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HpeZ[CTaBJ'IeHH PE3YIbTAThl TECOPETUUCCKUX I/ICCJ'ICZ[OBaHI/Iﬁ KOJIMYECTBEHHBIX 3aBHCHMOCTEN K03(l)(l)I/IHI/IeHTOB nepeaa-
Yn CBCPXIIHPOKOIOJIOCHBIX aHAJIOIOBBIX paI[I/IO(l)OTOHHI)IX TPAKTOB AHalasoHa CBY oT OCHOBHBIX nmapaMeTpoB HX
COCTaBHBIX YacTei: MOMIIHOCTH M3JIYYCHHSA MCTOYHHUKA OINTHYCCKOrO CUIrHalia, IMOJYBOJTHOBOI'O HAIIPSIKCHUA JJICKTPO-
OIITUYECKOIro MOAYJIATOpa, p€aIM30BaHHOI'O B BHUJIC I/IHTep(l)epOMeTpa Maxa-LIaHz[epa, " YPOBHs NIOTEPH B OIITUICCKOM
TPAKTC JaHHOI'O MOAYJIATOpA, a TaK KE€ OT (l)OTO‘IyBCTBI/ITeJ'H)HOCTI/I (l)OTO[[eTeKTOpa. Ha ocHoBe JaHHBIX I/ICCJ'ICI[OBaHI/Iﬁ
OIPCACIICHBI YCIOBUs, IIPU KOTOPBIX paZ[I/IO(l)OTOHHHe TPAaKThI 6y}1yT HUMCTH ITOJIOKHUTCIIBHBIC KO3(1)(1)I/IHI/ICHTBI nepeaa-
Y.

KiroueBbiM 351eMeHTOM JT1000# BOJIOKOHHO-oTHYecKou yimanu cBs3u (BOJIC) sBisiercs pa-
nrnodortonHbii TpakT (PDOT). Tunuunas cxema ctpykrypHas aHaiorosoro POT nuanazona CBY c
BHEIIHEW MOIyJsIHEN mpuBeAcHa Ha puc.l. B maHHOM ciyyae MOIymnsiuus ONTHYECKOrO CUTHaja
nazeproro auona (JIJI) Bxomueim CBY curnanom (Ucsu.6x) OCYIIECTBISETCA B AJICKTPOOTITHYEC-
koM moxynarope (DOM), koropelil peanuzoBaH B Buje uHTepdepomerpa Maxa-Ilannepa [1].
Takne DOM nHazpiBaroTcs Moayasitopamu Maxa-Ilannepa (MMI] [2-6]). C Beixoga MMI moymnu-
POBaHHBIN ONTHYECKUN CUTHAJ yepe3 onToBOJIOKOHHBIN TpakT (OBT) moctynaer Ha ¢hoTomeTekTop
(®M1), na CBY BbIX0OJE KOTOPOTO BBIACISAETCS MPOACTEKTUPOBAaHHBIN curHai (Ucgy.sbix), CIEKTP
KOTOPOTO, B UJICAJIbHOM Cllydae, JOJDKEH ObITh Komuel criekrpa BxogHoro CBY curnana.

Ksz.mmy K3.06m
Uon.1 Uon.2
JIJI ———== MMII (DOM) - OBT —m= DJ]
Pon.1 Pon.2 Pon.3
Ucegu.6x Ueceuy.6vix Ucsu.sb1x
Kp.ceu = 20lg COREN
Uceu.ex

Puc. 1. Cxema crpyktypHas npocreiiniero POT (VI - razepuwitt 0uoo, MMI] - mooyrsmop Maxa-1L]anoepa,
OBT - onmosonokounwitl mpaxm, @[ - pomodemexmop, D20M - anexmpoonmuueckuti MOOYIIMop )

B nacrosimuii moment JIJI, MMI] u ®/ peanusyroTcs B BUlie TEPMETU3UPOBAHHBIX THOPHUI-
HbeIX uHTerpaibHbeiX cxeM (I'MC) ¢ koakcuanbHBIMU BXOJaMH/BBIXOJAMU M ONTHYECKHMHU BXOJa-
MU/BbIXOJAaMH [2-7], Ha KOTOPBIX YCTAHOBJIEHBI IEMEHTbHI ONTUYECKHX MEXaHHYECKUX COUJICHE-
HUM - KOHHEKTOPHI [§]. duanazonsr padounx vactoT ([IPY) nmo koakcualbHBIM BXOJAaM/BBIXOJaM Y
stux ['MIC nmocturator 40 I'Tm u Gonee. B xagectBe OBT Moryr ucnoip30BaThbCsi ONMTHYECKUE
kabenu [9], cocTosimiye M3 MPOCTEHINX “KOMMEPYECKUX OJHOMOJIOBBIX BOJIOKOH Tuma SMF-28
[10], Ha KOHIIAX KOTOPBIX CMOHTHUPOBAHbI YIOMSHYThIE BbIllle KOHHEKTOPBI. Takum oOpa3om, B Hac-
TOSAIIMNA MOMEHT, HMCIOJb3ysl JUIIb CaMble NMPUMUTHBHBIC “OTBEPTOUHBIE” TEXHOJOTHH, MOKHO
cMoHTHUpoBaTh aHaiorosslii POT CBY - u, B Tom uuncie, ceepxuupokomnosocHsiii ¢ JIPY no 40 I'T
u Bbime - w3 mMmewmmxcs Ha peiake [TMIC MMI, JIJ, ®JI u OBT. OmnpenenuM BO3MOXKHBIE
KOJINYECTBEHHBIE 3HaYEHUs IMapaMeTpoB Takux POT.

Ha puc. 2 cxemarnuecku M300pa)K€HO YCTPOWCTBO MPOCTEUIIEr0 CErHETOANEKTPUUYECKOTO
MMLI, ontuueckuit TpakT (OT) koTOporo cocrout us BxogHoro cetoBognoro kanana (CK), Bxon-
HOTO Y-pa3BeTBUTEIS, IEPBOTO M BTOPOTO MapajlieabHbIX cBeToBOIHBIX KaHaoB (IICK), BbrxoaHo-
ro Y-ceerButens, BeixogHoro CK. Ilpemmnosaraercsi, uro mmunbel o6oux [ICK aGcomtoTHO paBHBI
Mexay coboil. Brons Broporo IICK pacronaratorcsi nepBblii 1 BTOPOH 3JE€KTPOJIbl YIIPaBIISIOIECH
nunuu (DY JI), Ha BXoa KoTopoit u noctymnaeT ynpaisomuii curaan CBY. Ipenmnonoxum, uto Ha-
npstxenue Ha DY JI (Usyn) u motepu B8 OT MMI (K3.mmy) paBHBI HYIIO0, 8 KOY()PHUITUEHTHI Mpesio-
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Puc. 2. Cxematudeckoe nzoopaxenre MMI] Ha mnacTuHe U3 cerHeTodiekTpuka (*1 - niacmuna uz cecnemoaiekmpu-
Ka, *2 - 6x00HOU c6emo6ooHbIL Kanal, *3 - éxoonou Y-pazeemsumennv, *4,*5 - nepeviti u 6mopoil napanienvhvie c6emo-
600HblEe Kanawl, *6 - 6bix00HOU Y-céemeumennv, *7- 6bIX0OOHOU c6emO0B800HbI KaHnal, *8,*9 - nepebvitl u 6mopoil 31ekK-
mpoowl ynpasnsiowett aunuu CBY).

mienust oboux IICK onunakoBsl (n/ = n2). B atom citydae, BxoaHoM ontuueckuid curnan ot JIJI c
amrmutynor Uon. I octynaet Bo BxogHoit CK, menutcst BO BXogHOM Y-BETBUTENE HA JBA ONTH-
YEeCKUX CHTHaja ¢ oJuHakoBeIMU ammuiutynamu (Ul = U2) u ¢azamu (¢! = ¢2). Jlanee 3Tu curHa-
JIbl C OJMHAKOBBIMU cKopocTsiMu (v =v2) u 6e3 3aTyxanus npoxoaaT [ICK u nocrymaroT Ha BXO/1bl
BBIXOJTHOTO Y-CBETBHUTENSI C TAKUMU K€ aMIUIUTYJJaMH, KaK M Ha BBIXOJAaX BXOJIHOTO Y-pa3BETBU-
tenst: U3=UI u U4=U2 u dazamu ¢3 u ¢4. llpu atom, ¢3 # ¢l, a p4 # 92, Ho ¢3 = p4. B atom
ciydae, B BeixogHOM CK mpoucxomut GopMupoBaHie BBIXOJHOIO ONTHYECKOIO CUTHAJA C aMILIU-
tynout Uon.2 = Uon. 1 Tak, Kak 3To mokazaHo Ha puc. 3a. Omnako, eciu Usyzn # 0, To mexay DYJI
co31a€Tcs IEKTpUIecKoe moJie (puc.20), BeTnynHa KOTOPOTo |E | psIMO TIpoTIopIoHaibHa Usyi.
B stom ciygae, Bo BTopom IICK B cootBercTBuM ¢ 3hdexTom [lokkenbea [1], mpoucxoaut u3me-
HeHHE KOdPPUIIUEHTA TPETOMIICHUS 12, KOTOPOE JTUHEHHO 3aBUCUT OT H3MECHECHHUSI BEJTUIHHBI | E | ,
pUYEM, MPHU OJTHOM MOJISIPHOCTH JIEKTPUUECKOTO OISl 72 YBEIUUMUBAETCA, a TIPU IPYTOM - yMEHb-
maercs. M3smeHenue n2 Bie4€T 3a 0001 00paTHO-MIPOMOPLIUOHAIEHOE U3MEHEHUE CKOPOCTH V2, U,
Kak clefcTBue, Gasbl g4 u pasHoctu Ga3 Ap = ¢3 - ¢4, 3HaYCHUE KOTOPOH CTAHOBHUTCS OTJIMYHBIM
oT Hys (puc.30,B,T).
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Puc. 3. BexTopHble muarpaMMBbl [T Pa3iudHbIX 3HaueHUH U3yl B BBIXOIHOM CBETOBOIHOM KaHaie (puc. 2)

Takum o0OpazoM, MOKHO YTBEpXKIaTh cieayromee: Ap JTUHEWHO 3aBUCUT oT Usyr, mpuiém
3HaK A@ npu oxHOM nossipHocTH Usyn OyAeT MOJOXKUTENbHBIM, a MPU JAPYroi - OTpULATENIbHBIM,
HanpHuMep, Tak, Kak 3TO OKa3aHO Ha puc. 4.

Ha puc. 4 HeoOxoaumo oOpaTUTh BHUMaHUE Ha Te 3HaueHus Usyn, MpU KOTOPBIX A¢ paBHO
+180° mnu -180°. Ilpu Takux 3HaueHusx Usyn curHanel ¢ ammuutyaamu Ul u U2 6yayT ckiiajibl-
BaThCs B BHIXOJIHOM Y -CBETBUTENE MPOTUBO(a3Ho, a BenmunHa Uon.2 OyaeT paBHa Hymio (puc.3r).
Takue 3Hauenust Usyn Ha3bIBAIOTCA MOJIY60IHO6bIMU Hanpadxcenuamu (Ur), KOTOpbIE SBIISIOTCS
OJIHMMHM M3 OCHOBHBIX napameTpoB MMII. Mcnons3ys npocreimme reoMeTpudeckue npuéMsl, Mo-
YKHO TIOKa3aTh, uTo ypoBeHb Uon.2 (puc.1,2) nns cnyqas K3.mmy=0 (Uon.2") MOXHO BBIYUCIHUTH TIO
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Puc. 4. 3aBucmocts A ot Usyi (puc. 2) Puc. 5. 3aBucmocts Kp.mmir' ot Usyn

dopmyne 1, koadduureHT nepenaun mno HanpsHkeHuro A ciydas Kz.vumy=0 (Ku.mmy') no popmy-
ne 2, a ko3 puimeHT nepeaadn mo MomuocTy i ciaydas K3.umy=0 (Kp.mmy') - mo popmyne 3.

Uon.2' = \/O,SUon.lz(l +cos(w xUsyn /Urr)) (D
Ku.mmy' = \/0,5(1 + cos(m xUsyn/Ur)) (2)
Kp.mmy' =0,5(1+ cos(zwr xUsyn / Ur)) (3)

B cootBercTBUU ¢ Popmynoit 3 3aBucumMocTh Kp.mmy' oT Usyn BRITTISIUT TaK, KaK 3TO MOKa-
3aHO Ha puc.5. JlaHHas 3aBUCHUMOCTb, (PaKTUUECKH, SBISETCS MOIYISLMOHHON XapaKTepUCTUKOM
MMII. Heo6xoauMo OTMETUTh, YTO aHaJOrWyHble (opmyna ais pacuéra Kp.wmy' u rpaduku
3aBucumoctu Kp.mmir' ot Usyn npusenenst B [11].

Onpenenum it ciaydas Kz.umy=0 (puc.6) popmy orubaromieit mpoMo1yJTupOBaHHOTO OTITH-
4yeckoro curxajia Ha Bbixoge MMIL] npu nonade Ha DVYJI rapMOHHYECKOTO MOIYJIMPYIOIIETO CHUT-
Haia ¢ nepuogoM Tmon u ammiutynoit Ucsu.Bx = Un (popmyna 4).

Usyn = Uceu xsin(2r / Tmoo)t (4)
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Puc. 6. Moayssius onTHYecKoro CUrHajia npy nojgade Ha JYJI rapMOHHYECKOro CUrHaa ¢ nepuoxom Tmon
n ammumatyaod UcBu.Bx = Un (puc.2)



B atom ciyuae, popma orubaromieir Oyaer BBITTIAAETh TaK, KaK 3TO MOKa3aHO Ha puc.6B. U3
3TOr0 PUCYHKA BHJIHO, UTO MepuoJi orubdaromeit Tor B 1Ba paza Menblie TMo, 4TO TOBOPUT O Cepb-
€3HBIX HCKAYKEHUSX CIIEKTpa MepeiaBaeMoro curuana. @akTu4ecku, Ipyu TaKOM AJIEKTPUUYECKOM pe-
xume skcruryatanuu MML, POT cranoButcs BbICOKOI(PPEKTUBHBIM CBEPXIIMPOKOIIOCHBIM yM-
HOKUTEJIEM YacTOThI Ha 2, HO TaK KaK Mbl 3TOW LIEJN HE IpecieayeM, TO NpUAETCS NPUHUMATh Me-
pBl, 4TOOBI JINKBUAWPOBATh 3TO Napa3UTHOE yMHOXEHHE dacToThl. Hanpumep - noxasas Ha DVYJI
HeKkoTopoe HanpsbkeHue cmetnenus (Ucm, puc.7) - 1 TeM caMbIM GOPMUPYSI HEKOTOPBIM OTIMYHBIN
OT HyJIsl IOCTOSIHHBIN (pa3oBbIit caBur (dpcm). O4eBUAHO, UTO B UJl€AbHOM ciydae, Ucm = Un/2
(puc.8), npu kotopoMm Apcm = /2 (puc.4), a MOIYIALUOHHAS XapaKTEPUCTHKA UMEET MaKCUMalb-
HYIO KPYTH3HY - YTOJI 0. JOCTUTaeT MaKCUMaJIbHOTO 3HaueHus (puc.5). B atom cnydae popmymna 4
Tpanchopmupyercs B Gopmyny 5. Tak ke HE0OX0AUMO, IS CHIKCHUS UCKAKEHUH, 3HAYUTEIIHHO
YMEHBIINUTh aMIUIUTYAY Moayaupytouiero curnana CBY.

Usyn =Un /2 + Ucsu.6x x sin(2r / Tmoo)t 5)
B stom ciyuae, ¢opma orubaroriei mpoMoayIMpoOBaHHOTO ONTHYECKOTO CHT'HAJIa Ha BBIXOJIE

MMI] 6YI[CT BI)IFJ'ISI)IGTI) TaK, KaK 3TO MOKa3aHO Ha PUC. 8B.
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Puc. 7. Cxemarnueckoe n3odpaxxenne MMI] Ha riacTUHE U3 CErHETOINIEKTPUKA CO CXEMOH ITOAaYy HANPSHKEHUS
cmeteHus (*1 - nracmuna uz cecnemosnexmpu-ka, *2 - 6x00HOU c6emosooublll Kanan, *3 - 6xoonol Y-pazeemeumens,
*4,*5 - nepevlil u MOPOIL NAPAJLIC/IbHble C6eMO-600HbLE KAHAMbL, *6 - 8bIX0OHOU Y-ceemeumens, *7- bIX00HOU
ce6emosoOHblil kKanan, *8,*9 - nepewiil u smopoit s1exkmpoovt ynpasnsiowen aunuu CBY, 10 - snewnss [{HC).
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Puc. 8. Moaynsus ontadeckoro curuaia mpu nojgade Ha DY JI (puc.2a) rapMOHHUYECKOT0 CUrHaja ¢ iepuozoM TMoj u
ammuiutynoit Ucsu.Bx < Un npu nmogaHHOM Hampsbkenus cmenienus Uem = Un/2 (puc.7)

HeobxonumMo oTMeTuTh, 4T0 opMHpoBaHue TpeOyeMoro AQcM MOKHO OCYILIECTBUTH MHOT'H-
MU crioco0amu: mpu nomoinu BHemHed nenu HanpsbkeHus cmemienus (L{HC), coctosmeit u3 ém-
kocteit Cl u C2 u unaykruBHoctei L1 u L2 (puc.7), unu ¢ ucnons3zoBanuem codcteHHsix [HHC ,



Kak, HarpuMmep, y MMI LNO5S ¢upmer Thorlabs [2], a Tak ke npyrumu crocodamu, KOTOpbIE MO-
I'yT OBITh OCHOBAHbBI Ha APYrUX, NPUHIUIHAIBHO OTIMYHBIX OT 3¢dekra [lokkenbca puznueckux
aBieHusX [12], u k kotopbiM napametrp Urm He UMeeT HUKAaKoro oTHouieHus. [lostomy, Heobxo1u-
MO OyJeT BhIBECTH OoJiee yHHUBEpcalbHYIO (popmyny 3aBucmoctu Kp.mmy' ot Usyn, B KOTOpOH HE
Oynetr anreOpamdeckoil B3auMOCBs3u Mexnay Apcm w Ur. Ins storo, B Gopmyny 3 mojacraBum
dbopmyny 5, U, IpOBeIsS HEKOTOPBIE alTredpanyeckue nmpeoopa3oBaHus, HOJIyduM Gopmyiry 6

Urn /2 +Ucsuxsin(2r / Tmoo)t

Kp.mmy' = 0,5(1+ cos(r x )=
Urn
—0,5(1+ cos(ﬂ xUm /2 N 7 xUceu x sm(2ﬂ/TMod)t) _
Urn
=0,5(1+cos(z/2+ ﬂcheqxsm(2ﬂ/TMod)t)) )

Takum o6pazom, ypoBenb Porm.2 ( puc.l) mns cnyqas Kz.mmy=0 ( Pon.2") MOXHO BBIYUCIIHTH
o ¢hopmyie 7
7 xUceu x sin(27 / Tmoo)t
Urn
[ToncraBum B hpopmyny 7 3nauenusi t = 0.25Tmon u t = 0.75Tmon u (MoMeHTHl BpeMenn T2 u

T4, puc.8) u omnpegenuM MHUHUMAaJIbHbIE U MakcuMaibHble 3HaueHust Pon.2' (Pon.2'mun u
Pon.2'maxc) no popmynam 8,9 COOTBETCTBEHHO

Pon.2' = Pon.1x0,5(1+ cos( /2 + )) (7)

nUceu

Pon.2' . mun = Pon.1x0,5(1+ cos(z /2 +

) (8)

nUcey

Pon.2' .maxc = Pon.1x0,5(1+ cos(z /2 —

Jlanee BBIYMCIMM peajbHble MHHMMAJIbHbIE M MaKCHUMaJbHblE€ 3HAYEHHS] MOILHOCTH
onThyeckoro curxana Ha Beixoge MML (Pon.2.mun u Pon.2.maxc) ¢ yu€ToM pealibHbIX 3HaYEHUH
K3.mmy (puc.1 ) mo popmynam 10,11 cooTBeTCTBEHHO

Pon.2 . mun = Pon.2' . mun/ K3.mmy (10)

Pon.2 . maxc = Pon.2' . maxc | K3.mmy (11)

Jlamee BBIYMCIUM MHHHMAJIbHBIC W MaKCUMaJbHBIC 3HAYCHHSI MOIIHOCTH OINTHYECKOTO
curnana Ha Bxoje ®J1 (Pon.3.mun u Pon.3.makc) ¢ ya€Tom pealibHbIX 3HaueHun K3.06m (puc.l ) mo
dbopmynam 12,13 cOOTBETCTBEHHO

Pon.3 . mun = Pon.2.mun | K3.06m (12)

Pon.3 .maxc = Pon.2.makc | K3.06m (13)
Heo0xo1uM0 OTMETUTH, YTO MOTEPU B COBPEMEHHBIX OJIHOMOJIOBBIX BoJIOKHAX Tuna SMF-28
[10] auyToxkno manbl: 0.2nb/kM Ha mmuHe BosHbI 1550 HM. Opmnako, OBT (puc.l) cteikyercs ¢
MMIl u ®J] npu nmomouy ynoMsSHYTHIX BbIII€ KOHHEKTOPOB [8], MU Ha 3TUX CThIKaX MOXHO
notepAts 10 3 1b.
Jlanee, ¢ UCNOIb30BaHUEM NMPUBEIEHHBIX B CIPABOYHBIX JAaHHBIX Ha (OTOAETEKTOPHI 3HAYE-
Huil gorouysctBuTenbHOCTH [Ih (Responsivity [5,6,7]) BbIYMCIUM MHUHUMAaJbHbIE U MaKCHMallb-
Hble 3HaueHus HaBeAEHHOTO ToKa B D1, (Igh. mun u Igh.maxc) mo popmynam 14,15 cOOTBETCTBEHHO.

Ip.mun = Pon.3 . mun x I1gh (14)
I¢p.maxc = Pon.3.maxc x [l (15)



Jlasiee BBIYMCIMM MHUHHMAJIBHBIE 1 MAaKCHMAaJIbHbBIC 3HAYCHHSI HAPSHKEHUS, KOTOPBIE (hOPMH-
pytotcs B Harpy3ke @O/ npu nporekanuu depe3 He€ HaBenEHHOTO doToTOKA Ih. Ha puc. 9 mpuse-
nena cxema doronerexkropa XPDV3120R ¢upmsr u’t Photonics [6], Harpy3koii KOTOpOTo sIBIsETCS
pesuctop R2 = 50 OM. OgHako, K 3TOW Harpy3ke NapajuiesIbHO TOJJICOSTUHSICTCS BBIXOIHON KOaK-
CHAIBHBIN TPAKT C BOJHOBBIM compoTuBieHueM ZB = 50 Om. CnemoBatenbHO, /b TpoTEKaeT yepes
Harpy3Ky ¢ conportusiieHreM 25 Om.

Pon.3 R2=76=3500m
RI (puc.1) \&\ 11 Cp
— |1 }—O
1 <
_L —_— - é Ucsu.sbix
Cl C2 g R2 Udx Zs
1T 7 <= o (puc.1)
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Puc. 9. Cxema porogerexkropa XPDV3120R npoussoacrsa gpupmsl u’t Photonics (www.u2t.com)
Paccuntaem mMuHMManbHBIE U MakcUMaibHbIe HanpspkeHus: Ugo (puc.9) Ha Takol Harpyske
(Ugho.mun u Ugpo.maxc) no dopmynam 16,17 cOOTBETCBEHHO.

Udho.mun = Ip.mun x 250m (16)
Ugo.maxc = Ip.maxc x 250m (17)

Hanee, o popmysne 18 BruncIuM aMIUIMTYLy KOJdeOaHui nmepeMeHHon coctasisitomieit Ugo
(puc.9 ), koTopas U ABISETCS UICKOMOM aMIUIUTY 101 BbixogHOTO curHana CBY (Ucsu.swix)

Ucsu.ex = (Ugho.maxc —Ugho.mumn)/ 2 (18)

®dusnuecku, BeIxoaHou curHain CBY Beiaensercs nmpu MoMOIIH pa3IeIUuTEIbHOTO KOHACHCA-
topa Cp (puc.9), koTopslit HEOOX0AUMO OYAET YCTaHOBUTH Ha Beixose D/

W nakonen, Berurcium no popmyie 19 kosppunuent nepegauu POT (Kp.csu) or CBY Bxoaa
MMI] no CBY Beixona ©/1

Kp.ceu =201g(Ucsu.evix / Ucsy.6x) (19)

[Ipu momomM [aHHON METOMUKH OBLITH pacCUMTaHbl 3aBUCUMOCTH Kp.ceu oT Ur ipu pa3nud-
HbIX 3HaueHusx ¢ (puc.10), Pon.1 (puc.11) u K3.mmy. VI3 3TUX pUCYHKOB MOHO CIENaTh CIeLy-
rolue BbIBO/IbL. Bo-nepBriX, Kp.ceu npsimo nponopunoHaiieH /7@ u Pon. I, 1 0OpaTHO IpONopLuo-
HaneH K3.mmy u Un. Bo-Bropbix, POT MoXeT uMeTh MOI0KUTENbHBIN KOAPOUIUEHT Nepeaayu u
KCIMOJI30BATHCS B KAUECTBE CBEPXIIUPOKONOJIOCHOTO yeunutensa npu Pon. [ ~ 200 mBt u ipu Uz <
1B. CooOuienus 06 3xcriepuMeHTanbHbIX 00pasnax MMI] ¢ takumu 3Hauenusmu Uz nepuoanyec-
KU TOSBJIAIOTCS B Pa3jIMYHbIX MCTOYHMKAX MH(opmauuu [13]. A eciu B coctaBe POT ucnomszo-
BaTh TOJIBKO JIOCTYIIHYIO Ha PhIHKE 3JIEMEHTHYI0 0a3y [2-7]: JIJ] ¢ BBIXOJHON MOIIHOCTBIO MOPSIKa
20 mBt, MMI] ¢ K3.mmy nopsanka 5-6 n1b u Ur nopsiaka 5-6 B u ®J1 ¢ I1l¢ nopsanka 0.6 A/Br,

MOXHO 0XuJaTh nosydennsi Kp.ceu B nuanasone (-40) - (-30) nb.
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Puc. 10. 3aBucumocts Kp.cBu (puc. 1) ot Un npu Pom. 1 = 20 MBT, K3.MMI1 = 6 1B 1 1pu pa3iuIHBIX 3HAYCHUIX
¢dorouysctBuTensHoctd O (*1 -1lp = 0.4 A/ Bm, *2 -Ilp = 0.6 A/ Bm, *3 -IIp = 0.8 A/ Bm,
*4-Tlp=1.0A/Bm, *5-1Ip = 1.2 A/Bm)




Un, B
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Puc. 11. 3aBucumocts Kp.cBu (puc. 1) or Urn npu K3.mmu = 6 ab, I1p = 0.6 A / BT u npu pa3inyHbIX 3HAUEHHUSIX

MouHocTH u3nydenus JIJ{ (*1 - Pon.1 =25 mBm, *2 - Pon.1 =50 mBm, *3 - Pon.1 =100 mBm, *4 - Pon.1 =200 mBm)
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Puc. 12. 3aBucumocts Kp.cBu (puc. 1) ot Un mpu Pom.1 = 20 MBrT, 1 = 0.6 A/BT 1 ipu pa3IuvHBIX 3HAUCHHUIX
ypoBHs 3atyxanus B OT MMII (*1 - Kzs.umy =10 06, *2 - Kz.umy =9 0b, *3 - Kz.mumy =8 0b, *4 - Kz.mmy = 7 0b, *5 -
Kz.mumy = 6 0B, *6 - Ks.umy = 5 0b, *7 - Kz.mumy = 4 0b,).
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