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BBEJAEHUE

Metoauueckue ykasaHus K JaOOpaTOpHbIM padoTaM MO JUCIUILIMHE
«OMNTOdIEeKTPOHNKAY JUIS CTYACHTOB, OOYYaIOUINXCSA M0 HANpaBICHUIO MOJATrO-
ToBKku OakanaBpoB 12.03.03 «®ortonuka u onromHdopmaruka» u 11.03.04
«ONEeKTPOHUKA M HAHORJIEKTPOHUKA» COJEPXKAT OMHCAHUA [ JTaDOpaTOPHBIX pa-
00T.

[lepBasi U3 HUX MOCBSAILIEHA U3YUYEHUIO KOHCTPYKIMM ONTUYECKUX Kabenen
CBSI3M W ISl €€ MpOBeACHUs (HPOHTATBHBIM METOJOM B JabOpaTopuu JOIHKHO
OBITh JOCTATOYHOE KOJIMYECTBO OOpAa3IOB ONTHYECKUX Kabeneit. s mposene-
HUS 3TOU JJabopaTOpHOI pabOTH HE TpeOyeTCs CreruaibHOe 000pyI0BaHuUE.

Crnenyromue 6 paboT MpeACTaBISIOT cO00M BUPTyalIbHbIE J1aOOpAaTOPHbBIE
YCTAaHOBKH U JIOJKHBI POBOJIUTHCS B KOMITBIOTEPHOM KJIACCE, B KOTOPOM JIOJIK-
HO OBITh YCTaHOBJIEHO COOTBETCTBYIOIIEE MTPOTPAMMHOE 00ECIICUCHHE.

JlaGoparopHblie pabOThl 2 U 3 TOCBSILEHB U3YYEHHUIO TapaMETPOB MHOTO-
MOJIOBBIX M OJTHOMOJOBBIX ONTHYECKHUX BOJOKOH M UX BIUSHHUIO HAa MPOLECCHI
pacipoCTpaHEHHs 0 HUM ONTHYECKUX UMITYIHCOB.

JlabopaTtopHas paboTa 4 MocBAIlIeHa U3YYEHUIO METOJOB U IPHUOOPOB IJIs
M3MEPEHHS] BHOCHMOTO 3aTyXaHHs B BOJIOKOHHO-ONTHYECKUX TPAKTAX U MOJIyde-
HUIO IPAKTHYECKUX HABBIKOB B pabOTE C ONTHUYECKUM TECTEPOM.

JlaGoparopHast paboTa 5 TOCBsIIIIEHA U3YYCHHIO METOIUIECKIX 0COOCHHO-
CTei MeToJ]a 0OPaTHOTO PACCESTHUS U MOJYYCHHUIO IPAKTHUECKUX HABBIKOB B pa-
00Te ¢ ONTUYECKUM pedIEKTOMETPOM.

JlabopaTtopHas pabota 6 moCBsiIIeHA U3YYEHUIO MEXaHU3MOB M METOOB
U3MEPEHMS MOTEPh B Pa3bEMHBIX U HEPA3bEMHBIX COCAMHEHUSX.

JlaGoparopHasi paboTa 7 MOCBsIIEHA UCCIEA0BAHUIO TAPAMETPOB U XapaK-
TEPUCTHUK UCTOUYHUKOB U IPUEMHUKOB ONTHYECKOTO U3ITYUCHHUS.

B pazpaboTtke mporpamMMHOro oOecmedeHus JUisi 3TOro jJabopaTOpHOTO
MpaKTUKyMa NOMUMO aBTOpoB npuHuManu yyactue A. P. boutun, T. C. Bacunb-
eBa, C. U. [lImenes.



JlaGopaTopnas padora 1. 5
N3YUYEHUE KOHCTPYKIIUU OIITUYECKUX KABEJIEU
CBA3U

eab padoThI
N3ydeHre OCHOBHBIX KOHCTPYKTHBHBIX 3JIEMEHTOB U MAapKUPOBKU ONTHU-
YEeCKUX Kabesel CBSA3M pa3IuyHOro Ha3HAYEeHUS.

IHoaroroBka k padore

[Ipu noaroroBke kK paboOTe TOMKHBI OBITHh U3YUYEHBI:

1) paznen «Teoperndeckue cBeACHUSD JaHHON J1a00paTOpHOM padOTHI;

2) pasznensl 3.2.6 — 3.2.16 yueOHuka Hanpasnsiowue cucmemvl d1eKmpo-
ces3U: yueoHux 0as 8y308. B 2-x momax. Tom 1. Teopus nepedoauu u énusnus/
B.A. Auopees, 3.J1. I[lopmnos, JI.H. Kouanosckuii; noo peoakyueti B.A. Anopee-
8a. — (-e uzo., nepepab. u oon. — M.: ' opauas runus — Tenexom, 2009.

TEOPETUYECKHUE CBEAEHUSA

1. Knaccudukanus ontuyeckux kabdesei

Onrtuueckuit kabensb (OK) mpeacrasiser coO0M COBOKYMHOCTh ONTUYECKHUX
BoJIOKOH (OB), 3aKiTt0UeHHBIX B OOIIYIO BJIArO3alUTHYH 000JIOUKY, MTOBEPX KO-
TOpOW B 3aBUCUMOCTH OT YCJIOBUH HIKCIUTyaTallil MOTYT OBITh HAJOXKEHBI 3a-
uTHBIE TOKpOBEL. OcHOBHOM 3amauelt OK sBisiercs obecrieueHne TpedyemMoro
KauecTBa Mepeayu Py COOTBETCTBYIOIINX YCIOBUAX IKCILTyaTallUH.

Konctpykiun OK B OCHOBHOM oOmpenensitoTcss HazHAa4eHHEM, OOJacCThIO
MIPUMEHEHUS U YCJIOBUSIMU MPOKIIAJIKU U 3KciutyaTauuu. [lo obmactu npumene-
Hus OK nojapaszaensitorcsi Ha MarucTpalibHble, 30HOBbIE, MECTHBIE (TOPOJICKUE U
CEJIbCKME), a TaKKe OOBEKTOBBIC M MOHTaXHBIE. [1o HazHaueHnuto — Ha OK st
TPAHCIIOPTHBIX CETEW U CETEN JIOCTYIIA.

[To ycnoBusim mipoknanku u skciyatanuu OK pasznuuaroT xabeau BHYT-
pEHHEU MPOKIIAJIKU, HAPYKHOU MPOKIIAAKU (MOA3EMHbIC, MMOJBOIHBIC U MOABEC-
HBIE), CTIeIMaIbHbIE KaOeu.

2. KOHCTPYKTHBHBIE 3JIEMEHThI ONITHYECKOI0 KaldeJis
2.1. Onmuueckoe 6010KHO

OB, ucnonb3yembie B CBSI3HU, UMEIOT IWIHHAPUYECKYIo dhopmy (puc. 1.1) u
COCTOSIT M3 CEP/IIEBUHBI, O0OJIOUKH M MEPBUYHOTO 3aAIUTHOTO MOKphITUA. Oc-
HOBHBIM MaTEpHaJIOM JIJIsl U3TOTOBJICHHSI CEpALIeBUHBI B 000ouku OB sBisieTcs
iaBiieHbld kBapiy SiO,. Bo MHOTHX ciydasx 000JI0YKa HM3TOTaBIMBACTCS W3
gyrctoro kBapra SiO, W MMeeT NOCTOSHHBIA TOKa3aTellb IPeJoOMIICHUS Ny, a
CepleBHHA I obecredeHusi TpeOyemMoro mpoduiis moKa3aTes MPeTOMICHUS



ny(r) Jerupyercss MpUMECSAMH, YBEIMUYMBAIOIIMMHU TOKa3aTellb MPEIOMIICHHUS,
Hanpumep GeO,. B mocneanue roasl nosmiinchk OB co CBEpXHUBKHUMHU MOTEPS-
MU, CEpAIEBHHA KOTOPBIX HM3rOTaBIMBACTCS M3 YUCTOrO KBapia, a o0oJouka
MOKET UMETh CJIOKHBIN Npoduiib mokaszaresns npenomieHus. Juamerp 060104-
KA BCeX TeleKOMMYyHHUKalnoHHbIX OB cranmaptuszoBaH M cocrtaBisger 12542
MKM.

[lepBuuHOE 3alIMTHOE NOKPBITHE HAHO- Sawmioe noxpounie
CUTCA TpHU BBHITSDKKE M 3amumaer OB oT BO3-
JNCUCTBUSA OKpy’Karomerh cpeapl. B kadectBe
MEPBUYHOIO TMOKPBITUS MNPUMEHSAIOT aKpuiar.
[Tocrie HaHeceHMsT 3aIMTHOIO TMOKPBITUSA IHA-
MeTp OB cranoBurcs paBHbM 245+10 MKM.

[To xonmuecTBy MoA pacnipoctpanenus OB
JENSATCS HA MHOTOMO/JIOBBIE M OJTHOMOJIOBBIE, a
o npoduitto nokazarens npeaomieHus (I1T1IT)
Ha OB co cTyneHYaTsIM U TPAIUCHTHBIM TPOPUIIIMU TOKA3aTENs TPETIOMIICHHUS.
Ha puc. 1.2 nokazansl nonepeunbie ceuenus u I1I1I1 BomokoH, Hauboiee mupo-
Ko ucnoas3yemsix B BOJIC.

O6onouka
Puc. 1.1. Ctpykrypa OB

50 MKM O O
8-10 MKm 8-10 MKM
\/ L L
125 mkm | - 125 mkm N 125 mMkm
() n() ()
— r r r
' > T T | o
a S B

Puc. 1.2. ITonepeunsie ceuenus u I1I111 yacto ucnoab3yeMbIx TeIEKOMMYHHUKaMOHHBIX OB:
a) MHOTOMOJI0BOE TPaJIu€HTHOE, ) OTHOMOJIOBOE CTyIIEHYaTOE, B) OJJHOMOJIOBOE C HEHYJIEBOM
CMEIIEHHOM THUCTIEpCHEN

2.2. Bmopuunoe nokpeimue

BTopuuHoe nokpeiTHe npeaHasHadeHo sl 3amuThl OB oT MexaHuueckux
U XUMUYECKUX BO3JIEHCTBUIA, B IEPBYIO OUepeb OT MOMEPEUHBIX aedopmaliiii u
MPOHUKHOBEHUS BOJIbI. OOBIYHO OHO BBITMIOJIHSAETCS B BUIE ONTUYECKOTO MOTYJIA,
COJIeprKalllero OJAHO (OJHOBOJOKOHHBIA MOJYJib) WJIM HECKOJbKO (MHOIOBOJIO-
KOHHBIN Monyib) OB. B nensx uaearudukanuu OB BHYTpr MHOTOBOJIOKOHHOTO
MOJIYJISI OKpaIIMBAIOTCSI.



BTropuuHblie MOKPHITHS OBIBAIOT HECKOJIBKKUX THIOB (puc. 1.3):

— crtomHoe (puc. 1.3, a). Ilpeacrasnser coOOW TONCTBIM CIIOM MOJMMeEpa
(MSATKMM TOJIMBUHUIIXJIOPU), HAHECEHHBIH HEMOCPEJCTBEHHO Ha BOJIOKHO C
nepBUYHBIM MOKpbITHEM. {namerp OB B TakoM nokpbituu nopsiaka 0,9 mm. Hc-
MOJIb3Y€eTCs B KaOessiX BHYTPEHHEH MPOKIIAIKU;

— nosrycBoboiHOE TpyOuaToe (puc. 1.3, 6). OTauyaeTcs OT CIUIOIIHOTO TEM,
yTo MexkJly OB B NepBHYHOM IMOKPBITUU U CIIOEM MOJIUMEPA HAXOIUTCS TOHKHUI
CJIOM (HECKOJBKO COTBIX JIOJI€H MM) BSI3KOTO KOMIIayHAa. ITO 00JIer4aeT CHATHE
3aIIMTHBIX MOKPBITHI Mepe]] MOHTAXKOM M YMEHBIIIACT BIUSHHE MHUKPOU3THOOB.
Ucnonwszyercs B OK BHyTpeHHEN NpOKIAIKY;

MonyceofogHaA NAacTMaccoean
ZaWMTHaA Tayhka

MnoTtHO npuneramowas
Tpybka
OnTunyeckoe BONMOKHO ONTMYECKOE BOMOKHO

BAzKHHA EOMNaYHD

2aWKMTHaA NNACTMACCOEAA

EAZKMH KOMIaYHT, ThvAka

ONTHYECKOE BONOKHD ONTHYECKOe EONOKHD

JAWKTHIA NNACTMACCOERA

BAskWIA KomMnayH
B) ThyEka r) YHA
OnTunyeckoe BOMOKHO OnTuyeckoe
BOJTOKHO
[ P P e e e e, e
MepBuYHOE IleHTouHas Knei MNepsuuHoe
1) NnoKpbITUE obGonouyka NnoKpbITUE
JleHTa, ckneeHHas

JleHTa, nomelleHHasa B 060M04Ky BIONL GOKOBOW NOBEPXHOCTH

Puc. 1.3. Tunst BTopryHOTr0o NOKphITUS OB:
a) cruIonIHoe; 0) moJrycBOOOTHOE TpyOUaToe; B) CBOOOIHOE TpyOUaToe;
T') MHOTOBOJIOKOHHOE CBOOOIHOE TpyOUaToe; 1) ICHTOYHOE

— cBO0OO/IHOE TpyOuaToe OJHOBOJIOKOHHOE (puc. 1.3, B) WM MHOTOBOJIO-
koHHoe (puc. 1.3, r). IIpencrasnsger coOoi MIacTMaccoBYIO TPyOKy (ToJmaMu/g
WM MOAMOyTUIeHTepedTaiaT), 3a0JIHEHHYIO BSI3KUM TUAPO()OOHBIM KOMITAyH-
J0M, B KOTOpOM cB0oOosiHO pacnosioxkeHo OB. Hcnonb3yercs B OK HapyxHOH
MPOKJIAIKH.

— neHTouHoe, ¢ yuciaom OB ot 2 1o 24 (puc. 1.3, n).

Jl5is ipetoTBpaIieHus] MPOHUKHOBEHUS BOJBI IPOCTPAHCTBO BHYTPH IOJTY-
CBOOOHOTO U CBOOOAHOTO TPYOUATOro BTOPUYHOTO MOKPHITUS (MOIYJIS) 3am0JI-
HSIETCS CHEIUAJIbHBIM BSA3KUM T'HJIPO(POOHBIM KOMIIAYH/IOM — TUKCOTPOIIHBIM T'e-
Jaem.



2.3. Cepoeunux onmuyecko2o kabens

CymectBytot 3 Buia koHcTpykiuu cepaeunrka OK: noBusHas (puc. 1.4, a),
¢ mporIMpoBaHHBIM cepaeuHUKOM (puc. 1.4, 6), C UCMOIBL30BaHUEM OJIMHOYHOMN
TpyOKu (puc. 1.4, B).

B noBUBHOI KOHCTPYKIIMH CEPJICUYHUK BBIMOJHEH B BUJE IOBUBOB ONTHYE-
CKHUX MoOAyJiel (CBOOOJHOE TpyOUaToe MOKPHITHE) BOKPYT LIEHTPATHHOTO CHIIO-
Boro anemenTa (LICD). Ilpu manom (MeHee 6) yucie TpeOYOMUXCS MOMYJEH
JUTsE 00ECTICUeHHsI YCTOMYMBON MPaBUIILHON CKPYTKH BMECTE C HUMU CKPYy4HBa-
FOTCS IJTACTMACCOBBIE KOPJIEIN — 3al0JHUTENH CILUIOIIHOTO CEYEHUS.

OnTunyeckoe
BOJTOKHO

LleHTpanbHbIi
CUNOBOW 3NIEMEHT

Kopaenb

OnTuyeckoe
BOJTOKHO OnTnyeckoe

OnTUYeCcKMiA BOMOKHO i
MoayInb
MOTIYIE ] Tpybka
LleHTpanbHbIn
CWITOBOV 3rIEMEHT

CTepxeHb ¢
nasamu

a 0 c

Puc. 1.4. OcHoBHBIE KOHCTpYKIMHU cepaeunnkoB OK: a) moBuBHas;
0) ¢ NpopUIMPOBAHHBIM CEPACUHUKOM; B) C HCTIOJIB30BAHUEM OJIMHOYHOU TPYOKH

KoncTpykuus ¢ npoQuiInpoBaHHBIM CEPICYHUKOM COCTOUT U3 MOJUIIPOIH-
JIEHOBOT'O CTEP KHS C MPOJOJIbHBIMH Na3amMu. CTEpKEHb OTIMBAETCS BOKPYI Me-
Tajuiyeckoro win guanekrpudeckoro LCD. Ila3el pacnonaratorcss BOKPYT
CTEP>KHSI CIIUPAJILHO WJIU C MEPUOANYECKOM cMeHOU HampasieHus. OB wunu orm-
TUYECKHUE MOYJIM CBOOOJIHO pacroyiaraloTcs B ma3ax.

Cepneunuk OK ¢ oguHOYHOM TpyOKOM COCTOUT M3 OJHOM IMJIACTMACCOBOM
(momubyTtunentepedranar) Tpyoku. BHyTpu TpyOkH CBOOOJHO pacronararoTcs
OB.

st yBenmuuenus ynpyrocta OK mpu pacTspkeHUM B KOHCTPYKIIMIO CepAey-
HUKa MOTYT BKJIIOYAThCS YIPOYHSIONIKME (apMUpPYIOIIKE) 3JIeMeHThl. B cepreu-
HUKE OHU MOTYT pacnojiaratbcs JIByMs Clioco0amu: BJOJIb HEHTPaIbHOU OCH Ka-
Oensl I paclpeiesICHHO 110 €ro ceYeHuo. PacnpeieIeHHbIMU YIIPOUHSIOIUMU
AJIIEMEHTAMU SIBJISIIOTCS, HAaIPUMEP, IJIaCTMACCOBBIE KOPAEINH, BKIIIOYAEMbIE B
ITOBUB BMECTE C ONTUYECKUMHU MOAYJISIMU [TPU MAJIOM YHCJIE MTOCIIEIHUX.

B moBUBHOM KOHCTPYKLIHMH M KOHCTPYKIHH C MPO(QUIMPOBAHHBIM CEp-
neyHukoM ynpounstomuin [{CO pacnonaraercs BIOJIb HEHTPAIBHOU OCH Ka-
Oensi. B xauecTBe Takoro 3JI€MEHTAa MOJKET MCIOJb30BAaThCSA CTalbHAs MpPO-
BOJIOKAa AuamMeTrpoM 2-3,5 MM, TPOC TaKOro € JAuaMerpa U3 HECKOJIbKHUX
MPOBOJIOK 00Jie€ TOHKOIO CEUEHUs) WU JUDIIEKTPUUYECKUN CTEpkKEeHb (CTEK-
JONPYTOK WU apaMUJIHBIA IPYTOK).



CB0OOHOE TPOCTPAHCTBO BHYTPH CEpACYHUKA 3aTOJHSACTCS THAPO-
(¢hoOHbIM 3anonuuTeNeM. B ciyuae eciu tpebyercsa konctpykius OK 6e3 3a-
MOJHUTENS, BOJOHEIPOHUIIAEMOCTh CEpPJCUYHHMKA IO [JIMHE MOXET OBITh
obecriedeHa Mpu MOMOIIH BOJAOOTOKHPYIOMINX JICHT I HUTCH.

CdhopmupoBaHHBIN CEpICYHUK CKPEILISACTCS MOSCHOW M30JSIUECH U3 CHH-
TETUYECKON TOJIUIPONIIICHOBOU, TepedTasiaTHOW (JIAaBCAHOBOW) JIGHTHI, HAaKJIa-
JIBIBAEMOM ITyTEM CIUPAIBHON OOMOTKH B OJIUH WJIM JIBA CJIOS.

2.4. 3awyumusle nokpossl

KabGenpHbI cepAcYHUK 3alIUINAeTCS OT BO3JCHCTBHUS BHEIIHEH CpEbI
00o049Koii. B kauecTBe MaTepraaoB 000JI0UYEK HCIIOIB3YIOTCS TOJIMATHIICH, T10-
JTUBUHWIXJIOPUJI, AJTIOMOIOIUATUIICH, Oe3raloreHHble MaTepHualibl, HE pacipo-
CTPaHSIOLINE TOPEHHUE.

JInst yBeudeHus: yIpyrocTu Kademist Ipu pacTsSKEHUU U TOBBIIICHUS Me-
XaHUYECKOW MPOYHOCTH B KOHCTPYKIIMIO 3aIUTHBIX MTOKPOBOB KaOessl BKIOYa-
I0TCSI YIPOYHSIOIIKE 3JIEMEHThl. B KOHCTpyKIMK Kabess ¢ OJUHOYHON TpyOKOH
pOJIb YIPOYHSIOIIETO 3JIEMEHTA WrPAlOT BBICOKOIPOYHBIE, HAIPUMEDP apaMuj-
HbIC, HUTU B 000JI0uke. MeXay cepeYHUKOM M 000J0UYKOM MOXKET TakKe pas-
MEIIAThCSA MOBUB BBICOKOMIPOUHBIX HUTEHN WJIU JICHT.

ApaMuiHble HHUTH (WJIM CTEKJIOIJIACTUKOBBIE CTEP)KHH) HCIOJIB3YIOTCS
TaK)Ke B KadecTBe CWJIOBBIX 3yieMeHTOB OK BoznyimiHoW nmoaBecku. OTAeIbHbBIN
CJIOM U3 TAKMX HUTEW PaACIONararoT MEXAY MEPBBIM U
BTOPBIM CJI0€M OOO0JIOUKH.

B kabensx BO3QyIIHOW MOABECKH POJIb YNPOY-

HAIONIETO 3JIEMEHTAa WrpaeT Hecymuil Tpoc (MOBUB
cTainpHOM mpoBoJioku). Ha puc. 1.5 mokazan crnoco6
yewienuss OK, npeanmonararomuii — 3aKIO4YEHUE
CTaJIbHOM MPOBOJIOKU B OTJICJIbHYIO 000JI0YKY, KOTO-
past BMecTe ¢ kabenaeM o0pa3yeT «BOCbMepKy». Takoi
kKabesb 0OBIYHO HUCTOJB3YETCs JJIs MOJABECKH B IMPO-
nerax uimHou 50—70 M.

[Ipr OonpIIMX BHENIHUX HArpy3kax KpoMme
BHYTPEHHEH 3alUTHONH 000JOYKH MOXKET HaKJIaJlbl-
BaThCsl OpPOHEBOM ITOKPOB, JOIMOJHUTEIBLHO 3alllu-
IIAOIMH Kabeab OT MEXaHMYECKUX BO3JeHCTBUN. B
KadyecTBE OPOHEBOTO MOKPOBA Yalle BCETO MCIOJIb3Y-
€TCSl IOBUB W3 CTaJbHBIX OLIMHKOBAHHBIX IPOBOJIOK
WA CTEKJIOMJIACTUKOBBIX MPYTKOB, & TAKXKE CTaJbHas
ropupoBaHHas JeHTA.

B OK, npenna3zHaueHHBIX ISl MPOKJIAIKK B KaOEIbHOM KaHaJIM3alWH,
TpyOax, KOJIJIEKTOpax, Ha MOCTax M CTaKajax UCIOJIb3yeTCs OpOHS U3 CTabHOU
roppupoBaHHON JEHTHI. B Kabensx i NpoKIaJKd B TPYHTaxX, HE MOIABEPKEH-
HBIX MEP3JIOTHBIM JiehopMalusiM, Ha MEpexoiax yepe3 HeriyooKrne HeCcy0X0/ -

Puc. 1.5. [loanepxuBato-
IIIUHA CHJIIOBOM DIIEMEHT
(«BOCBMEpKAY)



HbIC PEKH U 00JI0Ta IPUMEHSIETCS OPOHS M3 KPYTIBIX CTAIBHBIX OIMHKOBAHHBIX
MpOBOJIOK. JIJIsI TIPOKJIATKU B CJIOXKHBIX TPYHTAaX BCEX TPYIII, B TOM YHUCJIE U
MOIBEP’KCHHBIX MEP3JI0THBIM JepopMaIrusM, a TakKe Ha MEPexoaax depe3 Cy-
JOXOJIHBIC PEKH IPUMEHSCTCS JBYXIOBUBHAsS OpOHS W3 KPYIJIbIX CTaJIbHBIX
OIIMHKOBAHHBIX MPOBOJIOK. [IOBUBBI pa3ACiIAIOTCS MPOMEKYTOUHOM IOTHITHIIC-
HOBOM 000JI0YKOIA.

[TycToThI B OpOHEMOBUBE 3aMOIHAIOTCS TUAPO(POOHBIM KOMIIAYH]IOM.

IToBepx OpOHEMOKPOBOB Ha KAOCIBHBIM CEPACYHUK HAHOCAT 3allUTHBIN
[IUTAHT W3 TIOJIMATUIICHA WJIM HETOPIOYNX Oe3rajoreHHbIX maTepuanoB. Jljis mo-
MOJIHUTEIFHOTO YIPOYHEHHS KaOeJsl B 3alIUTHBIN IIJIAHT MOTYT OBITh BIPECCO-
BaHBI JIBE TOJICTBHIC CTATHHBIC MPOBOJIOKH.

3. Mapkuposka OK

MapxkupoBka mpeAcTaBisieT co0oil abOpeBUATypHYIO 3alUCh OCHOBHBIX
napamMeTpoB ONTHYECKOTo Kabemsi, K KOTOPhIM OTHOCATCS: Ha3HAYCHHE U 00-
JACTh MPUMEHEHMsI, KOHCTPYKIIUS CEepACUYHUKA, MaTepuaibl 000104YeK, TUI Opo-
HU, YUCJIO ONITHYECKUX MOJYJCH W ONTUYECKUX BOJIOKOH, BEIMYMHA KOA(PDHUIIH-
€HTa 3aTyXaHUs Ha paboOuyuX JJIMHAX BOJIH, BEIWYMHA JUCHEPCUH, JOMYCTUMOE

pacCTITUBAIOIIEE YCUIUE U JIP.
Tabmura 1.1

CKO- 1 IT|C -1020A/004H-06- |A08%2/04x1/H04x1 |- 92 |-15
CKO-|0 IIT -|016E- 01- LS

Mcnomaenne xabems: HI' — He pacmpo-
cTpaHstonmi ropeHne; LS — ¢ HU3KUM|
InbIMO- M razoBblaeneHuemM; HF — ¢
[MOHMKEHHON KOPPO3UOHHON aKTHUBHO-|
CTBIO MPOAYKTOB IBIMO- M Ta30BblJe
imenusi; FR — ornecroiikoe; JI — myro-
cTolKOe (CTOMKOE K MEIJIEHHOH 2M1eK-
[TPOKOPPO3HH)
JInuTenpHO-10NMyCTHMAas  pacTATUBaOLIas]
Harpy3ka kabemns B kKH

KonndecTBO 3IEKTPHUECKUX KU B Kabere
PacnipenienieHre BOJIOKOH B MOJYJISIX (8 BOJIOKOH THMA A B IBYX MOJYJISIX,
4 BOJIOKHA THIA A B OJIHOM MOJyJe, 4 BosokHa Thna H B o1HOM Mofyie)
Yucino snemenToB cepaeunnka: ot 01 go 18

Uucno u tin BomokoH: oT 002 no 288 Bonokon. Tumel: E — ogHOMOIOBOE cTaHmapTHOE; A —|
0JTHOMOZIOBOE Oe3 BoJsHOro nHkKa; H — ogHOMOI0BOE ¢ HEHYJIEBOM CMEIIEHHOW JUCTIEpCHEN;
C — 0OTHOMOZOBOE C OTPHIIATETIHFHON HEHYJIEBOW CMEeHHOM auctiepcneii; D — ogroMOomoBoe ¢
HEHYJIeBOM CMEIEHHOW Iucrepcueld, HOPMUPOBAaHHOW B JHamnasoHe JUIMH BoiH 1460-1625
HM; MA — MHOTOMOZIOBOE C ImuameTpoM cepaueBuHBl 50 MkM; MB — MHOTOMOIOBOE C THa-
METpOM cepateBUHbI 62,5 MkM; MD — MHOrOMo10BO€ ¢ tnaMeTpoM cepaieBuHbl 100 MkM
THIT TONOJTHUTEIBHBIX BHENIHUX MOKPOBOB: O — O€3 JTOMOIHUTENBHBIX BHEITHUX OKPOBOB; JI — ¢
roprpPOBaHHON MPOIOJILHO HAIOXKEHHOMN CTaabHOM JienTol u [1D o6onoukoii; H — ¢ rodpupoBan-
HOW CTAIbHOW JICHTOH M 000JIOUKOH M3 TIACTMACCHI, HE pacipocTpaHsromeii roperns; C — ¢ 0qHO-
CITOIHOM OpOHEW M3 CTaJbHBIX MPOBOJIOK U [1D 00010uKOl; Y — ¢ YCHICHHON OIHOCIOHHON Opo-
HEeH U3 CTAIBbHBIX MPOBOJIOK U [13 000571049KOI; 2 — ¢ IBYXCIOHHOM OpOHEH N3 CTaJIbHBIX IPOBOJIOK
n 11D obomoukoii; M — ¢ 0THOCIIONHON OpOHEH M3 CTEKJIOIUIACTUKOBBIX cTepykHEH u [1D 0605104
koii; T — ¢ mepudepriiHBIMHI AUIICKTPUUECKUMH CHIIOBBIMU 31eMeHTamMHu 1 [13 0bosouxoi

Tun obomouku: A — amomononaudTuiieH; 11 — monudTriieH; H — HepacnpocTpaHsonasi ropeHue
KoncTpykuus cepaeynuka: /| — TOBUBHON C TUAIEKTPUIECKUM IIEHTPAJIBHBIM CHIOBBIM 3iieMeHTOM; O — ¢
MCTIOTIH30BAHHUEM OIMHOYHOH TPYOKH

dupma-niponzBoautenb OAO «CeBkadesby




B tabn. 1.1 npencrasnensl npuHIunbl MapkupoBku OK, npumMensembie Ha
ka0enpHOM 3aBoje OAO «CeBkabenb». B Tabin. 1.2 mpeacraBieHbl NPUHLUIIBI
MapKUPOBKH ONTUYECKUX Kabenel npon3BoacTBa «Mockadenb—DyKuKypay.

YtoO0b! 11000M CIIeNHAIUCT MOT OBICTPO paciuppoBaTh aOOpEBUATYPHYIO
3anuch, 0003HAUEHUS OJHUX U Tex ke napamerpoB OK pa3znnuHbIX Ipou3BOAM-
TeNel MOJIKHBI ObITh YHU(PHUIMPOBaHbL. Takas yHU(PHUKALUS UMEETCs AJs dJIeK-
Tpuueckux kabdeneit cBsa3u. OnHako B MapkupoBke OK oTeyecTBEHHOTro Mmpous-
BOJICTBA YHU(UKALUS OTCYTCTBYET.

Tabmnmma 1.2
OK CT M H |50 01 0,7 -8 [(2,7)
O M3 KT 11- -9.5 -0,22 16 |- (7,0)
I[OHYCTI/IMOG PaCTATMBAIOUICC YCUIINE, xkH

Yncito BOJIOKOH B Kabele

Koaddunmenr 3atyxanus Ha paboueil AJIMHE BOJHBI

Tur HeHTPaIbHOTO CHIIOBOTO dJIEMEHTa ([U1sl Kabeleil ¢ TOBUBHBIM
cepaeunukoM): 01 — n3 crexinomnactuka; 02 — U3 CTAIBHOTO TPO-
ca; 03 — u3 cranbHOU IPOBOJIOKU

Tur BonokHa (Yepe3 AuaMeTp MOJOBOTO IIOJIsL, CEPALEBUHBI B MKM): 10 —
CcTaHAapTHOE BOJOKHO; 10A — OJHOMOMOBOE BOJOKHO 0€3 «BOISTHOTO)
nuka; 9,5 — 0MHOMOZOBOE BOJIOKHO C HEHYJIEBOM CMEILEHHOW TUCIEPCH-
eif; 50 — MmHOrOMOI0BOE BOJIOKHO 50/125; 62,5 — MHOTOMOI0BOE BOJIOKO-
HO 62,5/125

Tum obomouku: H — Heroprodasi; He yka3aH — 00bIdHas 000JI09Ka

Konctpykuus cepaeunnka: M — nmoBuBHOH; 1] — ¢ ncnonp30BaHNeM OIMHOYHON TPYOKH
Tun 6ponn: CT — cranpHas rodpupoBaHHas JeHTa; H — MONHOCTBIO AMANEKTPHYSCKUHA Ka-
0e1b; He yKa3aH — OpOHSI U3 KPYIJIBIX CTAIBbHBIX MTPOBOJIOK

'YcmoBus skcmyatanuu: I — rpyHT; K — xaOenpHas xaHamu3amwst; T — 3alIATHO-TIONHITHIICHOBAS]
Tpy0a; C — camonecynmii; I1 — nogBecHoi

Hasnadenue kabensi: M — MarucTpayibHblii; 3 — 30HOBBII; HE yKa3aHO — APYTOi

Ontuueckuii kabenb: O wim OK

BBIITOJTHEHUE PABOTbI

1. Ilomyuute y npenogasaresss 00pa3ibl ONTHYECKUX KaOeeu.

2. V3yunTte KOHCTPYKTUBHBIE 3JIEMEHTHI KaKJI0ro o0Opasua. Jljisg Kaxmoro
oOpa3s1ia onTU4YecKoro kabens 3anojauure Tadm. 1.3.

3. Ha ocHOBaHMU pe3ynbTaTOB U3y4EHHUs OOpa3lloB B 3ar0JOBOK KaXKIIOM
n3 Tabn. 1.3 BOMIIKWTE MapKH COOTBETCTBYIOMIETO Kalemsl Mo JABYM CHCTEMam
MapKUPOBKH, IPUBEICHHBIM B II. 3 pa3jeina « TeopeTndecKkue CBeICHUS.

4. BBITIOTHUTE 3CKHU3BI MMOTIEPEYHOT0 CEYCHHS MCCIICTOBAaHHBIX Kabenen ¢
yYKa3aHHUEM BCEX 3JIEMEHTOB KOHCTPYKIUU.

5. Knaccudunupyiite kaxapiii oOpasen kademns mo 061acTd MpUMEHEHUS,
YCIIOBUSIM TNPOKJIAIKU M IKCIUTyaTanuu. 1o kak1oMy OCHOBaHHIO JUIsl KJacCH-
¢uKalMy yKa)KuTe KOHCTPYKTUBHBIE OCOOEHHOCTH, MO3BOJIMBIINE OTHECTH 00-
pasel K OIpeesIEeHHOMY Kaccy.



Tabmmma 1.3
KoHcTpykius onTruyeckoro Kadens

KoHcTpyKTHUBHBII XapakTepuCTUKa KOHCTPYKTUBHOTO AJIEMEHTA
DJICMCHT

1. 3awyummnuiii nokpos

1.1. Hapysxnast obomouka | Yka3aTh Ha3HAYCHHE, PA3HOBHIHOCTh KOHCTPYKIIMH, MaTepUal

1.2. bpons VYkazaTh Ha3HAYEHHE, PA3HOBUIHOCTh KOHCTPYKIIMH, MaTEpUa
1.3. Buytpennss obonouka | YkazaTe Ha3HaYCHHE, PA3HOBHIHOCTh KOHCTPYKIIMH, MaTepHall
2. Cepoeunux xabens YkazaTe pa3HOBUAHOCTb KOHCTPYKLMHU CEPICYHUKA, HATTUYUE

ruipohoOHOTO 3aMTOTHEHHS

2.1. Ontnyeckuit MOLysb | YKa3zaTh pasHOBUJHOCTb KOHCTPYKLUMH MOAYJS, HaJU4HUE THUJ-
(BTOpHUYHOE MOKPBITHE | po(hOOHOTO 3aNOJHEHHS], KOJIMYECTBO MOAYJIEH, YUCIO OoNTHYe-
ONTUYECKHUX BOJIOKOH) | CKUX BOJIOKOH B KaXJIOM MOJyJIe

2.2. Kopnenu YKazaTh Ha3HAYEHHE, KOJIMYECTBO U MaTepUall KOpJeen
2.3. CummeTpuyHas VYKazaTh YUCIO CHMMETPHUYHBIX YETBEPOK W/WIM Tap, THUI
yeTBepKa (mapa) CKPYTKH, KOHCTPYKLUIO, MaTepuaj, TOJIIMHY (Iuamerp) U30-

JUA 1 ITPOBOJHHUKOB

2.4. Xwuiel 1uist TUCTaHIM- | YKa3aTh KOJWYECTBO M MaTepHal XKW IS JUCTAHIIMOHHOTO
OHHOI'O IUTAHUS [MTUTAHUS

3. Onmuueckue gonoxua | YKa3arb TUI(bI) ONTHYSCKUX BOJIOKOH, HUMCIOIIMXCS B Kaderne,
KOJIMYECTBO BOJIOKOH KaXKJOTO THUIA B MOIYJISX

COILEPKAHUE OTYETA

OTtuyeTt 1o 1abopaTOpHON PabOTe NOKEH COACPKATh!

1) 3amosHEHHbIE B COOTBETCTBUU ¢ M. 2 U 3 pasnena «Brimonnenue pado-
ThI» Tab. 1.3 ISt KaXA0T0 HCCIeA0BaHHOTO 00pa3iia Kades;

2) 5CKH3BI TMOMEPEYHOTO CEYCHHUs HMCCIIEIOBAaHHBIX 00pasloB Kabemeil
yKa3aHUEM BCEX JIEMEHTOB KOHCTPYKITHH;

3) BBIBOJIBI OTHOCHTEIIBHO OOJIAaCTH MPUMEHEHHUS, YCIOBUU TPOKIATKH U
AKCILUTyaTaIlM UCCIIEIOBAHHBIX 00pa3IoB KaOeei.

KOHTPOJIBHBIE BOITPOCHI

1. IlepeuncnuTe 3A€MEHTHl KOHCTPYKIMU ONTUYECKOIO BOJIOKHA W MaTe-
pHUaibl, U3 KOTOPbIX OHU M3TOTOBJIEHBI. YKAXUTE UX HA3HAUEHUE U BBIMOJHSIEC-
Mble PYHKIUU.

2. Knaccuduxkanus ontuyeckux kabenel, Ha3HaUeHHE, OCHOBHBIE MapaMeT-
PBIL

3. [lepeuncnure 371eMEHTHl KOHCTPYKLIUK ONTUYECKOTO Kabens U marepua-
Jbl, U3 KOTOPBIX OHM M3TOTOBJIEHBI. YKa)XKUTE€ UX HAa3HAYCHHUE U BBINOJHSIEMbIE
GyHKITUH.

4. KBapueBoe cTekiio, ero napamerpsl. Jlerupyromue npucagky K Kaplie-
BOMY CTEKIY, UX Ha3HAUCHHUE.

5. YIIpOUHSIOIIKNE CUIIOBBIE 3JEMEHThI KOHCTPYKLMU ONTHYECKUX KabeneH,
KOHCTPYKIUH, MaTEPHUAJIbI.

6. Bnarozammura ontuyeckux kabOened, NPUHIMI JACHCTBUS, KOHCTPYKIUU
BJIArO3alllUTHBIX 3JIEMEHTOB.



JlaGopaTopHasi paéora 2.
NCCIEAOBAHUE MMPOXOXKJIEHUSA CBETOBBIX
NMITYJIBCOB IO MHOI'OMOAOBBIM OITUYECKUM
BOJIOKHAM

esab padoThI

N3yuenue npoieccoB pacnpoCTpaHeHHs] onNTHYeCKUX ummyibcoB (OM) mo
mHoromozoBeiM OB (MM OB) ¢ yceueHHBIM CTEIEHHBIM MPOQHIEM, METOI0B
u3MepeHus: napamerpoB OB — 3aTyxaHus U IUCIIEPCUH, UCTOYHUKOB MOTPEIIHO-
CTeH, BKIIIOYass WHCTPYMEHTAIbHBIE U METOJMYECKHE MOTPEIIHOCTH, CIIOCOOOB
MX KOMIICHCAIWH.

IHoaroroBka k padore

[Ipu noaroroBke Kk paboTe AOKHBI OBITh H3YUYEHBI:

1) paznen «TeopeTnueckue cBEAEHUSD JaHHON J1a00paTOpHOIl pabOTHI;

2) pasnensl 7.1, 7.2, 7.6.2-7.6.4 yueOuuka Hanpasnsaiowue cucmemvl 3J1eK-
mpocesazu: yueoHuk 01s 8y3068. B 2-x momax. Tom 1. Teopus nepedauu u eiusi-
Hust/ B.A. Anopees, 2.J1. Ilopmnos, JI.H. Kouanosckuii; noo pedakyueii B.A. An-
opeesa. — [-e u30., nepepab. u oon. — M.: I'opsiuas nunus — Tenexom, 2009.

TEOPETUYECKHUE CBEAEHUSA

1. Ilpoduab nokaszarteJisi MpeJOMICHUS

B nmaGoparopnoii pabore msywatorcs MM OB ¢ yceueHHBIM CTENEHHBIM
[III1, 1. e. TITI1, n3MeHeHUs KOTOPOTO OMUCHIBAIOTCS (POPMYJIION:

nZ(r): {nlz (I’) = nlzo[l_ 2A(r/rcore )ql npu 0 <1 <Tgp (2.1)
2 _ .2 ’ :

N =nf(1-2A), NpU I > Iy
rae I — paccrosinue ot ocu OB, MKM; I'core — pamuyc cepaueBunsl OB, Mkm; Ny,
N, — mokazarenu mnpenomsieHuss Ha ocu OB (mpu r=0) u B obonouke (mpu

I > lcore), COOTBETCTBEHHO; (] — TMOKa3aTelb CTEINEHHOrO MPOQPUIIsl, KOTOPHIN
00bIYHO OJIM30K K 2; A — BbicoTa ipoduis OB:

A=(nd -n3)/2nd, (2.2)
B kaGensx cBsi3M OOBIYHO HCIONB3YIOT TaK Ha3bIBAEMbIE ClIA0OHANpaB-
nsirore OB, st kotopeix A << 1,
B naGopatopHoii pabore B kadectBe obonouku OB mcmnonb3yercst uncroe
kBapieBoe crekio SiO,. Tpebyemass BeauunHa Ny AOCTUTAETCS JIETUPOBAHHUEM
MaTtepuaia cepAreBuHbI okcuaoM repmanus GeO,.

2. Hanpasasiemble Moabl. JlyueBoii HHBApHUAHT.

Pasnuunsie myun (Mojb1), pacnpocrpasstonecs B MM OB, MoxHO Xapak-
TEPU30BATh J1YUesbiM UHEAPUAHMOM B, KOTOPBII NpeAcTaBiIseT coO0N MOCTOSH-



HYIO0 JUIsl JAHHOTO JIy4a CKAJSIPHYIO BEJIMUMHY, OJTHO3HAYHO OINPEACIISIONIYI0 €TI0
HaIpaBJIeHUE B JIFOOON TOUKE TPACKTOPHUU:
B =n(r)cosé(r), (2.3)
rie 0(r) — yroJa HakJIOHa Jiyda 1o OTHomeHHo K ocu OB.
Jlnig HampaBJiseMbIX JIyuel (MoJ) BeJIMYMHa MHBapuaHTa B noymkHa ynoBiie-
TBOPSTH YCIIOBUIO:
n, <B<ny. (2.6)
O¢ddextuBHOCTh BBOJA M3NydyeHHss B MM OB npuHATO XapakTepu3oBaTh
yucnosou anepmypoti NA = Sin Opay, KOTOpasi ONMpeaessieT MaKCUMAITbHBIA YTOJT
Omax Mexay ocbto OB u HampapiisseMbIM JIydyoM, najaromumM Ha topeny OB u3
BO3ayXxa uin Bakyyma. ¥Y rpagueHTHbIXx MM OB NA 3aBucur ot r. Ee Ha3bIBaroT
JIOKANbHOU YUCTIO80U anepmypoll.

NA(r)=+/nf(r)-ns, npu0<r<rg,. (2.4)

Hopmupyrot mis rpaaueHTHbIx MM OB makcumanbsHoe 3HaueHue NA(r), koTo-
poe oHa npuHUMaeT Ha ocu OB:

NA o = N5 — N2 . (2.5)

Baxxupsim napamerpom OB siBnsieTcst HOpMHpOBaHHAs YacTOTa

V= 272'("core /i)\/ n120 - n% , (2.7)

rae A — JUIMHa BOJIHBI MCIOJIb3yeMOr0 UCTOYHUKA M3Ty4YeHus: B Bakyyme. Hop-
MUpOBAaHHAsl 4acTOTa OMpPENEiseT YUCIO0 HampaBisieMbix Mox B MM OB. [ns
OMpeNesIeHUs] KOJMYECTBA HAMpaBIs€MbIX MOJI MOXHO HCIOJb30BaTh MPUOIU-
YKEHHOE BBIPAXKECHHUE!

M = INT|05v?(q/(q +2))], (2.8)

rae INT(X) o3Hagaer 1esayro 4acThb X.

3. Me:xmonoBasi nucnepcusi. Kosgdumnuent mexmo10Boii 1ucnepcun

Paznuunblie myun (MOJbI) pacrpocTpaHstoTes Bojib ocu Z MM OB ¢ pas-
JUYHBIMUA CKOPOCTSMH, YTO MPUBOJUT K MEHCMOO080U OUCnepcuy — yIMpeHUto
(yBenuuenwuto giutenbHoctr) OU mpu npoxoxaenuu MM OB. Ymmupenne OU B
MM OB eauHu4HON IITUHBI HA3bIBAIOT KOG PUyUeHmMOM MeHCMOO080U Oucnep-
cuu Dp,. B nepBom npubmmkennn 0e3 ydeTa B3aMMOJICHCTBHSI MOJT JIJIsl OLICHKH
Dp, (¢/kM) HCTIONB3YIOT BBIpAKEHUE:

Din = tmax —tmin- (2.9)
1€ tnax U tmin — MakCUMalbHOE U MHHUMAJIbHOE YZEJIbHbIE BPEMEHA pacipo-
CTpaHEHHMs Jyya Ha eAMHUYHOE paccTrosinue B OB, pacueTr KOTOphIX pacCMOTpEH
HUXKE.

N3BecTHO, uTO yaenbHOE Bpems t (C/KM) pacmpocTpaHEeHHs Jyda Ha €Iu-
HuyHoe pacctosinue B OB ¢ yceuennbiM crenendsiM [IIIIT 3aBucuT TOMIBKO OT B:

1 Mg Mo B
tB)==- —+(2-p)— |, 2.10
(B) C g2 (p+q) 2 +(2-p) ” (2.10)



riae ¢ = 3-10° KM/c — CKOPOCTb CBETa B BaKyyMe; P 1 N1og — MapaMeTp BHEOCEBOM
JUCIIEPCUM U TPYNIIOBOM IMOKAa3aTelb MPEJIOMIICHUSI MaTrepuaja CEpILECBUHbI Ha
ocu OB, yuuThIBaroIye 3aBUCUMOCTb MOKA3aTes MpeoMIIeHUs cepaueBruHbl OB
OT JIJIMHBI BOJIHBIL:
(1)= no(4) 2 dA(2) (2)= (;L)_/ldnlo(i) 511
pn)= : : » MhogA)=Tyg : (2.11)
Nog(4) A(A) da dA

C mapamMeTpoMm Nigg CBA3AHO MIOHATHE TPYIIIIOBOM CKOPOCTH:
Vg =¢/Nygq - (2.12)

MoOXHO moOKa3aTh, YTO MUHUMAJIBHOE YAEIBHOE BPEMSI PACHpPOCTPAHEHUS
BCErJla UMEET JIyd C UHBAPUAHTOM, PABHBIM B!

1 2Mg q+p
t(B,)==- +gf2-p), B,,=n ) 2.13
( m) C q+2 (p CI)( p) m 10 2_p ( )
Opnnako eciid pacCUUTaHHOE 3HAYEHUE By, HE yIOBIETBOPSIET YCIOBHUIO HalpaB-

JsIeMBIX Jiydeid (2.6), To pacuer t(Bn) He nMeeT cMmbIcia.
B o6mmem ciydae mtst tax ¥ thin CIIpaBeInBO:

tmax = max[t(nyo). t(n; )] (2.14)
C o t(B,, ) npu n, < B, <ny (2.15)
™ I minft(ng ), t(n,)], npu B, <n, u B, >ny '

rae max(X, y) u min(X, y) o3Ha4aroT BEIOOp MAaKCHMAaIbHOIO ¥ MHHHMAJILHOI'O 3Ha-
YEHHsI U3 IBYX apI'yMEHTOB COOTBETCTBEHHO.

MunaumaiabHOe 3HaueHue Dy, min *MeeT MM OB ¢ onTuManibsHBIM ITOKa3aTeaeM
CTENEHHOT0 MPOMUIIS (opt:

Dinmin = n109A2/8C’ Uopt = 2'(1_ p)—A-(Z— p)- (2.16)

4. KoagppuumneHT 3aTyXaHUS

3aryxanue OB ckmanpiBaeTcs U3 COOCTBEHHOTO 3aTyXaHUsS WU JIOTIOJNHU-
TEJILHOT'0, BO3HUKAIOIIIETO B Mpouecce npousBoactsa OB, mpu u3roroBieHuu,
npoxanke u MoHTaxke OK. Oxgnoponnoe OB MoxHO xapakTepu3oBaTh KO3 hu-
[IUEHTOM 3aTyXaHUs O, — BEJIUYMHON COOCTBEHHOTO 3aTyXaHUs HA €AUHUILY JIJTU-
Hbl. CobcTBeHHOE 3aTtyxanue B OB 00yclioBiIeHO NBYMSI MPUUUHAMU: PACCESHU-
eM W noznoweHuem. J{oNOJHUTENIBHOE 3aTyXaHUe B BhICOKOKadecTBeHHBIX OB B
OCHOBHOM BO3HHUKAE€T HA MUKPO U MAaKpO M3rubax, KOTOphIe BCET/la UMEIOT Me-
CTO.

Pacceanue. B nuanazone ayiuH BojiH 800—1700 HM moTepu acUMOTOTHYE-
CKU YMEHBIIIAIOTCS ¢ POCTOM JJIMHBI BOJHBI, YTO 00YCIIOBJICHO PEEeBCKUM pac-
cessuueM ceta B OB. Ilotepu n3-3a pesieeBCKOro pacCcesHUsl CUIIBHO 3aBUCAT OT
JUTUHBI BOJIHBIL:

ag =y A, (2.17)
re s — K03(pPUIHeHT mponopIMOHaTIFHOCTH, KOTOPBIA JI1 BHICOKOKAYECTBEH-
4
HbIX kBapieBbix OB pasen 0,7-0,9 n1b-MxM /kM.



Hoznowenue. [Jpyrum XxapakTepHbIM BUJIOM MOTEPb, OKA3bIBAIOLIUM BIIMS-
HUE Ha BUJ MPEACTABICHHON XapaKTePUCTHKH, SABIISACTCS TOTJIOMICHUE, KOTOPOE
HOCUT pE30HaHCHBbIA xapakrtep. st pacuera ko3(pUIIMEHTOB 3aTyXaHus,
00YCJIOBJIEHHBIX PE30HAHCHBIM MOTJIONIEHNEM B KBapIle B HHOPAKPACHO! Ojng
U yIbTpaduoJIeTOBOM 0y OOJACTAX CHEKTPa, MOKHO BOCIOJIB30BaThCS Clie-
IYIOMKUMU YIIPOIIEHHBIMU BBIPAXKECHUSMMU:
s =7,81-10" exp(—485/1),  a,, =255-10exp(4,63/1) (2.18)
B (2.18) koaddurrenTs! 3aTyXaHus noiayyarcs B 1b/kM, eciid IJIMHa BOJHbBI BbI-
paxkeHa B MKM. [loTepu 3a c4eT pe30HAHCHOTO MOTJIOIIEHUS Oy THAPOKCHIIbHBI-
MU TPYIIaMU U IPYTUMHU IPUMECSIMU MOTYT OBITh MIPUHSTHI CJIETYIOIUMHU:
o, =0,1 ntb/xm  mma A = 0,85 MKM,;
o, =0,05 nb/km mug A = 1,30 MrM. (2.19)
KoaddummenT 3aryxanusi, 00yCIOBICHHBIN JOMOJHUTEIBHBIMHA TOTEPSIMH,
MO>KHO OPUEHTHUPOBOYHO NPUHATH: 0ig = 0,1...0,3 ab/km.
OO6mmit ko3 dunment 3aryxanuss OB MoxHO paccuuTaTh o popmyie:
=0+ Qg + 0y, 05 +0y . (2.20)

OIINCAHME JIABOPATOPHOM YCTAHOBKH

CrpykTypHas cxema J1a00OpaTOpPHOM YCTAHOBKHM I10 MCCIEIOBAHUIO
npoieccoB npoxoxaenuss OU mo MM OB (puc. 2.1, a) Bkiitoyaer:

- reneparop ummnyiscoB (I'M);

- uctouHuK u3nydenus (M) — nonynpoBOJHUKOBBII J1a3ep;

- nBa HanpaBieHHbix orBeTBUTENsS (HO1 1 HO2);

- YCTPOMCTBO BPEMEHHOM 3aJIepKKU dIEKTpUUECKOTO nmiyibea (Y3);

- (poronpuemnoe ycrpoiictso (PIIY);

- ctpobockonuueckuit ocimiorpad (CO);

- TPU KOPOTKHX onThueckux narukopaa (OI11, OI12, OII3);

- uccienyemoe OB.

PaGora nmaGopatopHOil yCTAaHOBKH WJUTIOCTPUPYETCS BPEMEHHBIMU JIHa-
rpammamu (puc. 2.1, 6), kKoTopsie mokaspiBatoT uMIyJabchl U, Ha Bbixoae I'U,
uMmysbebl U, 3aiepkanabie Ha Bpems b, B V3, miuiooOpa3Hoe HaIpsKEHUE pas-
BepTku U, n Hanpsokenue Uy ¢ Beixona @IIY. Mmnynscer U, nocrynaror Ha MU,
r7ie MpeoOpa3yroTCcsi B ONTHYECKUE UMITYJIbChl MOITHOCTHIO P, xotopsie B HO1
pa3ienaoTca 0 MOITHOCTH HA JBa MPUMEPHO OJMHAKOBBIX UMMYyJibca. OJUH U3
HUX, MOIITHOCThIO P31, mpoxoaut yepe3 OII1, OI12, OII3, HO1 u HO2, 3anepxu-
BaeTca Ha BpeMs 133 u moctynaer Ha OIIY. Bropoii, MOIIHOCTEIO Pp, IPOXOAUT
yepe3 OII1, OB, OII3, HO1 u HO2, 3aaepxuBaercst Ha Bpems t3; 1 ocinablieH-
HbIN 3a cyeT 3aTyxaHusi B OB taxxe noctymaer Ha ®IIY. ®IIY npeobpasyer
ONTUYECKUE UMITYJIbCHI B DJIEKTPUUECKUE, KOTOPhIE MOKHO HAOJIOJaTh Ha dKpa-
He CO, eciu ANEeKTPUUECKUI UMITYJIbC COBIIAJAET M0 BPEMEHHU C MUI000pa3HBIM
HaIPsSDKEHUEM pa3BepTKU. MOMEHT 3aIycKa pa3BEPTKH OINPEIEISAETCS yCTaHOB-
JIEHHOM B Y3 3aJ€p>KKOH, KOTOPYI0 MOYXHO MU3MEHATHh BPYUHYIO WJIM aBTOMAaTH-
4yeckd. B aBTOMaTM4eckoM peXuME IOHUCKA BBIXOJHOTO HMMITYJIbCa 3a/epiKKa



Bo3pactaeT oT 0 10 MakcuManbHOro 3HaueHus. IIpouecc ocranaBiauBaeTcs Mpu
MPEBBIIIIEHUHA CUTHAJIOM OIPEJIEJICHHOIO YpOBHS (B JIaHHOU j1abopaTopHOM yc-
TaHOBKE OH BbIOpaH paBHbIM 2 MB).

JIabopaTopHasi yCTaHOBKA [103BOJISIET OIPEENISTh BpEMEHA 3aJIEPKKH 131 U
t3o, ammuutyabl Uy 1 Uy 1 aimutensHocTH ) U t; BXOJAHOTO M BBIXOJIHOTO MM-
nyJsbcoB. [I0 U3MEpeHHBIM BEIMYMHAM MOKHO paccuuTarh: AnuHy OB L, BHO-
CUMO€ 3aTyXaHU€ Ao, U CPEIHHM KO3(PPUIMEHT 3aTyXaHHs O, JUCHEPCHOHHOE
YIIMPEHUE BBIXOIHOTO UMITyJbca At.

Ur

oni
TH WH [T1T] HO1 OB t
onz2

C y onz3 Up 5
y3 Co oMY [T—T] HO2 ./‘ /t
Uy
/\ AN /\ AT

a) 0)

Puc. 2.1. CtpykrypHas cxema 1ad00paTOpHON yCTaHOBKH (a)
U BpEMEHHBIE TUarpaMMsl ee padboThl (0)

1. AHAJIHU3 ONITHYECKOM CXEeMbI

B naGopatopHoil pabote mpeamonaraeTcs MPOBEICHUE HW3MEPEHHUH s
TpeX BAapUAHTOB BKJIOUEHHUs uccieayemoro OB u onTHYecKUX MaTYKOPAOB B
cxeMmy jabopaTopHOUW ycTaHOBKH (pHC. 2.2). DTO TO3BOJSIET HUCKIIOYHUTH I10-
IPEIIHOCTH, OOYCIOBJICHHBIE BPEMEHHBIMU 33/ICP>KKAMU U 3aTYXaHUSIMU B OTNITH-
YECKHUX dJIEMEHTaxX JlabopaTopHO ycTaHOBKH. [losaraem, 4To Jjisi U3rOTOBIICHUS
NaTYKOPAOB M HAIIPaBJICHHBIX OTBETBUTEJICH HCIIOJIB30BAIMCH HIeHTHYHBIE OB.

HO1 3 5 HO2
CHEMA 1 2 7 8

NOAKARYEHHA oni onz
1 wa [T] [T onz Tl —{ ]| enu
T T
a 6
HO1 3 s HOZ

Y oni onz ons3
NnoagxsN4EHHA | | |—|
2 HH < > ony

CXEMA
NOAKANNEHMA | pu
3

LI~

ong

Puc. 2.2. Ontnyeckue cXeMbl



Cxema 1. JIna BpemeHu 3a7iepKku U 3aTyxanusi BxogHoro OU t3; B cxeme 1
CIPaBEMJIUBO:
ta = (L + Ly + Lg + Los + L7 )/ Vg1, (2.21)
gy =ag(ly + Ly + Ly + Ly + Lgy ) +ap; +@py +@pg +8pg +8y7 +8pg + 8y, (2.22)
rae Ly, Ly, Ly — JJIMHBI COOTBETCTBYIOIIUX MATUKOPJIOB, KM; Log, Lg7 — AJIMHBI CO-
OTBETCTBYIOIIUX IIJI€Y HANPABJIEHHBIX OTBETBHUTENEH, KM; Vg1 — CKOPOCThL pac-
MIPOCTPAHEHUs CBETA B MATUKOPJIaX U HAMPABICHHBIX OTBETBUTENSAX, KM/C; Ol —
kod(pdunment 3aryxanus s OB, ucnonb3dyembix B matukopaax OII1, OII2,
OII3 u nampasnenssix orBetBuTessix HO1 m HO2, nb/kwm; api — motepu B i-M

pasbeMme, nb; axq — norepu pazaenenus B HO1, ob.
JInst BpeMeHu 3a/iepKKU U 3aTyxaHus BeixogHoro OU t3; cripaBeimmuBo

g =ay(Ly+ L + Log + Lsy )+ @y + 8y, +@pz +aps + a7 +apg + 8y +al, (2.24)
rae L — mmna uccnexyemoro OB, km; Vg — rpynmosast cKopocTs, KM/C; Lo, Ls7 —
JUTMHBI COOTBETCTBYIOLIUX TUICY HAINPABICHHBIX OTBETBUTENEH, KM; O — KOA(-

¢unuent 3aryxanus uccienyemoro OB, nb/km; a3 — motepu pasjeieHus B
HO1, nb.

Cxema 2. ]Ina BpeMeHHU 3aJepKKHU U 3aTyXaHus BxogHoro OM moxHO 3a-
MUCATh:

tay = (L + Ly + Lg + Lpg + Ls7 ) Vg1 , (2.25)
ay =Ly + Ly +Lg+Log+Lsy)+ay +ap, +a,3+aps +ap; +a,g +ay3. (2.26)

Bpems 3agepxkkm um 3aryxaHue BbIXOAHOTO OM MOXHO ONpEAENuTh IO

dbopmynam
g =ay(ly + Ly + Lyg + Lgy ) +ap + 8,y +8pg +8pg +8p7 +8pg + 89 +al. (2.28)

Cxema 3. JIns BpeMeHH 3a€PKKH U 3aTyXaHHsl UMITYJIbCa CIPABEINBO:
taz =Ly /Vg1, a3 =aly +ay +apg. (2.29)

2. Onpenesenue napametrpo OB
1. Onpeoenenue onunvr OB. PaccMOTpUM CIIEIYIONIYIO pa3HOCTb:
tao1 — g =L/Vg — L Vg = LV — 153
OTtcroa myTeM OYeBUAHBIX MPEOOPA30BAHUIM MOTydaeM
L = (tsp1 —tagp +1313)-Vg- (2.30)
2. Onpeoenenue 3amyxanus OB. B maboparopHoit paboTe H3MEpSIOTCS aM-
TUTATYABI BXOJTHOTO U BBIXOJHOTO UMITYJILCOB, T. €. B CXeMe 1 — BETMUNHBI

U mi1L = U mo ° 10—811/10 , U m21 = U mo ° 10—8.21/10 (231)
a B cxeMme 2 —
Uy, =Uo 1072210y =U_, -107%2/10 (2.32)

rie Up — ammmtyna ummyibca, popmupyemoro Ha Bbixone MN.



[To mamepennbiM 3HaueHUIM Uni1, Umai, Uniz, Um22 MOKHO paccuuTaTh 3a-
TyXaHHMs B IIEPBOM U BTOPOU CXEMax aj U ay:

a =10lg(U1 /Upz); 8, =1019(U 0 /U o) (2.33)
U3 (2.22), (2.24), (2.26), (2.28), (2.31) u (2.32) MOKHO MOJTYYHUTh:
A =ay —a; = (ap3 _ap4)+(ap5 _ap6)+a1(|-23 — Ly )+ (Lsy — Ly )+

+(ay3 —ay, )+ (as; —agr )+ al (2.34)
Ay =Qay —dp = _(apB —ay )_ (apS _apé)_al(LZS —Ly)—a(Ls; — Ly )—
—(ag3 —ayy)—(a57 —ag7 )+ ol (2.35)

U3 (2.34) u (2.35) caenyer, 4to 3aryxaHue uccieayemoro OB mMoxHO pac-
CUUTATH TI0 BBIPAKECHUIO

agg =alL=05-(a; +a,). (2.36)

OIMMCAHUE UHTEP®ENCA ITIPOTPAMMHOI'O OGECIIEYEHU S

Hannas nabopatopHast paborta sBisercss BupTyaidbHOM. Ilocne 3arpysku
IpOrpaMMbl Ha SKpaHe MOSIBISIETCA TEKCT METOIMYECKUX ykazaHuil. OCHOBHOE
yHpaBieHUE OCYIIECTBIsIETCS (PYHKIIMOHATBHBIMY KJIaBUILIAMU:

F1 — nepexon k pazaeny «TeopeTndeckue CBEACHUS;

F2 — monyuenune nndopmaruu o nmapamerpax ucciaeayemoro OB;

F3 — mepexon K OMMCAaHUIO MOACTUPYEMOM TabOPaTOPHON YCTAaHOBKHU;

F4 — nepexo K MPOBEAEHUIO U3MEPEHHI;

F8 — BBI30B KaJIbKyIATOPA.

BAPHAHT 35 [IAPAMETPE BOJIOKOHHOI'O CBETOBOIA,

CoOTBETCTBYyKIEI'O BalleMy BapmMaHTy

1. HokxasaTene npenoMieHuss Ha ocu BC:

Ly= 0.85 MmkMm nl = 1.47263
Ly= 1.3 MM nl = 1.46720
2. loxasaTens npenomneHuss obojsouxkyum BC:
Ly= 0.85 MmkM nl = 1.45250
Ly= 1.3 MxM nl = 1.44692
3. lokxasaTens npobmnsi: q = 1.920

4. Brauenue dnj/dLy :
Ly= 0.85 Mxm dnj/dLy,=-0.01596
Ly= 1.3 MM dnj/dLy=-0.01046

5. Brauemme d A /dLy :
n(r) Ly= 0.85 MmxMm d A /dLy=-0.121E-3

NPO$MIIL NOKABATEJS NPEJIOMIEHUA

Ly= 1.3 MmxMm d A /dLy=0.671 E-3
""" n2 nl 6. XuMMueckMuiI COCTaB NpMMECHM B MaTe-
r puane cephueBMHB BOJIOKHA :
Ge 13.1 mMom. %

Del - BHXO&

Puc. 2.3. Dxpan ¢ napameTrpamu ucciegyemoro OB



Ha puc. 2.3 npencraiieH skpaH ¢ mapameTrpamu uccieayemoro MM OB.
Hexotopbie 0003HaueHUsI HA SKpaHE OTIMYAIOTCS OT 0003HAYEHUW B JAHHBIX
METOJMYECKUX YKa3aHUSIX, COOTBETCTBHE MEXKly HUMH YCTaHOBJICHO B Ta0I. 2.1.

Tabmuma 2.1
O6o03HaueHne B
O06o3HaueHune
HaunmeHoBaHMEe BEIUYUHEI METOIMYCCKHX
Ha DKpaHe
yKa3aHUsAX
JlmuHa BOJIHBI Ly A
ITokazarens npenomiienus cepaueBubl OB Ha ocu Ny N1o
3HaueHHE TPOU3BOJHOM TOKA3aTeNsl MPEIOMIICHUS
dny / dLyy dnyo / dA
cepaneBunbl OB 1o 1mHe BOJTHBI HA OCH
3HavYeHHE TPOM3BOJHOM BBICOTHI MPOQUIS IO JIMHE
dA /dLy, dA / dA
BOJIHBI Ha OCH

Ha puc. 2.4 noka3zan 0oCHOBHOM 3kpaH nporpaMmbl — 3kpad CO, Ha KOTOPOM
MIPOBOASTCS BCE U3MEPCHUSI.

CTPOBEOCKOIMUECKM OCLWMILJIOTPA®

BpeMsi, MKk
F10- mMenwo P%.ob1 o/ men
Fl - aBTOMaTHMYECKHUM
IIOMCK BHXOLHO- t Hanpsixenne ,B/pen
o mMMOyJabca T 0.1000
F3 - BXOOHOM MMOYJBC ¥
AV - cMmemeHne nyuga

OnuHa BOJIHBI, MKM
1.3000

INnTensHOCTE MM-—
\ nyinsca, MKC

NsMeHeHNEe BpeMeHn
BafepXKM OCYIWeCTB-

JIsieTCsT  OOHOKPATHEIM + 0.0010
HaxaTueM KypPCOPHHIX I \

KJIQBU/II -—>un <--. ¥

IS OCTaHOBKM HaX- ¥ f l [loxasarens npopmns
MuTe KJIaBUy ¥ } 1 1.920

ENTER. — CocTae mnpmMecu

Ge 13.1 Mom. %

BpeMst BagepXKM, MKC

IsMeHeHMe napaMmeT-
oB BC: 0.065
P : iZsMeHeHue CXeMsl
F2 - usMeHMTB NOKa- NIOOKJIIOUYEHMNS :
Barene npobuns

F5 - 1l-s1 cxema
F6 — 2-s1 cxeMma
F7 - 3-s3 cxema

F4 - MBMEHUTEL XMMNU-
YeCKUiZ CcoCTas

Del-BrXOR

Puc. 2.4. DxpaH cTpOOOCKOTMIECKOTO ocImniorpada

VYpasieHue MoMeHTOM 3amycka pazsepTkun CO ocylecTBIsE€TCS Kypcop-
HBIMU KJIaBUIIaMu > U € U kiaBuiiei Enter. OnHokpaTHOE Ha)xkaThe OJHOUN M3
KYPCOPHBIX KJIaBHUIII BBI3BIBAET YMEHBIICHUE (=) UIH YBEIUYCHUE (€) BPEMEHU
3anepKku. VI3MeHeHue BpeMEeHU 3aepKKH IPOUCXOAUT C ITOCTENEHHO BO3pac-
Tarolel ckopoctbio. [Ipu 3Tom n300pakenue Ha skpaHe CO cmelaercs BJIEBO
K BrpaBo. OCTaHOBUTH W300pakKeHHE B HY>KHBIH MOMEHT MOKHO, Ha)KaB KJla-



Buiry Enter. Tekyuiee 3HaueHHME BpPEMEHH 3aJ€pKKH B MKC OTOOpaxkaeTcs B
oko1ike noj 3kpanom CO.

N3obpaxkenne Ha 3xkpane CO MOXKHO Takke CMelIaTh BAOJIb BEPTUKAIHHOM
OCH OIHOKPATHBIM HakaTheM KypcopHoil kiasuimu N mmu \v. Tlpu sToM m30-
OpakeHrne HayHEeT MepeMEeNIaThCcsl BBEPX WM BHU3 C PAaBHOMEPHOH CKOPOCTHIO.
OcTaHOBUTH N300pa’KeHNE B HYKHBII MOMEHT MOXKHO, Ha)kaB KjiaBuiy Enter.

MacmrabupoBath nu3oopaxkenue Ha 3kpane CO MOXKHO, U3MEHSS 1ICHbI Jie-
JIEHUS €r0 TOPU30HTAJIbHOM (BpeMs) U BEPTUKAIbHOW (HampsbkeHue) mikan. s
3TOr0 HEOOXOIMMO BOCIIONB30BATHCS PeKUMOM «MeHI0» (IIyHKT MEHIO M3mene-

HUe napamempos ocyuiiozpaga), BbI3BaTh KOTOPBI MOXXHO Ha)XKaTHEM KIIaBH-
mm F10 (puc. 2.5).

CTPOBOCKOIIMYECKNUHA OCLIMIIJIOT'PAD
BpeMmst, Mkc/gen
SHEeHNE IapaMeTpOB 0.001
= e Hanpsixeune ,B/nen
0.1000
UsMelH IsMeHeHnMe MacwmTaba T
| rene IO BpeMeHM InyHa BOJIHEI, MKM
- AAAY AL ke WA addd | W WAl Ml haad 1.3000
UsMe T INuTensHOCTE MM-—
Bange eHe = a aba ¥ nyjJeca, MKC
aseT - ST IO T 0.0010
Haxa = : I
KJIaBMl -->u B/ nen ¥
IOnsi ocramoBkm |0.3 B/men ¥ lloxasarens npogmus
MuTe kn{ 0.1 B/men ¥
ENTER. 30 MB/gmen = CocTar mnpmuMecu
10 MB/pen Ge 13.1 Mon. %
3 MB/men BpeMst BamepxKu, MKC
MsMeHnenme mnapq l MB/men
pos BC: 0.1 wB/nexn VisMeHeHME CXeMs
F2 - wmsMeHUTE noxa- MORKITIOUEHMS ;
saTens npobmis
F4 - MBMEHUTHL XMUMU- F5 - 1l-s cxema
ueckmuit cocTas F6 — 2-s1 cxema
F7 - 3-:3 cxema
Del-BrxOn

Puc. 2.5. Pexxum «MeHro»

B pexume «MeH1o» Takxke MOXHO u3MeHsaTh napametpsl [ u MU (myHKT
MEHIO M3MeHeHue napamempos 2eHepamopa UMnyibcos) — ITATEIbHOCTh UM-
nyJibca U JAJIMHY BOJIHBIL. YcTtaHoBieHHbIe nmapameTpsl CO, I'M u MU orobpaxka-
10TCs crpasa ot 3kpana CO.

[lepexntoueHrne ONTUYECKUX CXEM JUISl IPOBEACHUS U3MEPEHUN OCYILECT-
BIISIETCS] HAXKaTHEeM (PYHKIIMOHAIBHBIX KiaBuml: 1-1 cxema — F5, 2-1 — F6, 3-51 —
F7. BoiOpanHast B JaHHBIII MOMEHT CXeMa BBIJICTISICTCS I[BETOM B OKHE M3meHe-
Hue cxeMbl NOOKII0YeHUs1 BHU3Y DKpaHa CIIpaBa.

B paGoTte M0okHO Takxke U3MEHSATh mapaMeTpsl uccienxyemoro OB — noka-
3arenp creneHHoro I u crenens nerupoBanus cepALEBUHBL. [[ns n3MeHeHus
nokazarens creneHHoro [T nyxHo Haxate knaBuily F2. I[Ipu 3ToM Ha 3kpaHe



MOSIBUTCSl OKHO C TEKYILIMM 3HAau€HUEM Toka3zaress. Bam HykHO HaOpaTh mud-
paMu 0€3 TOYKHM HOBOE 3HAUCHUE MOKA3aTEN.
JIns M3BMEHEHUsI CTENEHU JIETUPOBAHHUS CEPJILIEBUHBI HYKHO HaXaTbh KJa-
Buiy F4 v B mosiBUBIIEMCSI MEHIO KiIaBuIamMu N 1 Vv BeIOpaTh HY>)KHOE 3HaUEHUE.
VYcranoBiieHHbIC MOKa3aTesb creneHHoro I u xumMuyeckuii cocTaB Jie-
TUPYIOIIEH TpuMecH 0ToOpakaroTes crpasa ot skpana CO.

BBIIIOJITHEHHUE PABOTbBI

1. ITonyuure y mpenojaBatess HOMEpP BapUaHTA.

2. Jlng nony4yeHus: cBeACHU o mapamerpax ucciaegyemoro MM OB, Heo0-
XOJIMMBIX JUIsl IPOBEACHUSI TpeOyeMbIX B pabOTe pacyeToB, HAKMUTE Ha KJIaBU-
mry F2. 3anonnure rpady «Mcxonansie nanueie» Tabdn. 2.2. BepHurech B MeTO-
JMYECKUE yKa3aHus, HaxaB kiasuiry Del.

3. [1o 3amanubIM napamerpam OB paccuuTaiite:

— IPYIIIOBOM MOKAa3aTelb IPEIOMIICHHS Ha OCH BOJIOKHA Niog 1o (2.11);

— IPYINIOBYIO CKOPOCTh Vg 110 (2.12);

— koa¢¢unment 3atyxanus o 1o (2.20);

— HOPMHUPOBAHHYIO 4acTOTy V 10 (2.7), cunTas paanyc Cep/IeBUHbI BOJIOK-
Ha PaBHBIM 25 MKM;

— YHCJI0 HampaBisieMbix Mo M 1o (2.8);

— K03 GUIHEHT MeKkMOI0BOM aucniepcuu Dy, o (2.9);

— ONTHUMAJIBHBIHN NoKa3arens creneHHoro [IIT ggy mo (2.16);

— MUHHUMAJIBHBIM JIOCTHXKUMBIM KOI(PGUIIMEHT MEXMOIOBON JHCIIEPCUU
Dm min IO (216)

OOparute BHUMaHWE, YTO PACCUUTHIBATH MapaMeTphl HEOOXOIUMO C JI0CTa-
TOYHOW TOYHOCTBHIO, B CIIydae HEOOXOJWMOCTH TPOBOJS OKPYTJICHHE TOJIHKO
OKOHYATEIbHOro pe3yiabraTa. OCOOEHHO 3TO KacaeTcsl pacyeToB Nipg U BCEX ITa-
noB pacuera Dp,. Pe3ynbraTel pacueToB 3anecute B Ta0II. 2.2.

4. I3yunte CTPYKTYPHYIO CXeMy U paboTy jabopaToOpHOW yCTaHOBKH, a
TaK)Ke aHaJM3 TPEX BO3MOXHBIX CXEM €€ BKJIIFOUCHHS, B KOTOPBIX OYIyT MPOBO-
muThesi m3MepeHusi. OOpatute ocoboe BHUMaHWE Ha MPEIaraeMbIidi CIOCOO
YMEHBIIICHUS TTOTPEITHOCTH PE3yJIbTaTOB M3MEPEeHHMA. ISl MOTydeHus dTOW WH-
dbopmanyy HaKMHATE Ha Kitapuiny F3. BepHuTeCh B METOTMUECKHE YKa3aHUS.

Tabmuma 2.2
Pe3ynbTaThl TEOPETHUECKUX PACUETOB
UcxonHble TaHHBIE Pe3ysbTaThl pacuera
A dnig/ d, | dA / da, Voo | a, D, D mins
v | MO N2 e | /MK 4 | Mog | e nb/xkm v M ac/km | 4P| me/km
0,85
1,30




5. JInst BXOAHOTO M BBIXOJIHOI'O UMITYJILCOB U3MeEphTE 10 3kpany CO:

— BpeMsi 3aJIepKKU, JJI1 Yero YCTAHOBUTE HAdallo MepenHero GppoHtra um-
IIyJIbCa HA CEPENUHY TOPU3OHTAIBHOM ocu dkpana CO;

— aMIUTUTYAy 1o BepTukaibHoi mkaie CO,;

— JUTUTEIBHOCTD 10 TOpU30HTaNbHOM mikane CO.

N3mepenus npoBeauTe A AByX UCTOYHUKOB U3ITyUEHHUs, pabOTAIONIMX Ha
muHax BoyH 1,3 m 0,85 MKM, M ABYX pa3IMYHBIX 3HAUYCHUH JIUTEIbHOCTH
BXOJHOTO UMITYJIbCa, 3a/1aBA€MbIX IpernojaBaresieM. Pe3ynbraTel U3BMEpeHUN 3a-
Hecute B Tabmd. 2.3. Jnsa mepexona kK cTpanuile «IKpaH ocuuiorpaday HaKMHU-
Te Ha KinaBuiny F4.

Tabmuna 2.3

Pe3ynprarsl u3mepeHuii 1 pacueToB
}\'a HOMep Uml! Um21 a, aOB1 t311 t321 tl! t21 At’ L’ Dmizm, 0OB:
MKM | CXEMBI B B a1b | 0B | mxc | Mkc HC HC HC KM HC/KM | nb/kM

1

0,85

1,30

WIN|FPIWIN

6. PaccunraiiTe Mo naHHBIM W3MEpPEHUH IS IBYX 3HAYCHHUH JTMHBI BOJHBI
WUCTOYHHKA U3TyUCHHUS

— Ry uccneayemoro OB L o (2.30);

— 3aTyxaHue B 1-# 1 2-i oNTHYECKUX cXemax a; u ap 1o (2.33);

— 3aTyxaHue aop Kccaeayemoro OB mo (2.36);

— ko3 dunment 3aryxanus uccieayemoro OB oop = aop / L;

— YIIMpEHUE UMITyJbca B uccienyeMoM OB At = t; — ty;

— ko3 puneHT MEXXMOIOBOU JTUCTIEPCUH HCCIIETyEMOTO OB
Dmim = (Aly + Aty) / 2L, Tne Aty, At, — ymmupenus ummyibca B 1-i 1 2-i cxemax.

PesynbTatsl pacyeToB 3aHecute B Ta0d. 2.3.

7. OmpenenuTe SKCIEPUMEHTAIBHO ONTHMAIBHOE 3HAYCHUE IOKa3aTems
crenieHHOro IIIII Qoptizm, aHANU3UPYS 3aBUCUMOCTH (OPMBL, aMIUIUTYAbl U, U
IIMPUHBI {; BBIXOJHOTO MMITYJIbCA B CXeMe | OT MmokaszaTelsi CTENEHHOTO MPoQH-
751 (. VI3MepeHus npoBeAUTE I IBYX UCTOYHUKOB M3IyYEHHUs, paOOTAIOIINUX Ha
mmHax BoH 1,3 u 0,85 mxm. Pesynbrarel u3mepenuii 3anecute B Tabdn. 2.4. B
rpady «dopmay 3aHecuTe YHPOILIEHHOE H300pa)KEHHE BBIXOJHOTO HMMITYJIhCa
(puc. 2.7). Bonu3u MuUHUMaNBHOTO 3HaYeHus I, 1 MakcuManbHOTO 3HAYeHUS Upnp
YMEHBIITUTE Mar U3MEHEHUS (| JJIS TMOBBIMICHUS TOYHOCTH OMPEACIICHUS OITH-
MasibHOTO mokasarens [ITI1.




]

€CIIH JTUTEIb-
HOCTb TIepeJiHe-
ro (ppoHTa M-
nyJibca OosbIe

3aJHETO

€CIIN ITTUTEIIHHO-
CTH IICPCAHCTO U
3aiHEeTO (PPOHTOB
HMITyJIbCA MIPHU-
MEPHO OJIMHAKOBBI

N

€CITN JITTUTEIh-
HOCTb TIepeIHe-
ro gpoHTa UM-

IMyJibCa MCHBIIIC
3aJJHETO

Puc. 2.7. YupouieaHoe n300pakeHre BEIXOHOTO UMITYJIbCa

8. Ilo pesynbpraram usmepenus Uy, u t, onpenenute Qoptizm, KOTOPOMY CO-

OTBETCTBYET MUHUMAaJIbHOE t; 1 MakcuMalibHOE Up;.

9. 1151 Qoptizm PACCUUTANTE 3aTyXAHUE Amin, KOOPOUIMEHT 3aTYXAHUS COmin

1 Kod(phUreHT MeKMOI0BOM Auctiepcu D min izm:
Cmin = amin/l—f

Amin :10Ig(U ml/U m2)’

Pesynbratel pacueroB 3aHecuTe B Ta0d. 2.4. CpaBHHUTE 3KCIEPUMEHTAIBHO OII-
pelleNieHHbIe 3HAaY€HUS Qopt izm ¥ D min izm C TEOPETUUECKU PaCCUUTAHHBIMHU.

Drmminizm = (t2 _tl)/l—- (2.37)

Tabnuma 2.4
OntumMuzanus mpouist mokKa3aTess TPEJIOMIICHUS
. Amin, Ominy | Dim min izms
1,7118(19(20(|21]|22 Oopt izm 1B 1Blkm| mcleu
tz, HC
M 1085 [ Uy, B
MKM ’ m2s
tdhopma
IMokazarens Amin, Ominy | Dim min izms
npodus q 1,7118119)20121)22 Goptizm nb | nb/km| Hclkm
1, HC
}\’l
2113 | Un B
¢dopma
COJEP KAHUE OTYETA
OTuer o abopaTopHO paboTe JOJKEH COJIEPKATh!
1) mapameTpbl, COOTBETCTBYIOIIME HOMEPY BAIIErO BApUAHTA,
2) TEOpEeTUUYECKHI pacyeT ¢ yKa3aHUEM BCEX HCIOJIb30BAHHBIX (OPMYI H
KOMMEHTapUsIMU,

3) Tabu. 2.2 ¢ pe3yabTaTaMu TEOPETUUECKOTO PACUeTa;
4) nBe Tabxa. 2.3 ¢ pe3ynbTaTaMu U3MEPEHHUI U PACUETOB;
5) bopMyJIbI ¥ KOMMEHTapHH, OTHOCSIIMECS K 00pabOTKe pe3ybTaToB
U3MEPEHNN;
6) Tabm. 2.4 ¢ pe3ynabTaTaMU U3MEPEHUM U PacueTOB;
7) rpaduku 3aBucumoctd Uny(Q) u to(q) mts s Bosta 0,85 1 1,3 MKM;

8) BBIBO/IBI.




KOHTPOJIBHBIE BOITPOCHI

1. TlepeuncnuTe AMEMEHTHI CTPYKTYPHON CXEMBI JIAOOPATOPHOM YCTAaHOBKH.
OOBsiCHUTE X HA3HAYCHHUE U OCHOBHBIC MTapaMeTPBhI.

2. [lepeuncnure 2JIEMEHTHI ONITHUYECKONW CXEMBI J1a00paTOPHON yCTaHOBKH.
OOBsicHUTE WX Ha3HAYEHHWE M OCHOBHBbIC NapameTpbl. OOBsSCHUTE Ha3HAUCHUE
TPEX CXEeM MOAKIIOUCHHUS.

3. [TapameTpsl npodusis moxkazatesisi MpeIoMIICHUS.

4. JlyueBoii uuBapuant. Tpaektopuu ayuyeit B cepaueBune OB.

5. Yucnosas aneptypa. I pekTuBHOCTS BBOAA u3ayueHus B OB.

6. HopmupoBannas yactora. KonuaectBo moa B cepaneBune OB.

7. MexmonoBas nucriepcusi. MakcuManbHOE M MUHUMAIbHOE BpeMsl pac-
npoctpaneHus aydeid B OB.

8. OnTuManbsHbIN MPoGUIE TOKA3aTENs MPEIOMIICHUS.

9. 3aBucuMocTh KodhdumreHTa 3aTyXaHust OT JUIHHBI BOJHBL. COCTaBIISIO-
nye noreps B OB.

10. Meroauka uamepenus muabl OB, koaddurmenta 3aryxanus, kodrhdu-
LIIEHTA MEKMOJOBOU TUCTIEPCUM.



JlaGopaTopHasi pa6ora 3.
NCCIEAOBAHUE MMPOXOXKJIEHUSA CBETOBBIX
NMITYJIBCOB IO OJHOMOJAOBbIM OIITUYECKUM
BOJIOKHAM

eab padoThI

1. 3y4yenue mpoueccoB pacnpoCTpaHEHUsI ONTHYECKUX UMITysbcoB (ON)
o ogHoMo0BBIM OB (OM OB) pa3nuyHbIX TUIOB, METOAOB 3KCIIEPHUMEHTAIIb-
HOTO onpeneneHus napamerpoB OB — ko3 pHULIMEHTOB 3aTyXaHUs U XpOMaTH4e-
ckoi nucnepeunt (X/I).

2. 3yyeHue mpoleccoB KOMIIEHCALMM WM yMEHbleHus BiusHUs X/ B
OM OB nyTteM nocneaoBaTeabHOTO BKIOUEeHHS AByX OB ¢ MpOTUBOIONIOKHBI-
MU 3HaKaMu X/I.

3. 3yueHue npoueccoB KOMIIEHCAIlMM WJIM yMEHbIIeHUs BiusHuA X/ B
OM OB c¢ HenyneBoii cMerienHoi aucnepcueit (NZDSF) ¢ moMoIis0 HCTOYHU-
KOB M3JIY4CHUSI C YACTOTHOM MOJYJISIIUEH (YUPIIUHTOM).

IToaroroBka Kk padore

[Tpu monroroBke K paboTe AOMKHBI OBITH U3yUCHBI:

1) paznen «TeopeTnueckue cBEAEHUSD JaHHON J1a00paTOpHOIl pabOTHI;

2) pasaensl 7.3-7.5, 7.6.2, 7.6.3, 7.6.5 yucOuuka Hanpasnsirowue cucmemol
NEKMPOCEszu. yueOuux 01 6y306. B 2-x momax. Tom 1. Teopus nepedauu u
enusinus/ B.A. Auopees, 2.J1. [lopmnos, JI.H. Kouanosckuii; noo pedaxyueii B.A.
Anopeesa. — T-e uz0., nepepa6b. u oon. — M.: I'opsuas aunus — Tenexom, 2009.

TEOPETUYECKHUE CBEAEHUSA

1. XpomaTnueckas gucnepcusi B ognomoaosbsix OB
B onnomonoBeix OB (OM OB) OCHOBHBIM BUJIOM JUCIIEPCUU SIBISETCS
xpomatudeckas (X/]), koTopas BO3HUKAeT u3-3a Toro, uto no OB pacnpoctpa-
HSIFOTCSI CUTHAJIbI, UMEIOIINE HEHYJICBYIO IIIUPUHY CIeKTpa AA!

AL = \/A;Lgign + Aﬂ'gour ’ (3.4)

rie Algign — IIMPHUHA CHEKTPa ONTUYECKOr0 CUTHaa, 00yCIOBICHHAS MOy ISLU-
el (CKOpOCTBIO TIepenadn); Algyr — IIMPUHA CHEKTPAa H3IYUYCHHS HUCTOYHHKA.
[[luprnHa crnexkTpa CUrHajga MOXKET BBIPAXKATbCS HE TOJBKO B HM, HO U B [ 1.
CBs3b MEXKIy HUMH ONPEACISAETCS BEIPAXKECHUEM

AL =22Af Jc, (3.5)
X1 cOCTOUT U3 IBYX COCTABIIAIOIIMX — MATEPUAIIBHON U BOJITHOBOJIHOM:
Dhr = Dt + Dy (3.6)




Ha puc. 3.2 nokazana 3aBUCUMOCTb MaTe€pUalbHOW JUCIEPCUU OT JJIMHbI
BOJIHBI (KpacHas KpuBas). BunHo, 4yTro MarepuanbHas AUCIEPCHS] UMEET 3HAK U
IIPU HEKOTOPOM ITTMHE BOJIHBI A = Agmat IpoxoauT yepes 0.

BonnoBoanas nucnepcus Dy, 3aBUCUT OT KOHCTPYKLIMU U pa3MepoB BOJI-
HOBOJa. OcHOBHBIM pazMepoMm OM OB sBnsercs auamerp moist mMoasl. KoHCT-
pykuuen BosiHOBoAa MOkHO cuutaTh [IIIII. M3BecTHO, 4TO BOJIHOBOAHASA JHC-
nepcusi OObBIYHO OTPULIATENIbHA U C YBEJIMUEHUEM A OHa ymeHbliaetcs. Ha puc.
3.2 moka3zaHa 3aBHCHMOCTb BOJIHOBOJHOM IHCIIEPCHM OT JUIMHBI BOJHBI JJIS
ctanaaptHoro OB (OM OB co crynenuarsiM [I1IT) u pezynbrupyromeit X /1.

N3 puc. 3.2 Bua-
HO, YTO CYLIECTBYET Ta-
Kas JUIMHA BOJIHBI, IIpU

15

10 Marepvanspas
ducnepcus

Jr Xpomatuyeckas o
g Avcnepeys KOTOPOH MaTepHajabHas
5
iz Y BOJIHOBOJHAs AucHep-
g 0 CHH PaBHBI 110 MOJIYJIFO U
3 AMEIOT MPOTUBOIOI0XK-
[&]
o 5 BonHoBoaHas HBIE 3HAKH, T. €. XpOMa-
C avcnepcus
g TUYECKast THUCIIEpCUs
T
-10 paBHA HYJIIO. DTy JJIMHY
i Nomat | || Aoo BOJIHBI Ha3bIBAIOT /M-

HOl BOJIHBI HYJIEBOM
XpOMATHYECKON  JHC-
nepcHuu Agp.

Tak kak 3aBHCH-
MocTh Dy(A) critbHO 3aBUCUT OT KOHCTpyKImu OB, BO3MOXKHO B IIMPOKUX TIPe-
7ieNiaX yIpaBIIsATh 3aBUCUMOCTBIO Dp(A), U3MEHSS TP 3TOM Agp.

XJ1 xak (uznueckas BeIMYUHA U3MepseTcs B 1C / (HM'KM) M O3HA4YaeT
ympenue umnyibca B OB muHoi 1 kM npu miMpuHe crekTpa curiana 1 uM (¢
YYETOM CKOPOCTH MEPENAYd U LIIUPHUHBI CIIEKTpa UCTOYHMKA u3iayudeHwus ). Ilon
YUIUPEHUEM UMIYJIbCA MOJIPAa3yMEBAETCS BEIUUMHA

At =\tZ —tf (3.8)

rae t; u t, — nmmreapHoctr OU Ha BXxozae u Beixoje OB.
s ymmupenust OU At 3a cuer XJI B OB nnuno# L cipaBeyinBo
At:‘Dhr‘-A/I-L. (3.9
N3 (3.9) MOXKHO TOTyYnTh BhIpakeHHe s pacdeta X/ mo pesynbratam
AKCIIEPUMEHTAIIBHOTO onpeenenus yumupenus OU:
Dy, | = At/(AZ-L). (3.10)
C yuerom (3.5) u (3.10) mst X ]I MOXKHO 3amucaTh:
Dy| = At-c/(af - 22-L). (3.11)

120 1.25 1.30 1.35 1.40 1.45 1.50 155 1.60
[nvHa BOMHbI, MKM

Puc. 3.2. XpomaTuueckas aucnepcus B cranaaptHom OB



2. Tunbl 1 napameTpsl oqAHOMOA0BBIX OB

OnnomonoBoe OB co crynenuatsim IIIIII Ha3bIBalOT CTaHIAPTHBIM
Standard Fiber (SF). Cranmaptaeiv OB mocBsiieHa pexkomengarus MCD
G.652. Crannaptasie OB umeror X/[ va A = 1310 um menee 3,5 nc/(HM-KkMm),
a Ha A = 1550 am ux nucnepcus Bo3pactaeT a0 18 nc/(HM-Km).

B mensx onTuMu3anuu JUCIIEPCUOHHBIX apameTpoB OB Ha JuIHHE BOJHBI
1,55 mxM, Ha KOTOpOIl KBapueBble OB MMEIOT MUHUMAJIBHOE 3aTyXaHHe, ObUIH
pa3paboTtanbl ogHOMO0BBIe OB co cMemniennoi aucnepcueit (Dispersion Shifted
Fiber — DSF). bnarogapst 0oJiee cI0)KHOMY MPOQIITIO TIOKA3aTEIIs MPETOMIICHHS
st OB umerot aucnepcuto Ha A = 1550 am menee 3,5 nic/(am km). MIx mapamert-
pBI periiaMeHTupyrotces pekomenganuein MCHO G.653.

OB ¢ HenyneBoit cMmeriennoin aucnepeueit (Non Zero Dispersion Shifted
Fiber — NZDSF) 6but1 pa3paboTanbl CHEIUAIBHO Il CUCTEM CIIEKTPATBHOTO YII-
notHeHus. NZDSF ontuMu3upoBaHbl TaKMM 00pa3oM, 4TO JTMHA BOJIHBI HYJIEBOU
XJ1 y HAX BBIHECEHA 3a MPEIeibl CIIEKTPAIIBHOTO JUAMa30Ha TUX CHCTEM.

3. HexoTopsblie mapaMeTpbl HCTOYHUKOB M PHEMHHUKOB U3J1y4YeHUsI

[Ipu BBIMOTHEHUH TaOOPATOPHON pabOTHl HEOOXOIUMO MOMHHUTb, YTO OJI-
HOMOJIOBBIM MOJTYNPOBOHUKOBBIN JIa3€pPHBIM MCTOYHUK U3JIYyUEHUS XapaKTepu-
3yeTcs CIeAyIOIMMHU MapaMeTpamu:

- CpeAHsIs AJIMHA BOJHBI U3ITYYCHHUS;

- IUPUHA CIIEKTPa U3JIyYEHUS,

- MOILHOCTb U3J1y4YECHHS;

- TIapa3uTHasl YaCTOTHASI MOYJISUUS (YMPIHUHT), OOYCIOBIEHHAS TEM, UYTO
peaabHbI UMIYJIbCHBIM MCTOYHUK M3TyYEHUS U3MEHSIET CBOIO YaCTOTy (JJIMHY
BOJIHBI) BHYTpu O M3-3a TEMJIOBBIX MPOLIECCOB B PE30HATOPE MPHU MPOXOKIE-
HUU TOKa yepe3 P-N-mepexoia. B 3aBUCMMOCTH OT TOro, YMEHbIIAETCS WA YBE-
au4yuBaeTcs yactota BHyTpu OU, 4upnuHT MOXET OBITh KaK MOJIOKUTEIbHBIM,
TaK ¥ OTPULIATEIHHBIM.

®otonpuemnsie yctpoiictBa (PITY) aist BOJIC xapakTepusyroTcst 4yBCT-
BUTEJIBHOCTHIO, KOTOpasi B 00ILIEM ClTydae 3aBUCUT OT JUIMHBI BOJTHBI.

OIMUCAHUE JIABOPATOPHOM YCTAHOBKHU

1. O0ue cBeaeHUA

B naboparopnoit pabote monenupyercs ycraHoBka (puc. 3.3), KoTopas
BKJIFOYAET:

1) HaOop OTHOMOJIOBBIX UMITYJIBCHBIX JIA3EPHBIX HCTOYHUKOB U3TYyUCHUS CO
CJICTYIONTUMH TTapaMeTPaMHU:

— JUIMHA BOJIHBI, BeIOMpaemMas u3 nauanazona 1518-1586 um (nmanasoH pa-
6ot1el cuctem DWDM) ¢ marom 4 1w,

— IIMpUHA CIIeKTpa, BeiOupaemas u3 nuamna3zona ot 0.0001 mo 3 HMm,

— murenbHOcTh OW rayccoBckoit (opMmbl, BeIOMpaemas U3 Jauaria3oHa OT
0.001 no 10 Hc,



— mapaMeTp Hapa3uTHOMN JIMHEWHON YaCTOTHOM MOAYJISIIMH («IMPIIUHTA») B
npejenax ot -2 1o 2.

3 MpCaoxa@rae COTIEKAT AWNYACOR N0 CANGMOLORMM BOAON M lﬂlﬁaﬂ
HCCIEAOBAHHE NMPOIECCOB PACIMTPOCTPAHEHHA ONMTHYECKHAX HMITY.THCOB 110 OTHOMOJOBRM BO.TOKHAM
PACYET | BHIXOIHOI ITMITY.THC THT BOJOKHA 1 THI BOJTOKHA 2

IEHL! JETEHIE | SF cramzprmse ] DCF wmex. 0B =l
. 2 THHA 1 BOJOKHA S0k UTHHA 2 BOJIOKHA 18 soc
0.0 melzen - - i . - o > T
I - SR 2
1 xsBrizen -l
! HCTOYHHK I3TYYEHHR
HAYATO O‘I’C'lt‘l’A * TLU00a BOANM HCTIEINC, MO Cépoc l
Sovn Fiss e
o’:‘mrgo JAANTeannocrn unnyases Skxyamase AB
L. [ 0.0 me - 21023
P = 3295 sy | Mlapcmescrpa wxsywesun Pacenpenne KAy, HE
[ 001 mu l 0.066
Epas: .
fo B

Puc. 3.3. Bueurnuii Buj skpaHa 1abopaTopHOi yCTaHOBKH

2) ®OoTONpHEMHOE YCTPOMCTBO C KOPPEKIMEN UYBCTBUTEIBHOCTH Ha KaXK-
JIO¥ IJTMHE BOJIHBI UCTOYHUKOB U3Ty4YCHUSI.

3) Ocuumnorpad, paGoTaromuii B peKUME BHEIIHEH CHHXPOHU3AIMHU U
CHa0XeHHBINH (QYHKITUAMMU:

— 0TOOpaxkeHus (POpMbI BXOAHOTO U BHIXOJIHOT'O UMITYJIHCOB,

— peryJMpoBKamMH B HIMPOKHUX TMpeEJeNnax LEeH JeleHus mo ocaMm X (Bpeme-
HU) U Y (MOIIHOCTH),

— U3MEPEHUS] BPEMEHHU 33/IEP’KKU BEPIIMHBI BBIXOJHOTO UMITYJIbCa OTHOCH-
TEJIbHO BEPILIWHBI BXOAHOTO,

— U3MEPEHUS] MTHOBEHHOI'O0 3HAYEHUSI MOUIHOCTH BXOJHOTO M BBIXOJAHOTO
HUMITYJIbCa C TIOMOIIBIO Kypcopa, KOTOPHI MO3BOJISET BEIOPATh MOMEHT BPEMEHHU
10 OTHOILIEHHIO K BEPIIMHE UMITYJIbCA.

4) CucreMy noJiyaBTOMaTH4ECKO 00pabOTKH pe3yJIbTaTOB U3MEPEHHUSI, 110-
3BOJISIFOIIYIO PACCUMTaTh 3aTyXaHUE U PaCHIMPEHUE HUMITyJbCa B JIMHEHHOM
TpakTe.

5) JIunelHbIN TPAKT, COCTOSIIUN W3 JBYX IMOCJIEAOBATEIBHO COCIMHEHHBIX
OB nHeckonbkux TUINOB, JuHbl OB MoryT usmeHnsatsca B npegenax ot 0 go 200
KM.



Ha skpane ocimorpada moxxkno Habmoaate popmbel OU Ha BXoje B ju-
Helinblid ontuyeckuil TpakT (JIOT) u Ha ero Beixoze. [lns mepekiroueHus Ha-
OJiroaeMbIX UMITYJIbCOB Hcnoib3dyeTcs kiaBuina «PACUET». BxonHbie U BbI-
xonuble OU pacnosnararoTcst B IEHTPaIbHON YacTH dKpaHa ocHuiorpada.

Jlnst ynoOGcTBa U3MepeHusl IIMTEILHOCTEeH BXOMHOTO M BbIxogaHoro OU c
MIOMOIIIBIO0 BEPTUKAIBLHOTO Kypcopa YPOBEHb MOJOBUHHOW aMIUTATYbI (MOIITHO-
CTH) MOKa3aH FOPU3OHTAIBHBIM CUHUM KypcopoMm. JJisi u3MepeHus Moy IIuPHUHbI
JUTUTEIIBHOCTH BXOJIHOTO WJIM BBIXOJHOTO HMMITYJIbCOB BEPTUKAIBHBIN KypCcoOp
COBMEIMIACTCS C TOYKON MEpPEeCceueHUs] TOPU30HTAILHOTO Kypcopa U (ppoHTa MM-
nmyjibca. BepTUKanbHBIN Kypcop IMepeMeIIaeTcsl ¢ MOMOIIbIO ABUYKKA Ha TOpHU-
30HTAJIBHOM JIMHEWMKE MOJ] SKpaHOM ocuuiiorpada.

3ajepkKa BBIXOJHOTO HMITYJIbCa MO OTHOUIEHHWIO K BXOJIHOMY MOXET
obiTh onpezenena B okHe «HAYAJIO OTCUETAY, koTopoe pacnosiokeHo cle-
Ba OT 9KkpaHa ocumorpada. Tam ke pacmoyiaratoTcsi OKHa JJIsl OTCYETa BpeMe-
HU ¥ MOIIHOCTH B TOYKE, OMPEACIIIEMON MOJ0KEHUEM BEPTUKAIIBHOTO Kypcopa.
CrneBa oT pKkpaHa ocimuiorpada Takke pacroyiararoTcs nepeKiovaTesu IeH Je-
JICHUS 110 TOPU30HTAIBLHON U BEPTUKAIBHOM OCsIM ocIiuiuiorpada.

C mpaBoil CTOPOHBI OT dKpaHa ocHILIOrpada pacmoyiararoTcs MepeKIroya-
TEJIM TUIIOB JIBYX OJHOMOJIOBEIX OB, KOTOpBIE MO3BOJISIOT BBIOPATH JJIsI UCCIIC-
JIOBAHUS:

— crangaptaoe OB (SF) B coorBeTcTBUU ¢ pekoMmenmanusmu MCD G.652,

— crarnaptaoe OB (SF) B cooTBeTcTBHHE ¢ pekomeHaammsmu MCD G.652D
0€3 BOJSHOTO MHKa 3aTyXaHHUs,

— OB co cmemennoit gucnepcueii (DSF), B cooTBeTcTBUU ¢ peKOMeH Ia-
s MCD G.653,

— OB ¢ HeHyJIeBOH MOJIOKUTEIBHON cMelieHHOH aucniepcucii (+D NZDSF)
B COOTBETCTBHUU C pekoMeHaanussmu MCD G655,

— OB ¢ HeHyJ1eBO# oTpuLIaTeNIbHON cMeteHHO! nucnepeueii (-D NZDSF) B
COOTBETCTBUHM ¢ pekomeHaanusmMu MCO G.655,

— OB gy KOMIEHCAIMK TIOJ0KUTEIBHOM XPOMAaTHYECKOW AUCIIEPCUH
(DCF).

ITon mepexmrovarensmu tunoB OB pacnonaratotrcsi peryiasiTopbl, MO3BO-
JSIOIINE U3MEHSTD JITTMHBI ABYX HccienyeMmbix OB.

OTMeTHM, YTO peanabHble UCTOYHUKU U3TYyUYEHHUS] MOTYT UMETh YaCTOTHYIO
MOJYJISIIIUIO (YUPIIUHT), BEIMYUHY KOTOPOH TaKKE€ MOXHO 33/1aBaTh C MOMOILbIO
nepekiroyatens « MHaeKe 4acTOTHON MOYJISIIIUNY .

2. [Ipoueaypa uzmepeHusi NapaMeTpPoB ONTHYECKOT0 UMITYJILCA,
BeIXoasniero u3s OB

Jlns usmepenus 3atyxanus a (1b) u pacumpenust At (Hc) Beixoaubix OU B
uccienyemoM JIOT B noiayaBTOMaTHYECKOM peXUME HEOOXOIUMO:

— BEPTUKAJIbHBIA KypcOp COBMECTUTh C MaKCHMaJIbHBIM 3HAYEHHEM MOUI-
HOCTH BBIXOAHOTO HMITyJbca (t = 0) u Haxath KHOTKY «COpocy;



— COBMECTUTH BEPTUKAIBHBIN KypCOp C TOUKOM IEPECEUEHUS] TOPU30HTAIIb-
HOTO Kypcopa ¢ orudaronieil Beixognoro OW u Haxxate kHONKy «3mMepenue»;

— IPOU3BECTU OTCUET BEJIMYMH 3aTyxaHus a (1b) u pacimpeHus: BbIXOIHbBIX
UMITYJTbCOB At (HC) ¢ 9KpaHa 1a00paTOpHON YCTAaHOBKH.

BBIIIOJTHEHUE PABOTbI

1. UccnenoBanme 3apucuMocTteil K03¢gGpuiiueHToB 3aTyXaHUSA
U XPOMATHYECKOM JUCIIEPCHH ONITHYECKUX BOJIOKOH OT JJIMHbBI BOJHBI

1. Ilonyunrte y mpenojaBarenst TUIbI ABYX uccineayembix OB, ux mmussl L,
ckopocTh nepenauu B, unucno kanamoB DWDM N, nuHTepBasi MeX1y COCETHUMU
KaHasiaMud Av, IIUPUHY CIEKTpa U3ydeHus: ucrounnka AA. B tabnuue 3.1 npu-
BEJICHO HECKOJIBKO THUITOBBIX BAPUAHTOB 3a/IaHUM.

Tab6muna 3.1
[TpumepHble BapuaHThI 3aJJaHUI Ha BBIIOJHEHHE YyacTH 1 1abopaTopHON padoThI
Bapuant Tun OB L, xm B, I'Gut/c AN, HM N Av, I'T
1 Sk 100 2.5 0.1 41 50
2 SF 100 10 0.03 31 100
3 Sk 80 40 0.01 21 100
4 SF 80 10 0.001 31 50
1 +NZ DSF 100 2.5 0.1 41 50
2 -NZ DSF 100 10 0.03 31 100
3 +NZ DSF 80 40 0.01 21 100
4 -NZ DSF 80 10 0.001 31 50

Jlist neHTpanbHOro KaHana BbIOepuTe yactoty vo = 194 Tl (40-it kanan
cetku DWDM c¢ mexkananbHbiM uHTEpBaJIOM AV = 100 I'T').

2. IlpoBeaute npeasapureiabHble pacueTsl. OnpeaenuTe 4acToThl KpaHUX
KAHAJIOB Vmin U Vimax 10 BBIPAXKECHUSIM:

Viin =Vo —0.5-Av-(N =1), Vi =V +0.5-Av-(N-1).  (3.12)

Onpenenute IJIUHBI BOJH Ag HEHTPATBHOTO U Amax, Amin KPAaHUX KaHaJIOB
0 BBIPAXKEHUIO:

% = C/VO ' ﬂ'min = C/Vmax ' ﬂ'max = C/Vmin ' (3-13)
I'JI€ C — CKOPOCTh CBETA B BAKyYyME.

Onpenenure JUTENbHOCTS BXoAHOro OU t, 1 MakcMMallbHO JOMYCTUMOE
pacmmpenre OU 1o BeIpaKeHUSAM:

t, =1/(4B), Aty =1.5t,. (3.14)

Pesynbrarel pacueToB 3aHecuTe B TaOu. 3.2.

3. s uccnenoBanmii BeIOEpHUTE 3HAYCHUSI JUTUH BOJIH U JTuTeapHOCTH OU,
HauOosee OJIM3KHE K PACCUUTAHHBIM, U COOTBETCTBYIOIIHME TE€M, KOTOpBIE HC-
MOJIB3YIOTCS B SKCIIEPUMEHTAIBHOM ycTaHOBKE. BpIOpaHHbIE 3HAUEHUS TaKKe
3aHecuTe B Ta0. 3.2.




4. C nomoliplo mepekiiroyaTesieil BEBIOEpUTE TUIl MEPBOTO 3aJaHHOTO Ipe-
nojaasateneM uccienyemoro OB. YcraHoBuTe ero JiMHY. YCTaHOBUTE UIMHY
BTOporo OB pasnoii 0.

5. YcraHoBuTE 33JJaHHYI0 LIUPHUHY CHEKTpa HU3JIy4YEeHUS MCTOYHUKA AL U
JUIMTENTLHOCTH uMITyJsbca ty. IIpoBeprTe, 4TO YacTOTHAST MOMYJISIUS MUCTOYHHUKA
uznydenus pasaa C = 0.

Tabmuma 3.2
Pe3ynbTaThl IpeiBapuTEIbHBIX PACYETOB
Paccunrannoe 3Haue- BriOpanHoe
ITapamertp
HUE 3HAYCHHUE
UYacToTa neHTpaibHOro KaHasua vo, T1'ng 194 -

YacroTa KpailHero KaHajua Vmin, 1111 —

YacroTa KpailHEero KaHajla Vmax, 1111 —

Z[J'II/IHa BOJIHBI HCHTPAJIBHOI'O KaHaJla )\.o, HM

JlirHa BOJIHBI KpaitHETo KaHasia Amin, HM

JliiHa BOJIHBI KpallHEro KaHala Amax, HM

,HJ'II/ITGJ'IBHOCTB BXOJHOI'O UMITYJIbCa tu, HC

MakcumanbHO JIOIyCTUMOE PacIIMPEHHE
umnyJibca Aty, HC

6. Onpenenure nmapameTpsl BxogHoro OU: ero MakcMMalibHYH MOIIHOCTH
(amruIuTyy) ¥ mupuHy Ha ypoBHE 0.5 OT aMIUIUTY/bI, UCIIOIb3Ys BEPTHUKAIb-
HBIW KypCOp U OTCUETHI MO IIKajie BpeMeHH t u MoiHocTH P.

7. Haxmure knaBuily «Pacder» u M3MEHEHHEM I€H JIeJICHUS MO BEPTH-
KIBHOW M TOPHU3OHTAIBHOM INKajgaM JOOCHTECh HArJISTHOTO M300paKCHHS BBI-
xogHoro OU. N3o0paxeHue JOKHO 3aHUMATh OOJIBIIYIO YAaCTh 3KpaHa, HO HE
BBIXOJIUTH 3a €T0 MPEICbI.

8. [ToouepeTHO BBICTABIISAS PACCUYUTAHHBIC JITUHBI BOJNH Amin, Ao, Amax, TTPO-
BeAUTE U3MepeHus 3aryxanus a u pacmmpenuss OU At 3a cuer X/I. [Ipouenypa
u3MepeHus onucaHa Beiie B pasaene «IIpouenypa usmepenus napamerpos OU,
BbIxojismiero u3 OBy. Pe3ynbratsl n3mepenuii 3anecurte B Tabi. 3.3.

Taobmuma 3.3
Pe3ynbTaThl 3KCTIEpUMEHTAIBHBIX UCCIICIOBAHUI H PacueTOB

Hcx. nanusie L= kM B= I'out/c N= Av = MI'm Al= HM

Tun OB

JlmuHa BOJIHBL, HM | Amin = Ao = Amax = Amin = Ao = Amax =

t;, HC

a, n1b

At, HC

V, km/c

o, n1b/km

ot, mc/kM

Bo3MokHOCTE HC-
OJB30BaHUI




9. Onpenenure 3anepkky BoixogHoro O, KoTopas onpenensieT Hadyano OT-
cdeTa BBIXOJHOTO uMIyJbcea t;. [Ipu 3TOM BepTHKaANBHBIA KypCOp JAOHKCH OBITH
COBMEIICH ¢ MaKCUMAaJIbHBIM 3HAa4eHHEM MOITHOCTH. OTCUET 1o Kypcopy J0JI-
*eH ObITh paBeH t = 0. Pe3ynbTaThl u3MepeHuii 3anecure B Tabi. 3.3.

10. IlpoBenute pacuetsl ckopocT V pacnpoctpanenuss OU, kosdduimen-
Ta 3aTyXxaHus a U yneiabHoro pacmupenuss OU ot ansg Bcex JUIMH BOJIH IO Clie-
YoM (OopMYyIIam:

Vg:L/tz,a:a/L,&:At/L. (3.15)

PesynbraThl pacueToB 3aHecuTe B Tabnuiry 3.3.

11. TloBropuTte 1. 7—10 ms BToporo OB, 3amanHoro npenojaBarenem. Pe-
3yJIbTaThl U3MEPEHHM 3aHeCuTe B TaOII. 3.3.

12. Tlpoananu3upyiite pe3yiabTaThl MOJCIUPOBAHUS MPOIECCOB PACIPO-
cTpanenusi ontudeckux curnamoB ¢ DWDM, npusenennsix B Tadm. 3.3. Che-
JaiTe BBIBOJ O BO3MOXKHOCTH HCIOJb30BaHuUs uccieayembix OB mms moctpoe-
Hust BOCC no kputepuio:

At <Aty. (3.16)
B 1a61. 3.3 oTMeTbTE€ BO3MOKHOCThH UCIOJIb30BAHUSI 3HAKOM «+)», a2 HEBO3MOXK-
HOCTb 3HAKOM «—».

2. UcciienoBaHue BO3MOKHOCTEH KOMIIEHCALIMHA XPOMATHYECKOH TUCTIEPCHH
B ctanaapTHbix OM OB ¢ nomouibio cnenuaabubix OB

1. YacTh 2 BBINOJHSIETCS C UCHOJb30BAHUEM UCXOIHBIX JAHHBIX, 3aIaHHBIX
MpernojiaBaTesieM B 4acTu 1.

2. K OB tuna SF moaxmrounte mocnemoBarenbHo BTopoe OB Tuma DCF
JUIsL KOMIIEHCAIIMU XPOMaTHYECKOU TUCIIEPCU.

3. Onpenenure ONTHUMAIbHYIO JIMHY KommeHcupyomero OB, kotopas
oOecrieunBaeT BHITIOIHEHHE yciaoBus (3.16) U mpu 3TOM obecrneunBaeT MUHU-
MaJIbHOE 3aTyxaHue. Mcnonb3ynTe nsmepenue Benu4IuH a U At 71 HeHTpaIbHO-
ro kanana cuctembl DWDM. Usmensiiite quny komnencupytoiero OB no an-
TOPUTMY IOCJIEI0BAaTEIbHBIX NpUOIMKEeHUH (11aroB). Pe3ynbrarsl Bcex u3amepe-
HUI 3anuchIBaiiTe B Ta0. 3.4.

KonuuecTBo 1m1aroB 105kHO OBITh MUHUMAJIBHBIM U OTIpeeNsieTcsa Heo0Xo-
JUMOM TOYHOCTBIO AOCTHXeHUs uenu. I[locnenoBaTenbHoe MPUOIMKEHUE OCY-
IIECTRIISICTCS IIaramMu, T.e. JUIMHA KomneHcupytomiero OB LK m3mensieTcst Ha
KaXJIOM I-TOM IlIare Ha BEJINYMHY:

7100 B CTOPOHY YBEJIMYEHUS, JTMOO B CTOPOHY YMEHBILIEHUS MO BBIPAXKEHUIO:
Lki = Lki—l iALi—l (318)

3nak B BeipaxkeHuu (3.18) BrIOMpaeTCcs B 3aBUCMMOCTH OT Pe3yJbTaTOB H3Mepe-
Hus | 11— 1 u3Mepenus, T.e. 3HaK B BbipaxkeHuu (3.18) coxpansiercs, eciu
At <At 4 (3.19)



1 MECHSETCA Ha HpOTHBOHOHO)KHBIﬁ, cciim
At > At (3.20)

B kadecTBe HaYaIbHOT'O 3HAYCHHMS JUTMHBI KoMTieHcupyromiero OB npumute
snaueHue LKo =L /2, a BenmuunHy mepBoro Imara npumure paBHoi AL; =L /4,
To ectb Lk; =L /4.

KonmuecTBo maroB N onpenenuM U3 yCIoBUs

AL, =L/2" <ALy, (3.21)
rac ALd — JonyCTuMasa JUCKPETHOCTL OMPCACICHHA JJIIMHbI KOMIICHCUPYIOIICTO

OB, nampumep, ALy = 100 M (yrounute y npenogaBarens). Paccuuraiite HeoO-
XOJIMMOE KOJIMYECTBO U3MEPEHUN 10 BBIPAKEHUIO

In(L/AL

n> M_ (3.22)
In(2)

[TocnenoBaTenpbHO yCTaHABIMBAs 3HAYEHUS JUIMHBI KOMIeHcupyromero OB

B COOTBETCTBUHM C MPEIJIAracéMbIM aJICOPUTMOM, ONpPEAeIsiiTe 3HaueHus a u At
JUTSL IIEHTpaIbHOTO KaHana cuctembl DWDM u 3ammcreiBaiite ux B Tabi. 3.4.

Tabmauma 3.4
PesynbraTsl mpouecca moadopa ONTUMANBHOM JUIMHBEI KoMIIeHcupytomero OB

Hlar 0 1 2 3 4 5 6 7 8

LKk,xm L/2 L/4

AL,xm L/4 L/8 L/16 | L/32 | L/64 | L/128 | L/256 | L/512 | L/1024

At, 1IC

a, nb

Br16op

B stueiiku aiis LK u AL moMecTrTe YnCI0BBIC 3HAYCHUS.

4. U3 tabn. 3.4 onpenenure Auana3oH U3MEHEHUS JIMH KOMIIEHCUPYIOIIIE-
ro OB, npu KOTOpPOM paclIMpEeHNE UMIYJIbCA MEHBIIE WU PABHO JOIYCTUMOMY
3HaueHu0. Bribepute u3 3TOro nuarnasona JUMHYy KomreHncupytomiero OB, mpu
KOTOPO MUHUMAJIBHO 3aTyXaHHUE.

5. Ilpu BeIOpanHO# JMHE KoMIteHcupytomero OB LK onpenenure Benmndu-
Hbl At 1 a 11 eHTpaabHOM U KpaiHuX J1uH BojiH cucteMbl DWDM u nomec-
TUTE UX B Ta0m. 3.5.

6. [IppumMuTe MOPOTOBYI0 MOITHOCTH ITyMa Ha BXOj€ (OTONMPUEMHOTO YCT-
poiicTBa TSt cKopocTH mepenadn By = 1 T'6ut/c pasroii Pp=10" Br. Onpenemnu-
T€ MOPOTOBYIO MOIIHOCTh JIJIs 3aJaHHOM CKOPOCTH NEpeAavr MO BhIPAKECHUIO:

R =Ro-B/By, (3.23)

7. Onpenenure MakCUMallbHBIA pazopoc BenuunH P), At 1 @ Mexny kaHa-
namu cuctembl DWDM. PesynbraThl 3anecure B Tab1. 3.5.



8. YuuThiBasi BEIMUMHY 3aTyXaHMsl JJIsl UEHTPAIBHOIO U KpaHUX KaHaJOB
DWDM, onpenenute TpedyeMyro Il HUX BXOAHYIO MOIHOCTh IO BBIPAXKEHUIO:

Pyi = P -10%/10 (3.24)

Taobmuma 3.5
Pe3ynbpTarhl 3KCIEPUMEHTAIBHBIX UCCIICIOBAHUI

Lk = KM Makc. pa3dopochl
BEJIMUUH MEXTY
M, HM Amin = Ao = Amax = KaHaIaMH
P, MBT
At, ic
a, n1b
Po, MBT

3. UccenoBaHue BO3MOKHOCTEH KOMIIEHCALMH XPOMATHYECKOH THCTIePCHH
B OM OB c HeHyJIeBOH CMeIIeHHO JUCTIepCcHel ¢ MOMOIIbI0 MCTOYHUKOB
U3JIyYEeHHS ¢ YACTOTHON MOAYJIsIH el

1. YacTp 3 BBHITIOIHSACTCS C MCITOJIB30BAHUEM MCXOJIHBIX JIAaHHBIX, 3a/IaHHBIX
IperioiaBaTesieM B 4acTH 1.

2. lna OB tuma NZDSF onpenenuTte ONTUMAaibHYIO BEJIMYMHY OTHOCH-
TEJILHOW YaCTOTHOU MOAYJISIIUY UMITYJIHCOB (YUPITHHTA)

_T2

C=Ts -(dw/dT). (3.25)
3. [locnenoBaTenbHO HU3MEHSS BCJIMUMHY HMHJCKCaA JaCTOTHOM MOAYJISIIUU

HCTOYHHKA U3JITYy4YCHUS, H3MepﬂﬁTe BCJIMYMHBI 3aTyXaHUA a WU PaCHIMPCHUA HM-

nynbca At g uentpanpHoro kanana cucrembl DWDM. Ucxonubie nanHble U
pE3yNbTaThl U3MEPEHUI 3aHECUTE B Ta0OI. 3.6.

Tab6muna 3.6
PesynbraTel mogbopa ONTHMAaIbHOTO YUPITHHTA HCTOUHUKA H3ITyIECHHUS

HUcxonabie
JNaHHbIE

Tun OB
N =

Av =

7»0:

HM

MTI',

L=

A\ =

KM,

B=_
HM

I'out/c

C

—2

-1.75

-15

-1.25

-1.0

—0.75

—0.5

—0.25

0

a, nb

At, ic

Br160p

C

0.25

0.5

0.75

1.0

1.25

1.5

1.75

a, nb

At, 11c

Br16op

4. IIpn BBIOpaHHOW ONTHMANIBHOW BelW4yMHE yuprnuHra C onpenenuTe Be-
nuyuHbl Py, At 1 a nns ueHTpanbHON U KpalHuX ajivH BoiH cuctembl DWDM u
IIOMECTHTE UX B Ta0II. 3.7.




Tao0muma 3.7
Pe3ynbpTarhl 3KCIEPUMEHTAIBHBIX UCCIICIOBAHUI

C= Makc. pa3dpocbl
BEJIMUUH MEXTY
A, HM Amin = o= Mmax = KaHaJaMu
P\, MBT
At, ic
a, n1b
Pg, MBT

5. Ucnonw3ys BenmuunHy P), onpenenernyto 1o (3.23), ¥ BEIUYHHY 3aTyXa-
HUS B IIEHTPAIBHOM M KpalHux kaHanax cuctreMbl DWDM naiiaute TpeOyemyro
JUTS HUX BXOJIHYIO MOIITHOCTH IO BhIpaskeHuto (3.24).

6. CpaBHuTe pe3ynbrarhl pacueTroB mapamerpoB BOCC c¢ nByms Ttumamu
OB u pa3an4HbIMU crIOCO0aMU KOMITEHCALlUA XPOMAaTUYECKON JAMCIEPCUH, yKa-
KUTE UX JOCTOMHCTBA U HEJJOCTATKHU.

COJAEP KXAHME OTYHETA

. Ucxonnrle nanuele. 3amnonHenHas taom. 3.2.

. 3anotHeHHBIC TabMB! 3.3-3.7.

. I'paduku 3aBucumocteit At u a ot LK miist ieHTpanpHOTro KaHama.
. I'pacuxm 3aBucumoctei At u a ot C 11 HEHTPAIBHOIO KaHaIa.
. BBIBOIBI.

O owpNE

KOHTPOJIBHBIE BOITPOCBI

1. Tuner onnomo10BbIX OB (OM OB). Ux Ha3HaueHue.

2. HopmupoBanHas dactoTa. J[lnHAa BOJHBI OTCEYKHU. Y CIIOBHE OJTHOMOJIO-
BOCTH.

3. 3aBucuMOCTh K03 dUIMEHTA 3aTyXaHUs OT JJIMHBI BOJHBI JJIS Pa3jind-
HbIX TUoB OB.

4. lmameTp MOJI0BOTO T0JIA 1l pa3HbIx THoB OM OB.

5. Xpomaruueckas aucnepcus s pa3Heix TunoB OM OB. 3aBucumocTts 0T
JUTMHBI BOJIHBL. J[JTMHA BOJIHBI HYJIEBOW qucnepcuu ajs pa3Hbix TurnoB OM OB.

6. Xpomaruueckas aucrnepcusi u 3atyxanve B OB nns kommneHcanuu Xpo-
MaTUYECKOH aucnepcun. 3aBUCUMOCTh OT JTMHBI BOJTHBI.

7. Pacuer pacmMpeHMs MMITYJbCa 33 CUYET XPOMATHYECKON IHCIIEPCUU C
y4eToM KoMIieHcupytromiero OB.

8. Pacuer o6miero 3aTyxaHus JIMHEHMHOTO TpakTa C Y4€TOM 3aTyXaHHs B
komneHcupytomem OB.

9. VBenuuenue 3aTyxaHusl ONTUYECKUX UMITYJIBCOB 332 CYET XPOMATUUECKOU
JUCIIEPCHH.

10. B yeM cyTh ONTUMAJILHOW KOMIIEHCAIIMU XPOMATUUECKON aucnepcuu’?

11. YactotHas moxysauust (uupnuHr) B OB. IIpuunHbl BOSHUKHOBEHHS.




12. YactoTHas Moayisiuusi (UMPIUHT) B UICTOYHUKAX U3MydeHUs. [Ipuunnsbl
BO3HUKHOBEHHUS.

13. Pacuer pacmmpeHus UMIIyjbca 338 CYET XPOMATUYECKOW JUCHEPCHH C
Yy4€TOM YUPIIUHIa UCTOYHUKA U3JTy4YEHUS.

14. MatepuanbHass ¥ BoJIHOBOJHas jaucnepcusi. CrnocoObl yIpaBiieHUs
XPOMATHYECKOU TUCIIEPCUEH.



JlaGoparopuas padora 4.
METOIbI UBMEPEHUS BHOCUMOI'O 3ATYXAHUSA
B OIITHYECKHUX BOJIOKHAX

eab padoThI

N3ydeHne METOA0B U3MEPEHUS BHOCUMOI'O 3aTyXaHUsl B ONTHUYECKUX JIU-
HEWHBIX TpaKTaX, CIOCOOOB 0OpaOOTKH pPe3yibTAaTOB HU3MEPEHUU, MOTy4YCHUE
HaBBIKOB Pa0OTHI C COBPEMEHHBIMH ONTUYECKUMHU TECTEPAMHU.

IoaroroBka k padore

[Ipu noaroroBke kK paboTe NOMKHBI OBITh NU3YUYEHBI:

1) paznensl 7.6.2, 7.8.1 yueOnuka Hanpasnsiowue cucmemsl 31eKmpocesi-
3u: yuebnuk ons 8y308. B 2-x momax. Tom 1. Teopus nepedauu u enusnus/ B.A.
Anopees, 3.J1. I[lopmnos, JI.H. Kouanoeckuii; noo peoaxkyueti B.A. Anopeesa. —
7-e u30., nepepab. u oon. — M.: I'opsiuas aunus — Tenexom, 2009.

2) pasaensl 4.2.1, 4.2.3 yueOHOTrO mocodust Mzmepenue napamempos 8010-

KonHo-onmuyueckux aunetnvix mpakmos | M.C. bviiuna, C.®. [nazones, JI.H. Ko-
yanosckuil, B.B. ITuckynos. — CII6.: CII6I'YT, 2002.

OIIMCAHME JIABOPATOPHOM YCTAHOBKH

1. CocTaB ycTaHOBKH

Monenupyemas 1abopaTopHasi yCTaHOBKA COCTOUT M3 OJIHOMOJIOBOTO HC-
TouHMKa ontuyeckoro uznydenus (MN), ontudeckoro arrentoaropa (OA), npu-
emHuKka ontuueckoro uanydenus (I11), nabopa kaTymiek onTUYECKOro BOJIOKHA
(OB) u ontuueckux natukopaos (OIT).

2. UcTOYHUK U3JIyUYeHust

NU (puc. 4.1) no3BoseT HA OTHOM ONTUYECKOM BBIXOJIC€ UMETh U3ITyUYCHHE
¢ mmHaMu BoiH A=1310 1 1550 am. Kpome Toro, Bo3aMOXKEH PEKHM IOOUYEPEI-
HOTro nepekioueHus IuHbl BoHBI MU ¢ A=1310 Ha 1550 aM u obparHo. Uzmy-
yenrne UM Moxet ObITh HenpepbiBHBIM (dacTota Moay usiiun f = 0 I'r) ¢ mocTosH-
HOM MOIIHOCTBIO MJIH MOAY/IMPOBaHHBIM ¢ yacTotamu f =270, 1000 mau 2000 I'i1.

Ha nepenneit nanenu M Haxoaatcs 6 KiIaBull:

1k — BKIIIOUE€HHE/ BBIKIIOUEHUE TUTAHU,

2K — BKJIFOYCHME JUTMHBI BOJHBI A = 1310 HM;

3K — BKJIIOUEHHE JJIMHBI BOJIHBI A=1550 HM;

4k — BbI0OP yacToThl MoayJsiuu f= 0, 270, 1000 wiu 2000 I'i;

5K — BKIIFOUEHHUE PEKMMA ITOOYEPETHOIO NEpEKIIIoueHus nH BoiH MU ¢
A =1310 na 1550 um u 06paTHO;

6K — BKJIIOYEHHE pEeXHMa mepeaadun WHPopMamuu o0 YCTaHOBJICHHOM
ninHe BoaHbl M.



HaxaTtue xiaBuil MOPOU3BOIUTCS
IIEJTYKOM MBIIIU Ha BBIOPAHHOM KJIaBHIIIE.

Ha nepenneit nanenu MW naxopsarcs
9 CBETOIMOIHBIX UHINKATOPOB:

l¥ — MHIUKATOpP BKJIFOYEHUS MPHOO-
pa Ha TOCTOSIHHYIO paboTy (PEXUM KO-
HOMMHU IJIEKTPOIHEPTUM OTKIIIOUECH);

2u — IBa MHAUKATOpa, IOKa3bIBalO-

2u

3u

IIMX, KAKOM UCTOYHUK BKJIIOUYECH; 4n
1
3u — 4eThlpe HHJAMKATOpAa YacCTOTHI ‘
MOJIYJISILIMK UCTOYHHKA; ax o

4u — MHIMKATOp peXUMa MOOYepen- .,
HOro mepekntoueHuss mmH BoaH MU c
A=1310 na 1550 H™M u oOpaTHO;

SH — UHAMKATOP BKJIIOUECHUS PEXUMA
nepenaun uHbopMaru 00 yCTaHOBJICH-
HOW JyimHe BoHbI M.

YpoBeHb BBIXOJHOW ONTHYECKOU
MOIIHOCTH B HENPEPBIBHOM PEXUME W3-
Jy4YeHUsl JI0JKEH NPEeBbIaTh P = -7 AbM.

HpI/I BKJIIFOUEHHH MOJIYJISALIHH BBI- Puc. 4.1. Baemnwnii Bug v opransl
XOJIHAs MOIIHOCTH YMeHBIHaeTCH HpI/I- yHrpaBJICHUA HCTOYHHUKA U3JTYUCHUA
MepHo Ha 3 1b.

KparkoBpeMeHHOEe Ha)kaThe Ha KJIaBWINY BKJI/BbIKI BkiIodaeT MU Ha
2 MUH, TIOCJIE YEr0 OH aBTOMATHYECKU OTKIIOUAETCS. DTO MO3BOJISIET YBEIUYUTD
CpPOK HempepblBHOW paboTrel MMM OoT aBTOHOMHOrO HMCTOYHMKA muTaHus. Eciau
yACpKUBATh KIJIABMIIY BKJI/BBIKI Oonee 2 ¢, To MM BkitowaeTcss Ha Heompee-
JICHHOE BPEMSI U MOXKET ObITh BBIKJIIFOUCH JIUIh MOBTOPHBIM HAXKATUEM TOW Ke
KJIABHUIILIH.

[Ipu BKIIOUEHUHN pEXUMA TTOOUYEPEAHOTO NEpeKItoueHus JiinH BoyH U ¢
A =1310 na 1550 HM 1 0OpaTHO NMPOAOJKUTEILHOCTD U3JIYYEHHUS Ha KaXI0M U3
yYKa3aHHBIX JJIMH BOJH COCTAaBJISIET 2 C.

Onrtuueckuii pazbeM MU 3ammiiaeTcst OT 3arps3HEHUs KOJIIMAavyKOM, KOTO-
PBIM CHUMAETCS IIepe]l MPOBEACHUEM U3MEPEHUHN IETYKOM MBILIH.

2K 3K

3. OnTHyecKknii aTTEeHI0ATOP

OA (puc. 4.2) npenHa3zHaueH JJjIsi BHECEHHUS B BOJIOKOHHO-ONTHYECKHUI
TpPakT Ha JAHHOU JUIMHE BOJHBI M3BECTHOI'O PETYJIMPYEMOro 3aTyXaHus OoT a = 3
no 60 nb ¢ paspemaromeii criocooHoCcTRIO Aa = 0,05 1b. Bocnpouspoaumoctsb
YCTaHOBJICHHOW BennuuHbl 3aTyxanus 0,1 nb. MakcuMmaibHbIii BXOAHOU ypo-
BeHb OA, mpu KoTopoM coxpassitorcs mapamerpbl OA, coctaBisier +20 nbwm
(100 MBT). 3aryxaHue ycTaHaBIMBACTCS MPH TOMOIIM BPAINAIOMICHCS PYKOST-
K1 1, KOTOpasi MO3BOJIIET U3MEHATHh 3aTyXaHWsl B yKa3aHHbIX mpezaenax 3a 20



000pOoTOB. PyKOSITKY MOXHO I[MOBOpauyMBaTh HEMOCPEICTBEHHO C IMOMOIIbIO,
«MBIILIW» WU C TOMOIIBIO HAKATHUS «MBILIBIO» ABYX KJIABHUII 2, paclOI0KEHHbIX
Ha ’KkpaHe aucruies Huwke OA. Benu-
YUHA YCTAHOBJIICHHOTO 3aTyXaHUs
oToOpaxaeTcs Ha OyKBEHHO-IIU(-
POBOM KHUJKOKPUCTAJUIMYECKOM HH-
mukatope 3 (OKKW). Ilpu BeIKITIOUE-
HUU THATAHUU YCTAHOBJICHHAs BEJIH-
YUHA 3aTyXaHUsl COXpaHsETCs, a Mpu
BpPAIlllCHUH PYKOATKH TIPU BBIKJIIO-
YEHHOM NUTAaHUM BEJIMYMHA 3aTyXa-
HUS W3MEHSETCA, HO €€ BEIWYMHA
U3MEPUTENI0 0€3 BKIIOYEHUS MUTa-
HUs HE U3BECTHA.

Ha nepenneit nanenu OA Ha-
XOJISITCSI TPY KJIABUIIIN:

Ik — BKJIIOYEHHUE / BBIKIIOYE-
HUE MMUTAHUS;

2K — BEJIMYMHA 3aTyXaHus, OTO-
opaxaemas Ha JKKU, Oyner cooTBeTt-
CTBOBATh MIrHE BOJIHBI A = 1310 HM;

3K — BeIMYMHA 3aTyXaHUsl, OTO-

Puc. 4.2. BHenHuii BUI ¥ OpraHbl Opaxxaemas Ha JKKU, Oyner cootBer-

YpaBJICHUA OIITUYCCKOr0 aTTCHIOATOpa CTBOBATh JUIMHE BOJIHBI 7\4 = 1550 HM.

Hakatne xaBUI mpou3BOAUTCS MIETIKOM MBI HA BRIOPAHHOW KIIABHIIIC.

Ha nepenneit nanenu OA HaxoaaTcst 1Ba CBETOIMOIHBIX UHAUKATOPA:

lu — BenuuunHa 3aTyXxaHus, otoOpaxaemas Ha XKKU, cooTBeTcCTBYeT niuHe
BOJIHBI A = 1310 HM;

2u — BenMuMHa 3aTyXxanusi, oroopaxaemas Ha KK, cooTBercTBYeT NiinHe
BOJTHBI A = 1550 HM.

KpatkoBpeMeHHOE Ha)kaThe Ha KIJIAaBHILY BKJI/BBIKI BKiItoyaeT OA Ha
2 MUH, TIOCJIE YeTO OH aBTOMATUYECKU OTKJIIOYAETCA. DTO MO3BOJSET YBEIUIUTh
cpok HempepbiBHOUM paboTel OA. Ecnu ynep:kuBaTh KJIaBHILY BKJI/ BBIKJI Oosee
2 ¢, To OA BKIIIOYAETCSd Ha HEOMpPEIEIEHHOE BPEMs U MOXKET ObITh BBIKJIIOYEH
JIUIITH IOBTOPHBIM Ha)KaTUEM TOM ke KiaBuiu. MUHdpopmarus o BkiroueHun OA
Ha HeomnpeneneHHoe BpeMs otoOpaxaetcs Ha JKKU cnoBom «[TOCT BKJI».
Onrtuueckue pazbeMbl OA 3amuIaeTcss OT 3arpsi3HEHUsT KOJIMAYKOM, KOTOPBIi
CHHUMAETCs Nepell MPOBEACHUEM U3MEPEHUIN IETYKOM MBILIH.

2n

in

2K

4. IlpueMHHUK ONTHYECKOT0 U3TyYeHHUs

[TU (puc. 4.3) no3BOISET NPOBOAUTH U3MEPEHUSL:
- YPOBHS MOILIHOCTH ONTUYECKOT0 U3JIyYeHUs, 1bMm;
- MOILIHOCTH ONITUYECKOT0 U3Jly4eHus, MKBT;



- 3aTyXaHusi B BOJIOKOHHO-
ONTUYECKOM TpPaKT€ M B MaCCHUB-
HBIX KOMIIOHEHTaX BOJIOKOHHO-
ONTHUYECKUX JIMHUM cBA3U, Ob.

IIpu Bcex U3MEpPEHUSAX YPOBEHB ‘ S0 aie
ONTUYECKON MOIIIHOCTH Ha Bxoje I111 |
HEe J0JbKeH mnpeBbimath 20 1abm | 00.006mKkBT
(100 mBT). Hcnomp3yemblii B Kade-
CTBE YYyBCTBHUTEIILHOIO dJIEMEHTa P-i-
N-GOoTOAMO BHINOMHSACT (YHKUUIO
JUHENHOT0 MpeoOpa3oBaHUsl ONTHYE-

13108 NOCT BKN

5k

1k

ckoi momHocTH Ps B potorok lt. [To-
CICIHUN YCUJIMBAETCSA U OJHOBpE-
MEHHO TIpeo0pa3yeTcsi B HaNpsHKEHUE
B ycuiHTene ¢ KodhuimeHTom me-

2K
6K

penaun K;, koTopoe npoxoauT yepes
YCPEeIHSIONMMNN GUIbTP HIKHUX Yac-
toT (PHY) 1 noctynaer Ha aHAJIOrO-
nudpoBoii mpeodpazosarens (ALIT),
YIPaBIsI€Mbli MUKPOKOHTPOJLIEPOM.

Pesynbrar m3mepenuss B MKBT

Puc. 4.3. BHewnuii BUa U opranbl
yIpaBJIeHUs IPUEMHUKA U3ITYUYEHUS

POTOPIIMOHATIEH BEJIWYMHE MOCTOSSHHOTO HampsbkeHus Us mocrynaromero Ha
Bxoa ALIII:
Uf:Pf'Sl'Kﬂ, (41)

rae S, — TOKOBas YyBCTBUTENBHOCTH (hOTO/MMOAA. B CBSI3M ¢ TeM, YTO YyBCTBU-
TEJILHOCTh BCEX KBAHTOBBIX (OTONMPHEMHUKOB, B TOM YHuClIe U P-i-N-
($hOTOIMOMOB, CUIILHO 3aBUCHUT OT JIJIMHBI BOJHBI M3TYUYEHUS U1l MCKITIOUCHHUS
ATOM MOTPENTHOCTH HEOOXOAMMO BBITIOHHUTH ycioBue S,-K; = const mist moboi
JUTUHBI BOJIHBI A U3MEPSEMOT0 U3ITyUCHUSI.

JIJist ONTUYECKON CBS3U B HACTOSIIEE BPEMSI UCMOJb3YIOT OrpaHUYEHHBIN
HaOop JMH BoJH u3nydeHus. [loaromy TIM xanuGpyroTcs mpu MX HU3roTOBIIE-
HUU ¥ TIPU 0YePeTHOM MOBepKe (KaTuOpPOBKE) TOMBKO JJIA ATUX JJIUH BOJH. Mc-
noJsib3yemslil B padote 1M kanuOpoBan Ha ciemyrouue JIMHbBI BOJIH A, HM: 850,
1300, 1310 u 1550. KanuOpoBKa mpakTUYECKU CBOJIUTCA K PETYIUPOBKE BEIU-
yuHbl K, 110 BeITIOTHEHUA yeaoBus S, K, = const. s nepexitoueHus JyIMH BOJTH
KaJTMOPOBKY MCTIONIb3YyeTCs KiaBuina A (2k) Ha nepennei nanenu [1H.

JI71st mostyueHust pe3yibTaTa usMepeHus B 1bM MUKPOKOHTPOJIIEP AOJIKEH
BBITIOJTHUTh MAaTEMAaTHYECKYIO OMEpaIuio JorapupmMupoBanus U(pPoBOro 3Ha-
yennsa Nf = U

N, =101g(N /Ng )=10Ig(P; /P,), (4.2)



rae No = Ug = P, Sy K, — nudpoBoe 3HaueHHe HANpsHKEHUsI, KOTOPOE BOSHUKAET
IpU BXOAHOW ONTHYECKOW MOIIHOCTH, paBHOH P,; P, =1 mMBT — onTtuueckas
MOIIHOCTh, COOTBETCTBYIOIIAS YpOBHIO 0 n1bM.

Ha nepenneit nanenu 11 Haxoaatcs 6 KiaBuu:

1k — BKJIFOUEHHUE/ BBIKJIFOUEHUE TUTAHUS;

2K — BbIOOD JUIMHBI BOJIHBI KATMOPOBKY;

3k — BBIOOp pa3MepHOCTH pe3yJibTaTa u3Mepenust B 1bMm uinu MkBT. OTa
’Ke KHOIIKa IPH ee yAepKUBaHUH Oosiee 4 ¢ MO3BOJISIET aBTOMAaTHYECKU KOMIICH-
CHUpPOBATh CMEIIEHUE HYJs YCHIMTENS (OTOTOKA Ha JAaHHOM JJIMHE BOJHBL;

4x — ycraHoBKa m00oro 3apeructpupoBanHoro [ ypoBHs omrtuueckoi
MoItHocTy B kadectBe 0 ab;

5K — U3MEpPEHHE OTHOCUTEIBHOTO YPOBHS BXOAHOM ONTHYECKOW MOIIHO-
CTU B 1b IO OTHOIIEHUIO K YPOBHIO, IpuHATOMY Hamu 3a 0 nb. [Ipn noBTopHOM
HaXaTUHU 3TOW KIJIABHUIIM MOXHO OIpPEACNIUTh a0CONIOTHBIA YPOBEHb B AbM, KO-
TOpbIN ObLT panee npuHAT 3a 0 1b;

6K — 3amopaxuBanue/ pazmopaxuBanue Ha JXKKU ero nmpeasinymiero co-
CTOSIHUS.

HaskaTue KiaBuIl POM3BOJUTCS ILIEITYKOM MBIIIN HAa BBIOPAHHOH KIIaBHILIE.

IIpn HaxkaTuu KIaBUIIM 3K U3MEPSETCS YPOBEHb BXOIHOW ONTHUYECKOU
MOIIIHOCTH B AbM wiu B MKBT. [Ipu HaxkxaTuu KiaBuIM SK U3MEPSETCS OTHOCHU-
TEJIbHBI YPOBEHb ONTUYECKOM MOIIHOCTH B b MO OTHOILIEHUIO K YPOBHIO IIPH-
HaTomy Hami 32 0 1b.

[Tpu pabote co cBouM mrtatHbiM Y BO3MOXKEH peKUM aBTOMATHIECKO-
ro MEepeKIOYEeHUs IMHBI BOJIHBI KanuOpoBku [IM mpu uM3MeHEHHM IJIMHBI
BOJIHBI IM. DTOT pexxnm nelcTByeT U B TOM ClIydae €cyM JjuHa BoJHbl MU
noouepenHo nepekntoyaercss ¢ A = 1310 na 1550 um u obparno. Pesynbrar
W3MEPEHUs OINPENECISICTCS CPEAHEN BXOJHOM ONTHUYECKOW MOIHOCThIO. [lo-
3TOMYy mpu BKIroueHuH moxaynsuum Ha MU mokazanusa [ ymenbmarorcs
npuMepHo Ha 3 ab.

KpaTtkoBpemeHHOe HakaTWe Ha KJIABUINY BKJ/BHIKI BKIodaeT [ Ha
2 MHH, TIOCJIE YeTO OH aBTOMATHYECKH OTKJIIOYAETCA. DTO MO3BOJISET yBEIH-
YUTh CPOK HempepbiBHOW paboTel [IW. Eciu ynepkuBaTh KJIaBHILY BKJI/BBIKI
oosee 2 ¢, To [1M BrItOYaeTCAd Ha HEONPEAEIEHHOE BPEMS U MOXKET ObITh BbI-
KJIFOYEH JHUIIb NOBTOPHBIM Ha)kaTHeM TOW e kiaBumu. MuHpopmanusa o
BitoueHnu [ Ha HeomnpenenenHoe Bpemsi orodOpaxaercs Ha KKU cioBom
«ITOCT BKJI».

Onrtnueckuii pazpeM 1M 3ammimaeTcss OT 3arps3HEHUs KOJIA4YKOM, KOTO-
PBIF CHUMAETCS IIEpe] IPOBEACHUEM U3MEPEHUN IETYKOM MBIIIH.

5. OnTuyeckKune BOJOKHA

OcHoBHBIMHM mapaMmeTpaMu uccieayeMbix OB sBIsIOTCS AiuHa U KO-
¢unueHT 3atyxanus. Kaxaplii BapuaHT COEPKUT JIBE KaTYLIKU C ONITUYECKUMU
BosIokHamMH. OiHa KaTyIlIKa HUMEET U3BECTHYIO JUIMHY, U 3aJladya COCTOUT B OIpe-
JesieHuy ee ko3 uirenTa 3aryxanus. Bropas kaTyiika coaepKUT BOJIOKHO TO-



ro K€ THUIIa, JJI Hee MO0 U3MEPEHHOMY 3aTyXaHUIO HAJ0 ONPEAEIUTh JIUHY BO-
JIOKHA. 3a/1aya OCJIOXKHSAETCS HATMYUEM MTOTEPh B PA3bEMHBIX COCJIMHEHUIX. DTO
00CTOSTENBCTBO IPUBOJUT K YBEITMUEHHUIO MOTPEIIHOCTH ONpeeaeHust ko3pdu-
[IUEHTA 3aTyXaHus 1-ro BOJIOKHA U JUIMHBI 2-TO BOJIOKHA.

6. CxeMbl u3MepeHusi U padoTa ¢ NPOrpaMmMo

VYrpasnenue nporpaMMoi J1a0opaTOpHON padOThl OCYIIECTBISAECTCS TOJIb-
KO TPH TTOMOIIM MBI, MeHIo BBIOOpa CXEMBI JIJIsl POBEICHUS U3MEPEHUM BbI-
3bIBACTCsl HAXKaTUEeM KHOTKHU «KomaHb» (puc. 4.4).

¥ OnTuueckas NlabopaTopus (BapuanT N201) i i |D|_X_j
TR MomMowe | [ 3anpertuTb aHUMaUUD

® COeAMHNTE ABYMA NOBOAKAMA YEpes aTTEeHHaTop
COBANHUTE ABYMA MOBOAKAMH YEPE3 KATYILKY
COBAMHUTE OAHUM NOBOAKOM

BLiHTH H3 NporpamMMb

i
l‘&!DNM L] # o lSSOuM]
AN

OEEs ©270ry © 1wy @ 2MY
Man 2

Puc. 4.4. Bei6op cxeMmsl

B pabote ucnonb3yroTcst 3 cxembl U3MEPEHUS:

- momHOCcTH VI (puc. 4.5, a), koMaHa «COSAMHUTH OJTHUM ITOBOIKOM;

- 3aTyXaHUs B OINTHYECKOM BOJIOKHE METOJOM pa3HOCTH YPOBHEH
(puc. 4.5, 6), KOMaHJa «COCIUHUTH JIBYMS TIOBOJKAMH 4Yepe3 KaTymiky». B aToi
CXeMe MOKHO BBIOpATh BOJIOKHO JJIsl U3MEPEHHUS: TIEPBOE — KaTyIiKa | Uiu BTO-
poe — KaTylIka 2;

- 3aTyxaHUsl B ONTHYECKOM BOJIOKHE METOJO0M 3amerieHus (puc. 4.5, B),
KOMaH/Ia «COSTUHUTH ABYMS TTOBOJIKAMH Y€pe3 aTTCHI0ATOPY.

BBIIIOJIHEHHUE PABOTbBI

1. IMToaroroBka Kk padorte

1. IIpu 3akpbITOM ONTHYECKOM BXoje BkJItouuTe I Ha HempephIBHYIO
paboTy, yAepKuBas KHOTIKY BKJI/BBIKII OoJee 2 .

2. BxrounTe pexuM u3MepeHusi B aOCOMIOTHBIX €IMHUIAX MOIIHOCTHU-
MKBT. [IpoBepbTe cmenienue Hys Ha AsnHax BoJH 1310 u 1550 uwm.

3. [Ipu manwuuu cMmemenus npousBeaute «yctaHoBky 0» [ mpu momo-
IIM KHOIIKU «BBIOOP pa3MEpPHOCTH pe3ysibTaTa u3MepeHus B 1bM unu MKBT» Ha
IBYX JUIMHAX BOJH. /{7151 3TOro HE0OX0AUMO yAEpKUBATh 3Ty KHONIKY OoJiee 4 c.

4. YcranoBure Ha [T HeoOxoaumyto 1iuHy BoJiHbI, HanpumMep 1310 HM.

5. Bximtounte UM Ha HenpepbiBHYIO paOOTy M YCTAHOBUTH TaKYIO )K€ AJIH-
HY BOJIHBI, Kak 4 Ha [11.

6. YcranoBute pexxum padbotsl MU 6e3 mogynsmuu.



B)

Puc. 4.5. Cxembl npoBeICHUS U3MEPEHUI

2. A3mMepeHnune MONIITHOCTH U3JIyuyaTeJiei, HCCIeI0BaAHNE
Pa3beMHbIX COeUHUTEIel

1. Coenunnte MU c TIM omHIUM KOPOTKUM ONTHYECKUM MATYKOPAOM (KO-
Manja «CoOeIMHUTH OJHUM TTOBOJIKOM)).

2. [IpousBenuTe MHOTOKpaTHbIE U3MEPEHUS YPOBHEW BBIXOAHOW OMTHYE-
CKoM MomHocTH u3nyyarenen [1M Ha nByx mimHax BosiH B A1bm u MKBT nipu ot-
KJIIFOYEHUM U TOBTOPHOM MOAKIIOUYEHHH ONTHYECKOrO MaTyKopja K pazbemMam
WU u ITN. Pe3ynbTaTsl u3mepenuii nomectute B Ta01. 4.1.

3. PaccumTaiiTe ayis U3MEpPEHHBIX MOIIHOCTEH M YPOBHEH CpeHee 3Hade-
aue X , cpennexsaapatndeckoe otknonenne (CKO) 6 u CKO cpennero 3Have-
HUS Gy:

_ o1 N 1 N )2 o
X==—>X%,0=|— DX —X), 0=, 4.3
N2 N1z X oo = (43)
rac N — gucio IMPOBCACHHBIX I/I3M€p€HI/II71, Xi — pE3yJbTaThl OTACIBHBIX H3MEPEC-

Hui. Pe3ynbpTaThel pacueToB momMecTuTe B Tad. 4.1.
Taobnuua 4.1



KommyTanus pazsema, coenunstomero UM ¢ OB

MortHocTs P, MKBT, VYposens Y, n1bwm,
Ne xommyTaruun opu A, HM pu A, HM
A=1310am | A=1550uM | A=13108M | A= 1550 am
1
2
3
4
5
Cpennee 3HaUCHHE
CKO
CKO cpennero 3HaueHus

Kommyranus pasbema, coequnsitomiero OB ¢ [N

Momtaocts P, MKBT, VYposens Y, n1bwm,
Ne kommyTanuun pu A, HM npu A, HM
1310 1550 1310 1550

AIWIN(F

5
CpenHee 3HaUEHUE
CKO
CKO cpennero 3HaueHus

4. JInst moydeHus MPaKTUIECKUX HABBIKOB PabOTHI ¢ COBPEMEHHBIM KOM-
MJIEKTOM ONTUYECKOTr0 TECTEpa U3MEPEHUS MOBTOPUTE B 3 pEKUMAX:

- py4YHOU yCTaHOBKHM JuiuH BoJIH Ha IU u 11U

- apTomMaruyeckoro onpenenenus [ nnvnasl Boausr MU,

- MOOYEPETHOTO aBTOMATHUYECKOIr0 3aaanus inH BoiaH MM u aBromaru-
yeckoro onpenenenus [T qnuasl Boaasr MU

5. Caenaiite BBIBOJBI MO MOJTYUYECHHBIM PE3yJibTaTaM.

3. A3mMepeHue BHOCMMOIO 3aTYXaHUs M KO3(PUIMEHTA 3aTyXaHUS
ONITHUYECKOI'0 BOJIOKHA

3.1. U3mepeHnne MeTo10M Pa3HOCTH YPOBHeI

1. Coequnute U ¢ ITN KOPOTKUM ONTHUYECKUM MATUYKOPJIOM.

IIpon3sBenuTe MHOTOKpPATHBIE U3MEPEHHUSI YPOBHEU BBIXOJHOM ONTHYECKOU
MoutHocTH u3nyyatenei [11 Yy Ha 1ByX juiHaX BOJH B 1bM IIpU OTKIIIOUEHHUH U
IMOBTOPHOM MOJKJIIOUYEHUHU MaTukopaa K paseemy MU. Peszynprarsl nsmepenui
nomectute B Ta01. 4.2.

2. Coenuaure UM c [ mepBeIM U3MEpsieMbIM ONTHYECKHUM BOJOKHOM
(xomanaa «CoeqMHUTh ABYMS ITOBOJAKAMU Yepe3 KaTyIlIKy», Karymika 1).

3. [IpousBeauTe MHOTOKpaTHbIE U3MEPEHUSI YPOBHEW BBIXOAHOW ONTHYE-
ckoi mMoiHocTy uznyyareneit 111 Y, Ha aByx qyurHax BOiH B 1bM npu oTKIIIO-



YEHUU U NIOBTOPHOM MOJAKIIIOYEHUH maTykopaa K pazbemy MU. PesynbraThl us-
MepeHul nomecTture B Ta0m. 4.2.

Ta6muma 4.2
[TepBoe onTrueckoe BOJOKHO Lj = KM
Yo, 1bwm, Y1, nbm, a, nb, o, 1b/kM,
Ne KOMMYTALHH pu A, HM pu A, HM pu A, HM pu A, HM
1310 | 1550 | 1310 | 1550 | 1310 | 1550 | 1310 | 1550
1
2
3
4
5
CpenHee 3HaUCHUE
CKO
CKO cpennero 3HaueHus

4. PaccunraiiTe 3aTyXaHHe MEPBOr0 ONTHUYECKOTO BOJOKHA a U KO3(pdu-

LMEHT 3aTyXaHUs O 10 BBIPAKEHUSAM:
a=Y,-Y, a=a/ly. (4.4)

5. Coequaute N c IIA BTOpBIM M3MEPSIEMBIM ONTHYECKUM BOJOKHOM
(xomanaa «CoeIMHUTh ABYMS ITOBOJAKAMU Yepe3 KaTyIIKy», KaTylika 2).

6. [Ipon3BequTe MHOTOKpATHBIE W3MEPEHUS YPOBHEH BBIXOJHOW OMTHYE-
CKOM MomHOocTH u3nydarened [IM Ha nByX InmHax BOJH B AbM Ipu OTKIIOYE-
HUU ¥ TIOBTOPHOM IOJKIIFOYEHUHU NaTYkopAa K pazbeMy MU. Pe3ynbrarsl uzme-
peHuit nomectute B Ta0m. 4.3.

Tabmuma 4.3
Bropoe ontruyeckoe BOJIOKHO o = / ab/km (ripu A = 1310/1550 uM)
Yo, nbMm, Y1, nbm, a, 1b, o, 1b/kM,
N KOMMyTaIUHu IpHU A, HM pU A, HM pHU A, HM opu A, HM
1310 | 1550 | 1310 | 1550 | 1310 | 1550 | 1310 | 1550
1
2
3
4
5
CpenHee 3HaUCHUE
CKO
CKO cpennero 3HayeHHst

7. PaccuuraiiTe 3aryxanue a no (4.6) u IJIMHY BTOPOTO ONTHUYECKOTO BO-
JIokHa L,:

L, =a/a. (4.5)



Koadpdunuent 3aryxaHuss BTOPOro ONTHYECKOTO BOJOKHA O HPUMMTE
paBHBIM KO3(PPUIIMEHTY 3aTyXaHHs [IEPBOr0 ONTHYECKOTO BOJIOKHA, PAaCCUUTaH-
HOMY 110 (4.4).

8. It mosryueHusi NpakTUUECKUX HABBIKOB B MU3MEPEHUSX IMOBTOPUTE U3-
MEpEHUs] BHOCHMOTI'O 3aTyXaHUsl Ha OJHOW JJIMHE BOJHBI, UCIIONb3YSI METOAUKY
3anoOMUHaHMs U OpuHATHS 32 0 1B BXOJHOrO ONTHYECKOro YpOBHS (Ha BBIXOJE
KOpPOTKOro mnatdykopna). Ilocne ycTaHOBKM HYyJEBOrO ypOBHA M MOAKIHOYEHUS
BMECTO MAaTYKOpP/ia UCCIEAYEMBbIX ONTHUYECKHX BOJIOKOH PE3YyJIbTaT U3MEPEHUS
OyJieT COOTBETCTBOBaTh BHOCUMOMY Ha 3TOM JIJIMHE BOJIHBI 3aTyXaHut0. CpaBHU-
T€ MOJYYEHHbIE TAKUM 00pa30M pe3yJbTaThl C MOJTYYEHHBIMH paHee B 1. 7, olle-
HUTE yJ1I00CTBa 3TOr0 METO/A.

9. Cnenaiite BBIBOJBI 1O MOTYYEHHBIM PE3YJIbTaTaM.

HN3MepeHue MeTOA0M 3aMeLLIEHU I

1. Coenunute U ¢ [1M nepBbIM ONTHYECKUM BOJIOKHOM.

2. 3MepbTe ypoOBEHb BBIXOMAIIEH M3 TEPBOTO BOJOKHA ONTHYECKOMH
MOIIHOCTH Ha JABYX JIJIMHAX BOJH.

3. BMecTo mepBoro BOJOKHA MOAKIIOYUTE KOPOTKUMH naTykopaamu OA
(koMaHAa «COETUHUTH BYyMs MOBOJKAMH Yepe3 aTTEHI0ATOP») U, U3MEHSS €ro
3aryxaHue, nooeitech Takux ke nokazanuil IV, kotopble ObLIM MOJYyYEHBI B
0. 2 175 ABYX JUIMH BOJH. Pe3ynbTaTsl u3Mepenuii momecture B Tad. 4.4.

4. IloBTopuTe M3MepeHus 1o nm. 1-3 aJig BTOPOro onTUYECKOro BOJIOKHA.
PesynbraThl Takxke momecture B Tad. 4.4.

Tabnuua 4.4

Y1, nbwm, a, nb, o, 1b/KM,
Ne

npu A, HM pu A, HM pu A, HM

BOJIOKHA
1310 1550 1310 1550 1310 1550

1
2

4. I3mMepeHne mapaMeTpPoOB ONITHYECKOT0 aTTEHIOATOPA

1. Coenunnte MU ¢ [I1 KOpOTKUM MATUYKOPIOM.

2. [IpousBenuTe M3MepeHNE ypOBHEW BBIXOJHON ONTUYECKONW MOIIHOCTH
m3iyyarened 11 Ha nByx nnmHax BosnH B n1bM. Pe3ynbrarsl uamepeHu nomec-
TUTe B TAOI. 4.5.

3. Coenunute U c T[T gyepe3 OA u yMeHBIIANTE €ro 3aTyXaHue J0 Mpe-

Izm
nena. 3anummure B Ta0n. 4.5 nokazanus 1N Yy u arrentoatopa Api, . YBenu-
yuBaiTe 3aryxanue OA 1o Makcumyma. 3anumure B Tadi. 4.5 nokazanusa 111
Ymin ¥ atTenroaropa A2 . [IoBTOpHTE N3MEPEHNS HA APYTOM JUTMHE BOJIHEL
4. PaccuuTaiiTe MUHUMaJIbHOE U MaKCUMalIbHOE 3aTyxaHust OA:

Amin :YO _Ymaxv Amax :YO _Ymin- (4-6)



Taobnuua 4.5

izm izm
Jnuna Yo, Y max: Ymins in X 1 Amins Amax;
BOJIHEI, HM nbMm abwm nbM 1b 1B nb b
1310
1550

COILEPKAHHUE OTYETA

OTuer 1o 1abopaTopHOii paboTe JOIKEH COJEPIKATh:

1) cxemy n3MepeHus ypOBHS BBIXOJHOTO ONITUYECKOTO CHTHAJIA N3TyJaTels;

2) cxeMy M3MEPEHHUS 3aTyXaHUs B KaTyIIKe C BOJIOKHOM METOJOM pPa3HO-
CTH YpOBHEM;

3) cxemy M3MEpEHHUs 3aTyXaHHUs B KaTYyIIKE C BOJOKHOM METOJOM 3ame-
IIICHUS TIPH ITOMOIIH aTTEHI0ATOPa;

4) Tabmn. 4.1-4.5 ¢ pe3yapTaTaMu SKCIIEPUMEHTOB U PacueToOB;

5) BBIBOJIBI IO MTOTYYEHHBIM PE3yJIbTaTaM.

KOHTPOJIBHBIE BOITPOCHI

1. OcHOBHBIE MapaMeTpbl HMCTOYHUKA H3IYUYEHUS U BBIOJIHIEMbIE WM
(GyHKLIHH.

2. OCHOBHbIE TMapaMeTpbl NPUEMHUKA HU3IYYEHHUS W BBINOJHSAEMbBIE WM
GyHKIMH.

3. OCHOBHbIE MapaMeTpbl U3MEPUTEIILHOIO aTTEHI0ATOPA W BBITIOJIHSIEMbIE
UM (PYHKIIHH.

4. IsmMepeHre BHOCHMOI'O 3aTyXaHHMs ONTHYECKUM TecTepoM. CpaBHEHUE
METO/1a CPAaBHEHHsI YPOBHEN U METOJA 3aMEILCHUS.

5. Kak BbImonHAIOTCS 1 00pabaThIBAIOTCS MHOTOKPATHBIE U3MEPEHHSI BHO-
CUMOT0 3aTyXaHHs?

6. Kakue Bbl 3HaeTe HCTOUYHUKM CHCTEMATHUYECKHX M CIyYalHBIX MOTpem-
HOCTEN u3MepeHus korpduirenTa 3aTyxanus?




JlaGoparopuas padora 5.
N3YUEHUE METOJA OBPATHOI'O PACCESIHUA B
OIITUYECKHUX BOJIOKHAX ITPA ITOMOILIH
OIITUYECKOI'O PE®JIEKTOMETPA

eab padoThI

N3yuyenue meroma oOpaTHOTrO paccesiHusi, CIoCOOOB OIpeeNeHHs mapa-
METPOB HEOJHOPOJHBIX ONTHUYECKUX JMHEHHBIX TPAKTOB MO pediiekTorpamme,
MOJIy4€HHE HaBBIKOB pa0OTHI C ONITUYECKUM pe(IEKTOMETPOM.

IHoaroroBka k padore

[Ipu moaroToBke K pabOTe MOKHBI OBITh NU3YUYCHBI:

1) pazmenst 7.8.4 yueOnuka Hanpasnaowue cucmemvl 31eKMPOCEA3U:
yuebHuk 011 8y308. B 2-x momax. Tom 1. Teopus nepeoauu u eénusnus/ B.A. Ano-
pees, D.J1. [lopmnos, JI.H. Kouanoeckuii;, noo pedaxyueii B.A. Anopeesa. — T-e
u30., nepepad. u oon. — M..: I'opsauas nunus — Tenexom, 2009.

2) pazgen 5 ydeOHOro mocoOust H3zmepenue napamempos 6010KOHHO-

onmuyeckux aunetnvix mpaxmos | M.C. Bviwuna, C.®D. [nacones, J1.H. Kouanos-
ckut, B.B. Iluckynos. — CIIo.: CII6I'YT, 2002.

OIMUCAHUE JIABOPATOPHOM YCTAHOBKH

1. CocTaB ycTaHOBKH

Mopenupyemas naboparopHasi ycTaHOBKa (puc. 5.1) cOCTOUT U3 yHUBEp-
canpHOTO ontuueckoro pediuekromerpa (OP), cBapounoro ammapara (CA) u
JIBYX OJHOPOJHBIX OTpe3KOoB ontuueckux BojiokoH (OB1 u OB2). B nmporpamme
UCIIOJIb3YyeTCSl TEPMHUH «BOJIOKOHHBIM cBeToBOA» (BC). IlpemycmoTpeHsl BO3-
MokHOCTH mojikiodeHuss OP k BosmokoHHoMy TpakTy (BT) ¢ mro6oit cTopoHsI
(BC1+BC2) unu (BC2+BC1) u otkmrouenus OP ot BT.

ORis Q"
or [] CA []

Puc. 5.1. CtpykrypHas cxema J1ad0opaTOpHON yCTAaHOBKHU

2. OnTnuecknii pedJiekromerp
Ontuueckuii pedaekromerp (OP) cOCTOMT M3 YETHIPEX CMEHHBIX OITO-
AJIEKTPOHHBIX OJIOKOB M 3JEKTPOHHOIO OJIoKa 00pabOTKH CUTHAJIOB OOPaTHOTO
paccesausi. B kommiekt OP BXoasT cieayroniyue onTodIeKTPOHHBIE OJOKHU s
U3MEPCHUS:
e MHOroMoa0BeIX OB ¢ mimHOM BoaHBI A = 0,85 MKM;
e MHOroMoa0BeIX OB ¢ A = 1,3 MkM;



e onHomozoBEIX OB ¢ A = 1,3 MKM;

e oxHomMozoBEIX OB ¢ A = 1,55 MKMm.

CrpykTypHas cxema (puc. 5.2) OnTO3NEKTPOHHOIO 0JI0Ka, MOJKIFOUEHHO-
ro k BT npu nomouu nanpasinennoro orsetButens (HO), conepxut: crabunu-
3UPOBAHHBIN MO MOIIHOCTH MCTOYHUK KOPOTKUX ONTHUYECKUX UMITYILCOB U (HO-
tonpuemHoe yctporctso (DITY).

Ucrounuk uznydyenus (M) Bxirovaet: nazepusiii quon (JIJI) ¢ BcTpoen-
HeIM (oromuonaom (DJI) m cucreMmy crabUIM3alid BBIXOJHON ONTHYECKOM
MOIIIHOCTH, COCTOSAIIYI0 U3 ycunutens Toka Hakauku (YTH), nucrounuka omop-
Horo Toka (MOT) u ycunurens Toka ommbku (Y TO).

OITY Brmrovaer: maBuHHBI Gotoguon (JIDJ[) co crabunm3npoBaHHBIM

ucrtounukom nutanus (UII), ycunurens dotoroka (YPT) u ycunurens Harps-
xenus (YH).

BT
—
BX | YTH > ng > HO € >
L ) L )
YyTO | ol non e Zlgl
W
BbIX
MoT YOT > YH ——

Puc. 5.2. CtpykTypHas cxema onro3aeKTpoHHoro 0i1oka OP

[Tepronnyeckass MOCAEAOBATENBHOCTh KOPOTKUX MUMITYJIbCOB HAIPSKEHUS
noctynaer u3 Oyioka o06paboTku Ha oauH Bxoa YTH, xoropsiii mpeobpasyet
BXOJHOE HampsikeHue B TOK Hakauku JIJ[. [{ns ctabunu3anuu BHIXOJHON OMNTH-
YECKOU MOIIHOCTU MCTOJIb3YETCS TaTYUK — BCTpoeHHBIN DJI, GOTOTOK KOTOPOTO
nocrymnaer Ha oauH Bxoj YTO, xoTopelii mpeobpasyer pa3HOCTh (HOTOTOKA U
onopHoro Toka oT MOT B HanpspkeHHE CTaOUIU3UPYIONICH OTPUIIATEIBHOM 00-
paTHOM CBA3H, IOCTyNarollee Ha BTopou Bxon Y TH.

Ontuyeckue ummyinbebl yepe3 HO nmoctynaror B uccneayemsiii BT. O06-
PaTHO PacCesiHHOE U3JIyUYCHUE U OTpaKeHHbIE OT HeogHopoaHocTer BT onruue-
ckue nmmyabschl uepe3 HO nmoctymarot Ha Bxon JIDJI, rae mpeobdpasytores B ¢o-
toToK. [locnennnii B YOT mpeoOpasyeTcst B HanpspDKeHUe U ycuimBaeTcss B Y H.
Koadpdunument YH moxxno uzmensts npu HacTpoiike OP.

CrpykTypHas cxeMa 31eKTpoHHoro onoka OP (puc. 5.3) BKiItO4aeT rexe-
patop ummyiabcoB (I'N), anamoro-uudpoBoit npeodpazosarens (ALII), Mukpo-
npoieccoproe ycrpoicto ynpasieHuss (MIIYY) u ycTpoilcTBO 0TOOpaskeHus
(YO).



YO BBIIOJIHAETCA HA OCHOBE
CBETOAUOIHON WU KUIAKOKPHUC- M
Tamnyeckon tma”enu. MIIVY
ynpasisier padotort ALl u mo- A
3BOJIIET  OCYILIECTBJISATh  HAKOII-
JIECHUE U 3allOMHHAHHUE CHIHAJIOB 4 BX

MIYY AUN pe———
00paTHOTO paccessHUusl OT pa3yIud-

HbIX TOYek BT.

BblX

b

3. [IpyHIUN HAKOIJIEHUS CUTHA-
Jia 00paTHOro paccessHusl YO

I[JUI HaKOINNICHHOI'O CHUI'HaJIa

Un(D), obycnosnennoro ydactkom Puc. 5.3. CtpykrypHas cxema
BT, pacnonoxeHHbIM Ha paccTos- AIIEKTPOHHOTO 6110Ka 00paboTku OP

unn | ot Hauana BT, MokHO 3amucaTh:
1N
Un ()= 3 (Us (1) +Uni). (5.0)
i=1
rae N — uuciio HakoruieHui curHana B janHoi Touke; Ug(l) — mone3nsiii curaan
B JJaHHOM TOYKe pediekrorpammsr, Uy — OTCUET myma Mpy | HAKOTIJICHHH.
Tak kak myM Ha Beixoae DIV aBisieTcs ciay4allHOW BEJIMYUHOM CO Cpeli-
HekBaapaTtudeckuM otkioneHueM (CKO) o, To oTHOIIEHHE CUTHANA K IIIyMy Ha
BbIxoae PIIY cocraBnser

S/N¢ =Us(l)/o. (5.2)
[Tocne N HakomnIEeHU OTHOIIEHUE CUTHANA K IIyMY BO3pPACTaET:
S/Ny =Uy(1)/o=(S/N¢ )-VN. (5.3)

Uucnom HakoruieHud B OP MOXHO ynpaBisiTh. JMHAMU4YeCKUi quana3oH
OP, KoTOpBIN MpeACTaBISAET COO0N BHIPAKEHHOE B JTOTAPU(PMUUECKUX STUHUTIAX
OTHOIIICHUE CUTHAIa 00paTHOTO pelieeBCKOro paccessaus mpu | = 0 x mrymy:

D =5Ig(Uy (0)/o)=5lg(Us(0)/c)+2,51g(N), (5.4)
3a cUeT HakoruieHus Bo3pactaer Ha 2,5 1g(N), nb.

Jnaamudeckuii nuama3oH OP 3aBUCHUT Takke OT IJIUTCIBHOCTH 30HIU-
pytoiero umnyibca ti. Ecim u3BecTten nuHamuyeckuit nuanazon Do mipu au-
TEJILHOCTH UMITyJIbca tjp, OIIEHUTH B MEPBOM MPUOIMKEHUN TUHAMUYECKUHN JTha-
na3oHd D npu npyroii 1uTeapHOCTH UMITYJIbCA tj MOKHO MO BBIPAKEHUIO

D =Dy +5lg(t; /tg). (5.5)

Tunuunas pedrekrorpamma curtana ooparHoro paccesius s BT npu-
BeJleHa Ha puc. 5.4. Ha Hell MOXKHO BBIJICIUTHL OJHOpOoaHbIe yyacTku 2 BT (6e3
HEOJHOPOJIHOCTEMN) C MOCTOSHHBIM KOA(DPUIIMEHTOM 3aTyXaHUsl O, Ha KOTOPBIX
COP nocne norapupMupoBaHus BRITJSIAAT KaK MpsiMasi TUHUS, HAKJIOH KOTOPOH
ornpeaenseT K03()PHUIHEHT 3aTyXaHuUs.



Puc. 5.4. Curnan oGpaTHOTO paccessHus

Hapsny c¢ nunelinbiM n3menenueM ypoBHs COP Ha peduiekTorpamme
UMEIOTCSI 0COOCHHOCTH, O0YCIIOBJIEHHBIE PAa3IMYHBIMU HEOAHOPOAHOCTAMU. Ha-
YJaJlbHbIA BBIOpOC curHajia | BbI3BaH ()PEHENIEBCKUM OTPAKEHHEM OT BXOJHOTO
topua uccieayemoro OB. Kak npasuno, o BBogut ®IIY B HackllieHue, a Bpe-
Ms BBIXOJIA M3 HEro omnpenenseT BaxHblil napametp OP — MepTBYyrO 30HY, T. €.
paccrosiaue Aly, Ha KOTOPOM HEBO3MOXHO OOHAPYKUTH HEOTHOPOJHOCTH U H3-
MepuTh kKod(duiMeHT 3aryxanus. BeiOpoc curHana ¢ nepenajoMm 3atyxaHus 4
BO3HMKAET MPHU HAJIMYHUU B TPAKTE PA3bEMHOIO COEAMHUTEINS, a TaKXKe MpHU Ha-
JUYUH B BOJIOKHE MaJICHbKUX BKJIIOUEHUW MHOPOJHBIX MPUMECEH WU MYy3bIpb-
KOB Bo3AyxXa. Takue oTpaxxeHUs: XapaKkTEepU3yIOTCsS BO3BPATHBIMHU MOTEPSIMHU, KO-
TOpPbIE MOTYT OBITh PACCUUTAHBI TIO BHIPAKEHUIO

ag =—10Ig R, (5.6)
rae R — ko3 duiineHT oTpakeHusl.

KoadduimenT oTpakenus A TpaHULbl pa3fena KBapl—BO3AyX JOCTHUra-
€T 3HAYuTeIbHOM BenuuuHbl 4% mpu yrie naaeHus 0°. OgHako €ciu MoBepx-
HOCTh CKOIIICHHAsI, HEPOBHAS WM 3arps3HeHHas, KOO OUIIMEHT OTPAKEHUSI MO-
KET UMETh 3HAYUTEIPHO MEHBIIYI0 BEIUYHHY, U OTpa)K€HHUE OT OOphIBa WIIU
3amHero Topra BT He Bcerna MoXHO 0OHAPYKUTh.

HepazbeMHble coequHeHus (CBapHbIE, KJIEEBbIE 1 MEXaHUYECKHE CPOCTKHU
BOJIOKOH), B KOTOPBIX OOBIYHO OTCYTCTBYIOT OTpa)K€HHUs, OTOOpa)xarTcs Ha
pedbaexrorpamme crymnenbkoit 3. Konenr BT, win ero oOpsIB, onpenensercs mo
OTPaXEHHOMY OT 3aJJHEr0 TOpLA UMITYJIbCY 5 U CIEAYIOUIEMY 32 HUM Y4acTKy 6
C PE3KMMH CIy4YalHBIMU IepenajgaMu ypOBHsS PErHCTPUPYEMOIO CHrHaja, o0y-
cinoBiaeHHbIMU yMamu OITY.



YIIPABJEHUE JIABOPATOPHOH YCTAHOBKOM

1. OcHOBHOE MEHIO

OcHoOBHOE MEHIO (pHUC. 5.5) COIEPKUT CIEAYIOUIME MyHKThI (PEXKUMBI pa-
601h1): «ITomomby», «Bapuanty, «Ilapamerps», «Pedaekrorpammay, «CBapkay,
«ITonxmouenne», «Hacrtpoiika» u «Beixoay». Ilocme 3amycka mporpaMmsl, BbI-
OpaB MYHKT FOPU30HTAILHOTO MEHIO «BapuaHT» KypCOpHBIMHU KJIaBUIIAMH yC-
TaHABJIMBAETCS YKa3aHHBIN MpenoaaBaTesieM BapuaHT 3afaHus. Ha skpaH BbIBe-
neHsl mapamerpsl OP, 3ajaHHbIe IO YMOJIUaHUI0. MI3MeHeHne MyHKTOB OCHOBHO-
IO MEHIO OCYUIECTBJISETCS TOPU3OHTAIBHBIMH KypCOPHBIMU KiaBuiamu. O0Opa-
IIEHUE K BEHIOpaHHOMY MMYHKTY OCYILIECTBIIsIeTCA KiaBuie «Entery.

Knaeuuwamm <CTpenka Bneso/snpaao> BblﬁepMTe B3pPUaHT W HEMMTE KnaBKWwy <ENTER:

Momowe BapuaHT NapameTpbl PednekTorpamma Ceapka MoAknwyeHWe HacTpouka BrIXod

.-.n * BpiGOp BapuaHTa * K

:: * NapameTpsl pedaekTOMETRA * ::

KoadduumeHT ycuneHna Ky = 100 PesMM npocMoTpa - ob3op
AAWTEABHOCTE MMOyAbCca Tu = 200 HC AnvHa yvacTka L = 25.00 KM
ANUHA BOMHBI LE = 1.30 MKM Havyano otcyeTa Lo = 0.00 Km

KoHel oTcyeTa LM = 25.00 KM
ONTUYECKMA pasbem - 9/125 MKM
PeMM HAKONAGHWS - napanfenbHbr ikana 3aTyxaHWa - norapugmMyecras
Uaeno HakonaeHud = 200000 rpaAyvpoBka wkansl - 2.5 A6/aean

Puc. 5.5. I'maBHOE MeHIO

2. 3ananune napametrpon OP

Pexum «ITAPAMETPBI» (puc. 5.6) mo3BoJiieT BBIMTH B MOJMEHIO, KaX-
JBI MYHKT KOTOPOTO MpEeAHA3HAUYEH JIJIsl YCTAHOBKH OMpPEAECICHHOTO MapameTpa
OP. 1ns nepemenieHus no moJAMEHIO HCHOJIb3YIOTCS BEPTUKAIbHbIE KYPCOPHBIE
KJIaBuIK. BpIOOp ycTaHaBIMBAEMOTO MapaMeTpa MOATBEPKIACTCS KIIaBUIIECH
«Enter». /I ycTaHOBKHM KOHKPETHOTO 3HAYEHUS BHIOPAHHOTO MapaMmeTpa TakKe
UCIIOJIb3YETCsl TIOJIMEHIO, YIpaBisieMoe Kypcopamu. BelOpaHHOe 3HaueHue ma-
pameTpa noareepxkaaetcs kinasuinen «Entery. [Tocie ycTaHOBKM 3HAUEHHI Beex
napaMeTpoB Ui BHIXO/Ia B IVIABHOE MEHIO HAXXKMHTE KiaBully «Enter» mpu Bbi-
0ope nmyHKTa NoJIMeHI0 «Bbixomy.



[onuTensHocTs MMNyARCa TU=200 HC ]

MoMoWb BapuaHT MapameTpsl PEdneKTorpaMma CBapKa MOAKAKYEHWE HACTPORKA BHX0A

Kos@OUUMEHT YCHAeHKA
AMMTENBHOCTD UMMYAbCA | ————( AAMTEAbHOCTE MMNYAbCA ]
ANUHE yMacTKa TU=20HC  TUS5VHL U=LUUHL  Tu=200HC
ANMHA BOHE Tu=500HC Tu=1000HC Tu=2000HC TU=5000HC
Pesimn paboTel
PaiM HaKQNNEHMA
ONTUYECKAA paIbem
Peimm "OB30P"

Brixoa dnekToMeTpa * |

KoaddmumeHT PeXMM npocMoTpa - ob3op
AnMTeABHOCTE MMnyaeca Tu = 200 HC QavHa yvactka L = 25.00 km
IAMHA BOJHBI LB = 1.30 MKM Havane otcdeTa Lo = 0.00 KM

KoHel, oTcveTa LM = 25,00 KM
ONTUYRCKUMA pasbeM - 9/125 MKM
PeXMM HAKOMAEHWS - napanfenbHbid lKkana 3aTyXaHua - JorapugiMmyeckan
UuCNoe HakonAeHud = 200000 rpadyvpoBKa Wkakl - 2.5 AB/Aean

Puc. 5.6. Hactpoiika pedexkromeTpa

[Tynkt meHto «KodpGUIIUEHT yCUIIeHUs» TO3BOJIIET U3MEHITH K03(Pdu-
nueHt nepenaun YH B @IIY B npenenax ot 0,3 go 10000. ITpu s3ToM n3menser-
Csl pacnoJioKeHUE pedIeKTOrpaMMBbl Ha SKpaHe B JIOrapu(pMUYecKoM MaciiTade,
HO HE MEHSIETCS OTHOLIEHUE CUTHANIA K IIyMYy.

IIyHKT MeHIO « JINTENBHOCTh UMITYJIbCa» MO3BOJISIET U3MEHATH JJIUTEIIb-
HOCTh uMITyJbca B npeaenax ot 20 go 5000 He. IIpu u3MeHEHUN MIUTEIBHOCTH
U3MEHSIETCSl pacIoyioKeHue pedieKTorpaMmMbl Ha dKpaHe B JIorapupMuueckom
MaciTabe ¥ OTHOILLIEHUE CUTHAJIA K IIyMY, TaK KaK U3MEHSETCS YPOBEHb CUTHAJA
oOpaTtHoro paccesius. C yBeIMYEHHEM JTMTEIILHOCTH YPOBEHb CUTHANIa oOpaT-
HOTO paccesiHUs PACTET, a YPOBEHb (PEHENEBCKUX CUTHAJIOB W YPOBEHb IIyma
MPAKTUYECKUA HE U3MEHSIIOTCSL.

[TyHkT MeHIO «/lTMHa ydacTka» Mo3BOJISIET U3MEHUTh NPOTSKEHHOCTh I'o-
pusoHTasbHOM mikanel OP. JloctynHel cieayronume 3naduenus: 1, 5, 25 u 125 km.

[Tynkt MeHI0 «/lJInHa BOJHBD) MO3BOJISIET U3MEHUTh THUIT OITOAJIEKTPOHHO-
ro 6moka. [Ipu 3ToM Juis 1IMHBI BOAHBI A = 1,3 MKM HEOOXOAMMO BBHIOPATh TAKkKE
U TUT onTh4Yeckoro pazbema 50/125 mxm unu 9/125 MxMm B myHKTe MeHIO «OnTH-
yeckui pazpem». Il Ipyrux JUIMH BOJIH ONTHYECKUM Pa3beM M JJIMHA BOJIHBI
CBA3aHbl OJHO3HAYHO. [103TOMY 1OCTaTOYHO 33/1aTh TOJBKO JJIMHY BOJIHBI.

[Tynktr menio «Pexum paboOThD) MO3BOJSAET BHIOPATh MEXKAY JTUHEHHBIM
MaciradboM 1o ocu Y u jorapupmMuueckuM. BTopoit pexxum paboTel yaoOHEee
IIPY U3MEPEHUAX 3aTyxaHus U nmoreps. lllkana rpagyupyercs HEMOCPEICTBEHHO
B 1b. B nuHENHOM pexnMe 10 BEPTUKAJIbHOM OCH OTKJIAJIBIBACTCS BEJIMYMHA Ha-
npsbkeHus curHana B Bonbrax Ha Beixoge @ITY. [Tocne BriOOpa pexxnma paboTh



B 9TOM >K€ ITYHKTE BBIOMpaETCs IieHa JCJICHUsI BEpPTUKAIbHOU IIKaibl n1b/aen. B
norapudmuueckom Macirade (B npenenax ot 0,25 no 2,5 nb/nen.) u B B/nen. B
nuHelHoM MmaciiTtabe (B mpeaenax ot 1 mB/nen. no 1,0 B/nen.).

[TyHkT MeHI0 «PeXuM HaKOIUICHUS» IMO3BOJIIET BBIOpATh MEXAY IOCIIEe-
JIOBaTEJIbHBIM U MapajuiebHbIM HAKOIIJIEHUEM CUTHaa 00paTHOro paccesHus. B
MIEPBOM CJIy4yae B KOKJIOM HU3MEPUTEIBHOM MEPHUOJIE U3MEPSIETCS CUTHAJ TOJBKO
B OJIHOM TOuke peduiekTorpammbl. B kaxmoi touke mpoBoautcs N m3MepeHuit
(N moxet m3mensatbes ot 10 go 1000). 3aTeM HauMHAETCS PETHCTPALUs APYTrOn
Touku. OOI1Iee BpeMsi perucTpaiuu | IpsiMO MPOMOPIIUOHAIIBHO YUCTY PETHCT-
pupyembiX Touek M 1 uncity HakoTuieHUuH B Kaxao0i Touke N

T, =N-M-T,=N-M/F,, (5.7)
riae To =1/ Fo— nepuon ciieoBaHus 30HAMPYIONIUX UMITYJIbCOB.

Bo BTOpOM ciiydae B KakJI0M H3MEPUTEILHOM MEPHOJIE U3MEPSETCS CHT-
HaJI OTO BCeX Touek peduiekTorpammbl. Yncno HakorieHH N MOXKET U3MEHSITh-
cst oT 2 ThiC. 70 2 muH. OO11Iee BpeMsi peruCTpaliii He 3aBUCUT OT YHCIIa PErH-
CTpUpyeMbIX ToueK M U cocTaBisieT

T,=N-T, =N/F,, (5.8)

OTMeTnM, YTO MapajyIeIbHOE HAKOIUJICHWE OpPraHW30BaTh TEXHUYECKU
CIIOXHee, yeM nociueaoBarenbHoe. Kpome toro, ero peanusauus TpeOyeT mpu-
MEHEHHsI OOJIBIIETO KOIMYECTBa OBICTPOACHCTBYIONIMX MUKPOCXEM, YTO MPUBO-
IUT TakKe K YBETUUYEeHHIO dHepronoTpebdnaeHus. [Ipu pabore Ha yCTaHOBKE MOM-
HUTE, YTO C YBEJIMUYEHUEM YMCia HakoIuieHui N pe3ko Bo3pacTaer BpeMsl h3Me-
pEeHUsl, 0COOEHHO MPU MOCIIEI0BATEIIbHOM HAKOIIJICHUH.

3. YnpaBJ/ieHue CBAapOYHBIM aNNapaToM

Pexum «CBAPKA» mo3BosisieT BOMTH B MOJAMEHIO, COCTOSIIIEE U3 JBYX
nyHKTOB: «CBapka» u «Ckom». Ilpu BeiOOpe myHkTa «CBapkay MNPOUCXOAUT
cBapka nByx OB, B mocienoBaTeabHOCTH, YKa3aHHOM B PEXUME OCHOBHOI'O MeE-
Hio «[IOAKJIFOUEHUEY. I1pu Bei60pe nmynkTa «CKOM» CBAapKa, €clii OHA Oblia
mepes1 3TUM cJiellaHa, pa3pylaeTcs, U Ha pedIeKkTorpaMMe MOKHO BUIETh TOJb-
ko oxHO OB.

4. YnpapjeHue NoJAKJII0YeHHeM

Pexum «ITOJAKJIFOUEHUME) 1no3BoJisieT BBIMTH B MOAMEHIO, COCTOSIIEE
u3 Tpex myHkToB: «BC1+BC2y», «BC2+BCl1» u «Het noakmtouenus». Beidupas
MEPBBIM WM BTOPOH MYHKT, MOXHO moAkItouuTh OP ¢ moboi croponsr BT.
[Ipu ycTaHOBKE TPEThETO MyHKTa MOKHO HAOJIOMATh OTPAKEHHE OT TPAHMUIIBI
paznena OB—Bo3nyx.

5. 3anmyck u3MepHuTEIBLHOTO MPOoIecca U ynpasBjeHue pediekrorpammoi

Pexum «PEDJIEKTOI'PAMMA» no3sodset 3anyctuth OP Ha peructpa-
uto pedexkrorpaMmmbl. OCHOBHOM 11€JIbI0 BBIOOpA W 3ajaHusi mapameTpoB OP
SBJISICTCSI TIOJyY€HHE HATJISIIHON PEQIIEKTOrpaMMBbl, 10 BO3MOXXHOCTH CBOOOJ-



HOHM OT IIIYMOB, IO KOTOPO MOKHO OMpPEEsATh MapaMeTphbl UCCIEIYEMOTO BO-
JIOKOHHOTO TpakTa u camoro OP. Dkpan pediiekromerpa rmokasaH Ha puc. 5.7.
PEOAEKTOT PAMMA

=10.00 L[aE1]

PaccTosHue un

1
....... nepenag curHana ---4-
mexay Kypcopamu

oo od oo e

AnAa nepexoaa B pexud "0OKHO" HaxmuTe Knaeswuy "MPOBEA™

Puc. 5.7. Dxpan peduiekromerpa

JInst u3MepeHusi ypoBHEH CUTHAJIOB OOpaTHOrO PAacCesiHUsl U paccTos-
HUM 10 COOTBETCTBYIOIINX TOYEK MCIOJb3YIOTCS JIBa BEPTUKAIBHBIX Kypcopa,
KOTOpbIE MEPEMENIAIOTCs MPU MOMOIIM KyPCOPHBIX KJIABUIL KJIAaBHATYpbI: Jie-
BBI Kypcop — KIaBHIIAMH —> H <—, NMPaBblii — KIaBHIIaMi 1 1 +. OTcUeTsl
paccTostHUuM (KM) U CUTHAJIOB oOpaTHOro paccesiHus (A1b) HaXOISTCS MO K-
paHoM c¢ peduekrorpaMmoii. Tam e MPUBOAUTCS PACCTOSIHUE MEXIY KypCoO-
paMH U pa3HOCTh CUTHAJIOB 0OpaTHOro paccesiHusi. OOpaTuTe BHUMAaHUE, YTO
Ha ’KpaHe pedIeKTOMETpa OTCUYET CUTHaIa OOpaTHOTO paccesHus 0003HAUEH
OykBOil A, B TO BpeMs KaK B JaHHBIX METOJIMYECKUX YKA3aHUSIX 3Ta BEIUINHA
o0o3HaueHa OykBoi Y.

[IpenycmoTpeHa BO3MOXKHOCTH MOJPOOHOr0 u3ydeHus (pparmeHra ped-
JIEKTOTPaMMBbl, HAXOSIIETOCs MEX]y Kypcopamu, MPU MOMOIIY HaKaTus 00JIb-
1I0W KJIaBULIM Mpolesnia. DTOT pexuM pabdOoThl Ha3bIBAIOT «IJIEKTPOHHOM JTyHOM»
WM «OKHOMY (pHc. 5.8).



PEPAEKTOTrPAMMA

=10.00 L[aE1l

L1= 4.146 xm L2= 6.229 xm diL= 2.083 xm

fAl= -17.6 aB Az= -20.5 aB df= 2.859 aB

AnAa nepexoga B pexum "0KHO" AaxmuTre NnaeBuvwygy “MPOEEAN™

Puc. 5.8. Pexxum «OKHO»

PexxuM ucnosib3yercst sl MOBBILIEHUSI TOYHOCTH U3MEPEHMS pACCTOSTHUI
¥ BHOCUMOTO HEOJHOPOTHOCTAMH 3aTyxaHus. Oneparus BbieeHUs (hparMenTa
MOJKET BBIMOJHITHCS U AJIs y>Ke BbIOpaHHOTO (parmMenTta. Bo3Bpar k ncxoaHon
pedaexkrorpamMme ocyuiecTisieTcss yepe3 MeHwo «llapamerpsr» — myHKT «OO0-
30p». [Ipu HabmroneHnn BHIOpAaHHOTO (pparMeHTa pedieKTorpaMmMbl MOXKHO T10-
BBICUTh TOYHOCTh U3MEPEHHUS PACCTOSHUN U BHOCUMOTO HEOJAHOPOJHOCTSIMU 3a-
TyXaHHS.

6. HacTpoiika nporpaMmmabl

Pexum «HACTPOMKA» mpenHasHaueH Juis BHIOOpA BBIBOJIA HA SKPaH
MOHOXPOMHOT'O WJIM IBETHOTO W300pa)XCHUs, ISl BKIIOYCHHS] M BBIKIIOUCHUS
3BYKOBBIX 3(DPEKTOB, I MOACTPONKH MPOrpaMMbl MOJ OBICTPOJECUCTBUE KOM-
nproTepa. s moacTporKu Mpu MOMOIIM KYPCOPHBIX KJIaBUII MOXHO M3MEHUTh
3a/IEPKKY.



7. llomomib

B pexume «ITOMOIb» comepxarcss HEKOTOPbIE CBEAEHHUS MO YIIpaBiie-
HUIO TAOOPATOPHON YCTAHOBKOM.

BBIIIOJTHEHUE PABOTbI

1. Onpenenenue Tuna OB u noreps Ha BBOAE

B nacrosiee BpeMs B ONTHYECKUX KaOeNsax JalbHEH CBS3M UCHOJIB3YIOT
OB c kBapIeBBIMH CEPAIICBUHON U 000JIOYKOM ABYX OCHOBHBIX THUIIOB: OJHOMO-
noseie OB u maOrOoMos0BBIe OB ¢ rpaauieHTHBIM TpoduiieM moka3aTems mpe-
nomieHus. OHU UMEIOT OJMHAKOBBIN TuaMeTp 000a0uku 2b = 125 MM, HO pas-
HBIN MaMeTp cepaueBuHbl 2a = 50 MKM JJ1s1 MHOTOMO1I0BOrO U 2a = §...10 MKkm
st oqHoMozoBoro OB. KoHCTpyKIIMM ONTHYECKUX Pa3beMOB IS PA3IMUHBIX
OB npaxkThuecku OJAMHAKOBBI, YTO MPUBOAUT K BO3MOXXHOCTH HEMPABUILHOTO
noakioueHust OB k ontuueckomy pedaexkromerpy (OP). Hanpumep, monkiito-
yeHue ogHomogoBoro OB k MHoromojgoBomy Bbixoay OP wiam mogkitoueHue
MHoromoioBoro OB k oHOMO10BOMY BBIXOAY OP mpuBOIUT K OOJBIINM MOTE-
pSM Ha BBOJE WIM BBIBOJC M3JIYyUYCHHS, YMEHBIIECHUIO TOJIE3HOTO CHUTHAaja U
YXYAIIEHUIO OTHOIICHUS! CUTHANA K mymy. [Ipudem Oosbliive moTepu BO3HUKA-
I0T TOJIBKO MPHU MEPEXOJE U3IYyUYECHHUS U3 MHOTOMOJOBOTO B ogHOMOAoBoe OB.
[ToTepu B mepBOM MPUOIMKEHUH OMPEAEISIOTCS OTHOIICHUEM ILIOMIa e cep/i-
ueBuH coenunsieMbix OB (Mau KBaapaToB paguycoB) U OTHOUIEHHUEM YHCIOBBIX
aneptyp. JlomomHUTENbHBIE TTOTEPH HAa BBOJIE/BBHIBOJC M3IIYYCHHS TPHU HEIpa-
BWIbHOM coennHeHuu OB ay, 1b, MOYKHO OIIEHUTH MO BBIPAXKEHUIO

ag :10.|gﬁ

o - NAo
rae Iy, o — paguycbl MHOTOMOJIOBOIO M OJTHOMOJ0BOro OB cOOTBETCTBEHHO;
NAn, NA, — uucioBble anepTypbl MHOTOMOJOBOTO U ogHOMoa0Boro OB cooT-
BETCTBEHHO.

JIsist SKCTIepUMEHTanbHOro onpeaenenus tuna OB U BeJIMYMHBI JOTOIHU-
TEJIbHBIX MOTEPh 3a CUET HEMPABWIBHOIO BbIOOpa ONTHYECKOro OJIOKa HEOOXO-
MO TIPOBECTH U3MEPEHUs] YPOBHEHN cUrHajna Ys Ha ONpe/ieIEHHOM PacCTOSTHUU
u myma Y, 3a npenenamu OB Ha anvHe BosHBI A = 1,3 MKM MpU JBYX THMAX OII-
thyeckux paszpemoB OP (mHOromomoBom 50/125 MKM W OXHOMOJOBOM
9/125 mxm).

[IpenBapuTenbHO YCTAaHOBHUTE CJEAYIOIIHE PEXHUMBI pabOTHI JlabopaTop-
HOU ycTtaHOBKU: nojakiatoueHue — BC1+BC2; cBapka — CKOJI U CIEayONIUe na-
pametrpel OP: koad¢unment ycunenus — 100; nnuTensHOCTh HMITyJIbca —
500 He; nmuHy BosiHbI — 1,3 MKM; peXUM NPOCMOTpa — 0030P; MaKCUMAaJIbHOE
paccTosiHie — 25 KM; peXUM paboThl — JlorapupmMuyecKkuii; 1ieHa JAeJIeHUs 110
BepTUKAIN — 2,5 nb/med.; ontuyeckuii pazbeM — MHOTOMO0BbIN S0/125 MKM;
PEXKUM HAKOIUICHUS — MapaJieJbHbIi; yucio HakoreHuit — 2000,

, (5.9)



N3mepenust 10JKHBI IPOBOAUTHCS IIPU ITOMOILIU Kypcopa B TAKUX TOYKAX,
B KOTOpbIX Hackimenue PIIY orcyrcTByer. g u3amMepeHus ypoBHs LIyma Kyp-
COpOM BBIOMpAeTCs] MaKCUMaJbHBIM IIYMOBOM BCIUIECK Ha pediieKTorpamme 3a
npenenamu OB. Pe3ynbrarel u3MepeHusi CUrHalla U Iryma 3aHecute B Tadi. 5.1.

Tabmuna 5.1
JmurensHOCTh | OnTHYeCKUH Yo 1B Yo b ag. 15 Tw BOsTOKHA
UMIYJIbCA, HC pazbeM ’ ’ >
50/125
9/125

Tun noakmroueHHoro Kk OP BOJOKHA COOTBETCTBYET TOMY ONTHYECKOMY
pa3beMy, IIpU KOTOPOM YPOBEHb CHTHAjJa IPH OJAHOM M TOM XK€ PaCCTOSHUHU
oonpuie. [lo pe3ynbraTam M3MEpEeHHI paccuMTalTe MOTEPU HAa BBOJE/BBIBOJC
npu HecooTBeTcTBUU OB 1 ontnyeckoro 6oka OP no BeIpakeHHIO

aq = ‘Ysm —Yso +Yom _Yno‘! (5.10)
/1€ HHJEKCBI «M» U «0» 03HAYar0T MHOTOMOJI0BOE U 0lHOMO10BOe OB cooTBeT-
CTBEHHO MHJIEKCHI «S» U «N» 03HAYAIOT CUTHAJI U IIIyM COOTBETCTBEHHO.
3apucyiite peduiekrorpammbl OB KOHEYHOW NIUHBI B JIOTapu(PMUIECKOM
U JuHelHoM MmacmTabax. OOpaTtute BHUMaHUE Ha pazinuue X Qopm, a TakxKe
Ha PA3JIUYHBIM XapakTep IIyMa. YKaKUTE B OTYETE THN Hcnoiab3yemoro OB u
PACCUYMTAHHOE T10 HKCIEPUMEHTAIBHBIM JaHHBIM 3HAYEHUE MTOTEPDh HA BBOJIE.

2. Onpeaesienne ocHoBHBIX mapamerpos OB1 U OB2

2.1. lloAroTOBKA K M3MEPEHUAM

ITocne onpenenenus tTuna OB ycranoBute B pexume «IIAPAMETPBI»
JUTMHY BOJIHBI A = 1,3 MKM U cooTBeTcTBYyIomMi OB THn onTHyeckoro pazbema.
[Moaxntounte BoIOpanHbiii OB u npoBepsTe, uto B pexkume « CBAPKA» Bkito-
yeH «Ckomy. MI3MeHsist JUIMTeNTbHOCTh UMITYJIbCa, JJIMHY y4acTKa, J0OeHTeCh Mmo-
JTy4yeHHs pedaeKkTorpaMmbl, Ha KOTOPOM BUIHBI: UMITYJILC, OTPAKEHHBIN OT Iie-
pennero topua OB, yuactok ogHopogHoro OB, uMIyabsc, OTpaK€HHbIA OT 3a]1-
Hero Topua OB u mywmsel 3a npenenamu OB. Ilpu nsmenenuun napametpo OP
YUYUTBIBAUTE CIEAYyIOLIEE:

e u3MmeHeHue korpduurenta ycunenus OIIY He npUBOIUT K U3BMEHEHHIO
OTHOILICHMS CUTHAJA K IIyMY;

® YBEJIMYEHUE JJIMTEIBbHOCTH HWMITYJIbCa MPUBOAUT K BO3PACTAHUIO CHUT-
Hajia 0OpaTHOTO paccesiHUusl U OTHOUIEHUS! CUTHANA K IIyMY, TPH 3TOM OTpa)KeH-
HBI UMITYJIBC ¥ IIIyMOBOE HaNPsDKEHHUE MPAKTUYECKU HE N3MEHSIOTCS;

e YBEJIMYECHHE YMCJA HAKOIUIEHUH MPUBOJIUT K YMEHBUIEHUIO IIYMOBOTO
HaIPsHKEHUS!, BO3PACTAHUIO OTHOIIEHHS CUTHANIA K IIYMY, [P 3TOM CUTHAJI 00-
PATHOTO PacCesHUS HE U3MEHSETCS.




2.2. Onpenenenue auusl OB

[IpoBenute uamepenus: aauabl OB1 u OB2 (mpu oqHON JIMHE BOJIHBI
A = 1,3 mxm). I[Togkmrouenue k pediekromerpy OB1 mnn OB2 ocymiectBisiercst
B pexuMe «[IOJAKITFOYEHHME».

s onpenenenust anuHbl OB ucnonb3yiTe 11000 U3 JABYX KypCOPOB.
Jlinna OB cooTBeTCTBYeT Hayaly MMITYJIbCa, OTPAXKEHHOTO OT 3aJHEro Topua
OB. IloaBoaute Kypcop clieBa K MMITYJIbCY, OTPAXXEHHOMY OT 3aJHETO TOopla
OB. 3a Hayano uMIyJIbca NPUHUMAETCS MOCJIEIHSS TOYKA, TIOCIE KOTOPO Ha-
YMHAETCs yBEIMYECHUE cUrHamia. J[Ji1 yBenndeHus TOUHOCTH HEOOXOAMMO TMepeii-
Td B pexuM «OKHO». Bpaenure mpu moMouy MepBoro U BTOPOTO KypCOpOB
yyacTok OB, KOTOpBII COAEPKUT OTpakeHHbIM OT KoHIa OB mmnynbc. Tou-
HOCTb OIPEJEICHUS PACCTOSIHUM BO3pPACTAE€T C YMEHBIICHHEM JIUTEIbHOCTH
uMIyibca. Pe3ynbpTaTel u3MepeHuit 3anecute B Tadi. 5.2.

Tabmuna 5.2
Ml OB | LkM | YeuB | Yo uB | Luxy | Lox | ALk | % | aab
MKM ’ s, 1 52, 1 L 2 ’ nb/km ’
OB1
1,3 OB2
OB1 -
OB2 -

2.3. Onpenesienue ko3punuenrta 3aryxanusi OB
[IpoBenute usmepenue kordpdunuentor 3aryxanus OBl u OB2 nHa
JIBYX JUIMHAaX BOJIH, KOTOpbIE MCHOJB3YIOTCS ¢ AaHHbIM Tunom OB. Jlns
MHoromomoBoro OB mHa A = 0,85 u 1,3 MkM, a giust oguomogosoro OB Ha
A=1,3wu1,55 mMxmMm.
Jns onpenenenus kKodp@uiumeHTa 3aTyXxaHuss Ha OJHOPOJHOM Y4YacTKe
OB (puc. 5.9) HeoOX0AMMO MpHU MOMOIIM KYpCOPOB BbIOpATh 1BE TOYKHU, OT-
CTOSIIIAE APYT OT Apyra Ha pacCTOSIHUU
AL =Ly - Ly, (5.11)
U OIpEeAeNUTh B HUX YPOBHU CUTHANOB Yg U Yg. KoadduuueHnt zaryxanus
o, 1b/kM, paccurTaiiTe o0 BBIPAKEHUIO
a=(Yq —Ys,)/AL. (5.12)
OO1ee 3aTyxaHue Ha OJHOPOJHOM yyacTke a, nb, onpenenure mo BbI-
pPaXKEHUIO
a=al, (5.13)
a TaKXKe KaK pa3HOCTb YPOBHEW CHUTHAIA MEXIY JIBYMs KypCOpaMH, COBMEILIECH-
HBIMH C UHTEPECYIOUIMMHU HAC TOYKAMH.




Puc. 5.9. U3mepenue ko3 duumenta 3atyxaHus

J171s1 MOBBINIEHUSI TOUHOCTU U3MepeHuid Ys HEOOX0IUMO YMEHbIIATh IIEHY
neneHus 1o ocu Y. Pe3ynbTaThl UI3MEPEHUM U pacueToB 3aHEeCUTE B Ta0J. 5.2.

3. Onpeaesenne napamerpos OP

3.1. U3mepeHue IHMPHHBI MEPTBOIi 30HBI

«MeptBas 30Ha» (puc. 5.10) oOpa3zyercst u3-3a Haceimenuss OIIY. B sroit
30HE€ HEBO3MOKHO ITPOBENICHHE U3MEPEHUM, B YACTHOCTH HEBO3MOXXHO OOHapy-
KUTh Jaxke oTpaxkeHue ot oOpeiBa OB. OObYHO camoe OO0JbIIOe OTpaKeHUE,
kotopoe Haceimaetr OIIY, Bo3Hukaer ot BxoaHoro topua OB.

PaznnuaroT MepTByI0 30HY M0 oOpaTHOMY paccesiHuio Alns U 1o oTpake-
uuto Aln,, kak mokaszano Ha puc. 5.10.

MepTBasi 30Ha MO OTPAKEHHUIO OMPENEIAETCS PACCTOSIHUEM MEXIY Hauda-
JIOM OTPaX€HHOTO MMITyJIbCa U TOYKOM ¢ ypoBHeM —1,5 nb mo oTHomeHuto
HACBIILIEHHIO. 33 ATOM MEPTBOM 30HON MOTYT OBbITh MACHTU(PHUIIMPOBAHBI MOCIIE-
IYIOIIME OTPaKaTeIbHbIE COOBITHS.

MepTBasi 30Ha MO PACCESIHUIO OINPEIENSIETCS] PACCTOSTHUEM MEX]y Haua-
JIOM OTPa)KEHHOTO HMMIYJIbCa M TOYKON C YPOBHEM, KOTOPBIM OTJIMYAETCS OT
YpOBHsI curHaja oopaTHoro paccessaus Ha 0,5 nb.

JIst u3MepeHusl MUPUHBI «MEPTBOM 30HB» HEOOXOIUMO PACCMOTPETH B
pexume «OKHO» HayalbHbIA ydacTok pediuekrorpammsl. [lepen mepexomom B
pexum «OKHO» YCTaHOBUTE MEPBbINA Kypcop Ha paccrosHue L; = 0, BTopoii Kyp-
COp YCTaHOBHUTE TaK, YTOOBI MMIYJbC, OTPAaXXEHHBIM OT nepeaHero topua OB
OKa3aJicsi MEeXIy KypCOpaMH.



Puc. 5.10. Onpenenenue MUPUHBI «MEPTBOU 30HBI»

IIpoBenuTe n3MepeHns MIUPUHBI «KMEPTBOM 30HBI» MO OTPAXKEHUIO U pac-
CESHHUIO B 3aBUCHMOCTH OT JUIUTEIbHOCTH UMITYJIbCA U IJIMHBI BOJIHBI. Pe3ynbTa-

Thl ©3MEpPEHUHN ToMecTuTe B Ta0m. 5.3.
Tabmuma 5.3

A, Alpms, kM, 1ipu Tj, HC Alr, kM, npu Tj, HC

MKM 20 50 100 500 2000 20 50 100 500 | 2000

1,3

[Ipu u3mepeHusix HeOOXOAUMO CIAEAUTH 3a TeM, 4ToObsl PIIY He BXoamiIo
B HACBIIIEHHE OT PacCesHHOro curHania. [lpu 3TomM JOJKHO OBITH YETKO BUHO
OTpaXXE€HUE OT MEPEAHErO TOPLIA.

3.2. I3mepeHHe IMHAMHYECKOT0 AUANA30HA

JluHamMuyeckuid Auana3zoH ONpenessieT MaKCHUMaJbHOE 3aTyXaHHWE BOJIO-
KoHHOTO TpakTa (BT), mpy KOTOPOM OTHOIIIEHHE CUTHAJIA PACCESTHHOTO OT KOHIIA
BT x mymy paBno 1.

JIJisi SKCIEepUMEHTAIbHOTO ONpeieieHUsl AUHaAMUu4Yeckoro auanazoHa OP
HE0OX0IMMO U3MEPUTh YPOBEHb CUTHaja oOpaTHOro paccesHus ot Hayaina BT Y,
(cpa3y mocine uMITysbca, OTpakeHHOro oT nepeasero topua BT) u ypoBeHs mry-
Ma Y, orpeaensieMblii 0 YPOBHIO MaKCUMaIbHOTO nuka (puc. 5.11). Jlunamuue-

ckuit quana3oH D, 1b, onpenenseTcs no BhIpaXKeHUIO
D=Y,-Y,+24, (5.14)




rae 2,4 n1b onpeaensitorT pa3HOCTh MEXKIYy MaKCHUMalbHBIM 3HAYEHHUEM IlyMa U
CpPEeIHEKBAAPATUUECCKUM.

Y, ab
Y,

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

..............................................

..............................................

L, kM
Puc. 5.11. 3Mepenne [uHaMU4ECKOrO JUana3oHa
JlnHamuuecknii ruana3oH onpexaensercs Ha mmHax BoiaH 0,85 u 1,3 Mk
1711 MHOroMo10BbeIX OB m 1,3 1 1,55 ans onnoMogoBeix OB.
Pe3ynbTaThl M3MEpeHUN AMHAMUYECKOTO JMarna3oHa OT JJIMHBI BOJHBI A,
JUTUTEIHHOCTH UMITyJIbca T 1 uncia HakoruieHui N BHecuTe B Tabi. 5.4.

Tabmnua 5.4
N N 2000 20000
» MM T The 20 200 2000 20 200 2000
1.3 D 15

4. U3mepeHue noTepb B CBAPHBIX COeIMHEHUSIX

N3mepenus npoBoaaTcs Ha JIJUHE BOJHBI A = 1,3 MKM. YcTaHOBUTE IO-
cnenoBatenbHOCTh noakatoueHus OB (BC1+BC2). Capute BoJIOKHA, BKIIOUUB
pexum «CBapkay. Yoemaurech no pedaexkrorpamme, uro OB1 u OB2 cBapensr.
JI71s1 OBBIIIIEHUSI TOYHOCTH M3MEPEHUN HCTOJB3yHTe pexuM «OKHO» U yMEHb-
muTe 1eHy AeneHust mo ocu Y. Jljisi pacnosioskeHusl yyacTka pedieKTorpaMMbl
co cBapkoil mocepeauHe 3kpaHa OP HYXHO M3MEHATh KOADPUIUEHT yCUICHHUS
OITY u 1UTENTBHOCT 30HAUPYIOIIETO UMITYJIbCA.

BHocumbIe cBapKkoi MOTEpHU ONMpEETUTe METOJOM TPEX KYpPCOPOB C JIBYX
koH10B BT, T. e. mpu noakimouennun OP co ctoponst OB1 u OB2.



Puc. 5.12. I3MepeHre BHOCUMBIX IIOTEPH B COEANHEHUN
METOJIOM TPEX KypCOPOB

Ha puc. 5.12 noka3zana tunuyHas pediaekrorpaMma OTpa’karolie Heo-
HOPOJHOCTH, HapuMep e(eKTHOro CBapHOro COelMHEHUs Win pazbema. [lep-
BBIIl KypCOp yCTaHaBJIMBAKOT B TOYKE, cOOTBETCTBYtoulell koHIy OB1. Emy co-
OTBETCTBYIOT paccTosiHue l; u curnan obparHoro paccestaus Y. Kypcopst 2 u 3
yCTaHaBIMBAIOTCS Ha OJHOPOoJHOM yudacTtke OB2. [Tpu 3TOM QUKCHPYIOT COOT-
BETCTBYIOIINE YPOBHU CUTHAIOB Y, Y3 U paccrosiHus |y, l3. 3a morepu B coenu-
HEHUU NMPUHUMAETCS pa3HOCTh ypoBHEH Y, =Y1 1 Y. Touka A HaXoAHUTCS B TOY-

K€ HavaJia CThIKa Ha paccTosHuH |1, a Touka B HaxomuTcst Ha mepeceueHnn Kyp-
copa 1 ¢ npsAMOoi, annmpoKCUMUPYIOUIEH CUTHAI OOPaTHOTO paccesiHUsl Ha y4acT-
ke BT mocne coenuHeHus. ANmpoKcUMaIs MPOU3BOIAUTCS MO JIBYM TOYKaM,
onpeaensieMbiM Kypcopamu 2 u 3. Kypcop 2 cieayer pacnosiaraTb HEIOCPEACT-
BEHHO IOCJE CThIKa, B TOYKE, KOTOpas JIEKUT Ha JIMHEWHOM Y4YacTKE CHUTHaja
oOpatHoro paccesiHusi. Kypcop 3 momkeH iexarb Kak MOKHO JaJiblIe OT CTHIKA,
HO Ha JIMHEWHOM y4YacTKe CUTHajia OOpaTHOTO pacCesHUS.

Jlig onpenenenys cpeaHux noreps a, npu ceapke OB m ux cpenHexsan-

patuueckoro otkioHeHus (CKO) npoBeanTe MHOTOKpAaTHBIE U3MEPEHHUS (HE Me-
Hee 5) morepb B cBapke. JlJig 3TOro mocie M3MEpeHUs NOTepbh B OYEPEIHOM
cBapke npousBeaute ckoia OB u noBTOpHYIO cBapKy. [Ipy BOSHUKHOBEHUH aHO-
MaJbHOM CBapKH C OOJBIIUM (PPEHETEBCKUM OTPAKEHUEM IPOBOIUTCS MOBTOP-
Hasl CBapKa, a aHOMAJIbHAsI CBapKa UTHOPUPYETCS.

Pe3ynbTaThl ©13MepeHuit 3aHecuTe B TaOII. 5.5.

Paccunraiite BHOCHMBIE IIOTEPU B COCAUHEHNUHU 110 BBIPAKEHUIO



ls—h

+Ys- =k , (5.15)
I3 -1 I3 -1

rae | = 1 npu usmepenun co croporsl OBl u 1 =2 npu U3MepeHUH CO CTOPOHBI
OB2. Beipaxenue (5.15) cnpaBeiyiuBO Kak JJis CBaApHBIX, TAK U JUISl pa3bEMHBIX
COCIMHEHU.

B coBpemennbix OP it 3TUX U3MEPEHUHN BCE KYpCOPBI YCTaHABINBAKOTCS
Ha pedieKTorpaMme OJHOBPEMEHHO M pacyeT MOTeph MPOBOAUTCS IO 3aJ0KEH-
HOU B nporpammHoe odecnieuenue OP popmyse.

Pe3ynbprar pacuera morepb MOKET B HEKOTOPBIX CIIy4asX UMETh OTpHUIA-
TeJIbHBIN 3HaK. OTpUlLIATENbHBIE TOTEPU B CBapKe (PU3NYECKH HE BO3ZMOXHBI. Ta-
KOH pe3yJibTaT CBUAETENIbCTBYET O TOM, 4TO cBapuBaeMblie OB nmMeroT pasHbie
3HaueHUd KO3(PQPUIMEHTOB paccessHus W (WIM) pa3Hble YHCIIOBBIE amnepTyphl.
[Ipudem ypoBeHb 0OpaTHOrO paccesnust Bo BropoM OB B 3TOM ciydae, Kak mpa-
BUJIO, MPEBBIIIAET COOTBETCTBYIOMIMM ypOBeHb B MepBOM. OOBIUHO MPU STOM
HAOJIIOIAI0TCS U 3HAYUTEIBHBIE PACXOXKACHHUS B Kod(hdUIMEeHTaX 3aTyXaHUs
stux OB. B cBsi3u ¢ 3TUM npu u3mMepeHuu noreps B coequHenusx OB ¢ paznuu-
HBIMU TMapaMeTpaMHu METOJAOM OOpaTHOTO paccesHUs BO3HUKAET METOIUYecKas
MOTPEIIHOCTb. J[Is1 MCKIIOYeHHs] 3TON MOTPEIIHOCTH HEOOXOJUMO MPOBOJIUTH
U3MEpEeHHUs ¢ IByX KOHIOB BT, T. €. mpoBeCTH ABa U3MEPEHUS MOTEPHh B CTHIKE
npu noakmoueHusx (BC1+BC2) u (BC2+BCl).

Ha puc. 5.13 nokazansl pedieKTorpamMmsbl, WITIOCTPUPYIOIIUE TaKyHO U3-
MEPUTENIbHYIO CUTYAIHIO.

a5 =Y, =Yz

Y, ab

NI
M

[

i il

L, em

Puc. 5.13. PeduiekrorpamMMsl, 3aperucTpupoBaHHbIe ¢ 000X KOHIIOB BT

[Totepu B CTBIKE ONPEAECTUTE IO BHIPAKECHUIO
a, =05(ay +ay,), (5.16)
TI€ 8s1, dsp — HOTEPU B CTHIKE, U3MEPEHHBIE C pa3HbIX KOHIOB BT.
Cpennue notepu ag u CKO o(as) onpenenure no cieayrONIUM BbIpa-
KCHUSIM:



_ 13 1 9 ( )2
ds :_Zasj ' G(as): Z asj —ds ), (5-17)
nia n-1 =1
rje N — 9UCIIO CBAapOK; ] — HOMEP CBApKU; &8sj — Pe3yIbTaT U3MEPEHHS ITOTEPh B
J-# cBapke.
Pe3ynbTaThl pacueToB MOMECTUTE B Ta0II. 5.5.

Tabmuma 5.5
DKCIepuMeEHTaIbHBIC TAHHBIE Paccuurannble BEIUYUHEL
Ne —
u3Mep. Homer |1, L2, L3, | Ys1, | Ys2, Ys3, dsis as, ds, | ofas),
KM KM KM b nb b b b nb nb

1 BCl1
BC2
5 BCl1
BC2
BC1
3 BC2
BC1
4 BC2
BCl1
S BC2

5. U3MepeHue BO3BPATHBIX NOTEPb B HEOHOPOAHOCTH

IIpu cBapke OB cymiecTByeT HEKOTOpask BEPOSATHOCTh BO3HUKHOBEHUS
Ne(EKTHBIX CBApPOK, KOTOPHIC MPEACTABISIOT COOOM OTpakarolue HEOIHOPO/I-
HOCTH, KOTOpBIE XapaKTepU3ylOTCs BO3BpaTHbIMU motepsamu (6). B nanHoil na-
O00opaTopHOIl YCTaHOBKE MPUMEPHO Yepe3 MATh YCHEIIHbIX CBApOK IOSBIISECTCS
onHa nedekTHas ¢ oTpakeHueM ot mecTa cthika OB. Ee HeoOxonumo HailTu, He-
CKOJIbKO pa3 MOBTOPUB MPOLIEAYPhI CBapKH U ckosa OB.

Jlnst onpeneneHusi BO3BpATHBIX MOTEph ¢ momoiisio OP momyuurte ped-
JIEKTOTpaMMy, Ha KOTOPOM BHJICH BBHIOPOC CUTHAJA, O0YCIOBICHHBIA (PpeHeeB-
CKUM OTpakK€HHEM Yr. B pa3beMHOM coeauHeHuu (puc. 5.14). 10T BBIOpOC HE
JOJKEH BbI3bIBATh neperpy3ky PIIY, T.e. ypoBeHb Y. TOMKEH JIeKaTh B IIpeie-
nax skpana OP. Ecnau 3TOT ypoBeHb BBIXOJHUT 3a MPEENbl IKpaHa HE0OXO0IUMO
yMeHbIUTH Kodhurment ycunenus OITY. 3atem no pedrekrorpamme n3mMepb-
T€ YPOBHHU CHUTHajla 0OpaTHOTO paccesHust Ys u Yg. Pe3ynbrarel u3MepeHuil 3a-
HecuTe B Tabu. 5.6.

PaccuuraiiTe BO3BpaTHBIE NOTEPH IO BHIPAKECHUIO:

ag=—2Yg, ~101g(t; /tio)—101g (L0 )5 _1), (5.18)
rae Yg — OTHOCUTENbHBIN ypoBeHb COP mpu AJIUTENBHOCTH 30HUPYIOLIETO UM-

nynbcea tip; ti — IUTENbHOCTh 30HAUPYIOIIETO UMITYJIbCA, IPU KOTOPOU ObLa 3a-
perucTpupoBaHa pediiekTorpamma.

s tig = 1 HC TUNMYHBIC 3HAYCHHS 3aTyXaHHs 0OpaTHOTro paccessHus Y
s ctanaapTHeix OB npuBenensl B a0, 5.7.




L., kM

Puc. 5.14. Meroauka usmepeHus BO3BpaTHBIX IOTEPh

Tabnuua 5.6
tj, HC Ys, 1b YF, 1b ag, 1b
Tabmnuua 5.7
Tum OB A, MKM Ys0, 1B
MHOroMog0BO€e 0.85 =35
A 1,3 375
0 1,31 -39,5
JTHOMOJIOBOE 155 405

PesynpraT pacuera no Beipaxenuto (5.19) 3anecure B Tadm. 5.6.

COILEPKAHUE OTYETA

OTtuyeT 1o 1abopaTopHON pabOTE TOMKEH CONEPIKATD:

1) yOpoIeHHY 0 CTPYKTYPHYIO CXEMY ONITHYECKOTO pedIeKTOMETPa;

2) nBa pHCyHKa pedieKTorpaMMmbl B JUHEHHOM H JIOrapu(pMHUECKOM
Macmitadax;

3) Tabmn. 5.1-5.6 ¢ pe3ynbTaTaMu U3MEPEHHUI U pacueToB;

4) BBIBO/IBI.

KOHTPOJIBHBIE BOITPOCBI

1. DnemMeHThI CTPYKTYPHOH CXeMbl ONTOAIEKTPOHHOTO O10ka OP.
2. DJIEMEHTHI CTPYKTYPHOM CXeMBbI 0JI0Ka 2JIEKTpOHHOM 00paboTku OP.



3. Kak paboTaer cucrema cTaOMIM3alMu BEIXOIHONW ONTUYECKOW MOIIIHOCTH
30HJUPYIOIIKUX UMITYJIbCOB.

4. OTHOIlIEHUE CHUTHAJIa O0paTHOTO paccesHUs K IMIyMy Ha pedeKkTorpam-
Me, 3apeructpupoBanHoil OP. Jlunamuueckuid nuamna3od. Hakormienue curnana
00paTHOTO paccesHusl.

5. XapaktepHble 0COOCHHOCTH pe(]IeKTOrpaMMbl HEOJHOPOIHOTO BOJIO-
KOHHO-OINTUYECKOr0 TPaKTa.

6. PexxuMbl HakoIieHUs1 curHaiga oopaTtHoro paccesHus. OTHOIIIEHUE CHT-
Haja K myMmy. BpeMst HakorieHus.

7. Capka OB, ¢pusuyeckue mpoueccol. FOctupoka OB, motepu B cBapke.

8. Ilorepu Ha BBome m3nydeHus B OB, oTpaxkeHue OT BXOAHOTO TOPIIA.
YMeHblIeHUE MOTEPh HA BBOJE.

9. Ompenenenne mmabpl OB U paccTosHusS 10 HEOAHOPOAHOCTH. McTOouHNM-
KU TIOTPEITHOCTH U3MEPEHUS PACCTOSHUM.

10. Onpenenenne kodpdUIMEHTa 3aTyXaHUs Ha ONPEJEICHHOM YYacTKe
OB. VcTouHMKH MOTPEITHOCTH U3MEPEHUS KO PUIIUEeHTA 3aTyXaHus.

11. ITpuuuHBl MOSIBIACHUS MEPTBOW 30HBI. M3MepeHHe MIHUPHUHBI MEPTBOU
30HBL.

12. Onpenenenune quHamuyeckoro auamnazona OP mo peduexkrorpamme. 3a-
BHCUMOCTh JUHAMHYECKOTO Juarna3oHa ot napametpon OP.

13. Tlorepu B cthikax OB. MeTtoapl u3MepeHUsI U BO3HUKAIOIINE TOTPEII-
HOCTH.

14. 3mepeHue BO3BpaTHBIX MOTEPh OT OTPAKAIOIIUX HEOJHOPOAHOCTEH.



JlaGopaTopHasi pa6ora 6.
NCCIEAOBAHUE NOTEPH B PASBEMHbIX
N HEPASBEMHbBIX COEJUHEHUAX

eab padoThI

N3ydenne (pu3nuecKux MPUYWH, BBI3BIBAIOIIUX ITOTEPH B Pa3beMHBIX H
HEpa3bEMHBIX COCAUHEHUSX. McciieqoBaHrue 3aBUCHUMOCTEN IOTEPh B Pa3beM-
HBIX COCAMHEHMSAX OT paJualIibHBIX U oceBbIX cmenieHuit OB. MccnemoBanue
CTAaTUCTUYECKUX XAPAKTEPUCTUK IOTEPh B CBApPHBIX COEAUMHEHUSX. M3yueHue
MPUHILIUIOB JEHCTBUS U MOJyYEHUE HABBIKOB B pabOTE C ONTUUYECKUM pedIiek-
TOMETPOM, BAaTTMETPOM, CBAPOUHBIM aIIIAPATOM.

IHoaroroBka k padore

[Ipu noaroroBke Kk paboTe NOMKHBI OBITh U3YUYEHBI:

1) paznensr 8.3, 8.4.1, 8.4.2 yueOnuka Hanpasnsiowue cucmemvt 3JeK-
mpocesazu: yueOHuK 01s 8y308. B 2-x momax. Tom 1. Teopusi nepedauu u enusi-
Hus/ B.A. Anopees, 2.J1. [lopmnos, JI.H. Kouanosckuii; noo pedaxyueu B.A. An-
opeesga. — [-e u30., nepepabd. u oon. — M.: I'opsiuas nunus — Tenexom, 2009.

2) paznensl 4.2.2, 4.2.3, 5 yueOHOTrO niocodust HMszmepenue napamempos 60-

JIoKoHHO-onmuyeckux aunetnvlx mpakmos | M.C. Bvuiuna, C.®. [acones, JI.H.
Kouanosckuui, B.B. Iluckynos. — CI16.: CII6I'YT, 2002.

OIMUCAHUE JIABOPATOPHOM YCTAHOBKHU

1. OcHoBHOE ynipaBJjieHHE

PaGota mpencraBnser co0oil BUPTYalbHYIO JIa0OPATOPHYIO YCTAHOBKY.
VYmpasienue ocymiecTpisieTcs GyHKIIMOHATLHBIME KIIABHIIIAMH, 3HAYECHUE KOTO-
PBIX 0003HAUEHO B ITABHOM MEHIO:

F1 — Bo3BpaT K BEIOOPY BapHaHTa;

F2 — onncanne mabopaTOpHON YCTaHOBKH;

F3 — mporpamMma uccieoBaHui;

F4 — BEIOOp cXeMBbI UCCIIEIOBAHMUS;

F5 — cBapouHbIil annapar;

F6 — mpoBeneHne u3mMepeHuit;

F7 — usmenenue napamerpos OP u BC;

F8 — BpIXOA U3 IPOrpaMMBI.

2. CxeMbl JIaDOPaTOPHOH YCTAHOBKHU

N3mepennst moTeps B pa3beMHBIX M HEPA3bEMHBIX COCIUHEHHUSX IPOBO-
JSTCSL B PAa3JIMUHBIX cXeMax. BBIOOp CXEMbI MCCIIEIOBAHUS OCYIICCTBISICTCS Ha
oTHeJIbHOM 3KkpaHe (puc. 6.1).

JlaboparopHasi ycTaHOBKa JUIsl SKCIIEPHUMEHTAIBLHOTO HWCCIICIOBAHHS TIO-
TEPh B Pa3bEMHBIX U HEPA3bEMHBIX COCAMHEHUSAX COJCPIKUT: OMTHUYECKUN ped-



nexktomeTp (OP), cBapounsiii anmapat (CA), BaTTMETp MPOXOJIAIIECH MOIIHOCTH
(B), uccnenyemsoie ontuueckue BosiokHa (BC1 u BC2).

And BWMBEOPA CXEMH MCCNEAOBAHMA MCMNONL3YWTE T'OPM30HTANBHHME KYPCOPHHE KAABWLUM
BCA BC1 BC2

oP O B oP O B oP O B

cxema 18 cxema 11 cxema 12

BC1 BC2 BC2 BC1
oP Q ca O B oP O ca Q B

cxema 21 cxema 22
Bubepute cxemy m HaxmmTe ENTER

Puc. 6.1. Bo16op cxembl 1a00paTOpHOM yCTaHOBKHU

[Ipu nccnenoBaHusIX MOTEPh UCTIOIB3YIOTCA 2 BUJIA CXEM.

Cxembi 1 (paznoBuanoctu 10, 11, 12) npenHa3HadyeHbl AJis1 ONPECICHUS
BHOCUMOTO 3atyxanus B uccienyembix OB (BC1 u BC2) u kopoTkom naTdkop/ie
BCO ¢ momomnsio B, a Takke JIMHBI U KO3QPUIIMEHTA 3aTyXaHHUsI B UCCIIEIye-
Mbix OB (BC1 u BC2) ¢ momompto OP. OP BemomnHseT GyHKIUM UCTOYHUKA
U3IIy4YEeHHs NPU U3MEPEHUSAX MPOXOJALIEH MOIIHOCTH, & TaKXe MO3BOJIAET Ha-
omonate pedaexkrorpammbl uccienyeMeix OB (BC1 u BC2).

Cxembl 2 (pa3HOBHIHOCTH 21, 22) npeaHa3HayeHbl AJI ONPEAEICHUS O0-
TE€pPh B Pa3bEMHBIX U HEPa3beMHBIX coenUHEeHHsIX OB Kak B mpoXosiiemM cBeTe
C moMouIp0 B, Tak u B paccessHHOM cBeTe ¢ nmomouipto OP. OP no3Bossier Ha-
omonate pedaekrorpammsl BoJokoHHOTo TpakTa (BT), cocrosiero u3 nsyx OB
(BC1 u BC2), koHIIBI KOTOPBIX, OCBOOOXKIEHHBIE OT 3aIUTHBIX MOKPBITHM, MO-
MEIILIEHBI B FOCTUPOBOYHOE ycTpoicTBO CA.

BriOpanHas B JaHHBIM MOMEHT cXeMa 0003Ha4YaeTCsl Ha IKpaHe PAMOYKOH,
BBIOOp APYTOi CXEMBI OCYIIECTBIISICTCS KYPCOPHBIMH KIIaBUIIaMHU > U €.

3. CBapouHblii anmapar

CA (puc. 6.2) npeaHa3HayeH JiJisi CBapKH MHOTOMOIOBBIX KBapiieBbix OB
AIEKTpUYECKOU yroil. OH COAEPKUT YCTPOMCTBO ISl 3aKPEIUICHUSI CBapUBae-
Mbix OB u mManunynsitopsl s 10cTupoBkd OB 1mo 1ByM B3auMHO MeEpreHU-
KYJSAPHBIM OCsiM | BJ10JIb ocu OB. JIyist u3mMenenus cmenienus mno ocsim X uinu Y
HEOOXOJMMO OJIHOKPATHO Ha)KaTh COOTBETCTBYIONIYIO KiaBuiry (X wiu Y), a
3aTeM KYpCOpHBIMHU KiaBumamu N u WV ycTaHOBUTH HEOOXOAUMOE CMELICHHE.
JIns M3MEHEeHMsT CMEIeHHS 110 ocH Z HE0OXO0IUMO OJHOKPATHO HAXKaTh KJIaBH-
nry Z, a 3aTeM KYpPCOPHBIMH KJIaBUIIAMU —> U € YCTaHOBUTH HEOOXOIUMOE



cmeienue. Makcumanbubie iepemenieHus OB B CA cocTaBisitoT: mo ocsiM X U
Y or —60 mo +60 Mxm; o ocu Z ot 0 10 240 MKM.

[Tonb3ysich FOCTUPOBOUYHBIM yCTpOHUCTBOM CA, MOXHO ONpPEACNATh 3aBU-
CHMOCTH TOTEPh B PAa3bEMHBIX COCIUHEHUAX B 3aBUCUMOCTH OT PaJUAIbHBIX U
OCEBBIX CMENIEHUM CThIKyeMbIX OB.

x,mkn
Texyupme
-1 68 Napame Tpu
—-—= 180
-1 -68
y,mkn Cweuenme no X
| 68 &  nkn
| 8 Cmeyenne no Y
-68 8 nkn
Cvenenne no 2
L > z ,mkn 48 nkn
8 88 168 248

fInn M3MEHEHMA MECTONONOMEHWA CBETOBOMOB NO OCAM HAXMMTIE COOT-
BaTcTByoywe xnaswum X,Y,Z ,a 3aTEM CTPENKaMM KYypcopa nepeMec-—
TMTe ceBeroeof. lepen ceapxon BC Heob6xogMo MX OTBHOCTMpPOBATB M
YCTAHOBUTE Ha paccToAHwe 40-58 mxm no ocu Z. [lna onnaeneHWA
xoHyos BC Haxmmre — D. [lna cxona ceapHoro coepguHenmn — L.

Buxon B metoguueckuwe ykasanma — ESC.

Puc. 6.2. DxpaHn cBapoyHOTroO anmnapara

JUist cBapKM HEOOXOOUMO TMpEeABAPUTENIBHO CBeCcTU cBapuBaeMble OB Ha
paccrosiHue He 6onee 50 MKM U IPOM3BECTHU MPOLEAYPY OIUIABICHUS UX TOPLIOB.
OrmutaBnenue ocymiecTsisieTcss HaxarueM knasumn O — «omnasy. Ilocae 3toro
MOKHO cBapuTh OB HakaTHMeM KiaBUIIM S — «cBapka». Pa3pymuTs co3gaHHOE
CBapHOE COEAMHEHUE MOKHO, HaXKaB KIaBuly L — «ckom».

IIpoBOAs MOBTOPHBIE CKOJIBI U CBAPKH, MOKHO OIPENEINUTh CTaTUCTUYE-
CKHE€ XapaKTEPUCTUKHU NOTEph Ipu cBapke OB.

4. U3mepuTeabHbIE MPUOOPHI

N3mepenust mpoBoATCs B MPOXOJSIIEM M paccesHHOM cBere. Kak yxke
OTMEYaJIOCh BBIIIE, B pabOTe MCHOJB3YIOTCS JIBa MPUOOpa — ONTUUECKUU ped-
nexromeTp (OP) u BaTT™MeTp MpoXoIs1eil MOIIHOCTH.

Ucnonb3yemsriit OP (puc. 6.3) uMmeer ciaeayromue napaMmeTphl:
JUTMHA BOJIHBI A = 1,3 MKM;
MIEPUO/T CIIeI0BaHMUs 30HIUPYIOIUX UMIYJIbCOB 7y = 100 MKkc;
MaKkcUMalibHOE paccTtosHue Ly = 10 km;
MOIIIHOCTh, BBoauMas B BC, Py = 20 mBrT;
JUIMTENBHOCTh 30HANPYIOLINX UMITYJIbCOB B npenenax t; = 50...500 Hc;
ypciao HakorieHu N = 2000...20000;



¢ KOX(QPUIMCHT TIepeaun YCUITUTENST HAPSHKCHUST (POTOIIPUEMHOTO YCT-
poiictBa (PITY) K=1...100.

ONTHYECKMA PEONEKTOMETP

Orcuer HameHremue
MapKepa napamMeTpu
P= -7.80 gb = S Yu= 1.2 g
L= 1.486 xm Ti=288 wnc
N= 260600
‘-—%—W'—y__._
lnvHa BOAHW
llena penenmn 1.38 mxm
dP= 2.8 gb Noxasartens
dL=1080.8 u n NpPenoMNeHuA

_MJ' 1.5000

flnr onpeAeneHMA 3HAUEHWA GUHKLUMM NEPEMECTMTE MAPKEPHYW NWHMY CTPENKaMM Kypcopa.
flnA w3aMeHeHua napameTposB Haxmute kKnasuuy F4.Pexum o63op - F6. Pewum oxHo - F5,

Battmetp — PgDn, flna suxopa — ESC,

Puc. 6.3. Dxpan ontuueckoro pediaekroMmerpa

Ha skpane OP umeercst Kypcop, KOTOPbId MOXHO TNEpeMeniaTh Kypcop-
HBIMH KJIaBHIIaMu = ¥ €. OTcYeThl CUTHAJa 00PaTHOTO PACCESTHUS U PACCTOS-
HUS, COOTBETCTBYIOIIHE TIOJIOKEHHUIO Kypcopa, OTOOpaKaroTCs CIpaBa OT dKpaHa
OP.

N3menuts HacTpoiiku OP MOXHO B pekMMe KOPPEKIIUH MapaMeTpoB, KO-
TOPBIN BBI3BIBACTCS Ha)kaTHEM KIaBUIU F4. MOXXHO M3MEHSATH IICHY JEICHUS
BEepPTUKAIBHOUN 1IKaNbl (MyHKT [Jena oenenus no Y (0b)), kodddUiueHT ycue-
Hus (MyHKT Cmewernue no Y), JNIMTEIBHOCTh 30HIUPYIONIET0 UMITYJIbca (TTYHKT
Jnumenvnocms umnyavca (Hc)), 9UCII0 HaKOIUIeHUH (MyHKT Yucno naxonnenuil).

Taxxxe MMeeTcss BO3MOXKHOCTh PACCMOTPETh 000 y4acTOK pediaeKTo-
rpaMMBbl, HAYMHAS OT TEKYIIEro MOJOXKEHUs: Kypcopa B pexume «OKHO», KOTO-
PBIM BBI3BIBACTCS HAXKATUEM KilaBuuu F3S.

Bartmerp npoxoasiieit MomHocTy (puc. 6.4) mpeaHa3HadeH sl U3Mepe-
HUS MOITHOCTH W3NTydeHus, mpoxojsmiero yepe3 BT. On nmeer nudpoBoi oT-
CYET U CHCTEMY aBTOMATHYECKOTO TIEPEKITIOUCHUS TISITH THAMa30HOB H3MEPEHUS:

1-i1 inammazon — 10...100 mxBT;

2-11 quana3zod — 1...10 mxBT;

3-# nquanaszon — 0,1...1 MkBT;

4-1 nuana3on — 10...100 uBT;

5-i1 nuamazon — 1...10 uBT.



Pazpematoiiast cnocoOHocTh Ha msiToMm auamna3one — 1 nBT. [lorpemHocts
n3Mepenust MmorHoctd B cocrasisier dP = 0,005-P + 0,01, uBr.

BatTMeTrer NPOXOAALUERN MOWHOCTH
C ABETOMATHMHECKHMM NEePeKAmnYeHHeM
AHANAZIOHOE HIMEPEHMA.

AAnvMHA BOANHHM KanMBPOBKM Lw = 1.3 MKM

18. 06 MKBT

-19.97 abmM

PeganexTomerTr — Pgln.
Buxon — ESC.

Puc. 6.4. Dxpan BarT™MeTpa

5. U3menenue napamerpos OB u OP

Jlnst yriyOeHHOTO M3YyYeHHs METOJla OOpaTHOTO paccesHusi B padbore
MpPEeayCMOTPEHA BO3MOKHOCTh U3MeHeHus napamerpoB OB u OP (puc. 6.5). [Ins
OP umeetcsi BO3MOXKHOCTh U3MEHUTD JJIMHY BOJHBI (1,3 unu 0,85 MKM) U SKBH-
BaJICHTHBIN MoKa3atenb npeaomiieHus (ot 1,400 mo 1,600).

Hns Bonokon BC1 u BC2 M0OXXHO N3MEHUTB:

¢ kod(hdumment 3aTtyxanus B npeaenax +10% ot 3a1aHHOTO BapUaHTOM;

e JMaMeTp CepAlEeBUHBI B Ipenenax +5% oT 3aJaHHOTO BapUaHTOM;

® YUCJIOBYIO anepTypy B npenenax +5% ot 3a1aHHON BapUAHTOM;

e (akTop oOpatHOTO paccesHus B npeaenax +1,5 1b ot 3aganHoro Ba-
PUAHTOM.

BBIITIOJTHEHUE PABOTbI

1. KananOpoBka ucrounuka usaydenus OP
B cxemax 1* mpoBeaute u3mepeHuss onTuyeckoil moimHoctu (nbm) nms
BCEX JUIMTENBHOCTEH 30HAMPYIOLIEr0 HMIYJbCa Ha BBIXOJAX: ONTHYECKOTO

natykopna BCO (Pqg, cxema 10) u asyx OB (BC1 (P11, cxema 11) u BC2 (Pq,
cxema 12)). IIpenebperast nmorepsimu B narukopae BCO, onpenenute BHOCHUMOE

3aTyXaHue daq1 ¥ dq2, 1b, B BOJIOKHAX BCl u BC2:
a,=0y-L=Ry—Ry a,=0,-L,=R,- (6.1)
Pe3ynbTaThl ©3MEpPEHUI U pacyeTOB MOMECTUTE B TAOI. 6. 1.
Tabmura 6.1



tj, HC P10, 1bm P11, nbm P12, nibm ai1, 1b a2, 1b
50
100
200
500
H3IMEHEHMWE NAPAMETPOB BC H OFP
MapameTpm OP
AnvHa BONHB, MKM: 1.38 MoxasaTens NpenoMNeHH : 1.588
—— HameHenme napameTpos BC1 —— —— [lapameTpn BCZ
1. Hos¢pgpmeHTt 1. Kos¢puumeHT
saTtyxanma, b/ xm: 8.553 satyxaHma, nb/xm: 0.548
2. [mamerp 2. Mnamerp
CEPAUEBMHB ; MKM . ? 58.5]] CepAUEBMHB ;, MKM: 49.95
3. Yvcnosaa aneprypa: 8.208 3. Yvcnosan aneprypa: 8.2808
4. OBpaTHOE8 paccemHMe 4. OBpaTHOE paccesHMe
npt T = 1 He, gb: —-38.2 mm Tn = 1 He, ab: -38.2
KypcopHeiMiM KnaBMmiulaMi BebepuTe HUMHeA napameTp v HaxmuTe ENTER
Ormena - ESC
Buxog - F4

Puc. 6.5. Dkxpan uzmenenus napamerpo OB u OP

2. UccaenoBanue BT ¢ nomomibo OP

2.1. Onpenenenue junsl OB

B cxemax 11 u 12 onpegenute ¢ moMouipio Kypcopa AinHbl BoJIokoH BC1
u BC2. /Inuna OB coOTBETCTBYET Hayally UMITYJIbCA, OTPAKEHHOI'O OT 3aHETO
topua OB. Kypcop nmoaBoautcs cieBa K 3TOMY UMITYJIbCY. 3a Ha4aJI0 UMITYJIbCa
MPUHUMAETCS TOYKA C MUHUMAJbHBIM CHUTHANIOM. (11 yBEIMUYEHHS TOYHOCTH
M3MEPEHUI HEOOXOAMMO MEPENTH B PEKUM «OKHO». Ilepen aTum Kypcop HeoO-
XOJIMMO YCTaHOBHTB cJieBa Ha paccTtossHuM MeHee 500 M oT nHTepecyromero Bac
ydacTka peduiekrorpaMmMbl. TOYHOCTH OIpeAesieHrsl pacCTOSSHUN BO3pPAcTaeT ¢
YMEHBIICHUEM JJIUTEIIBHOCTH 30HAUPYOLIErO UMITYJIbCA.

PesynbraTel u3mepeHuit 3anecure B Tadi. 6.2.

2.2. Onpenesenne kodpuuuenta 3aryxanus OB
st ompenenenus kod(duimenTa 3aTyxaHus Ha OJHOPOAHOM YYaCTKE
OB (cm. nmaboparophyro paboty 5, puc. 5.9) He0OXOIUMO MPHU MOMOITU KYpCO-
POB BBIOpaTh ABE TOUYKHU, OTCTOSIIIUE APYT OT JIPyTra Ha PaCCTOSIHUE
AL=1,-1Lq, (6.2)
U ONpEJCIUTh B HUX YPOBHU CUTHAIOB Yg # Yg. KoaddunueHnt zaryxaHus
o, 1b/kM, paccauTanTe 1Mo BRIPAXKEHUIO

o= (Ysl —Ys2 )/AL e (6.3)



Oo01iee 3aTyxaHue HAa OJJHOPOTHOM Y4aCTKE d, ONPEACIUTE MO BHIPAKEHHUIO
a=oal, (6.4)
a TaK)Ke KaK pa3HOCTh YPOBHEH CHUTHAJIa MEXIy JABYMS KypCOpamMH, COBMEIICH-
HBIMH C HHTEPECYIOIIUMH HAC TOYKAMH.
JI71st TTOBBIIICHHST TOYHOCTH M3MEPEHHH Ys HE0OOXO0AUMO YMEHbBIIATh IIEHY
neseHus 1mo ocu Y. Pe3ynbTaThl H3MEPEHHIA U pacueTOB 3aHECHTE B Ta0. 6.2.

Taobnuia 6.2
OB L,kM | Yg, 056 | Yoo, 06 | Li,km | Lo, kM | AL,xm |a, nb/km | @, nb
BCl
BC2

3. UccaenoBanmne NMoTeEPb B PA3bEMHBIX COCAINHCHUAX

Jliist mccnemoBaHust 3aBUCUMOCTH MTOTEPh B pa3beMHbBIX coequHenusx (PC)
OT PaJHAIBHBIX U OCEBBIX CMEIIECHUM HCIIOJIB3YUTE IOCTUPOBOYHOE YCTPOUCTBO
cBapouHoro ammapara (0e3 cBapku OB). 3mepenus npoBoadTcs Kak B MPOXO-
JSIIEM, TaK U B PacCEIHHOM cBeTe. MUHUMaNbHBIN 00bEeM U3MEPEHUM ompee-
JIEH 3HaYEHUSIMUA CMELLEHUH, TPUBEACHHBIMU B Ta01. 6.3.

B cxemax 21 u 22 npoBenute U3MEepeHue BBIXOJHOM ONTUYECKOW MOIIHO-
cTy Py mpu momoiy BaTTMETpa MPOXOSIISH MOIIHOCTH MPU PA3IMYHbBIX 3HaYe-
HUSX PaJualIbHbIX U OCEBBIX CMEIICHUM.

OnHOBpEMEHHO M1 TE€X K€ 3HAUEHUM PaJUalbHBIX U OCEBBIX CMELIEHUN
npoBeaute ndmepenue noreps B PC npu nomomu OP, mons3ysck ynpomeHHON
METOJIUKOW M3MEpPEHHUs], B KOTOPOH HEOOXOUMO U3MEPUTHh YPOBEHb PACCESHHO-
ro curtana Y, 0 COeAMHEHMUS] M YPOBEHb CUTHAJIA Y, Cpa3y MOCje COeTUHEHUS.

PanuansHoe cMmemienne R, MKM, MOXHO OMPEAEIUTh MO BBIPAKEHUIO

R=+x?+y?, (6.5)

ITo pe3ynbpTaTamMm U3MEPEHUN B IPOXOASALIEM CBETE PACCUUTANTE:
1) BHOCUMOe 3artyxanue BT ap, nb, mo Beipaxenuro (3HaueHue Pip BO3b-
MUTE U3 TOW CTpokH Taba. 6.1, KoTopas COOTBETCTBYET YCTaHOBJICHHOW MpH
JTAHHBIX U3MEPCHUSX JJIUTEILHOCTU 30HIUPYIOIIETO UMITYJIbCA)
a,=Ro—PF; (6.6)
2) BHOCHUMBIE COCJIMHEHHEM TMOTEPH MO BbIpakeHUto (3HaueHus Pi; u Py
BO3bMUTE U3 TOU CTPOKHU Tab. 6.1, KOTOpas COOTBETCTBYET YCTAHOBJIEHHOM MPHU
JAHHBIX U3MEPEHUSX IJIUTEIbHOCTU 30HIUPYIONIETO UMITYJIhCA)

a,=h;+R,—Ry—F; (6.7)
3) nonoIHUTENBbHOE 3aTyXxaHue 3a cueT cMmelleHuid BC 1o BeipaxeHuto

T7ie 8,0 — 3HAYCHHE 8y, paccuntanHoe nmpu X =0,y = 0 u Z = 3 MKM.
ITo pe3ysbTaTamMm U3MEPEHUN B PACCETHHOM CBETE PACCUMUTAUTE:
1) norepu B PC nipu usmepeHuu ¢ 0AHON CTOPOHBI IO BHIPAKEHHUIO
Qpo122) = Y1~ Y2, (6.9)




rae 21 niam 22 — HomMep CXEMBl;
2) BHOCUMBbIE COE€JIMHEHUEM MOTEPH 110 BBIPAKEHUIO

ap :O,S(apz:L +ap22). (610)

Pe3ynbpraTel ©3MEpEHUI U pacyeToB IOMECTUTE B Ta0II. 6.3.

Tabmuma 6.3
. ITpoxonsauuii cBer PaccesiHHBIN cBET
§§M§’M M);’M MiM MT(M C;z Py, | @ | ap, [Aa, | Yo, | Y2 |apaa,| 3 |Aa
nbm | 0B | 1B | Ab | aB nb 1B ab | b
110 0 3 ;; 0
21 5 0 3 ;;
3/10] 0 3 g;
4115 0 3 g;
5120 0 3 3;
6| 0 5 3 ;;
71 0 10| 3 ;;
8| 0 |15 3 g;
91 0 | 20| 3 g;
101 O 0 | 20 g;
111 0 0 | 40 3;
121 0 0 | 60 3;
13| 0 0 | 80 ;;
14| 0 0 | 100 g;

ITocTpolite rpadukn 3aBUCHMOCTH TIOTEPD A, U Ad, OIPEENECHHBIX B IIPO-
XOJISAIIEM U PACCESTHHOM CBETE, OT OTHOCHUTEIBHBIX pajuaibHoro R/ re u oceBo-
ro zZ/ r, cmemennid. 3neck I, — paauyc cepArneBuHb BC, KOTOPBI MOXHO TIPH-
HATH PaBHBIM 25 MKM.

4. UccienoBanne nNoTepb B CBAPHbIX COeTUHEHMSIX

IIpoBeauTe ncciienoBaHUE 3aBUCHMOCTH MOTEPh B CBAPHBIX COCIUHEHUSAX
(CC) ot paananbHBIX U OCEBBIX CMEIICHHI B IPOXOIIIEM M PACCEIHHOM CBETE.



Mertonrka u3MepeHuil aHaJIOrM4YHa ONMUCAHHOW B pa3fd. 3. PesynbraThl usmepe-
HUI moMecTuTe B Tad. 6.4.
ITo pe3ysbTaTaM U3MEPEHUN B IPOXOAALIEM CBETE PACCUUTANUTE:

1) BHOcuMoe 3atyxanue BT a, o (6.6);

2) BHOCUMBIE COeIMHEHUEM MoTepH 110 (6.7).

ITo pe3ynbTaTaM U3MEPEHUN B PACCESTHHOM CBETE PACCUUTANTE:

1) motepu B CC nipu u3MepeHuu ¢ 0JTHON CTOPOHBI 110 (6.9);

2) BHOCUMBIE COeIMHEHHEeM mnoTepu 1o (6.10).

Pesynbratel pacueroB 3aHecutre B Ta0ia. 6.4. Iloctpoiite rpaduku 3aBucH-
MOCTH IIOTEPH dp U Ad, ONPENETICHHBIX B IIPOXOIAIIEM U PACCESIHHOM CBETE, OT
OTHOCHUTEIBHBIX paguanbHoro R/ re. u oceBoro z/r, cmemenuid. 3mech I — pa-
nuyc cepaneBuHbl OB, KOTOPBIN MOKHO IPUHATH PABHBIM 25 MKM.

Tabnuua 6.4
R [Ipoxonsiiuii cBeT PaccessHHBIN cBeT

Ne MKM Cxema P2, az; ap; Y1, Y2, as21(22)s as,

nbm nb 1b b b 1B 1B
21
1 0 9
21
2 5 9
21
3 10 9
21
4 15 9
21
5 20 9

Jlna onpenenenus cpenHux notepp ds npu cBapke OB u ux cpenHexBa-

patudeckoro otkiaoHeHus: (CKO) mpoBeante MHOTOKpaTHbIE U3MepeHus (HEe Me-

Hee 5) moTephb B cBapke. J1Jisg 3TOro mnociie u3MepeHus moTepb B 0YEPEIHON CBAPKE

npousBeaute ckon OB u moBTOpHYIO cBapky. M3MepeHus mpoBenuTe Mo ympo-

HIEHHOW METOAMKE, ONMUCAHHOM B M. 3. [Ipy BO3HMKHOBEHMH aHOMAJIbHON CBapKu

¢ 60pImMM (PpEeHETEBCKUM OTPAKEHUEM TPOBOAUTCS MOBTOPHAS CBapKa, a aHO-

MasbHasi cBapka UTHOpUpyeTcs. Pe3ynbTaTsl m3MepeHuii 3anecure B Tabi. 6.5.
Cpennue norepu a; 1 CKO o(as) onpenenuTe 1o BEIPaKEHUSM:

1 1 < _
dg :_Zasj ' G(as): Z(asj _as)z )
nia n-173

(6.11)

rae N — 9HUCIIO CBApOK, | — HOMEP CBAapKH, s — PE3yJIbTaT U3MEPEHUS MOTEPh B
J-1i cBapke. Pe3ynbpTaThl pacueToB momMectuTe B Tad. 6.5.




Tabmua 6.5

No SKCHepHMeHTaHLHBIe PaccunTannnlie BeTMYUHEI
| Oxe- JIQaHHBIC _
wep. [ M Ys1, b Ys2, nb C;Sii;' Zsﬁ 2}33' o(ag), 1b
A
2 5
3 3
‘o
5 3

COILEPKAHUE OTYETA

OTuer 1o 1abopaTopHOii paboTe JOMKEH COJAEPIKATh:
1. Tabn. 6.1-6.5 ¢ pe3ynbTaTamMu U3MEPEHUN U PaCUETOB,
2. rpaMKM 3aBUCHUMOCTHU MOTEPh d, U Aa, onpeneneHHsix it PC B mpo-

XOJISIIIIEM M PACCETHHOM CBETE, OT OTHOCHTEIbHBIX paaraibHoro R/ re u oceBo-
ro Z / re CMeIeHuit;

3. rpaduKku 3aBUCUMOCTH NOTEPb @, onpeneneHHbix ainst CC B mpoxoas-
IIEM M PACCEIHHOM CBETE, OT OTHOCHTEIbHBIX paauaibHoro R/r. m oceBoro
Z | r. cMeleHuii;

4., BBIBOJIBI.

KOHTPOJIBHBIE BOITPOCHI

1. OObsAcHUTE HA3HAYECHUS TIATH CXEM JIa0OPaTOPHON YCTAaHOBKH.

2. [Tpuamun neiicTBusA, PyHKIIMU W TTapaMeTpsl ammapata s cBapku OB.
FOcTtupoBka OB 110 ux cBapku.

3. 3aueM B JIaDOPAaTOPHOU YCTaHOBKE MPEAYCMOTPEHBI BO3MOKHOCTH H3MeE-
pEHUM B pacCesTHHOM U MPOXOASIIEM CBETE?

4. 3ayem HeoOX0IMMa KaJIMOPOBKA UCTOYHUKA u3nyueHus OP?

5. OTHOIIEHHE CUTHANIAa OOPAaTHOTO pacCesHUs K IIyMy Ha peduieKTorpam-
Me, 3apeructpupoanHoil OP. [Ilunamuyeckuil guana3on. HakormieHue curnana
00paTHOTO pacCesHHUs.

6. Onpenenenue nnuasl OB u paccTosHus 10 HeogHOpoAHOCTH. McTOUHM-
KM ITOIPEIIHOCTH U3MEPEHUS PACCTOSHUM.

7. Onpenenenre kod(pduimenTa 3aryxanus Ha onpeaerneHHoM ydactke OB.
M cTouHMKN TOTPEIHOCTH U3MEPEHUs KO3(PPUIIMEHTa 3aTyXaHUsl.

8. [lotepu B cthikax OB. MeToibl U3MEpEHHs] U BO3ZHUKAIOLIUE MOTPEIIHO-
CTH.

9. U3mepeHne BO3BPATHBIX MOTEPh OT OTPAKAIOIINX HEOJTHOPOTHOCTEH.




JlaGoparopuas padora /.
NCCIEJOBAHUE XAPAKTEPUCTUK NCTOYHUKOB 1
IHNPUEMHUKOB OIITUYECKOI'O U3JIYYEHUSA

eab padoThI

HccnenoBanre 3JIEKTPUUECKUX U ONTHUYECKUX XAPAKTEPUCTUK HMCTOYHU-
koB (UMW) u nmpuemnrkoB (I11) onTuueckoro u3inydeHHs], UCIOIb3YEMBIX B BO-
JIOKOHHO-ONTHYEeCKuX cuctemax rnepeaaun (BOCII).

IHoaroroBka k padorte
[Ipn moaroroBke K pabOTE MOMKHBI OBITH M3YYEHBI MPUHLHUI PadOTHI,
KOHCTPYKIIMH, ONITHYECKHE U dIeKTpuueckne xapakrepuctuku MU u I1N.

OIMUCAHUE JIABOPATOPHOM YCTAHOBKHU

BuptyansHas nabopaTropHasi yCTaHOBKAa UMUTHPYET pabOTy U3MEpPHUTEIb-
HbIX TiprOOpoB U moaynpoBoAHUKOBEIX MU u [IM. OcHoBHOE pabouee OKHO
oToOpakaeT HaOOp NPUOOPOB U KOMIIOHEHTOB, U3 KOTOPBIX MOTYT OBITH coOpa-
HbI CXEMBbI U3MEPEHUS. B OTAENBHBIX OKHAX MOTYT OBITh OTKPBITBHI H300paKEHUS
NEepeIHNX MaHelled U3MEPUTENbHBIX MPUOOPOB U CXEMbl BKIIOUEHUS MOTYHPO-
BOJIHUKOBBIX 3JIEMCHTOB (CBETOIMOJIOB, JIa3epoOB, (DOTOAMOIOB, YCHUIIMTENICH).
[Tonb3oBaTenb MOXKET MepeMeniaTh KOMIOHEHTHl U MPUOOPHI Ha dKpaHe, yCTa-
HABJIMBATh JEKTPUUECKUE U ONITUYECKHUE CBSI3M MEX]Ly HUMU, a TAKXKE U3MEHSTh
WX MapaMeTphl, 3a/1aBasi TEM CaMbIM TPEOYEMbIH PEKUM PaOOTHI.

[Tpu paboTe B OCHOBHOM OKHE NMPUHSATHI CIIETYIOIINE TpaBHUIa:
IleperackuBanue npuOOPOB U KOMIIOHEHTOB OCYILIECTBIISIETCS JIeBOM KJIABM-
el MbIIIH
IIpaBasi kJaBMIIA MBI WCHOJB3YETCA AJISl YCTAHOBJICHUS M yIAJCHUS CO-
enHeHuil. CoeMHEHNs] YCTaHABIMBAIOTCS B HANPABICHUHA OT UCTOYHHKA CHUT-
Haja K MPUEMHHKY, HAllpUMEDP € BBIXOAA F€HEPATOPA, UCTOYHUKA MUTAHUS, OIl-
TUYECKOT'O BBIXO/Ia UCTOYHMKA U3JIyYEHHUS KO BXOAY BOJBTMETpa, OCLUILIOrpa-
¢a, onTHYEeCKOMY BXOJly IPUEMHHKA U3ITyUYECHHUS.

JIBOIHOM 1IETYOK MPaBOM KIaBUIIEH MBIIIA HA NPUOOpPE WM KOMIIOHEHTE BBbI-
3bIBAET MEPE/IHION MaHeslb MPUOopa WU CXEMY BKJIIOUYEHUS I U3MEHEHHUs Ta-
pamMeTpoB paboThl MpUOOPA UK KOMITOHEHTA.

B ocHOBHOM OKHE YCIIOBHO M300paXeHbI CIEAYIOIIHNE MPUOOPHI U CXEMBI:

E Wer. nut
G r= S
mY--
Ieneparop 1 (mpsamoyrons-  I'enepatop 2 (ctynenyaroro  McTouHMK MOCTOSHHOIO Ha-

HBIX UMITYJILCOB U CHHYCOH- HaIPSKEHUs ) TPSDKEHHUST
JATFHOTO CUTHAJIA)



fz| 4

A var
VCTOYHMK M3/TydeHus ¢ me-  MCTOYHUK u3nydeHus: cBe-  VICTOUHMK M3ITydeHus: Ja3ep-
pecTpanBaeMoi JJTMHOMI tousnydaromuii guox (CHJT) ubii guox (JII)

BOJIHBI

m |

[IpreMHUK u3nyde- Y CUIMTEIb (OTOTOKA Ocnumnorpad BonbsrmeTp
uus: PIN ¢oroamon (YOT)
BBIIIOJIHEHUE PABOTbI

1. UccaenoBanue HCTOYHUKOB M3JTyUYEeHUSA

1.1. UccaenoBanue BoibTaMiepHoi xapakrepuctuku (BAX) U
1.1.1. Hccreoosanue ¢ nomowvio 8o1ommempa

Cxema uccneoosanus

CxeMmbl uccieoBaHus TpeAcTaBiieHbl Ha puc. 7.1. OO0beKkTaMu HcClIe0-
BaHus sBisitoTcs MU — ceeromsnyyaromumii nuoa (CUJI) u nazepusiii quox (JI/I).

e T
\'—
e T

) Boix. B

mon |

\'—

Puc. 7.1. Cxemsl uccnenoanus BAX UUW: a— CU, 6 — JI]I

Cxema 65oxka UM ¢ BHyTpeHHEN MonyIsiiueil npeacraBieHa Ha puc. 7.2.
MU umeet Bx01, 0003HAUECHHBIN «MOI» JJIs TOJKITIOUEHUS TeHepaTopa MOTyJI1-
PYIOIMX CUTHAJIOB. B TaHHOM HCCIIEIOBAHUU MOIYJISLMS HE UCIIOIB3YETCS U OT
reHepaTopa IMOJAaeTcsl IMOCTOSIHHOE HampsbKeHue, oOecrneuuBaroniee npsmMoe
CMEILEHUE P-N nepexona.

Hanpsixenune U oT reneparopa nogaercsa Ha MU ¢ mociaegoBaTenbHO MOI-
KJIIFOYEHHBIM K HEMY IE€PEMEHHBIM COIPOTUBJIEHHEM. BoibTMETp MO3BOMISET
poBoUTh u3Mepenue HanpsokeHus Us Ha UM, Cesa3p Mexay HanpspkeHuem Us
1 TokoM |g uepe3 M 3agaeTcst BeIpakeHUEM:

ls =(U -Us)/Rs, (7.1)



Tlopsook svinonnenus pabomol 6 cxeme
C 60Jlbmmempom

1. Cobepure cxemy co cBe-
tousnyvaromum auogom (CHUJT),
MOKa3aHHYIo Ha puc. /.la.

2. B croiictBax MU ycra-
HOBUTE 3a/IaHHBIA  BapUAHTOM
TUNl  JIMOAQ,  COINPOTHUBIICHHE
Rs=100 OM wu TemmepaTypy
30°C (puc. 7.3).

3. B cBoiicTBax reneparopa
1 ycraHOBUTE CHHYCOMIAJIBHYIO
dbopMy curHama U HYJEBYIO aMm-
IUIMTYy MOJAYJIUPYIOLIEro Ha-

r-?._:f NasepHbiil guog l = | |_ih

Cxema BEMOYEHHA

-

100 Om e

FI|

Tun auopa [MO1310 D

ONpOTHENEHHS

F{1[||]i||I] w [ 1000 J

Bpemna patorw |2I:1 4 j

Puc. 3. YcranoBka napamerpos M

Puc. 2. Cxema 6mnoka U.

npspkeHus. HanpspkeHne cMelneHus yCTaHo-
Bute paBHbiM 0.1 B (puc. 7.4).

4. N3meHss HanpspkeHue cmenienus U
B npenenax ot 0.1 no 4 B, npousBoaute us3-
mepenue HanpspkeHuss Us va MU mo mokasa-
HUSIM BOJIBTMETpa. Pe3ynbraThl uM3MepeHus
3anumure B Ta0a. 7.1.

1 Tleneparop l‘:’ ‘ L‘:hj‘

®opma cuHrHana CrsawHocts  Cnpaska

Yacrora

Puc. 4. YcranoBka napamMeTpoB reHeparopa

5. Jlns kaxpaoro 3Hadenus U paccuu-
Taiite ToK s uepe3 MU o Beipakenuro (7.1).
PesynbTaThl pacuera 3anecure B Tabu. 7.1.

6. B cBoiictBax U u3ameHuTe temnepaTtypy IMOJa HA 0°C u IIOBTOPUTE
W3MEPEHUS U pacyeThl 1o I.11. 4—5. Pe3ynabTaTel 3anecute B Tadm. 7.1.

7. TloBTOopuTe uccnenoBanue s gazepHoro auona (JIMI). dmst atoro co-
OepuTte cxemy Ha puc. 7.10 1 BBITOJIHUTE I1.IT. 2—06.

8. IMocrpoiite cemerictBo BAX Is(U) ms CUJ] mo manHeiM Tabm. 7.1.
[Tpoananu3upyiiTe noy4eHHbIe TpaQUKy, CIETANTE BHIBOIBI.

9. IMoctpoiite cemetricteo BAX Is(U) mis JIJ] mo nanaeiM Taba. 7.1. Ipo-
aHAIM3UPYNUTE MOTyYEHHbIE PapUKH, CAETANTE BHIBOIBI.



10. ITpoBenute cpaBuuTenbubiii ananu3 BAX CU/ u JI/. Caenalite BbI-
BO/IBL.

Tabmuma 7.1
Temm., | Ne Hanpsixenue smepenne BAX N3Mmepenue u3nydaTrenbHON XapaKkTepHu-
0 C - /H CMCILICHUA CTUKHN
U,B Us, B ls, MA Ur, B lph, MA P, MBT
1
30°C | 2
1
0°’c | 2

1.1.2. Hccneoosarnue ¢ nomowwto ocyuiiocpagha

Cxema uccnedosanus

BAX NN moxHO HaOmoJaTh Takke ¢ nomoibio ociuuiorpada. Coot-
BETCTBYIOILIME CXEMBI MPECTaBICHBI HA PUC. /.D

—

a G Beix. B
r

\"—

Boix. [

J

=0 |

k'—

Puc. 7.5. Cxemsr mns Habmonenus BAX UN: a— CUJ, 6 — JIJT

Tlopsiooxk evinonnenuss pabomul 6 cxeme ¢ OCYULLOSPAGPOM

1. CoGepute cxemy ¢ CU/] Ha puc. 7.5a.

2. B cBoiictBax M ycraHoBUTE 3ajaHHBIA BapUAHTOM THUI JIMOJIa, COIIPO-
tusienne R = 100 Om u temneparypy 30°C (puc. 7.3).

3. B croiicTBax reneparopa | ycTaHOBHUTE CHHYCOMAAIBHYIO (OopMy CHT-
Hana. CMmenieHue yctaHoBUTe paBHbIM 0.

4. YcranoBute Ha ocimuiiorpade otMeTky «Bxom X».

5. V3MmeHsisi aMIUIUTYly CUTHAJIa Ha TeHepatope U « MHOXUTENb 1o Y,
HaOmoaaiite Ha ’kpane BAX HNU. Hacrpoiite nzoOpaxkeHune Tak, 4ToObl OHO
MOJIHOCTHIO MOMENIANIOCh HA 3KpaHe ocuuiuiorpada, 3aHuMas Mpu 3TOM 00Jib-
Iy €ro 4acTh. 3apUCyNTe ocuuuiorpammy. M3meppTe €€ LIMpUHY B JECICHUSIX
ocuwiiorpada, nepecyuTanTe ee B HaNpsHKEHHE, WCIIONb3Ys YCTaHOBJICHHBIM
MHOXxHTENb 110 ocu X (0.2 B/men). MI3mepbTe BrICOTY ocimiiorpammsl N B aene-

HUSAX ocliiiiorpada u nepecunTanTe ee B TOK 1o popmyie




rae My, — ycranoBnenssiit Bamu mHoxutens o ocu Y 1. Hanecute nosrydeHHbIe
3Ha4YeHUs Ha ocu rpaduka. CpaBHUTE C pe3ysibTaTaMu uccienoBanus m. 1.1.1.

6. M3mMenuTe 3HaueHHWe Temmneparypsl, oneHuTe udmeHenne BAX. 3apu-
cyiite ocuunuiorpammy. M3mepbTe ee mupuHy B AeNeHUsIX ociuiorpada, nepe-
CUMTANTE €€ B HAINPSIKEHUE, UCIOIb3Ys YCTAHOBJIEHHBI MHOMXHUTEIb MO OCH X
(0.2 B/nen). 3mepbTe BBICOTY OCHMIUIOTpaMMbI N B ieneHusx ocuuiorpada u
nepecunTaiite ee B Tok 1mo gopmysne (7.2). Hanecure monydeHHbIe 3HaUYCHUS HA
ocu rpaduka. CpaBHHTE ¢ pe3ynbTaTamu uccienoBanus m. 1.1.1.

7. lloBTOpuTe MccnenoBanue Ais nazepHoro auona (JI). s atoro co-
Oepute cxemy Ha puC. /.50 ¥ BBITIOJIHUTE TL.II. 2—6.

1.2. UccnenoBanue BaTTaMIepHoi (M3ay4yareabHoi) xapakrepuctuku (BrAX) U

Cxema uccnedosanusi

CxeMbl uCceOBaHUs MpeACTaBleHbl Ha puc. 7.6. OO0beKTaMH HCCIIEN0-
BaHus sBIsitoTcs MU — cBeromsnyvaromumit nuoa (CHUJI) u nazepusiii nuox (JI/I).

Cxema Onoka MU ¢ BHyTpeHHEWH MOIyJsIIMEl MpeacTaBlieHa Ha puc. 7.2.
NU umeet Bx01, 0003HAYCHHBIN «MOI» JI MOAKIIOUEHUS TeHEpaTopa MOy JI1-
PYIOIIMX CUTHAJIOB. B TaHHOM HCClIeIOBaHUN MOJYJISIUS HE UCTIOIB3YETCS U OT
reHepaTopa TOJaeTCs IOCTOSHHOE HampsikeHue, oO0ecleunBaroiee mpsaMoe
CMEILIEHUE P-N nepexona.

HeT. nut.

EY

D'.'n"lil.'lT

a5e)

EY

D'!'n"l:lIlT

0

Puc. 7.6. Cxemsl uccnenoanus BTAX UN: a— CU, 6 — JIJ]

N3nyuenue ¢ ontudeckoro Bbixojga MM mocTtymaeT Ha ONTHYECKUNA BXOJ
doTonpHeMHNKa, B Ka4ecTBE KOTOPOro HcHojib3yercs ¢oroauon (D) p-i-n
cTpykTypbl. Cxema Omoka @Il npencrasiena na puc. 7.7. I[loctossHHOE Hamps-
xeHue Uy, OT HCTOUHMKA TUuTaHus o0ecreunBaeT oopatHoe cmerieHue OJ1.



®oToTOK, Bo3HUKarommi B nenu O/ mox BozgericteueM usnyuenus WU,
OIPEIIEIISIETCS BBIPAKECHUEM

lh=S-P, (7.3)

rne P — momHocTh nznyuenus MU, S — TokoBast uyBcTBUTENEHOCTD DI,

Unur
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| |

|
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Puc. 7.7. Cxema O1moka @1 Puc. 7.8. Cxema YOT

@DOTOTOK YyCWJIMBAETCS TPAHCUMIIEJAHCHBIM ycuiIuTeneM (QOTOTOKa
(Y®T) u npeobpazyercss uMm B HanpspkeHre Ug, KOTOpOe U3MEpSIET BOJLTMETP.
Cxema YOT npencrasnena Ha puc. 7.8. st Ug cipaBeayinBo:
rae R, — conporunenue B uenu odpatHoit csizu YOT.

Ilopsadok evinoanenus pabomol

1. Cobepute cxemy co cBerousmydaromum nuoaom (CHUJ), mokazaHHYIO
Ha puc. /.6a.

2. B cBoiictBax M ycranoBuTE 3aaHHBIA BApUAHTOM THUI JIMOJIA, COIPO-
tuserne Rs = 100 Om n Temmepatypy 30°C (puc. 7.2).

3. B cBoiicTBax renepatopa 1 ycTaHOBUTE CHUHYCOMAAIBbHYIO (OpMY CHUT-
HaJla U HYJIEBYIO aMILUIUTY1y MOJYJHUPYIOUIEro Hanpsbkenus. Hanpsikenue cme-
meHus ycranosute pasabiM 0.1 B (puc. 7.3).

4. B coiictBax @] ycranoBute conpotusienrue R = 100 Om u Temnepa-
Typy 25°C (prc. 7.2). Tum auoma BeIGEpHTE CleqyromuM obpasom: N2 s wc-
cnenoanus MU, paboraromiero Ha aimunae BostHBI 850 HM (S = 0.602 A/BT), u N7
s uccnenoBanus MU, paboraromiero Ha jamuae BoHBl 1310 (S =0.632 A/BT)
w1550 aMm (S = 0.650 A/BT). Yka3anHble B CKOOKax 3HAYCHUS] TOKOBOUW UyB-
ctButesibHOCTH D] moHan00sTCA 17151 MPOBEICHUS PACUETOB.

5. B cBOMCTBax MCTOYHHMKA MUTAHUSA YCTAHOBUTE BBIXOJHOE HAIPSIKECHUE
1 B.



6. B crolictBax YO®T ycranoBute R; = R, = 100 Om.

7. U3mensist Hanpsbkenue cmenienus U Ha reHepaTtope B npenenax ot 0.1
1o 4 B, npousBoaute uzmepenue Hampsbkenus Ug Mo nmoka3zaHusiM BOJBTMETPA.
Pe3ynbTaThl u13MepeHust 3anumure B Tads. 7.1.

8. Jlnsa xaxxnoro 3HadeHus Ug paccuutaiite Tok lp, uepes @/ no Beipaxe-
Huto (7.4). PesynabTaThl pacuera 3aHecure B TaOI. 1.

9. Jid Kaxxaoro IOJIy4eHHOro 3HadeHus lyn paccuMTaiTe MOIIHOCTH M3-
nyuenusi U P nio Beipaxenuto (7.3). 3HaueHue uyBcTBUTENbHOCTH DJ] yKazaHo
B 11. 4. Pe3ynbrarel pacuera 3anecure B TaOI. 1.

10. B cBoiictBax MM m3menute Temmeparypy amona Ha 0°C u IOBTOPHTE
MU3MEPEHHUS U pacyeTsl 1o M.11. 7—9. Pe3ynbTaThl 3aHecuTe B Tad. 1.

11. IToBTOpUTE HccnenoBanue ais jgazepuoro auoxaa (JI). Jdnst atoro co-
Oepute cxemy Ha puc. 7.66 u BeimosauTE 11.11. 2—10.

12. Ioctpoiite cemeiictBo BTAX P(ls) ans CUJI no manHbM Tabdm. 7.1.
[Ipoananu3upyiite noaydeHHble rpaduKu, CACTANTE BHIBOIBI.

13. IToctpotite cemeiictBo BTAX P(ls) mst JI/] mo nanueim ta6m. 7.1. Omn-
penenure noporosbie TOKU. [Ipoananu3upyiite nojsydeHHble rpaduku, cienanTe
BBIBO/JIBI.

14. IIposenute cpaBuutenbublii aHau3 BTAX CUJL u JIJ1. Cnenaiite BbI-
BOJIbI.

1.3. UccaenoBaHue aMILTUTY/IHO-4aCTOTHOMH xapakTepucTuku (AUX) UU

Ilopsadok evinonnenus pabomol

1. Cobepute cxemy co cBerouznydarommum auogaom (CHUJ), mokazaHHYIO
Ha puc. 7.6a.

2. B cBorictBax MM ycraHoBuTE 3aJaHHBIN BAPUAaHTOM THII AUOJA, COIPO-
tusierne Rg = 100 Om u temneparypy 30°C (puc. 7.2).

3. B cBoiictBax ®J] ycranoBure conporusienne R = 100 Om u temnepa-
Typy 25°C (puc. 7.2). Tun guona BeIGepuTe CleAyOmEM 06pasom: N2 s wc-
cnenoanus U, paboraromiero Ha anmunae BoaHbl 850 M, u N7 s uccienoBa-
Hus U, paGotaromero Ha jyrHe BOHBL 1310 umu 1550 HMm.

4. B cBolicTBax reHeparopa yCTaHOBUTE CHHYCOUJAIbHYIO (POpMy CHUTHA-
na. AMmntyy ycraHosute paBHoil 1 B. Cmemienue ycrtaHoBure paBHbiM | B.
Yactoty ycranoBute paBHod 100 x['m. 3anummuTe 3Ty 4acTOTy W MHOKa3aHUs
BostbTMETpa Ug = Upax B IEPBYIO CTPOKY TabI. 7.2.

5. I3MeHsist yacTOTy reseparopa, onpeaenure 4actoTy cpe3a AUX Fpax 1o
nokasaHusM BosibT™MeTpa (mpH f = Fr, MOKa3aHust BOJIBTMETpA JOJDKHBI CTATh
paBHbIMU Ug = 0,5Un4).

6. U3mensis wactory renepatopa ot 100 kI'1y mo Frax, mpousBoauTe n3me-
penue HanpsokeHust Ug Ha Beixone YOT no nokazanusam BosibT™MeTpa. Pesyinbra-
Thl U3MEPEHUS 3aNuIInUTe B Ta0I. 7.2.

7. IloBTOpUTE Hccaea0Banus 1. 4—6 11l HanpshKeHus cMenienus 1,5 B.



8. IloBTOopuTe MccnenoBanue AJis jazepHoro auona (JII). Jlus atoro co-
Oepute cxemy Ha puc. 7.60 U BBINOJIHUTE IL.IT. 2—/.

Taobnuma 7.2
X M3mepenne AUX CUJT M3meperne AUX JIJ|
lf/; qaﬁ;“‘f' U=1B U=15B U=1B U=15B
" UnB | Aab | UpB | A B | UsB | Anb | Up B | A b
1
2

9. lns xaxpaoro 3HaueHust Ug paccunrtaiite AUX 1o BBIpaKEHUIO:
A=10lg(Ug /U ) (7.5)

PesynbraTel pacyera 3anecute B Ta0. 7.2.

10. Tloctpoiite cemeiictBo AUX A(f) mns CUJl nmo manuHbiM Tabn. 7.2.
[Ipoananu3upyiiTe moydeHHbIe TpaduKu, CIeTaiTe BHIBOIBI.

11. IMoctpoiite cemeiictBo AUX A(f) mis JI/] mo manasiM Taba. 7.2. ITpo-
aHAIM3UPYWUTE MOTYyYEHHBIE TPAaPUKH, CAETANTE BHIBOBI.

12. IIpoBenute cpaBuuTenbHblii ananu3 AUX CU/ u JI/1. Cnenaiite BbI-
BOJIBI.

1.4. UccnenoBanue xapakrepucTuku gerpaganuu JI/{

Obuue ceedenust u cxemvl UCCIEO0BAHUS

Jlerpaﬂauneﬁ Ha3bIBAIOT YXYAIICHHUC OJHOTO HJIM HCCKOJBbKHX IIapaMcCT-
POB KOMIIOHCHTA BOCII B MepruoJg €ro SKCIIyaTaluu. HpI/I JJINTCIIBHOM IIPOTC-
KaHUHU 4YCpce3 numn MpAMOro TOKa IMOCTCIICHHO YMCHBIIACTCA MOIIHOCTHL H3JIYy4C-
aug P. CHmxkenue MOIDHOCTHU HM3JIYUCHHUS H3-3a ACTpadalvu IMOJYUHACTCA OKC-

[NOHCHIIMAJIBHOMY 3aKOHY:
P(t)=P(0)exp(—t/7geq ). (7.6)
rae t — Bpems HenpepsiBHON padoTel MU, P(0) — momHocTs n3nyuenus MU B
Hayaje aHanu3upyeMmoro nepuoaa BpemeHu (mpu t = 0), Tgeq — HOCTOSTHHAS Bpe-
MEHH, XapaKTEPU3YIOIIas CKOPOCTh nporecca aerpaganuu M.
Cxembl UCcnenoBaHusl XapakTepucTuk aerpagauuu MU mpencraBieHbl Ha
puc. 7.6.

Ilopsadok evinoanenus pabomol

1. CoGepute cxemy co CU/I, mokazannyro Ha puc. 7.6a.

2. B ceorictBax MM ycraHoBuTE 3aJaHHBIN BAPUAaHTOM THII AUOJA, COIPO-
tusieHue Rs = 100 Om u Temnepatypy 30°C (puc. 2).

3. B cBoiictBax ®J] ycranoBute conporusieHue R = 100 Om u temnepa-
typy 25°C (puc. 7.2). Tun muoga BeIOepUTe CeayomuM obpasom: N2 s wc-
cnenoBanus MU, paboraromiero Ha anunae BosiHbl 850 HM (S = 0.602 A/BT), u N7
st uccnenoBanust N, paboraroniero Ha anune BosHbl 1310 (S =0.632 A/BT)
i 1550 am (S = 0.650 A/BT).

4. B cBotictBax YOT ycranoBute R; = R, = 100 Om.




5. ITo Beipaxenusm (7.3), (7.4) paccuutaiite Hanpsbkenue Ha O Ug,, co-
OTBETCTBYIOLIEE MOIIHOCTH n3nyueHus MU, pasnoii 1 mBT. 3Hauenue uyBCTBU-
teapHOCTH D/ yKkazaHo B 1. 3.

6. B cBoiicTBax reneparopa 1 ycTaHOBUTE CUHYCOUAAIBbHYIO (POPMY CHT-
HaJla ¥ HYJICBYIO aMILUTUTY Ty MOIyJIMPYIOIIEro HanpshkeHus (puc. 7.3).

7. V3MeHsist HampspKeHUE CMENIeHUsl TeHepaTopa 1, mojiyduTe Ha BOJIBT-
METpe HaNpsKEHNEe, IPUMEPHO paBHOE Ug;.

8. Usmenss Bpems pabotsl MU ot 0 1o 10 ThIC. Yac., mpou3BOaUTE U3MeE-
penue HanpspkeHust Ug 1o MOKa3aHusAM BOJIBTMETpA.

9. Ina xaxxgoro 3HaueHust U paccunTaiite ToK |y, gepe3 @JI no Beipaxke-
Huto (7.4). Pesynbratel pacuera 3anecute B Ta0d. 7.3.

10. s xaxmoro 3HaueHuss Ug paccuuTaiite MomHoCTh uznydenus MU P
1o BeIpakeHuto (7.3). 3nauenue gyBcTBUTeIbHOCTH D] yKka3aHo B m. 3. Pe3yib-
TaThl pacyeTa 3aHecuTe B Tadi. 7.3.

Tabmuma 7.3
No Bpems HenpepriBHOM | M3MepeHHe XapaKTepUCTHKHU JIeTpaialivin
o /;[ paboter MU t, TEIC. Us. B lo. MA P, MBT
Jac.
1
2

11. Ilo nanHbIM TabA. 7.3 MOCTPONTE XapaKTEPUCTUKY JAETPAJAlMH — 3a-
BucuMocTh oTHotneHus: P(t) / P(0) oT Bpemenu HenpepbiBHON padoThl. [Ipoana-
JTU3UPYUTE MONYYECHHYIO 3aBUCUMOCTD, OMIPEICIIUTE MO HEM MOCTOSTHHYIO Jlerpa-
JALUH Tgeq, ACTIONB3Ys BbIpaxkeHue (7.6). Crenaiite BbIBOJBL.

12. TloBTopute uccnenaoanue s JIJ[. st aToro cobepute cxemy Ha
puc. 7.60 u BpImonHUTE 1.1, 2—11.

2. UcciienoBanne NpueMHUKOB U3J1y4YeHUsI

2.1. HUccnenoBanue CHeKTpaJIbHOﬁ YYBCTBUTECJIbHOCTH (l)OTOHpI/IeMHI/IKa
Cxema uccnedosamusi
Cxema HUCCIICA0OBAHUA CHCKTpaHBHOﬁ YYBCTBUTCIBHOCTH IPCACTABJICHBI

Ha puc. 7.9. OOBbEKTOM HCCICIOBaHMS SABISCTCS (OTOAUOM P-i-N CTPYKTYPHI
(PIN @ I).

HeT. nuT.

HU-




Puc. 7.9. Cxemsl uccnenoBanus CIEKTPaTbHOW 4yBCTBUTENbHOCTH D/

Cxema Onoka @JI npeacrtaBieHa Ha puc. /.7. DOTOTOK, BOSHUKAIOIIUNA B
uenu O/ mox BO31EMCTBUEM U3TyYEHUSI HCTOYHHUKA C TIEPECTPAUBAEMON JJIIMHOU
BOJIHBI, OTIpeieIisieTcs BeipaxkeHueM (7.3) . .

®OTOTOK  YCHJIMBAETCSA TPaHCHUMIIC- B p-i-n goroaon (<=l P
naHcHbIM ycunuteneM (orotoka (YOT) u Cxema srmoueHus auona
npeobpazyercs uMm B HanpsikeHue Ug, koTo-
poe wusmepsier BoapTMETp. Cxema YOT
npeacTaBiieHa Ha puc. 7.8. [{nsa Ug cripaBen-
o (7.4).

Buvinonnenue pabomut

1. Cobepure cxemy, MOKa3aHHYI Ha
puc. 7.9.

2. B cBoiictBax @J] ycTraHOBuUTE 3a-
JQHHBIA BapuUaHTOM THUIT JTUOJAA, CONPOTHUB-
nerme R=100 Om u Ttemmeparypy 30°C
(puc. 7.10).

3. B cBoiicTBax mepecTpanBaeMoro
HMCTOYHHKA YCTAHOBHUTE BBIXOJHYIO MOIII-
HOCTh M3JTydeHus paBHou 1 MBT (puc. 7.11). Bpems patotes (20w | |

4. B cBoHCTBax WCTOYHHWKA MUTAHUS
YCTAaHOBHTE BBIXOJIHOE Hanpspkenue 1 B.

5.B cBoiictBax Y®T ycranoBute
R: =R, =100 Om. Puc. 7.10. Ycranoka napamerpoB ®J]

6. I3MeHss 1JIMHY BOJIHBI TEPECTPauBaCMOI0 HCTOYHMKA, OIPEICITUTE
JMana3oH JUIMH BOJH Amin—Amax, COOTBETCTBYIOIIMN TUAINA30HY YYBCTBUTEIHHO-
ctu ®J[. B npenenax Amin—Amax MOKa3aHUS BOJBTMETpA OYIyT U3MEHATHCS OT
0.5Unax Ha kpasx aumamnazoHa 10 Up, B ero neHTpe (Umax — MakcUMabHOE Ha-
MpsDKEHHE Ha BOJIBTMETPE).

|
|
| 100 Om
|

r N
# VICTONHMK M3AYYEHMR NEPECTPa... [L‘ﬁ
JauHa BOAHBI MowHoCTb U3AYYEHUS

940 =
L] HM ‘
L A

Puc. 7.11. YcranoBka napamerpoB nepecrpanaemoro M1

7. VI3MeHsist JUIMHY BOJIHBI MIEPECTPAUBAEMOT0 UCTOYHUKA OT Amin 10 Amax,
npousBoauTe u3MepeHue HanpsokeHuss Ur Ha Bbixone YOT mo mokazaHusiMm
BOJIbTMETPA. Pe3ynbTarel u3MepeHus 3anuiure B Tadin. 7.4.



8. s kaxkporo 3HadeHus: Ug paccuuraiite ToK |y, uepes @/I no Beipake-
HUIO (7.4) U CEKTPAJIbHYIO YYBCTBUTEIBLHOCTh S MO BbIpaxkeHUto (7.3). Pe3yiib-
TaThl pacyeTa 3aHecuTe B Ta0. 7.4,

Tabmuma 7.4

N3MepeHne creKkTpaibHON YyYBCTBUTEIb-
Ne | Jlnmuna BOJ- p P y

/I HBI A, HM noctu PIN O1
’ U(p, B |q>, MA S, A/BT
1
2

9. IlocTpotite rpaduk 3aBUCUMOCTH S OT A TI0 JaHHBIM Tab. 7.4. [Ipoana-
JA3UPYUTE PE3YyJIbTATHI, CAEIAUTE BBIBOIBI.

2.2. UcceioBaHne TEMHOBOTO TOKa (oTONPHEeMHHKA

1. Cobepute cxeMy, MOKa3aHHYIO Ha puc. 7.9.

2. B cBoiictBax @/ ycTaHOBUTE 3aJaHHBIA BAPUAHTOM THUII IMOJIA, COIIPO-
tusierne R = 100 Om u Temmepatypy —30°C (puc. 7.10).

3. B cBolicTBax mepecTpauBaeMOro MCTOYHUKA YCTAaHOBHUTE BBIXOJIHYIO
MOITHOCTh M3JyueHus paBHout 0 MBT (puc. 7.11).

4. B cBOIICTBaX MCTOYHUKA MUTAHUSI YCTAHOBUTE BBIXOJIHOE HAMPSKEHUE
1 B.

5. B cBoiictBax YO®T ycranosute Ry = R, = 100 Om.

6. Usmensis temmepatypy ®J1 B mpegenax or —30°C mo +30°C ¢ mrarom
50C, npousBoauTe usmepenue HanpsbkeHus Ug Ha Beixoge YOT no nokazaHusm
BOJIbTMETPA. Pe3ynbTaTel ©3MepeHus 3anuiure B Tadim. 7.5.

7. s xaxnaoro 3nauenust Ug paccuutaiite TeMHOBOM TOK lg uepe3 @] o
BBIPAKECHUIO:

lo =Ur/Ry, (7.7)
Pe3ynbratel pacuera 3anecute B Ta0d. 7.5.
Tabnuma 7.5
No | Temmepatypa, | M3mepenue temHoBoro Toka PIN @J[
n/n T,°C Ug, B lo, MA
1
2

8. IlocTpoiiTe rpaduk 3aBUCHUMOCTH TEMHOBOTO TOKa OT TeMIEpaTyphl
lo(T). Onpenenure Temmeparypy yABOSHHsI TEMHOBOTO Toka. [IpoaHamusupyiite
pEe3yJIbTAThI, CAETANTE BBIBOIBI.

2.3. UccaenoBanne BoabTaminepHoi xapaktepuctuku (BAX) ¢poronpuemuuka
2.3.1. Uccredosanue c nomowwvio soivmmempa
Cxema uccnedosanus

Cxema uccrienoBanusi MpeCcTaBICHbI HA puc. 7.12.



Hanpsokenne cmemenust U ot renepatopa nogaercs Ha ®J (puc. 7.7) ¢
[IOCJEA0BATENBHO MOAKIIOUYEHHBIM K HEMY IEPEMEHHBIM COIPOTUBIICHUEM.
BosbT™meTp mo3BoisieT npoBoauTh u3MepeHne HanpsbkeHus Up, Ha @I, Ceass
mexny HanpsbkeHussMu U 1 Up, 1 ToxoM |l yepes DJ1 3anaercst BeIpa)keHUEM:

lon =(U-U /R, (7.8)

BAX mnpencrasiser co0ol 3aBUCUMOCTb ToKa |y, depes @/ oT Hampsike-
Hus cMeienust U. M3MeHsist MOITHOCTh M3JTyYEeHHs] UCTOYHHKA C TepecTpanuBae-
MOU JJIMHOM BOJIHBI, MOYKHO PETHCTPUPOBATH ceMericTBO BAX.

Puc. 7.12. Cxema uccnenopanus BAX ®JI.

HOp}Z()OK 6bINOJIHEeHUA pa60mbl 6 CXeme C 60Jibmmempom

1. CoGepuTe cxeMy, moKa3aHHYIO Ha puc. 7.12.

2. B cBoiictBax @/] ycraHOBUTE 3aaHHBIA BAPUAHTOM THUII IMOJIA, COIPO-
tussienue R = 100 Om u remnepatypy 30°C (puc. 7.10).

3. B cBolicTBax mepecTpauBaeMOro MCTOYHMKA YCTAaHOBUTE BBIXOJHYIO
MoIIHOCTh u3nyuyeHus paBHoit 0 MBt (puc. 7.11). BeiGepure nnuny BomHbl 850,
1310 wnm 1550 BM, ncnone3ys pe3ynbTaThl UccieaoBanus m. 2.1. OHa nomkHa
Jexarbh B 00JaCTH HauOOJIbIIEH CIEKTPAIbHON YyBCTBUTEIBHOCTH UCCIIELYEMO-
ro ®JI.

4. B cBoiicTBax reneparopa | ycTaHOBUTE CHUHYCOMAAIBbHYIO (POpPMY CHUT-
Haja ¥ HYJICBYIO aMIUIUTYly HampsikeHus (puc. 7.3).

5. U3mensia HampsbkeHue cMeleHust reHeparopa ot —4 no +2 B ¢ marom
0.2 B, npoussoaute uzmepenue HanpskeHus Upy Ha D] 110 MOKa3aHUSAM BOJIBT-
MmeTpa. Pe3ynbrarsl uamMmepenus 3aHecute B Tabm. 7.6.

Tabnuma 7.6
No Hanpsoxenue P =0wMBT P=1wMBT P =2 wmBr
/o CMGLJHI?;IHH Uph, B Iph, MA Uph, B Iphs MA Uph, B Iph> MA
1
2

6. IloBTOpUTE HMCCIEMOBAHUE T. S5 TIPHU BBIXOJHOW MOIIHOCTH HM3TyUYEHUS
nepecTpauBaeMoro uctouHuka 1 u 2 mBr.




7. s xaxnaoro 3sHaueHust Uy paccuunTaiite Tok |y, yepes @1 o BeIpake-
Huto (7.8). PesynbraThl pacueroB 3aHecute B Tabi. 7.6.

8. IToctpoiite cemeiictBo BAX I,4(U) o manaeM tabs. 7.6. [Ipoananu3u-
pyHTE pe3yabTaThl, CIICIANTe BEIBOIBI.

9. Onpenenure MO rpaguKaM CHEKTPATBHYI YyBCTBUTEIBHOCTH DJ] Ha
BBIOpaHHOW IUTMHE BOJIHBI. CpaBHUTE IMOJyYCHHOE 3HAYCHHE C Pe3yJIbTaTaMu
uccinenoBanus 1. 2.1.

2.3.2. Uccreoosanue c nomowpio ocyuniozpaga

Cxema uccineoosarnus

BAX ®J] moxHo HabmogaTh ¢ momolibio ocummiorpada. CooTrBeTcT-
BYIOIIIME CXEMBI MTPEACTABICHBI Ha puc. 7.13.

H&

G

Puc. 7.13. Cxemnbl aiis na0moaenuss BAX @],

['enepatop 2 cryneH4aroro HampsbkeHus ympasisier padorort CUJI. Ha
Bx01 U, 6510ka @] mocrymnaer cuHyCcOUaIbHbBIN CUTHAJ OT reHeparopa 1.

Ilopsadok evinonnenus pabomul 8 cxeme ¢ OCYULLOZPapom

1. CoGepute cxeMy, moka3zaHHyI0 Ha puc. 7.13.

2. B cBoiictBax @/] ycraHOBUTE 3aaHHBIA BAPUAHTOM THUII IMOJIA, COIPO-
tusenne R = 100 Om n Temmepatypy 30°C (puc. 7.10).

3. B cBoiictBax U Beibepute CUJ, n3nydaromuii Ha amuHe BOIHBI 850
nmu 1310 BM, ucnione3ys pe3yJibTaTsl HcciienoBanus 1. 2.1. OHa 1oJKHa JIeKaTh
B JIMana3zoHe HauOoubIiei uyBcTBUTENbHOCTH DJI.

4. B cBoiicTBax reneparopa 2 CTYNEHYATOTO HANpPsDKEHHUS YCTaHOBHTE
yactory 5 kIl ¥ uncio ypoBHeii 4 (puc. 7.14).



[ 1 leneparop 2 (ctyneHyaToro Ha..,

®opma cuHriana  CrksaxHocts  Cnpaska
AMnauTyga
T B
- Cmewenue :
[ S B

J
N

Puc. 7.14. YcraHoBKka napaMeTpoB IeHEPATOPA CTYIIEHYATOr0 HAIPSKEHUS

5. B cBoiicTBax reneparopa 1 ycranoBurte yactotry 80 k['11 (kpaTHyrO ymc-
Jy YPOBHEH) U CHHyCOMAaNbHYIO (hopmy curHana. CMeneHue YyCTaHOBUTE PaB-
HeiM 0 (puc. 7.15).

. B
i lenepatop e
®opma cunrnana CkeamHdocTe  Cnpaska
YacTora Amnavryna
i B
Crewenue

(T HETD

CHHYCOMGAMEHEIR CHrHan

Puc. 7.15. YcraHoBka mapaMeTpoB reHepaTopa CUHYCOMIATBLHOTO HAMPSHKEHUS

6. YcranoBute Ha ocriuiorpade otMeTky «Bxom X».

7. VI3MeHsisl aMIUTMTY 1Bl CUTHAJIOB Ha reHeparopax u « MHOXHUTENb 10 Y,
HaOmomaiite Ha skpa”e cemeirictBo BAX ®JI. Hactpoiite m3zoOpakeHue Tak,
YTOOBI OHO TOJIHOCTBHIO TMOMENIANOCh Ha dKpaHe ocuuiuiorpada, 3aHuMas Mpu
ATOM OoJbIIYIO €ro 4acTh (puc. 7.16). 3apucyiite OCIUILIOTpaMMY .
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Puc. 7.16. Bun cemeiictea BAX PIN @/

8. YcranoBute temmeparypy ®JI 0°C. Orennre n3merenust BAX Ha dk-
pane ocumuiorpaga. Cuenaite BbIBOIBI.

8. M3mepbTe muprHy 3apUCOBAaHHOM OCHMIIJIOTPAMMBI B JIEJICHUSX OCIIHII-
norpada, nepecuuTaiTe ee B HampsHDKEHHE, UCTIONb3Ysl YCTAHOBICHHBINH MHOXKH-
Tenb 1o ocu X (0.2 B/men). M3MepbTe BBICOTY OCIMULIOrpaMMbl N B JeNeHUSIX

ociiuiorpada, nepecunTanTe ee B ToK o Gopmyiie

rae My, — ycranoBieHHbIM Bamu Muoxutens o ocu Y 1. Hanecure nonydeHHbie
3HAYEHUS Ha OCH rpaduka.

9. Mo popmyne (7.3) onpenenuTe MOITHOCTH H3ITYICHHSI, COOTBETCTBYIO-
e yerbipeM BAX mosydyeHHoro cemeiictBa. TokoBasi 4yBCTBUTENbHOCTh D/
ObU1a u3mMepeHa B 1. 3.1.

10. TIpoananu3upyiTe MOTyICHHBIC PE3YIbTATHI, CACIAUTE BEIBOIBI.

COILEPKAHUE OTYETA

1. CxeMBbI UCCIIEI0BAHUN.

2. O6paboTaHHbIe pe3yJIbTaThl U3BMEPEHUN U PACUETOB, 3aMOJHEHHBIE Ta0-
JUIBL, TPaQUKU, OCHUIITIOTPAMMBI.

3. BeIBOIBIL.

KOHTPOJIBHBIE BOITPOCHI

1. [lpuHUMT AEUCTBUS, KOHCTPYKIIMU U OCHOBHBIE MapameTpbl CH/I.

2. [IpuHIMN AeMCTBUSI, KOHCTPYKIIUU U OCHOBHBIC apaMmeTpsl JIJI.

3. Knaccudukanms coBpeMeHHBIX 0THOMOIOBBIX JI/I.

4. BonpTamriepHasi u BaTTamiiepHas xapakrtepuctuku CUJI. 3aBucumocTtsb
OT TeMIEPaTyphI.

5. Bonbramnepnas u BatTamiiepHas xapaktepuctuku JI/[. 3aBucumocts ot
TEMIEPATYPHI.

6. [lpuHIMTT NEHCTBYS, KOHCTPYKIIMM W OCHOBHBIC Mapamerpsl P-i-n DI,
3aBUCUMOCTh OT TEMIIEPATYPHI.

7. [IpuHin paboOThl U OCHOBHBIE MapamMeTphbl TPAHCUMIIEJAHCHOTO yCHIIU-
Tens GOTOTOKA.
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