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COJIEP)KAHUE

Jlabopatopnas padota Ne 1 M3ydueHne OCHOBHBIX MPUHIIMIIOB PAOOTHI ONITUYECKUX
pedaexkTomMeTpoB. Pesxumbl paboTHI.

Jlabopatopnast pabora Ne 2 OmnpeneneHue onTuueckux HHTepdeiicoB Ha OCHOBE
pexomenganui MCO-T G957 u G961. Bribop anmaparypst BOCII CIIU u Tuma

ONTHYECKOr0 Kaldes.



JIABOPATOPHAS PABOTA Nel

N3YYEHUE OCHOBHBIX ITPUHIIUIIOB PABOTbBI OIITHYECKHUX
PE®JEKTOMETPOB. PEXKUMbI PABOTBI.
1. ONMCAHUE JIABOPATOPHOM PABOTHI

1.1. COCTAB YCTAHOBKHA

Monenupyemast nabopatopHasi ycraHoBka (puc.l.l) cocrour U3 yHUBEpCaJIbLHOTO
ontudeckoro peguexkromerpa (OP), cBapounoro ammapara (CA) u JBYX OJHOPOAHBIX OTPE3KOB
BOJIOKOHHBIX cBeToBOJI0B (BC1 u BC2). IlpenycMoTpeHbl BO3MOKHOCTH TojkimoueHuss OP k
BosiokoHHOMY TpakTty (BT) ¢ moboii ctoponst (BC1+BC2) unu (BC2+BC1) u otkmtouenus OP ot
BT.

BC1

oP

L]
£

BCZ2

.,

Puc.1.1. CtpykTypHas cxema 1a00paTOpHON YCTAaHOBKU
1.2. ONTUYECKUHA PEDJIEKTOMETP

Ontrueckuii peduiekromerp (OP) cOCTOUT U3 YeThIpEX CMEHHBIX ONTO3JICKTPOHHBIX OJIOKOB
U DJICKTPOHHOTO OJIOKa 0Opa0OTKHM CHTHAIOB OOpaTHOro paccesHus. B komruiekt OP BxomsT
CJICAYIOIIHME ONITOYJICKTPOHHBIC OJIOKU:
e s MmHOromo10BeIX BC (MBC) ¢ mymHO# BosHBI A=0.85 MKM;
e s MBC ¢ A=1.3 mkm;
o g ogHoMmo10BEIX BC (OBC) ¢ A=1.3 mkm;
e st OBC ¢c A=1.55 mim.

CrpykrypHast cxema (puc.l.2) onToanekTpoHHOro Oj0Ka, mnojakiaodeHHoro k BT ¢
nomouibio HanpasiaeHHoro orserBuTens (HO), conepxut:

- cTaOMIM3UPOBAHHBIN MO MOLTHOCTH UCTOYHUK KOPOTKUX ONTHYECKUX UMITYyIbcoB (MN);

- ¢oronpuemHoe yctpoicTtso (PIIY).

Hcrounnk wusaydenns (MU) Bkiarouaer: nazepubiii nuox (JIJI) ¢ BCTpoeHHBIM
doronuonom (PJ]) u cucremy cTabMIN3AIMK BBIXOAHON ONTHYECKOM MOIIHOCTH, COCTOSAIIYIO W3
yeunutens Toka Hakauku (YTH), ucrounuka onopnoro toka (MOT) u ycunurens Toka omuOKu
(YTO).

®IIY Briawuaer: naBuHHbIM (otonuon (JI®J) co craOuIM3MPOBAHHBIM HCTOYHUKOM
nutanus (UI1), ycunurens Gporotoka (YOT) u ycunurens Hanpsxerus (YH).

[lepuoanueckas MOCIEIOBATENIbHOCTh KOPOTKMX HMITYJIBCOB HANpsKEHUS MOCTYMaeT W3
65oka 006paboTku Ha oauH BXxoa Y TH, koTopslit mpeoOpa3yeT BXOIHOE HANPSKEHNUE B TOK HAKAYKU
JIA. dnst crabunm3andyd BBIXOJHOW ONTHYECKON MOITHOCTH HCIIONB3YETCS aTYMK - BCTPOCHHBIN
®/1, hoTOoTOK KOTOPOTO MOCTyMaeT Ha oauH Bxoa Y TO, KoTopblit mpeodpaszyeT pasHOCTh (HOTOTOKA
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u onopHoro Ttoka oT MOT B HampspkeHHE CTaOMIM3UPYIOIIEH OTpULIaTeNbHOW OOpaTHOW CBS3H,
nocrynaroniee Ha Bropoit Bxoa Y TH.

BT
—
BX | YTH > na > HO < 2
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YTO | ]| nog Zlpl
W
BblX
MOT YT H YH ———

Puc.1.2. CtpykTypHas cxema ONTOAIEKTPOHHOTO OJI0Ka

OnTuueckue umnynbesl yepe3 HO nmocrynator B uccnenyemoiii BT. O6patHo paccesHHOE
U3ITy4eHUE U OTpakKeHHbIE OT HeoqHopoaHocTel BT ontuueckue ummynbesl yepes HO nmocTymnator
Ha BxoJ JID/I, roe mpeobpasytorcs B ¢poroTok. [locnennuit B YOT mpeobpasyercsi B HanpspKeHUE
u ycunuBaetcs B YH. Koagdunuent YH moxxHo usmensts npu Hactpoiike OP.

CrpykrypHas cxeMa aekTponHoro 6ioka OP (puc.1.3) BkiIrogaeT reHepaTop UMIYJIbCOB
('), ananoro-uudposoit npeodpazosarens (ALIT), MukpomnporeccopHoe yCTPOMCTBO yIpaBiICHHS
(MIIVYYVY) u ycrpoiictBo otobpaxenus (YO).
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Puc.1.3. CtpykTypHasi cxema 3JIeKTpOHHOTO 0510ka o0padbotku OP
YO BBITIOJIHSIETCS HA OCHOBE DJIEKTPOHHO-JIYYEBOW TPYOKH WIIM KUIKO-KPUCTALTHYECKON
naenu. MIIYY ynpaBaser pa6otoit ALl u mo3BOJSET OCYWIECTBIATh HAKOIUIEHHE U
3allOMHUHAaHKUE CUTHAJIOB OOPATHOTO paccesiHUs OT pa3InyHbIX Toyek BT.

1.3. IPUHIUITI HAKOIIVIEHUSA CUT'HAJIA OBPATHOI'O PACCESIHUA

Hns HakomienHoro curHana Uy(l), obycnosinenHoro ydactkom BT, pacmonokeHHOM Ha
pacctostHuu [ ot Hayana BT, MoxHo 3anucartb

UN(1)=%§(US(U+U,”-), (L.1)

rae N - 9iclio HaKOIUIEHUH CHTHAaNa B TaHHOM TOYKE;
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Us(1) - none3Hblit cUrHai B JaHHON TOYKe PeqIIeKTOrPaMMBL;
U, - OTCYET IIyMa NpH | HAKOTJIEHUH.

T.x. mym Ha Bbixojae DIIY sBusercs ciydyallHOW BEIMYMHOM CO CPEIHEKBAIPATUUYECCKUM
otksnoHeHueM (CKO) o, To oTHOLIEHNE curHazia K mymy Ha Beixone @IIY cocrasiser

sy =20 (1.2)
o}
[Tocne N HaKkOIUIEHUI OTHOLIEHUE CUTHAJA K IIIYMY BO3PACTAET NPONOPLIMOHAIBHO JN
sivw="2"0 _ s N (1.3)
OnN

UYuciiom HakorsieHuit B OP MOXHO yrpaBisiTh.

JMuuamuuyeckuii auanazoHn OP, xoropelii mpencraBiser co0OMl  BBIpaXEHHOE B
Jorapu(pMHUUECKUX EAUHUIAX OTHOIIEHHWE CUTHAJIa OOPAaTHOTO PIJIEEBCKOro paccesHus mnpu [= 0 K
arymy
UN(O)ZS'lg Us(0)

Ov On
3a CueT HaKOIUIeHUs Bo3pactaet Ha 2.5 [g(N) ab.

Junamuueckuii quana3zon OP 3aBUCHT Takke OT JIMTEIBHOCTH 30HIUPYIOLIETO UMITYJIbca
t;. Ecnin u3BecTeH AuHaMuyecKuil Auanasol Dy Ipy JUIMTENbHOCTH UMITYIIbCA tjp, OLIEHUTh B IIEPBOM
NpUOIIKEHUN JTMHAMUYECKHUI uama3oH D mpu Opyrod UIMTENbHOCTH HMITYJbCA f; MOXHO TIO
BBIPKECHHIO

Dn=35-1g

+2.5-Ig(N) (1.4)

ti
tio
Tunuunas peduiekTorpamMma curHana ooparaoro paccessuus 1 BT npuBenena Ha puc. 1.4.

D=Do+5-Ig (L.5)

Y, aB

Puc.1.4. Curnan oOpaTtHOrO paccestHUs

Ha Heit MOXXHO BBIIENUTH OJHOPOHBIE ydacTKu (2) BT (6e3 HEOqHOPOIHOCTEH) C MOCTOSHHBIM
kodp¢uimeHToM 3aryxaHus o, Ha KoTopeix COP mocne nmorapupmupoBaHus BBIIJISANT, Kak
npsiMasi IMHUS, HAKJIIOH KOTOPOH ornpeaenseT Ko3pPHUIMEeHT 3aTyXaHusl.

Hapsany ¢ nuneiinbiM u3menenueM ypoBHa COP Ha pedruexTorpamme MMEIOTCS OCOOCHHOCTH,
0OyCIIOBJIEHHBIE pPa3JIMYHBIMU HEOJHOpoIHOCTsIMHU. HauanbHblli BbIOpoc curHana (1) BbI3BaH
(bpeHeneBCKUM OTpakeHHEeM OT BXOjaHOro Topua uccienyemoro BC. Kak mpaBuio, oH BBOAMT
OIIY B HachllleHUE, a BpeMs BbIX0JIa U3 HETO OIpenesseT BaxHbli napametp OP - MepTByI0 30HY,
T.e. paccrosiuue Al,, Ha KOTOPOM HEBO3MOXHO OOHApYXUTh HEOJHOPOJHOCTH W H3MEPHUTH
KO3 PHULIMEHT 3aTyXaHHsL.



BriOpoc curnana c mepenazom 3aTyxaHus (4) BO3SHMKAaeT NpU HAJUYMU B TPAKTE Pa3bEMHOTO
COEIMHHUTEIIA, a TAK)KE MPU HAJMYUHU B BOJOKHE MAJICHbKUX BKJIIOYEHUN MHOPOAHBIX IIPUMECEN WIN
NYy3bIPbKOB BO3/AyXa. Takue OTpaKeHHsS XapaKTePU3YIOTCS BO3BPATHBIMU IOTEPSIMHU, KOTOPHIC
MOTYT OBITh PACCUUTAHBI IO BBIPAKEHUIO:

a, =—10-Ig R, (1.6)
rze R - ko3 HUIMEeHT OTpaKeHHS.

Koadduuunent orpakeHus A rpaHHULbl pas3jiena KBapl/BO3AyX JOCTUIAET 3HAYUTEIIbHON
BenuunHbl 4% mnpu yrie naaeHus 0°. OpHako, €ciau MOBEPXHOCTh CKOLIEHHAs, HEPOBHAs WU
3arpsi3HeHHas1, KO3(pQULUEHT OTpakeHHs MOXKET HMEThb 3HAYMTEIbHO MEHBUIYI BEIHYUHY, U
oTpakeHHe oT oOpbIBa uiH 3a1Hero Topua BT He Bcerna MOXHO OOHAPYKHUTh.

HepaszbemHble coeanHeHUs (CBapHbIE, KJIEEBbIE M MEXAHMUYECKHE CPOCTKH BOJIOKOH), B
KOTOPBIX OOBIYHO OTCYTCTBYIOT OTPa)KEHHsI, 0TOOpakaroTcsi Ha pediekTorpaMme cTyneHbkoi (3).
Konen BT wmnun ero oOpeIB ompezaensercs MO OTPaXKEHHOMY OT 3a/JHEro Toplia UMIyJbCy (5) U
CJIEIYIOIIEMY 3a HUM Y4acTKy (6) ¢ pe3KMMHM CIIy4allHbIMU I€penajaMu YPOBHSI PETUCTPUPYEMOTO
curHana, ooycnoBineHHbIX mrymamu OITY.

2. VIIPABJIEHUE JIABOPATOPHOMN YCTAHOBKOU

2.1. OCHOBHOE MEHIO

OCHOBHOE MEHIO COJEPXKUT CJENyIOIIMEe MYHKThl (pexuMbl padotel): «llomorby,
«Bapuant», «Ilapamerprl», «Pedaextorpamma», «Csapka», «llonkmouenue», «Hacrpoiika» u
«Bbixon». Ilocie 3amycka nporpaMMbl, BbIOpaB IYHKT TOPH3OHTAIBHOrO MeHIO «Bapuant»
KYPCOPHBIMU KJIABHUILIAMH YCTAHABJIMBACTCS YKa3aHHBIM IIperojaBaTelieM BapHaHT 3aaaHus. Ha
9KpaH BbIBeleHbl mapamerpbl OP, 3agaHHble 1o ymosdaHuio. V3MeHeHue MyHKTOB OCHOBHOI'O
MEHIO OCYIIECTBIISIETCSI TOPU3OHTAIBHBIMU KYpPCOPHBIMU KiaBumamu. OOpaiieHne K BEIOpaHHOMY
IIYHKTY OCYIIECTBIIsIETCS KiaBullen «Enter».

2.2. 3AIIYCK UBMEPUTEJIBHOI'O ITPOLHECCA
Pexxum «Peduiekrorpammay no3poisier 3anyctuth OP Ha perucrpanuio pedaeKkTorpaMmmsl.
OcHOBHOW 1enbi0 BbhIOOpa M 3anaHus mnapamerpoB OP sBnsercd mnosyueHHe HarisaHON
pedIIeKTOrpaMMBbl, MO BO3MOXKHOCTH CBOOOJHOM OT IIyMOB, U MO KOTOPOH MOHO ONpPEENsThH
napaMeTpsbl UCCIIEAYEMOT0 BOJIOKOHHOIO TpakTa u camoro OP.

2.3. 3AJAHUE TAPAMETPOB OP

Pexxum "ITAPAMETPBI" mno3BosisieT BBIMTH B TOJAMEHIO, KaXKIBIH MYHKT KOTOPOTO
NpeAHa3HayeH ISl YCTAaHOBKM ompezeneHHoro napamerpa OP. [[ns mepemenieHuss Mo MOIMEHIO
WCIIOJIB3YIOTCSL BEPTUKAIbHBIE KYpPCOPHBIE KIAaBUIIM. BbIOOp ycTaHaBIMBaeMoOro mapamerpa
noaTBepkaaeTcs knaBuiie «Enter». s yCTaHOBKM KOHKPETHOTO 3HAYEHHUS BBIOPAHHOTO
napaMerpa TakXe HCIOJb3YyeTCsl MOJIMEHIO, YIpaBiisieMoe Kypcopamu. BriOpaHHOe 3HaueHue
napameTpa mojarBepxaaeTcs kiaBuiie «Enter». Ilociie ycTaHOBKM 3Hau€HHMI BCEX MapamMeTpoOB
JUTSL BBIXOJIa B TJIABHOE MEHIO HAKMHTE KiaBuiy «Enter» mpu BeiOope myHkTa nmoamento ""Beixoa’.

[Tpu ycranoBke "Koappuuuenrta ycunenus'" nsmensercs koddpduurent nepegaun YH B
@ITY B mpenenax ot 0.3 o 10000. ITpu 3ToM M3MEHsIETCs pacroyiokeHUe pedaeKTorpaMMbl Ha
9KpaHe B JorapupMuueckoM mMaciitadbe, HO He MEHSETCs] OTHOILIEHUE CUTHANA K IIyMY.

ITpu ycranoBke '"IINTEJBHOCTH HMMIYJbca' BMECTE C H3MEHEHHMEM JUINTEIBHOCTH
umnyiasca B mpenenax or 20 mo 5000 HC u3MeHsSieTCsl TakKe YpOBEHb CHUTHajla 0OpaTHOIro
paccesHus. [lpuueM ¢ yBelIMUYEHMEM JUIMTENIBHOCTHM YPOBEHb CHTHana OOpaTHOrO paccesHus
pacTeT, a ypOBeHb (DPEHENEBCKUX CUTHAJIOB U YPOBEHb LIIyMa MPaKTUUYECKU He u3MeHstoTcs. [lpu
U3MEHEHUH JUIMTEIBHOCTH M3MEHSAETCSl PAcIoNioKeHHe pedIeKTorpaMMbl Ha JKpaHe B
Jorapu(MUIECKOM MaciiTade ¥ OTHOIIEHUE CUTHAJIA K IITyMY.



ITpu ycranoBke " {immHbI yuyacTka' ropuszoHTanpHas mkaaa OP umeer npoTsSKEHHOCTH 1,
5,251 125 xm.

[Ipu ycranoBke "IIMHBI BOJIHBI" W3MEHSETCS THUIl ONTHKO-3JIEKTPOHHOTO Onoka. [Ipu
9TOM JUIsl JUIMHBI BOJHBI A=1.3 mKxm HEOOXOAMMO BbIOpaTh TAaKKe M THI ONTHYECKOrO pa3bema
50/125 mxm wim 9/125 MM B myHKTe MeHIO "Onrtuueckuil paspem". st APYrux JUIMH BOJH
ONTUYECKUN pa3beM U JUIMHA BOJHBI CBsI3aHBI OJHO3HAuHO. [lo3TOMY mOCTaTOUHO 3a7aTh TOJBKO
JUIMHY BOJIHBI.

[Ipu ycranoBke '""Pexxuma padoThl" MOXXHO BBHIOMpPATh MEXIY JUHEHHBIM MacmTaboM I1o
ocu Y m norapupmuueckuMm. Bropoil pexxum paboThl ynoOHEe Npu H3MEPEHHSX 3aTyXaHus U
noteps. lllkana rpagyupyercs HenocpeaAcTBEeHHO B 1b. B nuHeitHOM pexkuMe 1Mo BEPTUKAIbHOM OCH
OTKJIAJIBIBACTCS BEIUYHMHA HaNpsDKeHUs curHaia B Bomprax Ha Bhixome DITY. Ilocnme BhIOOpa
pexxrMa paboThl B 9TOM € IYHKTE BBIOMpAETCs IeHa JeJIeHUs BEepPTHKAJIbHOM mIKaibl Ab/aen B
norapudmuueckom Macmrabe (B mpenenax ot 0.25 mo 2.5 nb/men) m B B/nen B nuHeiHOM
MacmTabe (B npeaenax ot 1 mMB/nen no 1.0 B/gen).

Ipu ycramoske "PEJKHMMA HAKOIIJIEHHMM" MoXHO BBIOMpaTh  MEXKIY
MOCJIeI0BATEJIbHBIM U NapauleIbHbIM HAKOIUICHUEM CUTHaja 00OpaTHOTO paccestHusl.

- B nepBoM ciyuae B Kaxa0M MU3MEPUTEIBLHOM MEPUOJIE U3MEPSAETCS CUTHAN TOJIBKO B OJJHOM
Touke pedrexkrorpammbl. B kaxaoi Touke nmpoBoautcs N uzmepenuid (N MoxxeT u3MeHstbes ot 10
10 1000). ITocne yero HaunHaeTCs perucTpanus APyroi TOUKH.

O6mee Bpems peructpaiuu 7, mpsMo IPOHOPIUOHATIBLHO YUCITY PETUCTPUPYEMbIX ToueK M
Y 4UCIIy HAKOIUJICHUH B KKI0M TOuke N

T =N-M -T="M 2.1)
Fo

rae To= 1/Fo - nepuoy clie10BaHus 30HAUPYIOIINX UMITYJIbCOB.

- Bo BTOpOM cilydae B Ka)kJIOM U3MEPUTEIBHOM MEPHOJIE U3MEPSETCS CUTHAJI OTO BCEX TOUEK
pednexrorpammbl. Yucno HakoruieHui N MoxeT uaMeHsaThes oT 2000 mo 2000000. OGiee Bpems
PETUCTPALIMK HE 3aBUCUT OT YHCJIA PETUCTPUPYEMBIX TOUEK M U COCTABIAET

T=N-T= 2.2)

Fo

OTrmeTnM, UTO MapajulebHOE HAKOIUIEHHE OpraHu30BaThb TEXHUYECKH  CJIOXKHEE 4YeM
nocnenoBarenbHoe. Kpome Toro, ero peanusanusi TpeOyeT NMpPUMEHEHHsI OOJBIIEr0 KOJIMYECTBa
OBICTPOJICHCTBYIOIINX MUKPOCXEM, UTO MPUBOJIUT TaKKe K YBEITMUEHUIO sHepronorpedienus. [lpu
paboTe Ha yCTaHOBKE IOMHMTE, YTO C YBEJIIMYEHUEM UHMCIIa HAKOIJIEHUI N pe3Ko BO3pacTaeT BpeMs
U3MEpPEHUsi, 0COOEHHO MPU MOCIeI0BATEIbHOM HAaKOIUICHHUH.

2.4. YIIPABJIEHUE CBAPOYHbBIM AIIITAPATOM

Pexxum "CBAPKA" no3BosisieT BOWTH B TIOJIMEHIO, COCTOSIIIEE U3 IBYX MyHKTOB: "CBapka"
u "Cxon". Ilpu BeIOOpe myHkTa "CBapka" mpoucxoauT cBapka 1Byx BC, B mocienoBarenbHOCTH
ykazaHHo# B pexkxume ocHoBHOro MeHto "TIOAKJIFOYEHUE". Tlpu BeiGope mynkTa "Ckon" cBapka,
eciiu OHa Oblja Mepej 3TUM CclellaHa, pa3pyllaeTcs U Ha pedraeKkTorpaMMe MOKHO BHUJETh TOJBKO
onuH BC.

2.5. YIIPABJIEHME ITIOAKJTIOYEHUEM

Pexum "HOAKJIFOYEHHUE" 1no3BosisieT BBIMTH B MOAMEHIO, COCTOSIIEE M3 TPEX
nyHktoB: "BC1+BC2", "BC2+BC1" u "Her noaktouenus". BeiOupas nepBblif Wiin BTOPOH, MOKHO
nonkiounts OP ¢ mo6oit croponst BT. Ilpu yctaHoBKe TpeTbero MyHKTa MOKHO HaOI0JaTh
oTpakeHHe OT rpaHuibl pasaena BC/Bo3ayx.

Pexum «HACTPOMKA» npennasHaueH [y BEIGOpa BHIBOAA HA HKPaH MOHOXPOMHOTO
WIM LBETHOTO H300pakeHUs, A BKIIOYEHUS M BBIKIIOYEHHUS 3BYKOBBIX J(PQEKTOB, s
HOJCTPOWKH TPOTPaMMBbl IO/ OBICTPOACHCTBHE KoMIIbloTepa. It MOICTPOMKH C IOMOIIBIO
KYPCOPHBIX KJIABHII U3MEHSETCS 3aJCPHKKa.



2.7. TOJBb30BAHUE KYPCOPAMMU

Jns  wu3MepeHHss ypOBHEW CHUTHAJIOB OOpaTHOTO pacCesHUs M PACCTOSHHUH 10
COOTBETCTBYIOILIUX TOYEK MCIOJIB3YIOTCS J[BA BEPTHKAIBHBIX Kypcopa, KOTOpbIE IEPEMELIAIOTCS €
MOMOIUIbI0 KYPCOPHBIX KJIABUII KJIaBUATYpPbI: JIEBBIM KypcOop — KJIaBHIIAMU —> U <—, MPABbIM —
K1aBHImaMu T u 3.
OTcueTsl pacCTOSHUM B KM W CHTHAJIOB OOpaTHOTO paccesHus B Ab HaxXoJsaTCs MOJ 3KPaHOM C
peduekTorpamMmoil. Tam ke MPUBOIUTCS PACCTOSHUE MEXKAY KypcopaMU M Pa3HOCTh CHUTHAJIOB
00paTHOro paccesHusl.
[IpenycMoTpeHa  BO3MOKHOCTH ~ MOJAPOOHOrO  u3ydeHus  ¢parMeHTa  pedieKTOrpaMMBbl,
HAXOJALIETOCS MEXAYy KypcopaMH, C IOMOIIBI0 HaXaTus OOJNBIION KIaBUIIM Ipodena. DTOT
peKUM pabOThl HA3BIBAIOT <(QJIEKTPOHHOW JYMOM» WM «OKHOM». Pexum wucnompzyercs amis
MOBBIIICHUA TOYHOCTH U3MCPCHUSA paCCTOSIHI/If/'I U BHOCHMMOI'O HCOAHOPOAHOCTAMM 3aTyXaHUS.
Onepanus BblJeNeHUsS (PparMeHTa MOXKET BBINONHITBHCS M JJIs YK€ BBIOpaHHOTO (pparmeHra.
Bo3Bpar k wucxomHoil peduexTorpamme «0030p» OCYIIECTBISETCS 4Yepe3 IYHKT MEHIO
«[TapameTpbi».

2.8. IOMOLIb

B pexume «IIOMOILb» coaepxaTcst HEKOTOpbIE CBEICHUS M0 YIIPABICHUIO 1A00OpaTOPHOU
YCTaHOBKOM.

3. MIPOTPAMMA SKCIIEPUMEHTAJIbHBIX UCCJIAEIOBAHUI

3.1. ONPEJAEJIEHUE THUIIA BC U IIOTEPHb HA BBOJIE

B Hacrosimee BpeMsi B ONTHYECKHX KaOelsiX albHEW CBSI3U HCIOJB3YIOT BOJIOKOHHbBIE
cBeToBobl (BC) ¢ kBapleBbIMU CepALIEBUHON U 000JI0YKON JIBYX OCHOBHBIX THIIOB: OJJHOMOJIOBbIE
BC (OBC) u muoromonossie BC (MBC) ¢ rpaaueHTHBIM IpoduiaeM MoKa3aTess MpeIoMIICHHUS.
OHM UMEIOT OJJMHAKOBBINA uameTp 000J0uku 2b = 125 mKkm, HO Pa3HbIM AUAMETp CEpILEBUHBI 2a
= 50 mxm nng MBC u 2a = 8-10 mxm nns OMB. KoHCTpyKIuMM ONTHYECKUX Pa3beMOB IS
paznuuHblx BC mnpakTHueckn OAMHAKOBBI, YTO IPUBOAUT K BO3MOXHOCTH HENPABUIBHOIO
nonakimtoueHuss BC k onrtudyeckomy pednexromerpy (OP). Hampumep, nmoaxmouenue OBC k
MHOromo0BoMy Bbixoxy OP wmm noxaxmouenne MBC k onHomon0oBoMy Bbixony OP nmpuBoguT k
0OJBIIMM TOTEPSIM Ha BBOJE WM BBIBOJE H3IIYUYEHHs, YMEHBILIECHUIO IOJIE3HOTO0 CHUTHAJa U
YXYJIIEHUIO OTHOUIEHUs CUTHaja K 1myMmy. Ilpudyem Oosblive MOTepH BO3HUKAIOT TOJBKO MpPU
nepexone wusnyueHus u3 MBC B OBC. Ilotepu B mnepBoM NpHOIMKEHUU OINPENEISIOTCS
OTHOILIEHHEM ITOLaiel cepaleBrH coeauHseMblx BC (nim kBagpaToB paguycoB) U OTHOLIEHHEM
YHUCIIOBBIX amnepryp. JlonoaHuTenbHble MOTEpU Ha BBOJE/BBIBOJE M3IYUYEHHS MPU HENPABUIHLHOM
coenquHeHNH BC MOKHO OLIEHUTB 1O BBIPAKEHHUIO

ad=10~lg‘:M} , 0B 3.1)

ro- NAo

TAE Iy, 7o - paguycsl MBC u OBC, cOOTBETCTBEHHO;
NA,,, NAy - aucnossie anieptypsl MBC u OBC, cooTBeTCTBEHHO.

J51g skcriepuMeHTalbHOTO onpeaeneHus Tuna BC 1 BeIMUuHBI TOMOIHUTEIbHBIX OTEPH 32
CYET HENpPAaBUIBHOIO BBIOOpA ONTHYECKOTO OJI0KAa HEOOXOJMMO IPOBECTH HM3MEPEHHUs YpOBHEH
CUTHaJa Y; Ha ONPEJEIEHHOM PacCTOSHUU U Iyma Y, 3a npegenamu BC na anune BonHbl A = 1.3
MKM TIpH JIByX THUIIAX ONTHYECKUX pazbeMoB OP (MHOromonmoBoM 50/125 mxm WM OJHOMOJOBOM
9/125 mxm).
[IpenBapuTebHO YCTAHOBUTE CIEAYIOIINE PEKUMbI pabOThI Ta00paTOPHON YCTAHOBKHU:
- nmoakmouenue - (BC1+BC2);
- cBapkKa - (CKom)



u cienyomue napamerpst OP:
- kod(dunment ycunenus - (100);
- JUIMTEJIbHOCTh nMityibca - (500 He);
- JUTMHY BOJHBI - (1.3 MKM);
- peXHM IpocMoTpa - (0030p);
- MaKCHUMaJbHOE PacCTOsSHUE - (25 KM);
- peXHM paboTHI - (JTJOrapUPMHUECKHIN);
- IIeHA JeeHMs 10 BepTukand - (2.5 ab/nen);
- ONTHYECKUU pa3beM - (MHOroMoaoBbIi 50/125 Mkm);
- PEXHUM HAKOIUICHUS - (MMapauIeIbHbIN );
- gucao HakormieHui - (2000).

Tun nogxmtoyennoro k OP cBeTOBOa COOTBETCTBYET TOMY ONTHYECKOMY pa3beMy, PU KOTOPOM
YPOBEHBb CUTHAJIA MPU OJTHOM U TOM K€ pPaCCTOSHUUU OoJblne. I3MepeHust 10 1:KHbI TPOBOAUTHCS
¢ MOMOIIBI0 KYPCOpa B TAKMX TOYKAX, B KOTOPbIX Hacbimenue ®IIY orcyrcrByer.

JUia m3MepeHusl ypoBHsS IllyMa KypcOpOM BbIOMpaeTcs MaKCHMalbHBIA IIIyMOBOM BCIUIECK Ha
peduexrorpamme 3a npeaenamu BC. Torma notepu Ha BBoje/BbIBOAE MpH HecooTBeTcTBUM BC 1
ontudeckoro 6;1o0ka OP cocrassar

va-Yvo+Ynm-Yno 9 (3.2)

rae ungekcel "m" u "o" oznauaror MBC u OBC, cooTBETCTBEHHO,
uHJeKcsl 's" 1 "n" 03HaYaKOT CUTHAI U 1IyM, COOTBETCTBEHHO.
3apucyiite pedraexkrorpaMmmbl BC KOHEYHOM IJIMHBI B JIOTapU(PMUYECKOM H JIMHEWHOM
Mmacmrtabax. ObpaTute BHUMaHue Ha pa3inyue ux (Gopm, a Takke Ha pa3IUYHbIN XapakTep IIyma.
VYkaxute B oTyeTe TUI Hcmoiab3yeMoro BC u paccuMTaHHOE MO 3KCIEPUMEHTATBHBIM JaHHBIM

3HAUYCHHUC IIOTCPb HAa BBOJC.

a, =

3.2. ONPEAEJEHHUE OCHOBHBIX TAPAMETPOB BC1 ! BC2

[Tocne onpenenenust Tuna BC ycranosure B pexume «Ilapamerpo» anuHy BoiaHbl A = 1.3
MKM ¥ COOTBETCTBYIOLINI CBETOBOAY THUIl ONTHYECKOTO pa3beMa.

[Monkmrounte BeIOpaHHbIi BC 1 mpoBepbTe, uTO B pexknmMe «CBapkay» BKIIIOUYEH "ckoi'.

W3meHsist [UTenbHOCTh UMITYJIbCA, JUIMHY y4acTKa, JoOeHTeCh MOoTydeHHs pedieKTOrpaMMBl,
Ha KOTOpPOM BUIHBI: UMITYJIbC OTpa)K€HHBIA OT nepenHero topua BC, ydactok omHopoanoro BC,
HUMITYJIBC OTpaXeHHBIN OT 3aaHero Topia BC u mymsl 3a npenenamu BC.

IIpu usmenenuu napamerpos OP yuuThIBalTE CleAyIOLIEE:
- Ipu u3MeHeHuH ko3 Puunenta ycunenust @I1Y oTHomeHne cUrHana K nryMmy He U3MEHSETCS;
- TpU YBEIWYEHUU JUIUTEIBHOCTM HMIYJbCa BO3pAcTaeT CUTHal OOpaTHOrO paccesHus,
OTHOLIEHHE CUTHAJIA K IIYMY, a OTPaXEHHBI UMIYJIbC U IIYMOBOE HANpsHKEHUE MPAKTHUUECKU He
WU3MEHAETCS;
- NpU YBEIMYEHUM YHWCIA HAKOIUIGHUH YMEHBIIAETCSl ILIYMOBOE HAIps)KEHUE, BO3pacTaeT
OTHOILIEHHE CUTHAJIA K IIyMY, a CUTHAJI 0OpPaTHOTO PAacCesTHUs HE U3MEHSIETCSI.

3.2.1. ONPEJAEJEHUE JJUHBI BC

st onpenenenust nnuabl BC ucnone3yiTte mro0oi u3 aByx KypcopoB. Jmmna BC
COOTBETCTBYET Hayaly UMITYJIbCa, OTPAXKEHHOT0 OT 3aaHero Topua BC.

[TongBoauTe Kypcop ciieBa K UMIYJbCY OTpax€eHHOMY OT 3amHero topua BC. 3a nawano
MMITyJIbCa MPUHUMAETCS TOCIEIHSA TOUKA, II0CIe KOTOPO HAUYMHAETCS YBEJIMUYEHHUE CUTHAJIA.

s yBenTWYeHUsI TOYHOCTH HEOOXOUMO TEPEHTH B pekuM (OKHO). BrimenuTe ¢ momombio
MEPBOTO M BTOPOro KypcopoB ydactok BC, KoOTOpblil comepkuT oTpaxeHHbI oT koHia BC
HNMITYJIBC. TouHOCTE OIMpCACIICHUA paCCTOSIHI/II\/'I BO3pacTact € YMCHBUICHUCM JJIMTCIIBHOCTU
MMITyJIbCA.

3.2.2. OIIPEJAEJIEHUE KOO®PUIIUEHTA 3ATYXAHUSA
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Jlnst onpenenenust Kodp@uuueHTa 3aTyxaHus Ha ogHOoponHoM ydacTke BC HeoOxoammo c
MIOMOIIbI0 KYPCOPOB BHIOPATh JIBE€ TOYKH, OTCTOSIIHME JIPYr OT JApPyra Ha M3BECTHOE PACCTOSHHE
AL=L,-L; , nHatipumep 1 KM u ONIpeNIenTh B HUX YPOBHU CUTHAIIOB Y, U Yy, . Torna kodddumment
3aTyXaHUs

a=Y2 e (3.3)

OOwiee 3aTyxaHue Ha OHOPOJHOM Y4acTKE MOKHO ONPEAETUTh 110 BEIPAXKEHUIO
a=a-L, nb, 3.4)
a TaKKe KakK pasHOCTb YPOBHEH CHUIHajga MEXAYy JBYMs KypCOpaMH, COBMEILIECHHBIMH C

MHTEPECYIOIIUMHU HAaC TOUYKaMU./1Jis MOBBIIIEHUS! TOYHOCTH U3MEpPEHHH Yy HE0OOX0IMMO YMEHBIIUTD
LEHY JEJIEHHUs 10 OcH Y.

3.2.3. OOOPMJIEHME PE3YJIbTATOB HABJIIOJIEHUM

[TpoBenure m3mepenus amuasl BC1 n BC2 (npu ogHo#W nnmHe BONMHBI A = 1.3 MKM).
N3mepenns kod3hdummenTa 3aTyxaHus IPOBOJIATCS Ha JIBYX JUIMHAX BOJH, KOTOPBIE UCIIONIB3YIOTCS
¢ mauabM TanioM BC, Hanpumep it MBC wva 4=0.85 u 1.3 mxm, a qyis OBC va A=1.3 u 1.55 mxm.
PesynbTarsl u3mepeHuii u pacyeToB BHecuTe B Ta0uiy 3.1.

TABJIMIA 3.1
AMKM BC L,km Y.1,0b6 Y2,0b AL, km 0,0b/km a,0b
1.3 BCl1
BC2
BCl1 -
BC2 -

3.3. ONPEJEJIEHUE INIUPUHBI MEPTBOI 30HBI

"MeptBas 30Ha" oOpasyercs u3-3a HaceimeHus DIIY. B 3Toil 30HE HEBO3MOXKHO
MpOBEJICHNE U3MEPEHHUH, B YaCTHOCTH HEBO3MOXKHO OOHAPYKUTH JaXke oTpaxkeHue ot oopwiBa BC.
Jns u3mepeHus: mupuHbl "MepTBOM 30HBI" L,, HEOOXOIUMO BBIOpATh HaYaJIbHBIM Y4aCTOK
pedIieKTorpaMMBbI ¢ IEPBBIM KYPCOPOM, YCTaHOBJIEHHBIM Ha paccTtosiHue Ly = 0.

upuny "MEepTBOI 30HBI OMPEAEISAIOT C MOMOIIBI0 BTOPOTO Kypcopa, HaOmoaas 3a YPOBHEM
curHana. KoHerr 30HbI COOTBETCTBYET Havally pacCEeSHHOTO cUTHaia. M3mMepeHnust MOXHO TTPOBECTH
a1 ogHoro BC, xoTopblil Hago yka3aTh B oTuere. Pe3ynbTarbl M3MEpEeHHil HIHMPUHBI "MEPTBOM
30HBI" B 3aBUCUMOCTH OT JUTUTEILHOCTH UMITYJIbCA U JJIMHBI BOJTHBI TOMECTUTE B Tabnuiy 3.2.
TABJINIIA 3.2

MW LM3’K-M npu Ti,Hc

1.3 20 50 100 500 2000

(") Ipu u3mepeHusIx HEOOXOAMMO CIEAUTH 3a TeM, uToObl DIIY He BXoauio B HACKILICHHUE
OT paccessHHOro curHazia. [Ipu 3TomM 10JKHO OBITH YETKO BUJHO OTpa)K€HHE OT MEPEAHET0 TOpLa.

3.4. UIBMEPEHUE JTUHAMUYECKOI'O JTUAITA3OHA OIITUYECKOI'O
PE®JIEKTOMETPA

JInHaMUYeCKUi JMANa30H ONpENeseT MaKCUMAJIbHOE 3aTyXaHUE BOJIOKOHHOIO TpPaKTa
(BT), npu koTopoMm oTHOLIIEHHE cUTHaNA paccessHHOro oT KoHla BT k mrymy pasao 1.
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JUis SKCIIEpUMEHTANIBHOTO ONpeAeNeHUs TUHaMu4Yeckoro auanazoHa OP Heo0XoauMo HM3MEpHTh

YPOBEHb CUTHaJIa 00paTHOTO paccesHus oT Havana BT Y (cpa3y mocie umiynbca, OTpaKeHHOTO OT

nepensero Topua BT) u yposens myma Y, onpeneisieMblii 10 ypOBHIO MAaKCUMAaJIbHOTO ITHKA.
JlnHaMuueckuil 1Uana3oH ONpeAeIAeTCs M0 BHIPAXKEHHUIO

D=Ys-Yn,0b

3.5)

JvHamuyeckuii auana3oH omnpenensercs Ha amuHax BoiH 0.85 um 1.3 MM  miud
mHoromoa0BeIXx BC u 1.3 u 1.55 ni1st onnomooBeix BC.

Pe3ynbrarthl M3MepeHUl AMHAMHYECKOTO IWAara3oHa OT JJIUHBI BOJHBI A, JIUTEIBHOCTH
uMITysbca 1; M Yrclia HakoryieHui N BHecuTe B Tadiumiry 3.3.

TABJIULIA 3.3
ALMEM N 2000 20000
Tinc 20 200 2000 20 200 2000
1.3 D,0F

3.5. UIBMEPEHUS IOTEPH B CBAPKE

W3mepenus: mpoBOISTCS HA JIIMHE BOJNHBI A=1.3 MKkM. YCTaHOBHUTE TOCIIEAOBATEIHLHOCTh
nonkmouenuss BC (BC1 + BC2). Capure BoJIOKHA, BKIIOUUB pekuM "cBapka'. YOemutech 1Mo
pednexrorpamme, uto BC1 u BC2 cBapeHsl.

JUis TOBBIIEHUS TOYHOCTH HW3MEPEHUH HCHOJIb3YyHTE PEXUM 3JIEKTPOHHOM JIymbl (OKHO) U
YMEHBILNTE IIEeHY JAEJIEHUS 10 OCH Y.

Jis pacnoyio’keHHsl ydacTka peQIieKTorpaMMbl cO CBapkod mnocepenauHe skpaHa OP HyxHO
U3MEHATh KodpdumeHT ycuiienus OIIY u qnurenbHOCTh 30HAUPYIONIEr0 UMITYJIbCA.

BHocuMmBIe cBapKO# MOTEPU MO>KHO ONPEIEINTh METOJOM TPEX KYpCcOpoB. B coBpeMeHHBIX
OP nns 3TUX M3MEpEeHUil Bce Kypcopbl YCTaHABIMBAIOTCA Ha peQuIeKTOrpaMMe OJHOBPEMEHHO U
pacyeT MoTepb MPOBOIUTCS IO 3aJ0KEHHOW B mporpamMmHoe obecneuenue OP ¢opmyne. Ha
puc.3.1 mnokazaHa TUNMYHAs peQUIEKTOrpaMMa OTpPaXKAIoUIel HEOJHOPOJHOCTH, HAIPUMED
pa3bEMHOTO COEIMHEHUS.

[lepBbIii Kypcop yCTaHaBIMBAIOT B Touke, cooTBercTByrome koniy BCIl. Ewmy
COOTBETCTBYIOT paccTosHHe [; M curHan oOparHoro paccesHust Y1. Kypcopsr 2 u 3
yCTaHaBIWBAIOTCS Ha ojHOpomaHOM yuacTtke BC2. Ilpu »TOM (UKCHUPYIOT COOTBETCTBYIOIINE
YPOBHH CUTHAJIOB Y3, Y3 v paccTosinus [y, 3.

3a moTepH B COEMHEHUU TPUHUMAETCS Pa3HOCTh ypoBHEH Y4 =Y u Yp. Touka A HaxoauTcs
B TOYKE Hayajla CThIKAa Ha PAacCTOSIHUM [, a Touka B HaxoauTcs Ha mepeceueHuu Kypcopa 1 ¢
IpSIMOM, alMpPOKCUMUPYIOLIEH curHan oopaTHoOro paccesHus Ha yuyactke BT nmocne coegunenus.

Anmpoxkcumanus MpOU3BOJUTCS MO JBYM TOYKaM, OINpEAENsieMbIM Kypcopamu 2 u 3.
Kypcop 2 cnegyer pacronaraThb HENOCPEICTBEHHO IMOCHE CTHIKA, B TOYKE, KOTOpas JIEXHUT Ha
JMHEHHOM y4YacTKe CUTHaia oOpaTHOro paccesHus. Kypcop 3 noimkeH jeaTh, KaKk MOXKHO Jaliblile
OT CThIKa, HO Ha IMHEIHOM y4JacTKe CHTHaja oOpaTHOro paccestHusl. Toraa Jij1s BHOCUMBIX MTOTEPh B
Pa3beMHBIX M HEPA3bEMHBIX COCIMHEHUAX OYAET CIpaBeIuBO:
gy Bl Bl
372 372

a.

(3.6)
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‘El £2
Puc. 3.1. U3mepenue BHOCHMBIX ITOTEPh B COEAUHEHUH METO/IOM TPEX KYpCOpOB

Pesynbrar pacuera morepb MOXKET B HEKOTOPBIX CllydasX HMETb OTPULIATEIbHBIA 3HAK.
OTtpunarenbHble IOTEPU B CBapKe (PU3MUECKH HE BO3MOXKHBI. Takol pe3ynbTaT CBUAETENbCTBYET O
TOM, 4TO cBapuBaeMble BC uMeroT pa3Hblie 3HaUCHUS KOAXPPHUIUEHTOB paccestHus U (W) pa3HbIe
quciIoBble anepTypsl. [Ipudem ypoBeHb oOpaTHOro paccesHus Bo BropoMm BC B 3ToMm ciydae, kak
IIPABUJIO, NPEBBIIIAET COOTBETCTBYIOLIUI YPOBEHb B 1epBOM. OOBIUHO MPU 3TOM HAOIIOJAIOTCS U
3HAYUTENbHBIE PACXOXAEHUS B Kodddunuentax 3atyxanus »tux BC. B cBa3u ¢ stuM npu
U3MEpeHUn MnoTepp B coequHeHusx BC ¢ pasnuuHbiMM NapaMeTpamMu METOJ0M OOpaTHOIo
paccessHUs] BO3HUKAET METOIMYECKasi IIOIPEIIHOCTb.

JUJ1 MCKIJIFOUEHHUS 3TOM MOTPEeIIHOCTH HEOOXO0AUMO MPOBOJUTH U3MEPEHHs ¢ IBYX KOHI0B BT,
T.€. IPOBECTHU JIBa U3MEPEHUs NOTEPh B CThIKe NpH noakmoyeHusax (BC1+BC2) u (BC2+BCl).

Ha puc.3.2 noka3ansl peduieKTorpaMMBbl, WITIOCTPUPYIOIINE TAKYI0 U3MEPUTEIBHYIO CUTYAIIHIO.

Y, ab

a L, kM
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Y, 1B

AY

4] L, kM

Puc.3.2. PeduiekTorpaMmsl, 3aperucTpupoBaHHbie ¢ 000oux KOHIOB BT

HOTepI/I B CTBIKC ONIPCACTIAIOTCA 11O BBIPAKCHUTIO
asl + ds2

=T 3.7
a p (3.7)

TJ€ dy, ds2 - IOTEPHU B CTHIKE, H3MEPEHHBIE C pa3HbIX KOHIOB BT.

Jlia ompeneneHust CpeAHMX MOTepb ac npu cBapke BC u uX cpeaHekBaapaTHUYECKOIro
otkyoHeHus (CKO) mpoBeanTe MHOTOKpaTHbIE M3MEpeHUs (He MeHee 5) morepb B cBapke. s
ATOrO MOCJIE U3MEPEHHUS NIOTEPH B OUEPENHOM cBapke mpoussennute ckoia BC 1 noBTOpHYIO CBapKy.
[Tpy BO3HMKHOBEHMHM aHOMAJIbHOM CBApKU € OONBIIUM (PPEHENEBCKUM OTPAKEHHUEM IMPOBOJIUTCS

MOBTOPHAsl CBapKa, a aHoMalibHas cBapka urHopupyetrcs. Cpemanue norepu as u CKO s(ay)
oTpezieNisieM Mo CIAeAYIOUUM BBIPAXKESHUSIM:

a=1%a,, s(as)=\/i Slas-a) (3.8)

nj=i n-1j=1

TJIE j - HOMEP CBapKM.

Pe3ynbrarel u3MepeHuii U pacyeToB moMecTuTe B Tadauiy 3.4.

TABJIMIIA 3.4
Ne| IMoak JKCIepUMEHTAIbHbIC JaHHbIE Paccuuran.
Ja BeJTUYHHBI
L1 L2 L3 Ysl Ysz Ys3 Ag; as | as S(as,')
1| BC1
BC2
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2 | BC1
BC2
5| BC1
BC2

3.6. UIBMEPEHHUE BO3BPATHBIX IIOTEPHb B HEOJHOPOJHOCTH

[Ipu cBapke BC cymiecTByeT HEKOTOpasi BEpPOSTHOCTh BOZHUKHOBEHHMSI JIE()EKTHBIX CBApOK,
KOTOpbIE MPEACTABISIOT COOOH OTpaXkarolue HEOJHOPOAHOCTH, KOTOPBIE XapaKTEePHU3YIOTCS
Bo3BpaTHbIMU moTepsiMu (1.6). B nanHo#l nabopaTopHOil yCTaHOBKE MPHUMEPHO dYepe3 IsTh
YCIICIIHBIX CBApOK TMOSBIAETCS oaHa aedekTHas ¢ oTpaxkeHueMm or Mecra crtehika BC. Ee
HE00XOIMMO HaWTH, HECKOJIBKO pa3 MOBTOPHUB MpOIleAyphl cBapku u ckoia BC.

Jns  ompeneneHuss BO3BpPATHBIX TOTeph ¢ momomplo OP  HEoOXoauMo MONy4HTH
peduektorpamMmmy (puc. 3.3), Ha KOTOPOIl BUJIEH BBIOPOC CUTHANA, 00YCIOBIEHHBIN (hpEeHENIEBCKUM
OTpa)KeHUEM Yy B pa3beMHOM COCIMHEHHHU. DTOT BHIOPOC HE JIOJHKEH BBI3BIBATH Neperpy3ky PIIY,
T.€. YPOBEHb Y MOJIKEH JiexkaTh B npeaenax skpana OP. Eciu 3TOT ypoBeHb BBIXOAMT 3a Mpeieibl
9KpaHa HEO0OXOAMMO yMeHbIIHTH Kod(p¢uinment ycunenus PIIY. 3arem mo pedaextorpamme
U3MEPSIOT YPOBHH CUTHANIAa 00pPaTHOTO paccesHus Ys U Yr.

-----------------------------------------------------------------------------

Puc. 3.3. Meroavka u3MepeHnst BO3BpaTHBIX ITOTEPh

Jliis pacdera BO3BpaTHBIX IOTEPh MO PePIEKTOrpaMMe UCIOIb3YIOT BIPaXKEHHUE:!
Y=Y,
t- F s
a,=-2-Y,—-10-1g——-10-1g| 10 > -1} (3.9

tt()

rne Yso - oTHocuTenbHbI ypoBeHb COP npu AUTENBHOCTH 30HAMPYIOIIETO UMITYIIbCA fip;
t; - IIMTEIFHOCTh 30HIUPYIOUIETO HMITyJIbCca, IPH KOTOpOHW Obla 3aperHcTpHpOBaHA
peduexTorpamma.

Jns tip=1 HC TUMHMYHBIE 3HAYEHUS 3aTyXaHWUsS OOpaTHOTO paccestHus Yso Ui CTaHIAPTHBIX
BC npusenens! B a0 3.5.
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Taoauna 3.5

Tun BC JlnuHa BOJIHBI, MKM Yso, nb
0.85 -35
MBC
1.3 -37.5
1.31 -39.5
OBC
1.55 —40.5
4.COAEPKAHUE OTYETA

Otuer no J1a6opaTopHON padoTe N0JIZKEH CO/IePKaATh:
1. YOpoIIeHHYI0 CTPYKTYPHYIO CXeMY ONTHYECKOTo pedrekromerpa.

2. Pe3ynpTarhl HaOMIOJEHUN U U3MEPEHUH 110 YHKTaM:

2.1. Pesynbrarhl u3MepeHui, pacuera, Bbisoj 0 Tune BC u 2 peduiekrorpaMmmesi;
2.2. Pe3ynpTaThl M3MEpPEHMH M pacueToB [UIMHBI, KO3((UIMEHTa 3aTyXaHus M O0OLIero

3aryxanus qByx BC Ha nByx nnunax BosH (Tadauna 3.1) ;

2.3. Pe3ynbTarhl U3BMEPEHUN LIMPUHBI MEPTBOU 30HbI (Tabauua 3.2) ;

2.4. Pe3ynbrarhl U3MEpEHUs AUHaMHueckoro auanasona OP (taduamua 3.3) ;

2.5. PGSYJ'IBTaTBI MHOI'OKPATHBIX I/ISMCpCHI/Iﬁ IIOTCPb B CBAPKE U PE3YJIbTAThI CTaTHCTHYECKOMH

00paboTKH pe3yabTaToB HaOMoIeHuH (Tadauna 3.4) .

2.6. Pesynbrar uzmMepeHus: BO3BPaTHHIX MOTEPb.
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JJABOPATOPHASA PABOTA Ne2
ONPEJEJEHUE ONTUYECKUX UHTEP®ENCOB HA OCHOBE PEKOMEHJIALIUIA
MC3-T G.957 M G.961. BLIBOP AIIMAPATYPbI BOCII CLIU
U TUIMA OINITUYECKOI'O KABEJISI

Lenb paGoThI:
OBnazieHre HaBbIKaMHU PabOThI C ONTUYECKUMU U3MEPUTEIILHBIMU TPUOOpamMu.
. OBnazeHne METOIMKON U3MEPEHUS TAPaMETPOB ONTUYECKUX ITACCUBHBIX
KOMITOHEHTOB.
3. HM3mepeHue nmapameTpoB ONTHUYECKUX MACCUBHBIX JIEMEHTOB.

N —

JlabopaTopHO€e 000pYIOBAHUE.
. JJabopaTOpHBIi CTEH]T C ONTHYECKUMHU TTAaCCUBHBIMU KOMITOHEHTaMH.
. OnTryeckre u3MEpUTEIIbHBIC TTPHUOOPHI.

N —

JlabopaTopHOe 000pyAOBaHUE MO3BOJISIET BHIIIOJIHUTD CIETYIOIINE PaOOThI:
1. I'pagynpoBka 351eKTpOHHOTO 6J10Ka «ICTOUYHUK ONTUYECKOTO CUTHAIA

2. 3mepenne napaMeTpoB pa3bEMHBIX COEAUHEHUN ONTUYECKUX BOJIOKOH.

3. I3MepeHne napameTpoB HEPA3bEMHBIX COEAUHEHUM ONITUYECKUX BOJIOKOH.
4. 3mepeHue napaMeTpoB ONTUYECKUX aTTEHIOATOPOB.

5. I3MepeHne napameTpoB ONTHYECKOTO PA3BETBUTENS.

ConepxaHnie 0OT4ETOB O paboTaM.

1.Ha3Banue nabopaTopHoil paboThl

2.1lenb paboOTHI

3.CocrtaB 000pynOBaHUS

4.CxeMbl M3MEpEHUN

5. Tabauupl ¢ U3BMEPEHHBIMU M PACCUUTAHHBIMU BETMUMHAMU
6.AHanu3 pe3yJabTaToOB U3MEPEHUI

OrnagneHue.
1. Kpatkue TeopeTHuecKHe MOJIO0KEHHUS cTp.4
2. CocTtaB yCTaHOBKH ctp.14
3. W3mepurenbHble MPUOOPHI cTp.15
4. Tlopsimok paOOTHI ctp.20
5. CnucoK HCNOJIb30BAHHOW JUTEPATYpPhI cTp.27
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l.KpaTKne TCOPETUYECCKUEC MMOJTOKCHUA

B mpormecce CTpoUTENbCTBA M IKCIUTyaTallud BOJIOKOHHO-ONTHYECKUX CETEM
CBSI3U HCIMOJB3YETCS IIUPOKUN CHEKTP ONTHUYECKUX MACCHUBHBIX KOMIIOHEHTOB
(pa3nuyHbIe TUITBI ONTHYECKUX COSAUHUTENEH, pa3BeTBUTENCH, aTTEHI0ATOPOB U JIp.).
[To Mepe pocTa CIIOKHOCTU U YBEIUYEHUS MPOTSKEHHOCTH CETEH POJib ONTUYECKUX
MACCUBHBIX KOMIIOHEHTOB BO3pacTaeT. B CBs3W ¢ 3TUM BO3pacTarOT TpeOOBaHUS K
KBATM(PUKALMUA CHEIUATUCTOB B 00JACTH TEIEKOMMYHUKAIIMI MPU pElICHUH 3a1a4
MPOCKTUPOBAHUS U IKCIUTyaTallUM ONTUYECKUX ceTed. B pesynbrare BHINOTHEHUS
HACTOSIIeW JlabopaTOpHOM pPaOOThl CTYACHTHl O3HAKOMSTCS C KOHCTPYKIIHEH
HEKOTOPBIX TUIOB ONTUYECKUX MACCUBHBIX KOMIIOHEHTOB, METOJIMKON U3MEPEHUS UX

OCHOBHBIX APaMETPOB.

1.1 Pa3znemHuble COeANMHUTE/IN OITHICCKHUX BOJIOKOH.

OnTuyeckue pa3beMHbIE COCIUHUTENH (KOHHEKTOPHI) MpEIHAa3HAYCHBI IS
MHOTOKPAaTHOTO COEJUHEHMsI/PacCOeIMHEHUsI KOHIOB JIBYX ONTHYECKHUX BOJIOKOH
(OB). OOGbMHO OHM UMEKT KOHQUTYpallud «BWIKAa-po3eTkay. [lpuHnmmn
OpraHu3alliy TaKOT0 COCAUHEHUS 3aK/IroUaeTcs B cieayronieM (puc. 1.1):

- Topisl cThikyeMbix OB ounmiarorcss 10 o6onouku (guametp 125 MKM 171 Beex
OB);

- OYMIIEHHAas 4YacTh | BOJIOKHA MOMEMIAETCS B HAKOHEUHUK 2 (auamerp 2,5 Mm),
duKcUpysaCch C TOMOIIBIO DJMOKCUIHOTO KOMMayHAa. HakKOHEYHHK MOXKeT
BBITIOJHATHCS U3 METAJUIa WIIH KEPAMUKH;

- TOBEPXHOCTh HAKOHEYHHMKA CHEUUalbHbIM 00pa3oM oOpabarbiBaeTca U
TOJIUPYETCS;

- COCIMHEHUE TOPIIOB BOJOKOH OCYIIECTBIISCTCSA MyTEM pa3MEIICHUs HAKOHEUHUKOB
JIBYX CTBIKYEMBIX BOJIOKOH B IICHTPUPYIOIICH BTYJKE 3 PO3ETKU;

- B COCIUHEHHOM COCTOSIHMH TOPIIbI CTHIKYEMbIX HAKOHEUHUKOB MPYKUMAIOTCS IPYT
K JIPYTY C ONpEICNICHHBIM YCHJIMEM C MOMOIIBI0 COCIMHUTENBHOIO MexaHu3ma 4.
Bo3nukaromas snactuyHas aedopmanus obecriednBaeT (U3MYECKUN KOHTAKT
BOJIOKOH.

KadectBO pa3peMHOTO COCIMHEHHSI XapaKTEPU3YeTCS BHOCUMBIMU U
BO3BPATHBIMU TTOTEPSIMH.

[IpyuriHAMU BHOCHMBIX TIOTEPh SIBJISIOTCS TOTPEIIHOCTH B Teomerpuun OB
(HEKOHIIEHTPUYHOCTh, SJUIMITUYHOCTh, pa3juyve JIUaMETPOB CEpAIEBUH) U B
IOCTUPOBKE, BO3IYIIHBIA 3a30p MEXAy TOpLAMH, 3arpsS3HEHUE TOPLEBbIX
TMOBEPXHOCTEU U JP.
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BenuurHa BHOCHMBIX TTOTEPh paBHA:
A= -10 lg Peoix/PBX, n1b (1.1)

rae Peeix M PBX — MOIIHOCTE ONTMYECKOTO M3JIYYEHUS HA BBIXOJE U BXOJE
ONTHYECKOI'0 COCAUHUTEIIS.

OCHOBHOM IPUYMHOM BO3BPATHBIX MOTEPH ABISETCS GPEHETEBCKOE OTPAKEHUE
W3JIy4YEHUsT HA TPaHULAX JIUAJIEKTPUK-BO3AYyX W BO3AYX-AUAIEKTPUK. Bennuuna
BO3BPAaTHBIX IIOTEPH PABHO:

Re= -10lg Po1/PBx, 1b
(1.2)

rac Pot- MOITHOCTDb OTPAXXCHHOI'O U3JIYYCHUA.

[Tnockue TOpIbl COSUHAEMBIX HAKOHEUYHUKOB HE 00ECIEeUMBAIOT TPEOyeMbIX
nokaszareyied kadectBa coenuHeHus. [lodToMy Ha TmpakTHKe MpPUMEHSETCS
chepudeckoe 3akpyrieHue Topios, ooo3Hauaemoe PC (physical contact). Paznuuator
JIBa TUTIA 3aKPYTJICHHUS.

Y mepBoro Tuma cdepudeckoe 3akpyrienue paauycom  (0..25mm
MEePIECHIUKYJIIPHO OCU BojokHa (puc.l.2.a)). B 3aBucuMocTH OT BUa MOJHUPOBKH,
KOKIOMY W3 KOTOPBIX COOTBETCTBYET ONPEICICHHBIM YPOBEHb OOPATHOTO
OTpaXEHUSI, TPUMEHSIOTCS 0003HAYCHHMS:

-PC- nopmanbsHas nonupoBka(kodgunrent odpatHoro orpaxenus a0 -301b);
-SPC-cynepnonupoBka (z10 -401b);
-UPC-ynbrpononupoBka (10 -501b).

VY Btoporo tuma (puc.1.2.6) chepuueckoe 3akpyriieHHE paaumycom 5...12mm
PacCIIOJIOKEHO 1o yriioM 8...9 k ocu BojokHa. O003HAUCHHE:

-APC- yrnoBoe (koddurueHt oopaTHoro orpakenus 110 -701b);
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Puc 1.2

st obecnieueHust (pU3MUECKOTO0 KOHTAKTa TOPIIOB MPUMEHSIIOTCS Pa3IMYHbIE
THUIIBI COCAMHUTENIHBIX MEXaHU3MOB (coeuHuTeNeil). B HacTosIiee BpeMs Ha ceTsixX
CBSI3U OOIIETO MOJIb30BaHUS UCIIOJIb3YIOTCSI B OCHOBHOM COEAMHUTENIN TUIIOB:
-FC(Fiber connector)- 3aKkperieHHe BUJIKH B PO3ETKE OCYIIECTBISETCA C MOMOIIBIO
HaKUHOU Taliku ¢ pe3bOoil.
-SC(subscriber connector) - 3aKperieHHE OCYIIECTBISETCS C  MOMOIIBIO
3aIIeJIKUBAIONIEr0 MEXaHU3Ma C PUKCATOPOM NP JTUHEHHOM JIBUKCHUHU.
-ST- 3aKkperieHre OCYIIECTBIACTCS C MOMOIILBIO TallKu ¢ OallOHETHBIM KPEILJICHUEM.
JIns CTBIKOBKHM raiika JIMHEWHO MPOJIBUTACTCS BIIEPEN, 3aT€M IMPOBOPAYMBACTCS Ha
90.

KpoMe yKa3aHHBIX BBIITYCKAIOTCSI MHOTOKOHTAKTHBIE COEIUHHUTENH, KOTOPbIC
MOTYT OBITh BBITIOJIHEHBI C TOMOIIBIO CKPEIUICHHUS OHOIMOJOCHBIX COEAMHHUTENCH
(manpumep, ayriekc-SC) Win B BHJIE CAMOCTOSITEIbBHON KOHCTPYKITUH.

OnTuyeckue po3eTKU MOTYT OBITh:

-COCTMHUTEIHHBIMU(TIPOXOIHBIMH )-JUIsI  CTHIKOBKM ~KHHHEKTOPOB OJHOTO THIIA
(manpumep, pozetka FC/APC SM).

-IIEPEXOHBIMU-JJISI CTBIKOBKM KOHHEKTOPOB pa3Hblx TUNOB (Hampumep, FC-ST/PC
SM).

1.2 Hepa3zbeMmHbIe cOeIMHEHUSI.

HepasneMHble coenuHeHUs (CIUIAMCBI, CPOCTKH) TMpeaHa3HAYEHBI  JIs
NMoCTOIHHOTO coeauHeHus: 1ByX OB. OcHOBHOM MeToJa coeauHeHus-cBapka. I[lpu
3TOM BBINIOJIHSAIOTCA CIICAYIOIIME ONEPALUN:

-CHATUE MEPBUYHOTO 3ALIUTHOTO MOKPBITUS C UCMOJIb30BAHUEM MEXaHUYECKOTO MIIU
XAMHUYECKOTO CII0C00a;

-CKaJIbIBaHUE TOPLIOB OB. OcHoBHOE TpeboBaHUE-00eceueHne
MEPIEHIMKYJIIPHOCTH MMOBEPXHOCTHU cKoJia K ocu OB;

-IOCTUpPOBKa-cBeJieHne cepaleBuH OB mo MakcuMymy HpOXOJSIIErOo 4Yepe3 CThIK
CUTHAJIA WJIH 110 TTPO(IITIO TTOKa3aTesst IPETOMIICHHS;

-CBapKa-00BbIYHO C MOMOIIBIO JICKTPUIECKON TYTH;
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B coBpemMeHHBIX CBapOUYHBIX amnmaparax BCE€ OCHOBHBIE OIEparuu
BBITIOJTHSFOTCSI aBTOMATHYCCKH.
Mecra coenunenuit OB 3anumaroT OJJHUM U3 CIAEIYIONUX CIIOCOOOB:
— BOCCTAHOBJICHHE TICPBUYHOTO 3AIIIMTHOTO MOKPBITHS W 3aJMBKA MECTa CThIKa
SMOKUIHBIM KOMIIAyH/IOM;
— C MOMOIIIBIO CHIEIMANBHBIX TUIB3 JJ1s 3alUThI cpocTKOB (I'3C).

I'3C copepxut (puc.1.3) TpyOky 1 u3 marTepuana BBICOKOW TEKYy4eCTH,
METAJUTMYECKUI CTEepKEHb 2 U TepMoycaxuBaeMyto Tpyoky 3. Ilepen cBapkoit '3C
oneBaercst TpyOkoil 1 Ha onuH u3 KoHIOB cBapuBaeMoro OB. Ilocie cBapku ee
HA/JBUTAIOT Ha MECTO CBAapKHU U HarpesaroT. [Ipu 3ToM MaTepuan BEICOKOW TEKY4eCTH
pacruiaBisiercss W ymioTHsercs Bokpyr OB. TepmoycaxkuBaemass TpyOka
yCaKMBAETCS, CKPEIUIsisl BCIO KOHCTpyKIuio. 3aTeM ['3C pa3meniaroTcsi Ha KacceTax B
ONTUYECKUX MY(Tax WU KPOCCOBBIX ITKadax.

KadecTBO cBapHBIX COCAMHEHUI OLIEHUBAETCS BHOCUMBIM 3aTyXaHHUEM.

Puc 1.3 T'mnb3a jy1s1 3alIUTBI CPOCTKOB.

1.3 MexanunuyeckKue COeAUHEHU.

MexaHnueckoe COCIMHEHUE MCIOJIb3YeTCsd OOBIYHO [IJII  BPEMEHHOTO
onHokpatHoro coenauHeHuss OB. OCHOBHBIMH dJIEMEHTAMH  MEXAHUYECKOIO
COCTMHUTEJS SIBJISIFOTCS:

— DJIEMEHT ISl OCTUPOBKHU TOPIIOB COECIMHSIEMBIX BOJIOKOH;
— 3JIEMEHT, GUKCUPYIONUH OThIOCTUPOBAHHBIE BOJIOKHA,
— Marepuan (rejib, CMa3Ka, >KUJIKOCTh M T.A.) C COIVIACYIOLIMM IOKa3aTejaeM

MPEJIOMJICHHUSI.

JI1s FOCTUPOBKM MOTYT MCIIOJI30BAThCS DJIEMEHTHI C V-00pa3HbIMH Ta3aMu
JUTSL pa3MEIICHHS BOJIOKOH U TPYOKH € IPEIIM3UOHHBIMUA OTBEPCTHSIM.

1.4 OnTuyeckue pa3BeTBUTEJIMN.
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OnTuueckuii pa3BETBUTENb NpEIHA3HAYCH [UIA pPa3ACNeHUs ONTHYECKOTrO
u3nydyeHus u3 ogHoro OB Ha HECKOJIBKO WM OOBEAMHEHUS ONTUYECKUX H3ITy4YEHUHN
u3 Heckosbkux OB B oHO BOJIOKHO. B 00mieM ciydyae onTHYECKH pa3BETBUTEIND
NpeACTaBIsieT CoOO0H MHOTOMOPTOBOE YCTPOMCTBO, KOTOpOE MOXKET OBITh
NpPEJCTaBICHO B BUJAE MATPHIBI IEpefadd pa3BeTBUTENS. Marpuma nepenadu-
MaTpulila, HOMEpa CTPOK KOTOPOH COOTBETCTBYIOT HOMEpaM BXOJHBIX IOPTOB,
HOMEpa  CTOJOLIOB-HOMEpaM  BBIXOJHBIX MOPTOB, a DBJIEMEHThl  MaTpPHUIIBI
OpECTaBISIIOT co00i  KOA(pGUIUMEHTH TMeperayd MeEXIy COOTBETCTBYIOIIUMU
BXOJIHBIMU Y BBIXOJHBIMH MOPTAMU MIPH 3aJaHHOM TOJAKIIOUEHUH.

Paznuuaror crnenyromuye BUabl pa3BeTBUTENCH:

— HalpaBJICHHbIE, B KOTOPBIX KOX(PPUIMEHT Mepeaayd MEXIy ONTUYECKUMHU

NOPTaMU 3aBUCUT OT HANIPABICHUS U3ITYUCHUS;

— HEHaIPaBJICHHBIE, B KOTOPHIX KOA(Q(ULHUEHT Nepenayd MeXAY ONTUYECKUMU

OpTaMH HE 3aBUCHUT OT HaIIPaBJICHUS U3ITyYEHUS;

— CIIEKTPAJIbHO-CEJIEKTUBHbBIE, B KOTOPBIX KOXPOUIUEHT Mepeaaud Mexay

ONTUYECKUMU MOPTAMH 3aBUCHUT OT JIJTMHBI BOJHBI ONTHYECKOTO U3ITyUeHUSI.

ITo TEXHONIOrMM U3rOTOBIICHUS PA3BETBUTENHN ITOAPA3ACIIAOTCS Ha 2 TUIIA:

— CIUIaBHBIE, 0Opa30BaHHbIC MYTEM CIIaBIeHUS 1BYX uiau Oonee OB;

— IUIAHapHBIE, U3TOTOBJICHHBIE 110 TOHKOIJIEHOYHON TEXHOJIOTMM Ha KPUCTAJLIE
KPEMHHS, K TOpIIaM KOTOPOTO PHUCTHIKOBBIBAIOTCS JIEHTOUHBIE OB.

Pa3BeTBUTENN MOTYT OKOHIIOBBIBATHCS Pa3beMaMU Pa3IMUHbBIX THIIOB.

Ha npakTuke mmpokoe NpuMEHEHHE HaxoIaT pa3BeTBuTenn X-tuna 2xN (1Ba
BXOAHBIX M N BBIXOJHBIX TOPTOB) M Y-Tuma IxN (oguH BXxogHOM mopT U N
BBIXOJIHBIX). B cocTaB 1abopaTopHOIl YCTaHOBKHM BXOJUT Pa3BETBUTENb Y-THMa 1x2
(puc.1.4), matpuma mnepegadyud KOTOpPOro IpeicTaBiieHa Ttabmumer 1, raoe Pi-
MOIIHOCTH H3JIYYEHHUsI, OCTYNAIOIIUX HA 1-d BXOJHOW WJIM BbIXOJHOW moprt, Kij-
K03 PUIIMEHTHI TIepeaadn ¢ mopTa i Ha MOopT j.

Puc 1.4 Ontuueckuii pazseTButens Y-tUna 1x2.

Tabmuma 1. Marpurnia nepenauu onTHIeCKOro pa3BeTBUTENS 1x2.
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BrixonHbie OPTHI
Bxonnoii mopt
1 2 3
; K12=101g(P2/P1) = K13=10 Ig(P3/P1)
2 K21=10 1g(P1/P2) ; K23=10 1g(P3/P2)
3 K31=101g(P1/P3) = K32=10 lg(P2/P3) ;

K oCHOBHBIM mapaMeTpaM ONTHYECKOTO Pa3BETBUTEIS TAKIKE OTHOCSTCS:

— Ko3((UIIMEHT pa3BETBICHHS, XapaKTCPU3YIOUIUH pacIlpeneeHiue MOITHOCTH
W3ITyYCHHS] MEXKTY BBIXOIHBIMHU MOPTaMH. TaK €CIM BXOIHBIM SIBJISETCS MOPT
1, To K03 GUITUEHTHI pa3BETBICHUS OTIPEICIIIOTCS 10 (OpPMYyTIam:

Kp23= P2/(P2+ P3) ; Kp32= P3/(P2+ P3) (1.3)

B JOKYMCHTAIlMUM Ha PpPa3BCTBUTCIN KOZ)(I)(i)I/IIII/IGHTBI Pa3BCTBJIICHUA MOTI'YT
YKa3bIBATBC: B IIPOLCHTAX

— K03(PUIIUEHT BHOCUMBIX MOTEPh
Kml= (P2+ P3)/P1 (1.4)

AHQJIOTUYHO 3TH MapameTpbl ONPENEISIIOTCA B CIy4dasX, KOTAA BXOIAHBIMH
ABJISIFOTCS] IOPTHI 2 WIHA 3;

— Juana3oH padoymx JUIMH BOJH. BhIMyckaroTCs pa3BEeTBUTENM CIUIABHbBIC
onnookoHHbIe (131010 wmm 1550+10 um), aByxokonHbIe (1310440 u 1550440 uMm),
riaHapHseie (1260...1650 um)

1.5 Onruyeckne aTTeHIATOPHI
OnTtuyeckuii aTTEHIATOP- MMACCUBHBIN AJIEMEHT, TO3BOJISIONIUN OCYIIECTBIISATh
yIpaBisieMoe OcCjla0JIeHMe MOIIHOCTU ONTHUYECKOro curHaja. (OCHOBHBIM €TO
MapaMeTPOM SIBJISIFOTCS BHOCUMBIE TOTEPU

A=-10 Ig(PBbix/ PBX),

rae PBX u PBBIX — MONIIHOCTH ONTHYECKOTO U3JIYYEHUS HA BXOJE M BBIXOJE
aTTEHI0ATOPa COOTBETCTBEHHO.

CymecTByer JBa THIA ONTHYECKUX AaTTEHIOATOPOB: (PUKCUPOBAHHBIC
(IOCTOSIHHBIE) U IEPEMEHHBIE.

B ¢ukcupoBaHHBIX ONTUYECKUX ATTCHIOATOpPaxX TpeOyeMble BHOCHMbBIC TIOTEPU
00eCcTIeurBaIOTCSl BO3AYIITHBIM 3a30POM WJIM TTOTJIOMIAIOIIMM ONTHYECKUM (QUIBTPOM
Mexay Topuamu coenuHsembix OB. B mepeMeHHBIX ONTHYECKUX aTTEHI0ATOpax
IUIaBHAsT PETyJIMPOBKA BHOCHUMBIX TOTEPh OCYUIECTBISETCS 3a CUET M3MEpEHUs
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BEJIMYMHBI BO3AYIIHOTO 3a30pa MexXAy TopuaMu. [1omoOHbIEe aTTeHI0ATOPBHI OOBIYHO
BCTPAUBAIOTCS B KOPITYC PO3ETKHU. /{151 peryaTupoBKH BEIMYMHBI BO3IYIIHOTO 3a30pa
Ha KOPITyCce PO3ETKU pa3MellleHa PeryJIupoOBOYHAs raika.
B kauectBe (PUKCHpPOBAaHHBIX AaTTEHIOATOPOB MOTYT OBITH MCIOJIb30BAHbI
ONTUYECKHE PA3BETBUTEIH C 3aJaHHBIM KO3(PPUIIMEHTOM pa3BETBICHUS.
[IpuMeHeHre TUIaHApHBIX TEXHOJIOTUH MO3BOJIUIO MHTETPUPOBATH HECKOJIHKO
ONTUYECKUX PETYIUPYEMBIX aTTEHIOATOPOB HA OJTHOM KPHUCTAILJIE.

1.6 Onruyeckue HWIHYPBI.
Hcnons3ytoTes 1Ba OCHOBHBIX THUIIA ONITUYECKUX IIHYPOB:

— apMHUpPOBaHHBIC ONTHYECKUMHU COCIUHUTENSIMH Ha 00oux KoHIax (patchcord),
OPUMEHSAIOTCS JJI1 CThIKA ONTHYECKOIO OKOHEYHOIo O0OpYyIOBaHUS C
anmaparypod  ONTHYECKHX  CHUCTeM  Iepenaud, kommyramuu OB,
U3MEPUTEIIBHBIX LIETIEH;

— apMUpOBAHHBIE ONTHYECKUM COCJUHUTEIEM Ha OJHOM KoHIe (pigtail),
INPUMEHSETCS B OCHOBHOM JIJIs1 KOHLIEBOM 3a/1enku OB TMHEHHbIX KaOenei.

Onruyeckue MHYpPHl Pa3IuyarOTCd TUIIOM WU KOJWYECTBOM MCIIOJIb3YEMBIX B
Hux OB, Tunmamu coeaUHUTENEW W BUAOM HUX TMOJHUPOBKH, TAAMETPOM U JJIUHOMU
kabesst. [[BeToBas MapKUpOBKa IIHYPOB: MKEATHIM I[BET JI1 OJJHOMOJOBBIX IIHYPOB,
OPAHKEBBIN WM CEPBIN I MHOTOMOIOBBIX.

JIns apMUpOBaHHUS ONTUYECKUX LIHYPOB MOTYT HCIIOJIB30BATHCA ONTHYECKHUE
COEIVHUTENM PA3JIMYHbIX TUIIOB.

[Iprimepbl MapKUPOBKY ONTUYECKUX LIHYPOB:

OC-SM/2,4mm-FC/APC-FC/APC-2,0 ™M  —  mHYp  ONTHYECKHUH
COCIMHUTEIbHBIN, NaTYKOPA, OAHOMOJOBBIM, HapyXHbIM auametp 2.4 MM,
ontuueckue coenunurenu tuna FC/APC, nnuna mHypa 2M.

HIOC-SM/0,9mm-FC/UPC-p/t-1,5m- 1mHYp ONTHYECKUNA COCAMHHUTEIIbHBIN,
OJIHOMOJOBBIM, HapykHbl auamerp 0,9MM, ONTUYECKUMH COEAUHUTENL THUMA
FC/UPC, nurreiin, nymHa maypa 1,5m.

KOHTpOIBHBIE BOITPOCHL.

1. Ha3nauenune onTH4YeCKOro PAa3bEMHOTO COCAMHUTEIIA.

2. M3 KaKuX 3JIEMEHTOB COCTOUT ONTUYECKUN pa3beMHBIN COCTUHUTEND?

o)

Kak ximaccupuuupyrorcs BWIKM ONTHYECKHX COCAUHHUTENCH M0 THUITY
00paboTKH TOPIIOB BOJIOKOH?

B uéM paznuune Mex1y COETUHUTENBHON U TEPEXOTHON PO3ETKOM?

OCHOBHBIE THIIBI COEIMHUTEIBHBIX MEXaHU3MOB U X MapKUPOBKa.

B dem paznuune coenuHUTEIBHBIX MeXaHu3MoB TUoB FC u ST?

Nk

Kak onpenensitorcss BHOCUMBIE IOTEPU B Pa3bEMHOM coenHennn OB?
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8. OCHOBHBIE IPUYMHBI BHOCUMBIX IIOTEPH B pa3beMHOM coennHennn OB?

9. Kak BbINoNHSAIOTCA cBapHbI coenuHenust OB?

10.Kak ocymiecTBisieTcss 3amMTa CBapHbIX coeauHeHuid OB oT BHEMIHHMX
BO3JICHCTBUIA?

11.113 xakux 3JI€MEHTOB COCTOUT T'MJIb3a 3aIIUThl CPOCTKOB?

12.Ha3HnaueHnue onTHYeCKUX pa3BeTBUTEICH.

13.B uém paznuuue pa3BeTBuTenel X-tuna u Y-tumna?

14.Kak onpenensercs KodQPUIIUESHT nepeaadn pa3BeTBUTEIS?

15.Kak onpeaensercs: Ko3(PpGUIMEHT BHOCUMBIX TOTEPh pa3BETBUTENS?

16.Yem pa3nuyaroTcsi OTHOMOIOBBIA 1 MHOTOMO/IOBBIE ONITUYECKHUE IIHYPHI?

17.B uéMm paznuuue ONTUYECKUX MIHYpPOB TUIOB patchcord u pigtail?

18.3a cuér uero ocyulecTBISETCS OciabJeHue W3IYYEHUsT B ONTHYECKUX

aTTeHIoaTopax?
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2. CocraB J1a00paTOPHOH YCTAHOBKH.

B cocra nmabGopaTopHOM  ycTaHOBKM  (pHC.2) BXOIAT  CIEAYIOIIHUE
AJIEMEHTHI:

2.1 JIBa oTpe3ka YETBIPEXBOJOKOHHOTO  MHOTOMOJIOBOro  Kabenms -
YETHIPEXBOJIOKOHHBIE  MOJNYBWIKK  (HapyXkHass 000J0YKa  OpaHKEBOTO
nBera).OnTuyeckue BOJOKHA KaOejedl ¢ OJHOM CTOPOHBI OKOHIIOBAHBI
koHHekTopaMu SC/PC , HEOKOHIIOBaHHBIE CTOPOHBI TPEX BOJIOKOH IOIMAPHO
COETMHEHBI MEXIY COOO0M ¢ MOMOIIBIO CBAPKH.

2.2 l1Ba OTpe3Ka YETHIPEXBOJIOKOHHOTO OZJHOMOZOBOI'O kabemss —
YETBIPEXBOJIOKOHHBIC TIONYBUJIKH ( Hapy)XHas 000J0YKa >KEITOTO IIBETA).
Onrtuueckue BOJIOKHA C OJIHOM CTOPOHBI  OKOHIIOBAaHBI KOHHEKTOPAMU
tina SC/PC, HEOKOHIIOBAaHHBIE CTOPOHBI TPEX  BOJIOKOH  IIOMAPHO
COEIMHEHBI MEXITy CO0O0H C IMOMOIIBIO CBapKH.

2.3 YuuBepcanbHasi Kaccerta ( CIUiaiic- IlacTHHA ) , HA KOTOPOU 3aMKCUPOBAHbI
B 3AlIUTHBIX THJIb3aX

- TpPHW CBAapHBIX COEAMHEHUS MHOTOMOJIOBBIX BOJOKOH (MM)

- TPHU CBAapHBIX COEAMHEHHUS OJHOMOJIOBBIX BOJIOKOH (SM)

2.4 ]Jlee xommytarmoHHblx KopoOku KK, paccuntannbie Ha & pO3€TOYHBIX
MOPTOB.

B kaxmoil KOpoOKe yCTaHOBJICHBI:

- 4yerblpe coeguHuTenbHble  po3eTkn THna SC/PC (uepHoro uBera),
COEIMHEHHBIE C OJHOU CTOPOHBI ¢ OB 4eTBIPEXBOJIOKOHHOTO MHOTOMOJIOBOTO
Kabesst (MOJyBUIIKA).

- yeTeipe coeauHuTenbHble po3erku Tuna SC/UPC ( cuHero 1uBeta ),
COCIMHEHHBIC C OJIHOH CTOPOHBI C OB 4eThIpeXBOJOKOHHOTO
OJIHOMOJIOBOTO KaOensi ( MOJTYBHIIKH).

2.5 Tlnatel, HA KOTOPBIX YCTaHOBJIEHBI:

- mnepexonHas MmHoromojoBasi posetka (ITP) FC-SC/PC MM c¢ OpoH30BBIM

LHEHTPUPYIOLIUM 3JIEMEHTOM;

nepexoanas ogHomomoBas pozerka (IIP) FC-SC/UPC SM ¢ kepamuueckum

HEHTPUPYIOIIUM 3JIEMEHTOM;

- coenuHuUTEeNbHas MHoromonoBas poserka (CP) FC/PC MM c¢ OpoH30BbIM
HEHTPUPYIOLIUM DSJIEMEHTOM;

- coenuHutenbHas ogHomopoBas posetka (CP) FC/PC SM ¢ kepamudeckum
HEHTPUPYIOLIUM DSJIEMEHTOM;

- (PUKCUPOBAHHBIN arreHtoarop — poserka (AT) FC/UPC SM nns
OJIHOMOJ/IOBOI'O BOJIOKHA;

- (UKCUpPOBAaHHBIN arTeHtoatop-pozetka (AT) FC/PC MM JUISL
MHOT'OMOJIOBOTO BOJIOKHA;

- nepemeHHbId arTeHoaTop — po3etka (AT) FC ans omHomomoBoro wu

MHOT'OMOJ/IOBOTO BOJIOKOH;

OIHOMOJIOBbIM  pa3BeTBUTENb ( Pa3B.) 1x2 ¢ KOHHEKTOpamMu THUNA

FC/SPC.
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2.6 BousiokoHHBIE coeauHUTENbHBIE U mnepexonHblie mHypsl FC MM | FC
SM, SC MM, SC SM, SC-FC MM, SC- FC SM.
2.7 OnTuueckue U3MEpPUTENbHbIE NPUOOpPHl - HMCTOYHUKM  ONTHYECKOIO
U3IYYEHUS] M U3MEPUTENU MOIIHOCTH ONTHYECKOTO U3IY4YeHUsS (THIIbI
UCIIOJIb3YEMBIX B pabOTe MpUOOPOB - MO YKA3aHUIO MPENoiaBaTes)

3.0nTu4ecKkue u3MepUTeJIbHbIe NPUOOPHI

3.1 ManorabapuTHbII UICTOYHUK ONTHYECKOTO n3inydeHus: Photom 362

BHUMAHMUE: ncnyckaemoe npuoopoM nHPpakpacHoe U3jydeHUe HEeBHIUMO,
nomnajaHue ero B IJia3 MoKeT NPUHECTH yuiepo 3peHuio!

[IpubGop cocTOUT U3 OCHOBHOrO OJIOKA W CMEHHOTO aJanTepa BBIXOJHOIO
pa3beMa, THI KOTOPOTO BBIOMPAETCS B COOTBETCTBHHM C THIIOM TIOJKIIFOYaeMOTO
KOHHEKTOpa.

OCHOBHBIC HapamMcCeTpbl HDI/I6ODa:

THIT HCTOUHUKA. .....eveeeiiiiiiiiieeeeeiiieee e e ettt eee e st ee e e e saiiteeeeeeeneeaeee JIa3EpHbIN

JITTHA BOJTHBL. ......uvvvviiiieeeeeeeeeeeeeeieeinrrreeeeeeeeeeeeeeeeeessnnnsssssseeeeseaeeeeeens 1310+30HMm

[IPUMEHAEMOE BOJIOKHO . ....ceeeiiuiiiireeeraaiiereeeesaniirreeeessnnnnreeeseessnnnnenee SM

YpoBeHb BBIXOJIHOTO CUTHAJIA(HEMPEPHIBHOE U3TYUYCHHUE)................ -Snbm

EONI0 720007000703 W0 1 (<) i o1 FOU USRI <10uHMm

BHYTPEHHSISA MOITYTISLIMS. ... .vveeeeeeeieiiieeeeeninireeeseennrrneeesssnnssnnneessesnnns 2;1;0,27xI'n
CW-

HEMOTyJIMPOBAaHHOE

ONTUYECKUN KOHHEKTOP. . .eeeeeuerrreeeeennnrreeeeesssnrrreeesesnssseeessessssseeees FC

[Ipubop aBTOMaTHYECKH BBIKIIOYAaeTCs yepe3 10 MUHYT ¢ MOMEHTa IMOCJEIHETO
HaXKaTHUs Ha JIFOOYIO0 U3 KHOTIOK YIPaBIEHUS TPUOOPOM.

Opradsl VIOpaBJICHUS

— Kunonka ON/OFF — BkJtoueHUE/BBIKIIIOUCHHE (3aropaeTcsl WM TacHEeT
COOTBETCTBYIOIIUMA CBETOAMOAHBIA WHAUKATOP). st oTMeHbl (GyHKUUAU
aBTOMATHYECKOTO  OTKJIIOYEHUs npubopa TMpu  BKIIOYEHUH Mpudopa
YAEpKUBATh KHONKY B TEUEHUU NPUOIU3ZUTENbHO 3ceK. (HayHeT MepLaTh
U3JIy4eHUs ¢ yacToTou 2 I'm).

— Kunonka MOD — BbIOOp 4acTOThI MOJYJISLIMU (3aTrOPAETCst COOTBETCTBYIOLIUHN
WHJIMKATOP).
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ITopsiiok padOTHI:

— CHSTH 3aLIUTHYIO KPBIIIKY U BCTaBUTh B HEE IPUOOP APYroi CTOPOHOIL.

— IlprcoeauHUTP KOHHEKTOpP H3MEPSIEMOW ONTHYECKOM JIMHUU K ajantepy
BBIXOJITHOTO ONITUYECKOI0 pa3beMa.

— Bxumrounts usnmydarens, HaxkaB KHomky ON/OFF. HctouHuk mnpu 3ToM
paboTaeT B pekUMe HEPEPBIBHOTO U3TyUYeHUs (3aropaercs unaukarop CW)

Br100p 4acTOTh MOAYJIAIMH OCYIIECTBIIsSIETCSE KHOMKOH MOD

— Tlpu pa3psine 6arapen UHAMKATOP BKIIOYEHUSI MUTaeT ¢ yactoTo 1 I'm.

3.2 ManorabapuTHblii u3MepuTeIb onTHYeCKO MomHOcTH Photom 211A
OCHOBHBIE MapamMeTpbl npudopa:

Pa0oume UTHMHBI BOJTH......cccocooiiiiiiiiiiiiiieeeeeeeeeeeeee s 850;1310;1550 um
JIAATIA30H UBMEPEHHUM. ....ccceeriieriieeereiiiiieeeeeniiireeeeesnnnreeeeseenannees -70.....+5 nbm
MakcuMabHBIN YPOBEHb BXOJHOTO CUTHAMA.....ceeeeeeevvreeeeennnse. +10 nbm

Ecnu MOIIHOCTH CHTHaNa BBIXOAUT 3a IMPEACNbl JUala3oHa M3MEPCHHH, TO Ha
JIUCIIIEE TTOABUTCS COOOIIIEHNE

— Hi dBm - MomHOCT, cuTHaja MOPEBBIIIAET MAKCHUMAJIbHO JOMYCTUMOE
3HAYCHUC;

— Lo dBm — MOIIHOCTh CHUTHAJIa MEHBIIE MHHUMAJILHO JOMYCTHUMOTO
3HAYCHUS;

[Ipubop aBTOMaTHUECKH OTKJIOYaeTcss uepe3 10 MUH ¢ MOMEHTa Ha)xaTus Ha
M00yr0 KHOTIKY yrpaiienus npuoopom (uaaukaiust AUTO-OFF).

Opranbl yrpaBJICHHUS:

— Kunonka ON/OFF — BkimoueHue/BeikiodeHue. Jljisi OTMEHBI (PYHKIIUU
aBTOMAaTHUYECKOTO  OTKJIIOYEHHUsT mpubopa TpW  BKJIOYEHUH mpudopa
yACPKUBATh KHOMKY B T€UCHUE MPUOJIU3UTEIBLHO 3CEK. (MCUE€3HET COOOIIECHUE
AUTO-OFF).

— Knonka A — BBIOOp JUTMHBI BOJTHBI.

[Topsimok pabOTHL:

— TlpucoeanHUTH ONTUYECKUN IIHYP K MCTOYHUKY CUTHANIa (BBIXOJ MCTOYHHKA
W3JIyYEHUS WM TAaCCUBHOTO DJIEMEHTA), HCMOJb3ysl MPU HEOOXOAUMOCTH
CMEHHBIC aJIalTepPhI.

— BKITIOYNTH UCTOYHHK U3TyUCHHUS.

— BKII0YNTH H3MEPUTETHh MOITHOCTH.

— YCTaHOBHUTH TPEOYEMYIO JIJTUHY BOJHBI.

— CHATB OTCUET.
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bykBa ”B” Ha amciiee yka3blBaeT Ha HEOOXOAMMOCTh 3aMEHBl HCTOYHHKA
nuTanus (barapen).
[Ipu BHEIIHUX AMEKTPOMArHUTHBIX ITOMEXaX HEOOXO0IUMO:
— BBIKJIIOYUTH U CHOBA BKJIIIOUUTH PUOOP, €CIIN 3TO HE TIOMOTJIO, TO
— BBIHYTb M 3aHOBO BCTaBHUTH OaTapero, OJHOBPEMEHHO HAXKaTh U yJEP)KUBATH B
TeYeHUE HECKONIbKUX ceKyHa iBe kHonku ON/OFF u A, eciin He MOMOTJI0, TO
— YCTPaHUTh UCTOYHHK ITOMEX.

3.3 UuaukaTop cpeaHeil MOIHOCTH ONITHYECKOT0 U3JTydeHUus1 «Amas-33)»

[TpuGop npenHa3zHaueH I U3MEPEHUS CpeHel MOIITHOCTH HEMIPEPHIBHOTO U
MMIYJIbCHO-MOIYJTMPOBAHHOTO ONTUYECKOTO U3JIYUYCHHUS, & TAK K€ OTHOCUTEIbHBIX
YPOBHEN MOITHOCTH IIPU U3MEPEHUU 3aTyXaHUS B ONTHYECKUX BOJIOKHAX.

OcHOBHBIC TApaMETPHI:

Paboune CrieKTPAIbHBIC TUATMAZOHBL. ......ccuvvveeenereeeeeereeennn. 800...900 u 1200...1700 am
3HAYCHUS JIJTUH BOJTH KATUOPOBKH. ...eeeeneevreeenereeeenneeeeennne 850+5;1310+10;1550+10 um
Jnamna3zoH UBMEPEHUS MOITHOCTH. .....ccevvveeeeruveeenns -75,0...46,00bM(3*107"...4%10
’Br)

UHCII0 TYEK DHEPTOZABUCUMOM TTAMSTH L. ..ccceeuuuvrreeeeeaaanrreeeeesaaurreeeeesssnunnseeeessannsnnneeesss 50
THIT OITHUCCKOTO COCIMHITEII ... eeevueeerneeeneeenneeernneessnnesnneessnesssessanessnesssneessnnesenns FC

Opradsl VIIpaBJICHUS:

[] «BKJI/BBIKJI»-BKJIFOUEHHE/BBIKITIOUEHUE TTUTAHUS TTpUOOpa

[ «W/dBm/dB»- nepexntodeHune MKaibl, MPEACTABICHUE PE3yJIbTaTa U3MEPEHUS;
MIEPEKIIIOYEHNE B PEKUM U3MEPEHUS U3 PEKUMOB IPOCMOTPA NAMSITH W 3allMCU B
MTaMSITh.

[ «A»-TIepeKTI0YeHUE ATUHBI BOJHbI KaTUOPOBKH.

] «YcTaHOBKA ypOBHS OTCUETAa»- 3alMCh TEKYILIErO MOKa3aHUs B KAUECTBE YPOBHS
oTcueTa AJi1 OTHOCUTENbHOM JIOrapu(PMUUECKUI IITKAIBI.

[] «3anuch»- 3aUCh TEKYIIETO OKa3aHus B IaMSATh.

) «IIpocMOTp»- YTE€HHE U3 ITAMSITH

[1 «JleBo-mipaBO»-KiIaBUIIKA BBIOOpA [JIMH BOJIH KaJIMOPOBKHM M HOMEPOB sUEEK
NaMSATH.

ITopsiiok padOTHI:

— MH3mepenue cpeaHet MOIHOCTH U3JIYYECHUS.
OnTuyeckuid curHai mojaTh Ha BXoJ Npubopa. Pe3ynbTaT u3MepeHus BHIBOJUTCS B
BepxHeil crpoke aucruies. [lokazanus npudbopa OOHOBISIOTCS MPUMEPHO JIBAa pa3a B
CeKyHAy. BpeMs ycTaHOBJIEHMS NOKa3aHWM MOCIE 3HAYUTENBHOTO HM3MEHEHUS
BXOJIHOT'O YPOBHSI MOIIHOCTH — 110 10 cek.

— H3MepeHue 3aTyxaHusi ONITHYECKOr0 TPAKTa:
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* U3MEpPUTH CPETHIOI0 MOIITHOCTh CUTHAJIA Ha BBIXO/I€ UCTOYHUKA CUTHAJIA;
* He OTKJIIOYasi ICTOYHMKA CUTHAJIA, HAXaTh KHOIKY «Y CTaHOBKA YPOBHS OTCUETa» U
nokaaThbed mosiBiaeHus nokaszanus «00,00 dBy;
* MOAKITFOUUTH UICTOUYHHMK CUTHAJIA K BXOJY UCCIEAYEMOTr0 TPAKTA, & CUTHAJ C BBIXOa
TpakTa MoJaTh Ha BXOJ Mpudopa;
* Ha nucIiee 0TOOPa3UTCs 3HAUCHUE 3aTyXaHUs TPaKTa.

— YcTaHOBKa ypOBHS OTCUETA:
* MOAKITIOYNTH TPHOOP K HCTOYHUKY ONTHYECKOTO CHUTHAJIA, YPOBEHH KOTOPOTO
JIOJKEH CIIYKUTh TOYKOW OTCUETA;
¥ MONMy4YMB YCTOMYMBBIA pE3yJIbTaT WU3MEPEHHM HAa [UCIUIEE, HAXaTh KHOIIKY
«YcTaHoBKa ypoBHs oTcuera». [Ipu 3TOM pe3ynpTar aBTOMAaTHUYECKH 3aIIOMHUTCS B
Aderike ¢ HoMepoM «0»;
* 3aTemM mpuOOp Meper €T B peKUM BBIBOJA 3HAYEHUS B €IMHUIIAX OTHOCHUTEIHHOMN
norapudmuyeckor mkanel (dB), ucnonap3yss HOBOe 3HAYEHHE YPOBHS OTCUETa JUIs
npeoOpa3oBaHus pe3yiabTaTa H3MEPEHUSI.

PaboTa ¢ maMsThIO:

— 3anuch MOKA3aHUs B TYEHKY MTAMATU: HAXOASACh B PEKUME U3MEPEHUM, HAXKaTh
KHOIIKY «3aIKch», Ha JUCILIEE MOSBUTCS COOOIIEHNE «3aMHUCh» U HOMEP
SA4YENKH, B KOTOPYIO OyzeT npousBeaeHa 3anuck. C momouipto knaBui «Jleso-
IIPaBO» MOXHO U3MEHUTH HOMEDP STYEHKH. /|15l HOATBEPKICHMS 3aIIMCU HAaXKaTh
Ha KJIAaBUIY «3amuchy, IUIsl OTKa3a OT 3anucu- Ha kiaBuiny « W/dBm/dB»

— TIpocMOTp comepKKUMOTO sSTUeeK MaMATH: HaXkaTh Ha kiasuiy «IIpocmotp», B
HUKHEHN CTpoKe aucruies mosiButcst coodmenune «Urenne NeOy. [lepexon k
HEO0OXOIMMOM STYEHKe OCYILIECTBIIAECTCS C MOMOIIbIO KJIaBUII «JIeBO-TTpaBoy.
Brixoa u3 pexuMa npocMoTpa naMsATH B peKUM U3MEPEHUN HA)KaTHEM Ha
kiapuiy « W/dBm/dB».

3.4 DnexTpoHHblii 010K « ACTOYHUK ONTUYECKOTO CUTHAJIA)

bnox obecrieunBaet:

— TEHEpAIMI0 ONTUYECKOr0 CUTHAJIA Ha JuiMHaxX BoJH 1,33 mxm wiu 1,55 mMkm
(mepexIIroYeHre ¢ MOMOIIBI0 KHONKA «BBIOOp MCTOYHHKAY», BBHIBOJ CHUTHAJIOB
yepe3 pozetku thna FC);

— yIOpaBJCHUE PEKUMOM palbOThl JIA3EPHOTO JMOAA W CXEMbl CTAOWIM3AIUU
ONTUYECKON MOIIIHOCTHU 3a CUET U3MEeHEHMS TOKOB I, I;;

— MHAUKAIMo TOKOB I, I; ¢ moMoIpo npubopoB Ha JTUIEBOM MaHEIH

— MOJYJSLMIO ONTHUYECKOIO M3JIYYCHHUS HUMITYJbCAMU WJIM CUHYCOUJIAIbHBIM
CUTHAJIOM, IIpU 3TOM BeauuuHa [y omnpenensier MUHUMAJIBHBIM YPOBEHb
ONTUYECKOT0 CUTHajNa, [} — ero aMIuimTy1HOE 3HAYECHUE;

— BBEJICHUE TMPEIbICKAKECHUN ONTUYECKOT0 CHUrHajla (BKJIIOUYEHUE KHOMKOU
«lucnepcusi»,  peryiupoBKa ¢  TOMOIIBK  TOTEHIIMOMETpA) IS
MOJICJIMPOBAHUS TMPOILECCa PACHPOCTPAHEHUS MO PEAIBHOM ONTHYECKOU
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JINHUH,

— BBEJCHUE IIyMa B ONTHYCCKUN CHrHaja (BKIOYCHUE KHOMKOH «Illymy,
PETYIMPOBKA YPOBHS C TTIOMOIIBIO IIOTCHIINOMETPA);

— KOHTPOJIb PabOTHI OJI0Ka ¢ MOMOIIBIO OCIIILTOrpada myTéM MOIKITIOUCHHUS €T0
K KOHTpoJibHBbIM ToukaMm KT1,...,.KT6 (pazsémbr CP50);

— TMOJy4YeHWe CHUTHaJla CHHXPOHM3AIuu I ociwiorpada  (paspem
«Cunxp.Oc1.».

Ha puc.3 noka3zana 3aBUCUMOCTb U3JTy4aeMOM ONTUYECKON MOIIHOCTU P OT Toka
Hakaukd [, 3HaueHWe NOPOroBOro TOKa I; COOTBETCTBYET Haudally TE€HEPALUU
KOTE€PEHTHOI'0 M3JIy4eHus JazepHbIM auonom. Ilpm Iy > I, Bo3pacraer ypoBeHb
MOIIIHOCTH CHUTHAJIa, COOTBETCTBYIOIIUIA HYJIO TIPH Iepenadye nu@poBOro CUrHaia.
[Ipu Ip<< I, cHmxkaercs OBICTPOACUCTBUE, YTO BENET K CHUKEHHUIO CKOPOCTU
nepenauu. [loatomy 3Hauenue Iy BeiOupaercs 6m3kum K I

P A | PA

Puc. 3

3.5 DJekTpoHHbIH 0JIOK «POTONPUEMHUK

Bbiiok obOecrieunBaer:

— IlpeoOpa3oBaHue ONTHUYECKOTO CHUTHAda B DIEKTPUYECKHA C TOMOIIBIO
dboToaunoa.
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— TloakmroueHre ONTUYECKOI0 CUTHAJIA OCYIIECTBIIAETCS yepe3 po3eTky tuna FC
“ONTUYECKHUN BXOJ.

— PerynupoBky HampspkeHUs cMelneHuss Ha ¢Goroauojae  (MOTEHIHOMETP
«pEr.CMENICHMs») W €ro WHAWKAIMIO C TOMOIIbI0 Tpubopa Ha JIMIEBOU
TTaHEIIH.

— PerynupyemMoe ycuiieHHE 3JIEKTPUUECKOTO CUTHANIA (PEryJIMPOBKa C MOMOIIBIO
KHOTIOK «4yBCcTBUTENBHOCTH»-0,001;0,01;0,1;1,0).

— Huaukaruio MOITHOCTH ONTUYECKOTO U3IYYEHUs] B OTHOCUTEIBHBIX €UHUIIAX
C TIOMOIIIbIO MPHUOOPOB HA JIUIICBOM TTAHEH.

— KoHTponb cHurHajla Ha BBIXOJIC YCHJIMTENS (pa3beM «BXOJ YCHIIMTEIS») C
MOMOIIIBIO ocuuIIIorpada.

4. Tlopsigok BbINOJHEHHs Ja00PATOPHOIl PadOTHI

Buumanmue:

1. JlazepHoe H3Iy4YEHUE MOXKET NPEACTABISITH OMACHOCTH JJIsi OPraHOB
3pEHUsI.

[loaToMy BKJIIOYAaTh HMCTOYHHKM ONTHUYECKOTO M3JIYYEHHS  CJIENYeT
TOJIBKO TIPU TIOJIHOCTHIO COOpaHHOM J1aboparopHOil padoTe
( ONTHYECKUMH LIHYpaMH COEAWHEHBI BCE DJIEMEHTHI YCTAHOBKH).

2. Tlepen kaxxaoil cOOpPKOM CXEMBbI CHSATH C TOPLIOB ONTHYECKUX BOJIOKOH,
PO3ETOK, pa3BETBUTENS] M ONTUYECKUX NIHYPOB 3AIIUTHBIC KOJITAYKH.
[Tocne okoHuaHusi pabOTHl YCTAHOBUTH KOJIMAYKH Ha MECTO.

3.  He npuxkacarbcsi pykamMu K TOpIIaM OINTHYECKUX BOJIOKOH.

4. He wusrubarb onNTHYECKHE IIHYPHI, TAK KaK 3TO MOXET TMPUBECTH

K TIOBPEXJCHHUIO ONTHYECKOTO BOJIOKHA M BBIBOJY €r0 U3 CTpOS.

Ha maGopatopHoii yCTaHOBKH BBITIOJHSIOTCS CIEAYIONINE PaOOTHI:

4.1 I'pagyrpoBKa 37€KTPOHHOro Osioka ““ MCTOYHMK ONTHYECKOro CHUrHaia ‘.
4.2 3mepeHre napaMeTpoB Pa3bE€MHBIX COEAMHEHHUI ONTHYECKUX MPUOOPOB.
4.3 3MepeHne mapamMeTpOB HEPAZBEMHBIX COCAMHEHWUN ONTUYECKHX BOJOKOH.
4.4 IsMepeHre mapamMeTpOB ONTHUYECKUX ATTEHIOATOPOB.

4.5 3mepeHne mapaMeTpoB ONTHYECKOTO Pa3BETBUTEIIS.

Tunsl ucnonb3yeMbIX B pabOTe U3MEPHUTENBHBIX MPUOOPOB - MO YKA3aHUIO
IIpEeroaaBaTes.

4. 1 I'pagyupoBka 37€KTPOHHOTO Oyioka “ VICTOYHMK ONTHYECKOTO CUTHama“
y

4.1.1 'pagyupoBKa 31€KTPOHHOTO OJIOKa C MOMOIIBI0 Ipubopa ““ Anmaz-33%

e Ha nsnektpoHHOM OJ5ioke pydku peryisaropoB “Iy” m “l; “ ycTaHOBUTH

B KpaitHee yieBoe mojiokeHue. O0e kHOmku ““ Monaynsiust “OTKathbl.
e C nmomompto ogHoMoaoBoro ontuyeckoro muypa FC-FC/PC coenu-

33



HUTH BBIXOJHOW pazbeM “ 1,3 MM” 3JIEKTpOHHOTO OJIOKAa C BXOIHBIM
pazbemoMm mpubopa “ Anmasz- 33 «

e BxiounTh 3J€KTPOHHBINA OJIOK.

e C momoiplo KHOMKHU ~° BBIOOp HCTOYHUKA “ yCTAHOBUTH IAJIMHY BOJHBI
u3nydeHus 1,3MKMm

e Bxumounts npubop “ Anmas - 33 “

e lI3MeHss BenMYMHY TOKa [} OT MUHUMAQJIBHOTO 10 MaKCHUMAJIBHOTO
3HAUYEHUS 4Yepe3 , 3aUKCUpOBaTh M 3aHecTH B Tadiuiy 4.1
3HaYeHus ) , cpelHeN ONTUYECKOM MOIIMHOCTH PCp B OTHOCHTEIBHBIX
€IUHUIIAX HA DJICKTPOHHOM OJIOKE M COOTBETCTBYIOUIME 3HAUYCHUS
momHocTH P u ypoBHsi mourHoctu Pa Ha mpubope ““ Anmasz-33 “.

4.1.2 I'pagyupoBKa 3JEKTPOHHOTO OJoKa C momolibio npubdopa “ Photom 211 A

e Ha nsnektponHoM Onoke pydku perynasaropoB “Ip“ m “I; “ ycraHoBUTB
B KpaifHee jeBoe moJioxkeHue . O0e kHomku “ Moaynsamus “ oT>KaThb.

e C nomombo onHoMogoBoro ontuyeckoro muypa FC-FC/PC coenuHuTh
BBIXOJIHOU pazbeM “ 1,3 MKM “ 3JI€KTpPOHHOTO OJIOKa C BXOJHBIM
pazbeMoM mpubopa “ Photom 211A”

e BriounTh 31eKTpoHHBIH 0ok . C momoipio KHOMKU “ BeiOop uctou-
HUKa “ yCTAHOBUTH JUIMHY BOJIHBI 1,3 MKM.

e Brmounts npubop “ Photom 211A “.

e llsmensis BenuuumHy TOKa [, OT MHMHMMAJIBLHOTO /IO MaKCHUMAaJIbHOTO

3HAYEHUS Yepes Ha AJIEKTPOHHOM OJIOKE, 3aUKCHUPOBATh U 3aHECTH B
Tabnuiy 4.1 COOTBETCTByIOIIME 3HAay€HUs ypoBHSA MomHocTd Ph Ha
npuoope ‘“Photom 211A”

Tabmuna 4.1

[TapameTpsbl DNEeKTPOHHBIA 010K
Il otH.exq
Pcp otH.en

[Tpubop “Anmaz-33 *
PAMBT
PA,nbm

[TpuGop “ Photom 211A *
PPh, 1By | | | | | | |

4.2 H3mepeHne mapamMeTpoB Pa3beMHBIX COCJMHEHUIl ONTHYECKUX

BOJIOKOH.
4.2.1 U3zmepenue napaMeTrpoB coeauHutTenpbHor pozetkn FC/PC MM.
e C nomomp0 MHOromoznosoro onrudeckoro muypa FC-FC/PC MM
COCIMHUTHh BWJIKY MCTOYHHUKA H3IYYEHHUS C BXOJOM HM3MEPHUTENS] MOUIHOCTH.

® BKIIOYNTH MCTOYHHMK U3MEPEHUS W U3MEPUTENDL MOIIHOCTH.
e lI3Meputh MOIIHOCTH W3MyudeHUsi PBX, pe3ynpTaT 3aHecTu B TaOmuily 4.2
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e C MOMOIIbI0O MHOTOMOJIOBBIX OINTUYECKUX IIHYPOB COEAUHUTH OJHY
CTOPOHY PO3ETKH C BBIXOJOM HCTOYHHMKA HW3Ty4YEHHUS, a APYTYIO C
BXOJIOM HM3MEPUTENS] MOIIHOCTH.

e lI3MepuTh MOIIHOCTb M3JIy4eHHS PBBIX Ha BBIXOJAE PO3ETKH, pE3yibTaT
3aHECTH B TaOJIHILY.

e Ormpenenutbh BETUYUHY BHOCHUMBIX MOTEph 1o ¢opmyne (1.1),
pe3yibTar 3aHecTd B Tadiuiy 4.2

Tabmuma 4.2
[Tapamerp Tun poserku
FC/PC MM | FC/UPC SM FC-SC/PC MM | FC-SC/UPC
SM
PBrix, MBT
A,no

4.2.2. HN3mepenue mnapameTpoB coenuHUTENbHOU po3zetkn FC/UPC SM.
[To anamoruu c OPEeABIAYIIUM IMYHKTOM OINPEACTUTh BEIMYUHY BHOCHUMBIX
norepp poserko  FC/UPC SM, 3aMeHMB ONTHYECKME IIHYpPHl HAa
onHomonioBele  FC-FC/UPC SM.
Pe3ynpTaThl 3aHECTH B TaOJIMILY.
4.2.3. U3mepenue napametrpoB nepexonHor pozetku FC-SC/PC
[lo anamoruu ¢ TPENbLAYIIUM ITYHKTOM OINPEAEIUTh BEIMYMHY BHEII-
HUX MoTephb nepexoaHoil pozerkoit FC-SC/PC MM , ucnonb3yss MHOIO-
MonoBble ontuueckue mHypsl FC- SP/ PC MM.
Pe3ynbpTaThl 3aHECTH B TaOIMILY.
4.2.4. U3mepenue napametrpoB nepexonnoit pozetku FC-SC/ UPC.
[To anamoruu ¢ MPEABIAYUIAM MYHKTOM OMNPEACTUTh BEJIMYUHY MOTEPh
nepexognon poszetkn FC-SC/UPC , ncnoisib3yss OJHOMOJIOBBIE ONTHYECKHUE
mHypsl FC-SC/PC SM.

4.3 HN3MepeHne mapaMeTpoB Hepa3beMHBIX (CBAPHBIX) COeIUHEHMA
ONTHYECKUX BOJIOKOH.

4.3.1 HU3mepenue notepb B HEPA3ZbEMHBIX COCAMHEHUAX OJHOMOJIOBBIX
ONTHYECKUX BOJOKHAX.
C nomoIp0 CBapKU COEIUHEHBI OJHOMOJOBBIE BOJIOKHA JBYX
MOJTYBUJIOK (000JI0uKa kentoro 1Bera). CBapHbIE COSAMHEHUS B THIIB3ax
pa3MeleHsl B kaccere (puc 2.)
C npyroil CTOpoHBI BOJIOKHA OKOHIIOBaHbI coeauHurtensmu tuna SC , pac-
MOJIOKEHHBIMM Ha KOMMYTAIIMOHHBIX KOpoOkax (cuHero 1Beta). CBapHbIe
COCIMHEHHUS BBIMOJHEHbI HEKA4YeCTBEHHO (IMOTEpPH BBIIE JOMYCTUMBIX),
YTOOBI 00JIETYUTH U3MEPEHUSI.

[Ipu w3MepeHusx HCIOIB30BATh NIHYPH ONTHYECKHUE COCIUHUTEIHHBIC
tumna [IIOC- SM- FC/UPC — SC/UPC. B ciiyyae ux OTCYTCTBHSI MO>HO BOC-
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nonb3oBathes  mHypamu Tuna  IIOC- SC-SC/UPC ¢ mnepexoaHbIMU
poszetkamu FC-SC.

C nomompto ontudeckoro muypa HIOC-SM-FC/UPC coeauHuTh BBIXO]
UCTOYHMKA M3IYYEHHUS C BXOJOM H3MEPUTENST MOIIHOCTH.

BKJIIOYMTh HCTOYHHMK M3IY4YEHUS M U3MEpUTeNss MOUIHOCTH. M3MepuTh
MOIIHOCTh u3nydeHuss P Ha BbIxoJle MCTOYHMKA u3Iy4deHUs. Pesynbrar
3aHecTd B Tabiuiy 4.3.1.

3aMeHUTh IIHYp Ha HCTOYHMKE u3iydeHuss Ha mHyp HIOC-SM- FC/UPC-
SC/UPC. Ilpucoenuauts UCTOYHUK u3nyudeHus k poszetke 1 (SC/UPC) na
KoMMyTannoHHou kopooke KKI.

C momompto mmHypa IIOC- SM- FC/UPC —-SC/UPC  npucOequHUTH
u3MeputTenabr MomHocTh K po3etke 1 Ha KK2. UM3MepuTh MONIHOCTH
m3nyuenus: PUwm, pesynbraTel 3aHecTd B Tabmuiy 4.3.1.

[ToBTOpUTH M3MEpEHUA, MOCIEAOBATEIBLHO MOJAKIIOYAs HMCTOYHUK
U3IIYYEHUS U WU3MEPUTEIb MOIIHOCTH K po3eTkam 2,3 u 4.

PesynbraTel u3mepeHuil 3aHectu B Tadmuiy 4. 3. 1.

PaccuntaTh BenMuuMHy noTepb A B CBapHBIX COEAUHEHUSX. Pe3ynbTaThl
3aHecTd B Tabmuiy 4.3.1.

Taomuma 4.3.1.

PuH=
Homep poszerkn
[Tapametp 2 4
P Um ,MBT
A ,1b

4.3.2. N3MepeHue mnorepb B HEPA3bEMHBIX COCIUHEHUSIX MHOTOMOJOBBIX
ONTUYECKUX BOJIOKOH.

C nm[oMOUIBI0 CBapKU COEJUHEHBl MHOTOMOJIOBBIE BOJIOKHA  JBYX
noyBWIOK( 00oJiouka opaHkeBoro IBera). CBapHble COEIUHEHUS B
TUJIb3aX pa3MeIIeHbl B Kaccere.

C napyroil CTOpPOHBI BOJIOKHA OKOHIIOBaHbl coeauHutenssmMu tuna SC
(depHOTO T1IBETA ), PACHOJIOKCHHBIMM Ha KOMMYTAIIMOHHBIX KOPOOKaXx.
CBapHble COEIUHEHUS BBINOJHEHbI HEKAUECTBEHHO ( MOTEPU B HHX BBIIIE
JOMYCTUMBIX ).

IIpu u3mepeHusix HCHOJb30BaTh ontudeckue mHypbl Thna [IOC- MM-
FC/PC-SC/PC.

B cnydae ux OTCYyTCTBHSI MOXHO BOCIOJIB30BaThcsl mHypamu IIOC-
MM- FC/PC, IIOC- MM- SC/PC u nepexonusimu po3etkamu FC-SC.

C nomomipto ontuueckoro mHypa [HIOC- MM- FC/PC  coenuHuTh
BBIXOJI MCTOYHUKA U3IYYEHUSI C BXOJOM H3MEPUTENST MOUIHOCTH.
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° BKJIIOYMTh MCTOYHHMK H3IIyYEHHS] W H3MEPUTENh MOLIHOCTH . M3MepuTh
MOIIIHOCTh H3JIy4YeHUuss PHH Ha BBIXOJE HCTOYHHMKA  H3IIyYCHUS
PesynpTaT 3amucath B TaOnuIly.

° 3aMeHUTh IIHYp Ha wucToyHuke wu3nydyenus Ha [HIOC- MM- FC/PC-
SC/PC/ . IlpucoeauHUTh HWCTOYHMK M3JIy4e€HHs K po3eTke 1' Ha
KoMMyTarimoHHo kopoOke KKI1 .

° C mnomompro mHypa [HIOC- MM -FC/ PC — SC/PC npucoeauHuTh
u3Mepurenp MomHOCTH K po3erke 1'Ha KK2. M3mepuTh MOIIHOCTH
P M , pe3ynbrar 3aHectu B Tabiuny 4.3.2.

° [loBTOpUTh  W3MEpEHHsA, TOCIEAOBATENBHO  MOJKIIOYAas  MCTOYHHK
U3IIy4eHUs] M HU3MEPHUTENh MOIIHOCTH K po3etkam 2', 3' u 4' .
Pe3ynpTaTel n3MepeHuil 3aHecTd B Tabmuny 4.3.2.

° Paccuutatp  BeMMUYMHBI ~ MOTEPp A B CBapHbIX  COEAMHEHUSX
MHOTOMOJIOBBIX BOJIOKOH.

Pe3ynbrarel 3aHecTd B TaOdMILy.

Tabmuma 4.3.2.

Puun =
Homep po3setkun
[Tapametp ' 2' 3 4'
PUMm , MBT
A, nb

4.4 N3mepeHue mapaMeTpoB ONTHYECKHX ATTEHIOATOPOB.

4.4.1.MI3mMepeHue BHOCHUMOTO 3aTyXaHUsS MHOTOMOJOBOTO (DUKCUPOBAHHOTO

aTTEHI0ATOpA.

e (C nomonipto MHOroMmonoBoro ontudeckoro muypa FC-FC/PC MM
COCIMHUTH BBIXOJl UCTOYHUKA H3JIYYEHHUS C BXOJAOM HM3MEPUTENS MOIII-
HOCTH.

® BKIIIOYNTh UCTOYHUK M3ITYYEHUS M HU3MEPUTENb MOIIHOCTH.

N3meputh MOIIHOCTH M3JIy4eHHs PBX, pe3yibTaT 3aHECTH B TaOIuUIy.

e (C MOMOUIBI0 ABYX MHOTOMOJOBBIX ONTHYECKUX IIHYPOB COCAUHUTH OJIHY
CTOPOHY aTTEHI0ATOpa C BBIXOJIOM HMCTOYHUKA W3IIyYEHHs, JPYTYIO — C
BXOJIOM HM3MEPHUTENS MOIIHOCTH.

e II3MepuTh MOIIHOCTh M3Iy4€HUs PBBIX Ha BBIXOJI€ ATTEHIOATOPA ,pE3YJIbTAT
3aHECTU B TaOJHUIly.

e OrmnpenenuTh BEIMYHHY BHOCHMOTO 3aTyxaHus mno (opmyne (1.5), pe3yib-
TaThl 3aHECTH B TaOmuILy 4.4.
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Taomuna 4.4

Tun arreHraropa

[Tapamerpsl | MM | SM SM perynupyembiii ( 000pOTHI TalKH )
bukc | huxc

0 1 2 3 4 5 6 7

Pex,MBT
A, 16

4.4.2. N3mepeHre BHOCUMOTO  3aTyXaHUsi  OJHOMOJOBOTO  (DUKCHPOBAHHOIO
aTTEHI0ATOpA.

[lo anamoruu ¢ npeabLAYIIUM IYHKTOM OIPEAEIUTh BEIUUYHHY
BHOCHMOI'O 3aTyXaHHUs OJHOMOJOBOTO (PMKCHUPOBAHHOI'O aTTEHIOATOPA,
3aMEHHB onThdeckrne mHypsl Ha omHomonoBele FC-FC/UPC SM
Pe3ynbTarel 3aHecTH B TaOauLy.

4.4.3 I'pagyupoBKa MEPEMEHHOTO OJHOMOJOBOTO ONTHYECKOTO aTTEHI0ATOPA.

e [lo ananoruu ¢ HpeABIAYIIUM IYHKTOM cOOpaTh CXEMy IJisi U3MEpPEHUS
BHOCHMOTO 3aTyXaHUs PETrYyJHUPYEMBIM aTTEHIOATOPOM.

e (OCTOpPOXKHO, HE TpUIaras YCWUJIUW, IOBEPHYTh PETrYJIUPOBOUYHYIO
raKy aTTeHI0ATOpa MPOTUB YAaCOBOW CTPEJIKUA 10 yHopa.

e I3MepuTh MOIIHOCTh M3NMy4eHUs PBBIX Ha BBIXOJIE€ aTTEHIOATOPA,
pe3yabTar 3aHecTd B cronoer 0 TaOMMIIBI.

e [loBepHYTh PETyJIUPOBOUHYIO TailKy aTTEHIOATOpa IO YaCOBOM CTpeEJKe
Ha OJMH OO0OpOT. 3aMepUTh MOIIHOCTh HU3JIyYEHHUSI HAa BBIXOJAE aTTEHIO-
aTopa , pe3yJabTarT 3aHecTu B crojoer 1 * TaOmuIlb.

e [loBTOpATH TpEeABIAYIIUN TYHKT , TOBOpAuMBas PEryJUPOBOYHYIO TalKy
Kaxapiii pa3 Ha 000poT A0 ymnopa. Pe3ynbTaThl U3MEpEHH 3aHOCUTH
B CTOJOIBI TaOJHUIIBI , COOTBETCTBYIOIIUE YHCITY OOOpPOTOB.

e PaccumTaTh 3HA4YeHHUS BHOCHMOrO 3aTyxaHus A mo dopmyne ( 1.5).
Pesynbrar 3aHectu B TaOmiwmiry.

4.5 H3mepeHHe mapaMeTpoB ONTHYECKOro pa3perBures (tum 1x2).
CocTaB HCIOJIB3yeMOTo 00OpyJIoBaHMs IMOKa3aH Ha puc.4

I'me WU - ucrounuk wuznydyenus , UM — uamepurenb MOIIHOCTH,
OIIl - onTuyeckue UIHYPHI.

38



4.5.1.

nn

ol
FC/UPC SM

Pa3BeTBUTEND

120!

o
FC/UPC SM

Onpenenenve ko3 UIIMEHTOB Mepeaayu.

N3mepute MomHOCTh u3iyueHusi PBx Ha Beixoge MU, coenuHus
ontuyecknuMm wmHypoMm Bbixox MU ¢ Bxogom MM. IlomydyenHble

pe3yabTaThl 3aHECTU B TaOmuILy 4.5 .
Tabmuua 4.5
PBx=

Homep MOIIHOCTh M3JIy4€HHUs Ha BBIXOAHBIX MOPTax,MBT
BXOJHOTO
nopra 1 2 3

1

2

3

e Coenunuth Bbixonq MU ¢ moprom 1 m u3ameputs momHocty P2 u P3, Ha

noprax 2 u 3. Pe3ynbrarel 3aHecTd B TaOIUILy.

e Coenuanth Bbixoa MU ¢ mopTtoM 2 ¥ U3MEPUTh MOIIHOCTH H3IY4YCHHS
Pl u P3 na moprax 1u 3. Pe3ynpTaThl 3aHECTH B TaOJHILY.
e Coenuanth Bbixog MU ¢ mopTtom 3 1 U3MEPUTh MOIIHOCTH H3IYy4YCHHS

Plu P2, na moprax 1u 2. Pe3ynpTaThl 3aHECTH B TaOJIUILY.

Hcnons3yst Gpopmyiibl, IpuBeeHHbIE B Tabauie 1 , paccyuTaTh 3HAUCHUS
kod(punrenToB nepenaun . Pe3ynbpTaThl 3aHeCTH B TaOJUILy.

Tabnumna 4.6

Howmep
BXOJIHOTO

Kosddumuentsr nmepemaun depe3 BXOAHBIC MOPTHI, 10

1

2

3

nopra
1

2

3
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4.5.2. Omnpenenenue koddPuimeHTa pa3BETBICHHUS.



Hcnone3ys moiydeHHbIE pe3ynbTathl U dopmynbl 1.3 , paccuuTarh
3HaueHUs KOA()PUIIMEHTOB pa3BeTBICHUS . Pe3ynbrarhl 3aHecCTH B TaOUILy.

Taomuna 4.7

Howmep
BXOJHOTO
rnopra

KoadduimenTsl pa3BeTBiieHUs] Ha BBIXOJHBIX MOPTaX

KP23

KP32

KP13

KP31

KP12

KP21

1

2

3

4.5.3. OmnpenesnieHUE BHOCUMBIX IOTEPb.

Hcnonb3ys monydeHHble pe3yiabTaThl U dopmyny 1.4 paccuurtarh
BelnurHy BHOcuMbIX moteps Knl , K m2, Kn3.
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