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B c6opm1Ke CTBTeli, noAroToonoHHblX DOAY~llMtt y'IeHhl
MH MucTnTyTa PBAHOTOXHllKH 11 aneKTpomum AH CCCP, 
paccMaTpUllBIOTCll peayJlbTBTbl 4'YHA8M0HTaJlbHhlX HCCJIC
AOBam11"1 ll oonacrn paAt1orex11111t11, P&AHocfiuamm 11 aneK
rpomrnu, DbllIOJIIICilllblX n HHCTHTyre aa IlOCJICAHHC fO,[lhl. 

I\m1ra DKJIIO'I80T CT8TLH, noco111u;eHHble HCCJICgona
HlUIM no OCDOCHlllO MHJIJIHMerpoooro H cy6:r.ntJIJIHMerpo
BOro ,[IHauaaoua AJIHH BOJIH, cfiHaHKe IIOJJynpono,[IHHKOB, 
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V1ccneAOBOHli151 

B 06nacT1i1 POAli10TexH1i1K1i1 111 3neKTPOHli1Kli1, 

npoBeAeHi-tb1e B V1P3 AH·.CCCP B 1979·-1984 rr. 

B. A. KOTEJlbHHKOB, K. H. nAJlATOB 

B HacTon:m;eM c6opmrne oTpanrnHhl peayJibTaThl ncc:ie}:(onaanii, 
BhlIIOJIHeHHhIX n I1ncTnTyTe pa}:(IIOTexmnrn n :rneKTpomnm A1rn}:(e.Mnn 
aayK CCCP (I1P3 AH CCCP) n ocuonnoM n 1979-1983 rr. I\po~re 
1'01'0, II 11(101\l'('.('.(' ll0)\1'0'1'0111\11 1\11111'11 I\ 11:1)\lllllllll l 11 llt't' i>hl.'111 ll1'.'llll

'leH1>1 oT/\e.111>11 i.w ua 1160.11 oe llUTl' pP(' 11 i.w pPay .111>TnTi.1, Hl>:1 ~"ll'llllhlt' 
B HJ84 l'. . 

B 1979-1983 rr. B I1P8 AH CCCP BhIIIOJJHeuo 6oJJbmoe ROJJH
qecTBo cpyugaMeHTaJJbHhlX H npHKJJa}:(HbIX IICCJie}:(OBaHIIU' no peay .'Ib
TaTaM KOTOpbIX cgeJiaHo 6oJiee 1200 Hay•IHbIX ny6.'IIInal\IIII, no.1p1eHo 
400 aBTOpCKHX CBHJ:(eTeJibCTB II 28 IIHOCTpaHHbIX rm TeHTOB. 8Tn 
HCCJie}:(onamrn nponogrrnnch rJiaBHhIM 06paao.:1r no TanIDI nanpaB:ie
HHHM, KaK pacnpocTpaHeHHe paguonOJIH, CTaTIICTil'IeCiiaH paAIIO
lf>H3HKa, paguoacTpOHOMHH JI HCCJiegonamrn l\OC.:IIIl'IeCn(AfO npo
CTpaHCTBa, RnarITonan: pagnoqnrnrrna, ciiII3UKa no.1ynpo11o;i;1111noB II 

;D:lHlJieRTpIUWB, cpII3IPieCKaH SJiel\Tpomrna, anTOl\HlTII3<ll\llH nay'!Hh!X 
nccJJe;ri;ona m1i1: II ll.P. 

Hnme 6yJ:i;eT c;a:eJiaH RpaTRHM o6aop rroJiy'leHHhIX Hayqnhrx peay.1b
TaToB. 

I. lltccneAOBaHH51 pacnpocrpaHeHH51 paA11oeonH 

H cc.ieooeanu!t pacnpocmpanmu.R paouoeo.ttn e am.1tocifiepe. ::hn nc
cJie;a:onaann: npono;a:mmch n paam11rnr.rx ;a:nauaaonax no.rrH, aaqnaaa 
OT cnepXHH3KO'laCTOTIIOro (CHl!) II KOil''!aH OIITil'IeCI\IDI. 

TaR, B CHl!-J:(nana301re noJJylJoIIo TeopenPrecKoe pemenne aaAa'ln 
0 npOXOlKAOHIIII DOJIII •rnpe3 IIJIOCI\OCJIOJICTYIO .:1rnrmnoa1annny10 
HOHoccpepuyro rrJiaaMy npu paam11mi.1x yrJ1ax na;:i.emrn no:rnhl n 

1 Aoropbt c6opmma np1111ocnr 6J1uro1111p11ocr1> corpyA11nKa)1 11ucrmyra 
r. c. Jlam~6cpry, JI. A. By1m11011oii, l\l. A. fniiny1' II .rl. R. namf>11.10noii 3a 
60JI&llly10 p1160Ty 110 llOJ\l'OTOlll\O 1\11111'11 I\ 11a11u111110. 
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nponanoJibHOH opneHTa1.vrn: reoMarHIITHoro noJIH. 11pu aToM Y'l.Teuo 
)l;lllli«eHHe MOJiel\yJI ll HOHOB ,n;nyx paaJIH'IHhlX BH,IJ;OB (uanpmrnp, 
KIICJiopo,n;a n ORHCH aaoTa). C pacnpocTpaHeuueM CHq 6LIJIII cnHaanbI 
HCCJie,n;onaHHiI HOHOCcpephI, BhIIIOJIH0HHhle c DOMOill;hlO MC3 «Mn';' 
TflpROCMOc-Ronepmrn 500». B xo,n;e aTHX HCCJie,IJ;onaHH:ii HayqaJiocr.. 
cnopa,n;H'Iec1rne pa,n;HoHaJiy1rnmrn CoJIHII;a H ero cJ1e,n;cTirne - Mop
cpoJioni'IeCRHe H Cil0RTpaJibHhle xapaRTepHCTHI\H H00,IJ;HOPOi'J.HOCTeii: 
aJieRTpOHHOM ROHIJ;eHTpawrn HOHOCcpephl [ 1]. 

B YRB:-,n;HanaaoHe TeopeTH'IeCRH 11ccJiei'J,onaHhl cTaTIICTH'IeCRHe 
xapaI<TepHCTHI\II cpJiyRTyan;II:ii qacTOThl pa,n;HOCHrHaJIOB, pacnpo
CTpaHHIOm;HXCH B CJiy'IaMHO-H00,IJ;Hopo,n;HhlX cpe,n;ax co CT0Il0HHhlM 
cneRTpOM HeO,IJ;Hopo,IJ;HOCTe:ii i'J,H8JI0RTpII'I0CI\OH npOHHIJ;aeMOCTII npH 
nponanoJILHOM noI<aaaTeJie cTeneHII. aTH HCCJiei'J,onaHHH noI<aaaJIH, 
'ITO cpnyI<Tyan;1rn 'IaCTOThl onpe,n;eJI.HIOTCH, B OCHOBHOM, M0JII\OMaC
lliTa6HOll 'IaCThlO cneI<Tpa Typ6yJieHTHhlX H00i'J.HOPOi'J.HOCTe:ii (n OTJIH'!He 
OT cpJiyI<Tyan;uii cpaahl) n Tponoccpepe, 110Hoccpepe, MemnnaHeTHoii 
1maaMe II T. n. [2]. 

,1..1,JIH on;eHRII ycJion11ii pacnpocTpaHeHIIH YRB n norpaHII'IHOM 
CJIOe aTllWCcpephl (BblCOTOH i'J.O 1 RM) 6hlJI paapa6oTaH OpIIrIIHaJihHhlH 
i;IeTO,IJ;, OCHOBaHHhIH Ha npH11IeH0HllH aI<yCTH'I0CROro JIOI\aTopa, T. e. 
Ha o6paTHOM pacceHHHII aueprIIH any1rnnoro HMilYJihca Typ6yJieHT
HLI11rn Heo,n;Hopo,n;HOCTHMII TeMnepaTyphI H neT{>a. 8I<cnepnMenTaJir.nLie 
lICCJICi'J.OBaHHH 3TOrO MCTOi'J,a IlORa3aJIH ero npttrOlJ.l!OCTh 1\111\ lVlll 
nporHoanpoBaHHH ycJIOBHH pacnpocTpaHeHIIH pa,n;IIOBOJIH, TaR H 

,IJ;JIH nayqemrn anwccpepHhIX npou;eccon B norpaHH'IHOM CJioe aTMO
ccpephl [3-5]. 

B xo,n;e aTHX pa6oT 6hIJia coa,n;aHa ,IJ;IIHaMII'IeCI<aH Teop1rn noJIH 
KOacpcpIIIJ;H0HTa npeJIOMJI0HIIH norpaHH'IHOro CJIOH aTMOCcpep1>1 3eMJIH, 
II03BOJIHIOm;aH paCC'IIIThIBaTb napIIaIJ;IIII BhlCOTHhlX npocpIIJie:ii ROacp
cpHIJ;H0HTa npeJIOMJI0HHH B Te'IeHHe CYTOR, IIX H3M0H0HII0 no Mepe 
y,n;aJieHHH OT rpaHHIJ;hl paa,n;eJia cyrna-Mope, a TamKe noanoJiarom;aa 
BB0CTII nonpaBRY K rpa,n;neHTY ROacpcpnn;neHTa npeJIOMJI0HHH CTaH
,n;apTHOH pa,n;IIoaTMOCcpephl B npnaeMHOM CJIOe ,IJ;JIH yqeTa BJIIIHHHH 
ae11moii nonepxHOCTII. ,1..1,JIH 6oJiee o6m;ero cJiy'IaH npe,n;JrnmeHa Tpex
MepHaH l\10]J.0Jlh llORaaaTeJl.H npeJIOM.iJ:eHHH n, ROTopaH COJJ.0Pil\HT 
cpe)l;IIIIM aRCDOilCHI\IIaJihHLiiI npoqmJIL, CJIOHCTiile ueon;uopo)l;tIOCTH 
II ropuaoHTaJibHhie rpaJJ.HCHThl n, o6ycJIOBJI0HHhle II;IIRJIOHaJihHO
aHTHIJ;HRJIOHaJibHOll CTPYI<Typo:ii aTMOCcpepbi:. C y'IeToM aTo:ii MOi'J.0JIH 
paaBHT HOBhIH l\feTO,IJ; paC'IeTa pecp:paRIJ;lrH B TpexMepHo-Heo,n;Hopop;HOH 
aTMOCcpepe (2, 6]. 

Honhle peayJihTaTbI noJiy'IeHLI n :trc;,cJie)J;onamrnx npoxomi'J,eHHH 
CBq-pai'l,nonoJIH qepea nJiaaMeHHhle '96paaonaHHH. B qacTHocm, 
6i.ma IICCJie,n;onaHa AHHaMIIKa paannTHH · noaMym;em1::ii napaMeTpon 
nJia3Mhl (:rneKTpOHHOii Te11mepaTyphl II DJIOTHOCTH) B IlOJle IIIITeHCHB· 
Horo cBq-llY'IKa B YCJIOBirnx, Kor,n;a CROpOCTI> ;n;pe:ii<fia IIJia3MM 
qepea 06JJyqae111yro o6Jiacu oI<aai.rnaefca cpannH111o:ii co c1wpocTr..IO 
TepMop;mf>cpyanu HarpeTO:ii nJJaaM.bI. Ilpn aTOM 6MJI o6HapymeH 
acpcpeRT paanHTHH Hq-neycToii11m1ocTH n ,IJ;BHil\ym;eiicH nJiaaMe, 
no,n;neprae1110ii JIORaJI uaonam10111y CBtJ-narpeny. ,1J.am1i.ie nccne)l;o-
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BaHHH Il03BOJIHJIH onpeneJIHTh OCHOBHl>IB a¢¢eKThl B3RIIYO,JeiicTBIIH 
lUITCIICH!lllhlX BOJIH B ycJIOllllHX nponenem·ILIX ::mcnepm.1eHTOB: 
<mpocneTJieHRB» ITJia3Ml>l ll HeJIRHeiiHyIO pecppRKllIIlO HR HR'IR.1bHOll 
CTa,IJ;IUI paanHTHJI noaMym;emrn, paapyrneeue CTPYKTYPhI ny•rna, 
HHTenc111111oe pacceHene Ha noc.nenym1.1v1ii crnn1111. TI pone.1eHnOl' 
MlllllHilllOC l\10l\l'J111p011alllll' y1rnaa11111>1x HH.'ll'llllii. 110:11111w11011111\ 111111 

npoxom,n;eIJHH MOillHbIX l\OpOTI\HX 8JIBKTpo11IarHIITilblX mmy.1bCOll, 
Il03JlOJIHJIO' B •rnCTHOCTH, Oll,0HlITb OilTHl\18Jlbllbie uanpHmeHHOCTll 
aJieRTpn1rec1<oro noJin n nMnym,ce c 'IO'IRII apemrn nepena 1111 ('.[3t{. 
anepr1n1 l!epoa raa B aanncn1110cTn OT na11J1em1H 11 ;~:111Te:1 t.HOl'Tll 

HMllYJihCll [6, 7J.. 
B xo,n;e HCCJie,n;onaHn::ii ycJionuii pacnpocTpanemrn pa.:i11oso.1u 

MHJIJIHMBTponoro H cy6MHJIJIHl\IOTponoro n11anaaonon Bl>IHBJien PHA 
oco6e1rnocTeii. Tm\, npH nay1renun nmrnmrn ocanKon na pacnpo
cTpaHeHIIe pa,n;nonoJIH B ycJiomrnx fopbI<oncI<oii 06.n:acTn (con:i.recTHO 
c Mil<D AH CCCP) noJiy'IeHbI ro,n;onhre n ceaoHHbIB pacnperie.1emrn 
BO BpOMCIIIl BOpTim<lJibIIOro OCJia6Jiemrn B TOJIIIIB 38MIIOU anroci.fiephl 
Ha ,n;JrnHe noJIHhI 8,2 MM, o6ycJionJieHnoro raaa:i.m n r11npo:i.1eTeopa:\!11. 
Ma aTHX peayJJhTRTOB CJJenyeT, nanpnMep, 'ITO JieTo:i.r :i.ra:Kc11:i.rn.1hnoe 
OCJia6Jieene B lJ.OIH,IJ;llX lJ.OCTIIraeT 25 + 5 i'J,B, HO OHO H'.\Ie0T '.\IeCTO 
JIHlIIb n TetJenne 10-3 % 11peMeirn Haumonemrn (o6m,ee BpNrn ea6.-no
,n;mnur cor:ran.1111.110 !"i!"iOO '1). :111Moii ~ia1;nnia.'thllllt' oc:1a6.-1t'H11t' Ht' 

HpCBlollll:t.110 :2 ]II;, llIJll'IOM :n·oT M;\l\('llMYM llMt' .. 'I ~ll'l'Tll 'fll,'l!.l;o 11 

10-2 % 11peMeHH Ha6mo,n;eeHn l8, 9]. BoJiee no,n;po6Hhle ,n;aHHhie no 
aTOMY nonpocy npnBOi'J.HTCH n CTaThe R. A. Aran6eRJIHa n np., 
n0Mem;e1rnoii n nacToJim;eM c6opmrne. B U,BJIOM n;e ana'IID!OCTh arnx 
pa6oT xapaHTepeayeTCH TBM, 'ITO OHH JIBIIJilICb COCTRBHOll 'IRCTblO 
HCC.J10ll,OJlaHHlf' nanpa11JICl1IILTX na coananne Jll('TOll,a MIJ:IJJIDieTpOBOii 
n cy6Mif.lIJIHMeTpo11o:il: cneKTpocI<omm. AnTopi,1 noro :i.1eTo.:i:a n 
COOTB0TCTBJ'IOIII;HX HCCJie,n;onam1ii y,n;oCTOBHhl B '1980 r. focy;:i;apcrneH
HOH npe11rne CCCP. 

PHA HHTepecHl>IX ,n;aHHbIX TIOJIJ''IBH J:I npu IICCJie,n;o11annn yc.1011uii 
pacnpocTpaIICIIHH JI aT111ocq10po ;JJll'I\TJlO"'.l!a l'Hl!THhlX l>O:ll'll•Hlll ii 
onn1•rncI<oro n11mrnaona. TaH, c no111011~i,10 cn011na.111,no co3.:ta11Hl1ii 
Mnoro11acTOTIIOH Jiaaepno:ii ycTaHOBKH (i'J.JIHlll,r BOJIH '10,6; ;),39; 
1, 1 !:i; 0,(i:~ 1111\M) llOJlY'lCllO pacupC/~CJIOHIIC paa111cpon H I\OIIL(CHTpauuil 
nonm.1x 1rncTHJ~ o6JiaKon n Ty11rnnon n aT1110ccfiepe. B ~nanaaoHe 
13-17 ,u Ml\M HCCJIO,l],OBaHo oc.1rn6JieHIIe II3.'IY'IeHHll B anrnc¢epe, 
ouycJIOIJJICl!l!OC norJIOIII;BHHelll B yr.TIBI\IICJIO"'.II raae. Ilpn 3TO'.\I OhI.1ll 
DOJJY'H'Jlhl 1w:1(!H!n11~11e1IThI IIOl'JIOIIJ;eHHH c nJ,fCO:KIDl paapemeHne:i.r 
no CllC'HTPY (/\v "'" 0,24 - 0,32 CM-1). B 3TOM ;r-;e AHanaaone Ohl.La 
nnop11w1 anpor11cTrn1ponaHa TOHKaH CTPYKTypa cne:KTpon :i.10.1e:Ky.1 
raaou C0 2 ll N 20 npe TmrnepaTypax 323 H 353 1\. c paapernem1e~r 
0,2 cM· 1• I; w1a :mcnep11MeIITaJihIIO IICCJie~~o11aHa Ten,1onaH ca~10-
n(l(l10H y1·11 pon1rn 11p11pep1>111noro .'ia:wpnoro 11:i .. 11y'IC'llllll l' ,:{:11111,1ii 
JIOJlllJ.l '((l,li MIHI II BOlJ.IIOl\f R3p030Jie 11 no:Ka3aHO, 'ITO npu Il.10TH0l'Tll 
nany•ro111111 10 BTlcM2 u naqa:rhHoil: onTutJec:Koii: To.1in;e a~po30.1R 
11op11n1rn Pn1111111~1i1 aa C'leT caMonecpo1<ycnponKu pacxo;:i;mwcTb 
naoopuoro 11y 111rn yneJintJunaeTcH na 10-3 pa)]; (10-'12]. 
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flccJiep;o:aamrn pacxop;nMoCTH H Apyrux napaMeTpoB JiaaepHoro 
naJiyqeHJIH noTpe6oBaJIH coap;aHJIH yHDK&JlhHOii uaMepuTeJihHOii 
annapaTyphl. B qacTaocni:, 6hlJI paap~tlOTflll Jl31depuTeJJJ> MOiqHOCTH 
Ha OCHOB0 npoxO,ll;HhlX pemeTqaTLIX 3J10¥8JITPB co CT0KJIOBOJJOKQffHblMU 
;o;aTUKa.l\UI (13). . 

lf cc.ttefJooanue oo.ttno8eilyutux u anmettnblx cucmeM. CyxqeCTB0liHhlM 
peayJihTaTOM HCCJI0,ll;OBaHHH :q :noM tta11paBJ10fflfff flJl,llH0TPfl CQa)lallH0 
raaoHailOJIHeHHLIX M0TaJIJIO]J;HaJieKTPU1!0CKHX BOJIHOBO,Il;OB, B Jiepa
ooqe:r.i: IlOJIOiR0HHH (603 ra30HaUOJIHeHHH) HaMaTLIBaeMhlX Ha 6apa
OaH. BoJIHOBOJJ;hl coap;aHhl B p;nanaaoHax caHTHM0TpOBhlX u MHJIJIH
MeTpOBhlX BOJIH BilJIOTb ,ll;O B04H ,ll;JIHHOH 2 MM c IlOTepHMJI, 6JIH3KHMH 
K llOT0PHM aHaJIOrHqHLIX MeTaJIJIHqeCKIIX BOJIHOBO,ll;OB, HO c BeCOM 
MeHee 100 r/M. PeaJIH30BaHHaa: T0XHOJior11qecKaa: ,ll;JIHHa OTJJ;eJihHhlX 
CeKqHH, HaMaTLIBa0MhlX Ha 6~pa6aH, ,...,15q M. ,ll;aHHhle BOJIHOBO,ll;hl 
aanaTeIITOBaIILI aa py6eawM 11 noJiyquJiu yme qacTHqHoe npnMeHeHne 
IJ OT01lOCTllOllllOH PUlV'IOTOXHl1lrn [ 11-16). 

B HCCJI0.n;onaum1x 11P8 noKaaaHo, 'ITO MeTaJimf'IeCKne, ,n;H3JIOI(TpH
qecKHe H MeTaJIJ!O,ll;H3JIOKTpHqecKJie BOJIHOBO,ll;hl MoryT HaHTJI npHM0-
H0HH0 u mrn 11nnpanJ101111oll: nepep;a'!H ::meprnn HK-p;nanaaoHa 
(A.> 4 MKM). 8TO OKa3aJIOCb B03MOiRHLIM 6Jiarop;apH BhlCOKOMy 
Koa<I>qm:queuTy oTpameHHH BOJJH HK-p;uanaaoua OT ,ll;H3JIOKTPHKOB 
n ?.IeTaJIJIOB npu CKOJib3HiqeM nap;eHHJI BOJIH Ha CT0HKJI BOJIHOBO)l;OB, 
.n;naMeTpLI KOTOpLix :r.moro 60Jihllie ,ll;JIHHLI BOJIHLI. 8KcnepHM0HTaJibH00 
nccJiep;oBaHHe Ha A. = 10,6 MKM noKaaaJio, 'ITO noTepH HK-HaJiyqe
HHH B MeTaJIJIO,ll;H3JieKTpJiqeCKJIX BOJIHOBO,ll;aX MoryT He npeBhllliaTb 
0,3-0,6 p;Bhr l::SJ. 

HnTepecHLie peayJihTaTLI 6LIJIJI noJiyqeHhl B o6JiaCTH Teopnn 
aH_TeHu. B HP8 AH CCCP paapa6oTaHa TeopHa: CHHTeaa p;ny:xaep
RaJ11>HhlX RHTCHH, II03BOJIHIOiqaa: peamrnoBaTb aap;aHHYIO p;narpaMMy 
HanpanJieHHOCTJI MaJibIM aepKaJIOM CJIOiRHOH <I>opMhI npu 60JibIIIOM 
aepKaJre npocToii <I>opMhl. B CJryqae onTHMaJI1>Horo Bhr6opa <l>opMhI 
o6onx aepKaJI o6ecneqnBaeTca: MnHnMaJI1>HLI:H ypoBeH1> 6oKOBhlX 
JreneCTKOB npn aap;auuo:H p;narpaMMe rJraBHoro JienecTKa. TaKnl\f 
o6paao:u BnepBLie CUHTeanpoBaHa JJ;ByxaepKaJI1>Haa: aHTeHHa, <I>op
:r.mpy1oi:qaH KOCeKaHCHYIO ,ll;HarpaM'dy B O,ll;HOH IIJIOCKOCTH H OCTpo
HanpaBJreHHYIO '--- B p;pyroii (nepneH,ll;HKYJrHpHoii) llJIOCKOCTH c 
MaJlhll\I aepKaJIOM ,ll;BOHHOH KpHBH3Hbl H napa60J1Hqecmrn 60JihIIIHM 
aep1rnJIOM. TaK11e aHTeHHhl OTKphlBaIOT B03MOIBHOCTh coap;aHna: 
a<I><I>eKTJIDHhlX aHTeHHhlX CJICTeM c 60JihIIIHM rJraBHhlM aepKaJIOM 
~JIH MHJlJIIIMeTponoro p;nanaaoHa BOJIH. 

B 6oJree o6xqeM cJryqae Ha ocHoBe paaBnTo:H n lIP8 TeopnH He
aaTyxa10xqnx co6cTBeHHhlX aJieKTpoMarHJITHLix KoJre6aHnii B 6ec
RoHeqHoii: o6JiaCTJI 6bIJI npe,ll;JIOIB0H HOBblH THil 8HTeHHhl, H3Jly'IaIOxqaa: 
nonepxHOCTh KOTopoii: aaMKHyTaH (uanpnMep, cJra6onpoapatJ:Hhlii: 
peaoHaTop). <llop:r.m ee Bhl6paHa COOTB0TCTBeHHO c 3a,ll;aHHOH ,ll;Ha
rpalnIOii HanpaBiieHHOCTII. 81·0 ll03BO.:'UleT r.'la;J.Kmm TOKalm peaJrH-
30Ba Th 6ea.i.eneCTKOBble ;i.narpamu>1. ~lo;i.e.1.hHhlll aKcnepmteHT, 
BbIIlO:IHeHHblll c Tan.on peaoHaHCHoii aHT0BBOii, B KOTOpoii Tpe6y10-
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~llllCR: TOI\ CU3P,aCTCH llpll noa6ymµ,eirnu B pe30HaTOpe coGcrneHHhIX 
KOJiet'.laHJIH, noKa3aJI, 'lTO ua yponHe -35 p;B B p;narpa~nie .1enecnrn 
OTCfTCTllYlOT. l1ccJie,ll;ona1rnaMJI ycTaHo:aJieHo, qTo Ha aro~r ;r;e npnu
:qnne MMI\HO C03,ll;aTb nrnpoKOilOJIOCHhle HH3KO,ll;06poTHhie aHreHHhl 
n :qoJrnonop;III.Je npeo6paaonaTem1 noJIH. B nepcne:nTnBe aHreHHhl 
n BOJrHonoµ,nLJC npeo6paaonaTeJrJI aToro Tuna :r.roryT 6hITh 06'.he;J.uHeHhl 
C 3i1J0J\TpOHH"1MH rrpJI6opaMtt f 17J. _ 

HccJ10p,011an1111 no u1,1111pyirn3n11111..1.M nnnpa 11JH'Ii1uj~l non:1.P:n.1u 
sa co6oii: pemeHJIH pHp;a p;pyrux aap;a11, llTO Arnn-mo BHJJ;eTh Jia ny6m1-
Ka:qnii (18-23). · 

lf cc.ttefJoeanuR B 06.ttacmu Bo.tto~onnl>lx coemooofJoo. B HaC1osi:xqe;u 
c6opHJIKe p;aimoMy nonpocy nocumu;aeTCH cne11na.'IhHaH craThH, 
op;HaKo, ona ne 11c•rnpnLrnaeT ncex nocrmKeHnii nuc'.fnTyra no 3TO)IY 
BOnpocy' Tai\ Kai\ B HOH ocnei:qaIOTCH D OCIIODHO:M nonpochl coa.n:aHHH 
c~eTODOAHI.TX ClICTOM' B . o6Jrncrn ycouepmencruonanuH T('XH0.1:0-
l'j1 'IOCJ\ II x .\1(1'1'0)10 II II po 11:1110)\CTlla C 111"1'0110)10 II ·11w11\11l) OTllll'Tll Th r ."H'-

7~y101111rn pcay JI l>THTl.I. 

D Hl7!J r. HP:J colJMCCTIIO c 11poMhllllJ1cII11hL:1lll opramrna1111H)UI 

C03j\allhl oopa:Jl\hl CllOTOllOl\llOfO WlOOJIH IHI OCIIOBC 1rnap1\-TIOJIJ1MepHblX 

Cft0TOBO,ll;OB c anepTypoii 0,4-0,56, IlOTepm.m 10-50 .::tB/:nM, 
ppep;neii upo•mocrMo ua paap1,w 400 10'/M111~ 11 1110po3ocrnii:nocThIO 
AO -40° C . 

B aToM me rop;y paapa6oTana, naroTonJrena JI aany~eHa B CHC· 
TeMaTJiqecKyIO ;rncrrnyaTaI\HTO anTOl\IaTII3HponamrnH CIICTO)Ja no.1y
qeHJIR: aarOTODOK CB0TODO,ll;OD nma «fpa,ll;aH» (c rpap;ueHTHOll aaBm;n
MOCTbIO ,ll;H3JleKTpnqec1wn rrpoHn~aeMOCTJI B ceqemm CBeTOBOi'.W). 
c IIOMOiqbIO p;aa:noil CHCTeMhl TIOJiy'leHhl o6pa3~hl 0,ll;HOl\10.lOBhlr 
cneTOBO,ll;OB c norepa:MJI ,...,13 p;B/K~! Ha p;mme BOJIHhl 0,63 )JKl\I II 
2-3 ABIKM ua ,ll;JlllIIe noJrnhl 1, 15 MKM. Paapa6oTana r~xHo.1orna: 
noJiyqeHJrn BhICOHOancpTypHMX BO.TIOHOH Tima Kllap1\-IT0.1:ID!ep ('. 
nonL1rneunoii llrnpoaocroiiKocT1>IO. IloJiy110nnoe no paapa6oTaHHoii 
T0XHOJrornn BOJlORHO npn anepType 0,39 l\IOp030CTOill\O ,ll;O -55°. 

B 1980 r. na ocnone yJiyqmemrn rexH0Jrorm1 nponaso,ncrna 
RBap~eBhlX cneTOBO,ll;OB c noMoxqhIO aBTOMaTnqecKnx ycrnHonoK 
llOJiyqem,r O,ll;HOMO,ll;ODbl0 CDOTOBO,ll;hl c IIOTepm.m <2 .!(B/Kl\[ Ha 
A. = 0,85 MHM, npenHaaHa110Hnh10 p;.'IR: 11cno:1L3osamrn B .::taT'rn:nax 
paaJIJI•moro nma. 

Paapa6oTaua TexIIoJiornH naroTonJieHnH cTynenqaTLrx cneTOBop;on 
c <lmrypuoii <Jlopll10:ii nnrnu (npm10yroJ1i.11m<, Tpeyro.1LHHH, JJI~1unco-
06paanoe C011CIIHO l1 ll.P·)' Il03BOJIHIOI:qaH noJiy'laTh TaKIIe CBOTOBO.lhl 
c norepHl\JU 8 ll.Blinr u J~ucncpcnefr n:r.mym,ca 7 ncli>lll. Ha ocuone 
nay110II11H HHJieTmm ocanmemrn· 01mcnl>lx cJioen aa cqer :nmr6nmr
ponannoro Jromponamrn JI o6pa6oTim aaroTonoK nnepBbie n m1ponoll: 
npaKTHHO IIOJIY'JOIJJ,[ 1rnap1\e111>10 CllOTOBOAl>I c anepTypol1 0.4 npu 
,ll;HaMOTpO ilOIJIJ.I 120 ?.11\l\I lI TOllllll'PflTYJlllOM 1\llHlll\:IOlll' -GO. -t
-t- +150° c. 

B Hl81 r. pa:ipaf5ornn MOTOl~ HOIITpoJUI ncK01111c11Tpll'lllOCT11 
n H3MOII0IIl1ii TOJIIL\1111],J IJOJIHMCpHLIX noKpl,JTHH D1\0JI" 1rnnp11ouoro 
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BOJJOKHa B npon;ecce BLITSiiJ\KH, a TaKi1rn MeTo,n 11epaapyrna1on~ero 
KOHTPOJISI IIOKaaaTeJie:il: rrpeJIOMJieHHSI H ,!(HaMeTpOB o6oJIO'leK B KBap-
n;eBblX aarOTOBKaX. i 

B peayJihTaTe TeopeTH'lecKoro aHaJIHaa MHorocJioHHhIX cTpyKTYP 
npep;JioarnHhI HOBbie MeTO,!(hl yBeJIH'leHHSI arrepTyphl H Hap;eiKHOCTH 

OIITH'leCKllX BOJIOKOH (HaHeCeHHe HapyiKHOro MeTaJIJIH'leCKOro noKpbl
THSI, Bhr6op KOHll;eHTpan;HH JierupyIO~HX p;o6aBOK no Ce'leHHIO BOJIOKHa 
H BeJIH'lHHhl BhlTSirHBaro~ero YCHJIHSI npH npOH3BO,!(CTBe BOJIOKHa 
H p;p.). 

Paapa6oTaHhl TeXHoJiorHSI uaroTOBJieHHSI op;HOMOAOBhlX CBeTo
BOAOB c noTepinrn .......,5 p;B/KM Ha ,!(JIHHe BOJIHbl 0, 76 MKM, coxpaHSIIO
~HX noJISipHaan;n:ro BOJIHbl, aa C'leT C03,!(aHHSI qrnrypHOH CBeTOOT
pamaro~e:il: o6oJIO'lKM, M l\IeTO,!(MKa Jiaaepuo:il: CBapKH O,!(HOMO,!(OBhIX 
OIITH'leCKHX BOJIOKOH c noTepSIMH Ha O,!(HO coe.n;n:HeHMe He xyme 

0,6 .n;B (Ha A = 0,63 MKM), a TaKme pgp; CnOCOOOB KOHTpOJISI rrapa
MeTpOB CBeTOBO,!(OB. 

B 1982 r. paapaooTaHa MeTO.IJ;HKa BhITSiiJ\KM n;uJIHH.n;pn:qecKMX 
CTepmue:il: H3 CBepX'lHCTOro CHJIHKaTHoro CTeKJia c IIOBepXHOCTM 
pacrrJiaBa H IIOJiy'leHbl CBeTOBO.IJ;hl THlla CTeKJIO-IIOJIMMep c llOTepSIMH 
50 .nBIKM npn anepType 0,56. PaapaooTaHa TaKme JiaoopaTopuag 
TeXHOJIOfllfI rpa.n;neHTill>IX BOJIOKOHHLIX cneTono.non c IlOTOplIMH 
3-50 J,\Bli<M 11 II0J10coii 400-soo Mr1~ii<M u ].\11a11aaouc uoJrn 
0,85-1,3 MKM. 

B 3TOM me rop;y paapa6oTaH KBapn;0BhlH CB0TOBO,!(, ll03BOJISIIO~MM 
n0p0p;aBaTh onTM'l0CKyro MO~HOCTh nopSI.D;Ka 100 BT no op;HHO'IHOMY 

CBeTOBO.D;y' np0.n;uaaHa'18HHhlM )l;JISI xupyprH'l0CKHX B03.IJ;0MCTBHM B 
M0,!(Hll;HHCKOM npaKTHK0. 

B 1983 r. npoBOAHJIOCh .n;aJihH0iim0e coB0prn0HCTBOBaHue T0X
HOJiorMH BblTllil{KH CB0TOBO,!(OB H H3rOTOBJI0HHH KaOOJI0M, rrpurO.D;HbIX 
)l;JIH rnn:poKoro rrpaKTuqecKoro npuM0HeHHH, a TaKiK0 OLIJIH BLinoJI
HeIIhl IlCCJiep;oBaTeJibCKHe pa60Thl no coa.n;aHHIO MeTpIIKII CBeTOBO,!(Horo 

npOH3BO,!(CTBa H CBeTOBO.IJ;f!hIX .n;aT'lHKOB paaJIH'IHhIX «f>II3H'leCKIIX 
BeJIH'lHH. BoJiblllOe BHHl\IaHlle OhIJIO oopa~eHO Ha coap;aHHe CB0TO

.BO)l;IIhlX cncTe111 cnaau, o '10M no.n;po6Ho roBopnTCJI n o.n;noii lia cTaTeii 

HaCTOJ1~0ro c6opHHKa. IIpirne.n;eHHLie )l;aHHhle oTpameHLI B rop;OBhlX 

OT'l0Tax HHCTHTyTa II B Hay'!HhIX nyoJIHKall;HSIX [3, 4, 7' 10, 24-100) 
aa 1979-1982 rr. 

II. J.1ccneAOBaH1H1 
B o6nacrn CTaTMCTM"leCKOH paAHOcJ>H3HKl1 

If cc.tteaoeanui£ ecmecmeennoeo a.tte~mpo.Maenumnoeo no.tti£ 3e.M.ttu e 
auanaaone OHlf. B 1979-1983 rr. npo.nom1<aJIHCh HCcJI0.n;oBaHMJI 
B ooJiaCTII HaKorrJieHnH cTaTncTn'l0cKnx n;aHHLIX o rpoaoBLIX noMexax 
n MeTo,nax c0JieKu;nu cnrHaJioB B ycJIOBHHX HaJIH'lHH TaKnx noMex. 
B qacTHOCTH, rroJiy'leHbl CJI0n;yro~He Hay'!Hhle peayJihTaThl. 

YcTaHOBJieHa rrpaKTH'l0CKH o.n;HHaKoBaH 'laCTOTHaJI aaBHCHMOCTh 
crreKTpaJibHOM IIJIOTHOCTH :rneprnn 0CT0CTB0HHhlX llIYMOBhIX qJJiyK
Tyau;uii aJieKTpOMarnHTHOro IIOJIJI 3eMJIH Ha 'laCTOTaX OT .IJ;OJieii 
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rcp1\a 1~0 1wc1w.111.1\ 11x H 11.110!'lip1\. C11P1>Tp11.111.111111 11JwT11ocTb 01rn;.m
Jrac1> B cpe.n,IICJ\l llCJlll'HIHOII, o6paTHO nporropu;nonaJibHOll 'lClCTOTl~ 
n cT0nem1 1,6. 

TcopcnPrnc1rn pcmena aa.n,a•rn o CBH3n rpoanno:ii: al-\TIIBIIOl'Tll 
c napaMeTpa111H aT111occpepn1>1x OH q-pa)J.IIono.1.1ex n ro•rne ux np11eltu, 
'ITO p;aeT B03MO/l\HOCTb npornoanponaTb xapaKT0pIICTUKH 3TllX: 

IIOMex ,!(JUI mo6oii o6JiaCTH: 30.MHOM nonepxnocTII B JIIOOOe BpellR, 
IloJiy'l0HHaH T0pp1nopHaJibHO-Bpe11renHaJI :.\10)];0.Tih pa,!tllODOMPX 

oxnaTLIBaeT .D;llaTia30H 'laCTOT OT 0,03 AO 30 Kfu; II BKJIIO'laeT qlll3U• 
'10CKOe o6ocHOBaHHe, l\IaT811IaTH'IeCKOe onncamre II a.TJropnTllll'll'CKOO 
o«f>opMJienue npou;0p;yp pac•rern IJ.JIOTHOCTII CII81iTpa BepTllKl\."I hllOtt 

COCTaBJIJIIO~eii TIOJIJI TIOM0X B mo6oli IIpOU3BOJihHOH OOJil\CTll 3l'llllOl'O 
rnapa B JIIOOOH C830H B Te'IeHHe CYTO'IHOI'O I\IIKJH1 ('. pnapl'llll\IOll{lnl 

npeMeHel\1 1 'I npn aap;aHHhIX nepOlITHOCTHJ,JX TIOJ-\!13HTeJIHX. l\011T
pOJIJ,JIJ,Ie 3KCnepHM8HTbl IIO,!(Tnepp;HJII{ cnpane)J;JJIJBOCTb reop1111. 

Pa3llHTa TeopIIH 110,u,au.11e1111H aTMlH.'.tlipp11i.1x 11o~ll'X 1111 l'."I~"iaii 
MHOrOIIYHKTOBOI'O npHeMa II TIOKa3aHO, 'ITO 113-3a OTJlll'lllH nporrpaH
CTllCHIIOii CTpyHTYPhl llOJieii umiex II l'lll'l!<l:!Oll 11p11 ;inyx- II TPl'X

nyHKTOBblX np1rnMax uo cpannemrro c op;nonynKTOBhI:.\I p;ocnll'aerca 
yn0JIH'l8HHe oTnomeHHJI cnrna.rra I\ noMexe no aneprnn na 1-
:1 IIOJllll(IW. 

Ha oc11011a111111 a11aJ111:m :1Hc11pp11~w11TaJ11>110 1w:1y•1p11111>1x 1111Tep
BaJion upeMCIIH MCJl\)J.Y COCCAIIHlllll IBllIYJihCHMII l!Ol\IeX, llCCJ1e;:i:onaHHhIX 
na Tepp11rop1rn: CCCP 11 neKoTophlx p;pyrnx Teppnrop1rn:x 3e:lr.1n, 
ycTaHOBJI0H 0,!(HHbIH xapaKT0p Bp0M0HHOII crpyKTYJlhl TI0.1ll TIO:.\Ie:X 
II paapa6oTano ero aHam1TwrncK00 onucanne, npn:.-.remnroe ;:i:.1JI 
HHrI\eHepnbIX paC'l8TOB BJIIU{HHJI no11rex Ha npne:.-.r IlOJI03HhIX cur-
HaJIOB. 

Bo.11lw 11onpo6111.1l' nmmt.tl' 110 11ay•rp111110 1•rrPcrnp11nh1x :l:1t'1-apll
Marrrn.THh1x IIOJieii 3eMJIII npIIBO,!(JITCll B O,!(HOU ll3 CTaTeii c6opHIIJ-\a, 

n rop;om1x OT'leTax HHCT11Tyra H B ny6mrnan;1rn:x aa 1979-1983 rr. 
[4, 7, 101-112]. 

HccAefJoeanu.n CBlf-ua/ly 1wnu.n ae.Mrwu noeepxuocmu. ,UaHHoe 

HarrpaBJIOHHe l1CCJIC)J;OBan11H: BKJIID'IaJIO l13Y'IOHIIe 38MJibl:X TIOHpOBOB 

11 aKnaTopMM annapaTypoii, ycrn1rnnmrnanmeiicJI KaK Ha HC3. Tali 
11 na CallIOJlOTilX. l3 'HlCTIIOCTI!, co CII\"Tlllll-\il «I~oo10r-JOili» (ii.1:111 
npon0p;en1>I naMepenn:JI pap;noTernrnnoro "ua.rry•remrn 3e:.-.mn na ,l.111na x 

BOJIJI 0,8; 1,35; 3,2 II 8 CM 11 TIOJiyqeJILI B)J;OJib 0ro opoIITbl 3Ha'l0HlllI 
TeMnepaTypbI TIOB0pXHOCTII OReaHa, TIO,'IHOII l\IaCCbI BO,!(lIHOro napa, 
B0,!(03DDaCa OUnaKOB H )J;p. 

IIapaMeTpa aTMoccpepM n nonepxHoCTH 0Kea11a 6Mm1 yroqneHbl 
B xop;0 3KCn0pIIMenTa no pap;Hocpnanqec1rn11ry aoHnuponannro OHeana 
co cnyTiurna «KocMoc-1151», Ha I\OTopollI OhlJia ycraHOB.rr0na pa}luo
MeTpnqec1rnJI annapaTypa, co'feTaromaa na~1epemrn 1-\aK cIIelirpa.1h
Hh10 B )l,ltalla:JOIIC 0,8·-8 CJII, TUI{ II IIOJ!HpI13Hl\llOHllhlE' ll }lIIana3oHe 
3,2 CM. rl poBC)l,OilIIaH anTOl\Ia'l'II3al\}Ill o6pa60TJ-\ll }laHHl>IX 31-\C'Depu
MOIITU uoauom1Jin n xo.n,e AllCTam~nom11>1x 113:.\Iepemiii nenocpe;:rcrneH-

110 IIOJ1y 1rn·n, uay1rnCMb!O napaMCTphl II cpanmrnaTb IIX c )J.aHHhl\lll 
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1<opa«5em1HLIX UDMOpOllHR, rHAPOJIOrH'IOCKHMH KapTaMH H KapTaMH 
He<l>ananaaa. B AIUIROM cny'IAO tS1o1no noKaaaHo xopowee corJiacHe 
ABHHLIX, nonyueMLIX npH DCOX COUOCTBDJIOHHllX. Ha OCHOB0 IIOJIY
'IOllJJLIX D DTHX DlCCllOPHMOU'l'llX fJOllYJlt.1'1lTOIJ coa]~llll 6am> J~aHIIhlX 
ROCMH'leCKOA paJJ,HOMO'fPHtfOClCOit umiwpMav,irn, II03BOJUllOllJ,HH UhlCTpo 
rrOJIY'llaTb 8H8'1eHHll HHTOHCHDIIOCTH YXOJJ,lllll,0f0 CBq-II3JIY'l0HIIlI 
3eMJIH ]J,Jlll 88A81111LIX Y'l8C·TKOD TpaeKTOPIIH IIOJieTa CIIYTHIIKa. 

B pa6orax MPS aa y1<aaa1mwii neplIOA 6LIJI o6o6m;eH MHOroJieTHHi 
OIILIT (COB0TCKHH H aapy6emHLIH) no HCIIOJlb30BaHHIO JJ.IICTaHJ:~IIOHHhlX 
pa~o<l>H3H'l0CKHX M0TOJJ,OB JJ,JIH HCCJI0JJ,OB8HIIH OKpymaIOlll,0H cpeJJ,bI 
c KOCMH'leCKHX annapaTou. Ha ocHo~aHHH noro 0606lll,eH1IH orrpeJJ,eJieH 
Rpyr . HapoJJ,HOX03HHCTB0HHhlX H ~ay'IHbIX 38JJ.8'1, ROTOpbie D;0JI0-
coo6pa3HO pemaTI> c IIOMOlll,hIO 3THX M3TOJJ,OB, a TaKme orrpeJJ,eJieH 
COCTaB anrrapaTyphi H M0TOJJ,HKH II3M0p0HIIH KaK JJ,JIH MHorou;eJieBhlX, 

I 

T8K II JJ,JllI crreu;uaJIH3HpOB8HHhlx! KOCMII'l0CKHX KOMIIJI0KCOB. 
B 1979-1983 rr. noJIY11HJI1I AaJI1>Heiimee paaBIITIIe caMoJieTHhle 

I 
paAIIOllI0TpII'10CKII0 ll paAIIOJIOK8D;HOHHbI0 IICCJI0]J,OBaHIIH IlOKpOBOB 
3eMJI11. TaK, Ha ocHOBe peayJI1>TaTOB caMoJieTHhlX aKcneplIM0HTOB 
1978-1979 rr. c. noMOlll,hIO paAHOJioKan;IIOHHoi CTaHD;HII 6oKoBoro 

o6aopa c CHHT03UpOB811HOH anepTypoii IICCJI0AOB8HO K8'10CTB0HHO 
II KOJ1ll'l0CTB011110 1IBJICllH0 pac<fioKycIIpOBKH nao6pamemrn: MOpCKHX 

. BOJIH B aanHCHMOCTH OT <f>a30BOH CKOPOCTII MOpCKHX BOJIH II Hanpaa-
JIOJIHR HX pacnpOCTpaueHIIlI. 

PaSDHTUO HCCJICAOBaHnii no AHCTaHD;HOHHOH cBq-paAH011!0Tp1IH 

DPOHCXOAHJIO 110 cneAyIOlll,HM HanpaBJieHIIHM. 
A I Coaoanue nay•U-tblX u npa1£mU'teC1£UX OCH08 npuMenenu.fl oannozo 

.Mcmuoa iJ.rt.fl onpeoe.rtenu:i 6.rtaJJCnocmu no"'8 6 unmepecax ce.rtbc1£0-
:ioJ11.ucmeennoeo npouaeoocmea u arfirfie,,,muBnoeo ucno •• bao6anU.f£ cucmeM 
.ue.rtuopalfUU. B peaynhTaTe IICCJieAoBaHnii OhlJIH coaAaHhl o6paau;hl 
JIJJUfOlllOpon, Il03BOJIHIOID;IIe npOH3BOAIITb ::rncnpecCHhle H3MepeHHlI 
DJ18il\llOCTH B AHanaaone COAepmaHII.II BOAhl B IlO'IB0 OT 0 ,n;o 1 r/cM3 

c OTHOCHT0JlbHOH rrorpellIHOCTblO ,...,4 % II upOII3BO,D;HTeJihHOCTbIO 
-1000-1500 ral'I. AnTophr noii pa60T1>1 YJJ.OCTOeH1>1 B 1983 r. ro
cyAapcTnenuoii npelimu. BoJiee no.o;po6Hhle .o;aHHhle no aToMy nonpocy 
l<aK B Hay'llHOM, TaK H B rrp1IKJI8AHOM OTHOill0HIIH np11BO,ll;.IITCH B 

OAnoii ua CTaTeii c6opmma. 
B. ll0.rty'lenue eaaUMoCB.flau xapa1£mepucmu1£ nO.rt.fl CBT/-ua.rty-

11.enU.fl c ypoeneM epynmoeblx 600. IfocJie,n;oBaHIIHMH ycrnHoBJieHa ara 
B38IIlllOCB1I3h B lIIITepnaJie OT 0 AO 3 M B pa3JIII'IHbIX IIO'lB0HHO-KJIH
M8TJl'll0CKHX aonax CCCP (oT ap1IA~1>1x aoH TypKMOHHII ,n;o ryMII,D;HbIX 
paiionon Ilpu6aJITHKH). B rrpIIKJiaAHOM rrJiaHe 11P3 coa,n;aJI aTTeCTo
BaHHyro paAHOMeTp1111ecKyro annapaTypy AJIH onpeAeJieHnH ypouHH 
3aJieramrn: rpyuTOBbIX: BOA c TO'IHOCTblO 50-70 CM. 

B. Hay'tenue .Mopcl'>oil noeepxnocmu u .11,e808blX nol'>poeoe. 11ccJie
AOBamrn n aTOM 11aupaoJ1e1111u noanonuJm, n 'laCT11ocn1, ycTauonIITh 
nepcnCKTHBIIOCTb CODMOCTHOro ncnOJIL30BaHIUI cpeACTD aKTlIBHOro 
11 naccunuoro aon,n;upoaamm reo~11autJ:eCKHX cpeA, B TOM 'IIICJie 
JJ,JIH onp0Aencn11H noapncTHLix xapaKTepecTmc JILAa e CTll,D;HH paa

nnr1111 ·llOpCKoro BOJIH0RIUI. 

10 

I'. Hay1ienue pa8uoKonmpacmo6 paa1m 11nM:r 1Wh"f>01JV1J cl.tJI 11e.1di 
Ha6ueaq,uu. C noMOllJ,bIO JIOTi110lll,ei1 Ha ca.llIOJieTe HJl-18 Jia6opaTopuu 
H H830MHbIX II3Mepll'f0JJhHbIX KOl\UIJI0KCOB B AHaIIa30H0 0 8-27 C)I 
11CCJle)\OIHllll.I pa)\1101\0llTpa!'.Thl p<1:l.llll'llllol:\ 1101\JHlllllll 11 ~ll'Ta:1:111-

'10CKHX IIOBepxuocTeii OTllOCllTOJlbllO paCTllTOJlbllOl'O 1101;:poua (:we I 
J1yr) nplI paaJIH'IHhlX IIoro,n;HhIX ycJIOBHHX npn Ha6mo,n;emrn B Ha;i.np. 
Ilp1I 3TOM ycTaIIOBJI0HO, HaupnMep, 'ITO KOHTpaCTbl MeTaJJJIII'lec1mx 
ll BOAHhlX nonepxnocren YM0HblliaIOTCH B CJiylJ.ae ,n;om,n;H ll no.'lHOCTLIO 
IIC'l03aIOT nplI ero llHT0IICllBHOCTll 25-30 llillil'l. ,D;oIIOJlHIITe.'Jbllhl0 
A8HHbl0 0 peayJibTaTax llCCJJe,[(OBaHHll llIO/I\HO IIO'lepIIIIYTb ll3 ro;i.OBbIX 
OT'I0TOB 11P8 H IIy6J1HIWl\llll [10, H3-13Gl. 

Hcc.rteooeanue cmoxacmulfearnx npozteccoe 6 paouo¢uau11ec1>ux 
cucmeMax. B HP8 AH CCCP o6uapymeno u nccJie,n;onauo HB:ieune 
CToxacTnaau;nn KOJie6am1i1: B anTore11epaTopax c aarraan1>rnamre::11, 

B03HIIK810lll,00 ne 3a C'IOT B03A0HCTBHH Ha'IaJihHLIX <fiJIYl\TY8Qllll, 
a aa C'IeT pa3BHTHH HeJIHHOllIIOH CTOXaCTIPIOCKOH HeyCTOll'IIIBOC1ll. 
Ha ocnone :noro HBJJomrn npe,n;JJ011,enL1 u uccJICIJ.OBam,r :.we1.;rpouuo
BOJIHOBble II paJ].HOTCXHl\lIOCIUie MO,ll;0JJII roneparopoB c ynpan.111e:-.10ii 

mnp1rno:ii: cne1\Tpa H peam13ona11L1 myMonop;o6IIhJO curIIaJJLI, xapaK
Tepnaymn~Hocn 01.1cTp1.1M c11aJI.:rn11l'M n nT01wppl'n 111~1101mh1 x t!1y1rn1\11ii 
II o6paaonauue.lll c11J1ornuoro H nocTaTo'mo pauuo:-.rnpuoro ;,iHepre
TII'IecKoro Cil0I\Tpa [140-1551. Ilo)1,po6me 06 ;:JTOM IIaIIpaB."TE'HIIII 

llCCJJOfl,OBUIJHH ro 110 JHtTCH II OJ~llOH 11 a CTa TCH HaCTOH ll~Cl'O .cfiopl! I!l\a. 

Ill. PaA1o1oac1poHoM1o1.si 

H HCCJleAOBaHH.sl KOCMH4eCKoro npoc1paHCTBa 

B 1979-1983 rr. n I1P8 OhlJIII npop;omHeHhl pa,n;noqmau11ec.1me 
IICCJ10AOBUHIIlI <fiM3lI'IeCI\IIX napaMeTpOB IIJiaHeT ll MeinIIJiaHaTHOH 
Cp0Ahl c IIOMOlll,hIO KOCMH'I6CKHX annapaTOB «Benepa-11, -"12» JI pa;i.uo
JIOKan;IIII IIJiaHCT, a TUI\/I\6 aaneprnaJJaCI> 06pn60T1rn naHHhlX, IIo.1y
'10HHbIX c noMOlll,LIO 1<0c11rn'IeCKIIX annap<\ Tou «Benppa -t). -1 O» n 
6oJiee paHHMX KocMu11acHnx ::iKcIIepnMeHTon. 

B 1983 r. 6L1J1 TamHe na'rnT ymrnam,nLiii ::JI\CIIep1rnenT no nc

cJieAoBaHHIO <fiM3H'I0CKHX ycJIOBIIH Ha rronepxHocrn Beuephr c IIO::IIO~hIO 
KOCMII'l0CKHX anIIapaTOB «BeHepa-15, -16». 

HauooJJee namIIhIM peayJihTaTOJII ::JTIJX HCCJJe,D.onam1ii Hnn::roc1> 
aaBeprue1111e pa6oT no coanamiro e,n;m10f1 peJIHTIIBIICTCKoii Tc opun 
nnumennn 1rnyTpo111rnx 11.11n110T C0Jmo1nroii CIICTN!hl, m.mo.'IHPHHhIX 
11P8 conMocrno c H llM 11111. M. D. HeJI,'.(L!lua AH CCCI>, Il T.-\. .\H 
CCCP II r AO All CCCP. Honan TOOpHH AUCT ll03JII0/1.;HOCTL IIpor
H03HponaTI> naaHMIIoe pacnoJ1011wnHo Comu~a n nJiaIIoT Mepnypn:ii:, 
BeHepa, 3eMJJn, Mapc c TO'llIOCTT>IO, JIY'IIIIei'I '10-15 K~1. 'ITO Ha 
,n;na nopn,n;1rn To111wo 11por11o:rn uo I>Jrncc1PrncH11J11 Tt'op11H:'l1. Coan11H11P 
Hoaoii n1>1coK0To•rnof1 Teorrnn nnnmemrn nnyTpennux nmlHCT HB.lH
eTCH 3Ha'IMTCJIJ,lll>TJI[ <f1y1mall!OIITUJII,HMM Jll{JJU]J;Oll! ll 113yq('I!ll(' )111H:U[Jll\II 
CoJIHe11Ho:ii cncTel\lhI n l!MeeT nanmoe npmrnamwe ::iml'iemie 11 1wc
MoHanTHKo ,D;JI.fl 6aJJJIMCTH'IOCIWl'O o6ocno'IOIH\H DOJIOTOll MPil>D.THUieTHbIX 

11 

W• 

\. 

,.. 

·~ 

,., 

•• 



C1'0111\lltt. J~mrn paoOT n 3TOM uanpanJieHml YAOCTOCJJ rocyAapcTBCil
JIOtt npeM1n1 CCCP 3a 1982 r. 

.11ccJiep;onaHHH BeHepi,1 c noMOID;bIO KOCMHqecKHX annapaTOB 
<cBeuepa-15, -16» 1103BOJIHJIH IIOJiyqHTb pap;HOJIOKa~HOHHhle uao6pa
)1{0HIHI peJibe<f>a H rrapaMeTpbI <f>u3uqecKoro COCTOHHHH 60JibIUOrO 
yqacTJ<a rroBepxHOCTH rrJiaHeThl. PeayJibTaTaM aToro uccJie;Jl;OBaHHH 
IIOCBR~eHa O;Jl;Ha mi CTaTeii B HaCTOHill;0M c6opHHK0. 

l1a ;Jl;pyrnx peayJILTaTOB uccJief];onamdi KOCMuqecKoro npocTpaH
cTna HaHOOJiee anaqHMbIMH HBJIHIOTCH CJief];yIOm;He. 

H ay1Leu,ue co.1tne"1Lnou n.iia.>Mbi. 8KcnepuMeHTaJibHO onpef];eJieHhl 
a11a11emrn CKOpOCTH COJIH0'lHOro B0Tpa B IUHpOKOM f];HanaaoHe pa
AHRJlhllblX paccTOHHHH (2-100 paAHYCOB CoJimi;a): rrpu yp;aJieHHH 
un 2 pannyca Comu~a c1wpocTb cocTaBJIHeT 30 KMlc, Ha 7 paf);uycon -
60 KMIC, Ha 20 pa,n;HyCOB - 300 KM/c H rrpH yf];aJiemrnx AO 50-
100 paAHYCOB CoJIHIJ;a cKopoCTb BeTpa uMeeT BeJrnquHy 400-500 KM.le. 
:3TH f];aHHhl0 110f);TB0PAHJIH • COBpeMeHHLI0 TeopeTuqecKHe rrpef);CTaB
JI0HHfI B a'IOM BOrrpoce. 

8KcrrepHM0HT8JihHO ycTaHOBJI0HO peryJIHpHoe CMe~eHH0 qacTO
Tbl IJ:0I.J;HM0Tp0BbIX paf);HOBOJIH rrpH rrpOXOil\f);0HHH HX qepea KOpOHY 
CoJIHn;a. 8ToT a<f><f>eKT o6~HcHeH fl:BHmeHneM Jiy'leBoii JIHHHH Bfl:OJib 
rpaµ;neHTa aJieKTpOHHOH KOHI.J;0HTpaa;Hn u xapaKTepuayeTCH T0M, 'ITO 
na yqacTKe c6JiameunH Jiy'IeBoii JIHHHH c CoJIHqeM Ha6JIIO)l;aeTCH yne
JIHTien11e 'IaCTOThl pa,IJ;HOCHrHaJIOB Ha B0Jill'IlIHY OKOJIO 10 fa;, a Ha yqa
CTK0 BLIXO;Jl;a H3-3a CoJiaa;a rrpoIIcxoµ;nT cooTBeTcTnyrom;ee yMeHbrue
HHe 'JaCTOThl. l13y'l0HH0 ::noro HBJI0HHH Il03BOJIHJIO o6~HCHlITh pery
JIHpHb10 orun6KI1 6aJIJIHCTH"'leCKIIX )l;aHHLIX arrrrapaToB «BeHepa». Ha 
OCHOBe aHaJIH3a 'IaCTOTHOrO C,IJ;BHra paaBHTa HOBaH M0TO,IJ;HKa orrpe
,IJ;0JI0HllfI aJieKTPOHHOH KOHD;0HTpaa;nn ll orrpeµ;eJieHLI ee 3Ha'I0HllfI B 
Kopone Comru;a. B 'IaCTHOCTH, npn reJiuoa;eHTpuqecKnx paccTOHHH
nx 2,3 n 3,3 pa;J];nyca CoJimi;a oHa cocTaBJIHeT 2: 106 cM-3 n4·105 cM-3. 

¥ CTaHOBJICIIO' 'ITO CII0KTpaJibHaH IlJIOTHOCTb napnaa;nii HHTerpaJih
noii 0Jl0KTp011HOil KOHD;0IITpaa;HH B ,IJ;Harra30H0 10-2 -1 fa; YB0JIH'IH
Da0TCH c npu6mrnrnmrnM K CoJIHa;y. Ilpu BTOM uaoJIIO,IJ;aeTCH YM0Hb
W0HH0 cpef];Hero 3Ha'I0HHH cneKTpaJihHOro HH;Jl;0KCa npocTpaUCTB0H
noro cneKTpa <f>JIYKTyaa;uii •aJieKTpOHHOH KOHD;0HTpaa;un, 

Onpep;eJieHhI paaMephr caMhIX MaJILIX Heo)l;Hopo;Jl;HOcTeii:, KoTophle 
npucyTCTBYIOT B crreKTpe Typ6yJieHTHOCTH, OHR yseJIH'lHBaIOTCH c yp;a
JI0Hll0~l OT CoJinu;a H3-aa 3aTyxaHHH MeJIKOMacmTa6HhlX BHxpeii; aTH 
11eo)l;uopoµ;rrocTu 11a paccTOHHHHX OT CoJrna;a --4 MJIH KM HM0IOT paa
Mephl --2 KM, a na paccTOHHHHX CBbIIIIe 14 MJIH KM - ooJiee 15 KM. 

BoJiee rroJIHhre ;Jl;aHHhie 06 aTOM uarrpanJieHHH HCCJief);onann:ii: npw:
BOfl:HTCH B Ofl:HOH H3 CTaTeii:. c6opHHKa. 

HayIJ,enue Bnympennux n.ttanem Co.1tne1J,nou cucmeMbi. IIpoB0fl:0Hbl 
pap;noJIOKaa;n:onnhre n:ccJie)l;osamrn rrJiaHeT MepKypuH, Mapca H Be
uepbl c IlOMOill;bIO ycosepmeHCTBOBauHoro rrJiaHeTHOrO paf);HOJIOKa
TOpa (c aHT0HHOH 0 70 M), B xo,u;e KOTOpbIX C;J];eJiaHO CJie;J];yIO~ee: 

- BblnOJIH0HbI BbICOKOTO'!HbI0 ll3MepeHHH paCCTOHIHIH H CKOpOCTH 
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J~1111l1w111111 Mep1\ yp11 a 11 1111T<'p11a.11p 1\a.11 i.1rncT11 100 - I W ~1:111 101. 

PaccT0111111e 11:.1Mcpn.110ci, CTO'IUOCT1>10 i\O 1 r;~1, rh:oporTh - ;\o :1 n1 c . 
J1cc.11e1101m111111M11 o6napymeno, 'ITO OT1u10ne111rn n:nlC'pl'mihtX pm·
CTOHHHH OT HX 3HU'IeHHM, Bhl'IHC.TieHHbIX no IWUCCU'IeCnOll Teop1111 
µ;n1111rnH11H MepKyp1rn, cocrnnuJiu 120-420 KM; 

- npoBe;J];enhl uaMepemrn paccToHuuii: AO Mapca c TO'lHOCTblO 
0,6-1,5 KM B UHTepnaJie f);aJihHOCTU 100-135 l\IJIH IOI BAO.'lh sceii ero 
21 rrapaJIJieJin cenepuoii: mnpoTJ,I. B peayJI1>TaTe u:nrepl'1111i1 11m'pllhll' 
pa,u;HOJIOKaa;uo1111i,1M crroco6oM noJIY'IeHhI npoci>uJm BhICOT noaepx
HOCTH Mapca no cenepnoMy CKJiony rophl OJI11llm n nallrnpena ee 211aK
CHMaJihnaa BhlCOTa' pasnaH 17 ,5+1,5 KM; 

- npn pa;Jl;HOJ10Kaa;m1 BenepbI na f);aJihHOCTHX 96-161 211."IH. 1rn 113-
Mepen npoqrnJib BhlCOT B :-rnuaTOp11a.11b11oii: (panee ne ucc.11ep;osaBilleu
cH) 06Jiacn1 nouepxnocTn DeuephI u MHTepuaJie ;Jl;OJiroT 85-225° ua 
Tpacce rrpOTHIB0HHOCTbIO OKOJIO 14 TbIC. KM, npoxop;am;eii qepea ;(Be 
ropuhrn o6JiaCTn, MaKCHMaJihHaH BbICOTa nepnof1 na JJ.QJiroTe 90° co
CTannJia OKOJIO 4 KM, BTOpoii: - AOJirOTe 200°- OKOJIO 2.5 Kl\I. 

I1ccJiep;onannm.m c ITOMOIIJ;h!O r;ocM11'1ecr;11x annapaT011, 3anyl·
KaBIIIMXCH K nJianeTe Beuepa (n TOM 'lllCJie nposep;ennofI o6pa6oTr;ofI 
peayJibTaTon, noJ1yqem1h1x npn pauee nponep;euno.M 3anycKe arrna
paTon «Bcucpa-\l, -10») ocym,ecTnJieuo c.1ieAy101u;l'e: 

- noJiyqeuo pacnpep;eJrn1rne OTpamaTeJihHOfI cnoco6rrocn1 Tpex pa-
11ee ne HCCJiep;ouaHHhIX paii:OHOB nJiaH0Tbl (oT -29,5 AO -28,0° no 
umpoTe n OT 155 p;o 165° no p;oJiroTe; OT -28,5 ;Jl;O ...,..-26,5° no runpoTe 
HOT 165 AO 174° TIO AOJirOTe, a TaKn'e OT -24,5 AO -22° no mnpoTe 
H OT 220 AO 235° no AOJifOTe no ITJial18TOu;e1ITpll'IeC1'0lI CllCTCMe 1-\00p
;a;nHaT). IlOJIY'IellHLie p;aHHbie CBHA0T0JlbCTBYIOT 0 paBHIIHHOl\I xapan
Tepe peJibe<f>a aTnX paii:OHOB 1I TOJlbKO B paii:one Bfl:OJlh IUIIpOTbl -28,6° 
B HHT0pBaJJe AOJirOT OT 157 ;Jl;O 164° B IIOJioce 30-50 Kl\! na6:no;:1,aIOTCH 
rrepenap;i,1 BhlCOT, npenh11lla10m;ue 2 KM; 

- na OCHOBO n3yqemu1 HIITencnnuocTn 'IaCTOTIIhIX II <f>aaOBhIX cp.i:yK
Tyaa;Hi'I ,Ll,01\UMCTpOllblX pa;J];HOllOJIII npll pacnpocTpanemrn B anIO
c«f>epc Dcnep1>1 noJiy<ICH pH;Jl; p;ammx, xapaKTepnayrow;ttx if>naHqecKoe 
cocToHrrtte aTMOccl>ephI Benepb1. B qacTnocTn, onpe;i;e."IeH nrreIII
nn:ii: l\JaCIIITaO TypoyJIOIITllOCTCii anIOl'tpl'phl, COl'THll:IHIOll\llll 4-ll 1'~1. 
H IlOATB0pll\J10IIO TO' 'ITO nepxHHH 06.TiaCTb IlOBhllll0llHOll Typ6y.i:enT
HOCTH aTMoc<f>epLr 3aunMaeT BhlCOThI 65-70 K~L IIo noJiy'IeHHhlllI aK
crrep11MC11'raJ11>n1>rl\l [(aimi.rM paapa6oTana MO)l.l'.'Ih «pa;i;noanrnccpephl» 
B ettepb1, on11c1>rna10w;aa aanuc1nrncTh KO::>lpcpu~ue1na npe.i:olmen11n 
pa;Jl;HOBO.im B HHT0pBaJIC BbICOT 0-90 KM Raf); nosepxHOCThIO mra
H0Thl. Moµ;eJih c BhICOKoii: TO'IHOCTbJO p;aeT cse;J];emrn o Koa<f>qma;IIeHTe 
rrpP.rro111.1ie1mH AJIH noqnoii aTMoc<f>ephI Be110pb1. .il.JIH mnepnana BhlCOT 
0-50 Kl\1 oua cupane/\mrna n [(Jrn [(neunof1 an10ccl>ephl rr.'HUieThl: 

- r10Ka3auo, ua ocnone H3Y'IeHnH nhICOTHhIX npoqm.;iefJ: Bepnrna:rh
uoro rpa;\nCnTa <rneKTponnoii 1rnm\eHTpar\rm B noHoccpepe Beaepbl 
(dN,./ dh), 'ITO :1TOT rpaJ1mmT ;1ocTnraeT n ;i:nennoii n0Hoc1f>epe rr:rn
IICThI ua1160J!hll1Cl'O 3lla'IelIIlH ll 06.TiaCTII, KOTOpaa uaxo~IITCH Hllit\C 
rJiannoro l\JaI\CnMyMa mrc1>Tp0Hnof1 KOHIV'HTpa1\un na BhICOTe 130-
1:{7 J(j\( II ll:l~ll'l!HOTCH II npe,Ll,OJIHX :2.:2. 10 1 - ~~.:2. 10~ OL-3 • n~C1 ll aa-
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BUCHMOCTH OT BORHTJIOro yrna Conm~a. .IbYJJ:'l8CTOTHOe pa/l,nonpo
CB011RB8HH0 HOUoc<f>epw Bonepw noauOJIHJIO nocTpOHTb M0Jl.0Jlb o6pa-
80B8HUR AH0BHOA HOHoc<l>opw aroA DJl8HBTLI, yqUTLIBaIOID;eii <f>oroxu
MHqOCKHe H ,n;ml><f>yauoum>1e npon,eCCLI H o6'b.fICH.fIIOID;0H OCJJOBHhl0 oco-
6eB;BOCTH BLICOTHLIX npo<f>m1ei 3Jl0KTpOHHOH KOHIJ,0HTpan,uu OT HIIiK
uei rpaunn;bI uoaoc<f>epbI (-120 KM) ,n;o uoaonayshl, a IIMeHao: cna-
6y10 saBHCHMOCTb llLICOT rnanuoro H 11u;1mero MQKCHMYMOB IiOIIIISa
n;uu OT ycnonuii ocBeID;e11uocru, ynenuqeaue KOHn;eHTpan;n:n: aneKT
pouoB c npu6JIHiK0HH0M K SKBaTopy, nO.HBJl0HH0 Bepxuero MaKCIIMY
Ma ll0HH381J,Hll, 6blCTphlH cna,n; 3Jl0KTpOHHOH KOHIJ,0HTpan;n:n: B o6naCTll 
11:u<f><f>ys11ouuoro panuonecuR npu ¥aJ1hlX seHHTHhlX yrnax n uannqIIe 
npOT.flil\0HHOii o6JiaCTII c noqTn nocTO.fIHHOH KOHIJ,0HTpan,neli 3Jl0KT
p0HOB npu 60J1bIIIHX seHIITHhlX yrnax Conun;a. 

PesyJILTaTLI uccne,n;oBaauii KOCMuqecKoro npocTpaacTna OTpame
HhI B fO/l.OBblX OHeTaX l1P3,n[4, 7,10]u Brry6J11IKa1J,II.fIX [156-188]. 

IV. ¢>H3HYecKasi 3neKrpoHHKa 

B 1979-1983 rr. 11ccne11:0BaH11R no aTo:ii: npo6ne11re 6wm cocpeJl.o-
1'0qeJiLI B OCHOBHOM B o6JiaCT.llX 3MIICCIIOHHOii, CBepxnpOBO,ll.HIIKOBOH ll 
CBq-SJI0KTpOHHKI{. 

OcTaHOBIIMC.11 Ha BamueliIIInx . pesynLTaTax aTnx HCCJiep;onaanii. 
8.MuccuonnaH 3.tie/'i,mponww. Han6oJibIIIee pasnnTHe B noli ooJia

CTII nonyqllJill HCCJl0,ll.OBaHII.11, HanpanJieHHLie Ha C03,ll.aHIIe 3MHTTe
pon c orpun;aTeJILHLIM aneKTpOHHhlM cpo,!J.CTBOM (03C). B qacTHOCTli, 
n MPS 6LIJia paspa6oTaaa MeTO,ll.HKa HsroTOBJieHHR a<f><f>eKTHBHbIX <l>o
TOKaro,n;oB c 08C Ha OCHOBe IlOJiyripOBO,ll.HllKOBhlX TB0p,!1.hlX pacTBopon 

I 
lnGaAsP c KB8HTOBhlM BbIXOAOM ,n;o 4% Ha AJIHHe BOJIJlhI 1,06 l\lKM. 

I 
lilccne,n;oBamrn rroKasamr, qTo onTHMaJibHhlM ,!I.JI.II HasnaHaoro <f>oTo-
KaTOAa JIBJifleTcfl TBep,!1.hlH pac~nop I n1-xGaxAsyP1-y, B KOTopoM 
x = 0,09-0,11; y = 0,24-0,31;: sanpeID;eHHa.fI SOHa B TaKOH CHC
T0M0 paBHa 1,15-1,16 aB. B To' me BpeMR Ha KBaHTOBhlH Bhlxop; 
TaKHX <f>oTOKaTO,ll.OB cyID;ecrne:e'Ho BJIHRIOT peRoM6nHan;n:oHHble 
npon;eccbl. IIoaToMy ,D;JIR cos,ll.aHn:R ;a<f><f?eRTHBHhlx <f?oToKaTO,ll.OB Heo6xo
,n;HMO llCilOJibSOBaTb conepIIIeHHbl0 3IllITaKCllaJibHhle IIJI0HKH, o6na
,n;aIOID;H0 Manoii CKOpOCTbIO IlOBepxHOCTHOH peKOM6HHall,HH. 06Hapy
'lK0HO, qTo KHCJiopop; n aKTnnnpy19ID;eM noKphlTHH Cs-0 Ha nonepx
HOCTH TaKIIX <f>oTOKaTO,ll.OB HaXO,ll.IITC.fI B p;nyx pasJinqHhIX XHMHqecKHX 
COCTOllHHllX. qaCTb KHCJIOpO,!J.a C,BRSaHa c IIOBepxHOCTbIO nonyupo
BOAHIIKa, a 'laCTb c n,esue:u. B npon;ecce Aerpa,n;an;uu <f>oToKaTO,ll.OB 
qacTb KHCJIOPOAa' CBl13aHHOro c IJ,03H0M, nepexo,n;nT B ,!1.pyroe 
XHl\UI'l0CKOe COCTOfllIHe, COOTB0TCTBYIOID;ee CB.fISll KlICJIOPOAa c nony
npOBOJl.HHKOM. IloApo6Ho aTH uccne,n;oBaHHR ocneID;aIOTcn B oco6o:ii: 
CT8TbC llaCTOHID;ero c6opHHKa H B ny6JIHKalJ,H.fIX [3,189-196]. 

Pn,n; IIOBLIX pesyJihTaToB nonyqea B o6JiaCTH cos,n;amrn ooJiee a<J>
<f>eKTHBHLIX 3MHTTCpOB 3JI0KTpOHOB. 

Paspa6oTaH KOllrnosu11,110nHL1ii KaTO,ll.Hhlii ysen, cocTOHID;uii us Tep
:uoa:ie1q·poHHoro :KaTOZl.a (o:Kcn;i.Horo) n npocTpe.rrbnoro allmTTepa ns 
nopncToro c."IOH ~lgO, 06ecne'l1:rna10m.ero ycn:ienne TOl\a Tepllwa:ie:K-
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TpOHHOii 3MMCCIU1 c OKCH,ll.HOro ltaTo,n;a (i,11aron11pn Hll.'11'111110 uponpC'.lb
HOH BTOpM'IHoii ~Jtewrpouuoii :nmcc1111, yc11J11.Jlll1Uii 11o:te~1. Tu1wii l\UTO,'.\ 
nosnoJineT noJr Y'HlTI. TOK, rrpeuocxoJ(mq11ii TOI< c ouwrnoro 01\CitJl.IIOro 
KaTO,ll.a B 10-'15 pa3 n MMnyJibCHOl\l pcilrnllle II ll :=l-5 pa3 ll CTa
TMqecKOM pe;i;1uw. TeM caJ111>111I 1rn111110:.i111111011111>lii 1>:aT0;1111.iii y:.ie:1 uoa
BOJilleT IlOJiyqaTb aJieKTpOUHhlH TOK TOH me B0JIHqMHbl, qTo II c 06blq
HOrO OKCHJl.IIOro 1\UTO)l;a rrp:w 31Ia'IIITCJibIIO 6oJiee III!3Kl!X Te::1mepaTy
pax (ua 100-150° mime OOhI'IHhlx). 

Cos,ll.au 11enaKaJ111naeMbIH KaTo,n; na ocHone aJIIOMOCIIJIIIl\aTHhlX 
coe,ll.nHeHnii u~eJio•mr,rx MeTaJIJIOB (n;esuil: n .ri;p.). TaKoll: KaTo,ri; o6ecne
quBaeT HMIIYJibCHblll OT6op 3JI0KTpOHHOro TOKa IlJIOTHOCThlO B ,!1;0CllT
Rll ll COTHM lllllJIJilla!'.mep c 1 CM2 IlOBepxuocTH (npn a6cOJIIOT

0

HOl\l 3Ha
qeHHH TOKa B H0CKOJibKO MHJIJIHa?rmeP) rrpn KOlllHaTHOH TeMnepaTy
pe. HarrpnmemrncTb aJieKTpuqecKoro noJIH, Tpe6yelliaR ,rvrn <nmccnn, 
cocTanJrneT 103-'104 13/cll!. TaKne KaTOAhI oGJta~(a10T cpo1rnl11 c.11ya>
OJ.T no MOllPn 100 •r 11 oG.r1a1\amT Go.11i.11111M11 1qw11My11\t'CT1i:n111 11p11 11c

IlOJib30BaHHH 1l Jia~UlUX-HCIIhlllIIrnx AJIH lpOTOC'h()ll!KU. 
IloKasana B03MoanwcTh coa.ri;amur allmTTepon rrpocTpe.lhHoro Tu

na 113 OKnc11 ::1rnrmrn c yc1rne1rnoli rroJieM nTopnqno:iI aJieKTpo1rnoii a:unc
CHe:ll: npn Koa¢qnII(H0HT0 BTOpll'IHOH 3MHCCHII 8-10. 8TOT Koa<f><f>nn;n-
0HT npaKTH'l0CK:H ue 3UBHCHT OT TOKa ,ll.O nJIOTHOCTeii: TOKa nepBIPIHO
ro ny•rn ~10 ::11A/cM 2 11p11 IVlllTOJihHOCTII n~my.rri,ca 11 ;wcnnrn l\1111>p1)
ceKyHJl.. 

Ilpn ,ll.JlllTCJihHOCTH Jll\IIIYJibCa B HeCKOJihKO Hanoce:nyJI):( 61>r.111 no
Jiy'leIIhl Bl>IXOl\HI.JO Torm nopH,!J.I<a 1 A/cl\12 rrpu Koa¢¢u11,11eHTe BTOPU'l
HOii 3MHCCIHI ~6. ~~hoT pe;iyJILTaT OTHpMnaeT B03MOil\IIO('Th IH.'II0.1h-
30BaHHH 3MHTTOpOB TUI\OfO THIIU B IIOBhIX fIIOpII):(IlhlX aRyCT03,1el\
TpOHHO-JIY'lellbIX npu6opax, upe,!1.uaa11aqem1hrx AJIH o6pa6onm u sa
n0Mu11anun pa.n;11ocur11aJiou. 

Bonee·rro.ri;po6no poayJihTaTM pa6oT no naTOAnolr TCll1<n11n:o ,us.1a
ra10Tc.11 B cneu;naJibIWii: CTaThe nacTomn,ero ct5opmrna II B [3.10, 197-
210]. 

CoepxnpoooiJnu/'i,OBaH 3/let;,mponu/'i,a. B ucTeKIIIe:11 IIHTII.1enm saBep
meu IJ,HRJI lICCJICt\OBUHIIII necTan;nonapHhIX II HepanHOB0CHhIX HB.'leuuiI 
n cBepxnpoBOf\HHKax. B pesyJILTaTe ncc.11eJl.OBaHmr noKasaHo: 

- ll03lllll\IIO uemrn :lcplpOKTHllllhlX lieJIHIIeHHhlX 113Clll:IIOAeiicTBIIU 
CffLJ-KoJie6arrnii: u mHpoKirx cnepxrrpoBO,ll.HID;MX IIJieirnax c cyID;ecT
BCHHO nepanno:110pHhIM pacnp0Jl.CJieIII1eM TIJIOTIIOCTH TOKa no Cl•qennro 
ot5ycJIOBJI0JIO oGpaaouamrnM II ,ll.BIIH>0HII0:1I B HHX nnxpeBOll CTpy:KTy
p1>r; 

- HBJieHHC CTHMym1ponamrn cnepxrrpOBO)l;Hl\IOCTH aJieRTpOllrar
HllTHbll\1 naJiy1101111eM 11i.iai.rnaeTcH HepannoneCHhn.r pacrrpe;:i;enenne:.1 
KBasHqacTHII, no ~11epr11m1; 

- B neon11opo1~111>1x cnepxnpouo.ri;nn\nx cncTCMax - 11a rpamn\ax 
CBepxnpouol\lllHl'.-110 pMtt.n i.11 i.1 ii llLOTaJ1.n, a.rre:KTpn'lec KOl' 110.10 npo
mrnaeT B cuepxrrpo110H11111< ua .Mar>poc:nonuqecKire paccTonmrn: aTOT 
acI><f>eKT Blll0CTC c :::H!HIJOI\TOM l\BUIITOll0-:1iexarmqecKoro (an,'lpeeBCl\0-
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ro) OTpamenm1 orrpep;eJI~eT BKJiap; cBepxnpoBop;mrna B noJJnoe co
npoTIIBJienIIe CIICT0Mbl CBepxrrpOBO;CJ;HIIK-HOpMaJihHbIH M0TaJJJI. 

B BMIIOJIHeunoM D;IIKJie pa6oT IICCJiep;oBaH 11ecrnn;IIonapnL1ii acp
cpeKT ,Il;moae<ficoua B CJia6oCBH3aHHblX CBepxnpoBO;CJ;HIIKax II ;a;eiiCT
BII0 Ha HHX 3JI0KTPOMarltnTHblX H3JIY1I0HIIH B p;IIarraaoHe OT MHJIJJII
MeTpOBhlX BOJIH ;a;o '}., -10 MKM. ~-

Ha ocuoBe BhIIIOJIHeHHMx IICCJiep;oBaunii: coap;aHbl BhlCOKO'lYBCT
BIIT0JihHhle IIIIIPOKOIIOJIOCHhle p;eTeKTOpHb10 ycTpOHCTBa MHJIJIHM0T
poBoro H cy611rnJIJIIIM0TpOBOro II3JIY1I0HIIH c npep;eJibHOH 1IYBCTBHT0Jlb
HOCTbIO 1·10-14BT/fu;''• II <fiJIYKTyan;HOHHOH T0MrrepaTypuoil: 1IYB
CTBHT0JlbilOCTbIO He xyarn 0,01 R/fu;'/ 2 • RpoMe Toro, 6bIJI coa;a;aH 
cyrrepreTepo;a;nm1L1ii np1reMn11K na acpcpeKTe )J;;1rn3c<f>cona c JIOJIOcoii 
200 Mfu; na p;JIHHe BOJIHhl 2 MM, o6Jiap;arom;Hii <fiJIYKTyan;Hounoii tIYB
CTBHTeJibHOCThIO 0,12 R. · 

B peayJihTaTe nccJiep;oBaHna CBepxnpoBO;CJ;HHKOBhlX nepexo,n;oB 
B Ka1IeCTBe aKTHBHLIX aJieMeHTOB· CBq-ycTpoiicTB 6LIJIH o6Hapyme
Hhl H o6'bHCH0Hhl oco6eHHOCTH npeo6pa30BaHHH 11aCTOThl MHJIJIHM0T
poBoro p;narraaoHa B CBq-p;nana30Hbl B ;CJ;iK030cpCOHOBCKHX nepexop;ax, 
a TaKme IIOCTpOeHa TeOpIIH B3aHMHOH CHHXpOHHaau;nn B MHOro
KOHTaKTHblX ;a;moae<ficoHOBCKHX CTPYKTypax. Ha ocnoBe 3THX peayJih
TaTOB IIOCTpOeHa o6o6m;eHHaH MO;CJ;0Jlb ;a;moae<ficoHOBCKOro npeo6pa-
30BaHHH 11aCTOThl J];JIH IIpOH3BOJibHOrO COOTHOIII0HHH 1IaCTOT cnrnaJia 
H reTepo;a;1rna, a TaKil\e IIOJIY1I0Hhl on;eHKH OIITHMaJibHblX napaMeT
poB Cffq npHeMHhlX ycTpoiicTB, cocTOHill;HX II3 u;enotIKII nocJiep;oBa
TeJihHO BKJII01I0HHbIX ;a;moaecpCOHOBCKHX nepexop;OB. 

B nocJiep;nee Bpe11rn nccJiep;oBaHHH B ;a;anH0111 HarrpaBJiennH no
Kil.aaJIII, 'ITO B ;a;nwaecpconoBcKnx nepexo;a;ax c JIOKaJibHhlMII Heo;a;no
pop;HOCTHMII cym;ecTByroT' ycTOH'lHBhle JioKaJIH30Bannhie cocTOHHHH 
COJIHTOHOB. HaMeHeHueM MarHHTHoro BHeIIIHero noJia MOmiio ynpaB
JIHTh 3THMH COCTOHHIIHMII, CKa1IKOM II3M0HHH 3Heprnro nepexo;a;a. IIo
p;o6nhle nepexop;hl MOIBHO ncnoJih30BaTh B Ka11ecTBe HOBhlX 6hlcTpo
p;eiicTByrom;ux 3Jl01110HTOB J];JIH nepeKJII01l0HHH ll 3aUOMHHaHHH nmpop
Mau;1rn c 1\IaJIOH ll0Tpe6JIH0MOH 3Heprneii. 

,Il;oIIOJIHHT0JlbHble p;aHHble 0 peayJihTaTax HCCJiep;oBaHnii B o6Jia
CTH CBepxnpOBO;CJ;HHKOBOH 3Jl0KTpOHHKH npnBep;eHhl B -ny6JinKan;nax 
[211-237], a TaKiI\0 B Op;Hoii: ll3 CtaTeii: HaCTOHm;ero c6opHHKa. 

CBlf-a.11,e,..mponww. B 1979-1983 rr. nccJiep;oBaHnH B i:J.aHHOM 
BanpaBJl0HllH B0JIHCb no BOnpocaM peJIHTHBHCTCKOH 3JI0KTpOHHKH, 
HCIIOJlh30BaHHIO u;eHTpo6emH0-3Jl0KTpOCTaTH1I0CKOH cpoKycHpOBKll 
(I.1;8<D) 3JI0KTpOHOB B ynpaBJIHIOill;HX CHJlbHOT01IHhlX CHCTeMax, a TaK
me B o6JiaCTH BOa)l;eiicTBHH CBq-HaJ1y11eHnii Ha paaJIH1IHhle o6'beKThl. 
OcnonnhillUI peayJihTaTa111u 3THX nccJiep;oBaHnil: HBJIHIOTCH cJiep;yro
m;ne. 

B 06Jiacn1 peJIHTHBIICTCKoii 3JieKTponnKu: 
- COB.\IeCTHO c l\h-IncKnM PTH npep;JioateHhl u npoaHamianpo

BaHhI HOBhle BbICOK03<JicpeKTHBHhle MexaHH3MLI B3aIIMO)l;0HCTBHH pe
JIHTilBllCTCKITX 3.'leinpOHHhlX IIOTOKOB c 3JI0KTp0)IarHIITHhl)IU nomi:
llB CBq, MamnHHblft 3KCrrepm1eHT noKaaa:i B03)10i-1'HOCTb no:ty'le-
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JJllH 11a Ta10tx ycTpoiicniax H'.II,L( ~!JO~o. Ta1rn.\1 a..:e Bhrcoi..:11:11 h'.11~ 
j(OJiil\Cll o6Jia)J,aTb npe{\JIOf!..:em11,1ii H UCCJI0)J,OBamu,1i'1 HOBbIH TII11 npu
Gopa 11a poJIHT11n11cTc1rnx aJieKTpouax - rupo1'on c :11arHIITHhl'.II no
JIOM, MOl\Y JIHTO po111 11 0T611pa TOJie.:11 1110n\HOCT11 Ha n pall\arom;nxc ll no
JI HX T11na E110 . B OTJ!IPrno OT 101acc11'rnc1rnx rupoKonou B npe.:-1:10;-1..:eH
noM np116ope IICT !{pllTll'ICCKOII aanncmrocnr 3.TICKTPII'l0CKIIX napa
MeTpOll OT nanpmHCIUIOCTH 11IarHUTHOro IIOJIH II <fiop)lhl 3.'leKTpOHHOrO 
llOTOKa, 'ITO 31Ia'lTITCJlblIO 00.Tll'l''Ial'T aaj~<PIY C03J\<lllllH npuoopou ua 
60JICO IWpOTKllX )J,JillHaX BOJIH; 

- conMecTno c MfY HM. M. B. JT0:110nocona n llncnnyT0:11 c11.11>-
110To'moii 3JICKTpommn CO AH CCCP nm..:aaa11a no;rnoarnocTh co:1-
l\UHHH c1111xpom11,1x 11 cu11xpl>'rnpe111rn11cm1x l'l'Hl'paTopon c IlhlllO;J.0:11 
3nepnrn H3 1rna;rnonTatiecKoro peaonaTOpa n n11;J,e rrytIKa 3.1eKTpo
ManrnTHhlX BOJIH c ya1wil: AIIarpaM:11011: nanpaB.'leHHOCTII, a TaKii..:e ocy
m;ecTBJieHa 3KcnepuMeHTaJihHaH peamrnau;na :1rnor0Bo.'1110Boro re-

\ 
HepaTopa, II03BOJIHB!TIUH TIO.Tl)"I!ITh :l!Hl'Il'lllll' :llOU\~lH'TU i..:on'pl'HT

{""\ Horo ll3JIY'ICHHH nopH)l;Ka H0CKO.JJhKHX reKTOBaTT B o-CaHTIDieTpOBOll 
. , '-' p;nanaaone ,D;JIHH BOJIH c RITA OKO.JJO 20 % . °""' B o6JiaCTu JICIIOJlh3onanuH IJ;8<D npoBep;ena orrnnrnaau;1rn i..:0:11-
\'\._J nJieKca rrapaMeTpoB 3JI0KTponuo-Jiytienh1x Kcnmyn1pyIOII\TIX npuoo-0 pon, ll l\OTOphlx np11Me11eua 1~::HD, CIIJlhl\OTO'IllOCTh, BhlCOKOBO.lhT
( -~ HOC.Tb, ynpallJIH0.l\IOCTb, panHOll!epnocTb TOI..:OOT6opa c KaTOp;a II T. J,. 

.~ 8To OT!{phrnaeT B03MOIIUIOCTh ,!l;OCTIIraTb B Ta1rnx npn6opax BC.lII'lll
~ Hhl KOMMyTHpyeMoro nanpHmemrn 750 KB npu coxpaueuun Be.1IIqu-

HhI pa6otiero TOKa II B0JIH'IHH ynpan,'!HIOII\IIX nanpmnemn1, COCTaB.lH
~ IOII\IIX 1recKom,1w npou;enTOB OT paoo•rnro. Pa6oTLr no p,aJihneiirne:11y 

<s coneprncncTBOBaH11IO TaKHX npn6opon npo;i;omi..:aIOTCH COB'.IIeCTIIO c 
npOMhllilJteIIIIhillUI op ramrnau;n HMII. 

D 06JiaCT11 noap,oiicTnIIa CDll-uany'rnnuii na paa:rntinhle cpeJ,h!: 
- BbIHBJienLr ocHOBIIhie uemrneiinhle 3cpcpenThr Boa;i;eiicTBIIH CB lJ

BOJIH Ha TIJia3MY' a Til,l\11\e YCJIOBHH H peay.'lhTaTbI !IX Ca)IOB03J,eiiCT
BIIH (npocneTJienue IIJia3MhI, ca::.rocpoKycnponna, ne.1nneiinaa pecppa1'
D;IIH Cffq-nom-I). Ilpu 3T011I :.rncnep1n101ITa:1bno nona:iaua so;n10;1-awCTh 
B03IIHKnonemrn CBq-paapHga n noJie nyq1'a :1nrnpoBo.rrH npu Ha
npHmemrncTHX IIOJIH MeHhIIIe npo6oiiHhIX npu ua.'lntiun npeµ;eaprne.1b-
11oil: 11on11aa1v111 raaonoil: cpep,L1; 

- IIOJiy11e11 PH)J, HOBbIX peayJihTaTOB npn IICC.'leµ;onamrn B03J,eii
CTBHH CBq-H3JIY'IeHHii ua 6uo.'lonP1ecl\Hl' 06·he1..:Ti.r. B •rncnwcnr. 
nnepni,rn oGna pyn..:en IIOTOUJIO 11o:ii: ~cfltlll'KT cnrny:rnu;nn uonuoro 
TpaIIcrroprn n TpaucnopTa BOi-\hI n 6110Jiorwrecnnx i\ICMopanax npu 
Boageil:cTBHH op,nno•rnL111rn CBlJ-H11rnyJ:rhcamr B cannnreTpOBO)l .::i.ua
naaone µ;mm noJin c nuKonoii .ll!Oll\HOCThIO 30 MBT u ;i;mne.'lbHOCTLJO 
-15 UC (npH TaKnx 3Ha'!0HHHX MO!l\HOCTII II J];Jil!TeJihHOCTll 1rnny.1h
ca IIarpen 06Jiytiae111bIX oopaau;on B cpe)l;H0M He rrpeBhlIIIaeT 0.01° C). 
B 3I{CrropuMe11Tax OhIJIO 06napy11..:euo TaK;r..:e 11a~1l'1Ie1111e uonuoii npo-
1rn1~ac11rocT11 HJICTO'IIILIX u acKyccTBennhlx 6uo.'lorntiecm1x )le:116paH 
IIO)J, ~\OHCTBJ10M nenpepbIBHOro lllIIJIJIUMeTponoro II3.'1Y'lelllrn HeTeII.lOBOII 
1111Tc11c1111HocTH (~1 ~rBT/cM2). Tal\IIM o6paao~r. ~rnarno yTnepa-;.::i.aTL, 
1
11·0 06mlpy11rn1rnh1ii acp,eff<l'o 11 ·H~c;xcnnnre 3cc.1e;i;ona111rn ornphrna. -

A3epl5a~.AmaHcKaJll 
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IOT H0Bhl0 B03MOiI\HOCTH ynpaBJI0HHll M0XaHH3MaMH il\H3H0)1;011T0Jlb
ROCTII KJI0TOK 11 6HoJIOrH'l0CKHX BHYTPHKJI0TO'IHhIX CTPYKTYP; 

- T00p0Tll'l0CKU noKa3aHO' 'ITO B UlllpOKOM )J;Hanaaone 'laCTOT 
(OT cy6MHJIJIHMeTp0BblX p;o CaHTHM0Tp0BblX BOJIH) norJiom;euue ll3JIY-
1l0Hllll IlOJillpHbIMH il\ll)J;KOCTllMH o6ycJIOBJl0HO M0XaHH3MOM KBa3H
pe30HaHCHOro B3aHMOp;eiiCTBHll JIH6pa:a;uii MOJieKyJI c noJieM H3JIY'l0-
HHll. PaaB1ITa11 TeopHH no3BOJIH0T o6'bllCHHTh oco6ennocTH qacTOT
HhlX II T0MnepaTypHbIX 3aBHCIIMOCTeii norJIOIIJ;0HHll H3JIY'l0HIIH, a TaK
me YTO'IHIITb MOJl0KYJIHpHb10 MoµeJIH KOH)J;0HCllpOBaHHblX IlOJIHpHbIX 
cpep;. , 

PeayJihTaTbl 11ccJiep;oBaHHii no CBq-aJieKTpOHHKe OTpameHhl B ro
p;OBhlX OT'l0Tax I1P8, B [4, 7, 10] H B ny6JIHKa:a;HHX [238-276]. 

v. c:t>H3HKa TBepAOro Tena 

B 1979-1983 rr. HCCJiep;oBaTeJihCKHe pa6oThl I1P8 no <f>H3HKe TBep
noro TeJia paanunaJIHCh B ocnonHoM no uanpaBJieHHHM: 

cp1I3HKa IIOJiynpOBO)J;HlIKO,B II )J;lI3JI0KTp1IKOB, 
aKyCT03JI0KTpOHIIKa H aKyCTOOnTHKa, 
cplI3HKa MarHHTHhlX f.!BJI0HHH, 
KplICTaJIJIOq>H3IIKa. 

HaHOOJiee 3IIa'IHMhlMH peayJihTaTaMH HBJIHIOTCH cJienyrom;He. 
<Puau1ea nMynpoeoanu1eo8 u aua.tte1empu1eoe. B 1979-1983 rr. 

6LIJIH DOJiy'l0llhl IIOBLI0 peayJILTaThl B o6naCTH lICCJI0)J;OBaHHH 3JI0KT
pOIIIlblX u cpoToaneKTp1tt10CKHX HBJieHuii B noJiynpoBO)J;HHKax. B qacT
lIOCTH, n o6nacTH nccJiep;oBaHHH aJieKTpOHHhIX HBJieu11ii BhIHBJieH 
PIIA HOBhlX a<I>lf>m\TOD u aaKonoMepuocTeii: 

- o6nnpymen H 3KCnepHM0IITaJibHO HCCJI0)J;OBaII IIOBblH THil 
3Jl0KTP11'10CKOH neyCTOll'IHBOCTH' n 6unOJISipHoii nJia3Me aHTHMOHHp;a 
HB)J;HSI npH reml0BhIX TeMnepaTypax, npHBO)l;SIIIJ;HH K B036ym)J;0HHIO 
Kone6a1111ii TOKa npH noJIHX nopHp;Ka 1 B/cM u 'laCTOTax nopHp;Ka 
o6paTIIOrO Bp01110HII peJiaKC8IIHH 3H0prHH 3JI0KTpOHOB (AO 1 ff11); 

- BhIHCIIenLr np11pona u oco6eHHOCTH paHee 06uapyme1rnoro 
llBJieHHH nnyx'laCTOTHoii renepa11Hu n 06paa11ax apceIIHp;a raJIJIHll 
c )J;BIIil\YIIJ;HMHCH )J;OM0IIaMH CHJibHOro nOJIH. JIBJI0HH0 3aKJIIO'la0TCH 
n renepa1111u (110111111110 npoJI0THQH 'laCTOTbl) KOJie6aIIHH c 'laCTOTOH, 
cym;ecTnenrro nmue npoJieTnoii (~mJIJIUJ.HeTponoro nnanaaoua), ncJie)J;
CTnne nam11nm n oGpa3T~e c nunmylU,HMCfl AOM0HOM B1'1l'OKO'U\CTOT
HOH OTpn11aTeJILIIOH rrpono)J;HMQCTH; 

I 
- D pa3Mepuo-KnaHTODaIIHLTX IlJI0HKax noJiyMeTaJIJJOB II Dbl-

1 u 

pomp;emILix nonyrrponop;mrnon MeTOp;ar.rn TYHH0JihHOH crre1npocKorrun 
H MafllllTOOIITlllOl npn 1rnar1TyIOI1\UX MarHHTHbIX IIOJIHX onpep;eJIOHLI 
nnom;ann ce•10m1ii naoaueprenPrncKnx nonepxuocTeii, n TOM 'IHCJie 
naJieKHX OT IlODCpX!IOCTH <DepM!f. Ha OCHOBe HCCJI0)J;OBaHnll rrpe)J;JIO
ffi0Hbl Il0Bbl0 3JIOl\1'p0111ILI0 npn6ophl - reTepOCTPYKTYPLI Ha OCHO
B0 o.o.noro r.iaTopua.1111, nepecTp1u111ne111i.10 npHOMHUKll p;a.TTe1wro HK
n cy611111nn111110Tpoooro nuanaaonon; 
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- TeopeTH'IeCKII upep;cHa3ailhl llOllhle Jlhll'Ol\O'lHl'TOTllhll' :.ilf>cpe:n
Thl n noJiyrrpono.n;mrnax rrpII pea«o am1:i0Tponrroi1 1fiy1m1\1111 pacrrpe
neJieII11H 3JieKTpOHOD: reJIMI\OIIhl H MX neycTOH'lHDOCTh, nor.1om;eane 
3JI0KTpor.rnrHIITIIOro M3JIY'l0HMH npH pa3JIH'IHO)! paCIIOJIO;+;emm ne:n
Topon BhlCOl\O'IaCTOTIIOro nom:r, CKOpOCTH p;pelicpa 3.'10KTpOHOB H Ha
npaBJIOHMH pacrrpocTpaneHMH BOJIHhI, HeycTOH'lIIBOCTb nr:rno6pa3-
Horo pacnpe.n:eJrcm1n 3JICHTponoB ii uorrepe•rno.llI 111armn110211 no:ie; 

- Ha ocnone MaIIIHHHhIX 3Hcnepn11reuTon o6napymeIILT ueu3necT
Hhle paHee THIIhI rrepnop;nqecxnx II uerrep1rn.n:nqec:nux ycToiiqnnLTx 
paCCJJ00HHH aBTOBOJIHOBLIX cpep;, KOTOpbie .llioryT 6blTL IICII0.1b30BaHbl 
J];JIH aarrncn KapTHHHOH HH<f>opMUIIHH c ee O)J;HOBpeMeHHOH 'laCTH'l
HOH o6pa6oTKoli. 113 pHp;a npe.n;JiomenHLrx Mo,n;eJJe11 T11epp;on>.1bHhlX 
aBTOBOJIHOBLrx cpep; nrrepnhre 3Kcnepn.11IenTaJihHO peamrnonana ;:i:ny
MepnaH pacnpegeJICHHaH T01IJIOBaH aBTOBOJIHOBaH cpe.n:a, Il03BOnH
IOIIJ;aH BH3yaJIH3HponaTL H H3y'laTh pacrrpocTpaII('IJIIe II B3nIDJO;:J;encT
BHe H0JIHH0MllhlX Tpurropllh!X BOJ!IJ. B UCCJle)J,OBHllllflX HBTOllO:urn
BblX cpep; o6Hapymem,r TPpMOOIITil'IeCIOie 110.'lll hl lll'JWI\:l IO'Il'llllH 
n noJ111cTa6uJ11>Hoii pa cu pew'.110u uoii 1111To110.11110 uoii r Jll';ll' 11 l'TP y l:\Ty
pax nrna uemrneliuoro IIUTepcpepollieTpa <Da6pu-llepo; )Ialill!H

HhlM 3Kcnep1nrn11To11I o6uapymeiILr HOBLIC MexaHH3MhI ca:-.10opram1-
aa11Hn anTOBOJIHOBbIX cpep; - CUMOJl:OCTpOiiKa CTpy:nTyp no cfipar
MeHaM B HCXOJ\IIO-H30Tpom1oii ycToihm1oii o;i.11opo;\HOii l'Jll':w 11 

B aHH30Tponuoii: I\OJ!06aTOJ!hllOli cpe)J,o; llhlHBJll'l!a CllOCOOIIOCl'h au
TOBOJIIIOBLTX cpe.n; DM)J;0JIHTL npocTpaHCTBOllllJ,fC CHI'I!UJlhl Ila <J>oHC 
HHT0HCHDHLIX Jl:HIIaMII'IeCKHX IIIyr.rnn; 

- paapa6oTaH nonLTii MeTOJl: nccJrn.n:onan11n norpam1•mh1x rocrna
HHii: n reTeponepoxol(ax, ocnonaHm,n'i na aapHJ\l' lll'l':H';J.Yl'~lllii n·py1\
TYPhl npu aa.n:aHUOM nanp Hil\0IIH11 11 IIOCJiep;y10m;e:11 II3)Iepemm CTe
Karom;ero aapHp;a, n 'lacTnocTn, n ycJionuHx nop;cneT:nn. l\IeTo;:i: cym;e
CTBeHno pacIIInpHeT noaMomHocTn nccJiep;onamrn reTeporrepexo;i:on, 
noanoJIHH H3MepSITh ux aapHp;on1,re xapaKTepucnnrn c coocTuenno:ii: 
IlOCTOHHHOH npe1remr 60Jiblll0 mm IIOpHJ];na 10-1 c; 

- TeopeTH'l0Cl\H YCTUHOBJIOHO, 'ITO B KBa3IIO)J;H021!0pHLIX nplICTa.1-
Jiax c COH3MepHMOH BOJIHOH 3apSI)J;OBOH IIJIOTHOCTII J(0.1a.;en Ha6:uo
J];aTbCH aqllp0KT, anaJiorwnrnli necTa11noHapnm.1y 3q1tfle:nTy )~;1.;o;w1pcona. 
8TOT atfltfleI{T MOn\OT ua6JllOJ(HThCH IW TO.'lhl\O npu 1111;n;nx Tt':'.11-
nepaTypax, Tai' Hal\ ne cnHaan co cnepxnpono.n:m.wcTLIO. 3:ncnepn
M0HTaJihHO HCCJIO,!l;OllaITbI ()Jl0I{TpOcpH 3H'IeCirne CBOHCTDa Ima 3IIO)J;IIO
MepHLIX Kp11cTaJ1Jron TnS:i n ooJJaCTH TCMrrnpaTyp 4,2-::300 K u 
aJieKTpnqecK11x no.rrnif l(O 500 RlcM, a Tairn;p nx 1racTonrnH :ianncn
MOCTh. y CTUUOllJlel!O CY!l\OCTBOBH!llle TC~lliepaTypllhlX o6JIUCTeii 3.10nT
ponpono.n:nocTu c paaJ111'rnhJMH 311opr11HMH a1nunau,uu. IIo.1yqeHLT 
BOJihT-aMneprrno xapawrepucnnrn o6pa3u;on TaS 3 n o6napya.;eno 
cym;ecTnennoe y11eJ11111011 uo 3JTCl\Tporrponop;1urncT11 npn ;i:ocni;r.;emm 
noporonoro aua<w11u11 :JJ1owrp11'rnCKoro noJIH. Te)mepaTyp1raSI aanrr
CHMOCTh noporonoro 1roJ111 onpe.n:eJrerra n npe;i;eJinx 4,:2-~~00 K. Tio
Kaaauo, 'ITO npu rn1:m11x ToMnopaTypax n p;anuo)I MaTep11a:1e npeou
JianaeT npLrnmonan npouonII11rocTL c neper.rennoll: p;mrnoll: rrpL1;1rnon. 
Haiineno, 'ITo BCJI1Prn11a µ,11aJIOI{Tpn•rncKoll: nocToaunon ;i:ocTnraeT 

.. 

• 

" 

~ 

.,, 

~ 



rHraIITCKHX 3HR'l0IIHH - 107• IloJiyqeHo cneKTpaJibH00 pacnpeJJ;eJie

lllf0 OTKJIHKa opTopoM6HqecKoro TaS 3 If noKa3ano cy:m;ecTBOBaHH0 

KpaH <J>yn)l;aMeHTaJibHOl'O norJlo:m;eHHll npH ;rneprHlIX, COOTB0TCTByIO

IIJ,HX naiiepJICOBCI\OH m,em1, a TaKiK0 y3K0ll JillHlflf norJio:m;eHHH 

B l\0HTpe :m;eJill. Ha6JI10JJ;aeMble a<J><J>eKThl o6'bHCHlIIOTC.ll B03HllKHOB0-

nneM B TaS
3 

npH noum1rnuHH TeMnepaTyphl BOJIHbI 3apaJJ;OBOH nJioT

IIOCTll, neno)l;BIDI\IIOH B CJia6oM aJI0KTpHqeCKOM noJie H ]J;Bll/l{y:m;eiicll 

B CHJibHOM, a TaK/!{0 H0JlHH0HHbIMll B036yiKJJ;0HlflIMll B Hell - COJIHTO

naMH. TeopeT11qecK11 npeJJ;cKa3aHo H aKcnepHM0HTaJibHO o6Hapyme

no, 'ITO, B0Ilp0Kll pacnpocTpaueHHOMY :µpeJJ;CTaBJI0HllIO, )l;BlliK0HH0 

BOJillbl 3apll}l;OB0ll JIJIOTHOCTll.B KBa3110)l;HOMepHbIX MaTepHaJiaX }l;a-

0T BKJia}l; B XOJIJIOBCKYIO 9,II.C. Ha OCHOBaHHll npoB0)l;0HHbIX HCCJie

)l;OBalllIH npeJJ;JIOiH0ll npoCTOH 6oJIOM0Tp11'10CKllH npIIeMHllK JI3Jiyqe

HHH c BbICoKoii qyBCTBIIT0JibHOCTbIO (1000 B/BT) II MaJibIMH pa3Me-

paMu; 
- 06Hapyme11a aHOMaJibHO BbICOKaH T0H30'lyBCTBHT0JlbHOCTb 

MJI.Il-cTpyKTYP c TyuneJibHO-TOHKHM JJ;HaJieKTpHKOM, na JJ;Ba no

pHJJ;Ka npeBbIIIIaIO:m;aa T0H3oqyBCTBllT0JibHOCTb )l;llO]J;OB. IlloTTKll ll 

na · TPII - qeTblpe nopHJJ;Ka T0H30'lYBCTBllT0JibHOCTb p - n-rrepexo

AOB. S<J><J>eKT o6'bHCHH0TCH xapaKTepHbIM JJ;JIH aToii cTpyKTYPhl ycII

Jie11ueM JIOTOKa OCHOBHbIX HOC11T0JI0H aa cqeT HaK-OilJI0HHH H00CHOB

llhlX HOCHT0JI0H TOKa (AbIPOK) y rpaHHI.\bl pa3}l;0Jia TOHKllH )l;HaJieKT-

pHK-IIOJiynpoBO]l;HHK; I 
- npeJJ;JIOmeHa 11 peaJIH3oBana op11r11naJibHaH CHCTeMa 110Jiy-

npoBOJJ;HllKOBOii aneproHe3aB11CllMOH naMHTll KaK O)l;HOKpaTHOl'O 

(IIII3Y), TaK 11 MHOroKpaTHOl'O p;eiiCTBHH (PII3Y), npeBOCX()}l;H:m;lle 

no CBOIIM napaMeTpaM (HanpHiK0HlIH JlllTaHIIH, nap;eiKHOCTb xpa

H0HllH, Bp0Mll cqnTblBaHIIH II ;n;p.) cy:m;eCTBYIOIIJ,ll0 CllCT0Mbl naMHTll; 
- npep;JIOIB0Ha acpcpeKTllBHaH apx11TeKTypa }l;JIH peaJIII3al\lll'l 

UOHCKOBLIX aJiropHTMOB (npeJJ;Ha3naqeHHLIX }l;JIH pememrn 11e<J>opMa

JIII3Y0MhlX . 3a}l;aq) na OCHOB0 6blCTPOA0HCTBYIO:m;ell: OJlT03JI0KTpOHHOll 

aJI0M0HTHOH 6a3hl. . . 
l:tpo:110 Toro, Ha ocHoBamm BLIUOJIH0RHLIX n lIP9 11ccJiep;onanIIii 

B 1979-1983 rr. 6LIJI pa3pa6oTaH pap; noJiynpOBO}l;HllKOBhlX np1160-

poB lI Jl3M0pHT0JlbHblX M0TO}l;OB, llMeIO:m;Hx npaKTllqecKyIO 3Haq11-

MOCTb. 
Ilpe]I.JIOiKeHo HCJIOJib30Ba.Tb p;JIH reHepal\HH CB"ll-KoJ106aH11il pac-

npeJJ;eJieHHbie noJiynpoBOAHHKOBbl0 cTpyKTypbl, HBJIHio:m;11ecH o]l.HO
npeMeHHO aJieMeHTOM c OTpIUJ;aT0JibHOH n11cp<J>epeHullaJibHOH npoBO

}l;llMOCTblO u pe3oHaTOpOM. 9Kcnep11M0HTaJibHO peaJIU30BaHO caMO

B036y;:naemie KOJlhl\0BbIX pe3oHaHCHblX CTpyKTYP U3 apceHnna raJI

JlHH Ha qaCTOT0 54 rrl\ c BhIXO]l.HOH MO:m;HOCTblO nopH]I.Ka 1 MBT. 
Co3aau no;ri:ynpoBO]l.HHKOBhIH MaJiora6ap11THhIH ucTO'IHHK uaJiy

qemrn 2-)nrn:urneTponoro nuanaaona c ?.lO:m;HoCThIO na Bh1xoae nopHa

Ka 150 YKth. BK:l\l)'la\Omni'I B ce6a B BB~ e;xnnoii KOIICTPY1'UllH re

neparop HaKaq1rn. 4-MR:l:ffi"!>le"IpOBOfO J.IlaJia30Ha Ha J.llOJ.e f anHa U 

"S"llHOiKlll~:lb '1.;lCl"OTbl ll.il ).UOJ.e c 6apnepO)l lllon1m. 
Paapa6oTaHhl KOTICTpy1n~nn n coananhl oopa3Ubl ;:i.e-reKtopoB ;:1.:1.R 

JJ;11anaao1rn JJ;.r11m 110.111 0,4-2 MM na n110;n;ax c 6api,epoM llloTTKl1 H3 
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apCOICl1)..IU l'aJlJIUJI. iloJil>T-B<lTTllllH 'lYUCTllllTe.11hlll>CTb ;\eTenTOpOll 

B 2-MHJIJII1MeTponoM .a;11arraaone ne xyme 103 Bl BT rrpn npene.11bno:ll 

'!YBCTBHT0JlbllOCTll 5 .10-11 BT/fu;"'· 

IlpeJJ;Jiomoua Honan KoncTpyKt\HH u 11reTo,a;u:na uaroTOBJieHIIll 

,ll;HO}l;OB fanua B 1rnge COTOllhIX CTpyKTyp II C03]J;aHhI o6pa3ll,hl CTpyr;

Typ c .a;11a111eTpa11u1 aKTirnnoro ~JI011renTa 7 n 20 :.m~1. l1onaaana no;1-
MOIBHOCTh reuepaum1 c llX IIOMOIIJ;l>IO ll3JIY'l0Hllll Il 4-Mll.'lJIIDieTpOBO.\l 

]l.Hana3one JJ;JIHII noJiu, a TaKn•e JJ;eTeKTHponamrn u npeo6paaoBamrn 

qacTOThI B 4- II 2-MllJIJIHMeTpOBOl\1 .a;uanaaonnx BO.'IH. 

YcTanonJieIIa noaMonrnocTh acpcpeKTHBHoro np1nreneHHH B rene

paTOpax l\UlJIJlllM0TpOBOfO }l;Uana30Ha BOJIH (4-8 11rn) BblCOKOJJ;06poT

HOro KBa3IIOIITH'lecKoro pe30HaTopa B KaqecTne onopHoro }l;JIH y.11y11-

I1IeHHH qaCTOTHOH CTa6HJibHOCTll ll cya•enHH cneKTpa aBTOKOJie6aHllll 

Ha }l;l10,[J;O fauna ll pe30HaHCHo-npOJIOTHhIX ll rapMOHll'l0CKllX pe;nn

MaX pa6oThl .a;uo.n;a. 

Paapa6oTaH MeTo,a; II annapaTypa }l;JIH onpeJJ;e.'!eHirn npocTpaHCT

nennoro pacrrpeJJ;CJIOIIHrr np1111wcPi°1 11 1qw~1mm. oc11011a11111.il' na n:iy
qeHHH cne1npon IIOrJIOILJ;Cl!llH ;)l{CIITOll-nplDll'l'llhlX nlHlll.,l'I-\COB 

B MarHIITHOM IlOJie. 

Paapa6oTan nonJ.Tii anT0MaT1111cc1mM: JJIJrnncoMcTp co cncKTpaJIL

HblM }l;llana30HOM 0,63-10,6 MKM, nam:m;uil: B03.\!0H\HOCTb nponene

HllH II3Mepennii ua 11rnKpoy11acTKax o6pa3u;on .n;o 20 x 20 .\nrn2
; 

no CBOHM napaMeTpa111 ,a;aHHhIH aJIJillllCOilieTp npeBOCXO;:J;llT 3apy6e;n

Hbl0 aHaJiorn. 

PHA }l;OIIOJIHHTOJihHhIX ,a;aHHhlX o pe3y.'lhTaTax Bhmo:rneHHblX nc

CJie]l;oBam1ii B aTOM nanpanJieHllll npIIBO}J;HTCH B cneu;na;;:rbHOll CTaTbe 

c6opn11Ka. 

llccJie}J;OBUIIllH Il o6JiaCTll cpoToa.1eKTpH'I0CKIIX HB.'10Hllll np1rne:m 

R CJie,a;y10:m;nM OCHOBHhIM pe3y JlhTa T<l;\[. 

y CTUHOBJieIIO' 'ITO HIICPl\HOHIIOCTb HOCTaI\lIOIIa pnoii nplHll'CHOii 

cpOTOIIpOBO}J;HMOCTii BbICOKOOl\I!IhlX KO.\meucuponaHIIblX rro:iynpOBO;J.

HllKOB M0il{0T orrpe,a;eJ!lIThCH He BpeMeHe;\I i-Kll3HH HOCIITeJiell 3apnaa, a 
nuepu;HOHIIOCThIO rrepepacnpeJJ;eJIOHHH o6'beMHOro aapH;J.a, CB.ll3aHHOf0 

Ha rrpHMeCHX, T. e. BpeMeIIel\I rropH.ri;Irn 06paT110i°I 'IaCTOThl no:u1 Ill'

peaapH}J;IHI JI011yme1c 9To npl'~rn na .\llloro uopn;narn ~wa'l'T rr1wuh1-
IIIaTh BpeMH nrn3nu H cyru;ecTBenno orpamr'lnBaTh OhICTpo~eilcTBne 
llp11M0CHhIX <floTOconpOTllBJl0HHM, ll3rOTOBJI0HHhIX II3 KO:\Ill0HCHpO

BaHHhIX IIOJlyrrpOBO}J;HHKOB. 

06napymena n nccJie.ri;onana npn~wcnarr tJ10Torrpono;::1.1n10cTb rep

MaHHH H RpOMIIIIH npu ::mepruax 1poTOllOU, :lll<l'IlITe.'IbHO ;\IellblllllX 

anepnrn nonuaau;nll rny6oKnx 11p11111ocIIhIX r~e1ITpoB. 8cpcpeKT o6'hHC

HHeTCH cpOTOHOHli3a1~Heii rJiy6oKHX npmrecn&rx I~l'I!TpOB npu HepaB

HOB0CIIOII 1wm[mrypa1~1111 0!\py;i,a1oru;ux llL(ep pemeTKll. l'i.o:III'IeCTBl'H

HOe HCCJIO}J;Oilal!JIO Jt[Hlrn1na OTKpbrnaeT B03)!0arnoCTb orrpeneJieHIIH 

napaMeTpon r.TTyomrnx npnMocnhrx r\c1npon. 

Oouapymeu u nccJIPJJ:OBau rrp1n10cu1>1f1 cpoTo3:1enTp1P1ecr;uii alp
<PeKT, 3fll\Jll<)llHIOll~Hiicf! B yneml'IeinlH L(IIa.lI0KTpII'IeCI-\Oll IIpOHUUae

MOCTH flOJIYllJHHIOj\Illll\a rrpn OilTIJlH'CKO~l aacl'.ll'llllll no;i()y;i.;;\eHHhlX 

cocT0111111~i 11p11MeceiL Ha npnMepe aTo~iou ra.11:mH B rep.\ianu11 on-
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pe]J.eJieHbI IIOJJ.!Ipu3ye)!OCTII H BpeMeHa IBH3HH B036ym]J.eHHblX COCTO.f.1-
TIIIH. 

TeopeTJPieCl\11 no1rn3ano, 'ITO n noJrynpononnmrnx np11 m131w11: T<.'M

IIepaTypP. rrpOUCXOJJ.llT cl>oTOIIOJJeBa.f.I HOHH3ail,H.f.I IIpHMeCHbIX u;enTpOB, 

3al\JIIO'Ia1om;a.1IC.f.1 B TOM, 'ITO OIITH'IeCKH B036ym]J.eHllhlM npHMeCHblM 

o;eIITp HOHll3HpyeTC.II IIYTeM TyHneJibHOro IIpoxom]J.eHH.f.I HOCHTeJI.f.I 

sapH]J.a 'Iepe3 KyJIOIIOBCKHH 6apoep IIOJJ. ]J.eHCTBHeM naJIO/l\eHHoro na 

I<pHCTaJJJI O]J.HOpO]J.HOrO ::rneKTpH'leCKOro IIOJI.f.I. <l>OTOIIOJJena.f.I HOHH-

3all;H.f.I CTaHOBIITC.f.I 3aMeTHOH IIpH JJ.OCTaTOlJHO HH3KHX Te:11mepaTypax, 

KOr]J.a <l>oTOTepMn'IeCKa.1I nOHHsau;1rn IIpHMeceii nena6JI10JJ.ae11rn. B MHO

ro]J.OJIHI1H1>1x IIO.TiyIIpOBO]J.Hirnax cl>oTOIIOJieBa.f.I HOHH3aD,H.II CHJJbHO 

3aBUCI1T OT opue1ITaI1,Ull aJieKTPH'IeCKOro IIOJI.f.1 B KpHCTaJJJJe H MaK

cmraJihlla B HarrpaBJJeHHH CallIOH JierKOH a<I>cI>eKTHBHOH MaCChl (IIoIIe
pe'IIIO:ii). 

TeopeTH'IeCKII IIpe}J.ci<aaan HOBbIH a<f><f>eKT - aaBHCHMOCTb BHJJ.a 

OIITH'IeCKOro H cl>oToaJJeKTPH'IeCKOrO cueKTPOB MeJIKOH BOJJ.OPOJJ.OIIO

JJ.06noii JJ.OHOpno:il: IIpilllieCII B IIOJJyIIpOBOJJ.HHKe c H30TponHOM a<f>cI>eK

Tirnnoii 11raccoii OT opneHTail,HH BHemnero MarHHTTIOro IIOJJ.f.I OTHOCH

TeJibHO KpncTam1orpa<f>H1Jecmu oceii noJiynpoBOJJ.TIHKa. Ha6JJro]J.eHHe 

]J.aHHoro acpcpeKTa II03BOJJ.f.leT OIIpe]J.em1Tb, HBJJHeTCH JIH JJ.ODOp npH

JIIOCLIO 3a:.tCU\emrn JIJl11 np11MeCHbJM I<OMIIJJeI<COM c 6oJJee JIH :ll{QM CHJIT-
1\IeTpUeii:. 

Cos]J.anhl nnoilIILJC rernpocTpyKTYPhl InP /In GaAsP, 11sJ1y'IaIO

ID,ne na ]J.JJirne BOJJIILI ')., = 1,5 JllKJII, ll HCCJie}J.OBallbI HX OIITH'IeCKHe 

n cpoToaJJeKTpwi:ecK11e cBoiicTBa. Ha ocnoBe aTnx CTPYKTYP cosnaH1>1 

cneTOAJIOJJ.hI ]J.JIH BOJIC 1110m;nocT1>10 3 MBT c BhIBOJJ.OllI H3JJy'leHirn 
'!epe3 OKHO B IIO]J.JJOi-I\Ke. 

Ha ocHoBe :npucTaJJJJOB mrn6aTa 6apHH-CTponu;na cosnan1>1 Jia-

6opaTopHhle J\IaKeTbl llH3KOBOJibTHbIX aJieKTpOOllTR'leCKHX KOMMy

TaTOpOB MHOrOMOJJ.ODbJX CBeTOBOJJ.OB c npe111ene111 nepeKJJIO'leEHH 111e

nee 10-1 c, nornpmm nsJiy'leHHH npn nepe1<JI101IeTIHH H3 OJJ.Horo cne

Tonona B JJ.pyroil )renee 10%, ynpaBJIHIOID,HM nanp.1Imemrn111 35 B. 

06napya;ena sanncmrocTb lfiop1111>1 CIIeKTpa ¢oTo-8JJ.C reTepo

CTPYKTyp1>1 CdSe-CdS n o6naCTH IIOrJIOID,eHHH CdSe OT nanpm1rnH11H 

na]J.eHJtH cneTa. 

BoJJee nonpo6n1>ie ]J.aHHhie o peayJI1>TaTax HCCJie]J.onannii B o6JJaCTll 
qrn3l1Kl1 IIOJJynpOHOJJ.lll1KOD conepil\aTCH D [4, 7, 10] H H ny6mrnal\l1HX 
[277 -393].1 

Ai>ycmoa.ie1·imponww u ai>ycmoonmw>a. B 1979-1983 rr. noJ1y

lJIIJIU ]J.aJibIIeii:mee pa3BIITHe llCCJie]J.ODaHirn I1P8 B o6Jiacrn: aKyCTO
aJICI<TpOilllKJJ u aKycToonTHI{H. B lJaCTHOCTH, 61>rnH nony'!en1>1 c1ie

]J.y1om;ne na1160.11ee ana'lrnrhle pesyJihTaTbI. 

Paapa6oTana )leTOl].1rna onTHMaJihnoro CHHTeaa nonocoB1>1x <f>n:JibT

pon Ha IIOnepx11ocTBJ;JX aJ<yCTJ1LICCKl1X DOJJnax (IIAB) H C03]1.aH PHJJ. 

yconcprnenCTBOBallHLIX l\OIICTpy1-.1\Jtii qnIJJ.bTpOB c e:\lKOCTBbIM B3Be

IDilBaane'M 3;reKTpo10B. H •rnrT110CT11, co31au <lJu:rbTp npo:\1e;nyTo'l-

11oi1 'iaCl'OT'Ll 1.1f1 Tl.'.WlmJ\\(llllllJ\ np11('\\TlllKOB 11,BeTBOro Il306pa;ne

l\lll{ l K.1,\Cl'\\ Cl' CT.\6U.1bl\Oi\ l\l\l"ll\H'lt:lll<';l.11\IOCTblQ J:IeKTpU'1ec1mx 
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xapaRTepncT1m OT o6pa3t\a I{ o6pa31\y, ynon:ieTuopmom;mci nce:.r 

TexH111IecKim Tpe601rnm11nr i\Ie;HJJ.ynaponnoli cncrn.11hr CEI-\Ai\I. 

IlpOJl;JTOil\Oll II llCl:JIOJ\OJlall JlOllLIH 1110'!'0)..\ 110)..\allJ!ClllIH J!Oil\HhlX cur

HaJIOB B aKycTwrec1{nx JJumrnx aa.n;epn-;Kir na oc11one nne.n;emrn pac

ceJIHHJI llOJIHL[ ua CT3TlfCTI1LieCKU nep013IlhIX (mepoxonaTbIX) TOpo;ax 

3ByKonpOBO]J.a. B ]J.Banaaone 'IaCTOT ]J.O 10 rru; IlO;Jy'IeHO OCJia6:re

HJrn JIOnrnoro CHrIIaJia 20 JJ.B, 'ITO II03BOJI.f.leT KOHCTpynpoBBTb a:ny

CTH'leCKtre JIHHHH 3a]J.epmKir Ha M3JJhTe, llOPHAHa 0,5 :\IKC, ]J.JIJITe.11>
HOCTH. 

Ha ocHone IIJieuo1{ ZnO n CHCTeM1>1 ncTpe1IIIO-lllThrpen1>rx a.1eKT

POJJ.OB coa}J.anhr acpcpeI<THBHhie npeo6pa3ouwrem1 JJ.JIH noa6ya-;~emrn 
nouepxHOCTIILIX aKyCTli'IeCKIIX DOJIH n Henhe303.1l('KTplPieCnl!X :npnc

TaJIJiax. Mumn.rannnbre noTepu IIpeo6paaoBamrn npu Bos6y;1-;nemm 

[JAB B IlJiaBJierroM 1rnap~e ,...,7 .n:B Ha 'laCTOTaX ]J.O 200 i\Ir~. 
BIIepBbie noJiy'leH a¢qie1n MHoroIIpoJieTiroil renepau;un ai.;ycn1-

'lecKnx BOJI][ B rrcpCMCJIJ!OM aJICI\Tpll'ICCl\Oi\[ ll TIOCTOHI!TIO:\I ~!al'Hl!TllO:\( 
noJie aa C'leT XOJIJIOBCHoro TOI{a B n-ZnSb npn 77 R Ha 'IaCTornx ~o 
2,8 rr~. 

IIpeJJ.Jiomen nonb1i'I 
aKyCTH'leCI<lfX mmn:ii 

acpcpeKTUBHhli MaTepnaJI ]J.JIR 3ByKonpOBOAOD 

BaJJ.epnmn CB LJ-nuanasona Bo:rn na ocnone 
JITTpm1-aJI IOi\1111111 l' II() l'O I' p;111 ;na. a 1\TI 11111 po Ila 1111() 1·11 pt'; \ l\11 ;;p ~ll' .' I b ll hi \l 

aJrnMeHTOM JllOTUL\l!Ci\L B <:>TOM i\IaTepua JIC ne:111<11ma nor.1o w,eH11ll 
B ]J.Ba pa3a MCUhlllC, 'IBM B l\PllCTaJlj1ax py61111a. 

l1ccJie]J.onamrnM11 n o6JiaCTif aKycToonTnKH npe,11,ci-;asa11a n03:\ro;1-;

HOCTh cyn~CCTllPlltrO HCJJl!!l('ii11oii .\fO]J.)'JlflL\llll )\ll;J:IL'l;'J'Pll'll.'C1'0ii 11po 

HHo;aeMOCTII KprrCTHJIJia 3BYKOi\C II ll,pyrlie aI<yCTOOfITll 'ICC I\ lie fl n:iem1 H. 

IloKa3aHo, 'ITO 313YI{ i\IOil\eT 6LITb ycn.TJeU Cl3CTQ~[ D npO!\L'CCC a1-;yCTo
OIITH'leCKOro B3aUi\IO]J.ei1:cTnHH. 

06Hapymen II MCCJie,n:ouaH IIOBb!II TUIT KOJI.lH!Ieapnoro B3amt0-

]J.eiicTBH.f.1 cneTa c nouepXI-lOCTHOH aKyCTll'ICCI{OH DO.lIIOII B n .iairapHblX 

JJ.Hcp<f>ysHoHllbIX Cl3CTODO]J.ax H3 mro6arn mrnrn: (LiN'b03). COIIpOB0;1-;

]J.aIOID,HMCJ1 npco6pa3onamrmr nosmonOJl.!!Olr c11eTonoi°r :\1o:th1 TE ,, H 

06'b8MHy10 HOJ111y. lipllMOlll'lll!l.' na1111oro ;11\yCTOtlllTll'll'L'l;lll'tl H:l<llDlll 

]J.eiicTDHH no:inoJIHCT yBeJ1tPmTi. Al!Wu1u•rcc1-;11ii: L\11a11a;,;011 11 :1a11ap11t>1x 

aKycToonTn•rncmrx ycTpoi'IcTn 06pa60T1rn mHpopi\Ca1\1m Ha 15-20 nB. 

06napya;err n nccJienonaH acpcpern npeo6pa:ionamrrr orrn1<1rcl\Hx 
MOJl, n.1ra11ap11oro 110 .11mi11o)(a 11 00 · 1.t·~111i.1p r1H"l'n11i.1t' 11n:1111.1 11 i>pncrn:1:1t' 
C 110llOpOT0~( 11.llOCIWCTll llO .l lllp11:1a1\lll[ II;\ \)L)''. 110;;111ll\<llllll\llii 1tp1t 

KOJIJIHJieapIIOM 1131l11MO]J.eii:cTBIIH OITTll'ICCl-\l[X i\CO.O: c rroncpxl!OCTll!.Dlll 

aI{YCTiilJeCmLi\l I[ BOJI lf UMII. 8TOT acflcpCKT Ile pcuewrn UC!! !(JI H co :1na mm: 

MHKpOMJJJIJiaTIOprrr.rx IIJJanapHblX ~\J(:VCTOOIITll'l('CI\ll '\ CTl('l\Tpon11a 
JI:n3aTopon pal\11oc11r11a J1011 c •racTonu111 no I IT1\ . 

PHJJ. Apyrux pc:iym,rnTon 11:i.10;1\etr n l!i, 7, ·tOI 11 11 11yo. 1111rn1\1111\ 
[394-4.47], aTOii: TCMC nocnnrr\crra Ta1c1-;e nan.ir 10 . II. l\ . 1111•11.1 
C CO:lBTOj)H 1\llf 11 11;\CTOllll\l'~I l'Otlpiilll\L'. 

<Pu1u1;a .1ta?11um11u1:i.· Jw.u•1uui. 8 Jl,a11110'1 ll i\1 1pa11. 11•111111 11 

1979-1983 l'l'. l10JIY'lll.ltll 311<.l'llll"Cclbl[Oe pa3BJITllC llCC.ll'~ \Ollllllllll 
cnoicTB ~rar1111TOC.TaTtl'rcc1mx uo : rrr npn HX pacrrpocTpa11em111 u pa:i-
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Jlli'IHLIX cpelJ,aX' a TaKJl\e pa3pa6oTJUI Il IlCCJielJ,OBaHHH MarHHTHhIX 
cpeA, Heo6xoAIIMLIX ;a,JIH perncTpa:u;nn II3JiyqeHHii n ;a,JIH ;a.pyrnx BH;ll.OB 
o6pa6onrn: nH<JiopMaII.HH. B qacTHOCTH, 6LIJIH 110JiyqeHLI cJie;a,yro~ne 
pe3yJihTaThl. 

1 

TeopeTHqec1rn npe;a,cKa3aHo n :rncnepHMeHTaJihHo o6HapymeHo 
cy~ecTBoBamrn noJiocoBo~ AOMeHHoii cTpyKTYPLI B <JieppoMarHeTHKax 
B CllJILHLIX (nopHAKa 110 K3) MarHllTHLIX IIOJIJIX. 

lfayqeuo Bmrnune cJiou:cToii cTpyKTyphi MarHIITHLIX anHTaKcnaJih
HLIX IIJieHOK Ha CBOHCTBa AOMeHOB; B cJiOHCTLIX IIJieHKax qieppu:TOB-rpa
HaTOB BIIepBhle o6Hapyll\eHLI BHyTpno6'heMHhle ;ll.OMeHLI, o6Jia;a,aronwe 
cKopocTLIO ABHmemrn CBLime 1CO Mic. 

TeopeTnqecKn npe;a;cKa3aHhl 11 <rncnepnMeHTaJihHO Ha6Jiro;a;eHhl 
mraHTCKU:e (50-60 ;a;B) 'OCII.HJIJIHII.llll B qacTOTHOll xapaKTepHCTilK(l 
npoxom;a;eHHH KBa3HIIOBepxHOCTHOH CIIHHOBOH BOJIHbl qepe3 TOHKYIO 
IIJieHKY a<eJie30HTTpHeBoro rpaHaTa, 'ITO OTKpbIBaeT B03MO/l<HOCTb 
C03)1;aHHH Ha HOBOM npHHII.HIIe 3arpam;a;aro~HX Il IIOJIOCOBblX cl>HJibTpOB 
B )J;Harra3oHe 1-10 ff:u;. 

Ilpe;a;JiomeH l\leTO)J; ·Ob;eHKll BJIIlHHilfl pa3JillqHblX MexaHH3MOB, 
onpe;a;eJIHIO~IlX TeMnepaTypHLie ll3MeHeHllfl npeJIOMJieHHH CBeTa B 
MarHHTHLIX AH3JieKTpHKax; n3yqeHo npeJioMJieHne, ;a;BynpeJIOMJieHne 
n cJ>oTOynpyrnii acJ>cJ>eKT B Ky6n1:1ecm1x KpncTaJIJiax RbMnF 3 , KNiF 3 , 

KMnF 3 n B o;a,HoocHLIX KpncTaJIJiax cl>TOpn;a;oB MapraH:u;a, Ko6aJii.Ta 
ll MarHHH; Bhl;ll.eJieHhl Tepl\IOOIITilqecKHH, IILe300IITHqecKilll, MarHHTO
CTp1.m:u;uoHHbIH, TepMOJ\larHHTOOIITilqecKHH Il qnCTO MarHHTOOIITil-
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qecmrn BKJia;a;hl B TeMnepaTypHLie H3l\IeHemrn npeJIOMJieHHH cBeTa. 
TeopeTHqecKn noKa3aHo, qTo H3-3a MarHnTOynpyroro B3aHMo

AeiicTB1rn ye;a.1rneHHaJI BOJIHa THIIa )J;BlliKY~HXCH COJIIlTOHa IIJIII ;a;oMeH
. Hoii rpaHIIII.hl l\JOIBeT cy~ecTBOBaTb npn cKopocTHX 3HaqJITeJibHO 
npeBhIIIIaIO~HX npe;a;eJihHYIO CKOpOCTL ¥ OKepa. 

¥ CTaHOBJieHo, 1:1To cBeTOqyBCTBIIT0JILHOCTh npe]];JiorKeHHoii B IIP3 
reTeporeHHOll cpe]];bl ]l;Jlfl 3aIIHCll Il306pameHHH cy~eCTB0HHO 3aBHCHT 
OT B0JIJI':lllHhl ':laCTllll, nanoJIHHTeJIJI. 11oKa3aHo, ':ITO B03]1;0HCTBHe Ha 
3Tll ':laCTllII.J.I nonepXHOCTHhIX CHJI (MexaHH':leCKIIX IlJIIl rllAPOAJrna
MH1:10CKHX) BM0CTO o6'heMHhlX Il03BOJIHeT yBeJIH':IHTb CB0TO':IYBCTBH
T0JlbHOCTb reTeporeHHOH ' cpe]];hl Ha 2-3 nopH]];Ka. 

BLIHCHe1rn oco6eHHOCTII BJIIIHHHH Heo;a;Hopo;a;Horo o6MeHa Ha pac
npocTpaHeHHe nonepXHOCTHblX ll o6'heMHblX MarHIITOCTaTH':leCKIIX 
BOJIH B TOHKIIX 3IIHTaKCIIaJibHbIX IIJieHKax meJie30IITTplieBoro rpa
HaTa. Ilp11 IlMIIYJihCllOM pac11pocTpaHeHllll 06napymem,1 OCI\HJIJI Hl\llll 
IlHTeHCllBHOCTII II BpeMeHH aa;a;epiKKil IlMIIYJibCOB, 'ITO MOIBeT HUHTH 
npaKTil1:10CKOe npnMeHeHHe B TeXHHK0 CBq, 

3Kcnep1menTaJihHO o6HapymeHa ClIJihHaH peaK:u;HH npeo6pa3o
BaTeJIH IIOBepXHOCTHLIX MarHHTOCTaTnqecKHX BOJIH, H36npaTeJibHOro 
no BOJIHOBOMY ':IIICJIY' Ha xapaKTepllCTIIKII nepecTpa:RBaeMhlX 

. cBq-<l>IIJibTpOB Ha MafHIITHLIX IIJieHKax; IIOl\a3aHo, qTo npn B036y;K;a;e
Hllll IIOBepXHOCTHhIX :IIarHIITOCTaTIIqecKHX BOJIH Ha rpaHII:u;e IIJieHKa
llO)J;JIOf!rna, l\IOIBHO C03]l;aTb 4>11JILTP c rJia)J;KOll aMIIJIHTy;a;Ho-qacTOTHOH 
xapaKTepncnmolt u noJiocoii nponycKaHHH 25-30 Mf:u; Ha 1:1acT0Tax 
2-5 rrn. 
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Ilpe,rvwmcn M pcam1:io11a11 1111Top1f1opoM0Tp11 1wc1rnii Mernn onpene
JieHIIH 3aKoHa ]l;llCIIepcllll M 3aTyxumrn MHl'llllTOCTllTll'ICCKllX BO:IH 
BIIJIOTh AO ncch111a 111aJI1>TX AJIJ11l 110J111 (fi ~11\M). 11 p1rnene1111e :noro 
MeTo,a;a K IIJieHKaM 1HeJieao11TTp11enoro rpa11a·rn 11110pni.ie no3Bom1:10 
HCCJieAonaTh sanucHMOCTh IIapaMeTpon 06Me1111i.tx u~e.1eii B cne1:npe 
OT KpllCTaJIJ10rpa<J>II1:1ecKOH opHeHTaIJ,Jill It TOJl~llllbl n.'IOHI\U. 

Pa3pa6oTaHa MarHHTOOIITn1:1ecKaH MeTo;a;uKa C'lllTblBamrn 1rncJ>op
Ma:u;nII c IIOBpem;a,eHHoro MarHIITHOro HOCllTe.1H, ne llOCCTUHUB.11IBUe)IOil 
paHee cym;ecTnonannnIMH CIIOCo6al\m, 111'0, ll 'IUCTllOCTll, II03B0.1HeT 
6oJiee TO'IHO aHaJIH3HpoBaTb npH':IHHhI UBHUU,llOHHblX nponcmecTBilH. 

BoJiee noJIHhie pe3yJihTaThI IIpIIBOAHTCH B [ 4, 7. 10) u B ny6:mKa
:u;nax [ 448-502). 

HpucmaJT,JT,oifiuau-,,;,a u coafJa1me ~tamepua.100 i'J.1.q m6epi'Jome.11>1101'i 
:Me,,,mporiw>u. B 1979-1983 rr. B aTOM uanpaB,1em111 1Ip0Bo.a;11m1ci. 
o6mnpnhie pa6on,r, naIIpanJrenni,re na ool'enC'11C'm!l' KpncTa.1.1a~111 11 

nJieHKaMH llhIIIOJIIUIBllIHXCH n HP3 HHP. 113 pe3y.1hTaToB nnx pa6oT 
CJie;a;yeT OTl\IeTHTb CJieAYIOIII.ee. 

Pa3pa6oTaHa Jia6opaTOpHaH TexnoJiornH nony11emrn :1reTO;a;oM 
:MOJieKyJiapHOH 3IIIITUKCHH HeJieruponaHHbIX II :ierupOBUHHhIX 0.10B0:1( 
IlJI0HOK apccimAa ramnrn TOJLIU.IIHOii 0, 15-0,5 ~LID! c KOllHl'llTpa
:u;neii 3JIOKTpOHOD AO 10-17 Ci\C3 . 

Pa3pa6oTaHa TexHoJiornH noJiy1:1emrn BhICOKOKa11ecrBeHHhlX nLe
soaJieKTPH'lecKux IlJIOHOK OKIICII IJ,HHKa, IIPIHOAHhIX ;J;.'lfl C03;J;UHl1H 
acJ>cJ>eKTHBHbIX ycTpOMCTB Ha o6'he~lHbIX II IIOBepxHOCTRhIX UKycTU'le
CKllX BOJinax. 

Pa3pa6oraH PHA penTre11orpaqm11ec1mx :-.rcro:i;im ;i:;ur ana.1II3a 
peaJihHo:ii: cTpyKryphr IIOAJiomeK nony11ponoA1m1rnn Am BY II ;:i,noiiHhlx 
reTepocTpyKTYP Ha ocHone HX Tnepp;bIX pacrnopoB. a TaK:.he )f0To;i; 
Bhlpa~unaHHH MaJIOAIIC.TIOKHU.IIOIIHblX nnolIHhlX reTl1pocTpy1ayp 
(AIGaAs - CaAs). 

Pa3pa6oTaua Jia6opaTopnan rexno.1ornn no:1y1rC'mrn ;innTancn
aJir,nr.cx c.rrocn qioc<Inma nn1111n c 1rnm1enrp;u1m'ii ;l:1enrpo11ou s. 
· 1015 cM- 3 n nop;inrnn10crh10: npu KO~UiaTHoii rem1eparype 4 · 
· 103 CM2/(B · c) n npn TeMnepaType i-nnnKoro aaora - :i:o 2,6·10~ nr~/ 
/(B · c). 

Paspa6oTaHa MeTOlJ:IIKa noJiy1:1eHnH onrn1:1ecKn IIpospa11HhlX npo
no;a;n~ux IIJieHOK In 20 3-Sn0~ c Koacfi<fnu~nenw:-.r IIporrycnamrn CBera 
,.._,!)QIJ{, If l!OBOpXHOCTllhli\C COll{JOTLLllJllllllll'M ~.;) 1dh1 n12 • 

PuapaooTaua Jia6oparopnan rexn0Jror11n no.1y'IeHnH c.10:.hHhlX 
reTepocTpyKTyp GaAs-Ga1_xAlxAs - GaAs-Ga1-x, II03BOJIHIO~aH 
noJiyqaTh o.ri;Hopo.ri;Hhle no nonepxnocrn reTepocrpyKTyphI c mnpoKmr 
JI3MeHeHIIeM Tnep]];oro pacTBOpa Ga1_xAlxAs 11 pea1nnm rpauuu;a)m 
rerepoIIepexo.ri;on • 

AHaJionPmhie ;a;ocrmrrnIIIIH noJiy1:1eHhI II no pa3pa6onrn npyrnx 
l\-IaTep¥JaJion TnepAOTOJihIIoii aJieKTpOHHKH. BoJiee II0.1Ho pesy:thTaTbl 
IICCJIOAOBaHUH 1Ip11ne.a;eHb1 n (3, 4, 7, 10], B ny6.11rnan;IIHX (503-548] 

. II n cTaThe ,D;nop1rnmrna B. B. u .ri;p., IIOMe~ennoii B 1rncTOH~e:-.1 c6op
HHKe. 
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PH.u; peayJii.TaTo:a no <frn:a1rne TBep.u;oro TeJia 6LIJI noJiy11eH n B Ta-
1 

KIIX o6JiaCTHX, KaK pa.u;nocne1npoCKOnHH KOH,ll;0HCHpOBaHHhIX cpe;:i; 
n MaTepnaJILI .IJ;JIH KBaHTOBoii ~JieKTpOHHl\H. Tai\, Hanpm11ep, pa.u;uo
cnel\Tpocl\onu11 l\OH,ll;0HCHpOBa:(iHLIX cpe.u; o6oraTHJiaCh HOBLIM (Mo
,ll;YJIHI~HOHHLIM) MeTO,ll;OM HCCJI0AOBaHHH H,ll;epHoro MarHHTHoro peao
HaHca B TBepp;o.M TeJie, o6ecn~lJHBaIOID;HM TLICH1J0RpaTHOe yMeHhllle
HHe. mnpHHhl JIHHIIII. 8To OTl\PLIBaeT HOBLie B03MO'il\HOCTII IICCJiep;o
BaHIIH CTPYKTYPLI II BHyTpeHHeii ,ll;HHaMHKII TBep.u;Lix TeJI. B 06Jiacn1 
C03,ll;aHHH HOBhIX JiaaepHLIX 1'IaTepIIaJIOB aacJiymu:aaeT 6hlTh OTMe-
1:i0HHOH paapa60Tl\a Ho:aoro cocTa:aa xpo.M-HTTep6nii-ap6IIenoro CTel\
Jia, noa:aoJI1110m;ero B Jia6opaTopHLIX ycJioBnHx noJiy'IIITh B IIMnyJI1>c
Ho-nepno.u;u11ecKoM pemII.Me MOID;HOCTh 6oJiee 2 BT npII Rfl,ll; 6oJiee 
1 % (npu JiaMno:aoii HaKa'IKe). 

• ,ll;oCTHil\0HHH no KBaHTOBOii: pa.u;no<f>11aHKe H cnel\TpOCKOnUII OTpa
meHhl B (3, 4, 7, 10) H B ny6JIHl\aJ.J;IIHX (549-621). 

VI. AaToMaTH3aU.HSI Hay4HblX HccneAOBaHHH 

B 1979-1983 rr. B l1P8 npo.u;oJimaJiuci. paapa6oTl\a n BHe.u;peHHe cu
creM aBTOMaTII3aJ.J;IIII ::rncnep11.MeHTOB, T0XHOJIOrH1J0CKHX npou;ecco:a 
n ,ll;pyrnx aa,ll;a'I np11.MeHIITeJI1>Ho I\ noTpe6HOCTHM Al\ap;eMnn HayK 
CCCP n l1P8 AH CCCP. B 11acTHOCTH: 

- co:aMeCTHo c HncTuTyTo:M: aJieHTpOHHLix ynpaBJIHIOIIJ;IIx MalllnH 
aa:aepilleHa paapa60TKa II BHep;peHLI B npOH3BO,ll;CTBO II311IepIIT0JlhHO
BLI1IHCJIHT0JihHLI0 KOMnJiel\CLI l1BR-2, HBH-3 H l1BR-20; 

- paapa6oTaHa l\IeTO,ll;IIKa, C03,ll;aH ll npuMeHeH Ha npaKTHK0 
l\OMllJI0KC annapaTHLIX II nporpaMMHLIX cpep;CTB, o6ecne'IHBaIOID;IIX 
nocrpoeHue CHCTel\I aBTOMaTIIaan;IIII 3KCll0,ll;IIJ.J;HOHHLIX pa,ll;IIO<f>H3II1Je
CKIIX 3KCnepIIM0HTOB; 

- puapaGoTau H JllICJ~peu JI OlILJTUOe IIpOH3JIO,ll;C'I'JIO CilCJJ,HUJIH3H

po:aanHLiii: <l>ypi.e-npou;eccop ,ll;JIH o6pa6oTKH cnrHaJioB B noJ1oce 11ac
TOT ,ll;O 500 Kfn; B peaJihHOl\I llfaCllITa6e BpeMeun; 

- aa:aepmeua paapa6oTKa n ocym;ecTBJieH BBO,ll; B aKcnJiyaTan;uro 
Mlloro<f>y1rnn;noHaJihHOro JlfHOI'OMaillIIHHOro nepapXII'I0CKOro H3M0pII
T0JihHO-Bhl'IUCJIUTeJihHOro KOMnJieKca ,ll;JIH aBTOMaT11aan;uu HaylJHLIX 
UCCJl0,ll;OBaHnii HHCTIITyTa Ha 6aae OT0'10CTB0HHOH cepIIiiuoii: nporpaM
MHO-COBM0CTHlllOH DLI11ncJ1uTeJ11>Hoil: TeXHHKH (8BM M-4030; CM-3, -4; 
«8JieKTponnKa-60») u annapaTyphl conpHmeHIIH B CTau.u;apTe KAMAI\. 

BoJiee noJiuo peayJii.TaTLI pa6oT oTpameHLI B (3, 4, 7, 10] H B ny6-
JIHl\aJ.J;HHx (622-637). 

,ll;a1111LIC, DpHDC,ll;CIIIILie D ua,CTOHID;eii: CTaTi.e, II MaTepuaJILI BCero 
c6opmrna ne JIC'IepnhIBaIOT peayJihTaTOB Hay'IHLIX HCC.1J0,ll;OBaHHH, 
noJiytJ:OHHLIX llP8 ll 1979-1983 rr. 8To o6'1>HCHH0TCH Heaa:aepllleH
HOCThlO PHAa uccJie.u;onaTeJii.cRux pa6oT IIJIH He;:i;ocTaT011Hoii Hx npo
BepKoi npu llCDOJlb30DaHim B napO,ll;HOl\I X03HHCTBe CTpaHhl. 8TH pe
ayJihTQTL[ OYAYT oTpamenLI :a nocJieAyrom;nx BLinycRax Tpy.u;on HH
CTHTyTa. 
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YAH ,621.396.969 

Co3AOH"1e POAHonoKaLv10HHOH KapTbl 
•nnaHeTbl BeHepa 

IO. H. AJlEKCAHAPOB, B. M. AY6POBMH, A. M. 3AXAPOB, 
B. A. KOTEJlbHl-'IKOB, A. A. KPblMOB, r. M. nETPOB, 0. H. P>Kl-'lr A, 
A. M. Cl-'IAOPEHKO, B. n. Cl-'IHl-1110, r. A. COKOJlOB 

Onur Ha6moneHHH mrnHeT c noMOIIJ,LIO pannonoRaqHOHHoii ycra
HOBRH lJ;eHTpa AaJibHeii ROCMH'IeCROH CBH3H ( 1] 6bIJI HCnOJib30BaH 

. .ll;JIH paapa6oTRH ROCMn11ecRoro aRcrrepnMeHra no Raprorpa~npona
HHIO rronepxHocrn nnaHeTL1 BeHepa. C aroii qeJILIO n Ha11ane HIOHH 
1983 r. R BeHepe crapronann ROCl\IH11ecRne arrnapaTLI «BeHepa-15 11 
-16» c panuonoRaquoHHoii arrnapaTypoii, coanaHnoii OKB MocRon
CRoro aneprem11ecRoro HHCTIITyTa. B cepennHe ORTH6pa 1983 r. o6a 
ROCMH'IeCRHX anrrapaTa 6hIJIH BbIBeneHhl Ha op6HTy cnyTHHROB nna
H0Thl BeHepa. C 11 HOH6pH 1983 r. no 10 HIOJIH 1984 r. 6Lma npone
A0Ha C'be11rna ncero cenepnoro rronyruapnH rrJiaHeThl nL1rue 30° o6m.eii 
llJIOIIJ,a]l;bIO 115 l\IJIH KM 2• ! 

OcHOBHLIMn aa.n;a11aJ1.m aToro aRcnepnMeHTa, rrpo.n;onmanmerocH 
Henpephlnuo 8 111ecaqen, 6hlno nony11eune panHonoRaqHoHHhIX nao-
6pa1ReHH:ii nonepxHOCTH nnaHeThl BeHepa, H3Mepeune npo~nna Bhl
COT no Tpacce noJieTa ROCMII'IeCRHX annapaTOB H HCCJieAOBaHne JI0-
1\R.:tbHLIX xapa1nepucmK otpaa.eam1 n~aaethl (~]. 

"4 .,l" 

Pom. paAMOno1<a41-10HHblX Mt!TOAOD 

a 1-1cc11eA0BaHMM BeHepb1 

B uccne.n;onamrnx ·1waueTh1 ile1wpa, 11011t•px11ocri. 1rnTopoil anl\JHilTll 
cnnomHLIM o6Jra•rni,m CJIOeM, paA110J101rn1v1011111>1M MOTOI~HM npmrn.n;
JiemnT ocooaH pOJib. B TO npe11rn Kai\ B BllAllMJ.IX, 1111<f>pn1q>ll<'HhlX II 
ynLTpacp110JieTour.1x Jiy1rnx MbT 1rnG.r110Aae,\1 11epx111010 rpnmiqy oonn'l
Horo CJIOH, HaXOAHlll,YIOCH Ha llhlCOTe li5-70 Klll, pag110110.r111i.i npouu
RaIOT 11epea anrnc~epy BeHephr H oTpaarnroTCH OT ee n0Hepx110CTH. 

c nOMOIIJ,bIO pan110JIOKaqHH c 3eMJIM ygaJIOCb ycTaHOBUTb nepHOI{ 
n Hanpanneuue npam.emrn BeHephI, a TaKme partuyc ee TBeprtoii no
nepxHOCTH. Oxaaanoch, 'ITO Beuepa B OTJiu 1me OT rtpyrux nJiaHeT 
npam.aeTCH B cTOpony, 06pan1y10 CHOeMy AlimI>enuIO noxpyr CoJIHl_\a 
II }( TOMY me O'IeHh MegJieHHO - .n;enaH OAIIH o6opoT aa 243 ae.MHblX 
cyTOK. I1ccJiegyH OTparKeHHhIH CIHHaJI, y.n;a.1JOCb ycTaHOBIITb, 'ITO 
3JieRTpuqecKne CBOHCTBa uenepHaHCKOii nonepXHOCTII COOTBeTCTBY
IOT IIIHpOKO pacnpoCTpaHeHHbIM Ha 3e~IJie CKa.'IhllbL\[ noporta~r Ha CH

JIMKaTIIOH ocuoue. U1.1110.r11w11111o1ii 11 1D8~ r. 11a c11ynrnP~1i.1x annapaTax 
coneTcxux 11renrnnaueTHhIX cTaHquii «Be11epa-13 u -14» ymrnaJILHhrii 
3RcnepttMeHT no aaoopy rpyHTa c nonepxuoCTH Beuep1>1 n auamrny ero 
xtt11nPrncxoro cocTa na no1rn3aJI, 'ITO Bl•nepa 1wiil'T1111n•:11.110 110Kp1>1Ta 
pa3HOBH,ll;HOCTH1\H1 Oa3aJihTOB. 

B Hl67 r., xor.n;a cnycxae1111>rii annapaT coneTc1wii Mc;1mnaueT11oii: 
CTaHI~HH «BeHepa-4» nnepnLre nome.rr n anroccpepy n.'Iauenr 11 npona
ueJr na11tepe111rn ee x11M111wc1rnro CtH'Tana 11 pal'll!H':\l'.'ll't111ii Tt'~lllt•pa

Typhr 11 .n;annemrn na nhrCOTax .n;o 20 KM OT 11011epx11ocn1 ile11epbl, 1\Hll

Hhie pa,n;HOJIOKal_\Irn II03BOJIHJ([1 01_\0HHTb TeMncpaTypy H I{an:ie1me ua 
caMoii nonepxHocTn (31, I\OTOpbre 01rnaam1cb qy.n;oaulll,HhL\11! no ae~c
ITt.tM np<V(CTa11.rw111111~1. OJ\t1a1rn n 1\170 r. :nn HaHHhll' fii.1:111 110;\l'tll'(l>t\· 
.ri.enh1 11 yT0 1111e11i.1 H(lHMi.1~111 11a~wiw111111M11 11p11\iopo11 t'll)'l'tiat•Mtll'll 1\11· 

napaTa MenmJiaHeTuoi1 cnm1rru «BeHepa-7», nepertanmern 1111<f>opm\
qHIO HerrocpeI{cTaeuHo c rroBepxHocTu Be11epbr (41. 

Pa.n;uon0Ra111rn BeuepbI noano.1111.rra cylll,eCTBOHHO yTO'lllllTh ana-
11eHne acTpoH0Mn11ecxo11: e.n;nHHL\bl - cpeI{Hero paccrommR OT 3eMm1 
.n;o CoJIHl_\a, RoTopaH, KaK oxaaanocb, 6br.rra U3llOCTlll\ c 01111101\olt OKO· 
.110 100 000 KM. YTo'IneHue acTpoHOMH'lecxoii e.n;num~hl CAOJinJJo uoa
l\WIHHblM BbIBOA HCKyCCTBeHHblX crryTHUKOB K IIJllWOTIUI II AOCTRUK y 
crrycRaeMhIX anrrapaTOB n aa.n;aHHbie paii:oHM 11x nouopx110CTll, 

B TO me npe~rn pa.n;uonoxa1..1no11Hbie Haomo.[\0111111 Be11op1i1 11 APfrHX 
1maHeT noxaaanu, 'ITO n nocJre nnecemu1 nonpaHKll 11 HJlll'lllH)' IOT• 
poH0Mu11ecxoii e.n;nHHI~bl ocTaIOTCH aHalJHTOJibHhlO PRCXO>HAONIUI MllM• 
.n;y «fiaKTU'IeCKHMH H paCC'IHTaHffbllllH Ha OCIIOUO OOTH'llONUX lllOlllC>• 
.n;e1rnii: rronomemrnM11 nna11eT OTHOCnTeJILUO 3o~IJ111 1 AOOTllHI0.111 
HeCROJibRO COT KMJIOMeTpon. BBn,n;y Toro, 'ITO BTll PIOXOIMlllll 10• 
CHT Herrpe.n;cKaayeMbIM xapaKTep, IIPH KamAO~I nontTt II 1111111111 
npnxo.n;nnocb naMepHTb paccTOHHHe c noMOllU•IO PAlltOllOMllllllltl 
ycTaHOBKII IJ;enTpa gaJihHeii KOCMll'lOCl\Ol CDHlll.I "'".·.·.:. ...... • .•• 
HHH noJioilrnHHH nnaHeTbI n MOMeHT ncTpe•11 c NII ·-=II• 
napaTa. Ha ocnone pa.n;uono1rnr~Ho11111i1x H1Gnt0•tl · ~ ltM 

... 

,. 

I, 

• 

., 



·· ·~ !(: 

I " ; ~
\ 

. !' 
ii ~ 

l·'ia.1. 
I 

111' 
r1 ll ' .: ~.' ;, 
~. ~: : 

~ ! 

1\11 
,1 ! 

'l 
i·. 
~\· 

. 

:: .. ' 

·1,~ 
;~· ,' 

~ < 

I
"· . B· , 

l:"ti i: 

p "· 
1' 

1p: 
1HI 
f ~ '., ~!· 

'i,; ::-.: 

' 111 f~1 111 

"" .. ,,., 

i 
Co10ae coa.n;aHa e.n;1rna.11 pen.aTHBHCTCKa.a Teopn.11 .n;1111;Heuun IJJ1Ul101•, 

06ecrre111rna10rn;aH B1>111ucneH11e nx Baan11m¥x nonon-;eHHH c norpew
HOCThIO 1-3 Klll, 'ITO B 100 paa rrpeBhIIIIaeT TO'IHOCTh Teopuii, nocrpoeu
HhlX paHee Ha OCHOBe TOJihKO OlITH110CKIIX Ha6mo.n;enuii (5). 
. Ern;e B 60-x ro.n;ax npn aHaJIII30 crreKTpa OTpameHHOro BeHepoii 

curnana KaK B CIIIA, TaK u B CCCP [6] OhlJIH o6napynrnHhI 06IIInp111>1e 
06nacn1 ee rroBepxHocru, pacceirna10rn;11e pa.n;noBOJIHhI 6onee HHTeH
CllBHO, 110111 OKpymarora.aH l\10CTHOCTh, .T. e. BhlI'JIHAHID;He «pa.n;noHp
RIIJIHI)) na 0Kpyma10rn;ei.1 lf>one. BnocJie,n;cTBHH c no111orn;1>10 Kpynneii
nrnx pa.n;uonoKa~noHHhlX ycTaHOBOR B Apecn6o n f oJI,n;cToyHe OhlJIH 
nony11eH1>1 c npocTpaHCTBeHHhlM paapemeHne111 10-20 KM uao6pame
HHJI oT.n;eJihIIhlX y11acTKOB 110Jiymap1rn Benephl, o6parn;ennoro K 30111-
Jie n nepuo.n; c6JiumeHHH 1. B nocJie,n;Hee BpeMH ,n;JIH oT,n;eJihHLrx CHHM
ROB ropHhlX paiioHOB paapememrn OhlJIO yJiy11mero .n;o 3 KllI (7]. O.n;
naKo oKpymamm.ue npocTpaHCTBa c 6oJiee rJia.n;1wli nonepxHOCTl>IO 
na <JTl1X CllllMKax ue pa3JIH1IHMhI BCJI0}1CTBHe llH3KOI'O ypomrn OTpa
ilWllllOl'O ClAl'JlllJfll, flrJJIHPllJ.IU pniioui.1 llOOOff~(l Jl(l/~OC'l',YllllJ.I /(Jiii 11a-

6mo.n;e1111n c 3e111nu. Bm1.n;y orpam111eHHOCTH ooJIUCTH KapTOrpaqJHpo
·namrn, paapoaHenHOCTH H HCBhlCOKoro Ka11ecTna 11ao6pa:me1rnli .n;an
Hhie, noJiy11e11n1>10 rrpn pa.n;HoJioKa~uu c 3eMJIH, 0Kaaam1c1> 11e.n;ocra
T01IHhl ,n;JIH nocrpoeHHH KapThl Benephl. 

B 1980 r. c no11rnrn;1>ro pa.n;nOBhlCOT011rnrpa-npolf>uJiorpalf>a, ycra
HOBJiennoro Ha aMepuKaHCKOH MeiKrrJiaHeTHOH CTaH~HH «IInonep
BeHepa»,. 61>1Jia rrocrpoena Kapra BhICOT (r1mcoMerpn11ecKan l\apra), 
oxaaThlBamrn;aH noBepxHoCTh BeHephl 111em.n;y 60° ronmoli mnpor1>1 n 
75° ceBepHoli [8]. Ha aroli Kapre BHJ1Hhl .n;eraJin KonrnHenraJI1>aoro 
11iacIIIra6a, TaKue KaK 3e111JIJI llmrap c fopa11rn MaKCBeJIJia, 3e111JIH 
Alf>po.n;nr1>1, 06JiacTh Bera. llaMepemrn n1>1cor1>1 mJin 11epea 50-
150-KllI. BoJiee llteJIKne .n;eram1 - ropHhle xpe6TL1, KparepLI, pulf>ro
Bhle JWJIIIHLI - 01rnaaJii1ch nepaam111n1111>1. Mem.n;y re111, nMeHno arn 
.n;eTaJ11I IlOBepXHOCTH B COBOKYITHOCTH MOI'Jlll Ohl .n;aTb OTBeT Ha l\IHO
rue nonpocM u, B 11aCTIIOCTll, Ha TaRoli: n 1rncronm.ee Bpe11u1 Benepa 
reOJIOI'IPieCl\II URTIIBHa IlOAOOHO 3e11rne, JIJIH TaK me 003/I\Jl3H0IIHa, KaK 
·JlyHa nJiu MepKypuli? 

1Iro6b1 yBn,n;eTh arn xapaKrepn1>10 .n;eraJIH noBepxHocrn, u OblJIH 
nanpaBJie111>1 K nJiaHere' BeHepa Koc111n11ecRne annapaTI>1 «Benepa-15 
ll -16>). 

HcRyccrBeHHhle cnyrnnK11 «BeHepa-15 n -16>) (puc. 1) coa.n;an:r,r Ha 
:6aae op6uTaJibHhIX annapaTOB aBTOMaTH110CRHX MemnJiaHeTHhIX CTaH
D,llH «Benepa-9 - 14», .n;ocTaBllBIIIHX K Benepe cnycRae111ble annapa
ThI. 0Hn 6LTJIH Bhrne,n:eHhI na 6JIH3Kne K noJIHpHhIM aJIJIHTITH11ecl\ne 
op6nThI (pnc. 2) c nepno.n;oM o6parn;ennH 24 11. MnnmiaJihnoe pac
CTOJIHne annapaTOB OT n0Bepxnocr1:1 Benep1>1 B nepn~eHTpe, npu.xo
,n;Hrn;e111cn npmtepno Ha 60° ceBepHoli mnpoThr, OhlJIO OKOJIO 1000 KM, 
MaKClllllaJihHOe paCCTOJIHHe - B anou;eHTpe - 66 000 KM. 

1 IlepIIOA Bpall,\eHll.li IleHephl TRK COOTHOCllTC.ll C nepuop;aMH OOpRll,\OHllH llO H 
3eMJill BOHpyr CoJIHJ.J.R, 'ITO B Kamp;m1 c6JIHll\eHim, Korp;a OTHOlllCllllO CllrHaJJ/ 
myM ol\a3hl.BaeTc.H p;ocTaTO'lHhlM p;JI.11 npOBep;eun.11 na6mop;eunii. oua n0Bep11yra 
I\ 3e~1:w oimm1 ii relt ine no:iyrnapneM. 
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npHHU.Hn paAHOnoKaU.MOHHOH C .. 8MKH 

KocMH'lecKn:e annapaTLI •Beuepa-15 H -16• 06opy.o;0Ba1rn pa.o;uoJioKa-
. D;HOHHO:ii: CHCT011l0ii: BOCLlllHC8HTHM0TpOBOro JJ;Hanaaoua BOJIH, COCTOH
~eii: Ha pa.o;uonoKan;Houuoii cTaun;uH 6oKOBoro o6aopa (PJIC CA) u 
pa.o;HOBLICOToMepa-rrpolfnrnorpaflla (PBTI). AnR noJiy'leHHH Heo6xo
,IJ;mroro rrpocTpaHCTBeuuoro paapemeHnR (1-2 KM) rrpuMeHeH MeTo.n; 
pa.o;HOJIOKan;HH c «CHHT030M arr~pTypw• [9), KOTOphlii ,!l;JIH HCCJI0,!l;OBa-

\ BHR BeuepLI HCIIOJILayeTCR BnepBLie. 
Bo BpeMH pa.n;n:oJioKan;u:ounoii C'beMKH c rroMOlll;LIO cucTeMLI ac

TpoopueuTan;uu KOCMH'l0CKOro ~nnapaTa 3JI0KTpH'10CKaH OCb aHT0HHbl 
PBil Hanpanneua n.n;onL MecTuoii nepTuKaJIH K n;eHTPY rnrnHeu1. 
3neKTpH'10CKaH ocL aHT0HHLI PJIC CA oTKJIOHeHa OT MeCTHoii BepTH-

100 I • u 

R8JIH Ha yroJI Ct.o = H HaXO,!l;HTCH B IlJIOCKOCTH, npoxo.n;niu;eu '10-
pea llleCTHyIO nepTHKaJII.. nepneH,!l;llKYJIHpHO UJIOCKOCTH op6HThI 
(pnc. 3). c UOMOlll;blO nepe.n;aT'ljHKa, ycTaHOBJI0HHOro Ha KOCMH'l0CKOM 
annapaTe, ((OCBeiu;aeTCH» yqaCTOK rroBepxHOCTH UJiaHeTbI, OKaaaB
IDllHCR B npe.n;enax .n;uarpaMMbl HanpaBJI0HHOCTH aHTeHHhl. 

3JieMeHTbl IlOBepxHOCTH B npe.n;enax :noro yqaCTKa HaXO,!l;HTCH Ha 
pa3HOM paccTOHHllll H ,!l;Bllll\YTPH c paaHbIMH pa.n;uaJILHbIMll CKOpOCTH
Mll OTHOCHT0JILHO KOCMHqecKoro annapaTa. IloaTOMY OTpameHHbJe HMH 
n npHHHThle Ha KOClllH'l0CKOM I annapaTe CHrHaJILI He O,!l;HHaKOBO aa
na3,!l;hlBaIOT .n;pyr OTHOCHT0JlbH0

1 

.n;pyra H HMeIOT paaHyIO 'laCTOTY BCJie.n;
CTBHe acpcpeKTa AonJiepa. Hanpn:Mep, TO'IKa A Haxo.n;n:TCH 6JIHiI\e K 
ROCMH'leCKOMY annapaTy, 'leMi TO'IKa B, ll OTpameHHhJe eIO CHrHaJILI 
npuxo.n;HT pauLme. C .n;pyroii CTopoHhl, ToqKa C npn:oJin:maeTCR K an
napaTy If OTpa11{0HHhl0 ero CHrHaJibl HM0IOT 6onee BhICOKyIO qacToTy, 
110M CHrHaJihl' OTpamennwe TO'IKOH D' KOTOpaR y.n;aJIH0TCH. 3To H HC
D0Jlh3Y0TCR ,!l;JIH paa.n;eJieHHH : CHrHaJIOB, OTpameHHbIX OT,!1;0JlbHbIMH 
3JI0M0HTalllH UOBepxHOCTH, npu o6pa6oTKe H llOCTpOeHHH Hao6pame
HllH. B npoeKI~HH Ha nnocKOCTL JIHHHH paBHOro aanaa,!l;hlBaHHH npe.n:
craBJIRIOT Kouu;euTpII'leCKne okpymHoCTH c n;eHTpoM n ToqKe 0 no.n; 
ROCMH'leCKHM annapaTOllI, JIHHHH paBHoro .n;onJiepOBCKOro CMeiu;e
HlIR - KOHHqeCKHe C0'10HHH .. 

B O]l;HOM npoxom11;enn:n: KQCMH'lecKoro annapaTa OKOJIO nJiaHeTLI 
cun:MaeTcR nonoca noBepxuocTH II 1, BhlTRHyTaH B,!l;OJIL Tpacchl T 1 
(pHC. 4). R cne.n;yroiu;eMy npo~om11;eHHIO qepea 24 q nna11eTa noBopa-
1111BaeTCR Ha yroJI OKOJIO 1,5° H CHHMa0TCR HOBaH UOJIOCa II 2• 

TipocplIJIL BhICOT UOBepxuopH llJl8H0Thl no Tpacce llOJl0Ta KOCMH-
110CKOro anrrapaTa 11;aeT pa11;nOBLICOTOMep - npocpnnorpacp. Heno
cpe11;CTBeuuo ll3MepHeTCH BhlCOTa KOCMll'l0CKOrO anrrapaTa so (CM. 
p11c. 3)· OTHOCHT0JlbHO H0KOToporo cpe.o;uero ypOBHH IIOBepxHOCTH B 
nRTHe, uaxo11;H111;e11£CR rro11; annaparoM. BeJIH'lnHa MeCTHoro pa11;Hyca 
Bhl'IHCJIH0TCH KaK pa3HOCTL rrnauerou;euTpH'10CKOro paCCTOHHHH arr
napaTa H H3MepeHHOH BbICOTLI. 

B o.o;110M rrpoxom11;eHHH CHHMaeMaR noJioca H Tpacca HaMepeHu:ii 
npoqnrnR BhICOT paaueceHLI B npocrpaucrne. 011;uaKo npH perynnpHo:ii 
C'b01'1K0 TpaCChl COBMe~aIOTCR c llOJIOCaMH aa cqer nparr{CHHH rrJiaHeTLie 
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Puc. 2. Op6llTa nc
KyccTBeHHhIX crryT-
HHKOB BeHepbI 
1 - nepHl.ICHTp; 
2 - Tpacca opoHThl; 
3 - airnaTop BeHephl; 
4 - anO:QCHTP; 
5 -noJioca JIO:QHpona1rnn 

PHc. 3. CxeMa pa
AHOHOKa~HOHHoil c~oM
KH c KOCMHlJ.ec1rnro 
annapaTa 
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~ ;f 
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nppcTpaHCTBeHHOe pa3peweHMe 

)];JUI H0KOTOpo:ii TO'IKH' noaepXHOCTH, Haxo1vm~eii:c11 ll AQJlllhlii: MOM0HT 
Ha paCCTOHHHH r OT KOCMH'I0CKoro annapaTa H HM0IOII.\0A no OTHOIUe
HHIO K He111y paivraJihHYIO COCTaBJIHIOII.\YIO CKOpOCTH Vn upeMR: aanaa-
1l;I>IBaHHH OTpameHHOrQ cumaJia ('t) II 1l;ODJI0pODCK00 CM01I~OHHO ero 
'laCTOThl (v) paBHhl cdoTB0TCTB0HHO . 

't = 2r/c, i (1) 

v = -2v,/"A, (2) 

r11:e ').. - .D;JIUHa BOJIHhl koH.D;HPYIOII.\ero CHrHaJia, a c - CKOpOCTb CB0Ta. 
MoiKHO noKaaaTi., \:no B cqiep:atieCKoii cucTeMe Koop.o;uHaT, ~eHTp 

KOTOpoii COB111011\0H c ~eHTpOM Mace nJiaHeThl (c 0.IJ;HHM H3 <I>oKyCOB 
op6HThI KOCMH'I0CKoro annapaTa), a a1rnaTopuam,HaH nJIOCKOCTh -
C nJIOCKOCTbIO op6HThl, 

r=YR2 +p2 -2Hpcos(i-in)cos<D, (3) 

Vr = -+ {vrR sin (i - in) cos<.{) - V8 [p - R cos (i - in) cos<D]}. (4) 

3.o;eci. R - pa.o;uyc noaepXHOCTH nJiaHeThI B .o;aHHO:ii TO'IKe; p -
IIJiaHeTo~eIITpH'I0CK00 paCCTOJIHHe, in - HCTIUIUaJI aHOMamrn (yr
JIOBOe paCCTOHHHe anrrapaTa OTHOCHT0JibHO nepu~eHTpa, U3Mepemrne 
lI3 ~eHTpa nJiaHeThl), 1Vr, Va - ropH30HTaJibHaH II BepTHKaJihHaH co
CTaBJIHIOiqH0 CKOpOCTll KOCMH'l0CKOro arrnapaTa, .D;BHIByrqeroCH no . 
3JIJIHnTH'I0CKOH op6uTe. 

B 3TOH CHCT01110 KOOp.D;HHaT .D;OJiroTa i OTC'IHThlBaeTCH B DJIOCKOCTH 
op6HThl OT nepu~eHTpa B CTOpOHY .IJ;BHiK0HHH KOCMH'I0CKOro annapaTa, 
mupoTa <!> - B.D;OJib op6nTaJihHOro MepH,o;HaHa OT nJIOCKOCTII op6HThl 
B CTOpOHY' OTKy.o;a ABHiI\0HH0 annapaTa Ha6JIIO.IJ;aeTCH npOTHB 'IQCOBOH 
CTp0JIKH. 

,Il;II<l><l>epeH~HPYH r no KOOp.D;HHaTe <!> II Vr no KOOp.D;IIHaTe i H ne
pexo.o;H K KOH0'IHhll\1 1np11parqeHHHM, c ytJ:eTOl\1 (1) H (2) npII i = in 

I 
(11TO cooTBeTCTByeT T011KaM JIHHHH AB ua pnc. 3, JiemarqHM n nJioc-
KOCTII, npoBe,o;eHHOii tJepea MeCTHYIO BepTIIKaJii. OS neprreH,o;nKymi:p
no nJIOCKOCTH op6HThl), DOJIY'IHM JIHH0HHhl0 pa3M0ph1 3JI0M0HTa paa-
pemeunJI: . 

- B HanpaBJI0HHHi TpaCChl: 
' 

Ax= RAt cos w = ~r/2La, La.= 'l'tvr, 

--' ,B HarrpaBJI0HIIH, nepneH.IJ;HKYJIHpHOM Tpacce: 

. cr!!J.t 
Au=RA<ti=? . - , 

:>Sill 

(5) 

(6) 

r.o;e t> - BpeMJI CHHTeaa anepTyphl (HJIH Bpe11rn KOrepeHTHOro HaKOII
JI0HllH OTpameHHhlX CHrHaJIOB - B0JIH'IHHa, o6paTHaH 'laCTOTHOMY 
paapemennro l!:..v npH crreKTpaJihHOM aHamrne), l!:..i: ·- paape1Ua10~a11 
cnoco6HOCTb no aana3.IJ;hlBQHHIO ( onpe.o;emieTCH DOJIOCOH tiaCTOT ao1i
.o;npyrorqero c1uHaJia), La - paaMep CHHTeanpoBaHHoii anepTypi.t. 
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1'11c. 11. I l111·;w:11111ar1•:1i.-
11t1rTi. pa;\lll>;w1,a1\11t1u-
Hoii C'Lemrn nooepxuoc Tu 
BeHepbr: T1, II1 - rpacca 
nocw1 11ecrwro annap;na 
np11 ero npoxoa>Aemm 
0Gn11a11 BeHepbl n cmmae
Ma.a nonoca; T2 , Il2 -

rpacca 11 nonoca B cne
AYIOII\f'M npOXOlliJJ;f'Hllll 
cnycr.a cyrnn; T;, Ili -
Tpacca II nonoca cnycra: 
qernl'pTb oGopora BeHepbl 

Puc. 5. lla~1eHeHI1e Bbl
COTbI h II ropn30HTaJibHOll 
C'OCTaBJIHIOII(eil CnOpOCTil 
1 ·r 1wo111•1l'Cnoro auua-
para, a Tan>ne npocrpaH
CTBl'HHoro paapeIIIemrn 
BlJ.OJI b rpaC'Cbl .1.r II 
m11 p1111i.1 1w:w;nwii •i;u·Tu 
l'Hm11w~wii 1w:wl'bl L 11 
B aaBlll'llMOCTll OT llCTllH
HOii aHmlaJIIIII 

P11c. ti. l'l·o~1eTp11•n•eK1te 
COOTllOWeHll.fl MelliAY HaK
JlOHHOii AaJibHOCThIO r, n.1a
HeTol.\eHrp11'!ecn1m paccro
Hllltl'~1 Koo111•1N'1'0ro auua
parn p, paa11ycm1 n.1aHe
Tb1 R II yrno~1 i:x 

s 

h 

~ 

,f 

.p 

O' 

.Il;JIH PJIC CA 1wcM1PrecK11x annapaTOB «BeHepa-15 n -16» t> = 
3,9 .Mc. B nepn~eHTpe La = 36 111 11 yMeHLmaeTCH B HatJ:a.'le n ROH-

110 C'b8MK11 .o;o 33 !II na-aa yllfeHi.memrn Vr. 

Ilpu ITOCTOHHHOH BO.'lll'IHHe Bp0!1I0Hl! CHHTeaupoBaHIIH npOCTpaH
CTueunoc pa3pernemre n HanpaBJieHnn TpaccLr naLJ;aeT c pocTOlI BhI
coTbl iwcMncrncrwro annaparn (h = p - R), .o;suif\y~erocH no 3.'I-
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JIHilTH'IeCKOM op6IITe, H3-3a pocTa HaKJIOHHOH AaJibHOCTH r H Yl\ieHb
meHHH paaMepa CHHTeanpoBaHHo:ii anepTyphl. liaMeHeHne h, vr n llx 
.B aaBncnMOCTII OT IICTIIHHo:H aHOl\IaJIHH AJIH PJIC CA Roc11m'IecKnx an
napaTOB «BeHepa-15 H -16» (/. = 8 CM) IlOKa3aHO Ha pnc. 5. 

IlpocTpaHCTBeHHoe paapemeHne B nepneHAHKYJIHpHoM HanpaBJie
~!f OT BhlCOThl aaBHCHT MaJio. ,[I;JIH Tp~yroJibHHKa O' SG (pnc. 6), 
ngcTpOeHHOro B, nJIOCROCTH, :p:poBell,eHHOH qepea MeCTHYIO BepTHKaJib 
O'S nepneHAHRYJIHpHo nJioci<ocTH op6nThI, no TeopeMe cnHycoB 

r R - ;cRtl't 
-~-- ll t). -~ (7) sm<D - sina 11-. rsina . ' 

IlpII 3aAaHHOM 3Ha'IeHHB yrJia a lly II3MeH.JieTCH o6paTHO npo-
nopn;noHaJibHO' p = R + h. · . 

BoJiee cy~eCTBeHHo naMeHeHHe npocTpaHCTBeHHoro paapememrn 
ll'll B 3aBHClll\IOCTII OT yrJia a, COCTaBJIHeMoro HanpaBJieHHe111 Ha on
pell,eJieHHYIO TO'IKY ll l\IeCTHOM BepTHKaJihIO. Ilpn: 60JiblII0M BhlCOTe 
noJioca· C'LeMRH L 11 BHAHa noA MeHbIDHM yrJioM (pHc. 7) H MeHhme 11:a
MeHeHHe npocTpaHCTB0HHOro paapemeHIIH OT Oll,Horo KpaH H306pa
)R0Hllll I< Apyrol\ly. ,[I;JI11 PJIC CA KOCMH'leCKHx annapaTOB «BeHepa-15 
H -16» (BLICOTa nopun;e11Tpa 1000 KM, ao = 10°, L\'t = 1,54 MKC) B 
Dp0.t{OJ18X DOJIOCl>I C'LOMJ<ll OHO l\IOHH0TCH OT 0,9 RM AO 1,5 KM (He 60-
JIOO, 'IOM B 1,7 paaa). 

.nual\IOTp llllTHa, B ROTopcm ll3MepHeTCH BhlCOTa c nOl\1011\LIO 
P8AHODLICOTOl\1epa-npo<!mJiorpa<l>a (cM. pnc. 3), onpell,eJIHeTCH 
paapolllaIOII\01f cnoco6HOCTLIO' no BhlCOTe Ilk ll aaBIICHT OT BhlCOThl: 

2a = 21/ 2 !}_ hllh , 
p 

npn'IeM 
ctl't. 

M=-2-

(8) 

rAe dt - paapema1o~aH cnoco6uocTh no aana3AhlBaHHJO. B AHanaao
ne BLICOT 1000-2000 KM AIIaMeTp IlHTHa H3MeHHeTCH OT 40 AO 50 KM. 

i . 

KoHTpacTHOCTb paAH0110KaU,HOHHoro H3o6pa>KeHHSI 
! 

KoHTpaCTHOCTb paAIIOJIOKa~IIOHHoro 1rno6pameunH onp ell,eJIHeTCH 
BapHan;ue:ii MO~HOCTH OTpameHHhlX CllrHaJIOB AJIH OTAeJibHhlX y'IaCT
KOB noBepXHOCTll, HMeIOII\IIJii pa3Hhlll' HaKJIOH K nall,aJO~eMy JIY'IY. 
Mo~HOCTh OTpameHHhlX cn:r:HaJIOB npHMO nponopn;noHaJILHa yAeJih
Ho:ii acpcpeKTHOM nJio~aAll o6paTHoro pacceHHHH O' (<p). 0Ha IIOKa3LI
BaeT, KaK H3MeHH0TCH acpcpeRTllBHaSI nJio~all,b o6paTHOrO pacceHHIIH 
y'laCTKa noBepXHOCTH ell,HHII'IHOM reoMeTpH'leCKOM llJIO~aAII B aaBH
C'HMOCTH OT yrna nall,eHHH <p. 3Ta aaBIICIIMOCTb, noJiy'leHHall paHee Ha 
ocHoBe HaaeMBhlX paAHOJIOKaD;HOBBhlX ua6JIIOA0HHM BeuepLI 11: nepe
t"IHTaHHaH K BOJIHe 8 CM, Ba KOTOpoii pa6oTaeT paAHOJIOKaD;HOHHaH 
CHCTeMa KOCl\lH'leCKHX annapaTOB «BeHepa-15 II -16», npHBell,eHa Ha 
p:e:c. 8. 0TCJOAa CJiell,yeT, 'ITd BHa'laJie MO~HOCTh OTpameHHhlX cnrua-
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P11.c. 7. l1:i111•111•111u• )'l'Jla oo;iopa L\a: II aa.. "'., 

BHCllMOCTH 01' 11i.1Gopa Ul.ICOl'lol IWCMH'ICCl\0-
ro annupuTn llJlll c·i.cMl\C 

JIOB 3/l llJICl1T OT YrJIU <p O'IeHI> p031\0 H 
H3MOIIOIIJfO ero ua 1° npIIBOAHT K H3Me
Hemno Mon~uocT11 na 1 AB. 

n''.>n' 
.:1a"< 4a' 

Y PJlC CA l\OCMH•rocKnx armapa
TOB «Benepa-15 n: -16» yroJI a 0 , coc
TaBJIH0Mhlii <lJI0KTpH'10CKOH OCblO AHar
paMMhl HanpaBJI0HHOCTH aHTeHHLI ll Me
CTHOM nepTirnaJII>IO, llh16pau n 10°, 'ITO 
MHOro MeHLIIIe, 'Iel\I y o6hI'IHhlX CTaH
D;HM 6oKoBoro 063opa, ycTaHanmrnae-
1\IhlX Ha CaMOJieTe (9]. Ilpu l\IaJIOl\I yrJie 
o6aopa He B03HHKaeT aaTeHeHnii. 

Ilpu: OTR.JIOIIeHHII ITall,aIOII\0I'O JIY'Ia OT BepnrnaJin Ha 10° l\IO~HOCTL 
OTpan.;eHHLIX cnrnaJion yMeHI>IIIaOTCH na 10 AB. 8Ta BemPrnna onpe
A0JIJieT CP0AHI1H cpOH MeCTHOCTH, Ha KOTOpOl\I BhIAeJIHIOTCH AeTaJIII IIO
BepXHOCTH. Ilpu <lTOl\I H0ROTOpbre 3.TiellieHThl ITOBepXHOCTH, Ta1rne KaK 
CKJIOHLI ropHLIX xpe6TOB, KpaTepon H AOJIHH, llIOryT aaHJITb 6oJiee 
YAa'IHOe noJiomeuue no OTHOIII0HHIO K nall,aIO~el\iy JIY'IY. Mo~HOCTb 
OTpameHHhIX CIHHaJIOH AJIH HUX 6yll,eT HMeTb npeBLilIIeH11e Hall, cpell,
HHM cpOHOM AO 10 JJ;B. ,D;pyrue aJieMeHTLI opueHTHpOBaHLI K naJJ;a10me111y 
Jiyqy MeHee YJJ:a'IHO: ll,.JIJI HHX aua•renue yrJia <p 6oJibIUe 10° II MO~HOCTb 
OTpamemrnx c11rnaJion nume cpell,nero <fioua (Ao -8 AB npn <p = 
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Puc. 8. Y p;eJihH3JI aifl
ifleKTI!BHaH rrno~a.u;h 
o6paTHoro pacceHHn.11 
rroBepxHocn1 BeHe
pbI, xapaRTepuayIO~aJI 
MO~HOCTh OTpamea
HblX l'llrHaJIOB B aa
lll!CllMOl'1'11 OT yrna 
rrap;eH1rn: AJIJI non11-

p11aonau11oil. coc1·u11J11110111uli 0Tpul1rnnuo1'0 CHrHaJ1a (1) u .u;eno;rnpuaosauol 
COCT8BJIRIOUIOlt (2) ' 110 /IUllllhlM, llOJIYlfOHHblM paHee rrpH paJJ;l!O:JOK8UllH c 
3eMJIH. Hp11uu11 a llJlllllO/UlllTU llll 10 /10 
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= 20°). Cne.n.onaTeJILHO~ KOIITpaCThl Mem.n.y oTµ,eJILHLIMH :.>JreMou·r·uMu 
nonepxHOCTH llIOryT .n.oc'rnraTI> neJIH'IHHhl nopJIP,Ka 20 .n.B. 

PeaKaJI aanncn.MocTb MOIIJ,HOCTH OTpameHHhlX cHrHaJIOB OT yrJia <p 
~. Ka.K CJie,ll.CTBHe, BbICOKaJI KOHTpaCTHOCTb H306pameHHJI, noJiy'IaIOT
CJI npH npue11re O'rpameHHhlX CHrHaJIOB Ha aHTeHHY' IlOJIJIPH3aD;HJI KO
Topo:ii corJiaCOBaHa c Il0JIJIPH3an;He:ii aepKaJibHO OTpameHHOll BOJIHhl. 
EcJIH me aHTeHHa pacc'IHTaHa Ha npHeM BOJIH, .n.enoJIHpHaonanurnxca 
npn: oTpameHHH, To yponeHb rrpHHJIThlX cHrHaJioB pea.Ko na.n.aeT H K 
TOMY me O'IeHb CJia6o 3aBHCHT OT yrna cp (CM. nyHKTHPHYIO KpHBYIO 
Ha pn:c .. '8): 

IlqJ.iJipn:aan;m1 aHTeHHhl PJIC CA JI PBIT JIHHeiiHaH, O,ll.HHaKonaJI 
npH nepe.n.a'Ie JI npHeMe. BBH.11.Y OTCYTCTI.IHH y Benepbl aaMeTHoro Mar
HHTioro IlOJIH npH pacrrpOCTpaHeHHJI BOJIH 'Iepe3 ee llOHOCcpepy no
JIHJm3aD;HOHHblX IlOl\IeX He B03HHKaeT. 

norpeWHOCTb 1>13MepeHH.R ~ 
MOW,HOCTH orpa>t<eHHOro CHrHana 

Ra'IeCTBO pa.n.n:oJI0Kan;110HHoro 11ao6pa}Kemrn, noM11Mo paapernaroIIJ,e:ii 
cnoco6HOCTH Il KOHTpaCTHOCTH, onpe.n.eJI.HeTCH TaKme norpellIHOCTbIO 
HSMepeHHH l\IOIIJ,HOCTH OTpameHHhlX cnrHaJIOB. :'.ha norpeIIIHOCTb aa-

1 u 

BHCHT OT BeJIII'IHHhl OTHOIIIeHHH cpe,ll.HHX 3Ha'IeHHH MOIIJ,HOCTH OTpa-
il\eHHhlX curnanon u wyllrn npHeMHo:ii annapaTypI>I Pel Pm, orrpe.n.e
J1.fle111oro nnpaM0Tpn11111 PJIC, a TnKme OT •mcJTa N 11 ncaanHcn11ro yc-

u I , 1 pe,ll.HHeMLIX nslllepeHHH lllOIIJ,HOCTH oTpan<eHHoro cnrHaJia. .r cpe.n.He-
nn:0 HCOUXO,ll.HlllO lVIJI CIIHiH0HHJI BJIHJIHHH HHTepcp0pem~HH cn:rHaJTOB, 
0Tpam0m11>1x OT,ll.0JibHhTllm TO'IKallm B npe.n.0nax paapemaeMoro aJTe
Menra. 

OruocurcJiblHUI neJIH'InHa cpe.n.HeKBa.n.parn'I0CKoro 3Ha',I0HHH no
rpellluocTn H3lll0pcmrn l\IOIIJ,HOCTH orpan\0HHhIX cnrHaJIOB Ha. BhIXO,ll.0 
ycrpoilcTna o6pauorKn HMeer nn.n. 

2- 1 (1 pw)' 
p - \ + J-

c Jf N 11 c 

,ll;Jrn PJIC CA KOCMII'IeCKllX annapaTOB «BeHepa/15 n -16» 'IHCJIO 
NH H3MeHJieTCH OT 6 .n.o 14 's ,ll.HanasoHe BhICOT 1000:.._2000 KiI. OTHO".' 
IIIeHHe P,)Pw B n;eHTpe ,ll.HarpaMMhl HanpanneHHOCTH aHTeHHhI 26-
20 .n.-B ,ll.JIJI Toro me .n.nanaaoHa BhlCOT H Op/Pc H3MeH.HeTCJI OT 41 .n.o 
27 % . Ha Kparo ·.n.1rnrpaMMbI HanpaBJieHHOCTH P cl Pm. na.n.aeT Ha 10 .n.B. 
Rpo111e Toro, ,ll.JIH He.K0Toph1x· aJ10MeHTOB nonepxHocTn: yponeHh oTpa
meHHhIX curnanon 1110IBeT 6LITb Ha 10 .n.B HHil\0 cpe.n.Hero (cM:. npe,ll.hI
;nyIIJ,HH paa.n.eJI). ,ll;JIH ()TlIX aJiellleHTOB Op/Pc B03pacTaeT .n.o 50%. 

KaK cne.n.yeT n:a pHc. 8, naMeH~e MOIIJ,HOCTH oTpameHHhlX cn:rHa
JIOB B 1,5 pasa (Ha 1,8 .n.B) npoHCXOl(HT npn H3l\10H0HIIH yrna HaKJIOHa 
()Jl0MeHTa. nonepXHOCTH OTHOCHTeJibHO rra.n.amIIJ,ero Jiy'Ia . Ha 1,8°. 
Cne;nonaTeJibHO, B03l\rnnrnoe H3MeHeHHe yrnon HaKJIOHa or 0 .n.o 20°, 
Ha 't!TO paCC'lHTaH aKcnepHMeHT, npHBO,ll.HT K Il3MeHeHHIO .MOIIJ,HOCTH, 
npeBhIIIIaIOIIJ,eMy cpe.n.HeKna.n.paTH'tleCK00 3Ha'tleHHe norpelllHOCTH 00 
na111epemrn, no HpaiiHeii ~iepe, B 10 paa. 

Sb 

BnH.RHHe eeHep1·1aHCKoi1 arMoccpepbr 

llpu orpaIIH 1IeHHOM npeMem1 CHHTeaa arrepTyphr rrpocrpaHcTBeHHoe 
paapo11101111e 11 naupanJremrn Tpacchl xocM11•rerxoro arrnapaTa Te)! Bhl
rno, 'IOM 1rnpotre paiiolfaJI uomra ( CJ\I. (5)). C .n.pyroii CTOpOHhI, Ha BOJI
Hax Kopotre 10-20 CM pe3KO rra.n.aeT J\IOlll;IIOCTh OTpa;J\('HHhlX CIIrHa.'IOB 
BCJie,ll.CTnne uepeaoHaHcaoro rror,110nwmrn ;:i.i:enTpo)ra rmrnrnro na:ry
'IOIIHJJ 11 ra3onI>Jx cocTa11Jrn10111.11x wrl\roc1Jiep1>1 Beneph! 11, rrpeil\,'.J.O 
ncero, 11 ynre1urcJIOM rase, ua 1rnToporo oua rrotITn 1\e.i:nHO)l rocTonT 
I 1]. 8To oc.aa6Jrenue 0Tpaarnmrh1x en rmwon rrpn nepTitna.i:hHO)l npo
xom.n.ennu 11 aanncnMOCTH OT 1vnmr.r 110.rrnr.r rronaaano Hirn\e: 

,UJJ lllla IJOJlllhl, CM 

OcJJa6;w11I1c, 11B 
5 (j 8 

5,G 3,() :2.2 
10 

1,1 
12 15 20 
l.O ll.G Ll,4 

Ha nomie 8 C.M, KoTopaJI 6LrJia nh16paHa .n.:rn pa.n.uo.'IoHaQHOHHoii 
CHCTCMhI IWCl\!UlieCI<HX arrrrapaTOB «Benepa-15 II -16», nor.'IOIIJ,eHI!O 
cocTaBJTJJOT 2,2 11B, 'ITO OM.TIO y 1rTeno rrpn pac'leTC' :nwprt'Tll'Il'Cnoro 
IlOTOHU,HaJIU CHCTOMhI. lIO,[( yrJIOM 10·' OTUOl'llTl':JhHO Bepnrna:m. 110~ 
KOTOph11\l 11a.rry'IaercJI cnrHaJI PJIC CA, rror.noIIJ,eHne noapacraeT 
Bcero na 1,5 % . 

Heo6LI•rniiuo ITJIOTHaJI aTJ\IOCtpepa Be1rephr yne.i:1JlmnaeT Bpe)IJI 
aanaa.n.r.J11am1H 0Tpa11rn1mi.1x c11rna.rro11, rrpwreM TO)I 6oJihIIIe, 'Ie)i 60.'Ih
me oe TOJ11T(1ma naJJ; JJ;armoil To111rni1:. HaJJ; cpOJJ;Heil rronepx110CTbIO mra
HCThI yneJTH'IOHHe aana3)l;hIBamrn COCTaBJTJieT 1, 7 l\11\C IIJIII 260 M B ne
pec110Te K llf>ICOTO. 

Bcne.n.cTnue pecppa1<u,1ur TpaeRTopirn pa.n.no.1rrn PJIC CA B aT
Moc<f>epe HCCKOJlhl<O I1CKpI1HJIJI0TCJI 11 npu6.1uif\aeTCJI .Ii nepTlll\aJIII. 
8To BhI3hIBaeT CMCIIJ,CHIIe T01IKI1, n KOTopoii rrponcxo;:i:nT OTpaineHne, 
no rronepxuocnr nJraneThr. 0.n.naxo II3-aa He60.1T>mo:il: Be.1II'IllHhI yr.1a, 
COCTaBJIJICl\IOl'O pa,ll.IIOJIY'IOl\I c nepTIIK.fl.T[bIO, aTO orem;em1e He npeBhI
maeT 100 M u UM ;-.ro11nro rrpeue6pe•11>. 

Mo/J\OT H03mrnuyTh onaceuue, ue 6y.n.c'T ;rn BI>I3hIBa Th rrpocTpaucT
nennaJI ueo.n.uopo.n.uocTh neuepuancKoI1: a n10r<f>eph1 ru.1hHhie <f>.1yK
Tya1vrn qia3hl OTpameHIIhlX CUrHaJIOB, 'ITO c.n.e,1aeT HeB03.\I0j.f\HhIM 1\0-
ropeHTIIYIO oupaooTJ\y 11 Cl1II'f03 1130opa;1rn111rn. O.n.uaHO nago 1rneTb 
B BU,ll.y, 'ITO H3 ncero nyTII, rrpOXO,ll.IIMOro pan;no.1y1IO.\I, T0.1blW He-
6oJihIJ1UJI 1rnCTh np11xognTCJI ua neuepnaucxym anrncqiepy. Ilpu BhI
coTe 1rnc11m 1recRoro anrrapaTa 1000 Kl\I nyTh, npo.1erne.\IhII1: annapaTO.\I 
sa npeMH CIIIIT03Hponamrn (3,9 !\IC), Bil,ll.CH II3 He.noTopo:U: TO'IJ\11 no-
11opx11oc1'11 iroJJ; yrJIOJ\r :~.Ii· ·f0- 5 par1. Ila 111>1con•. paunoii ut.1c0Te o;i;
noponuoi1 anwc<f>opM, I\OTopan .n..rrJI Denep1>1 p~urna 15 K.\r, pan;uo.1y'I 
nepoMOCTJtTCH aa upe11rn CHHTeanponamrn nrero Ha 0.5 M. Ma.1one
ponT110, 'ITOOhl Tal\oe II03lia'IHT0JlhlIOO OTI\.'IOIIOHlle .'ly'la Bhl3Ba.10 aa
MOTllOO H3MOllOJme na6era <f>asbl n anwccpepe. 

l\ocno11110 :no no.n.Tnepmr1aoTcH ann.i:u3oM c11r11a.1on, nepen;anaB-
11111xc11 c11ycl\a0Mi.1~111 annapaTal\111 A~lC «Bl'11Ppa» c 11011PpxuorTu n:ia-
1101·1.1, I la11p1uwp, qiaI\THlIOCKaH runpmrn crrenTpa:rhHOII .1UHIIU CIIrHa
JIClll AMC (( Uouopa-7» TIO npenwua.rrn 1-2 r11 [.'JI. '11'0 01>1.10 111J:a11auo 
111n111111yJ1111111oii: c11ma.1rn nepe11:anaum1n1rn coo6IIJ,e1111e)1. 
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1· 

06ecne4e!"'11e OAH03Ha4Horo ai.1AeneH11J1 
OTpa>KeHHblX CHrHanoa 

,Il;ByMepHaH aBTOKOppeJIH~HOHHaH <i>YHK~HH, xapaKTepH3YIO~aH H3-
6upaT0JihHhle cBoiicTBa aoH,rrnpyroll(ero curuaJia, noMuMo rJiaBHoro 

I 
MaKCHMYAia Hll100T 0ll(0 ):{OnOJIHHT0JlhH.bl0 MaKCHMYMhl, OTCTOHU(He no 
ocn Bpe11reuu 't Ha TM, a no oc

1

H 1:1acToT v ua 1/ TM, r):{e TM - nepuo):{ 
noBTopeHHH llIO):{yJI.f1~1111 [101. EcJIH B o6JiaCTll 3Ha'lem1ii ('t, v), aa
HHToii ):{OnOJIHIIT0JihHhlMII lll~KCHlllyMaMU, OKamyTCH OTpameHHhl0 
curuaJI.bl, To 0H11 coa):{a,IJ;yT noMexy. B cJiy1:1ae npoTHmeHHoii ll(eJI11, 
KaKoii HBJIHeTC.ll noBepxHocT~ nJiaHeTM, npneM oTpaarnHHhlX clirHa
JIOB TOJlhKO B TOH o6JiaCTH (•, v), r,IJ;e HeT ,ll;OnOJIHHT0JlhHhJX MaKCHMY
MOB ):{BylllepHoii aBTOKOppeJIHI~HOHHOH <i>YHK~HH, l\IO/l\HO o6ecne'IHTh 
Bhl6opo111 yrJIOBhlX paaMepoB ):{HarpaMllihl HanpaBJI0HHOCTH aHT0HHhl. 
AJIH :noro. ):{OJiihHhr BhlIIOJIHHThCH HepaBeHCTBa 

•B - •A< TM, ve - vv < 1/TM, (10) 
I 

r,IJ;e 'tA, •B, Ve, vv - Bpe11rn aana3,IJ;hIBaHHH H ,IJ;onJiepoBcKoe cMe~eHue 
'lJ:aCTOThl ,ll;JIH Kpaiim1x TO'l0K yqaCTKa noBepxHOCTH, nona,IJ;aro~ero B 
):{HarpalllllIY HanpaBJI0HHOCTH aHT0HHhl (cM. pHC. 3). 

lllHpHHa ):{OnJiepoBcKoro cneKTpa (vc - vv) oTpamemrnx c1uHa- · 
JIOB. onpe):{eJIHeTCH urnpnHoii ,ll;HarpaMMhl HanpaBJieHHOCTH aHT0HHhl B 

TOpH30HTaJibHOM ceqemrn: 

(Ve - Vv) ~ (2vr/A) 0r• (11) 

Ilpu l\IaKCHMaJibHO B03MOil\HOii ,ll;JIHHe 3epKaJia aHT0HHhl, pa3l\Ie
ll(0HHOH Ha KOCll1Il'l0CKOl\I annapaTe, 6 M IIIHpHHa ee ):{IIarpaMMhI Ha
npaBJI0HHOCTII B ropnaoHTaJihHOM ce1:1eHHH Sr Ha BOJIHe 8 CM cocTaB
JIJI0T 0,95°. Ilpll lliaKCIIl\IaJihHOH B0JIH'lHHe Vr = 9,17 KM/C (Cll.f. pnc. 5) 
aTo ,IJ;aeT (ve - vv) = 3,8 Kf~ II TM< 263 l\IKC (c11.r. BTopoe uepaBeu
CTno (10)). q T061>1 o6ecne'lnTh no.n;aBJieHue noMexw Ha Kpam ,IJ;IIarpaM
M.bl nanpaBJI0HHOCTII He MeHee 20 .n;B no OTHOIII0HIIIO K IIOJI03HhIM CHr
HaJiallr, 6hlJIO Bhl6paHo TM = 195 Arnc. 

IlpoTHmeuuocT1> oTpameHHhlX curuaJIOB no aana3,ll;hlBamno (•n -
't'A) 3aBUCUT OT urupnnhl ):{IIarpallilllhl HanpaBJI0HHOCTH aHT0HHhl B Bep
THKaJibHOl\I C0'l0HIIII: 

2h tg ci0 (TB - l'A) ~ 8B• 
C• COS O.o 

IlpH CGo -;- 10° C nOMOU(hIO B0pXH0rO HepaBeHCTBa (10) B0JIH'lIIHa 8H 
6MJia Bhl6pana 5,5° II COOTB0TCTB0HHO IIIHpHHa 30pKaJia aHT0HHhI 1,4 M. 
IIIuplHia noJieJ11oi1: •rncT11 c1111MaeMoii noJIOCI.J L 11 (n~e npe111.une1me 
nOJI03HhlX CHrHaJIOB ua.n; IlOMexoii ue MeHee 20 .n;B) MOUHOTCH c llh!

COTOH KOCMH'lecKoro annapaTa, KaK noKaaano na puc. 5 (nyHK
Tnp). 

Mo~11ocT1> OTpamennhlx cwruaJioB nponop~uouaJihHa nJio~a,IJ;u 
paapewaeMoro aJielllenTa II y.n;eJI1>11oii a<f><f>eKTIIBHoii nJIOI~a,IJ;H o6paT
uoro paccem1111:1 noaepx11ocn1. BeJIH'lHHa nocJie,IJ;He:ii peaKo (ua 10 .n;B, 
CM. puc. 3) yBemPmnaeTc1:1 B o6JiaCTH, pacnoJiomeuuoii mmocpe,ll;CT-
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neuHo no.n; KOCMH'lecmuc aunapaToM, rAe 110JH11naeT 3ep1rn:1bu1>1ii Gmrn. 
B 3TOH ooJiacru pe3.1w noapacTaeT II pasMep :.iJieMenTa paapemeHIIH B 
HanpaBJieHHH, nepneH,n;MKYJIHpHoM Tpacce, CM. (6). B cyM:-.re aTo yBe
JIH'lHBaeT MO~HOCTb noMeXH OTHOCHTOJlbHO IIOJI03HhIX CHrHaJIOB rrp11-
Mepno Ha 26 ,IJ;B. ,[(06an11n K 3TOMy OCJia6JieH11e CHrHaJIOB Ha KpaIO 
):{11arpaMM1>r uarrpanJieHHOCTM Ha 10 .n;B 11 neo6xo.n;1nroe rrpeB1>1men11e 
CHrHaJIOB Ha.n; IIOMexoii Ha 20 .n;B' IIOJIY'IHM Tpe6yeMyIO ne.TJH'lllHY IIO
,IJ;aBJieHHH IIOMOXII ll 56 .n;B, KOTOpoe AOmrma o6ecne•IIITb aHTeHHa 
PJIG.CA. Y'lHTLIBaH ocJia6Jiemre rro111:exn npn uaJiy'leHun u npue:-.re, 
noJiy'lHM, 'ITO yponeu1> 60KOBL1x JienecTKOB, nanpanJieHHhIX B no,IJ;
cnyTHHKonym o6JiaCTh, Aom1rnu 61>1T1> ue BI>Ime -28 AB 0Tnoc11Te.1b
Ho ycnJieHua n 11raKc11MyJ11e ll,HarpaMMr.1 narrpanJiemrocnr. 

np11H411n pa60Tbl paAHOnOKa41-tOHHO~ CHCTeMbl 

Ynpo~eHnaa 6JIOI\-cxe111:a pa.n;HoJioKa~Hounoii cncTe:\11>1 npe.n;crnBneaa 
ua pnc. 9. 8To noJrnocn,io 1wrepeuniaH c11cTeMa, nee c11rua.11>1 IWTO
poii noJiy'laIOTCH OT ofi~ero sall,amm;ero renepaTopa. Ilepe.n;aT<mn He
rrpep1>rnuoro naJiy110mrn pa6oTaeT nr.1corrn•racToT111>1Mn nMnyJI1>CaM11 
.!l;JIHTeJihHOCThIO OI\OJIO 15 MC, pa3JJ;OJIOllllhlMll nayaa~m ,ll;.'IIITe.'Ib
HOCTbIO OKOJIO 5 MC ,ll;JIH np11e11ra OTplli!\Olll!hlX r11r11a.rron (p11c. 10, a). 
BHyTpH 11111:nyJihcon cpaaa curuaJia H3Meuaerca Ha 180° B 1110.ll!eHThl, 
orrpe,IJ;eJIHOMMe Ko.n;oM uep110.n;n1rec1rn: uonropH:e.ll!oii M-nocJie.n;oBa
TeJI1>11ocT11 (nOCJIOAOBaTeJihHOCTH MaKCIHtaJThHOH llJII!Hhl [ 11 ]) (prrc. 11 ). 
,Il;JI11TeJ1LuocTL 3JteMOHTapuo 1·0 11Muy.111>ca, 011 peAeM11olll.e ro pa 3peurn IO

;m;yro cnoco6uocTb PUAHOJIOKaU,HOHHOH CHCTei\lbI no HaKJIOHHOll .n;aJih
HOCTH H BhICOTe, 1,54 11mc. B pemmre PJIC CA nepuo.n; NOAOBOH 
nocJie.n;onaTeJI1>nocTn conepnmT 127 ;J.TJeMennpur,rx mmy.1hCOB 
(195,4 MKC), B pennI.llrn PBIT - 31 2 aJie11renrnpn1>1ii mmyJihC 
(47,7 MKc). J1llmym.cr.r nepem1T1mKa cne!(y10T nan •wpe3 aufenay 
PJlC CA, TUI\ II HllTOUllY Pill I c llllTOp11nmrn11 lll\O:lll o.;~ c (e~r. 
pHC. 10, 6). 

IlpHeM II perncTpaU,HH OTpameHHLIX curua.'IOB npou3BO~HTCH B 
nayae no 0Kowraum1 HMIIyJ11>ca nepe.n;aT•m1rn. Mruonemwe uanpamo
HHe OTpa;KeHHhIX CHrHaJIOB, npeo6pa30BaHHhlX K Hy.1esoii qacTOTO 
B ,ll;Byx KanaJiax, c,D;1.11myn1x no tpaae na 90° ll,pyr oT.11oc11re.TJbHO .D;pyra, 
ycp0,ll;HH0TCH Ha IIHTepnaJie, paBHO.l\1 .n;.rn1TeJibHOCTII 3JieMeHTapuoro 
HMIIYJihCa (1,54 ;-,me), H npell,CTaJ3.TIH0TCH 4-paapH,ll;Ilbl:\I ABOil'IHbnt 
KO,ll;OM (cM. p11c. 9). Cor.!racosamre ypoBHH OTpa;+;euuhlx cr1ruaJIOB c 
;:i;11naM11qecKnM ,D;11auaaonoM anaJioro-1\ucppoBoro npeoopaaosare.111 
(A~Il) 06ecne1nrnaeTCH qmfiponoii CIICTO~!OII illlTO~IHTll'leCI\OrO pery
Jll1fl011HllllH ycn.111111 (APY). lfoppa l\<tll>Jlbll' O,:l c '.,!;i.'i() llTl"lt'Tllll tnpa· 
il\eHHhIX CHl'IIaJ1011 B poaamo PJlC CA (20 11ep110Ao11 127-::i.cie:\IeHTIIoii 
M-nocJie.n;onaTeJihHOCTH) H 434 OTC'IeTa 0Tpamem1i.1x c11rHaJioB B pe
mrrne PBil (14 nep110.n;oB 31-aJieMeHTuoii M-norm•.rtoBaTe.1hHOCTH) 

2 B pella!Mo Pl3ll 110p1w11 1w;1011oii 11ocJ101101rnTeJ1i.11ot"1'11 Moll\1''1' 1i1JTh ycTano11:10u 
paBHbIM TaKmo 127 :lJleMe1rra~1, '!TO ooJJer•taeT pac1q>hll'lll' 11eo;1no:111a•111ocTH 
B H3MepemroM paCl'TOllllHH, 
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P111c. 9. ¥npom.cuuan 6JioI<-cxeMa paAHOJioI<au,ROHHoii CRCTeMbl 

/Jl'fC SMC 

P/7CC/1 

J,!i'MC---+--

PB~ 

! •II~ fl,tf7Hc 
JIJIJHC 

P./ICC/l P811 

u 

P//CCH I PPR . ,-- P//C CH I P8fl tf 

.Tll0MC 
• • 

Pnc. 10. U.uI<JiorpaMMa cnrHaJioB pa11.noJioI<au,nouuol1 cncTe111bl (a) H pa6oThl 
nepeKJIIO'laTCJIH aHTCHH (6) 

I 

(27(JI) 

JZ" I U I L1 IJ1' IJ1' u 10Id1s1JT Io I ' I I I I 

.. I I E l,.7¥1'11<C I 

/.FS,1/.(47,7) l'fKC 

Pnc. 11. MoAYJIHU.IIH <Jiaabl cnrHaJia nepe11.aT11HKa 

IIOCTynaroT ,!J;BYMH 4-paapH,!l;HhlMH CJIOBaMH B orrepaTHBHOe aanoMH

Harom.ee ycTpoiiCTBO COBMeCTHO c ,n;aHHhIMH 06 ycnJieHHH, ycTaHOBJieH

HOM cnc·relrnMn APY, a aaTeM aaIIHChlBaIOTCH Ha 6opTOBhIX u;mppoBhlX 

MarHIITOcpoHax. 06'hell iw<fipoBhIX MaCCHBOB 06ec1Ie1nrnaeT B03MOiR

HOCTh J\OrepeHTHOfO llllKOIIJieHHH OTpameHHhIX CHrHaJIOB B Te'leHH0 

3,9 II 0,67 l\IC COOTileTCTBeHHO. 3a 16 MHH, B TelJeHIIe KOTOphIX npOBO-

60 
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T= Zr/C 
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#1. r.,. Jrt 
Pnc. 12. 3ana3Ah1DaHJ1C MmienTa npuxoAa oTpameunoro cnrHaJia OTHocnTeJihHO 
MOMCHTa Jl3JIY'lCHHH (a) H 3anaa/\bIBaHJIC 0Tpallie1rnoro CllrHa:'la g.'lH )lllHJnta:Ib
HOH (6) 11 Mam;1-1MaJ1hnoii (B) AUJihHOCTeii 

JI;HTCH pap,110Jro1rn111101111an c·i.eM1rn, IHMY'IHl'Tl'H mrn:w :~::!00 TlllillX 
MaCCilllOB a. 

0TpameHHhie CIII'IIaJlhl c y<IeTO:\I aana3,J,bIHUHllH 't upn pacIIpOCT

paiiemm .n;oml\Hhl IIOIIUCTh B HHTepnaJI, OTne.n;eunbIII ,!J;JIH ero KO,!l;Upo

BaHHH (pnc. 12, a). ll:JI11Te.11r.nocTr. rrnnyJir.ca nl'pl\~aT•1111rn n nnrep
BaJI KOAIIPOBarnrn 06ecne1I11BHIOT 3il110.'11Ielllll' lll'l'l"O ;noro 1111Tl'PIH\.1ll 
0Tpam:em1L1M curmu10~1 n .n;uanaaoue llblCOT up1mepuo OT liHO no 
2250 J\l\I (Kpaihme CJIY'IaH IIpHBe,!J;eHhl Ha pnc. 12, 6 H. 8). 

0TC'leThr MfHOBeHHoro Ha1Ipm1.;emrn OTpaFl>eHHhIX cnrHa.10B BlleC

Te c .n;aHHhil\IH 06 yc1IJiemrn: npne:\IHOI'O TpanTil, yCTill!Oll.'lCHIIO:\I Cll

CTeMoii APY, 11 CJ1ynrn6Hor'i 1mcf>op.:uar11ieii aaw~1 nepe~HIOTCH no pa
Jl.HOJIMHirn IIH 3Cl\l.TTIO ,)\JI fl oopaOOTl\II. 

npHHL\Hnbl CHHTe3HpOBaHHSI paAHOJlOKal\HOHHblX H306pa>1<e'HHH 

H npocp1.111eH BblCOT noeepxHocrn BeHepb1 , 

06pa6oTKa OTpameHHhIX cnrHaJIOB H ITOCTpoenne paAU0.101\aQilOH

HhIX nao6panrnmu'i n npocf>rrneii BhICOT nonepxnocru BeuephI Be.11nch 

B I1P8 AH CCCP, r.n;e c ;noii l\CJILIO 6L1:1 coaAau Kmrn.1eRc a1rnapa

TypL1, o6opy.n;onaHHhIII ;rneKTpOHHhllIU Ilhl1IIIC•1IITe.1hHhDII! :\IaIIIHHalm 

H ycTpOHCTBlll\IH OTo6pamemrn II Bhll!O,lil 11300pilil>l'llllll. 

0Tpame1111 i.w c11 r11a.n hi n pew·:rn 11.'lH 10T co6oii 0~1w:\1ep11yw panuo

roJiorpaMMY 11, 06hl 1IUO, pa,!J;HOJIOHUl\110111108 H 30opail\eHUe no.1yqa10T 

c rro111011.1,I>10 1wropo!l'rnoro onTH'JCCHoro npo11occopa WI, pa6oTy KO-

3 HpoMe mu1yJ1hcon PJIC CA u l'Bll l(lll\J1 pauoTw 1rn1i110J10Kal\110HHoii cncTelthI 
co11.epm11T eru.e '13 mrnyJI1>con, 06ec11e•111naHJ1l(llX paooTy 1(11<Jipoaoro 1wppeJIH
Topa, cJiy;Karu.ero AJIH nocTpo11uoro noJiy•1cmrn 11aoiipaaicH11R na 6opTy 1mnm-
11ecKoro annapaTa. BbICTpairnaeMhrn aan'M ~pyr aa 11pynn1, 11oc:1l' lll'Pl':ia•m ua 
3cMmo, :JTll CTJlUH11 06paay10T cJ111Tnoe 11:wiipan;l'11111'. 11 p11 :rrol1 11poeTpau
CTBeHHoe paapemcm1e B 2 paaa xyaiu, 'WM 11 oc1101111ol1 Jll'il\lllll'. :Jn1 l'llCTl'lta 
u;eJI1rnoM pa3pa6ornna 01-\E M3l1, 1wrnpoe BCJIO oG1>11uoTl\y 110CTy11a101Ul'il no 
3TOMY KanaJ1y 1rn<JiopMUl\l1ll com1eCTlIO c l!HCTllTYTOM 11p11ii."lt'~l lll'JH';1<1•111 llH
<JiopMau,un AH ccr.P 

6t 



TOporo npn IIOCTOJIHHhIX na~aMeTpax C'b0MKH opranH30.BaTh H0CJIOJl\
HO. 3.r(eCb il\0 ,r(JIJI CHHT03a J1.306pameuuii H npoqHIJIOH DblCOT nonepx
HOCTJI ll HX o6pa60TKH D YCJIOBHHX H3M0HHIOID;HXCH DhlCOThl H CKopoc
TH KOCMH'l0CKoro annapaTa, ,r(BHmym;eroCH no aJIJIHnTH'l0CKOH opOHTe, 
BnepBhie ucnoJih30DaJiocb cneqnanuaHpoBauuoe i~u:<f>poBoe ycTpoii
CTBO - npoqeccop ,O:JIH BhlnOJIH0HHH npeo6pa:;ioBaHHH <l>yphe. 3TO 
ycTpo:iicTBO paapa6oTaHo I1P3 AH CCCP coB:MecTHO c I1HCTHTYTOM 
3JI0KTpouuLix ynpaBJIHIOID;H~ MamHu Muanpu6opa [ 12). C ero no
MOID;hIO oneparvrn npeo6pa~oBaHHH <l>ypbe BhinoJiHHeTCJI B 50 paa 
61>1cTpee, 'leM, cKameM, Ha 6onhmo:ii yHuBepcanhuoii 3BM THna 
B8CM-6. .• : ! 

,[(JIH KaiK,O:Oro MaCCHBa OTC'l0TOB, noJiy'leHHbIX B peiKHMe PJIC 
CA, c noMOID;bIO npoqeccopa <l>ypbe ocym;ecTBJIHJiacb cornacoBanaaH 
<f>uJibTpaqHH OTpameHHoro curHaJia li.nH 127 3HatJ:eHHii 3ana3,0:bIBaHHH 
H 31 3HR'l0HHJI ,O:OIIJiepoBCKoro CMem;eHHH 'laCTOThI, COOTB0TCTBYIO
m;ux npu111epHO 4000 8Jl01110HTOB noBepXHOCTil nJiaHeThl B ,O:HarpaMMe 
HanpaBJI0HHOCTil aHT0HHhI (CM. PRC. 3). 3Ha'leHHH MrHOB0HHOH MOID;
HOCTH OTpameHHhIX CifTHaJiqB IIO OCH 'laCTOT Bhl'IHCJIHJIHCb B 1,5 pa
aa qam;e peaJihHoro pa3pem~mrn, 'IT06bl He yxy,a:mHTb ero npH ,a:aJib
Heiime111 ycpe,O:H0HHII noJiy'leHHbIX MaCCHBOB. 

3a 0,3 c, qepe3 KOTOphle lperHCTpHpOBaJIHCb MaCCHBhl OTC'l0TOB OT
pameHHhIX CHrHaJIOB, KOCMI~'leCKHH annapaT CMem;aJICH IIO op61ne Ha 
"'laCTh mnpHHhl y'laCTKa IIOBepXHOCTH, nona,a:aBmero B .a:narpaMMY Ha
npaBJI0HHOCTil aHT0HHbl (cM; pnc. 3, r,a:e nyHKTilpOM OTM0'l0HO nOJIO
meHne CJie,a:a ,a:narpallIMbl HaripaBJI0HHOCTH aHT0HHhl B MOM0HT perHCT
paqnu npe,a:n1,a:ym;ero 111acc1rna ARHHh1x). 3To o6ecne'lHBaJio B3aHMHoe 
nepeKpblTHe yqacTROB Il BQ3MOiKHOCTh ycpe,a:neHHH MfHOB0HHbIX H3-

. lrepennii MOID;HOCTH OTpam~HHbIX CHrHaJIOB ,O:JIH YM0Hbill0HHH <f>JiyK
TyaqHOHHOH norpemHOCTH, ~hl3hIBaeMOH HHTep<f>epemi;neii: pa,a:HOBOJIH, 
oTpa;HeHHhIX oT,a:eJibHhIMH TO'lKaMn noBepxHOCTH B npe,a:eJiax pa3pe
maeMoro aJie111eHTa. · 

Ilpn ycpe,a:nemm ,O:JIH Ka:a\,r(OH H3 TO'l0K H306pamae.MOH IIOBepxHO
CTH, nona,a:arom;ux B .a:uarpa~1111y HanpaBJI0HHOCTH RHT0HHhI, Bbl'lHCJIH
JlllCb HaKJIOHHaH ,a:aJihHOCTb II pa,a:uaJibHaH COCTaBJIHIOIIJ;aH CKOpOCTU 
OTIIOCllT0JihUO KOCMll'IeCROl'Q annapara, ,O:JIH qero llCIIOJlh30BCIJlllCT • .nau
llbie 06 y,a:aJICUHOCTH H CKOpOCTH annapara OTHOCHTCJihHO qeurpa Mace 
Beueph! (cM. (::~). (It)). Illar paaJIOiI\CHHH no Roop.n1rnaraM i tt Cl> -
0,8 K::11, 'ITO MCHhllle cpaKTH'ICCRoro pa3peII1e1111a. Mero,0:11Ra yqurr.1-
BaeT u3111eHeuue BhlCOThl Koc11rnqecKoro annapara, ,a:Bnmym;eroca no 
.()JIJIHIITH'IOCKOH op6nTe, II • B03MOa>Hhle (KaK npaBHJIO, B npe,a:eJiaX 
-0,5°) OTKJIOHOHIIH 8JI0KTpuqeCKOH OCH aHT0HHhI OT cpe,a:Hero no-

! Jiomemrn. 
MrnoBeHHhrn H3Mepeuua MOID;HOCTH B3B_lllnBaJIIICh nepe.a: ycpe,a:

HeHne111, ,O:JIH 'lero cTpouJiaCh 1110,a:eJib ABYMepuoro pacrrpe,a:eJiemrn cpe,a:
Heii: ::IIOID;HOCTII OTpameHHhIX Clfl'HaJIOB B ,a:narpaMMe HanpaBJI0HHOCTU 
OTHOCHT0JihHO cpe,a:Heii MOiqHOCTII my111a aHT0HHbl. Ilpu 8TOM ycrpa
HHJIRCb uepaBHOMepHOCTh OCB0IIJ;0HHOCTII no nomo H306pameuua, Dbl3-
BaunaH nopa1mo111ep11ocTiiTO yc1rnemrn: B 11;uarpa11I111e narrpaBJieHuocTH 
.auTeHHhl. 11 uepasuoYepttoctblQ nnarpaYYhl o6paTHoro pacceauna no-

·• 
c2 

BepxnocTu IJJiaueTi.1. CpewuIH .1110lll,uocTL 0Tpanwu1u.1x c111·1111:101J 
CrJia;mrnaJiaCb ll~OJI h TpaCChl Cl\OJI h3JllI~lflll OIOIOM p8311IOpO.i\I j ()Q KAI, 
,l(Jia corJrnconamrn c 11;11uaM11'lecK1nr A11ana3ouo::11 <fioTomremrn 11aA1e
peHna MOllJ;HOCTH OTpameHHOro CHrHaJia nepe,a: BhIBO~O~l II306pameHnH 
11epea <fioT0TeJierpa<f>uL1M: annapaT JiorapH<fi.11rnponaJiuCh, 'ITO ,r(e.11a.110 
H3MepeHMH paBHOTO"IHhIMH (CM. (9)). 

Ilpn o6pa6oTRe JJ;aHHhIX paJJ;HOBhICOTOMepa-npo<f>uJiorpa<f>a CHa-
11aJia c noMOID;hIO npo11eccopa <l>yphe TaKme ocym,ecrn.11mrnci. cor.11a
coBaHHaa <fiIIJibTpa111rn OTparKOHHhlX CHrHaJIOB no 3ana3JJ;hIBaHHIO 
(31 HJIII 127 3Ha1re1inii) n AOIIJieponc1rnMy c11rem;enmo "IaCTOThl. H311re
peHHhle 3lia1IelllUI MfHODOHHOH MOID,HOCTll cy11umpO.B8JU1Ch no "I8CTO
Te. IloJiy'lennoe pacnpeAeJiemrn MOlll,nocru orpan\ennhlx curHa:1on no 
sana3JJ;hlBRHHIO 3aTel\I cpaDHIIB8JIOCh MOTOJJ;Ol\I ::ltaTeMaTII'leCKOH CBep
KH c PHAOM !IIOJJ;eJieii: aToro pacnpe11;eJieHna, OTJIII"Iarom;uxcH 3Ha"Ie
HHHMH Koa<fi<fimvrnHTa mepoXOB8TOCTH II ,a:ncnepcun BhTCOT B )'"I8CTI\e 
IIOBepxnocrn, 0Haaanme111cn n npeAeJrnx A11arpa~nu.1 uanpa11."IeHHOCT11 
aHTOHIIhl PBil (cM. pnc. :~). Ilp11 111.roorw .\IOJH'.'tl'ii ~"111n.111a:rnn. 111.r
COTa JWCMU'JCCJ{()l'() HJJJJHP<\1'11 11 BU3MOl1'11UC OTn.'IOHCJllll\ ::>:rn.nTpu·u~
CKO:ii OCH 81ITOHUhI OT l\IeCTHOH nepTirnaJrn, KOTOpoe ll3lllepHJIOCh no 
CMeui;emuo cpe~11eii -'HlCTOTJ,I CUCI\Tpa OTpHi!Wllll!.JX CHl'HaJIOll. 11oJIO
iK0HHe H8UOOJiblllero l\TaKCITMYMa cnepTOn J(Hllll.'IO llhl('OTY h:Ol'~llttie
CKoro annapaTa HUA cpeAneii nonepxuoCTLIO n mnue 11;1ia~ieTpo~1 40-
50 KM (c111. (S)), c neOAI-I03Ha•rnocThIO, onpe,a:eJiae::11oii: nepno,a:o~r ~ro,a:y
JIHpy1om;eM: M-nocJieA011areJihuocT11: 7,15 1oi np11 :~t a.1l'~ll'llTl' n 
29,3 KM npu 127 :rnellJCII'rax. )J,Jrn pacnphlTllH 11eo1~110311<l'llllll'TI1 uc
IlOJih30BaJiucL !1;11Hllhl0 0 paCCTOHIU1U KOCMU'Iec.noro aunapaTa OTllO
CHTOJihHO i~enTpa Mace nJiaI-IeThI. B1-1ocnJiaCh nonpanna na 11;ono:11111-
TeJibHoe 3ana3JJ;hrnamrn c1unaJrn B anroccpepe BeHep1.1. 

I13Mepemrn, CJie,a:ymm;ne •1epe3 0,3 c, ycpeAHH:mci, no i-~m oTc'le
TaM CKOJih3HiqHM OKIIOM. BemFnrna panuyca no11epx11ocn1 11.1<\JieThl 
B naHHOH TO"IKe, B.hl'lHCJI0HHaH KaK pa3HOCTh paCCTOHHIIH JWCMU'l0-
CKOfO annapaTa OT 1\0HTpa IlJiaHOThl II H3MepeHHOil BhICOT.bI; Hauccu
JlaCb no. Tpacce annapa Ta c marolll S KM c y•reToM onurnneHua 3."Ien
Tpn'leCKoii ocn aHTeHIIhI OT llieCTHoii: nepnrna.rm. CpeAHennanpar11'le
CKoe 31Hl'TCII11C norpc11111ocT11 ll:IAll'fH'llllii llhll'OTl>I. Ollpl';ll'."ll'llll(ll' 110 
paaGpocy l1:IAWpe1111ii llll)l po1111oii ~ll'CTJIO('Tl.tO, COl'Ta11:1H:10 ;-ll) ~l. 

13 ncp111.1e 1111e 11el(eJ111 c·i.eM1m, 1rnrl(a Gi.1J10 1iem·110, c nnnoi'1 
OIIIH6Hoii: Gy.neT 1ia11ecT110 11J1a110To1w11Tp11•H'l'KOl' paccToHmtl' 1.;on111-
11ecKnx annapwroH, 11cnoJ1haonaJ1CH 30HAnpyrom;m1: CIIrHa.• c 12i-
3JieMeHTHoii: M-nocJie,a:oBaTeJihHOCThIO. Ilepexo,a: ua curnaJI c 31-;me
MeHTHoii: M-noc;rn,a:onaTeJILHOCThJO J(JJH annapara «Beuepa-"113» OLIJI 
nponaBe,r(eu 25 IIOHGpH ms:~ r. Hal\ BHAIIO H3 p.11c. 13, Ha KOTOp0::11 
npHne,a:eHhI npo1fmnu BMCOT rr01iepx11ocn1 BP11ephl n.'IH .nnyx G."1113-
KHX Tpacc 24 11 25 UOHUPH ms:~ r., OICHa CllrIHUia npom.1a Gea na
KOrO-JIHOO 38MOTHOI'O CHCTell!aTJ1'IeCKOro Cll!em;emi H. 
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no11yi-1eHHble pe3y11bTaTbl 
• I 

Ilpn rrpoxom;o:emm :KocMnqecKoro arrnapaTa B paii:oHe rrep1nWHTpa 
ero op6HThl 3a 16 MHH eme;o:HeBHO CHHMaJiaCh IIOJIOCa IIOBepXHOCTH 
;o:mrnoii: 7000-8000 ! KM. C'heMKa HaqnHaJiaCh Ha nrnpoTe 80° aa 
ceBepHhll\l noJIIOCOM BeHephl. AnrrapaT rrpoxo;o:1rn B6mrnH Hero H, 
Jl:BHraHCh rrpHM0pHO 1B)l;OJih l\lepH;o:HaHa, aaKaHqHBaJI C'b0MKY Ha IIIH-

poTe 30° (cM. pHC. 
1

4). . 
IIepBoe pa;o:HoJioKa:qHoHHoe Hao6paJKeHHe noBepxHoCTH BeHephI, 

CHHT00 16 OKTH6pH i 1983 r. KOCl\lll'IeCKHM arrrrapaTOM «BeHepa-15» 
H noJiyqeHHOe 21 .oKTH6pH nocJie o6pa60TKH nOJIOBHHbl HHlfiop-
1\IalJ.HOHHbIX MaCCHBOB, rrp1rne;o:eHo Ha pHc. 14 BBepxy. B ;o:aJihHeii
meM rrpH o6pa60TKe HCIIOJlb30BaJIHCh BC0 HH<flopMa:qHOHHbl0 MaC
CllBbI, qTo cym;eCTB0HHO yJiyqmaeT KaqeCTBO H3o6pameHHH aa cqeT 
yMeHhmeHHH <flJIYKTya:qHoHHOii omH6KH R:pKOCTH, KaK no BH;JJ;HO 
113 mrnrnero CHHl\IKa Ha pHc. 14. 

Ilo ropH30HTaJihHOH OCH OTJIOil\0HO yrJIOBOe pacCTOHHHe OTHO
CHT0JibHO rrepH:qeHTpa op6HTbI (i), no B0pTHKaJibHOH OCH - YrJIOBOe 
paCCTOHHll0 OTHOCIIT0JibHO IIJIOCKOCTII op6HThT (cD)' H3MepeHHbTe B 
rpa;o:ycax H3 I\eIITpa rrnaneThl (o;o:HH rpa;o:yc na noBepxHOCTH BeHephI 
aamrnaeT 105,6 KM). HecoBna;o:eHHe nrnaJI CBH3aHo c TeM, 'ITO rrpu 
IIOCTpoemm HlliI\Hero <PparMeHTa llCITOJih30BaJIHCh 6oJiee TOqHbie 
napaMeTpbI op6uThI. .Il:mrna <PparMeHTOB-1100 Kl\I rrpu rroJIHOH 
mnpuHe uao6paa<eHHOH IlOJIOCbl 156 KM (195 3JI0M0HTOB no 0,8 KM). 
IloJI03HaH qacTb n306pameHHH aaBHCHT OT ·BhlCOTbl KOCMH'!0CKOfO 

I arrrrapaTa na;o: rroBepxHOCThIO rrJiaHeThl (cM. pHc. 5). lfao6pa;.KeHHe 
nocTpoeHo B rrpe;o:rroJioJKeHHH, qTo rroBepxnocTh BeHephl - c«fiepa I 

pa;o:uyca 6051 KM. 0TK.JIOH0HHH M0CTHoro pa;o:uyca OT 3TOH Bem1qHHbI ' 
npOHBJIHIOTCH B HeperyJIHpHOM CMem;eHHH rpaHH:q no nepTHKaJIH, i 
BH)l;lll\10M na uao6pameHHH. IlJiaBHOe CMem;eHHe rpanH:q Bhl3BaHO 
ual\reHeHueM BhlCOThl arrrrapaTa npu ero ;o:BuJKemm no 3JIJIHITTHqe- : 

CKOll op6IITe. i I 

RocMnqecmrii anrrapaT ;o:BuraJICH cJieBa HanpaBo, ero Tpacca I 
npoxo;o:uT Bbllll0 CHHTOH noJIOCbl. qeM 60Jiblll0 MOIIl;HOCTh OTpaJKeH- ' 
HhlX c1uHaJIOB, TeM CB0TJiee o6paaoBaHHH Ha Hao6pameHHH. CKJIOHhJ, ' 
o6pam;eHHble K na;o:a10m;eMy Jiyqy, BhlfJIH)l;HT CB0TJihIMH, CKJIOHhT,; 
oTBepHyThre oT Hero - TeMHhJe. OT HaqaJia uao6pameHHH ;o:o - 30° , 
OT nepn1~e1ITpa 3am1MaeT ;o:penHHH cKJia;o:'!aTaH o6JiaCTh c rroJiypa3- I 
pymcnnhil\UI KpaTepaMn y;o:apuoro rrpo11cxo;l\p;eu11a. 0cTaTKl1 :nu:x 

1 

KpaTepoB ;o:nal\reTpOM OKOJIO 30 KM BH)l;Hhl Ha -32, 7° 11 -:11,8° 
(no pnc. 14, 6). CKJia;o:qaThle o6paaonamrn HM0IOT, nepoHTHO, ~ 
6oJice MOJIO;JJ;Oll B03paCT. ;YqaCTKH c 6oJiee rJia;JJ;KOll nonepxHOCTblO' 
'M0Hblll0 OTpamaIOT Haaa;o: K KOCMnqecKOMY arrrrapaTy H BhlrJlH)l;HT 
T0l\IHblMU Ha 0Kpyarn10m;eM cPOHe. 0HH BH)l;Hbl Ha -35,5°; -35,0°; 
-33,0°. , 

3aTellI THH0TCH panHHHa, Ha KOTopoii: paa6pocaHhl OT)l;0JlbHhl0 I 

XOJI::IIhl c ;o:nal\leTpOM OCHOBaHHH 3-6 KM. Ha nepxHeM CHHMKe 3TH : 
o6paaosamrn l\IaCKupyIOTCH IIIYMOBhIM <PoHOl\L 8ToT paii:oH 6JIHil\0 i 
BCN'l."I "' Ct'"Rt-pRo~)t no.l.ll."ll'.'.'Y Beaepw.. KoTopw.ii .i.ea;.RT nw.me Ha pac- : 
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1 •11c. 14. Ilepnoe pa,n;uoJ10KaIJ,IIOHHoe nao6pamemre nonepxHocTn BeHephl, cH11Toe 
I Ii OKT116p11 1983 r. KOCl\UI"IeCKIIM annapaTOlll «BeHepa-15» H IIOJIY'JeHHOe 21 OK
r11Gp11 1983 r. IIOCJle o6pa6oTKH TOJlhKO IIOJIOBIIHhl HH«fiop11rarvwHBhlX 111aCCIIBOB 
(llllPXHHll CHH.\IOK). B ,n;aJlhHeHIIIelll IIpH o6pa6oTRe IICIIOJih30BaJIIICh Bee irn«Jiop
MillJ,HOHBhle 111aCCHBhl (HHll\HHII CHID!OK) 

L 1Jt -· ,..,........---~-····-~__,.........----·--·-

... --- .. 

-25 - --- ------------~ 

I' ! .. 
: ! ··: .. · 
i ... ~_.:: 
li/Jllt1:.,~:;.~ 

!I ~ 
:! ___ J 
25 .. 

·-~---~ 

. -24 

-Z/ -2[/ 

J .. _ J ...____ _______ ~;._ ____ ··· 
-2J -22 -2/ -2(! 

Pur. 1:,_ 1',a;u10:101\t1JU1uu111..1«" 11aofJJHlil\t'llllH t1)Ul'Jl ,, 11 T''' '' ih'.1· paiioua JffiJH~px
lllH'Tll flPlll•Jll.1. 1111:1y•11•11llfdl! f(IJl".\lll'lf'l"IOl~I illlllitJ1ilTO.\I «1l1•111•pa ·Iii~ :!fl Oli'IHfipH 
1!18'.{ r. II =~ 11111:u1 1!181, r·., T .••. l'fl.Yl'TJI 8 .\11,Cllllf•fl 

~ ~ "' 

-/.Y 

l.Y 

-/6' 

' 
_J-.. ~ 

-18 

-/7 

_j 

-/7 

-2 

-J 

-/5 

-1 

-~16- -] 

.. 



;....,.. ;5.tn.!'h til!_..~. ;·~'-~ ...... ~--"""',......,..,..4-~~~-;~;;~-~~=--;;.r.:::--:· --.~-- --_·-:..-:::.:;;;;, __ _ 
. ~ .... _,,_ - ,.-.~.- -- ·- - _:~-.... ~-

-7J 

--" -J -2 
_, 

,-_"--'-. ----
Tnli~LD-T.J2.SO.J.I R'=!IS"-ll(f.2r_ E=D·lf868TO H:rrD·ZJf"- £/=JJf·ZfO!I P=llZ·/01/ 

Pac. 16. Pawio.i:OK3f\IJOHHOe naoopamemie paii:oHa 3e!llJIH MmTap, IIOJiyqeH
JIOe JCOCllJl'lecKJ1ll a1111apaTm1 cBeHepa-15• 28 ;a;eKa6pH 1983 r. 
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Pnc. 18. Pafl,IIO:IOK311,llOHHOe naoopamenne paiiona 
rop )laKCBe.il:ia, no:1y1IeHHoe Koc11rn1IecR11M annapaToM 
<1Benepa-l6t 20 JIHBapa 1984 r. BBepxy nprrne,uen 
upu4:•11:n. noBepxHoCTll no rpacce noJiera ROC)IIl'IecRoro 
~nna para 11 __ HHBil pH 198-4 r., OH!e'IeHHOII Ha CHIIMJ;(l 
• ~ ...,." .• , "''lit•!" 

Puc 19. CK1a.er c :J.By.'rn 1q1arnpam1 yµ;apHoro uponc
xo;Kll'HIIH. y o;rnoro ll3 ROTOpbIX ,[IHO BhILlJl,UllT HCO

Obl'IHO pa;:inoH JH"1~1 

1'11<:, :!IJ. <lloTOliilf!Ta fop .\lal\l'llUJJJHJ, JJOCTjllJf!lill<JJI JIO 

pe:J y:r J.Ta T3M. pa/Uf OJIO!ial\ll OllJIOii C'bU.\1 Ji H liOOI H 'leCJil) ro 
a11Hapwra 1dk1wpa-1fi» c 1:! II!> ~5 HUHafm 1!J81 r. 

Ilfl'''~J{J~MH llOJ1i\la.1JbJ1aH JHLHJJoyro.11LJtaH, W1JU.Plf'CJ·;;u1 ~·1a.\l

U•·11·1a ~- raycca. t:TaJIJ(<IJl'J'HLJe 11apa.11.111•JJH ;)H,:f' l1 7:!,'1'', JI.Hllllll 
)>flJlJllAX JJIACO'f l'Jll'HYIOT e:maroM 0,:1 J\,;\I IJTJffJCU'ff•JIJ,JHJ CfH'.JOH'l (J 

f.WJ(11y1;a JIJl:JJll''l'l·I fHJfJ1 J\J\l. Jl:J/(llOBOJIJlhl IJaJ~aJ<JT f', JHJC'J'(JJ-:;J 
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CTOHHIHi 4-5° B,Il;OJib Mepn.a;nana. 01rnJiorro:rnp11oii paomme, unep
Bhle OTKpblTOH KOCMIPieCKHMH arrnapaTallIII «Beaepa-15 II -'16», ;r(aHo 
Hasna1rne «Cnerypo1rna» . 

Pa.a;HoJioKaJ.\HOHHhle H3o6paJI{eHHll rronepxnocTir BeHephI, noJiy-
11eHHhie KOCMH'IeCKHM arrrrapaTOM «BeHepa-16» 20 OKTH6pH 1983 r. 
II 3 HIOJIH 1984 r., T. e. crrycrn: 8 MecHu;en, 1-wr;:i;B BeHepa conepmn:rn 
o6opoT BOKpyr cnoe:ti OCH Ii IIO;r( op6nTOM OKa3aJiaCb Ta me CaliaH 
o6JracTb 4

, rrpnne.a;eHhl Ha pnc. 15. OT Ha'laJia cmnrna AO -24° Ha 
BepxHeM cpOTO (coOTBeTCTBeHHO )J;O -23° Ha HJii-1\He:II) npono.rra>aeTCll 
Ta me caMall paBHHHa, KOTopo:ti 3aKOH'IIIJICll pnc. 14. 3aTelI OHa 
npepbrnaeTCH MOJIO)J;OH CKJia;r('laToii o6JiaCTblO rrpoTHi'KeHHOCTblO OK0.'10 
500 KM. MHomecTBo rrapamreJibHbI4'. ropHbIX :xpe6TOn rrepeceKaIOT 
Tpaccy IIO)J; yrJIOM OKOJIO 45°' 3aTeM MeHllIOT Hanpan,1eHIIe II TllHYTCll 
B,Il;OJib TpaCChl Ha COTHH KHJIOMeTpon, ~re.a;.'leHIIO paCXO;:J;lICb. B ROHI~e 
no.a; yrJIOM 45° rrpHMhIKaeT BTOpaH ropnall 06.WCTb. .Kan lIOi'KHO 
3aMeTUTb, ropHbie CKJia)J;IUI ue HOClIT 3aMeTIIhlX c:re,ri;oB BO)];HOU apo-
3HH, co3.a;aroru;e1i: rrorrepe1mhre onparn n no:1111-1M. rrp0Hs.1H10ru;uec ll 
Ha 30Mllh\X CllllNIIrnx II 11\ljl;l~ xapal'Tl'PllOJi \\l'.-ln'll'Jl'I, 

3aTeM peJibecp crnuosHTCll 6oJiee crr0Kofrnh1~r. Hau60.1ee np1nre-
11aTeJihuoii )J;eTaJihIO B 3TOM o6JiaCTl1 llBJilIIOTCfJ )];Ba ropHbIX o6pa-
30Bamrn ua -18,2° + -17 /1° (-l7 ,2 + - Hi .. 't.'), BhlTH11yTi.tl' 11;w:1i. 
Tpacchr ua 80 KM. Illnpnua nx y ocuonamrn: 15-20 K)I. Ha -18.8' 
(-17 ,8°) HaXOJJ;lITCll IIOJiypaapyrneUHhlM !{pa Tep )J;IIa~reTpOlI 15-
20 KM. 3aMeTHhIX naMeaemdi Ha rronepxHOCTII Beuephl aa 8 :1recm~eB, 
cyJJ;H no 3THM CHHMKaM, ue ua6moJJ;aeTCH. 

PacrnncpponaTh BH)J;HMhie Ha cmnr:Kax o6paaonamrn: rrolroraeT 
paJJ;HOBhICOT01vrep-rrpocpnJiorpacp. Ha pnc. J6 no:10ca Cbe)rKn rrpom.1a 
'Iepea 3eMmo HrnTap. IIpocpHJib BhICOT B 3To:lr paf10He rrp1rne;i;eH 
Ha pnc. 17, n cepeJJ;nHe KoToporo uaxo)J;IITCH Il:rnTo .TlaKrmm. npn
IIOJJ;HHToe na 4-5 KM Ha)]; OKpy:maroru;efr MOCTHOCTbIO. Ila 1;paBHOHilll 
o6onx pncynKOB (c y11eTOM pa3IIHJ.\bl J\IaCIIITaOOB) c.1e;:i;yeT. 'ITO u;eHT
paJibHYIO 11acTh IIJiaTo aanm.rneT O)J;HopoJJ;Hafl panmma, a RpaH 
(n3 HHX rrpaBhIM HOCHT Ha3naune 'Y CTyrra BecThl) BhlI'."Ill;J;HT CII.'IbHO 
nepece'leHnhIMH. 

Ha pnc. 18 n3o6pameH paiiou fop l\faKcne.1."Ia c Kparepolr IlaTepa 
RJieorraTpa .ri;naMeTpoM OI\OJIO 100 l{M. C pa.a;uo.'IOKaI\IIOHHbDI n3o6-
pamemteM comueru;en npocpHJih nhrcor, rro:1y,1em1r.1fr Tpelrn: JJ.HH:llll 
panhme BJJ.OJ!h Tpacc1il, 1rnTopa11 rrol{a3aIIa (ip,'1oii: :nmnei1. MaKcu
MaJ1hua11 llhlCOTa ropnoro 11rnccuna JI.JUI .ri;amwro npolpII.'Ill cocraB
JIHeT H l{M ua.ri; cpenmm pannycoM Benep1,1, 11 na'!eCTBe 1'0Toporo 
Me:m.a;yHapo.ri;1rnii acrpono11nPrec1mii: coma npmrn.1 ana'lemre 6051 Rl!. 
KpaTep, KOTopbIH nepecemra Tpacca ua111epemJii BI>ICOThI, pacno:ro
men Ha CKJioue ropHoro 11rncc1rna II II11reeT c.1oi-1rny10 ¢op:1ry. Ila co-

4 B cepeAlllie mo1rn 1984 r., I\OrAa Benopa rrpoXOAJW!I aa Co:m1\l'lI, CBH3b c an
rrapaTa~m rrpeKpanrnacb Ha HecKoJibKO AHeiL 'hulii.1 C'IIJITb nponym;ennyio 
B 3TOT rrepnop; o6JiaCTh, TIJIOCl\OCTh op61:1Thl l\OC?tlll'ICCIWl'O a1111npaTa ~BeHepa-16• 
6brna rronepnyra HaaaA Ha HeKoropblil: yroJI. Bc:1C';1<'Tllll<' :iroro Ta me calJaH 
o6JiaCTb oKaaaJiacb IIOA op611roii Ba 2 He1~eJm rroail\l' 11u:11wro <Hfoporn Beaepbl 
(243 cyr). 
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· noc'TaBJieHm1 uao6pameuua c npo<l>uJieM cJie,o;yeT, 'ITO BHYTPH 6om,
mero KpaTepa rJiy6uuoii oKoJio 1,5 KM uaxo,o;uTc.11 BTopoii, MeHhmero 
ARaMeTpa, AHO KOToporo onym;eHo em;e Ha 1 KM. 

3aMeTHM, ti.TO 3HatJ.HT0JlbHOe OTKJIOH0Hll0 MeCTHoro pa,o;uyca OT 
B0JilltJ.HHbI 6051 KM, npHHllTO:ii 3a pa,o;uyc ccpephl, Ha KOTopyro Ha
HOCllTC.fl irno6pameuue, npHB0JIO K 3aM0THhlM nepcneKTHBHhlM HCKa
iK0HlI.flM cl>opMbI KpaTepa H' ero CM0lil;0HlIIO, KOTOpoe 6bIJIO YllT0HO 
npll naHecemrn Tpacchl pa,o;uonhlcoToMepa-npocl>uJiorpa<Pa Ha 1rno6-
pameHlle. 

Ha noBepxHOCTH BeHepbI o6HapymeHbl IIHTepecHbie JIBJI0HIIH, 
Bbl3BaHHble aHoMaJihHbIM xapaKTepoM oTpameHu.11 pa,o;HoBoJIH. Ha 
pllc. 19 II3o6pameH cromeT :c ABYMll RpaTepaMII y,o;apHoro npoHc
xomAeHH.fl ,o;IIaMeTpOM 15-20 RM, y o,o;Horo H3 ROTOpbIX ,Il;HO BblrJI.fl
AIIT Heo6bl'IHO .llPKIIM. 3A0Cb ypoB0Hb OTpaiK0HHOro CIIrHaJia B03-
pacTaeT npuMepHo Ha 10 ,o;B no cpaBHeHHIO c 0Kpya<a1om;eii MecT
HOCTbIO. BepoHTHo, aTo .llBJieHIIe Bbl3BaHo He TOJI1>Ko a6coJIIOTHbIM 
YB0JIHtJ.0HIIeM oTpamaTeJibHoi cnoco6uocTH ,o;ua RpaTepa, HO u MeHh
meii BeJIII'IHHoii o6paTHoro pacce.llHII.fl oRpymarom;eii paBHHHhl no 
cpaBHeHuro co cpe,o;HIIM aHa'leHIIeM ero ,o;JI.ll noBepxHOCTH BeHepbI 
B :a;eJIOM. Ilpn RaJiu6poBKe a'pROCTll no cpe,o;HeMy 3Ha'I0HlIIO B Il.llTHe 
paal\rnpoM 160 KM Ha 160 RM aTo 6y,o;eT Ha6JI10,o;aT1>cJI, ecJin oRpymaro
m;a.11 noBepxHOCTb HMeeT MHoro 66JI1>myro rJia,D;ROCTh, 'leM ,o;Ho Rpa
Tepa. 

BbIJIO 3al\re'IeHo, 'ITO B, o,o;HOM H3 paiioHoB npoTameHHOCThID 
. 200-300 RM cpe,o;Hll.ll MOID;HpCTb OTpaiKeHHOro cnrHaJia Ha BbIXo,o;e 
npneMHHKa :fJIC CA yMeHhriIHJiacb Ha 5-10 ,o;B. B To me BpeM.11 
Ha Bhlxo,o;e npueMHHKa PBII, aJieRTpn11ecRall oc1> aHTeHHbl RoToporo 
HanpanJieua IIO M0CTJIOH BepTHRaJIH, cpe,o;HJIJI MOII\IIOCTb OTpamoH
Horo CHrnaJia HO TOJibKO yMeHbIDHJiaCb, a ,o;ame JIOCKOJIJ,J<O B03pOCJia. 
lfa 3Toro MOa\HO 3aKJIIO'IHTb, 'ITO nOHiliK0HHOe o6paTH00 paccell
HIIe pa,o;HOBOJIH npII HX H~RJIOHHO~ na,o;eHHH BbI3BaHO 60JI1>meii 
rJia,D;KOCTblO nonepXHOCTlI B 3TOM pauoue. 

nocrpoeHHe cpOTOKapTbl 06.n~CTH rop MaKcae.n.na 
! 

Ha ocHone ,o;amrnx, noJiy11eHHbIX KocMu11ecKHMH anrra paTal\IH 
«BeHepa-15 II -16», coa,o;aIOTCH KapTbl, ROTOpble Il03BOJI.llT II 3Y'IIITb 
npon;ecc1>1, npoTeKarom;ne Ha 

1 

noBepxuocTll BeHepbI, n cy,o;nT1> 06 
lICTOpHH pa3BHTlrn IlJiaHeTbI. 'Ha pIIC. 20 npIIne,o;eH qiparMeHT <J>oTO
KapTbI Beuepbl ,o;JIJI o6JiacTn fop· MaKcBeJIJia, nocTpoeHHhlii no pe
ayJI1>TaTaM pa,o;uoJIOKaIJ,IIOHHOij: C'b0MKII KOCMH'I0CKOro annapa Ta «Be
nepa-1{3» eme)l.Henuo c 12 no' 25 .llHBapa 1984 r. :ho HaII6oJiee ,o;e
TaJI1>naa KapTa II3 Bcex cym;ecTByrom;ux. Ilpll pa,o;IIoJioRaU,IIOHHoii 
C'beMKe Benephr Koc11m'IeCKIIM annapaToM «IllloHep-BeHep a» [8} 
6LIJIO ycTaUOBJieHo, 'ITO ropbl MaRCB0JIJia - CaMble BbICOKHe Ha 
BeHepe, o,o;HaKo na-aa HH3Koro npocTpaHCTBeHHoro paapemeHHH 
,llOCTOBOpHLIX 3aKJIIO'I0HHH 06 IIX npupo,o;e c,o;eJiaTb 61,IJio H 0Jlb3ll. 

Pa,o;uoJioI<a~10Hnhle uao6pameHII.ll ,o;JIH Ram,o;oro ,o;ua c 'b0MRII 
~· .. uauocHJIHCb Ha ccl>epy pa)l.nyca 6051 RM B BeHeporpacl>n11ecKoii cu-
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Pnc. 21. Ilpo<l>HJih DbICOT uonepXHOCTH BcnopbI n paiionc fop l\Ia1\cnemia, rp;e 
HaXO/];IlTC.fI HaHllbICllia.fI Tff'!Ka nonepXHOCTH BeHCphl, IIOJiyqeHHhlii KOCMuqecmm 
arrrrapaToM)Benepa-16» 14 .fIHnapH 1984 r. 

CT0Me Koop,o;1rnaT 5 ' a 3aTeM npoeI<TllpOBaJIHCb Ha lWHI!'IOC:hyIO no
BepXHOCTb, npone,o;eHHYIO 11epea ,o;ne cTaH,o;apTHhre napa.'rne.'Iu. Ilpo
eKTnpo nanue neJIOCh u,n!f>poBhlMH MeTo,o;aMu c rnaro:\l 0,8 :h~l ua rnrn
CKOCTH cpOTOIIJiaHa. J!lcnOJib30BaJiaCb JilIHeiinalI HHTepIIOJilIIJ,llll )IQlil;
HOCTlI OTpameuuciro CHrHaJia no Tpmc 6.rmmaii:nnn1 TO'IJrn)L B )[('<'Tax 
nepe1<p1>1THH coceH1111x 110J10c ee Bl'.1111'11111a Gpa.11ari. c lll'l'lnl, yow
Ba10m;uM Jrnueiiuo I\ I<paio H3o6pan..:enun. 

Ilpn nocTpoe1nrn cpoToKapTbI Y'IHThIBaJiaCh BbICOTa :\IeCTHoro pe.'I1>e
cpa II BHOClIJIHCb nonpaBKH B Koop,o;HHaTbl KOCl\Ill'IeCKoro anrrapaTa, 
YTO'IH0HHbre rro MeTo,o;nKe, y11nTbIBa10~eii B03:\ryrn;emrn rrapa:\reTpOB 
op6nTbl npII pa6oTe ,o;nnraTeJieii CMCTOllihl acTpoopnenrnu,un. CpaB
H0HMe c pIIC. 18 IIOKa3bIBaeT, 'ITO y'IeT BbICOTbl MeCTHoro pen1>ecpa 
npaKTII'IeCKII ycTpanHeT nepcneRTHBHhre ncI<amemrn, oco6eHHO aa
MeTHble B paiioue KpaTepa IlaTepLI l\JieonaTpa. 

I JlnnMH pam11>1x DhlCOT Ha cpoT01rnpTe cJiegy10T c rnaro.:11 0,5 K:\I 
OTHOCMT0JibHO cpe,o;Hero pa,o;uyca nJiaHeThI (6051 :h:\I). Mea:ny Tpac
caMM rroJieTa KOCMn11ecKoro anrrapaTa 11a11Iepemrn mnepnom1p0Ba
JIIIC1> lI ycpe,o;HlIJllICb CI<OJib3lilil;MM OKHOlll ,o;MaMeTpor.1 200 KM. ,Il.aH
HblM npHllHCLillaJICil nee, JIHHeiiuo y6LIBaIOID;l1H OT 1 ll ~CllTpe OKHa 
;:i;o 0 Ha ero Kpa10. ::ha MeTo,o;uKa crJianmnaeT BLICOTHbiit pe.11>eqi, 
'ITO aaMeTno, nanpnMep, ll paiione IlaTepLI l\Jieonnpu. 

" B cooTBeTcTnHH c pcKoMcHp;au;ueii: MemAyHapo)l;Horo ncT1H1noM11•111~1<oro l'OIO:JA 
rrpaMoe nocxoiu)l;cHno conopHoro rromoca Bonophl 11p1111111·0 272,8°, 1•111111m•111111-
67 ,20; rrepHOA apam;eHH.fI - 243,01 cyT. BeHeporpa<l>1111oc1rn11 aom'oTn onpo· 
p;eJUICTC.fI Tamm o6pa30M, qTo 20 HIOH.fl 1964 r. Ha 0 'I :i<Po~ll)PllAHoru lpOllOlll 
p;oJiroTa n;eHTpaJihHOro MCpHp;uana BeHepht cocranJI.fIJia 320°, 
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06m;aa mrnm;a;a;h npe;a;cTaBJieHHOH <JioTOKapThl CO\jfallJIHeT 
2 MJIH m.12 • Ee n.eHTpaJII>HYIO 11aCTh aaHllMaIOT f opbl MaKcBeJIJia c 
IlaTepoii: KneonaTpa, npo<l>llJib KOTOpbIX B n.eHTpaJII>Hoii 11acTn npn
ne;a;eH Ha pnc. 18. C aana;a;a K HHM BIIJIOTHYIO npHMbIKaeT IInaTO 
JlaKIDMH. 06a KpaTepa, Bxo;a;.am;ue B cucTeMy IlaTepa KJieonaTpa, 
HMeIOT npu6mrnuTeJII>HO~ KpyrJiyro <l>opMy. BHyTpeHHnii J{paTep ;a;ua
:MeTpOM 55 KM CMem;e:H I{ ceBepo-BOCTORY OTHOCHTeJibHO n.eHTpa BHem
Hero RpaTepa ;a;naMeTpOM 95 RM, r;a;e nx Rpa.a IIO'ITll COBna;a;aIOT 
(cM. npo<J>HJih Ha puc. 18). 

C aana;a;a o6JiaCTh flaTepbl KJieonaTpa oRaiiMJieHa no11Tn napaJI-
JieJII>HblMH xpe6TaMII, THHym;uMRCH Ha coTHll RRJioMeTpoB. ,IJ.pyr oT 
;a;pyra OHll OTCTO.flT Ha 5-15 RM. 3;a;ech HaXO;IJ:IITCH caMa.fl BbICOKaH 
o6nacTI> BeHephl, r;a;e B oBaJie npoT.aiKeHHOCTbIO 400 RM c ceBepa 
Ha ror II 200 RM c BOCTORa Ha aana;o; BblCOTbl npeBblillaIOT ypoB0Hb 
10 RM. IIpm.iepHo B cepe;o;IIHe oBaJia B 200 RM K aana;a;y OT IlaTepbl 
KJieonaTpa (;a;oJiroTa 3°; mnpoTa 66°) Haxo;a;IITCH HaIIBbICma.a TO'lKa-
11,5 KM, aa<l>HKCIIpoBaHHa.fl pa;a;HOBblCOTOM0TpOM-IIPO<i>HJIOrpa<l>oM KOC
MII110CKOro annapaTa «BeHepa-16» 14 HHBap.a 1984 r. (pnc. 21). 
KaR noRa3hlBaIOT ypoBHII BblCOT, ceBepHaH 11aCTb B03BblmeHHOCTH 
npo;o;omKaeTC.fl Ha aana;a;, r;a;e BblCOTbl em;e npeBbIIDaIOT 9 RM. 

Han6oJiee peaKo BblCOTa y6blBaeT B roro-aana;a;HoM HanpaBneunn, 
r;a;e cpe;a;HIIii yRJIOH cocTaBJIHeT 2,5°. C aToii cTopoHhl f opbl MaKc
BeJIJia c;o;aBJieHbI MaCClll3HOH IIJlllTOii IlJiaTO JlaKIDMll BbICOTOll OKOJIO 
5 RM II napaJIJieJibHble cKJia;IJ:Kll n;a;yT qam;e. CKJia;u.1m, ouaiiMJrn101u.l1.o 
IlaTepy KJieonaTpa, npocJieiKHBaIOTCH II c nocToKa, HO a;a;ecb oHII 
HOC.flT MeHee 110TRilll xapaKTep. 

CneTJia.a o6nacTb, Henocpe;a;G'tBeHHO oRpymarom;aa IlaTepy KJieo
naTpa, BbirJIH;IJ:HT 6onee ponHoii. BoaMOIBHO, CKJia;a;1rn peJ1be<Jia 
a;a;ecb aachlnaHbl BI.i6pocoM npu y;a;ape MeTeopnTa, o6paaoBamnero 
RpaTep. 

C rora f opbl MaKcBeJIJla 'tJeTRO orpaHn'leHbl paBHHHoii BbICOTo:ii 
OKOJIO 3 KM. c ceBep,a CKJia;IJ:Rll co6upaIOTCH B «mryT», KOTOpbiii, 
Il3BllBaHCb II Tep.aa BbrCOTY ;o;o 2 RM, THHeTCH B Mepn;a;noHaJibHOM 
HanpaBJieHIIII 60J1ee 11e111 Ha 500 RM, a aaTeM nepexo;a;IIT B paBHRHY. 
::lto 1onuurn •rncTr. o(iump11oi1 np1m0Jrnpnoil panHHHbl «CHerypoq-

Ka». 

3aKnl04eH11e 

KocMll'lecKne annapaThI «BeHepa-15 u -16» aa 8 Mecan.en npouaBeJiu 
pa;a;noJ10Kan.uoHHy10 c'heMKY Bcero ceBepHoro noJiymapu.a Beuephl 
Bblme 30° o6m;eii: IIJIOm;a;a;bIO 115 MJIH RM2

' 'ITO COCTaBJIHeT 25 % BCe:ii 
noBepxHOCTII nJ1aHeThl.. KoMnJleKc annapatyphl, coa;a;aHHhlii B l1P9 
AH CCCP, noaBOJIIIJI o6ecne'lHTb HenpepbIBHYIO o6pa6oTKY nocTy.:. 
na10m;eii Irn<J>op~rnwm u noJ1y'leHue pa;o;uoJ10Ran.uoHHhlX uao6paarn
Hn:ii 11 npo<J>mrnli B1>1coT noBepXHOCTII BeHepbI. Ha 3TIIX uao6pame
HIIHX BII]l;Hbl ropnhle xpe6Thl, RpaTepbl, IIJIOCKOropbH, CKJia;a;1rn 11 
pa3JIOMbl BeHepuancHoi'1 Rophl. B HeRoTophlX paiioHax o6Hapy;irnH 
aHOMaJibHblll xapaRTep OTpameHRH pa;o;ROBOJIH. 
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TOH "!acTn 11011cpxnocTH Bcmipi.1. ~hn K11p·n.1 11oa110J1HIOT uay11nTb 
npon.ecc1>1, npoTcKa10m.1rn 1111 11011opx11ocTH Be11ep1>1, H cypJ1Tb 06 
HCTopnn pa:mHTHfl IIJIUJICTJ.1. 

IloJieT KOCMH'IeClntX nunapaTOll «Uc11ep11-lG ll -'lu» OTKpbrn HOB)'IO 
:moxy B H3y11011nII npnpoiJ,hl nnn110T1i1 Bl'ucpa. 
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Y]l;H 621.371.31, 

Ocna6neHHe H pacce51HHe MHnnHMeTpOBblX sonH 

B 36MHOH OTMOCtj:lepe 

H ee co6cTseHHOe H3ny~eHHe 

K. A. Ar AHoEK5lH, IO. c. oAoKY1H, r. K. 3ArOPY1H, 
A. IO. 3PA>t<EBCKY1"1, ¥1. A. Y1CXAKOB, A.H. PYKY1HA, A. B. COKOnOB, 

E. B. CYXOHY1H 

B nocJie;a;nec BpeMa 1rnK B CCCP, TaK u aa py6e;KO)I ncc:.ie~oBamurn 
OCJID.UJICJllUI 11 pacccmnrn l\IIIJIJIIIMeTpOBhlX IlOJlll (MMB) B 3l')lll0Il 
nTMocciicpc ll cc co6CTB0HHOro ll3JIY'l0HIUI y;a;eJIHCTCH 60.'lblllOe BHII
Mlllll10 ( C11!. o630pbl [ 1-4])' o6ycJIOB::IeHHOe B03)I0ffiHOCTHlIII npn
MCJIClllUI :lTHX IlOJIJI B CBH3H, pa;a;IIOJIOKall,IIII, pa;::urn, acTpOHO)IIlll, 
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I 

PB.A:e:oMeTeopoJionrn, ·np:e: :e:aY'IeHk:e: np:e:pOAHbIX pecypcoB :e: T. A· [5]. 
0cJia6Jiemre, pacce1rnue :e: do6cTBeHHoe naJiyqeH:e:e aT.l\rnccpephI 

onpeA0JIHIOT ypoBeHb np1rnnMae4oro c:e:maJia Ha MMB n pap;no
T0IIJIOBo:i:i: KOHTpacT npn )J;lICTaHI~lIOHHhlX HCCJl0AOBaHIIHX OKpymaro

i:qe:i:i: cpeAbI. MoJieKyJiapHoe norJioi:qeH:e:e, r:e:p;poMeTeopHoe ocJia6Jie
BHe, H3JIY'I0HH0 aTMOCcpepbI 3aBHCHT OT Bp0M0HH rop;a ll reorpacpII

"tl0CKoro paiioHa, IIOaTOMY npep;cTaBJIHeT HHTepec nayqeHHe C030HHbIX, 
mHpOTHhIX BapIIan;n:i:i: STIIX B0JIHqHH, IIOJ1Y1I0Hll0 CTaTHCTIIqecKHX 
xapaKTepHCTHK IIOJIHOro BepTIIKB:JibHOro OCJia6JieHHH ll HlICXO)J;Hiqero 
;eanyqeHHJI QTMOCcpephl, a TaKme pa3BllTlI0 ·MeTOAOB nporH03HpoBa
HHll OCJia6JieHHJI B )J;OiR)J;HX Ha: HaKJIOHHbIX . Tpaccax. 

B MHJIJIHMeTpoBoM (MM) ,l:\nanaaoHe B oTJiuque oT caHTHMeTpoBoro 

(CM) DpH o~e1me B3alllllHbIX IlOM0X B CBH3H 11 JIOKan;mI cym;eCTB0H-
11LlM 11rnmeT oKaaaThCH BKJiap; MHoroKpaTHoro pacceHHIIH. IIosToMy 

Bamuo onpeAeJieune ycJIOBII:i:i:, np11 KOTopbix scp<fleKThI MHoroKpaTHoro 
pacceHHRJI Tpe5yroT yqeTa. 

1. Ocna6neH1-1e MMB e ceo6oAHOH 1-1 o6na4HOH aTMoccpepe 

Ilp11 OTCYTCTBllll rnp;poMeTeopoB. peaoHaHCHOe B3aIIMO)J;0HCTBll0 BOJIH 
MM AnanaaoHa c MoJieKyJiaMH H 20 II 0 2 npaKTnqecKII noJIHOCTbIO 
onpeAeJIHeT ocJia6JieHIIe n naJiy~eHIIe aTMoc<flepbI [ 6], KoTopbie aa
BHCHT KaK OT AJIHHbI BOJIHbI, TaK 11 OT pacnpeAeJiemrn M0T00SJI0M0H
TOB c BhICOTo:i:i:, ll BCJI0)J;CTBH0 s~oro o6HapymnBaIOT cym;eCTB0HHYIO 
ll3M0HqllBOCTb. i 

BepTnKaJibHoe norJiom;eHne H:a OT)J;0JibHbIX ;a;JinHax BOJIH on;eH:e:-
1 

BRJIOCb paHee B IIP0AIIOJIOiR0HHH SKCIIOH0HD;llRJibHOro y6hIBaHHJI 
OCJia6JI0HHH c BhlCOTO:i:i: B [ 7' 8],' IIO SKBHBRJ10HTHO:i:i: ]l;JIIIHe IIYTH ll 
nor:Uoi:qeHHIO B IIpH3BlllHOM CJIOe B [8-10], M0TOAOM qIICJ10HHOro 
llHTerp:e:poBaHHH B [ 11-15]. PeayJihTaThI 11ccJie;a;oBaHn:i:i: pa;a;:e:oTen
JIOBoro :e:aJiyqeHHJI aTMoc<flepbI IIPHBe;a;eHbI B [7, 12-45]. 

lfa-aa OTJilllJ:llH B YCJIOBllllX Ha6JIIOA0Hllll peayJibTaThl IICCJiep;o
BRHllll OCJia6JieHllll ll ll3JIY'l0Hllll aTMoc<flepbI, IlOJIY'l0HHhie B paa
JllllJ:HhlX pa6oTax, qacTo HeconoyTaBHMbI ;a;pyr c ;a;pyroM. IIosToMy 
TPYAHO noJiyqHTb npe;a;cTaBJieHIIe o cneKTpaJihHhIX, Bl>ICOTHLrx, ce
aoHHbIX ll yrJIOM0CTHhlX pacnpe;a;eJieHHJIX STHX B0JIIIlJ:IIH. 

B cn11an c STHM 6hIJIO BhIIIOJIHeHo TeopeT:e:qecKoe :e:ccJie;a;oBaHne 
3RBllClll\10CTH IIHTerpaJihHoro IIOfJIOID;0Hllll ll ll3JIY'l0Hllll CJIOJI 'IllC
TOR 30MHOR RTMOCcpephl B ;a;IIaIIa3oHe ')., = 0, 75 + 20 MM OT IIIllpOThl 
M0CTa, ceaoHa ro;a;a, HaIIpaBJI0Hllll np:e:eMa ll3JIY'l0HHJI ll BhICOThl 
BepxHe:i:i: n HHiKHeii rpaH:e:n; CJIOJI aTMoc<flepbI. 

IIorJiom;eHne B BOAHHOM IIape onpeAeJI11Jiocb no MeTo;a;nKe IIHme
HepHoro paclJ:eTa [ 46], o6ecIIe'lnBarom;e:i:i: corJiacne peayJihTaTOB Bhl-
1lllCJI0HHH Koacpcpnn;neHTa IIOfJIOID;0Hllll c OIIhITHhlMll ARHHhlMll IIpH 
nopMaJibHhIX ycnoBllax (P = 760 MM pT. CT., T = 293° K, p = 
= 7,5 rh.13) 11 coxpaHeH11e Bn;a;a aaBncnMOCTH y = f (P, T, p). Me
TOAHKa Bhl'IIICJI0HRH OCJia6JieHIIJI B KllCJIOPOAe 6hIJia pa3BHTa B pa-

6oTaX [ 9' 37' 4 7 -50 l B IIpe;a;IIOJIOiR0HRll RMHTHBHOro BKJiap;a KaiK

AOii Cil0KTPRJihIIOll JlIIIIllll B cy11hrapHhlii Koaif)(l>H~H0HT norJiom;emrn. 

' 'Nii-·. • • • 

,, , PacqeT peaona11cHoi1 'IaCTH 

, KO<>cp<flm~MOllTU 1101',llOll~OIIHH 
llLillOJHUIJlCH 110 !Jio pMy Jte ( 4) 
pa60Thl [ 48], rrpH ::>TOM IIOJIY
mnpHHhl JIHHHii OLIJIH B3llThI 
B corJiacnn c [9, 48]. IIanecT

Hhl pa3JIHlJ:Hhie M0T0]1;.hl Bhl
lJ:llCJ10Hllll Hepeaonaucno:U: 'Ia

CTH Kos<fl<flIIn;:e:eHTa nornom;e
HHJI KlICJiopop;a [37-39, 47-
50, 51]. Hamn 01\emrn: n0Ra

aam1, 'ITO HanJiy11mee corJia

CIIe c :mcrrepHM0IITUJ1hHhlMH 
;a;aHHhIMH Ha6mo;a;aeTcll rrpH 
llCIIOJih30BUHlllI BhipameHHJI 

;a;e6aencRoro THna, rroJiy'IeH
Horo BaH cpJIORoM. 8To co
OTHOllIOHHO npHDOAOlIO II [ 4 7]. 

,[t;JIJI paC'IeTOB 6paJITICh 
M0]1;0JIII aTMoc<flepLI [53J, 
OTpaiRaIOID;IIe C030HHLI0 II llIH
pOTHbie pacnpe;a;eJiemrn: T, P 
II p, 6JilI3RlI0 R Ha6mo1i;aeM1>TM 
ua;a; TeppIITopIIeii: CCCP [54]. 
BepTHRUJihHhie npocp:nJrn nJiaro
co;a;epmarura AJIH G0° c. m., 
IIOJIY1I0HHhl0 ll pe3y JlhTaTe yc
pe;a;HeHIIJI MHOfOJIOTHlIX pa
]1;II030H;D;OBLIX ;a;an1u,1 x' ll3lITJ,T 
H3 pa6oTLI [52]. 

,[t;JI11 pa3mPrnT.Tx nrnpoT 
cenepnoro rroJ1ymap1rn (75-
300) 6hIJIO Bhl'IlICJIBIIO nepTH

RaJihIIOe 110l'Jl01IW11HC r '!~\BI, 
rroRaaaunoe AJTH cpenHoHroJIT>
cRnx ycJ10n11:U: ua p11c. 1. 
RaR n:n;a;110 M3 p11cy1ma, 1111Tcr
paJihHOe OCJia6JieHHe IICIIhlTLI
BaeT 3HaqlIT0JlhHhle IIIllpOTHhie 
napIIan;IIII. BhIJIII rroJiy11enL1 
TaRme 3HU'I0HHlI BOpTHl\UJlb
Horo IIOfJIOID;0HHJI ]l;Jlll cpe;a;-

Puc. 2. BepTHRUJibnoo norJiom;omre 
CJIOH 11llCTOll UTMOCcpOpbI C IlbICOTOii 
nepxneil: rpanu~hl 40 RM n aanucu
MOCTH OT BhICOThl ero mmmeii: rpa
Hll~hl na 60° c. III. AJIH cponnom1-
BapcRux ycJionuii, T = 257 I\, 
p = 760 MM pT. CT., p = 2,1 l'• 
·M-3, (J) = 6,0 MM 
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110HHBapcKilX YCJIOBilll. !,lJ;JIH 60° C. m. Il3M0H0HlllI B0Jlll'll!Hhl r OT 

snMhl K JieTy Ha ;a:mrnax. BOJIH I.= 0,74; 0,87; 1,4; 2,2; 3,3; 8,6 MM 

cocTaBJIHI-OT 3,9; 3,8; 3,7; 2,9; 1,9 Il 1,5 pasa COOTB0TCTB0HHO. 

,lJ;JIH Jl0THilX Il 3IlMHiix ycJIOBilll 60° c.m. Ha OT)l;0JlbHhlX )l;JlllHaX 

BOJIH ItaK B JlllHillIX nonrom;eHilH KllCJiopo;a:a (lw = 2,5 MM) Il BO;D:lI

noro napa (lw = 13,5 MM), TaK n B nx OKHax npospa'lHOCTil (lw = 
= 0,74; 0,87; 1,4; 2,2; 3,3; 8,0; 20 MM) Bhl'lllCJI0Hhl Il3MeH0HlllI IlHTer

paJibHoro norJiom;eIIIllI :CJIOlI Bos;a:yxa OT BhICOThl ero mrnmeii: rpa

:a::w::i;hl (55). ,lJ;JIH lIHBaplI Mecm~a OHil noKasaHhl Ha pHc. 2. Pas

Jll:l'lHhlll xo;a: saBilCIIMOCTeii: r (H) npII pa3JIII'lHhlX A o6ycJIOBJieH 

:a:eo;a:1rnaK0BhlM BKJia;a:oM 1 B ocJia6JieHHe MOJieKy JI H2 0 H 0 2. 
0cJia6JieHHe B o6JiaKax II o6Jia'lHOH aTMoc<J>epe o~eHHBaJIOCh no 

?dO;D:SJilIM o6JiaKOB (40, 41], COBMem;eHHbIX HaMil co cpe;:i:HellIOJibCKilMil 

npo<f>HJI1IMil MeTeoaJieMeHTOB ;a:JIH 60° c.m. (52, 53]. ¥'lHT1>rnaJioc1> 

?dOJieKyJIHpHoe norJiom;enHe B napax BO;D:hl, KHCJiopo;a:e H aaposoJI1>
:a:oe ocJia6JieHIIe B o6Jia:Ke. BJiaiKHOCTb o6JiaKa np1rnHMaJiac1> 100 % . 

Aap030JlbH00 BepTH}\aJibHOe norJiom;eHil0 o6JiaKa r ofi [;a;Bl, Bhl

"<JllCJI0HHOe no <J>opMyJial\I pa6oT (56, 57], Il lipKOCTHall TeMnepaTypa 

o6JiaKa Ta (I\] np1rnetieHhl B Ta6JI. 1. lfa Ta6JIH~bI BH;D:HO, 'ITO 

o6JiaKa BepxHero apyca ! npaKTil'IeCKil He BHOClIT ;a;orroJIHHTeJibHOrO 
aaTyxaIIHll Ha MMil. OcJiaoJieHne B BhJCOIW-CJIOMCThlX o6JrnKax As 
cpe;a;Hero apyca cpaBHilMO c MOJieKYJillpHblM rrorJIOII~eHileM B OKHUX 
npoapa'lHOCTil. 3aTO B o6JiaKaX BepTIIKaJibHOro pa3BllTilll (Cu med, 
Cu cong) MMB norJiom;aroTCH BO MHoro pas 60JI1>me, 'leM B 'lHCToli 

a.TMoc<J>epe. 3aBilCilMOCTU BepurnaJibHOro OCJia6JI0Hllll CJIOH o6Jia'lHOll 

aT.Moc<J>ep1>1 OT II31\10H0Hllll BhlCOThl ero BepxHeli rpaHH~hl ;a:m1 "A = 
= 3,3 MM noKa3aHhl Ha pHC. 3. Pac'leTHhle sHa'IeHHH saTyxaHHH 

:B o6JiaKaX HUXOAlITCH B
1 

corJiaCilll c 3KCnepHM0HTUJlbHbIMII pesyJib

TaTal\lli [42, 58-60]. 

2. PaAJ.10rennoeoe 1-13nyi.1eH1-1e 3eMHOH arMoccpepb1 

. BhlJIIl pacc'IIITaHhl cneKTp1>1 pa;a:IIoapROCTHhlX TeMnepaTyp 'lHCToro 

Hc6a Ta npn 3Hl\IHIIX II. JieTHIIX ycJIOBIIlIX ;D:Jill pa;a:a mHpoT ceBep

Horo noJiymapIIH. PesyJI1>TaThl _Bhl'IIICJieHIIlI ;D:JilI cpe;a;HeHIOJibCRilX 

ycJionuii noKasaHhl Ha pnc. 4. CesoHHhle BapHall;1rn Ta OT SHMhl K 

JieTy Ha 60° c. m. ;D:JilI ";.., = 8,0; 3,3; 2,2; 1,4; 0,87 MM cooTneTCTBeHHO 

panHhl 8, 37, 82, 124 u 42° K. TH He6a cym;ecTBeHHo sanIICIIT OT 

urnpoThl l\recTa. Baplia~11u cpe;a;He1uoJI1>cKoli Ta npn nsMeHeHHH 

IllllpOTbI OT 30 AO 75° c. in. COCTaBJIHI-OT Ha TeX me AJIHHaX BOJIH 10, 
48, 90, 98, 27 K COOTB0TCTB0HHO. c YM0Hbill0Hll0M )l;JlllHbl BOJIH 

Ta saMeTHO yneJIII'lllnaeTCH n JI0TOM Ha mupoTax, MeH1>mux 60°, yme 

npu A. < 1 MM AOCTnraeT TeM11epaTyphl Bos;a;yxa B npnseMHOM cJioe. 

RaK AJill JIHHIIH norJiom;eHllll BO]l;lIHoro 11apa ("A = 0,92; 1,63; 
13,5 :mi) II IUICJIOPOAa (A= 2,5; 4,96 MM), TaK Il ;D:JllI llX OKOH npo

spa'IHOCTH ("A = 0,74; 0,87; 1,25; 2,2; 3,3; 8,0 MM) noJiy'leHhl 

SaBilClll\IOCTll lI3JIY'l0HlllI aTl\rnc<J>ephl OT BhlCOTbI ee HlliKHell rpa

Hll~hl. lfa pnc. 5, Bn;a;no, 'ITO ]l;JilI Slll\iHllX ycJIOBllll np11 yBeJiu

'10Hllil H aTl\rnc<J>ephl ;a;o 4 KM Ta Ha "A = 8,0; 3,3; 2,2; 1,25 
11 0,87 :lllI Yl10HbIIIaeTi!lI COOTBeTCTB0HHO Ha 10, 28, 42, 98, 190 I\. 

Ta6J1111\a 1 

<I>opMa 
1'.., 111111 

00J1ai;a 

I I I I 1,4 2" 3,3 4,1 8,6 .~ 

Cs fou=0,11 0,11 0,10 0,10 0,06 
1'rr=234 232 74 100 24 

As foo=2,0 1,8 1 ., 
,cl 1.1 0,4 

1' a=250 177 123 135 42 
St, Sc foo=0,9 0,7 0,4 0,3 0,1 

Trr=243 151 90 110 26 
Cu med foo=4,7 3,5 2,3 1,7 0.5 

Ta=267 214 157 157 49 
Cu cong l'oo=37 ;{() ~l Hi 5.6 

Ta=282 280 276 272 199 

Bo nceM ;n:narrasone "A = 0, 75 -+- 20 11!1\I OhlJIU Taim;(' Bhl'IUCJI0Hbl: 

CII0KTpaJihHbie 3UBllCHl\10CTH HpKOCTIIOll TelllnepaTyphl ;ieTHeli n 3IIM

Heli aTl'v10c<J>epb1 Ha 60° c. III. npH na6Jiro;a:eHm1 c nonepxHocn1 3eMJIH 

]];Jill senuTHhIX yrJion 8 = 0, 20, 40, 60, 75 n 85°. Ta1me 3aRn
cnMocT11 ;n:JIH cpoT~ne1110J1i.c1mx ycJ101111ii 11p11 Ul'J\l'llht 1111 p111:. ti. 
B cm11>nb1x JumnHx norJ10II.1,ou11n TH npai,nP10c1m ue aaB11cuT 

OT 8. Ilpu 60JI1>mnx 8 n n OKHax npospa'IHOCTII TH npn6m1-

maeTCll K TeMrrepaType npuseMHoro CJIOll anrnc<J>ephl. ¥r:10Bhle 

BapH~nu T lI B MM ;a;Hana3oHe ;a:ocTHraroT necKOJibKnx ;i;ecHTKOB 

rpa]];ycon n c npn6J1mlrnHnel\1 K cy6MM ;n:IIanasoHy cnJI1>Ho ylreH1>

ma10Tcll. 
B1>rno npone;a:eno cpanneHne pesyJI1>TaTOB BhlIIOJIHeHHhlx pac'le

TOB f (If) II ll3JIY'IeHl1ll 'lllCTOll II o6Jia'IH0ll anrnc<iJepbl C ;a:aHHhlllll 

pa6oT' D KOTOpMX ;n:ocTaTO'IlIO ITOJIHO npune;n:enhl yc.'IOBilll il3liepennii 
[ 1, 12, 17, 19, 21, 42-45, 61-68]. 8Kcnopn.MOIITa:IbIIhle Be.'IU'lllHhl 

I' a 6hlJIII nepeC'lHTUHl>I K RTl\IOCi{lepHbUI l\lO;!l:eJill'.\I, lICIIO:Ib3Y0llhDI 

HaMu, H cpannunaJillCb c pac'leTHbll\UI 3Ha'leHIIHl!Il I' P· 0THOIIl0HillI 

I' al I' P ;D:Jill ycJionHii: 'IHCToii: aTMoc¢ep1>1 npnne;n:en1>1 B Tao:i. 2. 

Ta6Jin~a 2 

A, MM I 20 I 13.5 I 10 I 8.6 I 6.o \ 4.1 I 3.3 I 2.1 j 2.18 j 1.4211.2 

r 0 1rp 1 1.03 1 o,91 I 1.11 I 1.0 I 0,69 I 0,99 I 0,9311,20 I 0,91 I 0,81 \ 1.12 

~YHPT:pa· \ [43] \ [62] \ [63] I [44] I [61] I [65] I [G6] I [12] \ (1] I [67] I [68] 

B Ta6JI. 3 rroMem;eHhl neJIH'IHHhl 0TRJI011em1ii pac'leTHhlX apKocT

HhlX TeMrrepaTyp He6a T Hp OT 31\CnopHMOIIT!\:tl>ln.IX 6 T aa: 

T Ha -T Hp 
&Ta= ?' -100%. 

llp 
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Cu cund PHc. 3. DopTHltnJILllOO uorJIO~o
BHe cJ1011 06J1a•rnoii: aTMoc¢epbl 
c BH>KBeii: rpamu~eii: y nonopx
BOCTH 31:lMJilI B 3llBHCHMOCTH OT 
noJ1omeBH11 ero nepxueii: rpauu
~hl lJ,Jill cp01J.H0HIOJILCKHX ycJio
BHii: Ba 60° c. m. Ha AJIHH0 BOJI-

L..l. --nqi: Bbl /.. = 3,3 MM 
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Ill _1 !U 
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~;; ~=-41-r:"iJyz !Jo" J va, I 

ti z f. 0 tf II, /(l'f 
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Puc. 4. .HpKocTHll.fl TeMnepaTypa 
BHCXO,!J;HIIWl'O H3JiyqeHH.fl qucToii: 
aT.Moc¢epbl lJ,JI.fl cpep;H0HIOJibCKHX 
ycJionuii: ua 75-30 c. ru. 

Pac. 5. 3anHCHMOCTb HpKoCTHoii: 
T0MII0paTyphl HHCXO/J;JIII.1,ero lI3Jly
qeuu.fl aT.Moc¢epbr oT BhlCOThl ee 
HIDKReii: rpauu~bl p;JI.fl cpep;He.flH
napcKux ycJ1onuii: Ba 60° c. ru. 

BemPIHHbI T Ha cpaBHHBa
JlllCb co aHaqemrnMII T Hp, 
BhlqlICJ10HHblMll no MO)J;0JIJIM, 
6JiumaiimIIM K ycJIOBIIJIM aK
cnepHMeHTa. BeJiuqnHhI I' p II 
T ftp B n;eJioM HaXOAJITCJI B xo
pomeM corJiacuu c naMepeH
HhlMH. 0T)J;0JibHbl0 OTJlliqlIJI 
MoryT 6hlTb Bbl3BaHbl OTKJIO
H0HHJIMH KOHKp0THblX BhICOT
HhIX npoqnrneii MeTeoaJieMeH
TOB H napaMeTpOB 06J1aKOB 
OT HCIIOJlb30BllHHblX B pacqe
Tax. 

3. Ocna6neH1-1e 1-1 1-13nyi.1eH1-1e 
arMoccpepb1 np1-1 Ham-141-11-1 
AO>t<ASI 

,I.l;m1 on;eHOK Hll)J;0iRHOCTH 
CBJI3H Ha JIHHHJIX 3eMJIJI -
HC3 HYiRHbl )J;aHHhle no 
cTaTHCTHKe ocJia6JieHHJI MMB 
B )J;OiR)J;JIX Ha HaKJIOHHhIX Tpac
cax. MeTOAhI nporHoanpoBa
HHH TaKoro OCJia6J1eHHH oc
HOBhIBaIOTCSI Ha npocTpaHCT
B0HHO-BpeMeHHhIX xapaKTepn
CTHKaX AOiR;o;eii, KOTOphle c 
HeKOTOphIMli npH6JIHi1<0HlllIMli 

Taumu.1,a 3 

A, MM i 13.5 I 8,o I 5.6 I u I 3,3 I 2.1 I 1,63 I 1,4 I 1,25 I o.n 

OTll, % I -15 I 3 I -4 1 -9 1 -5 I - 7 I 3 I 5 I 9 3 I 
JluTepa- I [45] I [/i2] I [21] I [19] I [GG] I [12] J [17] I [17] I [17] J [17] 
Typa 

MoryT 6hITb IIOJiy~reHLI ITO BpeMeHHhIM 
CliBHOCTeii ;o;om)J;e:ii, BbIIIa)J;aIO~HX B 

pacrrpeA0JI0HHHM HHTeH-
aa;o;aHHOl\[ reorpacpnqec:Kol\I 

nyHKTe, n cKopocTR nepenoca )J;om;a:eBMX ll~ree1c 

B OKHax rrpoapaqHocTii: an.rnccpepLI, CBJI3aHHhlX c MOJieKy.'IHpHhIM 
norJio~eHneM B BO]J;JIHOM nape n 1rncJiopo;a:e, MMB 11crrLITLIBaeT 
60JI1>moe ocJia6JieHne B ;a:om;a:e. 8To ocJiat5Jiemrn JIBJIJieTcJI o;a:amr 
ua lf>aKTopon, BJIHHIOIT\MX na pacnpocTpanomw un.im ;p1111mo110Jl

nono:ii 'JUC'l'M MM )(11a11aao11a (A,~· 8 MM), l\llTop1111 r•111T1wn·11 nt•p
cneKTHIHIOii JJ.JUI cna::rn. 0eMJUI - HC0. 

IIocKoJII>KY Bbrna;a:euIIe oca;n;KoB HOCIIT CJiyqaiiHLiii xapaKTep, TO 
rrpn: on;eaKe aa;a:emnocTn: CBJI3R Ha JIRHRJIX 3eMJIJI - HC3 Hyarna 
cTaTHCTHKa ocJJa6Jrnumr MMB n JJ,om.n;o. l\polllo Toro, lll'tH3x,i;un10 
p aapa60TaT1> MeTO]J;LI nporH03HpoBamrn :noro ocJia(b.C'mrn na ocnone 
rrpocTpaHCTB0HHO-DpeMeHHbIX xapaKTepHCTHK ;a:om;a:eii, TUI< l\U:K no
JiyqRTb CTaTIICTHKY OCJia6JieHHJI B ;a:om;a:e BO Bcex reorpa'cillttl('Cl\llX 
paiioHax npaKTH'leCirn H0B03l\IOiIUIO. ' 

Ha pHc. 7 npHne;a:enLI peayJihTaTbI R3MepeHHH BepTirnaJII>Horo 

. 0CJia6JieHRJI B ;a:om;a:e f~ Ha A = 8,2 Ml\! D 3aBHClll\10CTII OT ero IIHTeH
CllBHOCTH R, noJiy'IeHilhle ·B [69, 70] B n,eHTpaJII>Hoii: qacTn EBponeil
cKoii Tepp1ITop1rn CCCP. B [70] M3Mepeirna rrpoBO]J;HJIHCL no Ha.1y
qeuIIro CoJian,a, a [69] - no co6cTneHHoMy II3JiyqeHIIIO anroccpephl. 

3aaqeHIIJI f ~ 6LIJIII IIOJIY'leHbI nOCJie Bbl~IIITaHIIJI II3 IIOJIHOro OC .1a6-
JieHUH norJI0~0Hllfl B KHCJiopo;a:e II BO ]J;JIHOJ\I rrape. c rrmIO~bIO aaBn-

CIIMOCTII f~ (R), IlpIIBe;a:eHHOH Ha pIIC. 7, l\IOIBHO OIJ,eHUTb 3cpcpe:K
THBHYIO TOJI~IIHY CJIOJI ;a:om;a:H H 3 cp c o;a:nopo;a:aoii no BbICOTe IlHTeH
CIIBHOCTbIO R, KOTOphlii oKa3MnaeT TaKoe me oc.'Ia6JieHIIe Ml\IB, 
qTo n pe aJII>HhlH Heo;a:aopo;a:nLiii ;o;om;a:h. 

BeJin:qIIHhI H 3 cp, paccqIITaHHhle c rroMO~bIO :Ko::i<P<fmn,neHTa oc
Jia6JieHHJI y (R), B3JITLIX no peK0MeH;a:an;1rn MKKP na [71], np11 
yBeJIIIqenHH R OT 5 ;a:o 50 MM/'1 llrnnmoTcn OT 2 ;n;o 2,5 1m coorneTcT
BeHno. 0TMeTHM, qTo B ycJioBHJIX n,eHTpaJibHoii qacTH ETC BbICOTa 
CJIOH )J;Oil\]J;JI' KUK II yponeHb HyJieBOll ll30Tepll!LI, l\IOryT llleHHTbCJI 
npnMepHo OT 1 ;a:o 3 KM. 

IlpH IICCJie;a:oBaHIIH pacrrpocTpauemrn MMB B ;a:om;a:e :KpOMe no
rJio~eHIIH ueo6xo;a:nMo yqnThIBaTI> 11 pacceHune. 8cf>cpeKTbI pacceH
HRJI npIIBO)l,HT H TOMy' 'ITO OCJH\UJIOllllO n CllJIT11I011! )\Oil\)\l', n:nll'pmwo 
no ero co6CTBeIIHOMY H3Jiyqemuo, 6y;a:eT OTJill'IaTLCJI OT IICTIIHHOro 
OCJia6JieHHll. 
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Pnc. 6. HpKOCTHaH TeMnepa
Typa '!HCToro ae6a AJIH paa
JIWIHblX 30HHTHblX yrJIOB 0 
npu cpep;aemoJILCKUX ycno
BH.HX u:a 60° c. m. 

PHc. 7. 3aBHCHMOCTL BepTH
KaJILHoro OCJia6JI0Hli.H B 
p;omp;e ua 110Jmo 8,2 MM OT oro 
HHT0HCHBHOCTH (arrrrpoKCH
Ma~HOHHa.H KpHBa.H) 

1 - no AaHHhIM paoOThl [70]; 
2 - no AaHHhIM pa60Thl [69] 

Puc. 8. fop;OBble HHTerpaJIL
U:ble pacrrpeµ;enemrn B0pTH
KaJILHoro OCJiaOJIOllH.H B 

p;omp;e· f~ Ha /.. = 8,2 MM, 

IIOJiyqeHHb10 aa p;Ba ~HKJia 

Ha6JIIO)J;0HHll 

1 - c 4 HIOJUI 1978 r. no 4 HIOJIJ{ 

1979 r.; 
2 - c 5 lilOJIJl 1979 r. no 31 HIOJIJl 

1980 r.' a TaK>Re paCC'lHTaHHOe 
HHTerpaJibHOe pacnpeAeJiemrn (3) 

HUH 

f.10 

.f"J 

Ill-JI I ·~I l.fJ 
111 20 r 8 off ' a I 

B II. 31meHKII rop~KOBCKOH OOJiaCTII c 4 IIIOJI.11 1978 r. ITO 
31UIOJl.111980 r.,OhIJIII Bhl,IIOJIHeHhl ,ll;Ba HeIIpephIBHhlX ro,a;OBhIX IJ;IIKJia 
ll3MepemI:ii BepnrnaJibHOrO OCJiaOJieHH.11 fB Ha /.., = 8,2 MM (75, 76). 
IloJIHOe BpeMlI HaOJIIO,ll;eHIIH COCTaBHJIO 5500 'I, IIpll 3TOM y,a;aJIOCb 
ll3Mepl1Tb OCJia6JieHIIe IIO'!Tll BO Bcex oca,a;Kax aa IICKJIIO'IeHIIeM He
CKOJibKIIX CJiaOhlX ,a;om,a;e:ii. 0TMeTHM, 'ITO MaKCHMaJibHOe OCJiaoJie
HHe rs, KOTOpoe MOffiHO H3MepIITb ITO COOCTBeHHOMy II3JIY1IeHHIO 
aTMocipepbI, -... 25 ,a;B. 

PeayJibTaThl u:a6Jiro,a;eu:Hii IIpHBe,a;eHhl Ha pIIc. 8. lfa pIIc. 8 BII,ll;Ho. 

'ITO Ilpll OOJlbWIIX r~ (MaJihIX ypoBH.llX B0p0.llTHOCTII p ( % )) KpIIBhl0 

1 11 2 ,ll;OCTaTO'IHO OJIII3KII ,a;pyr R ,a;pyry. IlpII MaJihIX r~ (OOJibWIIX 
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p ( % )), COOTllPTCTTIYIOll\lfX c .. 11afii.1~r no;1;:1mr. paa:111'1J!(l )!(lit;ny Kpn
BLIMM 1 H 2 CTUllOllllTC.fl :.JallleTHLnI. 0a Tl'll.'lOl' llPl':\lH ro,:ta l' aupe.1>1 
ITO OKTnfipr, aa IIOpBhlH H JlTopoii l'O)\Ollh!O rrepnop:T.I II3:-.repennii Bbl
IIaJIO COOTll8TCTBOHHO 442 H 428 lllM ,L\Ofl\AH, 'I.TO 6.:rrn3KO K cpe]:\He
ro,n;oBOMY 3ua•reHHIO 434 MM 3a 10 JieT uaGmop:ettuii. Op:Ha1w n HoH6pe
,a;eKa6pe 1979 r. B OTJIH'lne OT 1978 r. rrpeo6Jiap:am1 iKIIAKIIe ocap:KII 
B JIHJ(n CJI aoi.1 .'\ l(Oll\J\Pii, c Y'IPTO~I l\OTOjllol \ 1;0Jl ll'WCTllO JllJ na llllll'l'll 

3a BTopoli rrepHo,n; Haomop:eHnii p:o;+;p:H cocrnnu:ro 505 :-.rn. 
,Il;JIH cpanttemrn Ha pnc. 8 rrpep:cTan.'IeHo TaKarn (KpunaH 3) nH

TerpaJibHOe pacrrpe,!1;0JI0HH8 B0Jil1'IllH r;, paCC'IIITaHHOe Ha OCHOBe 
cpep:uerop:onoro HHTerpaJibHoro pacrrpege:remrn IIHTeucunHocTn p;o;n
,a;.11 AJIH u;eHTpaJILuoii 'laCTH EnporreiicKoii TeppnTopIIII CCCP [77) 
n a<f><f>eKTIIBHbIX BnrcoT ocJiaoJiemrn n.o.'IH n ,n;oa.;:i;e. C y'leTo:-.r IIpn
Be,n;eHHbIX BhIIIIe p:aHHLIX ITO KOJIII'l0CTBY BbIIIaBIIIero AOffi,!l;lI aa )lBa 
paa11i.1x l'OJ\Ollh!X 1~111\Jla 11a11wpo1111ii MOl1'110 :lal\.'llO'lllTh. 'ITO Tl\liOU 

MeTo,n; rrporHo3HponaHHH cpe.n;u:erop:onblx 1111Torpa.i1b11hlx pacnpe;i;e
JieHnii ocJiaOJieHHH MMB B p:om.n;e Ha nepTIIKa.'lbHOii Tpacce RB.1R
eTcH rrpneMJ10MM11r. 

Ha puc. 9 rrpHnep:euLr p:na ro.n;onbIX 11111'orpa:1b11b1x pnc11pe;:i;e.1emu1 
pap:noHpIWCTTIOM TOMI10paTypI>I IIOOa II ;1e1111Te IIpH llUJlll'lllH nomnR 
Ha BOJIHe 8,2 MM, KOTOpbre COOTBeTCTBYIOT llllTCrpa.'Ibllbnl pacnpc
,a;eJieHiiHM nepTHKaJibHoro ocJiaoJremrn u ;i.oa;,ue, u Pl'.:\CT1\n.1e11ublM 
Ha pnc. 8. ,Il;aHHbie pHC. 9 l\IOl'YT IIp1rneUHTbCfl npn ou;eune CTQTllC
THKII pap:IIOHpKOCTHhlX ROIITpacTOB rrpH AllCTUllll,1101lllhlX uccneno
Bamrnx oKpymarom;eii cpep:nr. 

4. l1fay4eHJ.1e CTpyKrypbl J.1HTeHCJ.1BHOCTJ.1 AO>l<ASI 

11 B03MO>KHOCTJ.1 nporH03J.1poBaHJ.151 oc11a611eHJ.1SI B HeM 

BpeMemroe pacrrpep:eJieune HHTencnnnocTn AOil\AH n TO.'IRe MOffiHO 
IIpep:cTannTb B BHp:e cyMllihl p:nyx pacrrpe;:te.Jienull:: nepnoe cnrr3aHo 
c JIHunenLIMH p:omgmrn, a BTopoe - c ue:nrnueml!:-.m. Ec:rn cpe.:i;uee 
KOJIH'IeCTno am,n;KHX ocap:KOB, Bblrra.n;amr.u;nx 3a Terr.:rrhlil IIepno;:i; ro.:i;a, 
o6o3Ha'lnTI> 11epe3 M = M 1 + 1Vl2 , r.n;e N/1 II Jvf2 o6ycnoB.:rreHhl 
COOTBeTCTB0HHO JillBHeBLIMll ,!l;Olli.O:lIMII c IIHT8HCIIBHOCTbIO He :\IeHee 
30 MM/'! 11 II0JIHBH8Bb1Mll ,n;om,n;mrn c IIHTeHCllBHOCTbIO ;:i;om;:vr 
Meuee 30 MM/•1, a OTIIOllIOIIHO llf1!1lf 0003TTa'IUTb '10p03 ~. TO OKa3hI
BaeTCH, 'ITO Kom1•recTno 11acon n ro,n;y T (R), n Te11eune KOTOphlx 
ycpe,n;HemrnH 3a 1 MI1H IIHTeHCllBHOCTb ,ll;Oi-K,!l;lI IIpemrn.IaeT ,a;aHHyIO 
neJIH'IHHY R (MM/11), orrpe,n;enrreTClI Bhlpamemrn~1 (78) 

T (R) = M {0,03~ exp (-0,03/Z) + 0,2 (1 - ~) x 
x [oxp (-0,258R) + 1,8(i exp (-1,G3R)1}. 

(1) 

3Ha11eu:He rpaHHD;hl HHTeHCHBHOCTll nmrnenoro AOil-\~lI, panaoii 
30 MM/'l, OblJIO BbIOpano 113 ,n;nyx cooopamomdL IJo-uopnhlX, OHO 
,u;om-i\no ObITI> .n;ocTaTo•mo uon1>m11M, 'ITOGht npnnmtnuo onucbl
naTb 'IaCTb pacnpO,IJ;OJIOIIIHI C UOJll11UOn llll'rtHlCllllllOCTblO gOil-\.J;lI. 
Bo-BTOphrx, ono p:om1mo OhlTb 1~ocTaT011no 11111.rti.rn, •rToohl ~ror:io 
xapaKTep1rnonaTb reorpaqrn•rncKno puttomi1 1 rAO npoouJ1nna10T ,n;o;n,u;u 
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TaJUS1'• 4 

HHHllllO CTlll(41111 I M, MM I Mi. MM I f3 

·Toc11e11cKa11 409 41,0 0,100 
IIpulSanruAcKa11 446 36,6 0,082 
IIOAMOCKOBII811 385 34,0 0,088 
BenuKo-A11aAOJILCKa11 285 58,3 0,198 
;a:y60BCK811 200 34,0 0,170 
3anaA110-RaaaxcrancKa11 129 6,6 0,051 
An.Ma-A ruucKa11 496 17,3 0,058 
BOMH8KCK811 ~95 17,0 0,034 
IIpHMOpCK811 ,30 26,6 0.050 
HonLIMCKa11 257 4,4 0,017 
MaxnHAmaypn 2140 276,1 0,129 

[aJioii llHT0HCl:lBHOCTl:l. 0TM0Tl:IM, 'l~O npH BLI6ope )l;pyroro 3Ha'l0HHH 

pa:wui;LI HHT0HCl:lBHOCTl:l Jll:lBHeBo'ro )l;OiR)l;H BH)l; <JioPMYJILI H3Me-
[llTCH. I 

B Ta6JI. 4 npnBe)l;eHLI aaa11eaII111M, M 1 11 ~)];JI.JI HeJ<OTOphlx paiio
:oB CCCP [79, 80), ycpe)l;HeHHhle' aa 5 JieT (1960-1964 rr.). 

JleTOM 1979 n 1980 rr. B n. 3IIM0HKH ropLKOBCKOH o6JI. n B 

Io)l;MOCKOBLe npoBO)l;IIJIHCL nccJie)l;oBaHn.JI npocTpaHCTBeHaoii CTPYK
YPLI HIITeIIcnnuocTu )l;OiH)l;.JI R nyTeM TpaHclf>opMao;ui: no MeTo;:qrne 
Bi] npeMennLix aaBncnMocTeii B npocTpaHCTBeHHLie c y11eToM cKo-
1ocru noponoca Sl"IeHKH )l;OIB)l;.JI. CBe;:i;eHII.JI o cKopoCTII nepeaoca 
t11eih<n AOil\JJ;.JI MOilmo noJiy'lHTL no peayJI1>TaTaM paAH030HJJ;Hpona
tHR. CorJiacno [82, 83) oaa 6JIH3Ka K cKopocTH BeTpa Ha BhlCOTe 
I KM na;:i; ypon11eM Mop11. . 

MnreIICHBIIOCTL )l;OiR)l;.JI R naMep11Jiac1> npn no:M:om;n )l;aT'IIIKa 
1\lIAKHX OCa)l;KOB (,lJ)RO) 'l0JIHO'lHOro THna c BLICOKHM paapemeaneM 

to R c npeMeHeM ycpe;:i;aean11 1 Me~HBmIIMCH OT 3 MII:a:. )l;O 4 c npa 
l3Men.eHHH HHT0HCHBHOCTH )J;Oil\)J;.JI I OT 1,5 )l;O 100 MMl'I. 

IlpocTpaHCTB0HHhle aaBHCIIMOCTH, IlOJiy'leHHLie nyTeM nepeMHO
i\0HH.JI npeMeHHhlX aaBHCHMOCTeii HHTeHCHBHOCTH ;:i;o11\JJ;.JI R (t) Ha 
·KOpOCTL nepenoca .Jl'I0HKH )l;Oil\)J;.JI, noaBOJIHJIH HaiiTH xapaKTepHhle 
>aa:i.rnphl a11eiiKH JJ;JIH pa3HhlX MaKCHMaJILHLIX aHa11ennii Rmax· Ha 
>HC. 10 npHne;:i;ena 3aBHCHMOCTL d (R) xapaKTepaoro )J;H8.M0Tpa Sl'ICHKH 
~Oil\)J;H, onpe;:i;eJI.JieMoro KaK )l;BOHHOe paCCTOHHHe, Ha KOTOpOM HH

'0HCHBHOCTL )l;OIB)l;H B :i.IaKCHMYM0 Rmax y6LIBaeT B e paa. ,I.(Jia cpaB

ceH1111 npHBe)l;eHa TaHme aHaJiora11Haa aanncHMOCTL, npe;:i;JiaraeMa.JI 
1 MOJJ;eJIH HHTeHCHBROCTH )l;Oil\)l;.JI )];JI.JI TeppHTopnH 3ana;:i;Hoii Enponhl 
84). Ma pnc. 10 BH)l;HO, 'ITO noJiy11eHHLie aKcnepHMe:a:TaJILHhle ;:i;aa-
1J>Ie no 88BHCHMOCTH d (R) xopomo cornacyIOTCJI c ~O)J;CJihIO [84]. 

,L(naM01'P H'!Olll\11 Jl.Oil\Jl,H d, 00-BH)l;HMOMy, 88BHCH'£ OT reorpaqm
ecKoro paiiona. Cornacno [85, 86) B cy6TponH11ecKOM :a TponH11ecKOM 
1aiioaax B0Jlll'Il1Hhl d MOryT COOTB0TCTB0HHO B 2 H 4 paaa npenocxo-
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1 - 01\CilC'plll\I('JIT; 2 - paclICT no MO;J.t\~rin [84) 

,,, 
/(lo 

/tl-1 l-/ ---z 
---J 

?/IQ /{// ;..., ,.,,., 

PIIc. t 1. H11rerpaJILHLie pacnpep;eJieunn u11re11c1mHocrrr ,n;omp;n p;;i11 c;iyqaR ero 
<>,n;H0Bpe~re1111o:ii aamrcn n ,n;nyx nyHKrax 
1 - o!iI11ee pacnpeAeJienue; 2 - rop:&Kui!:; a - 3HMeHKH 

P11c. 12. CneKrpaJILHan aaBIICUMOCTh OTHoIIIemur RoaipipIIqneHTOB oo'l>elmoro 
pacce11Hllll ll OCJia6Jiemrn (UJIL6ep;o OJl;HOKp8THOfO paCCSRHIIll w) p;:rn TpeX tPYIIK-
1\HH pacnpcneJiemrn muwJ1r. no pa3Mepim 
l - uo Jloycy -llapco11ey; :.J ··--Ito lloJ1HtW1h1it --lllml1puuy; J - uu lh.'l'l')' 
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;a;11Tb aHaJior11'IHhle BeJIH'lllHhl d ;a;Jrn KJI11MaT11tiecK11x ycJIOBHA 3a• 
rra;a;Hoii EBporrhl H n;eHTpaJibHOH 11acT11 EBporreiicKoii TeppHTOPHH 
CCCP. 

PaccTOJIHHe, Ha KOTopoM Koa<I><l>nn;neHT KoppeJIJID;llH r y6hlB&eT 
B e paa, 06oaHa11nM 11epea ,n;. AHaJina rrpocTpaHCTBeHHhlX <l>YHK~HA 
KOppeJIJID;llll llHT0HCllBHOCTll ;IJ;OIB)J;JI, Haii,n;eHHhlX no 60 peaJIH3a~llHM, 
rryTeM TpaHC<i>OpMaD;llll BpeMeHHhlX <l>YHKD;llH KOppeJIJID;llll, IIOKaaaJI I 
'ITO /( 6JIH3KO K 35 KM. 0TM0THM, 'ITO paaMephl o6JiaCTll JIHBHeBhlX 
;a;oIB;a;eii COCTaBJIHIOT o6hl'IHO OKOJIO 35 KM. 3aBllCllMOCTb r (d) MOiI\HO 
annpOKCHMHpOBaTb BhlpaIBeHHeM 

r (d) = exp (-0,03d), (2) 

r;a;e d onpe;a;eJieH B KHJIOMeTpax. 3aBHCHMOCTH /( OT R ycTaHOBHTb, 
He y;a;aJIOCb, 'ITO Haxo;a;HTC.!I B corJiaCHH c BhlBO;IJ;aMH pa60T [85, 87].1 

JleTOM 1982 r. rrpOBO;IJ;HJIHCb O;IJ;HOBpeMeHHhle aarrncH HHTeHCHB
HOCTH ;IJ;OIB;IJ;.!1 B ABYX rryHKTax, paaHeceHHhlX Ha paCCTO.!IHHe 24 KM: 
r. ropbKOM H II. 3nMeHKH ropbKOBCKOH o6JI. KaK rrpaBHJIO, IIpH 
O;IJ;HOBpeMeHHOH 3aIIHCH CHJibHhlH JIHBH0BhlH f);Oil\f];b naomop;aJICH TOJib
KO B O)J;HOM rryHKTe, B ,n;pyroM IIYHKTe B aTO BpeM.!I )J;OIB)J;b rneJI CJia-
6hlii, Jin6o Boo6:m;e OTCYTCTBOBaJI. 

Ha pnc. 11 p;JI.11 ,n;oIB,n;.11, BhlrraBrnero 30 HIOH.!1 1982 r., rrpHBep;eHhI 
• llHTerpaJibHhle pacrrpep;eJieHHH HHTeHCHBHOCTH, ,D;Ba H3 KOTOpbIX rro

JIY'l0Hhl no OT)J;0Jlbll0CTII :B r. ropLKOM II II.- 3HM0HKH 1 a O;IJ;HO .!IBJI.!l-

0TC.!I COBM0CTllhlM pacnpe,n;eJielill0M AJIH yKa3aIIllhlX nyHKTOB. 
IloJiytieHHhle ,n;aHHhle no npocTpaHCTBeHHOH CTPYKType HHTeHCHB

HOCTII ;IJ;OIBA.!I yKa3hIBaIOT Ha TO, 'ITO MO,D;eJib [88) MOiI\eT HCIIOJib30-
BaTbCH rrpH rrporH03HpoBaHIIII ocJia6JieHIIH MMB B ;a;oIB;a;.11x B TOJI:m;e 
aeMHOH aT:uoccpephI B KJIIIMaTn11ecKIIX ycJIOBH.!IX n;eHTpaJibHOH 11acT11 
ETC. Ilpu aTOM BpeMeHHhle cpe;a;Herop;oBI.re IIHTerpaJibHhle pacrrpe
,n;eJieHHH IIHT0HCHBHOCTH. AOIB;IJ;.!1 MOryT 6bITb noJiy'leHhl no cpopMy-
Jie ( 1). ! 

5. MHoroKpaTHoe pacce.ffHHe 

Pac11eThl no TeopIIn M11 noKa3hlBaIOT, 'ITO ocJia6JieHne MMB B p;oIB
p;.11x pa3JIH'IHhlX HHT0HCIIBHOCTeii H MHKpOCTPYKTYPhl B paBHOH CTe
rreHII orrpe)J;eJIJIIOTC.!I KaK rrorJIOID;0HH0M, TaK H pacceHHH0M. 8TOT 
<l>aKT HarJIJI;IJ;HO HJIJIIOCTpnpyeT pnc. 12. 

IlocJiep;oBaTeJibHOe H noJIHoe :nccJie,n;oBaHne pacrrpocTpaHeHna: 
MMB B )J;om;a;e Tpe6yeT J110Ta ncex KpaTHOCTeii pacce.11HIIH BOJIH Ha 
KaIIJI.!IX. 8Toro MOIBHO ;IJ;OCTH'Ih nyTeM pemeHHJI BeKTOpHo.ro HHTerpo
;a;11cpcpepeHn;uaJibHOrO ypaBH0Hl:lH nepeHoca II3JIY'l0HIIJI AJIH KOM
IIOH0HT B0KTOp-rrapaMeTpa CTOKCa [73, 89-92). 

HnIBe KpaTKO :naJiararoTc.a: peayJI:&TaTbl TeopeTH'IecK:nx :nccJie,n;o
BaHnii i.moroKpaTHOro pacceHHHH pap;HOBOJIH MlIJIJIHM0TpOBOro ,n;Ha
na30Ha B )J;OIB)J;HX. 

PaccMaTpnBaJIOCb pacce.11HHe nJiocKoii MOHoxpoMaTn11ecKo:ii BOJIHbl 
0)'.J;HHH'IHOH aMIIJIIITY,D;hl Kpyronoii (JI0BOH) llOJIHpH3aD;HH B IIJIOCKO
napaJIJI0JlbHOM O)J;HOpo,n;HOM CJI00 AOIB)J;H KOH011HOH TOJIID;lIHhl' rrp:u: 
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11opa11ntt1IOM """""'"' 110,11111.1 1111 c:roii. Han:m :10;1>,vr npe;\no.-carn
IUIOlt 041uJHt'HHIH1tMll, 11 11 x JHl!IMt>pi.1 pacnpe;~eJiem1bnm no aa1rnny 
Jiu )'oia-1 ia i1co1w11. 

Sanna p11111u11tc1o 1111cJw11111.1M11 llICTop;al\m na 8Bl\I M-4030. Bhl
'11tcno1uu1 11J>OHO/U1Jllll\h JIJlll 'lllTr.tpex 3Ha'leHIIll )l;JIIIH BO:IH '), = 2,2; 
8,2; 5,0 M 8,0 MM H CUMH Ullll'lOlllIH IIHTeHCIIBHOCTU ,D;Oih,D;.!I R OT 
t ,5 no iOO MM/11, 1°0J111u111n cJ1011 npummaJiacb paBHoil 2 rr 4 K\t. 
Pacc•utThlllltJIHCh II p11c•1·111rnc·1·11llll t11o10 pacnpe,n;eaemrn Ta Rux xapaK
TOPHCTHIC p1u1111111111111ro 1t:1J1 y•w111111 mm IIHT011c1mIIocTL, cTeneHb no.,.11-
pm1n1'"", 1coa1Jul1111,11011·1· aJ1J11111T111rnocTu u yroJI na1woua ammnca 
DOJIRpHlllll,llH, 

l\ulC 11ouuai.1111110·1· 111w•w·1·1o1, 11 w1111111ono.'111011oii •rncTu Ml\! Ana
naaoua lllCJIUJ' OT 1>ncco111111li 111i1co1rnx nopH,n;KoB (Bhlrne nepsoro) 
Dpeue()pomttMO MllJI 11 nomJVIX c IIIITeIICIIBHOCTJI:\III BIIJIOTb ,n;o R ,...,. 
,.,, 15 MM/11. llpK a·ro:.1 llll'l'OHCHllllOCTb HeKorepeHTHOrO ll3JIJ11eHn.11 " 
ra1mw Mn JI a n c pu nmmuu c 1mroIIc1mIIocTbIO ocJiaoJiemroro Kore
penTuoro 1iaJ1 y•w111111. Iln11poT1111, 11 1rnpoT1rnno.,uonoii 'IaCTII :noro 
)J;Haxm:.ioua 110J111 1111·1·011t•.111111or'1'11 pnrrP1111110 n1 11 or :1a6:wunoro ua
,n;axom;oro H:JJ1y•roJ111ii cTu11on111'c11 cpa111111Mbrnu, nanpmiep, na BbI

xop;o 11:1 CJIOH HOll\)~II '!'OJI 11~11 llOH 2 l{M ;)TO 111.teCT MOC TO npu HllTOU
CHBIIOCTH ,..,.10 MM/•r. 

Banmoii oco6e1111ocTLIO paccomrnoro II3:I)"IeHIIJI HB:IHeTc.11 TO, 
'ITO ero OCJia6JIOIIHO Mom,nre, 'ICM OCJia6Jiomrn I<OropeHTROro 113.'Iy

l!Ollllll, 11 pe:.i y JLhTUTe •wru u1n1 GoJ1Lmttx omwwcHttx. ToJrnwx (-r ~ 1), 
r,n;e IIHTeHCllDIIOCTL OCJiaOJieIIIIOro Il3JIY'Iemrn na~arom;ell: BOJIHhl npe
He6penrnMo lllaJia, cpop11Ia yrJionoro pacnpe,n;eJieHnH :\rnoroKpaTHO 
paccesrnIIoro H3Jiy•rnmrn o6eux noJI.11p1rna~nii: IIe'pecTaeT aaBuceTh 
OT IIpO,D;OJILHOil (rrpocTpaHCTDOHHOll:) KOOp,ll;HHa Thi II ocy:m;ecTB.'IJieTCJI 
TaKHaahrnaeMhIM rJiy6HHIIhliipemlll\r pacIIpocTpanemrn [93]. B KopoTKO
BOJIHonoll: 11acT11 MM ,n;uarraaona aTo nnJieuue ;::i;omKno IIlieTb ~1ecTo 
B p;omp;Hx c HIITeHCIIBHOCT.!IMH 6oJiee 20 :\DI/'! rrpn T0.1m;rrne C.10.!I 
6onee 2 KM. Ha pIIc. 13 aTOT acpcpeKT xoporuo npocMaTpnBaeTc.11 Ha 
IIpIIMope nLI'IIICJieIIIIil ,n;JI.11 '), = 2,2 Mlll, R = 100 mr/tI II h = 4 K~ 
(mTplIX-IIYHKTIIpHa.!1 KpIIBaJI). 

RaK H3BecTno, O,ll;HIIM II3 cnocoooB yMeHbIIIeHn.11 orpaa>eHuH OT 
OCa,!l;KOB B pa,!J;HOJIOI\alVIH flllJlflOTCfl IICTIOJihao11a11110 no:m npyroBoii 
llOJIHpuaa1~HH, npn I<OTOpOllI 01'panrnnuJ.Iii: cm·mrn c no;rnpnaa~ueii 
II3JIY'IeHIIOH DOJIIIJ,I D nanpaBJieHHII na nepC'JllllOll~YIO lllITl'IIHy ;\0.,
IBeH OTCYTCTDOBaTb, eCJIH C'IHTaTb KaIIJIII J\Oil\JIH ctfiep1ttieCKII~III, 
a pacceHnIIe o,n;HoKpaTH!JIM. BKJia,n;hr OT pacce111111ii llMl'OnIIX KpaTnoc
Teii, KaK no BH,!l;no Ha pnc. 13, cr;rnnnrna10T yl'Jlo1100 pac11pe)J;e.1eHIIe 
pacce.11HHoro Haaap; H3JIY'IOIIIIn, no nmup1.1111 or 11cno.1Laoeamrn 
Kpyronoll: rroJI.11p1rna1~nII ,n;Jin o6Hapyn:;emrn olhl'H1'011 n yc.-cos1rnx 
IIOMex OT ,n;om,n;n coxpaII.11eTCH. 

JAHTeHCIIDHOCTb H3JIY'IeHHH, paCCOHIIHOfO 1111:111/1 l','IOl'~l Ha Ooeux 
IIOJIHpuaa~unx, KaK CJiep;yeT ll3 pac11eTOB, CJllll'ill :llllllll'llT OT llllTeH
CIIBHOCTII ,n;om,n;n, oco6eIIHO B KOpOTKOBOJIIIODOn 'llll''l'll ~I~! :urnnaaoHa, 
H npaKTnqecm1 He 3aDHCIIT OT TOJIID;UHhl (.',llClll' l't'.'111 11oc.1e~HHJI 
npe111>1ruaeT 2 KM npu CHJibIIhIX p;om,n;Hx. TaH1rn ulipn:un1, paccemme 
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PHc. 13. 'YrJioBoe pacrrpe)l;eJieHHe llHT0HCIIBHOCTH pacce.11HHoro II3JiyqeHH.II c 
AJIHHoii: BOJIHbl A. = 2,2 lI 8,6 MM JieBoii: - I_ lI npaaoii: - I+ noJI.11puaau,uii B 
CJioe )l;OJR)l;.II TOJIIU;IIHOii: 2 KM (JieBa.II IIOJIOBllHa pacyHKa) ll 4 KM (rrpaBa.II IIOJIOBB
Ha) c llHTeHCIIBHOCTHMII R = 12,5 ll 100 imlq Ha nepe)l;Heii rpaHHu,e cJio.11 (a, 6 -

. z = 0 ru1) B n;eHTpe (11, e - z = 1 KAI, z = 2 KM} ll Ha BbIXO)l;e 1I3 CJIO.II (iJ; e -
Z =: 2 KM, Z = 4 KM) 
HenpepblBHaJI KpllBaJI COOTBeTCTB}'eT" = 2,2 MM, R = 12,5 MM/11; WTPUXOBaJI - " = 8,6 MM, 

R - 12,5 )!M/11; mTpl!XllYHllTllpHaJI - " = 2,2 MM, R = 100 MM/11; npepb!BllCTaJI c :O:BYMJI 

TO'IKB.IUI" = 8,6 MM, R = 100 MM/11. YKa3aHbl 3Ha11eHUJI napaMeTpa p - noKa3aTeJIJI CTene

Hll MaCWTa!!Horo MHO>RllTeJIJI 
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MM BOJIII B ::JTOM CJ! y 'lUO lJ pOl!CX0)\11'1' J\111\ O'l' 110,11~·Cit•('1(0 lll"lllU l'O 
CJIOH. 

BcJief\CTBHe acpcpeRTa Mn, c y1rnpo 1rnIIHCM l\JilllIJ.T 110J111i.1 11nnn 10-
m;ero naJry11eumr HHTeuc1rn11ocTh H3Jr y1rnmrn 06 pa·mo pucrl'11111101·0 
CJIOeM, yMeHLmaeTcn, a yrJrouoe pacnpOJ.\OJrnmro UOI\Ol'l'PL'HTllOl'O 
1rnJ1y'IeHHH c JieBoli noJ1Hp11aau;11eii: BHYTPll 11 Ha Bhlxo.n;e na CJIOJI 
CTaHOBHTCH. 6oJiee BhITHHYThIM Bnepe.n;. 

PacceHHHe pa).IHonoJin B J.\O/l\f\e na mrnm1x enn3n nrpaeT nnom\y10 
pOJih - yMeIIhuraeT a11rnJiuTy.n;y noJieanoro curnaJJa u coa.n;aeT )Ie

marom;nii CHrHaJI. 0,a;Hal\O 3HR'IHTeJJbHbIH ypoBeHb myMOB, KRK no
KR3bIBRIOT ou;eHRH, MOil\eT HMeTb MeCTO JlHIIIb B JIIIBTieBbIX ,!l;Oa\)J;HX 
B KopOTKOBOJJHOBOH 'IaCTH MM p;IIanaaoHa BOJJH rrpn yc.'IOBnn, 'ITO 
llOJIYIIIHpIIHa .n;uarpaMMhl nanpanJiellIIOCTH aIITeHIIhl npemi1IIIaeT 10°. 
B <ITHX me ycJronnnx CJW/\YOT Oll\11)\aTr. 11 11apy111t'111w :rn1rnna llyrt>pa. 

B cucTe:111ax, ucnOJJhayrom;ux ITOJJHpHaau;nonnoe paa,a;e:remre Ra
HaJioB, paccemrne rra KaIIJIHX yxyp;IIIaeT pa6oTy na-aa p;errom1puaa
n;un noJieaHbIX cnrnaJioB, npwrn11I pacceHnne rrepnoro rropH~Ra na 
ccpepuqecKux Ranm:rx ue .n;aeT BKJra.n;a B opToronaJJhnyro cocTan:1mo
m;yro cnrHaJJa B nanpaBJremrn Brrepep;, KoTopaH Tamnr o6paao)r 
IIOJIHOCTbIO o6ycJJOBJJeHa B 3T01\I CJJyqae MHOrOKpaTHbIM pacceHHIIe~r. 
Ilpep;CTRBJJeHHble Ha pile. 13 peayJJbTRTbl Bbl'IIICJJeHirii pacceHHHOro 
naJiy'IeHnH npaBoii noJinpnaau;1rn rroJJyqeuu 6ea y'IeTa Toro, 'ITO 
B .n;eiiCTBIITeJJbHOCTH KaIIJIH c<f>epon,a;aJJbHbie ll, CJJep;oBaTeJibHO, ,:i;aIOT 
Hllil\HIOIO rpanIIu;y 3Ha1IeHllJI IIHTeHCIIBHOCTH p;enOJJHpH30BRHHOH coc
TRBJIHIOm;eii pacceHHnoro naJiy'Iemrn; Ko111noneHTa naJiyqemrn· c npa
BOH n0Jrnpn:ia1~Hei1: TIO MOll\CT 01.l'rr. cH011111eHc11po11a11a )ICTO;\a~rn, 
npep;JJOil\eHHbIMll B [ 94]. 

B aaKJJIO'Ierrne aBTOpbI 6Jiarop;apHT r. l\l. CTpemwna aa oocya;
.n;eHHe cop;epmamrn, E. II. HoBwrnxnna aa no11om;h rrpn BhI'Inc:1e
HHHX n H. H. H.npnuy aa no,a;roTOBKY 11raTepnaJ10B CTaTbH. 
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YAR 621.371 

PaAl-10QJl-13l-1~ecKl-1e lttccneAOBOHl-1.s:i 

Typ6yneHTHoti CTPYKTYPbl 

Me>KnJlOHeTHOi:1 l-1· OKOilOCOI1He~HOi:1 nna3Mbl 

H. A. APMAH,ll,, A. "1. Ect>li1MOB, O. "1. }lKOBJlEB 

BeeAeHHe 

PaAno<PH31Pl0CKRe MeTO)l;hl HCCJie,n;oBaHHii c HCIIOJib30BaH11eM KOCMH • 
1I0CKHX aIIIIapaTOB OKa3aJIHCb a<P<PeKTllBHhlM cpe,n;CTBOM ll3Y'l0HHH 
paanoo6pa3HhlX KOCllUI'lecx11x o6'beKTOB. R Tpa,n;1rn;n:oHHO n:3yqaeMoii 
aTMoc<Pepe 3eMJIR [ 1, 2] IIOCJie,n;oBaTeJihHO ,n;o6aBJimrnch aTMocq,epbI 
miaHeT [3-101, HOHocq,epa JlyHhl (11], aTMOc<l>ephl CIIYTHHKOB 
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I01mTOpa H Cll'r y p11a l 1 :.! , I :11. I :i.1!111 110.'1 y•1L•11i.1 ymurn:thllhlu ;.\<UIHhle, 
ll TOM 'lllCJlO () T,VpoyJWllTllOC'l'U llJllUICTl!hIX anroccpep. 0Ka3aJIOCb, 
'ITO cpopMa 11pocTpllllC'l'llOllJIOJ'O CIIOl\Tpa Jl.TialWTHOll Typ6yJieHTHOCTII 
n 60Jib1J1ttllCTBO CJL y1111011 01111c1.111<wTc11 CTem•1111oii lpyma1,uell:, npu'Ie.ll 
IIOKa3aT0JII> CTOflOlJll (cuowrpaJJhllhlif HITJl.OKC) 6mrnoK K ero B0JIII'll!He 
)l;JIH cneKTpa H'.omwro po ua -06 yxona. Bb1cKa3hlBaeTcH IIpe,::i:IIoJio
;uem10, 'ITO ou cnpanowrnu H AJIH 111e1K3Be3,n;Hoii: cpe,n;hl (14]. 

11cnOJil>30llll11110 pa,n;uoqHi:lll'IOCIOIX Jl[QTO)l;Oll ,[J;.1IH II3~IelIIIH neo.n;
HOPOABOH CTPYH'l'YPhl 111enmnaneTHoil: rrna31\Ihl Ha'laJIOCb B IIepIIOA 
<f>ymni;uouupona1111a CODOTCI\OH llI0/1\IIJlllHOTHOU CTUHIJ;Illl «Mapc-1» 
B 1962 r. liToroM rrepnhlx nccJie,n;onann:ii: HBHJIOCb o6napy;nenue 
Kamym;erocn OCJia6JieHHH ypoBHH CHrHaJIOB l\IeTpOBOro ,n;naIIa30Ha, 
KOTopoe 6hIJIO o6'bHCH0HO ymHp0HHOM CII01\TpaJibHOll JIHHllll CHrHaJIOB, 
06ycJionJI011m,1M cJiy•rniino:ii: 1110,n;yJIHD;Heii BCJie)J;CTBIIe ,n;Bnif\ennn ue
o,n;nopo11;nocTe:ii: 'lepe3 Tpaccy paCIIpocTpanemrn pa,n;noBOJIH [15] •. 
l13yqe1mo 01\0JIOCOJIIIO'IIIOH IlJlll3!1IbI ll!OT0,[1;0111 pa,ri;noupocne'II!BllHilJI 
BIIepBhle ocyrn,ecTnJieuo c no11rnm;h10 3ou,n;a «llnonep-6» B '1968 r. 
[16]. Pa,n;HocpH3II'IeCl\He aRcrrepn:111eHThI no H3y'leHnIO perym1pHhlX 
CBOHCTB u neo,n;nopo,n;uoii: CTPYKTYPI>I MenmnaHeTHoii: u OKOJiocoJIHe'l
Holi IIJia3Mbl ocym,eCTBJIHJllICb B ,n;aJibHe:ii:mellI rrpn IIOJieTe ROClUI'le
c1mx annapaT011 «Mapmrop-G,-7» n 1070 r. l17J, <;i\fnpc-~» [18] u 
«MapHHep-9» ['19] n 1972 r., «Iln:ouep-9» n 1969/'1973 rr. (20], 
«Mapc-7» B 1974 r. [21]. BoJihmo:ii: 06'be11I ,n;aHHhlX 06 ycJIOBIIHX pac
IIpocTpauenmr paJJ.HOllOJIII •rnpe3 rrnpouy Comru;a IIoJiy'leII npn CJiearn
HHH 3a MetHnnauoTnoii cTanu;neii «Bonepa-10» [22] n pa6ornnmnx 
O)l;HOBpeMeHHO c ueli 30H)l;OB «femrnc-'1,-2», «11noHep-10,-11» [23], 
«Buxunr-1,-2» [24]. B pe3yJihTaTe auamrna 11raTep1rnJIOB na6mo,n;em1ii 
aa cnrnaJiaMII Il'.OCMII'IOCKHX arrrrapaTOB IIOJiy'leHhI ,n;aHHhie 0 H00)J;HO
po11;no:ii CTPYKType COJIHe'lnoro BeTpa B mnpoKolt ,n;narra3oHe re:i:no
u;eHTpH'lecrmx paCCTOlIUI1H. 

HacTonrn,arr CTllThH nocnrrrn;eHa auamrny pe3yJII>TaTon pa3.:III'lHhlX 
::mcIIepuMenTon no pa,n;norrpocBe•urnamno oxoJiocoJIHe'lnoiI m:ra3ltbl 
MOHOXpoMaTH'l0CirnMII CIIrHaJiaMII c u;eJibIO BhlHBJl0HHH rJio6aJibHhIX 
CBOHCTB neo,n;Hopo,n;uoll: CTPYKTYPhI nJia3MhI Ha pa3JIII'lHhlX paccToH
HllHX OT CoJiuu;a. 

1. Teopen-1L1ec1rne OCHOBbl 
MeTOAa paAHOnpoceeL!HBaHH}l 

0,n;HHM H3 nanmoiimux nonpocon n 11ay•ron1111 Typ6y:renTHoii: CTPYK
Typhl COJIII01IlIOi1: 1rnpOIIhl H 11!0/lrnJiaUeTUOII fI.1Ia3libl HDJIH0TCH lteXa
HH3M renopa1111n TypoyJIOII'l'nocT11. Mc11m:xancT1rnrr nnaaMa npe,n;cTaB
JIHeT co6oii OCTOC'l'llOllllYIO JiauopaTOpmo, B HOTOpoii nomrw:, IIOpOiR
,n;aeMblO HIJJIOIIl1HMH IIOYCTOH1111110CT!l ll IlJIU3M0 B c1my pacrra)J;HhlX 
npo1wccou, 11p1rno1vn· I( Typuymt3HJ\1111 cpe,n;hl. l10-m1n11Mol1y, na 
6oJiblllttX pncc·1·011111111x OT CoJ11111a npocTpancT11cmr1i1ii crreKTp 
<l>N (q, R) (q - 110J11101100 •111c.uo, R - paccTOmme OT I\OIITpa Co.'IHI\a) 
fl;OJlilWll Ohl'l'h JW,llMOl'OJ>Olll',J\11~1, 'I', o. 

<l> N (q, Jl) ,...., <r"I•, 
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0AHaKo npll cpaBHllT0JlbHO MaJihlX paCCTOlIHllHX n 30IIe neycTano
BllBill0llClI Typ6yJieHTHOCTll MomeT 6blTb <l>N ,...., q-P, rAe p =I= 11/3. 
BeJI11q11Ha cneKTpaJihHoro llHAeKca p xapaKTepuayeT pem11M Typ-
6yJieHTHOCTll ll B HeKOTopoii CTeneHll xapaKTep ee npOllCXOiHA0HlllI 
(T. e. Tlln BOJIH, reaepIIpyrom;IIX Typ6yJieHTHOCTb). IloaTOMY AaJib 
Heiimee ll3JIOiH0Hlle 6yAeT noCBlIIIJ;0HO onpeAeJieHllIO B0JillqllH cneK
TpaJibHOro llHA0KCa p ll BhllIBJI0HllIO ero aaBllCllMOCTH OT paCCTOlIHlllI 

AO CoJimi;a. 
1 

IloAXOAlIIIJ;HM AJilI aHaJIH3a BHAOM cneKTpa, B KOTOpOM npaBIIJibHO 
OTpameHbl OCHOBHble qepTbl ero acHMnTOTHqecKoro nOB0A0HlllI, lIB
JilI0TClI cneKTP BHAa (cM.' HanpHMep, [25]) 

<DN (q, R) ~ C2 (R) (q~ + q2)-P/2 exp (- q2/q~). (1)_ 

3AeCh q·~/ = L - BHemHHii MacmTa6 Typ6yn:e11THocTH; qm - BOJI
HOBOe qnCJIO, COOTB0TCTByrom;ee BHyTpeHHeMy MacmTa6y HeOAHOPOA
HOCTeii: lm = 2:rrJqm; C2 (R) xapaKTepHayeT HHT0HCHBHOCTb H00A
HOpOAHOCTeii: :meKTpOHHOii: KOHD;011Tpan;im Ha paaJinqHbJX reJIHOIJ;eH
TpnqecKHX. pacCTOlilllllIX 1 R. BeJiuqHHa C2 (R) onpeA0JilI0TClI ll3 yc
JIOBlllI paBeHCTBa llHTerpaJia OT npocTpaHCTB0HHOro cneKTpa (1) no 
BCeM BOJIHOBblM qncJiaM <J AlICnepcnn q)JlyKTyan;nii: :meKTpOHHOll KOH-

n;eHTpan;nII crf.;. EcJIH ileoAHOPOAHOCTH 11aoTponHhl, To 

c2 (R) = cr7v (R)-p- ~ r (P/2) qp-s p > 3 (2) 
2n''• r ((p-1)/2) 0 

' ' 

c2 (R) =a~ (R) . ( , , p = 3, (3) 
I qffi 

4n ln xqo 

x = ey'l•/2; y = 1,781, 
p-3 

c2(R)=a'k(R) 2nr(~;'-p)/2) 'p<3. 
(4) 

)J.n11me11ne R!tIOpOmeHHbIX B noTOKH nJia3Mbl ueoAHOPOAHOCTeii qepea 
Tpaccy pacnpocTpaHeHHlI paAHOBOJIH 6yAeT C03AaBaTb CJiyqa:iiHble 
KoJie6amrn cfiaahl, Bapnan;HH qacTOThl, cfiJiyKTyan;nH aMnJIHTYAhI, ymn
peH11e yrJioBoro n qacTOTHoro cneKTpoB paAHOHaJiyqeHHlI. AHaJIH3 
cfiJIYKTyan;nOHHbIX acficfieKTOB, B03HHKaIOm;llX npn npoXOiHA0HllH pa
AllOBOJIH qepea M0iHIIJiaHeTHYIO ll OKOJIOCOJIH0'lHYIO nJia3MY' MOiH0T 
6hlTb BbIIIOJIHeH Ha OCHOBe cym;ecTByIOm;eii Teop1m pacnpocTpaHeHll.11 
BOJIH B Typ6yJieHTHbIX cpeAaX [26], OAHUKO BblBOAhl HymAaIOTC.11 
B o6o6m;emm Ha CJiyqaii npOH3BOJibHhlX 3Ha'l0Hllii cneKTpaJibHOrO 
llHAeKca c yqeToM cnen;HcfillKll paccMaTp11BaeMoii cpeAhI, aaKJiroqaro
m;e:iicH B CllJibllOll aaBllCllMOCTH llHT0HCllBHOCTH H00AHOPOAHOCTeii OT 

paccToHmrn AO CoJI11n;a. 
RoHKpenrnupya aall;aqy AJilI q11cJieHHhlX pacqeToB, 6yAeM B AaJih-

11e:iimeM C'lllTaTh, qTO llCTOqHllK paAllOBOJIH, ycTaHOBJI0HHblll Ha KOC
:~mqecKOM annapaTe, 11 TOqKa 11a6JIIOA0HlllI (Ha 3eMJie) pacnoJiararoT
ClI no paauhle cTOpOHhI oT CoJIHn;a Ha paccTolIHIIlIX, paBHblX OAHOH 
acTpoHol\rnqecKoii: ell;IIHllIJ;e a. l1aJiyqeHHble c KocM11qecKoro· annapaTa 
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pn1~11oc111·1111J1 i.1 pnr.11 por:rpa111110Tc11 1111aiHl.'ll' u pas iwa.;euuoii u:rn;nie, 
anTOM 11poxon11T 110poa ooJIUcTr, 1rawooJihlllero nptt6Jrnmemrn Tpaccbr 
K Comn~y (nn npmi;eJibIIOM paccToHHHH p), n:i;e KoHn;eHTpan;1rn qacnni; 
HM00T 11attoo111>11100 1'JIH nToii: TpacchI aHa~remrn. BBn;:i:y peaKoro yl1eHh- · 
ruemrn: I\Olll\CllTPUl\MH miaaMhl c y;:i:aJren110M OT CoJimi;a ocHOBHoe BJilIH
HHe Ha pacupocTpauCII.110 PUAMOBOJIH OKa3hIBaeT yqaCTOK Tpaccbl, 
naxo;:i:mn;uii:cn na MHIIHMaJihHOM paccTOHHHM OT CoJinn;a, npoTHmeH
uocTL 1wTopo1·0 L~ • lp, l')(o l 1,~+ 1,5. 

CJie;:i:yH cxeMe 11wrncJ1CIIHii:, ucnoJ1r,aye11roii panee l28], lIOa\HO aa
nncaTb Dhlpame1rne JJ:JIH cneKTpaJir,noii nJIOTHOCTH qwyKTyan;n:ii cfiaa 
AJilI BOJIH, npome;ri;unrx CJIOII ueo,r:i:nopo,r:i:uoi'1 n:i:a3:\IhI To ... mi;nHoii L 3 : 

G (<')-2 "/,.:i-.2 -1c:l l'((p-1)/2) L . (-~) 
' "' - ll I e" V f (p/2) 3 exp q:l z·2 X 

"' x (q~ + Q2 )' (-JJ+l)/:l 
vz ' 

(5) 

r1~e r. = 2,82.10- 13 CM - m1a<·.c11 1wc1rnii pa;i;11~-c :1.1p1npoua, A. -
JJ:JIHIIa BOJUihT, v - c1wpocT1> ucpeuocn Hco;i;uoponuocn•ii 'Iepea Tpac
cy pacnpocTpanemrn noJm, Q = '2nF - qacrnTa lPJIYKTyan;nu, 
r (x) - raMMa-cpynm~nrr. I1nTC:wp11ponamrn no 'HlCTOTe Q n npe.ne."Iax 
OT 0 ;ri;o oo ;:i:acT ;:i:11cnepc1110 lJJJ1y1\Tynu,11ii tpna1.i: 

2 2:112 z, 2c2 2-PL 
(Js =-c --2- l'cA qo o• p-

n 'laCTIIOCTH, npH p > 3 
a -.r- r (p/2) 

<Js = V n r ((p - 1)/2) 
3 ., -1 2 L p - ,-·')..2qo <JN s• 

p-2 e 

(6) 

(7) 

Ilp11 3TOM 3HU'I0HlIO a; COOTDOTCTnyeT TO'IKO Hau60.1bmero npII-

6JimKeHHH TpacchI K Comin;y, T. e. a; = a; (p). ' 
Ilpn AUJibHeiimeM aHaJIM30 6y;:i:ellf C'lHTaTb BhlnO:IHOHHblllll c.1e

AYIOID;lIO ycJioBHH, KoTophre no;ri;TBep;E;:i:eHhI aKcnepnlieHTaJibHo: 
a) HHTOHCI1DHOC'l'b qJJiyKTyari;nii 3JIOKTpOHHOll KOHIJ;eHTpan;nn npo

nopn;110HaJibIIa cpe;ri;neii nJIOTHOCTH qacTun; JJ:JIH aTo:iI o6JiaCTII, T. e. 
<JN = ~Ne, r;ri;e ~ - CTGUCIIY, ueo,r:i:nopo;ri;uocTII IT.'IH3:\IbI; 

6) cpell;HfllI 3JIGI<TpOHHaH KOHll,eIITpan;1rn npu AOCTaTO'lHOlI y;:i:a.1e
HHH OT Com1n;a y6LmaeT nponopu,uonaJir,uo irna,r:i:paTy re.1uon;enTpn
'IOCKoro paccToHnnJI R, T. e. Ne = B (RIR 8 t 2• r.ne R 8 = 0,697. 
· 106 KM - pa;:i:nyc CoJinn;a, npH B = 3,09· "105 CM-3 3.1e1'TpOHHaH 
1wm~OHTpa1vrn na op6wre 30111.rm N,. (215/l(,,) ,,,- ... G,7 CM-3, 'ITO cooTBeT
CTByeT ua6JIIOAOIIHllM 3a ,ll;JIM'l'OJibllhlM 11op110;:i:; 

B) HOOAHOPOAHOCTM ((DMopomeuw> " IIO'l'Ol(ll COJlU0'llIOro BeTpa II 
nepeMem;aIOTCll DM0CTO c IIHMH. 

B cooTneTc-rnnn c (7) 6i.rJIH 111i1110J111011r.I puc•toTt.l cpen11e.l-lna;:i;panP1-
HhIX 3Ha'ICIIl1H cJ)JIYI\'l'Ynil;HH <l>n:m i\01\111\IO'l'JlOllhlX (), :c...= :t2 01) pa.nno
DOJIH AJUI TpaCChl npOTJl)l\OllllOCThlU 2tt, lllHIXOHllll\\'ii llil ;\UCT<Ulll,IIII 
p = 30R8 OT CoJIHIJ;ll. CTenom. llOOAllOp03'llOC'l'll 11:111:1~11.1 ~ npe;:(no
JiaraJrnci:. pannoj,i 0, 15, 11 u1101111111ll Mlll'lll'rnCI Tn•or.'ll'1LT11ocT11 L 1, = 
= 106 KM. PcayJILTaTLI paC'lO'l'Oll 11 HDllClUIOC'l'll o·r c1w1-apa.1lbHOro 
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Pnc. 1. CpeAHeKBaApaTnqHh!e aHaqeHHH 
lj>JiyKTya~nii: lj>aah! Ae~nMeTpOBh!X paAHO
BOJIH A = 32 CM' 

d,..,..1f,rt{ 

=---~ •.,..;:-..._ ........ ~~ 
....... ~......... ..? 

"'~:::::-·-·-, .......... .............. __ 

Hll,ll;0KCa p (ny1mTHpHaH JIH
HHH) npnBe.o;euLr ua pnc. 1. 
Ilp0A0JihI H3M0H0HlUI p B3HThI 
xapaKT0pHLIMH ,!J;JIH Typ6yJieHT-
HOCTH COJIH0qHOl'O BeTpa. 113 
pHCYHKa BHAHO, qTO HHTeHCHB
HOCTb ciiaaOBhlX cliJIYKTyau;nii 
as yBeJIHqHBaeTCH c B03pacTa
HH0M cneKTpaJibHOl'O HH,o;eKca 
p, qTo yKa3hlBaeT Ha cyru;ecT
BeHHyro pOJih HH3KoqacTOT
HOH qaci'n cneKTpa ueo,o;Ho
po.o;uocTeii B cliopMHpOBaHHH 
BapHau;nii qiaa. O;a;uaKo ua-
6JIIo;a;euH.11 aa cnruaJiaMH Koc
MH1I0CKHX annapaTOB Be;a;yTCH 
orpaHH1IeHHOe BpeMH, 'ITO npH- . 
BO;D;HT K yMeHbIIIeHHIO BJIHHHH.II 
HH3KHX 11acTOT. B aTOM cJiy11ae 

pac11eT a~ npOBO;D;HJIC.II nyTeM 
lIHTerpnpoBaHHH (5) B KOHelJ
HhlX npe;a;eJiax, onpe;a;eJineMLIX 
cmrny nepno;a;oM na6Jiro;a;eHHH 
l:!.t = 2·103 c (F11 = 0,5·10-3 

fl~), U cucpxy - 'IUCTOTOH 
BLI6opoK, paBHOH 1 fn;, Tai< 

/Oz 'ITO Fa = 0,5 rn; (KpHBa.II 2 
.J,/I .1,2 J,(. J,o J,8 p Ha pnc. 1). l1nTeHCHBHOCTb 

Puc. 2. CpOAHCJ<BaApaTnqHh!e aHaqeHnn 
lf>nyKT)'lll\lllt 'lllCTOThl .(KpllBh!e 1 H 2) lI 
WHpUHLI CllOKTpllJILHOii JIHHllll 6.j (Kpll
DBll 8) AO~HMoTpOBhlX paAHOBOJIH p;nn 
paaJIH'Ulh!X auaqenuii: cueKrpaJILHoro lIH
AOKCa p 

cliJIYKTyau;Hii <Jiaa yMeH1>IIIH
Jiac1> no cpaBHeHHIO c KpIIBOH 1 
Ha pHC. 1 n01ITH na nop.II;D;OK 
H neCKOJibKO H3MeHHJICH BH;D; 
aaBHCHMOCTH as (p). 

PaccMoTpnM none;a;enne -qa-
! CTOTH.blX cliJIYKTyan;nii, KOTOp.bie 

HM0IOT namnoe 3Ha"tJeHHe npn I onpe;a;eJieHnn napaMeTpon ;a;BnmeHHH 
KOCMnqecKnx annapaTon. Bp~MeHuoii cneKTp cliJIYKTyan;nii "tJaCTOT.hl 
MOii\eT 6.blT.h llOJIYlJeH B COOTBeTCTBllll C ll3BeCTH.hIM COOTHOIIIeHHeM 

G1 (Q) = G8 (Q) Q2. (8) 

,I(ncrrepc1rn qmyKTyan;11ii "tJaCTOT.hl onpe;a;eJIHTCH HHTerpnpoBan11eM (8) 
no 11acT0Te , 

I 

2 __ 1_ I'((p-1)/2)I'((4-p)/2) 2~ 2 2c2 4-PL (9) 
a1 - 4n''• r (p/2) re"' v qm o• 

Ilp:u HHTerpnpoBaHnn He yqHT.hIBaJIC.II MHOiRHTeJib exp (-Q2/q~v2), 
ll03TOMy (9) .IIBJIHeTC.II npn6JIHii\0HHhIM COOTHOme11neM II OTJIHqaeTClI 

OT 6oJiee Toquoro [27] MHOii\l1T0JI0M (2/Jf n) r ((p-1)/2)/r (p/2). 
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Han:60Jir.11100 pa:iJ111•11m J(OCTlll'al'Tl'll 11p11 fl :1 11 r11rTa11:111t•r .j ':t. 
PeayJihTaThr pac'rnToIJ cpeJJ.HerrnaJJ.paTlPlllhIX 3ilU'IOH11ii qmyKTya

n;n:ii •rncToTr.r u01rn3anr.1 na p11c. 2 l\JIH Tott llW Tpacc1,1 pac11pocTpane
HHH pa;a;nonoJIH M Tex me xapal\TC'pncnm H<'on11opo;i11onl'ii. Ila pu
cynKa BH;D;HO, "t!TO pOJI.b IlLICOKO"tJUCTOTHoro yqacnrn upocTpaHCTBeH
lloro Cil0RTpa Typ6yJICIITIIOCTJ1 IIPOHBJIHCTCH CJ1JILIICC np11 MUJI1IX 

· aua-qeunnx cneHTpam,uoro mmei<ca p. HnTenc1mnocTr, cfia::ioni.rx u 
"tJaCTOTllhlX qwy1nyau,HH ll03UllHCHMO OT CUOl\TpaJihHOro llH.D,eRca 
nponopu;u:onaJI.1>na uepnoll: cTerreHu: ;D;JIHHhI BOJIH.hl. 

CJiy"tJaiiua.11 "tJUCTOTHan Mo;a;yJIHIJ;IIH rap11ronu:qec1<oii uecyru;eii HB
JIHeTcn npn:-qnuoii ymIIpemrn cne1<TpaJI1>HoiI mrnmr. <Pop:'lra crreKTpa 
B o6ru;eM CJiy<rne (npOI13BOJl.bHhle p) He 1u,rpamaeTCH ll Il3B0CTHhIX <l>YHK
D;ll.IIX, HO nrnpu:ua cne1npaJrhlroii JIHHMH l\IOf!\eT 6bITh oupe;:i;e.'leua ana
JIHT11qec1<u:. 8mrnIJaJreHTnair nmpuna cne1npa, onpe.n,e::rne:-.ran Ral\ 
OTHOIII0HHe nOJIHOH aueprmr cnrnaJia K l\IURCIIMy:-.ry cneRTpa.'I.hHOll 
nJIOTHOCTH, HMeeT BH;D; [28] 

( 

2n•/,r ((p - 1)/2) 

l!.f = 2r llP- 1

1

)/IP 2)) r {p- 1) r (p/2) ''" [ ~ (P- 2)] 

X (r!f..2C2 £
3
)1/(p-2) v. 

11 '(p-2) 

x 
J 

(10) 

,I(JHI p > 3 1 p- :l -··-··-·--·-··l·······--·----·-ll'(p-~l X 
l!.f ~· 21· llP .. 'lilP -- 2)) (n(J;c c;-)r Ir- 2) ''" [ ~ (P -2) J J 

X (r2f..2a2 L )1/(p-2)qP-3/(p-2) 
e N 3 o V. (IT) 

Rp1rna.11 3 Ha pHc. 2 xapaKTepnayeT aanucmrocT.1> nmpnnhl crre1npa.'I1> 
non JIHHHII /).j OT cneKTpaJILHoro IIH.D,eKca p. XapaKTepncTimu Tpac
C.hl pacnpocTpauennn pa;a;IIOBOJIH H cnoiicTBa ueo.n,uopo;a;nocrnii npu
HHT.hl TeMH nm, "t!TO II pau·.1>me. Ilpu II3Meuemrn p n npe;:(e.'la:x OT 3 ~o 
4 mnpnua cne1a·paJ1r,noii JIMHHH yMen.1>IIIaeTcJI 6oJiee <re111 B 10 paa, 
T. e. ymnpeun:e Cll0KTpaJI.hHOH JIHHIIH "t!YBCTBHT0Jlbll0 K <Jiop11re npo
CTpaHCTB0HHOro cneRTpa neo;a;uopo.n,uocrnii. CJie,o;yeT o6paTIITb BHII
Mann:e Ha H3Menenn:e 'IaCTOTHOH aaBIIClll\IOCTU /).j rrpn Bapuan;n11 
cneKTpaJI1uoro IIH;D;eKca. TaK, HarrpnMep, npII p = 3 mree:-.r f).fa,'J..2, 
a B .o;pyroM KpaiineM CJiyqae npn p = 4 3aBHCHl\IOCT.b cyru;eCTBeHHO 
CJia6ee: /).j oc ')..,, <PopMa Kp.bIJI.heB crreKTpon orrpe;a;eJIJieTC.II Bll;D;OM llIO
)l;yJinpy10ru;ero npon;ecca. EcJIH crrei<Tp <f>JIYKTyau;nii "tJaCTOThl mreeT 
CTerreunoii BH;D; c IlOI\a3aTeJieM - (p - 3), TO cneKTpaJibHaH nJIOT
HOCTb Gw (6f) npn 60JI.1>mnx .n,enrrau;nnx qacTOT.hl 6/ ~ /).//2 na111e
HHeTCH nponop1~1101raJ1r,no 6J-<P-1l. OTirnonenne OT no:ii aanIIc1n10-
CTH (H3JIOM cneHTpaJibIIOii nJIOTHOCTII) MOIBeT 6.hITb CBJI3auo c B.'IIUI
HIIeM MeJIKOMUCIIITaUIIl>IX neo;a;nopo;a;nocTeii, "t!TO n l\IO}l'9T 6hlT.b IICilO.'Ib-
30BaHo ;D;JIH on;emm lm. 

RoM6IIn11py.11 coo·rnoIUeuun ;a;Jrn IUn:pnu.1>1 cne1<TpaJI1>Hoi.i: .1nuun n 
)];JI.II AIICnepcnII qJJ1yI\Tyan;IIii qacTOTLI np11 ua6JIIOAeHIIHX aa KOHeqHoe 
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,BpeMlI noJ1yq1nr: 

\ 

2P-2nP-1 (4 - p) X 

A/= 2f((p-~)/(p 2)> r(p-2)(p-2) sin [ ~ (p-2)] 

<Sf 
2 11((P-2) 

X -~-P-F~ P i 

(12) 

8To COOTHOill0HII0 MOiK0T 6LITb IICil0Jlb30BaHO AJUI onpeA0JI0HII.fl cneK
rpaJibHOrO IIHA0KCa IlPOC1TpaHCTB0HHOrO cneKTpa Typ6yJieHTHOCTM no 
nesaBIICIIMhlM na6mOA0HHlIM. ym1Ip0H1UI cneKTpaJibHOR JIMHIIII M 11a-

CTOTHLIX <J>JJyKTyan;IIR. , 
PaccMoTplIM Koppemtn;MoHnyro CBH3b M0iRAY <i>JIYKTyan;m1MM 11a-

CTOTLI npll Ha6JJIOA0HIIHX B pa3JJir111HLIX nyHKTax. AHaJ1or1I11HaH 
sap;a'la AJIH <J>JJyKTyan;M:ii <J>asLI II aMnJJIITYAbI paspa6oTaHa AOCTaTO'lHO 
AeTaJibHO [26]. MeTOAIIKa pac11eTa KoppeJJHD;IIOHHO:ii <J>yHKIJ;IIH <J>JiyK
ryan;n:ii 'laCTOTbI 6asnpyeTCH Ha COOTHOill0Hllll 

Rt (r) = lim {__;- [2R
8
!(r)-Rs (r + V't)- R, (r - V't)l}, (13) 

i:-o 't 
I 

rAe R
8 

(r) - npocTpaHCTB0HHaH <J>yHKIJ;HH RoppeJJan;nn qmyKTyan;M:ii 
<J>a3I>I. AJJlI II30TpOIIHhlX H00AHOPOAHOCTe:ii Rs (r) = R 8 (r), TaK 'ITO 

., Rs (r) 
[ 

I ' ] 

Rt (r) = - v2 Rs (r} cos2 cp + ---,-sin
2 

cp • 
(14) 

3A0Cb cp - yroJI l\10iKAY HanpaBJI0HllHMM 6a3I>I r ll CKOpOCTHMll ABM
iK0HlllI H00AHOPOAHOCTe:ii. AaJibHe:iimne Bhl'lHCJieHMH ocHoBaHbI Ha 
ncnoJib3oBaHMH H3B0CTHoro [26] BhlpameHMH AJIH aBTOKoppeJJHD;HOH

Ho:ii cpyHKD;MM cpJIYKTyan;nli cpashl: 

nk2L ~ : [ k 2L J R. (r) ~~ -
2 
~ ~ <D~ (q) 1 + q2L sin2 y J 0 (qr) q dq, (15) 

o I 

r]l.e k = 2n/'A. - 11om10iloe 'IMCJIO, J 0 (x) - 1pyum~Mfl 13eccem1 uyJJe
Boru nopH]!,Ka, <l>e (q) - TpexMepHblR CII0KTP cpJiyKTyan;nii AM<lJl01{-

I 2 
TpnqecKoli npomin;aeMOCTH cpep;bI <l>e (q) = (1/n

2
) re'A.,.<l>N (q). . 

RoHKp0THhlH BRA <J>ynKn;nii R 8 (r) H Rt (r) saBMCHT OT cooTHome-: 
HUH 1110mp;y B0JIH'IHHOR 6asbl r, pap;nyca 30Hhl <l>peHeJI.fl, BHyTpeHHero 
n BHe11rnero MacmTa6oB Typ6yJieHTHOCTH. B paccMaTpnBaeMoi HaMH 
aap;aqe BbIIIOJIH.fIIOTCH CJiep;yIOID;ll0 HepaBeHCTBa: BOJIHOBOH napaMeTp 

D ::= L0/kL~ ~ 1, napaMeTp 1/(q~L~) < 1, KpoMe Toro, 1/(q;L~) < < D. Ecm1 pa311oc To'leK Ha6JJIOACHHH r MCHbme pap;nyca soHhI 
<l>peHeJIH, TO l\O:'l(pqrn:n;neHT KoppeJIHD;llll qmyKTyan;nli qaCTOThl on-

peA0JI.fl0TCfl COOTUOID0Hll0l\I 

R (r) 
Kt (r) =-1.:.-- K~1) (r)- cos2 cp·K~) (r), 

a· .I 

. (16) 

rAe K~l) (r) = cD (2 - p/2, 2; -n2z-~r2), 

K~2) (r) =-= 2 (p - 2) {l<-D (2 - p/2, 2; -n2r2/Z~)l -
- [ll> (3 - p/2, 2; -n2r 2/Z;n)l}, (17) 

<l> {a, c, x) - Dhipomp;eHHa.fl runepreoivrnTpnqecKa.fl <JiyHKD;IIH. 
Ha pnc. 3 noKasaHI>I rpa<JinKn cpyHKD;HH Kt (r) npn cp = 0 ;:(."I.fl 

ABYX s11a•10u11ii: cne1npaJI»Uoro m1)l.el\ca p. l\'.or;w p = 3,0 pa;u1yc 
KOppeJI.fID;llH HM00T IIOP.fIAOK BHyTpeHHero l\IaCIDTa6a Typ6yJieHTHOCTII, 
KOrAa p = 11/3 OH cyin;ecTBCHHO 6oJibllle. 

Bo BTopoM cJiyqae, KorAa pasHoc To11eK Ha6mop;emrn 6oJibme 

pa]!,nyca 30IIhI cDpeueJI.fl, T. e. r ~ y'A.£1£ 2/(£1 + L 2) (L1 II L2 -
paccTO.fIHH.fl OT TO'IKH D ;a;o 3eMJIH n ;a;o Koc11rn11ecKoro annapaTa), 
BLipameHne ;a;JI.fl Koacpqrnn;neuTa KoppeJI.flll,IIII <Ii.rry1nyan;nii 11acTOThl 
HM00T BH]l,: 

2 ( z2 )2-P/2 r ·_ m (1) " (2) 
K1( ),- f(p/2) 7r2 [Lt (r)-cos-crL! ]. 

3p;eCb 
2J1/2-l 

L?> (r) = r (2 - p/2) ( 
r \2-Jl/2 ' r ) 

-L l K2-p/2l -L ' 
o I \ o 

(2) 2P/ 2- 1 ( r )3-P/2 ( r ) 
Lt (r) = r (2 - p/2) -y;; Ks-p/2 -y;; , 

(1&) 

(Hl) 

Kv (x) - qiy1rnn;na MaK;a;oHaJib;a;a. 3Ha'!euue 1wacpcpm.1,uenTa noppt•· 
JI.fID;HH B 8TOM CJiy11ae ClIJibHO 3aBHCIIT OT cne1npa:IbHOfO IIH)J.0HCa p. 
RoppeJI.flll,H.fl 111aJia upn p, cyin;ecTBemro 11reHbIIIIIX 4, TaK KaK 1111 /r.....;,:: < 1, HO npn p, CTpeM.fIIn;CMC.fl K aTOlllY rpaHII'lHO)IY 3Ha'lem110, nOp· 
peJI.fID;H.fl yneJIH'llinaeTC.fl. TaKHM 06paso11r, aHaJins Koppem1n;11011111t1x 
CB.flsei Mem)l,y cpJiyHTyan;irn11m B paanecennhlx ny1rn;ax '1I03DO.int'T 
Hesannc11Mr.1M cnoco6oJll 1rnxo)l,nTi. c11e1npnJlr.11i.1ii 111111,ei.;c npoCTlHlll
CTBeHHoro cneKTpa Typ6yJieIITIIOCTII. 

EcJIH o6paTHThC.fl K npaKTn11ecKofr cnTyan;nn, 1wr;a;a perncTpn
pyroTc.fl ue MrHOBCHHbie 3Ha'leIIIrn 'lUCTOThl, a ycpep;nelllILie aa lll'

KOTOpbie lIHTepBaJibl BpeMeHH, TO Bhlpamemrn ]!,JI.fl Koa<J>if>m~neHTa 
1wppeJIHl~~m H:J~IOllHTCH lllllll\Y TOL'O, 'l'l'O npn OlllH'l\l'JIC'llllll JW<llf11jlll

ll;ll0IITa 1wppomu~Hl1 ueo6xo,U,Hll10 TOllllpb ucno:Ih30UHTh yMOI:lbIUCHllY IO 

ycpe;a;neuneM ;a;Hcnepcmo cpJiyKTyan;nii: 11acTOTI>I a~. B 1rnTepecy101n;e)1 
1/ LL 

Hae cJiy•rne r ~ rF = V A Li~ ~2 ni,1paif\eHII.fl ;a;JIH lioacp<Jinn;nearn 

KoppeJim~nn (18)-(19) npeo6pasyroTC.fl cJie;a;yroin;m.1 o6pa30)I: 

( 
vT )2(~-p/2)) K1T(r)=(p/2-1) y [1-t-2(p/2-2)ros2 cr]. (20) 

8Ta qiopMyJra cnpane;a;mrna npn ycJionmr z.rt < r. Koacpcpnn;neHT !iop
pomn~1rn onpe;a;eJrneTC.fl 0Tnom01n10M paccTO.flHII.fl, npoxo;a;1rnoro ne
O]l,11opo;a;11ocTH11IH sa npeMfl ycpe)l,nemrn, K paccTO.fIIIIIIO pasnora r. 
Herpynno ycrnnollHTb, •1To 1wppoJ1m~1111 ¢Jiy1nyan;ufr •rncTOThI oc.i.a
(fonaoT HO 111opo npHUJlllil\CllMH CIJCl\TPUJ!LIIOro un;a;e.Kca I\ BC:Jll'IJJHa~I 
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p 1 = 3 H p 2 = 2. Ecm1 llhl-

1 IIOJIHH0TCH rHIIOT03a (<3aMopo-
4. ---....._.._ 2 • iR0HHOCTID), TO (20) IIOJIHOCTblO 

¥Jc --

D,5 ~ npHM0HHMO K CJiyqaro B3aHM-
/ I Ho:ii KoppeJIHIJ;HH qwyKTya-

4¥ I n;uii. IlpocTpaHCTBeHHaH cpyHK-
42 D;HH Koppemru;1rn nepexoµ;11T 

L.-L-.1.-...l-...1-.J......;l.-1.----..i.+-· _.;~ BO Bp0M0HIIyIO: 
II ft'~ £1,6" 4,H I 2 f'r/t.~ 

P11c. 3. rpaif>11Kll if>yBKD;llll Kt (r) np~ cp = 
==LO AJIH ABYX sHa~eHnli ~neKTpanpHoro 
llBA0KCa p I 

{-p = 3,0; 
'-p = 11/3 
Zr fi.-1 

Gx,, Ug;t1 L/ 

11i' 

K1T{'t)=(p/2-1)( ~ r'll-P/Z)x 

X [1 + 2 (p/2 - 2) cos2 qi]. (21) 

MaKCHMYM Kpocc-KoppeJIHIJ;H
oHHoii cpyHKIJ;HI:l )'.l;OCTHraeTCH 
npn orrpeJJ;eJieHHOM BpeMeH

HOM C,JJ;BHre 'tm: 

Kt max= (p/2 -1) X 

X ( :m )2(2-p/2) [1 + 2 (p/2-

- 2) cos2 qi] (22) 

H aaBHCHT OT CII0KTpaJibHOro 

I , 1 , 1 , 1 , 1 , , HH,n;eKca p. 
J.ll J.2 J.4- Jo J.8 P CBoiicTBa Heoµ;Hopoµ;HocTeii 

P1~c. 4. SaBnc1u.1~CTb o; "~neKTp
1

;JibHoro MoryT 6bITb IIOJiyqeHhl Heaa-
JIBAOKca p Ancnepcxm qmyKryan;nii nora- BHCHMbIM cnoco6oM H3 aHaJIH-
pnfl>Ma aMnJlllTYAhI (lt ll cneKTP!l-JlbHOll sa aMIIJIHTY,JJ;HblX cpJiyKTyan;nii. 
nnoruocr11 if>nyKryan;uu norapnif>~a .w- lIHcpopMaTHBHOii xapaKTepu- · 
IlJIHTYAhI 0ox (2) CTilKOH npu aTOM . HBJIH0TCH 

Afi/Af.l 

.lll 
i . --1I __________ p=.1,/J 

- ------- J,2 
--T i 

.11 ·===== ;--.-1~- -==J,i" ------1--1= 
. J;o 

.7 Ill /J ;'/fl. 

cneKTpaJibHaH IIJIOTHOCTb 
cpJiyKTyan;nii JiorapncpMa aMn-
JIHTY,JJ;hl, KOTOpaH npH6JIH3li
T0JlbHO IIOCTOHHHa B Hli3KO'laC
TOTHOM yqaCTKe CII0KTpa I:l IIO 
aHaJIOrHI:l c [26] MomeT 61>ITb 

Pnc. 5. ConocraBJleHne µ;aHHhIX 06 
ymnpennn cneKrpaJ1bHoil: JIHHHH 
ll.f A0D;HMerpoBhIX paµ;noBOJIH crau
u;nn cBeHepa-10• n caHTHMerpo
BhIX - «fennoc-1,-2» ll «BHKHBr• 
B 88.BHCHMOCTH OT HOpMHpoBaHHOrO 
np11n;eJ1bBoro paccroamrn p/ R0 

onp e,n;eJiena m.1pnmrmrn11r 

r ((7 - p)/2) cos [(P .:......1) ..:::._] 
G = _ 2<11-p)/2:n<s-p)/2 2 c2r2I <P+3>.'2 x 

O'f. (p-i)(p-3)(5-p) "' 

( 
LiL2 )(p-i)/:l L -1 

X Li +L2 aV , (23) 

BeJIH'lHIIa Gox 311BHCHT OT m1T011c11.1111oc.T11 llPon1101Hin11orTl'ii :mPJ>TJHlll
no:ii lWHD;OIITpUI\HH, nx: pacupel\OJIOIIIUI no upocTpnucTBOllllLl.M 'IaCTO
TaM lI CKOpOCTH ,n;peiicpa. 

MecTo rrepeceqeunJI aCMMIITOT, arrrrpoKCMMnpyrom;nx HII3KO'IaCTOT
uyro lI BbICOKO'IaCTOTHYIO 'IaCTII BpeMeHHoro CII0KTpa rPJIYKTyau;nii 
aMIIJIHTYAhl, ,n;aeT 'laCTOTY 

F o = 6 r v , (24) 
l/ LiL2 
JI /.., L1 + L2 

SaBHCHm;yro B OCHOBHOM OT CKOpOCTrl rrepe111em;emrn H00AHOPOAHOCTeii l7 

H B CJia6oil CT0II0HH OT CIIOKTpaJibHOro nn,n;eKca, 'ITO BblpamaeTCH 
B HSMeHeHnn HOafpqnn~HenTa 8 OT O,/i.1 np11 p = 3 JJ;O 0,00 npu p =-= ~. 
Ha (24) CJieAyeT npocTo:ii crroco6 orrpeAlVIeHIIJI rnopocTn l(Bmwmnn 
ueo,n;Hopo,n;HocTeil qepea Tpaccy pacnpocTpanemrn paAnonomI. 

,Il;ncrrepcMJI qmyHTya1vn1: Jiorapnqlll!a a111nm1TYAJ.I 

02 = (2:n)(6;..p)/2 r ((6 - ~)/2) sin (pn/4) czr;A.<P+:l)/:l ( . Lil~ )(p-3) '2 LJ 
x ~-~~-~ ~+~ 

(25) 
BaBI:lCI:lT OT HHT0HCIIBHOCTII H00AHOpOAHOCTe:ii H OT crre:nTpaJibHOro 
llH)1;0I\Ca p. IlpM p > 3 II11Ie0M 

- (p - 3) r ((6 - p)j2) r (p/2) sin r,p ~ ) 
o2 - ,r2 (2:n)<a-p)12 . . " 
x- v . (p-2)(4-pff((p-1)/2) /' 

X 2/,(P+Z)/2 P-3 ( LiL2 )(P-:l)/2 2 L 
re qo Li+ L

2 
aN s· 

Ma (23) II (25) naxoAIIM 

Gox = _ 2•1,:n-•i, (p - 2) (4- P) r ((7 - P)/2) cos [(p ·- 1) n/4J 
ai (p - 3) (p - 1) (5 - p) r ((6 - p)/2) sin (pn/4) 

X /,'/, ( LiL2 )'/, v-i. 
Li+ L2 . 

(26) 

x 

(27) 

~ho Bhlpanurne MoilrnT oLITL ncrroJib3onauo µ;JIH uaxo;:n,n;emrn c1wpocru 
ABHiI\0HlIH IIeO):\HOpOAIIOCTei1:, OCJIII CIIOHTpaJibIILIU 1111;1,0KC p 6y;:i.eT 
Haii,n;eH HeSaBilCilMLIM o6paaoM • 

p aCC'IIITaHIIhlO n COOTDOTCTDJrn c (23) JI (25) a_aBHCllllIOCTII ;:i.11cnep
CI:lli q>JiyRTya~nli JIOrapmflMU UlllllJIIITYALI li CII0KTpaJII>HO:ii IIJIOTHOCTII 

qlJiyKTyan;nil JiorapmJi111a !llllIIJllITYALI o~ O'l' CII0KTpaJibHOro 11Il,D;01\Ca p 
.np11Be,n;eHLI Ha pnc. 4. llapaMeTpbI Tpacc1;c pacnpocTpaHeHIIH pa.n;uo
. BOJIH H xapaKTOpliC'l'Hl\H Typ6yJIOIITIIOCTH DpIIHHThl TaKIIMU me, KaK 
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JI npH pac'leTaX <f?JIYKTya:i~HJI <f?a3hl Il qacTOThl. 06e 3aBHCJIMOCTil llls• 

JllIIOTC.II cna]l;aIOm;HMil rrpH yBeJIH'l0HlllI CII0KTpaJibHOro IIH)l;eKca p. 
06paTHM BHIIMaHIIe Ha oco6eHHOCTb, KOTOpalI 6y)l;eT IICIIOJib30BaTbCH 

npn aaaJIII3e :rncnepBMeHTaJibHhlX ;a;aaHMX. J1pB JI3MeHeHJIH cneK

TpaJII>Horo na;a;eKca B npe;a;eJiax OT 3,4 ;a;o 3, 7 f];HcnepcHH qlJiyKTyau;Hii: 

JiorapII<f?llrn aMIIJIIITy;a;M cri aa o;a;aoii: JI TOH me Tpacce pacnpocTpaHe

HHH pa;a;HOBOJIH YM0Hbmal:)TCJI 60JI00 'l0M B 10 pa3. 

i 

2. 3KcnepHMeHranbHble AaHHble 
o anH51HHH ryp6yneHTHOCTH conHeLIHOro aerpa 
Ha pacnpocrpaHeHHe paAHOaonH 

B nepnoM pa3;a;eJie 6MJIO noKa3aHo, 'ITO 11acTOTHaH 3aDHCHMOCTb mu-

. pBHbI CII0KTpaJibHOH JIIIHIIB CIIJlbHO lI3M0HH0TClI rrpH BapIIau;1rn CII0K

TpaJibIIOro IIn;a;eKca p. Ha pIIc. 5 rrpIIBe;a;eni,1 pe3yJibTaTM corrocTaB

JI0HIIlI ;a;aHHhlX 06 ymIIp0HIIII crreKTpaJibHOM JIIIHHII ]l;eIJ;IIMeTpOBhlX 

(t.l = 32 CM) pa}l;IIOBOHH' CTaHIJ;llll «Benepa-10» II caHTIIM0TpOBhlX -

«reJIIIoc-1,-2» JI «BIIKHHr». MaTepIIaJihI H3MepenHii: no.n:y11011i,1 

B nepIIO}l; MllHHMyMa COJIH01IHOH aKTIIBHOCTil II aHaJIIl3IIpOBaJIHCb HaMH 

paaee [29]. 3aaqe11n11 B0JIII'lllHhl 11fi/ !::,,J2 npe}l;cTaBJI0Hhl B 3aBIICHMOCTil 

OT nopMnpoBaaaoro npIIIJ;0JibHoro paccTOHHIIH p/ R0 . Ha ;a;IIcTaHIJ;IIHX 

6oJiee 7 R 0 aTn 311aqe11IIH ;a;anM ):{JI.fl 'l0TMpex nHTepBaJIOB, ;a;JIH KOTo

pbIX nMe10Tc.1I ycpe;a;aeHHMe B0JIH'lllHhl 11/. Ha 6oJiee 6Jin3KBX pac

cTo.1Inn11x OTHOilleHH.II /if 1111/ 2 ;a;aHhl ):{JI.II ;D;IICKp0THhlX -paCCTOHHIIH, 

npII KOTOpbIX npOBO}l;IlJIHCb 3KCII0pHMeHThl co CTaHD;II0H «Beaepa-10», 

yKa3aHbI TaKiK0 norpem~OCTil onpe;a;eJI0Hll.II, CBH3aHHbI0 c Bapnau;B.iIMil 

11/2 3a nepno;a; B HecKo.n:bKO Mec11u;eB. Paaee aaaJiorII'lHhlH .aaaJIB3 

6hIJI npOB0)1;0H Ha ocno:Be }l;aHHhIX 06 ymBpemrn CII0KTpa CIIrHaJIOB 

CTaHIJ;HH «Benepa-10» )];0IJ;IIM0TpOBOro II caHTIIM0TpOBoro ;a;IIana30HOB 

(cooTBeTCTBenno 32 B 8 CM) [30]. lfa pIIc. 5 cJie}l;yeT, 'ITO KaK n B [30], 

Ha6JIIO}l;a0TC.II 'l0TKa.II 3aKOHOM0pHOCTb: YB0JIH'leHH0 OTHOill0HlI.II 11/ 1/ 11/2 
c npu6JIHil>0HIIe:M JIY'l0BOH JllIHllll K CoJIHIJ;Y. ropII30HTaJibHhlMll 

nyHKTIIpHbIMII nplIMhIMH~ IIOKa3aHbI T00p0TH'l0CKH0 3Ha'l0HIIH 11/ 1/ 11/2, 
KOTOpbI0 COOTB0TCTBYIOT pa3JIH'lllhIM 3Ha'l0HlllIM CII0KTpaJibHOro HH

;a;eKca p. 
Pnc. 6 nJIJIIOCTpnpyer BIIA Kpocc-KoppeJI11u;no1111hIX <f?ynKu;IIli <f?JiyK

Tyau;nil: qacTOThl ;a;eu;nMeTpOBhlX cnrnaJioB cTam:i;nII «Benepa-10», 

paccelIHHhlX neo}l;nopof:(nocTHMH . OKOJiocoJineqnoii: nJia3MhI. Tpacca 

pacnpocTpaneHHlI pa}l;HOBOJIH npOT.lliK0HHOCTbIO 1, 73a npoxo;a;nT Ha 

paCCTOlIHHH 10,4 R 0 oT. Com1u;a. RpnBalI 1 cooTneTCTnyeT IIIITCpBaJiy 

ycpe}l;HeHIIlI T 1 = 1 c, KpIIBalI 2 IIOJiyqeua rrpn ycpe;a;ueunn II3Mepe-

1111ii 3a 12-ceKyH}l;Hhie IIHTepBaJIM. Bn.o;uo, 'ITO c yBeJIII'leHneM BpeMe

HH ycpe}l;H0HIIlI MaKCIIMYM Koa<f?lf>BIJ;ll0HTa KoppeJilID;lllI B03pacTa0T. 

3naqenue lllaKCHMYllla Ild3BOJIH0T onpe;a;eJIIITb B0JIII'IIIHY CII0KTpaJibHOrO 

IIHJi:0KCa p, 0CJIII ll3B0CTHhl opII0HTau;1rn 6a3hl OTHOCIIT0JibHO HanpaB

JI0HlllI )l;peii:cpa H00)l;HOpO}l;HOCT0M II IIOJIOmenne MaKCHMyMa "Cm [cM. 

(22)1. 
IlpII pa}l;IIOaCTpOHO!llH'l0CKIIX llCCJI0;D;OBaHIUIX M0ffiIIJiaH0THOH H 

OKOJIOCOJIH0'IHOH IIJia3MhI OCHOBHOH H3M0pH0MOH xapaKT0PHCTHKOit 
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Puc. G. I\pocc-1wppeJun~HoH
Hhie cJ>yHK~HII WJIYKTya~nii 'Iac
TOThI npu ycpop,noHHll 3a npeMJI 
Ti = 1 c (KpunaJI J) H T

2 
= 

= 12 C (KpHBaJI 2) 

.IIBJl.II0TClI lIHT0HCIIBHOCTb 
CHrHaJIOB Knaa11myMOilT1TX 
IICTO'UIHI\Oll l13JIY'I0HHlI. 

AuaJI11a BpeMenni,rx crrer<T

poB 11reprvumi1:, 3anHCHMo

CTH HH)l;0I<COB Mepu;am1ii: OT 

3JIOHrau;HH Il03IlOJIHJI onpe

):{0JllITb PHA xapar<TepHc

TIIr< Typ6yJI0HTHOCTII COJIH0'l

HOrO B0Tpa H Il0JIY1IHTb 

CB0)1;0HIIlI 0 3UKOIIOMepuo

CTlIX pacrrpocTpanemrn pa

}l;IIOBOJIH qepea MC/I\IIJiaHeT

HYIO H OI<OJIOCOJIHC'IHYIO 
llJia3MY [31). 

0)l;Har<o .ri:o nacTomu;ero 

BpeMemr He IIOJIY'IHJI YAOD

Jl0TBOplIT8JibIIOro o6'bHCHe

HlllI norrpoc 0 'IaCTOTHOH 

3aBIICHMOCTH 1111.!J:CI\Ca lliep

n;aHIIii:, XOTlI OH ll;HCI<yTH

pyeTC.II B JIIITepaType yme 

6oJiee }l;0CHTH JICT (32, 33]. 
CyTD p aauor Jiacnil: no yr<a-

3aHuoii:. 3a)l;a•re COCTOHT n 

TOM, 'ITO 3I<CrrepIIllI0HTaJib

HalI 3aBHCHl\fOCTb lIH}l;er<ca 

Mepn;amril: OT }l;JIHHbI BOJIHbI 

Pnc. 7. 3anHcnMocTu 1rnp;eKca 
Mep~amu1 OT npu~eJibHoro pac
CTOIIHHJI AJISI 'I0Tblpex p;uarra-
30HOB BOJIH: 

1-A = 13,1 CM, 
[31.J; 

((rCJIIIOC ... f, -2» 

2 - ).,, = n CM, «Ilcuepa-10» U2J; 
3 - A= il CM; 

4 - ;, = 600 CM, «llnoucp-0» [20] 

Puc. 8. 3nnucmrocT1, cJ>y1m~uu 
A OT AJIIIIIW: llOJill(,[ 

J - no 1111Cimoiw111111M aa c11r11nJ1nM11 
l<OCMll'ICCHllX llllllUllUTOll; IJ - IHl/1110• 

acTpo110M11 11ccH11ll llllOJllU)IUllllJI, 

V11nau11w lllH!/ICJIW 11a~rn1101111ll 1>n1111u• 
acrponoMll'IOCHllX AllllllWX 
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cym;ecTB0HHO CJia6ee, 'I0M aaBHCllMOCTb, Oil\H;D;aeMaH ll3 CT0Il0HHoro 
cneKTpa Typ6yJieHTHOCTll. ,[(eiiCTBllT0JlbHO, KaK CJie;a;yeT ll3 (24), 
cpe;a;HeKBa;a;paTHTIHhle 3HaTieHHH rJiy6HHhl qmyKTyan;nii pa;a;HOBOJIH npH 
CT0II0HHOU cpopMe npocTpaHCTB0HHoro cneKTpa Heo;a;Hopo;a;HOCTe:ii 
;D;OJURHhl 6hlTb nponopn;noHaJibHhl /..,(P+2)/4 ll ;a;ame npll ca:MOM MaJIOM 
BOSMOiHHOM 3HaTI0Hllll cneKTpaJibHOro irn;a;eKca p = 3 ITOJiyTiae111 
O'x· ex 'A1 •25 • MHoroTIHCJieuuhle :mcnepuMeHTaJII>HhJe peayJihTaThl pa
;a;noacTpOHOMHTieCKHX llCCJie;a;oBlrnnii ;a;aIOT cym;ecTBeHHO 6oJiee CJia
oyro SaBHCIIllWCTb lIH;D;0KCa 11Iepn;~Hllll OT TiaCTOThl: m ::::::; 20'x CX ')..,1,0±0,0f> 

[33]. TaKaH aaBHCHMOCTh xapaKTepHa ;D;JIH Heo;a;Hopo;a;Hoii cpe;a;IiI, HMe10-
m;eii rayccoBy cpop111y TpexMepHpro npocTpaHCTBeHHoro cne1npa. 9TO 
o6cTOHT0JlbCTBO II03BOJIHJIO aBTOpaM [33] BhlCKa3aTb npe;a;noJiomeHHe, 
'ITO IIOMllMO Heo;a;Hopo;a;HOCTeii d ll3M0HHIO.II{llMllCH B nrnpOKllX npe;a;e
Jiax paaMepa11rn (B COOTB0TCTBHri co CT0II0HHhlM CII0KTpoM) B M0iRITJia
H0THOH nJia3?.Ie cym;eCTBYK>T ;D;OilOJIHHT0JlbHhl0 Heo;a;Hopo;a;HOCTH c Bhl
;a;eJieHHhlM pa3Mepo111 nop11;a;Ka COT0H KllJIOMeTpOB Il Il0Bbllll0HHOU llH
T0HCllBHOCThKl cpJiyKTyan;nii. CJie;a;oBaTeJI1>Ho, ;a;oJimeH cym;ecTBOBaT1> 
COOTB0TCTBYIOID;IIH l\IeXaHII3M HX renepan;HH. 

Heo6xo;a;n1110 oT111eTHT1>, TITO npn lIHTepnpeTan;m1 peayJI1>TaTOB pa
;a;11oacTpoHOMIITieCKIIX IICCJie;a;oBaHHH OCTaeTCH ueonpe}l.eJieHHOCTb, 
CBH3aHHaH c KOH0TIHOCTbIO paaMepoB lICTOTIHlIKOB, HCITOJII>3Y0Mhl~ npll 
nayTieHIIH 11remnJiaHeTHhlX Mepn;annii. H ecJin npe}l.noJIOIBHTI>, TITO 
paaMephl nc.TOTIHHKOB yBeJinTin~aK>TCH c yBeJIH'IeHneM ;D;J1HH1>1 BOJJHhl, 
TO MOiRHO o6'hHCHllTh 6onee CJia6oe B cpaBH0Hllll c TeopeTHTI0CKHM B03-
pacTamrn nH;a;eKca Mepn;annii rlpn yBeJIHTieHnn 'A. 9Ta neonpe;a;eJieH
HOCTh ycTpaHH0TCH npu llCITOJlbBOBaHllll pa;a;HOHCTOTIHllKOB, ycTaHaB
JIHBa0MhlX Ha Koc11rnTieCKHX amtapaTax. B nacTomn;ee BpeMH IIMeIOTCH 
peayJII>TaThl Ha6JIIO;D;0Hllii aMilJI*TY;D;HhlX cpJiyKTyan;nii pa;a;uocnrHaJIOB, 
ll3JlyTiaelllhlX TOTI0TIHhlMH pa;a;uo:µ:CTOTIHHKaMH KOCMHTI0CKIIX annapaTOB 
B 'I0Thlpex }l.HanaaoHax BOJIH (pnc. 7). Ilpe;a;cTaBJieHHhle aaBucnMOCTll 
nMeIOT o;a;uHaKonhlii Bn;a;. B o6~aC'l'll npnn;eJ11>HhlX paccT011m1ii p/R0 , 

np0BhlIIIarom;nx H0KOTopoe KpHTllTI0CKOe 3HaTI0Hlle, ll3M0H0Hlle irn;a;eK
ca 11repn;aHnii annpoK~n11rnpye~c11 cTeneHHoii cpyHKn;neii BH}l.a 

m = A ('A) (p/R0)-a, (28) 

npIITI0M noKa3aT0JIII CTeneHII a llM010T ;D;JIH BC0X TI0Thlpex BOJIH npaK
. TIITI0CKII o;a;Ho aHaTieHue, paBHQe 1,55 + 0,05. B 3TOM cJiyTiae aaBH
. c11MOCT1> cpyHKD;llll A OT ;D;JJHHhl BOJJHhl onpe;a;eJIHeT TiacTOTHYIO aaBHcu
MOCTb JIHJJ;eKca 111epn;aHuii TOTI0TIHhlX ncTO'IHMKOB. RpuTuTiecKne 3Ha
't!0HllH npun;eJI1>Horo paccTOHHilH po/ R0 , npn KOTOphlx HacTynaeT Ha
Chlm;ea11e HH}l.eKca lllepn;amrii:, TaKme onpe;a;eJIHlOTCH ;a;JiuHoii BOJIHhl. 

Ha pnc. 8 snaTieHIIH xapaKTepucTHKH A ;a;anhl B aaBncnMOCTu OT 
;D;JillHhl BOJIHhl /.... Rpo11re peayJ11>TaToB, noJiyTieHHhlX H3 Ha6mo;a;eHn:ii 
aa cnrHaJia11rn Koc11rnTieCKIIX annapaToB, Ha pncyHKe npnne]l.eHhl 
peayJI1>TaThl o6pa6oTKII nHcpop111an;1rn pa;a;11oacTpoHoM11TiecKnx Ha6J1ro
;a;en11:H, KOTOphle ;a;aJJn aHaJIOrll'IHhl0 3aBHCllMOCTll m (pf R0) B IIIllpO
KOM ;a;uana30H0 ;D;JillH BOJIH OT 1,35 CM [35] ;a;o 880 CM [36]. 0THOCHID;ll0-
CJI K ;a;pyrn111 npollleIByTO~HhlM BOJIHaM peayJII>TaThl B3HThl 113 [33, 
37-39]. 01rnaaJIOCh, TITO II B 3TllX CJIY'tJ:aHX aaBllClllllOCTb llH;D;0KCa -98 

/ 

Mopn;am1ii OT llPllllUJll1llOro JlllCC'l'Ollllllll Olllll'l1llllll'l'l'll Tlll\Ol\I' l'Tl'llt'llllllii 

cpyHKn;Heii (28) c nomwa'l'OJIOlll c'l'ouo1111, 11a~w11111011l11~11·11 11 11pun0Jiax 
OT 1,5 ;a;o 1,G. 3Hu•rnmrn A H /... 11u pHc. 8 1~u111i1 11 Jtorupm!>Mlt'IOCI\OM 
MacmTa6e. l{a1\ J111~no na npo;a;cTnnJ101mr.rx Ml\Tl'Jl1t1\.'1011, a11n•1em111 
xapaKTepucnrnu A, 11uil;a;e1m1,re ua ;a;n1111h1x 1wrope11T11oro pn;:i:uonpo
CBeq1rnamrn, pacnoJJaramTCH na onnoi1 npm10i1, 'l'nH •ITO 

A (/...) = A oAa", (29) 

npHTieM a 0 ::::::; 0,9, A 0 = 3,78, ecm1 /... DI>IpamaeTCH B caHTnMeTpax. 
,il;onOJIHll'l'0JlhHhie }l.aHHhle pa;a;noacTpOHOl\IHqecKnX HCCJI0}l.OBaHllll na
XO;D;HTCH B xopoIIIeM corJiacuu c MaTepHaJia:Mn KorepenTnoro pa;:i:uo
aoup;nponamur. TamrM o6paaoM, aanucnMOCTh nHTP11c1rnnocTn :nm:n1-
TYAHbIX cl)JIYI\TYUJVIi1 OT ,U:JIHllhI noJlllhL 01rn:.iwllnL'TCH n.an'e Go:rno 
CJia6oii, TieM B cJiyqae raycconoii cpop111hr npoCTpaHcTBeHHoro cneKTpa 
H00)1;HOp0;11;HOCT0M. 

3. XapaKTep11crnK11 HeOAHOpOAHoi1 CTPYKTYPbl 

Me>KnllaHeTHOH H OKOllOC011He4HOH n11a3Mbl 

Corroc'l'anJienne ,u;arnci,rx no yurnpemuo cne1<TpaJI1>11oli JJII111111 pa,u;uo
curnaJJon pa3JIIFIIlhlX ~nana30IIOB ITOR!l31l.'IO, 'ITO Hll0.110)1,ll('TCH cn
CTel\laTIITI0CRoe ynem1qemrn OTHOIII0HlilI IIIIIpIIHhl no:IOCiil cne1npa 
Ha 6oJiet> HII3KOH Hecyin;eli TiaCTOTe I{ IIIIIpirne cne1npa BhICO:KoqacTOT
HhlX CIHHaJIOB. 8TOT s<l><i>eRT OTl\Ie'laJICH paHee [30]. Tenepb OH no;:i:
TBepm,u;aeTCH 6oJII>IIIHM 06'beM0111 sKcnepnMeHTaJII>HhlX ;a;airn1>1x. Ha
HeceHHhie Ha p1IC. 5 ropII30HTaJihHhie JIHHIUI }l.aIOT B03~IOa;HOCTh on;e
HlITh COOTB0TCTBYIOID;He ,u;aHHOlllY HHTepnaJiy npmi;eJII>HhlX pacCTOHHIIii 
aHaTiemrn cneKTpaJII>Horo HH}l.eKca. XoTH norpeIIIHOCTH onpe,o;e:reHHH 
p B 8TOJ\l CJJy•rne ,neJIHIUI, Tel\! ne 11renee l\IOil\IIO cn,e.'IHTh BhlBO)l;, 'ITO 
HaTinHaH c paccToinrni'r 17 pa,o;uycoB Rr.- noKasaTeJih npocTpaHCTBeH-

1 '.:/ ' 

HOro cneRTpa· TypoyJieHTHOCTH CTaHOBIITCH l\IeHhllle cneKTpa."IhHOfO 
1rn;a;eKca cneRTpa Romroropona-06yxona. Rpm.re Toro, B paftoHe 
p < 7 R0 np0Hcxo;:i;r1T pesrrne ynemr'lenne oTnomennH !1f / j.j 2• oaHa
qa10in;ee ein;e 60J11>mee y11ren1>memre cne1npaJI1>Horo 1111~\01.;ca p. oTOT 
me BhIBO}l. CJie}l.yeT ll 113 nepBffllHLIX ,u;aHHhlX - yne.TIIPieHIIlI i.;pyTn3Hhl 
~aBIICIIl\IOCTeli !1f (p) npH p < 8R0 , na6JI10p;anIIInxcH AJIH ;a;eQmre
TpOBiiIX H caHTil:MeTpOBhIX curnaJIOB CTaHD;lII! «BeHepa-10» [28, 301. 

Ilpo;a;eMOHCTpnpyeM: B03MOiRHOCTh. 6oJiee TO'IHOl'O orrpe;:i;e.'IeHnH 
cneKTpaJII>HOro HH}l.0KCa ·rrpocTpaHCTB0HHOro cnenTpa Typ6y:reHTHO
CTll Ha ocHone pasuecennhrx na6mo;a;ennil: qlJlyRTyaQnil: TiaCTOThl, Ha 
pnc. 9 npe;a;c'l'anJien1>r anaqeJIHH H.oa<fiqrnn;uenTa naamrnoii KoppeJI11n;nn 
qlJlyI\Tyan;nli qacTOTlil }l.OIJ;HMOTpOllhlX pa;a;noBOJIII CTaHI.J;IIII «BeHepa-10» 
npu Ha6mo,u;omrnx n ny1m'l'nx, pasnecemihIX na paccTOHHne onoJio 
7 ThlC, Klll. YroJr <p Momp;y naupanJionun11m ,u;n:rrmemrn neo,o;Hopo;a;Ho
C'l'e:H n 6aa1i1 11aM011HJIC11 11 ;)TOM coanco OT 10 no 15°. Xapa1>Tepnoii 
oco6eHHOCTbIO np11nono11111i1x aaBUClll\IOCTeii lIU.'IHOTCH l!X CII."IhHOe 
OTJiuq11e nanw upu 11u:11111•1111·0J11i111i1x lt:1Ml'lll'111111x lll':111•m11hl p. 
TaKnM o6paaoM, auuucHMOCTH MnI<CHMyMa qiyum\1111 u;:ininmoi'1 noppe
JIHQHH qlJlyI<TYRI\Hit 'IllCTO'l'J,[ 'IYllCTDUTOJll.lll1l II p11 II po•111x paBHhIX 

4• 99 

. '. 

.. 

t' 

·l "' 
; 



\ 

: ~. 

~ 
ii ~j 1 

I 
I 

ycJIOBlUIX I{ cneHTpaJibHOMY irn;o;eHCY npocTpaHcTBeHHOrO cneHTpa 
Typ6yJieHTHOCTH. B qacTHOCTH, B paccMarp1:1BaeMoM cJiyqae aHaqeHne 
cneHTpRJibHOrO irn;o;eirna p = 3,4 + 0,15, 'ITO COOTBeTCTByeT 3Ha
'leHlUO, omn;o;aeMOMY )];JI.fl 1:aHHX ;o;ncTam:i;nii. Pacxom;o;eHne Mem;o;y 
aKcnepHM0HTaJibHblMll ;o;aHHblMll lI TeopeTH'leCKHMll pacqeTaMH B 06-
JIRCTH T > 10 c CBJiaaHo c HeTO'IHOCTbIO BblpameHHH (22) npH 60Jib-

m11x BpeMeHax ycpe;o;HeHHHi 
To o6cTo.fITeJibCTBO, 'ITO cneHTpRJibHblii HH;o;eKc naMeHHeTCH npa 

Bap11an;1m pa;o;HaJibHOrO paCCTOHHHH, CTaHOBHTCH BaiRHblM <JiaKTOpOM 
npH o6'bHCHeHim: qaCTOTHOH aaBHCHMOCTH 0.MilJIHTY)l;HbIX <fiJIYKTya

IJ.BH. ,JJ.eiiCTBHTeJibHO, npH conocTaBJieHHH HH;o;eHCOB Mepn;am1ii, no
nyqeHHblX B pa3HblX ;o;11anaaouax BOJIH, MoryT HCilOJib30BaTbCH TOJibKO 

HH<l>opMaTHBHble yqacTKH 3~BHCHMOCT0H m (p), r;o;e <fiJiyKTyan;uH oc
TRIOTCH HeHaCblID;eHHblMH HJill cJia6blMll. CooTBeTcTByIOID;He aHaqeHHH 
p B03paCT0.IOT c yBeJIH'leHHeM ;D;JIHHbl BOJilibl, TaH 'ITO npH OTblCHaHHll 
aaBHClIMOCTH m (/.) HCIIOJlb30BaJIHCb paaJIHqHble o6JiaCTH ?lleiRJIJia
HeTHOrO H OKOJIOCOJIHe'IHOrO npocTpaHCTBa, HOTOpble OTJIB'laIOTCH 
n:pem;o;e BCero cneKTpaJibHbl}1 BH;D;0HCOM npocTpaHCTB0HHOrO cneKTpa. 

_ TaKHM o6paaoM, npe;o;cTaBJI.fI0TCH B03MOiRHOCTb pemHTb o6paTHYIO 
. aa;o;a'ly, T. e. onpe;o;eJIHTb ;o;Ji.fI paaJIH'IHblX o6JiacTe:ii oKoJiocoJIHe'IH.oro 
lIJllI M0iRllJiaHeTHOro npocTpaHCTBa 3HR'l0HHH cneHTpaJibHOrO llH)l;0K
ca p, HaHJiyqmlIM o6pa30M y;o;oBJI0TBOpHIOID;lI0 aKcnepHM0HTaJibHOH 

aaBHCHMOCTll 

m (I.) =A (I.) (p/R0 )-«-.1 

C noll: n;eJibIO npeo6paayeM BblpameHHH ;D;JIH o~ (25) cJie;o;yIOIIJ.BM 

o6paaoM: , 

2 ,_, m2 - U ( ) 2~ (p+2~/2 p-s ( LiL2 ){p-2)/2 2 L (30) 
O:x. - 4 - p re"' r qo Li+ Ls CJ N a• 

<l>yHKIJ.lllI u (p) npe;o;cTaBJIH0T co6oii HOM6HHaIJ;liIO Tpll:rOHOMeTp11qe
CKlIX H ra:r.n.rn-<fiyHKIJ;llH lI aaBHCHT TOJibHO OT cneHTpaJibHOrO lIH)l;0KCa 

p. ,JJ.aJiee, ytIIITblBalI CBll3b
1

• Mem;o;y q)JlyKTYRIJ.HllMll :meKTpOHHOH KOH-

' n;eHTpaD;llH lI ee cpe;o;HHMi B0Jlll'IHHaMlI, naxo;o;HM 

2 _ 4U ( ) '}.CP+2)/a p-s ( L 1L 2 )(p-2)/2 R ~2B2 
m - p qo i L1+L2 0 (p/R0)3 

(31) 

ConocTaBJillH TeopeTI1qecKoe cooTHomeHHe (31) c :rncnep1rneHTaJib

no:ii aaBHCHMOCTbIO m (t.),, HaXO;D;lIM 

4U (p) /.<P+i-4a.,)/2qrs R0~2B2 ( L~~~1 r-2)/2 =A~· (32) 

B aTOM TpaHcn;eH;o;eHTHOM ypaBH0HHH H3BeCTHbl Bee BeJI11q11Hbl aa HCKJIIO
'leHneM ;o;Byx: p n p. Pe1IleHne ypaBHeHHH ;o;aHo Ha p11c. 10 B Bn;o;e 
aaBHCBMOCTll cneKTpaJibHoro BH;o;eHca p OT paccTOHHBH ;o;o CoJIHn;a 
R. Ma pnc. 10 cJie;o;yeT, 'ITO cneHTP aJibHblii 11H;o;eHc npocTpaHCTBeHHoro 

cneH'fpa Heo;o;Hopo;o;nocTeii )];JI.fl ;o;11cTaHn;11:ii MeHee 20R0 cyID;ecTBeHHO 

nn:me, tieM ;D;JIH paccToaHnii 100 R 0 . 
TaKHM o6paaoM, MOmHo yrBepm;o;aTb1 'ITO ryp(jyJieHTHOCTb coJIHe'I-

00 

Pn:c. 9.lfaMeIIcmic Mn1rnm1y- !If.: 
Ma upocc-1wppcJ1m\110m10ii ma:x: 
1pymo\J11I 1J1J1y1nym\11i"1 qac- . 
TOThl npn uapna1111H upe~w- 11,J ·-· 
HM ycpen;uemrn T 

11,Z 
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/// 0 

/ 0 
0 

/,// 0 0 / 2 
,( 0 0 .,,..,,. 

o/ // 
0// .,,,"" J 
/ / --

/ .,,,"" ---
Woq1m cooTneTCTDYJOT a1wnep11-
MeHTaJ1bHbIM aaHHblM. Pac•1CTHble 
aaBHCHMOCTH, nOJJY'!CllHble B COOT
BeTCTBHH c (22), aaHbl )l;Jlll Tpex 
sHa'leHHii CIICl{'fPUJll>llOl'O llllJJ,Cl\Ca 
p: l - p = 3,11; 2 - p = 3,3; 
a -P = 3,2 17.I~ o / --/ J~ ,,'( I <'..--~ I I I I I ___:,_ 

Z 4 Ii 6' Ill 12 /I, 15 18 20 T, c PHc. 10. Pornounc Tpauc
n.eB]l,eBTBOro ypannemrn (32) 

liHTepsaJJbl 311a•1em1ii R, ):(Jill 
l<OTOpb!X y11a3aHbI 31iaqemrn p, 
COOTDeTCTDYIOT yllaCTltaM lllH\JOp
MaTHDllblX UMllJ111'l"YJUll·IX ll:Jl\le}Jt'
HHl!: B )l;J-tallaaoHaX •taCTOT: 1 -
naaepHb!X llCTO'IHHl<Oll, llCIIOJlb
ByeMblX ):\Jill 30H)l;HPOBallllll OHO
nocOJJHe'IHOH nna3MhI (351; 2 -
Ii - llOCMHqeCHOH pa):IJIOC!lll3ll 
(COO'l'BCTC'fllCllllO ).. = 13, I; 32; 
71; 600 CM) 

,0 ' .7 

J,o~ ~ 
4 

, 1----i 

2 
J,Z I 1---1 

PHc. 11. lfaMeIIcune nnyT
pennero MacrnTa6a Typ6y
neHTHOCTH COJUlC'llIOfO BCT
pa c reJIHOlJ.OllTPH'ICClUIM 
paccTO.HHHeM, onpegeJie1rnoe 
pa3JIH'lllLIMH MCTO/\aMH 

~·L J ~ 
J.tl' I I I I I I I I I ! 

' o 8 !O Z!l M oil t!O //JU R/R,, 

J -- 110 u:woMy n a:uuu',IJ!\Wt"l'lt 
Cfl('H'rpaJlhllOil llJIO'J'llOC'l'll upn 
(iOJlhlliHX JJ,mU1UlJ.HHX 'IUC'l'O'l't.l O'l' 
cpea11el!: qacTO'fbl, llOJIY'IClll!Oii 
c nOMOIUbJO CTaHJ.VIH «Beuepa-1 0»; 
2 - B pe3YJlbTaTC cpaBilCHllll 
BToporo ll qeTBCPTOrO MOMCHTOB 
pacnpeaenemm cm;1<TpaJ1bHolit 
IlJIOTHOCTll aneprm1 no •IaCTOTe. 
nony11cnnoro C'ra111~m·fl <tilC'llC'
pa-1 O)> l2r>J; 3 - 110 pt>ayJ1u·raTaM 
pas11cce1111h1X 11a6mom•m1ll <pJ1y1<
TYau11lt aMIIJlllTY)l;hI paa11oac•q.Jo
HOMll'!ec1111x HCTO'IHllllOB [1,2]; 
4 - no H3JIOMY CTPYKTypnoft 
cjly1rnu1111 <J>ny1<Tyaw1ri <J>a3 ll 31{
cnep11MenTax pa):lllOIIPOCDC'Hl
BallHH, l1hlllOJI1H'IlllhIX C llOMUll~blO 
annapaTa «I'PJrnoc-1 » ['11]. 

IllTPllXIIYllHTllPllan 11p11-
saa - annpo11C11Mauurr 31lcnepn
MeHTalJBHbIX 311a•1ern1ft BHYTpen-
11ero MacuITa6a Typuyncn·mocTll 
l "" onpeAeJ1e11110ro no npeMen
HblM cnellTpaM aMnmITYAHblX 
cPJIYKTYaum'.J: pa):IHOaCTPOllOMII'IC-
Cl<llX HCToqmmoll [1,3] •. I 
l- ··'" ··- -~--------~'°li;J 

/,m, KH 

llltl 

/(/ 

1,ll / 
// 

/ 
_,,/ // . / 

./ ctf// 
./ 9" 

./ ch 

i~ 
/~ 

oDD 
0 

o I 

• 2 

OJ 
• 4-

I; § O' 10 21l lfO §IJ !00 R/R. 

Horo BeTpa onnchlnaeTCH cTene1rnoil:: <I:>y1mn;n:ell. B paccMOTpeHHO)l 

;o;lianaaone reJIHoi:i;enTp11qecKnx paccTOHHlIH. K Bail\Hbl)l xapaRTepn
cTnKaM cneKTpa OTHOC.HTCH rpaHlIIJ.bl, B KOTOpbIX OH cnpaBe;:J;JIJIB. 
B HaCTO.HIIJ.ee npeMH 1rnT na;o;emHhlX :rncnepn11rn11TaJibIIhIX ;o;aHHbIX 06 
B3MeHeHHM nneurnero MaCmTa6a Typ6yJieHTHOCTll B ~Ieil\IIJiaHeTHOM 
npocTpancTne. B o6JiacTn R > 0,5a aI1a•re1me mw1m1ero )H\CmTaoa 
oi:i;emrnaeTCH nemi:qMnoil: (1-2)·106 KM l401. Bonec onpeAe;ienflhl)lll 
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HBJUIIOTC,a: cBe;a;eHua o BHyTpeHHeM MacmTa6e Typ6yJieHTHOCTH. OT
Me11eHHaa BhlIIIe oco6eHHocTh ::mepreTll'leCRHX cneRTpoB pa;a;nocurHa
.JIOB CTaHil;llll «BeHepa-10» - H3JIOM B 3aBHCllMOCTH crreKTpaJibHOR 
IIJIOTHOCTll npu 60JibIIlllX ;a;eBnan;mi:x 'laCTOTbl OT cpe;a;Heii qaCTOThl -
6hlJia ucnoJib30BaHa JJ.JIH on;eHKll BHYTP0HHero MaCIIITa6a Typ6yJiem·
HOCTll. ,[(JIH onpe;a;eJieHHH aTOH xapaKTepllCTllKll llCIIOJib30BaJICH ll 

u u I u 

)l;pyron, HeaaBIICllMblll M0TO)l;, OCH!>BaHHblH Ha cpaBH0Hllll BTOporo ll 
'110TB0pToro MOM0HTOB pacnpe;a;eJie~HH cneKTpaJibHOH IlJIOTHOCTH aHep

rRH no 11acT0Te [25]. · 
Ms npe)l;CTaBJieRRhIX )l;aHHhlX cJie;a;yeT, 11To BHyTpennMii MacmTa6 

H00JJ.HOpO)l;HOCTei IIJla3Mbl COJIH0'IH9rO B0Tpa Ha )l;llCTaHD;llffX ;a;o 20 COJl
H01IHhIX pami:ycoB peaKo BoapacTa~T c y;a;aJieHReM oT CoJIHn;a oT aHa-
11eHnii· 0,3-1 Kl\1 npu R = 2R0 p;o ;a;ecHTKOB KHJIOMeTpoB Ha y;a;aJie

HllHx oKOJIO 20 R 0 . ,[(Jia noJiyqenua Ha;a;emHblX o:a;enoK lm na 6oJib
mnx paccTOHHllHX OT CoJIHD;a Heo6xo;a;11Mhl ;a;onoJIHUTeJihHbie uccJie;a;o
BaHnH. <l>ll3ll'I0CKaff llHTepnpeTaD;HH oco6eHHOCTeii Typ6yJieHTHOCTH 
COJIH01IHOro B0Tpa B paSJill'IHhlX 06J1aCTHX npocTpaHCTBa ;a;aHa B [44]. 

I 

3aKlll04eHHe 
I 

PaccMoTpeHHaH ual\rn: coB01,ynuoqTh aKcrrepHM0HTaJ1uui.1x p;aunu1x no 
30H)l;llpOBaHlllO 1116iRIIJiaHeTHOii Ii pKOJIOCOJIH6'IHOll IIJia3MbI pa;a;nocur
.HaJiaMll KOC111H'I0CKIIX arrnapaTOB ll pa;a;11oacTpOHOMll'I6CKllX UCTO'IHll
KOB oxBaThlBaeT npo;a;om1rnTeJihHhiii rrepuo;a; Ha6JI10;a;euuii: rropH;a;Ka 
D;HKJia COJIH0'IHOii aKTllBHOCTll ll IIOaTOMY xapaKTepuayeT rJio6aJibHYIO 
CTpyKTYPY Typ6yJieHTIIOCTll COJIH6'IHOro BeTpa Ha pa:aJIH'IHhlX remrn
n;eHTpH'I6CKHX paCCTOHHilHX, naquHaH OT o6JiaCTll ero ycKopeHHH. 
Ilpu TaKOM pacc1110Tp6Hllll l\16/l\IIJlaHeTHaH ll OKOJIOCOJIH6'IHaH IIJla3Ma 
npe)l;CTaBJIH6T co6oii CllJlbHO Heo;a;Hopo;a;HyIO cpe)l;y c llHT6HCHBHOCTblO 
ueOJJ.HOpO)l;HOCTeii, COll3l\IepHMOii co cpe;a;Heii KOHD;6HTpan;ueii: qacTIIll;. 
XoTR npocTpaHCTBeHHhlii cneKTp Typ6yJieHTHOCTH nMeeT o;a;Hy u TY 
me cTenc11uy10 cl>opMy JJ.Jiff pacc1110TpeHHoro HHTepBaJia remrnn;eHTpn
'llBCKHX pacCTOHHIIH, peiKllM Typ6yJieHTHOCTll ll3M6HH6TCff npn y;a;aJie
mm oT CoJIHn;a. 8To Bhlpa;irneTCH B naMeHeHnn CIIeKTpaJibHoro uH;a;eR
ca Tpex111ep11oro npocTpaHCTBeHnoro cneRTpa n BHyTpennero MacrnTa-
6a Typ6yJieHTHOCTH. 3na'IIlT6JlbHOe ll3M0H0Hll0 cneKTpaJibHOro llHJJ.0K-· 
ca npoucxo;a;nT na rpam1n;e 06J1acT11 ycKopeHHH coJineqnoro BeTpa. 
B a'roii me o6JiaCTII nponcxo;a;nT peaKoe aaTyxamrn BHxpeii: c MaJlhlMII 
npocTpaUCTB6HHhlMil paaMepaMll, 'ITO npOHBJIH6TCH B yneJIH'I6HHil 
BHyTpeHHero l\IacrnTa6a npu y;a;aJieHIIII OT CoJIHn;a. YqeT naMeHeHHH 
pennnia Typ6yJieHTHOCTH ;a;aeT B03MOlliHOCTb eCTCCTB0HHhlM o6pa30M 

o6'bffCHllTb aRcnepm.ICHTaJibHYIO aaBHCllMOCTb RH)l;0KCa Mepn;aHHH OT 
11acTOThI. Ilpn aTOM oTrra;a;aeT Heo6xo;a;HMOCTb rrpe;a;rroJiaraTh uaJinqne 
B COJillC'lHOM neTpe l(OIIOJI1111TCJlf>IlhlX IICOl(IIOpOl(IIOCTCH co CTICl~11(l)l1q
HhlMll cnoiicTBa:m1 - raycconoil cl>opMoii npocTpaHcTneHnoro crre1npa 
c MacmTa6aM11 nopa;a;Ka coTeH KHJioMeTpOB. · 

Ilpe;a;cTaBJICHHhle a;a;ecb MaTep11aJihl aKcrrep11MeHTOB no pa;a;norrpoc
BC''UIBaHIIIO l\IemrrnaHeTHOll II o'KOJIOCOJIH0'IHOii IIJia3Mhl ;a;eMOHCTpll
pyIOT BblCORYIO acI>cl>eKTllBllOC'i'b pa;a;11ocl>11a11qecRIIX M0TO,!l;OD ,!l;JIH 11ay-
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'110HIIH pa3Jill'IHblX ROCMH'l0CKHX cpe;a;. ,IJ:aJibHeii:mco pn:rnnTno MOTOAOD 
no rryTn yneJIH'ICHllH noTemi;uaJia pa;a;uoJiuHuu, p11c11111po111111 'IUCTOT
uoro ;a;uarraaona TI03BOJJHT H3y•mTr. cn~o ooJWP To1rn111• :11!11!1111\Tht, l' Y· 
ru;ecTnyroru;ue n 111:emrrJianeTH0111 .. II OKOJIOCO.TJH011110)! 11 po1"rp11111°T111•, n 
B COOTBCTCTBHll c 3TllM: auamrnnponaTb rrpon;ecchI H :llCXaIJJI3:1lbI' OT
B0TCTBCHHhl0 3a B03HHKHOBCHHe Typ6y.-reHTHOCTJI II pa3JIIl'IHJ.IX Il.'Ia3-
M0HHbIX BOJIH B pa3HbIX o6JiaCTHX. 
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¥JJ;R 621.39fi°.22.029.7 

()co6eHHOCTH C03ACHH~ 

BOnOKOHHO-OnTHYeCKHX CHCTeM 

CB~3H H ACTYHKOB 

B. B. A6PAMOB, E. M. 6A3APHblV1, E. H. 6A3APOB, 
B. B. rPHrOPb.SIHLI, IO. B. rY JUIEB, M. E. >KA60THHCKHV1, 
A. E. KHTAEB, Jl. B. JlEBKHH, c. K. MOPWHEB, B. T. noTAnOB, 
A. B. COKOJlOB, B. n. COCHHH, A. B. <i>PAHLIECCOH 

CBeTOBO;ll.Hhie cpe)l.CTBa nepe;ll.aqa HH<f>opMa:a;Ha B Hacrom:a;ee BpeMa 

npeBpa:m;aIOTCH ll3 o6'1>0KTa llCCJI0;1l.OBaHIIH B o6'l>eKT OIIhITHOH 8KCIIJiya

TaD;lllI lI npaKTHqecKoro .llCIIOJib30BaHIIH. Ilepexo;ll. K nplIM0H0HlIIO 

CB0TOBO;ll.OB CTaBllT HOBhie. 3a)J.aqJI nepeJJ; llCCJI0;1l.OBaTeJIHMlI, pa6oTaIO

m;IIMll Ha]J; npo6JieArnMll llCIIOJib30BaHlIH CB0TOBO]J;OB B ClICTeMaX 

CBH3H, c6opa n nepe;:i;aqn 11H<f>opMa:a;1111, a TaKme B m,1qHcJIHTeJ1bHhIX 

KOMIIJieKcax lI CHCTeMaX ynpaBJI0HllH. IlepcneKTlIBhI np1IM0H0HllH 

BOJIOKOHHLIX CB0TOBO]l;OB o6ycJIOBJieHLI npem]J;e BCero 60JiblIIOH nponycK

HOH cnoco611ocTbIO u BLICoKoii noMexoaai:a;m:a;cnuocTbIO cneTOBOAHhlX 

'Q-t 

RaJiaJIOJI. ];I !lOhl'l'O'IIIOC fiT,J('!l'po,nriir.Tllll(' no:mOJI llC'T llpllMC'll llTT> T\O;\TT

poBamrn, ycToii•rnnoe I{ 11011rnxa11I nluocTnCinJthlllll'.rm1, n uonocnpu

BMqHBOCTb CDCTOBO,ll;OD K DH0IIIHHM <lJl01\TPOM£11'1111Tlll1lM naBO]l;Kal\I 

3HR'lHTCJII>no coHpai:a;aeT oum6HH npu nepeAa'IO 11mfiopM1u~uu. B pe

ayJibTaTe OTIIa,a;aeT Heo6XO)J;IIMOCTb npoBepRII AOCT0110pl!OCTII uepeAaqn 
p;aHHhIX B 60JlbllllIHCTBC aa]\aq CBJI3II. 

BcJ1ep; aa coa,a;aHIIeM npocTeiinrnx BOJIC, coeJJ;HHJIIOID;IIX ncToq

HHK II IIOTpeforTCJIH HmpopMa:a;11H, 6nrna IIOCTaBJieHa aap;a•ia llOCTpoe

HHH CJIOiI\110 paaneTBJICHHhIX KOllllllYTIIpyellihlX COTeii CBJI3ll 11:111 ynpaB

JieHHH Ha CBCTOBO]l;ax. Ilpep;cTaBJIJICTCH n;eJiecoo6pa3Hnrn II <f>IIaIIqecKn 

B03MOiRHhIM IIOCTpoeHIIe TaKIIX ceTeii c IICIIOJib30BaHII01\I TOJibRO OII

THqecKIIX CIIrHaJIOB 6ea npeo6paaonaHHH HX B 8JICKTpIPieCKIIe B npo

:a;ecce nepep;aqH IIH<i>opMaD;HII, D TOM q11cJie II B yaJiax pa3B0TBJl0HlIH 

KaHaJIOB. ,I(JIH peaJ111aan;1rn TaKoii B03MOiRHOCTII Bep;yTCH IIHT0HCHB

Hhle pa60Thl no C03]\aHHIO paaJIIIqHJlIX 8Jl0M0HTOB IIHTerpa.'lbHOii OII

TllKll (KOMMyTaTopoB, MOAYJIJITopoB, AeJ111TeJiell:, c~recIITeJieii Ka

HaJioB H T. A.), conpHraeMhlX c BOJIOKOHHhll\III CBCTOBop;a:Mn. ,I(:iH 

pemeHHH 8TOii: npo6JieMhl, BKJIIO'laH npOllihIIIIJleHHOe OCB00HII0 rOTOBJ:.IX 

ll3]\0JIIIH, Tpe6yIOTCH ro,a;hl. c ,a;pyroii CTOpOHJ:.I, 8JleI\TpOHHhle KOIDIY

TaTopnl, n oco6enHoCTH npop;naana11emme ,a;J1a nepe1rn10qenHa :a;n:<f>po

BhIX KaHaJIOB CBH3II, BhlIIYCKaIOTCH cepIIHHO II HRXO]l;JITCJI Ha AOBO:Ib

HO BhICOKOM ypoBHe pa3BllTIIH. IloaroMy B nepBnIX IIOKOJl0HllHX 

peaJibHhlX DOJIOKOHHO-OIITH'IeCKHX ceTe:ii CBJI3H CBeTOBO)J;nl IICIIOJib

ayIOTCH ,ll;JIJI nepe,a;a11a cnrnaJ1on OT yaJ1a K yaJ1y, a o6pa6onrn cIIrHa

JIOB II KOMMyTaD;HJI npOH3BO)J;JITCJI c nmIOID;bIO 3Jl0KTpOHHhlX ycTpoiicTB. 

l1cHJIIOqe1nreM JIBJIJIIOTCJI JIHlllb IlUCCIIBHhl0 neynpaBJIJie~rhle OTB0TBU

TOJilI lI ,ll;CJIHTCJIH, )J;OCTYITHhle )J;JIH npOMhlIIIJl0HHoro npon3BOACTBa y;ne 
B HacToJii:a;ee npe11u1. 

BMecTe c nepeocMnICJ1HnaH11e111 q11cTo CBJI3Holl: aap;aqn nepeAaqn 

mi<f>opMUD;HH IIOJIBJIOHHe DOJIOKOHHhlX CBCTOBO,ll;OB nopo11;1rn,o upo6.11e

My C03AaIJHH IIOBhIX 11311IepIIT0JlbHhIX npn6opoB - BOJIOl\OHHO-OIITII

'IOCKHX AUT1mHon. EcJIH panoe IIO'ITII nee AUT'IIIKU npe.rvrnauaqam1cb 

1l;JIH IIOAKJIIOqe1rnJI K npOBO,ll;HhillI JIIIIIIUillI CBH3II IIJin HenocpeACTBeHHO 

K 8Jl0KTpOHHhlM II3M0pHT0JlbHhIM I1pII6opaM, TO Tenepb B03HIIKJia He

o6xop;HMOCTb IIOCTpoeHHH l13MepHT0JlbHhlX ycTpo:iiCTB, B KOTOphix 

aMIIJIIITyp;a, IIOJIJipHaan;mr, <l>aaa IIJIH qacTOTa OIITII'leCKOll BO.l:Hhl 

B CDCTOBO,ll;O naxop;JITCJI D qiymn\IIOIIaJlbl!OlI 3HBl!('m!OCTII OT litl.Koro

JIH6o napaMeTpa BHelIIHeii cpeAhI: AaBJ1eHHJI, Te:r.mepaTyphl, nanpa

meHHOCTH aJieHTpHqecKoro HJill MarHHTHoro IIOJIH n T. JJ;. TaRae: Bo

JIOKOHHo-onT11qecKHe ]J;aTqllKlI MOiRHO IIO]l;RJIIOqaTb Henocpe]J;CTBeH

HO K CIICTCMe CBJI3l1 6ea AOIIOJIHHTeJibHbIX npeo6paaonnTeJieii: 8JI0KTpn
'I0CKHX CIIrHaJIOB B OIITaqeCHIIe ll o6paTHO. 

B JJ;aHHoii pa6oTe 6y,a;eT .n;aH o6aop rrOCJieAHnx pn6oT B o6Jiacrn 

BOJIOKOHHO-OIITHqecmrx CHCT0M CBH311 H B0JIOKOllllO-OllTil1IeCKIIX ]J;aT
'IllKOB, BnIIIOJIHeHHhlX B MP3 AH CCCP. 
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I 
Bo110KoHHo-onT11YecK11e 1111H11H H cHcTeMbl CB.$13H 

• I 

C TO'IKH apemur cpopMhl rrepe.u;a<1H curHaJioB B aaaJioroBoM HJIII qIIcp-
poBoM BH,n;e BOJIC HecKOJihKo oTJIII<IaIOTCH OT aJieKTpII<1ecR11x JIIIHIIii 
nepe.u;a<1II HHcpopMaqn11. B rrocJie,u;aee BpeMH Bee <1am;e II qam;e rrpIIMe
HR:eTca qllcppoBaH cpopMa rrpe,u;cTaB~eHIIH IIHcpOpMaqIIH, rrpe,u;Ha3Ha
qeHHOH ]l;JIH nepe,u;aqll no JIJ1HllHM CB.fl3II, aarrIICII .HJIII o6pa60TKII 
c no!llOID;hIO 8BM. BMecTe c teM He TepHeT aRTyaJihHOCTII rrepe,u;aqa 
CIIrHaJioB II B aHaJioroBOM BII,u;e. B rrpocTbIX II .u;erneBbIX cucTeMax 
aHaJioronhle BOJIC noanoJIHIO'f OTHOCHTeJibHO npocTo rrepe,u;anaTb cIIr
Ha.7.Ihl OT ,u;aT'IHKOB K ycTpoucrBaM c6opa II o6pa6oTKll IIHcpOpMaqIIII. 
BMecTe c TeM aaMeHa aneKTPIIiecKHX npono.u;on Ha orrT11qecR11ii Ra6enh 
CB.fl3aHa c BB0,il;0HII0M pa.u;a )l;OII0.7.IHIITeJibHbIX 3Jie~eHTOB, IIM0IOID;IIX 
necTa6HJihHhl:iI IIJIII HeJIIIHe:iIHhI:iI RoacpcpHqIIeHT rrepe,u;aq11. HecTa6IIJih:
nocTII K03cpcpIIqHeHTa rrepe,u;aqll CBH3aHI:.1 B OCHOBHOM c T0MIIepaTyp
HOH, 3aBHCllMOCTbIO MOIIJ;HOCTH ll3Jiy'laTe.7.IH, ero CTapeHHeM, H8CTa6IIJib
HOCTbIO OIITHqecKIIX paa'beMon II orrTHqecRoro Ra6em1. Ocaonao:iI rrp11-
qIIao:iI H8.7.IIIH0HHOCTH K03cpcpIIqIIeHTa nepe,u;aqII .flBJIHSTCH HSJIIIHe:iI~aH 
saBHCllMOCTb !IIOIIJ;HOCTH II3Jiy-qaTeJIH OT TOKa HaRaqKII IICTOqHIIKa, 
a TaKil\e H0JIHH8HHOCTb xapaKT0pIICTIIK 3JI0M8HTOB 3Jl8KTpOHHbIX 
6JIOKOB rrepe,u;aT<IHKa II rrpIIeMHIIKa. Ham1q11e 3THX HeJIHHeii:aocTeii: 
II H8CTa6HJibHOCTeii: CllJibHO orpaHIIqIInaeT ToqHOCTb rrepe,u;aq11 Cllr
Ha.7.IOB no BOJIC, IICIIOJihayrom;H~ rrpaMyro Mo,u;ym1qmo HCTOTIHIIKOB 
aHaJioronMMH c11raaJiaMH. r;t:onoMy ]l;JIH o6ecneqeHHH aa,u;aHaoii: 
TOqHOCTH B BOJIOKOHHO-OIITll'l~CKllX JIIIHHHX rrpHMSHHIOT .u;aa crroco6a 
nepe,u;aqn: aaaJioronMx cIIr~aJion: 

1) c npu1'10aea11el\1 <1acTOTHoii:, HMIIYJihCHoii, cpasonoii: II .u;pyr11x 
BH]l;OB Mo,u;ymII~Irn; 

2) c llpHMOii: aMIIJIHTY,il;HOH MO.U:YJIHI.\HSH HCTOT!IUIKa H c KOMIISH
caqn:eii H0JIIIH0HHbIX llCKameHuii: B Jll1HIIII. 

Paspa60Tam>1 u HCCJie,u;oaaHhl .u;na Tima BOJIC ,n;JIH rrepe,u;aqn: aaa
Jioronoii IIHtiiop11rnwrn, B. KOTopMx 11crroJih30BaHhl o6a aasnaHHhlX cno-

co6a. ! 

B rrepnoM 11rnReTe BOJIG .u;JJ:a nepe,u;a<IH aaaJioroaoro CHrHaJia rrpII
Memrnacb Il03III~IIOHHO-U?tIIIYJibCHaJI MO]l;YJIJID;llJI, OTJlll'!IITSJibHOH <1ep- . 

0 .. I v "' · 

TOH KOTOpOH JIIlJIJl0TCJI OTCYTCTllll0 IIOCTOJIHHOH COCTUllJUIIOUJ;OH IIp.11 
rrepe,u;a11e Mo,u;ym1pyrom;ero CHrHaJia. 8To II03BOJIHJIO IIOCTpOIITb OIITII.; 
118CKIIH TpaKT (rrepe,u;aT'lllK-BOJIOKOHHO-OllTll'ISCKHH Ka6eJib - cpOTO
rrp11eMHIIK) 6es rrepe.u;a111I IlOCTOJIHHOH COCTaBJIJIIOm;e:iI OIITIIT!SCKOro 
CIIrHaJia H T0M caMhlM cym;eCTBSHHO IIOBbICIITb TSMIIepaTypHyIO CTa-
6HJibHOCTb. B Ra11ecTne IICTOTIHIIKa B JIIIHIIH rrp11MeHHeTCJ1 rroJiyrrpo
BO,il;HIIKOBblii: CB0TO]l;IIO]l; lIJIIIH-301-1, 113JIY'laIOm;Hii: Ha ]l;JlllH0 BOJI
Hbl A. = 0,85 MKM, c orrT1111ecKIIM pal!'beMoM. Cl>otorrpIIeMHIIK nocT
poea Ha ocHone Kpei.rnnenoro pin-<PoTo,u;no.u;a. lfaJiyTieH11e rrepe.u;aeTc~ 
no BOJIOKOHHolorrTH110CKOMY Ka6eJIIO, II3rOTOBJI0HHOMY Ha OCHO:Be 
BOJIOKHa TIIIIa «fpa.u;am>. PesyJihTaThl IICIIhlTaa11ii BOJIC rroRasaJI11, 
'ITO OCHOBHI:.10 ee rrapaMeTpbI CJie,u;yrom;11e: 
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IloJiocn llOpl')\n llUl'~I I.Ix Clll'llU,1!011 

)l;HaJJH3011 IJXO)\llhlX CHl'JIHJ!Oll 
Ho:ll}Hpu1111u11T 11"1><~11a 'lll 
Ma1rnJ1Mam.1100 0T1(J1011emrn OT mmciiuoii 
xapaKTOpHC'flll\ll 110 llCCM AIIaIIU30IIO BXOAI!b!X 
CHrIIaJIOB 

Hanpnme1rne CMOII.(e1111n nyJIJI 

)l;orryCTHMhre IIOTCPll B TpaKTe 

11 I l\I r11 
±!'i B 
l±U,UI 
Ill' Ull.'ll'0 ±:!5 MB 

110 UOJll'L' :!O )!B 

'.:!O ::1E 

Bo BTopoM MaKeTe BOJIC IICTO'IHHK nsJiyTieHnH :-.10.u;y::rnpyeTca He
nocpe,u;cTnenno no aMIIJIIITy,u;e anaJioronnrM CIIrHaJI0:1r, a .u;.rrn 06ecrre-
11eHHH neo6xo.u;muoii: TO'IHOCTH rrpmueIUICTCJI M0TO]l; npe.u;sapIIT0.'IbHOll 
KOMnenca~1u1 IIOJIMnoi.inL1x ucmmrnuuii. Tmwii MeTo,g no:.ino.TimI cy~e
CTBenno pacnrnpIITh .u;:u:anason qacToT nepe,u;anae:1mx c:u:rnaJion npn 
coxpaneHIIH sa,u;annoii: TO'IHOCTH. B KaTiecTne ncTo'Inn:na nS.'I)TlJOHHJI 
B BOJIC npIIMenJieTcJI cneTo,u;no.u; :HJIITH-301-1. <1>0TonpIIe:1mnK 
llOCTpoen na Kp0MHII0BOM pin-cpOTO]l;HO,u;e. Ilepe,u;aqa ocym;eCTB.iIJI0TCJI 
no BOJIOKOIIHO-OllTH'Iec1rnMy 1rn6emo, H3rOTOB.1JCHIImry ua OCHOBe 
BOJIOKHa TIIna «fpa,u;aII». Jl1rnrrn l:IM00T CJie,u;ym~ue OCHOBHble napa
M0Tphl: 

IloJrnca rrepeganaoMbIX curm1J1on 
)l;narra30II IlXOl(!IMX CHl'lli\JIOB 

,Ll;J111TeJ1r,11ocTb 11e pennnaeMhlX uuuy JihCOB 

,Ll;mrnMuqec1rnii g1rnnnson Bhrxoguoro curnaJia 
Koa<f>cpmi;HeuT uepogaqu 
Koa<f><f>nu;HcnT IICJIIIIIOH!IhIX ncrrnmemn'i, BIIOCIIMh!X 

nmmeii rrp11 uepenaqo rnpMomrqocrwro cnrJiaJia 
B IIOJIOCO 'WCTOT 

0.1 ru; - :!5 :-.rru; 
:=:;~ B 
1, 1 C - ~j llC 

He )!euee 50 AE 
1±0,05 
110 uo;ree 5% 

06a MUl\OTU II POl\IHtaml'lOllhl JJ;JIH paGOTbl ll COCT<llll' u:nwp1ue.'Ih
HbIX KOMilJI0I\COB ::mepreTH'IOCKIIX ycTaHOBOK, B 30H0 .u;eii:CTDIIJI RO
TOpbIX npHCYTCTBYIOT MO~IIble 3JI8KTp011rarHIITilhlO nmrexu. 

.Il:JIH nepe,u;a'III .u;anni,rx B qucpponoM nn.u;e B yc;rron1rnx CIIJihHhlX 
aJieKTpoMarnIITHhIX rroMex paspa6oTan pll,u; BOJIC c no:-.rom;hro :no
TOphlx MomeT 6I>ITb ocym;ecTBJieHa CBJI3b ,u;aTTIIIRa c II3:\IePIIT0JibBhlll 
6JIOKOM II 8BM n HSMep:u:TeJibHhIX KOMTIJieKcax. IlocKOJihKY BOJIC 

. ]l;JIH y1rn:rnmioii l(OJIM l~OJlilOILI llllMTM 11111po1rno IlfH1MOIWJIMO B npo
MbIIIIJI0HHOCTII, HX paspa60TKa npOBO]l;IIJiaCb c y-qeTOM CTpornx orpa
Hll'l011HH Ha HOMemrnaTypy H CTO.Hl\IOCTb HCIIOJIL8ye:-.1ux KO:'IIIIOHeH
TOB. IloaToMy n aT:u:x BOJIC np11MeHeHbl TOJihKO cepuilHble n caMhle 
,ll;0III0Bhle CBOTO,[\HO,[\LI, cpOTO]l;HO,[\bI II .u;pyrne 3JI0KTpOHHbl0 a;rre:-.reHTbl. 
IlpII 3TOM sa OCHOBY 6bIJia B3HTa HOMOHKJiaTypa KOMilOH0HT, np11HJ1-
TaJ1 B CHCTeMax MaJII>IX 8BM, HaII60JIOe nrnpOKO IICilOJib3Y0lfbIX B 
npOMbIIIIJI0HHOCTH, B TOl\I 'IHCJie II B II3MepnTeJibHl>IX RO:\Ill!I01\Cax. 
TaK KaK o6nPnro CBH3h n H3MepIITOJILHLIX KOMrrJieKcax .u;omima 6b1Tb 
,u;BycToponneii (n o.u;ny CTopony nepe,D;aeTCH IISMepnTeJibHhlH cnrHaJI, 
a n .u;pyrym - cHrm1JI ynpanJxeimJI), DOJIC paapauaTi.rna;rrm'L n ~yn
JICKCHOM nap1rnnTO. 

llcxo,u;SI H3 HOimpOTHI.IX Tpe6onairnii, CBH3aHHbIX c npm.reHeHII0M 
BOJIC B onpc,D;oJrnm1Lix n:mepnTeJibHhlX cncTe:-.rax n :nolmJieRcax 
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ynpaBJieH1rn TexHoJion111ecKBMH npon;eccaMH, oLIJIH paapa6oTaHLI 
BOJIC co cKopocTJIMB nepeAa'IB 1:1H<f>opMan;1:11:1 0,2; 0,5; 2 MBoA. 
YKaaaHHLie BOJIC BhIIIOJIH0Hhl B O)UIHaKOBOM KOHCTpyKTHBHOM o<f>opM
JieHuH. Ra;KAaH ll3 HHX · cocTOHT H3 ABYX npueMHo-nepeAaIO~HX 
MOAYJieii, coeAHHeHHhIX ABYMH OAHHaKOBhIMH BOJIOKOHHO-OIITH'l0CKH
MH Ka6eJIHMH HJIH OAHHM ABYiRHJibHhIM. 

IlpneMHO-nepeAaIO~Hii MOAYJib (pnc. 1) BKJIIO'laeT OIITH'l0CKHH 
nepeAaT'IHK ll onTu'lecKuii npueMHHK. BBOA nH<f>opMan;nu B nepeAaT
'IHK ll BhIBOA ee ll3 npueMHHKa ocy~eCTBJIH0TCH 'IIOCJI0AOBaTeJibHhIM 
KOAOM co cTanAapTHhIMH ypoBHHMB TTJI- n:JIH RMOII-JioruKn:. Ilpn:
eMHo-nepeAa1o~nii MOAYJib KOHCTpyKTHBHO IlhIIIOJIH0H Ha ne'laTHOH 
nJiaTe c pa3A0JibHOii aKpaHupoBKOii nepeAaT'IHKa u npneMHHKa. On
TlI'IeCKne II aJieKTpH'10CKH0 pa3'b0Mhl ycTaHOBJl0HbI Ha nepeAH0H H 

aaAneii naHeJIHX MOAYJIH. 
<l>opMHpOBaT0Jlb (J) H000XOABM nJIH COrJiaCOBaHHH IIepeAaT'IHK9. 

c ypoBHHMH TTJI- u RMOII-JiornKu, npuHHThIMH B naMepuTeJibHOM 
KOMIIJieKce. OH BLipa6aTLIBaeT ynpaBJIHIO~Iiii HMIIYJibC )l;JIH BhIXOA
Horo KJIIO'la (2), HarpyaKoii KOToporo CJIYiRHT CB0TO)l;HO)l; (3). BLIXO)l;
HOH KJIIO'l BhIIIOJIH0H IIO ! cxeMe reHepaTopa TOKa. ::ha cxeMa OIITH
MaJibHa, TaK KaK B Heii coxpaH11eTCH BeJI11'l1rna TOKa qepea HarpyaKy 
npH paa6poce IIpHMOrO COIIpOTHBJI0HHH CB0TOAHO)l;a OT 8K30MIIJIHpa 
K aKaeMnJiapy. BJiuaHue paa6poca nli.paMeTpoB Apyr11x aJieMeHTon 
CX0Mhl KJIIO'la MHHIIMaJibHO, 'ITO II03BOJIH0T peaJIH30BaTb ero 6e3 IIOA

CTpoe'IHhIX aJieMeHTOB. 
B Ka'leCTBe HCTO'IHHKa H3Jly'!0HHH HCIIOJib.30BaH CB0TO;.t;HOA 

AJI107B. ,Il;JIH noJiyqeHHH OT Hero cBeTOBhIX HMIIYJibCOB c Heo6xo)l;u
Moii )l;JIHT0JibHOCTblO o6oux qipoHTOB B BLIXOAHOM KJIIO'l0 npHM0H0Hhl 
n;enu KoppeKD;IIH. Ilpu aTOM o6ecne'luBaeTCH noJIHoe paapemeHue ne
pe;.t;aBaeMLIX 111\IIIYJibCOB npu CKOpOCTHX nepeAa'lll HH<f>OpMa:LWH AO 
2 MBo;:t. CxeMa nepeAaT'IBKa II03BOJIH0T no;.t;KJIIO'laTb u APYrBe THIIhl 
CBeTOAHOAOB, ;.t;JI$1 11ero BBOAHTCH COOTB0TCTBYIO~He ll3M0H0HHH B n;e-

-, nu KoppeKD;HH. Ilp11 ucnoJib30BaHHH cBeTO)l;HO;.t;OB AJI118 noJiy'leHa 

cKopOCTb nepeAa'IH AO 10 MBoA. 
,Il;JIH CTa6nmrna:a;1m MO~HOCTH uaJiy'leHHH cneTO)l;HO)l;a B )l;nanaao-

He Tel\mepaTyp 5-55° c, IIpllHHTOM B CllCT01\Ie MaJihIX 8BM, B cxeMe 
BhIXOAHOrO KJIIO'la npep;yCMOTpeHa napaMeTpll'10CKaH KOMIIeHca:a;uH 
MO~HOCTH JI3JIY'l0HlIH npu H3M0H0Hllll TeMnepaTyphl. 

B Ka'leCTBe <f>oTonpueMHHKa (4) npuMeHeH cep11ii:Hhlii <f>oTo;.t;IIOA 
<l>Il3-3. ,Il;JIH corJiaCoBaHHH cPOTO)l;llOAa c BXO)l;H.bIM conpOTllBJl0Hll0M 
ocuonuoro ycnJIHTeJIH B BOJIC Ha 2 MBoA ucnoJibayeTCH npeAYCHJIH
TeJib (5), BhIIIOJIH0HHhIH no KaCKO;.t;HOH cxeMe c IIOJI0B.blM TpaH3HCTOpOM 
Ha nxo;o;e, a B BOJIC Ha 0,2 n 0,5 MBop; - TpaHCHMIIeAaHCHhIH 
npeo6paaoBaTeJib Ha HHTerpaJibHOM onepa:a;nOHHOM YCHJIHT0Jl0. 8TO 
cBaaauo c TeM, 'ITO DOJIC Ha 2 MBoA npep;uaaHa'leHa ;.t;JIH pa6oT.bl 
B TaI<HX CHCTCMax, rp;e npHM0HH0TCH ROA c noanpam;eIIHCM R IIYJIIO, 
a BOJIC na 0,2 n 0,5 MBop; MoryT pa6oTaTb Tam1w H c noTeH~HaJibIILI
MH RO]l;aMH. IloaTOMY IIOJIOCa 'laCTOT OCHOBHOrO yCIIJillT0JIH (6) 
B BOJIC Ha 0,2 11 0,5 MBoA Ha'lnHaeTCH OT 0, a B BOJIC Ha 2 MBoA 
OCHOBHOH YCIIJIUT0Jlb IIOCTpoeH no ,CX0M0 ycuJIIIT0JIH nepeMeHHOrO 
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TOIU\, U icn•111c·r1111 11oporo11oro ycTpoiicrua ucno:ii.3yercn uurerpa:1h
Hbll1 JCOMrtilpll'rnp (7), 11n 11i.1xo1~0 I\OTOporo ycrnuon::reu tPoplmpona
TOJlh 1!1po11·1·011 (8) 1111 MHIC(lOCXOMO, llO:IBOJIHIOU\IIH TIOJiy•raTT> HMnym,cJ.I 
c nnp11M0Tp11M11 '1"1',I[- HJIH H.MOrI-.rrormm. 

YcJ1011u11 pu()oi•t.1 llOJIC u 1w1rnpernLrx ua:\rnp:rrTeJihH.blX cncTe
Max Tpo6y10T 111i1n0Jmomrn PHAa AOIIOJinnre.rrbHhlX Tpe6oBaHnii. Tan, 
Hanpmrnp, BOJIC 111\ 0,2 MBoA npe;o;na3ua•reua AJIH ncnoJib30BaHnH 
B CHCT0MUX 1111\XTIIOti llllTOMaTHICU H IT03TO:\IY ona II:\Ieer O.J;HOIIO.rrHpHoe 
nnramre, MHl!HMUJI1>1100 norpeoJiemre aHeprmr n pa3pa6oraHa c ~"le
TOM rpeoonnuvrii no napi.1110(3eaonac1Iocr11. 

,--------:;q------1 Pnr. 1. <DyHh'.~noHa:rbHaH cxe)ra 
I I HJllll')IHO-nepe~a10w;t'ro )to~y:ra 

~ I I TT/! A - rrepe;a;aT'Illn; B - rrpuemnm; 1 -
.1 I <jlopM11poBaTenh; 2 - BhIXO;J,Hoil: TOHOBhlil: 

I I i;:110•1; 3 - cBeTo;a;no;a;, B'.\lOHT1iposaH-
I ~ HbII! B orrTn'Iec1mll paa'beM; 4 - l)JoTo-
r-- - - - --;;. - - - - ---1 )l;llO)l;, BMOHTlIPOBaHHblil: B OIITll'ICCnnlt 
I paa'he)I; 5 - rrpe;uiap1rre.:ihmm ycJL'Ill-

':)t.. I TT./J Te:1b 11n11 Tpa11c11'.\1Ile;a;a11cHblil: npeolipa-

~ 8 30llaTr.'lb, 6 - OCHOBHOlt YCWll!Te:Ib, 
¥ I I 7 - 1w~mapaTop, 8 - <jlopMapoeaTe.:Ib 

I I L ______________ J 

Pac. 2. 06w;1dl: nnn 11p11om10-11opo1\111011\01·0 MOA)'nll UOJIC ua 2 ~IEo.:l 
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I:Icm.rTaHirn BOJIC B ycJioB:irnx c BLICOKHM ypoBHe111 aJieKTpo111ar
HHTHLIX JJOllleX Ha Tpacce JUIHHH CB.113H llOKa3aJIO, 'ITO B ::JTIIX YCJIOBHIIX 
OHH o6ecne11HBaIOT nLicoKy10 JJ.OCTonepHOCTL nepeP.a'm µ.a111111x. De
po.11THoc'l'I> nepe)l;a11II omII6011~oro CIIMBOJia He npeBLimaeT 10-9 • 

KaK JJLirJI.11p,n:T np11eM:a;o-nepe)l;arom;IIli MOAYJII> BOJIC, IIOKaaaHo 
Ha pHc. 2. IlpHeMHo-nepe)l;arom;ue MOJJ.YJIH BOJIC Ha 0,2 H 0,5 MBoP. 
lilll0IOT airnJiorII'IHOe KOHCTPYKTHBHoe o<fiopMJieHue. 

B Ka11ecTBe nepBoro mar a i Ha IIYTH IIOCTpoeH11.11 paaBeTBJieHHLIX 
BOJIOKOHJJO-OllTH'IeCKHX CIICT0M 'HJIH ceTeH CB.113II 6LIJia pa3pa6oTaHa 
KOn1>n;ena.11 cncTe!lrn, npe)l;Hasna11eHna.11 P.JI.11 OJJ.Honpe111eimoi:'x cns.r:m 
M0>RAY JleC.llTl>IO" IICTO'IHIIKaMII H ll0Tpe6IIT0JI.llMII HH<fiopMan;1m, npe]:!;
CTQBJl0HJJOH B n;mppoBOM BH]:l;e. B aToli CIICTeMe np11MeHeHo paa]:);eJie
Hue KaHO.JIOB ·Bo Bpe!IIeHH. CBeT()BOAHLie Ka6eJiu nepep,aroT yrnIOTHeH
HLIH onTfl'leCKIIH CIIrHaJI OT op,Horo IIYHKTa CB.113II K p,pyroMy rrocJie]:l;o
BaTeJI1>HO no KOJI1>n;y. CKopocT1> IIepe]:!;a'lII B yrrJIOTHeHH0111 KaHaJie 
10 M6H'l'/c. Kamp,LIB: 'IaCTHLIH KaHaJI 1rneeT cKopoCTI> rrepe]:!;alJ11 
0,8 M611'1'/c. Ta1mM o6paaoM, P,JIH rrepe;a;a'IH HmpopMai~n:H 11cnoJ1i,aycT
c.11 0,8 nporryCKHOH CIIOC06HOCTH OIITH'IeCKoro KaHaJia, a 0,2 3aHJITO 

CJiyme6HhlMll llMIIYJil>CaMII, opra
HH3YIOID;IIMll H CHHXpOHH3IIpyIO
ID;HMH pa6oTy CIICTeMLI. 

ult/ I ZJ 4 .lo 7J' .Y If/ 

1\0 

B6JIH3II.HCTO'IHHKa HJIII rroTpe-
6uTeJIJI HH<fiopMan;1m OIITH'I0CKHH 

Pnc. 3. RoJib~eBaJI crpyKrypa BoJio
KoHHo-onrn11ecKo:U: CIICT0Mhl ~mppo
BhlX KaHaJIOB 

l - ~eHTpaJibHhllt np11e~10nepe)J;aIOll.\lllt 6JioH, 
2 - 10 - np11eMonepe)J;aronurn 6JI01111, coe
)J;llHeHHhle OllTll'leCHllM HaoeJieM 

I Z J 4 .7 ID /' Z J 4 .7 o 7 8 .9 10 -
LT 

.rt 'X Pnc. 4. BpeM:eHHair nocJiep;o»ueJib-
~ HOCTb OIITlI'l0CKlIX llMIIYJibCOB B yn

JIOTH0HHOM KaHaJie 

9CKlI3 HanpaBJI0RHoro OTB0T-

uaGeJI L p aapLlllUl)TCH 11 ]j paapuu BC Ta 11.'l Hl'Tl' H ~.'l('l\TpOll Hi.Iii rr pne:\JO· 
rrepep,a10m;nii II KOMllIYTnpyrom;Hii 6JioK (pnc. 3). 8ToT 6:101\ porpanc
m1pywr BCIO lllHJ1opi11Hl\lllO, llllC)\Clllly10 [I IWJll>l\O )\fJYI'HMl1 HC'J'CJ1111Jt

Ka!lrn, racuT cuoro uHcpopMan;ino, npomep,mym 'lepea n0.1hl~o. n aa-
11re1urnT ee no110.ii:. H'.poilre Toro, 011 llll;l\L'T c1111ThllHl1'h 11111PoplHU~1110, 
cop;epnrnm;ymcrr u mo6ol\f irnua.ne. On1m Ha :weinponnJ.Ix 6JioKon srn
JIHeTcrr l.\eirrpaJiollhlM. Ou ni,1pauaThrnaeT c1mxpo11Mrrynhchr, a raKme 
cop,epnrnT 6JioK ru6Iwrr rrawrTn, cor.1ac.non111ii: Bpl'~rn pacnpoerpa
HeuuJI cnrnaJra no IWJihl\Y c l(OJ!hlll! '1uc.'w~1 1111Tep1rn:rou ~w;i.;~y cuu
xpoul\rnyJJ r,cn111n . 

.KamP,OMy 'IaCTHOMY RaIIaJiy COOTllCTCTnyeT orrpene.1('HJiaH Bpe
MeHIIUH uoa111~11H (puc. 4) umI>opMHl\llOllllOl'O IDII!y:11.ca llTllllt'l!Te.lbHO 
6oJiee y:moro CIIIIXpOHi\IIIYJihCa. ,Ll,ecnTb HHTepUaJiou COOTBeTCTBYIOT 
.n;ecJITH IrnHaJial\f CBJI3H. BoceMb rpynrr na p,ecsrTn Tal\TOBhIX IIHTepBa
Jion Kamp,aJI 06'hep,1urem,r n 6a:iiT, cop,ep;.r.;am;ml: 110 8 6uTOBLIX uocLI
JIOK B Kamp,oM ua p,eCHTII 1rnuaJioB. Ha,ran:o Kaa.;p,oro 6aiirn OTMe'leHo 
y;a;noomrolr nay:iolr lWP<'l( c1mxpo11~111y;1i.1·0~1. Tn1;11~1 oiipa:io~1. l'll
CTeMa nopop,acT 11mI>opArn11mo GafrrnA111. lfoo;~ 11 ui.1110~1 eunrn:10s upo
H3BO)l;HTCH 11 1rnmnoM npno11Ionopona10111eM oJiol\o 11 napaJIJIOJlhHOM 
8-paapHP,IIOJ\[ l\OJ\O co CIWpOC'l'h\O 100 l\oaih/c. )~.'Ill m 1 pC'!(a1111 111131(0-

CKOpocTUi>IX llOTOl\011 ll11Cl1opMaJ..\Ull (11a11pm10p, 1101rna111111ii ,'.ll\T11Jfl\OD) 

R8il\)J;Y,YU na llOCf,J\111 pnapnp;on MOiI\IIO llCIIOJlb:JOllilTl1 l\lll\ ll03UBllCU
MLiii: IIOCJIO)"(OBU'l'OJH1Hh!H mmaJ!' }HlOOTUIOll(Ilii co CKOpOCTblO 
10 I\61u/c. 

.Kamp;r,rii: 3JIOl{Tp0IIIILIII 6JIO]{ MOiI\('T lll'ponnnn'rh II .'llOGOM 1!3 ,!lOCR
TH B03l\IO/I\IILIX IWIIUJIOU. H'.oAmyTUl\llH 1.;aua.11ou npOIICX(i;(UT IIYTOM 
3aMbIKamrn: I1JIII pa3MLII\aIIHJI na6opa KOIITaKTIIbIX nap II :IIOil\OT ocy
m;eCTBJIHTbCJI I\aK Mexanrr'IeCKHl\IH rrepenJIIO'IaTeJimm npy'luyro, TaK 
lI AIICTaHn;IIOHHO rryTeM H3111eIIeHHJI 1IOTCHI(Ha.110B Ha 3TIIX napax. 

OrrTH'leCKu111n H3Jiy'IaTeJIJIMu cJiyJI.;a T cBeTop,no;:i;y,y IIJIITH .. 301-1, 
a B Ka'leCTBe cpoTorrpHeMmrnon ycTaHOBJieHLI Kpe)mneBLie pin-<I>oro
.n;11op,1,r. Paal\rnp rrpaeMorrepe)"(aroJI.(oro 3JIOKTponnoro 6.1ona B::\Iecre 
c rruTa10m;n111 ycTpoii:cTBOM 10 X 15 X 20 nr. ,I(onycnnroe a1nyxa-
1nrn II OIITlfllOCIWH HHOOJIO 111('/l\llY COC!'J\llllil!ll llJllll'MOllL'Pl';1111oll\IL\.IU 
6JIOKaMu MOil\OT LI;OCTHl'aTb 20 p,B. lJpIUI8HlICTCH OIITIIlJeCnllll naoem, 
Ha ocnone cneTonona «rpa)"(an», nar0Ton.r1euur,1u n HP3 AH CCCP. 

CucTeMa ycTanonJieua II HCIIMTana B HP3 AH CCCP. Onru'Iecmxe 
1rn6em-1 nponmyTI,r n not1::ieM111>1x Tpy6ax pirp,0111 c OUhl'IHhIMII Te.11e
<Ponnh1Mu II CHJIOllLIMH aJieKTPII'IeCI\IIJUII Ka6eJIHl\IU II B Meram1nqec
RHX Tpy6ax, nop,nenreHHblX ll!emp,y 3]:1;aHIIHllIII. ,I(ByXJI0THIIO IICllhITa
HHH IIOI\a3aJiu, 'lTO CHCTe11rn pa6oraeT Hap,eJimo, cym;eCTBOHHLIX ll3-
MeHeunll: 3aTyxamrn B OIITH'IOCRHX Ka6eJIHX He Haomo]:);aJIOCb, c no
MOIIJ;bIO KOJibl(enoii CHCTeMhI BOJIOKOHHO-OilTH'IeCKHX Kauanon ocym;o
CTBJieua CBH3b p,nyx y;a;aJiennLix p,pyr OT Apyra 3BM. Ilpe]:!;IIO.'Iaraer
c.11 coep,Hueuue PHAa 3BM u al\crreprrMeHTaJibHLIX ycTaIIonoH, y~a:1eu
Hhlx Ha paCCTOJIHHe p;o 1 RM B e]:);HHhlH ll31110pHTeJibHO-Dhl'IIICJlllTOJJh• 
Hhlii: KOMmreKc. BBe]:l;enrre c11cTeMb1 B peryJI.11pny10 ~rncnnyara~ulO 
C]:!;epnnrnaeTClI H3-3a OTCYTCTfiHH MaTe111aTII'l0CKOrO OOOCII011SUltR B 
rrepu<fiepnii:Horo o6opy]:!;onamrn:. 
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OnhlT paapa6oTirn: n ncnhlTaHni KOJibD;eBoii BOJIOKOHHo-onT11110c
Koii CHCT0Mhl :a;mppOBhlX . KaHaJIOB noKa3aJI, 'ITO AJIH ee ycoBeprneH
CTBOBaHHH Heo6xop;m10: BB0CTH OilTH'l0CKHe KOMMyTaTOpLI-3RMhIKa-

! u 

T0JIH, nponycKarom.ne onp11IeCKHH CHrHaJI MHMO OTKJIIO'l0HHOro npn:e-
MOnepep;arom.ero 6JIOKa ~ aBTOMaTH'leCKH pa3MhlKarom.n:e onTH'l0CKHH 
KaHaJI npn: ero BKJIIO'leH:Bn:. Heo6xoJ:i;n:Mo TaKme 6oJiee p;eTaJibHO paa
rpaHH'IHTb cpyHKD;HH oTJl;eJibHblX yaJIOB npneMonepep;arom.ero 6JioKa, 
paap;eJIHB KOHCTPYKTHBHO H B MaTeMaTn'leCKOM o6ecneqeann cpyHK
:a;n:n KOMMyTaD;HH, ap;peca:a;HH H peTpaHCJIHD;HH CJHHaJIOB c TeM, 'IT06bl 
llOBblCHTb ee ap;anTHBHOCTb K perneHHIO pa3JIH'IHblX 3ap;aq ll COBMeCTll
;MOCTb c pa3JIH'IHblM nepncpepn:iiHblM o6opyp;oBaHneM. 

Ilpn: paapa6oTKe p;ynJieKCHblX JIHHHH ll CJIOil\HO pa3B0TBJI0HHblX 
°CllCTeM CBH3ll Ha CBeTOBOp;ax B03HllKJia noTpe6HOCTb B coap;aHllll Illll-

- poKoro KJiacca ynpaBJIH0MblX H HeynpaBJIH0MblX aJieMeHTOB Ha CBeTO
BOJI;aX, B TOM . 'lllCJie HanpaBJieHHblX OTB0TBllT0Jieii, pa3B0TBHTeJieft 
KOMMyTaTopoB n p;p. K HacToam.eMy npeMeHn B 11P8 AH CCCP paa
pa6oTaHbl HanpaBJieHHble OTB0TBHTeJill ll p;eJIHT0Jlll BOJIOKOHHO
onTH'l0CKllX KaHaJIOB Tnna «3B03p;a» Ha CBeTOBo,n;ax «fpap;aH». 8Tll 
aJieMeHTbl npocTbl no KOHCTpyK:a;nn n TeXHOJiorn'IHbl, OHH p;ocTynHbl 
J:i;JUI npOMblilIJieHHoro ocBoeHHH. Paapa6oTaHbl ,n;Ba Tnna HanpaBJJeH
HblX OTBeTBHTeJJeii. O,n;nH na HHX coCTOHT na ABYX cJJa6onaorHyTblX 
CBeTOBOJI;OB c yp;aJJeHHbIMll IlIJJHcpOBKOii ll nOJJllpOBKOH o6oJIO'!KaMll, 
npnmaTblX p;pyr K p;pyry oroJJeHHblMll CB0TOB0AYIII.HMll il\HJJaMH 
(pnc. 5). i 

TexHoJiorna nx naroToBJieHHH BeCbMa npocTa. B CTeKJJHHHOH 
npnaMe paa11rnpo111 45 X 22 X 7 MM npopeaaeTCH KaHaBKa c pa
p;nycoM KpHBll3Hbl 300 ~M, B KOTopyro 3aTeM BKJJenBaeTCH BOJJOKHO. 
Ilpll3Ma c BOJJOKHOM IlIJJHcpyeTCH ll nOJJHpyeTCH TaK, 'IT06bl BCKpbITb 
yqaCTOK CBeTOBe,n;ym.eii il\HJJbl Ha AJIHHe 4,5-5 MM. 3aTeM p;Be npH3Mbl 
IOCTnpyIOTCH M0iK,ll;Y co6oii TaK, 'IT06bl COBMeCTllTb COilIJillcpOBaHHhle 
yqacTKH BOJJOKOH. Bee i TexHoJiorn'!ecRne onepa:a;1rn no o6pa6oTKe 
BOJIOKHa ocym.eCTBJJHIOTCH KOHTpOJJllpyeMblM o6pa30M, 'ITO rapaHTll
pyeT BblCOKllH npo:a;eHT BbIXOJI;a OTBeTBHTeJJeii ll xopornyro BOCilpOll3-
BOAHMOCTb llX napaMeTpOB. 

Ilo paapa6oTaHHOH TeXHOJJOrHH H3rOTOBJJ0HO 6oJJee 20 o6paa:a;oB 
OTBeTBnTeJJeii. B Jiyqmnx o6paa:a;ax p;onoJIHHT0JJbHble noTepH He npe
BLimaroT 0,5 ,n;B (6ea yqeTa noTepb B OnTH'leCKHX paa'beMax), cpep;HH0 
noTepn 1,5 ,n;B. ,r:t;onOJJHHT0JJbHble noT0pli paCC'IHTblBaIOTCH no cpopMyJie 

L = 10 lg P2 +1;,3
1
+ P, {oB], 

r,n;e P1 - 111om.HoCTb, BBOAHMaH B OAHH na cBeTOBO,ll;OB, a P 2 + P 3 + 
+ p 4 - cymiapHaH lllOIII.HOCTb CB0Ta, BblXOAHm.ero qepea Tpll J:i;pyrHX 
CB0TOBop;a. 

Koacpcl>m~neHT HanpaBJI0HHOCTH1 pacc'IHTblBaeMblii no lf>opMyJie 

p 
K = 10 lg P: [oB], 

B cpe,n;Hel\I paBeH 45 p;B. 

\\2 

)~pyroi-i: IIHnpaBJIOIIJ[l>ltI OTBDT lll!Tl'.'I h co;~q1;1mT l\pyni ll30l'UYTWli 
y1

rnc1·01\ CllO'l'OllOAa. Pa,n;uyc uaru6a 6epeTca Tamn1, 'IT06hl onpe,n;e.1eH
nnn 'InC1'1. ll:IJIY'IOIIHH llr.IlllJIU 11a CBOTOJlO,D;ym;o.if il\MJILI I.I 060:10'.l.Ky. 
MaornyTaH '!aCTb CBeToBo,n;a norpymeHa B mnrepcnoHHyro cpe;:(y, 
'l'8K 'ITO DhlillO,ll;Uiee II3 iKIIJibl H3Jiy'IeHne nom1p;aeT II o60JIO'IKY. 8Rc
nepnMeIITUJibIIhle II TOOpeTH'IeCRHe llCCJie,n;oBaHHH BhlXO,ll;a JI3.'1Y'.10HIIH 
Ha KPYTOM 1rnrn6e cneToBo,n;a n0Raaam1, 'ITO llIOif\HO no;:J;o6paTb Ta
KHe napaMeTpJ.I 1rnrn6a, 'IT06hI na cneTOno,n;a BhlXO;:(n.1a nno.1He onpe
,n;eJieunan 'IUCTh pacupocTpanmonwrocH no ue111y H3Jiy1.1eHIIH, npII1.1e:\I 
BblXO,n;Hm.ee 11aJiy'IeHHe orpanwreuo yaRHllI IIHTepBaJioM yrJioB, 6.'III3-
KHM K arrepType :naJiy1.1emrn, Bhlxo,n;Hm.ero na Topn;a cneToBo,n;a. Bhl
XO,ll;HIII.Hii CD0TOBOH ny'IOR MOiRHO HanpaBH'l'b Ha cfioTo,n;eTeRTOp Il."In 
B ,n;pyroii: cneTono,n;. B nepno11r cJiy'Iae ,n;ono.'IHIITeJihHhle noTepn He 
npeBhlIIIaroT 1 p;B, a Roacficfinn;neHT uanpaBJieHuocm paneH 40-50 ;:i;B. 
Bo BTopoM cJiy1rne ,n;onoJimneJibHhle noTepu yneJin1.1unaroTcH ,n;o 3-
4 AB, a Koacficpnn;IIeHT uarrpanJie1mocm npeBblmaeT 60 ,n;B. Hanpan
JJeHHLie OTlleTDJITeJllI Ha RpyTOl\I II3rn6e CBeTOBO,ll;a O'IeHb npoCThl B Il3-
rOTOBJieHHH. IIx npnMeHeHHe :a;eJiecoo6paaHo, n ocnoBHOM, B Tex c.1y
'laHx, Kor,n;a OTBeTBJienHoe H3JJy'Iem1e Heo6xop;1n.10 JIJIJI 11ro;nno npo
,n;eTeKTHpoBaTb Herrocpe,n;cTnenno OROJIO OCHOBHoro CBeTOBo,n;a. 

,Il;em1Tem1 DOJIOKOHHO-OII'l'II'IeCRIIX Rana.'IOB 'l'IIIIa (<3Be3)];al} c ;:(e.1e
Hll8M Ha 7 II 19 KaIIaJIOD COCTOHT II3 ROIIIPIOCI\01'0 C'l'OKJIHHHOro CBeTo
BO,ll;a II ny1.1Ra DbIXO,ll;HbIX CD8TODOi'J;OD, IIpHRJieenHbIX K BhlXO,ll;HO)IY 
Top:a;y KOHn1.1ecRoro cneTono,n;a. Bxop;uoii TOpen; Ronn1.1ecRoro cnern
BO,ll;a HMeeT ;:J;HaMeTp CDeTone,n;yID;OII iI\IIJihl, paBHhlll i'J;IHUI8Tpy CBeTo
Be,n;ym.eii: iHHJibI IlO,ll;BO,ll;HIII.ero CBeTOBO,D;a IIJIII i'J;IIal\IeTpy CBeTHm.encH 
IIJiom.a,n;KH H3JiyTfaTeJIH. ,Il;eJinTeJib MOiKeT 6hlTb IIO,ll;K.1II0Tf8H npmro }\ ll3-
JJy'IaTeJJro 6ea ,n;onoJIHHTeJibHoro corJiacyrom,ero aJie:\renTa, nocRo:i:bRY 
KOHH'IeCRHii: CBeTOBO,ll; ,n;eJinTeJIH TpaHccfiop11111pyeT rrmpoRoanepTyp
noe ll3Jiy'IeIIHe HC'l'01IIII-ma D HII3IWanopTypuoo II3.1:Y'Il'lUI(' Ha BLIXO;:(
HOM Topn;e ,ll;OJllITOJIH-ipoROirn II 'l'('M CHMIJJI[ Yll('JllJlll!B<lOT I\OJlptplll(lll'HT 

nno,n;a H3Jiy1rnnnn 11 nT.1xo11111.10 cnoTononr.r. H1.1xol\llh1t1 enoTono~w 113-
roTODJIOIII.I 113 MIIoro1w11-1noneuTnoro CTmrna. Onu 1nre10T TOHRyro cBe
TOOTpama10m.y10 060JI01my (2 MKM) J:I ORaH'IJIBaIOTCH paa'be:\IHbl:\III 
onTn1.1ecRnMH coe,n;nHHTeJimrn. Cy11n.rapnhle ;:J;orro.'IHIITeJibHhle noTepu 
He npODLIIllaIOT 3 ,n;B. 

BonoKOHHo-onrH4ecKHe AaT4HKH 

ConpeMennaH npoMLIIIIJieHHocn npe,n;'bHD.'IHeT pHp; Tpe6oBaunn K yc
TpoiicTBaM, rrpe):l;HU3Ha'IeHHbil\f ,ll;JIH H311Iepemrn pa3JIU'IHbIX cpI13II'Iec
KHX BeJIH'IHII. 0,n;HHM Ha nan60J10e cepbe3HMX Tpe6onanuii HB.'IHeTCH 
To, 'ITO 'IYBCTBHTeJII>m,re ::>Jie11rnnTLI II311rnp1neJII>n1.rx ycTpoiicTn - p;aT
'IJHint <Imaw10cin1x nemPrnn - ,n;oJrnmM nap;eamo pa6oTaTb B 3RCT
poMaJ11>I11>Ix ycJiomrnx, n 'IaCTHOCTH: n aonax c BI>ICORH:\I yponne:u 
aJIOI\TpOllrarunTHbIX II01118X, IIpH 60JihTUT!X ITC'pl'ITal(ax :l.'I('l\TPlllfl'CliOl'O 
DOTOlll\HaJia, IIpH llhlCOI\Oii IIII'l'OIICUlJIIOCTU ll0llll3Upy10ID;eii pa;:(Ha
~HH, 110 napLrnoonacHo:ii aTMoccfiepe u T. n. Boamrnarom,ue rrpu 3TOlI 
npoGJIOMLI no 11roryT 6I>I'l'b peIIIeHhl c IIO.MOID;bIO o6hl'IHO rrpmieHHe:\IhlX 
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;a;aT'lllKOB ll Tpa,u;mi;HOHHhlX M¢TO,!l;HK H3MepeHHii, KOTOphle, KaK rrpa

BHJIO, OCHOBaHhl Ha rrpeo6pa30BaHHH H3Mep1I0MOH. B0JIII'IHHhl B 3Ha

'10Hll0 KaKoii-Jin6o 113 xapaKi'epnCTIIK :3JI0KTpII'10CKOrO CHrHaJia, a 

nepe;a;a11a HH<flopMa:a;IIII OT ,u;aT'IHKa K H3M0pHT0JibHOMY :3JI0M0HTY 

ocym;ecTBJIII0TCII c IIOl\IOIIl;bIO aJieKTpH'10CKOro TOKa. 

IlepcrreKTHBHbIM HanpaBJie~HeM, II03BOJIIIIOIIl;HM ycnemHO pemaTb 

3a,u;a1111 H3MepeHHII B aKCTpe~aJibHhlX YCJIOBHIIX, IIBJIII0TCII HCIIOJib-

30BaHH0 cpe,u;CTB H M0TO,!l;OB CB0TOBO)l;HOii T0XHHKH. IlpnMeHeHne CBe

TOBO,!l;OB B ll3l\IepllT0JibHhlX ycTpoiiCTBax MOiR0T ll,!l;TH ,!l;BYMII IIYTIIMH. 

Bo-nepBLIX, Ha ypoBHe rrepe,u;~'IH nH<flopMa:a;HH, Kor,u;a aJieKTpH11ecKHH 

cnrHaJI OT o6LI'IHOro ,u;aT'IHK~ <flH3H'l0CKOii B0JIH'IHHhl rrpeo6pa30Bhl

Ba0TCII B CB0TOBOH H nepe,u;a~TCII no BOJIOKOHHO-OIITII'l0CKOH JIIIHHH 

CBII3H (BOJIC). Ilpn STOM H3MepeHHII MoryT IIpOBO,!l;IITbCII, Kor,u;a Ha 

Tpacce nepe,u;a'III 1rn<flopMa:u;m:J'. OT AaT'IHKa ;a;eiiCTBYIOT CHJibHhle :3JI0KT

poMarHHTHhle rroMexH. Bo-Bi'opLix, MOmHo ncnoJih3oBaTb cBeToBo

;a;LI Ha ypoBHe rrocTpoeHnH cBeTOBO,!l;HhlX ;a;aT'IHKOB <flH3H'l0CKHX Be

JIH'IHH. IlpHM0H0HHe CB0TOBO,!l;HhlX ,u;aT'IHKOB He TOJibKO IIOBhlillaeT 

a<fl<fleKTIIBHOCTb II3B0CTHhlX M0TO,!l;OB H3Mepemrn, HO ,u;aeT TaKme B03-

MOiRHOCTb peaJIH30BaTb no:BLie <l>H3H'leCKIIe npHHD;HIILI nocTpoeHHH 

II3l\I0pHT0JibHhlX ycTpoiiCTB ~ II03BOJIII0T BKJIIO'laTb ;a;aT'IHKH neno

cpe;a;cTB0HHO B BOJIOKOHHO-OITTll'l0CKH0 KaHaJihl CBII3H 6e3 ,!l;OIIOJIHH

T0JibHhlX rrpeo6paaoBaTeJieii ' CHrHaJioB. 

)J;aT'llIKH Ha OCHOBe CB0TOBO,!l;OB MOiRHO pa3,!1;0JIHTb Ha ,!l;B0 rpyrrnhl. 

Pi. nepBOH rpynne OTHOCIITCII ,u;aT'IHKH, B KOTOpbIX H3Mep11eMa1I 

<l>H3ll'10CKalI B0JIH'IHHa Henocpe;a;CTB0HHO B03,!1;0HCTByeT Ha HHT0HCHB

HOCTb, llOJIIIpH3a:a;Hro, <Paay llJIH Bp0MII pacnpocTpaHeHHII CBeTa B CBe

TQBO)J;0. B Ka11ecTBe npHMepa MomHo npHBeCTH HHTep<flepeH:a;HOHHLie 

;a;aT'IHKH CKOpOCTH Bpam;eHHII H ,u;aBJI0HHII 3ByKa, B KOTOphlX BHemHee 

B03;D;0HCTBH0 IIpHBO,!l;HT K H3MeHeHIIIO <flaaosoro C,!l;BIIra Ha Bhlxo;a;e 

BOJIOKOHHO-OIITH'l0CKOro llHTep<flepoMeTpa. 
Ro BTOpoii rpynne OTHOCIITCII ,u;aT'IHKH, BKJIIO'larom;He B ce611 ,u;o

IIOJIHIIT0JibHbl0 8JI0M0HThl ,!l;JIII npeo6pa30BaHIIII H3Mep11eMoii B0JIH'IH

Hhl B ;a;pyryro rpII3H'l0CKYIO B0JIII'IHHy, KOTOpalI B CBOIO oqepe,u;b 
no3;a;eiicTnyeT 11a y1rnaamrr.re nLime xapaKTep1rnnurn: cnoTa, pacrrpo

CTpaH1110m;eroc11 B CB0TOB0,!1;0. IlpnMepOM MOiR0T CJIYiKHTb ,u;aT'IHK 

;a;aBJI0HlIII c l\I011I6panoii, CMem;eHIIe KOTOpoii H3M0p1I0TCII c IIOMOIIl;bIO 

CB0TOBO;D;HOrO ;a;aT'IIIKa nepeMem;eHHII, HanpnMep Ha OCHOB0 pa3phlBa 

CB0TOBO)J;a. 
)J;aT'IIIKll nepsoii rpynnhl B0CbMa nepcneKTHBHhl, TaK KaK c HX 

IIOl\IOIT(blO peamrnyIOTCII HOBhl0 M0TO;D;bI H3Mepemrn <l>H3H'l0CKHX B0JIH

'IHH. 
Rpyr seJiu'IHH, H3Mep11eMhIX rrocpe;a;cTBOM ;a;aT<rn1rnn nepnoii 

rpynnhl, IIOKa cpaBHHT0JibHO yaoK, O)J;HaKO OII IIOCTOIIHHO pacrrrn

p11eTCII no 11repe pa3BHTHII :3JI0M0HTOB CB0TOBO,!l;HOH TeXHHKH ll B pe

ayJILTaTe :a;eJienarrpaBJie11110ro C03,!l;aHIUI CIIOL\HaJll>lil>IX TIIIIOB cneTO

BOAOB )J;JIII ;a;aT'llIKOB. 
BTopa11 rpyrrrra ;a;aT'IHKOB ropaa)J;o o5wHpuoi1: rropnoii. OcHonoii 

nx MomeT OhITb Jiro6oii H3 ;a;aT'IHKOB nepBoit rpymm:. Bhl6op aJieMeH

TOB, npeo6paayrom;ax II3M0p1I0MYIO B0JIHqnay D lJOJilillllHY, B03)J;eii-
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CT11y1011,y10 Ila l\HT
1
1111\ 1wpnoii rpy11111.1, J~Oll0.1 lbllll 11111po1\. llo~l'l'O.\I)' 

CBOTOB0,!1;111>10 l\HT
1
JJll\l[ orrpep;eJIOHIIOH cpH3H1ICCKOH llOJlll'IlllILI l\IOiJ\110 

peaJIH30llUTI> J\lllOl'Jll\IH CIIOCOUUMM, llLlUHpUII ll Ka"lf.OCTlle OCIIOllLI paa-

HLIO ,n;nT
1num nopuo:H rpynm,1 u co110Tamm c pa3.'Ul'Jllh!Mu upeoupa:.io

BaTeJibHIJ:MH <>JieMeIITaMH. 8nr :3JI0M6HT.bl BO MHor11x CJiy'IaHx :u;ene

coo6pa3Iro I\OHCTpy11poBaTb Ha 6aae IIpOMbIIIIJieHHLIX H3;\IepnTe.'IbHLIX 

npH6opoB. I1IITepec K CB6TOBOJ];HhlM p;aT'IIIKal\I BTOpoii rpynnLI BLI

BBaH B03MO}I\HOCTbIO HX CIWpe:iimero BHep;peHirn B npm.rLIIDJI6IIHOCTb. 

B I1P8 AH CCCP paapa6oTaHLI p;aT'IUKII, B ocRoBy I\OTOpLix no
JIO}I\0HLI Tpap;u:u;noHHLie M6TOJIHKH H3MepeHHII <fln3UlJ6CKilX BeJIII'IIIR, 

a CB6TOBOALI, KaK H B APYTIIX JiaT'IIIKax BTOpo:ii: rpyIIIIbI, HrpaIOT pOJib 
BTOpH'IHLIX npeo6paaonaTeJie11: 1rncpop11Ia1vm. 3a11wna n sTnx ycTpoii

CTBax TOKOnep;yi:a;Hx JIHHH:ii: Ha CB6TOBOJ];Hbie II03BOJIHJia ynpOCTHTb 

KOHCTpymi;nro JianrrKon, noB.bICHTb rrx Hap;emHOCTb II o6ecne'IrrTb no.1-

nyro B3p.brno6eaonacnocTb. THnn'IHLillI npep;cTamITeJieM JiaT'I1rnon 

nepno:U: rpynnbI HUJIH6TCH JiaTlJIIK YrJIOBOH CKOpOCTll (,Il;YC) Ha BO

JIOROHHhlX KOJI.bD,enLix 1rnTep<j)epo11IeTpax (BRH). Bnepnhle 11n.1emie 

C)J;BHra HHTepcfJepem\HOHHLIX IIOJIOC KOJibD,6BOro IIHTepcpepOi\IeTpa BO 

Bpam;arom;e:ii:cH cucTeMe OTC'leTa 6hlno o6napymeno B 1912 r. <D. Xap

pecoM H He3UBHCHMO n 1913 r. r. CaHbHKOM; HMene111 nepBoro OHO II 

6LIJIO 1mocJIOll,CTmm na:mano. Ill'puo11a•rnJ11>noo 06·i.Hc1101nw :noro 
a<fl<fleKTa OMJio ;i;ano n paMKax npep;cTanJieun:ii 06 yBJie'IeHnn CBeTa 

cpe;:i;oii, KOTopoe nnocnep;crnHH o.bmo YTO'IHeuo c IIOMOID;bIO o6m;e:U: Teo

pnn OTHOCHTeJI.bHOCTH. 0Kaaanocb, op;uaKo, 'ITO B nepB0111 nopHJIKe 

no vie KOJIII'IecTBeirnLie OD,emur connap;aroT u p;aroT neJin'IuHy <flaao-

8:nS O Doro C)J;BIIra Memp;y BCTp6'1HbIMII BOJIHUllflI Llcp =-re ""BP• rp;e 

QBP - yrJIOBaH CHOpOCTJ, npam;enmr 3lll\II\IIYTOfO I\OII'l'ypa, 0Upa30-
BaHIIOfO nyTHMH pacnpocTpauemrn: IICTpO'IHhlX no.n:n, ,s - Il.'.IOIIJ;a,nb 

SToro ROHTypa, '}.,, H c - p;mrna BOJIIIhl II CKOpOCTb CBeTa B naIQ'Ylie. 
Pi.OJI.bD;0BO:ii: HHTepcpepoMeTp MOrI'6T 6LIT.b B.bIIIOJIHeH Ha BO.'IOI\OHHO:\I 
CBeToBop;e, CBepnyTOM n llIHOronnTKonr.ril: KOIITyp. B STo::-.r r:1y11iw 

S = N·S 0 , rll,e S 0 - ITJJOU\Hll,L OJ\lloro 1111nrn, a 1V - 'llH·.•10 lll!T
Ron. 01101ma lI{W](PJlf,JIOii 11YBC1'1111Tl'Jlt.llOC.Tll I' 11Jl1Hl\l'll1110 Tlll\01'0 

HH1'ep<flepoMeTpa (no p;po6ono11ry rny11Iy) p;aeT nenn'Inny nopHp;Iia 
10-a rpa;:i;/'I. 

flpaKTH'IeCKaH peaJI113aD,HH p;aT'IHKa yrnono:ii: cnopocnr (,I.J;YC) 
Ha BOJIOKOHHOM KOJILI\eno111 nnTepqiepo1110Tpe (BIUI) TPl'OYl'T pPUJPmrn 

PHAa npo6JieM, OCHOBIIbillH1 H3 KOTOp.bIX HBJIHIOTCH c.1ep;yrom;ne. 

1. Coap;auHe op;uo1110p;0Br,rx BOJIOKOHH.brx cBeToBop;oB (OBC) c Ma

JihlMH nornpnMH npH na1110Trrn ua KOHTYP BH'.l'.I p;ua11reTpOM 8-10 or, 
,- ;D;OCTaTO'IHO DbICOIW~i 11roxamrtrnc1rn11: npo1moCTbIO II CTafomLHhl:\III reo

MeTpH'l0CKHMII pa311ropa11Ur. 

2. Paapa6onrn HC1'01mnHOB H3JIY'IeHn:JI, npnrop;nMx no KO:\m.1ency 
' CBOHCTB JJ;JIH HCIJOJIJ1:lOBlllIJ11J II BOJIOI\OIII!OM HHTepcpepo::\reTpe. 

3. CoaJ1a1111e :.>JJOMOIIT11oii Gaa1>1, o6ocne'nrnaror:u;eii ynpas.1emie 

napaMeTpa11rn H:IJIY'Wlll!H JI CXOMO l3I\lf: pa3ll0TBIITe.11e11:, .\IOgy.1RTO
poB, nepeHJII01IaTOJJOH, paa11nao1\, IIOD3aHMIILIX aJiel\IeHTOB H T. n. 

4. CHmHennsr ypon1rn myMon BIUI, CBJI3aHHLIX c rroJI11pnaaD,110H-
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HhlMll CBOHCTBaMll deTOBOJJ;OB, paccelIHlleM ll OTpameHneM CBe·ra 
B BOJIOKOHHOM KOHType, aaBncnMOCTbIO xapaKTepncTnK OBC OT BHem-

HllX yCJIOBIIll U T. II. 
B HacToHm;ee BpeMll MOmHo cqnTaTb, qTo rrpo6J1eMa OBC B rrp1rn-

:a;nrre pemeHa: coanaHLr n ncrrhlTaHhl B J1a6opaTopHhlX ycJ10BlilIX OBC 
c noeTaTO'lHO J\IaJihlMlI IIoTeplIMil Il e rrpne111JieMhllllll JJ;Jlll nerroJib3oBa
HlI.ll B BOJIOKOHHbIX ! rnpocKOIIaX npyrHMlI rrapaMeTpaMll. 0)'.\HaKO 
BOJIOKHa MP8 AH CCCP B HaeTOHm;ee BpeMll em;e n111e10T HenoeTaTKll, 
aaTPYAHH10m;11e nx nerroJ1b30BaHne B BRM, a nMeHHo: oTHocnTeJibHO 
BhlCOKHe IIOTepn Ha µJ111He BOJIHhl 0,85 Jl!KM rrpn HaMOTKe B pa6oqn:ii 
KOHTYP BRM, HecTaOHJlbHOCTb MexaHnqecKHX n reoMeTpnqeeKnx xa
paKTepneTnK CBeTOBO)l;OB. 8TH rrpo6J1eMbl HaXOJJ;lITCll B CTaJJ;Hll peme

Hllll. 
,rt;oeTHrHyT 3HaqlI'J,'eJlbHblii rrporpecc B C03JJ;aHHlI IIOJIYIIPOBOJJ;Hll-

1 KOBhlX neTO'lHlIKOB eBeTa rrpOMblmJieHHOeTbIO, llMeIOTell Jla3epHhle ll3-
Jly'laTeJIH, o6eerreqnBarom;ne BBeJJ;eHne B OBC Ha JJ;JIHHe BOJIHbl 
0,85 MKM OKOJIO 10% HOMHHaJlbHOii MOID;HOeTll ll3Jly'!aTeJlll. 
8Toro yme noeTaTO'lHO JJ;Jlll pa6oTbl BRM rrpn yeJ10Bnn, 'ITO OBC 
B KOHType BRM 06J1anaeT co6cTBeHHblMH rr0Tep.11Mn He 60J1ee 5 ):(B/KM. 
MMeeTC.11 naJiyqaTeJib Ha ):(JIHHe BOJIHbl 1,3 MKM c eym;eeTBeHHO Jiyqmn
MH xapaKTepneTnKaMH, O):(HaKO Ha acy JJ;JIHHY BOJIHbl HeT em;e rrpneM
JieMblX OBC. CJ!enyeT oTMeTHTb, qTo rroJ1yrrpoBO):(HHKOBble JiaaepHbte 
H eyrrepJI1011rnHecn;eHTlible H3JiyqaTeJin, rrpenHa3Ha'leHHbI0 crren;naJ1bHO 
JJ;Jill Boa6y.mneHnll OBC, rrpOMblmJieHHOCTbIO em;e ne BhlrrycKaIOTC.11. 

8JieMeHTHa.11 6aaa :JJ;JI.11 BRM B HaeToHm;ee BpeMll em;e He ocBoeHa 
H ee rrpIIXOAIITCll coa~aBaTb caMHM irccJieJJ;OBaTeJIHM BRM. Boo6m;e me 
rrpocMaTpIIBaIOTell JJ;Be TeHJJ;eH~lIIl, OJJ;Ha H3 KOTOpbIX CBll3aHa c paa
pa6oTKOii noJIHOCTbIO BOJIOKOHHoro BRM, a BTopaH - co CTpeMJie
HIIeM HenoJib30BaTb B, BRM HHTerpaJibHo-onTnqecKne ycTpoiicTBa JJ;Jill 
yrrpaBJieHnll H3Jiy'leHneM. IIpeHMym;eeTBOM nepBoro rryTn lIBJIHeTCll 
TO, qTO llM MOIBHO BOCIIOJib30BaTbCll yme cerOJJ;Hll JJ;Jlll C03JJ;aHHll He 
TOJlbKO e.n;umrcnn,1x a1beMITJillpOB BRM, HO n eopnii: TaKnx ycTpoii:cTB. 
B MP8 AH CCCP B IIJiaHe peamrnau;m1 TaKoro BPi.11 co3JJ;aHa J1a6opa
TOpHall T0XHOJIOrllll lI3rOTOBJI0HlIH HarrpaBJI0HHhlX OTB0TBllT0JI0H Ha 
OBC, JiaaepHoii cBapKn OBC, paapa6oTaHbl MoJJ;yJIHTOpbI H nerroJIHpn-
3aTopbt. OnHaKo B rrepcrreKTnBe aToT rryTb MomeT oKaaaTbCll HeTexHo
JiornqHhlM B ycJIOBll,lIX MaecoBoro rrpOll3BO.D;CTBa. MnTerpaJ1bHO-OII
TI1'leeK11e aJiellieHThl o6eerre'lnBaIOT 6oJiee nrnpOKHH crreKTP cliYHKD;llO
HaJlbHhlX B03MOiRHOCTeii, norrycKaIOT llX MaeeoBoe rrpOH3BOJJ;eTBO, 
noaBoJllIIOT o6'beJJ;nHHTb Bee aJieMeHTbl BRM, KpoMe BOJIOKOHHoro 
KOHTypa, Il ennHoe n;eJioe. 0.n;HaKO T0XHOJIOrnqeeKall 6aaa JJ;Jlll naro
TOBJIOHIIll TaKIIX aJ1eM:eHToB B MP8 AH CCCP n cTerreHb nx Hayqnoii 
npopa6onm lIBHO He.n;oeTaTo'lHbl, xoTll pa6oTa B noM HarrpaBJieHnH 
B0):(0Tell II eeTb oeHoBaHH0 C'lHTaTb, qTo nepBbt0 o6pa3D;bl lIHTerpaJ1bHO
OIITII'lOe1mx 3Jl01110HTOB IIOHBlITCH B HHeTHTyTe B 6Jinmaiimee BpeMH. 

OeHoBHhle ueTO'lHHKH myMoB BRM B naeTollm;ee BpeMa nayqeHbl 
noeTaToqno rronpo6no. Paapa6oTaHbl MeTOJJ;bl nx MHHHMnaau;nn, npen
Jiomerr pH.n; exe111 BRI1, eym;eeTBeHHo crrmKarom;ux BJIHlIHHe rroJillpH
aan;noHHOii rreeTa6nJibHOCTH OBC lI rrapaauTHblX oTpamerrnii. OeHoB-
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JIUH TPYJ~nocTr, 11 poamraai\1m T:mnx rxP~1 - :no Ill'l'OHt'plllt'lll'TBo 
OJieMeIITIIOii: OU3I.I, cJiomnocTI> 113rOTOBJIOmrn: no;101wnnhlx aJieMeHTOB 
H:J OBC c neco11epmernroii: reo1110Tp1rnii:. 

B rracToHm;ee BpeMll coa.n;ano Tpu noK0:1eHm1 :\IaReToB BRII Ha 
):(HeKpeTHLIX OIITH'leeKux aJieMeHTax ( JIUH30Ball OIITirna, ):(eJIHT0JlbHble 
IIJIUeTHIILI, MOXUIIH1IOeI\aH IOeTHpOBI\a OIITII'l0eKIIX 3JI0M0HTOB), 
rrpenHaauaqennhlx JJ;Jill npoBe.n;emrn <f>uauqecKnx nccJie.n;oBam1ii. 
qynCTDHTOJIJ,JIOCTL K npam;emno .TJ:y•miero ?iiaKOTa coeTaBJIH0T OROJIO 
10 rpan/q. Coa.n;au MaKeT BH'II ua MnoroMo.n;oBoM eBeToBo.n;e B noJIHo
CTbIO DOJIOKOHHOM llCIIOJIHeIIIrn c BOJIOKOHHhlM l\OHTypoM nmt.'1eTpOM 
10 CM n qyBcTnnTeJinHOCTbIO I< npam;em110 OKOJIO 15 rpa.n;/q, Rpo:ue 
Toro, BrrepBr.re B CCCP coa.n;aH MaKeT BOJIOKOHHoro BRM Ha o.n;Ho:uo
.n;oBOM cnoTono.n;e, KOTOphlii: HUXOJJ;IITCll B CTa.n;un nccne.n;oBaHuH. Ou;eH
Ka 'lYBCTBHTOJibHOCTH TaKoro BRII K Bpam;eHIIIO rroKaaaJia, 11To oHa 
Jiyqrne 1 rpan/q. 

H'. .n;aT•nrnaM nopnoll: rpynnu CJie.n;yeT OTIICCTU ll nOJIOKORHO-OII
TH'l0CKJ:Ie .u;aT'IIIKII c KPYThlM H3rn6oM BOJioKoHaoro eBeToBo,tta. Oc
HOBHhlM aJieMeHTOM 3THX naT'lIIKOn HBJilleTCH CBOTOBO.n;, JI30fHYThlli 
HUCTOJILl{O, l£T06hl cym;ecTnemrnH 'IaCTb UJIU nee 113Jiy<101IlI0 BhIWJIO ll3 

cneToneAym;ell: nrnJibl n 060JI01my. Eemt naornyTaH qaeTL cueTonoJJ;a 
naxo.n;HTCH n Boa.n;yxe, nee HJIH no'ITII nee ua.11yi1e1mo, DbIUil',llUiee n 060-
Jio<my, OTpamaoTCH na oo uouopxnocT11 11 upu 011pl'i1L'.'ll'HllLIX yc.101111Rx 
noanpam;aeTCH n cncTone.n;yn~y10 imrny ua nz,rxo1~0 H3 uarnt5a. Tipn 
norpymeIIIIH H30l'IIYTOM 'IUCTII cneTono.n;a D am.n;KOCTb c AOCT8TO'IHO 
60JibIIIHM IIOKa3UTOJI01\f npoJIOl\fJICHllll yeJIODirn: IIOJIHOro OTpamemrn 
Ha nHernnell: rpauuu;e o6oJio<mu cneTonona 11apyrna10TCH u uanyqeHue · 
IIOKHAaeT cneTOno.n;. B neKoTopoM IIHTepBaJie auaqeHuii noKa3aTe:tll 
npeJIOJllJieIUIH 1wo<f>tpHD;HOIIT nporryc1rnmm eBeTa II30rHyTLL\I CBeTo
BOAOM ll3MeHlleTell OT HYJill no B0Jlll'lIIHbl, 6mrnKoii K 0JJ;IIHIID;0. TamIM 
o6pa30M, ycTpoii:eTno, COCTOHm;oe ll3 113JIY'IUTC.'IH, IIO.D;BO,!i;HID;IIX CBeTo
BO.D;OB, co.n;epmam;ux n uymuo111 11rncTe narn6 c pa.n;uycmr RpIIBII3HhI 
1.....:.3 MM, u <f>OTOIIpHOMHll I\ ll!Ol'YT C.TJym11Tr, naT1Tlll\O~[ no1rnaan>:Hr npt'
JIOMJIOUHH CpOJ~h[ UJH[ Jl!Oooii: lWYroii lpu:lll'Il'Clrnii B('.'III'IIIHhI, na:11e
H8HHH IWTOpoii: CBH3aHhl c H3Meneuue:~r Il01'U3aTCJIJI npeJIOl\!J10HIIll: 
TeMnepaTyphl, p;aBJI0HllH, IIJIOTHOCTII, Konu;enTpau;IIu npm.rncn, 3.'leRT
puqecKoro ll Mal'IUITHOl'O IlOJIH II np. qynCTill!Tl'.'IhIIOCTh 1\ ua:ueHPHlIIO 
no1rn:iaTCJIIT npOJIOMJiomm npocTi.1~111 cpl'/\l'Tnamc )!llml'T 61>1TI> ~ose;{e
na .n;o 1 o-u. qyncTnHTCJihIIaJI ooJIUCTh TaKoro .n;aT'IIIKa 1nreeT paa~rep 
1-2 MM, a IIOCTOlIHHaH BpeMeHJ:I pamrn 1 c. 

IIepnhIM 6hlJI llCCJie.n;oBaH naTq1rn ypOBHll il\Ilfl;KOCTII (TO'lHOCTb 
cpa6an,rnamrn 0,411m) II 3UTOM JlJlT'IIIK nmrrepaTyphl ('IynCTBIITe.'lbHOCTb 
10-3 0

C). I-\pyToii: H3ru6 CBeTOBOp;a 1IOi!<eT pa60TaTb B KaqeeTne ll'leii
KH OIITll'IeCKOl'O cneI<Tpoe1wna H .D;HCTamvrnmIO penICTpnpoBaTb RaK 
norJiom;enuc, TUR ll AHCnepCHIO B CIIOKTpaJibHhIX JIIIHIIlIX ;Rll):(KIIX 
cpep;. ,Il;Jiuua CB0TOB0fl;On, coe.n;1mmom;nx II30fIIYTYIO 'lYBCTBUT0.1:bHYIO 
'laCTh cneTono.n;a c aJieKTpOHHOii: arrrrapaTypoii:, 3aBIICIIT OT IIX Ka'leCTBa 
H MOmeT panIIHTbCJI B HUCTOHID;OO npo11rn IIOCI\OJlhl{IDI RIIJIO:\reTpa:\r. 

,rt;am1L1ii: o6aop ne lIBJIJIOTea uc•rnprrLmarom;mr na.11o;neHIIe:\r Bcex 
pa6oT n o6JIUCTH cneTOilO.D;HLIX CIICT0:\1 CBH3II II ;:i;aT'IIIKOB, BhlIIO.'IH8HHhlX 
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n MP3 AH CCCP n nocJ10]l;1100 npeMH. PaapauoTaHM H ttccJ10.n;ouu11i,1 
aHaJioronLie BOJIC pa3JIH1rno~o HaaHatieHHH, B TOM ~rncne nHneoTene
qio11Haa c11cTeMa CBH3II, nnycTopoHHHH BOJIC ,IJ;JIH coe,IJ;IIHOHHH TepMH
HaJ11>Hoii cTam:i;mi: c BLIHOCHhlif TepMHHaJioM H Apyr11e. MccnenonanLI 
TaKme pa3pa6oTaHHhl0 BOJIOKOHHO-OilTH110CKHe ,IJ;aTqHKII, B KOTOpLIX 
HCilOJib30BaH:hl HBJIOHHH JIIOM~Hecn;e11n;HH, paJieeBCKOro pacceamrn, 
OTpameHIIH OT CB06on11oro Topn;a CBOTOBO)l;a, aKyCTOOIITIIqecKHH, aJieK
TpOOilTHqeCKIIH H MarHHTOOilTH110CKHH aquf>eKTLI H ]];pyrHe. 
. Paapa6oTaHLI II aKcnepHMeHTaJII>HO HCCJie,IJ;onaHLI TaKme npocTeii
m~e CHCTOMhl, 06'be]l;IIHHIOID;H1· HOKOTOpoe' 'IHCJIO BOJIOKOHHO-OilTIItiec
KJ!X ,IJ;aT'IHKOB (n 'IaCTHOCTH, ,IJ;aTtiHK ypOBHH il\H,!J;KOCTn) B 0,ll;HHYIO 
H3MepHTeJir.ay10 cucTeMy. Ha 

1 

oc11one aTHX pa6oT Momao cneJiaTI> BLI
BOA, 'ITO yme Ha conpeMeHHOM ypOBH0 pa3BHTHH ()JIOMOHTHOH 6a-
3bl cym;ecTByIOT mIIpOKHe B0:3MO/KHOCTH ]l;JIH npaKTH'IOCKOro npHM0-
H0HHH BOJIOKOHHO-OilTll'IOCKHX CHCTOM CBH3H, BOJIOKOHH0-0IlTll110-
CKilX ]l;aT'IHKOB H o6'b0,!J;HH0HHJI HX B 0,!J;HHLI0 H3M0pIIT0JlbHLie KOMII-
JI0KChl. ' 

Y,JJ;K 621.371: 621.396+537.86 

Al-1cTOHLJ.l-10HHoe onpeAEmeHl-1e 

BflQ)KHOCTHblX CBO~CTB 3eMHblX noKpOBOB 

POAl-10TennonoKaU.l-10HHblMH cpeACTBOMl-1. 

npo6neMbl, peweHl-1~, 

HCnOflb30BOHl-1e B HOPOAHOM X03~~CTBe 

H. A. APMAH~; A. M. WYTKO 

B 11acTomn;ee npeMH no MHorux cTpa11ax noJiy'IHJIH pa3BHTHe panHo
cpH3H'I0CKHe MOTO]l;hl ]l;HCTaHIJ;HOHHOro :irny'IeHHJI npHpO]];HOH cpe]];bl 
[1-31. CTaHoBJIOHHe H nponeneaHe aTHX pa6oT n ConeTCKOM Co10ae 
11 11enocpe;u;cTnea110 B MP3 AH CCCP CBH3aHo c 11Me11eM npocpecco
pa A. E. BamapHnona [1, 3-8, 14). 

O;u;HHM H3 11anpaBJIOHHii panHocp113H'I0CKHX 11ccJie;u;ona11Hii HB
JIJieTCJI HCIIOJib30BaHII0 pa;u;HOTOIIJIOJIOKan;HH lIJIH CB0pXBLICOKO'Ia
CTOTHOH (CBq) pa;u;HOMeTpHH ]l;JIJI uayti:eHHJI BJiail\HOCTHhlX xapaK
TepIICTHK 30MHbIX IlOKpOBOB. 

Boce11rnann;aTr. JieT aaaan 6LIJIH npone.zi;eabl nepnLie JieTHhle aKc
nepHMeHThl TIO HCCJIO)J;OBaHHIO B3aHMOCBJI3lI IlOJIJI H3JIY'IOHHJI B CaH
THMOTpOBOM )l;Hanaaoue DOJqI c DJiamHOCTblO IIO'IJIJ,l, )l;MCTalll.J;HOH
Hhl0 lI3MepeHHH OhlJIH BhlIIOJIHOHhl c oopTa JI0THOH JIUuopaTOpHH MJI-12 
(4). Bnepnhle :a HaTYPHLIX ;ycnoBHHX 6hIJia BhlHBJieaa ycToii1111na.11 
saBIICinlOCTb 1IllT0UCIIBllOCTII IISJIY'I0Hll.R OT BJiail\HOCTII. 
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Ceromrn n po:iyJir.Tai·o npoBOl{<'lll!H oii111111111r.1x ll\'l'.'11''{1ltHllmu, 
npem,n;e ncero :mcnep11MeuTaJrr.11hlx - n Jiauoparopm.rx, cTan;uo11ap
IIMX IIa3mmLIX ycJC<rn1rnx, c Goprn caMOJte'1'011-J1aGopw1·op11ii n 11C3 -
paapa6oTaUbI ::>rprpO!{THilHbIO l\HlTOl(r.r orrpOJ{!'.'IOlll!H 11.'lall\llOCTII IlO'ID, 

ypOBHH 3aJieramrn rpyHTOBhIX no.n;, a Ta.Ram 6uo:\reTpuqecRrrx xa
paRTepncnm paCTIITOJibHhIX IlOKpOBOB, CTeneun 3aCO.'I0HIIJI II XII
MI:IqecRoro 3arpJianeHI:IJI rronepxuocTnhlx no.n;. 

RaRne il\e 11ay'IHhle rrpo6JieMhl rroTpeooBaJiocr. pemIITI> ;r(JIJI Toro, 
'IT06bI HayqIITbCJI II3BJieirnTb 113 3JI0KTpoMarHIITHOl'O IIOJIJI co6CTB0H
Horo naJiyqeHIIJI CTOJII>RO Banmoii :umpopMari;rm o reocI>u3II'lecKnx 
napaMeTpax IIO,ll;CTI:IJia10m;nx IlOKpOBOB, 'ITOOhl OT cpyH;r(aMeHTaJII>HLIX 
nocTpoemrii: 11Jiamrn, I\upxrorpa, PbrToBa rrepeiiTu R T6XHI:I11ecKIIM 
pemeHHHM, name.n;m:uM rrpI:IMe11ea11e B paamrquLix ooJiaCTHX 11apo;r(
Horo xo3Jiii:c·rna? 

B cooTneTCTBHII c mracc11qecRnMII npe.L{cTaB:reuuH:\III, ocaonan
HbIMH ua 3airnue H'.upxrocpa, 11rrTeuc1rnrrocT& uaJiycrerrmr B CBq
,IJ;I:Iaua3oue n rrpn6Jmmernrn PaJiea-,I.J)rmuca nponopri;uona.rr1>Ha 
HPKOCTHo:ii Te11mepaType TH, ROTopan orrpe.n;e.rrnoTcJI rrpouane.n;e11uel! 
Koa<I>cf>nri;I:IeHTa H3JIY'IOHIIH x Ha 'TepMO]l;HHa:mrqecRyro TO:\IIIepaTypy 
Ta B rrpe.n;eJiax acpcpoRTirnno M3Jiyqarom;ero CJIOJI la (cRnH-CJIOH) 

Ta = x1'a. (1) 

I\oa<I>cf>rrri;ueuT II3JIY'I6IIHJI aaBI:ICI:IT OT .L{II3.16KTpHqecRIIX CBOHCTB 
cpe.n;hl, KOTOpLIO, ll CilOIO O'Iepe,n;r., orrpe]];eJIHIOTCJI MHOrn.eCTBO:\I reo
.pn3nqecRnx rrapaMeTpon - BJiaiKHOCTbIO, II.'IOTHOCTbIO, ltexco
CTaBOM rpynTa, coJieHOCThIO rroqne1111oro pacTBopa, Te;-.mepaTypo:ii. 
On Tam1rn aanucnT OT reoMeTpnqecRux rrapa;\reTpon 11epon11ocTeii. 
3cl>cpeRTIIllUOe 3!Ia l!CU.Lre TOMrrepaTypLI CKMH-CJIOJI orrpe,n;e.JIHOTC.11 
rrpo<pHJIOM TOp~WHllHa~m·rnc1rnil TO~llH'jlHTYJllJ, 11.'lall\l[(WThlO, ;{.'IU-
HOH 3JIOI\Tp011Ial'IIlITIIOii: IlOJIHhI. \ 

Ilprr Ta.ROM MIIOroo6pa3lII:I cl>aKTOpon, BJIHHIOIIJ;HX Ha IIHTOHCIIB
HOCTb II3JiyqeunH, rrepnaJI, aan6oJiee namnaJI, rrpooJie~rn. :n0Topy10 
rrpe.zi;CTOHJIO peumTb, aaRJIIO'IaJiacb n c.rre.L{yroru;e:\r: Tpe6ona.wc1> 
ycTaHOBHTb, RaRaa nJiara, co.n;epmaru;aacJI n rroqne, oRa3Linaer 
orrpe,n;OJIJIIOID;Oe BJIMHHI10 rra xapaI{TOpUCTimu II3JIY'I6HUJI - Roa<I>
<f>nri;I:IeHT ll3JIY'IOHH1I l:l TOJIID;HHY acl>cpeRTIIBHOro II3.'lyqaroru;ero CJIOJI -
rr B RaRI:IX o.n;1urn:r~ax nhlpamaTb aua'remrn: n.rraamocTir ( 0o neca, 
% -06'L0Ma n T. n.). I 

IloqeMy HMou1ro ::na rrpo6JieMa oKaaa.rracb rrepBOO'rnpenuoii? 
3RcrrepuMerrTr.r y6o.n;u:TeJir,rrn rroRaaamr, 'ITO B pa3•1IIlIHLIX paiio-

11ax CTpaur,r, rra 1w1mpeTiu.rx: rromrx, OTMe'raeTcJI ycTOil'IIIBaH pa
,IJ;nan;uormo-nJrnnmocT1ran aauucmrocTL. O.n;naRo RPYTII3Ha noii 

'· aaBHCHMOCTH OT IIOJIH I{ nomo, OT o.n;uoro poruoua K ;u;pyrO:\IY II3M6-
HH0TCH n 1,3-2 pa3a. 

c Rarrn:ii DJIUlI\IIOCTLIO n 3THX 3KCrrepmreHTaX COITOCTaBJIJIJIIICh 
/{lUillf,[O /lllCT<lHl\HOIIl!J,f.\'. Cl1 lJ-p<IJ\llllW11'fllPIOCl\llX: 11:nll'(ll'Hllii? C OT

UOCH'.TOJll.l!Oii nocouoii - m l % I, 011pOJ\0.'1ao~10ii TOIJMOC1'<1Tuo-11oco-
w,., ..__ W

0 
! • BhlM M0TOJ(OM, m = - . 100 % ' r.n;e W:z H We - MaCCLI BJiaamoro ,,, WC 
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H cyxoro (rrOCJIO BbICYWHBaIIHH) o6paan;on IIOlJBJ,J COOTBOTCTBOJTJTO. 

HMOHHO TaKIIM o6paaoM B no}l;aBJIHIOin;OM 6oJibIDIIHCTBe cJiy-

11aeB orrpe}l;OJIHIOT BJiaiRHOCTb Ha IlOJI.flX arpOHOMbI, MOJIIIOpaTOphl, 

IlO'IBOBO)l;hl. , 
06pa6oTKa ]l;aHHhlX MHOrO'IIICJIOHHhlX c>KCilOpIIMOHTOB noKaaaJia, 

'ITO Bapnan;HII llHTOHCHBHOCTll IlOJI.fl ll3JIY1l0Hll.fl o6yCJIOBJIOHLI HO 

OTHOCHTOJibHOH BOCOBOH BJia:IKHOCTbIO, a a6coJIIOTHOH OO'LOMHOH, T. e. 

KOJIII'IOCTBOM BOAhl B : OA1IH1In;e o6'I>eMa no'IBOrpyHTa. Ho KaKoii 

B'OAbI? BeAh B no'IBe paaJii111a10T cJie}l;yIOin;IIe qiopMbI BJiam: npo11Ho

CBHSaHHy10, pbIXJIOCBH3aHHYIO H CBo6oAHYIO. CBnaaHHaH BJiara -

aTO '.!IJIOHO'IHaH BO}l;a, a}l;COp6HpOBaHHaH IlOBepXHOCTblO 11aCTHD; rpyH

Ta. ToJiin;11na nJieHKII cocTaBJIHeT 6-8 MOJieKyJIHpHbIX CJIOeB. CBoii

cTBa CB.fl3aHHOH BOAhl Ha HII3KHX 11acT0TaX (Kfn;) IIOA06Hhl CBOHCT

naM JILAa - MaJiaH llOABIIil\HOCTL, AIIaJieKTPII'l0CKaH npoHIIn;ae

MOCTL 6JIII3Ka K 1,5-2. 0}l;HaKO B CBq-}l;IIana30H0 ee CBOHCTBa H0 

6LIJIH AOCTaTO'IHO II3Y1l0Hhl npHM0HliT0JibHO K pa3JIII'IHhlM THnaM 

llO'IBOrpyHTOB. 
pBo6oAHaH BJiara ycBalIBaeTCH pacTeHllHMH, cnoco6ua 11cnapHT1>-

CH jnp11 TeMnepaType oKpymaroin;ero B03Ayxa, npoTeKaTh CKB03h 

nopLI IIOA A0HCTBH0M tpaBHTaD;llOHHhlX CHJI, IIO}l;HHMaTbCH no KaIIHJI

JI.HpaM B peayJI1>TaTe cMa'IHBaHIIH. ,I.J;eiicTBIIT0JILHaH 11acTh AII3JI0KT

p11qecKoii rrpOHIIn;aeMOCTII COCTaBJI.fl0T OT 30-40 Ha caHTHMOTpOBhlX 

BOJIHaX AO 75-80 Ha BOJIHaX }l;0D;HM0TpOBOrO Al:tanaaoHa. 

Ilpe]];CTOHJIO llCCJI0}l;OBaTb pa}l;HaD;IIOHHO-BJiafl\HOCTHhl0 aaBHCll

MOCTll, npem}l;e BCero .B KOHTPOJIHpyeMbIX Jia6opaTopHbIX ycJIOBH.flX, 

AJIH pa3JIII1IHhlX TIIIIOB rpyHTOB - nec11aHhlX, rJIIIHllCThlX II MHOrHX 

}l;pyrlIX TIIIIOB - II ycTaHOBHTb 3KCII0p1IM0HTaJibHO B3allMOCBH3b 

xoa4>4>nn;II0HTa H3JIY'l0HIIH H TOJIIn;IIHhl CKllH-CJIOH c qiopMaMll ll Ka

TeroplIHMII BJiar11. B 'peayJI1>TaT0 6LIJIO noKaaaHo, 'ITO paA11an;HoH

Hble xapaKT0pHCTllKII' onp0A0JIHIOTCH KOJill'IOCTBOM CB060AHOH BOAhl 

. B 0AIIH1ID;0 o6'beMa IIO'IBOrpyHTa H npaKTII1l0CKll HO aaBJICHT OT ero 

TIIIIa (p11c. 1 H 2). ::ho 4>YHAaM0HTaJILHaH pa}l;IIaD;HOHHO-BJiail\HOCT

HaH aaBIIClIMOCTb (1, 2, 5-7, 9]. Ilp1IOpllT0T ee IIOJiyq0HllH B 1975 r. 
(6, 7] 6bIJI OTM0'10H B pa6oTaX aMeplIKaHCKllX crren;naJIHCTOB [8]. 

,I.l;aJiee rrpO)J;CTOHJIO pemllTb BOnpoc 0 CTOIIOHH BJIHHHHH MHOil\OCT

Ba 1wyrn:x reocpH3ll'l0CKllX napaMeTpOB - IIJIOTHOCTll, TeMrrepaTyphI, 

COJI0HOCTII,. KOJill'l0CTBa ryMyca, KOpHeBOll CllCTOMhl - Ha pa1,11an;H

OBHhlO xapaKT0p1ICTllKll. 06paTHJIHCb K cpopMyJiaM CM0Cll. 0TMOTIIM, 

'ITO cTpornx Teopnii cMecn ua CBq ue cyin;ecTByeT. Bhll:~oJIHHJill 
auaJill3 rrpllMOHllMOCTH 13 II3BOCTBhlX cpopMyJI, IIOJIY'IOBHhlX AJIH 

}l;narraaoHa Hq llJIH OIIHChIBaIOin;llX IIOBO}l;0HHO KorepeHTHOll COCTaB

JIHIOin;Oll IIOJIH, AJIH orrncaHllH pa}l;nan;IIOHHOH MO}l;OJill IIO'IBOrpyHTa 

rryTeM COIIOCTaBJI0HHH paC'IOTHhlX 3Ha'l0Hllll KOMIIJIOKCHOH )J;II3JI0KT

p1I'I0CKOR rrpoHnn;aeMoCTll c )J;aHHhIMll aKcrrepnMeHTOB (10]. BMJIO 

noKaaauo, 'ITO rroMHMO Tpex cpopMyJI'"- JlHxTeHeKepa, BpyrreMa-

. Ha - Xauan n «peq,paKn;nouuo:ii» Bee·· ocTaJibHMe rrpeo6paay10TCH 
1 

K cpopMyJiaM Op;eJieBcKoro )];JI.fl CMeceii MaTpll'IHoro H cTaTHCTn11e

cKoro THIIOB. BLIIIOJIH0HHL10 paC'IOThl ll peayJibTaThl HX COIIOCTaBJI0-

1 llpe<16paaoB&BW1 Bwno:iseBH E. A. PeyroBWI 
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P:rrc. 1. Ilp1mepbl COIIOCTaBJieHIUI 3Ha'IeHnii RoaiPqmu;rreHTOB TI3:IY'IeHIUI c OTHO
Cll.TeJii>HbIM necOBbIM cop;epmamrnM o6iu;cro IWJlll'IeCTBa BJiaru m (CBJiaaHHoii 11 
CBo6op;uoii) (a) u o6MMIIblM nccoM cno6op;uoii BJiaru p8 (6) 

l - paC'ICT c HCIIOJib30BairneM MO)(eJUI CMeCH, OilI!ChlBaeMOII COOTHOmemie'I! (2), " = 2,~5 (':II; 

2 - HaTYPHhllI 0HCII~PHMCIIT ua IIOJif!X c lH\3:111'11lOii n:IOTHOCTblO rpyHTa (0,8-1,' r, CM'.\, 

"' = 2,25 II 3,1• CM; 3 - )(allllh!C JiauopaTUPilhl_X ll3Ml'PCIIl!li, "' = 2,25 CM 

Xn -"'r -"'n -"'s 
r 
I 
I 
I 
I 
I I --+ 
I I I 
I I I 
I I I 
I I I 
I I I 
I \::-1 I \i '-.:I ~I ,, ~: '-l 

~: ~I ~I 
~I ~I ~I /lo 
~I 'Ill .,,,1 I 

~:·~: ~: L '~I ~: '~: r 
~I ~I ;:s I ~:~I ~I l ~'11/nTOH .<.>I ::; I :.; I tl.?. ua 
·~I "I ..., I I 

~ I ~ I ~ I /78 /18 /18. 
1 ! , 1 , n r, , n 

ri:6, r/c,.,.J t7,Z 

/C#HJOHHOK 
t?uO'a/ 

1 I t7.2 fl,9- fl,o 
~ ../l.1 :-- ' ;C5 'r jc,-,.7 I I 

~ / " ff /C#olfotlHan #oua/ ./ 

P:rrc. 2. 3anacHMOCTJ. 1waqiqiuu;1reIITa II3JIY'IelllUI OT cop;epmaHuJI BJiarn B rpyHTa::t 
paaJiaq11hlx Tanon ( 0606iu;e11rrou rrpup;cTanJienac) 

<l>opMa BJiaru: I - CB11aa1ma11 Pen: II - CB060)(Hal!, Pn; III -PhlXJIOCBll3aHBa11; IIB -
IlOJIHal! BJiaroeMHOCTb (Bee IIOPbl B rpYllTC 3aUOJillCllbl BO)(Oll) 

IIHH c :J1rnrrepHMOHTOM [5, 9, 10] DLUillUJlll, 'ITO m.uvryqmee COOTBeT

CTBllO )J;OCTHl'UOTCH npH llCIIOJIL30Dllllllll «p01ppal\l\UUIIUOll» MO~e.1u 
CMOCll, B COOTBOTCTBHII_1 c KOTopoii 

if 8cM = Ps if Ba+ (1 - Pe) if~, (2) 
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rAe ecM• Es, Ee - KO!\UIJieKCHhle' 3Haqemrn AHaJieKTpnqecKoii: npo

nnn;aeMOCTH BJianrnoro rpyHTa, ~OAhl ll cyxoro rpyHTa COOTB0TCTB0H

no; Ps - o6'beMHhlii: Bee BOAhI. ! 

Ilpn ncnoJII>30BaHHH BhlpameHnii: AJIH Roa4J4Jmi;neHTOB oTpameHHH 

<l>peHeJIH R (ecM) H TOJlllJ.llHhl CKHH-CJIOH la (ecM) COOTHOID0HHH (1) 
R (2) Il03BOJIHIOT CBH3aTb paAll~D;HOHHhl0 xapl!-RTepHCTHKll c aHaJIH-

3HpyeMhlMll napaMeTpaMR - BJiaJKHOCTbIO, IlJIOTHOCTbIO rpyHTa, ero 

TeMnepaTypoii:, MHHepa~m3an;ne~ · noqBeHHoro pacTBopa [5,9]. 
0TMe11aeTcn onpeAeJIHIOllJ.00 ~JIRHHRe BapRan;Rii: cBo6oAHOii: BJiarn: 

Ha RHT0HCHBHOCTb. CBq-H3JiyqElHHH IlO'IBOrpyHTa. 3HaqeHH0 Rpy

Tll3Hhl pa)l;Ra:D;ROHHO-BJiaJKHOCTHOll aaBRCHMOCTR AOCTRraeT -

200 R/(r/cM3} R 6o;rree. qyBCTBHTc;lJibHOCTb noJin naJiy11eHRH R Bapna

D;HHM llJIOTHOCTll rpyHTa Ha IlOJITppa nopH)l;Ka M0Hbme, 110M K Bapna

D;HHM BJiaJKHOCTR. B 3Ha11HT0JII>'o yBJiamHeHHOM rpyHTe OTMe11aeTCH 

onpe)l;0Jl0HH00 BJIHHHlle Bapnan;nll: COJl0HOCTR Ha liHT0HCHBHOCTb IlOJI-lI 

ll3JIY110HHH B )l;RanaaoHe A0D;llM0TpOBhlX BOJIH. Fi.aR noRaaaJill )l;aHHbl0 

H3Mepeiinll: B ROHTpoJinpyeMhlX Jia6opaTOpHDIX ycJIOBHHX H peayJII>

TaThl pac11eTOB, pa3Jlll1lll0 M0iRAY MO)l;0Jl:bHhlMH H aRcnepnMeHTaJI:&Hhl-

1\III 3Ha1leHHHMH 1lYBCTBllT0Jl:bHOCTH IlOJIH HSJIY'l0HHH K napnan;HHM 

OTM0110HHhlX napaMeTpOB He npeBblmaeT 20% (cM. npHMOp COIIOCTaB

Jl0HllH aaBHCHMOCTH x OT BJiaiI\HOCTH Ha pHC. 1). 
B JIHTepaType (c111., uanpuMep, (15)) ycTa11on11~oc1> npeACTaBJie

HHe, 'ITO noronnoe norJIOlll,0llll0 ()Jl0KTpOMarHHTllLIX DOJUI JI l'JUIHHCTbIX 

rpynTax 60J11>llle, •rnM n nec11aH1>1X. PaAHOMeTpn11ec1me ::mcnepnMeH

TLI, BLIDOJlll0llllbl0 11 KOHTPOJIHpyeMl>IX na6opaTopHblX ycJIODllHX ll pac

'IOTbl c HCIIOJlb30llaHHO!ll MO)l;OJIH (2) II03BOJIHJIH ycTaHOBHTb, 'ITO npH 

npO'IHX pallHbIX ycJIODHHX KOa4J4Jm~H0HT nornom.emrn npaRTH110CRH 

110 aaBHCHT OT Tlma rpynTa. - paaMepoB qaCTlID;, ero IIJIOTHOCTH, 

a onpe)l;0JIH0TCH ROJIH'IeCTBOM COJieii (HJill )l;pyrHX XHMHqeCKHX Be

m.ecTD, II3Me11mom.nx, rJiaBHb1111 o6paaoM, MHIIMYIO qaCTh AHaJieRTpn-

11ecRoii npoHnn;aeMOCTn). IlpII OAHHaKoBOM KoJinqecTBe cno6oAHOii 

BJiarll ll OAIIHaKOBOM KOJ111'10CTB0 pacTBopeHHhlX B Heii: COJieii nec

qaHhlll II rJIHHHCThiii: rpyHTbl xapaKTep1rnyroTCH 6JIH3KHMH 3uaqeHIIHMH 

Roa4J4JIIn;IIeHTa norJiom.eHIIH. ToT 4JaKT, qTo B 6oJihlllHHCTBe cJiyqaen 

norJiom.enne aJIORTpOMarHHTHbIX BOJIH B rJIHHHCThlX rpynTaX 00Jlblll0, 

qeM B necqaHhIX, roBOpHT 0 TOM, qTo B rJIHHHCTbIX rpyHTaX COA0P
' IBIITCH COJIOH OOJlbllle, qeM B necqaHhlX, a ne 0 TOM, qTO MOJIKOAHCIIepc-

HhIH rpyHT norJiom.aeT cnJII>Hee' RpynHOAHcnepcHoro. 
CJie)l;yroman npo6JieMa, RoT?PYIO npeACTOHJIO pelllHTh, no noJiyqe

Hne on;eHOK CTeneun BJlllHHllH peJI:&e4Ja M0CTHOCTH H xapaRTepa o6pa-

6oTKH noqBLI na pap;nan;Honuo-BJiaJKHOCTHYIO 3aBHCHMOCTb. B paAHO

JIOKan;nn, nanpnl\rnp, aTO BOIIpoc nepBOCTeneunoii Bail\HOCTH, IlOTOMY 

'ITO 1IYBCTBIITO.llbllOCTb nomI o6paTHOrO paccenmrn K Bapnan;HHM 

reo4J1rnHqeCKUX napaMeTpOB, B 11aCTHOCTll K BJiaIBHOCTH IIO'IDhl, npOHB

JIH0TCH Jllllllb npn naJill'lHH nepOBHOCT0H Ha 30H)J;HpyeMOH noBepx

HOCTll. qeM l\10Ublll0 BhICOThl HepOBHOCT0H ll 110M noJiome HepoBHOCTH, 

T0M npH npO'lllX paBHbIX ycJIOBllHX M0H:bill0 llHT0HCllBHOCTb cnrHaJia, 

pacceHHHOrO B pa)J;IIOJIOKaD;HOHHOM HanpaBJI0Hllll, TeM MeH:&me qyB

CTBHT0JlbHOCTb pacceHHHoro CllrHaJia K Bapn:an;HlIM BJiaIBHOCTll. 

Ra1wua poJIL 11cpo1111ocToii B CDlJ-pa)\110Ml'Tp1111? Too1rnn pnccC'H
HllH n H3JiyqeHHH noJIH pa3pa60Tana rJiam1L1111 06pa30~1 p;.1H ABYX Tll

noB HepoDHOCTeii: - Mnoro M0HblllJ1X (MeTo;a: :r-.rnJih!X B03Mym;eHni'I) 
H 60Jtbl1JMX (MOTOJ\ l\'11pxl'o1J1a) ;v111111.1 :1.1w1npn~1ar1111T1111ii H1l:lllhl. 

RaK noKaaaJIH pac11eTLI II p;aHHhle H3Mepem1ii, oco6ennocT11 pe.rrne<Pa 

(JiaHp;Illacprn) II Kpyrrno111aclllTa6Hhie (rro cpamremno c p;mrnoll: BO.'lHLI) 

HepOBHOCTll npHBO)J;J1T }{ II031IU'IHTOJILllhTI\! H31\!Cl!ClllIHl\! l!UTCUCUB

HOCTH II3JiyqeHHlI, AOCTIIrarom.HM He 6oJiee 5-7 It [5,6] (A.'IH cpaB

HeHnH narroMHHM, 'ITO n3111enen110 nJiailnrocTII - cno6op;Horr n:ia

rn - Ha 0, 1 r/c1113 npHBO)J;HT R M3MefieHHJ1M HHT0HClIBHOCTII 1rn:ryqeHIIH 

Ha 20 R). He nop;p;aIOTCH HoppeKTHOMY TeopeTII11ecK0~1y aHamrny 

HepoBHOCTH, COH3MepIIMbie c )J;JIIIHOM ::JJieKTpo~rarHIITHOir BO.'lHhl, 

a OHR-TO npaKTH'l0CKH ncerp;a npncyTCTUYIOT BO ncrraxaHHOir rroqBe. 

IlpHM0H0HHe M0TO)J;a :tviaJII>IX B0311IYIIJ;0HHH ne 06ecrre11nnaeT, 1'aK IIOKa-

3bIBaIOT aKCIICpHMCl!Thl, IIOJIY'IOIU!C 1rnppe1nn1>1x Ol\C'HOI' n:nIHIIIllI 
MaJihlX no cpaunmnno c ;a:.Hnnoi1: uoJIIILI ncponnocTcii na xapa1'Tepuc

THKR IIOJIH ll3JIY'ICI1I1H [ G]. 
AHaJina cocTonII11n ncrraxairnof:'1 3CMnof1 noncpxuoenr n1.rnn.1HeT 

cJieAyrom.ym cne~mpwrecKym oco6cnuocTh: non11J101me nepoBnocTeii 

npn ncnalllKe conponom;a:aeTclI pasp1>1xJieHIIe11I npnrronepxuocTHoro 

CJIOlI, yBeJinqeHIIeM rropHCTocTII, y111eHLillemrn~1 06'be111uoro coAepmaHnlI 

BJiarII p 8 npn HenaMeHHOM aua11eHnII OTHOCHTeJihHOii n.11a;r;HOCTII m, 
'ITO paBHOCllJibIIO o6pa30BaIIIIIO rrepexop;noro CJIOH c mrnBIIO 113~Ie
HlllOllJ.IIMCH 3Ha'ICIIHCM )J;II::lJIOI\TPII'ICCI\OH npomuwe1110CTH rn]. H 3 pa

AllOM0TpHqecKHX aKcnepIIMeHTOB yp;aJioCL Bhrncm1TL, 11To Ha1' B c.1y11ae 

COII3M0pllMbIX, TaI{ II MaJibIX no cpaBII0HIIIO c )l;JIIIHOII BO."!Hhl Hepoa

HOCT0H, onpep;eJilIIOllJ.IIM cpaKTOpOM n CJiy•rae BCrraxanIIOII ae:mwii 

IlOBepXHOCTH HllJIHeTClI pacrrpep;eJieIIHC o6'hOl\IlIOro co;:i;ep;r>aHIIH cno-

6o)l;HOH BJiarM ll pa3pLlXJICIIIIOM neponuol\! C.TIOO (pue. ~)). 
BamHoii H BeCLMa CJionmoii npo6JieMoii JJnm1ocb no:ry•rnuue 

on;eHoK n ycTpaneune aHpaHHpymm.ero nmrnrurn TaKoro cnoilrnoro 

npnpOAHoro o6'heRTa, KaK pacTHTOJibHhIH noKpoB 11a xapaKTepncTnKn 

II3JiyqeHHlI noqnorpynTa II n Ko1-rnqnoM nTore - ua pa;:i;nau;noH

HO-BJiaiI{HOCTHYIO sanIICHMOCTh. ,Ll,JIH ec pcmeuun 6N:rn npoB~ 
AeHhl RaK TeopeTwICcKne, Tar{ II o6mupubre ;:mcnep1DteIITa.11I>Hhle 

nccJie)l;oBaHHlI [5-7, 9, 11-13]. B TeopeTnqecKo:-.1 rn:raHe pa3-

BHBaJIUCh MO)J;CJIH c MOCH (AJIH l\!O)l;emr rycTOii: paCTIITE'."lbHOCTII 

B BII)l;e CITJIOillHOll cpep;Lr}, llCcJiep;onaJIIICL lJ.lllppa.nu;noHHble 

a4J4JeKThl npHM0HHTCJlhHO K aJieMeHTaM paCTUTeJILHLIX IIOKpOBOB 

B Bll)J;e TOHKHX )J;ll::lJIOI\TPilqccKIIX ~HJIHII)J;pOB (Mo)J;eJIL CTe6.1eli}, ;a:nc

KOB H noJioc (MOAOJlb JlHCT1>e11). B Jia6opaTOpHLIX ycJIOBIIlIX uay11a.nucb 

ce11eHHH paccemmn JI IIOl'JIOIIWIIHH ::JJIOl\IeHTOll paCTIIT0JlbHOCTl1, a TaK

me rrponOAHJIJJ:Cb r.rnoroJioTuuo ;mcnopmrnunr no 11h1pan~1rnamno 

xapaKTepni.rx lHIJIOll cem,cl\OX03lIHCTBCUIILIX l\YJILTYP - IIID0Hll~hl, 
H'IM0HH, onca II HCCJIO)J;ODanmo aRpaHnpyIOllJ.HX CBOHCTB B aaBIICll

MOCTH OT C'l'nl\1111 JlOl'OTUl\1111, rycTOThT, BhTCOThT, llJ!Hl'OCO;\C'pa..:amlH. 

IlpaKTn11ec1rn nco n:n:nr.1 ceJ11>c1rnxo3niicTneunhrx Ky.1lhTYP 6h1Jm ucc:re

;:i;onaHhl n pa3J1wnu.1x pernouax cTpanhr ua paaJIH'IHhIX cTa;:i;rrnx Bere

Tan;nn n 3KCIIOPHMOII1'UX c uopTa ca1110J10Ta. B peayJII>TaTe Ohl.'Ill IIOJIY-
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Pnc. 3. Oco6ennocT11 CBl!-irnJ1y
'len1rn IIO'IBOrpyHTa npH phIX
JIOM BepxneM CJIOC (xapaHTCpHLIC 
paaMephl HeponHocTeii: MeHLwe I.. 
H COH3MepHMbl c nmrnoii: BOJIHbl) 

a - CTPYRTypa IIO'IBOrpyHTa (cxeMaTH

'l:eCROe npc]ICTaBJICHHe); 6 - npolj>HJib 

II OpHCTOCTH pc H OCi'beMHOlt BJia)f(HOCTH; 

6 - npHpa~e1me Roalj>lj>Hl\HCHTa H3JIY

'ICHH.ft c YBeJIH'leHHeM nopHCTOCTH no'lno

rpyHTa rrpH lj>HRCHPOBaHHOM 3Ha'!eHHH 

OTHOCHTCJibHOlt BJiaIBHOCTH (Jia6opaTop

Hhllt 9RCrrepHMeHT, ,.. = 2, 25 CM) 

Pnc. 4. CneKTpaJibHaH aanncn:
MOCTh 'IYBCTBHT0JlbHOCTll IlOJIH 
H3JiyqeHHH CHCT0Mhl paCTHT0JIL
HOCTb~ noqBa K nap11a~ll.ll'.M BJiam
HOCTH IIO'IBbl P8 , COMKHYTOCTH ~ 

H 6110MaCChl Q paCTHT0JlbHOCTH (pa
C'10T IIp11 ~ = 1, Q = 50 r/ra) 

IJT~p IJT~B llTrrp 
q, =a IJpB ; q2 = b --ar-; q3 = DQ 

'10Hhl ;n;aHHhle 0 'IYBCTBHT0Jil>HOCTH IIOJIH H3JIY'l0HHH K BapHaD;HHM BJiail\

HOCTH no'lnhl rrpH paaJIH'IHhlx 6HoMeTpH'lec1mx xapainepHcTmrnx 

paci'IITeJI1>HhlX rroKponon H 'tJYBCTBHTeJI1>HocTH K coocTneuuo 6HoMeTpH-

11ecKm1 xapaKTepHCTIIKaM - oHOMacce, IIJIOTHOCTH, TeMrrepaType pac

T.nTeJI1>HocTn ·n lliHpOKOM ;n;HanaaoHe CaHTHM0TpOBhIX H ;n;en;HMeTpOBhIX 

BOJIH (pnc. 4). Ha ocHone 110JIY110HHhlx ;n;aHHhIX paapaooTaHhI cneK

TpaJI1>Hhle M0TOJ:(hl onpe;n;eJieHHH BJiaamoCTH npH HaJIH'IHH paCTHT0Jib- -.. 

HOCTH, MeTOJ:(hI on;enKn: BJIHHHHH nap11an;n:ii: onoMeTpn'leCKHX napa-
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Merpon nn ro1mor.n. onp<'l\Nt<'mtn 11.11 n11mnrT11, 11t.1 :10. n 1rnrTnoC'TI1 • 
IlOKaaauo, 'ITO IIOl'pOlllllOCTh oupom>JIUllllll 11.'llllllllOl"l'll l'IUIJllll!\ c IIO

rpemHOCTbIO Ol~OlllUI HO:JCf>1f>lll~llOllTll 11111111YCICll111111 I> l\CTHTCJJJ,HOCTll 
~ COOTHOJITOIIMOM [9] 

~Pn ~~ 
-C::: -1,5-R , (3) 

Pn P 

BLinoJIHeHHl>le nccJie;n;onaHHH 11oanonmm, rn1mM o6paao~r. BhlHC
HHTI>, KaKlie H3 CM0/I\HhlX tl>aKTopon 01Cll3"11ll\IOT 311ll'IIIT0JlbH00 BJIIIJI

HHe Ha pa;n;1rnn;HOIIIIO-DJiamnocT11y10 3a!HICHMOCTb (6hIJIH paapaoo

TaHhI M0TOJ:(HKH y'leTa HX BJIHHHHR. na TO'IIIOCTb orrpel(eJieHHH BJiaa;

HOCTH), a KaKH0 OKa3bIDaIOT DTOpOCTOneuuoe DJIIIHHIIe II MoryT He 

Y'IHTLIBaT1>c11. B peayJI1>TaTe npel(CTaDHJIOCh noa~roiKHhDI 3Hff'IIITNihHO 

yMeH1>IDHT1> ueonpep;eneuHoCTb pap;Han;Honno-nJiailmocTnoiI aanncn

MOCTn H OOOCilO'IHTb rrpHOMJIOMYIO ll;JIH IIOTpe6JIT0JI0ll TO'IHOCTb onpe

ll;0JI0HHH BJiamuocTH, a HMOHHO: 7 -10 rp ap;an;nii CBooop;noii: n:rnrn 

B HHTepnaJie OT 0 p;o IIOJIHOH BJiaroel\IKOCTII D c;r:rytJ:ae OTKphlTOil IlO'IBhl 

H 3-7 rpap;au,11ii 11pH llHJIH'Ulll 1101.'llllOB l'l'.'l hl'h'.OX03HUCTB('llHhlX 

KYJII>Typ. 

IIp11 TaKHX noKaaaTem1x TO'llIOCTM CDLJ-pa;n;110MeTpH'IOCKnii Me

Top; 000CIIO'IHDaOT onpep;eJIOHHO BJIU/I\HOCTII ( CBOOO,[l;HOir DJiarn) B C:I00 

TOJI~HHOH OT e;n;mrn.n; p;o II0CKOJibKHX p;eCHTKOll CUIITIDIOTpOB B aaBu

CHMOCTH OT CT0IIOHH YBJiamneIIHH rronepXIIOCTll H peaJibHOro npocpHJIH 
BJiarn: B IIOBepxHOCTHOM CJioe. 

IlpH COIIOCTaBJIOHHH p;aHHhlX CallIOJIOTilhlX Il3)1CpeIIuii IIHTOHCIIBHO

CTH CBlI-naJiytJ:eHHH c p;annLIMH naae~rnhlx na:11epeuuil: nJiaa;nocn1 

Ha pa3HhlX rJiy6Hnax OhIJIO o6pa~euo nmmanne na CBH3h nnTeHCIIB

HOCTH H3Jiy<IOHHH Ha p;en;IlMOTpOilbIX BOJIHaX c yponHO)f aa:ieramrn 

rpynTOBhIX nop; CYTB). MnoroJieTmIO nccJiep;onamrn, nhlno.i.nennhle 
B pa3JIH'IHbIX IIO'IllOIIIIO-I\JIHMUTll'IOCJUIX 30HHX CTpallhT' BI.UIBU\1.11 Ha

JIH'IHO ycToiI~nrnoiI B3alll\10CBH3H HHTOHCIIBHOCTII II3JIY'ICHIIH Ha B0.1.He 

30 cM c YrB p;o rnyoHHhI 1-2 l\I n ycJionIIHX Enporreii:c:noii 'lacnr 

CCCP ("YKpmrna, MoJip;amrn, Ilpu6aJinma) 11 no :~-4 )f n ycJIOBUHX 

Cpep;neiI AaHn. 06paTHJI na ce6H BHIIManne TOT l!>a:nT, 'ITO BO 

MHOrHx CJiy'laHX rJiyOHHa 3aJieraHHH rpyHTOBbIX nop;, perncTpIIpyelraH 

CBtI-pap;HoMeTpoM, npenL:rmaJia n 2-3 paaa TOJI~1rny CKIIH-CJIOH. 

II0Tpe6onaJioc1> paapa60TaT1> Mop;eJin:, yp;onJieTnopmom;ne l!>nantJ:ecKmr 

npep;cTaBJIOHilHM 0 pacnpep;eJIOHIIH BJiarII nap; "Yf B II aAOKBaTHO 

OllHChlBaIO~HO pap;HUD;IlOHHbIO xupaKTepncTinrn 3Cl\IIIhlX IlOKpOBOB npn 

aaJierannn: "Yf B n ynaaanub!x ImTcpnaJiax. IlccJienonmmn n0Kaaam1, 

'ITO D YCJIOBHHX npymrnaopIIHCTOro rpynTa, I\OrHa IIOllCJIIma BhlCOTa 
Kann:JIJIHpnoiI 11'.aHMr.I, ·r. o. nopOMOllllO ynJIUil\110111101'0 ('.1.0H HH;:\ 

,1 ypOlllIOM rpyHTOllhlX 110)1 1 OOpnay1ol1~lll'OCll :II\ l''l\l'J' nt<l'll\UHllllH 

'laCTn:n;, yp;onJIO'l'11op11ToJ1r.1rnn nnTopupoTn1~11 n J.~111111 i.1 x ooccnetJ:u
BaercH cJ10nc·1·oii MOJ.~OJILIO uo111101·py11·1·u l 14. I. 

B CJiy'lae MomwaoputtCTOl'O rpy11Ta (rnmmcToro, :1i.lcconoro), 
B ycJionnnx 60JI0•1• H npH 11unw11m Top1J111 111t1c0Tu uon1111·m11 1rnm1:1.111p

Hoii KallMhI KOJI06JIOTCR. OT 1-1,5 AO 2-a M. 0Ha8i.tlllltl1'CH, 'ITO ~.1.H 
TaKnx paiionon no:n.rnmnoc1·r. ot\OJIHll 'VrD pnAllOMorp11 1H'Cl\lrn )JC-
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PHC, 5. IlpHMCp COIIOCTUDJICUHII 
CB q-paAHOMeTpn:qecirrrx oD,e
HOK ypOBH.II rpyHTODhIX BOA 
lI ji;aHHhIX np.IIMhIX Ha3eMHhIX 
HaMepemi:ii: 1 - CpeAH.II.II AaH.11 
(TypKM0HH.1I)j 2 - IlpH6aJITHKa 
(8CTOHH.1I) 

Pnc. 6. IlpHMep· COIIOCTaBJI0RH.II 
CBq-paAIIOM0TpII'l0CKlIX OIJ,0HOK 
6HOMaCChI HaAiiOAHOii 'la -
CTH :KaMhIIDOBOii paCTHT0Jll>HOCTll 
H AaHHhIX np.11MhIX HaseMHhIX 
ll3MepeHHll. 0AeCcKa.II o6JiaCT1> 

PHc. 7. IIpnMep conocTanJieun.11 
CB q-paAHOMeTpll'leCKHX OD,e
HO:K COJI0HOCTH BOAhI ll AaBHhIX 
Ilp.IIMhIX ll3MepeHHii. 0A0CCKa.II 
o6JiaCTL 

TOAOM otiycnonnena san11c11MoCThIO nnamuocTH y seMHoii nonepxHOCTH, 
cl>DKCH pyeMoii pa,!VlOM0TpOM, OT ypoBHH. 3aJleraHllH rpyHTOBhlX 
BOA {9]. Ilpn11eM aaBHCHMOCTh HHTeHCHBHOCTH H3J1yqeHHH oT YfB 
xapaKTepm1yeTca BLICOKHMH ncrnasaTeJIHMH ycToii'IIIBocT11: c nepoaT
BOCThIO 0,87 OTKJIOIIeHII0 pa~IIOMeTpH'leCKllX Or{eHOK OT }l;aHHhlX 
HaseMHhlX ll3MepeBIIH H0 npeB'LimaeT ±0,3 M B llHTepBaJle 3Ha'leHHH 
YrB 0-2 M ll He npeBl>IrnaeT +0,5 M B HHTepBaJle 2-3,5 M (pIIC. 5 ). 
TaK 61>ma BLIHBJleHa em;e :o}l;Ha cl>YHAaMeBTaJlbHaH B3aIIMOCBH3b 
paAHaD;IIOBHhlX ll reocl>H3H'leCKllX napaMeTpOB - CBH3b lIHTeHCllB
HOCTll HsJXy'leBHH ua Ae:a;nMerponLix noJXnax c YrB uerny6oKoro 
saneramrn B )'C:IOBirn:x ycTaBoBnnmerocH ynJ1aiKHemrn B soue 

aa p a:a;nn. 
3aTeM 6m:r cneJiaH cJ1e}l;y10m;nii mar R o6o6m;emuo noJXy'leBHhIX 

pe3yJlbTaToB: lWJib c1rnpo IIHTeHCllBHOCTb ll3JIY1leHHH 3aBHCllT OT 
saa11eRnii BJiam.nocT11 y noBepxaocT11, a aro sna11en11e onpe}l;e:rneTCH 

yponJIOM rpyHTODJ.TX~ DO}];, TO, nopOHTllO, 11 :IHJllll' lll'l'ii l!Jllll'll OT J.TB 
AO nonepxuocTn onpe)l;eJIHeTcR: yponno11r rpyIITOllhlX DOA, CBH3aH c 
BJlail\HOCTblO y IlOBepxHOCTII H, TairnM o6pa30M, l\IOiKeT 6LITb o:a;eHeH 
no }l;aHHLIM ll3MepeHHii IIHTeHCHBHOCTH CBq-nsJiy'IeHHH. ConocTaB
Jieu11e AaHHLIX AHCTaH:a;HoHH1>1x II3MepeBu:iI c }l;aHHhl11rn 06 Yf B n 
npocl>HJie BJ1arH Ha}]; YrB B paiiouax foJIO}l;Hoii cTenu YsCCP no,n:
Tnep}l;HJIO cnpaBe}l;JIHBOCTb Ta1rnx Mo,n:eJibHbTX IIOCTpOeHIIll. 

OcTaHOBHMCfl na nosMonmocTnx CfflI-pn,n:11oll!oTp11•rnc1rnro onpe
}l;eJieHHH oHoMeTpH'lecKHX xapaKTepHcTHK pacTnTeJ11>HhlX noKpoBoB. 
CneKTpaJ1bH1>Ie oco6eHHOCTH norJXom;eHHH H pacceHHIIH :rneKTpoMar
HIITHoro II3JIY'leHHH B paCTIIT0JibHOM IIOKpone ll CBH3b aTHX IlOKa3a
T0Jieii: c IIJIOTHOCTbIO ll B I:(0JIOM c 30Jl0HOH 11raccoii paCTIIT0JibHOCTII 
o6yCJIOBJIHBaIOT B03MOil\HOCTb IIOJiyqeHHH pa}l;HOM0Tpll'l0CKIIX OI:(eHOK 
yKa3aHHbIX rrapaMeTpon paCTHT0JlbHOCTH npH CII0KTpUJlbHhlX Il3lie
peHHfIX. IlpH.aTOM sa,n:a"CJ:a cym;ecrneirno yrrpom;aeTcn, ecJin pacnne.'lb
aocTb IIO,!l;CTHJiaeTCH no,n:oii: HJIII nepeynJ1aH.:IIeHIIOI1: Il01J:BOI1:. 0TmPme 
pa,n:HOMeTpII•IOCI\TTX Ol~f\JTOI\ 01101\!aCCl.r OT l\Hllllhl X l\OllT:\l\TllldX 11;1-
MepeHHM He npeIJhluraoT 20% (puc. Li). 

Bo}l;a peK, osep, BO}l;oxpamrn11m;, ncnoJib3yeMan }l;JIH IIOJIHBOB 
30M0Jlb, }l;OJIJI\Ha xapaKTepM30lla'fbCH onpe}l;eJieHHbIMH IIOKa3aTe
JlHMH 'IHCTOTLI. Tm\, narrpn11rep, coJie1rocTr, BO.L(hT, ncnoJ1L3yeM01i 
,!J;JIH opomeHHH sepnonhlx KYJI1>Typ, ne ,n:om1rna npeBhlmaTb 1 r/.1, 
AJIR: opomeHHH HeKoTopLix nH,n:oB KOpl\IOBhlX TpaB - 3 r/Jr. BhlnoJ1-
HeHHLie TeopeTH'leCKHe n :mcnepHMeHTaJI1>Hhle HCCJie,n:onamrn (.11a60-
paTopHhle H HaTypH1>re) rr0Kasam1, 'ITO CB"lI-pann011reTp1P1ec.n11ii: 
MeTOA o6ecne'lnBaeT nosMomnocTb onpe,n;eJ1emrn Bapua:a;uii coJ1eHocrn 
B lIHTepBaJie KOHD;OIITpau;Hii: OT 1-2 r/ JI AO COCTOHHIIH HaChlln,emrn 
BO}l;Horo pacTnopa (pnc. 7) [16-18]. B1>mo noKasano, 'ITO ;D;JIH rrpnpo,n:
HLIX BO}l;OeMon, col(epnrnuwx AO 70 % coJrn Na Cl, pamrau;ttonnLw xapa1.;
TepHCTHKH 0Ilp0}];0JIHIOTCH IIperR,n:e BCero .ll:II:3Jl0KTpII1l:CC1Unm CDOUC'I'na
Mll pacTBopa N aCI npn cJ1a6o:if sanncnMOCTII noKasamrn OT TIIIIOB p;pyrnx 
cone:ii. PaspaooTaHLI TaKme MeTOAhl y'leTa BJIIIHHHH BOJIHemrn rrpu 
o:a;eHKe napHa:a;Hii: coJieHOCTH. TeopeTH'leCKH II aKcrrepmreHTaJI1>Ho 6LI.10 
IIOKa3aHo, 'ITO IIOJie ll3JIY'l0HHH 'IYBCTBIIT0JibHO TaRn.;o K KOHI:(0HTpau;rnI 
KHCJIOT, m;eJIO'leii, 6nITOBhlX CTOKOB [191. B OCHOBe pa.n;nau;noHH0-)1TI
HepaJ1H3a:l~HOHHhlX 3UDHCHMOCTe:ii Jle.iKHT CBH3b npen.;,n:e ncero npo
BO}l;HMOCTH pacTnopa Ha }l;0Il;HMeTpOBbIX BOJIHax co 3IIalJ:eHHeM KOH
:a;enTpa:a;HH H THIIOM paCTBopeHHhlX BeII{eCTB. Paspa6oTaHhl ~reTO}l;IIKn 
onpe)l;eJieHHH KOHD;eIITpa:a;HH aTHX nem;ecrn no ,n;aHULnI CII0KTpa.'Ib
HhlX II3Mepemiii: CB LJ-nsJiyqenIIn. 

TaKOBLI rrny'IIII.Tc ocnonLI CBq-pa}l;MOMeTpII'IecKoro MeTo.n;a }l;nc
Tanu;Honnoro onponcJrennH mramnocTn1>rx xapa.nTepncTnK semri.1x 
IlOKponon, 30JIOIIOii ll!UCCLI paCTII'l'OJILIIOCTII, 'HICTOTLI 110.n;oo~rnn 11 TO 
npooJieMhl, KoTopMo UJ,JJIH pernenLI ,!J;JIH peaJinsa:a;un noslrnaarncre:U 
MeTo}l;a. 

C Hl7G r. m11111.111·.11 :l'ra11 oJ11.1T110-Hpo1131101,~cT110HILi.1.\. 11c11I.LT111111ii 

acpcpeKTHBIIOCTH paspauoTaIIIILIX M0TOl(UK. ,lJ;JIH pea.11nsau;nu ;nux 
pa6oT B CI\B l'.IP8 Gmrn IIaroTonJ1eUM CBq-pa,n:n011reTp1P1ec1mo rrpu-
6opLI Ha }l;JIHIIUX BOJlll 2,25; 18 H 30 CM. Ha coro,n;nmmmii: ]l;OllL OHJ.ITllO-
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Ta6mnw 
Ilno~a;a;n 06cJ1e;a;oBamme B npouecce npoBe]J;eHirn OIIhlTHhlX 
ll npOil3BO)l;CTBeHHhlX 1 pa6oT npn IIOMOIIJ,Il caMOJ10THOH 
CB"tJ-paJJ;noMeTpn11ecR~H annapaTypLl ... "' .. ,,~.. I 

PattoH nposeAeHna padoT 
I AOBaHHbIX CpoRn npoBeAe-

TeppnTopnit, HHR paOOT 
I TbIC. ra 

PCII>CP I 
I 1980-1982 

MocK0Bc1m.11 o6nacTb 
! 5 

CapaTOBCKa.11 o6nacTL 
150 

KpacHo.a;apcKllii Kpaii 
320 

CTaBporroJILCKllii Kpaii 
200 

YxpauHCK3Jl CCP 
I 1977-1982 

KpLIMCKa.11 o6nacTL 
15 

O,a;eccKa.11 o6nacTL 
10 

KneBcKa.ll o6nacTL 
7 

llepKaCCKa.ll o6JiaCTh 
2 

,r:(nenponeTpOBCKa.11 o6nacTL 3 

XepconcKa.11 o6nacTL 
3 

MoJil~aBcKaa CCP 140 1978-1982 

3cT011cKall CCP 15 1981-1982 

TypKMeHcKaH CCP 6500 1980-1982 

Ya6eKcKa.ll CCP 80 1976, 1981 

KaaaxcKa.11 CCP 10 1980 

Aaep6aii,a;iKaHcKa.ll CCP 2 1981 

ApM.llHCKaa CCP 10 1982 

fpyanacKa.11 CCP 30 1982 

B c er o 
7502 ThIC. ra 

npOII3BO)l;CTBeHHl>Ie pa6~Thl npoBe;rJ;0Hhl 6oJiee 11eM B 50 opraHR3aD;lUl:X 
pa3Jllll!HhIX MllHllCTepctB ll Be]J;OMCTB 10 p0cny6J1nK Ha IIJIOIIJ,a;a;n 
oKoJio 7 ,5 MJIH ra (cM. Ta6Jinn;y). B Ra110cTBe nan60J10e aq><peRTRBHoro 
JI0TH01'0 cpe;a;cTBa ;a;na ;a;ncTaHD;IlOHHhlX CBq-PM C'l>eMOK Bhl6paH ca-

MOJ10T AH-2. ' 
. Ha puc. 8-11 npnBe;a;eHhl npnM0phl, nJ1J1IOCTpnpyrom,n0 B03MOiR-

HOCTll npaKTII'!eCKOrO ~CIIOJlb30BallllK M0TO}J;a. 
B HacToam,00 BpeMa npoBeJJ;eHhl MeTpoJ1orn11ecRaa aTTecTan;na 

pa3pa60TaHHhlX CBq-PM M0TOAOB onp0;a;eJ10nna BJJamHOCTll no11B 
n ¥fB B c11cT0M0 M11HBo;a;xo3a c Y11acT11eM ;a;pyr11x 3a11HT0pecoBaHHhlX 
opramrnau.11ll:, a TaK_me COJI0HOCTll ll T0MIIepaTyphl BO)l;00MOB B enc-. 

T0!110 f OCKO!llflliJ:PO!l10Ta. 
Ilpu MuaBOJJ.X030 nfocarponpoMe co3;a;a11hl 4 cJJym6M ;a;11cTaHD;HOH-

Roro onpe;i.e:ienna BaaamocTR no'IB B MoJ1)J.aB11R, CapaToBcKoi 06· · 
:i.~-ni. Ki?acs.oJ.ap<:KOY. i;:pae u 3aKa.1rnaabe. 
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Pnc. 8. Y•racTOI• rroJrnj B onTnqec1rnM AJia11a301re 11 1>apTa n.,a;irnocn1 no AaH
HhIM CBq-pa,a;uoMeTpnqecmu' II3Mcpcunii n 30He pa6oTbI no.,rrna.'lhHOii ycTa
HOBKH <«I>peraT>> (ee MeCTOHaxomri;errne OTMC'IOHO 3Be3A0'IKOii) 
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2 
L 

H9r6,M no m/locce 11-11 

- U-t!,.f 

§ tl,.7-1,.5 

D 'tff 
/J?j!OUHO sr8, ff 

Pnc. 9. IIpnMep noJiy11eHm1 Kapthl ypoBH.11 rpYHTOBhlX BOA CBll-paAHOMeTpn11e
cKnM M0TOAOM (a); peayJibTaThl COilOCTaBJI0Hll.ll CBq-pa;ri;nmietpH110CKllX (J) 
B np.aMhlX uaaeMHhlX (2) Ol.\eHOK 'YfB no tpacce A-A (6). 8ct0Hn.11 

.f, Kr/M2 

C=:J "!,D 

~ /+l,.f 

OTIID /,.7 + 2,tl 

~>Z,O 

Pnc. 10. Ilp11Mep noJiy11eun.11 Kapthl 6I10Mac
chl HaABOAHOii 11aCTII pnCOBOii paCTHT0JlbHOC
Tll DO p;aHHhlM CBq·paAIIOM0TpII110CKlIX B3-
Mepeunii. RpacuoAapcKnii Kpaii 

..s; %0 
oCJ 0+2 

~ 1":4 

mme4+5~ 

Puc. 11. IIpnMep llOJiyrI0HH.11 KapThl COJieHOCTD BOA oaepa csq-paAHOMeTpn11e
CKIIM M0TOJJ,OM (a) II JJ,annhle np.llMhlX J{OBTaKTHhlX II3MepeHnii (6). OJJ,ecCKa.11 06-
JiaCTb I 

i 

·, B . u I "' . 
. miaue AaJihHeIImero paSBIITllH paAIIO'*'HSll'IeCKUX ~IeTOAOB npo-
BOAHTCH nepcneKTilBHhle UCCJieA6BaHlrn ;JJ;JIH pemeHHH TaKHX 3aAa11, 
RaK. on;enKa BJiarosanaca B MeTpOBOM CJIOe II011Bhl nyTe~I IICIIOJlb30Ba
HIIH IIJIOm,a;a;m.ix pa;a;noipnsn11eCKIIX ll KOHTaKTHbIX Ha301\IHbIX ;a;aHHhIX 
o BJiamuocTI1; nsy11eHne BJiaroo6ecne11eu11ocTn TaKbipoB B apn;a;Hoii: 
aoue; on;euKa sacoJieanocTn not:lBorpyHTOBi onpe;a;eJieune 6II0MeTpII-
11ecRux IIOKaaaTeJieii paCTHT0JlbHbIX IIOKpOBOB; on;euKa rJiy6IIHhl 
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npoMepsamur no"InorpyrITon; nay,rnn11e xapm>TepucTuK cueamoro 
noKpona. 

PaamrnamTca pa6oTLI no nccJiep;onanmo 3cpcpeRTnnuocTn conMeCT
Horo IICITOJibsonaHIIa CBq-pa.a;noMeTpH"IecKnx, aKTIIBHhIX pa.a;noqm
au11ecKnx, onTn"Iec1rnx n l:IK-pa;a;noi.rnTpII"IecKux cpe;a;cTB ua6mo;a;e
HHH }J;JIH pemeHIIH pap;a napop;HOX03HHCTB0HHblX aa;a;a"I. 

ABTopbI C"IIITUIOT cnoIIM npnHTHbIM ;a;oJiroM BhlpaauTb npIIaHaTeJib
HOCTb coTpy;a;HnRaM I1P8 AH CCCP E. A. PeyTony, A. A. qyxJiaH
n;eny, A. r. rpa1rnony, B. M. Jin6eplllaHy, A. A. l\In.'lbllIIIHy, 
B. M. IlOJIHROny, JI\. r. Haepsrny, B. c. A6JIH3ony, <D. A. l\IRpT
'IHHy, KOTOpble CBOIIM aRTIIBHbllll Y"IUCTHeM B pa6oTe cnoco6cTBOBamI 
pasnHTHIO CBq-pa.a;noMeTpH"IeCKoro Mero.a;a n ero nHe):(penmo n oT
pacJienhlx oprairnaau;rrnx CTpam.r. 

Jhneparypa .. ' 

1. Ap,,w,ano H. A., Baw,apunoe A. E., IIlym100 A. M. II Pa~uo<Jiuauna. 19i7. 
T. 20, M 6. C. 809 (Man. nyaon) . 

2. Ulym-,,;o A. M., Hymyaa B. I'., H1·•0BM6 0. If. u AP· Pa;i.notJ>nal!'JeCnlle 
nccJieJwnamm mianeT. M.: BHHHTM, 1978. 176 c. (HToru HayKn u Tex
llHKII. Cep. PaAIIOTexmma; T. 16). 

3. Baw,apunoa A. E., I'ypeutt A. C., EiopoB C. T. Pa;:i;uo113.1y<1cmie 3el!:tll 
KaK nJiaHeTbI. i\I.: Hay1rn, 1974. 188 c. 

4. Baw,apu1toe A. E., IIlym100 A. M. II l\IeTeoponori!lI II rn~po.'IOrI!lI. 1971. 
M 9. C. 17. 

5. Baw,apunoa A. E., Ulynu;o A. lll. II PaAHOTcxmma II ;).TlCI•Tpom11rn. 1978. 
T. 23, M 9. C. 1778. 

6. Basharinov A. E., Shutko A. M. Simulations studies of the SHF radiation 
characteristics of soil moisture conditions: USA, NASA TT. Wash., 1975. 
F-16. 50 p. 

7. Basharinov A. E., Butenko I. M., Parshina L.A. et al. Preliminary 
results of the UHF radiometric and direct ground studies of soil moisture 
in 1975 II Rep. Sov.-Amcr. work. group: USA, NASA TT. Wash., Hl76. 
F-17053. 10 p. 

8. Joint US/USSR Program for innstigation the detcrminat ion of soil 
moisture with microwave methods II Draft of Final Rl'port.: CS . .\, NASA 
TT. Wash., 1977. 10 p. 

9. Shutko A. M. II IEEE Trans. Geoscie. and Remote Sensing. 1982. Yol. 20, 
N 1. P. 18. 

10. Shutko A. M., Reutov E. A. II Ibid. P. 29. 
11. Shutko A. M., Chukhlantsev A. A. II Ibid. P. 27. 
12. Kuposiw,ee [(. n., lfyxAalttfel/ A. A., llfylllh"O A. JI[./,' Pa;il!OTl'Xlllma It 

aneHTpomurn. 1!)70. T. 24, M 2. C. 25li. 
13. lfyxAan4ee A. A., Ulym1;o A. lll. II reo;:i;e3IIH II aapoc'l>em•a. 1982. M 2. 

C. 80. (M3n. ny3on). 
14. Baw,apunoe A. E., Kp1>Moea M. C., JlfacAoe A. If., IIlym100 A. M. II Bo,q. 

pecypChl. 1978. M 4. C. 72. 
15. Jle14anc-,,;uu IO. If., Jie6efJeea I'. If., Uly.1tu.t1un B. /{.II PaAno<Jiuanna. 1971. 

T. 14, .M 4. C. 562. (Man. ny3on). 
16. l/yxpau I'. If., IIlymr.o A. M. II ,n;AH CCCP. 1978. T. 239, M 6. C. 1313. 
17. l/yxpau I'. If., Ulymiio A. M. II XII Bcecoroa. Komp. no pacrrpocTpaHe

BHIO pa;ri;uononn: Tea. ;ri;orrn. l\L: Rayna, 1978. C. 175. 
18. IIlym-,,;o A. M. II PaJJ,IIOTeXH1ma II aneKTpoHIIna. 1978. T. 23, .M 10. 

c. 2105. 
19. I'pan-,,;oe A. l'., Jlu6ep.1tan B. M., l/lym-,;o A. M. II Pa;:i;uoTexmma u a.1eKT

ponuua. 1981. T. 2u, M 3. C. 624. 

5 .. 131 

·I 

I) 

i I 
1" 

:f 

-
.,. 

, 

.. 



I -

I 

l 
i' 

Y]l;R 621.396.391.821 

ittccneAOBOHMe noMex 

ecTeCTBeHHOrO npOMCXO>KAeHMSI 

B AIAOna3oHe OH.4 
I 

IO. 6. K063APEB, M. C. AIIEKCAHAPOB, 3. M. 6AKI1EHEBA, 

A· C. A06P51K, B. A. EnAHE4HHKOB, II. T. PEMl-1308 

Heo6xoAm10cT1> 11ccJieA0BdHHH qmyKTyan;Hii aJieKTpoMarHHTHoro 110-
JIH 3eMJIII B )];Hana30Hax CB0PXAJIHHHhlX BOJIH, B oco6eHHOCTH TeX,; 
KOTOphle o6ycJIOBJI0Hhl rp030BOH A0HT0Jil>HOCTl>IO, onpe)];eJIH0TCH TeM, 
"ITO TaKIIe qmyKTyaD;HII 3aTPYAHHIOT pa6oTy pa)];HOCJiym6 B 3Tl:IX Alla~ 
na3onax - AaJI1>Heii CBH3H, cnym6hl BpeMeHH, pa]J;110HaBHrau;n11 

ll T. II. . I 

"'lfoToqmrna:IIH uau6oJrce MOID;HhlX - HMIIYJil>CHbJX IIOM0X QHq 
HBJI.IIIOTCH pa3pH]J;hl aTMoccfiepHoro aJieKTpnqecTBa B rpo30BhlX oqarax. 
Raa<]J;bIH y]J;ap MOJIHHll B 3eMJIIO HJill Memo6Jia'tJHbIH pa3p.1IA nopom
J);aeT OAHO IlJIH H0CKOJil>KO QHq HMIIYJil>CHhlX KOJieoauuii - TaK H33hl
Ba0MhlX an10cqiep11KoB. CoBOKYIIHOCTI> cJia6blx an.10cqiepnKOB OT YAa
neHHhlX rp030BhlX oqaroB : II cf>JlyKTyan;nn lIOHOC<!iepHoro npOIICXOiR
;a:eHll.ll dnrnaIOTCH B myMOBOH cfioH Manoii, no cpaBH0HHIO c aMIIJIHTYA
Hhll\111 3H3'tJ0HllHMll aTMoccf>epnKOB, HHT0HC1IBHOCTH •. 

lfayqeHne CT3TllCTll'tJ0CKllX xapaKT0pl:ICTllK anrnccf>eplIKOB B l1P8 
n;a:eT no ABYM HanpaBJieHHH!.C nccJieAOBaH11e CBOHCTB 11cTO'tJHlIKOB 
aTMoc<!iepllKOB ll IICCJI0J];OB,aHHe pe3yJ11>TnpyroID;ero IIOJIH noMex, C03-
A3HHOrO aTmrn 11cTO'tJHHKaM11. Ram)];oe 113 aT11x 11ccJie;a:oBannii ocy
m;ecTBJ1.11eTc.11 c IICIIOJib30BaHll0M M0TOAOB MaTeMaTH'tJ0CKOll CTaTlICTHKB 
n CTaTHCTil'IeCKOH TeOpHH nplIH.llTIIH pemeHlIH. 

Ilo nepB0111y HanpaBJie:lm10, c np11MenenneM Teop1rn: ou;eHKH napa
MeTpoB CJiyqaHHhlX CHrHaJIOB, pa3BHBaIOTC.ll M0TOAhl M0CTOOnpe
A0Jl0HII.ll rp030BhlX oqarOB npn IlpHeMe aTMOC<!iepHKOB Il3 O)];HOH TO'tJKH. 

3aAaqa onpeAeJienn.11 neJieHra HCTO'tJHHKOB anrnccf>epnKoB yme 
IIOJiyqnJia B HaCTO.lllll;00 BpeMH YAOBJI0TBOpHT0JibHOe no TO'tJHOCTll peme
HHe. MeTOAhl ;ne )];aJI1>HoMeTpHII eID;e AaJieKn OT coBepmeHCTBa n AaIOT 
BeAonycTn1110 60JI1>mne norpemHOCTll. Ha HX coBepmeHCTBOBaHHn 
l:l cocpe)];OTO'l0HO, B nepByIO O"l0p0JJ;b, BBHMaHue llCCJI0)'.J;OBaTeJieii. 

fp03hl l\IOryT HaHOCIITb 60JI1>moii MaTepnaJil>Hhlll ypoH: MOJIHl:ll:l 
Bhl3hlBaIOT JieCHbie nomapl.I, BOCnJia:MeHeHHe TaHKepoB, noBpem)];eHne 
JISII, aBapnu caMoJieTOB, HapymaroT pa6oTy SBM II JJ;pyroiI paAHO
aneKTpoHHoiI annapaTypb1, yrpomaroT iRl:l3HH JIIOAeii, rpaA HaHocnT 

yID;ep6 ypoma10. ' 
CoBOKYIIHOCTb AaHHhlX o MecTax 11 MOMeHTax Bpe111en11 yJJ;apoB 

MOJIHIIii, IIOJiyqeHHhlX c IIOMOID;l>IO pa)];HOT0XHll'tJ0CKHX l\IeTOAOB, II03-
BOJI.ll0T C]J;eJiaTb BhlBOA 0 cyID;eCTBOBaHHH rpo30BOrO O"lara l:l 0 ero 
pa3BIITIIII, BecTn onepaTHBHhlii KOHTPOJII> aa rpoaoBoii o6cTaHOBKoii. 

TaKoii KOHTPOJII>~Becu:i.ia Heo6xop;11:M. 

Co3]J;amrn11 n poayJ11>TaTll J1Cl','ll'i\t1111111111i H:1111·n•11111111 ~lll;\l'."11• rpoao
BhlX oqaroB II03BOJilI0T ne TOJil>IW upOll:lllOJ\llTh l\llU:lll3 TeKyID;ero 
cocToHmrn rpoaouoii: ]l.CH'rcm,11ocT11, 11<1 11 11 po1·11o:rn po11aT1. cc paanu:
Tne n n;eJIHX cnoenpel\wnnof1 :rnn~11Ti.111npon11oxo:111iicnH'm1i.1x otheKTon. 

Ilo BTopoMy uarrpanJiemuo, 11c110.111,ay11 an1w111i1 pacupocTpanemrn 
QHq-KOJie6aun:ii B BOJIHOBOA0 3eMJI.ll-HOHOCcPCPa, OKa3bIBaeTCll 
B03MO/I\Hblll1 ou;ennTI> conol\ynnoo nmrn11110 rpoa na lf1op:m1p0Banne 
llOJIH aTJ\lOC<))epHbIX 110:\IOX ll '1'0:\1 11.1111 llllOM 11p11e.MllO.\I uyuK'l'e, B TO 
IlJIH IIHOe BpeM.ll cyTOK ll rop;a, TaK KaK CTaTUCTnqecKue CBOllC';tBa 
rpoa Kai\ IIOTOKa CJiyqaftHbIX co6hlTllll II3Y'tJ0Hhl AOCTaTO'tJBO 
no]J;po6Ho B c1rny npoAomm1TeJI1>11oro Bpe:\IeHn na6n10Aen11.11 aa HnMn. 
IlocTpoeHHa.ll TaK Tepp11Top11aJibHO-Bpe:11eHHlllI :llOAeJib llOJIH an.IOC
cf>epIIKOB }J;aeT CB0]J;0Jlllfl' ueo6XOAl1:11bl0 npH npoeKTHpOBaHilll pa3-
JIIIqHblX paAHOCHCTelll, pa60TCUOID;IIX B llll3KO'IHCTOTHhlX ;i;nana3o
Hax. Rpmrn Toro, Ha OCHOBe CHCT0:1IaTll'tJ6CKIIX II3:1Iepennii xapaKTe
pHCTHI< rroJJn OHl.I-rro:\IeX c np11:1w1101me~1 annapnTa Teopun c:i:yqaii
HbIX IIOTOKOB 6nIJia pa3pa60TaHa CTllTllCTIPiecKalI :110;.(e.l:b CB.ll3Il u:u
nynucno:ii II <lJJJYl\TYH1\110111lOIT COCT<lll:lfl 1011\llX ('l'Tl'l'Tlll'llHOrO <l.1t'KTpO
ManmTHOl'O noJrn 3e:-.1J111. lloJ1 Y'!Cllllh!C pe::iy JlbTHTht no::i110:1H10T cTpouTb 
KapTbl cyTO'lllbIX H311C11Cllllll Ul\lIIYJibCllblX H qmyKTyal\UOHHbIX IIO
MOX, l\OTOJll.In OllJH'lJ.C'JI lllOT lljl<ll\'l'll'll'l'l\YIO llO~ll'"l:OYl'TOtt'HlllOl'Tb 
npue111a umpol\oro KJiacca noJie3HbJX cnrna:IOB B 011 ll-;.(uana::ioHe. 

1. 0AHonyH1<Toeast AaJlbHOMeTpHsi yAapoe MOJlHHH 

B Airnrra3one OlflI ua paccTOHHn11x OT 300 AO 2500 101 oT nCToqnmwB 
rpo3oBLix paap11AOB MHoroJiyqeBoe pacnpocTpaneune an10ccpepn
KOB - BAOJII> IlOBepxHOCTII 3e:1rnn II rrpn OTpa;.i-;ennn OT IIOHOCcpephl 
lI 3eMmI - npHBOAHT K TO:IIY' 'ITO npIIHlITaH peamrnawrn aT~IOccpepmrn 
u(t) npeACTann.11eT co6oii cyrrepnoauu;mo 3e:1moro u O;.(Horo mm He
CKOJihKnx IIOHOccpepHbIX Jiyqell: [ 1]. 

B oGJiaCTII «Tem1» npn L > J':2H 0 (l-h 1 +'A+ (h 2 +'A). 
r)];e R 0 - paAHYC 3e:11m1, 'A, - AJinna BOJIHhI, h1 - BblCOTa ::i.1eKTpII
qecKoro n;eHTpa l\lOJIHIIeBOro paap11Aa HaA 30:11Jlell, h2 - BbICOTa IIOA'.b
el\Ia npue:i.rnoiI anTeHHhl ua;::i: 3e:"lmell:, 3e:"lrnoll: .i:yq npeTepneBaeT 
p;ncf>paKD;HOHHOe 3ana3Ahrnauue OTHOCIITe.lbHO J"C.10BHOro cnrHa.:ia, 
pacnpocTpaHHIOID;eroClI co CKOpOCTbIO CB0Ta. 

l10Hoccpep1rne Jiy•rn npn 'A, ~ 11, rAe H - ::icpcpeKnrnna.11 BbICOTa 
n0Hoccpepn1, :110ryT 61i1Tb paccqnTaHbI no 3aK0Ha:11 reo:110Tpnqec1wii 
OIITHKll. 

"YroJI HaKJIOHa k-ro no11occpcp11oro .:1y•rn I\ noaepxHoCTII 3e.mm 
B TOlJKe 113Jiyqemrn an!OC<pepmrn COCTU!l.'IHOT 

t 
C<is (L/2kll11) - flol(/lo · i· //) 

<JJ1c = arc g si 11 (L/2kllu) (1) 

tf'•Jl JI ' Jl2 
Ilpn BblllOJJHemm ycnomrn L < '2klio 111•t•l.i.t - ''

1111
-r ;.(ncppaR-

n;noun1>1M aanaa)];nrnam10M HOllOC<}ll'Jllllol x JI y11t•ii ~1o;1mo npe11eopeq1>. 
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. i Ilpn aTOM k-H. HOHoc<I>epHhIU Jiyq (npn k OTpameHl'rn:x OT HOHO
.cif>epLI n k-1 oTpamemrn or Ser.mu) c Y110TOM cqiepnqHocru 3eMJIH 

~npoxop;ur nyTb Lk=2kfH2 + 4R0 (R 0 +H) sin2 (L/4kR 0)• 

B o6~eM cJiyqae npuHaTaH i peaJiuaan;ua c11rnaJia u:(t) HMeeT 
BHJJ; · 

00 

I u (t) = }1 'l'\ (W (t)) + µ (t), : (2) 
, k-o . ~ 
rp;e W(t) - <I>opMa aT1110c<I>ep11Ka n HCTO'IHHKe KaK cpyHKIJ;HH BpeMeHu, 
. 'f k (W(t)) - <l>YHKIJ;IUI npeo6pa30BaHHH <I>opMhI curnaJia B IICTO'IHHKe 
·K k-My ·JIY'IY (k = 0 COOTB0TCTByer 30MHOMY Jiyqy), µ(t) - aJJ;JJ;HTHB
·HaH myMoBaH COCTaBJIHIO~aH. 

<l>yHRD;Hll 'Y k 3aBRCHT OT paccTOHHHH JJ;O HCTO'IHHKa, BblCOThI HOHO
cif>epLI, aJieKTpuqecKHX CBOHCTB nop;cTHJiaro~eH. noBepxHocTH, BhICOT 
IlO]J;'beMa H3JiyqaTeJIH H npHeMHOll aHT0HHhI nap; IlOBepXHOCTbIO 30MJIH 
H p;pyrnx cpaKTOpOB. 

,Il;JIH op;HonyHRTOBO:ii p;aJibHOMeTpHR npn 500 < L < 1500 KM 
:acnoJib3yeTCH npep;cTaBJI0HIIe llfa'IaJibHOH 'laCTH peaJIH3aD;HR aTMO
. ccpep1rna KaR cynepnoaHu;mi op;ynaROBhIX no l{>opMe aeMHoro H nep-
noro uonoccpepHoro Jiyqeii 1 

I 

u (t) = s (t) + A·s (t - -r), j 0 < t < T, (3) 
I 

rp;e s (t) - if>opMa aeMHoro Jiyqa KaK cpyHKIJ;HH BpeMeHH, A - cooT
Homemrn aMnJIHTYAbI nepBoro uoHoc<I>epHoro n · aeMHoro Jiyqen, 't' -

npeMeHHaH aap;epama nepBoro 11onoccpepHoro Jiyqa OTHOCHTeJibHO 
seMHoro Jiyqa, T - 1rnTepBaJI BpeMeHH, BKJIIO'laIO~IIii aeMHOii: H 
nepBhIH IIOHOcqiepHbIH Jiyq, i 

B nepBhIX p;aJibHOMepax, oc~oBaHHhIX Ha MeTop;e paap;eJieHHH aeM
Horo H HOHOCcpepHoro Jiyqeii:, ~CilOJib30BaJiaCb TOJibKO ou;eHRa 't' -

sap;epmKn nepBoro Jiyqa OTHOCHTeJibHO aeMHoro [2]. Ha aKpaHe oc
D;nm10rpacpa c AJIHTeJibHbIM nocJiecBe'leHneM, BKJIIO'leHHoro B noporo
BOM peIBHMe, BH3yaJibHO onpe]];eJI.H_JiaCb B0JIH'IHHa 't' Il IIO Ta6JIHIJ;aM 
npe]];Bhl'IHCJieHniI ou;emrnaJIOCb paccTO.HHHe L AO IICTO'IHHKa aTMO
c<I>epIIKa. Ilpn aTOM onpe]];eJieH11e ]l;aJihHOCTn L aaHHMaJio, no Kpaii:Heil 
'Mepe, ReCKOJibKO ceKyH]J; II, KpOMe Toro, Jlllfilb OKOJIO 10 % aaperHCT
pn:poBaHHhIX aTMOCcpepIIKOB 1110rJIII 6hITb HCilOJlb30BaHhI ]];JI.II ]l;aJib-

. HOMeTplm [3]. 
Paapa6oTaHHhlii u onucaHHhIR Hnme cnoco6 ]l;aJibHOMerpnu no 

pa3HOCTH BpeMeHII 't' Il COOTHomeHHIO aMnJIHTYA A nepBoro HOHO
cif>epHoro ll 30MHOf0 Jiyqell. COCTOllT B CJiep;yro~el\1. 

Ms npHHHTOii: peaJin:aan;IIn u (t) o6paayrorc.H cpyHKIJ;HH BpeMeHu 
.z (t, 't', A) II z (t, 't', - A): . 

n 

z(t,-r,A)= }1 u(t-kt)Alf, T<t<,,2T, 
k=O I 

(4) 

rAe n = E (TIT) (E - u;e:iaa 1 'laCTb). 

,Ilpu OTCyTCTllllH my111on ft(t)-O Tl no.i1y•11\llM ::(/, T, .. I)::::; Ona 
HHTepBaJie T < t < 2T, Tai\ Hal\ nee Jiy1m na 3TOM 1111ro1rnaJIO naanM
BO CKOMilOIICUpouauLI. 

B peaJILHOM cJiy11ae 3Ha1rnmur 't' u A anpnopu 1ie11aBeCTHllI n 
µ (t) =I= 0. B Ha1rncTue uenH3I<H nL1611paeTCH nem1q1ma E, onpe]];e
JIHeMaH Kai\ 

2T 2T 

E = ~ z2 (t, 't', A) dt / ~ z2 (t, 't', - A) dt. 
T T 

(5) 

MHHHM1Ia11pyH E no 't n A, noJiy11ae11I am11remrn ou;eno:n A* 11 .-* . 
B Ha11ecTne 01~omrn L* AO ncT011111urn MoJimienoro paapH]];a Bhl6u

paeTC.H 3Ha'leHHe L, ROTopoMy cooTBeTcTnymT 't n-A, 6.'IU3:nue R no
JiyqeHHLIM ou;eHRa:111 •* II A *. 

BJioK-cxeMa aHaJioronoro ycTpoiiCTBa, peaJI11ay10~ero aTOT cno
co6 ]l;aJILHOMeTpirn, IIOl\a3aHa Ha pIIC. 1. IlpnHHTaH Ha BepTirna."IbHYIO 
::meI<TpM'IOCl\YIO <lTITOllllY pcam1:rn1\l1H an1octfH'p111,a II (t) llOl'.'Ie 

cpIIJibTpau;m1 ll IIOJIOCe 1IaCTOT 10-30 Rl'U. lJ ycmrnmrn B «Yll>» IlOCTy
naeT napaJ1JieJihHO n n HaHaJrnn oGpauoTHH (1, 2, ... j, ... n), 
Rail\]l;hlll Il3 KOTOpbIX COOTBeTCTByeT )J,IIanaaony ]l;a.TibHOCTeii Lj + 
± /!,.i/2, r]l;e 11r~ (0,05 + 0,1}·Li. 

Ha BhIXOJJ,e KaHaJioB IIMeeTCH ycTpoiicTBO, Ha cxel\re o6o3Ha'leHHoe 
«MIIH», ]];JI.II onpe]];eJJeHMH RaHaJJa, o6JJa]l;aIOm;ero l\IIIHHl\IaJihHOH He
B.II3KOH - E; (1rnu l\Ial\CIIlliaJibHhillI 3Ha1rnmre:11 xi = 1/E;),· n B :na
'IeCTBe o~eHHH L* Bb1GupaeTCH 3Ha'leHne L;. 

BJioK-cxellia OJJ,Horo II3 1rnHaJioB o6pa6oTHII, cooTBeTCTBYIO~ero 
cpeJJ,Heii ]);aJihHOCTII Li JJ.O ncT01rnu:na a TMoc<fiepnHoB npnBeJJ,eHa Ha 
puc. 2. HauaJI COJ\opmwr .n,110 napa.11J10J11.m.re 11cT1111 lFIH o6pnannnmrn 
HeBH3RH Ei. l\amµ,;u1 ueTBL cocT011T 113 cy~1111aTopn «~». i,:,'1,1011a 

«RJW»>, OTRpLIBaeMoro Ha Bpe11rn 0 < t <,, 2Ti (Ti - o;nn.n;ae~ra.H 
]l;JIIITeJihHOCTb cynepno3II~1n1 3eMHoro II nepBoro noHoc<fiepHoro JIY
qeii COOTBeTCTByeT JJ,aJJhHOCTII L j AO IICTO'IHirna a n10ctfiep1rna); ycn
JIIITeJIH c Koa¢<fi111~11e11To111 Ai (u nepBoii 11eTBu) IIJIU - Ai (no BTopoii 
B0TBII); JIJUmII 3aJJ,epnmH «JI3i» c npomme:11 aa]];opn-arn •i; 1rn10qa 

«RJ1)
2
>», ornpLinaeMoro Ha npeMH Ti< t < 2Ti; IIHTerpaTOpa 

«~ x 2dt». Ha BbIXo]l;e HanaJia nponaBOAIITCH JJ,eJJeuue peayJihTaTOB, 
DOJiyqeHHhIX c nopnoii: n BTopoii: neTBH . 

TaKoii cnocoG OJJ,nony1mTOnoii ]l;aJibHOMeTpnn HBJ1HeTCH no.TJHOCTbIO 
aBTOManrnIIponamu,11\1 u ,ll,onycrrnoT npin10I1om10 ULICTpOJJ.oi1cTBym~ux 
8QBM. 

PaccMoTpeHHLiii cnoco6 OJJ,HonyHHToBoll ]l;a.TihHo~ieTpm1 6LI.1 pea
JIH30BaH Ha 8BM «Hop]];» II np1nreue11 J].JIH aHaJIII3a OIJ;II<fiponaHHbIX 
peamrnau;IIii aTMoc<fiepnHoB, c1rnTea11ponamlblx n HHtMI ,VfY. Cuu
TeaupoBaHHhie CIIrIIaJihI cooTneTCTnonam1 oobI'IHbI:\I <fiop:'1a~1 HoqHLIX 
aT1110ccpepHHOn ua paccTOmnrnx 500-1500 HM (puc. 3). l3uayaJibHO 
tJ:aCTHbI0 CI1rIIaJILI, COOTIJOTCTBYJOll~llO 3CMll<rny II llOIIOClpOpIIhl\( ."Iy
tJ:aM, CJia6o pa3JIH'IHMl>I. 
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PRC. 1. BJioK-cxeMa n-:KaHaJibHOro o,n:
BODYJIKTOBOro ,n:aJibHOMepa 

Pnc. 2. B;rroK-cxeMa o,n:Horo KaHaJia o6-
pa6oTKH O,D;HOilYHKTOBOro ,n:aJibHOMepa 

U/t) 

fll ./ I\ I 7~ I 
~/JIJ t,NKt JV 

,// k / I \ !'.>....-=""'" C '>z <::::± ! 

.// k /1 
_ '\ :Jc J>~ 

# k / I\ j "<' L,, I 

Pnc. 3. CnHTeaupoBa HHble qiopMbl cnr
ua;rroB HO'lHblx aTMoccliepuKOB npn 
paaJIII'lHbIX AaJibHOCTHX AO II~TO'lHHKOB 

0· 

~ 

2 

IJ I --11 d Id I w I I 

/l.f l,.f 2 "J1mblC.KH 

Pnc. 4. IloJiy'leHHble pac11eTHbIM nyTeM 
3aBIICllMOCTII xm (Lj) npn pa3Jill'lHbIX 
ncxo)lHbIX aHa'leHnHx AaJibHOCTll L 
(B TbIC. KM) 

IIomrna )l;JIHTCJibHOCTb Kam;:i;oro 06pa60Tanuoro curnaJia Tr. = 
= 300-400 11rnc c maroM )l;HCKpeTHaarvrn no BpeMenu fit = 2 MKC. 
Ilpu ycTaHOBRe omH)l;ae111Lix aHa'leHuii 'tJ u A 1 B Kail\)l;OM j-111 RaHaJie. 
Y'IHThlBaJiaCb p;uif>pam:i;ua ae111Horo Jiy'la, BI>rnBaHHaH npoBO)J;HMOCTbIO 
3eMJIH [4], H KOMnJieKCHbIH xapaKTep OTpameHHH OT HOHOCcpepbI l5l 
JJ;JIH cpep;neii: qacTOThl cneKTpa cnrHaJia, onpep;eJIHe1110ii no HYJIHM 
4JYHKIJ;llll u (t). 

IloJiy'leHHbie npll o6paoOTKe BeJIII'lllHbI l\laKCHl\laJibHhlX 3Ha'leHHii 

,,_~m) (m - HOMep curRaJra) HBJIHIOTCH noKaaaTeJiffMH Hap;eil\HOCTll 
on;eRoK p;aJI»HOCTH L*. 1 

Ha pIIc. 4 npHBep;eHhl aaBUCHMOCTH x~m) OT Li npH paaJIH'lHLIX HC
xop;HLIX aHa'lemrnx p;an:r:.HoCTII L (0,5 < L < 1,5 TLIC. RM). ,D;JI.11 
HarJIH)l;HOCTII noJiy'leHHhl0 aHa'leHIIH Xj C00)J;HH0HbI RenpepLIBHOH 

JlllHll0H. 
B peay.JI:r:.TaTe o6pa6oTKU 6LIJIO 110Jiy'leRo, 'ITO no npep;cTaBJieH

HLIM tieTbrpeM lllO)J;0JIJ1M an.rncif>epHKOB OTHOCllT0JlbH00 CM0IIJ;0Hll0 on;e-

S36 

HOK p;aJibHOCTeii He npCDhlWO,llO 11 "o 

I L* z [, I < 11 % ' 

cpe)l;H0Irna)l;paTIItieCRaJI OWHURO npu aTO:!ll COCTOIJll.la 32 = 9,3 ?o. 
IloJiy'IeHHbie peayJibT8TLI COBilO)l;OIOT no TO'IIIOCTII c peayaI>TaTa11m 

BirnyaJibHOro anaJIJl3a llTMOCcf1op1rnon c J~e.111.10 O)J;UOIIYHRTOBOii )l;aJib
HOMCTprrn no 11reTOAY paa)l;enemrn .11y,1eii: 11 npellocxo;:vn B 1,5-2 paaa 
peayJibTaTI>I ;:i;ucnepcuomrnro u amJ.TlllTYAHoro MeTO;:i;on [3]. 

2. KnacTepHa.R MOAellb rpo3oeoro 04ara 

B Tepp1nopnaJII>Ho-npe11reHno111 npocTpancTne rpoaoBaH aKTHBHOCTb 
npep;cTaBJIJieTCH n BIIp;e «nao6pama10n:i;nx TO'leK>> rnm BeRTopoB npna
HaKoB. Ram)J.aJI TO'IKa cooTBeTCTByeT op;Ho111y y)l;apy ~10.'IHIIn. Ilao6-
pamam1wie TO'II<n 113 op;11oro 11 Toro a;e rpo3onoro O'rnra o6pa3yror 
KOMilaKTHLre rpynIIbl - RJiaCTepbI, a TCJIO RJiaCTepa, Kan 06.1acn. 
B npocTpauctne, nee TO'IRII IWTOpoii Yil:OB.'IeTIJOpmoT Hel-\OTOpO:\f~· 
3a)l;aHHO~IY yc.nomno: 6JlII30CTil,_ II)l;eIITIHpun;upyeTCH c rp030BhllI O'la
rollI. 

Ilpu aToM mITerpa.'II>Hhle xapaRTepncnmu rpo3o:Boro o'lara orrpe
p;eJIJIIOTCH CJIC)J.YIOlll.IL\I o6pa30M (pnc. 5): 
- npc~m nm:im1 O'HU'a T - mu; nemPuma IIpOl'Im,1111 Tl':rn R.1actt'pa 
Ha ocb Bpe111eun t; 
- nJiom;a)J.b Teppurop1rn S, oxnaqeunoii rpo30BbIM o'laroM aa Bpe11rn 
ero mrrnuu T - KaK rnrnni;a;:i;b npoeR~m1 Te.11a K.11actepa ua noBepx
HOCTb {x, 0, y }; 
- 'II~CJIO pa3pJI)J;OB ll3 rpoaonoro O'lara' (M) - RaK 'lllCJIO BCRTOpOB 
npuanaKon, 06pa3y10ni;ux ;:i;aHHhl:ii K.11actep; 
- IlJIOTHOCTb IIOTOKa pa3pH)J;OB B C)l;IIHH~y Bpe11reun ll3 rp030BOfC> 
O'lara OTHOIIleHIIeM ' 

v =MIT; (6) 
- IIJIOTIIOCTb TIOTOIW paapn.non c c.nnmn~hl Il.'IOil\[1;1II D O'lare: 

'A= MIS. (7) 
,D;uif>if>epeu~rrnJII>Hbre xapaKTepncTIIKII rpoaoBoro oqara onpe)l;e

JIJIIOTCH B mo6oii 1110111:e11T BpeMeun th t0 < ti < t0 + T. Hanpmrep1 
IIJIOlll;a,ZJ;b TeppHTOpl~I s (t), OXDU'I0lIIIOll rp030DOU )J.eRTeJibHOCTblO 

B MOMeHT npe111enu t, panua nJion~a;:i;u ce'!emrn Te.'Ia o'lara IIJIOCKO• 
CTblO t = t. 

II;enTp THmecTn: npoeR~Im CO'ICIIIIJI TeJia 1macTepa IIJIOCKOCTbID 
t = t JIBJIHSTCJI n;eRTpOM rpoaonoro oqara D MOMOHT BpeMCHll i. 
Rone~ pap;uyca-neKTopa, coe)l;1mmo1qero uat.1aJ10 1wopp;naaT c n;eHT
paMn: rp030BbIX O'laron B MOMSHTLI npo111em1 t" onUChlBaeT TpaeKTO
pmo IIepe111eni;emrn ~enTpa rpoaonoro O'rnra. Cpo)J.JHIJI aa BpeMJI !J.t 
CKOpOCTb nepe111eni;enn:H n;enTpa o•mra v ( !J.t) D 11101\fCUT Bp0M0HII ft 
paBua 

r (ti + ~t) - r (ii) 
v (M)ei = ~t (8) 
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Puc. 5. rpa<i>Ir<10CK00 npep;cTaBJl0HU0 HC
llOJib30BaHU.ll KJiaCT0pHOH MO)J;0JIH rpoao
BOro oqara p;.1111 onpep;enemrn ero xapaK'l'e
pnCTHK 

Puc. 6. Cpannenue aKcnepnMeHTaJibHbIX 
(OT)J;0JlbHble TOqKn) H pacqeTHbIX (KpHBblll) 
iAaHHbIX 0 IlOKa3aT0Jl.llX HHT0HCHBHOCTH 
!noroKa aTMoc<t>epHKOB E 0 , rpon. aona, 
j.11ero 1974 r.: 1 - HIOHb (cOOTB0TCTByeT 
;nepXHllH KpHBaSI}, 2 - HIOJlb (cpep;HHll 
I KpHBaH), a - anrycT (lllll«HSlll Kp1rnaS1) 

Ami OKOHTyp1rnamu1 KJiacTepoB MomeT 6LITL ucnoJI1>aoBaH ap;an
THBHLI:ii: MeTOA JIOKaJILHLIX KJiaCTepoB, npll KOTOpOM reJIO Kamp;oro 
KJiaCTepa npep;cTaBJIHeTCJI COBtjKynHOCTLIO JIOKaJILHLIX KJiaCTepoB, 
pasMepLI KOTOpLIX ap;aIITHPYIOTCH K ycJIOBHHM npocTpaHCTBeHHO:ii: H 
BpehleHHo:ii: uecTan;rrouapuocTil ~oKaJILHO:ii: rposoBo:ii: aKTHBHOCTH. 

Merop; aaKmo11aerc.11 B cJiep;yrom;eM . .IJ:annLie o paapHp;ax MOJIHHH 
npep;cTaBJI1iI01'CJI B BIIp;e BeKTOpOB np1rnHaKOB 

Qi = {xt> Yt> t1}', (9) 
I 
\ 

rp;e x,, Yt - Koopp;1rnaTLI MecTa i-ro aaper11cTpupoBaHHoro yp;apa 
MOJIHHH, a t 1 - BpeMH npueMa aTMoc<flepuKa oT aTo:ii: MOJIHIIII. RJiac

'TepnayroTCH N BeKTopoB nprraaaKoB Q;, i = 1, N, 110Jiy11eHHLrx Ha 
HHTepBaJie BpeMeHH auaJIHaa Ta,. Ilpon;ep;ypa KJiacTepuaan;HH HTepa
~1101111a11. Ona nonTopncTcn p;o; TOX nop, uoKa OYlJ:OT lJ:OCTHrnyTa aa
AaHnan BeJIU'Il:lHa K03cpcp11n;11enra HeKOMnaKTHOCTll x, KOTOpLIH onpe
p;eJineTCH KaK oruomeuIIe 'IIICJia JIOKaJILHLix KJiacTepoB N 1 c ep;IIHCT
"BeHHLIM BeKTOpOM IIpII3HaKOB K o6m;eMy 'IHCJIY aHaJIH3IIpyeMLIX BeK
TOpOB N: 

x = N 1/N. I 
I 
I 

(10) 

Ha 11epBOM mare urepan;11n: B auaJiuan:pyeMo:ii: BLI6opKe 11puaua-
ROB.Haxop;11TCH MaKCHMaJI1>Ho yp;aJieHHLie BeKTOpLI. Oun: o6'1>HBJIHIOTCH 
6asnCHLil\III BeKTOpa1Ill 11epBLIX )~BYX JIOKaJI:&HLIX KJiaCTepoB (k = 2). 

Ha BTOpoM mare HTepan;uII aHaJIIISIIpyeMLie BeKropLI IIpIIaHaKOB, 
aa llCKJIIO'l0HIIeM Tex BeKTOpOB 1 npnsHaKOB, KOTOpLie CTaJIII 6aan:CHLI-
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:MH BeKTOpal\rn, pacnpep;eJif.IIOTCH IIO ,1(()1\lt.'lt.llJ.IM IWH<'Tl'JIH~I 110 11pn
BllJIY 6JIHmaiilllero cocep;a. 

T(Jrn mrnq~oro i-ro a11a.1111a11pyN101·0 11P1nopn 11p11:111n1rn11 pnr.c1111-

TLIBaeTCJ1 k paccTOJIHHii AO 6aaHCllhlX ne1nopo11 k JIOKa:1blll1IX :n:rnc
TepoB, cym;ecTByrom;nx K MoMeury BLIIIOJIHemrn gaunoro rnara nre
pan;HH, H Haxop;HTCH MIIHHMaJILHoe. Anamranpye111L1ii: BeKrop 11pns
HaKOB BRJiro11aercJ1 B JioRaJILHLiii KJiacrep c 6JI11maiillln.111 ::n HeMy 6a-
3HCHLIM B8RTOpOM, a 'IHCJIO B0KTOpOB npH31IaROB B 3TO~I JIORa.'ILHOM 
KJiacTepe yBeJII!'IHBaeTCH Ha ep;umu~y. IIoc.'le pacnpep;e:remrn Bceii 
aHaJUI3HpyeMo:il: n:r,r6opRH HS N BeRropoB no k JIORaJILHLI111 RJiacTepaM 
011pep;eJIJ18TCJI Koa<flcpnn;HeHT II8ROMnaHTJIOCTH, H eCJIH OJI npeBLimaeT 
sa.n;aHHoe noporoBoe a11a'IeHne, npon;ecc :n.11acrepnaa~11n npo.n;oJimaeT-. 
CH. Ma BLI'IHCJieHHhlX Ha JIOCJiep;neM mare 11repa~1m :'lmmrnaJibHLIX. 
paCCTOJIHHll HaXOAHTCJI M~RCHl\IaJILIIOe. 0110 COOTilOTCTByeT Bel\TOPY 
npH3HaKOB C MUIWHMaJILHhll\I yp;aJIOIIllO~l UT UH;Jl!CllOl'U lll'l>TOpa COO
CTBeHHOrO JIORaJILHoro 1rnacrcpa. 8ToT ne:nrop npnsuanoB o6'1>HB-, 
JIH0TCH 6aancHLIM neHropo111 nonoro JIOHa:11,noro n:rncTepa. l.Jnc;10 
JIOKaJILIILIX l\JIUCTOpon y11eJI1!'11maoTcn rn1 L';\1111111\y. I I pol\l'l'C u n•pa
D;HH IlOBTOPJICTCJI co DToporo mara. 

Ilo oKorrtrnmrn pa~npep;eJienun N nmnopon npuana1wn no JIO
KaJI&HbIM KJiacTcpaM .n;Jrn 1rnm.n;oro j-ro mrncrnpa c tJuc:10~1 3;1e~ie11TOB 
n1 > 1 paCC'IHTLIBaCTCH 6aauCHLiii BCl\TOp G i• COOTBCTCTByrom;nii' 
~0HTPY JIOHUJibHOro RJiaCTepa: 

i 
1 nj 

G·=- '\1 Q· 
J n . .,6 'i' 

J . • 
tj=7.1 

( 11) 

cpep;HJIJI yp;aJICHHOCTb COCTaD.lJHIO~IIX ."IOl\a,lJMIOro l\."IaCTepa OT 6a-
3HCHoro BeRTopa (:u,ourpa JIOI\aJILnoro 1rnacTepa) 

i 
1 nj 

Pi= - '\1 I A (Qi· - Gj) J, n . .,6 J 
J . . 

1.j=l.t 

( 12) 

r.n;e A - oneparop npeo6pa3oBaHHH npocTpaHCTBa npnsHaKOB B 
·. . npocTpaHCTBO KJiacrepn:aan;HH, H CTaH,gapTHOe OTI\."IOHemre y.n;a:reH
: (, HOCTOM mryTp11 mrna.11 r.noro J(,1racTPJla 

l
/ 'n· 

<J·= 
1 ~ JA(Q·.-G·)J2 -n·o~ 

J n. - 1 .L..J 'J J JI i 
} ij=it 

(13) 

PaaMep j-ro JIOI\aJILHoro mracTepa onpo.n;e.1JHOTCH 1rnH 

r1 =Pi + ~aji (14) 
r.n;e ~ = 1-3. 

PasMephl JIOI\UJILHLIX KJiacTepoB c 1mcJI0111 SJIOMOUTOD 11J - 1 
DpllHHMaIOTCJI paDHLIMH y,cpep;HeHHLIM no BC0M JIOl\l\JibIILIM KnaCT8• 
paM C nr=/= 1 3HalJeHHJIM Cpep;IUIX paSM0pOD. 
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RJiacTep onpe;a;emrnTCH KdK coBoKyIIHOCTh c<I>ep c pa;a;11ycaMII r 1, 
~eHTphl KOTOphlX aa;a;aIOTCH 6a~IICHbIMII BeKTOpaMII JIOKaJihHbIX KJiacTe-

poB, y;a;oBJieTBOpHIOID.IIX ycJIOBIIIO 

I A (G1 - G1) I~ a (r1 + r1}, i =I= j, i, j = 1, k, (15) 

rp;e k - 1IIICJIO JIOKaJihHhlX KJiaCTepOB, a - Koa<t><l>m:~IIeHT, onpe;a;e
muom;uii p;eTaJibHOCTb onucaHIIH CTpyKTYPhl 011ara B aaBHCIIMOCTII OT 
T01IHOCTH ll3M0p0HIIH KOOp;a;uaa'r y)::{apa MOJIHHH. Ilpu BbICOKOH T011-
BOCTH M0CToonpe;a;eJieHirn a < 1, 011ar npe;a;cTaBJIHeTCH COBOKynHO

~Tl>IO rp030BLIX .flqeeK - JIOKaJibHhlX KJiaCTepoB. . 
. <l>opMyJibl (11} - (15) ;a;a~T KOJIIIqecTB0HHhlll KpIITepIIii ;I.l;Jl.fl OKOH

"J'YPHBBHH.fl T0Jla KJiaCTepa, 1h1010m.uii B npocTpaHCTBe KJiaCTepnaa~lIIl 
upocToe MaTeMaTHqecKoe Bhi:pameHne. PacqeT xapaKTepnCTIIK rpoahl 
npoe:aBOAHTC.fl caaqaJia B npocTpaHCTB0 KJiacTep1rna~1rn, a aaTeM no
n:yqeuuble ;a;aHHbl0 oTo6pamaroTCH B npocTpaHcTBe npnaaaKoB. One
paropoM JIHH0HH0f0 npeo6paaoBaHII.fl npocTpaHCTBa KJiaCT0pII3a~HlI 
B upocTpaacTBO np11aHaKoB HBJIHeTCH onepaTop A -

1
• · 

Ilpe;a;nomeHHaH Mo;a;eJih rpoaoBoro oqara 6hlJia npoBepeHa no aKc
nep~M0H'l'aJihHhIM AaHHhlM. BhlJIO o6pa6oTaHo qeTb1pe ceaHca per11-
CTpa~1rn pa;a;uoT0XHIIqecKII~ M0TO;I.l;OM y;a;apoB MOJIHIIH B JieTHee Bpe
MH. Cpe;a;HHH npoAOJiil\IITeJxhHOCTh ceaHCOB cocTaBJIHJia 1 11. ,Il;JIH 
OKOHTypIIBaHHH rp030BhlX oqaroB ncnOJib30BaJICH ynpom;eHHbIH MeTOA 
JIOKaJibHbIX KJiaCTepoB [6), OTJIIIqarom;IIHCH OT BhllleOIIIICaHHOfO T0M, 
'ITO pa3Mepbl BCeX JIOKaJibHbIX KJiaCTepoB npHHIIMaJIIICb paBHhlMII 

ri = r 0 = 1,5 npn a = 2 II 

A= 

1 
1u 0 0 

0 

0 

1 
1u 

0 

0 

1 
300 

B Ta6JI. 1 np1rne;a;eHhl xapaKTepIICTIIKII rpo30BhlX oqaroB, ycpe;a;

neuHhl0 KaK no KaiR;I.l;OMY II3 ceaHCOB perIICTpa~IIII rpo3, TaK II no 
BCeM 11eThlp0M ceaHCaM, a TaKil\e aaanorII1IHhle xapaKT0pIICTIIKII, 1137 
BeCTHhl0 II3 mITepaTyphl. B aToii Ta6n11~e S 0 - nJiom;a;a;h BCeii aHa\-

JIII3IIpyeMoii TeppIITOpIIII, . \ 
B Ta6JI. 2 npe;a;cTaBJieHa ;a;11aaM11Ka pa3BIITIIH Han6oJiee Mom;aoro ,. 

m Kam;a;oM H3 ceaHCOB per11cTpa~nn rpoaoBoro 011ara Ha npnMepe 
11eKOTOphlX xapaKT0pIICTIIK rp030BOf0 oqara: 1IHCJia rp030BhlX H1Ie0K 
B 011are n11q (1IHCJIO JIOKaJibllblX KJiaCTepoB B KJiaCTepe), COOTHOill0HlIH 
nnom;a;a;eii SIS 

0
, IIJIOTHOCTII pa3pH;a;OB /., v. Ilp1rne;a;enur,10 xapaKTe

pncTIIKH BhlqIICJl0Hbl ;I.l;JIH Tpex CTa]l;IIH rp030BOrO 011ara, Ha3BaHHhlX 
ycJIOBHO na11aJibHOii, cpe;a;neii II aaKJ~I01IHT0JlbHOH. 0KOHTyp11BaHH0 
rp030BOf0 oqara Ha npoTHil\0HHII RBffi)::{OH CTa]l;HlI 6hlJIO IIOJiy11eHO 
~pa36neuueM Tena KJiacTepa ua TpH 11acT11,. paBHhle no AJIHTeJihHOCTH 
T/3. ,I(annhle Ta6nun;LI HJIJIIOCTpHpyroT uecTa~noHapHOCTh xapaKTe

J>IICTHK rpo30BhIX oqaroB B npoqecce 11x aJieKTpn11ecKoro pa3BBTH.fl • 
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IloJiytJeHHb!e peayJibTaTb! o paaMepax rpoaoBb!X oqaroB, HHTeH
CHBHOCTn n ,ll;llHaMll:Ke pa3BllTllJI aJie:KTpHtJeC:KOH a:KTIIBHOCTII B HllX,; 
llOJIYtJ0HHb!0 MeTO,ll;OM :KJiacTepHoro aHaJ111aa, COOTBeTCTBYIOT COBpe
M0HHbIM npe,n;cTaBJ1eHirn111 0 rp030BhlX otJarax, CJIOil\llBIIIIIMCH no pe
ayJibTaTaM MHOrOJI0THIIX Ha6JII0~0HHH {7]. 

CJ1e,n;oBaTeJ1bHo, paapa6oTaHHaH Mero,n;1rna on11caH11.11 rpoaoBb!X 
O'Iaro:a MOiK0T 6b!Tb HCllOJib30BaHa ,ll;JIJI o:a;eHKll xapa:KTepHCTllK n ,ll;ll
II!).M:U.tm paBDHTIIn .1<amAoro OTAeJJLHoro oqara. Ta1rnH o~eirna oyAeT 

- llOJIHOii n 06'beKTHBHOH, TaK KaKi OCHOBaHa Ha KOJIIItJ0CTB0HHOM Kpll
Tepnn ,ll;JIJI O:KOHTyp11BaHllJI r~030BfilX OtJaroB, OHa onepaTUBHa., 
TaK KaK o6pa60TKa ,n;aHHhlX BhlllOJIHJleTCH Ha 3BM. 

I • 

• I 

3. PaA11onoMex11 e AHana3oHe O,H4 

PaaBHTHe 11 o6'o6m;enne CTaTHCT1111ecKoii Mo,n;eJIH OHl!-paAnonoMex. 
B nep110,n; AO 1974 r. B MP3 AH CCCP 6blJ1a paapa6oraHa crar11c
rn11ec:KaH MO,ll;0Jlb IIMllYJibCHOro ~CT0CTB0HHOro llOJIH 3eMJIH B .n;1rnna-
30He OHq (1-30 KI':a;) n CHq !(0,1-1 KI':a;) {8], B OCHOBY Koropoll: 
6blJIH llOJIOiKeHbl peayJibTaTbl CIICTeMaTIItJ0CKIIX ll3MepeHHll xapaKTe-.• . I 

pnCTIIK aroro llOJIH B pa3JIIIllHbIX reorpa<PnlleCKIIX II ceaOHHb!X Bpe
MeHRLIX ycJ10B1rnx· B cotJeTaH11ni c np1IMeHeH1IeM MaTeMaTntJecKoro 
annapaTa Teopn11 CJ1y11aiiHb!X no'.l'O:KOB {9]. B nepHOfl: 1975-1982 rr. 
llCCJief];OBaHIIH B ,n;aHHOH o6JiaCTR BeJillCb B HanpaBJieHHH pa3BllTHJI 
aTOH MO,ll;eJin c :a;eJibIO ycTaHOBJl0HIIJI CBH31I IIMllYJibCHOll 1IaCTII llOJIJI 
c "jp.iiyiCTya:a;m)HHOH, onpeAeJI0HHH B3a1IMOCBJl3ll aToii MO,ll;eJIH, pacc1111-
TaHHOH ,n;J1.11 m11poKonoJ1ocHorq nplieMa, c MOAeJibIO ya:KonoJIOCHo 
perncTp11pye11IblX llOJieii, llOJiylJeHHH Ra ee OCHOBe HOBblX ,n;aHHhlX, 
pacl!lnp.l:{IOI:a;nx 06J1acT11 ee npnMeHeHnH n .n;aJibHeiimee o6o6I:a;e
nne ee. 

¥no11rnHyTaH Bb!IIIe 1110,n;eJib paHee OCHOBblBaJiaCb Ha pa3,ll;0JlbHOM 
paCCMOTp0HUU ee HllillYJibCHOll ll q)Jly:KTyau;noHHOll 1Iacreii [10], npH
'IeM pacnpe,n;eJ1eH11e BepOHTHOCTeii llll:KOBblX 3Ha1IeHHll Bhl6pocoB llM
nyJibCHOH 11acrn P (ri > E) n aaBncnMoCTb HHTeHCHBHOCTH noroKa 
nb!6pocoB noJIH or noporoBoro ypoBHH v (E): 

P.. ('l'J > E) =exp {-exp (-2m + 2,5)[(ln Er-, (In EMrJ}, (16) 

v(E) =exp {-exp (-2m +2,5)[(ln Er - (In EorJ}, 
. . I 

E ;)>EM, I (17) 
I 

noMHMO qrnanqec:Koro napaMeTpa - noKaaaTeJIH paa6poca m c 11a
BeCTHLIMH CTaTHCTH'leC:KHl\ill xapa:KTepHCTHKaMH [8] II napaMeTpa 
IIHTeHCIIBHOCTH noMex E 0 , co,n;e~maJ10 napaMeTp EM - yponeHb no
JI.11, paa,n;eJIHIOI:a;Hll IIMllYJibCHYIOI ll «l>J1YKTya:a;110HHYIO COCTaBJIHIOI:a;He 
(MC II <DC) ll HCilOJJb30BaBIIIIIH!1H KaK Ha3Ha11aeM:aH n 3aBHCIIMOCTII 
OT npaKT1111ec:KHX u;eJieii BeJ1n'l11Ha. B «f>opM:yJiax (16), (17) E, EM,. 
E 0 n v Hop11rnpoBaHLI :K e.n;nH11:a;aM: II3MepeHIIH - cooTBeTCTBeHHo MB/M 
JI c-1• :3KcnepllllleHTaJibHO II Teopern11eCKH IlOKaaaHO 1111, 'ITO 0CJIII 
napa1110Tp EM \LipaauTb 11epea IIHTeHCIIBHOCTb crq,: EM = kar», II ecmi 

142 .. 

pacnpo,n;onomw <!)C HOJIH 1rn" rnyrronoil Mo,rw.'lrr 
J; 

1 (' •12· F(k)=P(~<E111)=2n"".) e-£ 1.d~, (18) 
-oo 

rAe s - Mrnonemrbxe anaqeHIIH <PC no.rra, TO cnpaBe.n;;nrna c.TJe.n;yro
I:a;aH CBH3b napaMeTpon cDC n MC noJrn noMex a<l> II E 0 : 

( 
In 1' ) 

aw= Eo exp e-zm+;,5 - ln k , (19) 

r,n;e Ta - cpe,n;HHH ,ll;JIHTeJibHOCTb ,n;aJibHHX arMoc<f>ep1rnoB. B tJaCT
HOCTII ycraHOBJI0HO [11], 'ITO npII peaJibHbIX YCJIOBIIJIX (19) CDO,ll;IITCJI 
K npOCTOMy COOTHOIII0HHIO 

cr<!J = aEo ~ (5-+- 7)·10-a, (20) 

KOTopoe corJiacyerc11 c a:KcnepII11reHTaJ1bHI:.r11rn fl:RHHb!llIII. ,l1;.'IJI npaK
TH11ec:K11x u;enmi onpef];eJierurn pa.n;nonor.rexonoii 0Gcra11on1rn yaoMn
HyTaH BhlIIIe MOf];0Jib (16), (17) Il03DO.'IH0T YI><l3UTb lllllllllMU.'IbHO no
nyCTllllIOe npe1mr naMepennii m1rencrrnnocTI1 noroRa mmy.111,con [ 11 I 

1 
T min= vx2 exp {4,6 [a lg v + a2 ]}, v ;> 0,1 c-1, 

J 

1 
Tmin=-=-2 , v<O 1cl 

'VX. ' ' 

(21) 

(22) 

r,n;e x = cr . .Jv - ,n;onycruMb!ii AJIH KOHRpeTHb!X npa:nrnqec1mx n;ene.tt 
napaMerp orHoc11reJ1bHbIX napIIau;rrii noJIH. Ta6yJ1rrpoBaHHLie aaa"le
HIIH T min II x B nn,n;e ceMeHCTBa 3RDIICII.MOCT0ll Tmln (x) pacctJnTaHbl n.'IJI 
Henocpe,n;crneHHoro npaKTntJec:Koro npn11IeHeHn11 [ 11]. 

,l1;JIJI paCIIIIIpeHHH o6JiaCTII npn!IIeHeHIIJI CTRTIICTIItJec:nofr ;\~OA0.'lll 
m11poKOilOJIOCHbIX pa,n;uonoMex [8] ycTaHOBJieHa ee B3RII:\IOCBH3b c 
paHee paapa6oraHHoii (12-14] Mo,n;eJibIO yaKono.rrncHb!X pa,n;nonoMex. 
OrHomeHue IIHTeHcuBHOCTII perucrp11pye1110ro yaKonoJioCHb!llI npne:u
HII:KOM no Jin 0 Hl.J a r11rnccpepnoll: pa.n;nono11rexn na 1IacroTe 10 :nru;, 
COOTB0TCTBYIOI:a;eii Ma:KCIIMYMY cne:KTpaJibHOii Il.'IOTIIOCTII Il01\I0X, 
K llHT0HCIIBHOCTII IlOTO:Ka IIllmy.'IbCOD IIIIIpOnOilOJIOCHOil IlOMexn 
B tJaCTOTHOM ,n;uanaaoHe 1-30 Kf:a; n11reeT BII,ll; (15]: 

lnh=ln(l]2T~V)+ In K 1 + a.- · + ---:; [ ('i' )2 (~)2 ''1rK2 ] 

T~ lj~ ~/ 11 
+ [(ln E)"' - (In EM)mj e-2m+2,:;, (23) 

rf];e h = S 0/vc;, S 0 , (MBhr) 2 ·c - n.110Tnocrr, cne:nTpa ao.1H aoMex ua 
'laCTOTe 10 :Kfu;, 'VE - HHT0HCIIBHOCTb IlOTO:Ka II111IIYJibCOB Ha <PunCII

poBaHHOM E; f}:f, 1j- cpe,n;m1ii :Kna,n;par II cpe,n;Hee ana11eane anKOB&I:X 

auatJeHuii IIMnyJrLcon nom1; -r~, Ta - cpe,n;nnii 1rna,n;paT n cpeneee 
8HatJ0HII0 IIX ,ll;JIIITOJILIIOCTC:ii:, '\' - cpe,n;unii :noa¢<Pnn;neHT IIX cf>op)llal 
(1I3BeCTHaH nemPnma), K 1, K 2 - 6mrn1me :K e,n;nnna;e :noacraarw, 

1-'3 
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fl/ Y - m11p1rna 'laCTOTHoii noJIOChI yaKOIIOJIOCHoro npue11rn Ha 10 Kfn;,; 

ocTaJI:&Hhie o6oaHa'leHuJI yKaaaHhI Bhime. 
3Kcnep1rneHTaJibHO IIOKa3aHO [16], 'ITO OTHomeHue h )J;JIJI pa3HhIX 

cym;eCTBeHHO OTJill''lalOID;llXCJI reorpacpn'IeCKHX ll ce30HHO-BpeMeHHLIX 
yc.JioBnii )J;JIJI E = 30 111B/:r.1 npn mnpoKOIIOJIOCHOllI npneMe Ha 1-
30 Kfn; n111eeT O)J;IIHaKOBOe cpep;Hee 3Ha'leHne 1i = 1, 3 · 10- 5 (MB/M)2 • c2 

1I cTaHp;apTHoe OTKJioHeHue uh = 0,3 Ti. Pac'leTHaH on;eHKa (15] c 
npnMeHeHne111 (23) p;aeT aHaq(mne h B npep;eJiax (0,5-2) .10-s (MB/M)2

• 

·C2 npll Il3M0HeHHll v Ha Tpll nopHp;Ka, T. e. TeopeTH'leCKlle o:a;eHKlI 
xopomo cor.JiacyroTCJI c aKcnepnMeHTOM. Ha aToM ocHoBaHHH no.Jiy
'leHo BLipamemrn CB.fI3ll na:IiecTHOTO 113 MllpOBOll IrnmeHepHOH npaK
TllRll noKaaaTeJIJI llHTeHCHBHOCTll yaKoIIOJIOCHoii noMexn Fa Ha 10 Kfn; 
[14] c noKa3aTeJie111 E 0 HHTeHCHBHOCTH paapa6oTaHHoii B l1P3 AH 
CCCP 1110p;em1 no111ex [ 16]: . 

Fa(IJB) = 3,2 (ln E 0) 1• 4 + 10 lg fJ./y - 6,6, (24) 

rp;e FacaB> - aKBHBa.rreHTHLiii: Koacpcpnu;11eHT my111a aT1110ccpepH1>IX no
Mex B p;eu;n6eJIJiax. 

Ha ocHoBe )J;JIHTeJI:&HLIX naMepeHnii pap;nono111ex B TponnqecKoft. 
aoHe (16] p;aHa a1rnnepn11rnHTaJI1>Ha.f.l npoBepKa Hap;emHOCTn BLipamemrn: 
(24), p;eMOHCTpnpyrom;a.fI yp;oBJieTBopnTeJI:&Hoe corJiacne pac'leTa c 
aKcnepnMeHTOM B npep;eJiax TO'IHOCTll MO)J;eJill [14]. ,Il;JIH IIJIJIIOCTpa
:a;u11 Ha pnc. 6 npep;cTaBJieH o6paaeu; cpaBHemrn aKcnepu111eHTaJI1>HLIX 
(TO'IKII) n pacqeTHLIX (cnJIOlllHLie KpHBLie) p;aHH1>1x noKaaaTeJI.fI Eo B 
TpomPrecKoft aone n JieTnue MeC.fII.\hl [181. Rp1rnwe y1rn3MBaIOT cooT-

. BeTCTBeHno a1rn•rnmrn E 0 , omnp;aeMDie c 10,50n90%-ftnepoaTHOCT:&IO 
llX npeBhlllleHH.fI. 

8Tll peayJJ:&TaThl II03BOJI.fIIOT Ha OCHOBaHHll IIMeIOID;llXC.fI MHOT0-

11llCJI0HHbIX B JIHTepaType p;aHHLIX CTpOllTb KapThl ll cyTO'IHLie ll3M0-
B0Hll.fI llllIIIYJibCHhlX 0Hq-no111ex, Heo6xop;HMhle )J;JIH npaKTU'l0CKUX 
:a;eJieii. 06paseu; KapTDI, rro'Jiy'leHHoii c 110111om;1>10 (24), npep;cTaBJieH 
Ba puc. 7. B1>1pameHne (20) no3BOJIH0T nepeBop;HT:& nu p;aHHLie 
B llHTeHCIIBHOCTb cpJiyKTyau;HOHHLIX IIOMex, KOTOpLie npaKTH'l0CKll 
onpep;eJimoT npep;eJI no111exoycToii'lnBOCTH npne111a 111up0Koro KJiacca 
noJie3HLIX c11rHaJioB Ha OHq, 3To oaHa'laeT, qto KapTa pnc. 7 op;
HOBpe111eHHo p;aeT TepplITOpllaJil>HOe pacnpep;eJieHHe UHTeHCUBHOCTll 
cpJIYKTyaD;HOHHOH COCTaBJI.fIIOIIl;0ll QHq-llOMeX <Jcp qepe3 COOTH01110Hll0( 
(20). \ 

B paapa6oTanuoii pane\') 11Iop;em1 no11rnx [8] cTaTnCTll'leCKHe CBoii
CTBa 111\IIIYJibCOB BO Bpe111eH11 o6'h.f.lCHeHhl 11 KOJIII'leCTBeHHO OllHCaHLI 
nyaccoH-nyaccoHOBCKoii rpynnOBOH CTpyKTypoii:, 'ITO 1103B0JlllJIO 
ycTaHOBIITb pRp; HOBLIX aaKOHOMepnocTeii B onncamrn cnoii:cTB ecTe
CTBeHHLIX llOJieii qepe3 BLipameHll.f.l O)J;HOMepHLIX BepO.fITHOCTeii 'IllCJla 
n11rnyJ11>con na sap;aHHLIX oTpesKax npeMeHII. ,Il;By111epuoe onncaHne 
Bepo.fITHOCTHhlX xapaKTepIICTIIK 1111myJ11>COB 0Hq-no111ex BO BpeMeHll 
na ycJIOBllll npaKTIIKll n;eJiecoo6pa3HO 6LIJIO llOJIY'lllTb )];JI.fl llHT0pBa
JIOB B~l\IeHlI M0iR)J;Y llllIIIYJil>CaMll llOMex. 8Ta sap;aqa pemeHa KaK 
8KC110pllM0HTaJibHO, TaK II Teop0Tll'l0CK1I. ,Il;Jl.f.l nyaccoH-nyaccoHOBCKOB 
MO)J;0Jlll llOTOKa lllllIIYJlbCOB llOJIY'l0HLI pacnpep;eJleHll.fI BepO.fITHOCTeii 
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PHc. 7. Hapra noRa3aTeJIR E 0 AJIR cpep;ncce3onnoii 1rnrenc1rnnocr1I noroRa arMo
clfiepHROB. Jlero, 12.00-16.00 MCCTH. Bp. 

Memp;y npon 3BOJibHbBI 11101\IeHTOl\I npeMeHII II 6.TIIIiW:llllUIDI ID\IlY,-IbCOM 
Wt ('tt), a TURiHe W ("t) - 111emp;y CMOil\llLDlll mmy:IbCa~m, Bblpa
il\0HH.fI )];JI.fl KOTOpbIX IIM0IOT Bll)J; ( 17]: 

-"C,/"C, W (T)='A 1-exp(-a:T0 (1-1 )] 
t t l 1 - oxp (- T tlTo) X 

X exp {/...1-ro [Ei (- CGTo) + oxp (- CXTo) (Hi (ato) -

- E~ (o:-roe-"'11"'0)) - C - 111 (ato (1 - (l~r,ir,)) - T ,/Tu]}. (25) 

W (i") = [l 
1 

( I )]2 {).a[1 - l•Xfl (- 'lTo (1 - c"C/T,))]2 + aTo - exp T To 
+ e-t/-c,Ec:t.(1- e-t/-c,) exp (- c.no(i - a~T/T,)) + 
+ - 1

-(1 - exp (- a-ro (1 - r'I'•)))} oxp (f.1Tu[ H( (- a-ro X To 

X (1- e-*·)) +exp (- ~Te)(lr~ (cno)- Ri (r.1.:roe-tft,))- C-
- In (a•o (1 - e-t/t0)) - -r/To)). (26) 

B (25), (26) npIIII.fITLI CJrep;ymnuto otSuu11n 1w1111n: -r 0 - rnyqaiiHDI:ii 
llHTepBaJI Memp;y nponanoJI1>rr1>111i ~IOMUllTOM upeMenu 11 6.'!11maiimn:u 
llMilYJil>COM; 't - CJiyTJ:aiirr:w:ii lll:iTOpllnJI MOH\HY Cl\Ieil\HLIMll llMllYJib-
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caM11; A.1 - HIIT0HCHBIIOCTb IlOTOKa rpynn HMilY Jib COB u c-
1, A.2 = 

= a.e<tr-c>t-c, rrpH 't > ti; A.2 = 0 rrpH 't < ti - rrepeMeHHaH no 

Bp0M0HlI BHyTpHrpyrrnoBaH llHT0HClIBHOCTb IIOTOKa, panHaH a B Ha-
11a.Jie rpynnLI B MOM0HT ti; 'to - aq>1peKTllBHaH J];JlllT0JlbHOCTb rpynn, 

00 

* \ ell E1. .(- x) = J y dy; c -· 0,5772 - IIOCTOHHHaH 3ii:nepa. 

x 
BLipamenHe (26) conocTaBJieuo c aKcnepHMeHTaJihHLIMH p;aHHLIMn, 

IIOJIY'l0HHhIMlI B 3Ha'lllT0bHOM o6'h0M0 KaK AJIH nepTIIKaJihHOrO 8JI0KT
p1I'10CKOro lI l\IarHHTHOrO IIOJieii:, TaK ll J];JIH ropnaOHTaJihHOrO MarHHT
Horo IIOJIH (181. IloKa3aHO, 'ITP (26) II03BOJIH0T KOJIH'10CTB0HHO xa

paKT0pH30BaTb OIILITHLI0 p;aHHJ~I0 c IIOMOID;bIO JierKO orrpep;eJIH0MLIX 

H3 8KCnep1meHTaJihHLIX p;aHHLIX napaMeTpOB 

* * w,~ a* = A.2 (0) = W (0) - Wt (O); A.1 = * , (27) 
CX't'O 

rp;e 't'~ - a6cn;Hcca TO'IKII nepern6a qiynKn;1111 W (-r), W (0) = NIT, 
N - noJIHO~ 'IIICJio 11MIIYJihCOB aa BpeMH Ha6mop;eana T. 

On;enKa napa11rnTpoB (27) cnop;nTCJI K annpoKCIIMan;1rn :mcnepn

MenTaJihHLIX pacrrpep;eJieHHH w (-r) ABYMH npHMLIMH B Koopp;1rnaTaX 
. * lg W (-r) 11 't, np11tieM peayJihTaTLI on;eHKH BeJIH'llIH a*, A.1 xopomo 

corJiacyroTCH c nanecTHLIMH cnep;eHHHMH o cTpyKType rrona aTMoccI>ep
m1x IIOM0X, BhlTeKaIOm;eii: na: nyaccoH-nyaccoHOBCKOii: MOJ];0JIH [8]. 

Ha ocHonamrn MHoro'IHC.110HHLIX aKcnepHMeHTaJihHLIX p;aHHLIX, 

o6paaen; KOTOpbIX p;aH Ha pnc. 8, IIOJiy'leHa aaBHCHMOCTb OT '.HHTeH
ClIBHOCTll IIOTOKa lIMIIYJihCOB v [c-1] 3Ha'leHnii: IIHT0pBaJIOB 't c n'epoHT

HOCTHMll 0,9 11 0,5. Ha p11c. 9 npHnep;eHLI aTH aannc11MOCTH no p;aHHLIM, 
noJiy'leHHLIM n CCCP II B Tpori11qecKoii: aoHe ATJiaHTHKlI (18], a TaKme 
J];JIH cpaBHeHHH np1rnep;eHa aaBlICllMOCTb i = 1/v. 3aBHCHMOCTb 'to,9 
OT 'V xopomo arrnpoKCIIMHpyeTCH IIpHMOH B KOOPAHHaTaX p11c. 9 H 

anaJIIITII'l0CKII BLipamaeTCH qiopMyJioii 

'toe= e-lnv+1,1 . ' 
(28) 

B KOTOpoii: nee B0Jlll'IIIHLI HOpMHpOBaHLI K CBOlIM paaMepHOCTHM. 3a
J;llICHMOCTlI Mep;11aHHLIX aaaqeHnii: 'to,s OT v annpoKCHMHponaHLI ABYMH 
mTplix-nyHKTllpHLIMH JIIIHHHl\IH, M0IBAY KOTOpLIMH aaKJIIO'l0HO 60Jih-

m11HCTBO TO'l0K: . 
'to • = e-ln v-0,9 ,u I 

" 'to,5 = e-lnv-1,s. (29) 

]J.aHHhl0 pnc. 9 lI BLipameHHH (28)' (29) MOryT 6LITb IICIIOJib30BaHLI 

npaKTH'lecKn B 11nmenepHLIX n;eJiax np11 on;enKe npeMennoli CTPYKTY
PLI QHq HMIIYJILCHLIX IIOM0X IIO p;aHHhlM 113MepeHHH peaJibHOH IIOM0-
XOBOH o6cTaIIOBKH qepea npocTo 11aMepaeM1>1ii: napaMeTp v. 8Kcnepn
M0BTRJibHLI0 p;aHHhl0 0 pacnpep;'0JI0HlIHX w ('t') ll IIX cpaBH0HlI0 c (26) 
HarJIRJ];IIO leMOHCTpHpyIOT B03MOiKHOCTb o6o6m;eHHH 11rnp;eJI11 Ba nep
THl<aJILIIYIO COCTannmom;y10 MarHHTHOro IIOJIH, YCJIOBIIH qiopM11pona
BBR J<OTOpoii TaKOBlil, 'ITO oua coap;aeTCJI B OCUOBIIOM 6mrnmHMll rpo-
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Puc. 8. OGp11:11J1\ 1rnc11pl'Jlt'JW111111 
D('pOSITllO<'T<'il llll'l'l'(lllllJIOll 11(11'
MCllH MO)l(JIY CAIO)l(llldAlll llAlllYJlh

CaMH OHl!-paAHOnoMex 17 asr. 
1980 r., 8.20 MeCTH. np., 11. Bo
poK, H pocnanc1wii o6JI. 

Pnc. 9. 3asncuMocTn HHTepna
JIOB i; rrpn paan1111nhlx nepoRT
nocTRX lIX IIOSIBJieHne OT nn
T0IlCHBilOCTll IIOTOl\a IIMIIYJII,COB 
'\I H HX arrrrpOKCHMUl\IUl 

l - "'o,9• CCCP; ~ - "'o,9• 

Tporr. }OHa; 3 - 'o.5• CCCP; 

4 - 'o,5• TPOII. 30Ha 
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30BhlMll llCTO'IHlll<UMll D OTJlll'IH0 OT BepTHKaJILHOro 8Jl0KTpll'l0CKOro 
11 ropIIaouTaJILnoro l\tarIIHTIIoro noneii:. IIocJie)J;aee 06cTO.HTeJI1>cTBO 

roBOPH':1' 0 TOM, 'ITO 11poMOIIIIIUI CTPYI\Typa llOJIH no1rex ooycJIOBJieHa 
npo~eccaMn n ncT0111m1rn, 11 ycno111111 pacnpocTpm1l'mrn nx II3.1:p1e

HHH He DJIIIJIIOT m1 1m1t c·raT11c·n1110c1wii Mononu rro;-.rex. 3ro )J;ono.'l:Haer 
peayJihTUTLI npo11op1rn ·roro mo HOJ!Oil\OIIH11 no OTIIOIII0IIIIIO K pac
npep;eJierrmo 11opo11·1·11oc•roU 11111w11L1x aun11onnii: 1rnny:i1>con Qflq. 
llOMex: 0110 TRJOHO OllPOJ{OJlllOTCI! C'l'llTllCTHI\Oii: mmonLIX TOKOB paa

PHAOB Mo mm ii [ 10 I, 11•1•0 CJJOJ(yo·r 11 a couocrnn.riemrn cTa TIICTII'lecKnx 
xapaKTepHCTlU( puDpll){OIJ MOJllllti·i II llAlllYJILCOD IIO;\IeX Ha 6aae l\I0-

)'.1;0JIH noMex (81. 0To nounomrno 11ponJ1ol1rnTI> MeTog RO.TJII'lecTnennoro 
KOIITPOJIH llI<'l'Hlllloc•1•11 l'flllll11111.1x 11 11111·011, Ol'.llomrn11i.di 11n 01~e1me rra
paMeTpa m 111.IJHlllCOllltll ('17) I 1\l, :.!OJ. MoToJ~ 1110moT 6LITh ncno:r1>3onan 
B M0T00pOJIOrHH H II CHC1'0MllX y1cn:111111111 rpo3oonaCIILIX YCJIOBilll )J;JIH 
rpnmnnnmcoit llllllUHllll 11 1111y1·11~ 11npnn11oxo:rniirT111'11111.rx 11ya;;~. 
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Teppumoplia.n,bno-epeMenntiR. Mooe.n,b napaMempoe amMoc<fJepnw,x 
noMex. ATMoc<flepHbie 110Mexn (All) 11pep;cTaBJIHIOT co6oii HecTa:a;no
HapHlllii HerayccoB cJiyqaii:Hblii npo:a;ecc. ,I(pyrrorn CJIOBaMH, napa-

' MeTpbI erq pacnpep;eJieHHH MeHHIOTCH BO BpeMeHH II 110 TeppIITOpIIH, 
npn11eM B paMKax TOH HJIH nHoii Mop;eJin, onIIci.rna10m;eii All, Ha p;oc
TaTolJHO KOpOTKIIX lIHTepBaJiaX Bp0M0Hll irnpna:a;HHMII STllX napaMeT
poB MOiRHO npeHe6pe11h. Op;HaKo Ha 6oJihmHx BpeMeHHLIX IIHTepBaJiax 
Bapna:a;nII napaMeTpOB CTaHOBHTCH yme aaMeTHblMll, OHR IIM0IOT KaK 
p;eTepMHHnpoBaHHhIH, TaK n cJiy11aH:Hbiii xapaKTep. CTaTIICTH'leCKHe 
CBOHCTBa STHX mipua:a;nll: aaBIICHT OT reorpa<flII11ec1wro paH:oHa. 
IloaTOMY Bail\HO IIM0Th TeppliTopuaJihHO-BpeMeHHOe omICaHHe napaMeT
poB All KaK cJiyqaii:HhIX <flYHK:a;uii BpeMeHII u reorpa<flII1Iec;irnx Koop
)J;IIHaT. Ilop; napaMeTpaMH All noHuMaIOTCH cneKTpaJihHaH nJIOTHOCTb 
(CIT) II lIHT0HCllBHOCTh llOTOKa BbI6pocoB. 

B cuJiy cJiy11aiiHOCTH reorpa<fluqecKoro noJiomeHIIH rpoa II 11x 
lJIICJia napaMeTpbI All 11pep;cTaBJIHIOT co6oH: cJiyqaiiHbl0 <flyHK:a;1u1 
CBOIIX apryMeHTOB, a TaKiK0 BpeMeHII II reorpa<fln11eCKIIX KOopp;IIHaT. 
TeppIITOpIIaJibHO-BpeMeHHaH MO)J;eJib npep;noJiaraeT cTaTIICTH'lecKoe 
onncanne napaMeTpOB All KaK cJiyqaiiBhlX qiynKu;nii yKaaaBHblX ne
peMeBHbIX. TaKoe 01mca1rne p;JIH cneKTpaJibBOii IIJIO'l'HOCTll All, no.
lJIIHaH c 10 Kf:a; II BbIID0, 11pHB0)1;0HO B [14) c rpap;a:a;HHMII 110 Bp0M0HII 
4 1!. H11me 11p11Bep;eHhI peayJibTaThI 11ocTpoeHIIH TeppIITOpHaJibHO
npe111eHHblX l\IO)J;0J10H All B p;11a11aa0Be qacTOT 30 ru; - 30 Kfu;. BOT
JIII1JII0 OT [ 14) 1110)1;0Jlll atn He a11nrnpII11eCKIIe, a CBH3aHbl aHaJIIITll'l0-
CKIIMII (IIHTerpaJibHbIMII} aaBIICllMOCT.flMll c KJIHMaTOJIOrII1J0CRIIM 
napaM:eTpoM: pac11pep;eJieHneM lJIICJia p;He:ii c rpoaoii 110 TeppnTopIIH 
3eMJIH. 0Hn n63BOJIHIOT, HanpIIMep, nporHoanpoBaTb B03MOiKHble 
sHa11eHIIH 11apa111eTpOB All c rpap;a:a;11eii 110 BpeMeHn 1 11 Ha Bceii Tep
pHTOpun 3eMJill B )J;llalla30H0 lJaCTOT 30 f:a; - 30 Kfu;. 

PaccMaTpnBaeTC.fl HeROTOpblii o6o6m;eHHhlii 11apaMeTp rpoai.1 p (u) 
(IIHT0HClIBHOCTh llOTOKa .IIJlll C110KTpaJihHaa llJIOTHOCTh, COOTB0TCTB0H-

' HO STOMY u - m160 11dporOBblH ypoB0Hb, JIII6o qacTOTa). IlyCTb' 
x - pap;IIyC-B0KTOp rpoabl, y - pap;uyc-BeKTOp 11pueMHHKa, 
g (X, Y) - <flyHKa;rrn IIaMeHeHH.fl napaMeTpa 11pn pac11pocTpaHeHIIII 
cIIrHaJia 8MI1 11IOJIHIIeBoro paapHp;a Memp;y TO'lKaMII X n Y. Bem1-
1IHHY napaMeTpa p (u, X) rpoai.1, nMe10m;eii 11rncTo B To11Ke X, B TO'l
Ke Y o6oaHa1IIIM 11epea p [u, X, g (X, Y)l. XapaKTepIIcTn11ecKaH 
<JiyHKD;HH (XcD) noro napaMeTpa paBHa [21]: 

cpY/X (z) = exp ip [u, X, g (X, Y)], (30) 

rp;e i - MHn111aa ep;IIHII:a;a, z - 11poII3BOJibHaH nepeMeHHaH. Ilpep;no
JiaraeTcH, 'ITO rp03bl no TepplITOpIIII II BO BpeMeHII Bblnap;aIOT, no 
H0CTa:a;noHapH0111Y 11yaccoHOBCKOMY aaKOHY c llHT0HCHBHOCTblO 
y (X, t). Ecm1 HHTepBaJI Ha6JI10p;eHIIH T, TO, corJiacHo [9), cpep;nee 

'lfllCJIO rpoa Ha HeM paBHO 

t+Tl'l 

r~)= ~ ~ y(X, 1)dXd1. (31) 
g t-T/'l 

t48 

.3AOCI> 'l - llOllllPXllOCTh 3ew111. llpu AOCTHTO'IHO ~ia:lhl.X IIHTepBa
Jiax 11110J110Hllll1111 (11anp11~rnp, T, panHoM cpegHell: npop;oJI:.f\IITeJii.
BOCTll rpo:11.1 12:~)) nnpnnqu:mrn Ha HeM IIHTeHCIIBHOCTII BbIIIagemrn 
rpoa MO)HJIO 11 ptim•opl"lh H CJH'Alll'P 'IIIC.TIO rpoa UH) 6yn;eT panno 

r (t) = 1' ~ y (X, l) dX. (32) 
fJ 

EcJm llMOOT MOCTo '!'OJI i.1rn on11a rpo:rn na 3P~I.'IC', npIPIC'M lioop
.,A1rnaThI co c.r1yirnii11L1, TO cor.rinc110 (30) n (32) yc:10nuaa Xel> napa
MeTpa rpoar,r 11 To111rn rrpne~rn paBua 

<pv;1 (z) = r~t) ~ V (X, t) exp {i p [ u, X, g (X, Y)] ::} ax. 
ll 

IlpeJ~IlOJIO/l([!M, '11'0 nn llllTOpna.rw naG.r110AC'llllfI llLIII1\.'IO 
BepoHTHOCTb <noro co6i.1nrn µ 11 (t), corJiacHo [9], paBHa 

µn (t) = [I'n(t)/nl] exp [-r (t)l. 

(33) 

11 rpo3. 

(34) 

-0AHaKO He o6H3aT0JibHO, 'ITO Bee rpo3b1, BLmap;aIOIIJ;II0 Ha STOM HH
TOPllllJIO Hao.fl IOJ~l'IIIIH, «mrnpolOT» MOMCllT 11peMClllI t II l\OIII~C llIITCp
BaJia Ha6moAeHirn (a mreaHo n;.'IH Hero ll!I>I pacomTp1rnae:u napaMeTp 
p)' TaK Kai\ rrpogomraITeJibIIOCTII rpoa pa3JllPIHhI. c n;pyroii CTOpOHbI, 
MOllieHT BpeMeHII t 1110meT ObITb «HaKpLIT» rpoaa11rn, ni.manmm.m aa 
npeAeJia:m1 mrTepnaJrn uaomop;emur. ,L(pyrMMM cJ1011aM11, n paccMaT
p1rnaer.rn:ii: aap;aqe lIHT0pBaJI HaO.TIIOAeHIUI, Ha liOTOpmi aan;aeTCH IlOTOK 
CJiy11a:ii:HbIX co6LITMH (B AaHHOl\I CJiyqae MOl\I0HTbI B03HIII\HOBeHllH 
rpoa), cJiy11aeH II AJIIIT0JihHOCTb ero orrpeJJ;emreTCH rrpOJJ;OJiinHTe.'lb
HocTi.10 rpoa. Ilo<noMy HaliAeM CHa'laJia yc.'IOBHYIO XcD napa:MeTpa 
rpoay,1 p (u) n Toqrw npue11rn AJIH HeKoTopoii 1p1mcuponannoii npOAO.'I
iHIITeJibHOCTH rpoai.1 T. 

IlpeJJ;IIOJIOJI\Hll[, 'ITO B rrpOII3BOJibHbIX TOqJiaX Ha IIOBepXHOCTII 
3eMJIH Ha IIHTepnaJie npe11reHu T rrpoucxon;HT rpo3M. B 3TO~I c:1y11ae 
XcD napaMeTpa p (u) n Toq1rn rrpue11ra panHa [21] 

Tn n 
\'j)Y/n (z) = -,,-! (u, Y, z), 

r (t) (35) 

r,TJe qepo3 I oGo3rrnqerr nnTC'rpn.rr n (33). Toqa, cor:iaciw (3-~). yc:10n
Haa (AJIH cpHKcnponaHrroil: rrpon;oJI:.f\IITe.'IbHOCTII rpoahr T) XcD rrapa
M0Tpa p (u) panHa 

cpT (z) =exp [TI (u, Y, z) - I' (t)]. (36) 

0Tcrop;a II 113 (32) rroJiy11ae111l 

(PY/r (z) =exp T ~ V (X, t) {exp {ip [u, X, g (X, Y)] ::} - 1} ax. 
Q 

(3i) 

IlpOAOJil!rnTeJILHOCTL rpoai.r T - cJiyqaiiaaa Be.'11Pmaa, aaKOH 
pacrrpeneJienn11 KoToporr xoporno arrrrpolicmmpyC'Tc H nop~ra.'Ii.nhl:u 
sn1w110111. YcpeJJ;HHB (37) rro T, noJiy<rneM 0KorrqaTe.1buo X<l> napaMeT-
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pa p (u, Y) KaK xapaKTepIIcT1n~11 All 

crr 1 ' :l ') 

- Qly(z)=exp lrrA +--rA~ , (38) 
! 

r.n;e Tr - cpe.n;mrn npo.n;oJiiKIIT~JihHOCTh rpoahl, cr~ - ee ;o.Hcnepcm1, 
11epea A 06oaHa11eH 1rnTerpaJI B (37). CooTHomeH11e (38) ;o.aeT noJIHoe 
o.n;HoMepHoe CTaTHCTII11ecKoe onHcaHIIe napaMeTpa p (u, Y) (HHTeH
ClIBHOCTlI noToKa an.rnc<f>epHKQB IIJIII cneKTpaJihHO:ii IIJIOTHOCTH All} 
KaK CJiyqaiiHoii <f>yHKD;Hll apryMeHTa ll . Koop;o.11HaT npneMHHKa Y. 
B cJiy11ae, ecmI napaMeTp rppahl p (u, X) - cneKTpaJibHaH rrJioT
HOCTb (CIT) ~OJI.fl 8M1I rpoaoB!>ro 011a_ra - Sn(!, X}, TO IIHTerpaJI A 
B (38) paBeH I 

A=~ y (X, t) {exp [iSn (f, X) I G (!, X, Y) \21 -1} dX, (39) 
-£2 

r)l;e I G (!, X, Y) I - llIOAYJih Koa<f><fiun;11eHTa rrepe;o.a11II TpacChI pac
rrpocTpaHeH11.11 8M1I rpoaoBoro 011ara Mem;o.y T011Ka11rn Xu Y Ha 11ac-

TOTe f. 
AHamrn JIIITepaTypHbIX )l;aHHhIX ll rrocJie;o.yrom;ue pac11eThI noKaaa-

JIH, 'ITO en IIOJIH 8M1I HMeeT BU)]; 

Su(!, X) = [A3X3 (X) (U~)i+ J..0x 0 (X) (U~)] exp (-/2/ /3.2j)/n!ij
2

, 

i (40) 

r)l;e /..3 - cpe)l;nee 'lIICJio noBTOpHbIX y)l;apoB B MOJIHIIeBhIX paap.H;o.ax 
na 3e111mo, J.. 0 - cpe)l;Hee 11HCJIO K-uaMeHen11:ii B 06Jia11ni,1x paapH;o.ax, 
X3 (X) - llUTeHCHBHOCTb BbIIIa;rI.eHIIH B rpoae MOJIH:HeBbIX paapH;rI.OB 
na 3e111mo, Xo (X) - IIHTeHClIBHOCTb' BbIIIa;rI.eHlIH o6Jia'IHblX paap.11-
)l;OB, u 3 II u 0 - aMIIJIIITY;rI.bl IlMIIYJihCOB 8Mlf 301\IHblX II o6Jia'lHbIX 
pa3pH;rI.OB COOTBeTCTBeHHO. IlocJie;rI.Hile pac11pe;o.eJieHbI no JiorapII<fiMII-
110CKll HopMaJihHOMY aaKoHy c Me;o.HaHHbIMlI ana11eHIIHMil 2 II 0,2 B/M 
COOTBeTCTBeHHO II ;rI.llCIIepc:aeii 8 ;o.B. 1IHT0HCilBHOCTII X3 (X) Il Xo (X) 
paCC'llIThIBaIOTCH no :IIeTO;rI.lIKe, H3JIOiK0HHOH B [23)' Koa<fi<J>:an;neHT 
nepe;o.a11n Tpacchl G (!, X, \i) Bhl'llICJIHeTCH c noMOn:t;hIO MeTo;o.11KlI 
[23, 24). B pa6oTax [25, 26] HaMn 6mrn no;o.po6Ho paccMoTpeHhI 
BhI'llICJieHHH KYMYJIHHTOB c noMOn:t;hIO X<l> (38). Pac11eThI noKa3aJI11, 
'ITO 3aKOH paCIIpe;o.eJieHlIH en All KaK CJiy'laiiHOH <J>yHKD;IIII 'laCTOThI, 
Koop;o.1rnaT II BpeMeHII xopomo arrnpOKCIIMllpyeTCH JIOrapmpMII110CKll
HOpMaJibHbIM pacrrpe;o.eJien11eM. 1IJIJIIOCTpan;11.11 npnMeHeHIIH npnBe-

- ;rI.0HHbIX 3;rI.0Cb peayJibTaTOB ;o.aHa Ha p11c. 10. 8KcnepIIM0HTaJibHbl0 
.n;aHHble CBII;rI.0T0JlbCTBYIOT 06 a;o.eKBaTHOCTll Teopllll 3KCnepIIM0HTY. 

EcJI11 napaMeTp rpo3hl p '(u, X) - HHTeHCIIBHOCTh rroToKa aTMOC
<J>epnKoB na neKOTOPOM 11oporoBOM ypoBH0 B TO'!Ke rrpneMa 
E - p [v (E), X], TO nHreq:iaJI A B (38), corJiacHo [25, 26], paBeB 

A '~ y (X, t) [exp {i P-sx~ (X) P3 (E/g (X, Y)) + 
ll ' 

+ 1-oxo (X) Po (E/g (X, Y))] z} ~ 1] dX, , (41) 
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r,o;e g (X, Y) - q>ymm,HH aaTyxaHIIH aMIIJIHTy;o.w aT:\IOcqiepmrn B pe
syJihTare pacrrpocTpanen11H ero Mea\;o.y ro111<aMn X n Y, <liYHKD;HH P(E) 
Bbl'lHCJIH0TCH c llOMOW,blO HHTerpaJlbl!Ol'O :rn1wua pacupe,neJieHHH 
aMrrnnry;o. aTMoc~cpnKou F(E) 

P (E) = 1 - F (E). (42) 

To'lHO TaK me, KaK II B CJiyqae err All, 3aKOH pac11pe;o.eJiemrn IIH
T0HCIIBHOCTH IlOTORa arMoc<Iiep11KOB B TO'lRe npneMa xopomo annpoK
CHMIIpyeTCH JIOrapmpMII110CRII-HOpMaJibHbIM 3aROHOM. 06 a;o.eRBaT
HOCTH MO;rI.0JIII lIHTeHCIIBHOCTII IlOTORa an.roc<J>epIIROB liaK <l>YHRD;HH 
nopora 3KCIIepHM0HTY CBlI;rI.0T0JibCTBY0T puc. 11, r;o.e HaHeCeHbl pac
"10THbI0 rpaHIID;bl ;rI.OBepUT0Jlb
IHOro IlHTepBaJia IIpII ;rI.OBepu
'T0JibHOH BepOHTHOCTII 0, 997 
IB03MOiHilLIX 3IIU'ICIIIIH llITTOII
<CHBHOCTII1 a TaRme 3RCrrep11-
MeHTaJibHhle ;o.aHHbie. 

IloJIHoe orrucaHue napaMeT
pa rpoabl B TO'lRe rrp11e111a 
p (u, Y) KaK CJiy11a:iiHo:ii <i>YHK
Il;IIH apry111enra II 1rnop;o.11naT 
npueMHIIKa Y Momer ;o.arh xa-

.Yfl'.% 11//m//{(-) 

Iii~ 

pa1<repHCTH11ecKu:ii <f>yn1<n;:uo- -71 , , , , , .,1 , , , • , · 

naJI (211. PaccMoTpHM neKo- l!J ;f2 ;f1 !!7{1 
' I 

ropyro TO'IKY na IIOBepxHOCTII 
3eMJilI Y n II 3Ha'Iemrn apry
MeHTa napa11reTpa u - Un. 

}1.JI.11 HIIX ;o.By111epHaH X<l> na
pa11rnTpa B c.11y11ae o;o.rroii 

11/ 

· ,ll tJ 

Ill-I 

lll-2' I I I I 1111) I ! t 1i'11! 

'!l'r; 1tlq 

Pnc.10. l\IeAnamroe 3Haqemie Ropun KBa,a;
paTHoro l!3 en All (1) II pacqeTHble 
rpaanu;hl AOBepnreilbHOro 1rnrepBa:1a npn 
AOBepnreilbI!Olr BepOHTHOCTII 0, 99i (2) 

15'2 

lll
1 

10 2 Ill.! 
Ill-~ 

Ill' 2 
/{J £, H8jl'f 

. PRc. 11. Me,a;uaunoo a11u'!om10 11111onc1rnnocr11 rroroKa an10ciJ>ep11ROB RaR iJ>y1rn
IJ;liu1·noporouoro ypoBun (1) 11 1>nc•1or111>10 rpasnu;hl AOBepnrenbaoro narepBana 
DpHlAOBOpHTOlll>UOii DOpOJITllOC1'1l 0,997 (.:.!) 
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Pnc. 12. IIpxmephI pactJeTHOii TeppnTopnaJibHOii 1wppemrn,1111 lIHTeHc11BHOCTJ1 

llOTOKa an.wccpepIIKOB . 

rp03hl B TOlJRe x paBHa I 

<I>21x(Zun• Zyn)= exp {ip [un, x, g (X, Yn)] (zun + Zy,)}. (43) 

PaccMoTpIIM Tenepb N TO'leR y n Ha JIOBepXHOCTII 3eMJIII II p;ml 
Kam.n;oil: 113 IIRX cnoe :ma'l.uu11c apryMcnTn u,.. l(m1 nvrx npH rpoae 

B TO'IRe X X<1> panHa 

<i>zn/X (zu ..... , ZuN' Zy,~ •.• , ZyN) = 
N 

=exp{i ~ p[un~X,g(X,Yn)l(zun+zyn)}. (44) 
n=1 1 

YcTpeMIIB 11IIcJ10 'l'.011eK 11 11IIcJ10 aHa11eHIIH apryMeHTa K 6ecR0He11- · 
HOCTII, He BhIXOAH npll aTOM aa npep;eJihl H0KOTOpbIX o6JiacTeH v AJill 
u II © AJIH·y, JIOJIYlJaeM ycJIOBHLIH xapaKTepIIcT1111ecKIIH <l>YHK~110Ha:JI 

J . . 

Lycn [z1(u), z2(Y)]=exp{i~ ~ p [u, X, g(X, Y)] {zi(u)+z2 (Y)] dudY} 
! roV (45) 

Ycpep;HHB (42) no 1111cJiy rpoa, n:x TeppIITopIIaJlbHOMY noJiomeHllIO :u -
npop;omKIITeJibHOCTII TaR me, KaK' p;J111 X<l>, noJ1YlJaeM xapaKTep11cTH-

11ecKIIH ~yHK~noHaJI napaMeTpa rpoa: 

' L [z1 (u), Z2 (Y)l=ex~ {Tr~ y (X, t) (LyCJI {z1 (u), z2 (Y)] -1) dX + 
Q 

+ ~; [~y(X,t)(Lycn[z1(u),z2(Y)1-1)dXJ2}· (46) 

Q 

C IIOJ\lon~hro xapar,TepHCTI1qcc"oro q1yrna~nouam1 (-~3) ~10;1mo Bhl'IIIC

JIHTb <fiymm;uu TeppHTOpnaJibnof1 irnppemrn;nn rrapa:\feTpa, Hanpn~rep 
lIHT0HCIIBHOCTlI IIOTOKa aTllIOC<fiepIIKOB (prrc. 12). 
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Hem1He~H05l cToxdcTH30LJ.l·151 Kone6aHH~ 
I 

B POAHOTeXHW·leCKHX H 3neKTPOHHblX CIACTeMOX 

B . .S1. K"1C110B, A. C. AM1'1TP"1EB ! 

BaeAe~He i 

¥nopH)l;OqenuocTh II xaoc ..:_ )!;Be npOTIIBOIIOJIOJI\HOCTII B IIpnpo)l;e, 
B <l>ll3HKe n, B 11acTHOCTH, B pa;a;no<Pnan:Ke. B <PnanKe ;a;oJiroe BpeMH 
Bbl)l;0JIHJIHCb )];Ba KJiacca CHCTeM II 11pon;eccoB, IIpOTHBOIIOCTaBJIHBIDHX
CH ;a;pyr ;a;pyry: )'.l;HHaMH1IeCKHe, OIIIICblBaeMhle ;a;mp<f>epean;naJibBblMB 
ypaBBeBHHMH, H CTaTHCTH1IeCKHe, OIIHCblBaeMble BepOHTHOCTBblMII aa
KOHa:r.nI n ypaBBeBIIHMH. °YTBep;a;nJIOCh Mnenne, 1ITO Mem;a;y ABYl\IH 
RJiaccaMII 11pon;eccoB ll CHCTel\I llMeeTC.II He11epexo;a;nMaH rpaHb II OHII 
BIIKaR Be CBH3aBhl. KpoMe Toro c11n:TaJIOCb, 1ITO CJiy11aiiaocTb, xao-
TII1IBOCTb, neperyJIHpHOCTb

1 

- CBOHCTBO CJIOiRHhIX, llrnoroaJieMeHT-
BblX c11cTeM Tn11a, na11pm10p, paapemennoro raaa nJin 11Jia3Mhl. 
A )l;HHaMn11ecKn 01111ChIBaIOTCH, nao6opoT, 11poCTble cncTeMhl: ;a;Bnme
nne 0)'.l;HOH llJIII HeCKOJibKHX 11aCTllD;, o;a;noro llJlll HeCKOJibKllX MaHTHH
KOB, o.n;aoro IIJIII HeCKOJibKIIX aBTorenepaTOPOB. 

IlepBble MeJIKIIe Tpem;11Hbl B aToii 11eTKoii KapTIIHe paa;a;eJieBIIH ;a;e
TepMmrnpoBa1rnoro 11 CJiy11aiiHoro Ha11aJin B03HHKaTb B na11aJie aame
ro BeKa. 

IloHBJieBne KBaHTOBOH M0XaBHKII IIOJIOIBIIJIO KOHen; B033peBIIHM 
0 B03l\IOil\HOCTII onpe;a;eJieHJrn Ha1IaJibHblX ycJIOBHH II TpaeKTopnii <f>n
snqeCKllX CIICTe:!II c mo6oii B,anepe;a; aa;a;aBHOii T01IHOCTblO ll TeM caMblM 
~rpaHII1IllJIO npH:!II0Bll:!IIOCT~ ;a;eTepMIIHIIpOBaHHOro onncaBIIH MaKpo
CKOIIIl1I0CKll:!IUI npoCTblMll cIICTellia:llIII. 

Ha pa)l;e npnMepoB 6hl'.rra noKaaana B03MOIBHOCTb Heonpe;a;eJieH
HOCTII IIOBe;a;emrn ;a;eTepl\IIIBIIpoBaBBhlX CHCTeM H3-3a orpann11eHHOH 
T01IIIOCTII aa;a;amrn BaqaJibHblX ycJIOBIIii. 

BbIHCHIIJIOCh, 1ITO Koo11epaTIIBBoe 110Be;a;eane MomeT na6Jiro;a;aTbCH 
B CJIOil\HblX, :!IIHOrOaJielll0H'.!'BblX CHCTeMax, HaIIpnMep rII;a;po;a;nHal\III-
1I0Cl\llX. 

O;a;ual\o mupoKOlliaCmTa6ahle uccJie;a;oBaHIIH Baanl\IOCBH3H xaoca n 
nopa;a;l\a ne;a;yTCH OTBOCIITeJibHO ne;a;aBHO. 0BII IIOKaaamI, 1ITO IIOBe;a;e
lllllO CJIO;I{IlhlX Hey11opa;a;o'leBHhIX CllCTeM IIpII 011pe;a;eJieHHblX ycJIO
BlIHX, a mreimo B HeJIHHeiiaoii, HepaBHOBeCBOH o6JiaCTll, r;a;e 11epe
CTaIOT pa6oTaTb aaKOBbl Tpa;a;nn;noBHOii TepMO)'.l;llBaMllKII, MOIBeT 6h1Tb 
cBoi1cTBenno peryJiapaocT~, xopomaH opranIIaoBauaocTh. Ilpn aToM 
D CIICTeMe Il03HIIKaIOT peryJIHpBble 11pocTpaBCTBeHBhie II BpeMeBHbl0 
C~KTYPLI' Ha3BaHHhl0 IlpIIrO/RIIHblM [ 1] )'.l;llCCIIIIa TllBHbIMll. 

c .n;pyroii CTOpOHhl BhlHCHHJIOCb, 1ITO IIpll 011pe;a;eJieBBhlX ycJIOBllHX 
BS )l;UHal\mqec1wro nopa;a;:lrn BOSHIIKaeT xaoc II STO oco6enno R:pKo 
npOR:IlJISIOTCfl B pa;a;noqma1rne, r;a;e AO CHX IIOp n;apIIJIU ynopHA01IeH
llOCTb 11 l\OrepenTIIOCTh. 

154 

aTOT XHOC ll!Hllll\llllJIUJlbllO OTilll'l<\l'Tl'H OT xaoca, l'O:l;\HUHl'~IOrO 
B .n;eTepMHI!llponannoll: CHCTCMO B03AOHCTillIOJ\I BHOIUIIllX cpJiyKTya
ll;HH,- «q)JlyI\Tyau,uomrnro xaoca». On uo31111KaeT npH oupe;a;eJieHHhlX 
ycJIOBHHX B 11pocTLrx .n;1rnaJ\.m'lecm1x CIICTe11rax, uanp1nrep, B anTore
HepaTopax, B peayJihTaTe cJiomuoro, co6cTBenuoro AIIHal\rnqecRoro 
noBe;a;eHIIH CIICTeMLI, nopomp;ae11Ioro ueycTO:iiq11nocTLIO <f>a30BhlX TpaeK
TOpnii. Ilpn STO!II CIICTeMa Ha'IHHaeT ce6a BeCTII HeperyJIHpHO ca11ia IIO 
ce6e, 6ea B03;a;ell:CTBIUI KaKMX-JIII6o IlII6IDHIIX IIJIII BHyTpeHHllX <f>:iyK
Tyan;IIii. 

Bee BoapacTamm;IIii HHTepec K aToii «JJ;HHaJ\mqec1wll: CToxacT11qaoc
TH» HJIH «JJ;MHa11mqecKOMY xaocy» onpe,a;eJIH0TCH B OCHOBHO!II ABYM.II 
cf>aKTopaMu: no-rrepn1>rx, aTo an.irenne npep;cTan.1rreT 60.1hnroii 06rn;e
Hay11aLiii IIHTepec 11 ero nccJie;a;oBamre MomeT np11necTu K rrepeclIOTpy, 
1I3MeHeHIIIO II YTOqHeHIIIO pap;a o6rn;enpnHHThIX KOHu;enu;nrr, II, BO-BTO
PLIX, yme ceromm HMeeTca prrp; rrpmrna,a;nhlx nonpocou, p;.'IH pewemu1 
KOTOpLix Heo6xop;uMo IICCJie.o;onanne cToxacn1qec1..:oro nonep;emrn ,ttu
HaMIIqecKHX CIICTeM. 

1. Xaorn4eCKHe Ko11e6aH1-1~ s paAHOcj:>H3HKe 

McTOpIIH HeperyJiapui.rx KOJie6amrii: B pap;uo<f>uauqecnnx cncTelrax ua
cqnThlBaeT HeCKOJILKO ;a;ecanurenrii:, no p;o:rroe npelm C'll!Ta.1och, 
'ITO OHII HBJIHIOTCH peayJILTaTO!II B03JJ;6HCTBHH BHeWHUX cfi.1ynTyau;uii:, 
a ue co6cTneunoro cJioamoro rronep;en11rr. 

0.u.rrnM 113 rropnLIX IIOCTam1.r1 HOIIJlOC 0 B03~IO;t\l!OCTl! noamrnuone
HII.fl xaoca nan1111aM11101 i:111p111w11 [~I. 01111n1>aaa.:1 n:rn c:1y•ia11 raM11.1&

TOHono:ii CUCTOMbl' '!TO l\OJ!CGauua 11e.r1111wii11oro OCl\11:1:1 HTOpa Ill' OOR-
3aTeJibHO ;a;omrmLr 61>1T1> nepuop;uqec1mM11 J!Jlll nnµ31urepuomi<recn1u111, 
a l\IoryT OLITL GoJiee CJ10nmi,111rn n oG.'Ia,[laTL CIIJIOllIHhDI cneKTpOlI. Ta
Koro pop;a CTOXacn1qecK1re Ko.rre6amrn 'IHCTllIJ; MOryT IIpOIIC:'\OAIITb 
B MarHIITHhlX JionymKax, ll ycnopnTeJIHX, B pa.u.naL~IIOHHhIX IIOHCax 
3eMJIH. 

CJie;a;yror.u;uM maro111 6L1JI0 err~e o.u.no 11rn TeMaTu•rec 1..:oe u tpuau •ree noe 
OTKpliITIIe; llhifICIIJ!JlOCL, 'ITO II xaoc ll CllCTOMtlX c IlOTepSDll! ;rnepruu 
He SK30THKa, a «nem;1>» rpy6aH, ycTo:ii<mnaH ... ,I.l;uccnnau;1rn (no.1oam
TeJibHaa IIJIII OTpnu;aTeJILHaa) aaqacTyIO npenparn;aeT Koucepnanrnuyro 
CHCTeMy c rrpoCTbI!II rrone.u.emre!II n CToxaCTuqecnyro. 

IlepnLIM IIpil!llep ;a;nccrmaTHBHOM mrnaMnqecnOII CI!CTe~IhI co CTO
xaCTII'leCKHM noBe;a;eHne!II ohm ucc.ire.u.onan B pa6ore .Tiopeun;a [3], 
KOTOpLiii: o6napynrnJI ;a;eTepMuHuponamri,re p;nua;emrn, OT.'Iuquhrn OT 
nepnop;uqec1n1x n Klla3mrepnoJJ;n'rec1rnx n rn.u.po.n.11mnm'Iec1wii ~ro;i;e
JIII KOHBeKu;uu, onnci.rnaelllo:ii TpeMH o6i.mnonenunnm ;a;n<f><f>epeu
n;uaJihHLIMH ypanncrrrrnMu nepnoro nopHp;Ka. 

CnyCTH HeCl\OJihKO JieT c !IIOMeHTa noaBJI0HHH aToii: pa6oTLI nnTe
pec K npo6Jiellle CTOXaCTII3au;nn KOJie6amril: B JJ;IICCIIIIaTIIBHhIX CIICTe
Max HaqaJI CTpc11mTeJILHO uapaCTaTh. CTOxacruqecnue KO.'Ie6amrn 
6LIJIII 06napymenr,1 B c11cTe11re, omicLrnaro~eii none;a;emre lrarnnTHLIX no
JIIOCOB 3e!IIJIII [4], n OilTIIKe [5-8], anToreueparopax [9-12, 27], 
HeJIIIHeiiHLIX ocu;rwmITopax c BII0IIIHIL\I ll03;D;0HCTBIIe~r [13-19], ;'.l;if\O
~e<JicoHODCI\HX nepexo.u.ax [20, 22] n T . .u.. 
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2. AaTOCToxacn1YeCKHH reHepaTop 
c 3ana3Ab1Bat0w,eH o6paTHOH CBS13bl0 

l1ccJiep;OBaHilH B l1P8 no H0JIIlH0llHOll CTOXaCTii3all,Hll Ha1rnmICb B-

1967 r. H JIBHJIIlCb nepBbIMH u,eJieHanpaBJI0HHhIMH pa60TRMil no aBTO
CTOXaCTillJ0CKilM reHepaTopaM. BMJI npep;JiomeH cnoco6 reHepau.n:a 
myMoB n ycTpoiicTBO p;Jia ero ocyn:i;ecTBJieHn:JI - myJ110TpoH [21],; 
COCTOJIIII;ee Il3 3al\1KHYThlX nbcJiep;oBaTeJihHO B KOJibll,O CBq-ycnmIT0-
JIJI n HeJinHeiiHoro :meMeHTa 1 Ha JIBB. Ero TeopeTn'leCKaa Mop;eJih co
CTOHT H3 Tpex 3Jiel\leHTOB: 6e3hlHepll,IlOHHOll HeJinHellHOCTil, Jin:HeiiHOf() 
qm:JibTpa n aa,u;epmKII (pn:c. 1). Mop;eJih onnchrnaeTCJI KJiaccn'leCKHM 
ypaBHeHne111 BaH-,u;ep-IloJIJI, :Ho c aanaap;MBaHn:eM, n:JIH cooTBeTCTByIO
III;HM yKopo'IeHHhllll ypaBHe:e!neM [9, 10] 

I 

X + X = F [X (t' - l!:.f • T)], (1) 

rp;e t' = l!:.f·t - Me;a;JieHHOe Bpe:r.rn. PemeHne aToro ypaBHeHn:JI n: no
Bep;eHne CHCT0l\lhl, KOTOpyro : OHO OIIHChlBaeT' onpe,u;eJIJI0TCll BH,!J;OM He
JIHH0llHOCTll - al\lIIJIIITYAHO~ xapaKTepnCTHKOll Hemrneiin;oro 3JI0M0H
Ta F (X} II napaMeTpo:i.1 l!:.f·1T, T. e. OTHomeHne111 Bpe:uemi aanaa,u;MBa-

mrn B JIIIHIIII aa,u;epmKH 11 <PnJihTpe. 
CTan.n:oHapHoe cocTOJIHHe cn:cTellhl onpe,u;eJiaeTCJI nepece'leHneM 

npHJ\lOll o6paTHOll CBJI3Il ll HeJIHHeiiHOll xapaKTepHCTHKil (pn:c. 2). 
EcJIH npH yBem1'leHIIII o6paTHOii CBH3II 06ecne'l1rnaeTCH ,u;ocTaTO'IHO 
CHJihHaH HeycTOillJIIBOCTh CTan.noHapHoro COCTOHHIIJI, TO B CHCT0M0 
B03HHKaeT HBJICHH0 H0JIHH0HHOH CTOXaCTH3all,Illl. 

TeopeTn'!ecKaa n aKcnepII11I0HTaJihHaa KapTuHa aoH ycJioilmHio
n:i;nxca pemnl\IOB c YB0JIII'l0Hll0lll rJiy6n:Hhl o6paTHOll CBH3Il 6 noKaaa
Hhl Ha pn:c. 3. c pOCTOM 6 30Ha MOHOreHepan.nn CM0HJI0TCH 30HOH ABYX
TaKTHOfO u,nKJia, aaTeM nponcxo,u;nT cJie,u;yron:i;ee y,u;BoeHn:e nepnop;a 
('IeTMpexTaKTHhlii u,uKJI) n:: ,u;aJibHeiimn:e 6n<PypKau,n:n y,u;noeHnll, no.
Ka CUCT0l\Ia He nonap;aeT B ! 30HY CTOXaCTH'l0CKHX KOJie6am1ii, rp;e H0T 

u I u u 

Hll yCTOillJIIBhlX IIOJIOfneHilll paBHOB0Cllll, Hll ycTOillJllBhlX npe,u;eJib-
HhIX ll,HKJIOB. Jil BCH 3Ta c.iloamaJI KapTirna HeperyJillpHhIX KOJie6aHJIB 
JIMeeT MecTo n npocTeiimeii Mop;eJin, onn:chrnaeMoii ,u;mpcpepenu;naJib
Hhll\l ypannenneJ11 nepnoro nopHp;Ka c nocTOJIHHhlM aanaa,u;hrnanneM T. 

XoTH CHCTe:i.ia c aana3p;bIBaHHeM OTHOCHTCJI K KJiaccy pacnpe,u;eJieH
HhIX CHCT0::11 II m1eeT 6eCKOH0lJHOe 1111.CJIO CTeneneii cno6op;LI, a<P<I>eK
THBHOe 'lnCJIO cTeneHeii c:Bo6o,u;hl N orpann'leHo HaJin'lneM <P11.JibTpa 

B c11.c'reJ1ie n cocTaBJIHeT N' ,_. l!:.f • T. 
Ilpn y:i.ieHbmemm N nepexo,u; K xaocy aaTpy,u;nHeTCJI n cTaHOBHTCJI 

H0B03JIIOIBHhIM, Kor,u;a A/· T < 1. 
TaKHM o6paaoM, ycJIOBHH B03HHKHOB0HHJI Hemmeiinoii cToxacrn-

aan.nn onpe,u;eJIHIOTCH Tpe11rn <PaKTopaM11.: qiopl\IOM Hemmeiinoii xapaK
TepncTnKn, rny611:Hoii o6paTHOll CBJI3H Il 'lHCJIOM CTeneneii CB06o,u;h1. 
. '1Ia:i.ienemie xapaKTepa npou;ecca B paccl\raTp1rnae::110ii cucTeMe 
npn nepexo,u;e K ,u;nHa:Mn'leCKOMY xaocy noKa3aHo na pnc. 4. Ilpn Ma
JIOii rJiy6nue 06parnoi1 CDH311 npon;ecc IIO'!Tll rapMOHI1'!ecK11ii. C yBe· 
JIJI'l0Hll0l\I rJiy6IIHLI o6paTHOH CBJI3Il o6pa3yIOTCH nepnO,!J;lllJ0CKll0 IlM· 
IIYJibChl. )J.aJiee nponcxop;nT pacna,u; Ill\lIIYJihCOB na 6oJiee MeJIKne Mac-

<~ 

11!1 

T 

Pnc. 1. BJioK-cxe~rn reaepaTOpa c 
aai:1ep»moi1 
HY - HemrneHHhlH YCHJlllTeJJb; <I> -
ljJHJJbTp; T - aanepama 

Pnc. 2. XapaKrepucnrna aemrneii
aoro :rne~rnara 

";;-.; S1 ..: S_,< SJ 

"iblX'UO 
~,--,-,~~/Y/'//?1 

~ r7:Vm%'#& \I I \ I 

17 lj/l(/J/ff . ~ I /v I' Lill \I 
n ~ l 

-1'( 

Pac. 3. Teopern'lec1rnn n sKcnopnMCllTllJILnnn 1rnp11ma :io11 yc.1o;nun10ru.nxc11 
pemnMoB c yBeJI11•1eaneM rJiyo1111L1 oCipamoli 1·1rna11 {J 

IDTa6hl II CTOXaCTn3au,1rn. Bco OTO llanm11111110T Tllllll'lllYIO 1rnpruay 
B03HllKHOD0HIIH TypoyJiellTllOCTll, 

Bu<JlypKai~110mmn ;a.1rnrp11~1Ma :1JnJ(C.11M11.~11.11i.1.x 11~111:1111y;l l\o.'leoa
HHH npu ynem1'lem111 rJiy61111hl oCipnTUott cnnau no1rna111111 Jiii pnc. 5 . 

Bc.11 aTa n ;a.pyran 110 ::11011C'o 11111•t•pN'llllll 11111f1opM11111111, r1111annna11 
c oco6e1mocTfll111I fllJJICllllll llOJllllllltlJIOU CTOXl\C'flHllllUlll, co;,epinllT
CJI B y1rnp0'1CllllOM ypamw111111 llllpllOl'O 11op111ucu c 11111111!1/~IJIJUII.HeM. 

IlpH110111 onncLinne~1afl nM 1rnpT1mn NIOiHllhlX 1u111nrnt11r1• Hn ~ pC'amMoB 
xopowo conna,u;aeT c <mcnopmt011TnJlbllWMll A&\llllltlMll ;1;111 pua:m'IHLIX 
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Puc. 4. 3Bonro~n:.11 orn:6arom;eii npo~ecca s aBToreHepaTope c aa,n;epmaHHoii 06-
pamoii CB.llSbIO npn: nepexoAe K xaocy 

Puc. 5. EmpypKa~nonnaR:~ ,n;Harpauua 

,z" 
o=-Y,7 

.{. -

Ill i" 
I 

.? 

2 

/ 
I 2 J 

.Z' 
t! == ¥,ff 

4 •• • 
J 

2 

\ 

.Z' 

. . 
4 .• . . . . . . . 
J~: ... .,. .. .. 
2~ . 

.... · . . 
11 I 

.z 

:c 

.. . ,:· .: ,. . .. 

.. 

I 
J 

.. 

4 

c=s,s 

.. . .. . . . ..... ... 
.7 .z-

I- O' == 4,8 

' :.~\\ 
~ r .:$~,~ • 

. . . . . 
.... 

f J•"' .. 
2 

.. ~ .!'\. Hi.... .. . ·,.:.(•,.. .. 

··~ 
~:·: . "'· .,J... 

·~. 
~-.> •..... ... 

, , I I • I I I I - ti \ I ; I I I I I I "' I 

I .Z J' 4.c I 2 J 4 .7 :c 

J>uc. ~· 3BOJIIO~ 0To6pamenu;.11 noCJie,n;ounu.11 c yBeJin'lenueM rJiy6nnbl 06· .. 
~amon csaan ! 

CHCTOM C annop;1rn111wii oopaT11oii t'1111aL10. T111;1rn oop11;.io:11, ;i.utJilf>t>
P.0HD.H8JILIIOO ypu1111emw nepnoro nopn;:i:1rn c 3ana3;:i:hrnamre:.r HBJIR:eTCR 
Dpocroii H II TO mo 11pow1 J(OCTHT0 11110 y111111PpCaJ11.11oi1 MOJ{OJl(,JO all1'0• 
CTOX8CTH'IOCIUIX CHCTOM. 

Cne,t\yeT npu :JTOM OTMOTIITh, 'ITO :JTY Mo;:i:eJib :.10amo TpaKTOBaTL 
11;nomrn: HJJH mm y1rnpoT£euuoe ypannenne 1J;Jur aMITJJHTY.Llhl, mm KaK 
TOrKe cpH3HlJOCKH peamrnyeMyIO MO)]:OJlb 3apH:,[\a-pa3pH,I:\a I\OH)]:eHca
TOpa 110p03 conpOTllHJJOlJHO II Ul\Tlll!IU,Jii :J.TIOMOIIT, ynpan:rne:.thlii 'le
pe3 3ana3.t\LIDaIOllJ,yIO o6paTnym CllH3L. Mo;:i:eJib anTorenepaTopa c 3a
naa):\h!Barom;eii: o6panroii: cnnahIO, onncLrnarom;aH ;:i:mrn:.nrny cnrnaJia 
B CHCTeMe, npe;:i:cTaBJIHeT co6oii: ;:i:ncpcf>epenu;naJILHoe ypanHeHue BToporo 
nopH:1J;Ka c aanaa;:i:1rnanue111 

X + e:r + X = eF [X (t - T)J. 
(2) 

0Ho npnro;:i:no, B OTJIJilIHe OT ypanHOIIIIH (1), !J:JIFI onncamrn He TOJib-
1\0 yaKOIIOJIOCHLIX, Ho u nrnpoKorroJiocm,1x npou;eccon. ,Il;eTaJibHoe 
llCCJie.r1onanue noii: llIO!J:OJin no;:i:Tnep;:i:uJio npnnu;nrrna.TIMihle pe3y.'ILTa
ThI, IlOJIY'IOlIJII,JO na OClIOUO ;\IOJ(O.ll]I (1), J\0110.llllllll !IX llOl!hl;\lll, l'llR:-
3aHHhlMH c ll1Hpo1rnnoJIOCIILllllll pOiI\llll!UllllI. l-lOHOTOpbte peay JILTaTLI 
'IHCJIOHHhlX paC'IOTOB llIO)]:eJII1 (2) rrpe;:i:cTaBJIOHbI Ha puc. 6 II 7. 

3. HeaeToHoMHblH reHeparop 
co croxacn1YeCKHM noeeAeHMeM 

B npano:ii 'IaCTn ypanucrnrn (2) CTOHT aKTunnLiii no;_u:iy;i;~aiom;uii •1:10H 

( «HeJIIIHeii:Hoe OTpHD;aTeJILI-Ioe Tpeuue») c 3anaa;:i:hlnanue:.r, .r1e:iicTB11e 
I\OToporo Ha pe3onancHbIII I\OHTyp, OilIICLIBaeMbIH JIOBOil 'IaCThIO, B 
onpe,[\eJieHHbIX OTHOIDOHIIHX no;:i:o6no ;:i:eii:CTBIIIO nnernneii CII.'Ihl . 

TpeTbn: npocTeil:maH MO!J:OJih reHepaTopa, n ROTopoii: y;:i:aJioci. o6ua
PYIBIITb 1J;III-Ia:Mu11e.cmni xaoc, npe.r1cTanJIH:eT co6o:ii npocTo HeaBTOHo.u
Hoe ypanuemrn Ban-;:i:ep-IloJIH 1rnn Tuna Ban-.r1ep-IloJin: nu.r1a 

X + e (..! - i') + P (X) = B cos wt, 
(3) 

r.r1e F (X) - nemrneii:i-raH xapaRTepncnrna ycnJIHTOJIH; P (X) - xa
paRTepncnrna pemn1rnnoro aJieMeHTa, T. e. RJiaccn11ec:nm'i anToreHe
paTop no.r1 noa;:i:eiicTBne111 rap1110nnT£ecHoro cnrnaJia [22-261. Ifay'la
JIIICh MO,I:\eJin KaR c mrneil:noil: noanpam;arom;eii: c1rnoii, Ta:n n c He.11n
He:iiuo:ii. Tmwro po;:i:a ypannemrn pacc:.rnTp1rnaJIIICh B :mTepaType 

. [28), HO npn STOM llaUJIIO,[\aJIItCb Jlllllib CHIIXpOHH30BaHHbie p0n\lllllbI
1 CBH3UHHhle c aaxnaTOM ua OCHODHO;\f Tone, o6epTOHax II YHTepTOHax 

BH0IDH0ll CIIJJLI . 

Mb! me 06uapymuJJJ1 3.lJ:OCI> pemmrhl c ;:i:unaMn11ecmnr xaoco:.r. Ilpn-
1Je111, ecJIM B noa11T0Ho:.mo111 ypannemrn Ban-;:i:ep-IloJIH CToxacTu11ec-
1me peil\l:IMbl JI CYll\OCTJJYIOT' TO CJiaOO llblpa;r;enhl, a B I-IeanTOHOll!HO~I 
ypanHemrn Tmrn ilaU-J\ep-floJIH c uemmeii:uoii pea:nT11BHOl'TI.10 mrL'eT" 
M0CTO paan1:1ra11 CTOX HC'l'll'JIIOCTJ,. 

Mccno11;onamw lllHlllT0110~1111.1x ;\tO,I:\OJIOii ui,rno nponegeno n mnpo
KOM 1J;Banaaone l:l3l\JOllOilllJI OTIIOCHTCJlhHLIX napal\teTpOB. ,nJlH auanuaa 
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Pnc.',7. XapaKTepncTRRR npou;ecca B 
Moii;enn reHepaTOpa (2) ii;n.11 xaoTa'le
cRoro peiruma (ll = 10,0) 

ll -~ I 
a - peaJ:tn:aa1'nfl IIP01'ecca, p - pacnpene-
neHlle IInOTHOCTH Bepof!THOCTH MrHOBeHIU.IJ: 
BHa'leHHlt, 6 - aBTOKoppenfl1'110HHall c!JYHK-

I\llll _, r 1 , , , , 1 , 1 , • 

. fl .7!l T 

;., 

fl,2 

fl k'<\dl :. 4·'V \/',ii' , v · I (\ tr I ~ ~ \ v 'tj' \ I 
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Pac. 8. 3aBIICIIMOCTb :.1aRc1manLHoro xapaRTepHCTn'lecRoro n0Kaaatem1 JI.11ny
uoaa OT a111IJ1IITYAbl BH01IlH0ll cum.I AJIJI CRCT0Mbl (3) npu cneii;yrom;RX napaMeT
pax: w = 2,46;_ a.= 0,7; s = 0,33; ~ = 1,0. P (X) = ~X + aX

3 

THIIOB lWJie6aTeJibHLIX ,peJKHMOB HCIIOJlb30BaJIHCb Bp0M0HHLI0 peaJIH-
3ail,llll pernemrn, qiaaoBLie nopTpeThI, p;ByMepHbie H O)J;HOM0pHLI0 OT0-
6pameHHfl C)J;BIIra qepe3 nepHO)J; BHeIIIHeii: CHJlbl H MaKCHMaJILHLIH xa
paKTepHCTH'leCKHii noKa3aTeJIL JfanyHoBa. 8TOT noKa3aT0JIL B pac
CMaTpHBaellIOM cJiytiae nponopu,noHaJleH cpep;HeMy 3Ha'lemuo Jiora· 

pmp:r.ra OT OTHOCUT0JlbHOf0 paCXOiRAeHHfl UJIH CXOiK)J;0HHll rpaeKTOpu.1:. 

Ecm1 no1rn3aTeJ11> no.11oinHTeJ1eH, TO uMeeT MeCTO u cpep;ueM aKcnouen· 

160 

l\llHJI hlIOe pnexoa-:p;emrn TpHL'l{TOJlllli, lWTllJHlC' roOTlll'Tl'THyeT. npu 
() l'jlil II I I'll' II I I OCTll <fia:m BO !'O ofrr.l'~I a' <'.TO:\ ilC.Tl l'I II OCTJ!. 0Tpm\aTe.lbllbJe" 

ll 0Jllr:m1re I\ nymo mrn11emrn noHa::iaTe.11H OTRP'IaTOT pery.1HpHi.n1 pe
i1rn~1aM. :ha .\apmcreplll'Tllt>a, l'.'ll')(lJBHTl','lhllO, Hll.'llWTl'H .h:O.'lll'lel'T

ne1mo11. xapmaepncnuwii, no3IJOJIHIOIIl,eii OT.'lWiaTh perym:JpHbie pe
ll>IIJIIhI OT CTOXaCTH'IeCJ\IIX. 

Ha puc. 8 noKaaaHa 3anucmrocTb xapmnepncTwiec1rnro no:na3a
TeJrn OT n11rn.nnTy)J;hI Bnenmeii CHJJJ.I ,L\JJH o,r:i;noro n:i na6opon napalreT

poll. CToxacT111rncKH111 pea-anrnM cooTIJeTCTB~'IOT 06.1aCTII a:\m.::mTy;::i: 
nnewueii cm1M, n KOTopL.tX noHa:.HlTl'JJh no:10;wne:wu. Ec~1n ;::i:uccuna-
1~1rn n CIICT8:\Ie OTHOCHT8.lhHO uenemma-, KaK B npe,r:i;cTaBJieHHO:\I Ha 
pncyHKe c.uy11ae, B CHCTe:\Ie Ha6.'1IO,[\aIOTCJI rnCTepe3IICHhle JIB.::CeHmI: 
npn a,r:i;1rn6aTwrecK011I yneJiwrn1rnu al\rnmny;ri;hr BHeIIrnerr cn.::chl B 
(cnJIOWIIalI JIHHirn) CpbIB CTOXHCTII'IeCKIIX Ko.1e6aHnii: B pery.lHpHLie 
npOHCXOAHT npu R :::::::. G,O, n no:rnpwr n noxarT11•1erKnii: pea-:1n1 npn 

.. TIOCJie,[\yIOIIl,81\1 a,r:i;na6ar11'IeCl:\O:\I Y:\IellbWeHnII mrn.lIITY;rJ;hl BHemHeii 

crrnM (nyrmnrpnan Jimnrn) np11 B ::::::: '2, 7. fnCTepe3nCHhle HB.'leHirn 
,[\JUI CTOXHCTH1IeCKHX pea-:1nron, CBlI3aHHhie c HC.lIIHellHbDI pe3oHaH
CO:\l, IHlOJlIO,[\HJIT!Ch H B :mcnepIE\IeIITHX c HllTOCTOXHCTJl'leCKJDIII reue
paTopalllII (pnc. G). 

] lar:lH)(lllJL' llJll')\CTHll.'ll'lllll' () i\lllliUllll{l' pac'l'.\lilTJlllll<\L')Jllli llt.'HllTO

HO:\IHOH CHCT8l\JLI n croxacrn11ecI\O:\I pea-:mre ;:i:aer ee cpa30BLI:ii nopTper 
(pHc. 10). CncTe11ra ,r:i;e1110ncrpupyeT wnpom1i°r Ha6op rrrnon Ko.1e6aHnii 
npu pa3.lIII'IHMX anr 11emu1x napa~rerpon (pnc. H). · 

c pOCTQ.\[ IlOTCpb ll Cl!CTC:\lC r11crppe;mcllbll' HB:ICllIIJI IIC'Ie3aIOT. 
H'.aK BJ[,[\IIO 113 pHC. 12, gJIJI CJIY'IHH OTCYTCTBl!H rncrepe3nca npn .\Ia

JJLL\'. iUlIJJlllTYWlX BIICIJJIJeii CJJ,'JLI (B ~ 0.5) JL\ll'IOT :\IeCTO ClBTOKO.leoa
HHH, np11 JJ > 4,'25 - 1w.1e6a111111, nmxpom1aomumue na ocnoBHO.\I 
TOHO llllemnefr CIIJihT' n B npO.\I!:';l{yTI{e - CTOXHCT!l1ICCI\Ile KO.leoa
BHJI, nopo;1;g;10.\rMe nom>~'JWHI\110!1 no.106annr1 c ;iny:\rn 'uepno;::i:a.\m. 
Cpe,r:i;unn p,:1wia l\Y roll nocrc nemro ylle:m•nrnaeTCH c pocTO.\I B. 

Tiepcxon OT xaoTJl'll'CJWro pl';1m.\1a 1.; iwry:111p110.\1y npo11cxo.:un 
•1opca Ul'P<'.\IC'ii><ll'.\!OCTI>, T. l'. npl'pblllillllll' lll'fll'l'y:1np11hn111 l'lll1H.\lll 
1\Yl'OB IlO'IT!l nepHO,[\I!'ICCI\lIX KO::icGmmii. i.hoT .\rexal:III3.\I uepexoJa 
K cToxacT1PmocTI1 :\ro;imo non11Th na puc. 13. To•mn OJHO.\repuoro 
OTOOpa;i;f'Jlf!ll f'l\Bllra nom1:111 Tfl'll>lT Hl'}H':\0.'\<l (p11c. l:i. a) B OCHORHO:\I 
liOJlf(l'l!Tpl1p~·1Cl'l'CH lll\0.'II· 1qrn11oii. 1;0T<lp;u1 l!()'ITl! 1;al'<ll'TCH 011CCl'l·<T
p11ct.1. llTt'pn1(1J011111>1ii 11po1\l'Cc, 11011a;1a11 11a 11paB1>1ii y•1acnn.; ;.noii 
l\]HlBOii, llH'llllli\eT l(Bll;!;l'lllte 110 «1\Hllil.'ly» .\ll';i;,'ly l>ptlllllli JI OllCCOKT

)ll!COii, J~<no;ur AO Jwuoro 1rnrn1a (p11c. 1:), 6). llm1;1,emre npu <JTO:\I 
C.'! n6o OT.'lll'THCTC H OT uepl!O,[\IT'l('CHOro .~a HCE.lIO'lE'HIIE':\[ na-cra:1a II lWH
l(a 1rn11n.:1a, r;1e 11 1rnG:110;1nion·11 <WliP1P>. 

On1rT1n1 cn~e oTi,no cnoiicTBo pacr.\taTp11 Bill'.\wli :.ro;-w:n1 - rrll'KTphl 
]'('Jl(•p11 pyl'.\11.1.\ CTO.\HCTl1 1 ll'Cl\llX J{O:ll'Ollllllii y JI('(', IWI-> upanu:io, 
l'llJlbllO JHlClUllpl'llbl ll CTopo11y llJ.ICOI;11x 'J<U'TllT 110 OTllOll!OHIIIO 1:-\ 'IaC
TOTaM 1111P11111eii c11:11>1 ll n1rr01w:1l'om111ii. llo:rrn~1~· ~1l1;1;11n rn1wpun, 
o 1rn.•111 1 11111 B cnCTl'.\18 1rnc1-:a;1a ~mepnm uut>px Jill l'lll'1'rpy (pile. 1~). 
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Puc. 9. ·rucTepeauc B aBTOrenepatope c aap;epmaHHOii o6paTHoii cBH3bIO 

PHc. 10. THIIH'lllblll <J>aaoBblll IIopfpeT HeaBTOHOMHOil cucTeMbl (3) B cTOxacn;• 
11ecKOM pemxrne 
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P.uc. 11. XapaKTepm..ie p;Jrn cucTeMbl (3) µ,eyMepnble oTo6pamemrn cµ,B.ura 
I a - AJ!ll miaa1mepllOj.\ll'ICCHllX pearnMoB; 6, z - e - )IJlll CTOXaC'fll'lCCH11X IJNHllMOB; 8 - )IJlll 

nep1101111qecm1x pcamMoa 
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Pnc. 12. 8nom01\IHI 1wne6aTOJibuoro upm~ecca c pocTmI aMumITYAhI mrelllHeii 
CUJibl p;JIH CJiy1rarr OTCyTCTllllH fllCTepe:.inca )l.JIH (t) = 2,35, ~: = 0,818, r:J. = 1 
a - B = O; 6 - B = 1,70; 6 - }1 = 2,70;. - n = 3,50; i) - B = !1,20; .. - B = ~.50 

.z;,,I u 

II 

. 
~ 
I , .. . . . 

W= Z,17 
6' = 2,7tl 
E =!!,Ill!/ 

r• 

i!I 
17 .z; 

Tl 

.z;,+; 

.In 

Puc. 13. llepcxo)l. I\ cToxacTJL'lllOCTII '1Cpe3 11epe)10n;ne)JOCTb u r11CTe)1e (3) 
a - OAHOMepHoe OT06parnemre c11mrra u6mrnu Toqm1 rrepexo;i.a (cu= 2,17; B = 2,70; e = 
= 0,818); 6 - 11Tepa11110HHh1fI rrpo11ecc 

4. As1oreHeparop 
c HHepu,HOMHb!M 3ana3Ab!BaHHeM nepsoro nop5!A1<a 

Bh1II1e 6LIJTO norrn3auo, 11To CToxacTn<iec1me 1rnm:'6amrn :.coryT OhlTh 
peaJIH30llaHLI ll CHCTCMt\X' OTJlll'HUOIU,llXCH OT KJIHCCU'H~O\llX 11n:11111Ite)I 

aanaa~bIBaHHH HJIII pcmrnrnnoro IICJIIIIICllHOfO 3JICl\teHTH, c O;\Il0Bpe
M8HHLIM JIO:!/\CHC'l'!llll'l\I !llll'll! lll\ii CllJlhl. 

Eru,c on1111M 1c11aecoM l'l'lll'Jl<1Topo11 co cToxncT11'll'l'l'1l)t 11011l';\l'Hm':.t 

llBJIHCTCH a !ITO l'l'llt'IJHTO[l hi, Oil l IChl IHW~l hlO CllCTl'~l<Ul II HllTOllO:\UlhlX 
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Pnc. 14. CrreKTP KoJie6aHnii:: HeaBTOHOMHOii: cucTeMhI B cToxacn1qecKOM pem1rne, 
(J) _.;. 11acT0Ta BH0IllH0Il cnJil.I, Wo - 11aCTOTa aBTOKOJie6aHIIll 

Puc. 15. BJioK-cxeMa reHepaTopa c nHep~noHHhIM 3ana3AbIBaHneM 

HY - Hemmell:Hb!ll: yc11m1TeJib; <1> - IP11JibTp; H3 - aseHo 1mep1.1110HHOro aanaa~&IBaHllR 

nepsoro nopR)ll{a 

o6hlKHOBe,HHhlX AH<P<Pe~eHIJ,HaJibHhlX ypaBHeHHll He Hllil\e TpeTbero 

nopHAKa. · 
HapHAY c yrroMHHaimeilcH cncTeMoii JlopeHn.a HMeeTCH pHA APY-

rnx MO)l;eJieii c IIOJiyTopa CTeneHHMH CB060)l;hl, 06Jia)l;aIOID;HX CTOXaC
TH'leCKHM ,rroBe)l;eHneM. B qaCTJIOCTH npe)l;JIO/l\eHbI )];Be MO)l;eJIH AJIH aB
TOCToxacTu'leCKHX rem\paTopoB cnen.n:aJJbHoro THITa [ 11, 12]. 

Hnme 6yAeT paccMdTpena npe;rvrnmennaH B MP3 AH CCCP npoc
TaH :r.~o;a;eJib aBTOCTOXaCTH'leCKoro reHepaTopa c IlOJIYTOpa CTeneHH:MH 
CB06o;a;hI, Hl\IeIOru;aH HCHhlll il>H3H'leCKHll CMhlCJI II TeCHO CBH3aHHaH c MO
)l;eJIHMH ]l;JIH reHepaTOp~ c 3a;a;epmKOll (1), (2). 

Mo;a;enb onnch1BaeTCH [29] ypaBHeHHHMII 

TX+ X = MZexp (- V), 
I 

' 

.. 1 . z+Qz+z=x. (4) 

IIepBoe ypaBHeHne. orrn:ChlBaeT pa3pH;a;-3apH;a; IWH;a;eHcaTopa qe
pe3 HeJ111HellHhlll 3JieMeHT, a BTOpoe OTpamaeT TOT <flaI\T, 'ITO 3apH;a; 
ynpaBJIHeTCH no KaHany o6paTHOll CBH31I qepe3 O)l;H03BeHHhlll 

RLC-<Pu;i_bTp. , . 
CTpyKTypuaH cxe11rn renepaTopa, cooTBeTcTHy10ru;aH c11cTeMe ( 4), 

noKa3ana Ha pn:c. 15. Ona cocTOHT H3 uemrneiiHoro ycnnMTenH, 
:unep11,11011uoro :iana:iJ1,1>mauun ncpnoro nopHAJW (nnop110A1P10CIWro 
3BeHa) 11 RLC-cpMJJbTpa. CTpyKTypnLie cxeMLI renepaTopa c aaµ:opm
Koii {c!II. puc. 1) H pacc11rnTpn:BaeMoro reuepaTopa OTJIII'laIOTCR o;a;HMM 
6.JIOKO!lt: n 1110µ:eJ1II reHepaTopa, OilHCbIBaeMOll ypamrnHHRMH (4), BMeCTO 
Sa)l;epilmii CTOIIT 3BeHO mrnpll,HOHHOro 3aIIa3AhlBaHHH nepBoro nopR;a;· 

Ka. I 
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CJTOAYOT OTMOTH'rI., 11To 3a)l;epnma c xapa1\TepncTnKoli 

{
O, O<t< T 

Zoo(l}= X(t-T), t~T 

11ac·ro annpOl\CHMHpyeTCH IIJII1 3a!IIeHHeTCH 3BeHO:II 1rnepll,IIOHHOrO 
naa;a;i..mamrn n-ro nopH]J;I\a, OIIHChIBae~IOrO [30] COOTHOIIIeHIIH:IIII 

(5) 

3a-

( ~ : 1 + 1 r z = x (t). Z (0) = Z' (0) = ... = z<n-1> (0) = 0 

(6) 

EcTCCTllCIIIIO, 'ITO rrpn: TaKoii 3a111eue coxpaHHIOTCH He Bee CBOii
.cTna CHCTeMLI, XOTlI 6hl ITOTOMY 'ITO CMCTeMa co 3BeHO:II IIHepu;noHHOrO 
aana3.a;TiinanHH n-ro nopHAI\a .n OTJIH'lne OT cucTe:11hl c 3a.a;eparnoii m1e
eT orpamPrnHnoe qncno cTeneHeil cBo6o;a;hI. 0AHaKo B pH;a;e cnyqaeB 
3aMeHa 3a.a;epJHKH nuepll,HOHHhl!II 3BeHOllI ;a;ame neBhlCOnOrO nopR.!:(Ka 
He CKa3LIBaeTCR Ha Ka'leCTBeHHbIX CBOllCTBaX CHCTellihl. licIIOJib3yeM00 
B MO]l;eJIM 1rnepll,MOHHOe 3BeHO HBJIHeTClI npocTeiimmI - nepBoro IIO

pR;a;I\a. B 3neKTpoHIIhlX II pa;a;uoTexHI1qecKnx cncreMax OHO nerno 
peamI3yeTca, uanpm11ep, c no11roru;h10 RC-n.enoqKu. 

KaK norrn3aJIM npone;a;e1rnLie n:ccJie;a;oBamrn, B TaKoii CIICTeMe npII 
HaJIH'lHH 11a.a;a10ru;ero Y'IaCTirn n xapm<Tepncnme He.rrnnoiinoro ycn:ux
TeJIJI B mupOKMX o6naCTHX II3l\IeIIOHilfl napa:1IeTpOB cyru;ecTB)"IOT CTO-

xacTnqec1u1e pemnMhl. 
Paccl\10rpnM 11eK0TopLIC oco6euIIocTM pa3mITIIH KOJie6amiii II IIX 

CTOXHCTll:JHl~llH ll CHCTOJ\IC (4). c noii IJ,O.TJbIO nopenurne:1r ee B BII.!:(0 
Tpex µ:ucpcpepeu:u,uanuuLIX ypamrnnuii nepnoro rropHAna 

TX + X = MZ exp (- Z2), Y = X - Z, :i = Y - Z.'Q. (7) 

¥ CHCTeMhI ypaBHeHMll ( 4) MOmeT 6LITb o;a;no mm TPII IIOJIOilleHIUI 
panHoBeCnH. I10J1ome1rne panH0Bec1rn B Haqa.11e KOOPAlIHaT (X, Y, 
Z) = (0, 0, 0) cyru;ecTByeT npu ncex 3HaqennHx napa:1rerpoB. ,IT.Ba 

Apymx nono:meHHlI panuoBeCnlI (X, Y, Z) = ± lfln JI (1, 1/Q, 1) 
npn: M > 1. 

Monmo rroKa3aTb, 'ITO nonomenue paBHOBeCIIR B aa11a.rre Koop~-
HaT ycToilq1rno npn: M < 1. IlpII M > 1 oHo npeBpaIIJ;aeTCR B ce;i;.rro. 
AHaJIH3 ycTOM'lMBOCTM ToqKM paBnoneCMR 2,3 noKa3hrnaeT, 'ITO npn 
Q < t, T < 1 1rnpymeHirn ycTof11mBocTu no3:110mHo numb npn o'leHb 
6onbmnx Af. C Apyroii cToponLI, JVIlI oo.11hUIITX Q mm T rro:10mem1e 
paBHOBeCIIlI rrepecTaIOT 6hITb ycToii~IIIBhillIII, eCJill BhlIIO:IHHIOTCH yc
JIOBIIR M >exp {1/

2
) H M >exp (T/2Q) coorBeTCTBeHHO. Ilpn aTOM 

pom;a;aeTCH ycToiiq11noo ncpIIOAII'IeCKOe ]l;BU:.I\CHIIe II B036ym)l;aIOTCH 

aBTOI\OJ106arurn. 
01rn:11.1 BHOT~H, 'lTO ll pn WIJl ldX 1' ( T ~ 1) )\lllllUIU1'l\ CUCTOllhl nc-

'lepnLIBaeTClI TOJlbKO pcrym1pIIhll\Ill aBTOIW;reoannHMll. 
CToxacTM'leCKMe pem11111b1 B cncTeMe 1110ryT 6h1Tb peaJiu3oBaHhl npII 

T > 1, Kor;a;a c pocToM NI anToKoneoamrn TepaIOT ycToftquBocTL 
H IlOCJie HCCI\OJibKMX ompypKaIJ,UH KOJieoaHIIR CTaHOBHTCR XaOTll'l0-

CKHMIL 
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Puc. 16. 3aBucuMOCTL xapauTep1rnTH· 
11ecKoro noKa3aTeJrn: A.+ OT Koa¢«Pu
n;neHTa ycnJieHu.11 M lJ,JIH cucTeMhI ( 4), 
T = 2,0, Q = 10,0 

Puc. 17. Pa3BUTne cneKTpa c pocTOM, 
M B cncTeMe (4) 

T'. :P,tlo 
11=2,.5'0' Q 

P,tlo 
fl=J,J.7 tf 

':!"-. 

t;. ;_M -NJ 

I -7/J ~ 
11 =.7,42 

- 70 L-..1.-1-...1.....J--L.-'-J,,......1._._...._._..._....._..~ 

11= .7,17/J e 

-¥// -M 

-711 - - 711 i......l._...__._ ...... -1-....._J.-J.._._...!....1--L.....l.-I 

II 1.1,5 27,2 W"//JO II IJ,o 27,2 W"'/00 

C JJ;aJI1>neiim11111 ynem1qenHeM M B CI:lCTeMe npoHcxo;i:i;I:lT qepe;i:i;o
Baune perym1pm~~ 11 xa0Tnqec1rnx pemnMOB. CM~ma pemHMOB Ha

•· rJIRABO BHJ];Ba H3 rpa<J>uKa 3aBHCHMOCTH MaKCHMaJihHOro xapaKTepnc
. TuqecKoro noRaaaTeJin Jlnnynona - A+ OT Koa<J>qnm;neHTa ycnJieHna 

.. M (pnc. '16). CToxaCTI:lqecKne ;pemnMhl na6JIIo;i:i;aroTcn B o6JiacTn 8Ha-
11enI:1ii: M, AJIH ROTOpbIX A+> IO, HBTepBaJibl aua'leHHii M, B KoTopblx 
A+ :::::::: 0, cooTBeTCTBYIOT peryJinpHbIM KOJie6aHI:rn:M. 

' . Pacc:r.IOTpl:lM HeKOTOpbie oco6eHHOCTH, CBOHCTB0HHhle 3BOJIIOD;HH KO-
~' : . Jie6annii B MOll;eJIH reHepaTOp~. 0TM0THM, "ITO CHCTeMa (7) o6Jiall;aeT 
·-, '\xm1110Tpne:ii no OTHomeHHIO K saMene {X, Y, Z) -+ (__:X, -Y, -Z). 

3TO 08HaqaeT, qTO B He:ii :r.rnryT cym;ecTBOBaTh peryJinpHhl0 KOJie6aHI:rn 
. Jrn6o 06Jiall;a10m;I:1e CHMMeTpneii:, T. e. nMerom;He <J>asoBhl:ii nopTpeT, ne

pexoJJ;am;II:ii B ce6a npn saMeHe X-+ -X, Y-+ -Y, Z-+ -Z, Jin6o 
i . : ' HeCHMMeTpl:lqHhle, HO OHH ll;OJIIBHbl 6b1Th napH:LIMH TaK, qTo npH yRa

saHHOll 3aMene ROOpll;HHaT <J>a~OBhlll nopTpeT OJ];HHX KOJie6aHHH nepe
XOJl;HT B tflaaoBhlH nopTpeT ll;pyrnx. Byll;eM nasMBaTb KOJie6aTeJibHhle 

' ' peml:lMhl c CI:lMM0TpHeH H 6e~ Hee CI:lMM0TpI:lqHoii I:l HeCMMMeTpl:lqnoii: 
' '" ' MOp;emum COOTBeTCTB0HHO, 
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Pnc. 18. 8aomowrn ¢a30BOro IIOpTpeTa ROJie6ami:fI B 3aBIICIDIOCTII OT Koacp
cpnu;neHTa ycmrnmrn M 

XapaRTepHoiI oco6eHnocT1>10 cneKTpa MOID;HOCTII cmnreTpn~oii: 
MOll;hl HBJIH0TCH npIICYTCTBIIe B H0M TOJlhKO HeqeTHhlX rap;\IOHI:l'K oc
HOBHOH qacTOThI. B cneKTpe necn11HreTp1Pmoi'I :1IO,!l;hl npucyTCTBYIOT RaK 
neqeTHhle, TaK II 'I0THhle rapMOIIJIRJ:I, a TaIGI\0 IlOCTOHHHaH COCTaBJIHIO
m;aa. 

llepnoIIa'IaJihHO B CIICTeMe nos6ym,o;aeTCH H0CIIMMeTpH'IHaa MOp;a • 
llpII 3TOM cpasonaa TpaeKTOpml HaXO,!l;IITCH B OKpeCTHOCTII O)J;HOH ll3 
HenyJieBhIX TO'IeK paBHonec1rn. Cne1np aToii nec1nmeTp1Prnoii MOW>I 
HMeeT ,o;na np1rn nupameuui,rx MaKC11My11Ia: na 1rncT0Te reuepan;nu u B 
o6JiaCTII HII3KIIX '!aCTOT. C yneJiu'IeHueM 111 :r.ro;i:i;a TepaeT ycTOH'IHBOCTh 
H npoHcxo,o;uT 6mpypKaD;IIH y;a;noeHIIH nepIIo;a;a Ko.11e6aHIIil, conponom
p;aroin;ancn nonnJieHneM B cneKTpe cocTaDJIHIOID;nx c qacToTa:urr f 0 ± 

1 
± 2 lo (pIIC. 17' a). 3aTeM na6mo;a;aIOTCH BTOpan II TpeTb.H 6ucpypKa-

~III:l Y):l;B00HIIH, n pesyJILTaTC KOTOpbIX B cneRTpe D03HIIKaIOT COCTaB

JIHIOID;He c 1IaCTOTa11rn f 0 + ! f O• f 0 + ~ f 0 (pnc. 17, 6) II io + ! fo. 
3 5 

f o ± 8 f o• f o ± 8 f o (pIIc. 17, e). B npon;ecce aToli aBOJIIOD;IIII <f>aso-

Ban TpaeRTOpIIH cncTeMhl npo;a;om1rneT Haxo;a;uThCH BOJIU3II OT o,o;noii: 
ua HeHyJieBhlX To 1101< panuonec1rn. AaJJee cneKTp CTCUIOBIITCH cnJiom-
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HLIM (pnc. 17' z) ll D03HHKa~T ueCHMMeTpH'IHhIH CTfJllllllJ·IH UT'l'JJlll('l'OP 
(p1rn. 18, a). 1 

· 

IIepBaH ycToii<rnBaH cm4MeTpH1IHaH MO}l;a B03HHKaeT B cncTeMe 

npn M = 4,0 nocJie no MeHbIIIeii Mepe ABYX 6mpypKa:a;nii:, o6paTHhlX 

6mpypKa:a;nn nepno}l;a YABOeHHH. B ]l;aJibHeiiIIIeM nponcxo]l;HT CToxac

THSa:a;nH 9TOH MO}l;hl, ;IIOCJie "<Iero B03HHKaIOT KaK CHMMeTpII'IHble, TaK 

II H0CHMM0TpH1IHhle MO}l;hl, lIMelOID;H0 CBOH o6JiaCTH ycTOITTHBOCTH, 

~ M0iKAY 9THMH o6JiaCTHMH peaJIH3YIOTC.ll xaoTH'IeCKHe peiKHMbl. Ha 

p11c. 18, 8, 6 llOKa3aHhl <Pa30Bbl0 nopTpeThl CTpaHHhlX aTTpaKTOpOB 

np11 CTOXaCTH3aD;HlI CHMM0TpH1IHOH II H0CHMMeTpH1IHOH MO}l;hl, a Ha 

pIIC. 18, z <PaaOBblH nopTp0T ycTOH'IHBOH HeCHMMeTpH'IHOH MO}l;hl npII 

M = 16,0. 
BLIIIIe 6hlJia pacc:r.10TpeHa MO}l;eJib npocToro aBToreHepaTopa CTO

xacTn"<IeCKHX aBTOKOJie6aHHH c IlOJiyTopa CTeneHHMll CB060}l;hl, B KOTO

pOM xaOTH1IeCKll0 peamMLI . peaJllI3YIOTCH npII HaJIII'IHII na}l;arom;ero 

Y1JaCTKa B xapaKTepnCTIIKe ueJmueii:uoro ycIIJIHTeJIH. IIpoBe}l;eHHLie 

nCCJie}l;OBaHH.ll noKa3aJlll, 'ITO TaKOii: me peayJibTaT MOiKHO llOJIY1JHTb 

B CnCTeMe c HeJIHHeHHhlM ycIIJIHT0Jl0M 6e3 na}l;aIOm;ero Y1JaCTKa, 0CJIII B 

HHep:a;HOHHOe 3BeHO HJIII KOJ1e6aTeJihHhlH KOHTYP BBeCTH HeJIHHeii:HI:~H 
peaKTHBHhlH 9Jl0M0HT. . 

3aKntOYeHHe 

Cym;ecTBoBaHlle cToxacTH'I0CKHX KOJie6aunii: B ueJinHeii:HhlX AIIHaMII-

1I0CKnx ]l;HCCHilaTHBHhlX CHCT0Max c MaJihlM 'IHCJIOM C,T0Il0H0H CBo6o

JJ;hl, em;e H0CKOJlbKO JI0T Ha3aJJ; npeJJ;CTaBJIJIBIII00C.ll 9K30THKOH, cerOAHH 

yme HH y Koro He Bb13h1Ba0T COMH0HIIH. 
06napyIB0HH0 H HCCJie]l;OBaHne 9TOro .IIBJ10HH.ll, HeCOMHeHHO, O}l;HO 

n3. Bail\HhlX <PYH}l;aMeHTaJihHhlX OTKphlTHH, TeM 6oJiee HeOil\H}l;aHHOe, 

'ITO OHO npOH30IDJIO B KJlaCCH1I0CKOH <Pn3IIKe. 
MM pacc:r.rnTpeJnr HBJieHue HeJinueiinoii: cToxacTnsa:a;Hn Ha npHMe

pe 1I0Thlp0X MO}l;eJieii: renepaTopoB CTOXaCTH'I0CKHX KOJle6aHHH, pa3-

pa6oTaHHhlX n 11ccJ1eJJ;oBaHHhlX B MP3 AH CCCP. IIpe}l;JIOiKeHHhle Mo

JJ;eJin OllHCblBaIOTC.ll ]];HCpcpepeu:a;naJibHblMII ypaBH0HH.IIMII nepBoro, 

BToporo Il TpeTbero nopH}l;i{a ll ]l;eMOHCTpHpyroT pa3JIH1IHhle IlO}l;XOAhl 

K IlOJiy'IeHHIO CTOXaCTn'IeCKHX KOJie6aHHH. 
B sa:KJIIO'IeHHH OTMeTHM, 'ITO n3Y1JeHHe BonpocoB, cmrnaHHLIX co 

CTOXaCTH'IeCKJil'IHI KOJie6aHH.IIMH AJIH paAH09JieKTpOHHKH, TOJlbKO, Ha

'IHHaeTC.ll c npo6JieMhl HX reHepa:a;HH. CToxaCTH"<IeCKHe KOJ1e6aHHH, TaK 

me KaK rapMOHH'IeCKIIe, :r.10ryT CJIYiKHTb HOCHTeJIHMll HH<PopMa:a;110H

HhlX CIIrHaJIOB. IloaTOMY B03HHKaeT 3aAa1Ia C03AaHH.ll HH<PopMRI.l,HOH

BhlX cncTeM Ha nx ocnoBe. ¥ cnemuoe pemeHHe aToii: aa}l;a<rn CiyAeT BO 

MHoroM cnoco6cTBOBaTh nporpeccy B PHAe uanpaBJl0Hnii: paAHOaneKTpo

HHKII. 
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YAR 621.372.837+621.382 

nonynpOBOAHlltKOBble 3rteMeHTbl B np11teMHlltKOX 

111 lltCT04HlltKOX 1113ny4e~111~ 
I 
I 

M11tnn111MeTposoro A11tqna30HO eonH 

!C.r. KAJlAWHHKOBI, B. B. KYKYWKHH, B. E. Jll064EHKO 

B npo6ne11rn ocnoemrn: 11111JIJI11111eTponoro .ri;11arra3011a noJ111 (MM,Il;B) 
II HCIIOJib30BaHH.II ero )];JI.II pap;HOJIOKau;nn: ll CB.II3ll, pap;n:oqman:qeCKllX 
IICCJiep;onaHHH, B 6nonorn:n: ll p;pyrnx o6JiaCT.IIX HayKu ll TeXHHKll BO
npoc coap;aHHH llCTO'IHIQtOB ll npneMHHKOB ll3JIY'leHHH, y;:i;onJleTBOparo
ID;llX conpeMeHHblM Tpe6onaHHHM, HBJl.II0TCH OAHllM ll3 HaH60J1ee Bail\
RhlX II B TO me npe111.11 op;HHM n:a HaH60J1ee TPYAJ!:O pemae111hlx. MHoro
'IIICJieHHhIMH IICCJiep;onaHHHlllH, nponep;eHHhIMll KaK B Hameli CTpaHe, 
TaK n aa py6emoM, IIOKaaaHO, 'ITO AOBOJibHO mIIpOKHH Kpyr HBJI0HllH 
B nonyrrpono;:i;umrnx 111m1mT 61,1Tb IICIIOJibaonaH )];JI.II coap;aHIIH aJie111eH
TOB nepe;:i;a10m11x H npHCMULIX ycTpoiicTH Cffll, a Ta101m npuuopLI 
RaK nonenLie TpaH3IICTophl, naBIIHHo-npoJieTHhle p;11o;:i;LI, AHOAhI Ha 
ocHoiie 1110mp;oJin:HHhIX rrepexop;oB aJieKTpOHOB B CIIJibHhlX nonax (p;uo
p;hl raHHa) II AllOAhl C 6apr:.epOM IlIOTTKlI 3aH.IIJlll npO'IHOe MeCTO B T0X
RJIK0 caHTIIMeTpOBhIX BOJIH. Oc~oeIDie MM)l;B IIAeT B ocHOBHOM Ha 6a
ae HCnOJib30llUHI1H TeX iR0 npilqOpOB II c 8TIIM, nO-BII)l;IIMOMY' CBH3aHa 
o6ID;aH 3UI\OII01110pHOCTb B yxyp;memrn IIX OCHOBHblX noKa3aTeJieH 
(TaKux KaK yponeHr:. reHepnpye111oli MOID;HOCTn II KIT,Z::U c pocT0111 qac
TOTbl npxmepno no aaKOIIY 1//2' [ 1]. Jlnmr:. AIIOAhl c 6apr:.epo111 IlloTTKII 
y.ri;onnoTnopnTeJir:.uo pa6oTaIOT ! BO nce111 MM,Il,B n B aHa'lnTeJir:.Holi 
11acT11 cyoMI1JIJI1111reTponoro p;uanaaoHa, xoTH npaKTn'lec1me TPYAHOC
Tll ua nyn1 HX ucnoJILaonamrn Tami:>e pacTyT no 111epe yneJIII'leHIIH 
qnCTOTI.I. Ilo::lTOMY n IIOCJie.ri;mrn rOAhl ne;ri;yTCH HaCTOH'IIIBhle nOIICKlI 
npnnu;urruaJILHO nonhIX, rnanHhllll 06paao111 06'be111nLix atl><lieKTOB, Ha 
ocuone KOTOpbIX 111oamo ObIJIO 6LI coa;:i;aTr:. ncTO'lHIIKH HJIII npne111HIIKII 
nanyqemrn:. AnaJIH3 noKaahmaeT, 11To nop;xop;, ocHoBaHHhlH Ha ncnoJib
aonanmr o6'bel\IHhlX HBJieHI1H B noJiynpOBOAHIIKaX ll coap;aHIIlI Ha llX 
ocnone aJreMeHTOB c pacnpep;ei.IeHHhlMII napa111eTpa111n, B KaKoli-To CTe
nean aHaJIOfll'IHhlX npII6opallI onT08JI0KTpOHIIKII, HBJIHeTCH, no-BII
~IOMY' Han60J1ee nepcneKTIIBHhlM B l\IHJIJIIIM0TpOBOM ll cy6MHJIJill

MeTpOB011I p;HanaaoHax [2]. 
Pa6oThI B o6JiaCTH coap;amrn noJiynponop;HnKOBhIX HCTO'IHIIKOB 

II npne11rnuKon B MM,Il,B nep;ytca B lIP8 AH CCCP yIBe 6onee ;ri;ecaTH 
JI0T. llx OCHOBHaH HanpaBJieHHOCTb - nOIICK HOBhlX 111exaHII3MOB re
nepau;nu II perHCTpau;un KOJie6aHHH, HOBhlX KOHCTpyKu;nli, MaTepHa
JIOB II l\10TOAOB, noanOJIHIOID;IIX nOBb!CllTb a<I><l>eKTHBHOCTb pa60Thl 
ycTpolicTB. B 'IHCJie anneHnli, 11ay11anwnxca B cnaau c aTHM, 6I:.IJIII rnan
Hb!llI o6pa30l\I <><Ii<IieKThl CllJlbHOfO ()JI0KTplPl0CKOf0 noJIH, npHBOAHID;II0 

'i ~,. ' K B 03HIIKHOBeHiIIO B noJiynpOBO]J;HHK0 o6'beMHOll OTpnu;aT0JlbHOB 
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p;ncficpepem_1,1rnm,uoii: npono,n;HMOCTn (O,Ll.II) u neycToii•mnocTu Tonn 
(a<iicpeRT I'aHHa), a TUKrIW HCJIHHCMHhre CBOHCTJJa J\OIITaHTOB MeTaJIJI
noJiynpoBO,ZJ;Hirn. B xo,n;e IICCJie,n;onaHII:ll, HanpaBJICHHhIX Ha ncno.'IL-
30BaHne 3THX <>cpcpeH'.TOB ,Zl;JUI C03,ZJ;aIUUI IICTO'Illlll\OB II np11e::-.m11ROB ll3-

ny11enna n MM,Il,B fo,TJiu pa:ipa6oTauJ.T uo11Jiro J\OIICTpymvrn ycTpolicrn 
II pa3BllThl HeROTOphie HOBhie llleTO,ZJ;hI HCCJie,n;onamrn. 06aop peaynr:.Ta
TOB <lTOH pa60ThI, IlOJiy'leHHbIX aa IlOCJIC)l;HHe ro,n;hr, npnBO)l;IITCH HIIifle. 

1.- ,ll,eTeKTOpb1, cMecJ.1Tem1 1-1 YMHO>KJ.1Ten1-1 4acTOTbl 
Ha .q1-10.qax c 6apbepoM WoTTKJ.1 

Coap;aHne ,n;eTeRTopon, c111ec1ITeneli n y11momnTeJiei! 11acTOThl Ha AIIO
p;ax c 6apr:.epo111 IlloTTKII (,IT.Bill) AJIH ycTpoiicTB MM,Il,B cnnaaao c 
He06XOAHMOCTbIO pemeHJIIl ABYX 3a,n;a'I: noJiy'l0HIIH TOHRIIX mreHOK 
noJiynpOBOAHIIKa Ha CIIJlhHOJieruponanuo:ll IlO)l;JIOJime JI II3fOTOB.'Ie
HJIH MeTaJIJIH'I0CRl1X ROHTURTOJI ll!UJIOro pam11epa. 8n1 3a,n;a'III BhITeRa
IOT ll3 Toro, 'ITO n COOTBeTCTBIIH c 31rnnnaJI8IITHOll CX0M0ll (puc. 1) 
OCHOBHOH napa111eTp, orrpe,n;eJIHIOID;llH nemrnelinhle CBOHCTBa KOHTaKTa 
Ha BbICOROM 'IUCTOTO, TUR rra:n,ma011roil npP]l;('JIT.TIOII 'IUCTOT{', orrpC';'{('.'IR
llTCH 11po11a110HOJ1110~1 oM1wcT11 Gapi.opa C6 ua 11oeJw;~ounTt•J11.11ot• eo
npoTHBJieHHe Rs. 

/np = 11Rs·Cf5. 

EcJIH /up npenhlmaeT pa6oqym 'laCTOTY na nopH,n;oH u.'III 60.i:ee, 
ROHTaKT MmRHO paccMaTplIBUTb HaR pe3IICTHBHhIH H0JIJIHeHHblll a::re
MeHT. IlplI <>TOM <><J>cpeRTHBHOCTb ero pa60Tbl ORU3hIDaeTCH HaJI60Jlbllieii:. 
'YKaaaHHb!e coo6pamemrn no cyID;eCTBY on
pe,n;enaIOT l\10TOAirny H3l'OTOBJI0HHH ,I(Blll, B 
11aCTHOCTu Bbr6op noJiynpono;ii;mrnonoro MaTe
pIIana 11 reol\IeTpmr KOHTaRTa. B Ra'leCTBe 
noJiynpOBO]J;Hirna ua1160Jrne IIIIIpORO IICilOJib3Y
eTCH apcerrn;:i; raJIJIIUI, rroJiy'IaCMI>I:ll n nn,n;e 
TOHRllX nJieHOI\ Ha CJIJibHOJierIIpOBaHHOH no,n;
JIOiKR0 (AJIH y111eHbII10HllH nOCJI0AOBaT0JlbHOrO 
conpoTIIBJieHIIH Rs). Pac'leThI 11 aKcrrepH11reu
TaJII:.Hhle lICCJie,n;onamrn IIOKa3bIBUIOT [8], 'ITO 
p;nH pa6oTbI B KopoTKOBOJIHono:ii qacTn MM,Il,B 
,n;IIaMeTp J\OHTaRTa ]l;OJIJI\eH 6nITb Ha ypOBHe 
1-3 MKllf, ITO<)TOllfY )l;JIH y,n;o6CTBa ROHTURTIIpo
BaHHH B BOJIHOBOT(HOM Ra111epe )l;UO]l;l>I ll3fOTan
JIJIBaIOTCH B BJI]J;e Tal\ IIa3hIDae:MhIX COTOBJ,JX 
CTPYRTYP (pnc. 2) c nprn.re1101meJ11 MCTOT(on 

c,r1l., 
'~< 

Pnc. 1. 81rnnna:1eHT
unn cxe~rn illTO~a c 
Gapbepm1 llloTT1m 

<IioTOJIHTorpacpmr. Ilnemrn MeTaJ1.1rn (30JIOTo) ocam11,neTCH, RaK npa
BHJIO, <1JieRTpoxIIMH1recm1M cnoco6oM. 

B CBH3II c mupom1111 ucnoJIL:io11n11110111 .TT. Glll 11 Ha•1enne ~eTeKTO
poB, c111ecnTenefl H y111uoim1rnJroti •111cToT1.1 llllIJIJmllieTponoro n cyo
MHJIJIHMeTponoro wrnnnaoun 110J111 11x m·c.1wnonmnno nocnmu;eHo aHa
'IHTeJir:.Hoe lJHCJJO pa6or, ox1111·r1arnn1ou~11 x uonp ocnr pactieTa CBq-na 
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paMeTpon, TeXHOJIOrllll JI3rOTOBJielllllI, MeTplllrn: ll npuMeHeHlllI ,ll.BIII. 

Hume Mhl ocTanomtMCH ua peayJII;>TaTax, noJIY'ICilllhIX n aToii o6JiaCTH 

B MPS AH CCCP. . 
!{ emeK.mopu. OnDIT KOI~CTpyuponaHHlI ycTpoiiCTB KOpOTKOBOJIHO-

·Boii qacnr MM,ll.B noKaahlnaeT, qTO ua-aa pocTa noTeph n cTeHKax u Ha 

CThIKax noJIHOBOAhl ocHonHoro ceqeHulI AJilI noJIHhI H 01 npuMeHlITb 

aaTpYAHIITeJibHO, XOTlI H . l\iOil\HO npu BblllOJIHeHHH Tpe6onaH:nii K 

11ncT0Te o6pa6oTKH nonepxliocTeii u ToqHOCTH. B TO me npeMlI nechMa 

aq><peKTIIBHO HCilOJih30BaHne KnaauonTnqecKHX TpaKTOB. B cnlI3H 

c aTlll\I npH C03}l;aHHll ll HCCJie}l;OBaHHH ]l;eTeKTOpOB HCilOJib30BaJIHCb 

n~ ~ ~ ~ 

Hemu.17.17 

I B OCHOBHOM }];Ba THila }l;eTeKTOpHhlX 

I KaMep: KOHYCHalI c nepeXO}l;OM Ha 

BOJIHOBOA OCHOBHOrO ceqeHHlI (pac. 

3) ll KBa3HOilTHqecKalI. ,lJ.HO)l;Hhle 

CTpyKTypbI H3rOTaBJIHBaJIHCb H3 

nJieHOK apceHH}l;a raJIJIH.11 n-THIIa 

Ha CHJibHOJierHpOBaHHOil IlO)l;JIOiRKe. 

IlJieHKll HMeJIH TOJHII;HHY 0,5 -
1 MKM, KOHIJ;eHTpau;mo aJieKTpOHOB 

5·1016-2·1017 CM-3 , TIO}l;BHil\HOCTb 

.Pnc. 2. 06m;nii BRA COTOBOll CTpyK- aJieKTpOHOB (3,5-4,5)-10
3 

CM
2
/(B. c). 

TYPhI ABill I · ,lJ.HaMeTp KOHTaKTa cocTaBJilIJI 
"'3 MKM. PeayJihTaThl aKcnepHMeH-

TaJI1>Horo UCCJie}l;OBaHHlI TaKHX }l;e

TeKTOpOB B }l;Hana30He 1IaCTOT 115-890 rru; npuBe}l;eHhl B pa6oTe {3]. 
0Hu noKa3hlBaIOT, H aTo :corJiacyeTClI c peayJihTaTal\111 pa6oT APYrHx 

aBTOpOB, qTO Ha 1IaCTOTe "'300 ffu; ]l;eTeKTOpbI HMeIOT BOJibT

BaTTHYIO 11yncTBHTeJI&HOCT1> "'103 B/BT, npep;eJihHa.11 qyncTnH

TeJI&HOCTb l\iOiReT AOCTl:IraTb (npH qaCTOTe l\:IOAYJI.llIJ;Hll 10
6 

fu;) 

10-10 BT/fu;'I•, AHHaMHqecK11ii AManaaoH He l\leHee 60 AB. Ilo Mepe 

Pnc. 3. I\oHycHa.11 AeTeKTOpBaR J<aMepa 
1 - mrmjlT 0 OOTOBOft OTPYllTYPOlll JI tl>Hnbrp; a -
14eoropacno:xome1rne ynpyrott nrnw, noKaBaHKOft B 
ynenR'leHHOM Macmra!!e 11a pnc. 2; .S - 11opor11oaa
Mhl!llll01lllllt nopwe11b; 4 ~ BHHT; I - JJ;H9nellTPH'leCK8R 
muma 

Pnc. 4. IlpoqmJih J<onu.enTpau.uu 11neKTpo11os B 
n-n""-cTpyKType 
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N,c,,-J. 

/(} 17 

-------
/(} 15 L----.J..---~-

ll, I ~2 
Poccmo.17HUe 
om nolep.rHocmu,H1tH 

DOllLlll!CllHH •IaCTOThl 'lYllCTllllTL'.'lbllOCTh Y.Ml'lll>llllll'Tl' H nplDll'PHO no 

3UHOHY 1/j4. 
llonL1ll!eu11e ::i<Ji<Jie1'T11nuocT11 ]J,en.:1nopou u 1wponw1wJ11101wii 1rnc

TH Ml1JIJIIfMeTpOBOro M cy6J1mJI.lllll\ICTpODO~l AIHlllU30HaX BO.'IH CB.113a

HO c ueo6xo}l;UMOCTbIO IlOBhllllCHH.11 npe}l;CJibHOii '!aCTOThl )J;IIO)J;HhIX 

CTPYKTyp, 'ITO, l\a1' oh1J10 OTMe'rnno BLIIIIe, )l;OCT11raeTc.11 yMenhmeHne:11 

TIOCJie)J;OBaTeJihHOI'O conpOTIIBJICHII.11 n/HJ!Il y~IeHbll!eHIIe.'.11 e~IKOCTII 
6apbepa. Pac~rnTLI nmrn3LrnaioT, 'ITO onTuMaJihHLrnn c 3TOH TO'IKII ape

un:.11 11nJIHIOTCfl }l;HO)J;LI c 6aphepo11 MoTTa ()J;BM), H3I'OTOBJieHHhIC Ha 

OCHOBC TOHI\HX 3IlIITaKCJia.l!bHMX rnieHOI\ Ha CII.'IbHO.'IernpoBaHHOil no:x

JIOIBI\e, TOJ!lll,IIHa KOTOphIX MCHbIIIC IIJUI panHa TOJ!lll,HHC o6eAHCHHOI'O 

CJI0.11 no)]; KOHTal\TOM. B TaHnx cTpyKTypax ncKJIIO'IaeTc.11 n:K.'Ia;:i; ann

TaKcuaJI&HoiI TIJICHKII B noc,ue;::i:onaTCJ!bHOe conpOTIIBJICHIIC, Np0.'.110 

Toro, eMKOCTb 6apbepa c.rra6o 3aBUCIIT OT Hallp.lliI>eHII.11 C.'.11eiu;eHn.11. 

Tpy}l;HOCT&, OAH.aKo, cocTOIIT B TOM, 'ITO npn npneM.'Ie:110ii: l\OHD;CHTpa

u;an 3Jiel{TpOHOB .-1016 CJIC 3 TO.'III~lllrn IlJICHI\ll n ,D;BM ;no.:n1ma co

CTaBJI.llTb ;::;;o, 1 1\11\M, a TOJIIIJ;IIHa nepeXO}l;IIOrO CJI0.11 ~IeinAY II:ICHKOII 

ll IIOAJIOil\l\Oll, B KOTOpOM nepena)J; KOHD;CHTpau;nii 3JICKTpOHOB COCTaB

JI.llCT He MeHee IlOPHARa, .nom1ma 6hITb COOTBeTCTBCHHO eiu;e .'.lleHbme. 

B pa6oTe [4] ucnoJih.aonamich n.ueHKII apcemt}l;a raJIJIHH n-nma. no

JiyqeHHble xJiopn,nHhIM ra3oTpaHcnopTHhlM 11eTO;:J.Ol\1. B Na'leCTBe no;:i;

JIOil\CK HCITOJ!b30Ba.JICH l\IOHOI\pncTa.l!.l!Il'ICCKIIll a pceun;::i: ra.rr;urn. .:rn
raponaIUiblll TCJIJiypoM ll UMCIOW,llll 1rnnu.einpau;mo 3JIC:KTPOHOB 2. 
· 1018 Cl\C3 • Ha puc. 4 npeACTanJieH THITII'IHhiii npocl>n:JI& KOHD;eHTpa

u;mr 3JICKTPOHOB B IICCJie}l;yeMhIX 3IlIITaKCUaJibHhlX CTpyKTypax' no

JIY'IelIIIhlH MCTO)J;OM BOJ!bT-cPHPHl\llhlX xapaKTOpllCTlln. l~an llll;J,110 ll3 

·pHcy1ma, II3Menenne ypomrn JiernponaIIn.11 na OAHY }l;eRa,ny ;i,ocnira

eTC.11 n npe,neJiax 0,05 J1rnM. D npo1\cccc ll3I'OTOHJIOimH .nno.non 11-c.1oii 

XHMH'ICCI\ll CTpanJiullaJICH )J,O TO,'l lll,llllbl 0, 1 :\ln.'.11, 3aT0.'.11 c IlO.'.llOlll.bIO 

<J>oTO.JIIITOrpacJinn C03AaBaJllICb KOHTaKTHhIC Il.'IOlll,a)J;Kll 'AIIa.'.lleTp0.'.11 

4 MKM. B IW'JeCTne 11reTaJJ.na 6apnepa ucno.'lhaonancH mme:r&. lb na
:r.rnpem1.11 BOJ!bT-a11mepHblX xapaKTepnCTIIK ua UOCTOHIIHO.'.ll TOne Uhl:Ill 

IIOJIY'IellbI c.rre,ny1orn.11e OCIIOllllhJ.e uapa~!CTphl )1.llO;\OB: K03tpqmu.u

eHT n.neaJibllOCTH 1, 14, '!'On llHChllll,CllllH 10-1
:1 .A' IIOC.110;\onaTe.1.bll00 

conponrnJienue 8 011, 06paTI10e npo61rnnoe uaup.1111\eHne (na:-.iepeH

uoe npu TOHC 10 11rnA) 8 B, e11IKOCTh 6ap&epa npn uy:JeBOlll C.'.l1eni;eHnll 

0,00G rnJ1. l'Pay.•1i.TaTi.1 11:1~11·1w1111n :ia11111·11~11wT11 1'~11\11\'nt ilapM'pa OT 
HanpumemuI IlOCTOHllIIOl'O C~lCU\CllllH upC/\CT<lll.'tellbl ua puc. 5 . .J..1..11 

cpalllICilllH 31\CCb /l\C npllBO)\llTl' ll Jll':l y.11 hTHT!ol u:nll'pl'llllll lPfl ;J,110;\a 

IlloTTKII' H3I'OTOilJICITJIOl'O Jin ::in ll'f!\l\Cll!\.'l hllOlI n:ie1me TO:Illl.IIBOH 

0,4 MKl\1. Ilpal{Tll'ICCIHI 11oan1111CHll\l1Jl OT CMC!l\Cllll.11 C.\IKOCTb ;J;UO;J;OB, 

H3rOTOBJICIIIIIiIX irn 1'0Jll(JIX llJJ(lllOI( (u J\llllllH:JOIIC uanpHIBCHllll OT 0 
}l;O -8 B U3MCH011110 OMtW(''l'll (in p1.op11 110 u penuma:io 12 % ). cnn;:i;e

TeJihCTnyeT 0 'fOM, 1l'f0 Ollll1'lllH'llll.'ll11lhlii l'.110ii OOC;l.l!CII ya>e npu Hy:re

BOM CMCU~Ollllll, ·r. o. Mlol llMOOM J\(lJJO c CiupLcpo~l MoTTa. ,JJ..:rn II3:\!epe

HHH nn ClPl JlllOi\111>10 C'fllYl<'rypM OlilJlll pa:1peaauh1 Ha Npncrn:r.Tbl 

0,5 x 0,5 MM~ ll l'0 MOll'l'llPOlllllllol II Ho11yrnoii i\eTCKTOpHOU l\a)tepe. 

,lJ.oCTHrllY'fOO aun•IOllllD lljll'J\ll,fll1JIO!I 'l~'llCTllllTC:lhHOCTll s.10-11 
BT· 

• r:u,-'/1 111\ 'lllC'fOTO 270 rr1~ 1111 llOIJll)(Ol\ npCULllllUCT H3~IepeueyIO B 
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Pnc. 5. 3aBHCHMOCTb eMKOCTH 6apLepa OT uarrpmReumr cMeru;emrn ii;mr p;nop;a 
illoTTKn (1) u p;nop;a MoTTa (2) i 

Puc. 6. 3aBIICHMOCTb OTKJlllKa A0T0KTOpa OT CMem;eumr, 11aCTOTa 300 rru;. RpH
BLie 1-3 COOTB0TCTBYIOT paaJIH'UILlM KOHTaKTaM COTOBOU CTPYKTYPLI 

Tex me ycnonu11x 'lYBCTBHTen4HocTL p;eTeKTopa Ha p;Hop;e IlloTTKH c 

p,111a1r1erpoM IWHTaKTa 3 MKM, xrnroTOBJl0HHOrO Ha auaJIOrll'IHOH an11-

TaKCHRJibHOii: CTPYKType c TOJI~HHoii: nJieHKH 0,5 MKM. TaKHM o6pa-
80M, coap;aHHe p;Hop;on c 6ap:bepoM MoTTa noaBOJIJieT cym;ecTBeHHO 
yJiy'lmHTb napaMeTphl p;eTeKTopoB B MHJIJIHMeTpOBOM H cy6MHJIJIHMeT-
poBOM p;Hanaaouax. I 

IIocKOJILKY p;eTeKTHpyrom;lie cBoiicTBa ,II;BIII, B qacTHOCTH BOJibT-
1 

BaTTHalI 'lYBCTBllT0JlbHOCTb, H;enocpep;CTB0HHO CBII3RHbl c 0MKOCTbIO 
6apbepa, HX HCCJiep;oBaHH0 B J}fMAB MOiK0T 6b1Tb HCIIOJlb30BaHO AJIII 

onpep;eJiemrn H0KOTOpbIX qiyap;aM0HTaJibHblX napaMeTpOB KOHTaKTa 
, MeTaJIJI-noJiynpoBO,D;iIHK. B pa6oTe [5] noKaaaHo, 'lTO OTKJIHK (no

CTOHHHOe uanpliiK0HH0 Ha .u;nop;e B peiKHM0 )J;0T0KTllpOBamrn:) JlllH0HHO 
BRBllCHT OT __ nanpamemrn CM0In;eHHll B p;OCTaTO'lHO m11pOKOM HHT0pBa-

'Jie ero H3M0H0HHii: (pHC. 6). 'l~O .u;aeT B03MOiKHOCTb onpep;eJIHTb B0JIH
'llIHY p;mpqiyaHOHHoro noTem:viaJia 6aphepa. 3uaa ee, MOiKHO onpep;e
JIHTh TRKiK0 ll KOHIJ;0HTpaqHIO ~JI0KTpOHOB B IlOJiynpOBO)J;HHK0 B o6JiaC
Tll KOHTRKTa. MaJialI B0JIH'lHHa p;HaM0Tpa KOHTaKTa o6ecne'lHBa0T 

B0CbMa BblCOKOe npocTpaHCTB0HHOe paapememrn ll Il03BOJill0T KOHT

pOJIHpOBRTb op;Hopop;HOCTb JiernpoBaHHII noJiynpoBO,Il;HHKa. Ho, no
Bll,ll;H~IOMy, rJiaBHOe p;OCTOHHCTBO M0TO,o;a COCTOHT B TOM, 'ITO OH ll03BO-

/ JIJl0T KOHTpOmipOBaTb CBOHCTBa KOHTaKTa Henocpep;CTBElHHO Ha ,ll;HO,ll;

HOH COTOBOH CTPYKType H HaXO)J;HTb npll aeo6xop;IIMOCTH JIY'llIIHU 

i 113 KOHTaKTOB yarn B co6paHHOM ll pa6oTaIOm;eM )J;0T0KTOpe. 
~- Coap;aHHble B xop;e uccJ1ep;oBauuii JJ;0T0KTOpb1 Ha ,II;BIII u ABM ua-

174 

XOlVlT 11p11MOllCll llC II paaJI 11 1111oii ll:l~ll'pllT(\1( hllOii :11111a p:ITyp(' ;pn 1111-

AHKan;HH MaJihlX yponneii: :.-.10I11,HOCT11. llo :.-.rnpe coneprneHcTnonauua 

T0XIIOJ10l'l1l1 IlOJl y 1lClll1H TOlllUIX llJICllOJ{ a pceIIHAa ramrnn' l1CilOJib-
30llU1111H l\OIITHl\TOB C ~ICllhlllOJI llhlCOTOJ'i oapbopa (11 ;)TO~l CJIY'Ial' y;\a-
0TCII ua6anlITbCH OT neo6xop,HMOCTII nop,anaTb Ha ]J;0T0KT0p ITOCTOHH

H00 HarrpHmemrn CM0Ill,0HIIH)' a TUKfI\O, npHM0Hflfl OXJia;np,eHue. ~!Oih
HO pacc'lMThlBaTh Ha p;aJILneiirnee yneJin'lemrn npep;eJihHOi'I 'Q'BCTBII
T0JihHOCTH p;eTeKTopon Ha )J,BIII ()J,Bl\I). Baa>Hhrn npe;:i;cTan.1HeTCII 
TaKme nepexoµ; na IIOilhie KOHCTPYKll)IU µ;eTeKTOpIIb!X Ka::11ep, OCHO
BaHHhl0 Ha HCIIOJib30IlUHHH nepcneKTHilHbIX BOJIHOBep;ymJIX CTpyK

TYP Tuna MeTaJIJIO-AM<JJieKTp1PrncKHX, p;HaJieKTptPrecK11x H 3epKa.1L
HhlX IlOJilIOllOAOll. 

C.Mecume/lu. OcoomrnocTh paoOThI c:.1ecnTC.Tl('II rro cpa nnenmo c ;i;e
TCitTopaM u COCTOllT 11 TO~!, 'ITO IL\ oe1101111oii 11apa~ll"l'P - llOTl'Pll upe
o6paaoBallHH - 06paT110 upoHop1\110HaJte11 1rna11pnTy l'~11wt'T11 Gaphl'
pa, 'ITO l\CJIUOT uco6xoJ\Hl\lh1M coaNtm10 111101(011 c I\a1' MOa\uo ;\ll'Ublll1n1 
paaMepoM KOHTaKTOB [6]. B pa6oTe [7) ;rncnep1rnenrn:1LHO ncc.i:e;:i;o

naJIHCh B p;uanaaone 'laCTOT 180-380 ffu; C::l10CIIT0JIII Ha )J,BIII II3 ap

C0HHp;a raJIJIUH n-Tuna c lVIUMCTpOM J{QIITaI<Ta 2 l\IKM. 8nr HCCJI8AOBa
Hllfl 1103IlOJIHJIH coap;aTh CMCC llTC.11 ll c ll pl')\l'.11 bllOfl 'lYllCTlll!Tl'.1 hlIOCTbIO 
10-16 BT/fu; na 'IaCTOTe 300 rru;, 'ITO COOTll8TCTilOllaJIO B TO npe,m1 
JIY'lIIIMM aapy6emnLIM p;anni,m. Op;na1rn npn aTOM BbIHCHIIJIOCh TaK

me, 'ITO ITOTeHu;naJibHbl0 B031\IOil\HOCTH CM0CIIT0JIH Ha )J,BIII B 3TO~I ,!J.Ha
rraaoue rrpaKTII'IeCKH 0'10Hh Tpy,a.no pcamrnonaTh, nocKOJILKY 11a-3a 
6oJibllIHX ITOTCpb, BbI3BUIIIIblX paccor.TlaCOBUHH8::1I Il TpaKTe II 11oc.1e;i;o

naTCJlbIII.IM conpoTnnJienueM p;uop;a Rs, Tpc6yoTCH 6oJII>rnaH :-.10II\IIOCTb 

reTepop,una. llo;noMy n rrocJICAYJOll\Hx pa6ornx [8, !) ] ohmo npe.r:..Tlo
meno ncnoJibaonaT1> upeo6pa3onaune 'IUCTOTIJ rra rap::110nui.;ax. 
B 'laCTHOCTM, 6urJio noKa3auo, 'ITO rrpn npeo6paaonamm ua BTopoiI , \ 

rapMOHHK0 npoBO]J;HMOCTH ::IIIIHIHiaJibHble IIOTepn npeoopa30BUHIIII 
rrpaKTll'l0CKll H03Ha'lllTCJlblIO npeBblllIUIOT ~IIIHIHiaJibHbl0 )J,OCTIIihIDible 
llOTepu B CMCCHTCJI0 na rrepnoiJ: rap::IIOIIUKC. B TO ;J\0 npe:-.rn Tpeoye~Iblll 
yponenh MOIIVIOCTH rcTopoJ\nll<t rrpn npeoopaaonamm 11a rapMonuKax 
HliilW, TUR KU!{ JIY'IllI0 COrJIUCOBanne B BOJIHOBO]J;IIO::II TpaKT0 II ::IIOHbID0 

napaauTnLrn noTepn. Pac'ICThI noKa3a.Tln TaKa~e, 'lTO p;ua:.-.rnTp KOHTaK
Ta p;uop;a IICT ueo6xop;1111ocTn y::110HbllIUTb 6ecnpep;eJibHO, ITOCKO:IbKY 
rrpn: aTOM conponrnJie1rne ,[l.no;~a Rs pacTOT uonponopu;1mHa.1 hHO IIa-aa 
DJIMHHHH acpcpeKTOn pacreKamrn TOKa. Tamrn o6paao)I, :1.1H aa.laHHOii 
'lUCTOThI c11ruaJrn CYIT\OCTnyeT OITTin!a.'JT,Jiafl BO.'ll['lll!Hl Jll'OOXO;u1~roro 
)J;IIRMCTpa l\OUTaI<Ta. )J,JIH TJ:UCTOT ,_,300 ffI\ OIIa paRira np1rnepUO 
2 MKM. 81tcnep1rnenTaJib1IOe ncc.rrep;onanne rap:\IOHIPrecKnx e::11ecn

T0JIOH npono1\11JiocL n paoorn [ 10). C11recnTeJihnaH Ka:\rnpa 6bl.1a BLI

nomrnIIu n 111!)1(1 UOJIIIOBOAIIOI'O KpecTa ll3 BOJIHOBO]J;OB CC'l8IHI0~I 0,8 x 
x 1,() MM 11 1,8 x 3,G llIM, cymeHHblX COOTB0TCTBCHHO AO 0,3 II 0,5 ~nl 
no ya1wii: cnimrn. lloTepu Hpco6paaonamrn u3~1epH:mcL reTepo;:i:1m
IILIM l\fOTOHOM JI() CXCMC, npnncp;cnnoi'I B [7). .t\Iorn,HOCTb OT reTepO.llllla 

cocTallJlllJll\ ....... (i Mlh. B nannoiI cxeMe 6w111 no.rryqeu1>1 noTepn npe-

0<5paao11umrn , .... -10 J\13 Ill\ TJ:aCTOTC cnr11a.'1a 120 ff1\ npn npeoopaaoBa-
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Ta6mrn,a 1. 

HoMep 1laCTOTa 
IlOTeKiH HoMep '<faCTOTa 

IloTegn 
npeo paao- npeo paao-

rapMOHHI<H CHrHaJia, BaHHll CMe- rapMOHHKH CHrnaJia, Bamrn cMe-
reTepo1111aa rru CHTeJlll, p;B reTepo;a;Hlla rru CHTeJlll, Ail 

I 

' \ 
! 

2 128 10,4 5 320 26 

3 192 15 6 384 30 
4 256 2{ 2* 136 13,3 

.'* c TBep;a;OTeJlbHblM reTepO)l;HHOM. 

HJ!lJ!l Ra BTOpo:ii rapMOHHKe. Ilpeo6paaoBaHHe Ha 6oJiee BbICOKlIX rap
MOHHKaX (BnJIOTL AO 6-:ii) noaBojiHJIO IIPOABHHYTbCII no qacToTe cHr
naJia AO 400 rru;. )J;aHHhle 0 llOTeplIX npeo6paaoBaHHII B ()TOM CJiyqae 
np11BeAeRLI B Ta6JI. 1. CpaBitHTeJILRO ne6oJILmo:ii ypoBeHL MOIIJ;HOCTH, 
noTpe6JIJieMO:ii OT reTepOAHHa npH npeo6paaoBaHllll Ha rapMOHHKax, 
1103BOJIHJI HCIIOJlb30BaTb TBepAOTeJibRhle J!lCTOqHlIKll, B qacTHOCTll re
nepaTOphl Ha AHOAaX faHHa, ll C03AaTb cyrrepreTepOAlllIHhliI npHeM
HllK c qyBCTBHTeJibHOCTbIO ~0-18 BT/fu; Ha qacTOTe 120 rru; npn: qac-
TOTe reTepOAHHa 60 ffu;. . 

YMno:m:umeAu 'tacmomz.ij CoaAann:e noJiynpoBOAHHKOBhlX n:cToq
HIIKOB n:aJiyqeHHII B MM,D;B, KaK yme OTMeqaJIOCb, JIBJIJieTCII AOBOJIL
no CJIOiRHO:ii npo6JieMO:ii. IloaTOMY npeACTaBJIJieT HHTepec HCllOJib30-
BaHHe HeJIHHe:ii:HLIX cBo:iicT~ ,D;Bill TaKme AJIJI yMHomeHHII qacTOTbl, 
't!TO Il03BOJIII0T C03AaBaTL :STOpll'IHbl0 J!lCTO'IHlIKll n:aJiyqemu1. IlpH 
3TOM, KOHeqHo, MOIIJ;HOCTb Ha rapMOHHKaX, KaK npammo, cym;eCTBeH
JIO HIIiKe MOIIJ;HOCTll HaKaqKll, OAHaKO c yqeTOM o6m;eii TeHAeHIJ;lIH 
K cHnmeHIIIO MOIIJ;HOCTII H HaA0iRHOCTH noJiynpoBOAHHKOBbIX reHepa
TopoB c noBLimeHHeM qacTOTLI, a TaKme TeXHOJIOrHqecmrx TPYAHOCTe:ii 
B IIX coaAaHHH, n:cnoJIL30BaHHe yMHOiRIITeJie:ii B pHAe cJiyqaeB oKaaLI
naeTCII BnOJIHe onpaBAaHHi;rM. 

B pa6oTe [11] IICCJieAOBaJic.11 YABOIITeJIL qacToThI Ha AHOAe c 
6apbepoM IlloTTKJ!l, KOHCTpyKD;lIII KOTOporo npeACTaBJieHa Ha pIIC. 7. 
MaJiyqeHHe OT aMarom;ero reHepaTOpa noAaBaJIOCb no BOJIHO
BOAY 1ceqeHHeM1,8 X 3,6'MM2 na npHeMHy10 HrJiy 2, KoTopaJI qepea 
OTBepCTIIe CBII3ll npoXOAIIJia B KpyrJibIH BOJIHOBOA 3 AHaMeTpOM 
1,5 M:M. ,il;JIJI corJiacoBaHIIll npeo6paaoBaHHoro HaJiyqemrn c KBaaH
onTHqecKHM TpaKTOM 6LIJI ri:pHMeHeH KonycHbl:ii nepexoA. B KaqeCTBe 
llCToqmrna HaKaqKII HCIIOJlb30BaJICll KJIJ!lCTOpHLI:ii reHepaTop c qac
TOTOll reHepan;1rn 64 rru;. CorJiaCoBaHHe YMHOiKHTeJIII qacTOTbl no 
TpaKTY HaKaqKII npoHaBOAHJIOCb c noMOID;bIO E-H-TpaHclf!opMaTOpa. 
Mom;HoCTb HaKaqKH npu pa6oTe reHepaTopa B pemHMe MOAYJI.llD;HH 
Cl!lHYCOHAaJibHbn.1 CHrHaJIOM COCTaBHJia 13 MBT. ,D;BIII, uarOTOBJI0HHhl0 
B BHA0 COTOBblX CTpyKTyp, J!lMeJIH AHaMeTp KOHTaKTa 2-4 MKM, 
'ITO o6eCII0Y:HDaJIO npell;eJibHYIO 11aCTOTY 600-900 ffu;, J!l npo6HBH00 
nanp.11menIIe 10-16 U. 
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Puc. 7. Ho11cTpym111n ygno11TOJIH •tacTOThl 
ROHYCBOff KaMephl 

Peil:t'l'IK8111 

Mil 

11111 

211 

12 

/J,.,Bm 

P,.f 

~ 
.1,Z 

~ 
1..-~~'--~~J.-~~ ....... ~-

l - BOJIHOBO)l; Tpa1<Ta 11a11a1mn; 2 - Hl'Jia; 3 -
BOJIHOBOA Tpa1<Ta cHrnana, 4 - ;a;1101111aa CTpy11-
Typa; 5 - 1.1enb IIO)laqn CMeiuenHa 

-1, 17 -!l,,f !! IJ,.f'Cc11ew;6 

Pnc. 8. 3aBHCIIMOCTh Bhlxop;Hoi'r ll!OIIJ,IIOCTH yp;BOIITeJUI tiaCTOThl OT Hanpainemrn 

c11rem.emrn npII pa3JIH'!HblX ypomrnx llIOIIJ,IIOCTII HaKatIKU, d = 3 MKM, R 8 = 
-= 12 OM 

Ha puc. 8 rrpHBeAeHhI ocHOBHhle xapaKTepnCTllKll y:1rnomnTe:i.11. 
.D;m1 no JI y1rnmrn naH60J1hmeii acplfieKTnnnocTn npeo6paaonamrn 
6J.JJI IlhIOJHll! l!aHOOJIOO OIITIIMaJII.IIhiii f\lllU!OTp I\Ol!Taina -~~ MK:ll. Tio

BHAHMOMY, yMeHhIIIeHIIe nocJieAoBaTeJILHoro corrponrnJieirna Rs 
6oJiee nanrno, tJeM cmrmemrn 6aphepnoiI eMKOCTn, qTo HaXOAIITC.11 
B cooTneTCTBHII c pacqeToM [12]. Kpo:r.ie Toro, na pncymrn c.'leAyeT, 
qTo npH 6oJihIIIIIx ypomrnx na1rn•11m onTHMaJihHOe Hanp.11;neHne 
CMern;eHHH OKa3hlBaeTCH B 06Jiacn1 o6paTHhlX CMem;eHnii, 'ITO, no
BHAHMOMY' CBIIAeTeJihCTByeT 0 BJIHHHIIJ!l HemrneiiHoii e:11KOCTII Ha 
alfilfieKTIIBHOCTh rrpeo6paaonaHIIH. IlpII l\IaJihlX me ypoBHIIX HaKaqKU 
onpeAeJIIIIOIIJ;llM lIIlJilI0TCII peaIICTIIBHhlH peiKUM y11rno;nemrn qaCTOThl. 
MaKCHMaJihHblll CHrHaJI c YMHOiRIITeJI.11 Ha qaCTOTe 124 rru; 6LI:r 
paBeH 400 MKBT. IloTepII npeo6paaoBaHH.ll BO BTopy10 rap:110HIIKY 
cocTaBIIJIII 15 ,ri.B. B wry IJeJm1mny nxo,ri.aT noTepH B KBaauonn1qecK0:11 
TpaKTe AJIHHOii 20 CM, pannbre 2 AB. Ilpn pa6oTe B pe;nmle Henpe
phIBIIOii reirnpau.uu Mon,noCTb u·airnqKir 6bIJia ynem111ena ;:i;o 26 :11BT. 
B aroM cJiy1rae MaKCHlliaJibHaa 1110m;uoCTb nTopoii rap:110HIIKll co
CTaB1rna 1,2 MBT, noTepn npeo6paaoBamrn cooTneTCTnettno 13,4 ;:i;B. 
8To 6oJibIIIe, 110M B BapaKTOpHhlX YMHOIBIIT0JllIX, r.n.e IlOTepu AO
CTHraIOT 8 AB, o,ri.HaKo no cpaBHeHHIO c BapaKTopHbDIII peancTHBHbre 
yMHOJirnTe.rrn ooJree nmpoKorroJioCHhl, l\Ienee IipHTIPIHhl B HaCTpoiiKe 
H MoryT OhITh rrpuMenenbI n ycTpoiicTBax, ue Tpe6y10m;nx OO!IbIIIOro 
ypoBIIH MOlil,IIOCTll, TaKHX, KaK reTepO,rJ.HHbl B rrp11e:1rnnKaX, ncno:1b
ay10m;ux B J\aqecTne CMeCIIT8Jlll CBepxrrpoBO,fJ.lIIn;He KOHTaKTbl mm 
AIIO,Uhl c 6api.epoM MoTTa. 

2. "1ccne,o,oeaHHe reHepaU,HH H HenHHeHHblX CBOHCTB 
,ll,HO,ll,OB f aHHa 

I'enep<llfWI. na 8uoaax I'aHna c »eaauonmu'lec1rn.1t peaoHamopo.11. 
feullp!ll~llll IIU AHOAUX fauna IIOCBHIIJ;0HO orpo:1rnoe 1IIIC.10 paOOT, 
B1>momwnm1 x n ConeTCKOM Co10ae n aa py6enio:11 c 1963 r., Kor;:i;a 
6LIJI O'fl(PLl'l' atptlier<T l\urna B apcenn;i;P ra:I.'IIHI. 13 HHCTOH~ee BpeMII 
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sTa reHepan.1rn oxBaTl>IBaeT ;rvia11aaoH qacToT OT ep;1rnnn. p;o coTeB 
r:e:rarepn; ll, B. OCHOBHOM, peamrnyeTCH B peaoHaHCHO-IIPOJl0THOM 
pem:e:Me pa6oTI>l p;IIop;a. IIccpp;oBaHIIH aToro acpcpeKTa npop;oJ1ma
IOTCH II ceiiqac II HanpaBJl0Hhl Ha yJ1yqmeHIIe acpcpeKTIIBHOCTII KOJle-
6aHHii, p;aJ11>Heiimee 110Bhlill0BII0 pa6oqnx qaCTOT ll MOIIl,HOCTII, Ha 
yJ1yqmeHHe qacTOTHOii CTa6HJibHOCTH, Ha cymemrn CII0KTpa reHepa
D;lIII, Ha pacrnIIpemrn p;IIa11aao~a 11epecTpoiiKII qacTOTI>I II T. p;. Hnme 
llpllB0,ll;0Hhl C006pameHIIH ITO 1 Bhl6opy ,ll;IIO,ll;OB raHHa ll BhlCOKO,JJ;06-
poTHOrO pe30HaTopa c Il,0Jlbl0 yJ1yqrneHllH qaCTOTHOH CTa6HJlbHOCTll 
aBTOKOJ1e6a11nii B MM,11,B, a TaKme xapaKTepncTHKH J1a6opaTopHhIX 
MaReTOB reHepaTOpOB aToro ~HaIIa30Ha Ha 11epBoii H BTOpoii rap
MOHHKaX c IIOBhlill0HHOii qa9ToTHOii CTa61rn1>HOCTblO, 
. B paCCl\IaTPIIBaeMOM p;l1a11i:i.s0He BhICORO:ii p;o6poTHOCTI>IO 06J1a,JJ;aIOT 
OTRphIT:hle irnasno11Tll:qecKIIe, MHoroMop;oB:hle BOJIHOBO,JJ;H:hle H TBepp;o
TeJII:.Hhle p;naJ1eKTpnqecKne peaoHaTophl [13-15). Bhl6op KBasnorrTn
qec1wro peaoHaropa 011pep;eJ1IIJ1CH ero 60J11>me:ii p;o6poTHOCTbIO H paa
pemeHHOCTI>IO CIIeKTpa co6CTB0HHhIX peaoHaHCOB, qeM BOJIHOBO,ll;HOro, 
a Heo6xop;11MOCT1> y11panJ1eHIIH qacToTo:ii KOJ1e6aHHH n 11pon.ecce reHe-

1 

pan;nn llCKJIIO'IIIJla llCllOJlb30~anne TBepp;oT0JlbHOrO ,JJ;ll3JI0KTpH'I0CKO-
ro peaoHaTOpa, TaK KaK ero peaoHaHCHaH qacToTa iK0CTKO cnaaaHa 
c paaMepaMn p;HaJ1eKTpI1Ka. 

IlpIIM0H0HII0 KBa3HOIITII'l0CKOro peaoHaTopa ,ll;JIH reHepan.1111 KOJle-
6aHnii MM,11,B 11p11BeJ10 K Heo6xop;nMoCTII pemeHIIH pap;a ;ri.0110J1HH
TeJI1>Hh1X aap;aq: llCKJIIO'l0HllH (llJlll YM0Hbill0HllH) BJIHHHHH KOHCTpyK
TllBHhIX 3Jl0M0HTOB ,ll;IIO,JJ;a Ha ixapaKTepllCTHKll reHepau;nn, acpcpeKTHB
noro OTBO,JJ;a T0IIJla OT p;nop;a: raHHa, C'beMa CB'l-MOIIl,IIOCTll c ;rl,HO,JJ;a 
Ha 11epBOH ll IIOCJ1ep;yIOIIl,llX' rapMOHllRaX anTOKOJ1e6a1rnil, B03MOa\
HOCTll cyl\mnpoBaHnH MOID.BOCTn CB'l-KoJ1e6aHHii OT necKOJlbKHX 
;rJ;IIO,ll;OB II 06ec11e'leHIUI yrrp~BJl0HIIH qaCTOTOH. 

KoncTpyKTIIBHhle aJ1eMenrh1 coBpel\rnnnoro p;IIop;a f aHHa MM,II,B 
(KepaMn'!ecKaH BTYJ1Ka ero kop11yca n npoBop;HnK ,JJ;JIH nop;a'IH Ha
rrpameHIIH IllITaHirn Ha IIOJIYPPOBO,ll;HllKOBhlH :meMeHT) ll caMa llOJIY
npoBO,ll;HIIKOBaH cTpyKTypa (ee eMKOCTI>) o6paayroT HII3Kop;o6poTHhIH 
1wJ1e6aTeJ1I:.Hhlii KOHTYP Ha i,rna3Hcocpep;oTo'leHrrl>IX napal\teTpax (TaR 
RaK pa3M0phl yKa3aHHhIX 3Jl0M0HTOB cpaBHHMhl c J];JlllHOH BOJIHhl A.), 
peaonaHcHaH qacToTa KOToporo J1emnT B MM,II,B. l1M11ep;anc1>I aTHX 
3Jl0?tleHTOB }\ail\,ll;OfO B OT,JJ;0JlbHOCTII p;nop;a TaKOBhl, 'ITO OHII llJlll 
myuTIIpyIOT p;rrcpcpepeHu;naJll>HOe COIIpOTllBJl0Hll0 (0,II,C) IIOJiyrrponop;
mma (eMKOCTµOi'I n:r.mep;anc .BTYJIKII llJill IIOJIYIIPOBO)J;HIIKOBOH CTpyK
TYPhl :r.moro MOllbllle O,II,C) IIJIII MaCKIIPYIOT o,rr,c (1nmep;aHC JIHAYK
TIIBIIOCTII nponop;nuKa ::1rnor<;> 60J11>me O,II,C). cho rrpnnop;nT K cphIBY 
pe3011anc110-upo::ieTHOfO peahrna pa60Thl II 3HR<JllT0JlbHOMY OCJ1a6-
J1e1m10 cna3u ;ri.no,'l,a c BIIelllneii u;errI:.10 (pe3011aTopa c narpy3Koii), 
a CJl0P,OBaT0JlbHO, K pe3KOMY 11ap,eHllIO MOIIl,HOCTll B Harpy3Ke. JlHm:b 
na pe3onaucnoi'1 qacToTe p;uop;a rnyHTnpyrolil,ee n MacKnpyrolil,ee p,eii
CTBIIH 3JI0l\10HTOB ,'1,IIOAa (rroJIHOCTbIO llJIII qacTH'IHO) KOMil0HCHpyroTCH, 
B03pacTaeT CBH3b )1.U0,'1,a c BHemeii n;e111>IO u; CJI0AOBaTeJll>HO, yBeJIH
qIInaeTCH MOill.IIOCTh B HarpyaKe. IloaTOMY B MM,II,B acJ><PeKTHBHaH 
pa6oTa )J;IIO;rJ,a fanHa ::110iKeT 61>ITb peaJIII30BaHa Jlllillb Ha 'laCTOTaX, 

6Jill3KlIX K pe30HaHCHOH 'laCTOTe .n;uop;a. 8TOT BhlBO,JJ; IDIOOT np11111~11-
IlliaJlbHOe 3Ha'leHHe f];JIH MM,II,B. TaK KaK p;uop; raHHa HCilOJlh3YCTCR 
B pe3oHaHcHo-rrpoJieTHoM pemmrn, To f];JIH peamrnau;nn ero :l!l><l>eK
THBHoii renepau;1m n paccMa Tp1rnae11Io11I p;uaua3011e, pe3ouaucuan 
qacToTa f];HOp;a p;om1rna 6bITb panna ero · rrpoJieTHoii qacToTe. 

Cylil,eCTBeHHou oco6eHnocTbIO ucrroJI1>ayel\10u (B llCCJiep;oBaam:i:x) 
OTKphlTOH pe30HaTOpHOH CHCT0Mhl HBJIJrnTCH MeTaJIJIH'leCKoe IIJIOCKoe 
aepKaJIO' Jiemam;ee B IIJIOCKOCTH CIIl\11\IeTpnn 3TOII CIICTl'::llhI, rra KOTO
poM pacrroJiaraIOTCH pa6o•me 3epKaJia u .I~uo,a;; rroc;io,a;Hnii uaxo
,JJ;IITCH B aoHe CBlJ-rroJia, o6paaonanuoro pa60'IHMll aepKaJiaMn. 
BBep;enue noro aep1<aJia 6ea II3Menenua CTPYKTYPLI CBq-rrOJIH pe-
3onaropa cym.ecTnerrrro yrrporu;aeT pernenne rrepeqnc:i:enrrhlx BbIIIIe 
aap;a'l. 

Bo-rrepBl>IX, T8JIO oaaonoro aepKaJia HBJIH8TCH xopOlilHM T0IIJIOBLIM 
pe3epByapoM, cuoco6cTny10m;H111 acpcpeKTHnno111y OTBop;y TerrJJa OT p;noJJ:a, 
KOTOphlii llM80T c aepKaJIOM T8IIJIOBOU KOHTaKT. 

Bo-nTophIX, npep;cTaBJIHeTCH B03ll1011nrncTh ocym;ecTlllITh c IIOMOllthlO 
rrpocThIX cnoco6on mm: ::)JleKTpil'IOC11:y10 CllHai. nuo;{a c lH'aomnopoM 
(pllC. 9, a), Ta!\ n MUTHHTHYIO (pnc. 9, 6). 8JieKTPII'IeCKYIO CBH3b n.e:i:e
coo6paauo HCIIOJlh30BaTh npH C'hOMO c µ,110µ,a MOIIJ,IIOCTl1 ua OCIIOBHOH 
qacToTe anT01wJrn6annll:. Ona urnpo1wnoJiocna n pea.'!uayeTcH, 1rnr,a;a 
B MecTe pacnoJ1011wmrn p;nop;a ::iJ1CKTPil'IOc1me CBll-uo:rn ,a;uo,a;a u po3o
HaTopa rrapaJIJiem.nhI p;pyr p;pyry. Harrpmrrnuue m1Tanu1I rroJJ:aeTca 
Ha Jl:HOA B 3TOM CJiyqae TOHKHM rrpoBOf];HHKOllI, He Hapyrnaroru;m1 pac
npe.n;eJieHlle CBLI-noJIJI B peaonaTOpe. MarHIITHYIO CBH3h ucrro:ih
ay10T rrpn C'hOMO c f];HOf];a l\IOID;HOCTH rapMOHHKII HllTOKO.'Il'Oamrn c 
u;eJILIO rronLHne1111H •rncTOThI ronopm111u 11 ;11ia 11 GoJICO paa. B ;!TOM 
CJiyqae TOK •repea p;uop;, cop;epmaru;ull: rapMommy, 3<UihIKaOTCH c aep
KaJIOM rrpn IIOMO!ll,II KOpOTKOll l\IeTHJIJIIl'IeCKOII rreTJllI (rreTJIU CBH3ll), 
KOTopaa CBOHlll l\lafHUTHblM IlOJie!II noa6ymp;aeT KOJie6amrn KB,a3IIOII
TlI'l0CKoro peaonaTopa. B aTOM cJiyqae HarrpameHne mITaHirn rrop;aeTCH 
Ha f];ll0,11; •repea IIOT.TIIO CBH3H. 

B-TpeTI>nx, c u;eJibIO cyM11rnponamrn llIOIIl,HOCTH oT necKoJibKIIX: 
)J;llOf];OB neoGxoJ{HMO pa3M0CTHTh nx na 6aaOBOM 30pliH::Ie Tan, qTOObl 
OT HllX l\IOil\110 Gr.mo ::icpcpeKTiinno OTBOf];IITh TOIIJlO. 8nt ll03'.\IO;rmocTb 
o6ecrreqnnaeTca ;::i;onoJII>Ho 6oJihIUOH 06.11acTI>IO 6aaonoro aep1.;a,1a, 
cooTneTCTBy10m;ell: nr.1c0Koii narrpmrrnnnocn1 CBLI-rroJIH, u XOTH 
oua ya1rn (rnllpuua np1Il\repno A.), ee npoTmr;emrocTL ne.11nKa u panrra 
paCCTOHHIIIO Memp;y pa60'lllMH aepKa.11a:-.m, ou;emrnae'.\IO:\IY B 3aBIICil
MOCTII OT nma peaonaTopa B8JIU'IHHOU (10-100) 'A/2 [14). 

To o6cTOHTeJihCTBO, 'ITO n peaonaTopnyro cncTeMy Bxop;uT KoJie-
6aTeJihHhlu KOHTYP p;nop;a Ha KBaancocpel{oTo'leHHhIX rrapa:1reTpax, 
Bblf];0JIHOT H3 nmpOI\OrO cneH:Tpa co6CTIH'llT!hTX pC>30HaHCHhIX 'Ia('TOT 
OTKphlToro pe3onaTopa 6oJiee yaKuii pauoqnii p;uanaaoH renepau,nu. 
IloCKOJibKY A06poTIIOCTb 3TOro KOHTypa Ha 2-3 rropHp;Ka BeJIIIqHHbI 
MeHI>rne, 'leM y KnaauorrTuqecKoro peaonaTopa, To ynpaB.'IeHne TJ:ac
TOToii MomeT ocym;ecTBJIHTbCH Jllllllb BhlCOKO,JJ;06poTHbDI peaoHaTopo:-.1 
B p;Hanaaone 1HlCTOT' orrpep;emreMO:\I i:i;o6poTHOCThIO ROJie6aTe.'IbHOf0 
KOHTypa ]l;Hop;a. B qacTIIOCTH, n 11au60.1ee rrpocT0:11 BapnaHTe yrrpan-
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Pnc. 9. 8c1ma 1rnaanonrn:qec1mro peaoHaTopa ;a;n.fl reHepan;:d: :Kone6aHH~ 
Cl - Ha OCHOBHOl!: qaeToTe, 6 - Ha BTopol!: rapMoHID<e; l - JVIOa raHHa; z - 6aaonoe aep11a
ao; 3 - HenO)l;BHlflHOe IlJIOCHOe, 4 - IlO)l;BHlRHOe cljlepH'leCHOe sep1<aao; 6 - neTJIJl CBJI3H; 
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Jtf f.17 42 ¥¥ M r,,rr11 1s tf2 tfo .Yllf2Jli/ 

I 
Pnc. 10. TIITIOBhl0 imcnepHM0HTaJibHble aaBHCHMOCTH reHepnpyeMoii: Ha OCHOBHOll 
11aCTOTe CBlJ-MOIIJ,HOCTH P1 OT 'IJaCTOThl aBTOROJie6aHnii: /1 ;D;Jl.fl ;D;BYX ;D;llO;D;OB raHHa 

I 
J - 8-MllJIJIHMeTPOBOrO jVlanaaoHaf z - 6-lllll.lIJIHMeTPOBOrO jVlanaaoHa 

Pnc. 11. TnnoBhle aKcnepnMeHTaJibHLie aaBncnMocTn reHepnpyeMoii: Ha BTopoii: 
rapMOHnKe CBlJ-:MOIIJ,HOCTII P2 OT qacTOThl :Kone6aH:aii: B Harpya:Ke / 2 ;a;JI.fl ;a;Byx 
;a;no;a;oB 3-MIIJIJinMeTpoBoro ;a;nanaaoHa 

n:eune qacTOTOH MOil\eT ocym;ecTBJUITbCH B3MeHeHReM pacCTOHHHH 
Memp,y pa6o'lnMll aep1rnna:i.m: mm: BBep,eHHeM B peaouaTop p,naJieK-

- TpnKa, uanp1rnep tiepea yaKyro m;em. B 6aaoBoM aepKaJie, KOTopaR 
;D;OJliJ{Ba 6hlTb TaK opHOHTHpOBaBa, 'ITOOhI Be nepeceKaTb CBq-TOKOB 
B aep.KaJie (11 TeM caMhlM ne yBeJIH'lHBaTb noTepu: B peaoHaTope). Cy
m;ecTnenn1>1~1 ynpo1u.en110M nepecTpoii:KH 'laCTOTbI HBJIH0TCH lICUOJib
aonamlO 11mwrnJ101<11J11>11oro noJiycqiepnqecKoro peaoHaTopa [ 16) c ue
no;o;numni,m 1rnocmm 11 no;o;nHiKBhIM c<liepH'leCKHM aepKanaMH, KaK 
aTo noKaanuo 1111 puc. ~. B aToM cJiy11ae AJIH n:aMeueun:H 'laCTOThI aBTo
Kone6am1tt noc.TnTo•mo nopeMem;aTb no 6aaoBOMY aepKany JII4Wh 
<1;o;no (nonnm1rnoe c1}1epn•10c.Koe) aepKaJio. 

1CO 

TaoJ1u1~a 2 

T1111 penon:l'rOJlllOil 
CHCTeMhl 

BOJIUOllO,r\llit.11 

J{Ba3HOIIT11'ICCI\UH * 

I 

Tf:lCTll'fl\ f, 
rr11 

::l8,I 
42,5 

:JJJCH'l'pOllllaH 
Ilt'pt'CTJH)iil\a 
ll:.ll'TOThl 

,'>,/ 1-"llo, 
Ml'11/D 

:200 
18 

* '-IHCJIO llOJIYBOJllI Memny aep1taJiaMll q= 13. 
** Baaonoe aep1mJ10 BbinOJIHetto 113 n10paJIIOM11mrn. 

*** Baaoaoe aep11aJio BblfiOJIHeHo ua cynepmrnapa. 

:\lOllllllll'Th P. 
"II r 

:20 
13 

Yxon qacTCJ-
TL! 8BTOKO· 
:1t'fil1Hllit 
~\a ~{ll ~nu 
noc;1e BH:!JV-
'lettnH M, 
Mr11 

I "10 
6 ** II 1 *** 

HaKonel(, npHMeHeHne BhlCoKo,n:ooponwro peaoHaTopa cya;aeT 
IDHpHHY cneKTpa anT0KoJie6am1ii, 'ITO c110co6cTnyeT TaKa;e n YlieBb
IDemno yponmr IIIYMOB DOJIH3II •rncTOThl anT0Ko.1e6am1ii. 

YKaaaHHhie BhlIIIe coo6pame1nur 6!.rmx ncrroay,aona:irhl npu paa
paooTKe :i.rnKeTon ,n:nyx Timon HCTo•rnnKon CffLI-KoJieoannii .M.M,ll;B: 
c BblBO,O:OM n HarpyaHy anTOl\OJie6am1ii na OCIIODIIOH TiaCTOTe no cxeMe 
pHc. 9, a H c DblBO,O:OM B HarpyaKy KOJieoamiii: BTOpoii raplIOHllll no 
cxeMe pIIc. 9, 6. YnoMJIHYThle MaKeThl OhlJIII ncc.'le,n;onaHLI, u no:i:y110Hbl 
CJie,n:ymm;IIe xapaKT0pHCTIIKH. 

B pemm.rn anToKoJieoannii na ocnonnoii •rncToTe n ,n:nanaaoue 
;o;mrn BOJIH 5-8 MM IIOJiyTieHa llfaKCHMaJibHaJI MOIIl;HOCTb npn uenpe
pbIBHbIX KOJieoamrnx 40 MBT, ,n:nanaaon 1'IexaunTiecKoii nepeCTpoiiKII 
'laCTOThI 4-5 % npH mnpHHe cneHTpa He 6oJihllle 10 Kfl(, uecTaOHJib
nocTn 'laCTOTLI aa 100 MKC (1,2-4) · 10-9 ; co6crneHHaH .n;o6poTuocn 
KnaaIIonTIItiec1rnro' peaonaTopa ~10~ . 

B peiRnMe aBToRoJieoannii Ha BTopoii: rapMomme no:1yqeHhI c.1e
- .O:YIOiqHe napaMeTpbI B ,O:HanaaoHe 3-4 MM: MaKClUiaJibHaH'llOill;BOCTb 
B pemHMe nenpepbIBHhIX .KoJieoaunii 9 MBT, ,n:uanaaou MexamP1ecKoii 
nepecTpoiiRH TiacToT1,1 4-5 % npn lllnpmrn crie:nTpa ne 60.:iee 10 Rfl(. 

Hmrw na pnc. 10 nprrneT(eirr.r T1monr.re :rnnncmrornr renepnpye:uoii 
Ha nepnoii: rap1110mme CB 1I-1110~11ocTu 1\ OT THlCTOThI <U1T0Ko:i:e6am1ii j 

1
, 

llOJIY'l0HHbI0 c O;D;HHM H TeM lie peaoHaTopo;-.1 npn JI31'IeHeHIIII pac
CTOJIHHH Mem,n:y IIJIOCKHM H ciJ>epHTI0CRilllI aepHaJia:.\III ,O:JIH .n;nyx ;J;IIO,ll;OB 
fauna: 8-MHJIJIHllieTponoro .n;narraaona n G-:.\mJimnreTponoro ;urnna
aoua. 

Ha pnc. 11 npHne,n:euLr :mcnepm11enTa.'l1>11ue aanucn~IOCTII 
CfftI-Mom;nocTn, renepHpyeMoii na DTopoii rap:.\IOHIIKe, P 2 OT 'laCTOTbl 
KOJieoanHii n narpyaKe f 2 , noJiyTienm,re c o,n:mrn n T0:.\I n<e peaouaTopoM 
npH H3l\IOIIOIIHH pacCTOHHIIH :i.rem.n:y II.'IOCRinI JI ciJ>epII'I0CRII:U aep1rn
JiaMH ,!l;JIH .n;nyx .n:no,n:on 3-MHJJJJHMeTponoro .n:nanaaoHa. 

B TaoJJ. 2 npune,n:eHLT peayJihTaThI cpanmxTeJJbHbIX II3:.\IepeHnii 
napuMeTpo11 HCT011mmon CBLI-KoJieoannii ua OJ~HO)l n TO)l il\e nuone 
l'u111111, 111.1110.1111e1111i.1x JI COI0\1111 c llOJIIIODOJ\llJ.l~l 11 c l\llil311011Tll'Ie
CIUIM poaollUTO(lOM 13 pemHl\10 UllTOKOJI00aIIHH Ha OCHOBHOii 'laCTOTe. 

l1 a 'l'l\OJI 111~1.l 1111,n:uo, 'ITO KaR 3Jl6KTPOHHaH nepecTpoihrn 'laCTOThI, 
Tfll( 11 Jt:1Mo11011110 'laCTOTl>l npn nporpeBe np1rnepno na nopn.n;oK ne:in-
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t· 'IBHLI JIY11W0 AJIH cnyqan KBaSBOllTH'l0CKOro pesoHaTopa, '10M BOJIHO
BO):{HOro. 

He.tiuneunbie ceoucmea auoaoe I'anna, uaeomo6.ltennbLX 6 euae como-
6WX cmpyKmyp. XapaKT0pHoii: OC000HHOCTbIO )J;HO)J;OB faHHa, npe;o;Ha
SHa'leHHbIX AJrn pa6oThl B KopoTKOBOJIHOBoii: qacTH MM,D;B, HBJIR:eTcn 
TO, 'ITO pasMep Mem;o;y OMH'l0~KHMH KOHTaKTaMH no HanpaBJieHHIO 
TOKa cocTaBJIR:eT B ~Hx 6;2 ¥KM. CpaBHHTeJILHo MaJioe y;o;eJILHoe 
conpOTHBJieHHe noJiynpOBO)J;HHJ~a H MaJiaH TOJIIIJ;HHa aKTHBHoro CJIOH 
o6ycJioBmrnaroT neo6xo):{HMOCT' cym;ecTBennoro yMeHLIIIeHHH none
pe'IHOro pasi.rnpa o6pas:a;oB no

1 

cpaBH0HHIO, nanpHMep, c ;o;Ho;o;aMH, 
pa6oTarom;HMH B caHTHMeTpoBO?tf ;o;nanasone. TaK, ;D;JIH ocym;ecTBJieHHH 
xopoIIIero corJiaCOBaHHH c cym;ecTByrom;HMH BOJIHOBO)J;HbIMH Tpa~TaMH 
neo6xo;o;ui.10, "tJ:TOohl conpoT1rnJieHHe o6pas:a;oB ohlJIO B npe):{eJiax 

· 10-100 OM. 8To npHBO;D;HT K neo6xo;o;HMOCTH yMeHLIIIeHHH Hx none
pe'IHLIX pas111epoB AO 10-50 MKM. B pa6oTe (17) noKasaHo, 'ITO TaKHe 
o6pas:a;LI :\IOIBHO HsroTOBHTL B Bli;o;e coTOBLIX CTPYKTyp, no;o;o6Hhix 
T0M, KOTOphle IICilOJIL3YIOTCH npH cos;o;aHHH npH6opon Ha ;o;n:o;o;ax 
c 6apLepoM IlloTTKH. IlocKOJILKY TOJIIIJ;HHa aKTHBHOii: o6JiaCTH MaJia 
no cpaBHeHHIO c nonepe'IHLIM pasMepoM KOHTaKTa, pacnpe;o;eJieHHe 
nJIOTHOCTn TOK a Ha nonepe'lHOM ce'leHHH AHOAa 6JIH3KO K o;o;Hopo;o;HoMy. 

,Il;JIH II3rOTOBJieHHH )J;HO)J;()B HCIIOJib30BaJIHCb ::JilHTaKCHaJibHhle 
CTPYKTYPLI Tima n-n+ c TOJIIIJ;HHoii: nJieHKH 2,3 MKM npH KoH:a;eHTpa:a;HH 
8Jl0KTPOHOB B IT.TieHKe 1016 CM-3 H lIO):{Bllil\HOCTH 6500 CM2/(B. c). lisro
TOBJI0HHe ):{llO)J;OB npOll3BO)J;HJI0Cb no M0TO):{HKe, B OCHOBHOM aHaJio
rH'IHOii: l\ICTO;D;HKC 11sroTOBJieHnH coTOBLIX CTPYKTYP c ,JJ;BUI. Ha 
noBepxHOCTL amITaKcHaJILHoii: CTPYKTYPLI co CTopoHhl n-CJIOH HaHo
CIIJiaCL IIJI0HKa OKHCH KpeMHHH, B KOTOpoii: M0TO)J;OM <l>oTOJIHTOrpa<l>IIH 
BCKpbIBaJIIICb OKHa ;o;naMeTpOM ,oT 5 ;o;o 20 MKM. 3~T0M B ::JTII OKHa Me
TO):{OM 3JI0KTpOXIIMll'l0CKOro ocam;o;eHHH HaHOCHJiaCL IIJieHKa 30JIOTa 
H rrpoBO)J;HJIOCb ero B;ImraHH~ B BaKyyMe c Il;0Jlbl0 <l>opMHpoBaHHH 
011rn'lecKnx KOHTaKTOB. KoHTaKT co cTopoHLI n+ -no;o;JiomKn noJiy'laJI
CH HaIIbIJI0HH011I II BiHHraHHeM CITJiaBa· SOJIOTa c repMaHH0M. 

IloJiy'leHHLrn CTPYKTYPLI paspesaJIHCL Ha HeooJILWIIe nJiacTIIHKII, 
KOTOpble HanaIIBaJIIICb Ha Me]J;Hhle HJIII JiaTyHHhl0 IIITII<l>TLI c IlOMOIIJ;bIO 
JierKorrJiaBKoro MeTaJIJia (ttHmrii). HanaR:HHLie Ha lllTH<{iT»I coTonLie 
CTPYKTyp1>1 llIOHTHponaJIIICb n; noJIHono;o;Hyro KoncTpyKu;mo, nosno
JIHIOm;yro ll3111epJITb IIX rra pa¥(nphl no IIOCTOHHHOMY TORY' a TaK-
~e nccJie)'.(onaTL nx nos1110mHOCTH n o6JiaCTH reHepar.~u:a II ;o;eTeKTII
rpoBaHIIH CBq-KoJieoaHHM. KoHTaKTHpoBaHne c 06pasu;o111 ocym;ecT

BJIHJIOCb c no1110m;L10 saTo'leHHOii: aJieKTpoJIHTH'leCKHM cnoco60111 BOJih
qipa111onoii nrJihI. HcnoJILsonannaR: B ;o;aHHoii: pa6o·rn KOHCTPYKD;HH 
)J;IIO)J;OB II l\IeTO)J; KOIITaI<THponaHHH o6ecrre'lHBaIOT B03MOiKHOCTb 
II3Mepemrn HX OCHOBHhlX napa111eTpOB KaK Ha IIOCTOHHHOM TOKe, TaK 
II Ha CBq. Ilpn ::JTOM, IIOCKOJlbKY COilpOTHBJieHHe o6pa3D;OB )J;OCTa
TO'lHO B0.1IHKO (-40 OM), BhI]J;eJIR:ellrnH MOIIJ;HOCTb COCTaBJIHeT ~50 MBT 
;o;ame npn noJiax, 6oJiee 'leM B;D;Boe npenMmarom;ux nopor oTpnu;aTeJIL
Hoii npono;o;mIOCTII' II OTBO)J; TerrJia. B IlO)J;JIOIBKY IlOJIHOCThIO o6ecne'lH
BaeT Te:r.mepaTypny10 CTaOIIJlbHOCTb ]J;UO]J;OB, paoOTaIOiu;HX B nenpe-

i~ · '"· phlBHOM pearnMe. KpoMe Toro; uMeeTCH Boa111omnocTb B rrpou;ecce pa-
" 
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6 6 u /,1'111 
OTLI Bbl paTJ, JIY'IIIIHH no napaMeTpaM 

SJieMeIIT nyTeM uonopoTa IIITmfJTa c p;Ho-
AOM n nepexo;o;a nrJI»I us o;o;noro 01rna n 
Apyroe. 

,Il;JIH ou;eHKII B03MOIBHOCTH lICIIOJib
SOBaHmI )J;HO)J;OB B Ka'leCTBe HeJIHHeiI
HhlX aJieMenTon MM,rt;B 6Lrm1 ar'errepn
MeIITaJILno lICCJiep;onaHhl lIX llOJibT-aM
nepHbie xapaKTepIICTHKH na CBq, 
a TamKe ;a;ernHTIIpyroru;ne cnoiicTna. 
BoJILT-aMnepnr,re xapaRTepncnnrn p;uo
;a;oB c ]J;HaMeTpOM HOIITaRTa (omra) 8 MRM 
npnnep;eHLI Ha pnc. 12. KpnnLie 1 u 
3 npep;cTaBJIHIOT co6oiI CTaTH'lCCHHe 
BOJibT-aMnepnLrn xapaKTepncTIIKH p;nyx 
;o;nop;on npn nprwomeHIIH narrpm1wnmr 
TaKHM oGpa30M' 'lTO l\Oll1'Hl{1' IIJlOlll\11 30-
JIOTa K n-cJioro anHTaKcHaJILHoii CTPYK
TYPLI apcerrnp;a raJIJIIu:r HBJIHCTCH Ha
TO)J;OM. KaK BII)J;HO ns pHcyHHa, Ha 
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Puc. 12. BoJihT-a~mepHLie xapaK
Tepn:CTHKII IJ:IIOIJ:OB Ha IlOCTOJIH
IIOM TOJ\O (I, :J) II Ila Cfl lJ (.:.', .J) 

::JTIIX xapaKTOpIICTirnax l:lll!OOTCH na
]J;aIOm;IIiI y•racToR. BoJILT-al\mepHaH 
xapaKTCPIICTHKa npll o6paTHOM nan
panJieHIIIl TORa IIMeeT TO.JIJ,RO Y'Hl('.1'01{ 
HaCbIIu;eIIIIJI, a I\OJieOaHHH TOKa npu 
::JTOM Haomop;aTL He y;o;aeTCH. 

TaKoii BH;D; BOJibT-aMnepnhlx xapaKTepucnrn xapainepeu ;a;:rn c.:Iy
'laeB, Horp;a O)J;IUI H3 HCBbIIIpHMJIHIOil.l;JIX l\OHTal\TOB, B ;:i;aHHO:\I 
CJiy'lae KOHTaKT MaJioro )J;IIaMeTpa, HBJIH6TCH HeIIp;eaJibllhll\I n. n6:msn 
Hero o6pasyeTCH o6JiaCTb nonLIIIIemroro corrponrnJiemrn, a npu npu::w
meHIIH Hanpwmemrn - cTaTH'IecKHiI p;oMen c1rnLHoro noJIH. B pesy:iL
TaTe B CJiy'Iae, IWrp;a TaKoiI KOHTaKT HBJIHCTCH KaTO)J;Ol\I, 06.i:er'laeT
CH o6pasonaune )J;nIImyn~IIXCJI p;o11Ienon, ynemPmnaeTcH atJilpenTnn
HOCTT> Il 'IaCTOTa roneparvrn. Jl:ei'1CTllU1'CJII,IIO, rrpu 11arrpmi\OllllHX ~-
2,5 B yp;aJioci. naGJ1101\wrr, IWJ106a111La na 'HICTOTax 70-7':i l'l'11. 'ITO 
cym;ecTnenno llhlUIO 'IaCTOTbI, omnp;aOl\IOH l3 COOTBCTCTlllIII c TO.l:lll,U
HOH n-CJIOH (-40 rr11). l{pIIBhie 2 II 4 Ha puc. 12 npep;cTaB:IHIOT co-
6oii: BOJibT-aMnepnhle xapaKTepncnrn11 Tex ;i.;e p;uo;a;on B ycJIOBIIHX pa
sorpena ::JJICWrponon CfflJ-noJICl\I c 'IHCTOTOM 36 rr11 (2) II 75 rru; (4). 
Bnp;no, 'ITO noJ11111o}i11ocTb noJILT-a11mepHnIX xaparnepucnrn ncc;rn
;o;yeMLIX )J;HO)J;Oll II OTpnu;aTCJibHaH nponOJ(JIMOCTb sua•mTe.i:bHO 00.:Ib
IIIe, 'ICM Monmo 6J.TJio Gu OiHIIJl;aTh na CTOJIL nr,rconux 'laCToTax ;:i;.i:H 
;o;nop;on c Ol(llOIJOl\llhlM pacnpcp;eJIOIIJICl\I IIOJIH [ 18]. 8TO Il03BO.l:H6T pac
C'llITI.11Hl1'h JI a y 110J11P101me alplpOl{TllBHOCTu yMHoamre:reii u.i:u Cl\Ie
CHTeJicii: c;a;111ua ua p;110p;ax TaRoro nma no cpanHenu10 co c.i:y'laeM, 
l(()r;qa OOpU3011HllllC )J;OMCHOB IIOll;aBJIHCTCH. 

Iloi~TUOflllll\011110.llI TOMY MomeT CJiyarnTb cpaBHllT6JibHO BLICOKa.11 
a~mcp-JJllTTuu11 •1yucTnnTeJILHocTL JJ;Hop;on noJIIISH 11raKcn:\rylra BOJihT· 
a111nopnoii xupawrepncTIIKH. IlpH 111oru;nocTu cnrHaJia - 10 MBT oaa 
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11MeeT BeJmq1rny, 6mrnKyro K JiyqmuM uaBeCTHbIM AaHHhlM AJIJI •ryB

CTBHTeJibHOCTH AHOAOB c 6apbepoM illoTTKH, a npu MOID;HOCTH -0, 1 MBT 

ana'lHTeJibHO npeBoCXOAllT 'lYBCTBllT0JibHOCTb nocJieAHHX. KaK no

Raaam1 ll3Mepenm1, BhlCOKaH qyBCTBllT0JlbHOCTb AHOAOB f aHHa co

xpaHJI0TCJI ll Ha qaCTOTaX -150 rr~ (0,6 A/Bi npll p = 1 MBT). 

8To OTKp1>rnaeT HOBbie B03MOiRHOCTII llCIIOJlb30BaHHH AHOAOB f aH

Ha B KR'l0CTB0 BTOpll'IHbIX :ncTO'lHllKOB ll3JiyqeHllH (yMHOil\llTeJieii, 

cMeCHTeJieii CABHra) B RopoTKOBOJIHonoii 'laCTH MM,IJ;B. CJieAyeT oT

MeTHTb TOT cpaKT, 'ITO npH yMeHbmeHHll ypoBHJI MOID;HOCTH cnrHaJia 

BeJinqmia OIITHMaJibHOrO CMem;eHHH CTpeMHTCH K HanpmReHHIO, npn 

'KOTOpOM n:MeeT M0CTO ll3JIOM Ha cTaTHqeCKllX BOJibT-aMnepHbIX xa

paRTepnCTllK AHOAOB (KpHBbie 1 H 3 pHC. 12), T. e. BbICOKaJI 'lYBCTBll-

T0JlbHOCTb npll A0T0KTllpOBaHHII o6ycJIOBJieHa H0JlllH0HHOCTbIO BOJlbT

a?.mepHOH xapaKTepn:CTllKH, CBH3aHHOH c o6paaonaHH0M AOM0HOB. 

ABmon0.tte6anu!£ 8 rtOJtbzfeBbl,X n0.ttynpoBofJnuno81J1,X cmpynmypax. 
B MM,IJ;B pa~MepbI peaJibHhIX noJiynpoBOAHHKOBhIX CTPYKTYP B Ha

npanJieHnH, nepneHAllKYJIJipHOM 3Jl0KTpllqecKOMY IIOJIIO, CTaHOBJITCH 

cpaBHllMbIMll c AJIHHOH 3Jl0KTpoMarHHTHOH BOJIHbl B IIOJiynpo

BOAHHKe, ll B03HIIKarom;aJI npn 3TOM H00AHOPOAHOCTb pacnpeneJieHHH 

IIOJIH MOiK0T cym;ecTB0HHO yxyAmaTb napaMeTphl reHepa~Hll. 9To He

meJiaT0JlbHOe Ha nepBbIH B3rJIHA o6CTOJIT0JlbCTBO MOiR0T OKa3aTbCH 

IIOJI03HblM AJIH reHepa~Hll KOJie6aHHH, B03HllKarom;Hx B pacnpeAeJieH

HhlX IIOJiynpOBOAHHKOBhlX CTpyKTypax c o,n;rr. AeiicTBllT0JlbHO, no

JlynpoBOAHHK c yaKHMll no cpaBH0HlllO c )l;JIHHOH BOJIHhl 3Jl0KTPOAa

Mll npencTaBJIH0T co6oii BOJIHOB0AYID;YIO JIHHHIO, ll BOJIHa, pacnpocTpa

HHIOm;aHCJI BAOJib aToii JIHHHH, MomeT ycHJIHBaTbCH aa C'leT OAII 

IIOJIYIIPOBOAHIIKa. Ilpn HaJillqHH OTpaiKeHHH OT KOH~OB JillHllll Ta

KaJI cTpyKTypa 111omeT nMeTb peaoHaHcHhie cnoiicTBa [19]. B pa6oTe 

[20] 6blJia IICIIOJib30BaHa npyraa IlOJiynpOBO)l;HllKOBaH CTPYKTypa, 

n:Merom;aa peaoHaHCHhle cnoiicTBa H noaBOJIHIOm;aa ocym;ecTBHTb re

nepa~nro CBq-KOJie6aHHH 6ea BHemHero pe30HaTopa. 0Ha npeACTaB

JIH0T co6oii IlOJiynpOBO)l;HllKOBYIO IIJI0HKY B cpopMe KOJib~a c HaHeceH

Hbil\Ill Ha ee nonepXHOCTb ROJib~0Bhlllill MeTaJIJill'l0CKlllliU 3JI0KTpona

Mli. PeaoHaHCHbre qacTOThI TaKoii CTPYKTYPbI onpeneJIHIOTCH ycJIOBll

eM, qTOObI Ha AJIHHe ee oKpynrnocTH yRnaAhlBaJiocb ~enoe qncno 

I' 
)l;JlllH BOJIH. 

B KaqecTne noJiynpoBOAHIIKa ncnonbaonancJI apcennn raJIJIHH 

n-Tnna, B KOTOpOM B036ym]l;aJiaCb ]l;ByxqaCTOTHaH reuepa~HH [21-
24] ll B peayJibTaTe B03HHKaJIH KOJie6aHHJI c ABYMH, noo6m;e ronopa, 
neKpaTBhnm 1rncT0TaMn: GoJiee HH3Koii, cnaaaunoii c nepHo]l;nqecKHM 

]l;Bml\emrn111 ]l;oMenon (rrponeTHaH qacToTa), H GoJiee nh1c0Koii, oGyc

JIOBJieHHoii noa6ym]l;0Hll0M BhlCOKoqaCTOTHOrO peaoHaTopa OTpn~a-. 
T0JlbHhllll corrpOTlIBJI0Hll0M o6paa~a c AOM0HOM. 

IloJiyrrpoBO)l;HUKOBaH .cTpyKTypa nMeJia Bll]l;, IIOKaaaHHbIH Ha 

p11c. 13. 06paae~ IIOl'.IeID;aJICH B cepe]];uHe urnpoKOH CT0HKH npHMO
yrOJibHOrO BOJIHOBO]l;a JI K HeMy rrpHKJia]l;bIBaJIOCb llMIIYJibCHOe Ha

rrpHiIWHUe. Ilprr nanpamennH Bhlllle rroporonoro ua6moAaJiaCb reHe

pawrn KOJie6annii O]l;HOBpeMeHHO Ha ABYX qaCTOTax: /1 = 22 rr~, 
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Pnc. 13. l\om.1(cnnrr 11onyrrpo11011;m11w1rn11 
CTPYRTypa n nomrono.n;e 

.~ J I .F U 

a - Biii( co CTOpOilhl Y3HOll CTCJm11 BOJllIOJIO)la; 
6 - Biii( co CTOPOHhl nmpo11oll CTemm; 1 -
n-CJIOlt, TOJllllJ1Ha 5 MHM, lWHijeHTPa111rn 3JTPRTPO
HOB n c:::: 5·10 15 CM-:i; 2 - UOJIHOllOJ.J.; 3 - HOJlb
n;eBOJt MeTaJJJIH'IPCRHlt 3JICHTPOl1; 4 - M!'T1lJJ
JJH'Iec1mii 3J1e11Tpo,1:1; 5 - Mr11onem10e 11anpanJ1e
H11e 3JleHTPll'IeCKH'\ IIOJielt 

- 't 1,,1,}f 

Pnc. 14. CxeMa OIThlTa AJJH AORaaaTenn
CTBa peaoHaHCHhlX CBOHCTB l\0Jlbll0BOH 
rronynpoBOAHHROBoii cTpyRTyphl (Bonrro
BOAhl 110Raaanhl co CTOpOHhl ya1wfr CTen
RH) 

l - o6paaen;; 2, 3 - BOJIHOBO/lhl; 4 - BOJIHO
. BOl(Haff 113MCPHTCJlbHaH JlllHHH c 30Hl(OM; 5' 6 -
pa3Bff3h!Baro11111e aTTeHIOaTOPhl (3 11B); 7 - paa
Bff3h1Ba10111He aTTeHIOaTOPhl, a ~ HapTHHa CTOH
"lelt BOl(hl B H3MepHTeJibHOlt JJHHllH rrp11 D030YIB
µ;eHHH BOJIHOBOl(a 2 RJIHCTPOHHhIM reuepaTOPOM, 
6 - TO me IIPH D036ym11cnHH DOJllIODO,I:la HOJlblj~~ 
Dolt CTPYHTypoll. 

o I 2 5 J 
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COOTB0TCTByrom;eii: 'IaCTOTe npoJieTa AOl\IeHOB )];JUI IICCJieAyeMoii CTpyR

TYPhl TOJIID;HHOH ~5 MKM, H f ~ 54 rru;. Ifa.ny'leune c npo.'IeTHOil 
'laCTOTOU OTcpIIJibTpODhIDUJIOCb aanpeAeJibHhl~III ]l;JIH nee BO.iIHOBO;J;a

Mll (pnc. 14). RoJie6amrn c f.::::::: 54 rr.u; pacrrpocTpaHHJIIICb no BO:X

HOBOAY B o6e CTOPOHLI OT rro.'Iyrrpono]l;HHKonoii CTPYKTyphI. 

qT06hI BblllCHHTI>, qeM OIIpeA0JIHJiaCb qaCTOTa reHepau;nn 54 ff~
pe30HaHCHMMII CBOHCTDaMu KO.'Ibl~enoii: CTpyKTypiiI IIJIII rl\e BHem

Heii CXCMbI - ObIJI IIOCTllDJIClII OIIh!T, CXCll\Ia ROTOporo IlOKaaaua Ha 
puc. 14 [201. 

PeayJibTaT on1>1Ta nol\aaaJr, qTO <mp an am> n <men am> BOJIHM B03-

6yiRAaIOTCH 1wm.1~onoii CTPYI\Typoii: c npoTnnonoJio;.KHoii Haqa.TibHO:ii 

cpaaoii, 
1
1To 1'01rnar.i11110T <lJHl\T ca11ronoaGymmm1rn rro.TJynpono)l;HIIKO

Bo11 JW.TJ!.l\OllOH poao11n11c11oii CTpyrnypLI. llpu <lTOM 'IaCTOTY He y~a
naJIOCh 11cpocTpn1111n·1·1. 11op11111l'111 11 110Jrnnno)l.e, no o6paau;a::\l c 60.1h

WHM ,lJ.IJll:llOTpOl\[ COOTJIOTCTUOllUJIO MCilbIIIee oe aua<renue, RaK II npe]];IIO

.TiaraJJOCL Ha np11111\1111n HlliicTnnn 1rnm.1~e11oro nnT11B11oro peaom1-
Topa. 

Il pOllO]\OllllhlO llCCJlll}\O 11111111 H l\OlllOIICTpIIpJ'IOT B03:\lO;+;HOCTb npu
?.10110111111 p11c111>0/\0JWllllJ.IX C'l'JIYl~Typ, II:!fOTOB.TICIIIIMX ll3 no.TJynpoao;i;

mmu c O)~ 11 /VI 11 ro1wp111\1111 J\0:1l'ua1111ii l\Il\I,L\U. Pe3ouancHh!e :t.:o:rb-

185 

" 

L 
''I 
l'J 
~ j 
!i 

i 

~ 



n;eBhle CTpyKTYPhl o6na;a:aIOT ;a:ocTaTO'lHOH ;a:o6poTHOCTbIO ;a:mr caMOB03-
6yil\)].eHJUl: B HIIX aBTOKOJie6aHnii. ,TaKne CTpyKTYPhl npe;a:cTaBJIHIOTCH 
nepcneKTHBHhlMH ;a:n.11 renepan;nn i B MM,Il.B, TaK KaK nx ncnoJih30-
BaHHe ycTpauHeT Tpy;a:HOCTH, cBH:3aHHhle c napa3HTHhlM BmurnneM 

I , 
aneMeHTOB Kopnyca ;a:110;a:a II n;enli cMem;emrn na 11acTOTY reuepan;nn 
lI na CBH3b aKTIIBHOrO aJieMeHTa c BHeIDHHM pe30HaTopoM. 

m1reparypa 
1. Tazep A. C. II Jl11TOBCKIIH «P1rn11~ecK11ii: c6opmrn. 1981. T. 21, M 4. C. 23. 
2. JI1061£e1uw B. E., MaKeeBa I'. C., 1Ieifieoo6 E. H. II PaAllOTeXHlllrn H BJleKT-

pomrna. 1982. T~ 27, N2 9. C. ~665. 
3. ABepun C. B., Jlonoa B. A. II Pa~110TeXHl!Ka u aJ1eKTpoHnKa. 1977. T. 22, 

M 5. C. 105. ' 4. Aaepun C. B., AaamMn E. A., I'y.Miea IO. B. u AP· II ,IJ;AH CCCP. 1984. 
T. 277, N2 5. C. 1124. ' 

5. Aeepun C. B., JI1061£enKo B. E. II PaAHOT0XHHKa n aneKTpOHl!Ka.- 1980. 
T. 25, M 3. C. 660. 6. Kerr A. R. II IEEE Trans. Microwave· Theory and Techn. 1975. Vol. 23, 
N 10. P. 781. : 7. Asepun C. B., Jlonoe B. A. II PaAllOTeXHHKa u aneKTpoHnKa. 1977. T. 22, 
N2 8. C. 1772. . i 

8. A1epun c. B., Jlonoe B. A. II rapMOHH110CKH0 CM0CHT0JIH Ha AllOAaX c 
1Sapbcpoi1 llloTTKll: IlpenpHHT. M.: MP3 AH CCCP, 1978. N2 12 (254). 

9. A11puH C. B., llono1B. A. II PaAHOT0XHHKa u aneKTpoHnKa. 1979. T. 24, 
.JI& 6. c. 1194. 10. A11pu11 C. B., llono11B. A. II Paµ;uoteXHHKa u aneKtpomrna. 1979. T. 24, 
.JI& 7. c. 1471. H. A11epu1i C. B., I'pyma C. A., JI1061£enno B. E. H AP· II PaAHOTCXHHKa 11 
anoKTpo1111Ka. 1983. T. 28, .JI& 8. C. 1666. 

12. A11epU1£ C. B., JI1061£enno B. E., JlonoB B. A. u AP· II PaA11otexH11Ka 11 
ancntpomrna. 1980. T. 25, .JI& 9. C. 2014. 

13. Bail1immeiln JI. A. 0TKph1Th10 peaouatophl H OTKPhlTblC nonHOBOJJ.hl. M.: 
Con. pa)l.HO, 1966. , 14. BozoMOA.OB I'. JI.. II 3neKTpoHRKa 6oJibmHX Mom,uocteii: C6. 3. M.: HayKa, 
1964. c. 154. . 

15. Basimbl,uLeB IO. tP. II Tp. M3ll. 1981. BL111. 547. C. 5. 
16. MuKal!Asin A. JI., Tep-MuKaMsin M. JI., Typnoa IO. I'. 0nTli'I0CKll0 re-
. HepaTOphl Ha rnepAOM Tene. M.: Con. paAno, 1967. 

17. Aeepun C. B., Bopucoe B. H., I'yJ£siea IO. B. u µ,,p. II ,IJ;AH CCCP. 1983. 
.I T. 269, N2 2. C. 354. . .,_8. ReMapcKuu B. A., JI1061£enKo Bt E ., CKypamoecnuu B. H., Teueun A. A. II 

Paµ,uoTeXHHKa H aneKTpoHHKa. 1973. T. 18, N2 5. C. 1024. 
19. Baynham A. C., ColliverD. J. /I Electron. Lett.1970. Vol. 6, N 7. P. 498. 
20. AJ£myxo811. B., Kazan M. c., ,KaJ£amnunoe c. r. ll AP· II IlIICbMa B JKT<D. 

1983. T. 9, N2 10. C. 626. 1 

21. AJ£myxoe lf. B., Kazan M. C.,i KaJ£amnunoe C. I'., KyKymKun C. I'. II IIH-
CbM3 B JKT<l>. 1976. T. 2, N2 10. c. 477. . 

22. A..i,myxoa 11. B., Bacu..i,bee JI. A., Kazan M. C. H Ap. // <DTII. 1979. T. 13, 
N2 10. C. 1971. 23. A..i,myxoB If. B., Kazan M. c., RaJ£aUL1£U1"08 c. r. ll AP· I/ <DTII. 1979. 
T. 13, M 12. C. 2316-2322. 

24. A..i,myxos ll. B., Kazan M. C., KaJ£dmnu1we C. I'. n AP·// IlHChMa n JKT<D. 
1980. T. 6, N2 9. C. 548. 

Y~H 5:l11.~1, 

HeKOTOpb1e nepcneKT~Bbl 

COBepweHCTBOBOH~51 OKyCT03neKTPOHHblX 

ycTpoi1cTB Ans:t o6pa6oTK"1 ~HcpopMa41-11-1 

IO. B. rYJl.SIEB, A. B. ME,ll.BE,ll.b 

AKycToaJieKTpoHrrKa ;a:ocT.rrrJia 3ua111neJTbHhrx ycrrexoR. K uanoH
m;9MY Bpe~reHII paapa6oTaH u;eJILill pn.o; pa3JlU'llILIX aKyCTO<WeKTpOH
HhIX ycTpOHCTB (orWJIO 100), cnoco6HbIX BbIIIOJIHJITb npaKTff'IeCI\H 
Bee Ta me onepau;1m c c1unaJiaMII, 'ITO 11 cyru;ecTny1oru;ue pa.o;uoaJieK
TpOHHbie ycTpOHCTBa Ha Tpa.o;11n;IIOHHblX pa,o;nOKOl\IIIOHeHTax, a no 
ps;a:y napaMeTpOB H no <fiy1rnu;nonaJibHhllll B031\IOiHHOCTHM 3Ha'!UT0.'lh
HO npenocxo;a:nru;nx nx (cM., narrpmiep, [1-:~J). 

HeKoTOphle aKycToaneKTponnLie ycTpoiicTna, TaKirn 1rnK noJioco
Bhle' cpIIJibTphl H JIHHHII 3a;a:ep11rnn Ha IlOBepxHOCTHblX aKyCTH'leCKHX 
BOJIHax (IIAB)' yn\e aaHHJIH cnoe npO'IHOe MeCTO B pa;a:.rroaJieKTpOH
HOH annapaType. l~pyr11e me 1rnycTO:lJIOI\Tpo1mi.w yCTpoiicnia, cno
co6Hite BhlnOJIHHTb 6oJiee CJIO/I\Hhle cpyHKD;IIII o6pa60TKII CIIrHaJIOB 
B aHaJIOrOBOH cpopMe, HCnOJib3YIOTCH B0CbMa orpaHII'IeHHO HJIII COB
ceM He HCilOJib3YIOTCH, 'ITO CBH3auo B HeKOTOpOII CTeneHu C· cyru;ecT
BOBaHIIeM xopoIUo paapa6oTaHHhlX MeTo~on u;mpponoii o6pa6onm 11 
ycrrexaMH BLl'IHCJIIITCJlhIIOM Texnmm. 

Tpe6oBaHHH, npe.o;~HBJIHeMLie K pa,o;HoaJieHTpOHHoli arrnapaType 
AJIJI o6pa6oTKH .rru<fiopMau;1m, n nepnym O'Iepe,o;h no 6LICTpo.o;eiicTBUIO, 
c Kam,o;MM ro;a:oM no3pacTaIOT. O.o;naKo ,o;aJII>HeiiIIIero cyru;ecTnenHoro 
nporpecca B co3,o;aumr ObICTpo.o;eiicTnymru;ux CBepx6oJibIIIIIX ullTe
rpaJibHhlX cxeM, H3 ROTOphIX CTpOHTCH conpel\IeHHhle 8BJ\I, oam,o;aTb 
Tpy,o;Ho, TaK Kai\ CTeneub HHTerparvrn II pa3:.rephl HpUCTCUIJIOB, ua 
KOTOphIX BhlnOJIIlfIIOTCH 9TH HHTerpa.JJI>Hhie cxeMhI, rrp116.1ml-\a !OTC H 
K CBOlIM npe,o;eJiaM, o6ycJIOllJielIIILillI lp1!3ll'l0Cl\Jll1Ill I! Tl'Xllll'H.'C1'1Dlll 
orpaHutJemrnMu [41. IIonoMy MomeT HacTynnTh Bpel\rn, 1rnr.o;a u;ucppo
BaH TeXHHKa ue CMOH\eT cnpaBJIHTbCH c 3a;a:a'Ial\III o6pa60TKH IIHcpop
Mau;nu. 

c 3TOH TO'IKH 3p0IIIIH aKyCT03JI0KTpOHHbJe ycTpoiicTBa, Tan ;ne 
KaK II aKyCTOOnTH'I0Cime, CnHHBOJIHOBbJe II ~pyrne ycTpOHCTBa cpyHR
D;IIOHUJibHOM 3JI0KTpOHHKH, crroco6Hhl0 o6pa6aThIBaTb curHaJihl B pea.'Ib
HOM l\IaCIUTa6e npe111e1rn, npuo6peTaIOT oco6oe 3naqemre. IlpnBe,o;e111 
O,ll;HH np.rrMep. ,il;JIH BLinOJIHemrn orrepau;nn cnepTim B pea:IbHOl\I l\raC
mTa6e Bpe111enn .o;nyx curnaJIOll ,ll;.'lllTCJibHOCTbIO 10 l\IRC II IIIIIpIIHOll 
cneRTpa 200 Mfu;, IWTopym crroco6uL1 BhIIIOJIIIHTh anycToa.11e1npoH
Bhle KOHBOJibnepLI, c nOMOUJ;LIO u;ncpponoii TCXHHKil IlOTpetioBaJiaCh Ohl 
8BM c 61>ICTpo.o;ciicTnncM 6onec '1011 ap11cpMeTU'Il'Cl\nx orrepau;uii 
B ceKyu.o;y [5]. He CJronycT c1mTaTi., 'ITO ymo nee roTono n.111 ncno.1h-
30Bann.11 aKycToaJIOI{Tpomurn 11 6y.n~·u~cm. IloTpoC>yl'TC n :\moro c;w
JiaTh ;a:JI.11 ee ;a:am>noihrrnro pua1111r11n. 
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, • I HaCTOHm;en CTaTbe p~CCMaTpHBaIOTCH nepcneKTHBhl coneprueH-

1 - ,l, 
CTBOBamrn cym;ecTBYIOI.IJ.IlX: aKyCTO<lJI0KTpOHHhIX ycTpOHCTB - 'i'llJlb-
Tpon, JinHnii aa;a;epmKH, ROHBOJibDepon, :KOppeJIHTopon, ycTpo:licTn 
naMHTH 3a cqeT Honoii KoHdTpyKD;HH aJieKTpoMexam1qecKoro npeo6pa
aonaTeJIH IlAB, npJIM0H0HllH aKyCTO<lJl0KTpOHHhIX yc1mnna10m;JIX 
aJieMeHTOB n ycTpoiicTn, oCHonaHHhIX Ha HnJieHIIHX naanMo;a;eiicTBHH 
IlAB c aJieKTpOHHhIM nyqKOM B BaKyyMe. IlpnHD;llII ;a;eiicTBJIH 
ycTpOHCTB, KOTOphle no;a;po6HO onncaHhl B n;eJIOM pH;a;e o6aopHhIX 
CTaTeft (Hanp1rnep, B li-3)), 3p;ecb o6cymp;aTbCH He 6yp;eT. 

1. cPHnbTpbl i 

c eMKOCTHblM B3BeWHBaHHeM 3neKTPOAOB 

Xopomo naBeCTHO, qTo p;JJ:a noJiyqeHHH Hymuoii: nepep;aToqHoii xa
paKTepnCTHKll cpHJibTpa Ha IIAB AJIH onuoro 11a ero npeo6pa3onaTe
Jieft B0JlllqJIHa nepeKphITllH aJieKTPOAOB )l;OJlil\Ha 6h1Tb He llOCTOHHHOii, 
a Il3M0HHTbCH TaK, qT06LI HMIIYJlbCHLIH OTKJIJIK npeo6paaoBaT0JIH HB
JIJIJICJI o6paTHLIM npeo6paaonaTeJieM <l>ypbe aToii nepep;aToquoii 
xapaKTepucTHKH. TaKoft npeo6paaonaT0Jlb uaaLinaeTCH anop;11aonaH
HLIM u renep11pyoT IIAB c 11epanuoMepHLIM BOJIHOBLIM cppoHTOM no 
WHpHllO a1<yCTlt'IOCJ<0ro Jiy'la. ,Il,JIJI Toro, 'IT06LI BTOpoii: npeo6paao
DllTOJ1L cpHJJbTpa 6oa HCKameuHA npeo6paaoBLIBaJI cpyHKD;HIO nepeKphl
TBR eneKTpop;on B aMnJIHTYAHYIO MOAYJIJID;HIO nMnyJILCHoro oTKJIJIKa, 
3TOT DTopofl npeo6paaonaTeJib p;omKeH 6LIT:& Heanop;11aonaHHLIM 11 

., 

WHPOKOIIOJIOCHLIM. . 
TaKnM o6paaoM, nepep;aTO'lHaJI xapaI<TepHCTHKa, HBJIH10m;aHCH 

npOH3B0A0Hll0M nepe;a;aTO'IHLIX xapaKTepHCTllK BXO):J;HOrO ll BLIXOA
uoro npeo6paao1mTeJieii, B TaKHX aKyCTO<lJl0KTpOHHI>IX ycTpOHCTBaX 
cpop:unpyeTCH, no cym;ecT:By, JIJillib OAHHM npeo6paaonaTeJieM. qTo6hl 
nepep;aToqHaH xapaKTepncTJIKa ycTpoii:cTBa cpopMnponaJiac:& ABYMH 
npeo6paaonaTeJIHMH, T. e.i 'IT06hl o6a npeo6pa3oBaTeJIH 6hIJIH anop;H
aonaHHhIMH, HY/KHO cneml.Tb op;HopoAHhIM cppoHT IlAB, H3JiyqaeMLIX 

BXO].l;HhIM npeo6pa3onaT0H0M. 
Ha pnc. 1 1rno6pamena KOHCTpyKD;HH npep;JiomeuHoro n HP8 

cpIIJibTpa ua IIAB c eMKOCTHhIM naneruJinaHJieM aJieKTpop;on npeo6pa3o
naTeJieii, B KOTOpOM qaCTOTHaH xapaKTepHCTHKa cpopMHpyeTCH KaK 
BXO].J;HhIM, TaK JI BhIXOAHLIM npeo6pa3onaTeJieM [6-7]. 

RaK DHAHO na pHcyu:Ra, TaKoii npeo6paaonaTeJib cocTOHT n3 oc-
HOBHoro pH;a;a aJieKTPOAOB, nepeKphITJI0 KOTOphIX IIOCTOHHHO, H AO
llOJIHUT0JlbHOf0 pHp;a. B Kamp;oii: nape aJieKTpop;on n ocuoBHOM PHAY 
OAilH aJieKTpO)l; raJibBam1qeCKil C00)l;JIH0H c mrnrneii KOHTaKTHOH llJIO
m;ap;KOii, a BTOpoii CBH3aH c nepxHeii KOHTaKTHOll 1mom;ap;KOH qepea 
M0JI{<lJI0KTPOAHYIO 0MKOCTb COOTB0TCTByIOm;eii: naphl a.JteKTpO)l;OB AO
IIOJIHIIT0JlbHOrO pHna. MeHHH nepeKphITJie aJieKTpOJJ:OB n JJ:OIIOJIHHTeJI:&
HOM pm:i;y, MO/KHO KOHTpOJIJiponaTb HanpHiR0HllH, IIOABOAHMhl0 K COOT
B0TCTBYIOIII;IlM napaM aJieKTpOAOB OCHOBHOfO pH)l;a. 

IIAB B TaROM npeo6paaoBaTeJie MOryT naJiyqaTbCH aJieKTPOJJ:aMH ue 
TOJlbKO OCHOBHOrO pHJI.a, HO H )l;OllOJIHHT0JlbHOf0. IloaTOMY )l;JIJI pa60T:bl 
qmJILTpa c npeo6pailoBaTeJIHMH on11caHuoro THIIa cym;ecTB0HHO, '!TO• 

@ . 
. 

11Kg'Cmuvecx;,-i/ /7Uc.170/T7L//T7e.17;. 

0 . . 

Pac. 1 

6hl IIOJIOCa qaCTOT renepal\IHI IlAB 
AOIIOJIIUITeJihIIhIM pHJ:i;OM 3JI0I\Tpo
AOB JiemaJia aa npe.I:i;eJiaMu 3a-

U' 

p;aHnoii noJIOChI rrporrycKamur :<:i 
·qinJibTpa. ::ho nerKo AOCTHraeT- ~ .2/l 

"'' ~ 
\:i 
~M 
~ ") 

--------

ca, ecJiu: nepn:op;hl pacnoJiome
HHH 3JI0KTpOJ:i;OB B OCHOBHOM II 
J:i;OIIOJIHHTeJILHOM pn.I:i;ax pa3mPr
Hhl. Hamrtme J:i;OIIOJIIIIITOJII>noro 
pn.I:i;a u ::JTOM CJ1y1rne ue Gy.u.eT 
BHOCHTh ncrrnmeunii: B rrepCAHT01I
HyIO xapaKT0pIICTilKY' cpopMn
pyeMyIO OCHOBHhlM pHJ:i;OM. 

o!J.__.____._~~~~_.___,__.._~.._ 

tf'/} .Y!J 117/J //(/ 12/J /J(J 114! 
//oc=u/T7a, Nrq 

8cpcpeI\T reuepal\HII IlAB AO- p 2 
!IC. 

IlOJIHIIT0JlbHhlM PHAOM 3JI0KTpO-
Jl;OB aa 11pe11:eJia11u1 rroJIOChI nporrycKamrn cpHJILTpa ~roamo ncrroJib30BaTb 
,D;JIH AOIIOJIHHT0JihHOro yneJIII'IeIIIrn 3aTyxamur B orrpe.I:i;eJieHHLIX yqa
CTKax noJiocr.r nerrporrycmunm qmJII>Tpa. ,Il;eiicTnnTe:ri.no, IIAB, rene
pnpyeMLie 11:0110Jim1TeJI1>IIhIM pHJ:i;o11r, pacceunaIOTCH mrn rrornom;aIOTCH 
IIOrJIOTIITeJieM, KOTOphlii MOiI\CT 6hITb Haueceu Henocpe.I:i;CTB0HHO Ha 
.n;onOJIHHTOJIMihlii pHA ::>JI0KTpo.I:i;on. Tamm o6pa30M, aTo .n;aeT B031\IOiK
HOCT:& )l;OilOJIIUITeJILHO yJiyqumTh xapaKTepn:CTIIKII cpIIJibTpOB. 

Ha pnc. 2 rrpe.I:i;CTanJieua aMIIJIIITYAHo-qacTOTIIaH xapaKTepncnrna 
11a6opnTop11oro 11rn1{0Ta 110.noconoro cpIIJILTpa ua YZ-LiNb03 c ABY
MH npoo6pn:ionaTCJIHMH c OMKOCTHhlllf B3B0111HBamrnM 3JI0KTPOAOB. 
Cl>11JI1>Tp tii.1;1 pacc1rnTan na ocuonny10 'IaCTOTY 110 l'vlf11;. Buocm1Lie 
DOTO pH <f>MJI hTpn npn Cl\OllIII0HCIIponaHIIhIX CTaTnqec1mx 01\UiOCTHX 
npeo6pnao11n1'llJrnii 11 7.5-011moM TpaKTe cocTanmrmr '15 11:B. Ilpemry
ID,OCTDll Tfllrnii 1rn11c·rpym~IIIl eni;e HO IlOJIHOCTblO BblHCHeHhl )l;."IH paa
JIH'lllhlX Tnnou cJmm,Tpon Ha ITAB. 
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3Kcnep1nieHThl, BhlIIOJIHeHHI:.Ie B MP3 [8], noKa3ami: nepcneKTIIB
HOCTb e:MKOCTHOrO B3BeIIJIIBaH:ri:H ,ll;JIH nrn:pOKOIIOJIOCHhlX qrn.JibTpOB 

I 6 u c nepeMeHHhll\I maroM aJieKTpO,ll;OB npeo pa30BaTeJieII: OTHOCl:ITeJibHaH 
IIIIIPIIHa IIOJIOChl npo:riycKaHIIH cd3,n;aHHOro l\IaKeTa <l>IIJibTpa paBHHJiaCb 
80% c ypoBHellI no,n;aBJieHHH BH~ IIOJIOChl nponycKaHIIH 45 .u.B II IIpH-

. MOyrOJibHOCTbIO aMIIJIIITY.U.HO-'IaCTOTHOii: xapaKTepIICTIIKII, Il3MepeHHO:ii 
no ypOBHHM 3 II 40 ,u.B,-1,4. I 

He,u.aBHO 6MJIO noKa3aHo, 'ITO KOHCTPYKD;IIH c eMKOCTHhlM B3Bemu
BaHI1eM Il03BOJIHeT C03,ll;aTb <l>n:JibTphl c qpe3Bhl'Iaii:HO MaJihlM BpeMe
HeM 3a,n;epmKll CHrHaJia, ---10 HC, 'ITO HBJIHeTCH Heo6xo,U.HMhlM ,U.JIH 
HeKOTOphlX npRMeHeHIIH <l>IIJibTpOB Ha IlAB B annapaType [9]. )l.eJIO 
B TOM, 'ITO MaJiyIO aa,u.eparny TPY.U.HO IIOJIY'IIITb B <l>IIJibTpax Ha IlAB 
~o6hl'IHOii» KOHCTpyKn;m1, TaK KaK qpe3MepHo 6oJibIIJoii CilrHaJI npa
Moro npoxoa<,u.eHHH (HaBo,u.Ka) c Bxo,n;Horo npeo6pa3oBaTeJIH Ha Bhl

xo,u.Hoii: qepe3 napa3HTHhle eMKOCTH He II03BOJIHeT paCIIOJIOIBIITb npe
o6pa30BaTeJIH ,IJ.OCTaTO'IHO 6JIH3KO ,u.pyr K ,u.pyry. Ilapa3HTHaH eM
KOCTb Mem,u.y npeo6pa30BaTeJI~MI{ B <l>HJibTpax HOBOii: KOHCTPYKD;Hll 
OKa3hlBaeTCH BKJJIO'IeHHOii: IlOCJfe,U.OBaTeJibHO c eMKOCTHMH Mem,u.y oc
HOBHhlM H ,U.OllOJIHHTeJibHhlM pR:,u.aMll npeo6pa30BaTeJieii, 'ITO npHBO
,U.HT K yMeHbIIIeHHIO ee BeJI11'I11Hhl 11 ;a;aeT B03MOIBHOCTb yMeHbIIIllTb 
paCCTOSIHHe l\Ie,J\JJ;Y npeo6paao~aTeJIHMH. 0TMeTHM, 'ITO pauee C'IHTa
JIOCb H0B03MOIBHM111 coa,u.ami:e IJIHHll:ii aa;a;epmKll Ha TIAB Ha TaKHe 
MaJihle BpeMeHa. 

2. MoHOnHTHblH aKycro3neKrpoHHblH ycHnHrenb 
An.R cpHnbTpOB H nHHHH 3aAep>KKH Ha nAB 

06'be;D;HH0HHe aKycToaJieKTpOHHhlx ycHJIHTeJie:ii c nacCHBHhllllH ycTpoii
CTBaMH Ha IlAB II03BOJIHT He tOJibKO CKOMIIeHCHpOBaTb IIOTepH aHep
fHH o6pa6aThlBaeMhlX CHrHaJIOB B STHX. ycTpOHCTBax, HO H cyin;ecT
BeHHO YJIY'IlllllTb HeKOTOpbie napaMeTpbl STHX ycTpOHCTB. 3.n;ecb Mhl 
npHBe,n;eM HeKOTOpbie peayJibTaThl HCCJie,U.OBaHHH MOHOJIHTHOro aKyCTO
aJieKTpOHHOro ycuJIIITeJIH II ei:;o npHMeHeHHH B ,u.pyrnx ycTpOHCTBaX 
ua IlAB,. BhlIIOJIHeHnhlx B MP3 AH CCCP. 

j MoHom1TnaH cTpyKTypa, Ha ocHoBe KOTopoii HaroTOBJIHeTCH ycn
JII1TeJI1>, npe,U.CTaBmieT co6oii: IIO,U.JIOIBKY 113 HH06aTa JIHTIIH, Ha KOTO
PYIO HaHOCHTCH ,U.IISJieKTPH'IeCRHii 110,U.CJIOH H3 OKHCII KpelllHHH TOJI
ID;HHOH ---700 A, nJieIIKa aHTHMOHn,n;a 11H.u;m1 TOJJIIJ;HIIOii ---700 A 
H BepxHuii 3alJ].nTHhlii cJioii Il3 OKHCH KpeMHIIH TOJIIJ].IIHOii ---1000 A. 
B TaKoii CTPYKType nJieHKa aHTIIMOHH;a;a HH,U.IIH oKa31>rnaeTCH KaK 6hl 
IIOMelJ].eHHOH B KIOBeTy Il3 OKHyII KpeMHHH, 'ITO II03BOJIHJIO npnMeHIITb 
cne1vmJihUYIO T0XUOJIOfJPieCKYIO onepan;IIIO BaKyy111Horo nepenJiaBa 
noJiyIIpOBO,U.HIIKOBOll IIJieHKll * 3Ha'IllT0JlbHO IIOBhlCllTh ( ....... B 3 pasa) 
;a;peii<I>oByIO IIO,U.Bllll\HOCTb HOCHTeJieii: 3apa,u.a B TaKIIX TOHKIIX nJieHKax 
no cpaBH0HIIIO c IIO,ll;BHIBHOCTbIO, IIOJiy-qaeMoii: JJ;JIH TaKIIX me TIJieHOK 
6e3 npllllieuemrn aTo:ii TexHoJiorwrncKo:ii onepan;HII [10]. 8To no3BOJIH
JIO C03,U.aTh MaKeThl MOHOJIIITHhlX aKyCTOSJI0KTpOHHhlX ycnJIHTeJieii, 
CllOCOOIIhlX Ha,U.erl\HO pa6oTaTh B HenpephlBHOM pem11111e H 06ec
ne1111BaIOIIJ;IIX Ha qacToTe 280 Mf:u; BeJIIPIHHhl ycHJiemrn TIAB 40-
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50 .u.B 11 <<'rncroro» yc1rnemrn p11.n;11ol'111·1111Jro11 :w~.:m nli 111rn uanpR
meH1111 TillTUI!l1H 1-1,2 1d3. '~llllllMll'HJCl(Jlli Hlllllll\:1011 lll'l'.WJVllHlllllhlX 
MaKeTOU COCTBBJIRJI 70 .n;B. 

Co3,u.a1mbie :.raHeThI aKT.1111m,1x J1.11m1ii aup,opnm11 ui.r.111 ucno.'lh30-
BaHLI ,ll;JIH H3Mepo1rnn namuoro napaMeTpa Jrn1111ii aa.n;op;1rn11 ua IIAB
ypoBHH no,n;aBJieHHH TpexnpoJieTuoro axa. 11aMepemwe 3HB'IeHne aToro 
napaMeTpa .n;ame np1i nanpm1wu11Hx m1TBIIHH ncero 0,5 HB, coorneT
CTBYIOIIJ;IIX BHOCHMbIM IIOTepHM ycrpOMCTBB 15 .n;B, OKaaa.'IOCh paB
Hbllll 6oJiee 80 .n;B. )l.JIH I\OHTpOJihHOll rraCCIIBfIOll mmuu 3a.n;epiti1'II, Il3-
fOTOBJieHHOii Ha TY me qacToTy II BpeMH aa.n;eprnl\JI, 'ITO u aKTIIBHaH 
JIHHIIH, II c BHOCIIMbIMH IlOTepHMl1 20 .u.B, yponeHh no.n;aBJiemrn Tpex
npoJieTnoro axa pannHJICH 42 .n;B. 0TMeT1111I, 'ITO npanTJPiecnu ;:i::rn 
Bcex paapa6oTaHIILix Jrnnuii aa.n;epnurn na llAB ana•rnmrn aToro 
napaMeTpa He npenmuaeT 50 .n;B [3]. 0Tnomenue yponnH no:re3Horo 
CHrHaJia I\ ypomno rrapa:rnTHhIX CI:IrIHl.JIOB, o6yCJIOB.10HllhIX 001>0:\IHhl
Mll aKycTn'lecRu11rn 1110,n;aMu, a TaHme H yponmo cnrHa.1a rrpH:-.wro 
aJieRTpoMarHUTHOro npocalfHBaHHH B aRTIIBHhIX JIIUIIIHX aa.n;epaam B03-
pacTaeT no cpaBHemuo c naccrmuhilmr Jiuumrnu na 110.111•1111Q·, pam1y10 
BeJIJI'I.1111e aJieHTpoIInoro ycIIJICHHH IIAB, T. o. na 40-50 .n;B. 

AHaJiorH'!Hoe yJiy<1rneu11e napaMeTpon cJrn,u.yer 0;1rn.n;ar1> JI AJIH 
<fH1J1i.Tpo11 Wt HAD c 1u·.110.11i.:w111u111l'~1 11 1111\ <llH'TpPt'lllltll'll'> at\Y\'l'\l
aJiel\Tponuoro ycmmTeJIH. Oco6euuo IIOJJl'3IILIM rn1wii ycu.·mrn:Ih 
MO/l\<'T OI\B3aThCH B 6y.n;ylil,CM, I\OfT(a IIOTpPoy10TCR ITO.'IOCOJl!JIC cpnJib
TpbI c no,n;anJieIIHCllI nue noJIOChI rrponyc1rn111rn ooJrne \JO .n;B.. 

IlaccunuLie Jrnu11u aa.n;epnmu ua IlAB, 111>.•110•1e11111>1L' 11 I\l'Ilh oopaT
Hoii CBH3H TpBII3HCTOpIIbIX yCHJIHTeJIOH, ll II<lCTOHlil,00 npe:-.rn mupo1w 
ncno"1hay10Tca AJIH reuepau;u11 BblC0Ko•rncron1L1x curua.1on [3]. AHa
Jiorn'IHLre <l>YHKIJ;IHI cnoco6Ha BbITIOJIHHTb II Cl.KTIIBHBH .'Il!HIIH aa;:i:epiti
Kll na IlAB, npu <>TOM OTna.n;aeT IIeo6xo.n;1rnocTb no «nHemue:\1» TpaH
aucTop1roM ycn.HllTO.lIO. 06paTJiaf! CllH!lh )\.'Ill 110;11111!\l!lllll'llllH l'l'lMc'pa
:u;uu IIAB H 11r.1co1rn•rncT0Tnoro pa)(11oc 111·1ia. 1 a 11 a1n-11 Blrnii :mmm aa
Aepnmn: ll npoCTOIIIJlC:M CJiy'IaO Mom:B'r oJ.ITh ocy11~l'C'TB.ll'Ha npono;:i:
HIII\OM, coe.n;mrnIOlll,HllI BXOAIIOH II BLIXOi'.1,llll ii npoo6pa30BHT0.1b [ 11 J. 

Ha puc. 3 rrpe.n;cTaBJieua 3anucn11IOCTL II;mpm1.;omrn renepupye:\rn
ro curHa,1a 'IaCTOTOII 272,9 Mfl\ na Harpy3Ee 50 0:-.r OT nanpHitieHuH 
IIHTaHnH «BCTpoennoro» B mrnuro aa.n;epmKH ;u.;ycro3,1eKTponnoro ycu
.1JHT0JIH [ 11]. CrreKrpaJihHaH nmpmra .rrnmrn rl'nl'pHpyP:\roro C'Hnra:rn 
no 11pcni.111rnJ1 a t l( L'1 ~· J\1ni(l'.11MaJ1 i.11au :\1, •11111ocTi. rl'tll'JHt pyl':\wro 
CHrnana ,u.ocTuraJia 1,5 MBT. 0Taiennr, •no npono;:i;mm, coe;:(mrnro
IIJ;Hii 11xo.n;110iI u Bh1xo,u.uoii npeo6paaonarom1. :\roa.;eT 6hITh rr.'laHapnbrn, 
H3fOTOBJIHeMblM M0TO,ll;OM cpOTOJIIITOrpa<t>1rn ognonpe:\IeHHO c npeo6pa-
30DBTOJimm. B ::>TOM CJIY'Iae TaTWii renepwrop 11pe,u.cran.1HOT couoii 
HHTC'l'paJihIIOO 111\YCTO::JJICI\TpOIIIIOC ycTpOHCTHO. 

H'. uacronn~eMy np0Mem1 ne co3,n;am,1 aHycroa.1enrponHhre ycu.1n
TeJiu, y,u.onJIOT11op1110rq110 ucoM Tpe6onam1 HM, neo6xoµ,n:\IhDI ;:i:.1n 
npaHTH'ICCJ(J1.\'. JI rrn MOll011Hi1. TeM ne J\lelICC IIMCIOTC fl npe;:i;nocbl.1KII, 
Il03BOJIHIOU~Hll 1111/~0llThCH Ha coanamrn T<U\I!.\'. BI\YCT03.lel\TpOHHhIX 
ycmrnTe.n:oif. /(oiicrm11·0J11>110, /VII! cm1arnmrn narrpmi.;emrn m1TaHUH 
MOHOJ1HT11r.1x lll(YCTO:lJllll(Tpo11rn.1x ycum1Teneii :\IOamo rrp1rnemITh 

191 

.. 
\'. 

.. 
* ,, 
'i 

.. 



I 

t 

ceKI:\llOHnpoBami:e IIOJiynpOBO,!I.HllKOBOii nJiemrn, KaK 3TO .n.eJiaJIOCb ,!I.Jlll 
yc1mnTeJiei1 c no3.n.y1mm1M aaaopo:M. CnnanTb .n.moyJieBhle noTepn, 
T. e. noBhlCHTb Ril,II, ycnJinTemI MOiKHO nyTeM noBhlrneHnH 3<fl<fleK
TllBHOCTn aKyCT03JieKTpOHHOro B3anMO,D.eiiCTBlIH B CJIOHCTOH CTpyK
Type aa C'leT yBeJin'leHnH .n.naJieKTpn'leCKOii npoHnl:\aeMOCTll IIO,!I.CJIOH 
Mem.n.y Ilbe303JieKTpHKOM n IIOJiynpOBO,!I.HllKOBOH IIJieHKOii [12]. fJiaB
HhlM nm peaepnoM yJiy'lrnenna napaMeTpoB ycnJinTeJieii HBJIHeTCH co
neprneHCTBOBaHne TexuoJiornu naroTOBJienna cym;ecTByrom;nx CJIOn
CThlX CTPYKTYP ( on.rnTnM, 'ITO .n.peiicponaa no.n.nnmnocTb B OT,D.eJibHhlX 
o6paal:\ax naroTOBJieHHbIX B MP8 TOHKnx nJienoK InSb na LiNb0 3 

irnor.n.a npeBbIIIIaJia 2500 CM2/Bc) n IlOHCK HOBbIX BhlCOK03cpcpeKTHB

HbIX ?.IaTepliaJIOB. 
TaKnM o6paaoM, no narneMy MHeHnro, aKyCT03JieKTpoHHble ycnJin

TeJin, npnro,D.Hble ,!I.JIH npaKTn'IeCKHX npnMeHeHnii, HeCOMHeHHO MOryT 
OhlTb coa.n.aHbI B 6y.n.ym;eM, Kor.n.a nx OTCYTCTBne cTaneT TOpM030M Ha 
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nyTn· COBeprneHCTBOBaHHJI 
aKyCT03JieKTPOHHbIX ycTpoiiCTB 
,!I.JIH o6pa6oTKll nHcpOpMaJ:\Hll. 

3. 83aHMOAeHCTBHe nAB,, 
c 3neKTpOHHblM ny4KOM 

B BaKyyMe 

• I 
• 8'1-§111.r11o BoJibrnoii KJiacc aKyCT03JieK-

if
i---- ; TpOHHbIX ycTpoiiCTB (Hanpn-

56. ' Mep, KOHBOJibBephl, KOppe-
liLl'lBD3 JIHTOphl, aanoMnHarom;ne n 

.n.pyrne ycTpOHCTBa [ 1, 2]) 
vitf. OCHOBaH Ha HeJinHeiiHOM B3a

HMO,D.eiiCTBllll IlAB c 3JieKTpn-

lt.Y 1,lJ I, I 1,2 
'JeCKHMll aapH;a;aMII B IIOJiy
npoBO;IJ;JUfI<UX, B 'IaCTHOCTll, 
Ha nonepe'IHOM aKyCT03JieKT-

/117etitpo#oe Hon17R.7'Ce~ue, KB 

Pnc. 3 

Pnc. 4 
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p1111eCI\OM 3l[Hl>OHTO' llITOpBhlO ll Pl'l\l' l\l\:la 11 llll~I II ou11npyn;l'u
HOM B HP8 [13-14]. Op,Hairn He nee napaMoTphl ycTpoiicTB noJI-
11ocTJ:.IO YlWllJteTJiopmoT TpcGoJJUHMHM 11p11 11x 111111rn1wM 11c110JIL3oua
mm P,JIH o6pa6oTim: cnrnaJion. B rropnyro 0110pe.n.i. ;1w:H1Tl'.'Ih110 ouJio 
6hl yBeJin'lHTb 3cpcpeKTnBnocTb 3Tnx ycTpoiicrn, onpe.n.eJimorn;yIO nx 
P,nHaMn'IecKnii p,nanaaou. 

IlAB MoryT B3aHMOP,eiiCTBOBaTb c HOCHTeJimm 3apJip,a He TO.JlbKO 
B noJiynponop,murnx, no n c 3JIP1ap1P1ern11M11 :iapnrc;nm B nanyylle 
[ 15]. B nocJie.n.uee BpeMa 6oJibilloe pa3DIIT11e noJiy'IHJll1 ucc:ie;i;oBaHHH 
mlJieHirn B3anMo.n.eiicTBHH IIAB, pacrrpocTpamnorr~uxcH n nhe303Jie:K
Tpn'IecKnx I\pHCTaJIJiax, co BTOpH'IHbUIH ::JJ!OnTpomnm, B030Yin,!I.eH
HhlMH B6JIH3II IIOBepxHOCTII KpIICTaJIJia 3.'leKTpOHHbDC IIY'IKOl\I [16, 
17]. 8To HBJieHne II03BOJIHeT C03,!I.aTb KOHBOJibBOpbI, Koppe.'IHTOphl, 
aarroMnHamm;ne ycTpoifcTna no pH.n.y 1rnpa.MeTpon, B TOJII 'IIICJie II no 
3cpcpeKTHBHOCTn, 3Ha'InTeJibHO npeBocxo.n.H~ue cy~ecTDyrom;ne. Pac
CMOTpHM MexaIIH3M 3Toro B3am110.n.oiicTllIIH. 

Ha pnc. 4 nao6paarnHa cxeMa 3Rcrrepm11e11Ta no nccJie.n.onamuo 
TaKoro B3an1110.n.eiiCTBIIH. Ilb0303JleRTpH'IeCKaH IVIaCTIIHa c rpe6eH
'IaTbIMH 3JieKTpOMOXaHM'IeCJ\HMH rrpeo6pa30DaTOJIHl\III HaXO)l;IlTCH 
B naKyyMnponannoM 061,e.Me M pacnoJrnmena na ano.n.e 3JieKTpOHHoii 
nyIIlKn. Pa601rnn rronepxuocTr, rrr.r:io:mrI\Tpmrn 06.1 Y'l<H'TCH :l.'"IPl\Tpon
HLlM ny•urnM. ::J11opr11a ::JJIOwrpouo11 ny•urn cocTa11J1HeT OOhl'IHO 50-
1000 3B. Ilo.n. .n;eiicTnneM 3JieKTpoHuoro ny'l.Ka 113 IIb0303JieKTp1rna Bhl-
6nnamTca DTOpIPIII1>1e 3JieI<TponLI c xapm<Tepnoii <>neprneli E ,..., 1 3B. 
Ilo.n. ):J,OMCTDIIOM aHo.n.noro HaIIpH/l\C'IIIm 3TII IlTOpII'IllhH' 3.10KTp0HhI 
OIIHCbIBaIOT napa60Jin1recKne TpaeKTOpnn II llHOBb B03Bpam;aIOTCH Ha 
ITOBepXHOCTb IIbe303JieKTpirna, r.n.e 3aXBaThlBaIOTCH cym;eCTBYIOID;II:O.III 
JIOBYIIIKaMH rrpnrronepXHOCTHoro CJIOH. qaCTb BTOpIPIHbIX 3.10KTpo
HOB 6y.n.eT YXO,!I.IITb Ha 6Jim1rniirnnii 3JIOKTpo.n.; B pe3yJibTaTe no.n. ;i;eii
CTBIIeM 3JieKTpOHIIOro IIY'IKa ITOBepxHOCTb Ilb0303.'IOKTpuKa sa ):J,OCTa
TO'IIIO HOpOTI\00 nprMH :iap11,n.11TCH l\O IIOTl'lll~lla.'Ia a11ona. 

liycn, TOllP(lh Ila llOBPj)XllOCTll llhl':1o:J.lll'l\'l'p11i;a p<H"llJHH"l'PHlllll'Tl'H 

llAB. 8JieKTpII'IeCirnii: llOTem,vrnJI qi, 06yCJIOllJll'lllII.Lli l1Al3, m1eeT 
60JibIDYIO BOJIII'IIIHY He TOJlbKO Ha IIOBOpXHOCTII llbe303.'leinpn:na, HO II 
B BaKyyMe B6JIH3II IIOBepxHOCTII. IlOTOHIJ,HaJihHaH 3HeprnH 3.'leKTpo
HOB B 3TOM Ilb0303JIOI\TpII'IOCJ\OJII IlOJIO l\!Oi!\l'T l\Ol'TllrHTf, ,...,_, 10 3B. 
11 po11,ecc aapH,D.I<II no11epxnocn1 ni,o:ioa.1rr1>Tp11w1 no;1 nl'iicTnm':-.c ;l.1en
TpouHoro ny•ma n npucyTcTmm TIAB cy111PcTm'11110 naMt'IllITCH. 

l1epBM'IHhle 3JleKTpOHbI ny'IKa, IIMOIO~ne 60.'lblllyIO a1111prmo, He 6ynyT 
'IYBCTBOBaTb IlAB. BTopn'IHbie 3JieKTpOHhl rro,n; .n.eiicnme:.r IIh03ono
TOHIJ,naJia 6y.n.yT H3MOHHTb CDOH TpaeKTOpHII II c1rnpocn1. 13 pe3yJibTa
Te TOK BTOpH'IHhIX 3JIOKTpOHOB 6y.n.eT MO.IJ;yJ111po11aT1>C' H Ill'PC'~ll'HHLl~I 
IIOTOHJ:\HaJioM IIAB. 

Ilpn ecp ~ E MO.!I.YJIHIJ,MH TOKa 11po11op1\1101111J11>11n e<r· 'F. T. e. 
B3anMo.n.eiiCTBHO HOCHT mrneiiHhlii xapanTep. TnmlM 0Cipaam1. o.1aro
p,apa cym;ecTBOBamno Mop,yJinponannoro Toi<n nTop1111111.1x a:1l'l\TpOHOB 
n 3axBaTy 3Tnx 3JIOI<Tponon na np1rnonopxnocT111i10 J1011y1111m rri,eso-
3JIOKTpnRa, Ha rronepxuocTn IIOCJil'llllOl'O ol'ipnayoTC' Jt Cllli:tlllllll>lll aa
pH.n;, KOTOphlii H3M0HHeTCH cnnxponno c U:IMllllOlllWM TOIW II, rne;:(O-
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BaTeJihHO, cooTneTCTnyeT IIAB. IloTemi;HaJI aToro aap11,n;a aKpaHHpyeT 

nhe3oaJieKTpH1IecKnii noTeHn;HaJI IIAB, a B0JIHq1rna aap11p;a xapaKTe

pu3yeT IIHTOIICilllIIOCTb aKyCT9::JJI0KTpo11110ro D3UllMO,IJ;l'HCTllJUI. 

EcJin B ueKOTOphlii i.IOMBIIT BpeMeHH «MrHOB0HHO» BhlKJIIO'lHTb aJieK-
u I 

TpOIUJhIH nyqo1<, TO cym;ecTn9naBII1ee K MOM0HTY DbIKJIIOqeHHH pac-

npep;eJieHirn 3ap11p;a Ha nonepXHOCTH KpHCTaJIJia nepecTaHeT H3M0HHTb

cil, TaK KaK He 6y.a;eT 60JibIIIe IlOCTynJieHHH HOBbIX BTOpnqHbIX 9JieK

TpOHOB, a cym;eCTBOBaBIIIIIe -: aaxBa'l0Hhl JIOBYIIIKaMII. Ilpn 9TOM no

B0pXHOCTHalI IlJIOTHOCTb 3ap11~a B Kam.a;oii TOqKe nponopu;noHaJihHa 

. (AJIH JIIIHeiiHoro pemnMa) no~eHn;HaJiy IIAB B aroii TO'IKe B MOMeHT 

. BLIKJIIO'l0HHH lIY'lKa. TaKHM o6pa30M, paCCMOTpe1111oe HDJIOIIHO Il03-

BOJIH0T ocym;eCTBJIIITb 3allOMHHRHHe CHrHaJIOB, npeo6pa30BaHHbIX 

B IlAB. B a1rnnepHl\IeHTax no aanoMHHaHHIO cHrHaJion n nop;o611.1:i1x 

• ycTpoiicTnax :rneK'TpOHHbIH nyqoK BKJIIOqaeTCH Ha Bp0MII, MOHbIIIee 

nepnop;a IIAB. 3anHCaHHhlii TaKIIM o6pa3oM CHrHaJI B Bnp;e cooTneTCT

nyrom;ero pacnpe.a;eJieHIIH IIJIOTHOCTH 3ap11p;a Ha IIOBOpXHOCTH IIb030-

aJI0KTpllKa MOiK0T Xp!}.HllTbCH 11pe3Bbl'IRHHO JJ;OJiroe BpeMH, BIIJIOTb JJ;O 

500 q, IlpH 3TOM HII<flOpMan;Hll He paapywaeTCH npH OTKJIIOqeHHH 

IIDTaHHH. 
,il;JIH cqnThlnaHHH im<flopM:au;HH HYIBHO on11Th o6JiyqHTb nonepx

HOCTb IIb030::1JI0KTpIIKa 3JieK~pOHHbIM nyqKOM B TeqeHIIe KOpOTKOrO 

l!'POMemyTKa BpeMeHII (MeHhfne nepIIop;a aa1mcaHHoii IIAB). IlpH 

3TOM, KaK II B CJiyqae 3allOMHHaIOm;ero ycTpoiicTna Ha JJ;HOJJ;HOH MaT

pnu;e, no36y.a;11TCH p;ne IIAB, 'pacnpocTpaHHIOIIJ;Hec11 BO B3aIIMHO npo

TDBOnOJIOiKHhlX HanpaBJI0HIIllX, OJJ;Ha H3 HHX 6yp;eT IIOJIHOCTbIO COOT

BeTCTBOBaTb aam1caHHOii IIAB, a BTOpa11 - p;acT 06pam;eHHy10 BO 

npeMeHII 3a1mca1rny10 IIAB. 

Ilpu nhlrromrnmrn ycJIOBillI ecp > E, a aTo ycJIOBHe, KaK roBopH

JIOCb paHee, MOiRHO JierKO BblllOJIHDTb, B3aHMOJJ;eHCTBII0 6yp;eT HOCIITb 

HemrneiiHhlii xapaKTep. TaKHM o6pa30M, B paccMaTpIInaeMoii CIICTeMe, 

TaK iKO KaK B ycTpOHCTnax c rroJiynpoBOJJ;HIIKOBOH IlJIUCTIIHOH IIJIH 

JJ;HOJJ;IIOH MaTpIIu;eli, MOiHHO ocym;ecTBJlllTb H0JIHH0HH.bl0 <flyHKIJ;IIH o6-

pa60TKll cur11aJion, TaKHe KaK cnepTKa H KoppeJIHIJ;HH. ,il;JIH aroro 

n6mrnu nonepxHOCTH Ilb0303JieKTPIIKa HYiKHO IIOMOCTIITb ,IJ;OIIOJIHH

T0JIIJIILIH ;)JIOI\Tpo.a;-ceTKy, c KOTOpoii CHHMaeTCH BbIXOJJ;HOH CHrHaJI. 

Hccnep;onamrn noKa3aJIH [16], [18], qTo a<fl<fleKTHBHOCTh TaKHX KOH-

11om.ncpo11 u 1wppcmTTopon ooJJee lJCM n 1000 paa npenocxop;HT acp
l{>cuTunuocTi. auaJIOl'H'JIII.IX ycTpOHCTB, BhlllOJIJIOJlllhlX c ttCIIOJlh::JOBa

llllCM IlOJiynpono.a;IIHKOB.bIX ITJiaCTIIH II JJ;HO,IJ;HbIX MUTpIIu;. 

<Dy1rnu;nonaJibHble B03MOiRHOCTH aKyCTOaJieKTpOHHbIX ycTpOii:CTB 

c :mClKTpOHHJ.IM ny'IKOM n naKyyMe K HaCTOlIIIJ;OMY npeMOHH ]:10 KOIID;a 
cm;e 110 nhlacncnhl. Op;HaKo yme ceiiqac MOiRHO cKaaaTh, qTo om1 6oJiee 

nmpOKHO, 'ICM y auycT08JIOKTpOHHbIX ycTpOHCTB c IIOJiynponOJJ;HH
I<OM. ConpeMeHHhlii yponenh pa3BHTHH TexnoJiornH noanoJIHeT Hap;eHTb

CH, qTO HOOOXO,IJ;HMOCTb C03JJ;aHHll B TaKHX ycTpOHCTBax naKyyMHpo
Bamrnro 06'beMa c 8JIOKTpOHHOH nywKoii He CTaHeT cepb03HhIM npe

IlHTCTBHCM Ha IlYTll npaKTll~CCKOro HCilOJlb30BaHHll aKyCT08JIOKTpOH

HbIX ycTpOHCTB c 3JIOKTpOHHbIM nyqKOM. 
/ 
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Y]:IH 621.383.3 

3cpcpeKT~BHble cpOT03M~TTepbl 
c OTP~U.aTenbHblM 3neKTpOHHblM CPOACTBOM 

T. M. JH1Cl>W"1l..\, A. 11. MYCA TOB, B. 11. KOPOTK"1X, 
A. ~. KOPJ.1HCOCIH-1Vt, B. M. TYP4J.1HCKJ.1V1 

Co BpeMeHH OTKpbITHH mwemrn 1mcmHci1: 1poTO:lJIOHTpo1moii: :lMHCCIIH 

(fepu;, 1887, CToJieTon, 1888) H co3p;a11Hf! ncpuMx IHrnyymihIX cfloTo

aJieMeHTon (8JihCTOp II rei1Tem., 188D) YCl!JllJH lH'l'.'ll'l\OllllTl'.'tl'ii cocpe
,!l;OTO'IeIJ},[ Ha pemomm l\BYX Ol'llOlllll.IX aana 11: llOlll.llllOllllU 'IYBCTllll
TCJibIIOCTll cpOTOSl\U1TTOpon H Jl1H'll111pllllllll ('Jll'l\T(Hl.lJhllOro ;\11nnaao11a 

HX J);OMCTBHH. ,L(o llOl\UllllOl'O 11p011l('llJ[ :HfHflOl\'l'llllllhll' tflOTOl\HTO;\t.I paa
pa6a'l'blllUJJHCh nyToM 'lllCTo a11m11p11•tl'l'IWl't) 1iom·1rn 11 ~wamo :111111b 

YAHBJIHThCH nopuau-roJ1h11hlM puayJth'l'llTlllll, IWTOphll' YJ\n:tol'h ~ocrur
HYTb co3,o;aTcJIJJlll conp0Mom11.1x t'JJO)l\JIJ.1x <f>oToaM11cc11om11,1x KaTo,o;on. 

HncJ10po;\110-copdip11110-1\1J:t1111111i1 ii, cypi.r.i 11110-1\ea1w111.1i1, l\111orom.e-
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~ "' I JIO'IHOll '*'OTOKaTOAbI II IIX MOAII<J>nKaD;llll .IIBJl.IIIOTC.11 OCHOBHLIM :me-
M0HTOM COBpeMeHHhlX rrepeAaIO~llX T0Jl0Bll3HOHHLIX Tpy6oK, <J>oT0-

9Jl0KTpOHHhlX yMHOil\HT0Jieii:, 3JI0KTpOHHO-OIITH'l0CKHX npeo6pa3oBa

TeJieiI ll MHOrllX APYrHX rrpn6opoB, o6ecrre'IHBa.ll HM 'IYBCTBHT0Jlb

HOCTh, nrnpOKOIIOJIOCHOCTb II APYrlle xapaKTepllCTHKH, IIOKa H0AO

CTYIIHbl0 HX TB0PAOT0JibHntM aHaJioraM. 
lfa-3a OTCYTCTBHH AOCTUTO'IHO rJiy6oKO pa3pa6oTaHHhlX IIpHHD;HIIOB 

C03AaHIIH a<J><f>eKTHBHbIX <I>oT03MHTTepoB II0.llBJI0Hll0 HOBOrO <I>oTOKaTO
Aa c JIYlJIIIHMII xapaKTepnCTHKaMH 6LIJIO KpyrrHhlM II peAKIIM co6hlTil

eM, cKopee yAa'leii OIIhIT:iioro IICCJieAOBaTeJIH, 'leM 3aKOHOMepHhlM 

pe3YJlbTaTOM pa3BIITHH Hay'IHhlX HAeiI. 
TaK 61>mo AO na'IaJia 

1

60-x roAOB, KOrAa pa3BHTHe <l>I13HKII 110Jiy-

11poBOAHHKOB CTaJIO IIpHHOCHTb CBOII IIJIOAhl II B 3MHCCHOHHOH <l>oT0-

3Jl0KTpOHHKe. R aTOMY BpeMeHII <l>H3HKa 110J1y11poBOAHHKOB pac110J1a

raJ1a ynrn AOCTaTo'InoiI nH<l>opMan;Heii o 11pon;eccax AH<l><l>Y3IIII H Apeii
qia, ll :r.rexaHil3MaX pacceHHllH aHeprllll HOCHTeJIHMII :mpHAa B IIOJiy
IlpOBOAHUKax, 1IT06bl Ha CTporo HayqHOH OCHOBe C03AaBaTL HOBhle 

<l>oT03MHTTepbI c BbICOKllM KBaHTOBhlM BhlXOAOM. l1ccJieAOBaHil.II <I>oT0-

3Jl0KTpOHHOH 3MllCCIIII Il3 repMaHirn, KpeMHllH ll apceHHAa raJIJIIIH 
(lliHp 11 nan Jlaap, fo6em1 II AJIJieH, Bop3aK, ApceHLeBa-feii:Jih 11 

AP·• 1958-1964) rroKa3aJIH, 'ITO HaHeCeHHeM Ha rronepxHOCTL 110Jiy-
11poBOAHHKa CJIOeB n;e3IIH HJIII OKHCII 6apHH MOiI<HO cy~eCTBeHHO 
CHll3HTh aJieKTpomrne cpOACTBO II pa6oTy BhlXOAa IIOJiyrrpoBOAHHKa II 

COOTBeTCTBeHHO CABHHYTl> B AJIIIHHOBOJIHOBYIO o6JiaCTh cneKTpa rpa
m1n;y <I>oT01IYBCTBHTeJILHOCTll MaTep11aJ1a. IlpH . 3TOM KBaHTOBblH 

BhlXOA B KOpOTKOBOJIHOBOH o6JiaCTII CIIeKTpa MOiReT 6hlTb 6oJILIIIIIM 

(0,1 + 0,2 aJieKTpona/<l>oTOH), eCJIII aJieKTpOHbI, B036ymAeHHhle CBe
TOM AO aneprIIii, IIpll KO~OphlX OHH MOryT 11peOAOJ1eTL IIOTenn;HaJlbHhlH 

6ap1>ep y IIOBepXHOCTll 3MllTTepa II BhlHTII B BaKyyM, He TepHIOT :mep

r1110 KaTaCTpoqm'leCKll 6oJILIIIIIMII IIOpll;HHMll . (11opHAKa mnpHHhl 3a-
11pe~e1111oii 30HLI 110JiyrrpoBOAHHKa Eg) Ha yAapHyro IIOHH3an;mo. Yc
JIOBHe111 3TOrO HBJIHeTCH o6ecrre1IeHHe MaJIOR neJJH'IHllhl aJieKTpOHHOrO 

. cpoACTBa oTHOCHTeJI1>110 IIInpHHhI 3arrpe~e11noii 30HhI ('X. < Eg). 
BhlJIO TaKme rroKa3~no, 'ITO KBaHTOBhlii BLIXOA cpoToaMIICCIIH H3 

IIOJIYIIPOBOAHIIKOB aaBUCHT OT xapaKTepa II CTerreHH ero JierHpOBaHHH 

11p11MeC.IIMII ll B03pacTaeT IIpH 11epex0Ae OT IIOJiyrrpOBOAHIIKa n-THIIa 

K CllJlhHO JiernponaHHOMY IIOJIYIIPOBOAHHKY p-THIIa. 8TOT pe3yJILTaT 
o6yCJIOBJieII ycKopmo~IIl\1 AeHCTBHeM Ha aJieKTpOHhl, ABIIiRY~HeCH 
K 11onepxHOCTH, BHyTpettHero 11pHIIOBepxnocTHOro aJieKTpH1IecKoro 

IIOJIH B MaTepIIaJiaX p-TIIIIa. IlpII 3TOM KBaHTOBblll BblXOA <l>oT03MHCCllll 

113 IIOJIYIIPOBOAHIIKOB OKa3LIBaJICH BhICOKllM ( ........ 0,1 3JleKTpOHa/<l>oTOH) 

TOJibKO AJIH <PoTOHOB 6oJihlllllX aHepr:e:ii: II pe3KO IIaABJI 110 Mepe yMeHL

memrn aHeprIIH <f>oTOHOB II 11pn6J1:e:meHHH K AJIIIHHOBOJIHOBOMY 11opory 

<f>0Toa11111ccm1. MaJiaH neJIH'IIIHa KBaHTOBoro BLIXOAa <f>oToaMIICCilll :e:a 

noJ1ynpono11:mrnon n6mrnn AJIHHHOBOJIHOBOH rpaHHD;hI o6ycJIOBJI0Ha 

cnJILHhI111 paccemmeM aueprnn <l>oToaJieKTpoHaMn na orrTII'IeCKHX <Po· 
HOHaX. ,il;JIH IIOJIY'leHirn BhlCOKoro KBaHTOBOrO BhIXOAa <I>oT03MHCCHH 

BO nceii o6JiaCTII cneKTpa neo6XOAHMO 06ec11e'IHTb B03MOiKHOCTL Bbl• 
XOAa B BaKyyM He TOJlbKO ropli'IHX, HO ll T0pMaJill30BaHHhIX <I>oTO• 
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:l,TWl\TPOllOll. :ho o:m«iPT<IC'T, 'ITO ;),l[('J\TJl(lllllOC' qw:t<"TllO :10:1;1mo fii.tTh 
Clllli!Wl!O HaCTOJihKO, 'ITOOhl ypoBeIIb BaKypra m;a;:ia:1ca Ha O;\H0'.11 

yponnc c AIIOl\1 30Hl>I npOBOAHMOCTH IIJIH HJiiTW co' T. e. 1IT06LI 3JI0K

'I'p0II1I00 cpogcTBo oh1J10 uyJIOBLLM 11Jrn 0Tp111\aTeJ1LHLL\L Perna10~11ii 
mar n :lTOM nanpanJJen1111 OhTJT c,n:c.rrnn IU11po~1 11 nan .Tfaapm.c [ 1 I. 
I\OTOpi.10 u HlG5 r. coap,a.1m nep1rnii ¢o'l'oKaTOA c OTPllIWTCJILHhDI 

aJTeI\TpomihIM cpop;cTJ.10M (08C), 06JTap;a10~11ii BLICOKH:\I KnaHTOBhDI 
BLIXOAOi\I BO nceii o6JTaCTII cneKTpa BII.TIOTL ,TJ,O ,....,o.9 lUOL 

,Il;aJILHeiimne IICCJTCAOB<llllIH B :3'1'0111 HanpaBJleHUU np1rneJiu :n C03_'.la

HHID HOBoro KJTacca a<f><flel\THBHbIX tPOT03i\UITT8pOB - <f>oT03:\IIITTepoB 
c OTpuu;aTeJTbHbIM :3JI0I\Tp0Hllbll\I CpOACTBOi\I (08C), l\OTOphle o6Jia,TJ,aIOT 

peHOpAHOM 11ynCTBHT8JlbHOC'l'bIO B 06.rrncTir cneinpa BIT.10Tb ,!l;O ,!l;:JIIH 
IlOJlH t, t mm [2]. 13 1rncTOH11J,eii CTaTi.e GyneT paccMoTpeuo conpe

Meunoe COCTOHIIHO paapa6oTOI\ II llCCJieAOBaimii <IioTO::J~UITTepon c 03C. 

1. 01p11u,aTeJlbHoe 3JleKTpoHHoe cpOACTBO 
noeepxHoc111 nonynpoeoAH11Ka 

Ha nonepxuocTI1 <IioToa11rnTTepa, KaK n mouoro .n:pyroro Te.1a, cy~e
CTBJ'CT IlOTOIIIJ;IIaJihIIbIM 6ap1>ep' l\OTOphlll npenHTCTBYOT BhlXO.'.\Y 

n mu>yyM :JJlCHTponou. Ha puc. 1, a 11pl1Bene11a ::inepreTu'leCKaH 

CXCMa llOJTJ'TI pono;vnma p-Tll llH. OTp;rn;a 1011\a ll xa P<ll\Tl'flilhll' 'll'PTT·I 
aueprcT111rncrrni.'i CTpywryphI rnnpo1w 11crro:1i.ayl''.lthlX ;1lpljie:nTUBHhlX 

<IioTO:JMllTTepou. 3p;eci, x - :JJie1nponuoe cpogcrno, Ee, Ev - anepre

TH1rnc1rne IlOJIOil\emrn AHU 30Hhl npoBOAHMOCTH 11 BOpllil1IJLI ua.1eHTHOii 
30HJ.I COOTBCTCTBCHHO, EF - yponem, (I1eplm ( ll cu,1LHO .'IernpOBHH

HJ.IX no.11ynp0Bop;1urnax p-Tnna EF ~ Ev), cp - pa6oTa Bhlxo~a 
aJieKTpoua H3 TeJTa n BaKyy11r. 11srn6 aon n6.'1n3n nonepxuoCTn rro.1y

npoBOAHIII<a oTpamae'l' rraJTn1me n neM unyTpemrero npnnonepxuocT
uoro aJTeHTpuqecKoro ITOJIH H3-3a 3aKpemremrn yponua <Deplm nonepx

HOCTHLIMII COCTOHHHHMH. BhliiTn B naKyy~r MOI'YT TO.ibKO' «rOpH1III8» 
:=lJJOI>Tponr,r, T. c. TC :l.T!eRTpOI!hl. T\OTOphl(' rro;ioii;{fl n: IIOllf'pXHOCTI! 
coxpa1111.r111 :>lll'J>l'lllO, l\Ol"l'HTO'lllYIO )(.'Ill l1Jll'll;\0:11'llllH llllTl'lll\lta:thll\lro 
oapi.epa X· )~.r11111a !'BOOOJ\1101'0 ll(lllOl'l'a l'll(lH'lll\ ;1:1l'1'Tplll10ll II uo:1y
IIpOBOA1Ilmax 11raJra H o6hl'UIO no npcnhJIUHCT 100 A. llono:11y BhlllTll 

B BURYYM c1110ryT TOJTLI\O <IioTOC>JTOKTpOHhI, B036ya,,!l;eHHbI0 CBCTO'.II 
n nprmoBepxnocTnoi'1 06Jiacn1 noJTynponoAHIIKa 11a r.'1y6irne rropa,'.l:na 
100 A. B TO n>e npemr, rJTy6nua nor,'IOH~f'IITI.fl CBeTa B no.i:ynpono;:(11n-
1rnx no ~11101·0 pa:; 00J1 i,rno 100 A H np110.·111;i;at'Tr H n: ;noii Be.iII'llUIP 

TOJlhlW ll y.111>rpaqH10JlCTO. 13 po;iy.HLTHTl' h:llilllTOBhiii BLIXO~ pe3KO ua
p;aoT c J"BOJlll'J()IlJte/II LJ;.TlIIIlhl lJO.'lHhl II .'llllllh 1qa:rn OT nopora ljioTO

:n111cc1111 nocTuraeT GoJTLmux :m«i.Prem1i1 (pnc. L e. :Kp1rnaa 1 ). 
Cwryai\11H 1rnpennm11 06paao;11 II3MPHIITC H. C'C .'III naiin1 cnoco6 

yM011i.1u11Tr. BOJTJFmuy :1JleI<Tponnoro cpo;:i:crRa uacTo.11>Ko, 'ITOOhI 

ypo1w11i. IHll\YYlllH OI\a3aJ1ClI HH;.r,e p;ua 30HLI nponO)]JDIOCTII B 06ne:11e 

llOJI y11po1101111111\ a. CooTBCTCTnymn\aH :mopreT11'1ecKaH cxelia np1rne,'.le-

1111 1111 p11c.. 'l, 6. Teneph AJTH aJroKTpouon n 3one npono.::i:inrocTn IIOTeH-

1\ltllJI i.11 i.iii OHJ> i.up OTCJ'TCTnyeT H llhTHTII B BH:KYYll :l!OryT He TO.ihlW 
1'0Jll1 1lllll, )(() II 'l'Op~l<l.'LUaonaIIIJLIO ;)Jl()!\Tpo111.1. 1':1y6mrn BLIXO,'.ta Tl'p-
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I 

MaJIH30BaHHbIX 8JI8KTpOHOB pam~a .ri;mpcf>y3HOHHOH wnme ueoCIIOBllhlX 
HOCIITeJieii 3apH,n:a, I\OTOpaH COCTaBJIHeT .O:JIH IIOJiynpononmmon DCJIH
q1rny rropH,n:Ka MnKpoHa mm 6oJiee u rrpenhlmaeT rJ1y6n11y rror.1om;emrn 
CBeTa ,ri;ame B6JIH3H OT KpaH <J>yH,n:a11rnHTaJILHOrO IIOfJIOIIJ;81UUI. IloaTOMY 
H Te aJieKTpOHhl, KOTOpbie reHegnpyIOTCH CBeTOM B rJiy6IIne IIOJiynpo
BO)J;HIIKa, .n:ncpcpyH,n:npyH K rronepxnOCTII H 3aTel\I yrnopHHCb BIIyTpen
HHM npIIIIOBepX!IOCTHhlM aJieKTpnqeCKHM . IIOJieM, MOryT BblHTH 
n naKyyM. B pe3yJILTaTe nL1coKIIii: KBaHTOBhlii: BI>Ixo.n: peam13yeTCH 
rrpaKTIIqeCKH BO . nceii o6JiaCTiiI <J>oToqyBCTBHTeJILHOCTII 81\UITTepoB, 
cneKTpaJILHaH xapaRTepnCTHl\a Ol\a3LIBaeTCH rroqTn ropH30HTaJibHOH 
Ha BCeM CBOeM npOTJDI'8HHII (puc. 1, 6, RpIIBaH 2) H 8TO rrpHBO)J;HT 
K 60JibIDOMY BLIIIrp1>1my B ,!l;JinHHOBOJIHOBOH qyBCTBIITeJibHOCTH no 
cpaBHeHHIO c o6LiqHblMII <I>oTOl\~TO,n:aMn. TipII 3TOM .O:JIIIHHOBOJIHOBaH 
rpaHIIn;a coBna.n;aeT c Rpae111 <J>yH,n:a11rnHTaJII>Horo onTwrecRoro rrorJio
m;eHIIH II COOTBeTCTnyeT nmpnH~ 3arrpem;eHHOH 30Hbl IIOJJynpOBO,ll;HlI
Ka. B cpoToa111nTTej:>e c aHepre1'1PrecRoii: cTpyRTypoii:, nao6pan.;e11Hoii: 
Ha puc. 1, 6, yponeHh BaRyyMa' (T. e. rroTeHn;naJII>HaH anepnrn aJieK
TpoHa B BaKyy111e) Ol\a3hlBaeTCH ~lnl\e ,n:Ha 30Hhl rrpOBO,ll;HMOCTH B o6'be
Me IIOJiynpono,n:HHl\a. Tal\Hlll o6pa30M, MOiKHO ronopIITb 06 OTpH
n;aTeJihHOM 3JICl\TPOHHOM cpo.n;cTBe (03C). Tio,n:qepRHeM, 'ITO B .n:eii
CTBHTeJibHOCTH, J{aH :lTo noua:iano na puc. 1, 6, na no11opxnocn1 
IIOJiyrrpOBO,ll;HHHa ::>JlCl{TpOHIIOC cpo,n:CTHO IIOJI0'1\UTCJJ hHOC. J lo:JToMy 
npaBHJibHee ronopnTb, 'ITO B .n:anno111 cJiy11ae peamrnyeTCH a<J><J>eHTHB
Hoe oTpnn;aTeJII>uoe 3JJeI{Tpom10e cpo,!l;cTno Xaib<!>• OTMl"HlH :n1L111 ne
KOTopym yCJIOBHOCTb TaHoro qrrpe,n:eJieHHH. B naJII>HeiiIUeM C.JIOBO 
«acpcpeKTIIBHOe» .O:JIH KpaTKOCTH llfhl 11aCTO 6y,n:e111 orryc1rnT1>. 

Hampme n6m13n rronepxnoc~u <J>oTORaTO)J;OB c 03C o6Jiacm 1rnrn-
6a 30H IIpIIBO.O:IIT K PH.O:Y oco6eiiiHoCT8H nx pa60TbI, KOTOpbre CJie)J;yeT 
paccMoTpeTb rro.n;po611ee. Bo-ne~nhlx, ycJionne 03C 1110meT 6hITh pea
JIH30BaHo TOJibKO Ha IIOJiynpOBO)J;HIIKax p-Tnna, r;a;e 30Hhl II30rHyTLI 
BHH3. B rroJiynpono,n:HnKax n-T~na aHepreTnqecmrn 30Hhl n6Jm3n no
BepxHOCTH II30rHyThl BBepx, 'I,To OTpamaeT HaJIJI'IHe BHyTpeHHero 
aJ1eKTpH'Iec1rnro IIOJilI, TOp11I03fIIIJ;Cf0 aJieKTpOHhl, HHbll\IH CJIODa11m, 
B03lllll\HOl30IIUe ,!l;OilOJIHIITCJibHOto IlOTeHU,IIaJibHOro 6ap1>epa, l\OTOphlii 
npenHTCTByeT B1>1xo.ri;y n naKyy~r Tep11IaJIII30BaHHhlX aJieRTponon. Bo
BTOphlx, «pa3orpeB>> <fioTOaJieKTpOHOB B CHJibHOM BHyTpeHne111 npnrro
BepXHOCTHOM IIOJie o6ecrre'InBaer BhlXO)J; nx B BaRyy111, eCJIH OHII rrpn 
npoxom,n:eHnn o6Jrncrn: n3rn6a aoH He pacTpaTHT aHeprmo n He ony
CTR.TCR. nnme ypomrn BaRyyMa. ,!I,Jia :noro Heo6xo.n:n1110, ~IT06b1 .n:mrna 
CBo6o,n:Horo rrpo6era ropa'IHX aJleKTpOHOB 6hlJia 6oJibme, '!e111 nrnpuHa 
o6JiacTn n3rn6a 30H d. TiocJieivisrn: me orrpe,ri;eJiaeTCH Konn;e1upan,11eii: 
IIOHII30BaHHhlX npmrnceif Ni: 

( 
eVb )'/, 

d = 2neN i I ( 1) 

(a,ri;eCI> e - )J;H3JICl\TpH'I0CKa.JI DpOJIH~aeMOCTb IIOJiyrrpOIIOl(IIHirn, Vb -
BeJIII'IIIHa H3rn6a 30H, e - aap.JIA 3JI0KTpOHa). 0TCIO)J;a B03HHKaeT 
Tpe6oBaHue CIIJII>Horo Jiernpona1m11 noJiyrrpoBO)J;HHKa. Ilpanµ;a, yBe
Jmqeuue cTerreHn JiernpoBaHHR npHDOAHT :K yMeHLlllenuro .ri;ncpcpy311-
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()JIJIOll JVllllll1l lllllH'lllllllllol.~ lllH'll'l'(l,ill'ii :!HJJH~\1t JI 11 cn:1y 3T01'0 :11omeT 
ni.1:111111•1, llllJ\llllllll IWllll'l'OllOl'O 111.IXO]\a (I)O'l'O:l~IHCCHH. 0JITH.\IaJILIIaH 

lWJU\Oll'l'jJlll\1111 11pm1tw11 II 110.11y11pOBO)\lll11\0 oupe)];O.'UIOTCH KO:\IIIpo
MHCCOl\( l\101JIJ(.Y :1'1'11~111 1\llj'MH 'l'JlOOOll<lIIWL\111 11 OUhl'lUO JJ:.'IH 1.;pe:\IHIIH 
H apconnl(a r11.11J11111 cocTa11.11neT N; '"'"' 1018 -1019 c1c3 • 

Tamm ofipa aoM, /(JUI coa.n;amrn scpcpe1arrnHoro cporos:\mTrnpa 
c 08C lIOOOXOl(l111!0 l1CUOJII,30BaTb IIOJiyrrpoBo,n:mrn p-Tima c ;:(OCTa
TO'IHLil\I YPOlll!el\[ JWr11ponamrn If CHH3HTb ero pa6ory RJ.TX:o;:i:a Ta:n. 
'IT06bI ypoueu1> nauyy11rn OKaaa.TJCH HHine ,n:Ha 30Hhl npOBO.O:IBIOCTII 
B o6'bellre noJ1ynpoJJo,ri;nmw. Ban;no IIOIJ.'Iepm1yr1,, 'ITO Tmm:-.1 o6pa3oM 
MOif\HO HO TOJII,J\O pe3.l{Q IIOBblCHTb KBaHTOBbIH BbIXO)J; <J>oToa:-.mccnn 
no cpaBHCHHIO c' 06bI'IIIbil\IH cpOT03:\IIITTepa::un, HO II cym;eCTB0HHO 
rrpo,n:mrnyTI> ee KpacHyIO rpannn;y B .O:JIJIIIHOBOJIHODYIO . 06.'IaCTb 
cneKTpa. IlocKOJihKY pa6oTy BI>Ixo.n;a rro.rryrrpouo.n;rnmoB 11crro.1naye
MhI11III ceiI•rac MCTOAilMH l\IOil\IIO ClllI311Tb AO BO,llJPlllHLl lp = 1,0 aB, 
MOII-\HO paCC'UITLIBUTb Ha C03,n:aune scp<fiel\TIIDHbIX: <fioTO:nmTTe
pOB c .n;.rnumono.rrnonm{ rpamn\rn 'r~·11rT11nTr.·ri.11ocT11 nn:wn. .:lO 

u 

W/"j/'fl'r?'/&/q/'7-~ .. ) ?' 

Eu ;m&/,/$$,0///,.%/h// .. 0>~ 

,? 

WaF///fl'P'~@m!W;~h:-t-
11-ft:JtjJtjJ 
Tr £6aK 

F 

;:~m/7//1#17&//ii L 

1..~1.~ :\11-l.\I. 

IlepHLIH s<ficpeKTUBHhlH 
OaC-cpoToaMIITTep 6nr.1 co3-
1\a 11 Ill 111lt>~1 11 111111 ."lnapo~1 
1 l I 11a n1:11>110:1eruponau-
noM apceunne ran~na 

]J-'1'1111a (Ni--' 4·101!! c:-.C 3), 

CKOllOTOM ll ruepXBhlCOKOM 
l!ClRJ'J':IIe II IlOKphITO:\I )J;JIH 
cnn;1.;emrn pa6on1 Bhlx:o;:i;a 
.llIOHOaTO:\IHLnI C.'IOe:\I n;e3IIJI. 
)\.TJmmono:momrn rpamn~a 
cpOTO'IYDCTBIITeJILHOCTJI 'Ta
Irnro :nmTTcpa OM:rn pnnHa 
0,9 MK:II, 'ITO 110 8Heprmr 
q10Tonon coornercrnyeT mu-
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Pnc. 2. CneKTpaJibHble xapaK
TepIICTnKII 08C-ll>oToKaTOAOB II 
ll>OTOKaTOAOD OOWlHOrO Tlma: 
1 - GaAs [3, 4], 2 - InGaAsP 
[6], 3 - GalnAs [5], 4 -
CsNa2KSb [7], 5 - Ag-0-Cs 
[7] 

pnHe 3anpem;eHHoli 30Hhl apceHH]l;a raJIJIHH. MHTerpaJihHaJI 1IyncT
BHTeJihHOCTh COCTaBJIJIJia 500 MKA/JIM, T. e. npHM0pHO B]l;BOe Bhlme, 'IeM 
y J1y11mero Tpa]J;HIJ;IlOHHOrO MHOrom;eJIOlJHOro «PoT03MHTTepa. )l;aJih
Heiimee pa3BHTHe 08C-«Po1'oaMHTTepon CBJI3aHo c ABYMH cym;ecTBeHHhl
Mll yconepmeHCTBOBaHH.HMll TeXHOJIOrHH BX H3rOTOBJI0HB.H. Bo-nepnhlx, 
6IJJia np0]1;0MOHCTpllpOBa'aa B03MOIBHOCTb 6oJiee CllJibHOro CHHil\0HHH 
pa6oThI Bhlxo11:a rroJiyrrpdnoAHHirn a11:cop61weli IJ;03H.H n KHCJiopo11:a Ha 
llX nonepxHOCTH, 'ITO yKaaaJio nyTh C03]l;aHHH 08C-«PoT03MllTTepoB, 'IYB
CTBHT0JlhHbIX n 6oJiee ]l;JIHnaonoJIHOBoli 06J1acTH cneKTpa. Bo-nToph1x, 
6bIJIO IIOKa3aHO, 'ITO ]l;JIH peaJIH3aIJ;Hll ycJIOBHH 08C Heo6.H3aT0.'lhHO 
HCIIOJih30BaTh nonepxHOCTh CKOJia B cnepxn:r..1coKOM naKyyMe. Moilrno 

_peaJill30BaTh 08C Ha o6hl'IHhlM o6pa30M npHrOTOBJI0HHOH nonepx-
lIOCTlf noJiynpono11.mrna': c ]l;OIIOJIHlfT0JibHOH ee OlJHCTKOH rrporpeBOM 
B cnepxnhICOKOM naKyyM.e. aTOT pe3yJi.LTa'l' o·mp1>1J1 ll03Mo;1mocTL 
C03]l;aHHH 08C-«PoT03.l\IIITT0pOB Ha OCHOBe BhICOKOKa110CTD0HHhIX rroJiy
npOBO]l;HIIKOBhlX amITaKCHaJihHhlX cJioen c 6oJihmoii AJIHHOii ;a;II«l>«l>Y-
3IIII HeocHOBHhIX HocnTeJieli. B peayJihTaTe ycHJIH.HMH nccJiep;onaTe
Jieii no 11rnornx Jia6opaTop1rnx .l\mpa [2-6] 6J,m pa3pa6oTaH p.Hp; 
«PoToa11111TTepon, o6Jiap;arom;nx peKopAHhlMH napaMeTpaMII. CrreKTpaJih
Hhle xapaKTepHCTHKH TaKHX «PoT03MHTTepon rrp1rnep;eHhl Ha pnc. 2 
n:MeCTe c xapaKTepucT:dKaMll JIY1IIDHX o6hllJHhIX «PoT03MHTTepon -
:r.rnorom;eJIO'IHoro (CsNa~KSb) II Ag-0-Cs [71. Bnp;no, 'ITO GaAs 
08C-«PoT03l\IHTTep o6Jia):J;aeT HaUBhlCID0H 'IYBCTBIIT0JihHOCTbID B o6Jia
CTii crreKTpa BIIJIOTb ;a;o '0,9 MKM. Ilpn 3TOM ero HHTerpaJihHaJI 'lyB
CTilllT0JlhIIOCTb p;ocTHraeT 3200 MKA/JIM [52], 'ITO B 8 pa3 n:r..1me, 'IeM 
IIHTerpaJihHa.H 'IYBCTBIIT0JihHOCTb MHOrom;eJIO'IIIOl'O cPOT03.l\11ITTepa. 
B o6JraCTH crreKTpa 0, 9-1, 1 MKM 11:0 co3;a;aHHH 08C cym;ecTnonaJI 
TOJihKO o;a;1rn <IioToKaTop; - Ag-0-Cs. BeJIH'IHHa ero KBaHTonoro 
BhlXO]l;a B 3'f0H o6JiaCTH cneKTpa He npeBhimaeT ueCKOJibKHX p;ec.HThlX 
rrpoIJ;eHTa. Ha ocaone noJiyrrpono;a;HIIKOBhlX Tnepp;hlX pacTBopon 
GalnAs u l 11 GaAsP c IDHpnHoii aanpem;eHHoii 30HhI E g = 1, 17 aB 
B HaCTOflll\l.'(' HJICMH C03)J;aHhl 08C-«PoT03MHTT0phI, 06Jiap;a10m;ne Bhl
COKOH 'IYBCTBIITOJihHOCThIO BIIJIOTh 11:0 /.., = 1, 1 .l\IKM. Mx KnaHTOBhIH 
BblXOA Ha IJ;JIIIHe BOJIHbl ll3JIY110HllH H00]l;lll\IOBOrO Jiaaepa (A. = 
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= 1,06 l\IKllI) ;a;ocTuraeT, COOTDOTCTHOHHO, 3 H 9~o, a 3TO B ;a;ec.HTKH 
pa3 6oJihme, 'leM y Ag-0-Cs. 

Ilp1rne;a;e11u:r..ie pe3yJihTaThl IIOKa3:r..IBaIOT, 'ITO 3a cpaBHIIT0.'lbHO 
KOpOTKHH CpOI{ HOBLie 08C-<.IioT03lllHTTepLI uo nanmeihnuM napa~reT
paM yme rrpeB30IDJIH CBOHX rrpep;meCTBOHHIIKOB - Tpap;HIJ;HO~Hhle 
lf>oTOKaTOIJ;hI, C03)J;aBaBmIIeCJI .l\IHOl'U.l\IH: ;a;eCHTIIJI0TIIHllIII. 011:aaKO IDH
poKoe npaKTH'l0CKOe IICIIOJib30BaHIIe 08C-<f>oT03MIITTepoB OCTaeTCH 
em;e ]1;0JIOM 6y;a;ym;ero II IlOKa IIOA<lllJIHIOID;a.H 'HlCTb BanyyMHLIX <f>oTo-
3JI0KTpOHHhlX rrpH6opon 6a3HpyeTC.H Ha <f>oT03111lITTepax o6IJ'IHOro TIIIIa • 
8To CB.H3ano, Bo-nepBhIX, c 60JihIDeli CJIOIBHOCThIO lI H0)J;OCTaT01IHOH 
OTpa6oTaHHOCThIO T0XHOJiornn HOBblX 31\IHTTepoB, a BO-BTOphlX, c Te~1, 
'ITO MHOrHe norrpOCLI <fJII3HIUI H T0XIIOJIOl'IIII, onpe.n;e.'IHIOIIl;Ue <f>11311qe
CKYIO CTpyKTypy <f>oToKaTop;a, a TaKme CTa6IIJihHOCTb II BOCIIpOII3BO
;a;nMOCTb napa11rnTpOB 3TIIX 3MllTTepoB, OCTaIOTCH He.HCHhlMII mm ycTa
HOBJI0Hbl He ;a;o KOHI~a. HIIme 111:r..1 U3JIOII\IIM uenOTOpble ua aTux npo-
6JieM. OcnonHoe BHMMaHne y;a;eJieno nccJiep;onamrnM, n:nrnoJ1HeHHL1111 
B IlOCJie;a;Hue ro;a;Lr, 6oJI:r..mo:ii DKJia;a; B l\OTOpI.i:e 6LI."I BHeCeH Y'l0HLIMR 
MncTuTyTa pa;a;noTexmrnn n aJieKTpomrnu AH CCCP COBMecrno 
c c0Tpy11:mrna111n pHp;a oTpacJieBhlX 1:1 npOMhIIDJieHH:r..rx opraanaaIJ;nii:. 

2. BnHSIHHe repMHYec1<oj:i OYHCTKH noeepxHocr1-1 
nonynpoeO,qHHl<OBOro 3nHTaKCHallbHOro CJlOSI 
Ha ee cocrae 

Mhl yme yrro11muaJIH, •rTo nepexoA K ncno.11Laonanmo :JmtTaKc11a.11>nhlx 
cJioen ,n;Jrn 08C-<floToa.l\luTTepon, c;a;e.Tianumi:i pea.'IhHhlllt ux npalir11•1e
c1<oe npIIM0H0HHe, CTaJI B03l\IO/KHhI!II IIOCJie Toro, KaK 6:nrJia AOKaaaua 
B03MO}KHOCTh T0p.l\!I1'10CKO:ii O'IHCTKU rronepxnocTn 3TIIX CJI00B nepe.n; 
Ul\'fH!Hll~IJOii.. 

Tpe6onamrn K 'IHCTOTe nonepxnocTn IJ;JIH 08C-4>pTGa11mTrepoa 
B0ChMa BbICOKH. ,D;ocTaTOlJHO yKa3aTh, 'ITO p;ame H0CKO.'lhKO ]1;0CHThIX 
p;oJieii 11ronoaTOMHoro CJIOJI yrJiepop;a Ha nonepxnoCTH GaAs .n;ocTa
TO'IHO ]l;JIH cyIIJ;eCTB0HHOro CHI:lil\0HHH 'IYBCTBHT0JibHOCTll 08C-lf>oro-
3MHTTepa, a IlOJIHblH .l\IOHOCJIOH yrJiepo11:a CBOAlIT 'IYBCTBHT0JihHOCTb 
K Hymo [81. Ho 1rnK pa3 yrJiepop; .HBJI.HeTc.H Han60.1ee TPYAHO y;a;a::m
Mo:ii npnMec:r..10, n IJ;JIJI Toro, 'IT06l>l no.JJy<II!Th cno6op;Hy10 OT Hero no
nepxHocTD, neo6xo;a;II1110 (ne ronop.H o p;pyrnx 11repax) nporpenarh CJioii 
B cnepXBhlCOKOM BaKyy111e np1:1 Tel\mepaType, 6.T.II13KOH K Te11mepaType 
pa3Jio;rrnnnH ca11roro rroJiynpono;a;mrna. 3ana•rn na HerrpocTaH, oco-
6e1rno .U:JIJI TBep]J;I.IX pacTnopon GainAs 11 InGaAsP, y KOTop:r..rx no
HIImeuuaH no cpanueH1:110 c GaAs TepMn'IecHa.H ycTOii'IHBOCTh. Tex
HOJiornH «PoT03111IITT0pOB Ha OCHOBe 3TIIX CJIOeB Tpe6yeT BhlCOKOll TO'l
HOCTH B co6mo11:enuu To:miepaTypuoro u npeMeHHoro pemu1110B, a TaK
iKe KOHTPOJIH pe3yJihTaTon no On..:e-cneKTpa11I. 

Ha puc. 3 npnne;a;en Oiirn-cneKTp rronepxHOCTII GalnAs c.'IOJI 
(cneKTp 1) nocJie Tep11nPrecKoii O'IHCTKII npu T = 600° C B Te'Ieuue 
5 MIIII [9]. B11p;no, 'ITO nocJie Ta1rnii o6pa6oTKII Kom111ecTno yr.i:epo.n;a 
Ha nonepxnocn1 He npenumaeT 5% 11ronoc.TIO.H. JJ:.'IH c.10JI InGaAsP 
nporpona 11 TO'remre 5 11urn npu T = 470° C p;ocraTO'IHO p;.1111 rrpaKTII-
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'l:J:0CKl:I IlOJIHOro y;a;aJI0HIUI c no~epXHOCTH BC0X npHM0C0H, B.KJIIO'IQJI 
yrJiepo;a; (puc. 4) [10]. IlnTepecno, 'ITO caM npon;ecc naMepeHHH Ome
cnei<TpOB, B xo;a;e KOTOporo IlOB0pXHOCTb 06Jiy11aeTCH ny'IKOM 3JI0K
TpOHOB, B.7IHH0T na xo;a; repMH'l0yKO:ii O'IHCTKH. EcJIH B3HTb ;IJ;Ba u;a;en-

· rn11Hb!X o6paan;a InGaAsP, Ha o;a;HoM 11a Hux 11aMepHTb OiI<e-cneKTp, 
a· aaTeM o6a o6paan;a no;a;neprnyTh TepMH'lecKo:ii o6pa6oTHe, rrocne 
11ero DHOBb 11aMepHTb O:me-cneKTPhl yme Ha o6onx oopaal\ax, To o.Ka
aLIBaeTcH, 'ITO Ha npe;a;Bap11Te.7I~HO H3MepeHHOM o6paan;e KOJIH'leCTBO 
yrJI0PO,J:\a Ha IlOB0pXHOCTH IlO'ITi' He H3M0HH0TCH, B TO BpeMH KaK Ha 
nonepxHOCTH ;a;pyroro o6paan;a, He no;a;BepraBmeroc11 ;a;o O'lllCTKll 
o6Jiyq0HHIO 3JI0KTpoHa?tJH, yrJiepo;a; He 06Hapym11BaeTCH. 8cpcp0KT 
«3aKpenJieHllH» yrJiepci;a;a Ha IlOI~epXHOCTH CJI00B npll 6oM6ap;a;llpOBK0 
nx 3Jl0KTpOHHhlM ny'IKOM CBH3aH; IlO-Bll;IJ;IIMOMY' c paapymeHneM MOJie
KYJI oKncn yrJiepo;a;a ll yrneBo;a;bpo;a;oB (KoTophle nerKo ncnapHIOTCH 
np11 TepMoo6pa6oTKe) ll c o6paaoBaHneM aToMapHoro yrJiepo;a;a, 
CIIJILHO CBH3aHHOro c noBepxHo'CTblO (11]. 8TOT peayJibTaT, B qacT
HOCTH, yKa3hlBaeT Ha Heo6XOAHMOCTb Tm;aT0JibHO npe;a;ox:paHHTL 
IlOBepxHOCTII CJI00B OT aarpH3H0HHH aTOMapHbIM yrJiepo;a;oM, B oco6eH
HOCTH np11 OTiKIIre IICCJI0;IJ;OB8T0JlbCKOH KaMepLI, 0CJIH B Heii Ha
XO;D;IITCH o6paaen;. 

,D;pyro:ii a<P<PeKT' B03HHKaiqm;H:ii npl:I T0pMH'l0CKOH o6pa6oTK" 
CJI00B, COCTOIIT B ll3M0H0Hllll CO~THOIII0HIIH KOMilOH0HT B npHilOB0p:li • 
HOCTHO:ii o6JiaCTII TB0p}\oro paci'Bopa, COCT8BJIHIOm;ero CJIOll [9, 10). 
8ToT a<P<PeKT ;IJ;JIH anHTaKcHaJiblihlX CJIOeB Ga1-:xln:xAs HJIJIIOCTpH
pyeTCH Ome-cneKTpaMn, npnBe;a;eHHhlMII Ha puc. 31 .. 06'beMHaH 
aTOMHaH KOHD;eHTpan;1rn HHAHH !B cJioe Ga1-:xln:xAs npu x = 0,18 
paBHa 9 % (BeJIH'IJIHa x yKa3hlBi;t0T ;IJ;OJIIO IIH;IJ;IIH B COCTane 3JI0M0HTOB 
III rpynnhl, Bxo;a;11m;1Ix B TBep;a;hlil: pacTBop). B TO me npeM11: KOH
n;eHTpan;JIH IIH;D;llfl Ha nonepXHOCTII CJIOH llOCJI0 TepMH'leCKOH O'lllCTKll 
COCTaBJIH0T 2% (pnc. 3, cneKTp ~). TaKJIM o6paaoM, 0111ICTKa nonepx
lioCTH CJIOH nporpeBOM npll f = 600°C IlplIBO;D;lIT K 060;IJ;H0HIIIO 
noBepxHOCTII IIH;IJ;IIeM npuMepuo: n 4,5 paaa. f Jiy6JIHa 06JiacT11 o6e;a;
H0HIIH ·onpe;a;eJieHa MeTo;a;oM HOHHoro TpanJieHnH. Ona oKaaaJiaCL 
paBHo:ii ,...,50 A [9]. ,D;aJiee aTOT ~e CJioii no;a;BepraJicH ;a;ByxcTa;a;nii:Hoii 
aKTHBan;nn [ 11], npol\Ieif\YTO'IHhlMII aTanaMH KOTOpo:ii HBJUIIOTCH 
o6pa6oTKa CJIOH n;eaneM II KncJlopo;a;oM n nporpen npn T = 500° C. 
Ome-cneKTP 2 pIIc. 3 noKaahlnaeT, 11To TaKoii nporpen npu HaJIH'IHH 
Ha nonepxHOCTII n;ea11a II KHCJiopo;a;a yneJIJI'IJIBaeT n;a;noe (;a;o 4 % ) 
ROHn;enTpan;nro un;a;na. B nocJle;a;Hnx aKcnep1rneHTax HaM y;a;aJIOCb 
;D;OBeCTII KOHD;0HTpan;HIO lIH;D;HH. B npnnonepXHOCTHOH o6JiaCTll C.7IOH 
p;o 7 % . IIonepxHOCTb o6oram;a~TCH nH;a;neM aa c110T ;a;n<P<PyaIIH ero 
na o6'1>eMa, a 1Icnape1rne ero B naKyyM aaTpy;a;neHo cJioeM Cs - 0. 
TaKHM o6paaoM, oKaahlnaeTCH, 11To npn TepMn11ecK0Il: O'IIICTKe npoHc
XOAHT 1l8CTII111100 paaJIOiK0HHe npnnonepxHOCTHOro CJIOH TBep;a;oro 
pacTnopa GalnAs c ncnapenHeM IIH;IJ;HH n 'ITO aToT npon;ecc aaMeTHO 
38M0,t\JIH0TCH npn HaHeceHIIII Ha, CJIOH . aKTHBIIpyrom;ero noKphlTIIH 

1 Ha puc. 3 npmie11,eHhI IIaHopaMHhle Ome-cIIeKTphl. ~Jur KoJrnqecTBeHHoro 
8B&JIH88 J<BiKJJ;hlll IllIK CHIIMRJICH Ilpll M0)J;Jl0BBOH paaBepTKe, o6ecIIeqmiaro~eii: 
OTBOUICDH9 CllrBaJI/myM He MeHee • 20. 
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P11c. 3. OmeccIIeKTpbI IIOBepxuocTu llIIIITaKc1rnm,uoro cJio.11 GainAs 

1 - oopaae11 oqull(CH nporpenoM npn T = 600° C; 2 - oopaae1.1 noc:1e oqncTlm Ul>TIIPOBaH 
~ea11eM II lllICJIOPOAOM 11 BHOBb nporpeT npn T = 500° c 
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Puc. 4. Ome-cneKTpLl 
InGaAsP-<l>oToKaToJJ;a AO (I) 
II llOCJ!O (2) 0'111CTRII nporpe-
BOM B BaKyyMe. 11.ncl>pl>l Ba)J; 
Ome-mrnaMu COOTBeTCTBYIOT 
KOH~OHTpa~Hll 11,aHHOfO llJie-
MeHTa Ha nonepxHOCTII 
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Pnc. 5. lfaMeno11110 aMnJIHTYAhl Ome-mrnos In u P Ha nosepxuocTn IuGaAsP 
cpoTOKRTOAOB D XOAO HOill!Oro TpaBJIOllllH 
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113 n;e3HH H KHCJiopo,o;a, KOTOpoe caMO no ce6e ClJHTaJIOCb HaHMeHee 
ycToii'IHBbTM K nporpeBy. 'Y:r.ieHbIIIeHne Ko11u,e11Tpan.nII HHAHH y 
noBepXHOCTII CJIOH HemeJiaTeJibHO, TaK KaK npHBO;ll;llT R yMeHbIIIe
HHIO 'IYBCTBllTeJibHOCTH cpoToaMllTTepa. Pa3HIIn,a B 11yBCTBHTeJ1bHOCTH 
CJIOeB c n OBepXHOCTHOH KOHU,0HTpan.11eii HHAHH 2 ll, 4 % COCTaBJIHeT 
30-50%. IlpII TepMHlJ0CKOH O'lllCTKe noJiynpoBOAHHKOBhlX anIITa:KCll
_aJII>llLIX CJJocu InGnAsP (T = 470°C) Tairnrn npo1H~xo1v1T ll3MCHCirne 

cocTaBa np11noBepxHOCTHoii o6JiaCTH cJIOH [101. B aTOM cJiyqae noBepx
BOCTb o6e;ri;HseTCH cpoccf>opoM. RaK BllAHO 113 cneKTpa 2 pnc. 4, KOH
n;eHTpall,HH cf>occf>opa Ha noBepXHOCTll CJIOH nocJie nporpeBa COCTaB
JIHeT 20 % ' 'ITO nO'ITlI BABOe MeHbIIIe o6'heMHOH KOHU,0HTpan;mI 
(37 % ). f Jiy6nHa o6JiaCTH o6e,o;HeHllH B 8TOM CJiyqae COCTaBJIHeT 
~ 100 A. Ha pnc. 5 np11'Be,o;eHhl 3aBHCllMOCTH aMTIJIHTYA Ome-nHKOB 
nHAllH n cpoccpopa OT Bpe:r.ieHn TpaBJieH11H o6paau,a noHaMH aproHa 
npn BeJIH'IHHe noHHoro TOKa I = 9 MKA/cM2 • EcJIH c11nTaTb c1wpocT1> 
TpaBJI0HllH B aTHX. aKcnepnMeHTaX noCTOHHHOH, TO OHH OTpamaroT 
npocpn:Jib pacnpe,o;eJiemrn Ha3BaHHhlX aJieMeHTOB no TOJIIll,HHe cJIOH. 

MexaHH3M BJillHHHH : cocTaBa noBepxHOCTH Ha acpcpeKTHBHOCTh 
0:3C-<PoToKaTo.n.on .n.o KQm\a neaceH, no ocnonnan npr11rnna coc
TORT' nO-BHAIIMOMY' B o6paaoBaHHll B npnnoBepXHOCTHOH o6JiaCTH 
60JibIIIOI'O 'lHCJia ;ri;ecf>eKTOB, yneJIH'lliliaIOill,HX paccomrno <J>oTO:JJIOI<T
poHOB. Ha noBepxHOCTH CJIOH 06pa3yeTCH nonynpoBOAHHKOBhlii 
TBep,o;hlii paCTBOP ,o;pyroro COCTaBa, c ,o;pyroii noCTOHHHOH perneTKH. 
B cJiyqae GalnAs naMeHeHne nocTOHHHoii pemeTKH na rny6nHhl 
CJIOH K noBepxHOCTH cocTaBJIHeT 0,06 A, 'ITQ cooTBeTCTByeT rpa
,o;neHTY nocTOHHHoii pemeTKH 10 A/MKM. TaKoiI rp a~:ueHT ,o;onmeH 
npnBeCTH K o6pa3oBaHillj) 60JlbllIOI'O KOJIH'leCTBa ,o;e<.fie.KTOB. 'YBeJIH
'10HHe noBepxHOCTHoiI KOHn;eHTpan;nn HHABH (c111. pnc. 3) npm:io,o;nr 
K yMeHLmeH11ro KOHD;eHTpan.11n ,o;ecpeKTOB n Telll caMhIM yBeJ1H1JHBaer 
KBaHTOBhlH BhlXOA cpoT08MllCCllll. 

B 3aKJII01JeH11e aToro pa3,o;eJia OTMeTnM, 'ITO aTOMHo 'lllCTaH noBepx
HOCTb nonynpoBOAHJIKa MOiHeT 6hlTb nony'leHa TaKme nocpe,o;CTBOM 
6oM6ap,o;npoBKH CJIOH ny1JKOM HOHOB aproHa c aHeprneiI HeCKOJlbKO 
COT aJleKTpOH-BOJlbT H ee OTiHHrOM npn nOBhlllieHHOH TeMnepaType' 
AJIH ycTpaHeHHH ,o;ecpeK~OB. 0,o;HaKo B cnytJ:ae cpoToaMHTTepoB c 
03C aTOT l\IeTOA npaKT11'10CKll He ncnOJlb3Y0TCH. qyBCTBllTeJibHOCTb 
GaAs-cpoToaMHTTepoB, uaroTOBJieHHhlX MeTo,o;oM noHnoiI OlJHCTKll 
[12], Hnme, 'leM npu Tep11rn'!eCKOH 01IHCTKe, a cpOT08MHTTephl Ha oc
HOBe TBep,o;hlx pacTBopoB GalnAs n InGaAsP Boo6m;e ne 111oryr 
6hlTb H3l'OTOBJleHhl aTHM l\IeTO,ll;OM. Ilo-BH.IJ.HMOMy, ny110K 6hlCTpbIX 
HOHOB aproHa BHOCHT CJIBllIKOM MHOI'O ,o;ecpeKTOB B npnnoBepXHOCTHYIO 
o6JiaCTb nonynpOBOAHHKa, KOTOphle ,o;aJleKO He noJIHOCTbIO HC'le3aIOT 
npn OTil\lll'e Il npenHTCTBYIOT BhlXOAY cpOTOaJleKTpOHOB B BaKyyM. 

3. MexaHM3M ai.1x0Aa cpoTo3neKTpOHOB e eaKyyM 

IlepBMe peayJI1>TaThl nccJie,o;oBaHHH 0:3C-cpoToaM11TTepoB [1) YKJia
AhIBanncb B npocT,eiimyro Mo,o;eJib, on11caHHyro Bhlrne. Ho ,o;aJibHeiirnne 
nccJie,o;oBaHnH Bhl1IBIIJIII pHA cpaKTopoB, KOTOphle noTpe60BaJ1H pa3-
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DHTHH H yTo•rnomrn :>Toii Mone.1111. BMno oGnapya\eno, lJTO BblCOKnii 
HDUIITODidH 111.IXO)l; llUJIH311 nopora <pOTO:lMHCCIIU (20-30 % ) y,o;aeTCH 
nOJIY'lHTl> TOJIT,J(Q n <f>oTOI(llTOl~HX c )l;OCTaT01IlIO 00.'IbilIOII mupnno:ii: 
aanpelll,cnnoii 30llbl (Ei: > 1,;{ :>B), 11anp1L\1Cp, B GaAs-<PoTOI\aTO
Aax. B <i>oToaMHTTcpax na ocnone nonynpononnnl\onhlx TBep;i;hlx 
pacTnopon Ga I nAs, I nAsP, l n GaAsP c nmpnno:ii: aanpelll,enuoi'1 
ao11r.r R,1 ~1,1-·-1,1!i :1H 1rna11To111Jii 11i.1xon 01rn:11,1111H'1TH :111a'111-

TeJ1b110 MCHblUUM u lie upcllhllllHCT HCCJ\UJlbl\UX upou.enTOB, XOTH 
ycJioB11e 08C AJIH ,o;aun1>1x <fioToKaTOAOB TaKme peamrnyeTCH 
( cp ;:;::; 1 aB) [2]. ,ll;ns 06'h11CHen11H amx <fiaKTOB B pH,o;e pa6oT 6M;io 
BbICKaaano npe,o;noJIOiHCHHe, lJTO Ha nonepxHOCTII <fioToKaTOAOB 
c 03C cylll,eCTByeT npoMemyTO'IIlbIH noTCHU,HaJlbHblll 6apbep BbICOTOIT 
cpb = 1,2 - 1,25 aB. Ecnn mupmrn 3anpen~ennoii aonhl E~ 60."11>IDP, 
11eM BhICOTa aToro 6ap1>epa, KaK B cny11ae GaAs-cpoToKaTorioB, <PoTo
aJieKTponhI BhIXO,nHT B naRyyM ua,o; 6ap1>epoM H IlOC.'ICAHIIH ge OKa-
3hlBaeT aaMeTnoro nJIUHHHH Ha a<f><PeKTunnocTb <PoTo:nrnccuu. 
B cJiy'lae cfloToRaTo;ri;on na ocnone ysRoaoHHhlX noJiynpoBo.nn11Ron 
c11Tyau,1rn conepmemrn 1masi. Ecnu E g < cpb, TO anepnrn Sl1IITTII
pyo111r.n q10'ro:rnmnponon OHa:i1.11rnoTcrr ll!Om.mc 111>1con,r oilpJ,epa, 
KOTOpblM nperrHTCTByeT HX BbTXO,D.Y B BaKyy111 II pe3KO orpaHJJ'lIIBaeT 
JICJlll 'l ll ll y l\llllllTOBOl'O llhl x OJ\11 1\1on>:ll\lllCCllll. u pu:JULIX puoorux 

npennaraJ1Hc1> pa3mnrnhle 1110,o;enn npolrea<yT011uoro 6ap1>epa 
[2, 5, 13], npwreM n pH:,o;e paCioT rrpe,o;rronaraeTca, 'ITO 6ap1>ep noJiy
npoapa11en AJIH aJieKTponon [5, 131. 06Ill,eii ,n.TIH Bcex nux :uo,ne.'Ieii 
HBJIHOTCH ll,ll.OH, 'ITO B cpOTOKaTo,o;ax c 08C Ha OCHOBe Y3K030HHbIX 
noJiyrrpono.n;mrnon 3MHCCHH B IlllRYYM orpann11nnaCTCH He TOJibl\O 
B0JIH'IHIIO:ii pauOTl>I BhlXO,D.a, no II rrpOliea\yTO'IHhnI 6apbepo:11. 

,ll;na nponepKII aT1:1x rrpencrnnnennn Halm 61>mn npoBe;i;eHhl 
HCCJICAOBaHHH 3aBIICllllIOCTll KBaHTOBOI'O BbIXOAa cpoTo:nmccnn OT 
nenM•mnu ;-icpcpe1nnnnoro a;rreHTponuoro q10,n;cTna ~:u1 1PoTol\aTo;i;on 
c paaHoii: mnpnnoil: aarrpelll,ennoii aonhl. CpaBHnBaT1> <PoToaltllTTepw 
c 08C, 06Jia,n;aIOill,He paaJ1HlJHh111m 06'he11rn1>nm cBoiicTBal1U (mn
pnHa 3anpemenHoii aon1>1 Eg, ,o;mpcflyaHoHHaH ,o;mrna L n ,o;p.), y;:to6Ho, 
BBOAH Benn11nny B - BepoHTHOCTh Bhixo,o;a cpoTOaJieKTpOHOB B 
BaKyyM, T. e. BeponTHOCTh npoxom.n;emrn ::ineKTpona tJ:epea 06."IaCTb 
narn6a 3011 11 11i.1xo,D.a B B1rnyy111. 1(3 npocToii rnopuu [2] c."Ie;i;yeT, 
'ITO ecnn a n R - I\oa<f>cflmlHC11Ti.1 rrorJioru,emrn CBeTa n oTpamenns 
ero OT nonepxnocn1, L - .u,mp<fiyanonnaH ;u.'Inna, To 1rnaHTOB1>1ii 
BbIXOA 

y = (1-Jl)B (2) 
1+1/a.L · 

Ha pnc. G np1111onu11i.1 pl'ay.111iTaT1.1 uccm:J.u,onamrn 3aB11c1n10cTII 
BepOHTJIOCTll 111.IX01\ll 1}10'1'0:1,llt'l('l'pOIIOll /I ll3 r-:\lllllllll)'lla 30Hhl 
nponon1111rncT11 /VIII 1Jw·1·o:iM11·1·n•po11 l' O:JC, ua ocno11e GaAs II 
Ga1-xlnxA8 (:c "--" 0,1 Jt J' .,_, 0,18, Nn ~ 1·1019 oC3) [14). illu
pmrn annpOlllOllllOit 30llltl :1T11x •IHITOl\l\TO,!l;Oll pnnua 1,43; 1,28 II 
1,17 all COOTllO'l'C'fUOllllO, l\111e 11111\110 113 pncym.;a, aaBIICIIltOCTb 
B ( 'Xn4t1I•) OJUHll\Jll\Ch y111111opcn.111>11of1 ll·'' H 08C-1poTO<nmTTepoB pa3-

205 

,, 

! 

f 

; ~ 

l 
l 

n 
1l 

·] 
ll 
•• t1 



I 

t· 
~ ,,, 

. ,// 

/{/_,.\ ~ J 

ID-... 1- , ! r i ,. .... . I t_ \ 
=2 I '' .. \ \ 

/D-Jk !~ ~ I I \\.7 
o I \\ 

t 
1

. ~ I ,, 
I I '' 

2 I I ¥'"-' 
/D-~l [ill I \' ~'l I \\ 
1.ijl I I I '', 

.l I I' ' ' I ...... _ ..... ....._ 

2 .Z,f 
&,Jfl 

{/,/ ! !l,i 
X,J8 

I 1,.7 -4¥ -f!,.J -11,2 -!I,! ti 

Pnc. 6. 3aBRCHMOCTb BepoaTHOCTH: BblXOAa cpoToaneKTpoHOB B OT aneKTpoHnoro 
cpOJ\CTBa AJIH GaAs u GalnAs cf>oToKaTOAOB 
l - GaAs; 2 - Ga,,,In 0,,As; 3 - Ga~,11In,,.,As 
Puc. 7. CneKTpbl cpoToaneKTpOHOB, aMHTTHpOBaHHhlX ¢0To1mToµ,oA1 c O:JC. 
CneKTpbl HOpMnpoBaHbl Ha qncn,o naAalOilJ,HX cpOTOHOB 

.l - hv = 1,38 aB; 2 - hv = 1,48 aB; aj-hv = 2,22 aB; 4 -hv = 2,59 aB; 5 - hv = 3,1 aB 
I . 

I u u u 

noro COCTaBa, T. e. c paaml'IHOH mHpHHOH aanpem;eHHOH 30Hbl. 
8TOT 3KCIIepHMeHTaJibHbIH peayJibTaT npOTHBOpe'IHT MO,n;eJIH npoMe· 
myTO'IHOfO 6apbepa. ,Il;eiicTBHTeJibHO, corJiaCHO 3TOH 1110,n;eJIH aaBH
Clll\IOCTb B (Xaqiqi) ,n;om1ma 6LITb coBepmeaao paaJIH'IHOH ,n;m1 lfioTo
KaTo,n;oB c MaJIOH nmpHHOH aanpem;eHHOH 30Hbl (Eg < cpb), Kor,n;a 

. .PoT03111HCCHll orpaHll'IHBaeTCll BbICOTOH 6apbepa, H lfioTOKaTO,Il;OB 
c 6oJibmoii neJIH'IIIHOH Eg, 1wr;o.a npoMemyTo'IHLIH 6apbep ue BJIHHeT 
na <I>oTO::JMHCCHlO. 

Ha pnc. 6 TaKme BH,n;Ho,, 11To npn Xail>it> = 0 BepoaTHOCTb BLixo,n;a 
011eHb Mana (B ~ 1 %). Oa~ noapacTaeT ,n;o 10% H 6onee TOJibKO 
npn aHa'IHTeJibHOM CHIIil\eHHH ypoBHll BaKyyMa OTHOCIITeJibHO ,n;Ha 
aoHLI npono,n;II1110cTH n o6'LeMe (Eg - qi = I x.aiPI!> I ~ 0,2 aB). 
TaKHM o6paao:M, ;a;na ;a;ocTnmeHIIH nLICOKoro KnaHTOBoro nLixo;a;a 
(20-30 % ) ue;a;ocTaTO'IHO peaJIH30BaTb ycJIOBHll HyJieBoro HJIH 
ne60JibIDOf0 OTpnu;aTeJibHOrO alfilfieKTHBHOfO aJieKTpOHHOrO cpo,n;cTBa. 
Heo6xo,n;mrn, 11To6LI neJIH~HHa x.ailiil> 6LIJrn ;a;ocTaT011ao 6onbmoii 

(I Xait><!il ~ 0,2 - 0,3 aB). Ilp:µ111rna TaKoro IIOBe,n;eHHll 08C-lfioT03MHT
Tepon cTaJia acaoft nocne uccne,n;onanna aaepreTn11ecKHX cneKTpoB 
<PoroaJieKTpOIIOB ,Il;Jlll aTIIX 4JoT03MHTTepoB. 8HepreTII'leCKH0 CII0KTPLI 
.PoTOJJieKTpoHoB ,n;na GaAs-lfioToKaTo,n;oB c 08C (Ni ::::::: 5·10

18 
CM-

3
) 

np1rne,n;eHLI Ha pnc. 7 [151. Ilpn MaJILIX anepr1rnx lfioTOHOB B aTHX 
cneKTpax npoHBJilleTCll 0,Il;HH llHK, COOTB0TCTBYIOill;llR aMHCCHll Ha 
r-11rnmu.1yi.rn 30Hhl npOBO,Il;HMOCTH. BepmHHa IIHKa B OTCYTCTBH0 
noTepb aHeprnu aJieKTpoHaMH 11 o6JiaCTII 11arn6a aoH ,n;onmHa 6LIJia 
6bl coBnacTb c ,n;IIOM aoHLI npoBo,n;HMOCTH (Eg = 1,43 aB ,n;m1 GaAs) 

(CM. pHC. 1, 6). <I>a1<TH110c1rn llW nop111111rn mum ;rnepreTn•iec:noro 
pacnpe,n;enemrn nemur npu a11eprn11 ~'. 1 ,. · 1,:{ :iB 0Tnoc1ITe.11>110 
Bepxa naJieHrnoii aonhl, T. e. cnB1111yT11 n oonacT1, ~wn1>mnx :rneprnii 
Ha BeJIH'IIIHY liEr = 0,13 ail. 8ToT CAIJllI' 11a lpoTO::i.11e:nTpOHHOlI 
cneKTpe He CBH3aH c yMeHbllleHHeM IIIHpHHhI aanpem;eHHOR 30Hhl 
Ha-aa CHJlbHOTO JiernpoBamrn HCIIOJihaye:l\IOfO IIOJIYIIPOBO,Il;HIIKa. 
Hccne,n;oBaHHH 1rnTo,n;oJI10i.rnHecu;emi;mr Ha aaaJiorn11HhIX MarnpnaJ1ax 
(GaAs, Ni ;;:::::; 1019 CJ\C3) noHaaaJin, 'ITO ::iHepnrn Tep~ramrnoBaHHI.IX 
aJieKTpOIIOB B 30He npOBO,Il;HMOCTH OTHOCHTeJibHO Bepxa BaJieHTIIOH 
30Hhl COCTaBJIHeT 1,42 aB [ 16]. 

IlpH yneJIII'leHHH aHeprHH tPOTOHOB ~a cneKTpe IIOCTeneHHO 
Ha'IHHaeT npoHBJlllTbCll BTOpoii: mm, COOTBeTCTBYIOIIJ;IIIl BhlXony 
lfioToaJieKTpoHoB na L MHHm1y11rn aoHhI npono,n;IIMOCTII GaAs. Bep
llIHHa aroro nnKa JienmT np11 aaepruu e2 = 1,5 aB OTHOCIITe:rbHO 
Bepxa BaJieHTHOH 30HhI, T. e. TaHme C,Il;BIIHyTa OTHOCIITeJibHO uanecT
Horo noJio;HeHnH ;a;Ha L 11rnHHMYJ\Ia n o6'hel\re noJiynpononHu:na 
EL . 1, 74 aB n CTopoay MeHblllllX aHeprnil n aTOT c,n;Bnr cocTaB.'lHeT 
AEL = 0,24 aB. C,n;nuru tJ.Er H AEL cooTnercrnyIOT cpe,n;Heii noTepe 
3Heprun aMHTTHponaHHr.mn aJie1npoHaMII np:n npoxoa;JJ;eHim ooJiaCTJI 
narn6a aoH. IlOTepII aHeprm1 ropH'IIIMII aJieKTpoHaMH n L -J\IIIHH
MyMe ao11i.1 upo11on11MocT11 r.n11:ia11i.1 c. parrl'111111p~1 11t1 ~ll'n;;~o:1111111i.1x 

OllTH'IeCKHX lpOHOHax (nffio;;:::::; 0,03. aB). ,Il;mma CBOOOJJ;HOl'O npo6era 
aJ1eKrpoHon n aroM cJiy'Iae cocTanmreT ;;:::::;40 A [15], T. e. lieHhme 
IIIHpHHhI o6JiaCTH narn6a 30H, Tai\ 'ITO yme npll O,Il;HOKpaTHOJ\I npo
xom,n;eHHII o6JiaCTlI Il3l'H6a 30H tPOTOaJieKTpOHhI TepHIOT 3alreTHYIO 
)l;OJIIO CBoeii aneprun. 

liHaH CHTyau;n11 nMeeT 11recTo npn npoxoil\,n;emm o6JiaCTII narII6a 
30H tPOTOaJie1nponaJ\UI, IIaXOJi:HIU.lnlllCH II f-:.\llllUIMpie 301Ihl npono
,Il;llMOCTH. OcnonHhIM MexamrnMOJ\I pacceHHIIH ropH•mx aJie:nrpoHoB 
B f-MHHHMyMe GaAs npn yMepeunoM yponue .nernponamrn ~p ~ 
~ ,') · 1017 

Cl\1-:
1) JI llJlllClTCH .naan~JOJWiic.Tlllll' c ll(),TIJlllllhn111 OllTll'll'\'-

1\llMH (!>01101111~111. Co1'.11:H·.110 117---··l!ll npl'MH pl'.•ta1;ca1~1111 :i11l'pr1111 

aJieKTpOHOll np11 ll:lHHMOJI.OiicT!lllll c OllTll'IeCHIDlll lpouomnm B 
f-MHHH111y11re GaAs 't'po ~ 1.10-13 c, 'ITO cooTBeTcTnyer ,n;mrne pac
ceaHna anepnrn lJIO::::::: 1000 A. n PHJJ;e pa6oT OT:.lelJ:aeTCH, 'ITO B 
6oJiee CHJibHO JJempo11am1m1 Ga As (p ,..._, 1018 - '1019 CJ\C3) Boa
Momao IlOHllJlCIHfe Jl.OITO.TillJITClJJ hllJ.IX MexaHil::IJ\IOB TIOTeph 3Heprnn 
ropa'IHMH ;JJJOHTpOlll\l\IH JIU JJJll\aJ\10111\X [20] II nr;+;e:rhIX nwp:nax 
[21], 'ITO ,n;o.rrnmo np1111ocT11 I\ yMe111>111eI11110 JJ;Jinnr.1 pacceHHUH ::iHep
rnn le. 

<lloToKaTo,n;hl 1111 oc110110 CnA:;, cue1\Tpr.r KOTopr.rx npnne,!l;eHLI 
Ha pnc. 7, HMCJJu HOlll\llllTJl111,1110 ''"'POH p ;:::;; 5·1018 C)C3. Be:m11uua 
le ·,n;Jia GaAs c Tn1<11M ypo11110M J10r11po11m1111-1 n HaCToam;ee npeMa 
TO'lllO H0l13110CTllll, 1m11111w, COl',111\('.llO 111111111111 OJ~OHKaM II ,!l;aHHbI)l 
pa6or1.1 [HJ), l~ ~ 200 - :mo A, T. u. cyu~ecTBeuuo 6oJibme mup1rnLI 
o6nacrn HaruGn aon (cl ~ 1 :.!O A 11 p11 p .__, 5 · 1018 ClC3). B TaKO)I 
CJiyqae IIOTOpn llllOJlrillt llJHI o;,1101q111TllO~I npoxoa;,n;emm 00.'HlCTII 

' H3rH6a 3011 llOUOJIHKH H 110 M<ll'YT llhl:lllllTh 11a6JI10,n;a10m;erocH CJJ;Bllra 
MaKCHMyMa HR <l>OTOMOHTPOllllOM CllOl<T[Hl. Qqenn,n;Ho, ero rne,n;yer 
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Pnc. 8. 3aBHCHMOCTh KBaHtonoro BhIXOAa 
4JoTOaMHCCHll 08C-4JoTOKaTOAOB OT CKO
pOCTH IIOBepxHOCTHOll peKolll6HHaIIHH A1IH 
InGaAsP- p. = 1,0 MKM) (J) H GaAs
(1.. = 0,8 MKM) (2) 4JoTOKaTOAOB 

o6'blICHHTb 11rnoroRpaTHhIM 
npOXOil\,rt;eHIIel\1 o6naCTH 

H3ru6a 3011, noJiarall, qTo 
rpaHnri;e IIOJiynpOBO,[t;HIIK
BaRyy111 CBOHCTBeHeH 6oJib

llIOii Roalfi<f>Hri;HeHT OTpa
meHHJI 3JieRTpOHOB [22-
24]. 

II p1rne,rt;eHHhie . aKcrrepH
MeHTRJibHhle peayJihTaTbl 
npHBO,[t;lIT' TaKHl\1 o6pa30M, 
K CJie,rt;y10ru,e111y MexaHH3MY 
BhIXO,rt;a <f>oT03JieRTpOHOB B 
BaKYYM H3 08C-«lioT03MllT
TepoB. Bcne,rt;CTBHe cnJibHO
ro OTpaaWHHJI OT rpaHHIJ;hI, 
1rnCTHqHo ,rt;n<f><f>yaHoro, <f>o
T03JieRTpOHhI BhIXO,[t;JIT B 
BaRyyM JIHIIIh IIOCJie MHOro
RpaTHOro npOXOi-K,rt;eHHH 06-
JiaCTll H3rH6a aoH, pacceH-
BRJI IIpll 3TOl\I 3HaqHT0Jlb

HYIO qacTb CBoeft aHeprnH. ,[(JIH Toro, 'IT06hr lfioToaJieRTpOHhl 
UOCJie pacceJIHIIJI l\IOrJIII I BhIHTII B Bal<yyM, Heo6xo,rt;HMO, 'IT06hl 

' OHR HM0Jlll ,[t;OCTaToqHo 6oJibllIOH aarrac 3Heprmr. 8TO yCJIOBHe 
BhIIIOJIHJieTCH TOJibRO rrpH! 6oJibllIOH BeJIHqHHe 0TpHu,aTeJI1>uoro aneR

TpOHHoro cpo,rt;CTBa (I x I > 0,2 aB). 
CHJibHoe oTpameHHe aJieRTPOHOB OT rpaHHIJ;hI B cJiyqae 08C-lfio

TORaTo,rt;oB npIIBO,[t;IIT K ,!t;BYM HHTepeCHblM oco6eHHOCTHl\I MexaHH3Ma 
nx pa6oThI. Bo-rrepBhIX, B ycnoBHHX CHJibHoro OTpamemrn aneRTpo
HOB OT rpamm,hl MeHa:eTca: 3JieRTpOHHhIH crreKTp B 06Jiacn1 H3rH6a 
aoH. B rpy6oM rrpu6JIHIBeHHH rroBepxHoCTb Moarno paccMaTpHBaTb 
KRK II,rt;eaJibHO OTpama10ru,y10 CTeHRY' a o6naCTb II3rH6a 30H KRK 
o,rt;HOMepHyro rroTemi;IIaJI1>Hy10 HMY ,rt;JIJI aJieRTpOHOB. B 3THX ycJIOBHHX 
OKa3hIBaeTCJI cyru,eCTB0HHbIM paaMepHoe KBaHTOBaHHe 3HepreTuqec
KHX ypOBHe:ii: B o6JiaCTH' H3rH6a 30H, rrpuqeM ,[t;IIO rronepxHOCTHOH 
no,rt;aoHhI MomeT oRaaaTbc~ Bhlllle ypoBHH Ba«yyMa [25, 26]. IlpaB,rt;a, 
B CII.TibHO JiernpoBaHHhIX MaTepuanax lllllpHHa IIOT0HIJ;HaJibHOH JIMhI 

cpaBHin.Ia co cpe,rt;Hlll\1 paCCTOJIHHeM 111em,rt;y npHllieCJIMII H II03TOMY 
BHyTpeHHHll CTeHRa lll\Ihl lllepoxoBaTa, TaK qTQ OTpameHHe 3JI0KTpo
HOB QT Hee 'laCTII'IHO ,rt;mplfiyaHoe (Ha 3TO yRaaaJI Halli P. A. CypRc). 
Ilo3TOMY paa111epHbie llOBepXHOCTHhie II0,[1;30Hhl ,[t;OJiiKHhI 6bITb paa
MhIThl, H, B03MOiHHO, npaBHJibHee rOBOpHTh 0 cyru,ecTBOBaHHll B 
o6JiaCTH H3rn6a 30H MaKCHMYMOB IIJIOTHOCTII COCTOlIHllH. 8TOT a<f>
<PeRT Heo6xo,rt;nMo Y'IIIThIBaTb npn aHaJin3e pa6oThI 08C-lfioToRa
TO,rt;OB. 

BTopaH oco6eHnocTb MexaHua11rn Bhlxo,rt;a aJieRTpoHOB Ha 08C-lfio
TORaTo,rt;oB COCTOIIT B CJie,rt;yroru,eM. BcJie,rt;CTBHe MaJIOH npo3paqHOCTH 

rpaHIIIJ;bl nonynponO,:{HIIK-BaRyy111 60JibIIIall 1IaCTb 3JICKTPOHOD 
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MHoroRpaTHO npoXO,[t;HT o6JiaCTb uaru6a 30H II II03T0)IY ,[t;JIIlTe.:IbHOe 
Bpe11ur Haxo,rt;HTC.fl B npHIIOBepxIIOCTIIOH 06nacn1. 8To o6CTOJITeJib

' CTBO MO/I\eT np1rneCTH K CHJihHOMY BJIIIHHHIO IIOBepxHOCTHOil pen0)[-
6mrnri;HH na a<fi<fieRTHBHOCTh <pOTO:JJIOI\TPOHHOii 3l\IHCCIIH Ha 08C-<I>o
T03MHTTepoB. Y,rt;o6HhIM MeTo)l;oM naMepeHMa CKopoCTH noBepxHocT
Hoii: peKoM6Hnari;1rn JIBJIJl0TCJI l\IeTO,[t; RaTO,[t;OJIIO)UIHec:ri;emi;rm [27]. 
3TIIM 1110TO,[t;OllI 6hIJIO llCCJie,rt;oBaHo IlJIHJIHHe CnopocTII IIOBepxHOCTHOii 
peK01116Jrnari;uu Ha RllaHTOBhlll BbI.XO,[t; <J>oT03l\IllCCIIII 08C-<fioTol\aTO,U:OB . [28). 

PeayJII>TaThI ::JTHX ncc.Tie,rt;oBaHn:H npnBe,rt;eHhI Ha puc. 8, 
r,rt;e npe,rt;cTaBJI0Hbl aaBIICHllIOCTII J<BaHTOBOro BhIXO,rt;a y OT CIWpOCTH 
noBepxHocTHoii:1 peRoM6nHa:ri;m1 )J;JIJI GaAs (J. = 0,8 )11\)I) n InGaAsP 

O• = 1 MRM) <f>oToKaTo,rt;oB c 08C. RaR Bll,rt;Ho na pncyHRa, B nccJie
,rt;oBaHHhIX o6paa:ri;ax H:\Ie0TCJI 'IeTJ<aJI RoppeJIHIJ;IIJI liefl.;,rt;y B0.:'III'IIIHOii 
CKOpOCTH nonepxHOCTHOH peRm161rna:ri;nn s H RBaHTOBhUI Bhl.XO,[t;OM 

«lioToaM11ccnH. YBeJmqemrn cRopocTu noBepxHoCTHoii peRm161rnari;un 
npHBO,rt;HT R na)l;emuo RBUHTOBoro IlhIXo,rt;a <fioTO;rnuccnn. Ila pncym.;a 
Tal\iI<e BH)J;HO, 'ITO CROpOCTII IIOBepxuocTHOll pel\O)IOIIHari;m1 Ha 
llCCJIC,[t;OBaHHhIX o6paa:ri;ax B0Chl\Ia nemrnn II COCTaBJIJIIOT (1 -+- 7). 
· 10

6 
CM/c, qTo 6nnaRo I\ MaRCIIl\IaJihHO BOa!IIO;nHoii: Bem1quHe s )1;.'IJI 

,rt;aHHhIX ITOJIYIIPOBO,[t;HIIROB (Smax = 1 Vr = 1·107 C)I/c, Vr -

cpe,rt;Ha:a: rnrrnonaH CRopocTh aJieRTponoB), Ha,rt;o, o,rt;naRo, yqnThIBaTbt 
'ITO 3Ta B0Jlll'IHHa OTHOCHTCJI K JIOCHT0JIJIM, llIHoroRpaTHO Baanl\IO
,rt;e:HCTBYIOILl,IIM c nonepxHoCThIO. Ma CRaaaunoro c.'H',rt;yeT, qTo paa-

. pa6oTRa 6onee conepmeHnhlx :JUIITaKcuaJihIIhIX cnoen c Huanoii 
,B0JIH'IHHOH CKOpOCTII IIOBepxHOCTHOH peKoM6HHari;nu - 3TO IIYTb 
llOBhIIIIeHHfl a<f>cpeHTHBHOCTll 08C-cpoT031\IHTTepoB. 

4. Caoi:kraa a1<rns1-1pyioll.\ero no1<pblTHS1 03C-¢oTo3Ml1TTep'os -
c11osi Cs-0. ,ll,erpa.1:1a41-1S1 03C-q>oTo3MHTTepoa 

I-Ian6oJiee CJIO/I\IIhIH H l\IaJIOHay'leHHhlll Rpyr BOIIpOCOB <f>nannn 
· 08C-<PoToa11mTTepon OTHOCIITCJI R CBOHCTBa111 cnoa: Cs - 0 Ha ux 

noBepxHoCTH. BanrnocTb aTon npo6JieMbI CBJiaaua c ,rt;By11rn acneR
TaMn. Bo-ncpm,rx, HMenuo nancccrme CJIOfl Cs - 0 ua rronepxHOCTb 
nonynpono,rt;mma o6ecne"!nnaeT cuumemie ero paooThI BhIXO,rt;a n 
peamrna:ri;mo OTpn:ri;aTeJILHoro :rneRTpoHnoro cpo,rt;CTBa. RaR 6bl.'IO 
noRaaarro nJ.Ime, nenHqnua pa6oThI Bhrxo,rt;a orrpe,[t;eJiaeT acjicpeRTIIB
HocTb 08C-cpoToa11mTTepon. Bo-DTop1>1x, p;erpap;ari;Hll 08C-<f>oTo

aMuTTepon n npori;ecce nx xpaHemrn CBJiaaHa c yBeJII1"leHne111 pa6oThI 
BhIXO,rt;a, 1\0TOpoc Ill>I3JJBaeTCJI cpH31IKO-XHl\IIl'IeCRIUIII Il3)IeHeHIIJI)III 

·B cnoe Cs - 0. 

MccJiep;onumrn cI>oToRaTo,rt;oB Ha ocHoBe RpellIHIIH, npoBe)l;eHHhie 
MeTo,rt;a11111 p;11cf>pam~nH MO,rt;JieHHhIX aJieRTpoHoB (,[(M8) n Ome-cneRT
TpocR01111H, 110anoJIHJIH coa,rt;aTh 1110,rt;eJih cno11 Cs - 0 Ha rroBepx
HOCTH I<pOMlllIODOro cpOT0311UITTepa c 08C [29, 30). c cpOTORaTO,rt;aMn 
na ocuouo GuAs u Tnop,rt;hlx pacTBopoB coe,rt;uHeHnii Tnna A 3B5 ,rt;eno 

o(ScTOHT CJIOllillOC. 11cCJIO,[t;OBanun, nponcp;errHLie f OJih)J;IIITeHHOM n 
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CTOKKepoM [11, :12) M0TOAOM ~,[l;M3 noKaaaJrn, qTO cJioii Cs - 0 
na noBepxHocTH GaAs-<f>oroaMIITTepoB 11BJI11eTc11 aMop<f>IrhlM. IlpH 
nayqemrn: Ome-cneKTpoB noBepxHOCTH <f>oToaMHTTepoB [12) 6hlJIO 
o6HapymeHo, qTo HeT KoppeJI111i;m1 M0iKAY aMIIJIHTYAOii Ome-nHKOB 
IJ;03llll ll KHCJIOPOAa ll qyBCTBHT0JlbHOCTLIO <f>oTOaMHTTepa. Ilo-BHAH
MOMY. aTO CBJrnaHO c a<f><f>eKTaMH B3aHMHOro aKpaHHpoBaHllll aTOMOB 
n;ean11 n KHCJiopoAa B CJioe Cs - 0 Ha noBepxHOC'tH <f>oToaMHTTepa, 
TaK qTo aMIIJIHTyJia Ome nHKOB. n;ean11 n KHCJiopoAa He cooTBeTCTByeT 
ROHI\0HTpan;nH aTHX aTOMOB B bJioe. TaKHM o6paaoM, 11ccJieAOBaHm1 
cJioeB Cs - 0 Ha noBepxHoCTll 03C-<f>oToKaToAoB Ha ocHoBe noJiy-
11poBOAHHKOB A 3 B5 MeToAaMH · ,[l;M3 11 Ome-cneKTpocKon11H AaJIH 

· 'noJieaHyIO, Ho B0CLMa orpaHHqeHHYIO HH<f>opMan;1110. BhlJIO oTMeqeHo 
TaKme, qTO npn' naMepeHHH Ome-cneKTpoB nyqoK 6hlcTphlx aJieKT
poiioB Bhl3hlBaeT ,[(erpa,[(aIJ;HIO. 03C-<f>oToKaTOAOB, qTO 3aTPYAH110T 
HCilOJlb30BaHIIe aToro MeTO,[(a ! ,[(Jiii ,[(aHHhlX o6'beKTOB. 

BoJiee BamHalI nH<f>opMan;m1' o CBOHCTBax eJIOJI Cs - 0 Ha noBepx
HOCTH 03C-<f>oTOaMHTTepoB 6hl~a IIOJiyqeHa MeTO,[(OM peHTreHOBCKOH 
cpoToaJieKTPOHHoii cneKTpocKOITHH P<DC [31). BamHoe rrpe1IMym;ecTBo 
aTOro MeTOAa no cpaBHeHIIIO c MeTOAOM Ome-crreKTpocKonHH cocTOHT 
B TOM, qTo OH II03BOJIIIeT He TOJILKO onpe,[(eJIHTb COCTaB CJIOll, HO ll 
HCCJie,[(OBaTL XllMllqecKne CBII3ll aTOMOB Ha IIOBepxHOCTH IlOJiynpo
BOAHHKa. Ilpn aTOM nyqoK peHTreHOBCKHX Jiyqe:if npaKTnqecKII 
ne BJIHHeT . Ha caM cJioii Cs --: 0 n He 11aMeH.11eT qyBcTnnTeJILHOCTh 
03C-<I>oTOaMHTTep a.. . 

l1ccJieAOBamrn qpOBOAHJIHCL Ha GalnAs- II InGaAsP-<f>oToKaTo
;a;ax c osc. ,[l;JIH B036YiKA0HHll <f>oT08JI0KTpOHOB IICIIOJlb30BaJiaCL 
Ka.-mnnrn ?.iarmrn (hv = 1257 aB). Ha <f>oToaJieKTpoHHhlX peHTre
HOBCKIIX Cil0KTpax 6bIJill BHAHbr IIIIKII aJieM0HTOB, BXOAIIIIl;IIX B COCTaB 
noJiynpoBOAHHKa (In, P n Ap.), u;ean.11 n KHCJiopo.[(a. B rrpou;ecce 
aKTHBaIJ;HH <f>oToKaTO,[(a n;eaneM ll KHCJIOPOAOM aMIIJIHTYAa IIHKOB 
aJieMeHTOB' BXOAIIIIl.llX B COCTaB IIOJIYIIPOBO,[(HllKa, yMeHbillaJiaCb 
BCJl0,[(CTBIII1 aKpaHHpyrom;ero A0HCTBI1.ll n;e3IIH II KHCJIOpo,[(a, a aMII
JIIITYAa IIllKOB IJ;03HH H KllCJIOPOAa pocJia. IlpII aTOM ;rneprHII CBll3H 
4d mrna Cs He :MeH11JiaCh B xo,[(e aKTHBau;1rn cpoToKaTOAOB n cocTaB
JIHJia E = 76,7 aB. 

· OcHOBHa11 1rn<f>opMaIJ;Irn 6hlJia noJiyqeHa B xoAe JICCJieA0BaH11.11 
1s-1111Ka KllCJiopoAa. CooTBeTCTBy10m;ne crreKTphl AJIII InGaAsP- u 

. GalnAs-<f>oToKaTOAOB npuBeAeHhl Ha pnc. 9, a II 9, 6. CneKTP pnc. 9, a 
Il3MepeH Ha InGaAsP-<f>oToKaToAe, aKTI1B11poBaHHOM Gs II 0 AO· 
MaKcn:MyMa <f>oToqyBCTBHTeJILHOCTll. RaK BHAHO na pncyHKa, cneKTP 
COCTOllT H3 2-X IIllKOB, OTHOCIIIIl;HXCll K KHCJIOpOAY II COOTB0TCTBy
IOiii;HX aHeprHIIM 530, 7 H 527 ,4 aB. 0TCIOAa MOiKHO CAeJiaTL BhlBOA, 
qTo KIICJiopoA n cJioe Cs-0 HaXOAIITCH B ABYX paaJinqHhlX xnMnqec
Knx cocT011Hn11x. 8Heprmr Jienoro 11I1Ka coBrraAaeT· c aHeprneii 1s-mrna 
RllCJIOPOAa, xeMHCop6npoBaHHOro Ha IIOJIYIIPOBOAHHK0 (cM. pnc. 9, e). 
Roa<f><f>nri;neHT npummaHIIll HeBoa6ymAeHHoro KHCJiopoAa K rroBepx
HOCTH IlOJIYIIPOBO,[(HHKa HeaHaqnTeJieH (~10-9 ) [32). IloaTOMY I 
11To6hl o6ecnequTL xeMocop6ri;n10 aaMeTHoro KOJinqecTBa KHCJIOPOAa 
p;JI11 naMepenn11 mrna, rrpnBeAeHHoro Ha pIIC. 9, e, HYrKHO Jin6o 
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Pnc. 9 <l>oroaJiei\rpoHuhie peurreuoBcKne cneKTphI is-mrna KncJiopop;a Ha no
BepxHocrn InGaAsP- n GalnAs-<fioroKarop;oB 

a - InGaAsP-<!>oToHaToAon c 03C; 6 - GainAs-¢>oToHaToA c 03C; s - am1TaHc11a:1bHbdt 
JIOlt InGaAsP, na nouepxuocTu!HoToporo xrMncopCiuponan 1mc.~opoJJ; noA JJ;~iiCTBlll'~ ~.-1eKr
po1111oro ny•ma (E0 - '""'Pl'llH cunan) 

Pnc. 10. <l>oroaJieKrpOHHhie peHrreHOBCKrre cneKTphI InGaAsP-<JioroNaTop;oB B 
npou.ecce nx p;erpap;aqtm 

a - cpaay noCJie aHTHna111rn; 6 - 'Iepea 2 q IIDCJie oi;onqamrn aHnmawm (rroc:1e na.:temrn 
HBaHTonoro BbIXOJJ;a rrpu 1-. = 1,06 MHM Ha 30%); s - qepea CYTHll rroc.,e aHTnna11J!11 (noc.,e 
IIaAeHH/I HBaHTOBOro BbIXO,!\a npH h = 1,06 MHM B t,_ paaa) 

BB0CTll B KaMepy 60JILIII00 KOJIII'IeCTBO KllCJIOPOAa ( ,...,109102, KaK 
aTo AeJiaJI Crraiicep [32]), Jinoo, npu MaJI0~1 1rnm1qecTBe KllCJiopo,[(a 
n RaMepe, o6JiytJ:aTI:. nonepxuocTL aJieRTponaM11 [33]. l\h1 ncrroJI1>
aoBaJI11 BTopoii cnocou. <I)nI<T connn.n;omrn :meprrru, cooTBeTCTBY
IOIIJ;eii MaKCHMYMY mm11 llll JHIC, !), 0 C J!Cllh!M IllIKOl\I Ha pnc. 9, a 
oaHaqaeT, 11To •men. 1rncJwpo,r\11 11 cJIOc C8-0 cnJiaaHa c IIOAJio;n
Roii. l1:1rn 1s RJICJIOPOJ\ll c :moprnoii cirn:m E = 527A aB OTHOClITCH 
K KHCJiopo.n;y, c111rn111m0My c 11oa1w~1. M 1.1 mm acM noT BhIBo,n;, ncxo.n;11 
Ha xapaKTopu H3M0110111111 llMllJlll'l'YJIM :noro mma n xo.n;e aKTnnari;nu 
<f>oToaMHTTepa. CorJJUCllo 181 I 111.1co1w:meprcn1qecKuii nnK, cooT
B0TCTBYIOIIJ;Hit J(UCJIOPO/~Y I llllXO}lllll(llMYCH B XIIMuqecKoii CB.113H 
c IIOJIYIIPODOJ~llHICOM, llODIUUCl\0'1' llOCJJO UACOp6u;nn rrepBoii rrop~llII 
IUICJIOPOAa H OCTl101'CR llOCTCHlllllJ,IM II TC1ICHII0 Bceii aKTHBa~IIll. 
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B TO me BpeMJI HII3KmrnepreTII'leCKIIH mrn He11pephIBHO BoapacTaeT 

B npo:a;ecce aKTIIBa:a;1rn IIpII <l>opMIIpOBaHIIII aKTIIBIIpy10m;ero TIOKphl

TIIH, yBeJIII'leHIIII KOHD;eHTpa:a;IIII u;eaIIH II KIICJIOpo}J;a II B03HIIKHO

BeHIIll XIIMII'lecKo:ii: CBH3II Cs-0. 
He}J;aBHO 6hIJIH ony6JIHKoBaHhl peayJii.TaThI IICcJie}J;oBaHHii xII-

MH'leCKoro cocTaBa CJIOJI Cs-0 Ha cepe6pe MeTo}J;oM peHTreHoBcKoii 

<l>oT03JieKTpOHHoii cneKTpocKOTillll [34]. B aToii pa6oTe npHBe]J;eHhl 

aHa'leHIIJI aHeprIIII 1s-IIIIKa KIICJiopo]J;a, COOTBeTCTny10m;ero pa3JIII'lHhIM 
· XIIMH'leCKIIM coe]J;IIHeHIIJIM c u;eaIIeM. CorJiacHo pe,ayJihTaTaM aToro 

HCCJie}J;OBalIHH, 3HeprIIH mrna KIICJIOPOAa E = 527 ,4 :JB COOTBeT

CTByeT o6p~aoBamno coeAHHeHHJI Cs20. 
B GalnAs-<l>oTOKaTO}J;e: c oac c11eKTp 1s-mrna KHCJIOpO}J;a 

(puc. 9, 6) Jll\IC0T TOJlhKq O}J;Hll MaKCIIMYM c :Jneprneli 530, 7 3B. 

8HeprIIJI 3TOf0 l\laKCIIMyMa COOTBeTCTnyeT KIICJIOPOAY' xeM11cop-
611ponaHHOMY Ha 110Jiy11poBO}J;HIIKe, TaK 11To II B cJiyqae GalnAs-i{lo

ToKaTo}J;a 11acTh KIIcJiopoAa B aKTIIn11py10m;eM 110Kph1TH11 Ha 11onepx

nocTII i{loToKaTO]J;a XlllliH'leCKII CBJI3aHa c 11ouepxnoCThlO IIOJIYIIPO
BO}J;HIIKa. B TO me npeMJI n o6JiaCTH MeHhllIHX auopr11i1: ua c11eKTpe 

Hlli00TCJI IIJ10'l0, yKa3hIBa10m;ee Ha 11pIICYTCTBile ue IIOJIHOCTbIO paa

pemeHHOfO Hll3K03HepreTII'leCKOfO TIHKa c 3ueprIIeii CBH3II OKOJIO 

529 aB. Qqenn}J;HO, 3TOT nIIK, TaK me KaK 11 B InGaAsP-i{loToKaTo}J;e, 

COOTU0TCTByeT o6pa30BaIUIIO XIIMI:l'IeCKOH CBH3H IUICJIOpO}J;a c :a;e-

3HeM. . ! 

'TaKlll\l o6pa30M, npII~e]J;eHHhle peayJii.TaThl npHBO}J;HT K BhIBOAY' 

'ITO K11cii.opoA n aKTIInnpy10m;eM noKphITHn Ha nonepxuocTII GalnAs-

11 InGaAsP-<l>oToKaTOAOB: c· 08C HaXOAllTCH n ABYX paaJill'lHhIX 

Xllll1ll'l0CKllX COCTOHHIIlIX.: qaCTb KllCJIOPOAa CBH3aHa c nonepXHOCTblO 

noJiynpono}J;HIIKa, a 11acTl> c u;eaHeM. ConceM HeAaBHO aHaJiorll'lHhlii 

BhIBOA }J;JIH GaAs-i{loToKa~o}J;a c 08C 6hIJI c}J;eJiaH CnaiicepoM n AP· 

[25] Ha ocHonaHnn 1iccJie}J;oBaH11li, npone}J;eHHhIX APYfllM MeTOAOM -

MeTO}J;OM <l>oTo3JieKTpOHHOH yJii.Tpa<l>noJieTonoii cneKTpocKon11n. 

lfocJie}J;onamrn InGaAsP-<l>oToKaTOAOB MeTOAOM peHTreHoBCKOR 

<l>oT03JieKTpOHHOH cneKTpOCKOilllll Il03BOJ1llJlll TaKiKe IlOJIY'lllTb UH

<l>op111a:a;1110 o npou;eccax, conpoBOiK}J;a10m;nx }J;erpaAan;1110 3THX <l>oTo

KaTOAOB. B paAe pa6oT [14, 35] npe}J;noJiaraJioci., 'ITO }J;erpa]J;a:a;na 

08C-i{loToKaTO}J;OB CBH3aHa c ]J;ecop6:a;HeR O'leHh He6oJii.moro KOJill

'leCTBa :a;e3IIlI c nonepXHOCTll i{loTOKaTo}J;a n IIOBhIUieHIIeM BCJie}J;CTBlle 

3Toro pa6oThI BhIXO]J;a. lfocJie}J;oBaHHJI npou;ecca }J;erpaAa:a;m'l InGaAsP

<l>oToKaTO}J;a MeTO}J;OM i{lciTmmeKTpOHHOii peHTreHOBCKoii cneKTpOCKO

llllll noKa3aJIII, 'ITO ]J;erpa}J;a:a;HR <l>oTOKaTO}J;OB conpOBOiK}J;aeTCJI TaKiKe 

pe3KII111 1131\IeHeHIIelll xapaKTepa XllMH'leCKOii CBH3ll KllCJiopo}J;a Ha 

nonepxHocni. PeayJii.TaThI aTnx nccJ1e}J;oBaHnii npnne}J;eHh! Ha pIIc. 10, 

r]J;e npeACTaBJieHhI peHTreHOBCKlle <f>oToaJieKTpOHHb!e cneKTpbI 1s

IIHKa KUCJiopoAa InGaAsP-<l>oToKaTo}J;a cpa3y nocJie oKoH'laHHR aK

TIIBa:a;nII (a) qepea 2 q (6) ll qepea cyTKll IIOCJie OKOH'laHllH aKTIIBan;nn 

(s). 3a 2 11 11yncTBIITeJihHOCTh InGaAsP-i{loToKaTo}J;a yMeHi.maJiaci. 

Ha 30 % , a 3a cyTKU npIIMepHo B 4 pa3a, RaK nnAHO H3 pIIcyHKa, 

JJ;erpa]J;a:a;na <l>oToKaTo)l,a conpoBOiKAaeTcR peaKIIM yMeHi.meHneM HH3-

uoauepreTH'lOCKoro ll poCTOM BbICOK03HepreTH'leCKOf0 IlllKa. IlpH 

:u2 

3TOM o6w;an IlJIOIU,a):\b o6oHX TIHKOB OCTaJiaCb Hell3MeHHOH, llHa'le 

ronopn, IIOJIIIOO IWJIH'leCTBO InICJiopo).l;a B aKTIIBUpy10m;e111 TIOKphITllll 

Ha nonepxnocTn ¢oToKaToAa He H3MeHHJIOCh. TaKHM o6pa30111, npH 

.).l;erpa).l;UJ~l111 rlJOTOl\aTO).l;a 'IaCTh J{IICJIOpO).l;a, CBH3HHHOro c n.eaueM, 

nepeXO).l;IIT B ).l;pyroe XllMII'leCKoe COCTOHHIIe, COOTBeTCTByIOm;ee CBH3ll 

RllCJIOpOAa C IIOJiyIIpOBO).l;HllKOllL 

lfaJimKeHHhie HCCJieAOBaHHa naMe'laIOT nyTII noAXOAa R pemeHHIO 

npo6JieMhl CTa6HJibHOCTII JI coxpaHHeMOCTII rrapa11rnTpOB 08C-iPoTO
:lMHTTCpo11, l{(lTOpan cci'l'IaC, l!OCJW TOl'O, 1'<11\ (';\~Ill 110 cp{fo :lTll napa

MOTphl y11rn l~OCTHl'Jll1 BhlCOHOl'O ypo BILH' H ll.'I Hl'TCH lll\i1'110llllIOll ll 
orrpe).1;0J1mo1u;eii ).l;JllI 06ec11e~rnmrn muporwro npaKTIPrec1wro ncnoJih-

30BaHHlI i{loT03MllTTepon c OTpllu;aTeJibHhIM 3.TieKTpOHHhlM cpo]J;CTBOM. 

Mhl rroJiaraeM, 'ITO 11crroJih30Banne conpeMeHHhlX MeTQ.!l;OB 3.'leKTpou

noii u: <PoTO:JJlCl\Tpomroii: CUCI\TPOCIWIIHU 110ncpxnoCTH [36] peIIIHT 

3TY rrpo6JieMy lI OTKpoeT B03MOilnIOC'Th mupo1wro IICilOJib30BaHIIR: 

08C-i{loT03MHTTepon n i{loTO::lJIOKTpOHHblX npuuopax. 

5. C0oT03MHTTepbl 

c BHeWHHM 3JleKTpH4eCKHM CMew,eHHeM 

11crroJib3onauIIe npHHI\nrra oTpmwTeJihHoro :JJieKTpouHoro cpo.n;cTBa, 
RaR Mhl BU).l;CJIH, II03BOJIHJIO pe3I{O IlOllhICI!Tb 'lYBCTBIITO.'lbHOCTb tfioT0-

1\aTO)J,OB, n ocooemIOcTH 116;rnau ).l;JrnmwuoJmonoli rpaHliIJ;hI. 0JJ,HaRo 

MHOfO'IHCJieHHblC IIOilblTKlI lICIIOJlh30ilaTh 3TOT nplIHIJ;llII ).l;JIH perneHHJI 

BTopoii OCIIOBIIOH npooJIOMbI (p113H'IOCIWII (pOTO:l.TJORTpOHilKll - cy

m;ecTnerrnoro C).l;Illlfa )J,JIHHlIOilO.TIHOBOII rpaHlll\hl iPoTOil)UIC'Cilil B 

nni{lpaitpacnym ooJiaCTh crre1\Tpa 3a ).l;Jmuy n0Jmh1 1, 1 l\IKM, ycrrexa 

He HMeJIH. Pernamm;Hii Uiar n peIIIeHnH ilTOH npo6JieMh! 6h!JI C]J;eJiaH 

Ha npOTHmeHlill IIOCJie}J;Her~ ]:\eCHTIIJieTIIlI' ROr]:\a y;:i;aJIOCb C03JJ;aTh 

IlOJIYIIPOBO):\HHROBhie IIJieHO'IHhie CIICTel\IhI' B KOTOpbIX 3iPiPeRTilBHaJI 

<floT03JieRTpOIIHaH 311111CCHJI CTHMym1pyeTCH BHOUIHIIM a::reKTpn'leCRlBl 

cMem;euHeM. B TaRHX cHcTeMax ilioToaJieRTponhl nos6ym).l;aIOTCJI cne

TOM B IIOJIYIIPOBOAHIIRe, a 3aTeM norra]:\aIOT B 06.'laCTb ClI.'IhHOfO 

::JJieKTpH'leCKOfO IlOJilI, C03).l;anae111oro BHeIIIHIIM C)Iem;euneM, paso

rpenaIOTCH B HeM ll rrpHo6peTaIOT 3Hepru10, ).l;OCTaTO'lHYIO ).l;Jlfl BbIXO,!l;a 

B BaRyyM 'lepe3 DHeIIIHllH IIOJiynpoapa'IHhIH 3JieKTpo.n;. 

IlepBbie IIIarII D HarrpanJieHHll C03).l;aHJIJI TaKHX iPoT03MIITTepoB 

6mrn npeAnpmrnTJ,1 on'o B GO-x ro).l;ax. AuTOphl paooT [37-40] Ha-
6mo).l;aJIH C).l;BIIf ).l;JllIHHOilOJIHOBOH rpaHIIIJ;hI iPOT03)!IICCilll npn HaJio

meHIIll o6paTnoro c111ei:a;eHJIH Ha 1\peMmienhlii n rep)laHIIeBhlii p-n
nepexo}J;hl. B PHAe pa6oT JICCJieAonaJioci. nmrnmrn 3JieKTPH'lecRoro 

rromI na qJOTO::lJieltTpOHHYIO ::ll\UICCIIIO II3 CIICTeM JlleTaJIJI-).l;II3.'ICRT

pm<-MOTUJIJI [ 41-42), rroJiyrrpOBO).l;HIIR-).l;llJ.TieI\TPIIK-MeTaJIJI [ 43] 

n na AHO).l;OB c 6aphepoM IlloTTKII [ 44 - 46]. Bo ncex aTnx paooTax 

6urna npO)J,OMOIICTpHponaua B031\IOil\HOCTh 3Ha'lHTeJihHOfO C):\Bnra 

)J,JIHIIJIOBOJITIOBOH rpaIIlII\bl iPoT03J\!HCCIUI rrpn HaJioIBeHIIIl Ha 3llIIT

Tnpy1011~y10 CHCTO!lly llllOlllllCfO c~rom;emrn:. 

Ha p11c. 11 no1rn3a110 no:iAeiicTmrn 1rneIIIHero :JJieKTpuqecKoro 

llOJHI Ha <I)()'l'O;}MHCCHIO II3 ).l;IIO).l;a llloTTKll p-Si-Au, H3fOTOB.'IeH-
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PBc. H. CneKTpaJILBLIO xapa:KTe
pHCTBKB KB8HTOBOf0 BblXO}J.8 it>OT0-
3MHCCHll 113 }J.llO}J.8 IlIOTTKll p-Si- . 
Au npn paaJIH'IHLIX ana•1ennnx na
np1uKen11n na }J.llOAe (<JlAu = 2 aB) 

IP 

IP-0 noro na CKOJIOTOR B CBepXBbl
COKOM BaKyyMe noBepxHOCTll 
KpeMHll.11 [461. B11;o;no, 'ITO 
AJIRHHOBOJIHOBa.11 rpan11u.a cpo
ToaM:e:cc:e::e: U3 KpeMHll.11 CMe-

!D-7 

/44 tl,.f' /40 !l,7 ll,8 ll,.Y 1,0 !,! ~aeTC.11 3Jl0KTpll'10CKllM IlOJl0M 
AnKH u 

, ! OT B0Jlll'lllHb1, onpe;o;eJl.110MOll 

pa6oTOR BbIXO;o;a mleHKll 30JIOTa. (noKpbITOH OKllCblO 6apn.11) ;o;o lllll

pRHbI aanpe~eHllOH 30Hb1 KpeMHll.11 - 1,1 aB (Iv C::'. 1,1 1'1KM). Ilp:e: 
3TOM KBaHTOBblll BbIXOA cpOT03~llCCllll, XOT.11 OH ll MaJI, OCTaeTC.11 
npaKTll'leCKll IlOCTO.llHHbIM BO BCeii cneKTpaJibHOH o6JiaCTll, r;o;e cpOT0-
3MllCCll.ll CTllMYJillpyeTC.11 BH0IDHIIM CMe~eH:e:eM. 0'1eBR;ll;HO, ;o;mI coa;o;a
Hll.11 acpcpeKTllBHOro cpOT03MllTTep~. 'IYBCTBllT0JlbHOCTb KOToporo npo
CTllpaeTC.11 AO AJIIIH BOJIH, cKail\eM, 1,5-2 MKM (hvo C::'. 0,8-0,6 aB), 
neo6XOAIIMO llCilOJlb30BaTb IIOJiynpOBOAHllK, B KOTopoM, Bo-nepBbIX, 
m:e:p:e:na aanpe~ennoii aonbl CQOTBeTcTBoBaJia 6hl Tpe6ye?.wii rpa
Hll'IHOR AJillHe BOJIHbl II, BO-BTOpbIX, paaorpeB :rneKTpOHOB B 
noJiynpoBOAHRKe 6h1JI 6hl AOCTaTO'IHO acpcpeKTIIBHblM. TaKne MaTe
p:e:aJibI 6hIJill coa;o;aHhl B 70-x ro;o;ax. 3To TB0PAh10 pacTBbpbI noJiy
npoBOAHllKOB A 3 Bf>. B noJiynpoBOAHRKOBbIX TBepAb!X pacTBopax 
In.xGa1-xAs :e: In.xGa1-xAsyP i-y mRp:e:na aanpe~eHHOR aoHhl np:e: 
ll3MeHeHllll COCTaBa (x, y) U3Men.11eTC.ll OT 1,4 AO 0,35 aB. )J,JIHHa 
CB060AROro npo6era ropH'lllX aJieKTponoB B HllX BeJin:Ka (~1000 A). 
KpoMe Toro, B aoHe npoBo;o;uMOCTll aTHX noJiynpoBOAHHKOB KpoMe 
OCHOBHbIX nMeI-OTC.11 Bhllll0Jle:llrn\:r.i.11e MllllllMYMbl c OOJICC llhICOIWH, 
110M B OCHOBHbIX MllHUMyMaX, llJIOTHOCTbI-0 COCTOJIHllll, B KOTOpble 

' MoryT nepeXOAIITb ropH'llle aJieKTpoHbl. Bepo.11THOCTb o6paTHbIX ne
pexo;o;on . 3JieKTpOHOB ll3 nepXHllX B Hllil\Hllll MllHllMYM cpaBHll
TeJibHO MaJia, TaK 'ITO cy~eCTBC>Bamrn BepXHllX MllHHMYMOB B 30H0 
npoBOAllMOCTll cy~ecTBeHHO llOBblmaeT acpcpeKTllBHOCTb paaorpeBa 

cpoT03Jl6KTpOHOB B 3Jl0KTpll'leCKOM noJie. 
llccJieAOBaHR.11 cpoToaMuccH:e:; :e:a ;o;:e:o11;0B illoTTKH na ocnone uaa

BanHhIX IIOJiynpoBO;ll;HHKOB npHB0Jlll K coa;o;aHHIO cpOTOKaT01];0B, 06-. 
Jia11;a10~nx acpcpeKTIInHoii cpoTo'.aMuccueii B uml>paKpacuoii o6JiaCTH 
eneKTpa BIIJIOTb AO 2 MKM [ 47....;..50]. J:\.BaHTOBblH DbIXOA q10T03MHCCHH 
3TllX cpOTOKaTO)l;OB )l;OCTUraeT ~ % Ha AJIBH0 DOJIHbl 1,5 MKM [ 49} 
ll 0,2% na )l;JIIIHe BOJIHbl 1,9 ! MKM [50]. 

BQJiee BhlCOKRii KnaHTOBbli BblXOA d>oToaMHCCHH 6LIJI noJiy'leH 
B reTeponepexo)l;uoii cTpyI(Type InGaAe71nP, co11Mon.1,e1111oii c AHO
AOM illoTTI<ll [49, 511 (puc. 12). B aTol cTPYKTypo o6JiaCTb, r;o;e 
npo:e:cxo;o;nT reuepau.nR <l>oToaJieKTpOHOB H o(SJiacTh, H3 KOTopoii 
3Jl0KTpOHb1 3MllTTHpy10TCJI B naKyyM, npocTpaHCTBelIHO paa;o;eJieHbl. 

~,.i,,' 
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<l>oTO;)J(eHTponi.1 coa)ln10Tc11 c110ToM 11 CJWt' T 11C.11.-\s 11 J\111f11f1r11J\11py10T 
K .CJIOI-0 p-lnP, J(()TOp1i1ii ll3l'OTanmrnaeTCJI no D03MOil\HOCTU 6oJiee 
'IHCThlM n no:::iToMy ouJlllHao·r 6oJreo nL1co1mM conpoTHBJIOIIHeM, qeM 
cJioii InGaAs. flpH unJrnmouuH nHenrnero cMem;emrn HarrpmneHne 
rra;o;aeT IIO'ITl:I u;ommoM un cJioe InP. He6oJibmo:H: 6apbep, cym;ecT
By1om;IIii MemAy CJIOnMH InGnAs n InP, cnnMaeTcJI aJieKTp11qecKIUl 
noJieM, lfioToaJieKTpouI.I cno6oAno npoxo;:i;JIT B cJioii lfioclfin;o;a IIHAll.11 
H YCKOp.llIOTCII B ll0M IIOJl0M HaCTOJlbKO, 'ITO cno60AHO rrpeOAOJI0BaIOT 
TOHKYI-O nJieHKy cepe6pa H cJioii Cs-0, cnIImaro~nii ee pa6oTy 
Bblxo;o;a;· H nb1xo;o;11T B naKyyM. Ha pIIc. 13 npnneAl\Ha cneKTpaJibHa.11 
xapaKTepIICTHKa lfioTO::>MHTTepa 3TOro nma. JlyqmJIU ll3 AOCTllrHyTLIX 
pe3yJihTaTOB no KBaHTOBOMy DbIXOAY lfioTOJMHCCllll ;ll;JIJI lfioTOKaTOAOB 
aToro THna - Ye = 8% na AJIIIHe BOJIHLI 'A = '1,55 MKM [5'11. 

<l>oT03MllTTepI>I c DH0lllHllM CMem;emrn!I! na ocuone IIOJiynpOBOAHll
KOBhlX Tnep;o;L1x pacTBopon coe;o;1menuii A 3B~ y;ne ceii'Iac AeMOHCT
pnpyroT nechMa BhICOKHe napaMeTpbI. B JTOM npoJIBJIJII-OTC.11 aaMe'la-

Rg Cs-O 
In Ga Rs InP 

~ --
EF -------------
Eu 

0 

Pnc. 12. 81wproT11'1ocm111 /\IHll'paM
MLI cpOTOaMMTTepu HU OCllOJJO l'O'l'O}JO

nepoxo}J.a InGaAs/lnP, conMOIIWII
noro c }J.lIO}J.OM IlIOTTKll 

a - 6ea BHe11mero cMe11Iemrn; 
6 - C BllCllillllM CMCll\CHHCM 

Pnc. 13. Cne11Tpnni.11i.10 xnpnn1op11-
CTHKII 1rnaIITonoro 11i.ixo1111 I 11G11A11· 
cpOTO::lMllTTOpll 11p11 pn:tJl)l'llllJX :urn
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T0JlbHbl0 CBOHCTBa noJiynpoBOAHHKOB A 3B6
, TaKne, KaK 1<pyTofl pocT 

<l>YHAaMeRTaJibHOro norJiom.eunJI OT caMoii ero rpaHlllJ,bI (npJIM030H

·HLiii ~mepreTnqecKllH cneKTP)' a<I><l>eKTl:lBHblH pa3orpen UOCHTOJlCH 

•aJieKTpl:lqecKllM IIOJ10M, B03MOIBHOCTb C03]J;aHllJI reTepoCTPYKTYP c 

BbICOKOH CT0110Hbl0 COOTB0T~TBl:lJI napaMeTpOB KpllCTaJIJIHqecKOH pe

'meTKll n:, CJ10]J;OBaT0JlbHO, . 6ea Ae<l>eKTOB B norpaHHqHblX CJIOJIX, 

B03MOIBHOCTb 'Bapn:an.n:)I mlipn:Hbl 3anpem.eHHOH 30Hbl B mnpoKHX 

npe]J;eJiaX npn: ll3M0H0HHll cocTaBa. ,Il.aJieKo He IIOCJI0]J;HIOIO pOJib 
:e:rpaeT TaKme TOT <l>aKT, qTo B HaCTOJIIll.00 Bp0MJI ]J;OCTHrHyT B0CbMa 
'BhICOKHH T0XHOJ10rIIqecKHH ! ypoB0Hb npon,ecCOB irnroTOBJl0IUHl aTHX 

· IIOJIYIIPOBO]J;HIIKOB ll CllCT0M Ha llX OCHOB0. 

I. ' I 

3aKnt04eHHe 
1 

· Pe3yJibTaTbI, npHB0A0HHbI0 1 B HacToJim.eii cTaTbe, noKa3bIBaIOT, 'lTO 

na npoTJiiK0HHll ABYX nocJieAHllX A0CJITllJI0THii <l>oToaMnccnoHHaJI 

. 3J10KTpOHllKa COBepmnJia pemHT0JlbHbIH IIOBOpOT OT IlOJIY3Milllpllqe
CKllX IIOllCKOB HOBhIX aili<l>eKTHBHhIX <l>oToKaTO]l;OB J{ <Jin3ll'I0CKOMY 

KOBCTpynpoBaHHIO ll npaKTliqecKOH peaJIH3alJ,HH a<Ji<JieI<THBHblX <JioT0-

3MllTTepoB, u.emrnolll OCHOBaHHhlM na ]J;OCTll/1{0HlIHX COBpeMeHHOH 

<l>n3HKH noJiynpoBO]J;HHKOB ll IIOJIYIIPOBO]J;HllKOBOH T0XHOJIOrHll. 
Ha aToM nyTH coa]J;aHhl 1ABa npnHlJ,HIIHaJibHO HOBhlX KJiacca .<f>oTo

KaTOiJ;OB - cpOTOaMllTTCpbl c OTplllJ,aT0JlbHblM 3Jl0KTpOHllhlM cpo]J;CTBOM 

II <I>oT03MR_TTepb1 c BHemHRM 3Jl0KTpl:l'l0CKllM CM0Ill.0Hl:l0M. 8Ml:ITT0phl 

0601IX 3Tl:IX KJiaCCOB yme ceftqac ]1;0MOHCTpllpyroT B0CbMa BhlCOKl:l0 

napaMeTpbl, ocTaBJIHIOill.li0' ]J;aJieKO noaa]J;ll -COOTB0TCTBYIOill.l:l0 CBOH

CTBa Tpa]J;HlJ,l:lOHHbIX <I>oToKaTO]l;OB II OBII npop;OJiiKaIOT conepmeHCT

BOBaTbCJI. Ha ocHoBe 08C-<l>oToKaToAOB B pa3HbIX cTpaHaX yme 

BhlIIYCKaIOTCJI cpOT03Jl0KTpOHHhl0 np1:16ophl c peKop]J;HbIMl:l napaMeT

paMll. <l>oT03MHTT0phl c BH0IDHllM 3Jl0KTpn:qecKHM CM0Ill.0Hll0M noKa 

em.e RC BbIIDJlll ll3 cTa)J;HR Jia6opaTOpHbIX llCCJ101l;OBaBHH, HO 0]J;Ba 

Jill MOiKBO COMHeBaTbCJI B TOM, qTo ll aTH aMHTTepbI B H0]l;aJI0KOM 6y

AYill.0M 6yAYT AOB0]1;0Bbl AO ypoBHJI, KOTOpbI~ o6ecneqn:T HOBbI0 lJ,0H

Hh10 Ka'leCTBa npn6opaM Ha :e:x OCHOBe. 
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CoaAOHHe 111 111ccneAdeaH111e 

BblC9K03cPcPeKT111 BHblX · 111CT04HIAKOB 

3aps1>KeHHblX 40CTIAL\ ! 
I 

HO OCHOBe coeAHHeij111H 

111 cnnaeoe w.eno4Hbt~ MeTannoe, 

nepcneKTIABbl IAX npOKTl!14eCKOrO np111Met-1eHHSI 
!· 

X.C.KAH, 6.C.KYnbBAPCKA~ 

Op;Hoii na oCHOBHhIX aap;a11 ~MnccnoHHOR aJI0KTpoHnKlI RBJIR0TCR 

'coap;aHH0 acI>cl>0KTHBHhIX ll Ha,JJ.0il{HbIX HCT01IHHKOB 3Jl0KTpo:EIOB H HOHOB, 

cnoco6Hb1X 060cn01IllTh OT6op UOBhlill0HHblX llJIOTHOCTeii TOKa npn 

MHHHMaJlbHOM ll0Tp06JI0Hllll a40KTpl11I0CKOR MOID;HOCTll ll 3Ha1IHT0Jlb

. HblR p0cypc pa6oThl. IfocJ10,JJ.0BaT0J111 HHT0HCHBHO pa6oTaIOT HaA 

ycoBepm0HCTBOBamrnM H3B0CTHhIX UCT01IHHKOB 3Jl0KTpoa:OB H HOHOB,· 

. YJIY1lill0Hll0M nx T0XHOJIOfHu! ll KOHCTpyKTHBHOfO ocl>opMJI0HHR, 

a TaKil\0 B0.JJ.YT non:cK HOBhIX 3MllCCHOHHblX MaT0pnaJIOB. 
MaB0CTHO, 'ITO a,JJ.cop6npoB,aHHaR nJ10HKa aJ10KTponoJJmRHT0JibHhIX 

aTOMOB Ha llOB0pXHOCTH TB0p,JJ.oro T0Jla (M0TaJIJla, UOJIY'llPOBO)J.HllKa) 

npRBO,JJ.lfl' K cyrn;0cTB0HHOMY ~OHIIiR0HlllO 0ro pa6oThl BbIXO,JJ.a, K 3Ha-

. 1IHT0JlbHOMY yBeJlli'l0HlllO TOKa ~)Jl0KTPOHHOR 3MllCCllll; npli'l0M Han60J1b

mnii a<Pcl>eKT ;o.ocTnraeTca npli a;o.cop6u.nn aToMOB rn;eJIO'lHhIX MeTaJI

JIOB, B 11acTHOCTll, u.eana. TaK, 0rn;e JleHrMIDP n K11Hr)::(OH noKaaaJiii, 

11To npn a;o.cop6n.11n na noBepxHbcTll BOJibcl>paMa a TO MOB u.eana ;o.ocTnra0T

ca yBeJin'lenne ToKa Ha ,JJ.Ba;o.u.aTh nopa,JJ.KOB [ 1}. AHaJiorJi'lHhIR acI>cl>eKT 

na6mo;o.aeTcH npn a,JJ.cop6u,nll :u.eana n na ;u.pyrnx MeTaJlJ1ax, a TaRil\0 

na 0RncJ1ax II noJ1ynpo:Bo;o.nnKax (Ta6JI. 1 [21). 
O;o.HaKo ncnoJib30BaHll~ B 

1

Ka'.l'O.JJ.HOR T0XHHK0 y«aaa1moro ~cI>cl>eRTa 
· aaTpy;o.HeHo 11a-aa n0ycTOH'lHBOCTH nJieHKH u.eana, 0e J10rKon ncna

pa0MoCTH (npn KOMHaT1rnii T0MnepaTyp0 ,JJ.aBJieHH0 napa Cs P ~ 
~ 1~0· 10-6 Topp). l1o3TOMY 

1
peaJrnaau.na Ha npawrmw npeHMy1n.ocTB 

• llJl0H01IHOii CHCT0Mhl M0TaJIJI-;-ll,03llR (Kn ;u.pyr110 rn;0J1oqnhle M0TaJIJ1hl) 

B03Mo;1rna Jlllillb npn pa60T0 00 B aTMoc«fl0p0, co;o.epIBarn;0ii naphl 

COOTBeTCTnyrorn;ero M0TaJIJia, llJlll il{e npll n0pno,JJ.ll'l0CKOM llO]J.llhIJl0Hllli 

. rn;eJIO'lHOfO MeTaJIJla H3 nocTopoHH0fO llCTO'lHHKa. 
ll,0J1bl0 ,JJ.aHHOii pa60Thl :aBJIR0TCJI noncK B03MOiKHOCTll ncnOJlb-

30BaHllJI acpcpeKTa noHUil{0Hllll pa6oThl BblXO;o.a KaTo;o.a npn a;o.cop6u.un 
. aTOMOB rn;eJIO'lHOfO M0TaJ1J1a i;o.JIR coa;o.allUJI acflcfleRTlIBHhlX llCTO'lHllKOB 

aapmR0HHhIX 'laCTHU. ]J.JIJI BaRyyMHblX npn6opoB. 
· Har.m 6hIJIO nblcRaaaHo :p:p0;o.noJ10iK0HH0 o noaMO/J{HOCTH ncnoJ1h-

.. 80BQTb yRa3aHHhlll acflcl>eKT B TOM CJ1yqa0, 0CJlll npnM0lillTb ]J.JIJI 3TOB 

1~eml coep;u11emrn rn;eJIO'lHhlx; M0TaJIJIOB c TaKoii cTpyKTypoiI, RoTopall 

Ta6Jin~11 f 

Jl11llum llJIUllU'lllllll l'nOoTn llJ1e110•111a11 Pa6oTa 
IIO)l.JIOll<l\a llldXOIUA, CllCTCMll n1.1xu11n, CllCTeMa BhlXO)l.a, on all aB 

w 4,54 W-Cs l,38 W-Ba 2,2 
Mo 4,30 Mo-Cs l,66 Mo-Ba ?? -·-Ta 4,12 Ta- Cs 1,11 Ta- Ba 2,2 
W-0 4,96 W- 0-Cs 1,10 
Th02 2,67 Th02 - Cs 1,00 
Ga As 5,47 GaAs- Cs 1.20 
lnP 5,69 InP- Cs 1,40 

p;onycKa0T cpaBHHT0JibHO JI0rR00 Bb1,JJ,0JI0H110 rn;eJIO'lHoro )I0TaJIJia 

na 06'L0Ma, HanpHM0p aJIIOMOCIIJIUKaTbI, aJIIOMHHaThl rn;eJIO'lHhlX )10-

TaJIJIOB n AP·'· a Tam1rn pH.n. cmrnnon rn;e.TIO'lHhlX )10Ta.'l.TIOB. 

1. 1"1cTO"IHHKH 3neKTpOHOB 

AJIIOMOCUJIHI>aTLI rn;oJIO'lllhIX 1reTaJ1J1011 n cTpy1'1'ypno211 0TuoIUeHn11 

npe,JJ,CTaBJIHIOT co6oii Tp0XMOpHbIM aIIUOHllhlM 1rnpRac, COCTOHID;llll 

H3 q0p0.n.y10rn;n:xca Si04- n A.10 4-TeTpaafl,poB, coe.n.11neHHbIX. MeIB;ri;y 

co6oiI o6rn;nMu nonaMn KHCJiopo.n.a, naxo.n.Hrn;1nmcH B BeprrrnHax 
Kam.n.oro n:a TeTpas.n.pon [3]. 

KapKac aJIIOMOCHJinRaTa o6paaona!f ROMITJieKca11m aHHOHOB [Sin-x

-Alx-02n]x-, OTpHIJ;aTOJibHblM 3apH,JJ, KOTOpbIX CKOMil0HCllpOBaH 

KaTHOHaMH lll;OJIO'lIILIX MOTaJIJIOB, CTaTUCTil'IeCKll pacnpe,JJ,eJieHHhlX 

B IlOJIOCTHX (nopax) HapRaca IIJIII MOil\,ll,OY3JIIIHX (pnc. 1). lli,eJIO'lHPJO 

lIOHhl, xapaKTepn:ay1orn;uecH 6oJiblllHMll noHHblMU pa;o.uyca21m n Ma

JihIMH aapH,JJ,aMu, OHa3hlBaIOTCH CJia6o CBH3aHHbIMII c KapKaCOM, 

06Jia;ri;a10T BhlCOHoii: no.n.nmHHOCThIO 11 y11acTny10T n nepenoce aJieKT

pH'lecRoro 3apH):~a, COOOID;afl a,TJIOllIOCIIJIUHHTY l\HTILOlllIYIO IlpOBO)J,ll

MOCTb. Ilpn 3TOM I\aTUOHhI HpeMHHH u aJI1011mnnH, Y'H1CTnyrorn;ne B 

o6paaoBaHHH RapHaca, 1rnxo,JJ,HTCH B CTPYKType aJI101110c1vrnl\aTa KaK 

Ohl B «aaMopomemrnM» cocTOHHJUI n n npouo,a;nMocTn ne y11acTBYIOT. 
8TH OC000lIIIOCTH l':rpyltTypHhlX XapaHT!\}HICTlll( l\.1110MOC11.111mHTa 11pP,a;

OIIp0ll,OJIHIO'l' MllOl'llO lll'O cuoiiCTJHl (110)(HJl)l\JlOl'.'l'h ll~l'.'lll'lllhlX 11011011, 

OO'L0MHYIO aJICl\'rpon poBOf!.IIOCTh n .n.p. [ 41). 11 pn narpenanuu Rpuc

TaJIJia aJIIOMOCHJllll\l\Ta IWTUOllbl rn;eJIO'IIIMX MOTaJIJIOB .n.n<flcpyH;o.npyIOT 

K ero nonepxnocTu, uncoponpy10TcH na ue:i1:, n: npu onpe.n.eJieHHhlX 

ycJio'nn:Hx MoryT 111.1frrn ua npe,noJJhl I>pucTaJIJia u na«yy111, o6pa3yH 
llOTOK 3MHTTl1IJOlll\lllllolX HOI!OJI. 

0TM0THM, 'ITO cy11~ocT11yo'l' 00J11>11100 'IHCJIO (6oJiee 100) Mo.n.ucpu

:Kau;nii llPHP01UILIX H CHil'l'O'I'H'lllCinIX aJIIOl\IOCIIJIHKaTOB, OTJIU'laIO

m;nxcH COOTllOJlllllllHIM II II l'JHlJIHOll'l'OB, reoll!eTpue:iI BHyTpI1KpllCTaJI

JIB'l0CKHX J(llllllJlOll H llOJIOC'l'(ltt, l'OOll!OTp11e:iI «OKOH», Be.n.yrn;ux B 3Tll 
IlOJIOCTB [5), 
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Pac. 1. ,D;sy111epHoe 1rno6pamemrn CTpyKTYPhl aJI10111ocaJiaKaTa m;eJioqHOro Me-

TaJIJia 
l - lIOH ~eJIO'iHOrO MeTalllla; 2 - CB1l3aHHblfi HOH l<HCJIOpOAa; 3-- uecnaaaHHblfi HOH HllCJIO

poAa; 4 - llO!lbl HpeMHllfl II amOMHHHfl 

Pac. 2. BOCblllllqJieHHble OKHa B caHTeTHqecKOM aJIIO!IIOCHJIHKaTe (a) a p;BeHaµ;
u,aTaqJICHHbie OKHa (6), orpaHaqHBaIOm;He BXOAbI B 60JibIIIHC IlOJIOCTH 

I 

B 
. i u u 

cuaTeTH'leCKHX amqMoCHJIHKaTax c TaKon cTpyKTypon MOiKHO 

ynpaBJIH:Tb pa3MepaMH «OlWH», orpaHH'IHBalOIIJ.HX BXO]J;hl BO BHyTpH

ltpHCTaJIJllI'I6CKlie IIOJIOCTH; OHR l\IOryT 6h!Tb o6pa30BaHhl 12-, 10-, 

.8- li 6-'IJl6HHhll\Ill KOJibD;aMH 113 aTOMOB KHCJIOpo;a;a (pHC. 2). IlpH 

3TOM ;a;n:al\reTp anepTyphl KHCJIOpO;a;Horo «OKHa», Be;a;ym.ero BO BHyTpH-

1{pHCTaJIJIH'l6CKHe IIOJIOCTH pa3HhlX aJIIOMOCHJIHKaTOB, HMelOT paa

Hble pa3Mephl, cpaBHHMhl¢ c paaMepaMH npocThlX MOJieKyJI. Hanpn

Mep, ]J;HaMeTp «OKHa», o6pa30BaHHOrO 12-'IJI6HHhlMH KOJibD;aMH ll3 

aTOMOB KHCJIOpo;a;a, l\IOiKeT H3MeHHTbCH: B npe;a;eJiaX 0,7-0,9 HM; 

a p;HaMeTp «OKHa», o6paaoBaHHOro 6-11JieHHhlMH KOJibD;aMH H3 aTOMOB 

:KHCJIOpo;a;a, li3M6HH6TCH OT 0,22 ;a;o 0,26 HM. 
lIMeHHo cnen;mpn11ecKaJI cTpyRTypa aJIIOMOCHJIHKaTa o6ecne'IHBaeT 

npH onpe;a;eJieHHhlX ycJIOBHHX. ;a;ml>it>Y3Hl0 HOHOB m.eJIO'IHhlX MeTaJIJIOB 

no;a; ;a;e:iiCTBH6M npHJIOiK0HHOrO 3Jl0KTPH'16CKOro IIOJIH:. 
O;a;Ha1w ;a;Jia ;a;ocTHiK0HHJI noBhlmeHHOii aMHCCHOHHOii cnoco6aocTH 

:aJIIOMOCIIJIHKaTa Heo6xo;a;HMO no;a;BeprHyTb ero TepMoaKTHBHpOBaHlUO 

c n;eJihIO qiopMHponaHHR onTHMaJibHOii cTpyKTyphl; aMnHpnqecRHM 

nyTeM 6h1JIH onpe;a;eJie111>1 pe>irnMi>l TepMoaKTHBHponaHHa, a TaKiKe 
·COOTHOlllCHHe imrpcJJ.HCllTOll JI llJllOMOCHJHII\UTC, 06ccneq1rna10m.ne 

Jiy11mHe aMHCCHOHHhlO cnoiicTna ero (Cs20 · Al20 3 • 2Si02). 

UccJie)'.l;oBaHIIJI noBepXHOCTH aJIIOMOCHJIHKaTHoro KaTo;a;a B pacT

ponoM aJie1tTpo1mor.1 MlutpocKone noKa3aJm, 11To noBepxHoCTb ero 

mepoxonaTa, 1100µ,uopoµ,11a no cocTaBy n npoHH3aua 6oJihIDHM 1111cJioM 

RaHaJion (nop) µ,e:aMeTpOM AO 1,5 MKM, npn'leM, KUK Bll)'.l;HO H3 pnc. 3, 
.aTOl\11>1 W.OJlQ\lUOro MOTllJlnll 0l(ll3blBQIOTCH cocpe;a;oTO'l6HHhlMH HM0HHO 

B Rananax CTPYHTyp1i1. \'nKnR ueo)];HOpo;a;HocTb CTPYKTYPhl noBepx· 
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1'11r.. :I. M1rnpoc}10Tor
pa<f11111 1'UpMOUH1'11DJl
pOB8UllOii 11011opxno
<:TH QJllOMOCl!JIHl(QTa 
u.eam1, nony•rnmrnJI 
118 pncTpODOlll l>JIOI\T
po11110111 M1mpoc1rnne. 
BHp;HbI 1rnnanb1 paa
JIH'IllbIX AHUMOTpon. 
3µ;ecb me npnneµ;eHbI 
KpHBble aHTCHCHBHO
<lTH Cs (mm CJiena) n 
Si (nnK cnpana) Ka
nanyqemrn nµ;oJIL cJrn
µ;a aneKTporrnoro Jiyqa 
(X1000) 

Pnc. 4. TeMrrepaTyp
HaJI xapa1tTepucTmrn 
IIJJOTIIOCTH :)JIOitTpon
HOro TOKa H3 aJIJOMOCll
JIHI\aTa l\031fH, Ul!MII = 
= 4 HB 

Puc. 5. To~mepaTyp
IIbIC xapmn-op11cT111m 
lIJIOTIIOCTll ;)JJOl{Tpon

Horo TOKa ll3 UJJIOMO
CIIJIJIKaTa ~C3IIJI 

1 - UHMil = 1,5 l(Il; 
2 - UHMll = 3 HB 

,/; /'lll/1,,.,2 
/(}(} 

(/l 

E._..__...__..__.__.__.__.___,_~~-

J'llll Jllfl Jllll 71717 J'llll r,•c 
P11c. 4 

J,N/ljc/· 

71717 

d'll 

El/ 
M~ _,,~ 

2() 

71/(J Jl71l 

Puc. 5 

l!lll J'llll T, JG 

HOCT11 1~0J1m 11a up llllOC'l'11 J{ Go.1wo JJ1>tco1wii :w1rnJ1 b11oii 11aupm1\l'H
HOCTll IIOJIH' l\aI\ no yme 6hlJIO OTM6'IeHO, B "<IaCTHOCTII B pa6oTe [ 6]. 

J1ccJIC)l.Ollalllrn :Jl\UiCCHOilIIJ,IX CBOHCTB UJIIO'.\IOCIIJIIIKaTOB npOBO
)l;HJIIICh 11 cnepxm.1cmrnM n;myyMo 10-: -10-9 Topp. KoncTpyn1\11JI 
l>I\CIIOJll1MOll'l'HJIJ.llOJ'O up11Gopa, l\!CTO)l.Ima nanccemrn HKTllBlloro uo
l(phlTHll, a Ta101rn MOT0/\1ma H3McpeuuiI OhIJIH TaK1nrn a;e, :KaK B 
p1160T11 x [ 7' 8 l. 
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Ilo o6h111HOH M0TOAHKe 6bl~H H3MepeHhl TeMnepaTypnLIO xapaK
TepllCTHKll TOKa 3JI0KTpOHHOH 3MllCCllll ll 6blJIO ycTaHODJieHo, 11TO 
n 38DHCHMOCTH OT pearnl\Ia ero TepM08KTHDllpOB&HHfl MoryT 6h1Tb 
nonyqeHLI nna DHAa TeMnepaTypuhlx xapaKTepHCTHit j , __ - f ( T). 

0AHH ua uux (pHc. 4) MMeroT: nun, 6JIH3KHii K S-06paaui,1M KPHDLIM 
JJ;JIR JIJieuo11uoro KaTona BOJibcppaM-n;eauii [9). Bunuo, 'ITO yme npu 
l\OMHaTHOH Te:1vmepaType TOK 3MHCCHU COCT&BJIReT no nopHAKY neJIH
'lllHhl HeCKOJlbKO MllJIJIHaMnep c 1 CM2 , pacTeT c yneJIH1l0Hll0M T0Mne
paTyphl KaTOAa H . AOCTHraeT ?.taKCHMaJibHOro 3Ha1leHHH npn IIOKpbI
Tllll KaTona CJIOeM n;eanH, 6JIH3KRM no TOJIIIµrne K MOHOaTOMHOMY (KaK 
aTo 06h111Ho npnHRTo c111ITaT1>)f Ma-aa Toro, 'ITO npn naJI1>HeiimeM 
nonhlmeunu TeMnepaTyphl ncnapeune n;eanR ua11nuaeT npenaJinponaTh 
uan n:e:cpcpyaneii ero R3 o6'l>eMa; lI TOJIIIyrna CJIOH n;ea:e:R Ha nonepx
HOCT:e: KaTona CTaHOBllTCH M0Hbme OIITHMaJibHOH, TOK 3MHCCllll Ha'lll'
HaeT -nanaT~. IIcicJie npoxomneHnH 11epea MHHHMyM, Korna MOIBHO 
C'lHTaTb, 'ITO Ha nonepXHOCTll K~Tona n;eanR 60JI1>me HeT, TOK 31\lllCCllll 

6 
I u 

yJJ;eT Oilp0JJ;0JlflTbCR TOJlbKO nr,o;JIOlliKOlI, T. e. 'lllCThIM aJIIOl\IOCHJill-
KaTOM, CJieJJ;yR RanecTHOMY aa:t<oHy P1I11apncoua [10). 

BTopoii nun xapaKTepIIcTnK I (pnc. 5) noJiy11eu .AJIH Ka Tona, cTpyK
Typa KOToporo onTmrnanponaHa nyTeM non6opa pem:e:Ma TepMoaKTH
.nRponaHnH (cM. Bblme); OT6up~eMbie TOKll npll 3TOM OKaaaJIHCb cy
m.ecTB0HHO Bblme - COTHll l\lllJIJIIIaMnep c 1 CM2 

- II He aannCHIIJ.llMlI 
OT T0MnepaTyphl no T ~ 400° c. B OTJJ;0JlbHhIX CJiy1!aHX TOK 31\lllCCllll 
AOCTHraeT 1 A/cM2 npn KOMHaTHOii TeMnepaType, HO CTOJlb BhICOKaR 
aKTHDJJOCTb KaTOJJ;a ORa3hlBaeTCH H0CTa6HJibHOH H TOK aaM_eTHO YM0Hh
maeTCR co npeM0H0l\I [ 11). 

Ha pnc. 6 npnnononbl npeMoHHble xapaKTepHcTnKn naMeueHHR 
TOMI c Huona n nonpepLtBHoM u Hl\mynbcHoM pemnMax. Bunuo, 
'ITO npu OT(Sopo TOKa u nonpepwnnoM pemuMe npoucxonnT 6hlcTphlii 
CDAA TOKI co npOlllOllOlll, llCJJC,!J.CTIJHO, D03M0)1\HO, Harpona MaTepHaJia 
DpOXOJlAU\H~I TOHOM JI Jlhl:lllRJlllOi\ :lTHM necop6u.neii: aTOMOB m.eJI0~1-
uoro MOTIUlnU. rlpu IU.SllYJJLCHOl\l TOROOT(fope TORH UMHCCHH OCTa
IOTCJI CTll~hlJJhlllJIMll JI TO'IOllUO nponomKHT0JlbHOro npeMeHH, H0Cl\IOTpH 
Ha TO, 'ITO OT6Hpaolllhti\ TOR B Ul\IDYJibC0 3H8'lllT0JlbHO 60Jihme, 'leM 
npu T0Koo16opo n nonpophlBHOM pe;HnMe. CTa6unhHblii ToKooT6op 
npu l<OMIU\Tll01i TOlllIIOpnType B 100-200 MA/cM2 B03MOJI\OH B TO
'lOHHe IIO MOllOO 100 'I. 

Ha pHC. 7 npHDOAOHa BOJll>T-aMnepuaH xapaKTepHCTIIKa aJIIOMO
CllJlltKaTHOro Ka Tona, nao6pa;1<euuaR n Koopn1rnaTax log I= /·(1/U11Mn), 
JJ;JIH HMllYJibCHoro pemnl\Ia OT6opa TOKa c IIJIOCKoro KaTo,o;a (nonepx
HOCTb KaTo;a;a S = 0,04 cl\12). BnAHO, 'ITO n onpeneJie11uoM nnTepnaJie 
aHOJJ;HblX Hanpnmeunii xapaI<TepHCTHKa HMeeT npHMOJllIH0HHblH nn;a;, 
H 3JI0KTpOHHhlii TOK pacTeT no aaKOHY' 6JIH3KOMY )];JI.II aBT03JieKTpOH
Hoii 31\IHCCHH. 

MaMepeHIIfl, npone;a;euuIJe c npnMeHeHueM cMeHHblX auo;a;on, no
KaaaJin, 'ITO B 3JI0KTpOHHbIH TOK c KaTo;a;a HeT BKJia,o;a OT TeKym.ero 
B o6paTHOl\1 ua11panJieHIIll HOHHOro TOKa c auo;a;a, KOTOpblii B03MO
meH ll3-3a HallblJieHHH m.eJIO'lHblX MeTaJIJIOB c KaTo;a;a Ha auon; HeT 
BKJiana ll OT B03MOIBHOro B ycJIOnHHX 3KcnepnMeHTa a!flcpeKTa ra-
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P11c. 6. 3aBIICIIMOCTU TORa 3MIICCIIII OT npeMenu, IIOJiy'IeHHhle B pa3HhlX 3Rcne-

-p11MeHTaJI1>HhlX np116opax n HerrpephlBHOM pem1urn npn T = 300° C, UHMII = 

7 t, 'I 

= 1 RB (1) 11 n nMrryJILCHOM pemnMe rrpu T = 20° C, UHMII = 3 RB (2, 3, 4) 

P11c. 7. Tnrrn'InaSI n11myJI1>cnaSI BOJibT-a~mepnaSI xapaRTepncnrna KaTOAa, 
T = 20° C 

aonoro ycnJienm-1 aJieKTpouuoro ToKa c KaTo;a;a 3a C'leT uomrnau;nn 
aTOMOB m.eJIOl:_IHblX MeTaJIJIOB, KOTOpbie l\IOryT IIpHCYTCTBOBaTb B oc
TaTO'lHO:ii aTMoc!flepe H3-3a ncnapemrn c KaTo,na. 

Y11nTb1Baa nee <>TH !flaKTbl, MOiKHo, no-nn;a;1nroMy, c;a;e.JiaT1> BblBOJJ; 
0 TOM, 'ITO 3JieKTpOHHaH 3MHCCllH c aJIIOMOCHJIHKaTHOro KaTo,o;a HBJIH-
eTCH TOKOM anTo- llJlll TepMoaBT03JieKTpOHHOH 3l\IIICCIIII. ' 

YKa3aHnble ;a;ocTaTo-.:_ruo 60JI1>11rne anat1emrn aJieKTpOHHhlx TOKOB 
c IlJIOCKHX UJIIOMOCHJIIIl\UT-U,e3UCllhlX lHlTO)J;Oll 11a6.r11o;a;aIOTCfl npu 
cpaBHHTeJibHO Hll3KHX (cpe)J;HIIX no nonepxuocn1) Ha11pnil\eHHOCTHX 
3JI0KTpn11ec1wro noJia-103 - 104 B/cM, TOrJJ;a KaK y anToaJieI<Tpou
HhlX RaTO)J;OB B nnne OCTpn:ii 3Jl0KTPOHHaH 31\HICCIIH nponcxO)J;HT 
06b111Ho 11pn uanpame1mocTH aJieKTPifl-IeCKoro 11om:r E = 107 -
10

8 
B/cM [6] H cocTaBJineT no nopnJJ;I\y nemPnun,1 c IIOJIHoii 110-

nepxuocTH 0AHHHqnoro OCTPHH MHKpOaMnepbI IIpH IIJIOTHOCTH TQKa 
--104 A/cM2• 

YKa3aunaa oco6ermocTT> amoMocnmmaTnoro KaToJJ;a o6ycJionJieHa, 
no-BHJJ;HMOMy, cm1r.11oi1: neo1~11opo11:uocT1>IO ero nonepxnocTu - noa
'MOiKHblM o6pa30B/llll10M llbICTynon cy6MHI\POHHLIX pa3l\Iepon y Kpaen 
KaHaJIOJI, 'ITO OOIIU(lyll\0110 C IIOlllOIIJ.bIO paCTponoro 3Jl0KTpOIIHOrO 
MHI<pocKona, u JI01rnJ1113a1~1rn:ii: IIOJIH y <>THX BhlCTynon CTPYKTyphl; 
C JJ;pyroii CTOJHllll>J, 6Jial'OJ~apH U)J;Cop6u;nn aTOMOB ll;031IH, npOIICXO
JJ:HT cm1r.1100 1101111ll\01tHo :>JWKTponuoro cpoJJ;cTna MaTepmurn (noa
Momno )J;o 0•1•p111\a'l'11J1 i.1101·0 :-JJIOKTpomroro cpoJJ;cTna), -.:_rTo, cor.1acuo 
H3BOCTlli>IM COO'l'llOlll(lllllHM l\Jlfl aBT03JieKTpOHHoro TOI-\a, npnno;:uIT 
R ynoJ1Htro111110 ·ro1rn 1111To:1J101(Tponnoii :J11rnccnu [G]. ,Il.JIH cpanuemrn 
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Ta6mrn;a 2 

3MllTTep 

IlJieHO'IHLiii Ka TOA W-Cs (pa6oraer · B ar
Moccpepe napoB ~eaHn) 

0KCHA11blll ltaTOA 

RaTOA MeTaJIJI - AllaJICKTpHK - MCTaJIJI 

AmoMOCHJIHKaTHbJii: KaTOA ' 

TeMnepaTypa \ 
KaTOiJ,a, 1:\ 

690 

550 
620 
300 
300 

IJJIOTllOCTb TOH&, 
MA/CM2 

0,1 [9] 
(Pc.=10-' Topp) 

0,01 
0,1 [ 12] 

50,0 [6] 
100-200 

I 
B Ta6JI. 2 npHB0Jl,0Hhl 3MlICClIOHHhl0 napaMeTphl cpaBHIIT0JlbHO Hll3KO-

TeMnepaTypHhlX T0pMOKaTO)l;OB, a TaKIBe H0KOTOphlX TlillOB XOJIOJl,HhlX 

KaTOJJ.OB. BHJJ.HO, 'ITO amo.MocnJIIIKaTHhlii KaTOJJ. o6JiaJJ,aeT cpeJJ,n HIIX 
Han60Jiblll0H {)MIICCIIOHHOH cnoco6HOCTbIO. Ilo 3MHCCHOHHOii: aKTIIB

HOCTH .. OH 6JIII30K K KaTdJJ,aM Ha OCHOBe reTeponepexoJJ,OB, 1IHIBeK

:a;110HHhlM ll OllT03Jl0KTpOHHhlM KaTO;t\aM, HO no a6coJIIOTHhllll 3Ha'le

HHHM OT6npae11IhlX TOKOB! aJIIOMOCIIJIHKaT-:a;ea1IeBhlH KaTOJJ. IIX npe

BOCXOJl.IIT; c 3MlITTIIpy10m;eii IIOBepxHOCTII aToro KaTOJJ,a s = 0,04 CM2 

CHIIMaIOTCH TOKll nopRJJ.K~ H0CKOJibKIIX Jl,0CHTKOB MlIJIJIHaMnep, 'ITO 

H0Jl,OCTllilnIMO Jl,JIH yKa3aHHhlX TllIIOB KaTOJl,OB H3-3a MaJIOCTII paa

Mepon 3MlITTHpyrom;eii: IIOBepxHOCTll ll H0CTOBKOCTIL 

y anT03JI0KTPOHHhlX OJJ.HOOCTplIBHhlX KaTOAOB, 06ecne11HBaIOIIJ;IIX 

orpoMHDie IIJIOTHOCTH ToKa (103-104 A/cM2 11 6oJiee), TaKme HH'lTOIB

HO MaJIDI a6cOJIIOTHhl0 3Ha'l0HHH TOKOB (MHKpoaMnepDI). 

TaKIIM o6paaoM, KaTO;rI.hl Ha ocHoBe nopIICThlX cTpyKTYP aJIIOMO

CHJIHKaTOB m;eJIO'lHhlX M0TaJIJIOB MOIBHO OTH0CTII K HOBOMY THIIY 

HeHaKaJIHBaeMDIX KaTOJl,OB [ 11]. 0Hll o6Jia;t\aIOT 3Ha'lIIT0JlbHOB 3MlIC

CllOHHOii: cnoco6HOCTbIO B lIMIIYJibCHOM peIBHMe np11 IIOHHIB0HHOH 

(cpeJJ,Heii: no nonepXHOCTH) HanpRIB0HHOCTll 3JI0KTpH1I0CKOro llOJIR: 

j e::: 100-200 }IA/cM2 np11 E e::: 104 B/cM, npn aToM a6coJIIOTHhle 

3Ha'l0HlIH OT6IIpaeMbIX TOKOB c llOBepXHOCTll s = 0,04 CM2 COCTaB-

JlRIOT ]l.0CRTKII MIIJIJIHaMnep. . 

EcJIH B pemeTRe aJIIOMOCHJIHKaTa m;eJioqHoro MeTamra aTOM· a.n10-

MHHHR 3aMeHHTb Ha ero anaJior - aTOM raJIJIHH, TO CBOHCTBa TaKHX 

coe;rI,HH0HlIH - raJIJIOCIIJIHKaTOB - 6yJJ,yT BO MHOfOM IIOJJ,06Hhl cnoii

CTBaM aJIIOMOCIIJIHRaTOB. i 

BMJIII IICCJie;rI.oBaHM 3MHCCHOHHhle CBoiicTBa 11 JJ;pyr11x coe;rI.HHe

HHii: m;eJIO'lHhlX MeTaJIJIOB - aJIIOMBHaTOB D;03IIH II JIIITBH, a TaRIBe 

HIIo6aTa JIIITIIH • 

XoTR no;rI,BepruyTaR 11ay11eHHIO O;rI.Ha II3 MHorIIx MOJJ.H<l>HRa:a;IIi 

aJIIOMHHaToB (~-aJIIOMHHaT Cs) 11 ne o6Jia;rI,aeT 6JiaronpHRTnoii Rap

RacnonoJiocTHoii CTPYKTypo:ii aJIIOMOCHJIIIRaTOB, Ho, 6Jiaro;rI,apR Bhl

coKo:ii IIOHHOH npOBOAHMOCTll ll p,pyrnx CBOHCTB, MOiI\HO omnJJ,aTb 

IIOCT0II0HHOro Bhl]l.0Jl0HHR m;eJIO'lHOro MeTaJIJia lI3 o6~eMa lI IIOCTyn

JI0HlIH ero K nonepxnocTH. 
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ri-HJllOMHllllT HMOOT Ill IIllIW.'l lollO-CJIOIICT)'IO CTpynTypy, B lWTOpoii 

llJIOTllO yna1rnnaHHble IllIIIUI0.TlhlllolC UJllOMHIII1CJIO-I\HC.TIOpo,n;m,Je 6JIOl\H 

pu:iµ,oJIOIIM «:iepKa.TibHhll\1H)) 11.TIOCl\OCTR!\III c paCllO.TIOil\0H1Ihllllll B HUX 

u~oJJ0•1111orMn: n:onaMu [ 1:1]. l3u11JJ,y ueuo;nioamocnr BXOil\;rJ.0HIIR 1:a;e

Jio•m1o1x HOHOB n illlll1UCJihIIhlH GJIOI\ M11rpau,ua HX ;rI.ByMepHa H B03-

MOil\Ha TOJlhRO B «aepRaJibHOH» II.'IOCROCTII, T. e. no rpaHn:a;aM l\10il\,a:y 

OT,a:em,ubIMH 6JioRaMu CTpyRTypi,1, rpamu~inr aepen, rroaT0:11y rro

.n;1111mnocTb HOHOB I:a;0.TIO"IHOro ll1CTa.1ura B HIIX rrpn HII3RIIX Te~rnepaTypax 
orpann•roua. Ilpu nr.ICOI\ITX: TO~I nopilTypax' l\OI'Hll )'llC'.11ll'IUB<UOTC H 

J\OJICUaUHH pCIIIOTI\ll, MC/l\l'pa1111 1111i.1e paeCTOHllllH pacTyT, JI COOT
llCTCTllllUIIO y110J1n:•1nna0Tcn noj\1111;1\11ocTi. 110II011 11w:10•111oro MeTa:v1a, 

coa,a:auaR 6JiaronpHHTHh10 yc.TioBirn: )J;JIH .!l:OCTaBRU IIX R nonepXHOCTII 
RaTo,a:a. 

Ilo;nO!\Iy 0CT0CTB0HHhIM ORa3a.TICH TOT cpaRT' "ITO 3MlICCIIOHHhlii 
TOR Half1rnaeT aaMeTuo pacTn TO.TIJ.I<o c T ~ !:)QOc C 11 .a:ocTuraeT 

MaI<cu11rnJihuoro 3HalfeHHR {~200 MAlcM2) .TIIIIIIh npu T = 1450° C, 
T. e. npu 6oJiee Bh1co1wlf TeMncpaType. •1e)r y a.'IJO::\locn.1unaTa. 

lfay•IeHHIO 6hlJIH ITO.[(neprnyThl 111106aTbl 1:a;e.lO"IHblX :IIeTa.'I."IOB, 
B lfaCTHOCTH HHo6aT JIIITIUI, KOTopr.1ii: npCJJ;CTall.TlfIOT HIITepcc B CBH:3H 

c TeM, 'ITO ooJrnJJ,aeT RpucTaJIJII1lfecI<oii: CTpy1nypoii, noano:i:a101:a;eii 

11anne1rnTh 113 uero I\aT1rnu1o1 .1mT11H no OnTaa,ci;pn•rnc1m:u nycT0Ta:11. 

I\pucTaJIJibI H1106aTa JIHTHH (LiNb03) COCTOHT npu ROMHaTHOii 

'TCMrrcpaTypc 113 CJIOCB I01CJ10pOJ~lllolX aTOMOB, pacrrOJIOif\0HHhlX npn

O.TIH3UT0.'lbHO n reRcaroua.Tii,noii rrmiTneihucii yna1wnne. 06paaye::11L1e 

1 RHC.TIOpOJJ;HhlMH IIOHaMH 01\Taa)J;pIPiecRne IIYCTOTbl Ha 3 3aIIOJIH0HhI 

nonaMu Nb H Ha ~ - uoHaMn Li, ocTa.lbHhre ::1rncTa - na1rnHTHhle. 

BJJ;O.Tih IIOJIRpuoii ocu C o6pa3yIOTCR _"Iepe.r:1y10~ueca oRraa,a:pLI c 

HOHOM Nb n :a;eHTpe. 0Hpaa,a:p c IIOHOM Nb o6paayeT 06m;y10 rpaeb 

c naRaHTHbIM 01\TaaJJ,poM, ROTOphrii:, B CBOIO OlfepeJJ;b: o6paayeT rpaHh 

ORTaaJJ,pa, aamIToro nonoM Li. ,IJ;a.11ee H'ICnna no11TopaeTcH (14]. 
8.r1eKTpoHm.1ii: TOI< c HpncTa.'l:.11a nuooaTa .'IIITIIH Hene."Iun 

( ~10-1 
MA/cM

2
); xapaHrnpncnma j = f ( T) ne mrneT ::1rnncm1y:1rn, 

cn11.r:1eTeJihCTBYH o TOM, lfTO Ha nonepxnocn1 He o6pa3yeTcH a;:i;cop6-

:a;uoHHh1ii CJIOii: I:a;eJIOlfHoro l\IeTaJI.Tia OilTII.Ma:IbHOil TO•ll:a;IIHbl' IlHa"Ie 

ronopa, npon;ecc ]J;ecop6n;nu aToMon .TII!TIIH nponcxo.r:1uT 6oJiee nn
TeHcunno, lfeM ,a:ncp<fiy3na nx K nonepxHoCTIL 

KaTo,a:hl us cnJianon 1:a;e.TIO"IHh1x llieTaJI.Tion HY<n.a;aIOTCR B npe,a:11a

p11Te.r1Luoii T0PMOaKTHBHpOnRe, B peay.TihTaTe liOTopoii: npoiicxo,a:nT 

<f>opMuponaHn:e CIMHCCHOHHblX 1~0HTpon Ha nonepxHOCTII cn."IaBa. 

npe)J;CTaBJIRIOI:a;HX coooii: Y'IaCTRH, 1101\ph!Thle J~e3II0M, yneJIH"IIlBaIO
ru;ueca co npeMCIICM. 

113 puc. 8 1111):\HO, 'ITO TeMrrepaTypHbie 3UBIICinIOCTII a:i:eKTpon
Horo TORa ,ll;JIH c11.r1anon 'V-Cs n Mo-Cs IDieIOT nu~. 6."III3nuii " 

nu,a:y xapaI\TOpI!CTHI\11 .rvrn II.Tiel!O'IHhlX naTO.[(OB :\10Ta.TJ.TJ-D;e3uii:. Ilpu 

3TOM y CII.Tiaun w -Cs l\Ial\CHMYMhI II MI!HIDIY:\Ibl Ha npunoii: Hao.110-

JJ,aIOTCH 11p11 Gonoc uu31mx Te111nepaTypax, •ie:-.r y cu.11ana l\Io-Cs. 
11 OT011pao~11.w :lJHmTp(H1111o1e Torm y c1rna11a \\'-Cs oo.'Ibllll' (j ~ 
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i 

1l 



~. 

C::! 8 .MA/cM2 npn T = 20° C), 11eM y cnnana Mo-Cs (1 0t 4 MA/cM
1 

.npH T = 20° C). 
Hccneµ;oBaunro 6blJIH noµ;BepruyTbl TaHme cnJiaBbl oJioBa, repMa-

HlI.fl H HpeMHlI.fl c n.e3neM. 

2. ~CT04HHKH HOHOB 

Bee ynoMHHYTble Bblllle coeJ1.11HeH11H H cnJiaBhl ru;eJIO'lHblX MeTaJIJIOB 
MoryT CJIYIBHTb TaKme II lICTO'lHHKal\UI llOHHblX TOKOB npn np1rno
'1{eHHll K ycKopmoru;eMy 3JieKTpoµ;y (KOJIJieKTOPY HOHOB) OTpnn.aTeJib

HOro ycKoparom.ero Hanp.Hmeuna. 
B JinTepaType nMeeTCH MHOfO µ;aHHblX o 3aKoHoMepHOCTHX noH-

Hoii 3MllCCllll aJIIOl\IOCHJilIKaTOB ru;eJIOlJHblX l\IeTaJIJIOB [3, 15]. 
Pe3yJibTaTolll npoBeJ1.eHHoro ; Hal\lll H3YlJeHHH pa3HblX 3aKoHoMep

nocTeii HOHHOH 3MllCCllll, B TOM 'lllCJie 3QBHCllMOCTeii OT yc1wpmom.ero 
nanpameu11a, Te111nepaTyphl n BpeMeHn, HBHJIOCb npe;a:JIOil\eHne np11-
MeHllTb lllllllYJibCH:plll peIBlllll OT6opa TOKa c onpe):l.eJieHHblMH napa

MeTpaMII )J;Jlfl ]J;OCTHiI>eHlrn 6oJibillllX HOHHblX TOKOB lI 6oJ;tbllleii CTa-

6HJibBOCTll llOHHOH 31\IHCCllll [16, 17, 18). 
B pemnMe nepllOJl.H'lecKHX HMIIYJibCOB ;a:JIHTeJibHOCTbIO 't = 10 MKC 

H lJaCTOTbl UOBTopemrn f = 25 . ru. 6blJill llOJIYlJeHbl llOHHble TOKll Cs 
c aJiroMocmmKaTa u.e31rn 1-2 A/c1112 npn KOJIJieKTopnoM Hanp.HmeHnH 
3,5 KB (p11c. 9), npn11e111 oHH oKa3aJIHCb cTa611JibHI>Illlll, Tor;a:a KaK 
B HenpepbIBHOM pemlll\10 HOHHbie TOKll He npeBbIIllaJill no nopHJl.KY 
BeJIHlJllHbl ;a:ecHTKOB l\lllJIJilial\lilep Ha KBa;a:paTHblH caHTlll\10Tp ll 6bICT-

po na;a:aJiu co Bpe1110HeM [ 18). 
OpHeHTHpyacb Ha ;a:ocTHrHYTbie HaMH pe3yJibTaTbl H ccblJiaHCb Ha 

BHX, 3apy6emHbie aBTOpbl TaKme ;a:ocTHrJIH irMn = 1 A/cM
2

, HO npH 

6oJiee BblCOKOlll KOJIJieKTOpHOlll Hanp.HIBeHllll [19]. 
8cpcpeKTllBHblMH HCTO'lHHKalllll HOHOB ru;eJIOlJHblX 111eTaJIJIOB oKa-

3aJIHCb ll aJIIOl\lllHaTbI ru;eJIO'lHf x MeTaJIJIOB, XOTH ll3-3a lllDHHeJibH0-
6JIOlJHOH cTpyKTypnI ;a:Bna<eHHe noHOB B HllX orpaun11eHo n B03M011rno 

I 
TOJlbIW no rpa11111v1M lllCiH;rI.Y OT;rI.CJlhlll>JMH 6JioKaMH CTpywryp1.1; OT-
cro;a:a Jl.JIH 60J1i.Ill1111cTua aJ110MunaTon Ho11ui.1ii To1c 01ca:iaJ1c11 Me11i.111e, 

11eM /];JI.fl aJIIOl\IOCllJIJIRaTOB, 3a lICICJIIOlJeH11€M aJJIOMJUlaTa JIHTHH, 

HOHHblH TOK KOTOporo oKa3aJI~H HeCKOJlbKO Bblllle (20 MA/cM
2
), 11e111 

y aJIIOMOClIJillKaTa JIIITIIH (5 111A/c1112) npn T = 1100° C, 'ITO CBH3aHo, 
110-BH;D;lll\IOlllY, c · 11rnJII>Il\lll pa3~1epaMH nonnoro pa;n,11yca Li no cpaB
ueunro c ;a:pyrmrn ru;eJio'lHbll\Ill 111eTaJIJiaMll 11 6oJibllleii npoBo;a:111110-

CTblO aJIIOl\lllHaTa JIJITllH, '10111 aJIIOl\lOCllJIHRaTa. 
HoHHhlll TOK B HenpepbIBHO?tl peHmMe, HaK 11 ;a:m1 aJI10111ocnJI11-. 

RaTa, OKa3aJICH l\10Hbllle (;a:o411 MllJIJlll&Mnep) 11 MCHCe cTaOHJlbHbllll:· 

PaccM0Tpm1 B03l\IOa\Hble tipH'lilHbl, 06ycJIOBJJllnnrom.11e 6oJII>IllYIO 

CTa6HJibHOCTb llOHHOro TOKa ~ 6oJJbWYIO D0JJH'IHllY ero npll OT6ope 
ToKa B 1u.myJii.cuo111 pemm1e no cpan11e111110 c 11011pop1>1u11i.m. B ue

npepbIBHOlll pen·all\le BeJill'IllHa BH8WHero aJJeJ<Tpll'IOCI\01'0 DOJIH B 
CJIOe CKOMnencnpoBaHa npocrpaHCTB8HllbJr.I aapHAOM II ueM, H. cTa

n.uoHapuoe 3Ha'leHue llOUUOrO ToKa onp&AOJJHOTCJI 'l'OICOM lJ.lllP<l>Y3HH 
noHOB 11a 06'he111a K nonepxnocTH 1n.mTTepa. D mmyJ1vc110M pem1rne 

PHC, 8. 'l'Otdllllpll'l'YPllhlll XllpllllTO
pHCTlllCll llJIOTllOCTll llJIOltTJlOll· 
uoro TOKQ CllJlllllOJI W-Cs (1), 
Mo-Cs (2). PomHM 11Mnym.cnwii, 
E = 2 °10' B/cM 
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Pnc. 9. BoJILT-aMnepHbie xapaKTepncnrnn noHOB Cs c amoMOCIImrna'l'oB Cs 
B IIMIIYJILCHOM pemnMe 

Pnc. 10. <l>opMa II11myJILca nomroro Tol\a Am• T = 3, 5, 10 Mne, T = 1250~ C 
a -·-I ··.- O,fJ 11 1\; ti j fd) 11 1\ 

npH Bb16ope OilTHMaJibHbIX napaMeTpOB ero (JVIHT0JlbHOCTII Illl!IlYJibCa 
't If lJaCTOTbl DOBTopeHllH f) nem111nua IlOHHOro TOKa onpe.n;eJIH0TCH 
BHCillHllM IIOJieM. 3a Bpel\rn 111emJ1.y Ill\11I)'JlbCa11m paBHOB0CHOe pac
npe.n;eJieHHe llOHOB B CJIOe ycnenaeT BOCCTaHODIITbCH, II llOHHblll TOK 
K Ha11aJiy cJie.n;yrom;ero 1rnnym,ca .n:ocnrraeT nepB011a11aJibHoiI BeJin
lJllBbI; npn 3TOM, RaK H3IleCTIIO, upe11rn peJiaKcau;1rn IlOJIH (3ap.H.n;a) 

B CJIOe 'tp = el. eolY (r;a:e Bi n Bo - COOTDeTCTBeHHO .n;uaJieKTpn'le
CKaH DOCTOHHHaH CJIOH II UOCOJIIOTIIaH npon11u;ae1110cTb BaKyyMa n 
y - npono;a:H111ocTi. cJion) [20]. Moarno no.n;o6paTh u TaKHe onTu

MaJibHbie rrapaMeTpi.1 c11cTCM1>1 (.-, f), 1rnr.n:a ::ia upe111H n11my.1nca 

RMilJIHTYAHOe 3IIU1lC11110 '1'01\U ne 6y.n;eT 3aMeTHO l\ICHHTbCH (pnc. 10). 
Bnrna nccJie.n:o11n11n Tn1mw <il\rnccnH nonoB ru,eJIO'lHbIX MeTaJIJIOB 

ll3 llX CIIJiallOll c OJIOllOM' rnpMtllllIOM. Kpe:mmeM. ::11o:m6;:(euo~1 II 
DOJib<l>paMOM. 
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YcTaHOBJieHo, qTo n cmia

nax oJiona, rep:r.rnmu1 JI RpeM

HlIH AJ1qupy3m1 JI nocJiep;yro

m;aa aMHCClIH m;eJioquoro Me

TaJIJia B BJlp;e JIOHOB npoJ1cxo

Jl:RT 'fOJlbl\O l(<l oupe)l;CJICUHOH 

TeMnepaTyphI, a uptt ooJICO 
BhlCOKOH m;eJIO'lHOH Me'faJIJl HC

napneTCH B BH]l;e HCHTpaJibHhlX 

aTOMOB. 
BoJiee nhlcoKaR JI 6oJiee 

D.'l/Dtl , , , , _ cTa6BJihHaH 3MJ1ccna JIOHOB 

7 
.YI/I/ !Dflfl !IUD 1200 I.JOO 7, ,, m;eJioqHbIX MeTaJIJIOB Ha6JIIO-

]l;aeTCH y cnJiaBOB MOJIJl6)l;eHa 

ll BOJibcppaMa c n.e3llCM (pJIC. 

11). B J1CCJiep;ona1rnoM JIH-

W-Cs (RpnBall 1) n Mo-Cs (RpnBall 2) (900 · --- · TepnaJie TeMnepaTyp -

1400 K) noHHhle TOR.II ynem1qnna10TCH p;o necKOJibKJIX MlIJIJIJlaMnep 

Puc. 11. TewiepaTypnhle xapa:KTepncTHRH 
UJIOTHOCTH HOHHOrO TO:Ka H3 I cnJiaBOB 

Ha R.naµ,paTIIhlll CUIITirMcTp.
1 

CJieA,yeT onieTBTh, qTo · y cnJiaBOB BOJibcppaMa JI MOJIJ16µ,eua c 

n;e3BeM HCT CllOHTaHHOro Bl>l)l;CJieHJIH m;eJioquoro MeTaJIJia, KaK 3TO 

RMeeT :r.iecTo y cnJianoB Sn, Si JI fi.e c Cs, JI aMJ1TTBpy10m;J1ii noTOK 

AO TeMnepaTyphl 1000° c HA r.ouepnrnT HeiiTpaJil>HblX aTOMOB n.e3lIR. 

3. npHMeHeHHe H nepcneKTHBbl 
I 

c 1ICil0Jlb30BaHIIe:ll amm10cnmrnaTa :u,e3lIR B KaqeCTBC 3MlICCHOHHO

a'KTllBHOf0 nem.ecTBa pa3pa6oTaHbl HOBblC MaTpJl'lHbie KaTO]l;bl, npep;

ua3Ha'lcllllblC ]J;Jlfl pa60Tbl B ycJIOBJIHX HHTeHCHBHOll JIOHHOM 60M-

6apµ,11pou1m (npn pa3pap;HbIX ToKax p;o 800 A JI p;anJieHHJI ra3onoii: 

cpe11,hl i<cenonn no 1 aTM) 11 06Jiap;a10m;J1e BhlCo:Roii: TexHoJ1orJ1qHOCThIO. 

1'h1011no Tal<HO 1rnTO;ll.hI 11amJIJ1 nrnpo:Roe npu:r.ieneune B J13j],cJIHR:X, 

DLtnyci<neMhlX npo:11b1IJJJieHHOCTbIO. TaK, Ha pap;e npep;npuaTHii ocy-

11\0CTDJlOll cepnihtblH nwnyci< Hl\lilYJlbCHbIX JICTOqHJIKOB cneTa c 3Hep

rueA DCllLlllll<H 15, 40 H 45 ,Il.m, B KOTOpbIX HCilOJib30BaHbl B KaqecTBe 

HCTO'lllHl<OD aJ1e1<rpouon pa3pa6oTaHHble MaTpHqHble KaTop;bl. Pa3-

pa60Tnm.1 rn1m\e anaJiorwrnoro THna JiaMnhl c aHeprJ1eii ncnhllllKJI 

un GO n 80 ~\ii\. 
McnoJib30Ba1rne B Tai<HX ;ria:r.1nax uonoro KaTop;a BMecTo npHMe-

IIR:DWHXCR: jl,O naCTOR:J.U.ero npeMCHJ'I BOJibcppaMOBOfO KaTop;a c IlJieH

'KOll ll,03llfl II.Jill Ol<Cll]l;HOrO K8TO]l;a TI03BOJIJIJIO 6oJiee qeM B 10 pa3 

yneJIH'lHTb cpoK CJiyil\6bI JI8Mll (oHJI Bbl]];epmJ1BalOT 40 TblC. BCilhlIDCK 

nMeCTO 4 TbIC.), n 2,5 pa3a cHH3HTb pa6oqee HanpameHHe (80-120 B 
nMecTo 300 B) n c;ll.eJiaTh JiaMnhl 6oJiee :r.mmrnrropHbIMJI (y:r.teHbWJITh 

;o.uaMeTp n 1, 7 pa3a), a caM npon.ecc npoJ13noncrna JiaMn - noJI
HOCTbIO l\teXaHlI3HpOBaTb JI aBTOMaTH3JlpOBaTb, OJiaroj],apH TCXHOJIO-

rHqHQCTH KaTO)l.HOrO :r.rnTepnaJia. 
B HaCToam.ee npe:1rn emerop;HhlH BbITIYCK npoMhimJieHHOCTbIO HM-

nyJibCHhlX Jia11m-BCllbIIDeK c pa3pa6oTaHHblMH MaTpJl'lHb!MlI KaTop;aMlI 
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HC'U1CJIJWTCll COTllHMU 'J'1,1Cll 'I lll'l'Y I\, 11 )\llCTll l'JIYThlii J'O)\OIWii ~ll-\OHO

MH'leCIUIH ::icp<fieI\T OT IlIIe/l,pCllllH J\aTO/J.Oll n JiaMTIM-BCIIl>lIIll\11 y1rn-
3aHHhlX TlllIOB COCTanmrnT np1rnepHO 200 TblC. py6. 

Ilpo/l,oJ1·~1rn10TcH pa60ThL no npmienenmo pa3pa6oTaHHhlX :1iaT

pJ1qHblX RaTO/J.OB B /l,pyrux H3BeCTHbIX THnax ra3opa3pH;J;HbIX npn-

6opon, 11 'laCTllOCTH 1J pa:1pHl\lllll\ax. a TaJOl\C 110 llllOllh co:i;1a lllll'lllh!X 

ra3opa:ipn11111.1x 11p11Gopax. 
MoryT nai1TM npnMeuom1e Tmrnw xo.1101111 i.1e t.:HTO)J.hl 1rn ocnoBe 

aJIIOMOCHJIHKaTa py6H)J.IUI, raJJJIOCHJUIKaTOB II,e3JIH 11 py6n)J.ll.H, 3:11HC

CJIOHHble CBOHCTBa KOTOpbIX 6ml'3Kll K CBOfICTB8111 aJIIO:IIOCIIJllll\aT

n;e3nenoro KaTo/l,a. 
Bee 3TH coe/l,HHeHHH n cn.Tiallbl rn.e.110•rnh1x 111eTaJIJIOll )IoryT npu

MeHeHhl TaRIBe KaK TBep]];OTeJibHbie lICTO'IHlil\II IIOHOB, Hanpmiep 

IlpH <l>opMnpoBaHHH 3MHTTepoB c OTpnn.aTOJlbHb!M 3.liel\TPOHHbl)l cpo;i.

CTBOM, AJIH HMIIJiaHTan;Irn III,eJIO'IHblX l\IeTaJIJIOB B no.11ynpOBO)J;HllRil, 

)J.JIH HeiiTpaJIH3aII,HH o6'he:r.rnoro 3apa]J.a B :rneKTpOHHhlX npn6opax, 

]l;JIH HCCJie/l,OBaTeJibCKllX II,eJieii: JI T. )J..' npu 3TOM O)J;HIDI 113 Han6oJiee 

nepcneRTlIBHbIX MaTepirnJIOB )J..JIJI HOHHbIX IICTO'lHIII\OB HBJIJleTCH 

aJIIOMOCHJJHRaT I\e3HH, 6Jiaro/l,apa nMcoRoil HOHHOH aRTIIBHOCTll -

B03MonmocTII OT6opa 3Ha'lUTeJibHbIX MOHHblX TOKOB (nopR:]];Ka 1-
2 A/oM2), •mcTOT~ HOHIIoro n0To1rn u .o.pynn1 t'J\OiicTlrn)L 
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YAR 538.9 

CsepxnpoBOAHVIKOBble np1iteMHb1e cvicTeMbl 

A.H. BblCTABKHH, B. H. rY6AHKOB; Cl>. SI. HAAb 

· Pa3pa6oTKa n coanamie BbICJKoa<I><l>eKTHBHbIX npneMHHKOB aJieKTpo
?.rarHHTHoro ll3JIY'l0Hllfl Tpanm.i;IIOHHO COCTaBJIHeT OAHO ll3 BaiKHbIX 
RanpaBJieRIIH nccJienoBaRIIH B o6JiaCTll aJieKTpOHHKH. Han6oJILmei 
'lYBCTBllTeJihHOCTbIO o6JiajJ;aIO~, KaK npaBHJIO, OXJiaiKjl;aeMble (Kpno
reRHble) npneMHHKll H cpell;H ~HX BeCLMa nepcneKTllBHbIMll HBJUIIOTCll 
cnepxnpOBOAHllKOBble ycTpoiCTBa. K Hlil\I OTROCHTcH: mnpoKonoJioc;.. 
Rble nnneoneTeKTOphI, napa11feTpH'leCKHe ycHJillTeJill, cMeCHTeJill c 
BRemHei RaKaqKoi'I, c ca1110HaKatJKoi 11 AP· Ilpen111ym;ecTBa pa3JIH'l
HbIX CBepxnpOBOAHllKOBbIX CllCTeM AiJR perllCTpaIJ;llll CBq·CHrHaJIOB 

. MaJioii MOIIl;HOCTll o6yCJIOBJieHhl npemne ncero TeM, 'ITO ·B HHX peaJIH-
3yeTCll cHJibHaR uemrneiluoc,Th, 06ecne1mna10m;a11 BhICOKYIO qyBcT
nnTeJILHOCTh, mnpoKall noJiopa pa60'lllX 11aCTOT npn 011eHh Hll3KOM 

yponHe co6cTB0HHoro my111a.' 
B nocJienHne ronh1 nponcxonnJio naJibHeiimee paannTne n co-

nepmeHCTBOBaHne KaK yarn ¥3B0CTHbIX ClICTeM, OCHOBaHHbIX Ra HC
IlOJib30BaHllll HecTaIJ;llOHapHoro a<t><l>eKTa )J.mo3e<l>coHa, TaR II coana
Rne HOBhlX - Ha OCHOBe a<ticpeKTa KBa3H'laCTlllJHOf0 TYHHeJinpona
Hllfl B nepexone cnepxripoBOAHHK-H30JIHTop-cnepxnpononHnK 
{SIS-cncTe111bI). B naHHoii cTaTbe MhI He 6yneM nonpo6Ho ocTaHaBJIH
JJaTbCR :Ha cpII3Il'I0CKOH cym;HOCTII 3TllX acpcpeKTOB, onncaHHbIX B 
IJ;eJI0111 pHne o6aopon 11 1110liorpacpnii [ 1-51. OcHonHoe BHHMaHne 
6yneT yneJieHo nonpocaM onTn111u:aaIJ;nn xapaKTepncTHK cBepxnpo-

u I BOAHIIKOBbIX H0JIUH0llHbIX 3JI011l0HTOB ll napaMeTpOB pa3JilllJHbIX npn-
01\IHbIX ycTpoiicTB, paapa6aThrnae111hIX B MP8 AH CCCP. 

W11poKononocHb1e np11eMHble ycrpoi1cTBa 

)1.eiiCTBll0 3JieKTpO:t.lafHUTHOf0 II3JIY'leHllfl Ha nmo3ecpcoHOBCKllB ne· 
pexon, Hanpm.rnp Ha cnepxnpoBOARIIl;llH TO'lelJHblH KOHTaKT (CTR), 
npIIBOIJ;HT K BllAOII311l0HeHlllO ero H0JlllH0HHOB BOJlbT-aM11epHoii xa
paKTepHCTUKll (BAX) [2-4]. IlpH 3TOM B peiKllM0 3anaHHoro TOKa .. 
nponcxonnT U3MeneHue uanpamemrn Ha KOHTaKTe, KoTopoe n npen- ·· 
cTaBJIR0T co6oii onrnnK npne111HnKa. BoJILT-BaTTHaH 1IYBCTBHT0Jih-· 
HOCTb KOHTaKTa B 11peneJie BbICOKllX 'laCTOT onpeneJIR0TCR cJienyro· . 

~HM m.ipumcmroM: 

R V~ 
S= 2Vo v~ ' (1) 

rne R - conponrnJieHne KOHTa1na B HopMaJihHO~r cocToHmm, V0 
n Vs - nocToH11noe 11 CBq-narrpmHemrn ua IWHTaJ>TP cooTRPTCTBetIHo. 
V c = I cR - xapawrepuoe mu1 JHlil'l'll Ill', 1 c - I' p llTB 'Jl'c1.;11ii TOK 
KOHTaKTa. KaK llHAIIO H3 ('1), llOJihT-llaTTnaa 'IYBCTBlIT0JihHOCTh pac
TeT c pocT0111 R. Onnaiw on11onpe111euuo ylleJJwnrnaeTcH n co6cTnen
Hbli myM J\OIITaHTa. ITo;-iTmry ue.111p11111a 110poro11oii •1y11cT1111n-.·1i.
HOCTH, T. e. l\lOll\IIOCTU, <H\lllllH\.lll'llTIIOii myMy (.\'EJ>), ~\OCTuraer 
OIITHMaJibHOro ypomrn npll 3Ha'rnmrn R' panum1 HeCIW.TlbKIDI COTHHM 
OM [ 4]. B 3TOM CJJY'IaO 1ie.n1P11ma noporonot1 11ynrT1111TP.1 i.11ocTn pan
HH0TCH 

NEP ~ 20kT (2eVclh)-'/,j~. (2) 

TaKHM o6pa3oM, n o6JiaCTH BhICoHnx 'IaCTOT, rrpenhIIIIa10ui;ux fc = 
= 2eVc /h, 'IYBCTlll1TeJiblIOCTh np11eMHHKa, no-rrepBhIX, pacTeT c poc
TOM V 0 , BO-BTOphIX, y111eHhI1IaeTca nporropu;nonaJJbHO 1rnanpaTy 'IaC
TOTbl f s. 0'leBMAHO, 'ITO AJlH IIOJiy1IeHIIfl BhICOKOii 'IYBCTBIITe.1bHOCTII 
B B03Monrno 6oJJee nrnpoxoii no.noce 'IaCTOT ueo6xonm.ro cTpe.MJIThCH 
K yBeJin'leH1110 3Ha'IeHllH xapaKTepuoro Ha11pHIBeH11H IWHTaKTa V C· 

CTK n111eeT Ha1160JihI1Iee 3Ha'lemrn V c 110 cpaBHeHu10. Hanpm1ep, 
c MOCTHKa11111. Panoe, onnaRo, II n.TTH HOIITaI\TOB ne.TIJl'IIIHa v c 6hma 
He nocTaTO'lHo llhICoKa (~ 0,3 MB). Ilono~1y ocHonnoii aana'le:ii 
COBepmeHCTBOBaIIHH 'IYBCTBl1T0JihHbIX 3JI01110HTOB J:(.'IH IIIIIpo1wrro.1oc
HhIX npneMHHKOB 6hIJIO yBeJJn'rnnue nx xapaKTepuoro narrpaa;emrn:. 

,Il;Jia noJiy'leHna BbIC0KoKa'rncTBeHHh1x xonTaKTon [ 6) c oo:i:b1II11).m 
3Ha'leHHHMH V c II Hc110Jih3onamrn nx B IIpne)IHhIX yCTpoiicTBax 
6hlJia pa3pa6oTaHa ll ll3fOTOBJieHa cneu;MaJibHaH cnepXBhICOKO'laCTOT
HaH neTeRTopHaH ceKD;HH [ 7]. B non ceKu;un rrp1rneHeH rrpeu;nanon
Hhlil: MeXaH113M J:(JIH nocn1memrn OTITID!a.llbHhlX rrapa~IeTpOB 1-\0H
TaKTa n 11ocJieny10ui;eil: Hx <Inmcawm, a Ta:i.;n..;e :i.;oaKcua.'IhHoe pac
noJiomeHne aJieKTponon, 06ecne,nrna10ui;ee acpcpeRTnnnoe cor:rncoBa
Hne KOHTaKTa c BIIOillncil: nepenamm;e:iI mrnueiJ:. Bh1c0Haa cTeneHh 
'lHCTOThl n rJian1wcT11 Ho1rrai\Tupy10ui;nx nonepxHoCTeil 06ec11e'lnBa
Jiach c no111oui;1>10 :1.nowrpox11MTl'll'CH01~1 IIo.rmpomm [81. D peay:1i,nue 
6blJill TIOJIY'ICJihl CTllGllJIJ,IJJ.10 llblCOKOOlllllbie 1-\0HTaKTbl (1 < R < 
< 10

3 0111) co :ma•J()JIHHJllH v c, AOCTIIra1om;n111n 2,6 )IB 11 6Jil13RU:Mll 
K npe1J;eJI1>HOMY HJUI :>Toro Marnp11aJia TeopeTn'lecR0~1y 3Ha'Iemuo 
[6]. C ynCJIH'IOllHCM V c 3IIU'I11TCJJI>no pacTeT 'lYllCTnuTeJihHOCTh 
KOHTaKTa K M:IJI y 11mm10 MHJIJIHllleTponoro II cy6JlmJIJIIUieTpOBoro 
AH an a 3 ouon uoJm. II o 110 lite II cc 11anrno, •no yneJin'Ien1110 V c cooT
B0TCT ByeT yncJm 11011l!c 11 xap1mTepno:iI 1rncTOTM no ~ '1000 ffQ. 

. 11'.TO B CDOIO 01rnpon1. CYil\OC1'11Ullll0 pacrnnpHeT o6:rncTb cneKTpa.lbHOH 
11'.YBCTBnTeJILHOC Tl! JCOllTHHTn. He:-.ia.nonamnyro po.11> nrpaer Tal\

ace 60JlhWQJI llOJlll'llfllll COllpOTllUJIOllllH TIO.TIJ''IeHHbIX 1-\0HTaKTO B 
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{- 100 OM), 06ecrre11nBarom;aa xopomee corJ1acoBaHne c paaJ1H'IHblMH 

BOJIHOBOAHhIMH II I\Ba3IIOIITH'l0CKIU.1H JllIHlllIMII. 
BcJ1eACTBIIe 60J1Lmoii 11yBCTBUTeJ1hHOCTH 11 IIIHpoKoii noJIOChI 

npHHHMaeMblX 11acToT, npncym;ux noJ1yqaeMblM HaMH CTR, nx CBoi

cTBa, TaKue KaK BHA B,;\X 11 aqHpeKTHBHaH myMoBaH TeMnepaTypa, 

oKa3aJIHCh aaBUCHID;lIMII i OT BCerAa npucyTCTByIO:m;ero B peaJihHhIX 

ycJIOBHHX <PoHoBoro naJ1y11emrn: c TeMnepaTypoii T II> - 300 K (KBa
·anonT1111ecKuii TpaKT' KOMHaTHOe <Po HO Boe II3Jlyqemrn) [9}. ,II.eiiCTBH0 

·<PonoBoro uaJ1y11eHHH B-kablBaeT crJ1aanrnamrn oco6ennocTeii BAX, 

T. e. yMeHhmenue cTenenn ee HeJ111neiinocT11 u no CBoeM'y xapaKTepy 

aHaJIOfll'lHO A0HCTBHIO aa KOHTaKT HH3KO'laCTOTHOI'O CHrHaJia [9}. 
TeopeTn11ecm1 Bonpoc o ! BJIHHHHH <PoHa Ha KoliTaKT c y11eToM KoHe'l

Horo HMII0AaHca «JIHHHII nepeAa'IH» (B Hamux YCJIOBllHX - 3TO BOJI

HOB00 conpOTIIBJl0HU0 aiITeHHhl w, o6paaoBaHHOH 3Jl0KTPOAaMH KOH

'l'aKTa) pacc11rnTp1rnaJicH B pa6oTe [ 101. Cornacno aToii pa6oTe B Ha
IIIeM CJ1yqae npH TeMrrepaType KOHTaKTa T ~ T qi BeJIHllHHa oTKJIHKa 

Ha <PoHoBoe naJiyqemrn p;omirna p;ocTHraTh MaKcnMyMa npH conpo

THBJieHHHX, 6JiuaKnx K R ~ W (2T IT 11>)'/2
• ,Il.J1H aJieKTpop;oB AJIHHoii 

- 10 MM n AHaMeTpo111 85 111KM W ~ 540 0111. Torn;a npn T II> ~ 300 K 
ycJ10Bne onTn111aJ1hHoro, corJ1acoBamrn p;ocTnraeTcH npn R = 90 OM. 
3To paclleTirne :ma11eHHe xopomo corJiacyeTCH c aKcnepnMeHTaJlhHhlM 
R = 100 0111, npu KoTopoM Ha6J110p;aJ1CH MaKCHMYM aaBHCHMOCTH 

OTKJIHKa Ha <PoHOB00 U3JIY'l0Hlle [ 11]. ,II.eiicTBUe T0IlJIOBOf0 <PoHOBoro 

ll3JIY'l0HHH np1rnop;11T K 3HallHT0JlbHOMY YB0Jlllll0HHIO myMa KOHTaKTa 

n ero MephI - IIIyMoBoii TeMnepaTypI>I T w· IlpHMhle H3MepeHnH 

noKaaa:m npuMepHo IIHTHKpaTHOe y:BeJ1HlleHne T w· 
RoHTaKTI>I c conpoTHBJ1eH11eM 1-300 OM 0KaaaJ1HCh TaKme H 

Hau6oJiee llYBCTBHT0JlbHhlMH K MOHOXpoMaTHll0CKOMY H3JIYll0HlIIO. 

CneKTpa.TihHoe pacnpeAeJieHne oTKJIHKa CTR 6MJIO HCCJieAoBaHo 

C IlOMOID;bIO 3ID0JIJl0THOI'O MOHOXpOMaTOpa B 06JiaCTll 250-1000 ffu; 

npn C!ll0ID;0HIIHX Ha KOHTaKT0 OT 0 AO 2 MB. ,II.Jill Toro, 'IT06hl IlOJIY

~lITh cneKTpaJihH00 pacnpeA0J10HlI0 OTKJIIIKa B pac11eTe Ha IlOI'JIO
:m;eHHYIO B KOHTaKTe IMOID;HOCTb H llM0Tb B03MOil\HOCTb cpaBH0HHll 

'3KCII0p1I1110HTaJlbHhlX peayJ11>TaTOB c TeopeTH'l0CKHMH, Heo6XOAHMO 

yqHThlBaTh KaK II3!110H0HH0 MOID;HOCTII ll3JIY'l0HIUI MOHOXpOMaTopa OT 

yrJia IIOBOpOTa 3UJ0JIJieTa, TaK H H3M0H0HH0 B0Jlll'IIIHJ>l nepeMeHHOI'O 

TOKa, HaBOAIIlllOfO B KOHTaKTe BH0IllHHM H3JIY'l0HH0M 0AHHH'IHOH MOID;

HOCTH, HO pa3HOH qacTOThl, 'ITO o6ycJIOBJl0HO aHT0HHLIMH CBOHCTBaMH 

06paay10m;ux KOHTaKT aJ1eK1'pOAOB. CornacHo TeopHH aHTeHH [ 121, 
MOID;HOCTb, HaBOAHMaH BH0IDHHM H3JIY'l0Hll0M B HarpyaKe aHT0HHhl 

P (/), rrporropu;uoHaJihHa A (f)l/2, rAe A (f) - ocu;nJIJinpy10m;aa cpyHK

u;nH 'laCTOThl, rrepnop; KOTopoii B HaIUeM CJiy'lae, KOI'Aa AJIIIHa 3Jl0KTp0-

AOB 10 111111, paBeH 15 rru;. BCJI0ACTBH0 KOH0'1HOI'O paapellleHHll MOHO

xpo11;rnTopa OCD;HJIJIHLl;HH, o6yCJIOBJl0HHbie aHT0HHhIMH peaoHaHCaMH, 

crJiamunaIOTCH, II norJiom;aeMaH B KOHTaKTe MOID;HOCTb p;om1ma 6hITb 

,..,, 11/Z. Crreu;ua.llbHhll\111 aKcnepHM0HTaMH 6hm onpeAeJleH BHA aaBHCH· 

MOCTJI p (/) II noKaaauo, 'ITO B o6JiaCTII BhlCOKHX 'laCTOT p (!) neAcT

BllT0JlbHO nponopu;HOHaJibHa 1//2 [91. 
Ha pnc. 1 rrpencTaoJiena nocJ1eA0BaTeJ1bHOCTb KpnBMX cneKTpan•· 
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uoro pacnpeAOJIOIIHH 0T1rnmrn 1rn11Tai>Ta c R = 14.4 O;u u Ye = 
= 1, 78 111:B n pac•rnTe na norJ1011~e11uy10 1110ru;uocTI>. l{p11Bhle 1 11 2 
HM0IOT OAHU MaKCIIMYM II ITJlanno cnaAaIOT c ynemPI0HH0111 'laCTOThl. 

KpnBall 3 n o6JiaCTII 'laCTOThl I = 345 rru; llI0Hll0T 3HaK, npH'10111 

'!aCTOTU, npII l\OTOpoii na6mo.n;aeTCH uyJu. OTKmma, OTJIII'IU0TCH OT 

'!aCTOThl co6CTB0HHOH reHepau;nn I 0 = 315 + 5 rru;. CneKTpaJibHOe 

pacnpe,n;eJieHne 4 IIMeeT yilrn xapaKTepHhiii peaonaHCH:&Iii nn,n; c nepe

BopoToM cpaaLI oTKJIIIKa npu peaoHaHcHoii: 11acT0Te f 0 = 493 + 
+ 5 ffu;. ,Il;JIH cpaBH0HHH Ha pIIC. 1 Ilp0ACTaBJl0Ha KpIIBaH (mTpllX

llYHKTIIp) AJIH KOHTaKTa npmrnpHO TOI'O me conpOTIIBJl0HlIH, HO 

c M0HbllIIIM Ve npli CMeru;emrn:, 6mrnKOlll K MaKCilllIYMY BTOpoii npona

BOAHOH. J13 cpaBH0HlIH 3TOH KpHBOll c COOTB0TCTByIO:m;eii eii KpllBOH 1 
BIIAHO, '!TO yBemPIOHHe Ve npnnoAIIT K pacllIHpeHHIO noJ10CLI 'IyBCT

BHT0JihHOCTH KOHTaKTa II C,D;BHI'Y ee «u;eHTpa TJDl\0CTII» B CTOpOHY 

BhlCOI\IIX 'IaCTOT. 
8Kc11epIIl\I0UTaJihIIbI0 aamICII!IIOCTII OTKJIIIKa OT 'IaCTOTLI B6JIII3II 

tJaCTOTLI COOCTBOIIIIOII AilW30cpCOIIOBC1Wll reHepau,rnr I 0 ~ 500 rru; 

PIIc. 1. CrreKTpaJibHOe pacrrpeAeJie
ane OTKJIIl:Ka KOHTaKTa c R = 14,4 
OM n l' c = 1, 78 MB B pac11eTe na 
vorJ!Olll,CllllYIO MOlll,llOC1'I. npn na

vp11memurx: 
1 - V = 0,25 MB (B MaKCiiMYMC BTOpOfi 

npoH3Bo11;uoli BAX); 
2 - v = 0,46 MB (D MaKCIIMYMC nepnofl 

nponauo11;11oll); 
3 - v = U,65 MB (n MllllllMYMt' UTopoii 

npOH3DOll;l!Oll); 
4 - V = 1 MB 

Pnc. 2. CrreKTpaJibHOe pacnpeAe
JI0Hlle peaorrancnoro OTKmrna rrpn 
uenTpaJibHOll 'laCTOTe I ~ 500 rru 
AJI11 KOHTaKTOB 
.1 - R = 8,3 OM; 
Z - R = 14,4 OM; 
3 - R = 64 OM; 
4 - R = 140 OM 

.j V, omH.eO. 
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Pnc. 3. 3aBBCBMOCTb 11yBcTBB
TeJibHOCTH nmpoKOIIOJIOCHOro 

- npneMHBKa OT 11aCTOThl 

Pnc. 4. 3arrncn npoxolK,ll;0HIUI 
IOnnTepa n = 50°, • = 8 c, 
cKan no 6 

I 

~ 
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,Il;JUI 1J0TLipex pa3JUI'IHhlX KOHraKTOB npe,n;cTaBJI0Hhl Ha pnc. 2. Ilpn 
yneJin11eHnn conpoTIIBJiemrn KOl!TaKTa or 8,3 ,n;o 140 0111 nponcxo,n;nT 
crJiaaurnaHne peaoHaHCHLIX oco6eBBocreii Ba Rpnnoii cneKrpaJibBoro 
pacnpe,n;eJieHHH u yneJiu11eHue ee acIIMlli0TpIIII. MaRCIIMaJibHaH B0JIII1Jll
Ha ceJieRTIIBHoro OTRJIIIRa npII <iTOM TaRme yMeHbmaercH. Ma pIIc. 2 

u I 
. Bll,Il;HO, lJTO ,Il;0llCTBll0 myMa npIIpo,n;IIT K pa3MLITIIIO peaoHaHCHhlX oco-

6eHHOCTe:ii B OTKJIJIRe, lJTO <lKBIIBaJieHTHO pacmHp0HllIO JlllHllll co6-
CTB0HHOii reHepa:a;IIII n cTyneHe~ ToRa Ha BAX. IlpII oOJibmoM yponHe 
q>JiyRTya:a;nii <JTO pacmnpeHne l\IO.iK0T npeBLIIDaTb pacCTOHHll0 M:e.m,n;y 
cryneHbKaMII I oco6eHHO npn B~3KllX 11acrorax 11aJiy11eHnH/, cJie,n;cr
Bll0M 11ero HBJIH0TCH npaRTll110CKll IlOJIBOe llC'Ie3HOB0Hll0 peaouaH
CBoro OTRJinRa npn V0 • OrMeTn* TaRme, 11ro noJiy'IeBHhle HaMn aRcne
peMeHTaJILHLie RpllBhle cneRTpaJI1>Horo pacnpe,n;eJieHnH OTKJIHKa npn 
pa3Jill1JHLIX CM0ID;0HllHX B npncyTCTBllll cpJiyKTya:a;Hii (cllI. puc. 1) 
corJiacyroTCH c TeopeTII1I0CKllMll RpllBLIMll, IlOJiy'I0HHLIMll pac'IeTOM Ha 
OCHOB0 ypaBBeBllH 3iiHIDTeiiua-Cl>oKKepa-IIJi:aHRa [9, 10]. 3TO 
npomIJIIOCTpn:poBaHO Ba pnc. 1 mTpllXOBOH KpHBOii, pacc11nTaBBOH 
,IJ;JIH YCJIOBllll KpHBOll 2 II Tm = 12 R. HeROTopoe OTJill11ll0 B IlOJIOiK0-
HlllI aTIIX RpIIBLIX 06'hHCHHerc11 1 no-nn,n;IIMOMy, orJin11neM BAX peaJib
BLIX KOBTaKTOB oT BAX peancTIIBBoii MO,n;eJIII [13], Ha ocuone KOTopoii 
npOBO,Il;llJICH TeopeTn'tJ:eCKllll pac11eT. 

OnncaBHaH BLime cBepxn11coR011acToTHaH ,n;ereRTopuan cem:i;nn 
HOBOH KOHCTpym:i;nn [7], o6ecne1IllBaIOID;aH noJiyqeune ycTOll'lllBhlX 
BLICOKOOMBLIX CTR c 6oJibmnMn Ve, OLIJia ncnoJib30BaHa ,n;JIH paa
pa6oTKII HeCROJibKHX HOBhlX MaReTOB mnpOKOilOJIOCHhlX npneMBhlX 
ycTpoiicTB. Ha111n 611Jin naroTOBJI0BLI ,n;ne MO,n;ncpnKa:a;nn ,n;eTeRTopuoii 
ceR:a;IIn, OTJin11aror:a;necH, rJiaBBLIM o6paaollf, paal1Iepa111n. 0,n;Ha na 
HllX HMeJia ,n;HaMeTp ...... 50 MM, a BTOpaH, MllHHaTIOpHaH,-20 MM. 
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3Ta MaJioru('iupnTHUH com~11n cocTamrna ocHoBy .rra6oparopuoro :-.ra
KeTa wupo1wnoJIOCllOl'O npue.MHUKa c lICIIOJlb30BaHIIel\I B Ka'IeCTB0 
KpHOCTaTu cTa11;~apT11oro romrnuoro cocy;i;a ,Il;1>10apa o6'he:\rmr :10 .'I. 
PeryJIIIpomrn <>JieI\Tpo;i;on ocyr:a;ecTDmrnac1> cnapymn cocy;i;a ,JJ;:r,roapa, 
H3JIY'I0IIHO I\ cem~HH IIOCTyrra.rro IIO cneTono;i;y ;i;ua:\IOTpmr 16 MM. 

0TJIH1IHT0JlbHOH oco6euuocTbIO <JToro MaKeTa HB.'IH0TCH B031\IOif\HOCTI> 
,Il;JlllT0JibHOH uerrpepbIBHOM pa6oThI rrpH6.TIH3UTO.TlhHO B TelJ:eHne ue,n;eJIII. 
,D;oC'.l'lOJWJIJIO /\OJ!l'O ll flO~IOJIJIOii pafio'l'hl Jl plll'~lll 111\a O'ltlll h ll!Di,110, llll

npHMOp, l\JlH UIJOBO)\OllUII pa/\ll!J<\("!l'JlOllllMll'lOCl\UX lHlOJllO,L\Ollllli 3a 
60JI1>IIIo:ii nepuo,n; 11pe111eu:u H, n 'IaCTHOCTM, nccJie;i;ona1urn nepeMeHHhIX 
KOCMH'IOCKIIX llCTO'IHIIKOB. 

IloporoBaH 'IYBCTBllTOJil>HOCTb <lTHX npne:\IHIIKOB ,Il;OCTIIra:rn 1 • 
.10-14 BT/I'u;'lz' B o6JiaCTH 11aCTOT 200 rru;, 'ITO ,n;.TJH CTOJib BhlCOKOH 

11acTOThl npeBhlIIIaeT 'IYBCTBIITOJibHOCTb ;i;pyrnx TIIITOB npIIO:\IHhIX 
ycTpo:iicTn [.5]. CrreI>TpaJII>Hoe pacrrpe~e.rrenue 'ryneTnnTeJihHOCTn OhlJIO 
ll3Mepeno HaMH 11 o6JiaCTH: 140-GOO rru;. Ha puc. 3 npep;cTaB:IeHa 
<iTa aaBIICH.MOCTh ,D;JIH 11raJibIX nanpm1rnmu1: Cl\Ieui;emrn. Boo6r:a;e me, 
11acTOTHaH o6JiaCTh 'IYBCTBIIT0JihHOCTII rrpne:-.IHII.!WB 3Ha'IUT0.1:bHO 
illHpe - 50-1000 ffri;. 

Co C'l'opo11M 1111;J1mx 11acTOT oro )J.JU111110110J1110llUH rpa1rnu,a oupe
,n;eJIHeTcH TOJibKO reOl\IOTPII'IeCKIIl\III pa311Iepa!IIII Il0/J;B0,11;HIIJ;IIX II3.1:y1Ie
HIIO CBOTOllOJJ;OB H n<flqieKTI1BHOCTLIO cor.rraconamrn lWHTaKTa c rran;aro
ID;IIM ll3Jiy<IeHIIOl\L C yueJiwrenIIeM 'laCTOTLI 'IYBCTBHTeJihHOCTh na;i;aeT, 
OJJ;HUI\O, KaK CJie,n;yeT II3 peayJibTaTOB II3Mepemrn CIIORTpaJihHhIX aa
BIICHMOCTe:ii: OTRJUma l\OIITaKTa, oua npOCTUpaeTCH, no n:paiiueii :-.repe, 
,n;o f = 1000 rr.u; (A. = 0,3 .M111). 

B CJiy'lae npHeMa TOIIJIOBoro H3JIY'IOHHH uarpeThlX TeJI, cnen:Tpa.r1b
Ha11 IlJIOTHOCTb I\OTOpbIX B MHJIJIIIl\IOTpOBOH II cy6llIII.'IJIIIllIOTpOBOil 06-
JiaCTHX aa;i;aeTcH aaKOHOM PaJieH-,lJ;;n1rnca ( T ,...., 300 .K), :-.romBO 
onpe,n;eJIIITb a<I><flel\TIIBHYIO IIIHplllIY IlOJIOChl npHHIIl\Ia0:\IbIX lfaCTOT 
tl/artJ!f> II a<P<PeKTIIBnym «cpe;i;HIOIO» 'laCTOTY lartirf>· Cornacuo Hammr pac
"<IeTaM, flfarpiji ;:;::; 300 ffri; II /art>cfl = 300 ffri;, T. e. «,IJ;OOpOTHOCTL)) 
cneKTpaJihHo:ii Kpnuo:ii npu np1Ie11re uaJiy'leHnH 11epuoro Te.i:a "."'1. 

,Il;IIHaMII'IeCKn:ii ;i;uanaaon TaKoro po,n;a npue:-.rnIIKOB, cor.TJ:acHo 
OIJ;0HKa.M, orpaHII'IHBaOTCH 3Ha'IOHIIOl\I llIOill;HOCTII, npeBhlIIIaror:a;eii 
ypoBeHh myMa ua 50-60 ;i;B. 8To o6cTOJITO.'IhCTBO mrecTe c Bhlcon:oii 
noporoBo:ii 'IYBCTDHTOJihHOCThIO orpauwurnaeT ypoBeHh :\ran:cn:-.ra.'11>-

. Ho:ii Moru;uocTH, npu 1rnTopollr peamrnyeTCJI BhICOKaH BOJ11>T-naTTHa11 
"<IYBCTBHTOJILHOCTb aua'IeIIHOM ,...., 10-s BT. IIocn:o.i:hRY uamu npue:-.r
HIIKH npe;i;ua3ml 1101!1.l )[ J~OJIOCOo6paaur,r /J;JIJI perncTpan;HII H3JIY'IOHIIH 
MaJioii MOID;HOCTH (~ 10-10 BT), To Ji;JIH npue:-.rn noJieauoro curHana 
yRaaaHHbIO u1>mrn orpaml'rnmrn ue nrpamT pomr. B pea.i:hur,rx yc.i:o
BHHX, O,Il;IIUl\O, mm ymo OTMO'IaJIOCh, O,D;IIOBpe21reuno c IT0.'103Hhl:\I c.i:a
OhIM CHl'IH\JlOM 1111 11xo1( npneimnrna nona;i;aeT 113.TJ)"IeHne Terr.i:oBoro 
cpoHa, MOll(noc·ri. JW'l'O[Hll'O 11romeT ;i;ocTuraTh 10-• BT [14]. Tan:mr 
o6paaoM, 11y11c1·1111To.11i.11ocn namero np11e:\rn1ma :\IOa\eT orpam1qu
BaT1>CH <{iouoM, )~oiicT11y1011(00 ua KOHTaKT <I>oHOBOO II3.'IY'IOHIIe IlOHII
maeT t1yncT1111ToJ1 r.11ocT1i, yMOIIbmaer p;uua:-.mqecn:nii ~narraaoH n 
BII,Il;OH3MOlllIOT 1qn1 llhlO c1101npam,uoro pacnpe,n;eJIOHIIJI 'IYBCTBIITO.l:bHO-
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CTH, IlpllnOP,OlllILIO DLiill0 aua'l0IIHH 11ynCTlH1TOJibIIOCTH npHeMHHKa 
noJiyqeHLI B npHCYTCTBHH cpouonoro H3JiyqeIIHH, ll08TOMY <l>aKTH'leCKH 
H0 JIBJIJIIOTCH npe.n;eJibHLIMH H MoryT 6LITb yJiyqmeHLI. ,Il;J:rn HX yJiy'l
meHHH neo6xo.n;HMO yMeHLillHTh yponeHh cpouonoro HaJiy110HJIJI aa c•rnT 
llOCTaHOBKH XOJIO,ll;HLIX <l>HJibTpOB, BLJ6opa OllTH'leCKOii cxeMhI, yMeHb
marom;eii <1>ouony10 no.n;cneTKy, HJIH me pa6oTaJI npH cJia6oM «Poue, 
uanpHMep :a KOCMoce. A A \ ., \ ~ ~ ;rl i\ . _ 

3TH noJiomeu11JI no.n;Tnepm.n;aroTCJI peayJILTaTaMH npone;a;eHHhIX 
HaMH 8KCil0pHM0HTOB. IloJiyqeuo, 'ITO B0JIII'IHHa OTKJIHKa npH0MHHKa 

. Ha cpouonoe 11aJiyqeu11e c T«ll ~ 300 R .n;ocT11raJia 1 MKB/R. EcJIH 
yqeCTb, 'ITC> llOJIHhIH myM nceii 8JI0KTpOHHOH cxeMhI, OTHeceHHhIH 
KO nxo;a;y ycnmITeJIJI, H0 npeBLimaeT 10-9 B/fn;'/ 2 , TO COOTBeTCTBYIO
m;aJI <l>JIYKTyan;110HHaH 'IYBCTBIIT0JibHOCTb 6y;a;eT panna fJT ~ 
~ 0,001 R/fn;''•, 'ITO ua nopJI.n;oK Jiyqme 11yncTBHT0JibHOCTH, .n;ocTHr
uyToii naMH pauee na aKcnepHM0HTaJihHOM o6paan;e npIIeMHHKa 6 T = 
= 0,01 R/fn;'I• [15]. 

Ha ocuone o.n;uoro 113 l\IaK0TOB m11poKonoJiocHLJX np11eMHHKOB 
COBMeCTHO C f ocy.n;apCTBeHHLIM aCTpOHOl\IlI'10CKIIM llHCTHTYTOM 
HM. II. R. lliTepn6epra 6LIJI coa.n;au pa.n;110MeTp KopoTKOBOJIHonoii 
'laCTII MlIJIJilIM0Tponoro lI cy6MlIJIJilIM0Tponoro .n;Harra30HOB BOJIH ]l;JIJI 
pa.n;HoacTpouoM1111ecKHX HCCJie;a;onaHHii [16]. IlepnLie HaMepemrn 
c IIOMOIIl;bIO aToro pa;a;noMeTpa 6LIJill BLIIIOJIH0HbI Ha COJIH0'1HOM 6ameH
HOM T0JI0CKone r AHlli. IlpoB0;IJ;0HLI ua6JIIO;IJ;0HllJI CoJIHIJ;a ll co6CTB0H
Horo naJiyqeHHJI aTl\roccpepLI 3eMJIH B .n;11anaa0He 0,9-2,8 MM [16]. 
Ilocne pH;a;a yconepmeHCTnonaHHii paAHOMeTp ncnoJibaonaJICJI ;IJ;JIJI 
pa6oTLJ c 6oJibillHM pa;a;noTenecKonoM PT-22 RpbIMCKoii acTpo4>11aH-
11ec1<oii 06cepnaTopH11 [17]. PaAHOMeTp noMem;aJICJI B KaccerpeHOBCKOM 
<l>oKyce T0JI0CKOila (Fan = 137 M}, .n;arom;ero B OCHOBHOM H0;IJ;H<l>paK
D;llOHH00 ll306pameHlle B KOpOTKOBOJIHOBOH qaCTII MllJIJIIIM0TpOBOro 
.n;11anaa0Ha. BLIJIH npone;a;enLJ Ha6Jiro]l;en11J1 CoJinn;a, BenepLI, IOnnTe
pa, CaTypua, Rpa6on11.n;uoii TyMaHHOCTH n uaJiy11eunJ1 aTMoccpepLI 
3eMJIH. McTO'IHHKn Ha6Jiro;a;aJIHCb MeTOAOM CKaHHponaunJI no npHMO
MY nocxom;a;euHro H no CKJioueunro. Ha pnc. 4 rrpe.n;cTanJieH O;IJ;IIH H3 
CKaHOB IOn11Tepa. Ha6JIIOA0Hll0 Rpa6onu;a;uoii TyMaHHOCTll npono;a;u
JIOCb MeTO]l;OM CKaHHponaHHJI no npJIMOMY BOCXOiR;IJ;0HlIIO. 8<P4>eKTHB
HaJI qacTOTa npnHnMaeMoro OT TyMaHHOCTlI ll3JIY110HlIJI OKaaaJiaCb 
paBHOH ,..,90 rrn;. 8cpcp0KTlIBHaJI mnpnHa IlOJIOCbl npn ::!TOM COCTaBH
Jia 34 rrn;. Ilpn HCIIOJib30BaHHlI IOrrnTepa B Ka'leCTBe lICTO'IHHKa, 
cpaBH0HHJI HaMn 6bIJia onpe]];0JI0Ba B0Jlll'IHHa IlOTOKa ll3JIY'l0HlIJI OT 
Rpa60Bll;IJ;HOll TyMaHHOCTlI: 320 + 100.10-20 BT/(M2

• ru;). 

napaMeTpH4eCKHe YCH.llHTe.llH 

Ha OCHOBe c.na6oce.si3aHHblX ceepxnpoBOAHHKOB 

Pauee 6i.IJio no1<aaauo TeopeTHlJeCKH (18] 1 a aaTeM n <rncnepmrnu
TaJibHO [19], 'ITO ;a;moaecpCOBOBCKHii rrepeXOA c Herrocpe]];CTB0HBOH 
npOBO,ll;Hl\IOCTbIO (uanp1mep, TO'l0'1HLIH KOHTaKT ;IJ;BYX MaCClIBHLIX cnepx
npOBO]l;JIIIl;HX aJieKTpO;IJ;OB lIJIH TOBKOnJieHOlJHblll cnepxnpoBO,ll;JIIIl;B:I: 
1r1ocTnK) o6Jiap;aeT p11p,0M oco6euuocTeii npn ncnoJI~aonaBBH ero B Ka· 
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'IOC'l'UO llCJIIUWiiuoro 11apaI1Wl'Jll1'10CIWro a.TJ.OMCHTa. 01\BllBa.::teHTHaJI 
cxeMa Ta1wro :meMeHTa AJIJI cna6oro nepeMeHHoro c1unaJia npe.n;crnn
JIJieT co6oii napaJIJieJii.noe coe,T\mwmw nopllra.111>11oro ronpoTirn:remrn 

I h )-\ nepexo.n;a Rn poaKTirnHoro napmieTpa L ((Lt1 ==-=. ( 
2
elc cos <r (t)), 

IWTOpLiii MO/KeT ll3MeHJITbCJI no.n; .n;eiiCTBHeM co6CTBeHHOH ,l(if\03ecp
COHOBCKO:ii renepan;nn TaRI:IM o6pa30M, 'ITO B H0KOTOpI.Ie llBTepBaJILI 
Bp0M0HH M0HJl0T 3HaK n CTaHOBllTCJI OTpllI~aT0JibHLIM; npn11eM :ero 
IlOCTOJIHHaJI COCTaBJIHIOIIl;aJI OTCyTCTnyeT, IlOCKOJibKY B npeue6pememm 
eMKOCTbIO KOHTaKTa cos qi (t) = O; dqi/dt = 2e Vin. 

IlpncyTCTBne 3TllX oco6eHHOCTe:ii DpIIBO.l(IIT K OTJIIl'IIIIO npn He
KOTOpLIX YCJIOBHJIX none11:emrn .n;moae!ficoHOBCl\IIX nepeXO,l(OB c He
nocpe,l(CTnenno:ii npono.r1nMocnro OT none.l(emur KJiaccuqecKux napa
MeTpH1IeCKnx aJieMeHTon (nanp1n.rnp, noJiynpono.n;nnKoBLJX napa:-.rn
Tpn•rncm1x 11:no11:on). 111.reirno, npn peamrnan;nu pemnMa XOJIOCToro 
xo.l(a .n;JIH 11acTOTLI co6cTBennon .l(moae!ficouoncKoii reHepan;nn f 

0 
u 

ocnonnhlx KOM6nnan;noHHhlX 1IaCTOT Trma Is - f 
0

, 2/ 
0 

- fs, T. e. 
B TOM CJiy'Iae, Kor.n;a TOK 'I0pea nepexo,l( Sa,l(aeTCJI B Bll,l(e CYMllbI 
TOJILKO .l(nyx KOMnonenT: nocTORHHoii I 0 n nepeMeunoii Is ~ I 

0
, na

Mon.mon~oiicrr c 'IaCTOTOll CllrllaJla f s, Jll'llJlhllUJI 'HlC1'b lll\llll','.{<lHCa llt'
pexo;a;a Re Z, naMepennaJI Ha 1IacToTe cnrHaJia, l\IOa>eT 6LJTb oTpnn;a
TeJii.non, ecJin TOJibKO f 0 Hec1<0JI1>1<0 Men:i.me fs; npn aToM f 

0 
11 fs He 

cnJiaaBu l\len<.n;y co6ou n;e.TJo'IncJienHLJM cooTnomeHnel\r. B o6bI1IHLIX 
napallreTplI1I0CKJIX 3JI01\IeHTax noJiyqenne OTpnn;aTeJibHOH Be:m'IJIHLI 
peaJibHO:ii 1IaCTn lll1me;i:i;aHca npn yKa3aHHhlX 'IaCTOTHLIX COOTHOmeHURX 
noaM:onmo TOJILKO n np11cyTCTnn11 cnrnaJion .n;pyrnx (TaK uaaLJnae:-.1LJx 
«XOJIOCTLIX») •rncToT. 06napynrnnnoe JIBJienne no.1y'In.10 naananue ne
Bhlpom]l;eHHo:ii OlJ:H01IacToTH01'i napal\feTp111Iec1wii perenepan;un [20]. 

Ha ocnone noro a!fi!fie:nTa noa.n;Hee B HP8 AH CCCP 6LJ:x paapa-
6oTan 0,Jl;HO'IaCTOTHhlll HeBLipom.n;eHHLill na pal\feTpII'I0CKIIii ycrr.'InTe.'Ib 
3-canTnMeTponoro ;a;nanaaoHa .n;JIIIH BOJIH c ca::11ona:na'I:non (21 J. 
O;a;rrnKo nepnLie o6paan;LI ycmuITeJin 1rnem1 n Ka'IecTBe .l(moae«if>co
nonc:noro aJiel\teHTa np1rnmM11ue To1Ie1IHLie ROHTaKTLI Tnna nno6nii
nno6n:ii, KOTOpLie HO 06.1an;amr AOCTaTO'IHOii l\feXaHil1I0CKOii ua;i:i;em
HOCTbIO ll ,l(OJironpOllremro:ii CTa6nJibHOCTbIO Dpll llIHOro:npaTHLJX Tep
Mll'IeCKIIX neporvmmrnamrnx OT KOMHaTirnii Te:\lnepaTypbI ,'.{o TeMne
paTypu IHJI.l(IWro rcmrn u oGpaTno. IloaTollfy noc.1e,'.{:po:u:urn paapa6oT
Kn no.n;o6nux YCIIJIIIT0.TI0H OCHOBLIBaJIHCb Ha TIJieHO'IHbIX .l(a>oaecpco
HOBCl\HX CTpyKTypax' 06.'Ia,l(annmx 6oJILIDe:ii CTa6nJibHOCTbIO napa
M0Tpon [22]. 

Mcnom,3onaJICJI YCIIJI1IT0.Tib OTpamaTem,noro Tima c nnyxno.1yno.1-
llOlll.1111 1rnai<e1rn.nLmi1:111 peaona w1po11:r 3-canTn11reTponoro ;a;nanaaoua 
c .noupoT11ocu10 ......, 300. PeaouaTOp paaMeID;aJicR na mnpo1rnii CT0HRe 
DOJmono~a u OLIJI CBRaan c nnM: c noMoin;:i.ro IIITLIPJI cnnan. B npo
n;ecco :mcuopI111renTa ne.11u•mHa cnnau perym1ponaJiacb no.l(CTpoe•1-
JILJlll 11op11111cM, pacnoJion;eirnLillI n Koun;e nomrnnona. ,D;moaecpcouon
CJ<Hi\ :lJIOl\IOllT DI\JIIO'Ia.JICJI B l\0HTpaJibllYIO nmJiy peaoHaTopa. 

fJ J(ll•JUCTllO lIJICHO'IULIX ;IJ;JK03elficouonc:nnx ::JJI0ll!0HTOD lICilO.'IbS0-
110,!Jll('J. MOfTllJil! nopeM0HHO:ii TOJIID;IIHLI cyfonrnpoHHLIX paaMepoB, 
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Pnc. 5. A11mJI11Ty,n;no-'!aCTOTHhle xapaK
Tep11cT11K11 peaonaTopa, noJiy'leHHbie 
npH paaJill'lHhIX 3Ha'l0HIUIX TOKa 
H uanp.11iKemrn cMew;emrn (aeJill'lliH"' 
V0 yKaaaHbI ~mppa11m). ,ll;JI.11 V0 =[= 
= 19,1 11rnB II V 0 = 19,3 MKB ypo
BeHb BXO,n;Horo CIIrHaJia YM0HbIII0H Ha 
5 II 10 ,n;B COOTB0TCTB0HHO 

narOTOBJI0HHbI0 H3 OJIODa, HUAUR 
HJIH HU06HR no l\teTOAHIW, pna
pa6oTaHHOH B. n. KomeJI&IJ;OM H 
on11cauuoii B pa6oTe [23). Mocru
KH HMeJIH conpOTHBJieHH0 B HOp
MaJI&HOM cocTo.JIHHH R ,...., 0, 1 OM. 

M&r uaMepJIJIH qacrorm,ie 
aaBHCHMOCTH Koacf>cf>m.i;nenra OT
pamemrn I' 2 ITO MOI.QHOCTH pe-
30HaTopa rrpu paaJinqtlh[x ana
qenuJix TO Ka Io u HarrpHmemrn 
cMeI.QeHHH Vo na MOCTHKe; rrpu 
3TOM llIO~HOCTb Bxonuoro curua
JJa ue rrpeBbIIIIaJJa BeJrnqHHhl 
10-12 BT. IlpHMeuen11e <!>HJJbTpou 
Ha BCeX rrpouona x 1IeThlpOXTO
qequoil: CXOMhl 11 TI.QaTOJJhIIUH 
3KpaHnpOBKa 3KCI1epHM8HTaJJbHOH 
ycTaHOBim Il03BOJIIIJia CHU311Tb 
a:l\lIIJJllTYll.Y cf>JIYKTyaJJ;HOHHOrO TO
Ka no aHa'leHHH 1,5-2 MKA. 

Ha puc. 5 rroKaaanhl TmmqHhle 
aaBHCllMOCTH I'2 (!), IlOJiy'leHHhle 
rrpu paaJIR'IHhlX ana'Iemrnx I 0 II 
Vo. KPIIBa.JI r 2 = 1 COOTB0TCTByeT 
OTpameHHOMy CIHHaJJy B OTCyTCT
BH0 peaoHaTopa. Ilo Mepe yBeJJnqe
HRH V 0 peaouanCHhlH rrpoBaJI Ha 
A qx Tpauc<PopMnpyeTcH, u B 06-

Jiacru ycnJieHn.116V0 rro.JIBJI.Jierc.11 Bhlru6 BBepx, rrp11110M c pocToM Koa<f>
cpmweHTa OTpameHH.II Ha pe30HaHCHOH qacTOT0 I'~ea lIOJJOCa yCIIJI0HIIII 
M Y:M0HblllaeTC.II npnMepuo K~K rv!a. Ilono6uoe IIOBeneune r Jea H 

11/ IIPII II3MeHeuuu cTeIIenu per~HepaIJ;HII .JIBJJHeTc.11 xapaKTepnLrM ll,JJH 
napal\IeTpHqecKHX CllCT0M. 06JiaCTb ycmieHH.II 6Vo = 0,3 l\IKB orpa-

1 u HJ1q1rnaeTC.II co CTOpOHhl MaJihlX ,uarrp.11meHHH YCJIOBll0M KOMII0HCaIJ;Hll 
noTepb B peaouaTope a<P<PeKTOM pereuepar(HH CHruaJia, R 0 = I Re Z I , 
a B o6JiaCTH 60JibWllX Ha1Ip.11meuuii - rrapaMeTpll'leCKHM B036ymne
HlleM KO'Jre6au11iI B peaouaTope, uacTyrraroIIJ;eM rrpu ycJJOBHH 
I Re Z I;;;:;. R 0 +Re - anec:r, R 0 H Re cooTBeTCTBeuuo corrpoT11B
Jieu11.11 rroTepb peaouaTopa H CB.JI3H peaouaTopa c CB"Y:-TpaKTOM. 8«c
neplll\10HTaJibHO li3MepeHHhlH MaKCIIMaJibHblH Koa<f>qm:u;neHT ycuJieHII.II 
AOCTHraJI BeJIIl'lHHhl 20 AB. l!alllepeuua.JI BeJili'lliHa a<P<f>eKTliBHOCTH 
YCIIJieHH.II e = r pea11/// 0 = 3.10-3 He HaMHOro OTJIIl'laeTC.II OT Teope
TH'l0CKOii [24] 8reop = 2Relp ,...., 10-2 ( anecb f 0 - peaouaucua.11 'IaCTO
Ta npn rrepexone MOCTirna B HOpMaJibHOe COCTO.IIHHe, p - BOJJHOB00 
corrpoTHBJieu11e peaouaTopa). Koa<f><f>Hn;uenT ycuJieHHH yMeuLrnaJJCH 
BABOe npn: yBeJiu'len1111 MOIIJ;HOCTH Bxonuoro cnruaJia no 10-11 BT; 
npn aTOl\I ua BAX llIOcnrna IIO.JIB.'l.JIJiaCb nepBa.JI Ail\OaecpconoBcRaH 
CTyneHbKa TOKa. 

'l'aJCUM olip11aol\I, llJ>ll llJ.lllOJllJClllm COOTBeTCTBYIQlII,IJX yC.'IOBllH HaM 
YJ\l\Jiocr. JlOllJIH:tonn'J'J." JI m1warnJico11onc1rnx IlJIOJIO'lIILIX :me.\teHTax -
MOCTHK8X IIO}>OMOllllOii TOJUl~llIIL!' O/VI01IaCTOTHOe rrapaMeTpll'l0CIWe 
YCHJIOHl:IO c CnMOIIUHll.11Jrnii - IIOBOe JIBJ10HIIe, no CIIX nop He Ha6JII0-
,!1;8Blll00C.JI n 110.n:moao<f>couonc«ux napallfeTpwrnc1mx crrcTe.\rax. 0.n;Ha
Ko n .D:llJlllOM CJ1y11ae npu IICilOJIL30BaHHII llfOCTHIWB Te11mepaTyp1rnn 
ooJiaCTb yc1rnennn AT= Tc - T He npeBI,rmaeT 0,2 K, Bepo.JITHee Bcero 
11a-aa BJIHJIIIHH nepanuonecnblx ::me1npoHoB n nJiemrn llfOCTIJKa [25). 
3TO oana'laeT, tzTo ll.JIH yJiytzmennJI cnoiicTB rrono6nhlx yc1mnTeJieii 
npenno'lT11TeJI1Hee He rrpocTo y.MeHblIIaTL pa6o'lyro TeJ.mepaTypy aJie
MeHTa, Ho o,n:HoBpeMeHHo rrom1maTb KpnTuqecxy10 Torm paTypy Tc 
o6JiacTn cJia6oiI CBH3H, T. e. y11IeH1man yponeub III,YllIOB, coxpamnb 
xopolllne ycIIJIIITOJILHhle cnoiicTBa, ocTaBaHcb B TeMrrepaTypuoii o6J:ra
CTH B6mrnn Tc. 

Ilapa11reTp1Prnc1me ycnJmTeJiu c ucnom,soBamreM acf>cf>enTa HeBhl
pomnemrn:ii 0.Ll:IIOlJUCTOTIIOlI napaM0Tpu 1rnc1w1i porC'HC'PUl\llll .flll.'ISllOT
cn np11MepoM C1Jl1 1v1w~w<J1co11011c1mx c11cT011I c caM0111urn

1
rnoii. Pe

i:I\IIM c ca1110uairn1urni:i cocTanJIJieT uoocnopnllroe npelllIYIIJ;eCTBO CBq 
nmoae<f>cononcKIIX npu6opon, o,n:na«o n 06uq1111x YCJIOBIIJIX ero npn
Meuemrn OI\a3LIBaeTCH 3UTPY.D:HIIT8JibHbIM II3-3a :-.ra:roii lIOII\HOCTII reae
pa~HII (H, CJie,n:onaTem,uo, 11raJioro .n:nua1111Prnc1rnro .n:nanasona CfflJ
ycTpo:iicTn), OTIIOCIIT8JJbHO llIIIpOl\OII IIOJIOCLJ renepau;nu, onpe,n;emrn
MOH yponueM <f>JIYRTya~mi n cncTeMe, lI CJionrnocTu corJiacoBamrn 
1!;iK03e<f>conoBCl\IIX CTpyRTyp c BHerumr11rn 8JIOI\Tpo,n:mralnPil'Cl\lnm 
CIICTOllfallIH. 8n1x 'rpy,n:uocTeii JIJ0/1\HO XOTJI 6bl 'IUCTII'IRO II36ea>aTh 
rrpn rrpmrnuemm cncTe11111 N-nepexo,n:oB, nm1rotzeHR11x no CBq no
CJie.n;oBaTeJir.110, a no nocToH11110111y TORY napamieJibRo (Ta«oe Bl\Jiro
tzeuJie IT03BOJIJieT o,n:uoBpe11rnR110 yMeRblllIITb eMROCTb .n:awae<ficouoB
cKoii CTpyKTYPLI, T. e. yneJIUlJHTh BLICOl\OtzacTOTRLill npe,n:e.'I lIOJI06HbIX 
ycTpoiicTB). ,Il,JIH <ITHX ll;OJIOH Han6oJJee rrepcIIeKTllBHbil\fII C'IIITaIOTC.II 
TYHHeJibRhle rrepexo,n:hl, myuTupoBaRHhle corrpoTnB.'Ie11ne1tr. Oun 06:1a
na10T ,n:ocTaTO'IHOH CTa6JIJibHOCThIQ napai\JCTpon, OJJ;H03Haquoii (6ea
rucTepeancuo:ii) BAX, OTHocnreJir.Ho Bhlcomnr a1rn'Ie11ne::u xapann'p
Horo nanpm1wmrn Ve; l!X cnoiicTua nno.n:ue coorneTCTBYIOT npe~cxa
aaHHhlM COrJiaCHO pe3IICTIIBHOH 1110,n:eJHI. Ilpmrep TaRoro IIIYHTIIponan
Horo TYRHeJibRoro nepexo,n:a n ero BAX rrp1rne.n;eR Ra pnc. 6 [26]. 
IlocJienonaTeJII>HocTn rro,n:o6R11x nepexonoB B ,n:a.'IbHe:ii1IIe1'r rrpe.n;noJia
raeTcJI IIcrroJII>aonaTr. ll.JIH paapa6oToR nmoaecf>couonc:nux ycmnne;rreii 
n CMflCHTeJieiI, o6Jianamn.i;ux PHll.Ollf rrpe1111rym;ecTn rro cpaBHeHIIIO 
c ycTpo:iic'.r'naMn Ra OCHOllO e,n:HHii'lHhIX nepexonoB: YJIY'llil0HHLil\IH 
tzaCTOTHUMH xapaxTepIICTHR<nrn, 60JI11IInM nnnaJ.mqecmu.r .ri;nanaao
HOM, llf0Hb1IIII11rn noTepJIMu npu CffY:-cor.'IacoBamm u T. n. 

,ll,>1<03ecpcoHoecK11e CMec11re1111 
M11111111Merpoeoro A11ana3oHa ,o,1111H eonH 

llccJienonamrn 11pooupaao11amrn: 1rncr0Thl CBLJ-cnrm1:1on u paapa6oT
Ra 'IYBCTBIITem,m.tx CMOCllTeJieii llIUJIJIIIMCTpOBoro .n:uanaao11a AJIBH 
BOJIH .IIBJIReTC.II onm1M Ila BUiI\IIhlX HaupanJieJUIH pa3BIITIIH COBpellieH-
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{;,HK/I Puc. 6. BAX TYHH0Jib
Horo p;awae«I>coHOBCKO
ro nepexop;a 70 
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!I I Z ~,Hfi 

1 - 6e3 WYHTa; 
Z - C llIYHTOM. 
Ha BCTaBKe rroKa3aHa 
CTPYKTypa WYHTHPOBaH
Horo TYHHeJihHoro rrepe
xo11.a 
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Puc: 7. 3aaucuMOCTb 
CIIrHaJia 1Ip0~10l«YTO'l

HO:il: qaCTOTbl OT aa
np.Hl«0Hllll cMem;eHirn 
aa CTK B pemmrn c 
ca~IOHaKa'IKOii 

.,_ 

~I 

I/ 
~ ~ Vq 

~'I 

no:ii CBlJ-cBepxnpoBO.JJ;HIIKOBoi aJieKTpOHIIKH. BoaMomuocTII pa6oTLI 
:8 pemHMe c caMoHaKR'IKoi BJIH c MaJILIM (,...., 10-9 BT) reTepo.JJ;HHHLIM 
cnrHaJI0111 B pemuMe c BHemne:ii uaKa11Koi 06ecne11uBaIOT nepcneKTIIB
HOCTh IICIIOJih80BaHirn: .IJ;il\080cpCOHOBCKIIX CM0CHTeJieii B BLICOKO'IyB
CTBllT0JlhHhlX cyrrepreTepo.JJ;HHHLIX 1Ipll0MHLIX ycTpoiCTBax. 

Pauee [27] 6LIJIO noKaaano, 11To B pemuMe c caM0HaKa11Koi rrpeo6-
paaoBaHHLii curnaJI nMeeT MaKcnMaJI&HLie aua11euH11 rrpH uarrp11me
un11x cMem;emrn 

h 
V1,2 =2e Us+ In .. )• (3) 

r.JJ;e Is - 11acTOTP CIIruaJia, ln.q - rrpoMemyT011HaH 11acT0Ta. MLI Ha
OJIIO.JJ;aJin II HCCJJegoBaJIH oco6euuocTn npeo6paaoBaHHH 11acTOTLI e pe
iKIIMe «ca11rouaKa"IKn», ue OTMe11euuLie pauee B JJHTepaType. 11ccne.ao· 
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naJrnci, 3a1JJJC11 MOCTT, J1101u,uocTu upeo6pa3om1unoro cnr11a:1a Pn.q OT 
nanpnmemrn CMeIIIemrn Vo npn Irr.'! = 8,6 rru;, Is = 140 rru;. 
8Kcnepl1MeHTbI npOBO.JJ;H.lIUCh Ha cnepxnpOBOll;HIIIIIX TO'I0'IHLIX IWH
Tnl\Tax (CTH'.) HH06nif-m106n:H npu 4,2 R c conpoTHB:remie)r B uop
MnJJLHOM cocTompm He 60.uee .5 OM. BL16op /n,.

1 
B CB"lJ-):(nanaaoue 11 

cpammTeJ1huo MaJILie aHa•rnHnJI R no3BOJIIIJIII np0Bec1u .L(eTaJII>HLIIl: 
aHamrn aannCHMOCTe:H Prr.q (V0} [28]. 

BLIJIO oGuapymeuo, 'ITO Hpollre o6hr'IHLIX mrnoB Prr.'! npn V
0 

= 
- V1 , 2 na BLTXO):(e cnHxpmrnoro ):(0T0KTopa ua6JIIO):(aeTCH gByno:rnp
Hhlii mm P11.•i B oGJiaCTn Vn.•i = (h/2e) /rr.q (pnc. 7). IIpn .JJ;OCTaTO'IHO 
MaJ10J1 M011~uocTu c11rna.11a P8 ( ~ 10-12 BT) <nm.'IuTyAa noc:ie;::i:uero 
JII1H0HHO 3aBIICeJia OT p s II 6LI.1Ia O):(HOro nopH):(Ra B0JIII'IIIHhl c a11m;:m
Ty):(oii IIIIKOB npn Vi. 2 • II pn yMeHLmeum1 conponrn.n:eunH R .JJ;Byrro:rnp
HLIH IIIIK o6ocTpJIJICJI JI CTaHOBII.lICJI 6oJiee CIDDieTpII1UihlM. 

B pa11max II3BeCTHLIX J1rexaHna1110B npeo6paaoBamrn 11acTOTLI [4] 
He yl];aeTcJI o6'hHCHHTL HamPme i:1nynoJIHpHoro mrna Prr.q B 06:1acn1 
V 0 ~ Vn." ua BLIXO):(e c1rnxpomrnro geTeKTopa. Bnrn:o c:te.1aHo npe.:t
IIOJiomeHIIe, 'ITO aToT mm o6ycJIOBJieH npomnrnoBeHne:11 cooCTBeHHoii 
reHepaunu CTR n TpanT YfflJ. ,Il;ei!cTBnTeJihHO, npu B03):(eiicTBUII 
CBll-curuaJrn BAX 11, CJieAOllaTCJihHo, •rncToTa co6cTB0HHoii reuepa
u;nn CTR fr 113JIICHHIOTCJI. IIpeAuo:rnmmr, 1no n npucyrcrBJm CBlJ 
cnrHaJia fr = /rr.q npn He.KoTopollI TOKe Cl\IeIIIeHnJI I 0 = 11. Tor.L(a 
):(mr anTouornroro 1wnTaHTa nn 'IaCTOTLI connanamT rrpH npyrmr aua-
11eu1111 I 0 = 1 2 , a npucyTCTBne CHrHaJia, naJ1IeHHJ1 BAX (nprr co6.1ro
i:1ennu pe;1m~rn saJJ:amrn TOKa) BhlBOAIIT h· aa no:iocy ~-1 l ll. 

TaHnM o6paao~r, orn6arom,aH cnrnaJia Ha BLIXO):(e "YIIY: o:naaLIBaer
CH mr6o n cf>ase (npn I 0 = I 1), m160 B npomBocf>aae (rrpn I 0 = I 2) 
c oru6aroiu;eii CBq-cnrHaJia. Pea.'ILHO no.'Ioca co6cTBeHH01! reuepannrr 
CTR llnmro 6oJILIIIe rro.11ocLr "Ynq, n CIIrHa.11 Ha BLixoi:1e ctiaaoBoro ;i;e
TeKTopa nponopu;Hona.11en rrpousBo):(no1! cnmapa.1I>Horo 'pacnpe.::i:e.1e
IIHJI co6CTBCHIIOH renepa1vm no 11i\CTOTe. 

,n:,'IJI nponepmr y.Ka3aHnoro npei:1noJio;.:nemrn na Bhlxo;::i: mnpo:no
IIOJIOCHoro KaHaJia "Ynq 6hIJIU BI<.'IIO"'IeHI>I ):(Ba II,leHTII'I11hIX ,leTe:nn1-
PYIOIIIHX HanaJia c cf>n.TILTpa:1rn II q, npr111e:11 rro:rocnr rrponyc:namrn 
cf>HJihTpoB B o6oux KaHa.uax cocTan:rn.un 40 ... 60 Mfr(. a I(eHTpa.'II>Hhle 
•1aCTOTJ,J OTCTOHJIH na 550 l\Ift(. Ili.r.'!O oGnapyn,l'HO, 'ITO ;i11yno.1npnhle 
IlllI<H, IlOJIY'IaOMMe Ha Bh!XO):(C <JTIIX naHaJIOB, C:'.1IelII0IIhl ua COOTBeTCT
nyrou~ee nanpm1wmrn, 'ITO noi:1TBepmi:1aeT C):(e:ranHoe rrpe;::i:no.1omemre 
o npnpol\O lloHn.rronnn ):(Byrro.irnpnoro mma. 

0TcyTCTBHe yno11nurn1mii: oG onncanHo:-.r BLIIIIe ,lByno.1HpHO)I nn:ne 
n mtTOJHtType cn11aaHo, no-BII):(IIM011ry, c ucno:11>aoBaHue:1r cyIIIeCTBeH
no UOJIOO lfll:Jm1x n lJ' IIOCKOJII>Hy MOIIJ;IIOCTL renepaIIIIII CTI\ rrpmrep
no npo11op1(11011n.1n,ua ee 'IaCToTe. 

D-rop1111 llflTopocnan: oco6ennocTI> na6mo;:(a.1ac1> na:\m rrpn nsytJe
m111 11pn0Gp11:1011a1mn 1rncTOTI>I cnrna.11on n peaanre c Buernuu)r reTe
JWJUlllOM. )~o cux Hop nnuGo.'Iee pacrrpocTpanenHhrn :\!E'TO.:(O:\I onuca-
111111 llflOl\llC<'a 11po0Gpnaonamrn 'IaCTOTl>! n CTI-t rrprr peaarno c nuem
JUIAI l'O'l'll(IO}ll!IJOM HB.lIHCTCJI ~reTon. II3R('l'THI>Ill II3 Teopnu .:J;IlO,L(HLIX 
DJ!Ootipnao11a·1·0Jwii [20]; n paGornx [30, 31] Gr.T.1a npoarra.·nranpoeaua 

241 

l !I 
l 
! 

' j 

I 
j 

.1 
~ 

'l 
l 

n 
d 

'I 

1 



ero npuMeHHMOCTb .D;JIH cJiy11aH CTR. CorJiacHo [29, 31), cyMMY 
rapMonu11ecRux ROJie6aHuiI BHemnero reTepo.n;uHa I g sin (2nf gt) H 
CJia6oro curHaJia ls sin (2n/sf + 8), ls~ lg npu ycJioBirn I fn.'i I = 
= I fg - fs I~ fg ~ fs MOiRHO npe.n;cTaBHTI. B BH,n;e aMnJIHTy.n;Ho
Mo.n;yJmpoBaHHoro cnrnaJia ! 

ls sin (2nfst + 8) +I gsin
1

(2nfgt) ~ 
~[I g + Is cos (2n/11 • 'it! + O)] sin (2nfgt), 

! 
(1) 

IIOCROJibRY BBH.D;y MaJIOCTll aMIIJIHTYALI CHrHaJia OTHOCHT0JibHO aMIIJill
Ty.n;:w: reTepo.n;nHa 11acTOTHoii: ~o.n;yJIHn;ue:ii: MOiRHO npeHe6pe11I.. EcJiu 
COOTHOill0HHe (4) B:W:IIOJIHHeT911, npon;ecc npeo6paaoBaHHJI 'laCTOT:W: 
CBO,ll;HTCJI K .n;eTeRTHpOBaHHIO aMIIJIHTY.D;HO"."MOAYJIHpOBaHHOro CHrHaJia 
aa c11eT .n;ecf>opl\ra:a;uu BAX CTR, np1111eM, cornacHo [30, 31), co6cTneH
HaH .n;nwaecf>cononcI<an renepa:a;nH B npo:a;ecce npeoupaaonanun 11a
CTOTLI aRTHBIIO ue y11acTnyeT. Ma pa6oT [31, 32) cJie.n;yeT, 'ITO rrpn Ma
JI:W:X cf>JiyRTya:a;uHx Mom;uocTI. curHaJia npoMemyTo'IHoii 11acTOTLI AOJiiR
na llM0Tb MaRCHMYMhI B o6JiaCTHX MaRCHMaJII.Horo .n;ncf>cf>epen:a;HaJII.HOro 
conpoTHBJiennn (Rg)max• T. e. B Ha'laJie peancTHBHoil: o6JiaCTH BAX H 
n6JI11an Rpaen CTyneHen TORa, o6paaonaHHhIX Ha BAX CIIrHaJIOM 
reTepo.n;xrna. IlocJie.n;Hee aHa11eHue cnpane.n;JXuno npu ycJIOBHH 

I nhf s I h • , 
Vo~ -ze-- ~ 2e l!g-i/s j, (5) 

T. e. )l;JIH o6JiaCTeii:, He CJIHIIIKOM 6JIH3KHX K CTyrreHHM TOKa; npH aTOM 
3Ha'l0HHH V0 - nhfsl2e, COOTBCTCTBYIOill;He (Rg)max, cym;ecTBeirno aa
BHCHT OT ypoBHH cf>JIYRTya:a;uiI B CHCTeMe (B BhlpameHHH (5) n - HO
Mep CTyrreHII TORa). 

HepaneHCTBO (5) Tpy.n;He~ peaJIHaonaTI., ecJIH B Ra11ecTne f n.'i 
Bhl6paHa ,ll;OCTaTO'IHO BhlCOKaH 11aCTOTa II aMIIJIHTYTJ;Y cf>JIYRTya:a;HOH
HOro TOKa I fl YAaeTCH yMeHI:.IIIHTI. .n;o TaRoiI cTenenH, 'ITO neJIH'IHHa 
Vil = lf!Rg CTaHOBHTCH cpa~nnMoii: HJIH .n;ame MCHhIIIe hf0 .• /2e. 
B nepnoM cJiy11ae HMeeT CMhlCJI HcnoJII:.3onaTI. MaJiomyMHm;He Yrrq, no 
BTopoM - Bhl6paTh pa6011y10 TO'IRY c 66JibIIIHM Rg. 06a ::JTH o6cTOH
TeJII.CTna Il03BOJIHIOT CHH3HTb myMOBYIO T0MrrepaTypy, npxrne.n;eHHYIO 
RO Bxo.n;y npeo6paaonaT0JIH, q.n;HaKO OCTaBaJIOCb H0HCHhlM, HaCROJib
RO ROppeRTHbIM B 3TOM CJiyqae HBJIH0TCH llCIIOJib30DaIUrn DhlDO,ll;OB 
pa6oT [30, 31 I. 

MbI nponeJXu :mcrrepHJ\IeHTaJII.Hhle uccJie.n;onamrn npeo6paaona
HHH KOJie6aHn:ii 4- II 2-MHJIJIIIM0TpOBhlX .n;nanaaOHOB n:pn )l;OCTaTO'IHO 
MaJioM yponHe Hano.n;oK B cncTeMe (!fl ~ 2 MKA}. 11cnoJih30BaJincI. 
CTR Hno6nii-mrn6niI c BeJin'lnHaMn R = 0,5 - 30 OM, Kpnm11e
CKHMH TORaMn I e = 3-200 MKA 11 xapaKTepn1>1M11 HanpmrrnHHHMH 
Ve= 40-600 MRB. CnnMaJIHCb 3anHCHMOCTH cnrnaJia rrq Pn,q OT 
Hanpsimemrn cMem;eHnH Ha CTR. 

BMJIO o6napymeHo, 'ITO n npncyTCTBHH cnrnana reTepo.n;rtna P rt> 
, RpoMe cooTneTcTByxom;nx Teopnn [4] nnKon Pn.'I y Kpaen CTyneneii H 

·· cnepxToRa, B of'iJiacTn nocTosinnoro nanpsimeHnH CMorn;en11H Vs = 
= hf sl2e noHDJIHOTCH nonoJIHHTeJihHblii: DIIK, T. e. no11e11An11<' fJ ( V 0) 
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l l'"c. H. llA :'\ C'l'll 111111 /. Nlr'll I .; 
noanoiic•rn1111 rnTupo111111n °' 
ll Cllfl!llJlll, !('' - il Arn A, 
Ve= 40 ~IKU (a) ll :rn- Ill 
DllCllAIOCTJ, CHl'!HlJ!l\ 11 po
MOil\yTo•moii 'JaCTOThl 

Pn.•i OT naupnarnmur cMe-
111om1n V0 (6) 11p1r 'rncrn-
To c11m;1Jra fs 7'.!. IT11'--

> fg ll 18 .'i11 l'I'11 < 
< fg • Pn.q B OTIIOCJITem,
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cym;ecTBenno :ia11nc11T OT :in:ma pa:i11ocT11 fs - f g· D uamux yc;10n1rnx 
paa.n;eJiemre mrna Pn.q B6mrnn Rpasi cTynenn Tona u ;i:ono:rnnTe:1hno
ro mrnn na6mo)];aJioc1, TO.'Ibl\O )];.1111 oTuocnTeJibHO IIII3ROOMHbIX CTI-l 
(c R < 20 OM) c BeJIH11nnon Ve< hfs, g/2e. CRaaamrne m1:110cTpn
pyeT pHc. 8, Ha ROTopoM np1rne)];eni.1 sanucmrocTn Prr_q (V

0
) npu ;i:nyx 

3Ha'IeHHHX 11acTon1 curnana. Bn)];HO, 'ITO no::1IInro 06i.111ui.1x )fal\Cll
MYMOB Pn.q (n )];airnm.r CJ1y11ae MaRCIIMYMhI Pn.tJ. y Npaen nepnorr CTy
nenn TOK a cmrnaIOTCH n e)];nm,rn :11axc1n1p1 npn l',,: = hf g '~e) 1rneeT
CH .n;onoJIHUTC.'IhH1>1ii: MaHcnMy)I Pn,q npn Vs, np1PI8)I C)rem;eHne 11ac
TOTbI CJirHaJia Ha 2/n.q Cl\Iem;aeT ero IIOJIOJKCHIIe Ha B8.'III'IIIHY 2Vn_q. 

IlpH npone.n;ermn .n;aJiblle:iimnx JICCJIO)l;OBUHHII 6i.mo BhlHCHeHo, 'ITO 
IIOHBJI0HHe aHOJl.IaJII.Horo OTI\JIIIKa CBH3aHO c 'IaCTII'IHOH CIIHXpomrna
D;Heil: co6cTBenuoil: reHepa~HII CTR curnaJIO)I [33]. I(eiicTnnTe:xI.Ho, 
npn IIOJIOiTWITnn pafio•wii T01ll\ll 11 Oll.JIHCTll, \'OOTBl'TCTny1011~eii 'H\CTOTO 
cm'IIUJia, na nxo.n;e .n;eTel\Topa (xapaHTepncnrna KOToporo rrpu nmr 
npe.n;noJXaraeTc11 6mrnxwii I\ irna.n;paTn11noii) IIMOeTCH cy)nra ABYX cnr
HaJion rrq. Ilepm,y}i JI!1 HJIX npO.D;CTaBJIHCT peayJihTaT B3amro.n;eiicT
BHH 1<0Jieoannii: reTepo)];1rna u co6cTneunoil: reuepa~irn; BTopon -
KOJie6aHnil: reTopowma u curnaJia. Ilpu aToM nepnhlrr mreeT IIInponuii 
Cll0I\Tp (mym111oii Clll'IIllJI) H HO npOMO)];ymxponan no ffLJ; BTOpoii m.re-
0T Y3I\HH Cl10)(1'p H npOMO)];yJinponan no nq. Ha BhIXO)];e .n;eTel\TOpa, 
RpOMO IWMllOllOllT, COOTBOTCTDYIOill;IIX nepnm.ry II BTOpOMy cnrnaJiaM 
n OTAOJIJ.IIOCTU' llOHllJI HCTCH TpOTblI lWMnoneIITa, nponopI~IIOHaJII.HaH 
HX <f>y11m~m1 ll:lllHMllOii: lWppeJIH~HH. Ilpu IIOJIOil\0HIIII pa6011eiI TO'lKll 
B o6nnCTM, COOTllC1TC1'11YIOTTI;C'tt :iep1rnm.noi'1 'TllC'TOT(', TfllC'Til'TlllUt rnn
xpo111rn111v111 COUC1'JlllllllOii l'Cllllplll\UII curnn.'lOllI, a, C.'I8J:(OBaTeJil>U0
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ll lIX B3a1n.rna11 ROppeJim:~n:H OTCYTCTBYIOT' H TpeTbH KOMilOH0HTa 06-
parqaeTCH B HYJib. 

YKa3aHHhle oco6eHHOCTH npeo6pa3oBaHnH yqHTMBanucb npu co3-
namm B 11P8 AH CCCP cynepreTeponnHHoi'o pa.n;no11rnTpa 2-MHJIJIH
MeTpoBoro .n;nana3oHa ,Il;JIHH BOJIH c ,Il;IB030cpCoHOBCKHM CM0CHT0JI0M Ha 
BXO,IJ;e, pa6oTaIOiqHM B pemnMe c BH0WH0ii HaKa1rnoii (34]. 

PannoMeTp 6MJI BhlllOJIHeH no Mo,IJ;yJim~noHHoii cxeMe c ,IJ;na
rpaMMHhlM nepeKJIIO'laTeJieM Ha Bxo.n;e [35] (npHMhle noTepn 0,5 ,IJ;B). 
,lJ;JIH YM0HbIII0HHH IIOT0pb BXO,Il;HOH TpaKT 6bIJI ll3fOTOBJI0H H3 KpyrJiblX 
CBepxpa3MepHhlx BOJIHOBo,n;oB .n;naMeTpOM 19,6 MM. Ha pHc. 9 npHBe
)J;eH cxeMaTH'leCKHii 'lepTem CM0ClIT0JibHOii KaMephl. RaK u B npe.n;M
nyrqHx :mcnepnM0HTax, HCllOJib30BaJIHCJ. npnmHMHhl0 CTR H3 HH0-
6HH c BeJiu'lnHaMn R = 15-80 OM n Ve = I cR = 300 - 600 MKB. 

RoHTaKTnpoBaHne ocyrqeCTBJIHJIOCb llOCJie IIOM0Iq0HIIH CMElCHT0Jib
HOii: Ka1110pb1 B cocy,n; ,D;nroapa, 3allOJIH0HHLiii: il\H,!l;KHM reJIH0M. <PopMn
poBaHne CTR lI no,n;6op ero napaMeTpoB npon3BOJJ;HJIHCb npn noMmr~H 
THrII, BLIBe,n;enHoli Ha KanKy cocy.n;a ,D;nroapa. THra np1rno,n;HJia B 
)J;BHJR0HIIe napy napaJIJI0JIOrpaMMHLIX npymnH, il\0CTl{Q CBH3aHHYIO c 
llrJIOH. IlplIM0H0HH0 napaJIJI0JIOrpaMMHOH napbl o6ecne'IHBaJio KaK 

Puc. 9. CxeMaTnqecKoe 1rno6pameHne CMecnTeJibHOii KaMephl 

J - CHrHllJlbHbll!: BOJIHODOA; 2 - reTepO;D;HHHLdl: BOJIHOBOA; 3 - AH<P<!>epeH11HaJibHblll BHHT; 
4 - napanne:10rpaMMHble npymnHbl; IS - llllHmeH&; 6 - ;u;epmaT!'Jib nrm,i; 1 - nopmeHb; 
8 - V-ol5paaHarr npym11Ha. -

Ha BCTaBKe noKaaaHa BAX Tlmnqaoro CBepxnpOBOA/Ill\ero Toqe'IHoro KOHTaKTa, ncnon&ao
BaBmerocn B pa;u;noaCTPOHOMnqeCKHX HalJJIIO;D;eHHJIX 

Pnc. 10. BJioR-cxeMa pap;noMeTpa 
2-MlIJIJI:r.rMeTpoaqro p;nana3oHa 

1 - cxeMa aa;u;aHHH patioqeit TOqKn, oti'he;u;n
HeHHa11 c HH3KO'laCTOTHOll: qaCTblO MOAYJIII-
1.\HOHHOro pa;u;noMeTpa 

J~ 

7 
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nJiannocTL IWHTaKTnponamrn: ::meKTpo,ri;oB, Tan u 3arq11Ty CTI-\. OT 
JJllOlllllltX MUXHIIIl'IeCIH!X ll03,!J;UllCTilllii (yAapon). 

Ha pnc. 10 np1rne.n;ena 6JIOI\-cxe11ra pap;noMeTpa. B Ka'leCTBe reTe
po.n;11m1 ucnoJII>3oBaJicH noJiynpoBo,n;HnKoB:r:.1.ii YABOnTeJI1> 'laCTOThl, 
nnTaCMLIM OT CTan,n;apTHOro reuepaTopa 4-::mm.11n10TpOBoro ll3Jl)'"'l0-
HHSI. feTepo,n;mmoe naJiy'leHue no,n;no,n;1rnoc:r:. I\ CTR no OT,!1;0JibHOMY 
TpaRTY. Cn113b Memp;y TpaRTaMII CHrHaJia u reTepo,n;1rna ocyrqeCTBJIH
Jiac1, TOJIMW aa c1rnT rrp0Te1rnmrn TORa '1epe3 CTI\, T. e. 6.blJia cBe,n;e
Ha I\ 11rnm1MyMy. Iloc,1rnp;uee o6cTOHTe:.rbcTBo y~1eu1>maJio r.1y6nay 
napaa11THOM MOAYJIHI{Irn II:;lJiyqeHHSI reTepo,n;una Ha BXOJJ;HOM 1110,n;y.1rn
Tope pa.n;HoMeTpa. Ilpn noJIHoii: 3aJIHBRe 10-.r.rinpoBoro TpancnopTaoro 
remrnnoro cocy,n;a ,Ll;1>10apa, B KOTOp.bl:i1 rro1110m;a:rnc1> CMecuTeJI1>Ha11 l\a
Mepa, 06ecrre11nBa.1acI> B03MO/I\HOCTb HenpepbIBHOH pa6oTLI B T0'10HHe 
.n;nyx cyTOI\. ::ha npop;ommITe.!JLHOCTb OTHIO,!J;b HO HB.1H0TCH npep;e.n:1>
HOM n 11101KeT 6LITb, ecJiu no Heo6xo,n;mrn, yBe.1uqeaa, no Kpaiiaeii 
11repe>t na nop11p;oK 3a c'leT yMeu1>meun11 TenJiorrpoBop;aocT11 nepep;aro
rqux Cffq-TpaKTOB u Hcrro.111.:ionmmH cocyJJ;a ,Ll;omapa 60.111>Woii e::\1-
KOCTu, ,n;orrycRamrqero nom.ro;h:uocTL rrepno,:i,n 1H'c:i.;oro 11omrna ;i,:u.'.{noro 
reJIHH n rrpol{ecce pa6oTLI. 

I-Ina1rn1raCTOTIIa11 'laCTL llI0,[1,YJIHI.~HOIIIIOro pa,n;HOMeTpa 6:r:.ma KOH
CTPYI\TIIDIIO 061.0A1111011 a co ex l'Moii :ia)(au 1111 paiio,wii TO'rnu (CJ PT). 
C3PT 06ecne1rnnaJia HaK ua6mo,ri;eaue BAX CT.h'. ua ocl{u~1.1orpa
<I>e ('IacToTa cnurrnponamrn 90 fl{), TaK u 3anuc1> ux Ha ,n;Byx:noop
mrnaTIIOM ca.l\rnrrnc1w (rrepnoA cmmnponamm OT 10 c p;o 40 Mnn). 
Ilpn 3TOM C3PT no3nOJIJIJia ue3anucm1LI111 06 pa30111 perym1poBaTb 
aMIIJIHTY,!l;hl nepe111eHHOH H llOCTOHHHOH COCTaBJIHIOiqIIX TORa, npoTe
Ramm;ero •.repe3 CTI{. Ha BCTanKe K pnc. 9 rro:na3aua BAX mnn'IHO
ro CTR, ncnoJib30BaB11reroc11 B pa.n;noacTpono:..mqecmrx na6Jirop;eHn
Hx. ,lJ;JIH no,ri;aBJiemrn rrapa3HTHoro pe;mnra <mo.n;y::rmi;u11-Ael10,ny
JIHI{HH» [36] pa6oTa CM0CHT0JIH ocym;eCTBJIH.1ac1> B pemmre 3aAC1HIIH 
nocT011mroro uarrpm1wmm na CTI\, 'ITO 06ecrre1urnn.1oc1> cxelrnii 
HH3IW1racT0Tuoro llIJ'HT11ponau11n CTlt ncTpOl'1mo1J: n C3PT. 

B Ra11ecTne YIP.I ucrroJI1>30BaJic11 TpaH3IICTOpHLii.i ycumITe.111> c 
my111-<I>aKTOpo111 ~3 ,n;B II no.!JOCOH yc1memrn /j./11.q ~ 200-400 l\Ifl{. 
0T.IIOC!ITOJihIIO IIll31\aH llCJltt<IHIIa /n,q Il03BOJIHJia IIpOH3BO,ll;lITI. Bee 
H3111epemrn TOJII>Ko B .n;nyxrroJiocnoM pemmre. ,Ll;.'IH y)1en1>meim11 
BJIIIHIIHH <I>oIIa II no,n;anJieHrm «JIO/h:nLix» curIIa.'.lon ua 'laCTOTax, .npaT
HLIX 'laCTOTe CIIrHaJia, Henocpe.n;cTB0HHO nepe,n; CM0CIIT0JI0M ycTaHaB
JIIIlJaJiaCb pe3ouaucuan p;ua¢pa1·Ma [3G). PerHcTpal{nH CHrHaJia rrpon3-
Bo,n;nJiac1> npu IIOMorqu ca111onIIcl{a RCII-4, nK.1IO'lennoro Ha BLIXO,le 
CIIHXpOHHOro .n;eTeKTopa. 

- B npou;ecce Jia6opaTopIIL.rx ucnLITanu:ii: pa,n;uo~reTpa II3lrepHJIHCb 
Te11mepaTypHaH <l>JIYRTyaI~HOIIHaH 'IYBCTBIIT0.1bHOCTb fj.Tf!· ll3lrepe
HHSI npOII3130,!J;IIJIHCb npn IlOMOID;II ,n;nyx cor.rracoBaHH.blX aarpy30R, 
npMCTLI1rnnam1Mx Im nxo,n;a11r p;1rnrpaM11rnoro rrepeh:.1IO'laTe.1H. 0.:i;Ha 
na 1rnrpy301\ HMeJia nocTommym Tm.mepaTypy 2DO K, Te~mepaTypa 
,n;pyroii: H3ll!OIISIJiacb OT 290 ,n;o 77 R. 113:r.repeuuaJI npu 3TOM Be.'IH'IIIHa 
OTnomemm curnaJI/myllf cooTneTCTnona.11a /j. T11, rrpnBe,!leHHoii .no 
nxony .n;unrpull!11nroro nepeHmo'laTeJI11, panuoli 0,2-0,3 R · npn no-

2.JS 

;~ 



1z. tJo 

~I 
N"/( 2. 2!1 

12.111/. 

Pnc. 11. 3anncn npo
XOH\)J;enn.11 llCTO'IHll:KOB 
pa)J;IIOll3JIY'l0HII.11 110-

- pea )J;IIarpam1y na-
rrpanJieimocTn TeJiec
Rona 

a - 11eHTpaJibHbifi Cl<aH 
COJIH11a Ha BOJIHe 2,2 MM, 
IlOJIY'leHHbifi Ha PT-25 x 
x 2 28. III 1979 r., 
TcA = 1424 l\ (aHTeHHa11 
TeMnepaTypa CoJIH11a); 
6 - 11eHTpaJibHhlfi CKRH 
JlyHbl Ha BOJIHe 2,2 MM, 
IlOJIY'leHHblfi Ha PT-25 x 
x 2 W. III 1979 r., 
T JIA = 39 I\ (aHTeHHa11 
TeMnepaTypa JlyHhl) 

CTOHHHOH Bp0M0HH 1 c ]J.JIJI JIO]J.aBJIJIIOIIJ;ero 6oJibIDHHCTBa KOHTaKTOB. 
Jlyqma11 aaqnrncnponaHHaH BeJIH'IHHa AT fl cocTaBJIHJia 0, 12 R, 'ITO He 
ycTynaeT 'IYBCTBHTCJibHOCTH JIY'IIDHX conpeMeHHhlX cynepreTCpO]J.HH
HhlX npII01\IIUIKOB 2-MUJIJIIIM0Tponoro ]J.Hanaaona [37], B KOTOphlx, O]J.
HaKo, IIpIIM0HJIIOTCH :Yilq, lll\Ierm;ue B 4-5 pa3 l\10HbIDYIO myMOBYIO 
TCMnepaTypy. 

IloJieBhle IICilhlTaHIIJI pa]J.HO?i10Tpa npOBO]J.IIJIIICb Ha pa]J.IIOT0JI0CKO
ne PT-25 x 2 lIIl<I> AH CCC~ (r. ropbKHH). :YponeHb noporonoro 
cnrHaJia Ha aHT0HHe cocTaBJIHJ!f 0,3 R. HeKoTopoe yxy]J.III0HHe 'IYB
CTBIIT0JibHOCTH OTHOCHT0JlbHO :U3MepeHHOH B Jia6opaTOpHhlX YCJIOBH
JIX 06'bHCHJ10TCJI TIOT0pHl\IH, BH()CHMhlMII 06Jiy'IaT0JIJIMII aHT0HHhl. 

3a Bp0MJI IICJlhlTaHHH pa]J.tjOM0Tpa 6bIJIH npOB0]1.0Hhl H3M0p0HHJI 
pa]J.IIOH3JiyqeHHH CoJIHn;a, JlyHi.i: H aTMocipephl. Ha pHc. 11 npHBe]J.e
HM D;CHTpaJibHhle CKaHhl - 3aJIHCH npoxOIB]J.0HHJI HCTO'IHHKOB pa]J.IIO
ll3JIY'I0HHJI 'Iepe3. ]J.HarpaMMY HanpaBJI0HHOCTII TeJiec~ona (CoJIHn;a 
H Jlynhl cooTneTCTBeHHO). IIo ::JTHM ]l;aHHbIM 6hlJia on;eHeHa 11pKOCTHa11 
TeMnepaTypa CoJIHn;a Ha BOJIHe 2,2 MM [34] (npn aToM JlyHa ncnoJih
soBaJiacb B Ka'IJCCTBC aTaJIOHa H3JIY'I0HHH). 

IIocKOJibKY n ormcaHHOM pa]l;uoMeTpe ocHOBHhlM n cyMMapnoM IIIY
Me npHCMHIIKa 6hIJI BKJia]J. :ynq, ]l;aJibHelimee yneJIH'I0HH0 'IYBCTBH
T0JlbHOCTH pa)J;IIOMeTpa CBJI3aHO npem]J.e ncero c HCilOJib30BaHH0M 
:ynq c MeHhIIIeli BeJIH'IHHoli myM-il>aKTopa. Pa]J.mrnJI1>11oe YJIY'IIUe
Hne 'IYBCTBIITCJihHOCTH (Ao AT11 ,,...., 0,02-0,03 R) 11oaMomno npn 
HCIIOJib30BaHIIII OXJiam}l;a0MhlX :YIItI Ha OCHOBe IlOJIODLIX Tpa113HCTO-
pon IIJIII Ma3epon. 1 

SIS-cMec11Tem1 MH111111MeTpoeoro AHana3oHa Anl'tH ao11H 
e pe>KHMe KBa3H4acnt4HOro TYHHen11po1aHMJ1 

B nocJie}l;Hee npeMH 6MJia npo]J.eM011cTpHpoea11a nopcno1\THBHOCTb 
npHM0H0HIIJI cnepxnpoBO}l;HHROB TYHHOJibULIX nopOXO)~OJI JI Ka'ICCTD0 
~meMeHTOB npneMHhlx CBtI-ycTpOBCTB (38). 8To cnnaa110 c B03Mom
HOCTbIO pea;maan;nu 'Ipeanhl'IaBHO BbICOKol KpyTmmt.1 BAX nepexo-

. AOB cnepxnpono)l;HllK-a30JIHTOp-cnepxoponoAHHK (SIS) n6JIH3H na-
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IIpHil\0HIUI, COOTBCTCTDYIOm;ero cyll!MO :mepreTII'ICCKIIX m;eJieii cnepx
npoBO)l;HIII\OD, 06pa3y1om;n:x nepexog. BLrcoKaJI KPYTH3Ha peamrnyeTCH 
Ha «Kna3n'raCTH'moi1» neTBH BAX, cym;ecTnoBaHne KoTopo:H o6yc
JIOnJiono TymrnJrnponauwoM 'IOpoa CJ10fr waoJrnropa oguoqacni:qnblx B03-
6ymJJ;em-i::H - Kna3H'Iacmu;. IlocKoJihKY n SIS-nepexoJJ;ax nepOHT
HOCTb TYHHCJIHpoBaHirn KynepODCKIIX nap II KBa3II'IaCTHD; O)l;IIHaKo
BblM o6pa30M 3aBHCJIT OT YCJIOBIU'i: H napaMeTpOB o6JiaCTII CJia6oii 
CBJI3ll, 1rna3H'IaC1'JPIIIarr IIOJIIUWHIIOCTL uauGOJICO CUJihUO nposrn:111eT
CJI n nepexo}l;ax, o6Jia}l;aIOm;Hx xopomHl\m }l;/K03eipcoHoncKmrn cnoii
CTBal\rn, PaHee 6blJio rroKa3aHo [39], 'ITO KBaHTOBhle aipipeKTbl OKa3hI
BaIOTCJI npeo6JiaJJ;a1om;HMH n SJ S-cMecuTeJIJIX c KBa3n'IaCTII'IHbBI TYH
HeJinpoBaHneM npn BblIIOJIHCHHH ycJionmr 

Io (Vo+ hfsle) - 10 (V0)~10 (Vo) - I 0 (V0 - hfsle), (6) 

rJJ;e I 0 (V0) - nocTOJIHHLIH TOK 1rna3u'Iacnrn;, V
0 

- aanp11;nen11e 
cMem;en111:r. Cyrn;ecTnennLIM flBJIJIC\TCJI n031\COHmorTh Pl'amr:rnr~nn npn 
BLinOJIIIeHHH ycJIOBHJI (6) pe1h:n11rn npeo6pa3onaIIuJI c ycuJiem1eM u no
CTnmenn11 'Ip03BLiqaifHo MaJIOH IIIYll!OBOH TeMnepaTyphl Cl\10CHT0JIJI -
6JIH3Koli K KnanToBoMy npeneJiy TN ;:::::::; hf 8 /k ln 2. 

MM ncnoJihaonaJiu Nb - Nb.,Oy - Pb + Bi Tyuue:11>uI.1.e nepe
XOJl:LI, H3l'OTOBJieHHLie no M0TO]J.HI\e, IIO}l;po6no 06cymnaBrne:Hc11 B pa-
6oTax [26, 40]. IIorrepe'mi.rn pa3MepLI rrepexop;a napbHponaJin:CL B 
npeJJ;eJiax oT 10 x 10 MI\M2 go 3 x 3 MKM2 • Tnnn'InaJI BAX TaKoro 
nepexo.u;a 61>1Jia no1rn3ana na pnc. 6. 06 OTCYTCTBIIII aaKOpOTOR B 

SJ S-nepexo}l;e u ognopognocni: CJIOH oKucJia cnugeTeJihCTBonaJia aa
BHCHMOCTb KpHTHqec1wro TORa OT Marnnnrnro IIOJIJI. ,[J;JIJI H3MepeHHH 
BAX ncrroJibaonaJiaCh cnen;naJII>no pa3pa60Tanna11 cncTei\ra anToMa
TH3nponamroro H3Mepemrn napaMeTpon Ha 6a3e l\mHu-3Bi\1 n nHTep
iI>eii:con CBJI3H n CTangapTe RAMAi\. Hm1Iepemrn npoBo,n;nJinob n nH
TepaKTHBHOM pommre, :mcrrepuMeIITaTop Mor 6LicTpo MCHJITI> npene:n.r 
U3MepennJI, mar no roKy, qucJio H311rnpenuii n Kanu~ofr TO'IRe. Pe3y.'lb
TaTLI H3Mepenn:ii BMnognJmc1, na rpacpw1ecm1ii: gncn.1eii: n npn Heo6-
xog11111ocT11 l\OilllJ>OllaJlllCh Ila rp1HJlOllOCTpOHTl''1l'. 

liccJienonaHHLrn SJ S-rrepexo.u;Lr o6JiagaJin xopoIUeii CTa6nJib
HOCTbIO: naMenenue R npH O}l;HOM Te11mepaTypnoM rrepet\IIKJinpona
nun ne npeBi.tmaJro 2 % , 11p11 ;:>TOM BOJ11l'II11rn Ve ocTaBiwach noCTOJIH
no:ii. Iloc1wJibHY npu uoum1wmu1 Te11mep1lTyp1.1 nommoiiuocTb BAX 
no3pacTaJia, nee H3Mepemrn 6hIJIH BLIIIOJIHeHLI npn T = 1,5 R. Ou;e
HenHaH na DH}l;a BAX 1rnanTonaJI TOKonaJI qyBcTnrrTeJihHOCTh SIS
nepexo)l;a )l;OCTlll'UJia ,....,<).500 A/BT ]J.JIJI 'IUCTOTLI 50 rru;. 

Ilpn nponogemur cnq :mcuepIIM0HTOB SI S-rrepexog pa3i\10IIJ;aJICJI 
n n;eHTpo co•rnmw 8-l\!HJIJI111110Tponoro nomronoll,a, n E-n.rrnc:nocTu. 
MnKponomwnan cncTeMa nMeJia peryJinpono<J.HbIH KopoTK03aMhlKaro
m;n:ii nopmom. u nogcTpoe'IHhIM IUTI.Iph. CBtI-cnrna:ri,r c TJacToToii: 
,....,50 rr1\ OT }\llYX paa/~OJlhllhlX rmrnpaTOpon (c pa3no;~Koii >40 AB) 
BBO)l;HJIHCJ, II HpHOCTUT c IlOMOil\bIO DOJIHOBO}l;a II3 uepmaBemm;eii: 
CTaJin. C11r11uJ1 npo11wmyTO'IIIoiI •rncTOTbI milnomurrJI Roar.:cna.1bIILUc 
75-oMnLIM 1rnti0Jw11r H no1wnaJ1cJI na :YIIq c my;\10Bo1l: Tr.\lrrepnTypoii 
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Pnc. 12. BAX SI S-nepexoAa npH DOB• 
AeiicTBmI reTepoµ.nHnoro cnrHaJia paa· 
Jlll'lHOii MO~HOCTil (J-9), J:\pHDBll 
4 - saBJICJIMOCTb cnrHBJIB npoMeM<y
TO'lHOii 'laCTOTbl OT nanp.RM<eHH.R CMe
~0HH.R AJI.R reTepoµ.11uuoro cnrnaJia, 
cooTB0TCTByro~ero BAX 3 

;; 
~c 

·~ 

~ .?Ill/ 
......... 

70 R, Koacpcpm.~nenTOM yc1rnemrn 
60 ;ri:B ll IIIHpHHOH lJaCTOTHOH no
;JIOCLI 45 Mfn; ( c n;eHTpa;11hHOii 
lJacroroii: ,_,50 Mf~). 

Ha pnc. 12 noKaaaua l3AX 
SI S-nepexo;ri:a npn noa1.1eiiCTBHll 
reTepo;ri:nHHoro cnrna;11a pa3Jill1I
HOii MOID;HOCTll. 0T'l0TJillBO BH)l;Hhl 

I ~ I I CTyneHII l\Ba3HlJaCTH'IHOro TOKa, 

2 
J ¥. paa)l;eJJeHnMe no nanpRmennro Ha 

Vu, H8 BOJJH'IHHY hf gle;:;::;: 200 MKB H pac-
IlOJiararom;neCR n o6JiaCTll RBaan

'lacTn11noii BeTnn BAX n6.1na11 m;e;11enoii: oco6ennocTH. Cnrnan np0Me
myro11Hoii 11acroThI Pn.q nMeeT rpe6eH'laryro CTpyRTYPY c nnRaMH, JIO
RaJIH30BaHHhIMH B ~eHTpaJihHLIX lJacrax o6JiacTeii BAX MeJKAY cTyne
HHMH KBa3H1IaCTH1IHOf0 TORa. IloRa3aHHaH .Ha pnc. 12 aaBHCHMOCTh 
Pn.'l (V0) noJiy'leHa )l;JIH MOID;HOCTH reTepo,[ll.J.nHoro cnrHaJia Pg~ 
~ 10-9 BT n cooTnercTnyer BAX - Rp1rnoii 3 Ha <>TOM 1ue pncyHRe. 
Ha:r.repeHHhle n arnx ycJionnRx norepn npeo6pa3oBaHnH SI S-cMecn
TOJIR n 01.111onoJiocnoM pennme cocrariJIHJJII L = (4 + 3) AB. 

IloJIYlJOHHhie ;ri:anHLie cnn1.1ereJ1hCTBYIOT o TOM, 'ITO SI S-nepexo;ri:LI 
Ha OCHone HII06nH nnbJIHe npnro;ri:Hhl ;D:JIH IICilOJih30Bamrn B llhICORO
'IYBCTBHTOJihlihlX npnel\IIIhlX ycTpOHCTBax MIIJIJIII::IWTponoro ;ri:narraao
Ha )l;JIHH BOJIH, rrpH1IOM HX CBOHCTBa onpegeJIHIOTCH IrnaII'l'OllhlMH acp
cpeKTaMn. RaK n n cnyqae CBq 1.1moaecpcoHoncRnx ycrpoiicrB, ;ri:aJIL
neiimne nepcneRTHBLI nx paannTRH n yJiy'IIIIenne xapaKTepncrnK cnH-
3hlBaIOTCH c ncnoJihaonanneM nocJie)l;OBaTeJJhIIOCTCii SI S-rrepexo;ri:on. 
IIocJie)J,nee 06cro11reJibCTno )l;aer BOaMomnocTh YJIY'IWIITh corJiaco
namrn SI S-cTpyKrypLI c nneIIIHIIMll CB'I- u ffLJ-cIICTeMaMH, yBeJin
'IJITb MOID;HOCTb uaCLJID;OHllH H, c;11e;ri:oBaTeJihHO, pacurnpHTh !J:HHaMll
'10CKJIH )l;1rnrra3oII CJ\recnTeJieii; YJrYlJIIIHTh c11rHaJ11111rn napaMeTp11 cMe
cnTeJieii, ue yxy)J,IIIaH O!J:HOBpeMeIIIIO IIX IIIYMOBbie cnoiiCTBa. 

H3 n1nuec:Raaaunoro cJie;a;yer, 'ITO cnepxnpoBO)J,HHROBLie npneM
IIhIC ycrpoiicTBa pa3JIIl'IIlhlX THHOB o6Jia)l;aIOT 'lYBCTBIITBJibHOCTbIO, 
npeBOCXO)J,RIII;efi 'IYBCTBHTOJlbHOCTb CBq-IlpIIOMHHROB, OCHOBaIIHhIX 
na IIn11x cpII3IPrnc1mx npnnn;nnax. TeM ne Menee norenn;naJII>Hhie noa
:r.romnocTu cnepxnpOBO)J,HIIROBhIX npnel\rn1>1x ycTpoiicTB )l;aJieRo He nc-
11epnanhl. Ilo o~enRaM, 11yBCTBHTeJihHOCTh npHel\IHHKon MOlliHO YJIY'I
IIIIITh, no Rpai'meii :r.repe, na o,nnn - ;ri:Ba nopH)J,Ka. BoJibIIIHe, ue pca
JIHaonannhie K naCTORIIl;OMY npeM0Hll B03MOIIHIOCTH CBR3allbl c al\Tl'IJl
IlblM ucIIOJILaonannel\I co6cTnennoi'1 ,nmoaccpcononcn:oii rcuepal\Hll, 
BecbMa ImTepecuhmn n nepcneRTHBHhIMII npe;ri:cTaBJIHJOTC.ft HCCJIO~O-
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Jlllllllll llOJIHllOMIIJ,IX llOJJJIQilJ,JX IIpOl(eccou ll pacnpone.'IOllJILIX CBepx-
11po11onmrn:onhlx cnoncThlX cTpy1nypax n noc.1e,nonare.1J1.Hocrnx (n.:.m 
nuy.MopIIhlX pemernax) SJ S-nepexo,non :\Ja.'IbIX paa;o.iepoB 1I HCilO.lh
aonamrn: Hx n cncTe:Max npeo6paaoBamrn II perncTpa~m1 c:.raoLix 
CB'I-cttrHaJion. Banrnoe MecTo aamnraroT paapaooTirn HOBhlX n.1eH0'1-
IILIX cnepxnpOBO)J,HHROBhIX CJia6ocBR3aHHLIX CTpyKryp (nma CBepx
npono,nmm-noJiynpono)J,Him-CHC'pxnpollO;\HUK. rym1e:ihm>1x nepe
XOl\On H J\10CTl:II\Oll pa3JJJ1 'lllLIX MO).(IHpm-;au,uii). OO:Ja)J,aIOID;llX CTaOU.'.lh
Ilhll\UI napaMeTpaMn, na;ri:enrnocr110, ycroii11unocr110 R ::1rnoroRpaTHLI::lr 
repMH'IOCRHM nepe~HRJIHBaHirnM JI BHOIIIHIDI B03;J;OHCTBIIR::II, npn na
fOTOBJJennn Roropux ~ro;wro nrno.1 i.:ionan. cnniw~rt'HIHJt' n'xno:1oru
'WCIUW MOTO!J:hl l\1HRpO::Wel\Tpomnm. 8TOT Kpyr nonpoCOB COCTaB:UieT 
O)J,Ho na ocnonnLix 11anpanJiem1ii: uccJie;ri:onam1iI n 06.rracn1 CB'I CBepx
npono;ri:mmonoii: anmnponmm, BLmomrnP::11b1x n IIP3 AH CCCP. 
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nony"teHMe HOBblX MOTepMOnOB 

An~ TeepAOTenbHO~ 3neKTpoH~K~ 

B. a>. AB0P51HK"1H, 1-1. M. KOTEJ151HCK"1V1, B. 6. KPAB4EHKO, 
.st. C, CAB"1LJ,KA51, B. B. WEMET 

j 

MaTepnaJI1>1 c HOBhl11m cBoiicTBa11m, a TaKme HOBhle MeTOAhl MOAlllPH- ., 
Kal'(Hll CBOHCTB ll o6pa6oTKH ll3B0CTHhlX MaTepnaJIOB Heo6XO]l;IIMhl JVIHA 
C03]l;aHirn: HOBLIX ycTpOHCTB TB0p;JJ;OT0JlbHOH aJieKTpOHllKII II yJiyqme- .~ 
HIIH xapaKTepHCTIIK II3B0CTHhlX ycTpOHCTB. ,D;aHHaH pa6oTa JIBJIJI0TCJI j 
o6aopoM pe3yJI1>TaToB, rroJiy'leHHhlX B llP3 AH CC~P B o6JiaCTH co-j 
3]l;aHIIJI II ll3Y'l0HllJI MaTepIIaJIOB ]l;JIJI TB0pll;OT0JlbHOII aJieKTpOHIIKII 3a > 

nocne]l;HIIe ro]l;hl. :f 
BoJI1>moe BHnMa1rne y]l;eJIJieTCH ceii'lac TOHKIIM rroJiyrrpoBOAHIIK~j 

Bhllli rrJieaKaM coe]l;IIHeHIIH Tmrn A 3 B 0 II A 2B 6 II CJIOiKHhlM arrIITaKCH".:~ 
- aJII>Hhlll[ CTPYKTypaM Ha OCHOBe aTIIX C00ll;IIH0HIIH. )J;JIH IIX IIOJiyqe-;: 
I HHJI IIpIIM0HJIIOTCJI 1110TO]l;hl ra3o«f)a3HOH aIIIITaKCllII c llCIIOJib30BaHH6~( 

i • 
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:XJIOPlil\llhlX 11 MOC-1·11np11n11r.1~ 1·111'TP\1. :i;1q1>01f•a:1111>ii :>11nnrn1•11n. 

U 'J'lllOIW JIHH,\',\'~11101'0 llllllr.l.'11'111111, 11c;:110 11<111 ~ll>,'lt'liJ':IHJ>llll-11)''1.l\Ol!)'JO 
!lDHTal\CJUO. 

XJ10p11;w1.ie c11cTcM1o1 TIHl)\11111101111u J1c110.111,:1y10·rrH B HP8 AH 
CCCP ]];Jrn noJIY'JCllllH nL1coHo'llll'T1.1x ;1J111Tm\r11a:1i,HNX c.1oeB coe~n
BeJIIIH A 3B 5 • 

B uacTOHllJ,cc upm.rn npouont1TCH Bh1pau~11Ba111ie ::im1TaKcna.11>111>1x 
CJIOOB <flOC<JJJ111a lllll!llH 11 ('llCTl'.\ll' ]11 .. l'Cl;i --II~. llo:1y•H'llhl 11.'H'Hl:lll 

In2P c no]l;mrnmocThIO :meinpouon 4000 c:.1 ~/ ( 13 • c) npu ;300 .K, 
25 000 - 30 000 CllI2/(B. c) npn 77 H' II l\OHll,OHTpa11,ueiI HOCIITe.i:eil: 
TOKa 5·1015 CM- 3 (1). 

llfapo1rne npHMene11ne ll;JIH noJiy'leHiur no.1yrrpoB01J;11mwBhlX co-
0AlfH0HIIii: THIIa A 2B 6 II A 3B5 Haxo]l;HT MeTOA xmm'lecHoro raaocpa3110-
ro ocam]];eHHH c acnoJih30Ba11:ne111 ::>.TJe11ronTooprauu11ecl\nx coemme
HIIii II, III 11 VI rpyrrn u rnAPIIAOB V; VI rpynn nepno;i:(u11erno:ii cu
CT0Mhl B Ka'!eCTBe MCXO]];HhIX l\IaTepnaJIOB (MOC-ru;o;pu;o;Hhlll lieTOA). 

B llP8 MOC-rn.n;pII]];HhIH 111eTOA 6rrn ncnoJih30BaH ]l;JIH nO.i)"IeHnJI 
reTepocTpyI\TYP GnAs-(\.n, Al) As w111 cf1orn1rnrn:1011 c 0Tp111\HTt'.'lh

l1LIM aJJOHTJ!OllllJ.1~1 CjlO)\C'l'llll~I. JI p1':ty.111oTan> 11p1111l'i\l'ltllhL\. ucc;w

p;oBaHHH 6hlJia pa3pa6ornna T0XHOJ10l'HH IlOJIY'l0HH1I reTepOCTPYKTYP 
c xopomeii: o;o;nopo.n;nocTLIO no cnolicTnnM na 6om,moii mrnu~a,nn (B oT
JIH'lHe OT MOTo,n:a nrn1J;KOCTH01i snnrnKcnn). IfarornB.1ennhle <fioTol\a
TOIJ;hl IIM0JIII ]l;OCTaTO'lHO BbICOKYIO JIHTerpa.TJhHYIO 'IYBCTBIIT0Jib
HOCTb (2]. 

BbIJIH npone.n;enhl nccJie]l;onannH 3aKono11repnocTe:ii poem .1erupo
BaHBhIX if~0JI0301\f 3IlllTaKCIIaJibHbIX CJIOeB cpoccfmAa IIH!J:IIH B CIICTe:.re 
acpIIpaT Tp11MeT11J111H]l;HH-cpocqnrn- no;o;opo.n;-TpexxJiopncrne a.;eJie-
30. ll3y'leHhl ::JJieinpocp1rnJ.PiecKne cnolicTna 3IIIITaKcmlJihHhlX c.1oeB 
InP, Bhlpa11J,em1L1x ua rroJ1y:n:.ioJrnpy101U,11x IIO!J:JIOarnax { 100} GaAs n 
{100} InP. Bn1co1rnoMHhle CJIOII InP II11I0JIII y;:i:ea1>noe corrpWIIB:re-
1rn:e --10° OM· CM. MoTOIJ;IIKa noJiy'lemur TaKnx cJioen 61>1.i:a rrpmrene
Ha ]l;JIH 3apa11J,HIIHIII1H IIOJIOCKOBbIX Me3aCTpyKTyp, llCII0.1b3j'6lihlX ;::pH 
noJiy11eHHH BC'I'poem1Mx H3JIY'IaTe.TJeii:, pa6oTaIOm;ux n ::1nanaaone 
]l;JIIIH llOJIII 1,30-1,55 l\II\M (3]. . 

IlpH Bhlpam;nnaHHII cJioen InP na rro;:i:Jio;irnax { 100} Ga As B cn
CTe111ax In-PCI 3-H2 II (CH 3)ainO(C2H 5) 2 + PH

3 
+ H

2 
Ohl.10 06-

HapyawHo c IIOMOID;bIO M0TO]l;OD peHTfOIIOBCI\OH .n;ucppal\TOlieTpnu n 
Ome-crreKTpocKorrnII o6pa3oBanIIe TBOp]];oro pacrnopa lnxGa1-xP yAs

1
_y 

3a C'I0T B3aHl\10]];0HCTBIIH K0111DOH0HTOB raaonoii: cpa3hl c IIO]l;JIOarno:ii. 
B llP8 nnepnnre n CCCP 6nIJIH Ha'IaThl cncTeMaTn'IecKne paooThl 

no npnMenon:nm MOC-r11;o;pH1J;IIoro llieTo;o;a ]];JUI BMp.am;nnamrn annTaK
c11aJILHLIX C'I'pywryp 11a ocuono coo;o;1rnenuii A 2B 6 • Pa3pa6ornna Tex
HOJIOfHH IIOJIY'IOIIHH 30pKaJibHO-rJia)J;KIIX 1110HOI\pIICTa.1JIII'I0Cl\IlX 
cnoen CdS, CclSo, CclTo, ZnS, ZnSe [5-9]. Ilpem.rym;ecrna :.reTo.na 
nponnmrnci. 11111100Jwo up1rn npn pemennu pHp;a irnu.npeTHhIX npan

., Tlf'ICCI\HX :1111111 11. '1'111(, nanpJ11\rep, Bhlpam;eHbI reTepocTpy1'TYPhl 
' CdSe I CdS I r. aP r. po:mHMII <JKCIITODHhIMH JIHHnmm n crreRTpe no

rJio~cu1111 CdSo. I I 11 :lTo:ii reTepoc'I'pyKType coa]l;aH .TJaoopaTopHhlii: 
MaHCT OJHJMllll'l'll Olll1Jlll'l'lfllllOH OIITII'lecKo:ii na11rnTu c HII31\0ll aHep-
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~ ...;.,, 

rIIeli 3ami:cII [10). Ha noJryqeHHOH MOC-rHJWIIAHhIM M0TOAOM KOMDO· 

.3HU.IIOHHOR CTpyKType, cocTom::ri;eii II3 <f>eppoMarHHTHOi UOAJIOHU<H 
e.o cJioeM cneToqyncTBnTeJihHoro IIOJiynponoAHHKa CdSo, u0Kaaa11a 
:no3MOiKHOCTb onepaTIIBHoro ynpanJiemrn AHCnepcuoHHLIMH xapaR
-repncTuKaMH mrnnu 3aAepiKKH (n31110HeHne BpeMeHH 3aAep>l\KH AO 
25%) [11). Pa3pa6oTaHa TexHOJIOrHH nLipani;unamrn Ha GaAs (100) 
anuTaKcuaJihHhIX CJIOeB ZnS, ZnSe c 3epKaJihHO-rJiaAKOii nonopx-
11ocThIO, uMe1om;nx TOJIIIJ;HHY 10-15 MKM. Cnou ZnSe 6hIJIH ucnoJih30-
DaHbI AJIH H3fOTOBJiemrn MHUICll0H CKam1py101o;wx JIU30p0B c npOAOJ1b-
11oii H nonepe1IHOH HaKaqKoii 3Jl0KTpOHHbIM nyqKOM. IlOJIY1!0Ha reue
paIJ;lllI Jia3epa n cnHe-roJiy6oii o6JiaCTH, npul!eM 3Ha1IeHnH noporoBLIX 
TOKOB 6mrnKH K JIY1IIIIHM' 3Ha1I0HlllIM AJIH o6'b0ll!HblX MOHOKpHCTaJIJIOB 
ZnSe [12, 13]. · 

B TeqeHne pH.ri;a JleT B MP3 AH CCCP npoBOJJ;HJIHCh pa6oTbl no 
noJiyl!eIIHIO llJIOIIOI{ OKCHJWB c IIOMOIIJ;bIO IIHpomwa ::WOMOHTOOprairn
"10CKHX coe.ri;HHeHuli, B 'laCTHOCTH aIJ;eT1maIJ;eT0HaTon MOTaJ1J1on. Ta
KHM nyTeM IIOJIY1I0Hbl IIJl0HKH OKCHJJ;a aJIIOMHHHH Jl;Jlll BOJIHOBOJJ;HhIX 
·C02-YCHJIHT0J10H c pa3plIJJ;HOH Tpy6Koii IIOBbIIII0HHOH MOIIJ;HOCTH [14) 
H iJ;JllI .ri;aT'IHKOB .ri;aBJl0HitlI (15]. IlOJIY1!0Hbl m1pOJ1HTH1I0CKH0 IIJl0HKH 
·OKcn.ri;a HHAIIH, J1erHpOBUHHO:ii OJIOBOM [16]. Tamie IIJleHKH MoryT nc
·noJ1h3oBaThCH KUK npo3pa1IHble 3Jl0KTpOJJ;bl II C0Jl0KTIIBHbl0 OTpaIBaIO
;mHe IIOKpbITHlI [ 17). 

B pe3yJlhTaTe nccJ1e.ri;bBaHnii, npoBe.ri;eHHhIX con111ecTHO c y'leHbIMII 
·CapaTOBCKOro rocyHHBepcnTeTa, 6blJIU IIOKaaaHa B03MO>KHOCTb npn
:M0H0Hllll 1mpoJ1IITII1IeCKIIX IIJieHOK V02 JJ;JIH nepeKJ1I01IeH11H u qrpa
HH1I0HHH cBq-llIOIIJ;HOCTH, JJ;JIH BH3yamIUIJ;HH CBq-ll3JIY1!0HHH MllJl
.JIH1110TpOBOf0 n cyfomJ1J1lll\IeTpoBoro .ri;uarraaoHon [ 18]. McnoJih3ona
HIIe nJ1eHOK V0 2 ocnoBaBo Ha peaKoM H3.MeHemrn cBoiicTn MaTepnaJ1a 
npII <f>a30BOM nepexo.ri;e noJ1ynpoBOJJ;HHK-1110TaJ1J1 [19]. 

B aTnx mreHKax o6HapyIBeHbl n nccJ1e.ri;oBaHbl HBJl0HIIH, nrparoni;ne 
BaiKHYIO pOJib B CIICTeMax, HaXOAHIIUIXCH BJJ;aJIH OT TepMOJJ;HHaMH1I0-
·CI{OrO panHOB0CHH [20-22). 

Cpe.ri;u naKyyMHhlX MeTo.ri;oB noJ1y1IeHIIH noJ1ynpono.ri;HnKOBblX nJ1e
HOK celi'laC B0CbMU nepcneKTHBHbIM HBJIH0TCH M0TOA MOJ1eKyJ1HpHO
IlY1!KOBOH SIIHTUKCHH (MI13), II03BOJIHIOIIJ;llH B KOHTpOJIHpyeMhlX yc
.JIOBIIHX IIOJIY1IUTb 01I0Hb TOHKH0 CJIOH (BIIJ10Tb JJ;O 0.rJ;HHIIIJ; HaHOM0T
pon) c pe3KOH rpaHnIJ;eii Mem.ri;y IIJ10HKOH II IIOJJ;JimKKOH c p03KIIMII 
p-n-nepeXOAMH. McTo.ri;oM MIIS Ha ycTanonKe MBE-500 <f>IIpMhl 
«PH6ep» ( <l>paHIJ;IIH) IIOJIY1I0Hhl aBT03IIHTUKCIIUJlbllhl0 CJIOH { 100} 
GaAs TOJIIIJ;HHoli 0,2-1 MKM, J1ernponaHHhle OJIOBOM (5·1016 CM-3 < 
< n < 1·1019 CM-3) [23). XnMH110CKHH COCTaB ll CTpyKTypa nonepx
HOCTH nccJie.ri;oBaJ111cb in situ MeTo.ri;aMn sJieKTpOHHoii OIBe-crreKTpo
cK0111111 (SOC), BTOpuqHoii IIOHHOH Macc-cneKTpOCKOIIHH H .ri;mppaK

:u.nn 3Jl0KTpOHOB BhlCOKHX aHepruii Ha OTpaiKeHIIe. 
TI pu n > 5·1016 CM-3 MeTo.ri;o111 30C o6HapyIBeHa 1rn6DIT01IHaH KOH-

n;eHTpa11nH Sn Ha nonepxHOCTH Bhlpani;unaeMoii: IIJieHKH (Csn ~ 1 • 
·1014 c11-C2 npn n ~ 5·1016 CM-3). IloKaaaua 3ann:CHMOCTb Csn 11 <f>op
MhI npo<f>mrn no rny6xrne SIIHTaKCHaJlhHOrO CJIOH OT COOTHOIII0HHJI 
noTOKOB As~ IC; •1. P acqeT 110J1Hoii y11pyroii aHeprHH E, B03HHKa1om;Hii 
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npn nxoHmonnrr aT0111a 811 11 11a1rn111·1110 Ca. 1101\a;:a:1, 'ITO, t'e:u1 npu
HHTL IWBUJieIITHhII1: pa.ri;uyc UTOMU Sn Rsn = 1,4 A, TO E = 0,07 aB; 
npH Rs11 """ 1,!) A H :-: 0,22 :ill. l\1011mo 110J1uraTL, 'I.To B noBepx
HOCTIIoii: <f>a3e OJIOBa Sn Rs 11 > 1,4 A. IlonoMy p;:rn nxoa;p;emu1 
aToMa Sn B nH.ri;e Honu3nponamwro .ri;onopa n y3e.TI Ga peIIIeTKII GaAs 
nco6xo.ri;H1110 npeo.ri;oJHmuc :meprcTwiecRoro 6api,epa. 'I.TO ::11011.;eT OhITb 
npwnmoi1: aimy111yJim\un aTO!IJOB Su ua llOBl'px11ocT11 pacTyIIJ;ero c:ioH 
{100} GaAs. 

lf fill II OJI Y'H1Il 11 II llJlt'llOI\ II J.l':Hl)\11:1;11'1\TJHll\ll11 'I <ll'TO ll11H\ll<l llt) 

CTOJILI\O BblCOI<aH 1IMCTOTa MaTcpmrna, Cl\OJibKO OJ];HOpo.1HOCTb II co
nepIIICIICTBO IIJ10HKH, B03MOil\HOCTb IIOJ1y1IeHIIH IIJleHI\11 Ha pa3BbIX ::IIa
T0pHaJiax II c pa3HOii Opll0HTaIJ;Heii KPHCTa.'I.1IITOB II JJ;OCTaToqHo BhICO
:KUH c1rnpocTb ocam.ri;cmrn. 3p;ccb nepcneKTIIBHhlM HBJIHeTcH ::110Top; 
pcaRnrnuoro ocam.ri;eHIIH n naRyy111e c ncnoJ1n30BaHue::11 ::1rarHeTpona. 
TaHnM rryTOM OhTJTH: troJiy•1i•111.1 II i.t':10:1Jll'l\Tp1l'wn;11l' 11:1e11:n11 O:nl:H;\a 
u;mmu lVI H paaJiwm1>1x ~mycT0:1Jrc1\Tpounh1x ycTpo:iicTB, r.ri;e OHII nc
nom,3y10Tc.11 n Ha1rncTne npeo6paaonaTe.TJeil: o6'beMHhlX n nonepxHocT
HhIX a1<ycTuqec1<11x no.nn. Hcno.1i.:ionamrt' n.1l'1w:n ZnO 110:.ino.1.Ht'T 
npHMCIIHTb n UI\YCT03JlCKTp011IIKe TUI\i-1.;e II HeIIh030()Jl01-tTpnqecmre 
MaTepHaJlhI. 11 ayirnm.r ocooeimocTu qiop11111 ponamrn Kp11cTaJ1JiuqecKoii 
CTPYKTypi,r nJ1enol\ ZnO B IIJlaHapnoii: MarneTponnoii: pacnhl.1IIT0.1.b
noii: CHCTeMe H BJIIIHHHe yc.TJOBUH nony1rnmrn II h'.OHCTPYRTHBHblX s:rn
M0,HTOB na CTpy:KTypy IIOJiy1raell!r.rx CJIOCn (24]. 

IlOJIY'ICIIHC IIJICIIOI{ IIYTCM lIUIIbIJieIUrn n BaRypre 6hl.'10 IICIIOJlb-
30BUHO B IICCJ1e.ri;onamrnx, HarrpanJieun11x na peIIIenne .ri;nyx namHhlX 
npo6Jie.M nJ1eH01Ino:ii M1mpoaJ1eKTpomrnn: 11ayqem1e noa::1roa-;HocTn 
IlpHHYJJ;HT0JlhIIOH' OpII8HTaI~HH IIOJiyrrpono.n;mrnonoll: II:I0HKII Ha He
opuenTnpy10ni;e:ii, n 'lUCTHOCTH ,!l;II3.TJ0KTPU1Iec1wii, IIOJ];:IOif\Iie II CHII
:memrn TeMnepaTypbI <flopmrponann.11 arruTaKCIIaJibHbIX no.11ynpono,1-
lIHKOBhIX CJioen. ' 

Ilpu peIIIennH rrepnoli npo6Jie111u ncnom,:iona.1nci, rrpnm~nIIhI nc
RYCCTnennoi1: ::imrTmH~111r, oc11ona1111oii na .'laTl'pa:1r.1w~1 pol'Tl' opueu
Tuponamroii: nJiomnr. Ha · aMopqmo:ii .ri;nyo1mcu Kpe::1rnnH coa.ri;aBa.1cJI 
onpe.ri;eJ1emmii MHKpopeJ1ne<f>. Ha a11Hpopnoii Si0

2 
IIOJIY1!0Hbl MOHo

KpHCTUJIJIH11ecKHe IlJ10Hl\II Hp0MIIIIH paa11repOi\[ n HeCH0.1IbKO KBap;paT
HhlX CUIITHM8Tpon c IIOJJ;BirnmocTbIO HOCIITe.TJeii TOKa 700 c::112/B. c 
[25, c. 39). 

Paapa6oTau crrocoG noJ1y•10m1a 1110uo1\pucT1l.11.'IIPICCKIIX n.11enoK 
coe.ri;uneun:ii A 3B6 

npH TCMnepaTypax na 200-250° C Hnme, 110111 np11 
TPUAIIIJ;HOHIIhlx MOTo.ri;ax KpHcTaJ1ml3aIJ;mr. Cnoco6 ocHonaB Ba npo
XOAHIIJ;eM IIPII ncnMcoRHX TeMnepaTypax noqnr 6e3aKT11na11110HHO:\I 
rrpoIJ;ecce Tnop.ri;ocfia:Jnoi1: peKpncTamnrna~un al'lropqmoro (1mrr neci,::1ra 
M0J1I{OJ\pHC'.rll.llJIH1rec1rnro) ocari:1rn Ha rpnmtl\t' c COUCTBOIIIIIu::II ::IIOII0-
1\PHCTaJIJlOl\I, ).~;1 H uauecemrn cTexno:t1rnTpuqHoro al'lrop<f>Horo oc a~lia 
11cnom,ay0Tc1r 1raacpnoe ncnapemrn MaTep11aJ1a. <l>opMnpoBaH11e ::1ro
HOI{pHCTaJ1J111110c1rn:ii IIJ10HKII AlxGa1-xAs na apcem1p;e ra.'Imur rrpo
HCXO/~lfJIO llIJH TOMIIepaTypc 300° c (25, c. 40]. 11onyl!eHbl pea1me 
UHaHooJ\111"10 roTcporrepexop;hr 11 o6Hapynrnuo peaoHaucHoe TyHne:m
pn11n11110 II i\BOiiUbIX IIOJiyrrpOBOJJ;IIIII\OBTJX OHpbepUX (26). 
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MeTop; ;1rnp;:Kolfia3Hoii annTaKcuu 6hlJI ucnOJih30BaH )J;JIH pocTa KaK 
JIOJiynpoBo.n,nuKonLrx, TaK n ;u.1rnJieK1'pu11ecKnx nJieIIOK. Tm<, B cn
CTeMe (In, Ga) (As, P) Ha nop;JiomKax n3 InP 6hlJill Bhlpam;ett1>1 ,D;Boii
HLie reTepOCTPYKTYPhl ll llCCJl0,ll;OBaHbI nx Jll-OMllH0Cl\eHTHJ,Je II ljJOT0-
3Jl0RTpll110CI\l1e CIIOHCTna [27]. 

Ilop;po6Ho 11ay11eH npon;ecc pocTa II cBoiicTBa anI1TaKcHaJI1>HhlX 
DJl0HOK MarHIITHhlX BUCMyT3alI0ID;0HHhlX rpaHaTOB c 6oJihillOH B0JIIl
'IHHOH <Iinpa.u,eenCKoro npam;eHuH B cncTeMax (Y, Gd, Yb h-xBix (Fe, 
Al)J_019 II (Pr, Gd, Yb)a-xBix(Fe, Al)r,012 [28-31]. 

'l'nKH0 DJiemrn nepcneKTHBHhl )J;JIH MarHllTOOilTH110CKHX MO,D;YJIH
TOpOD H HUTerpaJI1>110-onTHq~cKnx ycTpoiicTB. Haiip;enLI cym;ecTneH
HLie OTJIH'IHH B npon;eccax po~Ta II CBOHCTBax UJI0HOK BllCMYT:-o;a;epma
~HX rpaHaTOB, Bhlpa~eHHhlx! Ha DO.U,JIOil\Kax ll3 ra,D;OJillHllll-raJIJille
noro rpanaTa c pa3uoi1 opueuTan;ueii - {111}, {110}, {100} [30-32]. 
Mayirnua cerperan;1rn Bi, Pb, Pr n annTaKcnaJihHhlx nJieuKax MarnnT
HLIX rpaHaTOB (33]. 

B nocJie;a;nee npeirn 60JI1>1Uoi1 1mTepec Bhl3hlnaroT neKoTophle xaJih
Koreun;a;hl nepexop;HhIX MeTaJihon (NbSe 3, TaS 3, NbS3 u Ap.), o6Jiap;aro
m;ue B naiiepJICOBCIWJ\1 COCTOHHllll oco6hlMH lfi113HlJ0CKHMll CDOHCTBaMn, 
CBH3aHHhlMll c <Jia30BhL\l nepexo.n,oM. 8TH CBOHCTBa o6ycJIOBJI0Hhl KBa-
3HO;ll;HOMepHOH cTpyKTypoii TaKHX coe;zi;nHeHHH. TaS3 HBJIHeTCJI O]J.HHM 
Il3 TaKHX H0MHOrIIX Knaano~HOMepHhlX C00;ll;HH0HHH, o6Jia,D;arom;nx B 
naiiepJICOBCKOM COCTOHHIIII cpnaMepHMOCThl-0 BOJIHhl aap.il:;zi;onoii DJIOT
HOCTJI, 11To o6ycJiaBJinBaeT ero nepcneKTJIBHocTh JJ;JIJI pa.n,no<fluau11e
cKIIX DpIIMeHeHIIH. 

Ha ocHone uccJiep;onamrn npon;ecca KpIIcTaJIJI11aan;H11 paapa6oTaHa 
:r.teTo;zi;nKa Bhlpam;1rnaH11H TaS 3 II3 raaonoii <Jiaahl B aaMKHYTOM 06'be11-rn 
aa C1J0T Jin6o M0}l;JI0HHOro OX~IaiR,!1;0HllJI napoB, o6pa30BaBllllIXCH B TOM 
me o6'be:r.te ncJiep;CTBlie reTe~orenHoii peaKD;Jill Memp;y Ta 1I S, Jiu6o 
aa C1I0T JIX KOH.U,eHcan;un B 6oJiee XOJIO,ll;HOH 30He peaKD;HOHHOro co-
cy;zi;a. . ! 

Msy11eHo BJIIIHHne ocHOBHhlX TeXHOJior11qecKnx napaMeTpon Ha 
Ka11ecTBO n aJieKTpo<Jinan11ecKne cnoiicTna Kp11cTaJIJIOB TaS 3 (37, 38]. 
lfayqeHhl oco6eirnocn1 KpJICTaJIJIHSan;1111 OT,!1;0JlhHhlX MO,D;HljJHKan;uii 
TaS 3 - opTopm16uqecKoi1 1I lIOHOKJiliHHoii, JI onpe;zi;eJieHhl ycJionns 
JIX ffOJIY1J0HllH. 

IloJiyqeHhl O.JJ.HOpO,ll;Hhle . no <JiaaonoMy COCTany MOHOKpncTaJIJihl 
TaS3 c HpKo BhlpameHHhlMJI naiiepJiconCKHMJI nepexop;aMJI B o6JiacTH 
Te111nepaTyp: 210 R - ,D;JIH opTopo1116n11ecKoii JI 150 JI 240 R - .D;JIH 
MOHOKJlllHHOH MO,ll;llljJJIKan;nn. . 

Ilpep;JiomeHa MeTop;1rna anaJIHSa 'IJJICTOThl <Jiaaonoro cocTana oT
;zi;eJihHhlX KpncTaJIJIOB no npOH3BO.U,HOH TCMDOpaTypnoii aanHCHMOCTH 
conpOTHBJI0Hl1H n6JIH311 T01I0K aJieKTpOHllO-CTPYKTYPllLIX nepexo;zi;on. 

Ha np1mepe p1:1p;a n.irnJ1eKTpH1IeCKHX Kp1tcTnJ1Jion - repMaHaTa 
n11c111yTa Bi12Ge020 , c11J111KaTa BHCMyTa Di 11Si020 , rap;omnrnii-raJI
.JIIIenoro rpaHaTa Gd 3Gab012, KpHCTaJIJIOD Tncp.u,oro pacTnopa HHo6a
Ta 6ap111:1 cTpo1111,111:1 (HBC) (Bd, Sr)Nb10ft 6mrn 111.rncncnJ.1 lfiaKTOphl, 
nJIJIHI-0~11e 11a <IiopimponaH11e 111em!).'>aaaoA rpa1nt1\1i1 Hp1tcTaJIJ1-pac
DJian, II II3Y1I0Hhl ;a;e<fleKThl, BJIHJllO~He Ha ODTlrl'lOCJ<YIO oltnopO,ll;HOCTh 
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1<pttcTaJ1Jro11 [;l!l-/i1). · lli.1J10 11aii;1e110, •no 11i.1pallJ,eUuh!e ll HP:::> AH 
CCCP RpncTaJ1J1r.r rcp111a11a1•a 1111cMyTa, ucnoJ1LayeM1>rn n Ka11ecTne aJie
MeHTOB aKyCTOOilTH'IeCl\HX llfO,ll;YJHITOpon C'll0Ta. lli\IL'IOT llOC:&Ma llh!CO
I<Oe 0IlTH1lCCIWe li'.U'lCC'l'llO 12.'i, c . .'iO; 40). 

B MOHOKpHcTaJIJiax Tnepp;1>1x pacTBopon (Ba, Sr, Ca) Nb
2
0s IIC

·CJie;i;onaJioch aJieKTpeTHOe COCTOHHIIe II ero CBH:3h co CIIOHTannoii: no
..l!Hpnaan;IIeii: n o6JiaCTH paaMr.rToro (Paaonoro n0pexo~a [ 42]. Haii,.'.leHo, 
'ITO aJieKTp0THLiii: aapHJJ; D03HIIKaeT KaK npu 0,ll;HOBpe:\leHHO:\f B03,!1;0H
CTBl111 aJieKTpH11ecKoro IIOJIH II <jJOTOUKTHBHOro CBeTa (ljioTOa.'IeKTpeT
HhIH 3apH,D;), TUK II IIO,ll; ,D;eii:CTllIIC!II TOJILKO ;)Jiel\Tp11•rnc1rnro IlO.'IH (Te:>.r-

. .HOBOH aJieKTpeTHhIH aap1:1;i;). 0611apymeHo, 1ITO 3Jl0KTpeTHOe COCTOJl
Hlle ncerp;a noa1111KaeT B npon;ecce MOHop;o11reHuaan;m1 KpncTaJIJIOB. 
TeMrrepilTypHaH: aanIIc111110CTh flJIOKTpeTnoro aap1:1;i;a B 06.11acTU <fla.ao-. 
noro nepexop;a IIMeeT TOT rKe xapaKTep, 'ITO n TeMnepaTypHaH aann
·CHMOCTh rrupoaapH;i;a. IIo::no111y IIOJIH:puaonaH11oe cocTOH:Hue n no;i;o6-
HhlX cerHeT03Jl0KTp1rnax B cerHeTO<fla3e HBJIH0TCH 1IaCTII'IHO a.'I0KTpeT
HhIM. 8JieKTpeTHhle aapH,D;bI o6onx Tunon CBH3am.r ('O 3HH'IIITe:IbHOil 
llHiI\CI\I~Heii: IIOCHTCJie:ii npn llOJIHpuaai~mr, ocoueuuo co CTOPOHhl I\a
TO,ll;a. Boamrnarom;ee B peayJI1>rare nmReKn;nn ueop;Hopop;Hoe pac
npeJJ;eJieHne aJieKTpn11ecKoro IIOJIH qepea aJieKTpoorrT1111ecR11ii a<fl<Jiel\T 
3Ha1IIIT0JlbHO yxyp;maeT OIITII'IOCKyJO oguopomrocTb Rpucra.'I.'IOB, 
oco6emro n o6JiaCTH:x, rrp1rnera1om,nx K aJieKTpoJJ;aM. 

liccJie,D;onaHbI OIITil'IeCKirn, aJIOKTpoonTll'Iecmrn, TepMOOilTH'leCKHe 
11 nnpoaJieKTpnqecKne cBoiicTna Tnep,D;hlx cerHeToaJieRTp1111ecH11x 
pacTnopoB 6apIIii-cTpoun;IIii-KaJI1>n;uen1>1x uno6aTon n 06.11acT11 paa:>.rh!
Toro cerneTO-aJieKTpn11ecKoro <fJaaonoro nepexo,D;a [43, 44]. IloKaaa
Ho, 1ITo o6Jiacn cpaaonoro nepexo;i;a .D;OCTuraer 150-200° C. IIo.'IH
pnaonamwe cocTomrne KpncraJIJia n o6Jiacru nepexoJJ;a HB.'IHeTcH ne-
ycToii:q11n1>1M. , 

B Toii: 06Jrncn1 TeMnepaTyp, r,!l;e y KpncraJI.11a naK n;e.10ro B03~rom
no IIOJIH:puaonamroe COCTOHHIIe, 3aBHCll!IIOCTh IIOJIH:p1rnan;1111 OT Te).I
rrepaTyp onnchlnaeTcH: <flYHKn;11eii <Dep11ur. Oco6eHHocru Te:>.mepaTyp
Horo pacnpe,!J;eJicirnH: IIOJIH:puaonanuoro cocTomnrn: uenocpep;crnen
Ho OTpUiI\aIOTCH Ha TeMnepaTypuoii: 3UBIICIIMOCTH Koacfl<Pnn;neHTOB JIIl
Heiiuoro aJieKTpoonTn11ecKoro acJicpeKTa [44]. 

Paapa6orana KOHCTPYKD;IIH, naroTonJieu MaKeT II nccJie,!l;onanLI xa
paKTep11cTnKn HH3KonoJihTHoro aJIOKTpoonTnqecKoro ,!J;e<flJieKTopa Ha 
Hno6aTe JIHTHH [45]. ,Il;ecf>JieKTOp Bl1IIIOJIHeH B nn.n:e IlJIUCTilHKll Hno-
6aTa JIIITllH TOJim;nnoii: 30 MKM, na1rnoem10ll: Ha CTOI\.'IHHHYIO IlO,ll;JIOj!{Ky 
c no,!l;xo.n;H:m;nM KoacpcpHn;uenT011r mmoiinoro TCpM1rrrncKoro pacmupe
HHH. CncTeMa aJieKTpo.n;on HIIJJ;y1111pyoT n IIJiaCTllHl\e pemeTl\y ns 
aJieKTpoonT11qecKux npusM. flopo1(J110 11011110 n coce.n:moro T01IKY c paa
BHSKoll: n 25 p;B 06ocno•11mnoTcH npn nnnpnmomm G B. 

liccJiop;onamrni. :>J101<Tpoo11T11•1oc1rno 11 tf10-ro;>JIOI\Tpuqecl\ne CBo.ii
CTna MOHOKpucTaJIJion DI 198!010, norupounnm.rx :rne~renTam1 TI n 
III rpynu [4n, 471. llp11 J101•111rn11n111111 Al, C:n 11 Ca u Hp11cTaJ1Jrn 11oaHu
KaIOT }l;OllOJllilt'I'OJlblll1IO UIU~OIITO{JllhlO ypou1rn, D pesyJihTa10 11ero ypo
B0H& <I>epMn: np111<0Mun1·nolt Tor.rnopRTypo p11c110.rraraeTcn una.;e ypos
HH 1<p0Mrr110111.rx untcnncntt, O'l'llllTtlT111•11111.1.x an ({Hnorrpnno;tmrocn, u 
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onTI1qecKoe norJio~eHHe B
1 

CHHe-aeJieHoii o6JiaCT.II. BJiaroAap.11 onyc
TomeHHIO ypoBHeii KpeMHH0BhlX BaKaHCHii B KpHCTaJIJiax, JierupoBaH
HhlX Al, Ga n Ca, yAaJioc1>: CHH3HTb onTnqecKoe norJio~eHHe Ha AJill
ue BOJIHhl 'A = 440 HM c ,....,30 cM-1 AO 1cM-1 11 Ha HeCKOJibKQ nop.HAKOB 
yMeH1>m11T1> <f>oT011yBCTBIITeJI1>HocT1>. 0AHaKo npn JierIIpoBaHIIH Kpnc
TaJIJIOB Al 11 Ga aHa11HTeJI1>Ho BoapacTaeT aJieKTpH11ecKa.11 npoBOAll
MOCTb; B TO BpeM.11 KaK npn: JiernpoBaHHll Ca npoBOAHMOCTb yMeH1>ma
eTc.11 AO BeJIII'IHHhl 10-14 OJ1.i-1 CM-1 • B KpHCTaJIJiax, Jiern:poBaHHhlX Ca, 
no cpaBHeHHIO c HeJiernpoBaHHhlMH, Ha 20 % yBeJIHqHBaeTC.II aJieKTpo
OIITliqecKa.II a<I><I>eKTIIBHOCTb B CllH0-3eJieHo.ii: qaCTH CIIeKTpa aa cqe1· 
ycTpaHeHirn aKpaHHpOBaHII.II BHemHero IIOJl.II <f>oTOB036ymAeHHhlMll HO-
CllT0JI.IIMH [47]. I 

IIpoBOAHJiac1> pa6oTa nb coaAaHHIO aJieMeHTOB TBepAOTeJI1>HhlX ycT
poiicTB Ha 113B0CTHhlX All9JI0KTPH'l0CKHX KpHCTaJIJiaX, rJiaBHhlM o6pa-
30M HH06aTe JIIITH.II, nyTeM llX IIOCJI0AYIO~eii: o6pa60TKll. ,Il;JI.II 1rnro
TOBJieHH.II IIHTerpaJibHO-OllTllqecKllX aJieMeHTOB B BIIAe IIJiaHapHbIX 
ll KaHaJiblibIX BOJIHOBO;D;OB, pa3B0TBllT0JI0H OIITnqecKHX KaHaJIOB MO
AYJI.IITOpOB II Ae<f>JieKTopoB' Ha nOAJIOmKax 11a LiNb0 3 (JIH)·11 LiTa03 
(JIT) llCIIOJib30BaJIIICb ABa MeTOAa C03AaHll.II CJIO.II c IIOBhllli0HHhlM IIO
l\a3aTeJieM npeJIOMJieHn.11. B nepBoM npoBOAHJJac1> TepMn11ecKa.11 AH<l>· 
<l>YBH.II ll3 IIJieHKll T1ITaHa1 HaIIhlJl0HHOii Ha IIOBepxHOCTb IIOAJIOIBKH 

. [48], BO BTOpOM - IIOHHhlll o6MeH JlllTll.II Ha npOTOH B pacnJiaBe 6eH-
30llHOll KllCJIOThl [49]. Haii:AeHhl onTHMaJJ1>Hhle pemnMhl noJiyqeH11.11 
BOJIHOBOJJ;OB II BOJIIIOBOJJ;HLIX CTPYKTyp. Paapa6oTaHa MeTo;a;mm pac
'IeTa npo<f>1rneii BOJIHO~OAa no cneKTPY a<I><f>eKTllBHhlX IIOKa3aTeJie:ii 
npeJIOMJienu.11 [501. lfayqeHhl AncnepcuoHHhle cnoiicTna JIIITIIii-npo
To11-06Me1rnhlx nomroBOAOB na JIH II JIT B BIIAHMOM u HR-AIIanaaoHe 
B aaDHCllMOCT11 OT YCJIOBllii: IIOJiyqeHH.II (491. IloJiy•ICIJIIhle DOJIIIOBOAhl 
llM0IOT 60JibIIIOe np11pa~emrn IIOKa3aT0JI.II npeJIOMJI0HH.II (AO 0,15), 
peaKyIO rpaHHIJS co CTOpOHhl IIO;IJ;JIOIBKH II Ha Kpa10 KaHaJibHOro BOJI
llOBO)J.a, a TaKn>e :\raJiy10 ,rJiy6m1y. CoqeTamrn aTHX cnoiicTB ;a;eJiaeT 
TaKII0 DOJIHOBOJJ.LI B0CbMa nepcneKTHBHhlMll ;IJ;JI.II aKyCTOOIITHqecKHX 
ycTpOHCTB 6naro)J.ap.11 YB0Jlll'l0HHIO HHTerpaJia nepeKphlTll.II OIITIIqe
c1rnx 11 Ul\YCTJ1'WCIU1X no.lwii. 

c HCIIOJib30BaHH0\1 HHTep<f>epeHIJ,HOHHOM aacnenrn CJIO.II tPOTOpe-
3llCTa H IIOCJie;a;y10~ero llOHHO-JIY'l0BOro TpanJieHH.II coa;a;aHhl ro<f>pH
pona1mhle pemenm c cyfornKpOHHhlM nepHOJJ.OM 0,35-0,45 MKM 
ua DOBepXHOCTII THTaH-;a;ll<f><l>yaHOHHhlX BOJIHOBO;IJ;OB B JIH [48, 511. 
l10J1y•ie11hl nepHo;a;tt11ecKHe pemeTKH 11 pemeTKH c nepeMeHHhlM ne
puop,oM, crroco6nhle cpoKyCHpOBaTb ll3JiyqeHHe, BhlBO;IJ;HMOe ll3 BOJIHO
llOP,n n II.IITHO c pa;a;IIycoM ,....,50 MKM. 

Hapn;a;y c mienoqnh!Mll MaTepIIaJiaMH II 06'.beMHhlMH KpHCTaJIJiaMII 
n 11P8 AH CCCP aI\THBHO nccne;a;y101c.11 CTe1rnoo6paanh!e MaTepua
n1>1 AJUI ycTpof1cTn TBepJJ.oTeJihHoii aJieK'.i'poHnKH. 3JJ;ec1> Mhl yrroM.11HeM 
JUIIUb 06 OJJ.HOII 6om,rnoii rpynne TaKHX MaTepHaJion-cpoccpaTHhlX 
Jlll3CplI1>IX CT0KJJaX. 06aop COCTO.IIHHH llCCJie;a;onannli B aTOll o6JiaCTll 
AUII B [52-54]. I-lan6oJiee BaIBHhlMll pesyJihTaTallrn HamHX pa60T 
DOCJJonuux JICT ):J,JHI clioccpaTHhlX CTOKOJI, aKTHBHpOBaHHbIX HOHUMH Heo
nm.m (nmma Il3JIY'IellII.II ,....,1,05 MKM), .IIBJI.II0TCH paapa60TK8 a<l><l>eK-
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THBHLix crroco6on ynpo<ruemrn al\T1111111iD: nnaopm.rx a.10:.rouroB ua Ta
KHX CTeI\QJI f 53, 55] H C03):1,amrn aTepMnm,ui:,rx <J1occf111TllI.IX CTCI\OJI THIIa 
JlfC-T c nonLrrnennofr TepMrPrnc1wf1 npo,mocTr.10 [5G, 57]. 8To 
1103UOJlllJIO ll 110CKOJibIW pas )'ll(\'lll'lllT!. cpenmo10 :l!OIIJ,HOCTb renepa-
11,llll Jia3epon lIMIIYJibCHo-rrepIIonn'IeCKoro ):J,OHCTBH.II Ha CT0KJJe IIpH 
coxpaHeHHH MaJioii: yrJionoii pacXOAIIMOCTH JiaaepHoro II3Jiy11eH11.11 n 
IlOJiyqllTb JiaaepbI c napaMeTpa11m, 0Jlll3KHMH K IlOJiyqeHHhlM Ha Kpnc
TaJIJiax. Ilpn aTOM aJieMeHThI rm cTeKJia u11re10T snaqnTe.'IhHO MeHnmyro 
CTOllMOCTL II 000CII0'1HBaIOT B03MOiI\HOCTb MaCCOBOrO BhIIIYCKa (53). 

<lloccpaTHLie CTOKJia, aKTHBHpOBaHHhle pa3JIHqHhlMII pe)J;K030M0Jib
HhlMH noual\-ur, OhlJIH 11cnoJinaonaHbI ;IJ;JI.II <I>YHAaMeHTaJihHhlX ncc.i1e):{o
BaH11ii rrpo11,eccon nepeHoca 11 11:ncc11rrau;Hn aneprnu noaoym11:eHH.11 [53, 
581. CTe1rna, coaKTHBHponamir,re nonaMn Yb+3 u Er+3 , 0Raaannc1> 
BeCLMa rrepcrreKrnnnuM Ma repua.'!0111 ;a;JI.11 rroJJy-iremrn reuepau;nn n 
o6JiaCTH 1,54 MKM KaK npn JiaMnonoii: HaKaqKe, TaK n npn HaKa11Ke 
H3JiyqemreM ueo,n:IIMOBhrx Jiaaepon [53, 591. O;a;uH rra crrocooon ;a;a:1b
ueiimero IIOBJ.IllieIIIIH acpcpeHTIIBIIOCTII ap6Ul'llhlX :rnaepHhIX cI>occI>ar
HhlX CTeKOJI - HCIIOJIL30naune B Ka'IeCTne C0HCH6II.'In3aTopa IIOHa 
Cr+3 [60]. 

Mr,r II3Jioaurnn ocnonnr,re peayJrr,rarr,r ncc:u'non:umii n 06:rncn1 
cos,n:aumr IIOULIX MaTepna.TIOB ,ll;Jif[ Tnep)J;OT0JlhHOii 3."lel\TpOHilKH, IIO
Jiyqeuur,re aa nocJieAmrn ro;a;r,r. 8ro narrpanJie1rne aKTIIBHO paaBHBaeTc.11 
II rrpuanano 06ecne'!nT1> .a;aJir,ueiiUinii: nporpecc <fiyuna~reHTa:r1>HLIX 
n rrpIIK.rra):J,nr.rx paoor n JTofr ofi.1iacT11 :1;1p1n·p<11111101. 
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K 0'. n .. "H H 0 u D. A., II a JI ll T 0 H H. H. HOOHAOll&llHR B OCl118CTH pup,Ho

"HIHllHll H D.118KTpGlllllCll, 11pouep,e1111ble II llP3 AH CCCP B 11179-198.\ rr.// Tipo()Jie
.... OOIPOMOllllUR PllAHUTCXllllKll II llJICICTPQllllKll. M.: Hay11a, 1987. 

CtaT•ll fllJlllOTOll oOaopoM pcayJJbTaToB1, nOJIY'ICHllblX B HP3 AH CCCP aa 1979-
UH 1'1\

1
• H OTPllKllOT co0To111111c OTAC.TlbHblX 11anpaane1111R HOCJ1CAO&a1mlt 11 nacT011m:ce 

IPIMll. n HllM OTHOCRTOR PllAllOcl>H311'1eCKJIC MCTOAbl llCC.TleAOB&HHR l<OCMH'ICCKOro npo
O'l'PAllOTllll, DOJIOIUJllllO-OllTll'ICCKllO CllCTOMbl CBll311, AHCT&HUllOHHOC 80H.!IHPOBamie 
8011n11, llODJIOAOllllllHO llOMOX. CTOX&CTH'leCKHe 1<0.Tle6aun11 B pan;HOT6XHH'ICCKHX II aJ1eK
tpo1111wx OllOTOMllX, 111106n0Mbl ljlnanmt nonynpoBOAHllKOB, a11yCTOaJ1CKTpOHHKa, lf>OTO-
•llOllTJ)OllllKll II c1J11111111a TDOPAOro TCJI&. : 

IJMOJIHOrp. 0:17 111130, ' 

YAK 1121.300, 1100 
/t.llOHOlllAPOU 10. J[., .D;y6pou1111 B. M., 3axapou A. ll., 
K 0 T. n .. H II II 0 II D. A., I\ p bUI 0 B A. A., II e T p 0 B r. M .• p )f( H
r. 0 • u., c II A 0 p e 1111 0 A. IL, c II H Ii.ii 0 B. TI., c 0 R 0 JI 0 B r. A. 
CoDAOlllll P8AllOJIOK&UllOllllOlt K&pTbl nJI&HeTbl Be11epa // IIpotiJl0Mbl conpeMeHHOlt: pa
allOTOXllllllll II llJIOl<Tpomrnn. M.: lla}'l\n, 1087. 

B CTaT&ll on11cu11bl MCTOAnKa 11 yCJ10111111 paJ1,110J101<aunoHHolt C'&eMRH ceuepHoro 
nonyw1p1111 Bc11cpbl 1<0CMU'lcc1111Mn annapaTaMH «BeHepa-15 11 -16» u 1983-84 rr. 
PaCOMOTPllHbl npnmumbl c11HTcanpoeaH1111 pan;uono11aL1HOHH&1x 11aoopalReH11lt:, npo-

. cimncR DblCOT, ljJOTOll&pT II rnncoMeTpll'ICCRHX KapT noeepXHOCTll nJ1aH6Tbl c IlOMOlllblO 
8Blll. IlpllDCACllbl noJI)''ICllllblC nao(!palReHllll II npolf>HJIH BbICOT jl,Jlll OT)J;eJl&HblX ce
aHOOB lllt<llAllCDHOlt C'bCMl<ll. 

Mn. 21, TaOJI. I, 0116m1orp. 14 Haae; 

YAK 621.371, 34 
Ar a H 0 e K II H K A.~ Ba 0 1111 H 10i c., 3 a r 0 p II H r. K, 3 pa )f( e B
C K II lt: A. IO., H c x a K 0 B H. A., p y R II Ha A. H., . c 0 I< 0 JI 0 B A. B., 
Cy x o 11u11 E. B. Oc11a611e1111e 11 pacce111111e MHJIJlllMeTpoablx eo1111 B aeM11oil UTMO
c4'epe 11 ee collcTee1111oe 113Jl)"le1111e // TipoOJieMbl coepeMeHHOlt pan;110TexH111111 11 aneRT
poHllKH. M.: Hay11a, 1987. 

IlpnBOJl,RTCR pC3)'JlbTaTbl TCOPCTll'ICCl<llX llCCJIC!l;OB3HHlt cneRTpaJl&HblX-, ceaoH
HblX II npocTpaHCTBCllHblX uapnaL111it norJIOI11eHllll II 113JIY\fCHllll 'lllCTOlt: II otiJia'IHOlt: 
&TMOClf>ephl. l\paTKO 118JlaraIOTCll peayJI&'l'aThl HCCJ1en;oBaH11lt: MHOroKpaTHOrO pacce
.llHllll P3AHOBOJIH B !l;OlR!l;llX. .D;aH o6aop )\ICTO)l.OB nporHoanpouaHllll OCJlatiJieHHll pa
JJ.llOBOJIH Ha Hal<JIOHHblX Tpaccax UTMOcljJ'epDI. 

IIJI. 13, Tati.'l. 4, Onommrp. 94 Haan. 

Y.D;l\ 621.371 
A p Ma H n; H. A.. E If> II M 0 B A. II., ff R 0 B JI e B 0. II. PaJ1,nocf>113H'leCKHe 
HCCJiejl,OB&llllR Typ6y11eHTHOii CTpyi:T)'pbl Meam11a11eTHOH II OKOllOCOJllle'IHOH IlJIU3Mbl // 
Ilpo<!JICMbl conpeMem1olt pan;110Tex11111m 11 ane11TpoH1111u .. M.: Hay11a, 1987, 

Hanoa<CHbl TcopcT11'lcc1me ocnouw ~ieTon;a panuonpocueqliuaH1111 clf>epll'rnc1111-
cnMMCTPll'IHblX 11eon11opon;HblX cpeJJ.. IloJiyqeHDI COOrHOIII6HHll AJlll onpeneneHHll n;11c
nepc1111 cl>JIYllTYal.\1111 cl>aabl, qaCTOTbl, aMilJlllTYADI H IIlllPHHbl cneKTpaJl&Hofi JlllHHH 
pan;HOBOJlll Il(Jll pucnpOCTpUH6HHll HX qepea OKOJIOCOJIHC'IH)'IO nJlaSMy. Onpe)J;CJICHhl 
xapaKTOpHCTllllll 11eon;11opoJJ.HOCTdlt OKOJIOCOJIH0'lHOil: nJla3Mbl Ha pa8HDIX paCCTOllHHllX 
OT Conuua. 

Hn, 11, 6110mmrp. 44 Haae. 

¥.Ill< 021.300.22.029.7 
A 0 p IM 0 D B. D., n II 3 a p II DI lt E. M., Ba 3 a p 0 B E. H., r p II r 0 p b-
11111' D. D., ryJlllCD 10. B., 11\aO,OTllHClllllt: M. E., K11Taen A. E., 
Jl. I II II II JI. II., l\l 0 II Ill II e B c. I\., II 0 Tan 0 B B. T .• c 0 R 0 JI 0 B A. B., 
c 0 0 111111 P. n., Cl> II II II I.\ cc c 0 H A. B. Oco6eHHOCTH C03JJ.&Hllll BOllOKOHHO
DllTll'llOKllX OllOTllM llHHall II jl,QT'llll:OB // Ilpu0Jl0Mbl coupe~ieHHOlt: pan;110TeXHHRH II 
tJIOHTPOHllHll. M.: ll11y1rn, 1987. 

P11p110oT1111w 1111111111 11 c11cTcM1>1 cn11a11 Ha cseTononax c 11cnon&aouaH11eM cep11ilHblX 
llllK OlllllTllWX lllOML!llTOll 1 llblllYCKllCMblX ripOMblIIIJICHHOCTblO. B paaeeTBJleHHblX CHCTe-
1111 Ollllll llPllMllllllll'ICn D,llCKTJlOHll&ll KOMMYTaUllR B yanax HJIH naCCHBHOe n;eJ1eH11e 
llOfOIOAllWll ICllllMllllll, 1•11:111ulloTJ11Jbl llOJIOKOllHO-OllTH'IOCKHC n;aT'IHRH yrJIOBOil CRO
D.OOtll llllllllllllTOJlll lll•Ullll~i:'ltlllllll HlllllllUOTH, TUMllCJlHTypbl, YPODllH }1(1{)1.llOCTll II )l.p. 
DOllltWllllllTMll 1111111rnl1111·1111111~x l.IU'l"IHlllJll uliu1mo•rn1111 :muMUHTllCJll l'.iaaoll 11 110)1.ror'm-
lllNO.JI 1141 .. PUlllllU, 

Hn, '' 

YJ(li 1::!1,:171 : c::!J.:1!11: ·/· ;,;1;,~1; 

A p Ma 11 i\ H. A., ill y ·r H o A. 111. )J,11cT1111111101111oe 01111t•11e11e1111e e11am11ocT11blx 
csoiicTB aeM11L1x 1101<ponos pn1Ut0Tcm10.1101<111mo1111i.1M11 cpep,CTHllMll. llpo611eJ11bl, ptwe
HH.H, 11c110JJi,3ouu1111c u uapo]\HOM xo:.iniicTJIC' /.' IJpof>:tt1'.\tld CllUJll'MC'JllJO.fi PflAllOTCXHJI
HH 11 nJ1C1<'!'pumum. 111.; Hay1rn, JU87. 

PauoTa llOCllJJIJ\Clla am1.11uay HpuGJ1cM, Ji(J'fOpL1c lluTpcGonaJJOCh P£WUT& ll:JR paa
patioTRH Hay'IHDIX OCHOB CB1I-pa)(J10MeTpll'1€CKOfO MeTona )lllCTaHUllOHHOro onpe11e:1e
HHII DJ1amnocT11 no'lu, ypoun11 rpy11ToB1orx Bon; n p1111a 11pyr11x napa~1npon aeMHhlX 
no11pouon. Oocym11a10TCJI oc11onHMc pa1111m111011110-rco1jma11'ltc1mc aau11c11MOCT11. Ilp11-
BOA1ITC1I npuMcpDI 11cnoJ1bsonaH1111 paapa60101; n paa:in'JHbJX ot':iac111x Hapo1111or<> 
X0811ilCTBa. 

HJI: 11, Ta(iJI. 1, CiuU.1111orp. 1 U 11a;m, 

Y)];H G21.39G.391,821 

R o G a a p e u IO. E., A :i c H ca H )I. p o u M. C., B a H .'! c He B a 3. M •• 
.n; o tip 11 11 )];. C., E n a H c 'I 11 11 H o ll B. A., Pe )J 11 a u B ::r. T. Hccae;ioea1111e 
noMex ecTecTneunoro npoucxomJ1,e111111 n n;11anaao11e OH q .': Ilpcii:1e~.hl coupeMeHHOfi 
pan;110TeXHHR11 11 ane11Tpo111m11. M.: Hayi;a, 1987. 

B CTaTbC paCCll'HlTPCHDI MCTOl\hl O)llIOIIYllHTOBOil Jla:JhHm1cTp1111 y;iapon )!O;JHHlt. 
OCIIODUllllhlC Ila anaJIU3C Ml!OrOJlY'ICDOro, c OTpalHCHJJCM OT l!OHOC¢€Pbl II 3eY:Jll, pa~ 
npocTpa11c1111H OH1I-aTMoclf>cp1rnon Ha paccTo.R111111x 0,5-1,5 n1c . .101, pea:i11ayel!hle 
Rall OCijHJIJIOrpa¢11qecm1, Tall II c IIOMOlllb!O 3BM. On11c1rna H.'laCTep11a11 )JO;te.11o rpo
aouoro O'lara ll TPCXMCfJHOM 11pucTpaHCTBe ae~lHa11 nouepx.11ocTh-Bpe)!ll. )];a11a 0606-
IllCHHa11 CTaT11cTnqcc11a11 MOllCJih pca)'J1h111p)·1011\no 1IC'm1 OH"tl-no;,;cx B r.,00a:i1o110M 
MaCWTaue . 

llJI. 12, TUOJI. 2, OllOJil!Orp. 26 Haan. 

Y.D;R f21.373.12: 531.0; 517.9 

R II C JI 0 ll ll. ll., )..( M 11 'f p 11 C ll A. C. Hem111e1111a11 CTOX&CTll381UUI t;OJ1rl!a1111fr 
B PBAUOTCXJ11t

1
1CCHJIX JI aJICliTPOHllLIX CHCTC:"tlUX ,' Ilpc('i:lt.'),hJ l'Ollpt'Mt.\llHufi p4.1;J.Jll)TeX

HHRH u aJICH-rpomum. M.; HayHa, 1U87. 

PaccMaTpHnacTc11 11n.:ie1111c Hemmcll11011 CToxac1113am111 1rn:aOa1111lt n pa;111cljl11-
a11'rncm1x CllC'fC~HIX. Ila llJlllMl'JIC lJIJJICllllii l'Clll J!U'flJ)llJIJ c JIUCllJJCIICJICIJhMMll cocpe-
1\0TO'JCJJJll>lMll Ila paM C'IP<I~ ll <J1J1:;a: ~11P)"l ICH Plll\ 31lli( H(·~"~Tlll( CT( 11, CB.fl33HllhlX 
c B03HltH:llOBCJIJH~M ir pn3UH'fllC)I ,ll,lllHll\11\lJt'CJi(lii l'TllXi\l"l'll'JllllCTll. ' 

HJ1. 18, uuuJlllOl'J.l. :JO 11a~11. 

Y,!l,K 621.372.837 .621.382 

Ra JI aw H HK 0 B c. r.,1 Ry Hy w Ii 1111 B. B., .I JO (i ,, e II I< 0 B. E. TI0-
J1ynpono1111111wnhlc 011eMeHTh1 B np11en11111i;ax 11 ncT0•111111mx 11a .. 1~ •1e111in 11111 .. 1.1m1eTpoeur1> 
1111anaao11a no1111 // Ilpo6.11eMhI conpc~1c11110Ji pa11110Tcxm11i11 11 G.'ICHTPOHllKll. :\1.: Ha
y11a, 1986. 

PaccM0Tpc11i,1 noaMOlHIWCTll co:J)\aJJHH 110:1yu1rnuu11JJllliOJ1hlX 3.'IC)ICHTOB (:UIOJJ.hl 
c 6ap1ocpoM 11Jo-rm11, n110111o1 ra1111a) 11:111 rc11q1a1u111 11 11p111')1a 11;i:1y•u'm1>1 n )!11,,,,,nMt'l'
ponoM JUIHIIH!lOllP llOJlll, }[JlllllllHHTl'H JltlllH::\H"l'Jlhl l'.\lt'l'~l'l't'.ldl ll )''.\IHLlH\ll'l't~:1t~tt 'lal"Tt.lTbl,. 
a 'l'llHH\C pcayJlh'J'(l'fhl lll'C.lJt'JJ.OllaJlllH llCJIJllll'iillWX t'Hoitc'J'H ,UllO;J.tJH l'aHHa II reHcpauuu 
11onc6a11111l ll n111Hp0Ho:wc1wnh1x CTP)'liTypax ua apce1111JJ.e ra.•:rn11 c n;m1e11a)m c11 .. ,h
Horo no1111. 

11.n. 1 f), rrafiJI. 2, 011.0J111oq). :!!1 11a:rn. 

Y)J,H G34.V, 
I' y JI )j c ll 10. B., 111 c ):( ll l' )I " A. B., lll'hOTOPloll' llt'Pl'l1l'l>Tll8hl l'OBl'Plllt'lll'TBO
llllllHJJ U1\yCTO:JJil'l\'fJl011u1.1x ~ t'Tpoia"rn )\.'ut uOpalioT1,n 1111c.f'op.!\la1u1u / llpL ti:tt').hl 
CODpCMCIIHoii JHIJUIO'l'l'XllllH'll 11 ~·:JPHT}JOlllll-iH. l\I.: I-la)'lill, !~lSi'. 

B oOaopc paccMa-rpunaJOTCH Hcpcnci;T11Bh1 con1'p111c11crnonamrn CJillCCTB)"IOll.\llX 
aRyCTOaJICHTfJOIIIILIX YCTpoilCTB - cjJJIJILTfJOD, JIJ!Hllli 38JJ.eplHHJI, HOHBO.:JhBepou, HOp
PeJJ.f!Topou, yCTpoiiCTB naM.RTll, 3a C'ICT HOBLIX HOHCTfJ)"HLU!ll 2:1CHTpo:uexaHJJ'ICCRHX 
npeo6paaonaTCJlell IlAB, IlfJllMCHeHIJll aHyCTO~Jieh1j;Chlb!X yo•:llJB~KWllX c.,e:UellTOB 
II YCTpoilcTu, oc11ona1111b1x m1 1rn:1r1111JJX na11mro)l.clicrnm1 TI.·\B e '':ll'HTJIOHHhl:U JJ)"IHOll 
B B3HYYMC. 

Hn. 4, 611tim10rp. 18 .11aau. 

Y.D;R 621.383.3 

JI II If> W II U T. M., l\I 'Y Ca To B A. JI., }\ 0 p 0 TH 11 X B. :I., }\ 0 p 11 H (j>
CR II lt: A. ;n:., Ty p 'IHI! c R II I1 B. M. 3cj:cj:e1<11JEHble ¢0Toa11111neibl c OTp1ua
TeJlhllblM a11eKTpo11111orn CJlO)l;CTBOll // Ilpoo.rre~:&I COBpOlfHHOII pa)lllGTCXHllHll II :.i..,ei:T
POHHRH. M.: Hay1;a, 1U87. 

IlpllBC!l;eHDI CllCRTpa.HbllblC x11paHTCPllCT1lHI! 3¢¢cHTllBHhlX 08C-clioTtl~~·111n•poP, 
06Jia,t(alOI.l\HX 'IYDCTBHTCJlblIOC'fblO }\ oUJJac·ru Cllrl\TPH DllJIO'fh I\0 1, l MHM, n 1'HIOt<l1 Ht."'
CJie.n.onaHHH pafiO'l'hl llLIXOll,a 11 :1111•11rt"l'll'Jl'l'HIIX ('Jll'HTpon llHlTo;1:tt'H'rpu11c.1u. :1:ti111nu
pona1n11~1x 1rn ODC-<J1o·ro;):t\111·1·Tl'J10H. Ilpt'JlJIOil\t'Ha 1101q1n :-.:,1n1·:1i. :1Mnl·1·u11 :i.·••'ti'l'l1otwn 
11a 08C-()lO'J'OtlJ\1lt'J"J'n).10J1, l\JIH'l'Hll lllllll'i.lJlhl .Xil})i:ll\'fflllll'Tllli\I lll'.'l)'llJll'tlll;llHUWllWX 
<IJOT03MHT1'CPOB C lllJCllllllJl\1 C!\ll'lllt'1111CM. 

l1JI. 13, 611uJmorp. 51 na:rn. 
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Y,Il;K 537,58 

R a H x. c., Ky JI b Ba pc K a-11 B. c. C03A&HHe H HCCJ1eAOBam1e BLIOOKO&tteK• 
TllBHLIX llCTO'lllllKOB aapnmeHHLIX '18CTllQ Ha OCHOBe OOl)Alllle1111ii II Cll.ll8BOH 11\e.llO'lllWX 
MeT8.ll.JIOB, nepcne.KTllBLI llX npa.KTll'ICCIWl'O np11Meue111u1 // llpooJIClllLI COBPCMCHHOlt 
paµ;uoTeXHHRH H aJieKTponu1111.: M.: Hay11a, 1987. 

llpHBeAeHLI peayJihTaTLI HCCJICAOBaHHll 3;:tROHOMCPHOCTelt 3MHCCHOHHLIX CBOllCTB 
HOBLIX BLICOKOacllll>eRTiffiHLIX llCTO'llillKOB 3JICKTpOHOB 11 l!OHOB Ha OCHOBe coeµ;unenul! 
ll CllJiaBOB .illeJIO'IHLIX MeTaJIJIOB. lloKaaano, 'ITO KaTOALI Ha OCHOBe llOPHCTLIX CTPYKTYP 
aJIIOMOCHmrnaTOB illeJIO'IHLIX llleTaJIJIOB llBJilllOTCll HOBLIM THllOM HenaKanuaaeMLIX 
}(QTOAOB. CoeAHHCHHll ll CllJiaBLI llleJIO'IHLIX MeTllJIJIOB Mory'r CJIYlf(HTb T&KllCe H 941>41>e11• 
'l'HBHLIMH HCTO'IHHKaMH HOHOB. BLICOKall acj>cj>eRTHBHOCT& AaHHLIX HCTO'IHUKOB HOHOB 
AeJiaeT 11x rrepc11eRTHBHL111111 AJill I{eJielt cj>opMHpoaanH11 aMHTTepos c oTpuqaTeJI&HLIM 
3JICRTPOHHLIM CPOACTBOM, 111\lilJiaHTal{HH IllCJIO'IHLIX MeTaJIJIOB B IIOJIYllPOBOAHHKH 
11 T. A. 

HJI. 1, TaGJI. 2, OHOJilIOrp.' 20 Haas. 

Y,IJ;K 538.9 

B LI c Ta B K II H A. H., r y (j a H K 0 B B. H., H a Ab <I>. H. CuepxnpOBOAJIH• 
JlOBLie. DPHCMHLIC CllCTeMLI // llpoGJICMLI COBpeMeHHol! paAHOTell:HHKH H aJieKTPOHHKH. 
M.: HayKa, 1987. 

OIIUCLIBQIOTCll KOHCTPYRQl!It H rrapaMeTPlil M&JIOWYMlllQllX WHPOKOIIOJIOCHLIX H 
cynepreTepOAHHHLIX llPllCMHHKOB MllJIJIHMeTPOBoro H CyOMllJIJIHMeTpOBOro AHaIIaao· 

HOB AJIHH BOJIH Ha OCHOBe ll.llCOae(j>coHOBCKUX rrepexOJJ,OB. llpoanaJI11aupoBaHL1 oco(ieu
HOCTH pe>ICHMOB pal'IOTLI CBq ll,)J(Oae(j>COHOBCl<HX ll,eTCKTOpOB, CMCCHTeJieli H IIapaMeT
pll'ICCKHX YCHJillTeJielt; OOCy)l()l;aeTC11 HOBOe 11BJICHHe OAHO'laCTOTHOlt HCBhlpOllCACHHOlt 
napaMCTPll'IOOKOlt pereHepal(HH, o!!napymeHHOe B CHCTeMax c ll,>KOae(j>COHOBCKHMH ne
pexoAaMI! ll II03BOJilllOlllee CYillOOTBeHHO ynpoCTllTb KOHCTPYRQHIO napaMeTpH'ICCKOro 
)'CHJIHTCJill, 

HJI. 6, 1'.i116m10rp. 140 uaas. 

Y,IJ;H 621.315.592.9.; 539.2.; 621.373.826.038.825.3 
.n; B 0 p 11 HK H H B. <I>., H 0 Te JI 11 H c K H It H. M., Hp a B q e HK 0 B. B., 

• ;e!!~·/\)~e~:po~i.~~ '111¥r;;Jie~if co~pe~:;ro~";~:~~~~.~Ka:e~u:;::T:g;u~:~Pfr".~ 
HayKa, 1987. 

IfaJIO>KCHLI MeTOALI BhlpaIQHBaH1111, peayJihTaT!il HCCJieJJ,OBaHHll II nepcneKTHBLI HC
IIOJib30Bamrn. TOHKHX IIJieHoK 11 CJIO>KHLIX CTPYKTYP noJiynpoBOll.HHKOB A' B' (InP, 
GaAs, (Ga, Al) As) II A 2B1(CdS, CdSe, Cl\Te, ZnS, ZnSe) TOHKHX llJICHOK OKCHJJ,OB 
nepexO)l;HLIX aJieMeHTOB II OKCH)l;a I{HHKa. HayqeH IIPOilOOC pocTa H CBOl!CTBa TOHKHX 
JIJieHOK (j>eppUTOB-rpanaTOB, MOHOKpllCTaJIJIOB TaS. c KBaaUOAHOlllepHolt CTpyKTypolt, 
Aff3Jie11Tp11qec1111x l\IOHORp11cTaJIJIOB Bi12Ge0,., Bi11SiO•• (B TOM 'lllCJie, JierHposaHHLIX), 
(Ba, Sr) Nh,O,. PaapaGoTana MeTOll,llKQ Il0JIY'ICHll11 H HCCJICAOBQHLI napaMeTphl BOJIHO
BOAOB Ha nosepxnocTll MOHORPHCTaJIJIOB HHOl'laTa H TaHTaJiaTa JillTllll. llOJIY'ICHLI H HC· 
CJICAOBaHLI Jiaaepnh!e CTCKJia, npeHMYllleCTBCHHO (j>oc(j>aTHhle. 

B11GJI11orp. 60 naas. 
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