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COJIEP)KAHUE

JlaGoparopnas pabora Ne 1 M3yueHne KOHCTpYKIUid 1 MmapkupoBku HCD.
JlaGoparopnas paborta Ne 2 MccnenoBanue napaMeTpoB Iepeiaud B CHMMETPUYHBIX
HETsX.

JlaGoparopnas padbora Ne 3 HccnenoBanue mapaMeTpoB Mepeiadyd B KOAKCHAIBHBIX
HETsX.

JlaGoparopnasi padora No 4 ccnemoBaHue 3JIEKTPOMArHUTHBIX BIUSHUN MEXITY
CUMMETPUYHBIMU U KOAKCUAIbHBIMH LIETISIMH.

JlaGoparopHast pabora Ne 5 HccrnenoBaHue MpOLIECCOB — PaCHpOCTPaHEHHS
ONTUYECKUX UMITYJIHCOB 10 MHOTOMOAOBBIM BOJIOKOHHBIM CBETOBO/IAM.
JlaGoparopHass pabora Ne 6 IccnemoBaHue MpOLIECCOB — PaCHpOCTPaHEHUS
ONTHUYECKUX UMIYJIHCOB IO OJTHOMOJIOBBIM BOJIOKOHHBIM CBETOBO/IAM.

JlaGoparopnas pabora Ne 7 Ontuueckuii pediekroMeTp.

JlabopatopHast pabora Ne 8 I3mepeHue mnapaMeTpOB MACCHUBHBIX ONTHYECKUX
KOMIIOHEHTOB. MccnenoBaHue MAcCUBHBIX 3JEMEHTOB ONTHYECKOTO JIMHEHHOTO

TpakTa.



JIABOPATOPHASA PABOTA Nel
W3YUYEHUE KOHCTPYKIIM 1 MAPKHPOBKHA HC?D

Heasb padorsl: M3yyeHne OCHOBHBIX KOHCTPYKTHBHBIX 3JIEMEHTOB HaIpPaBJISIOLIUX
CHUCTEM HJIEKTPOCBSI3U — IO KOHCTPYKIUHU ONPENeIuTh TUMN (MapKy) M 001acTb
NPUMEHEHHUs KaOesl CBsI3U.

OcCHOBHBIE TMOJIO:KEHUSI M3 TEOPUM: KiIacCHU(UKAIUS DIICKTPUUECKUX KaOenen
CBSI3U; KOHCTPYKTHBHBIC JJIEMEHTHl (CUMMETPUYHBIE W KOAKCHAJbHBIC) Kaberei
CBSI3U; MapKUPOBKAa M THUIIbI 3JEKTpUYECKUX KabOened cBsizu [l]; anekTpuueckue
kabemu s upoBbIX a0OHEHTCKUX JIMHUN; KiacCU(UKAIU ONTHYECKUX Kadesein
CBSA3U; OCHOBHBbICE KOHCTpPYKTHBHbIE »5JeMeHThl OK wu wmarepuanbl s X
U3rOTOBJICHHS; MAPKUPOBKA ONTHYCCKUX KaOeei cBs3u [1,4].

PykoBogsmme nokymeHTsl MuHHCTEpCTBA 1TU(PPOBOTO Pa3BUTHSA, CBSI3U M MACCOBBIX
kommyHukaiui PO (https://minsvyaz.ru/ru/documents), TOCTs1, OCTs1, Hopmbr Ha
aNIeKTpHUYECKUe mapaMeTpsl kabeneit ceasu (http:/files.stroyinf.ru/list0.htm).
PykoBoactBa u Pexomennanuu. OCHOBHbBIE MOHSATUS U TpeOOBaHUS HOPMATUBHBIX
aKTOB.

KoHTpoJsbHBIE BONIPOCHI

1. Kak xmaccupuiupyroTcs dJIeKTPUIECKUe KaOeIH CBS3U M0 001acTH MPUMEHEHUS
Y KOHCTPYKIUU?

N

Kak xnmaccuummpyrorcs dJeKTpUdecKue KaOemu CBA3M 10 YCJIOBHSAM X
MPOKJIAJAKUA U SKCIUTyaTaluu’?

KakoBbl OCHOBHBIE KOHCTPYKTHUBHBIE AJIEMEHTHI DJIEKTPUUYECKUX KaOeseil cBsI3u?
Marepuaiibl TOKOIPOBOISIINX KU U TPEOOBAHUSI, MPEIBABISIEMbIE K HUM.
OCHOBHBIEC XapaKTEPUCTUKH TUDICKTPUKOB, TPUMEHIEMBIX JIJI U30JISILTUU KU,

3

4

5

6. OCHOBHBIE TUIIbI U30JISUH KU CHMMETPUYHBIX KaOesnel CBS3H.

7. OCHOBHBIE THUITbI U30JISILIUU KOAKCUAIBHBIX Ka0Oesel CcBs3u.

8. Twurmbl CKpYTKH >KUJI B TPYIIIIHI.

9. Twunsl 3aUTHBIX 000JIOUEK U TPEOOBAHUS, TPEABABISIEMbIC K HUM.

10. Tumbr 6pOHENOKPOBOB M TPEOOBAHNS, IPEIBIBISIEMBIC K HUM.

11. Kak MapKupyroTcsi MEXIyrOpOIHbIE CAMMETPUYHbIE KaOeau?

12. Kak MapkupyroTcsi KoakcuaibHbIe Kademn?

13. KakoBbl OT/IIMUKTENIbHBIE OCOOCHHOCTH Kabellel ¢ MCIOJIb30BAHHEM BHUTHIX TIap,
00J1aCTh UX PUMEHEHUS?

14. Kak kinaccuuuupyroTcsi ONTHYECKUEe Kabenu?

15. Kakue KOHCTpYKIIMHU Moysiei npuMeHstoTcsi B OK?

16. Kakoro Haznauenue cuinoBbix aneMenToB B OK, nx maTepuaisi?


https://minsvyaz.ru/ru/documents
http://files.stroyinf.ru/list0.htm

17. HazoBute ocHOBHBIE TpebOBaHuUs, peabsaBisiembie k OK.

Pexomenayemas iureparypa

1. Amngpees, B. A. Hanpasnstomue cuctemsbl aekTpocBsa3u. B 2 1. Tom 1. Teopus
nepeaaur v BIusHUs: Y4ueOHUK mis By30B / B.A. Auapees, D.JI. [lopTHOB u ap. -
7-e u3n., nepepad. u gom. - Mocksa : ['op. nunusa-Tenekom, 2011. —424 c.; . ISBN
978-5-9912-0092-9, 1000 »5x3. — Tekcr : onekrponnbii. - URL:
http://znanium.com/catalog.php?bookinfo=256974

2. TloptHoB D.JI. Onrtuueckue Kabenu CBSI3W WX MOHTaX M HM3MEpEHUe
[DnexTpoHHBIN pecypc]: yuedbHoe nocodue/ [ToptHoB D.JI. — M.: 'opsiuast nuHus -
Tenexom,2012. — 448c. http://znanium.com/catalog.php?bookinfo=333230

3. 10. A. [lapdpenos Kabenu snexrpocssizu. M.: Dko-Tpenns, 2003.-256¢.: ui.
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COopHuk 3amau: YuebHOe mocoOue 1y By30B.— M.: ['opsiuas nunus —Tenekom
2009 r.— 268c.; u.
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JIABOPATOPHAS PABOTA Ne2
NCCIIEAOBAHUE ITAPAMETPOB IIEPEJAYY B CUMMETPHUYHbIX HEITAX

Henb padoThl: 3akperyieHUE IOJIYYEHHBIX TEOPETHUYECKUX 3HAHUN IO PaACUETY
napaMeTpoB Meperayd CUMMETpUYHBIX wened. OBiageHue HaBbIKaMU pPabOTHI ¢
Ka0eIbHBIMU U3MEPUTEIIbHBIMU npubopamu. N3mepenne [IapameTpoB

CUMMETPUYHOTO Kales.

JlaGopaTopHoe 000opynoBaHue
1. CumMmeTpuuHbIii KaOemb.

2. KaGenbnbiit mpuoop UPK-ITPO.

Conep:xanue oTyera no JadoparopHoi padore
1. HaszBanue nabopaTopHOii pabOTHI.
2. llens paboThI.
3. CocraB 1a00paTOPHOTO 00OPYOBAHUSI.
4. Cxembl U3MEPEHHI.
3)

. BBIBOAEL.

Kpatkue TeopeTudeckue moa0xKeHus
KoHCcTpyKTHBHBIE TapaMeTPbl CAMMETPUYHOT0 KaldeJst

OCHOBHBIM 3JIEMEHTOM CUMMETPUYHOTO KaOes sSBISETCS CUMMETPUYHAs LEMb
(CLl), cocrosimiasi ¥M3 ABYX OJMHAKOBBIX B AJIEKTPUUYECKOM U KOHCTPYKTHBHOM
OTHOUIEHHUX U30JIMPOBAHHBIX IIPOBOJHUKOB.
JInd  W3roToBiieHUsT IIPOBOJHMKOB CHUMMETPUYHOM LIENM MCIOJIB3YIOTCA B
OCHOBHOM M€J1b U aIIOMUHHUN. 11X OCHOBHBIE IapaMeTpHl:

— p — ynensHOe conportusienue, pasuoe miusg mexu 0,0175 OMXMM° / M, JIs
amomuaus 0,0295 OMXMMZ/M :

— M — moTHOCTh, 11t Meau 8,89 1/ CM3, uig amromMunus 2, 12 v/ CM3;
— d — AuameTp NPOBOIHUKA;
— Qg — TemmeparypHslii ko3pduureHT comporusieHus, st mequ o = 0,039,

JJIA aJIOMUHUSA aR = O, 0037 .



[To KOHCTPYKLIMH MPOBOJHUKH (TOKOIPOBOISAIIME KHIIbI) MTOAPA3IEISIOTCS HA
UUJIMHAPUYECKHUE CIUIONIHbIE, MHOTOIIPOBOJIOYHBIE (THOKKE), OUMETAIIINYECKHUE.
OCHOBHBIMM MapaMeTpaMu U30JSLUHU (IUDTEKTPUKA) SBIISIFOTCS:
— & — IUDIIEKTPUYECKAS] IPOHUIIAEMOCTD, XapaKTepU3yIoIasl CTEINEHb NOJISIPU3aLNU
3apsiI0B B AUAJIEKTPUKE MPU BO3AECHCTBUU HA HETO 3JIEKTPUYECKOTO MOJIS;

— 19O - TaHrenc yrna AWDNEKTPUYECKHMX IOTEPH, XapaKTEPU3YIOUIUM MOTEPH
BBICOKOYACTOTHOM SHEPIUU B IUDJIEKTPHUKE;

—  — yIeIbHOE JIEKTPUYECKOE COIPOTUBIICHHUE, XapAaKTEPU3YIOIIEE TOK YTEUKH B
JIURJIEKTPUKE;

— V - snekrpuueckas MpoYHOCTh, IIPH KOTOPOU IPOMCXOJUT IPOOOI U30JISIHH.
3HaueHMs] HEKOTOPBIX apaMeTpoB MpuBeaeHbl B Tadmuie 1.

Taomuna 1
tgd, -10™* npu wactore, k'
Tun uzonauuu g,
10 100 250 550
KopnenpHo-OyMaxHas 13...14 55 113 160 280
KopnenabHO-cTUpodiekcHas | 1,2...14 3 7 12 20
moJvdTWIEHoBas crutomuasgs | 1,9 ... 2,1 2 6 8 14
MOJIMATUIICHOBAS TTIOPUCTAs 14...15 3 8 12 20

B cummeTpuuHbIX KaOelsxX OTHAENbHbIE >KWIIbI OOBIYHO CKpPYYMBAIOTCA B
rpynnsl (mapHasi, 3Be3[(Hasi, ABOIIHAas mapHas, JBOWHAs 3BE37HAas U BOCBMEPOYHBIE
CrocoObl CKpyTKH). M3 3THX rpynm MyTeM HX Iy4YKOBOW WM MOBUBHOM CKPYTKU
dbopmupyeTcsi kKabenbHbIN cepreuyHuk. KabenbHbIN cepIeuHrK MOKPHIBAIOT MOSICHOM
U30JSIIMEN U 3aKII0Yal0T B TEPMETHUHYIO 000JIOUKY, MPEAOXPAHSIONIYIO CEPACUHUK
OT BJIaTM U BO3MOXHBIX MEXAHMUYECKHX BO3JEHCTBHMA. B anekTpuueckmx kademsx
CBSI3U MOTYT MPUMEHSTHCS METAJNINYECKUE (CBUHIIOBBIC, alTFOMUHUEBBIC, CTAJIbHBIE),
MJIACTMACCOBBIE (moIMATHIIEH, NOJINBUHWIXJIOPU, MOJIMU300yTUIICHOBbIE
KOMITO3UIIMH ) U METAJIONIACTMACCOBBIE 00OJIOUKH.

Cuapyxu Kkabenss TMoBepx 000JIOYEK PpacroJiaraloTcss OpPOHEMOKPOBHI,
3alMIIAoNMe Kadeab 0T MEXaHMYECKUX MOBpEkJIeHUU. B kauecTBe OpOHM MOTYT
UCIIOJIb30BAThCS CTAIbHBIE JIEHTHI U TOBUBBI U3 KPYTJIBIX CTAJIBLHBIX TPOBOJIOK.

JUisi MapKUpOBKHM AJIEKTPUUECKMX Kaleneil CBsI3W MCHOJb3YIOT OYKBEHHO-
uudposeie obo3Hauenus by, by, bs by — L.

rjae
b; — 6ykBeHHOE 0003HaUYEHHE, yKA3bIBAIOLIUE HA 00JACTh MPUMEHEHUS Kabes:

— MK — marucTpanbHbIi Kabellb CUMMETPUYHBIN;
— KM — kabenp MarucTpanbHblii KOAKCUATBHBIN;

— 3K — 30HOBBII Kabeab CHMMETPUYHBIN;

— BK — BHYTpU30HOBBII KaOelb KOAKCHAJIbHBIN;

— MKT — manorabapuTHbIi KOaKCHATbHBIN KaOelb;
— T — Tenedonnbit Kabenb;

— KC — kabenb cebCKui;




b, — 0003HaueHne THIIA U3OJISAIUHN:

— OTCyTCTBHE OYKBBI — OyMaXkHas;

— C — ctupoduiekcHas;

— II — momm» THIICHOBAS,

b3 — 0003Hayenne THna 000I0YKH:

— OTCYTCTBHE OYKBBI — CBUHIIOBAS;

— C1 - cranbHag;

— I — monmusTHIIEHOBAS;

b4 — Tun 3ammMTHOrO MOKpOBA:

— I' — 6e3 3amuTHOTO TOKPOBA;

— b — OpoHs U3 CTaNbHBIX JICHT;

— K — OpoHs 13 cTanbHBIX KPYTIBIX TPOBOJIOK;
] — mudpsl, ykaspBaromue Ha EMKOCTh KaOelIs.

Hanpumep

MK ¢

Ct UWn

4x4

CepaoeyHuk kabens CoCcTouT M3 4-X CKPYYEHHbIX

YeTBEPOYHbIX (3BE34HbIX) rpynn

Hapy>XHbI NONNITUNEHOBBLIN LUMNAHT

CrtanbHaga obonouka

CTtupodpnekcHas nsonauus

MaructpanbHbii kKabenb CUMMMETPUYHbLIN

ITapaMeTpsl nepexayu CMMMETPUYHOM LeNH

Onextpuyeckue cBoiictBa CLI xapakTepHu3yrOTCs NEPBUYHBIMA U BTOPUYHBIMH

napameTpaMy Mepeaadm.

K nepBuunbiM mnapamerpam CII OTHOCATCS aKTUBHOE CONPOTUBIEHUE U
WHIYKTUBHOCTb IIPOBOJHUKOB, EMKOCTb LIETH ¥ IPOBOJAUMOCTD U30JISALIHH.

AKTHUBHOE COOPOTHUBICHUE

ciara€rca H3 COIPOTHUBJIICHUSA ITPOBOJHHUKOB

nocrosHHOMy TOKy (Rj;) u cocraBmsromux, 0OyCIOBICHHBIX MOBEPXHOCTHBIM

spdexrom (R;5), sddexrom OGmuszoctn mnposoguukoB (R,g) u  BnusnHuem

OKPYKAIOIIHX MeTaIIecKux d1emenToB (R, ).

AxtuBHoe cornpotuBienre CL| B 001ieM ciiyyae paBHO:



R=Ry,+R;; +Ry; +R

= 2Ry x| 1+ F(kr) + ooty <%) L Ou 21)

1— H (kr)- (%) KM

rae y =1,02...1,07 — ko3 HULueHT CKpyTKU

400

COIIPOTHUBJIEHHE MPOBOAHMKA MOCTOSHHOMY TOKY, OM/KM ; (2.2)

zd
P— xoadduument yuuThIBarOmMii BUA CKPYTKH (IS MapHOMl CKpPYTKH paBeH 1,

JIBOWHOM TapHOU — 2, 3BE3THOH — 5);
K =\ ou,0 —ko3ppuimenT BUXpEBbIX TOKOB;

d u I — auameTp u panuyc NPOBOJHUKA, MM;

a — paccTOSTHUE MEXIY [IEHTPaMU MTPOBOJTHUKOB, MM;

F (kl’), G (kl’), H (kl’) — (YHKIMH, MO3BOJISIONINE YYMTHIBATH BO3PACTAHHUE
COTNPOTUBRJICHUS 3a CUET SIBJICHUN MOBEpXHOCTHOTO 3P dekTa u addexra 0au3ocTu;
R,/ — yBeindyeHne COMPOTHBICHMS 3a CYET BIMSAHHS OKPYKAFOIIMX METATMYECKUX

3JICMEHTOB.
s meau (Cu), amomunus (Al)u cramu(Cr)

kre, =0,0105d./f; kry =0,082d\/f; kre, =0,0375d/f.

MHAYKTUBHOCTh CHMMCTpPI‘IHOﬁ Oenu cjaracTcsa mu3 BHEIIIHEH HHAYKTHUBHOCTHU
Oernm u BHYTpeHHefI HMHAYKTUBHOCTH IIPOBOJHHKA

L=Ly, + Ly, = Z[4Inﬂ+ yrQ(kr)} 1074w/ (23)
r

Emkocts CII 6e3 ydeTa 61M30CTH COCEHHX Map:
B g -107°
36In[ (a—r)/r ]
C ydeTroM OJIM30CTH COCEIHUX Map

C=ye, -10_6/[36|n(aw/r)],. (2.5)

re Y — NONpaBOYHbIN KOA((ULMEHT, YUYUTHIBAIOIIMA OJM30CTh METANIMYECKUX

D/xMm. (2.4)

DJIEMEHTOB.
3HaueHus | Ul pa3HbIX TUIIOB CKPYTKU IpUBeeHbl B Tadimue 2.



Tabmuma 2

Tun ckpyTKu ITormpaBouHBI KOAhDPUIHEHT

[Tapnas ) (dn +d, )2 _ a2

" (d,+d,—d)’ +a
3Be3/Had (d +d, )2

3

© (d,+d,-d)’+a

JIBoliHas mapHas (0,65dn +d, - d)
(0,650, +d, —d)? +a?

rac d — AUaMCTP I'OJIOTO ITPOBOJIHUKA,
du — JUaMCTP U30JIMPOBAHHOI'O ITPOBOJHHKKA,

dn, d 51 d on — JHAMETPhl IApHOM, 3BE3AHOM U [BOWHOW IAPHOM CKPYTKH

COOTBCTCBCHHO.

Ecnmu wucnone3yercs KOMOMHHMpOBaHHAs H30JANMS (HAMpUMEp, KOPIAEITHHO-
OyMaskHas, KopaesbHO-cTupodiexcHas), B popmynax (1.3) u (1.4) &, 3amensercs Ha

SKBHUBAJICHTHOE 3HAYCHHE &, 3HAYECHHSI KOTOPOM MIPUBEJCHBI B TA0I. 1.

[IpoBoaumocTs u3ossiuu CILI;

G =Gy +G¢ =Rui+a)C°tg5,CM/KM, (2.6)

3

rae
GO — IPOBOAMMOCTD U3OJISILIUH 10 MOCTOSHHOMY TOKY, CM/KM;

G; — mpoBOAMMOCTD H3OJILHY 110 EPEMEHHOMY TOKY, CM/KM;

Rw — CONPOTHUBJIEHUE M30JALMH 1ienu, OMm;

@ =2r f — xpyrosas actora;
C — eMKOCTb CUMMETPUYHOM IIeTIH;
tgo — rtaHreHc yria AM3NEeKTPUYECKHX MOTEPS.
Jis  KOMOWHUPOBAHHOM  W3OJSIIMM  HMCHOJB3YEeTCS  DKBUBAJECHTHOE
sHagenue 190, .
Ko BropuunsiM mapametpam CL| oTHOcATCS k03D PHUIMEHT pacpoCcTpaHeHus,
Ko3puIMeHTsl 3aTyXxaHus u  (a3pl, BOJIHOBOE COIPOTUBIEHHE, CKOPOCTbH

pacupoCTpaHEHUs AIEKTPOMArHUTHBIX BOJIH BJOJb LENH.
KosdduimenT pacnpocTpaHeHuss 4epe3 NEpBUUHBIE MMapaMeTphbl BBHIPAKACTCS

bopmyIIo:
R+ioL)(G+iwC)=a+if, 1/km, (2.7)

10



rac

a =8, 7|:0,5R C/L +0,5G,/L/C :|I[B/KM — kodddument 3aryxanus (2.8)
L =w~LC pan/km, — kodsddurment dasbr. (2.9)

[Tpu noacranoBke B (1.8) 3HaUeHMI IEPBUYHBIX MTAPAMETPOB

3
— 2,6y 1e-10 (1 +Lj+9,08f\/;tg5-105,ﬂB/KM (2.10)
In[(a—r)/r}

2r a2
BoJIHOBOE CONPOTHBIIEHUE:

ZB:\/L/7C:(120/\/;)In[(a—r)/r],oM (2.11)

CKODOCTB PaCpoCTPaHCHHUA C-)JICKTpOMaFHI/ITHOﬁ SHCPIuu 110 LCIIN:

V =w/B=1/JLC, xuk (2.12)

NMnyabCHBIN MeTO/1 Onpeie/IeHUsI MeCT NMOBPeK/IeHUus Kadeel

MMIynpCHBI METOJ, OCHOBAH Ha UCIOJB30BAaHUU SBJICHUS OTPAKEHUS
JIEKTPOMAarHUTHBIX BOJH OT MECTa W3MEHEHHUS BOJHOBOro conpoTtusieHus CII
(0OpbIB, KOpPOTKOE 3aMbIKaHHE, MPOHUKHOBEHHE Biard B Kabeiab u jap.). Ilpu
COTJIACOBAHHBIX COMPOTUBIIEHUSAX

Z@x = ZH = Z@
rac ng — COIIPOTHUBJICHNEC NCTOYHHNKA HA BXOC JIMHUH,

ZH — COIIPOTUBJICHUC HATI'PY3KHU HA BBIXOAC JIMHHUU, B JIMHUU UMCECTCSA TOJIBKO
nmagaromas BOJIHA.

IIpu HecornacoBaHHOi Harpyske Z, # Z_ TOSBISIOTCS OTPa)KCHHBIC BOJIHBL,

KOTOPBIC B3aUMOJEHCTBYIOT C aJAIOLINMHU, U3MeHsst Z .

KOoNM4eCcTBEHHOE COOTHOIICHHE MEKAY DHEPrHel, MOCTyNaone B Harpy3Ky
¥ OTPa’KEHHOM OT Hee, onpeenseTcs yepes KodPPUIMEHT OTPaKECHHS:
Z -7
K——_H "B (2.13)
Z +7Z
H B
[Ipu Hanpsbkenuu Ha Bxoxe mermu U, HampspkeHHE OTPaKeHHOTO CHTHAJA
pasio U =U_ K, torna:
=oo0 (obpeB), K =1, U =U

IMOJIPHOCTDB, 9YTO U Uex ,

— npu Z re. U, wnmeer ty xe

H 6x°

11



— npu Z, =0 (xoporkoe 3ambikanne), K=-1, U =-U_,1e. U_,

MMEET IOJSIPHOCTB, mpoTuBononoxuyo U . ;
— mpu 2, >Z,, K>0,U, >0, e U, umeer 1y xe momipHOCTS,

aro ulU __ ;

- mpu Z,<Z, K<0, U, <0, re. U, wumeer mnomipHocts,

nporusononoxuyo U ;

AHAaJOTUYHBIE TPOIECCHl TPOUCXOAAT MNPH HAJIUYMH  HEOJHOPOIHOCTEH,
BIUSIIOIMX Ha Z , B LICIIH.
Ha puc. 1 mnokasaHsl OCHMIUIOIPAMMBI C 3OHAMPYIOIIMM U OTPAKEHHBIM
MMITyJIBCOM ISl CilydaeB & —NIpu Z, >Z_,0 —npu 2, < Z,,.
Takum 06pa3oM, HECOIIIACOBAHHOCTH CONPOTHBIICHUS HATPY3KH C BOJHOBBIM

COIIPOTHUBJICHUCM LCIIN WU HCOAHOPOAHOCTH B HCIH HPUBOIAT K OTPAKCHHUIO BOJIH.
Ecau HecorjacoBaHHO BBIXOZHOC COIIPOTHUBJICHUC TI'CHCpATOpa C€ BOJHOBBIM

COIIPOTHUBJIICHUCM 22 * Z@ , TO BOBHUKAOT MHOI'OKPATHBIC OTPAaKCHUSI.
CYHIHOCTB HMITYJIbCHOI'O MCTOJa OIIPCACIICHUA PACCTOAHNA 10 HCOOAHOPOAHOCTH
3aKIII049acTCsd B U3MCPCHHMH HHTCPBAjla BPCMCHU ti MCXKIY MOMCHTOM IIOCBLJIKHM B

JIMHUKO 30HAUPYHOIICIO HMITYJIbCAa W MOMCHTOM BO3BpPAIICHUA OTPAXKCHHOI'O OT
HCOOJHOPOAHOCTH HMIIYJbCA, IIPHU CKOPOCTH PaCIpOCTPpaHCHUA BHCKTpOMaFHHTHOﬁ

BOJIHBI B JIMHUH \/JZ pacCTodaHnA 10 HCOJHOPOJHOCTHU PaABHO
L, =V,t,/2 (2.14)
CKOpOCTB Vﬂ OTIIMYACTCA OT CKOPOCTH CBCTA M 3aBHUCHT OT ,III/IBJIGKTPI/I‘IGCKOﬁ
IMPOHNULIACMOCTH H30JIALINH. I[JIH y4u€Ta 5TOT0 BBOIUTCA IIapaMCTpP «KOC)(i)(i)I/IHI/IeHT
YKOPOYCHHUS» ) = C/\/ 4 XapakTepU3YIOIUi YMEHBUIEHUE CKOPOCTH CHUTHAlla B
JIMHUAHN U TTO3BOJISIOIINAN KOPPEKTUPOBATh U3MEPSEMOE 3HAUEHUE Li .

JIns u3MepeHus: pacCTOsSIHUS 10 HEOJHOPOJHOCTEHW LIEMU U OMPEACIICHUS UX
XapakTepa B KA4eCTBE 3O0HAUPYIOMIETO MOXKET OBITh HCIOJb30BaH €IUHUYHBIN
nepenaj HanpspokeHust. [loaydeHHble B 3TOM Cilydae OCHHILIONPaMMBbI IS pa3IuYHbIX
BHUJIOB HEOJTHOPOJHOCTEH MOKAa3aHbl HA PUC. 2.
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1 — 30HAUPYIOMINI UMITYJTIBC
2 — OTpaKEHHBIN UMITYJIbC

Pucynok 1 — OcuusiorpaMMbl Ha SKpaHe U3MEPUTEIBLHOTO Npudopa
IIPU Pa3JIMYHBIX BUJIaX HEOJJHOPOJHOCTEH

O6pebIB
/~ - - ZH< ZB
~ S~
N ~— - 72>7
\ H B
—_——_——— KopoTkoe 3amblikaHne
T LyHTupytoLLee conpoTMBAEHNE B NIUHUM
_— lMocnepoBaTenbHOE OMUYECKOe CONpoTUBNEHNE
B NIMHUN
\f LyHTMpytowasa eMKoCTb B FINHUU
o [MocnepoBartesibHasi EMKOCTb B JIMHUN
S— LyHTnpyowas MHOYKTUBHOCTb B NIMHUMA
s MocnegoBartenbHast MHOYKTUBHOCTb B NIUHUMA

Pucynok 2 — OcuuiorpaMmsl Py 30HANPOBAHUY CTYNIEHUATHIM MEPENaioM
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JlabopaTopHbIii cTeH

[IpoBenenue UCCJIEA0BAaHUN apaMeTpoB CUMMETPHUYHBIX Lerneu
OCYUIECTBJISIETCSl HA J1aDOPATOPHOM CTEHJE B COCTaB KOTOPOIO BXOJUT CIEAYIOIIEE
o0opy1oBaHueE.

CuMMeTpHuHBIil Kaldejdb ¢ MEAHBIMU MPOBOJHUKAMU JIUAMETPOM 1,2MM.
byxta kalensi pa3melieHa BHE MomenieHus jJadbopatopuud. Ha kKoMMyTallmoHHYIO
nanesb (puc.3) BbIBEACHBI KOHI[BI BOCBMU CUMMETPHUYHBIX IETNel — CEeKIUi (Ha puc.
o0o3Hauens! udpamu 1, 2, ... 8), Hauana (H) u xon1s! (K) KoTOphIX mprcoeanHEHBI
K THE31aM  pa3beMHbIX  coequHeHHl. CUMMETpHYHBIE  CEKI[UM  MOTYT
MOCJIEA0BATEIBHO COEIUHSITHCA C MOMOIIBI0 KOMMYTallMOHHBIX nepembiuek KII u
komMyTanmoHHoro mHypa KIII, 4Tto mo3BONsSI€T M3MEHHUTH JIMHY MCCIEIyEMOU
JIMHUY, a TAK)KE IMUTHUPOBATH PA3IMYHbIC HEUCTIPABHOCTH KaleJsl.

Kr l/l\m/ Kr ZIlH KN 3/“

1,2, ...8 — HoMepa cexnmii CI;

H,K - nmauano u xoner cexuuu CILI;

KII1/1, KI11/2,...KI18/2 — kxoMMyTallMOHHbIE IEPEMBIUKH;
KII — KOMMYTallMOHHBIN LIHYP.

Pucynok 3 — DnekTpudeckasi cxema KOMMYTAIIHOHHOM MaHe
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Ka6eabnsiii npudop UPK-ITPO

[Tpu6op MPK-ITPO npennazHaueH aJis onpeaeacHus pacCTOSIHUS 10 y4acTKa ¢
MTOHMKEHHBIM COINPOTUBIICHUEM W30JILMHU, U3MEPEHUS COIPOTUBIIECHUS U30JSLUNA U
CONPOTHUBJICHUS TUIeH(a, OMUYECKOW aCHUMMETPUHU, H3MEPEHHS DIECKTPUUYECKON
€MKOCTH BCEX THIIOB KaOeJsel CBsI3U.

Texnuueckue 1aHHBbIE
OCHOBHBIC TEXHUYECKUE XapAKTEPUCTUKH:

JAINAa30H U3MEPEHUS COITPOTUBIIEHUS U30JISILIUN 1 kOM+30000 MOwm
JIAAMNA30H IEKTPUUECKOU EMKOCTH 0,1+2000 n®
JIMara3oH U3MEPEHHsT COMPOTHUBRIICHUS e da 010 kOm
HCTBITATENIbHOE HANPSHKEHUE 400,180 B
JIAANa30H NEPEXOAHOTO COMPOTUBIIEHUS B MECTE 050 MOm

IOHWIKCHHS COITPOTUBJICHUA U30JIAIINA

MaKCUMaJlbHasi IOTPEMIHOCTh onpenaeneHus paccroauus | 0,1 %+1m
710 MeCTa MOHUKEHHS COMPOTUBIICHUS U30JISIUH B
JmanasoHe nepexogHoro conportunieHus 0-3 MOwm

MaKCHUMaJIbHasi TOTPELIHOCTh U3MEPEHUSI COIPOTUBIICHUS
nuieida: 0,1 %+0,1 Om
B nuana3one 0+-3000 Om 0,1 kOm

B nuana3one 3 KOm+10 kOMm

MaKCHUMaJIbHas IMOIPCIIHOCTb U3MEPCHUS COIIPOTHUBIICHUS

U30JISIUU

B nuana3one 0+999 kOm 2%+1 en.

B quana3zone | MOM+999 Mom 2%+1 en.

B nuamna3zone 1000 Mom+4999 Mowm 5%+1 en.

B nuamna3zone 5000 Mom+10000 Mom 10%+1 en.

B nuana3zoHe>10000Mom HE HOPMUPYETCS

MAaKCHMaJIbHasl IIOrPEIIHOCTD U3MEPEHUSI EMKOCTHU 2%+0,1
ABTOOTKJIIOYECHHE

B npubope  mpeaycmMoTpeHa 3ammTa OT Pa3psAKdA: €clii  mpubop He
UCTIoNb3yeTcsl B TedeHuH 10-Th MUHYT (HET HaKaTMHd Ha KHOIKH), TO TMPHOOP
nepexoaut B pexuM  20-TM  cekyHAHOTO oxupanus. Ilpm sTom paszmaércs
IOPEpPBIBUCTBIN 3BYKOBOM curHai. Eciam HaxaTtuss HE NPOUCXOAUT — MpHOOp
BBIKJTFOUAETCS.

[Ipyn BxiIIOYEHHWH NPUOOP TOKA3bIBAET, BKIIOUEH WM BBIKIIOYEH PEXKUM
aBTOOTKJIFOYEHHSI. MOYKHO OTMEHHUTh U CHOBA BKJIIOYUThH PEKUM ABTOOTKJIIOUEHUS B
menro pexxuma U3OJLUA (Mud. o mpubdope).

ABTOOTKUI. JA
U out 12.2 B
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ODFaHbI YIIPaBJICHUSA 1 KOHTPOJIA

(Geo) € MPK-NIPO

ShdekEe
12B A B C

O 1
=

BExE2]

IIaneas ynpasieHust
Ha nepenneit manenu npudopa pa3mMerieHsl:

— Pa3bpéMm 1 moakiroueHnss HU3KOBOJIBTHOTO ITIUTAHHUS

— AndaBuTtHO-1IMIPOBOI IKpaH

— KHonku ynpasnenus

— Pa3bpéMbl H3MEpPUTENBHBIX MPOBOAOB — «A», « By, «C»
WNudpakpacHbiit TOPT niepeaaun JaHHBIX TT0 OECIIPOBOTHOMY KaHATY
KHonku ynpaBieHust pa3feneHsl Ha 3 TPYIIIIbL:

— 1. KHonKH, BKITIOUAIOIINE U3MEPUTEIBHBIE PEKUMBI.

[IUIEN® EMKOCTbDb N30JIAA

* Hasuranuonnsie kaonku [1] [U] [=] [<] u [OK].

* Bri3oB Crnincka kabeneii u padoTa ¢ bazoit 1aHHBIX.
Ocy1iecTBII€TCA HAKATHEM JBYX KpalfHMX KHOMIOK PEeXUMOB, KaK TIOKa3aHO Ha

IepeHEN ITaHEeIIHN.

N3mepure i HEOAHOPOTHOCTEH

N3mepurenn HEOAHOPOIAHOCTEN ITPEAHAZHAYEHBI JIJIA:
— oOHapyXeHHs MOBPEXKICHHUs KalOens U OIpenesieHUs ero Xapakrepa
(0OpBIB, KOPOTKOE 3aMbIKaHUE);
— oOHapyXeHHe  COCPEJOTOYECHHOH  HEOJAHOPOAHOCTH  BOJHOBOIO
CONPOTUBIICHUSI (HApyLIEHUE KOHTAKTa, CHWKEHUE COIPOTUBIIECHMUS
W30JIAIMH U T.11.);
— OIpeAeSICHUs pacCTOSIHUS 10 TIOBPEXKIACHUS WIIN HEOJHOPOIHOCTH.
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Texandeckue naHnHple TPHOOPOB

Tun npubopa P 5-9 P 5-10
JlnanazoH u3MepeHusi pacCTOSIHUSA, KM mo 10 10 300
TouHOCTE OTCUeTa, % +1 +1
JIAMTEebHOCTD 30HIUPYIONIETO UMITYJIbCA, HC or 10 10 2000 | ot 50 mo 100000
MuHHManbHOE  M3MEpSEMO€  PAcCTOSIHHE 10 1 5
HEOJTHOPOIHOCTH, M

[TpuGop P5-9

VYrpollieHHas CTpyKTypHas cxema npudopa npuBeieHa Ha puc. 4, r1e:

31" — 3ajmaronuii reHepaTop, GOPMUPYIONTUNA OMTOPHYIO YaCTOTY;

I'3H - reHeparop B30HAUPYIOIIMX  HMMIOYJIbCOB,  BbIpaOaThIBAIOLIUI
30HAUPYIOIINE HMIYJIBCHl C PETYJIUPYEMBIMUA JJIMTEIBHOCTHIO W  MEPENaaIoM
HaNpsHKEHUS;

HNC - muddepennumanbHas cxema, pa3Aensdmonias 30HAUPYIONUH U
OTPaXE€HHBIN UMITYJIbCHI,

I'P — reneparop pa3Beprtku;

OJIT — onmekTpoHHO-TyueBas TpyOka Ha JKpaHE KOTOPOM OTOOpaKaroTCs
IIPOLIECCHL, POUCXOIAIINE HA JINHUY;

VY — ycumnurens.

3r - 3

K nccnegyemon
nuHUN
nc |¢——m»

re Yy

Pucynok 4 — CtpykTypHasi cxemMa U3MEPUTEIISE HEOAHOPOIHOCTEN
[TpuGop P5-10

Ornuuaercs ot mpubopa P5-9 TeM, 4yTo B HEM uUMeETCs BO3MOKHOCTh
30HIMPOBAHUS €IUHUYHBIM TIepera oM HaMPsHKCHMUS.
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Mara3un conporusJjennii P 33

[Ipubop mpeaHa3zHayeH i MCIOJB30BaHUS B IIEMSAX TOCTOSHHOTO TOKAa B
KaueCcTBE MHOTO3HAYHOM MEpbl JJIEKTPUYECKOrO0 COMpOTUBIEHUs. JluamazoH
M3MEHEHUs conpoTuBiaeHus marazuHa ot 0,1 7o 99999,5 Om. DnekTpuyeckas cxema
MarasuHa CONPOTUBIIEHWM TIOKa3aHa Ha puc. 5. MarasuH COCTOMT U3 JEKal
conpoTuBieHUH. KOHIbI OJTHOTUIHBIX KATYIIEK COMPOTUBICHUHN ISl KAXKI0U JEKa bl
MPUCOCAUHSIIOTCSA K KOHTAKTaM, 10 KOTOPBIM CKOJIB3SIT IIETKH, )KECTKO CKPEIJICHHbBIE
¢ pyukamu. CyMMapHO€ CONPOTHUBIICHUE Mara3uHa OTCUUTBHIBAETCS IO MOJIOKEHUIO
PYUYEK B KaXIOU JIeKale.

x10000 om x 1000 om x 100 om

Pucynok 5 — CxeMa Mara3uHa COnpOTHUBIICHUN

KoHTpoJibHBIE BONIPOCHI
N3 Kakux 371€MEHTOB COCTOUT KaOEIbHbIN CEpACYHUK CUMMETPUYHOTO Kades?

B Kkakux eIMHMIAX H3MepsIoTcs nepsuunbie mapametpsl R,C, Z o’

Kak u3mensorcs mapaMeTphbl R, C, Ze , C YBCJIIMUCHUCM YacTOTHI?

P w e

Uro xapakTepusyeT napaMerp AU3JIEKTpUUecKasi IPOHUIAEMOCTh?

5. Ha kakoMm sBJIEHMM OCHOBaH HMITYJIbCHBIM METOJ HW3MEPEHUS PACCTOSHUS [0
HeogHopoaHocTH B CLL?

6. Kak 3aBHCHUT MOJSIPHOCTH OTPaKEHHOI'O MMIIYJbCa OT XapaKTepa HEOJHOPOJHOCTHU
uenu?

7. Yto xapakTepu3yeT napameTp «Kod3(HUIUEHT YKOPOUIECHUs»?

8. Kaxkue napamerpsi CL] no3Bosser uzmepsats npudop MPK-ITPO?

9. Kakue napametpsl CLI mo3Bossier uzmepsts npudop P5-97?

10.Kakum oOpa3oM MOXXHO u3MeHsATh mHY uccienyemonr CII Ha mabGopaTopHOM
crenae?
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IIpoBenenue ucciaenoBaHum

HN3mepenune mapaMeTpoB CHMMETPHMYHON LeNU € MOMOIUBI0 M3MEpPHUTEJIA

HeogHOpoaHOoCcTel P5-9
[Toaroroska npubopa P5-9 k padore:

—  TOJAKJIIOUYUTH MPUOOP K ceTu nepemeHHoro toka 220B, 501;

—  BKJIIOYUTH IwuTaHue, s dero pyuky <« IMTAHUE» Ha nepenneu
MaHEJIN YCTaHOBUTH B nonoxxenne « BHEIIH»;

—  OTPeryJHpOBaTh SPKOCTh, (OKYCHUPOBKY U PACIOJOKECHHE Jyda Ha
skpane IJIT;

— ycraHoButh pyuky «PACCTOSAHHUE» B  mnonoxenue  «Oy,
«CKOP.PA3BEPTKM» - B kpaiiHee JieBoe TosoxkeHue, «Jluanazon M» B
nojoxenue 10000M, «KYKOPOUEHUE» B nonoxenue «1,0» u «30OHIA.UMITYJIBCy
B nojoxkeHue S00mc.

N3mepenne nnuH cexunid CLI;:

—  HA KOMMYTallMOHHOHM mnanenu (puc. 3) ¢ nomoupio nepembruek KII u
mHypa KIHI mociegoBaTenbHO coenUMHUTH Bce BoceMb cekuuit CII, BbIxo (KoHelr)
MoCJIeAHEN CeKIMU JTOJKEH OBITh pa30MKHYT, Hadasio (H) mepBoii cexiuu cCoeTMHUTh
C BBIXOJIOM MTPUOOPAa;

—  pydKou «YCT.OTCYHETA» COBMECTUTH NepeTHUI bpoHT
30H]IUPYIOIIETO UMITYJIbCA C OTCUETHON BEPTUKAIBbHOUM pruckoil Ha mikane DJIT;

—  BpamenueM pyudkn «PACCTOSAHUE» coBmectuths mnepenHuii ¢gppoHt
OTPaXEHHOT'O UMITYJIbCA C OTCUETHOM pUCKOoi Ha mkane DJIT;

—  OoTcuMTaTh  HU3MepsieMoe  paccTosHue L Ha  mKanme — pydku
«PACCTOSHUEY, uCKIIIOUNUTH JJIMHY COCTUHUTEIHHOTO Kabelis, pe3yJbTaT 3aHEeCTH
B Tab1. 3 B rpady 1-8.

Tab6manma. 3
[TocnemoBaTenbHO cCOeMMHEHHEIE ceknu | 1 1-4 1-8
JlnuHa uccnenyeMon JIMHUU
ConpoTtusinienue nuienda
Kunomerpuueckoe COnpoTUBICHHUE IENH
BonHoBoe conpoTuBieHue

—  3apucoBatb JJIT popmy oTpakeHHOTO cCUTHANA;

—  3aKOpOTUTH KOHEIl MOCIEAHEH BOCHMOW CEKLHWH, 3apucoBaTh (Gopmy
OTPaKCHHOTO UMITYJIhCa;

—  UMUTHpPYS YBEJIMYCHHE COMPOTUBJICHHS MPOBOJAHHMKA B Ienu (IyTeM
BKUIFOUeHHS B 1ienb BMecTo KII pesncropa) m TOka yTEUKH H3OJSIIUH, 3apPHCOBAThH
dbopMbI 00pa3YIOMUXCS TIPU 3TOM OTPAKEHHBIX UMITYJIHCOB;

—  ONpPEAeNUTb JJIMHBI CEKITUU | ¥ TOCIIeIOBATEIHPHO COSMHEHHBIX CEKITI
1-4, pe3ynbTarhl 3aHECTH B TaOJI. 3.
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N3mepenne BoaHOBOro conpotusiaeHus: CLI

—  Ha KOMMYTAaIlMOHHOM TMaHEeNIu MOCJIE0BATEIbHO COEUHUTh BCE BOCEMb
cekiuit CLI, navano (H) mepBoi cexuuu coeauHuTh ¢ BbixogoM P5-9, konen (K)
BOCBMOM CEKIMU COEIMHUTH C Mara3puHOM COIPOTHUBIICHHUM, BBIMOJHSAIOIIMM POJIb
CONIPOTHBRJICHHUS HATPY3KH UCTO0JIb30BaTh KiIeMMbI 0-9999.9 Owm; (perymupoBku x100,
x10)

—  W3MEHAS BEIWYUHY CONPOTUBICHUS HArpy3Kd, TOOWTHCS, YTOOBI
aMIUTUTyAa OTPaXXEHHOTO HMITyJibca CTajla pPaBHOM HYJIO, 3alucaTh 3HAYCHHS
COMPOTHUBJIEHUS B Ta0I. 3.1;

—  aHAJOTUYHBIE M3MEPEHUS MPOBECTU JJIA CEKIMU | U MOCIen0BaTEIbHO
COEMHEHHBIX CeKluil 1-4, pe3ynbTaT 3aHECTH B Ta0I. 3.

HN3Mepenne mapamMeTpoB CHMMETPUYHOM Henu ¢ mnomMoumbio npudopa UPK-ITPO
[Toarotoska mpubopa k padbote
BK/IIOYEHUE. IPOBEPKA ITPUBOPA
He mopkmiouass wm3MeputTenbHbIE TPOBOAA, BKIIOYUTE TpHOOp, a 3aTem
BKJIIOUMTE MO OYEPEAU COOTBETCTBYIOIIMMHU KHOMKamMu pexuMbl « M3OJISAL A,
«EMKOCTb» u « LLIJIEN®y. Ha HKpAHE JI0JIKHO OBITh:

Pexum Knonka DKpaH
N30JIALUA
ERRRERENNNN I@A
©>30000MQ
EMKOCTb
Emkocte: 0. 0.0 nF
oA
Kabeap « 100%»
oC
IIJIEN D
llneitp > 10 KQ
eA
Kabems  « 100 %»
eB

[Ipubop mNPOBOAUT U3MEPEHUS] DIEKTPUUYECKUX IMapaMeTpoB Kabeys B

M3MepUTenbHbIX pexumax: M3OJIAIUSA, EMKOCTbD, IJIEM®. Bup oskpana
MOKa3aH BbllIe. VIMETCS TpU KHONKHA OCHOBHBIX W3MEPUTEIBHBIX PEXKHMOB: «
N30 US», «<EMKOCTby, «LUJIEN®y». Haxkatwe STHX KHOIIOK MPUBOJUT K
BKJIFOUEHUIO TPUOOpa B COOTBETCTBYIOIIUNA PEXKUM U3MEPEHUSI.
B mpaBoii yacTu sKpaHa 3HAUYKM MOKa3bIBAlOT, MEXAy Kakumu npoBomamu AC, BC
umm AB mnpoBogstcs usMmepenusi. KHomka [= ] mnepekiiro4aeT H3MEpPUTEIbHBIE
nposoga AB,AC u BC B pesxumax U30JIALMNSA u EMKOCTD. Ilpu6op HenpepbiBHO
IPOBOJUT U3MEPEHUS MEKy 0003HaYCHHBIMU TIPOBOIAMHU.
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Knonka [OK] 3amyckaer ¢puiabTp, 4ToOBI MOTYYUTh OJHO3HAUHBIN PE3YNIbTAT B
ycnoBuax nomex. Ilocie pabGoTel ¢uibTpa pesyibrar OyaeT 3aduKcUpoBaH Ha
skpaHe. [lepemeputh pe3ynbTaT MOXKHO TOBTOPHBIM HakaTneM kHomnku [OK].
UYroObl CHOBa 3allyCTUTh PEKUM HENPEPHIBHBIX HM3MEpPEHHM, HYXHO HaXaTb
KHOIIKY [ <].

M3mepenune conpoTUBICHHS N30IALUU:

—  Ha KOMMYTaIlMOHHOM naHenu ¢ noMoinpto nepembruek KII u mmypa KIII
MOCJIEA0BATEIBHO COEIUHUTh BOCEMb CEKIIMHM, BBIXOJ (KOHEI) MOCIEAHEH CEKIUU
Pa30MKHYTb;

[lonkmrounTe W3MEpUTENbHBIE MPOBOJA K pa3beMaM Ha TMepeAHeld MaHeln
npudopa. [IpoBoga A, B moakmiounte x mape, nmpoBoa C- k obosouke KaOeis
(3emuie).

INRNRERNN __10_ o

MQ O

«— uHauKaTop, nopor 10 I'Om

« 3"HaueHue R HN30JIA0UHN

Knomnka [ = ] nepeximouaeTr nsmepurtenbHbie nposoaa AB,AC u BC.

Knomnka [OK] 3anmyckaet GpumbTp.

[Tpu n3MepeHnr COMPOTUBIICHUS U30JAIUN KaOenh HEOOXOUMO OTKIIIOYATh OT
MOCTOPOHHETO HampsikeHus. Ecnu Ha Kujle ecTh MNOCTOPOHHEE MOCTOSTHHOE
HaMpsHKEHUE, TIOKa3aHWs MEHSIOTCS OT TEPEMEHBl W3MEPUTEThHBIX IPOBOJIOB
MectaMu. V3MeHeHHe TIOKa3aHWi HEBEIMKO: HampuMep, TMpU TOCTOSTHHOM
HanpspbkeHun Ha kabene 30 B u compotuBnennn 0 kOm npubop mokaxker 20 kOm
BMmecTo 0 kOm.

Bo Bpems wusMepeHus HE PEKOMEHIYETCS JepXaTh pPYKaMH H30JISITOPHI
IITEKEPOB HM3MEPHUTEIBHBIX TPOBOJOB. [IpM TOBBIMICHHOW BIAXXHOCTH MOXKET
BO3HHMKHYThH JIONIOJTHUTEIBLHBIN KaHaJI TIPOBOIUMOCTH.

[Tepen BximtoueHreM PuabTpa HEOOXOIUMO JTOKAATHCS MOJTHOM 3apsSaKu KaOers.
[Ipun moakmroyeHun npudopa K JJIMHHOMY KaOesto TMOoKa3aHWsS MOTYT pacTH, MoKa
Ka0enb 3apsHKaeTCs OT HCIBITATSIBHOTO HampspKeHus. [Ipu cMeHe KoMMyTamuw
U3MEPUTETBHBIX MTPOBOJIOB MPEABIAYINNA KOHTAKT aBTOMATUUECKH Pa3psKaeTCs.

—  TMOBTOPHUTH U3MEPEHUS JIJISl MOCTIEAOBATEILHO COCUHEHHBIX 4-X CEKITUi
(1-4) 1 oHOM TIEPBOM CEKITUH.
PesynbraTel 3anectu B Tab. 4

Tabmuna 4
Cexmuu CIL] 1 1-4 1-8
Conportusnenue uzossiuu, MOm
EmkocTth, HO
Conpotusnenue nueida, Om
EmkocThb, HD/KkM
Conpotusnenue nuierida, OM/km
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N3mepenne 2neKTpuIecKOr EMKOCTH

—  Ha xommyTannonHo# na"enu ¢ nomoibto nepembryek KII u mmypa KIII
MOCJIEAOBATENBHO COCIUHUTE BOCEMb CEKLUN, KOHEIl IIOCIHEAHEH pPA30MKHYTH;
NOJKIIOYUTh U3MEPUTENbHBIE MPOBOJIa K pa3béMaM Ha IepeAHeil maHenau npuoopa.
[IpoBoaa A, B noakimounTs Kk mape, mpoBoja C — k 0060s104Kke kadesst (3emIie).

Bxmounte kHonkoit pexuM « EMKOCTby. M3MepeHns ¢ macnopTHO

TOYHOCTBIO MPOBOIATCS Ha Kabemsix ¢ conpoTuBieHrneM nuieida 1o 2 kOm ( 60 km
maructpainb u 15 kM ['TC) u ¢ conpotunenuem uzonsinuu He MeHee 50 kKOMm.

Emkocts: 0.0Nn F F oA
KabGens « 100 %» eC

Knomnka [ = | nepexmouaeTr nsmepurensHbie npoojga AB, AC u BC.
Knonka [OK] 3anmyckaeT ¢puabTp.

—  TOBTOPHUTH U3MEPEHUS Ul MOCIE0BATEIbHO COSMHEHHBIX 4-X CEeKUUit
(1-4) u oxHO¥ TIEPBOIT CEKITHH.
Pesynbratel 3aHecTu B Ta0I. 4.

W3mepenue conpoTuBiIeHus muieida

—  Ha xommyranmonHon nanenu ¢ nomMouisto nepemoraek KII u mmypa KIII
[IOCJIE0BATEIBHO COEIMHUTh BOCEMb CEKLIUI, KOHEL] ITOCJIEHEN 3aKOPOTHUTH;

— B U3MEPUTEIBHOM  DJKpaHe MpuOOp  HENpPEpBIBHO  HU3MEpSET
compoTuBiieHue nuieda mexay mnpoBomamMu A u B. UtoObl m3meputs muieitd c
MaKCHMaJbHOW TOYHOCTHIO, BKItouuTe (punbTp kHomkoil [OK]. B HumxHell yactu
’KpaHa MpuOOp MoKa3biBaeT ANuHY kabens. Ecnu jqnunHa HemsBectHa u B Crucke
BbIOpaHa « Mapka kaOens», To mpruOOp pacCUUTHIBAET JUIMHY KaOens 1Mo BHIOpaHHOM
MapKe 1 TeMIepaType rpyHTa.

Mnenip 30Q0 oA «— Pe3ynbTaT uamepenus
JIyu: 4390 oB «— Jlnuna kabens

N3mepeHne oMUYECKON aCUMMETPHUH JKIUJT KaOemst

—  3aMKHHUTE HCIBITYEMbIC XWJIbI Ha JajdbHEM KOHIIE MEXIy COOOi M Ha
o6onouky kabens ( win Ha IOy 00paTHyIO Xmiy). [IpoBoga A u B mogkimtounte k
UCIIBITYeMbIM xuiiaM, poBoa C k o6onouke ( ecnu C HE TOAKIIOUEH, OYIET CUTHAT
Ryr>50 Mom).
B pexume Illneiid Brxmrounte ¢unbtp. [locne pabotbl Oerymieil cTpoku mpuodop
3allOMHUT CONPOTHUBJICHHE HuIeHDa.
Boiigure B mento [1] [U]u BeiOepute myHkT < AcMMMeTpust mapbl >. 3alyck W
OBTOP M3Mepenus kuomkoi [OK].

—  TMOBTOPUTH U3MEPEHUS JIJISl MOCIEA0BATEIbHO COEMHEHHBIX 4-X CeKIUH
(1-4) v oHO¥ TIEPBOI CEKITUH.

Pesynbratel 3aHectu B Tab. 4
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CrenaTp BBIBOJBI IO pe3yibTaTaM U3MEPEHU.

Pacuer mapamerpos CII
Ucnions3yss mnpuBeAeHHblE B pazzaene | QopMynbl U TOJYyYEHHBIE MPHU
U3MEPEHUSIX PEe3yJIbTAThl PACCUUTATh 3HAUECHUS TAPAMETPOB:

—  CONpOTHBIICHUE LI (a  “ Ha MOCTOSHHOM TOKE;
—  eMKOCTb cummeTpuuHo# nenu C;
—  BOJHOBOE compoTuBieHue Z, .

JInst yyacTka 1enu, COCTOSILErO U3 BOCbMU CEKIIHM.
CpaBHUTH pacyeTHbIE 3HAUCHUS TAPAMETPOB C U3MEPEHUSIMU, CAEIATh BHIBOJIBI.

Pexomenayemas jiureparypa

1. Angpees, B. A. Hanpasnstomue cuctemsl 3ekTpocBsizu. B 2 1. Tom 1. Teopus
nepenavyu U BIusHusA: Y4ueOHuk 11t By3oB / B.A. Aunpees, 3.J1. [lopTHOB 1 n1p. - 7-€
u31., nepepad. u nom. - Mocksa : ['op. nuaus-Tenexom, 2011. —424 c.; . ISBN 978-5-
9912-0092-9, 1000  »xk3. —  Tekct :  omekrtponnsi. -  URL:
https://new.znanium.com/catalog/product/256974

2. [loptaoB  D.JI. Ontuyeckue KkaOenu CBSA3M HMX MOHTAX U U3MEpPEHHUE
[DnexTpoHHBIN pecypc]: yueoHoe mocodue/ IloptHo D.JI. — M.: T'opsiuas nuHuUs -
Tenexom,2012. — 448c. http://znanium.com/catalog.php?bookinfo=333230

3. 10. A. TTapdenos Kabenu anekrpocssizu. M.: Dxo-Tpenns, 2003.-256¢.: un.

4. KcenopontoB C.H., IloptHoB 3.JI. Hampammistomme CUCTEMBI 3JIEKTPOCBS3H.
CoOopuuk 3amau: YyebHoe mocodue s By30B.— M.: ['opsiuast muuaus —Tenexom 2009
r.— 268c.; .
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JIABOPATOPHAS PABOTA Ne3
NCCIEJOBAHHUE ITAPAMETPOB IIEPEJAYN B KOAKCHUAJIBHBIX HEITAX

Ieapr paGorel: 3akperuieHUE IOIYYEHHBIX TEOPETHMUECKHUX 3HAHMHM IO pacdyéTy mapaMeTpoB
KOaKCHaJIbHBIX Lieneil. OBajieHue HaBbIKaMU pabOThl ¢ U3MEPUTENbHBIMU NTprOopamu. M3mepenue
napamMeTpoB KOAKCHAJILHOTO Kabens ¢ momoineio kadenpHoro npudopa MPK-TTPO. HccnenoBanue

3aBUCHUMOCTH KO3 PUITMECHTA 3aTyXaHUsI KOAKCUATHHOU I[EMU OT YaCTOTHI.

JlabopaTopHoe o0opynoBaHue
1. KoakcuanbHblil KaOenb.
2. Kab6enpusiit npubop tuna UPK-ITPO.
3. T'eneparop cMHYCONIATBHOTO HANPSHKEHHSL.
4. MWIIMBOJIBTMETP.

Coaepixanue oT4era 1o J1abopaTopHoi padore

HasBanue nabopaTopHoit pabOThI

Lenb paGoTsl

CocraB 1a00paTOpPHOTO 0OOPYIOBAHHS

CxeMmbl n3mepeHuit

Tabnuua ¢ pacy€THBIMM U U3MEPEHHBIMU 3HAUYCHUSMHU [IapaMETPOB

PacuéTtHblil 1 SKCTIEpUMEHTAIBHBIN rpaduKK 3aBUCUMOCTH KOA(PUIIHEHTA 3aTyXaHUs OT
YaCTOTHI.

ok wdE

KPATKHUE TEOPETUYECKHUE ITOJIOKEHUSA
KoHcTpyKTHBHBIE TapaMeTPbl KOAKCHAJIBLHOI0 KadeJis

OCHOBHBIM JJIEMEHTOM KOAaKCHAJIbHOTO Kalens sBisercs koakcuanbHas 1enb (KII),
npejcTaBisiiomas coboil Ba LWIMHAPUYECKUX MPOBOJHUKA C COBMEIIEHHOH OCBIO; OAMH
MAJTUHAPUYECKUH  TPOBOJAHUK- CIUIONIHOW  (BHYTPEHHHH) pacloJIOKEH BHYTPU BTOPOTO
MIPOBOJIHUKA — OJIOTO (HAPY>KHOT'0), MEXAY HUMU HAXOAUTCS U30JIUPYIOLIUN MaTepHal.

J17is U3roTOBJIEHNS KaOEIbHBIX MPOBOJHUKOB UCHOJB3YIOTCS B OCHOBHOM ME/b M AIOMUHUIA.
OcCHOBHBIE TapaMETPhI TPOBOJHUKOB:

- p - yaensHOe conpoTtusienne, Ov™* um’ [ m (1pu t = 20°C);

- & - mpoBoAUMOCTh, M [(Om™ mm?);

-M -IUIOTHOCT, 2/ cm®;

-1, -TemmniepatypHbIii KO3QPUIMEHT CONMPOTHBICHHS

Buyrpennuii npoBoaauk K1l MokeT OBITH CIIONTHBIM, MHOTOIIPOBOJIOYHBIM U OUMETAITUICCKIM.
Hapy>xHbI{i POBOAHHUK BBITIOJIHSAETCS B BHJEC TPYOKH CIUIONIHOW OKJIAJKOW WM TO(PPHUPOBAHHOM,
pe)ke BUAE OIUIETKH.

B kauectBe M3omupyrommx ( JUAIEKTPUYECKHX) MaTepUATOB HCIIOJIB3YETCS MOJUCTUPOI,
MOJIMATUIICH, TTOJIMBUHWIXJIOPU U IPYTHUE aHAJIOTUYHBIE MaTepUaIbI.

OCHOBHBIMHU ITapaMETPAMH JUAIEKTPUKOB SBIISIOTCS:
- £ -UDIIEKTpUYecKasi MPOHUIIAEMOCTh;
-1 -TaHreHc yria AU3JIeKTPUUECKUX MOTEPD;

- R, -compoTuBIIeHNE N30JIALUH IO TOCTOSHHOMY TOKY
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HawnyumuM QusnekTpUKoM sIBISETCS BO3AYX., y KoToporo &, =1, tgo = 0, p = oo, nostomy
4acTo KaOenbHast H30JISIUS BBITIOIHSACTCS KOMOMHUPOBAHHOW( COUeTaHHe TBEPAOTO TUAICKTPUKA U
BO3/IyXa).

OCHOBHBIE THITBI H30JISLIUU:

-CILJIOIIHAS- U3 CILIOIIHOTO CJI0SI U30JISIIUOHHOTO MaTepuaa;

-IOPHUCTAs- U3 CJIOS TICHOIIACTa;

-0aytoHHAast — U3 TOHKOCTEHHOM IMJIaCTMACCOBOM TPYyOKH, KOTOpasi MEPUOJUUYECKH B TOUKAX WU 110
CIUpPATU 00)KMUMACTCS U YACPKUBACT BHYTPECHHUM MPOBOTHUK B IIEHTPE;

-maitboBas- u3 maid K3 TBEPAOTO AMAICKTPHKA, HACA)KEHHBIX Ha BHYTPEHHMU MPOBOJHUK udepe3
orpesieIeHHbIC TPOMEKYTKH,

-CIIMpalibHas — U3 PaBHOMEPHO pacnpeesEHHOM Mo JJIMHEe BHYTPEHHET0 IPOBOIHMKA MJIaCTMACCON
CIIUpay.

3HaueHusi MapaMeTpoB MPOBOJAHHMKOB M JHUAJIEKTPUKOB, HEOOXOAMMBIX JUIsI pacyéra
napametpos nepenaun KL, mpusenens! B Tabuuue 1 u 2.

B obmem cinyuyae koakcuaidbHbIH KaOeldb COCTOMT M3 CEpACYHMKA M 3alIUTHBIX MOKPOBOB.
Cepneunuk oOpa3yercs u3 onHOM miau HeckoiabkuxX Kl ( MOXET HOMONHATHCS CUMMETPUYHBIMU
HEeMsAMH). 3alluTHBIE TOKPOBBI MOTYT COCTOSITh W3  BJIATOHEITPOHMIIAEMOW  000JOUKH(
METAITMYECKOH, TIACTMACCOBOM, METAIOIIACTMACCOBOM ), OPOHU U IIIJIAHTA.

JIJisi MapKUPOBKHU DJIEKTPUYECKUX KaOEJIel MCIOIb3YyI0T OyKBEHHO-IM(pOBBIE 0003HAYCHUS

b, , b,, b;, b, - ykassBaromue 1]

rae b, -OykBeHHbIE 0003HaUEHUs, Ha 00J1aCTh IPUMEHEHNUs Kales

-MK- maructpanbHblii Kabelb CHMMETPUYHBIH;
-KM- kabenp MarucTpaabHbIN KOAKCHAIbHBIN;
-3K- 30HOBBII KabeIb CHMMETPUYHBIN;

-BK- BHYTpHU30HOBBII KOAKCHUAIIbHBIH;

-MKT- manorabapuTHble KOaKCHalIbHbIE KaOenn
-T- TenedonHbI KAOEITH

-KC- xabenp;

b, - Tin u3onsAMu

-OTCYTCTBHE OYKBBI-OyMakHas,
-C-criupodexcHas

-II-nonusTneHoBas

b, -tun 060104ku

-OTCYTCTBUE OYKBBI-CBUHIIOBAsI

-CT-

-11- nonusTHIIEHOBAS

b, -Tin 3a1MTHOTO MOKPOBa

-I"-6e3 3ammTHOTO MOKpPOBa

-b- OpoHs U3 CTaNBHBIX JICHT

-K- 6pons

[[-ttudpe1, ykazpiBaromuye Ha EMKOCTh KaOes.

ITapameTpbl nepegayn KOAKCHAJIBHOM LEIH.

Onextpuueckue cBoiicTBa K1 ( koakcHanbHOU 1IETTH) XapaKTEPU3yIOTCS IEPBUYHBIMHU 1
BTOPUYHBIMHU IIapaMeTpami nepenaun. K nepBuyHbsIM napaMeTrpam OTHOCATCS aKTUBHOE
COIIPOTHBIICHUE U UHYKTUBHOCTH ITPOBOJHUKOB, EMKOCTB LI U MTPOBOAUMOCTD U3OJIALINH.

AxktuBHOe conportuBienue K1 B o0miem cirydae paBHO:

R=R, +R,,Omlxm, (3.1)

rae R, =R, [1+ F(KI")]- COIPOTHBIICHUE BHYTPECHHETO TIPOBOTHHUKA,; (3.2)
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4000* p,
R ="
1

K, =.cou, * 6, -KOOPPUIUEHT BUXPEBBIX TOKOB, CM

-aKTUBHOE COTIPOTHBIICHUE POBOTHUKA HAa MOCTOSTHHOM Toke, Om /[ km; (3.3)

d ¥ r- muaMeTp u paguyc BHyTPEHHETO IPOBOJIHUKA, MM |

M, -MarHUTHAs TPOHUIIAEMOCTb;

Pp,0p ~TIPOBOAUMOCTb ITPOBOJIHUKA,

F (Kr) -G yHKIHS, YIUTHIBAIOIIAs YBEIIMUEHNE COTPOTUBIICHUSI 32 CUET MMOBEPXHOCTHOTO A dekTa,
ompenensercs mo tTadmaure 3.

10 3{ k shu+sinu  4ry, +t
, _

B 27y, 0y ﬁchu —cosu  8(ry, +t)ry,

rze Iy, -BHYTPEHHHI pajinyc HapyKHOTO IPOBOJIHUKA, MM ;

} -COINIPOTHBIICHNE HAPY)KHOTO MPOBOTHHKA; (3.4)

t - TonmMHA HApYKHOTO MPOBOJIHUKA;

u:kt\/E

ConpoTuBieHnEe HAPYKHOT'O POBOJHUKA HA TIOCTOSHHOM TOKE MOXKET OBITh OIpPEEeNeHO 10
dbopmyre:

4000* 1000*
Ron = 2 pHg = P (3.5)
7Z(D i —D HB) (D, + )t
rae D,, -BHyTpeHHUI nuamMeTp Hapy»KHOTO IPOBOAHUKA, MM .
Ha ywactore f > 60 k[l compoTUBIIEHHE MOKHO ONPEACTUTD MO YIPOIIEHHOH hopMmyiie:
K K
R= —Q B —H | Omlkm; (3.6)
2r| 0,d 0,D

rae K, K, - KooQQUIUEeHT BUXPEBBIX TOKOB BHYTPEHHETO U HAPYKHOTI'O IPOBOIHUKOB

COOTBETCTBEHHO;
04,0, - IPOBOJAUMOCTH BHYTPEHHETO U HApy>KHOT'O IIPOBOHUKOB;

d, D -auameTpbl BHYyTPEHHETO U HAPYKHOTO TIPOBOTHHKOB.

WUnayktuHocTs KII xapakrepu3yercs OTHOIIEHMEM MarHUTHOTO TIOTOKA K TOKY, CO3/1aBa€MOMY
3TOT OTOK U OIpeenseTcs mo popmyIe:

=1, +1, +1,,, [nlKn, (3.7)

roe |, = % 1,Q(kr)*10™ - HHAYKTMBHOCTH BHYTPEHHETO MPOBOIHUKA; (3.8)

10° . k  shu-sinu
- UHAYKTUBHOCTH HapYKHOT'O MIPOBOAHUKA; (3.9)

I = )
2,85 @2 chu—cosu

Iy = {2 u,Ln 2} *10™* - BHENIHsIS MEKIPOBOTHUKOBAS. MH[YKTHBHOCTb. (3.10)

Ha wacrorax f > 60 kI'11 MO’KHO HCTIOTTB30BATh YIPOMIEHHYIO (hopMyITy:
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.{szA[B_uB_HHHO4,rH/KM, 3.11)

d Jfld D

I, - 11 MeJHbIX MpoBoAHUKOB B=133,3 ; amomunueBbix B=172,88

Emkocts KII- ananornunble MKOCTH IUIHHAPUYECKOTO KOHAEHCATOPA M OHPEEIAIOTCS 110
bopmye:
-6
£, *10
C="2"—, dp/xm. (3.12)

18InB
d

Ecnu B KL npumeHnsieTcst KOMOMHUPOBAHHBIN TUAIEKTPUK ( TBEPABII TUIEKTPUK — BO3IYX),
TO BMECTO &, UCIIOJIb3YETCS SKBUBAJIICHTHAS TUAJIEKTPUYECKask IPOHULIAEMOCTD &, .
[IpoBogumocts K1l xapakTepusyet notepu 3HEPTrur B U30JALMU TPOBOJHUKOB U
ompeaensercs mo Gopmye:
G= 1 + wC*tg , cM/KM, (3.13)
ns
rae R, -conpoTusieHye U30sALuN

tgJ -TaHreHc yriia Au3JaeKTPUYECKUX OTEPD.

Ecmu B K11 npuMeHsieTcst KOMOMHUPOBAHHBIN JTUAJICKTPHK, TO MPH PACUETE UCTIOIH3YETCS
SKBUBAJICHTHBIN 190, .

Ko Bropuunsim nmapamerpam KL oTHOCATCS KO3 (UIIMEHT pacpOCTpaHEeHUs, BOJTHOBOE
CONPOTHUBJICHUE U CKOPOCTh PACIIPOCTPAHEHHS IICKTPOMArHUTHOM SHEPTHH TIO IICTTH.
KosdbdunmenT pacnpoctpaneHus onpesensercs no Gopmysne:

7y =+(R+ial)G +iwC)=1+iB, 1/xm, (3.14)
rae: | -xoaddunment 3aryxanus, 1b/xwm;

f -ko3ddunment dasbl pag/Km.
B o0mem ciydae: .

1 =8,7,05[R? + 0717 )G? + ?C?) - (w?IC — RG)| (3.15)

ﬁ=\/o,5[\/(R2 +0?l?)G? +a)2C2)+(a)2|C—RG)] (3.16)

Ha nocrosiaraom Toke: | =,/R,G,; 5 =0.
B TonanpHOM nuana3zone yactoT (mpu R >> ol u G << oC):

| =8,7\JwRC/2; B=+wRCI2. (3.17)

B muana3zone Beicokux yactot(wl >> R, oC >> G)

1 =8,7(05RC /1 +05GVI/C} g = wiiC. (3.18)

Ha npakruke nns K1 ¢ MenHBIME TPOBOJHUKAMU TOIB3YIOTCS (POPMYIION:
264fe (1 1
=N S 2 1*107° 49,08 /& *tg5 *107°, nb/km 3.19
e In(D/d)(d Dj : (3.19)

rac rnmepBocC ciaaracMocC- 3aTyxaHus B METAJIJIC, BTOPOC B JUDJICKTPHUKE.
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Ecnn HapyXHbII IPOBOJAHUK 3aMEHUTH HA ATFOMUHHUEBBIN, TO 3aTyXaHue Bo3pacTéT B 1,06
paza (I, =1,06l,,,) . IIpu 1Byx alOMHHHEBBIX IPOBOJIHUKAX 3aTyXaHUE BO3pacTaeT B 1, 26 pa3a

a,=126l,,).

BonHOBOE conpoTUBICHHE B 00IIIEM ClTydae paBHO:

, =—2—=J[R+ia)/[G +iaC) =|Z,[e'*, Om (3.20)
R+iol
Ha nocrosiaaoM ToKe Z, = /R, /G, ;¢ =0.
Ha Tonanbhbix yactotax (R >> ol ;G <<awC) Z, = R/awCe . (3.21)
Ha Beicokux gacrorax (R << ol ;G <<awC) Z,=+I1/C ,p=0 (3.22)
CKOpOCTh pacmpocTpaHeH s 3JICKTPOMArHUTHOM SHEPTHH 1O T[CTTH:
V, =l f,xm/c (3.23)
B nmanasone Beicokux dactor V =1/4/IC (3.24)
OOmwmit BUJ 9aCTOTHBIX 3aBUCUMOCTEH mapameTpoB nepenaaun K1 npusenens! Ha puc.1
L
4 0 P
G0
5 450 i
v
Pucynok 4- YacToTHble 3aBUCUMOCTH TTapaMeTpoB nepenaun K1
Tabmuma 1.
IpoBonnuk k=.aud,mmu™ M Om™ mum’®
"Om* um? ' M
Menb 021\/? f[xIy] 57,00 0,0175
AnoMuHuiA 0,0164 \/T 34,76 0,0295
Cranp 0,075 \/T 7,23 0,138
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Tabmua 2.

H3onsuus £, tgs, *10™" mpu f, MI'n
1 5 10 60
I 1,13 0,5 0,5 0,7 0,8
15 1,1 0,4 0,4 0,5 0,6
15 1,2...1,3 1,2 1,3 15
I 14...15 2 3 3
Kopnens- 1,2...1.3 0,7 0,8 1,0 1,2
ctupodiexc
Tabmuma 3
kr 0,5 1,0 2,0 3,0 4,0 50 7,0 10,0 >10
F(kr) 0,0003 | 0,0052 | 0,0782 | 0,318 | 0,678 | 1,042 | 1,743 | 2,799 (kr\/g _ 3)/4
Q(kr) 0,9998 | 0,997 | 0,961 | 0,845 | 0,686 | 0,556 | 0,400 | 0,282 242 /kr

KoHnTpoJsbHBIE BOPOCHI

20.

OcHoBHBIE TapaMeTpbl TpoBoAHUKOB K11,

OcHoBHble napameTpsl n3ossiuuu K11,

Hannyummii mo napamerpam U30JsiTop.

BykBenHble 0003HaYeHHUS AJIS1 KOAKCUATBHBIX Kabesel B MX MapKHPOBKE.
Cocrapmsironiue, u3 KOTOPbIX ciaraetcss MHAyKTUBHOCTH K11,
3aBUCUMOCTb aKTUBHOTO conpoTusieHus K1 oT yacToTsl.
Cocrapmsironiue, u3 KOTOPbIX ciaraetcss MHAyKTUBHOCTH K11,
3aBucuMocTh UHAYKTUBHOCTH K1 OT yacToThI.

[TapameTpsl, Biustomue Ha Bennunny éMkoctu KL,

. 3aBucumocTh éMrxoctr K1 oT 4acTOTEL.

. 3aBucuMocCTb npoBogumMoctH K1 ot yacToTs!.

. Cocrasusromue, U3 KOTOpbIX cnaraercs kodddunuent 3aryxanus KL
. 3aBucuMocTh kKodhdurmenta 3aryxanus KI[ ot gacToTsl.

. 3aBUCUMOCTb BOJIHOBOTO conpoTuBieHus K1 oT uacToTsl.

. [lepsuunbie napamerpsl nepegaun K11,

. Bropnunsie napamerps! nepenaun KI1.

. 3aBucuMocTth kKodhdurmenta dassl K1 ot yacToTs!.

. Kakue nepBuuHbie napamMeTpsl epeaayn XapakTepU3yoT IPOBOIHHUK.
. Kakue nepBuuHble mapaMeTphl epeadu XapakTepU3yloT TUIIEKTPUK.

Koncrpykunu nszonsropos K11,

JABOPATOPHBIN CTEH/]]

[TpoBeneHue uccneq0BaHUi TApaMEeTPOB KOAKCHATIBLHOTO KaOessi OCYIIECTBISCTCS Ha
71a00paTOPHOM CTEHJIE, B COCTaB KOTOPOT'O BXOJUT CIIEYIOIIee 000pYAOBaHHE.

Koakcuansubiii kabeap Tuna BKITATI- 2,1/9,7 ¢ BHYTpEHHHM MEIHBIM ITPOBOJIHUKOM

auaMeTpoMm 2,1 MM; Hapy KHBIM aTIOMHUHHUEBBIM ITPOBOIHUKOM C BHYTPEHHUM JUAMETPOM TPYOKH
9,7 MM., TONIIIUHOM cTeHKH 1,0 MM; M30JIALIMEH U3 TOPUCTOTO MOJIMATHIICHA. . ByxTa Kabemns
pa3meliieHa BHe IoMeleHus jaboparopusi. K mabopaTopHoMy CTEHy OABEACHBI KOHIIBI KaOeJIsl.
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['erepaTop curHanoB HU3KOYACTOTHBIN [3-112-HCTOYHUK CHHYCOUAATBLHOTO U
MPSMOYTOJIBHOTO HampsbkeHus B nuana3zone 4yactot oT 10 ' mo 10 MI' co ctynenyaTbim
M3MEHEHUEM BbIXOJIHOTO HanpsikeHust oT 0 10 -70 nb 1 naBHOM peryiupoBKoi B npeaenax ot 0
no -12 nb.

MunnuBonbT™MeTp B3-41, mo3Bonsomuii M3MEpsITh HanpsiKeHue B quamna3onax 3... 300 mB(-
50...-10 1b) u 1...300 B ( 0...50 nb)

Kab6enbnbiii mpudop MPK-ITPO

OCHOBHBIE TEXHUYECKUE XAPAKTEPUCTUKH.

HA3HAYEHUE

[Tpu6op NPK-TTPO npeana3znaueH 111 ONpeAeICHUs PACCTOSHUS 10 YIaCTKa C TTOHM)KCHHBIM
COTPOTHUBIICHUEM U3OJIALINN, U3MEPEHUS CONIPOTUBIICHUS U30JISIMH U COTIPOTUBIICHUS TTek(a,
OMHYECKON aCUMMETPHH, H3MEPEHUS IJIECKTPUICCKON EMKOCTH BCEX THIIOB KaOEJIeH CBS3H.

TEXHUYECKUE JAHHBIE
OCHOBHBIE TEXHHYECKHE XapaKTEPUCTUKH:
JIMana3oH U3MEPEHHS] COMPOTUBIICHUS N30SI 1 kOM+30000 MOMm
JIMAIa30H JIEKTPUYECKON EMKOCTH 0,1+2000 ad
JIMAIia30H U3MEPEHUS COMPOTUBIICHUS ITUIeH(a 0+10 kOm
VCIIBITATENbHOE HAIPSIKEHHE 400,180 B
JIMana3oH MepexXoqHOTO COMMPOTUBIICHHS B MECTE TOHUKEHUS 050 MOm

COIIPOTUBJICHU S U30JIALUA

MaKCHUMaJIbHas IOTPEIIHOCTD ONPEACIIEHUS PACCTOAHUA 10 MECTa 0,1 %+1m
IMMOHMWKCHUA COTTPOTUBJICHUA U30JIALUN B JUAINIA30HC MMEPCXOAHOTO
conpotusienus 0-3 MOm

MaKCHUMaJIbHasl MOTPEIIHOCTh U3MEPEHHS COTIPOTUBIICHUS Utk pa:

B nuamna3one 03000 Om 0,1 %+0,1 Om

B auamna3zoHe 3 kOm~10 xOm 0,1 kOm
MaKCHUMaJIbHasl TOTPEITHOCTh H3MEPEHUS CONTPOTHUBIICHUS

H30JISALUT

B nquamna3zoHe 0999 kOm 2%+1 en.

B nuama3one 1 MOm+999 Mom 2%+1 en.

B quamnazoHe 1000 Mom+4999 Mowm 5%+1 en.

B muara3one 5000 Mom+10000 Mom 10%+1 en.

B nuanazone>10000Mom HE HOPMHPYETCS
MaKCHUMaJIbHas IOTrPEITHOCTb U3MEPEHUS] EMKOCTH 2%+0,1 ud

KOHTPOJIb HCTOYHUKA ITUTAHUSA
Jlnst onipeenieHus HanpspKeHUst HCTOYHMKA uTanus kHonkoi BKJI BkirounTe npubop. Ha
9KpaHe NOABUTCS MH(OpMaIs 00 HCTOYHUKE MUTAHUA. JlomycTHMBle 3HAUEHUs AT
aKKyMyJsITopHoit 6atapen: ot 10,5 B 10 15 B. Pa3psiika akkymyssTopa 10 HanpsKeHUsT MEHbIIE
10B pe3ko CHUMkKAET €ro CPOK IKCILUTyaTaluu. AKKYMYJISATOP, pa3psyKeHHbIN 10 8 B, npakTuuecku
HE MOAAETCs BOCCTAHOBJICHMUIO.

ABTOOTKJJIIOYEHUE

B npubope mpeaycMoTpeHa 3aiuTa OT pa3psiiki: €ClId MPUOOp HE UCIOIB3YETCs B TEUCHUN
10-tr MuHYT( HET HAXKATUH HA KHOIKH), TO MPUOOP MEePEXOUT B pekuM 20-TH CEKYHIHOTO
oxxunanus. [Ipu 3Tom pa3ma€rcest mpeprIBUCTBIN 3BYKOBOM CUTrHAII. Eciy HakaThs HE IPOUCXOIUT -
MPUOOP BHIKITIOYACTCH.

[Tpu BrIIOYEHUH TTPUOOP MOKA3BIBAET, BKIIFOUEH WIIH BBIKIIOYCH PEKUM aBTOOTKITIOUCHUSI.
MO»XHO OTMEHHUTH U CHOBA BKJIFOUHUTH PEKUM aBTOOTKIIOUEHHS B MeHIO pexnma M30JIALNA
(Uud. o mpubope).
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ABTOOTKUJI. JA
U mut 12.2 B

Opransl ynpaBiaeHUs: 1 KOHTPOJIS

ITAHEJIb YIIPABJIEHUSA
Ha nepenueit manenu npubopa pa3MenieHsl:
e Pa3péMm JuIsl MOAKIIIOYEHUST HU3KOBOJIBTHOTO MUTaHUS
e AndaButHo-1IUPPOBON IKpaH
e KHomnku ynpasneHus
e Pa3bpéMbl H3MEPUTENBHBIX IPOBOAOB — «A», « B», «C»
WndpakpacHblil mopT neperayn JaHHBIX 10 OECIIPOBOTHOMY KaHAITY

Knonku ynpaBieHus paz/ieneHbl Ha 3 TPYIIIbL:
e 1. KHOMNKH, BKITIOYAOIIUE U3MEPUTEIBHBIE PEKUMBI.

JIEN® EMKOCTb N30JIAUA
* Hagurarmonnsie knonku [1] [U] [=] [<] u[OK].
* Be3os Crincka kabeneit u pabora ¢ bazoit naHHBIX.

OcyiecTBisieTcs HaxaTHeM JBYX KpalfHUX KHOIOK PeXUMOB, KaK TOKa3aHO Ha
MEepEIHEN aHEH.
BKJIIOUEHHUE. IPOBEPKA ITPUBOPA
He noakiouas n3MepuTenbHbie TPOBOA, BKIIIOUUTE MPUOOP, a 3aTeM BKIIFOUUTE 110 OUepeIn
COOTBETCTBYIOIUMH KHOMKaMH pexumMbl « M3OJISILIUST», «EMKOCTb» u « LIIJIEN®». Ha
DKpaHe JOJIKHO OBITh:

Pexxum Knonka OKpaH
N30JIALIA
EMKOCTb
NJIEN®
W3MEPUTEJIbHBIA DKPAH

[TpuGop MPOBOAUT U3MEPEHHSI FTEKTPHUECKUX APAMETPOB KaOelIsi B U3MEPUTEIbHBIX
pexumax: U3OJILIUS, EMKOCTD, LIIJIEM®. Bux skpana mokasaH Bbiiie. MMeroTcs Tpu
KHOIIKM OCHOBHBIX H3MEPHTEIBHBIX peXuMOB: « M3OJIALIM Sy, «EMKOCTby, «LIJIEH®».
Haxxatue 3TMX KHONOK MPUBOAMT K BKJIIOUEHUIO MPUOOPA B COOTBETCTBYIOIIMM PEXUM H3MEPEHUSI.

B npaBoii yacTu sKpaHa 3HauKH MOKa3bIBatOT, Mexay kakumMu AC, BC wim AB npoBogsTcs
usmepenus. Kuaomka [ = | nepekirouaet usmepurensHbie mposoga AB,AC u BC B pexumax
N30JIA1UA u EMKOCTb. IIpu6op HenpephIBHO IPOBOAUT U3MEPEHHUS MEXKITY 0003HAUEHHBIMH
IIPOBOAAMH.

Knonka [OK] 3amyckaer ¢puiabTp, 94TOOBI MOJIYYHTH OJTHO3HAYHBIN PE3yJIbTaT B YCIOBHIX
nomex. [Tocie pabotel punbTpa pesynabrar Oyaer 3adpuKcupoBaH Ha 3kpaHe. [lepemepuTsb
pe3ysbTaT MOXHO MOBTOPHBIM HaxkaTieM KHOMKH [OK]. UToObl CHOBA 3allyCTHTh PEXKUM
HETPEPBIBHBIX U3MEPCHUH, HY)KHO HaXKaTh KHOMKY [ <=].

MEHIO
[TapameTpsl U3MEPUTENHHOTO ITUKIIA 33/1al0TCA B MeHI0 Kaxk1oro pexkxuma. Bxoa B MeHro

kronkamu [ 1] [U]. Keomxu [11] [U] mepementator mo mynkram mento, kuonka [OK] 3amyckaer
BbIOpaHHBIA NTYHKT. KHOMKa [ <= ] ncnomnb3yeTcs npu 3TOM Kak ESC, BRIBOASAIINHN U3 ITyHKTa MEHIO
WY BO3BPALIAIOIINI B U3MEPUTENIbHBIN SKpaH. LMK MEHIO 3aKO0JIBIIOBAH: MPOJUCTHIBAHUE B

mo6om Hanpasnenwu [ 1] [U].
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Bce nmyHKTBI MEHIO, KOTOPBIE BBIBOJAT HA DKPaH KAKOE-TO 3HAYEHHUE, JEIIATCS Ha JiBa Kiacca:
U3MEHseMbIE U He U3MeHsieMble. Eciy 3HaueHne MOXKHO U3MEHUTh, IIepe]] HUM CTOUT 3Ha4YOK P> .
Hanpumep:

TecToBO€ HanpsiKeHHUE
U tectP 180 B

3HavoK P> B JAaHHOM CJTydae MOKa3bIBACT, UTO MbI MOXeM HaxaTh [OK], BOWTH B ITyHKT
Y U3MEHUTH TecToBoe HanpspkeHue Ha 400 B. Ilepen HeM3MeHss€eMbIM 3HAUEHUEM CTOUT
nBoeroune. Hanmpumep:

neiid 30Q 0
Jlyua: 4390

Pa6oTa ¢ mpubopom.
PEXUM « U30JIAAL US>
N3MEPEHUE COITPOTUBJIEHUA N30JIALINN

[TonxmrounTe U3MEpUTENIbHBIE TPOBOA K pa3beMaM Ha nepeHelt manenu npudopa. [Iposona
A, B mogximounte k mape, mpoBoj C- k 000J109Ke Kabens (3emie).
<« uHaukarop, nopor 10 I'Om
«— 3gadenue R m3omsmun
Knomnka [ = | nepexirouaer n3mepurensusie nposoaa AB,AC u BC.
Knomnka [OK] 3amyckaer GpuibTp.
[Ipu u3MepeHnn COMPOTUBIICHUS U3OJISIINU KaOelb HEOOX0IUMO OTKITIOYATh TO TTOCTOPOHHETO
HanpspkeHus. Ecny Ha Kuse ecTb HOCTOPOHHEE ITOCTOSIHHOE HANPSHKEHHE, TOKA3aHUS MEHSFOTCS OT
NepeMEHbl U3MEPUTENBHBIX TPOBOJIOB MecTaMu. M3MeHeHne oKa3aHUi HEBEJIMKO: HAIIPUMED, ITPU
MOCTOSTHHOM HamnpspkeHun Ha kabene 30 B u conporusnernuun 0 kOm npubop mokaxet 20 kOm
BMecTo 0 kOMm.
Bo BpeMs n3mMepeHust He peKOMEHAYETCS IepKaTh PyKAMH H30JISITOPBI IITEKEPOB U3MEPUTEIIBHBIX
MpOBOAOB. [I[py MOBBIIEHHON BIaKHOCTH MOXKET BOSHUKHYTH JOIOJHUTEIIbHBIN KaHAII
IIPOBOJIUMOCTH.
[epen BimoueHreM GUIBTpa HEOOXOAUMO JOXKAATHCS MOJHOM 3apsaku kabens. [Ipu
MOJIKJIFOUEHUU MPUOopa K ITUHHOMY KaOeso MoKa3aHus MOTYT PacTH, oKa Kabelb 3apsihKaeTcs oT
UCIIBITAaTEIbHOTO HanpsbkeHus. [Ipyu cMeHe KOMMYyTaluy U3MEPUTENIbHBIX MPOBOAOB MPEIbITYIIHI
KOHTaKT aBTOMAaTHUYECKHU pa3psiKaeTcs.

YCTAHOBKA UCIHBITATEJBHOI'O HAIIPAKEHUS 180 NJIN 400 B
st onpenenenus nedexra u3o0JsAun TpedyeTcs mojaBaTh Ha kabenps HanpspkeHue He MmeHee 400
B. Horna u3meputensiM HEOOXOIMMO MPOBECTH U3MEPEHHSI COTIPOTUBIICHUS H30JISIMU, HE
OTKJIIOYAs 3alUTy Ha UMIIOPTHOM oOopynoBaHuu. /st aToro B mpubope npeaycMoTpeHo
NOHMXeHHOoe TecToBoe HarpspkeHue 180 B. ITpu nepBoM BKIIIOUECHHH TPUOODP BKIIIOYAET
noHmxeHHoe Hanpspkenue 180 B. Eciu Be ycTanoBuim Hanpspkerune 400 B, mpuGop 3To
3arnoMHHUT. [IpH ciemyronem BKIIOUYSHHH TPUOOpP OyJeT BBICTABIATH TO HAPSHKEHHUE, KOTOPOE BbI
YCTaHOBWJIM MocieqHuM. Kak ycTaHOBUTH HYKHOE TECTOBOE HampsKeHUE?
Bxmrounre pexxum « U3OJIALIAS».

Kuonkamu [ 1] [U ] Bei6epure B MeHio myHKT

Hacrtpoiiku pexuma
<= Rwuzon= = Urtect =>

Haxxmute [OK]. ITosiBUTCS TTyHKT:
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YpoBeHb U30JALUU
R uzon b 10 GQ

Haxnmaem [OK] u xuonkamu [ 1] [U Jocymectsisem Bei6op HyxrOro mopora. Moo
ycTtaHoBUTh nopor 1,2,3 ... 10 'Owm. [To ymonuanuto ycranaBnupaetcs 10 I'Owm, kak mokazaHo Ha
JKpaHe.

IIYHKTbI MEHIO B PEXKUME « U30JIALUSA»
e Hacrpolika pexxuma
o ITopor
o TecTOBOE HAIIPSIKEHUE
Nudopmanus o npubdope
[InanoBBIE U3MEPEHUS
Koaddumment K

PEXKUM «EMKOCTb»

M3MEPEHUE DJIEKTUPUYECKOU EMKOCTH

[MonxmrounTe H3MEpUTENbHBIE TPOBOA K pa3béMaM Ha nepeiHelt manenu npudopa. [Iposona
A, B mogximounte k mape, mpoBoj C- k 00osiouke kabens ( 3emie).

Bxuttounte kHOMKOM pexkum «EMKOCTby. U3Mepenus ¢ macnopTHOH TOYHOCTBIO
MIPOBOJIATCS HA KaOeIsx ¢ conmpoTuBieHrneM nuieida g0 2 kOm ( 60 km maructpans u 15 km I'TC)
Y C CONPOTUBJICHUEM M30JA1MU HEe MeHee 50 KOM.

Emxkocts: 0.0n F F A
Ka6ens « 100 %» C

Knonka [ = | nepexirouaer nsmepurensusie nposoga AB, AC u BC.
Knomnka [OK] 3amyckaet GpuibTp.

PEXXUM « LLIJIEN®»
M3MEPEHUE COITPOTUBJIEHUS LIJIENM®A
B u3mepurensHOM 3KkpaHe IpuOOp HENPEPBIBHO N3MEPSIET COPOTUBIICHHE HIIeH(pa MexX Ty
npoBogamu A 1 B. UToObl u3MepuTh 1j1eii ¢ MakCUManbHON TOUHOCTBIO, BKIIOUUTE (PUIHTP
kHomnkou [OK]. B HmkHel yacTu skpaHa mpudop nmokaspiBaeT JUIMHY kabdens. Ecnu nuna
Hen3BecTHA U B Crivcke BeIOpaHa « Mapka kabens», To Ipudop pacCUnuTHIBAET IIHHY Kabes mo
BBIOPAHHOM MapKe U TeMIlepaType rpyHTa.
<« Pesynbrar usmepenus
« JlnmnHa kabens

M3MEPEHUE OMUYECKOUW ACUMMETPUU XKW1 KABEJIS
3aMKHUTE UCTIBITYEMBIE KIJIbI HA JallbHEM KOHIIE MEXIy co00i W Ha 000J0uKy Kalens (Wiu Ha
mo0yio obparHyro xuiy). [IpoBoga A m B moakmiounTe K HMCHBITYyeMbIM kuiaMm, mpoBog C K
obomnouke ( ecnu C He moakio4éH, Oynet curaan Ryr>50 Mowm).
B pexume Ilneitd sxmounte ¢unbtp. [lociae paboTel Oerymei CTpokd TPUOOP 3alOMHHT
COIIPOTHBIIEHHUE LUIEH(a.
Boiinute B merto [ 1] [U Ju Bei6epure nmyHkT < AcuMmerprst mapsl >. 3amyck ¥ OBTOP H3MEPCHHS
kuomnkoi [OK].
KOPPEKIIMA [TPOBOIOB

[Tpubop HacTpamBaeTcsi BMECT€ CO CBOMMH HM3MEpPUTEIBHBIMU IpoBonamu. Eciau Ber
HCIIOJIB3YETE MPOBOJAa HE U3 KOMIUIEKTa Mpubopa, TO MpH paboTe Ha KOPOTKHUX ydacTKaxX KaOels
U3MEpPUTENbHBIE TIPOBOJIa MOTYT BHOCUTH MOTPEIIHOCTh B pe3yibTaT u3MepeHus. Bocmnonb3yiitech
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¢ynkuuneit koppekuu Hyna. s sroro JJO BKIIFOUEHUS npubopa naxmure kanonku [ Hlnerd]
+ [= 1], BrimrounTe npuOOp U OTHYCTUTE KHOMKH. J[0JDKHA MOSIBUTHCS HAANUCh « Koppekuus HyIsy.
Boiinute B pexum kaonkoit OK. anbie npubop cam Oyzaer « Bectu» Bac. 3aBepiInB KOppEKIHIO,
HOKMHTE [<=] ¥ mponoipkaiiTe padboTy B 0ObIMHOM mopsake. UToObl BEepHYThCS K paboTe ¢
«POJHBIMUY POBOJAMM, HY’KHO IIOBTOPUTH MPOLENYPY KOPPEKIIUH I HUX.

[TOUCK JEDPEKTA U30JIALIMN KABEJIA

YroObl U3MEPUTH PACCTOSHUE 0 MOBPEKIACHUS U3OJIALUH, HY)KHO /0 Havajda U3MEpEeHHUH B
CIMCKE BBIOpATh HY)KHBIN Ka0ellb, a 3aTeM NepelTH K u3MepeHusM. Kak npaBuiIbHO caenaTh BEIOOD
B PA3JIMUYHBIX CIIydasx?

KAK HAMTH PACCTOSIHUE B ITIPOLIEHTAX JIJIMHbI

Otor pexum HazbiBaerca «Kabemp 100 %». OH ycTaHaBIMBAaeTCS MO YMOIYAHHIO MPH
BKJIIOYeHUHU npubopa. [1oaToMy MOXKHO cpa3zy nepexoAnuTh K U3MepeHHI0. Pe3ynbTaT nokassiBaercs
B % nnuHbl. Tonbko 11 kabens 6e3 BcTaBok!

PACCTOSHUE B METPAX, KOI'JA JJIMHA KABEJISI U3BECTHA
UToOBI MOMYyYNTh PE3yNbTaT B METPAX, HY’)KHO U3BECTHYIO JUTMHY Kabens BBecTH B « Kabenp
100 %».
Bri3zoBure cniucok, Haxumas ogqHoBpeMeHHo kHonku [U3OJIALUA |+ [HUIEPFD].
[osiButcs anst pepakrupoBanus « Kadens 100%».:
« KABEJIb 100%»
[OK] penmakTupos.

Haxxmure [OK], uTo0BI HaYaTh peakTUpoBaHue ( BBOJ JJTMHBI):

JmuHa KaOest
BbIOpaHo P> 01000

3Ha4yok P> mokasbIBaeT, 4To yke BBeneHa aiauHa 1000 M. UTOOBI BBECTH CBOIO JUIMHY, HAXXMHTE
[OK]. Beox 3uauenus kuonkamu [ 1] [U], mepexon k myxHOMY paspsay knonkamu [=][<].
[Tocne Habopa mmmabl Hamo HaxaTh [OK].IIpubop BepHETCS K MpeAbIIylIeMy SKpaHy U MOKaXKET
BBCJICHHYIO JUIUHY.

JlnmuHa Ka0eIst
BbIOpaHo P> 13500

YroObl BEPHYTHCS B U3MEPEHUS C M3MEHEHHBIMHU JaHHBIMH, HA/I0 HaXKaTh KHOIKY BJIEBO [ <].
[TpuGop moATBEPAUT U3MEHEHUS U MIPEIYIPEIUT, YTO OHU COXPAHAIOTCS TOIBKO 70 BKIFOUECHUS
npubopa.

UYroObl MOTYYUTh PE3yNIbTAaT B METpax, HY>)KHO M3BECTHYIO JIMHY Kabenst BBecTH B « Kabenb
100 %». Haxmute ogHoBpeMeHHO KHOKHU [3O0JIALNA ]+ [LHHEPFD] — MOSIBUTCS DKpaH:

« Kabenp 100%»
[OK] PEIaKTHPOB.

Haxwmure [OK] u BBenute nnuny xabens. BBoj 3HaueHUsT KHOIIKAMU [TT] [U ], mepexon k
Hy)XHOMY pa3psany [=][<=]. UYroObl BepHYTbCS B U3MEPCHHUS C M3MEHEHHBIMHU JaHHBIMH, HAJ0
HaXXaTh KHOMKY BJeBO [<«=] . [lpubGop moxarBepauT W3MEHEHUS W TPEIYNPEIUT, YTO OHH
COXPAHSIIOTCS TOJBKO IO BBHIKITIOYEeHHs Tpubopa. Ecnom moarBepxkaeHus HET, nmpubop Oymer
XPaHUTh BBEAEHHBIE MapaMeTphbl JO BBIKIIOYEHUS, HO OyAeT padoTaTh ¢ MpexXHUM KabeneM. Br
MOJKETE BEPHYTHCSI B PEIAaKTUPOBAHHME U MOATBEpAUTH u3MeHeHus [<=]. Tonbko mist kabens Oe3
BCTaBOK!

ITPOBEJIEHUE UCCJIEJOBAHUM
[lepen nHauyanmom paboOThl MPOBEPUTH 3a3€MJICHHE BCEX JJIEKTPUUYECKUX H3MEPUTEIbHBIX,

YCTaHOBUTH B UCXOHOE TIOJIOKEHUE BCE OPTraHbl yIapBIeHUS IPUOOPOB.
N3MEPEHUE [TAPAMETPOB KII C ITOMOILbLIO ITPUBOPA UPK-IIPO.
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Hcnons3ys popmyast (1.3; 1.5; 1.12), paccuntars 3Ha4eHUST KOAKCUAIBHOTO Kales:
- R, - conpoTHBIEHNE BHYTPEHHETO IPOBOJAHUKA HA TIOCTOSIHHOM TOKE;

-R,,; -CONpOTHBIIEHNE HAPYKHOTO MPOBOHUKA HA IOCTOSSHHOM TOKE;
-R,;, =Rys + Ry, - conporusnenue meida;

-C-€MKOCTB;
MOJTyYeHHBIE PE3yJIbTaThl 3aHECTH B Tabmiy 3.1

Tabmuma 3.1
[TapameTpsl Ros» Roy R, C, Rus»
OM/kMm OMm/kM OM/xkM d/xm Mom
PacuérHrie
N3mepeHHsble

NCCIEALOBAHUE 3ABUCUMOCTHU KOSODPUIIMEHTA 3ATYXAHUSA
KOAKCHAJIBHOM LEIT OT YACTOTHI
Paccunrars 3HadeHust kodpduimeHTa 3atyxanuss Ha vacrorax 0,1 ; 05 ; 1,0; 1,5 u 2 MIn,
pe3yabTaThl 3aHECTH B TaOHILy 3.2.

Yacrora, MI'l 0,1 0,5 1,0 1,5 2,0

|, 1b/xm
pacu€THoe

A, n1b/ 0,72 xm
9KCIIEPUMECHT.

|, nb/xm
IKCIICPUMEHT

Co0path cxemy u3Mepenus Ko3hGUIMEeHTa 3aTyXaHus KOAKCHAILHOTO Ka0ers.

BxmrounThs nuTaHWe Ha F€HEPATOPE CUTHAJIOB, YCTAHOBUTH HaudaibHyro dactoty 0,1 MI'w,
PYUYKOI aTTeHI0aTOpa BHIXOJHOTO HAMPSHKEHUS YCTaHOBUTH B MojioxkeHue « 0 1by.

BxiiounTh MUIIMBOJIBTMETPBI, YCTAHOBUTH UX MepekitouaTenu B nojoxenue «0 nby».

Pyukoii miiaBHO# peryIupoOBKU BBIXOJHOTO HAMPSIKCHHS HA TEHEPAaTOpPE YCTAHOBUTH YPOBEHB
« 0 n1b», KOHTpOJIHUPYS €ro MO MUJUTUBOJILTMETPY 1.

[To MUTTHBOTBTMETPY 2 OTCUUTATH YPOBEHB HANPSOKEHUST A Ha BBIXOJIE Kabems B aenudenax.

[Tepecuntats monydeHusie 3nauenus A ( 1b/ 0,72 xm) B 3HaueHHs KodduImeHTa 3aryxaHus
| ( nb/xm).

[TocTpouth pacy€THBIM W OKCIEPUMEHTAIBHBIN TpaduK 3aBUCUMOCTH KOI(PUIIMEHTA
3aTyXaHus OT 4acTOThl. ClienaTh BRIBOJIBI 110 IPOACIaHHON padoTe.

Pexomenayemas aureparypa

1. Angpees, B. A. Hanpasistomue cuctemsr amektpocBsizu. B 2 1. Tom 1. Teopus nepenaun u
BIUsHUS: YueOHuK s By30B / B.A. Aunpees, D.J1. [lopTHOB U np. - 7-¢ u3x., nepepad. u AOI. -
Mocksa : I'op. nmunus-Tenexkom, 2011. —424 c.; . ISBN 978-5-9912-0092-9, 1000 sk3. — Tekcr :
anextponHbiit. — URL: https://new.znanium.com/catalog/product/256974

2. IloptHoB D.JI. OnTHueckue Kabenu CBS3M MX MOHTaX M M3MepeHue [DIeKTpOHHBIN pecypc]:
yuebHOe mocobme/ IloptHoB D.JI. — M.: Topsuas nuuus - Tenexom,2012. — 448c.
http://znanium.com/catalog.php?bookinfo=333230

3. 10. A. Tlapdenor Kabemnu snexkrpocsszu. M.: Dko-Tpennz, 2003.-256¢.: ui.

4. Kcenoponrto C.H., [ToptaoB D.JI. HanpaBnsromme cuctemsr 35eKTpocBsi3u. COOpHUK 3amad:
YuebHoe nmocodue st By30B.— M.: ['opsiuas munus —Temnexom 2009 r.— 268c.; wi.
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JIABOPATOPHASA PABOTA Ne4

UCCJEJTOBAHUE DJIEKTPOMATHUTHBIX BJIMSTHUN MEXTY
CUMMETPUYHBIMHU N KOAKCHUAJIBHBIMHU HEITAMUA

B3anMHbIe 3JIEKTPOMATHUTHBIEC BIUSIHUSL B HANIPABJISIIOIUX CHCTEMAaX U MepPbI
3alUThI
[Tpupona BIUAHUNA MEXTY LUENSAMU B CUMMETPUYHBIX U KOAKCHAJIBHBIX Ka0esix
CBA3M, IIEPBUYHBIE M BTOPUYHBIE MapaMeTpbl BIHSHUSA. MeTOAbl NOBBILICHUS
IOMEXO3AIIMIIEHHOCTH Mexay LensMu. KommeHcanus B3auMHBIX BIMSHUM Ha
yuactke OYII-OVII u HopMbI Ha 3aIIUILIEHHOCTh OT B3aMHBIX IIOMEX.

Bonpocwt ona camonposepku

1. OcobeHHOCTH BAMSHUS MEKAY KOAKCUATbHBIMU IETISIMH.

2. [Ipy4uriHbl BOBHUKHOBEHHSI KOCBEHHBIX BIIMSHUM MEXIy LEMsIMH B KaOemsx
CBSI3H.
. HopMBI Ha 3alIMIIIEHHOCTH OT B3aUMHBIX TTOMEX.
. DTarnbl CHAMMETPUPOBAHUSI HU3KOYACTOTHBIX KaOesel CBSI3U.
. Uto Takoe >3(pexT nepecTaHOBKHU?
. OCHOBHBIE MapaMeTPbl B3AaUMHBIX BIASHHM.
. UTo Takoe HEMOCPEACTBEHHbIE U KOCBEHHBIE BIMSIHUS MEXTy LEISIMU?

co N O O &~ W

. OCHOBHBIE€ MEPHI 3aIUTHI LIETICH JIMHUN CBSI3U OT B3aUMHBIX BIUSIHUMU.
9. CuMMeTpHpOBaHUE BBICOKOUYACTOTHBIX KaOesel CBsI3u.

SamnTa HanpaB/JIAKIHAX CUCTEM 0T BHCHIHHUX 3JICKTPOMAIrHUTHBIX BJIUSIHUM

HMcTOYHHMKHY OMAaCHBIX M MEIIAIONMIMX BIMSHUN U OCOOCHHOCTH BIIMSHUS IIOJIEH
BBICOKOBOJIBTHBIX JIMHUM 3JIEKTpoIepeaadyu, AICKTPUPUIIMPOBAHHBIX KEJIE3HBIX
JOpOr TIEPEMEHHOIO0 U TMOCTOSIHHOTO TOKOB, a TaKX€ MOIIHBIX PaJAHUOCTAHIUK Ha
HaIPaBJISIIOLIUE CUCTEMBI.

Mepbl 3alUThl OT ONACHBIX M MEWIAIONIUX BIUSHUW W MEPONPHUATHS,
OCYILIECTBJISIEMbIE Ha YCTAHOBKAaX BBICOKOTO HAaIPSKEHUS U MEpOIpUATHS,
NpUMEHsSIEMbIE Ha HaIPaBIAIONIUX CUCTEeMax. Mephl 3aluThl Kabejaed oT yaapoB
MOJIHAH 1 OCOOEHHOCTH 3aIUThI KaOellel B aIIOMUHHUEBLIX U CTAJILHBIX 000I0YKaX.

Paccuntarte BTOpWYHBIC MapaMeTphl B3aWMHOTO BIMSHHUS Ha CTPOUTEIHLHOUN
JUIMHE CHMMETPHYHOro (KoakcuaibHOro) kKabens. Ilo pesynpTatamM pacuera
MOCTPOUTH Tpa(UKK YaCTOTHOM 3aBUCHMOCTH.

Hcxonnbie nanHble npuBeaeHbl B Ta0n. 1.1 u 1.2. Kpome Toro, mpu pelieHuu
UCIIOJIB3YIOTCSl paHee paccuuTaHHbie B JIP 2-3 3HaueHHS NMEpPBUYHBIX MapaMeTPOB
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nepenayu. PacueT mapaMeTpoB BIUSHHS BBITIOJHSIETCS Ha TEX K€ 4acTOTax, 4To U
napaMeTpoB repenayn B npeapiaynmx (JIP2-3) 3anadax.

MeTtoauka pacuera BTOPUYHBIX IAPAMETPOB BJIMSIHUA
MeKAy HensiMi CHMMeTPUYHOr0 KadeJis

[Tepexoanbie 3aTyxaHus Ha OJMKHEM KOHIE — Ay M Ha JajdbHEeM KoHIE — A| Ha
CTPOUTETHLHOU IJTMHE Ka0essl paCCUUTHIBAIOTCS 1O (hopMysiam:

2|5, (4.1)

N1io
2

D)

A" =201g

A =201g——|, 1B . (4.2)

[Ipu pacuere ko3(pduULMEHTOB »dIEKTpOMarHUTHbIX cBa3ed N, u  Fy
PEKOMEHTyeTCsI KCTIOIh30BaTh (DOPMYJIBI:

o+ jo-m
Y J 12

fome (43)

Nip =(g12 + jo-kip)Z,

B

. o + jo-m
Fip = (012 + joo-ki2)Z, —%- (4.4)
B

VicxoaHol BENIMYMHOW MPHU pacuerax sBISCTCS Kip, KOTOpas MpH peEIIeHUU
3aJa4M PUHUMAETCs paBHOM Ky, = 10 nd/cx.
Benuunaa mg, ompeaensieTcs W3 COOTHOIICHUS MEXAY HWHIAYKTHUBHOM U

AIIEKTPUYECKON CBA3SIMU B KAOEISAX CBSI3U:

T2 72, (4.5)

k1o
AKTI’IBHI)IC COCTABJIAOIINC ng SHCKTpI/IIICCKI/IX U MAr"dmuTHBIX r]_2 CBHSCﬁ
OHpeI(eHHIOTCH n3 preI[HeHHBIX COOTHOH_ICHI/Iﬁ AKTUBHBIX 41 peaKTI/IBHI)IX

COCTaBJIAIOIINX

912 g5, 2 _pg, (4.6)
(D'klz ®-Mqo

KoHTpoJibHBIE BONPOCHI

1. Kak onienuBaercst 3p(peKTHBHOCTD SKpaHUPOBAHUS KaOCIbHBIX LIEHen?

2. Kakoe Bo371eiicTBHE Ha LIENU CBA3U OKA3bIBAIOT PAIUOCTAHIIIM?

3. CriocoOrl 3amuThl Kadesei OT yAapoB MOJTHHH.

4. HaznaueHue pa3psiIHUKOB M 3aIIMPAIOLINX KaTYIIEK.

5. UCTOYHMKM 3JEKTPOMArHUTHBIX BIMSHUA Ha HANpPABISIOIIAE CUCTEMBI
AIEKTPOCBS3U.

6. Kakue BnusiHUS Ha3bIBAIOT OMACHBIMU U KaKHe MEIIAIOUIIMU?

7. Bmusaue JIDIT u DXK]I Ha HanmpaBIsoIMIMe CUCTEMBI.

8. HopmbI omacHBIX U MEIIAIONTUX BIIUSTHUM.

9. Pacuer a51eKTpUUECKUX U MAarHUTHBIX BIUSHUM.
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MeTtoanka pacyeTa BTOPUYHBIX NAPAMETPOB BIUAHUSA
MeXKAY HensIMU KOAKCHAIbHOT0 Kalest
[TepexoaHoe 3aTyxaHue Ha OJMKHEM KOHIIE — Ay U JaJIbHEM KOHIIE — A| MEXTY
KOAKCHUAJIbHBIMHU LIETISIMU OTIPEACIISAIOTCS 10 opMyJiaM:

42,2,
=201 B s LB, 4.7
SN G =D 0
A =20|gZZB2—'Z3, 1B . (4.8)

[Ipu pacuetax CTPOUTENbHYIO IMHY KaOens | mpuusate paBhoit 0,5 KM,
3HaueHus Z, u [ = [ + j[] — u3 npeapIAyIIcH 3a1a4n.
3HaYeHUE COMPOTUBJICHUS CBSI3U Zip BHEIIHErO MPOBOJAHUKA KOAKCHAIbHOM
IIEIH, IKPAaHUPOBAHHOW JBYMS CTATBHBIMH JIECHTAMHU OTIPEIETISETCS TI0 POopMyIIe:
Jik 1 L,
Zip = : : 4.9
12 {Zn-JrB-rc c-sh-ﬂ-kt} L,+L, (4.9)

rae [ — mpoBOAMMOCThH MaTepuasa MpOBOJIHUKA;

t — ToNIIMHA BHENTHETO MPOBOIHUKA;

I'; — BHYTPEHHUH paauyc BHEUTHETO MPOBOIHUKA;

. = r, +t— BHEIIHUI paJuyc BHEIIHETO MPOBOIHUKA.
3unauenus K B popmyie (2.9) npuHUMaOTCsS paBHBIMU:
k=0,021/f — mig MeTHOTO MPOBO/IHUKA,
k=0,0164,/f — s amfOMUHIEBOTO TIPOBOTHHKA,

rae f—wuaacrora, I'n.

Bxopsmue B dopmyny (2.9) L, — mnpomombHas u L, — BHyTpeHHSs
WHIYKTUBHOCTH TPETHEW LIETIH PACCUUTHIBAOTCS TaK:
My -4m-re -t _
L, =3h—263.1o 4, (4.10)
L, =[2u3 In rc:t3 )-10‘4, (4.11)
C

rae [, — OTHOCHUTENbHAas MarHWTHas IMPOHULAEMOCTb JKpaHa, IJs SKpaHa U3
cranbHbIX JeHT [, = 100.
3HaueHue COMPOTHUBJICHMS TpeThei uenu Zz B dopmynax (2.7) u (2.8) mpu
HaJIMYHUH [TOBEPX 3KPAHA U30JIUPYIOIIETr0 NOKPBITHSA:
re +t
Z4 :[4u3@|n uJ-lo“‘. (4.12)
e
B 3akmtoueHue BbIOJIHEHUS Ja0OpaTOpHON palOTHI, KakK YKa3blBaJIOCh B
YyCIOBUSIX 3a/lady, HEoOXOJUMO IOCTPOUTh TIpadUKH YacTOTHOW 3aBHUCHUMOCTH
PacCUUTaHHBIX apaMETPOB U MUCbMEHHO OOBSICHUTB UX XapakTep.

KoHTpoabHBIE BONPOCHI
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1. [Tosicaute  QuU3MYECKHI  CMBICA  B3aUMHOTO  BIUSHUS — MEXAY
KOAaKCUAJIbHBIMHU LICTISIMU.

2. Kak wu3mensiercs A0 u A3 MeXAy KOAKCHUAIBHBIMU IEMSIMU C
W3MEHEHHMEM YacTOTHI?

3. HazoBure nepBuuHbIe TapaMeTpPbl B3aUMHOTO BJIUSHHS U TMOSICHUTE UX
buznyecKuit CMBICI.

4, HazoBurte BTOpUYHBIE mapamMeTpbl B3aUMHOTO BJIMSHUS U MOSICHUTE HUX
(bu3UYeCKuil CMBICT

5. KakoB pusnueckuii cMbICII KOCBEHHOT'O BIIMSIHUS Yepe3 TPEThU 1eTHu?

6. YacToTHBIE 3aBUCUMOCTH CONPOTHUBJICHHUS CBsI3M Z12 HW MOJHOTO
CONPOTHUBJICHHUS ZIIp BHEIIHETO MPOBOJHUKA KOAKCHAIBHOTO KaOes.

1. YacToTHas 3aBUCUMOCTh TOKA ITOMEX.

8. VYpaBHeHue sl [EPBUYHOrO  mapameTpa  BIAUSHUA — MEXKIY

KOaKCHaJIbHbIMHU LICITIMU.

Pexomenayemas jiureparypa

1. Aungapees, B. A. Hanpagnstomue cucremsl 3iektpocBsizu. B 2 1. Tom 1. Teopus
nepeaayur v BIUgHUS: Y4eOHuK aiisg By30B / B.A. Aunpees, O.J1. IloptHoB u 1p. - 7-€
u3., mepepad. u gorm. - Mocksa : ['op. muans-Tenexkom, 2011. —424 c.; . ISBN 978-5-
9912-0092-9, 1000 »9x3. —  Tekctr :  omektponnsii. -  URL:
https://new.znanium.com/catalog/product/256974

2. ToptaoB  D.JI. OnTuyeckue Kabemu CBA3M HMX MOHTAX U HU3MEPEHHE
[DnexTpoHHBIN pecypc]: yueoHoe mocobue/ [loptao D.JI. — M.: T'opsiuas nuHus -
Tenexom,2012. — 448c. http://znanium.com/catalog.php?bookinfo=333230

3. 1O0. A. TlapdenoB Kabenu anexrpocssizu. M.: Dxo-Tpenns, 2003.—256¢.: un.

4. KcenopontoB C.H., IloptHoB 3.JI. Hampapnsroomue CHUCTEMBI 3JIEKTPOCBS3H.
CoOopuuk 3amau: YyebHoe mocodue s By30B.— M.: 'opsiuast muuaus —Tenexom 2009
r.— 268c.; ui.
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JIABOPATOPHAS PABOTA Ne5-6

«ACCJIEJOBAHME MPOIIECCOB PACITIPOCTPAHEHMSI ONNITHYECKUX
UMITYJIHCOB [0 MHOT'OMO/IOBBIM U OJJHOMO/IOBBIM BOJIOKOHHBIM
CBETOBOJIAM»

OIMCAHUE JIABOPATOPHOM PABOThI

Ha skpane ocmmmtorpada moxxHo Habm0naTh GOpMY ONTHYECKOTO MMITYJbca Ha BXOJC B
ONTHYECKOE BOJOKHO, a TaKke (POopMy ONTHYECKOTO HMITYyJIbCa HAa BBIXOAE W3 ONTHYECKOTO
BojlokHa. JIyisi mepexioueHus: HaOMro1aeMbIX HUMIYJIbCOB Hcmnoib3yercs kinaBuma «PACYETY.
BxopmHble U BBIXOIHBIE UMIYJIBCHI PACIONIATAIOTCS B IEHTPAIbHOW YacTH dKpaHa ociuuiorpada.
Jns ynoGcTBa M3MEpeHUs IMTENBHOCTEH BXOJHOTO M BBIXOJHOTO HMMIIYJIBCOB C IOMOILBIO
BEPTHKAIBHOTO KypCcOpa YPOBEHb MOJIOBUHHOM aMILTUTY/bI (MOIIHOCTH) TTOKa3aH TOPU30HTALHBIM
CUHUM KypcopoM. Jlisi u3MepeHus MOJOBHHBI JIUTEIbHOCTH HMIIYJbCa BEPTHUKAIbHBIA Kypcop
COBMEUIAETCSI C TOYKOM IIepecedeHuss FOPU3OHTAIBLHOIO Kypcopa M HMMILyibca. BepTUkanbHBIM
Kypcop IepeMelaercsi ¢ TOMOIIbI0 JBM)KKAa HAa TOPU3OHTAIBHOM JIMHEHKE MOJA SKpaHOM
ocumwwiorpada. OTcUeThl MO Kypcopy pacIoyiararoTcsi ciieBa OT 3KpaHa ocmmuiorpada. s
U3MEpPEHUS] aMIUTUTY/bl UMITYJIbCOB BEPTUKAJIBHBIA KypcOp COBMEINAIOT C CEpEANMHON MMITYJbCa.
3amepkka BBIXOJAHOTO HMMITYJIbCAa MO OTHOIICHHUIO K BXOJHOMY MOXET OBITh ONpEIeNieHa Kak
«HAYAJIO OTCUYETA» cneBa ot »skpana ocmwuiorpada. CneBa ke pacmoJiararoTcs
MEPEKITI0YATENH [IEH JACJICHUS 10 TOPU30HTAIBHONM U BEPTHKAIBHOMN 0csM ociiiutiorpada.

C mnpaBoil CTOpOHBI OT 3KpaHa ocuwuiorpada pacmojiaraercs IMepekioyaTeslb THUIIOB
ONTHYECKUX BOJIOKOH, KOTOPBIN TIO3BOJISIET BHIOpATh MJIsi HWCCICIOBAHUS CICAYIOIINE THUIIBI
BOJIOKOH:

cTaHgapTHOE BOJOKHO (SF) co crymeH4arsiM mpoduieM mokas3ares MpeJoMICHuUS,

BOJIOKHO €O cMemeHHo# qucnepcueii (DSF),

BOJIOKHO C HEHYJICBOU MOJI0XHUTeNbHOM nucniepcueii (+NZ DSF),

BOJIOKHO C HEHYJICBOU oTpHIarenbhoii aucnepcueii (-NZ DSF),

CTaHJapTHOE BOJOKHO (SF) Oe3 BOSHOTO MUKa 3aTyXaHHusl.

[lon nmepexnroyarerseM THUMA ONTHYECKMX BOJIOKOH  pPAacIioyiaraercs  peryssTop,
MO3BOJISIOIINUNA U3MEHATh JUIMHY UCCIEAYEMOI0 BOJOKHA.

OcTtanbHble pPErylaToOpbl W MepeKioyaTesld OTHOCATCA K HMCTOYHHMKY U3Iy4deHus. B
1ab0paTOpHON YCTAaHOBKE MOYKHO TUTABHO M3MEHSTH JUIMHY BOJIHBI MCTOYHWKA B mpeaenax 1250-
1675 uM, anuTenbHOCTH UMIYNbCa OT 1 nc 1o 10 He, mepekaoyaTh MUPUHY CIEKTPA U3ITYYEHUS OT
0.01 I'Ty mo 100 I'Tu. PeanbHble UCTOYHUKH H3JTYYEHUS MOTYT MMETh Mapa3MTHYI) YAaCTOTHYIO
MOAYJISIMIO, KOTOPYIO TaKK€ MOXKHO 33/1aBaTh C OMOIIBIO MEPEKIIIOUATEIIS.

ITopsa0K BbINOJTHEHUsS] padOThI
[Tonyunth y mpernonaBaTellss HOMEP BapuaHTa 3a/aHUsl Ha BBINOJIHEHHE JaOOpaTOPHOM
paboTHI.

Tunel IByX HUCCIENYEMBIX BOJIOKOH, UX JJIMHBI L, a Tacke mmrensHOCTH BXOIHBIX
uMIynbcoB 11 mpusenens! B Tabmuue 1. IlupuHy CHeKTpa M3My4eHHs HCTOYHHKA B 4acTOTHOM

o6macTy npuHATh paBHoi A f =10 JT1I Jins pacuera WHpPHHBI CIIEKTPa H3IyYCHHUS B ¢INHHALAX
JUTMHBI MOYKHO BOCTIOJIB30BATHCS BBIPAXKEHUEM

12
C

AM=—- A
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Taoauna 1

Bap | Tun OB1 Houna, | Jaur. . Tun OB2 | Jnuna, | Jaurt. | Jdawur.
OBl,km | 1 uMmn. | 2 mMmiI. OB2, | lumm. | 2 uMmm.
Tc e KM
1 SFoobIunoe 25 10 2000 DSF 75 25 1000
2 SFoobIunoe 50 15 4000 SF 6e3 OH 100 20 1500
3 SFoobIuHoE 75 20 6000 +NZDSF 25 15 2000
4 SFoobIuHoe 100 25 8000 -NZDSF 50 10 2500
5 SF 6e3 OH 30 25 1000 DSF 90 10 2000
6 SF 6e3 OH 60 20 1500 +NZDSF 120 15 4000
7 SF 6e3 OH 90 15 2000 -NZDSF 30 20 6000
8 SF 6e3 OH 120 10 2500 SFoobIu- 60 25 8000
HoOe

IIpoBecT U3MEpEHUs aMILIUTYIbI P 1 ¥ mmpunsl {1 BXomHOTO (OAMH pa3) M BBIXOJHBIX

VMITYJIbCOB P o n Uy npu pasnuuHEIX 1THHAX BONH A ucrounnka usnydeHus (ot 1250 no 1675 um
He MeHee 20 TOYeK) W MOMECTUTh pe3yJIbTaThl B TAOJIUIY 2 TPH MEPBOW U BTOPOU JIIUTEITHLHOCTH
BXOJIHOTO HUMIynbca. s KaXIOTro BOJOKHA JOJDKHA OBITh JBE TaONMUIBI C pe3yJIbTaTaMu,

MOJIyYEHHBIMU JIJIS1 ABYX JUIMTEIbHOCTEH BXOJIHBIX MUMITYNbcOB. [IpoBectu pacuersl 3aTyxaHus d,

Kod(pduurenTa 3aryxanus @, yIIUPEHUs! ONTHYECKOTO UMITYJIbCca Atu XPOMAaTHYECKOU TUCIIEPCUU

Dy.

P
a=10-l1g—Lt
P,
a
o=—
L
At =4t —t}
At
= —
L-A1
[Toctpouts rpaduku 3aBUCUMOCTH Ko3(duimenta 3aryxaHus Ol U XpoMaTHYECKOH
AUCTICPCHUN DX OT OJIMHBI BOJIHBI ﬂ« A1 ABYX ,Z[JII/ITGJ'H:HOCTGI‘;I BXOAOHBIX HMITYJIBCOB U IJId ABYX
ONTUYECKHUX BOJIOKOH. J[aTh OOBSCHEHMS IONYYECHHBIM pe3yjbTaTaM, CPaBHUTh U3MEPEHUS MpU
ABYX NUIATCIIBHOCTAX UMITYJIBCOB U U IBYX PA3JIMYHBIX BOJIOKOH.

Tab6muna 2

Tun BosiokHa  JImHa BOJIOKHA, KM JImuTenbHOCTh BXOTHOTO UMITYJIBCA, Tc

JlnvHa BOJIHBI, HM

MoitHoCTb, MKBT

JnutensHOCTh
HMITYJIbCA, T1C

3atyxanue, 1b

YmupeHue uMnyibca, e

Koapdpuument
3aryxaHus, 1b/km

XpoMarudeckast
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menepem.ne/mmxw | | [ | [ | [ | [ | | [ ] [ |

2.3. Ha nByx mmuuax BosH 1310 u 1550 HM mpoBecTH M3MepeHUs 3aBUCUMOCTH aMILUTUTYIbI Py u
JUTUTETTLHOCTH {7 BBIXOJHBIX UMITYJIHCOB OT IIMPHUHBI CIIEKTPA U3ITYYeHUS Af UICTOYHUKA U3TyICHHUS
JUIS IBYX paHee 3aJaHHBIX JUTUTEIBHOCTEH BXOJIHBIX MMMYIbCOB t; . PesymbTaThl m3MepeHuit
MOMECTUTH B TAOIHUILY 3.

Tabmmma 3
Twum BoaokHA JnvHa BoJIOKHA, KM JIMMTEenbHOCTh BXOTHOTO UMITYJIbCA, Tic
JlnvHa BOJIHEI, 1310 1550
HM

[npuna 001 0.1 1.0 10.0 100 0.01 0.1 1.0 10.0 100
criektpa, [ T

MontHOCTb,
MKBT

JnutensHOCTH
HMITYJIbCA, T1C

3atyxanue, 1b

Ymupenue
VMITyJIbCa, I1C

Koaddumuent
3aTyXaHus,
nb/xkM

XpomMaruueckast
nucrnepcus,
TIC/HM KM

[Moctpouth Tpaduku 3aBUCHMOCTEH KOX(PUIMEHTA 3aTyXaHHS O U XPOMATUUYECKOMH
mucniepcu Dy OT MIMpPUHBI CHIEKTpa M3IYyYCHHS MCTOYHHMKA JUIS ABYX JJIUTEIBHOCTEH BXOIHBIX
UMITYJIbCOB M JUIS JIBYX ONTHYECKHX BOJOKOH. J[aTh OOBSICHEHUS MOJYYEHHBIM pe3yJIbTaTaM,
CPaBHHUTH U3MEPEHUS ITPU ABYX JUTUTEIBHOCTSX UMITYJIBCOB U JUIS IBYX PA3IMYHBIX BOJIOKOH.

Conep:xanue oTyera

TaGnuue! ¢ pesynpraTamMu u3MepeHuii u pacueros. ['paduku 3aBucuMocteld. BeiBobI.
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JIABOPATOPHAS PABOTA Ne/
ONTUYECKUHA PE®JEKTOMETP
N3YYEHUE METOJA
OBPATHOI'O PACCESIHHMSA B BOJIOKOHHBIX CBETOBOJAX C IOMOUbIO
OIITUYECKOI'O PE®JIEKTOMETPA

OIIMCAHME JIABOPATOPHOM PABOTBI
COCTAB YCTAHOBKH

Mopenupyemass nabopartopHas ycTaHoBKa (puc.7.1) COCTOMT U3 yHHBEPCAIBHOTO
orntuueckoro pediuekromerpa (OP), cBapounoro ammapara (CA) U OBYX OZHOPOJHBIX OTPE3KOB
BoJIoKOHHBIX cBeToBOJIOB (BC1 m BC2). IlpemycmoTpensl Bo3MoOkHOCTH TonakmodeHus OP k
BosIoKOHHOMY TpakTy (BT) ¢ mo6oii croponsl (BC1+BC2) wm (BC2+BC1) u orkmouenust OP ot
BT.

op BC1

L]
%

BCZ2

.,

Puc.7.1. CtpykTypHas cxema 1a00paTopHO YCTaHOBKH
ONTUYECKUU PEDJIEKTOMETP

Ontuuecknii pepaexromerp (OP) cOCTOUT M3 YETHIPEX CMEHHBIX OMTOAIEKTPOHHBIX OJIOKOB
U DJEKTPOHHOTO OJIoKa 00pabOTKM CUTHAJIOB oOpaTtHOro paccesHusi. B xommiexktr OP Bxomst
CJIETYIOIIHE OTTOAICKTPOHHBIE OJIOKU:
e i mHOromo0BbIX BC (MBC) ¢ mymnHOM BostHbl A=0.85 MKM;,
e s MBC ¢ A=1.3 mim;
e s ogaomo10BbIX BC (OBC) ¢ A=1.3 mkm,
e st OBC ¢ A=1.55 mxm.

CrpykrypHast cxema (puc.l.2) omnrToanekrpoHHoro Ojoka, mnoakmoyeHHoro k BT ¢
nomoInbio HampasiaeHHoro orBerBuTenst (HO), conepxut:

- CTAaOWIIM3HPOBAHHBIN IO MOIIIHOCTH UCTOYHUK KOPOTKHUX ONTUYECKUX UMITYIIbCOB (MIN);

- ¢otonpuemHoe yctpoicTBo (DITY).

HUcrounuxk wusayvenuss (MU) Brmouaer: mnazepueii guox (JIZI) ¢ BcTpoeHHBIM
dorogrogom (DJI) u cucreMmy CTaOMIM3ANNUNA BBIXOTHOW ONTHYECKOW MOIITHOCTH, COCTOSIIYIO W3
ycwnutens Toka Hakadku (YTH), ucrounuka onmopnoro toka (MOT) m ycunmurenss Toka ONMIMOKH
(YTO).

®ITY Bkiawouaer: naBuHHBIA (otomanon (JIDJ) co craOMIM3HMPOBAHHBIM HCTOYHUKOM
nutanus (UI1), ycunmurens porotoka (YOT) u ycunurens Hanpsorenus (YH).

[lepuoanueckas MOCIENOBATENILHOCTh KOPOTKHX HMITYJIbCOB HAaNpsOKEHUS MOCTYMaeT u3
65oka 00paboTku Ha oauH BXxoa Y TH, koTopslii mpeoOpa3yeT BXOIHOE HAPSHKEHUE B TOK HAKAuKU
JIA. dnst ctabunu3anuyd BBIXOJHOM ONTHYECKON MOITHOCTH MCIIOJB3YETCS JAaTUYMK - BCTPOCHHBIN
®J1, hoToTOK KOTOPOTO MOCTynaeT Ha oauH Bxoa Y TO, KoTopslii TpeodpaszyeT pasHOCTh (POTOTOKA
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u onopHoro Toka oT MOT B HampspkeHue CTaOMIU3UPYIOIIEH OTPHULATENbHOW OOpaTHOM CBA3H,
nocrynaroniee Ha BTopoit Bxog Y TH.

BT
—»
Bx | YTH > ng > HO € >
W W
YTO | ]| nog Zlpl
W
BblX
MOT YT o YH [——>—

Puc.7.2. CTpykTypHasi cxema ONTOIEKTPOHHOTO OJIOKa

Ontuueckue ummnynascsl yepe3 HO mocrynator B uccnenyembiii BT. O6patHo paccesHHOe
M3JIy4YE€HHE U OTPaKeHHbIE OT HeoHOpoaHocTell BT ontrueckue nmnynbesl uepe3 HO mocrynarot
Ha BxoJ JID/I, roe mpeobpasytorest B potoTok. [Tocnennuit B YOT npeobpazyercss B HanpsKeHHUE
n ycuuBaetcs B YH. Koaddumuent YH moxxHO n3mensTs npu Hactpoiike OP.

CrtpykTypHasi cxema aekTpoHHoro 6moka OP (puc.7.3) BKIOYaeT reHepaTrop UMIYIbCOB
(I'N), ananoro-mmudpoBoii mpeodpazoratens (ALIT), MukponpoleccopHoe YCTPOMCTBO YIIpaBICHUS
(MITYY) u ycrpoiictBo otobpaxenus (YO).

BblX
r >
.
B BX
MITYY aUn fe——
YO

Puc.7.3. CTpykTypHasi cxema 3JIeKTpOHHOTO 0Jioka oopabotku OP

YO BbINONHAETCS HAa OCHOBE 3JEKTPOHHO-TYYEBON TPYOKH WM KMIKO-KPUCTATUINYECKOM
nanenu. MIIYY ympaBnser pa6oroit ALl u mo3BoJsAE€T OCYIMIECTBIATh HAKOIUICHHE H
3alIOMMHAaHUE CUTHAJIOB O0OPATHOTO PACCESIHUS OT pa3IndHbIX Touek BT.

IMPUHIMUIT HAKOIUVIEHU S CUT'HAJIA OBPATHOI'O PACCESHUA

Jns nakorennoro curnana Uy(l), oOycnonenHoro ywactkom BT, pacmonoxeHHOM Ha
paccrostauu | ot Hayana BT, MmoxHO 3amucarhb

Uu()= U (1)+U,). 7.9

rae N - yncito HakoIUIEHHH cUTHAaJIa B TaHHOM TOYKE;
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Us(l) - mone3Hslii curuan B 1aHHOH TOYKe pedIIeKTOrpaMMBbl;
Ui - OTCYeT IIyMa Ipy | HaKOTICHUH.

T.x. mym Ha Bbixoge @DIIY saBusgercs cinydailHOM BETWYMHOW CO CpEOHEKBAIpPaTUUYECKUM
otksnoHeHneM (CKO) o, To oTHoLIEHNE curHazia K mymy Ha Beixoze @IIY cocrasnser
Us(l
sine =20
o

(7.2)

[Tocne N HakomIeHHI OTHOIIEHHE CUTHAJIA K IIIyMY BO3pacTaeT IIPONOPLHOHAIBHO JN
S/Nn = UN(') =[sINe N . (7.3)

Uucnom HakomneHuit B OP MoxHO ynpaBJIHTI:.

Jdunamuyeckuii aumanazon OP, koropelii mpeacTaBisieT coOOW BBHIPAKEHHOE B
Jorapu()MUUECKUX €AMHUIIAX OTHOLICHUE CHTHaja OOpaTHOTO pasieeBCKOro paccesHus mnpu 1= 0 k
oIymy
Un(0) _

Ow
3a cueT HakoruieHus Bo3pactaet Ha 2.5 Ig(N) nb.

Junnamuyeckuii quamna3zoH OP 3aBUCHT Takke OT JJIMTEIBHOCTH 30HAMPYIOMIETO UMITYJIbCa
ti. Ecnu u3BecTteH auHamMuueckuil auana3zoH Do mpu AnuTenbHOCTH uMMyibca tjp, OLIEHUTH B
NepBOM MPUOTMKEHUN TUHAMUYecKkuii nuana3on D npu apyroit nnutenbHOCTH UMITysibea tj MOXKHO
M0 BBIPAXKEHUIO

Dn=5-lg——~2=5-Ig UQ) , 5. lg(N) (7.4)
On

D:Do+5-lgtt—i. (7.5)
i0
Tunuunas pedexkrorpaMma curaita ooparaoro paccesaus ais BT npusenena Ha puc. 7.4.

Y, 1B

Puc.7.4. Curnan o6paTHOTO paccessHus

Ha Helt MOXHO BBIIETUTH OMHOPOAHBIE ydacTKu (2) BT (6e3 HeogHOpOAHOCTEH) C MOCTOSTHHBIM
koopduurentom 3aryxanus @, Ha kortopeix COP mocne norapupMupoBaHHS BBITJIAIUT, Kak
npsiMasi JINHUS, HAaKJIOH KOTOPO onpeaessieT KodpPHUIrueHT 3aTyXaHusl.

Hapsiny ¢ nunelinpiM m3MeHennem ypoBHsS COP Ha pedrexkrorpaMme MMEIOTCS OCOOCHHOCTH,
00yCJIOBJICHHbIE PA3TUYHBIMU HEOJHOpPOAHOCTSAIMH. HawanmbHblii BbIOpoc curHama (1) BbI3BaH
(bpeHeNneBCKUM OTpaKEHHEM OT BXoaHoro Topma ucciaeayemoro BC. Kak mpaBuiio, oH BBOAMT
@IIY B HachllIEHUE, a BPEMsI BBIX0J1a U3 HETO OINpeAeiseT BaxHbll napamerp OP - MepTByIO 30HY,
T.e. paccrosiHue Al,, Ha KOTOPOM HEBO3MOXKHO OOHAPYXHTh HEOAHOPOJHOCTH U H3MEPHUTH
KOd(PUIMEHT 3aTyXaHusI.
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BriOpoc curnana c mepenazom 3aTyxaHus (4) BOZHHMKAeT NpPU HAJIUYUU B TPAKTE PazbeMHOTO
COEIMHHUTEIA, a TAK)KE NPU HAJMYUHU B BOJOKHE MaJICHbKUX BKIIOYEHUH MHOPOAHBIX IpUMeECel Win
Ny3bIPbKOB BO3AyXa. Takue OTpaKeHHsI XapaKTepU3YIOTCS BO3BPATHBIMU MOTEPSIMH, KOTOpBIE
MOTYT OBbITh PACCUUTAHBI IO BBIPAXKEHUIO:

a; =-10-Ig R, (7.6)
rrae R - ko dunment orpakeHus.

KoadduuneHt orpakeHus A paHULBI pa3jiena KBapl/BO34yX AOCTUraeT 3HAUYUTEIIbHOU
BenuunHbl 4% npu yriie naaeHus 0°. OnHako, €ciau MOBEPXHOCTh CKOLIEHHAsl, HEPOBHAs WM
3arpsi3HEeHHast, KO3(pQULUUEHT OTpaKeHHs MOXET HMMETh 3HAYUTEIbHO MEHBIIYI BEIHYUHY, U
oTpakeHHe oT 0OpbIBa MK 3aHero Topua BT He Bcerna MoXHO 0OHAPYKUTh.

Hepa3zbemHble coeauHeHUs (CBapHbIE, KJIEEBbIE M MEXAHMUYECKHUE CPOCTKH BOJOKOH), B
KOTOPBIX OOBIYHO OTCYTCTBYIOT OTpa)KE€HHsI, OTOOpakaloTcsi Ha pediekrorpamme cryneHbkoi (3).
Konenn BT unm ero oOpbIB ompenemnsercs Mo OTPaKEHHOMY OT 3aTHEro Topiia UMIyNbCy (5) u
CJICAYIOIIEMY 32 HUM Y4acTKy (6) ¢ pe3KUMHU CIy4alHBIMHU TEepernagaMu YPOBHS PETUCTPUPYEMOTO
curHana, 00yciaoBiIeHHbIX ryMamu DITY.

YIPABJIEHUE JJABOPATOPHOM YCTAHOBKOMH

OCHOBHOE MEHIO

OcCHOBHOE MEHIO COJEPKHUT CIEIYIOIIHE MYHKTH (peXuUMbl padoTel): «[loMormiby,
«Bapuanty», «llapametpsi», «Pednekrorpammay, «Capkay, «l[logkmouenue», «Hacrtpoiika»y u
«Boixon». Ilocrme 3amycka mnporpamMmbl, BBIOpaB IMYHKT TOPU3OHTANBHOrO MeHio «Bapuant»
KYPCOPHBIMHU KJIABHUILIAMH YCTAHABIMBACTCs YKa3aHHBIM IpernojaBaTeeM BapuaHT 3afgaHus. Ha
9KpaH BbIBelleHBl mapamerpel OP, 3amanHble Mo ymonmdaHuio. M3MeHEHHE MYyHKTOB OCHOBHOIO
MEHIO OCYIIECTBIISIETCS TOPU3OHTAIBHBIMU KYpCOPHBIMU KiaBumamu. ObpaiieHne K BHIOpaHHOMY
MYHKTY OCYIIECTBIIsIETCS KiaBuien «Entery.

3AIIYCK UBMEPUTEJIBHOI'O ITPOIECCA
Pexum «PednexrorpamMmma mo3BomsieT 3amyctutb OP Ha peructpanuio pedaeKkTorpaMmel.
OcHOBHOM 1enbl0 BBIOOpa M 3amaHus mapameTpoB OP sBisercss monydeHWe HarsIHON
peduiekTorpaMMBbl, M0 BO3MOXHOCTH CBOOOIHON OT IIYMOB, M IO KOTOPOH MOXHO ONpEAEISATH
rapaMeTpbl UCCIEYEMOT0 BOJIOKOHHOTO TpakTa u camoro OP.

3AJJAHUE TAPAMETPOB OP

Pexxum "ITAPAMETPBI" mno3Bosisier BBIMTH B MOAMEHIO, KaXAbIH IYHKT KOTOPOTO
MpeHa3HayYeH I YCTaHOBKH ompenesieHHoro napamerpa OP. [[ns mepeMenieHus mo MoAMEHIO
UCTIONB3YIOTCS BEPTHKAJIbHBIE KypCOpHBIE KIAaBUIIM. BbpIOOp yCTaHaBIMBaeMOro InapamMeTpa
noaTBepkaaeTcs: kinaBumed «Enter». Jlns ycTaHOBKM KOHKPETHOTO 3HAUYEHUS BBIOPAHHOTO
mapameTrpa TaK)Ke HCIOJb3yeTcs IMOJIMEHIO, YIpaBisieMoe Kypcopamu. BpiOpanHoe 3HaueHHE
napaMmetrpa noaTrBepxkaaerca kiaBumend «Enter». Ilocie ycTaHOBKM 3HaY€HUM BCEX MapaMeTpOB
JUIS BBIXOJIA B TJIABHOE MEHIO HAXMHTE KiaBuiny «Enter» mpu BeiOope nmyHkTa noamMexio '"Boixon'.

[Tpu ycranoBke "Kodppuunenrta ycuiaenus'" nsmensercs kodpdunuent nepenaun YH B
@ITY B mpenenax ot 0.3 o 10000. ITpu 3ToM U3MEHsIETCs pacloNoXeHUe pediaeKkTorpaMmbl Ha
9KpaHe B JIOTapu(PMUUECKOM MacIiTade, HO He MEHSETCs OTHOIICHHE CUTHAJIA K IIIyMYy.

[Ipn ycraHnoBke "IIMTEIBHOCTH MMIIYJIbCA' BMECTE C HM3MEHEHHMEM JUIMTEIbHOCTU
uMmiynbca B mpenenax oT 20 mo 5000 HC W3MEHSIETCs TakKe€ YPOBEHb CHUTHaJIa OOpaTHOTO
paccesnusi. IlpuyeM ¢ yBenTMYEHUEM UIMTEIBHOCTH YPOBEHb CHUTHajla OOpaTHOTO pacCesHUs
pacTeT, a ypoBeHb (PEHETIEBCKUX CUTHAJIOB U YPOBEHb IIyMa MPaKTUYECKU He u3MeHsAoTcs. [Ipu
U3MEHEHUH JUIMTEIBHOCTH M3MEHSETCS paclojiokeHHe pediaekTorpaMmbl Ha JKpaHe B
Jorapu(MHUIECKOM MaciiTade ¥ OTHOIIEHHWE CUTHAJIA K IIyMY.

[Ipu ycranoske "lamubl yuyacTka' ropuszoHTanpHas mkaita OP umeer npoTskeHHOCTSh 1,
5,251 125 km.
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IIpu ycranoBke "IJAMHBI BOJHBI'" W3MEHSETCS THIl OINTHUKO-3JIEKTPOHHOTrO Ojoka. [Ipm
3TOM JUIsl JUIMHBI BOJHBI A=1.3 mKxm HEOOXOAMMO BHIOpaTh TAaKKe€ M THUII ONTHYECKOTO pa3bema
50/125 mxm wim 9/125 mMxMm B myHKTe MeHio "Onrtudeckuid pazbem". st Opyrux JJIUH BOJIH
ONTUYECKUN pa3beM U JUIMHA BOJHBI CBSI3aHbI OJTHO3HA4YHO. [103TOMY NOCTaTOYHO 3a/1aTh TOJIBKO
JUTMHY BOJTHBI.

[Ipu ycranoBke '"Pexxuma pabdoThl" MOXHO BBHIOMpPATh MEXIY JUHEHHBIM MaciTaboM Io
ocu Y um norapupmuueckuM. Btopoil pexxum paboThl yqoOHee MpH WM3MEPEHUsX 3aTyXaHHUs U
noteps. lllkana rpagynpyercs HenocpeacTBeHHO B 1b. B TMHENHHOM pekUMe 10 BEPTUKAIBHOU OCH
OTKJIAJIBIBACTCS BEIUYHMHA HaIpsDKeHUs curHaia B Bombrax Ha Bhixome @DITY. Ilocme BeIOOpa
pexuma paboThl B 3TOM K€ IMYHKTE BbIOMpaeTcs LieHa JeJeHHs BepTUKadbHOW mikanbl nb/men B
norapudmuueckom Macmtabe (B mpenenax or 0.25 mo 2.5 nb/men) u B B/men B nuHeiiHOM
MmacmTabe (B npenenax ot 1 MB/aen no 1.0 B/gen).

Ipu ycramoBke "PEKHMMA HAKOIUIEHHUM" MoxXHO BHIOHpaTh  MEXIY
NocJIeI0BAaTeJbHBIM 1 NapauleJIbHbIM HAaKOIUIEHHEM CUTHaja 00OpaTHOTO paccesiHUsl.

B nepBoMm ciydyae B KaKJOM U3MEPUTEIBHOM NEPUOJIE U3MEPSIETCS CUTHAJ TOJIBKO B OJHOM TOUKE
pedaekrorpammel. B kaxxmoi Touke mpoBoautcs N m3mepenuit (N moxer u3MensThes or 10 g0
1000). ITociie yero HaUMHAETCS pETUCTPALMsL IPYTOd TOUKH.

OO6riee BpeMst perucTpamyu |, MPSIMO MPONOPIHUOHATBHO YHCIY PETUCTPUPYEMBIX Touek M
Y YHCITy HAaKOIUIEHUH B Kax a0 Touke N
N-M

Fo '

rae To=1/Fo - mepuo ciae1oBaHus 30HAUPYIOIIUX UMITYJIbCOB.

- Bo BTOpOM ciiyuae B KaKJJOM U3MEPUTEIBHOM MEPUOJE N3MEPSETCSl CUTHAJI OTO BCEX TOUEK
pedaexkrorpammel. Yncno HakoreHuid N moxet uzmensaTbess ot 2000 go 2000000. Obmiee Bpems
PErUCTpALK HE 3aBUCUT OT YMCIIa PETUCTPUPYEMbIX Touek M u cocraBisier

Te= N To= V.

Fo
OTMeTHM, 4YTO Tapa/Uie]lbHOEe HAKOIUICHHE OpraHW30BaTh TEXHWYECKH  CJIOXKHEE YeM
nocneaoBarenbHoe. Kpome Toro, ero peanmsainus TpeOyeT NMpPUMEHEHHUS OOJBIIEr0 KOJMYeCTBa
OBICTPOACHCTBYIONUX MUKPOCXEM, UTO NMPUBOJUT TAKXKE K YBEIIMUCHUIO dHepronorpedaeHus. [Tpu
paboTe Ha ycTaHOBKE MOMHUTE, YTO C YBEIMUEHUEM Yncia HakoruieHui N pe3ko Bo3pacTaet BpeMs
U3MEpEeHUs, 0COOCHHO TPH MOCIICI0OBATEILHOM HAKOIIJICHHH.

Tr=N-M  To=

YIIPABJIEHUE CBAPOYHBIM AIIIIAPATOM

Pexum "CBAPKA" no3BosisieT BOWTH B IOJMEHIO, COCTOSAIIEE U3 ABYX IYHKTOB: "CBapka"
u "Cxon". IIpu BeiOOpe myHkta "CBapka" mpoucxoaut cBapka aByx BC, B mocienoBaTelIbHOCTH
yka3zaHHOH B pexume ocHoBHoro MeHio "TTOJKJIFOYEHUE". IIpu Bei6ope mynkra "Ckon" cBapka,
ecyii OHa ObliIa TMepes 3TUM CHellaHa, pa3pylIaeTcs U Ha peduieKTorpaMMe MOKHO BHJAETH TOJBKO
onux BC.

YIIPABJIEHUE NOJAKJIIOYEHUEM

Pexum "NMOAK/IFOYUEHUME'" mno3BoiseT BBIATH B TMOAMEHIO, COCTOAIIEE M3 TPEX
nyakToB: "BC1+BC2", "BC2+BC1" u "Het nonkmrouenus". BeiOupas nepBblil WM BTOPOM, MOKHO
noakaounts OP ¢ mo6oit ctoponsl BT. [lpu ycTtaHOBKe TpeTbhero MmyHKTa MOXHO HaOII0JaTh
OoTpakeHue OT rpaHullbl pazaena BC/Bo3myx.

Pexum «HACTPOMKA» npennasHadeH st BHIGOpPA BBIBOJA HA KPAH MOHOXPOMHOTIO
WIA IIBETHOTO H300paKeHUs, Ui BKJIIOYEHUS M BBIKIIOYCHHS 3BYKOBBIX 3((eKToB, s
MOJACTPOMKHA TIPOTrpaMMBbl TIOJ OBICTPOJCUCTBHE KoMMbioTepa. [l MOACTPOWKH C TTOMOIIBIO
KYPCOPHBIX KJIaBUII U3MEHSETCS 3aEpKKa.
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MMOJIb30BAHUE KYPCOPAMU

Jnst  u3MepeHuss ypOBHEH CHUTHAJIOB OOpaTHOTO pacCesHHUsT W PACCTOSHUU 110
COOTBETCTBYIOIIUX TOYEK HCIIOJIB3YIOTCS JIBA BEPTHUKAIBHBIX Kypcopa, KOTOPBIC MEPEeMEIAIOTCs ¢
MOMOIUIbI0 KYPCOPHBIX KJIABHUII KJaBUATYpPbI: JIEBBIM Kypcop — KJIaBUIIAMH —> U <—, MPaBbli —
KJIaBUIIIaMHU T u \L
OTcueTbl pacCTOSHUM B KM U CHUTHAJIOB OOpaTHOTO paccestHUs B Ob HAXOIATCS MO SKPaHOM C
pednexrorpammoii. Tam ke NMPUBOAUTCA PACCTOSHHE MEXIY KypcOpamMH U Pa3HOCTb CUTHAJIOB
00paTHOTO paccestHUsL.
[IpenycMoTpeHa  BO3MOXKHOCTh  MOAPOOHOr0  W3ydeHHws  ¢parMeHTa  pedIeKTOrpaMMBI,
HAXOJSIIETOCS MEXIY KypcopamH, C TMOMOIIBI0 HaaTus OONbIION KiaBumu mpobena. ITOT
peXUM paboThl HA3bIBAIOT <AJIEKTPOHHOM IIYMON» WM «OKHOM». PexxuMm wucnonb3yercs s
MOBBIIICHUA TOYHOCTH U3MCPCHUA paCCTOHHI/Iﬁ U BHOCUMOTI'O HCOAHOPOAHOCTAMMU 3aTyXaHUH.
Onepanus BbIAECNEHUS (parMeHTa MOXET BBIMOJHATHCS W JUIA yKe BbIOpaHHOro ¢parmMeHTa.
BosBpar k wucxomHOW peduiekTorpaMMe «0030p» OCYIISCTBISIETCS 4Yepe3 IYHKT MEHIO
«ITapameTtpb».

MOMOIIb

B pexume «ITOMOILb» conmepkaTcsi HEKOTOpBIE CBEACHUS 110 YIIPABICHHUIO J1A0OPaTOPHOM
YCTaHOBKOM.

MPOT'PAMMA 3KCHNEPUMEHTAJIbHBIX UCCJEIOBAHUI
OIIPEJAEJIEHUE THUIIA BC 1 IIOTEPH HA BBOJIE

B Hacrosimee BpeMsi B ONTHYECKMX KaOensX NMadbHEH CBS3U HCIOJB3YIOT BOJOKOHHBIC
ceetoBobl (BC) ¢ kBapueBbIMH CEPALIEBUHON U 000JOYKOM ABYX OCHOBHBIX THUIIOB: OJJHOMOJIOBBIE
BC (OBC) u muoromonossie BC (MBC) ¢ rpaagueHTHBIM NpoduiieM MoKa3aTels MPEeIoMIICHHS.
OHU UMEIOT OJIMHAKOBBIM quamMeTp 000709ku 2b = 125 mkm, HO pa3HbIN TUaMeTp CEpAIEBUHBI 2a
= 50 mxm nnst MBC u 2a = 8-10 mxm qis OMB. KoHCTpyKIMHM ONTHYECKHX pPazbeMOB IS
pasmuuabix BC mpakTHYeCKW OJWHAKOBBI, YTO TPUBOJUT K BO3MOXXHOCTH HENPABHIBHOTO
nogkmoueHuss BC k onrtuueckomy peduekromerpy (OP). Hampumep, moxakmiouenue OBC k
MHOroMoa0Bomy Bbeixoy OP unu nogkmrouenue MBC k oganomMogoBomy Beixony OP nmpuBoauT k
OONBIIMM TOTEPSIM HA BBOJE WJIM BBIBOJC H3IYYCHHS, YMEHBIICHUIO TOJE3HOTO CHTHAIA H
YXYIIICHUIO OTHOIIEHWS CUTHaIAa K mymy. Ilpudem Oosnbline MOTepy BO3HUKAIOT TOJIBKO TPH
nepexone wusnydenus u3 MBC B OBC. Ilotepu B mnepBoM NpUOIMKEHUH OIPENENSIOTCS
OTHOIIICHUEM TIIoma el cepaieBuH coeauHsieMbix BC (mm KBaapaToB pajnyCcoB) U OTHOIIICHHEM
YHUCIIOBBIX amepTyp. JJomomHUTeNnbHbIE MOTEpHU Ha BBOJIE/BBIBOJIE M3TYUYEHUS MPU HEMPABUIHLHOM
coequHeHu BC MOYKHO OIIEHUTH MO BBIPAKEHUIO

rae 'm, o - paaguycsl MBC u OBC, cOOTBETCTBEHHO;
NAm, NAg - ancnossle aneptypsl MBC u OBC, cooTBETCTBEHHO.

Jlis SKCcTiepuMeHTANBHOTO omnpezaeneHus Tuna BC 1 BeTHUMHBI JONOTHUTENBHBIX MTOTEPh 32
CYET HEMPABWJIBHOTO BBIOOpA OMTHYECKOTO OJI0Ka HEOOXOIWMO TMPOBECTH HM3MEPEHHUS YpPOBHEH
curHana Ys Ha ONpeesIeHHOM pacCTOSHUU U myMma Y, 3a npeaenamu BC Ha mymne BonHbel 4 = 1.3
MKM TIpH JIBYX THIaX ONTHYECKUX pasbeMoB OP (muoromomoBom 50/125 mxm v 0JHOMOIOBOM
9/125 mxm).
[IpenBapuTeNbHO YCTAHOBUTE CIIEIYIOMINE PEXKUMBI pabOThI TaOOPATOPHON YCTAaHOBKHU:
- noakioueHue - (BC1+BC2);
- cBapkKa - (CKO)
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u cienyromue napamerpst OP:
- k03 dunuent ycunenus - (100);
- JUIMTENIBbHOCTh uMmyJbca - (500 He);
- JUTMHY BOJHHI - (1.3 MKM);
- pexuM mpocMoTpa - (0030p);
- MaKCHUMaJbHOE PacCTOSIHUE - (25 KM);
- peXuM paboTHI - (JIOrapuPMHUECKHIN);
- IIeHA JeIeHUs 110 BepTuKan - (2.5 nb/nen);
- ONTHYECKUU pa3zbeM - (MHOroMOIOBEIH 50/125 MkMm);
- PEXHUM HAKOIUJICHUS - (MapauIeTbHbIN);
- yuciao HakormieHui - (2000).

Tun nogxmtoyennoro k OP cBeTOBOAa COOTBETCTBYET TOMY ONTHYECKOMY Pa3beMy, IPU KOTOPOM
YpOBEHBb CUTHAJIA MPU OJTHOM U TOM K€ pacCTOSTHUUU Oobiie. I3MepeHust 10 1:KHbI TPOBOAUTHCSA
¢ MOMOIIBI0 KYPCOPa B TAKUX TOYKAX, B KOTOPbIX HacblleHue @IIY orcyrcrByer.

Jlns u3MepeHus. YypoBHSI IIyMa KypcOpOM BBIOMpAaeTcsi MaKCHMAJIbHBIM IITyMOBOW BCIUIECK Ha
pednexkrorpamme 3a npenenamu BC. Torma moTepu Ha BBOJE/BBIBOAE Npu HecooTBeTcTBHH BC 1
onrtuyeckoro 6;10ka OP cocraBsar

a, = |Ysm -Yso+Ymm -Yno| ,

rae uaaekcesl "m" u "0" osnauaror MBC u OBC, cooTBEeTCTBEHHO,
uHAeKCcH "'S" 1 "N" 03HAYaKOT CUTHAJ U ITyM, COOTBETCTBEHHO.
3apucyiite peduekrorpammbl BC KOHEUHOW [IMHBI B JIOTApUPMUYECKOM U JIMHEHHOM
MacmTabax. OO0patute BHUMaHUE HA pazaudue ux Gopm, a TaK)Ke Ha Pa3IMYHBIA XapakTep mryma.
Vkaxute B orueTe TUl Hcnoib3yemoro BC M paccumTaHHOE MO SKCIEPUMEHTAbHBIM JIaHHBIM
3Ha4YeHHe MOTePh Ha BBOJIE.

OINPEAEJIEHUE OCHOBHBIX ITAPAMETPOB BC1 1 BC2
[Tocne onpenenenust Tuna BC ycranosure B pexxume «llapamerpsi» umny BonHbl A = 1.3
MKM W COOTBETCTBYIOLLIMI CBETOBOJY TUII ONITUYECKOTO pa3beMa.
[ToaxmrounTe BeIOpannbiii BC u mpoBepbTe, 4TO B pesknme «CBapka» BKIOYEH "cKkom'.
W3MeHss UIMTENbHOCTh UMITYINIbCA, [UIMHY Y4acTKa, JOOCUTeCh MolydeHUs] peqIieKTOrpaMMBl,
Ha KOTOPOM BHJHBI: UMITYJIbC OTPaKEHHBIN OT mepeaHero Topua BC, ydactok ogHopomnoro BC,
MMITYJIbC OTPaKEHHBIN OT 3aaHero Topua BC u mymsel 3a npeaenamu BC.
[Ipu n3menennu napamerpoB OP yuuThIBaiiTe clieayroniee:
- Ipu u3MeHeHnu kodduuunenta ycunenus OITY oTHomeHNEe CUTHANIA K IIIyMY HE U3MEHSETCS;
- pU YBEJIWYEHUH [UIMTEIBHOCTH MMIYJbCa BO3pAacTaeT CHUTHAJI OOpaTHOTO pacCesiHHUs,
OTHOILIIEHHE CUTHAJIA K IIyMY, a OTPaXXEHHBIH UMITYJIbC U IIYMOBOE HaIPSDKEHUE NMPAKTUYECKH HE
U3MEHSETCS,
- IIpM YBEIMYEHUM UYHCJIA HAKOIUIEHMH YMEHBIIAETCS IIYMOBOE HAIpPSIKEHHE, BO3pacTaeT
OTHOIICHHE CUTHAJIA K IIIyMY, & CUTHAJI 0OpaTHOTO paccestHUs HE U3MEHSIETCA.

OIIPEJAEJIEHHUE JJIMHBI BC

Hns onpenenenuss anuabl BC wucnonp3yiite moboit w3 nByx KypcopoB. Jmumna BC
COOTBETCTBYET Hayaly UMITYJIbCa, OTPAXEHHOTO OT 3aaHero Topua BC.

[lonBoouTe Kypcop cieBa K UMITYJIbCY OTpa)keHHOMY OT 3aaHero topua BC. 3a nauano
MMITYJIbCa MPUHUMAETCS MOCIEAHSA TOUKA, IIOC]Ie KOTOPOW HAYMHAETCS YBEIMUYEHHUE CUTHAJA.

JUis yBeNnWYeHHs TOYHOCTH HEOOXOUMO MEPEHTH B peXUM (OKHO). BrimenuTe ¢ moMoIpo
MEepBOro M BTOPOro KypcopoB ydacTok BC, KOTOphIi comepKUT oOTpaxkeHHbIH OT koHua BC
UMITYJIbC. TOYHOCTB OIPENEICHUs PACCTOSHUM BO3PACTACT C YMEHBUICHUEM JJIUTEIbHOCTH
MMITYJIbCA.
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OIIPEJEJEHUE KOO®PUINEHTA 3ATYXAHUS
st onpenenenust kodduimenTa 3aTyxanus Ha ogHopoaHoM ydactke BC HeoOxomumo ¢
MIOMOIIbI0 KYPCOPOB BHIOpATh JIBE€ TOYKH, OTCTOSIINE APYT OT ApPyra Ha MU3BECTHOE PACCTOSHUE
AL=L;-L; , nampumep 1 KM u ONIpeAeIUTh B HUX YPOBHHU CUTHAJIOB Y1 U Y2 . Torma ko3 dunuent
3aTyXaHUs

Ys1-Ys2
a=————,0b/km
AL
OGi1ee 3aTyxaHue Ha OJHOPOIHOM YYACTKE MOYKHO OINPEIEUT 10 BHIPAKEHHUIO
a=ca-L, b,

a TaKXKe Kak pa3HOCTh YPOBHEW CHTHaAJla MEXIYy JABYMsS KypcopaMH, COBMEIICHHBIMH C
MHTEPECYIOIIUMHU Hac TOYKaMU./[J1s MOBBIIEHUS TOYHOCTH U3MEpEeHUi Ys HE00X0AMMO YMEHBIIUTD
IIEHY JIeJIeHus 1Mo ocH Y.

O®OPMJIEHUE PE3YJIbTATOB HABJIIOAEHUM

ITposenute m3mepenust mmuasl BC1 u BC2 (npu ogHol anwHe BOMHBI A = [.3 mim).
N3mepenus koddduimenTta 3aryxanus MPOBOIATCS HA ABYX JJIMHAX BOJIH, KOTOPBIE HCIIONIB3YIOTCS
¢ naaaeM TrioM BC, nanpumep st MBC Ha A=0.85 u 1.3 mxm, a nns OBC va A=1.3 u 1.55 mxm.
PesynbTaThl n3MepeHnii ¥ pacueToB BHECHTE B TaOIUITY 1.

TABJINIA 1
AMKM BC L,km Ys1,0b Y 52,06 AL,km | a,0B/km a,0b
1.3 BC1
BC?2
BC1 -
BC?2 -

OIIPEJIEJIEHUE IIIUPUHBI MEPTBOM 30HBI

"MepTtBas 30Ha" o0Opa3yercs wu3-3a HaceimeHus DIIY. B 3Toit 30HE HEBO3MOXKHO
MPOBEJICHIE U3MEPEHUH, B YaCTHOCTH HEBO3MOKHO O0OHAPYKUTh JJake OTpaxkeHune oT oopbiBa BC.
Jnst m3mepeHus: mupuHBl "MepTBOM 30HBI" Ly, HeoOXoauMo BBIOpaTh HaudadbHBIM YyYacTOK
pedaeKTorpaMMbI ¢ IEPBLIM KYPCOPOM, YCTaHOBJICHHBIM Ha paccrosinue Lo = 0.

[upuny "MepTBOW 30HBI ONPEACISAIOT C MOMOILBIO BTOPOro Kypcopa, Halmoias 3a ypoBHEM
curHana. KoHell 30HbI COOTBETCTBYET Ha4yally pacCesIHHOTO curHana. Vi3aMepeHus MOXHO IIPOBECTU
st ogHoro BC, koTopelil Hano yka3aTh B oT4eTe. Pe3ynbTaThl U3MEpPEHMH WIMPHUHBI ''MEpPTBOU
30HBI" B 3aBUCUMOCTH OT JUINTEIILHOCTH UMITYJIbCA U AJIUHBI BOJHBI [IOMECTUTE B TAOIHILY 2.

TABJIMLA 2
AMKM L s, kM npu T
1.3 20 50 100 500 2000

(1) IIpu u3mMepeHusIX HEOOXOIUMO CIEANUTH 3a TeM, uTo0bl OI1Y He BXOAMIO B HACHIIICHHE
OT paccestHHOro curuaina. I[Ipu 3TomM 10KHO OBITh YETKO BUJIHO OTPaKE€HUE OT MEPEAHErO TOPIIA.

N3MEPEHUE JUHAMMNYECKOI'O TUAITA3OHA OIITHYECKOI'O
PE®JEKTOMETPA

JluHaMuyeckuil Auamna3zoH OMNpeleseT MaKCUMalbHOE 3aTyXaHHE BOJIOKOHHOIO TpakKTa
(BT), mpu KOTOpOM OTHOIIIEHHE CUTHAJA paccessHHOro oT kKoHna BT k mrymy pasHo 1.
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JIJis SKCTIEpUMEHTAIILHOTO OTpeAeNieHUs] JUHaMuYecKoro auamazona OP HeoOXoauMo U3MEpHUThH

YPOBEHb CHUTHaJIa 00paTHOro paccesHus oT Hadana BT Y (cpa3y mocie uMmiynbca, OTpakKeHHOTO

ot nepenHero Topua BT) u ypoBens myma Y, onpeaensieMplid 10 YPOBHIO MAKCUMAJIBHOTO ITHKA.
JlnHamMuyecKkui quarna3zoH OMpeaesIeTCs O BHIPAXKEHUIO

D=Ys-Yn, 0b
JunamMuueckuil nuana3oH omnpenensiercs Ha anuHax BoaH 0.85 wm 1.3 MxMm s
mMHoromonoBeIX BC 1 1.3 u 1.55 mist oqgomonoseix BC.

Pe3ynpTaTel M3MepeHM AWHAMUYECKOTO JWala3oHa OT JUIMHBI BOJIHBI A, JUTUTEIBHOCTH
umnynbea T ¥ yncna HakoruieHuit N BHecuTe B Tabauiy .3.

Tabmmia 3
AMEM N 2000 20000
Ti,nc 20 200 2000 20 200 2000
1.3 D,0b

N3MEPEHUA IIOTEPH B CBAPKE

W3mepeHust mpoBOAATCS HA JIMHE BOJNHBI A=1.3 MkM. YCTaHOBHUTE IMOCIIEAOBATEILHOCTh
noakmoueHuss BC (BC1 + BC2). Ceapute BoiOKHa, BKIIOYHB PEeXUM '"cBapka'. Yoeautech 1o
pedaexrorpamme, uro BC1 u BC2 cBapeHsl.

JIyisi TOBBIIEHUST TOYHOCTH H3MEPEHHH HCIOJMB3YyWTE PEXKHM JJICKTPOHHOW JyIbl (OKHO) W
YMEHBIINTE LIEHY AEJEHUs 110 ocH Y.

Jlist pacmofio)keHHsT ydacTKa peduiekTorpaMMbl cO CBapkoi mocepenunHe skpaHa OP HyxHO
U3MEHATH KodpdunmeHT ycunenus OITY u IIUTensHOCTh 30HIUPYIOIIETO UMITYIIbCA.

BHocuMble cBapKOil MOTEPU MOKHO OMPENEIIUTh METOJIOM TPeX KypcopoB. B coBpeMeHHbIX
OP nyg 5TuX M3MEpeHuil Bce Kypcophl yCTAaHABIMBAIOTCS Ha pedieKkTorpaMMme OJHOBPEMEHHO U
pacyeT TMOTeph MPOBOAUTCS MO 3aJIOKEHHOW B mporpammHoe obecrieuenue OP ¢opmymne. Ha
puc.3.1 moka3zaHa TUNUYHAs pedIeKTOrpaMMa OTPaKaOMEH HEOJIHOPOAHOCTH, HamIpuMep
Pa3bEMHOTO COEIUHEHHSI.

[lepBbIii Kypcop yCTaHaBIMBAIOT B TOYKe, cooTBeTcTBytomed Koy BCI. Emy
COOTBETCTBYIOT pacctosuue | w curHam obOpatHoro paccesuus Y1. Kypcoper 2 u 3
yCTaHaBIMBAIOTCS Ha ofHOopoaHoM ydactke BC2. Ilpu 3TOM (UKCHUPYIOT COOTBETCTBYIOLIHE
ypoBHH CUTHANOB Y3, Y3 1 paccTosHus |, |3.

3a moTepu B COEOUHEHUM INPUHUMAETCS pa3HOCTb ypoBHeH Y4 =Y1 u Yjp. Touka A
HAXOJMTCS B TOYKE Hayajga CThika Ha paccrosHuu li, a Touka B HaxomuTcs Ha mepecedeHUH
Kypcopa | ¢ mpsMoii, annpokcuMupyromei curaan oOparHoro paccessHus Ha ydyactke BT mocne
COEIMHEHUSI.

Anmpoxkcumanusi NpPOU3BOIUTCS MO JBYM TOYKaM, ONpEAENseMbIM Kypcopamu 2 u 3.
Kypcop 2 crnenyer pacnonararb HEMOCPEACTBEHHO IOCIE CThIKA, B TOYKE, KOTOpas JIEKHUT Ha
JMHEWHOM y4YacTKe CHUTHaia oopaTtHoro paccessHus. Kypcop 3 momkeH jexaTh, KaKk MOXKHO Jaliblie
OT CThIKa, HO Ha TMHEIHOM y4yacTKe CUTHaja oOpaTHOro paccestHusl. Toraa /i1l BHOCUMBIX MOTEPh B
pa3beMHBIX U HEPA3bEMHBIX COCTMHEHUAX OYIEeT CIPaBeINBO:

I, —1 , -1
a =Y, Y, 3" 1.y 274

5 -1, I, -1,
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‘El £2
Puc. 3.1. U3mepenue BHOCUMBIX ITOTEPh B COEAUHEHUHN METOIOM TPEX KypCOpOB

Pesynbrar pacuera morepp MOXXET B HEKOTOPBIX CIydasX HWMETh OTPULATEIbHBIM 3HaK.
OTtpunarenbHble OTEPU B CBapKe (PU3MUECKH HE BO3ZMOXKHBI. Takoil pe3yabTaT CBUIETENHCTBYET O
TOM, 4TO cBapuBaemble BC uMerT pa3Hbie 3HaUCHUS KOI(PPUIIMEHTOB paccesHus U (UIU) pa3HbIe
YHUCJIOBBIC anepTyphl. [IpuueM ypoBeHb oOpaTHOTO paccessHus BO BTopoM BC B 3TOM ciydae, kKak
MIPABUIIO, MPEBHIMIAET COOTBETCTBYIONIUN ypOBEHBb B TIepBOM. OOBIYHO TP STOM HAOIIOAAIOTCS U
3HAYUTENIbHbIE pacxoxkaeHus B Koddduuuentax 3aryxanus 3tux BC. B cBa3u ¢ atum npu
U3MEpPEHUN TMoTeph B coequHeHUsX BC ¢ pa3iauyHbIME [apamMeTpaMud METOAOM OOpaTHOro
paccessHUsl BO3HUKAET METOINYECKAs IOTPELIHOCTb.

JUJis ICKJTFOUEHHUS 3TOM MOTPEIIHOCTH HEOOXOAMMO MPOBOIUTH U3MEPEHUS ¢ IBYX KOHIIOB BT,
T.€. IPOBECTH JIBA U3MEPEHUS TTOTEPh B CThIKE Mpu noakmodeHusx (BC1+BC2) u (BC2+BC1).

Ha puc.3.2 noka3zansl peduieKTorpaMMbl, HIUTFOCTPUPYIOLIUE TAKYI0 H3MEPUTEIBHYIO CUTYAIIHIO.

Y, ab

iy

L. kM
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L, KM

Puc.3.2. PeduiekrorpaMMsl, 3aperucTpupoOBaHHbIE ¢ 000X KOHIIOB BT

[Totepu B cThIKE ONPEACNAIOTCS 110 BBIPAXKEHUIO

_aatas
=

2

T€E As1, Asp - HOTEPHU B CTHIKE, U3MEPEHHBIE C pa3HbIX KOHLIOB BT.

Jns onpeneneHus cpeaHUx motrepb ac npu cBapke BC M uX cpeaHEKBaIpaTUUECKOTO
otkinoHeHus (CKO) npoBeauTe MHOrOKpaTHbIE M3MepeHus (He MeHee 5) mortepb B cBapke. s
3TOr0 MOCJE U3MEPEHHUS MTOTEPh B OUEpeAHON cBapke mpouseauTe ckoi BC v MOBTOPHYIO CBApKY.
[Ipu BO3HUKHOBEHHWH AHOMAJIHHOW CBApKU C OONBIIMM (PEHENIEBCKUM OTPaKEHHEM IPOBOIUTCS

MOBTOpHAsi CBapKa, a aHoMmalbHas cBapka urHopupyercs. Cpemnue morepu as u CKO s(as)
ONpeaACIsICM 110 CICAYIOINIUM BBIPAKCHUAM:

IJIe ] - HOMEp CBapKH.

Pe3ynbraThl ©3MEpeHHii U pacueTOB MOMECTUTE B TaOIMILy 4.

— 1 n 1 n —
a=—> as, s(as):\/—Z(asj-as)2 ,
nj=1 n-1ij=1

TABJIMLA 4
Ne| IMoak JKCNepUMEHTAIbHbIE JaHHbIE Paccuuran.

Ja BeJIHYHHBbI

L1 L2 L3 Ys1 Ys2 Ys3 asi | a5 | as| s(as)

1| BC1

BC2
2 | BC1

BC2
5| BC1

BC2
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N3MEPEHUE BO3BPATHBIX IOTEPH B HEOJHOPOJHOCTHU

ITpu cBapke BC cymecTByeT HEKOTOpas BEpOATHOCTh BO3HUKHOBEHUS J1e(DEKTHBIX CBAPOK,
KOTOpBIE TPEICTABISIIOT COOON OTpaKarolue HEOAHOPOJHOCTH, KOTOpPHIE XapaKTepU3YIOTCS
BO3BpaTHeIMU moTepsimu (1.6). B nanHON nabopaTOpHOM yCTaHOBKE NPHUMEPHO 4Yepe3 IIATh
YCHEIIHBIX CBapOK TMOSBIsAETCS oOnHA jAcdeKkTHas C oTpaxeHueM oT Mmecta cThika BC. Ee
HE00X0IMMO HATH, HECKOJIBKO pa3 MOBTOPUB MPOLEyphl CBapku U ckojia BC.

Jns  ompenmeneHuss BO3BpAaTHBIX TOTepb ¢ momompbio OP  HeoOXoauMo TMONTYyYUTh
peduiekrorpamMmy (puc. 3.3), Ha KOTOPOil BUIECH BBIOPOC CHTHaNIa, 00YCIOBICHHBIN (PpEHENECBCKUM
oTpakeHHueM Y B pa3beMHOM COCIMHEHHUH. ITOT BHIOPOC HE JOJDKEH BBI3BIBATH meperpy3ky OIIY,
T.€. YPOBEHb Y F JOJDKEH JIeXkaTh B Ipenenax 3kpaHa OP. Eciau 3TOT ypoBeHb BBIXOIUT 3a MPEAEIIBI
9KpaHa He0OXOoAMMO YMEHbIUTh Kodhdumuent ycuneHnuss PIIY. 3arem mo pedaexkrorpamme
U3MEPSIOT YPOBHU CHTHAJIa 00paTHOTO paccestHus Ys 1 YF.

__________________________________________________________________________________________

Puc. 3.3. MeTtonuka n3mMepeHus BO3BPaTHbIX IOTEPh

Jnist pacdera BO3BpATHBIX MOTEPh MO pedIeKTOrpaMMe UCIIONIb3YIOT BHIPaXKEHHUE:
t Ye-Y,
ag =-2-Y —10-|gt—'—10-|g 10 > -1},

i0

rae Ysp - oTHocutenbHbIi ypoBeHb COP nipu AUTENBHOCTH 30HAUPYIOLIETO UMITyIibCa tip;
tj - IVIUTETLHOCTh 30HAUPYIOMIETO HMIYJIbCa, MPH KOTOPOM ObUIa 3aperucTpupoBaHa
peduiekTorpamMma.
st tjp=1 HC TUTIMYHBIC 3HAYCHUS 3aTyXaHUs 0OpaTHOTO paccesHus Ysp IJIs CTaHIAPTHBIX
BC npuBenens! B Tadm. 5.

Taoauma 5
Tun BC JlnuHa BOJIHBI, MKM Y s0, 1B

0.85 =35

MBC
1.3 -37.5
131 -39.5

OBC
1.55 -40.5
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COILEPKAHUE OTYETA
OT14eTt mo J1abopaTopHoOi padoTe T0JKEH COAEPKATD:

1. YIpoueHHyIo CTpYKTYpHYIO CXeMY ONTHYECKOTO pediexkToMeTpa.
2. Pe3ynbrarsl HAOMIOACHUN U U3MEPEHUN 110 TTyHKTaM:
2.1. PesynbraThl U3MEpeHUii, pacyera, BbIBoA 0 Tune BC 1 2 pediekTorpaMmsl;
2.2. Pe3ynpTaThl W3MEpPEHUWM W pacyeTOB JUIMHBI, Kod(DQHUIMEeHTa 3aTyXaHUs W OOIIero
3atyxanus 1Byx BC Ha nByx niuHax BoJiH (Tadauna 3.1) ;
2.3. Pe3ynbrarhl H3MEepEeHU MUPUHBI MEPTBOM 30HHI (Tabauma 3.2) ;
2.4. Pe3ynbraThl U3MEpeHUs TuHaMuyeckoro auanazona OP (tadauuna 3.3) ;
2.5. Pe3ynbTaThl MHOTOKPATHBIX U3MEPEHUN MOTEPH B CBAPKE M PE3YIbTAThl CTATUCTUUYECKOU
00paboTKu pe3yabTaToB HaOMoAeHUH (Tadauna 3.4) .
2.6. Pe3ynmbrar n3mMepeHus: BO3BPATHBIX MMOTEPh.
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JIABOPATOPHAS PABOTA Ne8
N3MEPEHUE ITAPAMETPOB ITACCUBHBIX OIITHYECKHUX
KOMIIOHEHTOB

N3MEPEHUE ITAPAMETPOB TACCUBHBIX OIITUYECKHUX KOMIIOHEHTOB.
HCCJEIOBAHUE MACCUBHBIX 3JIEMEHTOB OINTUYECKOI' O IUHEWMHOI'O
TPAKTA

Iless paboTHI:
1. OBnangenue HaBBIKAMH PAOOTHI C ONTUYECKUMH H3MEPUTEIHHBIMU TPUOOPAMHU.
2. OBnajzieHre METOJIMKON U3MEPEHUS TTapaMeTPOB ONTHYECKUX IMTACCUBHBIX
KOMIIOHEHTOB.
3. HM3mepenue napaMeTpoB ONTUYECKUX ITACCUBHBIX JIEMEHTOB.

JlaGoparopHoe 000py/I0BaHKE.
1. JTaGopaTopHBIi CTEH/T C ONTUYECKUMU TACCUBHBIMHA KOMIIOHEHTaMHU.
2. OnTU4ecKre U3MEpUTEIIbHBIC TPHUOOPHI.

JlabopaTopHoe 000pyAO0BaHME MO3BOJISIET BHITIOTHUTH CICTYIOIINE PaOOTHI:
1. I'pagynpoBka 351eKTpOHHOTO 6510Ka «/ICTOUHUK ONITUYECKOTO CUTHAIA

2. 3amepenne napaMeTpoB pa3bEMHBIX COEAUHEHUM ONITUYECKUX BOJIOKOH.
3. 3MepeHne napameTpoB HEPA3bEMHBIX COCUHEHHM ONTHYECKUX BOJIOKOH.
4. 3mepeHue napaMeTpoB ONTUUYECKUX ATTEHIOATOPOB.

5. 3MepeHne mapaMeTpoB ONITHYECKOTO PA3BETBUTEIIS.

CopaepkaHue OTYETOB 110 Da6OTaM.

1.Ha3panue nabopatopHOit pabOThI

2.11ens paboThI

3.CoctaB o0opynoBaHus

4.CxeMbl HU3MEPEHUI

5. Tabnuipl ¢ U3BMEPEHHBIMU U PACCUNTAHHBIMU BEJIMYUHAMHU
6.AHanu3 pe3yabTaToOB U3MEPEHUI

JKparkue TeopeTuueckne mosoKeHust

B npouecce cTpouTenbcTBa U 3KCIUIyaTallMd BOJOKOHHO-ONTHUYECKHUX CETe
CBA3M MCHOJIb3YETCAd IUUPOKUH CHEKTP ONTHYECKUX IACCUBHBIX KOMIIOHEHTOB
(pa3nuyHbIe TUIBI ONTHYECKUX COESTUHUTENEH, pa3BETBUTENEH, AaTTEHI0ATOPOB U JIp.).
[To mepe pocTa CIOKHOCTU U YBEJIMYEHHUS MPOTSHKEHHOCTH CETEN POJIb ONTHYECKUX
ACCUBHBIX KOMIIOHEHTOB BO3pacTaeT. B cBs3u ¢ 3TUM BO3pacTaroT TpeOOBaHHUA K

KBaJ'II/I(l)I/IKaHI/II/I CIICOUAaJINCTOB B o0acTu TGHGKOMMyHI/IKaI_II/Iﬁ IIpyn pCHICHHUU 3aJda4
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MPOEKTUPOBAHUS M HKCIUTyaTallMM ONTUYECKUX ceTeil. B pe3ynbTaTe BBINOJIHEHUS
HACTOSIIIEH J1abopaTOpHOW pPaOOTHI CTYACHTHI O3HAKOMSATCS C KOHCTPYKIIHCH
HEKOTOPBIX THUIOB ONTHYECKUX MACCUBHBIX KOMIIOHEHTOB, METOJUKON U3MEPEHUS UX

OCHOBHBIX TaPAMETPOB.

Pa3bemMHbIe COeIMHUTEIH ONITUHYECKUX BOJIOKOH.

OnTuyeckue pa3beMHbIE COCAMHHUTENN (KOHHEKTOPHI) MpEeAHA3HAYEHBI IS
MHOTOKpPAaTHOTO COEJIMHEHUS/PACCOCIMHEHUSI KOHIIOB JIBYX ONTHYECKHX BOJOKOH
(OB). OObBlYHO OHM HWMEIOT KOH(UTypaluu «BWJIKa-po3eTkay. [lpuHumMm
OpraHu3alluyi TAaKOTO COSMHEHHSI 3aKIoUaeTes B cieayromiem (puc. 8.1):

- Topubl cThiIKyeMbix OB ounmatorcs no obonouku (auamerp 125 MKM uis Bcex
OB);

- OUMIIEHHAs 4YacTh | BOJIOKHA MOMEIIAETCS B HAKOHEYHUK 2 (muamerp 2,5 mMm),
¢ukcupysach C TOMOIIBIO 3MOKCUIHOTO KoMmMnayHjaa. HakoHEYHMK MOXKeT
BBITIOJIHATHCS M3 METaJlJIa WU KEPaAMUKH;

- TOBEPXHOCTh HAKOHEUYHMKA CHEIUATbHBIM 00pa3oM oOpabarbiBaeTcs U
HOJIUPYETCS;

- COEIMHEHUE TOPIIOB BOJOKOH OCYIIECTBIISIETCS MYTEM pa3MEelEeHUs HAKOHEYHUKOB
JIBYX CTBIKYEMBIX BOJIOKOH B LIEHTPUPYIOUIEH BTYJIKE 3 PO3ETKH;

- B COCIMHEHHOM COCTOSIHMM TOPIIBI CTHIKYEMBIX HAKOHCYHUKOB MPHUKUMAIOTCS JAPYT
K JIpYry C ONPENEJICHHBIM YCHUIIMEM C MOMOIIbIO COEAMHUTEIBHOTO MEXaHu3Ma 4.
Bosnukaromas snactuyHas gedopmainusi  obecrieunBaeT (U3MYECKUM KOHTAKT
BOJIOKOH.

KauecTBO pa3beMHOro COEIMHEHHUS XapaKTepus3yeTcsi BHOCUMBIMH U
BO3BPATHBIMU MTOTEPSIMH.

[IpyuriHaMu BHOCHUMBIX TOTEpPbH SBJSIOTCA TOrpemHoctd B reomerpun OB
(HEKOHIIEHTPUYHOCTh, DJJUIMOTUYHOCTb, pa3M4yUe JAUAMETPOB CEpIIIEBUH) U B
IOCTUPOBKE, BO3IYIIHBIA 3a30p MEXIy TOpPLAMH, 3arpsA3HEHUE TOPLEBBIX
MOBEPXHOCTEH U JIp.

BenuurHa BHOCUMBIX IOTEPh paBHA:
=-10 Ig PBeix/PBX, 1b (8.1)

rae PBeIX U PBX — MOIIHOCTh ONTHUYECKOTO M3JIYYEHUS HA BBIXOJE M BXOJE
ONTUYECKOTO COCTUHUTES.

OCHOBHOI IPUUYKUHOMN BO3BPATHBIX MOTEPH SABIACTCS (PPEHEIEBCKOE OTPAKEHUE
U3JIyYeHUs] HAa TPAHULAX JAUAJIEKTPUK-BO3AYX M BO3IYX-IUANEKTpUK. BenmuuunHa
BO3BPATHBIX MOTEPH PABHO:
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Re=-10lg Pot/PBx, nb
(1.2)

rac Pot- MOIIHOCTDb OTPAKCHHOI'O U3JTyUYCHUS.

[Iockue TopIbl COETMHAEMbIX HAKOHEUYHUKOB HE 00ECIEUYHBaIOT TPeOyeMbIX
nmokasateneld KauectBa coenuHeHHs. [loaToMy Ha TpakTUKEe MNPUMEHSETCS
chepuyeckoe 3akpyriieHue Topio, oooznauaemoe PC (physical contact). Paznuyaror
JIBa TUTIA 3aKPYTJICHHUS.

Y mepBoro THma cdepudeckoe 3akpyriaeHue paauycom  (0..25mm
NEePHeHANKYJIIPHO OcH BojokHa (puc.8.2.a)). B 3aBucumMocTH OT BUAA MOJIUPOBKH,
KOKJIOMY HW3 KOTOPBIX COOTBETCTBYET ONPEICICHHBIM YPOBEHb OOPATHOTO
OTpaXKEHUsI, TPUMEHSIOTCSI 0003HAYCHUS:

-PC- nopmanbsHas nonupoBka(kodgpdunrent oopatHoro orpaxenus 10 -301b);
-SPC-cynepnomuporka (10 -401b);
-UPC-ynprponomuporka (10 -501b).

VY Broporo tuma (puc.l.2.0) chepudeckoe 3akpyrieHue paauycom 3S...12mm
pacrnosoxxeHo moj yriiom 8...9 k ocu BojiokHa. OO003HaYEHHUE:
-APC- yrioBoe (ko3¢ duiimeHT o6patHoro orpaxkenus 1o -70ab);
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Jlns obecnieueHns (PU3MUECKOTO KOHTAKTa TOPLIOB MPUMEHSIOTCS Pa3IMYHBIC
THUIIBI COSAMHUTEIBHBIX MEXaHU3MOB (coenuHuTenei). B HacTosimee Bpemst Ha ceTsax
CBSI3U OOIIETO MOJIH30BAHUS UCITOJIB3YIOTCS B OCHOBHOM COCTUHUTEH THITOB:
-FC(Fiber connector)- 3akperuieHue BUJIKH B PO3ETKE OCYIIECTBIISCTCS C MOMOIIBIO
HAKHUJIHOW TaliKu C pe3hOOH.

-SC(subscriber  connector) - 3akpeluleHHE OCYIIECTBISAETCA C  MTOMOIIBIO
3aIETKUBAIOIIETO MEXaHU3Ma ¢ (PUKCATOPOM TIPH JTUHEHHOM JIBHKCHUH.

-ST- 3aKkperuieHre OCYIIECTBISCTCS C TTOMOIIBIO Tallku ¢ OaHOHETHBIM KPETUICHUEM.
JIJ11 CTBIKOBKM TaWKa JIMHEWHO MPOJBUTAECTCA BIIEPEI, 3aTEM MPOBOPAYMBACTCS HA
90.

Kpome yka3aHHBIX BBIIMYCKAIOTCS MHOTOKOHTAaKTHBIC COCIUHUTEIH, KOTOPHIC
MOTYT OBITh BBIIMTOJHEHBI C TIOMOIIBIO CKPEIJICHUS OJHOMOJOCHBIX COSTUHUTEIICH
(manpumep, aymiekc-SC) Wiv B BHJIE CAMOCTOSITEIIBHON KOHCTPYKITHH.

OnTuyeckue po3eTKU MOTYT OBITh:

-COCTUHUTEIHLHBIMU(TIPOXOIHBIMK )-JUIsl  CTHIKOBKHM ~KHHHEKTOPOB OJHOTO THIIA
(marmpumep, poszetka FC/APC SM).

-[IePEXOIHBIMHU-JIISI CTBIKOBKM KOHHEKTOPOB Pa3HbIX THUMOB (Hampumep, FC-ST/PC
SM).

Hepa3beMHbIe COeTUHEHUSA
HepasbeMHble coenuHeHUs (CIUIAChl, CPOCTKH) TMpeaHa3HAYEHbl s
NoCTOIHHOTO coeauHeHus: nByX OB. OcHoBHOWM MeToj coenuHeHus-cBapka. [lpu
HTOM BBITIOJIHSIOTCS CICAYIOIINE OTIepaIuu:
-CHSITUE MEPBUYHOTO 3alIUTHOTO MOKPBITUSI C UCTIOJIb30BAHUEM MEXaHUYECKOTO WU
XHMHYECKOTO CIT0C00a;
-CKaJIbIBaHHE TOPIIOB OB. OcHoBHOE TpeboBaHNe-obecTeueHIEe
MEePIEHAUKYJISIPHOCTH MOBEPXHOCTHU ckoa k ocu OB;
-IOCTUpPOBKa-cBeJieHue cepAneBuH OB 1mo MakcuMyMy MHpOXOJSIIETro Yepe3 CTHIK
CUTHAaJIa WU 10 MpodrITro oKa3aTess MPeIoMICHUS;
-CBapKa-00BIYHO C MOMOIIBIO JICKTPUIECKON TYTH;
B coBpemMeHHBIX CBapoOuYHBIX ammapaTax BCE€ OCHOBHBIE  OIEpaIuu
BBIIIOJTHSIOTCS aBTOMAaTHYCCKU.
Mecra coenunenuit OB 3amuinarT 0JJHUM U3 CIETYIONIUX CITIOCOOOB:
— BOCCTaHOBJICHHE MEPBUYHOTO 3AIIUTHOTO MOKPBITUS W 3aJMBKa MECTa CThIKA
AMOKUIHBIM KOMITAYHIOM;
— C IOMOIIIBIO CHEIUANbHBIX THUJIB3 1J1s 3a1UThl cpocTKoB (I'3C).

I'3C conepxur (puc.8.3) TpyOky 1 wu3 Marepuana BBICOKOM TEKYy4YeCTH,
METATMYECKHU CTep)KeHb 2 U TepMoycaxuBaemyro TpyOky 3. Ilepen capkoii [3C
oneBaercss TpyOkoi 1 Ha ommH u3 koHIOB cBapuBaemoro OB. Ilocne cBapku ee
HA/JBUTAIOT Ha MECTO CBAapKHU W HarpeBaroT. [Ipu 3TOM MaTepuan BEICOKOW TEKY4eCTH
pacmaBnsiercss W ymwiotHsercss Bokpyr OB. TepmoycaxuBaemas TpyOka
yCa)XUBAETCs, CKpEIUisisi BCI0 KOHCTpYKIUIO. 3atem ['3C pa3meniatoTcsi Ha KacceTax B
ONTUYECKUX My(TaX UM KPOCCOBBIX IIKa(]ax.
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KauecTtBo CBApPHLBIX CO@I[I/IHeHI/Iﬁ OIICHNBACTCA BHOCUMBIM 3aTyXaHHCM.

Pucynok 8.3 — ['unb3a 11 3aluThl CPOCTKOB

MexaHnundyeckue coeIuHeHs.

MexaHudeckoe COEAMHEHHE HCIOJb3YyeTCsl OOBIYHO Ui  BPEMEHHOTO
onHokpatHoro coeauHeHns OB. OCHOBHBIMH — JJEMEHTAMH MEXaHUYECKOTO
COEAUHUTES ABIISIOTCS:

— DJIEMEHT JUIs FOCTUPOBKHU TOPLIOB COEIUHAEMBIX BOJIOKOH;
— 3JIeMEHT, (PMKCUPYIOIIUNA OThIOCTUPOBAHHBIE BOJIOKHA;
— wmarepuan (renb, cMma3ka, >KHJIKOCTh M T.J.) C COMIACYIOIIUM IOKa3zareiemM

MIPEJIOMIICHHUS.

JIJist 10CTUPOBKHM MOTYT HMCIOJIb30BaThCSl 3JEMEHTHI ¢ V-00pa3HbIMHU Ma3aMu
JUIS pa3MeIIeHHs BOJIOKOH U TPYOKH C MPELU3UOHHBIMHA OTBEPCTHUSM.

OnTnyeckue pa3BeTBUTEH.

OnTuyeckuid pa3BETBUTENIb NPEIHA3HAYEH [UIS pa3/iesieHuss ONTHYECKOIro
u3nydyeHus: u3 ogHoro OB Ha HECKOJIBKO WM OObEAMHEHUSI ONTUYECKUX U3ITyYeHUN
u3 Heckosbkux OB B ogHO BoJIOKHO. B o0miem ciyyae onTuueckuil pa3BEeTBUTEIND
IpeaCcTaBIsieT CcO0OM  MHOTONOPTOBOE  yCTPOWCTBO, KOTOPOE MOXKET OBITh
IIPEACTABICHO B BHJE MATpHUIBl IE€peJayd pa3BeTBUTENA. Marpuua mnepenayu-
MaTpHlla, HOMEpa CTPOK KOTOPOM COOTBETCTBYIOT HOMEpaM BXOJHBIX IOPTOB,
HOMEpA  CTOJOIIOB-HOMEpPAaM  BBIXOJHBIX IOPTOB, a DJIEMEHTHl  MATPHUIbI
NPEACTABIAIOT Cc000M KOA((PUIMEHTHl Mepenadyd MeXIy COOTBETCTBYIOIIUMHU
BXOJIHBIMHU U BBIXOJHBIMH IMOPTaMU MPHU 3aJaHHOM MOAKIIOYEHUH.

Pa3nuuaror cienyromye BUabl Pa3BETBUTEIICH:

— HampaBJICHHbIE, B KOTOPbIX KOX(Q(UIMEHT MNeperadd MeXay ONTHUYECKUMHU

NOPTaMH 3aBUCUT OT HAIIPABIICHUS U3JIy4YCHMUS;

— HEHaIIpaBJICHHbIE, B KOTOPBIX KO3()(PUIMEHT mepefaun MexXJIy ONTHUYECKUMHU

NOPTaMU HE 3aBUCUT OT HAIIPABJICHUS U3JTyUYCHHUS;

— CHEKTPalbHO-CEJIEKTUBHbIE, B KOTOPBIX KOIP(MULIHUEHT mnepesadyn MexAy
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OIITUYICCKUMHU IMOPTaMHU 3aBUCUT OT JJIMHBI BOJIHBI OIITUYCCKOT'O U3JTYyUCHMU.

ITo TeXxHONOrMM U3rOTOBJIEHUS Pa3BETBUTENN NOAPA3AEISAIOTCS HA 2 THUMA:

— CIUIaBHBIE, 00pa30BaHHbIE MyTEM CIUIaBlIeHUs IBYX wiu 6osiee OB;

— IUIAHApHbIE, W3TOTOBJICHHBIE MO TOHKOIUIEHOYHOM TEXHOJOTMH HAa KpUCTAJIE
KPEMHHS, K TOpLIaM KOTOPOTO MPHUCTHIKOBBIBAIOTCS JIEHTOUHbIE OB.

Pa3BeTBUTEIN MOTYT OKOHIIOBBIBATHCS pa3beMaMH Pa3IMYHBIX THIIOB.

Ha npakTuke mmpokoe npuMEeHEHUe HaxoaiT pa3perBuTenn X-tuna 2xN (aBa
BXxoAHBIX M N BbIxomHbix mopToB) W Y-tuma 1xN (oauH BxoaHoW mopt u N
BBIXO/HBIX). B cocTaB mabopaTopHON yCTaHOBKHM BXOJAWUT Pa3BETBUTENH Y-Tuma 1x2
(puc.1.4), marpuina mnepeadyd KOTOPOro IpejacTaBicHa Tabmumen 1, rme Pi-
MOIIHOCTH M3JIyYCHHUs, MOCTYIAIONMX Ha I-i BXOAHOM WM BbIXomHOM mopT, Kij-
K03 pHIIMEHTHI TIepeiavyn ¢ TIOpTa | Ha MOPT |.

Pucynok 1.4 — Ontuyeckuit pazBeTBUTENb Y-TUNA 1X2

Ta6numa 1. Matpuiia nepegadun ONTUUECKOTO pa3BeTBUTENS 1x2.

Bxonnoii mopt

BbixomHbIE TOPTHI

1

2

3

K12=10 Ig(P2/P1)

K13=10 Ig(P3/P1)

K21=10 Ig(P1/P2)

K23=10 Ig(P3/P2)

K31=10 Ig(P1/P3)

K32=10 Ig(P2/P3)

K oCHOBHBIM napaMeTpaM ONTHYECKOTO pa3BETBUTENS TAKKE OTHOCSTCS:

— KO3(h(dULKEHT pa3BETBICHMS, XapaKTEPU3YIOUIUI paclpeneaeHine MOLUTHOCTH
U3JIyYEHUS MEXIY BBIXOJHBIMU MOpPTaMH. Tak €clii BXOIHBIM SIBISETCS TOPT
1, To K03 GULIUEHTHI pa3BETBICHUS ONPENETAIOTCS MO0 (hopMyiaM:

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

(8.3)

B nokymeHTanmuum Ha pa3BeTBUTENH KOA(D(PUIIMEHTH PA3BETBICHUS MOTYT
YKa3bIBaThCs B IIPOLECHTAX;

— K03 GUIIUEHT BHOCUMBIX MMOTEPh
Knl= (P2+ P3)/P1
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AHaNOTMYHO ATH MapaMeTpbl OMPEACNAIOTCS B Ciy4asX, KOIrJa BXOJHBIMHU
ABJISIFOTCS IOPTHI 2 WU 3;
— Juamna3oH paboyux [JIMH BOJIH. BBIMycKaloTcs pa3BETBUTEIN CIUIABHBIC
oaHookoHHbIe (1310£10 mmm 1550+10 um), nByxokoHHbIe (1310440 u 1550+40 ™),
riaHapHseie (1260...1650 am)

Onruyeckue aTTeHIOATOPHI
Onrtudeckuid aTTeHI0ATOP- NACCUBHBIN 3JIEMEHT, MO3BOJISIIONINN OCYIIECTBIISITh
YIOPABISIEMOE OCJIA0JCHUE MOITHOCTH ONTHYECKOro curHama. (OCHOBHBIM €T0
IMapaMeTPOM SBJIAIOTCS BHOCUMBIEC TOTEPU

A=-10 Ig(PBbIx/ PBX),

rae PBX u PBBIX — MOIITHOCTH ONTHUYECKOTO U3JIyYEHHUS Ha BXOJE M BBIXOJE
aTTeHI0AaTOPa COOTBETCTBEHHO.

CymiectByeT JBa THUMa ONTHYECKUX AaTTEHIOATOPOB: (PUKCUPOBAHHBIC
(IOCTOSIHHBIE) U IEPEMEHHBIE.

B ¢dbuxcupoBaHHBIX ONTUYECKUX ATTEHIOATOpPax TpeOyeMble BHOCHUMbBIC TIOTEPU
00€eCTeunBarOTCsl BO3AYIIHBIM 3a30POM WJIM TOTJIOMIAIOIIUM ONTHYECKUM (DUITBTPOM
MeXIy Topuamu coeauHsemMbix OB. B mnepeMeHHBIX ONTHYECKHUX AaTTEHIATopax
IJIaBHAsl PEryJIMPOBKAa BHOCHMBIX NOTEPHh OCYIIECTBIAETCS 3a CYET H3MEPECHUS
BEJTMYMHBI BO3YIITHOTO 3a30pa Mexay Topramu. [logo0HbIe aTTeHI0ATOPHl 0OBIYHO
BCTPAUBAIOTCS B KOPIYC pO3E€TKU. {151 peryIupoBKH BEJIMYHMHBI BO3AYIIHOIO 3a30pa
Ha KOPIyCe PO3ETKU pa3MeIlleHa PEryJIMpOBOYHAas raiKa.

B kadectBe (PUKCHUPOBAHHBIX AaTTEHIOATOPOB MOTYT OBITh HCHOJIb30BaHbI
ONTUYECKHUE PA3BETBUTEIH C 3aIaHHBIM KOA()(PUIIMEHTOM pa3BETBIICHMUS.

[IpumeHeHue TIaHAPHBIX TEXHOJIOTHUN TMO3BOJIMIIO UHTETPUPOBATH HECKOJIBKO
ONTUYECKUX PETYJIUPYEMBIX aTTEHIOATOPOB HA OJHOM KPHUCTAJLIE.

OnruvecKkue NIHYPHI.
Hcnonp3ytoTes 1Ba OCHOBHBIX THIIA ONITHYECKUX HTHYPOB:
— apMHUPOBaHHBIC ONTHUYECKUMHU COCAMHUTEIIIMU Ha 000uX KoHIax (patchcord),
OPUMEHSIOTCSL  JUIsl  CThIKa ONTUYECKOTO0 OKOHEYHOro OOOpYIOBaHUS C
anmaparypol  ONTUYECKMX  CHCTeM  mepenaud, kKommytamuu OB,
M3MEPUTENBHBIX LETIEH;
— apMHUpPOBaHHBIC OINTHYCCKUM COCIUHUTENIEM Ha ojHoM KoHie (pigtail),
NPUMEHSETCS B OCHOBHOM 17151 KOHLIEBOM 3a/1enku OB IMHeHbIX KaOenei.
OnTuyeckue MIHYPHl Pa3IUYalOTCSd TUIIOM M KOJMYECTBOM MCIOJIb3YEMBIX B
Hux OB, Tumamu coeauHUTENEW W BUAOM HUX TMOJHMPOBKH, JTUAMETPOM U JITUHOU
ka0ensi. [[BeToBass MapKMpOBKa IIHYPOB: KEJITHIN IBET JIJII OJTHOMOJOBBIX IIIHYPOB,
OpaHKEBbIN WA CEPBIN JIJIT MHOTOMO/IOBBIX.

JIJist apMUpOBaHUsl ONTHYECKUX IIHYPOB MOTYT HCIIOJIb30BAThCS ONTHYECKUE
COEJIMHUTEIHU PA3IMYHbIX THUIIOB.

[TpuMepbl MapKUPOBKH ONITUYECKUX IIHYPOB:
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HI0OC-SM/2,4mm-FC/APC-FC/APC-2,00 M  —  MmHYp  ONTHYECKHI
COCTMHMTEIIbHBIN, IaTYKOpJA, OJHOMOJOBBIM, HApPYXHBIH awamMeTp 2.4 MM,
ontuueckue coequnutenu Tuna FC/APC, nnHa miHypa 2M.

IOC-SM/0,9mM-FC/UPC-p/t-1,5M- 1mHYp ONTHYECKHUH COCIUHHUTEIbHBIMH,
OJHOMOJIOBBIA, HapyXHbIA auameTp 0,9MM, ONTHYECKUN COCIUHUTENb THUIIA
FC/UPC, nurteiin, niuHa maypa 1,5m.

KoHTpoJibHBIE BONIPOCHI.
1. Ha3HaueHue ONTHYECKOTO Pa3bEMHOTO COSTUHUTEIIA.
2. W3 Kkakux 3J€MEHTOB COCTOUT ONTUYECKUN Pa3beMHBIN COCTUHUTEIND?
3. Kak «knmaccuumupyrorcss BWIKH ONTUYECKHX COCNUHHUTENIEH TIO THUITY
00pabOTKH TOPIIOB BOJIOKOH?
. B uém paznuumne Mexay COETMHUTENBHON U IEPEXOTHON PO3ETKON?

OCHOBHBIE THUIIBI COCANHUTCIIbHBIX MCXaHU3MOB H UX MAPKHUPOBKaA.

4

3)

6. B yeMm paznuuue coeTMHUTENbHBIX MeXaHu3MoB TunoB FC u ST?

7. Kak onpenenstoTcs BHOCUMBIE IOTEPH B pa3beMHOM coeinHeHnu OB?

8. OcCHOBHBIEC TPUYHUHBI BHOCUMBIX TTOTEPH B pa3beMHOM coeanHeHuu OB?

9. Kak BeITIONHSIOTCS CBapHBI coequHeHus OB?

10.Kak ocymecTBiseTcst 3amura CBapHbIX coeauHeHnit OB oT BHemHux
BO3JIEHUCTBUU?

11.13 kakux 3J€MEHTOB COCTOUT T'MJIb3a 3aIIUThl CPOCTKORB?

12.Ha3HadeHne ONTUYECKUX Pa3BETBUTEIIECH.

13.B uém paznuuue pa3zserButTenei X-tuna u Y-tumna?

14 Kak onpenensiercss KodhOUIMESHT nepeiaun pa3BeTBUTENS?

15.Kak onpenensiercss K03 GUIMEHT BHOCUMBIX IOTEPh Pa3BETBUTEIS?

16.Yem paznuuaroTcsi OTHOMOJIOBBI 1 MHOT'OMO/IOBBIE€ ONITUYECKHUE IITHYPHI?

17.B uém pasnuune onTHYECKUX IMIHYpoB TUIoB patchcord u pigtail?

18.3a cué€r dyero ocymecTBiIgeTCs OCIAa0IeHUE W3JIYYeHUS B ONTHYECKUX

aTTeHroaTopax?
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Puc.2

Kaccera

3eneHbIi
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CuHnit
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3eneHbIi
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CocraB 1200paTOPHOIl YCTAHOBKH

B cocra nmabGoparopHOoi  ycTaHOBKM  (pHC.2) BXOJAT  CIEAYIOIIHE
DIIEMEHTBI:

JIBa  oTpe3ka  YEeTBIPEXBOJOKOHHOTO  MHOTOMOJOBOrO  Kabems -
YETHIPEXBOJIOKOHHBIE MOJTYBUJIKU (HapyxHas o0o10uKa OpaH>KEBOT0
nBeta).OnTuyeckue  BOJIOKHA  Kabelel ¢ OJHOW  CTOPOHBI OKOHITOBaHBI
koHHekTopamMu SC/PC |, HEOKOHIIOBaHHBIE CTOPOHBI TPEX BOJIOKOH IOMApHO
COCIMHEHBI MEXJY CO0OU C MOMOIIBIO CBApKHU.

JlBa OTpe3Ka YETBIPEXBOJIOKOHHOTO 0JTHOMOJIOBOTO Kabens —
YETBIPEXBOJIOKOHHBIE  TOMYBWJIKH ( HapykHas 000JOYKa KEITOro  I[BETA).
OnTuyeckre BOJIOKHA C OJHOM CTOPOHBI  OKOHIIOBaHbI KOHHEKTOpAaMHU THUIIA
SC/PC, HEOKOHIIOBAaHHBIE CTOPOHBI TPEX BOJOKOH IIOMAPHO COCTUHEHBI MEXKITY
co00if ¢ TOMOIIBI0 CBapKHU.

YHuBepcanpHas Kaccerta ( cIuiaiic- miacTHHa ) , Ha KOTOPOi 3aMKCUPOBAHbI
B 3alIUTHBIX THJIb3aX

- TPU CBAapHBIX COCAMHCHHS MHOTOMOJIOBBIX BOJIOKOH (MM)

- TpPH CBapHBIX COCIWHEHHS OJHOMOJIOBBIX BOJIOKOH (SM)

JIBe kommyTauuoHHbIX KopoOku KK, paccuntaHHble Ha 8 pO3ETOYHBIX
TIOPTOB.

B kaxmoit kKopoOKe yCTaHOBJICHBI:

- 4eThipe coenuHUTenbHbIe po3etkn Ttunma SC/PC (yepHoro  1Bera),
COEIMHEHHBIE C OJIHOM CTOPOHBI ¢ OB 4eThIPEXBOTOKOHHOTO MHOT'OMOJIOBOTO
kabens (oTyBUIIKA).

- yeTbipe coeauHUTeNbHbIe po3erkn Thma SC/UPC ( cuHero mBera ),
COCIMHEHHbIE ¢ OAHOM  cTopoHbl ¢ OB 4YeThIPEXBOJIOKOHHOTO
OJIHOMOJIOBOTO KalOesi ( MOJYyBUIIKH).

[11aTel, HA KOTOPBIX yCTAHOBIICHHI:

- mepexomHas MHoromojoBas poserka (IIP) FC-SC/PC MM c¢ OpoH30BBIM

[IEHTPUPYIOIIUM JJIEMEHTOM,

- mepexoaHas ojxHomonoBas poserka (I1P) FC-SC/UPC SM ¢ kepamudeckum

[EHTPUPYIOMIUM DJIEMEHTOM;

- coemuHUTeNbHas MHoromojoBas poserka (CP) FC/PC MM ¢ OGpoH30BBIM

HEHTPUPYIOLIUM JJIEMEHTOM;

- coemuHuTenbHas omHomomoBas posetka (CP) FC/PC SM ¢ kepamudeckum

HEHTPUPYIOLIUM 3JIEMEHTOM;

- (UKCHUPOBAHHBIN arreHtoarop — poserka (AT) FC/UPC SM nns

OJIHOMOJIOBOTO BOJIOKHA;

- (UKCHUPOBAHHBIN arteHroarop-poserka (AT) FC/PC MM TUTS

MHOTOMOJIOBOTO BOJIOKHA;

- TepeMeHHbI  atTeHroaTop — posetka (AT) FC nmns  omHOMOIOBOTO U

MHOT'OMO/IOBOT'O BOJIOKOH;

- oAHOMOJOBBIA pa3BerBuTeNnb ( Pa3B.) 1x2 ¢ KOHHEKTOpamMu THMA
FC/SPC.
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Bonokonnsie coenuaUTENbHBIE U mepexoanble mHYpHl FC MM | FC SM,
SC MM, SC SM, SC-FC MM, SC- FC SM.

OnTuyeckue HW3MEPHUTENbHBIE MPUOOPHI - HCTOYHHKHA  ONTHYECKOTO
W3IydCHUS] W M3MEPUTEIM  MOIMHOCTH  ONTHYECKOTO  M3IY4YCHUS  (THUIIBI
UCIIOJIb3YEMBIX B pab0OTe MPUOOPOB - MO YKa3aHHUIO IMPEIOIaBaTeIs)

OnTnyeckue u3MepuTeIbHbIe MPUOOPLI

MaitorabapuTHBI HCTOYHUK ONTHYECKOTO U3My4deHus Photom 362

BHUMAHHUE: ncnyckaemoe npudopoM HHPpaKpacHoe U3JIydeHUe HEeBUIUMO,
NMomnajaHue ero B rJia3 MoKeT NMPUHECTH yuiepo 3peHuio!

[TpuGop cocTOMT M3 OCHOBHOTO OJIOKAa W CMEHHOIO ajamnTepa BbIXOJHOTO
pazbeMa, THI KOTOPOTO BHIOMPAETCS B COOTBETCTBHHM C THUIIOM IMOJKIIOYaEMOTO
KOHHEKTOpA.

OCHOBHBIE ITapaMeTPbI IPUOOpA.

THIT MCTOUHMKA. ...ceeeiiieiiiiiiiiiiiiiiieeeeeeeeeesesessessieinaneeeeeeeeeeaessesssnnnnnnnns JIa3€pHBIN
JITTHA BOJTHBL. ... .uuvviiiiiiieeeeeeeeeeeeeeeeeeiievaeraeseeeeeeeaeeeeseeesnnnnssnsssaeseeees 1310£30HM
[IPUMEHSIEMOE BOJIOKHO. .....eeeeuvrreeeereeeesnrreeeensseeeessseeeesssseeesnssseesensnns SM
YpoBeHb BBIXOJTHOTO CUTHAJIA(HEMIPEPHIBHOE UBIIYUCHUE). ............... -Snbm
IEON0Y 1107101503 200 1 (5336 N o PSS <10mM
BHYTPEHHSISA MOITYIISIIIHS. ... vveeenivieeeeiiieeenireeesneeeseaseesennsneeessnneesans 2;1;0,27xI'q
CW-
HEMOJTyJIMPOBAaHHOE
ONTHYCCKUN KOHHEKTOP . .vveeevvreeerurreeeeirreeeesisreeeassseeeesssesessssseesssssees FC

[Tpubop aBTOMaTHMYECKU BBIKIIOYAETCs yepe3 10 MUHYT ¢ MOMEHTa MOCJEIHErO
Ha)KaTUs Ha JIFOOYI0 U3 KHOMOK yNPAaBJICHUS PUOOPOM.

Opradsl yOpaBJICHUS .

— Kuonka ON/OFF — BkiIroueHHe/BBIKIIOUCHHE (3aropaeTcsi HIM TacHET
COOTBETCTBYIOIIMKA CBETONMOAHBIN HHAUKATOp). Jns oTMmMeHbl (yHKUIUHU
aBTOMAaTUYECKOTO  OTKJIIOYEHHs TMpuOopa TpHU BKIOYEHUH Mpuodopa
yIepKUBaTh KHOIKY B TEUEHUH MNPUOIUZUTEIBHO 3CeK. (HauHEeT MepLaTh
U3ITy4EHHUs C 4acToTou 2 I'm).

— Kuonka MOD — BbI60Op 4acTOTBHI MOZYJISIUH (3ar0paeTcsi COOTBETCTBYIOIIUI
WHJIUKATOD).
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IMopsnok padOTHI:

— CHSATH 3alIUTHYIO KPBIIIKY U BCTABUTh B HEE IPUOOP APYTroi CTOPOHOM.

— IlpucoenuHUTh KOHHEKTOpP HU3MEPSEMOM ONTHYECKOM JMHMM K ajanTepy
BBIXOJTHOT'O ONITHYECKOT0 pa3bema.

— Bxmounte wu3nmydatens, HaxaB kHonky ~ON/OFF. Hcrounwmk mnpu 3TOM
paboTaeTt B pexXrMe HENPEPhIBHOTO U3Ty4eHus (3aropaetcs nHaukarop CW)

Br10op yacToThl MOAyNIAIUU ocyiecTrisieTcs kanonko MOD

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

MasnoraGapuTHblii u3MepuTeIb ONTHYECKOH MomHocTH Photom 211A
OCHOBHBbIE MapaMeTpsbI nNpudopa:

PaboUte TITHMHBI BOJTH........cuuuviiiiiiieiieeeeeeeeeeeeeeeiaieeeeeeeereeeeeeeeeenns 850;1310;1550 am
JIMAMTA30H UBMEPEHUM. .....eeeruvrireeiiiieeeiiieeeeieeeeeiieeeesnaieeeeeaeeeens -70.....+5 nbm
MaxkcumanbHbIA YPOBEHD BXOJHOTO CUTHAIA...ccceeeeeernnenneeeennne +10 nbm

Ecnu MOIIHOCTH cHTHAja BBIXOJUT 3a Mpe/eibl Iuara3oHa W3MEpPEeHUH, TO Ha
JTUCILIEE TIOABUTCS COOOIIEHHE

— Hi dBm - MOIIHOCTh CHTHaja MPEBBIIIACT MaKCUMAJIbHO JOMYyCTHMOE
3HA4YCHHE;

— Lo dBm — MONIHOCTh CHTHaJa MEHBIIC MHHAMAIBHO JOIMYCTHMOTO
3HAYCHUS,

[TpubGop aBTOMaTHMYeCKH OTKIHO4aeTcs depe3 10 MMH ¢ MOMEHTa HaxaTHsl Ha
JTF00YI0 KHOTIKY yripaBiieHust mpuoopom (namukaus AUTO-OFF).

OpraHbl yIpaBJICHHSL:

— Kuonka ON/OFF — BkirouyeHue/BoikiItoueHue. Jlas OTMEHBI (YHKIUU
aBTOMATHYECKOTO OTKJIIOYEHHS TpuOopa TMpH BKIOYCHHH Mpudopa
yAEPKUBATh KHOIIKY B TCUCHHE MPUOIU3UTEIBHO 3CEK. (MCUE3HET COOOIICHHUE
AUTO-OFF).

— Kuomnka A — BbIOOP IJTMHBI BOJIHBI.

ITopsiyiok pabOTHI:

— IlpucoeAMHUTH ONTHUYECKUM IIHYP K UCTOYHUKY CHUTHaJa (BBIXOJ] MCTOUYHHMKA
W3ITyYCHHs] WA TIACCMBHOTO JJIEMEHTA), HWCIONB3yS TPH HEOOXOIUMOCTH
CMEHHBIE a/IaNTEPHI.

— BKJIIOYUTH UCTOYHUK U3ITyUYECHUSI.

— BK/IIOYNTH U3MEPUTENTH MOITHOCTH.

— YcTaHOBUTH TPeOyEeMYIO JIJTUHY BOJIHBI.

— CHATB OTCUET.
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bykBa ”B” Ha gucriee yKasblBaeT Ha HEOOXOAMMOCTb 3aMEHbl HCTOYHHUKA
nutanus (batapen).
[Ipy BHEIIHUX AIEKTPOMArHUTHBIX TOMEXaX HEOOXOAUMO:
— BBIKJIIOYUTH U CHOBA BKJIIIOYUTH IPUOOP, €CIIN 3TO HE IOMOTJIO0, TO
— BBIHYTH M 3aHOBO BCTaBHUTH OaTapero, OJHOBPEMEHHO HAXKaTh U yJEPKUBATH B
TedeHue HecKOoIbKuX cekyHa aBe kHorku ON/OFF u A, eciu HE MOMOTIIO, TO
— YCTPaHUTh UCTOYHUK TTOMEX.

Nuaukarop cpeHeil MOITHOCTH ONITUYECKOT0 H3JIyYeHUsl «AJMa3-33»

[TpuGop npenHa3HAYCH I U3MEPEHUS CPEAHEH MOITHOCTH HETIPEPHIBHOTO U
UMITYJIBCHO-MOAYJTUPOBAHHOTO ONTHYECKOTO U3ITYUYCHHS, a TaK )K€ OTHOCHTEIIbHBIX
YPOBHEH MOITHOCTH MPU U3MEPEHUHU 3aTyXaHUS B ONTHYECKUX BOJIOKHAX.

OCHOBHBIE ITAPAMETPHI:

PaGoune CIeKTPaIbHBIC AUATIABOHBL. .....ccvvirerianreesireanreeninns 800...900 u 1200...1700 am
3HAYCHMUSI ITTUH BOJTH KATHOPOBKH. ... .eeeveeerveeerireesreeesneeas 850+5;1310+10;1550+10 M
Jnana3zoH U3BMEPEHUS MOITHOCTH. ......ccuvreeereeeeannne -75,0...46,00bM(3*10™...4*10°
’Br)

UHCT0 STYEK SHEPTO3ZABUCHUMOM TTAMSIT . ...ccuevveeesvreeessssreesssssseessssesessssseessssseesssnsseess 50
THO ONTHUECKOTO COCIMHITETIS ... eeeeeeeeeeeeeeeeeeeeeeeeeeeeeeestesasteesssnssesesssseesesnseeeennnens FC

ODFaHBI YIIpaBJICHHA.

] «BKJI/BBIKJI»-BKJIFOUEHUE/BBIKIIFOUCHUE TUTAHUS TIPUOOpa

1 «W/dBm/dB»- mepekioueHne mIKaibl, IpeACTaBICHUE Pe3ybTaTa H3MEpEHHUS;
NEPEKIIIOUECHUE B PEKUM U3MEPEHHS M3 PEKMMOB MPOCMOTpa MaMsITH U 3alHCU B
naMsTh.

] «A»-TIepeKII0YeHNE JUTUHBI BOJHBI KATHOPOBKH.

] «YcTaHOBKa YpOBHSI OTCUETa»- 3allMCh TEKYLIETO MOKa3aHHs B KAUE€CTBE YPOBHS
oTcueTa JJII OTHOCUTEILHOM JIOTapu(PMUIECKUIN TITKAIBI.

] «3anucey»- 3anuch TEKYIIEro MOKa3aHUs B TaMSATh.

1 «IIpocMOTp»- UTeHHE U3 TaMSTH

1 «JleBo-TipaBO»-KJIaBUIKA BBIOOpA JIMH BOJIH KAJIUOPOBKHM W HOMEPOB siUEeK
aMSITH.

[lopsiook Da6OTBII

— HW3mepenue cpeaHeit MOITHOCTH U3JTYYEHUS.
OnTuyeckuil CUTHANI MOJATh HA BXOJ mpubopa. Pe3ynpTaT m3aMepeHus BHIBOJUTCS B
BepxHell ctpoke auctuies. [lokazanus nmpubopa OOHOBISIOTCS MPUMEPHO JIBa pa3a B
CeKyHIy. Bpemsi ycTaHOBJIEHHMS TOKa3aHUW TMOCJI€ 3HAYUTEIBHOIO W3MEHEHUS
BXOJITHOTO YPOBHSI MOIIIHOCTH — /10 10 cexk.

— H3mepenue 3aTyxaHusi ONITHYECKOTO TPaKTa:
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* U3MEPUTH CPEIHIOI0 MOILTHOCTh CUTHAJIA HAa BBIXOJIE HCTOUHHKA CUTHAJIA,
* He OTKJIIOYasi MICTOYHHMKA CUTHAJIA, HaXKaTh KHOIKY «Y CTaHOBKA YPOBHSI OTCUETa» U
IoxnaTbes rnossiaeHus nokaszanusa «00,00 dB»;
* MOJKITIOYNTh UCTOYHUK CUTHAJIA K BXOAY UCCIEAYEMOI0 TPaKTa, a CUTHAJ C BhIXO/Aa
TpakTa mojaTh Ha BXOJ NMpuodopa,;
* Ha qucIIiee 0TOOpa3UTCs 3HAUCHUE 3aTyXaHHs TPaKTa.

— YcTaHOBKa ypOBHS OTCUETA:
* MOIKIIOYUTH MPHOOP K HMCTOYHUKY ONTHYECKOrO CHTHajla, YPOBEHb KOTOPOTO
JOJKEH CIIYKUTb TOYKOU OTCYETA,;
* DOJIydMB YCTOMYMBBIA pe3yJbTaT H3MEPEHHMM Ha JUCIUIEE, HaXaThb KHOIIKY
«YcTaHOBKa ypoBHS oTcuera». IIpu 3TOM pe3ysbTar aBTOMAaTUYECKH 3alIOMHUTCS B
adeiike ¢ HomepoM «0»;
* 3aTeM MpuOOp MEpeHaET B PEKUM BBIBOJA 3HAUCHHS B €AMHUIIAX OTHOCUTEILHOMN
norapupmudeckoi mkanel (0B), ucrons3yst HOBoe 3HaueHHWE YPOBHS OTCYETa JJIs
npeoOpa3oBaHus pe3yabTaTa U3MEPEHUSI.

PaboTa ¢ maMsThIO:

— 3anuck Moka3aHus B TYEHKY MaMSITU: HAXOSCh B PEKUME U3MEPEHUN, HAXKATh
KHOTIKY «3aIuch», Ha AUCIUICE MOSBUTCS COOOIIECHNE «3aMKChy U HOMED
STYCUKH, B KOTOPYIO OyZeT mpou3BeeHa 3anuch. C moMomipio kiaBui «JIeBo-
IIPAaBO» MOKHO U3MEHUTh HOMED STYEHKH. [[J1s1 MOATBEPKIAEHN 3alIUCH HAXKATh
Ha KJIaBHIIY «3amKchy, I OTKa3a OT 3alucu- Ha kiasuiry «W/dBm/dB»

— IIpocmoTp conepKMMOTO AUeeK NaMATH: HaxaTh Ha knaBuily «IIpocmotpy, B
HIDKHEH CTpoke auciuiest mosiButcs cooduienue «Yrenue NeOy. [lepexon k
HEOOXOMMOM STYEHKe OCYIIECTBISETCS C MOMOIIBIO KiaBuIl «JIeBO-TIpaBoy.
Brixoa u3 pexuMa npocMoTpa NaMaTH B PEKUM U3MEPEHUN HaXKaTHEM Ha
wiaBumry «\W/dBm/dB».

J1eKTPOHHBIN 010K « ACTOUYHMK ONITHYECKOTO CUTHAJIA)

biok oGecrieunBaer:

— TEHEpAaIMI0 ONTUYECKOTO CUTHAJIA Ha JMHAX BOJH 1,33 MM unu 1,55 MM
(mepexIIroUueHNe ¢ MOMOIIBI0 KHOMKU «BBIOOp MCTOYHUKA», BHIBOJ CUTHAJIOB
yepes po3erku tumna FC);

— YIpaBJICHUE PEKUMOM PAOOTHI JIA3€PHOTO JUOJAa M CXEMbl CTaOWJIH3aIuu
OIITHYECKON MOIITHOCTH 3a CUET U3MEHEHMS TOKOB lg, 14

— HWHIUKAIUIO TOKOB lg, |; ¢ momMomibio mpuOopoB Ha THUIEBON MaHEIN

— MOJYJISILMIO ONTHUYECKOIO HW3JIYyYeHUS HMIYJbCAMH WM CHUHYCOUAAIbHBIM
CUTHAJIOM, TpH D3TOM BelWuMHa |g ompenenser MUHMMAalbHBIA YPOBEHBb
ONTUYECKOr0 CUTHaNa, |3 — ero amMrimnTyiHOe 3HaUEHUE;

— BBEJICHHE TMPEIbICKAKCHUH OINTUYECKOTO CHUTHAJa (BKJIIOYEHUE KHOIKOU
«lucnepcusiy,  peryaupoBKa C  MOMOIIbIO  MOTEHUHOMETpA) st
MOJICJIMPOBAHUS MPOLECCA PACHPOCTPAHEHUS MO pPEaTbHOM ONTHYECKOU
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JIMHUH,

— BBEJCHUE IIIyMa B ONTHYCCKUN cHrHaia (BKIOYeHUE KHOMKOH «Illymy,
PETryJIUPOBKA YPOBHS C TMTOMOIIBIO TIOTCHIIMOMETPA);

— KOHTPOJIb PabOTHI OJI0KA ¢ MOMOIIBIO OCIiLIoOrpada myTéM MOIKIIIOUYCHUS €TI0
K KOHTpoJibHbIM ToukaMm KT1,....KT6 (pazsémbr CP50);

— TMOJy4YeHHWe CHUTHAJla CHHXPOHM3AlMW s ocuwuiorpada  (pazpem
«Cunxp.Oci.».

Ha puc. 1.5 nokazaHa 3aBUCUMOCTb H3JIy4aeMOW OINTHYECKON MOIIHOCTH P oT
TOKa Hakayku |,. 3HaueHue moporoBoro Toka l; COOTBETCTBYET Hadally IreHEpaluu
KOTE€PEHTHOI'0 M3My4YeHus JazepHbiM auogom. [Ipu lo > |, Bo3pacTaeT ypoBeHb
MOIIIHOCTH CUTHAaJIa, COOTBETCTBYIOIIMI HYJIO MpHU mepenaye MuppoBOro CUrHaia.
[Ipu 1p,<< |, cHuxaercs OBICTpOACHCTBUE, UYTO BEAET K CHIKEHHIO CKOPOCTH
nepenaun. [loaromy 3nauenue |y BeiOupaercs Oms3kum K ;.

P/

Pucynoxk 8.5

JIEKTPOHHBIH 010K «POTONPUEMHUK»

biiok oOecrieunBaer:

— IlpeoOpa3oBaHue ONTHYECKOTO CHUTHAjda B DICKTPUYECKUA C TOMOIIBIO
dboToaunoa.

— TloakmrouyeHre ONTUYECKOT0 CUTHAJIA OCYIIECTBIISIETCS yepe3 po3eTKy Tumna FC
“ONTHYECKHUN BXOI.

— PerynupoBky HampsbkeHuss cMmemieHus Ha (oTtoauone  (MOTEHLHUOMETP
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«pEr.CMENICHMs») M €ro WHAWKAIUIO C TIOMOIIbI0 Tpubopa Ha JIMIIEBOU
[TaHEIIH.

— Perynupyemoe ycuineHue 31EKTPHUYECKOTO CUTHANA (PEryJIUpOBKa C MIOMOIIBIO
KHOIIOK «4yBcTBHTEIbHOCTH»-0,001;0,01;0,1;1,0).

— VHAMKaIuio MOIIIHOCTH ONTHYCCKOTO M3IYYCHHUS B OTHOCHTEIBHBIX CIMHHIIAX
C TIOMOIITLI0 PUOOPOB HA JINIICBOU MTaHEIH.

— KonTpons curnHana Ha BBIXOAEC YCWIHMTENS (pa3beM «BXOJ YCHIHATEISN») C
TTOMOIIBIO OocuyuIorpada.

ITopsiiok BbINOJIHEHUS J1Aa0OPAaTOPHOH PadOTHI

Buumanmue:

1. JlazepHoe wH3IyYyEeHUE MOXKET MPEACTABIATh ONACHOCTh I OpPraHoB
3pEHHs.

[TooTOMy BKIXOYaTh HCTOYHHUKHA ONTUYECKOIO M3JIYyYEHHUs]  CIEAyeT
TOJIBKO TIPH TIOJIHOCTBIO COOpaHHOM JlabopaTopHOil paboTe
( ONITUYECKUMU IIHYpPAMH COEIUHEHBI BCE AJIEMEHTHl YCTAHOBKH).

2. Ilepen kaxmoil cOOpPKOM CXEMBI CHSATH C TOPIOB ONTHYECKUX BOJIOKOH,
PO3ETOK, DPa3BETBUTENS M ONTHYECKUX IIHYPOB 3alUTHBIC KOJIIAYKHU.
[Tocne oxkoHuaHusi pabOThHl yCTAHOBUTH KOJMAYKH Ha MECTO.

3. He mpukacarecs pykKamMu K TOpLAM ONTHYECKUX BOJIOKOH.

4. He wu3rubarp onrtuyeckue IMIHYpPHI, TAK KaK O3TO MOXET IPUBECTU

K TOBPEXKICHUIO  ONTHYECKOTO BOJIOKHA W BBIBOLY €0 H3 CTPOS.

Ha maGopaTtopHO¥l yCTaHOBKM BBITIOJHSIOTCS CIICIYIONINE PaOOTHI:

['panynpoBka snekTpoHHOTO OsoKa ““ ICTOYHMK OMTHYECKOTO CHUTHaja ‘.
H3mepenne mnapaMeTpoB pa3beMHBIX COEAMHEHUH ONTHUYECKUX MPHUOOPOB.
N3mepeHne mapaMeTpoB HEPA3bEMHBIX COCIWHEHUN ONTHUYECKHUX BOJIOKOH.
N3MepeHue mapameTrpoB ONTHYECKUX ATTEHIOATOPOB.

N3Mepenue mapameTrpoB ONTUYECKOTO Pa3BETBUTEIIS.

Tunel ucnonb3yemMbpiX B pabOTE M3MEPUTENbHBIX MPUOOPOB - MO YKa3aHUIO
IIPENoAaBaTes.

['panynpoBka snekTpoHHOr0 Oyioka ““ ICTOYHHMK ONTUYECKOro curHama‘
['panynpoBka »1eKTpOHHOrO O0Ka ¢ MOMOIIb0 mpudopa “ Anmaz-33“

Ha snextponHom Osioke pydku peryistopoB “lg” m “l; “ ycraHOBUTBH B KpaitHee
aeBoe mosiokeHne. O0e kHomku “ Moaynsius “oT>KaThl.

C mnomomipio  oxHoMogoBoro  ontuueckoro mHypa FC-FC/PC coeaunuTb
BBIXOJIHOM pazbeM “ 1,3 MM” 3JEKTpOHHOro OJIoOKa C BXOJHBIM Pa3beMOM
npubdopa “ Anmaz- 33 “

BKIIOYUTE 37E€KTPOHHBIA OJIOK.
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e C momompio KHOMKH ~ BbIOOp MCTOYHHMKA * yCTAHOBHUTD JUIMHY BOJIHBI
n3nydeHus 1,3MkMm

e Brxumounts npubop “ Anmas - 33 “

e lI3MeHsst BeIMYMHY TOKa |, OT MUHHMMAJIbHOTO /0 MaKCHMMAaJIbHOTO
3Ha4YCeHUs d4epe3 , 3apukcupoBaTh M 3aHeCTH B Tabiwmiy 4.1
3HaueHus |, , cpenHeit onTuueckoil MouHOCTH Pcp B OTHOCHTEIBHBIX
CAMHUIIAX HA JJIEKTPOHHOM OJIOKE M COOTBETCTBYIOUIME 3HAYECHUS
momHocTH P u ypoBHsi mourHoctu Pa Ha mpubope “ Anmaz-33 “,

['pagyupoBKa 3J€KTpOHHOrO OJIOKa C rmomoinelo mpubopa «“ Photom 211 A “

e Ha snexTpoHHOM OJlIOKE pydkH perynsatopoB “lp “ m “|; “ yctaHOBUTH
B KpaifHee jeBoe mnoJioxeHue . O0e kHonku “ Moaynanust “ oTKarh.

e C mnomorpio ogHOMO0BOro ontuueckoro muypa FC-FC/PC coenuHuTh
BBIXOJIHOU pazbeM “ 1,3 MKM “ 3JIeKTpOHHOro OJIOKa ¢ BXOJHBIM
pazbemMoM mpubopa ““ Photom 211A”

e BrxuounTh 35ekTpoHHBIM 070K . C momoIipio KHONKH ““ BeiOOp mcTOU-
HUKa *“ yCTAHOBUTH JJIMHY BOJIHBI 1,3 MKM.

e Brurounts mpubop “Photom 211A “.

e llsmensis BenuuumHy TOkKa |, OT MHMHHMMAIBLHOTO JO MaKCHUMaJIbHOTO
3HAYEHUS yepes Ha DJICKTPOHHOM OJIOKE, 3aUKCHpPOBATh U 3aHECTH B
Tabmuiry 4.1 COOTBETCTBYIOIIME 3HAYEHUS YpOBHS MomHocTH Ph  Ha
npubope “Photom 211A”

Ta6mmma 8.1

[TapameTpbl DNEKTPOHHBIA 00K
11 orH.ex
Pcp otH.en

[Tpubop “Anmasz-33 “
PAMBT
PA,nbm

[Tpubop “ Photom 211A “
PPh.1bu | | | | | | |

N3Mmepenne mapaMeTpoB pa3beMHbIX coeauHeHuid OB
M3mepenne mapamMeTpoB coeauHuTeabHONU po3etkun FC/PC MM.

e C moMoIIp0 MHOTOMOJI0BOro omntrueckoro muypa FC-FC/PC MM
COCJIMHUTh BUJIKY HCTOYHHMKA M3JIyYEHHS C BXOJOM HM3MEPUTENS] MOIIHOCTH.

e BKIIIOYUTh MCTOUYHHUK H3MEPEHUS M U3MEPHUTENIb MOIIHOCTH.

e lI3Meputrh MOIIHOCTH W3MyueHUsi PBX, pe3ynpTaT 3aHecTH B TaOiuIly 8.2

e C mMOMOIIBI0 MHOTOMOJIOBBIX ONTHUYECKHUX ILIHYPOB COEAUHUTH OJHY
CTOPOHY PO3ETKH C BBIXOJOM HCTOYHHKA HM3IYYCHHS, a JIPYTYIO C
BXOJIOM H3MEpUTENS MOIIHOCTH.
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e lI3MepuTh MOIIHOCTHh W3Iy4eHHsS PBBIX Ha BBIXOAE PO3ETKH, PE3YJIHTAT
3aHECTH B TaONHILy.

e OmpenenuTh BEJIMYUHY BHOCHUMBIX MOTeph 1o ¢opmyne (8.1),
pe3ysbTar 3aHecTd B Tadiuiy 8.2

TaOmnura 8.2
[Tapametp Tun poszerku
FC/PC MM FC/UPC SM FC-SC/PC MM | FC-SC/UPC
SM
PBrIX, MBT
A,n0

W3mepenune mapamerpoB coenuHuTenbHONH po3etkn FC/UPC SM.
[To anamorum ¢ MPEABIAYIIMM ITIYHKTOM OIPEACIUTHh BEIMYMHY BHOCHUMBIX
norepp poserkoit  FC/UPC SM, 3amenuB omnrTuyeckue MHYpPH Ha
onromozoBeie  FC-FC/UPC SM.
PesynbTaThl 3aHecTd B TaOMMILy.
W3mepenue napametpoB nepexoaHor po3etku FC-SC/PC
[lo aHaymoruu ¢ MPEABIIYIIAM ITYHKTOM OIPEICIIUTh BEIUYMHY BHEIIHUX TOTEPh
nepexoanoit posetkoit FC-SC/PC MM , ucnoip3yss MHOTOMOJIOBBIE ONTHUECKHE
maypel FC- SP/ PC MM.
PesynbraThl 3aHecTH B TaOJMILy.
N3mepenne mapamerpoB nepexonHoit posetku FC-SC/ UPC.,
[To aHamoruw ¢ MPEIBIIYINIUM IIYHKTOM ONPEICIUTh BEIHMYUHY IMOTEPh

nepexoanoii poszerku FC-SC/UPC | ucmonb3ys OJHOMOJOBBIE ONTHUYECKHUE
maypel FC-SC/PC SM.

HN3mepenne mapamMerpoB Hepa3beMHBIX (CBAPHbIX) COeIMHEHMM
ONTUYECKUX BOJIOKOH.

H3mepenune moTeph B HEPA3hEMHBIX COCTUHEHHUSIX OJHOMOJIOBBIX ONITUYECKUX
BOJIOKHAX.

C moMmoImIpl0 CBapKH COEIUHEHBI OJHOMOJIOBBIC BOJIOKHA JABYX TMOJYBHIIOK

(oOomouka kenroro 1Bera). CBapHbIC COCIMHEHHS B THIb3aX Pa3MEIICHBI B
Kaccere.
C o1pyroii CTOpOHBI BOJIOKHA OKOHIIOBaHbI  coeauHHUTeNnssMu Tuma SC
pacroNOKEHHBIMA Ha KOMMYTAIlMOHHBIX KOpoOKax (cuHero 1Bera). CBapHBIC
COCIMHEHUS] BBIMOJHEHbl HEKAUYeCTBEHHO (MOTEPH BBILIE JIOMYCTUMBIX), UYTOOBI
00JIeTYUTh U3MEPEHUSL.

[Ipy m3MepeHusX MCHOJIb30BATh IIHYPHI ONTHYECKHE COCTUHUTEIIbHBIC
tuna [LIOC- SM- FC/UPC — SC/UPC. B cnyyae uX OTCYTCTBHSL MOKHO BOC-
nojp3oBathcss  mHypamu Ttuma  IIOC- SC-SC/UPC ¢ mnepexomHbMu
poserkamu FC-SC.
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C momomipio onrtuyeckoro muypa HIOC-SM-FC/UPC coenuHHTH BBIXOX

UCTOYHUKA M3JIy4EHHUS C BXOJOM M3MEPUTEIS] MOIIHOCTH.

e BKIIOYUTh HUCTOYHUK MBIYYEHUS W M3MEpPUTENsl MOIIHOCTU. M3meputhb
MOIIHOCTh u3iiyueHuss P Ha BbeIxoAe wHcTOYHMKA u3nydeHUs. Pesynbrar
3aHecTd B Tadiuiy 4.3.1.

e 3aMCHWTH IIHYp Ha HCTOYHUKE u3nydeHus Ha mHYyp IIOC-SM- FC/UPC-

SC/UPC. Tlpucoenuanth MCTOYHMK u3aydeHus k poszerke 1 (SC/UPC) na

KoMMyTannoHHoH kopooke KK1.

C momompto mmmHypa HIOC- SM- FC/UPC -SC/UPC  mpucoenuHuTh

u3Mmepurenbp MomHocth K po3zerke 1 Ha KK2. HM3meputrp MOIIHOCTH

uznyuenusi PUwm, pesynbratel 3anectu B Tabmuuy 4.3.1.

e [loBTOpPUTH M3MEpEHUs, MOCIEAOBATENBHO MOJAKIIOYAS HCTOYHHUK
U3JIyYEHHUS] U WU3MEPHUTENb MOIIHOCTU K po3eTkaM 2,3 u 4.

Pe3ynbrarel u3MepeHuil 3aHECTH B TaOIUILy .

e PaccuuTaTh BEJIIMYMHY IMOTEPh A B CBAPHBIX COEAMHEHUSX. Pe3ynbTaThl

3aHECTH B TaOJUILY.

Tabmuma.
Puu=
Homep poszerkn
[TapameTp 1 2 3 4
P m ,MBT
A ,1b

I/ISMCpCHI/IC IMNOTEPL B HEPA3ZBEMHLIX COCAMHCHHAX MHOI'OMOAOBBIX OIITHYCCKUX
BOJIOKOH.

C nm[oMOUbI0 CBapKH COEIMHEHbI MHOIOMOJIOBBIE BOJIOKHA  JIBYX
noryBuJIoK( 000JIoUKa opaHeBoro I1Bera). CBapHbIE COCIUHCHHUS B
TUIb3aX pa3MEIIeHbl B Kaccere.

C npyroit CTOpOHBI BOJIOKHa OKOHIIOBaHBI coenuHuTenssMu tuma SC
(depHOTO TIBETA ), PACHOJIOKCHHBIMH Ha KOMMYTAIMOHHBIX KOpPOOKax.
CBapHble COEMHEHUS! BBIMIOJHEHBI HEKAYECTBEHHO ( MOTEPU B HUX BBIIIE
JOMYCTUMBIX ).

IIpu w3MepeHusX HCHOJIb30BaTh onTuueckue mHypsl Ttuna [HIOC- MM-
FC/PC-SC/PC.

B cnydae ux OTCYTCTBHSI MOKHO BOCIHOJB30BaThCcs wmHypamu [HIOC-
MM- FC/PC, IIOC- MM- SC/PC u mnepexoausiMu po3etkamu FC-SC.

° C nmnomompto onruyeckoro mHypa IIOC- MM- FC/PC  coenuHuUTh
BBIXOJ] MCTOYHUKA M3IIYYCHHUS C BXOJOM H3MEPHTENSI MOIIHOCTH.
° BKIIOYNTh MCTOYHHMK W3JIYYCHHUS W HM3MEPHUTENb MOIIHOCTH . M3MepuTh

MOIIHOCTh H3Iy4yeHHss PHH Ha BBIXOJE€ HMCTOYHUKA  U3IIyYECHUS
Pesynprar 3amucaTe B TaOiuIly.
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3aMeHUTh WIHYp Ha wucTouyHUKe w3nydeHus Ha [IOC- MM- FC/PC-

°
SC/PC/ . TlpucoemuHuTh HCTOYHHMK H3IydeHHs K po3eTke 1' Ha
KoMMyTarimoHHo kopoOke KKI1 .

° C mnomompio muypa IIOC- MM -FC/ PC — SC/PC mnpucoenuHUTh
m3Mepurenb MouHoct K po3erke 1'Ha KK2. M3meputs MomHoOCTh
P HM , pe3ynbTar 3aHectd B Tadiuiy 4.3.2.

° [loBTOpUTh  W3MEpEHHUsA, TOCIEAOBATENbHO  MOJKIIOYas  UCTOYHHUK
U3IIy4eHUs] W HU3MEPHUTENIh MOIIHOCTH K po3erkam 2', 3' u 4' .
PesynbTarel u3mepeHui 3aHectd B Tabmuiy 4.3.2.

° Paccuntare  BenmumHBl TOTEPr A B CBapHBIX  COCIWHEHHUSIX
MHOTOMOJIOBBIX BOJIOKOH.

Pesynbratel 3aHecTd B Ta0nMily.
Ta0mura Puu =
Homep pozerku
[TapameTp 1 2' 3' 4
PUM , MBT
A, nb

N3mepenne mapamMeTpoB ONTHYECKHUX ATTEHIOATOPOB.

M3mepenne BHOCHMMOTro 3aTyXaHUs MHOTOMOOBOTO (PUKCHPOBAHHOTO

aTTEHI0aTopA.

e C momoIipi0 MHOrOMOj0BOro ontuueckoro muypa FC-FC/PC MM
COCJIMHUTH BBIXOJ MCTOUYHHMKA HW3JIYYEHHUS C BXOJOM H3MEPUTENS] MOIII-
HOCTH.

e BKJIIOYNTh MCTOYHUK H3IYUYCHHUS U U3MEPUTEIh MOIIHOCTH.

e lI3MepuTh MOIIHOCTH H3Iy4deHUs PBX, pe3ynbrar 3aHecTH B TaONHILY.

e (C moMoUIpI0 JIBYX MHOTOMOJIOBBIX ONTHYECKUX IIHYPOB COEIUHUTH OJHY
CTOPOHY aTTEHI0ATOpa C BBIXOJIOM HMCTOYHUKA U3IYYCHUS, PYTYIO — C
BXOJIOM M3MEPHUTENS MOIIHOCTH.

e lI3MepuTh MOIIHOCTH HM3Ty4eHHS PBBIX Ha BBIXOJIE aTTCHIOATOPA ,pE3yJIbTAT
3aHECTH B TaOJHILY.

e OrmpenenuTs BEJIMYMHY BHOCHMOTO 3aTyxaHus 1o dopmyne (1.5), pesynb-
TaThl 3aHECTU B TAOJMILY.

Tabnuna
Tun arreHraropa
[Tapametrpsl | MM | SM SM perynupyemsiii ( 000pOTHI TAMKH )
¢bukc | pukc
0 1 2 3 4 S) 6 7
Pex,MBT
A, n6
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I/I3MepeHHe BHOCHUMOTIO 3aTyXaHus OAHOMOJOBOIO (1)I/IKCI/Ip0BaHHOFO
aTTCHIOAaTOpAa.

[lo anamoruu ¢ NpenbIAYHIUM ITYHKTOM OIpPEAEIUTh BEIUYHMHY BHOCHUMOTO
3aTyXxaHusi OJTHOMOJIOBOTO (DMKCUPOBAHHOI'O ATTEHIOATOpa, 3aMEHUB ONTHUYECKHE
mHypsel Ha omHomomoBeie FC-FC/UPC SM. PesyibTaThl 3aHeCTH B TaOJUILY.
['panyrpoBKa MEPEMEHHOTIO OJIHOMOJOBOIO ONTHYECKOT0 aTTEHI0ATOopa.

— 110 aHAJIOTUU C MPEABIAYIIUM ITYHKTOM COOpaTh CXeMy /I HU3MEPCHUS
BHOCHMOTI0 3aTyXaHUs PEryJIUPYEMBIM aTTE€HI0ATOPOM,;
OcTOopoKHO, HE TIpuiaras yCHIIHM, IOBEPHYTh PEryJIMPOBOYHYIO TalKy
aTTEHI0ATOpa MPOTUB YaCOBOM CTPEJIKU IO YyIOpa.
N3mepuTh MOUIHOCTHh M3JIy4eHHUs! PBBIX Ha BBIXOJE ATTEHIOATOpA, pE3yibTaT
3aHecTd B cTojioerr ““ 0 ““ TaOmuIlbI.
[loBEepHYTh PEryJMPOBOYHYIO TAMKYy aTTEHI0ATOPA IO YacCOBOM CTPEIIKE
Ha OJMH OOOPOT. 3aMEepUTh MOIIHOCTh M3JTYyYEHHsS Ha BBIXOJE ATTEHIO-
aTopa , pe3yJabTarT 3aHecTd B cronder 1 *“ TaOmuIlb.
IIoBTOPATH NMpEapIAYIIANA IYHKT , IOBOPAYMBasi PETYJIMPOBOYHYIO TalKy
Kaxnprii pa3 Ha o6opot A0 ymopa. Pesynbrarel m3aMepeHuid 3aHOCUTH
B CTOJOIBI TaOJHUIIBI , COOTBETCTBYIOIIUE YHCITy OOOPOTOB.
PaccunTtath 3Ha4YeHHs BHOCHMMOTO 3aryxaHusi A mo ¢opmyne (8.5).
Pesynbrar 3aHectu B Tabiuily.
H3mepenne mapamMeTpoB ONTHYECKOro pasperBuTens (Tum 1x2).
CocTtaB uCIOJIB3yeMOro 00Opy/IOBaHMs MOKa3zaH Ha puc..rne MW - uctounuk
u3iydyenus , UM — uzmepurens momuoct, Ol - onTHYeCKHe MIHYPBI.

Pa3BeTBUTED
5151 m
Ol Ol
FC/UPC SM FC/UPC SM

Onpenenenne ko3 UIIMEHTOB Tepeaayu.

N3meputrs MomHOCTh u3iydyeHuss PBx Ha Beixome WU, coenuuus
ontndyeckuMm 1mHypoM Bbeixon MM ¢ Bxomom UM. IlonyueHHbie
pe3ynbTaThl 3aHECTH B TAOJIHILY.
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PBx=

HOMCp MOIHHOCTB N3JTIYy4YCHHUA Ha BBIXOJHBIX HOpTaX,MBT

BXOJTHOTO
noprta 1 2 3

1

2

3

e Coenuuuth Bbixog MM ¢ moprom 1 u usmeputs MomHocTH P2 1 P3, Ha

noptax 2 u 3. Pe3ynbpTaThl 3aHeCTH B TaOJUILy.

e Coequnuth Beixog MM ¢ moproM 2 u W3MEpPUTh MOIIHOCTH H3Iy4YEHUS
Pl u P3 na moprax 1u 3. Pe3ynapTaThl 3aHeCTH B TaOJMILY.

e Coenunuth Bbixog MU ¢ mopTom 3 U M3MEpPUTh MOIIHOCTH W3ITy4ECHUS
Plu P2, ma moprax 1 u 2. Pe3ynbrarhl 3aHecTd B TaOIUILY.
Hcnonb3yst Gopmyiibl, mpuBeAeHHBIE B Tabnuie | , paccunTarh 3HAYCHUS
kod(duimeHToB nepenaun . Pe3ynabTaThl 3aHECTH B TaOJHILY.

Tabmura

Homep Koaddunmentsl nepenaun yepe3 BXOAHBIC MOPTHI, 10

BXOIHOI'O
1 1 2 3
nopra

1

2

3

Omnpenenenue kodhdummeHTa pa3BETBICHUS.

Hcrnonp3yst momydeHHble pe3yiabTaThl U Gopmynsl 1.3 , paccuuraTh
3Ha4YeHUs KO3 (UIIMEHTOB pa3BeTBIEHUS . Pe3ynbTaThl 3aHECTH B TaOJUILy.

Tab6auna

Howmep Koadhduimentsl pa3BeTBiieHHs] Ha BBIXOJHBIX MOPTax

BXOJIHOTO oo KP32 KP13 KP31 KP12 KP21
rnopra

1

2

3

OHpC,Z[CJICHI/IC BHOCHUMBIX IIOTCPL.

Hcnonb3ys moaydeHHble pe3yiabTaThl U Gopmyiny 8.4 paccuurtarb
BeJIMuMHYy BHOcUMBIX motepb Kl , K n2, Kn3.
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