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ArcryanrHocrb pa6oru

Paspa6orKI4 MoTIIHbIX HaHoceKyHAHbrx nonylpoBoAHrzKoBbrx KoMMyTaropoB,

ro3Borqlor 3aMeHurb tIpI4MeHeHr4e ra3oBbrx pa3p{AHr,rron. OAnofi ug pa:pa6or,ox

-[Br-tIercf, Qoronpono4xrqufi nonyrrpoBoAHraKosrrfi KoMMyrarop c BbrcoKtrM

rcoeQQzql4eHroM ycI4neHur (OIIilK) r.rJrlr ro aurrrzficrrafi HG PCSS. (DlIlIK c

6olruruv ycl4neHl4evr pa6oraer Ha e$Sercre "Lock-On" LrrLr "3$Sexr 3aJrr4tra1)?rfl.

rrpoBoArrMocrr.r" [1-3].

cocro.rrHr.rr HG PCSS

3$@exr 3aKnroqaerc.fl B rroAAep)KaHzrkt rrpoBoA{rrlero

c noMoulbro IlpunoxeHHofo BHeIuHefo noJrtr rrocJle

Bo3Ael4crBr4f, BHerIJHero olrrl4qecKofo I{3nyr{eHI4{. 3nerrpu.recKoe noJre u
MolrlHocrb olrrl{qecKoro 14 Mrrynbca r{Meror rroporoBbre 3Har{eHr4x. HanpuMep, AJrt

GaAs:EL2 noporoBoe 3Ha.qeHr4e BHeruHero noJr.fl AonxHo npeBbrrrrarc -4 xB/c.ra;

lns GaAs:Cr noporoBoe rroJre cocraBJrrer -8,5 xB/cvr 14, 5f, a Anfl Inp:Fe - 6oree

14 xB/crvr [5]. C 6onrruofi Aonefi Bepo{rHocrrr, MexaHr43M ororo s$$exra ocHoBaH

Ha HenI4 Hefi rioru eQ$erre, reHepaqur4 3neKTpoHHo-Abrpo.rHofi rrJr€BMbr B ycnoBr{lry

JIaBIrHHoro npo6ox, xoropntfi 6rtr usyveH Ha JraBvHHoM 6unonxpHoM TpaH3ucrope

r nonyql4r Ha3BaHI4e CFD (Collapsing Field Domain) 16-8]. 3ror MexaHu:rM

[o3Bor.[er nonyrll4Tb npeo6pa3oBaHl4e orrrr4qecrcofi uoqHocrr{ B gneKTpr{qecKy}o c

6olrurulr xoeSSuqIleHToM npr4 Anr4TenbHocrr4 nepeKJrroqeHr..rr, ueurruefi, qeM

Anl{TenbHocrr $poHTa ollrl4rlecKoro r4Mnynbca 14 3a BpeMq MeHbrree treM Bper\dt

nponera r{acruqa qepe:t crpyKrypy B pe)KHMe HacbrrrleHnfl. llpu ceepx6rrcrpou

nepeKnroqeHr4u PCSS ITpoHcxoII{r QopuupoBaHr.re KaHaJra npoBoAr{Mocrr4 c

errcoKofi rrJrorHocrbro roKa - Hr4rvr HaKaJra (6onee 106 A/cvr2).

Konc:rpyxquq OIIIfK ouroea*a Ha p-i-n crpyKrype. Pasrraeprr o6racrvr "i"
onpeAeJr.rrroT MaKCLrMitrrbHoe pa6ouee Haflp.f,xeHne BbrKIIOqaTeIq.

llpeuuyruecrBoM TaKI4x rrconcrpyrqufi f,Br-flercr orcyrcrBr{e orpaHzveuufi Ha

pa6ouee Hanpf,)KeHl4e [pu o6ecne.reur4z coorBercrnyroqefi r{3on-sqr{H

noBepxHocrl4 pr rexHoJlorr4qecKr4x Bo3MoxHocreft. OcHoeHHNau $arroparr.ln,

onpeAentmullrMl4 3Tor e$Qercr, -rBr.srorcq Marepuan @lInK, rpr4JrolKeHHoe

BHeIxHee IIoJIe v ilapaNterpbr orrrzr{ecKoro r,rMnyJrbca. BaNHuu [apaMerpoM
/



orrrr{qecKoro LrMnyJrbca trBJrf,ercf, gueplus KBaHToB. Coruacno cneKTpaJllnofr

3aBucuMocrr,r cBerorryBcrBureJrbHocrrr GaAs:Cr B .{uana3oHe 850-1550 HM

cBerorryBerBrlTeJrbHocrb 6onrure 1, uro yK€t3brBaer Ha ro, t{To BenI4r{tIHa Qorororca

rrpeBbrrxaer 3HarreHrlr reMHoBoro roKa [9]. Cyulecrnyrcr raKxe noKulnbHble

MaKcr,rMyMbr npu 920 vr 1300 HM c cBeroqyBcrBl{TeJlbHocrblo oKoJIo 100,.no

flBlrfl.ercfl. eule oAHofi npnunuofi nrr6opa ArwrHbr BonHbI 1064 uvr (1,17 sB) n6rusu

JroKaJrbHoro MaKcHMyrMiL Csero.ryncrBuTeJrbHocrb s IrlK-o6nacrr o6tscHsercq

Soroenerrpl4qecKuM sQ$errovr B rny6orcux IleHrpax EL2 v HLl, xBocre

rrJrorHocrr.r cocrosnzfi, llp" tloAaqe 3apsAHoro Hanp{}KeHI,Is Ha OIIIIK

4o6auxercx e$Sercr @pauqa-KeJrAbrrua, r{To rroATBepx(Aaercs. npaKTl,Iqecroi

pa6orofi c PCSS Ha ocHOBe GaAs-nepeKnroqaeMoro l43nyr{eHl,If, c AnI4Hofi sorHrt

1064 uw 12,9]. Cuerrrtr)anbHbre pacrpe.{eJreHr4.fl KBaHroBofi eSSerrI4BHocrI4 npl4

355 Hu (3,5 eB) An-f, Gar\s c HanpqxeHlreM cMerr{eHllq 10 B H 6es Hero B BI4AI{MoM

ra Y@-araana3oHe [9] norca:brBaror, r{ro KBaHroBat e$SexrnnHocrb npu 3,5 eB s

orcyrcrBr4e Hanpf,)KeHtfl. cocraBJrfler -2 ailpr4 HanpnxeHuu I0 B cocraer'xer -20.

KorAa oHeprr4{ KBaHTa rrpu ilpuno)KeHHoM Hartp-fl)KeHIan (10 B) vrenuue -3,5 sB,

sa6nroAaercq cnrbHoe cHr4xeHrre KBaHToBofi e$Qeru4BHocru, B ToM qI4cJIe lns,532

w 633 su. 3ror Qaxr orpe.{enfler nrr6op AnLrHbI BoJIHbI 355 Hvr. Pesylrraru

BO3AeI4CTBLIS pa3HOII 3I{r3prI4eI4 KBaHTa Bax(HbI TIOCKOJIbKy OnpeAeJIsIOT peoypc

noAo6nrrx KoMMyraropoB, a rarcKe BHyrpeHHee colporI4BJIeHI{e B npoBoArlqeM

cocrosnufi.

[pyrravr eQQexrra]BHbrM perrreHlreM, oKa3brBaIoqI4M BIrr4flHure Ha pecypc

@lIlIK .rrBJrf,ercr o6ly'veuue KoMMyraropa c noMolrlblo MarpHIIbI JIa3epHbIX

AHoAoB 14 nepeAavefi .nanepHoro r43nyr{eHras K KoMMyraropy qepe3 12 Kalraron zg

orrroBoJroKHa. Tarofi 'rr4rr 3arrvcKa noKa3€ur yBeJIIaqeHI4e roKa B BbIXo,4HoM

r,rMnynbce c MaJrbrM llxlrrrepol,r cpa6arbrBaul4{ no cpaBHeHI4Io c KoMMyraIluefi

oAHr4M Jra3epHbrM fryqrKoM, BcJreAcrBI4e cro)KeHu.fl HeaKoJrbKI{x $zraueHron

cQopuzpoBaHHbrx rro nyrr4 Mr4Hr,rMaJrbHoro conporl4Brerrvrfl Ha rroBepxHocru

Kprrcr€Lrrna rroA AeficrBr,rr3na 4eSexroB B Kpr4criurJre r,r BHerrlHero gJleKTpl4r{ecxoro



rroJrs t10]. Ilocle illpoBepKr4 Bo3MoxHocrt4 pacrpeAeJleHzfl Qnlaueuron,

cneAyroultrM rrrafoM [O]sbrrueHHq pecypca KoMMyTaTopa cTaJIa Bo3MoxHocTb

oAHoBpeMennofi KoMMyriruuir, 48 OIIIIK Ar4aMerpoM 2" c [oMoulrro 8 na3epoB c

4ruanofi BoJrHbr 532 :etv, o AeJreHr4eM na3epHoro [yrrKaua200 KaHaJIoB c rIoMoIIIbIo

orrroBoJroKHa Bo3Aeficrnyrorqvrx Ha 6 rourrayraropoB. B pesynrrare o6lyqeHl4s

PCSS raKr,rM MeroAoM, rroJryqr4Jrocr c$opMrrpoBarb 1600 SranarvreuroB c pecypcoM

6onee 107 cpa6arbrBaHnrlr, r{To rrpeBbrruaer pecypc oAHoro ra3oBoro pa3pf,AHl4Ka c

aHarorr4rrHbrMr4 sneKTplrqecKr4Mr4 rrapaMerpaMu KoMMyraqufi [ 1 I ].

llpuueHenue napannenbHoro-rrocJreAoBareJrbHoro coe.qI,IHeHI4f, KoMMyraropoB

Brdecre c rraynmuSHJraMerHbrM pexr4MoM rIo3BoJI{er co3AaBarb HaAexHbIe

MoAyn-rrropbr r4 ycKopr,rlreJrr,r MerasarHofi MorrlHocrrr B Aocraror{Ho KoMTIaKTHIIX

pa3Mepax [12]. llo4odnr,re ronynpoBoAHlrKoBbre KoMMyraropbl Moryr r{acrutlHo

perxuTb npo6leurr c pecypcoM, AXI4TTepoM, .{acrorofi cpa6arblBaHut

[pe.{enbHblM Hanp.rlx(eHr4eN{, rro3ToMy TaK Ba}rGo oIIpeAenI4Tb, Bo3AeI4CTBI,Ie

[apaMerpr,r <DlIlIK ,Ilrq [onyireHuq BbrcoKoBoJlbrHoro KoMMyraropa

BbrAalo IIIHMlrcr xap aKTe p krcTHKaMvI.

I{eluro pa6orr,r rrrBJrf,erctr onpeAeneHlre npeAenbHblx KoMMyTaIIHoHHbIX
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xapaKTepr4crr4K B HaHoceKyHAHoM AHana3oHe Anfl

ronyrpoBo.qHrirKoBofo KoMMyraropa (@IIIIK) B pa3nuqHblx

o6nyueuu fl. v rTpv p €Brr4r{ Hbrx cxeMorexHl{qecKl4x perueHuf, x.

Qoronpono.q.rrqero

pexr,rMax na3epHofo

3 aAa.Iu LICCJI €[or B irkrurfl;

l. O6eop HayqHrbrx pa6or, orrr4cbrBaroqr4x npI{HIII4nbI Lr cnoco6rt

KoNrMyrarlrafi @lIlIK c Aocrr4x{eHrreM HaprMeHbrrrero BHyrpeHHero conpornBlrernfl

w. uavt6o lbruero pecypcil.

2. OupegeJreHr{e rrHyrpeHHero conporr{BJreHr{fl. v napaMerpoB BbrxoAHoro

rrMnynbca v pecypca B HeKoropbrx cryqaflx npu KoMMyrarII4r4 OnilK B

o4HoSranaMerHoM, lriynr;:rraQr4JraMeHTHoM pexr4Me, rrpu pa3Hbrx sHeprl4f,x KBaHToB

na3epHofo r43lyrreHnrr Lr rrpr4 napaJrJreJrbHoM BKJrlorreHlrr4 c rrpunox(eHHbrM



r4MrryJrbcHbrM Harrp.rr)r{eHneM or 8 rB Ao 30 KB a raK x(e c pa3oBoil I{ llacrorHof

KoMMyrarlr4efi Ao 10 fu. Cos4aHrae Heo6xoArlMoro MoAyJlsropa rIoA AaHHbIe

sKCnepr,rMeHTbr.

MeroArr r{ccJreAoBaHuq

Ocsonurtuu Mero,AaMu I,IccneAoBanvrfl. B uac:rosulefi pa6ore .lBJI{Iorct

Teoperr4rrecrufi pacrrer, a rarcKe Sra:ra.recrufi 3KcrIepI{MeHT. Teopernuecrzfi

pacqeT HcnoJrb3oBarr Ans o[peAeneHlrf, Hanpr)KeHHocTI,I SneKTpllqecKoro rroJl.fl LI

cofnacoBaHHe BoJrr{oBoArrbrx SJreMeHToB B HaHOCeKyHAHOM ALIaI€BOHe B csT

Microwave Studio npu r4crroJrb3oBaHr4kr rexHlrKr4 KoHeqHoro I{HrerpI4poBaHH{ (FIT)

ocHoBaHHofi na ucrroJrb3ctBaHutr ypaBHeHr,rfi MarcseJrJla B HHTerp€urnofi Soprrae x

na6opy pac[onox{eHr{brx B ruaxMarHoM rropsAKe ceroK. llo xo4y IIpuMeHeHr{t

AaHHbrx M eroAoB, Bbr II o JrH eHbr cn eAyIouII4 e onep a\uit'.

1. Pacqer S uapanrerpoB ra 3M ronefi BonHoBoAHofi KaMepbI Anf,

perr4crpaqufr napaMerpoB (DlIlIK ;

2. IrlsroroereHr4e rrcrorrur,rKa rrMrrynbcHoro HarIpt)KeHI,It rIoA napaMerpbl

3KCnepr4MeHTOB;

3. I4:uepeuue S napaMerpoB BonHoBoAuofr rauepbl B Mer€Lnne;

4 . I4svrepenl{e pao rpeAeneHut orlrl,IqecKofi eueprraff la:epuoro ryqKa;

5. Orlenrca pa3MepoB IanrepQepeHlll4oHHofi raprnnbl or IanrepQepoMerpa

MafirerucoHa;

Hay.rHue noJrolrceHHfl, c$opuyrupoBarrHr,Ie Ha ocHoBe pe3yJrbraroB

r{ccJreAoBaH}If

1. Haluque oKcr{Arroro crof SiOz upu Bo3leficrnuu V(D I{3n}ru{eHLIx (355 uu)

Ha noBepxHocrr, Kpr{cranna $oronponoAf,rrlero [onynpoBoAHl4KoBoro

KoMMyraropa Ha ocHoBe GaAs rpr4BoAr4r K orpa)Kenraro Qnroopecqupyrculero



r43ryqeHrdq (=900 HM) u ooorBeTcTBeHHo yBenuql4BaeT BHyTpeHHee conpoTI4BJIeHlIe

B npoBoAsrrleM cocTof,Hrztii,u cuvrxaeT Tpe6yeMoe Ant KoMMyTarlun sneKTpl,IqecKoe

rroJre [o cpaBHeHr4ro c pe3ynbTaTaMr4 3Tofo xe KoMMyTaTopa co cTpaBJIeHHbIM

OKCI4.IIHbIM CJIOCM.

2. VnerH.IeHIae DHeprr4r,r KBaHTa na3epHofo I{3[yr{eHHt vrnr4r\uvpyrculero

BKJrroqeHr{q KoMMyraropar a I,I7 eB lo 3,5 eB IIo3BoJI{er o6ecne.rldrb yBenl,IqeHue

rrJrorHoarr{ ToKa B Sn;rauenre B 3 pa:a u yMeHbrrrl{Tb [oporoByro gHeprl4ro

BKrroqeHuxu 14 paz.

3. B peeyJrbrare pacqera gneKTpoAHHaMr{qecKI4x xapaKTeptlcrl{K BonHoBofi

KaMepbr c AByMf, Onftri [poAeMoHcrprrpoBaHo B3aIlMHoe 3KpaHHpoBaHI,Ie rIoJIefi

Kpr4cr€urnoB rrpoBoArrrlux o6nacrefi, rrro 3HaqI{TeJIbHo ynyq[aer corJlacoBalg.vre, B

KaMepe, uueroulefi orBelliorl4e Ant BBoAa na3epHoro Ia3nyqeHu.fl.

4. YuettuqeHr4e npoBOA{rrIr4x KaHaJroB Ao 4 n rpncrilIJle QoronponoAtrqero

nonyrrpoBoAHuKoBoro [epeKnrorrarerq cHr{xaer Anl4TenbHocrr SpoHTa BbIXoAHoro

r4Mnynbca n 5,6 pa3 KaK B eAr4HrarrHoM KoMMyrarope, TaK H npu uap€IJIJIenbHoM

BKrrorreHrra OIIIIK o6pa:yroqux.{Ba KaHaIIa 4,5 paza.

,[ocronepHocrb u o6ocHoBaHHocrb floryqeHHblx pe3yJrbraroB

1. OSocuoBaHHocub rronyqeHHbrx pe3yJrbraroB Iro [epBoMy rIoJIox{eHI4Io

ocHoBbrBaeTcf, Ha HCrroJIb3oBaHVr4 cTaHAapTHbIX MeTOAHKe LI3MepeHUq BbIXOAHOfO

r4MrryJrr,ca, a TaKXe pa3Hflrly BHyTpeHHefo conpoTI,IBneHI4t oT ycnoBl4{

KoMMyraqufi upenrruar(lrr{ee n 10 pa:.

2. O6ouroBaHHoolrb nonyqeHHbrx pe3ynbraroB rlo BTopoMy nonoxeHulo

ocHoBHBaeTcfl Ha rrpHMeHeHkrH cTaHAapTHbrx MeToAoB I43MepeHII{ C IIOMOUIbIO

cepru$nqr4poBaHHbrx ycrpoficrB An{ H3MepeHr4-rr KaK oilTldrlecKl4x napaMerpoB c

ycpe.{HeHneM rro 100 uvrrnyJrbcaM, TaK r,r 3neKTpI4r{ecKHX.

3. O6ocuosaHHocrb uonyqeHHbrx pe3ynbraroB no rperbeMy IIoJIoxeHI4Io

ocHoBbrBaerc.rr Ha rrpr4MeHeHr4r,r KoMMepr{ecrofi cpe.ubl pacqera 3M uorefi B

r{acrorHoM Ar4arra3oHe. a raKxe npaKTr.iFrecKI4MI4 H3MepeHI,IfMI4 napaMeTpoB
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paaceflH]/Is. Ha ceprl{(bI4III{pOBaHHON{

rrpolr3BoAr,rreJreM.

BAII ro MeroAI{Ke peKoMeHAoBaHHoIl

4. O6ocnonaHHocrb rroJry-reHHbrx pe3ynbraroB rlo uerndpromy [oJIoxeH[Io

ocHoBbrBaeTcq Ha r43MepeHHrx IIo cTaHAapTHbrM MeToAI4KaM 3neKTpUqeCK]IX 14

orrr4qecKux napaMerpor| rar n n.2.

HavqHaq HoBr{3Ha

1. O6napylrceHo BlrrsHne Mr,rKpoHHoro cJlo.fl SiOz ua roBepxHocrn KpLIcr€uIJIa

Soronpoeo.uf,rrlero rronylpoBoAHnKoBoro KoMMyraropa Ha ocHoBe GaAs Ha

yBenur{eHl,rl,r BHyTpeHHee co[poTr4BJreHr4e B npoBoAf,rlleM cocTotHl4v 14 cI]Id>KaeT

Heo6xo4uMyro Hartp-sxeHHocrb rroJrr Arrfl rouvryraqufi ro cpaBHeHuro c

pe3ynbraraMH 3Tofo )Ke x:oMMyTaTopa co cTpaBneHHbIM oKcI4AHbIM CJIOeM.

2. VcranoBJreHo rrro yBenraqeHue 3Hepnr{u KBaHTa na3epHoro I43nyqeHun c 1.,I7

eB lo 3,5 sB rro3BoJrse'r ot6ecne.{HTb rrpu KoMMyraIIur,r $opl,rrapoBaHl,Ie Qulaueuror

c rrnorHocrbro roKa n S'ulaueHTe B 3 paza 6omrue rrpl{ MeHbruefi AlIareJIbHocrI4

orrrlrrrecKofo prMnyJrbca nt 2,3 paga 14 MeHblxefi olTr{qecKofi eueprzefi n 14 pa:.

3. llpe4noNeH Me'roA noBbrrueHlr{ cornacoBaHr4fl norHosoAHofi KaMepbI

KoaKcr4aJnsofi roucr:p'yrcqufi c orBepcrr{eM rlyreM BbITecHeHrr[ tlorq Ha

rrepr4Qepr4ro KaMepbr 3a cqer KyJIoHoBcKoro B3alIMoAeficrsufl, Me)KAy

o6racr:xuru AByx IIeHTpanbHbIX npoBoAHI,IKoB, BKJIToqeHHbIXnpoBoArIqr4MI4

flapannenbHo.

4. 3a$ur<cupoBaHo yKoporreHr4e @poura BbIXoAHoro IaMrlynbca 14 KaK

cneAcrBr4e yMeHbrJrer{ue HHAyKTr4BHocrr4 @lIlIK or Korl4r{ecrBa rrpoBoA-fllrlzx

KaHaJroB, KaK 14 B oAHoM rsrrcqe raK H npr4 napanJIeJIbHoM BKJIlorreHr{I4 AByx @lIlIK

pa6orarorqux B oAr{oKaHeL[bHoM pe)KI,IMe.

flparrnuecKarr 3HaquMocrb

1. Onpe4enerr San:rop Bnr4rrHnfr3ar\vrrHofo cro.r ns SiOz or rloBepxHocrHoro

npo6or Ha rapaMerpbr KoMMyrarlr.rfi (DlIlIK.
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2. flonyueua 3anlrcr,rMocrb BrrptflHvrfl. eHeprult KBaHTa Ha BHyrpeHHee

conporr,rBJreHue @nnK npu nsl6ope rapaMerpoB 3anycKaloulero na3epHoro

r43nyqeHr,rf,.

3. Onpe4eJreH MerrcA rloBbrrueHr4fl cornacoBaHvrfl. KoaKcI4aJIbHbIX BoJIHoBoAoB,

B KOTOpbIX rlpl4cyrQTByrc]l OTBepATI,I'.

4. llpo4ervrorrcrpprpoBaHa Bo3MoxHoorb rIoBbIIueHI{{ pecypca @IIIIK or

KOnI{qecTBa IrpoBoAruIHX KaHaJroB, KaK 14 B OAHOM KJIIOqe TaK !I B napaJIJIenbHOM

BKITOq eH U V rrp]/^ r4 CrrOJrb:3 rC BAHI4I4 lrx B B br C O KOBOJI bTH bIX yCTp O fi Cre aX.

Aupo6aqntr pe3yJrbraroB pa6orrr

1. S-fi Mex,uyuapo4Hrrfi KoHrpecc <llororu sHeprl{Il u pa[r4a\uoHHble

o$$ermu (8tn International Congress on J3nergy Fluxes and Radiation Effects,

EFRE 2022 (2 - 8 on1sfiipx, 2022 r.)), Toucx, Poccnx;

2 . 24 - s. Mex4yH apoAHafl rous epeulll4q (MonoAbIX npo$ eccrzoHaJloB

sneKrpoHHbrx ycrpoficrn r4 Marepr,rarroB) (IE}EE 24d International Conference of

Young Professionals in Electron Devices anri Materials (EDM) EDM 2023

(29 urour'- 3 urorrr, 20'23it'.)), fopHo-Artaficr, Poccu.r;

3.I6-s Bcepoccl,ritct<as, ruKoJIa ((ilo lasepuofi $nsuxe v n€BepHbIM

rexHoJrorr{.f,MD (18 - 22 cesrsfpx,2023 r.), Capon, Poccltx.

4. lLlxona MonoAbilK yqeHbrx <Arryamuue npo6JIeMbI nonynpoBoAHI{KoBbIX

HaHocr4crew - 2024>> (24 - 26 anpens,2024 r.), Honocu6upcr, Poccuq.

JluqHrrfi BKJTaA aBTopin

flpe4craureHHbre n pa6ore pe3ynbrarbr nonyqeHbr Jrkrr{Ho aBTopoM, a raKxe

frpr4 coBMecruofi pa6ore c coaBropanara ny6nuxaqufi.: Povranqenxo Z.B. KoHeerrl\a

B.IO u llyuurzurnvr A.B. llocranoexa 3aAarr ocyulecrBrlulacb Hayr{HbIM

pyKoBoAr{reJreM I4.8. PovaHqesKo npr{ yuaarvu aBropa pa6orrr. llpone4enrae

LrccneAoB anvrfl c KoMMyr erqueit OruK ranrep$epoMerpoM MnxemcoHa rlpoBeAeuo

rpr4 yrracruu llasqeHKo IO.H. llyuur<uua A,B. ArerceeBa C.B. Ily6ero A.M.
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OCHOBHOE COIEPXAHI4E PAFOTbX

1.1 OuucaHr{e 3KcrrepuMeHTaJrbHofi ycraHoBKu, Arq KoMMyrarluu OIIIIK

B xoAe petrreHr,trrr [ocraBJreHHbrx 3aAar{ 6ltr pa3pa6oraH I4cror{H}IK

pe:onaucnofi 3apsAKH o oplrrr4H€LnbHofi KoHcrpyKIII4efi, [peAcraBneHHofi Ha

pucynrce 1.

PncyHox 1. KoHcrp)'tirlr4q Hcror{HrrKa pe3oHaHcHoft 3aptAKI4: 1 - nrtxogHofi

xa6elr, BbrcoKoBoJrbrHr)ro r,rcror{HrrKa irocloqHHoro roKa ITIIIB-0.1-30-0. I n,2 -

3apqAHbre pe3r.rcroprr 1 lvtfou, 3 - 4euu$"pytottlufi rougeHcarop Kt5y-1 c 20 rB

u 330 n@,4 - rr,rparpoH T|IIrI3-1OK, 5 - BbIXoAHrte ra6elu yrpaBn-rrcrr1ux

MoAynflropoB K ruparpor{uofi cerxe, 6 - rou4eHcarop KEf-lI 25 s@ l0rB, 7 -

oAHoBr4Txosrrft rpaucclropMarop, 8 - srrcoKoBoJlbrHble AI4oAbI,9 - 1anancnrrfi

pe3r,rcrop TBO 15x 20Br, 10 - BbrxoAHbre KoaKcI4aJIbHbIe ra6eru reHeparopa

"Telegartner".

llpuurllru pa6olu r4croarHraKa cneAyrouufi : BbrcoKoBomrsufi KoHleHcarop

KEf-lI C : 25 nO vt pa6ovrau HanpflxeHueM 10rB (6) 3aptlraerc{ or



BbICOKOBOJIbTHO|O I4CTOI{EII{KA INSITEK I,IITIB-0.1'30-0.1 fI (1) AO HAIIPf,XCHI'I{ OT

1 Ao 5r<B qepe3 3apjtt,[Hble pe3l4cropbl (2) 3arervr rpoucxoAl'Ir pa3ptAKa

KoH.{eHcaropa qepe3 rr{parpoH Tru'I3 l0Kl25 (4) Ha repBI,IuHbIfi BIlroK

BbrcoKoBoJrbrHoro 'rpanr;rfopMaropa (7) c rcoeS$raql4eHroM rpanc$opMalllrfi 9,

SopuHpys BbrcoKoBonr,THyro nonyBonHy AWITenbHocrbIo no [onyBblcore 250uc va

Bropur{Hoft o6ruorr<e no,4Kna.reHHofi K orpe3Ky KoaKcla€ulbHoro Ka6er.f, RFA-7/8

(10). Pa:psAKa KoHAencetropa (6) lpotrcxoAr4r rlo I4MrIyJIbcy, npl{xoAtlrleMy or

ynpaBn-srcrlero MoAyJrqropa (5) Ha cerKy rllparpoHa. 3apr4ra KoaKcl4€ulbHoro

Ka6ens oayrqecrBJr.selc.rr qepe3 pe3r,rcrop (9) TBO c HoMI4HarIoM l5rcOu 14

MorrlHocmrc 20 Barr 3arryHTr,rpoBaHHbrft nbIcoKoBoJIbrHbIMH !.r4ohaMpr (8) am

y1aneHnfl rroJroxuTelrsoff qacrn cprrHaJra. B Aaunofi xoucrpyKllull Ha BbIXoAe

KoaKcr4€urbHofo rca6er,s r\ro)KHo nonyquTb rloilyBonHy AnI4TeJIbHocrbIo 250 ttc c

aMunrrryAoft or 4 xB Ao 32r<B, rrro rorHoc,Tbro rrepel(pblBaer pa6ouurt. I.uata"r,ou

r4ccneAyeuux (DlIlIK o'l 8xB ao 3218.

1.2 KoHcrpyKulrn OIIIIK

Kpucrann OlIlIK rrpeAocraBJreH TexHoJIorI4qecKI4M orAeJIoM I-{uP "IITM"

Tfy v npe.{craBJr{Jr rcro6ofi nprrMoyronrnrrfi [apaJIJreJIe[pIneA c pa3MepaMLI

12x5x0.6uM r{Jrr4 Apyfr4l\4r4 B 3aBr4cr4Mocrr4 c,T npeAenbHoro HanptxeHHx (noraran

Ha pr4cyHKe 2). KprEr;rall r43roroBJrerr Lr3 rIJIacrI4H GaAs, oAHopoAHo

nerrrpoBaHHbrx Cr n npoqecce gHQSysuH r4r r4Meroqr4x yAenbHoe conporllBJleHue

rropsAKa 10e Ou*crr,rr. OIIIIK rpeAcraBJr-rrn co6oft uranapuufi p-i-n Ar4oA,

noAaHoAHas o6racrr Koroporo co3Aal]€ulacb aIzSQysuefi qI,IHKa (p-run

npoBoArrMocru), a roAKaroAHas o6racrr - Al4$$ysueir KpeMHI{t (n-run

npoBoAuMocru). OMu.recrue KoHTaKTbr r,r3roroBJreHbr c npHMeHeHI4eM AuGe

crrJraBa Ha [oBepxHocrr4 nergpoBaHHbrx o6racrefi Kpl4cranJla c nocJIeAyIoqI4M

HaneceHr4eM oJreKTpoxrirh{uqecKr4M cnoco6ovr KoHTaKTa us Au. Kopnyc OIIIIK

BbrrroJrHeH r43 rroJrr4Kopa" MapKpr "BK100-1" (e : 9,9) ToJur{r4Hofi 1 nrvr B HeM noA

Kpr,lcriutnoM Bbrpe3aHo nprMoyroJrbHoe oKHo 9x10 uvr (pa:nrepbl MeHtlorcs B

3aBI4CHMOCTI4 OT rrpeAr3Jt:t,Horo Harrptr)KeHl{g) U COCTOI4T 143 OCHOBaH]/I[., Ha KOTOpOe

l0



ocaxAeHbr 3oJlorble nJlarlapHble "T" o6pa:nrre KoHTaKTbI AJrt

BHeruHroro qelb 14 Bepxr{r3fi rpHuffir4, rrpHAaroqefi xecTKocTb

Kpr4craJrna onilK peaJrr4i3 oBaH rrpr4 noMorur{ ToKonpoBoA-fl tuefo

L,',.,,r; '

noAKnloqeHl4t Bo

Kopryca. MouraN

KJIEfi.

a

Pucynox 2. KoncrpyKr{rr{ (DlIlIK, BHA cl}epxy (a),

o

Br{A cerreHux <DlIfIK (6).

ZsroroereHHaq r(rcHcrpyKrluf, rro3BoJlf,er KoMMyrI,IpoBarb OIIIIK ro
noBepxHocTl4 KpI4CTaJIJIUI paCnOnOXeHHOfO B IIJIOCKOCTLI KOHTaKTOB, TaK I4 qepe3

ronqy Kpr4crarrna o6lyuaq [a3epHbrM r43Jryr{eHkreM rlporl4BononoxHyro BepxH}olo

nJlocKocrb Kprrcra:rn,a v co3AaBar 6omruoe KonuqecrBo HepaBHoBecHbIX

HocI4reJIe it sapxga B ron rrle ronyr{3oJll4pyloqero GaAs : Cr.

1.3 Pacqer BoJrHoBoAnoifr KaMepbI AJq ycraHoBKI{ OIIIIK

lloArcmo.{eHrre BonHoBo.{Hofi KaMepbI c IaccneAyeMblM O|I[K
npor{3BoAr4Tbc.f, KoaKor4aJrbHbIMI4 ra6euruu or I,IcrouHuKa u cornacoBaHuofr

Harpy3Kr4. Atts corJracoB€tHHoro noAKrroqenrr4{ n KoppeKtrofi oIIeHKI4 BpeMeHHbIX

rrapaMerpoe OIIIIK c r.naHapuoft xoucrpyxquefi B BorIHoBo4Hoft KaMepe rpe6yer

pacr{eTa reoMeTpl{u AIIOAHOTO KoaKcI4aIIbHo-MI4KpOtIoJIocKOBOTO nepexoAa V

KaMepbI, Koropblfi 3iiilrtur KoMnayHAoM "'Sylgard 184" vJrvr "flesta- 312" .

f eoverpnfl KaMepbr pac c qHTaHa r{ orrrlrMlr3r,rpoBaHa Ha BoJrHoBoe colporI4BJIeHI4e

KoaKcr4aJrbHoro rpaKTia paBHoro 50 Ou u npeAenbHoMy oneKTpllqecKoMy rIoJIIo

npo6or repMeruKa 19 rcB/rr,rnr ("Sylgard 184"). SrexrpovrarHrarrmrfi pacqer

frporr3BoAr4rrefl B cneqr{aJrlrsuponaHnofi rpofpaMMe CST studio. B r<oropoii

ocHoBHbrMr4 3aAar{aMr4 6ur pacudr pac[peAeJIeHI4{ IIoJr.[ B KaMepe c

reoMerpnrreeKr4M 3KBvrBarreHToM @lIlIK cooror[Ir4M rz3 rrpoBo.{.urqero MarepvaJra

6es couporr,rBJreHlrr (PI1IC) c 3aJrHTbrM KoMnayHAoM lr cornacoBaHl4e BoJrHoBoro

r4MrreAaHca. Pesynr:rar pacrrera ilpHBeAeH Ha pr4cyHKe 3, rAe Hara6oruuraq

11
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Hanptrx(dHHocTb sneKTpr4qecKr4x nonefi pacnoJrafaK)Tc.f, B o6nacTl4 yfnoB 3oJIoTbIX

KOHTaKTOB, HaHeCeHHbrX MeTOAOM HarrbrJleHufl HA OCHOBaHI4e U3 IIOJII'IKOpa. qTO

-f, Brqercfl noreHrlr,raJrbHo j[ Tor{Kofi npoSos KoMrrayHAa.

PracyHox 3. Pesynr,trar MoAenupoBaHr{q 3M rroJI.rI B KaMepe AJI{ OIIIIK

fix auatlr3a corJrr€rcoBaHr{{ 6rrn uponeAeH pacqer ocllunnolpaMM AJII groft

xe KoHcrpyrcqufi KaMepr,r c OIIIIK r,r KoMnayHAoM, pe3ynbrar rIpeAcraBJIeH Ha

pt4cyHKe 4.

Pesyrurarbr MoAeJrvrpoBan:zfl. rroKa3brBaror, trro MaKcI4M€uIbHafl, aMrInLITyAa

orpalKeHHoro cr{rH€Lrra He flpeBbrrlaer 4,5o/o vutu 27!:6 Anr r4Mrrynbaa c Spourolt

1nc. llo pe3ynbraraM pacqera 6ula cilpoeKrr,rpoBaHa KoHc'rpyKIII4.a KaMepbI, rrpl{ ee

r43MepeHr,rrx B "xere3e," Ha BeKTopHoM aHanlrcarope qetreft Agilent PNA,
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ycTaHoBJreHo r{ro AocroBepHbre r{3MepeHr4s rrpr{ ManoM Ko3osuIII4eHTe OTpaXeHI4q

(-15aF) MoxHo npoBoAr4rb B rrJrorb ao 700 nc.

_ri

*-*"* r"t,i

Pncynor 4. PacqerHbre ocrlrrnnorpaMMbr prMnynbca, rpotueAluero qepe3 KaMepy

(DnnK, rAe KpacHbrfi ryq - BXoAHoir, curua4 cvrnuiL Jlyrt - BbIXoAHofr curnal,

Kopr,rqHeBbrfi nyq - orpaxesstrfi cr4rHaJr or BXoAHoro rlopra, 3eJIeHbIfi lyu -
orpalKeHHbrr4 cr4fH€ul oT BXOAHO|O rIOpTa,

2.Btrwsrlr{e MuKpoHHoro cJros SiOz rroBepxHocrlr Kprlc'raJrJra OIIIIK sa

ocHoBe GaAs Ha rrapavrerpbr KoMMyrarlnfi.

Bolruroe ycr4neHl4e 3neKTplrqecKoro IIoJI.fl Ha roHKlax 3oJIorbIX KoHTaKTax

upr,IBoAr.rT K pa3BI4Tr4rO rroBepxHocTHofo npooof,, AIrfl efo HcKJIIoqeHI4t Ha STane

r43foroBJreHr4.rr Kpr4cranna Ha Jrr,rqeByro [nocKocrb Kpr{cT€rrrra GaAs Jrefr{poBaHHofo

xpoMoM HaHeceH clofi liiLoz nyreM MafHerpoHHofo HarrbrireHra.s. orIeHKa BrrhrflHvrfl

TaKOfO CJIO{ Ha KOMMyTaIIT{OHHbre XapaKTepI4CTprKr4 npoBe,qeHa C rrOMOrrIbrO QXeMbI

oKcnepurMeHTa [oKa3aHHofi ua pucyure 5a.

Mero4ura oKcrrepeMeHTa cneAyroulaf,, MoAynsrop yupaerxeuufi qepe3

anrep$efic Ethernet c norraourlrc IIK, Sopvrupyer BbrcoKorBoJrbrHbrfi nrvrnynrc 4.Irfl

3apf,AKI4 orpe3Ka KoaKcr4rerbHoro Ka6erfl RFA-7/8 Korpbrfi coeAr{H{er MoAyJr{rop c

BonHoBoAHofi KaMepofi n [apanenbno Sopurapyer r{MrryJrr,c cr4HxpoHr.rsarlufi TTL
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- ypoBHq Anr 3arrycKa na3epa DTL-375QT. B nporpaMMe c rorrHocrbro Ao 10 nc

ycraHaBJrHBaerbc{ 3aApexiKa HMnynbca cHHXpoHr{3arIr4I4IIpI4 ycJIoBI{I4 IITO MOMeHT

Haqara na3epHoro o6ly,r,oHr4fl coBrral c saudoJIbIIrr,IM aMr[JIr{TyAHbrM 3HaqeHr.IeM

BbrcoKoBoJrbrHoro 3apfniHoro uMnynbca. JlaeepHbrM rryqKoM c QpoHrola 2,7 uc,

AnrlTenbHocrbro 6 Hc c oueprraefi B HMnynbce 25 nm[x 3acBequBaerbcq cpeAHqr

qacrb Kpucranna @IIfJl( Ha pacros:uuir, 1 rr,rerp co cMerrreHr{eM c x p-o6Jracrll

o6osHa.reHar KpacHbrM uBieroM Ha pracyure 56.

a0
PracyHor< 5. Cxerrra sKcrrepLrMeHra rro KoMyra\uir, OIIIIK Ha Harpy3ry 50 Ou (a): I

-YAG na3ep DTL-3'75QT, 2 - ocqlrnoryaQQ DSO92it4A, 3 - LIcToTIHLIK

BbrcoKoBoJrbrHbrx rrMnynbcoB Hanp.rrxr eHr4fl , 4 u 6 - rBbrcoKosomruHfi

KoaKcr4€Lnrnrrfi ra6enr I{FA-7/8, 5 - rauepa Anfl, OlIfIK, 7 - sHcoxosomrHrrfi

arreHroarop All-20-4 4Br. Kavrepa c ycraHoBrreHblM OII|II( (6).

B uolaeHr o6ryueuurt [por4cxoAr4T rrornoqeHne SoronoB na3epHoro I43nyrlenvrfl.

B Kprrcr€urre rrro rrpr4BoAr{T K reHepaqufi erer<TpoHHo ,{brporlHblx rrap s6rusll

[oBepxHocrr,r KprlcraJrJra, llonyveHHbre HocHTeJrH 3apflAar B cna6oneruponauuofi

o6racru co3Aaror npoBo.n;rrMocrb Mexray p-o6nacrbro u n-o6racrbro rrro rrpraBoAuT

K pa3prAy KoaKcr4aJrbHoro xa6erq qepe3 BbrcoKoBomruufi arreHroarop AT-20-4

o6la4aroqr,rM r{MneAaHc:oM 50 Ovr, npeAenbHbrM HarrpsxerrueM u3MepeHHs,20xBu

roe$Sr.rqueHroM ocra6nenus 2618.,{ouonnureJrbHo Alc ocna6neHuq curHaJra

ucrronb3yrorbcf, eule 3 arreHroaropa Radiall c Hor,runaJraMrr 3qE NaoulHocrbro 258r,

6p'B u 30aE MolrlHocrrrcr 30 Br. Ocna6reuurrft cr{rHaJr c c}rMapHbrMr{ ocJra6renuevr

e 65 aE perucrpl4pye'rbcn qn$ponrrvr ocqr.rJrorpa$Sovr Agilent DSO9254 c

qacrorofi nponycKauux 2:",5 ffq, napannenbHo perucrprlpyerbcs cr4Hxpo HMnynbc

. J----*--1 o J
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or 6[oKa 3ailycKa na3epa r4 3apf,.{Hrrfi nunyJlbc or MoAylqropa c noMolqblo

eMKocrHoro BbrcoKoBoJrE,T'Horo .[enlrrers Araroru ACA-60 3 9.

llepnar qacrb DKcrrepeMeHroB rrpor{3BoAr4Jracb OIIilK c oKcrrAHbrM cJroeM Ha

ruqenofi cropoHe KoMrvq/raropa. KouMyrarlus OnilK ocyulecrBJrrJracb nyreM

o6ryueuur rrJrocKocrr4 Kpr4cranna rAe orcyrByror KoHTaKTbr, r4MrrynbcHbrM

na3epHblM H3nyqeHr4eM. llo pe3yJrbraraM gKcrrepeMeHToB rrocrpoeHHa Kpr4Bas

3aBLICT4MOCTH BHyTpeHeHfO COnpOTr4BreHr4q KOMMyTarOpa B npOBOArrrIeM

cocro-f,Hzufi or 3aprAHoro Ha[pq]KeHr4f, npeAoraBJreH€ur Ha pHcyHKe 6a. ills
cpaBHeHr4{ oKcr{AHrrir crofi 6rrn crpaBJreH c nvlleBofi noeepxHocrl4 KpLIcr€LIIna

O[|IK u sKcrrepHMeHT 6ir,rr noeropeH. B pesynmare 6ura ronyr{eHa 3aBl4c[Mocrb

BHyrpeHHero conporr4BJreHuq or ypoBHs 3aprAHofo Harrp.f,xennfl. 6es orcu,qnofi

rrJreHKr4, rroKa3aHHafl, Ha pncyure 66.
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-o
Pucyuor 6 . 3aeucvrMrocrb BHyrpeHHero conporlrBJreHraf, KoMMyraropa or

3apsAHoro Hanp.f,xce:"rr4fl c HaHeceHHbrM cJloevr SiOz(a), u 6ez cJlot SiOz (6).

llpr,r upoee.qeHr{u oKcnepr,rMeHToB, 6ruu rorrbrrKr4 c KoMMyrr,rpoBarb @nilK

o6nyvar efo c rraqesofi cropoHbr, Ho oHrr He6srrn ycnerxHblMr{. yr{I4TbrBafl, r{To

99% na3epHoro H3JIytteHI,Ifl rlorJlolqaerc{ B GaAs rroJIIrIHHofi 50 HM [13]

o6rscneru4eM Moryr eJr)?Kr4Tb Harutu4e Ae$emoB or rpaBJreHr{.fl or<cuAuofi rrJreHKrd,

r{To npprBoALrno K tracTzrr{HbrM peKorr,r6unaqr4flM sJreKTpoHHo-AbrporrHbrx nap. B

cnyqae c orcz4nofi uresrofi ocHoBaHLreM Monter cnyx(Lrrb LrcKDKeHr4q

noBepxHocrlr rrJreHKr4, rr:ro [prrBoAr,rr K HepaBHoMepHoM)/ paccerH]rro Jra3epHofo
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I43nyr{eHr4fr14He no3Borrser [oryr{urb He ooxoAl4Moe KoJrI4r{ecTBo HocI4TeJIew3apfl[a

Anr nonyrreHpr{ HeJrr4Hefi Hofo pextrMa ycr4JleHr4-rr.

3. BruqHLIe aHeprrafri KBaHTa Jra3epnoro r.r3ryqerHr.rq Ha rrapaMerpbr

KoMMyrauuu (DIIIIK

Or{enra no:4eftcrBr4s.[a3epHoro z3flyrreHufl c AByM.rr sHeprr4.rrMr.r KBaHToB 3,5 gB

u l,l7 eB uponoAuJracb lryreM o6nyveHraf, oAHoro OilnK r{Meroullru ra6apurHbre

pa3Mepbl Kpucra-rJra 11,,5 x 5vu, ronur,rHy 0,6 ruu v 3a3opoM Melrqy KoHraKroB

8 rvrru qro aoorBercrByer pacrrerHoMy npeAenbHoMy HMr{/nbcHoMy Hanpf,xeHr4ro

KoMMyrarluilr ro 28 xB. ZcroqnuKaMr4 Jra3epHoro r43nyqr3nus. 6rtnu YAG-na^:ep

LOTIS TII LS2I37U c 4nuHofi BorrHbI LI3nyr{eHLIs 1064 HM (I,n sB)

o6ecne.Iusaloqufi KoMMD/TaIII4I6 c sHepruefi KBaHTa MeHbIrIe r{eM 3a11pe1qeHHat

3oHa r,r YAG-na3epa tas,er Export DTL-375QT c 4nunofi BoJrHbr 355 Hu (3,5 eB) c

eHepraeir, rpeBbrruarouleii 3Heprr4ro 3arrpeqeHHofi soHrr 6oree rreM B 2 paza. fpr-
I,I3MepeHI4-rr 3Heprufi ra:rerpHbrx nyqKoB r4crronb3oB€rrc.f, orrrrr4qecKufi xaropr,rMerp

Genetec_E Maestro, a BpeMeHHbre xapaKTepr4crlrKr4 orrrrrr{ecKoro yrrpaBJuroqero

I4Mnynbca c noMorubrc Sc,ro4ereKropa DETO8C/M InGaAs; ra DETl0A2.

llocrauoeKa cxeMbr 3x:cnepr{MeHTa aHaJroruqHa pr4cyHrcy 5a c eAr.rHcrBeHHbrM

orJII4qHeM rrro na3eprr 6rtru I4c[onb3oBaHbl rJI{ AByx.qnHH BoJrH. ZcnorssoBaHl,Ie

I,I3nyqeHHs c AnI4Hofi sorrHH 355 nna npr{BoAr4T K pe3KoMy rrornorqeHr,rrc pr3nyqeHr4q

B rrpr4noBepxHocrHoM oJroe GaAs rouquuofi 50 HM [13], qro coorBercrByer

IrornoqeHr4io ourrzqec.rcofi oHeprur4 c cyulecrBeHHo 6omurefi rorarsHofi

rrJrorHocTbro rro cpaBHeHrlrro c o6nyqeHr4eM Ha Anr4He BoJrHr,r 1064 uu.

O6ny.renne Kpr4craJrJra npor4cxoAlrJro c paccrorHus I,0J M An{ 3acBerKH Bcefi

IInouIaAH Kpr4cTaJrla c rvlrsrKcr,rMaJrbHofi 3Hepfrrefi oflruqecKofo rrMrryJrbca 25 un[N

(355 uu) utu 0,51 v c onrurrecKofi eHepruefi,345 vrn,{N (1064 Hu). BpeMeHHbIe

xapaKTepvrcrvrKvr onrr4e.ecKoro yrrpaBnslourero uMn)/Jrbca :a$rarccupoBaHbr

$oro4ereKropoM DET08C/M InGaAs c ur4pr4Hofi nonoobr rrponycKaHufl 5 ffrl
r{Mrrynbcon or YAG-rag,epa Laser Export DTL-315QT (355 HM), prcyHor 7a u
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Soro4ereKropoM DET10A2 uvnyJrbcoB or YAG-na3epa Lotis Tll LS-2137rJ (1064
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Pucynox 7. BperraeHHbre >(apaKrepr4err4Kla orrr4r{ecKoro IlMrIyJIbca or Laser Export

DTL-37sQT c Anr4Hofi BoJrHbr 355 nwr u orrl4r{ecKofi oHeprl{efi 25 ur[x (a).

Bpervrennbre xapaKrepr4ornKu orrrr{r{ecKoro I4MrIyJIbca or Lotis Tll LS-2137U c

AnI4Hofi BonFlbl 1064 HM H onrl4r{ecKofi eHeprvIefi 345 uAN (6).

fluremHocrb Sporrra y na3epa Ha Anr4He BoJIHbI 1064 HM cocraBJlxer 1 1,6 Hc

nporuB 2,7 uc y rra3epa Ha 355 HM c ycpeAHeHr4eM npo6eroB rlo pe3oHaropy c

xapaKTepHbrM BpeMeHeM: 174 ttc. {nzremnocrb Iro nonyBbrcore y Jla3epaHa AnnHe

BoJrHbr 1064 HM cocraBJr.,{er 16 nc, a AJrr4TeJrbHocrb ycpeAHeHHoro uMnynbca na3epa

Ha AJrr4He BoJrHbr 355 snr paBHa 5,7 uc. Jla:epnufi nrvruynrc Ha AJII4He BoJIHrI 355 nu

rrprrMepHo B rpu pa3a Kopoqe rro o6ulefi AnllTenbHocru Lr B rlerblpe tro

AJrrlTenbHocrr4 $poHra, qeM Jra3epnrrft HMrrynbc Ha AJrr4He BoJIHII 1064 sru. A

orJrlrrrr{e ro orrrr4rrecrofr gHeprr4r4 B HMnynbce cocraBJlt:er s 14 paz (25 vm[x

nporr4B 345 ur[x).
Cp annenue n apaMerpoB nplr KoMM y r arlur4 @|InK ntBepHbIMI4 LIMnynb eaur4,

HMeloulr{Mrr oHeprlrro KBaHra 3,5 eB utm t,17 eB npoBoAllnocb rpu 3apfAHoM

Hanpfx{eHr,rr4 = 13,7 r<lB. OcqurrorpaMMbr KoMMyrarlar4 OnnK na3epHbrMl4

r{MrrynbcaMu Ha An}rHe r}orrHbr 1064 HM 14 355 nna rpI4BeAeHbI Ha placyHKax 8 (a, 6).

MusrauarbHoe conpolr4rB.rreHr4e KoMMyraropa B cnyqae oSrLyveHra s. Ha Anr4He BonHbI
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1064 HM eocraBJrser 7,"7 Ovr ilpu ypoBHe BbIXoAHoro Hauptx(eHrrt 5,9 KB.

BpervreHHbre xapaKTepr4cllrKr4 BbrxoAHoro rlMrlyJlbca - AJII4T(3JIbHocrb Qponra paBHa

4.3 sc H AJrr{renbHocrb rro rroJryBbrcore 39,,3 nc. B clyuae o6lyveuuf, Ha AJIUHe

BoJrHbr 355 nrrxoAHoe Harrp.rrxeHr{e paBHo 6,6 KB, a cotlporLIBJIeHpIe OIIIIK e

MoMeHT KoMMyraqr4r4 cocraBJrrer 2,3 Orvr. ,{nrarertruoc'm Sponra BbIXoAHoro

rrMrrynbca paBHa 6 uc, a A.[I4TenbHocrb no nonyBblcore - 33i,03 lrc.
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Pucyuox 8. OcqHnJrofpitMMbr KoMMyrarlura @lIlIK n€BepHbIMLI IlMnynbcaMu Ha

AnlrHe BoJrHbr 1064 uv: (a) xpacnuff nyrr 3apf,AHoe Harlp.lxoHz€, uepurtfr lyu

BbIXoAHofi uvnym,c u rpu KoMMyraIIr4vr c Anvrnofi sorHrt 355 Hu (6).

3arxuyrrrft Sponr r4r\4nynbca BbrxoAHorro H&npDKeHI4i{ flBrfl,ercfl. cneAcrBneM

I4HAyKTIIBHOCTI4 IIpOBO/I,IIUIO|O KaHaJIa H efo M€uIOfO pa3Mepa no[Ieper{H0ro

cer{eHu.g. Maroe co[poltr,rBJreHrae KaHaJIa [plr yMeHbIueHI4H efo noneper{Horo

cerIeHLIf, B cBolo oqepe4b roBopI,IT o cyUecTBeHHoM pocTe IIpoBoAI{MocTLI npl4

o6lyveHrzv KJrroqa Ha AJrLrHe BoJrHbr 355 urra B cpaBHeHVIV e pe3ynbraraMu rrs.

.qJrr4Hbr BoJrHbr 1064 uu. N4eHrrraq BbrxoAHafl aMnnr4TyAailpvKoMMyraquu nyqKoM

sa1064 HM B cpaBHeHHZrrc pe3lnbraraMr4, [oryqeHHbrMr4 npI,I KoMMyraIIpIu [yr{KoM

na 355 Hru na6ruoAaJracb B Ar4ana3oHe or 9 rB lo 13,7xB 3apf,AHoro Hanpf,xeHvrfl..

flpra rovrMyrarluu Jrasellrf,M na 355 HM Ha6na.4aercf, 6H,c1p4q AerpaAaIIkrfl, u3-3a

rrporeKaHuq 6omrxofi n:rorsocrr4 ToKa Ha oALrH npoBo.{f,rulvriL KaHNr (Sranavrenr).

Vneru.reHr4e pecypca Bo3MoxHo rryreM yBenr4rreHr4fl Koirklr{ecrBa rIpoBoA{IrIux
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KaHaJroB B oAHoM OfIIlK, B nl,ITepaType noAO6HbIfi pe)KIIM KoMMyTaUufi

Ha3brBaercr MynbruSHnaueHTHbrM, nu6o npoBo,{I4Tb KolMMyraII?In MHo)I(ecrBa

napaJIJIenbHO BKJIIOqeHHLIX XIrO'{efi .

4. Cor.nacoBaHrre BoJrHr)rBoAsofi KaMepbr AJrfl AByx OfIIIK 3a cqer cMeuleHrrr

3IeKTpHTIeCKO[O IIOJIfl 0'r OKHa BBOAa JIa3epHOfo ll3JlyrreHrrfl

llocromxy BorHoBa.f, KaMepa ynoMflHyraf, B tIyHKre 1 He Mox(er

y,qoBnerBopl4rb rpe6yervruM napaMerpaM B cnyqae ycraHollKl{ AByx @lIfIK, 6yAer

pacqer eule oAHofi raueprr. Vcnoeufl, p.ns. pacr{era reol\derpnfi xaueprt e CST

Microwave Studio cneAl/toque. CouacoBaHrae uMneAaHcia KaMepbI c BXoAHrIM I,1

BbrxoAHbrM KoaKcr.roJrbHr,rM Ka6en{Mu "Draka RFA 718" uttetoqllMn ravrneAanc 50

Orvr o yr{eroM reolrerpufi AByx O|IIIK Ha ocHoBe GaAs iloAKrIotIeHHbIX

napannenbHo vr flepe,qaqa 6es ucxaxenufi BbIcoKoBoJIbrHbIX I4MnynbcoB

alrn:rraryAofi 30 rcB u dlpoHroM r4MrryJrbca rloprAKa 60,0 uc c MaKcl4Ma-uruofi

Ha[pf,xeHHocrbro gneKTputlecKoro IIoJI.I ue 6onee 40 rB/vrvr.

Koncrpyxlll4{ KJlro']qa. rpHBeAeHa Ha pI{cyHKe 2 s qrHxre 1.2, rAe KpI4cranJI

GaAs c ra6apurauu 0,6>i1ix17 uvr ilpr4raflH rra rJIaHapHbIe "r" o6pa:Hue KoHraKTbI

c pa3MepaMr4 B ysr<ofr qacrr4 0.01x9x9 MM HaubIJIeHHbIe Ha rIoAno)KKe I43 rlonrrKopa

e t : 9,9 c [p{MoyroJrbubrM oKHoM 9x10 MM noA MecroNt KpeilreHl4f, Kpl4cranJra.

Ins r4cKrror{eHn.f, rroBepxHocrHoro upo6ox KJIrorrH 3anI4TbI H3onI4pyIouII{M

cr4Jrr{KoHoBbrM reJreu "f]eura-320" c Au3JreKTpuvecrofi [prcHrrqaeMocrblo e:2,7 u

npeAeJlbHofi uanpxxreHn:ocrb norq 40 rB/ruu.

Mero.4ura petuerHrr.rr 3aqarru BbrrrorTHeHa B ABa 3Tarla. flepnrrfi gran

BbrrroJrHrerc{ B pacqere S - napavrerpoB B 3aAaHHofi reo.uerpuit, Anf, r{acrorHoro

Ar4ana3oHa npnMepHo Er 2,5 paza npeBbrrxarcuero (0,01 - 4 ffq ) rpe6yeuufi

Arlana3oH 0,01 - 1,67 fl-q. llpra pac.rere B qacrorHofi o6racrn reoMerpr4f, KaMepbI

onrr,rMn3r,rpyerc-fl, trnfl Aocrr4)KeHr,rs r4MneAaHca B 50 Orvr. Bropofi oran

rrpor43BoA urcfl, Bo npeueHuofi o6racru Anfl ornpe.{eneHl,It Blrr4flHvrfl,
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orrrrrMu3r,rpoBaHHofi reol{rsrpr4ft xarrrepn Ha BbIcoKoBoJIbrH:bIfi cursal u o6lacrefi

rroBbrrrreHuo ft u auprxeHr:r o err{ 3neKTp Llqec Ko ro rlo JIf, .

B pacuerax B qarc'rorHoM Ar{arra3oHe r43Haqa[b]{bre ra6apurrr cJroxcHoro

npoQrlnr KaMepbr pa3AereHbr Ha KoHTaKTHyro o6nacru ((5orconbre qacrb xarr,repu) rz

o6racru ycraHoBKr4 Kplrorarna @lIlIK (qenrparrbHafl..raclr). O6nacru KoHraKroB

orrpeAenflnacb pe3Kr4M repexoAoM rleHrpanbHofo rrpoBollHr4Ka Kpyfnofi sopuu

(roarcnanrsofi nunufi) rB rroJrocKoByro JrrrHrlro n Sopue rpaueqrafi orHocr4reJrbHo

ropu3oHranbHofi rrJrocKocrvrvrc4annaHapHbrx KoHraKron Q)lIlIK. 3aAaHHa.s Qopvra

nepexoAa onpeAen.rrer r43Hyrpu Sopvry KaMepbr B MacrrlTa6IapoeannoM p€BMepe,

Irpr4 STOM flBIrflflCb TIpOBCTI(HI4KOM BHeIIIHefO KOHTaKTa IOAEIOASITILIX KOaKCI,IaIIbHbTX

xa6enefi. Onpe4eneHr4e rrracnra6upoBaHHoro pa3Mepar, ,Int rpaneqel{AaJlbHoro

yrracrKa rrpoBo.qunocb t[yreM efo npeAcraBreHr4.s AByMt nptMoyroJlbHblM14

[apannenenr4neAaMu a ra6apr{TaMrr B ropu3ouramnojfi .tIJIocKocrI4 B Harrale I,I

KoHrIe rpaueqrafi. llocle, onpeAeneHbr pa3Mepbr BHeIxHero [poBoAHI{Ka, KoropblM

r{BJr.serc.rr KaMepa c n:oMorqbro crau4apruofi Qopuynu (4.1) BoJIHoBoro

conporr4BJreHr,rf, KoaKcrrrlJra c noJrocKoBofr nu]F.uefi, ilpr4 yr{ere I4MneAaHca

cno6o4Horo ilpocrpaHcrBa u3 cnpaBorrHr4Ka rro BoJTHoBbIM conporI,IBJIeHI,ItM

$u4epurrx nunufi [14].

60 . l+al bl^=7ln(-)" ,,!e, 'Wlb+llb'
(4.1)

fAa, t r -[r,r3JreKT]pr4rrecKar npoHr4rlaeMocTb cI4JII4KOHoBofo KoMIIayHA d, 7 -

rurlpl4Ha BHeruHero npoBoAHl4xa, b - Bblcora BHeIIrHefo rrpoBoAHr,rKa, t - ToJrrrIHHa

rleHTpanbHoro npoBoAHHKa vrrv Kplrcranna KJrroqa, W - urrapl4Ha IleHTpanbHoro

rrpoBoAHr{Ka vrrrkr Kpr,rcTafrna KJrroqa.

Pasuepu o6racrz ycraHoBKH rruo.refi, onpeAen.rrrc)Tcs B rrepByro oqepeAb

ra6apurarrtu KepaMr,rqecnofi rroAnoxKu u3 uonlrKopa, c yrleroM r{To KpI4crilIn

.rrBJrrerc{ 6onee o6reuuurM rrpoBoA{rrlr4M o6rerrou B rrpoBoAslrleM cocrorHr{I,I,

TOfAa rleHTp€lJrbHa.rr qacTrb KaMepbr orrpeAen-rreTc_rr ro TOM\/ xe BbrpaxeHr{ro rrTo pr

KOHTaKTHAfl O6nAeTr. B ZrOre nonyqaeM feoMeTpr.rlo KaMep6r, cocTosrqyro r43 Tpex
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orpe3KoB rrp{MoyroJrbHorr) KoaKcr{aJra c rrJrocKofi nuHueil, n xoropofi roarcu€Lilbl B

6or<oesrx qacr-f,x KaMepbr B ropr{3onralruofi rrJlocKoc:rra rpancSopMllpoBaHbl B

Tpanerrr4ro, a B rleHTponbrrofi qacru HaA Mex{DneKTpoAHbIM}I KoHTaKTaMII Krtro.{efi

cAenaHo oTBepcTr4{ B KaMepe Ans npoxox{AeHpIt; na3epHofo I43nyqeHl4s

(pucynorc 9 a, 6). feonerpur KaMepbr 6ura orrrrrMrl3rtlpoBaHa, o rloMorllbro

AoBeprrTeJrbHbrx r4HTepBit"noB Ao cofJracoBaH.nfl, BoJIHOBO|O COilpOTLlBIIeHI4.fl.

Pacc.ruraHHbre S - naparvr(3Tpbr orrrr4Muurbuoii reouerpl,Il{ c; MI4HI4MEUIrHIIM IrIaroM

pa:6uenr.rfi cemu 0,2 rrlvr rr MaKcr{M€urbHbrM rrraroM 5 vrrr,r r[peAcraBJIeHbI Ha pI4cyHKe

9s.

()
*tfi
*?{l
*3fl
*4r]
*5ii
*sr)
--7{l
.-"tt0
*9t}

- lOrj l-5 ?.{i 2.5

Freqlrency, fiHz
B

Pucynor 9, r{acrorHoe MoAenr4poBaHr4e. (a) PaccqurrrBoeM&{ reoMerpr4-fl KaMepbI

c @lIlIK, ropr43oHrarbHafl npoeKuuf,, (6) reorvrerpufl, KaMepbI c (DlIlIK,

Beprl4Kan bHas, rrpoerflIr,rtr, (n) paccqr4TaHHbre S napanr(3Tpbl ournuarlHofi

reoMerpr4ff rauepu.

BpenaeHnoM pacqer rrporz3BeAeH.qn-rr onrLrM€urbnoft reouerpvrvr, nonyuenuofi

I43 I{aCTOTHO|O Ar,rana30rla. c nOilrorqbro [opToB Ha o['rr4MaJrbHyro feoMeTprto

4.03.{]
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roAaH recroBbrff r4Mrr),Jrbc aMrnr4ryAofi 30,5 KB c Spouroru 600 rtc 14

Anr4TenbHocrbro no noJl)'Bbrcore 40 Hc. Peeyrsramt Bp,eMeHHofo aHaJII43a Ha

ppro)iHKe 3a, nonasbrBaro Benr4r{r4Hy orpaxeHHoit sorHrt aMrInI,ITyAofi e 860 B .{ro

coorBercrByer 2,8 % or aMnnr,rryAbr ocHoBHoro I4rv{rlynbca (Pucynor< 10a).

.{ouoluurelrutrfi pacqer Hanpf,xeFrHocrr4 sneKTpl4tleclill>( norefi (Pucynor 106)

noKa3brBaer, o6lacrb c l\4aKcHMaJrbHbrM rroJreM I4,4 :rJBlclv{ npu pacqerHoM Irlare

BpeMeHHoft ceriru 50 uc.

Vo,tage iime Signii

6
Pncyuor 10. Bpenaenuoff pacr{er rapaMerpoB KaMepbr npu npnnoxeHHoM

BbrcoKoBoJrbrHoM rd Mrrynbce. (a) P acverHafl ocIII{r rlo rpaMMa I4MnyJIbaa,

nporxeArxar qepe3 KaMr3lpy, (6) pacnpeAeneHr4e Hanp{xeHHocrl,I 3neKrpl4ilecKoro

IIOJIT C MaKCI{MilJIbHbIM 3Har{eHI4eM B fOpI{3OHTaJILHbIe npOeKIIHI4.

llocle perueHurr ita4.a.uu N{oAenr4poBarrvrfl H orlpeAelre:ovfl onrnualrHofi

reoMerpufi, r<arr,repa c x:oFrraKTanaa Srrra r{3roroBJr enav3AnpaJIIoM vrlarflruaprcra [16
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v MeAr4 MapKr Ml cr)orBercrBeHHo. flepe4 Il3MepeHI4sMI{ B KaMepy 6rrn

ycraHoBJreH r(opryc r43 rroJrllKopa or @IIIIK B KoropoM Kpl,Icranl 6rtn 3aMeHeH

MeAHbrM 3KBr4B€UTeHTOM 14 3aJrlrT Cr4Jrr{KOHOBbIM feJIeM C AByMf, yCTaHOBJIeHHbIMpI

orpe3KaMl4 KoaKcI4€uIbHOlo ra6err, I{MeroxrLIMI4 Ha KoHIrax KoaKcu€ulrurre Br{

pasreuu. Irlsrraepeur4e flpoucxoAr{no BeKTopHbIM aH€ulll3aropoM rleuefi "Agilent

Technologies PNA N52:27A" s .racrorHoM Aprara3oHe or' 0,01 
^o 

4 ffq llepe4

r,r3MepeHr4eu 6rua [poBe]IeHaxasvlpoBKa ocHacrKn c pa3peueHl4eM 40001 ToueK

Ha AHaIIa3oH. Bseuurutft BLIA KaMepbI

paccef,Hr4f, nprlcraBJleHbr. l{a pucyHrce 11a

14

V

pe3ynbTarbl I{3MepeHVs napaMerpoB

I 16 coornercrBeHHo.

0

,10

coro -3o

-40

-bu

-60

0,0 0,5 1,0 1,5 2,O 2,5 3,0 3,5 4,O

f,GHz

6
Pucyuor< 1 1. Irlsvrep(3rrr4e rra BAI{ KaMepbr Lr3roroBJleHnoft c oIIT}IMaJIrsoil

reoMerpr4efi. (a) BsetuHufi BkrA KaMepbr c KycKaMLr KoaKcu€ulbHoro ra6erx,

BbrcoKoBoJrbrHbrMrr pasrtlrr,ranau tr repexoAH[KaMla, (6) I4srrrepeHHble S-naparvrerprr

na,BAI-{, qepHafl nvrHufl, 511 a cepaa S21.
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I,Isuepennbre naparvrerpbr, noKa3brBalor corrlacoBarrrr$ ilo ypoBHw -17,7 A6

Ao 1,55 ffq ans S11 Lr Mr4HrrMarrbHbrM 3HaqeHrreM S21 paBHbIM -0,74 A6.

Orryr.rueN,r reoperlrqecKoro H t43MepeHHoro 3HaqeHI4.n S21 tBJlterct o6racrr

yxyAIrIeHI,IlI rlpoBoArrMocrr,r B Ar4arla3oHe l,',7 ao 2,25 ffq. B cnyqae rapaMerpa

paccefllnufl, S11 orMe\rarbcr yxyArueHrr{ conracoBaHl,Ijf, lro cpaBHeH[ro c

TeoperaqecKrrM pacqerol[ Ha qacrore oKoJro 0,9 frq ua 2,3' A6 w B Auana3oue or

1,7 go 2 ffq iloprAKa 1() A6. I4guesesze paccr{r4raHHbrx pe3oHaHcHrIX llacror I4

cHr,rx(eHr4e cofJracoBaHr4j[ [onyqeHHbrx B xoAe) I43MepeHI{lI xapaKTepI{cTI4K peanrnofi

KaMepLr Bo3Mo)KHo o6ycnonnenrr cneAyroulrrMrr $arropauu. Otcyrcrrueu B

pacqere reoMerpnfi pasriinaoB Anr BxogHoro Lr BblxoAHoro KoaKcuirllbHoro ra6ell,

rroTepb B npoBoAflull4x rcoMrroHeHTax r4 Ar43noKTpI4Ke, TOTIHO,CTbIO IeOMeTpI4qeCKI,IX

pa3MepoB [3roroBJreHr4rr KaMepbr Lr ee 3neMenToe. Eoree ro.IHsrfi pacqer c yreroM

lepeq[cneHHbrx rrapaMerpoB, 3aMeT MHoro pecypcoB I4 EpeMeHLI, HO IIO3BOJII4T

[crrpaBlrTb He rorrHocrr4:.

5. OopuupoBaHlre HecKoJrbKI{x rpoBo4flutlux KaHaJroB n OfIfIK

I,IccreAonaulre o $oprrauponannvr AByx Sxnaueuron Ha rapaMerpbl

KoMMyrarIHH flpoBoAr4ru,rcb c r{crroJrb3oBaHneM AByx tDlIlIK c pacqerHblM

MaKcuMaJrbHbrM pa6ouarra HarrprxeHr4eM 32 r<B fi Me)KsneKTpo4urtfi 3a3opoM

9,5 una. Onu 6rrnu yoraHoBnelrbr rraparnroJrbHo B BoJrHoBoAHyrc KaMepy (sa

prrcyHKe 11a) 3anoJrHerrHyro repMerl{KoM "ueHTa 3L2". JlasepHoe I43n) reHl{e

r4crroJr63oBaHHoe B gKc)ilepeMeHTax c 4ruuoff BoJrHbr 35ji uu, LIMeer 3HeprI4Io

KBaHTa UpeBbrruarc[ryrio 3Heprurc 3arrpeul0Hnofi goHH ciaAs , cJIeAoBareJIbHo

HarriurbHar voHr,r3arlur tKptrcrilrrna [potr3B0rAr4Tbcr qepffi uparuofi $oros$serr.

Cpe4n-ax orrrr{qecKa:r 3n:eprur HMnynbca, u:3MepeHa onrrrr{ecKl{M KirJlopuMerpoM

Gentec Eo Maestro B peNildMe cqera oAHoKparHbrx r4MnyJrbcoB c npe,{Bapr{TeJrbHbrM

3areHeHrreM rry {Ka AJUr Hony{enufl pa3MepoB anrorpa$a, cororBercrByr}Irlero oK}ry.

Oua cocraBlurer 140 rrar<.{x 3a 100 r4r\,rrrynbcoB co cpeAHeKBaAparHqHbIM

orr<lroneHlrena 29,58ol0. []onnoBoAHaf KaMepa uMeer tppeseponaHHble BHy{peHHr4e

creHKrr, rro3BonrrcIqne) eSSerrnnHo paccerrBarb nonaAarcrqee ninepHoe
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H3JDAreHr4e, nO BCer4 BH)nfpeHHer4 qaCTU

rrapaJrenbHoft rorrayraquffi ilpeAcraBneHH

u (DII[IK. Pesynrrat

uapncynxe 12.
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Pucyuor< 12. OcqnnnorpaMMbl npoBeAeHHoro 3KcrepI,IMeH'ra,

3apflAHoro HarpqxeHr,rr o6osHarleHa cepoii rrnlaweit (Uc),

BbrxoAHoro LrMnynbca o6osHaqeHa vepuofi nunuefi (Uo).

325 350 375 400

1- ocqurrorpaMMa

2 -octlvttrJlorpaMMa

flo pe3yJrbraralvr 3Kcrrepr4MeHTa, [oJr]rqeH srrxoAHou rrMrrynbc c

MaKcr{MnJrrnofi aMnnr4r"F,[ofi 6,81 rI] u Qponrorra 1,15 Hc. 3apr4noe Hanp.flx(eHl4e B

MoMeHr KoMMyraquu cocraBnxer 15,13 rB, rorga MI4HlIMeuIbHoe colporuBJleHl4e

KoMMyraropa paBHo :5,54 Ol,r. Xaparrepuoe cHr4xreHue aMnnI,ITyAbI TIoJIKI,I

HMrrynbca o6txcusercfl BJrpr.f,Hr4eM cHr4x{eHrzn Harlpf,xeHl,Ir 3aptAHoro l{MlryJrbca.

.{nnreruuocru Sponra oKir3brBaercr Kopoqe B 4 pusa lro cpaBHeHuro c

AJrraTeJrbHocrbro $ponra 4,3 uc BbrxoAHoro HMrrynbca rrpu KoMMytaIIurr oAHoro

KoMMyraropa. Fonee AlruTenrHrrft $ponr Sopnrupyercf, BcJIeAcrBI4e 6olrurero

3HaqeHurr r,rHAyKTrrBHocrr.r B MoMeHT KoMMyrar{nfr uo cpaBHeHuro c [poBeAeHHbIMH

3KCrrepr4MeHTaMr{, vr3-3ir paclpeAeJreEEfl. TorKa no ABw Ka,HarIaM npoBoAI4MocTI4.

O4uaxo cyMMapHoe corrlJorr4BJreHpre o6onx tOfIfIK 6oree EhrcoKoe no cpaBHeHulo

c KoMMyraquefi na3epo\{ Laser Export DTI,-375QT c 6onee KoporKrIM QpoHronr

r4Mrynbca rAe co[porraBJreHpre paBHo 0,185 Orrn. 3ro Bo3Mo)ICHo o6r.sururr

Heo[Tr4MtLlbHbIMrI napaMerpaMu $oprr,ruponannfl, $ulauenroe B o6oux

KoMMyraropax [pr4 cHlrxeHlru BHeIxHero 3reKTpl4qecKoro rloJrt.
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Ans oqeuKn cuHxpoHHocrn rapaJrnensuofi KoMMyraql4fi 6olee AOTIIIIbHOr

yBenuqeHa o6nacrr ocqznnorpaMMbl BbrxoAHoro rrMrryJlbca, o6osuaueHHas oBiuIoM

Ha plrcynKe 12 a yBenuqeHHal ocUr4nnorpaMMa npe,qcTaBneHa Ha pHcyHKe 13, r4e

rorr ofi manefi cl6osHa.reHa r{cxoAHaJr ocqulnorpaMMa a roJlcrofi noragaHbl ee

3uaireHr,rr rocJre Ounrrpaqrail c 6ucrpbrM rlpeo6pa3oBaHl4enr @ypre c rpanavuoii

.racrorofi 2.5 ffu.

0,'15

0,10

0.05

> 000

o3 -0,05

-0,10

-0,15

-0.20

?50.0

Pncynox. 13. Vselu.reHHar o6lacrr ocrIVnJIorpaMMbI BrrxoAHoro llMn)'nbca

ToHKat ilvIuvtfl, uocJle Sunrtpaqnra c EfI@ rpl4 qacrore 2,5ffq.

flpn aHanr,r3e rracrr4 $ponra yBeJrrrqeHnoil ocqnJrJlorpaMMbl BbIXoAHorr)

r,rMlynbca clrHxpoHHocrb KoMvryraqufr KoMMyraropoB HacroJlbKo BbIcoKa, qro

rron) {eHHbre ocrlunnorpaMMbr Ha ocqunnorpa$e c uonocofi nponycKaHprs

ocqunnorpa$a pannofr2,5 ffu ra .racrorofi Jlr4cKperr{gaqufi 20 ffq He ro3Borsto'r

AocroBepHo orrpeAeJurrb 3a4epxxy cpa6arbraanvfl, Mexqy AByMf, KoMMyraropaMr.

Cortauro pa6ore [4] sagepxra noAo6sbrx l(oMMytaropoB cocraBJuler ueHee 200

nuKoceKyHA, qro rpe6yer coorBercrByroqffi rr3MepeHrrfi na ocqunnorpaQe c 6olee

urupoxofi nonocofi. f{pu raxovr nos4efic^tBvrv orpaxeHHoro nasepHoro rr3JrfreHl{t

c 3aAepx{rofi 250 [c, HeBo3Mox(Ho roJryqurb $opuraponanvre QunarvreHra Ha

rrpoTuBonoJrox(Hor,r urocKocTr4 KplrcTiurna Lr3-3a pacllpeAene}Il4fl. MOITIHOCTII no

Qunaueurau rrro u Ha6nroAaercfl B gKcrrepr{MeHTe. Atts uonyrel{I4rl 6onee

AocroBepHbrx pe3yJrLTaroB o BJraflHprrr KoJrrrqecrna SuraMeHToB Ha lrapaMerphr

KoMMyrarlwt 6vut rrpoBeAeH errle oAr,rH 3Krc[gpureur. SxcuepI4MeHT cocro.flJl B
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$oprr,ruponalu MHoxecrBa $ulaueuron B OIIIIK 0 [peAeiIbHbIM pa6ouutvt

HarrpDKeHr{eM 28 KB vr Mex3neKTpoAHbrM 3a3opoM 8 MM. OopnaupoBaHl4e)

HecKonbKrrx $uraueroB npoucxoAnno 3a cqer rIplIMeHeHIlfl uHTepSeporr,rerpa

MaftxenrcoHa orrrr4qecKa{ cxeMa Koroporo npeAcraBneua Ha pI,IcyHKe l4a a

lonyreHHar HHrep$epeHrlrroHHarr Kaprr,rHa or Hero Ha pI4cyHKe 146. Tonrquna

orrr4qecKoro MaKcr4MyMa nurepQepeHrrnoHHofi xapruubl cocraBnte'r 3,54 MM a

MrrHLrMyMa 1,7 tr,ttr,t.

-t

;']' ':|

L6
PracyHor. 14. OnrraqecKar cxeMa raurept[epoMerpa c o6nyrenuerra @lIlIK nuyrpu

BoJrHoBoAuoii xarueprr (a), r4e 1,4-OnnauecKne rrpI,I3MbI, 2 - wttovtuHlaeBoe

3epKilJro, 3- cseroAeJrureJrbHair nJracrr4na Thorlabs EBS2, 5 - Nd:YAG laser Solar

LQg2g,6 -saprgurrfi roarcHanrsrrfi ra6ienr, 7 - sorHoBoAHtuI Kanaepa, 8 -
esrxoAHofi KoaKcr{a:mrrfi xa6elr., lonfreHHax nn'rep$epeHllr{oHHarl KaprI4Ha

rocJre cJrox(enl4t ruymon (6).

IrlcroqsraxoM r,r3Jr)FreHr.rr r,rHrepSeporr,rerpa cny)KI,In Jla3ep (5) QoputapJ/rorlufi

lasepnrrfi r,rMrryJrBc c gnuuofi BoJrHbr 532, :atrl LI ,uJIpITeJIrHocrbro 10 nc. ,{na

oTpax(eHr,rr na3epHoro ny{Ka Ha cBeroAeJrr4TeJrbHyro nJraarrrHy EBS2 c

coorHorueHr{eM AeJreHHfl 50:50 (3) ucuorb3oBaHo €t[IoMIaH?IeBoe 3epKiulo (2'.1.

flonyreunbre ABa rr] rKa [ocJre cBeroAenure;nnofi rIrIacrIaHbI orpoK€Lnl4cr o6patuo

Ha rrJracrr4Hy Anr cJro)KeHr4lr, AByMr ortTurrecKvrMvr npH3MaMI4 (I,4). Pesynrrar
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cnoxeHr4f, Jri6epnbrx rry{KoB, Ha AenlITeJIe), npl,IBoAtulero K HHTepQepeHIII'II4,

HarpaBJIeH Ha BoJIHoBoAHyIo KaMepy c OIIilK Q) u B sror xe MoMeHr Ha

KoaKcr4aJmurrfi ra6elr 6 :aprxeH Ao MaKoI,IMaJIbHoro 3HaqeHI4.s I,IMrIynEca or

rr,rparpoHHoro MoAyJtf,ropa. flocne KoMMyrf'aguit PCSS rrMrryrlbcoM lrinepHoro

r,r3Jly{eHl4fl, Qoprvrupyercr nrxO4HOft HMuyJIbc, rOroprrfi nepeAaeTcf, tro

BbrxoAnoMy KoaKclrarbHoMy xa6enro (8) r ertcoKoBoJlbrHoMy arreHroaropy.

Cyrr,rnaapuar cpeAHr{ sHepn4r na3epHoro rry rKa rlepeA sorHosoAnoii

xauepofi Lr3MepeHa Karropr4MerpoM Gentec Eo Maestro lI cocraBtset220 rvrx,{x upu

cpeAHeKBaAparr4trHoM orKnoHeHuu (RMS stability) 5.27% ga 1000 HMrIyJIbcoB.

IrlcnomsoBaHuoe na3epHoe r{3Jr}4reHr4e c AJII4Hofi nolnu 532 HM, IIporI3oAI{T

HaqarbHyro rroHlr3arlus {prrcriurJra qepe3 npxnrofi $oros$Qercr c rny6uuofi

nonHoro nornouleHlrr B Kp[crrurJre oKono 520 nrvr. flpn o6nyrelauv rloBepxHocrl4

KoMMyraropa @lIfIK rasnyreHr.reM r4Mercrrlero pac[peAeJleH]Ie HHreHcIaBHocrI4 ro

ceqeHnro B Br{Ae HnrepQepeHur4oHHbrx rloJloc, noJryqeHbl ocqunnolpaMMbl,

noKa3aHHbre Ha pucyHre 15.

I
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Pucynor 15. OcqurnolpaMr\{br 3aprAHoro Hanprx<eHrr.r qepuhlfi oy" rr BbIXoAHoro

LIMIIynbCa Kp aCHbII'I Jr)4I.

-tt
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3apx4noe HarrprlKeHr,re Ha KoaKcHiuIbHoM ra6ene B MoMeHT rouuyraqufi

cocraBJrser 12,74 rcB (uepna.n nHunr) a aMrInHTyAa BbIXoAHoro I{MrIyJIbca

(rcpacHax nr,runr) ilo ycpeAHeHHoMy 3HaqeHIIIo cocraBJrf,eT 5,78 KB npu

N{aKcr4MrurbHoM 3HarreHrdr4 6,2J xB. rorAa BrlyrpeHHee conporuBJleHl4e OIIIIK

cocraBJr.fler 5,I2 Ona a 0,8 Ou coorBercrBeHllo. Conpotuulenlle n 5 pa:6olrrue

treM ilplz prcrroJrb3oBalvrvr r,r3Jr] reHr,rr c AJu4Hoii eorHrr 355 nu Ho MeHbrlle n 1,5

pa3a rreM rrpr4 [ciloirb3oBaurrff rasnyreukrfl, e ArIrvnofi eorurr 1064uu. Bpeuenurre

xapaKTepr{crr4Kr4 BbrxoAHofo rrMrlynbca cJIeAyroUUo, $pour l4Mlrynbca paBeH

759,7 trc tro ypoBl{to 0,1-0,9, AJII4TeJIbnocTb BblxoAHoro I'IMIIynbca ro

[oJryBbrcore cocTaBnxer 38,5 Hc tITo cooTBeTcTByeT ABoffnouy npo6ery uo

i(oaKcI4aJIbHoMy xa6elro, a cpe3 I{Mrlynbca rro ypoBHro 0,1-0,9 panen 6,37 uc.

llortyrennrrfi roporrcHil Sponr B xoAe oKonepLIMeHTa rroKasal o6seKTIlBHoe

yMerrbruerrr4e rrHAyrTrdBnocrrr OIIIIK B MoI\,IeHT KoMMyraqufi uo cpaBHeHI4Io c

ApyrI4MI4 pa6orarr,ru, npoBeAeHHbIMI4 c AaHHbIMN @IIIIK'

Cyl,rl,rapuar r4HAyKTHtsHocrb B MoMeHT KoMMyraIUI4 ToJIbKo oAHoro KJIIoqa

Mox{er 6rrrr yrvrerrbrrreua roJrbKo rlu6o r43MerreHzeM KoHcrpyr{vfi eorHosoAHofi

KaMep6I, 3JIeKTpoAoI] vt rcoucrpyrUHfi F'CSS nu6o tlyteM nos6yx4eHux

HecKoJrbKr4x KaHiuroB rrpoBoAr4Mocrrr. Y.rr4trrsa.fl, qro Aannrtfi 3KcnepI{MeHT

[poBeAeH c r,rcnoJrr3oBaHr,reM Toro xe o6opyaoaanr4tt, To gror Sarr [o3BoJlter

yrBepxqarb, rr"ro rroJryreH uymru$uJraMeErrHrlfi pexnna KoMMyraqufi OIIIIK

flpu trcrronb3oBaHrarl nnrepSepesqnfi.,{onoruureJlbHoe oSctos'rerbcrBo o

cHr{xeHr{u BuyrpeuHero co[poruBJreHr,rr @,[IIIK rpu nporeKaH]Il4 ToKa qepe3

HecKonbKo KaHaJror! [poBoAr4MocTLr MioxHo o6rscsurr [poreKaHl4eM

crrr4xeHHoro roKa IIo KaHarry ilo cpaBHeHl{rc KoMMyralluefr, r4e npucytcrByer

ToJrbKo oAnH KaHarr. Kocnenno 3To [o,urBepx.4aerct ,qocrI{x(eHI,IeM

Mr4HI4MaJrbHoro co[porrrBJrennt e 0,8 Ola npn Harrpf,xceHHocrl4 DJIeKTpIatIecKoro

rroJu{ n 15,9 rB/crvr ra Hc[oJrb3oBaHr4rr rr3JDrreHur c MeHbrueli oueprueft NsaHta no

cpaBHeHuro c pa6oraMlt, [poBeAeHHbrMr.r c aHaJroruqHbrMrr KJIroqaMI,I. Tar xe

pecypc OIIIIK no KorurrecrBy rrMryJrbcoB cocraBHJI oKoJIo 11*10i rporl{B
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18*102 cpa6arr,rBakrprf4 rpu KoMyrallrfi Laser Export DTL-375QT B

o4noSranaMeHTHoM pextaMe, r{To ,qorroJII{I4TeJIbHo [oATBepxAaer reopl4lo

pacnpeAeleHr,rq roKa r[o HecKonbKr4M KaHaJIaM. Brrcrpoe I,I3MeHeHI{e

conporuBrreHufl. Knroqa B saqalurufi MoMeHT rcouuyraqufi [pI4BoAI4T K

paccornacoBaHr,rro c Harl)'f3Kofi, uro nposBnflercs KaK Kore6aHl4ff Ha BbIXoAHoM

uMnyJrbce.

OcuonHrre BbrBoAbr no uayvHofi pa6ore

1. AHanusrapyn [onyr{eHHbre Aa}rHbre c orcu4uofi lleHroft, MoxcHo

Br4Aerb, qro rroJre, seo6x,oAuMoe An{ Aocrl4xeHl4t pexLIMa uelugefiHoro ycvreHvrfl,

coorBercrByer 3HaqeHulo 8,5 rB/crr, rpr4BeAeHHoMy e [4,5]. 3nerrpuvecKoe norle

B 3ToM cnyqae JrerKo u.afrru, TaK KaK 3a:rop MexcAy 3neKTpoAaMI,I cocraBJlter

nopflAKa 1 cu, oAHaKo Bn:)'TpeHHee conporr{BJreHl4e nepeKnlor{areJls yBenuqllBaercfl

Ao rex nop, noKa rroJre) na PCSS He AoclurHer 10 rB/crr,r, 3areM npoLlcxoALIT

nepeKnroqeHr,re c naBtrrrHofi r4onn3apefi., tITo pe3l(o cHI,IXaer BHyrpeHHee

corrpoTutBJleHrzre Ao 2,3 Ov. 3r<cnepr4Mer{Tbr 6es orclaAnofi uleuKl4 rIoKzl3aJII4, r{TO

Altlu AocrvrlneHvrfl, selus,efiuoro pexr4rraa rpe6yercq 6omluee oJIeKTpHqecKoe rIoJIe

12,6 xBlcM rro cpaBHeHuro c OlIfIK, r4MeK)rrIr4MI,I oKcl4Anrrfi cloft. Boguoxnrrvt

o6rscuenueu f,BJrf,erot e$Sexr Smooper;IleHqul,I B GaAs:Cr u co:Aaroulufi

r43nyrreHue c .qlusofi BoJrHbr oKoJro 900 rru. 9acrr reHepl{pyeMoro u3nyrleHut

orpaxaerc-rr or AeSexroa, rroJryrreHHblx rtplr HaHeceHLIIl oKcI4AHoro cJlot 14 or Hero

caMofo, feHepupyr{ HOBbre Hocr4TeJrr{ 3apfl,Aa B KpHcT€uIJIe BO BpeM{ rIOfnOIr{eHI4rI

Qoronon. Tarzu o6pa:roru, repeKnroqeHr,re OnilK ocyqecrBJlsercfl upu 6onee

Hr43KoM oneKTpr4r{ecKoM .rroJre. BuyrpeHHee colporr,rBJreHue 6es orcu4Horo cJlot,

KaK Br4AHo, MeHbrrre r4 cocraBJrqer 1,64 Orrr. [Ipu ynenvv'eHnvr oneKTpurlecKoro IIoJItr

oHo yMeHbrrraerc.f, an 0,E5 Ona, Ho nprr Aoc'TLrxeHrrLI 17 xB/crvr yBerl4rluBaerct Ao

0,96 Orra. Veerr4.-reuze icrofiKocrlr Mox{er 6rtrr cBfl3aHo c AononHrITenbHbIM}I

rroreprMr.r r43 - 3a ge$exlon B ronulr4He crpliKrypu GaAs:Cr.
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2. JlasepHoe odlyueurae OnnK ynrrpaQuoJleroBblMl4 IlMnyJIbcaMI,I

npr4BoAr,rr K uornouleHlrro B Kpr4craue GaA.s, TonuIHHofi n AecsrKI4 HaHoMerpoB.

3ro npueoAr4T r QopvrupoBaHr,rro oAHoKaHamsofi KoMMyraIII4Il c rlpoBoAl{Mocrblo

KaHaJra, Ha noprAoK npeBE,nuarculeii npoBoAplMocrr KaH€urarrpr4 o6ly.reuuu (DlIlIK

rauSpaxpacHbrMr4 n€Bepn:brMr{ nyrraMr4. Brtcoraq KBaHToBa.u 3Hepruf, 6olee

:QSexrunHo co3Aaer 6o.nrure rIeHTpoB TerrJloBoro I43[yr{eHIIt Hocl4TenekI 3apfl.[a a

[ocneAyrou{efi uoAAepxrc,cfi o6pa:onaHus KoJlJlancl4pyrotr1ux.qoMeHoB, rIeM HH3Kat

KBaHToBar 3Heprr4{, KoTopaf, He rrpeBblruaer IxI4pI4Hy sanpe[1euuofi 3oHbI.

flpe4craureHHbre pe3ynb'rarbr rroKa3brBaror., qro pelKI4M HeJILIHefiuoro ycvneHus.

xoporrro KoMrreHcr4pyer r\daJroe Korr4qecrBo EtocrlTenefi 3apfl,[a npu ucloJIb3oBaHI4LI

na3epa c Anuuofi BOnH.br 1064 HM. fononnureJlbHblM Sar<ropola qBrf,ercs

coKparrleHue Spoura orrrlrr{ecKoro r4Mnynboa s 4 paza, qlo rlo3BoJlaer ycKopl{rb

r4oHrr3arluro BHyrpH Kprrcr€urna. CleAoBarerJlbHo, Alrrr reHepaIII4I,r SznarraeHToB c

6olee errcorofi [JrorHoorbro roKa rpe6yercx Il3[yr{eHue c enepruefi KBaHTa,

npeBblmaloqefi runpuHy 3snpeqeHHofi 3oHbI e 2-2,5 PB&, c KoporKI,rlr Sponrou

oKoJro 3 Hc. Kpovre rofo, HcxoAfl vr3 npeAcraBJIeHHbIX AaHHIIX, MoxtHo

flpeAnonoxr,rrb, uro erfrpem @panca-Kel4r,trua rrpu JIa3epHoM I{Mnynbce 4llanolt

BoJrHbI 1064 HM oKa3€ul ]lJrrltHl4e Ha BbIXoAHbIe napaMerpblt.

3. 9acrorsufi TeoperI4tlecxufi pacrreT cor]IacoBallnfl, BoJIHoBoTO

corrpornBJreHr,r{ .{nfl reor{erpr4r4 nolsonofi KaMepbI c AByMt QoronponoA{IrII4MI4

lonynpoBoAHI,lKoBbIIvIlI nepeKIIor{aTeI{MLr tIoKa3aJI BO3MOXHOe CO|IaCOBA}JVIe HA

ypoBHe -20 nB e S11 ,{o qacrorbr 1,6 ff'q. Irl:vrepenHbre rapaMerpbl KaMepbI,

rtonyrleHHble Ha ocHorle paccrll4TaHHofi feolderpl4l4, rloKa3blBaror coorBercrBl4e Ha

ypoBHe or I7,7 aE ao 1t,55 ffq, rrro xopotuo corJlacyerc.g c reoperI4qecKllMl4

pe3ynbraraMr4. Pesylrrenrbr pacr{era BpeMeHr4 rroKasaJlra nor6yxAeHl4e xole6aHufi c

aMrrnHTyAofi , cocraer.f,xr:qefi 2,804 or aMnJr r,rryAbl ocHoBHoro I{MnynEca.

Ecnu rtplrH.srb r]o BHlrMaHr4e I,I3MepeHHbIe S-uapalaerpbl, To rrMnynbc c

$poHrov 600 nc Bbr3oBer xole6asus c aMrrJrr4TyAofi, panHofi IroJIoBI4He ocHoBHoro

HMnyJItCa, CJreAOBareJrbHO, B TaKOri KaMepe AOrryCTr4MO rrpOXoxAeHI{e I{Mnynbca c
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Sponronn 6onee 650 nc. Pacc.{raraHHaq HalptxeHHocrb 3neKrpuqecKoro rIoJIt

rroKa3aJra Bo3MoxHocrb r4icrroJrb3oBaHufl. vrScrlTr4pyruulero I"el{ "Ilenra-312" npu

MaKcr4MaJrbHoM lrMnynbcn:oM HarrprxeHrlr4 30 rcB, a raKxe rlpoAeMoHcrpllpoBana

crrJrbHoe ycuneHne rroJlfi Ha roHKr,rx 3oJro'rblx KoHTaKTex PCSS c B3aI,IMHrIM

3KpaHLrpoBaHr4eM rroJlfl or r{oHTpanruofi o6tactu, r{To yMeHblrraer Herarl4BHoe

sosAeficrBl4e or oKHa 4nx o6nyqenr4fl. @IIIIK.

5. ZccreAosaHa KoMMyrarlur AByx PCSS trpu MaKcI4MaJIbHoM pa6o'reu

Hanpr)r(eHlrr{ 32 rcB B cy6vumpoceKyHAHoM Auarla3olle c ucrIoJIb3oBaHHeM

oAHor4MrlynbcHoro la3eprrroro lr3nyqeHvrs. c Lnu:g'oft sorHrr 355 nu I4 3Heprl4efi,I40

MAx. B xoAe oKcnepr4MeHTa 6ru nolyrreH rlbrxoAHofi llMrlynbc c Anl4TenbHocrblo

rroJroBlrHHofi srrcoru 38 nc 14 MaKcrlMamuofi aMrlnl{ryAofi 6,81 rB upu Hapacranuu

BbrxoAHofo I4MnyJIb ca Ha 1 ,1 5 uc. Ertlo rroKa3aHo, qro MutHIaM€uIbHoe cyMMapHoe

conpoTuBJreHne AByx [apaJrnenbHbrx [epeKnrcqarelefi cocTaBJl{no 5,54 Ou, uro

6ri:ro Har4nyrruraM .qntr {lopnnHpoBalr4fl, Sranarr,renron o6onx KoMMyraropoB rIpI4

yN,I e HbIIre H I{I,1 BH e IXHef O 3 [e KTp I4tIe CKO f O tIOJIf, .

IIp" yBenr4r{eFrr4rzr KaHaJroB npoBoAI4MocrI4 ulrvr ,qocrl{xeHl4g

rvrynlru$IrJraMeHTHofo pexuMa Anq ollilK, IroABepfHyrblxl na3epHoMy o6ny'reHuro

npr4 AxLrHe BoJrHbr 532 twt, c replroAuqecrcofi crpyKrypofr IanreucrlBHocrv no

rtofiepeqHoMy cer{eHr,rrc) nyrrKa no cpaBHeHI4Io c pa6orauu rAe o6nyuenue

aHarorr4rrHbrx Onru( ocyqecrBJrrJrocb paBHoMepHbIM rtyilKoM, npncyrcrBoBaJr

6olee xopomufi tppoHr BbrxoAHofo HMnynbca, a raK)Ke yBerl{r{I4Biulct cpoK

cnyx6rr Kor\4Myraropo lor ero IIoJIHofr,Ierpa auuu.
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