Tema 5

[TaCcCKMBHbIE KOMMOHEHTHI BOAOKOHHO-
OMNTMYECKUNX CHUCTEM T1EPEAAYM



Coaep>kaHue TeMbl

e TUMbl BOAOKOHHO-OMTUYECKMX KODEeAEN.

« MeTOoAbl MPOKAOAKM BOAOKOHHO-OMTUYECKOTIO
KQOeAs.

 PA3beMHbIE COEAMHUTEAU U UX MAPAMETPLI.

° HpVNMHbI BO3HMKHOBEHWNA NMOTEPDLb B PA3bEMHbIX
COCAMHUTEAIAX N UX PACHET.

e UMbl ONTUYECKMX PA3IBLEMOB.
o Ontmnyeckme MyaoTbl.
* Hepa3beMHbIE COEANHEHMA ONTUYECKMX BOAOKOH.

® BOAOKOHHO-OMTUYECKME CUCTEMbI MEPEAQUM ®2



Coaep>kaHue TeMbl

 OnTMyeckme PA3BETBUTEAMN.

« OnNTMYyecKme NEPEKAIOYATEAU, ATTEHIOATOPSI,
M3OAATOPDI U MOASPU3ATOPBI.

o OnTMyeckme APOUAbTPLI.
* OnTMyeckme KpPOoCChl.

® BOAOKOHHO-OMNTMYECKME CUCTEMBbI NEPEAQYM
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I laccuBHBIE
kKoMITOHeHThI BOCITI

K 0CHOBHbIM naccuBHbiM KoMNoHeHTAam BOCI oTHocAaTCA:
*  OMTUYECKMM KODEAD;

* PA3bEMHbBIE M HEPA3ZbEMHbBIE COEAMHUTEAM;

*  OMNTUYECKME MYDThI;

*  OMNTMYECKMNE DAEMEHTbI BETBAEHMY;

*  OMNTMYECKMNE N3OAATOPDI,

*  OMNTUYECKME COUALTPBDI;

*  OMNTMYECKME KPOCC-KOMMYTATOPBI.

® BOAOKOHHO-OMNTMYECKME CUCTEMBbI NEPEAQYM



Tuner BOK

BOAOKOHHO-OMNTUYECKME KADEAM AEAIT HO KODEAM AAS:
* MOABECKM HO onopax;

* MPOKAOAKM B TPYHT,;

* MPOKAGAKU B KOBGEAbBHOM KOHAAU3ALLUM;

* MPOKAOAKMU B MOMELLLEHUSAX.

® BOAOKOHHO-OMNTMYECKME CUCTEMBbI NEPEAQYM
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Tuner BOK

MAOPKMPOBKO BOAOKOHHO-OMNTUYECKMX KODEAEN:

OnTuuecknid kabens

FRUHTHEE NORRORA;

C —craneHan robprpoBaHHan AeHTa;

B —noEME M3 KpYTAbE CTANEHEX NPOBONH;

A =—NOBEME K3 dpaMHOHBIE MAHM JpYTHE CHHTETHHELHHR HHTE'ﬁ.'.
M —nNoEMAE K3 CTERADMABCTHROBEY MEYTHOR;

OcobenHocTi oGonouri kabena;
N1 —obBaerdeHHan KOHCTPYKUKMA (D23 nposmesyToyHoR 0BonoqrK) AN kabener C 2aWMTHBIM MoKPOB0oM;
3 —ANDMONOAHATHNEHOEIR 0B0N0YKE, OSSCNEYHMBAIBLLAR NONEREYHY D MHOPOM30NALMI;

H —ofonodka, NPenATCTRYIOWAA PACNPOCTRA HEHMKD TOPEHHA NPH OQMH0UHD R npoknanxe kabena;
HIN —obonoYka, NpenaTCTEyHILEA PAacnpoOCTPa HEHKID MOPEHKA NpK FPYNNoBEOA Npoknagre kabena;
T —of0n0usa M3 TREHWHIOCTORKOBOID MaTepuana;

BHEWHNA HECYWMEA 3NEMEHT KaGens;
/T —CTanbHoR Tpoc
J —CTERNDNAACTHRORRIA NPYTOR

® BOAOKOHHO-OMNTMYECKME CUCTEMBbI NEPEAQYM
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Tuner BOK

OK C N H - M

2,5

CepasyHus Kabena;

M —noBrE nmogynen;

T —m0ay b (UEHTPANEHAA TREYEKA) HAK HECKOABKD MOLYNER,
PACMONIHEHHEY MNdPaagnksHa.

Honu«ecTED 3NEMEHTOE E NOBWEE ANA MOOYNbHOND CEPOEYHHMED MK HHCAD
NapannensHbix MOOgYNER,

T =CTansHOH TpoC;
M —CTeRnonNAICTHROBEH NPYTOR.

TN GOTHYECHOTD BOMOHHS:

A —ogHOoMOOODEDE, pEROMEHOAUMA ITU-T G.652.C, D;

H —oaRoMOA0BOE, PERGMERLAUMA ITU-T G.655;

C —ppHoMmogoB0e, pevomedgauma ITU-T G.657;

M —mHoromoaosoe, 50/125 MM, pexomeraauma ITU-T G.651
B —muoromogosce, 52,5/125 mum

HonuecTED ONTHY ECHMY BONOHOH oaoHOM TKMNa B wabene, wr.

MarCHMansEHD 00y CTHMOS DACTATMEAKLEE YormKe kabenn, KH.

® BOAOKOHHO-OMNTMYECKME CUCTEMBbI NEPEAQYM

LeHTpanbHbIA CHADRDH INEMEHT CEPAEYHMED KABENA C NOBKUBOM MOLYNEN:
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Tuner BO

4 I1 C - 024K 32 - 12 - 20010 - X - H - K016H008C

Uncao OB B kabeae
Ty BHENTHMX IIOKPOBOB
O- 6e3 40I0AHNUTEABHBIX BHEIITHNX ITOKPOBOB
A1- c ToppupOBaHHOI ITPOAOABHO HaA0XKEHHON CTaabHOI AeHTol u 1D 0boaoukoit
C- c ogHOCA0I1HOTI OpOHelt U3 CTaAbHBIX TPOBOAOK 1 [1D 06oa0uka
V- ¢ 04HOCAOIHOI OPOHEI 13 CTaAbHBIX IIPOBOAOK C ITOBBIIIIEHHON CTOMKOCTBIO K pacTATUBAOINM ycuanaM u 119 o6oaoukoii
M- c ogHOCA0ITHOIT OpOHEeT 13 CTeKAOIAACTUKOBEIX cTep>kHell 1 1D oboaouka
1- ¢ AByxcA0IHOT OpOHel 13 CTeKAOILAaCTMKOBEIX cTep>kHeit 1 I1D oboaouka
2- ¢ ABYXCAOIHOI OpOHel U3 CTaAbHBIX ITPOBOAOK 1 [1D 060a0uka
T- ¢ CA0BBIMI DA€MEHTaMU 13 BBICOKOMOAYABHBIX NIpsAeli nau IpOoQUABHBIX 91€MEeHTOB Ha OCHOBe cTeKAoHuTel u 119 oboaouka
Tc- ¢ cuaoBEIMU DAeMeHTaMU U3 creKaoHuTtein u [1D o6oaouki;
K- c npucoeaHeHHBIM CTaAbHBIM CUAOBBIM H1E€MEHTOM
A- c npucoeAMHEHHBIM AUBAKTPUYECKUM CUAOBLIM DA€MEHTOM
B- Ge3 mp1coeAMHEHHOTO CIAOBOTO DAeMeHTa
Twum BHyTpeHHel 0002049KI
A- a210MONIOAMBTUACHOBAS
I1- noansTnaeHoBas
Tun cepaednnka
- MOAYABHBIN, C AUBAEKTPUIECKUM LIeHTPaAbHBIM 91eMeHTOM
O- TpyOuaThlii (1IeHTpaAbHBIN MOAYAD)

® BOAOKOHHO-OMNTMYECKME CUCTEMBbI NEPEAQYM
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Tuner BOK

4 I1 C - 024K 32 - 12 - 20010 - X -

H - K:016H008C

Pacimm¢ppoBka KOMOMHAIVY TUIIA BOAOKOH, TAe IIU(PHI DTO

KOAMYeCTBO BOAOKOH, a OyKBa - TUIT BOAOKHa

I CMMBOABI OTCYTCTBYIOT ecau B Kabeae OAMH TUII ONITOBO/AOKHA
Tum Hapy>XHOV OAUITIUAEHOBOM 000A0YKM
H- napy>xnas 060404Ka B MCIIOAHEHIHM, He pacIIpOCTpaHAIONIeM TopeHue
!!! CMBOA OTCYTCTBYeT - OObI4HEIN 11D

TeMIrepaTypHbIi guana3oH skcrayaranmm OK
X A2 Kabeaell, DKCIIAYaTUPYEMBIX Ha OTKPBITOM BO3ayxe, oT -60°C g0 +70°C
!!! CMMBO2 OTCYTCTBYET - OOBIYHBIN AMaIla30H

JlommycTuMoe cTaTudeckoe pacTsarmsapiee / pasjasansaiomee ycmane **, kH

Uncao 24eMeHTOB B cepaevHNMKe AN 91 CAO ITyIKOB

Makcnmaapaoe unncao OB B Moayae, myuke

Twux OB

A- 04HOMOA40BO€E OB ¢ pacmmpeHHbIM AM1alla30HOM pa60q1/1x AAVH BOAH (C IIOHM>KE€HHBIM 3aTyXaHlNeEM Ha 4AVHe BOAHBI

1383+3 um), o pexomenganum G.652D;
E- crangaptHoe ognomogosoe G.652B;

P- oaHOMOZ0BO€, € TTIOHV>KEeHHBIM 3aTyxaHuem;(G.654)

Y- 0AHOMOA0BOE, C TIOHM>KEHHBIM 3aTyXaHIeM, C PacIIMpPeHbIM AMalla30HOM pabodmx AAVH BOAH U C ITOBBIIIIEHHBIM
IIOPOTOM CTUMYAMPOBaHUs paccessHus Mangeapmtama-bpuaarosna;(G.652D)

T- 0AHOMOA0BOE, C pacIINPeHBIM AMala30HOM pabOIMX AAVH BOAH U C IIOBBIIIEHHBIM IIOPOTOM CTUMYAMPOBaHMS
paccessuua Mangeapimitama-bpuaaiosna (G.652D);

C- ogHOMOZ0BOE ¢ OTpHUIlaTeAbHOI HEeHY1eBOI CMeIleHHo guctiepcueir (G.655);

H- oaHOMOAOBOE € 10410>KUTEABHO HEeHyAeBOl cMelljeHHoM agnucnepcuein (G.655.C);

M- MHOTOMOZOBOE C COOTHOIIIEHVIEM AMaMeTPOB cepALleBUHBI 1 00010uky — 50/125 mxm (G.651);

B- MHOrOMOA0BOE C COOTHOIIIEHMEM AUAMETPOB CEPALIEBUHBI U 000404ku — 62,5/125 MxMm;

K- xomOmHanums pazanaseix Turos OB

® BOAOKOHHO-OMNTMYECKME CUCTEMBbI NEPEAQYM
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Tuner BOK

CTOHAQPTHAA PACLLBETKA
ONTMYECKMX BOAOKOH B
OMNTMHECKOM MOAYAE:

CTOHAQPTHAA PACLLBETKA
ONTUYECKMX MOAYAEM B
MOBUBE CEPAEYHUKA

BOAOKOHHO-OMNTMYECKOTO

KOOEAS:

Konuuecrtso

BonT

2

4

6

@

10

12

User

\kcno onniscing 4 2 3 4 5 6 7 8 9 10 1" 12
Moaynen B noeuee|
KpacH. | 3eneH. | HaTyp. | Hatyp. | HaTyp. | HaTyp. | HaTyp. | HaTyp. | HaTyp. | HaTyp. | HaTyp. | HaTyp.
User
®@ ®§ O O|O0OIO0O|IO0|O0|O|O0O|0O]|0O

OTCYET ONTU4ECKUX MOaynei
OCYWECTBNSAETCA OT KPACHOIO
MOAYNA B HANPaBNeHU 3enéHoro.

ﬁo

® BOAOKOHHO-OMNTMYECKME CUCTEMBbI NEPEAQYM
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KpacHbiit

Héntolia

3enéHblit

CuHnin

KopuuHeBbii

YépHbIn

OpaHxeBsblit

duronerosblit

Benblit

Cepbiit

Bupio3osbIi

Po3sosbin

KpacHbii C 4EpHBLIM KONbLIOM

XKENTbIiA ¢ YEPHBLIM KONBLLOM

BenéHblit C YEPHBLIM KONbLOM

CWHWIA C YEPHBIM KONbLOM

KopuyHeBbIi C Y&PHBIM KONbLIOM

HatypanbHbin

OpaHxeBbli C YEPHBIM KOMNbLIOM

DUONETOBbLIN C YEPHBLIM KONbLOM

Benbli ¢ YEPHBIM KONbLIOM

Cepbiit C YEPHBIM KONbLOM

BUPIO30BbIN € YEPHBIM KONbLIOM

P030BbI € YEPHbLIM KONbLIOM

10



Tuner BOK aas
[I0ABECKM Ha OIiopax

CrpykTypa kabeas OKAS:

| — HECYLLIMUN DAEMEHT (CTAOABHOM KAHAT);
2 — LLEHTPOAbHbIM CUAOBOM SAEMEHT .
(CTEKAONAQCTUKOBbBIN CTEPXKEHD);
3 — OMNTM4YEeCKME BOAOKHQ;
4 — ONTMYECKMM MOAYAb; O
5 — KOPAEAb (MO 30KA3Y MEAHbIE
M3OAMPOBAHHbBIE XXMAbI AMCTAOHLMOHHOTO I'IMTCIHI/ISI)

6 — TUKCOTPOMHbIM TMAPOTDOOHbIM 3AMOAHUTEAD;

/ — CKPENMASFOLLLAA OOMOTKA M3 HUTEU U AEHT;

8 — nepmndpeprinHbI CUAOBOM SAEMEHT (APAMMUAHDBIE HUTH);
9 — 0OOAOHKA N3 MOAUDTUAEHA.

® BOAOKOHHO-OMTUYECKME CUCTEMbI MEPEAAYM o]



Tuner BOK aas
[10ABECK! Ha OIlopax

CrpykTrypa kadeas OKTS8:
| — HECYLLMM DAEMEHT
(CTAABHOM KOHAT);

2 — ONTMYECKME BOAOKHQ;
3 — TUKCOTPOMHbIN TMAPOJOOOHbLIN .
3AMOAHUTEAD; ~

4 — LEHTPAABHO-PACMOAOXKEHHAA TPYOKA;
5 — BOAODAOKMPYIOLLLOS AEHTQ;

6 — METAAAONAOQCTMACCOBAY OOOAOYKA C MPUMEHEHUNEM
AAIOMUHUEBOM AQMUHUPOOBAHHOM AEHTHI.

® BOAOKOHHO-OMTUYECKME CUCTEMbI MEPEAAYM ®]12



Tuner BOK aas
[10ABECK! Ha OIIopax

CrpykTypa kabeas AlNM:

| — LEHTPAABHbII CUAOBOU DAEMEHT
(CTEKAOMAQCTMKOBbIM CTEPXKEHD);

2, 3 — 1BbT-MOAYAb CO CBODOOAHO
YAOXXEHHBIMU OMTUYECKMMM BOAOKHAMM
N TMAPOJOOOHbBIM TEAEM;

4 — NPOMEXKXYTOYHAN MOAUITUAEHOBAS
OOOAQHKQ;

S — KOPAEAD ;

6 — MEXMOAYAbHbBIM TMAPOTDOOHbLIM 3AMOAHUTEAD

/ — APMMUPOBAHME CTEKAOMAQCTUKOBbLIMM CTEPXKHIAMM;

8 — HAPY>XHAA HEPHAA MOAUDTUAEHOBAS OOOAOHKA C
MAPKMPOBKOM.

® BOAOKOHHO-OMTMYECKME CUCTEMbI MEPEATUM ®13



Tuner BOK aas
II0OABECKM Ha onopax

Crpyktypa kabeas ANT:

| — LEHTPAAbHbBII CUAOBOM DAEMEHT
(CTEKAONAQCTUKOBbBIM CTEPXEHD);

2 — [1BT-MOAYAb CO CBODOAHO
YAOXKEHHbIMM OMTUYECKMMM BOAOKHOMM
N TMAPODODOHBIM TEAEM;

3 — KOPAEAD;

4 — MEXMOAYAbHbIN TMAPOJOOOHbIM 3AMOAHUTEAD;

5 — MPOMEXYTOYHAA MOAUDTUAEHOBATS ODOAOHKA (AAG KODBEAEM B
MCMOAHEHMM C YCUAEHHOM DAAANCTUHECKOM 3ALLMTOUN ODOAOYKA
13 MOAMAMMUAHBIX MATEPUAAOB);

6 — MOBMB M3 APAMMAHBIX HUTEM C MOAKAEUNBAOLLIMM KOMMAYHAOM;
/ — HOPY>KHAS YePHAA MOAMITUAEHOBAS ODOAOYKA C MOAPKMPOBKOM.

® BOAOKOHHO-OMNTMYECKME CUCTEMBbI NEPEAQYM 14



Tuner BOK aas
[IPOKAAAKU B TPYHT

Crpykrypa kabeas OKAK:

| — LEHTPAOAbHbIMI CUAOBOM DAEMEHT
(CTEKAONAQCTMKOBbLIM CTEPXKEHD);

2 — OMNTMYECKME BOAOKHQ;

3 — OMNTUYECKMM MOAYAb;

4 — TUKCOTPOMHbIN TMAPOJOOOHbIM
30MNOAHUTEAD;

5 — KOPAEAb (MO 30KA3Y MEAHbIE
M3OAMPOBAHHbIE XMAbI AMCTAHUMOHHOIO MUTAHMS);

6 — CKPEMAAMOLLLAA ODMOTKA M3 HUTEM U AEHT;

/ — ODOAOYKA M3 MOAMDTUMAEHQ;

8 — OPOH$ M3 KPYTAbIX CTAAbHbIX OLIMHKOBOHHbIX MPOOBOAOK;
9 — 3ALLUMTHBIM LLUAQHT M3 MOAUITUAEHAQ.

® BOAOKOHHO-OMTUYECKME CUCTEMbI MEPEAAYM ®15



Tuner BOK aas
[IPOKAAAKU B TPYHT

Crpykrypa kabeas OKTK:

| — onTn4yeCckme BOAOKHQ,

2 — TMKCOTPOMHbIN TMAPOJOOOHbIM
30MNOAHUTEAD;

3 — LLEHTPAABHO-PACMOAOXKEHHAOS
TPYyOKQ;

4 — OPOH$S M3 KPYIAbIX CTOAbHbIX
OLMHKOBOHHbIX MPOBOAOK;

5 — 3ALLIMTHbIM LLUAQHT U3 MOAMITUAEHQ.

® BOAOKOHHO-OMTUYECKME CUCTEMbI MEPEAAYM 016



Tuner BOK aas
[IPOKAAAKU B rpyHT

CrpykTrypa kadceas OKTbr:

| — onTnyeckme BOAOKHQ,
CTPYMNMMPOBAHHLIE B MYYKM;

2 — TMKCOTPOMHbIN TMAPOJOOOHbIM
30MNOAHUTEAD;

3 — LLEHTPAABHO-PACMOAOXEHHAOS
TPYyOKQ;

4 — CUAOBOM DAEMEHT (MPOAOABHO
PACMOAOXEHHbIE CTAAbHbIE MPOBOAOKM);

S5 — OPOHA M3 TOPPUPOBAHHOM CTAABHOM AQMUMHUPOOBAHHOM AEHTHI;
6 — 3ALLUUTHbIM LLUAQHT M3 MOAUITUAEHQ;
/ — LLUHYP peXyLumm.

® BOAOKOHHO-OMTUYECKME CUCTEMbI MEPEAAYM eo1/



Tuner BOK aas
[IPOKAAAKU B TPYHT

Crpyktypa kabeasa ONC:

| — OCEBOM DAEMEHT (LLEHTPAABHAOS °
TPYOKA C TMAPOdOOOHbIM

3AMNOAHUTEAEM U OMTUHECKUMM 3]
BOAOKHOMM, CTRYMMMPOOBAHHbIAMM Q0

B MYYKM MAU YAOXKEHHbIMM
CBOOOAHO);

2 — MEXMOAYAbHbIN TMAPOCDODOHbIM 3AMOAHUTEAD;
3 — OPOH$ M3 KPYTAbIX CTAOAbHbIX MPOOBOAOK;

4 — 30LLMTHOS ODOAOYKA (MOAUITUAEH UAM MATEPUAA, HE
PACMNPOCTPAHSAOLLMIM TOPEHUE).

® BOAOKOHHO-OMNTMYECKME CUCTEMBbI NEPEAQYM ®18



Tuner BOK aas
[IPOKAAAKU B KaHaAM3al U

Crpykrypa kabeas OKA:

| — LEHTPAAbHbBIM CUMAOBOMU
DAEMEHT (CTEKAOMAACTUKOBbIN
CTEPXXEHD);

2 — ONTMYECKME BOAOKHQA;

3 — OMNTUYECKMI MOAYAD;

4 — TMKCOTPOMHbIN
MAPOJOOOHbIM 3AMOAHUTEAD;
S — KOPAEAD;

6 — CKPEMANMOLLLAS OBDMOTKA M3 HUTEM U AEHT;

/ — MPOMEXYTOYHAT OOOAOYKA M3 MOAUITUAEHQ;
8 — YMPOYHAOLLIMM CAOUN (APAMUAHDBIE HUTK);

? — HOPY>XHAG OOOAOYKA M3 MOAMDTUAEHAQ.

A-TEE- - B WA )

® BOAOKOHHO-OMNTMYECKME CUCTEMBbI NEPEAQYM ®19



Tuner BOK aas

IIPOKAAAKN B KaHAAI3a11111

Crpyktypa kabeas OKT:

| — onTMyeckme BOAOKHQ,
CrpynnmMpPOBAHHBLIE B MYYKM;

2 — TMKCOTPOMHbIN

MAPOCOOOHbIM 3AMNOAHUTEAD;

3 — LLEHTPAOABHO-PACMOAOXKEHHAOS
TPYyOKQ;

4 — CUAOBOM DAEMEHT (MOBMB APAMMAHBIX HUTEN);
S5 — OOOAOHKA M3 MOAUDTUAEHQ;

6 — LLUHYP pexxyLLUmmn.,

® BOAOKOHHO-OMTUYECKME CUCTEMbI MEPEAAYM 20



Tuner BOK aas

ITPOKAAAKY B IIOMEILeHM X

Crpykrypa kadeas OKB:
1 — onTmyeckoe BOAOKHO;
2 — MAOTHQAY 3ALLUMTHAS OOOAOYKQO

13 Y P-OTBEPXKACEMOrO MATEPUAAQ. /”@

® BOAOKOHHO-OMTUYECKME CUCTEMbI MEPEAAYM o2]



Tuner BOK aas

ITPOKAAAKY B IIOMEILeHM X

Crpykrypa kabeas OKBK:
| — onTMyeCckoe BOAOKHO;

2 — MAOTHAY 3ALLMTHAS OOOAOHKA o -0
M3 KOMMAYHAQ HE @ % T
PACMPOCTPAHSIOLLLETO FOpEHME,

HU3KOABIMHOTO;

3 — APAMUAHbBIE HUTU (CUAOBOM

DAEMEHT);

4 — 0OOAOYKC

M3 KOMMAYHAQ HE
PACMPOCTPAHAOLLLETO ropeHme,
HM3KOABIMHOTO.

® BOAOKOHHO-OMTUYECKME CUCTEMbI MEPEAAYM e 2?2



Metoar! npokaagku BOK

K OCHOBHbIM MeTOACOM NPOKAAAKU BOK oTHOCATCA:

* MOABECKA — BAOAb XXEAE3HbIX AOPOI HO AUMHMSX
SAEKTPOMUTAHUS;

* YKAGAKQ B FTPYHT;

* FOPU3OHTAAbHO-HAMNPABAEHHOE BypeHHue — NPEOAOAEHMNE
BOAHbIX MPErPAA,;

*  YKAGAKQ B TPY6ONPOBOA — MEPEXOA BOAHBIX MPErPAA MO
MOCTAM MAM YKAOAKQO B KOOEABHYIO KOHOAM3ALLUIO;

* MPOKAOGAKQ BHYTPU 3AQHMUS.

® BOAOKOHHO-OMTUYECKME CUCTEMbI MEPEAAYM ®23



Metoar! npokaaaxyu BOK

NMoaBecka BOK.

® BOAOKOHHO-OMNTMYECKME CUCTEMBbI NEPEAQYM e24



eTOABI IIPOKAaAKM B

=)

IMoAMOTKA BOJOKOHHO-ONTHYECKOT0 Kabeist Harsikenne kaoesst
K TPOCY IP0303aIuThI AHKEPHBIM 32KHMOM

Myd¢ra B MeTasiH4ecKOM Kopmyce ¢ MydTa B ni1aCTHKOBOM
KpeIUIeHHeM, He IPeyCMATPHBAIOIAM  KOpPIyCe ¢ KpeIleHHeM

Cnyck kabest ¢ onopbl pa3MelleHne TEXHOJIOrHYEeCKOro 3anaca TEXHOJIOTHYECKOro
KabeJisi HA onope 3anaca kabeJsi Ha onope

® BOAOKOHHO-OMNTMYECKME CUCTEMBbI NEPEAQYM ®25



Metoar! npokaaaxyu BOK

Ykanaaka BOK B rpyHT:

d) PA3MOTKA KOBeAs C BapabaHa M NepemeLLLEHME KODeAd Mo
DOAMKOM;

O) PA3MOTKO KODEAS CHM3Y 6opo6oHo NneTAen, 30HECEHHOM
yepes3 0apabaH.

%4 v7° // < l'

2 ) /” - ¥ / 2, ﬂ

b\ ; ./[(_,—- 7 1&;‘
—— - —(-F) — :

® BOAOKOHHO-OMTUYECKME CUCTEMbI MEPEAAYM 026



Metoar! npokaaaxyu BOK

becTpaHwenHas ykaaaka BOK B rpyHT.

® BOAOKOHHO-OMTUYECKME CUCTEMbI MEPEAAYM 27



Metoar! npokaaaxyu BOK

TpaHweunHas ykKAaaka BOK B rpyHT.

® BOAOKOHHO-OMNTMYECKME CUCTEMBbI NEPEAQYM e 28



Metoar! npokaaaxyu BOK

becTpaHwenHas YKAQAKA Kabeas:
1 — NACCUMBHbIU

KADEAEYKAQAYMK;

2 — NPOMNOPLLMK :

OYHTQ; S

3 — KOOEAbHbIM

OapabaH;

4 — TPAHCNOPTEP KADEABHOM MPOAYKLIMM;
S — HOX;

6 — KOCCETA AAA MPOBOAOB;
/ — BOAOKOHHO-OMTMUYECKUM KODEAD.

® BOAOKOHHO-OMTUYECKME CUCTEMbI MEPEAAYM 029



Metoar! npokaaaxyu BOK

[OPU3OHTAABHO- T PO

HanpaBAeHHoeGypeHue m ﬁ

OypeHme MMAOTHOM

CKBOXKMHbI; ’
NOCAEAOBATEABHOE r e
pacLUMpeHme

CKBQA>XWHbI,

NPOTArMBAHME
TPYOOoNpPOBOAQ.

® BOAOKOHHO-OMNTMYECKME CUCTEMBbI NEPEAQYM



Metoar! npokaaaxyu BOK

Ykaaaka BOK B Tpy6onpoBOA..
NEPBBIMA CHIOCOB YKJIAJIKH KABEJISI BTOPOM CIIOCOB YKJIAJIKH KABEJISI

/A

N/
L\
1

¥

it
=
. T
1 — Gapaban ¢ kabenem; 4 — TUAPONPUBOL;
2 — yCcTpOMCTBO /Tsl BJyBaHUs Kabes; 5 — ycTpoicTBO /UTs yKJIaApIBaHHs Kabens koabiamu Ne 1;
3 — KoMIpeccop; 6 — yCTpOICTBO JUTs YKJIaAbIBaHUs Kabens koabiamu Ne 2
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Metoar! npokaagku BOK

npokAaAka BOK BHYyTpH 3AQHUS.
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PazbpeMHbIe COeAVTHUTEAN

OnTHU4eCKU KOHHEKTOP (COeAUHUTEAb) — 3TO YCTPOMCTBO,
NPEAHA3HAYEHHOE AAT COEAMHEHMSI PA3AMYHBIX KOMIMOHEHTOB

BOAOKOHHO-OMNTMYECKOTO AMHENHOTO TPAKTA B MECTAX BBOAA U
BbIBOAQ M3AYHEHMA.

HasHavyeHue onTU4eCcKOoro KOHHEKTOpPA (COeAUHUTEAS) —
obecneynTb MPOXOXXAEHME CBETA M3 OAHOTO DAEMEHTA
BOAOKOHHO-OMNTMYECKOM CUCTEMbI MEPEAQYM B APYITOM, BHOCSH MPU
3TOM MUHUMOADbHBbIE ONTUYECKUE NOTEPU HA CThIKE.

® BOAOKOHHO-OMTUYECKME CUCTEMbBI MEPEAQYM ®33



PazbpeMHbIe COeAVTHUTEAN

OCHOBHbIe TPeOOBAHMSA, NPEADbABASIEMbIE K PA3BEMHbBIM
COEAUHUTEASM.

*  MMHMMOABHbIE MOTEPU, BHOCUMBbIE B TPAKT PACMPOCTRAHEHMS
OMTUYECKOrO CUTHAAQ;

*  HM3KME ODPATHbIE NOTEPMU;

*  AOATOBPEMEHHAA CTADUABHOCTb (DOABLLIOE YCAO LIMKAOB
BKAKOYEHMA-OTKAIOHEHMS);

* TMPOCTOTA M3IrOTOBAEHUNA M YCTAHOBKMN.

® BOAOKOHHO-OMTUYECKME CUCTEMbI MEPEAAYM ®34



PazbpeMHbIe COeAVTHUTEAN

OAEMEHTbI PA3BEMHbBIX COEAMHEHMM:

* HOKOHEYHUK — MCIOAb3YETCSH AAT COMKCALLMM BOAOKOH B
pa3beme;

* COeAUHUTEAbHASA TMAB3A — CAYXKMT AAd COBMELLLEHNA
HAOKOHEYHMKOB, ABAAESTCA HAOCTbIO AAQANTEPA,

* COHTUBPALLATEAbHbIM MEXAHU3M — MPEAOTBPALLLOET BOALLLEHME
HOKOHEYHMKOB, HE AOMYCKAS PA3PYLLUEHUS BOAOKHQ;

* MPYXUHHbIU MEXAHU3M — ODECneYMBaET HEODXOAMMOE
YCUAME CXATUI HOKOHEYHMKOB;

e CMCTEeMA ralleHus HaTSHKEeHUs — NepeAdeT YCUAME HATIKEHMS
KABEAS HO HECYLLLYIO KOHCTPYKLMIO PA3bEMO;

* aAanTep (AAF COEAMHEHMSA ABYX BOAOKOH MCMOAb3YETCS MMAb3QA,
BXOASLLLOS B COCTAB AAQNTEPA).
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PazbpeMHbIe COeAVTHUTEAN

[Tovi HECUMMETPUYHOU KOHCTPYKLLUM AAS OPTAHM3ALLMM
COEAMNHEHUA TPEDYETCH ABO DAEMEHTA: COEAMHUTEAD THE3AOBOM
M COEAMHUTEAD LLUTEKEPHbIM.

KOHCTPYKLMA HECUMMETPUYHBIX KOHHEKTOPOB:
1 — COEAMHUTEADb THE3AOBOMU;

2 — HOKOHEYHUK-KAMMAAID;

3 — COEAMHUTEAD LLUTEKEPHbIN. 1

® BOAOKOHHO-OMTUYECKME CUCTEMbI MEPEAAYM ® 36



PazbpeMHbIe COeAVTHUTEAN

KOHCTPYKLMI CUMMETPUYHBbIX KOHHEKTOPOB:
4 — KEBAQPOBbLIE HUTU; 4
S5 — 3MNOKCHMAHbBIM HOMOAHUTEAD;
6 — COEAMHUTEAD;

/ — NEePEXOAHOS
COEAMHUTEABHAS PO3ETKA
(aaanTep);

8 — onNTMY4ECKMM HOKOHEYHMUK;
9 — LEHTPUPYIOLLMM DAEMEHT PO3ETKMU;
10 — onTMyecKkoe BOAOKHO;
11 — KOBeAb.

11
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lloTepu B coegunmTeA5IX

HanboAaee BAXXKHbIMM NTAPAMETPAMU ONTUYECKUX PA3BEMOB
ABASIOTCH:

* BHOCMUMbIE NOTEPMH;
e BO3BPATHbIE MNOTEPM (MOTEPU HA OTPAXKEHHUE).

P

out

P

BHOCUMbBIE NOTEPU ONPEAEAAIOTCS: a=-10Ig

rA€ Pin_ MOLLHOCTb ONTMHECKOTIO CHMTHAOACQ HAO BXOAE COECANHUNTEAA,

P_,— MOLLIHOCTb ONMTUYECKOTO CUIHOAQ HA BbIXOAE
COEAMHUTEAS.

OObIYHO 30BUCAT OT TMIMA BOAOKHQ, TUMOB M KAYECTBA
coeAMHUTEAEU U cOCTAaBAGOT 0T 0,3 A0 0,5 AB.
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BHocuMmeie moTepu B
COeAVHUTEASIX

PAKTOPbI, BAUSIOLLME HO BEAUYMHY BHELUHUX NOTEPb, YCAOBHO
PA3AEASOT HO ABA BUAQ:

| BHELWHUue — notepm m3-3a.
0 OCEBOI0 CMELLLEHMI OAHOTO BOAOKHO OTHOCUTEABHO APYroro;

O YIAOBOIoO CMELLLEHUNA OCen COEAMHIEMbIX BOAOKOH B
OMNTMHYECKOM PA3bEME,

o 3030P0 MEXAY TOPLLOMM BOAOKOH;
2 BHYTPEHHMUE — NOTEPMU, BbI3BAHHbIE:
0 HEMAEAAbHOCTbIO COEAMHAEMBbIX BOAOKOH;

o PA3IAHNEM BEAMHUNHDI MOKA3ATEAA NMPEAOMAEHNI CEPALLEBUNH
BOAOKOH, A TAKXE I'IpOCbl/I/\ﬂ MOKA3ATEAA MPEAOMAEHNA,;

O PA3AMHMEM AMEPTYP COEAMHIEMbIX BOAOKOH;
O PAAMYMEM AMOMETPOB MOAOBOTO MOAS CTbIKYEMbIX BOAOKOH.

® BOAOKOHHO-OMTUYECKME CUCTEMbBI MEPEAQYM ® 39



BHeltHue [IOTePU B
COAMHUTEASX

OceBoOE CMELLLEHME OMNTUYECKMX BOAOKOH:

D- fo—
=g
L
YIAOBOE CMELLEHME ONTUYECKMX BOAOKOH:
3A30P MEXAY TOPLLAOMU BOAOKOH: J,
- §po- 3
T — [ —
8

® BOAOKOHHO-OMTUYECKME CUCTEMbI MEPEAAYM ® 40



Buernue rorepu B
coeArHuTeAsIX AA51 SMF

OceBoe cmelleHne L OAHOrO BOAOKHO OTHOCUTEABHO APYrOro
OACCHYMUTLIBAETCS MO AHAAUTUYECKOM COOPMYAE:

2L
d, +d,

o, =4,34

rae d, — AMAOMETP MOAL MOAbI MEPBOIrO BOAOKHQ;
d, — AMAMETP MOAS MOAbI BTOPOFO BOAOKHQ; o == - -3
L — BEAMYMHO OCEBOrO CMELLLEHMUS; |
A — AAVMHQ BOAHbI;
N — MOKA3ATEAb MPEAOMAEHUA CPEADI, 3AMOAHSAIOLLLEMN 3A30p.

L
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Buernue rorepu B
coeArHuTeAsIX AA51 SMF

YraoBoe cMellLeHrue OCeEN COEAMHAEMbIX BOAOKOH
PACCHYUTLIBAETCA MO AHAAUTUHECKOM OOPMYAE:!

(n(d1+d2)n®j2

2\

o, =—10Ige

rae d, — AMOMETP NMOAS MOAbI MEPBOTO BOAOKHQ; v
d, — AMAMETP NOAS MOAbI BTOPOTO BOAOKHQ; Tk 0
©® — YrAOBOE CMELLEHME OCEN BOAOKOH; I

A — AAMHQ BOAHDI;
N — MOKA3ATEAb MPOEAOMAEHMA CPEAbI, 3AMOAHAOLLLEM 3030pP.

® BOAOKOHHO-OMTUYECKME CUCTEMbI MEPEAAYM ® 42



Buernue rorepu B
coeavuHuTeAasix aAast MME

OceBoe cmeleHue L OAHOrO BOAOKHO OTHOCUTEABHO APYTroro
PACCHYUTLIBAETCH MO AHAAMUTUHECKOM OOPMYAE:

o, = —10|g(1— %)

raA€ L — BEAMYMHA OCEBOIO CMELLLEHUS;

D — AMAMETP CEPALLEBMHBI BOAOKHQ.
D- =
| oy
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Buernue rorepu B
coeavuHuTeAasix aAast MME

YraoBoe cMellLeHrue OCeEN COEAMHAEMbIX BOAOKOH
PACCHYUTLIBAETCA MO AHAAUTUHECKOM OOPMYAE:!

20
o, =—10Ilg| 1—
° g( zrarcsin NA)

raA€ © — YTAOBOE CMELLLEHME OCEM BOAOKOH;
NA — 3HOQ4YEeHME YCAOBOM ANEPTYPbI “G_-D-
OMTU4YECKOro BOAOKHAO

S

—d{ O [¢—
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Buyrpennue rorepu B
COeAVHUTEASIX

[ToTepU, BbI3BAOHHbLIE HEUAEAABHOCTbIO COeAUHAEMbIX BOAOKOH
(0OTAM4YMEM AMAMETPOB UX CEPALLEBMH U OBOAOYHEK, PASAUHUEM
UX SAAUNTUHHOCTU U KOHLLEHTPUYHOCTH),
CKO3bIBAKOTCS TOABKO TOTAQ, KOTAQ
AMOMETP CEPALLEBMHDI (NepeAdIOLLErO))
BOAOKHQ BOAbLLIE AMAMETPA CEPALLEBMHBI (MPUHUMAIOLLLETO))
BOAOKHQ, M OMPEAEAIETCS:

o, =10Ig %
2

rae D, — AMOMETP CEPALLEBMHbI «NEPEATIOLLLETO) BOAOKHQA;
D, — AMOMETP CEPALEBUHbI «MPUHUMAIOLLLETO) BOAOKHA.
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Buyrpennue rorepu B
COeAVHUTEASIX

[ToTepu, BbI3BAHHbLIE PA3AUYMEM BEAUHUHDBI MOKA3ATEAS
NPEeAOMAEHUSA CEPALLEBUH BOAOKOH, O TOKXE NpodouUAs

NnoKasaTeAsl NPeAOMAEHUS (CTyneHbKa,

PAAMUEHT), SIBASIOTCS CAEACTBUEM ,_I_LI I_/\_I

PpeHEeAEeBCKOro OTPAXEHUS 1 B CAYHOE

CTbIKOBKN BOAOKOH CO CTYNEHYATbIM I'IpOCbM/\eN\ MOKA3ATEAA
MPEAOMAEHUA BBIMNCAAKOTCA.

2
n,+n,—2n

a, =—101g| 1-2
i J n,+n, +2n

A€ N, — NMOKA3ATEAb MPOEAOMAEHUA NMEPBOTO BOAOKHQA,
N, — NMOKA3ATEAb NMPOEAOMAEHUA BTOPDOIO BOAOKHAQ.
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Buyrpennue rorepu B
COeAVHUTEASIX

[ToTepMU, BbI3BAOHHbLIE PA3AMYMEM ANEPTYP COAUHAEMbIX BOAOKOH,
BO3HMKQIOT B CAY4AE, KOTAQ anepTypda

(nepeAdqioLLero) BOAOKHA NA, DOAbLLIE <
AnepTypPbl (MPUHUMAIOLLLETO) BOAOKHA

NA,, 1 onpeAeAseTcs:

a, =10lg (%)

[Ton NA, < NA, anepTtypHble NoTepmr HE BO3HMKAIOT.
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Buyrpennue rorepu B
COeAVHUTEASIX

2

2d.d

— 201 19,
*a s (df+d22j

[loTepU, CBA3AHHLIE C
pasAMIMeM AMOMETPOB
MOAOBOIO MNOAS
CTbIKYeMbIX BOAOKOH,
OMPEAEAAOTCA:

rae d, — AMAOMETP MOAS MOAbI MEPBOIrO BOAOKHQ;
d, — AMAMETP NOAF MOAbI BTOPOIO BOAOKHQ.
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BossparHble norepu B
COeAVIHUTEASIX

Bo3BpaTHble noTepu (KoahPHULMEHT OOPATHOrO OTPAXEHMUS ).

RL = —10lg| =
PZ

rAC€ P] — MOLLUHOCTb OTPAXEHHOIO ONTM4YEeCKOIro CHMrHaAQ,
P2 — MOLUHOCTb MNMPAMOTIo OrnTtnM4eCKoro CHMrHaAd.

AyHLLIMMU XAPAKTEPUCTUKAMU ODAQACET PA3bEM C DOAee
BbICOKMMMU (MO AOGCOAIOTHOU BEAUYMHE), OTPULLATEAbHBIMU
BO3BPATHbIMU NMOTEPSMMU.

® BOAOKOHHO-OMTUYECKME CUCTEMbI MEPEAAYM 049



BossparHble norepu B
COeAVIHUTEASIX

OCHOBHbIM JOOKTOPOM, OMPEAEAAOLLMM 2D EKT OOPATHOTO
OTPAXKEHMS, IBAIETCH PPpEeHEAeBCKOEe OTPAaXEeHMe HA IPAHULLE
PA3AEAQ ABYX CPEA KBAPLL-BO3AYX.

AAS YMEHDBLLIEHNA YOOBHSA BO3BPATHbIX
MNOTEPb MCMOAb3YIOT TOK HO3bIBAEMYIO
cchepunyeckyo NOAUPOBKY
ONTUYECKMX BOAOKOH.

YMEHbLLEHNE OTPOXEHMSI B STOM CAYHOE MPOMUCXOAMT 30 CHET
DOAEE KOYECTBEHHOIO MAOTHOTO KOHTAKTA MEXAY TOPLLOMM
BOAOKOH, O TAKXE M3-3a TOro, 4T0 OBPATHOE OTPAXKEHME DYAET
HAOMPOBAEHO B CTOPOHY OT OCK PA3bEMA.

® BOAOKOHHO-OMNTMYECKME CUCTEMBbI NEPEAQYM
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Turer onrTyeckux pa3reMoB

OCHOBHbIE€ TUMbl ONTUYECKUX PA3BEMOB:
 FC (Fiber Connector);

« ST (Straight Tip connector,
HEOPMLIMAABHAS PACLLMJOPOBKA
Stick and Twist — «<BCcTaBb 1 NOBEpPHMY));

» SC (Subscriber Connector, HeOMLMAABHOS
pacLumdpposka Stick and Click —
«BCTABb M 3ALLLEAKHW));

 LC — ymeHbLUEeHHbIM aHAAOT SC
(BbICOKQS MAOTHOCTb MOHTOXKA).

® BOAOKOHHO-OMTUYECKME CUCTEMbI MEPEAAYM e5]



T'mrner onnTueckmx pa3beMoOB

Tumn Marepuaa Cpeanue norepu, 4b na A=1,3MKM
OIITMYECKOTO HaKOHEeYHIIKa
pasbeMa
MM (62,5/125) SM
EC KepaMIUKa 0,2 0,3
ST KepaMIUKa 0,25 0,3
SC KepaMIKa 0,2 0,25
LC KepaMUKa 0,2 0,25
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Turner oniTyeckmx pa3beMoB

TrMbl MOAMPOBKM (LLUAMADOBKM) OMTOBOAOKOHHbIX PO3bEMOB:

 PC (NpapoAUTEAL BCEX OCTAAbHbIX BUAOB MOAMPOBKM) —
pPA3beM, OBPABOTAHHbLIM METOAOM PC, NPEeACTABASET CODOM
CKPYTAE€HHbIM HOKOHEYHMK;

 SPC - yAyyLLEHHDBIM BAPUMAHT PC, HO LLUAMJOOBKA MPOM3BOAMTCSH
TOABKO MOLLMHHBIM CMIOCODOM;

 UPC - noy4tM NAOCKMM PA3BEM, KOTOPbIM MOOM3IBOAMTCH C
NPUMMEHEHUNEM BbICOKOTOYHOM OBPADOOTKM MOBEPXHOCTH, MO
cpaBHeHUo ¢ PC 1 SPC AQeT OTAMYHbIE
NOKA3ATEAU OTPAXKATEABHOM CMOCODHOCTM U

: ;
QKTMBHO MPUMEHIETCA B BbICOKOCKOPOCTHbIX
OMTUYECKMX CETIX; vc
*. —'m
« APC - pa3bemM, B KOTOPOM KOHLLbl CKOLLIEHbI MOA y ,
YIAOM 8°, 1 OTPAXXEHHbIN CUTHOA MPAKTUYECKM e

Cpa3y MOKMAQET BOAOKHO.
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T'mrnier onnTnyecknx pa3reMoB

MultiMode (MM) — KOHHEKTOP AAS MHOTOMOAOBOTO BOAOKHAQ.
SingleMode (SM) — KOHHEKTOP AAY OAHOMOAOBOTO BOAOKHQ.

Duplex — ABG pa3beMa B OAHOM KOpriyce,
AAS DOAEE MAOTHOTO PACMOAOXKEHMUS.

Simplex — OAMH KOHHEKTOP.
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Onrtnueckue My(l)TbI

OnTtuyeckas MydTa — YCTPOUCTBO, NMPEAHAZHAYEHHOE AAS

COEAMNHEHUS (PA3BETBAEHME) CTPOUTEABHBIX AAUH OMNTUYECKMX
KAOEAEM U UX 3ALLMTBI OT MEXAHUYECKMX BO3ZAEMNCTBUMN.

[10 TUNY CPALWLMBAHUSA PA3AMYAIOT MYTOThI:

* XOAOAHblI€ — COEAMHEHME MOCPEACTBOM DOATOB U PA3AMYHbIX
XOMYTOB;

* ropsiYne — ONTMYECKYIO MYJOTY HOTPEBAIOT, M3-30 YEro ee
MOATEPUAA PACLLUMPAETCS U KAOEAM BCTOABASIOTCS B
COEAMHUTEABHOE YCTPOMCTBO (TOKOE COEAMHEHME

MCMOAbB3YETCS MPU PAZMELLEHMM MYTOT B TPYHTE UAM
30TAMNAMBAEMOU KAHAAM3ALMM).

® BOAOKOHHO-OMTUYECKME CUCTEMbI MEPEAAYM 055



Onrtnueckue My(l)TI)I

[10 TMNY COAUHEHUSA DA3ZAMYALIOT
MYJOThI:

* TYNUKOBbIE, HOMDOAEE
PACNPOCTPAHEHHbIE, TAK KAK
OAAroAapPs UM BO3IMOXXHO BBECTU
boAee Tpex kabeaen (KabeAb
BBOAST CO CTOPOHblI OCHOBAHMUS U
30KPbIBAOT BHELLHMM KOXYXOM);

* TMPOXOAHbBIE, MCMOAb3YIOTCS, KOTAC
KOOEAM BBOAIATCA CUMMETPUMYHO C
PA3HbIX (MPOTUBOMOAOXHbIX APYT
APYTY) CTOPOH.

YcTpo#cTBO
KpennexHus

Oprauuzarop
(cnnanc-nnacTuHa)

Konyc
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Onrtnueckue My(l)TI)I

Kaccera

Oxonewnnk Ha BRo;u  Kpenuenne Jlotox
: K24-4525

Tpex OK LCD

3ammTa CBAPHBIX Kpennenne OKOHEWHHK Ha BBOJT

Kpenuienue Moayici

~ ] T 1 R u >
COCIHHEHHH e asabre HCD 1eThipex OK

Kpeiuienne Onruyeckoe BONOKHO, [Terim kperienns

MOJTyJIeH Ha KacceTe BBUIOKEHHOE «BOCBMEPKOI» Kaccer
Cxema pacnoloKeHus CxeMma pacnooKeHHs

IlquyﬁKOB Ha OTOJICHHE nanyﬁKon Ha OTOJICHHE

Bun cmontupoBannoi myprer MOI'-Y

® BOAOKOHHO-OMTMYECKME CUCTEMbI MEPEATUM 05/



Onrtnueckue Myc])Tm

Buewnuii Bua mygrol THna MTOK

® BOAOKOHHO-OMTUYECKME CUCTEMbI MEPEATYM ® 53



Onrtnueckue Myc])Tm

My¢dTbl onnTHYECKHE BHYTPHOOBEKTOBbIE My¢rel onTnueckue Tyco Electronics
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HepasbnemHrie
coeantHeHus OB

Hepo3beN\|—|ble COCAMHUTEAUN NCINOABIYIOTCA B MECTAX
NMOCTOSAHHOIO MOHTOXKA KOOEAbHbIX CUCTEM.

OCHOBHbIM METOAOM
MOHTO>XXA, 00eCnevYnBaoLLMM HEPA3bEMHOE COEAMHEHME,
ABAAETCH CBAPKA. -

AAS CBAPHbBIX COEANHEHMM
TUMMYHBIM AMOMO30H
AOCTUTAEMBbIX BHOCUMBbIX MOTEPD
cocTtaBAageT 0,02 - 0,1 Ab.

® BOAOKOHHO-OMTUYECKME CUCTEMbI MEPEATYM ® 40



ST1AmMbl CBAPKM OMNMTHNHECKMX BOAOKOH.

HepasbnemHrie
coeaviHeHMs1 OB

NOArOTOBKO BOAOKOH — YAOAEHME
ODOAOYKM, YAQAEHUE 3ATPIA3HEHMS C
OYMLLLEHHbIX MOBEPXHOCTEM M CKOAC
OYMLLLEHHbIX BOAOKOH;

HENOCPEACTBEHHO NpouecCC CBAPKMU,

Ol eHKO Ka4eCcTBa CBAPHOro
CO€AMNHEHNUA,

30LUTA OFOAEHHOro Y4aCTKA BOAOKHA
OT MEXOHMYECKOTO AQBAEHMUA U BAUSHMS [ e ———
OKPY>XQAIOLLLEM CPEADBI MOCPEACTBOM
repMeTMYHOM ODOAOHKM —
TEPMOYCAAOYHOM FNMAb3bI.

CBAPKA HEYHOAYHA

® BOAOKOHHO-OMTMYECKME CUCTEMbI MEPEATUM 041



HepasbnemHrie
coeanHeHus1t OB

Kpblwka ckanbigamens

®ukcamop 80s10KHa

Pe3uHosble nodyuwedKku,
f\ npuxumarowjue 80NMOKHO
"Penbca” u ckonb3sujull no Hel

yrop. Koeda yrnop cockakusaem,
| KpbiWKe nadaem U JloMaem 80JIOKHO.

noonpy>xuHeHHas 0emarib Ha

MpyxuHa, cmacYElgEE]
3aKpbimue Kpbit

OHmeliHep Onsi
(e40/10MbIX 80/TOKOH
(3K pbILKOU Ha

\ ag2HUMHOM fiughme

JluHelika \preoeofl HOX

KaHaeKu 015151 60/10KHa IRINERUEI G TTodsuxHas Kapemka ¢ HOXOM
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OrnTuyeckue pa3BeTBUTEAN

OnTu4yeckun pasBeTBUTEAb (CNAUTTEP) — STO MACCUMBHbIM
OMNTMYECKMUM MHOTOMOAKCHMK, PACNPEAEAIOLLIMMN MOTOK

OMTUYECKOTO M3AYHEHUA B OAHOM HAMNPABAEHMM U
OObEAMNHAOLLIMN HECKOABKO MOTOKOB B OOPATHOM
HAMPOBAEHMM.

B oOLLEM CAYHOE Y PA3BETBUTEAT MOXET ObiTb M BXOAHBIX 1 N
BbIXOAHbIX MOPTOB.

Mo TexHoAOruU NMPOU3IBOACTBA pPpA3BeTBUTEAU ObIBAIOT:

* CHNOAABHbIE — NPOMN3BOAATCA NMYTEM CKPYTKN HECKOABKMX BOAOKOH M
X NMOCACAYIOLLLETO CNAABAEHMA,

* TMACGHAPHbIE — NMPOM3BOAIATCH MYTEM CMNELUMAABHOM OBPABOTKM
OMTOMPOBOAALLLEMN MOAAOXKKM.

® BOAOKOHHO-OMTUYECKME CUCTEMbBI MEPEAQYM 043



OrnTuyeckue pa3BeTBUTEAN

ApeBOBUAHbBIN
PA3BETBUTEAD:

3B€3A0006pa3HbIN
PA3BETBUTEAD:

Y- X~ K

b-
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OrnTuyeckue pa3BeTBUTEAN

CnAaBHbIe PA3BeTBUTEAMN.

B HMX MCMOAb3yeTCs 2A0AEKT TYHHEAMPOBAHMS: MEPETEKAHMI HACTMU
ONTMYECKOM MOLLLHOCTM M3 OAHOIO CBETOBOAQ B APYIrOM YepEs3
OOKOBYIO MOBEPXHOCTb MPU MX MAOTHOM COMPUKOCHOBEHUM HA
HEKOTOPOM Y4ACTKE B3AMMOCBS3N.

® BOAOKOHHO-OMTUYECKME CUCTEMbI MEPEAQUM ® 65



OrnTuyeckue pa3BeTBUTEAN

TEXHOAOTUSA CO3AOQHMSA CMACQBHbIX PO3BETBUTEAEM COCTOMUT M3
CAEAYIOLLLIMX DTAMOB:

* CHATME 3ALLMTHOIro Bydoepa, O4YMCTKA U

CocaHCHNE BOAOKOH

LLIAMDOBKA OMNTUYECKMX BOAOKOH; —_ <e—
.« obecrneyeHne KOHTAKTA BOKOBbIX =""”.'l'°l”l°;°'='
MNOBEPXHOCTEN CBETOBOAOB M COUKCALLMS
ONTMYECKMX BOAOKOH B CMELMAABHOM ‘
YCTPOUCTBE, KOTOPbIN OYAET BbITATMBATb PacTarnBanme
BOAOKHQ: Pagm— BOIOKON —
———

* HArPEB M OAHOBPEMEHHOE BbITATMBAHME
CBETOBOAOBOB C NMOAQYEM ONTHUHYECKOM ‘

MOLLIHOCTM HO BXOA PO3BETBUTEAR U — L

KOHTPOAEM ONTMYECKOM MOLLLIHOCTM HA
BbIXOAQX.
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OrnTuyeckue pa3BeTBUTEAN

OCco6EeHHOCTHU CNAABHbIX PA3BETBUTEAEMU:

* Y3KMM CMNEKTP AAMH BOAH;

* HEePABHOMEPHbIM KOIAOADUUMEHT AEAEHUA CUTHAAQ;
* BbICOKQAS TOYHOCTb AEAEHUY;

*  HU3KME AOTIOAHUTEABHbBIE MOTEPU HA YCTPOMCTBE.

O6GAAQCTU NPUMEHEHUSA CNAABHBIX PA3BETBUTEAEMH:
* naccuBHble ontnyeckme cetm (PON);

*  CUCTEMbI TEAEMETPUM;

*  MOHMUTOPMUHI COCTOAHMSA KAHTAOB.

® BOAOKOHHO-OMTUYECKME CUCTEMbI MEPEAUM 047



OnTnyeckne pa3seTBUTEAU

MAQHApPHbIE PA3BETBUTEAMU.

OnTM4eCckme BOAHOBOADLI PA3MELLLAKOTCA HO NMOAAOXEK M MMEIOT
OTAMYHbIN OT HEE KO OULMEHT MPEAOMAEHUS. [TAQHAPHbIE
PA3BETBUTEAM KOMIMAKTHEE CMACQBHbIX.

MoaknewsawLwmn cnown

— =
W o e woelil

Cxema passersurtens
Kopnyc paasersurens
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OrnTuyeckue pa3BeTBUTEAN

Oco6EeHHOCTHU NAGHAPHbIX PA3BETBUTEAEM:

*  LUMPOKMK CNEKTP PADOYMX AAMH BOAH;

* PABHOMEPHbIM KOIAOAOUULIMEHT AEAEHUI CUTHAAQ;
* BbICOKQAS TOYHOCTb AEAEHMY;

*  HU3KME AOTIOAHUTEABHbBIE MOTEPU HA YCTPOMCTBE.

O6GAQCTU NPUMEHEHUS NMAAHAPHbIX PA3BETBUTEAEH:
* naccwumeHble ontnyeckme cetn (PON);

* MOHUNTOPKMHI B CMCTEMAX CMNEKTPAABHOIO YINAOTHEHWNA,
* CHUCTEMbBI TEAEMETPUMN.
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OnTtnueckue
[epekAoyaTeAn

OonTu4yeckmne NnepekAIHATEAU OCYLLLECTBAIIOT MEXAHUYECKYIO
(6e3 ONTO3AEKTPOHHOIO M OBPATHOIO NPEOBPA30BAHMS)
KOMMYTALMIO OAHOTO MAM HECKOABKMX OMTUHECKMX CUTHOAOB,
NEPEXOAILLIMX M3 OAHMX BOAOKOH B APYTMe.

[Ton 3TOM YMPABAEHME MPOLLECCOM
MNEPEKAIOYEHMI MOXKET ObITb:

* PY4YHOE — MNPU MOMOLLM TYMDAEPQT;

* 2JAEKTpuUu4deckoe — 1rpm rnoMmoLlum
SAEKTPMNMHECKOTIO NMOoTEHUMNAAQ.

OCHOBHA4 OOAQCTb MPUMMEHEHMI — B COCTABE ODOPYAOBAHMUSI AAS
TECTUPOBAHUA U MOHUTOPUHIA BOAC, a Takke B COCTABE
CUCTEMbI, OOECTMEYMBAIOLLLEN MOBbILLUEHHYIO HOAEXHOCTb.

® BOAOKOHHO-OMTUYECKME CUCTEMbI MEPEAQUM 70



OnTtnueckue
[epekAoyaTeAn

PA3AMYAIOT HECKOABKO TMMOB ONTUYECKMX

NEPEKAIOYATEAEMN:

* [epekao4vaTeAb 1XN — MMmeeT OAMH BXOA, CUTHOA N o
13 KOTOPOTO NEPEHAMPABAIETCH B OAMH 13 N . B —o—

N S

BbIXOAOB; A | ~—T"

« AynAekcHbIU nepekAodaTeAb 2xN — MmeeT ABO S0 —11"
Bx. 1

BXOAQ, CUITHOAbI M3 KOTOPbIX MOTYT )

- 3

NEePEHANPABAATLCH B BbIXOAbI C LLIATOM 2; 6 L ~—+"
« BbAokupylowmnmn nepekaodaTeAb 2xN — MmeeT ABa E °/—f“’“
BXOAQ, HO TOABKO OAMH CUTHAA M3 ABYX BXOAHbIX S S Y
MOXHO NMEePEAQTb HO BbIXOA, 5) "
 HebAokupylowun nepekaodaTeab 2xN — nmeer . Dy—h
ABQ BXOAQ, CUTHOAbI M3 KOTOPbIX MOTYT e
NEPEHANPABAATLCH B BbIXOAbI C LLUIATOM 1. n L ~—t"

® BOAOKOHHO-OMTUYECKME CUCTEMbI MEPEAAYM o7/l
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Onrtnueckue
repekAoJyaTeAn

XapaKkTepMCTUKU ONTUHECKUX MNEPEKAIOHATEAEMN.

XapakTepUCTUKH 1x2 MM Switch | 2x2 SM Switch Fobl DU?I
Bypass Switch

111N BOAOKHG MHOTOMOAOBOE | OAHOMOAOBOE | MHOTOMOAOBOE

BHOCHMBIE NOTEPMU, 0.5 0.6 0,5

AP

ObparHoe _ < -50 —

OTPpOXEHME, AD

Bpoems < 50 <50 <25

CPaBATLIBAHUA, MC

Hapabotka Ha oTkas, | 10 000 000 > 10 000 000 > 10 000 000

HMCAO LLMKAOB

[lepexoAHble < -80 < -80 < -80

nomexu, Ab

® BOAOKOHHO-OMNTMYECKME CUCTEMBbI NEPEAQYM
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OrnTmyeckue aTTeHI0aTOPEI

ATTEHI0ATOpP — NMACCUMBHbBIM DAEMEHT, OCYLLLECTBAAOLLLMM

YINPOBAIEMOE OCAADAEHNE CUTHAAQ B BOAOKOHHO-OMNTHUYECKOM
AVHWM CBS3M.

Ontnyeckme aTTeEHIOATOPLI ObIBAIOT:
* peryaupyemsie (nepemeHHblie) ;

* PUKCUPOBAHHBbIE (MOCTOAHHbDbIE).

® BOAOKOHHO-OMTUYECKME CUCTEMbI MEPEAQUM ®73



OrnTmyeckue aTTeHI0aTOPEI

MexaHu4yeckue aTTeHIaTopbl MO CNoCoBYy BBEAEHUS 3ATYXAHMS

MOXHO PA3AEANTD HAO TPU TUNA.

1) ycTpomcTBa, ONTUYECKME NOTEPU
KOTOPbIX OOYCAOBAEHbI M3AMEHEHNEM
B3AMMHOTO MOAOXEHMUSA M3AYHAOLLIMX
TOPLLOB NEPEAQIOLLMX M MPOUEMHbBIX
TOPLLOB OTBOAALLIMX BOAOKOH;

® BOAOKOHHO-OMNTMYECKME CUCTEMBbI NEPEAQYM
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OrnTmyeckue aTTeHI0aTOPEI

2) YCTPOMCTBA, ONTMYECKME MOTEPMU B

KOTOPbIX CO3AQKOTCA B PE3YALTATE —-f—k:w=—7—-—~
BBEAEHMA MEXAY M3AYHTIOLLIMMM |
TOPLLAMM NOABOAALLIMX OB 1

MNPUMEMHbBIMKM TOPLLAOMM OTBOAALLIMX OB

AOTMOAHUTEABHBIX DAEMEHTOB C %?il e
MNePEMEHHBLIM MPOTOUAEM

KOHCTPYKLUM, NEPEMEHHBIM

KOO PDUUMEHTOM MOTAOLLLEHNA MAM

S
NepeMEHHbIM KOSCOIOULIMEHTOM N |
OTPOXKEHMS; — o =

® BOAOKOHHO-OMTUYECKME CUCTEMbI MEPEAAYM ®/5



OrnTmyeckue aTTeHI0aTOPEI

3) YCTPOMCTBA, B KOTOPbLIX ONTUYECKME
notepu BHOCATCS 6€e3 pa3pbiBa OB 3a cyer [~
M3MEHEHUI X TEOMETPUM AU ——
BHYTPEHHUX YMPYIMX AedOOPMALMM U

HAMPMKEHMM MAM CTRYKTYPHbIX —_
mameHeHmm OB MAM OKPYXXAIOLLLEM CPEAD [1 )

(AOKQABbHbIE M3MEHEHMSA MOKA3ATEAS

MNPEAOMAEHMI UAM PEABECDA

MOBEPXHOCTM MATEPUAAQD, MSMEHEHME |
CMNMOCOOHOCTU CPEAbI PACCEUBATL CBET). — e

® BOAOKOHHO-OMTUYECKME CUCTEMbI MEPEAQUM ®76



OrnTryeckne 130A5TOPLI

OnNTUYEeCKMUU U3OAATOP — ONTMYECKOE YCTPOMCTBO, HE
ODOACAQIOLLLEE CBOMCTBOM B3AMMHOCTU, MPEAHAZHAYEHHOE

AAS MTOAQBAEHMI OOPATHOrO otpaxkeHums B BOAC 1 nmetoLlee
MUHUMAABHbIE BHOCUMMbIE MOTEPU B MPAMOM HAMPABAEHUMA,

MOCTORHHLIH MATHAT

MAINHTIHMITHYECRDE
BEINECTRD

Orpaskennnii

BKI'.I_J]HD:“ CHI'TTaJ

CHIHA
AnannzaTop

Hueiika Mapanes

HoaspuiaTop

® BOAOKOHHO-OMNTMYECKME CUCTEMBbI NEPEAQYM



OnTuyeckue 1oAspu3aTopsl

MoAspusaTop — YCTPOMCTBO, MPEAHA3ZHAYEHHOE AAS
NOAYYEHMS MOAHOCTBIO MAM YHOCTUYHO MOASPU3IOBAHHOTO

OMNTMYECKOIo N3IAYHEHMA 13 M3AYHEHUA C TNMPOMN3BOAbHbBIM
COCTOAHMNEM TTIOAAPLHM3ALUMNMN.

B COOTBETCTBMM C TUMOM MOAAPU3ALLMM, MOAYHAEMOM C MOMOLLLBIO
MOASPU3ATOPOB, OHU AEAITCS HA: CAoit KAeR
b

*  AUMHEMUHbIE — MO3BOASIOT MOAYYQATb
MAOCKOMOAAPU3OBAHHbIN CBET;

e KpPYroBble — MO3BOAAOT MOAYHYMTH
CBET, NMOAIPM3IOBAHHbIM MO KPYTY (MPEACTABAIOT COOOM
COBOKYMHOCTb AMHEWMHOTO MOAIPM3ATOPA U OMNTUYECKOTO
KOMMeHCcaTtopa).

® BOAOKOHHO-OMTUYECKME CUCTEMbI MEPEAQUM 78



Ontuueckue GpUAbTPHL

OnTnyeckmm OUAbLTP — MACCUBHBIM SAEMEHT, MCMOAb3YEMbIN
AAS MOAMTAOUKALMU MPOOXOASLLLETO YEPES HETO OMTMYECKOTO

M3AYYEHMS, KOK MPABMAO, 30 CHET M3MEHEHMS CMEKTPAABHOTO
PACMPEAEAEHUT MOLLHOCTM.

OnTu4eckuii
Bxogawmwi huneTp
CEBETOBOW NOTOK

Brixoaaiwmin
CEETOBOW NOTOK

Ontnyeckme PUAbTPbI OObIYHO
MCMOAb3YIOT AAS OTCEYEHUA UAM
MOrAOLLLEHUSA OMNTMYECKOTO M3AYYEHUS B
onpeAeAeHHbIX OOAQCTIX AAMH BOAH U
MPONYCKAHUA U3AYYEHMA HO APYIMX
AAMHQOX BOAH.

Brixopn Tpebyemoro
AvanasoHa AqnuH
BOMH

® BOAOKOHHO-OMTUYECKME CUCTEMbI MEPEAQUM ®79



OnTuueckue GuAbLTPEI

PUALTPBI HO 6P3rroBCKMX AMCOPAKLLMOHHBIX PELUeTKAX — 3TO
NOCAEAOBATEABHOCTb MOAYOTOOXKAIOLLMX MAPAAAEAbHbBIX MACCTUH,
KOTOPbIE PA3HECEHBI HO PACCTOIHME d APYT OT APYTQ.

d
A1,A2,A3,44 > I I ﬂ I I A,A3,24 -
-
A2

CseToBoM NMoTok E, Npoxoas Yepes odepeaHoe 3€PKAAO, HOCTUYHO
OTPOAXKAETCH B OOPATHOM HAMPABAEHMM, YOCTUYHO MPOXOAUT AOAEE.

B 30BMCHUMOCTM OT PACCTOAHMA d OYAET HODAIOAATLECA OTPAXKEHUE
OAHOM MAU HECKOABKMX AAMH BOAH.

® BOAOKOHHO-OMTUYECKME CUCTEMbI MEPEAAYM e 30



OnTuueckue GuAbLTPEI

PuAbTp Maxa-LeHAepa MOXHO MOAYYUTb MYTEM COEAMHEHMUS ABYX
BbIXOAHbIX MOPTOB OAHOTO PA3BETBUTEAS (PACLLLENAIET OMNTUYECKNM

CUTHOA HO ABO POBHbIX MOTOKA) C ABYMS BXOAHBIM MOPTAM APYTOrO
PA3BETBUTEAT (ODObEAMHIAET OMNTUYECKME MOTOKM).

3afepxka

Bxon

T

S+

PasseTtBUTENU

Bbixon

KaxKAbIM 13 MOTOKOB NMPMOBpeTaeT PA3AMYHbIE JDA3bl BCAEACTBUE
HOAUYMSI 3AAEPXKKM B OAHOM 13 BETBEM.

® BOAOKOHHO-OMNTMYECKME CUCTEMBbI NEPEAQYM
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Ontuueckue GpUAbTPHL

YacTtmnyHo

PUABLTP PaBpuU-Mepo FBAIETCH nocepeBpeHHble
YCTOOMCTBOM MHTEPADEPEHLMOHHOTO — Mac el
TMMA, OCHOBOHHbBIM HO
MHOTOKPATHOM OTPOXEHMM — O
CBETOBOIO NMOTOKA OT ABYX —
NHTepdepeHumoHHas
KapThHa B BUAe Kosey,

I'IOBerHOCTel\/’I TOHKMX MAAQCTUNH.

%&AAAAAAAAAAAA
AAA
Vv

CBeToBoOM

H4ACTb CBETA MNPOXOAUT, A HACTb noToK

OTPAXKAETCH KAXKAbIM PA3, KOTAQ CBET AOCTMUIAET BTOPOMU
MOBEPXHOCTM, OOPA3YS B PEIYABTATE MHOTO CMELLLEHHbIX AY4EMN,
KOTOPbIE MOTYT MHTEPAEPUPOBATbL APYT C APYTOM.

BOAbLLIOE KOAMHECTBO MHTEPAOEPMPYIOLLIMX AYHEM CO3AQET
MHTEPADEPOMETP C MCKAKOYUTEABHO BbICOKMM PA3PELLEHMEM.

® BOAOKOHHO-OMTUYECKME CUCTEMbI MEPEAAYM ® 32



OrnTuyeckme KpocCchl

OnTHU4YecKknmn Kpocc NPEACTABASIET CODOU YCTPOMCTBO, KOTOPOE
NPEAHA3HAYEHO AAS OKOHEYMBAHMA OMTUHECKOTO KODEAS U
MNOAKAIOYEHMS K HEMY OKTMBHOTO OOOPYAOBAHMS.

OnTn4ecKkme KpOCChl M3rOTABAMBAIOTCS
ABYX BUAOB:

* P3KOBble (AAf YCTAOHOBKM B
KOMMYTALMOHHbIE LLIKATDbI U
TEAEKOMMYHUKALMOHHbIE
CTOMKM);

* HACTEeHHbIle.

® BOAOKOHHO-OMTUYECKME CUCTEMbBI MEPEAQYM ® 33



OrnTuyeckme KpocCchl

CocTaB p3KOBOro onTU4ECKUro Kpoccda:

| — CMEHHbIE KPOHLUTEMHbBI AAS KOEMAEHMI B CTOMKE;

2 — CMEHHOS NATY-NAHEAb AAA KPEMAEHMSI ONTUYECKMX AAQMTEPOB;
3 — OTBEPCTUA AAT BBOAQ ONTUYECKMX KODeAeU;

4 — y3eA KPEMAEHMUS LLEHTPAABHOIO o

CUAOBOTO SAEMEHTA KABEAS; ©
5 — OPraHAM3EepPbl AAT YKAOAKM
MOAYAEN KODeAs 1 Pig-Tail;

6 — CNAQMC-MAQCTUHA C
MNPO3PAYHOM KPbILLIKOW; (2)
/ — MECTA KPENMAEHMS
ONTMYECKMX KODEAEMN;

8 — ONTMYECKMM QAQNTEP
(pO3eTka) C 3ALLUMTHOM 3ATAYLLIKOM;
9 — KOpnNyC KPOCCOBro Lkadoa.

® BOAOKOHHO-OMTUYECKME CUCTEMbI MEPEAAYM e384



OrnTuyeckme KpocCchl

CoCcTAaB HAOCTEHHOro ONTUYECKUro KpocCca.

1 — y3eA KpEMAEHUA LLEHTPAABHOIO CMAOBOTO DAEMEHTA KADEA;
2 — Y3EeA KPENMAEHMS OMTUYECKMX KODEAEN;

3 — NATY-NMAHEAb AAS KPEMAEHMSA OMTUYECKMX PO3ETOK;

4 — CNAQUC-NMAQCTMHA C MNPO3PAYHOM
KPbILLIKOM; (5]
5 — Y3Abl BbIBOAQ OMTUYECKMX LLIHYPOB,
MAYLLIMX K QNNapatype;
6 — ONTUHECKUM QAQMTEP
(pO3eTka) C 3aLLMTHOM
3ArAYLLUKOM;

/ — OPraHAM3EPbI AAT YKAOAKM
MOAYAEN KADeAs 1 Pig-Tail; =
8 — KPOCCUPOBOYHAT TADAULIQ; o
9 — KOpMycC KPOCCOBIo LLKAdoa. P2

® BOAOKOHHO-OMTUYECKME CUCTEMbI MEPEAUM 35



