IMPABUTEJIbCTBO POCCUHCKOM ®EJIEPAIIUN
denepanbHOE rOCyIaPCTBEHHOE ABTOHOMHOE 00pa3oBaTe/ibHOe
yupexaeHue BbICHIEro npodeccuoHaaIbHOro 00pa3oBaHus
HauunoHanbHbIN MCCIEI0BATEIbCKUA YHUBEPCUTET
«BpIcHIas IKOJIa IKOHOMHKI»

MOCKOBCKHUI HHCTUTYT 3JIEKTPOHUKH U MATEMATUKU
HannoHaJbHOIo HCCIe10BATEIbCKOI0 YHHBEPCUTETA
«BpIcHIas IKOJIa IKOHOMHKI»

Kadenpa kndepueTnku

N3MEPEHUE XAPAKTEPUCTHUK
T'EJIMM-HEOHOBOTI'O JIA3BEPA

Y4eOHo-MeTOAUYECKOE TTOCO0He K J1adopaTopHO# padoTe
no qucuumiuHe «CucreMbl ypaBjieHHsl, OPUEHTALIUM U HABUT AU
(marucrepckas nporpamma «CuctemMsbl ynpasjeHusi 1 mHGopMauun
B MHXKEHEPHH»)

Mocksa 2014



CocraButenu: K.T.H. becconoB Anekceit CranucnaBoBud, K.T.H. Konbac FOpuit
IOpbeBuy, k.1.H. ConoBbeBa TaThsaHa MIBaHOBHA

VJIK 629.13.054.6.001.12.001

N3mepenre napamMeTpoB reuii-HeOHOBOTO Jiazepa. Y uyeOHO-METOANYECKOE 1M0-
cobue K abopaTopHoi padbote no nucuurinHe «CucTeMbl yrpaBieHus, OpUEeHTalUN
U HaBuraum» (Maructepckas nporpamma « CUCTEMBbI yIpaBieHUs 1 UHPOpMaLUU B
UHXEHepUn») / MOCK. MH-T AJIEKTPOHUKHU U MaTeMaTuku HanmoHalibHOTO HcclieoBa-

TEJILCKOTO YHUBEPCUTETA «BhICIIas 11koa SKOHOMUKIY
Cocrt.: A.C. becconos, 10.1O. Konbac, T.H1. ConoBbeBa. M., 2014. — 21c.

YuebHo-MeToaAnYecKOe TOCOOHUE COACPKUT TECOPETHUYCCKHUE CBEIICHHS, HEO0O-
XOJIMMBIC JIJIS1 BBITTIOJTHEHUS JIabopaTopHOU paboThl «l3MepeHue mapaMeTpoB Teuii-
HEOHOBOTO JIa3epa», a TAKKE OMUCAHUE MOPS/IKa BBIOJIHEHUS pabOThl U TpeOOBaHUS
K odopmiieHHio otdyeTa. IIpeaHa3zHayeHBI ISl MaruCTPAHTOB, M3YYaAOIIUX JIHUCIIH-
mnHy «CUCTEMBI YIIpaBICHUS, OPUCHTAIIMA M HaBUTAIIUW» (110 HAIMPaBICHUIO 00Y-
yerus 231300.68 «IIpuknamgHas MaTemMaTHKa» — Marucrepckas nmporpamMma «CucTte-
MBI YIIPaBJICHUS U HHPOPMAIUK B HH)KCHEPHUI»).

ISBN 978-5-94506-311-2

Jlannast paboTa BbINOJIHEHa B paMKax rpanta MunoOpuayku Poccuiickoit ®e-
nepauuu (I'ockonTpakt Ne§037).



Oraasjenue

23213 (5 5 1% (A
1. TCOPETHUECCKAST HACTDB ... uvveenneeeennteeeneeeeenneeeanaeeenneaen e ene e aneens
I I3 17079 (S0 () (ST1 £ 1<) o) S

| PR N1 (53 1000004 0 0 Y: K303 1 U P

JIRC IR 005 0331 (53 70) 7 B0 €2 e 1< o PP
2. CTpyKTypHas cxeMa Ja0OPATOPHON YCTAHOBKH ... .vvneuevanvueennnnnennnans
3. TTOZITOTOBKA K PAOOTE. v v evieetveetet e et e ee e et e ee e aae eenaae eeaas

4. TIOPATOK BBITIOTHEHUST PAOOTBI. .. v tuevteneueeetaenvaeeneaeneeneennnenaenns
5. KOHTPOIIBHBIE BOTIPOCKL. . . .t eeeettanvee et aen e eaeeen e sneeeeeneseneeennenes
AT EPATYPA. . e e



BBenenue

OCcoOEHHOCTBIO COBPEMEHHBIX WHHOBAITMOHHBIX MPOIECCOB SIBISICTCS PaCIIH-
pEHUE UCIOJIb30BaHUSI WH()OPMAIMOHHBIX TEXHOJOTHUH BO BCEX OOJACTAX HAYKU U
TEXHUKU. DTO KAacaeTcs U CHCTEM HABHUTallMM W YIPABJICHUS ABWKYIIUMHUCS CPEJ-
ctBamu. [locTossHHO pacTylass UHTEHCUBHOCTh TPAHCIOPTHBIX MOTOKOB Ha YIIHMIIAX
rOpOJIOB, B BO3YIIITHOM MPOCTPAHCTBE U aKBATOPHUSAX MOPTOB 00YCIABIMBAET HEIpe-
pPBIBHOE TIOBBIIICHUE TPEOOBAHUN K TOYHOCTU OMPEACIICHUS HAaBUTAIIMOHHBIX Mapa-
MeTpoB. OcoOble 3a7aud CTOSIT Tepe]; aBTOHOMHBIMH CHCTEMaMH YIpaBJEHUS U
HaBUTAIlUU, KOTOPbIE JOJKHBI 00ECreuynTh HH(POPMALIMIO O MECTOIMOJOKEHUU 00b-
€KTa ¥ aBTOMaTUYECKOE YIIPABJICHUE UM T10 BCEH TPACKTOPUM €T0 JBUKCHHUS.

CaMbIMH COBPEMEHHBIMU SIBJISIOTCS OeciuiaTOpMEHHbIE WHEPIUAIbHBIC CH-
CTEMBI, UCIIOJIB3YIOIINE B KAYECTBE TATYMKOB MH(GOpPMAIMU 00 yriie TOBOPOTa U yT-
JIOBOM CKOPOCTH KOJIBIIEBBIE JIa3€Phl, KOTOPHIE B OTJIWYHME OT TPAJAUIIMOHHBIX MeXa-
HUYECKUX THPOCKOIIOB, MPHUMEHSIEMBIX B IIATPOPMEHHBIX CHCTEMax C KapJaHHBIM
MOJIBECOM, HE MMEIOT HMKAKUX JBHXKYIIMXCS MEXaHMYECKUX YacTeW M KECTKO 3a-
KPEIUISIOTCS Ha OOPTYy ABMIKYIIETOCS O00BEKTa. DTO OOYCIOBHIO IMPUHIIAITHAIBHYIO
BO3MOXXHOCTh CO3JIaHHS OecriaTOPMEHHBIX CHCTEM, a TaKXKe JaJI0 UM IEJIbIN Psi
MPEUMYIIECTB: TOBBIIIEHHYIO HAJEXKHOCTh, HEUYBCTBUTEIBHOCTh K BUOpanusM u
yaapam, IMIUPOKUN Juara3oH U3MEPSEMbIX YIJIOBBIX CKOpocTei. CUTrHabl JaTYMKOB
B TAKOM CHUCTEME MOCTYMNalT Ha BXOJ OOPTOBOTO KOMIBIOTEPA, KOTOPBIM periaeT 3a-
Jlayy OPUEHTAIINU aHATTUTUYECKH, KaK Obl 3aMeHsIsl COOOM Kap/1aHOB IO/IBEC.

Baxxnoli 3amayeil 60pTOBOTO BBIUKCIUTENS OecriIaTPOPMEHHON CHCTEMBI SIB-
JISI€TCSI KOPPEKIIUSL MOTPEITHOCTEN TMPOCKOIOB, KOTOPasi OCYIIECTBISECTCS alllOPUT-
MUYECKH C UCIOJIb30BAHUEM KOHCTAHT KOPPEKIHMH, OMPEACNIIEMbIX B TE€XHOJIOTHUYE-
CKOM TIPOIECCE M3TOTOBJICHUSI KOJIBIIEBBIX JIA3€POB MPU U3MEPEHUU €TI0 OCHOBHBIX
XapaKTePUCTHK.

eablo 1200paATOPHO PadOTHI SBIISIETCA U3YYEHUE YCTPOWCTBA U MPUHIIUIIA
paboThI reanii-HEOHOBOT'O KOJIBIIEBOTO JIa3epa U U3MEPEHUE €ro OCHOBHBIX XapakTe-
PUCTHK.




1. TeopeTnuyeckass 4YacTh

1.1. I'esnii-HeOHOBBIE J1a3epPhl

I'a306b1mu HA3BIBAIOTCS Ja3epbl, paboyeil cpeoit KOTOPBIX CIYKHUT Tra3. B atux
Ja3epax KOHLEHTpPalWs aKTHUBHBIX HEHTPOB (ATOMOB, HOHOB, MOJIEKYJ) HEOOJIbIIas,
yeM OOBSCHAETCA UX HU3KOE YCUIICHHE, TpeOyrolee Al JOCTUKEHHs opora reHe-
panuu 3HAYUTENBHBIX JUTMH aKTUBHOM 00JIACTH M KAYECTBEHHBIX IUAJIEKTPUYCCKUX
3epKaJl.

BmecTe ¢ TeM B ra3oBbIX cpeflax HaOroAaeTcsi HauOoJIblllas ONTUYECKAas OJI-
HOPOJHOCTh M MHUHHUMAaJbHAs IIMPUHA CHEKTpaJbHbIX JUHUNW mnopsaka 1,5 I'T.
CrnexTpalibHasi y30CTh JINHUM YCUJIEHUSI 00JIETYaeT MOJIy4eHHE OJIHOYACTOTHOM reHe-
panuu, 4To 00yCiIaBIMBaeT NPUOPUTET ra30BbIX Ja3€pPOB B BHICOKOTOYHON METPOJIO-
ruu. Bricokast 0o AHOPOAHOCTH MO3BOJISIET JOCTUYb AUGPAKIMOHHOTO MpEJea pacxo-
JUMOCTH (TUIMHMYHOE 3HauyeHue ~1 Mpaj), MOATOMY ra3oBbI€ Ja3epbl UCIOJIb3YIOT B
BBICOKOHAMPABIICHHBIX cHCTeMax. JpyruM HMX MPEeUMMYIIECTBOM SIBIISETCS ILIMPOTa
ONTUYECKOTO TMAna3oHa, B KOTOPOM MOXET OBbITh MOJIy4€Ha TeHepaIusl.

['enuti-neono6wlli 1a3ep — 3TO HEMPEPBIBHBIN J1a3ep, aKTUBHOM Cpefoil KOTOPO-
IO SIBJIIETCS CMECh MHEPTHBIX T'a30B Ieus U HEOHA ¢ cooTHoweHueM ot 5:1 go 10:1
npu nasiaennn nopsaka 10° Ila. On umeer paGouyto amuHy Boub 0,6328 MkM, pac-
MOJIOKEHHYIO B KPACHOM 4acTW BUAMMOIO CIIEKTPa, U AJIEKTPUUECKYI0 Hakauky. O0-
JacTb TMPUMEHEHHS IIHUPOKas: CHEKTPOCKOMUs, rosorpadusi, CUUThIBAHHE MITPHUX-
KOJIOB, JlJa3epHasi TUPOCKOIHUS U JIp.

Pabounm na3epHBIM BEIIECTBOM SIBII€TCS HEOH. ['enuii ncnonb3yeTcs ais u3-
OMpAaTENbHOTO 3aCEICHHS] BEPXHEro pabovero ypoBHs HeOHA. ATOMBI T'esidsi BO30YX-
JAI0TCA TIPU CTOJIKHOBEHUSIX C PA30THAHHBIMU B AJIEKTPUUYECKOM T10JIE€ DJIEKTPOHAMMU.
[lepenaua sHepruu OT BO30YKIECHHBIX aTOMOB I'eHMs K aTOMaM HEOHa OCYIIECTBIIS-
€TCSl TIPU CTOJIKHOBEHUSX MEX]y HUMH. YTIPOIIEHHAS] CXe€Ma YHEPreTUYECKUX YPOB-
Hel renus U HeoHa npuBeneHa Ha puc. 1.1. Ha pucynke n3o0paskeHbl TpU OCHOBHBIX
Ja3epHBIX Tepexona ¢ amuHamMu BoiH 0,6328 mMkM (KpacHOE M3IydeHHE), a TaKKe
1,15 u 3,39 mxMm (HeBUAMMOE MH(paKpacHOe u3inydeHne). KoHKpeTHbI nepexo, Ha
KOTOpPOM OYJeT OCYLIECTBIATHCSA T€HEpallys, ONPEeAeNsaeTcsl IIMHONW BOJHBI, IIPU KO-
TOPOIl KO3(PPHUIMEHT OTPaKEHHUSI MHOTOCIIOWHOTO TUAJIEKTPUIECKOTO 3epKalia JOCTH-
raeT MakCuMyMma.

N3BectHO, uTO Haubosee 3(hPEeKTUBHO Mepesadya 3HEPruu OT aTOMa K aToMy
POUCXOJIUT B PE30HAHCHOM CJIy4ae, TO €CTh KOTJa SHEPIHH YPOBHEH, MEXIY KOTO-
PBIMH MPOUCXOIUT Niepexo, onu3ku. [lorTomy nepenaua sHepruu

He* + Ne +AE — He + Ne*, (1)
oKa3bIBaeTcs o4eHb dhdexkTuBHOM, mockoyibky AE cocraBnser Bcero okosio 0,04 5B,
KOTOpbIE OEPYTCS U3 KHHETHUECKON dHEPruu ABMKEeHUs aToMoB (cM. puc. 1.1). Cum-
BOJI * MIOKA3bIBAET 3/1€Ch BO30YXKAECHHOE COCTOSIHUE aTOMA.
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Puc. 1.1. YopoieHHas cxema SHEPreTUYECKUX YPOBHEMN
reJM-HEOHOBOTO Jla3epa

KOHCTpYKTUBHO JMHEWHBIA TEIUH-HEOHOBBIM JIa3ep H3TOTOBISIOT B (opme
CTEKJITHHOW TPYOKH C KOJIbIIEOOPa3HBIM aHOJOM U OoJbImuM KatomoMm (puc. 1.2). Ha
OoJIbIIIeN YacTH JJITHMHBI TPYOKHU pa3ps]l 3aKJIIOUEH B KAWL, OKPYKEHHBINA ra30BOM
CMEChl0 M3 renus U HeoHa. Ecnu TpeOyeTcss MONSpU30BaHHOE U3IYYEHUE, TO
BOBHYTPb TPYOKH yCTaHaBJIMBAETCA IUIACTHHKA Mo yriioM bpioctepa. 3epkaina pe3o-
HATOpa HEMOCPEICTBEHHO BMAasHBI B KOHIBI TpyOku [1]. OAHO M3 HUX MOJHOCTHIO
HETPO3pavHo, a BTOPOE MpoIrycKaeT depe3 cedst okoyo 1 % mamaromero u3mydeHus
Ha BBIXOJHOU cTOpoHEe ycTpoiicTBa. Pazmep pesonatopa L cocrtaBmser 0,15...2 wm,
BBIXOJIHAsTt MOIITHOCTE — 1...100 MBT.
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Puc. 1.2. YcTpolcTBO JTMHEMHOTO TeJIN-HEOHOBOTO Jia3zepa




1.2. Tnewmmii pa3psaa

B paboraroimux ra3oBbIX J1a3epax MOIACPKUBACTCS muaetouuil paspsio [2]. Ito
OJIVH U3 BUJOB CTALMOHAPHOTO CAMOCTOSATEIBHOIO JIEKTPUYECKOTO pa3psia B ra3ax,
KOTOpBIH (hopMHpyeTcs, Kak MPaBUiIo, TP HU3KOM JAaBJICHUU T'a3a U MaJOM TOKE.

Tneromuii paspsia CyLIECTBYET IPU HANPSDKEHUU MEXKIY JIEKTPOJAMHU HE HU-
K€ OINPENENICHHOr0 3HaueHus. Ecnu HanpspKeHue He0OCTaTOYHO, TO MOHBI, yaapssa B
KaTo/1, He BIOMBAIOT U3 HETO 3JEKTPOHOB. HecamocTosTenbHbIN TeMHBIN pa3psij me-
PEXOUT B CAMOCTOSTENBHBIN TICIOUIUN TIPU HANPAICEHUU 603HUKHOGEHUS Meroule-
2o paspsoa Ug, un nHanpsaxcenuu 3axcueanus. llocnennee HazBanue HanOoliee pac-
IPOCTPAHEHO B MHXKEHEPHOH npakTuke. HampspkeHue Bo3HUMKHOBeHUs paspsana Ug
3aBUCUT OT poja ras3a, ero AaBJICHUS, MaTepUalla dJIEKTPOJOB U PACCTOSHUSA MEKIY
HUMH.

CxeMa J1s1 CHATHS BOJIBT-AMIIEPHOM XapaKTEPUCTUKU Ia30BOro Jiazepa IOKa-
3aHa Ha puc. 1.3, a cama BoJbT-aMIEpHas XapaKTEPUCTHKA, KOTOpasl MPEACTaBISIET
Co00H 3aBHCUMOCTh HampsbkeHus ropenus U,,, oT Toka Hakadku |,, mokasaHa Ha
puc. 1.4. TTo ropu30HTaIbHOM OCH OTJIOKEH TOK, a IO BEPTUKAIBHOW — HAIPSLKEHHUE.

Ynpasnsemsli
MCTOYHMK TOKa

IUEDH r

’ I I_—I I |‘|rmaxHI

Puc. 1.4. BonbpT-amnepHasi XxapakTepuCcTHKa ra30BOTo ja3epa
[Ipu yBenwueHnn HAMPSOKEHUS OT HYJST BO3HUKAET OYEHb CIA0BIA TOK. DTO
o0actk TeMHoro paspsaa |. TemHOBO# Tok odeHb Mai (mopsaka MKA), U MacmTad
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JUTSI HETO WHOM, HEXENH JUIsl OCTAIBHOTO Tpaduka. ITOT TOK MPOUCXOIUT O€3 NOHU-
3aIlUM, TOJIBKO 32 CYET CBOOOHBIX HOCHUTEIICH.

DHeprusi AIEKTPOHOB ¢ POCTOM TOKa BO3PACTaeT, U €€, HAaKOHEI], CTAHOBUTCS
JOCTaTOYHO I MOHU3AIMM aTOMOB Ta3za. Touka A — 3TO TOYKAa BO3HUKHOBECHUS
TJICIONIETO pa3psia (Touka 3axkuranus). Eil cooTBeTcTBYeT Hamnpsbkenue Ug.

brnarogapst noHM3aMK BO3HUKAIOT BTOPUYHBIE AJIEKTPOHBI U MOJOKUTEIbHBIE
MOHbI. MUHHMMAaJIbHBIA TOK, IIPH KOTOPOM BO3MOXEH TJCIOIIMN paspsiji, Tropaslio
Oonble TOKa TeMHOro paspsna. Hanpsokenwe U,,, CKauykoM IOHMKaeTCs Ha He-
CKOJIBKO BOJIBT WJIM Jlaxke OOJbIne, 9YTO OOBSCHSCTCS MOBBIIICHUEM POBOIUMOCTH
npudopa.

[Tociie BO3HMKHOBEHHM: TJIEIOLIEr0 paspsja Hanpsukenus U.,,, crabuiansupyer-
csi. Tok |, moBbIaeTcsi, a HaPsHKEHUE HA MPUOOPE YBEIIMUNBACTCS HE3HAUYUTEIHHO,
MIOKa TOK HE MPEBBICUT 3HAYCHUS | may (TOUKA B). DTOT PEKUM HA3BIBACTCS PENCUMOM
HOpMAbHO20 KamooHo2o nadenus (00nacts Il). [Tanenue nanpsxkeHust Ha mpruodope

Urop = Iu ' Rn’

rae R, — conmpoTuBieHre NOHU3UPOBAHHOTO ra3a MEXIy aHOJIOM M paboyeil 4acThio
MOBEepXHOCTU KaTtona. [Ipu Bo3pacTaHmy TOKa HAaKa4Kd MPOMOPIIMOHAIBHO YBEJH-
guTCsl pabouas TUiomaas Katonaa. Ilnomans momnepeyHoro CeYeHusl ra30BOro «Ipo-
BOJIHUKA» CTAHOBUTCS OOJIBINIE, U COMPOTUBIICHNUE R, COOTBETCTBEHHO YMEHBIIIACTCS.
Takum oOGpa3zoM, conpoTuBiieHHE R, yMEHBIIA€TCS BO CTOJIBKO pa3, BO CKOJIBKO YBe-
Tu4uBaeTcs ToK l,, a mpousBenenue |, R ocTaeTcs MOYTH MOCTOSHHBIM, HO B J€H-
CTBUTEJIBHOCTH OHO BCE K€ HEMHOTO yBEIUYUBACTCS.

B omumceiBaeMoM pexxuMe MPOUCXOIUT TeHepalys PoToHOB. 3a4acTyrO CTOJIK-
HOBEHHUE DJICKTPOHOB BBICOKHMX DHEPTUi C aTOMaMU ra3a MPUBOJNUT HE K HOHU3AIUH,
a K UX BO30YXKJIEHUIO, TO €CTh K MEPEXO0Iy IEKTPOHOB Ha 00Jiee BHICOKHE YHEPTETH-
yeckue ypoBHU (puc. 1.1). CTonkHOBEHHE BO30YKICHHBIX aTOMOB T€IIUs C aTOMaMH
HEOHA MPHUBOJIUT K BO3OYKICHHIO mociaenuux (cM. ypaBHenue (1)), mociemyromnuit
BO3BpAT 2JICKTPOHOB HEOHA Ha 00Jiee HU3KKUE YPOBHH M COMIPOBOXKIACTCS TEHEPAITHEH
(hOTOHOB.

PexxrM HOpMabHOTO KaTOIHOTO TMAaJeHUs BO3MOXKEH J0 TEX IOop, Mmoka pado-
Yasi IJI0IIaab KaTo/1a MEHbIIE TUIOIIAIU ero mojHoi noBepxHoctu (oomacts 11). Ko-
I71a pa3pssi paclpoCTPAHUTCS HAa BCIO MOBEPXHOCTh KaToAa, TO BO3PACTaHHWE TOKa
MIPOMCXOJNT TP HEM3MEHHOH IUTomaaM Karoaa. [IIOTHOCTE TOKa KaToma pacTeT
(yuactok B-I'). ConpoTtusnenue R, yxe He yMeHbIIIaeTCs MIPONOPIIMOHAIBHO TOKY, U
npousBeAeHrue | R, TO e€CTh MajJeHUE HANpsKEHUs Ha NMpuOOpe, YBEIUYHUBACTCS.
Hacrymaet peacum anomanvrnoco kamoonoeo nadenust (cM. oomacts |1 va puc. 1.4).

Ecnu npojomkare yBeluuuBaTh TOK, TO Hanpsbkenue U,,, Oyner pact, u,
HAKOHEII, BOBHUKHET 0Y2080lU pa3ps0, KOTOPHI HEIOMyCTHM [JIsi TPUOOPOB TIICHO-
1IEro paspsijia.

1.3. KosabueBoii jiazep

KomsreBoit nazep (KJI) ornmruaercs oT 0OBIYHOTO JIMHEWHOTO J1a3epa TeM, 4TO
B €r0 PE30HATOPE MPOUCXOAUT T€HEPALMS ABYX BOJIH, PACIPOCTPAHSIOMIMXCS IO 3a-
MKHYTOMY KOHTYpY, 00pa30BaHHOMY TpeMsl, YeThIpbMs (puc. 1.5) i GOJIbIIMM KO-
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JUYECTBOM 3€pKaJl, B MPOTUBOIOJIOXKHBIX HampaBieHusx. [Ipu 3Tom reHepupyembie
BCTPEYHbBIC BOJIHBI B IEPBOM MPUOIMKEHUN HE3aBUCUMBI JAPYT OT APyra U B 00IIeM
Cllydae B PE30HATOpE HE CYLIECTBYET CTOsAYasl BOJIHA, IPUBSI3aHHAS Y3JIlaMU K 3e€pKa-
nam [3]. [ToaTomMy KOJIBIIEBO# J1a3ep HA3bIBAIOT MHOTIA JIA3ePOM OETYIIeH BOJIHBI.

U.".'H 7 Un K3

AKTWBHAaA cpena

32

D3

Puc. 1.5. CxemMa KoJIbIIEBOTO Jla3epa ¢ 4eThIpbMs 3epKasiamu 31...34

B3anmHas He3aBUCHMOCTH BCTPEYHBIX BOJIH MPEINOIaraeT U BO3MOKHOCTh UX
pasnuuus 1o 4actoTe. B KoJbIleBoM Jasepe ¢ mepuMeTpoM L ycioBue reHeparuu
JUTS. BCTPEYHBIX BOJIH MOKHO 3aIIMCaTh B BHJIE:

C C
= v = @
cw CcCcw
~ ~ 5 . 6
rIe ( - 4MCiI0, XapaKTepu3yroliee MpooibHbIN T Kojebanuit (q ~ 10° + 10°), v, -
4acToTa KOJICOAHWUW C TIEpUMETPOM L, TIPH PACIPOCTPAHCHHUH BOJIHBI 110 YACOBOM
CTpeJIKe, Vv, - 9aCTOTa KOJICOaHH ¢ IEPUMETPOM L, TIpU pacipOCTpaHESHUH BOJTHBI

MPOTUB 4acOBOU cTpenku. [ToCKOIbKYy pa3HOCTh YaCTOT BCTPEUHBIX BOJIH 3aBUCHUT OT
YIJIOBOW CKOPOCTH BpalleHUsl KOJIBIIEBOIO JIa3epa, Ha €ro OCHOBE CTPOSITCS JTa3epHbIC
THPOCKOITHI [3].

B nmazepHOM pe3oHaTope C IJIOCKMM KOHTYPOM TE€HEPHUPYIOTCS KOieOaHUs C
TUMHEeWHOU noJisgpusanuend. CeKTp 4acToT ero npo1oabHoi Moabl 00 mpeacTaBiIeH Ha
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puc. 1.6a, u B COOTBETCTBHUU C BbIpaxkeHHeM (1) paccTosiHUE MEXKAY COCETHUMH MO-
naMu coctaniser C/L.

|5 i’ s
00g-1 00g : 00+
a) o =0°
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Puc. 1.6. CekTpsl 4aCTOT pe30HATOPOB:
a) — C TUIOCKHUM KOHTYPOM;
0) — ¢ HeTIOCKUM (0OBEMHBIM) KOHTYPOM C YTIIOM
MMOBOPOTA N300PaKEHUS CBETOBOW BOJTHBI

B nazepHbIX pe3oHaToOpax ¢ HEIUIOCKUM (00BbEMHBIM) KOHTYpOM (puc. 1.7) Bo3-
HUKAIOT CBETOBBIC KOJICOAHUS ¢ KPYroBoM moJjisspusaiueid. 'oBops TouHee, 0000111eH-
HOM COOCTBEHHOW MOJON pe30oHaTopa C HEIUIOCKUM KOHTYPOM SIBISIOTCS YETBIpE
BOJIHBI, IPUYEM JIBE U3 HUX PaCIpPOCTPAHAIOTCS BAOJIb KOHTYpa pe30HaTopa IMo 4aco-
Boli crpenke (CW), a aBe npyrux — mpotuB yacoBod crpenku (CCW) [4]. Bomnsr
KaKIOW M3 3TUX Map UMEIOT pa3Hble KPYToOBbIE MOJSIPU3ALNN — JIEBYIO U MPABYIO - U
COOTBETCTBEHHO Pa3HbI€ YACTOTHI, UYTO HA3bIBAECTCS B3AMMHBIM PACUICTICHUEM.

Puc. 1.7. Cxema pe3oHaTopa ¢ HEILUIOCKUM KOHTYPOM:
0. — YroJl U3J10Ma KOHTYpa;
p — YTOJI MOBOPOTA 3epKaJIOM U300pa’keHUsI CBETOBOIO JTyda
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Bueurnuii Buj azepa ¢ HEIIOCKMM KOHTYpPOM IpEACTaBIieH Ha puc.1.8.

F

Puc. 1.8. JIazep ¢ HEMJIOCKUM KOHTYpPOM

JIns1 pe30HaTOPOB € UACATBHBIMU 3€pPKalaMHi YaCTOThl BCTPEUHBIX BOJIH IMOIApP-
HO COBMAJAIOT, B PE3YyJIbTATE YEro KaKJas Mapa BCTPEUHBIX BOJIH MOKOSIIErocs pe-
3onatopa (CW u CCW) uMeet coBNaJaoIIle 4YacTOThl U COBNAJAIOIINE HaIpaBiie-
HUS KPYroBOH MOJspU3alliy, TO €CTh OJHA Mapa — o0e JieBble, ipyras — 00e mpaBble
KpyroBble noJisipu3aruu (puc. 1.60).

Hactpolika KOJIBIIEBOTO Jia3epa B pe30HAHC (B COOTBETCTBUU C (opmyJion (2))
OCYILIECTBIISIETCA IMyTeM u3MeHeHus nepumetpa L. 3epkana 32 u 34 B cxeme Jiazepa
(puc. 1.5) ycraHoBieHbI Ha TbE30MPUBOABL. [1b€30MPHUBO/IBI U3TOTABIMBAIOTCS HA OC-
HOBE IMbE30KEPaMUYECCKHX JHCKOB, KOTOPBIC MPH moaaue Ha HUX HanpspkeHus (U
wi U, Ha puc. 1.5) crocoOHBI yTOIIATHCSA WK U3rudarbes [5], Tem cambIM mepe-
Melasi COOTBETCTBYIOIIEE 3€PKAjO, YTO B CBOKO OYEPENb MPUBOJUT K U3MEHEHUIO
nepumMeTpa L u k mepectpoiike 4acToThl TeHEpALUH.

Hactpoiika KOJIBLEBOIO Jla3epa Ha ONPENEIEHHYI0 MOJY TI€HEpaluuu OCy-
HIECTBIISIETCS CleayromuM oOpazom. CBETOBOE U3IyYEHHE YACTUUYHO MPOXOAUT 3€p-
kano 33 u nmomnanaer Ha goronpueMHuk PII, mpeoOpazyeTcst B 3MEKTPUUECKUNA CHUT-
HaJI, KOTOpBIN ycrimBaercs yeunureneM Y. [1o Beixognomy curnany @,; ycunurens
MOKHO CYAUTh 00 MHTEHCHUBHOCTH CBETOBOTO M3JIYYEHHS U, CJIE€IOBATEIbHO, O CTe-
IIEHU HACTPOMKHM JiazepHOro pesoHaropa. Cxema perynuposanus nepumerpa (CPII),
BXOJIAIIAsl B COCTaB CXEM >KHM3HEOOEeCIeUeHus, MyTeM YCTAHOBKM HaNpsDKEHWM Ha
nbe3okepamuke U win Uy, 1 aHanu3a curHana @,; 1o0MBaeTcst ero Makcumyma,
TEM CaMbIM HAaCTPOMKH Jla3epa B PE30OHAHC.

Ecnu otxkimounts CPII v UHENHO yBENWYUBATHh WM YMEHBIIATHh HAMPSKECHUS
Ha NbE30KepaMHUKe, Jlazep OyJeT MOCIeA0BaTeNIbHO B MpeeiaX KOHTYypa yCHIICHUS
HaCcTpauBaThCAd Ha TEHEPAIUIO Pa3InUHbIX MOJ. CyAuTh O MPOXOKIAECHUU FTOTO MPO-
1ecca MOXHO TyTeM HaOJo/IeHUs 3a M3MeHeHusiMu curHaia @, ;. OT1oT daxrt uc-
MOJIB3YETCSI TIPU BBITIOJIHEHUH TPETHETO 3a/IaHMsI JIA0OPATOPHOU PabOTHI.
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2. CTpYKTYpHAs cXeMa JJad0paTOPHOM YCTAHOBKH

Cxema nabopaTopHOIl yCTaHOBKH MpejcTaBieHa Ha puc. 2.1. B ee cocraB Bxo-
At koJsiblieBo nazep KJI, ycranoBneHHbIl Ha noBopoTHOM cronuke [IC, uzmepu-
tenbHbI 0510k Wb, nepconanbubiii komnbiotep K. KJI mogkmouen k Wb, koTopbiit
COJICP>KUT BCE HEOOXOMMBIE CXeMbl xKu3HeobecneueHus. B b moctynatot uzmepu-
TesbHbIE cUrHAIIBI OT KJI.

Wb mmMeeT TONBKO OJIMH PACIOJIOKEHHOM HA MEPEAHEN MAHEIN OPTraH yIpasJiie-
HUS — BBIKJIFOYATENb MUTaHuA. Bce ocTanbHbIE ONEPAMKA OCYIECTBISIOTCS C IIOMO-
uibto [IK, mpu sToM Bce HEOOX0AMMOE B3aUMOJICHCTBUE MPOU3BOAUTCS MO MOCIE0-
BatenbHOMY HHTepdeiicy RS-232. Ha 1K ycranoBineHo mporpaMMHoe oOecrieueHue
[10, 6naronapst kotopomy ocyiectsisercs ynpasienue b u KJI, cOop, o6pabotka
1 0TOOpa)KeHHe U3MEPUTEIILHONU UH(POPMAITUH.

oy  RS-232 |
- Nb N 4 MK
NC Mo

Puc. 2.1. CtpykTypHas cxema 1abopaTOpHON YCTaHOBKH

[1C B nannoi naGopaTopHOil paboTe MCIONb3YETCs] KaK YCTOMUMBAs MOJICTaB-
Ka, U BCJIEJICTBHE OTCYTCTBUSI HeoOxomaumocTu BpauieHusi KJI, ero MOXXHO ycTaHo-
BUTb HETIOCPEACTBEHHO Ha YCTOMYMBOM CTOJIE.

Puc. 2.2. Bueumnuii Buja 1a00paTopHOil yCTaHOBKU
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3. [ToaroroBka K padoore

1. TTo TeopeTHYECKON YaCTH JaHHBIX METOJANYECKUX YKa3aHUHN U JIUTEpAType
[1-3], HEOOX0UMO U3YUHTH CACAYIOUIUE BOIPOCH:

~ YCTPOMCTBO W IMPHUHLUI pabOTHI T€INI-HEOHOBOTO J1a3epa;
~ TJICIOLNN pa3psii U BOJIBT-AMIIEPHYIO XapaKTEPUCTHUKY ra30BOTO Ja3epa;
~ CHEKTpP 4aCTOT HEIJIOCKOT'O KOJIBLIEBOTO PE30HATOPA;

— 0COOCHHOCTH HACTPOMKH KOJIBIIEBOTO Jla3epa B pE30HAHC.
2. O3HaKOMBTECh CO CTPYKTYpHOM CXeMOW J1abopaTOpHOM YCTaHOBKH (pHC.
2.1).
3. IIpoutute U nMpoayMainTe MOPsI0K BHIOJIHEHUS 3aJjaHUi 1abopaToOpHOM pa-
OOTHI.

4, ITopsanoK BLINOJHEHUS PAOOTHI

Ilepen BbIno/IHeHHEM J1a00PATOPHOI PadOTHI BKIIFOUUTE YCTAHOBKY U JIaliTe
el mporpetbest B TedeHue 30 muH. J[J1s 3TOro BRIMOJHUTE CIEAYIONINUE IEUCTBUS.

1. BkirounTe nepcoHaNbHbIM KOMIIBIOTEP U U3MEPUTEIbHBIN OJIOK.

2. Ilocne 3arpy3Ku onepalvoHHON CUCTEMbI HAAUTE HA paboUyeM CTOJIE SPIBIK
npuinoxkenuss LW2_1.exe. 3anmycture 3TO NPHIOKEHUE U HAKMUTE KHONKY Bwinoi-
HUMb, TIOCIIE YE€TO OTKPOETCSI CTPAHUIIA JIMIICBOM MMAHENH, TOKa3aHHas Ha puc. 4.1.

3. BriirounTe KOJBLIEBOM Jia3zep, HaXaB Ha KHOMNKY Briuwouums. YOeIUuTeCh 1o
HaJIM4YUIO CBE€YEHMS], 4TO OH roput. [lomoxaute 10 cekyHa aus TOro, 4ToObl 3aKOH-
YUJICS MPOLECC YCTAHOBKHU paboyero pexuma.

[Tpumeuanue. bezommbouHOMYy OOMEHY JaHHBIMH COOTBETCTBYET MOTAIIEHHOE
cocrosinue uHaukaropa Hecosnadenue KC. Ilpu Hanuumm ommOOK MHIUKATOP TO-
PHUT KPacHBIM CBETOM, U B 3TOM ClIlydae HEOOXOIUMO OOpaTUTHCS K MPENOoIaBaTENIo
WK 1a00paHTy.

4. Ycranosute ympassitonue snementsl CPII, BUIIL, 12 B aktuBHOE coCTOS-
HHE, B KOTOPOM OHH CBETATCS 3€JIEHbIM cBeTOM. Haxxmure kHONIKY Vnpasnenue. Ko-
MaHJia BKJIIOYEHUsI CXeMbl peryiaupoBku nepumerpa CPII, G1oka yacTOTHOM moj-
craBku BYII u BTOporo rasopaspsiHoro npomexyTka ropenus 12 Oyner nepegana B
KOJIBLIEBOU JIA3€ep.

5. YI0CTOBEPHTECH, UTO KOJIBLIEBOW JIa3ep HAXOIUTCSA B HY)KHOM pexume. Jis
ATOr0 HaXKMUTE KHONIKY Onpoc cocmosiHus, TOCIe Yero JOJKHBI 3a)KE€UbCsl 3€JI€HBIM
ceetoM uHaukatopsl coctosinusg PC, CPII, BUIl, 12. Eciu 510 He Tak, oOpaTturech K
1a00paHTy WUIM PENnoJaBaTelIo.

6. [Tomoxaute 30 MUH., 4TOOBI TAOOpATOPHAsE YCTAHOBKA MPOTPEach.

7. Ycranosute ynpasistomue diaementsl CPII, BUIl, 12 B maccuBHOE cocTosi-
HUE, B KOTOPBIM OHM HE cBeTATCS. Haxxmure KHONIKY Vnpasaenue.

8. Y10CTOBEpPhTECH, YTO KOJIBLIEBOH JIa3ep HAXOJIUTCS B HY>)KHOM pexume. Jiis
3TOr0 HaXXMHUTE KHONKY Onpoc cocmoauus, TOCIE Yero WHAUKATOPHI COCTOSHHUSA
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CPI1, BUII, 12 nomxubl oracHyTh. Ecniu 3TO He Tak, 00paTuTech K JIAOOPAHTY WIIH
MPENo/IaBaTelto.
9. 3akpoiite npunoxenne LW?2_1.exe u nepeiiute K BHITIOJTHEHUIO 3aaHus 1.

Puc. 4.1. Crpanuna nuneBoii nanenu npuioxkenus LW?2_1.exe, ucnons3zyemast nmpu
MporpeBe J1abopaTOPHON YCTAaHOBKHU

3aganme 1. M3mepeHue BOJIbT-aMIIEPHOH XapaKTEPHCTHMKHM ra3opaspsii-
HOT0 MPOMeXKYTKA

1. 3anmycture npunoxenne LW1_1.exe. OtkpoeTcsi 0KHO, TOKa3aHHOE Ha PHC.
4.2.

[Ipumeuanue. [Ipu OTKPBITOM OKHE MPUIIOKEHUS €ro MOBTOPHBIA 3aIlyCK
OCYUIIECTBJISIETCS MyTEM HaXKaTHs HA CTPEJIKY, HAXOAIIYIOCS B IEBOM BEPXHEM YTy
okHa (puc. 4.1). OcTaHOBIIEHHON NPOrpaMMe COOTBETCTBYET CTpelika Oeoro IBeTa,
paboTaroLIeil mporpaMMe — CTpesKa YepHOIo 1[BETa.

2. Haxmute kHOUKY Boinonnums. OTKpPOETCS CTpaHMIIA JIMIEBON MaHENH,
NpeJHa3HaYeHHas JIJIsl BBIMOJHEHUsI TIEPBOrO 3a/laHus JabopaTopHO paboThl (puc.
4.3).

3. BrirounTe KOJIbIEBOM Jla3ep, HAXKaB Ha KHOMIKY Brarouums. Y 0eAUTECh, YTO
o 3aropeincs. [Togoxaute 10 cexyHa 1yist TOTO, YTOOBI YCTAHOBUIICS HEOOXOUMBIIA
pEXUM pabOTHI.
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4. Yoenutech, 4TO CTOMT 3HAUYCHHE I1ara M3MEHECHUs TOKA HaKadku |, paBHOE
0,05 MA, u 3anepxka, paBHas 200 mc. Ecnu mpenojaBaresib MPOCUT YCTAHOBUTH
MHBIE 3HAYEHUS, BBIMIOJHUTE €TI0 YKa3aHMUSI.

B LWA_1.vi
File Edit Cperate Tools Window Help )

121

3AKPBITOE AKLIMOHEPHOE OBLLECTBO
"O6beguHeHue "UcTok-30C"

NabopaTopHan pabota

"M3mepeHHe XapakTepUCTHK renMin-HeoHoBoOr o nasepa”

3anaHue 1

I3MepeHHe BOJIbT-aMIIEPHOH XapaKTePHCTHKH
ra3zopaspsaaHoro NpoMe;KyTKa

b | o

Puc. 4.2. Bun oxna npunoxenus LW1_1.exe ¢ HauanbHOM cTpaHuULIeH
JIMIICBOM MMaHEIU

5. Haxxmute Ha kHOTKY //yck. CrequTe 3a 3HAaUEHHUSIMU TOKa Hakayku |, u co-
OTBETCTBYIOINMMHU HanpsoKeHUAMH U,,. OTH 3HaYEHUS OTOOPAXKAIOTCS HA COOTBET-
CTBYIOIIMX LU(PPOBBIX MHIUKATOPAX U B BUAE TOUEK MPHU MOCTPOCHUU XapaKTepH-
CTHKH Ha rpadruecKkoM 3KpaHe.

6. [locne mocTpoeHHs BOJBT-aMIIEPHOW XapaKTEPUCTUKU BBIKIIFOUNUTE KOJbLIE-
BOH Jlazep, HaXkaB Ha KHOIKY Bwikarouums. YOeautech, 4TO CBEUEHHUE Jlazepa IO
3aIATHBIM 3KPaHOM OTCYTCTBYET.

7. YCTaHOBUTE KypCOp Ha TOUKE XapaKTEPUCTUKHU, B KOTOPOU IreHeparus B Jia-
3epe NpeKpamaercs. ITOM TOYKE COOTBETCTBYET PE3KOE IMOBBILICHHE HAIPSKECHUS
ropeHus. 3anuiiuTe 3HAYEHUS ITUX TOKA M HANpPSLKEHMs, UCHOJb3ys WHIUKATOPBI
KOOpPJIMHAT Kypcopa.

ITpumeuanue. Ecnu Kypcopbl HE BUIHBI B Ipefenax IpadUyeckoro 3KpaHa,
HaXMUTE Ha KHONIKY Haiimu Kypcopbl.
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8. AHaJOrMYHBIM 00pa3oOM OINpPEAETUTE TOYKY, COOTBETCTBYIOIIYIO MHUHHU-
MaJIbHOMY 3HaU€HHIO HAIPSKEHUS.

9. Coxpanurte B (hailn TeKCTOBOro ¢opmara H3MEPEeHHYIO BOJIbT-aMIEPHYIO
XapaKTepUCTHKY. J[J1s1 3TOro HaXKMUTE KHOIIKY Janucams ¢haiin.

i
Urop, B | 824.00 Piot0  Pgla
830.0- = 1
820.0-
810.0-
800.0-
m 7900-geeee
o 780.0-
e
= 7700+
(1, s o o B A A M A MMM S ERAAMAMEEESSNC n. M NSESmEMANAEEREE
7500 -
7400 - et i : —
| 1 1 I | | ! .
7300~ ] 5 T 1 o 1 o
050607 08091011121314151617 1819 20 21 2223 24 2526 27 28 29 30 31 3.2 33 34 35
IH, MA
Homep nopra \Kypcap 0 080 78000 T In,mA| -0.50
R — — ;
((oma Kypcap 1 320 178000 Kypcopbl
BnoyuTe War, MA KC Brikniouuts
9 o005 | |60 ")
3apepixKa, mc
oL Myck 3anucate cain

Puc. 4.3. Bun nunieBoit maHenu npu BBIOJIHEHUN 3a1aHus |
«/3mepeHne BOJIbT-aMIIEPHON XapAKTEPUCTUKU Ta30Pa3psiAHOIO MPOMEKYTKA)

10. Jlnst ocTaHOBKM NMpUII0kKeHUs HakMuTe KHONKy CTOI1.
11. Tlepenumute daiin Ha CBOM HOCHUTEIb WUH(POPMAIUU JJISI TTOCTIEAYIOIIEro
WCITOJIB30BaHUS MTPU COCTABIICHUN OTYETA.

3ananme 2. M3mepeHue MOpPOroBOro TOKAa reHepaunu

1. 3amycture mpunoxkenne LW1_2.exe. Haxmure kHOnKy Bwvinoanums. OT-
KpOETCS CTpaHula JIMIEBOM MaHEI, MpeJHa3HAYEHHas ISl BBINOJHEHHUS BTOPOIO
3aj1aHus J1abopaTopHOit padoThI (puc. 4.4).

2. Bxiirounte KOJIbIIEBOM Jla3ep, Ha)KaB Ha KHOMIKY Brirouums. Y 0€IUTECH, YTO
o 3aropeincs. [logoxaure 10 cexyHa uist TOTO, YTOOBI YCTAHOBUIICS HEOOXOUMBIIA
peXKUM pabOTHI.

3. Ybenurech, 4TO CTOUT 3HAUEHHUE Il1ara U3MEHEHHUs TOKa Hakauku |, paBHOE
0,05 MA, u 3anepxkka, paHas 200 mc. Ecnu mpenojaBaresib MPOCUT YCTAHOBUTH
WHBIE 3HAUYEHMUS, BBIIIOJIHUTE €r0 YKa3aHUS.
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4. Haxxmute Ha KHONKY /lyck. Crnenure 3a 3HaYEHUSIMU TOKa Hakadku |, u co-
OTBETCTBYIOIIMMH HampspkeHusMU @D ¢ BbIXoAa MEpBOro (POTONPUEMHHUKA. DTH
3HAYEHUs] 0TOOPaXKarOTCs Ha COOTBETCTBYIOLIUX LU(PPOBBIX MHJIMKATOPAaX U B BUIE
TOYEK IIPU MOCTPOECHUH XaPAKTEPUCTUKN HA TpaUueCKOM IKpaHe.

[ RERA| | 1] [t
I [} I I | 1 | I 1 I I [} 1 I
22 23 2425 26 27 28 2930 31 32 33 34 35

00— | i | | | | | | | | | |
I | | | | I | | | I | | | ]
15736 37 18 19 20 21

I I
05 06 07 08 0910 11 12 13 14

IH, mA
Kypcop 0 080 178000 m,mA| 050
?ﬂfﬁ?ﬂma : 1,.rp p i . Haiitn o
[t Kypcop 1 320 178000 Kypcopei
Brnw4nte War, MA KC Belkniounts
o oos [0 @
lSa,qepmxa,m
o 200 Myck 3anucatb dhaitn

Puc. 4.4. Bun nuuieBoii maHe Iy Opy BBITIOJHEHUH 3aJ1aHus 2
«M3mepeHune moporoBoro Toka reHeparum)

5. Ilocne mocTpoeHus: 3aBUCUMOCTH HANpPSKEHUS Ha BBIXOJE (POTONPUEMHHUKA
®,; OoT TOKa Hakauku |, BBIKIIIOUUTE KOJIBIIEBOM Jla3ep, Ha)KaB Ha KHOIKY Bwikiio-
yums. Y0EIMTECh, YTO CBEUEHUE JIa3epa MO/ 3alIUTHBIM 3KPAaHOM OTCYTCTBYET.

6. YcraHoBuTe Kypcop Ha TOYKE XapaKTEPUCTUKH, COOTBETCTBYIOIIECH TOKY
HaKauyKu, COOTBETCTBYIOLIEMY MPEKPAIICHUIO TeHepaluu. JTO TOYKE COOTBETCTBYET
pe3koe najeHue HanpsokeHust @. 3anumuTe 3HaYeHHs ITUX TOKAa M HampsKEHUs,
MCIIOJIB3YS] MHAUKATOPBI KOOPAMHAT Kypcopa.

7. Coxpanute B ¢aitn TeKcToBOro (opMara M3MEPEHHYIO XapaKTEPHUCTHUKY.
JUJis1 TOr0 HAXXMUTE KHOIIKY 3anucamy ghaiin.

8. lnst ocTaHOBKU MpUIIoKeHUs: Haxkmute kKHonky CTOI1.

9. Ilepenumute (aitn Ha CBOM HOCUTENb WHGOPMAIMH IS TOCIEAYIOIIETO
WCIIOJIb30BaHMs TIPU COCTABIICHUH OTYETA.
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3ananue 3. U3mepeHue mupuHbLI MO/ TeHePaIlUN
1. 3amyctute npunoxenue LW1 3.exe. Haxmure kHonky Boinoanums. OT-

KPOETCsI CTPaHUIIA JINIIEBOY TTAHEIH, MPeAHa3HAYCHHAs JJIs1 BBITIOJTHEHHS TPETHETO
3aJlaHus JJabopaTopHO padoThl (puc. 4.5).

Homep nopra Kypcop 0 3501 1150 = Unk, B|  189.55
______ e b HaiTth

Kypcop 1 16617 {220 KypCopbl

ToK HaKayKH, MA

;” 15 —_— KC Buiknioynte
oo 20 @

Brnwunte
3agep:Ka, Mc

J 00 Myck 3anucaTb aiin

Puc. 4.5. Bun nunieBoii maHeau Opy BBIIOJHEHUH 33/1aHUs 3

2. BkirounTe KOJIBIIEBOM Jia3ep, HaxkaB Ha KHOIKY Briouums. Y 0e1uTech, 4To
oH 3aropecs. [logoxaure 10 cexyHa st TOro, 4TO0bl YCTAHOBUIICS HEOOXOUMBIM
PEXKUM pabOTHI.

4. Ybenurech, UTO CTOUT 3HAUYCHHE I1ara M3MEHEHUs TOKa HaKadku |, paBHOe
0,05 MA, u 3anepxka, paBHas 200 mc. Ecnu mpenojaBaresib MPOCUT YCTAHOBUTH
VHBIC 3HAUEHUS, BBITIOJIHUTE €r0 YKa3aHUsl.

5. Haxxmure Ha kHONKY [lyck. Cnenure 3a 3HaYEHUSIMUA HANPSKEHUS HA MbE30-
kepamuke U u cooTBeTcTBYIomUMHU HanpspbkeHUssMU @D, ¢ BbIXoa nepBoro ¢Gpoto-
NpUEMHHKA. DTH 3HAUYEHUS OTOOPAXKAIOTCSA HA COOTBETCTBYIOIIUX IU(PPOBBIX WHIU-
KaTopax U B rpaduueckoM BUJE Ha HKpaHe.

6. [Toce mocTpoeHus 3aBUCUMOCTH HAMPsDKEHUS HA BBIXOJE (POTONMPUEMHUKA
OT TOKAa HAKa4KHU BBIKIIFOYUTE KOJBLIEBOM Jia3ep, HaXKaB HA KHOMKY Buikitouums.

7. C moMoIIp0 KypcopoB M3MEpPhTE PACCTOSTHUE MEXYy MOJaMu TeHepalu,
OTMEUYEHHBIMU 3HAaKaMH «+» U «—» (puc. 4.6). 3HaK «+» COOTBETCTBYET MOJE C
MEHBIIIUMU MOTEPSIMU (TO €CTh C OOJIBIIUM MPEBBIIICHUEM YCUICHUS HaJl TOTEPSIMU),
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3HAK «—» COOTBETCTBYET MOJE C MEHBIIUMHU MOTEPSIMH (TO €CTh C MEHBIIINM MPEBHI-
IIIEHUEM YCUJICHUS HaJ moTepsiMu). 3Has nepumerp L=16 cm, onpenenure uHTEpBal

MC)KI[y MOJaMH Av B CAMHHUIIAX YaCTOThI
C
Av =—.
2L
3aTeM ompenenute Macmrtad rpaduka. 3Has mMaciTad, ONpeaesuTe B €IUHU-
[[aX 4acCTOThI IIUPHUHY AV, MOJBI «+» U IIUPUHY Av_ MOJIbI «—» IO YPOBHIO %2 (pHC.

4.6).

Puc. 4.6. OnpenenieHrne MIMpUHBI MOJI TEHEPALIMH KOJIBLIEBOTO JIa3epa

8. Coxpanute B (ailn TekcToBOro (hopMara HU3MEPEHHYIO XapaKTEPHUCTHUKY.
JJ1st 5TOTO HAXMUTE KHOTIKY 3anucams ¢hatin.

9. Jliis ocTaHOBKYM NMPUIIOKEHUST HAXMUTE KHONIKY CTOI1.

10. IlepenummuTe ¢aiia Ha CBOM HOCUTENIb WH(POpPMAIMU JJI TOCIEAYIOIIETO
WCITOJI30BaHUS MTPU COCTABIICHUN OTYETA.

OT14eT 0 BBINOJTHEHUH JIA00PATOPHOI PA0OTHI

OT4eT O BBINOJHEHUHU JIA0OPATOPHOU pabOTHI BBINOJIHSAETCS B TEKCTOBOM pe-
naktope MA Word.

B cocraB oT4eTa 10OJKHBI BXOIUTH:

— Ha3BaHUE U LEJb JIA0OPAaTOPHOU paboThI;
— KpaTKoe TEOPETUYECKOE BBEACHUE;
— cxema J1abopaTopHOH YCTaHOBKU;

— TMOCTPOCHHBIE HAa OCHOBE COXPAHEHHBIX (PailioB rpaduku M3MEpPEeHHBIX
XapaKTEPUCTHK KOJIBLIEBOTO JIa3epa;

— TapaMmeTphl KOJIBIEBOTO JIa3epa, ONPEAECICHHBIE B XO€ BBHINIOJIHEHHUS 3a-
JIaHUI;

— HeoOXOIUMBIE MOSICHEHUS U BBHIBOEL.
Jlst mocTpoeHus rpauKoB PEKOMEHYETCS UCIIOIb30BaTh CPEICTBA IMMOCTPOE-
HUS TOYCYHBIX JUarpamm, uMeromuecs B cocrae MS Excel.
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5. KOHTPOJIbLHBIE BOIPOCHI

[—

. UTo Takoe CIOHTAHHOE U BBIHYKJIEHHOE U3TyyeHue?
. JIJ1st 4ero ciy>kUT pe3oHaTop jazepa?
. UeMm oTiMyaroTcst 00J1aCTH aHOMAJIBHOTO U HOPMAJIBHOIO TJICIOLIErO pa3psi-

W N

OB?

. I3 uero coctosT notepu B nazepe?

. UTO Takoe MOpOroBbIi TOK TeHepaIuu?

. UTO Takoe NpeBbIIICHUE YCUICHUS HaJl TOTEPSIMU?

. [Touemy B KOJIbIIEBOM JIa3epe€ YCTAHABIMBACTCS PEKUM «OETYIIEH» BOTHBI?

. [loueMy paznuyaroTCs aMIUTMTYIbl CUTHAJIOB C (DOTONPHEMHHMKA Ha MOJIax
«H» | «—»?

03N L A~
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