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BCTYMN
BaaxkaeTbcs, mo Tepmin BOJI 3'sBuBcs nume Ha mogaTtky 80-uX pokiB, Toxi i copMyBaBes meit
THI JATYMKIB SK OAMH i3 HampsMKiB TexHikd. He3Bakarouu Ha 1€, CTBOPEHHS JATYMKIB Ha
OCHOBI ONTHYHUX BOJIOKOH MOYATOCh I 10 cepequHu 70-X poKiB, a ImyOmiKarii 3 NpuiHATHIMHA
PO3pOOKaMH Ta EKCIIEPUMEHTAIILHUMU 3pa3KaMU 3’ ABISUIUCH y APYTiH 0J0BUHI 70-UX POKiB.
OCHOBHUMH  €JI€MEHTAMH  BOJIOKOHHO-ONTMYHOTO  JaT4uka €  ONTHYHE  BOJIOKHO,
cBimioBunpoMiHiorodi ({C) 1 cBiTIONpUiiMarodi MpUCTPoi, ONTUYHUN Ty TIIMBHHA eIeMeHT. | Tomy
BOHH HE BHIPOMIHIOIOTH 1 HE NPOBOIATH CNEKTPUYHMI CTPyM Ta HE CXWIbHI J0
€JIEKTPOMATHITHHX MEPEIIKOI.
SIkmio  kimacudikyBaTH BOJOKOHHO-ONTHYHI JIATYMKHM 32 3aCTOCYBaHHSAM B HHX OITHYHOI'O
BOJIOKHA, TO iX MO>KHA PO3IOJUTUTH Ha JATYMKH, B SKUX ONTHYHE BOJIOKHO BUKOPHCTOBYETHCS 5K
JIiHISA TIepeiadi, i JaTYMKH, B IKHX BOHO BUKOPUCTOBYETHCS UYTIMBHUM CIEMEHTOM. Y JaTUYHUKAX
TUIy «IiHII Nepeaadi» BUKOPUCTOBYIOTHCS HaifuacTimie 6araToMofOBl ONTHYHI BOJIOKHA, a B
JIaTINKaX CEHCOPHOTO THITY 3a3BUYall - OTHOMOJIOBI.
B ycroMy cBiTI B aHWi Yac IHTGHCHBHO BEIYThCSA POOOTH 31 CTBOPEHHS ONTHYHHX CHCTEM
00po0Oku 1 mepenaui iHopmamii. ¥ TakuX CHCTEMaX BHKOPHUCTOBYIOTHCS BOJIOKOHHO-OITHYHI
JATYUKHU-TIEPETBOPIOBaYl pi3HUX (i3MYHMX BeNWYMH. PO3BUTOK ONTHYHUX CHUCTEM TMepeaadi
iHpopMamii NOB'I3aH, K 3 YYJOBUMH BJIACTHBOCTSMH IIMX CHUCTEM, TaK i 3 OCOOIHMBOCTIMHU
PI3HHUX Traiy3ell HayKH i TEXHIKH.
HactymHi 9oTHpHM TIIaBM TPHCBIYEHI PO3MVISANY NPHHIMITB Aii 1 OCHOB, Ha SKHX 0a3yeTbes
pobora ycranoku BOJI 3 posmopineHMMH HapaMeTpaMy, PO3IISHYTI Pi3HI THHOH ONTHYHHX
JATYMKIB Ta OXapakTepu3oBaHi iX BiacTuBocTi. Omnucani enementu BOJ] 3 posnoaiseHUMU
mapamMeTpamMy, pO3IISIHYTI OCOOIHMBOCTI, TapaMeTpu Ta XapaKTePHCTHKHA EJEMEHTIB,
po3paxoBaHa Yy TIHBICT TaTYHKA.
B  enekTpoHHHX cHCTEMax [y)K€ HYacTO KOHTPOJIb, DEryJIIoBaHHA 1  Iepeaady
(GI3MYHUX BEJUYWH 3JIHCHIOIOTH 32 JOMOMOIOI EJICKTPUYHHMX CHTHAJIB, TOMY IO BOHH €
HaWOLIBII 3pYYHUMH Ul TOOYIOBH Pi3HUX aBTOMATHYHHUX IPHUCTPOIB, 320€3MEUyOYH BHCOKY
HIBUJIKICTh Mepenadi, JMCTaHIIHHICTh, CYMICHICTB 1 TOabiry o0poOKy .
JlaTunk Ha OpETTiBCBKMX TpaTaX HOBHH Ta Majlo JOCTI/DKCHHH THIIOM NATYHKIB, SKHH Psj
repeBar, sKi BUKIMKAIOTh JO HHUX 3HAuHHA 1HTEpec 1 BKe 3a0e3MedyloTh X MPaKTUYHE
3aCTOCYBaHHA.
Merta qUMIOMHOT POOOTH :
. 03HaHOMJICHHS 3 TOHATTSM BOJIOKHO-ONTHYHUX JATUHKIB, HOTO BIaCTUBOCTIMU,
HepeBaraMi Ta HeIOMiKaMH.
. PosrstnyTn BOJ] 3 po3noaineHuMu mapameTpamu, 0ro KOHCTPYKIIil0, pO3paxyBaTH
napamMeTpu.
. aHaNi3 OTPHIMAHUX PE3yNbTarTiB;
1. OIJIs11 BOTIOKOHHO-ONITUYHUX JATYHUKIB
1.1. BiaacTuBocTi ONTHYHUX BOJIOKOH
OnTHYHE BOJOKHO CKIIAJA€THCS i3 CEPLEBUHH, 110 SIKiH PO3IOBCIOIKYETHCS CBITIIO, Ta 0O0IOHKH
(puc. 1.1), sixa 3abe3neuye BifOMBAaHHS CBIiTJa B CEPLEBUHY BOJIOKHA TaKUM YHHOM, 100
CBITJIOBI XBWJII MOIIHPIOBAIKCS TIJIBKU MO CEPIUEBUHI BOJIOKHA. Byab-sKi JOIAaTKOBI MOKPHUTTS
(o6omnonkm) € 3axucHuMu. CeplieBHHA 3a3BU4all BUTOTOBJISIETHCS 200 31 CKJIa, a00 3 TUIaCTHKA.
UumM Oinbllie JiaMeTp CEpLEBHHH, THM OulblIa KUIBKICTh CBiTJIA MOXe OyTH TNepenaHo Io
BOJIOKHY. 3aXMCHa 000JOHKa (HOKPHUTTS) 3abe3nedye MIIHICTh BOJOKHA, NONIMHAHHS YIapiB i
JIOJaTKOBUH 3aX¥CT BOJIOKHA BiJl BIUTMBY HAaBKOJIMIITHBOTO ceperoBuia. KoedimieHT 3a1oMieHH
7; CEPIICBUHH JIUIIIC HE3HAYHO TepeOibIye KOoe(illieHT 3aJIOMJICHHS 12 000IOHKH, TOMY CBITIIO,
sIKe BXOJIUTB 3 TOPIIS BOJIOKHA, TOBHICTIO BITOOPaXKyeThCs BiJ] TPaHUIll CEPIIEBUHU Ta 0O0IIOHKH,
TOOTO PO3MOBCHOPKEHHSI MPOXOIUTh TiJIbKU B CEPLEBHUHI. [|Jis1 MOBHOTO BHYTPIIIHBOTO BIIOUTTS
CBiTJIA, [0 BXOJUTH B BOJIOKHO HiJ KyToM 6 , HeoOXiqHO, 00 BUKOHYBaIach yMOBA!
OCKINBKH Pi3HUIS TOTEHIaTiB MK Koe(illieHTaMH 3aJOMJIEHHS B CEPIEBHHI Ta OOOJIOHKH
3HaxoauThes B Mekax 0,01, To Benmmanny 0, MOXHA PEACTaBUTH y BUDISL:
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Ile MakcHMManbHUN MOMXJIMBHHA KyT, MiJ SKUM CBITJIO MOXKE NMPOXOAWTH B ONTHYHE BOJIOKHO,
TOOTO mpuiiMarucs HUM. Ha3nBaeThCs TaKMH KyT YHCIIOBOIO allepTypOI0
no3HavyaeTbest NA (Numerical Aperture).
IIpy po3risal ONTHYHHX BOJNIOKOH 3aMICTh PI3HHIN n; 1 n, 9acTillle 32 BHKOPUCTOBYETHCS
BEJINYMHA, 1[0 HA3UBAETHCS BiTHOCHOI Pi3HUIICIO KOS(IIIEHTIB 3aJIOMIICHHSL.
SIKII0 BUKOPUCTOBYBATH 3HAU€HHS A , TO 3aJISKHICTh Mixk NA Ta A MOxe OyTu
IpeJCTaBIeHa HACTYITHIM YHHOM
BigHocHa pizHuL KOe(illieHTiB 3aM0MIeHHs A 3a3BUYail BUpaXaeThCs B IPOLIEHTAX.
VYcepennHi  BOJIOKHA ONTHYHI TMPOMIHHS  PO3MOBCIOKYIOTHCS, 0araTopa3oBO TOBHICTIO
BimoOpakarourck. ONHAK, PO3NOBCIOMUKCHHS BiIOyBAa€ThCSI Yy TOMY BHIIQJKY, KOJIH BOHH
NPOXOAATH IiJi NMEBHUMHU KyTaMH. Take pO3IOBCIOJUKEHHS XapaKTePU3YEThCS MO0, sKa
BHM3HAYAE TUI PO3MO/LTY SJIEKTPOMArHITHOTO TIOJIS.
Tpeba 3BepHYyTH yBary Ha Te, 110 MO/Ia Ma€ B3a€MO3B'SI30K 3 OIITUYHUMHU ITPOMEHSIMH, Ha puc. 1.2
300paX€HO  MOWIMPEHHS  ONTHYHMX  NPOMEHIB B IUIACTHMHYACTOMY  XBHJIEBOIY.
PO3MOBCIOKYIOUHNCh CBITJIOBAa XBHJIS SIBISIETBCS TOPH30HTAIBHO IIOSIPU30BAHOI0 Ta Mae
BIJTHOCHO OCi XBHJIEBOLY HAaxXWi . 3BIJICH XBIJICBHH (DPOHT MEPICHIVKYISIPHIN HAIIPaBICHHIO
cBiTna.

Puc.1.2 BigmoBimHicTh MiXk CBITJIOBUM HPOMEHEM i MOJIOIO
Ha puc. 1.2 cymineHOW0 JIiHi€IO MO3Ha4YeHa (a30Ba MOBEPXHS 3 IMO3UTUBHUM EJICKTPHUYHHM
mojeM, a INTPUXOBOKO JIHIEI0O — 3 HEraTUBHHM IOJieM. BBakaloyw, IO TOPU3OHTAIBHO
HOJIPU30BAaHA XBUJIS B BAKyyMi Ma€ JOBXKHUHY A, TO B CEPIIEBHHI 3 Koe(illieHTOM 3aJIOMJICHHS 11
JOBKMHA XBWIII 3MEHIIYETbcs a0 A/nl, a mocrtiiiHe po3mnoBcromkeHHs xpuii k/nl (k=2m/}),
HaBITaKH, 301IBIIY€THCS, IPUTOMY MOCTIHHA MOMIMPEHHS Y3I0BXK OCi:
Skumio moBHe BiAOWTTS CBITNIA, Majawdoro B Touky A (puc. 1.2) MOXIMBO 3’siCyBaTH, IO
HE3HAyHa YaCcTHHA CGHEPTil LbOTO CBITIA BCE X TaKH MPOHHKAE B 00050HKY. ToMy MokHa
MOSICHUTH, 1110 y Toulli B Tpoxu 3pyiieHa (a3a BiJHOCHO TOYKH A, y3I0BX TOPH30HTAIBHOT OCI.
IIpu npomy ¢aza BigOUTOI XBUIII TAKOXK 3MIHIOETHCS HA JESIKY BEIUYUHY ¥, 3aI€XKHY Bil KyTa
MaJiHHSA CBITIOBOTO MpoMmeHs. Llei 3cyB BimOuToi XBHIIi 1 3MiHa i a3y Ha3HMBAETHCSA 3CYBOM
I'yca—Xenxena (Goos—Hénchen).
Ha puc. 1.2 cnpoiieHo moka3aHi yMOBH MOIIUPEHHS OCHOBHOI MOJU. B 1eHTpanbHii yacTuHI
CEpLIEBUHH IHTEHCUBHICTh €JICKTPUYHOTO IMOJIS 30UIBIIYETHCS Ta JOCSATa€ MAKCHMYMY BHACITITIOK
CKJIQIAaHHS TO3UTHBHUX (MOXJIMBO HETaTHUBHUX) (Pa30BHX ()POHTIB CBITIIOBHX IPOMEHIB. AOO
HaBIMaKW, NMOOJIM3Y TPaHHUII CEpIACYHHK — OOOJOHKA MO3MTHBHI 1 HeraTwBHI (a30Bi QpOHTH
B32€EMHO KOMIICHCYIOTBCS 1 CJIEKTPHYHE IoJIe MpsaMye 10 Hyns. IIpn Takux ymMoBaxX po3MOALTY
€JICKTPUYHOTO TIOJISI CBITIIA Y3/I0BXK BEPTHKAJIBHOI OCi MpecTaBIisie i3 cede crosuy xBuito. e
posmozina 6araTopazoBo MOBTOPIOETHCSA Y3MOBXK T'OPH30HTANBHOI Oci 3 mepiogoM Ap=27/mw. Jns
YTBOPEHHS CTOSYOI XBIII HEOOXigHO, 00 IpU J3epKaIbHOMY BiJOOpakeHHI CBITIOBOI XBHII
BrOpY 4d BHHU3 CyMa 3MiH ()a3u [0 BEepTHKaNi B XOZi IIPOCYBaHHA XBUII 3a Mepiof BiIOUTTA i
BHACJIIOK 3CyBy ['0oca-T'enxena Oyna 6 kpatHa 277. Takum 4uHOM, IS (POPMYBaHHS MOAH KYT
PO3IMOBCIOJKEHHS CBITOBOT XBUJII HE MOKe OyTH JOBUIBHHM, 1 TUIBKU CBITJIOBI XBUJI, Y SIKMX KyT
3aJI0BOJIbHSIE BUIE3a3HAUYCHUX YMOB, MOXKYTb IOIIUPIOBATHUCE.
Ipu omucaHHI XapaKTEPHCTHK ONTUYHHUX BOJOKOH OIHUM 3 BaXIIMBUX IapaMeTPIB SBISIETHCS
HOpMOBaHa 4acToTa. [lo i 3HAYCHHIO MOXJIMBO CTBEPIXKYBAaTH Ha CKIJIBKU 0OaraTo MoJ MOXe
MOLIMPIOBATUCH B ONTHYHOMY BOJIOKHI. HOpMOBaHa yacToTa MO3HAYAETHCS © 1 BU3HAYAETHCS 3a
(dhopmynoro:
JlJis onmMcaHMX HIDKYE ONTHYHHMX BOJIOKOH i3 CTYMIHYACTOK 3MIHOI Koe(illieHTa 3al0MIICHHS
3HaYeHHS V=0c=2,405 SBIAETbCSA TPaHMYHOIO (V.- HOPMOBaHA yacToTa 3pizy). Skmio nilicHe
3HAYEHHS U BOJIOKHA MEHIIIE, TO PO3IIOBCIOMKYETHCS OJJHA MOJIA, A SKIIO OLTBIIE — HOIIHPIOETHCS
6arato mox. ToMy L¢ BU3HaYa€ YMOBH iCHYBaHHS B OITUYHOMY BOJIOKHI OJHi€l MOIH, 200 yMOBH
3pi3y Mo OLTBII BUCOKHX HOPSAKiB. BemmanHa
Ha3MBAETHCS TOBKUHOIO XBUII 3pi3y. ONTHYHI BOJIOKHA B 00JacTi ¢ JAOBXKHHOIO, OLTBLIOI0 Ac,
MIPAIIOIOTh B OJHOMOIOBOMY PEXHUMI.
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3pa3ku ONTHUYHHUX BOJIOKOH HaBeseHi Ha puc. 1.3. 300paxeHi 6araroMo0Bi ONTHYHI BOJIOKHA Y
SIKHX HOPMOBaHA 4aCTOTa CTAHOBUTH JEKiIbKa JAecATKIB (v = 30) i B IKUX MOIIHPIOIOTHCS Oararo
MOJI, & TAaKOX OJIHOMOJIOBI ONTHYHI BOJIOKHA 31 3HAYEHHSM U Oinbiie 2,4, B SKMX MOUIHPIOETHCS
JIUIIE OJTHA MOJA.

Puc. 1.3. Tunu onTHYHUX BOJIOKOH: a — CCTYIIiHUacTe 6araroMoi0Be; O — rpaieHTHE
6araToxomoBe; B — OTHOMOJOBE; I' —3 MTOBIHIM IPOMEHE3IOMIICHHSM.
BaraTtomo10Bi BOJIOKHA 32 XapakTepoM pO3NOOUTy Koe(illieHTa 3aJOMIICHHS BCEpEIHHI
CEpLEBUHM IUIATHCS HAa BOJIOKHA 3 CTYNIHYACTUM PO3MOALIOM Ta TUIAaBHUM (TpaJieHTHHM).
OOunBa THIIH BOJIOKHA MAIOTh JiaMeTp cepueBUHU 50 MKM i BenmKy (mpubamu3Ho 1%) BigHOCHY
pi3HicTh KOedillieHTIB 3aJIOMJIEHHS, 110 OOyMOBIIIOE TaKi IIEpeBaru, K BHCOKAa €(QEKTHBHICTbH
3’€IHaHHS 3 JDKEPENIOM CBITJIA 1 MOpPIBHsUIBHA MPOCTOTA 3’€JHAHHS 3 TAKUMH K ONTHYHUMHU

BOJIOKHAMH.
J1J1s1 BOJIOKOH 31 CTYIIHYACTHM PO3MOAIIOM HIBUIKICTH MOIIUPEHHS MOIH Y3IOBXK OCi BOJIOKHA
= (c¢/n1) cosy (me ¢ — MIBHAKICTH CBiTJIa y BakyyMi), TOOTO 3i 301NbLIEHHAM MOPSAAKY MOAM
MIBHAKICTh 11 MOMIMPEHHS 3MEHIIyeThes. OCKITBKM NIBHAKICTh TMOMIMPEHHS KOXKHOT MOIH,
30yAKeHOI MU BXOJ1 B BOJIOKHO, 3aJ€XHUTh BiA il MOpsiKYy, HA BUXOJI BOJOKHA CBITJIOBUI
IMIynbC Oyze OibII IIUPOKUH HiXK
Ha BXOJI.

Puc 1.3. Tunu onTHYHUX BOJIOKOH: a — CTyMiHYacTe 6araToMonoBe; O — rpaieHTHE

0araToxo/ioBe; B — OJHOMOIOBE; T — 3 TIOABIHHUM IMPOMEHE3aJIOMIICHHSIM.

Pi3HUIA B Yaci MOMMPEHHS MiXK MOJIOI0 CaMOT0 BUIIIOTO MOPSIIKY, SIKa MOXKE IMOIIUPIOBATHCH, 1
MOJIOK0 CAMOTI'0 HU3BKOI'O IOPSJKY 3 YpaxXyBaHHSIM KPUTHYHOIO KyTa mfcos’l(nz/nl) BUPaXXa€ETbCA
dopmynoto:
ne L — noBkrHa BOJIOKHA.
Otmxe, yacToTHa mojioca B curHamy, sSIKMii MOXXKHA TepelaTH CTyMiHYacToMy 0araToMOIOBOMY
BOJIOKHI, BU3HAYAETHCS 13 BUPA3y
B rpasieHTHOMY ONTHYHOMY BOJIOKHI CBITJIO PO3MOBCIOIXKYETHCS 3aBSIKM TOMY, 110 KOedilieHT
3aJIOMJICHHSI CEPUEBHHM 3HMXKYE J0 Horo mepudepii 3a KBaJpaTHYHUM 3aKoHOM. Micue, e
IIPOMiHb 3MiHIO€ CBOIO TPAEKTOPIIO IIPU
BiJI0OOpaXKeHi, BIAANISETHCS Bifl OCI CEPIIEBUHU 10 Mipi 301IbIICHHS KyTa
po3noniny. OCKUIBKM MIBHAKICTh CBITJIA B CEPEIOBHIINI OOCPHEHO MPOIOpIIiiHA KOeQIlliEHTY
3aJIOMJICHHS 1IbOTO CEPEIOBHIIA, CBITJIOBUIA MPOMiHb, IO PO3MOBCIOMKYETHCS ONMKYE 0 OCi
BOJIOKHA 1 Ma€ OUIbIl HU3KY MOy, uepe3 Oijlb BUCOKHN KOe(IiEHT 3aJIOMIICHHS MOOIM3y Oci
Oyze MaTu MeHINy mBHAKICTh. HaBmaku, CBITIOBI MpoMeHi MO OULIBII BHCOKOTO MOPSIKY, IIO
BiZIOMBAIOTHCA AaJIi BiJl IEHTPAIBHOI OCI 1 1110 MPOXOAATH 32 OAMH IUKJI BiAOWUTTS OUIBIINN 1UISX,
HIX TMPOMEHI 3 MOJIOK HHU3bKUX IMOPSAAKIB, MPOCYBAIOTHCS JOBOJII HIBHIKO, TAaK SIK MPOXOISThH
4epe3 YaCTUHY CEpPICBHHH 3 MEHIIUM KOe(ili€eHTOM 3JIOMJICHHSI. B HACIIIOK 9OTO MIBHIKICTH
PO3MOBCIOIKEHHS Y3JIOBX OCi BOJOKHA MPOMEHIB 3 Pi3HHUMH MOJAMH NPHOIM3HO OJHAKOBA.
Tomy yacoBa pi3HHUIIS B MOMIUPEHHI CBITIIOBHX MPOMEHIB 3 MOJIJaMH HAMMEHIIIOTO i HAHOIIBIIOr0
MOPSIIKY JJIsl TPAIIEHTHUX BOJIOKOH MEHIIIE, HIXK JIJISI CTYMIHYACTHX, 1 3aIHCY€EThCS SIK
JluBistunch Ha (GOPMYIIH, MOXKHA IIOMITHTH, 110 PI3HUILL B Yaci MOLUIMPEHHS AJIs IPalieHTHOTO
BOJIOKHA MTOPIBHSHO 3 PI3HHULEIO JUIS CTYMIHYACTHX BOJIOKOH 3MEHINYEThCSI B A /2 pasiB.
Maemo dopmyny
HeoOximHO BigMITHTH, 1110 B 0araroMoJOBHX BOJIOKHAX i3-3a MOLIUPEHHS CBITIA y BUIVIS[II
JCKiTbKa COTEHb MOJ HOro moJspHu3allis BHMAAKOBA, i B TAaKMX BOJIOKHAX HEMOXIIHBO
BHUKOPUCTOBYBATH MOJIsApU3alio abo ¢a3y cBimia. ToMy BUKOPHUCTOBYIOTH IIei THII BOJOKOH B
JATYHKaxX JJIsl BUMIPY XapaKTEePUCTHK €(EKTIB, MPH SKUX 3MIHIOEThCS IHTCHCUBHICTH CBITJIA.
OHOMOI0BI BOJIOKHA TMPAIIOIOTh MAIOTh JIaMeTp CEepleBUHU He Oinmbine 10MKM, a BiTHOCHY
PI3HUIO KOe]IIIEHTIB 3JIOMJICHHS. Ma€ IPUOITHU3HO
0,3%. ObonoHKa Mae miaMeTp 125 MKM i CKJIaIa€ThCs 3 MaTepially 3 IeryIounMH J0OaBKaMH, 10
3MIHIOIOTh TIOKa3HUK 3aoMJIeHHs. Lli BOIOKHA MPOEKTYIOThCA Ta, 00 IX HOPMOBaHA YaCTHHA O
Oyma menma 2,4 B. Ha BigMmiHHy Bix 6araToMoJOBMX BOJOKOH Yy OJHOMOJOBUX BiJCYTHS
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TUMYACcOBa PI3HUIIS B MOIIUPEHHI MOJ, TOMY BOHH HA/I3BHYAHO IIHPOKOCMYTOBI (B JCKiJIbKa
pas3iB IECSATKIB, a TO 1 COTEHb pa3 OiNbIIe, HiK TPafieHTHI BOIOKHA). OCHOBHUM YHHHHKOM, IO
00MEXy€e MIMPUHY CMYTH OJAHOMOJOBHMX ONTHUYHHMX BOJIOKOH € 3MiHA KOC(ILIE€HT 3aJOMIICHHS
Marepiay JIsl pi3HUX 10 JOBKHHI XBWJIb, IO MPOXOIHUTh, B PE3yJbTaTi YOro HIMPHHA MOJIOCH
00epHEeHO NMpOoNopLiliHa IIKPUHI CHIEKTpa JHKepesa CBiTIa.
B O/IB MOXyTh BUKOPHCTOBYBATUCh MOJspU3allis Ta (asa, 1o AyXKe I[IHHO Ui 3aCTOCYBaHHS
[UX BOJIOKOH B Jarunkax. B O/IB cumerprunoro BimHOCHO oci ¢popmu (Puc. 1.3 , B) mpakTHIHO
ICHYIOTh JJBI OKpEMi MO C MOJSPU3ALIEI0 32 JBOMA OPTOTOHAIEHUMH HAIPSIMKAMH B IUTOLIHHI
MIOTIEPEYHOTO Mepepi3y BOJIOKHA (CKIIAJ0BI IEKTPUYHOTO MO OPIEHTOBAHI B I[MX HAMPSAMKaX).
Monu B X HanmpsMKax MONspH3aiii mosHadarothes HE;, Ta  HE}, (puc. 1.4). Sxmo
XBHJICBITHA CTPYKTypa BOJIOKHA i/leaJlbHO CHMETpHUYHA, TO OOWABAa MOJa 3 OPTOTOHAIEHOO
MOJIAPU3ALIIEI0 MAalOTh OJHAKOBE IMOCTIHHE IMOIIUPEHHS 1 He po3pi3HsAtoThesa. Came 3 mi€l
IPUYHHY TaKi BOJIOKHA HA3UBAIOTH OJTHOMOIOBUMH.
Puc. 1.4. Moau 3 OpTOrOHANBHOKO MOJISIPU3ALIIEI0 B OJTHOMOJOBOMY ONITHYHOMY BOJIOKHI
OnmHak B pealbHUX ONTHYHUX BOJIOKHAX B HACHIJOK EMINTHYHOCTI Ta EKCIEHTPUCHTETY
MEPETUHY CEPICBUHH BUHHKAE OChOBA aCHMETPis, TIPH SIKii, X04a i B HE3HAYHIN Mipi, MOCTINAHI
MOLIUPEHH] JBOX OPTOrOHAIBLHUX MOJ OyayTh pizHuMH. Kpim Toro, Ha mpaktuui B OB mpu
BUTHHAX BOJIOKHA 130ypeHHSIX 4Yepe3 TeMIIepaTypHUX KOJIMBAHb BiNOYyBA€THCS B3aEMHE
neperBopenns Mog  HE}, Ta HE], 1 3MiHIO€TbCA NOJApU3allii cBimia. TakuM YMHOM, IPH
BUKOPHUCTaHHI OIHOMOIOBOTO ONTHYHOTO BOJIOKHA MJIsI BHMIpIOBaHb, OCHOBaHHUX Ha
iHTepdepeHmii 1 monspusaii, Horo BUXiTHUN MPOMiHb BHACHIZOK 30ypeHb, HE TOB’SI3aHUX i3
caMHUM BHMIpIOBAaHHSM, BifdyBa€ (IyKTyallii, [0 3HM)KaIOTh TOYHICTh BUMiptoBaHHA. I1]06
BUDIIIMTH L0 MpoOieMy, BHKOPHCTOBYIOTH BOJIOKHO 3 TOJBIHUM MpPOMEHE3aTOMIICHHIM.
HasuBaroTh HOTo Tako)X BOJIOKHOM 3 €JIMHOIO ITOJISIPH30BaHOI XBIIICIO 200 BOJIOKHOM 3i CTiHKOO
MOJIIPU3ALII€I0 XBUIIb.
[MonBifiHE TPOMEHE3aIOMIICHHSI — SIBHIIC TOUIMPEHHS B aHI30TPOIMHOMY CEPEIOBHIII
eJIEKTPOMArHITHUX XBHIIb 3 OJHAKOBOIO YaCTOTOIO, aJIe PI3HOIO TOBKHHOIO XBHIII ¥ IIBUJIKICTIO.
B 3Buuaiinux OJIB HaBiTh NpU BBEJCHHI CBIT/IA 3 JIHIHHOIO MOJSPU3AIIEI0 BHHUKAIOTh 3B’ SI3KH
Mixk Momoro HE;, i momowo HE], , 3yMOBIEHi, sk 300paxeHo Ha puc.l.5, dmykryarismu
JiaMeTpa CEpLEeBHHHU Y3[I0BXK BOJOKHA, 30BHILIHIMU YIIKOMKCHHSMH. Bce e mpuBOAMTH 10
TOTO, IO TOJSPHU3allisl CBiTIAa HAa BHUXOJI BOJIOKHa HOCHUTh BHIAIKOBUE Xapakrtep. SKiio
¢nykTyarii qiaMeTpa CepIeBHHH y3J0BX BOJOKHA ( a TAKOX W IHIII 30BHINIHI 30ypeHHS) MalOTh
xRy TO MiXK
AB=B; "’
MOJaMH BUHHMKAE CHIIBHHH 3B'I30K, IPUTOMY UMM OiNIbIIA YacTOTa, TUM CTEIiHb 3B’ S3KY BHIIIE.
Puc. 1.5. BB 30BHIIHIX 30ypeHb Ta 3MiHH XBHJIEBIHOI CTPYKTYPH Ha KyT HOJIIPH3ALil
IcHyr0Th 1Ba THNH ONTHUYHUX BOJIOKOH 3 MOABIHHIM IPOMEHE3AIOMIICHHSM:!
1) BOJIOKHO 3 pO3MOJIJICHHSM, a TOYHINIe, 3 aCHMETPI€l0 PO3IMOIiICHHS, KoedilieHTa
3aJOMIICHHSI, [0 BUKJIWKae pisHumio AP (moxBiliHe MpOMEHE3aIOMJICHHS, OOYMOBJICHE
reoMeTpiero)
2) BOJIOKHO HAIPYXXEHOrO0 THUIY, B sKOMYy pisHuis AB  BHHHKAaEe BHACIIIOK
ACUMETPUYHOTO po3noxniny MeXaHI4HOT HaIpyru B cepleBuHi (mopBiiine
MPOMEHE3aJI0MJICHHS,00yMOBJIEHE MEXaHIYHOIO HAIIPYTOI0).
Ha puc 1.6 300paxkeHi mepepi3d THIOBUX ONTHYHUX BOJOKOH 3  TOJIBIHHHUM
IIpoMeHe3aJoMIeHHsIM. BosokHa Ha puc 1.6, a, © BigHOCATbCS OO TUIY 3 PO3MOALIOM
koe(ilieHTa 3a7I0MIICHHS, a Ha pUc. 1.6 B, T — 10 HANPYKEHOTO THUITY.
HeoOxiqHO BiMITHTH, IO B BOJOKHAX 3 PO3MOIUIOM Koe(ilieHTa 3aJOMICHHS BHHHKAE TaKOXK
aCHUMeTpisl HANPYTH CEPLEBUHU, TOOTO «YHCTOr0» THIy BOJIOKHA 3 PO3MOALIOM KoedirieHTa
3ajoMieHHs He icHye. OCHOBHMMH NapaMeTpaMH ONTHYHUX BOJOKOH 3 MOIBIHUM
IIPOMEHE3aJIOMJICHHSM € KOe(illi€HT MOABIHHOTO IIPOMEHE3aIOMIICHHS MO:
JOBXKHUHA iHTepdepenIiiinoro OUTTS, CTBOPrOBaHOro Mojoro HE), imomoro HE?,

IIPOCTOPOBY YaCTOTY BiIOBIIHY Pi3HHIO MOCTIITHUX ITOMIMPEHHSI 000X MO
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Ta TUCTIEPCisi MOJIU MOSPU30BAHOT XBHITI
Puc. 1.6. OnTrdHe BOJIOKHO 3 HOIBIHHIM ITPOMEHE3aIOMICHHAM: a — 3 eTINTHIHOIO
CEpLEBUHOIO; O — 3 OOKOBMMH BHIMKaMu a00 TyHEJSIMH; B — 3 30€PEKCHHSM MOJIApHU3aLlii i
3aHKeHnM nonmHaHHIM (PANDA) ; T — 3 eTinTHIHOI0 000JI0HKOIO
1.2. TunH BOIOKOHHO-ONTHYHHX AATYHKIB.
JlaTunku Ha OCHOBi TNOIIMHAHHA CBiTIa HamiBnpoBigHumkom. Ha puc. 1.7 HaBeneHa
CTPYKTYypa 1 TIOSICHIOETHCSI IIPHHITAIT POOOTH JaTIUKA TEMIIEPaTypH, poOoTa SKoro 06a3yeThes Ha
ONTUYHUX BJIACTUBOCTAX HAMIBNPOBinHMKIB Tuy GaAs i T.1. HamiBOpoBigHUK Ma€ IpaHUYHY
JOBKHHY XBHJII Ag CIIEKTpa ONTHYHOTO MOrIMHAHHS (Man. 1.7, a) i s cBiTia 3 KOPOTIIO
JOBKUHOIO, HDK Ag, NMONIMHAHHS 301bLIYETHCS, NPUYOMY II0 Mipi 3pOCTaHHS TEMIEpaTypu
IpaHdYHa JIOBXKHMHA XBWII AZ 3CyBaeThcid B OIK JOBLIMX XBWJb. SIKIIO HamiBIIPOBIIHUKOBUI
KpHUCTAJ 3aTHCHYTH MiX TIPUHAMATIBHUM 1 IIepeaBajJbHUM ONITHYHUMH BoJOKHamHu (puc.1.7, 0) i
IIO/IaTH Ha HHOTO IPOMIHB BiJI JUKepela CBITJIa, Y SIKOTO CIIEKTP BUIIPOMiHIOBAHHS 3HAXOJHUTHCS B
OKOJIMIII 3a3HAUCHOT TPaHMIll CMEKTpa MONIMHAHHS, TO IHTEHCHBHICTH CBITJIA, IO MPOXOJUTH
gepe3 MATYMK, 3 IJBUIICHHAM TeMIepaTypH Oyfae majmatd. TakuM 9HHOM, IO BHUXITHOMY
CHTHAITY (poToNmpuiiMada TaTIMKa MOKHA BUMIPSITH TEMIIEpaTypy.
CTpyKTypHa cxeMa JaTydKa HaBeleHa Ha puc. 1.7, B. Y cXeMi B SIKOCTI TEPMOYYTIHBOTO
Marepiary BUKOPHCTAaHO apceHif ramifo GaAs, a B SIKOCTi JpKepela BHEMIPIOBAJIEHOTO CHTHAITY
CBITJIONION Ha OCHOBI apceHiny raiito-amoMiHito AlGaAs, a B SKOCTI JpKepesia OMOPHOTO
CUTHAJTy CBITIONION Ha OCHOBI apceHimy-dochiny iHmiro-ramito InGaAsP, mpruaomy cBiTiomionu
TeHepyIoTh TPOXH 3MIIIeH] y dJaci IMIyIbCH ORHAKOBOI aMIuIiTynu. Komm sk BUMiprOBaTbHHUH
IMITYJIBC TTPOXOANTH KPi3b KPHCTANI apCEHiAy Tajito (TEpMOUYYTIIMBUI €IEMEHT), HOTO aMILTITy/a
3MEHIIYETHCS MIPOTIOPIIIHO 3MiHI TEMIIEPaTypH KpHCTaa.
VYV j1aHOMy HJaT4MKy BHKOPHCTOBYIOTH 0araTOMOIOBE ONTHYHE BOJOKHO 3 TE(IOHOBOO
obOononkoto. [lomiOHMIA JaTYMK 3HAWIIOB TMPAKTHYHE 3aCTOCYBaHHS JUIS BHMIPIOBAHHS
TeMIepaTypyd MPOBOJIB JIiHIT eleKTporepeaadyi i TeMrepaTypu OOMOTKH BHCOKOBOJIETHOTO
TpaHc(opMaTopa B poOOUOMY PEKHMI.
Puc. 1.7. JlaTuuk Temneparypy Ha OCHOBI MOTJIMHAHHS CBITJIa HAMiBIPOBiTHUKOM
Puc. 1.8. JlaTunk Temneparypu Ha OCHOBI IOIIMHAHHS CBITJIa HAMIBIPOBIJTHUKOM
JaTunku Ha MiKpoBHTHHaX BoJIOKHA. Ha puc. 1.8, a 300pakeHO 3arajibHHi BUIIIS JaTYMKA
aKyCTHYHHUX KOJHBaHb (TiApodoHa), B IKOMY BHKOPUCTOBYEThCS e(DEKT 3MiHH ONTHYHHUX BTpAT —
BTpAT Ha MIKPOBUTMHAX BOJIOKHA. Lli BTpaTH BUHMKAIOTH BHACIIIOK IIEPIOANYHOTO BUTHHAHHS
BOJIOKHA i BIUIMBOM 30BHIlIHIX (akropiB. B rizmpodoHi konuBaHHS MeMOpaHH Mia Ai€r0
3BYKOBOI XBWJI BHKIMKAIOTh 3MiHy aMIUITyIV BHTHHIB BOJIOKHA 3aBISKH KOHCTPYKIil
BOJIOKOHHO-OIITHYHOTO po3’emy. Ha puc. 1.8, 6 HaBeaeHa XapaKTepUCTHKa YyTIMBOCTI, IO
MIATBEP/XKYE MOMIIMBICTh BUSIBJICHHS 3ByKOBOro THCKy mpubmuszno 0.1 Tla. Opnak, npu
HepioguIHOMY OOKOBOMY THCKY Ha BOJIOKHO 1 KONMBAaHHAX IOTO OCi MiX MOJaMH 3 Pi3HOIO
HOCTIHHOIO PO3NOALTY BUHHKAE OOMIH €HEpri€lo y BiANOBIAHOCTI 3 MepiogoM LUX KONUBaHb. B
OBOMY BHUNAIKy BHKOPHCTOBYETHCS  IIEPETBOPEHHS MOJ MK  KaHAII30BaHUMH 1
BUIIPOMIHIOBAHUMHM CBITNIOBUMH XBWJISIMH. Y pe3ynbrari BCTAQHOBJICHO, IO OaratoMomoBe
BOJIOKHO 3 KBaJ[paTHYHUM PO3IOJIIOM Koe(illieHTa 3aJIOMJICHHS Ma€ MiJBUIICHY YyTIHUBICTh 10
BTpaT Ha MIKpoBHTHHAX. KpiM TOTO, BUBUAETHCS MOXIIHBICTh 3aCTOCYBAaHHS IIbOTO BOJIOKOHHO-
ONTHYHOT'O JIATYHKA B SIKOCTi TCH30METPA.
InTepdepomerpuuni maruuku. Ha puc. 1.9 npezicraBieHi OCHOBHI CTPYKTYpU BOJIOKOHHO-
ONTHYHUX iHTepdepoMeTpiB, 30kpeMa Ha puc. 1.9, a i 6, — CTPyKTypH, 0COOIHMBO BaXKIMBI IS
BOJIOKOHHO-ONITHYHHX TipOCKOMiB. BoHM CTBOPIOIOTE €anHy cucTeMy. B inTepdepomerpax Maxa
— llennepa sl 4yTIMBOTO €JIEMEHTA, 1HINI — JJIs ONOPHOTo curHany. Ha BiAMIHHY Bif HUX
inTepdepomerpu Pabpu — [lepo i iHTEphepomMeTpH 3 HONAPH30BAHUMH MOJAMH BUKOHAHI JIMIIE
Ha OJHOMY ONTHYHOMY BOJIOKHI 1 PO3pOOJICHI 3 ypaxyBaHHSIM BHKOPUCTAHHS THX YM IHIIAX
0COONUBOCTEN BOJIOKHA.
B crpykrypax iHTepdepomerpiB, 3a BHKIIOUCHHSIM iHTepdepomerpie Dabpu — Ilepo,
iHTEeHCUBHICTH iHTepdepeHii P, Ta P, npu iHTeHCHBHOCTI 1BOX a00 CBiTIOBUX XBWIb I; Ta I (Ha
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puc 1.9, e 11e CBITJIOBI XBUIII C OPTOrOHAJILHOIO MOJISIPU3AIIIEI0) BUPAKAETHCS HACTYITHUM YHHOM:
JIe Y — CTeliHb KOTePEeHTHOCTI iHTep(epyIourx XBIUIIb.
BinmiTiMo, 1o B monepeaHix GopMmyiax ais 1Box iHTepdepeHLinHIX BUXIAHUX cuTHaMB P i P,
3HAKU MpPHU COS 7T MPOTIIEKHI. Lle TOYHO MOTPUMYETHCS, SIKIIO HAPABICHUI PO3TalyXKyBad,
00’eaHy0unii 00MaBa CBITVIOBUX NMPOMEHS, a00 CBITIONOAIIBHUK MONIPU30BAaHUX NPOMEHIB HE
Mae BTpAT. 3a3BU4ail CBITJIO 3 iHTeHCHBHICTIO I, + I, IepenaeThes 3a IBOMA ONTHYHUMH HUTTXaMH
MIOBHICTIO, IO € XOPOIIOKO UTIOCTPALIEI0 3aKOHY 30epeKeHHS eHepTii.
PisHung ¢a3 & Mixk 1BOMa CBITJIIOBUMH XBHJIIMH MOXKHA IIPEACTABUTH y BUINIAAL a3y BXiTHOTO
curHany s 1 apeidy d B HU3bKOYACTOTHIN 00J1aCTi, BUKIIMKAHOTO B OCHOBHOMY KOJIMBAaHHSIM
TeMIIepPaTypH:
3BHYalfHO BaXXKO YCYHYTH BIUIMB KOJHBaHb TEMIIEPAaTypu, TOMY B SIKOCTI CHTHAIY,
BUKOPHCTOBYBAHOTO B BOJIOKOHHO-OIIMYHOMY IHTEP()EPOMETPUYHOMY NATUYHKY, MPUHMAETHCS
TIIbKM 3MiHHA CKJIQJIOBa, PO3TAIlIOBAHA BHUIIE YACTOTHOI CMYTM TEMIIEPATYpPHOTO Apeidy.
3po3ymiio, 11e 0OOMEXEeHHSI HENPUHHITHO MPU CTBOPEHHI AaTYMKA TEMIIEpaTypH 1 He MiIXOIUTh
TaKoXX JJISI ONTHUYHOI CHUCTEMHM 3 BOJOKHOM OIOPHOTO CHTHaly. B Takux BHIagKax
BHKOPHUCTOBYETBCS iIHTEPPEPOMETP Ha OTHOMY ONTHYHOMY BOJIOKHI (puc. 1.9, BiT).
Puc. 1.9. CxemH BOIOKOHO-ONTHYHHX iHTEP(hEPOMETPIB:
a - KibleBoro; 6 - kinpueBoro ®abdpi-Ilepo; B - Maxa-Llennepa; r - MaiikenbcoHa;
1 - @abdpi-Ilepo; e - 3 NOIAPU30BAHUME MOJAMU
BperriBebki gaTunku. OCKUTbKH JaTIMK Ha OPETTIBCHKHUX Iparax € HOBUM, MaJlo JOCIIHKEHIM
TUTIOM JaTYHKIB, SIKHA Ma€ BEUKI MOMIHBOCTI JUIS KOHTPOJIO PO3MOAIICHHX MapaMeTpiB,
BHOEpEMO HOT0 TSt TOCIIPKEHHSI Ta pO3pO0JICHHS KOHCTPYKIIT BUMIpIOBaIbHOT cucTeMu. Lleit
JaTYNK MOKEe BUMIpIOBaTH JEKUIbKa (Pi3MUHMX MapaMeTpiB, ajie y JaHiid poOoTi 30cepenumocs
Ha BUMIPIOBaHHI JIUIIIE HAMPY)KeHb Y 1e(OPMOBAHMX KOHCTPYKIIISAX, 3MICHIOBAHUX OJHOYACHO Y
0aratbox TOYKax. [IpuKiIagaMM TaKMX KOHCTPYKIH MOXyTh OyTH Oanku y OymiBeJIbHHUX
criopyzax, apku Ta IMpONbOTH MOCTiB Tomio. [l peanmizanii TakuX BHMIpIOBaHb ONTHYHE
BOJIOKHO 3 MHOXXHMHOK OpETrTiBCBKHMX TpaT, fKi MalTh PI3HHHA IEpioj, 3aKpilUIIOKTh Ha
KOHCTPYKIil, OCBITIIOIOTh HIMPOKOCMYTOBHM JDKEPEIOM BHIPOMIHIOBAHHS 1 PEECTPYIOTh
CIIEKTPH BUIIPOMIHIOBaHHS, BIIOUTOTO BiJ KOXKHOI OKpeMoi rparku. Uum Oinble Hampys>KeHHS
€JIEMEHTa KOHCTPYKIIil, THM CHJIBHIIIE PO3TATYETHCS BOJIOKHO 1 TUM OiJIbIIIe 3MILICHHS CIIEKTpPa
BiZIOUTOTO BHIIPOMIHIOBAHHS.
BonokoHHa OperriBcbka rpatka siBjsie o000 TUISHKY ONTHYHOTO BOJIOKHA, B CEPLIEBUHI SIKOTO
MTOKa3HUK 3aJIOMJICHHS MEPiOANTHO 3MIHIOETHCS B O3JOBKHBOMY HarpsMKy (puc. 1.10).
Puc. 1.10. BonokonHa OperriBcbka rparka
BunpomiHIOBaHHS, 10 TOIIMPIOETHCS IO ONTUYHOMY BOJIOKHY, SIBJISIE cOOOI0 KOMOiHaIiIo
BJIACHUX MOJl CBITJIOBOIY: HANpPABISIIOTHCS 1 BUIPOMIHIOBAILHHX. BUIPOMiHIOBaNBHI MOIU
ONTUYHOIO BOJOKHAa (GOpMYIOTh Oe3lepepBHY (YHKILiIO, a HaIpaBISIOTHCS BilNOBIIAIOTH
JUCKPETHOr0 Ha0Opy TOCTIHHMX momupeHHs f. Ilpu BIACYTHOCTI 3MiH B TOKA3HHKY
3aJIOMJICHHS, MOJM TIOIIMPIOIOThCS 0€3 B3aeMojii OAMH 3 OAHMM. ToMy TMepioJ MOAYJSIT
IIOKa3HUKA 3aJIOMJICHHs BUOUPAEThCS TaKUM YMHOM, 1100 3a0e3MeYuTH HEOOXiHE pe30HaHCHA
B3a€MO/Iisl MK OOpaHMMHU MOJaMH CBiTIIOBOAA. L[ MOAyIAIis MOKAa3HUKA 3aJIOMJICHHS TOB'SI3y€
OCHOBHY MOJIy OIITHYHOTO BOJIOKHA 3 MOJIOIO, IIIO PO3IOBCIOIKYETHCS B 3BOPOTHOMY HATIPSIMKY.
B pesynbrari, Ha JUCKPETHIN MOBXWHI XBWJII PO3MOBCIIKYETHCS MO ONTHYHOMY BOJIOKHY
BUITPOMIHIOBAHHSI BiJJOMBA€ThCS BiJl BOJIOKOHHOI OperiBchbkoi rpatku. KoedimieHT BigOUTTS
3aJIeKHUTh BiJl INIMOMHU MOJIYJSII MOKAa3HHKA 3aJIOMJICHHS, a IIEHTpaJibHA JTOBXKHMHA BigOUTOT
XBHJII BU3HAYA€THCSl yMOBOIO bperra.
Je As - HOBXKWHA XBUII OPETTIBCHKOTO PE3OHAHCY, N - €()EKTHBHMII MOKa3HUK 3aJOMIICHHS
CEepLIEBUHH BOJIOKHA ISl LIEHTPAIbHOI JOBKUHU XBUII, A - epio]] OperriBchbKoi rpaTku.
CBiTJIO, 10 TMOUIUPIOETHCS B CEPLICBHHI ONTHYHOTO BOJIOKHA, PO3CIIOETHCS KOXKHOK TPAaHIO
IpaTKy MOKa3HHUKA 3aJ0MIIeHHs. SIKIo yMoBH bperra He BUKOHYIOTBCS, TO BiIOMTE Bi KOXKHOT
rpaHi rpaTK CBITJIO HE MOTpanuTh B (asi, B KiHLI KiHIIB, 3aracae. Jis JOBXHH XBWJb, SKi
3aJ0OBOJIHAIOTH YMOBI Bperra, BHECKH BIIOMTOro CBIT/IA BiJl KOKHOI I'paHi TpaTKH MOKa3HUKA
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3aJIOMJICHHSI CKJIaJal0ThCS 1 MOLIIMPIOIOTHCS MO BOJIOKHY B 3BOPOTHOMY HAIPSMKY.
BucnoBok

[TigBeneMo miACYMKH MEPIIOi IVIaBH, TIPU OIJISAL JITEpaTypyd MOKHA 3pOOMTH BUCHOBOK, 11O B
JaHui gac nocmimkenHs B oonacti BOJI iHTeHCHBHO po3BuBaroThes. Haituactime Bubip OB He
obmexyeTsest Bubopom O/IB a6o BB. ACOpTUMEHT ONTHYHUX BOJIOKOH JOCUThH Pi3HOMAaHITHUH, 1
B 3aJIGKHOCTI BijI JOCHI/DKYBaHUX 00’ €KTIB, HAHKpAIIE PIlICHHS MOYE BUSBUTHCS BUKOPHCTAHHS
KOHKPETHOTO THITYy BOJIOKHA ITiI HeoOXiHy cutyamnio. OB MokHa Ha3BaTH He JIMINE HAHKpaIIUM
¢bi3uuHNM cepeqoBUILEM AN nepenadi indopMmaii, a i HalOIBII NepCIIEKTUBHUM IepeaBaueM
MOTOKIB BEIHMKOro o0csary iHgopmariii Ha 3HauHi BiacTaHi. B maHiii rmaBi Oyau po3rysHYTI
OCHOBHI XapaKTEpUCTUKH OINTUYHUX BOJOKOH Ta Oynu mpoaHanizoBadi knacudikanii BOM. s
HaMOIIpIl YCHINIHOTO BUKOPUCTAHHS JaT4MkaM Oa)kaHO MaTH BHCOKI METPOJIOTIuHi
XapaKTepUCTUKU, BHUCOKY (YHAAMEHTANbHICT, a00 HaAiiHYy KOHCTPYKIiIO, Majly Bary,
HEBEJIMKUN po3Mip 1 EKOHOMHE €HEPTrOCIIOKHBAHHS, 1 OJIHE 3 HAUTOJIOBHIIINX — TATYUKHU TOBUHHI
OyTH CYMICHICTHI 3 MIKPOCJIEKTPOHHUMH MPUCTPOSIMA TIPH HHU3BKIH  TPYIOMICTKOCTI
BUTOTOBJICHHS 1 HeBeNUKid wiHi. Lli BHUMOTM 3alOBONBHSIOTHCS BOJIOKOHHO-OITUYHHMHU
nataukamu. [Ipu posmstai pisHux tum BO/I, B naniit po6oti OyB BUOpaHuMii 1aTduK Ha OCHOBI
OpEerTiBChbKUX TParT, uepe3 YHIKaIbHI XapaKTePUCTUKU JIAHOTO THITY JaTYHKIB.

2. AHAJII3 EJJEMEHTIB JATYUKIB HA BPEITTIBCbKUX I'PATAX

2.1. CnexkTpaJbHi BJaCTHBOCTI OperriBCbKUX rpaTox
PosmissHEMO OopHOpinHY rpatky bperra, chopMoBaHy B CepIEBHHI OJHOMOIOBOTO ONTHYHOTO
BOJIOKHA 13 Cepe/IHIM TIOKa3HUKOM 3aJIOMJICHHS No. [Ipodinb noka3HHUKa 3aJI0MJICHHS MOXe OyTH
BHUPAKCHHH SIK:
Je An - aMILTiTy1a MOIYJISILIS TOKa3HUKA 3aJIOMJICHHS OperriBCchbKoi rpaTky,
A — mepioa OperriBChbKOi TpaTkH, X - BIJCTaHb Y3JIOBX OCI BOJIOKHA. 3a JOIIOMOTOK Teopil
MOB'SI3aHUX MOJT BUCJIOBMMO (DYHKIIiFO CrIeKTpa BiaOUTTs rpaTku bperra:
ne R (A, 1) — xoedimienT BigOUTTI rpaTku K QYHKILIS Bif JOBXKUHYU XBII A 1 JOBKUHU I'PATKH |,
Q - koedimient 38'13ky, Ak=k—TI/A - XBUILOBHii BekTOp posnany, ne K=2Tin/A - me
nocriitna nmommpenns i s’=Q°—Ak> . KoediuieHT 3B'S3Ky 118 CHHYyCOinanbHOI (yHKIi
MOJTYJISIIT TOKA3HUK 3aJIOMIICHHS BUPAYKA€THCS:
ne (V) ~1-1/V?, (V>2,4) - dyHKIis, O BU3HAYAE BiICOTOK iHTEHCHBHOCTi OCHOBHOI
MOJIY B CEpIIEBHHI BOJIOKHA.
Ons 6perriBcbkoi 4oBXWHK xBusli Ak = 0, Tomy Bupas HabyBae Burnsaay:

Puc. 2.1. Po3paxyHKoBUI CHEKTP BiJOUTTS BOJIOKOHHOI OPEITiBChKOI IpaTKu

Koedimient Binouttst BBI™ TvM Oisibiiie, yiM OisbIne IIMOMHA MOIYISLIT MOKa3HUKA 3aJI0MIICHHS
BCEpeMHI BOJIOKOHHOI rparku bperra. 3 Bupasy (2.1) BHIHO, 10 pe30HAHCHA JOBKUHA XBUII
BBI" 3anexuTh Bijg e€()EKTHBHOrO MOKAa3HHMKA 3aJIOMJICHHS CEPIICBUHHU CBITIOBOLY 1 IeEpioay
MOJYJISIIT TOKa3HUKA 3aJIOMIICHHS:

1€, Fmar— KOEQILIEHT BIIOUTTS HA LIEHTPAJIbHIN TOBXKUHI XBUJI1 OPErriBCHKOrO pe30HAHCY I'PATKHU.
Tak, nanpuknan, ans BBI, mo mae OperriBcbkumu pe3oHanc Ha 1550 HM, 3 koedimieHTOM
BinOutTss 10% 1 JNOBXKMHOIO TpaTkd 15 MM, BelMYMHA HaBEJICHOI MOIYISAII IMMOKa3HUKA
3anoMneHHs An  BignosimHo 10 Gopmymu (2.5) cranosuts 1,077 x 107 . OcHoBHUI Bupa3
JUTSL pO3paxyHKy IIMPHHU CHeKTpa BinouTTs BBI' Ha MONOBHHI BUCOTH Ma€ BUTIISI

ne N - yucrno nepioniB rparku. [lapamerp o mpUAMAaETbCs pIBHUM | JUTs CHIIBHO-BIIOMBHUX Tpar
(BBI 3 BinbutTsim 6musbko 100%), B TOM yac sk Ui cnabKux BiOMBHUX rpat o =~ 0,5.
Pe3oHaHcHa TOBXKHMHA XBUIII BOJIOKOHHOI OpPErTiBCHKOI TPATKH 3alIeUTh Bix edexruBHOTO [13
ceplLeBUHM cBimIOBOAY 1 nepiogy moayisuii [13. Y cBoro uepry 1i Ba napamMeTpu 3ajexars Bif
30BHIIIHIX JeOPMYIOUnX Hampyr i Temmeparypu. BukopucroByroun Bupas (1.18) 3mimeHHs
LEHTPaITbHOI JOBKUHU XBHJI BIAOWTTS mix Aicro Aedopmarii i TeMreparyps MOKHA 3allHCaTH
TakK:

epmmit foxaHoK y Bupasi (2.7) qeMomcTpye BIUHB AedopmManii Ha BOTOKHO. Moro dismammii
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CEHC MOJISirae B 3MiHi nepioay rparku Ta I[13, BUKIMKAaHOTO Npy:KHOONTUYHUM edektom. [lei
e(eKT MOXKHA OITHCATH TAKHM BHPA30M:

1€ p. - €pEeKTUBHA MPY>KHOONTHYHA MOCTIlHA, 10 BU3HAYAETHCSI SK:

1€ pii pr2 - KOMIIOHEHTH TPY)KHOOIITUYHOTO TeH30pa, n - [13 cepueBwHu, a V - KoedilieHT
ITyaccona. lns cranmaptHoro ogHomonoBoro OB 3 mapamerpamu p;; = 0,113, p2 = 0,252, v =
0,16 1 n = 1,482 npu momxuHi xBuni Bigouttt BBI" Ay =~ 1550 HM po3paxyHKoBa Yy TIHBICTh 10
nedopmaltii cTaHOBUTH 1,2 M pu BiHOCHOMY TOJ0OBXKEHH] € (z) = 107,

Puc. 2.2. 3anexHicTh 3MileHHS OpErTiBChKOI TOBXKMHU XBHJII BiJ PUKIafeHoi Aedopmartii
ExcriepuMeHTalIbHI pe3yNibTaTH AOCHIHKEHHS 3CyBY OperriBChKOl JOBKUHH XBUII BiJOUTTS Bif
nedopmaltii (po3TAryBaHHs/CTUCHEHHS ) ITpeacTaBieHi Ha Puc. 2.2.

Jpyruit nogaHok y Bupasi (2.7) mokasye TeMmnepaTypHuil BIUIMB Ha OperTiBChbKi I'paTku. 3CyB
OperriBcbKoi JOBKHUHMA XBHIII BiOyBa€eThCS uepe3 TEMIIEpAaTypHE PO3LIMPEHHS KBapIly, IO
BHKJIMKA€E 3MiHa MEpioy rpaTku, a Takox 3MiHu 113 Bomokna. [ToniOHe 3MileHHs Ag TIpH 3MiH1
temreparypu AT Moxe OyTH 3aIiCcaHO SIK:

ne o= (1/A) (8A/3T) - koedinieHT TepMiuHOTO po3iuupenHs (s kBapiy o = 0,55x10), & =
(1/n) (6n/6T) - TepmoonTHyHUH KOe(illi€HT (U BOJOKOH 3 JOOaBKaMH T'€pPMaHIil0 MPHOIN3HO
piBamit 8,6x10°). Bugno, mo 3mina I13 € mominyrounm edpexrom. 3 piBHsHHS (2.10) MOXHA
pO3paxyBaTH, IO TEMIIEPaTypHUI 3CyB TrpaTKu bperra B OIHOMOIOBOMY ONTHYHOMY BOJOKHI
cranoBuTh ~ 13,7 mm/°C. Ha puc 2.2. mokazaHa TemreparypHa 3alie)KHICTh pPE30HAHCHOL
JOBKUHH XBUIII BOJIOKOHHOT OperTiBChKOT IpaTKu:

Puc. 2.2. 3anexHicTh 10BXUHU XBUJII pe3oHancy BBI Bin remneparypu
IcHye Ge3miu pi3HMX cOCO0iB MOOYIOBH CEHCOPHHUX CHCTEM Ha OCHOBI OpETTiBCHKUX IPAaToK. Y
HaAWIPOCTIIIOMY BHUIAJIKy CCHCOPHA CHCTEMa SIBJII€ COOOI0 TOUKOBHUI NATUHK, 3'€HAHUI Yepes
ONTUYHUN PO3TaNy)KyBad 3 JDKEPEIOM CBITIOBOTO CHUTHATY i OJOKOM aHamizatopa (puc. 2.3.).
CurHan Bix Jokepena BiIOMBAETHCS Yy TIIMBUM el1eMeHTOM. JJOB)KIHA XBUIII BIIOUTTS (iKCy€eThCs
0JI0KOM aHaJi3aTopa.
Puc. 2.3. Cxema HaMMpOCTIIIOro BOJIOKOHHO-OMTHYHOTO TaTYMKA Ha OPETTiBCbKHUX rpaTax
Sx npaBuno, anamizatop (Bragg grating interrogator) sBise co00K0 BY3bKOCMYIOBUIi
CIIEKTpOMETp. ICHYIOTh CIIEKTPOMETPH PI3HMX THIIIB: BiJl CTAaHOAPTHHUX AU(GPAKIIHHUX, € B
SIKOCT1 IUCIIEPCIHOTO eJIeMEHTa BUKOPHUCTOBYEThCS AU(paKIiiiHA TpaTKa, 0 aHali3aropiB Ha
ocHOBI iHTepdepomeTpa Dadpi-Ilepo.
OnmHUM 3 OCHOBOIOJIOKHHX II€peBar BOJOKOHHO-ONTHYHUX MATYMKIB € X BiTHOCHO JeTkKa
MOXJIMBICTh 00'€THAHHS B MAaCHBH (MYIIbTHILICKCYBaHHs). Haituacriie B BOJOKOHHUX JaTYMKaX
Ha 6pCFFiBCbKl/lX rparax BUKOPUCTOBYHOTBHCS JBa BUIU MYJIBTUIUICKCYBAHHSA =
MyJBTHILICKCYBaHHA 10 jgomxkuHi xBuwii (Wavelength Division Multiplexing - WDM) i
MynsTHIUIEKCYBaHHS 3a 9acoM (Time Division Multiplexing TDM). MynbsTumiekcyBaHHs 3a
gyacoM TDM 3acHOBaHe Ha aHali3i LIBUIKOCTI NPOXOIKEHHS CHUrHAlIy o cucteMmi. Koxen
JAaTINK PO3IUICHHH IUITHKOIO BOJIOKOHHOTO CBITJIIOBONA, JUISI MPOXOKEHHS SIKOTO CHTHAITY
oTpibeH NeBHUH, 1 BiIOME 3a31aerisip, 4ac. JKepeno nocuiae KOPOTKHM IMITyJIbC B CUCTEMY.
Curnan Ha BUXOZAI fBJI€ COOO0I0 psA iMIYJbCiB, TU(EPEHIIIOBAaHUX 32 YAaCOM, KOXKEH 3 SIKHX
Hece iH(OpMaIlI0 PO CTaH KOXKHOTO CEHCopa OKpeMo. Y YHCTOMY BHIVISI Taka CHUCTeMa
MYJIBTUIUICKCYBAHHS PiIKO BHKOPHCTOBYETHCSA Ui O0'€IHAHHS OpErriBChKUX BOJOKOHHUX
JATYHKIB, TPOTE K CKIIAI0BA YACTHHA OLJIbII CKJIAHOT CUCTEMH 3yCTPIYAETHCS TOCUTh YacTo.
ITpunun WDM MynbTUIUIEKCYBaHHSI TPYHTYETHCS HAa TOMY, 110 KOXXEH CEHCOPHUU €JIEMEHT
3aMUCY€EThCS 31 CBOIM YHIKAJIBHUM TIEPIOIOM TPaTKH, IO J03BOJSIE PO3PI3HATH iX MO CHEKTPY
MIPH aHai3i i, BIAMOBIAHO, (DiKCyBaTH TIOKa3aHHs KOYKHOTO ceHcopa oKkpeMo. KillbKicTh CEeHCOpiB
B MAacHBi, B OCHOBHOMY, OOMEXY€ThCS CIEKTPaIbHOI NIMPUHOI JDKepena 1 JUHAMIYHHM
Jiarma3oHOM aHaji3aropa.
2.2. BoyiokOHHa OperriBcbKa rparka sik YyTIHBHIl eJleMeHT
VY ¢dasoBux iHTepdepomerprunnx parumkax (PIJ) Ha ocHOBI MacuBiB BBI' wymmmBHM
eneMeHToM BHcTymnae came OB, 1m0 Bene 10 3HaYHOTO 3HIKEHHs cobiBaprocti. Binmpizok OB
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MiXx JBoMa Tpatkamu € inteppepomerp Padpi-Ilepo. [Tix BrmuBoM aedopmariii 1 akyCTHYHAX
KOJNMBaHb 3MIHIOEThCSA PI3HHI (a3 CHUTHANIB Bl JBOX CYCIAHIX OpETTIBCBKHX TPATOK.
TaTepdepoMeTpruyHi JATYMKH MarOTh HAHOIIBIIY YYTIMBICTIO A0 3MiHU JIOBKHHH Biipi3ka
BOJIOKHA ITiJ] BIUTMBOM 30BHIIIHIX YAHHUKIB. [IprHIMIT [ii pO3MOIiIEHUX BOJIOKOHHO-ONITHYHHX
BUMIpIOBaJIbHUX KOMIUIEKCiB Ha ocHOBI PDI]J] B Haifnpoctimomy Bunaixy (y pasi oguoro ®IJI)
(Puc. 2.4.) i nonsarae B HactynHoMmy. KoxHa 3 rpatok bperra Pb1 i PB2 natumka BinoOpaxae
IMITYJIbC, IO HAJXOJHMTH Ha Hel Bifl IMITyJIBCHOTO Ja3epa, Ha ONHIH 1 Tiif e MOBXKHHI XBHII
Bperra. IIpu 11boMy THMYacoBa 3aTPHMKa MK BIIOMTHMH iMIyJIbCaMH JIOPIBHIOE ITOJBOCHOMY
Yacy MOIINPEHHS CBITJIA B YyTJIMBOMY €JIEMEHTI JIaTYKMKa - BOJIOKHI, YKJIAJICHOMY MiX TpaTKaMH.
BinOuti iMmnynbcu HaaXoAsATh B koMIeHcytounit inTepdepomerp (KI), sikuif, B cBOIO 4epry, Takox
PO3ABOIOE KOXKEH 3 HHUX. 3aTPUMKa, BHOCHTBCS B INOLIMPEHHs iMmmynbciB miedem 2 KI mo
BIJTHOIICHHIO [0 Tieuy 1, 3a0e3meuye MepeKpuTTs B Yaci iMIyisCy, BigduToro Bia rpatku PB1,
Ha BUXOJI Iuleya 2 i iMmyiecy, BigouToro Bix rparku PB2, Ha Buxoni ruteya 1 i 3cyB ix 1o ¢asi Ha
Qo= /2.
3Mina B waci gedopmMamnii 9yTIMBOTO €IEeMEHTa JaT4uka B Pe3yNbTaTi 30BHINIHBOTO BIUIHBY
BHUKJIMKAIOTh 3MiHa pi3HHLI (a3 iMOynsCiB, mo iHTepdepyroTh. OCTaHHE NEPETBOPIOETHCS
¢doronpuiiMauem (PIT) B 3MiHy BenuunHU CcTpyMy. JonarkoBuit 3cyB ¢a3 ¢o = /2 Mix
IHTepdepyouNMH IMITyNIECaMH 3a0e3nedye poOoTy (GoTomeTeKTopa Ha AUISHII MAaKCHMAaJIbHOI
KPYTU3HH, a PIBHICTh IHTEHCHBHOCTEH IMIYNBCIB, IO iHTEP(EpYIOTh IO3BOJSE OTPUMATU
MaKCHMallbHy aMILIITyLy CUTHAIY Ha BHX0Ji orompuiimaya.

Puc. 2.4. TIpuHImn il BOJIOKOHHO-ONTHYHOI CHCTEMH BiOpPO-aKyCTHYHOTO MOHITOPHHTY Ha

OCHOBI OpErriBCbKHUX IPaToK

JJ1s CTBOpEHHS MacUBY JaTYMKIB Ha OJJHOMY BOJIOKHI BUKOPUCTOBYEThCS TUMYAcOBE (Ko BBIT
MAalOTh OJJHAKOBY JTOBXKHHY XBWJII BIOWTTS) 1 CHEKTpalbHE YUIUIbHEHHS (MMOOAMHOKI IaTYUKU
cknanaroThest 3 BBIT 0 mpaiioioTh Ha Pi3HUX JOBKHUHAX XBWIb BiIOWUTTS). BHUkOpHCTaHHS
BOJIOKOHHUX rpatok bperra mnst ¢opmysanns ®IJ] no3Bonse 06'eaHyBaTH B OJHOMY Kabemi
BEJIMKY KiJIBKICTh CEHCOPIB, PO3PI3HSAIOUN CUTHAIU BiJI OKPEMHX TiIpOoQOHIB MO JOBXKHUHI XBHJII 1
THMYaCOBOI 3aTPUMKH.

2.3. JI:xepeio BUNPOMiHIOBAHHS /ISl OPerriBcbKOro AaT4mKa

J1s  BOJOKOHHO-ONTHYHOTO JaT4Mka Ha OperriBCbKMX TpaTax MHOTpiOHE JuKeperno
BHUITPOMIHIOBAHHSI 3 JIOCHTh HIMPOKUM CIEKTPOM 1 3HAYHOIO MOTYXHICTIO. TakuM JpKEpesoM
BUIIPOMIHIOBAHHS B ONTOENIEKTPOHIIII € HAMiBIIPOBITHUKOBHI CBITIIONION.
Caitnonion (LED) - e HanmiBIpOBiTHUKOBUH MpPUIIaJ, IO MEPETBOPIOE €IEKTPUUHUN CTPyMiB
CBITJIOBE BUINPOMiHIOBaHHs. JIOBXHMHa XBWIII BHUIPOMIHIOBaHHA (PI3HHIA  Komip) Ta
XapaKTEePUCTHKH SKOTO, 3aJIeKaTh BiJl MaTepialy 3 sIKOr0 BUTOTOBIEHHI! cBiTIOAioN. UnM Oinmbr
«CUHIH» cBiTIONIOA, TMM OyZAe BHIA EHEprisi KBaHTIB, a OTXKe, TUM Oilbplle i MmMpHHA
3a00pOHEHOT 30HHU.
CBiTIOi0] BUIIPOMIHIOE CBITJIO, NPU YMOBI, 1100 HHOIO NpPUKJIAJEHA HAIpyra B IPSIMOMY
HaNpsIMKY: J0 aHO/a - TUTIOC, a JI0 KaToJa - MiHyc. MiHiMaJibHa Harpyra, MpHu SIKOMY CBITJIONI0/
ITOYMHAE CBITJIOBE BUMPOMIHIOBAHHS, 3aJICKHTh BiJl Marepiaiy 3 SsKOro BUTOTOBJICH CBITIOAION. Y
TabauLi. 1. HIbKYe IPUBEICHI 3HAYEHHS HAIIPYT CBITIOAIONIB IIpu cTpyMi 20 MA.

Tabmumms 1.
3 tabmumi 1. Bunwo, mo Haiibimemry Hanpyry motpiOyroTe OdakuTHI 1 Ol cBiTIOmiONH, a
HaliMeHIy iH(pauepBoOHi 1 YepBOHi. BunpoMiHioBaHHS iH(pPaYepBOHOIO CBIWIOAI0A HE IOMITHO
JIFOICBKAM OKOM, TOMY TaKi CBITJIOIOAM HE BUKOPUCTOBYIOTH SIK iHAMKATOpiB. BoHM HaituacTiiie
BHUKOPHCTOBYIOTBCS B PI3HHUX JaTUYMKAX, ITOJCBITKAX BilleOKaMep TOIIO.
Bonbr-amnepHa xapakTepUCTHKA CBITIIONIONA XapaKTEPe3ye B3aEMO3B'S30K MK HANpyrow i
CTPYMOM CBITJIOAIONA. 3aJISKHOCTI Bif THITy Iepexody i yMoB pekoMmOiHamii HOCIiiB (opma
kpuBuXx I = f(U) Moxe OyTH pi3HOIO.
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s mepexoniB 3 AUISHKOI 00’eMHOro 3apsay W, TOHKOK Yy MOpIBHSHHI 3 JAudy3idHOO
JOBKHHOIO L, reHepamniero i pekoMOiHamiero HOCITB y Wiit JIITHII MOXKHA 3HEXTYBAaTH, 1 PIBHIHHS
BOJIBT-aMIIEPHOI XapaKTEPUCTUKU Ma€ 3BUMAMHUN BUTTISIL:
Puc. 2.5. BomsT-aMmnepHa XxapakTepHCTHKA PI3HUX CBITIONIONIB

BigMmiHHOCTI B HpSMHX BiTKaX BOJBT-aMIIEPHHX XapaKTEPUCTUK CBITJIOAIONIB IOB’s3aHi 3
PI3HHUIICIO IMPHHU 3a00POHEHOT 30HH HaMiBOPOBIIHUKOBUX MaTepianiB (Puc. 2.5). Yum meHIna
JOBKWHA XBUJII BUIIPOMIHIOBAHHS, TUM OUTBIIMI ClaJ HANPYTH HA BHIIPOMIHIOIOYOMY TiOA1 i
BTPaTH €JIEKTPUYHOI eHeprii B HboMy. 3BOpOTHi BiTKM BAX MaroTs Maily JOMyCTUMY HalpyTy,
Tak K HIMPHHA P-N-TIEPEX0ay y BUIPOMIHIOKOYHX [iofaxX He3HauHa. [Ipu poboTi B cxemax 3
BEJIMKMMH 3BOPOTHHMH HAIIpyraMH IOCHIZOBHO 3 BHIIPOMIHIOIOUMM HEOOXiTHO YBIMKHYTH
3BHUYAIHUHN J10]1, IKMH Ma€e TOCTATHE 3HAYCHHS JOMYCTUMOT 3BOPOTHOT HAIIPYTH.
CriekTp BUIPOMIHIOBAaHHSI  CBITIOAIONA BH3HAYAETHCS  IIMPHHOK  3a00pPOHEHOT  30HU
BUKOPUCTOBYBAHOIO HAIIBIIPOBIIHMKIB Marepialy, THUIOM JIETHPYIOIIUX JOMIILOK, piBHEM
JIETYBaHHS 1 MEXaHI3MOM BHIIPOMIHIOBAJIbHOI pekoMOiHallii. OCHOBHUMHU MarepiajiaMu Jyis
BHTOTOBIICHHSI €(DEKTHBHUX CBITIONIONIB € GiHapHi HamiBmpoBimHukoBi cromykn AUBY i ix
TBepAi po3unHu. Ha puc. 2.3 B BITHOCHUX OJMHULISAX MPEICTaBJICHI CIIEKTPU BUIIPOMiHIOBAHHS
IpH KIMHATHIN TeMIepaTypi JeSKHX CBITIONIOMIB, [0 BUMYCKAIOThCS IPOMHUCIIOBICTIO.
Haii6inpior0 eeKTUBHICTIO BOJIONIIOTH CBITIIONIONM Ha OCHOBI apceHimy ramiro GaAs 3
mupuHOI0 3a0opoHeHoi 30HM AE=1,45eB. OTxe, MakcUMyM CIEKTPaJIbHOI XapaKTePHUCTHKH
BHITPOMIHIOBaHHs BiacHe GaAs CIOCTepIraeThCs Ha JOBXKHUHI XBHII Apax = 1,24 / 1,4 = 0,9 MKM,
mo BinmoBinae iH(padepBoHOi obnacti. Ilpu meryBanHi GaAs pi3sHUMH JOMIIIKaMH (TeIyp,
ceneH, niTid 1 iH.), o mMaroTh pi3HI MUOMHU 3ansraHHA B 3a0OpPOHEHIN 30HI, CBITIONIONH
MOXXYTh BHIIPOMIHIOBATH B Jiama3oHi Amax = 0,9 ... 0,96 mMxM. Cimnomionn Ha GaAs MaroTh
HaiOUIbII BUCOKY KBAaHTOBY €(EKTUBHICTb (#20e= 10 ... 30% B 3a1eXHOCTI BiJl KOHCTPYKILI).
BaxnuBo, mo cnekTp BunpoMiHioBaHHS GaAS-CBETOMIONIB AyXe J00pe BIAMOBIIAE CIEKTPY
(OTOUYTIIMBOCTI HAWOLIBII MOMHUPEHHUX Si-(POTOMIOMIIB.
®ocoin ramiro (GaP) mae mmpuny 3aboponeHoi 3o0uu AE = 2,25 eB, 110 BU3Hauae JAOBXUHY
XBHJIl BHIIPOMIHIOBAHHS Amasx = 0,56 MxM. Lle Binmoinmae 3emeHoMy Kombopy cBiTiHHS. [Ipn
neryBanHi gomimkamu (N, O2, Zn) Taki CBITJIONIOAM MOXYTb BHUIIPOMIHIOBATH YEPBOHMI,
JKOBTHIA, 3esieHui CBITI0. Takum unHOM, GaP cBiTnoaionn npusHaueHi s poOOTH y BHIUMIM
qactuHi criekTpy. At GaP - Naoe = 7 ... 0,7%.
CBITIIOBUIIPOMIHIOIOU1 JIIOY HA KOPOTKOXBHIIEOBY 00JIACTh BUIUMOTO CIIEKTPY, IO MPALIOIOTE B
OJJAKUTHOMY, CHHBOMY 1 (DiOJIETOBOMY Jlialia30HaX, MOXYTb OyTH CTBOPEHI HAa OCHOBI HITPHIY
ramito GaN i reTeporepexo/iB 3 BUKOPHCTAHHAM TBepIHX po3unHiB Gaxlni.N i Ga;x ALN.
Ceimnomiogn Ha ocHOBI GaN Jal0Th BUIIPOMIHIOBAHHS Ama = 0,44 MKM, ajie 3 Jy>Ke HHU3BKOKO
e(EeKTUBHICTIO N30z = 0,5%.
Js i€l )k MeTH 3acTOCOBYIOTH Kap0in kpemHito SiC. Xoua miogn Ha ocHOBi SiC MaroTh MaHit
Nuwe = 0,01%, ane MaiOTh BHCOKY THMYAcOBY i TeMIepaTypHy cTaOuibHicTIO. Ha iX oCHOBI
CTBOPIOIOTH €TAJIOHHI JPKEepelia BUTIPOMIHIOBAHHS.

Puc. 2.6. CiekTpy BUITPOMIHIOBAHHS CBITJIO/IO/IIB.
Jlns BUIIPOMIHIOIOUUX MiOAIB SIK 1H(PauepBOHOTrO, TaK 1 BUAMMOIO BUIPOMIHIOBaHHS HIMPOKO
3aCTOCOBYIOTh MOTPilHI 3'€JHAHHS, BATOTOBJICHI HA OCHOBI TBEPAOTO PO3UHHY Trasliii-aroMiHiN-
mum'sk GaAlAs. 3acTocOBYIOTh TakOX TBEpHAlI PO3UMHM Ha OCHOBI ramiii-mum'sk-¢ocdop
GaAsP i ingiit-raniii-pocdop InGaP. 3a y3aragpHeHUM Moka3HUKOM (Pusn, mBHaKomis) GaAlAs
HaWOLIBII TOBHO 33JI0BOJIbHSE€ BUMOI'aM OITOCNICKTPOHIKH. Y IbOMY MaTepiaii YacTHHA aTOMiB
Ga B kpucrtani GaAs 3amimaerscst atoMamu Al. Y Mipy 301IbIIEHHS YaCTKY 3aMilllEHUX aToOMiB
muprHa 3a00poHeHoi 30HM 3MiHIOEThCS Bin AE = 1,45 eB (GaAs) no AE = 2,16 eB (uucrtuit
AlAs). TakuM YHHOM, TaKi CBITIONIOAM MOXYTh BUIIPOMIHIOBATH HA JOBXHHI XBHJI Apax MaX =
0,6 ... 0,9 MKM, TOOTO reHepyBaTH BUIIPOMIHIOBAaHHSI SIK Y BUAMMIH, Tak 1 iHppauyepBoHOT oOnacTi
crekTpa. 30BHINIHIH KBAaHTOBHIT BUXLJ JUIS I[LOTO MaTepially CTAHOBUTH Naoe = 1,2 ... 12%.

2.4. ITudposa kamepa OperriBcbKOro AaT4nKa
[udposa kamepa Ha ChOTOIHIIIHINA JEHb SBISETHCS HE3aMIHHUM €IIEMEHTOM B HaBYaJbHHUX,
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HAYKOBHUX, KJIIHIYHMX a00 MpoMHCIoBUX Jaboparopisx. Llei mpucTpiii 3 KOXKHUM POKOM OTPHUMYE
OUTBII IIMPOKE 3aCTOCYBAHHS, 32 JIONIOMOTOI0 IMOCTIHOTO PO3BHTKY HOBUX TEXHOJOTIH Ta
(yHKIIH, TOYMHAIOYM BiJI MOMKIJIMBOCTI 3a(piKCyBaTH CIIOCTEPEKYBaHMH 3pa3oK 1 3aKiHUYIOUH
TOYHHM BIATBOPEHHSIM MIKpoOO'ekTiB B TpHBHUMIpHill Tpadini. He nuBmsumch Ha IIMpOKMHA
CIIEKTP CBOIX MOXIJIMBOCTEH, JOCIIJIHUKH, IO IMPALIOKTh 31 CKIAJHUMH 3aBIAHHIMH, 4aCTO
3yCTpIivaroThCs 3 MPOOIEMOI0 peectpaii ciabkux CUTHaNIB abo JUHAMIYHUX MPOIECIB, 3 YUM
sCMOS-kamepa HOBOTO TIOKOJIIHHS O€31epeyHo JIUPYE.
Ha cporomni 1o sCMOS-kamepu pUHOK (DOTOTEXHIKM B OCHOBHOMY 3aiiMalM NPHUCTPO], IO
BHKOPHUCTOBYIOTh Marpuiro CMOS i npucTpoi, 1o BUKOpUcToBY0Th Marpuiro CCD.
Marpuus CCD — MmikpocxeMa Ha KpEMHI€Bili OCHOBI sIKa CKJIaJa€ThCS 3 CBITIIOUYTIMBUX
¢doromioniB, mo BuUKOpUCTOBYe TexHonorito II33 — mpunangiB i3 3apsmoBUM 3B SI3KOM.
IponyktueHicte CCD-marpuii mossrae B e(pEeKTHBHOCTI peecTpalii cBiTia Ta 3MEHIICHHI
LIyMy, SIK BiJl c1a0KOT0 CUTHAITY, TaK 1 Bij MifcuiroBaya 3unTyBaHHsA. OHaK, OTHUM 3 OCHOBHHX
HeponikiB [133-MaTpuili monsirae B TOMY, 10 MATPHIS SIBJISE COOO MPHUCTPIM MOCITiZOBHOTO
3YMTYBaHHS, JO3BOJNSAIOYM IPHU [OMY OTPUMYBaTW HHU3bKI IIYMH 3a pPaxyHOK ITOBLIBHOT
LIBUJIKOCTI 3YMTYBaHHS. AJie, KOJIM € HEOOXiTHICTb OTPUMATH OLIbII BUCOKY IIBUIKICTh KaJpiB,
3MEHUIYETHCS PO3/AUTHHA 3/IaTHICTh 1 3HMKY€ETHCS TUHAMIYHHN Jiana3oH abo 30UTbIIY€EThCS MIYM
3YHTYBaHHSI.
Marpuus CMOS — mikpocxema Ha OCHOBI MOJILOBUX TPAaH3UCTOPIB 3 130JbOBAaHUM 3aTBOPOM 3
KaHaJlaM{ PI3HOi MPOBIJHOCTi, BOHH MOXYTh JOCSTTH BHUCOKY YacTOTY KaJpiB 3 CEpeIHBOIO
gyTauBicTio. Y CMOS-Matpuii KoxKeH OKpeMHil MiKcedb Ma€ MiJCHIIIOBaY, TIOB'SI3aHUI 3 HHUM.
Psin mikceniB MoXke 3UMTYBaTHCS MapajeibHO PSJKY, BUOPABIIN aJlpecy pericrpy abo oKpemuii
IKCeIb 3a JOIOMOTOI0 MyIBTHILIEKcopa croBmunka. CMOS-MaTpums 1o CyTi € MPHUCTPOEM
HapajenbHOro 34UTYBaHHS i, OTKE, TO3BOJISIE JOCSTTH OUTBII BUCOKHX IIBUIKOCTEH 3UUTYBaHHS,
110 0COOJIMBO aKTyalbHO [ 00POOKH 300paKeHb.
IepenoBa texHomorist SCMOS (scientific CMOS) € HoBUM mokomiHHIM CMOS wmarpumi i
creLiaJibHO po3poliieHa I Bizyanlizalii Ta KiJIbKICHOrO aHailizy 300pakeHb B HayKOBHUX
nociimkeHHsax. SCMOS wmarpuili MaroTh OUTbII HU3BKWN piBEHb IIYMIB 1 OUIBbII BUCOKY
KBaHTOBOI e()eKTUBHICTE B MOpiBHAHHI 3 CMOS. Amxe 1e ribpunHa MaTpHIL, sIKa ITO€IHYIOTh B
co6i CCD i CMOS - TexHonorii, 3a0e3rne4yloud BHCOKY MPOAYKTHUBHICTh, TEpPEBEPIIYE
tpaguuiiiai CCD 1 CMOS -aerexropu. CCD i CMOS-npuctpoi Oyiu po3po0iieHi s Toro, 1mob
BIATIOBIATH XapaKTEPUCTHKaM 300paxxeHHs1, ofepKyBaHOro 3a jgomomororo CCD -marpuis 3
MOYJIMBOCTSIMH IIBUAKOCTI 3uuTyBaHHsT CMOS-MarpHiib.
Marpuist Ma€ pO3IBOEHY CXeMy 3UMTYBaHHS, B sIKii BEpXHS 1 HYDKHS IOJIOBUHKH MAaTPUII
3UMTYIOTBCS HE3QJICKHO OAHMH BiJ omgHOTo. KoXXKeH CTOBNENb Yy KOXHIM TMOJOBUHI CEHcopa
OCHAIIICHUH IBOMa MiZICHIIFOBaYaMu 1 IBoMa aHaioro-1udpoBumu nepersoproadamu (ALII), sk
300paxxeHo Ha Puc. 2.7. Ilapa, mo ckimamaetbes 3 IBOX mincwimroBadiB i aBox ALITL, mae
HE3aJIeKHI HacTPOMKHM MOCHIeHHS. TakuM YMHOM, OCTaTOYHE 300paKE€HHS BiHOBIIOETHCS
[UIIXOM KOMOIHYBaHHS 3YMTYBaHHS IKCENsS 3 000X KaHaJiB, 3 KaHaly BHCOKOTO 1 HHU3BKOTO
Koe(iI[ieHTa MOCWICHHS 3YHUTYBAaHHS JJIsI JOCSTHEHHS IIHPOKOrO ITUHAMIYHOIO Jiama3’oHy
BCEPEAMHIKAPY ISl MAIEHBKOTO KPOKY mikcenst. KojkeH mikcenb Mae 5 TpaH3UCTOpiB (Iu3aiiH
"ST>), MO3BOJISIFOYM BHKOPHUCTOBYBAaTH pPEXHM" KaIpoBOTO 3aTBOpa ", BHUPOOJATH TMOABIHHY
KOpeNbOBaHy BHOIpKY (UIsi 3MEHIIEHHS IIyMy) 1 TOPHU3OHTAJbHHUN aHTU-OMIOMIHT (IUIst
3MEHIIICHHS 3aCBIUCHHS).
Texuonoris SCMOS 3acHOBaHA Ha HOBOMY MOKOJiHHI au3aitHy i TexHonorii KMOII-nporecy.
Cencop sCMOS-marpulli 3 po3IiUIBHOIO 31aTHICTIO 5,5 Mn Mae BelIMKe IOJ€ 30py 1 BHCOKY
PO3MibHY 3[aTHICTh, CTABJISAYM IIiJ] 3arpo3y LIYM 3YMTYBaHHS ab04yacToTy KajpiB. 3HAYCHHS
PIBHS IIyMy 34MTYBaHHS HE3HAYHO, HABITh y MOPIBHSHHI 3 CAMHMH BHCOKOIPOIYKTHBHUMH
CCD-marpuusmu. Haite CCD-matpuii 3 MOBUIbHUM CKaHYBaHHSIM HE 3/1aTHi JOCSTTH TAKOTO
HU3BKOTO piBHI mrymy. Toit dakT, mo sCMOS ceHcop gocsrae 3Ha9eHHS
Puc. 2.7. Crpykrypa CMOS-Kkamepu
Puc.2.8 [TopiBHSIHHS CHIBBIAHOIIEHHS CUTHANI-IIYM Ui HaykoBuX kamep Andor: sCMOS-
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Marpuili, MixpsiakoBoi CCD-Matpii.
CepEeHbOKBAIPATHYHOTO NIYMy 3YHMTYBAHHA B | e€-eJIeKTpOH TpW 34uTyBaHHi 5,5 Mn
300pakeHHs 31 mBUAKICTIO 30 KaapiB/c poOUTH HOTO CHpaBil YHIKAIBHUM Ha pUHKY. KpiM Toro,
ceHcop 3maTHUI nocsratd 100 MOBHUX KaApiB B CEKYHAY 31 CPEIHHOKBAAPATHYHHM LTYMOM
3uuTyBaHHA B 1.3 e-enexkTpoH. [y MOpiBHAHHA, HAallHW)KYE 3HAUCHHS PIBHA LIyMY HOPSIKOBOI
CCD-kamepu mpu 34MTyBaHHI 300paskeHHs po3mipoMm 1,4 Mn mpu mBuakocti 16 kaapis/c
CTaHOBUTH TpuOIM3HO 10 e-. Mo)kHa OTpHMAaTH BENHKY MIBUAKICTH KaApiB 32 JOIMOMOTOIO
BHOOpY NEBHOI 00aCTi, TaK 110 MPHU 3MiHi OIS 30pY AOCATAETHCS BUCOKA PO3AIIbHA 31aTHICTb.
BuchHoBox
B naniii miaBi nmpoaHani3oBaHi €JIEMEHTH JaT4WKa Ha OCHOBI OpErriBCBKUX Tpat, pPO3MISAHYTI:
CBITIIONIOA, YyTIMBHIl eJIeMEHT, u(dpoBa KaMepa Ta iX XapaKTEePUCTHKU. B sSKOCTI 4yTiaMBOTO
eneMeHTa OyJia BUOpaHa BOJIOKOHHA OperriBchka rparka. Uepes te, mo BBI™ npexacrarinse 3 cede
CEJIeKTYIOUYe J3epKao, IPH BUIPOMIHEHHI B ONTOBOJIOKHO BiJ ITMPOKOCMYTOBOTO, TAKOTO, 5K
CBITIIONIOA, JDKEpena, CBITJIO BIJIOMBAETHCS 3 BY3bKOI CIIEKTPAJIBHOI CMYrok 3 IICHTPOM Ha
IOBKHUHI XBWIi Bperra. CBiTiio, 10 3aJUIIA€ThCS - MPOAOBXKYE CBiif pyX B ONTOBOJOKHI 0e3
3aifBUX BTpAT.
CBIiTJIONIOIM 3HAXOAATH MIMPOKE 3aCTOCYBAHHS SIK KEPOBaHE JHKEPEIIO JKUBIICHHS. Y TOPIBHIHHI
3 THIOMMH JDKEpeTaMy CBITIIa CBITJIOAIONY MAIOTh BEJMKY KUTBKICTh IEpeBar: BIHCOKA CBITJIOBA
BiJlIa4ya, MEXaHiYHa MIIHICTh, IIUPOKUH CIIEKTP CBiTJIA, CBITIIOMIOAM - EKOJIOTIYHO YUCTHU
MIPOIYKT, MafOTh MaJly Bary, HEBEIUKUI pO3Mip, HEBEINKY €HEPrOBUTPATHICTD, JOBIOBIYHICTb 1
T.0.
3a J01moMororo IQPOBOT KAMEPH € MOXKIIMBICTh 3a()iKCyBaTH BUMIpSHI MapaMeTpy Ha eKpaHi
KOMIT'I0Tepa, KaMepa € Iy)Ke BaXIIUBUM eJIEMEHTOM, TOMY HEOOXiTHO MiTIHTH 10 bOTO MUTaHHS
cepiiosHo. [Ipu BuGOpI 1udpoBoi kamepu HEoOXiMHO 3BEpHYTH yBary Ha Taki mapamMeTpu, sK:
HU3bKHUI PIBEHb IIyMiB, BUCOKA IIBUIKICTh 3UNTYBaHHS, CHEPTOBUTPATHICTh, KOMIIAKTHICTb,
HEBEJIMKa I[iHa, CaMe TOMY 51 pEKOMEH/TyI0 BUKOPHCTOBYBAaTH U(PPOBY Kamepy HOBOTO
nokoinHsg sCMOS.
3. OATYMK 3 PO3MOAINEHNMW MAPAMETPAMW HA BPEITIBCbKNX MPATAX
3.1. CTpykTypHAa cXxeMa BOJIOKOHHO-ONITHYHOIO JaTYHKA 3 PO3NOAiIJIECHHMH NapaMeTpaMu

Ha puc. 3.1 300pakeHa CTPYKTypHa CXeMa BOJIOKOHHO-ONTHYHOTO JIaTYUKA 3 PO3MOAUICHUMHU
napaMmeTpamu. J>keperoM BUITPOMIHIOBAHHS B CXEMi € CBITOMIOMN, KU 30yIKY€EThCSI JKEPEIIOM
JKUBJICHHS. BWIpPOMIHIOBaHHS CBITIOMIONA CIPSIMOBYETBCS Ha KOJIMAToOp, SIKUE (Qopmye
napajenpbHuid my4dok cBiTia. Llefi mydok moTpamuise Ha CBITIONOAUIBHY TNPU3MY Ta
MIKpOOO’€KTUB, SIKMH BBOAWTH BHUIIPOMIHIOBAaHHS B ONTHUYHE BOJIOKHO 3 OpErriBCBKHMHU
rpaTkaMu. BOJIOKHO KOPCTKO 3B’si3aHE 3 AOCIHIKYBAaHUM 00’ €KTOM, TakK 110 Jedopmallis 00’ ekra
MPU3BOAUTL JIO PO3TATYBaHHA a00 CTHCKaHHS BOJOKHA. BHIIPOMiHIOBaHHS, BiIOWTE Bif
OperTiBChKUX TpPaToOK BOJOKHA, IOBEPTA€ThCS dYepe3 MIKPOOO’€KTHB Ha CBITIIONMOALNBHY 1
CHpSIMOBY€TbCS Ha crekTpoMmerp. CrekrpomeTp (opmye 300pakeHHS CHEKTpaiabHOI JiHil
OpErTiBCHKOTO PO3CISHHS 32 JJOMOMOTO0 II(POBOT KAMEPH Ta KOMIT I0Tepa Ha eKpaHi MOHITOpa.
3a JOMOMOTIOI0 CIIeliai3oBaHOl MporpaMy KOMIT'IOTEP PO3PaxOBYe BEIMYMHY TEIUIOBOI abo
MexaHi4Hoi aeopmMaltii BOJOKHA i 3B SI3y€ 110 BEIUUUHY 3 TEIUNIOBUM 200 MEXaHIYHUM BIIJIMBOM
Ha JOCHIKYBaHUH 00’€KT (HANPHKIIAA, OTIOPU MOCTa, OAJKH MPOJIbOTIB 1HKEHEPHUX CIIOPYII,
TpyOOIIPOBOAH TOLIO).
s HapiliHOT poOOTH OpErriBChbKUX JATYMKIB BiPi3KH BOJIOKHA JOBXKUHOK mpubiu3Ho 10 cM 3
yOylOBaHMMH TpaTaMH MalOTh OyTH IpPUKJICEHI 3a JOIMOMOTOKI0 EIOKCHIHOI CMOJH [0
KOHTPOJIbOBAHOT KOHCTPYKIII. ¥ IMX MICIAX 3 ONTHYHOTO BOJIOKHA NMOTPIOHO 3HATH 3aXHCHY
MoJIiMEpHY 00OJIOHKY.

3.1. CTpykTypHa cxeMa BOJOKOHHO-ONTHYHOTO JIaTIMKa 3 PO3HNOAICHIMH apaMeTpaMu

3.2. BuOip a:xepesia BUNPOMIHIOBAHHS AJIsl AaTYMKA 3 PO3NOAIJIEHUMH NapaMeTpaMu
Jns 3abe3medyeHHss HOPMABHOT pOOOTH JaTyMKa 3 PO3MONUICHHMH MapaMeTpaMH JKepelio
BUTIIPOMIHIOBaHHS Ma€ TEPEKPHBATH CBOIM CIIEKTPOM CIIEKTPANbHI Jialma3oHd pOOOTH YCix
OperriBchbKUX Tpar. Hal6inbI npuaaTHUM JUIs 1IbOTO € cBiTiomion (puc. 3.2).
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Ha puc. 3.3 noka3zana crniektpaibHa XapakrepucTtuka cBitiomiona SFH 4735 nimerpkol ¢ipmu
OSRAM, sknif Mae MOCHUTH IUIOCKY XapaKTEepUCTHKy y miamazoHi 650-1050 mm. Takwii
CBITJIOZIION 3@ CBOEIO CIEKTPAILHOK XapaKTEPUCTHKOK BiAMOBIIa€ OCTABICHUM BHUMOTaM, alie
Tpeba BpaxoBYBaTH, LI0 Taka JOCHTh BEJIHMKAa LIMPHHA CIIEKTpa JOCATHYTA 3a pPaxyHOK
NEPETBOPCHHSI  KOPOPOTKOXBHJILOBOTO  (CHHBOTO)  BY3bKOCMYTOBOTO  BHUIIPOMIiHIOBaHHS
moMiHO(OpOM y OinbIl JOBrOXBUJIBOBE LIMPOKOCMYTOBE BUIPOMBHIOBaHHA. Lle yckiaaHioe
BBEJICHHS BUIIPOMIHIOBAHHS Y BOJIOKHO, OCKIJTBKHU JIFOMIHO(OP HE € TOUKOBUM JDKEPEIOM CBITIA
(cBiTIOAiION HAONMXKAETHCS 10 HHOT'O). BUIIPOMIHIOBaHHS TOUYKOBOTO JLKepesa IpocTile 3i0paTu
(cokycyBaru) Ha TOPIli ONTHYHOTO BOJIOKHA.
3.3. Po3paxyHOK 4yTJIMBOCTi AaTYHKA 3 PO3NOJiTeHUMHU HapaMeTpaMu
BxinHi naHi U1 po3paxyHKy:
- pobounii gianazon Temrepatyp: AT, = 100 K;
- JIOBXHHA ONTUYHOTO BojokHA: L = 1000 Mm;
- KUIbKiCTh OperriBechkux rparok: N = 10;
- MOKa3HUK 3aJJOMJICHHS CEPLIEBHHH KBapIOBOTO BOJOKHA n = 1.48;
- 3QIIEKHICTh MOKA3HUKA 3aII0MIICHHS Bij Temreparypu dn/dT=1,28-10° K™;
- TiHIMHKME KoeQiliEHT TeMIIepaTypHOTrO PO3IMMPEHHS KBapIIoBoro ckia oy =0,55-10° K';
- nepion OperriBebkux rpat A = 0,1 Mm.
i po3paxyHKy 4yTIIMBOCTI JJaT4YMKa 10 TEMIepaTypy cKopucTaimMocs hopmyioro (2.7):
3BIJIKM Yy TIHMBICTh MOXKE TTOIAHA 5K
Ipupict nepiogy rpaTku 3HaHAEMO SK
Je ar — TeMIepaTypHuil KoedillieHT MOoKa3HHKa 3aJIOMJIEHHS KBapIOBOIO CKJIA, IO J03BOJISIE
nepenucatu Gopmysty K
Sk 0Gauumo, 4YyTIUBICTH CeHcOpa IpOIOpLiliHAa Imepiogy OperriBcbKuX TIpaT, aje BUCOKA
YYTJIMBICTh Y pa3i BUKOPUCTAHHS MHOXHHHU I'paT HEMOTPIOHA, TOMY IO CIIEKTPU OpPETTiBCHKOTO
PO3CISIHHS PI3HUX TpaT MOYHYTh MEPEKPHUBATUCS I HEMOXKIIMBO OyJie TX PO3pi3HHUTH.
3pobiMo po3paxyHOK HeoOximHoi uyTinuBocTi st N = 10 OperriBCbKuX rpat, po3TalloBaHUX
B3JIOBX ONTHYHOTO BOJIOKHA. SIKIIO HIMPHWHA CIEKTpa JDKEpeNna BUIPOMIHIOBAHHS CTaHOBUTH
BA.z» =200 HM, a TeMmepaTypHHi Hiana3oH poboT cercopa cTaHoBUTh AT, = 100 K. Illykana
YYTJIMBICTh MOXe OyTH 3HAWICHA 13 YMOBH HETIEPEKPUTTS CIICKTPAJIbHUX Jialla30HIB PO3CIsIHHS
OperriBChbKHX Tpar:
3Bigkuy ITigcTaBIIsIFOYH YUCIIOBI 3HAYEHHS, 3HAHEMO
BuchHoBox
B Tperiif 1aBi po3mIsHYTa CTPYKTypHA CXeMa BOJOKOHHO-ONTHYHOTO JaT4NKa 3 PO3HOAUICHUMA
napaMeTpamu. Jle JKepesaoM KUBICHHS CIyTye CBITIONIOA.
3a OCHOBHI BXiJIHI IaHi IPU pO3PaxXyHKY YYTIHUBOCTI BOJIOKOHHO-ONITHYHOTO AaTYnMKa Oyinu B3sITi
HACTYNHI [aHi, AK IOKa3sHMK 3aJOMIICHHS CEpIEBHMHH KBapIIOBOTO BOJIOKHA, 3aJeXKHICTH
MOKA3HMKA 3aJIOMJICHHS BiJ TeMIlepaTypH, JIiHIHHUN KoedilieHT TeMIepaTypHOro pO3IIUPEHHS
KBapIIOBOTO CKJIA.
YyTIUBICTh JIO3BOJISIE BHUKOPHUCTOBYBAaTH JaHI BHMMIpDIOBAaHb JUIS HAayKOBHX Iinmed. Jlms
MOKpAILEHHs Yy TJIMBOCTI MOKHA 30UIBIINTH IIMPUHY CIIEKTPA.
IIpu MexaHIYHOMY 1 TeMIEpaTypHOMY BIUIMBI 3MIHIOKOTBCS IEPiOA 1 MOKA3HUK 3aJIOMIICHHS
PELIITKY, BHACIIZOK 4Or0 MM CIIOCTEpPIraeMo 3MIIllEHHs JOBXXKHMHM XBWII BiOUTOro cCBimIa.
BuMiproroun BeNMYMHY 1BOTO 3MILCHHS, MOKHA BHU3HAYMTH BiTHOCHY Ae(OpMaIlifo i 3MiHYy
TEeMnepaTypu.
4. TEXHOJIOT'TS1 JATYUKA 3 PO3INOAIJIEHUMU ITAPAMETPAMMU HA
BPEITIBCBKHUX I'PATAX
4.1. TexHoJ10risl BUTOTOBJICHHSI OlHOMOJ0BOI0 BOJIOKHA
IcHye cywyacHa TexHOJOTiSS BHUPOOHHIITBA ONTUYHOTO BOJOKHA: Yepe3 BHUTSIKKY 31 CKIISTHOL
3arOTOBKH, IIOBEPXHEBI IIAPH KO BiMOBITHUM YHHOM JIETOBaHI Pi3HUMH OKCHIaMH (TaK 3BaHa
razoBa (pa3a. 3arOTOBKH 3i CKJIa BUTOTOBIISIOTHCS Y BUIIAII HIUIIHAPHIHOTO CTEPXKHS, 3 SIKOTO
BUTATYETBCS ONTHYHE BOJIOKHO. [Ipodisib CTpHXKHS SIBIISE PO3MIMPEHUN NPOQLIL ONTUYHOTO

18

- Citation

Similarity from a chosen source References

abc | Possible character replacement


https://corp.unicheck.com/

() UNICHECK

Similarity

BoJIoKHa. [Ticlis IHTEHCUBHOTO JIOKAJILHOTO HArpiBy, BOJIOKHO BUTSTAIOTh 3 I[i€i 3aroToBKU. BOHO
BiJJpa3y MOKPUBAETHCS MIAPOM IMOJIIMEPY B KiJIbka MIKPOHIB TOBIIMHOIO, TAK 3BaHIM MEPBHHHIM
MIOKPUTTSIM, JUISl MEXaHIYHOTO 3aXHUCTY.
Ils ycraHoBKa, ONM3BKO 7 METPIB BHCOTOIO 1 JOCHTH CKJIAMHOI KOHCTPYKIIi, 3 TOYHHMH
BUMipaMH 1 KOHTPOJEM TEXHOJOTIi] 3 BUKOpHCTaHHAM Mikpo-EOM. MexaHni3m nonaui nepenae
3aroTOBKY B 30HY BHUTSKKH 3 MIY4YI0 OMOpY a00 MaJbHUKOM. 3ajMIIAI04YM 1[I0 30HY, BOJIOKHO
BUMIPIOETHCSI 1 3HAUCHHS] BUMIPIOBaHb MEPEIaloThCsl B CHCTEMY YIpaBiiHHA. Yac BIATYKYy He
noBUHHO OyTu Oinbiue, Hixk 0.1-0.03 ¢, a pe3ynbTyrouuil AiaMeTp BiIXWJIEHHS Bil HEOOXiTHHX
3HaYeHb HE MOBHHHO IepeBHIIyBatd 2%. Toxi comio mporpiBae NMEpBHHHHUN IIAp MOKPHTTS
BOJIOKHA. Y Pa3i CHIIIKOHOBUX CMOJI JUIS 3arapTyBaHHS BUKOPUCTOBYIOTHCS TEILIOBI I1€di, a B pasi
aKpWIOBHX - yabTpadioneToBe cBiTio. Yucllo meded i 3aralbHa NOBKMHA 30HHM 3MIIIHCHHS
3aJI©KHUTh BiJ IIBUAKOCTI BUTSDKKH. [Ipy HaHeCeHHI NEPBHHHOIO IIOKPUTTS OCSATAETHCS
IIBUJIKICT 0 5 M / ¢. BoloKHa 3 NEpBUHHUM ITOKPHTTSM BBOIATHCS B MAIIMHY JUIS BUTSDKKH
KOHTPOJIbOBAaHE CUCTEMOK ympaBiiHHA. [IIBMAKICT, BHUTS)KKM MallliHAa BHOWpae Ha OCHOBI
indopmanii npo miamerp BosokHa. OCTaHHIM KOMITOHEHT JIHII - IPHCTPIA I HAMOTYBaHHS,
IICIS SIKOTO 1HOAI CTABNIATh NPHUCTPIM Ul NEepeBipKU BOJOKHA Ha MilHiCTh. BosokoHHO-
BUTSATAIOTH JIiHIT MOXYTh MICTUTH JIOJIaTKOBI MPUCTPOT, SKi CIIPOIIYIOThH ONEparlii BUTSKKH a00
POOIIATE IX OLIBII TOYHUMHU.

Puc.4.1. Butskka ONTHYHOTO BOJIOKHA 13 3aTOTOBKU
[MixroroBka 3aroToBKM (MeTO/ ra30Boi (pa3n) 3acCHOBaHA Ha OKHCIIEHHI TETPaXJIOpHIa KPEMHIIO:
MoxnuBi iHIN, TOAI0HI, PeaKIlil OKICICHHS, B XOMi SKIX YTBOPIOIOTHCS JIyKe IPiOHI YaCTUHKA
TBepAnX okcuiB. L{i YaCTHHKHU OCiIat0Th HA MOBEPXHI 1 YTBOPIOIOTH MOPUCTHH 1Iap, SIKUH NpU
MiIBUIIEHHI TEMITEpaTypy IUIABHTBCS B TaK 3BaHUX NpedopM, 3 SKHX ONTHYHE BOJIOKHO
IIPOCTATAEThCS Jalli. Y BUPOOHUITBI NpedopM BHUKOPUCTOBYIOTbCSA Pi3HI TEXHONOTIi, SKi
BIJIPI3HSIOTBECSA 200 HAMPSIMKOM, B SIKOMY pearyrTh KOMIIOHCHTH, a0 MeXaHi3MOM peakilii.
ITinroroBKa 3aroTOBKM HaMOUIBII BaXKIJIMBa ONEPAIlisi B yChbOMY MPOIECi BUPOOHHUIITBA, TaK SIK BCI
BJIACTHUBOCTI BOJIOKHA 3aJal0ThCSI BIIACTHBOCTSIMH I[i€] 3arOTOBKH.
IIpu miAroTOBI 3aroTOBKM METOMOM XiMidHOTrO ocakeHHs mapiB (CVD) BHKOPHCTOBYIOTHCS
HACTYIIHI TEXHOJIOTII:
- OVD (Outside Vapour Deposition, 30BHIIIIHE 0CaPKEHHS TIAPiB), OCAKCHHS 33 MEKXaMH
ra3oBoi a3y HUITXOM O1YHOTO OCa/KCHHS Ha PO, SKe 00ePTAETHCS 3 TIOCTIHHOIO MBUAKICTIO;
- MCVD (Modified Outside Vapour Deposition, MonudikoBaHe 30BHIIIHE OCAJKCHHS
MapiB), HAJIGKUTH 10 BHYTPIIIHIX METOAAM, B SIKMX OKCHH, HAHOCSATHCS Ha BHYTPILIHIO CTIHKY
obepTraeTbesl KPEMHIEBOT TPYOKH;
- PCVD (Plasma Chemical Vapour Deposition, ITia3moBe XiMiuHe 0ca/pKeHHS MapiB), Tak
camo, sik 3 MCVD, okcuu, HAaHOCATBCS Ha BHYTPIIIHIO CTIHKY 00€pTa€EThCsl KPEMHI€BOI TPyOKH,
aJle peaxilisi, BIIIOBITHO 10 TOYATKOBOTO PIBHSHHSIM, 1HIIIFOETHCS MIKPOXBHIIHOBOT IIA3MOI0;
- VAD (Vapour Phase Axial Deposition, OckoBe ocaxeHHs TapoBoi (a3u), BiAPI3ZHAETCS
BiJI MOTIEPEIHBOI TEXHOJIOTI THM, 110 OKCHAN HAHOCSTHCS Ha 0OCPTOBY ONpAaBKY 3 Marepiaiy-
HOCIsl B OCbOBOMY HAIPSIMKY.
TexuoJioriss OVD — opurinansHa TexHonoris komnanii Corning Glass Works (sxa B 1970 poui
3poOwiia Tmepir ONTHYHI BOJOKHA 3 3aracaHHsM MeHime 20 ab/kKM), BHKOPHUCTOBYETHCS
KOMIIaHI€I0 y BUPOOHHUITBI ONTHYHUX BOJIOKOH. Lleif MeTox BUKOPHCTOBYE OiYHE OCAKCHHS Ha
SIIPO, SIKe 00epTaeThes 3 MOCTIMHOK MIBHAKICTIO. SIk mpaBuio, sapo 0.5 cMm B miamerpi i
3pobieno 3 Al,Os abo rpadiry. [Tamuso, SiCls, 1 BIANOBIAHI JOMIIIKH MOAAIOTHCS B MabHUK.
I'igpomi3 mapiB rajJoreHifiB B MOIyM sl IPU3BOAUTH JO MOSBYU TBEPJOI caxi okcuay abo cyminii
OKCH[IIB, YaCTHHA SKUX OCilae Ha sAApo, (HOPMYIOUM TMOPHCTE PEYOBUHA, IIIJIBHICTH SKOTO
CTaHOBHUTH ONM3BKO 1/3 mIimbHOCTI KpeMHieBoro ckia. lllapw neryerbcs Ha CTPHIKEHb, ITICIA
4oro (OpPMYIOThCS B BHUTATHYTE BOJIOKHO. Iliciis neryBaHHs, CTpIIKEHb, Yepe3 pi3HOro
TEIIOBOTO PO3IIMPEHHS, aKypaTHO BHAANAETHCA i MOPHUCTA CTPYKTYpa CIIKA€ThCSA B IeUi IPU
temreparypi Omuszpko 1500°C  (puc.2). CrnanroBaHHS TNAIMBHOTO Ta3y CYHNPOBOIKYETHCS
yrBopeHHsiM OH rpyn. Ilix yac cnikanus motik He, 3 kinpkoma Bigcotkamu Clo, eekTHBHO
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Buganuth OH rpymu. lleid meron Hamae BUCOKI BHUMOTHM JO 3aXUCTy HAaBKOJMIIHBOTO
CepeNIOBHINA Bij 3a0pyaHeHHs. YNpaBiiHHS TexHonorieto OVD Takox BUMarae: HeoOXiTHICTh
MIATPUMKH TTOCTIHHOT IIBUAKOCTI MOTOKY CUPOBHHH 1 MaNKBa, 00epTaHHS 3arOTOBKH 1 MOCTIHHY
TeMmIiepaTypy HajdbHuKa. [Ipu cKiIyBaHHI MIBHAKICTH ra3y, oOepTaHHS i TeMIeparypa MaJlbHHKA
noBUHHI Oyt nocTtiinuMu. [Ipu ckiyBaHHI BUHHMKAIOTh XIMi4HI peakuii MiX JOMIIIKaMu Ta
ra3om, IO MPHU3BOAMTH JO 3MiHU MPOQIII0 MOKa3HUKA 3ajomiieHHs. Lli 3MiHH BPaxoBYHOThCS
3a3ganeriip, TOOTO Tak, IO Micys peakii 3 ra3oM npodiik € MPaBIIBHAM. 3 OJHI€T 3arOTOBKU
MOXXHA 3pOOHMTH BOJIOKHO IOBKMHOK Oinbmie 10 km i nmiamerpom 125 MxkM. B nanumii wac
JOCATHYTI TeMITH BUPOOHHUIITBA BUILE, HK 2 T/XB, IO BIAMOBiZA€E 75 M BOJIOKHA B XBUJIMHY.
JloCsIrHYTO HU3bKi 3HaUEHHS 3aracaHHsl, IPOIyCKHa 31aTHIicTh focarae 1 I'Tu/km.
Puc.2. Texnonoris OVD

Texnonoris MCVD 3acHoBaHa Ha BHYTPILTHBOMY OKHCJICHHI Ta30BOi (ha3u B 30HI peakiiii,
BCEpeluHi 00epTaeThCsl TPYOKH 3 AIOKCUIY KPEMHIIO, Y3OBXK SIKOI pyXa€eThCs KUCHEBO-BOJHEBE
nonyM's. [ls TexHomnoris Oyna po3po6inena B Bell Laboratories i BBeieHa B mpakTuky Western
Electric Company. Bora nmoctynoso nommpuiacst B SImoHii i €Bporri, a cbOrofHi e HaiOUTbII
4acTO BUKOPUCTOBYBaHU MeToA. IlepeBara iboro METOy IOJISTA€ y BEJIUKIN YUCTOTI
OCHOBHOTO ITPOIIECY, PO 3a0pyIHEHHS HAaBKOJIMIIHHOTO CEPEOBHIIA IPAKTUIHO HE MOXeE OyTH
7 MOBH. 3aroTOBKH T'OTYIOTHCS HATPIBAHHSIM KBapIlIOBOI TPYOKH 3 IIAPOM CIIEYSHOI Caxi MpH
temneparypi 6imu3bpko 1900 °C, koiu BinOyBaeThes ycaaka 1o Gopmi cTprxkHs. Y BUPOOHHIITBI
BHUKOPHCTOBYETHCS IIBUAKICTh ocamkeHHs 0.4 r/xB, mo Bignosinae 40-160 M BookHa B
XBIJIMHY, 3 MOKJIUBICTIO CKJIaJJaHHS BOJIOKHA, 3aTaIbHOIO MpoTsDKHICTIO Bix 10 mo 15 xm(Puc.3).

Puc. 4.3. TIpuruun BupoOHULTBa MeTogoM OVD
BuKopuCTOBYIOUH 3aroTOBKH, 3poOieHi 3a TexHomorieto MCVD, MOXIHBO BHPOOIATH
0araToMofoBi 1 OJHOMOZOBI CBITJIOBOIM 31 CTyMiHYacTUM a0 Tpafi€eHTHUM MHpodineMm.
3aracanms 6araToMoI0BOI0O BOJIOKHA - 3 1b/kM Ha gosxuHi xBwi 850 uM, 1 1 1b/km Ha 1300 HM,
3 MPOIYCKHOI 31aTHICTIO B Kimbka ['T1/km. IikoBi 3HaueHHs iCTOTHO Kpalle, 3 3aracaHHsIM
MeHmte 1 a1b/kM 1 IpomycKHOIO CIpOMOXKHICTIO B Aecatku I T1/kM. B oaHOMOZOBUX BOJOKHAX,
3aracanHs npu 1550 am Hwkue 0.2 1b/km, npomyckHa 3aatHicTh 10 TT/kM.
Texnosoris PCVD — po3po0GiieHa B HayKoBo-fociHii aboparopii Philips, BupoOHHUIITBO
noyainiocs B Philips Glass Division. TeXHOJIOTis BXOJUTh B YHUCJIO BHYTPIIIHIX METO/IB i
XapaKTepU3yEThCS 3aCTOCYBaHHSAM HEI30TEPMIYHOI TIa3MHU, B sIKil TIPOTiKae peakiis. Y TpyoOii
miarpumyethest THCK 1330 TTa, BoHa mOMINA€ThCsl TOPU3OHTANBHO B Tevi mpH TemmepaTypi 1200
°C. Ycepenuni neui, CBU-reneparop, 1o mnpaitoe 3 4actotoro 2.45 I'T1, pyxaeTbcs HaBKOJIO
TpyOKH 31 IIBUAKICTIO 8 M/XB, y310Bx noBxuHn 70 cM. Lleit rereparop Bupobse CBY mrasmy, B
SKil Ha CTIHKax TpyOKH BiOyBa€eThCsl FETEPOreHHA PeaKllis, M0 MPOXOIUTh 0e3 caxi. st
ocamkenHs Si0; edexTHBHICTb cTaHOBUTE Maibke 100%, a gt GeO, 6nusbko 85%. Onucanuit
METOJ Jla€ Jy»e TOHKi mapw (7o 700 mapiB 6mussko 0.5 MKM), 1 Ma€e TIepeBary I BOJIOKHA 3
rpajlieHTHAM MOKa3HUKOM Ipo¢into. Lle mos's3aHo 3 TUM, 10 €Hepris s peakiii
MTOCTABIISIETHCS OS3MOCEPEIHBO, a HEe Yepe3 CTIHKU TpyOKu. [Ticis HaHeCeHHS OCHOBHUX
MarepiaiiB Temrepatypa B nedi nigsuiryerses 10 2000 °C 3 moganbuM po3naioM KBapioBoi
TpyOku. llIBunkicTs BupoOHuITBa 0.5 r/XB(puc.4).

Puc. 2.4. Tlpuanun BupoOHuLTBa MeTofoM OVD
Kontpomosaru PCVD nerute, Hix iHIIi MeToau. Bucoki BUMOru npe'siBIsIOThCS JO CHPOBHHU.
IHmi mapameTpu, Taki SK THUCK B TpyOi, Temmeparypa Tiedi, SHepris IUIa3MH, HIBHIKICTh
pe3oHaTOpa i T.1. ICTOTHO HE BILIMBAIOTH HA PE3yNBTYIOU] TapaMeTpu.
Texnosoris VAD po3pobnena B Snonii komnaniero NTT, a BupoOHUIITBO Oysio po3movaro B
Fujikura Cable Works Ltd., Sumitomo Electric Industries Ltd., i B iHmuMX kommaHisx. 3a
JIOTIOMOTOI0 IThOTO METOIY YacTKH, 5K Ii3Hime (GOpPMYIOTH SIpo i OOOJIOHKY, OCITaloTh Ha
MiJKIaIKy B OCbOBOMY HANpsIMKY i, TAKUM YHHOM, YTBOPIOEThCS IMIIHIP 0€3 IIEHTPaIbHOTO
OTBOpY. BaxIBO HE TIBKH BiCYTHICTh OyIb-SKUX HEHTPAJIBHUX OTBOPIB, IO MPU3BOJHUTH IO
3HW)KEHHSI BTpAT, a TOJOBHMM YHHOM MOJIIMBICTh TOCTiIHHOI mojadi 3aroToBkH. CKITyBaHHS
BiI0yBa€eThCs B eleKTpHuHiil neui mpu Temmeparypi 1500 °C B armocdepi He-CO, a6o He-SiCl,,
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B SIKIH BiIIITOBXYEThCS BOZA. B X0/ CKilyBaHHS, 0OCAT 3aroTiBjli 3MEHIIY€EThCS B BICIM pasiB i
JiaMeTp 3aroTOBKH cTa€ Oym3bko 2,5 cm. Jlani BigOyBa€eThesi BUTATYBaHHS 1o aiamerpa 1 oM i
MEepEeMIIIeHHS B KBapIOBY TPyOKYy.
Puc. 4.5. Texnonoris PCVD

IIpu BuxopucTaHHI Li€l TeXHONOTl BiICYTHIN LEHTpalbHUI IpoBan B Hpodini MOKA3HHUKA
sanomienns. IIBuakicts ocamkenas 0.4 1/XB, 3 OAHIET 3aTOTOBKHM MOKHA BUTOTOBUTH OIJIbIIE
100 kM BoJOKHAa. BUKOpHCTOBYIOUM Ieil METOJ, BHPOOISIOTH 0araTOMOMIOBI i OJHOMOIOBI
CBITIOBOAM 31 CTYHIHYacCTUM a0o0 Ipafi€eHTHUM IpodineM, Ay’ke MaUM 3aracaHHsaM (MeHume |
1B/KM) 1 BEJIMKOIO MPOIYCKHOKO 3/1aTHICTIO. MIIHICTh Ha PO3PHMB BOJIOKHA TAKOX BHUCOKA.
VYnpasninaga mnpouecoM VAD ngyxe perenbHe. IlepenomiieHHs 3alie)XUTh BiJl PO3MOILTY
TEMIEepaTypyd IO TOBEPXHI 3aroTOBKH, MOJOXKEHHS 1 KyTa mMmoiaym's. BuTpaTa CHpOBHHH,
MarepiaiB, HajuBa 1 BHUXJIOMHUX Tra3iB, MIBUAKICTh OOEpTaHHS TMOPUCTOI 3aroTOBKH 1 i
IIOJIOKEHHS [OBUHHI OyTH NOCTIHHMMU. 30UIbIIEHHS IIBUAKOCTI OCAPKEHHS TATHE 3a COO0I0
npobnemu. EdextuBHicTs ocamxeHHs SiO; cranoButh Big 60 o 80%. YV BupoOHHUTBI
OJTHOMOJIOBOTO BOJIOKHA, OJIMH MAbHUK BHKOPHCTOBYETHCS [UII OCHOBHOTO OCAIDKCHHS 1 OIHA
a6o Oinple nanbHUKA /1711 HAHECEHHS 00O0JIOHKH.

4.2. TexnoJiorisi cTBOpeHHs1 OperriBcbKUX rpaTok B ONTUYHOMY BOJIOKHI
IIpn BurotoBneHni BBI' mo ix mapameTpiB BHCYBalOThCSA KOPCTKI BHMOTH. HaiiOursm
Ba)XJIMBUMH IIapaMeTpaMH BOJOKOHHHMX TI'PaTOK € PO3MOALT aMIUIITYAM MOJIYJSILii MOKa3HHKa
samomuenHs All (X) 1 3akoH 3MiHU nepiony AA (X) rpaTKd B3IOBXK IMO3I0BKHBOI OCi BOJIOKHA.
BigxuneHHss NWX MapaMeTpiB BiJ HEOOXITHWX 3HAa4e€Hb MNPU3BOJAMTH JO MOTIPIICHHS
CHEKTpaIbHUX XapakTepucTuk BBI™ i poO0TH BOJOKOHHO-ONTHYHOI JIiHii 3B'S3KY B IILJIOMY.
BBI" MOXXyTb BUTOTOBIISITHCS (3aITUCYBATHCS) PI3SHUMH METOJAMH, KOXKEH 3 SIKHX 3aCTOCOBYETHCS
JUTSl KOHKPETHUX CTPYKTYp IpaToK i Mae cBOI mepeBard i HeJomiku. JIo CydacHUX TEHICHILH y
PO3BHUTKY MeToiB BuroToBieHHs BBI" citif BimHecTH:

. 00pOOKY ONTHYHUX BOJIOKOH Ta30MoOAiOHUM BOJHEM IPU BHUCOKOMY THCKY JUIS
MiABUILEHHS X (POTOYYTIIUBOCTI;

. aKTHBHE 3aCTOCYBAHHS HAJIKOPOTKHX JIA3ePHUX IMITYJIBCIB ISl BUTOTOBJICHHS TPATOK;

. 3anuc BBI" 6e3nocepeiHbo B MpoIieci BUTSHKKY BOJIOKOHHOTO CBITIIOBOJIA 1 PSAJ 1HIIHX.

B nanuii yac HalO1IBIIT YaCTO BUKOPUCTOBYIOTHCS HACTYITHI MeTou 3amucy BBI:

. iHTepdepeHIliiiHi MeToau (0THOTPOMEHEBHI 1 IBOIPOMEHEBHIN);

. MeTox (pa3oBoi MacKH;

. METO]] TOYKOBOT'O BUTOTOBJICHHS.

Yepes manmii nepiog BBI' ix BUTOTOBIAIOTE, SIK IIPABHIIO, 3 BUKOPHCTAHHAM iHTEp(hepeHIiHIX
Mmeronis. Tak, sk mpolec 3anKucy HeoOXinHOI IpaTHOI CTPYKTYPH MOKE TPUBATH KiJIbKA JECSATKIB
XBWIIMH, BUTOTOBJICHHS SKICHOI TpaTKd MOXJIMBO JIMIIE TPU BUCOKIH CTablIBHOCTI
inTepdepenniitnoi kapruan. Taki yMOBH MOXyTh OyTH 3a0e3IedUeHi JHINE IIPH XOpPOMIiit
IpOCTOpOBOi 1 4acoBOi KOTePEHTHOCTI (POTOIHAYKYIOUOrO BUIPOMIHIOBAaHHSA, L0 HAaKJIaIae
JKOPCTKI BUMOTH Ha JiKepelia BUPOMiHIOBaHHs JiIs 3anucy BBT.

3anporoHoBaHO pi3Hi cxemu 3anucu BBI, B skux nuigxom 3BefeHHs 1mydkiB  YO-
BUIIPOMIHIOBAHHS i KYTOM 0 YTBOPIOETbCSA 1HTepdepeHliiiHa KapTHHa 3 IEepiofoM
inTepdepentii A (nepion rpatku). [lepiog A BU3HAYAETHCSI HACTYITHAM PiBHSHHSIM:

Jie AV - JOBKUHA XBUII YO-BUNPOMiHIOBaHHS. BonoKoHHMI CBITIIOBOJ, B IKOMY 3A1HCHIOETHCS
3amuc OperriBCbKMMHU TpaTKaMH, TOMIIIAETbCS B 00JacTh iHTepdepeHIi, 1 B MyYHOCTIX
iHTepdepeHniiiHoi KapTHHU B (POTOUYTINBOI CEPIEBUHI 301IBIIYETHCS MOKA3HUK 3aJIOMIICHHS
ckia. Takum uMHOM, mepiof OperriBCbKUMM IpaTKu 30iraeTbes 3 mepiofoM iHTepdepeHuiiHol
KapTuHH A.

VY mepmoMmy iHTepdepoMeTpi, SKU BHKOPHCTOBYBAaBCS JUIS 3allUCy OpPETTOBCHKUX TpaToK,
BHKOPHUCTOBYBAIOCS 1O YD-BUNPOMIHIOBAaHHS 32 OTIOMOTOIO CBITJIOPO3IiIBHOT IJIACTUHH Ha
JBa IydKa, SKi IOTIM 3BOMMIMCS Hix KyToM. OIHA 31 CXeM TaKkoro THIy iHTepdepoMeTpiB
mpescraBieHa Ha puc 4.6. J[is 3a0e3medeH s BHCOKOTO KOHTPACTy iHTep(depeHIiHHOT KapTHHI
CBITJIONO3/1iJIbHA TUIACTHHA MiIOMPAETHCS TAKUM YHHOM, 100 IHTEHCHUBHICTh 3BOJIMMUX IyYKiB
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Oyna oxgHakoBa. [{umiHApHYHA JIiH3a BUKOPUCTOBYETHCS 1151 (DOKYCYBaHHS BUIIPOMIHIOBAaHHS Ha
CEepIICBHHI BOJIOKOHHOTO CBITIOBOAA. [HTepdepoMeTpn 3 PO3MOMITIOM aMILITYJH BOJIOAIIOTH
THYYKICTIO B peasnizaiii mapamerpiB rparok (mepioj, JOBXHHA), OHAK BHUMAaratoTh BHUCOKOL
IPOCTOPOBOI 1 YaCOBOI KOT€PEHTHOCTI BUIIPOMiHIOBaHHA. KpiMm ToTO, iHTEpdhepoMeTpaM Takoro
TUIy NPUTaMaHHI Taki CyTTeBi Hepoiaiku. Ilo-mepiue, BOHM MalOThb BHCOKY UYTJIUBICTH 1O
MexaHi4HO1 BiOpaiii ONTHYHUX KOMIIOHEHTIB, CYOMIKPOHHI NMEPEMIIICHHS SKHX BUKIHKAIOTh
3MimieHHs iHTepdepomerpuuHmuii cMyr. [lo-Apyre, OCKIIBKH pPO3IUIEHI MYYKH HPOXOISThH
BiJTHOCHO JIOBIWif IUISIX MO MOBITPIO, JIOKANBHI KOJIMBAHHS MOBITPS, 3MiHIOIOUH HOr0 MOKa3HUK
3aJIOMJICHHS, IOMITHO YCKJIaJIHIOIOTh OTPUMAHHS CTa01IbHOTO iHTEp(EPEHIIIHHOT KapTHHH.

Puc. 4.6. Cxema 3amucy OperriBCKUX rpaTok B iHTEpGhEpOoMETpi 3 PO3MOALIOM aMILTITYAU
Barato B YoMy Bii 3a3HaueHMX HENONIKIB BiIbHI HHTepdepomerp Jlnoima 1 mpusmoBuii
iHTephepoMeTp, MPEACTABICHI Ha MaTIOHKY 4.6 1 4.7 3a JOMOMOrOI0 JiCICKTPUIHOTO J3epKaia
(intepdepomerp Jlnoiina) abo mpusmu (npusmosuil iHTepdepomMerp) 1Bi N0IOBUHE YD-IIyuka
3MILIYIOThCS Mij] KyToM a. [TepeOymoBa KyTa a 3/1iHCHIOETHCS IIUISIXOM ITOBOPOTY iHTEepdepomeTpa
1 CBITJIOBOJIA, IO TTOMITHO TMPOCTIIIe B MOPIBHSAHHI 3 MONEpeNHIM THIIOM iHTepdepomerpiB. B
CHIy MaJoro ONTHYHOIO NUISXy 1 MIHIMAIGHOI KIUIBKOCTI ONTHYHHAX €JIEMEHTIB  IIi
iHTephEepOMETpH BIAPI3HAIOTHCS BUCOKOK MEXaHIUHOKW CTalinbHicTIO. OIHAK BHMOTH [0
KOTepeHTHOCTI YD-BHIIPOMIHIOBAHHS 3aJMINAIOTECA SK 1 paHille BHCOKHMH, TOMY 3a3Ha4eHi
TUH 1HTEPPEPOMETPIB MEPEBAKHO 3aCTOCOBYIOTHCS 3 BUKOPUCTAHHSIM BUIIPOMIHIOBaHHS JPYTOl
TapMOHIKH TaHOi omeparii. HalOunbln MOmIMpeHuM ImijJ Yac 3alucy Pi3HHX THMIB TPaToK 3
MIMPOKUM Jialla30HOM IX IapaMeTpiB € MeToxn (a3oBoi Macku. BiH 3acHOBaHWMIT Ha CTBOpEHHI
Bapiauiid ¢a3u npu MOIIMPEHHI BUIIPOMIHIOBAHHS Yepe3 MaWCTep-TPaTKy, 10 BUTOTOBISETHCS
¢doromiTorpadivHUM crocoOOM, Ta IEPETBOPEHHI 1X B MEPIOJMYHY MOIYJILIIO iHTEHCHBHOCTI 1
MOoTiM - B Mpodinb 31 3MIHHAM TOKa3HUKOM 3aJIOMJICHHS B CEpLEBHHI BOJIOKHA 3 THM K€
TepiosioM, 1o i B (a30Boi MacIii.

Puc. 4.6. - Cxema 3ammicy OperriBCbKUX TPaToK 3 BUKOPUCTAaHHAM iHTepdepomerpa Jlnoiina
Puc. 4.7. Cxema 3anmcy OperriBCbKHX rparok 3 BIPOBaJHKEHHIM ITPU3MEHHOTO iHTepdepomeTpa
Puc. 4.8. Cxema 3anucy OperroBCbKHX rpaTok 3a J0MOMOTO0 ()a30BOT0 MacKH
3anmc OperriBCbKUX IpaTok 4epe3 (pa3oBy MAcKy 3HAYHO 3HM)KYE BUMOTH 10 KOTEPEHTHOCTI
BUIPOMIHIOBAaHHSI, TOMY, SIK IPAaBUJIO, 3ACTOCOBYETHCS 3 BUKOPHCTAHHAM €KCUMEPHUX JIa3epHUX
Jokepen. Y 1boMy MeEToni iHTepdepyroT nepiinid i MiHyC Mepimui TudpakiiiHi MOpsaKd m
BUTIPOMIHIOBaHHS, IIO MPOWIIOB 4epe3 (a3oBy MacKy 3 KBapioBoro ckia (puc. 4.8). Penbed
($a30BOi MacKkd BHKOHAHHUH TaKMM YHHOM, 100 MPHAYIIMTH HYIHOBHUH 1 IHIN MOPSIKA

nugpaxmii Ta 3a0€3MeINTH THM CAMHUM BHUCOKHIT KOHTPACT iHTepdepeHIIHHOT KapTHHH.
Bukopuctanus ¢a3oBoi Macku € 3py4HHUM Uil PYTHHHOIO 3allHCy Tparok 3 (iKCOBaHUMH
napaMmeTpamu. Tak sK BOJIOKOHHHMH CBITJIOBOJ MOMIIIAEThCS B Oe3nocepenHiil OinM3bKoCTi 10
(azoBoi MacIi B OIIIDKHBEOMY IO AUGparniifHnx Y®-mmydkiB, 9y TIHBICTh CXEMH 10 MEXaHITHAX
BiOpaniii 3HmxkeHa. ®a3oBi Macku 31 3MIHHUMH 10 JOBXHHI TMapamMeTpamMu H03BOJSIOTh
3aMMCyBaTh CKJIAJHI THIHM TPaTok (31 3MIaJKeHOT aMIutiTymor momynsumii TIT1, 31 3MiHHEM
repioioM i T.11.).

Puc. 4.9. Cxema 3ammcy OperriBcbkux rparok B intepdepomerpi TanbboTa
Crip 3a3HauuTH, M0 (PiKCOBAHICTH MApaMETPIB 3aMKUCY OJTHOUACHO € i HEOJIKOM 0OTOBOPIOBAHOT
cxeMu 3anucy. MoxxinBa JIMIIE HEeBeJlUKa epedynoBa pe30HAHCHOI JOBKUHU XBWII (~ 2 HM) B
JIOBFOXBUJIBOBY 00JIACTH 32 JOMOMOTOI0 3MiHH KyTa MK ()a30BOi MacKOO i CBITJIOBOJIOM.
ITepeOymoBa OperriBCbKoi JOBKHHHM XBHJII y BIJHOCHO IIMPOKHX MeXaX MOXIHBA B
inrepepomerpi Tanpbotra, cxema sikoro HaBeaeHa Ha puc. 4.9. Ilpu npomy BinmoBinHa
nepeOyaoBa KyTa iHTepdepeHii <p B 1bOMY 0€3KOHTAKTHOMY METOJIi 3aIUCY 3 BUKOPUCTAHHSAM
¢ha3oBoi Macky 3IMCHIOETBCS CHHXPOHHHM IIOBOPOTOM J3epKald. MeTox TOYKOBOTO
BHUTOTOBJICHHSI TaKOXX MA€ CYTTEBI MPAKTU4YHI OOMEKEHHS, TOMY IIO JIO3BOJISIE CTBOPIOBATH
TLTBKH KOPOTKi (MeHIIe 1 cM) BBI' i He 1ae MOXIMBOCTI KOHTPOIIOBATH 3 BUCOKOIO TOYHICTIO
(GopMyBaHHS OKPEMHX KOPOTKMX CEKI[iif IMPHHOI0 MEHIIe OJHOTO IIepiofy TpaTKH, IIO0
yTBOpIOIOTH cTpyKTypy BBI. TlepepaxoBani metonu 3anucu BBI' € HalOinbII MOMIMPEHUMH B
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CUIJIy 1X BIIHOCHOI MPOCTOTH 1 THYYKOCTI mapamerpiB. Pa3om 3 THM 3amporoHOBaHi W iHII
METOJIH , SIKi TO3BOJISIFOTH BUTOTOBISATH, B TOMY YHCIHI, criemianbHi Timu rpatok (BBIT Bemmkoi
noxuHU, BB 31 3MiHOM nepioy 1 aMILUTITYAM MOIYJISLIT 11O IOBKUHI TPATKH 1 T.J11.).
Bucnosok

s raBa Oyna mnpucBsueHa TexHousorii BuroroBneHHa BBI. 3a momomororo TexHoIOTii
BurotoBiieHHs BBI' MoxMBO po3minryBaTu 0e3iiu JaTYMKIB B OIHIM ONTOBOJIOKOHHIN JIHIT i
BUPOOIISATH aOCOIOTHI BUMipIOBaHHs 0e3 kaniopyBaHHs. LIi yHIKaIbHI 0COOIMBOCTI pOOIATH IIFO
TEXHOJIOTi0 HalOLIBII MiIXOAAIINM 1 HaAIHHUM PIIIEHHSAM Ul TPUBAJIOTO MOHITOPUHTY.
CucTeMHd MOHITOPUHTY, 3aCHOBaHI Ha JaHId TEXHOJOril, CeKOHOMIYHO e(QEeKTHBHI NpH
BUKOPHUCTaHHI Ha BEJIMKOMACIITAOHUX 00'€KTax - TaM, /e HeoOXiJHa yCTaHOBKA COTEHb JaTYHKIB
JULSL TPUBAJIMX BUMIPIOBaHb Pi3HUX (i3MUHUX MapaMeTpiB. BoJoKoHHI OperriBChbKY IpaTé TaKOX
€ caMHMM HaJiHHUM pINICHHSAM TNpH poOOTI 3 arpeCUBHUMH CEPEIOBHUIIAMH, € HAATYUKH
3HAXOJATHCS B EKCTPEMAIIBHAX YMOBAX.

5. MPONIO3ULIA 10 CTAPTAII-ITPOEKTY
3a OCTaHHI IBaJUATH POKIB BEIMYe3HA KUTBKICTh IHHOBAIIH B ONTOENEKTPOHINI 1 B oOiacTi
BOJIOKOHHO-ONITHYHHX TEJIEKOMYHIKaliil NMpU3BEIO 10 3HAYHOTO 3HIDKEGHHS LiH Ha ONTHYHI
KOMIIOHEHTH 1 A0 3HAYHOTO MOJIMIIeHHS iX skocTi. Ile 103BONMHMIO BOJOKOHHO-ONTHYHUM
JaTINKaM IIEPeHTH 3 PO3psLy eKCIIePHMEHTATBHIX JIa00PAaTOPHUX IPHIANIB B PO3PS IIHPOKO
3aCTOCOBYBaHHMX NPWIIAJIB, SIKI BUKJIMKAIOTh 3HAUYHHUI 1HTEpeC i Bke 3a0€3MeuyroTh PaKTHYHE
3aCTOCYBaHHS B 00JaCTi:

o BOJIOKOHHI JIa3epu

MYJIBTHILICKCHI TACHBHI BOJIOKOHHO-OTITUYHI JIaTYUKU
o OIITHYHI YaCTOTHI MYJIBTHILUIEKCOPH ISl TEIEKOMYHIKaLliHHAX CHCTEM
. nepeOynoByBaHi i (hikcoBaHi By3bKOCMYTOB1 (DiIBTPH

KOMIIEHCATOPH AKCIIEPCii B BOJOKOHHO-ONTHYHHUX JIHISX 3B'SI3KY
9aCTOTHO-CEJICKTUBHI BTy )KyBadi 1 MPUCTPOT BUBEICHHS CBIT/Ia 3 BOJOKHA
JIa3epHi Ai01u 3 OperriBCbKUMU rpaTKaMy B SIKOCTI 30BHIIIHBOTO BifiOMBaya

o BOJIOKOHHO-OIITHYHI ITiICHIIIOBaYl

BBI" MoxyTb OyTH BUKOPHCTaHI:

. B SIKOCTI BUMIPHUKIB TEMIIEPaTypy HABKOJIUIIIHBOTO CEPEIOBHILIA;

o SIK TATYUKH JIHIHHOT nedopmarii;

. MOXYTh BUKOHYBaTH (DYHKIIIF0 CCHCOPHUX €JICMEHTIB B IaTYHKAX THUCKY;

BHCHOBOK 10 cTapTan-npoexkTy
VY nanHOMY po3niti Oyiu po3poOJeHi MPOMO3UIii A0 cTapTam MPOEKTy BiIMOBIIHO O TEMH
Marictepchkoi aucepraiii «JlociiKeHHs BOJIOKOHHO-ONTUYHOTO JaT4hKa 3 PO3MOAUICHHUMHU
napameTpamm».

BMCHOBOK

3aBIsSIKM CBOIM YHIKQJIBHUM XapaKTePHCTHKAM, OITOBOJIOKOHHI JaTYMKU Ha OCHOBI OpErroBCKiX
PEIIITOK 3HARIIIIM CBOE 3aCTOCYBAHHS B 0araTbox 00JIaCTAX, TAKKX SIK OyIIBHHUIITBO 1 T€OTEXHIKa,
aepOKOCMIUHa, EHEpreTUYHa 1 HaTora3oBa MPOMUCIIOBICTb.
UyTIMBUMH €JIEMEHTaMH TOUYKOBHUX BOJIOKOHHO-ONTHYHMX JATYHKIB € BOJIOKOHHI OperriBchki
rpaTH, IO 3alyCaHi B ONTUYHOMY BOJIOKHI 3a JOMOMOTOI0 (Haiuactiiie)ynsTpadiosieTOBOTO
J1a3epa i sBJISIOTh COO0I0 UISIHKY CBITIOBOA
3 MEPIOIUYHOI0 3MIHOKO MOKa3HUKA 3aJIOMJICHHS y310BXk oci. BBl k0)KHOTO AaTdnka BigoOpaxkae
CBITIIO TIEBHOT TOBXHHHM XBHJII 3 IIUPUHOIO CIIEKTPA.
IIpu MexaHi4HOMY 1 TeMIepaTypHOMY BIUIMBI 3MiHIOIOTbCS MEPiOJ 1 MOKAa3HUK 3aJIOMIICHHS
PEUIITKH, BHACTIIOK YOIO0 MM CIIOCTEpIraeMoO 3MIIICHHS JOBXHHM XBWJI BiJOMTOrO CBITIA.
BuMiproloun BeIHYHMHY IEOTO 3MINEHHS, MOXXKHAa BU3HAYHTH BIXHOCHY Ae(OpMAIliio i 3MiHY
TeMmnepaTypu.
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