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BCTYII

OcHOBHa MeTa METOAMYHHX BKA31BOK IO CAMOCTIHHX Ta MIPaKTHYHHUX
pobit (CIIP) - o3HalioMieHHS 3 HAaWOIIBII BOKIUBAMU TUTAHHIMH, SKi
OB’ s13aHi 3 (DI3HIHUMH OCOOJIMBOCTSMHE ONITHIHHUX SBHII, €JIEMEHTHOI 0a3u
UIE pO3poOKM 1 MiAXOAIB A0 KOJAYBAaHHS CHUTHAIIB TPH MPOEKTYBaHHI
koM fotepHux Mepexxk (IIKM) Ha OCHOBI  BOJIOKOHHO-ONTHYHHUX
niHii/cucrem 3B s3Ky (BOJI/C3) i mepenaui indopmartii (BOCIII), a Takox
ix ekcruryaranmii.

Kypc camocTiiiHuX Ta IpakTHYHUX POOIT MOBUHEH HAJaTH CTYJCHTaM
ySIBY TPO OCHOBHI (hi3W4HI BIACTUBOCTi, OCOONHMBOCTI 1 XapaKTePUCTUKH
BOJI/C3, BOCIII cknag obmagHaHHs i HOT0 OCHOBHI TapaMeTpH, BiIIOBICTH
Ha OB’ A3aHi 3 HUIMU IUTaHHS, JOMIOMOI'TH 3aCBOITH IM OTpHMaHi 3HaHHS Ta
BMIHHS TiJ1 4ac O€3ICePIeBHBOTO 1X MPOBEICHHS.

[Tix gac Bukonannsa CIIP cTyneHT mOBUHEH:

— 3natu cyTtHicTh CIIP i 3micT poboty;

— BukoHartu CIIP Ta BiAMoBicTH HA KOHTPOJIBHI 3aUTaHHS;

— 3poOUTH PO3paxyHKH (3TiHO BapiaHTY) i MPUBECTH BUCHOBKH;

— 0(hOpMHTH 1 3aXUCTUTH 3BIT.



1 CAMOCTIMHA POBOTA Nel.

Bonokonno-onmuuni ceimnoeoou

MeTta po00TH - O3HAHOMIICHHST 3 OCHOBOIO TCOPETHYHHUX BiJOMOCTEH
PO BOJIOKOHHO-ONTHYHI cBiTIIoBOAM (BOC), MpUHITAIIOM ITOIIMPEHHS B HUX
ONTUYHOTO BUIPOMIHIOBAHHS, BHBUEHHS OCHOBHMX THIiB BOC B
3aJICKHOCTI BiJi MPOQUI0 MOKA3HWKA 3aJIOMJICHHS, O3HA-HOMIJICHHS 3 iX
KOHCTPYKIIITIO, TCOMETPHYHUMH  OCOOJHMBOCTSIMA Ta  OCHOB-HUMH
XapaKTePUCTUKAMH 1 3aKPITUICHHS 1X Y XOJIi MPAKTUYHUX 3aHSITh.

1.1 3araasnHi Bizomocri

CeiTiioBox - mTpuUCTpid, sAKUE 0OMexye 007acTh IONIMPEHHS
ONTUYHMX KOJMBAaHb 1 HANpaBisie MOTIK CBITJIOBOI €HEprii B 3aJaHOMY
HaANPAMKY (ONTHYHE CEPETOBHUIIE IS TTOITHUPEHHS).

Po3pi3HAIOTE ABa BUIU CBITIOBOIB: TUIACKI Ta BOJIOKOHHI (puc.l.1).
ITnacki (ruaHapHi) CBITIOBOIM Y CBOIO YEPTy MiAPO3IIAIOTE Ha: TUTIBKOBI,
(puc.1.1a) i xananeHi, (puc.1.106).

0, W n,
n, n

a) 0)

a — IIIBKOBI, O - KaHaJIbH1

Pucynoxk 1.1 - TLmiBKOBIi CBITJIOBOIH

BomokonHi  cBiTiioBoam  OyBarooTh:  ofHOmApoBi, (puc.l.2a);
JBomIapoBi, (puc.1.20); Tpumiaposi (puc.1.2B) i T.j.

a) 6) B)

a — OJJHOILIAPOBi, O — IBOIIAPOBi, B — TPUILAPOBi

Pucynoxk 1.2 - BoJIOKOHHI CBITJIOBOAH



He ni - nokasnuk 3anomiaeHHs (I13) HaBKONUIIHBOTrO CEPEOBUINA; 1
- I3 cepenosuma, mo Bexe cBiT; N, , N5 - [13 3am0MiIeHAs 000I0HKH, O

BiAOMBae€ CBIT/IO 1 3aXMCHOI 000JIOHKH, BIIOBIIHO.

Bosiokonni cBiTnoBoau. HaiiGinbmie momupeHHS Y BOJOKOHHO-
ONTUYHMX Mepekax 1 cucremax 3B’s3ky (BOM3, BOC3) onepxanu
MEIeKTPUYHI CBITIIOBOAW KPYIJIOTO TIONMEPEYHOTO TEepeTHHy, SKi
CKIIAmalOThCI 3 JBOX a00 JEKUTBKOX KOHIIGHTPHUYHHX IIPOIIAPKIB
nienextpuka. [13 BHYTPIIIHBOrO MPOIIAPKY 1 CEPLEBUHH Y 3araibHOMY
BUNIAJKy € (QyHKIi€l0 pagianpHOi KOOpIUHATH 1 1i Ha3WBalOTh Npodiem
nmokazauka 3anomieHHs (I13). II3 30BHIMHIX MpomapkiB (000JIOHOK) €
noctiitanMu. OCHOBHI mapaMeTpH, sIKi Xapakrepu3ytoTs Tun BOC:

— TEeOMETPHUYHI pO3MipH;

— TIIT3;

— koedinienT 3aracanus BOC;

— cIhexTpaibHa KpuBa 3aracanas BOC;

— nucnepcis BOC;

— cmyra nponyckanaa BOC;

— koedinienT mmpokocmyrocti BOC;

— 4ucnoBa aneprypa Na.

Hafinpoctimuii ~ cBiTJIOBOA  sBJISIE  COOOK  KOJIOMOAIOHUH
JUCNEKTPUYHUI CTpYKEHb (CeplieBHHA 3 N1, KA OTOYEHA JICNIEKTPUIHOKO
000JIOHKOO 3 N2 - puc.1.2.0, B). [13 marepiany cepiieBuHU N1, a 000JOHKH Ny
BUPaxXOBYIOThCS 3TiqHO Gopmyn 1.11 1.2, BiamoBigHO.

n, =&, (L.1)
n, =& . (1.2)

e éfl ,éz - BITHOCHI JieNeKTprdHi MpoHUKHOCTI MartepianiB BOC 3 ny, na.

BinHocHa MarHiTHa MPOHHMKHICTH MaTepialy |L 3BUYaifHO MOCTiiHA i
JOpiBHIOE orHUII. JIJ1s1 Tepeiayi eJIeKTpOMarHiTHOT eHeprii 1o CBITIOBOTY
BUKOPHUCTOBYETHCS SBUIIIE TOBHOTO BHYTPIIIIHLOTO BIIOMTKA HA MEXKi MOJLTY
JIBOX JIIETIEKTPUYHHX CEPEIOBUIII, TOMY He0o0XimaHO, o6 [13 ceprieBunn OyB
OiTbIIIe TOKA3HUKA 3aJIOMJICHHS OO0JIOHKH:

n >n, (1.3)



Yucao i cTpyKTYpa MoJ, SIKi MOMIUPIOIOTHCA. Y 3aJeKHOCTI Bif
posmipy kyra ® (puc.1.3), skuii yTBOPIOIOTH TNpPOMEHi (BUXOIATH i3
KpankoBoro mkepena B uentp topusg BOC) i3 Biccio CBITIIOBOAY, MaroTh
MiCIle KiTbKa THITIB ONTHYHWUX XBHJIb: MOJH «a», SKi CIPSIMOBYIOTHCS B
cepeneri BOC; momn 00OJIOHKH «0», IO TOMIUPIOIOTHECS Ha ITOPIBHSHO
HEBEJIMYKI BiJICTAHI;MOH «BY», IKI BUXOJISTh Ha30BHI CBITJIOBOY (pHcC.1.3).

@% r

Pucynok 1.3 - Moau B cryningactomy BOC

VY cepueBuHi 1 000NOHII ICHYIOTH JBa BUAM TpoMeHIiB (puc.l.4):
MEpH/IIOHATBHI, K MEPEeTHHAIOTHCS 3 BICCIO CBITIOBOAY, i KOCI, IKi 3 HEIO
HE MepeTHHAIThCS. SIKmo KyT © MeHmre neskoro KpuTuaHoro Kyra ® gp,
10 BiAMOBITHO A0 3akoHy CHejlyca BU3HAYAETHCS CITiBBIAHOIICHHSIM:

sin®,, =n,” —n,” =J& - &,, (1.4)

TO MPOMIHb ITIJIKOM BiJOMBA€ETHCS HA MEXKI TOJILTY «CeplLIEBUHA - 000JIOHKAY
1 3QIMIIAETHCS Y CepIeBUHI (TIPOMIHB «@»), a 000JIOHKA 3aXHUIIIA€ CBITIIO, K
nommpioerbest o BOC Bin OyJb-sKUX 30BHINIHIX BIUIMBIB 1 TEPENIKO/I.
KoxHa BracHa Moja CBITJIOBOJy Ma€ XapakTepHy JJsl Hel CTPYKTypy
eJIeKTpoMarHiTHoro moisisi, (azoBy 1 rpynoBy mBuakocti. BOC, ski
HiATPUMYIOTH MOLIMPEHHS OJHi€l MO, HA3UBAIOTh OAHOMOAOBHUMHU (M =
1), 6impimoro uncia Mox - 6aratomogoBumu. IHomi BOC, KimbKicTs MO Y
akoro He mnepesumye 100, HaszuBaroTh ManmoMomoBuM. Ilo omgHOMY
CBITJIOBOAY OJHOYACHO MOXKE TMOLIMPIOBATHUCS TUIBKA BH3HAYECHUH
JCKPETHUH HaOIp eNeKTPOMArHITHUX XBHJIb, KOXKHA 3 SIKHX € BIIACHOIO
XBHJIEIO 200 MOJIOK. Y XBHJIBOBOMY (PPOHTI KOXKHOI MOJHM KOJHBaHHSI
MOLIMPIOIOTHCA 3 3arajbHOI0 (Pa3orlo.



Slxmo s ymMoBa He BUKOHYETHCS, TO XBHJII iIHTEp(hEpHPYIOTh TaK, IO
racsiThb OJHA OJHY 1 3HHKAOTh. XBHJI B CEpIEBUHI, SKI BiIMOBIIAIOTH
NPOMEHSM, TPAEKTOpii SKUX YTBOPIOIOTH Maii KyTh 3 Biccio BOC,
Ha3UBAIOTh MOJAMH HIDKYHX MOPSIKIB, 8 TPAEKTOPII SIKi YyTBOPIOIOTH BEJIHKI
KyTH 3 Biccto BOC, Ha3uBaroTh MOAaMH BUIIIHX TOPSIKIB.

3 pucynky 1.3 BHIHO, IO YacTHHA TPOMEHIB, SIKI MPOHUKIU VY
CBITJIOBOJI, MOE TIOLITUPIOBATUCS TIJILKU 10 HOTO CEpLICBUHI (MO/a «a»), a
YaCTMHA MOXXE TIOMIMPIOBATHCS TO OOOJOHIN CBiTIOBOAY (MOma «0») Ha
MTOPIBHSAHO HEBEIMYKI BimcTaHi. YacTHHA BUXOAUTH HA30BHI (MOAa «B», SKa
BUTIKa€). XBUJII BUIIPOMIHIOBAaHHS (@), MOMIUPIOIOTHCS OS3yNMUHHO 10 YCiid
INpUHANEKHOT IM 00J1acTi KyTiB 1 yTBOPIOIOTH Oe3MepepBHUN CIEKTp. XBUII
obosonku (0) 1 BUTIKarO4i (B) - Mapa3suTHI XBWII, sKi BiIOUPAIOTh CHEPTit0
IoKepena BunpomintoBanHs (IB) 1 3MenmnytoTs ii ipu nepenaui y BOC.

Y GaraToMoJ0BHX CBITIOBOJAX AiaMETp CEpLIEBUHH BUOMPAETHCS HA
OaraTto OUTBIIMM MOBXHHA XBWJII ONTHYHOI HECy4oi i YMOBH IOBHOTO
BHYTPIIIHBOTO BiIOMTKA BUKOHYIOTHCS JUIA 0araThbOX THIIB XBWJIb -MOJ. Y
OJIHOMOJIOBHX CBITJIOBOJIaX JIiaMETP CEPUEBUHM OJHOIO TMOPSIKY 13
JIOBKMHOIO XBHWJII 1 32 PaxyHOK IIbOTO B HHOMY ICHYE TUTBKH OJHA MOJA.
OIHOMOMOBHH PEKUM TPAKTUYHO JOCATAETHCS MPU 3aCTOCYBAaHHI TyXke

TOHKHMX BOJIOKOH, OJIM3BKHX IO Jiamerpy noBxkuHI xBumi (d = A). Ywucio
TUTIB XBWIb (MOJl) Y CBITJIOBOJI 3aJIeXKHTH BiJ miamerpa cepueBuHH d i

JIOBKMHU XBUII A.. 31 3011b11eHHsaM giameTpa cepreBunn (d =2 r, puc.1.3) i
3MEHIIEHHSIM JOBXHHH XBHJII A 4mciio mox M 3pocrae. Takox IparHyThb
3MEHIINTH pi3HuIo Mixk [13 ceprieBuHu i 060710HKH (n; = N, ).

Ipodins nokazHuka 3agomiaeHHs. [[J1g XxapaKTEpUCTUK CBITIOBOLY
BEJIMKE 3HaYCHHS Mae podinb nokazHuka 3anomieHHs (I13) B nonepeunomy
neperudi (puc.1.4-1.7).

200-600

n,

Pucynoxk 1.4 - Ilonepeunnii nepetus, po3noain [13 s BonokHa 6e3
MOKPUTTSL: XiJ] MPOMEHIB; PO3MIpH JliaMeTpa CEPIEBUHH B MKM
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125

Pucynok 1.5 - [Tonepeunnii nepetuH, po3noain I13 mis BojgokHa
JBOIIAPOBOTO 0AaraTOMOOBOTO CBITIOBOJY: XiJ MMPOMEHIB; po3MipH
JliaMeTpa CepIICBHHM i 000JIOHKH B MKM

125

Pucynok 1.6 - [Tonepeunnii nepetuH, po3noain I13 mis BojgokHa
rpajiieHTHOTO GaraTOMO/IOBOTO CBITJIOBOJIY: XiJl MPOMEHIB; PO3MIipH
CEpIIEBUHU 1 000JIOHKH B MKM

Iy

Pucynoxk 1.7 - Ilonepeunnii nepetus, po3noain 113 mis BojgokHa
JIBOILIAPOBOT'O OJHOMOJIOBOI'O CBITJIIOBOJY: XiJ IPOMEHIB; PO3MIpH JliaMeTpa
CEepIEBHHU B MKM

[IpakTH4HUH 1HTEPEC MarOTh HEOJHOPITHOCTI B IOMNEPEUHOMY
NEePEeTHHI CBITIIOBOJY, TOMY IO BOHH MOXXYTh MAaTH XapaKTEPUCTHKH, SKi
HEMOXKJIMBO OZIEP>KaTH B OJTHOPITHUX CBITIOBOJAX.

SAxmo cepueBnna BOC mae nocriiine o paaiycy 3HaueHHS Npodiio
13 (e cxoauHKa N Ha MEXKI «CEPIIEBUHA - 000JI0HKA»), TO BOHU HA3UBaIOThCS
CBITJIOBOAAMH 31 cXiguacTuM mpodijeM MoKa3HHKa 3aiomileHHs (puc.l.5).
SAxmo 113 Bix ueHTpy 40 Kparo 3MIHIOETHCS HE CTYMIHYACTO, a IJIaBHO, TO
BoHM HazuBaroThess BOC 3 rpagientaum [1I13 (puc.1.6). V rpanieHTHOMY
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CBITJIOBO/I TPOMEHI 3THUOAIOThCA B HAIPIMKY TPagi€HTy TOKa3HUKA
3aOMIIeHHST  (3aMICTh TOBHOTO 3aJIOMJICHHSI 1 BiJOWTKa, SIK Yy BUMAIKY
BOJIOKHA 31 CXi{4acTUM Hpodiiem).

VY 3a5exHOCTi BiJi YMOB TOIIMPEHHS CBITIOBOI XBHJI B CEpLEBUHI
BOC ginsiteest Ha aBi rpymu: ogHomomoBi (SM - single mode) i
6araromozoBi (MM - multi mode) mpuyomMy ocCTaHHI MOXYTh OyTH
cximyactumMu  abo rpamieHnTHuMu.  Kiacudikaiiisi OCHOBHUX — THUIIB
BOJIOKOHHHX CBITJIOBO/IIB BioOpaxeHa Ha puc.1.8.

| Tunu BoIOKOHHUX CBITJIOBOJIIB |

| bararomo10Bi | | OnHOMOMIOBI |
| | | |
Cxigugacri I'pamienTHi Cxiggacri I3
CreniaTbHUM
npodinem

Pucynok 1.8 - Tunu BOC

Hatinpocrtimum tunom BOC € cximuactuli cBitinoBox, y sikomy [13
MaTepialy CepIeBUHH HE 3MIHIOETHCS B Mipy BUAAJIEHHS BiJl OCi BOJIOKHA &K
JIo 000NOHKH. Y cXimuacTux 6araToOMOJIOBUX BOJIOKHAX TPAEKTOPIi TPOMEHIB
OKpEMHX MO/JI MAIOTh BH/JI 3UT3aromnoaioOHux JiHiH (puc.1.5). Y rpanieHTHOMY
CBITJIOBO/I TPAEKTOPii MOMMPEHHS OUTBIIOCTI MPOMEHIB SIBIISIOTH COOOIO
wiaBHi kpusi (puc.1.6). Y omnomonosomy BOC mpomiHb HOMINPIOETHCS
Maibke mpsaMoniHiiiHO. CTpyKTypa NMOKa3HHWKH 3JIOMIICHHS OJTHOMOJIOBHX
BOJIOKOH MOXKe OyTH pi3HUX TpodiNiB, JAesKi 3 HUX BigoOpakeHi Ha
pucynkax 1.9-1.11.

= R
([ ﬁilzz I‘,%I—H
a) 0)

a) 3BUYalHUH cxiguacTuii npodias, mpocrta cxigyacta 0060I0HKa; 0)
cxiguactuit npodins i3 3MeHIeHuM [13 06o10HKH

Pucynok 1.9 - Crpykrypa npodinro [13 BOC 6e3 3cyBy nucnepcii
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a) cerMeHTHUH npodisk 13 3 TPUKYTHO CEPIICBHHOIO (CErMEHTHA
cepueBnHa); 0) TpukyTHHN Tipodins [13

Pucynok 1.10 - Crpykrypa npodinto 113 BOC i3 3cyBom aucnepcii

0)
a) cerMeHTHUH mpodink i3 oTuppoxcxiguatum [13 06010HKN
(xBampymonbHa 06050HKA); 6) W-00pasuuii mpodiis (1ybnpoBana
000JI0HKA)

Pucynok 1.11 - Ctpykrypa npodimro [13 BOC i3 3riamkyBaHHIM Jgucriepcii

I'eomerpuuHi po3mipu cBiTa0BOAIB. /[0 OCHOBHUX I'€OMETPUUYHHUX
po3mipis BOC BigHocsaTh aiamerpu ceprieBubu d i 000IOHKH, SKi BigOHBae
cBiTio - D (puc.1.12a).

AX

Ay

(@
” LeHTp cepueBnHn

TleHTp CBITNOBIIOMBAFOYOT OOOJIOHKI

a) 0) B)

Pucynoxk 1.12 - 'eomerpuusni posmipu OC
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o JIOMaTKOBUX po3MipiB BITHOCSITE: HECOOCHICTh

(HexoHeHTpuuHicTh) AX 1 Ay cepueBuHH 1 OOOJOHKH; HEOKPYIIICTh
(emincHICTh) CEpIEBMHHM, a TaKOX TOBIIHHY 3aXHCHHUX OOOJIOHOK.
HecoocHITh 1 HEOKPYTITICTh BUPAXKAETHCS Y BIICOTKAX.

Koncrpykuii cBiTioBoaiB. TumoBa KOHCTPYKIisl BOJOKOHHO-
onTU4YHOTO  cBiTnoBoAy  (puc.l1.13)  ckimamaeThcst i3 CEpICBUHH,
CBITJIOBIIOMBa04Y0i 00OJIOHKH, JIAKOBOI OOOJIOHKH 1 KpEeMHIH-TTOIMEPHOI
000JIOHKH.

1. KpemHikironmMepHa 0OOJIOHKA
11 3® 2. JlakoBa 000I0HKA
v 3. CBImoBIIOMBar04Ya OOOJIOHKA
4. CeprnieuHuK

Pucynoxk 1.13 —Tumnosa kounctpykiis BOC

Bubip giamerpa ceprieBUHN BU3HAYAETHCS OaraThMa YMHHUKaMU. Ynum
OinmpIe nmiameTp, THM Oijblle KiJIbKICTh CBITJIOBOI €Heprii BBOIUTHCSA Y
CBITJIOBOJI, MEHIIIE BTpATH Ha MiKpo3rubax, Jiermie 3AiiCHIOBaTH omeparii
MOHTaXy 1 3'efHaHHS. 3MEHIICHHS JiaMeTpa CEpLEBUHM 301IbIIy€e HOTro
THy4KicTh. ONTUManbHUM JJisi 6araTOMOJIOBOTO KBapllOBOTO BOJIOKHA €
nmiameTp ceprieBuHu 50 MKM, CBITJIOBiOMBarouoi 000y0HKU (B 2,5 pasu
oimpmie) - 125 mxm. [ 0fHOMOMOBOTO - JiaMeTp CepleBUHU 3...8 MKM,
nmiameTp obonoHkm - 62,5...125 MkM (uepe3 3pydHicTh MOHTaxy). llpm
BOMY JIOCSITAIOTHCS PO3MIPH CEPIIEBUHH CYMIpHI 3 JIOBXKHWHOI XBHIII
1,3...1,55 mxm. OmaomozoBi BOC 3abesmeuyroTh Oiiblry HajdbHICTH
riepeadi i oJlep>KaHHSA MiHIMAIbHOIL AucIiepcii yuM 6araroMo10Bi.

Bucoka TOYHICTH MIATPUMKH T€OMETPUYHUX PO3MIpIB, BiJICYTHICTb
CTOPOHHIX YMHUKaHb, IyXWPIB, TPIIUH pOOJATH 3HAYHI BIUIMBU Ha
nepenatHi xapakrepuctiku BOC, Ha Taki sk 3aracaHHs i IIMPUHA CMYTH
npomnyckanHs. [lokpurts BOC moBHHHO 3aXWCTUTH HOTO BiJl aTMOChepHHX
BIUIMBIB 1 Jleopmalliii, BUKIMKaHUX 30BHINIHIMU cuiamu. BOC maroTh
JIEKUIbKO 3aXMCHUX TOKPUTTIB: TIEPBUHHE HMOKPUTTS - TOHKA (5-10 MKMm)
JIaKOBa IUTIBKA 3 alleTaTy LEJI0I03H, EHOKCHIHOI CMOJIHU, CUITIKOHY, YpeTaHy
abo IHIIMX aHaJOTiYHHX MarepiaiiB. BoHa 3axuimae BiJi KOHTAakTy 3
aTMoCc(eporo, TEpelIKoHKae YTBOPEHHIO MIKPOTPIIIMH Ha IOBEPXHI,



14

30epiratroun HOro MexaHi4Hy TPHBKICTh. LI TuTiBKa HAaHOCHTBCS Bimpasy
HiCIIst BUTSDKKH Ha 1€ rapside BOJIOKHO HANMJIIOBAHHIM, a00 MPOTATaHHIM
BOC wuepe3 cynmuny 3 BignoBigauMm po3umHoM. llicms cymku BOC
HAMOTY€EThLCS Ha OapabaH a0o MepenacTbCs Ha HACTYIHY ONepallito.

[Ipu3HadeHHsT HACTYIMHUX TPOIIAPKIB - YCyHEHHs BIuMBiB Ha BOC
MoTMepeyHnx cwmi1 1 30umemeHHs criikocti BOC Ha posipBaHHA. Y
HAWMPOCTIILIOMY BUMAKY I1€ OAHOIIAPOBE MONIMEPHE MOKPUTTSI, HATIPUKIIA]
TIOJII€THIICH, HeWJIOH 13 30BHIMHIM AiameTrpoM 0,5...1mm. Kpamme i pymkii
BHUKOHYE€ JBOIIAPOBE MOKPUTTS: BHYTPIMIHINA M'TKAN MPOIIApOK, HAPUKIAT
i3 cuinikoHOBOI rymu, ToBmuHOW 50-150 mim 3axumae BOC sk Bin
MOTNIEPEYHUX TaK i BiJ MOJAOBXKHIX HANPYT, 30BHINIHIN )KOPCTKUI MPOIIapOK
13 30BHIIIHIM giamMeTpoM 0,5-1 MM cripuitmae BCi 30BHINTHI TOCHIICHHS TIFO41
Ha cBITIOBO. [1iMX0KUM MaTepiajioM € HeHJIOH. AJIbTEPHATUBOIO CITYKHUTh
TpyO4yacta KOHCTpyKmis MOKpUTTs. TpyOka (T) moBMHHa MaTH TIJIajKi
CTIHKH, MaJly yCaJKy MPH CTApiHHI IPH BICOKOMY MOy mpyrkocTi. Lunmu
BJIACTHBOCTSIMH BOJIOJIi€, HANPHUKIA, TpyOka 3 mominponwiaeHy. [Ipoctip
Mik T ta BOC, nOKpUTUM JIakOM MOKe OyTH 3allOBHEHUI MOBITpsM, aje
Kpamm pe3yJbTaTH Jda€ 3aloBHEHHS reneM. Taka KOHCTPYKINS OibI
BiOpOCTIiiKa i 3aXHIIIa€e BiJ BOJOTH.

Tunu ceiTiaoBoaiB. CBiTiIOBOAM OyBarOTh 0araToMoOOBI CXiq4acTi,
0araToMo I0BI I'paIiEHTHI, OJTHOMO/IOBI, KBapIl MOJIIMEPHI 1 MOIiMepHi.

1. 3axuCHE )KOPCTKE NOKPUTTS
2. lemridpepHUil MPOIIaApOK

3. JIakoBa 000JIOHKA

4. BinbuBarodya 000JI0OHKA

5. CepaeyHuk

Pucynoxk 1.14 - bararomomoBwii cBiTioBOA i3 cxiguactum [1113

Bbaratomomoeuit BOC i3 cxiguactum 1podiseM [MOKa3HHKA
3anomiieHHs (puc.1.14) 3 Benukum giamerpom cepueBunH (50...62,5 MKM) 1
aneptyporo Na= 0,2 -0,3 moxHa eexTuBHO 3'eqnyBaTn 3 1B, mogioHum 1o
ciTioBinpoMiHtorouoro giogy (CJI) i3 71aMOEpTOBCHKUM PO3MOJLIOM
BUXiJTHOTO BHUIPOMiHIOBaHHSA. BiH 3py4HuMil IS CTBOpPEHHS KOPOTKHX,
BiTHOCHO jemeBux JiHilA. CepueBHHa i OOOJOHKH BHUTOTOBIISIFOTHCS 3
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BHCOKOSIKICHMX MatepialliB JJisi YCYHEHHSI BTPAT BHACTIAOK JOMIIIKOBOTO
MOTJIMHAHHS. 30BHINIHIA JTAKOBHH MPOIIAPOK TEPEIIKOHKAE KOHTAKTY 3
HABKOJIMIITHIM 30BHIIIHIM cepeoBuieM. JlemmdepHuii mporapok npuiimae
Ha ce0e 30BHIIIHI HAaBaHTaXeHHs, po3BaHTaKytoun BOC. 3axucHe KOpcTKe
MOKPHUTTS nepermkomkae aepopmarii OB. 113 ceprieBunu i o00oHKH: N
,=1,46;n,=1,458.

baratomomoBuii rpali€eHTHHH CBITJIOBOJ Ma€ CepUEBUHY 3
TpamieHTHUM TmpodigeM TOKa3HWKa 3aJIOMJICHHS. [lpu3HadeHwWid s
nepeaavi MmupoKocMyroBoi iHdopmarii. Ha cepemHi BifcTaHi MOKa3HUKU
3aJIOMJICHHS 000JIOHKM Ta cepueunn:  h =147, n_ =145,

306H
OMHOMO/IOBHIA CBITJIOBOJl Ma€ TPaHWYHY HIMPHHY CMYTH 4acToT i
Y9iTKO OOYMOBJIICHHMH XapaKTEpPHCTUKaMH po3moaury. BiH imeampHO
T IXOANTH JJIS TIepeadi BENMUKUX o0csTiB iH(opMallii Ha BETUKI BiJICTaHi.

1. BydepHe 3axucHe TOKPUTTS

1 2. 30BHINIHIN TTPOIIAPOK
3. BinbuBaroua 000JJOHKA

4. CepieyHuk

Pucynok 1.15 - Omrnomoznosuit BOC

TumoBa cTpykTypa MoKazaHa Ha pUCYHKY 1.15 1 ckiamaerbes i3
CepIIeBHHHU, 00OJIOHKH, 30BHIITHBOTO MpoIIapKy i OydepHoro i 3axucHOro
nokputTsi. CeplieBuHa 1 00OJNOHKA 31 HAMYUCTOTO CKIIA. 3OBHIIIHIN
NPOIIAPOK BUKOHYETHCS TaKOXK 13 CKJIa, ajle He HACTIIBKH BUCOKOI SIKOCTI.
Horo TIpU3HAYEHHS - 301IbIIIEHHS 30BHIIIHLOTO JliaMeTpa, o0 i3 HUM BOHO
OyJ10 OLITBIIT KOPCTKUM 1 MOTJIO TIPOTUCTOATH BUTHHAM. TOBIIMHA 000IOHKH
NoBHMHHA NpuOIM3HO B 10 pa3iB mepeBuILyBaTu pajiyc cepleBrHU. Tak sk
nojie TMPOHMKAE Ha 3HAYHY IIHOWHY 13 CEPUEBUHH B OOOJIOHKY, TO
OJTHOMO/IOBI CBITJIOBOAM MarOTh anepTypy B Mexax Na=0,1.

CBiTJIOBOJT 13 TUIACTHKOBOIO OOOJIOHKOI (KBapIl-TIOJiMep) SIBIISIE
coboto OaratromozoBuii BOC i3 cxiguactum mnpodiseM MOKa3HHKA
3anomiieHHs. CKinagaeThes 31 CKISIHOI CEpPLIEBUHM 1 TNIACTUKOBOI 0O0JIOHKH,
Ma€ CEepLEBHHY BEJIMKOro JAiaMeTpa, BiZHOCHO BEIMKY amepTypy. Tumosa
CTPYKTypa BKa3zaHa Ha pucyHky 1.16. Jlms mmacTukoBOi 0OOJIOHKH
BUKOPUCTOBYIOTh CUJIIIKOHOBY TyMY.
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l.3axucHe MOKPHTTA
I 2. Monimepna obonoHka
J.Cepneunnk i3 ckna

Pucynoxk 1.16 - BOC i3 noniMepHOr0 000JI0HKOIO

i cBiTmoBogu mOTPeOyIOTh HAHECEHHS 3aXHMCHOTO ILIACTHKOBOTO
nokputts. Lleit cBiTmoBox jemieBmie 0araToOMOIOBOTO CBITIIOBOAY 3i
cximgactuM npodineM nokazauka 3anomieHas. BOC 3 4rcToro KBapIoBoro
CKJIa 3 TTACTHKOBOIO OOOJIOHKOIO XapaKTepH3YIOThCS MEHIIMMHU BTpaTaMu
Ha BUTIPOMIHIOBAaHHSI 1 TOMY NIPHUIATHI JUIsl 3aCTOCYBAHHS B CIIEI[iali30BaHUX
cHcTeMax, Jie BTpaTy Ha BUIIPOMiHIOBaHHsI TPAIOTh BaXIIUBY poiib. JliameTpu
ciTioBoanoi xuimu — 100... 600 mxwm 1 6ib1 ipu Na=0,3 i cMyra yacToT =
200 MTI'tr x kM. 3'ennannsg takux OC yTpyaHEHO yepe3 M'IKiCTh 000JI0OHOK 1
TPYAHOIII BUTPUMYBAaHHS MEXaHIYHUX JomyckiB. s BTpaT Ha piBHi 1nb
TOYHICTH JIOMYCKiB Mae OyTu B Mexax +10%.

[omimMepHwmii CBITIOBOA- 0AaraTOMOJOBHI CBITIOBOJ i3 CXig9acTHUM
npodisieM MoKazHUKA 3aJOMIICHHS, 1110 Mae HabaraTo OibIIi BTpaTH, aje He
OTPe6YIOUHii 0COOTHBUX 3aMOOIKHUX 3aXO0iB MPH HOro BKMBaHHI. Moro
3pyYHO BHUKOPHUCTOBYBATH B AyXe KOPOTKHX JIHISX i HEJOPOTHX IIHIsAX.
CrpykTypa Mae Bua, 300paskeHuit Ha pucyHKy 1.17 nmoiimepHuii CBITIIOBOA
i3 TApHUMH BJIACTUBOCTSAMH BUTOTOBJISIFOTH 13 TIOTIMETIIMETaKpHiIaTa i oro
MOJIiMEPiB.

1. O0onoHKa 1. Tommepamii
2. CeprieyHyK CEepOCYHUK
a) 0)

a) CepIIeBHHA 3 3aXUCHOI0 00OJIOHKOI0, 0) CBITIIOBOJ €3 T0IaTKOBUX
3aXHCHUX TPOINAPKiB

Pucynok 1.17 - Ilonimepuanit BOC
MexaHiuHi BIAacCTHBOCTI MOJiMEpPY JO3BOJISIOTH 3aCTOCOBYBAaTH
CBITJIOBOJA O€3 JOJAaTKOBMX 3aXMCHHMX mpoinapkiB. L{i cBiTioBoaM MaroTh
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Besuki 3aracanus - TumoBi 400 nb/km. Kpari 3pasku - 80ab/km. OcHoBHA
BJIACTUBICTD - BUCOKA pajlialliifHa CTIHKICTB.

BooKoHHO-ONTHYHI AKI'YTH 1 CTpiuKH (TaT4-KOpA) - Habip i3 BETHKOT
KUJIBKOCTI CBITJIOBO/IB, 310paHKX y PETYJSIPHI JKTYTH, AiaMeTpoM Big 1 MM
10 100 MM 13 CKPIMIIEHUMH €OKCHIAHOIO CMOJIOI0 TOPIISIMH, IO T IAI0THCS
MOJIIPYBAaHHIO 1 3aXHCTOM JIAKTAHOBOIO 00OJOHKOM0. [lpm3HaueHi mms
nepeavi CBiTia, 300paKCHHS, KOAYBaHHS iH(opMmailii, po3ropTku ado
MaKyHKa CBITJIOBOTO 300pakeHHS 1 T.h. Pi3HOBHI MKTYTiB - BOJOKOHHO-
OIITHYHI TUIACTUHU TA CTOBIYUKH.

OnTuuni xapakrepuctuku. [Ipu nepenadi cBITIOBOTO iMIyJbCY 110
CBITJIOBOAly BUHHUKAa€ HOro 3aracaHHs, a TaKOX YUIIMPEHHs abo AUcCHepcis
nepenanux immynbciB.  llepemada cBitmoBoro immymecy mo  BOC
XapaKTepU3yIOTh TPH MapaMeTPH: 3aracaHHsl, AUCIepCis, 4ac mpooiry.

3aracanns. [Ipu po3noBcioxeHHi cBiTiia uepe3 OB iforo amrutityna
3MeHnryerses, Lle sBumie mMae Ha3By 3aracaHHA. UuM MeHIIE 3aracaHHs
(yTpatn) i yUM MeHIe JUcTepcis, TUM OiNbIie MoXe OyTH BiJICTaHb MiX
pereHepaniifHuMu IiistHKaMu abo moBTOproBayamu. Ha 3aracanss cBitia y

BOJIOKHI BILIMBAIOTh Taki (paKTOpH, K BTPaTH Ha IOTJIMHAHHSA ¢, , BTPAaTU Ha

pO3CilOBaHHA (!, , KaOelnbHI BTpaTH ¢, .BTpaTw Ha nornuHanHi ¢, i Ha

p b
PO3CIOBaHHI ¢/, Pa3soM Ha3HBAOTH BIIACHHMH BTpaTaMH ¢, , y TOW 4ac 5K

KaOenbHi BTpaTH B CUITY ix OpUpOau HA3UBAKOTH JOJATKOBUMU BTPATAMHU.

| 3aracaHHs o |

| Bracwui Brpatn o, | | KaGenbHi BTpatn o

BTtpartu Ha norinuHaHHS Brparu Ha
a PO3CIIOBaHHS

n

Pucynok 1.18 - OcHOBHI THIIH BTPAT Y BOJOKHI

Cymaphi BTpaTd « BH3HauaoThcsi 1o Qopmyni (1.5), mo
CKJIQJIAIOTHCS 3 KIJIBKOX CKJIAJIOBUX:
a=o,ta. =a,+a,+a, (1.5)
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Bmpamu na noenunanHi On CKIAJalOThCS SIK 13 BIACHUX BTpaT y
KBapuoBoMy ckii: ynbrpadionetose (YD) i inppauepBone (I4) nornunanus
1 3 BTpaT, MOB'I3aHUX i3 TOTVIMHAHHSIM CBITJIa Ha noMmimkax. lleHTpu
JIOMIIIIOK, y 3aJIe)KHOCTI Bi THITy JOMINIKH, IOTJIMHAIOTH CBITIO Ha
BH3HAYEHHUX (BITACTHBOI JAHOI JOMIIIKH) JOBXHHAX XBHJIb 1 PO3CIIOIOTH
MOTJIMHEHY CBITJIOBY €HEPril0 y BHII JpKoyseBa Temta. HaBiTh He3HauHi
KOHIICHTpAITil TOMIIIOK MPU3BOIATE IO MTOSBU MiKiB HAa KpuBOi BTpaT. Cirif
3a3HAYUTH XaPaKTEPHUH MaKCHUMYyM Y paiioHi JOBXHHHU XBUi 1480 HM, 110
Bigmosigae nomimkam OH. Lleii ik € mpucyTHiM 3aBxkau. O0IacTb CieKTpa
B pailoHi 1BOro IKa dYepe3 BeIWKI BTPATH MPAKTHIHO HE
BUKOPHUCTOBYEThCS.BiiacHi BTpaTM Ha TOTNMWHAHHI POCTYTh 1 CTaloTh
3HaunMuMu B YO i [Y obnactax. [Ipu nOBXKHHI XBUJII BUIPOMIHIOBAHHS
noHay 1.6 MKM 3BUYaifHe KBapIIOBE CKIIO CTAa€ HEMTPO30PUM Yepe3 PicT BTparT,
noB's13aHuX 3 Y mormuHaHHAM.

Bmpamu na poscitosanni o, Bxe no 1970 poxy Burorosiene OB ctae
HacTibku 4ucTUM (99,9999%), mo HasBHICTH NOMILIOK IepecTae OyTH

TOJIOBHMM YHHHHUKOM 3aracans y BojokHi. Ha mosxuni xBuai A= 800 Hm

3aracanHs cknagae o=1,5n1b/km. [loganmpimomMy 3MEHIICHHIO 3aracaHHS
MIEPENIKO/KAE TaK 3BaHE PEIEEBCHKE PO3CIIOBAHHS CBITIA. (BUKIHKAaHE
HasIBHICTIO HEOAHOpiAHOCTEH MikpockomiyHoro macmrady y OB). Csitino,
MOMaJIal0YM Ha TaKi HEOJHOPIAHOCTI, PO3CIFOETHCS B PI3HUX HANpsSMKax. Y
pe3ynpTaTi YacTHHa #oro ryouthecs Ha oOononmi. Lli HeomHOpimHOCTI
3'IBISIIOTBCA  mix dac BurotosieHHs OB. Brpatm Ha peneeBcbKoMy

pO3CiIOBaHHI 3alexaTh BiJ MOBXKHHH XBWJII 3a 3aKOHOM A% i Gidbm
BUSBJISIOTHCS B 00J1aCTI KOPOTKUX JIOBXKHH XBUIIb.

PoscitoBanHs 0OyMOBIIEHE HEOAHOpiAHOCTAMU Marepiany BOC
(po3Mipu KOTpUX MEHIIE JOBXHHHU XBIJI) 1 TerioBoro (uykryaniero 13 n.
BrpaTu Ha poscitoBaHHI BU3HAYaIOTHC (POPMYIIOLO:

8- 7’ 5
ap:3./14-(n -1)-K-T-o, (1.6)
ne K - nocriitna boneimana, T - TemiiepaTypa nepexofy, o - CTUCKalbHICTB,

n—TII3, Ai - AOBXWHA XBUJIi BUIIPOMiHIOBAHHSI.
Brpatu eneprii icTOTHO 3pocTaroTh 4epe3 HasiBHIiCTh y Matepiani BOC

MOCTIHUX JIOMIIIIOK Olnp, TAKUX SIK T1POKCHIIBHI Tpynut OH, HasiBHICTH 10HIB
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METaJIB 1 iHIMUX BKIIOYCHB. Y 00J1aCTi pe30HAHCIB BIIACHUX KOJIMBAHbL 10HIB
JTIOMIIIIOK 3BHYAITHO € CIUTeCKH OcIa0neHHs. Yepes 10HH TigpOKCHITBHUX TPYII
4acTo BiOyBaeThes cIuieck ocnabnenns Ha xBwm 0,95 mxMm Ta 1,48 MKM.
3anekHICTh 3aracaHHs BOJOKOHHOTO CBITJIOBOJA BiJ JOBKHHU XBHII
BifjoOpakeHa Ha pucyHky 1.19.

3 pHUCYHKa OYEBHIHO, IO Oln TA Olp 13 POCTOM A 3MEHILYIOTHCS, a YEPE3
JIOMIIIIKA € 1CTOTHI Pe30HAHCHI CIuTecku ociabimenHs Ha xpwax 0,95 1 1,4
MKM 32 paXyHOK TiIpPOKCHIILHUX TPYII 1 IHITUX BKIOYEHb. [Ipu IboMy 9nCTO
KBapIOBl CBITJIOBOJIM MAalOTh Ha0araTo MEHIII JOMIIIKOBI BTPaTH, YUM
curikatHi (0araTOKOMIOHEHTHI) CBIT/IOBOIM. Ha MasTFOHKY BUIIICHI TaKoX
TpH BiKHa TPO30POCTI CBITIOBOJA 3 MalldM OCIIA0JIEHHSM y Miama3oHi
moexuH xBuis 0,8..0,9; 1,2..1,3; 1,5..1,6mMxm. Y 1ux miamasoHax i3
301TBIIIEHHSM JOBXUHY XBIJII OCJA0JIEHHS iICTOTHO 3MEHIIYEeThCs. Tak, mpH
A=0,85mkM mMaemo o.=1,51b/km; ipu A=1,3MkM BigmosigHo 0=0,415/KM;
npu A=1,55mkM - 00=0,21B/kM i MeHIIE.

nb
KM —

a,

3 4 Brumis [oMinikis

0.4 =

0.2 -
0.02+ i
08 09 10 11 12 13 14 15 1.6 AMKM

Pucynoxk 1.19 - 3anexwnicts 3aracanns BOC BiJ JOBXKWHA XBHITI

VY 3B'izky 3 1num, nepmre nokoniHas BOJIC BukOpHCTOBYBaio
noexuay xBuim 0,85 mxwm, npyre nokomiaHs BOJIC pospoOisiiocs Ha
JOBXHHI XBWII 1,3 MKM, a TpeTe MOKOJIIHHS BUKOPHCTOBYE JOBXKHHY XBHII
1,55 MrM. Y OCTaHHBOMY BHUIAQAKY BHAETHCS JOBECTH JTOBXKHUHY
perenepamiitnoi ginsaku g0 100...1000 kM 1 Oinblle Ta BUKIIOYUTH 3
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ONTHYHOTO KaHATy MITHI XWIA IS JUCTAHIIHHOTO eNeKTPOKUBICHHS
JNHIHHAX  pereHepaTopiB 1  CKOPOTHTH  YHCIIO  pEreHepaTopiB.
ExcrniepuMeHTaIbHO MPOPOOIISETHCS MOXKIUBICTD BUKOPUCTAHHS iana3oHy
JIOBKUH XBHJIb 2-3 MKM 1 OUTBIII 1 BXKE OCBOIOIOTHCS 4 1 5 BikHa IPO30POCTi.

HMucnepcis i cmyra nponyckanns. [lo OB nepenaerscs He mpocTo
CBITJIOBa €HEPTis, aje TaKOX KOPUCHHUU iH(pOpMamiiHui curHam. IMITynbcn
CBiTJIa, TIOCHIZIOBHICTh SIKMX BU3Hauae iH(opMamiiiHuii MoTiK, y mponeci
MONIMPEHHST PO3IUTUBAIOTECS, IO JIA€ HEMOXKIMBHM I1X BHJIUICHHS MPH
npuiiomi. Jlucmepcis (po3mIMpeHHsT IMITyJBCIB) Mae pO3MIpHICTh Hacy i
BU3HAYAETHCS SIK KBAAPATUYHA Pi3HULS TPUBAJIOCTEH IMITYJIbCIB Ha BUXOMI 1
BXOJIi KaOesto JoBxuHM L 1o dopmyi:

7(L) =\t — 15, (1.7)

Jucriepcist HOpMY€ThbCs B pO3paxyHKy Ha 1 KM 1 BUMIPIOETBCS B IIC/KM
1 B 3araJIbHOMY BUIIAJIKy XapaKTePH3Y€EThCS TPhOMA OCHOBHUMH YHHHUKAMU
(puc.1.20):

— PO3XO/DKEHHSM MIBUAKOCTI TOIIMPEHHS CHPSMOBAHUX MOJ
(MKMOJI0Ba TUCTIEPCIST Ty 00);

— HaNmpaBIAIOYMMH  BIIACTUBOCTSMH  CBITJIIOBOJHOI  CTPYKTYpH
(XBUITBOBOIHA TUCTIEPCIS Ty);

— BJIACTUBOCTSIMH Martepially ONTHYHOTO BOJIOKHA (MarepiajibHa
JIACTIEPCIS Ty).

| Hucnepcis 7 |

| Mixmonosa 7, ,, | XpomarnyHa T, |

| MartepianbHa 7, | | XBUIILOBOJHA T,

Pucynoxk 1.20 - Buau qucnepcii

YuMm MeHme aucriepcis, TMM Outbluid moTiK iH(OpMarii MokHa
nepenaru no BOC. Pe3ynbryroua nucrepcis T BU3HAYAETHCS 3 POPMYITH:

T = TP 00 + Tox = Thoo + (z,+7, )2 (1.8)
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IMomupenns cBiTia mo pi3HUX THNaX BoJIOKOH. Ha pucynky 1.21
MOKAa3aHO MOIIMPEHHS CBiTIA 1o pisHuM Tunam BOC, 1o npu3BoauTh 10
BUHHUKHEHHS TUcTiepcii i po3MHUTTIO POPMHU IMITyIIBCiB

JoB:xkuHa xBujai Binciuku (cutoff wavelength). MinimanbHa
JIOBKMHA XBWII, TIPH SIKIH BOJIOKHO HIATPUMYE TUTBKH OIHY MOIIHUPIOIOTY
MOJy, HA3UBAEThCS JOBXKUHOIO XBHJII Biyciuku. el mapamerp xapakrepHuit
JUIS  OJTHOMOJIOBOTO BOJIOKHA. SIKIO0 poOoda JOBKHHA XBWJII MEHIIE
JIOBXKUHU XBHJII BIIICIYKH, TO Ma€E MicIie 0araToMOJIOBHI PEKHUM MTOITHPEHHS
CBiTIAa. Y ILOMY BWITQJKy 3'SBIISETHCS JOJATKOBE JDKEPENIO JUcHepcii -
MIXKMOJIOBAa JTUCHIEPCis, fAKa BEAEC JO 3MCHIICHHS CMYTHM NPOIMYCKaHHS
BOJIOKHA.

F -
— tm
e s
2 t. ,I[HCHEpEiHE
a)
g -
’:__:‘ m
A = nz
b . P Jducnepdsa N
6)
F

11

t| t'z B:I

a) baratromozose cximyacre OB; 6) 6araromonose rpanientae OB; B)
oxHOMoJ0Be cxiguacte OB

Pucynok 1.21 - [Nommpenns cpitna y pizanx OB
Jucnepcis BUHHKAE 32 JBOMA IPUYUHAMU:
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— HEKOTEPEHTHICTh JDKEpPEeNl BHIIPOMIHIOBAHHS, sSIKA 3BETHCS
XPOMaTHYHOIO a00 YaCTOTHOIO, BOHA JIITUTHCS HA JIBA BUJIU - MaTepialibHy 1
XBUJIBOBOJIHY a00 BHYTpHUMOJ0BY. BoHa oOymoBiena 3amexwuictio 113 Bin
JOBXXUHU XBWJIi, XBHJIBOBOAHA AMCIEPCisi 0OyMOBJIEHA HampaBsSOYAMHU
BJIacTUBOCTsIMU Matepiaxy BOC Bin HOBXHUHH XBHIIi;

— HasABHICTIO BEJIMKOI KUTHKOCTI MO, KOJKHA 3 SIKHX IOITHPIOETHCS
31 CBO€IO MIBUJIKICTIO, At GararomoznoBoro BOC i3 An =n, - n, = 0,015,

sxuit Mae Oinpm 800 Mof, pi3HHLS Yacy X MOMMpPeHHs ckianae 60 He micist
HPOXO/DKEHHS Yepe3 BOJIOKHO JTOBXKHHOIO 1KM.

IIpomryckna crpomokHicTe BOC iCTOTHO 3aNeXuTh Bif THITY iX
BJIACTHBOCTEH (OJTHOMOJIOBUX, 0araTOMOJIOBHX 1 I'PaJ[iEHTHUX), @ TAKOXK BiJ
THITy BUNIPOMiHIOBaya (11azep abo CJI).

Mi:xmoaoBa gucnepcisi. Mi>kMo10Ba AMCIIEPCisi BUHUKAE BHACIIIOK
PI3HOMAHITHOT IIBUJAKOCTI TOMIMPEHHS MOJ, 1 Mae Micle TIIbKH B
baratomonoBomy OB. Ha mpakTwiii, 0cCOOIMBO MPHU OMKCI 6araToMoI0BOTO
BOJIOKHA, YacTillle KOPUCTYIOTbCS TEPMIHOM CMyTra mporyckaHHsa. [lpn
PO3paxyHKy CMYTH IpomyckanHs W MO)KHa CKOPHCTATHCS (OPMYIIOI0:

440
W =——Mey, ne v OepeThCs B HC. (1.9
T

Bumiproerbest cmyra npomyckanHss B Ml kM. 3 BU3HA4YeHHS CMYTH
MPOIYCKAHHS OYEBH/HO, 1110 JUCIIEPCis HaKJIaJae OOMEKEHHS Ha NalbHICTh
riepeadi i BEpXHBOT 4acTOTH TiepeqaHux curHaiiB. dizmanuii 3mict W - e
MaKCHMaJbHa YaCTOTa MOAYJIALI] MepeJaHoTr0 CUTHAILY IPY JOBXKHUHI JiHii 1
KM. Slkmo amcnepcis JHIHHO pocTe 3 POCTOM BijJCTaHi, TO cMyra
MIPOITYCKAaHHSA 3aJISKUTH BiJl BiICTaHI 00EPHYTO MPOIOPITiIHO.

XpomaTuyHa gucnepceisa. XpomMaTtudyHa IHCIEPCist CKIagaeThCs 3
MaTepiabHOI i XBIJILOBOJHOI CKIIQIOBHX 1 Ma€ Miclle TIPU TONIMPEHHI 5K B
OJIHOMOJIOBOMY, TakK 1 B 0araToMoI0BOMY BOJIOKHI. [IpoTe HaiOiIbIe 4iTKO
BOHA BUSIBJISIETHCS B OAHOMOAOBOMY BOJIOKHI Yepe3 BiICYTHICTh MIXXMOZOBOT
JUcnepcii.

Mamepianbna Oucnepcis 00yMOBIIEHa 3aJICKHICTIO ITOKa3HHKA
3aJIOMJICHHSI BOJIOKHA BiJl JOBXHHU XBUIIi:
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2
(M,L):M-L-%-‘ii”1=A/1-L-|v|(,1). (1.10)

/12

T,H am

Xeunbo600na Oucnepcisi OOYMOBIIEHA 3aJEXKHICTIO KoedimieHTa
MIOIIUPEHHS MOJIU BiJI JOBKUHH XBUIIi:

(AA,L)=AA-L-

T«’W[IWI

2
E.LZAA.L.N@), (1.11)
c 4

ne L - moBX1Ha BOJIOKHA, A - TOBXKHHA XBUJI, C - IIBUAKICTh CBITIA, n,-113
cepuesnn, M(A) - nwmrToma MarepianbHa aucrepcis, N(A) — mnuroma
XBUJILOBOIHA Jucriepcis, AA (HM) - MOMIMPEHHS JOBKUHN XBHJII BHACITIIOK
HEKOTePEHTHOCTI JKepesia BUITPOMIHIOBAaHHSI.

Pesynprytoue 3HaueHHs KoedimieHTa THUTOMOI  XPOMAaTHYHOI
JUcTiepcii BU3HAYAETHCS SIK:

D(A) =M () + N(A) (1.12)

IMuTtoma mucmepcis Mae PO3MIpHICTh [ ne } . Slxkmo xoedirieHt
HM - KM

XBHJIBOBOJIHOT AMCHIEPCii 3aBx /1K OibIIe HyJIs, TO Koe]ilieHT MaTepiaibHOI
Jucriepcii Moxe OyTH SIK IO3UTHBHUAM TaK 1 HETATUBHHUM. | TYT BaXKIIMBHM €
Te, IO MpHU BU3HAYEHINH NoBkUHI XBWii (mpubmuszno 1310t 10% uwm ans
CTYIIHYaCTOTO  OJHOMOJIOBOI'O  BOJIOKHA)  BiIOYBa€ThCsl ~ B3aEMHa
xkommencais M(A ) i N(A ), a pesynbryrouda aucrepcis D(A) o0Gepraerses B
HyJ1b. JIOBXKHMHA XBUJII A, TIPH SIKi# 1€ BiZI0OYBA€THCS, HA3UBAETHCS QOBHCUHOIO
xeuni mynb08oi oucnepcii ho. JIis 3MEHIIEHHS XPOMAaTHYHOI JucHepcii
BUKOPHUCTOBYIOTHCSI KOT'€PEHTHI JpKepesia BUIPOMIHIOBAHHSI, HANPHUKIAA 3
BY3bKOIO IIMPHUHOIO CIIEKTPa BUIIPOMIHIOBAHHSI - JIa3epHi nepenasaui (AL =
2HM) 1 TOBKMHU XBHJII OJIM3bKI JI0 JOBKUH XBUJII HYJIBOBOT JUCHIEPCIi.

st Toro, mo6 npu mepeadi curHany 30epiranacs Horo mpuAHITHA
AKiCTh (CHIBBIAHOIICHHA CHTHAJ/IIyM OYJIO HE HIWKYE BHU3HAYEHOTO
3Ha4YeHHs) He0OXi/IHO, 1100 cMyra MPOIYCKaHHS BOJIOKHA Ha JIOBXKUHI XBHJII
nepeiayi nepeBepiryBaia 4acToTy MOAYJISIIT.
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Ipukaag 1. Ethernet mas 6araromomoBoro BoiokHa. ONTHYHUIMA
inTepdetic Base-FL npumyckae (koq MaruecTep) 3 4acToTor0 Moayssmii 20

MTI'u. Ilpu Bukopucranni BOC i3 AA=35um (A = 850uM) muTOMa cMmyra
nporyckanus s BosiokHa 50/125 ckmage 125 MI/km i mpu JAOBXKHHI
ONTUYHOTO cerMeHTy 4kM Oyne 3 1MIn, mo Ginbime 20MIr*.

Hpuxnag 2. FDDI mis GararomMomoBoro BoiokHA. OnTHYHUI
inrepdeiic FDDI PMD npunyckae komyBanHs koay 4B/5B i3 wacrororo
Moyt 125 MI'n. Ipu Bukopucranni cBitnomionis i3 AA=35 um (A =
1310 uM) muTOMa cMyTa MpOMyCKaHHs sl BoJIokHa 62,5/125 cknanmae 450
MI 11 kM i Ipu JOBKUHI ONTUYHOTO cerMeHTa 2kM Oygie 225MI 1, 1o OibIine
125MT .

YucnoBa ameptypa. EdexT NOBHOTO BHYTPIIIHEOTO BigOWTKa
BUKOPUCTOBYETHCS B ONTHUYHUX CBITIOBOJAX 3a PaxyHOK TOro, MmO B
CepeuHI CBITIIOBO/IA € CKIISIHA CEPIICBHHAY» 13 TTOKA3HUKOM 3aJIOMJICHHS N1
1 HAaBKOJIO 11 «CKJIsTHa 00O0JIOHKAY 13 TOKA3HUKOM 3JIOMIIEHHS Ny, IPH IEOMY
Ny O6impme Ny (puc.1.22). IloBHmii BHyTpimHIKA BinouTok y OB mae wmicie
JIOTH, TIOKH BBEJICHI Y CBITJIOBOJ IPOMEHI Majar0Th HAa HOTO TOpEIh IIiJ

kyroM © i 3amommorothes mix kyrom Oimbmr (90°- @), KpHTHYHUM

KyToM. st ¢r, Mae MiCILIe TaKe BiJTHOLICHHS:

Sina, = L, (1.13)
n

2

TOOTO KPUTHUYHUHN KYT 3aJICKUTh BiJ] BIIHOIICHHS MOKA3HUKIB 3aJIOMJICHHS N
,in, .3 dopmymn 1.13 BummBae, 10 NPOMEHI, K1 BIAXUIAIOTHCA BiJ OCi

OB Ha kyT He 61 (90 ° - ), TOMHUPIOIOTHCS B CEPLICBHHI.

n,

Pucynoxk 1.22 - I[lommpenns ceitina y BOC
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Hns toro, mo0 yBecTH CBITIIO 30BHI y cepeauHy (TOBITpS 3
MOKA3HUKOM 3aJIOMJIEHHS N ;= 1), KyT 3alpoBajKeHHS MK IPOMEHEM i

BICCIO CBiTJ'IOBOI[y MO>XHa BU3HAYUTH BiHHOBiI[HO A0 3aKOHY 3aJIOMJICHHA:

Sin® n, (1.14)

Sin(90° —a,) N,

OTXKE,
Sin@=n, - (Cos90° —a,) =n, - Cose, =N, -/1— Sin*(a,) (1.15)

3 ypaxyBaHHAM BUMOTH BiIHOCHO KPHUTHYHOIO KyTa Si Na, =N, / n,

pe3ynbTaT Oy/Ie TaKiM:

Sin® = n, - J1-Sin?a, =/n? —n2 (1.16)

MakcuManbHO MOXIIMBHIL KyT HpoMeHiB Ha Topeus BOC O

Ha3UBAETHCS GXiOHOI0 KYmMOG0I0 anepmypolo. BoHa 3ayieXuTh TIIBKU Bifg
JBOX IOKa3HUKIB 3aJOMIIEHHS n, 11, . CHHyc BXiZHOI KyTOBOI aneprypu

Ha3UBa€eThCs wucnogorw anepmypoio Na BOC:
NA = Sin®,, (1.17)

Lett po3mip ayxe BaXKITUBUI IS 3aIIPOBAKEHHS CBITIIa Y BOJOKOHUH
ceitoBoa. Omxke, OB mpomyckae CcBiTIO, sKe yBEAeHE y paMKax
00MEXEHOTO TUICCHOTO KyTa, PO3MIp SKOIO 3aJeKUTh BiJ MOKA3HUKIB
3aJIOMJIEHHS: MaTepialy cepLueBMHM N, , OOOJOHKM Nh, 1 CepeloBHUIIA

HaBKOJIO 3 N ,. YucioBa amepTypa CBITJIIOBOJY 3aJI€KHTh BiJl OKAa3HHKIB

3aJIOMJICHHS, BU3HAYAETHCS TUTIOM 1 KOHIEHTPAIIIEI0 JIETYIOUMX JO0aBOK,
JUTSL KOTPUX BUKOPHCTOBYIOTBCSI OKCUM T'epMaHito, 6opy, pocdopy, TuTany
i amowminio. ['pamientHi cpitmoBogun Matote Na = 0,2. CsiToBomu 3
BEJIMKOK) YHUCIIOBOK) alepTypor MalTh BEJIHMKI BTpATH, ajie IX JIerIie
BUTOTOBJIATH 1 BOHHM JemieBiie. 30UIbIICHHS PI3HUI[ MDK ITOKa3HUKOM
NEPEIOMIICHHST  CEPUEBMHM 1 OOOJIOHKM  IOKpallye e(QeKTHBHICTbH
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3armpoBaKeHHs BUMIpoMiHioBaHHSA Yy BOC, ane B TO¥ ke 9ac MpU3BOIUTH 10
301TBIIEHHsT MDKMOIOBOI Juctepcii - po3mmpeHHio immynscy. Y BOC i3
MaJIOI0 YHCJIOBOIO amnepTypol0 MEHIIE IUCIepCis iMIynbCy, ane Oinblie
BTPaTH Ha MIKpO3TH0ax.

1.2 3aBaanus g0 padoru

[lepen moyaTkoM poOOTH 03HAKOMHUTHCH 3 3aBIAHHSIM Ha poOOTY:

— BuBunTH ycTpid BOC 1 NpHHOWNN TOMHPEHHS ONTHYHOTO
BUITPOMIHIOBAHHS IO HROMY Y 3aJI€3KHOCTI Bif podimo [13.

— BHUBYHTH OCHOBHI xapaktepuctuku BOC:

1) gwmcIo i cTpyKTypa MO/, 1110 HOmupoThes B OB;

2) mpodins I13;

3) uwmcioBa aneprypa, ii hizuvHa CYyTHICTb;

4) reoMeTpuYHi PO3MIpH CEPIICBUHH i 000IIOHKH;

5) oONTHYHI XapaKTEPUCTUKU: 3araCaHHs i PO3IIUPCHHS IMITYJIbCIB;

6) BUBYUMTH YCTpili 3alpPONOHOBAHMX EK3EMIUISPIB KBapIOBHX,
KBapi-momiMepHux i momiMepHnx BOC, 1ix reomerpwyHi 0COOIUBOCTI,
3apHCyBAaTH, OTIMCATH 1 OOMIPATH iX PO3MipH, 3p0OUTH BUCHOBKH.

1.3 KonTpoabHi nuTaHHsA

1. o Take CBITIOBOJ 1 HAa IKOMY IPHHIIUII 10 HHOMY TIEPEIAETHCS
€JIEKTPOMAarHiTHA EHEePTisl.

2. Yerpiii BOC mns nepenadi ontuunoi iHpopmaii.

3. llo take moma? Uucio i CTpyKTypa MO/, IO MOMIUPIOIOTECS, Y
pizHoMaHiTHHX THax BOC.
Hanpapinsiemi, 000710HOYHI 1 BUTIKAIO41 MOJIH.
OpnHoMOT0BI 1 GararomomoBi, cxiguacTi i rpamgieaTai BOC.
[Ipodins nokasHuKa 3a0MIeHHS B pisHOMaHiTHUX Tunax BOC.
I'eomeTpuyni po3mipu BOC B 3aj1€5KHOCTI BiJi IXHBOTO THUITY.
Koncrpyxkuis BOC.
. Yucnosa aneptypa BOC, ii ¢iznuna CyTHlCTB
10 3aracaHnHs, ii (i3U4HA CYTHICTH, OCHOBHI TApaMETPH.
11. Tucnepcis, 1i ¢iznuHa CyTHICTH, OCHOBHI ITapaMeTpH.

©®oN O
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1.4 MaTtepianu, iHCTPyMeHT, 00J1aIHAHHSA

Y npaktuuHiit poOoTi BUKOPHCTOBYIOTECA Taki THI BOC:

— BOC i3 KkBapliOBOIO CBITJIOBEAYYOK JKWJIOK 1 KBapIOBOIO
000JIOHKOI0, 110 BiAOWBAE CBITIO0, po3Mipom 50/125 MKM MMOKPUTHIA TAKOBOIO
3aXUCHOK 000s10HKO10. BupoOHuk: BAT «Oneckadenn;

— BOC i3 xkBap1oBOIO CBITIOBEYHOIO KHUIIOIO 1 CBITIOBIOMBAIOYOI0
obononkoro gipmu CORNING. Xapakrepuctuku: SMF - LS. OnnomonoBe
OB 3 HEeHYIBOBOIO YCYHYTOO JUCIIEPCIERD, TiaMETP MOJIOBOT IUIAMU 8,4 MKM,
JiaMeTp BinOuBaro4oi cBiTio obonmonku 125+10% mkm. JliaMeTp MOKPUTTS
tunry CPC6 245+10% wmxM. HekOHIEHTPUYHICTh: MOKPUTTS <12MKM;
cepueBrHH 1 obononku <1 mxm. Heokpyriicts o6ononku <1,0%;

— kBapu-noximeprae OB, miameTp cBiToBeay4oi xwmu 200 MKM;

— kBapu-noximeprae OB, miameTp cBiTnoBeaydoi xwmu 400 MKM;

— mnomimepHe OB (onTryHI IIHYpH) Pi3HUX AiaMeTpiB;

— TIPUCTPIH IJIs 3HATTSA 3aXUCHOI 0OOJIOHKH;

— Mikpockor (260 MiKpoMeTp).

1.5 Texnika 0e3neku

JoTtpumyiiTech TEXHIKU OE3MEKH:

— 3ano0iratu momafaHHs Bifpi3kiB OB (ski BHHHUKAIOTH MiJ dYac
po0OTH 3 HUMH) Ha OJIAT Ta Ha WIKIPY;

— mig gac pobotu 3 OB 3a0opoHsieTsess nmpuilMaHHS DKi, a micis
3aBepIIeHHS POOOTH HEOOXiTHO BUMUTH PYKH 3 MUJIOM,;

— Tpeba  mepembauaTH, [0  PO34iHIOBAYi, SIKI  MOXYTh
BUKOPUCTOBYBaTHCS  TPH  BiIaJIeHHI  3aXMCHMX  OOOJIOHOK €
BOTHEHeOe3NeuHi i  TOpATh OE3IBITHUM IUIAMIHHSM, MOXYTh OyTH
TOKCUYHUMH 1 BUKJIIUKATH aJIEPTiYHY PEaKIIito.

1.6 Mopsinok NpoBeaeHHsT POOOTH

Eranu BukoHaHHS poOOTH:

— osHaiiomurucs 3 TuiaMu BOC, siki BUKOpUCTaHi B pOOOTi.

— O3HAWOMHTHUCS 3  IHCTPYMEHTOM 1  Marepiajamu,  sKi
BUKOPUCTOBYIOTBCS B POOOTI:

1) mikpomeTpoM abo MiKpOCKOIT;
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2) MPHUCTOCYBAHHIMH i MaTepianaMu st 3HATTS 006010HOK BOC;

—  XiMIYHEM (MEXaHIYHUM) IIITXOM 3HSITH 3aXHCHI 000JIOHKH,;

— 3amipuru giametp BOC y 3axuicHEX 000JTOHKAX i CBITIIOBOJY ITiCIISt
3HATTS. 000JIOHOK;

— TMIJCBITUTH OJUMH KiHEIb KOXKHOTO i3 CBITJIOBOJIB 1 3aMipUTH IIiJ
MiKpPOCKOTIOM (IIPHOJIIM3HO) JiaMeTp BEAYy4Oi CBITJIO KHJIHU 33 JTOIIOMOTO0
BUMIpIOBaJIBHOI CITKH;

— HaMaJIOBaTH KOHCTPYKIIIO KOXKHOTO 31 CBITIIOBOJIB 1 3aBAaTH Ha
MAJTFOHKH OTPUMaHi1 pO3MIPH 1 MO3HAYXTH THIH JocmikyBanux BOC.

1.7 3micr 3BiTY

Odopmiennii 3BT TOBUHEH MiCTUTH:

— TUTYJBHUU apKyll;

— Ha3By poboTH;

— TEOPeTHUYHi BiJIOMOCTI;

— pe3ynbTaTH IOCHiKeHHs, pucyHok OB, po3mipu, omuc tuny OB,
BiamoBigl Ha 3anurtanHs nyHkty 1.10 (1-12 mo BapiaHTax, 3aBOaHUX
BUKJIaJIayeM);

— BHCHOBKH.
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2 IPAKTUYHA POBOTA Ne2.

Bonokonno-onmuuni xaoveni

MeTta poGoTm - O3HAWOMJICHHS 3 HAHOUTBII BaKIUBUMU
XapaKTePUCTUKAMH 1 KOHCTPYKTUBHUMH OCOOJHMBOCTSIMHU JESKHUX BH/IIB
BoJIoKOHHO-onTHuHUX KabeniB (BOK). CIIP noBuHHA naT ysBY PO CKIIAJI,
BiIacTUBOCTI 1 ocHoBHi enemeHtn BOK, 3acBoitm cneungiky nuTaHb,
OB SI3aHUX 3 HAMH, BMITH CTABUTH BUMOTH 10 iX PO3pOOKH, MiAMOpy i
3acrocyBanHs. OcHoBHUMH Linsimu CIIP e:

— 03HAMOMIICHHS 3 OCHOBHUMH KOHCTpYKUisiMu 1 Trmamu BOK;

— mpuadaHHs NPaKTHYHUX HABUYOK POOOTH 1 KOHTPOIIIO MPU 3HATTI
3axucHux oOonoHok BOK, 3amip 1 kiacudikaiis THIY BOJOKOHHO-
onTtuyHUX CBiTI0BOIIB (BOC) ab0 ontnunux BojokoH (OB).

2.1 3arajabHi Bitomocri

Eaementn BOK. BOK - npuctpiif, sxuii ckmamaerbes 3 BOC Ta
€JIEMEHTIB, SKi X 3aXHINATh, 3MIIHIOTH 1 3amoBHIOOT, BOK. Ile
0(opMIICHO B KOHCTPYKIIIIO JUIsI 33JAHHUX YMOB €KCILTyaTallii, sKa 3aXHuIlae
BOC Bing 30BHIIIHIX BIUIMBIB 1 NpU3HA4YE€HA I OOMEKEHHS 00macTi
NOUIMPEHHSI ONTHYHUX KOJMBaHb HA30BHI 1 mepenayi MOTOKY CBITJIOBOI
eHeprii BUKITIOYHO B 33/1aHOMY HanpsiMky OB.

[Tpu HeobxinHocti BOK Moke MaTu CTpyMOITPOBiIHI METaIEBI I
Uit mepenadi  enektpoxuBieHHsA. Jlo ocHoBHux enemeHTiB  BOK
BIJTHOCSITBCSl HACTYITHI €JIEMEHTH.

BOC - ne xommnonmentn BOK, ski CKmagaroThCst 31 CKISHHX a00
noximepaux OB.

3MinHIOYi eJleMeHTH - HUTKH CBM (CUHTCTUIHHH
BHUCOKOMOJIYJIGHUI Matepiayl) pi3HHX HOMEpIB, SKi a00 PO3MINIYIOThCS B
MOJIIMEPHI  TPyOIll ~ ONTHYHOTO  MOAyJNs, abo  TIOKPHUBAIOTHCA
MOJIiBIHITIXJIOPUTHOK OOOJIOHKOIO (TOJI IIel eJeMEHT Ha3WBaeTbcs abo
cuioBuM, abo 3anoBHIOOYMM). Kinbkicte 1 Homep HuTok CBM
BU3HAYAETHCSl BUMOTAMH Ha PO3TATYBaHHS, 10 Mpe I sBIsitoThes 1o BOK.

3anoBHIOO4i ejleMeHTH - OAaBOBHSHI HUTKH DPI3HUX HOMEPIB MJIs
nemndysanns OB B koHcTpykiii BOK.

MonivMepni Marepiaqm - pi3HI CHUHTETHYHI MaTepiayi, sKi
BUKOPUCTOBYIOTHCSI SIK BHYTPIIIHI TOKPUTTS OKPEMHUX €JEMEHTIB 1 SK
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3oBHimHI mokputTs BOK B minomy. /o HUX BiTHOCATHCS Taki MaTepiaiw, K
moJriamiz, (TopoIrIacT, MOJIieTHIICH, OTIBIHUTXIIOPH/I, ITIHOILIACT 1 iH.

MeraneBi eremeHTH - Le a00 MimHI (SK HPaBUIO, OJHOXKUIBHI)
MPOBITHUKHU, KIIBKICTh SKWUX BH3HadaeThcs BuMmoramu 10 BOK, a6o
CTaJIeBUN JAPIT y BUTISAL [UKTYTIB a00 €KpaHiB Pi3HHUX THITIB, PO3MIIEHIX
abo ycepenuui BOK, abo moBepx mosimMepHOi 3aXUCHOI 000IOHKH.

Hoxin BOK mo 3acrocyBanHmw. Icayroui BOK cknanmatothes 3
IepepaxoBaHNX OCHOBHMX KOMIIOHEHTIB, pO3IUIAIOTh Ha MOHTaXKHI,
00'e€KTOBI, MICBKi, 30HOBI, MaricTpajbHi.

MounTa:kHi - 3aCTOCOBYIOTHCS IS BUPOOHHUIITBA
BHYTPIIHBOOJOYHUX 1  MDKOJIOYHMX  3'€qHaHb B  EJIEKTPOHHHUX
obuncmoBanbHUX MamuHax (EOM) 1 iHmmiif anapatypi: nosxwuHa -0,5...5 M;
koedimient 3aracanas <100...200 nb/km; cmyra gactot -50 MI'-km; THIl
BOJIOKHA«KBapI-KBapI» - «KBapI-TomiMepy», (BCi i3 cxiquacTuM npodinem
NEPEJIOMJICHHS);  YHCJIO  BOJOKOH  -Oynp-siKe, 110  BHU3HAYAETHCA
KOMYHIKaIlIHHIMA BHMOTaMu; miama3oH temmeparyp -60...70 °C; pamiyc
BUTHUHY -5 JiamerpiB kabenro; KyT BUTHMHY -360°; pamianbHU THCK -
0,1...0,2 MI1a.

00'exTOBI - 3aCTOCOBYIOTHCS ISl TIOOYJOBH KOMYHIKamiil ycepeauHi
pizaux 00'exTiB (3aBOiB, (paOpHK, YCTAHOB, JITaKiB, KOpaONiB i iHIIHNX):
JIOBKUHA - COTHI MeTpiB; KoedimieHT 3aracanns < 30...50 nb/km; cmyra yactot
- cotHi MI''km; uncno OB Oynb-sike, BU3HAYAEThCS KOHKPETHUMH YMOBAaMH
poboty; posraryrodi 3ycwuit - < 1000...2000 H; xmimaTidai i MexaHidHi
BUMOTH aHAJIOTTYHI MOHTa)KHIM KaOeJIsiM.

MicbKki, 30HOBI - 3aCTOCOBYIOThCS JJIsl OpraHi3ailii 3B'13Ky ycepenuHi
MICT, paiioHiB, oOsacteit: gorxuna - 200...300 kM; AiISHKA pETPAHCIISILIT -
30 xm (3 meperiekTrBoto 30inbmeHHs A0 50...100 kM); koedimieHT 3aracanHs
<5 nb/xkmM Ha noexkuHi xBIIi 0,85 MKM; cMmyra nporyckanHsa-1000 MIt-km;
YHUCIIO ePeMOTYBaHb - < 400, y Tomy umcii i mpu —50 °C 3 HATATHEHHSM Ha
kyT 1 90°; uncno ochoBUX 3aKkpydyBaHb -<50..100 Ha xyT 360°, 30Kpema,
npu —10...—20 °C 3 HATATHEHHSIM.

MaricTpaJbHi - 33CTOCOBYIOTHCS IJIsl OpraHi3arii 3B's13Ky Ha BEITMKHUX
TEPUTOPISIX - ycepeArHi pecyOIiK i Mixk HUMH: ZOBXUHA > 2500 KM; AiIsHKA
perpancismii - 50...100 km; OyaiBenbHa noBxkuHa - 1-4 kM; KoediuieHT
3aracanss - < 0,5 gb/km Ha momxwmui xBuii 1,3 MM, 0,2 1b/kM Ha TOBKHHI
xuii 1,55 MKM; cMyra npomnyckanHst -nekiipka [T km; 41ciio BoJgoKkoH - 8 i
Oiyible; po3TAryrode 3YCHIUIS -OEKiJIbKa THUCSY HBIOTOHIB; PO3AABIIIOIOYI
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sycwuis - 0,5...1 MIla; xiriMaTH4aHI YMOBH, a TaKOK YMOBH IIEpPEMOTYBaHb,
TIEPETHHIB 1 OCHOBHX 3aKPyIyBaHb aHAJIOTT9HI MICBKAM KaOeIsiM.

Bumoru 10 BOK. Ilpu xouctpytoBanHi BOK Buxomsts 3 Toro, mo
MOBMHHA 320€311eYyBaTUCh MPAIE3/]aTHICTh BOJIOKOHHHUX CBITJIOMIOAIB HPHU
00yMOBJIEHHX 30BHIIIHIX JisfX 1 B 3afaHUX yMoBax ekcruryaramii [1]. Lle
Mpen'sBisie 10 KOHCTPYKINi KaOeliB HACTYNMHI BHMOTH: 3aXHCT BiJ
30BHIITHHOT'O0 MEXAHIYHOTO, KJIIMAaTUYHOTO 1 iHIIOTO BHY Jiii; MIIHICTh Ha
po3puB abo 3axumct OB Big oOpWBIB mpW pO3TATYBaHHI; CTaOLIBHICTH
ontnyHuX xapakrtepuctuk BOK; mpocrora ekcruryararlii i MOTOYHOTO
pemonty BOK, T0oOTO 3amiHa MONIKO/DKEHUX JUISTHOK KaOEIt0 HOBHMH;
JeIICBU3Ha; TEXHOJOTIUHICTh (TPOCTOTa) BUTOTOBJICHHS 1 BellMKa
OyniBenpHa noBxkuHA. KOHCTpYyKIIig moBuHHA 3a6e3neuyBaru 3axuct OB Bix
Pi3HUX 30BHIIIHIX JIii 32 JOMOMOTOI0 BHKOPHUCTAHHS CHIIOBHX EIIEMEHTIB,
ckpyuyBanHs OB HaBKOJO CepIEBUHM 1 HaKJIAIaHHA Pi3HOMaHITHHX
nmoniMepaux obomoHOK. Kpim Toro, koucTtpykmis BOK mnosumnHa
3a0e3medyBaTy MiTICHICTh HOTO MOJIIMEPHUX 000JIOHOK, 3MIITHIOIOUHX HUTOK
1 IHIIMX eNeMeHTIB. Y 3BSI3KYy 3 IIMM PO3MVITHEMO OCHOBHI NPHHIUIH
KoHcTpyroBaHHs BOK.

3axuct ¢izmunoi crifikocti BOK. B npomeci ekcmyararnii BOK
BUNIpOOOBYE Ha €00l MOJOBXKHI PO3TATYIOUi, TOMEPEYHi PO3AABIIOI0YI
HaBaHTA)KEHHSI, a TAKOK BUTHHU Pi3HOTO pajiycy i Ha pi3Hi KyTu. [Ipu nmx
nissx OB MOBWHHI He TUTHKY 3aIMINATHUCS [IJTMMH, alle 1 He 1aBaTy IPUPOCTY
koedimienra 3aracaHag. 3 wiero meroro y BOK BukopucToByloTh pi3Hi
3MIIHIOIOYI 1 CHJIOBI eJleMeHTH, 1o obepiratore OB Bin pyiiHyBaHHS MpH
pi3HMX HaBaHTaXEHHAX. CHJIOBI €JNEMEHTH 3BHYAalHO PO3MIIIYIOTHCS B
nentpi BOK, xoua moxunBe po3minieHHs ix i no nepudepii. st 3axucty
BiJl HaBaHTaXeHb, SKi posfaBmooTe BOC, iX moMimamTh B YKOPCTKY
Tpybuacty 3axicHy o6ononky (T30) 3 momiMepHoro mMarepiany ado B masu
¢irypaoro cepuesuau. Kpim Toro, Bix 3ycuns takoro tiimy OB 3axumaroTs
3allOBHIOIOY] €JIEMEHTH 1 30BHIMIHI moniMepHi obomonku. I[[o6 OB
30epiranu cBoi xapakTepuctuku rnpu BuruHax BOK, ix ckpy4dyroTh HaBKOJIO
LHEHTPAJIBHOTO  CHJIOBOIO  €NEMEHTY  (OKpiM  OJHOBOJIOKOHHHX 1
JIBOBOJIOKOHHUX KaOeniB, OB skux BiIBHO yKJIaieHI B OXHINA TpyOI).
Ckpyrka OB crBoptoe B8 OB yMOBHM pIBHOMIPHOTO pO3TSTYBaHHS BCiX
BOJIOKOH OaraToBosiokoHHOro OK npu #oro BuruHi.

3axucr Bin craTuyHoro pyiinyBanHs. lleii Bux pyliHyBaHHS
00YMOBJICHHI HAsSBHICTIO Y BOJIOKHI MIKPOTPIIIMH i PO3BUTKOM iX MiJI JIi€rO
PI3HMX 30BHIIIHIX 3ycHiib. OCHOBHA POJIb B PO3BUTKY MIKPOTPIIIMH HAJIEKHUTH
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BOJIO31 1 MigBHMINEHIH TemrepaTypi. ToMy 3axucTy BOJIOKHA B KaOeli Bif
BOJIOTY HAJa€ThCs BEIMKE 3HAUCHHS. 3 LII€I0 METOK BOJIOKHO ITOKPHBAIOThH
3aXHMCHOIO IMOJiaMiIHOI0 OOOJIOHKOI0, BUKOPHCTOBYIOTH 3aXHCHI HOJNIMEpHI
obonmonkn y BOK, a Takox 3amoBHoroTe BOK BomoHEenmpoHHMKHUMH
HAIOBHIOBaUaMu -TepMeTnkamu, remsimu. [nomi BOK repmermsyiots 3a
JIOTIOMOTOF0 €KCTPYIMPOBAHHOTO IIapy ATIOMIHIIO Ha HOro moBepxHi abo
0OMOTYIOTh METAJIEBOIO CTPIYKOI0, P ILOMY NMPOHUKHEHHs Bojioru 10 OB
3HAYHO MEHIIE, HiXK Yepe3 3aXHCHI MmojriMepHi o0ooHkw. [IpoTe HasIBHICTE B
koHCTpyKIii BOK MerameBux eneMeHTIB pi3KO 3ByXye o00JacTe ix
3aCTOCYBaHHSL.

3axucr Bin nmosiBu mikpoBuruniB. Mukposuruaun BOC, T00TO
BUTHHHM 3 MAIMMH ITPOCTOPOBUMH aMILTITYAAMH i IEPi0/IaMHU, SIKi BAHUKAIOTh
Ha pisHux gingHkax BOJI3 mpu  pi3HMX 30BHIMIHIX BHPOOHWMYMX 1
eKCIUTyaTallifHuX MisiX, € MPUYUHOI 3POCTaHHs 3aracaHHs ONTHYHOTO
curHany y BOK. OcHoBHUME TpuuMHamMu TosBH MikpouruHiB OB €
HEPIBHOMIPHI YCaJKH MOJIMEPHUX MaTepialiB, IO BXOISATh B KOHCTPYKIIIIO
BOK. /1511 Toro, 11106 3aXMCHUHN MPOIIAapOK MoJIiaMiay MpH ycalli B mporeci
OXOIIO/KEHHS, He Je()OPMyBaB BOJOKHO, MK IIMM TIOKPUTTSIM i BOJIOKHOM
MOMIMIAIOTH MiAIMIAPOK M'AKOi CHIIIKOHOBOI TYMH 3aBTOBIIKH 3—5 MkM. B
IOMY BUIAQJKY MOJiaMiHE MOKPHUTTS IIPHU yCalll KOB3a€ Ha CHUIIKOHOBIH
rymi, He TpuBOJsMUM 10 Aedopmarii BonokHa. Kpim Toro, OB 3Buuaitno
MOMIIIIAIOTH B MOJIIMEPHY KOPCTKY TPYOKY (3BUYHO (PTOPOTLIACTOBY), i€ BiH
JISKHUTH BUIBHO 1 HE MIANAETHCS AehopMartii.

30epexxenHs nepeaaBaabHux xapaktepuctuk BOC. Lle 3aBnanus
s BOC npu posmimenni #oro y BOK po3s's3yerbcs ontuMalibHUM
BHOOpPOM MarepiainiB, iX ToBLIIMHY 1 3a30piB Mk OB i enementamu BOK, a
TaKOX MOIIYKOM ONTUMaIbHOT KOHCTpYKIIii BOK.

Buoip kinbkocti BOC y BOK. Lleii moka3HUK BU3HAYAETHCS PSAAOM
ynHHUKIB. lle 1 HEeoOXimHICTh TepemaBaTH 3aflaHe YHUCIO TPOCTOPOBO-
PO3IUICHNX CHUTHANIB, 1 pe3epByBaHHS Ta AyONIOBaHHS KaHaTiB ISt
I ABMIIICHHS HAAIMHOCTI 3B'I3KY, & TAKO)K YMOBH MPOKJIaIaHHs 1 eKCIUTyaTallii
BOK.

Tunu BOK. BOK M0xHO po3aiTUTH Ha Taki TUIIH:

— 3 mapajeabHo YyrkiaagenumMd OB - 10 HUX BIIHOCATHCA
onHoBonokoHHI BOK 1 kabeni 3 HeBenmukum uuciom OB (ue Oinbine 4),
BIJIBHO YKJIAJIeHI B )KOPCTKY TpyOuacty 3axuctHy 00010HKY (T30);
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— 3i CKpy4YeHUMH BOJIOKHAMHU - 710 HUX BimHOCAThCT BOK 3 unciom
BOJIOKOH 11Ba 1 Oinmbmre; OB B Takux BOK ckpydeni momapoBo, TOOTO B
niepiroMy Bia ceprieBuHH mapi OB ckpydeHi B 0JHy CTOPOHY, B JpyTOMY -B
iHmy i 1. 1.; B Takux BOK BoJOKHA B MIapax 4epryroThes 13 3alI0BHIOIOUYUMH
1 CHJIOBUMH €JIeMEHTaMHU;

— crpiukoBi (miacki) - e BOK 3 nomaposo ykiageanmu OB, 1110
CTBOPIOIOTH IPSIMOKYTHY 200 KBaJpaTHy MaTPHLIO.

Yerpiii BOK. HaBenemo ocHoBHI koHCTpYKIii BOK:

a) KOHCTpyKis 3 ABoMa OB, BiTbHO yKIIageHuMH B TPYOKy (puc.2.1a):
1 - OB; 2 - 3axmcHa TpyOka onTmuHoro moxynst T30 3 momimMepHOTO
Matepiany (pToporuracty) i3 30BHINIHIM JiamMeTpoM 2,5 MM 1 3aBTOBIIKH
crinka 0,35 MM; 3 - 3MIIHIOIOYI €IeMeHTH; 4 - 3allOBHIOYI 0aBOBHSHI
HUTKH; 5 -Io1iMepHa 000JI0HKA - TBOBOJIOKOHHHUIT BOK;

0) koHCTpYKIIis 3 goTrpmMa OB, siKi BUTBHO BKJIAZIEHO Y IBOX TPYOKax (1Ba
OB B KOHil1), TPUUIOMY TPYOKH CKpY4YeHi HABKOJIO CHIIOBOTO €JIeMEHTY (pHcC.
2.10): 1 - OB; 2- 3axucHa TpyOKa; 3 - 3MILI-HIOOUI eJIEMEHTH; 4 - 0aBOBHSIHI HUTKU
JUTSL 3aTIOBHEHHST; 5 - MONIBIHUTXIIOpUIHA 000JI0HKA; 6 - 3MIITHIOIOYi HUTKH; 7 -
ToJTiaMiTHO—(hTOPOILTACTOBA CKPIITHA CTPIvKa; 8 - 0aBOBHSHA CKpIlTHA HAUTKA; 9 -
noJiMepHa 000JIOHKA - faraToBosiokonHi BOK;

B) KOHCTPYKIIiS 13 3MIIIaHUM PO3TAITyBaHHSIM CHJIOBUX €JIEMEHTIB i 3
ckpyuenumu OB (puc.2.18): 1 - OB; 2 - noniBiHinxnopuzaHa 00010HKa; 3 -
3MIIHIOKOYA HUTKA; 4 - MOJIBIHUIXJIOPUIHUI €JIEMEHT JIJIS 3allOBHEHHS; S5 -
noJiamiHO-QTopoIIacToBa CKpiliHa CTpiuKa; 6 - 0aBOBHsSHA CKpillHA HUTKA,
7 - neMriyrouuii MOBIB; § - 3MIIHIOIOYA HUTKA; 9 - moliMepHa 000JIOHKA.

r) KoHCTpyKIist 3 OB, cKkpy4eHHMH HaBKOJIO LIEHTPAJIBHOTO E€JIEMEHTY
(puc. 2.1r): 1 - OB; 2 - noniBiHUIXI0pUIHA 000IOHKA; 3 - 3MILHIOKYI HUTKH; 4
- TMOJIBIHUTXJIOPUIAHWI 3alOBHIOIOYWI €IEMEHT; 5 - 3MIIHIOIYiI HUTKH; 6 -
noiamiziHa (PTOpOTIIaCTOBa CKpIlHA CTpivKa; 7 - OaBOBHSHA CKpIlTHA HUTKA; 8
- TIoJTiMepHa 000JIOHKA.

o) KoHcTpykuisi 3 OB, yknageHMMu B masu NpoQinboBaHOTO
cepueBnau (puc.2.1x): 1 - OB; 2 - nomiBiHinxmopugHa oOonoHka; 3 -
3MILHIOYI HUTKH; 4 - ToJiaMigHO-QTopoIIIacToBa CKpilHa CTpidka; S5 -
0aBOBHSHA CKpIilTHA HUTKA; 6 - TTOJTIMEpHA 000JIOHKA.

€) KoHCTpyKIisi 3i 144 OB, yknagenumu B Matpuio 12x12 (puc.2.1e): 1
- OB; 2 - BonokonHa ctpiuka 3 12 OB; 3 - BonmokoHHa MaTpud 3 12 BOJIOKOHHHX
CTPIYOK; 4 - CUJIOBHI €JIEMEHT; 5 - MoIiMepHi 000JIOHKH.
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a : —
a — 3 neoma OB, BitbHO ykianeHumu B T30; 6 — 3 yotupma OB, BiTbHO

YKJIaJIeHUMU B JIBOX TpyOKax 1o nsa OB B koxHiif; B — 3 mepudepiitiuM i
LEHTPAIILHAM PO3TaIllyBaHHSM €JIEMEHTIB; T — 3 OB, CKpy4eHUMH HaBKOJIO
LEHTPAIILHOTO CHJIOBOTO eleMeHTy; 1 — 3 OB, ykianenuMu B nazu
npodiiroBaHoro cepreBnny; € — 3 OB, ykinanenumu B MaTpuiro 12x12

Pucynoxk 2.1 - Konctpykuii BOK
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OcHoBni_xapakrepuctuku BOK. Jlns omiHKK ekcIuTyaTamiifHux
akocreit  BOJI3, BOCIIl Haifyacrime BHMIPIOIOTBCS  HACTYITHI
XapaKTePUCTUKU:

— Koe(IilieHT BiIOUTTS — BITHOMICHHS IHTEHCUBHOCTI CUTHAITY, STKUN
PO3MOBCIOMKYETBCA B JIiHIT HAa3aj A0 IHTEHCHUBHOCTI CHTHAlIy, WIO
PO3MOBCIOKYETHCS BIIEpe B JAHOMY TIEpeTHHI JTiHi{;

— pIBeHb CHWTHally — TIKOBa 1 CepelHs IHTEHCHBHOCTI HECYYOTO
BurpominioBanHsa y BOC B maHoMy mepeTwHi JiHii;

— BTpAaTH — PI3HHULS MK MOTYKHOCTSIMU MEPEJAHOTO 1 PUUHATOTO
CHUTHAJIiB, IO BU3HAYAETHCSI 3aracaHHsIM B CBITJIOBO/I 1 pI3HUMHU BTpaTaMu B
MPUCTPOSX BBEICHHS, MICISAX 3pOIIEHHS, pO3ramyKyBadax 1 IHIIHX
KOMITOHEHTAX;

— PpO3LIMpEHHS IMIylbca — 3MiHA (OPMH CHTHaly, BUKJIHMKaHA
MIXXMOJIOBOIO JMCIIEPCIEIO 1 AUCTICPCIE0 MaTepiay;

— BIJHONIICHHS CHUTHAJ/IIyM —  BIJHOIICHHS 1HTEHCHUBHOCTI
KOPUCHOTO CUTHAIY IO CyMapHOi iHTEHCUBHOCTI IIyMiB B KaHAlli,

— TemIoCTiHKiCTh — 3maTHicTh cuctemu 3 BOK BurpumyBatn
TemmeparypHi (Gaykryarii, TOOTO 30epiraTi CBOi TEXHIYHI XapaKTEPUCTUKU
B 33/IaHOMY iHTEepBaJli pOOOYNX TeMIepaTyp;

— KOpo3iliHa cTilikicTh — 3;aTHicTh Bcix Matepianie BOK
MPOTUCTOATH Pi3HUM XiMiuHUM JissM. OcoOIUBO JiT BOJIOTH;

— MexaHiuyHa MinHicTs — 3aatHicTs BOK BUTpuMyBaTH posrsaryroui,
KPYTSA4i 1 CTUCKYIOYi HAaBAaHT)KEHHS B IMHAMIYHOMY 1 CTATHYHOMY PEXIMax
1 IPOTUCTOSTH yapaM i BiOparisaMm;

— pamiamiiina cridikicte — 3aarHicTe BOK mpotucrositu aii pizHHX
SJIEPHUX BUIPOMIHIOBaHb, SIKI BUKJIMKAIOTh 3MIHM 3aracaHHs i Jucrnepcii B

OB.

Kpim Toro, marots BaxknuBe 3HadeHHs cTiiikicTh BOK 1o MexaHiyHUX
(po3tsr, BuTiH, nonepeuHnid TUCK. CTIMKICTh JI0 yAapiB, iH.) 1 KIIMaTHYHHUX
BIUTUBIB (TEMIIepaTypa, BOJIOTiCTh, TUCK, iH.).

TexnoJuoris Bupoouuursa BOK. Ilpouec BupoOnHunrsa BOK
MOJKHA PO30MTH Ha HACTYIIHI CTaIii.

inroroeka OB. BOC B kaOenbHe BHUPOOHMIITBO IOCTYIAE B
noJliaMiIHOH 00O0JOHII, ska oOepirae WOro Bix MeXaHIYHHX [id (He
BUKJIIOUeHO BUKopucTanHsa OB i B nakoBiit o6ononmi). Iloniamigna 3axucHa
000JI0HKa HAaHOCUTBCS a0 3a JOMIOMOIOI0 eKCTpyAepa, ado 3a JOMOMOTO0
€JIEKTPOCTaTUYHOTO TTOJIA.
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BurotoB/jieHHs ONTHYHOTO MOAYJsl. BOJOKHOHHMIA CBITIIOBOZ
MPOIMYCKAOTh Yepe3 Mpec, NIe BiH 3alpecoBYEThCA B TPYOKY 3 BUTBHUM
yKiIamaHHsaM abo oOxuMaHHSAM. [HOMI AMs MiABWINEHHS MIITHOCTI Ha
PO3TATYBaHHSA ONTUYHOTO MOAYJISl BCEpEANHY TPYOKH MMOMIILAIOTh HUTKH 13
cuaTeTHIHNX MatepianiB (CM), a mma obepiranas OB Bin mOTOBXKHIX
HaBaHTAKEHB B TPYOIll pO3MINIYIOTh OABOBHSHI HUTKH.

BuroroB/ieHHSI CHJIOBOIO i 32aIIOBHIOIOYHX €JI€MEHTIB. 3aJI€)XHO Bl
TOTO, AIKi BUMOTH Tipe I SBIsIOThCst 1o BOK 1o momycTiMux mogoBKHIX 1 IO
MOTIEPEYHNX HaBaHTAXKCHHIX, BUOMPAIOTH BiAMOBiMHE 9nciao HATOK CM i,
NPOIYCKAI04UH Yepe3 Mpec, YKIaIaloTh B MOJIiBIHXIOPUAHY 000IO0HKY. SKIIO0
nependavacTbcsi BUTOTOBISITH OAHO-a00 JBOBOJOKOHHWH Kabenb 0e3
CKpPY4YyBaHHS, TO ONTHYHUI MOIYJh Pa30M 3 HEOOXITHOIO KITbKICTIO HUTOK
CM npoxoauTh 3pa3y K ONEpPaIliio OILIAHTYBaHHS. SIKIO ONTHUYHI MOy
HEOOXiZIHO CKpy4YyBaTH HAaBKOJO CHJIOBOTO €JIEMEHTY, TO HACTYITHHUM €
CKpY4YyBaHHS, a TIOTIM OLTAHT'YBaHHSI.

CkpyyyBaHHsl ONTHYHMX MoayJiB. CKpydyBaHHS ONTHYHHX
MOJTyJIiB, HUTOK CM, 3aITOBHIOIOYHX €JICMEHTIB, 0aBOBHSIHUX HUTOK HaBKOJIO
CHJIOBOTO €IIEMEHTY MOJKHa BUPOOISATH Ha IJXTapHUX a00 KPYTHIHHHUX
MarmmHax. [licns ckpydyBaHHS ONTUYHAX MOJIYJIB 1 IHIIAX HEOOXiTHUX TI0
KOHCTPYKIII €JEeMEHTIB HaBKOJO CHJIOBOTO €JEMEHTY 3IiHCHIOETHCS
omepaiiis ¢ikcanii ckpyuyBanHs. s 1poro oxepikaHuil HamiBghaOpukaT
3BHYAMHO 3pa3y MOKPUBAETHCS MOJIiaMigHO-(QTOPOIIACTOBOIO ILTIBKOIO,
NPUYOMY KUIBKICTh ILTIBOK Oeperbcst 3...4, a WIBUAKICTH CKPYTKH —
1...50 m/xB.

Ouutanrysannst BOK. Excrpy3iiiHa JiHist 47151 HaKJIaIeHHS! 00OJIOHKH
Ha 3aroToBKy /it BOK npuHIMIIOBO BiAPI3HAETHCS Bl €KCTPY3iHHOI JTiHIT 151
HaKJIaJ]aHHs 3aXMCHOIO IMOKPUTTS HA BOJIOKHO TLIBKH TUM, 1110 Ma€ OLIbIIHN
nmiamerp miHeka. [lIBumkicts i3omoBanns B Mexax 5—100 m/xB. TexHosoris
BupoOHunTBa BOK 110 cBOill CTpyKTYypi HE BiIpi3HIETHCS BiJl BUPOOHHUIITBA
TpaauIiiHUX KabemiB 3 MeTaieBUMu Apotamu. [Ipote BupoOHuIITRO BOK
BUMarae yJOCKOHAJICHHS! TEXHOJIOTIYHOTO TPOIECY 3 METOI0 3a0e3eueHHs
piBHOMIpHOTr0 TpoxomkeHHs: OB 1Mo TEXHOIOTIYHOMY JIaHLIIOKKY 0€3 PUBKIB
1 3YNUHOK, >KOPCTOKOi BUTPHUMKH BCiX TE€OMETPUYHUX PO3MIpIB BiA
noyaTkoBoro npoaykrty (OB) mo kinnesoro (BOK).

ExoHomiunuii edexT Bin Bukopucranns BOK. 3 Ttexsiko-
E€KOHOMIYHHMX PO3paxyHKiB MOKHA 3pOOMTH BHCHOBOK, L0 3aMiHa MiCBKUX
JHIH 3B'A3KY JIOBXKUWHOMW, Harpukiaa, 1 kM Ha ocHOBI 600-ntapHOTO Kadero
tunny TT' ma BOK B 0araToBOJOKOHHOMY 4HMCIIEHHI 3aBIOBHIKH 10 M
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mpuBezAe 10 eKoHoMmiil 4,5 ToH Mifi 1 8 Ton cBuHITO. [HIT mepeBarm BOK —
IIpOKa CMyTa YacTOT Iepemadi iH(opmalii, HEMOXXIWBICTh BIUIMBATH
nepelkoaaMy Ha iH(opMalio, sKa mepeJacThes, HeCIPUHHATINBICTD /10
LJIOTO PsIAy 30BHIMIHIX Jii, Maji Maca i rabapuTHI po3MipH, BiTHECEHi 10
onuHUII 00'eMy iH(OpMaIii, yKPIILTIOIOTH X 3pOCTal04dy POJb B CHCTEMax
3B'SI3KY.

2.2 3aBaaHHA 10 podOTH

Ilepen mogaTkoM pOoOOTH O3HAHOMUTHCH 3 3aBJIAHHSIM Ha POOOTY:

— BHBYHTH KiIacudikamiro i npuzHaueHas BOK;

— osHailomieHHs 3 enemeHTaMu BOK;

— 3Hatu Bumoru 10 BOK;

— BuBYHTH KOHCTpYKIii BOK;

— 3HATH OCHOBHI (DYHKIIIT, 5SIKi BAKOHYIOTHCSI KOHCTPYKTUBHUMH
enementamu BOK mo 3axucty BOC Biz 30BHILITHIX YNHHHUKIB;

— 03HAaHOMMTHCS 3 OCHOBHUMH XapakTepuctukamu BO;

— npoaymaru nopsaok nposeaeHHs CIIP.

2.3 KoHTpOJIbHI NUTAHHS

st woro npuzHaueHi BOK?

3 sakux ejleMeHTIB ckianaerbest BOK?

Pozmonin BOK 1o 3acrocyBaHHIO.

Bumoru no BOK.

OcHoBHi Tunu 1 xapakrepuctuka BOK.

[linxomu B koHcTpykuisix BOK mis 3axucty napamerpis BOC.

Sk wnE

2.4 Marepianm, iHCTpyMeHT, 00J1aIHAHHS

B npencrasnenux 3paskax BOK o6paru 3rinHo BapianTty (1 - 8).

1. OpHo- (mBO- , TpH- 00 YOTUPHOXBOIOKOHHUIT) MOHTaXHUIT BOK
0e3 MeTaJIeBUX CTPYMOBEIYUYHX JPOTIB i OPOHHOBAHUX 000JIOHOK.

2. OgHo- (nBO- , TpU- 00 YOTUPHOXBOJIOKOHHMI) MOHTaXXHHI BOK
31 CTPYMOBEIYYUMH JAPOTaMu 0e3 OPOHLOBAHOT OOOJIOHKH.
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3. OaHo- (mBO- , TpU- a00 YOTHPHLOXBOJIOKOHHHMH, 1H.) Micbkuii BOK
0e3 CTpyMOBEAyYHX IPOTiB 3 OJHUM (IBOMAa) METAJIECBUM 3MIiITHIOIOYHM
eneMmeHToM B cepeneHi BOK.

4. OpHo- (1BO- , TpU- 00 YOTHPHOXBOJIOKOHHUH, iH.) 30HOBUI BOK
31 CTpyMOBELyYHMMH APOTaMH, METAJICBUMHM 3MIITHIOIOUMMHU €IEMEHTaMH 1 3
KiJIbKOMa OpOHHOBAHMMH O00OJTOHKAMH.

5. OpmHo- (mBo- ,Tpu- abo uOTHPHOXBONOKOHHHH, iH.) BOK
CLIBCHKOTO 3B'SI3Ky 3 KUIBKOMa METaJIeBUMHU 3MILHIOIOYHMHU €IEMEHTaMH,
aKi po3ramoBani 3Bepxy BOK (tak 3BaHa migBicka).

6. bararoBomokonHwuii MarictpansHuii BOK 3 kijlbkoMa MeTaneBuMH
3aXMCTHUMH 1 OPOHBOBAaHUMH 0OOJIOHKAMHU.

7. BOK y Burmsini ontuyHAX OIHYpIiB 3 miactuky abo OB 3i ckia
(mirteiinn) 3i 3 eaHyauamMu 060 6e3 HUX.

8. Ilmacki (matpuuni) BOK 06e3 0e3 MeTaneBUX CTPyMOBEAYyYHX
IIPOTiB 1 OPOHBOBaHKX 0OOJIOHOK.

IncTpymenTu: turockoryOrli, ckaibrens (Jie3a Oe3meyHoi OpHUTBH),
MiKpoMeTp (MIKpPOCKOII), JTiHiiKa, CEPBETKH, PO3YMH IJISI CHATTS JIaKYy, iH..

2.5 Texnuka 0e3nexkn

JoTtpumyiiTech TEXHIKU OE3MEKH:

— 3anoOiratu monaxanHs Binpizkie OB Big BOK (siki BUHHKAIOTH ITij
yac poOOTH 3 HUMH) Ha OJIAT Ta Ha IIKipy;

— mig gac pobotu 3 OB 3abopoHseTscs npuilMaHHS DKi, a mHicis
3aBepIIeHHS POOOTH HEOOXiTHO BUMUTH PYKH 3 MUJIOM.

2.6 Iopsinok nMpoBeaeHHs podOTH

Etanu BukoHaHHs poOOTH:

— O03HAMOMHTHUCH 3 IHCTPYMEHTOM 1 MaTepiajamMu i KOHCTPYKIII€O
obpanoro BOK;

— CKJIACTH IJIaH TEXHOJIOTIYHUX orepaiiit st pozoupanns BOK,
03HAWOMJICHHS 3 IOTO KOHCTPYKILIEFO 1 3aMiptoBaHHsM Jiamerpy BOK,
3aXUCHHUX €JIEMEHTIB, 00010HOK 1 OB;

— 3poburtu po3dupanns BOK (nmpu HeoOxinHOCTI);

— omnmcaTH KOHCTPYKLito, 3pooutu pucynok BOK i Bkazatu Horo
eJIIEMEHTH;
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— mnpoBectd BuMiproBaHHs niameTpy BOK, 3axucHuX eneMeHTiB,
oboonok 1 OB.

2.7 3micr 3BiTY

OdopMmieHwHii 3BIT MOBUHEH MICTUTH:

— TUTYJBHUH apKyll;

— HasBy, Mety 1 Ne CIIP;

— TEOPEeTHYHY YaCTHHY;

— pucysnok BOK, po3mipu #oro enemenTis i OB,;
— omuc marepianiB eremeHTiB BOK;

— BucHOBKHY 1o CIIP.
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3 HPAKTUYHA POBOTA Ne3.

Hepo3’emui 3 €cOHanna onmuuHux 60J10KOH

MeTta po06OTH - BHUBYCHHS METOJMIB HEPO3’EMHOTO 3'€THAHHS
onrtrnyHUX BOIoKOoH (OB) B ontrranoMy kabemi (OK), ix TumiB, BUMipioBaHHS
BHOCHMHUX BTpaT (3aracaHHs) MOTY)KHOCTI ONITUYHOTO BHUITPOMIHIOBAHHS Y
3'€IHAHHSX 3T1JHO ICHYFOUUX METOJIUK.

3.1 3araabHi BitoMocTi

OcnoBHi noJyio:kenus. [Tpu OyaiBHUITBI JTiHIHHO-Ka0ETHLHUX CIIOPY/]
BOCIIL, BOJI3 HeoOximHi onTwyHi 3'emHyBadi JUId ITiIKIFOYCHHS
oOnasHAaHHS KIHIIEBMX Ta MNpoMiKHUX craHiidi no OK 1 3’emHaHHs
OyaiBenbHuX 10BKKMH OK Mix co00t0. ¥V mepuioMy BHNAAKY 3aCTOCOBYIOTh
PO3HIMHI OnmuyHi, a B APYTOMY - Hepo3’ €MHI onmuyni 3'€THyBadi.

OCHOBHMMHU TEXHIYHMMU BHMOTaMH [JO ONTHYHHMX 3'€IHYBadiB €
HACTYIHI: MaJli 3aracaHHsi Ta BiJOWBaHHS MOTYXXHOCTI BUIPOMIiHIOBAaHHS,
BHCOKa MeEXaHiYHa MIIHICTh, HEUYYTIWBICTh JO BIUIMBY (aKTOpiB
OTOYYIOYOTO CEpPEIOBHINA, MPOCTOTA 3AIMCHEHHS, Maja I[iHa, MOXJIMBICTh
BUKOHAHHS B MOJIbOBUX yMoBax. s 3'eqnanns OB noTpiOHe mperiizionHe
oOnajgHaHHs, sIKEe J03BOJISIE BUKOHATH POOOTH 3 BEIHMKOIO TOYHICTIO.
CrangaptHi ©OararomonoBi kBapuoBi OB wmaroTh Manmit  giametp
cBiTIIOHeCY4Oi cepreBuHu - 50 MM (MHOTOMOAOBI OB) 1 4-12MKM
onHomoioBi OB (miameTp cBIT/I0BiIOMBaO40T 000JOHKH 10 125MKM).

Hepo3’emnui 3' exnanns. Hepos’emui ontuuni 3'eqrysaui (splicer)
ciyxatb nis mocriiHoro 3'emnanHs OB. PosHiMHI onTwuHi 3'€qHYyBaui
(connectors)  BHUKOPHCTOBYIOTBCS  JUIS  0araTOKpPaTHOTO  3'€AHAHHS-
po3'ennands OB. OcHOBHI MeTonu 3'€HAHHS BKIIIOYAIOTh 3BapIOBAHHS
(CrutaByieHHs1) TOPIIB JBOX BOJIOKOH ITiCHs CHiBBiCHOI 1Xx (ikcarii B
IOCTUPYBaIBHOMY MpPHCTPOi. 3pollyBaHHSA 3‘€THYBAaHMX BOJIOKOH MOYHa
3a0e3rneuyBaTH TaKoX KIEHKOI PEYOBHHOIO, MEXaHIYHHUM THCKOM a0o ix
KOMOiHaIi€lo.

3’€nAHaHHSI BOJIOKOH 32 /I0NOMOIOI0 KJel. 3amnporoHOBAaHO 1
BUKOPUCTOBYETBCS 0arato OCTUPYBAJIBHHUX CTPYKTYp sl 3'€THAHHS
BOJIOKOH 32 JIOTIOMOT'OI0 KJIEHKOi peuoBuHU. KOHCTPYKIIl YOTHPHOX 13 HUX
nokaszaHi Ha pucyHky 3.1. KoxHa 3 OUX CTPYKTYyp MEXaHIYHO BHPIBHIOE
BOJIOKHA 1 IOTIM 3a0e3riedye iXHe HafiiHe 3'€THAHHS 32 JOTIOMOTOI0 KIICHO.
BosokHa (ikCyrOThCsS B 3aJaHOMY IOJIOKEHHI 33 JIOMIOMOTOK0 €HOKCUIHOT




41

cMoi. OCKUTBKY TS 3aTBEPAIHHS CTIOKCHIHOI CMOJIM TTOTPIOHMIA ITeBHUM
yac, mi 3'€AHyBa4i HE MOXYTh BHKOPHUCTOBYBATHCH HeraiHo. Yac
3aTBEPAiHHS CMOJIHM MOYXHA CKOPOTHUTH.

V-nodiona xanaBka (puc.3.1a) € OCHOBOIO HAWIIPOCTIIIOTO
MexaHiyHOTO 3'eHyBava. OTONEHI BOJIOKHA, $AKi MOTPiIOHO 3'emHATH,
pPO3MIIIYIOTBCS B KaHaBIl, MpH I[OMY JOCATAEThCA 100pe KyTOoBe
BUpiBHIOBaHHS. BolOKHa MOXYyTh KOB3aTH B KaHaBIl Ha3ycTpiu OIHE
OTHOMY 10 3ITKHEHHS TOPIIB, HICII 90TO (hiKCYIOTHCS B I[OMY MOJIOKEHH]
3a JIOTIOMOTOI0 eMOKCHIHOI cMoym. Ilicis 3aTBepHiHHA CMOJIM TIOXHOKA,
BHACJTIJIOK 3330pY MiX TOPILSMHU, MiHIMabHA. SIKIIO MOKAa3HHUK 3aJIOMJICHHS
eMOKCUAHOI CMOJIM Y3TO/KCHHUH 13 TOKa3HUKOM 3aJIOMJICHHSI CEpLEBUH
3'€MHYBaHWX BOJIOKOH, TONI HAaBITh HEBEIUKHWH 3a30p MK TOPISIMH HE
BUKIIMKAE BeJIMKKUX BTpaT. [lonepeunuii 3cyB Oyjae He3HAYHUM Y V-no0iOHil
KaHaBIli, SKIIO OOMIBa BOJOKHAa MalOTh OJHAKOBI JiaMETPU CEPICBHH 1
000JIOHOK 1 SIKIIO CePIIEBUHN KOHIIEHTPUYHO PO3TAIIOBaHI 010 000IOHOK.
3cyB cepueBHH BITHOCHO OOOIIOHOK (€KCHEHTPUCHTET) MOXe OyTH
BUSIBIICHUI OOCpPTaHHSM BUXiJHOTO BOJIOKHA MPH KOHTPOII MepenaBaeMoi
MOTY>KHOCTI.

Borokna 3 0JHaKOBHMH TIOTIEPEIHUMH PO3MipaMu, 0e3 eNnTHIHOCTI
CEPILICBHH 1 EKCIICHTPUCUTETY OOOJIOHKH 1 CEpLICBHHU Ial0Th OJHAKOBY
BUXIJIHY MOTYXHICTh JUIS BCiX IOJIOKEHb BUXIIHOTO (BXiJHOTO) BOJIOKHA
npu oro obepranHi. XKomuuit 31 3'eqHyBauiB Ha pucyHKYy 3.1 He MoOXe
3a0e3MeYNTH KOMIIEHCAI[IF0 HEKOHIIEHTPUYHOCTI cepuieBrH. [1lap 3axucHoro
MOKPUTTS MOKE€ HAHOCHUTHCS Ha MOBEPXHIO V- 1Moai0OHOro 3'€IHyBaya, 1moo
3a0€3MeUnTH T0JaTKOBHI 3aXHCT.

Ipeyuszivnui xkaninap (puc.3.16) Mae NEHTpalIbHHHA OTBIp JJIsI BBOAY
BOJIOKOH y OydepHiit o6omonmi. KiHIli Kamiispa TpOLUIKH pO3UINPIOIOTh, 00
MOJISTIIUTH BBiA BOJIOKHA. Emokcuana cmona 3 y3rompkeHuMm [13 moxe
HAHOCHUTHCS Ha TOPLI BOJIOKOH TEpel THM SIK iX BBECTH y Kamisip. Takox
BiZIOMi yCTpoi 3 BHKOPHCTaHHSM TPSMOKYTHOI BUILHOI TPYOKH Ta TPbHOX
CTpiKHEH. Y IesKnX Kaniyisipax € 00KOBUI OTBIp ISl CIIOCTEPEKEHHS TOPIIIB
KOHTaKTYIOUMX BOJIOKOH 1 BBEICHHS KpaIuli EMOKCUIHOI CMOJIH ab0 piAnHHU.
Kaminsipy MoxxyTe OyTH MeTaleBUMH, CKISHUMH a00 MIacTMacoBUMH. €
NPUCTPOI 3POIyBaHHsI, JIe MaTepiajJoM Karijisgpa € eJacTUdHa IulacTMaca.
SIKmo BOJIOKHAa BCTaBJE€HI B OTBIp 3 TPOXH 3MEHIIECHUM [iaMETPOM,
eJIaCTUYHHUI MaTepiayl 3MyIlIye oOHMIBa BOJIOKHA BHPIBHIOBATHUCS YB3H0BXK
3arajbHOI MeHTpaabHOi oci. HaBiTh BOJIOKHA 3 HEOJHAKOBUMH JliaMeTpaMu
00OJIOHOK OyAyTh CIIBBICHUMH B TaKOMY €IACTUYHOMY KamiJsipi.
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3’ennyBadi 3 ginbHoW mpyoKoio (puc.3.1B) BOJIOKHA BXOAATH Y TIPSIMOKYTHIO
TpyOKy. BHUTriH BOJOKOH 3MyIlye KiHIII BOJIOKOH MEpeCcyBaTHUCSA B TPYOI i
po3TamryBaTd iX YB3AOBXK OIHOTO 3 BHYTpilHIX pebep TpyOKw.
3’I0CTHpOBaHi TakMM YHHOM BOJIOKHa (IKCYIOTbCS 3a JOINOMOTOIO
eNOKCUIHOI cMonu. Tpu npeyiszilinux cmepocui 31 CKIa abo MeTalry TakKoX
MOXYTh OyTH BHKOPHCTAHI JJIsl OCTUPYBaHHS BOJOKOH (puc.3.1T).

e

7|_£|

B) r)

a) V-nonibHa kaHaBKa; 0) Mpenu3iiHuiA KaIisap; B) BijlbHA MPSIMOKYTHA
TpyOKa; ') TpU CTEpXKHi

Pucynoxk 3.1 - BapianTu kieiioBoro 3'eqnanns OB

JiameTtpu cTepkHIB BUOpaHi Tak, 00 OTBIp MK IMIiHApPaMH, OyB
OLTBIINM, HIXK JiaMeTp 3’€IHYBaHHUX BOJIOKOH 10 obomoHii. [licis Toro sk
3'eanyBani OB BcTaBneHi B OTBip 1 3BEIEHI 10 JAOTHKY, BUKOPHCTOBYIOTh
enoKcUAHy cMony. [ToTiM OBEpX FOCTUPYBAIBHOTO MPUCTPOIO HAKIIAIAIOTh
TepMoycanouny TpyOky. Ilicis mporpiBy i 0XosokeHHsI BOHa 3a0e3nedye
¢ikcaniro cTepxHiB 1 npuTHcKae 10 HUX OB.

Mexaniune 3’¢qHaHHsA. [Ipy MOIIKOPKEHHI BOJOKOHHO-OIITHYHUX
kabenie (BOK), (mampukman, B MOJBOBHX yMOBax) WOTO MOKJIHMBO
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BIIPEMOHTYBATH 3a JOMOMOTror MexaHiuHux craiicie (MC). MC - me
MPeNeH31MHNN, TPOCTHHA B 3aCTOCYBaHHI 1 HEJOPOTHH TPHUCTPIN ais
MIBUJKOTO 3’€THAHHS ONTHYHHUX BOJIOKOH 3 miamerpom 0,25...1MMm 3a
JOMOMOTOI0  MeXaHiuHMX  3artuckyBadyiB. MC  mpusHaueHo  AJs
MHOTOpPa30BOT0 a00 OXHOPA30BOTO BHUKOpHUCTaHHSA. CKISHUN Kammijsip 3
iMepcioHHNM reneM 3abesnedye BHOcHe 3aracanHs < 0,2 nb i obopoTHe
3aracanus < -50 ab. 1o HaxiiiHOCTI 1 MO BIIacHOMY 3aracanHio MC ycrymae
3BapHOMY 3’ €THAHHIO.

3’enHaHHS BOJIOKOH 32 I0MIOMOTI0I0 3BapIOBaHHsA. 3BapHi 3'€ THAHHS
BUKOHYIOTBCSl 3BaproBaHHsIM [BOX ckisiHuX OB (puc. 3.2). 3BuuaiiHO B
OPUCTPOAX uisi 3BaptoBaHHs OB BHUKOPHCTOBYIOTH €NEKTPUUYHY IYTY LIS
TOTO, 00 PO3IIABUTH TOPIII BOJIOKOH. [lepen 3BaproBaHHSM KiHIII BOJIOKOH
TOTYIOTh 3a METOJIOM HaciueHHss [ Hacmynnozo ckomosanus. IloTim
JIOMararoThCsl COOCHOCTI, PETYJIOI0UH TOJI0KEHHS BOJIOKOH OJTHE BiHOCHO
JIPYTOTO 32 JOMOMOTOK TPUKOOPAMHATHUX MikpoMaHimynsTopi. [Ipomec
IOCTUPYBaHHS Bi3yaJ hbHO KOHTPOIIOETHCS 3a JOMOMOTOI MIKpOCKoma abo
OY/Ib-SIKOTO 1HIIOTO MPUCTPOFO 301bIIeHHSA. TOYHICTh FOCTHPYBAHHS TaKOXK
MOJKHa TEPEBIPUTH, KOHTPOJIOIOYM IOTYKHICTh, IO MEPEAAETHCS Yepes3
CTHK, TIEpE]I TUM, K BOJIOKHA OYAyTh 3'€THAHI.

Skmo mepemaBay i mpuiiMad PO3MIIIYIOTBCSA JaJIEKO BiJ] TOYKHU
3'emHaHHA (CKaXiMO, KilbKa COTEHb METpiB abo Oinblle), TO Take
BHUMIPIOBaHHS MOK€ OyTH Ba)KKMM 1 3a0mpaTu OaraTto yacy. BupimeHHsIM
i€l npoOJeMH € MeToJ Micyeso2o (NOKAIbHOTO) BBOLY C8imaa i 1020
nacmynnoco odemexmysanns (light injecting and detection-LID). TIpu
BukopuctanHi LID - meroma cBiTIO BBOASTH B OJAHE i3 3'€qHYBaJ bHHUX
BOJIOKOH Ha HEBEJIMKiH BincTaHi Bix Touku 3'eqHanHsd (10...20 cM) i BUBOAATH
JUTsI ICTEKTYBaHHS 3 IHIIIOTO BOJIOKHA (Ha Takii camiii Bijctani). BBiz i BuBix
CBITJIa 3 BOJIOKHA 3JIIHCHIOETHCS Yepe3 BUTHH BOJIOKHA HABKOJIO IUIIIH/PA,
KU Mae Maltuii pagiyc. BUrnH HaCcTiNBKY CHIBHUN (3BUYAHO HOTO pajiyc
CTaHOBHTb JICKiJIbKa MiTIMETPIB), III0 €HEPTist MOJKEe OYTH BBEJIeHa Y BOJIOKHO
NPy PO3MIIEHI JpKepesia CBITIYy Yy MICTI BUTHHY BXIJIHOTO BOJIOKHA 1
BUBE/ICHA NpU ycTaHOBUi (oTompuiiMauya moOiIM3y BUTHHY BHXIiJHOTO
BOJIOKHA. Y OUTBIIOCTI OJTHOMOJIOBHX BOJIOKOH Oy(epHEe MOKPUTTS ITPO30pe,
TOMY He TIOTpiOHO Horo BupaneHHs Juisg BukopuctanHs LID - metony. ¥V
JesIKUX BUnankax Oy(depHi MOKPUTTA BOJIOKOH (apOoBaHi (MapKipoBaHi)
OapBHHKOM ans imeHTHdikanii, skuii Moxe OyTu Hempozopuii. PapOy B
MICISIX BUTHHY CIiJi BUJATUTH. J[JIs1 IbOrO BUKOPUCTOBYIOTh PO3UMHHHK
TUIY aleToHy. Y Tpoleci 3BaplOBaHHS CHIM TIOBEPXHEBOTO HATATY
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3a0e3MmeuyoTh BHUPIBHIOBAHHA OCEH BOJIOKOH, MIiHIMI3yIOUH I[OTIEpEYHE
3mimeHds. Hepos’eMHi 3’ eqHaHHsA, BUKOHAHI Ha CEpiiHUX 3BapIOBATBHHX
YCTaHOBKax, 3a0e3meuyroTh BrpaTi MeHine Hixk 0,25 nb. Ilicns BukoHaHHs
3BaplOBaHHA HACTYyNa€ eTall BiJHOBJIEHHS 3aXUCHOrO (TIOJIIMEPHOIO)
mokputTs. OrojleHa dYacTWHAa  3BApPEHHX  BOJIOKOH  OXOIUTIOETHCS
(3aXMIaEeThesa) 3a OTIOMOTOI0 EMOKCHIHOI CMOJH, a00 TepMOYCaJ09HOT
TpyOKku. 3'€HAHHS 3BapIOBaHHSAM BHKOPUCTOBYETHCS JUIS KBapIOBHX
BOJIOKOH (SIK 0araTOMOJOBHX, TaK 1 OJTHOMOJIOBHUX ).

/ E nekTpoau 3
BOAbPpamy
BFP /
7
Oronene OB1 / Oronene OB2

( ils |
%

B nok wocTHpYBaHHA Hepyzoma kapeTka
[pyxoma KapeTka)

=

L

Pucynok 3.2 — [IpyHIMT €1eKTPOAYTOBOIO 3BApIOBAHHS

Ipuyunu BTPaT NpH 3’€AHaHHI BoJokoH. Ha pucynky 3.3 rpadiuno
MOJIaH1 JesKi MPUYUHU BUHUKHEHHS 306HiuHix empam nipyu 3’ eqHanni OB.
Toune 3’eqHaHHS MOTPEOYE BIACYTHOCTI NMONEPEUHO20 1 KYMOBO20 3CY8Y,
3a30py MK KOHTaKTYIOUMMH BOJIOKHAMHM, a TAKOK MIOCKUX [ NAPANETbHUX
TOPIIIB.
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2a d

el

a) IMoTnepevHe 3MIMeHHs; 0) KyTOBE 3MIIIEHHS; B) 3230p MiXX TOPIISIMHU; T)
MIOPCTKICTh TOPIIIB.

Pucynok 3.3- 'padiune npencTaBieHHs IPUYHH BUHUKHEHHS BTPAT IIPU
3’ennanai OB

Ilpu 3’eqHaHHI BOJOKOH, MalOTh MICIE 1 GHYMPIWHI empamu.
EdexTuBHICTS Mepenadi MOTYKHOCTI 3HIKYETHCS, SKIO 3’ €IHYBaHi:

— MaroTh PI3HUITIO B YACJIOBHX allepTypax ado B JiaMeTpax CepICBHH;

— MaloTh CEPIIEBMHU BOJIOKOH Y BHTIISIII eJTifica (a He KoJia) y IepeTrHi
1 3’€THYIOTBCS TaK, IO 1XHi BEJIMKA i Maa 0Ci B3aEMHO MEPIICHINKYIISPHI;

— LIEHTPHU CEPLEBUH 3’ €IHYBAaHUX BOJIOKOH HE 301rat0ThCs 3 HEHTPAMHU
000si0HOK (ekcieHTpucuter). [Ipu peTenbHOMY HOCTHPYBaHHI 3a3HaueHI
BUIM BTpPAT MOXYTh OyTH MiHIMI30BaHi, IO Ja€ 3MOTy CTBOPIOBaTH
Hepo3’eMHi 3’eqHyBadi 3 BTpatamu < 0,1 xb.

s OGaratomomoBux cximyactux OB 3 jgiamerpoM ceplieBUHU
2a (Mxm) i uncnosoro anepryporo NA edekTuBHICTE Nepenadi moTy»KHOCTI
a (ab) Moxxe OyTH po3paxoBaHa 3a HACTYIHUMHU (HOPMYJIaMHu:

— JUIsl TIOIEPEYHOro 3MimeHHs po3mipom 0 (Mkm):

a, =—10lg 2 arccosi—i-
V4 2a 2a

— JUIA KyTOBOTO 3MillleHHs po3MipoM ® (paxian):
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a, =-10 Ig[l— n 'SAJ : (3.2)

72'.

B) IS 3230y MiXK TOPISIMH po3MipoM X (MKM):

X NA). (3.3)

a, =-10lg| 1-—
X g( 4a-n

3.2 3aBnaHus 10 podoTH

1. BuBuutu meroam 3’enqnanuas OB.

2. IligroryBaTtu BiAMOBii Ha KOHTPOIBHI 3aITUTAHHSI.

3. [ns OaratomonmoBux cximyatux OB 3 giamerpom cepueBUHH
2a=50MKM i gncinoBoro aneptyporo Na=0,24 pospaxyBatu 3a (hopmymnaMu
(3.1 - 3.3) BigmoBinHi eheKTUBHOCTI Mepenadi MOTYKHOCTI (0d, o, Ox , 1B)
JUTSL TIONIEPEYHOT0, KYTOBOTO, TIOB3JJOBXKHBOTO 3MillIeHHS st n=1 (TOBiTpsI).
Bxigni nani 3a Bapiantamu Ne 0...9, 110 BiAMOBIAAIOTH OCTaHHIM IUPpI
3aI1iKOBO1 KHIDKIII, HaBeJleH] y Tadmmii 3.1

Tabymng 3.1 — Bxinai gadi arg sBuxkodanys [1P

Ne Bap. 0 1 2 3 a 5 6 l 8 0

d, MKkM 6 8 10 (12 (14 |16 (8 PO Pp2 PS5

0, rpan. P 8 7 6 3 ¢ 3 P 1 10

X, mxkm B0 45 40 35 B0 P5 PO 15 [0 5

3.3 JlaGopaTtopHuii MaKeT

CTpyKTypHY CXeMy MaKeTy HaBe[eHO Ha PUCYHKY 3.4, jie:

— 1-mxepeno  BunpominioBanHs  (/[IB) -  meperBoproBau
EIeKTPUYHOTO CHUTHAy B ONTHYHUU Ha ocHOBi cBiTinomioxy (CJH) i3
KOMIUIEKTY ONTHYHOTO TECTepa,;

— 2-3Mi11yBa4 MOJ;

— 3-mpucTpiii BBOAY BUNpoMiHioBaHHA B OB;

— 4-onTndHe 6araToMoj0Be BOJIOKHO BCTaHOBJICHE Y 3BaplOBAJIbHE
YCTaTKyBaHHS;

— 5-mpuiimad BUNPOMiHIOBaHHSI (TIEPETBOPIOBAY ONITUYHOTO CUTHATY
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B eJIEKTpUYHHN Ha ocHOBI (oTomiony (D/) i3 ckmaxy Tecrepa);

— 6-0710K iHaUKALIT TecTepa;

— 7-010K opMyBaHHS €IEKTPUIHOTO PO3PALY;

— 8-tocTHpyBaJbHUH TPUCTPIH 3 MIKPOCKONIOM 1 3BaproBajbHUMN
TIPUCTPIA;

— 9-0mox xuBnenHs (~220 B / = 3000 B) 3aBaproBambHOro
yCTaTKyBaHHS,

— 10-xommuiekt iHCTpYMeHTiB At 06pooku BOK i miarorosku OB
JUTSL 3BapIOBaHHSI.

! 4
- = 7 | L | &
! ‘%ﬁ 32 313 5 : g—a» ﬂ'? 5
L3 ! : '
: .
1 g F24 S 8T 6

Pucynok 3.4 — CtpykrypHa cxeMa JlabopaTOPHOTO MakeTy

DYHKIIOHYBAHHS J1a00PATOPHOTo MaKeTy. biok scusnenns (9) ma
popmysanns  enektpuuHoro pospsay (7) ycTaTKyBaHHs IEPETBOPIOE
EJNICKTPUYHY eHeprito Harpyroio 220B B eHeprito 3 Hampyror 0Jin3bko 3kB.
Hanpyra HeoOximHa Al CTBOPEHHS €IEKTPUYHOT AYTH MiXK €JEKTPOJaMH
3BapIOBAILHOIO ycTaTKyBaHHS (8). TemmepaTypa B 30HI €JIEKTPHUYHOI IyTH
moxe nocsirati 1800°C. KOctupy-BansHuii npuctpiii (8) Mae 1Bi KapeTku y
SIKi 3aTUCKAIOTHCS MIATOTOBJICHI JJIsi 3BapIOBaHHS ONTHYHI BOJIOKHA (4).
OpnHa 3 KapeToK HepyXxoMa, a Apyra MOXKe IEepPeMilIyBaTucs 3a JOIMOMOTOI0
CreliaJlbHUX MIKPOMETPUYHHX TBUHTIB B TPhOX KOOpIMHATax — (Xyz).
BisyanbHuil KOHTpOJNB 32 TMPOIECOM OCTHPYBaHHS ONTHYHUX BOJOKOH
3IIHCHIOETBCST 32 JIONMOMOrol0 Mikpockomna. Yepe3 OKyssip MiKpockomna
MOYKHa CIIOCTEpiraTd 3a BOJIOKHAMHU 3BEpXy, a00 300Ky uepe3 cremiajibHe
J3epKaiibiie, TOOTO y aBoX ruionmHax. Kowmrekt inctpymentiB (10)
CIyXuTh st 00poOku OK, 3HITTS 3aXMCHOTO TOKPUTTS 3 BOJIOKOH Ta
CKOJIIOBAHHS iX TOPIIIB.
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3.4 KoHTpOJbHi NUTAHHSA

1. IlepepaxyBaTd  OCHOBHI  BapiaHTH  3'€AHaHHS  MACHBHHUX
KOMIIOHEHTIB BOJIOKOHHO-ONTUYHOTO JIIHIHHOTO TpakTy 1 TMOSICHUTH
po0JIeMHu, 110 BUHUKAIOTH MPH iX 3A1HCHEH.

2. Ha3BiThb mpHYMHM BHHUKHEHHS BTpaT mpu 3'enHanHi OB Mix
c00010. SIKi TOXHOKH I0CTUPYBaHHS BOJIOKOH BHOCSITh HaiO1Ib1I1 BTpaTu?

3. SIki Buau BTpAT MarOTh Miciie npH 3'eaHanHi OB 3 TeXHOIOrTYHUMHI
BIIXWJICHHAMA?

4. VY sKkuX BUTIaJIKaX 3HAUEHHS BTpaT Npu 3'eiHaHHi OB 3anexaTsb Big
HanpsMKy HOIIUPEHHS CBiTIIA?

5. Sdxuit meronm migroroBku TOpiiB OB BUKOpHCTOBYETHCS Ha
NpaKTUIi?

6. IlepeniyiTh MeTOOM BHUKOHAHHSA Hepo3’eMHUX 3'eqHaHb OB,
MOPIBHATH X 32 BTPAaTaMH, MIITHICTIO 1 BapTICTIO.

7. 3a3HauMTH CNOCIO 3HIKEHHS BTpAT MpH KieiioBoMy 3'enHanHi OB
i MmexaniuHoMy 3'enHanHs OB.

3.5 IMocainoBHiCTH TEXHOJIOTIYHUX ONepamiii Mpu 3BapOBaHHi

VYBara! BuxopHcTOBYEThCS CHelialbHUN KOMIUIEKT 1HCTPYMEHTIB
st BOK ta migroroBku OB 151 3BaproBaHHSI.

1. 3uaru 3axucHi 060oHKH 3 BOK.

2. 3HsATH TIoNiMepHe 3axucHe MOKpuTTa 3 OB noBxuHi 3...4 cM.

3. 3HATH JNaKOBY IUTBKY, MO0 MOKPUBAE TOBEPXHIO BOJIOKHA, 3a
JOIIOMOTOI0 CEPBETKH, 3MOUEHOI PO3YHHHUKOM.

4. Ckonotu Topii OB 3a 1010MOror0 MPUCTPOIO IS iX CKOTFOBAHHS.

5. 3acdikcyBaru KiHIi miAroToBaHUX A0 3BaproBanHs OB y Hepyxomiii
Ta PYXOMill KapeTkax IOCTHPYBAJIbHOTO MPUCTPOI0 3BAPIOBAILHOIO
o0nagHaHHA.

6. BisyanbHO nepeBipuTH SKICTh CKOMIFOBaHHs Topiiie OB.

7. 3a [JOMOMOTrOI0 IOCTUPYBAJBHHX MIKPOMETPHUYHHMX TBHHTIB
nmobutucs criBBicHOCTI OB y TBOX B3a€MHO —- TUIOIIMHAX.

8. YcraHOBHTH peXHM OILIABIICHHS TOPIIIB (MiXK SIKUMH € TIOBITPSHUH
npomixkok). Cuity ctpymy (MA) Ta 4ac (CeK.) elIeKTPUIHOTO PO3PSLy 3aa€
BUKJIaJa4 B 3aJIeKHOCTI Bij Ty OB.

9. BBIMKHYTM Hampyry JUisi CTBOPEHHS EJNEeKTPUYHOI JyTd Ta
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OTUTaBJICHHS TOPIIIB.
10.YcranoButu pexum 3BaproBanHsa. Cuiry ctpymy (MA) Ta 4ac (c)
SJICKTPUYHOTO PO3PSITY 3a/1a€ BUKJIaY.
11.BkIOYUTH HAmpyry Uil CTBOPEHHS CIIEKTPUYHOI JyTH, Ta
BUKOHATH 3BapIOBAHHA IIPH OJTHOYACHOMY MPUTHCKaHHI TOpIiB OB.
12.Bi3yasbHO MepeBipUTH SAKICTh oriaBlieHHs TopiiB OB.
13.BifHOBUTH MIIHICTh 3aXHCHOTO TOKPUTTS 3a JOMOMOTIOIO
TEpPMOYyCaa0uHOI TPYOKH (3a 3aBITaHHIM BHKIJIJaqa).

3.6 IIpoBenennst podoTn

1. O3HafioMHTHCh 3 TEXHIYHAM ONHMCAHHSAM 3BapIOBAILHOTO
YCTaTKyBaHHS 1 IHCTPYKIII€IO TT0 TEXHiIl Oe3IeKH.

2. Iligrorysatu Bumanuii Bukinanadem Bigpizok OK (OB) 3aBnopxku
1..2 M. OauH KiHelb HOT0o MPUEIHATH JIO 3MilllyBaya MOJ, a IPYTHid - 10
npuiiMada BUIPOMIHIOBaHHS ONITHYHOTO TECTEPA.

3. Bukonatu toctupyBaHHs BXimHoro ki OB mo Makcumymy
MOTY>KHOCTI Ha HOro BUXO/Ii. 3anucaTy MoKa3aHHs [UPPOBOro Tadyio OI0Ky
iHuKarii recrepa P1, Bt abo nbwm.

4. Pozpizatn OB Ha 1Bi 9acTWHU 1 3a JOMOMOIOI0 IHCTPYMEHTa
nigrorysatu kinii OB s 3BaproBaHHS.

5. BcranoButu migroroBasi KiHIi OB B I0CTHpYBanbHi KapeTKH
3BapIOBANLHOTO OOJIJIHAHHS 1 32 JIOTIOMOT'OK0 MIKPOCKOITY 3a0€3Me4nTH 1X
CITIBOCHICTb.

6. 3pobutu ouncTkKy i 3BeaeHHs Topiis OB.

7. BukoHaTH 3BaplOBaHHS HE 3MIHIOIOYM yYMOB BBOJY ONTHYHOTO
BunpoMiHioBaHHs y OB. Bumipsitu i1 3anucary 3HaueHHS HOTYXHOCTI Ha
Buxo/i OB miciist 3BaproBanns P2 (Bt a6o nb).

8. OOumcnauTi 3aracaHHs, SKE BHOCHUTH 3BapHE 3'€HAHHS 3a
dopmynamu: a= 10 1g (P1/P2), nb a6o a= P1(ubm)-P2, (BT).

Hpumitka. ko orpuMane 3aracanus € outbimum 0,3 1b, Toai OB
HEOOXiZHO po3pi3aTH B TOYII 3BapIOBaHHS, 3HOBY MiATOTYBaTH TOpLI i
NPOBECTH TOBTOPHE 3BApIOBAaHHs 1 BUMIPIOBAHHS BHECCHOTO 3aracaHHsl.
Bukonartu 3-4 3BaproBaHHs Ta 3a pe3y/IbTaTaMU TPhOX-YOTUPHOX 3BAPIOBAHb
po3paxyBaTu cepelHe 3HA4YeHHs 3aracaHHsl B 3BapHOMY 3'eqHanHHi OB i
MOPIBHSTH 3 HOPMOIO.
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3.7 Texnika 0e3meKu

1. YBATI'A. brok >xuBIeHHs 3HaXOUTHCS i Hampyroio ~220 B, a
€JIEKTPO/IY 3BapIOBAJILHOTO 001aqHaHHS - mix Hampyroto ~3000 B.

2. 3aboponserbes 3armsgatd B Ttopii OK ta OB 3 skux Moxe
BHITPOMIHIOBATHCS iH(ppadepBoHEe BHIpOMiHIOBaHHS. lle HeOesmeuno mis
Bamux oprasxis 30py.

3. Ilpu ckomoBaHHi TOpuiB obmamani mmatku OB 000B’s13k0BO
Tpeba CKIamaTH y CHemiadbHIH MOCY/, 0 € Ha Ja00paTOPHOMY CTOJII, 100
BOHH HE TIOTPAIIINA B M SKI YaCTHHH Tijna!

3.8 3micr 3BiTY

Odopmnenwii 3BT TOBUHEH MiCTUTH:

— Ha3BY 1 METy MPaKTUYHOT pOOOTH, TSOPSTUYHI BiZIOMOCTI;

— CTPYKTYpHY CXeMy JIaOOpaTOPHOTO MaKeTy, CKJIaJl i MpU3HAYCHHS
oOJlagHaHHS,

— pe3ynmbTaTH PO3pPaxyHKIB 3a 3aBJAaHHSAM 3TiIHO 1HIWBITyaIh-HOTO
HoMepa (BiamoBifae octanHii udpi 3a1iKOBOT KHIKKH);

— pe3yJibTaTH BUMIPIOBaHb 3aracaHHs IOTYXHOCTI y 3BapHOMY
3'eqnanni OB;

— BUCHOBKH 110 [IP (OpiBHATH OTpHMaHi J1aHi 3 HOPMATUBHHUMHU).
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4 IPAKTUYHA POBOTA Ne4.

Bonokonno-onmuuni pozzanysxncyeaui

Meta po6oTH. MeTor0 MpaKTHIHOI PoOOTH € 3aKpilICHHS 3HAaHb,
OTPUMaHHX TIPU O3HAHOMIICHHI 3 ONTHYHUMH pO3TaTy>KyBadaMu, IO
CKJIQJIAlOTECS 3 BHUBYCHHSA 1 TMPAKTUYHOTO OCBOEHHS KOHCTPYKIIIH
BOJIOKOHHO-ONITHYHUX po3ranykyBadiB (BOP); o3HalioMIIeHHS 3 OCHOBHUMU
xapakTepuctukamu BP; mpun0aHHS NMpakTUYHUX HABUYOK PO3PAXYHKY 1
KOHTPOJTIO iX ONTHYHUX XaPAKTEPUCTHK.

4.1 TeopernuHi Bitomocti

Po3noainbhi Mepexi. /{11 po3noainy oNTHYHOr0 BUMPOMiHIOBAHHS B
KiJIbKa BOJIOKOHHMX KaHajiiB, ab0 HaBmaku, I 00’€qHAHHS KITBKOX
ONTUYHHUX CHTHANB JJs Tepeladyi Mo OJHOMY KaHaly IIOTpiOHI Taki
MIPHUCTPOI, 5K BIATaTyKyBadi Ta pO3raryKyBadi.

Posraay:kyBau (coupler) — mpuctpiif, y sikoMy BigOyBa€ThCs SIK
MIPABHJIO, OJHAKOBUH PO3MOIiI MOTYKHOCTI BXiTHOTO CHTHATy MDX JBOMa
ab0 OLTBIINM YKCIIOM BUXITHUX KaHANIB (ToirociB). [Ipm 3MiHI HanmpAMKy
CBITJIOBHX ITOTOKIB Ha MPOTENEKHUI PO3rainyKyBad BUKOHYE poOJb 00'€TH-
yBaua (cymaropa). BinramayskyBau — 11e pi3HOBHJI po3raiyxyBada, y SKOMY
BUXi/JIHA TIOTY)XHICTh PO3MOAUISETHCS MK BHXIJIHUMH KaHaJIaMH He
000B'3K0BO B piBHIil Mipi. OCHOBHI KaTeropii ONTHYHUX PO3ralyKyBadiB:

— JpeBOTOAIOHHH pO3raryKyBad;

— 3IpKOMOAIOHUH PO3raayKyBay;

— BiJramyxyBad.

PosramykyBadi MOXYTh 3aCTOCOBYBATHCSI B PI3HHUX BOJIOKOHHO-
onTtuyHHX cxemax (puc. 4.1). Ha pucysky 4.2a npuBezieHe BAKOPUCTAHHS Y -
nmoNiOHOTO po3raiyKyBada B cxemi pedrnextomerpa. Ha pucynky 4.20
NpUBEJeHA CXeMa BHUKOPUCTAaHHS YOTHPHOXIIONIOCHOTO X-TOJIOHOTO
CHPSIMOBAaHOTO PO3Tajly)KyBaua B JJOKaIbHIN KUTBLEBIN Mepexi
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A — Bigrany:;yeau N > 1 Buxia
ook 5
B)
a) [IpeBomoibHMI po3ranyKyBayu; 0) 3ipKonoIiOHNI po3rairy:KyBad; B)
Biramy>KyBad

PucyHok 4.1 — Tunu posranyKyBadiB

Ha pucynky 4.2B nmpuBezieHa cxeMa JYIUIEKCHOI CHCTEMH Iepeadi 1mo
omHoMy OB 3  BHKOpUCTaHHSM  Y-TIOAIOHMX  PO3TaTy>KyBadiB.
3ipkonoaiOHuit posranyxysau (Star coupler) 3ipkomnoaiOHuit posranyxyBayd
3BHYAMHO K MPAaBUIO Ma€ OAHAKOBE YMCIIO BXIJHMX 1 BUXIJHHX IOJIOCIB.
OnTuyHUi CUTHAN MPUXOANUTH HA OJIWH 3 N BXIHUX TOIIOCIB 1 B OTHAKOBIN
Mipi posnoainsieTbest Mixk K Buxigaumu momocamu. [lommpenHs oaepxanu
3ipkomnoniOHI po3ramyxkyBadi 2x2 i 4x4. B 3amo0iraHHi IUTyTaHWHU TIO
BXIIHUX 1 BHXIIHUX TMOJIIOCAX, NPHUWHATO IO3HAYaTH BXiJHI MOJIOCH
JaTUHCHKUMHU OyKBamMH, a BuXifHi mnomocu- mubppamu (puc. 4.10).
3ipkomoIi0HI po3ranyKyBadi pO3MOAUIAIOTh HOTYKHICTh B OJHAKOBIH Mipi
MK yciMa BUX1IHUMH MOJTFOCAMHU.

Tunu posrany:kyBarteiiB. /[IpeBomonionmii posramy:kyBau (tree
coupler) 3ailicHIOE pO3INEIUIEHHS OJHOTO BXiJIHOTO ONTHYHOTO CHTHAIy Ha
JeKiIbKa BUX1THUX, a00 BUKOHYE 3BOPOHY (DYHKIIIIO - 00'€ THAHHS AEKUTBKOX
CUTHAJIIB B OJIMH BUXiaHM (puc. 4.1a).
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Pucynok 4.2 - Tunosi cxemu 3acrocyBanusi BOP
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3BUUaifHO APEBOTOAIOHI pO3rayKyBadi pO3MOIIISIOTh MOTYXHICTD B
OJTHAKOBIH Mipi MK ycimMa BuXimHUMHU nonrocamu. KoHiryparttis morociB
MO3HAYAEThCA SIK N X M, Ae N — YHCIO BXIAHUX TMONIOCIB (I Jpe-
BOMOAIOHOTO po3ranyxyBauya N=1), a M — YKcI0 BUXIAHUX MOJIOCIB, KOJIH
NPUCTPIll TPAMIOE B PEKMMi PO3IICIICHHS. Y 3aCTOCOBYBAaHHMX MOJEIISX
KUIBKICTh BUXIJHUX IOPTIB MOXE 3HAXOIUTHUCS B Mexax Bix 2 mo 32...64.
Binpmiicte  gpeBomomiOHMX — po3ranyKyBadiB  JBOHampaBieHi. Tomy
03rajy’KyBad MOX€E BUKOHYBaTH (PpyHKIIIT oAy abo 00'eTHAaHHS CUTHAIIB.

XapakTepuCTHKH Biaraiay:kyBauiB. CripsiMOBaHWH BiAraidyXyBad €
OCHOBHHM KOMIIOHEHTOM 0arathboX po3moniibHuX Mepex. Ha pucynky 4.3
MOKa3aHO PO3raiyXKyBad i3 HOTHpMa HorocaMu (X-BiJraiayKyBad).

1 2
— =% L

-« >

Pucynok 4.3 — YoTupumonmocHuii cipsiMoBaHui X-110110HNH
BiZIrary>KyBau

Takuit BigramyxyBad € JBOCHPSMOBaHUM. MOXKJIMBI HampsMK{
PO3MOBCIO/IKEHHS TOTYKHOCTI CBITJIa MOKa3aHO Ha PUCYHKY CTpiiakamu. st
OIKCY MapaMeTpiB BiAralyKyBadya IpUiiMeMo, 10 Ha TOII0C | TpUXOIUTh
MOTYKHICTh Py, 10 MiMUTHCS MiX moitocaMu 2 1 3 y BIAMOBIIHIH mporopiii.
B imeanmi jkoiHa YacTka IOTYXKHOCTI HE IOTparuise Ha mojroc 4 (1o
Ha3UBAETHCS 130J1bOBAaHMM). be3 BTpaT CHUIBHOCTI PO3MIISAY MOXKEMO
MPUAHATH, W0 TOTpalUisie Ha TONIOC 2, JOpiBHIOE abo Oinbima 3a
MOTYXHICTb, IO 3'IBISAETHCA Ha MOJIOC 3.

BBoasTh HACTyNHI TapaMeTpu, MI0 ONHCYIOTh XapaKTEePUCTUKU
BiJrayxyBaya, siki BUMIpIOIOThCS B 1b:

— KoedilieHT nepenaydi BU3HAYAE BTPATH Mepeaadi NOTYKHOCTI MiX
BXiHUM momtocom "1" Ta OJHMM 13 BUXIJHHX TONIOCIB (Y IaHOMY
BUMaaky "2"):



55

a,,, =—101g % ; 4.2)

1

— Koe]ilieHT Bigraxy)XeHHS BpaxoBye TMepeaady MK BXiJHUM
nosarocoM "1" i mosrocoMm BigranykeHHs (y gaHomy Bunanaky "3"):

P
) 95 (4.2)

1

— Koe(imieHT CIpSIMOBAHOCTI BU3HAYAE TIEpeady MOTY>KHOCTI MiX
BximanM "1" Ta i3ompoBarMM "4" MOMIOCAMU:

., =-101lg % ; 4.3

1

— BHECEHI BTpaTH OIIHIOIOTh TOTYXHICTh, IO TyOUTHCA Yy
BigramyxyBadi. BoHa oOyMoBIeHa BUNPOMIHIOBAHHSM, PO3CIFOBaHHSM,
TIOTJIMHAHHSM 1 3B'I3KOM 3 130JIb0BAaHUM MOJIFOCOM:

(P, +P)

1

-10lg~—~=——~ (4.4)

B imeampHOMY BiframyxyBadi TOTYXHICTh HE TMOTpAIUIAE JO
13011p0BaHorO nomocy "4" (., =0). Jlo T0oro x BiH HE Ma€ BHYTPILIHIX

BTpAT IOTYXKHOCTi, TaK IO 3arajbHa MOTYKHICTh, IO 3 SABISETHCS Ha
nomocax "2" 1"3", nopiBHioe notyxHocti Ha Bxoni: P, =P, + P,.

SIKicHI cipsIMOBaHi BiAramy»yBadi MaloTh BHECeH1 BTpaTh MeH1i 1 1b
i koedilieHT cipsiMoBaHOCTiI OinbImMii 3a 40 nb.

Koncrpykuii  posrany:kyBauiB. KoHCTpykuis posramyxxyBaya
3anexxuTh Bin Tunmy OB, mnpuiimManbHOro KyTa, BiJHOMIGHHS pajaiyca
CEpIIEBUHH 0 TOBIIMHHU OOOJIOHKH, MOZOBOTO PO3HOALTY, L0 30yKY€EThCS
Ha Bxoni OB. ITlo cBoiil KOHCTPYKIIii po3raixyXyBaui pO3AUISIOTH Ha JIBi
rpynu: OIKOHIYHI, y SKMX BHUIPOMiHIOBAaHHSA IepeNaeThcsi yepe3 OiuHy
MIOBEPXHIO 1 TOPIIEBI, Y SKHX BHIIPOMIHIOBAHHS IEPEacThCs Yepe3 TOpellb
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OB. B 000x Bumagkax mepegava BHIIPOMIHIOBAHHS MOXKE 3IIHCHIOBATHCS
abo mpu 6e3-riceprieBHLOMY KOHTaKTi OB, abo depe3 AOMOMIXKHI eTeMeHTH
— JI3epKana, JiH3H, 3MillyBadi. Y OiKOHIYHHX pO3rally’KyBauyax CBITJIIO MOXKE
OyTH BH-TSTHYTE uepe3 OiuHy MOBEPXHIO MPH MEPETBOPEHHI CHPSIMOBAHOI
MOJIY B MOAY BHITPOMIHIOBAaHHS IIPH 3B's13Ky 3 ApyruM OB depe3 3HMKaroue
nosie. [lepeTBOpeHHS XBHIIb, IO MOIIUPIOETHCS, Y MOJM BUTIPOMIiHIOBAHHSI
onepxytoTh npu BuruHi OB (puc.4.4a), abo mpu 3HATTI OOOJOHKH, IO
BimOmBae (puc.4.40).

a) 6)

Pucynok 4.4 — IlepeTBOpeHHs XBUIII, 1110 PO3MOBCIOKYETHCS Y BUX1THI
MOJIM BUITPOMiHIOBaHHS

BikoHiuHi po3raiy:kyBadi BiJHOCHO JIETKO BUTOTOBJISTH, OJHAK BOHH
MaloTh MOTaHy BiATBOPIOBaHICTh mapamerpiB. Bueceni Brparu: 0,2-1xab. 3
po3ranyXyBadiB TOPIIEBOTO TUIYy HANOIUIBIN MOMIMPEH] TaKi, y SKAX TOPII
Buximanx OB 0e3mnceprieBHBO 3iCTHKOBYIOTHCSA 3 ToplieM BximHoro OB i
3aKPIILTIOIOTHCSI MEXaHIYHO a00 CKIICIOIOThCS (pHUC.4.5). 3MiHIOI0UN B3aEMHE
nojoxeHHs: TopuiB OB 1 mimbuparoum iX momepeyHHid nepepi3 MOXKHa
3MIHIOBATH B LIMPOKMX MEXaxX BiJHOIICHHS IIOTY)KHOCTEH B pi3HHX
BUXIJHHUX KaHAJIaX.

D1 D2
P2
_b
P1
3=
P3
D3
D1 >D2
D1>D3

Pucynok 4.5 — Posramy>xyBad TOPIIEBOTO THILY
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Bueceni Brpatu cximanarors 0,3-1,2 nb. [l1st 3HIKEHHS BTPAT, a TAKOXK
JUIE  3MCHIIEHHS TOpPYIIEHHS MOJA, OOOJIOHKH 3TPaBiiOIOTh  abo
31K oBYIOTh. MOXJIMBE BUIOTOBJICHHS PO3TaNly’KyBadiB 3 TiIbYacTOO
CTPYKTYpPOI0, cpOpPMOBaHOI IIISIXOM CKJICIOBaHHS a00 CTIaBJICHHS BIUX1THIX
topuiB OB y3m0B3x 3innirdoBaHUX IMi MaJIUM KyTOM CEpILIEBUH 1 3'€THAHHS
3 TopuoM BxigHoro OB (puc.4.6). IIpuHiun posranykyBada MpOCTHH, ajie
BUTOTOBIIEHHSI Mae TpyaHotli. Baeceni Brpatu 0,5 — 1,2 nb - koHCTpyKITis
MIIXOMUTE 1 I TPAZiEHTHHX, 1 IS CXiT9acTHX CBITIOBOAIB. Ilomim mMom i
BTPaTH POCTYTh 3 POCTOM KyTa, MiJ SIKUM 3'€HaHi CBITIOBOIH.

OB
P

P3
Pucynok 4.6 — Po3ranyxyBad i3 CTpyKTYpOrO OIKOHIYHOTO CITPSIMYyBaHHS

3ipkonofiOHUK po3ray>KyBad BiJOWBAIOYOTO THUITY CKIAIAETHCS 3
MWTHIPAYHOTO KOPITyca 31 CKIISTHUM 3MIlTyBaTbHUM CTprkHeM 1 (puc.4.7).
OnuH 3 KiHIIB 3MIIIyBaJIbHOTO CTPHIKHS SBJISIE cO00I0 chepryHe I3epKalio
2, Ha IHIIMHA KIHEIb HAaHECEHE IOKPHUTTA, IO MpOoCcBiTIIOE, 3. Bu-
MIPOMIHIOBaHHS, 1110 BUXOJAUTH 3 OYb-SIKOTO CBITIOBO/A 4 BiIONBAETHCS Bill
JI3epKaia i piBHOMIPHO PO3MOIUISIETHCS TIO BCIM 1HIIIMM CBITIIOBOJIAM.

10

4 3 1 2

Pucynoxk 4.7 — 3ipkononiOHuii posranyxyBau
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Haiibinpmie mommpeHHs OJepXalld pOo3ralyXKyBadi 31 CIUIABHUM
nepexomom (biconicol tapered coupler), BUTOTOBIIEHMIA MIIAXOM 3JIHBAHHS
IBOX OararomMonoBuX (cximyacTux uu rpamienTHux) OB, HacTymHOro ix
HarpiBaHHS 1 BHUTATYBaHHS [0 YTBOPEHHS OIKOHIYHOTO TMEpPEXOny:
nepeMuyKa 3 giaMeTpoM piBHUM giametpy OB - cruaBisirotsest (puc.4.8).

P11 3  P3
—>

—

.
i

A

BikOHIYHMEA cnnaeHWA
nepexin 6ina 1 cwm

Pucynok 4.8 — BikoHIYHHIA pO3rairyKyBad 3i CIUIABIIEHUM TIEPEX0I0M

Moau BUIIOTO IOPSAKY, 10 HAAXOIATH V BiABig (IopT) 1 32 paxy-HOK
BX1THOTO 3BY>KE€HHS TIEPEMUYKH BXOJISATh B OOOJIOHKY 1 B pe3yJIbTaTi CTalOTh
3arajJbHUMHU B 000JI0HII 000X BigBofiB (moptiB) 3 i 4. Jlami 3a pa-XyHOK
BUXIJTHOTO PO3MIMPEHHS MEPEMHUYKH i 000JOYHI MOJIU 3HOBY BXO-ISITh Y
cepueBrHHU BifBoaiB. Ha mpaktuni peanizoBaHi posranyxysaui 3 OB sk i3
TpaJieHTHAM TaK i 3i cxiquactuM npodinem I13; BoHM MaroTh KoedillieHT
3B's13Ky BiJl 3 1b (0JHAaKOBa MOTYXHICTh B 000X BUXIIHUX BijBojaax) a0 20
nb.

4.2 3aBnaHHs 10 po0OTH

1. BuBuntn mnpusHaueHHs OP onTuyHOi HOTyXHOCTI 1 IX
KITacUQiKaIlito.

2. O3HaiioMHTHUCS 3 IPUHIMIIAMH PO3Tally’KeHHs TIOTYyXHOCTi B OB.

3. Buuntn KOHCTPYKLiIO po3ranyxyBayiB i OCHOBHI
XapaKTePUCTUKU

4. TlpomymaTH TOPSIOK MPOBEJICHHS MPAKTHYHOT POOOTH 3 BUMIpY
napameTpiB ONTUYHOTO PO3ranyxkyBada Y THITY.

5. Po3paxyBaru yci 4oTHpH XapaKTEpUCTUKU po3raiyxyBauya B 1b,
BUKOPHCTOBYI0Ui Tabmwmo 4.1.
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Tabmurs 4.1 — Bxigni mani 11 po3paxyHKiB
Ocranns mudpa 3a1iKoBOT KHIKKH |
1 2 3 4 5 6 7 8 9 0
Pyg,mwW |15 (13|12 | 1 |]091]08(|07]08([05] 04
Powo, MW | 09 | 0,7 |06 | 05 |03 (0,45]04 |02 |0,15] 0,2
Py, mW |01 (01 ]01f01]03|01]011]015(0,15] 0,1
Paixs, MW | 0,01 (0,008 ]0,007{0,006)0,0050,004]0,003|0,002]0,001]0,001

4.3 KoHTpOJIbHi MUTAHHA

1. V 4yomy pi3HUIIS MiX PO3rally’KyBadeM 1 Bi/lraxyKyBaueMm.

2. Slxi OyBaroTh THUIH PO3TalTyKyBadiB.

3. o Take qiMPHUK ONTHYHOI MOTY>KHOCTi?

4. 3ipxonomiOHUI MTITHPHUK ONTHYHOI MOTYKHOCTI, IPUHIIATI /Tii?
5. Sk ynamrToBaHi TOpUEeBHH 1 OIKOHIYHHI pO3TaTyKyBadi.

6. SIx ymamrToBaHWH 3ipKOMOAIOHMH pO3ramyKyBad.

7. Tlpwuctpiit po3ranxyxyBada 31 CIIIABHUM IIEPEXOJIOM.

8. Ilepeniunty mapamMeTpH, IO XapaKTEPU3YIOTh PO3rallyKyBad.
9. Ilo Take KoedimieHT BiATaTy>KEHHS 1 SIK BiH BU3HAYA€THCS.
10.1Jo Take BHECEH] BTPATH i IK BOHM BH3HAYAIOTHCS.

4.4 Tpunaau Ta o0JaJHAHHS

Onuc ontuyHoro posraiayxysada. Y [IP BuHKOpHCTOBYeTBCS
posramyxxyBad Y-Tury, TOOYJOBaHMH 3a MPUHIMIIOM PiBHOMIPHOTO
pO3MOily ONTHYHOI MOTYXHOCTI 3 0araTOMOJOBHX  BOJIOKOHHHUX
CBITJIOBOJIIB THITY «KBapIl-KBapIip 3 KOEQilli€EHTOM PO3IOALTY MOTYXHOCTI
mo kaHamax 1:2, abo 3 koedillieHTOM Tiepenadi MK ModocaMd 3 10,
MEPEeXiTHUM 3aracaHHsIM Ha OJMKHBOMY KiHIII He MeHI 40 10 , TOBKHHOI
XBUWJII BUTIPOMIHIOBaHHS IIPH SIKii TapaHTYIOThCs apamerpu — 0,85 mxwm. Tlo
tuny BurotoBieHHs BOC OikoHIYHHMH 31 CIJIJaBHUM II€PEXOJIOM,
BUTOTOBJICHUI MIJISIXOM 3BUBaHHS JABOX 0araMo/I0BHX BOJIOKOH, HACTYITHOTO
iX HarpiBaHHS 1 BUTATYBaHHS JIO YTBOPEHHS OIKOHIYHOTO IMEpexoay —
NEepEeMHUYKHU 3 JiaMeTpOM PiBHUM JiaMeTpy BOJIOKOH, IO CIUIABJISIOTHCS, 1
3BapIOBAHHIO iX 13 TPETIM CBITIIOBOJOM.

PozramyxyBau 3abe3nedeHuil KaOENbHOIO OOONOHKOIO, y SKY
VKJaJeHi CBITJIOBOJM 1 OKOHIIOBaHI ONTHYHUMHU 3 '€IHyBa4aMu
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(koHEKTOpaMM) 3 miaMeTpoM BHWIKK 2,5 MM. PosramyxyBad ykianeHWil y
TUTACTMACOBHI 3aXUIICHUN KOXYX, Ha SIKWH HaHeceHe MapkKipyBaHHA. s
BUMIpY ONTHYHUX MapaMeTpiB po3ralyKyBaua BUKOPHUCTOBYETHCS THUHHN
tectep (OT) tumy OKM3-76.

4 10 :
! Tectep Nel _( jz’? _< e
~— e,

9 11
5;':!?;:; =25 )\ 13
Hanpym ]

3 2 3
Tecrep No2 _CD jz;;z _<|:| g 2

Pucynok 4.9 — Briok-cxema MakeTy AJisl BAMIPIOBaHHS Xapaktepuctuk OP

1 — mxepeno moctiiiHOi Hampyru; 2, 3 — BHMIPIOBaJbHI OJIOKH
TecTopiB; 7 — BUNIpMiHIOBaY; 8, 9 — dporonpuiimMay; 13-posranyxysay; 4, 5,
6, 10, 11, 12 — 3’enHyBaui.

4.5 Texuika 0e3nexkn

YBAT A. Ilpu po6oti 3 OP i OT 3a00oponsieTbCs 3arasaaTd B TOPLi
ONITUYHHUX KOHEKTOPIB (posranyxysaua, OT, iH.) 3 sskux Bunpominroerscs [4
BUTIpoMiHIOBaHH:I. Lle HebesneuHo 1uist opraHis 30py.

4.6 Ilopsinox BUKOHAHHSI PO0OTH

1. O3znaiiomuTHcs 3 KOHCTpyKITieo OP.

2. OsHailoMHTHUCS 3 KOHCTPYKITIEFO 1 MpaBwiaMu kopuctyBaHas OT.

3. 3ibpaTu cxeMmy U1 BUMipIOBaHHS XapaKTEPUCTHK PO3rally’KyBada
(cxema mpuBeieHa Ha pUCyHKy4.9).

4. 3poOuTty BUMIp MOKa3aHb MPUIATY MPU MIKIIOYEHH] €TaIOHHOTO
kabento (MoTyX)HicTh P1).
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3poOuTH MIAKIIOYCHHS 10 DKEpelia BHUIIPOMIHIOBAaHHS depes

€TAJIOHHHWH Kabellb 3arajlkHOTO KiHI pO3raiykyBada 1, a 1o mpuiimadiB
BUIIPOMIiHIOBaHHS KiHLIB 2 1 3. 3aMipuUTH BEIMYHHY ONTHYHOI MOTYXHOCTI
Ha KO)KHOMY 3 KiHIIB 2 i 3 (P21 P3).

6.

PozpaxyBatu koedimieHTH mepenadi, MO BHOCATHCS MO (popmydi

(4.1), Mixk BXiIHMM IOJFOCOM Ta BUXiJIHHAM IIOIIOCOM 2.

7.
8.

Po3paxyBatu koedimieHT BinraxyxeHss mno ¢popmyii (4.2).
3a oTpuMaHMMH pe3ynbTaTamMu B M. 4...7 BU3HAYNUTH BHECEHI

BTpaTH po3raiayxyBada o Gopmyii (4.4).

9.

HamanroBatu KOHCprKL[iIO posrainyxyBada 1 HAHECTH Ha PUCYHOK

OTpPHMaHi MapaMeTpH, IO XapaKTePU3yIOTh PO3TalyKyBay.

4.7 3mict 3BiTY

OdopMiieHHMI 3BIT MOBUHEH MICTUTH:

MeTy, Ha3By i npusHadeHHs CIIP, TeopeTnyHi BimoMocTi;
CTPYKTYpHY cCXeMy J1ab.MaKeTy, CKIIaJ1 i IpU3HAYEHHS BY3JiB;
pe3yIbTaTH BUMIiPIOBaHHS TapaMeTpiB po3ranyxysada: P1, Po, P3;
pe3ymbTaTH  pO3paxyHKiB:  KoedillieHTH  Tepemadi  an,

CIIiBBiTHOIIIEHHSI PO3TOTYKCHHS Ha BUX1THIX MTOPTaX O, BHECEHI BTPATH Cloy;

nopTax;

pucyHok cxemu OP, pe3ynpTat po3paxyHKiB Ha BiANOBIIHUX

BHUCHOBKH.
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