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®DoH/T OIIEHOYHBIX CPEJACTB — 3TO COBOKYIMHOCTh y4€OHO-METOAUYECKUX Ma-
TepuaaoB (KOHTPOJILHBIX 3aJlaHUM, onmucaHui HopM U TIpoIEeAYyp), MPEeaHA3ZHAUCH-
HBIX JIJI OIICHKM Ka4yeCTBa OCBOCHHUS OOYYAIONIUMUCS JAaHHOW TUCIMIUIMHBI Kak
4aCTU OCHOBHOHM 00pa30BaTeIbHON MPOTPAMMEBI.

[lens — OIIEHUTH COOTBETCTBHE 3HAHMM, YMEHUM U yPOBHS MPUOOPETEHHBIX
KOMIIETEHIU, O0yJaroIuXCs eJIIM U TpeOOBaHUAM OCHOBHOM 00pa3oBaTelbHOU
MPOrpamMMBbl B XOJ€ MPOBEICHUS TEKYIIETO KOHTPOJISI U TPOMEKYTOYHOM aTTecTa-
LIUH.

OcHoBHas 3a7aua — 00€CNeunuTh OLIEHKY YPOBHS C(POPMUPOBAHHOCTH OOIIIE-
KYJbTYPHBIX U TIPO(ECCHOHATBLHBIX KOMIETEHIINHI, MPUOOPETAEMBIX 00yJarOIUM-
Csl B COOTBETCTBUU C dTUMU TPEOOBAHUSIMU.

KonTtposnb 3Hanmit 00y4aromuxcs NpoBOAUTCS B (OpMeE TEKYIIETO KOHTPOJIS U
MIPOMEKYTOUYHOM aTTECTALINU.

[Ipu oneHuBanuu (OINpeeICHUN) PE3yIbTaTOB OCBOCHUS IUCIMIUIMHBI MPH-
MEHSIETCSl TPaJUIMOHHAS cUCTeMa (OTIMYHO, XOPOIIO, YIOBICTBOPUTEILHO, HE-
yIIOBJIETBOPUTEIBHO).

Macnopr poHAA OLIEHOYHBIX CPEICTB MO0 AUCUHUILINHE (MOTYJII0)
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1 2 OnexrpoMarautHoe usiny- | [1K-4.2-3 JlexunoHHsIE, DK3aMeH,
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OEHTHBIX JIaMIlaX HU3KOI'O
JaBJICHHUA.
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CBeToaMOIHbIE HICTOUYHUKU
CBETa: TPOIECCHl B TIOJY-
MIPOBOJIHUKE, OCOOCHHOCTH
KOHCTPYKITUH, JKCIUTyaTa-
IMOHHBIE apameTpsl,
SHEPreTHYCCKUE XapakTe-
PUCTHKH. CXEMBI TUTAHUSI.
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CrocoObl  m3MepeHust oc-
HOBHBIX CBCTOBBIX Xapak-
TEPUCTUK, HOPMHUPOBAHUE
OCBEIIECHHOCTH, CIIOCOOBI
MOJCITUPOBAHUS U pacueTa
OCBEIIICHHOCTH.
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2. ®opMBbI TEKyLIEr0 KOHTPOJIA

Texymuii KOHTpPOJIb YCHEBAEMOCTH IPOBOJAUTCA C LEIBIO OINpEICICHUS
CTENIEH! YCBOEHHUSI Y4eOHOro Marepuasia, CBOEBPEMEHHOTO BBISBJICHHS U yCTpa-
HEHUsl HEIOCTAaTKOB B MOATOTOBKE 00YYaIOIIUXCS U MPUHATHSI HEOOXOIUMBIX MEp
M0 COBEPIICHCTBOBAHUIO METOJIMKH MPEnojaBaHus Y4eOHON JUCHUIUIMHBI, Opra-
HU3alMKU paboThl 00YUYaIOIIKUXCS B X0/ YUEOHBIX 3aHATUNA U OKa3aHUS UM WUHIU-
BUIYyAJIbHOM ITOMOLIH.

Texymuii KOHTPOJIb MO AUCUUILIMHE MPOBOAUTCSA B BHUJIE NMPOBEPKH 3aja-
HUH, BBITIOJIHAEMBIX HA JTAOOPATOPHBIX 3aHATHUSIX, a TAKXKE B BUJIE OTBETOB Ha BO-
MPOCHI Ha JIAOOPATOPHBIX 3aHATHUSX.

3. @opMBbI IPOMEKYTOYHOT0 KOHTPOJIS

@opMOii MPOMEKYTOUHOT'O KOHTPOJIA MO JUCLMIUIMHE SBIsAETCS dK3aMeH. K
HK3aMEHY JOMYCKAIOTCs 00y4aroluecs, MOJIHOCTHIO BHIIOJIHUBIINE BCE BUIBI
yueOHOM paboThl, IPEelyCMOTPEHHbIE YYEOHBIM IJIAHOM M HACTOAIIEH POrpam-
Moi. @opma IpOBEAECHUS IK3aMEHa — YCTHBIN OTBET, [0 YTBEPKICHHBIM 3K3aMe-
HAIlMOHHBIM OuieTam, COPMYIHPOBAHHBIM C YUYETOM COJEPKaHMs YyUeOHOU Tuc-
LUTUTAHBI.

4. Kpurepum OeHKN KOMIETEeHI U 00y4alomuXcsl M IIKAJIbI

OLICHUBAHHUA

Ouenka (opMupoBaHHs KOMIETEHIMH Yy OOy4aroUIMxcsi Ha pa3IdyHbIX
ATanax MpoBOJUTCS MpeEroaaBaTeIeM BO BpeMs JIEKIHM, KOHCYJIbTalMid, jJabopa-
TOPHBIX U MMPAKTUYECKUX 3aHATUN 0 IIKAJIE OLEHOK «3aYTEHO)» — «HE 3aYTEHO.

OcBoenue Marepuana AUCIHUIUIMHBI U JOCTaTOYHO BBICOKAs CTENEHb (op-
MHUPOBaHUS KOHTPOJIUPYEMbBIX KOMIIETEHIIUNA 00yYalolerocs ciy’aT OCHOBAHHEM
IUISL Tonycka 00y4arolIerocs K 3Tany NpoMexXyTOUHOU aTTECTalluH - 3K3aMEHY.

Lenpio mpoBeAeHUS MPOMEKYTOUHOM aTTecTaluu (dK3ameHa) SBISETCS
MPOBEpKa KOMIIETEHLIUH, TPUOOPETEHHBIX CTYJECHTOM MPU U3YYEHUH TUCLHUILIU-
HBI.

DK3aMeH OpraHM3yeTCsl U OCYILECTBISAETCS, Kak IpaBuiio, B (hopme cobdece-
nosaHus. CpencTBoM, ONPEAEISIONUM COJIepKaHue coOeceloBaHUs CTYAEHTA C
HK3aMEHATOPOM, SIBIISIETCS YTBEPKICHHBIM 3K3aMEHAIMOHHBIA OWJIET, colepika-
Hue koroporo onpenensiercs OIIOIT u paboueit nmporpamMmoit npeamera. DK3ame-
HAIlMOHHBIM OWJIET BKIIIOYAET B ce0sl, KaKk MpaBuiio, JBa BOMPOCA OTHOCSIIMXCS K
TEOPETUYECKUM pa3ziesiaM JUCHUIUIMHBL. OIIEHKE Ha 3aKJIFOUUTENBHON CTaIuN K-
3aME€Ha MOABEPraroTCsS YCTHBIE OTBETHI 3K3aMEHYIOIIETOCs Ha BOIPOCHI dK3aMe-
HAIlMOHHOTO OUJIETa, a TAKXKE JIOMOJHUTEIbHBIE BOIPOCHI HK3aMEHATOPA.

[IpumensitoTCs crieayronme KpUTepun OLUEHUBAHUS KOMIETEHIUN (pe3yib-
TaToB):



-ypOBEHb YCBOEHHUS MaTepuaia, NpeyCMOTPEHHOTO MPOrpaMMON;

-yMEHUE  aHaIM3UpoBaTh  MaTepuaj, YCTAaHABIMBATh  MPUYMHHO-
CJIE/ICTBEHHbIE CBS3HU;

- MIOJTHOTA, apTYMEHTUPOBAHHOCTb, YOEKIEHHOCTh OTBETOB Ha BOIIPOCHI;

-Ka4ecTBO OTBeTa (00IIasi KOMIO3UIMS, JIOTUYHOCTh, YO€XKIEHHOCTh, 00-
iasi SpyaAuLus);

-MCTOJIb30BaHUE JIOMOJIHUTEIbHON JTUTEPaTyphl MPU MOATOTOBKE K 3TaIly
MIPOMEKYTOUHOM aTTeCTalHH.

[Ipumensiercss 4derbipexOanbHas MIKajla OLEHOK: "oTiau4Ho", "Xopomio",
"yIOBIETBOPUTENIBHO", "HEYIOBIETBOPUTENBHO", YTO COOTBETCTBYET UIKAJIE
"KOMIIETEHIIUH CTYJIEHTa MOJHOCThIO COOTBETCTBYIOT TpeboBanusm OGI'OC BO",
"KOMIIETEHLIUH CTYAEHTa cOOTBETCTBYIOT TpeboBanusm OI'OC BO", "kommereH-
IIUU CTYJ€HTa B OCHOBHOM COOTBETCTBYIOT TpeboBanusim ®I'OC BO ", " xommne-
TEHIIUHU CTYJIEHTa HEe COOTBETCTBYIOT TpeboBanusim ®I'OC BO".

K ouieHke ypoBHS 3HaHUM U MPAKTUYECKUX YMEHUN U HABBIKOB PEKOMEHY-
€TCs IPEBSBIATH CJICAYIONMINE O0IHe TPEOOBAHUS.

«OTIHIHO»:

riiy0OKHe W TBEpJble 3HAHUS MPOrPaMMHOT0 MaTepHalia MpOrpaMMbl JUC-
LUUIUIMHBI, TMOHUMaHHUE CYUIHOCTH M B3aUMOCBS3M pPaccMaTpUBAEMBIX SBIICHHM
(mporeccoB);

MOJIHbIE, YETKHUE, JIOTUYECKH IOCJe0BaTeNbHbIe, MPAaBUIbHBIE OTBETHl Ha
MOCTABJICHHBIE BOIIPOCHI; YMEHHE BBIJICISATh IJIABHOE U JENIaTh BHIBOBI.

«Xopouio»:

JOCTaTOYHO MOJIHbIE W TBEPJbIC 3HAHUS MPOrPAMMHOI0 MaTepuaia JUCIH-
IUTMHBI, MPaBUJIbHOE MOHUMAHHUE CYIIHOCTH M B3aMMOCBSA3M pPacCMaTPUBAEMbIX
SIBJICHUH (TIPOLIECCOB);

nocJieJoBaTeNbHbIC, PAaBUIbHbIC, KOHKPETHBIE, 0€3 CYIIECTBEHHBIX HETOY-
HOCTEH OTBETHI HAa MOCTABJIEHHBIE BOMIPOCHI, CBOOOITHOE yCTPAaHEHUE 3aMeYaHui O
HEJI0OCTATOYHO IMOJIHOM OCBEUICHUU OTJIEIbHBIX MOJIOKEHUN MPHU MOCTaHOBKE J10-
MOJIHUTEIBHBIX BOITPOCOB.

«Y10BJIETBOPUTEJIbHO»:

3HaHME OCHOBHOT'O MPOrPAMMHOI0 Marepuana JUCHUILIUHBI, MOHUMaHUE
CYLIHOCTH M B3aUMOCBSI3M OCHOBHBIX PACCMATPUBAEMBIX SIBJICHHH (IIPOIIECCOB):

MOHUMAaHUE CYHUTHOCTH 00CYXAaeMbIX BOIIPOCOB, MPaBUIIbHbIE, 0€3 rpyObIX
OIIMOOK OTBETHI HAa MOCTABJICHHBIE BOIPOCHI, HECYILIECTBEHHbIE OIIMOKU B OTBE-
Tax Ha JIONOJHUTEIbHbIE BOIIPOCHI.

«HeynoBJ1eTBOPUTEIbHO»:

OTCYTCTBME 3HAHMI 3HAYUTEIBHOM YaCTU MPOrpPaMMHOrO0 Marepuana Juc-
LUTUTMHBL, HETIPABWIbHBINA OTBET XOTS ObI Ha OJJUH U3 BOIIPOCOB, CYIIIECTBEHHBIEC U
rpyOble OIIMOKM B OTBETaX Ha JOTIOJHUTEIbHBIE BOIPOCHI, HEAOMOHUMAHUE CYIII-
HOCTH H3JIara€MbIX BOMPOCOB, HEYMEHUE NMPUMEHSITh TEOPETUUECKUE 3HAHUS TIPU
pEIICHUH MPAKTHYECKUX 3a/a4, OTCYTCTBHE HAaBHIKOB B OOOCHOBAHMM BBIJIBUTAE-
MBIX MIPEAJIOKEHUN 1 MPUHUMAEMBIX PEUICHUH.



[Ipu Tpex Bompocax B Oujere oOIIas OLEHKAa BBICTABISIETCS CIEAYIOLIUM
00pa3oOM:«OTIUYHO», €CIU BCE OLEHKH «OTIUYHO» WM OJHA M3 HHUX «XOpO-
HI0»;«XOPOLIOY», €CIU He 0ojiee OJIHOM OLEHKH «YJOBJIETBOPUTEIBHOY; «yAOBIIE-
TBOPUTENILHOY», €CIIN JBE U 0O0JIee OLIEHOK «YAOBIETBOPUTEIBHOY; «HEYIOBIETBO-
PUTEIBHO», €CIU OJIHA OLEHKA «HEYIOBJIETBOPUTEIBHO», & OCTAJIbHBIE HE BBIIIEC
YEM «YJOBJIETBOPUTEIBHO» WIH IBE OLIEHKHU «HEYIOBIETBOPUTEIBHO.

5. Bonpochbl K 3Kk3aMeHy no Aucuuiiinde '"CBeToBble TeXHOJIO0THH"
1.CBeTOBBIE BETUYUHBI U €AUHULBI UX U3MEPEHHUS: CBETOBOM NOTOK, CHUJIA CBETA,
OCBELIEHHOCTb, IPKOCTb.

2. DHEPreTUYECKUE BENTMYNHBI, XapaKTEPHU3YIOIIHUE CBETOBOM MOTOK.

3. M3nyuarenbHas (MCIycKaTelibHAs) CHOCOOHOCTh U SHEPreTHYecKasi CBETUMOCTb.
CBs3b CBETOBBIX U SHEPIreTUYECKUX BEITUUMH.

4.CrniekTpanbHble YyBCTBUTEILHOCTH YEIOBEUYECKOTO I1a3a U TPeX TUIIOB KOJIOO-
yek. KoopauHaTel IBETHOCTH.

5.JIuHMS CEKTpaIbHO YMCTON BETHOCTH. KOOpAMHATHI IBETHOCTH MIPU HATMYUU
B U3JIyYE€HUH COCTABJISIIOIINX C IBYMS M TPEMS JJIMHAMU BOJIH.

6.TeroBoe U3IIyYeHHE U €r0 XapaKTePUCTUKUA. AOCOIIOTHO YEPHOE TEIO.

7.OCHOBHBIE 3aKOHBI TEIUIOBOT'O U3JIy4eHHS aOCOJIOTHO YEPHOTO TeJla: pacipeie-
JICHUE TUTaHKa JJIA U3JIydaTesbHOM criocoOHoCTH, 3akoH Credana-bonbiimana,
3aKOH cMelleHus Buna.

8.JIuHus BeTHOCTEH 115 M3NydeHust abcoMoTHO yepHoro tena. [[BeroBas temrie-
patypa. « Terbliiy, eCTECTBEHHBIN U «XOJOHBIN OeNbIil CBET.

9.111kana HBETOBBIX TEMIEPATYP PACIIPOCTPAHEHHBIX HICTOUHUKOB CBETA.

10.Uctopuueckue 3Tansl pa3BUTHs JIaMI HakainBaHus. CBETOBAs OT/1a4ya 1o
MOUIHOCTH JIAaMII HaKaJIMBAHHUS.

11.KoHCTpyKITUs 1aMIT HaKaauBaHUS U (haKTOPbI, OTPEIEIISIONINE UX PECYPC.

12.0co6eHHOCTH TaJIOreHHbIX JIaMIl HakanuBaHus. [RC-ranoreHHbie JaMIIbI.

13.OHepreTuueckre COCTOSHUAS aTOMOB PTYTH U NEPEXOAbl MEX 1y HUMHU. Pe3o-
HAHCHBIE COCTOSTHUS, PE30HAHCHOE U3JIYYeHUE U OCOOEHHOCTH €ro pacipo-
cTpaHeHus B raze (Iud@y3us pe3oHaHCHOT0 u3nyyeHus1). CreKTp u3nydeHus
paspsija B mapax pTyTH IPU HU3KUX JaBICHUSX.

14.®orontomunodopsl. 3akon CTokca.

15.TpeGoBanus k GporontoMuHopopam, UCTIOIb3YEMbIM B PTYTHBIX JIaMIaX HU3KO-
ro JIaBJIICHUS. DHEpreTuyecKas Juarpamma, OTpaykaromias MorJIoneHrue U Uc-
nyckaHnue ceera oromomMuHopopamu. TylleHne TIOMUHECLIEHIINH.

15.Crextpsl nornomenus u ¢poromomunecteHnnu 3[Cas(POy),] Ca(Cl, F), : Sb,
Mn. ®@akTopsl, onpeaesiore uCnoib3oBanue ranodocdara Kaaplus B Kaye-
CTBE JIIOMUHO(OpA B TIOMUHECIIEHTHBIX JIaMIIaX HU3KOTO JaBJICHHUS.

16.JIromuHOGOPHI AJ1 yIbTPa()UOIETOBBIX JIAMIT HU3KOTO JAaBJICHUS U y3KOIOJIOC-
Hble roMuHOops! 1111 RGB ucrounmkos.

17.YcTpoiCTBO TIOMUHECHIEHTHOM JIJaMIIbl HU3KOT'O T1aBJICHHUS.

18.Pa3orpeB pTyTHOM JamMIlbl HU3KOTO JABJICHUS U 3A)KUTAHUE B HEW TyTOBOTO
paspsaa. YCTpOUCTBO U IIPUHIIUIT JEUCTBUS CTapTepa.

19.CraunonapHbliii (OCHOBHOMW) peXUM pabOThl PTYTHOM JIaMITbl HU3KOTO J1aBJie-
HUSL.



20.IIpoueccsl B rase, 1t0MUHOGOPE U HA KaTOAE PTYTHBIX JIaMIT HU3KOT'O JIaBJie-
HUSL.

21.Tumbl TIOMUHECHIEHTHBIX JIaMIT HU3KOTO JaBieHus. CBETOBBIE, DJIICKTPUUYCCKUE
1 JKCIUTyaTallMOHHBIC IMapaMeTPhl JIOMHUHECIICHTHBIX JIAMII.

22.3aBUCUMOCTb CBETOBOT'O TTOTOKA JTIOMHUHECIIEHTHBIX JIaMIT OT TeMIIepaTyphl OK-
PY’Kalolero Bo3ayxa.

23.3aBUCUMOCTH CBETOBOM OTJa4M PTYTHOI'O pa3psjia OT IaBJICHUS MMAPOB PTYTH.
CrexTp u3ny4deHus paspsjia B mapax pTyTH IIPH BBICOKUX JTaBICHUSIX.

24 KoHCTpYKIIMU, IPUHIIUI TEUCTBUSA U TEXHUUYECKHUE XapaKTEePUCTUKU TyTOBBIX
PTYTHBIX JTIOMHUHECIIEHTHBIX JIAMIT BBICOKOT'O JTIaBJICHUSI.

25.TpeboBanus K TOMHHOGOpPAM PTYTHBIX JIaMIT BEICOKOTO J1aBiieHUsl. OCHOBHBIC
THUIIBI TIOMHUHO(OPOB, UCTIOJIb3YEMbIX B PTYTHBIX JIaMIaX BICOKOTO JaBJICHUS.

26.PTyTHBIEC TAMITBI CBEPXBBICOKOTO JABJICHUS: OCOOEHHOCTH yTOBOTO pa3psaa U
KOHCTPYKIIUH.

27.MertaiorajloreHHbl€ JJaMIIbl: POILIECCH B TA30BOM pa3psije, CIEKTp U3Iyyde-
HUS, BApUAHThl KOHCTPYKIIUNA, 0COOCHHOCTH IKCIUTyaTallUH.

28.HarpueBsie JIaMIIbl BBICOKOTO JaBJICHUS: BApUAHTHI KOHCTPYKIIUH, CIEKTP W3-
JyYEeHUS, TEXHUYECKHE XapaKTEPUCTUKH.

29.251eKTpOMarHiuTHbIE MMyCKOPETYIUPYIOUIUE anmnaparsl Al ra30pa3psIHbIX
JIaMII, UX HEJOCTATKHU.

30.IIpuHIMO TOCTPOCHHMS SIEKTPOHHOTO OaiacTa AJis ra3opa3psiAHbIX JIAMIIL.
[IpenmyiecTBa 3IEKTPOHHBIX OANIACTOB.

31.M3nyuyarenbHasi peKOMOUHALIMS DJICKTPOHOB U ABIPOK MPU WHKEKIIUU Yepe3 p-n
nepexoi. [IpssMo30HHBIE M HEMPSIMO30HHBIE MOTYNPOBOAHUKN. MaTepuasl,
UCIOJIb3yeMbI€ B CBETOJMO/IaX, U CIEKTPAJIbHbIE AUANa30Hbl UX 3JIEKTPOIIIO-
MUHECIIEHIIUH.

32.0c00eHHOCTHU MPOIECCOB B CBETOAMO/1aX KOPOTKOBOJIHOBOM YaCTH BUAMMOTO
auana3zoHa. 30HHas JuarpaMMa p-n rereponepexoia Jjisi CHHEro CBETOAMO/A.

33.KoHCTpYKIIUN OCBETUTEIIBHBIX CBETOIUOIOB U CBETOIUOIHBIX CBETUILHUKOB.

34 BnustHue TeMrnepatypsl p-n mepexo/ia Ha CBETOBOM MOTOK M CPOK CITY>KOBI OC-
BETUTEIBHBIX CBETOANOI0B. [Ipobiiema 0TBOA TEIIIA OT p-n Mepexo/ia U CIo-
coOBI €€ pelIeHus.

35.JTlromuHOGOPHI, UCTIOTB3YEMbIC B CBETOAUOIHBIX CBETHIIbHUKAaX. OCOOCHHOCTH
CIIEKTPOB M3J1yUYEHUsI CBETOUOHBIX CBETHUIILHUKOB.

36.05IEeKTPUYECKUE CXEMBI JIJIsl TUTAHUS CBETOUOIHBIX CBETUILHUKOB.

37.0Oprannyeckue CBETOUOIbI: MPUHITUIT JeHCTBHS, KOHCTPYKIIMS, TPEUMYIIECT-
Ba U MEPCIEKTUBBI MPUMEHEHUS.

38.0OCHOBHBIE XapAKTEPUCTUKHU OCBEIIICHUSA: CBETOBOM MOTOK, OCBEILIEHHOCTb, SIp-
KOCTb, IIOKa3aTelb OCICIIIEHHOCTH, KOA(DPUIUMEHT MyIbCcalluii OCBEIIEHHOCTH,
nmokaszateib quckoMdopTta, ko3P OUIIMEHT I[BETOIIepEIauu.

39.Hopmupyemble BeTUYUHBI IPU OCBEIICHUHN YIIHI] U TTIOMEIIECHUH.

40.PacueT OCBEIIEHHOCTH U SIPKOCTH: TOYEUYHBIA METOM, METOJ KO3 dullneHTa
MCIOJIb30BaHUSI CBETOBOT'O MOTOKA.



7. Ilpumep J1abopaTopHOil padoThl MO AucHMIINHEe '""CBeTOBbIE TEXHO-
Jorun"

JIABOPATOPHAS PABOTA Ne 1

HCCJIEJJOBAHUE PABOTHI I'A3OPA3PSIJTHOM JTAMIIBI JTHEB-
HOI'O CBETA

B coorBercTBUU ¢ OOLIETIPUHATHIM ONPEAEICHUEM JIAMNbl OHEBHO20 C8emda
— 3TO MPHUOOPHI CO CHEKTPATbHBIM COCTAaBOM, OJIM3KUM K COJHEYHOMY cBeTy. He-
O0OXOJMMBII CIEKTPabHBIA COCTaB 00ECMEeUUBAETCS M3JIyUYEHUEM NapoB PTYTH U
JIOMUHECIUPYIOUIETO MOKPBITHSA, BO30YKIaeMOro yiabTpapuoIeTOBON KOMIOHEH-
TOM m3nydeHus pryt. lasinenue nmapos pryTH (mpumepHo 0,1 MM pT.cT.) popMu-
pYETCSl B pEKUME HACBILIECHHS, KOT/Ia MPOLECCHl UCTIAPEHUS U KOHJCHCAIIMU TIPO-
XOJAT ¢ OAMHAKOBOM CKOPOCTHIO. BennunHa naBieHus ONpeAEIsIETCs TEMIIEPATy-
poii BHYTpEHHEN CTOPOHBI CTEKJIIHHON 00ojouku. KpoMe mapoB pryTH B oObeMe
JaMIbl HAaXOJUTCA aproH. DTOT ra3 HEOOXOAMM Il HAYaJbHOTO 3a)XKUTaHUS U
MOAJAEP/KAHUS ONTHUMAIBHOTO 3JIEKTPUYECKOr0 pexuMa razoBoro paspsazna. K wuc-
TOYHHUKY IIEPEMEHHOI0 TOKA JIAMIIBI ITOAKIIOYAOTCA 4depe3 apocceib. [Ipoccens
BBITIOJIHSAECT (YHKIHMIO 0A/JIACTHOTO pe3ucTopa W oOecreyrBaeT HaudajdbHBIM Opo-
COK HANpsDKEHUS I 3aKUTaHUs paspsaa. B xadecTBe SMUTTEPOB AIEKTPOHOB B
JaMITaX MCHOJIb3YIOTCS MPSMOHAKAJIbHBIE KAaTOAbI C OKCHJIHBIM MOKphITHEM. bia-
rojaps 3TOMY 3aXKUT'aHHE pa3psiia MPOUCXOJIUT MPU CPABHUTEIBHO HEOONBIINX
3HAYEHUAX CTAPTOBOrO HampspkeHus. Jlammbl 0051ajaloT BBICOKOW CBETOOTHAYEH,
UMEIOT OONBIION CPOK CITY’KOBI U CPABHUTEIIBHO HEBBICOKYIO CE0ECTOMMOCTb.

Ileab padoThl. McciienoBaTh 3IEKTPUUECKAN PEKHUM, CBETOBBIE ITAPAMETPbI
JIOMUHECHEHTHON JIaMIIbl JHEBHOT'O CBETA MTPOMBIIIJIEHHOI'O U3TOTOBJIEHUS U MIPO-
BECTH aHAJIU3 OCOOCHHOCTEHN 2JIEMEHTOB U3MEPUTEIIBHON CXEMBI.

B xone BeInosnHeHus J1a0opaTOpHONW pabOThl HEOOXOJUMO CHSTH OCLIMILIO-
IpaMMbl HalpsIKEHUs, TOKA 1 UHTEHCUBHOCTH CBETOBOI'O MOTOKA MPH Pa3IMYHBIX
3HAYEHUAX HAMpPsDKEHUS MCTOYHMKA MUTAHUS; PACCUUTATh MOTPEOJIIEMYIO MOII-
HOCTb; OIICHUTHh TEIUIOBOM PEXHUM; PACCUUTATh PHEPreTHUYECKUH Kod)PuuueHT
MOJIE3HOTO ACHCTBUS, KOI(PPUIUEHT MyiabCcalluii U MpOaHATU3UPOBATH 3aBUCH-
MOCTb CBETOOTJAAYU OT BEIUYMHBI BXOJHOT'O HANIPSIKEHUS.

JKCNEPUMEHTATbHAsl YCTAHOBKA




DNeKTpuyYecKas CXeMa HKCIEPUMEHTAJIbHON YCTAHOBKH IMOSCHIETCS Ha PUC.
1. Uccnenyemas namma JI (mammna Gemoro npeta tuna JIb-20) pazmemniaeTcs B 3a-
HIUTHOM KOXYyX€, MPEIOXPAHSIOIIEM Ija3a dKCIEPUMEHTATOpa OT BO3JACHUCTBUS
MPSIMOTO CBETOBOTO MOTOKA. B KOXKyXe CMOHTUPOBAHbI KOHTAKTHBIE KOJOJIKH IS
BKJIIOYEHHUS JIAMII B LIENb IUTAHUS, & TAKXKE JATYMKA CBETOBOTO NMOTOKA U TEMIIE-
patypsl 00oi0ukH. Jlamma mojkiIOYeHa K CETH 4epe3 pa3AesIuTeIbHBbIA TpaHC-
dbopmarop T2, HanpspkeHHEe Ha KOTOPOM PETyIHPYETCs ¢ MOMOIIbIO aBTOTPAHC-
dopmaropa T1. Hanpsbxkenue nutaHusi KOHTpoaupyercs BoiabTMeTpoM PUI. Be-
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Pucl.Cxema 3KcnepHMeHTanLH0171 YCTaHOBKH

JUYMHA CBETOBOrO MoTOoKa peructpupyercs doropesucropom OC-J1 (OP). Tem-
neparypa 00O0JIOUKH U3MEPSAETCS CIEeIHAIbHBIM JAaTYMKOM 3JIEKTPOHHOTO BOJIBT-
metpa B7-27/A1 (PT). OcuuiimorpaMmbl TOKa, HapsDKEHUS U (DOTOTOKA PETUCT-
pupytorcst ¢ nomoipio ocuwiorpaga C1-91, obecneynBaronero Bo3MOKHOCTb
KOHTPOJIMPOBAaTh O YETHIPEX IMPOLECCOB OAHOBpeMEHHO. OcuuuiorpaMma Ha-
MPSKEHNS. CHUMAETCS yepe3 aenurelb ¢ cootHomenueM 1:100. Tlo Takoi xe cxe-
Me Ha ocluIorpad mojaaercs HanpsHKeHUE BHEUTHEH cUHXpoHHu3auuu. Ocuusio-
rpaMMa Toka cHuMaetrcd ¢ pesuctopa R1 Benmuuunoit 2,5 Owm. [lutanue goropesu-
CTOpa, PETUCTPUPYIOLIErO0 CBETOBOW MOTOK, OCYIIECTBISETCA OT BCTPOEHHOTO B
YCTAHOBKY BbIIpAMUTENS. J[JIs1 HAYaNbHOTO MOJKHUIa pas3psiia UCIOJIb3YETC KHO-
MTOYHBIN BBIKIIOUaTENb KH.
ITocsienoBaTebHOCTH U3MEPEHU

Bnauane Hazo yOeauTbCs, UTO BCE DJIEKTPOHHBIE YCTPOMCTBA BBIKIIOUYEHBI,
aBTOTpaHc(hopmMaTop HAXOAUTCS B BBIBEJIEHHOM cocTosiHuu. [locie aToro Heo6xo-
JUMO TOJAaTh MUTAHWE HAa YCTAHOBKY, BKJIIOYHMTH OCHHIIIOrpad M 3JIEKTPOHHBIN
BOJIBTMETP.

Jlist 3akuraHus paspsiga ciaeayeT YCTaHOBUTH C MOMOIIbIO JaOOpaTOPHOTO
aBroTpanchopmaropa HanpspkeHue 220 B, Haxkath Ha KHOTIKY mojkura KH u, BbI-
JepKaB 5 CeKyHH, OTIYCTUTh ee. CaenaB BbIIEPKKY, HEOOXOJUMYIO JIJIsl YCTaHOB-
JeHus paboyero pexxuma ocuuuiorpada, cienyeT mnepekirovaresieM OJOKOB OcC-
nuiorpada BKITIOYUTH PEXHUM paboThl KpacHoro Onoka. Ilepekirouarenem Ha
KpacHOM OJIOKEe YCTaHOBUTH pa3BepTKy HampsbkeHus (iyu I). Ilocie ycraHoBku
MIPUEMIIEMON CKOPOCTH Pa3BEPTKH, LIECHTPOBKHU J1y4a U UyBCTBUTEIBHOCTH IO CHI-



HaJTy HaNpsDKEHUS YCTAaHOBUTH U OTPETYIMPOBATH PEXKUM Pa3BEPTKH CHTHAJIA TOKA
(;rya IT). 3aTreM, yCTaHOBHB IMEpEKIIOYATETh PEKUMOB KPacHOTO 0JI0Ka B MOJIOXKE-
HUE «.» (MHIUKAIUSA IBYX MPOIECCOB), YOSAUTHCS B CHHXPOHHU3AIMH PAa3BEPTKH.
Jlist ymoOcTBa OTCYETa HYJICBOTO YPOBHS CHUTHAJIOB II€JIECOOOPA3HO C ITOMOIIBIO
MEPEKITI0YATEIICH, PACTIONOKCHHBIX IO JSTUTCIIIMU HAMPSOKCHUS, YCTAHOBUB HX
B CpeaHee MoJIoKeHUEe, 0003HAUCHHOE 3HAYKOM « L » (OJIOKMPOBKA BXOJHOTO CHT-
Haja), COBMECTUTD JTUHUH PAa3BEPTKU PETHUCTPUPYEMBIX ITPOIIECCOB.

Jliist ociiuniorpadupoBadus POTOCUTHAIA HEOOXOIUMO BKIIFOUNTD 3€JICHBIN
osok. JIya I 3eieHoro G110Ka 11eeco00pa3Ho UCIOIb30BaTh ISl OTMETKH Ha dKpa-
HE HYJEBOTO YpOBHsA. JlJIS 3TOro, MEpeKItOYMB YCHIICHHE IO 3€JICHOMY OJIOKY B
MIOJIOKCHHE «..», PBIUYAKKOM JIy4a I, pacro0o)KeHHBIM O] PYYKOH TEPEKITFOYCHHS
YyBCTBUTEIIBHOCTH, YCTAHOBHUTH PEIKUM « L». B 3TOM pexuMe paboThl COBMECTUTH
pa3BepTKy 00OMX Jydell Ha OJHY M3 HIDKHUX MAacIITaOHBIX JIMHUH. 3aTeM, IepeBe-
151 PBIYAXKOK JIy4a | B MOI0KeHHUEe, COOTBETCTBYIOIIEE PETUCTPAIIUU BXOJIHOT'O CHT-
Hajla, yCTAHOBUTH YPOBEHBb YCHIICHHUS, IPUEMJIIEMBIN JIJIs OTcueTa (hOTOCHTHAIA.

W3mensisi aBroTpanchopmaropoM HampspbkeHue Ha Bxozae (U,y) ot 160 mo
220 B, mpOKOHTPOJHUPOBATH OCIMIIJIOTPAMMBI TOKA, HANPsHKEHUS U (DOTOCUTHAIA,
OTMETHB BEIUYHMHY HaNpsDKEHUS 3akuranus pa3psiaa (Us.), HAMPSHKEHUS TOPCHUS
paspsna Uy,p, MAKCUMaJbHOE 3HAUCHUE aMIUIUTYAbI TOKa [, Yepes J1aMIly, MaKCH-
ManbHOE Upmax U MHUHUMANBbHOE Upmin 3HaUEHUS (OTOCHUTHANA IIPU 4YEThIpEX
YPOBHSX BXOJIHOTO HAIPSIKCHUS.

PacueTHas yacTh BKJIFOYACT OIEHKY KO3 (DHIIMEHTa CBETOOTIaul U SHEPre-
THYECKOTO KO3 (PHUITMCHTA MOJE3HOTO JEHCTBHS.

KoadduiueHnT cBeTooTnauu 1y ONpelensercs Kak OTHOLIEHHE CBETOBOIO
MOTOKa @, TIFOMUHECIICHTHOM JIaMIIbI, BBIPAKEHHOTO B JIIOMEHAX, K MOTPeOIsIeMOi
BJIEKTPUYECKON MOIIHOCTH P;;, BBIPA)KEHHOU B BaTTAX,

Ng = @H/P -

B COOTBETCTBHMH C OCOOCHHOCTSAMH SJCKTPUUYCCKOTO PEKHUMA JIFOMHHEC-
IIEHTHOM JIaMITbl (HAIPSKEHUE TOPEHUS MOYTH HE MEHSCTCS B TEUCHUE TOKOIMPO-
XOXKCHUS, a OCITIILIOTpaMMa TOKa MPUOIMKEHHO uMeeT (hopMy JIOMaHOU JINHUN),
noTpebiisieMas MOITHOCTh

Py = [,Urop/2.

BennyuHa cBETOBOTO IMOTOKA MOXET OBITh OMpe/ecHa UCXO0II U3 TOTO, YTO
AJIEKTPOIPOBOTHOCTE (DOTOPE3UCTOpA MPOIMOPIHOHATBFHA CBETOBOMY ITOTOKY, Tia-
JaroIleMy Ha aKTHBHYIO MOBEPXHOCTb 0,D;. YuuTbIBas, 4TO MPOBOAUMOCTb 00-
paTHO MPOTOPIIMOHATIBHA COMPOTUBIICHUIO, MOJyYacM, YTO B COOTBETCTBUU C HC-
MOJIb3yeMON CXEMOM M3MEPHUTEIIBHOTO 0JI0Ka, HANPSHKCHHE, MOCTYTAIOIIee Ha OC-
nusiorpad:

Uq) = U()Rz/[l/(ep@n)+ Rz]

B s10i1 popmyne Uy — HanpsikeHHe UCTOYHMKA MUTaHUsA, 0, — GOoTOUyBCTBU-
TeNBHOCTB (hoTopesucTopa (i poropesutopa PC-/I1 0, = 30 mxA/B-1m). B nan-
HOM cxeMe obecredeHo ycnosue 1/(0,@,) >> R,. IlosToMy ¢ 10CTaTOYHON IS
MPAKTUYCCKUX PACUETOB TOUHOCTHIO
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r7ie ¢ - yrioBo kKodphuiueHT 001y4eHHOCTH aKTUBHON MOBEPXHOCTU (HOTOPE3U-
CTopa JIOMHHECLIEHTHOM namnoi, Uy — ycpenHeHHoe 3HadeHue Qorocurnana: Uy
~ (l](bmax+ U(bmin)/ 2.

VYrioBoi k03¢pUITMEHT 00JIYYEHHOCTH () OMPEACISET A0 CBETOBOIO IO-
TOKa, MOMAJAI0NIEro Ha NPUEMHHUK H3IydeHUusa. DOTope3ucTop HaAXOAUTCA OYEHb
OJIN3KO K TOBEPXHOCTU JIAMITbI, TTOATOMY YIJIOBOM KO3 UIIMEHT 00JYy4EeHHOCTH
MPUMEPHO PaBEH OTHOIIECHUIO TUIOMIAIM aKTUBHON MOBEPXHOCTH (DOTOpE3ncTOpa
F}, K mIo1many u3y4aromen IOBEPXHOCTH JIaMIIbL F.

AxTuBHBIN ydyacTok ¢doTopesuctopa OC-JI1 umeer nmpsMoyroiabHyo Gopmy
C pa3mepamu CTOPOH 4x7,2 MMm.

IIpu pacyere nznyyarnield NOBEPXHOCTU JTIOMUHECIIEHTHOMN JIaMIIbl CIELYET
y4ecTh, YTO JIJIMHA Y4YacTKa, MOKPBITOTO JTIOMHUHO(POPOM, COCTABIISET 58 cwm,
JTMaMeTp KoJiowl 3,8 cM.

DHepreTuueckuit K03 UIIMEHT TMOJEe3HOTO IEUCTBUSA (OTHOILICHUE H3ITY-
4aeMON MOITHOCTH K MOJHOM MOIIHOCTH, MOTPeOIIeMOM JTIOMUHECIIEHTHON JlaM-
ToH)

D,

Ny, = 1- QK/ P >
rae Jx — MOUTHOCTb, paccerBaeMasi IOBEPXHOCTHIO JIAMITbI B PE3yJIbTaTe KOHBEK-
TUBHOT'O TEIJIOOTBOAA!
Oc=oF (T, —T,),
rae o — Ko3Q(GUIHUEHT TEII00TAAYM [P CBOOOJHO KOHBEKTHUBHOM OXJIAXKICHUHU
o ~ 7 Br/(m*rpan)], T, — TeMreparypa 0GOI0UKH JaMbl, T, — TeMIIepaTypa OK-
pY’Karolen Cpenbl.

[Ipu paboTte razopa3psaHbIX JamMI HAa IEPEMEHHOM TOKE HEH3OEKHBI MYyJb-
calliM CBETOBOTO IOTOKA M3-3a MPEPBIBUCTOCTU ra3oBoro paszpsaa. C yyerom Ju-
HEHMHOM CBSI3M MEXIY CBETOBBIM IMMOTOKOM, MaJarolIMM Ha (QOTOPE3UCTOp, U Ha-
npsbkeHreM GpoTocurHana KodpPuuueHT nyabcanui

Kn = (U(bmax - l](bmm)/(2 U(i))
3ananue no padore

1. 3apucoBarh OCHMIIOIpPaMMbl HampsDKEHHS, TOKa U (OTOCHTHajIa Mpu
Bxo/HOM Harmpsbkenun 220 B. Tlo ¢popme ocumiiorpaMm OIeHUTh 3HAYCHHS Ha-
MPsDKEHUS TOPEHUS, HAPSDKEHUS 3a)KUTaHuUsl, aMIUTUTY/bl TOKAa, MAKCUMAJIBHOTO U
MUHUMAJILHOTO YpOBHEHN (hOoTOCUTHATIA.

2. CHATh 3aBHCHUMOCTH HAIPSKEHUS TOPEHUS, aMIUIMTYAbl TOKa pa3psia,
MaKCHUMAaJIbHOT'O U MUHUMAJIBHOTO YpPOBHEH (pOTOCUTHANIa OT BEIMYMHBI BXOJHOTO
HanpspKkeHus B pegenax ot 160 go 230 B.

3. [lo pe3ynbTaTaM H3MEPEHHH pPACCUMTATh CPEIHIOD MOUIHOCTb, BBIJIE-
JSIOWYIOCSA B paspsie, KOd(PQPUIMEHT CBETOOTAAYM NP Pa3IUYHbIX 3HAUYCHMSIX
BXOJIHOT'O HaIPSIKEHUSI.

4. TTocTpoUTb 3aBUCUMOCTH ITHX MAPaMETPOB OT BXOJHOTO HAIPSKEHMUS.

5. Paccuutath ko3Pdunuent mynbcauuu U sHepretuueckuil KIIJ mromu-
HECLICHTHOM JIaMIIbl Ipy HamnpsikeHuu 220 B.



ConepxaHue NOSCHUTEIbHON 3alIMCKHA

1. IlocTanoBKa 3agaun.

2. Onucanue 3KCIePUMEHTAIBHONW YCTaHOBKHU.

3. OcumMiorpaMmbl CUTHAJIOB HAIpsKEHUs, TOKa U (OTOCUTHAA MPU Ha-
npsbxennn 220 B.

4. TabnuuHble 3HAYEHUS PE3YNIHTATOB OCIMILIOrpaGUUECKUX U3MEPEHUU U
pacyeTHbBIX 3aBUCUMOCTEH.

5. 'padpyiku 3aBUCHMOCTH CpeHEro 3HAYEHUs TOKa, HAMPSHKEHHs, MOIIHO-
CTH, CBETOBOI'O ITOTOKA U KO3 (UIIMEHTA CBETOOTAAUM OT HAMPSXKEHUS HA BXOJE.

6. BeiBoabI 110 padore.

KounTpoJibHbIE BONPOCHI

1. OOBSACHUTH BOJIBT-AMIIEPHYIO XapaKTEPUCTUKY JIFOMUHECIIECHTHOM JIAMIIbI.

2. KakoB cocTtaB ra3oBoro HamnojHeHus? Ha3zHaueHuss KOMIIOHEHT ra30BOI0O
COCTaBa.

3. CxeMa BKJIIOYEHHUS JIIOMUHECLEHTHOM Jiamnbl. BO3MOXHBIE BapHaHTbI
CTapTEPOB 3AKUTAHUS U MPUHLIUI JEHCTBUS KaXkI0T0 BApUAHTA.

4. CoctaB 1 pusnka pabOThl TIOMUHECLIEHTHBIX MATEPUAJIOB.

5. KoHcTpykiust 1 0cOOEHHOCTH pabOThI KaTo/Aa B JIIOMUHECIIEHTHON JIaMIIe.

6. YcnoBHble 0003HAYEHHS U MapaMeTpbl LIBETHOCTU H3JIYYEHUS JTIOMUHEC-
LEHTHBIX JIaMII.

7. OCHOBHBIE TapaMeTPbl U 00JIACTH MPUMEHEHHUS TIOMUHECIICHTHBIX JIAMII.

8. UTo Takoe «TemIoBOE TYIIEHUEY», KaK OHO CKa3bIBAETCS Ha JKCILTyaTallu-
OHHBIX MMapaMeTpax JIOMHUHECIIEHTHBIX JIaMI1?

[TonHbIi IEpeueHb 3aJaHUI U BOIIPOCOB K JIA0OPATOPHBIM paboTaM, BHITIOJIHSIE-
MBIM J1JI IPUOOPETEHUS U PA3BUTHUS 3HAHUH U MPAKTUUECKUX YMEHUH, Ipery-
CMOTPEHHBIX KOMIIETEHIUSIMU, MPUBEIEH B COOTBETCTBYIOIINX METOANYECKHUX
yKa3aHUsX.

1. aﬂeKTpI/I‘IeCKI/Ie HUCTOYHHUKHU CBCTA: MCTOANYCCKUC YKA3aHUA K Ha60paT0pHLIM

pabotam / Ps3aH. roc. paguotexH. yH-T; cocT.: D.M. CokonoBckuii. Pa3anb, 2013.
28 c.
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