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BBEJEHHUE

IlepBrie mpencTaBiieHUs O NMPUPOJE CBETA BO3ZHUKIM Yy APEBHUX I'PEKOB U
eruntsH. [lo Mepe M300peTeHrs U COBEPILIEHCTBOBAHUS PA3IUUYHBIX ONTHYECKUX
npuOopoB  (MapaboIMUEeCKUX 3€pKajl, MHUKPOCKOIA, 3PUTEIBHOM TpyOBI) 3THU
MpPEeICTaBlICHUs pa3BUBAIUCh W TpaHchopmupoBaiuck. B konme XVII Beka
BO3HUKIIM JIBe Teopuu cBeTa: kopnyckyispHas (M. Hetoton) u BonnoBas (P. I'yk u
X. T'roiireHc).

CornacHo KOpHyCKYJISIpHOW TE€OpUH, CBET MPEACTaBISAET COOOM MOTOK YaCTHIL
(KOpIyCKy/), HCIYCKaeMbIX CBETALUMUCA TenaMu. HBIOTOH cuMTtan, 4To
INBW)KCHUE CBETOBBIX KOPHYCKYJ IIOAYUHSETCA 3aKOHAM MeExXaHUKU. Tak,
OTPAXKEHUE CBETAa MOHUMAJIOCH AHAJIOTMYHO OTPAXKEHUIO YIPYroro umiapuka OT
miockoctu. [Ipenomienue cBera oOBACHIIOCh U3MEHEHUEM CKOPOCTH KOPITYCKYJI
IIpYU IIEPEX0IE€ U3 OHOMU Cpelibl B IPYIYIO

HrroTOH mBITAICS TaK)KEe OOBSICHUTH MOSIBIICHUE I/IHTeDd)eDCHI_II/IOHHBIX 110JI0C,

JIOTTyCKasi ONpeIeTICHHYI0 MEePUOJUYHOCTh CBETOBBIX MpolieccoB. Takum oOpazom,
KoprnyckyiisipHass Teopusi HproToHa copepxkana B ceOe 3JI€eMEHThl BOJIHOBBIX
IIPEICTABICHUN.

BonHoBas Teopusi, B OTIIMYUE OT KOPIIYCKYJIIPHOW, pacCMaTpuBalia CBET KaK
BOJIHOBOM Tpoliecc, MOJOOHBI MEXaHWYEeCKMM BOJHaM. B OCHOBY BOJIHOBOM
TeOpUU ObLI MOJIOKEH NPUHLHUI [ folireHca, coriiacHo KOTOpoMY Kakjasi Touka, 10
KOTOpPOHM TOXOJUT BOJIHA, CTAHOBHUTCS LIEHTPOM BTOPUYHBIX BOJIH, a Oruodaromias
ATUX BOJIH JIA€T IMOJIOKEHUE BOJIHOBOrO (PpPOHTA B CIEAYIOIIUNA MOMEHT BPEMEHHU.
C nomoupto mpuHimna [roiireHca ObUIM OOBSICHEHBI 3aKOHBI OTPaKEHHUS H
MIPETOMIICHHUS.

3aKOH MpEeJOMIIEHUS, IIOJYYEHHBIM W3 BOJHOBOW TEOpPUHU, OKazajucsi B
npotuBopeunu ¢ Gopmynoit Hetotona. BoiHoBas Teopusi mpuBOAUT K BBIBOIY:
v < ¢, TOT1a KaK COrJIaCHO KOPIYCKYJIAPHOU TEOPUU U > C.

Takum  oOpaszom, k  Hawanmy  XVIII Beka  cymecTBoBasio  JiBa
MPOTUBOIOJIOKHBIX MOAXOAA K OOBSICHEHHIO HMPHUPOABI CBETA: KOPITYCKYJSpHAas

teopuss HproToHa u BomHOBas Teopust [toiireHca. O6e Teopun OOBACHSIN



NPSIMOJIMHEWHOE PACTPOCTPAHEHHUE CBETA, 3aKOHBI OTPAXKEHUS W TMPEIOMIICHUS.
Beco XVIII Bexk cran BekoMm O0ppObl 3THX Teopuil. OpHako B Hauaje
XIX cronetusi cutTyalnus KOpPEHHBIM 00pa3oM wu3MeHunach. KopmyckyisipHas
Teopus Oblla OTBEpPrHyTa M BOCTOP)KECTBOBAJIa BOJIHOBas Teopus. boiblnas
3aciyra B 3TOM NPUHAMICKUT aHruiickomy ¢usuky T. FOury u dpaniry3ckomy
¢usuky O. OpeHento, UCCICAOBABIINM SBICHUS HMHTEpPEpeHIIUU U AUGPAKIIIH.
HcuepnbiBatoniee 00bICHEHUE 3TUX ABICHUN MOTIIO OBITH IaHO TOJILKO HA OCHOBE
BOJIHOBOM Teopuu. BakHoe sKcTiepuMeHTalbHOE MOTBEPKICHHUE CTIPABEITTUBOCTH
BOJIHOBOU Teopuu ObL10 TostydeHo B 1851 roay, koraa XK. dyko (1 HE3aBUCUMO OT
Hero A. ®u30) u3Mepus CKOPOCTh PACIpPOCTPAHEHHUs CBETa B BOJAE U TOJIYUMI
3HAQ4YCHHUC L < C.

DONeKTpoMarHuTHas TPUPOJIa CBETa MOJY4YWIa IMPU3HAHHME TIOCJE OIBITOB
I'. Tepua (1887—1888 rr.) mMo uccienoBaHUIO IEKTPOMAarHUTHBIX BOJIH. B Hauane
XX Beka mocne ombiToB II. H. JlebeneBa mo m3MepeHUIO CBETOBOTO JIaBJICHUS
(1901 r.) »osmexkTpomMarHuTHas Teopusi CBeTa MpeBpaTUiIack B  TBEPIO
YCTaHOBJICHHBIN (aKT.

Baxuneiimyo poiab B BBISICHEHHH TIPUPOJBI CBETAa CHITPAI0 OIBITHOE
omnpezaeneHue ero ckopoctd. Haumnas ¢ konua XVII Beka npennpuHuMaiIuch
HEOJHOKPATHBIE TIOMBITKH H3MEPEHHUS CKOPOCTH CBETa Pa3IMYHBIMM METOJaMU
(actponomuueckuit meron A. duzo, meron A. Maiikenscona). CoBpeMeHHas
Ja3epHasi TEXHUKa TII03BOJIIET M3MEPSITh CKOPOCTh CBETAa C OYEHb BBICOKOU
TOYHOCTHIO HA OCHOBE HE3aBUCUMBIX U3MEPECHHU JJIMHBI BOJIHBI A U YaCTOThI CBETA
v (c =LA - V). TakuM nyTem ObUIO HalIEHO 3HAYEHUE MPEBOCXOIAIICE IO TOUHOCTH
BCE paHee TMOJy4YeHHbIe 3HaUeHUs OoJiee YeM Ha JiBa MopsiaKa:

¢ =299792458 + 1,2 m/c

CBeT urpaeT 4pe3BbIYAHHO BaXXKHYIO POJIb B Hamiew xu3Hu. I[lomamnstoiiee
KOJIM4YECTBO MH(POPMAIUU 00 OKpYKAIOIIeM MHUPE YEJIOBEK MOITY4YaeT C MOMOIIbIO
ceera. O1HaKO, B ONTUKE KaK paszzene (U3MKE MOJ CBETOM MOHUMAIOT HE TOJIBKO
BUJIUMBIM CBET, HO M MPUMBIKAIOIIME K HEMY IIUPOKHE JIUaIa30Hbl CIEKTpa

AIEKTPOMArHUTHOrO u3nyyeHus — undpakpacuoii UK u ynprpaduoneronsiii YO.



[lo cBouM (U3MYECKUM CBOMCTBOM CBET MPUHLMIHAAIBHO HEOTIUYUM OT
AIEKTPOMAarHUTHOTO M3JIYYEHHUsl JAPYTHX JAMANa30HOB — pa3JIMYHbIE YYaCTKU
CHEKTpa OTIMYAIOTCS JPYT OT APyra TOJbKO JJIMHON BOJIHBI A M YaCTOTOM V.

Jiss u3MepeHusl IJMH BOJH B ONTHYECKOM JHANa3OHE MCIHOJb3YIOTCS
eIUHULBI JJIMHBL | HaHOMeTp (HM) U 1 MUKpOMETp (MKM):

lem=10"M=10" cm= 10" mKm.

Bunumeiii cBeT 3aHuMaet auanazoH npuoausutenbHo ot 400 HM 1o 780 HM
nimm ot 0,40 mxMm 10 0,78 MKM.

DNeKTpOMarHuTHas TEOPHUs CBETA MO3BOJIMIIA OOBSICHUTh MHOTHE ONTHYECKUE
ABJICHUS, TaKue Kak uHTepdepeHuus, nudpaxkuus, noiaspusauus u 1. 1. OmHako,
3Ta TEOpHsl HE 3aBeplluia MOHMMaHUE MPUPOAbI CBETa. YK€ B Havase XX Beka
BBISICHUJIOCH, YTO 3Ta TEOPHUs HEIOCTATOYHA ISl HCTOJIKOBAHUS SIBJIIEHUI aTOMHOTO
MacmTaba, BO3HUKAIOIIMX TpU B3aUMOJICHCTBUMM CBeTa C BeulecTBoM. Jlis
O0OBSICHEHUS TaKUX SIBJICHUM, KaK M3JydeHHE YepHOro Tena, Gotodddekt, radpdext

Komnrona n ap. HOTpC6OBaJIOCB BBCACHHUC KBAHTOBBIX HpeHCTaBHCHHﬁ. HayKa

BHOBb BEpHYJAach K UJI€€ KOPIYCKYJ — CBETOBBIX KBAaHTOB. TOT (haKT, YTO CBET B
OJHUX ONbITaX OOHApPYKUBAE€T BOJIHOBbIE CBOMCTBAa, a B JpyrUxX —
KOPIYCKYJISIPHBIE, 03HAYAE€T, YTO CBET UMEET CIIOKHYIO JIBOMCTBEHHYIO IIPUPOLY,

KOTOPYIO TIPUHATO XAPAKTCPHU30BATH TCPMHHOM  KOPITYCKYJIAPH 0-BOJIHOBOU

AYAJIU3M.

CormacHo Teopuu 1BetoBoe 3peHus FOura-I'emrombima (1821-1894)
OIIYIIEHUE JI000TO IBETa MOYKHO MOJYYUTh CMEIIMBAHUEM CIEKTPAIbHO YHUCTHIX
U3JTYYeHUI KPacHOTo, 3€JI€HOr0 U CMHETO LBETa. DTa TEOPHUS XOPOILIO COTIacyeTcs
¢ HaOm0aeMbIMU (DaKTaMH M TIPEIOJIaraeT, 4To B TJla3y €CTh TOJIBKO TPH THUIIA
CBETOYYBCTBUTEJBHBIX TPUEMHUKOB. OHHM OTIMYAIOTCS IPYT OT Apyra oO0JacTIMuU
CIIeKTpaJibHOM YyBCTBUTEJILHOCTH. KpacHbrii CBET BO3JICHCTBYET
MPEUMYIIIECTBEHHO Ha MPUEMHHUKH TEPBOTO THIA, 3€JICHBIH - BTOPOro, CUHUU -
TpeTbero. CrokeHueM HM3TyYeHHH TaKUX TPeX I[BETOB B PA3IMUYHBIX MPOIOPIUIX
MOXHO TIOJYyYUTh JIOOYI0 KOMOMHAIIMIO BO3OYXKIEHUS BCEX TpEX THUIIOB

CBCTOYYBCTBHUTCJIIBHBIX 3JICMCHTOB, 4 3HAYUT U OLIYIICHUC JF000ro OBETA. Ecau



BCE pELENnTOpbl BO30YXKJEHbI B OAMHAKOBOM CTENEHH, Mbl MMEEM OIIyIICHUE
0eyioro 1BeTa, €CM pelenTopbl He BO30YXIeHbl - uepHoro. Ilo sToil mpuuune,
HaKJIaJpIBAIOIINECs] 00JacCTH KPACHOIO, 3€JIEHOTO M CHHEro LBETA BBITTIANAT Kak
Oenoe mnsaTHO. HanmojkeHwe KpacHOro M CHHErO IIBeTa JaeT (PUOJIETOBBIM IIBET,
3€JIEHOTO U CUHETO - OMPIO30BbIN, KPACHOTO U 3€JIEHOTO — YKEITHIH.

Connue — Ommkadmas K HaMm 3Be3la. PaccTosHue [0 HEro 1o
ACTPOHOMHMYECKMM MEpKaM HEBEJMKO: JUlIb 8 MUHYT ujaer cBer oT CoyiHLa 10
3emun. Ha 1 kBagpatHbiit MeTp oOpatueHHoi k COMHILYy MOBEPXHOCTH IUIOIMIAIKH B
OKPECTHOCTAX 3eMin execeKyHIHO noctynaeT 1400 /[ sHepruu, nepeHoCUMOMn
COJIHEYHBIM 3JIEKTPOMArHUTHBIM u3nydeHueMm. Okoiio 9 % sHepruu B COJTHEYHOM
CHEKTpE MPUXOIAUTCS Ha YIbTPAPUOIETOBOE M3JIyYeHHE C JUIMHAMH BOJH oT 100
1o 400 uM. OcrtanbHas SHEpPrusi paszjelieHa MPUOIU3UTENBHO MOPOBHY MEXIY
Bunumont 42% (400-760 um) u undpaxpacuoit 44% (760-5000 uM) obnactsmu
CIEKTpa.

['na3 cnocob6eH BOCIpUHUMATh CBET Ha JUIMHAX BOJH IpumepHo oT 400 HM 110
760 uM. B ycroBuaX amantandd K TEMHOTE rja3 MOXET TakKe HEMHOTO BUJETh
MH(QpaKpacHbI CBET ¢ JJIMHON BOJHBI 10 950 HM U ynbTpadUONETOBBIA CBET C
JMHOM BOJHBI He MeHble 300 HM. ['paHuUIBI 4YaCTOTHOTO OUarna3oHa BUAMMOTO
CBeTa, a Takke cama (GopMa KPUBOM BHUIHOCTH YEJIOBEUECKOTO TJaza ObUIH
chopMHpOBaHbl B TIpollecC€ JUIMTEIbHOM SBOJIOLMM, NPUCTIOCOOMBIINCH K
YCIOBUSIM OCBEILIEHUS 3€MHBIX IPEIMETOB COJIHEYHBIM CBETOM, a Takke K
YCIOBUSM CYMEpPEYHOIO W HOYHOI'O OCBelleHUd. JlelcTBUTENbHO, OBLIO Obl
OuoJornyeckd HeuenecooopasHo, eciau Obl TWa3  o0nazan  CrnocOOHOCTBHIO
MPUHUMATh U3JIyYeHHE C JJIMHAaMH BOJIH Kopoue 290 HM, Tak Kak M3-3a HaJTU4Us
030HOBOT'O CJIOSi B aTMOcdepe 3eMJId, MOTJIONIAIONIero yiabTpa(roIeTOBBIE JIyUH,
CHEKTpP COJIHEUHOTO M3JIy4YeHUsi BOJIU3U TMOBEPXHOCTU 3eMJIM MPaKTHUYECKH
oOpsiBaeTcst Ha JiuHe BOAHBI 290 HM. C Apyroi CTOPOHBI, M3-3a TEIJIOBOIO
U3JIyYEHHUS CaMOro TJla3a, €ro BbICOKAas YYBCTBUTEIBHOCTh K HH(]pakpacHOMY
U3JIYyYEHUIO cleiajga Obl HEBO3MOXHOW paloTy TIJia3a B YCIOBHUSX COJIHEYHOTO

OCBCH_ICHI/ISI.yJIBTpa(i)I/IOJICTOBOC HU3JIY4YCHHUC, HCBUIHUMOC JIA IJid34a, BOBHCfICTByeT



TeM He MeHee Ha Koxy. [loa nelictBuem ynbTpaduoneTa, KOTOPbIA IPUCYTCTBYET
B COJHEYHOM CBETE, B KOXE BbIpabaThIBA€TCS OCOOBIM MUTMEHT, WHTEHCHUBHO
OTpaKarolUN 3Ty 4YacTb COJHEYHOro cmekrpa. Ilpm 3tom koxa mpuoOperaer
XapaKTEpPHbIA OTTEHOK, M3BECTHBIM KaK 3arap, a BEPOSATHOCTb €€ 05KOra CHIJIBHO

YMCHBIIACTCA.



1 TEOPETHYECKASA YACTDH

1.1 OcHOBHBIE 32KOHBI F€OMETPUYECKON ONTHKHU

OcCHOBHBIE 3aKOHBI T€OMETPUYECKON ONTHKU OBLIM H3BECTHBI 3300 [0
YCTaHOBJIEHUS (PU3NYECKON MPUPO/IBI CBETA.

3aKoH TNPAMOJMHEIHOT0 PAaCHpPOCTPAHEHHsl CBeTa: B  ONTHYECKHU
OJTHOPOJHOM Cpelle CBET paclpocTpaHsercs NpsMoiuHeHHO. OMbITHBIM
J0Ka3aTEeIbCTBOM 3TOT0 3aKOHA MOTYT CIIYy’KUTh PE3KHE TEHHU, OTOpachlBacMble
HEMpPO3payHbIMU TEJIAMH MPHU OCBEIIEHUH CBETOM HCTOYHHUKA JIOCTATOYHO MajbIX
pa3MepoB («TOYEUHBIH MCTOYHUKY»). [[pyruMm n0Ka3aTeNbCTBOM MOXKET CIYKUTb
M3BECTHBIA OMBIT MO MPOXOXKJIEHUIO CBETa JaJeKOro MCTOYHMKA CKBO3b
HEOOJIBIIOE OTBEPCTHE, B PE3yJbTaTe 4ero oOpa3yercsl y3KMH CBETOBOH Iy4OK.
OTOT ONBIT IPUBOJUT K MPEICTABIECHUIO O CBETOBOM JIy4ye KaK O T€OMETPUYECKO
JIUHUM, BIOJb KOTOPOW pacrpocTpansercs cBeT. Cieayer OTMETUTh, YTO 3aKOH
MPSIMOJIMHEWHOTO PacHpOCTpaHEHUs] CBETa HApYIIAeTCs U TOHSITHE CBETOBOTO
Jdy4ya yTPauMBaeT CMBICI, €CJIM CBET INPOXOIUT YEPE3 MaJIble OTBEPCTHS, pa3Mephl
KOTOPBIX CPAaBHMMBI C JJIMHOW BOJHBIL. TakuMm o0Opa3om, reoMeTpuyeckas OnTHKa,
ONMHMpAIOIIAsACI HA MPEACTABICHHE O CBETOBBIX JIydaX, €CTh IpPEIeNbHbIN Ccllydail
BOJIHOBOM onTuku npu A — 0. Ha rpanune pasnena AByX IpO3payHbIX Cpel CBET
MOXXET YaCTUYHO OTpPA3UThCS TaK, UYTO 4YacTh CBETOBOM OSHEpruu Oyner
pacupoCTpaHAThCSA IOCJHE OTPAXKEHUS [0 HOBOMY HANpPABICHHUIO, a YaCTHYHO
MIPOWTHU Yepe3 IpaHully U paclpoCTPaHsAThCS BO BTOPOU Cpejie.

3aKoH oTpakeHWsi cBeTa: MAJAIOMIMA W OTPAXKEHHBIM JIyud, a TaKxkKe
NEPHeHANKYJIAp K TpaHULE pasjesia JABYX Cpell, BOCCTAHOBJEHHBIM B TOUYKE
najeHus JIy4a, JIeXaT B OJTHOM INIOCKOCTH (IFIOCKOCTh NaJeHUsA). YTOJI OTPaKEHUs
Y paBeH yriy najaeHus o.

3aKoH mpeOMJIEHHMS CBeTAa: MAJAIOIINN U MPEJOMIICHHBIN JIy4H, a TakkKe
NEPHeHAUKYJIAp K TpaHULE pasjenia JABYX Cpell, BOCCTAHOBJEHHBIM B TOUYKE
najieHus Jiy4da, JIeKaT B OJHOM TuiockocTd. OTHOIIIEHHE CUHYCA yIiia MaJleHus o K

CUHYCY yIJIa IIPCIOMIICHHA B CCThb BCIINYNHA, ITOCTOAHHAA I ABYX JAHHBIX CPCI:
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[TocTosSsHHYIO BEJIIMYMHY N Ha3bIBAOT OTHOCUTEJBHBIM  ITOKA3aTEJIEM
MPEJIOMJIEHHUST BTOPOW CpeAbl OTHOCUTENBHO MepBou. [lokazarens mpesomieHus
Cpelbl  OTHOCUTEIIBHO  BaKyyMa  Ha3bIBAlOT  aOCOJIIOTHBIM  TOKa3zaTesieM
npenomieHus. OTHOCUTENBHBIA TMOKAa3aTellb MPEIOMIICHHUS JIBYX Cpell paBEH
OTHOIIIEHUIO UX aOCOJIIOTHBIX MOKa3aTeel MpeIoMIICHUS

n=n,/n.

3aKOHbI OTPaXCHHSI M TPEJIIOMJICHHS HAXOJAT OOBSCHEHHE B BOJIHOBOU
¢uzuke. CoraacHO BOJIHOBBIM TMPEACTABICHUSIM, TMPEIOMJICHUE  SIBISACTCS
CJICICTBUEM H3MEHEHUSA CKOPOCTH PACHPOCTPAHEHUs BOJH IIPU MEPEXOAEC W3
OHOU cpenbl B ApYryro. OU3NYECKUN CMBICI TOKAa3aTeNsl MPEIIOMIIEHUS — 3TO
OTHOLIEHUE CKOPOCTH PACIPOCTPAHEHUS BOJIH B NIEPBOM CPELE V| K CKOPOCTH UX
pacnpoCcTpaHeHus BO BTOPOH Cpelie Ly:

n =" / Vo
AOGCONIOTHBIN TTOKa3aTelb MPETOMJICHUSI PaBEH OTHOIICHHUIO CKOPOCTHU CBETa

C B BAKYYMC K CKOPOCTHU CBETA UV B CPCIC:

n=c/v
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Puc 1.1 3akoHbI OTpakeHUS U TPEITOMIICHUS CBETA



3aKOHBI OTPAXKEHUA U MPEJOMIIEHUS: Y = o; N; Sin o =1, sin B puc. 1.1.

Cpeny ¢ MeHbIIMM aOCONIOTHBIM I10Ka3aTelieM IIPEJOMJICHUSI Ha3blBaIOT
ONTUYECKH MeHee TuIoTHOU. [Ipu mepexoge cBeTa u3 onTHYECKH OoJiee MIOTHOM
Cpellbl B ONTHYECKHM MEHee IUIOTHYI0 N, <n; (HampuMmep, U3 CTeKJa B BO3AYX)
MOXHO HaOJI0JIaTh SIBJICHHE I[IOJHOIO OTpPaXeHUs, TO €CTh HCUE3HOBEHUE
IOPEJOMJIEHHOIO JIy4a. OJTO SBJIEHME HAOJNIOJaeTcss IpH yriax MaJeHus,
NPEBLIIAIOIINAX HEKOTOPbIM KPUTHYECKUH YIOJI Oyp, KOTOPBIA Ha3bIBACTCA
NPEAECIbHBIM  YIJIOM TIOJIHOTO BHYTPEHHETO OTpPaXEHUs yria MaJcHus

0 = Oyp sin B = 1 3Havenue sin o, =10y /0y < 1.

1.2 Indpaxkums csera.

Jupaknueii cBera Ha3bIBACTCS SBJICHUE OTKIOHEHUS CBETa OT
MPSIMOJIMHEWHOT'O HAIMPABJICHUS PACIPOCTPAHCHUS TPH MPOXOXKICHUH BOJIM3U
npensTcTBui. Kak Mmoka3bIBa€T OMBIT, CBET MPHU ONPEACICHHBIX YCIOBUIX MOXKET
3aX0/IUTh B 00JIaCThb T'e€OMETpUYECKOM TeHu. Ecnum Ha mnyTH mnapajienbHOro
CBETOBOT'O MyYKa PACIOJIOKEHO KPYIJIO€ MPENMITCTBUE (KPYIJIbII AUCK, IIAPUK UITU
KpPYTJ0€ OTBEPCTUE B HEMPO3PAYHOM DKpPaHE), TO HA HKpPaHE, PACIOJIOKEHHOM Ha
JIOCTATOYHO OOJIBIIIOM PACCTOSHUM OT MPEMSATCTBUS, MOSBIsCTCS AUPPAKIINOHHAS
KapTHUHA — CUCTEMAa YEepPEYIOIIUXCS CBETIIBIX U TEMHBIX Kojel. Eciau npensitcTeue
MMeEEeT JIMHEHHBIN XapakTep (11esib, HUTh, Kpail 3KpaHa), TO Ha SKpaHE BO3HUKAET
cUCTeMa NapajiyIeNbHbIX TU(PPaKIIMOHHBIX TIOJIOC.

HudpakimonHsie siBIeHUs] OBLIM XOpOIIO W3BECTHBI €Il BO BpeMeHa
HproTOHa, HO OOBSICHUTH UX HA OCHOBE KOPITYCKYJISIPHOM TEOPUHU CBETA OKA3aJIOCh
HEBO3MOXXHBIM. IlepBoe KauecTBEHHOE OOBSCHEHHE SBICHHS Iudpakiuu Ha
OCHOBE BOJIHOBBIX MPEJCTAaBICHUN ObUIO JaHO aHTIMHCKUM ydeHbIM 1. FOHrowm.
HezaBucumo ot Hero ¢panity3ckuii yueHsiii O. @peHens pa3Buil KOJIUYECTBEHHYIO
teoputo qudpaxiuoHHbIx seieHuit (1818 r.). B ocHOBY Teopuu dpeHensb MoI0KUII

npuHin ['rolreHca, TOMOJHUB €ro ujaeeil 00 MHTephEepeHIIM BTOPUYHBIX BOJIH.

HpI/IHI_II/IH I'tolirenca B ero MNEpBOHAYAJIBHOM BUJC ITO3BOJIAJI HAXOAUTH TOJIBKO

IIOJIOKCHHSA BOJIHOBBIX q)pOHTOB B IHocjacayromunue MOMCHTBI BpPCMCHH, T. C.
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ONMpCACIIATL HAIMPABJICHHUC PACHPOCTPAHCHUA BOJIHBI. IIo CymecCTBy, 9TO OBLI

OPUHIMI reoMeTpuuecko ontuku. [unortedy [rodirenca o0 orubaromei
BTOpUYHBbIX BOJH DpeHens 3aMeHus1 (PU3UYECKU SICHBIM TOJOKEHHEM, COTJIACHO

KOTOPOMY BTOPHUYHBLIC BOJIHBI, IIPHUXOIS B TOYUKY Ha6JII-OI[eHI/I$[, I/IHTep(i)epI/IpyIOT

JIpYT C IPYTOM.
JAudpakuusa @payHrodepa.
PaccMoTpuMm 3KkpaH ¢ ABYMsS WIEISIMM, Ha KOTOpPbIE HOPMAJbHO IMaaaeT
IJIOCKasi MOHOXpOMAaTHUUYeCcKas BOJHA. PacdeThl MOKAa3bIBalOT, YTO UHTEHCUBHOCTD
CBETa 3a OJKpaHOM OyJeT 3aBUCEThb OT Yyrjia | MEXIy HamnpaBlIeHUEM

pPacrpoCTpaHEHUS CBETA U NMEPIIEHNKYJIAPOM K DKpaHy :

[=21y[Sin(kbg/2)/ kbe/2]* [1+cos(kA+kd)]

rae lp - MHTEeHCUBHOCTH CBeTa B IICHTPE AM(PPAKIMOHHOW KapTUHBI, KOTJa
OTKpBITAa TOJBKO OJHA IEJb, b - MHpUHA IIeTH, d - pacCTOSHUE MEXKIY IICISIMHU,
k=2p /I - BomHOBOE umCINO, | - IITMHA BOTHBI CBETa, D - AOMOIHUTENBHASI Pa3HOCTh
X0Ma MEXIy HHTepPEepUpyIUMU JydaMd (B CiIy4ae HAKJIOHHOTO TMaJcHUS
IUIOCKOM BOJHBI Ha JKpaH WIM KOTJa OJHA M3 ImeNeil 3aKkphiTa CTEKISTHHON
racTuHKoM). llepBbIii COMHOXHTENs B KBagpaTHBIX CKOOKax OIHMCHIBACT
mudpakuuto @OpayHropepa Ha OJHOW IIETH, a BTOPOM COMHOXKHUTEIb -
UHTep(EpPEHIMIO OT ABYX TOUYCYHBIX UCTOUYHUKOB. OOIIas 3HEPrusi, MPOXOIsIias
yepe3 OJHYy Ieib, MPOMOPIHUOHAIBHA b, a mHUprWHA AUPPAKIMOHHONW KapTHHBI
nponopionansHa  1/b.  IloaToMy, UWHTEHCHMBHOCTH cBeTa Iy B IIGHTpe
m(PAKIMOHHOM KapTUHEI OyleT MpOMopHHOHanbHA b°. Eciu MbI paccMOTpuM
IUQpPaKIUI0 Ha JBYX INENsAX, TO B TMpelaeiax IepBOro AU(PPaKIHOHHOTO
MaKCMMyMa Mbl MOXKeM HaOmoath N UHTEppepeHIIMOHHBIX Toyioc, rae N=2d/b.
I'oBopss o nudpakuum DpayHrodepa, MBI ToOIpazymMeBaeM Cilydai, Koraa
HaOmoIeHNe TUGPAKIIMOHHOW KapTHHBI MPOU3BOJUTCS HA JIOCTATOYHO OOJBIIIOM
paccTOsSHUM OT dKpaHa C miensaMu. KonmuecTBEeHHBIH KpUTepuil audpakuuu
@payHrodepa onuchIBaeTCs CIeAyOMeH GopMyoii:

z>>dl
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II€ Z - pPAacCTOSHWE OT JKpaHa € WIeNSIMU [0 TOYKM HaOmtojeHus. B
HEMOCPEJICTBEHHON OJM30CTH K 1iensaM AudpakudoHHAs KapThuHa Oyner

onuchiBaThes popmynamu Openens.

1.3 UnTepdepeHnusi CBETOBBIX BOJIH.

HNurepdepenunss — oqHO U3 APKUX IIPOSBICHUN BOJIHOBOW IIPUPOABI CBETA.
OT0 MHTEPECHOE U KPACUBOE SIBJICHUE HAOIOAAETCS TIPU OIPEACIICHHBIX YCIOBUSIX
IIPU HAJIOKEHUU JBYX WM HECKOJIBKUX CBETOBBIX MyYKOB. IHTEHCUBHOCTb CBETA B
00JIaCTH NEPEKPHITUS MTYYKOB UMEET XapaKTep YePEeaYIOIUXCS CBETIBIX U TEMHBIX
M0JIOC, MMPUYEM B MAKCUMyMax MHTEHCHUBHOCTb OOJIbllle, @ B MUHUMYMAaX MEHBIIIE
CYMMbI HHTEHCUBHOCTEMN ITyYKOB.

[Ipu wucnonb3oBaHuM OeOoro cBeTa HMHTEP(HEPEHLUUOHHBIE  IOJOCHI
OKa3bIBAIOTCSI  OKpPAIIEHHBIMM B pa3jguyHble  [BETAa  CIEKTpA. C
MHTEPPEPEHIIMOHHBIMU SIBJICHUSIMU Mbl CTAJIKMBAaeMCs JIOBOJBHO YacTO: IIBETa
MacisiHbIX TMSATEeH Ha acdaiabTe, OKpacka 3aMep3arolIuX OKOHHBIX CTEKOI,
MPUYYAJIUBBIC I[BETHBIE PUCYHKH HA KPBUIbSIX HEKOTOPBIX 0a00YEeK U KYKOB — BCE
ATO MPOSIBICHUE UHTEP(EPEHIINU CBETA.

[lepBBIif 3KCIIEpUMEHT MO HaOMIOAEHUE HWHTEpPPEpPEeHIIMM CBeTa B
nabopaTopHbIX ycnoBusix npuHajiexxutr HW. Hetorony puc 1.2.. On HaGmropan
MHTEPPEPEHIIMOHHYI0 KapTUHY, BO3ZHHMKAIOIIYIO MPU OTPAKEHUU CBETa B TOHKOM
BO3JAYIIHOM  IPOCIOWKE  MEXKAY IUIOCKOM  CTEKJISIHHOM  IUIACTUHOM |
TJIOCKOBBIMYKJION JIMH30M OOJIBIIOTO panuyca KpuBuU3HBL. WHTepdepeHmoHHas
KapTHHA UMeNa BUJ KOHLIEHTpUYecKux kKonen HproTona

Hctopuyecku mepBbIM  HMHTEPHEPEHIMOHHBIM  ONBITOM,  IMOJYYUBIIUM
00BsICHEHHE HAa OCHOBE BOJIHOBOW Teopuu cBeTa, siBuics onbIT FOura (1802 r.). B
onbiTe FOHra cBET OT UCTOYHMKA, B KAYECTBE KOTOPOrO CIYKHWJIA y3Kas IIEIb S,
najiajg Ha SKpaH ¢ IByMs OJIM3KO PACcOJIOKEHHBIMU MesiMu Sy u S, (puc. 1.3).

IIpoxons depe3 KaXAyr W3 LIENEH, CBETOBOW MYyYOK YIIMPSIICS BCIEICTBUE
nudpakiyy, Mo3TOMy Ha OesloM 3KpaHe D CBETOBBIE IYYKH, MPOLISAIINE Yepe3

mend S; U S;, NepeKphBaIUCh. B 00JacTH MEpPEeKphITHS CBETOBBIX IMYYKOB
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Ha6JIIO}IaJIaCB I/IHTep(I)epeHI_II/IOHHaSI KapTHHa B BHAC YCPCAYIOIUXCSA CBCTIBIX U

TCMHBIX ITIO0JIOC.

/2 |
)
/ x
1
5
i L]

Puc. 1.2 HaGmionenue xonenr Hpiorona. UurtepdepeHius BO3HUKAET Mpu
CJI0’KEHUH BOJIH, OTPa3UBLIUXCS OT ABYX CTOPOH BO3AYIIHOM IPOCIOUKHU. «Jlyum»

1 u 2 — HanpaBieHUs! PaCHPOCTPAHEHUSI BOJIH; h — TOJIIMHA BO3YIIHOTO 3a30pa.

\115

Puc. 1.3 Cxema unrepdepenimonnoro onsita FOura.

13



FOHT OBLT TepBBIM, KTO TOHSUI, YTO HEJB3sI HA0I0JaTh HHTEP(HEPEHIINIO TTPH
CJIOKECHUH BOJIH OT JIByX HE3aBHCHMBIX HCTOYHHKOB. [[03TOMY B €T0 OIBITE IICITH
S| 1 S,, KOTOpBIE MOXHO pacCMaTPUBATh B COOTBETCTBUH C IPUHITUIIOM | FoiiTeHCa
KaK UCTOYHUKH BTOPUYHBIX BOJIH, OCBEIIAJIUCh CBETOM OJIHOTO McTouHUKa S. IIpn
CUMMETPUYHOM  PACIIONIOKEHUW IIeJied BTOPUYHBIC BOJHBI, HCITyCKacMbIC
UCTOYHHUKAMU S; M S;, HaxomsaTcs B (a3e, HO 3THU BOJHBI MPOXOAAT IO TOYKH
HaOmoneHus P pasHble paccrosHus 1, U 1. CiemoBarenbHo, da3bl KoJIeOaHUH,
co37aBaeMbIX BOJIHAMH OT HMCTOYHUKOB S; M S, B Touke P, BooOImIe rosops,
pa3nuuHbl. TakuM 00paszom, 3aava 00 HHTepPEPEHIIMN BOJIH CBOAUTCS K 3a7a4€ O
CIIOKCHUHU KOJIeOAaHWH OJIHOH M TOW JK€ 4YacTOThl, HO C pas3HbIMH (ha3amu.
YTBEpKJICHHE O TOM, YTO BOJHBI OT HCTOYHHKOB S; M S, pacrnpocCTpaHSIOTCS
HE3aBUCUMO JAPYT OT JIpyra, a B TOYKE HAOJFOJCHHS OHHM IPOCTO CKJIAIBIBAIOTCS,
SIBJIICTCSI OTTBITHBIM (DAKTOM M HOCHUT Ha3BaHUE MIPHHIIMIIA CYIIEPIO3UITUH.

MonoxpoMaTuyeckasi BOJIHA, PACIPOCTPAHSIONIASCA B HaIlpaBICHUU
paanyc-BeKTOpa I, 3aITUChIBACTCS B BUJIE

E =a cos (ot — kr),

I7ie @ — aMIUTUTYJla BOJIHBI, K = 271 / A — BOJTHOBOE YHCJIO, A — JIJTMHA BOJIHBI,
® = 27V — Kpyromas 4actora. B omrmueckux 3amadax moa E criemyeT moHMMATh
MOJYJIb BEKTOPa HAMPSHKEHHOCTH 3JICKTPHUYECKOTO IOl BOJHBL [Ipu cioxeHun
JBYX BOJIH B TOuke P pe3ynprupyromiee kojacOaHue Takke IPOUCXOIUT Ha YaCTOTE
® ¥ UMEET HEKOTOPYIO aMILTUTyy A U dazy ¢:

E =a; - cos (ot — kry) + a, - cos (ot — kry) = A - cos (ot — @).

He cymectByer npubGopoB, KOTOpble CHOCOOHBI ObUIM OBl CHEAUTH 3a
OBICTPHIMH HW3MCHCHHUSIMHU TIOJII CBETOBOH BOJIHBI B ONTHYCCKOM JIMAIla30HE,
HAOJFOTaCMOM  BEJIMUMHON  SIBJIIETCS TOTOK  JHEPTUH, KOTOPBIH  MPSAMO

MMPOIIOPIMOHAJICH KBaapartry AMIIJIMTYABI QJIICKTPHYICCKOI'O I10JIA BOJIHBI.

q)I/ISI/I‘{eCKYIO BCIIMYNHY, PABHYIO KBAaAPATy aAMIUIUTYAbI JJICKTPHUYCCKOTO ITOJIA

2
BOJIHBI, IPUHATO HA3bIBATb NHTCHCHUBHOCTBIO! I=A"
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HecnoxHeie TPUTOHOMCTPHYCCKHC HpCO6p330BaHI/I5{ MMpUBOOAT K
CICAYIOMIEMY BBIPAKCHUIO IJIXI MHTCHCUBHOCTH PC3YJIbTHUPYIOUICTO KojeOaHus B

TOUukKe P:

I= =’ +a+ 2aa coskA=1 +1, + 21,1, cos ki,

(*)
NuTeppepeHIMOHHBIH MakCUMyM (CBeTjasi IMojoca) JOCTUraeTcss B TeX

TOYKaX MPOCTPAHCTBA, B KOTOpPhIX A=mA(m=0,=£l,4+2, ...). Ilpu »>TOM

Imax = (a1 + 25)* > 1, + I,. MnrepdepeHUHOHHBII MUHEMYM (TeMHast T1070Ca)

nocturaercss npu A=mA+A/2. MuHUMaIbHOE 3HAYEHHE WHTEHCUBHOCTU

Lnin = (21 — 32)2 <I + L.

Puc 1.4 pacnpeneneHne UHTEHCUBHOCTH B MHTEPPEPEHIIMOHHON KapTUHE

Ha pucynke 1.4 moka3aHo  pachpefielieHue HHTEHCUBHOCTH B
uHTEpPEpeHIIMOHHON KapTuHe. Llenoe uncio m — nopsaok UHTep(HEepeHInOHHOTO
MaKCHUMYyMa.

B  4acrtHOCTH, ecmm ILi=L=I, T.e. WHTCHCUBHOCTH  00eHX
MHTEPPEPUPYIOLIUX BOJH OJIMHAKOBBI, BhIpakeHue (*) nmpuoOperaeTr BU:

I=2Iy(1 + cos kA)

Cnenyer mNONYEPKHYTh, YTO B BOJHOBOW ONTHKE, B OTIUYHE OT
r€OMETPUYECKON ONTUKH, MOHATHE Jy4ya CBETa yTpauuBaeT (U3HYECKUN CMBICI.
Tepmun «iyu» ynorpebnsieTcss 37ech s KpPAaTKOCTU g 00O03HA4YeHHS
HaIpaBJIeHUs] PACIpPOCTpaHEHUs BoJHBL. B skcnepumente HploToHa mnpu

HOPMAJIBHOM IMaACHUHU BOJIHBI Ha INIOCKYIO ITOBCPXHOCTH JIMH3BI PA3HOCTb XOJda
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NpUOIU3UTENBHO PaBHA yIBOSHHOMN TONIIMHE 2h BO3YIIHOTO MPOMEXKYTKA MEXKY
JIMH30HM M IJIOCKOCThIO. i ciydas, Korja paauyc KpMBH3HBI R JIMH3BI BENUK 1O
CpaBHEHUIO ¢ h, MOXHO MPUOIMKEHHO MOJYUYHTh:

h=r"/2R

r1€ T — CMEUIeHHWEe OT OCU cCUMMeTpuu. llpu HamucaHuu BBIPAKEHHS IS
Pa3HOCTH X0JIa CIEYeT TaAKKE YUEeCTh, UTO BOJHBI | U 2 OTpa)xaroTcs IpU pa3HbIX
ycnoBusix. IlepBast BojiHa oTpa)aeTcsi OT TpPaHHULbI CTEKI0—BO31yX, a BTOpas — OT
IPaHULIBl BO3AYX—CTEKJIO. Bo BTOpOM ciyyae NpOMCXOAUT H3MEHEHUEe ¢asbl
KOJIeO0aHU OTpa)KEHHOM BOJHBI HAa 7, YTO SKBUBAJECHTHO YBEJIMYECHUIO PA3HOCTHU
xona Ha A / 2. TToaTomy

A=2h+N2=1/R+ N2

[Ipu r =0, To ecTb B LIeHTpE (TOYKA COMPUKOCHOBEHUs) A = A/ 2; mO3TOMY B
ueHtpe konen, HpioToHa Bcerna Habmonaercs MHTEP(HEPEHIMOHHBI MUHUMYM —
TEMHOE TATHO. Paauychl 1, MOCIENYIOUMX TEMHBIX KOJel OINpeIessitoTCs
BBIPAKEHUEM

rm= VmAR

Orta QopMyna MO3BOJSIET HKCIEPUMEHTAIBHO ONPENETUTh JIMHY BOJHBI
CBETa A, €CJIM U3BECTEH PaJANYC KPUBHU3HBI R JTMH3BI.

[IpoGnema korepeHTHOCTH BOJH. Teopus HOHra mosBonuna OOBICHUTH
UHTEPPEPEHIIMOHHbIE  SIBJICHUS, BO3HUKAIONIME IMPU  CIOXKEHUH  JIBYX
MOHOXPOMATUYECKHX BOJH OJHOM MU TOM ke yacToTbl. OIHAKO MOBCEIHEBHBIN
OMBIT YYUT, 4YTO HMHTep(epeHlHI0o cBeTa B JACHUCTBUTENBHOCTH HAONIOAATH HE
npocto. Eciau B KOMHaTe ropsiT JIB€ OJMHAKOBBIE JaMIIOYKH, TO B JIOOOM TOUKE
CKJIAJbIBAIOTCS MHTEHCUBHOCTM CBe€Ta M HUKaKoW HHTepdepeHUUu He
HaOmonaercs. Bo3Hukaer Bompoc, B KakKUX CJlydasgX HYKHO CKJIAJbIBaTh
HAMpPsHKEHHOCTH (C yueToM (Da30oBbIX COOTHOIIECHUMN), U B KaKUX CIydasX HYKHO
CKJIaJbIBaTh MHTEHCUBHOCTH BOJIH, T.€. KBaJApaThl HANpPsHKEHHOCTEH Moseit?
Teopust unTepdepeHnn MOHOXPOMATUYECKUX BOJH HE MOXET JaTh OTBETa Ha

9TOT BOIIPOC.
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PeanbHble CBETOBBIC BOJHBI HE SBIISIIOTCS CTPOrO MOHOXpOMAaTHYeCKUMH. B
cuily (QyHIAaMEHTAJIbHBIX (PU3MUECKUX TMPUYUH M3JIyUYCHHE BCErJa HMeEeT
CTATUCTUUYECKUHN XapakTep. ATOMBI CBETOBOI'0 MCTOYHHMKA M3Ty4arOT HE3aBHCUMO
JIpYyr OT JApyra B CIydailHble MOMEHTHI BPEMEHHU, U HM3JIyUYCHHE KaXKJOro aTtoma
JUINTCS  O4eHb KopoTkoe Bpems (1< 107°c). Pesynprupyiouiee H3mydeHHe
HMCTOYHUKA B KaKIbIA MOMEHT BPEMEHHM COCTOUT M3 BKJIQJ0B OTPOMHOTO YHCIa
atoMoB. Yepe3 Bpemsi Mmopsiaka T BCS COBOKYMHOCTh H3JIYYaKOIIMX aTOMOB
oOHoBiseTcs. [loaToMy cymmapHoe usiiydeHue OyJeT UMETh APYTYI0 aMIUIUTYy
M, 4TO OCOOEHHO BaxKHO, Npyryio ¢azy. dasza BOJHBI, H3Ty4aeMOMl peanbHbIM
MCTOYHUKOM CBETa, OCTAaeTCs MNPUOTU3UTEIBLHO TIIOCTOSSHHOW TOJBKO Ha
WHTEpBaJIaX BpeMeHH Tmopsaka T. OTaenbHble  «OOPBIBKU» — U3IYUYEHUS
JUTUTEILHOCTH T Ha3bIBAIOTCS Iyramu. Llyru uMerT mpocCTpaHCTBEHHYIO JJIUHY,
paBHYIO CT, IJie ¢ — CKOpocTh cBeTa. Konebanus B pa3HbIX I[yrax HE COTJIACOBAHBI
Mexay coboi. Takum o0Opa3om, peanbHas CBETOBas BOJHA MPEICTaBISET cCOOOM
MOCJIEIOBATEILHOCTh BOJHOBBIX I[YTOB C OECHOpPSIOYHO MeEHstomeiics ¢a3oi.
[IpuHATO TOBOPUTH, UTO KOJIeOaHUsI B Pa3HBIX I[yrax HEKOTepeHTHBI. HTepBai
BPEMEHU T, B TEYEHHH KOTOporo ¢asza koneOaHuil octraercs NPUOIU3UTENHBHO
MTOCTOSTHHOM, Ha3bIBAIOT BPEMEHEM KOT€PEHTHOCTH.

Nutepdepeniius MoKET BO3ZHMKHYTh TOJIBKO TPH CIIOXKEHUHM KOTEPEHTHBIX
KoJIeOaHUM, T. €. KoJIeOaHUM, OTHOCSIIUXCS K OTHOMY U TOMY ke IIyTy. X0Ts (a3l
KXKJIOTO0 W3 ATUX KOJIeOaHUN TakKe MOABEPKEHBI CIyYalHBIM H3MEHEHHUSIM BO
BPEMEHH, HO 3TH WU3MEHEHHUsI OJMHAKOBBI, IMOATOMY Pa3HOCTh (Pa3 KOTEPEHTHBIX
KojeOaHuil ocTaeTcss MOCTOSAHHOW. B aToMm ciydyae Habmromaercs ycToluuBas
uHTep(EpEeHIIMOHHAs KapTUHA W, CJEJ0BAaTEIbHO, BBIMOJHACTCS MPUHIUII
cynepno3uiiuu noyie. IIpu ciokeHuu HEKOTePEeHTHBIX KoJIeOaHWi pa3HOCTh (a3
OKa3bIBaeTCsl clydaiiHOW (QyHkiue BpemeHU. WHTepdepeHIIMOHHBIE TOJIOCHI
HCIIBITBIBAIOT OECIIOPSAOUHbBIE MEPEMEICHUSI U3 CTOPOHBI B CTOPOHY, W 3a BpeMs
At uX perucTpaiuu, KoTopasi B ONTUYECKUX IKCIIEPUMEHTaX 3HAYUTEIbHO OOJIbIIe
BpEMEHHM  KOrepeHTHOCTH (At>>1T), TPOUCXOAUT TMOJHOE YCpEIHEHUE.

Peructpupytomiee  yctpoiictBo (a3,  (oToruiacTUHKA,  (POTORJIEMEHT)
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3apuKcUpyeT B TOUYKEe HAOIIOJEHUS YCPEIHEHHOE 3HAYeHHE WHTECHCHUBHOCTH,
paBHOe cymme uHTeHcuBHocTe [+ 1, obOoux konebanmii. B stom cnydae
BBITIOJTHSCTCS 3aKOH CJIOKEHUSI HHTEHCUBHOCTEH.

Taxum o6pazom, nHTEpPEpeHIUS MOKET BOZHUKHYTh TOJIBKO TPU CIIOKEHUH
KOTepPEHTHBIX KoJieObanuii. BoHbI, cozmaroniie B TOYKe HAOIIOCHIUS KOTePEHTHEIC
KoJIeOaHUs, TAaK)KE HAa3bIBAIOTCA KOTEPEHTHBHIMU. BOJHBI OT IBYX HE3aBUCHUMBIX
HUCTOYHUKOB HEKOTEPEHTHHI W He MOryT nate wuHTepdepenuun. T. IOHT
WHTYUTUBHO yrajai, uTo JJiA TOMydeHUs HHTepPEPECHIINN CBETa HY)KHO BOJHY OT
WCTOYHHKA Pa3e/IuTh Ha JIBE€ KOTEPCHTHBIC BOJIHEI U 3aTeM HaOII0JaTh Ha DKpaHe
pe3ynbTaT UX CIOXKEHus. Tak genmaeTcsi BO BCceX MHTEP(EPEHIIMOHHBIX CXeMax.
OnHako, Aake B 3TOM ciy4dae HHTepQEpEeHIMOHHAs KapTHHA MCUYe3aeT, €Cln

PasHOCTh XO04a A IMPCBLICUT AJIUHY KOTCPCHTHOCTH CT.

1.4 IToasipusanus cBeTa.

B nauane XIX Beka, xorma T.IOHr m O. @peHens pa3BUBaid BOJIHOBYIO
TEOPUI0 CBETa, MPUPOJIa CBETOBBIX BOJIH OblUIa Heus3BecTHa. Ha mepBom starme
Mpeanojarajoch, 4YTO CBET MPEACTaBisieT COOOW MPOAOJIBHBIE  BOJIHBI,
pacnupocTpaHsIoluecs B HEKOTOpPOW TumnoreTuyeckod cpenae — sdupe. Ilpu
W3y4YeHUH siBIeHUN uHTepdepeHurnu u Audpakuud BOIPOC O TOM, SBISIOTCA JIU
CBETOBBIE BOJIHBl MPOJAOJIBHBIMU WJIM TMONEPEYHBIMU, HMMEN BTOPOCTENEHHOE
3HaueHue. B To BpeMms Kas3ajioch HEBEPOSTHBIM, YTO CBET — 3TO IONEPEUHbIE
BOJIHBI, TaK KakK [0 aHAJOTMM C MEXAaHWYECKUMHU BOJHAMHU MPUILIOCH Obl
Mpeanoiarath, 4To 3pup — 3To TBEpAOE Telo (MOoNepeuHble MEXaHUYECKHUE BOJIHbI
HE MOTYT paclpoCTPaHATHCS B Ta3000pa3HON UK KUAKOU cpefie).

OpHako, TOCTENEHHO  HAKaIUIMBAJIUCh  OKCIEPUMEHTaNbHbIE  (aKTHI,
CBUJICTENIbCTBYIOIIME B TIOJb3y IONEPEYHOCTH CBETOBbIX BOJIH. Fllle B KOHIIE
XVII Bexka O6bu10 OOHapykeHO, 4TO Kpuctaml uciaasackoro mmara (CaCOs)
pa3BavBaeT MPOXOJAIIME Yepe3 HEro Jydd. DTO SIBICHHE MOJY4YHJIO Ha3BaHUE

JABOWHOTO JIydernpenomiieHus puc. 1.5.
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Puc. 1.5 JIBoitHOE nMyuenpenomieHue

[IpoxoxxaeHne cBeTa uepe3 KpHUCTALI HCIAHACKOTO Imimnara (JBOHHOE
nydenpenomienue). Ecnu kpucrami moBopauyuBaTh OTHOCUTEIBHO HAMpaBICHUS
MEePBOHAYAJILHOTO JIyda, YTO IOBOPAYMBAIOTCSA 00a Jydya, MPOIIEIUINE Yepe3
KpUCTAJLI.

B 1809 rony dpanuy3ckuii urxxkeHep 2. Maiioc OTKPBUI 3aKOH, Ha3BaHHBIN
ero uMmeneMm puc. 1.6. B ombiTax Mamtoca cBeT mocieqoBaTeNbHO MPOIYyCKaCs
4yepe3 JBe OJMHAKOBBIC IJIACTUHKU W3 TypMaliuHA (MIPO3payHOe KPUCTATUITMIECKOE
BEILIECTBO 3€JICHOBaTOM oOKpacku). [lmacTMHKKM MOTIM TOBOpAYMUBATHCS JPYT

OTHOCHUTEJBHO JIpyra Ha Yroi .

Puc. 1.6 3akon Masmroca
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NHTEHCUBHOCTH MPOMIEJIIETO CBETA OKa3alach MPSIMO MPOMOPIIMOHAIBHOMN
cos” @

I~ cos’ Q.

Hu nBoiiHOe nyuenpenomieHue, HU 3aKOH Mairoca HE MOTYT HaWTH
oOBbsSICHEHHE B paMKax TEOPUHM TMPOJOIBHBIX BOJH. JIJIsl TPOMOJIBHBIX BOJH
HaMpaBJICHUE PACITPOCTPAHECHUS Jyda SIBJISIETCS OCbI0O CUMMETPHUHU. B Mpo0abHOM
BOJIHE BCE HAMPABJICHHUS B IJIOCKOCTH, MEPIECHIUKYISIPHOM JIy4y, paBHOIIPaBHbL. B
MONEpPEYHOM BOJIHE (HAmpUMEp, B BOJIHE, OEryiied Mo PEe3UHOBOMY XKIYTY)
HampaBJieHHWEe KoJICOAaHWM M  TEePNEHIUKYJISIPHOE €My HalpaBieHUE He
PaBHOMPABHBI.

Takum oOpa3oM, acUMMETpPHUsT OTHOCUTEIBHO JIyda SIBJISICTCS PEIIAONUM
MPU3HAKOM, KOTOPBIA OTJIMYAET MONEPEUHYIO BOJIHY OT MPOJ0JbHOW. Brepsbie
JIOTaJIKy O TIOTIEPEYHOCTH CBETOBBIX BOJIH Bbickazan 1. FOur (1816 r.). ®penens,
He3aBuCcMMO OT FOHra, Takke BBIJBUHYJ KOHLEHIMIO MONEPEUYHOCTH CBETOBBIX
BOJIH, OOOCHOBaJI €€ MHOTOYHMCJIICHHBIMU SKCIEPUMEHTAMU U CO37al TEOPHIO
JBOMHOTO JTy4EePEJTOMIIEHHUS CBETA B KPUCTAJIJIAX.

B cepenune 60-x rono XIX Beka MakcBes1 caenan BbIBOJ O TOM, UTO CBET —
ATO DJICKTPOMArHUTHBIE BOJHBI. JTOT BBIBOJI ObLT CHEIaH HA OCHOBE COBMAJCHUS
M3BECTHOTO 3HAYEHHMS CKOPOCTHM CBE€Ta CO CKOPOCTBIO PacHpOCTPaHEHUS
MpecKa3aHHbIX MaKkCBEIIOM 3JEKTPOMAarHuTHBIX BOIH. K ToMy BpeMeHu, kKoraa
MakcBemn caenal  BbIBOJ O CYIIECTBOBAHMM  DJICKTPOMArHUTHBIX — BOJIH,
MONEPEYHOCTh CBETOBBIX BOJIH YK€ ObLjIa JIOKa3aHO AKCIEpUMEHTaIbHO. [loaToMy
MakcBesl cnpaBelJIMBO Tojiaraji, 4To IMONEPEYHOCTh AJIEKTPOMArHUTHBIX BOJIH
SBJISIETCS €1€ OJJHUM BOKHEUIIINM JJOKA3aTEILCTBOM 3JIEKTPOMArHUTHOW PUPOIBI
CBETa.

B s5ekTpoMarHuTHON TEOPUHU CBETA UCUE3JIU BCE 3aTPYAHEHHUS, CBSI3AHHBIE C
HEOOXOJUMOCTBIO BBEACHHUS OCO0OM Cpelbl pachpoCTpaHEHUs] BOJH — ddupa,
KOTOPBIN MPUXOJUIIOCH pacCMaTpUBaTh KaK TBEPIOE TEJIO.

B snextpomarautHoi BoiHe BekTopa E v B nepnieHaAuKyIsapHbI APYT APYTy U

JICKAT B IINIOCKOCTH, HepHCHI[I/IKYJIHpHOﬁ HaITpaBJICHUIO PACIIPOCTPAHCHUA BOJIHBI.
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Bo Bcex mporeccax B3auMOJCHCTBUSI CBETA C BEIIECTBOM OCHOBHYIO POJIb UTPaeT
aneKTpudeckuii BekTop E mo3ToMy ero Ha3pIBalOT CBETOBBIM BeKTOpoM. Eciu mipu
pPacIpoOCTpaHEHUHN AJIEKTPOMArHUTHON BOJIHBI CBETOBOM BEKTOpP COXpaHSET CBOIO
OPUCHTAIINIO, TAaKyH) BOJIHY HA3bIBAIOT JIMHEWHO-MOJISPU30BAHHON WIIM ILIOCKO-
MOJISIPU30BaHHOM  (TEpMUH  TOJspU3allMsg BOJH ObUT  BBeJeH MatocoM
MIPUMEHUTENIPHO K MOMEPEUYHBIM MEXaHUYECKUM BojHaM). [lmockocTh, B KOTOpOH
KosebJseTcss cBeToBoM BeKTOp E HaszbpIBaeTCs MIOCKOCTHIO KOJEOaHHUH (ITOCKOCTh
yZ), a TUIOCKOCTh, B KOTOPOW COBEpIIAECT KoJeOaHWEe MarHUTHBIM BekTOop B —
TJIOCKOCTBIO MOJIApU3aluU (TNIOCKOCTh XZ).

Ecam BIOAR OZHOTO M TOrO K€ HAMpaBJICHUS PACIPOCTPAHSAIOTCS JIBE
MOHOXPOMATUYECKHE  BOJIHBI, MOJSIPU30BaHHBIE B JBYX  B3aUMHO
MEePIEHIUKYISAPHBIX TUIOCKOCTSX, TO B PE3yJIbTaTe UX CIOXKEHHUS B OOIIEM cilydae

BO3HHUKAET UM TUYECKU-TIOJIAPU30BaHHAs BOJIHA puc. 1.7.

Puc. 1.7 Cnoxenue nByX B3aMMHO NEPHEHAUKYISIPHO NOJISIPU30BAHHBIX BOJIH

u 06pa30BaHHe SJIIUIITHNYCCKU HOHHpH3OBaHHOﬁ BOJIHBI
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B smunTHYECKH-TIONSIPU30BAaHHOW BOJHE B JIIO00OW  IIockocTH P,
NEPICHANKYJIAPHONH  HANpaBICHHUIO  PACIpPOCTPAHEHUsS  BOJHBL,  KOHEI
pe3yabTUpPYIONIETO BekTopa E 3a OAWH mepuoj CBETOBOTO KoyiebaHHsS oOeraer
DIITUTIC, KOTOPBIM HA3BIBAETCS IUIMIICOM Tofsipu3aiuu puc.l.8. dopma u pazmep
DJUIMIICA HONAPU3ALUM  OIPENENAITCA aMIUIUTyJaMU ay U 4, JIMHEHHO-
MOJIIPU30BAHHBIX BOJH U ()a30BBIM CABUTOM A MeXay HUMU. YacTHBIM cliydaem
DJUTUTITUYCCKU-TIONIIPU30BAHHOM  BOJIHBI  SIBIIICTCS ~ BOJHA C  KPYroBOH
nonApusanuei (ay = ay, A¢ =+ m/2).

¥

Puc. 1.8 Dnekrpruueckoe nosue B 3JUIMNTUYECKU-TIOIAPU30BAHHON BOJIHE

HHHeﬁHO-HOHﬁpHBOBaHHBIﬁ CBCT HCIIYCKACTCA JIA3CPHBIMH HNCTOYHHKAMMU.
CBeT MOXKET OKa3aThCsd MMOJIPU30BAHHBIM TIPHU OTPAKCHHHN HIIX PACCCAHUMU. B
YaCTHOCTH, I‘OJIY6OI>1 CBET OT HeOa 4YacTUYHO WM ITOJHOCTBIO IMMOJIAPU30BAH.
OIIHaKO, CBCT, I/ICHYCKaeMBIﬁ OOBIYHBIMH HMCTOYHHUKAMH (HaanMep, COJIHCUHBIHN
CBCT, H3JIYUCHHUC JIaMII HAKaJIMBAHUA H T. H.), HCIIOJIIPU30BAH. CBer Takux
HCTOYHHUKOB COCTOUT B Ka)I(IIBIﬁ MOMCHT H3 BKJIAaJ0OB OIpOMHOIo 4YHCJIa
HC3aBHUCUMO H3JIYyYArOIIUX aTOMOB C paBHH‘IHOﬁ OpHeHTaHHeﬁ CBCTOBOI'0 BCKTOPA

B HM3JIy4aeMbIX 3THUMH aToMaMu BojHax. [loaToMy B pe3ynbTUpPYIOUIECH BOJIHE
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BCKTOP E 6CCHOPSII[OLIHO HU3MCHACT CBOIO OPHCHTALIMIO BO BPEMCHH, TAK YTO B
CpCaHCM BCC HaIlpaBJICHUA KoeOanui OKa3bIBAIOTCA PaBHOIIPABHBIMU.
HeHOHHpHSOBaHHBIﬁ CBCT HA3bIBAIOT TaAKXKC CCTCCTBCHHBIM CBCTOM.

B K&)KIIBIﬁ MOMCHT BpPEMCHH BCKTOP E MoxeTr OBITH CIIPOCKTHPOBAH HA ABC

B3aMMHO IEPIEHINKYJISIpHbIE OcHU puc.1.9.

Puc. 1.9 Paznoxenue Bexropa E o ocsam.

OT0 03HA4YaeT, YTO JI00YI0 BOJNHY (MOJSPU30BAHHYIO U HEMOISPU30BAHHYIO)
MOXXHO TMPEACTaBUTh KAaK CYNEPHO3UIMIO JIBYX JIMHEHHO-TOJSIPU30BAHHBIX BO
B3aMMHO MEPHEHIUKYISPHBIX HAMPABICHUSIX BOJIH:

E(t) = Ex(t) + Ey(t)

Ho B nonApusoBanHoil BonHe 00¢e cocraisonme Ey(t) n Ey(t) korepeHTHEI, a
B HEMOJSPU30BAaHHOM — HEKOTE€PEHTHBI, T. €. B IMEPBOM cllydae pa3HOCTh (a3
mexay Ey(t) m Ey(t) mocTossHHa, a BO BTOPOM OHa SIBJIETCA COy4ailHON (QyHKIMEH
BpPEMEHU.

SIBneHre JOBOMHOTO JydeNpeloMIICHHsS CBETa OOBSACHAETCS TEM, 4YTO BO
MHOTHX KpUCTAJUIMUYECKUX BeIllecTBaX MOKa3aTelau NpeoOMICHHUs IS JABYX
B3aMMHO TMEPHEHIUKYISIPHO TMOJIAPU30BAaHHBIX BOJIH pas3nuuHbl. [loaTomy

KpUCTAJJI PAa3ABAWBACT MPOXOAAIINEC YCPE3 HCIo JIy4dH. I[Ba Jyda Ha BBIXOIC
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KpUCTajula  JIMHEWHO  MOJIIPU30BaHbl BO  B3aMMHO  IEPIEHIAUKYJISIPHBIX
HarnpasiieHus1X. KpucTtamibl, B KOTOPBIX MPOUCXOIUT JBOMHOE JTyUYEIPETOMIIEHUE,
HAa3bIBAIOTCSI AaHU30TPOIIHBIMH.

Y MHOIMX KpUCTAJUIOB MOIJIOLIEHUE CBETA CWIBHO 3aBUCUT OT HAIIPABJICHUS
AIEKTPUYECKOTO BEKTOpa B CBETOBOM BOJHE. OJTO SBJIEHHE Ha3bIBAIOT
JUXPOU3MOM. DTUM CBOMCTBOM, B YaCTHOCTH, 00JAJalOT IUIACTUHBI TypMalliHa,
HCIIOJIb30BaHHbIE B omnblTax Mamtoca. [Ipu onpeneneHHON TOJILMHE IUIACTUHKA
TypMaJIiHa IOYTHU IOJHOCTBIO IOIJIOMIAET OJHY U3 B3aUMHO IEPIIECHAUKYJIPHO
MOJIAPU30BAHHBIX BOJH (HampuMmep, EX) U 4acTHYHO MpPOMyCKaeT BTOPYIO BOJIHY
(Ey). HanmpaBnenue kosneOaHuUl 3JIEKTPUUECKOTO BEKTOpa B MPOUIEAIICH BOJIHE
HAa3bIBACTCS pPa3pELICHHBIM HAIlpaBJICHUEM IUIACTUHKU. llnactuHka TypmanuHa
MOXXET OBITh HCIIOb30BaHA KaK JJis MOJYYEHHs MOJISIPU30BAHHOTO CBETA, TaK U
JUIsL aHajdu3a Xapakrepa Mojsipu3anuu cBeTa (MoJiIpu3aTop M aHanuzatop). B
HACTOsIIEe BpEeMs IIMPOKO MPUMEHSIOTCS UCKYCCTBEHHBIE NUXPOUYHBIC ILICHKH,
KOTOpbIE Ha3bIBAIOTCA nossiponaaMu. [1oasaponibpl mOUTH MOJHOCTHIO IIPOIYCKAKOT
BOJIHY Pa3pelIeHHOW MOJIIPU3ALMUA U HE MPOIYCKAIOT BOJIHY, MOJISIPU30BAHHYIO B
NEePHEeHAUKYIIPHOM HarpaBieHuu. Takum o0pazoM, MOISPOUIbl MOKHO CUUTATh
UjeaNbHBIMU MOJIIPU3ALIMOHHBIMU (DUITBTPAMHU.

PaccmarpuBas npoxoKIeHUE €CTECTBEHHOI'O CBETA IIOCIEI0BATEIBHO Yepes
J1BA UJCAIBHBIX ITOJISAPOUA, PA3PELICHHBIC HAIIPABICHUS KOTOPBIX Pa3BEPHYTHI Ha
HEKOTOpbI yron ¢. IlepBblid momsipona wurpaer posb mnoaspuszaropa. OH
IIPEBPAILAET €CTECTBEHHBIN CBET B JMHEUHO-IIOISPU30BaHHbIN. BTOpoil mossiponn
CIY’)KUT JJIsl aHajJdu3a MaJaroliero Ha Hero ceTa. Eciaum 0003HAYUTH aMIUTUTYIY
JIMHEMHO-TIOJISIPU30BAHHON BOJIHBI IIOCJIE IIPOXOXKJIEHUS CBETa Yepe3 IEpBbIU
nosnsipoun yepes Eo = \Io/2 TO BOIHa, MPOIYyIIeHHas: BTOPbIM MOJISPOUIOM, OyIeT
nMetb ammutyny E = Egjcos ¢. CrenoBarenbHO, MHTEHCUBHOCTH | JMHEWHO-
MOJIAPU30BAHHON BOJTHBI HA BBIXOJIE BTOPOI0 Mosisipoua OyAeT paBHa

[ =E’=Eo’cos’p = 1/2locos’o
Takum 06pa3om, B 3JIEKTPOMarHUTHONW TEOPHUH CBETAa 3aKOH Maitoca HaXOAUT

€CTECTBEHHOE OOBSICHEHHE HA OCHOBE PAa3JI0KCHUA BCKTOpPA E Ha cocraBnstonue.
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1.5 ®orTornexkTpuyeckuii 3QpPpext
OtkpeiT B 1887 rony HemeukuMm ¢usukom [. 'epuem u B 1888—1890 romax
IKCIiepUMeHTanbHO  uccienoBad  A. . CromeroBeiM.  Hambomee  momHOe
uccnenoBanue siBiaeHus Gorodddexra 6pu10 BhinoaHEHO D. Jlenapaom B 1900 1. K

ATOMY BpeMEHH yxe ObUT OTKpHIT 37eKTpoH (. TomcoH, 1897 1.), u cTasio sicHO,

y10 QoTorPeKT (uau TouHee — BHEMHHUI (HOTOdPEKT) COCTOUT B BHIPHIBAHUU
AJIEKTPOHOB U3 BELIECTBA M0 IEHCTBUEM Malaolero Ha Hero csera puc. 1.10.

B skcniepuMeHTax MCHOb30BANICA CTEKJISHHBIA BaKyyMHBIN OajUIOH € ABYMS
METaUIMYECKUMH  3JEKTPOJIaMU, TIOBEPXHOCTh KOTOPBIX ObUIa  THIATEJIbHO
ouniieHa. K ajexTposmaMm  NpuKIanbIBaiochk HEKOTOpoe HampspkeHue U,
MOJIAPHOCTh KOTOPOTO MOKHO OBUIO HM3MEHSATH C IMOMOIIBIO JABONHOrO KiIKOYa.
OmuH u3 osekrponoB (katox K) uyepe3 KBapueBOoe OKOIIKO OCBELIAJICS
MOHOXPOMATUYECKHUM CBETOM HEKOTOPOW JJIMHBI BOJHBI A, U MPU HEU3MEHHOM
CBETOBOM IOTOKE CHUMAjach 3aBUCUMOCTb CHJIbI (pOTOTOKa | OT mpuiioKeHHOro

HanpskeHus puc. 1.11.

Il |
— I +
Puc. 1.10 Cxema skciepUMEHTaIbHON YCTAHOBKH JJISI U3YUEHUS

dbotorddexra.
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Puc. 1.11 3aBucuMOCTb CUJIBI (POTOTOKA OT MPUIIOKEHHOTO HANIPSHKCHMUS.
Kpusas 2 cootBeTcTBYET 0OJIbILIIEH MHTEHCUBHOCTH CBETOBOTO MOTOKA. [H; 1 [H) —

TOKH HACBIILICHUA, Uz — 3an1/1pa101u1/1ﬁ IIOTCHI M AJI.

KpuBble MOKa3bIBalOT, YTO MPU JOCTATOYHO OOJIBIIMX TOJIOKUTEIBHBIX
HampsDKeHUsIX Ha aHojge A (OTOTOK JOCTUraeT HACHIIIEHHUsS, TaK Kak BCe
AIEKTPOHBI, BBIPBAHHBIE CBETOM M3 KaTola, AOCTUIAalOT aHoja. TIiaresbHbIe
U3MEPEHUS TMOKa3aJid, 4YTO TOK HAaChIEHUS [; mOpsSMO NIPONOpPUHUOHAJIEH
MHTEHCUBHOCTHU Majaroumero ceera. Koraa HanpskeHHE Ha aHOJE OTPULATEIBHO,
IEKTPUYECKOE II0JIE MEXAY KaTOIAOM M aHOJOM TOPMO3MT AJIEKTPOHBIL. AHOZA
MOTYT JOCTHYb TOJIBKO T€ OJJEKTPOHBI, KHHETHYECKass DSHEPrus KOTOPBIX
npesbimiaer |eU|. Ecnu Hanpsbkenwe Ha aHoge MeHblie, yem —U3, (oroTok
npekpamaercs. M3mepsis U3, MOKHO ONPENeInTh MAKCUMAIbHYI0 KUHETUYECKYIO

DHEPTHUIO (POTOICKTPOHOB:
2 _
(MV7/2) max = €U3
Bemnunna U3 He 3aBUCHAT OT MHTEHCUBHOCTH I1aAIOIIETO CBETOBOTO MMOTOKA.

TH_IaTCJIBHBIC HU3MCPCHHUA IIOKa3aJik, YTO Bannparomnﬁ IIOTCHI M AJI JIMHEWHO

BO3PacTaeT C YBEJIMUYECHUEM YaCTOTHI V cBeTa puc. 1.12.
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Puc. 1.12 3aBucumocTs 3anuparoiiero noreHuuana Us OT 4aCTOThI V

Imaaaromero CBeTa.

MHOTO4YHCIIEHHBIMU 3KCIIEPUMEHTATOpaMU ObUIM YCTAHOBJIEHBI CIIETYIONINE
OCHOBHBIE 3aKOHOMEPHOCTH oTodPdexTa:

L. MakcumanbHasi ~ KHUHETHYecKass d3Hepruss  (OTOIIEKTPOHOB
JMHENHO BO3PACTAET C YBEIMYEHUEM YAaCTOThI CBETA V U HE 3aBUCHUT OT €T0
MHTEHCUBHOCTH.

2. JIJist Kaxa0ro BellecTBa CYIIECTBYET TaK Ha3blBaeMasl KpacHas
rpanuna ¢orosddexra, T. €. HAMMEHbIIAs YaCTOTA Vin, PU KOTOPOH ele
BO3MOX€EH BHEITHUHN (HOTOIDPEKT.

3. Yuciio ¢GOTOINEKTPOHOB, BBIPHIBAEMBIX CBETOM M3 KaTo/Aa 3a
1 ¢, mpsiMO MPONMOPLUKUOHATBHO HHTEHCUBHOCTH CBETA.

4. dotorpdekr  mpakTHUECKH ~ Oe3bIHEepPIMOHEH,  (OTOTOK
BO3HHUKAET MTHOBEHHO MOCJE Hayaja OCBEIIEHMs KaToJa MpU yCIOBUHU, YTO
4acCToTa CBETA V > Vpyip.

Bce »otu  3akoHomepHoctd  Qororddexta B KOpHE MPOTUBOPEUUIIU
MPEICTABICHUAM KJIACCUYECKON (PU3MKH O B3aMMOJIEUCTBUM CBETA C BELIECTBOM.
CornacHO BOJHOBBIM TIPEJICTABICHUAM OJJIEKTPOH TPU B3aUMOJEHCTBUU C
AIIEKTPOMArHUTHOM CBETOBOM BOJHOM JOJKEH ObLI OBl MOCTENEHHO HAKAIUIMBAThH
DHEPrul0, W MOTpedoBaloCh Obl 3HAYUTENbHOE BpEMs, 3aBUCALIEE OT
MHTEHCUBHOCTHU CBETA, YTOOBI 3JEKTPOH HAKOMMWIJI JOCTATOYHO 3HEPIUU JJIs TOTO,

YyTOOBI BBIIECTETH U3 KaToaa. Kak moka3pIBaroT pacdCThl, 9TO BpEMA HOJIKHO OBLI0
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Obl MCUHCISITECA MHUHYTaMH WM vacamMu. OJIHaKO, OMNBIT TOKa3bIBAaET, YTO
(hOTORJIEKTPOHBI TTOSBIISIIOTCS HEMEICHHO TI0CJIe Havalla OCBEILICHHS KaTo/a
Teoperuueckoe oObsICHEHUE HAOIMIOaeMbIX 3aKOHOMEpHOCTel hoTorddekra
ObUTO JTaHO DWHINTEHHOM Ha OCHOBe rumoTe3bl M. [lnaHka o TOM, YTO CBET
W3JIY4aeTCs W TIOTJIONIACTCS ONPEACICHHBIMU MOPIUSIMHE, TPUYEM dHEPTHS KaKI0U

Takoid mopuuu omnpenenserca popmynoit E=hv, rne h — nmocrosunas Ilnanka

OUHIITESHH caciaala CJICI[YIOH_II/Iﬁ mar B pa3sBUTHN KBAHTOBBIX HpeHCTaBHCHHﬁ. On
Npumicia K BBIBOAY, YTO M CBCT HUMCECT IIPCPBIBUCTYIO AUCKPCTHYIO CTPYKTYPY.
9JI€KTpOMaI‘HI/ITHaH BOJIHA COCTOHUT U3 OTACJIBbHBIX HOpLII/Iﬁ — KBA4HTOB,
BITOCJICACTBHU HA3BaAHHBIX (1)OTOHaMI/I. HpI/I B33PIMOI[CIZCTBHH C BCIICCTBOM (1)OTOH
OCJIIMKOM TMepeaacT BCHO CBOXO 3JHCPIHIO hv OJHOMY OJJICKTPOHY. YacTte »TOH
OHCPIUU IJJICKTPOH MOKCT PACCCsATh IIPpU CTOJKHOBCHHAX C aTOMAMHM BCIICCTBA.
KpOMe TOro, 4YaCTb OJHCPIUM JIJICKTPOHA 3aTpavYHuBACTCA Ha MPCOIJOJICHUC

IIOTCHIMAJIBHOI'O 6apbepa Ha TpaHUIC MCTAJIJI-BAKYYM. I[J'ISI 9TOT0 JJICKTPOH

JIOJI’KEH COBEPLINTH paboTy BbIX0J1a A, 3aBUCSIIYIO OT CBOMCTB MaTepuaia KaTo/a.
HauGonpmas KuHeTHYecKass HSHEPrus, KOTOPYIO MOXKET HUMETh BBUICTEBIIMHA M3
Karofa (OTORJIEKTPOH, OIpEAeNsaeTcsl 3aKOHOM COXpPAaHEHHUs OJHEPruu. ITy
(bopmyity MpUHATO HAa3bIBAaTh ypaBHEHHEM DHHIITEHA 11 Pporodddekra:
(mV2/2) max = €Uz =hv — A

C nomo1pio ypaBHeHUs DUHIITEIHA MOKHO OOBSCHUTH BCE 3aKOHOMEPHOCTHU
BHemHero (¢otodddekra. M3 ypaBHeHUs OWHINTEWHA CIEAYIOT JIMHEWHAs
3aBUCUMOCTh ~ MAaKCHUMaJbHOM  KMHETMYECKOM SHEPruM OT 4YacTOThl U
HE3aBUCUMOCTh OT HMHTEHCHUBHOCTH CBETa, CYIIECTBOBAHUE KPAacHOW T'paHMIIbI,
0e3b1HepIIMOHHOCTD oTodPdekTa. ObIIee Yo GOTOIIEKTPOHOB, MOKHUIAOITUX
3a 1 ¢ MOBEPXHOCTh KaTOAQ, JOHKHO OBITh MPOMOPIHMOHAIBHO YUCITY (POTOHOB,
najalolMx 3a TO JK€ BpeMsi Ha NOBEpPXHOCTh. M3 3TOro cieayer, 4yTo TOK
HACBIIIEHUS JOJDKEH OBbITh NPSIMO IMPOMOPIMOHAIEH MHTEHCUBHOCTU CBETOBOTO
notoka.Kak crnenyer u3 ypaBHeHUs DUHIITEHA, TAHTEHC yIJla HAKJIOHA MPSMOM,
BBIPA)KAIOIIEH 3aBUCUMOCTD 3amuparoniero noreHuuaita U, OT 4acToTel vV , paBeH

OTHOIIIEHUIO TTocTostHHOM [Tmanka h k 3apsny ayekTpoHa e:
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tga = h/e

OTO TMO3BOJISIET HKCHEPUMEHTAIBbHO OMNPEACIUTh 3HAYEHUE TOCTOSHHOM
[Tnanka. Takue u3mepenus ObuM BbITIONHEHBI P. Mumnkenom (1914 r.) u nanu
XOpolllee corjlacue cO 3HadYeHHeM, HahjaeHHbIM [lmankom. DT u3MepeHus
MTO3BOJIMIIN TAaKXKE ONpPEeTUTh padoTy BhIXxoAa A:

A = hv min=hc/ A

IZIe C — CKOPOCTb CBETA, A, — JUIMHA BOJHBI, COOTBETCTBYIONIAs KPacHOM
rpanuiie ¢porodddexra. Y O0IBIIMHCTBA METAJIIOB paboTa BhIXoaa A COCTaBIsSET
HECKOJIbKO 31eKTpoH-BombT (1 9B = 1,602:10"" /Ix). B kBaHTOBOI (u3HKE YacTO
HCIIOIB3YETCsl DJIEKTPOH-BOJIBT B KQUECTBE DHEPIEeTUUCCKON €IUHUIIBI U3MEPEHUSI.

3HaueHHe NOCTOSHHOM HJIaHKa, BBIPAKCHHOC B JJICKTPOH—BOJIBTAX B CCKYHIOY,

paBHO:
h=4,136-10" sB-c.

Cpean MeTauIOB HaWMEHBIIEH pabOTOW BBIXOJA OOJATAIOT IIEJTIOYHBIS
Metauibl. Hanpumep, y HaTtpus A = 1,9 3B, 4T0 COOTBETCTBYET KpacHO# rpaHuIle
dorospdexra A = 680 HM. IlodTOMY COeNMHEHHS INEIOYHBIX METAJIIOB
WCIIOJIB3YIOT JIJI CO3JaHUs KaToAOB B (POTORNEMEHTAaX, NMpPEIHA3HAYCHHBIX IS
pETHCTpaIy BUIUMOTO CBETA.

Wtak, 3akoHbl poTodh(PeKTa CBUACTEIBCTBYIOT, YTO CBET IPHU UCITYCKAHUU U
MOTJIONICHUH BeAET ce0S MOAO0HO TOTOKY 4YAaCTHIl, ITOJYYHUBIIUX Ha3BaHUE
(OTOHOB MJIM CBETOBBIX KBAaHTOB. DHEPrus (DOTOHOB paBHA:

E=hv

@DOTOH ABMKETCS B BAKYyME CO CKOPOCThIO ¢. DOTOH HEe uMeeT Macchl, m = 0.

N3 00111€T0 COOTHOIIEHUS CIICIUATbHON TEOPUU OTHOCUTEITLHOCTH,

CBSI3BIBAIOIIETO YHEPTHUIO, UMITYJIBC U MAcCy JH000M YaCTHUIIBI,
2 24, 202
E"=m'c +p°c’,

cieayer, 4To GOTOH 00IaJaeT UMITYILCOM

p=E/c=hv/c

29



Takum oOpa3om, yuyeHHE O CBETE, COBEPIIMB BUTOK JJIUTEIHLHOCTHIO B JIBa
CTOJIETUS, BHOBb BO3BPATWJIOCH K TMPEACTABICHUSM O CBETOBBIX YacTHIAX —
Kopryckyiax. Ho 3To He ObUT MeXaHUYECKUN BO3BPAT K KOPIYCKYJISIPHOW TEOpUU
Hrrorona. B nHauanme XX Beka cTajlo SICHO, YTO CBET 0OO0JajacT JIBOMCTBEHHOM
npupoaoil. Ilpu pacnpocTpaHeHUM CBETa MPOSIBIISIIOTCS €r0 BOJHOBBIE CBOWMCTBA

(unTepdepenuus, audpaxiysg, nDoagpu3alMsg), a TNPU B3aUMOJICUCTBUU C

BEILIECTBOM — KopIycKyJisipHbie (poTorddexT). DTa ABONCTBEHHAS TPUPOJIa CBETA

IMOJIy4YnJia Ha3BaHUC KOPITYCKYJIAIPHO-BOJIHOBOT'O AyaJIHN3MaA.
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2. OQKCIIEPUMEHTAJIBHAA YACTb

2.1 OcHoBHBbIC MapaMeTPbl H XaPAKTEPUCTHKH COTHEYHBIX 3JIEMEHTOB

B npocreiiiem ciiydae COMHEUYHBIA 3JIEMEHT COJIEPKHUT €JUHCTBEHHBIN p-n-
nepexo/1, PacrlooKeHHbI Ha HEOONbIION IITyOuHE OT OCBEIIAEMON MOBEPXHOCTH
MOJIyIPOBOJHUKA (10 2 MKM). B mnactuHe co3naroTcst 00J1acTu ¢ p- U n-TUHIAMU
MPOBOJUMOCTH MyTEM BBEACHUS B MOITYNPOBOJAHUK COOTBETCTBYIOIIUX MPUMECEH.
[Tony4yuB p-n-nepexo, U3roTaBIMBAIOTCS HUKHUI U BEPXHHUM 3JIEKTPOKOHTAKTHI,
IpUYeM HIKHUI KOHTAaKT — CIUIOLIHOM, a BEpXHUU BBIMIOJHIETCS B BUJE
rpe0eHYaTol CTPYKTYpbl, TOHKHE MOJIOCHI, COEIMHEHHbIE 00Jiee ITMPOKON IINHOM.
KoHTakT p- W n-mojaynpoBOJAHUKOB MPUBOAUT K OOpPa30BaHUIO MEXIY HUMHU
KOHTaKTHOT'O DJJIEKTPUYECKOrO0 TIOJI, WIPAIOIIEr0o BaXXHYI poyib B pabore
COJIHEYHOTO (POTORJIEMEHTA.

[lornomenue cBeta ¢ 3Heprueil KBaHTOB hv OoJbllle MIMPUHBI 3aIPEIIEHHON
30HBI MaTepuana B, MpUBOAMT (3a C4ET BHYTPEHHETO BEHTUIBHOTO (poTodddekra)
K BO3HUKHOBEHHUIO CBOOOJHBIX 3JIEKTPOHOB M JIBIPOK Kak B p- U N-00JacTAX
nepexojia, Tak M B HEMOCPEACTBEHHO MPHUMBIKAIOUIEH K TpaHUIle HUX pasjena
obmactu mpoctpaHcTBeHHoro 3apsga (OII3). CymectByromee B OII3
AIEKTPUUECKOE TOJIE pa3iesieT Co3JaHHble CBETOM CBOOO/IHbIE HOCUTENH 3apsia B
3aBUCUMOCTH OT MX 3HaKa: CBOOOJHBIEC 3JIEKTPOHBI BHIOpACKIBAIOTCA B N-00J1aCTh
nepexoaa, a JbIpkd — B p-o0nacTte. B ogHOpOAHOM MONYNPOBOJHUKE
($0TOBO30YK/I€HHE YBEIUYMBAET TOJBKO HHEPrUI0 3JIEKTPOHOB W JABIPOK, HE
paszensiss uX B IMPOCTPAHCTBE, TO €CTh J3JEKTPOHBI U JBIPKU DPA3ACISIOTCA B
«MPOCTPAHCTBE SHEPTUI», HO OCTAIOTCS PSAJOM B TEOMETPUUYECKOM MPOCTPAHCTBE.
st pa3genieHuss HOCHUTENEH TOKAa W TOSBIEHUS (POTORIEKTPOIABUIKYILECH CHIIBI
JOJKHA  CYLIECTBOBAaTh JOMOJHUTENbHas cwia. Haubonee »ddexTuBHOE
paszereHue HEpaBHOBECHBIX HOCHUTENEH HMMEEeT MeCTO MMEHHO B 00JacTH p-n-
nepexoaa. l'eHepupoBaHHBIE BOJIM3M pP-nN-NEpexopa «HEOCHOBHBIE» HOCHUTENU
(IBIPKM B N-TIOJYIPOBOAHUKE W DJIEKTPOHBI B P-TOJYNPOBOJHUKE)

b QyHAUPYIOT K p-n-lepexony, MOAXBAThIBAIOTCA IOJEM p-n-nepexojia u
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BBIOPACHIBAIOTCS B TIOJYIPOBOJIHUK, B KOTOPOM OHHM CTAHOBSATCS OCHOBHBIMHU
HOCHUTEIISIMH: 3JICKTPOHBI OYIyT JIOKAJU30BaThCS B IMOJIYNMPOBOJHHUKE N-THIIA, a
IBIPKH — B TIOJYNPOBOJHHWKE p-THUMAa. B pe3ynbTaTe MOJYNPOBOIHUK p-THIIA
MOJIy4aeT HM30BITOYHBIM TOJIOKUTEIBHBINA 3apsia, a MOJYIPOBOAHUK N-TUIA —
OTpUIATEIBHBIA. MeXay n- u p-o0JacTaMu (HOTO3JIEMEHTAa BO3HHKAET PAa3HOCTh
noreHnuaioB — (Gorod/[C, mam HanpsHKeHHE B PEXUME XOJIOCTOrO XOJa.
[TonssprocTs HoTODAC COOTBETCTBYET «IPSIMOMY» CMEIICHHUIO P-N-TIEPEXo/ia,
KOTOpPOE IMOHMKAET BHICOTY IMOTEHIIMAIBLHOTO Oapbepa M CIIOCOOCTBYET MHIKEKITUU
IBIPOK U3 P-00JIaCTH B N-00J1aCTh M JJICKTPOHOB M3 N-00jacTtu B p-obiacts. B
pe3yNIbTaTe JACHCTBUSA ITUX IBYX IPOTHBOIOJIONKHBIX MEXaHU3MOB — HAKOILICHUS
HOCHUTEJIEH TOKa MOJ IEHCTBHEM CBETa M MX OTTOKA H3-3a MOHIKEHHS BBHICOTHI
MOTCHIIMAJIBHOTO Oapbepa — MPH Pa3HON WHTEHCUBHOCTH CBETAa YCTAHABIIMBACTCS
pazHas BenuuuHa (HoTtoDJC. Ilpu stomM Benmmumna ¢GotoIIC B mUpPOKOM
IAana3oHe OCBEIIEHHOCTEH pacTeT TIPOITOPIIMOHATIBEHO Jorapupmy
MHTEHCHUBHOCTH CBETA.

[Tpr kOpoTKOM 3aMbIKaHUU (KOT/aa (DOTOSJEMEHT MOJKIIOUEH BO BHEUTHIOIO
AJIEKTPUYECKYIO II€Th) OCBEIICHHOTO P-N-Mepexoja BO BHEIIHEH 3JIEKTPUUYCCKOMN
IIEMU IMOTEYET TOK, MPOIMOPIIUMOHAIBHBIN 110 BEJIMUNHE HHTCHCUBHOCTH OCBEIICHUS
1 KOJIMYECTBY TCHEPUPOBAHHBIX CBETOM 3JICKTPOHHO-ABIPOYHBIX IMap. DICKTPOHBI
U3 N-CJIOS, COBEPIIMB PabOTy HA HArpys3ke, OyayT BO3BpAIIATHCS B P-CJIOH M Tam
pEeKOMOMHUPOBATh  (OOBEAMHATHCSA) C  ABIPKAMH, JBWKYIIUMHUCS BHYTPH
COJIHEYHOT'O 3JIEMEHTa B IPOTHBOIIOJIOKHOM HampaplicHWH. [Ipu BKIIOYCHHUU B
AJIICKTPUYCCKYIO IIEIb TOJIC3HOW HArpy3KH, BEJIMYMHA TOKAa B IIEMH HECKOJIBKO
yMeHBIIATCS. OOBIYHO DJCKTPUYCCKOE COMPOTHBICHUE IOJIC3HOW HArpy3KH B
IIEMH COJTHEYHOTO 3JIEMEHTa BBIOMPAIOT TAKMM, YTOOBI IMOJTYYUTh MAKCUMAIbHYIO
OTJIaBacMYI0 3TOH Harpy3Ke JJICKTPHUYECKYH MOIIHOCTh. s cOopa m oTBOAa
AJICKTPOHOB BO BHEIITHIOIO IIETTh HA TTIOBEPXHOCTH MOJYITPOBOTHUKOBOM CTPYKTYPHI
COJHEYHOTO JJIEMEHTa, KaK OBLJIO OTMEUYEHO, MMEETCS KOHTaKTHas cucTteMa. Ha
MIEPETHEH, OCBEIIEHHON TTOBEPXHOCTH MpeoOpa3oBaTeisi, KOHTAKThI BBITTOIHSIOTCS

B BUJC CCTKHU NN Fpe6éHKI/I, a Ha ThbUIbHOM MOT'YyT OBITH CIUIOIIHBIMU.
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Takum 00pa3oM, BO BpeMsi OCBEILECHHSI COJHEYHOrO 3JIEMEHTa MPOUCXOAUT
npeoOpa3oBaHre PHEPTUM KBAHTOB CBETA B DHEPrHUIO JBUKYIIUXCS MO BHENTHEH
LEeNU BJIEKTPUUYECKUX 3apanoB. DP(HEKTUBHOCTh MPeoOpa3OBaHMS 3aBUCUT OT
ANEKTPOPU3NIECKUX XAPAKTEPUCTUK IMOJYIPOBOJIHUKOBONM CTPYKTYPBI, a TaKkKe
ONTUYECKUX CBOMCTB COJHEYHOr'O 3JIEMEHTA, CPeIu KOTOPBIX HambOOJee BaKHYIO
poiib  urpaer (HOTONMPOBOAUMOCTb, OOYCIIOBJICHHAs SBICHUSIMU BHYTPEHHETO
dboTodrddexra B MOTynpPOBOJHUKAX TTPU OOJTYICHUU UX COTHEUHBIM CBETOM.

Hanpsixenue xonocroro xona Uy, - HAIpsDKEHUE MEXIY p- U n- 00JacTsIMu
npubopa, OTCOECIMHEHHOTO OT BHEIIHEW JJIEKTPUYECKOW Ienu. 3HayeHUs
HaIpPsHDKEHUST XOJIOCTOTO XO/a B OCHOBHOM OIPEACNAIOTCS 3JEKTPOPU3UUECKUMU
napaMeTpaMM U CTEIEHBbIO JIETHPOBAHMS MaTepHalla, Ha OCHOBE KOTOPOTO
M3TOTOBJIEH COJTHEYHBIN 3JIEMEHT.

Toxk KOpOTKOro 3aMmblKaHusi I; - TOK, ONpenensieMblid MpPU KOPOTKOM
3aMBIKAHUM MEXYy METANIU3UPOBAHHBIMU KOHTAaKTaMHU K P- M N- 00JacTsIM
doToanexTpuueckoro npeodpazonatens. EcrectBenHo, uto BenauuuHa Iy, 3aBUCUT
HE TOJIbKO OT 3JIEKTPOPU3HUECKUX MapaMeTpoB MpUOOpa, HO U OT €ro IJIOIA/IH,
MIO3TOMY YacTO BMECTO l; MCHOJIB3YIOT OPYIyI0 XapaKTEPUCTUKY — IIOTHOCTH
TOKa KOPOTKOT'O 3aMblKaHus J;, KOTOpas paBHa 4YacTHOMY OT JelieHus I, Ha
IUIOMIAJh OCBEIIAEMONW TMOBEPXHOCTH Mpubopa. TUMUYHBIE 3HAYEHUS STOTO
napaMmeTrpa  JJIsi  UCMOJB3YeMbIX  Ha  MPaKTUKE  (OTOIIEKTPUUECKUX
npeoOpa3oBaTesiel HaXOAUTCS B Mpeleiax OT €AMHMI] 0 HECKOJIbKUX JIECSITKOB
MUJUIHAMIIEp Ha KBaAPATHBIM CAHTUMETP OCBELIAeMOil oA npudopa.

Ha puc. 2.1 noka3zana Tunu4Hasi CBETOBasi BOJIbT-aMIIEpPHAsl XapaKTEPUCTUKA
KPEMHHUEBOI'O COJIHEYHOI'O AJIEMEHTA, U3MEPEHHAs MPU yCI0BUAX ocBeleHnss AMO
(1, crutonTHas TMHUSA) ¥ TEMHOBasi (M3MEpPEHHAsi B OTCYTCTBUM OCBEILICHUSI) BOJIBT-
aMIlepHasi XapaKTEepPUCTHUKa ATOro ke mnpubopa (2, MyHKTUpHAs JIMHUSA). 371€Ch
cuMmBojiaMu Uy u J; 0003HaueHbI 3HAYCHUS HAIPSOKEHUs] U TUIOTHOCTH TOKa B
Harpy304HOM  LeNu  TOpU  pekuMe  paboThl  COJMHEYHOIO  DJIEMEHTa,
COOTBETCTBYIOIIEMY MAaKCHUMaJbHOW BBIACISAEMON MOIIHOCTH Ha CONPOTUBIICHUU

Harpy3Ku: MaKCHUMaJIbHOU miomaan IMpAMOYTOJIbHUKA C IIPOTUBOJICKAITUMHA
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BCPpIIMHAMU B HAYAJIC KOOPAMHAT WM HA IPHUHAMIICKAINICM IICPBOMY KBaIPAHTY
y4acCTKa CBETOBOM BOHBT-aMHepHOﬁ XAPAKTCPUCTUKU COJTHCYHOT'O 3JICMCHTA.
HOCKOJIBKy B HpOCTCﬁHICM BApPHAHTC COJIHCUHBIM 3JEMEHT MNpCaAcCTaBJsACT
coOoi HOJIYHpOBOIIHI/IKOBBIﬁ AUOA, TO Cro CBCTOBAaA BOJIbT-aMIICPpHAaA
XAPaKTCPUCTHKA OIPCACIICTCA COOTHOIICHUCM, II0JIYYCHHBIM MOI[H(i)I/IKaLIHCﬁ

COOTBCTCTBYIOIICTO COOTHOMICHWA IJIs1I HCOCBCIIACMOT'O P-N-IICPCXoaa.

(U + 1, Rs) ) f}—i
AkeT Ry

la=1p=1gp arp[£~

rae Rg — mocnegoBarenbHOE CONMPOTHBICHUE COJIHEYHOTO 3JIEMEHTa, A —
K03 PUIMEHT, TOTydaeMblii U3 CPAaBHEHUS TEOPETUUYECKON U dKCIEPUMEHTAIbHON
BOJIbT—aMIIEPHBIX XapaKTEPUCTUK (OOBIYHO MpUHUMAET 3HaueHus ot 1 1o 5), k —
noctossHHass bonbimana, T — Temnepatypa npubopa, Rp — wmyHTHpyloiee
COMPOTHUBJIEHUE COTHEYHOTO 3JIEMEHTA.

Kosddumnuent 3amonHeHuss BoibT-amnepHodl xapaktepuctuku FF o -
ko3 PUIMeHT, ompeaenseMblii OTHONIEHHWEM IUIOMIAJAM TOJ CBETOBOM BOJIBT-
aMIIepHON XapaKTepUCTUKON Mpubopa B MEPBOM KBAJPAHTE CUCTEMBbI KOOpPIUHAT
Ha puc. 1.2 K rionmaay npsiMoyrojbHUKa co cTopoHaMu Uy U Ii;:

FF =U, L/U I,

VY  COBpEMEHHBIX COJHEYHBIX 3JIEMEHTOB Ha OCHOBE KPHUCTALITUYECKOTO
KpeMHus BennuuHa napametpa FF o6biuno Haxogutes B mpenenax 0,75 — 0,8.

JUiss  COJNHEYHBIX  DJIEMEHTOB,  HUCIIOJNB3YEMBbIX  KAaK  HMCTOYHHUKHU
AIEKTPO’HEPTrUM, HamboJiee BaXKHOE 3HAUYCHHE MMEET TaKoW mapameTp Kak
kod(ppunment mosesnoro aerctus (KIIJ) m, 3HaueHHMe KOTOpOro ompenenser
3¢ (PEeKTUBHOCT, TpeoOpa3oBaHUs CBETOBOW OSHEPIMM B  AJIEKTPUYECKYIO.
Koapdumment mnonesnoro gevictBusi (KIIJI) — oTHOmeHWe MOIIHOCTH,
BBIJICJIIEMON COJIHEYHBIM 3JIEMEHTOM Ha Harpy3ke, K MaJaiolieMy CBETOBOMY

MOTOKY:

Updw FF Uy I

n=
‘i’md anaﬂ
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Tac UXX — HaIIpsKCHUC XOJOCTOro XoAda COJIHCHHOI'O 3JICMCHTA, IK3 — TOK
KOPOTKOI'O 3aMBbIKAHUA, (Dnaz[_ MOITHOCTDb COJTHCYHOTO U3JIYUCHUS, ITAAA0IICTO Ha
IMOBCPXHOCTH COJIHCUHOI'O 3JICMCHTA, Im, Um — OIITUMAJIbHBIC HAIr'py30YHBIC
SHAYCHUS TOKAa W HAIIPSKCHUA COJTHCYHOTO J3JICMCHTA B TOYKC MaKCHUMaJIbHOM

MOIIHOCTH TMOKa3aHbl Ha puc. 2.1.

.y UH e
Pt 01 oz los | o7
-~ 1
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Puc. 2.1. BonbT — amnepHas XapakTEpUCTHKA COJIHEUYHOTO 3JIEMEHTA Ha OCHOBE
KPUCTANIMYECKOT'0 KPEMHHUSI IPY U3MEPEHUH Ha UMUTATOPE BHEATMOC(PEPHOTO
Connua. KpuBas 1 — cBeToBas xapakTepucTHka, KpuBas 2 — TeMHOBas. Ha
PUCYHKE TAKXKE MTPOUIUTFOCTPUPOBAHBI METOIBI ONIPEAEIIECHUS HEKOTOPBIX
MapaMeTpOB AKBUBAJICHTHOW CXEMBbI 3aMELIEHUSI COJIHEYHOTO PJIEMEHTA U

YpPaBHCHHA BOHBT-aMHCpHOﬁ XAPAKTCPUCTHKHU

3nauenue KIIJ[ comHeyHOro smeMeHTa OMNpeAenseTcs NOTEPSIMU SHEPIuH,
3aBUCSIIMMHU OT MPUMEHSIEMBIX MaTepUaJiOB M KOHCTPYKIMHU (HOTOIJIEMEHTa, a

TaK)K€ BBIOOPOM pEXHMMa pabOThl COJIHEYHOTO 3JIEMEHTa (CONMPOTUBIECHUEM
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Harpy3Kku, OCBEUIEHHOCTbIO U TeMieparypoi). CyllecTBEHHYIO pOJIb HUIPAaIOT
CBETOBBIE TMOTEPH, OIpeAesiieMble B TMEpBYI0 odepeab KodhpuiueHTom
orpakeHusi. OTpakeHHas 4YacTh CBETOBOW SHEPrMM HE YYacTBYET B Ipoliecce
npeoOpa3zoBanus. K CBETOBBIM NOTEpSAM OTHOCAT TakkKe Ty 4YacTh (POTOHOB,
KOTOpasi IpH MOIJIOIEHUN HE CO3AAaeT Map HOCUTENEH AJIEKTPUYECKUX 3apsioB
(mornomieHne pemeTkord, CBOOOJHBIMM HOCHUTEISIMU  3aps/ioB, HKCUTOHHOE
nornomeHue u  aAp.). llpomecc npeoOpa3oBaHUs CONPOBOXKIAETCS  TaKKe
HSHEPreTUYECKUMHU MOTEPSIMHU.

K ux unciy oTHOCSTCS mpoiiecchl peKoMOMHAIMK, 00pa30BaHus Nap 3apsI0B
Ha PacCTOSIHUM OT 3alKPAIOUIETo CJIOs, MPEBBIIIAONIEM JIMHY qudy3un, norepu
B CONPOTHUBIICHUU NEepexoa, 00beMa MOJIyNPOBOJHUKA U JP.

KoadppunueHT none3Horo AeicTBUsS COJTHEYHOIO 3JIEMEHTA YBEIMUUBACTCS C
pPOCTOM CBETOBOIrO MOTOKa & U (POTORNIEKTpO-ABMXKYIIEH cuiabl. OIHAKO Mpu
OONBIIMX 3HAYEHUSX & C POCTOM KOHIIEHTpAalUUH CBOOOAHBIX HOCHUTENEH
BO3pAcTaeT BEPOSTHOCTh MX PEKOMOMHAIMHU, a TaKXKe CHUXKAaeTcs KodppuuueHT
cobupanus 1nqg. Kpome toro, B pesynprare pasorpesa npudoopa mpu 00abIUX &
YBEJIMUMBAETCS TOK HACBIIIEHUS, YTO TaKXKe CIYXKUT NpuunHoil cHkenust KI1/]

Poct ¢goto-D/IC u HampsikeHUs: OrpaHUYEeH BBICOTOM @ MOTEHUIMATIBLHOTO
Oapbepa 1mepexofa. YBEIWYECHHS HAINPSOHKEHUS MOXHO JOCTUTHYTH IIpH
WCIIOJIb30BAaHUU TIOJYIPOBOJHUKOBBIX MATEpUAlIOB C LIMPOKOW 3amperieHHON
30HOM U BBICOKOW CTENEHBIO JIETUPOBAHMS.

BBeneHHble BbIlIEe MapaMeTpbl BOJIbT-aMIIEPHON XapaKTEPUCTUKU COTHEYHOTO
AJIEMEHTA IO3BOJIAIOT IOCTPOUTH 3KBUBAJIEHTHYIO CXEMY COJHEYHOIO JIEMEHTA
(puc. 2.2). [losiBneHue B 3KBUBAJICHTHOM CXEME LIYHTHPYIOLIETO COMPOTHUBICHUS
OOyCIIOBJIGHO HAJIWM4YMEM pa3jIMYHOTO poAa TOKOB YyTe€dKH B mpubope, a
MOCJIEIOBATEIbHOE ~ CONPOTUBIICHWE  YYUTHIBAET  HAJIWYUE  KOHTAKTHBIX
CONPOTHUBIICHUM MEXKITY MOJIYIIPOBOJHUKOBBIM MaTepuaioM u
METaUIU3UPOBAHHBIMU BHEITHUMH KOHTaKTaMH MpUOOpa, CONPOTUBIECHUE P- U N-

00J1acTEe COJIHEYHOTI'O DJICMEHTA.
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Puc. 2.2. DxBuBasieHTHas cxema (DOTOICKTPUIECKOTO MpeodpazoBaTeis
coJIHeUHOM sHepruu. Ha cxeme 0003Haue€HO HaNpaBlIeHUE MPOTEKAHUS MPSIMOTO

TOKa I, yepes p-n-nepexon (anon) u npsMoe HanpspkeHue Ha HeM Uy,

2.2 IIpeoOpa3zoBaHye ONTHYECKOT0 U3JIYYE€HUS B COJTHEYHBIX 3JIEMEHTAaX

OnTuveckoe H3IYyYCHUE pa3IMYHBIX JUIMH BOJH IPOHUKACT Ha pPa3HYIO
rIIyOMHY (ITOCKOJIBKY 3Ta BEJIMYMHA CYIIICCTBEHHO 3aBHUCHUT OT YHEPTUU KBAHTOB) U
CO3/1aeT CBOE MPOCTPAHCTBEHHOE paCHpElelICHHe POXKIECHHBIX CBETOM IIap
ANEKTpOH—IbIpKa. JlampHe#mmas cyap0a pOKICHHBIX Iap 3aBHCHT OT WX
muhQy3MOHHON JIMHBI B JAHHOM IIOJIYIIPOBOJHHUKOBOM MaTepuajie. Ecim oHa
JOCTaTOYHO BEJIMKA, TO CO3JaHHBIC CBETOM HM30BITOUYHBIC HCOCHOBHBIC HOCHUTEIH
3apsaa yernerT (Hake 0e3 ydacTusi TSHYIIETO SJEKTPUUYECKOTO IMOJs) TOJIBKO 3a
cuet mporecca AUPPy3uH JOUTH 10 00JIaCTH p—Nn-Tepexoaa U OyayT pa3zelieHbI
€ro TMOJIEM.

Pemaroryro  posib B 3PGEKTUBHOCTH ATOM CTaguu MNpeoOpa3oBaHUs
ONTHYECKOTO W3JIYYCHHUS BHYTPU TOJIYIPOBOJHUKA UTPAET COOTHOIICHUE MEXKIY
muddy3snonHont anuHoM L W paccTrossHMeM OT p-n-mepexoga [, HA KOTOPOM
CO3/Ial0TCS CBETOM Iaphl AIEKTPOH — JIBIPKA.

PaccMoTpuM  n1Ba  KpallHMX ciiydas pacIOIOKEHHUS p-n-liepexoma B
MOJIYIIPOBOJHUKOBOM KPHCTA/UIC [0 OTHONICHWIO K HANpPABJICHUIO TaACHUS
ONTHYECKOT0 M3IYy4YCHHS: MEePNeHAUKYIIpHO (puc. 2.3, @) u mapauieabHo (puc.

2.3, 6). YcioBUMCs, YTO B MEPBOM CIydyae CBET IMPOHHKAET Ha BCIO TIyOUHY
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KpUCTAJUTa ¥ [ paBHO TOJIIIMHE TOJTYNPOBOJHUKOBOM TUIACTHHBI, & BO BTOPOM —
OCBEIIAETCsI BCSI TIOBEPXHOCTh IJIACTHHKH IIUPUHOH d.

O¢ddextuBHOCTE coOMpaHus HocuTenel 3apsaa  (T.e.  K03(PPUUIUEHT
paszeneHus HOcuTene HNOTEHIMATIbHBIM O6aprepom p-n-iepexona,
MOKA3bIBAIONINMA, KaKas YacTh W3 OOIIEro 4Ymcia Tmap, CO3JaHHBIX ONTHYECKUM
U3ITy4eHHEeM, y4JacTByeT B (OPMHUPOBAHHH TOKA KOPOTKOTO 3aMBIKAHUS COJI-
HEYHOTO D3JIEMEHTa MpH TMOAKIIOYCHWH BHEIIHETO PETUCTPHUPYIOIIETo Mpubopa)
I TEepHeHIUKYISIPHOTO M MapajlIeIbHOTO  PACIIONIOKEHHUsT p—n-Iepexona

onpeacirsieTCsa COOTBCTCTBCHHO COOTHOMICHUAMN

y=(L,+ L)/} y=(L,+L,)d,

rjae d — muprHa ocBenaeMou MIaCTUHKH.

AL
e B

Puc. 2.3. CxeMa pacnoyiokeHusi p-n-nepexoja B MoJynpoOBOJHUKOBOM KpHC-
Tajuie MpU NEePIEeHIUKYISIPHOM (@) U MapajieIbHOM (6) TUIOCKOCTH p-n-niepexoaa
IaJeHUH ONTUYECKOro usnydyeHus L, L, — nmuddy3noHHas 1JI1MHA HEOCHOBHBIX

HOCHTEJICH 3apsia B p- M n-00JIacTAX COOTBETCTBEHHO; / — TiTyOWHA

MPOHUKHOBEHUS CBETA B MOJYIPOBOIHHUK; 3aIITPUXOBAHBI KOHTAKTHBIC

MCTAJNIMYCCKUC CJIOU K p- U n-001aCTsIM MMOJIYIIPOBOJHHUKA

Ha HCpBBIﬁ B3I  HAapaJUICJIbHOC  PACIIOJIOKCHHUE  KaKCTCA Oonee
MMpCAIIOYTUTCIIBHBIM, noo JJIs1 IIOJIHOT'O CO6I/IpaHI/IH U pas3aciicHusAd HOCUTEJICH

HaubOoJee CYHICCTBCHHBIM  ABJIICTCA  pPACIIPCACICHHUC  IIAp HOCUTEJIE B
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HaIpaBJIeHUH, TMEPIEeHIUKYISIPHOM p-N-TIEPEXO]y: paBHOMEpHAas TIeHepalus
HOCHUTENIE MO TIIyOMHE KpHUCTaljla CO3/aeT OJaronpusiTHbie YCIOBUS IS UX
b dy3un K p-n-nepexoy ¥ MOCAeAYIOMEro NPOCTPAHCTBEHHOTO pa3/ieNICHuUs.

Pa3paboTanHble Ha OCHOBE TAaKOIrO pACHOJOXKEHUS p-n-nepexoaa o
OTHOIIEHUIO K CBETY MHOTOINEPEXOJHbIE MATPUUYHBIE COJIHEYHBIE 3JIEMEHTHI,
cocrosiliue u3 OOJIBIIOTO YHCIA MHKPOIJIEMEHTOB, IIJIOCKOCTH KOTOPBIX
napajjieibHbl MO OTHOUIEHUIO K NaJaloleMy COJIHEYHOMY H3JIYYeHHIO (WU
pacloyiOKEeHbl 1O0J] HEOONBIIMM YIJIOM K HEMY), JIEHCTBUTEIHHO 00JagaroT
BBICOKOM 3(()EKTUBHOCTBIO COOMpPAHUS HOCUTENEH B JUIMHHOBOJHOBOHM 00JacTh
CHEKTpa MW TMO3BOJAIOT TNONYYUTh 3HAuUuTeNbHYI0 (oTo-OJIC ¢ eauHuusb
OCBEIIIAeMOM MOBEPXHOCTH.

OpHako pacyeTHBIM U SKCHEPUMEHTANIBHBIM NMyTeM OBLIO YCTAHOBJIEHO, YTO
M3-32 BeChbMa HEOOJIBIINX pPa3MEPOB MUKPOIJIEMEHTOB PEKOMOMHAILIMS CO3aHHBIX
CBETOM Iap Ha OCBEIIAEMON TOBEPXHOCTH UIpaeT NpH MapajieJIbHOM pac-
MOJIOKEHUHM P-N-TIEPEeX0/ia OTHOCUTEIBHO NAJAIOUIEr0 H3JIYUYEHHUS 3HAYMTEIbHO
OOJIBIIYIO POJIb, YEM MIPU NEPIECHAUKYIAPHOM. BeaeacTBue 3Toro s yBeIHMUEHUS
3 PeKTUBHOCTU COOMpaHUs B KOPOTKOBOJHOBOM 00JacTH CIIEKTpa HEOOXOIUMO
co3gaTb Ha OOpalIeHHOM K CBETY MOBEPXHOCTH JOMOJIHUTENbHBIA CIOM,
JIETUPOBAaHHBIN MPUMECHI0 TPOTUBOIMOJIOKHOTO THUIMA TPOBOJAMMOCTH, T. €.
MCIIOJIb30BaTh YACTUYHO CTPYKTYPY C MEPIECHIUKYISPHBIM PACIOIOKEHHEM p-N-
nepexoja.

Ecnu npu mapaniensHOM pacmloioKEeHUH KOHIIEHTpPAIMs CO3AaHHBIX CBETOM
nap M yObIBaeT OT MOBEPXHOCTH B INIyOb MOJYIPOBOJHMKA KaK B n-, TaKk U B p-
00JaCTH, TO MPHU MEPHEHAUKYISIPHOM PACIIOIOKEHUN 3TO XapaKTEPHO JUIIb IS
oOpallleHHO! K CBETY 00JIacTH KpUCTaslla, HallpuMep, n-00JacTH, B TO BpeMs Kak B
p-obiactu HauOoliblliee KOJMYECTBO Map oOpasyeTcs y p-n-nepexoaa. Kon-
LHEHTpalus. map Ha IIyOuHe / MOJYMHSETCS COOTHOIICHWIO, IMOJYYEHHOMY B
pesylibrare muddepeHIrpoBaHUs BBIPAXKEHMSI, OIPEACIIAIONIEr0 YyObIBaHUE

OHCPIUU BOJHEI B € pa3 IIPH IMOTJIOIMCHNH CBCTA ITOJYIIPOBOAHUKOM:

39



M= ny -o-exp(-al),

rie ng — 4YHCIO KBaHTOB, NAJalOIIMX Ha EIUHHIY IOBEPXHOCTHU
MOJIYIIPOBOTHUKA.

Pe3ynpTaThl TakKUX pacyeToB JUIsl KPEMHHUsI, BBHIIIOJHEHHBIX IMPU HECKOJbKHX
3HAUEHUAX JJIMHBI BOJIHBI, MOKa3aHbl Ha puc. 2.4. BepTuKajibHble JUHUH,
orpaHuyuBarone obnactu, ompeaensieMmbie AUGOY3MOHHON IIUHON HOCHUTENEH
3apsa B MaTepualie n- M p-TUNA, IO3BOJIAIOT HArJISAHO OIEHUTH MPOIECC
coOupaHusi HOCHUTENeW 3apsifa NpU MEPHEHIUKYISIPHOM PaCIHOJIOKEHUU pP-n-
nepexojia OTHOCUTENIBHO NMaJalouiero usnydeHnus (cm. puc. 2.3, a).

OpauHAaThl MOCTPOEHHBIX KPUBBIX MPOMOPIMOHANBHBI o-exp-(-al), abcuuccnt
— PpAacCTOSHUIO B TIIIYyOb IMOJYNPOBOJHHMKA OT OCBEIIAEMOM TMOBEPXHOCTH,
IJIOMAAb MEXKIY OCAMM M KaXKJIOM U3 KPUBBIX — MOTOKY MaJarolMX KBAaHTOB, a
IUIONIA/(b, OTPAaHWYECHHAs KPUBOW M OpJMHATAMM, COOTBETCTBYIOIIUMH [=X;+L, u
[=xj-L, (3alUTpUXOBaHHAs 4YacTh), — TOKY KOPOTKOIO 3aMBIKaHHS KPEMHHEBOU
IUTACTHHBI C P — N-TIEPEXO0JIOM.

Takum oOpa3zoM, OTHOIIEHHE 3aITPUXOBAHHON ITOMIAAN K 00IIeH Imiomaan
M0J1 KPUBOM JJa€T BO3MOYKHOCTh B COOTBETCTBUH C COOTHOILIEHUEM JIJIsi KBAHTOBOTO
BbIXOZla BHYTpeHHero ¢otorddexra onpenenutb 3PHEeKTUBHOCTh COOUpaHUS Y
(Tpu yCII0BHHU, KOHEUHO, YTO KBAHTOBBIN BbIXOJ (hoTOMOHU3aMHU B=1).

[InanapHast KOHCTPYKIIMSI COJTHEYHBIX 3JIEMEHTOB, M300paXkeHHas Ha puc. 2.3,
a, cTaja OCHOBHOM U MOJIy4yunia HauOosblliee pacrpocTpaHeHue. Takue COMHEeUHbIe
ANEMEHTBhl ObUIM CO3JaHbl W3 CaMbIX pPa3HOOOPAa3HBIX MaTepHANIOB, MNPUYEM
HaIpaBJIeHUs] ONTUMM3ALMU HTOW KOHCTPYKUUU MOXKHO JIETKO OIpPEAeuTh,
aHANM3UPYs Pe3yJbTaThl PACUETOB, AHAJOTUYHBIC BBIMIOJHEHHBIM JUIsI KPEMHUS U
MpejcTaBleHHbIM B Tpaduueckot ¢opme Ha puc. 2.4. B 1memom pas3Butue
BBICOKO3(D(eKTUBHBIX KpeMHHEBbIX CD Ha OCHOBE p-n- Nmepexoja B TOMOT€HHOM
Marepuajie B OCHOBHOM MPOUCXOJUT MyTE€M CHUKEHUSI TIyOWHBbI 3ajJeraHus p-n-
nepexoja, MPUMEHEHHEM MHOTOCIOWHBIX MPOCBETIISAIONINX MOKPBITUH, TIHYIIUX

HOJICﬁ, HU30THUITHOT'O IICPCX0oaa U TCKCTYUPOBAHNUCM ITOBCPXHOCTH 3JICMCHTOB.
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OuyeBUIHO, YTO JUIS TIOBBINIEHUA Y U lg, HEOOXOJUMO YBEIWYUBATH
mudGy3noOHHYIO JIJIMHY HEOCHOBHBIX HOCHUTEJICH 3apsija 1Mo 00e CTOPOHBI P-N-
nepexojia, 4To MOXKET ObITh JOCTUTHYTO BBIOOPOM COOTBETCTBYIOIIUX HMCXOIHBIX
MaTepUajIoB M COXPaHEHHEM BBICOKMX 3HaueHUW L B mpouecce U3roToBICHUS P-

N-TIePEeXO0I0B.

0,20
0,16 |-
% 0,12}
3., - .
® 008 ,,,
0,04 i VAN z
A e - 3
R 27 NN -,
x/&z \:&\\“\w
0 1 e | 1 1 ] 1
4

16 i, MEM

Puc. 2.4. PactipeiesieHre 4ucia CO3aHHBIX ONTHYCCKUM H3TyYCHHUEM I1ap
AJIEKTPOH—IBIPKa TI0 TIYOWHE KPEMHUS MPHU NaJACHUHN U3 TYyUYCHUS Pa3HOH JTHHBI
BOJIHBI TIEPIICHIUKYJIIPHO TUIOCKOCTH  p-N-TIepexoa:

1-2—0,619 Mmrm, 0= 2000 cm™; 2 — A= 0,81 mrM; o= 700 cm-'; 3—\ =

0,92 MM; o= 90 cMm b

[Ipy HEBO3MOXXHOCTH YBEIWYMTh L. B 00JacCTH MOJYNPOBOJAHMKA, IMPHUMBbI-
Kalollle K OCBellaeMON MOBEPXHOCTH, HEOOXOAUMO MPUOIHU3UTH P-N-NEPEXOa K
OCBEIAEMOil TIOBEPXHOCTH, YTOOBI YJOBIETBOPSIOCH COOTHOIIEHHE Lp>X; rae x;
— riayOuHa p-n-nepexoja, U BCe CO3/1aHHbIE CBETOM HOCHUTENH 3apsiia MOTIU OBITh
coOpaHbl M pa3feNeHbl nojieM p — n-nepexona. IlogobHoe ke ycioBue cieayer
BBITIONIHATD U JJIs1 0230BOM 001aCTH COJIHEYHOTO 3jeMeHTa (PacmlojoKEeHHOH 3a p-

n-HCpCXOIIOM). TonmumHa COJIHEYHOTO 9JICMCHTA, oIpcacisiecMad B OCHOBHOM
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0a3o0Boil 00J1aCTBIO, HE [OJDKHA OBITH MEHBIIE TJIYOWHBI TPOHUKHOBEHUS B
MOJIYNIPOBOAHUK M3JIyYEHHUsI JJIMHHOBOJHOBOM 4YacTh (POTOAKTUBHOM 00JIacTH
cekrtpa (oHeprus kBaHTOoB hv>E,), a muddysmonHas naMHa HEOCHOBHBIX
HOocUTeNeld 3apsiga B 0a30BOM 00JacTH [JOJKHA COOTBETCTBOBATH TOJIIUHE

QJICMCHTA U FHY6I/IHC IMPOHHUKHOBCHH:A CBCTA.

2.3 AHA/IM3 MOTEPb B COJIHEYHBIX JIeMEHTaX

AHanu3 mnoTeph SHEPTUM OYEHb BaXEH IMPU ONTUMHU3ALMH COJHEYHBIX
aneMeHTOB. OILIEHUB MEPCHEKTUBBl CHIKEHHS MOTEPb SHEPIHMHM KaXKIOro BHIA,
ONTUMM3ALUIO MPUOOPOB MOXKHO MPOBOAMUTH, YCTpaHsd MOTEPU KaKOro-Inbo
olHOrO BHja. Takol crmoco0 aHaiau3a, aHAJIOTHYHBIMA BBHINOJIHEHHOMY Bonbdowm,
WITIOCTPUPYET puc. 2.5.

[lotepu »dHEpruM MOXKHO OXapaKTEpPU30BaTh MO CIEAYIOIIUM BHUIAM:
TepMalM3alusl TOpSYMX HOCUTENed 3apsiga ¢ JHeprue BOIM3M  Kpas
COOTBETCTBYIOIIEH 30HBI, hv>E, (mepenaua bSHeprum pemieTKe, IEPEBOJI B
TEIUJIOBYIO YacTH SHEPTUH (POTOHOB, OOJBIIECH, YEM IIMPUHA 3aIPEIICHHON 30HbI);
IPOX0XKIEHUE Yepe3 EMEHT (POTOHOB HU3KUX PHEPTUM, HE CONPOBOXKIAIOLIEECS
reHepanyen  3JEKTPOHHO-IBIpoYHBIX map, hv<E, HenomHoe coOupaHue
(oTOreHepupoOBaHHBIX HOCUTENEH 3apsaa, Tmo; PEKOMOMHALIMOHHBIE IIOTEPU
HOCHTeEJEH 3apsaa B IEpEXO0JIe, onpeensemMble TnoHbIMU napameTpaMu qU <Eg;
MOTepU MOIIHOCTU B JAMOJE MPU MPSIMOM HANPSIKEHUU CMELICHUS; OMHYECKHE
(I°’R) moTepd MOIIHOCTH HA  MOCICAOBATENHHOM M  IIYHTHPYIOIIEM
conportuBieHuax (00br4HO yunuthiBaeMmble B FF), Ry, R,; morepu Ha oTpakenne —
OTpakeHHEe CcBeTa OT (POTONPHEMHBIX TOBEPXHOCTEH; JIOJsSI  MOJIE3HOM
(OTOAKTUBHON TIUIOMIAAM dJEMEHTAa — 3aTeHEHHE MOBEPXHOCTH KOHTAKTHOMN
CETKOW; He (POTOAKTMBHOE IOIJIOIIEHNE — IOIJIOIIEHUE CBETa MPOCBETIISIOUINM

HOKPBITHEM, Ie(PEKTaMu U T. A., pakrop HanpspkeHus ( QU /Eg ).
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r & % - 3aTEHEHHE KOHTAK THOH CETKOH

2 % -moTepH HA 0TpAEEHHE

F 1% - gedoToak THEHOS [TOT T0IeHHS

QUxx <Eg

HeTI0uHoe ¢ofHpamIe
$0TOTr EHEPHD 0BAHHEIX | 4.5 %
HOCHT eae sapAna

hv>Eg

Puc. 2.5. Pacnipenenenue norepb SJHEPTUU B KPEMHHUEBBIX COJTHEUHBIX
anemMeHTax npu padore B ycinoBusax AM 1,5. Ilorepu Ha R Bximtouens! B FF.

JlnozHble apamerpsl Jso = 5-10"2 Alem” n A = 1.

Paznenennbie mosieM p-n-miepexojia HEOCHOBHBIC HOCHUTENU 3apsija JOJKHBI
MONacTh BO BHEIIHIOK IIeNb Harpy3ku. [locie pasgeneHus mosiem p-n-miepexoja
JIBIPKH W3 N-00JIaCTH TEpPEeXolaT B p-00JiacTh, a DJJIEKTPOHBI M3 P-00JaCTH
OKa3bIBAIOTCSI B N-00JIACTH; T€ U JPYTHE CTAHOBATCS YK€ MPU dTOM OCHOBHBIMU
HOCUTEJISIMA 3apsijia B COOTBETCTBYIOIIUX OOJIACTSX COJIHEUHBIX AJIEMEHTOB. B
BepXHEH N-00JIaCTH TMOJYIMPOBOJHUKA, OOpAIIEHHOW K CBETY, H30bITOUHbIC
HOCHUTEJIM 3apsijia MepeBUraloTCsl BIOJbL CJIO0sl, a B 0a30BOM 00jacTu p-THna -
MOTNIEPEK CIIOSI.

HNuddy3nonnas JUTAHA HEOCHOBHBIX HOCHTEIICH 3apsiia B
CUJILHOJICTUPOBAHHOM BEPXHEM CJI0€ OOBIYHO cocTaBisieT He Oosee 0,2 - 0,6 MKM,
a B 0azoBoM cioe 100 - 200 MKM, YTO 3aBUCHUT OT KOHIICHTpAllUU NMPUMECU U
pexuMa TepMOOOPAOOTKH (YUCIO TEPMOIMKIOB, CKOPOCTh HArpeBa W OXJIaX]e-
HUS, MaKCHUMallbHas TeMmIepaTypa) MNpU TOJTYyYEHUH HCXOJHOTO KpHUCTaia Hu
W3TOTOBJICHUM M3 HETr0 3aTeM COJIHEYHOIro »JJieMeHTa (Hampumep, TMpu
tepMoaudPpy3un JETUPYIOMUX TPUMECEH U ONepalisIX HAHECEHUS U YIIPOUHEHUS

MIPOCBETISIOIINX MMOKPBITUM ).
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Tak kak (pPOHTAIbHBIA CHOM COJTHEYHBIX JJIEMEHTOB MMEET JIOCTAaTOYHO
BBICOKYIO KOHIICHTPALIMIO TMPUMECH, TO B 3HAYUTEIBHOW CTENEHW HAYMHAIOT
nposABIATHCS A (EKThl CHIIBHOTO JIETUPOBAaHUS, OOYCIIABIMBAIOLIME HACHIIICHUE
Uxx, @ UMEHHO:

1) xnactepuzauus mpuMeced  OOYCIOBIMBAET TPEXMEPHYIO  IPOCT-
pPaHCTBEHHYIO HEOJHOPOJHOCTb p-h Iepexoja U O0Jerdaer mpoLecChl
TYHHEJIUPOBAHUS 1O AePeKTaM B 00 THEHHOM CIIOE;

2) CyXEHHE€ 3alpelieHHON 30Hbl B CHJIBHO JITUPOBAaHHOM N CJIOE H3-3a
MOSIBJICHUSI TIPUMECHBIX 30H OJHEpruii "XBOCTOB" IUIOTHOCTEH COCTOSIHHM U
3 PEeKTOB MEXaHMUYECKUX HAMPSIKCHUM;

3) Hanu4KMe TOPMO3SIIETO MOJIsL, 00YCIOBICHHOTO CHMYKEHHEM KOHIEHTPAIUU
HocuTened ¢ poctoM Ny, KOTOpoe TMOBBIIAET 3PHEKTUBHYIO CKOPOCTh
MOBEPXHOCTHOW pEKOMOMHALINY;

4) COBMECTHOE BJIMSHUE PEKOMOMHAIMM Ha MOBEPXHOCTH JETHUPOBAHHOTO
CJIOSl U CY’KE€HHUS 3aIPeIlleHHON 30HbI;

5) cyXeHue 3amlpelieHHON 30Hbl M3-32 HAJIWYUS CUJIBHBIX AJIEKTPUUYECKUX
nosield, T. e. addexra, ABIAIOMIETOCS TEIUIOBBIM aHaiorom sddexra dpanna-
Kenpgpimia, 1 u3MeHeHHE T'€HEPalMOHHO-PEKOMOMHAIIMOHHOTO TOKa 4Yepe3 p-n-
HEPEXO/.

Manas nuddy3nonHas iIuHA B JITHPOBAHHOM CJIO€ JUKTYeT HE0O0-
XOJUMOCTh MEJIKOr0 3ajieraHusi p-n-niepexoja (y COBPEMEHHBIX CEpPUHHBIX
COJIHEUYHBIX AyieMeHTOB B uHTepBaie 0,3 - 0,6 mkm). IIpu 3TOM, 4TOOBI OOECTIEUUTD
MOTJIONIEHHE BCeX MaAaromuX (OTOHOB COJHEYHOTO H3JIy4YeHUsl C JHepruei
oonmpiie E, TonmmmHa 6a30BOi OOJIACTH COJIHEYHOrO 3JIEMEHTa Ha OCHOBE Si
noimxHa ObITh He MeHee 200 mMkMm. CTpemiieHHE TNPUONMU3UTH P-N-MEPEeXon K
MOBEPXHOCTH BIOJHE MOHATHO, €CIU Y4YE€CTh, CKOJb OOJbIIAs 4acTh COJIHEYHOTO
CBETa IMOIJIOUIAETCS HAa MaJoW TyOWHE M HAaCKOJbKO BEJIMKU MOTEPU HOCUTENEeH
3apsjia M3-3a UX PEKOMOMHALMKM B MEpPEHEM JIETUPOBAHHOM CJIO€ 3JIEMEHTOB.
Jlornyeckum npeaenoM JBUKEHUS B 3TOM HAINpPaBIECHUU SIBIISIOTCS TOBEPXHOCTHO-

6apBCpHBIC COJIHCYHBIC JJICMCHTBI pPA3HbBIX THIIOB, BOBCC HC COACPIKAIIHC

44



JIETUPOBAHHOTO CJIOs, TaK YTO MOJie 0OBEMHOr0 3apsja MOAXOAMUT BIUIOTHYIO K
MOBEPXHOCTH.

Pa3paboTka CONHEYHBIX AJIEMEHTOB C P-N-MEPEXOJOM, PACIOJIOKEHHBIM Ha
riiyoune meHee 0,2 MKM ((pUOJIETOBBIX COJHEYHBIX 3JIEMEHTOB), B 3HAUUTEIbHOMN
Mepe pemuia MpoOjeMy MNPOCTPAaHCTBEHHOTO pa3felieHus HOCUTENeH 3apsna,
reHepUpPOBAaHHBIX KOPOTKOBOJIHOBBIM H31yueHUEeM. [leHcTBUTENBHO, KO3 PUIIMEHT
coOupaHusi y MOJAOOHBIX COJIHEYHBIX 3JIEMEHTOB Jaxe Mpu JjuHe BOdHBI 0,4 MKM
nocturaetr 0,9, torma kak npu riyoune 3aneranus 0,4 MKM K03QULIHEHT
cobupanus B 3Toi obyactu criekTpa paseH 0,5 - 0,6.

Jnst  co3maHus  «(QUOJETOBBIX» OBJIEMEHTOB HCHOJB3YIOT TMOHUKEHHYIO
KOHILEHTPAIMIO JIETUPYIOUIEH TNpuUMecH BOJIM3M JIMUIEBOM MOBEPXHOCTH U
MEHBIIYI0 TNyOMHY 3aneraHusi nepexoga. Ilpu sTtom Onarogapsi MOBBILIEHUIO
BPEMEHU JKU3HUM HEOCHOBHBIX HOCHUTENEW BOJM3M JUIEBOM IMOBEPXHOCTU U
OTHOCUTEJIBHO TOHKOMY (DPOHTAIILHOMY JIETUPOBAHHOMY CJIOI0 CHEKTpaIbHBIH

OTKIIMK JJII BBICOKOOHCPICTHUYHBIX (1)OTOHOB CWJIBbHO BO3pacCTacT.

2.4 DekTpUYecKHe COeJUHECHUS COJTHEYHBIX 3JIEMEHTOB U 0aTapeii

DNEeKTPUYECKYI0 DHEPTHI0, BHIPa0aTHIBAEMYIO COJHEYHBIMH JJICMEHTAMH
Oarapeit, He0OX0IMMO COOpaTh U MOJBECTU K HArpy3Ke, KOTOPOl MOXKET ObITh, B
YaCTHOCTH, AaKKyMYJSITOpHAas DSJIEKTpOXUMHUYEcKas OaTapes, HaKaruiMBaromas
AIIEKTPUYECKYIO SHEPTHUIO.

DNEeKTPUYECKUE COCIMHEHUS TPOBOIAT DJICKTPUUECKUH TOK OT OJHOTO
DJIEMEHTA K JPYroMy, a B KOHIIE IEMOYKH SJIEMEHTOB 00ECIIEUYNBAIOT BHIBOJ TOKA
Ha BBIXOJHBIC ITUHBI WM TOUYEYHBbIC KOHTAKTHI. CBS3b MEXKIY TAKUMHU TOUCUHBIMU
KOHTAKTaMH Pa3IUYHBIX PSA0B WM TPYII COJTHEUHBIX JIEMEHTOB 00ECTIeUNBACTCS
MOCPEACTBOM  DJIGKTPUYECKUX TPOBOJOB. PSABl WM TPYNIBl  COTHEYHBIX
BIIEMEHTOB MOTYT OBITh COEAMHEHBI MEXIy €000 mapajuieabHO WM
IIOCJIE0BATENBHO (TIOCIIETHEE COEAUHEHUE BCTPEYAETCS PEIKO).

MexaneMeHTHBIMH ~ (M@XKKOHTAaKTHBIMUA)  COCIUHEHHSIMH  SIBIISTFOTCSI

MMpoBOAAITHNC OJICMCHTHI, 06CCHCIII/IBaIO]_HI/IC SJICKTPUYICCKHUC COCAMHCHMUA
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OTHIENIbHBIX DJIEMEHTOB B TapaUIeJIbHbIE WM TIOCJICIOBATEIIbHBIC —IICIH.
MexaeMeHTHbIC COSTMHEHMSI BBITIOJIHSIOTCS JIMOO M3 MPOCTON MPOBOJIOKH, JIMOO
(u yamie Bcero) M3 MPOBOJOYHOM CETKH, JIHMOO M3 (PUTYPHBIX METALIHYECKUX
I10JIOC.

ConHeuyHble D3JIEMEHTHI COOMpAOT B MOAYJIW pa3IUYHONM pPa3MEPHOCTH,
COCTOSIIIIME U3 ABYX U Oosee sneMeHTOB. [lociae ycTaHOBKH MOJIyJIel Ha HECYIIYIO
MaHeNIb COJTHEYHBIX OaTapell OHM COCIUHSIOTCS SJIEKTPUUYECKU MEXIYy CcoOOu ¢
MOMOIIIBI0O  MEXKMOIYJIBHBIX  KOHTAaKTOB  (MEXMOAYJIbHBIX  COCIMHSIOIINX
MPOBOJIOB). MeEXMOAYyJIbHbIE KOHTaKThl MOTYT HUMETh (GOpMy U pa3Mepbl
MEXDIJIEMEHTHBIX COCJIMHEHUN, HO MOTYT HMMEThb M COBEPIICHHO JAPYTYIO
KOHCTPYKIIHIO.

YacTte conHeyHOU Oaraped, Ha3biBaeMasi TPYNIOW WM 1EMbI0, COCTOUT M3
OOJBIIOTO0 YHCIA COJHEYHBIX DJEMEHTOB, COCAMHEHHBIX IIOCJICIOBATEIBHO U
napajuiesibHO. DTa rpynna Wik IeNb TeHEPUPYET AIECKTPUUECKYI0 MOIIHOCTH Ha
BBIXOJHBIX IMHAxX. ConHeyHble OaTaped MOTYT HWMETh HECKOJBKO IIIHH--
IIYHTUPYIOIIUE IIWHBI, IIWHBI JJISI CheMa MEPBUYHOW MOITHOCTH, IIUHBI JIJIs
nepeiayu YHEPTUHM K aKKyMYJISITOPHBIM 0ata pesiM U T. 1. B KoHIIe a5eKTpruiecKkon
e COJTHEYHBIE AJIEMEHTHI MPUCOETUHSIOTCS K COOMPAIOIIUM TOKOBEIYIIUM
ITMHAM TOMOIIBI0 KOHIIEBBIX YCTPOMCTB WM BBIBOJIOB. TOKOBEAYIIHE IIUHBI
OOBIYHO BBITIOJHAIOTCA B BHJI€ M30JIMPOBAHHBIX OJMHAPHBIX KPYTJIBIX MPOBOJIOB,
MHOT'OKWJIBHBIX TTPOBOJIOB MJIU MOBOJIOB (KaOeseit) MIOCKOro CeYeHUsI.

DNeKTpUUECKUe IeNMU MCIOJIb3yeMbIE B COJTHEYHBIX OaTapesiX, 4acTO UMEIOT
OOJIBIIIYIO0 JUIMHY, Y€M CaMH I[IaHeJIM COJHEYHBIX Oatapeir. B aTux cimydasx
AIIEKTpUYEcKas Lenb JA0HKHA ObITh ToBepHyTa Ha 90° mnm paxe Ha 180° Takum
oOpa3oMm, dYTOOBI MOXXHO OBLIO pPa3MECTHUTh BCE BXOMsIIME B Oarapero
ANIEKTPUUYECKUE COCTMHEHNS Ha TIOBEPXHOCTH TTAHEIH.

DNEeKTpUUECKUEe COCIMHEHMS, BhITIOIHEHHbIE B Buae U-00pa3Hol MeTIu WIu
MMOBOPOTHOT'O BHTKA, MOTYT IO (opMe HamOMHHATh MEXDJIEMEHTHbIE WU
MEKKOHTAKTHBIE COCAMHEHHUS, HO MHOTJA COCAMHEHUS MOTYT UMETh U JAPYTYIO

KOH(UTYpALIHIO.
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CoenuHeHune naHenedl COJIHEUHBIX OaTtapeil Mexay co00il oCylecTBIsIeTCs ¢
MOMOIIBIO KaOeIbHBIX Pa3beMOB, KOTOPbIE UMEIOT KOHCTPYKIIMIO, TO3BOJISIIOLTYIO
OBICTPO 3aMBIKaTh U pa3MbIKaTh OTJEIbHbIE YyyacTku Oatapeil. [IpoBojsuiue yactu
KaOeIbHBIX Pa3b€MOB Ha3bIBAIOT KOHTAaKTaMH. KOHTaKThl BBHIMOJHAIOTCS B BUJE
MO0 MWTHIPHKOB, JUOO0 THe31. Pa3beMbl ¢ KOHTaKTaMH B BUJE THE3/ HA3bIBAIOT
TaK)K€ MPUEMHBIMM WM  3axBaTHbIMU. lImerTcs  pa3zpeMbl, KOTOpbIE
MpeaHa3HAYEeHBbI ISl KPYTJIBIX WU ISl TUNIOCKUX KaOenei.

TepmuHanaMu SBISIOTCS AJEKTPUYECKUE DIIEMEHTHI, 3aKpEIUICHHBIE Ha
M30JIMPYIOIIUX TOACTaBKaxX, KOJIOAKAX WJIM KOHTAaKTHBIX IIOJIOCKaX, KOTOpbIE
MO3BOJISIIOT MHOTOKPAaTHO COEAMHATH M Pa3beIUHATH JIBA WM OOJIbLIEE YHCIIO
ITPOBOJTHUKOB PA3JIMYHBIX JJIEKTPUUECKHUX LIETIEH. .

[IpoBOJHUKHN MOTYT UMETh KpYyTJioe (IIMJIMHIPUIECKOE) CEUECHUE MITH TIIOCKOE
(JIeHTOYHOE) C MCIIONb30BAaHUEM HU30JSUH 1N O0e3 Hee. Heckonbko MpOBOJHUKOB,
CBSI3aHHBIX BMECTE, Ha3bIBAIOT KalOeneM. bobilnoe 4uciio miocKuX MpOBOJIHUKOB,
HAaHECEHHBIX HAa M30JMPYIOIIYI0 MOMJIOKKY WIH IUIACTUHY, HA3bIBAIOT ME€YAaTHOMU

CXEMOM.

2.5 Onpenesnenue 4YuCaa 3J1€MEHTOB B COJIHEYHBIX OaTapesix
Yucno  mocnenoBaTENIbHO — COECIMHEHHBIX  COJIHEYHBIX  DJIEMEHTOB.
3HAYUTENBHOE YHUCIIO COJIHEUHBIX 3JIEMEHTOB HAJI0 COEJAMHMUTH IOCIIEN0BATEIBHO
JUIsL  TIOJTy4eHus: TpeOyeMoro pabouero» HampsDKEHUST M JTONOJHUTEIBHOTO
HaMpsHKeHUs, KOMIIEHCUPYIOIIETO MaJIEHUE HAMPSHKEHUs B OJIOKUPYIOUIUX JUO0IaX

u npoBogax. Halem 310 4UCIO U3 COOTHOLIEHHUS

N, = Ve VaVs
Vl:lf["l'
rae Vil — HanpsikeHWE Ha Harpy3ke KOCMHUYECKOTO ammapara WiIn
HalpsDKeHWE Ha BBIXOJHBIX IIIMHAX COJIHEUHOM Oartapeu; Vi — mnajeHue

HaIpsDKEHUsT Ha OJOKUPYIOIIEM JUOJIE, BKIIOUEHHOM B MPSMOM HaIpaBJICHUU; Vi
— oOl11ee MmajicHUe HAIPSHKEHUsI B TPOBOIAX MEXKY COJTHEYHBIMHU JIEMEHTAMU U
MEXIY HAarpy3kod KOCMHMYECKOrO ammapata WIA JJIEKTPOXUMHYECKUMHU
aKKyMyJIITOpaMH (Ha OCBEIIEHHOW M Ha TEMHOBOW CTOpOHax maHenei); Vonr —
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HaIpsDKEHUE COJTHEYHOTO AJIEMEHTa B KOHIIE CpOKa CIIyXKObl (MM B KaKOH-IMOO
KPUTUYECKOMN CUTyallud BO BpeMs MOJIETa) B TOUKE MaKCUMaJIbHON MOIITHOCTH MPHU
pabounXx 3HAYCHUSAX TEMIIEPATYPhl U INIOTHOCTH TAJIAIOIIETO U3JTYyUEHHUS.

Hanpsixkenne Ha Harpy3ke Vy ONPEIENdiOT OTACIbHO JJs KaXIO0ro
KOHKPETHOrO  Cliyyas; OHO 3aBUCUT B  OCHOBHOM OT [apamMeTpOB
ANEKTPOXUMUYECKUX Oarapeid. 3HaueHus V, gexat Boiu3u 0,7 B 11711 KpeMHUEBBIX
nnonoB. [Tagenue Hanpsi>KeHUs B TPOBOJAX V; [EIUKOM 3aBUCHUT OT KOHCTPYKIIUH,
OJIHaKO JaH croco0 BbIOOpa V, M3 YCIOBUH MHUHHMMAJIbHOM Macchl OaTapeu u
MPOBOJIKH.

JIns KaXAOro THUIA COJIHEYHOTO BJEMEHTAa U OMNPEACIICHHOTO 3allMTHOTO
MOKPBITHS BBIXOJIHOE HAMPSHKEHHWE MPU MAKCUMAJIbHOW BBIXOAHON MOIIHOCTH K
KOHI[y TNepuoAa HKCIUTyaTalluM OJHOTO COJHEYHOI'O 3JIEMEHTa, MOKPBITOTrO
CTEKJIOM, HAaXOJST U3 YPaBHEHUS

Vonr=VontetAVs+PBv ontVp(TpasTo)-

I'me Vonrg - BBIXOJAHOE HANPSIKEHHWE MPU MAKCHMAaJbHOM BBIXOJHOM
MOIIHOCTH TMOKPBITOTO CTEKJIOM COJIHEYHOTO 7JJIEMEHTa MpPU CTaHJapTHOU
temmneparype TO mocie obiydeHus anexkTpoHamu ¢ sHeprueid 1 MsB no yposHs
Oe, oM™ (de — umncio yacTull, MOMABIIUX Ha AJIEMEHT 3a BpPEeMsi €ro paldoThi);
AVgs, — W3MEHEHME BBIXOJHOI'O HAMNPSXKEHUS TPU MAKCUMAJIbHOM BBIXOJHOM
MOIIHOCTH BCJEJICTBME HM3MEHEHHMS IUIOTHOCTH MOTOKAa M3Iy4eHHss oT S 10 S'.
CoOOTBETCTBYIOIIIEE WU3MEHEHHE HANPSIKEHUS OMPEAECIseTCS U3 XapaKTEPUCTHUK
COJIHEUHBIX JJIEMEHTOB; Pyorr — TeMIepaTypHbId KOAG(UITMEHT 71 BBIXOIHOTO
HANpsDKEHWsS NPH  MAaKCHMaJbHOW BBIXOJHOM MOIMHOCTH; Tps — pabouas
TeMIepaTypa COJIHEYHOTO JIeMEHTa; ') — cTangapTHas TeMmrnepaTypa UCIbITaHUI
COJIHEUHBIX 3JIeMeHTOB (25 umu 28 °C).

[IpencraBum rpynmy u3 N; € COJTHEYHBIX 3JIEMEHTOB, COCIMHEHHBIX IIO-
CJIeI0BaTeNIbHO, B BUJE IIEMIOYKH AJIEMEHTOB. Besi cotHeuHast 6aTapesi COCTOUT U3
N,p TOCIIEOBATENBHBIX LENOYEK, COEIAMHEHHBIX MEXKAY COOOW IapajuleIbHO U
obecreunBaroIMUX HEOOXOUMBIM TOK Harpys3kd. Uucno sneMeHToB Ny, HaXoIAT

n3 CICAYIOUICTO YPABHCHUA !
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N, npzlz[/ I-onm
rae I,y — CpelHee 3HAYCHUE BBIXOJHOTO TOKA IIPM MaKCHMAIbHOMN
BBIXOJIHOW MOIHOCTH B KOHIIE CPOKa CIIy:KObI Ny, 3JEMEHTOB, COEIMHEHHBIX
MOCJIEIOBATENILHO M TOKPBITBIX CTEKJIOM. OJTOT MapaMeTp OINPEACNsIoT MpHU
paboyeii Temneparype Tp,s B YCIIOBHAX ~ YMEHBIIEHHOIO  OCBELICHUS,
COOTBETCTBYIOIIETO MOTEMHEHUIO MOKPBITHS, TAJAIOIIEr0 MO/ YTIJIOM COJIHEYHOTO

HU3JIYYCHUA:

_ _ n ’
Iu:-rrr - Zi:l jru:nrrri n.

3nech

jrn:irrrf: IDETEPSi [1+ﬁium(Tpaﬁ _TI])]F,:;K(FE) i s

Lonr ¢ — BBIXOZAHOM TOK IPU MAKCUMAaJIbHON BBIXOJIHOM MOIIHOCTH

COJIHEYHOT'O 3JI€MEHTA, MOKPHITOr0 CTEKJIOM (C MCXOJIHOM MPO3PAYHOCTHIO),
Ipu cTaHgapTHou temmeparype T mociie 00IydeHHs 3JIeKTpOHaMU ¢ Hepruen 1
M5B no ypoBus ®e, cm”’; Sy — >((deKTHBHAS HHTCHCHBHOCTb COJIHEYHOTO
U3JIYYEHHUS IS 1-TO YKClia LEMOYeK AIEMEHTOB C YYETOM CHMXKEHHUS NMPO3PauyHOCTH
MOKPBITUSL BCJIEACTBUE JETpajallid, yBEIWYEHUs paccTosgHus 10 CoyHma u
OTCYTCTBUSI MEPINEHIUKYISIPHOCTH MaJieHus u3iaydeHus (S'| u3MepeHo B JOJIsX
COJIHEYHOW TOCTOSTHHOM; JJI TIOCKOM OaTaper COJHEUYHBIX 3JIEMEHTOB BCE S;
paBHbI MeEXAy CcO0OM, MO3TOMY MHAEKC 1 MOXHO ONYCTUTh;, P'lopr—
TemrepaTypHblii  kodGduuuedT a8 Iy Tpes — pabodas  Temmneparypa
COJIHEUHOI'0 3JIEMEHTa; To — TeMIeparypa CTaHAAPTHBIX UCIBITAHUN COJIHEUYHBIX
anemeHTOB (25 wiu 28°C); Fa.x — ¢akrop, yuuThIBaOIUNA JerpaJalliOHHbIE U
KOMMYTAIIMOHHBIE TOTEPH, [JI1 MHOTMX KOHCTPYKUMN 3HaueHHe F,, JIEKUT B

nuanazone ot 0,95 no 1.00; (F,) ; — dakrop, yduThIBalOmMN 3aTeMHEHUE 1-TO
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yuciaa MapajuieIbHO COCAMHEHHBIX Menoyek. s He3aTeMHEHHBIX LEeTOoYeK
F.=1,00

[TapannenbHbie 1enu. Bce mocienoBaTelbHbIE I[EMOYKH — 3JIEMEHTOB
COCJMHEHBI TapajUieIbHO MEXIY CO0O0M Mo KpaliHel Mepe B Hayaje W KOHIIE
nernovyek. OHAKO OOBIYHO B MOCJEA0BATEILHO-TIAPAIUICIBHON TPYMIE JIEMEHTOB
JIBa WM OO0JIee DJIEMEHTOB M3 COCEIHMX ITOCIEIOBATCIBHBIX IIENOYEK COCIMHEHBI
MapaJiIeIbHO.

I[Ipy TakoM mapajUieIbHOM COCIWMHEHUHM TOBBIIAETCS  HAJIECKHOCTh
COJIHEUHOW Oaraped, CO3/al0TCsA OOXOJHbIe TMapajuleyibHbIE IeNMu IS
MPOXOXKACHUS TOKAa TPH OTKa3e THUIA OOpBIB, MPOUCXOASIIETO y OJHOTO WU
HECKOJBKUX COJIHEUHBIX 3JIEMEHTOB BCJICJACTBUE MEXAHWYECKOTO IOBPEXKICHUS
3JIEMEHTOB, OTCJIIOCHUSI KOHTAKTOB WM HEUCHPABHOCTH B MEXIJIEMEHTHBIX
COCIMHCHUSX.

B cnydyae oTkaza Tuma oOpbIB OJTHOTO U3 BJIEMEHTOB COCEIHHE MapalieIbHO
COCIMHEHHBIE COJTHEUHBIE JIEMEHTHI OyIyT YaCTUYHO WJIM MOJHOCTHIO MPOBOIUTH
TOK, KOTOPBIH MPOBOJMII Y€pe3 OTKA3aBLIMM 3JIEMEHT A0 €r0 BBIXOJa U3 CTPOS.
3HaYEHHE TOKA, KOTOPBI MOTYT HMPOBOJAUTH HCIPABHBIC COJHEUYHBIC IJIEMEHTHI,
3aBUCUT OT pabouero ToKa 3JEMEHTOB JO BBIXOJA M3 CTPOS OJHOTO U3 HUX U
CYMMApHOTO TOKAa KOPOTKOTO 3aMbIKaHUsI COCAMHEHHBIX MApAJIIEIbHO UCTIPAaBHBIX
3JIEMEHTOB TIOCN€ OTKa3za. Eciaum  pa3HOCTh JITUX TOKOB MEHBIIE TOKa,
MPONYCKAEMOI'0 BBILIEIIINM U3 CTPOS AJIEMEHTOM J0 €ro 0TKa3a, TO Ha UCTIPABHBIE
AJIeMEHThl OyJeT TmojaBaThCcsi oOpaTHOe HampspkeHue cmenieHus. OOpatHoe
HanpsHKEHUE CMEIIEHUs, B CBOIO OYE€PEAb, MOKET MPUBOJUTH K BBIXOAY M3 CTPOSA

QJICMCHTA B PC3YJIbTATC IIPCBBINICHUA YPOBHA JOITYCTUMOTO IICPECTPCBA.

2.6 PazpaboTraHHasi KOHCTPYKIUSA J1a00PaTOPHOIO CTEH1A AJIA U3Y4YEeHUSA
(¢oTo31eKTPUYECKUX ABJICHUH
B pe3ynbTaTe BBINOJHEHHS BBIMYCKHOW paOOThI pa3padOTaH U M3TOTOBJICH
a00paTOPHBIN CTEH JUIS U3ydeHUsS! (POTODICKTPUUCCKUX SIBICHUM TTO3BOJISIOITUN

HU3MCPATH BOJBTAMIICPHBIC W JTIOKCAMIICPHBIC XApPAKTCPUCTHUKU q)OTOBHCMCHTOB.
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PazpabGoTtannbiii  1abopaTOpHBIM CTEHJ Mg HU3y4eHUs (OTOIIEKTPUUYECKUX
SBJIICHUA TIO3BOJISIET TMOJy4yaTh CBETOBbIE W TEMHOBBIE BOJIbTaMIIEPHbBIC
XapaKTePUCTUKHN (POTOIIEMEHTOB.

KoHncTpykiust nmabopatopHoro creHjna sl u3ydeHus (POTOIEKTPUUYECKUX
ABJICHUA oOpa3oBaHa M3 TPOCTHIX MNPSIMOYTOJbHBIX 00beMoB. CouseHeHus,
OKPYTJICHHSI U COIpPSIKEHUS MOBEPXHOCTEH mnpuOopa BBINOJHEHBI YUCTO, HET
3a30pOB, YIJIYOJIEHUH M CTBIKOB 3JIEMEHTOB (OPMBI, TJl€ BO3MOKHO OOJIbIIOE
CKOIUICHHE MbUIM U TpsA3U. [IoBepXHOCTh MU3MEPUTENHHOTO 0JIOKAa ¢ MCTOUHUKOM
HampsDKeHWsl THIATeNIbHO OT/eNlaHa M TOKpbITa YEPHOW HUTPO Kpackow
YCTOWYMBOU K MOBPEKICHUSIM.

W3meputenbHblii 060k ;maboparopHOro  creHiga Il HU3Y4YEHUS
(OTORNEKTPUUECKUX SIBIICHUM KOHCTPYKTHUBHO BBINIOJIHEH B BHUJAE KOpIyca, Ha
nepeaHel naHenau KOTOPOro pacioyiokKeHbl ABa HU(POBBIX Npubdopa MyIbTUMETPA
DT-830B, perynsTop ynpaBieHHs HampspDKEHUEM OJIOKOB MHUTaHUS U Pa3beMbl
KpeIUIeHUs JUIsl OAKIIOYeHHUsT (DOTOIEMEHTOB BOJBTAMIIEPHYIO XapaKTEPUCTUKY
KOTOPBIX HEOOXOAUMO OIPEIEIUTh.

[lutanue nabopaTOpHOrO CTEHAA [JIs HU3Y4YeHUs (POTORIEKTPUUECKHUX
SIBJIEHUM OCYHIIECTBIISIETCS OT ceTu nepemeHHoro toka 50 I'u, nHanpsbkenuem 220
B, depe3 BbIxoa Ha OOKOBOW MOBEPXHOCTH CTeHAA. Bech MOHTaxX M coeAMHEHUE
M3MEPUTENBHBIX MPUOOPOB U OJIOKOB MUTAHUSI CKPHIT U BBHIMIOJHEH BHYTPU 00beMa
anekTpobe3onacHoro kopmyca. Ilpenensl u3MepeHUs CHIIbI MOCTOSIHHOTO TOKa
coctaBisitor 3HadveHus: 200 mxA; 2000 mxA; 20 MA; 200 MA. Ilpenensi
M3MEPEHUS HAIPSKEHUSI IOCTOSHHOTO TOKa cocTaBisitoT 3HaueHus1: 200 mB; 2000
MB; 20 B. /luanma3zon u3MeHEHUsI TOCTOSIHHOTO HAIPSKEHUS UCTOYHUKOB MUTAHUS
C NIOMOIIBIO AenuTens Hanpsbkenus: ot 0 1o 12 B.

Pa3paboTannbiii 1a0OpaTOpHBIA CTEHJ ISl M3Y4YeHUS (DOTODIEKTPUUECKHUX
ABJICHUNA MMeEET HeOOJIbIINE pa3Mephbl U HaJleKH B padbore. ['abaputhl ycTaHOBKHU
UL WM3MEPEHMs]  BOJBTAMIIEPHBIX  XAapPAKTEPUCTUK COJHEYHBIX 3JIEMEHTOB
YUUTBHIBAIOT HEOOXOJUMOCTh €€ KOMITAKTHOTO pa3MelIeHusl Ha paboueM MecTe Mpu

MaKCHUMaJIbHOM O603peBaeMOCTI/I OTACJIBHBIX 0COOEHHO Ba)KHBIX KOMIIOHEHTOB.
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Bpewms, 3aTpaunBaemMoe Ha MOJArOTOBKY Ja0OPAaTOPHOTO CTEHJA JUIsl U3YUCHUS
(OTORNEKTPUUECKUX SIBICHUN 3J€MEHTOB K paldoTe, Ha JOCTUKEHUE OCHOBHOIO
pexkrma paboThl C MOMEHTA BKJIIOUEHUS, HA OCYIIECTBICHHE MOCTaBICHHBIX 3a/1a4
U 1ene HeOOoJbIlIoe, TOYHO PACCUYUTAHHOE U COMOCTABUMOE C OrPaHUYEHHBIM
BpeMeHeM ypoka. KoHcTpykuus 5abopaTopHOro cTeHAa ISl  U3YYCHHS
(b OTORIEKTPUUECKUX SIBIEHUN 0OecrieunBaeT BpeMs Ha €ro MoAroToBKy K padoTe -
He 6ojee 5 MUHYT.

[TpunHiun pa®oTel 1a0OPaTOPHOrO CTEHIA JIJIS U3YUEHUS (POTOIIEKTPUUECKHUX
ABJICHUH MOCTPOEH MO KOMIIEHCAIMOHHOM cxeMe. McTounuku nutanuss Ha 12 B u
5 B, a Takxxe BepxHsig U HIXKHsA yacTu pezuctopa Ru (220 Om) 06pa3yroT MocT, B
auaroHayib Kotoporo BkimodeHporodsiemeHT — DIIIIT (porosnexrpuueckuit
npeoOpa3oBaTeb).

Takoe BKIIOYEHHE NO3BOJSET MEHATh MOJPHOCTHh HAIPSIKEHHS W TOKa
4yepe3(OTOINEMEHT, UYTO HEOOXOIMMO JUIsi TOYHOIO M3MEPEHUS OCHOBHBIX
MapaMeTpOB — TOKA KOPOTKOI'O 3aMBIKAHUS U HANPSKEHUS XOJIOCTOrO XO/1a.

MaxkcumanbHbIN U3MEPSIEMBIE TOK KOpPOTKOro 3ambikaHusi OOIIII
OomnpeAesieTcsl XapakTepuCcTUKoul wuctouHuka S5 B, u cocraBiser 1000 MA.
MakcuManbHOE  U3MepsieMoe HampsbkeHue xosioctoro xoma OOIIT — 12 B.

MakcuMmanbHbii n3mepseMsi psiMoid Tok OIIIT — 1000 MA.

2.7 Oco0eHHOCTH H3MEPEHUA CBETOBOI U TEMHOBOM BOJILT — AMIICPHOM
XapaKTePUCTHKM.

W3meHsist mojoKeHue JIBIXKKAa TMEePEeMEHHOro pe3uctopa RH, i Kaxaoro ero
MOJIOKEHUST  3amucaTh 3HaueHue HanpsokeHuss U Ha colHeyHOM 3ieMeHTe (110
MOKa3aHUsIM BOJbTMETpa) U Toka I B u3MepuTenbHOU Lenu (M0 MOKa3aHUsIM
amnepmeTpa). U3MeHsTh MooKeHne JIBUKKa MEPEMEHHOT0 PE3UCTOpa Ha KaXKIOM
miare HeoOXOAMMO C TaKUM pPacyeTOM, YTOOBI YUCIO TOYEK BOJBT — aMIIEpPHOMU

XapaKTepUCTUKH ObUIO HE MeHblIe 15.
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N3mepenus xenarenbHO npoBoauTh ¢ maroM B 0,05 B. HM3Mmepenus npsmoit
BETBU CJIEAYET CYUTAThb 3aKOHYCHHBIMU IIPU JOCTHIKECHHUM HAIIPSHKEHUsT Ha
COJIHEYHOM 3JIEMEHTE MaKCUMalIbHO JAOIYCTUMOW BennunHb B 0,8 B.

Jns u3MepeHHss TEMHOBOM BOJIBT — aMIEPHOM XapaKTEPUCTUKHU CIEAYET
MOJIHOCTBIO 3aKPBITh OT CBETa (POTOAIEMEHT.

Jlanee wu3MepeHUsT XapaKTepUCTUK OOpaTHOM BETBM TEMHOBOW BOJIBT —
aMIIEPHOM XapaKTEPUCTUKU COJHEYHOI'O JJIEMEHTA BBINOJIHAIOTCS ITOJIHOCTHIO
AQHAJIOTUYHO OIIMCAHHBIM  BBIIE WM3MEPEHUSAM IPSIMOM  BETBH, BKIIOYas
OJIMHAKOBYIO BEJIMUHHY I11ara HaIlpsKEHUsSI HAa COJTHEYHOM JJIEMEHTE.

N3Mmepenus npsAMON BETBU CIIEAYET CYMTATh 3aKOHYEHHBIMHU MPHU JTOCTUKECHUU
HaIpsKEHHS HA COJTHEYHOM 3JIEMEHTE MAaKCUMAJIbHO JOMYyCTUMOM BennunHbl B 0,8
B.

ITocne 3aBepiieHUsT U3MEPEHHUM TEMHOBYIO BOJIBTAMIIEPHYIO XaPaKTEPUCTUKY
npubopa cieayer NpeACcTaBUTh B TpadHUuecKoM BUJE HA OJHOM PHUCYHKE CO
CBETOBOM XapaKTEPUCTUKON COJIHEYHOI'O DJIEMEHTA.

Pacyer mnapaMeTpoB OKBUBAJIEHTHOW CXE€MbBl M  BOJBT - aMIIEPHOU
XapaKTepUCTUKH (POTOITEMEHTA MPOBOAUTCS 1O CIAEAYIONIEH METOIHKE.

Yacte cBeToBoil xapakrepuctuku OIIII B nepBoM KBagpaHTe U €€
MPOJOJDKEHUE B UYETBEPTOM KBAJpaHTE MPEACTaBIAIOT COOON MNPSIMYIO JIMHMIO.
Hakion »53TOM mpssMOM K OCHM  TOKOB XapaKTEPU3YET IMOCIEN0BATEIBHOE
conporusienre OOIII (Ryoer. = dU,p/dlyp):

AU,

"= AL

=

~

BenmuuuHy IIYHTUPYIOIIETO COMPOTUBJICHUS C TNPUEMIIEMON  CTEICHBIO
TOYHOCTH MOXHO OIPEJCINTh 110 HAKIOHY OOpaTHOW BETBU CBETOBOM, a JIydIIe
TEMHOBOH BOJIBT — aMIIepHOI XapakTePUCTUKH ( Ryyyur. = AU ogp/dlosp):

o]

R

[TocTpoeHne TEMHOBOM XapaKTEPUCTUKHU MO3BOJISIET TAK)KE€ HANTU 0OpaTHBIN TOK

Haceienus loy. IlponmomkeHue JWMHEHHOro YywyacTka Ha OOpaTHOW BETBU
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TEMHOBOM XapaKTEPUCTHKU [0 TEPECEUYEeHHs] C OCBhI0 OpAMHAT (TOKOB), JaeT
HMCKOMYIO Bennuuny log.

B pabouem cocrosuun OIIIIl ero p-n — mnepexoi BKIOYEH B MPSIMOM
HaIpaBJIeHUH, IOATOMY MpaBUJIbHEE ONpPEAEsATh TOK HACBIIIEHUS HE IO OOPAaTHOM,
a 1Mo NpsIMOM BETBH TEMHOBOM BOJIT — aMIIEpHOM XapakTepucTHku mpudopa. s
OTOr0  MOXHO  BOCIOJIb30BATHCS TEMHOBOM  Xxapakrtepuctukon  DOIIIII,
MPEICTaBIICHHON B BHJI€ ypaBHEHMs MpPSIMOM B OTpe3Kax (B JiorapumMuyecKom

MaciiTaoe):

eld
Lall, +7 )= Lull 1+ ——
.’2': d ::':u) H( :J:-a:l 1‘1";{7?

OTO ypaBHEHHE NPHUMEHSETCA TOJBKO B ciayyae Oonbmux TokoB (Ip>>Iop), a
TaK)ke peKOMOMHAIIMOHHOTO MEXaHU3Ma MPOTeKaHuss 00paTHOTO TOKA HACBIIICHUS
yepes p-n — nepexo. TaHreHe yriia HaKJIOHA MPSMOM, OMUCHIBAEMON ypaBHEHHEM
(4) B koopaunatax Inl;=f(U) paBen e/AkT (4To 1O3BOJISIET pacCUNTaTh BEIUUUHY
napameTpa A B ypaBHeHuu (1)), a OTpe30K, OTCEKaeMblil HaA OCHU OpJUHAT, JAeT
3Hauenue In Ioy.

OTtkiroueHue Jab0paTOPHOTO CTEHJA OCYIIECTBISETCS MYTEM BBIKIIOYECHHS
nuTaHuss HUPpoBbIX TpudopoB MynbTUMEeTpoB DT-830B, nepeBomoM ux pydxu
ynpasienus B mnonoxenue OFF u wu3BneyeHueM BUIIKM U3 PO3ETKU CETH

MMEPCMCHHOI'O TOKA.
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3 OKOHOMMNYECKASA YACTD

I. Texuuko-3xkoHOMUYECKHE OOOCHOBAHHUE TTPOCKTA
II. Onpenenutb 06BEM UHBECTULIUH

e (CTOMMOCTH OCHOBHBIX (POH/IOB
e (OObEeM MHBECTHUIIMHU Ha MOKYIIKY MaTepPUATbHO-TIPOMU3BOCTBEHHBIX 3aM1acOB

e O0OBEM HMHBCCTUIUHN HaA ITOKYIIKY MAJIOOCHHOT'O HHBCHTAPA U KOHTPOJIbHO-
HN3MCPUTCIbHBIX HpI/I60pOB

e Pacuer 3apaboTHOI TIaTHl IPOU3BOICTBEHHBIX PAOOUNX

II1. OnpenenuTh SKOHOMUYECKYIO 3 (HEKTUBHOCTH, TOAOBOU TOXO
IV. Onpenenuts CpoK OKYIIaeMOCTH UHBECTUIIUN

1. TexHMKO-23KOHOMUYECKOEe 00OCHOBaHUE MPOEKTA

e [lenp, CymHOCTB M 3aa4X IIPOEKTA M €TI0 AKTYAJIBHOCTh
e DxoHoMUYecKass 3PGEeKTUBHOCTH MPOEKTA

2. OnpenenuTh 00beM UHBECTULIMHT
Hwxecnenyromum Tabnuiie 1aHo npuBeaeHHbIe 3aTpaThl HAa BKP
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O0béM HHBECTHLMI HA MOKYNIKY MHBEHTaps
1 KOHTPOJIbHO-U3MEPHUTEJIbHBIX NPUOOPOB

Taoauma 1

Croumoctsb ¢ Obwasn

HaumenoBanu | Koa | Ilena 3a HAC CTOMMOCTbD C
Ne yuerom HJIC,

e BO en, cym | 20%, cym cym yuerom HJIC,

cym

1 (doTOIIEeMEHT 2 5 800,00 1 160,00 6 960,00 13 920,00
2 [ITHYP 1 2 300,00 460,00 2 760,00 2 760,00
3 BBIKJTFOYATEIIb 2 2 100,00 840,00 2 940,00 5 880,00

OJIOK MMUTaHMS 1 7 300,00 1 460,00 8 760,00 8 760,00
5 BUJIKA CeTeBas 1 800,00 160,00 960,00 960,00
6 BBIKJTIOYATEIIb 1 2 100,00 420,00 2 520,00 2520,00
7 OOJITHI 70 30,00 420,00 450,00 31500,00
8 raiku 70 30,00 420,00 450,00 31500,00
9 ITOJICTaBKH 2 3200,00 1 280,00 4 480,00 8960,00
10 | mepxareinb 1 7 200,00 1 440,00 8 640,00 8640,00
11 | kopmyc 1 8 500,00 1 700,00 10 200,00 10200,00
12 | IPOBOR 10 | 300,00 | 600,00 900,00 9000,00
13 | aeron 1 9 400,00 1 880,00 11 280,00 11280,00
14 | kpacka 0,5 9 500,00 950,00 10 450,00 5225,00
15 | oprcrexio 0,5 | 14 600,00 | 1460,00 16 060,00 8030,00
16 | mpunoii 0,05 | 110 000,0 | 1 100,00 111 100,00 5555,00
17 | xkaaudon 0,1 7 000,00 140,00 7 140,00 714,00
18 | 6ymara mud. 1 6 300,00 1 260,00 7 560,00 7560,00
19 | 6ok BBOMA 1 5100,00 1 020,00 6 120,00 6120,00
20 | gaTumk 1 7 800,00 1 560,00 9 360,00 9360,00
21 | mepexoaHHK 1 5 700,00 1 140,00 6 840,00 6840,00
22 | namna 1 800,00 160,00 960,00 960,00

Hroro 196244,00
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Taoanua 2
O0beM HHBECTHIIMHU HA MOKYNKY MAaJOLEHHOT0 MHBEHTAPS U KOHTPOJIbHO-
H3MeEPUTETbLHBIX NPUOOPOB

HaumMmeHnoBaHue Koua-Bg Ilena 3a H/IC Oo6mas
Ne e THHU LB 20% | croMMocCTb ¢
yuerom H/IC
1 | 3apgarommii reHeparop 2 23700 4740 56880
2 | Ilnata 1 21600 4320 25920
Htoro 82800

AMopTH3alimoHHbIe oTuncieHus coctaBisaeT 20 % ot croumoctu OD:
Aotu= 16560 cym.

3aTpathl Ha TEKYIIMA PEMOHT M TEXHHYeCcKoe obOciayxuBaHue 12% ot

croumoct OD:

Pm=16560 cym.

Taoauna 3
Pacuer 3apa0oTHO# M1aTHI NPOM3BOACTBEHHBIX PA00YHX
I'opoBas
PaGouue AneBHast

Ne HosxHoCcTh KosunyecTBo 3apadoTHas
JTHHU B TOLY njiara 1ara
| | Pyxosomirers 1 5 58500 292500

MIPOEKTa

2 | Texuuk 1 20 18750 375000
Hroro 667500

OcHoBHas 3apaboTHas IUIaTa OMpEeNeseTcs Kak CyMMa OIUIaThl Tpyla BCex
pabounx u npemuu B pazmepe 40 % : 3ocH = 267000 cym.

JlononHuTenbHas 3apaboTHAas MIaTa MPOM3BOJCTBEHHBIX pabounx Oepercs 10
% ot ocHoBHOTO 3/1: 31 = 26700 cym

@®oHJ1 OTIIaThI TPYAA ONpeAesaeTcs Kak CyMMY OCHOBHOM M IOMOJIHUTENbHON
3apabotnoit iarel: POT = 961200 cym

3aTpaThl Ha colMaibHOE cTpaxoBaHue paccuuThiBaeTcs 25% ot ®OT

Odcc = 240300 cym

Tpancnoptasle pacxonsl paccuuteiBaercs 20% ot 3ocH: Ptp = 53400 cym
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CMeTa 3aTpaT Ha NPOU3BOJCTBO NPOXYKIMHU

Taoauua 4

Ne HaumenoBanue crareit 3aTpar Cymma
1. | Dnexmposnepzusn (W)
1.1. | kBt.YcTanoBneHHass MOITHOCTD 1
1.2. | (T), PabGouee Bpems 100
1.3. | 1 kBT (S), cym. CtoumMocTh DIEKTPOIHEPTUU 182
Bcezo 3ampam 18200
2. | (Tnk) I'ooosoit pono pa6 epemenu
2.1. | (NM), Mecs11bI 12
2.2. | (Nn), KomuectBo pabounx aHei B Mecsll 25
2.3. | (Nu), IIpogomxuTenbHOCTh pabovero aHs 4
(Tnk), I'o0os0ii horo paboueco epemenu 1200
3. Pacxonpl nepuoa 1500
4. | Cmoumocmp mawiuno-uac
4.1. | (3a), cyM B rog. AMopTH3aIus 16560,00
49, (3BM), cyM B T0J1.3aTpaThl Ha TOMOJIHUTEIIHHBIC 15000
MaTepuabl
4.3. | (31),Texymuii peMOHT. 0
(C), cym/200.Cmoumocms MAUUHO-4AC 26
5. | (Bem).Cmoumocme mawuno-uac
5.1. |, paccuntsiBaeTcs;; CTOUMOCTh MAIIMHO-YAC 26
5.2. | 3arpaTbl BpeMeHHM Ha B 4acax (tn)
5.3. | 3arpatrbl BpeMEHH Ha OTIAJKy B yacax (toTi)
Cmoumocme mawuno-yac 16573
5 | ®3II 961200,00
6 | CtpaxoBaHue 240300,00
7 | AMopTuzanus 16560,00
Pacxoznpl Ha IpOX3BOACTBO MPOIYKIIUU 1254332,50
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Taoaunna 5

Pacuer 3xoHOMUYeCKOM 3(PPEeKTUBHOCTH

Enennna
Ne C. CebecTonMOCTH H3MepeHus Cymma
1 Q.0O06BeM npou3BoJICTBA CyM 1254332,50
2 Pacuer 3aTpatsl mo BKP MbT 15000
PeanbHble 3aTpaThl HA
3 MPOU3BOACTBO NPOJYKINU cym/Mbt 83,62
D .DKOHOMUYECKas
4 2 PEeKTUBHOCTH cym/Mbt 108,71
2.OKOHOMUYECKas
5 (b (HEeKTUBHOCTH CyM 25,09
2.OKOHOMUYECKas
6 (b ()EeKTUBHOCTH % 23,08
Taoauna 6
Pacuer nHBecTHLIMH
Ne IMoka3arenu Enernua Cymma
HU3MEPCHUA
0o CyM 82800
2 Mun CymM 196244
NuBecTunnn CyM 279044
Tabnuma 7
PenTabesbHOCTH
Ne IHokazarenu Enenunna nusmepenus CymmMma
1 [Ipon3BoiCTBEHHBIE cyM 1254333 B rox
3aTparhl
2 WNuBecTuiumn CyM 196244 Bcero
3 [lena CyM 1489825
4 [TpuObLIb CyM 235493 B ron
5 OxkypaemocTh MeCsII] 5
6 PenTtabenbHOCTD % 120,0
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4 BE3OITACHOCTD KM3HEAEATEJIBHOCTH

B naHHOM paszmene BBITYCKHOM pabOThl PacCMaTPUBAIOTCS  BOMPOCHI
0e30macHOi >KM3HEACSATEIBHOCTH YeJIOBEKa, KOTOPHIX HEOOXOAMMO pelaTh Ha
BCEX CTAAUAX )KU3HEHHOTO IUKJIA.

Obecnieuenre 0€30MACHON KU3HEAEATEILHOCTH YE€JIOBEKa B 3HAUYUTEIBLHOM
CTETEHH 3aBUCUT OT NPABUIIBHOM OLIEHKH OIACHBIX, BPEIHBIX MPOU3BOJACTBEHHBIX
(daxTopoB. OAUHAKOBBIE MO TSIXKECTH W3MEHEHMsS] B OpraHM3ME 4YeJIOBEKa MOTYT
OBITh BBI3BaHBI PA3TMYHBIMU MPUYMHAMU. ITO MOTYT OBITh Kakue-1u0o ¢GhakTopbl
MIPOU3BOJICTBEHHON Cpejbl, Ype3MepHasi ¢u3MvecKas M YMCTBEHHas Harpyska,
HEPBHO-3MOLMOHAJILHOE HANPS)KEHUE, @ TAKKE PA3HOE COYETAHUE ITUX ITPUYHH.

Bl — cucrema 3HaHUM, HaMPaBJIICHHBIX HA oOecreueHne OE30MacHOCTU B
MPOU3BOJICTBEHHON U HEMPOU3BOJACTBEHHOW CPEJIE C YUETOM BIIUSIHUS YEJIOBEKA Ha
cpeay oOuTaHusI.

Obecnieuenre 0€30MaCHON KU3HEAEATEILHOCTH YE€JIOBEKa B 3HAUYUTEIBLHOM
CTETEHH 3aBUCUT OT NMPABUIIBHOM OLIEHKH OIACHBIX, BPEIHBIX MPOU3BOJACTBEHHBIX
(daxTopoB. OIUHAKOBBIE MO TSKECTH W3MEHEHHS B OPraHU3ME 4YeJIOBEKa MOTYT
OBITh BBI3BaHBI PA3TUYHBIMU MPUYHMHAMU. ITO MOTYT OBITh Kakue-mu0o ¢GhakTopbl
MIPOU3BOJICTBEHHON Cpebl, 4Ype3MepHasl ¢u3nvecKkas M YMCTBEHHas Harpyska,
HEPBHO-3MOLMOHAJILHOE HANPS)KEHUE, @ TAKKE PA3HOE COYETAHUE ITUX ITPUYMH.

KuznenesarenbHOCTh — 3TO CHOCOO CYIECTBOBAHUSA WM TMOBCEIHEBHAs
JeSTENBHOCTD YeloBeKa. B mpoliiecce cBoei KU3HENESITEIbHOCTH JIF0OOW YEeIOBEK
MOCTOSIHHO ~ B3aMMOJIEUCTBYeT co cpeaod oOurtanusa. [locmenusis — 31O
OKpYXalollasi 4yeJoBeKa cpela B IpPOIeccCe ero AEesTENbHOCTH, O00YCIOBICHHAS
COBOKYITHOCTBIO bu3nyecKux, XUMHUYECKHUX, OMOJIOTHYECKUX,
NMCUX0(U3UOJIOTHYECKUX U COIMAIBbHO-DKOHOMHUUYECKUX (PaKTOPOB, CIIOCOOHBIX
OKa3aTh IPSMOE WM KOCBEHHOE, HEMEJICHHOE WJIM OTAAJIEHHOE BO3JECUCTBUE HA
NEATENIBHOCTh YEJIOBEKAa, €ro 3J0pOBb€ M MOTOMCTBO. OCHOBHBIMHU CpedaMH
oOWTaHUsl YeJOBEeKa SIBJISIOTCA MPOU3BOJICTBEHHAs Cpella, TOPOACKas cpela Wiu

Cpella HaceJIeHHBIX MECT, ObITOBas WM Kujas cpeaa u npupoaHas cpena (I1C).
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OnTuMalibHOE B3aUMOJICHCTBHE YEJIOBEKAa CO Cpeoil 0OMTaHUs BO3MOXKHO,
ecnu OyayT oOecredeHbl KOM(OPTHOCTh Cpellbl, MHHUMHU3AIMs HETaTUBHBIX
BO3JICHCTBUI W YCTOWYMBOE PA3BUTHE CHUCTEMBI “UEJIOBEK — cpela OOWTaHUs —
MallliHA — Ype3BbluaiiHas cutyanus’ . M3ydeHnem 3J1eMeHTOB, COCTABIISIONINX ATy
CUCTEMY, U SBJICHUW, TMPOUCXONSIIMX B HEW 3aHUMaeTCs O0e30MacHOCTh
xuszHenestenbHoctd  (BXJ) — mwayka o komdopTtHOM U 6e30macHOM
B3aMMOJICHCTBUH YEJIOBEKA CO cpenoi oOuTaHus. Ee ocHOBHas 3ajaya COCTOUT B
COXpaHEHHH PabOTOCIIOCOOHOCTH W 370pPOBbsl YEIOBEKa, BHIOOpE MapamMeTpoB
COCTOSIHUSL Cpelbl OOWTaHWS W TPUMEHEHUH MEp 3allUuThl OT HEraTUBHBIX
(haKTOPOB €CTECTBEHHOTO W aHTPOIIOTEHHOT0 MpoucxoxkacHuss. OCHOBHOH 1ENbIO
nzyuenust bXX]| siBnsiercst mpuoOpeTeHrne TEOPETUUECKUX 3HAHUIN U TTPAKTHYECKUX
HAaBBIKOB, HEOOXOAUMBIX JIJIS:

1) co3manusi ONTUMAIBHOTO COCTOSIHUSI CPEbl OOUTAHUS B 30HAX TPYAOBOM
NEATeIbHOCTH U OT/bIXa YEJIOBEKA;

2) uneHtudukauu (pacrio3HaBaHWE U KOJMYECTBEHHAs OIlEHKA) OMACHBIX U
BpeaHbIX (aKTOpPOB Cpeabl OOWTAHHS €CTECTBEHHOTO U  aHTPOIOTCHHOTO
MIPOUCXOKICHUS;

3) pa3paboTKu W peanu3alii Mep 3alUThl YeJIOBeKa U Cpelibl OOUTAHUS OT
HETaTHBHBIX BO3ACHCTBUM (OIMACHOCTEH ),

4) NIpOEKTUPOBAHUSI M  DKCIUTyaTalldd  TEXHUKH, TEXHOJOTUUYECKUX
MpoIeCCOB M 00BEKTOB HapoaHoro xossiictBa (OHX) B cooTBeTcTBUM C
TpeOOBaHUAMU IO O€30MACHOCTH U AKOJIOTUYHOCTH;

5) obecnieuenus ycroitunBoctu QynkiuonupoBanus OHX u TC B mTaTHBIX
Y YpE3BBIYaNHBIX CUTYyAIUsX;

6) IPOTHO3UPOBAHUS PA3BUTHUA U OLICHKH TtocaeacTBuil UC;

7) IpUHATUSL PEIICHUH 10 3alluTe MPOU3BOJACTBEHHOrO0 IIEpCOHANA U
HAceJIeHUsI OT BO3MOXKHBIX TIOCJICICTBUN aBapui, KaTacTpod, CTUXUNHBIX
OeACTBUN M MPUMEHEHUSI COBPEMEHHBIX CPEJICTB MOPAKCHUS, a TAKKE MPUHATHUS

MCp IO JTUKBHUAAIIUH UX HOCJICI[CTBHﬁ.
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B3aumoneiicTBue yenoBeka co cpeoil 0OUTaHUS MOXKET ObITh MO3UTHUBHBIM
WM HEraTUBHBIM, XapaKTep B3aMMOJCHCTBHUS ONPEACIISIOT IOTOKHA BEIIECTB,
sHepruii U uH@opmanuid. Jlro6oe mNpeBbillIEHHE MPUBBIYHBIX YPOBHEH IMOTOKOB
CONPOBOKJIAETCSI HETaTUBHBIMM BO3JCHCTBUSIMU HAa YEJIOBEKA WM MPUPOIHYIO
cpeny.

B ycnoBusx TexHocdepsl HETaTHBHBIE  BO3JAEHCTBUS  OOYCIIOBIICHBI
AIIeMEeHTaMH TeXHOC(hephl (MATUHBI, COOPY>KEHUS U T.J.) U ACHUCTBUSAMU YEJIOBEKA.
W3mepsst BeMUKHY JIF0OOr0 MOTOKAa OT MUHUMAJIbHO 3HAYMMOW 10 MAaKCHUMAaJIbHO
BO3MOKHOM, MOXHO IPOUTH PSAJ XapaKTEPHBIX COCTOSHUN B3aMMOJICUCTBUSA B
CUCTEME « YEJIOBEK- cpeia OOUTAHUS:

- KoMm@opTHOoe  (ONTUMalbHOE), KOrja  TOTOKHM  COOTBETCTBYIOT
ONTUMAJbHBIM YCIOBHUSIM B3aWMOJEHUCTBUA: CO3JAIOT ONTUMAJIbHbBIC
YCIIOBHUSl JIESTEIBHOCTA M OTHbIXa; NPEANOCBUIKM Ui IPOSIBICHUS
HAWBBICHIEH TPYIOCHOCOOHOCTHM H KaK CIEJICTBUE MPOTYKTUBHOCTH
NEATENIbHOCTU; TapaHTUPYIOT COXPAaHEHUE 3/I0POBbS 4YEJIOBEKA W
LEJIOCTHOCTH KOMIIOHEHT Cpe/ibl OOUTaHUSI.

- JIONyCTUMOE, KOrjJa IIOTOKH, BO3JCHCTBYS Ha YEJIOBEKa M Cpeay
oOWTaHUsA, HE OKAa3bIBAlOT HETaTUBHOTO BJIUSHUS Ha 3J0pOBbE, HO
OpUBOAAT K JAUCKOMGOpPTY, CcHUXass 3(P(HEKTUBHOCTh AESITEIBHOCTU
yenoBeka. CoOmofieHHe  yCIOBUWM  JIOMyCTUMOTO  B3aUMOJICHCTBHS
rapaHTUpyeT HEBO3MOXKHOCTh BOZHUKHOBEHUS U Pa3BUTHUS HEOOPATHUMBIX
MPOLIECCOB Y YETIOBEKA U B Cpejie OOUTAHUS.

- OIACHOE, KOTrJa MOTOKH MPEBBIMIAOT JAOMYCTUMbIE YPOBHU M OKA3bIBAIOT
HETaTUBHOE BO3JCHCTBUE Ha 3JI0POBbE 4YEJIOBEKA, BBI3bIBAs IPH
JUINTETbHOM ~ B3aUMOJICUCTBUM  3a00JIeBaHUSl, W/WIUM TPUBOIAT K
JEerpasauy TpUPOIHON CPEIbL.

- 4Ype3BBbIYAIHO OMAacHOE, KOrja MOTOKH BBICOKHX YPOBHEH 3a KOPOTKHUH
IIEpUOJ BpPEMEHM MOIYT HAHECTH TpaBMy, IIPUBECTH YEIOBEKA K

JIETaTbHOMY MCXO/y, BbI3BaTh HAPYIIEHUS B IPUPOIHOU CpeEle.
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N3 yeThIp€X XapaKTEpHBIX COCTOSIHUM B3aUMOJECHCTBUS YEJIOBEKA CO CPEAOH
oOuTaHus JUIIbL TepBble ABa (KOMGOPTHOE U JIOMYCTUMOE) COOTBETCTBYIOT
MO3UTUBHBIM YCJIOBHUSM MOBCEJIHEBHOW AESATENBHOCTH, a JBA JAPYTrUX (OMacHoe U
Ype3BbIUAHO OMAacHOE) — HEJOMYCTUMBI ISl TMPOLIECCOB >KU3HENESITEbHOCTH
YeJloBeKa, COXpaHEHUs M pPa3BUTHUA NOpUPOAHOU cpenbl. (CrenoBaTeNbHO,
nojaJiep>kKUBaHue KOMGOPTHOIO W/WIAU  JIOMYCTUMOTO COCTOSIHUM  SIBISIETCS
CrIocOOOM MOBBIIIEHUS 3aIUIIEHHOCTH YEIOBEKa.

KoMdopTHOE coOcTOsSiHME >KM3HEHHOTO TPOCTPAHCTBA IO TOKa3aTelsIM
MUKpPOKJIMMAaTa M OCBEIIEHUS JOCTUTaeTcsi COOJII0JIEHUEM HOPMAaTUBHBIX
TpeboBanuii. B kadecTBe KpuTepueB KOM(POPTHOCTH YCTAHABIMBAIOT 3HAYEHUS
TeMIlepaTypbl BO3AyXa B TIOMEIIEHUSX, €ro BIAKHOCTU U TMOJBHXKHOCTH,
COOJIIOJIEHNE HOPMATHUBHBIX TpeOOBAaHUW K MCKYCCTBEHHOMY OCBEILIEHHUIO
IIOMEILECHUNA U TEPPUTOPUH.

[lapameTpbl — Temmeparypa OKpY>KaIOIIMX MPEAMETOB M WHTEHCUBHOCTH
¢bu3nuecKoro HarpeBaHUs OpraHu3Ma  XapaKTepu3ylT  KOHKPETHYIO
MPOU3BOJICTBEHHYI0 OOCTaHOBKY M OTJIMYAlOTCAd OOJIBIIMM Pa3HOOOpa3ueMm.
OcranbHble MapaMeTpbl — TeMIepaTypa, CKOPOCTb, OTHOCUTEIbHAS BIIAXKHOCTh U
aTMoc(pepHOE JaBJICHHE OKpY)KAIOIIero BO3AyXa — TMOJyYWId Ha3BaHHE
napamMeTpoB MUKPOKIIMMATA.

[lapameTpbl MHUKpOKJIMMAaTa BO3AYIIHOW Cpeabl, KOTOpble OOYCIIaBIMBAIOT
ONTUMAJIbHBIA OOMEH BEIIECTB B OPraHuM3Me€ M IpPHU KOTOPHIX HET HEMPUSITHBIX
OLLYIIEHUH U HANPSHKEHHOCTH CUCTEMBI TEPMOPETYJIALMU OpraHU3Ma, Ha3bIBAIOT
KOM(GOPTHBIMH WJIM ONTHMAaJIbHBIMH.

Bnazoewvioenenue. Bnara BoiensieTcsi B pe3yJibTaTe UCMApEHUsi CO CBOOOIHOM
MOBEPXHOCTH BOJIbI U BJIIAKHBIX TOBEPXHOCTEH MATEpUATIOB U KOXH, B pe3yJIbTaTe
JbIXaHUS JTI0JEH, a TakKe XMMHYECKUX peakiui, paboThl 000pyIOBaHUSA U T.1.
KonuuectBo Biaru, BblensieMoe JIOAbMH (CM. Tabn. 1), r/4, ompenensieTcss mo
dbopmyne: W=n/w,

r1€ N - YHUCIO JIIOJeH; W - KOJMYECTBO BJaru, BBIIECIECHHOE OIHUM

YyeJIOBEKOM, I/4.
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Ta6JII/II_Ia 1. KonmmuecTBo TeIuia u BJIaru, BbIACIACMOC YEITOBCKOM.

Temo, Bt
Xapakrep Bnara, r/u
[MOJTHOE SIBHOE

Brinmoaasemo

. npu 10 °C|mpu 35 °C|npu 10 °C|npu 35 |npu 10 |mpu 35

i PaboTsr

°C °C °C

VYMcTBeHHAS 160 93 140 16 30 115
dusnueckas
Jlerkas 180 145 150 8 40 200
Cpennsis 215 195 165 8 70 280
Tsoxenas 290 290 195 16 135 415

KomuuecTBo BJIaru, HCH&prIOH.ICﬁCS[ C OTKpBITOﬁ IMOBCPXHOCTHU HEC KI/IHSIIJ.[CfI

BOJIbI, KI/4, orpejensercs no popmyre:

101,325
-F
B

Ws = (a + 0,1 3V) . (PHOB - Poxp) .

I/ a - KO3pOUIMEHT, 3aBUCSIINA OT TEMIIEPATYPhl IOBEPXHOCTH UCTIAPCHUS
(Tabin. 2); V- cKOpOCTh JABUXKEHUsI BO3/yXa HaJl OBEPXHOCTHIO MCHApEHUS, M/C.;
Pus, Pop- JaBIICHHE BOJSHOTO I1apa, COOTBETCTBEHHO, IIPH TeMIIEpaType
MMOBEPXHOCTH HUCIIAPEHUS M TTOJITHOM HACBIIICHUU M B OKpYyXaromieM Bo3ayxe, klla;

F - TUI01Ia]Th TIOBEPXHOCTH UCIIapeHusi, M’ ; B - OapoMeTpruueckoe aaBieHue, klla.

Tabnuma 2. 3nauenue ko3 duieHTa a

buen , °C <30 40 50 60 70 80 90
a 0,02 | 0,028 | 0,033 | 0,037 | 0,041 | 0,046 | 0,051

JIng He Kunmsuied BOABI TEMIIEpaTypa IOBEPXHOCTU MCHAPEHUSA  fucn

HAXOJUTHCS U3 TaOIMIIBI 3 IO CpeHEN TeMnepaType BOAbI fs

Tabmuma 3. TemnepaTtypa MOBEpXHOCTH UCTIAPEHUSI BOIBI

fuen, °C 20 30 40 50 60 70 80 90
ts, °C 18 28 37 45 51 58 69 82
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KonnuecTBo Biaru, MCIAapUBIICHCS MPH KUIEHUU BOIBI, Wnm, KI/4, 3aBHCUT
OT KOJIMYECTBA OJBOJUMOIO K BOJE TEIIa U BHIA YKPBITHS BOIBI H MOXKET OBIThH
ompeeseHo mo Gopmyie:
!
rae Kyxp - onbsITHBIN K09()DHUIUEHT, YYUTHIBAIOIIMIA BU YKPBITHS
JUIS TUIOTHBIX YKpbITHH 0e3 orcoca Bo3zayxa - 0,1 , mpu orcoce Bo3myxa -
0,2...0,25; Nucr- MOIIHOCTH TEIJIOBOIO MCTOYHUKA HCMApeHUs, BT; ¢ - ckpbiTas

TerioTa ucnapeHus, KJHx/kr.

OpI/ICHTI/IpOBO‘IHO HHTCHCUBHOCTDb HUCIIAPCHUSA MOXKCET OBITH MIpUuHATA paBHOﬁ

40...50 xr B 1 ac ¢ 1 m? MTOBEPXHOCTH.

Konn4ecTBO BOASHBIX MapoB, 0Opa3yIOMIUXCS IPH XUMUYECKUX PEaKIHs, B
TOM YHCJIE ¥ IPU FOPCHHUM BEIIECTB, OMPEAEIAETCS MO OMBITHBIM JaHHBIM. [Ipu
CKUTaHHU | KI TOPIOYEro KOJMYECTBO OOpa3OBaBIICHCS BIard MOXKET OBITh

OIpesieNIeHo o Tabuuue 4.

Ta6numa 4. KomuaectBo Binaru Wrop , 00pasyromieiicst mpu cropanuu | Kr TOMInBa

["oproueii BemiecTBoO Wrop , KT/KT
BoaHb1il reHeEpaTOpHBIN a3 0,61
AnteTnneH 0,7
bens3un 1,4

KommuectBo  ucmapsitomieiicss Biaarm  Woxn (Kr/4) mnpu  NPUMEHEHHH
OXJIKIAOIMUX OMYJIbCHA TPH  OXJAXKACHUA METAUIOPSKYIINX CTAHKOB
onpenaensercs o popmyne Woxn =0,15-N, rme N - MoIHOCTh cTaHKOB, KBT.

BrnaroBbeineneHust  OT  TEXHOJIOTHYECKOTO  OOOpPYIOBaHHS  OOBIYHO

MMPUHUMAKOTCA 110 CIIPABOYHBIM HAHHBIM.
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Pacyer MecTHOM BBLITS:KHOM BEeHTUJISIIIUH

HckyccTBeHHass (MexaHWYecKas) BEHTWISLUS YCTpaHSET HeJIO0CTaTKU
€CTeCTBEHHOM BeHTWIALMU. [Ipu MexaHW4yeckoil BEHTWISALMH BO31yXOO0OMEH
OCYLIECTBIIIETCS 3@ CYET Hamopa BO3[yXa, CO3JAaBa€MOr0 BEHTWISATOPAMH
(oceBbIMH W UEHTPOOEKHBIMH); BO3AYX B 3HUMHEE BpeMsl MOJIOIPEBAETCS, B
JETHEe—OXJIAXKAAeTCsI U KpOME TOr0 OYMIIAETCS OT 3arps3HeHH (MbUIM U
BpEAHBIX MAapoB W ra3oB). MexaHuyeckass BEHTWISLUS ObIBa€T NPUTOYHOMH,
BBITSDKHOM, MPUTOYHO-BBITSDKHOM, a MO MECTY JEHCTBUA — OOIICOOMEHHOM u
MECTHOM.

[Ipu npuTouHO# cucTeme BeHTWIsIUM (puc. 4.1, a) npousBoauTCs 3a060p
BO3/lyXa H3BHE C TIOMOIIBIO BEHTWJISTOpa uepe3 Kajopudep, TIAe BO3AYX
HarpeBaeTcss M TMpPU HEOOXOAMMOCTH YBIAXHSETCS, a 3aTreM I[oAaeTcs B
nomenieHne. KoamyecTBo MoJaBaéMOro BO3[yXa PETYJIUPYETCS KilanaHaMH WId
3aCJIIOHKaMH{, YCTaHaBJIMBA€MbIMH B OTBETBICHHUSAX. 3arpsA3HEHHBIA BO3AYyX
BBIXOJUT Uepe3 JBEpPH, OKHA, (POHAPYU U U HEOUHILIEHHBIM.

[Ipy BBITAXKHOM cHcTeMe BeHTWJIsiuMu (puc. 4.1, 6) 3arps3HEHHBIA U
MEPErPEThId BO3AYX YHANSAETCS W3 MOMEIIECHUS 4Yepe3 CETh BO3AYyXOBOJOB C
MOMOIIBIO BEHTUWJISITOpA. 3arpsA3HEHHBIM BO3AyX Iepes BbIOpocoM B atMochepy
ouniaercs. YucTell BO3AYX NOJACACBIBAECTCS 4Y€pEe3 OKHA, ABEPH, HEIMJIOTHOCTH
KOHCTPYKLIUH.

IIpuTo4HO-BBITSZKHASA cucTeMa BeHTWIsinum (puc. 4.1, 6) cocTouT u3s
JIBYX OTHEJIBHBIX CHCTEM — IPUTOYHOW M BBITSIKHOW, KOTOPBIE OJHOBPEMEHHO
MOAAI0T B TOMEIIEHUWE YHCTBIM BO3AYX M YAQISIOT U3 HEro 3arps3HEHHBIN.
IIpuTOouHBIE CHUCTEMBI BEHTWISLMHA TakK€ BO3MEIIAIOT BO3AYX, YAAISEMbIN
MECTHBIMH OTCOCAMH U PACXOAYEMBIA Ha TEXHOJIOIMYECKHE HYXIbl: OTHEBBIC
IIPOLIECCHI, KOMITPECCOPHBIE YCTAHOBKH, THEBMOTPAHCIIOPT U JIp.

PaccuntbiBaemass  MeCTHas  BBITSDKHAS ~ BEHTWIAILMOHHAs  YCTAaHOBKA
npeaHa3HaYeHa /i yAaJIeHUs 3allbUIEHHOTO BO3/1yXa OT (DaCOBOYHOM MAIlllMHBI U

BKJIIOYaeT B ceos MNPUCMHUK 3allbZICHHOI'O BO31YyXa4, paCHOHO)KCHHBIﬁ Haza
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o 0
MallWuHOH, BO3AYXOBOJ, OJHY 3aABHXKY, [IBa IIOBOPOTa Ha 90 , OYHCTHOC

coopykeHue (IUKJIOH ), BEeHTWIATOP.

Puc. 4.1. CxeMa npuTOYHON, BBITSHKHOW M IPUTOYHO-BBITS)KHOM MEXaHUUYECKOMN
BEHTWIALIMU: @ — MPUTOYHAS; 6 — BBITS)KHAS; 8 — MNPUTOYHO-BBITSDKHAS; [ —
BO3JIYXOIIPUEMHUK JJIs1 3a00pa YUCTOr0 BO3AYyXa; 2 — BO3AYXOBOJIbI; 3 — (QUIBTP
JUISL OYMCTKHU BO3JyXa OT MbUIU; 4 — Kajnopudepsl; 5 — BEHTUISATOPbI; 6 —
BO3J1yXOpacrnpeieuTeIbHbIe YCTPOUCTBA (HACaIKH); 7 — BBITSIKHBIE TPYOBI JJIsI
BbIOpOCA yJaIsieMOro Bo3ayxa B arMocdepy; 8§ — yCTpOHUCTBA JIJIsl OUUCTKH
yIansieMoro Bo3iyxa; 9 — B03/1yx03a00pHbIE OTBEPCTUS ISl yIaTIsi€EMOT0
BO31yXa; /() — KJanassl JIsl PETYJIUPOBAHUS KOJIMYECTBA CBEKETO BTOPUYHOTO
PELUPKYJISLUOHHOTO U BEIOpAckIBAEMOT0 BO3/lyXa; /] — MOMeEIlEHuE,
00CITy’KHBaeMO€ MPUTOYHO-BBITSHKHON BEHTUIISILUMEH; /2 — BO31YXOBOJ IS

CUCTCMBbI PCUUPKYJLAITNN

Hcxoaubie 1aHHBIE:

b

1. npomane ceueHUs NpUEMHMKA (30HTa) — F, . =1u’;

AOIIOJJHUTCIIBHBIC OTBCPCTUA B BO3AYXOBOJAC OTCYTCTBYIOT — F_=0;

oon

kod(dunuent 3anaca — o =1,1;

Sl A

00BEMHBIN PACcX0]] BBIACISIOMIEHCS BT — V, =5-107 1 /¢

5. Temmeparypa yupanseMoro Bozayxa — 20°C;

H -cex

2 s
M

6. nuHaMHuYecKas BI3KOCTHb BO3AyXa — ., = 1,8-10°°

7. nnvHa BO3AYXOBOJA — L =20m;
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8. CKOpOCTBb BO3/1yXa B BO3LYyXOBOAE — W, =5m/c;
9. ruapaBIMYECKOE CONPOTUBIICHUE NUKIOHA — AP, =50071a ;

10.0061mmit K.1./1. BEHTUISIHUOHHOW YCTAaHOBKU — 1 =0,5 ;

11.tnameTp 9acTUIBI TBITH — d =100-10"°x;

12.kaxxymascs miIOTHOCTh YaCTUIIBI — p =1600xk2/ ’.

[Ipu pacuere HEOOXOAMMO HAWTH  MOIIHOCTH  DJEKTPOABUTATENS
BEHTHJIATOPA.

Brinonnenue padorbi:

| Beruncnenune kpurepus Apxumena

d’-p-p,-g

Ar = >
H.

, e

d — TMamMeTp YacTHIIbI TBLIH, M;

£ K&XYIIAsCS INIOTHOCTD YaCTHIIBL, K&/M
Pe— IUIOTHOCTD BO3IYXa, K&/M;

g — YCKOpEHUE CBOOOTHOTO A ICHUS;

e — TAHAMUYECKAs BSI3KOCTh BO3yXa.

_(100-107°)* -1600-1,2047 -9,81
(1,8-107°)*

Ar =58,361

2. Beruncienue kputepus Re,,,

Ar 58,361

RC = = =
M 18+0,61WAr  18+0,614/58,361

2

3. Beruncinenue o0beMHOTO pacxoaga yaarsieMoro 3aIlbJICHHOT'O BO3AyXa

V=W, (F,:+tF,)a+tV, M e,

rae Wnp =12-W

eum

=1,2-0,385=0,462m/c,
V =0,462-(1+0)-1,1+5-107 =0,508x" /

4. BeuuciieHre AuaMeTpa Bo31yXoBojaa

0 - o[58 oL
0,785-W, 10,7855

68



5. BeruucneHue TuAPaBIMICCKOTO  COIIPOTUBJIICHUA BCHTHHHHHOHHOﬁ

YCTaHOBKH
Ap=Ap, +Ap,, +Ap,. +47p,,
rae Ap, — CKOpOCTHOM Hamop, /la;
Ap,,, — TIOTE€PU HaNOpa Ha Tpenue, Ila,
Ap, . — IOTEpH HANIOPA HA MECTHBIE CONPOTUBIICHHUS, [/a;
Ap, — IOTEpH HAIoOpa B LMKIIOHE, [/a.

W p.  5°:1,2047

Ap... = =15,05911a,
2 2
A-L-Ap,,
Apmp :d—g
Ap,, — KO3(QQUUHEHT TpEHHUs, €ero 3HAYEHUE 3aBUCUT OT
Pertnonnsaca:

Re=1,5223-10";
6. Brruncienue MOIOTHOCTH 3JICKTPOABUTATCIIA BCHTUIIATOPA

. V-Ap _0508-553,292 _ 0.5626Bm
1000-7n 1000-0,5

©0,016-20-15,059
Pp 0.36

=13,38611a

Ap,. =165-Ap, =1,65-15,059 = 24,847 I1a

Ap =15,059+13,386 + 24,847 + 500 = 553,292 1a
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3AKJIIOYEHUE

B pe3ynbrare BBINOJHEHUS BBITYCKHOM paboOThl pa3zpaboTaH U H3rOTOBJIECH
7a00paTOPHBIN CTEH IS U3ydeHUs (HOTOEKTPUUECKUX SBICHHUM MO3BOJSIOMINN
U3MEPATHh BOJBTAMIIEPHBIE U JIIOKCAMIIEPHBIE XapaKTEPUCTUKU (HOTOIIEMEHTOB.
PazpaboTtannbiii 1ab0OpaTOpHBIM CTEHA Mg U3y4eHUs (OTOIIEKTPUUYECKUX
ABJICHUA TIO3BOJISIET TMOJy4aTh CBETOBbIE W TEMHOBBIE BOJbTaMIIEPHbBIC
XapaKTePUCTUKHN (POTOIIEMEHTOB.

W3meputenbHblii  Ook  ;mabopatopHOro  creHia Il U3Y4YEHUS
(OTORNEKTPUUECKUX SIBIICHUM KOHCTPYKTHMBHO BBHINIOJIHEH B BHUJE KOpIyca, Ha
nepeaHel naHenu KOTOPOro pacioyiokKeHbl ABa HU(POBBIX Npubdopa MyJIbTUMETPA
DT-830B, perynsatop ynpaBieHHs HampsDKEHUEM OJIOKOB MHUTAHUS U Pa3beMbl
KpeIUIeHUs JUIsl MOAKIIOYeHHUsT (DOTOIEMEHTOB BOJBTAMIIEPHYIO XapaKTEPUCTUKY
KOTOPBIX HEOOXOAUMO OIPENEIUTh.

[lutanue nabGopaTOpHOrO CTEHAA [JIi H3Y4YeHUs (POTORIEKTPUUECKHUX
SIBJIEHUM OCYIIECTBIISIETCS OT ceTu nepemeHHoro toka 50 I'u, Hanpsbkenuem 220
B, depe3 BbIxoa Ha OOKOBOW MOBEPXHOCTH CTeHAA. Bech MOHTaxX M coeAMHEHUE
U3MEPUTEIILHBIX TPUOOPOB U OJIOKOB MUTAHUS CKPBIT U BBIIOJIHEH BHYTPH 00bEMa
anekTpobe3onacHoro kopmyca. Ilpenensl u3MepeHUs CHIIbI MOCTOSIHHOTO TOKa
coctaBisitor 3HadveHus: 200 mxA; 2000 mxA; 20 MA; 200 MA. Ilpenensi
M3MEPEHUS HAIPSKEHUSI IOCTOSHHOTO TOKa cocTaBsioT 3HaueHus: 200 mB; 2000
MB; 20 B. /luana3oH u3aMeHEeHHs MOCTOSIHHOTO HAIpPSKEHUSI UICTOYHUKOB MUTAHUS
C NIOMOIIBIO AenuTens Hanpsbkenusi: ot 0 1o 12 B.

Pa3paboTannbiii 1a0OpaTOpHBIA CTEHJ ISl M3Y4YeHUS (DOTODIEKTPUUECKHUX
ABJICHUN MMeeT HeOOJNbIINe pa3Mepbl U Ha/leKeH B pabore. ['abapuThl yCTaHOBKHU
UL WU3MEPEHMs]  BOJBTAMIIEPHBIX  XAapPAaKTEPUCTUK COJHEYHBIX 3JIEMEHTOB
YUUTBHIBAIOT HEOOXOJUMOCTh €€ KOMITAKTHOTO pa3MelIeHusl Ha paboueM MecTe Mpu
MaKCUMalbHON 0003peBaEMOCTH OTIEIbHBIX OCOOCHHO BaXKHBIX KOMIIOHEHTOB.

Bpewms, 3aTpaunBaemMoe Ha MOJArOTOBKY Ja0OPATOPHOTO CTEHJA JUIsl U3YUCHUS
(OTORNEKTPUUECKUX SIBICHUN 3JIEMEHTOB K paldoTe, Ha JOCTUKEHUE OCHOBHOIO

pexKuma pa6OTBI C MOMCHTA BKJIFOYCHUA, Ha OCYHICCTBJICHUC ITOCTABJICHHBIX 3aJ1a4
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U 1ene HeOOoJNbIIoe, TOYHO PACCUYUTAHHOE U COMOCTABUMOE C OrPaHUYEHHBIM
BpeMeHeM ypoka. KoHcTpykuus 51abopaTopHOro cTeHAa Uil  W3YYCHHS
(b OTORNEKTPUUECKUX SIBIIEHUN 0OecrieunBaeT BpEMs Ha €ro MoAroToBKY K padoTe -
He 6ojee 5 MUHYT.

[TpunHIMn pa®oTel 1a0OPaTOPHOrO CTEHIA JIJIS U3YUEHUS (DOTOINEKTPUUECKUX
ABJICHUH IMOCTPOEH MO KOMIIEHCAIMOHHOM cxeMe. Mcrounuku nuranus Ha 12 B u
5 B, a Takxxe BepxHsig U HIXKHsAA yacTu pezuctopa Ru (220 Om) 06pa3yroT MocT, B
auaroHaib Kotoporo BkimodeHporodsiemeHT — DIIIIT (porosnexrpuueckuit
npeo0pa3oBaTeb).

Takoe BKIIOYEHHE NO3BOJSET MEHSTh MOJPHOCTHh HAIpPSIKEHHS M TOKa
4epe3(OTOINEMEHT, UYTO HEOOXOIMMO JUIsi TOYHOIO HM3MEPEHUS OCHOBHBIX
MapaMeTpoOB — TOKa KOPOTKOI'O 3aMBIKAHUS U HANPSIKEHUS XOJIOCTOrO XO/1a.

MaxkcumanbHbIN U3MEPSIEMBIE TOK KOpPOTKOro 3ambikaHusi OOIIII
OomnpeAesieTcsl XapakTepuCcTUKou wuctouHuka S5 B, u cocraBmger 1000 MA.
MakcuManbHOE  U3MepsieMoe HampsbkeHue xosoctoro xoza OOIIT — 12 B.

MakcumanbHbii n3mepseMbi npsiMmoid Tok OIIIT — 1000 MA.
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