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BBenenue

Metonuueckue ykazaHus K J1aOOpaTOpHbBIM paboTaM MO JUCIUILINHE
«Hampagpmstomnye cucTeMbl 3JEKTPOCBA3H U CTPYKTYpUPOBaHHbIE KaOeabHBIC
CUCTEMbD» IMpeIHa3HAuYeHBbl U MOATOTOBKH OakadaBpOB IO HAIMPABIICHUIO
11.03.02 «MH(pOKOMMYHUKAIIMOHHBIE TEXHOJIOTHH M CUCTEMBI CBsi3W». OHU CO-
JepKaT onucaHus / 1a00paTOPHBIX padoT.

[lepBbie ABE paOOTHI MOCBAIIECHB U3YYCHUIO KOHCTPYKIIUHN AIIEKTPUIECKUX
U ONTHYECKHX Kabenei cBs3u. [[ns ux mpoBeneHus PpOHTAIBHBIM METOJOM B
1a00paTopun TOJKHO OBITh TOCTATOYHOE KOJIMUYECTBO 0OPa3LOB ANEKTPUUECKUX
U ONTHYECKUX Kabenei. /[ nmpoBeneHus 3TUX J1abopaTOpHBIX padboT He TpeOy-
€TCsl crienagbHoe 000pyA0BaHuUE.

Crnenytone 5 paboT IpeacTaBiISIIOT OO0 BUPTyalIbHbIE JJAOOpATOPHbBIE
YCTaHOBKH U JIOJKHBI IPOBOJUTHCS B KOMIIBIOTEPHOM KJIacce, B KOTOPOM JOJIXK-
HO OBITh YCTAHOBJIEHO COOTBETCTBYIOLIEE MPOTPaMMHOE 00eCIIEUEHHE.

JlaGoparopHasi paboTta 3 MOCBALIEHA U3YUYEHUIO IEPBUYHBIX U BTOPUUHBIX
MapaMeTpoOB INEKTPUUCCKUX JMHHUM CBSA3H, a TAKKE 3aBHCHUMOCTEH STHUX mapa-
METPOB OT YaCTOTHI U KOHCTPYKIIUU KaOEIbHOM IIETIH.

JlaGoparopHas pabota 4 paboTta nocssileHa NpoUIAKTUIECCKUM HU3MEpe-
HUSIM TapaMeTpoB KaOeNbHBIX IEMe MpH MOMOIIM MEPEHOCHOTO KaOeIbHOro
npuoopa I1KII-5.

JlabopaTopHble paObOThI 5 1 6 MOCBAIIEHBI U3YYEHUIO MTAPaMETPOB MHOTO-
MOJIOBBIX U OJJHOMOJIOBBIX ONTHYECKHUX BOJOKOH M HX BIUSHHUIO HAa MPOLECCHI
pacnpoCTpaHEHHs 10 HUM ONTHYECKUX UMITYJIbCOB.

JlabopaTopHas paboTa 7 MOCBSIIEHA U3YYSCHUIO METOJIOB M MIPUOOPOB TS
M3MEPEeHMs] BHOCUMOTI'O 3aTyXaHHs B BOJIOKOHHO-ONTHUYECKUX TPAKTaX U MOJIyde-
HUIO PAKTHYECKHUX HAaBBIKOB B pa0OTE C ONTUYECKUM TECTEPOM.

B pa3zpaboTtke mporpaMMHOro oOecnedeHus i 3TOro JIabopaTOPHOTO
MIPAKTUKyMa IOMUMO aBTOpoB npuHuManu yyactue A. P. beuun, T. C. Bacuiib-
eBa, C. U. [lImenes.



JlaGopaTopHnasi padora 1
N3YYEHUE KOHCTPYKIIUHI JEKTPUYECKUX KABEJIEHN CBSI3H

eab padoThl
N3yyeHne OCHOBHBIX KOHCTPYKTUBHBIX 3JIEMEHTOB U MapKUPOBKH dJIEK-
TPUUECKUX Kabeliel CBSI3U Pa3IMyHOro Ha3HAUYCHHUS.

IHoaroroBka k padorte

[Tpu moaroroBke K paboTe MOHKHBI OBITh H3yUYEHBI:

1) paznen «TeopeTnueckre CBEACHUS» JAHHOH JIaOOpaTOPHOU PabOTHI;

2) MaTcpuall yq€6HHKa 110 ANCHUIIIINHE ((HaHpaBHfIIOHII/IC CHUCTCMBI JJICK-
TpocBs3u» (Hanpapisioniyne CUCTEMBI DJIEKTPOCBS3HU . yUeOHUK It By30B. B 2-X
tomax. Tom 1. Teopus nepenaun u Bnusinug / Auapee B. A., Tloptaos 3. JL.,
Kouanosckuii JI. H.; mox penakmueir B. A. AnapeeBa. — 7-¢ u3., nepepad. u
nom. — M. : Topsiuas munus — Tenexom, 2009) mo Temam:

KIaccu(UKaIus 3JEKTpUIeCKUX Kabenei csa3u (pasa. 3.2.1);
KOHCTPYKTHUBHBIC 3JIEMEHTBI CAUMMETPUUHBIX Kabenel cBs3u (pasa. 3.2.2);
KOHCTPYKTHBHBIC 3JIEMCHTBI KOAKCHAJIbHBIX KaOenel cBsi3u (pasz. 3.2.3);
MapKUPOBKA U THITI JICKTPHUCCKHUX KaOenei cBsi3u (pasn. 3.2.4);
ANIEKTPUYCCKUE Kabeu sl HU(PPOBBIX a0OHEHTCKUX JInHMM (pas3z. 3.2.5).

TEOPETUYECKHUE CBEIEHUA

1. Kinaccugukanusi 3JieKTpHYecKUX Kadesei CBA3H

DJIeKTpUYecKUM KalejieM Ha3bIBACTCA KOHCTPYKIIUS, COCTOSIIAs W3
CKPYYEHHBIX BMECTE M30JIMPOBAHHBIX MMPOBOJHUKOB (CEPICUHHK), 3aKITFOUEHHBIX
B OOIIYIO BJIAro3aiuTHy0 000J04YKYy U OPOHEBbIE TOKPOBHI.

B 3aBucumoctu ot 001acTu MpUMEHEHHs Kabemu CBS3U MOAPa3AeIIOTCS
Ha MarucTpalibHbIC, 30HOBbIE (BHYTPHOOIACTHBIC), TOPOACKHUE, CEbCKHUE, 00BEK-
TOBBIE U MOHTQ)XHBIE, a TAK)KE CTICIIMATIbHBIC.

[To ycnoBusM MPOKIAAKU M SKCILTyaTalliy Pa3inyaroT KaOemu:

- HAPYXKHOW TPOKIAJKHU, K KOTOPBIM OTHOCSTCS TIOJ3E€MHbIE Kabenu
(mpegHa3HavYEHHbIE AJISl MPOKJIAJKU: HETOCPEJICTBEHHO B IPYHT; B KaOeabHOU
KaHAJIM3aliK; B 3al[UTHO-TIOJMATUIICHOBBIX TPyOax), MOJIBOJHBIC KaOeH, MoI-
BECHBIE Kal0emu;

- BHYTPEHHEW MPOKJIAJKU, K KOTOPBIM OTHOCSITCS KaOelu BEpTUKAIIbHON U
TOPU30HTAIBHON MOJICUCTEM U IITHYPHl KOMMYTAIIHH.

[To cnexTpy mepemaaBaeMbpIX 4acTOT JJIEKTPUUECKHE KaOelu Mmoapa3aemsoT-
Cs HAa HU3KOYACTOTHBIC, WM TOHaJbHBIE (M0 12 kI'I1), ¥ BBHICOKOYACTOTHBIC
(12 xI['x u BBIIIIE).

[To KOHCTPYKIIMHM ¥ B3aUMHOMY PACIIOJIOKCHHIO TIPOBOJIHUKOB IIEMH JICK-
TpUUYECKUE KaOeu MoIpa3AeiasioTCs Ha CAMMETPUYHBIC M KOAKCHAIIBHBIE.

Kpome toro, kabenu kiacCupUIUpyIOT MO CAEAYIONTAM OCHOBAHUSIM



- COCTaBY BXOJSIIIMX B HETO 3JIEMEHTOB—OHOPOHbIE 1 KOMOMHUPOBAHHBIE;

- MaTepuagy U CTPYKTYpe H30JSALUU — C BO3AYLIHO-OYMa)KHOU, KOPJEb-
HO-OYMa)KHOM, KOPJIeTbHO-CTUPOGIECKCHOW (MOJUCTUPOIBHOM), CIUIOMIHON I10-
JMATUIICHOBOM, IMOPUCTO-NOINITUICHOBOM, OalNIOHHO-TIOJUATUIICHOBOM, IIaM-
00BOM, GTOPOIIIIACTHON U APYTOM U30JIAIIUCH;

- BUAY CKPYTKH M30JIMPOBAHHBIX POBOJHUKOB B IPYIIIBI — NAPHOW U YeT-
BEPOYHOH (3BE3AHON) CKPYTKU;

- KOHCTPYKLIMH CEPJIEYHUKA — C IIyYKOBOW M MOBUBHOM CKPYTKOH (3J1€K-
TPUYECKHUE); C MOBUBHOM CKPYTKOH, C HCIIOIB30BAHUEM OJMHOYHOU TPYOKH, C
npOQUINPOBAHHBIM CEPACUYHUKOM (ONTHUECKUE);

- BUJTy 3aIIUTHO-OPOHEBBIX TOKPOBOB.

2. KOHCTPYKTHBHBIE 3JIEMEHTBI JJIEKTPUIECKOro KadeJsi CBA3U

2.1. Kabenvnasn uens

Cummempuunas yens COCTOUT U3 JIBYX COBEPIICHHO OJIMHAKOBBIX B AJICK-
TPUYECKOM M KOHCTPYKTUBHOM OTHOILICHHWH H30JIMPOBAHHBIX MPOBOJHUKOB
(puc. 1.1, a). Koaxcuanvras yens TpeACTaBISIET COOOM JBa KOHIEHTPUUYECKUX
WINHAPUYECKUX TMPOBOJHUKA C COBMEIIEHHOM OCBIO — MOJBIA (BHEHIHUNA C
OOJBIIMM AMAMETPOM) U CIUIOIIHOW (BHYyTpeHHM) (puc. 1.1, 0).

KabGenbHbie MPOBOAHUKHN (TOKOMPOBOASIIUE KHUJIbI) JOJKHBI 00JaaaTh
BBICOKOM 3JIEKTPUYECKON MPOBOJAMMOCTBIO, THOKOCTBIO U JIOCTATOYHON MEXaHH-
4yeckou mnpouyHocThio. Ham-
0oJiee pacnpoCTpaHEHHBIMU
Marepuantamu JUisl U3roTOB-

JeHusl KaOeNbHBIX KU SIB-
JSAIOTCS. MEIb U AIIFOMUHUM.
I[Io mMexaHuueckum Xapak-
TEPUCTUKAM JIydIlue pe-
3yJbTaThl JAIOT AIFOMUHUE-
BbIE CIUIABBI, COJEpIKaIlHe

IIPUCAJIKY U3 MarHusl, >KeJye- a 6
3a 1 Ipyrux MaTepuajos. Puc. 1.1. KaGenbHble 1enu:
OCHOBHBIMH  BUJIaMU a) CMMMeTpHuHast; 0) KoakcHaJbHas

KOHCTPYKIIUM  KaOeJIbHbBIX
MPOBOJIHUKOB SIBJISIFOTCS CIUIOIIHOW [IMJIMHIPUYECKUN, TTOJIBIA HMJIMHAPUYECKUN,
MHOTOIPOBOJIOYHBIN. JlJI1 CUMMETpPUYHBIX KaleJeil 1 B KaueCTBE BHYTPEHHETO
MIPOBOJIHUKA KOAKCHAJIBHOTO KaOessl HCIOJB3YIOTCS CIUIOUIHBIC HUJIUHIpUYE-
CKHE U MHOTOIPOBOJIOYHBIE MPOBOAHUKH (puc. 1.2). [Ins U3roTOBJICHUS] BHEIII-
HEro MPOBOJIHUKA KOAKCHUAIBLHOTO KaOess MCIOJB3YIOTCS TOJbIC MUIUHIpHYEC-
ckue npoBoauukH (puc. 1.3).

JIsi U3rOTOBJIEHUS CIUIOMIHBIX UWJIMHIPUYECKUX U MHOTOMPOBOJIOYHBIX
MIPOBOAHUKOB HCIOJIB3YETCS MEIHAs WIM aJIIOMUHHUEBAs MpPOBOJOKa. MenHas
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IIPOBOJIOKA, UCTIOJIb3yeMasi JIsl IPOU3BOJICTBA Kabesel CBsA3U, UMEeT JUaMeTphl
0,32; 0,4; 0,5; 0,6; 0,7 mm (st kabGenelt ropojackux TenedonHsix cereit); 0,8;
0,9;1,0; 1,1; 1,2; 1,3; 1,4 MM (s MexXAYropoJHbIX kKaOenei). Mcmonb3yercs
TaKke aJrOMUHUEBas MpoBosioka auameTpoM 1,15; 1,55; 1,8 MM (3T XUkl aHa-
JIOTUYHBI IO TTPOBOJMMOCTH MEIHBIM kuiam ¢ auamerpamu 0,9; 1,2 u 1,4 Mm

COOTBETCTBEHHO).

)

Puc. 1.2. Konctpykuuu kabenbHbIX Puc. 1.3. KoHCcTpyKIIMM BHEITHUX TPO-
MIPOBOJIHUKOB: a) CILIOUTHOM; BOJIHUKOB KOAKCHAJbHBIX KaOene:
6) rubkuii; B) OMMeTaIIIMYECKUl; a) MOJHWUSL; 0) TO)PHPOBAHHBIN;
T') JUTsI IOABOTHBIX Kabeen B) CIIMPAJIbHBIN; T')OTICTOYHBIN

CrutomHble HWIMHIPUYECKUE NPOBOAHUKY (puc. 1.2, a, B) MOTYT OBITh OJI-
HOPOJIHBIMU (M3TOTOBJIECHHBIMU W3 OJHOTO MeTauia) U OUMEeTaUTMYeCKUMU
(aTFOMUHUN-MEb WIH CTATb-MEh).

B tex kabensix, rae TpeOyroTCs MOBBIIIEHHAsS TMOKOCTh M MEXaHMUYeCKas
IPOYHOCTh UCIOJIB3YIOTCS MHOTOIPOBOJIOYHBIE IPOBOAHUKH (pHc. 1.2, 6): Toko-
IPOBOJSIIAS WA CKPYYHMBAETCS M3 HECKOJIBKHX OJMHAKOBBIX ITPOBOJIOK
(oO6brano 7, 12, 19 u 1. 1.). B moABOAHBIX KaOesIX MPUMEHSETCSI MHOTOIIPOBO-
JIOYHAs KWJIA, COCTOSIIAs U3 MTPOBOJIOK Pa3HOTO CEYEHUS: B LIEHTPE pa3MeIlacT-
Csl TOJICTBIM MPOBOJIHUK, a TOBUB COCTOUT U3 TOHKUX MPOBOJIOK (puc. 1.2, r).

[Tonplil THIIMHAPUYECKUN IPOBOJHUK, UCIIOJIb3yEMBIM B KAUECTBE BHEIIHE-
ro JUIsl KOAKCUaJIbHOTO Ka0eJsl, U3roTaBIMBAETCs B BUJIE TOHKOM TPYOKHU U3 MeIU
iy amomuHus. KoHCTpyKIMKM THOKUX BHEIIHUX MPOBOJHMKOB KOAKCHAJIBHOTO
kalens npuBeaeHsl Ha puc. 1.3. Haubosbliee pacnpocTpaHeHUE B KOAKCHUaJb-
HBIX KaOeJsax JajibHEeW CBSI3U MOJIy4HJIa KOHCTPYKIUS TUIIA «MOJTHUS.

N3onsuus 10mKHA NPeJoXPpaHsATh TOKOIPOBOASAIINE KUJIbI OT COIPUKOCHO-
BEHUSI MEXIy COOOM M CTpOro (PUKCUpOBATH B3aWMHOE PACIOJIOKEHUE XU B
rpynmne mo Bced JiuHe KaOens. Matepual, mpuUMEHSeMbIN i1 U30JIAIHUA Ka-
OCJIbHBIX KU, JOJKEH 00J1a/1aTh BHICOKUMHU M CTAOWJIHHBIMUA BO BPEMEHH JICK-
TPUYECKUMHU XaPAKTEPUCTHUKAMU, OBITh TMOKMM, MEXaHHMYECKH MPOYHBIM U HE
TpeOOBATh CIOKHON TEXHOJIOTUIECKON 00pabOTKH.

M3osnsiius xapakTepusyeTcs CAeAYIOIMMU MapaMeTpamu:

- BJIEKTPUYECKOMN MPOYHOCTHIO — HaNpsbkeHreMm U, Mpu KOTOPOM MPOUCXO-
IUT MPOoOOH U30JISLNY;

- YIEJNbHBIM 3JIEKTPUYECKUM COIMPOTUBJICHUEM P, XapaKTEPHU3YIOIIUM Be-
JUYUHY TOKA YTEUKHU B IUDJICKTPUKE;

6



- IUDJIEKTPUYECKON MPOHULIAEMOCTBIO €, XapaKTEPU3YIOIIEH CTENEHb CMeE-
mieHus (MoJISIpU3alivK) 3apsiioB B JUANIEKTPUKE MPU BO3JACHUCTBUU HA HETO AJICK-
TPUYECKOTO MOJIS;

- TAHTCHCOM yTJIa TUAJICKTPUICCKUX MOTEPH tgO, XapaKTEPUIYIOIIUM TIOTE-
P BBICOKOYACTOTHOM SHEPTUU B AUAJIEKTPHUKE.

Haunydmmm AusIeKTpUKOM SIBIIIETCSI BO3IYX, KOTOPBIA 00JafaeT mapaMmer-
pamu €1, p—oo u tgdo—0, ogHAKO cO3/1aTh U3OJSALHUIO TOIBKO U3 BO3JlyXa He-
BO3MOXKHO. [ToaTOMy KabenbHast N30SI, KaK MPaBUIIO, SBIISIETCS KOMOWHUPO-
BAaHHOW M COJIEPKUT KAK BO3[yX, TAK U TBEPJBIA ITUIICKTPUK, IPUYEM KOJIUYE-
CTBO TBEPIOTO AMAIIEKTPUKA JOJKHO ObITh MUHUMAIBHBIM U OMPEEISATHCS Tpe-
O0OBaHHEM YCTONYMBOCTH M30JIAIIMU U KECTKOCTU €€ KOHCTPYKIIHH.

K ocHOBHBIM Marepualiam, HUCIOJIb3YEMBIM I W30JSLHMH, OTHOCATCS Ka-
OenbHast Oymara, MOJMATUIIEH, CTHpPOQIeKe, (HTOPOIIACT, MOTUBUHUIXIOPU/I,
NOJIMAMUIBI U JIP.

Puc. 1.4. Tuns! uzomnsamnuu kabemnei csi3u: a) Tpydyaras; 6) KopAenbHas;
B) CIUIOILIHAS; T') MOpUCTas; 1, €) OarsioHHasl; k) aiiboBast; 3) ciupanbHas

N301s111M0HHBIE TOKPOBBI KaOEJIbHBIX MPOBOJHUKOB MOTYT UMETh pa3iny-
HYI0O KOHCTPYKIMIO. B OCHOBHOM B Ka0elsix CBSI3U HCIOJIB3YIOTCS CIEAYIOLIUE
THUIIbI U30JIALINN:

- TpyOuaTast — B BUJIe OyMa)KHOM WJIM IJIACTMAcCOBOM JICHTBI, HAJIOXKEH-
HOM B Bujie TpyoOku (puc. 1.4, a);

- KopaenbHas (KOopaenbHO-TpyOUaTasi) — COCTOUT U3 HUTH KOPHENs, pac-
MOJIO’KEHHOTO OTKPBITOM CIHMpaibio Ha MPOBOJIHUKE, U JEHTHI (TpyOKH), KOTOpas
HaKJIaJIbIBaeTCs ToBepx Kopaens (puc. 1.4, 6);

- CILJIOIIIHASI — BBIMOJIHAETCS U3 CILIOIIHOTO €08 m1actMaccsl (puc. 1.4, B);

- IOPUCTAask — BBIMOIHIETCS U3 CJI0S MOPUCTOr0 Marepuania, HapuMmep Io-
pPHUCTOro MOJAUATHIICHA uiu Oymaru (puc. 1.4, 1);

- 0aJUIOHHAsT — TPEACTaBisgeT COOOM TOHKOCTEHHYIO IUIACTMACCOBYIO
TpyOKY, BHYTpU KOTOPOM CBOOOJHO pacmoJjiaraeTcsi NpoBoAHUK. TpyOka nepuo-



IMYECKH B TOYKAX WJIM IO CIIUPAINA 00KMMACTCS U HAJEKHO YICPKUBACT KUY
B LIeHTpe n3osisiuu (puc. 1.4, 1, e);

- I1aifboBast — BBITIOJHACTCS B BHUJIE MAHO M3 TBEPAOTO AUDIIECKTPUKA TOJ-
mmHON 1.5-2.5 MM, Haca)kMBaeMbIX Ha TPOBOJHHUK 4Yepe3 ONpEEICHHBIC MPO-
MexXyTKH (puc. 1.4, x), o0br4HO uepes 20-30 mm;

- cnupalibHas (TeIMKOUAaIbHAs) TPEACTaBIsieT OO0 paBHOMEPHO pac-
MPEACIICHHYIO T0 JUIMHE TMPOBOJHHMKA IJIACTMACCOBYIO CIUPaJih, HWMEIOIIYIO
npsAMoyroJibHoe ceuenue (puc. 1.4, 3).

2.2. Inemenmapuan zpynna

OTaenbHBIC KWl CHMMETPUYIHOTO Kabelsi OOBIYHO CKPYYHBAIOT B TPYII-
TbI, HA3bIBAEMBIC JIEMEHTAPHBIMU. B pe3ynbTaTe CKpYTKH JKUJIBI IIEMU CTaBSITCS
B OJIMHAKOBBIC YCIIOBUS MO OTHOILIEHUIO APYr K apyry. [lpu sTom cHmKaroTCs
AJIEKTPOMATHUTHBIE CBSI3U MEXKAY UEMIMH U
MOBBINIAETCS UX 3aIMUIICHHOCTh OT B3aUMHBIX U
BHEITHUX MomeX. Kpome Toro, ckpyTka oOJer-
YaeT B3aMMHOE MepeMEIICHUE KT TIPU U3rndax
kabens u obecrieunBaeT eMy OoJjiee yCTOHYH-
Byto Qopmy. CyliecTByeT HECKOJIBKO CIIOCOOOB
CKPYTKH XKW B Tpymisl (puc. 1.5).

Ilapnaa ckpymxka (II) — nBe W30IMPO-
BaHHBIC >KHWJIBI CKPYYHBAIOT BMECTE B Tapy C
maroM ckpytku He 6osiee 300 mm (puc. 1.5, a).
[TapHast ckpyTka HanboJiee IpocTa B MIPOU3BO/I-
CTBE W MPUMEHSIETCSI B OCHOBHOM IIPH M3TOTOB-
JICHUU TOPOJICKHUX TeIe(POHHBIX KaOeei.

Uemeepounasa unu 36e30Has CKPYmMKa

Puc. 1.5. CxpyTka xui

B 2JIEMEHTAPHYIO IPYIIIY: (3) — 4eThIpe U30JUPOBAHHBIC KUJIbI, PACIIOJIO-
a) mapHasi, 0) yeTBepoUHas, JKEHHBIC M0 yTJlaM KBajJpaTa CKpYy4YHMBaloT C Ia-
B) BOCEMEPOYHAs rom ckpyTku 150-300 mm. TTaper o6pasyrorcs B

ATOM CKPYTKE M3 JUAroHajdbHBIX Ui (puc. 1.5, 6). 3Be3nHas ckpyTka sBIsETCS
HamOoJiee YKOHOMUYHON, 00ECTIeUnBACT JIYUIIYI0 CTAOUIBHOCTh 1O DJIEKTpUYe-
ckuM napamerpam. [IpumeHsieTcst B MeKIYTOpOIHBIX KaOeNsx CBSI3H.

Bocomepounaa ckpymka (B) — BoceMb KW TPYIIIbI PACTIONArarOTCs KOH-
LEHTPUYECKH BOKPYT CEpJCUYHMKA U3 U30JUPYIOIIEro MaTepuaia (Harpumep, CTH-
PO(IEKCHOTO MK MOIUATUIIEHOBOTO Kopens) (puc. 1.5, B). 3 BocbMU Kui1 MOTyT
OBITH 00pa30BaHBI JBE YETBEPKH: U3 JKUJI C HEUCTHBIMH U YSTHBIMA HOMEPaMH.

KonuyecTBo map wim 4eTBEpoK B Kabese MPUHATO Ha3bIBAaTh €ro €MKO-
cthio: 1x2, 100x2, 1x4, 37x4 u T. n. (ogna napa, 100 nmap, ogHa derBepka, 37
YETBEPOK).

Jlnst obecrnieyeHus: MPaBUIILHOTO MOHTa)Ka KaOesel N30JISLMS KU KaXK 01
IpynIbl UMEET Pa3IMYHYyI0 pacuBeTKy. B udeTBepke >KWibl yalle UMEKT Kpac-
HYy10, 0enyro (KENTyl0), CUHIOIO U 3€JICHYIO PacllBETKU, a B Mapax — HaTypalb-
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HBIM ¥ KPACHBIN MJIM CUHUU 1BET, JIMOO pa3IMYHbIE [IBETOBBIE KOJIbLIA (ITOJIOCKH).
Kaxknas ckpydeHHast rpymma oOMaTbIBaeTCs I[BETHOM XJIOMYATOOYMaKHOW WITH
CUHTECTUYECKOU MPSIKEH.

2.3. Cepoeunux

CKpy4Y€HHBIE B 3JIEMEHTapHbIE TPYIIIBI U30JUPOBAHHBIE JKUJIbI CUCTEMATH-
3UPYIOT O OMPEICICHHOMY 3aKOHY U OOBETUHSIOT B OOIIMI KaOeNbHBINH cep-
JIe4YHHK. B 3aBUCMMOCTH OT XapakTepa 00pa30BaHMs CEpACUYHUKA CUMMETPUYHO-
ro kKabens pas3IuyaroT JIBE
CUCTEMBI CKPYTKU: HOGUE-
Hyto v nyukoeyio (puc. 1.6).

[Ipyn my4koBOM CKpyTKE
(puc. 1.6, a) smemeHTapHbBIC
rpynnbl cHayaja CKpy4HBa-
10T B IIy4KH, COJIEpIKAILHE 110
HECKOJIBKO JECATKOB T'PYIIIL,
a 3aTeM 3TH NMYYKU CKPYUH-
BalOT BMecCTe, 00pa3ys cep-
neyHuk kaoems. [lyukoBas
CKpPYTKa IPHUMEHSETCS TOJb-
KO IS HU3KOYACTOTHBIX KaOenel ropoiackux cereil. Ilpu myuykoBoi CKpyTke B
kabesne eMkocThio 10 100x2 myuku coctosat u3 10 map (10x2) uiaum 0Ty yeTBe-
pok (5x4), a B kabemsix Ooublinelt eMkocTr — u3 50x2 (25x4) mim 100x2 (50x4).
Hanpuwmep, B kabene 100x2 cucrema ckpytku (3 + 7) x (10x2). [1epBbie udpsbI
(3 + 7) o3HaYarOT, YTO AIEMEHTAPHBIC ITyYKH PACIIOJIATAIOTCS B TIABHOM JIBYMSI
NOBUBAaMHU: B LICHTPAJIbHOM IOBHBE — TPU Iy4Ka, B NepudepuitHoM — CeMb.

OCHOBHBIM BUJOM OOULIEH CKPYTKM B CUMMETPUYHBIX KaOensx aajbHel
CBSI3U SBJIIETCSI TOBUBHAsA CKpyTKa (puc. 1.6, 6). DnemMeHTapHbIE TPYIIIBI PACIIO-
JararoT IMocJe0BaTeIbHbIMU KOHLEHTPUUYECKUMHU CIOSMHU (IIOBHUBaMH) BOKPYT
LHEHTPAJIBHOIO NOBUBA, COJEPHKAILETO0 OT OJHOM 10 MATH 3JEMEHTAPHBIX TPYIIII.
CMexxHbIE TOBHMBBI CKPYYMBAIOTCS B IPOTHMBOIIOJIOXKHBIE CTOPOHBI B IENIAX
YMEHBIIICHUS B3aMMHOTO BIMSIHHUSI MEXAY TPYIMIaMid CMEXHBIX MOBUBOB M TMPH-
JaHusl KabelIbHOMY CEpJIeYHUKY OOJIbIIe MeXaHNYeCcKOoH ycToilunBocTh. Takoe
pacrnoJioKeHUe MOBUMBOB TAaKXe O0OJIeryaeT MX OTAEJNEHHE APYT OT Jpyra Mnpu
MOHTaXe KaOes.

B xaxxaom nocnenyronieM moBUBE PacloiaraeTcsi Ha MIEeCTh 3JIEMEHTapHBIX
rpynmn Oosbliie, 4eM B MpeabayiieM. MckiroueHneM 13 3TOro mpaBuiia siBISIEeTCS
BTOPOM MOBHUB B TOM Clly4ae, KOTJa B MEPBOM (LEHTPAJIbHOM) ITOBUBE MMEETCS
JMIIb OJIHA JIeMEHTapHas rpymnmna. Torna Bo BTOpOM MOBHBE OyAeT LIeCTh Jie-
MEHTapHBIX TpyIil. Tak, Hampumep, B kadene eMkocThio 1002 mpu moBUBHOMU
CKpPYTKE UMeeTCsl 6 MOBUBOB, U3 KOTOPHIX B LIEHTPAJIBLHOM pacroJjiararorcs 2 mna-
pBbI, BO BTOpOM — 8, B TpeTheM — 14, B ueTBepToM — 20, B 1TOM — 26, B IIECTOM —
31 (onna 3amacHas).

Puc. 1.6. CkpyTka 351eMEHTapHBIX IPYIIl B CEPACUHHK:
a) my4yKoBasi; 0) MOBHBHas



JUist 31U THI M30JSLMN KU U COXPAHEHUs KPYIJIod (OpMbl cepleUHHKA
KaOeJsi Ha HEero HaKJIaAbIBAE€TCs MMyTEM CIHPATbHON OOMOTKHU MOSCHAST N30SI
U3 JIeHT TeleoHHON uiu KabenbHOM Oymaru JuOO IMIACTMAcChl U CUHTETHUYE-
CKHUX MaTepHaJIOB.

2.4. Jxkpan

[ToBepx MOSICHON M30JSAIMU MHOT/Ia HAKJIAABIBACTCS METaJUITMUecKas 000-
JIOYKa — JKpaH, OOECHEUMBAIOIIMN 3alllUTy LeNel CepAeYHUKa OT BHEUIHHX
ANIEKTPOMATHUTHBIX BIUSHUANW. DKpPaH MOXET U3rOTABIMBATHCS U3 CBHHIIA, aJIO-
MHHMS, MEAU WINA CTaId WIH
MMETh JIBYXCJIONHYIO KOHCT-
PYKLIHIO aATIOMUHUI-CBUHEL,
QIFOMUHUK-CTAb U JIp.

OKpaH MOXET HMETh
CIUIOIIHYIO LIWIMHAPUYECKYIO
KOHCTpyKIuio (puc. 1.7, a).
Takue sKpaHbl HM3rOTABIMBA-
I0T U3 CBHMHIA, AIIOMHUHUSA
WK cTaiu. MoXeT ObITh JIeH-
H3 nnockx nposonok H3 kpyrasix nposonok TOYHBIM (puc. 1.7, 6), 00bIYHO

B
] . H3 AaJIOMHMHHUECBBIX, MCIAHBIX
Puc. 1.7. Merammueckue 000JI0YKH — SKpaHbl Kabemnein

NI CTaJIbHBIX JICHT TOJIIIHN-

CBSI3U: &) CIUIOIIHBIC; O) JICHTOYHBIC; B) OIJICTOYHBIE .
wor 0,1-0,2 mMm, uam ome-

TOYHBIM U3 IUIOCKUX WA KPYTJIBIX MPOBOJIOK (puc. 1.7, B).
DOkpaHupoBaHue OyAeT padoTaTh, €CJIH KpaH 3a3€MJIEH, IOCKOJIbKY HEOO-
XOJMMO, YTOObI HaBEICHHbIE Ha HErO TOKH CTEKAJIU Ha 3eMJIIO.

2.4. 3auwgummnuie noKpoewl

Bracozawumnas obonouxa

KabenbHbIil cep/ieyHUK 3alMIaeTcs OT MPOHUKHOBEHMS BOJBI BJarosa-
HIATHOM 000710uK0M. O00I0UYKa MOKET OBITH METAJUTMYECKOM, TIJIACTMACCOBOM U
MeTasuioracTMaccoBoii. OHa mMpeacTaBisieT cCOOO0M TepPMETUYHYIO HEMpPEphIB-
HYI0 TpYOKY Ha BCEM MPOTSHKEHUN KaOels.

Merammyaeckre 000710YKA U3TOTABIMBAIOTCS TJIABHBIM 00pa3oM W3 CBHUH-
113, ATFOMUHUS WU CTAJIA U CTYXKaT OJTHOBPEMEHHO dKPAHOM.

CBUHITOBYIO 000JI0YKY HAKJIQJbIBAIOT Ha KAOCIb METOJIOM OIPECCOBLIBA-
HUA B ropsyeM Buje. Jis npuganus el 60JbI1eil TBepAOCTH U BUOPOCTOMKOCTH
HCTIONB3YIOT JISTUPOBaHHBIN cBUHEI ¢ pucaakoit 0,4—0,8% cypbMbI.

CBUHITOBBIC 000JIOYKH BEChMa JIOJITOBEYHBI M SBIITFOTCS HAM0O0JIEe TEXHO-
JIOTUYHBIMH KaK TPU UX HAJOKEHUU B 3aBOJICKUX YCIOBHUAX, TAK U B MPOIECCE
CTPOUTEIHHO-IKCIUTYaTaIlMOHHBIX paboT. OgHAKO CBUHEIl BechMa JACPUITUTEH U
€ro 3amachl B 3eMiie He3HauuTelbHbI. [[oaTOMy "acTo 000704YKy KaOessi U3ro-
TaBIIMBAIOT U3 00Jiee ACIIEBHIX MATEPUATIOB — ATFOMUHUS WJIH CTaJIH.
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AoMHUHMEBBIE 000JIOYKH BBIIIPECCOBBIBAIOT B TOPSYEM BHUJE WIIU H3IO-
TaBJIMBAIOT XOJOJHBIM CIOCOOOM M3 JIEHTHI CO CBapHBIM MPOJIOJBHBIM IIIBOM.
Jlns xaGeneit 6onpmmx auameTpoB (20—30 MM) IPUMEHSIOT ATFOMUHHEBBIE 000-
JIOYKH TO(OPUPOBAHHONW KOHCTPYKIMHU. AJIIOMUHUNA BeCbMa PaclpOCTPaHEH, HE
neduurTeH, AelieB, 00J1alaeT BHICOKUMU SKPAHUPYIOIMIMMHU CBOMCTBaMHU, MPO-
4yeH u B 4 pasa serue cBuHia. OAHAKO B CPaBHEHHUU CO CBMHIIOM OH 0Ojamaer
00JIbIIIeH KECTKOCTHIO U B MEHBIIEH CTENEHU TEXHOJIOTHYEH MPHU MPOU3BOJICTBE
MOHTaKHBIX KaOenbHbIX paboT. Kpome Toro, amoMuHuil BechbMa MOJBEPKEH
AIIEKTPOXUMHUYECKON KOPPO3UHU, TIOITOMY €r0o 0053aTeIhbHO MOKPHIBAIOT CIOEM
OuTyMma M 3aIIUIIAI0T MOTHATUICHOBBIM IITAHTOM.

CranpHbie 00OJOYKH H3TOTOBIAIOT MyTEM CBAPKU JICHT TOJIIUHOU
0,3-0,5 mm, cBepHyThIX B TpyOKy. CTanb ele MeHee nedUIuTHA U paciupocTpa-
HEHAa B CPaBHEHUU C aJTIOMUHHMEM, 00JaJaeT B IECSITKU pa3 OOJIbIIEH MeXaHuYe-
CKOH MPOYHOCTHIO, TO3TOMY M3TOTOBJICHHBIE U3 HEE 000JI0YKU HE TPEOYIOT /10-
HOJHUTENIbHON MeXxaHM4ecKoM 3amuThl. OJHAKO CTaJlbHblEe 000JOYKM Kabenen
MeHee TMOKH, B OOJIbIIEH CTENEHH MOJABEPKEHBI KOPPO3UU U 00JaAat0T XY/IIH-
MU SKPaHUPYIONIUMHU CBOMCTBAMHU OT BHEIIHUX 3JICKTPOMATHUTHBIX BIUSHUH.
J1J1st TOBBIIEHHS] THOKOCTH CTallbHBIE 000JOUYKH MOABEPral0T roppupoOBaHUIO, a
B ILIETISX 3aIIUTHI OT KOPPO3HUU MOKPBIBAIOT CIIOEM OWTyMa M 3alUIIAIOT MOJIH-
STUJICHOBBIM HITaHToM. Ha cepaeunuk xabens B 3TOM ciiydae OOBIYHO HAKIIAbI-
BAETCS ATFOMUHUEBBIN SKPAH.

Bce metaimmueckue 000I0YKY ABIISIOTCS A0COTIOTHO T€PMETUYHBIMH.

[ImacTMaccoBbie 00OJOYKHM H3TOTABIMBAIOTCS OOBIYHO W3 MOJUAITHIICHA,
MOJIMBUHWIIXJIOPUIA W TOJMU300yTHICHOBBIX Kommo3unui. IlmactmaccoBbie
000JIOUKH JIeTKue, THOKue, BUOPOCTOMKHE, HE TIOJBEPKEHbI KOppo3uu. OHAKO
OHU HE TepMeTHYHbI. Yepe3 miuacTMmaccy MocTeneHHO IupGyHAUPYIOT BOAHbBIE
napsel. [loaToMy Takue 000JI0YKM MPUMEHSIOT TOJIBKO B KaOEsAX C HETUTPOCKO-
MMAYHOU U30JISALUEN.

MertanonnactMaccoBble 000JIOUYKH MPEACTABISAIOT CO00M COeMHEHUE B
OJIHO MOHOJIMTHOE LI€JI0€ MOJIMATHIIEHA U MeTalta. V3BecTHa 1ienas cepusi Takux
000JI0Y€EK: alllAT, CTANIAT, CBUMAT. OHU COCTOST COOTBETCTBEHHO U3 aJIFOMHUHUSA,
CTaJli, CBUHIIA U MONUATIIICHA. Taknue 00071049KH 00eCTIeYBaIOT TePMETUIHOCTh
Y 32Ty OT BHEITHUX JIEKTPOMArHUTHBIX BIHSTHUH.

bponenokposul

[Ipu OosbLIMX BHEIIHMX HAarpy3kax KpPOME BJIAro3allMTHONW OOO0JIOYKH
MOXKET HaKJIaJAbIBAThCSI OPOHEBOM MOKPOB, TOMOJHUTEIBHO 3aLUIIAKOIINN Ka-
0eJib OT MeXaHU4eCcKuX Bo3aecTBuil. [log OpoHI0 Ha BAAro3amuTHY0 000JI04YKY
HaKJIaJbIBACTCS CIICIMANIbHBIN coi — moaymka. [logymika npenoxpanser 060-
JIOUKy KaOemsi OT MOBpPEeXACHUI OpOHEel MpU ee HAJIOXKEHUU U B MPOIIecce U3ru-
00B Kabesst BO BpeMsi HAMOTKH Ha 6apabaH u npu ykJiaake B TpyHT. OHa 0OBIYHO
MIPEACTABIISIET CO00M CiIoN KabenbHON TPsDKH (JKyTa) Win KabenpHON Oymarw,
MPOMUTAHHBIX OUTYMHBIM COCTaBOM. B ka0ensix ¢ aJfOMUHUEBHIMU U CTaJIbHBI-
MU 000JI0UKaMH, KOTOpPbIE CUIIBHO MOJBEPKEHBI KOPPO3HUH, MO OpOHIO IpHUMe-
HSIOTCS YCUJICHHBIE Biaro3amuTHbeie TmokpoBbl (ILm), cocTosmme u3 BSI3KOTO
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MOJIKJICUBAIOLIETO CJIOSl, HAHOCUMOTO HEMOCPEICTBEHHO Ha 000J0YKY, U MOJIHU-
ATUJIEHOBOTO IIJIaHTa.

B 3aBuCHMOCTH OT MEXaHMYECKOTO BO3JCHCTBUS Ha Kabeib B MPOIECCe
MPOKJIAJIKK U AKCILTyaTallui IPUMEHSIOTCS CJIEIYIONINE Pa3HOBUAHOCTH OpOHMU:
IBe cTayibHbIe JIeHTHI (B), MOBUB U3 KpyIJbIX cTaidbHBIX MpoBosiok (K) wmm mio-
CKHMX CTAJIbHBIX TTPoBOJIOK (IT).

Bbpons tuma b n3roraBnuBaercs u3 cTanbHbIX JIeHT ToammHaoN 0,3-0,8 MM
u mupuHO 25—45 mm. JIeHTBl HaKJIabIBAIOTCSl HA MOIYIIKY COUpanieoOpa3Ho ¢
po3opaMu (HEKOTOPBIM PACCTOSIHUEM MEXAY BUTKaMH), HO TaK, YTOObI BUTKH
BEPXHEU JICHTHI NIEPEKPBIBAIIN 3a30Pbl HKHEM.

bponst Tuma K m3roraBnmmBaeTcs W3 CTaJbHBIX MPOBOJOK JAHAMETPOM
4—6 mM. [TpoBOJIOKH € OOIBIIMM IIArOM HAKJIAJABIBAIOTCS HA MOIYIIKY.

MoskeT UCTIOB30BAThCS TAKXKE JABOMHAs OpOHs, cocTosas U3 KoMOUHa-
1uu 6ponu paznmuunbix TUIOB (BK, KK)

Buewnuti noxpos

[IpumeHstOTCS 1B BUa HAPYKHOTO 3aIUTHOTO CJIOS:

1) xaOenbHas npsbka (JUKYT), MPONUTAaHHAS OUTYMHBIM KOMIIAYHIOM, TIPO-
TUBOTHWJIOCTHBIM COCTABOM M MEJIOBBIM PACTBOPOM, MPEAOXPAHSIONIUM Kabelb
OT CJIUIaHUsI BUTKOB Ha OapabaHe;

2) MOJIMATUIICHOBBIN MUTAHT (MCITOJIB3YETCS JIJIs KaOelel ¢ alFOMUHHCBOM
WJIU CTaJbHOM 000JIOUKOH).

BBITNIOJTHEHUE JIABOPATOPHOM PABOTBI

1. [onyuuTe y npenoaaBaTesst 00pas3ipl JIEKTPUUECKUX KaOEel CBSI3H.

2. VI3yunTte KOHCTPYKTUBHBIE 3JIEMEHTBI KaKqoro oopasua. s Kaxaoro
obOpa3na kabens 3anonHute Tadn. 1.1 wim 1.2.

3. Ha ocHOBaHMM pe3ysIbTaTOB U3YyUYECHHUSI 00Pa3lioB B 3arojIOBOK KaXKJI0H
n3 Tabu. 1.1 u 1.2 BOummTe COOTBETCTBYIOIIME MAPKU KaOeJsl.

4. BbIoSHUTE 3CKU3bI MMONEPEYHOr0 CEUEHMs UCCIIeIOBaHHBIX Kabenel
YKa3aHUEM BCEX 3JIEMEHTOB KOHCTPYKLUH.

Tabmuna 1.1
KoHcTpykuus cummeTpuyHOro kademst
KoHcTpykTHBHBIN XapakTepruCcTUKa KOHCTPYKTHUBHOT'O 3JIEMEHTA
JJIEMEHT
1. 3awummnulii nokpos Vkazamv naznauenue, paznoguoHoCms KOHCMPYKYUU, MaAmMepua
Kax#c0020 dnemenma
1.1. HapyxHbr1it VYka3aTp Ha3Ha4Y€HHE, PA3HOBUIHOCTh KOHCTPYKIIUHU, MaTEPHAIT
3aIUTHBIN CIIOU
1.2. Bpons Yka3zaTh Ha3HAYEHUE, PA3HOBUIHOCTh KOHCTPYKIIUH, MaTEpHal
1.3. ITonymxka YKa3aTp Ha3Ha4Y€HNE, PAa3HOBUIHOCTh KOHCTPYKIIMHU, MaTepHall
2. Brazozawumnas Ykaszamv naznauenue, paznosuOHOCMb KOHCMPYKYUl, Mamepu-
obonouka an, moawury
3. Oxpan Vkazamv naznauenue, pazno8uoHocms KOHCMPYKYUU, Mamepu-
an, moawuHy
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[Tponomkenne Tadm. 1.1

KoHcTpyKkTUBHBIN XapaKkTepUCTUKa KOHCTPYKTUBHOT'O JIEMEHTA

OJICMCHT

4. Iloscunasn U30JIAYUA Yxazamo nazuauenue, mamepuai, Cnocob HANOMNCEHUs.

Ykaszamv, 00HOpoOHas unu HeOOHOPOOHAsL CKPYMKA, NYUKOBAS
UNU NOBUBHASA, KOTULECBO NYYKO8 UL NOBUBOS, KOIULECMBO
IIEMEHMAPHBIX 2PYNN 8 CepOeUHUKe, KOTUUeCMB0 dlleMeHmap-
HbIX 2PYIN 8 NyuKe WU 8 Nosuse, CNOCoO CKPYmMKU cepOeyHuUKa,
MUn 21eMeHMAaApHLIX 2PYNN, KOHCMPYKYUIO, MaAMepual, moauuHy
(Ouamemp) usonayuu u npoBOOHUKOE

5. Cepoeunuk kabens

5. Knaccudumupyiite kaxasnii oopaser kabens 1mo o01acTi MPUMEHCHUS,
YCJIOBHSIM TIPOKJIAJKU U SKCIUTyaTaIlluy, KOHCTPYKIUU. [10 KaXkI0My OCHOBaHHIO
JUTsT KJTacCU(UKAIMU YKKUTE KOHCTPYKTUBHBIC OCOOCHHOCTH, ITO3BOJIUBIIUE

OTHECTH 00pa3ell K OMpeIeICHHOMY KJIaccCy.
Tabmnuua 1.2

KOHCTI)YKI_[I/IH KOaKCHAJIbHOI'O Kabes

KoHcTpyKTUBHBIN
DJIEMEHT

XapaKTepI/ICTI/IKa KOHCTPYKTUBHOTI'O 3JIECMCHTA

1. 3awummnonii noxkpos

1.1. HapyxHbslii
3alIUTHBIN CIION

Ykazatb HAa3HA4YCHUC, Pa3HOBUAHOCTb KOHCTPYKIIUU, MAaTCpHUaJI

1.2. bpons VYka3zaTh Ha3HaUEHUE, PA3HOBUAHOCTH KOHCTPYKIIMH, MaTepUa

1.3. [logymika Yka3zaTh Ha3HaUEHUE, PA3HOBUIHOCTH KOHCTPYKIIUHU, MaTepHall

2. Braeozawummnas Yxazamo naznauenue, paznoeuoHocms KOHCmMpYKYuu, Mamepu-
obonouxa aj, monwuny

3. Cepoeunuk xkabens

Vkasamb paznosuonocms KOHCMPYKYul, U0 CKPYMKU, HATU-
yye 2uopodhobHO20 3aNoNHeHUs.

3.1. KonuuectBo rpymnm

VYka3aTh KOJUYECTBO KOAKCUATBHBIX Map (CpeaHux, Manorada-
PUTHBIX ), CHMMETPUYHBIX YETBEPOK U Tap

3.2. KoakcuanbHas mapa

VYka3aTb KOHCTPYKIINIO, MaTepUa, pa3Mepbl U30JISILIUH U TIPO-
BOJIHUKOB, KOHCTPYKIIMIO, MaTepHall, CIoco0 HAJII0XKEHUS U
TOJIIIMHY SKpaHa

3.3. CummerpuyHas

yeTBepKa (mapa)

VYka3aTb THUII CKPYTKH, KOHCTPYKLMIO, MaTepUal, TOJIINHY
(nramMeTp) U30JISILIMK ¥ IPOBOJHUKOB

OTYET

OtuyeT 1o J1abopaTOpHON PabOTE AOJKEH COACPIKATh!

1) 3amosHEHHbIE B COOTBETCTBUU C 1. 2 U 3 pazzaena «BoinoaHenue pado-
ThI» Ta0J. 1.1 waum 1.2 115 Kak10ro UcclieIoBaHHOTO o0pasiia Kaders;

2) SCKU3BI MOMEPEYHOTO CEUEHUsS] MCCIeNOBAaHHBIX 00pa3IoB Kabenel ¢
yKa3aHHWEM BCEX AJIEMEHTOB KOHCTPYKITUH,

3) BBIBOJIbI OTHOCUTENIBHO OOJACTH MPUMEHEHHUS, YCIOBUN MPOKIAIKU U
AKCIUTyaTallii U KOHCTPYKIIMU UCCIIEIOBAaHHBIX 00pa3lioB Kabenew.
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JlaGopaTopHnasi padora 2
W3YUEHUE KOHCTPYKIIMHA ONTUYECKHNX KABEJEW CBSI3U

Heab padoThI
N3yyeHne OCHOBHBIX KOHCTPYKTHBHBIX AJIEMEHTOB U MapKUPOBKHU OITH-
YEeCKUX Kabesel CBs3U pa3InyHOro Ha3HAYCHUS.

IHoaroroBka Kk padore

[Ipu moAroToBKE K paboTe AOJKHBI OBITh U3yUCHBI:

1) pasnen «TeopeTnueckue CBEACHHS» JaHHOH JIaOOpaTOPHOU PabOTHI;

2) MaTcpuall yq€6HHKa [0 JUCHHUIIJIINHEC ((HaﬂpaBJ]}IIOHH/IG CUCTCMBI JJICK-
TpocBs3u» (Harpaisroniue CHCTEMBI AIEKTPOCBS3U: YUeOHHK 71 BY30B. B 2-x
tomax. Tom 1. Teopust nepenauu u Bausinus / Anjpees B. A., [Toptaos 3. JL.,
Kouanosckuii JI. H.; mox penakmueir B. A. AnapeeBa. — 7-¢ u3., nepepad. u
not.- M. : Topsiuas munust — Tenekom, 2009) o Temam:

e KiIaccu(UKaIysa ONTHUYECKUX Kabenel cBs3u (paza. 3.2.6);

® THIIBI ONITHYECKUX BOJIOKOH (pa3. 3.2.7);

® OCHOBHBIC KOHCTPYKTHUBHBIC 31eMeHThl OK W MaTepuanbl Jjisi UX WU3TOTOBIICHHS
(pazn. 3.2.8);

e TexHUYECKue TpeboBanus, npenbssisiembie k OK (paza. 3.2.9);

e OCHOBHBIE NpousBoauTenu U HomeHkinarypa OK (pasn. 3.2.10);

® 0 MapKHUPOBKE ONTHUYCCKUX Kabeneu cBssu (pasn. 3.2.11);

e omnTHYECKHE Kalenu /Ui MPOKIAIKU B TPYHT (pasa. 3.2.12);

e omnTUYecKHWe Kabenw I MHEBMO33JyBKH B 3al[UTHBIE IUIACTMACCOBBIE TPYOBI
(pazn. 3.2.13);

e omnTHYECKHE Kabenu i MPOKIAIKU B KabenbHol kaHanu3anuu (pasa. 3.2.14);

® T0JIBECHBbIE onTHYeckue kabenu (paza. 3.2.15);

® T0JIBOJHBIE ONTHYEeCKUE Kabenu cBs3u (pasa. 3.2.16).

TEOPETUYECKHUE CBEJIEHUSA

1. Kinaccugukanusi onTuyeckux kadesaeu

Ontuyeckuii kabenp (OK) mpeacraBisier co00il COBOKYMHOCTh OMNTHYE-
ckux BoJIOKOH (OB), 3akit0oueHHBIX B OOIIYIO BJIAro3amuTHYIO 000JI0YKY, IO-
BEpPX KOTOPOM B 3aBUCHUMOCTHU OT YCJIOBUH IKCILTyaTaAIlMA MOTYT OBITh HAJIOKCHBI
3amuTHBIE MOKPOBEI. OcHOBHOM 3amadeit OK sBisieTcst oOecnedenue Tpedyemo-
ro Ka4ecTBa Mepejayn Py COOTBETCTBYIOIIMX YCIOBUSX IKCILTyaTaIlHH.

Konctpykimun OK B OCHOBHOM Ompe/IestOTCS Ha3HAYCHHEM B 00JIaCThIO
ux npumenenus. [lo ceoemy HazHauenuto OK nompasnenstorcs Ha CaeayoIIne:
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- MEKyTOPOIHBIE;

- 30HOBBIE;

- TOPOJICKUE;

- 00BEKTOBBIE U MOHTAXKHBIE.

Meorcoyeopoonsie n 3omnoevie OK mpenHaszHavaroTcs A Nepelayd UH-
dbopmanri Ha OOJIbIIIME PACCTOSHUSI U OpPraHu3aIy OOJBIIOrO YUCIa KaHAIOB.
T'opoockue OK uCHoNb3yIOTCS B KAYECTBE COCAMHUTENBHBIX JTUHUN MEXIY ro-
poackumu ATC. Onu paccuuTanbl Ha paboOTy 6€3 MPOMEXKYTOUHBIX JIMHEHHBIX
pEreHepaTopoB, T. €. Ha CPABHUTEIBLHO KOpPOTKHE paccTosHus (5—10 kM) U OTHO-
CUTEJIBHO HEOOJIbIIOEe Ynucio KaHaioB. Oovekmosvle OK cimyxar s nepenayu
paznuyHOi MH(OpMAIMU Ha Majible PacCTOSIHUS BHYTPU OOBEKTa U COJEpIKaT,
Kak mpaBuiio, 6omabinoe uncio OB. Moumaoswcnsie OK npenHasHavaroTcst IS
BHYTPH- U MEXKOJIOYHOTO MOHTa)Ka anmnaparyphl.

[To ycnoBusim mpoxutaziku v akcruryatanuu OK paznuuarot kabenu:

- BHYTpEHHEH MPOKIIAJIKH,

- Hapy>KHOU MTPOKIIAJIKH;

- CTICIIMAJIbHBIE.

Kabenu enympenneii npokiaoxu WCHOIB3YIOTCS BHYTPU TeJIe(hOHHBIX
cTaHiui, oducos, 37aHui U nomenieHui. [lo ycroBusiM poOKJIagKu OHU T0/I-
paszenstoTcs Ha Kabenu BepTUKAIbHON U TOPU30HTAIBHON MPOKIAAKU U ITHYPHI
KOMMYTAIUH.

Kabenu napyosicnoii npoknaoku NPUMEHSIOTCS Ha JIIOOBIX (CETBCKHUX, TO-
POJICKUX, 30HOBBIX M MAarvCTPaIbHBIX) JTUHUSX CBSA3H U MO YCIOBUSIM MPOKIATKA
UX MOXKHO pa3/ieNuTh Ha BO3YIIHbIE, TIOJI36MHBIC U TTOBOJIHBIE.

Kabenu 6030ywnoi noosecku TOABEIINBAIOTCS HA OMOPaX M B CBOIO OYe-
peab Moapa3aestoTcs Ha Kademu:

- CaMOHEeCYIIUEe — C HECYIIUM TPOCOM WM 0€3 Hero, MoJIBelIMBacMbie Ha
OMopax pa3IMYHOro TUMNA, B TOM 4yucie Ha onopax JIDII u KOHTaKTHOM ceTH xke-
JIE3HBIX JIOPOT;

- TIPUKPEIUISIEMbIE — KPEMSIIHecs K HECYIEMY MPOBOAY TPH IMOMOIIH CIie-
[IUATBHBIX 32)KUMOB;

- HaBMBAaeMbIe — HABUBAIOTCSI BOKPYT HECyIero, Hampumep ¢$ha3oBoro, mpo-
BOJIa WJIK TPO30TPOCa;

- BCTpauBaeMbI€ B TPO30TPOC.

Kabenu noozemmnotl npoxniaoxu.

- MPOKJIa/IbIBa€MbIC B KaOEIbHOM KaHATU3AINK WIN TYHHEIIE;

- 3aKJ1a/IbIBAEMbIC B TPYHT;

- IpeIHa3HAYCHHBIC JIJIT ABTOMATHYECKOM MPOKIIAJKU B CIICIIMAIBHBIX TPY-
0ax, HanpUMep, B MOJMATHUIICHOBBIX TpyOax kommanuu Dura-Line.
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1100600HbIe Kabenu IpeAHA3HAYCHBI JIJIS1 YKIIAKU Ha JTHO:

- HECYIOXOJ/IHBIX PEK, HETJITyOOKHX 03€p U 0OJIOT;

- CY/IOXOJIHBIX PEK, MOPEH M OKCaHOB.

K cneyuanvrvim otHOCAT Kabenw:.

1) moneBble, NpegHa3HAYCHHBIC /IS pa3BEPThIBAHUS IOJICBBIX JTUHUH CBSI-

3, HAaIIpUMEp B YCJIOBHUSAX BOGHHOI'O BPEMEHM. DTH KaOelu pacCurMTaHbl Ha pa-
00Ty B DKCTpEMaJIbHBIX JKCIUTyaTaI[MOHHBIX YCIOBUSAX BO BCEX KIUMATHYCCKUX
30Hax Poccun. OHU TOKHBI COXPAHSTh CBOM MapaMeTphl MPU pa3MOTKE, PacTs-
TMBAaHWUW, W3rM0ax, KPY4YCHUH M pa3JdaBIMBaHUU, B YCIOBUSAX ITOBBIIICHHON
BJIQXHOCTH, TIPH BO3/ICHCTBHM MHTCHCHBHOTO COJIHEYHOTO M T'aMMa-U3TydeHUs,
a TaK)Ke CHIIBHBIX 3JICKTPOMArHUTHBIX UMITYJIbCHBIX IOJICH;

2) MIs JUCTAaHIIMOHHOTO YIPABJACHHUS TOPIIEJAaMH, paKeTaMu 3eMJII—BO3AyX
U T. 1. XapaKTepU3yIOTCs MOBBIIICHHOW MTPOYHOCTHIO, THOKOCTHIO, cOaIaHCUPO-
BaHbl OTHOCUTEIHLHO BO3HUKHOBEHHS KPYTSIIET0 MOMEHTA, UMEIOT MaJblid Jua-
METD;

3) orHecToiikue, HampuMep KaOeln MOXAapHOW CHTHAJIM3AIlUU, COXPaHSIO-
e paboTOCIOCOOHOCTh B YCIOBUSAX OTKPHITOTO TUIAMEHH;

4) nuist paboTHI MTPH MOBBIIICHHBIX TemmepaTtypax (1o 85-90°);

5) a1 paboOTHI BO B3PBIBOOMACHBIX M arPECCHBHBIX Cpe/ax.

2. KOHCTPpYKTHBHBIE 3JIEMEHThI ONITHYECKOT0 KadeJst
2.1. Onmuueckoe 6010KHO

OB, wucronb3yeMbie B CBSI3U, UMEIOT HUJIMHIPUYCCKYI0 hopMmy (puc. 2.1)
U COCTOST W3 CEPALEBUHBI, 000JIOYKM M MEPBUYHOIO 3ALIUTHOTO MOKPHITHS.
CepaueBrHa U 000J7104YKa M3rOTaBIMBAIOTCS M3 IJIaBiI€HOro kBapua. OObIYHO

Jawumuoe nokpuITe obonouka OB wm3roraBaIMBacTCA W3 YHCTOrO
kBapia SiO; U ¥MeeT TOCTOSIHHBINA MOKa3aTelb
npesioMJIeHHs Ny, a cepAleBUHa s oOecreye-
HUs TpeOyemMoro mpo@uiisi mokas3aTelist IpesioM-
nenust Ny(r) Jerupyercs NPUMECSIMH, YBEIUYIH-
BAIOIIMMM TIOKA3aTeNb MPEIOMJICHHUS, HaIpu-
mep GeO..

Pasmepnr cepaneBunnsl 1 obonouku OB
crangapTuzoBanbl. O0o03HayaT pasmepsl OB
cenyromuM odpaszoM: duamemp cepoyesurnst / ouamemp obonouxku. Hampumep,
MHOrOoMoz0Boe OB ¢ nuametrpom cepaiieBuHbl 2a = 50 MKM U quaMeTpoM 000-
704ku 2b = 125 MM o6o3Hauarot: 50/125.

[lepBuuHOE 3alIMTHOE MOKPHITHE HAHOCUTCSA NPU BBITSDKKE W 3aIIMILACT
OB ot BO31IEHCTBHS OKPY>KaIOIIEH cpenbl (Barv, abpa3suBHBIX U1 MEXaHUYECKUX
BO3/IeHcTBUI). OHO JAOHKHO OBITh HEMTPAJIbHBIM U JIETKO YAAIATHCS C MOBEPX-

Ofonovuka
Puc. 2.1. Crpykrypa OB

16



HocTH OoOosiouku. [lokazaTenb mpesroMieHUs W MOTEpPU Ha MOTJIONICHHE B 3a-
IMIUTHOM TOKPBITUU JOJDKHBI ObITH OoJibllie, yeM B obosiouke OB mis mpenot-
BpaIIeHUs] paCIpOCTpaHEHUsI HEeXKEIaTeIbHBIX MO/, B KauecTBe mepBUYHOTO IMO-
KPBITHS IPUMEHSIOT aKpuiaT: BHYTPEHHUHN CJIOM U3 MSATKOTO aKpuiiaTa JiJis mpe-
JOTBPAILIEHUS] MUKPOU3THOOB U TBEP/IbII HAPYKHBIN CIION JUIsl 3alIUTHI OT MeXa-
HUYECKUX Bo3aelcTBUM. [locine HaHeceHUs 000MX CIIOEB JUaMETpP BOJOKHA CTa-
HOBUTCS paBHbIM 245+10 MKM.

Bce OB nenstcs mo KOJUYECTBY MOJ PacpOCTPaHEHHs Ha MHOTOMOJIO-
BbIE M OJIHOMOJIOBBIE, a MO TpouiIio mokazaTesns npenomiienus Ha OB co cty-
MEHYAaTbIM U TPAJAMECHTHBIM TpoduisiMu mokaszarens npenomienus. B BOJIC
HanboJsee MUPOKO UCTIOIB3YIOTCS CIEAYIONUE CTAaHIAPThI BOJOKOH:

- MHOTOMOJIOBOE TpaiieHTHOE BOJIOKHO 50/125 u 62,5/125 (puc. 2.2, a);

- 0JTHOMOJIOBOE CTyIeH4aToe BoJIokHO 8—10/125 (puc. 2.2, 6);

- 0JTHOMOJIOBOE BOJIOKHO C HEHYJIEBOH cMmelneHHOoN aucnepcuent 8—10/125
(puc. 2.2, B).

50/125 62.5/125
50 MKMm 62.5 MKM
\/ \/
_ 125 MKM _ 125 MKM -
npodunb
nokasaTens /\ F il Y
NPENOMMNEHNS e

a) MpagneHTHOE MHOroMO40BOE BOMIOKHO

8 MKM 8 MKM
_ 125 MKM _ 125 MKkm .
npoune [ > - >
noKasaTtensd
npenomMmneHna
0) CtyneH4aToe ogHOMOOOBOE B) OOHOMOZ0BOE BOOKHO CO
BOJIOKHO CMELLIEHHOW 1 HEHyneBou

CMEeLLEHHON gucnepcmnen
Puc. 2.2. Craamapter OB

17



B nemsix upentudukaruu OB okpammBarorcs. Oxkpacka 0OBIYHO OCYIIECT-
BJIsIETCSl Ha KaOeiabHOM 3aBojie. L[BeToBas KOaWpOBKA ONTHYECKUX BOJIOKOH B
Ka0eJIsIX POCCUHUCKUX MPOU3BOAUTENICH TTOKA HE CTaHapTU30BaHa.

K kpacsmuMm BemecTBaM IpeabsIBIsSeTCs sl TpeOOBaHUN: OHO HE JOJDKHO
pa3pymiaTbcsl WK UcUYe3aTh CO BpEMEHEM, JOJKHO OBITh COBMECTUMO CO BCEMU
MaTepuasamMu, UCIOJIb3yeMbIMA B KaOene. Coi Kpacsiero BEemecTBa JTOJDKEH
OBITH OYCHb TOHKHUM, YTOOBI HE BBI3BIBATH JOTOJHUTEIHHBIX MUKPOU3THOOB BO-
JIOKHA B TIPOIIECCE IKCIUTyaTaIlliy B HEOOXOIMMOM JUaIa30He TEMIIEpaTyp.

2.2. OnTu4yecKku MOYJIb

OnTruyecKuM MOJyJ1eM Ha3bIBAIOT OAHO WU Heckoinbko OB Bo BTOpHY-
HOM TIOKPBITHH.

BropuuHoe nokpeITHe npenHasHaueHo i 3amuThl OB oT MexaHnueckux
BO3/ICHCTBUIA, B TIEPBYIO OuYepeib MomepeuHbix nedopmaruii. Bropuunsie mo-
KPBITHS OBIBAIOT HECKOJBKUX TUMOB (puc. 2.3):

e cruromtHoe (puc. 2.3, a). [IpeacraBiser coOoi TOJCTHIN CIION TOJIMMEpPA
(MATKUI TOJIMBUHUIIXJIOPU), HAHECEHHBIM HEMOCPEJCTBEHHO Ha BOJIOKHO C
IepBUYHBIM NOKpBEITHEM. [[nameTp OB B TakoM nmokpsitnn nopsiaka 0,9 mm. Ue-
MOJIB3YETCsI B KaOEsIX BHYTPEHHEH MPOKIIAIKH;

MnoTHo npuneratowas
Tpybka
OnTtunyeckoe BONOKHO
a) 6)

EASKWH KOMMAYHT,

ManyceafoAHaA NNAcTMACCOEAA
FAWMTHAA TpyEKa

ONTHYECKOE BONOKHD

BAZKHA EOMNaYHT,

JaWMTHAA NNacTMAcCcaean
ThyGka
ONTHYECKDR BOMOKHO ONTMYECKOE BONOKHD

JAWKTHAA NNACTMACCOEaA

TRk BAZKWA KoMMOaYHT
B) Py r)
BC
@O0 0000000000D
e S, S N e N Wl i, S W e, N Nl N N
KNned NEpEAYHOE
MepeEndHOR MeHTO4HAaA NoKpLITHE
1) MOKPEITHE ofionoyka NenTa, ckneeHHas
JleHTa, nomelLeHHas B 060M04Ky BOOMNb GOKOBOW MNOBEPXHOCTU

Puc. 2.3. Tunsl BTOpHYHOTO TTOKPBITUS ONTHYECKUX BOJIOKOH:
a) cruIoIHoe; 0) moyycBoOoaHOE TpyOUaToe; B) cBOOOIHOE TPyOUaTOE;
') MHOTOBOJIOKOHHOE CBOOOTHOE TpyOUaToe; /1) ICHTOUYHOE

e morycBoOOIHOE TpyOuaroe (puc. 2.3, 06). OTinyaeTcs OT CIUIONTHOTO
TeM, 4T0 Mekay OB B MepBHYHOM IMOKPBHITHH M CIIOEM IOJIMMEpa HaXOJHUTCS
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TOHKHH CJIOH (HECKOJIBKO COTBIX JOJIEH MM) BSI3KOTO KOMIIayH/1a. DTO 0o0Jeryaer
CHSTHE 3aIUTHBIX TOKPBITHHA Mepel MOHTA)KOM M YMEHBIIIAET BIUSHUE MUKPO-
n3ru6oB. Mcnonb3yercs B kabensx BHYTPEHHEH MPOKIIAIKH;

® OJHOBOJIOKOHHOE cBOOOgHOE TpyOuaroe (puc. 2.3, B). Ilpeacrasmuser
co0ol TuTacTMacCcoBYIO0 TPYOKy (TIoiMaMul WM MoauOyTuieHTepedranar), 3a-
MOJIHEHHYIO BSI3KUM THIPO(YOOHBIM KOMIIAyHIOM, B KOTOPOM CBOOOJHO pacrio-
noxeno OB. Ucnons3yeTcs B kaOensix Hapy>KHOU MPOKIAJKH.

® MHOTOBOJIOKOHHOE CBOOOJHOE TpyOuaToe (puc. 2.3, T'), KOTOPOE OTIIHU-
gaeTcs OT MPEIbIIYIIero KOJIMYECTBOM, PACIOIOKEHHBIX B TpyOoke OB (2 u
6ospire). Mcrmonp3yercs B kKaOesix Hapy>KHON TPOKIIaIKH.

e JeHTOYHOE, ¢ unciioM OB ot 2 1o 24 (puc. 2.3, n).

[Tpu MOBpEXICHUM BOJOKOHHO-ONITUYECKOTO KalOessi BOJa MOXKET Mpo-
HUKHYTHh BHYTPb TIOJIOW 00O0JIOUKH ITOKPBITUS M 33 CUET KaWLIIPHOTO 3(dekTa
pacipoCTpaHUTHCS BAOIL MO KalOento Ha 3HAYMTENbHBIC paccrosHus. llpu 3a-
MEp3aHUH BOJIbI BOJIOKHA TIOJIBEPTAIOTCS BO3JCHCTBUIO HAMPSIKECHUH BO MHOTHX
TOYKAX, YTO MOYKET BbI3BATh MHUKPOU3THOBI M MIPHBEICT K HEIOMYCTUMOMY YBE-
JWYEHUIO 3aTyXaHus. Kpome Toro, Biara, rmomasinasi Ha MOBEPXHOCTh BOJIOKHA,
M3MCHSET SHEPTUI0 aKTUBAIIMU pocTa TpemuH. st mpenoTBpalieHusi TpOHUK-
HOBEHUS BOJBI IPOCTPAHCTBO BHYTPH MOIYCBOOOTHOTO M CBOOOIHOTO TpyOua-
TOTO BTOPUYHOTO TTOKPBITHUS 3aOTHACTCS CIICITUAIBHBIM BSI3KHM THAPO(GOOHBIM
KOMIIAyHJIOM — THKCOTPOITHBIM T'EJIEM.

2.3. CepieyHHUK ONITHYECKOI0 KabdeJst

CymectBytoT 3 BUJa KOHCTPYKIMU CEPACYHUKA BOJOKOHHO-ONTHYECKOTO
ka0erst: moBuBHAs (puc. 2.4, a), ¢ MPOPMUIUPOBAHHBIM CcepACUYHUKOM (puc. 2.4, 0),
C MCTIOh30BaHUEM OJMHOYHOMN TpyOKH (puc. 2.4, B).

. Tpyfra
LEHTRENEHEIM

CMNOE DA
ANEMEHT

BC 0)

OOTHYECKMA
MOy Nk

BC

CTE[HEHE
C nazamu

Puc. 2.4. OcHoBHbIe KOHCTpYKIMHU cepaedHnkoB OK: a) moBuBHas;
0) ¢ npo(UIAMPOBAHHBIM CEPACYHUKOM; B) C UCIIOIB30BAHUEM OJIMHOYHOU TPYOKH

B noBuBHOI KOHCTPYKIIMU CEPJACUYHUK BBHITIOJHEH B BUJIE MTOBHUBOB OITH-
YECKUX MOJYJIEH BOKPYT IIEHTPAIBHOTO YIPOYHSIONMEro saemMenTa. [Ipu mamom
(Menee 6) ymcie TpeOyrOMUXCS MOAYJEH Mg 0OecTieueHHus] YCTOWYMBOM mpa-
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BUJIHOM CKPYTKH BMECTE C HUMH CKPYUHUBAIOTCS MJIACTMACCOBBIE KOPAEIU — 3a-
MOJIHUTEIH CIUIONTHOTO CEUCHUSI.

KoHctpykuus ¢ npo@uiMpoBaHHBIM CEPJIEYHUKOM COCTOUT U3 MOJUIPO-
MUJICHOBOTO CTEPXKHSI ¢ MPOJOJIbHBIMU Ta3aMH. CTep>KEeHb OTIMBAETCS BOKPYT
METANIMYECKOTO0 WM JTUAJIEKTPUUECKOTO IEHTPAIBHOTO YIPOYHSIONIETO 3Jie-
MeHTa. [1a3bl pacnonararoTcsi BOKpYTr CTEPKHS CIUPAIBLHO WIN ¢ IEPUOINYECKON
cmeHoi HampaBieHus. OB ¢ HaHeceHHBIMH HA HHUX MEPBUYHBIMU MOKPBHITUSIMU
CBOOO/IHO PAaCIOIararoTcs B yriIyOJIeHUSX.

Kabenb ¢ ogquHOUHON TPyOKOM COCTOWT M3 OJHOM IJIACTMACCOBOM (ITOJTH-
Oytunentepedranar) TpyOku, cogepxaimeid OB ¢ HaHeceHHBIMM HA HHUX TEp-
BUYHBIMHU MOKpPBITHSIMHU. BHyTpH TpyOKku OB pacnonaratorcs cBOOOAHO.

JIist yBeIMYEeHHUs] YIPYrocTH KabOels MpH PaCTSKEHUU B KOHCTPYKIIHIO
CeplIeYHUKA MOTYT BKIIIOUATHCS YIPOUHSAIONIME (apMUPYIOIINUE) DJIEMEHTH. B
CepJICYHUKE OHU MOTYT pacrojaratbCs ABYMs CIocoOaMu: BIOJb LEHTPATbHON
ocH Kaleis WM paclpeieseHHO Mo ero cedyeHuro. PacrpeneneHHbIMU ynpod-
HSIOUMMH 3JE€MEHTAMU SBJSIIOTCS, HalpUMeEp, IJIACTMACCOBbIe KOPAeIH,
BKJIFOYAEMbIE B [IOBUB BMECTE C ONTHUYECKUMU MOIYJSIMU IIPU MajoOM 4YHKCIe MO-
CJIETHUX.

B moBUBHOW KOHCTPYKIHMH M KOHCTPYKIIMU C MPOQPUIUPOBAHHBIM CEP-
JE€YHUKOM YIPOYHSAIOIIUM 3JIEMEHT paclojlaraeTcs BAOJb LEHTPaJIbHOU OCU
Ka0eJsisl U Ha3bIBA€TCAd HEHTPAJbHBIM CHJIOBBLIM 3jemMeHToMm (I[CD). B ka-
YeCTBE TAKOTO 3JIEMEHTa MOXET MCIIOJIb30BaThCsl CTallbHAs MPOBOJIOKA JTHa-
MeTpoM 2—3,5 MM, TPOC TaKOTO K€ AHamMeTpa U3 HECKOJIbKUX MPOBOJIOK 00-
Jiee TOHKOTO CEYEHUS) WM JUIIEKTPUUECKUN CTEPHKEHb (CTEKJIONPYTOK HIIH
apaMUJIHBIN IPYTOK).

CB00OOJIHOE MPOCTPAHCTBO BHYTPU CEpJACUHUKA 3aIlOJHAETCS THUAPO-
¢oOHBIM 3amoyiHUuTENeM (0OBIYHO HMCIOJB3YIOT MAacTOO0Opa3Hble KOMMAYHIbI
Ha OCHOBE BBICOKOMOJIEKYJISIPHBIX COE€IMHEHUN YTrieBoJlopojaoB). B ciyuae
ecnu TpebyeTcs KOHCTPYKIHS Kabens 0e3 HamoJIHUTENsS, BOJOHENPOHUIIAE-
MOCTb CepAECYHHUKA IO JJIMHE MOXKET OBITh oOecrnedyeHa MpU MOMOIIHN BOJO-
OJIOKUPYIOUIUX JEHT UJIK HUTEH.

CdopmupoBaHHBIN CEPACUHUK CKPEIUISETCS MOSCHOW M30JS1UeH U3 CUH-
TETUYECKON MOJUIPOINUICHOBOM, Tepe(pTanmaTHON (JIABCAHOBOM) JIEHTHI, HaKJa-
JBIBAEMOM IMyTEM CIUPAIbHOW OOMOTKH B OJIMH WJIM JIBA CIIOSI.

2.4. 3amMTHBIC NOKPOBBHI

KaGenpHBIN cepAeYHUK 3aIMINAeTCS OT BO3ACHCTBHS BHEIIHEH CpEIbI
o0onoukoi. B kadecTBe MaTepuanioB 000JI0OYEK UCTIONB3YIOTCS TTOMATUIICH, T10-
JUBUHUIXJIOPHI, ATFOMOIIOJIUATHIICH, Oe3TraIoreHHbIC MaTepHallbl, HE pacIpo-
CTPAHSIOIIHNE TOPEHHUE.

JIyist yBenmMYeHusl yOpyrocTu Kabels Mpu pacTsHDKEHUH W TOBBIIIICHUS Me-
XaHUYECKOW MPOYHOCTH B KOHCTPYKIIMIO 3alIUTHBIX MTOKPOBOB KaOessl BKIIIOYA-
IOTCSl YIIPOYHSIOIINE SJIEMEHTHI.
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B koHcTpyKInu kabesns ¢ OAMHOYHON TPYOKOM poJib YIIPOUHSIIOUIETO 3Jie-
MEHTa UTPaIOT BBHICOKOMPOYHbIC, HAIPUMEP apaMHIHbIE, HUTH B 000J0uke. Me-
KAy CEpACYHUMKOM MU OOO0JIOYKOM MOKET TakKe pa3MelIaThCcsl MOBUB BBICOKO-
IIPOYHBIX HUTEH WM JICHT.

ApamugHbie HUTH (WM CTEKJIOIJIACTUKOBBIE CTEP>KHU) HCIOJIb3YIOTCS
TaKX€ B KQYECTBE CHUJIOBBIX AJIEMEHTOB ONTHYECKUX KaOesnel BO3YIIHOMN MO-
Beckd. OTIENbHBINA CI0M M3 TaKMX HUTEH pacroJjiara-
0T MEXIY MEPBBIM M BTOPBIM CJI0€M 00O0JOYKH. 3a-

IIUIICHABIA TaKUM 00pa3oM KaOelb MOXKET BBIIEp-
KUBATh OOJIBIITUE TPOAOIbHBIE HArpy3ku. OOBIYHO
TaKUM CIIOCOOOM YCWJIMBAIOTCSI KaOeliu, IMOJBEIIN-
Baembie B nposetax giauHoi 10 1000 m. Kpome Toro,
apaMHIHbIC HUTH, XOTS U MEHEe YCTOWYMBBI K MeXa-
HUYECKUM Harpy3kam, 4eM CTajbHbIC, SIBISIOTCS JU-
AIEKTPUUECKUMU U HE TPEJCTaBISIOT OMACHOCTH B
CJIydae MoTaJlaHus dJIEKTPUIECKOTO pa3psijia MOJTHUU.

B kaGensix BO3AyIIHON MOJBECKH POJIb YIPOU-
HSIIOIIETO JJIEMEHTAa WIpaeT HeCcylHil Tpoc (IOBUB
CTaJIbHOU TIPOBOJIOKHM). Ha puc. 2.5 mokazan croco0
YCHUJIEHUSI BOJIOKOHHO-ONTHYECKUX Kabeseu, mpeano-
JIararoluil 3aKI0YEHUE CTaJIbHOM MPOBOJIOKH B OT-
JeIbHYI0 000JI0UKYy, KOTOpasi BMECT€ C COOCTBEHHO
kabenmeM oOpa3zyeT «BocbMEpKy». Takol kabenb
OOBIYHO MCMOJIb3YeTCA JUIsl MOABECKH B TpojeTax jumHoi 50—70 m. Takas KoH-
CTPYKIIMSI OY€Hb KOHOMHUYHA, OJHAKO, JAHHBIM TUIl KaOelsi Helb3sl MCIO0JIb30-
Bath Ha JIOIL.

[Ipu GonbIIMX BHENMIHUX HArpy3kax KpoMe BHYTPEHHEH 3alIMTHOW 000-
JIOYKM MOXKET HAaKJIaJbIBaThCS OPOHEBOM IMOKPOB, IOMOJHUTEIHHO 3alllUIIal0-
[N Ka0eIb OT MEXAHUYECKNUX BO3IEHCTBUI.

Bpownst ObiBaeT senmounas, Kpyeionpoeoioynas (0OHONOBUBHAS UL O8YX-
nosusHas) U 6 eude 2epmemuunou mpyoku. B xabensx, nmpeaHa3HauY€HHBIX IS
MPOKJIAJIKK B KaOETbHOM KaHamu3aluu, TpyOax, KOJUIEKTOpax, Ha MOCTaX U 3C-
Takajax UCIOJb3YyeTCs CTajbHas jJeHTouHass OpoHs. CranbHas rodpupoBaHHas
JIEHTAa, TIOKPBbITas C HAPY>XHOW CTOPOHBI COMOJMMEPOM, HaKJIaJbIBa€TCs MPO-
JI0JIBHO C MEPEKPHITUEM HA BHYTPEHHIOIO 000704uKy OK.

B kalensax mis mpokiaJKyd B TPyHTaX, HE MOJABEPKEHHBIX MEP3J0THBIM
nedopManusaM, Ha rmepexoaax yepe3 HernyOOKHe HECYI0XOIHbIE peKr U 0ojoTa
IPUMEHSIETCSI OJHOTIOBUBHAS OPOHS M3 KPYTJIBIX CTAbHBIX OIIMHKOBAHHBIX MPO-
BOJIOK.

JIJist TPOKITaJIKK B CIIOKHBIX TPYHTaX BCEX T'PYII, B TOM YKCJIE U TIOJIBEP-
KEHHBIX MEP3JIOTHBIM JiepopMaIusimM, a TakKe Ha TIepexojax uepe3 CyJ0X0HbIe
peKH TPUMEHSETCS JBYXIOBHBHAs KPYTJIOMpPOBOJIOYHAsh OpoHs. J[Ba moBuBa

Puc. 2.5. [lognepxuBaro-
I CHJIOBOU DIICMEHT
(«BOCBMEpKaAY)
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CTaJIbHBIX IIPOBOJIOK B 3TOM CIyya€ MOTYT OBITh pa3felieHbl NMPOMEKYTOUHON
MOJIMATUIICHOBOU 000JIOUKOM.

[TycToThl B OpOHENOBUBE 3aMOIHAIOTCS THAPO(HOOHBIM KOMITAYHIOM.

[ToBepx OpoOHENOKPOBOB Ha KaOEIbHBIA CEPAECYHUK HAHOCSIT 3al[UTHBIN
[UIAHT. 3alIUTHBIM IIAHT W3TOTaBIMBAETCSA W3 MOJUATWICHA WM HErOPIOYMX
Oe3rajoreHHbpIX MaTepuaioB. I TOMOJHUTENBHONW 3aIlIUThl OPOHUPOBAHHOTO
Ka0essl B 3alIMTHBIN IIJIAHT MOTYT OBITh BIIPECCOBAHBI JABE TOJICTHIE CTAJIbHBIC
ITPOBOJIOKH.

Pan ¢upm-nponsBoguTenell BKIOYAIOT (KaK MPaBUJIO, MO TPEeOOBAHUIO
3aKa34rKa) B KOHCTPYKIIMIO KaOessl BCIaphIBAIOIITHI KOP/I.

3. Koncrpykuuu kadesisi, BCTPOEHHOT0 B I'PO303aAIUTHBIN TPOC
B nacrosiiiee BpeMs onTuueckuii kabelb, BCTPOSHHBIN B IPO303aIlUTHBIN

tpoc, (OKI'T) moBceMecTHO HCIOIB3YETCs JJIsl ONTHYECKON CBSI3M BJOJb KOM-
MYHUKAIUH, MPUHAJJICKAIITUX YJHEPrOCUCTEMAaM.

Puc. 2.6. Bunet OKI'T: a) ¢ cep/ieYHIKOM ITOBUBHOM CKPYTKH, COACPKAIIUM ONITHYECKUE
MOJIYJIH, B ATFOMHUHHUEBOU TPpyOe; 0) ¢ MpopUINPOBaHHBIM aTIOMUHUEBBIM CEPACUYHUKOM;
B) C UCIIOJIb30BAaHHWEM OJMHOYHOMN TPYOKH M3 HEPKABEIOIIEH CTalH, 3aKIIFOUCHHON
B ATIOMHUHHUEBYIO TPYOKY; T) C CEpACYHUKOM MTOBUBHOM CKPYTKH,

COJIep KallMM ONTHYECKHE MOJYJIN U3 HEPIKABEIOLIEH CTAIN

OKI'T ycTaHaBIMBarOT BMECTO IPO303AIIUTHBIX TPOCOB BO3AYyIIHBIX JIOIT.
KaGenb nomKeH BhIIEPKUBATH HArpy3Ky MPU MOHTAXKE, TSKEHHE U BUOpPALIMIO B
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IpoLecce dKCIUTyaTaluy, TOKM KOPOTKOI'O 3aMBIKaHUs, & TAK)KE IMOTOJIHBIE BO3-
JEeNCTBUs, BKIIIOYasi BETEp, rojojiea U yaapsl MoiaHuil. KoHcTpykinus kabens
J0JbKHA obecnieunBath 3amuTy OB, coxpanss obmue pu3ndeckue 1 dJeKTpuye-
CKHE CBOMCTBA, 9KBUBAJICHTHBIE COOTBETCTBYIOIIMM CBOMCTBAM CTAJIbHOTO BUTO-
ro rpo30Tpoca.

Cepaeunuk OKI'T MoxeT uMeTh TI00YI0 U3 paCCMOTPEHHBIX B II. 2.3 KOH-
CTPYKLUH: MOBUBHYIO (puc. 2.6, a, ), npodunnpoBaHHyio (puc. 2.6, 6) wiu uc-
MOJIB3YIOLIYI0 OJUHOYHYIO TpyOKy (puc. 2.6, B). CepIedyHUK MOXET OBbITh 3a-
KITIOYEH B AJIFOMUHUEBYIO TPYOKY MJTU 3aIHILEH CIEIHATbHBIMA KOMIIO3UTHBIMU
MaTepHUAIaMU OT Pa30rPeEBa, CBA3AHHOTO C TOKAMH KOPOTKOT'O 3aMbIKAHHS.

[ToBepx cepneunuka B OKI'T HakmagpiBaeTcsi HEOOXOAMMOE KOJIMYECTBO
cioeB (1 unu 2) npeopMUpPOBAHHON aTIOMUHUEBOM WM CTAJIbHOM, IJIAKUPO-
BaHHOM QJIFOMUHUEM, IIPOBOJIOKH.

4. MapkupoBka OK

MapkupoBka mnpeacTaBiasieT co00l aOOpeBHATYPHYIO 3allUCh OCHOBHBIX
apaMeTpoOB ONTUYECKOTO Ka0essl, K KOTOPbIM OTHOCATCS:

- Ha3HA4YEeHHUE U 00JIaCTh MPUMEHEHUS

- KOHCTPYKLHS CEpACUYHHKA

- MaTepual IpoOMEXYTOUHON U HapyKHOU 000JI04eK

- TUT OpOHU

- YUCJIO ONTUYECKUX MOJYJIEW U ONTHYECKUX BOJIOKOH

- BeIMYMHA Kod(puMeHTa 3aTyXaHHsl Ha pabounX JUIMHAX BOJIH

- BEJINYMHA JUCTIEPCUN

- IOIyCTUMOE PacTITUBAIOLIEE YCUITUE U JIP.

Yro06s! 110001 cenuanucT MOT ObICTPO pacimudpoBaTh aOOpEBUATYPHYIO
3amuch, 0003HAUEHUsI OAHUX U TEX K€ MapaMeTpPOB ONTUYECKUX Kadeseh pas-
JUYHBIX TTPOU3BOAMUTENEH TOJIKHBI ObITh YHU(ULIHUPOBaHbI. Takas yHUUKaIISA
uMeeTca sl AJeKTpUYecKux Kabeneil cBsa3u. OgHako B MAapKUPOBKE ONTHYE-
CKHX Ka0eJeil 0Te4eCTBEHHOIO MPOU3BOACTBA YHU(PHUKALIUS OTCYTCTBYET.

B Tabun. 2.1 npencraBieHbl IPUHIUITBI MAPKUPOBKU ONTUYECKHUX Kalesew,
npuMeHsieMble Ha kabenbHOM 3aBojie 3A0 «CeBkabens-Ontuk». B Tabn. 2.2
NpEICTaBICHbl NPUHLUIIBI MApKUPOBKM ONTHYECKUX Kadeseld Mpou3BOJCTBA
«Mockabenb—DymKUKypay.

BBITIOJIHEHHUE PABOTbI

1. ITonyuuTe y npenoaaBatesisi oOpasiibl ONTHYECKUX KaOese.

2. V3yunTe KOHCTPYKTUBHBIE AJIEMEHTHI KaKI0T0 oOpasua. Jjig kaxaoro
o0Opasiia ONTUYECKOro Kadess 3anoHuTe Taos. 2.3.

3. Ha ocHOBaHMU pe3yNbTaTOB M3y4eHHUs 0Opa3lioB B 3arojOBOK KaXKJOi
u3 Tabs. 2.3 BOUIIMTE MapKd COOTBETCTBYIOIIETO Kabens MO JBYM CHCTEMaM
MapKHUPOBKH, IPUBEJICHHBIM B T1. 4 paznena « TeopeTuuecKkue CBeICHUS.
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4. BBIMOJIHUTE ICKU3bI MOMIEPEYHOTO CEUCHHS MCCIIETOBAHHBIX Kaleneh ¢
yKa3aHHWEM BCEX JJICMEHTOB KOHCTPYKITUH.

5. Knmaccudunupyiite kaxasiii oopaselr kadbens mo 001acTH IpUMEHEHHUs,
YCIOBHUSAM TMPOKJIATKNA U JKCIuTyaTanud. 1o KakaoMy OCHOBAHHIO IS KJacCH-
GuKau yKaKuTe KOHCTPYKTUBHBIE OCOOCHHOCTH, MO3BOJIMBIINE OTHECTH 00-

paselr K ONpeAeICHHOMY Kiaccy.
Tabnuua 2.1

CKO- 1 [IT|C -/020A/004H-06- |A08%2/04x1/H04%1}- 92 |-15
CKO-|O [IIT-016E- 01- LS

Wcnonmuenne kabems: HI' — Hel
[PACIIPOCTPAHSAIOIINI  TOPEHHUE;
LS — ¢ HM3KUM IBIMO- W Ta3o-
BeIenenneM; HF — ¢ monmkeH-
HOH KOPPO3MOHHOM aKTHBHO-
CTHIO TIPOAYKTOB JBIMO- U Ta30-
BeIAeneHH, FR — ormecroikoe;
/I — myrocroiikoe (CTOMKOE K
MEIJICHHOM 2JIEKTPOKOPPO3UH)
JIMUTENBbHO-0IYyCTUMAs  PACTATH-
Barollas Harpyska kabens B kH
KonnyecTBO AMEKTPUYECKUX KW B Ka-
oeie: or D1 mo D8

PacripesiesieHre BOJIOKOH B MOIYJISIX (110 8 BOJIOKOH THNa A B
BYX MOJYJISIX, 4 BOJIOKHA TUIA A B OJJHOM MOAYJE, 4 BOJIOK-
Ha tuna H B ogHOM MOTyI1€)

Uucro snemenToB cepaeynuka: ot 01 mo 18

Uwucio u tun BojokoH: ot 002 mo 288 BosiokoH. Tumel: E — onmHOMOMOBOE
cTaHaapTHOE; A — 0IHOMOJI0BOe 0e3 BOASHOro nuka, H — oqHOMO10BOE C He-
HYJIEBOW cMelIeHHoM aucnepcueii; C — 0THOMOJOBOE C OTPUIIATEIILHON HEHY-
1IeBOM CMelIeHHOM aucnepcueii; D — ogHOMOI0BOE ¢ HEHYNEBOM cMeIleHHON
mucriepcueii, HOpMUPOBAaHHOM B JMaria3one JUMH BoJH 1460—1625 am; MA —
MHOTOMOJIOBOE ¢ auameTpoMm cepaueBunbl 50 Mkm; MB — MHOroMomoBoe ¢
TUaMeTpoOM cepeBUHbI 62,5 MkM; MD — MHOrOMO10BO€ C AMAMETPOM Cep/I-
neBuHEL 100 MKM

Tun 1ONOTHUTENBHBIX BHEUTHUX MOKPOBOB: O — 0€3 JOMOTHUTEIbHBIX BHEIIHUX|
MoKpoBOB; JI — ¢ ToppupoBaHHON TPOJOJIPHO HAIOXKEHHOW CTATIbHOW JICHTOW M|
[13 o6omoukoii; H — ¢ ropprpoBaHHON CTATILHOM JIGHTON U 000JIOYKON M3 IJIACT-
Macchl, He pachpocTpanstomnieil roperus; C — ¢ OJHOCIOWHON OpOHEH U3 CTallb-
HBIX TIPOBOJIOK U [1D o6omoukoil; ¥ — ¢ yCHIIGHHOW OTHOCIIONHOW OpoHed u3
CTaJbHBIX MPOBOJIOK U IID 000s10uKOii; 2 — ¢ ABYXCIIOMHOI OpoHEH U3 CTaabHBIX
mpoBoJiok u [1D o6omoukoit; M — ¢ 0HOCTOWHON OpOHEN M3 CTEKIIOMIACTUKOBBIX|
crepxxneit u 19 obomoukoif; T — ¢ nepudepuitHBIMU TUAIEKTPUUECKUMH CHIIOA
BBIMU d71eMeHTamMu U 11D 060m049Koit

Tun obonouku: A — amomononudTriieHoBas; [1 — monuatunenosas; H — Hepacmpo-
CTpaHSIOLIAsi TOPEHUE

Konctpykius cepaeunuka: | — MOBUBHOM ¢ IUAJEKTPUUECKUM IIEHTPAIBHBIM CHIIOBBIM
hiemeHTOM; O — C HCTIOIB30BAaHHEM OJMHOYHON TPYOKH

Dupma-niponssoaurens 3A0 «CeBkabenb—ONTHK»
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Tabmuma 2.2

OK CT M H |50 01 }-0,7 |8 [(2,7)

0] M3 KI' 11- -9.5 -0,22 16 |- (7,0)
JlonycTuMOE pacTIruBaroIIee YCH-
e, kH

Uuciio BOJIOKOH B Kabeme

Koaddumuent 3aryxanuss Ha pabodeil mivHe
BOJIHBI

Tl EeHTPaTIbHOTO CHUIIOBOTO AJIEMEHTA (7151 Kabeel ¢
[NOBUBHBIM cepaeuyHuKoM): 01 — u3 crexnoruiactuka; 02
— U3 cTagbHOro Tpoca; 03 — U3 CTAIbHOM MPOBOJIOKH
Tum BoJoKkHA (Yepe3 AuaMeTp MOJOBOTO MOJIsA, CEPALIEBUHBI B
MKM): 10 — cranmapTHOe BOJIOKHO; 10A — OHOMOJIOBOE BO-
JIOKHO 0€3 «BOISIHOTO» IMHKAa; 9,5 — 0JHOMOJ0BOE BOJIOKHO C|
HEHYJIEBOM CMelleHHOW aucrepcueit; 50 — MHOTOMOJ0BOE
BOJIOKHO 50/125; 62,5 — MHOrOMOZ0BO€E BOJIOKOHO 62,5/125

Tun o6omouku: H — HEropro4das,; HC yKa3aH — 00bIYHasg 000JI04YKa

KoHcTpykuus cepreyHuka: M — noBuBHOM; 1] — ¢ ucnonb3oBanuem ou-
HOYHOU TpyOKH

Tun O6ponu: CT — cranpHas rodpupoBaHHas JieHTa; H — MOMHOCTBIO AMAIIEK-
TpUUECKU KaOelb; HE yKa3aH — OPOHS U3 KPYIJIbIX CTAJbHBIX MPOBOJIOK

YcioBus akcmutyatanuu: [T — rpyHt; K — kaOenbHas kananu3anus; T — 3aIlIUTHOA
nosdTUIIeHoBas TpyOa; C — camonecymuii; I1 — moaBecHoi

Haznauenue kabens: M — MaructpajibHblii; 3 — 30HOBBIH; HE YKa3aHO — APYTroi

Onrnueckuii kadens: O i OK

KOHCTPYKI_[I/IH ONTHYECKOro Kadest

Tabauua 2.3

KoHCTpyKTUBHBIN
JJIEMEHT

XapakTepruCTUKa KOHCTPYKTHUBHOTO 3JIEMEHTA

1. 3awumnuiii noxpos

1.1. HapyxHas 060104Kka

VYkazaThb HAa3HAYCHUC, pPa3HOBUJAHOCTL KOHCTPYKIIMH, MATCpUaJl

1.2. bpons

YKa3aTb Ha3HA4€HHUE, PAa3HOBUIHOCTb KOHCTPYKIIMH, MaTEpHAII

1.3. BHyTpeHHss 00004Ka

VYkazaTb HAa3HAYCHUC, Pa3HOBUJAHOCTb KOHCTPYKIIMH, MATCpUaJl

2. Cepoeunux xabens

Vka3aTb pa3HOBUIHOCTb KOHCTPYKIUHU CEPJICYHUKA, HATNINE
ruipooOHOro 3aN0JTHEHUS

2.1. OnTryeckuiit MOyJb

(BTOpHYHOE MOKPHITHE
ONTHYECKUX BOJIOKOH)

VYkazathb Pa3HOBUIHOCTE KOHCTPYKIUMHU MOAYJIA, HAJIWUYHUEC TU/-
p0(1)06HOFO 3allOJJHCHUA, KOJIMYCCTBO Moz[yneﬁ, YHUCJIO ONTHUYC-
CKHX BOJIOKOH B KaXXJOM MOIYJIC

2.2. Kopnenu

VkazaThb HAa3HAYCHUC, KOJIMYCCTBO U MaTCpHaJl KOpﬂeHeﬁ

2.3. CummeTpuyHas

yeTBepka (mapa)

VKka3aThb 4YHCIO CHUMMETPUYHBIX YETBEPOK W/WIM TMap, THUII
CKPYTKH, KOHCTPYKIHUIO, MaTepuai, TOJIIMHY (IUaMeTp) HU30-
JISIUU U IPOBOJTHUKOB

2.4. Kbl 111 nUCTaHINA-

OHHOT'O IMUTaHHA

VYka3zaTh KOJIHMYECTBO W MaTepHrall XKUJI A4 AUCTAHIIUOHHOI'O
NUTaHUA

3. Onmuueckue 60J1I0KHA

VkaszaTh TUI(BI) ONTUYECKUX BOJIOKOH, UMEIOIIMXCS B Kabeie,
KOJIMYECTBO BOJIOKOH KaXKJO0TI0 TUIIA B MOJYJISIX
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OTYET

OtuyeT 1o J1abopaTopHON pabOTe TOKEH COACPKATh.

1) 3anoJHEHHBIC B COOTBETCTBUU C III. 2 U 3 pa3zena «BeimonHenue pado-
ThI» Ta0JI. 2.3 JUIs KaKI0TO UCCIIEIOBAaHHOTO o0pasiia Kaders;

2) SCKHU3BI IONEPEYHOIO CCUYCHMS HCCIICIOBAHHBIX 00pasloB Kabesei ¢
yKa3aHUEM BCEX DJIEMEHTOB KOHCTPYKITUH;

3) BBIBOJIBI OTHOCHTEIIBHO O0JIaCTH NMPUMCHCHHSI, YCIOBUM MPOKIAJIKH U
AKCILTyaTaIliy UCCIICIOBAHHBIX 00pa3IoB KaOeeH.
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JlabopaTopHnasi padora 3

NCCIEJOBAHUE 3ABUCUMOCTH IEPBUYHBIX
U BTOPUYHBIX TIAPAMETPOB JIBYXITPOBOJHBIX LENEN
OT YACTOTBI 1 KOHCTPYKIIUHN

eab padoThl
HccnenoBanuie BIUSHUSA 4acTOThl U KOHCTPYKTUBHBIX IMapaMeTPOB JBYX-
IIPOBOJIHBIX 1IETNEeN HA UX MEPBUYHBIE U BTOPUYHBIC MTapaMeTphl epeIayu.

IHoaroroBka K padore

[Ipu noaroroBke K paboTe AOHKHBI OBITh U3YUYEHBI:

1) pa3nen «Teopernueckue CBEICHUSIY JaHHOM J1a00pATOPHOH pabOTHI;

2) marepuan y4eOHMKa 1o quctuiuinHe «Hampainsomnye cucteMsl Jiek-
TpocBsi3n» (Hampasmnstoiiue cucTeMbl 3JIEKTPOCBA3U: YUEOHUK J1Jisi By30B. B 2-x
tomax. Tom 1. Teopust nepenauu u Bausinust / Aunpee B. A., I[Toptaos 3. JL.,
Kouanosckuii JI. H.; mox penakmueir B. A. AnapeeBa. — 7-¢ u3., nepepad. u
nom. — M. : l'opsiuast nuaus — Tenexkom, 2009)mo Temam:

® YpPAaBHCHUS IIEpEAavu OAHOPOAHBIX ABYXIIPOBOJHBIX HAITPABIIAOINHNUX CUCTEM CBA3U
(pazn. 5.1);

e BTOpPHUYHBIC MTapaMeTphl nepeaaun (pasa. 5.2);

e KOakcuajbHbIC Kabenu (pa3m. 6.1);

e cUMMeTpuYHbIe kabenu (pa3z. 6.2).

TEOPETUYECKHUE CBEJIEHUSA

1. IlepBuyHbIe IapaMeTPbI epeaayn

JIByXIIpOBOIHAS TIEMb MPEICTABISIET COOOM CUCTEMY C pacIpeneeHHbIMU
napameTpamu. B 3ToM ciyyae Kaxaplii ydacTok 1enu AX, HaXOASIIUICS Ha pac-

CTOAHUU X OT €€ Haydala
i | R-Ax L-Ax

IPU YCIIOBHH, 9TO AX << A, ] ANV e

rI€ A — JJIMHA BOJHBI, MO-
XKET OBbITh MPEJICTABIICH K-

|
|
|
| |
| |
| |
3 . | . Ay |
BUBAJIEHTHON CXEMOM C CO- | c AXT G-Ax,
|
|
|

CPeIOTOYCHHBIMA  Tlapa- © :
meTrpami (puc. 3.1). !
[TapameTpsr R, L, C, e >

' AX
G Ha3bIBAIOT TNOTOHHBIMU
WM TIEpBUYHBIMH. Pa3- Puc. 3.1. YipouieHHas S5KBUBAJIEHTHAs CXE€Ma y4acTKa

MEpHOCTH TEPBHYHBIX ITa- JIBYXIIPOBOJHOW KaOeIbHOH IenH
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pametpoB: R — Om/kMm, L — I'a/km, C — ®/kM, G — CM/kM. [lepBuuHbIe mapameT-
PBI OTIPEACTIAIOTCS KOHCTPYKIIMEH W pa3MepaMu JBYXITPOBOIHOMN IIETIH, a TaKKe
napaMeTpaMH UCIOJb3YEMBIX MaTEPHAIIOB JIJISl POBOHUKOB M M30Jsiuu. [lep-
BUYHBIC TTAPaMETPBhI 3aBUCAT OT YaCTOTHI.

Ilozonnoe conpomuejieHue R

[loronHo€ CONPOTHUBIEHUE ABYXIPOBOJHOM LIEMH CKJIAABIBACTCA U3 II0-
TOHHBIX COIPOTUBIICHUN JIBYX €€ MPOBOJHUKOB. JIJIs1 HOTOHHOI'O CONPOTUBIICHUS
Ha IIOCTOSSHHOM TOKE CIIPABEIJINBO:

CUMMEMPUYUHASL Yenb' Ro=2-%-Roa = R (3.1a)

xoaxcuanonas yeno: R0 = Roa + Rop = 2 (3.10)

+
Tc.cya.ra ZRthrb’

IZi€ G, Ga, Op — yJIeJIbHAs IPOBOJIMMOCTh MaTepHaia MPOBOJIHUKA CUMMETPUYHOM
LIEM, BHYTPEHHET0 M BHEUIHETO MPOBOJHUKOB KOAKCUAIBHOM LIEMH COOTBETCT-
BeHHO, 1/ (OM-M) mwin Cm / M; y — K03 PHUIIMEHT, yIUTHIBAIONIMIA yITTHHEHUE
LIETIN 32 CUET CKPYTKH; I3, 'y — painyChl MPOBOJIHUKOB, TOKa3aHHbIE HA pUC. 3.2;
t — ToNIIMHA BHEIIHETO MPOBOIHUKA KOAKCUAIBHOM LETIH.

[loroHHOE CONPOTHBIIEHHE ABYXIPOBOJHOM LENU HA MEPEMEHHOM TOKE
3aBUCUT OT YaCTOTHI 32 CUET MOBEPXHOCTHOTO 3P dexTa u r3pdexra OIU30CTH.

= O
BNV,

-t >

la My

Puc. 3.2. KoHcTpyKIius IBYXIpOBOIHOM HETH: a) KOAKCUATBHOM; 0)CUMMETPUYHOMN

[ToBepxHOCTHBIN 3(PPekT 00yCIOBIEH B3aUMOJECUCTBHEM MEPEMEHHOTO
TOKa B MPOBOJAHHUKE C COOCTBEHHBIM MAarHUTHBIM TIOJIEM U TIPOSBIISETCS B BBITEC-
HEHHUH MEPEMEHHOTO TOKa Ha MOBEPXHOCTh MPOBOJHUKA C YBEIMYECHHUEM YacTO-
Thl. Dddext Omm3ocTu 00YCIOBIEH B3aUMOJECUCTBHUEM IEPEMEHHOTO TOKa B
NPOBOJHUKE C MarHUTHBIM IIOJIEM COCETHETO MPOBOJHUKA B IBYXITPOBOIHON
[ENH W TMPOSIBISACTCS B MEpepactpeeiCeHUH MIIOTHOCTA TOKa B TMPOBOJHHUKAX.
O6a > dexta NPUBOAIT K BO3PACTAHUIO IIOTOHHOTO COMPOTUBJICHUS C YACTOTOM.

B nmama3zoHe BBICOKMX 4YacTOT JJIsi MTOTOHHOTO COMPOTHUBIICHUS CIIpa-
BEJIJINBO:
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2% -Rog -| 1+ ;12
CUMMEMPUYUHASL Yenb! R= 0 [2 o ] ; (3.2a)
la Fa
xoaxcuansnan yens: R = Ra+Rp = o (Rz)oa Gaj + 2n-ob1- o (3.26)
Fa la

rae 0, 0,, 0, — rIyOuHa NTPOHUKHOBEHHS (PAacCTOSHUE, HA KOTOPOM ILIOTHOCTh
TOKAa ¥ HANPSHKCHHOCTh MAarHUTHOTO TOJISI YMEHBIIIAIOTCS B € pa3) Ui MPOBOJI-
HUKa CHUMMETPHYHOM IIENH, BHYTPEHHETO W BHEIIHETO MPOBOJHUKOB KOAKCH-
QJIBHOM TIeTH COOTBETCTBEHHO. J1J1s TITyOMHBI MPOHUKHOBEHHUS CIIPABEIIIUBO:

/ 2 [2
0= |—— - |[Z

C = 7
rme K=m-pU-ug- 6 — k03O UIMEHT BUXPEBBIX TOKOB; Lo =41 10" T'H/m —
MarHuTHasi OCTOSIHHASA; |[I — OTHOCHUTEIbHAsI MarHUTHas MPOHHUIIAEMOCTh TPO-
BOJIHUKA, (® — KPyroBas 4acToTa.

IHozonnas unoykmuenocms L

HOCKOHBKy MAardvuTHOC I10JIC CYHICCTBYCT KaK BHYTPH, TdK U BHC IIPOBO/I-

HUKA C TOKOM, Pa3inyaloT BHYTPEHHIOWO Ljnn ¥ BHEITHIOWO Loyt MHIYKTUBHOCTb.
JI7g BHYTpEeHHEW MHIAYKTUBHOCTH JBYXIIPOBOJHOM IIEMH HA MOCTOSIHHOM
TOKE CIPABEJIMBbBI COOTHOIICHUS:

CUMMEmMPUYHAs Yens. I—innO =2- I—inn a0 — Hl'l-;lO ) (3.42)

2
. X5 —3 4Inx

L6 b))

KOAKCUAIbHASL Yenb: Linno =

rae X, =1, /(, +1).

BHyTpeHHST HHIYKTUBHOCTD, KaK M TTOTOHHOE COMPOTHBJICHUE ABYXIIPO-
BOJIHOM IIETIM Ha TIEPEMEHHOM TOKE, 3aBUCHUT OT YaCTOTHI 332 CYET TTOBEPXHOCTHO-
ro a¢gdexra u a3 dexra 61U30CTH:

1y 1-3x° B 4x%In x

CUMMEMPUYHASL YeNb. Linp = an | 1o X2 (1 2)2 : (3.52)
—X
L _HHo 1—3x12_4xflnx1 L HHo x§—3_ 4In xo
KOAKCUANbHAS Yenv. Inn 8n 1— X12 (1_ X12)2 8n 1— x% (1_ X%)z ’

(3.56)
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rb/(rb +t), Op > t;
(rb +t—9b)/(rb +t), eb <t.

N3 (3.5a) u (3.50) ciemyeT, 4TO ¢ POCTOM YacTOTHl BHYTPCHHSSI WHIYK-
THBHOCTH JABYXIPOBOIHOM €T YMEHBIIIACTCS, CTPEMSICh K HYIIIO.

Bremnss HHAYKTHUBHOCTD ,HBYXHpOBOHHOﬁ OCIIM HC 3aBUCHUT OT 4aCTOThI U
OIIPCACIIACTCA TOJIBKO €€ KOHCTPYKTHUBHBIMU ITapaMCTPaMM:

rnae X:(ra_e)/ra; Xlz(ra_ea)/rai X2 =

HyHo a—ly
CUMMEmMPUYHASL YeNnb. Lout = . -In r ; (3.6a)
a
Ho Mo  Tp
KOAKCUAbHAS YeNb: Lout = ‘In—= 5 (3.60)
2n ra

re Wy — OTHOCUTEIbHAs MAarHUTHas IMPOHUIAEMOCTb M30JIALMU, KOTOPOH 3a-
IIOJIHEHO MPOCTPAHCTBO MEXKAY IPOBOJHUKAMU.

[ToroHHass ”HIYKTUBHOCTb JBYXIIPOBOJHOW LIENN CKJIAJbIBACTCA U3 BHYT-
PEHHEHN U BHELIHEU:

L= Linn + I—out- (3.7)

Ilozonnasn emxocms C

[ToroHHast eMKOCTb ABYXIIPOBOJHOM I HE 3aBUCHUT OT YaCTOThI U OIpe-
JCNIAETCSA TOJBKO ¢ KOHCTPYKTHBHBIMHU TMapameTrpamu. {1 IOrOHHOH €MKOCTH
CIPaBEITUBO:

m-€-gQ
CUMMEMPUYUHASL YeNb: 3C= a—r. (3.8a)
In a
fa
2m-€-¢
KOAKCUATbHAS YeNb: =——10 (3.80)
Inn, /1y

r7ie € — OTHOCUTEIbHAS AUDJIEKTPUUECKast MPOHUIIAEMOCTb U30JISILIHH,
12
g = 8,85:107 d/m.

IHozonnasn nposooumocms G

IToronnas MpoBOAUMOCTH XapaKTEPU3YET U3O0JIALMIO IBYXIIPOBOAHOU Iie-
nu. OHa onpenensercs eMKOCThIO 1enu C, a TakKe YIVIOM JUAJIEKTPHUYECKHUX I10-
TEPb O, YUUTHIBAIOIIUM BIIMSHUE MPOLECCOB MOISAPU3ALNU, KOTOPIE MPOUCXO-
IST B p€aJIbHOM TBEPJIOM JUAJIEKTPHUKE:

G=Gy+w-C-tgdg, (3.9
rae Go — IpoBOAMMOCTb U30JISIIUN HA TOCTOSSHHOM TOKE.

Ha puc. 3.3 nmoka3aH xapakTep 3aBUCMMOCTEN NEPBUYHBIX MapAMETPOB OT
yactoTbl. Ha puc. 3.4 u 3.5 nmoka3zaHbl 3aBUCUMOCTH IEPBUYHBIX NapaMETPOB KO-
AKCUAJIbBHOM M CUMMETPUYHOU JBYXIIPOBOJHOM LIENHA OT N€OMETPUUYECKUX pa3-
MEpOB.
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] | ]
0
Go ® 0 0z 04 08 08 1

My / (rp+t)

Puc. 3.3. Xapakrep 3aBUCUMOCTEM Puc. 3.4. Xapakrep 3aBUCUMOCTEM
MEPBUYHBIX MTAPAMETPOB OT YACTOTHI MEPBUYHBIX MTAPAMETPOB OT KOHCTPYKIIUU
KOaKCHaJIbHOU IENH

A\

R LCG
I ! ! I ! ! !

r, = const

20, la o 1 2 31 4 5 & 1 & & 10
al2r,

Puc. 3.5. Xapakrep 3aBucUMOCTEN EPBUYHBIX TAPAMETPOB
OT KOHCTPYKLIUA CUMMETPUYHON Mapbl

2. Bropu4Hbie mapaMeTpsbl neperaqu

K BTOpHYHBIM MapameTpam nepeaadu ABYyXIMPOBOAHBIX LIETIEN OTHOCST:
1) MOCTOAAHHYI0 PACTIPOCTPAHEHHSI

y=4(R+ joL)-(G+ joC)=a+ jp (3.10)
Y CBA3aHHBIE C HeW K03 GUIIHEeHT 3aTyXaHus o (3aTyXaHHUe dJIEKTPOMArHUTHOM
BOJIHBI Ha €IMHUYHOM PACCTOSHUN) U KO3puuueHT Ppa3pl  (13MeHeHHne azbl

SIIEKTPOMATHUTHOMN BOJIHBI Ha AMHUYHOM PACCTOSHHH);
2) ¢a30BYyI0 CKOPOCTH
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V, =—; (3.11)

3) BOJIHOBOE CONMPOTHBJEHHE (COMPOTUBICHUE, KOTOPOE HCIIBITHIBAET
ANIEKTPOMATrHUTHAS BOJHA MPU PACIPOCTPAHEHUU BIOJIb LIETIN)
)_ R+ joL
G+ joC
U CBA3aHHBIC C HUM MOAYJIb |ZV| 1 a3y ¢y BOJJHOBOIO CONPOTUBJICHUS.
HOCKOHBKy BTOPHUYHBIC IMAPaAMCTPBI BBIPAKAIOTCA 4YCPC3 IICPBUYHLIC, OHH

3aBUCAT OT YacTOTHI. [l [uana3oHa BEICOKUX YaCTOT CIPABEJIUBEI CICAYIOINE
NpUOIMKEHHBIE BHIPAKEHUS:

\/E G\/7 am+0(,d, B (D\/LC Vp:%;

_ (L ) _ L __R
ZV_\E[ szJ 2= \f AT

HOCKOJII)Ky B 3TOM JHAIIA30HC IIapaMCTPbI L u C He 3aBUCAT OT YaCTOTHhI,

v =1Z,]-exp(j- o, (3.12)

(3.13)

BTOPUYHBIC MAPAaMETPBI |Zy| M Vp TAKKe HE 3aBUCAT OT YacTOTHI, [} BO3pacTaeT

MPsSIMO TIPONOPLIMOHAJIBHO YacTOTE, a (y YMEHBIIAETCAd OOpPAaTHO MPOMOPIIMO-
HanbHO yacToTe. KoadduiueHTt 3aTyxanusi B AUana3oHe BHICOKUX YaCTOT MOX-
HO Pa3/IeNIiuTh Ha JIBE COCTABIISIONINE, YUUTHIBAIOIINE MOTEPH B METAUIC U JIU-
anekTpuke. OOBIUHO HA TEX YaCTOTaX, HA KOTOPBIX pabOTaIOT JIMHUU CBSI3U, MPeE-

00J1agaroT MOTEPH B METAIJIE Oy > Og M O pacTeT MPOMOPIHOHATLHO VO (Kak
R). Ecnu xe mpeobiafgaroT MOTepU B AMDIEKTPUKE Oy <0y (Oosiee BBICOKHE
9acTOThI), 0L PaCTET MPOMOPIUOHATIBLHO ® (Kak G).

3. OnTumMu3anUs KOHCTPYKUMHU ABYXIIPOBOIHOM e
10 KO3 PUUHMEHTY 3aTyXaHUA

KoaddummenT 3aryxanust oo — BaXHEUIIUNA apaMeTp JIMHUU CBSI3H, KOTO-
pBIi onpeienseT JIUMHY YCUIUTEIBHOTO (pereHepanuoHHoro) yyactka. Ocoben-
HO B&XHO MHUHMMU3HUPOBATh O B Auana3zone BY.

Onmumuzayus KOAKCUAAbHOU Uenu

JIns KoakcuanpHOU Mapbl, BHYTPEHHUNW U BHELIHUU MPOBOAHUKU KOTOPOU
M3TOTOBJICHBl M3 OJHOIO0 Marepuanga ¢ MPOBOAUMOCTBIO G U OTHOCUTEIBHOU
MAarHMTHOM IPOHULIAEMOCTBIO | B 11anaszone BY cnpasennso:

"
1+~
rp, 1 ®-U-E&Q
“=0m =" o T : (3.14)
|n7b b M):[G
la
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W3 Beipakenus (3.14) BUAHO, 4TO MPU OTPaHUUEHUHM TadapuTa KOAKCH-
aNbHOU maphkl (MIpU PUKCUPOBAHHOM Ip) KO PUIIMEHT 3aTyXaHus oL Oy/eT 3aBu-
CEeTh TOJIBKO OT OTHOILIEHUS I/ Fg, IPHYEM Oy —> o0 TIpU g — 0 U 1pu g — .
DTO 03HAYACT, YTO CYMIECTBYET ONTHUMAIBHOE OTHOIIEHUE I/ g, MPU KOTOPOM
Oy MHUHUMaJIbHO. PacdeTrbl TOKa3pIBaIOT, YTO ONTHMAIBHOE OTHOIICHUE
Xopt = I'p / ra = 3,6.

Ecnu BHyTpeHHUI ¥ BHEUITHUI MPOBOJHUKY MU3TOTOBJICHBI M3 Pa3HBIX Ma-

TEPUAIIOB, ONITUMAIBHOE OTHOLIEHUE U3MEHUTCA. Hanpumep, 11 KoakCHAIbHOU
Iapbl, B KOTOPOW BHYTPEHHUU MPOBOAHUK M3TOTOBJIEH M3 MEIH, & BHEIIHUN W3

QIIOMMHUS, ONITHMAJILHOE COOTHOMIEHHE Xopt = I'h / a = 3,9.

Onmumuzauus CUMMEMPUYHOI yenu

B nunanazone BY i cuMMeETpUYHOM MTaphl CIIPABEJIMBO!

2
a 1+2.[raj
ra a 1

'2-a

=0y =

(3.15)

a
In| —-1
ra

N3 (3.15) MOKHO HAWTH ONTHMAJBHOE OTHOIIEHHE a / 3. PacueTsl MOKa3bIBAIOT,
YTO ONTUMAJIBHOE OTHOINEHHUE Xopt = &/ g = 5,2.

CremyeT OTMETHTB, YTO MUHUMYM (QyHKIHUU 0@/ Iz) JTOBOJBHO TUIOCKHIA,
IIO3TOMY B psZI€ CIIy4aeB OTKJIIOHEHUE OT HEro, HE IPUBOJS K CYILIECTBEHHOMY YBE-
JIMYECHHUIO 3aTyXaHUs, MO3BOJISIET MOIYYUTh 3HAYUTEIBHYI0 DKOHOMUIO Meau. Jliis

BY cummerpuunoro kadens MKC a=4,2 mm, I3 =0,6 MM, T. €. a/ rg = 7. Ontumy-

My cooTBeTcTBYyeT I3 =0,8 MMm. OTKIIOHEHHE OT ONTHMyMa MPUBOIUT K yBEIHUe-
HUIO KodpduireHTa 3aryxanus Ha 4,5% 1 yMeHbIlIeHHto pacxonaa meau Ha §81,2%.

BBITIOJTHEHUE JIABOPATOPHOM PABOTBI

1. IToxyuuTe y npenojasaresns HOMep BapuaHTa. J[aHHbIE 10 KaKIOMY Ba-
pHUAHTY MpUBEEHbI B Ta0. 3.1.

2. ITpu momoru nporpamMmel Labl.exe paccunTaiiTe 3aBUCUMOCTH OT 4acTo-
ThI IEPBUYHBIX U BTOPHUUYHBIX MTAPAMETPOB CIEAYIOIIUX KaOEIbHBIX LIETICH:

a) HEPKPAHUPOBAHHOW CUMMETPUYHOW Mapbl ¢ KOHCTPYKIUMEH HM30JIALINH,
3aJJaHHOM BapHUAHTOM,;

0) HEIKPAaHUPOBAHHON CUMMETPUYHON YETBEPKHU C KOHCTPYKLIMEH H30JIsI-
MU, 3aJJaHHON BapUAHTOM.

3apucyiite rpaduku. Pe3ynpTaThl pacueToB 3aHECHTE B TaOJUIIBI MO 00-
pasiy Tabn. 3.2. CpaBHuTe U (HU3UUYECKU OOBSICHUTE PE3yIbTaThl PACUETOB TIO
m. 2 a)u0).
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Tabmuma 3.1

Bapuant 1 2 3 4 5 6 7 8 9
Hnaverp 032 |032| 04 | 04 | 05 | 05 | 07 | 07 | 05
npoBoHKHKA d, MM
Jmavetp wompo- | g ag | 975 | 0g | 0,9 1 11 | 14 | 15 | 14
BaHHOM XMWl D, MM
Koncrpykuus CIUTOI- | TpyOUa- | KopJe- | cruioml- | TpyO4a- | Kopae- | ciuiom- | TpyO4a-| Kopae-
W30JSALUN Hast Tas | npHas | Hag Tasg | JpHag | Hag Tas | JbHas
Tonmuna TpyoUa-

TOM U KOPJAEIBHOM - 0,06 | 0,06 - 0,07 | 0,08 - 0,09 | 0,06
W30JSLUN, MM
Marepuan ANIOMHU- ANIOMU- ATFOMHU- ATFOMHU-

Meab . Menb . Meb . Meb . Menb
POBOJIHUKA HUN HUit HUit HUit

Bapuant 10 11 12 13 14 15 16 17 18
Juavetp 032 |032| 04 | 04 | 05 | 05 | 07 | 07 | 05
npoBoHKMKa d, MM
Jmavetp wsommpo- | g ag | 975 | 0g | 0,9 1 11 | 14 | 15 | 14
BaHHOM *wibl D, MM
Kouctpykuust KopJie- | crutol- | Tpy6ua-| Kope- | Cruioi- | Tpy0ua-| Kopze- | CIuIom- | Tpyo4a-
N30 1NN JIbHAs Has Tas JIbHas Hast Tas JIbHas Has Tas
Tonmmua TpyOua-
toit u kopaenshou | 0,05 - 0,06 | 0,07 - 0,08 | 0,08 - 0,06
W30JIALANA, MM
Marepuan aITIOMHU- aTIOMHU- AIIOMHU- AIIOMHU-

MeIb . MeIb . MeIb N Menb . Meab
IPOBOJIHUKA HUN HUi HUit HUi

Bapuanrt 19 20 21 22 23 24 25 26 27
Juavetp 032 |032| 04 | 04 | 05 | 05 | 07 | 07 | 05
npoBoHUKa d, MM
Javetp wsompo- | g ag | 975 | 0g | 0,9 1 11 | 14 | 15 | 14
BaHHOU XuJiibl D, MM
Konctpyxuus TpyOua-| KopJe- | cIuioni- | TpyO4a- | Kopje- | CIuIoni- | Tpy0y4a-| Kope- | CIUIONI-
N30 1NN Tas JIbHas Hast Tas JIbHAsA Has Tas JIbHas Has
Tonmmua TpybOua-
toit u kopaensuout | 0,05 | 0,06 - 0,07 | 0,07 - 0,08 | 0,09 -
W30JIALANA, MM
Marepuan aITIOMH- aITIOMH- AIIOMHU- AIIOMHU-

MeIb . MeIb . MeIb . Menb . Meab
IPOBOJIHUKA HUHN HUi HU HU

Bapuant 28 29 30 31 32 33 34 35 36
Huavetp 032|032 | 04 | 04 | 05 | 05 | 07 | 07 | 05
npoBoiHUKA d, MM
Jnavetp wsompo- | g ag | 975 | 0g | 0,9 1 11 | 14 | 15 | 1.4
BaHHOM XUkl D, MM
Konctpykius ciuom- | Tpy04a- | Kopze- | crutonn- | Tpy64a- | Kopae- | crutomi- | Tpy64a- | Kope-
W30JIA LN Hast Tas | npHas | Hag Tasg | JbHag | Had Tas | JbHas
Tonmmua TpyOua-

TOW M KOPJEIbHON - 0,06 | 0,06 - 0,07 | 0,08 - 0,09 | 0,06

W30JISLANA, MM

Marepuain ATIOMU- ATIOMU- ATIOMU- ATIOMU- ATIOMU-
. MeIb . Menb . MeEIb - MeNb o

IPOBOJIHUKA HU HU HU HUil HUH
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[Tponomxkenne Tadm. 3.1

Bapuaunr 37 38 39 40 41 42 43 44 45
Jlametp poBoA- | 35 | 937 | 04 | 04 | 05 | 05 | 07 | 07 | 05
Huka d, MM
HrameTp uzonupo-

BaHHOM >xuibl D, 0,68 0,72 0,8 0,9 1 1,1 1,4 1,5 1,4
MM

KoHCTpyKIUs U30- | KopJe- | CIuiol- | Tpy04a-| Kopze- | CIuiom- | Tpy04a-| Kope- | cruiom- | Tpy6ya-
JALUN JbHas | Has Tas | ObHasg | Has Tas | JbHasg | Had Tas
Tonmuna TpyoUa-

Toit u kopaenbHor | 0,05 - 0,06 0,07 - 0,08 0,08 - 0,06
U3O0JISILIMK, MM

Marepuan AFOMHU- AFOMHU- ATFOMHU- ATFOMHU- ATFOMH-
MIPOBOJIHUKA HUH Merb HUH Merb HUH Meab HUH Meab HUH

Bapuaunr 46 a7 48 49 50 51 52 53 54
Jlnaverp 032|032 | 04 | 04 | 05 | 05 | 07 | 07 | 05
npoBoHKMKa d, MM
JluaMeTp U30JIHPO-

BaHHOM ksl D, 0,68 0,72 0,8 0,9 1 1,1 1,4 15 1,4

MM

KoncTpykiust u3o- |Tpy6ua-| Kopje- | CIuion- | Tpyo4a-| Kopje- | CIuiol- | Tpy0Ya-| Kopje- | crurom-

JIAIIUA Tas JIbHAs Hast Tada JIbHAs Has Tast JIbHas Has

Tonmmna TpyOua-

toii u kopuenbhoit | 0,05 | 0,06 - 0,07 | 0,07 - 0,08 | 0,09 -

M30JSIIIIH, MM

Marepuan aITIOMHU- aIIOMHU- aIIOMHU- aTIOMHU- AITIOMHU-

MMPOBOJHUKA HUH Mene HUH Mene HUH MeZb HUH MeAb HUN
Tabmuna 3.2

JlnameTp mpoBOJHUKA Tun u3onsauun TonmuHa U30IAIUU

f, kI'g 0,1 1 10 100 1000 10000

R, OM/km

C, ud/xm

L, mI'/xm

G, Cm/km

o, 1b/km

B, par/km

ZB, OMm

¢, pan

V, km/c

3. I CMMMETPUYHOM Maphl CO CIUIONTHON M30JISAIMEH MPOBEIAUTE pacue-
ThI 3aBUCUMOCTH TIEPBUYHBIX M BTOPUYHBIX mapameTpoB Ha yactore f=1000 k[ 1
OT COOTHOULIEHUSI MEXAY TOJIMHON M30JIALMHA U JUAMETPOM MPOBOJIHUKA, CUU-
Tas, 4TO AUAMETP M30JUPOBAHHOW KWkl D He meHsaeTcs. VICX0HYIO TOJIIUHY
U30JIALIUN Oy HaauTe U3 cooTHomeHus: &g = (D —d) /2. Pe3ynpTarhl pacueros
3aHecute B Tabm. 3.3.

35




OO0BbscHUTE PE3YIbTAThl PAaCY€TOB U OIPCACIINTE OIITUMAJILHBIC IMapaMcCT-
pBl niepeaaun KabenpHOM 1enu. [locTpoiiTe rpaduky 3aBUCUMOCTH HapaMeTpPOB
ICIINU OT TOJINIMHBI U30JISAIIUN.

Tabmauma 3.3

Tun uzomsiuu cnrownas Yacrora 1000 xl'u

Tommuaa n3ons-

MK 5, MM 0,180 0,230 0,580 do 1,180 1,280 1,580

Juamertp npo-
BoaHUKa d, MM

R, OM/km

C, u®d/xm

L, mI['/xm

G, Cm/xm

a, nb/xm

L, pan/km

ZB, OmMm

®, pax

V, km/c

OTYET

Otuer 1o 1a00paTopHOM paboTe NOKEH COACPKATh!

1) 3amonHeHHBIE Ta0M. 3.2 ISl KOKIOTO U3 yKa3aHHBIX THIIOB KOHCTPYK-
MM KaOenbHBIX I1erel, cM. ¢ 33, 1. 2 a) u 0);

2) rpaduku nmapaMeTpoB, PACCUYMTAHHBIX B 1. 2 a) U 0), /Ul pa3HbIX KOH-
CTPYKLIMI KaOeNbHbIX 1eneil. BbIBOIbI MO pe3ysibTaTaM UX CPaBHEHUS;

3) 3anoaHEeHHYO Tabm. 3.3,

4) rpaduKku 3aBUCMMOCTH MapaMeTPOB OT TOJIIMHBI U30JSUUU. BBIBOBI.
OnTuMalbHbIe TapaMeTpsl fepeiayn KabeabHOM Lenu.
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JlaGopaTopHnasi padora 4

N3MEPEHUE TAPAMETPOB
IJIEKTPUYECKHUX KABEJIBHBIX LHEIIEN

eab padoTsl

O3HaKOMIICHHE C TIEPBUYHBIMHU TIapaMeTpaMu KaOEIbHBIX IETeH U UX CBsI-
3bI0 C BEJIMYMHAMU, HETIOCPEICTBEHHO U3MEPSIEMbIMU KaOEIbHBIMH MIPUOOpaMH,
paboueil eMKOCTbIO, CONPOTHUBJICHUSAMU Iuiekda, M30JIALIUA U ACUMMETPUHU.
N3ydenne mpUHIUMIIOB JEUCTBUS MepeHocHoro kabenbHoro mpuoopa ITKII-5,
U3MEPUTENIBHBIX CXEM M METONMK M3MepeHus. [loyueHne npakTH4ecKux HaBbI-
KOB B m3MepeHusax. O3HaKOMJIEHHE C HOPMAMH Ha IMapaMeTpbl MCIPABHBIX Ka-
OenbHBIX 1enei. OnpezeneHre U3 pe3yabTaTOB U3MEPEHUs JUIMHBI KaOeIbHOM
LIETU U COOTBETCTBUS N3MEPEHHBIX NaPaMETPOB YCTAHOBJICHHBIM HOPMaM.

IToaroroBka Kk padore
Nzyuuts paznen «Teopernueckue CBEACHUS JAHHOM JJAOOpaTOPHOM PabOTHI.

TEOPETUYECKHUE CBEJIEHUSA

1. U3MepeHnsi HA MOCTOSTHHOM TOKe

HU3zmepenue conpomuenenusn wineigpa

[Ineidom HA3BIBAIOT MTOJTHOE COMPOTUBIICHHUE Maphl KaOes.

Jlist u3MepeHust ConpoTUBIIEHUs nuielida B KaOenbHbIX TpHOOpaxX MCIONb-
3y10T MocToBoi MeTo. B npubope I1KII-5 ucnons3yercs MeToa MOcTa ¢ MOCTO-
SIHHBIM OTHOIIIEHWEM Tuted n =R, /R, npu nutanuu E = 9 B (puc. 4.1).

Comnpotusiienne muieida onpenensercs no BeIUYNHE COMPOTUBICHUS Ma-
ra3uHa Ry mocie ypaBHOBEIIMBAHUS MOCTA:

R
Rt :RO-R—lzRO-n. (4.1)

2

IIpu mpoBenennu npo-
(UIaKTHYECKUX HU3Mepe-
HUW NOJTYYEHHbIEC 3HAUCHUS 1-n1 xuna napb!
CONPOTHUBIICHHS TUIei(Da
CPaBHMBAIOTCSI C HOPMOU

Ra

* >

]

Rshin. Ecmu  compotuBie-
HUE nuieida oKa3bIBaeTCs
BBIILIE WM HUXKE HOPMBI,
ATO CBUJIETENILCTBYET O Ha-
JIMYWU B JTAHHOM Mape He-
ucrnpasHocTH. Hopmbl Ha Puc. 4.1. Cxema U3MepeHuUst CONPOTUBIICHHS IuIeiiha
COMpOTHUBIIEHUE  MUIeH(a

JUIS TOPOJCKUX TeneOoHHbIX Kabenel npuBeneHsl B 1a0d. 4.5. Hopma npuBoauT-
cs Ha 1 KM, T. €. ee Hy’KHO [IepECUNTATh Ha HY>KHYIO JUIMHY JINHUU:

2-11 Xuna napsbl

[

Ry
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Rsni = Rspin - L (4.2)
rae Rshn — HOpMa Ha compoTtuBiieHue nuierda u3 tadm. 4.1, OM/km; L — niuHa
JUHHAH, KM.

[To conpotuBnenuto nuielia MOKHO ONPEACIIUTD JJTHHY JTUHUH:

_ Reni 'Tf'dvzv
8-p-(1+a-(t—20))

r7ie p — YACIbHOE CONMPOTHUBIICHWE MaTepHalia MPOBOJHUKOB MPHU TEMIIEPAType

20°C; o — TemmeparypHblii KOY((UIUEHT CONPOTUBIIEHU MaTepuana IpoBOJI-

L

(4.3)

HUKOB; Oy — IHaMeTp JKUJIbI KaOelIs, MM.

H3mepenue OMUYECKOU acummempuu

[ToHsiTHE OMHUYECKOW aCHMMETPUU OTHOCUTCA TOJIBKO K CUMMETPUYHBIM
ka0OemsaM. [lon omuyeckoil acuMMeTprel OHUMAIOT Pa3HOCTh CONPOTHBIICHUN
JByX NPOBOJHHMKOB OJHOM U

A Ra "
PN O O— TOHW KC IIapbI. ACI/IMMCTpHH
1 1-51 Xuna napsi MOXET OBITh COCPEIOTOUYCH-
Ry HOM (IJIOXOM KOHTAKT) WIU

2-1 Xuna napsbl o 6

{ @@ o o—e DAacIpesielieHHOH, T.e. 00y-
Ry CJIOBJICHHOM pa3inducm Co-
R Ro IIPOTUBJICHUU JBYX IIPOBO/-
[ Bﬁ HUKOB. [[14 u3mepeHus co-
E=oB IIPOTUBJICHUSI aCUMMETPUH B
=ID | _ OKpaH Kabens wnu _ _
i apyranwana O pudope ITIKII-5 ucmomns3y
€TCa MCTOA MOCTa C IIOCTO-
Puc. 4.2. Cxema n3aMepeHus CONpOTUBIICHUS SHHBIM OTHOIIICHHMEM TLICY

acUMMETpUU n=R;/R, =1 npu nuraHuu

E =9 B (puc. 4.2). [Ipu paBHOBECHH MOCTa COITPOTHBIICHUE ACHMMETPHH OyaeT
OTIPEENATHCS COMPOTUBICHUEM Mara3uHa Ry:
Rasim =Ra =Ry =Ry (4.4)
ComnpoTuBiienne acumMmeTpun Hopmupyetcst (Tada. 4.5). bosbias acum-
METpPHS CBUIETEIBCTBYET O HAJIMYUU HEUCIIPABHOCTH.

H3mepeuue CORPpOMUBTICHUA U30/1AUUU

st usamepenus conpotusiienust n3osiuu 10 20 'OM B kaOenbHbIX NpHU-
6opax TIKTI-5 ucnonb3yroT MeTo ] HemocpeaAcTBeHHOM onieHku (puc. 4.3). K xu-
JaM M3MEPSIEMOM Mapbl MOJKIIOYAI0T HCTOYHUK C BBICOKUM HaNpsiKEHUEM

(150 B) u u3MepsIroT TOK yTeUKH |lyt, MPOTEKAIOIIHIA Yepe3 COMPOTUBICHHUE H30-
nsaund Rjz. 1 conpoTUBIEHUS U30JISIIIUU CITPABEIJIMBO

R, =E/l. (4.5)
CormpoTuBiieHHE 30NN Takke HopMupyercs (tadu. 4.5). Hopma npuBoautcs
Ha | kM, T. €. ee Hy>KHO MEPECUUTAaTh HA HYKHYIO JUIMHY JIMHHUU:
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Riz n
L )
rae Rjzn — HOpMa Ha CONPOTHUBIICHHUE HU3O0JISALIUM. Ecmu COIIPOTUBJICHUE U30JIA-

MUU HHUKC HOPMBI, UMCCT MCCTO HCUCIIPABHOCTH, HA3bIBACMas ITOHMKCHUCM CO-

IMPOTUBJICHUS U30JIAIINN.
E=150E

%, = (4.6)

Puc. 4.3. Cxema usmepeHus: COnpoTUBIIEHUS U30JISLUN

2. U3mepeHus HA IepEeMEHHOM TOKe
H3mepenue emxocmeii

B nBYyXNpOBOJIHBIX IEMSIX OOBIYHO U3MEPSIOT Pab0UyI0 eMKOCTh (EMKOCTb
MEKTy TIPOBOJIHUKAMHU Maphbl) U EMKOCTH MEX]y MPOBOJIHUKAMH U 3KpaHOM (000-
noukoi) kabemns. B kabenpHbix mpubopax [IKII-5 mis uzmepenuss eMKocTH uc-
HOJb3YETCs METOJI HEeToCpe -
CTBEHHO OlieHKH (puc.4.4).

Meron cBomuTCcs K
M3MEpPEHUI0 TOKa 4epe3 eM-
KOCTHYIO MIPOBOJTUMOCTh
NBYXIIPOBOJHOW IIENM HA
MEPEeMEHHOM TOKE H3BECT-
HOM wacTtoTel ® =251 B
KaueCcTBE HCTOYHHMKA TTUTa-
HUSI HCIIOJB3YETCs TeHepa-
Top I' curyconmansHOTO ME- Puc. 4.4. VI3MepeHue eMKOCTH METO/IOM
PEMEHHOI0 HaIPSKEHUS. HEMOCPEJICTBEHHOU OLICHKH

Benmuuuna toka |y yepe3 uzmepurenbusiii mpubdop UII npsmo npomnopiyo-
HaJIbHA BEJTMYMHE U3MEPSEMOM EMKOCTH, T. €.

c=_to_ (4.7)
U-o

Hanuune xoneuno#t mpoBogumMoctTs u3osiiiuu Gj; MPUBOJUT K TOMY, YTO
MIPU UCIIOJIb30BAHUU METOJ[a HEMOCPEICTBEHHON OIEHKH BO3HUKAET METO/IHYe-
CKasi OTHOCHUTEIIbHASI IIOTPEITHOCTh U3MEPEHUS EMKOCTH.

1

1
o o
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BBIIIOJTHEHUE JIABOPATOPHOM PABOTHI

1. ITonb3ysch COpaBKOM, BCTPOCHHOM B MpOrpamMMmy, NMPaKTHYECKU O3Ha-
KOMBTECh € mporpammoit, moaenupytomieii mpubdop IIKII-5 u kabenpHble 1HETH
necstunapHoro kabens ['TC. Hayuutech pabotaTh ¢ opraHamMu YIpaBJICHUS
npubopa, MOJAKIIOYaTh U OTKIIOYaTh KaOeNbHbIC 1IeTH, YCTaHABIMBATh U yJa-
JIATH IIEPEMBIUKH.

2. [Tonb3ysich cIpaBKOM, BCTPOEHHOW B MPOTpamMMy, 03HAKOMBTECh C Me-
TOJMKAMU M3MEPEHUS paHee NEePEUNCICHHBIX TapaMeTPOB KaOEIbHbBIX LIETEH.

3. [lomyuuTe y mpemnonaBaresass HoMep pabodero Mecrta U OMPENEIIUTE 0
TabJ1. 4.1 BapuaHTBl 1 HOMEpa UCCIEAYEMBIX 1IETIEH.

Tabmuua 4.1
: L —— T ——
2 75 05 ‘1’ 1
: 75 o7 ‘1’ s
: i 037 ‘1’ ;
: B ————
: B ——
: - ———
: B ———
; |

4. BhITIOJHUTE U3MEPEHNE COMPOTUBIICHUS NI (a 1enei, yKa3aHHbIX
B Ta6xa. 4.1. PesynbraTel u3Mepenuit 3anecute B tabdiu. 4.2. [lo pesynbraTtam
U3MEpPEeHUN pacCcuuTanTe JJIMHY IENMU MO BbIpaXXeHUIo (4.3), yuyuThiBas, 4To
p =17,24 1OM'M — yHenbHOE COMPOTUBIIEHHE Meau mpu Temmeparype 20°C,
a = 3,96:10"° 1/°C — TemmepaTypHbIii K03(hGHUIHEHT CONPOTHBICHHS IS ME/IH.

Tabmuia 4.2 Tabmuma 4.3
Homep | Rqh, L, Homep | Crapizm, | Riz 100 | Riz 20,
Bapuanr - Ont o BapuanTt - oD MO | MOu
1 1
2 2

5. BBINOJIHUTE U3MEPEHUS COMPOTUBIICHUS U30JISALMU KaXKI0TO MTPOBOIHU-
Ka IIeNH MO0 OTHONIIEHUIO K dKpaHy M paboyedl eMKOCTH 3aJaHHBIX KaOeIbHbBIX

nernei. PesynbpTaTel n13MepeHuii 3anecute B Tad. 4.3.
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6. PaccuuTaiiTe mapaMmeTpsl nepefadyn KabenbHbIX LENel Mo pe3yiabTaTam
U3MEpPEHUI, UCTIOJIb3YS CIEAYIOIINE BhIPAKECHUS:

Crabizm .
Crab = T Ri; = m'n(Rizla1 Riz 25 ) L. (4.8)
Pe3ynbTaThl pacueToB nmomectute B Tad. 4.4.
Tabmuua 4.4
Homep Rasims OM C, uD/xkm Riz, MOm kM
Bapunaut HU3MEpEH- paccuu- paccuu-
nenu HOpMa HOpMa HOpMa
HOE TaHHOE TaHHOE
1
2

7. VI3amepbTe CONMPOTUBICHUSI ACHMMETPHUH 3aJaHHBIX KaOETbHBIX LIETeH.
Pe3ynbraTel u3mMepenuil 3anecure B Tadi. 4.4.

8. Onpenennte HOPMBI Ha COTMPOTUBIICHUE ACHMMETPUU M MOTOHHYIO €M-
KOCTb JUJIA 33JJaHHbIX KaOenpHBIX Ienei mo tabdn. 4.5. PaccuuTaiiTe HOpMBI Ha
CONPOTHUBJICHUE HM3OJSIUU I 3alaHHBIX KaOENbHBIX ILIENel MO BBIPAKEHUIO
(4.6) u Tabn. 4.5. Pe3ynbTaThl pacyeToB moMecTute B Tadu. 4.4.

9. CpaBHHTE NOITYYEHHbIE B PE3YIbTATE U3MEPEHUN U PACUETOB 3HAUCHMUSI
c HopmaTtuBamu. Crienaiite BbIBOJIBI 00 MCIIPAaBHOCTU UCCIIETYEMbIX KaOeIbHBIX
nenen.

Tabauua 4.5
Hopmupyemsiil napamerp Hopma Yacrora, I'y

0,32 | 432+26
Conporusienue 1mueiidga Rgpl, OM/kM, npu 04| 278+18 0
JIUAMETPE JKHUJI, MM 05| 180+12

0,7| 9246

Pabouas EMKOCTH Crap A1 xabenedt ¢ ruapohoOHOM 5045 o5
n3osAnuei, HO/KM
Pab6ouas emxocth Crgp VIS OCTaIBHBIX Kabenei, HD/Kkm 4515 25
Conporusnenne u3omsnun Rjz, MOM-km 1000
Conpotusienne acuMmmMeTpun Ragim, OM/KM 0,05 Rgp|

OTYET

OTueT 1o J1abopaTOpHON PabOTE AOJIKEH COACPIKATh!
1) cxembl U3MEPEHHS TapaMeTPOB KaOEIbHBIX LENeH;
2) TabauIbl H3MEPEHHBIX U PACCUUTAHHBIX BEJIUMYUH,
3) BBIBOABI 1O padoTe.
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JlabopaTopHnasi padora 5

NCCIEJOBAHUE INTPOXOXKIEHUA CBETOBBIX UMITYJIBCOB
11O MHOI'OMOAOBBIM OIITUYECKHUM BOJIOKHAM

eab padoThl

N3ydeHnne nponeccoB pacpoCTPaHEHUsI ONTUYECKUX UMITYJIHLCOB MO MHO-
TOMOJIOBBIM ONTHYECKUM BosiokHaM (OB) ¢ yceueHHBIM CTeeHHBIM TIpodrieM,
METOJI0OB M3MepeHus napameTpoB OB — 3aryxaHus U JUCTIEPCUU, UCTOUYHUKOB
MOTPEIIHOCTEN, BKIIIOYasi MHCTPYMEHTAIbHBIE U METOJAMYECKHE MOTPEUIHOCTH,
COCOOOB MX KOMITICHCALIMH.

IHoaroroBka k padorte

[Tpu moaroTroBke K paboTe AOHKHBI OBITh H3yUYEHBI:

1) paznen «TeopeTnueckue CBEACHHUS» JAHHOH JIaOOpaTOPHOU PabOTHI;

2) marepuasl yueOHMKa 10 Kypcy «Hampaisronme cucTeMbl 3JIEKTPOCBSI-
3u» (Hampasnsitoiye cucteMbl 3IEKTPOCBI3U: YUeOHUK IS BY30B. B 2-X Tomax.
Towm 1. Teopus nepenauu u Biusaus / Auapees B. A., [loptaos 3. JI., Kouanos-
ckuit JI. H.; mox penakumeit B. A. Auapeesa. — 7-¢ usg., nepepad. u aom. — M. :
[Nopstuas munaust — Tenexowm, 2009) o Temam:

e (hu3MUYECKHUE MPOLIECCH B ONTHYECKUX BOJIOKHAX (pa3f. 7.1);

BOJIHBI 1 J1yur B OB (pasn. 7.2);

BosHOBast Teopust OB (pasn. 7.3);

OJIHOMOJIOBBIM U MHOTOMOJIOBBIN pexuMbl niepenayu no OB (pasa. 7.5);
HOTEPH B ONITHYECKHUX BOJIOKHAX (pa3n. 7.6.2);

JUCIIEPCHs U TPOITycKHast criocodHocts OB (pa3a. 7.6.3);

mopoBas naucniepcus OB (paza. 7.6.4).

TEOPETUYECKHUE CBEAEHUSA

B nmaGoparopHoit pabote m3ydaroTcss MHOromojioBeie OB ¢ ycedeHHBIM
CTEIIEHHBIM TpoduiieM, T. €. TpoduIeM, U3MEHEHNS KOTOPOTO ONUCHIBAIOTCS TaK:

2 2 r\?
ny (r)=n{o 1—2-A-(—j npu 0<r < a;
a

n?(r) = (5.1)

nf =nfp(1-2-A) npu r > a.
rae I — paccrosinue ot ocu OB, MkM; a — paauyc cepaueBunbl OB, MkM; Nyg, Ny —
nokazatenu npenomiierus Ha ocu OB (nipu r = 0) u B 060s0uke (ipu I' > @), co-
OTBETCTBEHHO; (] — MOKa3aTesib CTENEHHOTO MPOQuIIsi, KOTOPbI OOBIYHO OJIM30K

K BEJIMYMUHE 2; A — OTHOCHUTEIIbHAS Pa3HOCTh MoKasareneit npenomiienuss OB, ko-
TOPYIO MO>KHO PacCUMTATh MO BBIPAKECHHUIO:

2 2
_Mo—Ny
A - 2-n120 . (52)

B kabensx cBA3M OOBIYHO HMCHOJB3YIOT TaK Ha3bIBa€MbIE CIa0OHAINpaB-
nsromue OB, miist koTopsix A << 1.
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B na6oparopnoii pabote B kauectBe 0007049k OB ucnoab3yercs: YucThlit
kBapiy Si0,. TpeOyemas BeauuuHa N; JOCTUTAETCS JETMPOBAHUMEM MaTepuana
cepaeuHuka. B kadecTBe serupyromumx 100aBok ucnoiabzyercs GeO,.

[Iponecchbl pacnpocTpaHEHUsI ONTUYECKUX UMITYJIBCOB 10 MHOTOMOJOBBIM
OB paccMOTpyUM Ha OCHOBE F€OMETPUYECKON ONTUKU, B KOTOPOH OCHOBHBIM SIB-
JsIeTCA MOHATUE CBETOBOIO Jiyda. B MHOroMmonoBbix OB MOryT pacnpocTpaHsaTh-
Cs JIBa THUIIA JIyYECH:

MepPHUIMOHAJIBbHBIE, KOTOPBIE PACIPOCTPAHSIOTCS B INIOCKOCTSX, MPOXO-
nsmux yepe3 ock OB z;

KOCBhI€, KOTOPBIE HE JIEKAT B ATUX IUIOCKOCTSIX.

B obmem ciydae myuu B rpaJueHTHBIX MHOTOMOJIOBBIX OB pacmpoctpa-
HSIIOTCSI TIO CIIMPAJICBUAHBIM TPAaeKTOpUsM. PaznuuHble TUIMBI Jydel (MOJ) MOXK-
HO XapaKTEPU30BaTh JyYeBbIMM HHBAPHMAHTAMM B U E, KOTOpbIE NPEACTABIA-
10T cO0O0I MOCTOSIHHBIC JJIsi TAHHOTO Jiy4a CKaJISIPHBIC BEJIIMYUHBI, OJTHO3HAYHO
OTIpE/EIISAIONIUE €r0 HAlIPaBJICHUE B JIF0O0N TOUKE TPACKTOPHH.

JIydyeBble MHBApUAHTHI ONPENEISAIOTCS CIECAYIOIUM 00pa3oM:

B=n(r)-cosb,(r); (5.3)
E=n(r)-sind,(r)-cosbs (r), (5.4)

rie 0,(r) — yron HakiIoHa JTy4a 1o oTHomeHuio k ocu Z OB; 0; (I) — yroi Mexay
HampaBJIeHUEM TPOCKIIMU TPACKTOPHH JIyda W a3UMYTaJIbHBIM HaIPaBJICHUEM.
Jlns mepuanoHanbHbIX Jdydeit 0 (r) =n/2u E = 0.

DddexTuBHOCT, BBONA M3MydeHUs B OB mpHuHATO XapaKTepu3oBaTh 4M-
caoBoii aneprypoii NA=SIN0,, xotopas onpenenser MakcuManbHbIA yroa O
MEX]Iy OCBIO Z W HampaBIsieMbIM JTydoM, magaronmM Ha toperr OB u3 Bo3myxa

WM BakyyMma. Y TpaJM€HTHBIX MHOTOMOJI0BbIX OB u4ucioBast anepTypa 3aBUCUT
oT I'. Ee Ha3bIBaIOT JIOKAJIBLHOU YHMCJIOBOM ANEepPTYPOIl:

NA(r)=+/n?(r)-n7 mpuO<r<a. (5.5)

B cooTtBercTBUM ¢ BOIHOBOI onTuKoil B OB MOXeT pacnpocTpaHAThCS Ha
OOJIBIIIOE PACCTOSIHUE TOJIBKO OTPENIeTIEHHOE KOHEYHOE KOJUYECTBO THUIIOB Ha-
IpaBisieMbIX BOJIH (Mof). JJis HampaBisieMbIX JIydel BelTWYMHA WHBapuaHta B
JOJKHA YAOBJIETBOPSTH CIEAYIOIIEMY YCIOBHUIO:

n,(A)<B<nip(1). (5.6)

Baxnpim napamerpom OB sBisieTcs HOpMHUpOBaHHAs 4acTOTa

V:Zn-%-w/nfo—ng, (5.7)

re A — AJuHa BOJIHBI UCIIOJIb3YEMOT0 MCTOYHHMKA M3Ty4deHHs B Bakyyme. Hop-
MHUPOBaHHasl 4acTOTa ONpeAesAeT 00Iee KOIMYECTBO HANpaBIAEMbIX MOJ (J1y-
4yeil) B rpail€HTHOM MHOroMo0BoM OB:
2
Vv
M = INT| .9 (5.8)
2 gq+2)
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rae INT(X) o3HauaeT mesyro 4acThb X.
Paznuynble 1ydn (MOZBI) PACIPOCTPAHSIOTCS BIOJb OCH Z MHOTOMO/IOBO-
ro OB ¢ pa3JIMYHBIMH CKOPOCTSAMH, YTO MPUBOJUT K MEKMOJOBOU TUCTICPCHH

Aty, T. €. K YIIUPEHHUIO ONITHYECKUX UMITYJIBCOB MPU MPOXOKIECHUH MHOTOMOJIO-
Boro OB enunuuHol nnuHbl. M3BeCTHO, UTO yaenbHOE Bpems t pacmpoctpaHe-
HUS JIyda Ha equHUYIHOE paccTtosiuue B OB ¢ ycedeHHBIM CTeTICHHBIM TIpoduiieM
3aBHCHUT TOJBKO OT JIy4€BOIO MHBapUaHTa B:

1 nlOg nlo B
t(B)==. 109 Mo L 2-p)2 |
(B) " (p+q) 3 +(2-p) »

_ 5 _ .
rze ¢ = 3-10” km/c — CKOpPOCTh CBETA B BaKyyMe; P — apaMeTp BHEOCEBOU AuCIIEp-
cun Matepuaia cepAleBuHbl OB, KOTOPBIN MOKHO pacCuuTaTh MO BBIPAKECHUIO:

)~ 0 ) e (510

N10g — TPYNIIOBOM MOKA3aTelb mpeioMiieHns Ha ocu OB,

(5.9)

dn,o (A
nmAXmeOJ—x—ﬁ%)- (5.11)
C mapamMeTpoMm Nigg CBA3AHO MOHSATHE TPYIIIIOBON CKOPOCTH:
Vg =¢/Mygq - (5.12)

MuHUMaNbHOE YAEIBHOE BPEMSI PACIpPOCTPAHEHUS HA E€AMHUYHOE pac-
CTOSIHHE orpezensercs popmyion

1 2”109
t(B. )==- 2= |
(Br) - q+2J(p+q)( p), (5.13)
JJIA qua C I/IHBapI/IaHTOM
+
By =M 5 (514)

Ecnmu paccuntanHoe 3HaueHne By, HE yIOBIETBOPSET YCIOBUIO HAIpaBIsie-
MbIx Jyueit (5.6), To ¥ pacyeT MUHUMAJIBHOTO YICIBHOIO BPEMEHH pacipocTpaHe-
HUS HE UMEET CMbIcIa. B 3aBUCMMOCTH OT BEIWYHH (| U p MAaKCUMAIbHOE YACIHLHOE
BpEMs PaCIpOCTpaHeHHs OyIET UMETh JIyd ¢ MHBapUaHTOM B = Nyg i N,.

B kauectBe OLIEHKM MEXMOJI0BOM aucnepcun Aty TpuHUMAETCsl pa3HOCTb
MaKCUMaJIbHOTO 1 MUHUMAJIBHOTO yIEIbHBIX BPEMEH PACIPOCTPAHEHUS U3 TPEX

3HaueHuit t(Ny), t(ny) u t(Bpy):
At =t —t. (5.15)
Bennuuna t(By) yuuThiBaeTCs, TOJIBKO eciiu By NeXuT B Anamna3oHe Ha-
IIPABJISIEMBIX JTy4EH.

XpoMaTu4ecKOu OUCIIEPCUEN B TPAUEHTHBIX MHOTOMOJIOBBIX OB MOHO
npeHeodpeydb M0 CPAaBHEHHUIO C MEXMOJOBOM TUCTIEPCHUEH.
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3aryxanue OB cximagpiBaeTcss W3 COOCTBEHHOTO 3aTyXaHHs M JIOTIOJTHU-
TEJIBHOTO, BO3HUKAIOIIETO B
IpoIecCe MPOM3BOJCTBA OII- 3 I B L
TUYECKOTO BOJIOKHA, TIPU H3-
TOTOBJICHUW, TIPOKJIAAKE W
MOHTaX€ ONTHYECKOTO Kalde-
ns1. Ognopognoe OB moxkHO
XapakTepu30BaTh KOdPuUIu-
€HTOM 3aTyXaHHUsl O — BEJH-
YUHONH COOCTBEHHOTO 3aTyXa-
HUS Ha €IWHUIYy NauHbBL. Ha

«BogsiHble» NUKK
nornoLweHnsa

05 Peneesckoe

KoadbcdbmumeHT 3aTyxaHus, ab/km
=
(6]
I

paccesiHue 5 /
0 | | | | | | | Y s
puc. 5.1 moka3zaHa TUNUYHAs 800 900 1000 1100 1200 1300 1400 1500 1600 1700
3aBUCHUMOCTh KO3 dUIMeHTa Anuna BonHLI, HM
saryxaHus Ksapuesoro OB or Puc. 5.1. 3aBucumocts K03 QPuUIMEHTa 3aTyXaHUS

OT JJIMHBI BOJIHBI
AJIMHBI BOJIHBI U3JIYUYCHMA. g

Co6cTBennblie notepu B OB 00yciioBieHbI AByMs IPUYMHAMU: PacCesiHU-
€M U NOIJIOIEHHEM.

Paccesanue. V13 puc. 5.1 BugHO, uTo B nuana3zoHe JiauH BojH 800—1700 um
MOTEPU ACUMITOTUYECKH YMEHBIIIAIOTCSA C POCTOM JIJTUHBI BOJHBI. DTO 00YyCIOB-
JICHO pelieeBCKUM paccessHueM cBeta B OB. PeneeBckoe paccessHue cBeTa mpouc-
XOJIUT Ha HEOJHOPOJAHOCTIX, KOTOPhIE UMEIOTCSA B aMOP(HOM KBapIIEeBOM CTEK-
ne. Ilog HEOMHOPOJHOCTHIO TMOHUMAETCS JIOKAJIBHOE H3MEHEHHE IOKa3aTess
MPETIOMJICHHS BEIIECTBA, pa3MEPhl KOTOPOTO CPABHUMBI C INTMHOW BOJIHBI.

[ToTepu n3-3a PEICEBCKOTO pacCesHUs OBICTPO YMEHBIIAIOTCS C POCTOM
JUIMHBI BOJIHBI:

G’S == sz_4 , (516)

r7e ys — KodhOUIMEHT paccestHus, KOTOPBIN 711 BHICOKOKauYeCTBEHHBIX KBapiie-
BbIXx OB pasen 0,7-0,9 n1B-MxMm*Y/kM. OH 3aBuCHUT OT Matepuaia (Buja U KOHIICH-
Tpalyu JETUPYIOMINX 100aBOK U T. I1.) U TEXHOJIOTUU U3rotoiieHus: OB.

Iloznowenue. JIpyrum XapakT€pHbIM BHAOM IOTEPb, OKA3bIBAIOIIUM
BIIMSIHUE Ha BUJ MPEJCTABICHHON XapaKTepUCTHUKH, SIBJIAETCS norjiomienue. [1o-
[JIOLIEHUE — 3TO MOTEPHU SHEPTUU PACIIPOCTPAHSIONIETOCS CBETa, BOZHUKAIOIINE
B pe3yJibTaTte B3auMoAehcTBUS ero co cpenoi. [Ipu nornomennu B OB cBeToBas
SHEPTHUS MPEUMYIIECTBEHHO MPeoOpa3yeTcss BO BHYTPEHHIOK YHEPTUIO BEIIECT-
Ba (B TEIUIO), T. €. PACXOAyeTCs Ha BO30YK/ICHHE KOJIeOaHMI YaCTHIL.

N3BecTHO, 4TO YacTHIla MOYKET 00JIaAaTh HE 000 SHEPIHEH, a TOJILKO dHEP-
THel, COOTBETCTBYIOIIEH pa3pelICHHbIM YHEPIeTUUECKUM YPOBHSIM. DHEPrusi KBaH-
TOB paCIPOCTPAHSIOIIETOCS CBETA CBS3aHa C €ro YacTOTON V (AJIMHOW BOJIHBIA):

C
E=h-v=h.-—
v=h-—, (5.17)

rae h = 6,626 x 10 JIx-c — mocrosirnast [nanka; ¢ = 300 000 KM/C — CKOPOCTB
cBeTa B Bakyyme. Ecim 3Ta 3Heprus coBnamaet (Wi OJM3Ka) ¢ MOpIHEH dHEp-
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Uy, HeOOXOMMOM YacTulle JIJIs epexoAa Ha 0osiee BBICOKHMI dHEPreTHUEeCKUui
ypOBeHb, OHa OyaeT 3(h(PEeKTUBHO MOTIOMATECSA YacTUIlaMU. B mpoTuBHOM cCity-
yae MOTJIOLIEHUS Ha ATOU JUIMHE BOJIHBI HE OyIeT.

Takum o0Opa3oM, CYIIECTBYIOT OIpPEICICHHbIE — PE30HAHCHBIE — JIJIUHBI
BOJIH, KOTOPbIE aKTUBHO MOIJIOLIAIOTCS BeleCcTBOM. [103TOMy roBOpST, 4TO MO-
TJIOIIEHUE HOCUT PE30HAHCHBIN XapakTep.

OB conepkuT pa3nuuHble YaCTHUIIBI — KBaplla, OCHOBHOTO MaTepuaa, ro-
JIE3HBIX (JIETHPYIOIINX ) MPUMECE U BpeIHBIX NpuMecel, nonagatomux B OB u3-
3a HECOBEPILICHCTBA TEXHOJOTUH MPOU3BOACTBA. Y KBaplla U UCIOJIb3YEMBIX Jie-
TUPYIONIUX MPUMECEN BCIJIECKU MOTJIOMICHUS B MCIOJIB3YEMOM JUAINA30HE OT-
CyTCTBYIOT. KBapil maer MoIIHbIE TMUKH TOTJIONMIEHUS B YJIBTPa(QHOIECTOBONU H
uH(ppaKkpacHoil 001acTsIX CrEeKTpa, KOTOPhIe HEMHOTO 3aXBaThIBAIOT UCMOJb3Ye-
MBIN THamna3oH.

K BpenHbIM MpuUMeCsIM OTHOCST MOHBI MEPEXOJHBIX METAILIOB (BaHAIUs,
xKesesa, MeIi, KoOanbTa, HUKENs, MapraHiia), a TakKe THAPOKCUIIbHBIE TPYIIITbI
OH". [Ipu coBpeMeHHBIX TeXHOJOTUSIX M3rotopieHus OB Haubonblni BKIIA] B
MOTJIONIEHUE BHOCSIT UMEHHO TUJIPOKCUIIbHBIC Ipyminbl. OHU JAlOT MOIIHbBIE TTH-
KM norionieHus Ha JummHax BoiH 1,290 u 1,383 MiM.

Jlnst pacuera k0> PUIIMEHTOB 3aTyXaHUsl, 00YCIOBICHHBIX PE30HAHCHBIM

MOTJIONICHUEM B KBapIle B HHPPAKPACHOU Qjnf U YIbTpadroiaeToBoit oy 00IacTsIx

CIEKTPA, MO’KHO BOCIIOJIB30BATHCS CIEAYIOIMMU YITPOILEHHBIMH BBIPAKEHUSAMU:
48,5 _ 4,63
ocimc=7,81-1011-exp£——x j; oy =2,55-10 3-exp(—k _ (5.18)
B (5.18) ko3 dunments! 3aTyxanus noiydarcs B 1b/KM, eciu ATuHA BOJI-
HBbI BBIpaXKEHA B MKM.
[ToTepu 3a c4ET PE30HAHCHOTO IMOIVIOUIEHUS Oy B Pa3IMUHBIX INPHUMECX
MOTYT OBITh IPUHSTHI CIETYIOIUMHU:

oy =0,1 ntb/km  mma A = 0,85 Mkwm;

og = 0,05 nb/km s A = 1,3 MKM. (5.19)
JlononHuTENbHBIE TOTEPU TPYJIHO MOIAAIOTCA Y4YETy, MO3TOMY KO3(pdu-
[IUEHT 3aTyXaHus, OOYCIIOBJICHHBIH WMH, MOXXHO OPHEHTHPOBOYHO TPHUHSTH:
og=0,1...0,3 nb/xm.
O6mwmit ko3P punment 3aryxanuss OB MoxeT ObITh paCCUUTaH TaK:
0L = Qjpf + 0L,y +0lg + 0y + 0. (5.20)

OIMMCAHME JJABOPATOPHOM YCTAHOBKH

CtpykTypHast cxeMa J1abOpaTOpHONl YCTAaHOBKM [0 HCCJIEIOBAHUIO
MPOLIECCOB MPOXO0XKAEHUS ONTHYECKUX HMITYJILCOB IO MHOroMonaoBsiMm OB
(puc. 5.2, a) BKJIIOYAET:

- reHepatop umnyiscoB (I'1);

- ICTOYHMK U3ITyYEHHUs — MOJIyIPOBOJHUKOBBIN sazep (UN);
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- nBa HanpaBieHHbiXx orBeTBUTEN (HO1 1 HO2);

- YCTPOMCTBO BPEMEHHOM 3aJIep>KKH dIIEKTpUYEcKoro umiyibca (¥Y3);

- (poronpuemnHoe yctporictso (DIIY);

- crpobockonnyeckuit ociuiorpad (CO);

- TpU KOpOTKHX onTuueckux nosozaka (OI11, OII2, OI13);

- uccienyemoe OB.

Pabora naGopaTtopHOil YCTAaHOBKM WILTIOCTPUPYETCS BPEMEHHBIMH JHa-

rpamMamu (puc. 5.1, 0), KoTopbie MOKa3bIBalOT UMIybChl U Ha Bbixoae I'U,
nMItysbebl U, 3a7epkannble Ha Bpems t; B V3, nuinooOpa3Hoe HaNpsKEHUE pas-

BepTkH Up 1 Hanpsokenne Uy ¢ Beixoga @ITY. Ummyneseel Ur moctynaror va MU,
rje NpeoOpa3yroTcsi B ONTHUYECKHE UMITYJIbChl MOUTHOCTBIO P, koTopsie B HO1
pa3zesAoTCs IO MOIIHOCTH Ha JIBa IPUMEPHO OJMHAKOBBIX UMIYJbca. OIUH U3
HHUX, MOITHOCTHIO P71, mpoxoaut yepe3 OII1, OI12, OI13, HO1 u HO2, 3anepxu-
BaeTcs Ha BpeMms t3; u moctymaer Ha PIIY. Bropoi, MOITHOCTBIO P,,IPOXOINAT
yepe3 OII1, OB, OI13, HO1 u HO2, 3anepxxuBaetcst Ha Bpems t3; u ocnablieH-
HbIM 3a cueT 3aryxaHus B OB takke nmoctymaet Ha DIIY. ®IIY npeobpazyer
ONTHYECKHE UMITYJIbChI B 3JIEKTPUUYECKHE, KOTOPHIE MOKHO HAOIIOJATh HA Kpa-
He CO, ecnu 3JeKTPUUYECKUN UMITYJIbC COBIAIAET M0 BPEMEHH € MIJI000Pa3HbIM
HaIpsDKEHHEM pa3BepTKU. MOMEHT 3aImycKa pa3BEPTKU OINpPEIEIsAETCs YCTaHOB-
JIEHHOW B Y3 3aJepKKOH, KOTOPYIO MOYKHO U3MEHATHh BPYUHYIO WJIM aBTOMAaTH-
Yyeckd. B aBTOMaTM4YeCKOM peXMME MOHMCKAa BBIXOAHOTO UMITYJIbCa 3aCpiKKa
Bo3pactaeT oT 0 10 MakcuMaibHOrO 3HaueHus. [Iponecc ocraHaBaMBaeTcs Mpu
MPEBBIIICHUA CUTHAJIOM OIPEICIIEHHOTO YPOBHS (B JaHHOM J1ab0paTOpHOM yc-
TaHOBKE OH BbIOpaH paBHBIM 2 MB).

Ur

oni
TH MM [T1—{T] HO1 0B t
onz2

o “ /\ ____________________________ /\ ____________ t
Y3 5 co | 'PﬂH]jTg[ HOZ ” ’/‘ /
TA A~ N A

a) 0)
Puc. 5.2. CtpykrypHas cxema 1ab0opaTOpHOH YCTaHOBKH (a) U BpeMEHHbBIE
JIuarpaMmbl ee paboTsr (0)

JlabopaTopHasi yCTaHOBKA IMO3BOJISICT OMPEEIISATh BpeMEHa 3aJCPiKKH t3; 1

t30, ammuTy bl Uy 1 U, m anurenbHOCTH 1) U t; BXOAHOTO M BBIXOJHOTO MM-
nyJibcoB. [0 U3MepeHHBIM BEJIMYMHAM MOXHO paccuutath: juinHy OB L, BHO-

CUMO€ 3aTyXaHUe 8o U CpPeIHH KOA((UIIMEHT 3aTyXxaHUsl o, JUCHEPCHOHHOE
YIIMPEHHUE BBIXOIHOTO UMITYJIbCA.
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AHAJIN3 ONITHYECKON CXEeMBbI

B naGoparopHoit paGoTe mnpesrnonaraercss MPOBEICHUE HU3MEPEHHUM st
TpeX BapUaHTOB BKJIOYEHUs uccienyemoro OB u onTHYecKux MOBOJKOB B CXe-
My J1a00paTOpHOM ycTaHOBKH (pHC. 5.3). DTO MO3BOJISET UCKIIOUUTH MOTPEITHO-
CTH, OOYCJIOBJICHHbIE BPEMEHHBIMU 3aJIEp)KKaMU U 3aTyXaHUSIMU B ONTHUYECKUX
AJIeMEHTaX Ja0OpPaTOPHON YCTaHOBKH.

[Tomaraem, 4To 1J1s1 U3TOTOBJICHUS TTOBOJIKOB M HAINPaBJICHHBIX OTBETBUTE-
Jiel UCTIONb30BaNUCh uaeHTuYHbIe OB.

HO1 3 s HO2
CHEMA 1 2 7 8

NOAKARYEHHA oni onz
1 wa (] [T onz 11 —{ 1] enu
T T
a 6
HOL 3 5 HO2

TAIE L om 2 oz - T ons
NOAKADHEHWA
2 wi [ [——] < > [F——"T] env

CHEMA 1 onz
NOAKARHEHHA | by | ]
3

ony

Puc. 5.3. Ontuueckue cxeMsl

Cxema noakiawouenus 1. /i1t BpemMeHu 3a/1ep>KKU BXOIHOTO UMITyJbca ta;
B CXE€ME MOJKIIOUCHUS | CrpaBeInBO:
+L+L+L,,+L
Vot

rae Ly, Ly, L3 — AIMHBI COOTBETCTBYIOIIUX MOBOJKOB, KM; Log, L7 — IJTUHBI COOT-

BETCTBYIOLIMX ILIEY HANPABIECHHBIX OTBETBUTENEH, KM; Vg1 — CKOPOCThL pacipo-
CTpaHEHHs CBETa B MOBOJIKAX U HAIIPABJICHHBIX OTBETBUTEISAX, KM/C.
JIns 3aTyxaHusI BXOAHOTO UMITYJIbCA CIIPABEIJIMBO
a.ll = (X,l(l_1+ L2 + L3 + L24 + L67)+ap1 +a.p2 +ap4 +ap6 +ap7 +ap8 +a24, (522)
rae oy — kodpdunuent 3aryxanus g OB, ucnosb3dyembix B moBojkax OII1,

OI2, OII3 u nanpasiennbix oreeTBuTeNAX HO1 u HO2, nb/km; apj — motepu B
I-M pa3beme, 1b; a4 — notepu pasaenenus 8 HO1, ab.
I BpeMeHu 3aJ€p>KKH BBIXOJHOTO UMITyJbCa {3) B TAaHHOM ONTUYECKOU
CXEMe€ CIIPaBeIJIMBO
oy = Ly + L3+ Ly + Lsy +L’ (5.23)
A Vg

rae L — mmna ncenenyemoro OB, kM; Vg — rpynmoBasi CKopocTs, KM/cC.

I[HH 3aTyxaHI/IH BBIXOOAHOI'O I/IMHy.]'Ibca CHpaBe,Z[J_IHBO
gy =0 (L + Lo + Ly + Log + Ls7 ) + @, + @ Ha,3 18,5ty +asgtasstal , (5.24)
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rae Lys, Ls7 — IJIMHBI COOTBETCTBYIOIIUX TUICY HAMPABICHHBIX OTBETBUTENEH, KM;
o — koa(punuent 3aryxanus uccienyemoro OB, nb/km; a3 — motepu pasuene-
musg B HOI, 1b.

Cxema noakiodenusi 2. /[ns BpeMeHU 3aJ€p:KKU BXOJHOTO HMMITyJIbCa
MO>KHO 3aIHiCaTh:

Ly + L, + Ly + Ly + Lsy
\
3aTyxaHue BXOJHOTO HUMITYJIbCA B CUCTEME OmpeneisieTcs: popmymoi
a21:(11(|_1 + L2 + L3 + |_23 + L57)+ apl + apz + ap3 + aps + ap7 + ap8 +ar3. (526)

tsp = (5.25)

Bpewms 3aepKKu BBIXOJHOTO UMITYJIbCA B JAHHOM CXEME MOKHO OIpene-
JUTH 110 hopMyIie
L +Ly+L,,+L L
tyy = 2Ly (5.27)
Vg Vy

I[J-Iﬂ 3aTyXaHHusl BBIXOAHOI'O UMITYJIbCa CIIPAaBCIJINBO:
agp=0y (Ly + Lg+ Log + Lg7 ) + 85 + 8 +8p4 +8ps + a7 +apg + 840l . (5.28)
Cxema moak/arouenus 3. J[1s BpeMeHM 3a€pKKH MMITYJILCA B TPETHEH
CXEMC CIIPaBCIAJINBO

L
l313 = \/—2 : (5.29)
gl
3aTyxaHHe HUMITYJIbCAa MOKHO OIIPCACIIUTD 110 (1)0pMyJIe
a3=a1L2 + ap1+a]38 . (5.30)

Omnpenenenue napamerpos OB

1. Onpeodenenue onunvt OB. PaccMOTpUM ClIeTyIOITYIO pa3HOCTb:
L L, L ¢
VRV VRS R
Vg Vgl Vg
OTcroa myTeM O4eBHIHBIX MTPEOOPa30BaHUN TIOTydaeM
L = (tap; —ta1p +ta13)-Vy- (5.31)
2. Onpeoenenue 3amyxanus OB. B nabopaTtopHoii paboTe U3MEPSIOTCS aM-
TUTATY/IBI BXOJTHOTO ¥ BEIXOTHOTO HUMITYJIBCOB, T. €. B TIEPBOM CXEME — BEJTUIUHBI

31 —l310 =

Umi1 =Umo .10—a11/10 ; Um21 =Umo .10—a21/10 ) (5.32)
a BO BTOPOU —
Upgz =Upp -107%2/10; Unmzz =Upp -107322/10, (5.33)

riae Umo — aMIUIUTyIa UMITyIbca, (POPMHUPYEMOIO Ha BHIXOIE MCTOYHUKA H3IIY-
YeHUSL.

ITo mamepenubiM 3HaYeHUAM Ui, Umor, Umiz, Umee MOXKHO paccuuTath
3aTyXaHUs B IIEPBOM U BTOPOM CXeMax aj U ay:
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a1:10-lg[umllj; a, :10-Ig(um12j. (5.34)

m21 m22
U3 (5.22), (5.24), (5.26), (5.28) MOXKHO TIOTYIHUTh:

8 =ap;—ay = (ap3 — a4 )+ (apS — a6 )+ o (Log — Loa)+0u(Ls7 — L7 )+ (agg —agg)+
+(as7 _367)+0°|— ,

ay =8 — a8y :_(ap3_ap4)_(ap5_ap6)_al(|-23_ Lys) -0y (Ls7 —Le7) — (83 —a4 ) -

—(a57 —a67)+(1|_ . (535)
CKJ'IEIIH)IB&H IMOJIYYCHHBIC TaAKUM 06p330M BCJIMYMUHEIL, I1IOJTYy4YacM
a +apy =20l =2a,;. (5.37)

U3 (5.37) cnemyet, uto 3aTtyxanue ucciaeayemoro OB M0oXHO paccyuTarth
IO BBIPAYKEHUIO

a +a
Aoy = % (5.38)

OIMMCAHUE UHTEP®ENCA ITIPOTPAMMHOI'O OBECIIEYEHUS

Hannast nabopaTtopHast paboTta siBisieTcs BUpTyainbHOU. [locne 3arpysku
MpOrpamMMbl Ha 3KpaHE MOSBISETCS TEKCT METOAMYECKUX yKazaHuil. OCHOBHOE
YIPABJICHUE OCYIIECTBIAECTCS (PYHKIMOHAIBHBIMU KJIABUIIIAMH:

F1 — nepexon k pazneny «TeopeTuueckre CBEACHUNY,;

F2 — nonmydenne nadopmarmu o mapamerpax ucciemyemoro OB;

F3 — mepexoa K OMUCAHHUIO MOJIEIUPYEMOil TaOOpaTOPHON YCTaHOBKH;

FA4 — nepexon K NpOBEIECHUIO U3MEPEHMUIA;

F8 — BBI30B KambKyIATOPA.

Ha puc. 5.4 npexacrasien 3xpad ¢ napamerpamu uccienyemoro OB. He-
KOTOpbIe 0003HAYEHUS Ha SKpaHE OTJIMYAIOTCS OT 0003HAUEHUI B IaHHBIX METO-
JTUYECKUX YKa3aHUAX, COOTBETCTBHE MEKy HUMH YCTaHOBJIEHO B Ta0. 5.1,

Ha puc. 5.5 mokazan oCHOBHOI 3KpaH MPOrpaMMBbl — SKpaH CTPOOOCKOIIH-
YeCcKOro ocuiorpada, Ha KOTOpoM IPOBOJAATCSA BCE U3MEPEHMUS.

VYnpaBieHue MOMEHTOM 3allyCcKa pa3BepTKU OCIHIIIorpada ocyliecTBis-
€TCA KYpCOPHBIMU KJIaBHIIAMHU > U €< W KknaBumend Enter. OgqHokpaTHOE HaXa-
THUE OJHOW U3 KypPCOPHBIX KJIABHII BHI3bIBAET YMEHBUIECHUE (=) WIH yBEJIUYEHUE
(€) BpeMmeHnu 3anepKKU. M3MeHeHne BpeMEHN 3aJepKKH MPOUCXOIUT C TOCTE-
MEHHO BO3pacTaroleil ckopocThio. [Ipu 3ToM n300paskeHrne Ha 3KpaHe OCLMILIO-
rpada cMeniaeTcs BJIeBO UM BpaBo. OCTaHOBUTHh N300pa’KEHUE B HY>KHBIA MO-
MEHT MO>XHO, HaxaB KiaBuily Enter. Tekyiiee 3HaueHue BpEMEHU 3a/I€PKKU B
MKC O0TOOpakaeTcsi B OKOIIKE MO 3KpaHOM ocIiorpada.

N300paxenne Ha skpaHe ocuusuiorpada MOKHO Takke CMEIaTh BIOJb
BEPTUKAJIBHON OCH OJHOKPAaTHBIM Ha)KaTUEM KYpPCOpPHOM KiIaBUIIU N uian .
[Tpu 3TOM M300pakeHne HAYHET MePEMEIIATHCS BBEPX WM BHU3 C PAaBHOMEPHOMN
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CKOpPOCTBIO. OCTaHOBUTH I/1306pa}K€HI/IC B Hy}KHHﬁ MOMCHT MOKHO, Ha)XaB KJIa-

Buiny Enter.

BAPUAHT 35

NPOSMIIbL MOKABATEJIA NPEJIOMIEHNSA

n(r)

[IAPAMETPE BOJIOKOHHOI'O CBeTOBOHA,

COoOTBETCTBYKIETO BaleMy

[y

[loxasaTene npeJjioMJIe HnsA

Ly= 1.3 MM
2. llokasBaTenbs NpPeJIOMIEHUST

Ly= 1.3 MM nl = 1
3. NokasaTene npodmuss: q

4. Brauenme dnj/dLy :

Ly= 1.3 MM

5. Buauemme d A /dLy :
Ly= 0.85 Mmxm d A /dL

Ly= 1.3 MM

Ly= 0.85 Mk nl = 1.
nl = 1.

Ly= 0.85 Mk nl = 1.
.44692

BapMaHTy

Ha ocu BC:
47263

46720

oBosouxku BC:
45250

= 1.920

Ly= 0.85 MxmM dnj/dLy=-0.01596
dnj/dLy=-0.01046

w=-0.121E-3
d A /dLy=0.671 E-3

MaTe-

nl 6. XMMMYECKMII COCTaB NpPMMEeCH B
r puane cephueBMHB BOJIOKHA:
Ge 13.1 mMomx.

Del - BHXO&

Puc. 5.4. Dxpan ¢ napamerpamu uccieayemoro OB

MacmtabupoBath H300pakeHHE Ha dKpaHe ocuuiorpada MOKHO, U3Me-
HSIS LIEHBI JIJIEHUS €T0 TOPU30HTAIBLHOM (BpeMsi) U BEPTUKAILHOM (HAMpPsHKEHUE)
mkai. Jljig 3Toro Heo0X0AMMO BOCIIOJIB30BATHCS peXUMOM «MeH10» (ITyHKT Me-
HIO M3menenue napamempos ocyunnozpaga), BbI3BaTh KOTOPBIM MOXKHO HaxKa-

tueMm kinaBuiu F10 (puc. 5.6).

B pexunme «MeHI0» TakKe MOKHO U3MEHATH ITapaMeTphbl F'€HEpaTopa UM-
IIyJIbCOB M MCTOYHUKA M3JIydyeHUs (IIYHKT MEHIO M3meHenue napamempos 2eme-

pamopa I/l]l/ll’ly]leOG) — UINTCIIbBHOCTb UMITYJIbCAa U AJIMHY BOJIHBI.

YcraHoBeHHBIE MapaMeTphl ociuiorpada, reHeparopa UMITYJIbCOB U
MCTOYHHUKA U3TYyYEHHUsT 0TOOPaKarOTCs CIIpaBa OT dKpaHa ociuuiorpada.

Tabmuma 5.1
O0o3HaueHue B
O0o3Hauenue
HanMenoBaHue BETMYHHBI METOINYECKAX
Ha DKpaHe
YKa3aHUAX
JlmrHa BOJIHBI Ly A
ITokazarens npenomiienus cepaneBruHbl OB Ha ocu ny N1o
3HaueHue MPOM3BOAHON MOKa3aTels MPeTOMIICHUS
dn1/dLW dnlo/dk
cepaueBrHbl OB no yMHe BOJIHBI HA OCH
3HaueHUEe TPOU3BOJHON OTHOCHUTENIBHON DPa3HOCTH
nokazaresiel peIOMIICHHS CEPALIEBUHBI U 000JI0Y- dA / dLy, dA / di
k1 OB 110 IHE BOJIHEI HA OCH




CTPOBOCKOIIMUECKMI OCLMIIJIOTPA®

Bpems:, Mxc/pmen
F10- MeHDO 0.001
Fl - aBTOMaTHM4YECKUN
IIOMCK BHXOOHO-
0 MMOyJIbLCca
F3 - BXOOHOM MMOYJEBC

Hanpsixeuue ,B/nen
0.1000

4V - cMemeHue nyda
AlnmHa BOMHEI, MKM
T [riree T rrrerrrrrrees T[T T™HTrTr[rris 1.3000
WUsMeHeHME BpeMeHu InuTensHOCTE MM-—
BaepXKM OCYWeCTB- ‘ nysnsca, MKC
JIseTCHE ONHOKPATHBM 0.0010

P N M T TS TR FeTe
LN RN N RN R N N LR R RN B LR R LR

HaxaTHeM KypPCOPHEIX ]

KJIaBUIl -——> un <--. ]

Inst OCTAaHOBKM HaX- ] noxasimggg npogmns
MUTe KJIaBMIIY E .

ENTER. . CocTaB mnpmuMecu

Ge 13.1 Mom. %

BpeMst BamepxKuM, MKC

sMeHeHMe napameT-—
pos BC:

VZMeHeHne CxXeMsl

F2 - usMeHMTHL NHOKa- HOIKITIOYEHAST ©
sarenes npobmis

F4 - MBMEHUTHL XMMMU- F5 - 1-s31 cxema
YecKmuii cocTas F6 — 2-s1 cxema

F7 - 3-s cxeMma

Del-BHxOx

Puc. 5.5. Dxpan cTpobockonuyeckoro ocruiorpada

CTPOEOCKOIIMYECKMA OCLMILIOT'PA®

¥ Bpemst, Mkc/pen
SHEeHME I1apaMeTpOE ¥ 0.001
¥ orpatse ¥ Hanpsixeunue ,B/nen
T 0.1000
WsMer IsMeHeHne macumraba I
TeHe o BpeMeHu T T T O T O T T OnuHa BOJIHBI, MKM
AARAN RRAR RRRRN RARA: SRRRNT SALE RN ARARE MRS 1.3000
UsMme T InuTensHOCTE MM-
Bange eHe = 2 a0a ¥ nynesca, MKC
JssieT S AT eKe I ¥ 0.0010
Haxa ¥
KJIaBMIl -->mu nen T
Inss ocramoBkm |0.3 B/men ¥ lloxasarens npoduns
MuTe kn: 0.1 B/men - 1.920
ENTER. 30 MB/gmexn == CocTaB npmmecn
Ge 13.1 mon. 3
3 MB/gen BpeMst BamepXKM, MKC
MsmeHenue nap: 1 MB/zen
poe BC: 0.1 MB/zen UsMeHeHNE CXeMs
F2 - mBMeHMTE IOKa- MOAKIIIOUEHNS :
sarens npobmis
F4 - MBMEHUTL XUMU- F5 - 1l-s1 cxema
YeckmMit cocras F6 — 2-s cxema
F7 - 3-s cxema

Del-BrXOn

Puc. 5.6. Pexum «MeHro»

[TepexntoueHre ONTUYECKUX CXEM JIJIsl TIPOBEJCHUS U3MEPEHUM OCYIIECT-
BIIICTCS HAXKaTueM (PYHKIIMOHAJIBHBIX KJaBuil: 1-s1 cxema — F5, 2-s1 — F6, 3-5 —
F7. BoiOpanHasi B JaHHBII MOMEHT CX€Ma BBIJICJIICTCS I[BETOM B OKHE M3meHe-
HUe cxembl NOOKIIOYeHUs1 BHU3Y dKpaHa CIIpaBa.
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B pabote MOXHO Takke U3MEHATH TapaMeTpsl uccienyemoro OB — moka-
3aTejib CTETICHHOTO MPO(HIIsA U CTeneHb JIETUPOBAHUS CEpALICBUHBI. J{s m3mMe-
HEHHS TIOKa3aTels CTENEHHOTo MPo(uIIss HY)KHO Haath kinasuiry F2. [Ipu atom
Ha 2KpaHe MOSIBUTCS OKHO C TEKYIIMM 3HA4CHHEM IOoKa3arels. Bam Hy»XHO Ha-
Opath mdpaMu 6€3 TOUKM HOBOE 3HAYCHHE IMOKa3aTelIsl.

JIJis M3MEHEeHHs CTENCHH JISTMPOBAHUS CEPALICBUHBI HY)KHO HaXaTh KJa-
Buity F4 u B mosiBuBIIeMcst MeHI0 KiiaBuiamMu N u \v BRIOpaTh HY)KHOE 3HAYCHHE.

YcTaHOBJICHHBIC TTOKA3aTENb CTETICHHOTO TMTPO(IIIS 1 XUMUUYECKHN COCTaB
JETUPYIONIEH TPUMECH OTOOPAXKAIOTCS CIIpaBa OT 3KpaHa ociuiuiorpada.

BBIIIOJIHEHHUE PABOTbI

1. ITosmyunre y npenogaBaTesss HOMEP BApUAHTA.

2. Jlns modydeHusl CBEeHUN o mapamerpax ucciexyemoro OB, HeoOxo-
JUMBIX JUIsSI IPOBEACHUS TpeOyeMbIX B pabOTEe pacyeToB, HAKMHUTE HA KIIABUIILY
F2. 3anonnute rpady «Mcxoanbie qaHHbIe» TabI. 5.2.

3. [lo 3amanubiM mapamerpam OB paccuuTaiite:

- FPYMIIOBOI OKa3aTeNb IPEIOMIIEHHS HAa OCH BOJIOKHA Nygq — 110 (5.11);
- IPyNIoBYI0 ckopocTh Vg — 110 (5.12);

- ko3 dunmeHT 3atyxanus o — 1o (5.20);

- HOpMHUpPOBaHHYI0 yacToty V — 1o (5.7), cuntas paanyc cep/eBHHbI BO-
JIOKHA PaBHBIM 25 MKM;

- yrcio HanpasisieMbix Mog M — mo (5.8);

- ymmpenue uMiyibca (aucrepcunto) Aty Ha 1 kM — 1o (5.15).

OOpaTuTe BHUMaHHE, YTO PACCYUTHIBATH MapaMeTpbl HEOOXOAMMO C J0C-
TATOYHOW TOYHOCTBIO, B Cly4ae HEOOXOIWMOCTH MPOBOIS OKPYTICHHE TOJIBKO
OKOHYATENILHOTO pe3ynbTarta. OCOOEHHO 3TO KacaeTcsi pPacueToB Nigy M BCEX ITa-
noB pacyera At,. B cBsI3u ¢ 3TUM peKOMEHAYEeTCsl MCIOJIB30BaTh IS pAcueTOB
OJHYy W3 CIEHUAIM3UPOBAHHBIX MaTematudeckux mnporpamm — MathCAD,
Math Lab u 1. 1. Pe3yabTatsl pacueToB 3aHecuTe B Ta0I. 5.2.

Tab6muna 5.2
Pe3ynbTarhl TEOPETUYECKUX PACUETOB
HcxonHble TaHHbIE Pe3ysbTaThl pacyeTa

A dnig/ di, | dA 7 dA Vg, a At

$) ] L] n 9 M1
Mim | 110 n2 et | 1aens |9 10g km/c | ab/km v M HC/KM
0,85
1,30

4. 3yuute CTPYKTYPHYIO CXeMy M padoTy J1abOpaTOpHOM YCTAaHOBKH, a
TaK)K€ aHaJU3 TPEX BO3MOXHBIX CXEM €€ BKIIIOUEHUS, B KOTOPHIX OyAyT MPOBO-
muthes m3MepeHus. OOpatute ocoboe BHUMaHWE Ha MPEAiaraeMblii Croco0
YMEHBIICHUS MTOTPENIHOCTHA PE3YJIbTaTOB U3MEpEeHU. J[JIs1 moryuyeHus: 3ToM WH-
dbopmanu HaXKMHUTE Ha Kiiapuiry F3.
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5. 17151 BXOJTHOTO U BBIXOJTHOTO MMITYJIbCOB U3MEPHTE 0 AKPaHy OCLUILIO-
rpada:

- BpeMs 3aJIepKKH, JIJIsl 4YeTO YCTAaHOBUTE BEPIIMHY UMITYJIbCa Ha Cepeu-
HY TOPU30HTAIILHOM OCH 3KpaHa ociuiorpada;

- aMIUTUTY1y UMITyJIbCa 110 BEPTUKAIBHOM IIKase ocuuiorpada;

- IUTUTEIIBHOCTh UMITYJIbCA 110 TOPU3OHTATIBHOM MIKaJIe ocIruuiorpada.

W3mepennsi mpoBeauTe I IBYX MCTOYHUKOB W3IIYYCHHS, pPaOOTAFOIINX
Ha jiuHax BoaH 1,3 u 0,85 MKM, U ABYX pa3iIUMYHbIX 3HAYECHHUHN JUTATEIBHOCTU
BXOJIHOTO MUMITYJIbCA, 3a/1aBa€MbIX IpernojiaBaresnieM. Pe3ynbTaTel U3MEpeHui 3a-
HecuTe B Ta0x. 5.3. [lns mepexona k cTpanuiie «KpaH ocuusuiorpaday HaxMH-
Te Ha KknaBuiny F4.

6. PaccuuTaiiTe Mo JaHHBIM U3MEPEHUM IJIs1 IBYX 3HAYEHUH JJIMHBI BOJHbI
UCTOYHUKA U3TTYyUCHUS:

- 3aryxaHue B 1-i u 2-i ontuyeckux cxemax — 1o (5.34);

- 3aryxaHue uccieayemoro OB — o (5.38);

- yIuMpeHue uMmyibcea B ucciaenyemom OB At =1, —1;;

- mny uccneayemoro OB L —mo (5.31);

- MEXMOJIOBYIO Auctiepcuro uccieayemoro OB At = (At1 + At, )/ 2L, rne
Aty, At, — ymmpeHnust umnyJibca B 1-id 1 2-i cxemax;

- K03 puuumeHT 3aryxanus uccieagyemoro OB Oy =a, /L.

Pesynbratel pacueToB 3anecute B Ta01. 5.3.

Tabmuia 5.3
Pe3ynbTaTsl K3MEPEHUH U pacYeTOB
A, | Homep |Upg,[Uma, | & |@Bci| ty1, | G2 | t1 | T2 | AL L, Aty, | aBc
MKM | CXeMbl | B | B | Ab | 1B | mkxc | mMrc | HC | HC HC KM | pc/km | Ab/KmM
1
0,85 2
3 - - - - -
1
1,30 2
3 - - - - -

OTYET

OtueT 1o J1abopaTOpHON PabOTE AOJIKEH COACPIKATH!

1) mapameTpbl, COOTBETCTBYIOIIME HOMEPY BaIllero BapUAHTA,

2) TEOPETHUYECKHH pacyeT ¢ yYKa3aHHEM BCEX MCIOJb30BaHHBIX (OPMYJ H
KOMMEHTAPHSIMU;

3) Tabu1. 5.2 ¢ pe3yabTaTaMu TEOPETUUECKOTO PacyeTa;

4) nBe Tab1. 5.3 ¢ pe3yNbTaTaMu U3MEPEHUN U PACUETOB,;

5) popMynbl ¥ KOMMEHTapHH, OTHOCAIIMECS K 00pabOTKe pe3ysIbTaToB
U3MEPEHUM.
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JlabopaTopHnasi padora 6

NCCIEJOBAHUE NTPOXOXKIEHUA CBETOBBIX UMITYJIBCOB
11O OAHOMOAOBBIM OIITUYECKHUM BOJIOKHAM

eab padoThl

N3yyeHue mpoueccoB paclpOCTPaHEHUs] ONTUYECKUX HMITYJIBCOB O O/I-
HOMOAOBBIM OB pa3nuyHbIX TUIIOB, METOJ0B U3MepeHus napamerpoB OB — 3a-
TyXaHUs U TUCTICPCUH.

IHoaroroBka k padorte

[Tpu moaroToBke K paboTe NOJKHBI OBITH N3YYEHBI:

1) paznen «TeopeTnueckre CBEACHUS» JAHHOH JIaOOpaTOPHOU PabOTHI;

2) marepuan y4eOHMKa 1o quciuiuinHe «Hampansomnye cucteMsl dJiek-
TpocBsizu» (Hampapnstoiiue cucTeMbl JIEKTPOCBA3U: YUYEOHUK JIJisi BYy30B. B 2-x
tomax. Tom 1. Teopus nepenauu u Bousinusa / B. A. Auapees, D. JI. [lopTHOB,
JI. H. KouanoBckuii; mon penakmueit B. A. AnnpeeBa. — 7-e¢ usl., nepepad. u
nom. — M. : l'opsiuas nuaust — Tenexkom, 2009) mo Temam:

(du3HYeCcKre POIIECCHl B ONTHYECKUX BOJIOKHAX (pasa. 7.1);

BoJIHBI 1 1yuH B OB (paszn. 7.2);

BostHOBas Teopusi OB (pasn. 7.3);

OJIHOMOJIOBBIM U MHOTOMOJIOBBIM pexuMsbl nepenayu no OB (pasa. 7.5);
NOTEPH B ONTUYECKUX BOJIOKHAX (pa3f. 7.6.2);

JUCIIepCHs U TIpoItyckHast ciocooHocts OB (pasa. 7.6.3);
xpomaruueckas aucnepcust OB (paza. 7.6.5).

TEOPETUYECKHUE CBEJIEHUSA

1. OqHomMoa0BbBII pexuM nepeaavu. JJiuHAa BOJHBI OTCEYKH

PagukanbHBIM CIOCOOOM YMEHBIIEHUS TUCIEPCUU SIBISIETCS MEPEXO0] OT
MHOTOMOJIOBOM Mepelayu K 0IHOMOI0BOM. Yuciio HampaBisieMbix Mo M B cTy-
nenyatroM OB M0HO paccuuTaTh, 3Hass HOPMUPOBAHHYIO YacTOTy — Oe3pa3mep-
HBII MapaMeTp, CBA3aHHBIA C T€OMETPUUECKUMU (paauyc CEpAUEBUHBI &) U OI-
tuyeckumHu (uucionas aneptypa NA) xapakrepuctukamu OB, a Takxe ¢ JIHMHOU
BOJIHBI MICTOYHHKA U3TYyYEHHUS B BAKYyMeE Aq:

yo2maNA, 6.1)
7\‘0
V2
M =INT| = |. (6.2)

W3 (6.2) crienyer, uro umcio moj Oyaer paBHo 1 mpu v < 2. Ilpu Gosee
TOYHOM TMOJXOJIE K aHAJU3y YUCiIa MOJ MOKHO 3aIlcaTh YCIOBUE OJHOMOIOBO-
ctu 1 OB co ctyneHuarsiM npodusieM mokasaTesns Tak:
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21t-a-NA

Ao
BnepBrie omHoMO0BbIH peskuM niepeaauu B OB co cTtyneHuaTsiM npodu-
JeM TOKa3aTessl NpeloMJIEHUs] OblT JOCTUTHYT IyTEM YMEHBILEHUS paguyca
cepaueBuHsl 10 5 MkM. Takue OB Ha3bIBatOT CTaHAAPTHBIMMU.

st OB MOHO paccyuTaTh JJIMHY BOJHBI OTCEYKH, KOTOPas pa3feisieT
PEXHUMBI OJJHOMO/IOBOII U1 MHOTOMOJI0BOH nepenaun. 13 (6.3) MOKHO MOITy4YUTH
Ho-ApyromMy chopMyIMpOBaHHOE YCIOBUE OJHOMOJIOBOCTH:

2r-a-NA

Mo 2o =508

,

v<2,405= (6.3)

(6.4)

2. JlnmameTp MOI0OBOTO MOJIA

B reomerpuueckoif TpakTOBKE €IMHCTBEHHOW HAIpaBJIsieMO MOJIe OJIHO-
MozoBoro OB cooTBeTCTBYET Iy, pacmpocTpaHstomuics BIoib ero ocu. C
BOJIHOBOM TOYKHU 3pEHUSI MOJa — 3TO BOJIHA, IM0JIE KOTOPOM HE MOJHOCTHIO CO-
CpenoTo4eHo B cepaueBuHe. s ognomonoBoro OB pacnpeneneHne UHTEHCH B-
HOCTH TIOJISl MOJIBI MOKHO alllIPOKCUMHUPOBATH IayCCOBCKOM KpuBOH (puc. 6.1).

Puc. 6.1. Onpenenenue nuaMerpa Wik pagnyca MOJOBOTO OIS

Ha npakTtuke paamyc Fmf WIH AWAMETP OIS MOIBI Umf OMpPEmEsioT Mo
MIMPUHE KPHUBOW pachpeaceHHss IMOMEePEYHOro IOJsI MOJBI Ha YpPOBHE
1/¢=0,369 oT MakcuMyMa.

Jlnsa crangapraoro OB auaMeTp MOZOBOTO MOJISt MOXKHO PAacCUYHUTATh IO
BBIPAKECHUIO

____2a (6.5)
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3. XpomaTtuyeckas aucnepcusi B 01HoMo10BbIX OB

B omnomomoBeix OB orcyrcTByeT mexmonoBas aucnepcus. OIHAKO
YIIUPEHUE MPOXOIAIIUX O OTHOMO0BOMY OB MMITyJIbCOB BCE K€ CYLIECTBYET.
D10 00YyCIOBJICHO TaK Ha3bIBA€MOW XPOMATHYECKOW aucriepcueii, Kotopas
BO3HHMKAET HM3-3a TOro, yrto no OB pacnpocTpaHsSOTCsI HEMOHOXPOMATUYECKUE
CUTHAJIbI, TAK KaK:

1) crexTp 1UPOBOTO ONTHYECKOTO CHTHAJIA UMEET KOHCUHYIO IIUPHUHY,
3aBUCALIYIO OT CKOPOCTH MEpEAayH;

2) UCTOYHUKHU W3TyYEHUS UMEIOT OINPEACIICHHYIO MTUPUHY CIEKTpa U3ITy-
YEHUSI.

[TonmHyto HIMPUHY CHEKTPa CUTHAJIA MOYKHO OMPEENIUTH 1o Gopmyrie

Al = \/A}stign + Akzsour , (6.6)

rac Aksign — INHpHHA CIICKTpa OIITHYCCKOIo CHI'HAJIA, O6YCHOBHGHH3§I CKOpO-

CTBIO Iiepenaun; Ahsoyr — IIUPUHA CTIEKTPA U3ITYUEHHS] HICTOUHHUKA.
OOpature BHUMaHUE, YTO LIMPUHA CIEKTPA CUTHAJa MOKET BBIPAXKAThCS
HE TOJBKO B HM, HO U B [ T'1. CBsA3b MEX Iy HUMU ONPENEISAETCS BEIPAKEHUEM
A% - Af
—

XpomaTtuyeckasi TUCIEPCUsl COCTOUT U3 JBYX COCTABJISIONIAX — MaTEpHU-
AJILHOU M BOJIHOBOJIHOM:.

AL = (6.7)

Dhr = Dipat + Dy (6.8)
MartepuanbHas aucriepcsi 00yCIOBJIEHA 3aBUCUMOCTBIO MOKA3aTelNs MpenoMiie-
Hus kBapra N(A) (kak (a3oBoro, Tak W TPyNIIOBOTO) OT JIJTMHBI BOJHBI A U TPO-
NOPLMOHAIIbHA BTOPOW ITPOU3BOIHON MTOKA3aTENs MPETOMIIEHHS 110 JUTMHE BOJIHBL:
2
D A den
mat = _ ", o -
C dA®
Ha puc. 6.2 nokazana 3aBUCUMOCTh MaT€pUAJIbHON TUCHEPCUN OT JJIMHBI
BOJIHBI (KpacHasi KpuBasi). BuaHo, 4To MaTepuaibHasi AUCIIEPCHs] UMEET 3HaK U

(6.9)

IPY HEKOTOPOM JIJTMHE BOJIHBI A = Agmat MpoxoauT uepes 0.

BonnoBognas gucnepcus Dy, He cBsi3aHa cO CBOMCTBAMH MaTepHaia, HO
3aBUCUT OT KOHCTPYKIHMHU U Pa3MepOB BOJTHOBOJA. OCHOBHBIM pPa3sMepoOM OJIHO-
MojzioBoro OB sBnsieTcst tuametp moist Moibl. KoHCTpyKInel BOTHOBOAA MOKHO
cuuTaTh Npoduiib mokazaress npegomieHus. [losBieHre BOJTHOBOAHON quCIIep-
CHHM CBSI3aHO ¢ TeM, uTo BoiHa B OB pacnpoctpansiercss B JByX cpeaax — yac-
THYHO B CEPAICBHUHE, YACTUYHO B 00O0JIOYKE, M MOKA3aTeNIb MPEIOMIICHUS JIJIs
HEE NMPUHUMAET CPEJIHEE 3HAUYCHUE MEXKIY MMOKA3aTEIsIMHU MPEIIOMIIEHUS CEpALIe-
BUHBI U 000710ukH. [Ipy U3MEHEHUN JUTMHBI BOJTHBI TTyOMHA TPOHUKHOBEHUS T10-
71 B KBapIIEBYIO 000JI0UKY MEHSIETCS U, CIIeJI0OBATEIbHO, MEHSIETCSI CPETHEE 3HA-
YEHME MOKA3ATENS MPEJTOMIICHUA.
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I/ISBCCTHO, 4TO BOJIHOBOJHAA JUCIICPCHUA OTpULATCIbHA U C YBCIINYCHUCM
A OHa YMCHbIIACTCA. Ha pHuc. 6.2 1moka3aHa 3aBUCUMOCTH BOJIHOBO,Z[HOfI JAUCIICP-

15
10 MarepwansHas
’2\ Aucnepcus XpomaTtuueckas
< aucnepcus
L 5
=
I
=
o
E o
®
s
o
% 5 BonHoBoaHas
et aucnepcus
o
=i
-10
15 )\Omat )\OD

120 1.25 1.30 1.35 1.40 1.45 1.50 155 1.60

[nuHa BOMNHbI, MKM
Puc. 6.2. Xpomaruueckas aucrepcust B crangaptiom OB

CUU OT [IJIMHBI BOJIHBI
st cranaptaoro OB u
pE3yNbTUPYIOLIEN  XPO-
MAaTHYECKON ITUCIIEPCUMN.
N3 puc. 6.2 BugHO, 4TO
CYIIECTBYET Takas MIJIH-
Ha BOJIHBI, IPU KOTOPOH
MaTepuajibHasi U BOJIHO-
BOJHAs JUCIIEPCUH PaB-
HBI 110 MOJIYJIFO © UMEIOT
MIPOTUBOIOJIOKHBIE 3HA-
KM, T. €. XpoMaTuueckas
JUCIIEpCUsl paBHA HYJIIO.
DTy NJIMHY BOJIHBI Ha3bI-
BAaIOT JJIMHON BOJIHBI

HYJIEBO XPOMATH4YECKOW AUCIEPCUM WIM MPOCTO JAJIMHON BOJIHBI HYJIEBOM

AUCTIEPCUM Agp.

3aBUCHUMOCTbD BOJIHOBOI[HOﬁ AUCIICPCHUU OT MJIMHBLI BOJIHBI CHUJIBHO 3aBUCHT
OT PasMCPOB U KOHCTPYKIHHU OB. D10 103BOJISET B IMUPOKUX IMPCACIaX YIIpaB-

15

10
XpomaTtuyeckas
avenepcus

MaTtepuanbHas
5 aucnepcust

BonHoBoaHas
aucnepcust

Oucnepcus, nc/(HM*Km)

)\Omat AOD

12 125 1.3 135 14 1.45 1.5 1.55 16
,D,J'IMHa BOJIHbI, MKM

Puc. 6.3. Cmemnienne IIUHBI BOJHBI HYJIEBOM
XpOMaTHYECKOH JAUCTIEPCHH ITyTEM U3MEHEHUS
BOJIHOBOJTHOM JTUCTIEPCHH

JSTh 3aBUCHMOCTBIO pe-
3YJBTUPYIOLIEH XpOMaTH-
yeckoit gucnepcuu Dpy ot
JUTMHBI BOJIHBI, HW3MEHSS
Py 3TOM JJIUHY BOJIHBI
HYJICBOM AUCHEPCUU Agp
(puc. 6.3).  XpomaTuue-
CKasl qucnepcusi Kak ¢u-
3UYecKas BEIMYMHA W3-
MepsieTcs B 1ic / (HM*KM) H
O3HAYaeT YIIMPEHHUE HM-
nynbca B OB jgnuHOM
1 kM npu mMpUHE CIIEK-
Tpa curHana 1 HM (¢ yue-
TOM CKOPOCTH TIepeIauu 1
IIUPUHBI CHIEKTpa HCTOY-
HUKA U3TyYEeHUs).

[Tox ymupeHnreM UMIyJibca MoJipa3ymMeBaeTcsl BEeIMUMHa

At =t —t7 |

(6.10)

rae t; u t; — IMTEeTPHOCTH UMITYJIBCOB Ha BXOJ1€ U Bbixonae OB.
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JIist yiuupeHusi ONTUYECKOTO MMITysibca At 3a c4eT XpoMaTH4eCKOW auc-
nepcuu B OB nnuHoii L cipaBenimuBo
At =[ Dy, |-AL- L., (6.11)
N3 (6.11) MOXHO TOJYYHUTHh BBIp@KEHUE MJIA pacueTa XpOMaTHUYECKOM
JUCIIEPCHUH T10 pe3yJIbTaTaM IKCIEPUMEHTATBHOTO OMpPENeNICHUs YIIUPEHUS UM-
myJbca:

At
Dy |=——. 6.12
| hr | Ah- L ( )
C yuerom (6.7) u (6.12) nns xpoMaTHIECKON TUCTIEPCUHA MOKHO 3aITUCATh:
At-c
| Dhr = —7—- (6.13)
TTAf 2L

4. Tunbl 1 napaMeTpsbl 01HOMOA0BBIX OB

OnnomonoBoe OB co cryneHyaTsiM MpoQpuiIeM NoKa3zaTess IpeIoMICHHS,
ONTHUMHU3UPOBAHHOE ISl BTOPOTO OKHA MPO3PAayHOCTH, HA3BIBAIOT CTAHAAPTHBIM
Standard Fiber (SF). CrangapTHBIM

OB IMOCBANICHA PCKOMCHAALINSA 1[;2 rl OpHomopoBoe
MCD G.652. Cranpaptasie OB 5 o8 o6 CMeLIeHHON
umeroT aucrepcuto Ha A = 1310 aM gF 07 AncnepcH en
menee 3,5 mc/(aM-kMm), a Ha g 06" (eneynpoduns
o = = 05 nokazatenA

A =1550 HM, Ha KOTOpOW KBapIie- 35 04 npenomnexus)
Bole OB MMEIT MHHHMMAIBHOE 3a- $3 03
TyXaHHUE, UX TUCIIEPCUS] BO3PACTAECT 223 g2
10 18 mc/(am Kkm). & o1

B mensx onTmMmm3aruvu uc- 0.0
nepcuoHHbIX mapaMerpoB OB Ha -0.1 L R A L
JTMHE BOJIHBI 1,55 MKM, HA KOTOpOU 6) Pagtyc (i)
kBapueBbie OB HMEIOT MHHHMATb-  pyc 6.4, [poduitb TOKA3aTENS MPETOMIICHHUSI
HOE 3aTyXaHHe, ObUIM pa3paboTaHbI OB co cMeleHHO# aucnepcueit

onHoMmonoBele OB co cMemeHHoOM

mucniepcueii (Dispersion Shifted Fiber — DSF). Bmaronmaps Goiiee cliokHOMY
npodumto mokazarens npenomiienus 3tu OB (puc. 6.4) uMeroT Aucepcuio Ha
A =1550 um menee 3,5 nc/(am kM). MIX mapaMmeTpbl perjiaMeHTUPYIOTCSI pEKO-
Mmexngamueit MCD G.653.

Eme ogun Bua ognoMonoBbix OB — OB ¢ HeHyneBOW CMENIEHHON JHcC-
nepcueit (Non Zero Dispersion Shifted Fiber — NZDSF). Otu OB 6butn paspa-
00TaHbI CrIENUAIBHO JIs1 CUCTEM criekTpaiibHoro yroTHeHus. NZDSF ontumu-
3UpOBaHbl TAKUM 00pa30M, YTO JJMHA BOJHBI HYJIEBOW IUCIEPCUU Yy HUX BBIHE-
CeHa 3a MpeJeNbl MOJOChl MPOMYCKaHUS SPOHUEBOr0 ONTUYECKOTO YCHIIMTENS

(puc. 6.5).
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Puc. 6.5. 3aBHCHMOCTh XpOMAaTUYIECKOH AUCIIEPCHU B OHOMOI0BBIX OB OT AnMHBI BOJTHBI
5. HekoTopsbie napamMeTpbl HCTOYHUKOB ¥ PUEMHHKOB U3JIy4YeHHUSA

[Tpu BbIMOTHEHUH J1a00PaTOPHOI PabOTHl HEOOXOAUMO MOMHUTH, YTO OJI-
HOMO/JIOBBI TMOJYITPOBOJIHUKOBBIN JIa3€pPHBIA MCTOYHUK H3IYyUYEHUs XapaKTepH-
3yeTcs CIEeAYIOMMHU MapaMeTpamu:

- CpeAHss JUIMHA BOJHBI U3IIYYECHUS;

- [IMPUHA CHEKTpa U3ITyYEHUS;

- MOUTHOCTb U3JIy4YECHHUS;

- Tapa3uTHas YacTOTHAs MOIYJALMS (YMPIUHT), OOYCIOBJIEHHAs TEM, YTO
peanbHbI UMITYJbCHBI MCTOYHHUK W3IIyYEHHsI U3MEHSIET CBOIK 4YacTOTy (IJIMHY
BOJIHBI) U3-3a TEIJIOBBIX MPOLIECCOB B PE30HATOPE MPH MPOXOKIECHUHU TOKA Yepe3
p-n-nepexon. B 3aBUCUMOCTH OT TOTO, YMEHBIIAETCS WM YBEJINYMBAETCS YaCTO-
Ta, YUPIHUHT MOXKET ObITh KaK MOJIOKUTENbHBIM, TaK U OTPULIATEIIbHBIM.

®otonpuemnsie ycrporictBa At BOJIC xapaktepu3yroTcs 4yBCTBUTEIb-
HOCTBIO, KOTOpasi B 00LIEM ClTyyae 3aBUCUT OT JJIMHBI BOJIHBI.

OIIUCAHUE JJABOPATOPHOM YCTAHOBKH

B naGopaTopHoii paboTe MOJAEINPYETCS yCTAHOBKA, KOTOPask BKIIFOYAET:

- OJIHOMO/IOBBIE JIa3€PHbIE UCTOYHUKH U3IIYYEHUS C IIEPECTPauBAEMbIMU B
mupokux npenenax (1250-1675 HM) nnuHamMu BOJIH, C Pa3IMUYHBIMHU IIUPUHOMN
CIIEKTpa U Mapa3sUTHON YACTOTHOW MOAYJSAIUENd (UYUPHUHTOM), TEHEPUPYIOIINE
ONTHYECKNE UMITYJIECHI TAYCCOBCKON (DOPMBI;

- UJIeanu3upoBaHHOE (POTONPUEMHOE YCTPOMCTBO, UyBCTBUTEIHLHOCTh KO-
TOPOTO HE 3aBUCUT OT JJIUHBI BOJIHBI,

- KaTyHIKX ¢ 0A4HOMO10BbIMH OB pa3iuyHbIX TUIIOB U JJIUH;

- ocuuiutorpad.
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Ha skpane ocimutorpada mMoxkHO Habm0naTh GOpMy ONTUYECKOTO HM-
nysibca Ha Bxojae B OB, a Takke GopMy ONTHYECKOTO UMITYJIbCA HA BBIXOJIE U3
OB. Bxoanbie U BBIXOJIHBIE UMITYJbCHI pacrojaraioTcsi B IEHTPAIbHON YacTH
sKpaHa ocuuiorpada.

Jlnst ynoOGcTBa M3MEpEeHUs JIMTENIbHOCTEH BXOJHOTO U BBIXOJIHOTO HMM-
MyJILCOB C MOMOIIbIO BEPTUKAIBHOIO Kypcopa YPOBEHb MOJIOBUHHOW aMILIUTY-
Ibl (MOIIHOCTH) TOKa3aH TOPU3OHTAIBHBIM CUHUM KypcopoM. Jljisi uaMepeHus
MOJIOBUHBI JUVIUTEIBHOCTH HMMITYJIbCa BEPTUKAIBHBIM KypcOp COBMEIIACTCS C
TOYKOW TepecedeHusi TOPU3OHTAIBLHOTO Kypcopa u (ppoHTa mmmynabca. Beptu-
KaJIbHBIN Kypcop MepeMeIIaeTcsl Mpu MOMOIIU JABUXKKA HA TOPU3OHTAIBHOM JIH-
HEWKe 1MoJ] SKpaHOM ociiuiorpada.

JInst u3MepeHusi aMIUTUTY/Ibl UMITYJIbCOB BEPTUKAIBHBIA KypCOp COBMeE-
IIAIOT C CEPEMHON UMITYJIbca. 3aep>KKa BHIXOJIHOTO UMITYJIbCa [0 OTHOIIECHHUIO
K BXOAHOMY MOXeT ObITh ompezaenena kak «HAYAJIO OTCYETA» cneBa ot
sKpaHa ocuuiiorpada.

OTtcueTsl MO Kypcopy pacrojiararTcs cieBa OT 3KpaHa ociuuiorpada.
CrieBa TakXe pacroiararoTcsa NepeKIIIoYaTeNId HEH JIEEHUS IO TOPU30HTAIbHOMN
U BEPTUKAJILHOM ocsM ocimuiorpada.

C npaBoii CTOpPOHBI OT 3KpaHa ocuusuiorpada pacnoiaraeTcs nepeKiroda-
Tenb TunoB OB, KOTOpEI MO3BOJISIET BBIOPATh 1715 uccienoBanus OB:

- cranaaptHoe (SF);

- co cMmemeHHo aucnepcucii (DSF);

- C HEHYJICBOM IMOJIOKHUTEIbHOM cMerieHHO# nucniepcueit (+NZDSF);

- C HEHYJICBOU OTpHIIaTeIbHON cMenieHHoi nucnepcuer (—NZDSF);

- cranaaptHoe (SF) 6e3 BoasHOTO MHKa 3aTyXaHHUs.

[Ton nmepexmrouareniem tuna OB pacnonaraercsi peryiasiTtop, MO3BOJISIO-
I U3MEHATH IIMHY uccienyemoro OB.

OcranbHble peryJsSITOPbl U NEPEKITIOYATENIN OTHOCITCS K UCTOYHUKY U3ITY-
yeHusi. B mabopaTopHoil ycTaHOBKE MOXKHO TJIABHO U3MEHSTH JJIMHY BOJIHBI HC-
TOYHUKA B npenenax 1250—1675 um, anurenbHOCTh MMITyJbca ot 1 nic 1o 10 He,
NEepEeKIIIoYaTh MHUPUHY cleKTpa nanydeHus uctounuka ot 0,01 go 100 I'Tu. Pe-
aJbHbIE UCTOYHUKHU W3JIYYEHHUS] MOTYT UMETh Mapa3uTHYI0 YaCTOTHYHO MOJYJIsi-
U0, KOTOPYIO TaK)Ke€ MOYKHO 33/1aBaTh C MOMOIIBIO MEPEKITI0UaTelIsl.

HOPAIOK BBIIIOJTHEHUSA PABOTbBI

1. [Tonyuute y npenoaaBaTenst Homep BapuanTa. [lo tabmn. 6.1 onpenenure
TUIIBI IBYX HccaeayeMblx OB, X IIMHBL, @ TaKXKe IJIUTEIbHOCTH BXOJIHBIX UM-
ITyJIbCOB.

2. Ilpu nmomomm nepexmouarens turna OB BeiOepute Tn OB1. Bribepute
MIMPHUHY criekTpa u3nydeHust ucrounnka Af =10 I'T. [y 3agaHHBIX 1JTATEIb-
HOCTEM BXOIHBIX ONTHYECKUX HUMITYJIbCOB to; U tp, MpoBeauTe M3MEpPEHUs: aM-
IIUTYAbI Py ¥ mivpuHbl t); BXOAHOTO ONTHUYECKOr0 UMITyJibca. Pe3ynbrarsl u3me-
penuii 3anecure B Ta01. 6.2. [ToBropute usmepenus aiisa OB2 u tys.
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Tab6muna 6.1

Onrtuueckoe BookHo 1 (OB1) Onrtuueckoe BookHO 2 (OB2)
= Hmurens- | JauTennb- Jnurens-
£ HOCTb HOCTB Jnuna HOCTb
§ Tun II[_HlHZE\l/I BXOJIHOTO | BXOJHOT'O Tun Lo, BXOJIHOTO

’ UMITyJIbCA | UMITYJIbCa KM | HMITyJIbCa
to1, IC too, TIC tos, IIC
1 SF o0bruHOE 25 10 2000 DSF 25 10
2 SF oOb1uHOE 50 15 4000 SF 6e3 OH 50 15
3 SF oOb1uHOE 75 20 6000 +NZDSF 75 20
4 | SF o6prunoe | 100 25 8000 —NZDSF 100 25
5 SF 6e3 OH 30 25 1000 DSF 30 25
6 SF 6e3 OH 60 20 1500 +NZDSF 60 20
7 SF 6e3 OH 90 35 2000 —NZDSF 90 35
8 SF 6e3 OH 120 30 2500 SF o6praHOe | 120 30
Tabnuua 6.2

Uccnenyemoe OB

OnTuueckoe BOJIOKHO 1

OnTuyeckoe BOJIOKHO 2

3az[aHHa;1 JINTCIIbHOCTh BXOJHOI'O

MMITYJIbCA, I1C

to1 = too =

toz =

I/I3Mep CHHasiA AJIMTCIBbHOCTH BXO-

HOI'0 UMIyJbca i, I1c

I/I3MepeHHas[ AMIUIMTyaa BXOJHOI'O

umnyisca P1, MBt

3. IIpn momommm nepexirovarenss tuna OB Beioepute Tiim OB1. Ycrano-
BUTE JUJIMTEIBHOCTh BXOJHOTO ONTHYECKOro ummynbca tp;. Boibepure mumpuny
crniekTpa uanyuenus ucrounuka Af = 10 I'Tu. [TpoBeaute u3mepeHuss aMILIATY IbI
P, 1 mupuHs t; BBIXOJHBIX UMITYJIbCOB MPU PA3IUYHBIX JJIMHAX BOJH A UCTOY-
Huka usnydenus (ot 1250 no 1670 um He Menee 20 Touek). Pe3ynbTaThl momec-

tute B Ta0. 6.3.

Tab6muma 6.3

Tuo OB

JlnnHa
KM

OB,

JIMUTENBHOCTD BXOAHOTO
MMITYJIbCA, T1C

JlmvHa BOJIHBI A, HM

Moraocts Py, MKBT

JlmaTensHOCTh
umIynbca fp, e

3atyxanue a, n1b

Ymupenue
umnyisca At, ric

Koadpounuent
3aryxaHus o, 1b/km

XpomaTuieckas
JUCIIepCcus

Dnr, nic/(HM KM)
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[ToBTOpHTE M3MEPEHUS, YCTAHOBUB JNTUTEIHLHOCTh BXOTHOT'O ONTHYECKOTO
umItyibca tpy. PesynbpraTel momectute B Ta0II. 6.3.

[ToBTOpuTe M3MepeHus, BbIOpaB Tunl OB2 W yCTaHOBUB JIMTEIBHOCTH
BXOJIHOTO ONTHYECKOro uMIyJibca toz. Pe3ynbratel momectrure B 120, 6.3.

4. Ilo nanabIM Tab1. 6.2 1 6.3 paccuuTaiire:

- 3aTyXaHUe a — TI0 BBIPAKECHUIO

a=10-1gL: (6.12)
P2
- K03((QULIUEHT 3aTyXaHHUS Ol — I10 BEIPAKECHHIO
a
o=—; 6.15
C (6.15)

- YIIUPEHUE ONTHYECKOro uMmyibca At — o (6.10);

- XxpoMatudeckyto aucnepcunio Dpr — mo (6.13), cuuras, yTo mosHas mu-
pHUHA CIIEKTpa CUTHAJIA paBHA IIMPUHE CIIEKTPa UCTOYHUKA U3ITyUCHUS.
5. Toctpoiite rpaduku 3aBUCUMOCTH Kodh(UIMEHTa 3aTyXaHHs O U

XxpomaTuyeckoil gucrepcu Dpy OT I7MHBI BOJHBI A JJIs1 3aA@HHBIX JJIMTENb-
HOCTEW BXOJHBIX UMITYJbcOB U TUNOB OB. JlaliTe 00BsICHEHUSI TTOJYYEHHBIM
pe3yJibTaTaM.

6. s OB2 Ha nByx qnuHax BoaH 1310 u 1550 HM npoBeinTe n3MepeHus
3aBUCUMOCTH aMIUIUTYAbI Py ¥ IIUTENBHOCTU t; BBIXOAHBIX UMITYJICOB OT IIIH-
PHHBI CICKTpa M3inydeHus Af MCTOYHMKA JJI1 BXOJHOTO MMITYJIbCA JITUTECIBHO-
cThIO to3. Pe3ynbrarel u3mMepenuii momectute B TabI. 6.4.

7. Ilo nanHbIM Tabxa. 6.4 mocTtpoite rpaduku 3aBUCUMOCTEH KO3 ULIM-

€HTa 3aTyXaHUs O U XpOMaTHYeCKOW aucrnepcuu Dpy OT MIMpUHBI cEKTpa uc-
TOYHHKA U3TydeHus. OObsSCHUTE NOYyYCHHbIEC PE3YIIbTATHI.

Tabmuna 6.4

JImuTenpsHOCTh BXOI-

Tun OB Jmuna OB, km
HOT'O UMITYJIbCA, TIC

JImuHa BOJIHBI, HM 1310 1550

lnpnra crexcrpa, [T 001 [ 0.1 [ 1,0 [ 10,0 [ 100 [ 0,01 01 [ 10 [100 | 100

MomtHoCTh, MKBT

JnutensHOCTh
VMITYJIbCA, T1C

3aryxanue, 1b

Ymmpenue
HMITYJIbCA, I1C

Koaddunuent
3aryxaHus, 1b/KMm

XpomaTtuueckas
JUCTIEPCHS, TIC/HM KM
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OTYET

Otuet 1o 1abopaTopHOi paboTe JOJIKEH COEPKATh:

1) Tabu. 6.2 ¢ pe3yabraTaMu H3MEPEHHUH;

2) Ttpu Taba. 6.3 ¢ pe3yabTaTaMu U3MEPEHUI U PaCUeTOB,;

3) rpaduku no 1. 5 paszaena «Ilopsgok BeITOIHEHHS PaOOTH;
4) Tabn. 6.4 ¢ pe3yiabTaTaMHi U3MEPEHHUI U PaCUETOB,;

5) rpaduku o 1. 7 pazzaena «[lopsaok BeITOJHEHUS PabOTHI»;
6) BBIBOIEIL.



JlabopaTopHnasi padora 7

METO/ bl UBSMEPEHUS BHOCUMOTI'O 3ATYXAHUA
B OITUYECKHUX BOJOKHAX

Hean padoTsl

N3yueHne METOA0B U3MEPEHUS BHOCUMOTO 3aTyXaHUsSl B ONTHUYECKUX JIU-
HEWHBIX TPaKTax, CIOCOOOB 0OpabOTKHM pEe3yJbTaTOB W3MEPECHHM, IMOITYYCHUE
HaBBIKOB Pa0OTHI C COBPEMEHHBIMU ONTHYECKUMHU TECTEPAMU.

IHoaroroBka k padorte

[Ipu noaroroBke K paboTe AOHKHBI OBITh U3YUYEHBI:

1) MaTepuas yuyeOHUKA 1O AUCHUILTHHE «Harmpapistonme CUCTEMBbI SJIeK-
TpocBsizu» (Hampasmstoiiue cucTeMbl JIEKTPOCBA3U: YUYEOHUK JJisi BYy30B. B 2-x
tomax. Tom 1. Teopust nepenauu u Bausinus / Aunpee B. A., [Toptaos 3. JL.,
Kouanosckuii JI. H.; mox penakmueir B. A. AnapeeBa. — 7-¢ u3., nepepad. u
nom. — M. : l'opsiuast muaus — Tenexom, 2009) o Teme:

® METOJbl U3MepeHus 3aTyxanus (pasz. 7.8.1);

2) marepuan ydeOHoro mocobusi (M3MepeHne mapamMeTpoB BOJOKOHHO-
ontuyeckux JUHEHHBIX TpakToB /M. C. beutnna, C. ®. I'marones, JI. H. Koya-
HoBcKui, B. B. ITuckynos. — CIIG. : CII6I'YT, 2002) mo Temam:

e coOcTBeHHbIE oTepu (pasn. 4.2.1);
e qnorepu B cTbikax OB (pazn. 4.2.2);
® U3MEPEeHHE BHOCUMOTO 3aTyXaHUsI METOJIOM CpaBHEHUs ypoBHeH (pa3z. 4.2.3).

OIIUCAHUE JJABOPATOPHOM YCTAHOBKH

CocTaB ycTAaHOBKH

Mopenupyemas 1abopaTtopHasi YCTaHOBKA COCTOUT M3 OJIHOMOJIOBOTO HC-
TouHMKa ontudeckoro uanyudenus (M), ontudeckoro arrentoaropa (OA), npu-
eMHuKa ontuieckoro uanydenus (I11), nabopa karymiex onTUYecKoro BOJIOKHA
(OB) u onrtnueckux moBoaAkoB (OIT).

HcToyHuK n3inyveHus

NN (puc. 7.1) no3BoJIIET HA OTHOM ONTHYECKOM BbIXO/I€ UMETh U3JIyYE€HUE
¢ anuHamu BoJH A=1310 u 1550 um. Kpome TOro, BO3MOXKEH peXUM MOOUEPE-
HOro TiepextoueHus JuHbl BoiHbl MU ¢ A=1310 Ha 1550 am u ob6patno. U3my-
yenue MU moxet ObITh HenpepbIBHBIM (dacTota Moayisiiuu f = 0 [') ¢ mocrosiH-
HOMW MOIIHOCTBIO WJIM MOIYJIUPOBaHHBIM ¢ yactotamu f = 270, 1000 wmur 2000 I

Ha nepenneit nanenu M1 nHaxonarcs 6 kjiaBuul:

1k — BKJIIOYEHUE/ BBIKIIOYEHUE TUTAHUS;

2K — BKJIIoUeHue JIUHbI BOJHEL A = 1310 uMm;

3K — BKJIFOUYEHHE JIUHBI BOJHBI A=1550 HM;
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4x — BbI0OOP yacToThl MoAyJIsiuu f = 0, 270, 1000 wmm 2000 I'i;

SK — BKJIKOYEHUE PEKUMA MOOYEPEAHOTO MEPEKIOUeHns JMH BoJH WU ¢
A =1310 Ha 1550 um 1 o6paTHO;

6K — BKJIIOUEHHE peXuMa mepenadn uHpopmaruu o0 yCTaHOBJICHHOU
nnuHe BoyHbI M.

Haxartne xmaBuIm npOU3BOAUTCS
HIETYKOM MBIIIN Ha BBIOPAHHOM KJIABUILIC.

Ha niepenneit nanenu MW naxopsarcs
9 cBETOAMOIHBIX UHIUKATOPOB:

¥ — UHAMKATOp BKJIIOYEHUS MPUOO-
pa Ha MOCTOSIHHYIO palboTy (PeXKUM KO-
HOMUHU DJIEKTPOIHEPTUU OTKIIIOUYEH);

2u — 1Ba WHAMKATOpa, MOKa3bIBaIO-
[IUX, KAKOW UCTOYHUK BKJIIOUYEH;

3U — YeThIpE HWHAMKATOPA YaCTOTHI
MOJYJISIIUU UCTOYHUKA;

4u — MHIMKATOP peXHUMa IO0YEpeN-
HOTO mnepekintoueHus JmH BoiaH UM c
A=1310 na 1550 am 1 oOpaTHO;

S5 — MHJIMKATOp BKIIIOYEHUS PEKHMaA
nepeaaud uHdopmanuu o0 yCTaHOBIICH-
HOoM minHe BoaHEI MU

YpoBEHb BBIXOJHOM ONTHUYECKOU
MOIIHOCTH B HEMPEPBIBHOM PEXUME W3-
Jy4EeHUS T0JDKEH NpeBbIaTh P = -7 AbM.

Puc. 7.1. BHennuii BUJ 1 OpraHbl IIpy BKJIOYEHUU MOIYJSIUU BbI-

YHPABJICHUA UCTOTHHKA H3IyHCHHIA XOJ{HAsE MOIIHOCTh YMEHBIIAETCS MPH-
MepHo Ha 3 1b.

KpatkoBpemeHHOe Ha)kaThe Ha KIABHUINY BKJI/BBIKI BKItouaeT MM Ha
2 MUH, TIOCJIE Y€ro OH aBTOMATHYECKH OTKIIOYAETCA. ITO MO3BOJISET YBEIUUYUTD
cpok HerpepbiBHOU paboTel M. Ecnu yaepkuBaTh KJIaBUILY BKJI/BBIKJI OoJiee
2 ¢, To UM Britovaercs Ha HEOMpPEIEIEHHOE BPEMS M MOXKET ObITh BBIKJIIOYECH
JIUIIb MOBTOPHBIM HAXaTHUEM TOM K€ KIIaBUIIU.

[Ipy BKIIFOUEHUH pEXMMA TOOUEPETHOTO NEPEKIIOUECHHS JUH BoJH MU ¢
A =1310 na 1550 M 1 00OpaTHO MPOJAOJKUTEILHOCTh U3JIYYEHHUS Ha KaXI0M U3
YKa3aHHBIX JJIUH BOJIH COCTaBIISIET 2 C.

Ontuueckuii pazbem MU 3ammmiaeTcss oT 3arpsi3HEHHs] KOJIMA4YKoM, KOTO-
pBIil CHUMAETCs Iepe] NPOBEACHUEM U3MEPEHUIN IETYKOM MBIIIIH.

2n

3u

4n

4K 5k

5u

2K 3k

OnTuyeckuil aTTEHIATOP

OA (puc. 7.2) mpeaHa3HauyeH JIsI BHECEHHS B BOJOKOHHO-ONTHYECKHUI
TPaKT Ha JAHHOM JJIMHE BOJHBI U3BECTHOTO PETYIMPYEMOTO 3aTyXaHus OoT a = 3
no 60 nb ¢ paspematomeit cnocooHocteio Aa = 0,05 n1b. BocnpouszBogumocts
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ycTaHOBJIeHHOW BenuuuHbl 3aTtyxanus +0,1 nb. MakcumanbHbIM BXOAHOM ypo-
BeHb OA, npu koTopoMm coxpansitorcst napameTpbl OA, cocrtaBisier +20 abm
(100 MmBT). 3aTyxaHue yCTaHaBIMBACTCSA IPHU MOMOIIM BPAIIAIOIICHCS PYKOST-
k1 1, KoTOpasi MO3BOJIIET M3MEHATH 3aTyXaHWs B yKa3aHHbIX Ipezaenax 3a 20
000pOTOB. PyKOSITKY MOXHO IMOBOpPAYMBATH HEMOCPEICTBEHHO C IMOMOIIBIO
«MBIII UK C TIOMOIIBI0 HAXKATHUS «MBIIIBIO» ABYX KJIABHUIII 2, pACTIOI0KEHHBIX
Ha 3kpaHe auciuies Huwxe OA. Benu-
YMHA YCTAHOBJIEHHOTO 3aTyXaHUs
oToOpakaeTcsi Ha OyKBEHHO-ITU(-
POBOM KHUJKOKPUCTAJUIMYECKOM HH-
mukatope 3 (OKKUW). Ilpu BbIKITIOUE-
HUW NUTAaHWU YCTAHOBJIEHHAs BEJIU-
YMHA 3aTyXaHUsI COXPAHSETCS, a MpHU
BpAILICHUH PYKOATKU MPU BBIKIIOUCH-
HOM MHUTAaHWU BEJIWYMHA 3aTyXaHUs
W3MEHSIETCS, HO €€ BEIIMYhHA H3MeE-
putento 0e3 BKIIOYEHUS MUTAHUSI HE
W3BECTHA.

Ha nepennenn nmanenn OA Ha-
XOJISITCSL TPU KITABUIIIN:

1k — BKIIFOUEHUE / BBIKJIIIOUCHHE
MATAHUS;

2K — BEJIMYMHA 3aTyXaHUsl, OTO-
opaxaemast Ha XKKU, Oyner coorert-
CTBOBATh JutMHE BOJIHBI A = 1310 HM;

3K — BEJIMYMHA 3aTyXaHus, OTO-
Opacaemast na KK, Oyner coorser- Puc. 7.2. BHennuii BUa 1 Oprassl
CTBOBATh JUIMHE BOJIHBI A, = 1550 HM. YIIPABJICHUS ONITUYECKOTO aTTEHI0ATOPA

Haxxatne kiaBUIl mpoOW3BOIWT-
Cs1 IIETYKOM MBI Ha BEIOPAHHOM KJIABHIIIE.

Ha nepenneit nanenu OA Haxoaatcst 1Ba CBETOAUOAHBIX HHAUKATOPA:

lu — BenuumnHa 3aTyxanus, oroOpaxkaemas Ha XKKU, cooTBeTcTBYeT NimmHe
BOJHEI A = 1310 aM;

2u — BeNIMYMHa 3aTyxaHus, oroopaxaemas Ha J)KKU, cooTBeTcTBYET AMMHE
BOJIHBI A = 1550 HM.

KpaTtkoBpeMeHHOE Ha)kaTWe Ha KIJIABHILY BKJ/BbIKI BKItouaeT OA Ha
2 MWH, TIOCJIE Yero OH aBTOMAaTUYECKH OTKIIFOYAETCS. ITO MO3BOJISIET YBEIUUUTh
cpok HempepbiBHOUN paboTel OA. Ecnu ynepkuBaTh KiIaBUILY BKJ/ BBIKI Oojiee
2 ¢, To OA BKIIIOYAETCS Ha HEOMPEICIEHHOE BPEMS M MOXKET OBITh BBIKIIOYCH
JIUIIIH TIOBTOPHBIM Ha)KaTHEM TOH ke kiaBuim. Mabopmarnus o BrmrodeHnn OA
Ha HeonpeeneHHoe BpeMst oToopaxaetcs Ha XKKU cmoBom «[TOCT BKJD».

Ontuueckue pazbeMbl OA 3alllMINAETCS OT 3arpsi3HEHUS] KOJMAYKOM, KO-
TOPBIM CHUMAETCS MEPE] MPOBEICHUEM U3MEPEHUN IETYKOM MBIIIIH.

2n

in

2K
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IIpueMHUK ONITHYECKOT0 U3JIyYEeHUsI

[TA (puc. 7.3) no3BoJISIET IPOBOJIUTH U3MEPEHHUSL:

- YPOBHS MOIIIHOCTU ONTUYECKOTO U3Ny4eHus, 1bm;

- MOIIIHOCTH ONTUYECKOTO U3JIydeHus, MKBT;

- 3aTyXaHUsS B BOJIOKOHHO-ONTUYECKOM TPAKTE M B MACCUBHBIX KOMIIO-
HEHTaX BOJOKOHHO-ONTHYECKUX JUHUHN CBA3HU, Ob.

IIpu Bcex H3MEpPEHUSX YpPOBEHB
ONTHYECKON MoIHocTh Ha Bxoae I
He JopkeH 1peBbimate 20  abm
(100 MBT). Mcnonp3yeMblii B KauecTBE

20 e YyBCTBUTEIBHOI'O 3JIEMEHTa P-i-N-do-

TOJIMOJ BBITIOJHSACT (PYHKIIMIO JIMHEH-

00.006mkBT HOro TmpeoOpa3oBaHUs ONTHUYECKOU

15100M NOCT BKN i )

o MortHocTH Ps B dhoToTok lf. [Tocneauuii

B AR YCUJIMBAETCS U OJHOBPEMEHHO IIPEOO-

3 — P ' L pa3yercs B HallpsDKCHUE B YCHITUTEIIE C

ko3pdunmentom nepegaun Kj;, xoto-

po€ TPOXOJUT YEpe3 YCPEIHSIOMIMMA

2 ¢buneTp HWKHUX yactoT (PHY) u mo-

CTyIaeT Ha aHaJoro-Iu¢pPoOBON Mpeod-

pazoBarens  (ALIl), ympaBisiembiii
MUKPOKOHTPOJIIIEPOM.

Pesynbrar m3mepenus B MKBT

MPOTIOPITMOHAJICH BEIMYUHE TOCTOSH-

6k

Puc. 7.3. BHemHuil BUA ¥ OpraHbl yIpasiie- woro manpsukenus Ut noctynatoruero
HUS IPHEMHHKA W3y deHUS Ha Bxoj AIIII, koTopoe B CBOIO oOue-

peab MPONOPIMOHAIBHO BeIMUUHE (O-
TOTOKA |t 1 BXOAHOM ONTHYECKOH MOIITHOCTH Py :

B cBs3M ¢ Tem, YTO YyBCTBUTEIBHOCTh BCEX KBAHTOBBIX (POTOMPUEMHU-
KOB, B TOM YHCJIe U P-i-N-POTOANOIOB, CUIIBHO 3aBUCUT OT JUTMHBI BOJHBI H3ITY-
YeHUS NIl UCKJIIOYEHUS! 3TOM MOTPEIIHOCTH HEOOXOAMMO BBINOJHUTH YCIOBUE
S, - Ky =const nsist 11000¥ ATUHBI BOJIHBI A U3MEPSIEMOT0 U3ITYUECHHUS.

JIns ONTUYECKOU CBSI3M B HACTOSIIEE BPEMS MCIIOJIb3YIOT OTPAaHUYEHHBIN
HaOop MnH BOJH u3nydyeHus. [loaromy I xanmuOpyroTcst mpu UX H3rOTOBIIE-
HUU U TIPU OYepeHON MOoBepKe (KaIMOpPOBKE) TOIBKO AJI 3TUX JUIMH BoJH. Mc-
noabs3yeMbiid B padote [1M kanuOpoBaH Ha cieayrolue IJIUHbI BOJH A, HM: 850,
1300, 1310 u 1550. KanuOpoBka NpakTUYECKU CBOJUTCS K PETYJIUPOBKE BEIU-
yuHbl K; 10 BbINOJMIHEHU yCIoBHS S, - K =const. /[ nmepekatoueHus JUIMH BOJH

KaJIMOPOBKM UCIOJIb3yeTCs KiaBuia A (2K) Ha nepeaneit manenu [1N.
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Jlns mosydeHus pesysbTara U3MEpeHHs B 1BbM MHUKPOKOHTPOJUIED AOJDKECH
BBIIIOJHATh MAaTEMAaTHUYECKYIO ONEPAIMIO JIOrapu(MHUPOBaHUS LUPPOBOIrO 3Ha-
yeHusd Ny =U:

P

N ¢ f
N, =10lg— =10lg———
! g No g1MBT ’ (7.2)

raie Ng =Ug=1MBr-S,; - K, — mudppoBoe 3HaueHne HaMpsHKeHHs, KOTOPOE BO3-

HHUKAET IIPU BXOJHOM ONTHUYECKOW MOIIHOCTH, paBHOU 1 MBT.

Ha nepenueit manenu [ naxoasitcst 6 KiiaBHIIL:

1k — BKJIFOUCHUE/BBIKITIOYCHUE TTUTAHUS,

2K — BBIOOp JUTMHBI BOJIHBI KAIIMOPOBKU;

3K — BBIOOp pa3MEpHOCTH pe3ysibTaTta u3MepeHus: B AbM wim MkBT. OTa
e KHOTIKA MPHU €€ yJep>KUBaHuU Oosiee 4 ¢ MO3BOJIsIET ABTOMATUYECKH KOMITCH-
CHUpPOBAaTh CMEILIEHUE HYJIs YCUIUTENS (OTOTOKA HA JAHHOW JJIMHE BOJIHBI;

4x — ycrtaHoBKa J000ro 3apeructpupoBaHHoro 1M ypoBHs onTuueckoi
MOIIHOCTH B KauecTse 0 1b;

SK — U3MEPEHUE OTHOCUTEIBHOIO YPOBHS BXOJHOM ONTHYECKOM MOIIHO-
CTU B 1b 10 OTHOIIEHUIO K YpOBHIO, NpuHATOMY Hamu 3a 0 ab. IIpu moBTOpHOM
HaYKaTUU ATOW KJIABHUIIHM MOYKHO OINpPEAEIIUTh a0CONIOTHBIA YpOBEHb B AbM, KO-
TOpbI ObLT paHee puHAT 3a 0 1b;

6K — 3amopaxuBanue/ pasmopaxuBanue Ha XKW ero mpensiayiiero co-
CTOSTHUSI.

Haxatue kiaBuil Nporu3BOAUTCS IIETYKOM MBIIIH HA BHIOPAHHOW KJIABHILIE.

[Ipyn HakaTuu KJIABUIIM 3K HM3MEPSETCS YPOBEHb BXOAHOW ONTHYECKOMU
MOIIHOCTH B 1bM wim B MKBT. [Ipy HaxkaTtuu Ki1aBUILIM SK U3MEPAETCS OTHOCH-
TEJIbHBI YPOBEHb ONTUYECKOM MOIIHOCTU B Ab 10 OTHOLIEHHIO K YPOBHIO IIPHU-
HATOMYy Hamu 3a 0 1b.

[Ipu pabote co cBouM mraTHEIM U BO3MOXKEH peKUM aBTOMATHYECKO-
ro MEpeKJIIOUEeHUs IJIMHBI BOJIHBI KanuOpoBku I mpu u3MeHEeHHM IIUHBI
BOJIHBI M. DTOT pexXum NEMCTBYET U B TOM Cllydae €ciu JyinMHa BoiHbl MU
noouepeaHo nepekioyaercs ¢ A = 1310 na 1550 am u obpaTtHo. Pesynbrar
U3MEPEHUS OIPENECIISIETCS CPEeAHEeW BXOIHOM ONTHUYECKOW MOIHOCThIO. [To-
3TOMYy Mpu BKiItodeHuW moxaynsuuu Ha MU moxazanus [IM ymenpmiarorcs
npumepHo Ha 3 nb.

KpaTtkoBpemeHnHoe Ha)xaThe Ha KJIaBUINY BKJI/BbIKI BKiIrodaeT [IM Ha
2 MHH, TIOCJIE€ YErO0 OH aBTOMAaTUYECKH OTKJIIOYAETCs. DTO MO3BOJISIET yBEJU-
YUTh CPOK HemnpepbiBHOW paboTel [1M. Ecnu ynepkuBaTh KIaBUIIY BKJI/BBIKI
oouiee 2 ¢, To 1M BrIItOYaeTCs Ha HEONPEIECICHHOE BPEMS U MOXKET OBITh BbI-
KJIIOYEH JMIIb MOBTOPHBIM Ha)kaTWeM TOW ke kiaBumu. Mudpopmanusa o
BkatoueHun 1M Ha HeomnpeneneHHoe BpeMsi otoOpaxaercs Ha JKKU cmoBom
«ITOCT BKJI».

Onrtrnueckuii pazpem [1M 3ammumaeTrcs ot 3arps3HEHHs KOJIMA4KoM, KOTO-
PBI CHUMAETCS NIEPE] MPOBEACHUEM NU3MEPEHUIN ETYKOM MBIIIH.
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OnTunyeckue BOJIOKHA

OCHOBHBIMH TTapaMETPaMH UCCIICYEMbIX BOJIOKOH SIBIITIOTCS JITMHA M KO-
s dunmeHT 3atyxaHus. Kaxaplii BapraHT COJCPIKHT JIBE KATYIIKH C ONTHYC-
CKMMH BoJiokHaMu. OjHa KaTyIIKa IMEeT U3BECTHYIO JUIMHY | 3a7ada COCTOUT B
ompeneneHun ee K03 GuIneHTa 3aryxanus. Bropas kaTymika coIepKuT BOJIOK-
HO TOTO € THITAa U JUISI HeE 110 U3MEPECHHOMY 3aTyXaHHUIO HAJ0 ONPEICITUTD JTH-
HY BOJIOKHA. 3aJ1aya OCJIOKHSCTCS HaJIMYMEM IOTEPh B Pa3beMHBIX COCAMHCHU-
AX. ITO 00CTOSATENHCTBO MPHUBOIUT K YBEIWUYCHHUIO TOTPEITHOCTH OMPEICICHUS
k03 dunmenTa 1-ro BOJIOKHA U JJTUHBI 2-TO BOJIOKHA.

Cxembl u3MepeHns U padoTa ¢ nporpaMmmon

VYpaBienue nporpaMMmoii JiabopaTopHOW paOOThl OCYILECTBISIETCS TOJb-
KO TIPU MTOMOIIY MbIIITKM. MeHI0 BbIOOpa CXeMBbl JJIs1 POBEACHUSI U3MEPEHUI BhI-
3BIBACTCs HaXkaTheM KHOMKHU «KomaHael» (puc. 7.4).

=10lx]

[~ 3anperutb aHUMaUUIo

¥ Ontnueckasn Jlabopatopus (BapuanT N201) b
; MomMoLe |

® COEAMHNTE ABYMA NOBOAKAMW YEPes aTTEHHATop
COoBAMHHTE ABYMA NOBOAKAMH YEPES KaTYLWKY
COBAMHUTE OAHKMM MOBOAKOM

BbiHTH H3 NporpaMMb
&
151004 @ © 1550 M
M

OEEs © 2101y © 14y © 2iy
Mnn 226

Puc. 7.4. Boi6op cxemsl

B pabote ucnoas3yroTcs 3 cXeMbl H3MEPECHHUS:

- momuoctu U (puc. 7.5, a), koMaHaa «COSTUHUTH OJTHUM TTOBOJIKOM;

- 3aTyXaHUsS B OINTHYECKOM BOJIOKHE METOJAOM Pa3HOCTH YPOBHEM
(puc. 7.5, 6), KOMaH/Ia «COETUHUTH JABYMsI MOBOJAKAMU Yepe3 KaTyliky». B aToit
CXEMe MOYKHO BBIOPATh BOJIOKHO JIJISI U3MEPEHUS: TIepBOe — KaTyIlka 1 Wik BTO-
poe — KaTyIika 2;

- 3aTyXaHHUsl B ONTHYECKOM BOJIOKHE METOJOM 3aMelleHus (puc. 7.5, B),
KOMaH/Ia «COCIUHUTH ABYMS TTOBOJIKAMH Yepe3 aTTCHI0ATOPY.

BBITNIOJTHEHUE JIABOPATOPHOM PABOThHI

IHoaroroBka Kk padore

1. IIpu 3akpbiTOM onTudyeckoM Bxoje Bkiatouute [IM Ha HenmpepbIBHYIO
paboTy, yaep:kruBasi KHOIIKY BKJI/BBIKJI Ooiee 2 c.

2. Bximrounte pexuM HU3MepeHuss B aOCOJIOTHBIX €IMHUIAX MOIIHOCTH-
MKBT. IIpoBepbTe cmenienre Hymst Ha JiuHax BoH 1310 u 1550 um.
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3. IIpu Hanuuuu cmemienus npousBeauTe «ycraHoBky 0» I npu momo-
M KHOTIKU «BBIOOp pa3MEpPHOCTU pe3yJibTaTa u3MepeHus B AbM mwin MKBT» Ha
IBYX JUTMHAX BOJH. J{J1s1 3TOro HEOOX0MMO YAEp>KUBATh 3Ty KHOMNIKY OoJee 4 c.

4. Ycranosure Ha [IM HeoOxoqumyto AJiMHY BOJIHBI, Hanpumep 1310 M.

5. Bxutounte MM Ha HenpepbiBHYIO pabOTy M YCTAHOBUTH TaKyIO )K€ JJIH-
HYy BOJIHBIL, Kak 1 Ha [11.

6. YcranoBure pexxum padotrsl MU 6e3 Mmogymsiun.

15104m @ # © 1550um
TaEM

®Es 02107y O 1)y O 24y
MOR >
® o1

4
1510 @ © 1550

M
®EEs O om0y O1iy O 2y
MOR >

20 AW I

R

>4 YeT0" >2 N0CT B, i

20 MY

>4 YOTO" >26 NOCT BT

-BrIGpaTh KaTyWK!
& Karyuwka 1 (L=35km)
€ Karyuwka 2

=)

>2¢ NOCT BKN.

20 ABM IR

.

240 YCT."O" >2¢ NOCT BKN.

2@

1510M @ # @ 1550 MM
M

@EEs O2t0ry ©1uy O 21y
MO, 526

@
;Y

e
x ]

Puc. 7.5. Cxembl npoBeieHUs] U3MEPEHUN

HN3mepenne MOIHOCTH U3JIydaTesield, HCCIel0OBaHue
pa3beMHBIX COeUHUTE el

1. Coenunute MU ¢ I ogHUM KOPOTKHMM ONTHYECKHM MOBOJKOM (KO-
MaHa «COeIMHUTh OJTHUM TTOBOJAKOM) ).

2. [Ipon3Benure MHOTOKpATHbIE M3MEPEHHUsI YPOBHEW BBIXOAHOW ONTHYE-
CKoM MoIHocTy u3nydareneu [1M Ha nByx mimmHax BojaH B AbM u MKBT nipu oT-
KJIFOUEHUHU Y TIOBTOPHOM ITOJKIOYEHUN ONTUYECKOTO MOBOJKA K pazbemam NN
u [1W. Pe3ynbTaThl u3MepeHuil nomecture B Tadm. 7.1.
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3. Paccuuraiite my1si m3MEpEHHBIX MOIITHOCTEH U YPOBHEH:
cpeaHee 3HAYCHUE

_ 1 N
X=—:>X: 7.3
N & (7.3)
cpenHekBagparuueckoe oTkiaonenue (CKO)
1 2
CKO cpennero 3HaueHUs
o= (7.5)

B (7.3)—(7.5) N — gucio npoBeJICHHBIX U3MEPECHHM, Xj — Pe3yJIbTaThl OT-
JCNBHBIX U3MEpEHUi. Pe3ynbTaThl pacueToB moMecTuTe B Taoir. 7.1.

Tabmuua 7.1
Kommyranus pazsema, coenunsmomero M ¢ OB
Mommnocts P, MKBT, YposeHb Y, n1bwm,
Ne kommyTanumn npu A, HM pu A, HM

A=1310 am A=1550Mm | A =1310 am A =1550 am

QP WINF-

CpenHee 3HaueHue
CKO
CKO cpennero 3HaueHus

Kommyranus pazsema, coequnstomero OB ¢ 111U

Momuocts P, MKBT, VYposens Y, 1bwm,
Ne xommyTanumn pu A, HM pu A, HM
1310 1550 1310 1550

OB WN|-

CpenHee 3HaUCHHUE
CKO
CKO cpennero 3HaueHus

4. JIns moaydeHus: MPaKTUYECKUX HABBIKOB PaOOTHI C COBPEMEHHBIM KOM-
MJIEKTOM ONTUYECKOrO TECTEPA U3MEPEHUS MOBTOPUTE B 3 pEKUMAX:

- py4HOH yCTaHOBKM JuiuH BoJIH Ha MU u 11U

- apToMaruueckoro omnpenenenus [ nnunael Boausr MU,
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- TIOOYEPEHOIO0 aBTOMATUYECKOro 3ajanusi 1inH BoJH MM u aBTomaru-
yeckoro onpenenenus [ nnuael Bomasl M.
5. CnenaiiTe BBIBOJIBI IO MOJYYEHHBIM Pe3yJIbTaTaM.

N3mepeHre BHOCUMOI0 3aTyXaHUA U KO3 uuueHTa 3aTyXaHus
ONTHYECKOI0 BOJIOKHA

Hszmepenue memooom pasHocmu yposHel

1. Coenunute U ¢ [T1 KOPOTKUM ONTUYECKUM TTOBOJIKOM.

2. IlpousBenuTe MHOTOKpPATHBIE M3MEPECHHS YPOBHEHW BBIXOJHOW ONTHYE-
ckoil MomHocTy u3nmydareneit 1M Yy Ha n1ByX mimMHaxX BoJH B 1bM mpH OTKITIO-
YEHWHU U MOBTOPHOM IMOJKJIIOYEHUH MOBOAKA K pazbemy M. Pe3ynbTarhl u3Mme-
peHuit moMecTuTe B Tadd. 7.2.

3. Coenunutre MM ¢ T nepBbIM H3MEpsSiEMbIM ONTHYECKUM BOJIOKHOM
(komanna «CoeTMHUTH ABYMS MTOBOJIKAMHU Yepe3 KaTyIIKy», KaTyIka 1).

4, ITpou3BeMTe MHOTOKPATHBIC M3MEPEHUSI YPOBHEHW BBIXOIHOM OINTHYE-
ckoi MomHocTy uznyyateneit 1114 Y, Ha qByX qnHax BOJH B 1bM mpu OTKIIO-
YEHWHU U MOBTOPHOM IMOAKIIFOYEHUHU MOBOAKA K pazbemy M. Pesynbrarsl usme-

peHuit moMecTuTe B Ta0m. 7.2,
Tabmuna 7.2

IlepBoe onTHYecKoe BOJOKHO L1 = ... kM

Yo, aAbm, Y1, abm, a, 1b, o, 1b/km,
pu A, HM pu A, HM pu A, HM pu A, HM
1310 | 1550 1310 1550 1310 1550 1310 1550

No
KOMMYTaIllN

4
5

Cpennee
3HAUCHUE
CKO
CKO
CpEIHEro
3HAYCHUSA

5. Paccuuraiite 3aTyxaHue MepBOTr0 ONTHYECKOTO BOJIOKHA a ¥ KO3 hHUIIH-
€HT 3aTyXaHHsI Ol TI0 BEIPKCHUSIM:

a=Y,-Y,, (7.6)

=2, 7.7
=1 (7.7)

6. Coenuautre N ¢ TN BTOpHIM H3MEPSEMBIM ONTHYECKUM BOJIOKHOM
(komanna «CoeTMHUTH ABYMS MMOBOJIKAMU Yepe3 KaTYIIKy», KaTyIlKa 2).
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7. IlpousBenuTe MHOTOKpATHbIE M3MEPEHHS YPOBHEU BBIXOJHOW OMTHYE-
CKOM MolHocTH m3nyuarened [IM Ha AByX mIMHAxX BOJH B IAbM IIpU OTKIHOYE-
HUM U MOBTOPHOM MOJAKIIIOYEHUH MOBOJKA K pazbeMmy M. PesynbraThl nuzmepe-

HUWI1 IToMecTuTe B Ta0I. 7.3.
Tabmauua 7.3

Btopoe onTuyeckoe BOJIOKHO oo = ... / ... ab/km (mpu A = 1310/1550 um)

Yo, nbwM, Y1, 1bMm, a, 1b, a, 1b/kwMm,

Ne Ipu A, HM pu A, HM pu A, HM pu A, HM

FONMYTAI 1310 | 1550 | 1310 | 1550 | 1310 | 1550 | 1310 | 1550

4

5

Cpenuee
3HAYCHUE

CKO

CKO
CpEIHEro
3HAYEHUs

8. Paccuuraiite 3aTyxanue a mo (7.6) u JJIMHY BTOPOTO ONTHYECKOTO BO-
JIOKHa L,:

L=2. (7.8)

Koadpdunuent 3aryxaHuss BTOPOro ONTHYECKOTO BOJOKHA O MPUMUTE
pPaBHBIM KO3(P(ULUEHTY 3aTyXaHUs NEPBOr0 ONTUYECKOTO BOJIOKHA, PACCUNUTAH-
HoMmy 110 (7.7).

9. 154 moJytydyeHus: NpaKTUUYECKUX HABBIKOB B MU3MEPEHUSX IMOBTOPUTE M3-
MEPEHUSI BHOCUMOTI'O 3aTyXaHUsl Ha OJHOW JUJIMHE BOJHBI, UCIIOJIb3YSI METOIHUKY
3arnoMuHaHus ¥ npuHATHS 32 0 1b BXOAHOrO ONTUYECKOTO YPOBHS (HA BBIXOJE
KOPOTKOTO NoBojka). [locne ycTaHOBKM HyJIE€BOIO YPOBHS M HOJKITIOYSHHS BMeE-
CTO MOBOJKA HCCIEIYyEeMbIX ONTUYECKUX BOJIOKOH PE3yJbTaT U3MEpPEHUs OyneT
COOTBETCTBOBATh BHOCUMOMY Ha 3TOW JUIMHE BOJHBI 3aTyxaHuto. CpaBHHUTE I10-
Jy4yeHHbIE TaKUM 00pa3oM pe3yjbTaThl C MOJYYECHHBIMU PaHEE B M. 7, OLCHUTE
ya00cTBa ATOTO METOA.

10. CnenaiiTe BBIBO/BI IO TIOJYUYEHHBIM PE3YJIbTATaM.

H3mepenue memooom 3amewyeHus
1. Coequnute MU c 111 nepBbIM ONTHYECKUM BOJTOKHOM.

2. IsmepbTe ypOBEHb BBIXOASIICH W3 TMEPBOTO BOJOKHA ONTUYECKOU
MOIIIHOCTH Ha JIBYX JJIMHAX BOJIH.
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3. BMecTo mepBOro BOJIOKHA MOAKIIOUUTE KOPOTKUMH ToBoakamMu OA
(koMaHJ1a «COCIUHHUTHL IBYMS MOBOJKAMH Yepe3 aTTEHI0ATOP») U, U3MEHSIS €ro
3aTyxaHue, o0eiTech Takux ke mokazaHui I1M, kotopeie ObLIM MOJyYEHBI B
1. 2 71 IBYX JUTUH BOJIH. Pe3ynbTaTel n3MepeHuit momecture B Tabi. 7.4.

4. TToBTopuTe U3MepeHus 1o mim. 1-3 1j1si BTOPOTO ONTHYECKOTO BOJIOKHA.
Pe3ynbpTaTh Takxke moMmecTute B Tabm. 7.4.

Tabnuua 7.4
Y1, nbm, a, nb, o, 1b/KkM,
Ne
BONOKHA npu A, HM npu A, HM npu A, HM
1310 1550 1310 1550 1310 1550
1
2

N3mepeHne napaMeTpoB ONTHYECKOr0 aTTEHI0ATOPA

1. Coenunute U ¢ [T KOPOTKUM MOBOJIKOM.

2. [Ipon3Benure M3MEepeHHE YPOBHEUW BBIXOJIHON ONTUYECKOW MOIIHOCTHU
m3nyuarenent 1M Ha nByx nnuHax BosiH B n1bM. Pe3ynbrarel u3mepenuii nomec-
TUTE B TaOII. 7.5.

3. Coenunute MU c IT1 yepe3 OA u ymeHbIIalTe €ro 3aTyXaHue JIo mnpe-

nena. 3anuuure B Tabi. 7.5 nokazanus [IU Yy 1 atrenroatopa ALT . Veenu-
yuBaiTe 3aTtyxanue OA 10 makcumyma. 3anumure B Tadu. 7.5 nokazanus [N

izm .
Y min ¥ artertoaropa A, . [IoBTOpHTE M3MEPEHNS Ha APYTOH JUTMHE BOJIHBIL.
4. PaccunTaiiTe MUHUMAQJIBHOE U MaKCUMallbHOE 3aTyXaHust OA!:

Avin =Yo — Yiex: (7.9)
A =Yo Yoo (7.10)
Tabmuma 7.5
HAnina Yo, Ymax: Ymin, 'Z.T , ier ’ Amin, Amax,
BOJIHBI, HM nbMm nbm nbMm 1B 1b nb nb
1310
1550

COJAEP)KAHUE OTYETA

Otuer o 1abopaTopHOi paboTe JOJKEH COMEPKATh:

1) cxemy U3MepeHUst YPOBHS BBIXOJHOTO ONTHYECKOTO CHIHAJIA U3ITyqaTelIs;

2) cxeMy U3MepeHHs 3aTyXaHUs B KaTYIIKEe C BOJIOKHOM METOJIOM pa3Ho-
CTU YPOBHEM;

3) cxeMy M3MEpEHUs 3aTyXaHHs B KaTYyIIKE C BOJIOKHOM METOJIOM 3ame-
IICHUS TPU TOMOIIM aTTEHI0ATOPa,

4) Tabn. 7.1-7.5 ¢ pe3ynbpraTamMu SKCIIEPUMEHTOB U PaCUETOB;

5) BBIBOJIBI 10 TIOJIYYEHHBIM PE3yJibTaTaM.
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G105 (817 0:3 )
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1 IT1 55150415115 2 SRR
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