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Hcnonp3oBaHne THOKUX ONTHYECKUX BOJOKOH, 00ECIIeUMBAIOIINX Mepejady MOIIHOTO
U3JIy4yeHUus, MO3BOJIIET c€O37aTh A(P(QEKTUBHBIE JIa3epHbIE YCTPOHCTBA C BBICOKUMU
(GYHKIMOHATBHBIMU BO3MOXKHOCTSAMU [1]. DnekTpuyeckne cUCTeMbl MHUIMALUN HIHPOKO
HCIOJIb3YIOTCS. B BOEHHOM M TpaXIaHCKOM TEXHUKE, HalpuUMep, NpU IPOBEAECHUU
MOJIPBIBHBIX paboT. [Ipu nmpoBeaeHnN Takux pabOT MPEIbsBIAIOTCS BBICOKUE TPEOOBAaHUS
K IpaBWJIaM TEXHUKHU OE30MaCHOCTH, 3amacy HaJEeKHOCTH MOJpPbIBA, TaK KaK HMMEETcs
BBICOKUH (akTOp pHCKa MpHU JOXKHOM cpaOaThlBaHUM Yy371a cUCTeMbl. OnTuyeckas
CHUCTEMa, KaK 3aMEHa »JJIEKTPUYECKOW, IIOKa3blBa€T OTJIUYHBIE pE3yJIbTaThl, UMEET
MOHWXEHHBIM (aKkToOp pHCKa, NPEBOCXOJUT HIEKTPUUYECKYI0 CHCTEMYy IO 3aracy
HAJEKHOCTH TmoApbiBa. JIns KOHCTpyMpOBaHMS TaKOM CHCTEMbl Ba)XHO 3HATh
XapaKTepUCTUKH ONTOBOJIOKHA, HAIIPUMEp, TaKue, KaK yriioBas mepenaTtoyHas QpyHKIuS,
npeiea ONTUYECKON MPOYHOCTH, 3aBUCHMOCTbD yIJIa BBOJA JIA3€PHOTO My4yKa OT JuameTpa
cepaeunuka. llocnenHsass W3 NEpeUYMCIEHHBIX XapaKTEPUCTHK IPAKTUYECKH HE
UCClIeIOBaHa M TMPEACTaBISeT MHTEPEC C TOUKH 3pEHUs pa3pabOTKU Jia3epHBIX
OIITOBOJIOKOHHBIX UCIIOJIHUTENBHBIX YCTPOMUCTB.

Lenb HacTosAmIEH pabOTHl — HCCIEI0OBAHUE YIIIOBBIX XapaKTEPUCTUK BBOJA JIa3€pPHOTO
nyyka B KBapIl-KBapleBble BOJIOKHa paznuyHoro auamerpa (0,6 MM — 50 Mkwm).
Boruncnenue yrioBoit mnepemarounoil ¢ynkuuu (YII®) crnabou30rHyTHIX BOJIOKOH.
Hccnenoanue 3apucumoctd YII® ot pannyca u3ruba BoJIOKHA.

B nannoit pabote nccnenoBanuch KBapi-kBapiesbie OB ¢ paznuyHbIiMH TraMeTpaMu
cepaeunuka (ot 50 Mxm 10 600 Mxm), anmuHOIO L = 3 M.

DKcriepuMeHTallbHAs YCTaHOBKA H300pa’keHa cXeMaTH4ecku Ha pucyHke 1. Jlyu
tBeprorenbHoro Nd nasepa (1) ¢ HenmuHeiHO-peoOpasyromum kpuctauiom YV04 (532
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HM) U JIa3epHO-AMOIHON HAKauKOM, PO CUCTEMY HEHTpabHBIX CBETO(UIBTPOB (2) U
mradparmy (3) ¢ dg = 4 MM, (oKycupoBaiach JHH30H (4) Ha BXOAHON TOPEIl BOJOKHA.
Topern 3akperuien Ha aumbe (5) ¢ nUdPOBON MIKANOW IS 3aJaHUS/U3MEPEHUST yriia
MaJieHusl JIa3epHOro Jiyya, OOECIeuMBaloOleM HEOOXOIUMBIH yros BBOJA Iy4yka, a
BBIXOJHOM TOpPEL 3aKPEIUISETCS Ha BXOJ PETUCTPUPYIOLIEN CUCTEMbI. Perucrpupyromas
cucteMa mpeacraBiser coboit ¢oromumon (7), HarpyKeHHbIH Ha BoOJbTMETP (8) moO
¢dororaneBannyeckoil  cxeme. [Ipenu3uoHHBI  UGPOBOH  BOIBTMETp  CHaOXKEH
BCTPOEHHBIM JIeIbTa-CUTMa-IIPpeo0pa3oBaTeIeM aHaJIOrOBOTO CUTHaja B UG POBOI, HMEET
HU3KYIO CKOPOCTH NPeoOpa3oBaHus, HO BBICOKYIO TOUHOCTh U3MEPEHHUSI.

1 2 3 4 5 6 7 ?

Puc. 1. Cxema skcriepuMeHTaIbHOM YCTaHOBKH; 1 - na3ep; 2 — HeHTpaabHbIe
cBeTohmIbTphl; 3 — auadparma; 4 — muH3a KOPOTKO(YOKYCHAS; 5 — TOHUOMETPUIECKUNA
cToJ (J1uMO); 6 — ONITUYECKOE BOJIOKHO; 7 — PErHCTPUPYIOIIEe YCTPOICTBO.

[Monnas BBoauMasi B OB MOIIHOCTh U3IydeHust P onpenenseTcs COOTHoIeHueM [2]:

5 2
P=1Ir" _I"E;R _Irﬁm‘G[cp,cx]B[cp,rx]quda (1)
rae I, — MHTEeHCUBHOCTh HA OCH IydKa, I — paguyc cepiaeunuka OB, ¢ — yron BBoza,
oTcuuThiBaeMblil 0T ocu OB; o — asumytHBIH yroa; G(¢,0) — yriioBas XapakTepUCTHKA
BBOJa; B(,00) — pyHKIMS yrioBOro pacnpenesieHus MpeoO0pa3oBaHHOTO JIMH30M IydKa C
HavyaJgbHbIME Hapamerpamu o 1 2¢g.
B nyueBoii (reoMeTpudecKoii) ONTHKE IS IPSMOTO BOJIOKHA C TIPSMBIME TopIiaMu [4]
BbIpakeHue (2) Ha3bIBAETCs YUCIOBOM anepTypoil BosokHa U 0003HauyaeTcs OykBamu NA

|
— . — 2 2 __ T e
NA = nsing = N|ncp — Mgy = (Mg — Mg ) (Mg, + 1) ¥ (20,40 (2

rae Ng, — MOKas3arelb MNPENOMIECHHS CEpAEYHHMKA, Nos — II0Ka3aTelb HPEJIOMIICHUS
000J104KH,
N — mokasaresb npeaoMiacHus Bo3ayXa (Nax = Npyx = 1)

Pacuer (2) mokasbIBaeT, YTO KPUTHUYECKHI YTOJI BBOAA SiMg COOTBETCTBYET YMCIOBOM
aneprype 0,22 paguan. Jlns aHanu3a He0OXOIMMO OINPENETUTh YIIIOBYIO XapaKTEPUCTUKY
BBOJIa JIA3€pHOTO IyYKa SKCIIEPUMEHTAIBHBIM IyTeM, A Kaxzaoro tuma OB, ero
IaMeTpa ceplieYHIKa. DKCIePUMEHTAIBHO U3MEPSUIMCh YIIIOBbIE XapaKTEPUCTUKH BBOJIA
(YXB), kak JuIst OJOXUTENbHBIX, TaK U JJI1 OTPUIATENbHBIX YIJIOB HAKJIOHA Ma/IAI0IIero

W3JIy4CHHUS.
_ Lig
Glp) = PRERSE (3)

rne I(@,) — uHTeHCHBHOCT, Nyuyka Ha BHIXOJE BOJOKHA, p — KOIPPUIHEEHT
bpereneckoro oTpakeHUs

Pesynbratel sxcnepumenTanbHoro usmepenus ¥YXB s OB ¢ yuetom (3) npuBeneHsl
Ha PUCYHKE 2.

Ha tounocts m3mepenne YXB G(¢) BiHMseT B OCHOBHOM TOYHOCTh FOCTUPOBKH B
IJIOCKOCTH CEpAIEBUHBI [2]. J[pyrre MCTOYHHMKHM OIMUMOOK, Takhe, KaKk HECTaOWIHHOCTh
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TCHEpUPYEMOM  MOIIHOCTH Ja3epa, HETOYHOCTh W3MEpPEHUs VYIJIOB H  TPOYHe,
MIPEHEOPEIKUMO MaJTbI.
Tax ke OBLIIO PACCMOTPEHO BIHSIHHE (DPEHEIEBCKOTO OTPAXKCHHUS
1 =sin®(p—F) tan” (p—
Pz = E(sin"“ 'i"‘i} + trzn:"‘l:zﬁi;) (4)
IJIe O - YroJI ajeHus (1maJaromero my4Jka), f - yroy npeioMiIeHus.

1-NA

2 - 50 mkm
3 - 100 mkm 084
4-200 mkm
5- 300 mkm
6 - 400 mkm 064
7 -600 mkm

- NA

- 50 mkm
- 100 mkm
- 200 mkm
- 300 mkm
- 400 mkm
- 600 mkm

~N OO h WK =

G(f)

04+

0.2+

0 10 20 30 40 50 80 ‘ 70 0 . 10 . 20 . 30 . 40 . 50 . SIU ‘ 70
f, deg. f, deg.
Puc. 2. YrnoBas xapakTepucTUKa BBOJA JTa3€PHOTO U3IIyUYEHUS B ONITUYECKOE
BOJIOKHO. [{udpamu 0003HaUCHBI THAMETPHI CEpACUHIKA M YKCI0Bas arnepTypa (2); a) 6e3
pacuera (3); 6) ¢ pacuerom (3)

Beut npousBesieH pacuet GyHkimu (4), TAe BBISBICHA KPUBasi, KOTOPasi COOTBETCTBYET
MaKCUMaJbHO  YCPEIHEHHOMY  BO3MOXKHOMY  (DPEHENEBKOMY  OTPaKEHHUIO  JJIs
9KCIIEPUMEHTAIbHONW YCTAaHOBKH.

0,8
0,75
0,7
0,65

o
o

0,55

k=l
w

0,45

Koad. oTparenus, oTH.ef,

o
=

0,35

0,3 - | ‘ - |

0 10 20 30 40 50 60 70
¢, rpag

Puc. 3. KpuBas ppeneneBckoro orpaxxeHusi, paccuntannas mo popmyie (4).
[To maHHBIM PUBEACHHBIM HA PUCYHKE 3 BHIIHO, YTO MIPU YBEITUYCHUH ( MTPOUCXOIUT

YBCJINYCHHUC (I)peHeJ'IeBCKOFO OTPAXKCHUSA, YTO YaCTHUIHO 00BSICHSIET NOTCPU SHCPIrUur Ipu
HU3MCHCHUH YyTJIa.
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Tak sxe ObUIM U3MEPEHBI pa3Mephl Ja3epHOTro MyyKa Ha BBIXOJIE ONTHYECKOTO BOJIOKHA
Ha paccrostHur 100 MM OT BBIXOJHOTO Topua. [laHHas XapakTEepUCTUKA MPOMEXYTOUHAs U
oTpeseNisieT YrIIoBYyIo nepenarounyto pynkuuto (YIID) [3].

[lo maHHBIM clieqyeT, 4TO PHEPreTHYEecKoe 3aTyXaHWe Iyyka Ha BBIXOZE COBIAAIOT C
YIJIOBBIMU  XapakTepucTukamu (puc. 2). Tak Kak 3HAUUTENbHBIX OTKIOHEHHH pa3MepoB
JIa3epHOTO ITyYKa B 3aBUCUMOCTH OT uamerpa cepaeunnka OB ne Habmomaercs, To YIIO M =
¢2/@1 moxuO onpenenuTs it OB ¢ caMbIM OOJBIIMM SHEPTeTUYECKUM 3aTyXaHHeM (puc. 4).

0,8
0,7

0,6

(1. Paz.

0,5
04
0,3
0,2

0,1

0 t 1
0 0,2 0,4 0,6 0,8
(s, Pam.

Puc 4. YrnoBas nepeaarounas GpyHkuus kBapi-kpapuesoro OB as
cepaeunuka auametpoM: 1 = 600 mkm; 2 = 50 MKM.

AnepTypy Iydka JIa3€pHOTO H3IIy4EHHUsS IPOXOIALIET0 4epe3 HM30THYTOE BOJIOKHO
orpeenseM

R—1
riae R — paguyc KpUBH3HBI BOJIOKHA B BO3AYXE (Ngx = Nyyx = 1)
Pacuer 3aBucumocts YII® or paauyca m3ruba BosokHa (5) MOKa3bIBaeT yToO, IS
n30rayTeix OB 3HaYeHHe YNCIOBOM anepTypbl MEHbBIIIE, YeM IS MPSMBIX BOJIOKOH (2).

[ -
. [ R+1\
NA = nsing = ﬂqup—{ ) n-. 5)

3,5
—4—$1=0,2 pap
3 -1 =0,04 pas
g1 =0,12 pa
s ¢ pan,
g
E ? ‘\*\_‘;
~ —h
pf; 1,5 \F T 1
= —— —e
= 1 1
0,5
0 50 100 150 200 250 300
R, nvmv. (

Puc. 5. DxciepuMeHTallbHASL 3aBHCUMOCTH YTTIOBOM Mepe1aToOuHON PyHKIINN
M(op, R) ot oTHOCHTEIBHOTO paguyca u3ruda (R, MM) onTHyeckoro BoJOKHA
(deep = 600 MKM).
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B nmannoii pabore mccienoBanach mepeiada HENpPEPHIBHOTO JIA3€PHOTO HM3IIyYCHHS
yepe3 ONTHYECKOE BOJOKHO. bbulM ompeneneHbl YrioBble XapaKTEPUCTHKH BBOJA
nazepHoro uznyudenus B OB. Ilo pe3ynbraram pa®oThl BUIHO, YTO /JIsi BOJIOKOH C MaJIbIM
CepJICYHUKOM, yroyl BBoja umeer mpeaen (~15°) Gosblie KOTOPOro BBECTH IHEPIHIO
MOKHO C OonbIIUMH noTepsiMu. [[is BosmokoH ¢ 600 MKM CepA€YHHKOM BBECTU DHEPTHUIO
(nmpunumas norepu He 6osee 20%) MOKHO ¢ yriom BBoja ~ 30°.

bbun mpoBeneHB! OMBITHI C U30THYTHIM BOJIOKHOM (pHC. 5). YCTaHOBJIEHO, YTO AJIs
M30THYTOT'O BOJIOKHA 3HAUEHUE YMCIOBOM anepTyphbl MEHBIIE, YEM ISl MPSMBIX BOJIOKOH.

PesynbraTthl naHHOM pabOTHI aKTyalbHbBI IJisi pa3pabOTKH CHCTEM COTJIACOBAHUS H
nepeayd JIa3epHOTO HU3JIyYEHHUs 10 ONTHYECKOMY TpakKTy, pacueToB MOTEpPh IpHU
nepeaaye U JOMYCTUMBIX YIJIOB BBOJIA, U3TMOOB BOJIOKHA.
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Ha npoTsskeHuM TOCIEAHUX Tpex HeCATUICTUH HaOMI0JaeTcsl HEYKJIOHHBIA pOCT
UHTEpeca K TMPSAMO30HHBIM HIMPOKO30OHHBIM HuUTpuaaM |ll-rpynmsl, cunrtarommmucs
MEPCIIEKTUBHBIMUA MaTepHallaMH JIJIsl CO3JJaHUsl COBPEMEHHBIX ONTOAIEKTPOHHBIX YCTPOUCTB
[1-3]. B nHacrosimee Bpemsi oHu siBisitoTCs ocHOBOM MHormx MK m Y@ cBeroamonos,
JIa3epHBIX TUOJIOB, TIOJTHOIBETHBIX CBETOJMOAHBIX AuciuieeB U T.0. Hurpun rammus (GaN)
OOBIYHO TIOCIIOWHO HAHOCAT Ha MHOPOJHYIO IOUTOXKKY, Takyro kak candup (AlO3). 13-3a
Pa3HHUIIBI TAPAMETPOB PEIIETKU HEMOCPEICTBEHHOE OCAXKICHHE HUTPHIA TSI Ha cardupe
MPUBOIUT K OOpPa30BAHUIO CHJIbHOAE(PEKTHBIX OSIUTAKCHAIBHBIX CJIOEB C IUIOTHOCTHIO
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