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BBEJAEHUE

Metoauueckue ykasaHus K Ja0OpaTOpHbIM paboTaM MO JAUCLHUILIMHE
«OMNTO3IEeKTPOHHBIE TEXHOJOTUU WH(POKOMMYHHUKAUNA U OCOOCHHOCTH MPOEK-
TUPOBAHHUS BOJIOKOHHO-ONTUYECKUX JTUHEHHBIX TPAKTOB» AJIs CTYIEHTOB, 00Y-
YAIOIIMUXCS M0 HampaBleHUIo0 moArotoBku OakanaBpoB 11.03.02 «Mupoxkommy-
HUKAIMOHHBIE TEXHOJOTUU M CHUCTEMBI CBS3M» COJEpXKAT omucaHus / nabopa-
TOPHBIX padoT.

[lepBast U3 HUX MOCBSAIIEHA U3YUYEHUIO KOHCTPYKLIHUMA ONTUYECKUX Kabenen
CBSI3M W JJIs €€ MPOBEACHUs (PPOHTAIHHBIM METOJOM B JaOOpaTOpuu JOHKHO
OBITH JTIOCTATOYHOE KOJUYECTBO 0Opa3lloB ONTUYECKHUX KaOenei. J{ms mposese-
HUS 3TOU JJ1abopaTOpHOI pabOTH HE TPeOyeTCs CreruatbHOe 000pyI0BaHHUE.

Crnenyromue 6 paboT MpeacTaBiIsioT cO00M BUPTyaIbHBIE J1a0OpATOPHBIE
YCTaHOBKH U JIOJDKHBI IPOBOJIUTHCS B KOMITIBIOTEPHOM KJIacce, B KOTOPOM JOJIXK-
HO OBITh YCTaHOBJIEHO COOTBETCTBYIOIIEE MTPOTPAMMHOE 00ECIICUCHHE.

JlaGoparopHblie pabOThl 2 U 3 TMOCBSIIEHBl U3YYEHHUIO TapaMETPOB MHOTO-
MOJIOBBIX M OJIHOMOJIOBBIX ONTHUYECKHUX BOJOKOH M WX BIUSHHUIO HA MPOIECCHI
pacmpoCTpaHEHHs 0 HUM ONTHYECKUX UMITYIBCOB.

JlabopaTtopHas paboTa 4 MocBsIlleHa U3YYEHUIO METOJ0B U IPHUOOPOB I
M3MEPEHHS] BHOCHMOTO 3aTyXaHHs B BOJIOKOHHO-ONTHYECKUX TPAKTAX U MOJIyde-
HUIO TIPAKTHYECKUX HABBIKOB B pabOTE C OMTHUYECKUM TECTEPOM.

JlaboparopHasi paboTa 5 TIOCBsIIIIEHA U3YYCHHIO METOIUIECKIX 0COOCHHO-
CTei MeToZ]a 0OpPaTHOTO PACCESTHUS U MOYYCHUIO IPAKTHYECKUX HABBIKOB B pa-
00Te ¢ ONTUYECKUM pedIeKTOMETPOM.

JlabopaTtopHas pabota 6 moOCBsIIIEeHA U3YYCHUIO MEXaHU3MOB M METOOB
U3MEPEHMS MOTEPh B Pa3bEMHBIX U HEPA3bEMHBIX COCAMHEHUSIX.

JlaGoparopHasi paboTa 7 MOCBSAIICHA UCCIEAOBAHUIO MMAPAMETPOB U XapaK-
TEPUCTHUK UCTOUYHUKOB U IPUEMHUKOB ONTHUYECKOTO U3ITYUCHHUS.

B pazpaboTtke mporpamMMHOro oOecmedeHus JUisi 3TOro JabopaToOpHOTO
IIPAKTUKyMa IOMUMO aBTOpoB npuHuManu yyactue A. P. beumun, T. C. Bacuib-
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 TOIKHBI OBITh U3YUYEHBI:

1) paznen «Teopernueckue cBeAeHUS» JaHHOM J1aO0OpPaTOPHOUM pabOTHI;

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

Ontuueckuit kabensb (OK) mpeacrasiser co00i COBOKYIMTHOCTh ONTUYECKUX
BoJIOKOH (OB), 3aKiIt0UeHHBIX B OOIIYIO BJIArO3aIIUTHYI 000JIOUKY, MOBEPX KO-
TOpOW B 3aBUCHMOCTH OT YCJIOBHUH JKCITyaTallM MOTYT OBITh HAJOXKEHBI 3a-
nuTHBIE TOKpOBEL. OcHOBHOM 3amaueit OK sBisieTcs obecrieueHune Tpedyemoro
KauecTBa Mepeayu Py COOTBETCTBYIOIINX YCIOBUAX IKCILTyaTallUH.

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

[To ycnoBusim mipoknanku u sxcrmyatanuu OK pasznuuaroT xkabeau 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 MHOTHMX ciydasx 000JI0YKa HM3TOTABJIMBACTCS M3
gyrctoro kBapra SiO, W MMeeT NOCTOSHHBIA TOKa3aTellb IPeJoOMIICHUS Ny, a
CepleBHHA I obecriedeHus! TpeOyemMoro npoduiis moka3aTes MpeTOMICHHS



ny(r) Jerupyercss MpUMECSAMH, YBEIMUYMBAIOIIMMHU TOKa3aTellb MPEIOMIICHHUS,
Hanpumep GeO,. B mocneanue roasl nosminchk OB co CBEpXHU3KUMHU MTOTEPS-
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
MEPBUYHOrO TMOKPBITUS NPUMEHSIOT aKpuiar.
[Tocrie HaHeceHMsT 3aIMTHOIO TMOKPBITUSA IHA-
MeTp OB cranoButcs paBHbIM 245+10 MKM.

[To xonmuecTBy MoA pacnipoctpanenus OB
JENSATCS HA MHOTOMO/JIOBBIE M OJTHOMOJIOBBIE, a
o npoduitto nokazarens npeaomieHus (I1T1IT)
Ha OB co cTyneHYaTrsiM U TPaIUCHTHBIM TPOGUIISIMH TTOKa3aTes MPEIOMIICHUS.
Ha puc. 1.2 noka3ansl nonepeunbie ceuenus u II1I1 BomokoH, Haubosiee mupo-
Ko ucnoias3yemsix B BOJIC.

O6onouka
Puc. 1.1. Ctpykrypa OB

50 MKm O O
8-10 MkM 8-10 Mkm
\/ [ L
125 mKkm o 125 mkm o 125 Mkm
ner () ()
— r r r
' > T - T -
a § B

Puc. 1.2. TTonepeunsie ceuenus u I1I1I1 yacto ucnoab3yeMbIx TeIeKOMMYHHUKaIMOHHBIX OB:
a) MHOTOMOJIOBOE TPaueHTHOE, 0) 0OTHOMOIOBOE CTyNIEHYAaTOe, B) OJTHOMOIOBOE C HEHYJICBOU
CMEIIEHHON TUCIIEPCUEN

2.2. Bmopuunoe nokpeimue

BroprnuHoe nokpeiTue npeaHasHadeHo i 3amuThl OB oT MexaHnyeckux
Y XMMUYECKUX BO3JIEUCTBHI, B IEPBYIO OUEpPEb OT NONEPEUYHBIX nedopmanuii u
NPOHUKHOBEHUS BOJIbl. OOBIUHO OHO BBINOJIHAETCA B BUJI€ ONTHYECKOTO MOJYJI,
COJIEpIKaIEero OJHO (OJHOBOJIOKOHHBIM MOJYJb) WJIM HECKOJBKO (MHOI'OBOJIO-
KOHHBIN MozyJsib) OB. B nensx naenruduxanuun OB BHyTpH MHOTOBOJIOKOHHOT'O
MOZYJI OKPAIIUBAOTCS.



BTropuuHblie MOKPHITHS OBIBAIOT HECKOJIBKKUX THIOB (puc. 1.3):

— crutomHoe (puc. 1.3, a). [lpeacrtaBnser coOoil TOJNCTHINA CIOM MoauMepa
(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). OTauvaeTcs 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
3aIIATHBIX MOKPBHITHI Mepe]; MOHTAXKOM U YMEHbBIIIACT BIUSHUE MHUKPOU3THOOB.
Ucnonwszyercs B OK BHyTpeHHEN NpOKIAIKY;

MonyceofofHaA NAacTMaccoean
2aWMTHAA TpYEEa

MnoTHO npunerarowasn
Tpybka
OnTuyeckoe BOMOKHO ONTHYECKOE BOMNOKHD

BAzkWMA EoMNayH,

JaWMKTHaA NNACTMACCORAA

EAZKMHA KEOMOaYH], ThvAES

ONTHYECKOR BONOKHO OnATHYacKae BONOKHO

2AWWTHAA NNACTMACCOBSA

BAZKMA KOMMayH
B) Tiyfika r) YH
OnTUYyeckoe BOMOKHO OnTtuyeckoe
BOJTOKHO
e e e e e e e s sl alera, )
G 00000000000
MepBryHoe JleHTouHas Knei lNMepBryHoe
1) NOKpbITHE obonoyka NOKpbITNE
NeHTa, ckneeHHas

NeHTa, nomelLeHHas B 060MOYKy BIIOMb GOKOBOIA NOBEPXHOCTH

Puc. 1.3. Tunst BTOpruHOTO OKpBITUS OB
a) cIuIonIHoe; 0) MoJIycBOOOIHOE TPpyOUaToe; B) CBOOOIHOE TpyOUaToe;
T') MHOTOBOJIOKOHHOE CBOOOTHOE TpyOUaToe; 1) ICHTOYHOE

— cBOOOIHOE TpyOuaToe OJHOBOJIOKOHHOE (puc. 1.3, B) WM MHOTOBOJIO-
koHHOe (puc. 1.3, r). Ilpencrapnser coboi MmiIacTMaccoByro TpyOKy (MOJIUaMuU/L
WM OOy TUiIeHTepedTaiar), 3a0JIHEHHYIO BSI3KUM TUAPO(GOOHBIM KOMITAyH-
JI0M, B KOTOpOM cB0OosiHO pacmnonioxkeHo OB. HMcnonbsyercs B OK HapyxHOM
MPOKJIAJIKH.

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

Jlyist mpenoTBpalieHrs MPOHUKHOBEHUS BOJIBI MPOCTPAHCTBO BHYTPH MOMY-
CBOOOJIHOTO U CBOOOJHOrO TPyOUaTOro BTOPUYHOTO MOKPBITHUS (MOIYJISI) 3aM0J-
HSCTCS CTICIIHATBHBIM BSI3KUM TUAPO(HOOHBIM KOMIIAYHIOM — THKCOTPOITHBIM T€-
JeMm.



2.3. Cepoeunux onmuyecko2o kabens

CymectBytot 3 Buia koHcTpykiuu cepaeunrika OK: nosusHas (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-
CKUX 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 JTACTMACCOBBIE KOPJIEIN — 3al0JHUTENH CIUIOIIHOTO CEYEHUSI.

OnTunyeckoe
BOJTOKHO

LleHTpanbHbIN
CUNOBOW 3JIEMEHT

Koppgenb

OnTuyeckoe
BOJTOKHO OnTnyeckoe

OnTHYecKuiA BOMOKHO M
mMoayInb
MOy TIE ] Tpy6ka
LleHTpanbHbIn
CWIIOBOM 3MeMeHT

CTepxeHb ¢
nasamu

a 0 c

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

KoncTpykuus ¢ npopuiInpoBaHHBIM CEPICYHUKOM COCTOUT U3 TOJUIPOIH-
JIEHOBOT'O CTEPKHS C MPOJOIbHBIMU Na3amMu. CTEpKEHb OTJIMBAETCS 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
(monmuOyTtunentepedranar) TpyOku. BHyTpu TpyOku CBOOOJHO pacmosiararoTcs
OB.

st yBenmuuenus ynpyrocta OK mpu pacTspkeHUM B KOHCTPYKIIMIO CepAey-
HUKa MOTYT BKJIIOYAThCS YIPOYHSIONIME (apMUPYIOIIKE) dJIeMeHThl. B cepreu-
HUKE OHM MOTYT Pacrojararbcs AByMs CIIocoO0aMu: BIOJIb IIEHTPATILHON OCH Ka-
Oensl WM paclpesiesICHHO 10 €ro CeYeHMIo. PacnpeeieHHbIMU YIIPOYHS IOIUMU
AJIIEMEHTAMU SIBJISIIOTCS, HAIPHUMEP, IUIACTMACCOBBIE KOPJAEIHW, BKIIOYAEMBIE B
ITOBUB BMECTE C ONTUYECKUMHU MOAYJISIMU [TPU MAJIOM YHCJIE MTOCIETHHX.

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 CTEpkKEHb (CTEK-
JONPYTOK WU apaMUJIHBIM IPYTOK).



CB0OOHOE TPOCTPAHCTBO BHYTPH CEpACYHUKA 3aTOJHSACTCS THAPO-
(¢hoOHbIM 3anonuuTeNeM. B ciyuae eciu tpebyercsa konctpykius OK 6e3 3a-
MOJTHUTENSA, BOJOHEIPOHUIIAEMOCTh CEpJCYHUKA 10 JJTUHE MOXKET OBIThH
obecriedeHa Mpu MOMOIIH BOJAOOTOKUPYIONIUX JICHT U HUTCH.

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

2.4. 3awyumusle nokpossl

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

JInst yBeu4eHus: yIpyrocTu Kademnsl Ipu pacTsSKEHUHM U TOBBIIICHUST Me-
XaHUYECKOW MPOYHOCTH B KOHCTPYKIIMIO 3aIUTHBIX MTOKPOBOB KaOessl BKIOYa-
I0TCSI YIPOYHSIOIIKE 3JIEMEHThl. B KOHCTpyKIMK Kabess ¢ OJUHOYHON TpyOKOH
pOJIb YIPOYHSIOIIETO 3JIEMEHTA UTPAIOT BBICOKOMPOYHBIE, HAIPUMEDP apaMuj-
HbIC, HUTU B 000JI0uKe. MeXIy cepedYHUKOM M 000J0UYKOM MOXKET TakKe pas-
MEIIAThCSA MOBUB BBICOKOTIPOUHBIX HUTEH WJIU JICHT.

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

B kabensx BO3QyIIHOW MOABECKH POJIb YNPOY-

HAIONIETO 3JIEMEHTAa WrpaeT Hecymuil Tpoc (MOBUB
ctanbHOM 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-
snerax puHoi 50—70 M.

[Ipr OonpIIMX BHENIHUX HArpy3kax KpoMme
BHYTPEHHEH 3alTUTHONH O00OJOYKH 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
ropupoBaHHON JEHTHI. B Kabensx Jid NpoKIaJKK B TPyHTaX, HE TOABEPIKEH-
HBIX MEP3JIOTHBIM JiehopMalusiM, Ha MIEPeXo/iax Yepe3 HErJIyOOKHUe HEeCYI0XO0/I-

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 JehopMaIusaM, a Tak)Ke Ha TMEPexoaax 4depe3 Cy-
JOXOJIHBIC PEKH INPUMEHSCTCS JIBYXIIOBHBHAs OpPOHS W3 KPYTJIbIX 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 HETOPIOYMX Oe3rajloTeHHBIX MaTepuanoB. Jljist mo-
MOJIHUTEIFHOTO YIPOYHEHHS KaOeJsl B 3alIUTHBIN IIJIAHT MOTYT OBITh BIPECCO-
BaHBI JIBE TOJICTBHIC CTATHHBIC MPOBOJIOKH.

3. Mapkuposka OK

MapxkupoBka mpeAcTaBisieT co0oil abOpeBUATypHYIO 3alUCh OCHOBHBIX
nmapamMeTpoB ONTHYECKOr0 Kabems, K KOTOPhIM OTHOCATCS: Ha3HAYCHHE U 00-
JACTh MPUMEHEHMsI, KOHCTPYKIIUS CEepACUYHUKA, MaTepuaibl 000104YeK, TUI Opo-
HU, YUCJIO ONITHYECKUX MOJYJCH W ONTUYECKUX BOJIOKOH, BEIMYMHA KOI(PDUIIH-
€HTa 3aTyXaHus Ha padouyuX IJIMHAX BOJIH, BEIUYMHA JUCIEPCHUH, JOMYyCTUMOE

pPaCTITUBAIOIIEE YCUIUE U JP.
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|
IMbIMO- M razoBblaeneHuemM; HF — ¢
[MOHMKEHHOM 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

KosinuecTBO 2IIEKTPHUECKHUX I B Kabene
PacnipenienieHre BOJIOKOH B MOZYJIsIX (8 BOJIOKOH THIA A B JIBYX MOJYJISX,
4 BOJIOKHA THIMA A B OJIHOM MOJyJe, 4 BosokHa Thna H B o1HOM Mofyie)
Yucino snemenToB cepaeunuka: ot 01 mo 18

Uwucno u tin BomokoH: oT 002 no 288 Bonokon. Tumel: E — ogHOMOIOBOE cTaHmapTHOE; A —|
0JTHOMOZIOBOE Oe3 BoJsHOro nHkKa; H — ogHOMOI0BOE C HEHYJIEBOM CMEIIEHHOW JUCTIEpCHEN;
C — 0OTHOMOZOBOE C OTPHIIATEITHFHON HEHYJIEBOW CMEIIEHHOM quctiepcneii; D — ogrOMOmoOBOE ¢
HEHYJIeBOM CMEIEHHON Iucriepcreld, HOPMUPOBAaHHOW B JHamna3oHe JUIMH BoiH 1460-1625
HM; MA — MHOTOMOZIOBOE C ImuameTpoM cepaueBuHBl 50 MkM; MB — MHOTOMOIOBOE C THa-
METpOoM cepateBHHbI 62,5 MkM; MD — MHOromMo10BO€ ¢ tuaMeTpoM cepuieBuHbl 100 MkM
THIT TONOJTHUTEIBHBIX BHENIHUX MOKPOBOB: O — 0€3 JTOMOIHUTENBHBIX BHEITHUX OKPOBOB; JI — ¢
rohprpPOBaHHON MPOIOJILHO HAIOKEHHOW CTalbHOM JienTol U [1D obonoukoii; H — ¢ rodpupoBan-
HOW CTAIbHOW JICHTOH M 000JIOUKOH M3 TIACTMACCHI, HE pacipocTpaHsromeii roperns; C — ¢ 0qHO-
CITOIHOM OpOHEH M3 CTaJbHBIX MPOBOJIOK M I1D 000510uK0il; Y — ¢ YCHICHHON OXHOCIONHON Opo-
HEeH U3 CTAIBbHBIX MPOBOJIOK U [1D 0007104KOI; 2 — ¢ IBYXCIOHHOM OpOHEH N3 CTaIBHBIX MPOBOJIOK
n 11D obomoukoii; M — ¢ 0THOCIIONHON OpOHEH M3 CTEKJIOIUIACTUKOBBIX cTepykHEH u [1D 0605104
koii; T — ¢ mepudepniiHBIMHI AUIICKTPUUECKUMH CHIIOBBIMU 31eMeHTamMHu 1 [13 06osouxoi

Tun obosouku: A — amoMononudTiieH; 11 — nonudtriieH; H — HepacnpocTpaHsionias ropeHue
KoncTpykuus cepaeynuka: /| — TOBUBHON C TUAIEKTPUIECKUM IIEHTPAJIBHBIM CHIOBBIM 3iieMeHTOM; O — ¢
MCTIOTIH30BAHHUEM OIMHOYHOH TPYOKH

dupma-niponzBoautenb OAO «CeBkadesby




B tabn. 1.1 npencrasnensl npuHIUNb MapkupoBkU OK, npuMensembie Ha
ka0enpHOM 3aBoje OAO «CeBkabenb». B Tabn. 1.2 mpeacraBieHbl NPUHLIMIIBI
MapKUPOBKH ONTUYECKUX Kabenel npon3BoacTBa «Mockadenb—DyKuKypay.

YtoO0b! 11000M CIIeNHAIUCT MOT OBICTPO paciudpoBaTh 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(UKAIUS 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
cepaeunnkoM): 01 — u3 crekinomnactuka; 02 — U3 CTAIBHOTO TPO-
ca; 03 — u3 cranbHOU IPOBOJIOKU

Tur BonokHa (depe3 AuamMeTp MOJOBOTO IOJISL, CEPAIEBUHBI B MKM): 10 —
CTaHAapTHOE BOJOKHO; 10A — OZHOMOMOBOE BOJOKHO 0€3 «BOISTHOTO)
nuka; 9,5 — 0MHOMOZOBOE BOJIOKHO C HEHYJIEBOM CMEILEHHOW TUCIEepCH-
eif; 50 — MmHOrOMOI0BOE BOJIOKHO 50/125; 62,5 — MHOTOMOI0BOE BOJIOKO-
HO 62,5/125

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

Konctpykuus cepapeunnka: M — moBuBHOH; 1] — ¢ ncnonp30BaHNeM OIWHOYHON 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 — nogBecHo

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

Ontuueckuii kabenb: O mu OK

BBIITOJTHEHUE PABOTbI

1. Ilomyuute y npenogasaresss 00pa3ibl ONTHYECKUX KaOeeu.

2. V3yunTte KOHCTPYKTUBHBIE 3JIEMEHTHI KaKJI0ro o0Opasua. Jljisg Kaxmoro
oOpa3s1ia onTU4YecKoro kadens 3anojuure Tadmn. 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 MONIEPEYHOTO CEYCHHs MCCIEIOBAaHHBIX Kalenen ¢
yYKa3aHHUEM BCEX 3JIEMEHTOB KOHCTPYKIUU.

5. Knaccudunupyiite kaxapiii oOpasen kademns mo 061acTd MpUMEHEHUS,
YCIIOBUSIM TNPOKJIAIKU M IKCIUTyaTanuu. 1o kak1oMy OCHOBaHHIO JUIsl KJacCH-
¢uKaMy yKa)KuTe KOHCTPYKTUBHBIE OCOOEHHOCTH, MO3BOJHMBIINE OTHECTH 00-
pasell K OlpeiesIeHHOMY KJiaccy.



Tabmmma 1.3
KoHcTpykius onTruyeckoro Kadens

KoHcTpyKTHUBHBII XapakTepuCTUKa KOHCTPYKTUBHOTO AJIEMEHTA
DJICMCHT

1. 3awyummnuiii nokpos

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

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 MaTeprall 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. XXunsl JJIA AMCTaHII M- Vka3aTb KOJIHMYECTBO H Mar€puan Xuil I JUCTAHIUOHHOI'O
OHHOI'O NUTaHUA IIUTaHUA

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) 3amosiHEHHBIE B COOTBETCTBUU ¢ M. 2 U 3 pasaena «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
AKCILTyaTallMy UCCIIEIOBAHHBIX 00pa3IoB KaOee.

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 kadenel, Ha3HaU€HHE, OCHOBHbBIE MTapaMeT-
DB

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. YIIpOUHSIOIIME CUIIOBBIE 3JIEMEHThI KOHCTPYKLIMU ONTHYECKUX KalOeseH,
KOHCTPYKIUH, MaTEPHUAJIbI.

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



JlaGopaTopHasi paéora 2.
NCCIEAOBAHUE MMPOXOXKJIEHUSA CBETOBBIX
NMITYJIBCOB IO MHOI'OMOJAOBBIM 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 WHCTPYMEHTAIbHBICE 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 Hanpasnsatiowue cucmemvl 3JeK-
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 nokazareJisi 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 CIA0OHAINpaB-
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. HanpasJjsiemble Moabl. JIyueBoil HHBAPHAHT.

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



HYIO0 JUIsl JAHHOTO JIy4a CKAJSIPHYIO BEJIMUMHY, OJTHO3HAYHO ONPEACIISIONIYIO €r0
HaIlpaBJIeHUE B JIFOOOW TOUKE TPAEKTOPHUHU:
B =n(r)cosd(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)=+/nZ(r)=n3,npu0<r<ry. (2.4)

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

NAnax =+/Njo =N - (2.5)

Baxxaeim I[mapaMCcTpoOM OB sBaseTcs HOPMHpPOBAHHAA 9aCTOTa

V= 27[("(:ore /i)\/ r]120 - n% ’ (2.7)

rje A — JUIMHA BOJHBI MCIOJIB3YyEMOI'0 UCTOYHHMKA M3yueHHs B Bakyyme. Hop-
MHUpOBAaHHAsl 4acTOTa OMpPENEseT YUCIO HampasisieMbix Moal B MM OB. [Ins
OTIpE/ICICHHsS] KOJIMYECTBA HAMPABISIEMBIX MOJ MOXKHO HCIOJIb30BaTh MPHUOIIHU-
YKEHHOE BBIPAXKECHHUE!

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

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

3. Me:xmonosasi nucnepcusi. Koagdunuent mexmoa0Boii Aucnepcun

Paznuunblie myun (MOJbI) pacnpocTpaHsaoTcs Baojib ocu Z MM OB c pas-
JUYHBIMU CKOPOCTSIMU, YTO MPUBOJUT K MEHCMOO080U Oucnepcuu — yImupeHUIo
(yBenuuenwuto giutensHoct) OU mpu npoxoxaennu MM OB. Ymupenne OU B
MM OB eauHu4HOM JUIMHBI HA3BIBAIOT KOAPDDUYUEHMOM MEHCMOO080LL OUChep-
cuu Dy,. B mepBom npubimmkeHun 0e3 ydera B3auMOJICUCTBUS MOJT JUJISL OIEHKHU
Dp, (¢/kM) HCTIONB3YIOT BBIpAKEHUE:

D = tmax —tmin, (2.9)
e tmax A tmin — MAakCHUMaJIbHOE U MUHHUMAIIBHOE YJIEJbHBIE BPEMEHA paCIpO-
CTpaHEHUS JIydya Ha eIUHUYHOE paccTosiure B OB, pacuer KOTOpPBIX pacCMOTPEH
HUKE.

N3BecTHO, uTO yaenbHOE Bpems t (c/KM) pacnpocTpaHeHHs Jydya Ha €Iu-
HU4YHOE pacctosiHue B OB ¢ yceueHHbIM creneHHbiM [IIII1 3aBucUT TONBKO OT B:

1 nlOg nlo B
tiB)==- —+(2-p)— |, 2.10
(B) o (p+q) 3 +(2-p) » (2.10)



riae ¢ = 3:10° KM/c — CKOPOCTb CBETa B BaKyyMe; P 1 N1og — MapaMeTp BHEOCEBOM
JUCIIEPCUM U TPYNIIOBOM IMOKAa3aTellb MPEJIOMIICHUSI MaTepualia CEpILECBUHbI Ha
ocu OB, yuuThIBaroIye 3aBUCUMOCTb MOKA3aTes MpeoMIIeHUs cepaueBruHbl OB
OT JIJIMHBI BOJIHBIL:
(/1)_ nlO(/l) A dA(ﬂ“) (ﬂ)_ (ﬂ)_ldnlo(/l) 211
= : : » Thog\A) =g - (2.11)
Mog(4) A(2) da dA

C mapaMeTpoMm Nigg CBA3AHO IIOHATHE IPYIIOBOA CKOPOCTH:
V, :C/n109 _ (2.12)

MoXHO TOKa3aTh, YTO MHUHMMAJIbHOE YAEIBHOE BPEMS PACHPOCTPAHECHHS
BCErJla UMEET JIy4 C MHBApUAHTOM, PaBHBIM B!

1 2n
t(Bn)==-——2(p+a)2—p), By =nyg gfg (2.13)

cC q+2
OIHaKo eClM PacCYMTAHHOE 3HAUYCHHE By HE YAOBICTBOPSET YCIOBHIO HAIPaB-
JsieMbIX Jyueid (2.6), To pacuer t(By,) He uMeeT cMbIcIa.
B o61iem ciiygae st tmay ¥ tmin CIpaBeyInBo:

t(By, ). npun, < B, <ny (2.15)
min[t(ny), t(n,)} npuB, <n, uB, >ny '
riae max(X, y) u min(x, y) o3Ha4aroT BEIOOp MAaKCUMAJIbHOTO M1 MHHUMAJILHOTO 3Ha-

YEHUS U3 JIBYX APIYMEHTOB COOTBETCTBEHHO.
MunnmasbHoOe 3HaueHuE Dy min iMeeT MM OB ¢ onTuManbsHBIM OKa3aTelieM

CTENEHHOTO MPOMUIIA (opt:

Dimin = nlOgAZ/SC’ Qopt = 2'(1_ p)_A'(Z_ p) (2.16)

min

4. KoappuumeHT 3aTyxaHus

3aryxanue OB cknanpiBaeTcs U3 COOCTBEHHOIO 3aTyXaHUs MU JOTOJHU-
TEJIBLHOr0, BO3HUKAIOIIEro B mpolecce npousBoactsa OB, npu u3rortosieHuu,
npoknajake u MoHTaxke OK. Ognoponnoe OB M0XHO XapakTepu3oBaTh KO3 u-
IIUEHTOM 3aTyXaHHs O — BEJIMUUHOM COOCTBEHHOTO 3aTyXaHUsl HA €AUHUILY JJIU-
Hbl. CoOcTBeHHOE 3aTyxaHue B OB 00ycnoBiieHO JBYyMsl IPUUUHAMU: pacCestu-
emM U noenowjeHuem. JJONOIHUTENBRHOE 3aTyXaHUe B BICOKOKauecTBEHHbIX OB B
OCHOBHOM BO3HHMKAaeT Ha MUKPO M MAakpo M3rudax, KOTOpPbIE BCEra MMEIOT Me-
CTO.

Pacceanue. B nuanazone nanud BoiaH 800-1700 HM moTepu acCUMOTOTHYE-
CKU YMEHBIIIAIOTCS C POCTOM JJIMHBI BOJIHBI, YTO OOYCIIOBJIEHO PEJIEEBCKUM PaC-
cestnueM ceeta B OB. IloTepu u3-3a peseeBcKoro paccesHusl CUIIBHO 3aBHUCST OT
JUIAHBI BOJIHBIL:

ag =y A0, (2.17)
rae s — K03(pPUIHEeHT MpOnOPIMOHATFHOCTH, KOTOPBIM /I BHICOKOKAYECTBEH-
4
HbIX kBapIeBbix OB pasen 0,7-0,9 nb-Mxm /kMm.



Hoznowenue. [Jpyrum XxapakTepHbIM BUJIOM MOTEPH, OKA3bIBAOIIUM BIIMS-
HUE Ha BUJ MPEACTABICHHON XapaKTePUCTHKH, SABIISACTCS TOTJIOMICHUE, KOTOPOE
HOCUT pe30HaHCHBbIA xapakrtep. s pacueta KO3(P(UIIMEHTOB 3aTyXaHus,
00YCJIOBJIEHHBIX PE30HAHCHBIM MOTJIONIEHUEM B KBaplle B MHPPAKPACHOU Oljng
U yIbTpaduoIeTOBOM 0y OOJACTSAX CHEKTpPa, MOXKHO BOCIOJIb30BaThCA Clie-
IYIOMKUMU YIIPOIIEHHBIMU BBIPAXKECHUSMMU:
s =7,81-10" exp(-485/1),  a,, =255-10exp(4,63/1) (2.18)
B (2.18) koaduirenTs! 3aTyXaHus noiaydarcs B 1b/KM, eciid IJTMHA BOJHbBI BbI-
paxkeHa B MKM. [loTepu 3a c4eT pe30HAHCHOTO MOTJIOIIEHUS Oy THAPOKCHIIbHBI-
MU TPYIIaMU U IPYTUMHU IPUMECSIMU MOTYT OBITh MIPUHSTHI CJIETYIOIIUMHU:
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 J1a0OpaTOpPHOM YCTAHOBKM IO 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 dIEKTpUUeCcKOTro nmiylibcea (¥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), KoTopsie MmokaspiBatoT uMIyJbchl 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 JIBa MPUMEPHO OJIMHAKOBBIX UMIyJbca. OauH 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, 3aaepxuBaercs Ha Bpems t3; u ocinablieH-
HbIN 3a cyeT 3aTyxaHusi B OB taxxe nocrymaer Ha OITY. OIIY npeobpazyet
ONTUYECKUE UMITYJIbCHI B DJIEKTPUUECKUE, KOTOPhIE MOKHO HAOJIOJaTh Ha dKpa-
He CO, eciu ANEeKTPUUECKUN UMITYJIbC COBIIAJIAET 10 BPEMEHHU C MUI000pa3HbIM
HaIPsSDKEHUEM pa3BepTKU. MOMEHT 3alycKa pa3BEPTKH OIPENEISAETCS yCTaHOB-
JIEHHOM B Y3 3aJ€p>KKOH, KOTOPYK0 MOXHO MU3MEHSATHh BPYUYHYIO WJIH aBTOMAaTH-
4yeckd. B aBTOMaTM4eckoM peXuME IOHUCKA BBIXOJHOTO HMMITYJIbCa 3a/epiKKa



Bo3pactaeT or 0 10 MakCHUMallbHOTO 3HaueHus. [Iponecc ocraHaBiIMBaeTCs MpPU
MPEBBIIIIEHUHA CUTHAJIOM OIPEJIECJIEHHOI0 YpOBHS (B JIaHHOW 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. [Io U3MEpeHHBIM BeIMUMHAM MOXKHO paccuuTaTh: AiuHy OB L, BHO-
CUMO€ 3aTyXaHU€ Ao, U CPEIHHM KO3(PPUIMEHT 3aTyXaHHs O, JUCHEPCHOHHOE
YIIMPEHUE BBIXOIHOTO UMITyJbca At.

oni
TH W4 [T1T] HO1 0B t
onz2

\l/_ Ur - /\\ ............................ /\ ............ t
y3 & co 2| ony :DT;: HO2 ” ’/‘ /
) /\ N /\ PAANE

a) 0)

Puc. 2.1. CtpykTypHas cxema JlabopaTOpHOU YCTaHOBKH (a)
Y BpEMEHHbIE TUarpaMMsl ee paboTsl (0)

1. AHAIU3 ONITHYECKON CXeMbI

B naGopaTopHoii paboTe mpesmnosiaracTcsi MPOBEICHUE W3MEPEHHUM st
TpEX BApUAHTOB BKJIIOUYEHHUs ucciaeayemoro OB M onTHYeCKHX MaTYKOPAOB B
cXemy J1abopaTOpHOW yCTaHOBKH (puc. 2.2). DTO MO3BOJSCT HCKIIOYUTH I10-
IPEIIHOCTH, OOYCIOBICHHBIE BPEMEHHBIMU 33I€PKKAMU U 3aTYXaHUSIMU B ONTHU-
YECKHX dJIEMEHTax JlabopaTopHOM ycTaHOBKU. [lonaraem, 4To [t U3rOTOBIICHUS
MaTYKOPJIOB M HAINPABIICHHBIX OTBETBUTEJEH UCIIOIB30BAINCH UACHTUYHBIE OB.

HOL 3 5 HOz
CHEMA 1 2 7 8

NOAKARYEHHA oni onz
1 wa (] [T onz 11 —{ ]| enu

f‘

ABE L om 2 H—onz T ons |
NOAKADYEHKA
2 wa [[—] {::: ::;}- —"=1T] ony
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kY

[ e

ong

Puc. 2.2. Orruueckue cxeMbl



Cxema 1. JIna BpemeHu 3a7iepKku U 3aTyxanus BxogHoro OU t3; B cxeme 1

CIIpaBe/IJIUBO:
ta = (Ly + Lo + Lg + Loy + L7 ) Vg1, (2.21)

g =ay(Ly+ Ly + g+ Loy +Lgy)+ap +8p +8p4 +8pg +8p7 +8pg + 8y, (2.22)
rae Ly, Ly, Ly — JJIMHBI COOTBETCTBYIOIIUX MATUKOPJIOB, KM; Log, Lg7 — AJIMHBI CO-
OTBETCTBYIOIIUX IIJI€Y HANPABIEHHBIX OTBETBHUTENEH, KM; Vg1 — CKOPOCTH pac-
MIPOCTPAHEHUs CBETA B MATUKOPJIaX U HAMPABICHHBIX OTBETBUTENSAX, KM/C; Ol —
kod(pdunment 3aryxanus st OB, ucnonb3dyembix B matukopaax OII1, OII2,
OII3 u nampasnenssix orBetBuTessix HO1 m HO2, nb/kwm; api — motepu B i-M
pazbeMe, 1b; ayxy — notepu pazaenenus B HO1, nb.

JInst BpeMeHHM 3aJiepKKU U 3aTyxaHus BeixogHoro OU t3; cripaBeyiinBo

tay = (Ly + Lg + Lo + Ls7 )/ Vs + LNV, (2.23)
ay =Ly + Ly + Lyg + Lsy )+ @y + @,y + @3 +8ps +8y7 +8pg +ay +0l, (2.24)
rae L — nnuna uccnegyemoro OB, km; V — rpynmnoBast ckopocTs, KM/c; Los, Ls7 —
JUTMHBI COOTBETCTBYIOIIMX IUICY HAMPABICHHBIX OTBETBUTENEH, KM; 0L — KOA(-

¢dunmenT 3aryxanus uccienyemoro OB, nb/km; a3 — morepu pasaeneHus B
HOL1, nb.

Cxema 2. ]Ina BpeMeHU 3aJepKKHU U 3aTyXaHus BxogHoro O MoxHo 3a-
MUCATh:

tar = (L + Ly + Ly + Log + Ls7 ) Vs (2.25)

ay =ay(ly+ Ly +Lg+Lys+Lsy)+ay +ap, +apz +aps +ay7 +apg +as. (2.26)

Bpemst 3amepkku M 3aryxaHue BBIXOAHOTO OWM MOKHO ONpPENCIUTH 10

dbopmynam

tagy = (Ly + L + Loy + Lg7 )Ny + LIV, (2.27)

g =on(Ly +Lg+Log+ Lgy)+ay +apy +8ps +8pg +ap7 +8pg +89 +al. (2.28)
Cxema 3. JInst BpeMEHU 3aJICPXKKH U 3aTyXaHHsI HMITYJIbCa CIIPaBEIIHBO:

tas =L /Vg1, a3 =aly +ap +apg. (2.29)

2. Onpenenenue napamerpo OB
1. Onpeoenenue onunvr OB. PaccMOTpUM CIIEIYIONIYIO pa3HOCTb:
tapr —ta1 = L/Vg — Ly Vg = L/Vy —1tg3.
OTtcroa myTeM OYeBUAHBIX MPEOOPA30BAHUIM MOTydaeM
L = (tazs —ta12 +1a13) Vg (2.30)
2. Onpeoenenue 3amyxanusi OB. B naboparopHoit paboTe U3MepsIOTCs am-
TUTATYABI BXOJTHOTO U BBIXOJHOTO UMITYJILCOB, T. €. B CXeMe 1 — BETMUNHBI

Uy =Uq 1072020y =U,,-1072/10 (2.31)
a B cxeMme 2 —
Uy, =U 1072210y =U_,-10732/10 (2.32)

rne Up — ammmtyna ummyibca, popmupyemoro Ha Boixoae MN.



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

a =10Ig(U ;1 /U1 ); 8 =1019(U 30 /Upno) (2.33)
U3 (2.22), (2.24), (2.26), (2.28), (2.31) u (2.32) MOKHO MMOJTYYHUTh:
Q =ay —ay = (a‘p3 _ap4)+(ap5 _ap6)+al(|—23 —Lyy )+ oy (Lsy —Lg7 )+

+(ay3 —ay, )+ (as; —agr )+ al (2.34)
Ay =8y —p = _(apS — 8y )— (apS _ap6)_al(|—23 —Lyy)—an(Lsy —Lg7 )—
—(ay3 —ay)—(as; —ag; )+ al (2.35)

N3 (2.34) u (2.35) cnenyer, uTo 3aTyxaHue uccieayemoro OB MoxHO pac-
CUHTATh 10 BEIPAKCHUIO

aog =aL=05-(a +a,). (2.36)

ONMMCAHUE UHTEP®ENCA TIPOTPAMMHOI'O OGECIIEYEHU S

Hannas nabopatopHasi paborta siBisiercsi BuUpTyanbHOW. [locne 3arpysku
MpOrpamMMbl Ha 3KpaHE MOSBISETCS TEKCT METOAMYECKUX yKa3aHuil. OCHOBHOE
yIpaBJeHUE OCYLIECTBISIETCA (PYHKIMOHATBHBIMY KJIAaBUILIAMU:

F1 — nepexon k pa3aeny «TeopeTuueckue CBEICHUS;

F2 — nonydyenue nHpopmanuu o napamerpax ucciegyemoro OB;

F3 — mepexo K OMMCAaHUIO MOJEIUPYEMOI TaOOPaTOPHOIN YCTaHOBKHU;

F4 — nepexo/1 K NpOBEICHUIO U3MEPEHUI;

F8 — BBI30B KaJbKyIATOPA.

BAPHAHT 35 [IAPAMETPE BOJIOKOHHOI'O CBeTOBOmA,

COOTEETCTBYKIErc BaWleMy BapMaHTy

1. HokasaTenk nOpeJsioMiIeHMsT Ha ocm BC:
Ly= 0.85 Mmkm nl = 1.47263

Ly= 1.3 MM nl = 1.46720

2. lokxasaTens npenomieHmnst obonoukm BC:
Ly= 0.85 Mmxm nl = 1.45250

Ly= 1.3 MM nl = 1.44692

3. Nokxasarens npobpmns: q = 1.920

4. Brauenme dnj/dLy :
Ly= 0.85 MxmM dnj/dLy=-0.01596
Ly= 1.3 MM dnj/dLy=-0.01046

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

NNPO$MIIE NOKABATEJIS MNPEJIOMIEHUA

Ly= 1.3 mxm d A /dLu=0.671 E-3
""" n2 nl 6. XuMMueckuii cCoCcTaB NpMMecCH B MaTe-
r puane ceprLeBMHH BOJIOKHA:
Ge 13.1 mMom. %

Del - BHXO&

Puc. 2.3. Dxpan ¢ mapamerpamu uccienyemoro OB



Ha puc. 2.3 npencraiieH skpaH ¢ mapameTrpamu uccieayemoro MM OB.
Hexotopbie 0003HaueHUsI HA SKpaHE OTIMYAIOTCS OT 0003HAYEHUW B JAHHBIX
METOJUYECKUX YKa3aHUSIX, COOTBETCTBHE MEXK/Iy 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 0CHOBHOM 3KkpaH 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 € ¥ kinaBuieid Enter. OnHOKpaTHOE Ha)kaThe OJHOUN U3
KYPCOPHBIX KJIaBHUIII BBI3BIBAET YMEHBIICHUE (=) UIH YBEIUYCHUE (€) BPEMEHU
3anepKku. VI3MeHeHue BpeMEeHU 3aepKKH IPOUCXOAUT C ITOCTENEHHO BO3pac-
Tarolel ckopoctbo. [Ipu 3Tom n3o0paxenue Ha s3xkpaHe CO cmelaercs BJIEBO
K BrpaBo. OCTaHOBUTH U300paKEHHE B HY>KHBbIA MOMEHT MO>KHO, Ha)KaB KJIa-



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

N3obpaxkenne Ha 3kpane CO MOXKHO TakXe CMeNaTh BAOJb BEPTUKAIBHON
OCH OIHOKPATHBIM HakaTheM KypcopHoil kiasuimu N mmu \. Tlpu sToM m30-
OpakeHrne HayHEeT MepeMEeNIaThCcsl BBEPX WM BHU3 C PAaBHOMEPHOH CKOPOCTHIO.
OcTaHOBUTH N300paKEHUE B HYKHBII MOMEHT MO>KHO, HaXaB KJiaBuily Enter.

MacmrabupoBath u3o0pakenue Ha 3kpane CO MOXKHO, U3MEHSS LICHBI Jie-
JIEHUS €T0 TOPU30HTAJIBbHOM (BpeMs) U BEPTUKAIbHOUN (HampspKeHue) mkan. Jis
3TOr0 HEOOXOIMMO BOCIIONB30BATHCS PeKUMOM «MeHI0» (IIyHKT MEHIO M3mene-

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

CTPOEOCKOIIMYECKMA OCLMILIOT'PA®

BpeMst, Mkc/znen
SHEHNEe I1apaMeTpOE 0.001
y orpele Hanpstxkenue ,B/nen
0.1000
Usmel IsMeHenne macuTaba I
rene no BpeMeHM InuHa BOJIHEI, MKM
UARAN AN RARAN RARES LARE | LAAN MALLE LALAE RARM 1.3000
UsMe T InuTensHOCT:L MM-
[ svenenme Ma 263 i nynbca, MKC
nsieT - St EE TR0 ¥ 0.0010
Haxa u I
KJIaBuu -->mu B/men I
IOnss ocranoBku (0.3 B/men + HOKaBTTS;S npogus
MuTe k1§ 0.1 B/pmen + ’
ENTER. 30 MB/pen L CocTaB mnpumecu
10 MB/pen Ge 13.1 Mon. %
3 MB/gen BpeMst BamepXKu, MKC
Msmenenme napql MB/men
poe BC: 0.1 mB/men MsMeHeHNe CXeMs
F2 - uMBSMEeHUTHL IIOKa- TIOOKJIIOYEHUST
BaTene npobmisz
F4 - MBMEHUTL XMMM- F5 - 1l-s cxema
YeCKMII COCTa®B F6 - 2-a cxema
F7 - 3-3 cxema

Del-BrXOX

Puc. 2.5. Pexxum «MeHIO»

B pexume «MeHto» Takxke MOKHO U3MeHATh napametpsl [' U u MU (myHKT
MEHIO M3MeHeHue napamempos 2eHepamopd uUmMnyibcos) — JIMTEIbHOCTh UM-
MyJibca U NJUHY BOJHBL. Y cTaHoBieHHble mapameTrpsl CO, I'M u UM otobpaxka-
10TCs crpaBa oT 3kpana CO.

IlepexnroyeHrne ONTUYECKUX CXEM Ul IIPOBEACHUSA U3MEPEHUN OCYILECT-
BIIICTCS Ha)kaTheM (PYyHKIIMOHAJIbHBIX KJaBuIl: 1-s cxema — F5, 2-1 — F6, 3-s —
F7. BeibpanHas B TaHHBIIT MOMEHT CXEMa BBIJICISICTCS IIBETOM B OKHE /3MeHe-
HUe cxeMbl NOOKTI0YeHUsl BHU3Y SKpaHa CIpaBa.

B paGoTte MOKHO Takke U3MEHATh mapaMeTpsl uccieayemoro OB — noka-
3arens creneHHoro IIIIIT u crenens nerupoBanus cepaALeBUHBL. {1 u3mMeHeHus
nokaszarens creneHHoro [T ny»xHo Haxate knaBumry F2. [Ipu aToM Ha 3kpaHe



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

BBIIIOJITHEHHUE PABOTbBI

1. ITonyuure y mpenojaBaress 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¢¢unmeHt 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 MapaMeTpbl HEOOXOAUMO C JI0CTa-
TOYHOW TOYHOCTBHIO, B CIIydae HEOOXOJWMOCTH TPOBOJS OKPYTJICHHE TOJIHKO
OKOHYATEJIbHOro pe3yiabraTa. OCOOEHHO 3TO KacaeTcsi pacyeToB Nipg U BCEX ITa-
noB pacuera Dp,. Pe3ynbraTel pacueToB 3anecute B Ta0II. 2.2.

4. I3yuute CTPYKTYpHYIO CXeMy M paboTy J1abOpaTOpHOW yCTaHOBKH, a
TaK)Ke aHaJM3 TPEX BO3MOXHBIX CXEM €€ BKJIIFOUCHHS, B KOTOPBIX OYIyT MPOBO-
muThes m3MepeHusi. OOpatuTe oco00oe BHHUMAHUE Ha TpEaaraeMblii CIoco0
YMEHBIIICHUS TTOTPEITHOCTH PE3yJIbTaTOB M3MEPEeHHMA. ISl MOTydeHus dTOW WH-
dbopmanuy HKMHUTE Ha Kiapuiry F3. BepHuTech B METOIMUECKHE YKa3aHUS.

Tabmuma 2.2
Pe3ynbTaThl TEOPETHUECKUX PACUETOB
UcxonHble NaHHBIE 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 TOpU30oHTaNbHOM 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 Tabm. 2.3. Jnsa mepexoma k 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. PaccuuraiiTe Mo naHHBIM W3MEPEHUH ISl IBYX 3HAYEHHUH JTMHBI BOJHBI
WUCTOYHHKA U3TyUCHHUS

— Ry uccneayemoro OB L o (2.30);

— 3aTyxaHue B 1-# 1 2-i oNTHYECKUX cxXemax 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 mokaszaTensl CTENEeHHOTO Mpogu-
71 (. VIsMepeHus MpoBeAUTE IS IBYX UCTOYHUKOB M3 IyUEHUs, paOOTAIOIINX Ha
mmHax BoH 1,3 u 0,85 mxm. Pesynbrarel u3mepenuii 3anecute B 1abi. 2.4. B
rpady «dopmay 3aHecuTe YHPOILIEHHOE H300pa)KEHHE BBIXOJHOTO HMMITYJIhCa
(puc. 2.7). BOau3u MUHUMAIBHOTO 3Ha4YeHUs t, 1 MakcUManbHOTO 3HaUYeHUs Up,
YMEHBIITUTE Mar U3MEHEHUS (| JJIS TMOBBIMICHUS TOYHOCTH OMPEACIICHUS OITH-
MasibHOTO mokasarens [ITI1.




g

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

3aJHETO

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

N

€CITN JITTUTEIh-
HOCTb TIepeIHe-
ro gpoHTa UM-

IMyJibCa MCHBIIIC
3aJHETO

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(phUmreHT MexMO0BOM aAuctiepcu D min izm:
Cmin = amin/l—’

Amin :10|g(U ml/UmZ)’

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
npodust 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 HA3HAYCHUE U OCHOBHBIC MMapaMeTPHhl.

2. [lepeuncnure 2JIEMEHTHI ONITHUYECKONW CXEMBI J1a00paTOPHON yCTaHOBKH.
OOBsicHUTE WX Ha3HAYEHHWE M OCHOBHbIC MapameTpbl. OOBSICHUTE Ha3HAUYCHUE
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. KonuuectBo Mo B cepaneBune OB.

7. MexmonoBas nucriepcusi. MakcuManbHOE M MUHUMAIbHOE BpeMsl pac-
npocTtpaneHus nydei B OB.

8. OnTuManbsHbIN MPoGUIE TOKA3aTENs MPEIOMIICHUS.

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

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



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

eab padoThI

1. 3y4yeHue 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 BKIOUEHHS ABYX OB ¢ MPOTHUBOIONOKHBI-
MU 3HaKaMu X/I.

3. 3yueHue npoueccoB KOMIIEHCAIlMM WJIM yMEHbIIeHUs BiusHuA X/ B
OM OB c¢ HenyneBoii cMerienHoi aucnepcueit (NZDSF) ¢ moMoIis0 HCTOYHU-
KOB M3JIY4EHUSI C YACTOTHOW 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 yueOuuka Hanpasnsirowue cucmemoi
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'opsauas nunus — 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 CEKTpa AA!

AL = \/Aﬂ*gign + Aﬂ'gour ’ (3:4)

riae Algign — IIMPUHA CHEKTPa ONTUYECKOr0 CUTHANA, 00YyCIOBICHHAS MOLYJISALU-
el (CKOpOCThIO Tiepefiaun); Algoyr — HIMPHUHA CIIEKTPA M3JIYYCHHUS HMCTOYHHKA.
[IlupuHa crnekTpa cUrHaiza MOXET BBIPAXKATbCS HE TOJBKO B HM, HO U B [T
CBs13b MEXKy HUMU ONPEAEIISIETCS BHIPAXKEHUEM

A= 22Af [c, (3.5)
X1 cOCTOUT U3 IBYX COCTABIIAIOIIMX — MATEPUAIIBHON U BOJTHOBOJIHOM:
Dhr = Diat + Dy (3.6)




Ha puc. 3.2 nokazana 3aBUCUMOCTb MaTe€pUalbHOW JUCIEPCUU OT JJIMHbI
BOJIHBI (KpacHas KpuBas). BunHo, 4To MarepuanbHas AUCHEPCHs UMEET 3HAK U
MIPU HEKOTOPOU IJTMHE BOJIHBI A = Agmat IpoxoauT yepes 0.

BonnoBoanas nucnepcus Dy, 3aBUCUT OT KOHCTPYKLIMH U pa3MepoOB 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 3aBHCHMMOCTb BOJIHOBOJHOM IHCHEPCUM OT JJIMHBI BOJHBI JUIS
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 Marepvanspasn
Avcnepcuys

— XpoMmaTtuyeckas o
g Avcnepcus KOTOPOH MaTepHajabHas
5
z Y BOJIHOBOJHAs AucHep-
g 0 CHH PaBHBI 110 MOJIYJIFO U
3 AMEIOT MPOTUBOIOI0XK-
[&]
T 5 BonHosoaHas HbIE€ 3HAKH, T. €. XpoMa-
cC aucnepcus
g TUYECKast THUCIIEpCUs
I
-10 paBHA HYJIIO. DTy JJIMHY
e Norat | | Aop BOJIHBI Ha3bIBAIOT /M-

HOl BOJIHBI HYJIEBOM
XpOMATHYECKON  JHC-
nepcHuu Agp.

Tak kak 3aBHCH-
MocTh Dy(A) critbHO 3aBUCUT OT KOHCTpyKImu OB, BO3MOXKHO B IIMPOKUX TTPe-
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 MEPENauyd W LIIUPHUHBI CIIEKTpa UCTOYHMKA u3iaydeHwus). Ilon
YUIUPEHUEM UMITYJIbCA MOJIPAa3yMEBAETCs BEIUUMHA

At =\t —t2 (3.8)

rae ty u t, — mmrensHocT OM Ha BXoze u Beixoae OB.
s ymmupenust OU At 3a cuer XJI B OB nnuno# L cipaBeyinBo
At =|Dp,|-AL-L. (3.9)
N3 (3.9) MOKHO MOMY4YUTh BBIpOKEHHE NI pacdera X/ mo pesynabratam
AKCIIEPUMEHTAIIBHOTO onpeenenus ymupenns OU:
Dy |=At/(AL-L). (3.10)
C yuerom (3.5) u (3.10) nnst X ]| MOXKHO 3amucaTh:
Dy | = At-c/(af - 22-L). (3.11)
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[nuHa BOMHbI, MKM

Puc. 3.2. Xpomaruueckas aucnepcus B crangaptaom OB



2. Tunbl u1 napamMeTpsl oAHOMOA0BBIX 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 onTUMHU3aIuu AUCIIEPCUOHHBIX MapameTpoB OB Ha JuIiHE BOJHBI
1,55 mxM, Ha KOTOpO#l KBapueBble OB MMEIOT MUHUMANBHOE 3aTyXaHue, ObLIU
pa3paboTtanbl ogHOMO0BBIe OB co cMemnennoi aucnepcueit (Dispersion Shifted
Fiber — DSF). bnarogapst 6oJiee ciiokHOMY MPO(HITIO MMOKa3aTels MPEIOMICHHUS
st OB umerot aucnepcuto Ha A = 1550 am menee 3,5 nic/(aM km). MIx mapamert-
pBI periiaMeHTupyrotcs pekomenganuei MCO G.653.

OB ¢ HenyneBoit cMmeriennoin aucnepeueit (Non Zero Dispersion Shifted
Fiber — NZDSF) 6but1 pa3paboTanbl CHEIUAIBHO Il CUCTEM CIIEKTPATBHOTO YII-
notHeHus. NZDSF ontumu3upoBaHbl TAKUM 00pa3oM, YTO JIJTMHA BOJIHBI HYJICBOM
XJ1 y HAX BBIHECEHA 3a MPEIeibl CIIEKTPAIIBHOTO JUAMa30Ha TUX CHCTEM.

3. HexoTopsblie mapaMeTpbl HCTOYHUKOB M PHEMHHUKOB U3J1y4YeHUsI

[Ipu BBIMONHEHUH JTAOOPATOPHON pabOTHl HEOOXOIUMO MOMHHUTD, YTO OJI-
HOMOJIOBBIM MOJTYNPOBOTHUKOBBIN JIa3€pPHBIM MCTOYHUK W3JIYyUEHUS XapaKTepu-
3yeTcs CIeAyIOIMMHU MapaMeTpamu:

- CpeAHsIs AJIMHA BOJTHBI U3ITyYCHUS;

- IUPUHA CIIEKTPa U3JIyYEHUS,

- MOILHOCTb U3J1y4YECHHS;

- Tapa3uTHAs YaCTOTHAS MOIYJANUS (YUPIUHT), OOYCIOBICHHAS TEM, YTO
peaabHbI UMIYJIbCHBIM MCTOYHUK M3Ty4YEHUS U3MEHSET CBOKO 4YaCTOTy (IJIMHY
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 MOXKET OBITh KaK MOJIOKUTEIbHBIM,
TaK ¥ OTPULIATEIHHBIM.

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

OIMUCAHUE JIABOPATOPHOM YCTAHOBKHU

1. O0ue cBeaeHUA

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

1) HaOop OTHOMOJIOBBIX UMITYJIBCHBIX JIA3CPHBIX HCTOYHUKOB U3TYyUEHHUS 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,

— murtenbHOCcTh OW rayccoBckoit Gopmbl, BeIOMpaeMas U3 Jauara3oHa OT
0.001 no 10 Hc,



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

[ NPCraxasmne SOTHHOCKAX AMNYACOR N0 OfF l&'_w
HCCIEAOBAHHE MPOIECCOB PACITPOCTPAHEHAA ONITHYECKHX HMITY IHCOB 110 OTHOMOJOBBIM BOTOKHAM
PACYET I BHIXOZHOM IMITYThC TIl BOJOKHA 1 THI BOTORHA 2

IEHb! TETEHIA | SForammprse  +| | DCF wesen. OB =l
ATHHA 1 BOJOKHA S0 ks JUTHHA 2 BOJOKHA 18 s
] 003 neizen vi v ; v’
' 1 - 2l | l
j 1 vxBrisea -i T
HCTOYHIE 3T MEHHA
HAYATO OTCUETA ZVSIED BATEIS RETO, W4 Cépoc [
RN [ 1550 o Hoepeame ]
OTCHETH IO Jarvzanue, 26
KYPCOPY Lauresnmocrs munyazca
1 006 e [ 0.0 e :]" 21923
P=3208 ixlt | lup coexTps wayeems hm WMITYIBCA, B
| 0.01 1 - 0,066
nmum NnIy IR

lo =1

Puc. 3.3. Bueurnuii Buj skpaHa 1abopaTopHOi yCTaHOBKH

2) ®oTONpHEMHOE YCTPOMCTBO C KOPPEKIMEN UYBCTBUTEIBHOCTH HA KaK-
JIOM JJIMHE BOJIHBI UICTOYHUKOB U3Ty4YECHUS.

3) Ocuumnorpad, paGoTaromuii B peKUME BHEIIHEH CHHXPOHU3AIMU U
CHa0XEHHBINH QYHKIUAMMU:

— 0TOOpakeHus (POPMbI BXOJHOTO M BBIXOTHOT'O UMITYJIHCOB,

— peryJMpoBKaMH B HIMPOKHUX TMpeEJeNiax IeH JeleHus Mo ocaM X (Bpeme-
HU) U Y (MOIITHOCTH),

— U3MEPEHUS] BPEMEHHU 3aJIEP’KKU BEPIIMHBI BHIXOJHOTO UMITYJIbCAa OTHOCH-
TEJIbHO BEPILIMHBI BXOJHOTO,

— U3MEPEHUS] MTHOBEHHOTI'O0 3HAYEHHUS MOUIHOCTH BXOJHOTO M BBIXOJAHOTO
HMMITYJIbCA C TTIOMOIIBIO Kypcopa, KOTOPBIN MO3BOJISIET BHIOPATh MOMEHT BPEMEHU
110 OTHOIIICHHIO K BEPIIMHE UMITYJIbCA.

4) CucreMy noJiyaBTOMaTH4ECKO 00pabOTKH pe3yJIbTaTOB U3MEPEHHUSI, 11O-
3BOJISIFOIIYIO PACCUMTaTh 3aTyXaHUE U PaCHIMPEHUE HUMITyJbCa B JIMHEHHOM
TPaKTe.

5) JIunelHbIA TPAKT, COCTOSIIUN U3 JIBYX IMOCJIEAOBATEILHO COCIMHEHHBIX
OB nHeckonbkux TUINOB, JauHbI OB MoryT usmeHnstees B npeaenax ot 0 mo 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 kiaBuia «PACUET». BxonHble U BbI-
xonubie OU pacnonararoTcst B IEHTPAJIbHOM YacTH dKpaHa ocuuiuiorpada.

Jliis ynoOcTBa M3MepeHus UTMTENIbHOCTENH BXOAHOrO U BhixogHoro OU ¢
MOMOIIBI0 BEPTUKAIBHOTO Kypcopa YPOBEHb MOJOBUHHON aMIUIUTYbI (MOIIIHO-
CTH) TIOKa3aH TOPU30HTAIBHBIM CUHUM KypcopoM. JlJist n3MepeHHs 0Ty ILIUPUHBI
JUTUTEIbHOCTH BXOAHOTO WJIM BBIXOJHOTO HMITYJIbCOB BEPTUKAJIBHBIA KypcoOp
COBMEIMIACTCS C TOYKON MEpPEeCceueHUs] TOPU30HTAILHOTO Kypcopa U (ppoHTa MM-
nmyjibca. BepTUKanbHBIN Kypcop IMepeMeIIaeTcsl ¢ MOMOIIbIO ABUYKKA Ha TOpHU-
30HTAJIBHOM JIMHEWMKE MO 3KpaHOM ocuuiuiorpada.

3ajepKKa BBIXOJIHOTO HMITYJIbCA IO OTHOUIEHHUIO K BXOJHOMY 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 nKkpaHa ocimuiorpada Takke pacroyiararoTcs NepeKovaTesu 1eH Je-
JICHUS TI0 TOPU3OHTAIILHON M BEPTUKAJILHOM OcsaM ocuiuiorpada.

C mpaBoit CTOPOHBI OT dKpaHa ocuuiuiorpada pacnosararorcs mepeKiIroda-
TEJIM THUIOB JIBYX OJHOMOJIOBBIX OB, KOTOpBIE MO3BOJISIOT BHIOPATH [JIST UCCIIE-
JIOBAHUSL:

— crangaptaoe OB (SF) B coorBeTcTBUU ¢ pekoMmenmanusmMu 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 aucniepcueit (+D NZDSF)
B COOTBETCTBHUU C pekoMeHanussmu MCD G655,

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

— OB gy KOMIEHCAIMK TIOJ0KUTEIBHOM XPOMAaTHYECKOW AUCIIEPCUH
(DCF).

[Ton nepexmouarenssmu tunoB OB pacnonaraioTcsi peryisaropbl, M03BO-
JSIOIINE U3MEHSTD JITTMHBI ABYX HccienyeMmbix OB.

OTMeTHM, YTO peanabHble UICTOYHUKU 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
uccaenyemoM JIOT B noayaBTOMaTHUECKOM pexXUME HEOOXOIUMO:

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



— COBMECTUTh BEPTUKAIBHBIA KypCOp C TOYKOW MEPECEUEHUS TOPU3OHTAIb-
HOTO Kypcopa c orubatronieit BerxogHoro OU u naxate kHONKY «3mMepeHuey;

— MPOU3BECTH OTCYET BEJIMYUMH 3aTyXaHus a (1b) u pacimpeHus: BIXOIHBIX
UMITYJIbCOB At (HC) ¢ 3KpaHa 1a00paTOPHON YCTAaHOBKH.

BBIIIOJTHEHUE PABOTbI

1. UccnenoBanme 3apucuMocTteil K03¢gGpuiiueHToB 3aTyXaHUSA
U XPOMATHYECKOM JUCIIEPCHH ONITHYECKHUX BOJIOKOH OT JJIMHbI BOJHBI

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

Tab6muna 3.1
[IpumepHble 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), vy =Vo +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 COOTBETCTBYIOIIME TE€M, KOTOpBIE HC-
MOJIB3YIOTCS B JKCIIEPUMEHTAJIBHOM ycTaHOBKE. BbIOpaHHbIE 3HAYEHHS TaKkKe
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. YcTaHoBuUTE 33JJaHHYIO LIUPHUHY CIHEKTpa HU3JIydeHUS MCTOYHMKAa AL U
JUIMTENTLHOCTH uMITyJsbca ty. IIpoBeprTe, 4TO YacTOTHAST MOMYJISIUS MUCTOYHHUKA
uznydenus pasaa C = 0.

Tabmuma 3.2
Pe3ynbTaThl IpeiBapuTEIbHBIX PACYECTOB
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 KaHaja 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-
HBIA KypCcOp U OTCUETHI MO IIKaJie BpeMeHH t 1 MoiHocTH P.

7. Haxmure knaBuily «Pacder» M M3MEHEHHEM LIEH JEJIEHUs 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. [ToouepeqHO BBICTABIISAS PACCUYUTAHHBIC JITUHBI BOJH 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,
BbIxoisiiero u3 OBy. Pe3ynbratel u3mepenuii 3anecure B Tadu. 3.3.

Taobmuma 3.3
Pe3ynbTaThl 3KCIEpUMEHTAIBHBIX 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 uMIyJibca t,. [Ipu 3TOM BepTHKANBHBIA KypcOp JOJKEH OBITh
COBMEIICH ¢ MaKCUMAaJIbHBIM 3HAYCHHEM MOITHOCTH. OTCYET 10 Kypcopy I0JI-
*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/t,, a=a/L, &a=At/L. (3.15)

PesynbTaThl pacueToB 3aHecuTe B Tabnuiy 3.3.

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

12. Tlpoananu3upyiite pe3yiabTaThl MOJEIUPOBAHUS 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 oTMeTbT€ BO3MOKHOCThH MCIIOJIb30BAHUS 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
npernojiaBaresieM B yactu 1.

2. K OB tuna SF moaxmrounte mocnenoBarenbHo 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. Mcnonb3ynure nsmepenne BelnuuuH a U At U1 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 105KkHO ObITh MUHUMAJIBHBIM U OTIpeesaeTcss Heo0xo-
JUMOM TOYHOCTBIO JOCTHXeHus 1eiu. I[locnenoBaTtenbHoe MPUOIMKEHUE OCY-
IIECTRIISICTCS IIaramMu, T.e. JUIMHA KomneHcupytomiero OB LK m3mensieTcst Ha
KaXJIOM I-TOM IlIare Ha BEJINYMHY:

7100 B CTOPOHY YBEJIMYEHUS, IMOO B CTOPOHY YMEHBIIEHUS 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 (3.19)



1 MECHSETCA Ha HpOTHBOHOHO)KHBIﬁ, €CJIn
At > At 4 (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 — JonnyCctuMasa JUCKPCTHOCTL ONPCACICHHA JJIIMHbI KOMIICHCUPYIOIICTO

OB, nHampumep, ALy = 100 M (yrounute y npenonaBarens). Paccuuraiite HeoO-
XOJAMMOE KOJIMYECTBO U3MEPEHHH 1O BBIPAKCHUIO
In(L/AL
n> (/—d). (3.22)
In(2)
[TocnenoBarenbHO yCTaHABIMBAS 3HAYCHUS JUIMHBI KoMITeHcHpyromero OB

B COOTBETCTBHMH C IpeJjIaraeMbIM aJITOPUTMOM, ONpEACIsaUTe 3HAaUeHUs a U At
JUTS TISHTpabHOTO KaHana cucteMbl DWDM wu 3anuceiBaiiTe ux B Tadi. 3.4.

Tabmauua 3.4
PesynbTaThl mporiecca nmoadopa onTUMaIbHOU JIMHBI KoMIieHcupytomero OB

Hlar 0 1 2 3 4 5 6 7 8

Lk, xkm 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

Br160op

B sueiiku noia LK 1 AL momecTuTe yncaoBbIe 3HAYEHUS.

4. U3 tabn. 3.4 onpenenure auarna3oH U3MEHEHUS JJIMH KOMIICHCUPYIOIIe-
ro OB, nipu KOTOpPOM pacHIMpeHNEe UMITYJIbCa MEHBIIE UM PABHO JOMYCTUMOMY
3HavueHut0. Bribepure U3 3TOr0 AManasoHa JauHy KoMmreHcupyromiero OB, mpu
KOTOPOW MUHUMAJIBLHO 3aTyXaHHe.

5. Ilpu BeIOpanHO# auHe koMneHcupyromero OB Lk onpenenute Bennun-
Hbl At U a 11 eHTpanbHOM U KpaitHuX JyiuH BojiH cucteMbl DWDM u nomec-
TUTE UX B Ta0m. 3.5.

6. [IppumuTe MOPOTOBYIO MOITHOCTH IIyMa Ha BX0jA€ (OTONMPUEMHOTO YCT-
poiicTBa [t cKopocTH mepenadn By = 1 ['6ur/c pasHoit Pp=10" Br. Onpeneru-
T€ MOPOTOBYIO MOIIHOCTH JIJIsl 33IaHHOM CKOPOCTH NEpeaauu MO BhIPAKEHUIO:

R =Po+/B/By. (3.23)
7. Omnpenenure MakCUMaJbHBIN pa3opoc BennuuH P), At u a Mexny kaHa-
namu cuctembl DWDM. Pe3ynbratel 3anecute B Tadu. 3.5.



8. YuuTbiBasi BEIMUMHY 3aTyXaHMs IJIsl HEHTPAJIbHOIO U KpaHUX KaHAJIOB
DWDM, onpenenute TpedyeMyto Il HUX BXOAHYIO MOILIHOCTb MO BBIPAXKEHUIO:

P, =R -10%/, (3.24)
Tabmuma 3.5
Pe3ynbraThl 3KCIIEPUMEHTAILHBIX HCCIIEI0BAHUI
LK = KM Makc. paz6pocsl
BEJIMYMH MEKTY
X, HM Amin = Ao = Amax = KaHAIaMU
P, MBT
At, 1ic
a, 1b
Po, MBT

3. MccaenoBanne BO3MOKHOCTEH KOMIIEHCALMU XPOMATHYECKOI JUCTIEePCUH
B OM OB ¢ HeHy/1eBOM CMELIeHHOM TUCIepCHeH ¢ MOMOIIbI0 HCTOYHUKOB
U3JIyYEeHHS ¢ YACTOTHON MOXYIsIlIMeH

1. YacTp 3 BBHIMOJHIETCS C UCIIOJIB30BAHUEM MCXOIHBIX JTaHHBIX, 3aIaHHBIX
MPETO/IaBATENIEM B HacCTH 1.

2. lns OB tuma NZDSF onpenenuTte ONTUMAaIbHYIO BEIUYHHY OTHOCH-
TEJIbHON YaCTOTHOW MOAYJISILIUY UMITYJIHCOB (YUUPIMHIA)

C=T¢ - (dew/dT). (3.25)

3. [locnenoBarenbHO WM3MEHSSI BEIWYUHY HWHICKCA YaCTOTHOW MOIYJISIIIMU
UCTOYHUKA U3ITyYEHHUsI, U3MEPSANUTE BEIIMUMHBI 3aTyXaHUsl d U PACUIMPEHUS UM-
nyynbca At nis nentpaibHoro ka"ana cucrembl DWDM. Ucxonanbie naHHbie U
pe3yJbTaThl U3MEPEHUH 3aHecuTe B TabI. 3.6.

Taobmua 3.6
PesynpTaTel mogo0pa ONTUMAIEHOTO YAPIHHTA UCTOYHUKA 3Ty USHHS

Hcxonnbie
NAaHHLIE

Tuo OB
N =

Av =

7\,():

HM
MI L,

L=

A\ =

KM,

B=__

HM

I'our/c

C

—2

-1.75

-15

-1.25

-1.0

—0.75

—0.5

—0.25

0

a, nb

At, 1ic

Br16op

C

0.25

0.5

0.75

1.0

1.25

1.5

1.75

a, nb

At, ic

Bri0op

4. Ilpn BeIOpaHHOM ONTUMAIBHOW BedWYMHE yupnuHra C omnpeeanTe Be-
auauHbl Py, At ¥ a 15 neHTpaibHOW UM KpaHuX JJIMH BOH cuctemMbl DWDM u

[IOMECTUTE UX B Ta0JI. 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 pa3nauuHbIMU cIOCO0aMU KOMITEHCALUA XPOMAaTUYECKON JAUCIEPCUH, YKa-
KUTE UX JOCTOMHCTBA U HEJJOCTATKHU.

COJAEP KXAHME OTYHETA

1. Ucxonuble nanaele. 3anoaHenHas taodi. 3.2.

2. 3anoinHeHHbIe Ta0IUIEI 3.3-3.7.

3. 'paduku 3aBucumocteit At u a ot LK 1i1st ieHTpanpHOTro KaHama.
4. I'paduku 3aBucumocteit At u a ot C I LIEHTPaIbHOIO KaHaja.
5. BeiBObI.

KOHTPOJIBHBIE BOITPOCBI

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

2. HopmupoBannas wacrtota. JlnmHa  BONHBI  OTCEYKU. Y CIOBHUE
OJIHOMOJIOBOCTH.

3. 3aBucuMocTh KOd(puIMeHTa 3aryxaHus OT JUIMHBI BOJHBI IS
paznuuHbix TUIIOB 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 aucniepcuu ajsi pa3Hbix Turnos OM OB.

6. Xpomaruueckas aucnepcus u 3aryxaHue B OB anga kommeHcaruu
XpOMaTUYECKOH aucnepcruu. 3aBUCUMOCTD OT JITTUHBI BOJTHBI.

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

8. Pacuer o0miero 3aryxaHusi JIMHEHHOTO TpaKTa C Y4ETOM 3aTyXaHHs B
komneHcupytomem OB.

9. VBenuuenue 3aTyxaHus! ONTUYECKUX UMITYJIBCOB 33 CYET XPOMATUUECKOU
JUCIIEPCHH.

10. B uem cyTh onTUMaIbHONW KOMIIEHCALIMH XPOMATUYECKON JUCTIEPCUH ?

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




12. YactoTHas Moayisiuusi (YUPHUHT) B UCTOYHUKAX U3IydeHUs. [IpuunHb
BO3HUKHOBEHHUS.

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

14. MatepuanbHass ¥ BoJIHOBOJHas jaucnepcus. CrnocoObl yIpaBieHHUs
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 OOpaOOTKH pPe3yiabTaTOB WU3MEPEHUMN, MOTy4YCHHUE
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 nepeoauu u eénusnus/ 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-onmuyeckux aunevnvix 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 arrenroatopa (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, Bo3aMOKEH PEXUM I00YCPEI-
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 KiIaBuI:

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 [TOOUYEPETHOIO NEepEeKIIIoueHus e BoaH MU ¢
A =1310 na 1550 uM u 06paTHO;

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



HaxaTtue xiaBuil MOPOU3BOIUTCS
IIEJTYKOM MBIIIU Ha BHIOPAHHOM KJIaBUIIIE.

Ha nepenneii nanenu MM 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 HHJAMKATOpa YacTOThI ‘
MOJIYJISILINK UCTOYHHKA, 4K o

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

SH — UHAWKATOP BKJIIOUEHUS PEXKHUMA
nepenaun uHbopMaru 00 yCTaHOBJICH-
HOW JyimHe BoHbI M.

YpoBeHb BBIXOJHOW ONTHYECKOU
MOIIHOCTH B HENPEPBIBHOM PEXKUME W3-
Jy4YeHUsl I0JKEH NPeBbIaTh P = -7 AbM.

HpI/I BKJIIFOUEHHH MOJIYJISALIHH BBI- Puc. 4.1. Baemnwnii Bug v opransl
XOJIHAs MOIIHOCTH YMeHBIHaeTCH HpI/I- yHpaBJICHUA HCTOYHHUKA U3JTYUCHU
MepHo Ha 3 1b.

KparkoBpeMeHHOEe Ha)kaThe Ha KJIaBWINY BKJI/BbIKI BkiIodaeT MU Ha
2 MUH, TIOCJIE YEr0 OH aBTOMATHYECKH OTKIIOYAETCS. DTO TO3BOJISIET YBEIUYHTh
CpPOK HempepblBHOW paboTrel MMM OoT aBTOHOMHOrO HMCTOYHMKA muTaHus. Eciau
yACpKUBATh KIJIABMIIY BKJI/BBIKI Oonee 2 ¢, To MM BkitowaeTcss Ha Heompee-
JICHHOE BPEMSI U MOXET ObITh BBIKITIOUYCH JIMIIb MOBTOPHBIM HAXKATHEM TOU KE
KJIABHUIILIH.

[Ipu BKIIOUEHUHN pEXUMA TOOUEPEAHOTO NEPEKIOUeHUs InH BOJIH U ¢
A =1310 na 1550 HM 1 0OpaTHO NMPOJOJIKUTEIBHOCTh U3JIYUEHHUS Ha KaXJI0U 13
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. OnTH4yecKknii aTTEeHI0ATOP

OA (puc. 4.2) npenHa3zHaueH Jjisi BHECEHHUS B BOJIOKOHHO-ONTHYECKHUIN
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. MakcuMmaibHbIl BXOOHON ypo-
BeHb OA, mpu KoTopoM coxpassitorcss mapametrpel OA, coctaBisier +20 nbm
(100 MBT). 3aryxaHue ycTaHaBIMBACTCS MPH TOMOIIM BPAINAIOMICHCS PYKOST-
K1 1, KOTOpasi MO3BOJIIET U3MEHATHh 3aTyXaHWsl B yKa3aHHbIX mpezaenax 3a 20



000pOTOB. PyKOATKY MOXHO TOBOpAYMBATh HEMOCPEACTBEHHO C IMOMOIIBIO,
«MBIIIN» UJIU C MIOMOIIBIO HAXKATHS «MBIIIBIO» IBYX KJIABUII 2, pACTIONI0KEHHBIX

Puc. 4.2. Buewnuii Bua 1 oprassl
YIPaBJIEHUS ONTHYECKOTO aTTEHI0AaTopa

Ha ’KkpaHe aucruies Huwke OA. Benu-
YyMHa YCTAHOBJIEHHOTO 3aTyXaHUs
oToOpaxaeTcs Ha OyKBEHHO-IIU(-
POBOM SKHJIKOKPUCTAJUTMYECKOM WH-
mukatope 3 (OKKW). Ilpu BeIKITIOUE-
HUW TIUTAaHUW YCTAHOBJICHHAS BEJIH-
YiHA 3aTyXaHUs COXPaHSAETCA, a MpHU
BpAIICHUN PYKOSTKA TIPH BBIKIIO-
YCHHOM TUTAaHWW BEIMYMHA 3aTyXa-
HUS W3MCHSETCS, HO €€ BeIUYHHA
U3MEPUTENI0 0€3 BKIIOYEHUS MUTa-
HUS HE U3BECTHA.

Ha nepenneit nanenu OA Ha-
XOJIATCS TP KJIaBHUIIIH:

Ik — BKJIIOYEHHUE / BBIKIIOYE-
HUE NTUTAHUS;

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

3K — BeIMUYMHA 3aTyXaHUs, OTO-
Opaxxaemas Ha JKKU, Oyner cootBer-
CTBOBATh JUIMHE BOIHBI A = 1550 HMm.

HaskaTrie Ki1aBUII TPOU3BOJUTCS IIEITIKOM MBIIIN HAa BRIOPAHHOM KIIaBHILIE.
Ha nepenneit manenn OA HaxoAsTCs JBa CBETOAUOIHBIX MHAUKATOPA:
lu — BenuumnHa 3aTyXxanus, oroOpaxaemas Ha XKKU, cooTBeTcTBYeT AiivHe

BOJIHBI A = 1310 HM;

2u — BenMuMHa 3aTyXxanusi, oroopaxaemas Ha KK, cooTBercTBYeT Miinne

BOJIHBI A = 1550 aM.

KpatkoBpeMeHHOE Ha)kaThe Ha KIJIAaBHILY BKJI/BBIKI BKiItoyaeT OA Ha
2 MUH, TIOCJIE YeTO OH aBTOMATHYECKU OTKIIIOYAeTCA. DTO MO3BOJSET YBEIUIUTH
cpok HempepbiBHOUM paboTel OA. Ecnu ynep:kuBaTh KJIaBHILY BKJI/ BBIKJI Oosee
2 ¢, To OA BKIIIOYAETCA Ha HEOMNpPENEJICHHOE BPEMSI U MOKET ObITh BBIKIIOYEH
JUIIb TOBTOPHBIM Ha)kKaTUEM TOH ke kiaBuiiu. Mupopmanus o Bkiouennn OA
Ha HeomnpeeneHHoe BpeMst oTobpaxaetcst Ha XKKU cnoom «ITOCT BKJI».
Onrtuueckue pazbeMbl OA 3amIMIIAETCs OT 3arpsA3HEHUs KOJIAyKOM, KOTOPBIN
CHUMAETCS Nepe] IPOBEACHUEM U3MEPEHUN IIETYKOM MBIIIN.

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 - T
ONTUYECKON MOIIIHOCTH Ha Bxoje I111 :
He JokeH mnpesbimats 20 1abm L 00.006mKBT
(100 mBT). Hcnomp3yemblii B Kade-
CTBE YyBCTBHUTEIILHOI'O DJIEMEHTA P-i-
N-GOoTOAMO BHINOMHSACT (YHKUUIO
JUHENHOT0 MpeoOpa3oBaHUsl ONTHYE-

131080 NOCT BKN

5k

1k

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

2K
6K

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

Pesynbrar m3mepenuss B MKBT

Puc. 4.3. Buewnuii Bua 1 opraabl
YIPaBJIEHUS IPUEMHUKA U3JTy4EHUs

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

rae S, — TOKOBas YyBCTBUTEIBHOCTh (Qoroauona. B cBsizu ¢ Tem, dYTO
qyBCTBUTEILHOCTh BCEX KBAHTOBBIX (POTONMPUEMHHUKOB, B TOM 4YHCIE U P-i-N-
($bOoTOANO0B, CUIBHO 3aBUCHUT OT JJIMHBI BOJHBI M3MYyUYEHUS U1 UCKIIOYEHUS
ATON MOTPEUTHOCTH HEOOXOJMMO BBIMOIHUTH ycioBue S,-K, = const mist mo6oii
JUTMHBI BOJTHBI A U3MEPSIEMOT0 U3ITyYeHUSI.

JIIsi ONTHYECKOH CBSI3M B HACTOSIIEE BPEMS MCIIONB3YIOT OrPaHUYCHHBIN
Habop anuH BoiH u3nydeHus. [losromy I1M xanuOpyroTcs mpu MX H3rOTOBIIE-
HUU U NPU OYepeHON MOBepKe (KaJIMOPOBKE) TONBKO I 3TUX JUIMH BOJIH. Mc-
noJsib3yemslil B padote 1M kanuOpoBan Ha cliefyromue JUIMHBI BOJH A, HM: 850,
1300, 1310 u 1550. KanuOpoBKa mpakTUYECKU CBOJIUTCA K PETYIUPOBKE BEIU-
yuHbl K, 110 BeITIOTHEHUA yeaoBus S, K, = const. s nepexiroueHus JyIMH BOJTH
KaJTMOPOBKY MCTIONIb3YyeTCs KiraBuina A (2k) Ha nepenneii nanenu [1H.

JUis moNTy4eHus pe3ynbTaTa u3MepeHusi B 1bM MUKPOKOHTPOJUIEP JOHKEH
BBITIOJTHUTh MaTEMaTHYECKYIO0 OMepaluio jJorapumMupoBanus mudpoBOro 3Ha-
yennsa Nf = U

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



rae No = Ug = P, Sy-K,, — nudpoBoe 3HaueHHe HANpsiHKEHUs, KOTOPOE BO3HUKAET
IpU BXOAHOW ONTHYECKOW MOIIHOCTH, paBHOM P,; P,=1 mMBT — onrtuueckas
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 CMEILIEHUE HYJIS YCUIUTENS (OTOTOKA HAa JAaHHOW JJIMHE BOJIHBI,

4x — ycraHoBKa mo0oro 3apeructpupoBanHoro [ ypoBHs ontuueckoi
MoIrHocTy B kadyecTBe 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 Ki1aBuIl IPOU3BOJUTCS LLIEITYKOM MBIIIN HAa BBIOPAHHOH KIIaBHILIE.

IIpn HaxkaTuu KIaBUIIM 3K U3MEPSETCS YPOBEHb BXOIHOW ONTHUYECKOU
MOIIIHOCTH B AbM wiu B MKBT. [Ipu HaxkxaTuu KiaaBuIK SK U3MEpSIETCS OTHOCHU-
TEJIbHBI YPOBEHb ONTUYECKOM MOIIHOCTH B b MO OTHOILIEHUIO K YPOBHIO IIPH-
HATOMY Hamu 3a 0 1b.

[Tpu pabote co cBouM mrtatHbiM Y BO3MOXKEH peKUM aBTOMATHIECKO-
ro MEepeKIOYEeHUs IMHBI BOJIHBI KanuOpoBku [IM mpu uM3MeHEHHM IJIMHBI
BOJIHBI IM. DTOT pexxum NEeUCTBYET M B TOM Ciydae €CiM JjrnHa BoJHBI 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.

KpartkoBpemeHHOe Ha)xaThe Ha KJIABWINY BKJI/BbIKI BKiItodaeT [IM 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 MOBTOPHBIM Ha)KaTUEM TOW ke kiaBuiu. WHpopmauus 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. OnTuyeckKkune 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-
JeseHuy ee ko3 uienTa 3aryxanus. Bropas kaTyika coaepKHUT BOJIOKHO TO-



ro K€ THUIIa, JJI Hee MO0 U3MEPEHHOMY 3aTyXaHUIO HAJ0 ONPEAEIUTh JIUHY BO-
JIOKHA. 3a/1aya OCJIOXKHSAETCS HATMYUEM MTOTEPh B PA3bEMHBIX COEIUHEHUSIX. DTO
00CTOSTENBCTBO IPUBOJUT K YBEITMUEHHUIO MOTPEIIHOCTH ONpeeaeHust ko3pdu-
[IUEHTA 3aTyXaHus 1-ro BOJOKHA 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 NabopaTtopusa (BapuanT N2O1) 77 =10} x|

® COoSAMHNTE ABYMA NOBOAKAEMA YEPEes aTTEHHAaTop
COBAMHUTD ABYMA NOBOAKAMHA YEPEe3 KaTYLWKY
COBAMHUTE DAHUM NOBOAKOM

[~ 3anpetuTb aHUMauUo

BbiHTH H3 NporpaMMbl

I
l|310MM () # ° |SSONMJ
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Puc. 4.4. Boi6op cxemsl

B pabote ucnonb3yroTcst 3 cXxemMbl U3MEPEHHUS:

- momHoctu MU (puc. 4.5, a), koMaHaa «COSTUHUTH OJTHUM TTOBOJKOM;

- 3aTyXaHUsi B ONTHUYECKOM BOJIOKHE METOJOM PAa3HOCTU YPOBHEU
(puc. 4.5, 0), KOMaH/Ia «COETUHUTH JBYMs MMOBOJKAMH Yepe3 KaTyIIKy». B aToi
CXeMe MO>KHO BBIOpATh BOJIOKHO JIJIsl U3MEPEHHUS: TIEPBOE — KaTyIiKa | WU BTO-
poe — KaTyika 2;

- 3aTyXaHHsl B ONTHYECKOM BOJIOKHE METOAOM 3amelleHus (puc. 4.5, B),
KOMaH/a «COEIMHUTH ABYMSI TIOBOJIKAMH YE€PE3 aTTEHI0ATOP.

BBIITIOJTHEHUE PABOTbI

1. MToaroToBKa Kk padoTte

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

2. BxmrounTe pexuM u3MepeHuss B aOCOTIOTHBIX €IMHUIAX MOIIHOCTHU-
MKBT. [IpoBepbTe cMmenienue Hys Ha AyrHax BojH 1310 u 1550 um.

3. [Ipu manwuuu cMmemenus npousBeaute «yctanoBky O» [IU mpu momo-
I KHOIIKU «BBIOOP pa3MEpHOCTH pe3yJibTaTa u3MepeHus B 1bM uiau MkBT» Ha
JBYX JJIMHAX BOJH. J[Jist TOro HEOOXOAMMO YIepKUBATH 3Ty KHOMKY OoJiee 4 c.

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

5. Brimtounte MU Ha HenpepbiBHYIO paOOTy M YCTAHOBUTH TaKYIO K€ JJIH-
HY BOJIHBI, Kak 1 Ha [1U.

6. YcranoBute pexxum padbotsl MU 6e3 mogynsmuu.
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Puc. 4.5. CxeMbl npoBeieHNs U3MEpPEHUI

2. I3MepeHue MOIIHOCTH U3J1ydaTeJieid, Hcc/ieJ0BaHne
pa3beMHBIX COeUHMUTE el

1. Coequnute N ¢ [I1 ogHUM KOPOTKUM ONTHYECKUM MaTYKOPJOM (KO-
MaHJa «COeTMHUTH OJHUM TTOBOJIKOM)).

2. [lpousBenuTe MHOTOKpATHBIE M3MEPEHHUsI YPOBHEW BBIXOIHOM OMTHYeE-
cKkor MomHocTH m3nyvarened 111 va nByx nnmHax BoaH B 1bm u MKBT nipu oT-
KJIFOYEHUU U MOBTOPHOM ITOAKJIFOYEHMH ONTUYECKOTO MAaTYKOpJa K pazbemMaM
WU u [1N. Pe3ynpTaThl U3MEpeHU moMecTute B Tadm. 4.1.

3. PaccuuTaiiTe /i M3BMEPEHHBIX MOIIHOCTEH M YPOBHEU CpeliHEe 3Haue-

Hue X , cpennexBajparuueckoe otkioHenne (CKO) o u CKO cpennero 3Haue-
HUSI .

_ 1 X 1 N —\2 o
=SS, 0= - S(x-X)P, 00 =2, (4.3)
L3 JN—LJ' Fooo=
rac N — YUCJIIO HpOBe,[[eHHBIX H3M€p€HHﬁ, Xi — pes;yanaTLI OTACJIBHBIX I/I3Mep€-

Hui. Pe3ynbpTaThel pacueToB momMecTuTe B Tad. 4.1.
Tabmnuua 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 ONTHUYECKOI0 TECTEPa U3MEPEHUS MIOBTOPUTE B 3 pEeKUMAX:

- 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 BBIBOJIBI MO MOJTYYEHHBIM 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.

IIponsBenuTe MHOTOKpPATHBIE U3MEPEHUSI YPOBHEU BBIXOAHOM ONTUYECKOU
MoutHocTH u3nyyatenei [11 Yy Ha 1ByX /uiMHaX BOJIH B 1bM IIPU OTKIIFOUEHUH 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 KaTyIllIKy», Katymika 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 pazeemy MU. PesynbraTsl us-
MepeHul nomecTtute 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
Cpennee 3HaUCHHE
CKO
CKO cpennero 3HaueHus

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

LMEHT 3aTyXaHUs O 10 BBIPAKEHUSAM:
a=Y,-Y, a=a/l. (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-
CKOW MomHocTH u3nydarened [IM Ha nByx nnmHax BOiH B A1bM npu OTKIIIOYE-
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, n1bwm, Y1, nbwm, a, nb, o, 1b/xm,
N KOMMyTaIUn 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 3HaUCHHE
CKO
CKO cpennero 3HayeHHst

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

L, =a/a. (4.5)



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

8. It mosryyeHus: IpakTUUECKUX HABBIKOB B MU3MEPEHUSX IMOBTOPUTE U3-
MEpEHUs] BHOCHMOTI'O 3aTyXaHUsl Ha OJHOW JJIMHE BOJHBI, UCIIONb3YSI METOAUKY
3anoOMUHaHMs U OpuHATHS 32 0 1B BXOJHOrO ONTHYECKOr0 YpOBHS (HA BBIXOJE
KOpPOTKOro mnatdykopna). Ilocne ycTaHOBKM HYyJEBOrO YpOBHS M MOAKIIOYEHUS
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 MOTYUYEHHBIM PE3YJIbTaTaM.

HN3MepeHue MeTOA0M 3aMeLLIEHU I

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

2. 3MepbTe ypOBEHb BBIXOAAIIEH W3 TEPBOTO BOJOKHA ONTHYECKOMH
MOIIHOCTH Ha JABYX JIJIMHAX BOJH.

3. BMecTo nepBoro BOJOKHA MOAKIIOYUTE KOPOTKUMH maTykopaamu OA
(koMaHAa «COETUHUTH BYyMs MOBOJKAMH Yepe3 aTTEHI0ATOP») U, U3MEHSS €ro
3aryxaHue, nobeirech Takux ke nokazanuii [IM, koropbie ObUIM MOTYyYEHBI B
0. 2 175 ABYX JUIMH BOJH. Pe3ynbTaTsl u3Mepenuii momecture B Tad. 4.4.

4. IloBTopuTe M3MepeHus 1o nm. 1-3 aJig BTOPOro ONTUYECKOTO 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 n1bMm. Pe3ynbrarsl nsmepenui momec-
TUTe B TAOI. 4.5.

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

nena. 3anumure B Taou. 4.5 nmokazanus [ Y. 1 arTeHtoaropa izm. YBenu-
yyBaiTe 3aryxanue OA 1o Makcumyma. 3anumure B Tadu. 4.5 nokazanus 11
Y min U @TTEHIOATOPA Ar'fﬂT( . IloBrOpuTe N3MEPEHMS HA IPYTOM IJIMHE BOJIHBI.

4. Paccunraiite MUHUMaJIbHOE U MakcuMalibHOe 3aTyXanus OA:

Amin :YO _Ymax’ Amax :YO _Ymin' (4-6)



Taobnuua 4.5

izm izm
JlnmHa Yo, Y max: Ymins in: A\mx ) Amin Amax
BOJIHBI, HM nbm 1Bbm nbMm 1B b nb nb
1310
1550

COJEPXXAHME OTYETA

OtuyeT 1o 1abopaTOpHON PabOTE TOHKEH COIEPIKATD:

1) cxemy u3MepeHus: YpPOBHS BBIXOJIHOTO ONITUYECKOTO CUTHAJIA U3ITy4aTels;

2) cxeMy M3MEPEHHS 3aTyXaHMs B KaTYIIIKE C BOJJOKHOM METOJIOM pa3HO-
CTH YPOBHEM;

3) cxemy U3MEpEHUs 3aTyXaHUs B KATYIIKE C BOJIOKHOM METOJIOM 3aMe-
IIEHUS MPU MOMOIIY aTTEHI0ATOPA;

4) tabn. 4.1-4.5 ¢ pe3ynbraTaMu SKCIIEPUMEHTOB U PacUeTOB;

5) BBIBOJIbI IO MOJYYEHHBIM PE3yIbTaTaM.

KOHTPOJIBHBIE BOITPOCBI

1. OcHOBHBIE mapaMeTpbl MCTOYHMKA M3JIY4YEHHUsS U BBIIOJHSAEMBIE UM
GyHKIHH.

2. OCHOBHBIE TapaMeTphl MPUEMHUKA HU3TY4YEHHUS U BBINOJHAEMbBIE UM
byHKIIH.

3. OcHOBHBIE MapaMeTPbl U3MEPUTENBHOTO ATTEHI0ATOPa M BBITIOJHSIEMBIC
UM (DYHKIIIH.

4. 3smepeHue BHOCHUMOTO 3aTyXaHHWs ONTHYECKHUM TecTepoMm. CpaBHEHHE
METO/Ia CPaBHEHHSI yPOBHEHN M METO/1a 3aMEIICHHSI.

5. Kak BBIMONHSAIOTCS M 00pabaThIBAIOTCS MHOTOKPATHBIE U3MEPEHHS BHO-
CUMOTO 3aTyXaHUs?

6. Kakne Bbl 3HaeTe MCTOUHUKH CHCTEMATHYECKHX W CIIyYalHBIX MOTpeEI-
HOCTeH u3MepeHus: korhduireHTa 3aTyxanus?




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

eab padoThI

N3yuyenue meroma oOpaTHOTrO paccesiHusi, CIoCOOOB OIpeeNeHHs mapa-
METPOB HEOJHOPOJHBIX ONTUYECKUX JUHEHHBIX 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 énusnus/ 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.®. [nacones, J1.H. Kouanos-
ckut, B.B. Iluckynos. — CIIo.: CII6I'YT, 2002.

OIMUCAHUE JIABOPATOPHOM YCTAHOBKHU

1. CocTaB ycTaHOBKH

Mopenupyemast nabopatopHass ycraHoBka (puc. 5.1) cocroutr u3
YHUBEpcalbHOro ontudeckoro pedaexkromerpa (OP), cBapouHoro ammapara
(CA) m nByX OJIHOPOJHBIX OTpe3koB omntuueckux BoyiokoH (OB1 u OB2). B
nporpaMMe  HCIIOJB3YeTCs  TEPMUH  «BOJIOKOHHBIM  cBeToBOm»  (BC).
[TpemycmoTrpensl Bo3mMoxkHOCTH ToakItodeHust OP x BomokonHoMmy Tpakty (BT)
¢ o601 ctoponsl (BC1+BC2) unu (BC2+BC1) u orkimtouenus OP ot BT.

OB1 OB2
or [] O CA O []

Puc. 5.1. CtpykTypHas cxema 1ad0paTOpHON yCTAaHOBKHU

2. OnTnyecknii pediekromerp
Ontnueckuii pedaekromerp (OP) cOCTOMT M3 YETHIPEX CMEHHBIX OITO-
AJIEKTPOHHBIX OJIOKOB M 3JEKTPOHHOTO 0ji0Ka 0OpabOTKM CUTHAJIOB OOPaTHOTO
paccesaus. B kommuiekt OP BXOAsT clieayromiye ONTOdJISKTPOHHbBIE OJIOKH IS
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 HanpasienHoro orserButens (HO), conepxut: crabunu-
3UPOBAHHBIN MO MOIIHOCTH UCTOYHUK KOPOTKUX ONTUYECKUX UMITYJIHCOB U (HO-
tonpuemMHoe yctpoictso (DIIY).

Ucrounuk uznydyenus (M) Bxirovaet: nazepusiii quon (JIJI) ¢ BcTpoen-
HeIM (oromuoaom (DJI) m cucremy crabuiM3alM¥ BBIXOJHOW OINTHYECKOM
MOIIIHOCTH, COCTOSAIIYI0 U3 ycunutens Toka Hakauku (YTH), nucrounuka omnop-
Horo Toka (MOT) u ycunurens toka omuOku (YTO).

OITY Brmrovaer: maBuHHBI Gotoguon (JIDJ[) co crabunm3npoBaHHBIM

ucrtounukom nutanus (UII), ycunurens dotoroka (YDPT) u ycunutenb Hamps-
xenus (YH).

BT
—
Bx | YTH > A >  HO < 2
W W
yTo | ol nopg | M
W
EblX
HoT YOT > yH P——

Puc. 5.2. CtpykTypHas cxema onro3aeKTpoHHoro 0i1oka OP

[Tepronnueckas MOCAEAOBATENBHOCTh KOPOTKUX HUMITYJIbCOB HAIPSKEHUS
noctynaer u3 Oysoka oO6paboTtku Ha oauH Bxoa YTH, xoropsiii mpeobpasyet
BXOJHOE HampspbkeHue B TOK Hakauku JIJ[. Jlns crabunmzanuu BBIXOJHOM
ONTUYECKOW MOIIHOCTH HCIOJB3YETCs NaTdyuk — BCTpoeHHBIM D], ¢doTtoTok
KOTOpOro moctynaer Ha oauH BxoJ YTO, koTopbeiii mpeoOpasyeTr pa3HOCTh
dboroToka u omopHoro Toka or MOT B HampsikeHHe CTaOMIM3UPYIOICH
OTpHUIIATEILHON 00paTHOM CBsI3U, MTOCTyNaroIiee Ha BTopoit Bxoa Y TH.

OnTuyeckue ummyinbebl yepe3 HO nmoctynator B uccneayemsiii BT. O06-
PaTHO PacCesiHHOE U3JIyYCHHUE U OTpaKeHHbIE OT HeogHopoaHocTer BT onruue-
ckue umnyischl uepe3 HO noctymnarot Ha Bxon JID/I, rae mpeodpasytores B ¢o-
toToK. [locnennuit B YOT npeobpazyercst B HanpsixkeHue u ycuuaerca B YH.
Koadpdunuent YH moxxno uzmensts npu HacTpoiike OP.

CrpykTypHas cxeMma 3ieKkTpoHHoro onoka OP (puc. 5.3) BKiItO4aeT rese-
patop ummyiabcoB (I'N), anamoro-uudpoBoit npeodpazosarens (ALII), Mukpo-
npoieccoproe ycrpoicto ynpasieHuss (MIIYY) u ycTpoilcTBO oToOpaskeHus
(YO).



YO BBIIOJIHAETCA HA OCHOBE
CBETOAUOIHON WU KUIAKOKPHUC- M
Tamnyeckon tma”enu. MIIVY
yopaBiasier paboroir ALl w A
MTO3BOJISIET OCYIIECTBIISIT HAKOII-
JIECHUE ¥ 3allOMHHAHHUE CHIHAJIOB 4 BX

MIYY AUN pe———
oOpaTHOTO paccesiHus oT

pa3nuuHbIX Touek BT.

BblX

b

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

I[JUI HaKOINNICHHOI'O CHUI'HaJIa

Un(D), obycnosnennoro ydactkom Puc. 5.3. CtpykrypHas cxema
BT, pacnonoxeHHbIM Ha paccTos- AIIEKTPOHHOTO O110Ka 06paboTku OP

unn | ot mawana BT, MoxHO 3amucars:
1N
Un (1) =13 (Us (1) +Uni), (5.0)
i=1
rae N — guciio HakoruieHui curHana B nanHoi Touke; Ug(l) — mone3nsiii curaan
B JJAaHHOM TOYKe pediekrorpammsr, Uy — OTCUET myma Mpy | HAKOTIJICHHH.
Tak kak myMm Ha Bbixoae DIIY sBisieTca cnmydallHOW BEIMYUMHOM CO Cpeli-
HekBaspaTnyeckuM otkioHeHueM (CKO) G, To oTHOIIEHHEe CUTHAJA K IIIyMy Ha

Berxonae ®PIIY cocraBiser

S/N¢ =Ug(l)/o. (5.2)
[Tocne N HakomnIEeHU OTHOIIEHUE CUTHANA K IIyMY BO3pPACTaeT:
S/Ny =Uy(1)/o=(S/N¢ )-VN. (5.3)

Uucnom HakorieHud B OP MOXHO ynpaBisTh. JlMHaMU4YecKuil Auana3oH
OP, koTopbIii MpeaCcTaBiIseT COO0N BBIPAKEHHOE B JOTapU(MUUYECKUX €TUHUIIAX
OTHOIIICHUE CUTHAIa 00paTHOTO pelieeBCKoro paccessuus mpu | = 0 x mrymy:

D =5Ig(Uy (0)/o)=5lg(Us(0)/c)+2,51g(N), (5.4)
3a cueT HakoruieHus Bo3pactaet Ha 2,5 1g(N), nb.

Jnaamudeckuii nuama3oH OP 3aBUCHUT Takke OT IJIUTCIBHOCTH 30HIU-
pytoiero umnyibca ti. Eciu u3Becten nuHamuyeckuil nuana3zon Dg mpu anu-
TEJILHOCTH UMITyJIbca tjp, OIIEHUTH B MEPBOM MPUOIMKEHUN TUHAMUYECKUHN JTha-
na3oHd D npu npyroii 1uTensHOCTH UMITYJIbCa tj MOKHO MO BBIPAKEHUIO

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

Tunuunas pednexkrorpamma curHaia oopatHoro paccessnus A BT npu-
BeleHa Ha puc. 5.4. Ha Hell MOXXHO BbIJIEIUTh oHOpoAHBIe yyacTku 2 BT (Ge3
HEOJHOPOJIHOCTEHN) C MOCTOSHHBIM KOY(PPUIIMEHTOM 3aTyXaHHUs O, Ha KOTOPBIX
COP nocne norapugmMupoBaHus BBITJISIAUT KaK IpsiMasi IMHUS, HAKJIOH KOTOPOH
ornpeaenseT K03()PHUIHEHT 3aTyXaHUs.



Puc. 5.4. Curnan obpaTHOro paccesiHus

Hapsny c nunelinpiM n3meHeHueM ypoBH COP Ha peduiekTorpamme
UMEIOTCSI 0COOEHHOCTH, OOYCIIOBJIEHHBIE PA3IMYHBIMU HEOAHOPOAHOCTAMHU. Ha-
YJaJlbHbIA BBIOpPOC curHaia 1 BbI3BaH (PPEHEIEBCKUM OTPAKEHHEM OT BXOJHOTO
topua uccieayemoro OB. Kak nipaBuio, on BBoauT @IIY B HackillieHuE, a Bpe-
MsI BBIXOJIa M3 HErO OmnpeenseT BaxHbl napamerp OP — MepTBYIO 30HY, T. €.
paccrosiaue Aly, Ha KOTOPOM HEBO3MOXHO OOHAPYKUTH HEOTHOPOJHOCTH U H3-
MepuTh Kod(dduiueHT 3aryxanus. BeiOpoc curnana ¢ nmepenajgom 3aTyxanust 4
BO3HMKAET MPHU HAJIMYHUU B TPAKTE PA3bEMHOIO COEAMHUTEINS, a TaKXKe MPHU Ha-
JUYMM B BOJIOKHE MAJICHbKMX BKJIFOUEHUU MHOPOJHBIX IMPHUMECEH WM My3bIpb-
KOB BO31yXa. Takue oTpa)KeHUsl XapaKTepU3yIOTCsl BO3BPATHBIMU MOTEPSIMU, KO-
TOpPbIE MOTYT OBITh PACCUNUTAHBI MO BHIPAXKEHHUIO

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

KoadhdummenT otpaskeHus Ay TpaHUIbl pa3/ena KBapi—BO3AyX JOCTHTa-
€T 3HAYuTEIbHOM BenuuuHbl 4% mpu yrie naaeHus 0°. OgHako €ciu MoBepx-
HOCTb CKOILIEHHAs, HEPOBHAS WJIM 3arpsi3HEHHas, KO3PQPUIUEHT OTPAKEHUS MO-
KET UMETh 3HAYUTEIPHO MEHBIIYI0 BEIUYHHY, U OTpa)Ke€HHUE OT OOphIBa WIIU
3anHero topia BT He Bcerna Mo>XHO 0OHAPYKHTh.

Hepa3sbemHuble coenrHeHus: (CBapHbIE, KJIEEBbIE U MEXAHUUECKUE CPOCTKHU
BOJIOKOH), B KOTOPBIX OOBIYHO OTCYTCTBYIOT OTpa)K€HHUs, OTOOpa)xaroTcs Ha
pedbaekrorpamme crymnenbkoit 3. Konenr BT, win ero oOpsIB, onpeaensercs mo
OTPAKEHHOMY OT 3aJJHETO TOPLA UMITYJIBCY 5 U CIEAYIOIEMY 32 HUM Y4YacTKy 6
C PE3KMMH CIy4YalHbIMU IepenajgaMu ypOBHS PErHCTPUPYEMOIO CHrHaja, o0y-
cinoBiaeHHbIMU yMamu OITY.



YIPABJEHUE JIABOPATOPHON YCTAHOBKOM

1. OcHOBHOE MEHIO

OcHoOBHOE MEHIO (pHUC. 5.5) COIEPKUT CIEAYIOUIME MyHKThI (PEXKUMBI pa-
601h1): «ITomomby», «Bapuanty, «Ilapamerps», «Pednexkrorpammay, «CBapkay,
«ITonxmouenne», «Hacrtpoiika» u «Beixoay». Ilocme 3amycka mporpaMmsl, BbI-
OpaB MYHKT FOPU30HTAIBHOTO MEHIO «BapHaHT» KypCOpHBIMU KJIaBUIIAMU YC-
TaHABJIMBAETCS YKa3aHHbBIN MPENoJaBareyieM BapuaHT 3a1anus. Ha skpaH BeiBe-
nenbl napamerpsl OP, 3aganHbIe 110 ymMondannio. I3MeHeHUe MTyHKTOB OCHOBHO-
IO MEHIO OCYUIECTBJISETCS TOPU3OHTAIBHBIMH KypCOPHBIMU KiaBuiamu. O0Opa-
II€HUE K BEHIOPaHHOMY IYHKTY OCYIIECTBIIsIeTCA KiaBuien «Entery.

Knasuwamn <CTpenka Bneso/anpaao> BblﬁepMTe B3pPUAHT W HEMMTE KnaBKWwy <ENTER>

Momowe BapuaHT MapaMeTpbl PediexkTorpamma CeapKka MoaAkNkveHWe HacTpouka BrIX0A

.-.n * Bribop BapuaHTa * K

—11
1
| * NapameTpsl pednekTomeTpa * |
KoadduumeHT ycuneHwa Ky = 100 Peivm npocMoTpa - ob3op
AANTEAEHOC T WMAyAbca Tu = 200 HC AnvHa yyactka L = 25.00 KM
OAUHA BOMHbI LE = 1.30 MKM Havyano otcveta Lo = 0.00 KM
KoHel oTcyeTa LM = 25.00 Km
ONTUYECKUA pasbem - 9/125 MKM
PeXMM HaKoMAeHUs - napannenbHbii likana 3aTyxaHWa - Jorapwgmuyeckas
Yucho HaKonaeHud = 200000 rpadyvpoBka Wkansl - 2.5 g6/aean

Puc. 5.5. I'naBHOE MeHIO

2. 3apanue napamerpos OP

Pexum «ITAPAMETPBI» (puc. 5.6) mo3BoJisieT BBIMTH B MOJMEHIO, KaX-
JBI MYHKT KOTOPOTO MpEeAHA3HAUYEH JIJIsl YCTAHOBKH OMpPEAECICHHOTO MapameTpa
OP. lns nmepemenieHus mMo MOAMEHIO UCTHOJIb3YIOTCS BEPTUKAIbHBIE KYPCOPHBIE
KJIaBuIK. BpIOOp ycTaHaBIMBAEMOTO MapaMeTpa MOATBEPKIACTCS KIIaBUIIECH
«Enter». [Ins ycTaHOBKM KOHKPETHOTO 3HAYEHHUS BHIOPAHHOTO MapaMeTpa TakxKe
UCIIOJIb3YETCS MOJIMEHI0, YIpaBisieMoe Kypcopamu. BeiOpanHoe 3HaueHue ma-
pameTpa noareepxkaaetcs kiasuinei «Entery. [locne yctaHoBKkM 3HaUeHUM Beex
napaMeTpoB Ui BHIXO/Ia B IVIABHOE MEHIO HAXXKMHTE KiaBully «Enter» mpu Bbi-
O6ope myHKTa moaMeHto «Boixomy.



[onuTenbHoCcTy MMAYABRCA TU=200 HC ]

MoMoWs BapuaHT NapameTpsl PegaeKTorpaMma CBapka NoAKAKYEHUE HACTPOWKA BHIXO4

Koag@duUMeHT YCUAEHUA
AANTENbHOCTD MMAYAbCA | ———{AAUTENbHOCTE MMN
AAKHA, y4aCTKA Tu=20HC USLUUHC  Tu=200HC
ANMHA BOHE Tu=500HC Tu=1000HC Tu=2000HC TU=5000HC
Pesin paboTel
PeMMM HaKONNEHMA
ONTUYECKUA paIbem
Paxmm "'OB30P"

BriXoa dnekTomeTpa * |

KoadduumenT PexuM npocMoTpa - ob3op
AAMTRABHOCTE MMOyAbCa Tu = 200 HC DavHa yyactka L = 25.00 kM
NAWHA BOAHLI LB = 1.30 MKM Havano otcqyeta Lo = 0.00 Km

KoHel oTcyeTa LM = 25.00 KM
ONTUYRCKUA pa3beM - 9/125 MKM
PeXMM HAKOMAEHWS - napannenbHbid WiKana 3aTyxXaHuA - Jlorapugmmyeckan
UucAoc HakonneHud = 200000 rpaayMpoBka WKankl - 2.5 AB/Aenn

Puc. 5.6. Hactpoiika pedexkromeTpa

[Tynkt meHto «KodpGUIIUEHT yCUIIeHUs» TO3BOJIIET U3MEHITH K03(Pdu-
nueHT nepegaun YH B OIIY B npenenax ot 0,3 go 10000. IIpu s3Ttom nsmenser-
Csl pacnoJioKeHUe peduIeKTOrpaMMbl Ha SKpaHe B JorapupMuyeckoM maciuraoe,
HO HE MEHSIETCS OTHOLICHUE CUTHANA K IIyMYy.

IIyHKT MeHIO « JIMTENBHOCTh UMITYJIBCA» IMO3BOJISIET U3MEHATH JUINTEIIb-
HOCTh uMITysbca B npeaenax ot 20 mo 5000 He. [Ipu u3MeHEHNN JUIUTENBHOCTH
U3MEHSIETCSl pacIoyioKeHue pedieKTorpaMmMbl Ha dKpaHe B JIorapupMuueckom
MaciTabe ¥ OTHOILLIEHUE CUTHAJIA K IIIyMY, TaK KaK U3MEHSETCS YPOBEHb CUTHAJa
oOpatHoro paccesiHusi. C yBeIMUEHUEM JUIMTEILHOCTH YPOBEHb CUTHANIa 00paT-
HOT'O PacCesHUsl pacTeT, a ypPOBEHb (PPEHEIEBCKUX CUTHAJIOB M YPOBEHb IIyMa
IIPAKTUYECKH HE U3MEHSIOTCS.

ITyHKkT MeHIO «/[nrHa ydacTkay NmO3BOJISET U3MEHUTH NPOTSHKEHHOCTD T'0O-
puzoHTanbHOM mkanel OP. JlocTynHsl cienyromue 3Hauenud: 1, 5, 25 n 125 km.

IIynkT MeHI0 «/lJIMHA BOJHBD) MO3BOJIIET U3MEHHUTH THUII ONTOAIEKTPOHHO-
ro 6moka. [Ipu 3ToM Ju1d 1IMHBI BOAHBI A = 1,3 MKM HEOOXOAMMO BBHIOPATh TAKKe
U TUI onTUyeckoro pazbema 50/125 mxm unu 9/125 MM B myHKTe MeHIO «OnTH-
yeckui pazpem». Il Ipyrux JUIMH BOJIH ONTHYECKUM Pa3beM M JJIMHA BOJIHBI
CBsI3aHbI OJJHO3HA4HO. [I03TOMY TOCTaTOYHO 334aTh TOJBKO JJIMHY BOJIHBIL.

[Tynktr menio «Pexum paboOThD) MO3BOJSAET BHIOPATh MEXKAY JTUHEHHBIM
MaciradboM o ocu Y u sorapupmMuueckuM. BTopolt pexxum paboTel yaoOHEee
IIPY U3MEPEHUAX 3aTyxaHus U noreps. lllkana rpagyupyercs HEMOCPEICTBEHHO
B 1b. B nuHENHOM pexnMe 10 BEPTUKAJIbHOM OCH OTKJIAIBIBAECTCS BEJIMYHMHA Ha-
npsbkeHus: curiana B Bonbrax Ha Beixoge @IIY. Ilocne BbiOOpa pexxrma paboThl



B 9TOM >K€ ITYHKTE BBIOMpaETCs IieHa JCJICHUsI BEpPTUKAIbHOU IIKaibl n1b/aen. B
norapudmuyeckom Macmrade (B npenenax ot 0,25 no 2,5 nb/nen.) u B B/gen. 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 KaKJIOM MU3MEPHUTEIBHOM MEPUOJIE U3MEPSIETCS CUTHAI TOJIBKO
B OJTHOM TOuke peduiekTorpamMMmbl. B kaxmon Touke npoBoautcs N u3MepeHuit
(N moxet m3mensatbes ot 10 go 1000). 3aTeM HauMHAETCS PETHCTPALUs APYTrOn
Touku. OOI1Iee BpeMsi perucTpaiuu | IpsiMO MPOMOPIIUOHAIIBHO YUCTY PETHCT-
pupyembIx Touek M u uncity HakoruieHUu# B Kaxaou 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. OO1Iee BpeMsi perucTpaIiii He 3aBUCUT OT YHCIIA PETHh-
CTpUpYyeMbIX 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 KOJIMYECTBa 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-
peHUsl, 0COOEHHO MPU MOCIIEI0BATEIIbHOM HAKOILJICHHUH.

3. YnpaBJ/ieHue CBapOYHBIM 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 Be160pe nmyHkTa «CKOM» CBapKa, €CJIM OHA Oblia
nepes1 3TUM cJiellaHa, pa3pyliaeTcs, U Ha pediIeKTorpaMMe MOKHO BUIETh TOJb-
ko oxHO OB.

4. YnpapjeHue NoJAKJII0YeHHeM

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

5. 3anmyck u3MepHuTEIBLHOTO MPOoIecca U ynpasBjeHue pediekrorpammoi

Pexum «PE®JIEKTOI'PAMMA» mno3Bossier 3anyctutb OP  Ha
peructpanuto pedaekrorpaMmmbl. OCHOBHOM 1I€JbIO BBIOOpa U 3aJaHUS
napametpoB OP sBusieTrcs moydeHWE HArIAIHON pedreKTorpaMmsbl, 10



BO3MOYKHOCTH CBOOOJHOM OT IIyMOB, IO KOTOPOM MOKHO ONPEEHSITh
[apaMeTpbl HCCIEIYEMOI0 BOJOKOHHOTO TpakTta u camoro OP. DOkpan
pedekTomMeTpa nokaszaH Ha puc. 5.7.

PEPAEKTOT PAMMA

-10.00 L[aE1]

PaccTosiHue un
....... nepenag curHana - -44-
mexay Kypcopamu

L2= 6.250 xm|
|
AZ= —zn.qzzmi

oo

AnAa nepexoaa B pexud "0KHO" naxmure Kna®Bwuay "MPOBEAN™

Puc. 5.7. Oxpan pedrexkromerpa

Jlnst u3MepeHusi ypoBHEH CUTHAJIOB OOpaTHOrO PacCesiHUs U PaccTos-
HUM 10 COOTBETCTBYIOIIMX TOUYEK MCIOJb3YIOTCS JIBa BEPTUKAIBHBIX Kypcopa,
KOTOpbI€ MIEPEMENIAOTCS MPU MOMOIIHM KYPCOPHBIX KJIaBHUIIl KJIABUATYPHI: Jie-
BBIIf KYpcOp — KIIABHIIAMH —> W <—, MPAaBbIil — KiIaBHIaMi | u V. OTCUeTs
paccTosiHUM (KM) U CUTHaJOB oOpaTHOro paccesHus (nb) HaxomsTcs mopd HK-
paHoM ¢ peduekrorpamMmoii. Tam e MPUBOAUTCS PACCTOSTHUE MEXKIY KypCO-
paM# M pa3HOCTh CUTHAJIOB 0OpaTHOTO paccessHus. OOpaTuTe BHUMAaHUE, YTO
Ha dKpaHe pediIeKToMeTpa OTCUET CUTHaja 00paTHOTO paccesHusi 0003HAYCH
OyKkBO# A, B TO BpeMs KaK B JJaHHBIX METOJUYECKUX YKa3aHUSIX dTa BEJIUYHMHA
o0o3HaueHa OykBoi Y.

[IpenycmoTpeHa BO3MOXKHOCTH MOJPOOHOr0 u3ydeHus (pparmeHra ped-
JIEKTOTrpaMMBbl, HAXOJIAIIETOCS MEXKIY KypcopaMu, MPU MOMOIIM HaKaTUs 00JIb-



1IOW KJIaBUILIM Mpodenia. DTOT pexuM padOThl Ha3bIBAIOT «IJIEKTPOHHOM JTyHOM»
WU «OKHOMY (pHc. 5.8).

PEPAEKTOrPAMMA

=10.00 L[aE1l

L1= 4.146 xm L2= 6.229 xm diL= 2.083 xm
Al= -17.6 ab A2= -20.5 aB dif= 2.859 aB

fAnAa nepexoaa B pexim "0KHD" kmaxmuaTe wnaBuuy “MPOBEA™

Puc. 5.8. Pexxum «OKHO»

PexxuM ucnosib3yercst Uisl MOBBIIEHUS] TOYHOCTH U3MEPEHMS pACCTOSTHUI
Y BHOCHUMOI'O HEOJTHOPOJHOCTSIMHM 3aryxaHus. Onepanus BblaeIeHUs (pparmMeHTa
MO>KET BBITIOJIHATBHCS U JJIs1 YK€ BbIOpaHHOTO (pparmeHTa. Bo3Bpar kK McxonHON
pedaexkrorpamMmme ocyuiecTisieTcss yepe3 MeHwo «llapamerps» — myHKT «OO0-
30p». [Ipu HabmroeHnn BHIOpAaHHOTO (PparMeHTa pedIieKTOrpaMMbl MOXKHO I10-
BBICUTh TOYHOCTb U3MEPEHUSI PACCTOSHUNA U BHOCHUMOT'O HEOJIHOPOIHOCTSIMU 3a-
TyXaHHUs.

6. HacTpoiika nporpaMmmsl

Pexum «<HACTPOUKA» mpennazHadeH Jjisi BbIOOpa BbIBOJIa Ha IKpaH
MOHOXPOMHOI'0 WJIM LIBETHOIO HM300pa)K€HUs, AJi1 BKIIOYEHHUS U BBIKIFOYEHUS
3BYKOBBIX 3(DPEKTOB, I MOACTPONKHU MPOrpaMMbl MOJ OBICTPOJECUCTBUE KOM-



nproTepa. s noacTpoiku npy NOMOIIM KYPCOPHBIX KJIABUII MOXHO U3MEHHUTh
3aIEPXKKY.

7. llomomib

B pexume «IIOMOIDb» coneparcss HEKOTOPBIE CBEAEHUS MO YIIPaBIIe-
HUIO JJA0OPATOPHOU YCTaHOBKOM.

BBIIIOJTHEHUE PABOTbI

1. Onpenenenue Tuna OB u noreps Ha BBOJE

B Hacrosiiiee BpeMsi B ONTHUYECKUX KaOeNsX AajbHEH CBSA3M HUCIOJB3YIOT
OB c kBapIeBBIMH CEPAIICBUHON U 000JIOUYKOM JABYX OCHOBHBIX THIIOB: OJTHOMO-
nosbeie OB u mMHoromonoBeie OB ¢ rpaaneHTHBIM IpoduiaeM moka3aTens Ipe-
aomiieHusi. OHU UMEIOT OJIMHAKOBBIN quametp obomouku 2b = 125 mMkwM, HO pas-
HBIM TWaMeTp cepaneBuHbl 2a = 50 MKM U1t MHOTOMOI0BOTO U 2a = §...10 MKM
st oqHoMoA0BOoro OB. KoHCTpyKIMM ONTHYECKUX Pa3beMOB IS Pa3JIMYHBIX
OB mnpakTHuecKy OJUHAKOBBI, YTO MPHUBOAUT K BO3MOKHOCTHU HEMPABUIBLHOTO
noakioueHuss OB k ontuueckomy pediexkromerpy (OP). Hanpumep, monkiito-
yeHue ogHoMonoBoro OB k MHoromoaoBomy Bbixony OP wnm noakirodueHue
MHoromozoBoro OB k onHomonoBoMy Bbixoqy OP npuBoauT K OOJBIIMM HOTE-
psAM Ha BBOJE WM BBIBOAC H3JIyYCHHS, YMEHBIICHHIO IIOJE3HOIO CUTHANIA U
YXYALIEHUIO OTHOILEHUS CUTHajia K mwyMmy. [Ipuyem Oosbline noTepu BO3HUKA-
I0T TOJBKO MPU MEPEX0Jie U3IYYEHUsI U3 MHOIOMOJOBOrO B ojHOMOA0Boe OB.
[ToTepu B nmepBOM NPUOIMKEHUH ONPENEISIOTCS OTHOILIEHHEM IIOIIAIEH Cepi-
1eBHH coeanHseMblx OB (miu KBagpaToB pajnyCcoB) U OTHOIIEHHEM YHCIOBBIX
aneptyp. JlomosHUTENbHBIE TOTEPU HA BBOJIE/BBIBOJE M3IyUEHUS MPH HEMpa-
BUJILHOM coeninHeHn OB ay, 1B, MOKHO OLIEHUTB 1O BBIPAXKEHHIO

ay =10-Ig ™ NAn_ (5.9)
o - I\IAo

rae Im, o — paanychl MHOTOMOJOBOIO UM OAHOMOA0BOro OB COOTBETCTBEHHO;
NAn, NA, — uucioBble anepTypbl MHOTOMOJOBOrO U ogHOMoa0Boro OB cooT-
BETCTBEHHO.

Jlis sKCnieprMeHTanbHOro onpeneiaenus Tuna OB u BelWYMHBI TOTOTHU-
TEJIbHBIX MOTEPh 3a CUET HEMPABWIBHOIO BbIOOpa ONTHYECKOro OJIOKa HEOOXO-
MO MPOBECTH MU3MEPEHUS] YPOBHEHN CUrHaja Ys Ha ONpPEIEeIEHHOM PacCTOSHUU
u myma Y, 3a npegenamu OB Ha ayvHe BOJHBI A = 1,3 MKM IpU JBYX THUMAaX OI-
THueckux pazbeMoB OP (mHOoromomoBom 50/125 MKM W OJHOMOIOBOM
9/125 mkm).

[IpenBapuTENbHO YCTAHOBHUTE CIEAYIOIIME PEXUMBI pabOThl JadbopaTop-
HOU ycTtaHOBKU: nojakintoueHue — BC1+BC2; cBapka — CKOJI U Cleayronue mna-
pametrpel OP: koadp¢unument ycunenus — 100; nnuTenpHOCTh HMITyJbCa —
500 He; nmuHy BosiHbI — 1,3 MKM; peXUM NPOCMOTpa — 0030P; MaKCUMAaJIbHOE
paccTosiHie — 25 KM; peKuM padoThl — JorapupmMuyeckuii; 1eHa AeJIeHUs 110



BepTUKAIH — 2,5 nb/ne.; ontuyeckuii pazbeM — MHOroMoa0BbIid S0/125 mMkM;
PEXUM HAKOIUICHHS — MapaulebHbII; yicio HakorieHuit — 2000,

N3mepenust 10KHBI TPOBOAUTHCS MPU MOMOIIU Kypcopa B TAKMX TOUYKAaX,
B KOTOpbIX HachbillleHue PITY orcyrcTByer. s u3MepeHus: ypoBHs IIymMa Kyp-
COpOM BBIOMpPAETCs MaKCUMAaJIbHBIN IIYMOBOM BCIUIECK Ha pediekTorpaMMme 3a
npeaenamu OB. PesynbTarel u3mMepeHus curaajia v Iyma 3aHecute B Tao. 5.1.

Ta6umma 5.1
HnurensHocth | OnTHYECKHI Yo 1B Yo b ag. 15 S
MMITYJIbCa, HC pazbeM ’ ’ ]
50/125
9/125

Tun noakmtoueHHOTo K OP BOJIOKHA COOTBETCTBYET TOMY ONTHYECKOMY
pazbeMy, IpU KOTOPOM YPOBEHb CHUTHAja MPU OJHOM U TOM K€ PACCTOSHUU
oospie. Ilo pesynbraram M3MepeHUN paccUMTalTe MOTEPU Ha BBOIC/BBIBOJIC
nipu HecooTBeTcTBUU OB 1 ontudeckoro 610ka OP 110 BIpaKEHUIO

g = ‘Ysm —Yso +Yom _Yno‘! (5.10)
r7ie UHAEKCHI «M» U «0» 03HA4al0T MHOTOMOAO0BO€E U oJJHOMOI0Boe OB cootBeT-
CTBEHHO MHJIEKCHI «S» U «N» 03HAYAIOT CUTHAJI U IITyM COOTBETCTBEHHO.

3apucyiite peduexkrorpammbl OB KOHEUHOU JJIMHBI B JIOTapU(MUUECKOM
U JuHelHoM MmacmTabax. OOpaTtute BHUMaHHUE Ha pazinuue ux (popM, a Takxe
Ha Pa3IMYHBIA XapakTep miyMa. YKaKUTE B OTYETE THUI UcIoiabzyemoro OB wu
PaCCUYMTAHHOE IO AKCTIEPUMEHTATBLHBIM JJAHHBIM 3HAYEHUE MTOTEPh Ha BBOJIE.

2. Onpeaesienne ocHoBHBIX mapamerpos OB1 U OB2

2.1. lloaroTOBKA K M3MEPEHUAM

ITocne onpenenennst Tuna OB ycranoBute B pexume «[IAPAMETPLBI»
JUTMHY BOJIHBI A = 1,3 MKM u cooTBeTcTBYyIomui OB Tun ontrueckoro paznema.
[Moaxmnrounte BoIOpanubiii OB u npoBepsTe, uTo B peknme « CBAPKA» Bkito-
yeH «Ckomy. MI3MeHsist INIUTEeNThHOCTh UMITYJIbCa, JJIMHY y4acTKa, JOOEHTeCh Mmo-
JTydeHus pedaeKTorpaMMbl, Ha KOTOPOW BUIHBI: UMITYJIbC, OTPAXKEHHBIN OT Tie-
pennero topua OB, yuactok ogHopogHoro OB, uMIyabC, OTpaKEHHBIA OT 3a]1-
Hero Topua OB u mywmel 3a nipegenamu OB. Ilpu nsmenenuu napametpo OP
YYUTBIBAUTE CIEAYyIOLIEE:

e m3MeHeHue kodpdunuenta ycuwineHnuss OIIY He npuBOIUT K U3MEHEHHIO
OTHOIIICHUS CUTHAJA K IIyMY;

® YBEJIWYEHUE JIJIMTEIbHOCTH HUMITyJIbca MPUBOAUT K BO3PACTAHUIO CHUT-
Haja 0OpaTHOTO paccesHUs M OTHOIIEHUS CHTHAJA K IIyMY, IIPU 3TOM OTPaKeH-
HBII UMITYJIbC U ITyMOBOE HAIPSIKEHUE MPAKTUYECKU HE U3MEHSIOTCS;

® YBEJIMYCHUE YKCJIAa HAKOIUICHUH MPUBOJIUT K YMEHBIIECHUIO IIYMOBOIO
HaIpsHKEHUs, BO3PACTAHUIO OTHOILIEHUS CUTHANA K IIYyMY, P 3TOM CUTHAJ 00-
pPaTHOTO pacCesHUsI HE U3MEHSETCA.




2.2. Onpenenenue auusl OB

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

s onpenenenust anuHbl OB ucnonb3yiTe 11000 U3 JABYX KypCOPOB.
JlnuHa OB cOOTBETCTBYET Haudally MMIYJIbCa, OTPAXKEHHOIO OT 3aJHEr0 TOpua
OB. IloaBoaute Kypcop clieBa K MMIYJIbCY, OTPaKEHHOMY OT 3aJIHETO TOpLa
OB. 3a Hayano uMIyJabca NPUHUMAETCS MOCHEAHSS TOYKA, IIOCIE KOTOPOU 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 KoHUAa OB mmnynbc. Tou-
HOCTh OIIPEJEIICHUSI PACCTOSIHUM BO3PACTAET C YMEHBIIEHUEM JUJIUTEIbHOCTU
uMIyibca. Pe3ynbpTaTel u3aMepeHuil 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 3aryxanust 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@uimeHTa 3aTyXxaHusi Ha OJHOPOJHOM Y4YacTKe
OB (puc. 5.9) HeoOX0AMMO MpHU MOMOIIM KYpCOPOB BbIOpATh 1BE TOYKHU, OT-
CTOSIIIAE APYT OT Apyra Ha pacCTOSTHUU
AL =Ly - Ly, (5.11)
U OINpEeAeNUTh B HUX YPOBHU CUTHANOB Yg U Yg. KoadduuueHnt zaryxanus
o, 1b/kM, paccunTaiiTe 1Mo BBIPAXKEHUIO
a=(Yq —Ys,)/AL. (5.12)
OO1ee 3aTyxaHue Ha OJHOPOJHOM yyacTke a, nb, onpenenure mo BbI-
pPaXKEHUIO
a=al, (5.13)
a TaKkKe Kak pa3HOCTh YPOBHEM CHUTHAJa MEXAy JABYMs Kypcopami,
COBMEIICHHBIMH C MHTEPECYIOIIMMH HAC TOYKAMH.




Puc. 5.9. U3mepenue ko3pduumenta 3atyxaHus

J171s1 NOBBINIEHUSI TOUHOCTHU U3MepeHuid Ys HEOOX0IMMO YMEHbIIATh IIEHY
neneHus 1o ocu Y. Pe3ynbTaThl U3MEPEHUM U pacueToB 3aHECUTE B Ta0JI. 5.2.

3. Onpeaesnenne napamerpos OP

3.1. U3mepeHue IMPHHBI MePTBOii 30HBI

«MeptBas 30Ha» (puc. 5.10) oOpazyercst u3-3a Haceimenuss OIIY. B sroit
30HE€ HEBO3MOKHO MPOBEJCHUE U3MEPEHUM, B YACTHOCTH HEBO3MOXXHO OOHapy-
KUTh Jaxe oTpaxkeHue oT oOpbiBa OB. OObIYHO caMoe 0O0JbIIOE OTpa)KEHUE,
kotopoe Hacelmaetr PIIY, Bo3Hukaer ot BxoaHoro topua OB.

Paznuyaror MepTBYIO 30HY 1m0 0OpaTtHOMY paccesiHuio Alns 1 Mo oTpaxe-
uuto Aln,, kak mokaszano Ha puc. 5.10.

MepTBasi 30Ha MO OTPAXKEHHUIO OMPENEISAETCS PACCTOSIHUEM MEXIY Hauda-
JIOM OTPaXXEHHOTO MMITyJIbca U TOUKOM ¢ ypoBHeM —1,5 nb mo oTHomeHuto
HACBIIIEHUIO. 3a 3TOW MEPTBOM 30HOM MOTYT OBITh MJIEHTU(DUIIMPOBAHBI MOCTE-
IYIOIIME OTpakaTeNbHbIE COOBITHS.

MepTBas 30Ha MO PACCESIHUIO OMPEIENISIETCS PAacCTOSIHUEM MEX]y Hada-
JIOM OTPa)KEHHOTO HMMITYJIbca M TOYKOH C YPOBHEM, KOTOPBIM OTIMYAETCS OT
YpOBHsI cuTHaja oopaTHoro paccessuus Ha 0,5 nb.

JUist u3MepeHusl IMPUHBI «MEPTBOM 30HBD» HEOOXOAMMO PACCMOTPETH B
pexume «OKHO» HayalbHbIA ydacToK pediuekrorpammsbl. [lepea mepexonom B
pexum «OKHO» YCTaHOBUTE MEPBBINA Kypcop Ha paccrosiue L; = 0, BTopoii Kyp-
COp YCTaHOBHUTE TaK, YTOOBI MMIIYJLC, OTPAXEHHBIM OT mepeaHero Topua OB
0Ka3aJiCs MEXIY KypCOpaMHU.



Puc. 5.10. Onpenenenre mMUpUHbI «KMEPTBOI 30HBD)

[IpoBeauTe U3MEpeHUs MUPUHBI KMEPTBOM 30HBDY IO OTPAKEHUIO U pac-
CESTHUIO B 3aBUCUMOCTH OT JJUTEIHHOCTU UMIYJIbCA U JITTMHBI BOJIHBI. Pe3yrbTa-

ThI ©3MEPEHUMN ToMecTuTe B Tabm. 5.3.
Tabmuna 5.3

A, Alms, kM, mipu Tj, HC Alpr, kM, 1ipu Tj, HC

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

1,3

[Tpu m3mMepeHusIx HEOOXOAUMO CIAEAUTH 3a TeM, 4To0sl DIIY He BXoamIo
B HACBIIIEHUE OT PacCessHHOro curHania. [Ipu 3ToM MOKHO OBITH YETKO BUIHO
OTpaXEHUE OT MEPEAHErO TOPIIA.

3.2. I3MepeHne TMHAMHYECKOT0 IMANA30Ha

JInHaMUYEeCKU Auana3oH ONpENeisiIeT MaKCUMaJbHOE 3aTyXaHHWE BOJIO-
koHHOTO TpakTa (BT), mpu KOTOPOM OTHOIIIEHHE CUTHAJIA PACCESTHHOTO OT KOHIIA
BT k mrymy paBHo 1.

JI71s1 SKCIIEpUMEHTAIBHOTO ONPEACIICHUSI JUHAMHYECKOTro auarna3zoHa OP
HEOOXOJIUMO U3MEPUTh YPOBEHb CUTHAJIa 00paTHOTO paccesinus ot Hadana BT Yy
(cpa3y mocine uMIrysbca, OTpaKeHHOTo oT nepeanero topua BT) u ypoBens mry-
Ma Y, orpeaensieMblii 0 YPOBHIO MakCUMaIbHOTO nuka (puc. 5.11). Jlunamuue-
ckuit nuanason D, nb, onpenensercs mo BeIpaxeHUIO

D=Y,-Y,+24, (5.14)




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

Y, ab
Y,

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

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

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

L, EM
Puc. 5.11. 3Mepenne q[uHaMHUYECKOro quarna3oHa
JlnHamMuyecKkuii TUamna3oH omnpenaesiercs Ha amuHax BoiaH 0,85 u 1,3 Mk
st MHOTOMOA0BEIX OB m 1,3 u 1,55 ng omHOMOm0BEIX OB.
Pe3ynbpTaThl M3MEpeHUN AMHAMHUYECKOTO JHMara3oHa OT JJIMHBI BOJHBI A,
JUTUTEIFHOCTH UMITyJIbca T 1 uynciia HakoruieHui N BHecuTe B TabiI. 5.4.

Tabmnuua 5.4
N N 2000 20000
» MM T e 20 200 2000 20 200 2000
13 D. 15

4. U3MepeHue nNoTepb B CBAPHBIX COCAMHEHUAX

N3mepenns mpoBOAsATCS Ha JUIMHE BOJHBI A = 1,3 MKM. YcTaHOBHUTE TIO-
cnenoBarenabHoCcTh noAkatoueHuss OB (BC1+BC2). Capute BOJIOKHA, BKIIIOUKB
pexum «Capka». Yoeaurech no pedaekrorpamme, uro OB1 u OB2 cBapeHsi.
JInsl MOBBIIEHNS] TOYHOCTH U3MEPEHUN UCIIONB3yHTE pekuM «OKHO» U YMEHb-
IKUTE 1eHY JAelieHus 1o ocu Y. s pacnonokeHust ydyacTtka pequieKTorpaMMbl
co cBapkoil mocepeaune skpaHa OP HYXHO M3MEHSATh KOADPUIIMEHT yCUIICHHUS
OIIY 1 IUTENTBHOCTD 30HAUPYIOMIETO UMITYJIbCA.

BHocuMBIE CBapKOUM MOTEPU ONMPEAEIUTE METOIOM TPEX KypCOPOB C JIBYX
koH110B BT, T. e. npu noakiatouenun OP co croponst OB1 u OB2.



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

Ha puc. 5.12 noka3zana tunuyHasi pediekTorpaMma OTpaskarolie Heo-
HOPOJHOCTH, HapuMep 1e(heKTHOro CBapHOIO COeIMHEHUs Win pasbema. [lep-
BBIIl KypCOp yCTaHaBJIMBAKOT B TOYKE, cOOTBETCTBYtoulell koHIy OB1. Emy co-
OTBETCTBYIOT paccTosiHue l; u curnan odparHoro paccestaus Y. Kypcopst 2 u 3
YCTaHaBJIMBAIOTCS Ha OJHOPOoJHOM yudactke OB2. [Ipu 3TOM QuKCHPYIOT COOT-
BETCTBYIOIINE YPOBHU CUTHANOB Yy, Y3 U paccrosiHus |y, l3. 3a morepu B coenu-
HEHUU NMPUHUMAETCS pa3HOCTh ypoBHEH Y, =Y1 1 Y. Touka A HaXoAHUTCS B TOY-

Ke Hayaja CThIKa Ha paccTosHuH |y, a Touka B HaxoauTcs Ha mepecedeHuu Kyp-
copa | ¢ nmpsAMOoii, anPOKCUMHPYIOIIEH CUTHAT 0OPaTHOTO pacCestHUSI Ha y4acT-
ke BT mocie coeauHeHus. ANMpoKcUMAIMs MPOU3BOJIUTCS MO JIBYM TOYKaM,
onpeaensieMbiM Kypcopamu 2 u 3. Kypcop 2 cieayer pacnosiaraTb HEIOCPEACT-
BEHHO IIOCJI€ CThIKA, B TOYKE, KOTOpas JICKUT Ha JIMHEWHOM Yy4yacTKe CUTHaja
oOpatHoro paccesinusi. Kypcop 3 10KeH jexarbh Kak MOKHO Jajiblle OT CThIKA,
HO Ha JIMHEWHOM y4YacTKe CHTHajia OOpaTHOTO pacCesHUS.

Jlns onpeneneHus cpelHuX NoTepp 8, npu cBapke OB u ux cpenHexsan-

patuueckoro otkioHeHus (CKO) npoBeanuTe MHOTOKpAaTHBIE U3MEPEHHUS (HE Me-
Hee 5) moTepb B cBapke. s 3TOro mocie u3MEpeHusl MoTeph B OYEPETHOM
cBapke npousBeauTe ckoia OB u moBTopHYyt0 cBapky. [IpM BO3HUKHOBEHUH aHO-
MaJbHOM CBapKH C OOJBIIUM (PPEHETEBCKUM OTPAKEHUEM MPOBOJUTCS MOBTOP-
Has CBapKa, a aHOMaJIbHasi CBApKa UTHOPUPYETCS.

PesynbraTel u3mepenuii 3anecure B Tad. 5.5.

PaccuunTaiiTe BHOCUMBIE IOTEPU B COEITMHEHHUH T10 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
COCIMHEHUN.

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

Pe3ynbprar pacuera morepb MOKET B HEKOTOPBIX CIIy4asX UMETh OTpHUIA-
TeNbHBIN 3HaK. OTpHUllaTeNbHBIC IOTEPU B CBapke (PU3NUeCcKu HE BO3ZMOXKHBI. Ta-
KOH pe3yJibTaT CBUAETENIbCTBYET O TOM, 4TO cBapuBaeMble OB nMeroT pa3Hbie
3Ha4YeHUs1 KOI(PGUIIMEHTOB paccesHusi W (WJIM) pa3HbIe YHCIOBBIE alepTypBhl.
[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 coequnenusx OB ¢ paznnu-
HBIMH TapaMeTpamMu METOJAOM OOpaTHOTO pacCesHUsS BO3HUKACT METOJMYECKas
MOTPENTHOCTh. J[JI1 MCKITIOYEHUsSI 3TOM MOTPEITHOCTH HEOOXOAMMO TPOBOIUTH
u3MepeHus ¢ IByx koHroB BT, T. e. mpoBecTu /1Ba U3BMEPEHUs: MOTEPh B CTHIKE
npu noakmoueHusx (BC1+BC2) u (BC2+BCl).

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

a5 =Y, =Yz

Y, ab

- S DS .- S S—

|§J
i 1
L, em

Puc. 5.13. PednexkrorpamMmel, 3aperucTpupoBaHHbIe ¢ 000uX KOHIIOB BT

[ToTepu B cThIKE ONPENETUTE IO BHIPAKEHHUIO
a, =05(ay +ag, ), (5.16)
IZi€ g1, As2 — IOTEPU B CTHIKE, N3MEPEHHBIE C Pa3HbIX KOHLOB BT.
Cpennue notepu ag u CKO o(as) onpeaenute no cieayrudM Bbipa-
KECHUSAM:



L S(ag-aF. (5.17)

a, = R
n-14

S|

n
Zasj , G(as):
=1

rje N — 9UCIIO CBAapoK; ] — HOMEP CBApKU; &sj — Pe3yIbTaT U3MEPEHHS ITOTEPh B
J-# cBapke.
Pe3ynbTaThl pacueToB MOMECTUTE B Ta0II. 5.5.

Tabmma 5.5
DKCIepUMEHTAIBHBIC IAHHBIC PaccuuraHHble BEIUUYUHBI
No —
nu3Mep. Homer |1, L2, La, | Ys1, | Ys2, | Ys3, dsi; as, ds, | ofas),
KM KM KM nb ab nb nb nb b ab
1 BCl1
BC2
5 BCl1
BC2
3 BCl1
BC2
BCl1
4 BC2
BCl1
S BC2

5. I/I3MepeHne BO3BPATHBIX MOTEPb B HEOAHOPOAHOCTHA

[Ipu cBapke OB cymecTByeT HEKOTOpas BEPOSTHOCTb BO3HUKHOBEHHS
Ae(PEeKTHBIX CBApOK, KOTOPHIE MPEACTABISAIOT COOOM OTpa)karoline HEOIHOPO-
HOCTH, KOTOpPbIE XapaKTEepHU3YyIOTCsS BO3BpPATHBIMU MoTepsiMu (6). B mannoit na-
OopaTopHO# yCTaHOBKE MPHUMEPHO Yepe3 IMITh YCHEIIHBIX CBApPOK TMOSBISETCS
onHa aedekTHas ¢ oTpaxkeHueM ot mecta cthika OB. Ee HeoOxonumo HailTu, He-
CKOJIBKO pa3 MOBTOPHUB MPOLIEIypbl CBapKU U ckoia OB.

Jlnist ompezeneHus BO3BPaTHBIX MOTeph ¢ momoibio OP momyunrte ped-
JIEKTOrpaMMy, Ha KOTOPOM BHJIEH BBHIOPOC CUTHaJa, 00YCIIOBICHHBIN (PpeHesneB-
CKHM OTpaX€HHEM Y. B pa3beMHOM coenuHeHuu (puc. 5.14). 1ot BEIOpPOC HE
JOJDKEH BBI3BIBATH meperpy3ky DITY, T.e. ypoBeHb Y. NOJDKEH JIeKaTh B Mpejie-
nax skpana OP. Eciu 3TOT ypoBeHb BBIXOIUT 3a MpeEeIbl SKpaHa HEOOXO0UMO
yMeHbIINTH Kodhdunrent ycunenuss OITY. 3atem no pedaekrorpamme nusmepb-
T€ YPOBHH cHWrHaia obpatHoro paccesHus Ys u Yg. Pe3ynbTarel uaMepeHwuii 3a-
HecuTe B TabI. 5.6.

PaccunraiiTe BO3BpaTHBIE MOTEPH O BHIPAKEHUIO:

ag=—2Y,, —101g(t; /tio)~101g[L0"=~"s)® _1), (5.18)
rae Ysp — OTHocuTeNnbHbIN ypoBeHb COP npu IIUTENbHOCTH 30HIUPYIOIIETO M-
nmyJibca tio; ti — IIMTENpHOCTD 30HAUPYIOIIEr0 UMITYJIbCA, IPU KOTOPOH Oblia 3a-
peructpupoBaHa pedieKTorpamma.

s tip = 1 HC TUNMYHBIC 3HAYCHHS 3aTyXaHHs 0OpaTHOTro paccessHus Y
it ctangapTHeix OB nmpuBenens B Ta0m. 5.7.




L., kM

Puc. 5.14. Meroauka usmepeHus BO3BpaTHBIX IIOTEPh

Tabnuua 5.6
tj, HC Ys, 1b YF, 1b ag, 1b
Tabnuua 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

OtueTt 1o J1abopaTOpHON PadOTE NOTKEH COACPIKATh:

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
30HUPYIOIIKUX UMITYJIbCOB.

4. OTHOIlIEHUE CUTHAJIa O0pPaTHOTO paccesiHus K 1IyMy Ha pedeKkTorpam-
Me, 3apeructpupoBanHoil OP. Jlunamuueckuid nuamna3od. Hakormienue curnana
00paTHOTO paccesHHUs.

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

6. PexxuMbl HakorieHus1 curHana oopatHoro 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 BBOJIE.

9. Ompenenenne bl OB U paccTosSHUS 10 HEOAHOPOAHOCTH. McTOUHU-
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 quuamuyeckoro auamnazona OP no 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 COCAMHEHMSX OT paJualbHBIX M OoceBbIX cmeniennit OB. MccnemoBanue
CTAaTUCTUYECKHUX XAPAKTEPUCTUK IOTEPH B CBApPHBIX COEAUMHEHUsSX. M3yueHue
MPUHILIUIOB JEHCTBUS U MOJyYEHUE HABBIKOB B pabOTE C ONTUUYECKUM pedIiek-
TOMETPOM, BAaTTMETPOM, CBAPOUYHBIM aAIIIAPATOM.

IHoaroroBka k padore

[Ipu noaroroBke Kk paboTe NOMKHBI OBITh U3YUYEHBI:

1) pazgensr 8.3, 8.4.1, 8.4.2 yuebnuka 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-
opeesa. — T-e uz0., nepepab. u oon. — M.: I'opsuas munus — 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 ynipaBJieHHE

PaGora mpencraBnser co0oil BUPTYalbHYIO JIa0OPAaTOPHYIO YCTAHOBKY.
VYrpaBieHue oOcCymecTBiIseTcsl (PYHKIIMOHAIBHBIMU KJIABUIIAMHU, 3HAYCHUE
KOTOPBIX 0003HAYEHO B IJIaBHOM MEHIO:

F1 — Bo3BpaT K BEIOOPY BapHaHTa;

F2 — onncanne mabopaTOpHON YCTaHOBKH;

F3 — mporpamMma uccneoBaHui;

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 JJisi OJKCICPUMEHTAIBHOTO HCCIIEIOBaHUS
NOTEepPh B Pa3beMHBIX W HEPA3bEMHBIX COCAMHEHUSX COICPKUT: ONMTUYECKUIN



pedaektomerp (OP), cBapounsiii amnmapatr (CA), BaTTMETp NPOXOIsIIEH
MorHocTH (B), uccnenyemsie ontuueckue BojokHa (BC1 u BC2).

and BWEOPA CXEMM WMCCNEAOBAHMA MCNONB3YHTE TOPH30OHTANBHWE KYPCOPHWE KNABMIMW
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 Q B op Q Ca Q B

cxema 21 cxema 22
Bubepute cxemy m HaxmmTe ENTER

Puc. 6.1. Bei6op cxembl 1a00paTOPHOI YCTaHOBKU

[Ipm nccnenoBaHusX MOTEPH UCTIOIB3YOTCA 2 BUJIA CXEM.

Cxembi 1 (pasnoBuanoctu 10, 11, 12) npenHa3HaueHsl A1 ONPEACICHUS
BHOcuMoOro 3aryxanus B ucciaegyemoix OB (BC1 u BC2) u kopoTkom natukopje
BCO ¢ nomompto B, a takke nnuHbl 1 Ko3ddUIIMEHTa 3aTyXaHUsI B UCCIIEAYe-
Meix OB (BC1 u BC2) ¢ nomompsto OP. OP BbinonHser GyHKIUU UCTOYHUKA
U3ITyYEHUs TIPU U3MEPEHUSX MPOXOASAIIeH MOIIHOCTH, a TaKKe MO3BOJISET Ha-
omonateb pedaexkrorpammsl uccienyemoix OB (BC1 u BC2).

Cxembl 2 (pa3HoBUIHOCTH 21, 22) npeaHa3HaAYEHBI JJI ONPEIEICHHS T10-
TEpPh B Pa3bEMHBIX U HEPA3bEMHBIX coeIMHEHMIX OB Kak B mpoXoJsIueM CBETE
¢ nomoipio B, Tak u B paccessHHOM cBeTe ¢ momolsio OP. OP mno3Bossier Ha-
omonath pedrekrorpaMmmbl BoslokoHHOTO TpakTa (BT), cocrosimero u3z asyx OB
(BCI u BC2), koHIIBI KOTOPBIX, OCBOOOKIEHHBIE OT 3AIUTHBIX MOKPBITUH, MO-
MEILIEHbI B FOCTUPOBOYHOE ycTpoiicTBO CA.

BriOpanHas B JaHHBIM MOMEHT cXeMa 0003HavyaeTcsl Ha SKpaHe paMOYKOH,
BBIOOp JIPYTOl CXEMBI OCYIIECTBIIICTCS KYPCOPHBIMHE KIIABUIIAMU = U €.

3. CBapouHnblii anmapat

CA (puc. 6.2) npeaHa3HayeH ISl CBAPKU MHOTOMOJIOBBIX KBapiieBbix OB
AAEKTpUYecKO yroil. OH COAEPKUT YCTPOMCTBO ISl 3aKPEIICHUSI CBapUBae-
Mbix OB 1 Manunynstopsl ajist ;octTupoBku OB mo AByM B3aUMHO HEPIEH]IU-
KYJISIPHBIM OCSIM M BJ10Jb ocu OB. [lns uameHenus cMmetieHus no ocsim X unu Y
HEOOXOAMMO OJHOKPATHO HaXXKaTh COOTBETCTBYIOIIYIO KiaBuimly (X wim Y), a
3aTeM KYPCOPHBIMHU KaaBumamu N u V' ycTaHOBUTH HEOOXOAUMOE CMEILEHHE.
JIist u3MEHeHHs cMeleHust 1o ocu Z HeoOXOAMMO OJHOKPATHO HAXKATh KJIABHU-
uy Z, a 3aTeM KypPCOPHBIMH KJIaBHIIAMU —> M € YCTAHOBHTH HEOOXOIUMOE



cmemenue. Makcumanbnbie iepemenieHuss OB B CA coctaBisioT: mo ocsiMm X u
Y or —60 mo +60 Mxm; o ocu Z ot 0 10 240 MKM.

[Tonb3ysich FOCTUPOBOUYHBIM yCTpOHUCTBOM CA, MOXHO ONpPEACNATh 3aBU-
CUMOCTHU NOTEPh B Pa3bEMHBIX COCIMHEHUSAX B 3aBUCUMOCTH OT paguaibHbIX U
OCEBBIX CMENIEHUH CThIKyeMbIX OB.

x ;mkm
Texyume
-1 68 MNapameTpu
— 18
-1 -68
y , mkm Cmenenme no X
T 6a &  nkn
____—————___'B Cueyenne no Y
-68 8 nkn
Cmenyenne no Z
=|Ill=lll H\z,mkm 48 nkn
8 860 168 248

fint M3MEHEHWA MECTONDNOMEHWMA CBETOBOLOB MO OCAM HAMMMTE COOT-
BeTcTByoume Knasmuw X,¥,Z ,a 3aTeMm cTpenkaMM Kypcopa nepeMec-—
TMTe ceerobop. lepen csapxon BC Heobxogvmo MX oTnoCTMpPOBATB M
YCTAHOBMTE Ha paccrToAaHwe 40-58 mxMm no ocw Z. [lnA onnaBneHMA
xoHyos BC naxmure — 0. [lnn cxona ceapHoro coeguHenHmna — L.

Buxon B metogvueckuwe ykasanma — ESC.

Puc. 6.2. Dxpan cBapoyHOTO anmapara

JUts cBapKM HEOOXOAUMO IMpPEABAPUTENILHO CBECTH cBapuBaeMble OB Ha
paccTtosiHie He 6ojiee 50 MKM U MPOM3BECTH NPOLEAYPY OIUIABIECHUS UX TOPLIOB.
OmutaBnenue ocymiecTBisieTcss HaxarneMm kinasumu O — «omnay. [locae atoro
MOXHO cBapuTh OB HakaTueMm KIaBUIIM S — «CBapkay. Pa3pymmuTh cozmaHHOe
CBapHOE COEAMHEHUE MOKHO, HaXKaB KiIaBuIly L — «ckom».

IIpoBOAs MOBTOPHBIE CKOJIBI U CBAPKH, MOYKHO ONPENEIUTh CTAaTHUCTHYE-
CKHME XapaKTEPUCTUKH NOTEPh npu cBapke OB.

4. U3mepuTeabHbIe NPUOOPHI

N3mepennst mpoBOAATCS B MPOXOASAIIEM M paccestHHOM cBeTe. Kak yxe
OTMEUaJOCh BbIIIE, B pabOTEe MCIONB3YIOTCS JBa MPUOOpa — ONTHYECKHUU ped-
nexromeTp (OP) u BaTTMETp IpOXO0A1IEN MOIIIHOCTH.

Ucnonb3yemsiit OP (puc. 6.3) umeer cineayroniye napaMmerphbl:
JUTMHA BOJHBI A = 1,3 MKM;
IIEPUOJ CIIETOBAHUS 30HINPYIOINX UMITYJIbCOB 1y = 100 MKc;
MaKcUMaJIbHOE paccTosHue Ly = 10 km;
MOIITHOCTh, BBojuMas B BC, Py = 20 MBT;
JUIMTENBHOCTD 30HANPYIOIINX UMITYJIbCOB B npenenax t = 50...500 He;
ypcno HakoraeHu N = 2000...20000;



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

ONTHYECKHA PEGNEKTOMETP

Orcuer [ Himennemue
Mapkepa napaMeTpu
P- -7.08 b || Yu= 1.2 gb

L= 1.486 xm l Ti=208 nc
— N= 280080
flnvHa BonHW
lleva penexnma 1.38 mkm
dP= 2.8 pb NoxasaTenn
dL=1668.8 » | NpenoMneHua
f 1.50600

flnA onpefeneHWA 3HAUEHWA GUHKUMM NEPEMECTMTE MAPKEPHUYW NHWHMYW CTpenkaMd Kypcopa.
[lna n3MeHeHWA napaMeTpoB HaxmuTe Knaswuy F4.Pewxmwm o63op — F6. Pexwm okno - FS.

Battmetrp — PgDnm, flnn Buxopa — ESC,

Puc. 6.3. DxpaH oNTHYECKOTO pedieKTOMETpa

Ha sxpane OP ummeeTcss Kypcop, KOTOPBIH MOXKHO TEpEeMEIaTh Kypcop-
HBIMH KJIaBHIIaMU = ¥ €. OTCYeThl CUTHAJa 00OPaTHOTO PACCESHUS U PACCTOS-
HUSI, COOTBETCTBYIOIIHE TOJIOKEHHUIO Kypcopa, 0TOOpaKaroTCs CIipaBa OT dKpaHa
OP.

N3menuts HacTpoiiku OP MOXHO B pekMMe KOPPEKIIUH MapaMeTpoB, KO-
TOPBIN BBI3bIBACTCS HaxaTueM kiaBuiid F4. MoXHO M3MEHATH 1LIEHY JICJICHUS
BEPTUKAJILHOM 1IKaJbl (MyHKT [Jena Oenenus no Y (0b)), koapduimeHt ycuie-
Hus (myHKT Cmewenue no Y), IIATEIBHOCTD 30HAUPYIOIIETO UMITYJIbca (ITyHKT
Jnumenvrocms umnynvca (1c)), YACI0 HAKOTUICHUH (IYHKT Yucno naxonienuil).

Taxxxe nMeeTcss BOZMOXKHOCTh PAacCMOTPETh JTHO00W ydacTOK pedaeKTo-
rpaMMbl, HAYMHAS OT TEKYIIEro MOJOXKEHUs Kypcopa B pexume «OKHO», KOTO-
PBIM BBI3BIBACTCS HAXKATUEM Ki1aBuiuu F3S.

Bartmerp npoxoasiieit momHocTy (puc. 6.4) mpeaHa3HaueH sl U3Mepe-
HUS MOITHOCTH W3TydeHus, mpoxojsmiero yepe3 BT. On nmeer nudpoBoi oT-
CYET U CHUCTEMY aBTOMATHYECKOTO TICPEKITFOUCHHS TISTH THAMa30HOB H3MEPEHUSI:

1-# nuanmazon — 10...100 mxBrT;

2-11 nnana3zoH — 1...10 MxBT;

3-# nquanaszon — 0,1...1 MkBT;

4-i1 mmanas3od — 10...100 BT,

5-#1 nuamazon — 1...10 uBT.



Pa3pemaromas cnocodHocTh Ha nsiToM Auana3zone — 1 nBr. IlorpemnocTts
n3Mepenust MmorrHoctd B cocrasisier dP = 0,005-P + 0,01, uBr.

BatTTMeTP nNPOoXoAAlled MOUWHOCTH
C ABTOMATHHECKHMM NEepPeKAWnYeHHeM
AMANAZIOHOE HIMEPEHMA.

AAnMHA BOAMHEH KANHMBEPOBKHM Lw = 1.3 MKM

‘ 18. 086 MKBT

‘ -19.9% Abm

PemnexktTomMeTrer — Pgln.
Buxon — ESC.

Puc. 6.4. Dxpan BarT™METpa

5. U3menenue napamerpos OB u OP

Jlnst yrmyOGneHHOro M3y4eHHs MEeTo/la OOpaTHOTro paccesHus B pabote
MpeayCMOTPEHA BO3MOKHOCTh U3MeHeHus napamerpoB OB u OP (puc. 6.5). [Ins
OP umeetcst BO3MOXHOCTh U3MEHUTH JIMHY BOJHBI (1,3 wiu 0,85 MKM) U dKBU-
BaJICHTHBIN Moka3arelnb npenomieHus (ot 1,400 no 1,600).

st Bomokon BC1 u BC2 M0XXHO U3MEHUTb:

e kod(hdummeHT 3aTyxanus B npeaenax +10% ot 3a1aHHOTO BapUaHTOM;

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

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

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

BBIITIOJTHEHUE PABOTbI

1. KaaunOpoBka ucrounuka usiaydenus OP
B cxemax 1* mpoBenute M3MepeHHs] ONTHYCCKON MOIHOCTH (nbm) mmst
BCEX JUIMTENIIBHOCTEN 30HAUPYIOLIETO HMITYJbCa Ha BBIXOAAX: ONTHYECKOTO

natukopga BCO (P19, cxema 10) u nsyx OB (BC1 (P11, cxema 11) u BC2 (P12,
cxema 12)). IIpenebperast nmorepsimu B narukopae BCO, onpenenute BHOCHUMOE

3aTyXaHue daj1 ¥ ai2, 1b, B BookHax BC1 u BC2:
a =0y LL=Fy-F,, a,=0,-L, =R, —Py. (6.1)
Pe3ynbpTaTel ©3MEpPEHUI U pacyeTOB MOMECTUTE B Ta0II. 6.1.
Tabmura 6.1



tj, HC P10, 1bm P11, nbm P12, nibm ai1, 1b a2, 1b
50
100
200
500
H3IMEHEHHE NaAPAMETPOB BC H OP
NapameTrpm OP
[lnMHA BONHB, MEM: 1.38 MNoxasaTene NpenoMNeHHA : 1.588
——— HsameHenme napameTpos BC1 —— —————— [lapameTpm BCZ
1. Kos¢gpuumenTt 1. Kosg¢gpuumenTt
saTyxanHmna, b/ xm: B.553 saTyxanHma, b/ xm: 0.548
2. [namerp 2. [Inamerp
CEPAUEBMHB ; MKM 7 58.5) CEPAUEBMHB ; MKM: 49.95
3. Yucnosar aneprypa: B.208 3. Yucnosar aneptypa: B.2080
4. O6paTHOE PpacceAHMe 4. O6paTHOE PpaccefHve
np T = 1 He, pb: —-38.2 np T = 1 ne, pgb: —-38.2
KypcopHeMM KnaBMuaMM BeHbepuTe HUKHBA napameTp M Hawmmmre ENTER
Ormena - ESC
Buxog - F4

Puc. 6.5. Dxpan n3menenus napamerpos OB u OP

2. UccaenoBanue BT ¢ momombio OP

2.1. Onpenenenue 1annsl OB

B cxemax 11 u 12 onpegenute ¢ noMouipro Kypcopa ArHbl BOJIOKOH BC1
u BC2. Inuna OB coOTBETCTBYET Hadally UMIYJIbCa, OTPAXKEHHOTO OT 3aJHETO
topua OB. Kypcop nmoasoaures cieBa K 3TOMY MMITYJIbCY. 3a Ha4aJIO0 UMITYJIbCa
IIPUHUMAETCSA TOYKA C MUHHUMAJIbHBIM CUTHAJIOM. JlJIsi yBEIWYEHUS TOYHOCTHU
M3MEPEHU HeOOXOAMMO MEPEHTH B peKUM «OKHOY». [lepen aTum Kypcop HeoO-
XOJMMO YCTaHOBUTH CJeBa Ha paccTtossHuu MeHee 500 M oT uHTepecyromero Bac
ydacTka peduieKTorpaMMbl. TOYHOCTH OIpeneseHUs] PacCTOSIHUM BO3pPACTaeT ¢
YMEHBIIEHUEM JUTUTEIBHOCTH 30HANPYIOLIEr0 NUMITYJIbCA.

Pe3ynbraTel u3mepenuil 3anecure B Tadu. 6.2.

2.2. Onpenenenne kodpuuuenra 3aryxanuss OB
s ompenenenus kodduimenTa 3aTyxaHusi Ha OJHOPOAHOM YYacCTKe
OB (cM. nabopatopHyto paboty 5, puc. 5.9) HE06X0IUMO TIPU TOMOITH KypPCO-
POB BBIOpATh ABE TOUYKH, OTCTOSIINE JPYT OT JApyra Ha pacCTOSTHUE
AL =Ly —Lq, (6.2)
U ONpENeNUTh B HUX YPOBHU cUTHANOB Yg U Yg. KoadduiumeHnt zaryxanus
o, 1b/KkM, paccurTaiiTe 10 BBIPAKCHUIO

a=(Yq —Ys )AL, . (6.3)



OO011ee 3aTyxaHUe HA OJTHOPOJHOM YYaCTKe d, ONPEACIUTE 10 BRIPAKCHHIO
a=oal, (6.4)
a TaK)Ke KaK pa3HOCTh YPOBHEH CHUTHAJIa MEXIy JABYMS KypCOpamMH, COBMEIICH-
HBIMH C HHTEPECYIOIIUMH HAC TOUKAMH.
JI71st TTOBBIIICHHST TOYHOCTH M3MEPEHHH Ys HE0OOXO0AUMO YMEHbBIIATh IIEHY
neeHus 1mo ocu Y. Pe3yibTaThl H3MEPEHH U pacyeTOB 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 MOTEPh B pa3beMHbIX coenuHeHusx (PC)
OT paJualbHBIX U OCEBBIX CMEIIEHUN HCIOJNb3YyHTE IOCTUPOBOYHOE YCTPOMCTBO
cBapouHoro ammapara (0e3 cBapku OB). 3mepenus npoBoadTcs Kak B MPOXO-
JSIIEM, TaK U B PacCEIHHOM cBeTe. MUHUMaNbHBIN 00bEeM U3MEPEHUM ompee-
JIEH 3HaYEHUSIMU CMEILEHUI, TPUBEACHHBIMU B Ta0m. 6.3.

B cxemax 21 u 22 npoBenute u3MepeHUe BBIXOJHON ONTUYECKOW MOITHO-

ctu P, npu momoiu BaTTMETpa MPOXOAAIIeH MOUTHOCTH TP Pa3IMYHbIX 3HAUE-
HUSAX PaJualIbHBIX U OCEBBIX CMEIICHUM.

OnHOBpEMEHHO M1 TE€X K€ 3HAUEHUM PaJUalbHBIX U OCEBBIX CMELIEHUN
npoBeaute n3mepenue noreps B PC npu nmomomu OP, mons3yschk ynponieHHON
METOJIUKOW M3MEpPEHHUs], B KOTOPOH HEOOXOUMO U3MEPUTHh YPOBEHb PACCESHHO-
ro curHazia Y; 0 COEIMHEHUs U YPOBEHb CUTHaja Y, cpa3y MOCIe COEAUHEHMS.

PanuansHoe cMmemienne R, MKM, MOXHO OMPEAEIUTh MO BBIPAXKEHUIO

R=x?+Vy?, (6.5)

ITo pe3ynbTaTam U3MEPEHU B MPOXOASAIIEM CBETE pACCUUTANTE:
1) BHOCUMOe 3artyxanue BT ap, nb, mo Beipaxenuro (3HaueHue Pip BO3b-
MUTE U3 TOW CTpPOKH Tabiy. 6.1, KOTOpas COOTBETCTBYET YCTAHOBJIECHHOW MpPHU
JTAHHBIX U3MEPECHUSX JJIUTEILHOCTU 30HIUPYIOIIETO UMITYJIHCA)
a=ho—F; (6.6)
2) BHOCUMBIE COCIMHEHHUEM IOTEPU 10 BhIpakeHUIO (3HaueHus P13 u Py
BO3bMUTE U3 TOM CTPOKU Tabu. 6.1, KOTOpasi COOTBETCTBYET YCTAaHOBIEHHOW MpHU
JAHHBIX U3MEPEHUSX IJIUTEIbHOCTU 30HIUPYIOIIETO UMITYJIbCA)

a,=h;+R,—Ry—F; (6.7)
3) IonmoJIHUTENbHOE 3aTyXxaHue 3a cuet cMmenieHnit BC 1o BeipaxeHuto

r7ie 80 — 3HAYCHHE 8y, paccuuTanHoe npu X =0,y = 0 u Z = 3 MKM.
1o pe3ynbTaTaM U3MepeHUil B paCCEIHHOM CBETE PAaCCUUTANTE:
1) norepu B PC nipu usmepeHuu ¢ 0AHOM CTOPOHBI MO BBIPAKEHHUIO
Ap21(22) = Y1~ Y2, (6.9)




rae 21 niam 22 — HomMep CXEMBl;
2) BHOCUMBbIE COEIMHEHUEM TOTEPH 1O BBIPAKEHHIO

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 3aBUCMMOCTH IIOTEPD A, U Ad, OIPENENECHHBIX 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-
HATHb PaBHBIM 25 MKM.

4. UccienoBanne nNoTepb B CBAPHbIX COeTUHEHMSIX

IIpoBeauTe ncciienoBaHUE 3aBUCUMOCTH 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 pe3ysnbTaTaM U3MEPEHUN B IIPOXOIAIIEM CBETE PACCUUTANTE:

1) BHOCuMoe 3atyxanue BT a, no (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).

Pesynbrathl pacueroB 3anecute B Ta0id. 6.4. [locTpoiite 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 cepaneBruHbl OB, KOTOPBIN MOKHO IPUHATH PABHBIM 25 MKM.

Tabmauma 6.4
R [Ipoxonsimuii 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

Jlnst onpeniesieHust CpeiHuX moteph ag mpu cBapke OB u ux cpenHekBa-

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

Hee 5) moTepb B cBapke. JlJist 3TOro mnociie u3MepeHus oTepb B OUEPEAHON CBAPKE

npousBeauTe ckoil OB 1 moBTOpHYIO cBapky. M3MepeHus mpoBeAuTe Mo ympo-

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

¢ 60JbIKM (PpEHETEBCKUM OTPAKEHHEM MPOBOJUTCS MOBTOPHAS CBapKa, a aHO-

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

1 1 < _
dg :Hzasj ' CS(as)z —Z(asj _as)2 1
=1

A1
) (6.11)

rae N — 9UCIIo CBapoOK, | — HOMEP CBapKH, 8sj — Pe3yJbTaT U3MEPEHHs ITOTEPh B
J-1i cBapke. Pe3ynbTaThl pacueToB MOMECTHTE B Ta0I. 6.5.




Tabmua 6.5

No DKCICPHMCHTATLHEIC PaccunMTaHHBIC BETHUHHBI
| Cxe JIAHHBIE —
mep. | M Ye1, 1B Ys2, 1B C;Sli;’ ZE’ 2}33 ’ o(as), b
L5
2 5
s o
A
5 3

COILEPKAHUE OTYETA

OTtyeT no 1abopaTopHOM paboTe TOMKEH COIEPKATD:
1. Tabn. 6.1-6.5 ¢ pe3ynbTaTaMu U3MEPEHUHN U PacyETOB,
2. rpaMKM 3aBUCHMMOCTHU IOTEph dy U Aa, onpeneneHusix i1 PC B mpo-

XOJISIIEM M PACCETHHOM CBETE, OT OTHOCHTEIBHBIX paaralibHOTrO R/ e 1 oceBo-
ro Z / r; CMEIECHHUIA;

3. rpauKu 3aBUCHMOCTH IOTEPb @y, onpeneneHHbix ans CC B npoxons-
IIEM M PacCESHHOM CBETE, OT OTHOCHTEIbHBIX paauaabHoro R/r, m oceBoro
Z | r; cMeleHuit;

4. BEIBOJIBI.

KOHTPOJIBHBIE BOITPOCBI

1. OObsicHUTE HA3HAUCHUS TISATU CXEM J1a00PaTOPHON YCTAaHOBKH.

2. [Tpunnun neiicTBuA, PyHKIIMU W mapameTpsl amnmapata s cBapku OB.
KOctuposka OB 110 ux cBapku.

3. 3adeM B J1a0OpaTOPHON YCTAaHOBKE MPEAYCMOTPEHBI BO3MOXKHOCTH H3MeE-
PEHUIi B paCCESTHHOM U MPOXO/IAIIEM CBETE?

4. 3agem HeoOX0IMMa KAIMOPOBKA UCTOUYHHKA M3mydeHus OP?

5. OTHOILIIEHHE CUTHAla OOPATHOTO paccesHUs K Iymy Ha pediiekrtorpam-
Me, 3apeructpupoBanHot OP. Jlunamuueckuii auana3oH. HakomieHue curnania
00paTHOro paccesHHUsl.

6. Onpenenenue nmuasl OB U paccTosiHUs 10 HEOAHOPOAHOCTU. MIcTOUHM-
KU TOTPEITHOCTH U3MEPEHUS PACCTOSHUM.

7. Onpenenenue kod(ppumenTa 3aryxaHus Ha onpeaeneHHoM yyactke OB.
W cTouHMKY TOTPEIIHOCTH U3MepeHus KodPhuIlMeHTa 3aTyxaHusl.

8. [lotepu B cthikax OB. MeTo1bl U3MEpPEHHsT U BO3ZHUKAIOIIUE MOTPEIIHO-
CTH.

9. 3mepeHne BO3BPATHBIX MOTEPh OT OTPAKAIOIINX HEOHOPOIHOCTEH.




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-ONTHYeCKuX cuctemax rnepeaaun (BOCII).

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

OIMUCAHUE JIABOPATOPHOM YCTAHOBKHU

BuptyanbsHas nabopaTropHasi yCTaHOBKAa UMUTHPYET pabOTy U3MEpPUTEINb-
HbIX TiprOOpoB U moaynpoBoAHUKOBEIX MU u [IM. OcHoBHOE pabouee OKHO
oToOpakaeT HaOOp NPUOOPOB U KOMIIOHEHTOB, U3 KOTOPBIX MOTYT OBITH coOpa-
HbI CXEMbI U3MEPEHUS. B OTAEIBbHBIX OKHAX MOTYT OBITh OTKPBITHI H300paKEHUS
NEepeIHNX MaHelled U3MEPUTENbHBIX MPUOOPOB M CXEMbl BKIIOUEHHUS MOJIYIPO-
BOJIHUKOBBIX 3JIEMCHTOB (CBETOIMOJIOB, JIa3epoOB, (DOTOAMOIOB, YCHUIIMTENICH).
[Tonb3oBaTenb MOXKET MepeMeniaTh KOMIOHEHTHl U MPUOOPHI Ha dKpaHe, yCTa-
HABJIMBATh AJEKTPUUECKUE U ONITUYECKHE CBSI3H MEX]Ly HUMU, a TAKKE U3MEHSTh
WX MapaMeTphl, 3a/1aBasi TEM CaMbIM TPEOYEMbIN 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 HANPABICHUH OT UCTOYHHKA CHT-
Haja K MPUEMHHKY, HAllpUMEDP € BBIXOAA F€HEPATOPA, UCTOYHUKA MUTAHUS, OIl-
TUYECKOT'O BBIXO/Ia UCTOYHMKA U3JIyYEHHUS KO BXOAY BOJBTMETpa, OCLUIUIOrpa-
¢a, onTHYEeCKOMY BXOJly IPUEMHHKA U3ITyUYECHHUS.

JIBOIHOM 1IETYOK MpaBOM KIaBUIIEH MBIIIM Ha TPUOOpPE WM KOMIIOHEHTE BBbI-
3bIBAET MEPE/IHION MaHeslb MPUOopa WU CXEMY BKJIIOUYEHUS I U3MEHEHHUs Ta-
pamMeTpoB paboThl MpUOOPA UK KOMITOHEHTA.

B ocHOBHOM OKHE YCIOBHO M300paXeHbI CAEAYIOIINE MPUOOPHI U CXEMBI:

B
G| =
[eneparop 1 (mpsamoyrons-  I'eHepaTop 2 (cTyneH4YaToro W cTOYHMK TTOCTOSSHHOTO Ha-
HBIX UMITYJILCOB U CHHYCOH- HaIPSKEHUs ) TPSDKEHHUST

JATFHOTO CUTHAJIA)



fz 4

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

BOJIHBI

moe |

[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

CxeMbl uccie0oBaHUs TpeAcTaBiieHbl Ha puc. 7.1. OO0beKkTaMu HcClie0-
BaHus sBIisitoTcst MU — ceeromsnyyaromumii nuoj (CUJI) u nazepusiii quoxa (JI/I).

e T
\'—
e T

0 Brix. [E

\'—

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

Cxema 65oxka UM ¢ BHyTpeHHEN MonyIsiiueil npeacraBieHa Ha puc. 7.2.
N umeet Bx01, 0003HAYECHHBIN «MOJI» JJIs TIOJKITIOUEHUS TeHEpaTopa MOTyI1-
PYIOIMX CUTHAJIOB. B TaHHOM HCCIIEIOBAHUU MOIYJISLMS HE UCIIOIB3YETCS U OT
reHepaTopa IMOJAaeTcsl IMOCTOSIHHOE HampsbKeHue, oOecrneuuBaroniee npsmMoe
CMEILEHUE P-N nepexona.

Hanpsixenune U oT reneparopa nogaerca Ha MU ¢ nmociaegoBaTenbHO MOJI-
KJIIFOYEHHBIM K HEMY IE€PEMEHHBIM COIPOTUBJIEHHEM. BoibTMETp MO3BOMISET
poBoUTh u3Mepenue HanpsokeHus Us Ha UM, Cesa3p Mexay HanpspkeHuem Us
1 TOKoM |g uepe3 MU 3anaeTcst BbIpakeHUEM:

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



Tlopsook evinonnenus pabomol 8 cxeme
C 80JIbMMEMPOM

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
| ycraHOBUTE CHHYCOMIAIBHYIO
dbopMy curHama U HYJEBYIO aMm-
IUIMTYy MOJAYJIUPYIOLIEro Ha-

r-?._:f NazepHbiil guog l = | |_ihr

Cxema BEMOYEHHA

| 1.
| no130 ™

| N
Unay | e —

+ | &

| e
| 100 Om L
|

Tun guoga [MO1310 D

OnpoOTHENEHHE

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

Bpema patioTw |2I:| y ﬂ

Puc. 3. Ycranoska napamerpo M1

Puc. 2. Cxema 610ka U.

npsbkeHusi. HampsbkeHne cMenieHust yeTaHo-
Bute paBHbM 0.1 B (puc. 7.4).

4. N3meHsis HanpspbkeHue cmenienus U
B npenenax ot 0.1 no 4 B, npousBoaute us-
mepenue Hanpsbkenus Us na MU no nokasza-
HUSM BOJBTMETpA. Pe3ynbTarhl HU3MEpEeHUS
3anumure B Ta6a. 7.1.

d N
1 Tleneparop l‘:’ niz Lﬁ:-l
®opma cuHrHana  Crsawdocts  Cnpaeka

Yacrora

Puc. 4. YcranoBka napameTpoB reuepaTopa

5. lns kaxpaoro 3HaueHus U paccuu-
Taite ToK s uepe3 MU mo Beipakenwuro (7.1).
Pe3ynbTaThl pacuera 3anecure B Tabu. 7.1.

6. B coiictBax UM uzmenure temneparypy Iuoja Ha 0°C u IIOBTOPUTE
M3MEPEHUS U pacueTsl no m.m. 4—-5. Pe3ynabTaTel 3anecute B Tadmd. 7.1.

7. IloBTOpUTe MccaenoBanue sl jgazepHoro auona (JII). Jast aToro co-
Oepute cxemy Ha puc. 7.10 1 BBINOJIHUTE I1.I1. 2—06.

8. IMoctpoiire cemeiictBo BAX Is(U) mms CUJl nmo manueiM Taba. 7.1.
[Ipoananu3upyiiTe moydeHHbIe Tpa(UKu, CieTaiTe BHIBOIBI.

9. MMoctpotite cemeiictBo BAX Is(U) ms JI/I mo manusiM Tabi. 7.1. Ipo-
aHATM3UPYWUTE MOTyYEHHBIE TPadUKH, CIETANTE BHIBOIBI.



10. ITpoBenute cpaBuuTenbubiii ananu3 BAX CUJ u JI/I. Cnenaiite BbI-
BO/IBL.

Tabmuma 7.1
Temm., | Ne Hanpsxenue Vsmepenue BAX N3sMepeHune u3nyyarenbHON XapaKTepu-
0 C - /H CMCIICHUA CTUKH
U,B Us, B ls, MA Ug, 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
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Boix. [

J

=0 |
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Puc. 7.5. Cxemsr mns Habmonenus BAX UN: a— CUJ, 6 — JIJT

Tlopsiooxk evinonnenuss pabomul 8 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 (pOopMy CHT-
Hana. CMmenieHue yctaHoBUTe paBHbIM 0.

4. YcranoBute Ha ocimuiiorpade otMeTky «Bxom X».

5. V3MmeHsisi aMIUIUTYly CUTHAJIa Ha TeHepatope U « MHOXUTENb 1o Y,
HaOmogaiite Ha skpaHe BAX HNU. Hacrpoiite mzoOpakeHue Tak, 4TOObIl OHO
MOJIHOCTHIO MOMENIANIOCh HA 3KpaHe ocuuuiorpada, 3aHuMas Mpu 3TOM 00Jib-
Iy €ro 4acTh. 3apUCyHTE ocuuiIorpamMMy. M3MepbTe €€ MUpUHY B JICJICHUSAX
ocumiorpada, nepecuyuTanTe €€ B HANpsDKEHHE, HCIONb3Ys YCTaHOBIICHHBIN
MHOXxHTENb 110 ocu X (0.2 B/men). MI3mepbTe BrICOTY ocimiiorpammsl N B aene-

HUSX ociiiiorpada u nepecunTanTe ee B TOK 1o Gopmyiie




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

6. M3MeHuTe 3HaueHHe Temmeparypsl, oneHuTe udmeHenne BAX. 3apu-
cyiite ocuunuiorpammy. M3mepbTe ee mupuHy B AeNeHUsIX ociuiorpada, nepe-
CUMTAlTE €€ B HANPSIKEHUE, UCIOJIb3Ys YCTAHOBJIEHHBIA MHOXKHUTENb MO OCH X
(0.2 B/nmen). 3mepbTe BBICOTY OCHMILIOrpaMMBbI h B neneHusix ocipuuiorpada u
nepecunTaite ee B Tok mo gopmysne (7.2). Hanecure monydeHHbIe 3HAUYCHUS HA
ocu rpaduka. CpaBHHUTE ¢ pe3ynbTaTramu 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 — ceerousnyyaromuii nuon (CUJL) u nazepusiii quox (JI).

Cxema Onoka MU ¢ BHyTpeHHEWH MOIyJsIIMEl MpeacTaBlieHa Ha puc. 7.2.
NU umeet Bx0/, 0003HAYEHHBIN «MOI» JJIs MOJAKIIOUYEHHUS TeHepaTopa MOIyJI1-
PYIOIIMX CUTHAJIOB. B TaHHOM HCClIeIOBaHUN MOJYJISIUS HE UCTIOIB3YETCS U OT
reHepaTopa TMOJaeTCs IOCTOSHHOE HampshkeHue, oO0ecleunBaroee mnpsaMoe
CMEILIEHUE P-N nepexona.

HeT. nut.

EY

D'.'n"lil.'lT
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Puc. 7.6. Cxemsl uccnenoanus BTAX UN: a— CU, 6 — JIJ]

N3nyuenue ¢ ontudeckoro Bbixojga MM mocTtymaeT Ha ONTHYECKUNA BXOJ
doTonpreMHNKa, B Ka4ecTBE KOTOPOro ucmoib3yercs ¢oroauwon (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,
OIPENIEIISIETCS BBIPAKECHUEM:

lh=S-P, (7.3)
rne P — momHocTh nznyuenus MU, S — TokoBast uyBcTBUTENEHOCTD DI,
" upuenme |
2 | |
Uph | | —Unr R, Iph
4_
o—+— \ D1 |
[ —
IT. BXQJQ :O N :H \\“ T i
Unur Uin- b-
| | \
p
| | Uin+
oL R | | ’ o
Iph | | Ur
T ] I
o | —
Puc. 7.7. Cxema Oioka O] Puc. 7.8. Cxema YOT

@DOTOTOK yCWJIMBAETCS TPAHCUMIICJJAHCHBIM yCHJIHMTENEeM (POTOTOKA
(YOT) u peobpazyercss um B HanpspkeHue Ug, KOTOpoe M3MepseT BOJIBTMETP.
Cxema YOT npencrasnena Ha puc. 7.8. st Ug cipaBeayinBo:

Ugr =1pnRs, (7.4)
rae R, — conportuBnenue B 1ienu oopatHoit csizu YDT.

Tlopsook evinonnenusi pabomuol

1. Cobepute cxeMy co cBerousnydaromum auoaom (CHJI), nokazaHHyro
Ha puc. /.6a.

2. B cBoiictBax M ycraHoBUTE 3ajaHHBI BApUAHTOM THUI JIMO]Ia, COTIPO-
tuierne Rs = 100 Om u Temmepatypy 30°C (puc. 7.2).

3. B cBoiicTBax renepatopa 1 ycTaHOBUTE CHUHYCOMAAIBbHYIO (OpMY CHT-
Hajia ¥ HYJIEBYIO aMIUIUTYyAy MOIYJIMPYIOLIEro HanpsikeHus. Hanpsbkenue cme-
mieHus ycranosute pasHbiM 0.1 B (puc. 7.3).

4. B cBoiictBax ®@/] ycranoBure conpotuieHue R = 100 OM u Ttemmnepa-
TYpy 25°C (puc. 7.2). Tun auoma BEIGEpHTE cienyrommm odbpazom: N2 st uc-
cnenoBanus MU, paboraromero Ha aymmae BoaHbl 850 HM (S = 0.602 A/BT), u N7
s uccnenoBanus MU, paboraromero Ha amuae BoHBL 1310 (S =0.632 A/BT)
w1550 aMm (S = 0.650 A/BT). Yka3anHble B CKOOKax 3HAYCHUSI TOKOBOUW UyB-
ctButesibHOCTH D] MoHam00sTCS 7151 TPOBEICHUS PACUETOB.

5. B cBOMCTBaxX UCTOYHHUKA NMUTAHUSA YCTAHOBUTE BBIXOAHOE HAIPSIKECHUE
1 B.

6. B cBoiictBax Y®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.
Pe3ynbrarel u3mepeHus 3anumure B Tadum. 7.1.

8. Jlna xaxnoro 3HadeHus Ug paccuuTaiite ToK lp, uepes @/ no Beipaxe-
Huto (7.4). PesynabTaThl pacdera 3aHecuTe B TaOI. 1.

9. Jlns xaxaoro MoJay4eHHOro 3HadeHus |y, paccuuraiiTe MOIIHOCTH U3-
nyuenusi U P nio Beipaxenuto (7.3). 3naueHue uyBcTBUTENbHOCTH DJ] yKazaHo
B 11. 4. Pe3ynbrarhl pacuera 3anecure B Ta0I. 1.

10. B cBoiictBax MU m3menute Temmeparypy amona Ha 0°C u IOBTOPHTE
WU3MEPEHUS U pacyeTsl 1o 1.11. 7—9. Pe3ynbTaThl 3aHecute B Tabm. 1.

11. IToBTOpUTE HccnenoBanue A jgazepuoro auoxda (JI). ns atoro co-
Oepute cxemy Ha puc. 7.66 u BeimosauTE 11.11. 2—10.

12. Toctpoiite cemeiictBo BTAX P(ls) mms CUJl mo manHbIM Tabm. 7.1.
[Ipoananu3upyiite noaydeHHble rpaduKu, CAeIanTe BEIBOIBI.

13. IToctpotite cemeiictBo BTAX P(ls) mst JI/] mo manueim tabm. 7.1. Omn-
peaenure noporosbie TOKU. [Ipoananusupyiite nojsyyeHHble rpaduku, CAeIanTe
BBIBOJIBI.

14. IIposenute cpaBuutenbublii aHau3 BTAX CUJL u JI/1. Cnenaiite BbI-
BOJIBI.

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

Ilopsook evinonnenus pabomoi

1. CoGepute cxemy co cBerousznydarommm auogom (CHJL), mokazaHHyrO
Ha puc. 7.6a.

2. B cBorictBax M ycraHoBuTE 3ajaHHBIM BAPUAaHTOM THII AUOJA, COIPO-
tussieHue Rs = 100 Om u Temnepatypy 30°C (puc. 7.2).

3. B cBoiictBax ®J] ycranoBure conporusienne R = 100 Om u temnepa-
Typy 25°C (puc. 7.2). Tun muoma BeIOepUTe CeayOmEM 0bpasom: N2 s wc-
cinenoBanus MU, paboraromniero Ha amuue BoaHbl 850 M, u N7 st ucciegoa-
Hus MU, paGotaromiero Ha gyrHe BOHBL 1310 umu 1550 HMm.

4. B cBolicTBax reHeparopa yCTaHOBUTE CHHYCOUJAIbHYIO (POpMy CHUTHA-
na. AMmutyny ycraHoBute paBHoi 1 B. Cmenienue ycrtanoBure paBHbiM 1 B.
Yactoty ycranoBute paBHod 100 x['m. 3anummure 3Ty 4acTOTy M MHOKa3aHUs
BostbTMETpa Ug = Upax B IEPBYIO CTPOKY TabI. 7.2.

5. I3MeHs1s 4acToTy reHeparopa, onpeaenure 4actoTy cpe3a AUX Fpax 1o
nokasaHusM BosibT™MeTpa (rpH f = Fr,x MOka3aHust BOJIBTMETpA JOJDKHBI CTATh
paBHbIMU Ug = 0,5Un4).

6. U3mensis wactory renepatopa ot 100 kI'1y mo Frax, mpousBoauTe n3me-
penue HanpsikeHus Ug Ha Beixoge YOT no nokazanusam BoiabT™MeETpa. Pesymnbra-
Thl U3MEPEHUS 3aNUIINUTE B Ta0I. 7.2.

7. IloBTOpUTE HccaenoBanus M. 4—6 11t HanpsbKeHus cMenienus 1,5 B.

8. IloBTopuTe MccnenoBanue Ajis jazepHoro auona (JII). Jlas atoro co-
OepuTte cxemy Ha puc. 7.60 U BBIOJHUTE I1.IT. 2—/.



Tao0muma 7.2

X M3mepenne AUX CU] M3mepenne AUX JIJ|
é‘/fh qaﬁ?af' U=1B U=15B U=1B U=15B
" UwB | Aab | UgB | Anb | UpB | A b | UsB | A b
1
2

9. lns xaxpgoro 3HaueHust Ug paccunraiite AUX 1o BBIpaKEHUIO:
A=101g(Ug /U pnay)- (7.5)

PesynbTaThl pacuera 3aHecure B TabII. 7.2.

10. Moctpoiite cemeiictBo AUX A(f) anma CU/] mo nmanHbIM Taba. 7.2.
[Ipoananu3upyiiTe mosydeHHbIe Tpa(UKu, CIeTalTe BHIBOIBI.

11. IMoctpoiite cemeiictBo AUX A(f) mis JI/] mo manabsiM Tabd. 7.2. [Ipo-
aHATM3UPYUTE MOTyYEHHBIC TPadUKH, CIETANTE BBIBOIBI.

12. ITpoBenute cpaBuuTenbublii aHanu3 AUX CUJ u JIJI. Cnenaitte BbI-
BOJIBI.

1.4. UccnenoBanue xapakrepuctuku aerpaganuu JIJ{

Obwue ceederus u cxemuvl UCCAEO0BAHUSL

Jlerpagannieil Ha3pIBAIOT YXYAIIEHUE OJHOTO WM HECKOJIBKUX MapaMeT-
poB kommnioneHTa BOCII B nepuop ero skcryatauuu. [Ipu pmrensHoM mpote-
kaHuu yepe3 MU mpsaMoro Toka mOCTENEHHO YMEHBIIAETCS MOIIHOCTh M3JIyye-
Hus P. CHuXeHre MOIIHOCTH W3JIyYeHUs W3-3a JIerpajallud MOJIYHUHSICTCS JKC-

IMOHEHIIMAJIbHOMY 3aKOHY:
P(t)= P(O)exp(—t/rOleg ), (7.6)
rae t — Bpems HenpepsiBHOK padoTel MU, P(0) — momHocTs n3nyuenus MU B
HaJaje aHaJIu3Upyemoro mepuoza Bpemenu (mpu t = 0), Tgq — HOCTOSHHAS Bpe-
MEHH, XapaKTEPU3YIoLas CKOPOCTh nporuecca aerpagaunu M.
Cxembl uccneqoBaHUs XapakTepucTUK Aerpananuu MU npencraBieHbl Ha
puc. 7.6.

Tlopsiooxk evinonnenuss pabomol

1. Cobepure cxemy co CU]I, mokazanHyro Ha puc. /.6a.

2. B cBoiictBax 1 ycTaHOBUTE 3aJaHHBIN BapHaHTOM THUII AUOJA, COMPO-
tusienue Rs = 100 Om u Temnepatypy 30°C (puc. 2).

3. B cBoiictBax ®J] ycranosute conporusieHue R = 100 Om u temnepa-
TYypy 25°C (puc. 7.2). Tun auoxna BeGepuTe cienyromum obpazom: N2 st uc-
cnenoBanus MU, paboraromiero Ha amuae BoaHb 850 HM (S = 0.602 A/BT), u N7
s uccnenoBanus MU, paboratomero wHa mmuHe BoHb 1310 (S =0.632 A/BT)
unu 1550 am (S = 0.650 A/BT).

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

5. ITo Beipaxenusm (7.3), (7.4) paccuutaiite Hanpsbkenue Ha D Ug;, co-
OTBETCTBYIOIIee MolTHoCcTH u3nydenust UM, paBuoit 1 MmBT. 3HaueHue uyyBCTBU-
tenbHOCcTH D/ yKazaHo B 11. 3.




6. B cBoiicTBax reneparopa 1 ycTaHOBUTE CUHYCOUAAIBbHYIO (OPMY CHUT-
HaJla ¥ HYJIEBYIO aMILUIMTYIy MOAYJIMPYIOUIETro HanpspkeHus (puc. 7.3).

7. V3MeHsis HanpsbKeHWE CMEUIeHUsl TeHepaTopa 1, mojiyuuTe Ha BOJIBT-
METpe HamnpspKeHue, TpuMepHo paBHOE Ug;.

8. Usmensis Bpems paborsl MU ot 0 go 10 Thic. yac., mpou3BoaUTE U3MeE-
penue HanpspkeHus: Ug 1o moKa3aHusM BOJBTMETpA.

9. Ina xaxxgoro 3HaueHust U paccunTaiite Tok lp, gepe3 @J1 no Beipaxe-
Huto (7.4). Pe3ynbTaThl pacuera 3aHecute B Tabm. 7.3.

10. ns kaxmgoro 3Hauenust Ur paccuuTaiite MomHocTh uznydenus MU P
1o BeIpakeHuto (7.3). 3nauenue gyBcTBUTeIbHOCTH DJ] yKazano B m. 3. Pe3yib-

TaThI pacueTa 3aHeCUTe B Ta0. 7.3.

Tab6muna 7.3

No Bpewms HenpepriBHOM | M3MepeHHne XapakTEpUCTUKH JAeTpajalliu
i pabotsr MU t, THIC. Uo, B lo, MA P, MBT
Jac.
1
2

11. ITo naHHBIM TabJ. 7.3 TMOCTPOUTE XapaKTEPUCTUKY JETrpajalvu — 3a-
BucuMocTh oTHomieHus P(t) / P(0) ot Bpemenn HenpepbiBHON paboThl. [Ipoana-
JU3UPYHTE MOJYUCHHYIO 3aBUCUMOCTD, OIIPEICIMTE 110 HEeH MOCTOSHHYIO Jerpa-

JALUH Tgeq, UCHIONB3Ys BbIpaxkeHue (7.6). Crenaiite BBIBOJBL.

12. TloBTopute uccnenoBanue mis JIJ[. Jms atoro cobepute cxemy Ha

puc. 7.60 u BbImoHUTE 1.11. 2—11.

2. HccaenoBanue NPUEMHUKOB U3JIYICHUSA

2.1. UcciieoBanme CieKTPaJIbHON YYBCTBUTEIbHOCTH (pOTONPHEMHHUKA

Cxema uccneoosanus

Cxema uccnefoBaHHs CHEKTPAIbHOM UYYyBCTBUTEIBHOCTH MPEACTABICHBI
Ha puc. 7.9. OOBEKTOM HCCICIOBAHUS SBJISCTCS (POTOTUOJ] P-i-N CTPYKTYPHI

(PIN ®JI).

Puc. 7.9. CxeMbl uccnenoBaHusi COEKTPAIbHON YyBCTBUTENbHOCTH D]



Cxema Onoka @JI npeacraBieHa Ha puc. /.7. DOTOTOK, BOSHUKAIOIIUNA B
uenu O/ mox BO31EMCTBUEM U3TYYEHUS HCTOYHHUKA C TIEPECTPAUBAEMON JJIMHOU

BOJIHBI, Onpe/iensieTcs BeipakenueM (7.3)

@DOTOTOK yCUIIMBAETCS TpPaHCHUMIIE-
naHcHBIM ycunuteneM (orotoka (YOT) u
npeobpazyercs uM B HanpsikeHue Ug, koTo-
poe wu3Mepser BosubTMETp. Cxema VYOT
npeacTaBieHa Ha puc. 7.8. [{nsa Ug cripaBen-
o (7.4).

Buvinonnenue pabomut

1. Cobepure cxemy, MOKa3aHHYH Ha
puc. 7.9.

2. B cBoiictBax @]/l ycTraHOBuUTE 3a-
JAHHBIA BAapUaHTOM THUIl JUOAA, CONPOTHUB-
nerre R =100 OMm u Ttemmeparypy 30°C
(puc. 7.10).

3. B cBoiicTBax mepecTpanBaeMoro
HMCTOYHUKA YCTAHOBUTE BBIXOJHYIO MOIII-
HOCTb W3TyueHus papHoi 1 MBT (puc. 7.11).

4. B cBoWCTBaX MCTOYHHMKA MUTAHUS
YCTAHOBUTE BBIXOJIHOE Harpspkenue 1 B.

5.B cBoiictBax Y®T ycraHoBute
R; =R, =100 Om.

-

Bf p-i-n doroauon l = | |_ih]1

Cxema BEMOUEHMA aAHona

| _____

Tomsuona 2D

ONpOTHEAEHHE

R [100 j‘um

Bpema patorw |20 y

[ 1000

-~

Puc. 7.10. Ycranoska napamerpoB @/

6. U3mensas JJINHY BOJIHBI IMCPCCTPANBACMOI0 HCTOYHHUKA, OIPCACIUTC

JMara3oH JJIMH BOJTH Amin—Amax, COOTBETCTBYIOIIUHN THAMa30Hy YYBCTBUTEIBHO-
ctu ®JI. B npenenax Amin—Amax MOKa3aHUS BOJBTMETpA OYIyT U3MEHATHCS OT
0.5Unax Ha kpasx auamnazoHa 10 Un, B ero neHTpe (Umax — MakcUMaibHOE Ha-
MpsDKEHHE Ha BOJIBTMETPE).

.
# VIcTONHMK M3AYYEHMR NEPECTPa... M

JnuHa BOAHBI

940 j S

MowHoCTb H3nYYeHUun

L >

Puc. 7.11. YcranoBka napamerpoB nepectpanaemoro M1

7. 3MeHsa JUIMHY BOJHBI IEPECTPAUBAEMOTO UCTOYHUKA OT Amin 10 Amax,
npousBoauTe u3MepeHue HanpsokeHuss Ur Ha Bbixosne YOT mo mokazaHusiM
BOJIbTMETpA. Pe3ynbrarhl u3MepeHus 3anuiure B Tadin. 7.4.

8. s kaxkporo 3HadeHus: Ug paccuuraiite ToK |y, uepes @/I no Beipake-
HUIO (7.4) M CEKTpaJbHYI0 YyBCTBUTEIBHOCTD S 110 BhIpakeHUo (7.3). Pe3yib-
TaThl pacyeTa 3aHecuTe B Tabm. 7.4.



Tabmuma 7.4

N3MepeHne CrieKTpaabHON YYBCTBUTEIb-
No | Jlnuna BoJI- p p y

I/ HBI A, HM nocru PIN @
’ Uq;, B Iq;, MA S, A/BT
1
2

9. ITocTpoiite rpaduk 3aBUCUMOCTH S OT A 1O JaHHBIM Tabi. 7.4. [Ipoana-
JTU3APYUTE PE3yIbTaThI, CACITANTE BHIBOIBI.

2.2. UccieioBanne TeMHOBOIO TOKA ()OTONPHEMHHUKA

1. Cobepure cxemy, IOKa3aHHYIO Ha puc. 7.9.

2. B cBoiictBax @] ycTaHOBUTE 3aAaHHBIA BApUAHTOM THUII JIMOJIA, COTIPO-
tusnenne R = 100 Om u temmeparypy —30°C (prc. 7.10).

3. B cBolicTBax mnepecTpauBaeMoOro MCTOYHMKA YCTAaHOBHUTE BBIXOJIHYIO
MOIIHOCTh u3ydeHus paBHoit 0 MBT (puc. 7.11).

4. B cBOWCTBaX UCTOYHMKA MUTAHUS YCTAHOBUTE BBIXOJHOE HAIPSHKEHUE
1 B.

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

6. Usmensist temmeparypy ®J1 B mpegenax or —30°C mo +30°C ¢ mrarom
50C, npousBoauTe usmepenue HanpsbkeHus Ug Ha Beixoge YOT no nokazaHusm
BOJIbTMETpA. Pe3ynbTaThl ©3MepeHus 3anuiure B Tadim. 7.5.

7. s xaxaoro 3HaueHust Ug paccuuTaiite TeMHOBOM TOK o uepe3 @/ o
BBIPAKECHUIO:

lo =Ugr/R;, (7.7)
Pe3synbraTel pacueTa 3aHecute B Ta0II. 7.5.
Tabmma 7.5
Ne | Temmepatypa, | M3mepenue temHoBoro Toka PIN @JI
n/n T,°C Ug, B lo, MA
1
2

8. IloctpoiiTe rpaduk 3aBHCUMOCTH TEMHOBOI'O TOKa OT TEMIIEPaTypbl
lo(T). Onpenenure Temneparypy yABOSHHsSI TEMHOBOTO Toka. [IpoaHamusupyiite
pE3yNbTaThl, CACIIATE BHIBOIBI.

2.3. UccaenoBanne BoabTamnepHoi xapakrepuctuku (BAX) poronpuemuuka
2.3.1. Uccrneoosanue c nomowwvio soivmmempa

Cxema uccnedosanusi

Cxema nccienoBaHus IpeCTaBICHbI HAa pucC. 7.12.

Hanpsokenne cmemenuss U ot reneparopa nogaercs Ha ®J (puc. 7.7) ¢
MOCJIEIOBATENbHO TMOJKIIOUYEHHBIM K HEMY IEPEMEHHBIM CONPOTUBIECHUEM.
BosbT™meTp mo3BossieT nmpoBoauTh u3MepeHue HanpsbkeHus Up, Ha @I, Ceass
mexay HanpsbkeHuaMu U u Up, 1 TokoM g uepes @1 3agaercs BoIpa)KeHUEM:



ln =(U-U /R, (7.8)
BAX mpencraBiaser coboi  3aBUCMMOCTb TOKa |lgn uepes @DJ] or

HanpspkeHust cmemieHuss U. H3MeHsAs MOIIHOCTh M3JIy4YeHUS] HCTOYHHKA C
IIEPECTPANBAEMOM ITTMHOM BOJIHBI, MOYKHO PETMCTPUPOBATH ceMencTBO BAX.

Puc. 7.12. Cxema uccnenoanuss BAX @I,

HOp}Z()OK 6blNOJIHEHUA pa60mbz 6 cxeme C 60Jibmmempom

1. CobGepute cxeMy, MoKa3aHHYIO Ha puc. 7.12.

2. B cBoiictBax @/ ycTaHOBUTE 3aaHHBIA BAPUAHTOM THUI JIMOJIA, COIIPO-
tuBienre R = 100 Om u Temneparypy 30°C (puc. 7.10).

3. B cBoiicTBax mnepecTpanBaeMOro MCTOYHHMKA YCTAHOBUTE BBIXOJHYIO
MOIIHOCTh u3nyudeHus paBHoit 0 MBT (puc. 7.11). Beibepure anuny Bosubl 850,
1310 umm 1550 HM, ucmonb3ys pe3yNbTaThl uccienoBanus m. 2.1. OHa momKHA
JexaTh B 00JaCTH HAaUOObIIEH CIIEKTPAIbHON YyBCTBUTEIBHOCTH HCCIEAYEMO-
ro ®JI.

4. B cBoiicTBax reseparopa 1 yCTaHOBUTE CHUHYCOMAAIBbHYIO (OpMY CHUT-
Haja 1 HyJIeBYIO aMIUIUTYly HanpsbkeHus (puc. 7.3).

5. M3MmeHss HampspKeHHe cMelleHus reHeparopa ot —4 no +2 B ¢ marom
0.2 B, npoussoaute n3mepenue HanpsbkeHus Up, Ha @J] o nokasaHusM BOJIBT-
meTpa. Pe3ynbrarel uamMepenus 3anecure B Ta0i. 7.6.

Tabnuua 7.6
No Hanpsoxenue P=0wmBr P=1wmBr P=2wmBr
wn | MR Upn, B lon, MA Upn, B lon, MA Upn, B lon, MA
1
2

6. [loBTOpHUTE HWCCeaOBaHUE 1. 5 MPU BBHIXOJHOW MOIITHOCTH HM3TyYCHHS
nepecTpanBaeMoro uctoynuka 1 u 2 mBT.

7. s xaxaoro sHaueHus Upp paccuuTaidre Tok |y, yepes @1 mo BeIpaske-
Huto (7.8). PesynbraTel pacueroB 3anecute B Tabdi. 7.6.

8. IToctpoiite cemeiictBo BAX I,4(U) o nanaeM tabu. 7.6. [Ipoananu3su-
pyiTE pe3ynbTaThl, CICIANTE BHIBOIBI.




9. Ompegenure no rpadukaM CHEKTpajJbHYI 4YyBCTBUTENbHOCTh D] Ha
BbIOpaHHOM njuHE BOJIHBI. CpaBHHUTE MOJYYEHHOE 3HAYEHUE C pe3ysibTaTaMu
uccienoBanus m. 2.1.

2.3.2. Uccreodosanue c nomowpio ocyuniozpaga

Cxema uccneoosarnus

BAX ®J] moxHo HaOmomaTe ¢ momoIisio ocumiorpada. CooTBeTct-
BYIOIIIME CXEMBI MPEeJICTaBIICHBI HA puc. 7.13.

Puc. 7.13. Cxembl qins HaOmoaeHus BAX @ /1.

['eneparop 2 crynmeH4aTtoro HampspkeHus ympasisier padoroit CUJI. Ha
Bx01 Uy, 6;1oka @J] mocTymaer cuHyconIanbHbIN CUTHAT OT TeHeparopa 1.

Ilopsiook evinonnenus pabomel 8 cxeme ¢ OCYULILOSPAPOM

1. CoGepute cxeMy, moka3zaHHyto Ha puc. /.13.

2. B cBoiictBax @/ ycTaHOBUTE 33JaHHBI BApUAHTOM THI JUOJA, COMPO-
tussienre R = 100 Om u remnepatypy 30°C (puc. 7.10).

3. B cBoiictBax U Boi6epute CUJ, nznyuaromuii Ha anuHe BoJdHBI 850
unu 1310 uM, ucnons3ys pe3yJibTaThl UcclieioBanus 1. 2.1. OHa noJKHa JIeKATh
B JTMania30He HauOOJbIIeH 9yBCTBUTEIbHOCTH D/,

4. B cBoiicTBax reHepaTopa 2 CTYINEHUYATOro0 HANpPSKEHUS YCTAaHOBUTE
yactory 5 k'l 1 uucio ypoBHeii 4 (puc. 7.14).

- N
i leneparop 2 (crynenyartoro Ha... E‘__I&I

®opma cuHriana CrksawHocts  Cnpaska

| AMnauTyga
B B
: CmeweHue

o H B

Puc. 7.14. YcraHoBKa mapaMeTpoB reHepaTopa CTYNEHYATOro HalpsHKEeHUs



5. B cBoiicTBax reneparopa 1 ycranoBurte yactory 80 kI'11 (kpaTHytO yuc-
Jy YpOBHEH) U cuHycouaanbHyto (opmy curHana. CMenieHue yCTaHOBUTE PaB-
ueiM 0 (puc. 7.15).

-,

g leHepatop =REE X
DopmMa ciHrHana CrEa#HoCTE  Cnpaska
Yactora AMnavTyna
D i e ]
CreweHue

(=

CHHYCOMAMEHEIA CHrHAN

Puc. 7.15. YcranoBka napaMeTpoB reHepaTopa CHHYCOMJAIbHOTO HANPSKEHUs

6. YcranoBute Ha ocumiuiorpage orMetky «Bxom X».

7. I3MeHsiq aMIUIMTy bl CUTHAJIOB Ha reHepaTopax U « MHOXKUTENb 0 Y,
HaOmomaiite Ha skpade cemeirictBo BAX ®JI. Hacrtpoiite m3o0pakeHue Tak,
9TOOBI OHO TOJIHOCTBHIO TOMEMIANIOCh Ha JKpaHe ociuuiorpada, 3aHuMas Mpu
ATOM OOJBIIYIO €ro 4acTh (puc. 7.16). 3apucyiite OCIUILIOTpaMMY .
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Puc. 7.16. Bun cemeiictea BAX PIN @/

8. YcranoBute temmneparypy ®JI 0°C. Ouennre u3merenust BAX Ha dk-
pane ocumsiiorpada. Chaemnaiite BIBOIBI.

8. M3MepbTe mupuHy 3apUCOBAaHHON OCIHMIIJIOTPAMMBI B JIEJICHUSX OCITHII-
norpada, mepecuuTanTe ee B HaAMpsHDKEHHE, UCTIONb3Ysl YCTAHOBICHHBIH MHOXH-
tenb 1o ocu X (0.2 B/men). M3MepbTe BBICOTY OCIMLIorpaMmbl N B JeleHUSX
ocmuiorpada, mepecunTanTe ee B TOK 1o popmyiie

Iph:h-MYl/R, (7.9)
rae My; — ycranosnennsiit Bamu maoxutens no ocu Y 1. Hanecute nostydeHHbIe
3HA4YEHHS Ha OCH rpaduka.



9. Mo dpopmyne (7.3) onpeneauTe MOITHOCTH H3ITYYCHHS], COOTBETCTBYIO-
e yerbipeM BAX moisryyeHHoro cemerncrBa. TokoBass 4yBCTBUTENBHOCTh D/
ObU1a u3mMepeHa B 1. 3.1.

10. IIpoananu3upyiTe NONy4EHHbIE PE3yJIbTAThI, CAEJIANTE BBIBOBI.

COJEP KXAHME OTHETA

1. CxeMbI HCCIIeIOBaHUT.

2. O6paboTaHHBIE PE3YJIbTAThl H3MEPESHUN U PACUETOB, 3aIIOJTHCHHBIC Ta0-
JIUIIBI, TpaUKH, OCIIUIIIIOTPAMMBEL.

3. BEIBOJIEL

KOHTPOJIBHBIE BOITPOCBI

1. [IpuHUIMT KEUCTBUS, KOHCTPYKIIMUA U OCHOBHBIE MapameTpbl CH/I.

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

3. Kimaccudukanus coBpeMeHHbIX 0AHOMOAO0BBIX JI/I.

4. BonbTamrepHast u BaTTamiiepHas xapaktepuctuku CUJI. 3aBucumoctsb
OT TeMIEepaTyphl.

5. BoapTamnepnas u BaTrTamnepHas xapakrepuctuku JIJI. 3aBucumMoctb OT
TEMIIEPATYPBI.

6. [IpuHIMI NeiicTBUS, KOHCTPYKIIMU M OCHOBHBIC mapamerpbl P-i-n O/I.
3aBUCHUMOCTb OT TEMIIEPATYPHI.

7. I[lpyHiun pa®oThl ¥ OCHOBHBIE MAapaMeTpPbl TPAHCUMIEAAHCHOTO YCHUIIU-
Tens GOTOTOKA.



