK.BX Had;ume11.0a. 

B HacTomqee Bpe.wr saperncTpnpo:eaao rSM111a-nsJiytJe1rno OT pn,na 
BHerB.JlaKTn~ecrwx ncTo'IHnKoB - OT ~noraJiaKTnK.n CenA, OT N -ra­
;ia.1muui 3CI20, OT cefut>epTOBCIWX I'aJia.KTEK Ngc 4I5I n MCG8-II-II, 
OT KBasapa 30273 n B03MOJIUIO OT .KBasapa 024!+622. IlpnMe"l:aTeJI:I>HUM 
JI13JLC!eTCJI TO, 'ITO 3T.H od~eKTH Sl'.BJI.JIIoTCJI TalO!te'cn;u,Hii!Mn peaTreHoB­
CKJ!!:.m ncTO'IHnKaM.e. AHa.ims noKB.simaeT, "l:To cpe.IUIJL!I .zvurna npooera · 
ra\~1.ia-KBasTo:e .B noJie peHTreHOBCK.EX !jloToHoB aTax .llCTO"l:H.0I<OB 3Ha­
"l:I1TeJII>Ho MeHJ>UJe .BX xapaKxepHoro paaMepa. CJie.n;oBaTeJII>Ho, npn pac­
npocTpaseHn.e rarmna-.KBaHTOB B ;ipeAGJJa.x .llCTO"l:H.llROB B HEX Hensdez­
.liO <f.Jopr.mpyeTcJI aJieK.xpoMarHnTmrti KB.CI<aJUIH! JIEBeHI>. TaKnM odpaaoM, 
ecJI;i OOJiacTn re1rn~.e peHTreHOBCt<oro n raMMa-I13Jiy"l:eaa,. oo:ena.n:a­
IDT, TO Ha.e6oJiee ecTeCTBeHHHM HBJI.R:eTCSI npe.n;noJI0~3H.lle, "l:TO HaOJIIO­
.n;aeMoe OT nepelU!cJieHRHX .llCTO'UUIKOB raMMa-nsJiy"l:eHne cwopMnpo:eaao 
ItaCRa.IUib!MH r&1Ma-KDaHTruim. 3T.a .KBW!Tlil JnlJI.fIJOTCJI KaK d!il nocpe.zum­
I<aMn Mein.ny ~nan"l:ecKnME npoqeccaMR, odecne'l.BBaJOC!.HMn cymecT:eo:ea­
Hne BUCOK03Heprn"l:Hoa l!fH'll:C.ll.llpYJWleit OJieKTPOMarH.HTH!ili KB.C~ KOMIIO­
HeHT!il n Hao.~aTeJieM. B C.llJly 3Toro OH.II HecyT HSM BWKHettmyro EH­
<f.JopMaqnro o npapo.n;e DlilcoKoaHeprn"l:Hott KOMIIoaeHT!il n aay'leHae .11x xa­
pa1tTepncTnR HBJI.R:eTCJI Heo6xo.n;aMHM STanOM )J,JJJI pacm.acppOBK.H 3TOtt .BH­
i;PopMaqn.e. 

3JieKTPOMaI'H.BTH!:ilt Ra.CK8,IU{Im: JI.HBear,, !flopMnpyewa: B IlOJie pe -
JIEKTO:eoro .03Jiy'l0HnJI, pacCMa.TpnBaJicJI paHee HeKOTOPw.f.11 aBTOJlaMRI 
CC.EOHOMeTTO n .n;p.,I97I r.; n.~OB'l.BK .a .n;p.,!972 r.; B.Eepes.11H­
CK.Bii .II .n;p.,!973 r~). 0.D;Haxo BC0CT0POHHeMy IIOCJle.D;oBaTeJII>HOMy nsy­
"l:eH.11ro 3To RBJieHae He no.n;:eepraJiocr,. Onpe~eJieHH!iltt nporpecc 6li!JI .n;o­

·CTnrHyT B DU"l:ECJISH.11.B Pa:BHo:eecRHX cneKTpo:e KaC~Hl:lX raMJ1na-KBaa­

TOD, .n;a n TO JlllllI1, B CIIer.tnaJII>HWC CJiytJaJIX, "l:TO He II03BOJIReT COCTa­
BETI> qeJIOCTHyro KapT.llHy JlllJI8H.llJI. B TO ~e BpeM1I, OIIECaHHaJI CX9Ma 
pas:enT.HJI 3JI8KTPOMarHnTHOro KaC~a B KOMIIaRTHHX peHTreHOBCKHX 
.llCTO'IHERaX Tpe6yeT doJiee .n;eTB.JlI>Horo nsy"l:eHnJI aToro RBJieH.aJI n, :e 
"l:aCTHOCTn, .l!CCJie.n;oBW!.BJI CII8KTpo:e KaCKa.IJ;Hl:lX 'IaCTnq Ha pa3Jlil"l:H.li!X 
rJiyd.11Hax. Taxoe Tpe6o:BaH.11e CWl3W!O c TSM, "l:TO KaCKa.IJ;Hue CIIeKTp!i 
cymecT:eeaao Sa:BJJCSI'l' O'l' rJiy6.eHU npoHaIWo:eeHnJI JIEBHR 11 CJie.n;o:ea­
TeJIDHO MO!'yT dUTI> OTJI.l!"l:H!iMH .ltJlJI pa3HHX BCTO'IIIEKOB. 3~a~a BUtJ.Bc­
Jieaan 8TBX CII9KTpo:e OOJIOZHJteTcJI . eme a npacyTCTB.BeM B IIOJie P9HTre­
HOBcKoro B3JIY"l:0HBJI 9J19KTPOHH0-BOHH011 KOMIIOHeHTU .II B03MO~mo Mal'­
fUITHoro IIOJJJI. 

4 

UeJr&ro pa6oTu RBJIJ1eTCSI JisyqeH.11e npouecca cpopM.HpOBaH.en sJieK­
TpOHHo-<IioTo.HHwc JilllBHeit B cpe.n;e c IIJlOTHI:lM ifJOTOHHUM IIOJieM H HCCJie­
,11.0BaH.Be CII9KTpa.7U>HHX xapaKTep.eCT.BK 3JieKTPOHOB B rar.W!a-KBaHTOB, 
odpaso:eaHHHX :e pesyJU>TaTe pas:e11TM KB.C:Ka.D;Horo JlJlBIUI. TaRoe .ec­
CJie.n;oBB.Hne npe;zmpnWITO .ItJlJI BlilJICHemm npupo.n;u raMMa-JJ3JiyqeHM, 
per.ecTp.epyeMoro OT HeKOTopux KOMIIaRTHHX peHTreHOBCKI1X .BCTO"'U!il­
·KOB, .I!' B 'laCTHOCT.0 •. rrpoBepKE npe.D;nOJIOl!tefillR 0 I<a.Clca.D;HOM npozc­
XOJlf,IteH.e.e aToro .es;xy~eH.en. 

HaY'!HaJI HOBB3Ha. Bnep:e!ile IIOK8.3B.HO, "l:TO B no;xe peHTreHOBCKO­
ro H3JiyqeHnR KOMIIaKTHHX peHTreHOBCR.RX aCTOtffiZKOB Heil308iKHO reHe­
p.11pyeTCJI aJl9KTpoMarH.BTHlti! Kaclca.D;, nH.llr.tnnpyeMblM BUCOK03HeprntUIOM 
KOMilOHeHTOtt, T!llate per.ecTpapyeMOi OT 3TBX ilCTO"'U!ilKOB. 

PaccMoTpeH npouecc ~opr.mpoBaHWI aJieKTpoHHo-'1JoToHHblX JlilBHeil 
B cpe,11.e c IIJlOTHlilM cpOTOHHli!M IIOJieM B Bl:l'I.BCJieHbl cneKTpaJII>HHe xapaK­
Tep.ecTEKB KB.CKa,l:UlllX tJacTnq Ha pa3Jlil11HHX rJiy6nHax IIPOIUIKHOBeHWI 
JIEBHJI. 

IlOJIY'leHU aHaJIETE'16CKn0 pemeHJIJI C.BCT6Mbl peJIIIT.0BECTCKHX KfiHe­
T.BtJeCIWX ypa:eHeHJJtl .I\JlJI ~HK.qER pacnpe,11.eJieHM: RaCKa.D;HHX qaCT.0It 
a paapaOOTaHa nporpaMMB. MO.D;eJlJlpOBaH.llJI 3JieKTpOMaI'HaTHOro KaCica.n;a 

.c IIOMOIUI>ID MeTo.n;a MOHTe-KapJIO. 
BHAB.llHYTO npe.n;noJioxeH.ae o RacR8,IUloM nponcxOJlr,ll;eHn.e rrui1Ma-.es­

JIY"l:6HJJR, Ha6.Jl!O,IJ;aeMoro OT. KOMIIaKTHHX peHTreHOBCKBX .BCTO'qH.llKOB. B 
p&m8.X 3TOro npe.n;nOJIOllteHBJI pacC'l.BTaHH cneKTplil raMMa-.BSJIY"l:eH.11.R: 
ROMIIaKT.IWX peHTreHOBCIWX ECTO'IH.BKO:B NGC 4I5I. MCG8-II-II' 
Q. so 024!+622, 30273, Cylf X-I ia ooJiacT.e ueHTpa raJIB.KT.AK.11. 

ITpaRTn'leCI<a.R: ueHHOCTD padOTH COCTOBT :e 'l'OM, 'ITO IIOJiy~eHHHe 
pesyJll>TaTu no cneKTpa.III>HHM xapaKTepncT.eRaM KaCR.B,ItHUX raMMa-KBaH­
'l'OB B 3JieKTpOHO:B MOryT d&Tb .BCII0Jll)30BaHH ltJ1II onpe,11.eJieHBJI rrapa­
MeTpOB :BUCOK03Heprn'!iHOI .BH.IUtBBpyunett a.neKTpOMal'HBT.Hlilt RB.CKa,11. 
ROMIIOH9HTU B BWICHeHM np.epo,ItH ee o6pasOBaHM. B ~CTHOCT.2, pe .... 
raCTpalU!JI xac:Ka.D;Horo rB.MMa-.23Jiy~9HM IIOSBOJIKT' asyqaTI> BlilCOKO­
aaepr.e'llHI:le nponeccli B KOMIIaKTHHX peHTreHo:eciau:: acTO"l:HJl.KaX a :e 
acxotJHBRB.X ri:IMMa-KBaHTOB c:eepx:euoottex aHepral. • 

UeHHOCTb paspa60TaHHOI nporpaMMH Mo,ll.eJI.BpO:eaHWI a.nelt'lpoMar­
BaTHOro .KB.cRSJta SaKJil)~efca B :BOSMOJtROCTB ee ICIIOJ11>30:Balil!Jl: ltJ1II 

.113yi:i9HBJI CII0K'l'pa.lWIHX xapa.X1'ep.eCTH mmca,ttHHX 'UCT.llr.t B IIIRIPDKOM -
aaepreT.11'lecxoM .iuaana3oHe npa IIPOBSBOJll>HHX npocTpaacT:eeHHHX a 
9HepreT.111ieCtteX pe.cnpe.tteJ18HWIX R8.lt ~C'l'Bit ILlUlSYU-MallleH.e, Tait B 
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HH.llUlUlpy;omzx 'laCTHI(. 
MeTo.n rumJIBT.il<iecKoro peweHM peMT.HB.llCTCIUIX K.11HeT.R'lecIU1X 

llHTerpa;n .. moc yprumeHllit 3JleKTPOHHO-<l>OTOHHWC Jl.llBHeit. \IJOpt.U!pyeMWC 
B IIOJle MOHOXpOMaT.11'leCKOro .H3JIY'l6HRIJI, rrpa :ma'l8Hll.IDC ~::'1Eu.:r/(rnCf::»i 
( E,u.r - aHeprirn KaCRa.ItIWX 'laCTllI( .a <I>oTOHOB rroM, m - Macca 
3JleKTpOHa, c - CKOPOCTl> CBeTa) • onpe.neJIHeT TeOpeT.H'leCKYJO uea­
HOCTI:. paccMaTpllBaeMOH aa,na'IU1. 

IlpaKT.ll'leCRa.H ueHHOCTI:. a.HaJl.BT.H'leCKOro pemeHrui: peJIHT.HB.HCTCIG!X 
K.l!HeTa'leCK.l!X ypaBHelUlli B yJII>TpapeMTHB.BCTCKOM rrpe,neJle orrpe,neJIH­

eTCH B03MO.l!U!OCTI:.D H36elitaTI:. MO,IteJl.llpOBaHM 3Jl6KTpOHH0-4.)0TOHHOro . 
JLHBHJI rrpa nayqerum cneKTpaJLI:.HWC xapaKTep.acT.HK KaCKa.WraX 'laCT.HI(., 
Tpe6ynnero B 3TOM CJIY'lae 60JlI:.IIl.BX MaCC.HBOB .ItaHHHX B 60JlDIIIOro KO­
Jl.11'18CTBa CTaT£CT.ll'l8CK.BX .BOIINTaH.llit. 

Arrpo6agrur pa6oTH. PesyJU>TaTH ,n.aocePTaunoHHott pa6oTH .noKJLa­
,nJ:ma.JI.llCI:. Ha I8-oit M8JtUcyHapo,nHoit KOHqJepeHI(.B.a no KOCMJ!'l9CK.BM JIY­
'18M (Ea.HraJLop,!983), Ha cecc.11.a OJI~ AH CCCP (MmlM,!984), a T~e 
Ha Hay'lHwc ceMaHapax B MM~M, ~HAR, E~M, Jl~TM .a orry6JlllKOB8JU:I: :e 
7 rre'laTHHX pa6oTax. 

ABTop 38lllli\ntaeT CJle,nYJlllllle noJiol!eH.M,o6ocHoB8JlHHe :e .n.accep­
Tau.H.H: 

I. IIpxi pacnpocTpaaerurn aJ.teKTpOHO:e .a/11JU1 raw.ia-KBaitTOB Bli­
coKHx ::iHepr.ait B cpe.ne c IIJIOTHHM <I>oTOHH!ilM rro~eM, .liMH reHep2pyeT­
CR 3JleKTpOMarH.BTHHn KaCKa.I(, o6ycJlOBJieH~. rJiaBHI:l:M o6paaoM,npo­
ueccaMz o6paTHOrO KOMIITOHOBCKOrO pacceRH.HH .H <l>OTOpOlt,lJ;eH.HR 3JI6KT­
pOHHO-II03.llTPOHRDa naps. TaKoit KaCKa.It c Heza66J!rnocTI:.~ <I>opMJtpyeTcR 
B PR.I(e KOMIIaKTHHX peHTreHOBCK.BX .BCTO'llillKOB, B IIOJle peHTreHOBCKO-

. ro .1rn;ryqeHM. 

2. Kll.HeT.HKa pacnpOCTJ.)ru!eHHR aJieKTPOHOB .ii rru.wa-KBaHTOB Bli­

coxnx aHepr.ait B noJie 3JleKTpOMaI'HHTHOro H3JIY'l8H.HH cy~eCTBeHHO sa­
Bl!C.RT OT rrepeMeHHOit g:!.iEUJ/(mci~ • B CJIY'lae, Kor,na e>'>i c~­
CTeMa peJlSIT.RB.llCTCKllX KnHeT.R'l8CKHX ypaBH8H.Rit paspewaeTCR aHaJlll­
T.R'leCK.R R crreKTPH KaCKa,nHWC aJieKTpOHOB R raMMa-RBa.HTOB Bli'lHCJili­
IDTCR B RBHOM BH,IJ;e .I(JlSI pa3JI.H'lHl:l:X 3Ha'i8Hl!it rJiy6HHbI npOHHKHOB8HM 
JIBBHR t = lt$"1.~ nu,- R ( 'to - KJiaCCH'leCKRll pa.nR!yc ::iJieRTpo-
Ha, nw- - IIJIOTHOCTI:. <I>oTOHOB IIOJIR:, R - rJiy6.RHa rrpoRHKHOBeHM). 

.AHaJlll3 pemerum IIOKa3HBaeT, 'ITO rru.wa-KBa.HTbl H aJieKTPOHH 
MOryT pacnpOCTpaHRTbC.fl Ha paccTOJIHM, 3Ha'l.BT8JlI:.HO npeBHmaJlllUie 
ax cpe.nmoro ;rr,mmy npo6era B <I>oTOHHOM noJie. IIp.11 t > .i pemeHJm 
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CJia6o 3aB.HC.fIT OT T.ana ( 3Jl8KTpOH .II.Im raMMa-KBaHT) .liHIIIUUlPYK!.'.\8~ 
KaCK8JI..'iaCTHUH. 

3. Ilp.a 3Ha-qemmx & >,...!. , a Ta10Ke npH yl!eTe npBcyTcTB.li.fl ::iJie-

KTpOHHO-MOHHOll KOMIIOHeHTU B cpc.ne .n.im onpe,n;eJleru!H cneKTpa.Yll>HbDC 
xapaKTepHCTHK KaCxa.nHHX 'laCTllU H806XO,IJ;llMO acnOJlD30BaT!> 'lliCJI0HHll0 

MeTO,J:tll pemeHM. 
MeTo.n Mo.n;e.7l.l!poBruma: M8KTpOM8.I'HHTHoro xacF.a.n.a no3BOAAeT :sH-

-qacJIHTI:. crreKTPH 'laCT~U Ra pasJIH'iHWC r;ry61max t , np.11 pa3m:tJHI>X 
3Ha'leH.BHX napaMeTpOB cpe,nH ii HHll!UlliPYIDl!lllX KaCI\a,It -qacTnu. Ilp!~ 
t ">)' i. 3Ha'IHT8JlI:.HM 'laCTD 3Heprnz. llilliU.HliPYlailetl: RaC~ 'l:aCTJllll:! 
nepexo,n.aT K rru11Ma-KBaHTat.1 B o6JiaCTI:. 3HeprHit c 6 <. i . B 3TOM 
CJIY'lae nponcxo,nnT TaIOKe Han6oJiee ajxpeKT.BBHOe o6pa30BaH11e sJ.6KT­

poHHo-noanTpOHH!:DC nap, XOTJ'l: .BX BWCO,It 23 aKTilBHOU o6JiaCTJ1 c peJ'.F.­

TliBHCTCKHMll 3Hepr.i!HMli aaTpy,nHeH. 
CneKTPbl KaC1<.a.n.HliX 'iaCTJm npm ~ ~ i cJia6o 3aBHCHT OT una 

.liH.liUHHPYIOOl8ll 'laCT.liO:U. 
4. Ha6JW,IJ,aer-.me OT ItOM!laKTHHX peHTreHOBCKllX .llCTO'lH!IKDB r~,:-

Ma-.B3Jiy'leHne 06pa.30BaHO, no BCett BepO.fITHOCT.li, raM:lla-KBaHTat.W.. 
c<I>opMapOB8.HlWMll 3Jl8KTp0MaI'lUITHblM KaCKa.I(OM, KOTOpl:iill ll03m:KaeT B 
pe3yJIDTaTe BsaHMo.n;encTBHH llllCOKOaHepr.a'lHHX qacTnu c woTo.HarvIB 
peHTreao:ecI<oro noJI.fl. Pac'leTH no onpe,n;eJie.Haro cneKTPOB Kaor(8.,0:!mc 
ra.MMa-KBaHTOB .I(JlSI KOHKperHHX KOMIIaKTHWC peHTreHOBCKnX .liCTO"!Hil-

KOB IIO.I(TB8~ 3TO npe,nnOJIOXeHHe. 
Pemeane o6paTHO~ aa,n.atW BOCCTaHOBJI0HWI xapaKTepl!CT.liK BUCO-

K03Hepra'lHOa KOMIIOHeHTbl no aa6JW,Il,aeMOMY rB.MMa-H3JIY'l6H.liID II03BO­
JI.fleT cy,n.aTb 06 RHZU.l\.liPYID~en 8Jl8KTP0MaI'H.BTHHit RaCKa.n KOMIIOH8HT8 • 

06~eM pa60TH. J,lRccepTa:ruut COCTORT .li3 BBe.neHM, qeTllpex 
r.na:e, saKJIXl'l0HM, WJYX npMruit8H.lllt H CIUICKa UHTapyeMOit JlllTepaTy­
pu, BKJIIO"iBJ!Jlitero B ce6si II6 HaaM0HOBaJU!tt. 06:ItRA 06'1.eM pa60Tbl co­
cTB.B.JISieT !38 cTpaHl!U MaW.BHOILBCHoro TeKcTa, 23 pmcyHKa R I Ta6-

Jlllua • . - . . -
Co.n;epllt?.Hze pa6oTbl. B pa6oTe . oT,neJll>Ho o6ocHOBaHa BalltHOCTl> 

a aRTYa.JIDHOCTI:. TeMaTHKB B ueAOM B KOHKpeTHO IIOCT8l3JI8HHOA sa.n.a'llll 
B JUlOTHOCTH. JJ,aHo ,on.aca.H.He CTpyRTYPH ,n.accePTB.IU\B B B3AOXeHH oc­

HOBHHe llOJlOXeHJUI, :BHHOCl\Mli6 aBTOpOY Ha 38Jlt.llTY· 
B nepBoft -qaoTa pa6oTbl o6c~eTCSI , RBJieHB8 ~opMBpoBaH.Ba 

aJieKTpOMaI'HRITHOrO R.aCRB.I(a B ~PTOHHOM llOJI8 npB paorrpoCTpaH6HHB B 
HeM raMMa-KBaliTOB a/BJlll aJieKTpoHOB Bl:l:OOKBX aHeprul. 
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PacmnaTpllBaIOTCst ocRoBHLie aJieKTpoMB.I'HJtTHHe nponeccH, o6ecne- · 
'li!BaJWt.Be ~opMapoBa;,.,,,~ KaCKS,IUl B ~OTOHHOM IIOJie. t1Ma JDIJlH!lTOJi 06-
paTHOe ROMIITOHOBCROe pacceJUill.e a ~OTOPO.l!Q:teHHe 8JleKTP~HHO-II03B­

TpOHHOlit napl:l. Ha OCHOBe rulaM3a m.tpa..:eHd ,Ir..1IJi BepOJtTHOCTett B3a­
RMoneHCTB.BJI 3JieKTPOHOB R raMMa-KBB.HTOB c ld30TpOIIHl:ilM ~OTOHHHM no­
JieM cneAaH BHBOn 0 I<aCRa,I(HOM xapaKTepe pacnpOCTpa.ReHJtH BHCOKO­
:mepru '!HlilX 'IJaCTldU. 3TO CM38.HO. B 'IJaCTHOCTll, c TeM, 'IJTO BH'IJ!dCJieH­
Ha.sI B pa6oTe BepoJITHOCT.I. KOMIITOHOBCKOro pacCeJIH!d.11 OKaSl:lBaeTCSI 
EeJIB'IJ!dHOR Toro ~e nopsr.nKa, 'IJTO ld BepOJtTHOCT.I. ~OTOpOJlr)teHJtH 8Jl0KT­
pOHHO-ll03liTPOHHOtt napu npa 60Jil>IIl!dX 3Ra'IJeH.WCC ~ • CJ:te'AOBaTeA.I.HO, 
o6pa30BaHHUH B peayA.I.TaTe ~OTOPO.l!Q:teHJIH SJieKTpOH (IIOSBTPOH) Ha 
paccTo.mu1z,cpaBH.8MOM c paccTosnmeM, aa xoTopoM 6HJia o6paaoBasa 
3JieKTPOHHO-IlOSBTPOHHrut napa, llHOBD o6paayeT rSMr&a.-KBaBT H T.~. 
TaRott xapaKTep B3aHMO~eAcT:ID!H peJJJITBBBCTCRHX '!JaOT.RU o ~OTOHHBM 
IlOJieM 2 npliBO,IU!T K ~OP.\U!POBaaldD B HeM 3JI6KTpOHH~OTOHHKlC 
JIBBHett. 

.fI:BJieHSe 3JieKTPOMa:I'HBTHOro KaCRa,IUloro Jll!IB.!Ul aH8Jlll32py0TOS: 
Ha npaMepe ero ~OPMSPOBrulIDi B IIOJie peJIRKTOBOro H3JcyiieHsa. 06oyz­
neHRe npOBO.IUITCH B ~e o6aopa. ony6Jll!IROBaH.l\lilX IIO .ztaHHOI T0.M8.Tld-· 
Re pa6oT. Oco6oe BHRMaHae yn0JleHo acTptxl>nsa'IJecxo.uy acnelt'l'y pac­
cMaTpBBaeMoro smJieHBH. 3aTparal3al>TCH TaRJte ·~asaqecKl!e oco6eHHo­
cT.s cpopM.HPOBaHwt .Kac~a B noJie aJieKTpOMaI'HBTHoro .llSJIY110HM. B 
'IJaCTHOCT.B, .ftBJieruae sqxfleKTBBHoro npOHBRHOBeHBSI Jll!BHH BrJIY6.I. pa.o­
CMaTpaBaeMOti cpe,v;e. 06cyamaeTC.ll BJIRHHJte .Mar!UITHOro IIOJJJI B IIOJJJI 
H.HsKO'!JacTOTHoro B3Jiy'IJeH.sH Ha a<Ix])eKT.BBHOOTI> ·reaepauaa Kao~a. a 
TBJOKe BJUlsnwe pemtTBBBCTCKBX IIOilpaBOK K 3JI0M6HTapHHM npoueccaM 
aa on.scru1Hyro cxeMy pa3BBTW1 sJieKTPOMarHaTHoro Kac~a. KpaT.B'!Je­
cKBA o6sop nosBoJISieT cneJI.aT» :Bl:lllon o Heo6xo.IU1MOCT.B nocxeno:aaTeJI»­
Horo asy'IJeHBH 9Toro J!BJleHaa. 

B pa6oTe np.sBOnBTCH TaJOlte o6ocHoBaH.se IIpaKT.B'IJecRott ~eHHOCTB 
pemelUiH 3~'1JB onpe.neJieHIDi xapaKTep.HCTBK 3JieKTPOMarHaTHHX JI.Bl3Hett 
nJ1Si .aay'IJeHRH ~.esa'IJecK.Hx npoueccoB,nponcxo.wmunc B KOMIIaKTHbtX peHT­
reHoBCKBX BOTO'IJH.HKaX •. IloKB.sSHa ae.e36ellHoCTD WOPMHPOBaH.HH B HBX 
SJieRTpoMarH.BTHoro RaCKS,IUl H HeKoppeKTHOCT.I. yTBepiKneH.sH o HeBos­
MOJ:HOCTR BHXO.l(a .H3 3'1'RX .BCTOtffi.BKOB BHCOK03Hepr.H'!HIDC raMMa-KBaJi-._ 
TOB. Ilo~epK!fyTa He06XO,!UiMOCT.I. BH'UICJ19H.BR cneKTPOB RB.CKa,Il.HHX '1Ja­
CT2U Ha pa3JI.H'!Hl:lX rJ1y6.sHax npOH.BKHOBeHBH t . 

BTopott 9Tan pa60Tbl nooBSm{aeTCH pemeHJHO CRCTeMh! ltllHeT.0'1J9CKBX 
ypaBHeHatt nJ1Si qJyHl([U!tt pacnpeneJieErnH 3JieRTpOHOB fl raMMa-KBaHTOB, 
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;onHCl:lBaDitBX pa.cnpocTpaaeHae 8J.leKTpOHHO-<I/OTOHHl:lX JI.HBHett B llOJ1e 
9JieRTp0MarHJITHOro HSJIY"'leH.Ba • 

.ItaeTCH xapa.KTepBCT~Ka K.BHeTaK.B pacnpocTpa.HeH.wr 8JI0KTPOHOB 
a raMMa-KBaHTOB mi:coKax aHepratt B woTOHHOM noxe. Ilo.Kasaao, "'lTO 
CII0KTpaJII>HHe xapaKTep.HCT.HKB RaCKa,!UilDC qacTH~ cy~eCTBeHHO 38.BHCHT 
oir" napa.MeTpoB ge a Q,r • Ilp.a Bek~ aHepreTa"'lecKBe noTepa 
9Jl0KTpOHOB HOCHT aenpepHBHHA xapaKTep, 6.naro.napl{ qeMy KBHeTHKa 
pa.cnpOCTpa.R9HBSI SJieKTpOHOB MO~eT 6HTD OimCa.Ha JI.BHefun.IMll n.sif4>e­
peHIUi8.JI.1'>Hl>IMH ypaBHeHJtHMH. Ilp.s ~ 1'4 ., .H3~3a 11 KB.TacTptxl>.sqecxoro" 
xapaitTepa. IIOTep», ,IV1li OIIBCaBM KBH0T.BKH pa.cnpocTpa.H0HBH 3JI9KTpo­
HOB Heo6XOnBMO BCIIOJU.90»8.TD HHTerpaJIDHHe ypa.BHeHnH. KpoMe Toro, 
npa Sr >ti . ctasoD.nca BosMoJEHHM o6pasoBaHM aJieKTpoHHo-noa.11-
TPOHHHX nap B <ll•TOH-<J)OTO.l:IHHX OTOJ1KHOB0H.WOC, "'lTO np.HBOn.HT K Kac-, 
KSJUIOMY pacnpoctpa.aeHJtD &xeRTpoaoB a rSMMa-KBaHTOB. Oco6o non­
"lepi:acyTa OTJll!l'IJBTeADHM 'IJ6P'l'a pa.ccMaTp.1rnaeMoro KaCR8,1$ OT 9Jl~KT -
po.uare.eTaoro Kac~a. ~opMBpyeMoro B BemecTBe. Oocyllt,l(aeTca Teo­
peTa"lecRaH B IIpa.KTH"'l0CKaH U0HHOCT.I. aHa.JlBT.H"'leCKOro pemeHaH KB.C­
Ra,lUIHX ypa.BHesaA. 

Ilp.HBOn.BTOJi BHBOn ·cacTeMlil peJISiTHB.BCTCKHX KBH0T.B'!JeCKBX ypaB­
HeH}lft 3J10KTPOMarH.ilTHoro Kacxan.a. Ypa.BHeH.sa noJcy'IJeHH B npe,IUIOJlO­
zeHJta OTCYTCTBM 8J.leKTPOMaI'HHTHOrO llOJIH H 9J1eKTpOHHO-ROHHOtt KOM­
ll0H6HTH B SKTHBHOtt 06.118.CT.H pa3B.BTBH KB.CKS,D.a. PaccMaTp.HBaeTCH 
CTaI.tBOHapmnt CJIY'IJBJl, npaqeM npeRe6peraeTCSI B9aaMonettcTBHSIMH Melt­
lJ;y BTOpH'IJHl:lM.I! "laCTBnaM..H, 'IJTO cnpa.Be,IVlBBO, KOr~ ·IlJIOTROCTD JUIBHe­
.BHX '!JaCTHU He npeBOCXOnl!T IIJIOTHOCT.I. <llOTOHOB IIOJISi rl...,. • Ilp.B Bl:l­
BO,l(e KBH9TB"'leCKBX ypa.BHeHali npe,IUIOJia:I'aJIOC.I. Taiate, "'lTO 9Hepr.BH 
MOHOXpoMaT.H'!JeCKBX ~OTOHOB IlOJIH W" < o.s mt'. a 9Heprna KB.CK8,I(HHX 
1JB.CT.RU E >~me?· • C.acteMa K.HHeTa'IJecRBx ypaBHeH.Btt oKaaHBaeTca aa­
.B.BCJlll{ett TOJIDKO OT nepeMeHHRX ~ .B t • onaa.xo ee aHaJll!IT21:JeCKOe 
pemeHBe np.s npo.esBoA.I.HHX sHaqemmx ~ HeBOSMOJJtHO. C11cTeMB. IDl-

. He'ra'IJeCRBX YpaBReH.Hil: pa.apewaeTCJ! ,IV1li CJIY'irut ~ >"> i. . Ilp.H BH'IJ!dCJie­
HBB B JIOrap.e<lJM.eqecKOM npa6JlID!t9H.H.H OHa .HMeeT BB.I(: 

1.-~6 
~ 3-t + ten~ = 2. J ~<~£Z.> dz. 

~cir +2.rtl'\~= lc~tz.)cl-z. Ml.io 
at 1.-.z 

0 
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r.ne C .B r - qJyHKIUIH pacnpe.u;eJieHM 8Jl0RTpOHOB .B raMMa-RBa.H­

TOB Ha rJiy6.aHe t 
,lJ.JI.K pemeHWI STon C.BCT0Mli HCIIO.lll>3Y0TCH MeTO,D; ,IJ.BOi!Horo .BHTer-

pa.lll>HOrO npeo6pa30BaHM. JI;lR: nepeMeHHOtt t - npeodpasOBaH.ae !a­
IIJiaca, a ]1,JlSI nepeMeHHott ~ - npeo6paso:si:llrne MeJIJ12Ha. B pesyJIJ>­
TaTe ,JtJlH .eH.aruu1pynqe! BHCOKOSHepr.B'IHOi '18.CTH!Ui c & : ~o paBHO­
B0CHH0 cneKTPH aneRTPOHOB H raMMa-RBaHTOB .BM0DT BH'A: 

- •<.S~ .. i.\ r<. x.) = £<..x.)12 = ~ '[_ x _ 
. 1(:\) 'f''t~,_'t'2. 

r.ne 5~ HSXO)l..BTCH HS ypaBH0HWl 

'f'<..5.,r.•2. )+C~ = O , ( 'f".<-~ h '\' - cWHKIUIH · · 
Ce. - KOHCTaHTa 3ttJiepa) 

a .cneKTpH Ha pasJlil"lHHX r.ny6.aHax 
-<.S.t.1.) -'t<.Ce+'\"$•2) 

r { x e ( ) (X,'t)::t<.X,'t)/2:
3

• _L_1· ,, - "-- _,• i.+(1.(.~')/"{; 

r.u;e 5 onpe.11.eJI.fl'.eTcsr as ypaBHeHWI ~J{\'f... :-'t'l''(,<;-t2) 

3,nec:& 
't:: L(t (j.\S,)=-t~t(~'t2_) a..+ ,.S_. l~"\.~•a))t. 

' ~ ' . l\y\"S.t2il 2.'-1 £\i"<.S-tt)l'\ X :~/i0 

06JiaCTH onpe.u;eJieHM pemeHR!il: !!O/bo ~ X ~ i.-1/60, 't >i. 
Tio.nyqeHHHe cneKTpH xacRB..IUIHX qacTmi; cnpa.Be.u;JI2Bli npB pasBBTHH Ra­
cKa.Jta B cpe.u;e c COOTHomeaaeM SJI0KTpoHH0-.aoHHOtt RI ~OTOHHOI KOMIIO-

H0HT ne/flu,,- (<. FJi/t1., • . 
OJie.u;yDIUtii 3Tan pa60TH IlOCBRlltaeTCH BOIIpOCaM MO,JteJIBpoBSHBSI 

SJl0KTpoM8.I'Jll\THOrO :KRCKS,Jt8. B pa,IUlBIUlOHHO-,JtOMHHHpOBaHHOI IIJI8SM0 I 
o6cy~eH1U> to;xyqefillllPC M0TO,lt0M MO,JteJIBpOBaH..l'IH MoaTe-~pJiO pesy,n:r,­
TaTOB. Ilp.aBe,JteHa o6~aa cxeMS. MO,JteJIBpOBaH.BH 9JI0KTPOMarRBTHOro 
JWDHH B cpe.ne c COOTHOmeHRteM 9JI0lt'.l'p0HHO-BOHHOI ~ ~TOHHOI ROMIIO­
H0HT fle/r\,.,. k'Ii/~ • IlpB MO,JteJ.UlpoBSllB.B RaCKS,Ita C1ll!TaeTC4, qTO 
IIJiaSMa-MBJlleW:. HBJIH0TC4 CTaIUIOHB.pHOI B rutTHBSIOTCa CJI0,1\YIXIUl0 · · 

3JI0KTpOMaI'HRTHH0 npo~ecca: 
- if>oTop01t,1teH.l4e s.JieKTpOHHo-IIDSBTpoHHHX uap B woToa..q>oTo!IHHX cToi-

KHOBewmx. . 

IO 

- o6paTH00 KOMIITOHOBCKOe pacceHHae SJI0KTPOHOB Ha (f>OTOHax IIJU13MH, 

- TOJ;lMOSHOe .as.nyqeHR!e a B.HH.ar.0Jif!It0SI SJI0KTpOHOB a IIOS.llTPOHOB npa 
BSaaMO'A0iiCTBWDC c qacTaQB.M.l!I llJiaSMH, 

- pacceHH.ee HeTe:pMoJlllsOBaHHHX aJieKTpOHOB Ha reIIJIOBHX aJieKTpoHax 

- IIJia3.MH, . 
- KOMIITOHOBCRoe paccellliae a o6pasoBaHae nap rruAMa.-~a.HTru.m Ha 

9Jl0KTPOHax a aoHax IIJiaS.MH. 
06cyJ1t,I1;aeTCH 6~0K-CX0Ma MO'A0Jlllp0BaH.HSI a paCCMOTpeHH ee oc­

HOBHHe 9TanH. llo.nqepKHYTa npaKTaqecKSH U0HHOCTb paspa60TaHHOro 
M0TO,D;a asyqeHM xapaxTepacTaR qacT.BU a~eKTpOMaI'H.BTHOro Ka.CKa,na, 
IIOSBOJl.ID!lqero noJiyqaT» pesyJI:&TaTH npa Jll06HX Ha.1160Jiee o6~x npe~­
noJI~eH.BSIX OTHOCRTeJI:&HO xapaKTepacT.eK qacTBU IIJiaSMH-MameH.e .e 

' BHBIUi.BPYl.OOl.BX RB.Clta'A qacTaQ. ' 
B pa6oTe IIO'AP06Ho paccMoTpeHH if>asaqecKBe nponeccH, no.u.n.ep­

lltRIBariiute KaCKB,It B ~Ba.IU!OHHO-~OM.0HJipOBaHHO! IIJiaSMe. llpaBe~eHH 
if>OPMYJIH Bl:l1lRICJieH.BSI xapaKTepaCTBK 'UlCTan, BOSH.BlW.IOLIU!X npa ~OpM.11-
pOBaH..l'l.ll 3JieKTpOHH~OTOHHoro JIRBHH. 0Ha He06XO,ItHMbl npa MO~eJIRpO­
BaH..l'lli Ka.c~a .JtJlfl'. Bl:l1lRICJieHwr aHepreTaqecKBx a yrJIOBHX xapaxTepn­
CTBK BTOPB'IHHX 'UlCTBU. 

. llO'AP06HO B.HaJIBS.BPYIOTCH pesyJI:&TaTH q.BCJieHHl:[X pacqeTOB cneKT­
pa;r&Hl:lX a BpeMeHHHX xapaKTepacTBK lJB.CT.en KaCKa,nHOro Jl.BBHR. BruK­
H0:1IDmM napa.MeTpOM, xapaKT0pB3YI<J!UlM pasBaTae SJ10KTpOMarHHTHOro 
RB.CKa,na HBJISieTCSI OllTB'l{0CKSH TOJilll8. aKTBBHOtt 06JiaCTH no (f>OTOpOJ!i,I(e­
HBIO 3~0KTpOHHO-II03.HTPOHHl:lX nap, <tq:, • Ilp.e 't.p <. i. OOJiaCTb SIB­
Jlfl'.0TCH npospaqgott ,JtJlfl'. raMMa.-KBa.HTOB .a. CJie~oBaTeJIIiHO, acixiieKTBB­
HOCTb o6pasOBaH.RSI SJl0KTPOHHO..q>oTOHHHX JlHBHett HB'l{TOJKHa. c yBeJIB­
'1{0H.ll0M OTITB'l{0CKOii TOJilllR Z" 4> cneKTpH raMMa-.esJiyqeHM B 06JiaCTB 
E <Ee:-= (yv\c'2.)'~/w ( W' - xapaKTepHM aHepr.wt peHTreHOBCKHX (f>oTo­

HOB) CTaH,U;apTas.epy10TCH, a B 06.nacT.e E. ~ t., - pe3KO yKpyqaeT­
CSI. B ~a.JII>He:thneM cneKTP HecKOJibKO yIIJiomaeTca, qTo cBR:saHo c 
YT0'tlllOtt BHCOK03HepratmHX raMMa.-KB8JlTOB. Ilp.e 't¢ = IO 6oJiee 70% 
aHepr.e.e .BHHI.Ul.B.PYJOU1ett qacTaUH nepepa6aTHBaeTCH B if>oTOHH c sHepra­
ett ~ E, , ,1T,JlR: KOTOPHX acTO<nmK JIBJmeTCH npospatUIHM, .e rrpaMepHo 
20% - B BHXO,IJ.m!Ule .113 RlCTOtm.BKa. peJ.tR:TBBRICTCKae 3JI0KTPOHH a rrosa­
TPOHH. CneKTP raMMa-KB8JlTOB noJIHOCTD!D CTaH,JtapTasapyeTcH npa aKc-
TpeMaJI:&HO 60.lll>IIUIX sHa11eHMX onTaqecKoa TOJilllR '(:" <4> • llpa CC+ =IOO 
Cil0KTpH rSMMa-RBB.HTOB ~Me!OT CTeneHHott xapaKTep c ;iu1qypepemma;u,­
HHM noKa3aTeJieM r:J.. = I. 5 'AO sHepra.e Ee. .a pesKo o6pmiaxiTcsr 
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Blilllle aTott aHepr.1rn. II~ Truwx 60.n:&lll.BX saa11earun: re-~ npo.acxo,IU!IT 
Hae6o~ee aqxpeKTliBHOe o6pasoBB.H.ae 9.lleKTpOHOB .e II03liTPOHOB. 'llacAo 
aJieKTpOHHo-noa.aTporuuu: nap, o6paso.BaHHHX np.a aKcTpeMa.JU,HWC sHa-
11em11nc OnT.B'leCitoil: TOJilllli . I<. hO.p~J4. reHeparuur li yTe'lll(a peJIHTJa­
BRCTCKHX 3~eKTPOHOB a II03RTPOHOB HaH6oJiee aqxpeKTHBHO ocy~eCTB­
J.ISieTcSI npn 3Ha'leHMX onT.a11ecKol1 TOJilll.B 'L ~ ....... I-IO. OCHOBHBM napa­
MeTpoM, xapaKTep.esyIOOt.BM B3aHMo~ettcTBHSI BHCOK03Hepr.B'IHHX 'laOTan 
c MeKTPOHHO-liOHHoil: KOMIIOH0HTOtt Jmm:teTC.11 onTalieCRB.SI TOJmta no .. 
TOMCOHOBCIWMY pacceSIHHIO 'tT • Ilp.e 'LT ~ i B cneKTpe l'aMMa­

KBaHTOB no~eTCSI oco6eHHocT:& B6JU1a.a aHepr.a.a E"' rnc.~ .as-sa rur­
m1r2JIJIUH.e TeIJMOJUl30BaBDlllXCSI noaupoHOB c 3.lleKTPOHaMa cpe.zu,i. IlpB 
paCCMOTp0HliH J!B.ll0HJaSI ~OpMHpoBa.HRSI RaC~oro lIHBHSI aeo6xo~MO 
y'tl'.aTHBaT:& orpaaa'tl'.eHne Ha IIJIOTHoCTJ> aaepra.e MarH.llTHoro noJIH, npB 
KOTOpOM· cnpaBe,IVI.eBa paccMoTpeHHaSI RapT.eHa pa3BHTWI 3.ll0KTp0Mal'­
HliTHOrO RaCKB,D;a. 

3aK.7Il!J1IBT0lil>HaSI 'la.CT]) pa6oTH noCBSmlaeTC.11 pacCMOTpeH.e10 ~OpMa­
pOBaHWI 3.ll0KTPOHHO-{>OTOHHIDC JUIBHett B KOHKpeTHb!X KOMIIaKTHHX peHT­
reHOBCMX HCTO'tJ'.HliKaX B B HCTO'IID!KaX peHTreHOBCKOro li3JIY'!ieHM, 
B03HRK8JOU10ro B pesyJIJ>TaTe KOMIITOHR3anH.0 HR3KO'laCTOTHOro H3Jiy'IJe­
H.i!JI B aKKpetmOHHo! IIJIB.3Me. 

BwI.ecJ11110TCJI cneKTPH KaC~ raMMa-RBB.HTOB, o6paso:sammx . 
B pesylil>TaTe ~OPMHPOBaH.llSI 3.ll0KTPOHHO-{>OTOHHHX. lIBBHe! B sr,npax ax­
T.BBHHX ra.JiaKTBR a KBasapoB. IIpe.rmoJiaraeTCSI, liTO .BHcoxoaHepr1111-
HaSI KOMIIOHeHTa ~O.PMHPY0TCJI B aKTHBHO! 06.n.aOTB peHT~eHOBCKoro BS­
lly'tJ'.eHaSI H HHRI.tlUIPY0T 3.ll0KTpOMarHaT.liHB RB.CKB,D; B 3TOI 06JI.aCT.B. Blil­
llilC.lleHHJI npOBO,WITC.11 ~ pa3.lIB'llHHX pasM~pOB 8.KTRBHOA 06JI8.CTB a 
H3 cpaBHeHlUI Ha6JIIO.ll:ae.MHX cneKTPOB c paC110THl:lM.l!I OIIpe'A0JIJnl'l'CJI pe­
Ml>Hhle 3Ha'tJ'.eHHH ST.ex pasMepoB ;rI.Jl.11 BCT011H.eKOB t.J QC 4I5I, MCOO­
II-II, 3C273 a ~s 0 024!+622. ,Urui ce:t!ll)ePTOBCKBX raJIB.KT.Blt 9Ta :ee.,.. 
JUltmHa IIOpsr.n!Ca Iol4-ro15 ·cM, a )UUI KBaaapoB IIOpg,zuta IOI6-Io17cM. 

0T'Aell:&HO paccMOTpeH l'a.nal<TR'li00Kal neaTp xaR BCTO'IHBK 'RaC­
K~ 'laCT.en, o6pasye.MHX B IIO.lle peHTreHOBCKoro B3JIY.110RBJI BHCO­
K03Hepra11Ho! a1mnaapyxlll(el KOMIIOHeHToA. BH.nBaraeTo.11 npe;m:oxoxe­
aae 0 RB.CitBJU{OM npOBCXOl!,IteHHa II03HTPOHOB; ~O~PYD!t.BX - 98T0M ya­
KYJ) aHHRrBJlSIU!OHHYJJ .lIBHa10. 3xcnep.BMeHT8JJ.I>lUie ,JtWIHHe ~opomo c~I'­
.n.acYJOTCSI c pac~eTHHMB, ec.lIB npaHS:TJ> pasMep .8.K1'aBHol 06.naOTB pa:e­
HHM 3·I07 CM, a MOlllHOCT.t. BHllt0KIUIR .IUl.l!IU!HPYD!t.BX peM'fHBBCTOW 
aJieKTpOHo.B nop!UKS 3·I038 apr/c. 3T.I! ssaq:ea.ns: R .a Lo MOryT 
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6IitT.t. 06'.0.fl'.CH0Hli B paMKax MoneJUl pa3BP.T.l!.f! KaCRa,Il;a B ro~ea BHyT­
' peHHea soHe B.KKpermoHHoro .IU!CKa BORpyr 11epHoA .zu,ipH c Maccoa 
M = (20-50) t'le 

IIonpo6Ho .l!SY11eH nponecc <f>opMHpoBaHan 3.lleI<TpoHHo-{>oToHHHX 
Jl.l!BHeA B noie KOMIITOHasoBa.HHoro .1!3JIY'leHWI aKKpeqzoaHoa IIJI8.sMU. 

PaccMoTpeHh! npene.1I1il IIP.l!MeHaMocTa pesylil>TaToB, noJiy'IaeMHX rrpa 
H3y'IeHirn aJieKTpOl&U'H.l!THHX JlilBHea B pa.MRaX JII1Heitaoro IIp.1!6JU1)i(eH11.1I. 
!IOKa38.HO, 'tJ'.TO Ilp.0 BHCOK.l!X 3Ha'tJ'.eHwnc napaMeTpOB KOMIIaKTHOCT.I! 

~x= ~1/k;cl. .I! ~o: ~ik!d cyllleCTBeHHii!M.I! CTaHOBFITc.11 Hemmerrnue 
CTOJII<HOB0H.1!.iI BTOJ).l!'tJ'.HHX 'IaCT.en, o6pa30.BaHHUX RaCK~b!M JUIBHeM. 
HccJie~eTCSI peHTreaoBCK.l!M .l!CTO'G'.H.l!K Cy~ x-r. ~araeTc.fI npe»no­
JlO~eHne O · H~Teil.lloBoi npapone .1!36HTRa raMMa-.1!3JIY'G'.0HH.iI B 06.llaCTH 

E > 300 KaB. 3To raMMa-asJiytieaue MoXeT 6HT:& o6paso:aaHo xa-, 
CRa.IUmMff KBaHTa.M.I!. B03H.l!Ra!OllUIMH npa pacnpoCTpaHeH.l!li 3.ll0KTp0HOB 
BHCOK.l!X 3Hepr.eH B noJie KOMIITOH.1!30BaHHOro peHTr0HOBCKoro .1!3Jiytie­
H.1!.fI. PaccMoTpeHH Mo~eJUI c<:PepI-1tiec1wtt a MCitoBoa aKKpenaa B HCTO'I­
H.l!Ke Cy14' X-I. 

B npaJio~eH..l!a A np.eBeneHH MaTeMaTaqecKae ooocHoBa.Ha.11 HeKoTo­
PHX YTBe~eH.ett, zcnoJibayeMHX np.e pemeH.1!.1! cacTeMH peJIJITRB.l!CT­
CIUIX K.l!HeTa'IecK.l!x Ypa.BHeHa« aJieRTpoMarH.eTHoro RaCRa'Aa. IIoRasa­
Ha cnpru:ie.nJI.l!BocTb IIp.1!6.1lilxeaHott <I>opMYJIJ,t Ji1ISI pa.BHoBeCHHX cnexT­
poB RaCK.a,l:UilU 'tl'.acT.en. 06ocHo.Ba.H MeTo~ nepeBaJia., npaMeHJieMHtt ;rI.Jl.11 

onpe'AeJieH.llSI .ItU@lepeHn.ea.m.Hwc CII0KTPOB 'IaCTatt. 

B npaJioXeH..l!a B Oili!CaHH MeTo.IUi MoneJU1po.Baaan xapaKTepacT.l!K 
<:PoToHo.B noJIH Ji1ISI HeKoTopHX pacnpeneJieH.l!A, a TB.Kllte MeTO.IUi Mone.mt­
POB8.EU!.11 npor:teccoB <I>oTopo'1t'AeH.l!J1, o6paTHoro KOMIITOHOBCI<oro paccen­
HB.11 .l!'aHaaraJlffi.U!a. 

0CHOBHHe pesyJibTaTH naccepT?g.l!OHHOA pa60TH 

I. PaccMoTpeao Jll!JieHae aJieKTpoMarH.eTaoro RacKB,D;a, BOSH.RKa­
IOll{ero B 06JiaCT.11X , SaHR:THX WIOTHHM <I>oToHHHM noJieM, .l!Mexiumx, B 
'IaCTHOCT.I!, MeCTO B KOMIIaKTRlDC peHTreHOBCKaX .l!CTO'G'.H.l!RB.X. IloKasa­
HO, 'ITO KHH0T.0Ra pacnpoCTpaHeHa.11 BHCOK03Hepr.1!1UIHX 8J10KTpOHOB B 
rBMMa-KBaHTOB c saepr.eea E. ><mc.t)i/u.:r B IIlIOTHDM <l>OTOHHOM IlOJie 
HOC.BT KaC~ xapaxTep. 

JI. BlmeneHa CJ!CT0Ma p0JIR:T.0BllCTCIU!X KHHeT.e1Jec1wx .RHTerpa;u,­
HHX ypaBHeHa!, Oil.l!C!lBaIIIlruc pacnpoCTp!lHeHae aJieKTPOHOB .I! I'SMP.ra­
KBa.!ITOB c E >'> m c. 2. B MoHoxpoMaT.e'tl'.ecKoM ~oToHHoM noJie c w< T~ 
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B pesyJibTaTe pemeHruI ' CRCTet.ra IIOJIY'!!0HH paBHOBeCHHe aHepreTR'!Je-. 
cKBe cneKTpH 3Jl0KTPOHOB .0. ra.MMa-KBaHTOB R CII0KTPH KaCK8.,Il.HHX 'tla­

CTRI.( Ha pa3Jlil'IBIDC rJiy61rnax t IIPR ycJIO'.BRR e.n ~ y,. i. • OH.I! CB.I!- · 
.n;eTeJibCTBYIDT 06 3<fxlleKT.0.BHOM npOHRKHOB0HRR _'!JaCTRU llHCOIUIX SHep­
rnli BrJiy6b paccMaTpnBaeMott cperoii. 06 R,D;0HTR1UIOCTli cneKTpOB SJieK­
TpOHOB .0. raMMa-KBaHTOB .0 RX HesaBRCRMOCT.0. OT TRIIa llIDIU.0.BPYDl.lei! 

-qacu1uu. 
Hali,neHHHe cneKTPH KaCKB,IUllIX qacTRU ~opM.11py~TCH np.a pacnpo-

cTpaHeHHH SJI0KTpOHH0-¢0TOHHHX JWBH0H B cpe.n;e c COOTHOW0HR0M SJie­
KTpOHH0-.0.0HHOit li 9}0TOHHOH IWMilOH0HT ne / nw <.,~$/Cf.,.• 

ill. Paspa60TaHa nporpru.m1a Mo.n;eJI.BpOBaHRR SJieKTPOMaI'HllTHoro 
KaCK.a,JJ,a, ~IHRI.(RlipyeMoro BHCOKOSHeprB'!JHIDll.H 'l'.aCTRUaMR B pa'A.0.aUROH­
HO-,D;OMilililpO.BaHHOit IlJiaSMe. 0Ha II03BOJUI0T onpe.n;eJUITL cneKTpa;u.HH0 
xapaKTepliCT.0.KR KaCK.a'AHliX '!JaCTRI.( B mRpOKOM aHepreTR'!J0CKOM 'A.0.aIIa-
30He, Ha pa3JW'lliliX r;cy6RHax, .ItJlll JD06HX JipOCTpaHCTBeHHIDC li aHep­
reTR'I6CKliX pacnpe.n;eJieHRH I<aK '!JaCTRU cpe.n;H, TaK R .0HRURRpyiootrue 

KacK.a,11, 'l'.aCTliU. 
I'J. B pesyJibTaTe '!JRCJieHHliX pac'!!eTOB cneKTpOB SJieKTPOHOB 2 

raMM~-KBaHTOD II0Jcy'I0HH cJie.n;yI00111e BliBOro>I. 
I. B CJIY'!!ae, Kor.n;a MOlltHO npeHe6pe'!!b aJieKTPOHHo-noHHOtt KOM-

noHeHTOli cperoii, cneKTPH sJieKTpOHOB ll raMMa-KBaHTOB 38.BRCRT OT 
nepeMeHHOH (b • Ilp.a (b 4i 40 paCClffiTaHHbl0 M0TO,D;OM MO,D;eJlilpOBaHM 
cneKTPH raMMa-KBa.HTOB COBna,n:ruoT c aH8.JUITR'!J0CIUI IIOJiy'l'.0HHHMR cneK-

Tpru.Ul • . r:- . 
2. c YB6Jlil'!J0HileM OilTB'I0CKOii TOJIUtll · l q. cneKTPH BIDCO'A.ffillero 

.0.3 aKTliBHon o6JiacT.a ra.MMa-11sJiy'!JeH.aR cT~apr11syDTCH. IlpR B~ Z4 
qiopMlipyeTCR CTeneHHOfi cneKTP raMMa~IGlB.HTOB, a npn ~4' ~ 4 cneICJl) 
pesKO yKpy-qaeTCR. ]J;IR aKcTpeMaJibHHX sHaqeHd 1:q, >>I noKasarem. 
cneKTpaJibHOrO pacnpe.n;eJieHM raMMa-KBaHTOB B o6JiaCTll ga' <... 4 
6JU130R K sHa'!JeH.flD r:J.... . = I,5. Ilp.a 6oJibWBX sHa'!JeH.llRX onTB'!JecKoi! 
TOJiliUS npoBCXO'A.0.T Ta.Kl!t0 HaB60Jiee 3Ha'!JnTeJibHOe o6pasOBaHBe aJieKT­
pOHHO-IlOSBTpOHHHX nap. 0.n;HaKO ax a<fxPeRTHBHruI yTetraa ~3 B.RTHBHOA . 
o6JiaCTli1 ocyll\eCTBJISieTCR npB 3Ha'lleHMX onu'!!eCKO'l! TOJllllli 'l: <I>"' I-IO. 

3. Ec;m B cpe.n;e npzcyTCTByeT 8Jl0KTpOHHO-ZOHHaH ROMIIOHeHTa 
('LT >r> I), TO B cneKTpe rruAMa-KBaHTOB noRBJJSieTCS!: oco6eH.aocn 
npn SHeprHB ,... .rn c 'l. ' CBRSa.HliaH c amraraJULUie'l! Il03HTPOHOB, .;~ 
pa30B8HHWC I<aCKa,IUIHM Jll\BH0M. 

4. Ilpa 3Ha'IeH.11RX re~ > I cneKTpH aJieKTPOHOB a ra.MMB.-KBaH-
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TOB C.118.60 38.BBCJIT OT Tzna .0.HBnRBPYDl.lett aJieKTpOMa.I'HHTH!tlt KaCKa,D; 
·qacrauu. OTJIR'IJIR aaCSJllO,D;~TCR JliUllI:> npa 3Ha'IeH.wJX aHepr.aa,¢JI.BsKBX 
K aHepru BH.0IUl.0PYDJt0tt 'll:aC_THUH. 

5. IlpBCyTOTB.ll8 MarH.0.THOI'O ri:oJJSI B cpe'Ae yMeHbmaeT aqxpeI<THB­
HOCTb reHepaiutl! axeK'TpOHH~OTOHHHX JlliBHeR, a IlPB OTHomeHHJ'IX 
MOTHOOTeft :meprzB \x/x./'Wl'IA.r <:<60 (){JIH xapaxTepHWC 3Ha'!JeHBtt 
w = 0,02 mcv., Ee= 200 VYIC'l. ) aJieKTPOMarHBTRHe JIRBHH BOBce 
He reHePBPYDTCR. 

1. ~ox.asaHa HeasOe:atHOCTb <I>opMllpOBaH.wI aJieKTpOHHO~OTOHHHX 
Jl.RBHel, reaepBpyeMWC BHOOK03HepI'B'!JHOtt ROMilOH0HTOtt B KOMllaKTHHX 
peHTI'8HOBOKRX HOT01DlllKBX. rznoTesa. 0 KaCKa.n;HOA IlP.0.PO'A6 S~eRTpo­
HOB .ll raMMa~KBaHTOB B Jl;Itpax a:K'l'aBHHX ra.naxTaK a RBa.sapoB, a 
T8.10le B 00.118.CTa ueaTpa Hamel l'aJiaRTRR.11, eCT8CTB9HHHM o6pasoM 
o&wlcHJ1eT uponcx~eane: 

a) HaCS~eMOI'O .B9JIOM8. B Mlll'KOi! 06.JiaOT.B raMMa-cneKTpa R,D;ep 
SRTBBHHX raJlaKTHR .B RBa.sapoB; 

CS) BHOOKOaHepra1UllJX raMMa-:KBa.HTOB, peracTpapyeMHX OT JJAep 
aRTHBHWC ra.JiaRTaR a RBB.sapoB; 

B) JJOTO'IHRKa nosaTpOHOB, <l>O.PMBPYDft.BX aHHRI'BmmBOHfiYIO Jl.0.HR!I 
B QOJIB.CTH ~eHTpa raJiaRTBR.11. 

YI. Paoci:mTamt cneKTPH Ka.CKa.n;HWC rSMMa-KBaHTOB, <I>opMapye­
MHe npa pasBRTa.B RaCKa,D;a B IIOJie KO.MIITOHB30BaHHOI'O BSJIY'!!eHaH. 
PaccMoTpelm'. npe'AeJIH npBMeHBMOCTa noJiy'l'.eHHHX peayJLDTaTOB a noxa-
98.HO, 'llTO npa aHa'lleHWIX napaMeTpOB KOMIIaKTHOCTa . ~x ')Io-3 a 
'£0 > Io-2 cTaHOB.BTCR a@leKTRBHblM HeJiaHeA!n.I-a sTan pasB.aTaR Ka­
cKa,D;a. PesyJibTaTH pac'll:eToB acrroJLDsOBaHH ;rr.JlfI oCS'l>JlcHeH.eR HeTeIJJio­
Bott n~aporoii as6HTR.a raMMa-BSJIY'll6HRH B o6JiaCTR E > 300 xaB, 
Ha6JI1D,D;aeMoro OT peHTreaoBcKoro BCTo'iHaI<a Cy~ X-I. 
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