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PABOTA Ne 1
OIIPEJAEJIEHUE PAJINY CA KPUBU3HbI JINH3bI

Llenv pabomul: 03HAKOMHUTHCS C yCIOBUSIMH OOpa3oBaHUsA MHTEp(epeHIu-
OHHBIX TIOJIOC PaBHOHM TOMIIWHBI (Kosier, HpI0TOHA) ¥ BBIYMCIUTD PANyC KpH-
BU3HBI JIUH3HI.

ObopydosaHue. U3MEPUTETHHBIA MUKPOCKOIT C OCBETHTENEM, JIMH3Aa, CTEK-
JISTHHAS [JIACTUHKA.

Onucanue Mmeroaa

HuTepdepenius cBeTa —3TO TaKOe CI0KEHNUE CBETOBBIX BOJIH, IIPH KOTOPOM
Ha 3KpaHe MPOUCXOAUT NEPEPACHPECICHUE SHEPTUN ITUX BOJH B MPOCTPAHCT-
B, B PE3y/bTAaTe YET0 HA dKpaHE 00pa3yroTCs YepemyIoNIuecs TEMHbBIE U CBET-
JIBIE TIOJIOCHI.

YactHpiM ciiydaeM wuHTEp(EpeHIIMA CBeTa SIBISIOTCA Kojblla HproToHa
(puc. 1), BO3HUKAIOIIKE TPH HOPMATBLHOM MPOXO0XJICHUHN WM OTPAKCHUU CBETa
OT KOHTAKTa BBIMYKJI0HM JMH3bI C ¢ 1I0cKoM miactuHkoi B. CBeT B 3TOM siBIie-
HUU TPOSABIISIET ce0s KaK AJIEKTPOMarHuTHasl BOJIHA.

Jlst Toro, 4ToObl B JaHHOM 00J1acTH MPOCTPAHCTBA HAOIIOAAIOCH OCTOSH-
HOE B3aMMHOE€ TallleHUE WM YCWJICHHE CBETOBBIX BOJH, HEOOXOIHMMO, YTOOBI
Y4acTOTa BOJH (W OblIa OJMHAKOBOW M PAa3HOCTh (ha3 OP BOJIH, MPHUXOJAIIUX B
JTAHHYI0 00JIaCTh, C TEYCHHEM BpEeMEHU He MeHsulach. CBETOBBIC BOJHBI, KOTO-
pbIe MPUXOAAT B IAHHYIO TOUKY IPOCTPAHCTBA C IMIOCTOSTHHOM (HE MEHSIOMIEHCS
BO BPEMCHHM) Pa3HOCTHIO (ha3, HA3bIBAKOTCS KOTEPCHTHBIMHU.

VYcnoBrue KOTEpEeHTHOCTH MOKHO 3alIMCaTh TAK:

W = G,
Oo¢ = const.

Komba HproTOHA MOXKHO
HAOJII0IATh KaK B MPOXOJSIIEM,
2 TaK U B OTPAXKEHHOM CBETE.
Wurepdepupyror B  oTpa-
| KeHHOM cBete yun 1 u 2. [lpu
HEOOJIBIIIOM YyJaJIeHUU OT ONTH-
| YECKOM OCH JIMH3bl OHM COXpa-
| © HSIOT KOIE€PEHTHOCTh, TaK Kak

A TOJIIMHA BO3AYIIHOTO KJIMHA B
| 3TOM MECTE MEHBIIE JUIUHBI KO-
repeHTHOCTH. [1o Mepe ynanenus

| OT ONTUYECKOW OCU PACTET TOJI-
Puc. 1 IIMHA BO3YILIHOTO 3a30pa, yBe-
JUYUBACTCS ONTHYECKas pas-




HOCTb XOJa, HapylIaeTcss KOT€PEHTHOCTh U MHTEP(EPEHIIMOHHAs KapTHHA IO-
CTEIIEHHO Pa3MbIBACTCS U PONAAACT.

ITpousBeneHne abCOMIOTHOIO MOKA3aTENs NPEIOMIIEHUS N Cpeibl, B KOTOPOH
PaCIpOCTPAHAIOTCS BOJIHBI, HA TEOMETPUYECKYIO JUIMHY ITyTH JIy4a B 3TOM Cpene
Ha3bIBACTCSl ONTHYECKOW JMMHON myTH Nl . PazHOCTh ONTHYECKUX MJIUH MyTH
Ha3bIBACTCS ONTUYECKON PA3HOCTBIO XO/a!

A=nd;—ni,.

Ecnu korepeHTHbIE BOJIHBI HHTEP()EPUPYIOT B OAMHAKOBBIX (pa3ax, OHU Mak-
CUMAaJIbHO YCUJIMBAIOT JApyr apyra. [Ipu 3ToM ux onrtuyeckas pa3HOCTh xoja 4

A
paBHa 4Y€THOMY UYHMCIIY ITOJYBOJH ZmE YcnoBus MaKCHUMYyMa 3aITUCbIBAIOTCA

CJIEIYIOIIUM 00pa3oM:
Sop = £2mn; ]

A = iZmi. J
2

rae M —nopsaok uarepdepeHnnonHoro makcumyma (m =0, 1, 2, ...);
Op — pa3HOCTh (a3 CKJIaAbIBAEMBIX CBETOBBIX BOJIH.

Ecnmu xorepeHTHBIE BOJHBI MHTEPHEPUPYIOT B MPOTHUBOMOJIOXKHBIX (a3ax,
OHHM MaKCUMAaJbHO OCIA0MstoT ApyT apyra. [Ipu 3ToM ux onTudeckas pa3HOCTh

A
xoaa 4 paBHa HEYETHOMY YHCITy IMOTyBOIH 2(M+1) Py YcnoBust MUHMMYyMa 3a-

MUCBIBAIOTCS CIAEAYIOUIUM 00pa3oM:

% (1)

op = £(2m+n; ]F 2)

4 = i@m+D%.J

3nmeck M—nopsaoK HHTEphepeHnrnonHoro Muaumyma (M =0, 1, 2,...);
Op — pa3HOCTH (a3 CKIIAABIBAEMBIX CBETOBBIX KOJICOAHHUI.

OnTuueckas pa3HOCTh Xoja gyuend 1 u 2
A

A =2dn + —, (3)
2
rae d — ToNIMHA TPOCIOWKH MKy JIMH30M U TUIACTHHKOW B MECTE HaOJI0/Ie-
HUs uHTEepdepeHH, N — aOCONIIOTHBIN MOKA3aTENb MPETOMIICHHS CPEIbl B 3TOM
npomexyTke. Eciu Takoit cpenoit siBisieTcst Bo3ayx, To N 1. JIyy 2 orpaxaercs
OT ONTHYECKH OoJiee MIOTHOU cpennl. [Ipu 3ToM m3mensercs dasza xkonedaHus
Ha MPOTHBOITOJIOKHYIO, YTO PABHOCHIIBHO H3MEHEHHIO X0/a Jy4ya Ha A/2 .
B mMecte HaOmofeHUs TEMHOTO KOJIblla ONTHYECKas pa3HOCTh XOJla JIydeu
(3) paBHa HEUETHOMY YHCITY TIOJTYBOJIH, TO €CTh JUISl M-TO KOJIbIIA
2+ = @)
2 2
4

(4)



NI

dy, = md. ) (5
2
TonmuHa Bo3aymHOro KiMHA Oy B MecTe HaOIMFOICHUS M-ro TEMHOTO KOJIb-
I1a CBSA3aHa C PAJNyCOM 3TOr0 Kojblia 'y (puc. 2). [lycte AE paauyc M-ro Tem-
Horo kousiblia, To ectb AE=BD=r,, OD=04 u sBnsercs paguycoM KpUBH3HBI
mun3bl R Torma OF = OD — DE = R — d,. 1ns tpeyronsauka OEA MoxeM 3a-
nucaTh
R2= (R - dn)2+ rm2 ,
WIIH
RF= R*—2Rdn+ di+ I (6)
0F MOXKHO TIpeHEGPEdb, TAK OHO MAJIO MO0 CPABHEHHIO C APYTHMH BETHIHHAMH.
- Torna u3 (6)
O rm2= 2Rdy, . (7)
[MoxcraBss B ypaBHenue (7)
R Beipaxkenue (5) s dp, moaydaem
o =VMRA.
dopmyna (8) omuceiBaeT Be-
JUYHMHY paguyca J000Tro TEMHOTO
KoJbla HbloTOHa B OTpa)keHHOM
ceere. Ecnu B 3a30pe Mexy JTuH-
E F'm \ ~ © 300 M IUIACTUHKONM HaXOIUTCS
A KUIKOCTh, aOCOJIIOTHBIA MOKa3a-
D B TEIb  NPEJOMJIEHUS  KOTOpPOH
Puc. 2 Moe < Mem
rh, = m&
m nm

B mecre conpukocHoBeHus JuH3bI ¢ mactuHOW (d = 0) onTudeckas pa3HOCTh
xona A =A/ 2, 94T0 COOTBETCTBYET YCIOBUIO MHHUMYyMa. [103TOMY B IIEHTpE WH-
TepepeHIIMOHHOM KapTHHBI OyeT HaOM0aaThcs TeMHOE MATHO. OHO OKpYyKe-
HO KOHIICHTPUYECKUMHU YEPEAYIOIIUMHUCS CBETIBIMA W TEMHBIMHU KOJIbIIAMH,
KOHTPACTHOCTh KOTOPBIX MOCTENEHHO YObIBaeT. bimxkaiiliee kK TEeMHOMY MSATHY
TEMHOE KOJIBbIIO COOTBeTcTBYeT M = 1. [lo Mepe ynajieHus OT IEHTpa HoMepa
KOJICI PacTyT.

Onucanme yCTAaHOBKH

Ha cromuke mukpockomna (puc. 3) MOMEIIAOT ITUIOCKONAPAUICbHYIO TIa-
CTUHKY M3 CTeKJa A U JIUH3Y Majloil KpuBHU3HbBI B. BHYyTpu TpyOKHM MUKpOCKOMa
HAXOJIUTCS CTEKJISTHHAS TUIACTMHKA P ¢ HaKJIIOHOM K ocu MHUKpockomna 45°. Cet
OT UCTOYHHMKA S oTpaxkasich oT P, magaer Ha nuH3y HOpMasibHO. Konbiia Hbto-
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TOHa PacCMaTPUBAIOTCSA OKYJSIPHBIM MUKpoMeTpoMm. OH mpejacTaBiseT coboil
CTEKJIIHHYIO IUJIACTUHKY C JAeleHusMH. [I1acTHHKY moMemnialoT B IUIOCKOCTb
n300paxkeHusi, cozgaBaeMoro oobektuBoM O. lleHa neneHus MUKpOCKOIa yKa-
3aHa Ha yCTaHOBKE. JJi MOTydeHUs] MOHOXPOMATHUECKOTIO CBETa CIY>KUT Kpac-
HBIN CBETOPHIIBTD.

BobinosiHeHue U3MepeHus

1. BxatounTh BUIKY OJl0OKa MUTAHUS B PO3ETKY CETH U MOBEPHYTh TyMOJIEp
Onoka nutanus (eciu oH ectb). [Ipu 3TOM J0IKHA 3arOpeThCs JIaMIla OCBETHTE-
T,

2. [locMoTpeTh B OKYJSIp MHUKpPO-
Hlxana ckona. B nieHTpe mons 3peHust A0KHA
ObITh KOJIbIIa Hprorona. Eciu ux Her,
TO HEOOXOJUMO HACTPOUTH MUKPOCKOII
C MOMOIIBI0 BUHTA TpyOOil HACTPONKHU

_A S (kpyrmass 4yepHass py4yka Ha CTaHHHE
v * MHUKPOCKOTIIA), IS B OKYJISIp C M3Me-

e
PUTEIBHOM MIKAJIOW. ECIM LIEHTP KOJell
> HE COBMAJAaeT C LIEHTPOM HU3MEPHUTENb-
0 HOM IIIKAJIbI, TO MEepPEeMeIaTh MOJACTaB-
W B Ky A ¢ gun3oit B (puc. 3) 1o ux co-
1 A BMEILICHUS.
3. PaccmoTtpute uHTEpQEpEeHIINOH-
Puc. 3 HYIO KapTuHy. B 11eHTpe 10KHO OBITH
- TeMHOE IATHO. Eciiu B IeHTpe cBetiioe
ISITHO, TO HEOOXOJIUMO MPOTEPETh OT IMBUIM MECTO KOHTAaKTa JUH3bI B ¢ moj-
CTaBKOH A M CHOBa COBMECTHTH IIEHTPHI Kbl U Koyiell. CYeT TEMHBIX KOJIEI
HAYMHAETCS C CAMOTO MAJIOTO, OKPYKAIOIIET0 IIEHTPAThHOE TEMHOE TISTHO.

4. N3mepbTe 1o mkajie (B ee MajbIX JICJICHHIX) TOJOKEHUE TOYCK Tepece-
YEeHHS TIEPBOTO KOJIbIIA CO IIKajiol. Pa3sHuIla qacT BaM 3HaueHUE AUaMeTpa Tep-
BOTO KOJIbIIa B MaJIbIX JCNICHUSAX MIKaibl. Kpas Kosiel pa3MbIThl, TO3TOMY H3Me-
pEHHUS TPOBOJUTE MO CaMOMY TEMHOMY MECTY KOJbIa. 3aKOHYHB H3MEPECHHE
JIaMeTpa MepBOro KOJIbIA, MOBTOPUTE MPOIEAYPY U3MEPEHHUs eme IS YeThI-
pEx konen. Pe3ynbpTaTel H3MEpPEHHS 3aHECUTE B TAOIHILY.

Csemodghunomp

AN




Tabnuia
A= 700uM = 0,710 mm(kpacHsiii c¢d.) A = 550um = 0,5510°° mm (3eneHsiit cd.)

Homep [Tonoxenue KoapLa Pauyc KobIIa,
TeMHOTO Ha IIKayie
KOJIbIIA JleBBIN [IpaBsbrii Mairie neie- MM
Kpaii Kpai HUS IIKAJIBI

1

2

3

4

5

Oo0padoTKa pe3yabTaTOB

1. Paznenuth momnojaM pasHHILy KOOPJMHAT JIEBOTO U MPABOTO KpaéB KOJb-
na. [TomyueHHOE 3HaUeHHE paanyca Kojbla (B MaJbIX JEICHUSIX IIKAJbI) 3aIu-
caThb B TaOJIHILY.

2. [lepeBecTy B MHJUTMMETPHI TOJTYUYECHHBIE 3HAYCHHS PAJAUYCOB KOJEIl YM-
HOXKHMB MX Ha LIEHY MaJIOTO JeJICHHs MIKabl (IIeHa MaJloro JACJICHNUs MM yKa3aHa
Ha OJIOKe MHUTaHus). 3aucaTh Pe3yabTaThl B TAOIUILY.

3. 1o popmyne

R =
mA
Onpenenurte MATh pa3 paanyC KpUBHU3HBI JUH3BI B MM. Halimute e€ cpennee
apupMETHIECKOE 3HAYCHUE
2R

(R) = Ri+Ry+R3+ Ry +Rs _ 5
5 5
4. Onpenenure CIy4aiHyIO MOTPEITHOCTh ONMPECIICHHUS Painyca KPUBHU3HEI
JUH3BI TI0 hopmyiie

N
2(R-R)*
i
PNY N(N-D
rae N =5, a koapdumment CTpriofeHTa HalaUTE MO TaOIUIE, MPUHUMAs JOBE-
putenpHyio BepositHocth P =0,9.

5. 3anuiMTe OKOHYATENIbHBINA pe3ybTaT B BU/IE:
R= <R> + AR, MM

AR =t

U C/IeJIaliTe TI0 paboTe BHIBOJI.




PABOTA Ne 2
W3MEPEHME JJINHBbI CBETOBOM BOJIHBI

Llenv pabomul. 03HAKOMUTHCS C SIBICHUEM AU(PPAKIIMN CBETA, MPOU3BECTH
U3MEPEHHS U BBIYMCIUTH JUIMHBI BOJIH OCHOBHBIX JIMHUN H3TyYCHHS apOB PTY-
TH B BUJIMMOU YaCTH CIIEKTpa.

ObopydosaHue. OCBETUTENH, OJOKH MUTAHUS, IIKaJla ¢ MIeNblo, TudpaKiu-
OHHAas pelleTKa.

Onucanue Mmeroaa

Judpakumeit Ha3pIBaeTCsl OTMOaHWE CBETOBOM BOJHOM TpaHUIl HEMPO3pad-
HBIX TeNl ¢ o0pa3oBaHHEeM MHTEP(PEPEHIIMOHHOTO MepepacipeesiCHUus] SHEPTUH
10 PA3JIMYHBIM HAIPABICHUSIM.

[Tonp3ysich siBIeHUEM MU(PAKIIUU CBETA, MOKHO C MIOMOIIBIO TU(PPAKITNOH-
HOW pEeIIeTKH U3MEPHUTh [JIMHY CBETOBOM BOJHBIL. JlM(pakimnoHHas perieTka
NpeACTaBiIseT coOO0M cUCTEMY MapaJlIebHBIX JIPYT JPYry LIeied paBHOU IIu-
PHHBI, PACHOJIOKEHHBIX HA PABHOM PACCTOSHUM Jpyr OT napyra. PaccrosiHue
MEXIy CepeMHaMH COCeIHMX Ielel, papHoe (a + b) = d, rae b — mmpuna e-
7, & — IIAPHUHA HETPO3PAYHOIO MPOMEKYTKA MEKY IIEJISIMU, HA3bIBAECTCS IIe-
puooM audpakiinoHHOM pemeTku (puc. 1).

[Ipu mageHnn Ha pEmIETKY IUIOCKOWM MOHOXPOMATHUYECKOM CBETOBOW BOJIHBI
KaKJas TOYKa IIeJied CTAaHOBUTHCS MCTOYHUKOM BTOPHYHBIX CPEpUUHBIX KOTe-
PEHTHBIX BOJIH, PAaCOPOCTPAHSIOLIMXCS OT PELICTKH BO BCEX HANPABIICHUSX.
[Tnockoit Ha3bIBaeTCsl BOJHA, GPOHT KOTOPOU MpEnCTaBIseT COOOM MIOCKOCTS,
OTHeTsSoMas 001acTh, BOBJICUCHHYIO MPOXOSIIEH BOJHOW B KOJI€OATETbHBIMN

a 6

4 ¢ | B

P\

Puc. 1



npoiiecc, oT 00JacTy MPOCTPAHCTBA, IO KOTOPOH ellle He JOIUIa BOJIHA U HE Ha-
yanuch Kosiebanus. Ecny Ha MyTH BOJIH 32 PEIIETKOW MOCTaBUTh COOMPAIOIIYIO
JMH3Y, TO Ha KpaHe, Paclo0KEHHOM B ()OKaTbHOU IIOCKOCTH JIMH3BI, OyJeT
HaOmogaThCsl MUPAKIMOHHAS KapTUHA: PAJ CBETIBIX IOJIOC, Pa3AEICHHBIX
TEMHBIMH MIPOMEXKyTKamMH. B nanHO# paboTe pojb JMH3BI BBHINOIHSET IJ1a3 Ha-
omonaTens. Bropuunble BONHBI, HIylIME B OJHOM HampaBieHHE, MPH HaJIOXKe-
HUE HMHTEPPEpUPYIOT MEXAy coOoil. Pesynbprar mHTepdepeHInn 3aBUCUT OT
pa3HOCTU XO0/a, C KOTOPOM ATH BOJIHBI MPHUAYT B JAHHYIO TOYKY 3KpaHa. XOJ
Jay4eit oT qudpakMOHHON PEIeTKH 0 3KpaHa MmokaszaH Ha puc. 1.JIunza «cop-
TUPYET» CBETOBBIE JIyUH IO HANpaBiICHUSIM. Ta 4acTb CBETOBOM BOJIHBI, KOTOpas
IPOXOJHT Yepe3 PelIeTKy B MPSMOM HaIlpaBieHuU (apaiebHO TIIaBHOW OII-
TUYECKOW OCH JIMH3BI) coOupaercs nH30i B Touke O. B Touke M nuH3a coOu-
paet BMecTe BCe MapayjieNibHble Jy4H, COCTaBJISIOIINE C IepBOHAYAIbHBIM Ha-
HpaBJIeHUEM HEKOTOPBIH yroa @. 3nech @ — yron nudpakiuuu.

Ecnu pazHocTh X012 BoJTH 4 paBHa YeTHOMY YUCITY MOIyBOJH (2MA/2), To
BOJIHBI TAKUX IIYYKOB NMPUXOJAT B TOUKY HAOJIIOAEHUS B OJMHAKOBBIX (a3ax, U B
pe3yabTare HHTepQepeHIN oyyaeTcs MakCuMyM cBeta. M3 puc.l cienyer,
4To

A=BC = (a + b)sing. (1)
Torz[a YCJIIOBUC I'TITaBHBIX MAKCUMYMOB NUMCCT BHU
dsing =12m% = +mi (2)

Yucno M Ha3piBaeM nopsakom mMakcumyma. [Ipu m = 0 momyyum neHTpaib-
HYI0 CBETJIYIO MOJiocy, Ipy M = 1 — nBe cBETIbIE MOJIOCHI MEPBOIO MOPsIKa
CIIpaBa M CJIEBA OT LIECHTPAIBHOIO MAKCUMyMa U T.1.

B HekoTOphIX HampaBiIEHUSIX Ka)KJas ILIEJb Ja€T MUHUMYM CBETa. JTU Ha-
IIPABJIEHUs COOTBETCTBYIOT YCIOBUSM MUHUMYyMa OT BCEX LIEIEH

asin¢=12m%=im/1 (3)

Ecnu cknaapiBarOTCs JIydu, HAYIIHME OT Pa3HBIX, HO HE OT COCETHUX IIeJIeH,
W MpU ITOM BO3HUKAET PA3HOCTh XOJ1a, paBHAs HEUYETHOMY UMCIY IMOJYIJIUH
BOJIH, TO BO3HUKAIOT J100aBOYHbIE MUHUMYMBI. VX yClIOBHE UMeEeT BUJ

ing =+
dsm¢—iN}l (4)

rae N —oOmee uucio menei qudpaxkinuonnon pemerku, m’= 1, 2, 3,...,N —-1.
Brenrae nosiBiieHe AOMOTHUTEIEHBIX MUHUMYMOB MPOSIBIISIETCS. B TOM, UTO
nudpakIMOHHAs KapTUHA TIPEICTABIsACT COO0H MUPOKHE TEMHBIE TTOJIOCHI, Pa3-
JIeJICHHBIC CBETJIBIMA Y3KMMH JIMHUSMHU TJIABHBIX MaKCUMyMoOB. Yem Ooibiiie
MITPUXOB COACPKUT AUPPAKIUOHHAS PEIIETKA, TEM YK€ TOTydaroTcs Audpax-
IIMOHHBIC MAKCUMYMBI, TEM BBIIIIC pa3pearonas CrioCOOHOCTh PEIICTKH

Rzisz,
yay)
9



rae N — obriee uncIo meneil pemerky, M — MOPSIIOK CIIEKTpa, B KOTOPOM pas3-
pemarorcs (BOCIPHMHUMAIOTCS Pa3IeibHO) CIIEKTpPalbHbIE JTUHHHM IBYX BOJIH
UIMHOU A u A + AA.

o
NN
7
NN
T
AN

Benbrii
Cnektp Cnektp CBET Cnektp
3 nopsiaka 2 nopsiika Crexrpst 1 6psika 2 nopsiika 3 nopsiaka

Puc. 2

Ecnu Ha pemietky nmajgaeT He MOHOXPOMATHUYECKHH, a Oelblil CBET, TO BCE
IJIaBHbIE MAKCUMYMbI, KPOME LIEHTPAIbHOTO, pa3iaraloTcsl B CIEKTP, U KapTHUHA
npuoOpeTaeT BUJ, NPEACTaBICHHbIN Ha puc. 2. 13 (2) BUIHO, YTO B 3THX CIICK-
Tpax KpacHble JIydn 0ojiee yJaleHsl OT IIEHTPa, YeM (UOIeTOBbIe, T.K. A, > Ay.

Onucanme yCTAaHOBKH

CxeMa ycTaHOBKH MOKa3zaHa Ha puc. 3. CBeT oT ucTouHuKa 1, mpoias y3Kyro
HIeNb 2 B KOXKyX€ JIaMIlbl 3, MaJaeT MPaKTUYECKH MapayijieNIbHbIM ITy4YKOM Ha
nudpakoHHyo pemetky 5. HaGmromaercs nudpakimoHHas KapTUHA TIJIa30M.
[Tpu 3TOM TN1a3 MpoOEUpPYET CBETJbIEC JIMHUU Ha HIKaldy 4, Ha KOTOpOM BHUIHA
I paKkIMOHHAs KapTHHA.

4
C p—
3 5
2 ' 4
1% B > ;
L
1
Puc. 3
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U3 tpeyronparka ABC BuaHO, 4TO yron Audpakiud @ ajis OTACIbHBIX I0-
JIOC MOKHO HaWTHU U3 PABEHCTBA

l , l
tgg=—  wm sing =———— , (5)
L [12 4|2
rae L — paccTosiHue OT menu 10 1uppakiinoOHHON pelieTkd; ¢ — pacCTOSIHUE OT
MaKCUMyMa HYJIEBOTO MOPsiIKa (OT MIETH) A0 UHTEPECYIOIIEeH HAC MOJIOCHI CIIEeK-
Tpa.

BoinosiHeHue u3MepeHmni

1. BxiIroyuTh OCBETUTENb C PTYTHOM JIaMIoM, HMEIOUIEH JIMHEHYaThIi
CIIEKTP.

2. YcTaHOBUTH NU(PPAKIMOHHYIO PEUIETKY 10 BO3MOXHOCTHU JAJIbIIE OT Iile-
JIM TaK, 9TOOBI OTYETIIMBO OBLIIM BHUJIHBI CIIEKTPHI IEPBOTO U BTOPOTO MOPSIKOB.
W3meputh pacctossaue L oT menn g0 pemeTku. [1m1ockocTh pemerku HeoOXo-
JMMO pacrioyarath MeprueHANKYISIPHO K CBETOBBIM JTydaM.

3. I'msimst yepes pemeTky Ha Imeib, U3MEPUTH IO IIKaJIEe PACCTOSHUE OT Ce-
peAVHBI MeNH 10 (HUOJIETOBOM JIMHUH B CIIEKTPaX IMEPBOTO U BTOPOTO MOPSIKOB.
Cnenyer uameputsb ¢ ‘u ¢’ (BIpaBo | BJIEBO OT MIen). Pe3ynbraThl H3MepeHui
3aHecUTe B TAOIUILY.

4. Ucnionb3ys popmynst (2) u (5), onpeaenuTs JIMHY BOJTHBI (DHOIETOBBIX
Jaydeit. 3HadeHre neproia pemeTkn d ykazaHo Ha YCTaHOBKE.

A =Esin(arctg£j wi A =EXL :
m L m Js2 42
5. BemoaauTs .. 31 4 [y1si CHHUX, 3€JICHBIX M OPAHXKEBBIX JTydeid. Pe3yiib-
TaThl BBIUMCICHUHN 3aHeCTH B Tabmuiry. OnpenenuTs s KaXa0ro IBETa CPel-
HIOIO JUTHHY BOJIHBI <A>.

Tabnuna
L= d=
L{Bet [Topsi- | BneBo | BmpaBo | </>, sing | A ,MxMm | <A>,
TOK {vm | 7, MM MM MKM
CIICKTpa

duonero- 1
BBIN 2
Cunnii 1
2
3eseHblit 1
2
OpanxeBbIit 1
2

6. OnpenenuTh a0COJIIOTHYH CHCTEMAaTHYECKYIO MOTPEIIHOCTh G4 B ompe-
JIEJICHUH ITTMHBI BOJIHBI JIJ1s1 KAKOT0-JIMOO OHOTO 1IBETa
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A=< >(%+ﬁ).
4 L

3nece 8 0 — IOTPECIIHOCTD B OIPCACICHUH MOJOKCHUS JIMHUU, PaBHAs LICHE
JeNeHusl mKajibl, 6 L — morpenHoCcTh B ONMPEISIICHUN PAaCCTOSHUS OT audpax-
IMOHHOW PELICTKU 10 IIKaJbl, PaBHAs LICHE ICJICHUS JIMHECHKMU. Cuurath 10-
I'p€IIHOCTD B ONPCACICHNUHN JJIMHBI BOJIHBI APYIr'UX IBCTOB TaKOH XKe€.

7. 3anucaTth OKOHYATEIbHBIN PE3YyabTaT AJIA KaXXI0IO IIBCTA.

A=<<A>%64

8. Cnenarp BBIBOJ, cunTas G4 i BCeX LIBETOB OIMHAKOBOM. CpaBHI/ITb Ino-

JIYYCHHBIC IJIMHBI BOJIH C Ta6JII/I‘{HI>IMI/I.
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PABOTA Ne 3
MN3MEPEHMUE IIOKA3SATEJIA ITPEJIOMJIEHUSA BO31YXA

Llenv pabomul: 03HAKOMUTCS C UHTEPPEPEHIMOHHBIM METOAOM OIpeere-
HUS TTOKA3aTeNsl MPETOMIICHHSI Ta30B M C €r0 MOMOIIBIO ONMPEIEIUTh aOCOIOT-
HBIN MMOKa3aTeh MPEeTOMIICHHS BO3AyXa.

Obopyoosanue: natepdpepomerp [1IN-10, manomeTp, MOMIIa, OCBETUTEID.

Onucanue MeToaa

CoryiacHO MakpoCKONMYecKOoil Teopuum MakcBemia, aOCOMIOTHBIN MOKa3a-
TE€Jb NPEJIOMIICHHS BEIECTBA

n=°, (1)
v

MIPEICTABIISIONINI CO00I OTHOIIIEHHE CKOPOCTH CBETa B BAKyyMe€ K CKOPOCTH
pacrpoCTpaHEHHUs CBETa B ITAHHOM BEILIECTBE, CBSI3aH C AJIEKTPUUECKON £ U Mar-
HUTHOM [/ IPOHULIAEMOCTSIMU CPEbI

n=./&gu.
Tak kak (/=1 nna Bcex HepeppOMarHuTHBIX CPel, TO

nO-/e (2)

CJICILYCT OTMCTUTD, YTO OTHOCHUTCIIbHAA AUIJICKTPUYCCKAas IMPOHUIACMOCTb

c
Cpeanl &, a 3HAYMT M N, 3aBUCAT OT 4aCTOThI CBETA f= j . Takas 3aBUCUMOCTh

BBI3BIBAET JUCIIEPCHUIO CBETA.

JusnexTpuueckass TPOHUIIAEMOCTD SBJISIETCSI OJTHOM U3 OCHOBHBIX XapakTe-
PUCTUK JMAJIEKTPUKA U CBSI3aHA CO CBOMCTBAMU aTOMOB WJIM MOJIEKYJ, BXOJIf-
IIUX B COCTaB AMAJIEKTpUKa. Jlusnexkrpuyeckass NPOHUIIAEMOCTh €CTh OTHOIIE-
HUE€ HANPSKEHHOCTH MOJIA B BAKYyME U HANPSKEHHOCTU 3JIEKTPUUYECKOTO TOJIS
B OJIHOPOJIHOM M3O0TPOMHON Cpele MpU OJHOM U TOM K€ PACIHOJIOKEHUH DIICK-
TPUYECKUX 3aPsS0B, CO3AOIINX MOJIE.

E,

E=—.
E

Ocnabnenue mojst B AMAJICKTPUKE CBA3aHO C ero nossipusanueit. Komnuect-

BEHHOM XapaKTepUCTUKOW NOJISIpU3ALUU SIBJISIETCS BEKTOp mossipuzanuu P,
PaBHBIM CYMMapHOMY JJICKTPUYECKOMY MOMEHTY €JMHHUIIBI 00BbeMa JUIJIECKTPHU-
ka. Ecii qusneKkTpuk OogHOPOZIEH, TO BEKTOP MOJSPU3ALIMM, COTJIACHO KJIACCH-
YECKOW TEOPHH,

—

I5=n0a£0E=X£0E,

3
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rne E —HanpsykeHHOCTh MOJIS B IUAJICKTPHUKE; Ny — KOHIICHTPALIUS MOJICKYJ; o
— MOJIAPU3YEMOCTh MOJICKYJ (BEIMYMHA, KOTOPasi XapaKTepHU3yeT CIIOCOOHOCTh
MOJICKYJIBI TJAHHOTO BEIIEeCTBA IMOJISPU30BATHCS MO JACHCTBHEM BHEIIHETO I10-
1), & = 8,85107** d/m — ANIEKTpUYECKasi TOCTOSIHHAS, ¥ = O Ny — IUAJIEKTpUde-
CKasi BOCIIPUUMYHMBOCTh TUAJICKTPUKA. MEXIy €U )Y CYIIECTBYET CBA3b:
E=1+y. (4)
Takum 00pa3om, mokaszaTeib MPETOMIICHUS OHOPOJIHOTO M30TPOITHOTO Be-
IIeCTBa

n=+ve =1+ xy =\1+an,.
Tak Kak KOHIICHTpAIMs MOJIEKYJ Ny CBs3aHa C JaBICHHEM ra3a COOTHOIIE-
auem P = ngkT, o

no 1+i$. (5)

3necy T — TeMmeparypa raza; K = 1,381023 Jx/K — moctostuHast boibiMa-

Ha. [lns raza Pa /KT << 1, moatomy, paznoxuB BeipakeHue (5) B psif, MOTydnm

nO1+ 29 =14 KP. (6)
kT

W3meHnenune napnenus Ha AP MPUBOANT K U3MEHEHHUIO MOKAa3aTess MpeaoM-
JeHust Ha AN :

An=KAP. (7)

dopmyna (7) mo3BoiseT MO U3BECTHBIM 3HaueHUsIM AN u AP onpeneanThb

K03 GuIeHT mponopunoHanbHocTH K, a 3ateM 1o ¢dopmyie (6) MOKHO BbI-
YUCJIUTH U 3HAYCHHE IMOKA3aTeNs TPETOMIICHHS N.

[TokazaTenp TpeTOMIICHHS BO3yXa C M3MCHCHHEM JaBJICHUS MEHSICTCS
odeHp Mano. OTHUM U3 MPUOOPOB, MO3BOISIONIUX 3aMETHTh ITH Majible U3Me-
HEHUs, ABJSIETCS HHTEpPepoMeTp — Mprudop, B KOTOPOM UCITOJIB3YETCsI SIBICHHE
uHTep(epeHInn cBeTa.

[Tydok cBeTa C MOMOIIBIO TOTO WM HWHOTO YCTPOMCTBA MPOCTPAHCTBEHHO
pasnensercs Ha JBa KOTEPEHTHBIX JIy4a, KOTOPhIE TPOXOIAT pa3IndHbIe OTTH-
YecKHUe MyTH, a 3aTeM CBOJATCS BMecTe W nHTepdepupyror. MaTepdhepeHnoH-
Hasi KapTHHA OOBIYHO MPENCTaBISET COOON Yepeayromrecss TEMHbIC U CBETIIbIE
nosiockl. OKpacka CBETIBIX TIOJIOC OMPENesIeTCs ITUHOW BOJTHBI CBETa, UCIIOJb-
3yeMoro B HHTEphEepoMeTpe.

Ecnu oauH Jiyd mpoXoauT reoMeTpudeckuid myTh |1 B cpene ¢ mokasaTenem
npeoMIICHHUs Ny, a APYroi — myTh |, B cpelie ¢ mokasaTesieM MpeoMIICHUs Ny,
TO ONITUYECKAsI PA3HOCTh X0J1a JTy4deH

A = |1nl - |2n2
Korna 4 paBHa yeTHOMY 4MCIy TIOJTYBOJIH, TO HAOMIOJAETCsI MAKCUMYM, €c-
JI1 HCYCTHOMY, TO MUHUMYM OCBCUHICHHOCTH. HpI/I [JIaBHOM M3MCHCHHUHN OOJHOI'O
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U3 mokazaTeneil npenomieHus (N; Wi Ny) onTHyeckast pa3HocTh xona 4 Oyxer
IUTABHO W3MEHSATHCS, YTO BBI3OBET CMEIICHHE MHTEPPEPEHLUMOHHONW KAPTHHBHI.
[Ipu n3menennu 4 Ha BenuunHy A Bcs MHTEPPEPEHIIMOHHAS KapTUHA CMEIIAET-
Csl Ha OJIHY I10JIOCY.

Onucanue yCTaHOBKH

B pabote ucnonb3yercs maxtaeii uaTephepomerp 11IN-10, npeanaznaven-
HBIM J1J1s1 ompeJielieHUs] KOHIEHTpallui MeTaHa B OKpy»Karomei cpege. Cxema
yCcTaHOBKU TpuBeAeHa Ha puc. 1. Cer oT nmammbl 1 yepe3 KpacHbI CBETO-
buabTp 2 majmaeT Ha IJIACTUHKY 3 U pa3/iefigeTcs Ha JBa KOT€PEHTHBIX JIyda.
OpauH U3 HUX, U300paKEHHBIM MYHKTUPHON JIMHUEH, IPOXOAUT Yepe3 KIOBEThl 4
U 5, 3aM0JHEHHBIE BO3yXOM IpU arMochepHoM naBieHuu. [[pyroit iyd, uzo-
OpaK€HHBII TOHKOW CIUJIOIIHOM JIMHHEH, MPOXOAUT JIBaXIbl uyepe3 KIOBeTy O,
3aMOJTHEHHYIO BO3JYXOM, HaXOJSAIIUMCS TOJ] U30BITOYHBIM JIaBlIeHHEM P, c03-
JaBaeMbIM TIOMIION U m3MepsieMbiM U-00pa3HbIM MaHOMETPOM, 3arOJTHEHHBIM
noAkpameHHon Bojou. M30eiTounoe nasnenue AP B MM BOJ.CT. paBHO pa3HO-
CTH YPOBHEM KUAKOCTH B JIEBOU U MPaBOi TpyOKax MaHOMETpA.

BUHM

g\\\\\\\\\\\\\\\\\l
\

Puc. 1

Harneras mommoii Bo3ayx B KIOBeTy 6, MBI CO3/1aeM B HEW M30BITOUYHOE 1O
OTHOIICHUIO K aTMOC(EepHOMY AaBieHHE Bo3ayxa. [loBbilieHue naBieHUs co-
IIPOBOXKJIAETCSl yBEJIMYEHHEM aOCOJIFOTHOTO IOKAa3aTelsl MPeJOMIIEHUsS BO3AyXa
Ha BEJIMYMHY AN, KOTOpOe U3MEHSET ONTHYECKYIO Pa3HOCTh XOAa Jy4eil Ha Be-
JUYUHY



A= 2 4n,
rae | = 50 mm — A kroBeT 4, Su 6. I3MeHeHHe pa3HOCTH X0Ja JIydel co-
MIPOBOXKIACTCSI CMENIEHUEM WHTEPHEPSHIIMOHHON KapTHUHBI, BO3HUKAIOIICH Ha
dKpaHe / IPH HAIOKEHUU JABYX KOTEPEHTHBIX Jy4Yei, U3 KOTOPHIX OWH MPOIIET
KIOBETHI 4 1 5, a BTOpO# ABaKIIbI MpoIien KioBeTy 6. Uncio uaTepdepeHnmnon-
HBIX T0JIOC, Ha KOTOPBIE CMENIaeTcss HabmoaeMasl Ha DKpaHe KapTHHA, MOYKHO
paccuutath o hopmyie:

2lAn
m=—— ,
A
OTKyZa
An:ﬂ_
2l

BoinosiHeHue u3MepeHuni

1. BKJIIOYHTH OCBETUTETh M YCTAHOBUTHh MHTEP()EPEHIIMOHHYIO KapTHUHY B
MCXOJHOE TMOJIOKEHUE, TPU KOTOPOM HYJIb IIKAJIbl COBMANAET C CEPEIUHON OJI-
HOM M3 TEMHBIX NOJIOC. DTO AENAETCA C MOMOIIBI0 KPYIJIOW PYYKH, pacroJio-
eHHOU Ha mpubope. [Ipyu 3TOM BUHT MOMIIBI JOJIKEH OBITH BBIKPYYEH /10 YIIO-
pa.

2. I3MeHuTh N1aBlieHHE BO3AyXa B KIOBETE O, MJIaBHO 3aKpy4HUBasi BUHT MOM-
b, ¥ HaOJ0/1ast cMelleHne MHTepPepeHIIMOHHON KapTuHbl. Korna k Hymo u3-
MEPUTEIBHON IIKaJbl MOAXOIUT CEPEANHA COCETHEW TEMHOMW MOJIOCHI, TPOU3BE-
CTH U3MEPEHHE U30BITOYHOTO IABJICHHS 10 MAHOMETPY U pe3yJIbTaThl 3aHECTU B
tabnuiy. [locne OKOHYaHWS W3MEPEHW BUHT TOMIIBI BBEIKPYTHTH JO0 YIIOPA,
IPUBES €r0 B UCXOTHOE MOJIOKEHHE.

3. Beruncnouth n3MeHeHus mokas3aTes npesomieHus AN ¥ 3aHeCTH B TaOJIn-

1y.
A=6,110"m 1,05 M Ta6uia
Yucno cMmemén- AP, MM BOJI.CT. AP, Ta (1mm=9,811a) An = mi/2l
HBIX [10JIOC M

1

2

3

4

4. IToctpouts rpaduk 3asucumoctu An = f (4P), Bun xoroporo mpencras-
JIEH Ha puc. 2.




v

Puc. 2

[To rpaduxy onpenenuts yrioBoi kodgduiuent K :
k=4"
4R
5. Haiftu cpennee 3HaueHue oKa3aTes IPEJIOMIICHHS BO3lyXa
[ (M)=1+KP|,
rie Py — HopManbHOe atMocdepHoe aasienne (10° [Ta).
6. OnpeaenuTh NOrPEeTHOCTh YIIIOBOTO KoddpuiineHTa

_ten (Ang —Any)

ARAN

" BBIYHNCIINTD I[OBCpHTCJILHBIfI HHTEepBaJI 1JI1s N

Anz(n—l)(aK 6PJ,

4+
K B
rae 6P —npubopHas MOrPenTHOCTh U3MEPEHHUS IaBJICHUS, paBHAs IICHE MUHU-
MajIbHOTO aeneHus mkaibl (1 mm Boa. cr. = 9,8I1a).
7. 3anucaTh OKOHYATEIIbHBIH PE3yJIbTAT B BUC
n=(n) £An.
8. Cnenarhb BBIBOI.



PABOTA Ne 4
OIIPEJIEJIEHUE YIJIA TIOJTHOM MOJIAPU3 AN
N ITPOBEPKA 3AKOHA MAJIIOCA

Llenv pabomei: 03HAKOMUTCS C SIBJICHHEM TOJISIPU3AIMN CBETa, C HEKOTOPHI-
MU CIOCOOAaMHM TOTYYCHHUS MOJSIPU30BAaHHOTO CBETa M C METOJAMH HCCIIEI0Ba-
HUS €TO.

Obopydosanue: crieliuanbHas NOJSIPU3alMOHHAS YCTAaHOBKA, rajlbBAHOMETD,
MOHIDKAIONTNI TpaHc(hopMaTop C BMOHTUPOBAHHBIM B €70 KOPITYC PEOCTATOM.

Onucanue MeToaa

BonnoBas TCOPUA OIMHUCBIBACT CBCT, KAK PACIIPOCTPAHAIOIIUCCA B IIPOCTPAH-
CTBE KOJcOaHus QJICKTPOMAruduTHOTI'O ITIOJIA. BCKTOpa HAIIPSKCHHOCTH 3JICKTPHU-
YEeCKOro M MarHUTHOTO IIOJIEH pacnojiararorcsa B IINIOCKOCTH, IICPIICHANUKYJIAP-
HOH HaITpaBJICHUIO PACIIPOCTPAHCHUA BOJIHBI, TO €CTh 3THU BOJIHBI ABJISAIOTCA I10-
ICPCUHBIMMU. C MONCPCYHBIMHU BOJIHAMU CBA3daHO SBJICHUC ITOJIAPU3ALINNA.

B nmanpHeiieM OynemM yka3bIBaTh MOJIOKEHUE TOJIBKO oHOTO BekTopa (E),

\

y R TaK Kak BEKTOp H oJHO3HAa4HO
E

cBa3aH ¢ HUM. Bektop E HazbI-
BAlOT TAaKXXE CBETOBBIM BEKTO-
poM, ©O0 UMEHHO OH OTpe/eseT
B3aMMO/ICIICTBUE CBETa C Bellle-
CTBOM, BCTPEUAIOIIMMCS Ha €ro
MyTH.

Cger, B KOTOPOM HalpasJie-
HHUE KOJeOaHHMil CBETOBOI'O BEK-
TOpa MEHSIETCA C TEUCHHEM Bpe-
MEHH HEIpeJCcKa3yeMo, Ha3bIBa-
€TCsI €CTECTBEHHBIM. Takoil CBET
U3JIy4aloT BCE UCTOYHUKH CBETA,

KpoMe Ja3zepoB. CBeT, B KOTOpOM HarpasiieHHe koyieObanuii E co BpeMeHem He
U3MEHSETCS, HA3bIBAETCS MIIOCKOMOSPU30BAHHBIM.

Mexanuveckre NonepeyHbie BOJIH MOISPU3YIOTCS TIPU MPOXOXKICHUU Yepe3
y3KYI0 1eib. B 3TOM ciydae mporieaiias BoJdHa cOXpaHsaeT KoieOaHusi, CoBIa-
JAIoIMeE [0 HAIpaBJIeHUIo co 1iesnbto. [lonspusanus cBera MpoOUCXOAUT MPH OT-
paXXEHUU CBETAa OT MOBEPXHOCTU IUAJIEKTPUKOB, MPHU MPEJIOMICHUH B HHX, a
TaKkKe MPU MPOXOKJIECHUH CBETA Yepe3 aHU30TPOIHBIE CPEbl, HAIPUMED, Yepe3
KpUCTAJUTBI KBAaplia, TypMaJIMHA, UCJIAHJICKOTO IIMnaTa U T.[., €CIIM HallpaBJICHHUE
Jy4a CBETa HE COBNAJAET C ONTUYECKON OChIO KPUCTAIA.
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[Ipubopsl, peHA3HAYCHHBIC IS TIOyYSHHS MOJSIPU30BAaHHOTO CBETa, Ha-
3BIBAIOTCS TOJsIpU3aTopamMu. Ha ria3 mossipu30BaHHBIA CBET HEJb3sl OTIIMYHTH
OT ectecTBeHHOTO. [IpubopsI, peaHa3HAUYCHHbIEC IS UCCIIeI0BaHus (aHANN3a)
MOJISIPU30BAHHOTO CBETA, HA3BIBAIOTCS aHanu3aTopamu. OUH U TOT ke MpUOop
MOYKHO UCIIOJIB30BAaTh JIN0O KaK MOJSPU3ATOP, MO0 KaK aHAITU3aTOP.

JIyd ecTeCTBEeHHOTO CBETa, MaJaloIlMil Ha TPaHMIly pa3lena ABYX Cpel B
o011eM ciryyae MOKHO MPEACTaBUTD
COBOKYITHOCTBIO JIBYX TUIOCKOIIOJISI-
PHU30BAaHHBIX JIydeHd, MOJSApU3AIUS
KOTOPBIX MPOU30ILIA B JBYX B3a-
VUMHO TEPICHIUKYISIPHBIX Harpas-
neHusix. bynem cumrtath, 4TO B O1I-

HOM 4YacTHh magaromicro CBCTa BCK-

Top E konebnercs mneprneHanKy-
JSIPHO TIJIOCKOCTH 4epTexka. OTU
HamnpaBlieHUs] KoJieOaHUW BEKTOpa
n300paxarorcs Toukamu (puc. 2).B
OPYrod 4YacTH NaJarollero CBeTa

Puc. 2

BeKkTOp E Konebnercs B miockocTu
yepTeka. ITU HampaBJIeHUs KOJeOaHUN BEKTOpa M300pakaroTcsl JABYXCTOPOH-
HUMHU cTpenkamu. [1ockonbKy Bce HalpaBieHHUsI B €CTECTBEHHOM JIy4Ye€ pPaBHO-
LEHHBI, TO Ha KaXJ0€ W3 JABYX BHIOpAHHBIX HamNpaBlIeHUN KosieOaHUN BEKTOpa

E MPUXOOUTCA ITOJIOBUHA HHTCHCUBHOCTH IIaJd0OIICTO CBCTA.

OTpaxeHue cBeTa C pa3IMYHOM OpuUeHTalueld BekTopa E oTHOocuTenbHO
IJIOCKOCTHU pas3fenia IByX Cpel MPOUCXOIUT MO-pa3HoMy. B oTpaxeHHOM iyde

MHTEHCHUBHOCTL CBETa C KOJICOAHUSAMHU BCKTOpa E, MECPICHANKYJIAPHOM I1JIOC-
KOCTH 4YCPTCiKa, 6y,II€T 6OJILHIC, YeM MHTEHCHUBHOCTH CBETa C KOJICOAHUSIMU BEK-

topa E B miockoctu yeprexa. Co-
OTBETCTBEHHO, B IMPOILE/IIEM JIyde
WHTCHCUBHOCTh TIOCJEIHUX KOJe-
Oanuii (B IJIOCKOCTH YepTeka) Oy-
AeT OoJiblle, a IEPBHIX MEHbIIE, 00a
Jy4ya OKa3bIBAIOTCSI YACTUYHO MOJIs-
PU30BAaHHBIMU.

Crenenp mnonsipu3aluyd  OTpa-
’KEHHOTI'0 JIy4a MEHSETCs IIpU U3Me-
HeHWU yrna majenus Iy . Cymecr-

ByeT yrou naaenus (puc.3), mpu Ko-
TOPOM OTPaKEHHBIN Jy4 OKa3bIBa-




€TCsl MOJIHOCThIO MOJIApU30BaHHBIM. OH Ha3bIBAE€TCS YIJIOM MOJHOM MoJsipu3a-
K WM yriaom bproctepa iy, . Eciam yron magenus paBen yrity bprocrepa, To

OTPAKEHHBIN U IPEJIIOMIICHHBIN JTy4YHd B3aUMHO NEPIEHAUKYIISAPHBI.

Cdhopmymnupyem 3akoH bprocrepa: «TaHreHce yriia MoJIHOM MOoJspHU3aIiy pa-
BEH OTHOCHUTEJIIbHOMY IOKAa3aTENI0 MPEIOMIIEHUS BTOPOU Cpebl OTHOCUTEIBHO
MIEPBOK»!

: n
tg i, = —2 (1)
Y n

rae N 1 N, — abCoIIOTHBIE MOKA3aTeNn MPEJOMIIEHUsT BTOPOH U NepBoil cpen

COOTBETCTBEHHO.
[TonsiponaMu Ha3bIBAIOTCS BEIIECTBA, OOJIAMAONINE CITOCOOHOCTHIO TIOJIS-
pHU30BaTh MPOXOJAIIMA Yepe3 HUX €CTECTBEHHBIN cBeT. llomspommamu MoryT
CIIY’)KHTh TUIACTUHKH, BBIPE3aHHBIC U3 KpUCTAIa TypMalIWHA, WU IEJUTYIOH/I-
HBIC TUICHKH, TIOKPHITHIE TOHKUM CJIOEM MEJIKMX KPHCTaJUIOB repamaturta. VH-
TEHCUBHOCTh CBETa, MPOIIEI-

0] mero 00e TUTACTHHKH, 3aBUCUT

OT WX B3aWMHOW OpWCHTAIIVH:
IpH  HEKOTOPOM  TTOJIOKEHHUH
IUTACTUHOK OHAa OKa3bIBaCTCS
HauWOOJIBINIEH, a 3aTeM TMpu
BpAIlCHUH TUIACTHHKUA [], BBI-

3BIBACT OCJIA0JICHUE WHTEHCHUB-
HOCTH TIPOIICAIIETO CBETa JI0
HYJIS.

D10 sBICHUE OOBICHACTCS
cnenyromuM oOpasom. Korma
Ha IJIACTUHKY [/; majmaroT cBe-

A TOBBIC BOJIHBI CO BCCBO3MOXK-

N’ \\ E HBIMH OpPHEHTALIMSIMU BEKTOpa
0 ]
M nd
P E, TO INUIACTHUHKA IIPOITYyCKACT
7 JIMIIIb 4aCTh HX, BBI6I/Ipa$I BOJI-

B B’ Hbl C OIPCACIICHHBIM HaIlpaB-

-

nenueM Bektopa E . Ilycts
- KpucTtayl [/; mpomyckaer BOJI-

P \ HbI, CBETOBOM BEKTOpP KOTOPBIX

M \ N Kojebmercs B 1iockoctn AA
(puc. 5), sBnstOMmICHCS TIaBHOU
Puc. § 4 IJIOCKOCTBIO TIACTUHKHU. Kaxk-

1l BekTop E , kKonmeOmrommerics
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B HEKOTOPOM JIPYT'OM HaIpaBJICHUH, MOKHO Pa3OXHUTh Ha JBa B3aUMHO IIep-
MeHIUKYJISIPHBIX BEKTOpa, KoJeOaHUus KOTOPBIX OyAYyT COBEpIIAThCS BIOJIb Ha-
npasienuid AA u BB . CiaenoBaTenbHO, €CTECTBEHHBI CBET MOXHO IpEACTa-
BUTh COBOKYIMMHOCTBIO JABYX MOJSIPU30BAHHBIX Jy4Yeid, B OJTHOM U3 KOTOPBIX BEK-

Top E xonebnercs B Hanpasinenun BB . [Inactunka /73, 3aaepkuBas NOJOBUHY

MHTEHCUBHOCTU CBETa, OTBEYAIOIYI0 KojeOaHusM BekTopa E B HampaBieHuun
BB, npeBpamaer eCTeCTBEHHBIN CBET B INIOCKOIIOJISIPU30BaHHBIN.
Ha mmactunky [/, mamaer yxe IOJSPU30BaHHBIA CBET. B 3aBHCHMMOCTH OT

OPHUCHTAIUU INNIACTUHKH 11 2 K3 DTOr'0 IOJEAPU30BAHHOI'O CBETA IIPOITYCKACTCS
OoJIbIIIas MM MCHBIAS YacTh. HYCTB HZ OPUCHTHPOBAHA TAKUM 06pa30M, qTo

IPOIMYyCKaeT CBET ¢ KosieOaHusiMu BekTopa E B HampaBnenun rockoctu MM,
SIBJISIOLLEHNCS TJIABHOM IUIOCKOCTBIO IJIACTUHKU [/, M COCTaBISIOUIEH yroia ¢

OChIO TUIacTHHKU [1; HanpaBneHueM AA' , (cMm. puc. 5). Bextop E B maparomem
Ha [/, nyde KonebneTcs BAOJIb HanpasieHUus: A4 . AMIUIUTYly KoJieOaHUM BEK-

-

topa E B nagaromem Ha [/, nyde ob6o3Hauum E,. Konebanus Bextopa E

BH0Jb AA MOryT OBITH Pa3JI0’KE€HBI HA COCTABIIAIOLINE KOJIECOaHMUS:
B1ojb MM' ¢ ammutynoi

E, =E, cosa (2)
u Boiab NN' ¢ ammmutynoit

E,=Eysina . (3)

[Inactuska /7, mpomycTUT KojebaHus ¢ aMILIUTYAoM E, m momHocteio mo-

racut konebanus ¢ ammmuTynon E,. CoriacHO BONHOBOW T€OpUH, NHTEHCHUB-
HOCTb CBETOBBIX BOJH NPONOPLMOHAIbHA KBAagpaTy aMILIUTYAbl KojeOaHWH

BCKTOpa E B BomHe. BCJ’IG,IICTBI/IG 3TOI'O MOXXHO 3altucaTb
— 2
lo = kK
| =kE? ,

rae K — HekoTophiii K03(h(DUIIMEHT TPOMOPIMOHATBLHOCTH, a lg u | — HHTEeHCHB-
HOCTH TMOJIIPU30BAHHOTO CBETA, MAAONIETO Ha TIACTUHKY /1o ¥ BBIMIEAIIETO U3
Hee.

Bo3Bos Beipaxkenue (2) B KBaapar M pelias ero COBMECTHO ¢ (hopMyJIaMu
(4), mpuxoauM K BBIBOIY

(4)

| =1,co¢ a. (5)
OTCIOI[a CICAyCT, YTO MHTCHCUBHOCTDb BBIMICAIICTO JIyda I IMpOonopuruoOHaJIb-

Ha COS™ @ , The O — yroa MEXAY TJIaBHBIMHU IUJIOCKOCTSIMU OO€UX TJIACTHHOK.
WMHTEHCHBHOCTD OKa3bIBaeTCs HanbOoubiiel, korna @ = O u paBHO# Hymo (CBET
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3aJIepP’KUBAETCS TOJHOCTHIO), KOT/JIa IJIaBHBIC TUIOCKOCTH IUIACTUHOK MEPIICH M-
KYJIApHBbI, I UHTEHCUBHOCTh UMEET MPOMEKYTOUYHOE 3HAYECHHUE MPU IPOMEKY-
TOYHBIX IMOJIOXKEHHUSAX IUTacTUHOK. Breipakenue (5) mpencrasnser coOoi 3aKOH
Maumntoca.

Onucanme yCTAaHOBKH

YcranoBka (puc. 6) cocrout u3 ontuueckoi ckambu (CK), Ha 0HOM KOHIIE
KOTOPOM MOMEIIIEH UCTOYHUK CBeTa M, mutaemblil oT TpaHchopmaropa Ha 12 B
yepe3 peoctaT R. CBeT UCTOYHMKA COOMPAETCS C MOMOIUIBI0 KOHJIEHCOPHOU JINH-
36l L B y3kuil mapasiensHblil my4dok. Ha npyrom koHIle ckaMbu Ha Bpaliaro-
IIeMCsI KOPOMBICIIE pa3MellleHa OCHOBHAs 4acTh MpHOOpa, COCTOSIIAs U3 MOJIs-
pusaropa [/, 4epHOro 3epkajia 3, MOTYIIEr0 BpallaTbCsl BOKPYT BEPTUKAIbHOU
ocu, aHanuzatopa A u ¢otosnementa @. GOTOTOK PETUCTPUPYETCS TaIbBAHO-
meTtpoM G.

[Ipu onpeneneHUU yria MNOAHOW NOJSIPHU3ALMUU TOJSIPUZATOPOM CIIYKHUT
yepHoe 3epkanio. CBeT OT UCTOYHMKA // C MOMOIIbIO KOHJIEHCOPHOM JIMH3bI L
HaIIPaBJISIIOT HAa YEPHOE 3€pKajo, MOABMKHOE KOPOMBICIO TOBOPAUYUBAIOT TAKUM
00pa3oM, 4TOOBl OTPaXKEHHBIM OT 3epKajia Jyd IOoIajajil yepe3 aHaliu3aTop Ha
(bOTORJIEMEHT.

[Tocne oTpaxeHus OT 3epKaja Jyd CTAHOBUTCS IMOJSPU30BAHHBIM, TaK KakK B

-

HeM OyJeT 00Jiblle HHTEHCUBHOCTD CBETOBBIX BOJIH € KoJiebaHusIMU BekTopa E,
NEepIEHANKYISIPHBIMU TUTOCKOCTH TajieHus (IIOCKOCTh depTexa, puc. 6). Cre-
NEHb MOJIAPU3ALUN OTPAXKEHHOTO JTy4ya OYJEeT 3aBHCETh OT YIJia MaJeHus Tyuyei
Ha 3epkano. Ecnu ykazatens mikanel aHanu3atopa nocraButh Ha 90°, To aHanu-

L WU
CK A
&
=22CAH § ﬂ|
R
Puc. 6

3aTOp HE MPOIYCTUT CBETOBOM BOJIHBI ¢ KojeOaHUsIMU BekTopa E, mepnenau-
KYJISIPHBIMH IJIOCKOCTH NafieHusl. C yBeJIMYEHNEM MHTEHCUBHOCTH TAKUX KOJie-
OaHMil B Tydye OyAeT yBEIMYMBATHCS MOIVIONIEHUE CBETA B aHAIM3aTOpE, a, cie-
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JI0BaTENbHO, OYZET yMEHBIIAThCS MHTEHCHUBHOCThH CBETA, Majaromiero Ha ¢oro-
anemeHT. [loaToMy nmokazaHust raibBaHOMETpa OYAyT YMEHBILIATHCS.

IIpu npoBepke 3akoHa Masoca MoJIspU3aTOpPOM CBETa CIIYKUT HOJsIpous /1.
YepHoe 3epkasio yOuparoT, a MOABUKHOE KOPOMBICIIO PACIOiaratoT TaKuM 00-
pa3oM, 4TOOBI CBET OT UCTOYHHKA #{ HamMpaBIsUICS KOHJAEHCOpoM L Ha momsipu-
3arop /1, a 3aTeM MpOXoIuIT yepe3 aHamm3atop A Ha potosnement @ (puc. 7).

A I

@:‘D %

Puc. 7

——

[Monsipoun /71 TOTHOCTHIO MOJISIPU3YET MAJAIONINA HA HETO CBETOBOW MOTOK.
B anammzarop momagaeT yke MOJSPU30BaHHBIA CBET. ITHTEHCHMBHOCTH CBETa,
BBIXO/ISIIETO U3 aHAIM3AaTOpPa, 3aBUCUT OT yTila MEXIY TJIABHBIMU TIIIOCKOCTSIMU
racTiHOK. Ecnu 00a ykazartess mKall MmoJiipu3aTopa U aHAIM3aTopa MOCTaBUTh
Ha 0, TO riIaBHBIC MIIOCKOCTH 00CHX IUIACTHHOK OyayT mapaienbhbl (@ = 0). B
ATOM CJIy4dae CBET, BBIMIEANINNA U3 TOJIIPU3aTOpa, OyIeT MOJTHOCTHIO TIPOIYIICH
aHaIM3aTOPOM M TIOKa3aHus rajgbBaHOMeTpa OyayT MakcuManbHbl (lg may). ITo-
BOpauMBas OAWH W3 MOJIIPOUIOB, HAIPUMED, AHAIU3ATOP, CO3/IAEM YTOJl MEXKTY
TJIABHBIMH TIOCKOCTSIMHU TUTACTHHOK. [Ipy 3TOM MHTEHCHBHOCTH CBETA, BBIIIC/I-

2
IIEr0 U3 MOJIApU3aTopa, OyAEeT MEHAThCS MPONOPLUOHAIBHO COS” @, a Io-
CKOJIbKY BeIMYMHA (POTOTOKAa MPOMOPIMOHATIbHA CBETOBOMY IIOTOKY, IaJaro-
eMy Ha (pOTO3JIEMEHT, TO MOXKHO CUUTATh, UTO

lg =l gmax COS" O . (6)

3mech g, lgmax— BETMUMHBI OTOTOKA NPH PA3IMYHBIX TTOJOKEHUAX MOJIA-
pounoB. CootHomenne (6) OymeT BBHIMONHATHCS OoJiee TOYHO, €CITU YCTPaHUTh
IIOIIaJaHUE NTOCTOPOHHETO CBETA HAa aHAIM3aTOP U Y4ECTh IOTEPU B aHAIHU3ATO-
PE€ U NMOTPEIIHOCTH B U3MEPEHNUHU (POTOTOKA.

BobinosiHeHue u3MepeHuni

A. IIposepka 3axkoHa bprocrepa
1. BxurounTs TpaHcopMaTop B CE€Th U PEryJIHpOBaTh TOK PEOCTATOM Tak,
YTOOBI HAKaJI JIAMIIBI OBLT SIPKHM.
2. IlocTaBuTh 3epkasio noj yriaoMm 25°a ykas3arenb LIKaJIbl aHAJIN3aTOpa Ha
90°. 3areM, noBopaunBasi KOPOMBICIIO, YIOBUTh aHAIM3AaTOPOM OTPaKEHHBIN OT
3epKaJa Jyd.
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3. [ToBopaurBas 3epKajo mociaea0BaTeIbHO Ha pa3InyHbIie yribl (Tadm. 1), u
yJIaBJIUBasl aHAIM3aTOPOM OTPAKCHHBIM JIyd B KaXKJIOM TIOJIOKCHHH, 3aIllUCcaTh
MOKa3aHusl rajibBaHOMETpa B Tab. 1.

Ta0Omuma 1
Vronnamenus ¢, | 25| 35| 45| 50| 55 56 57 58 59 60 65 [0
rpajg
IToka3anus
rajJbBaHOMETpA

(memeHMst MIKAaIbI)

4. Tloctpouth rpaduk 3aBUCUMOCTH MOKa3aHUs raibBaHomeTpa G ot yria
najcHus @. YToJ majaeHus, Mpu KOTOPOM TOK OyJeT MMETh MHHUMAJbHOE 3Ha-
YeHUe, OyIeT YIIIOM TOJHOM MOJISIPU3AIIH 11, .

5. ITo dpopmyne (1) HaliguTe MOKa3aTeh MPEIOMIICHUS CTEKIa N U CPaBHUTE

ero ¢ TabmuuaeiM (N7 = 1,5). OneHuTe OTHOCHUTENHFHYIO IOTPEITHOCTh
n- nT

y=—".
Ny

6. CnenaiiTe BEIBOJI O BHITIOJHEHNH 3aKkoHa bprocTtepa.

b. IIpoBepka 3axona Mamroca

1. CHATH ¢ yCTaHOBKH YEPHOE 3€pKAJIO U IOBOPOTOM KOPOMBICIIA YCTaHO-
BUTH MOJISIPA3ATOP U AHAIU3ATOP BAOJIb OCH ONITHYECKON CKAMBH.

2. IloBopaunBaTh aHAIM3aTOp M OTMEYATh IOKA3aHWs TalbBaHOMETpa lg;
IIpU 3HAYCHHSIX YIJia MOBOPOTa Q, MPUBEACHHBIX B Ta0a. 2. [loBopaunBaTth aHa-
JIA3aTOp B OOpPAaTHOM HaIpaBJIEHMH M OTMEYaTh MOKa3aHUs rajabBaHomeTpa lg

npu u3MeHennu yria @ ot 90° go 0°. Jlns kakmoro 3Ha4YeHUs PacCUUTATh

1 . .
<lg> = _(I4+142) . Pesynbrarel usmMepeHuil W BBIYMCICHUA 3aHECTH B

g 2
TadJ. 2.

3. [Tockonbky uCHONB3yeMbie B PabOTE MOJSPOUABI HE TMO3BOJSIOT MOJY-
YUTH TOJTHOCTHIO TOJIIPU30BAHHBIA CBET, MOKAa3aHUE TaIhbBAaHOMETPA, COOTBET-

CcTByroLIee N0BopoTy anammsaropa Ha 90° He pasHO Hymo (I 49 # 0). Berunras

lgo M3 Bcex 3nHaueHmit <I g™ OIPENENNUTh MOKAa3aHUs rajlbBaHOMETPA |, KoTOpBIC
HaOOMAIMCh OBl B CITydae IMOJTHOCTBIO MOJIIPU30BAHHOTO CBeTa. Pe3ynbTaTh
BBIYKCJICHUH 3aHECTH B TA0JI.2.
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Ta0muma 2

Q, Tpan

<l >

I=<I g>_| 90

cos? a

0

10

20

30

40

50

60

70

80

90

B pamke sammcats |go=(1g; +14,)/2 ms a=90°.

4. Tloctpouts rpaduk 3aBucUMOCTU | OT co a, CPaBHHUTb C TEOPETHYE-

CKHMM H CACJIaTh BBIBO/J O BBIIIOJTHCHHH 3aKOHA Maintoca.
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PABOTA Ne 5
N3YYEHUE JIUDPPAKIIUU ®PPAYHI'ODEPA

Lenv pabomwi: u3yuenne nudpakmun OpayHrodepa B KOTEPESHTHOM CBETE
Ja3epa, ONpeesICHUEe JUTMHBI CBETOBOM BOJIHBI U TTAPAMETPOB CXEM.

Obopyodosanue. NICTOYHUK CBETA — T'eIMA-HEOHOBBIN JIa3ep, YKPEIUICHHAS Ha
MOJICTaBKE HEMpO3payHas TUTACTHHA C JABYMsI MapajuUIeIbHBIMU TPO3PaYHBIMH
mensiMu ¢ paccrostaueM Mexay Humu d = 0,160 MM w mupuHOW TIeneil
a = 0,01-0,03viM, MaTOBBIN IKpaH CO MIKAJIOH, IIEHA JCICHUS KOTOPOTO paBHA
1 MM, onITHYECKAast CKaMb4.

Onucanue Mmeroaa

Judpakipeil Ha3pIBaeTCsI OTKIOHEHUE CBETOBBIX BOJH OT MPSIMOJIMHEHHOTO
NyTH TIPU MPOXOXKACHUU BOIM3M KpaeB SKPaHOB, OTBEPCTHH U APYTUX HEOIHO-
ponuocteit. Jludpakmus Opaynrodepa HabmrogaeTCs B MapaUICIbHBIX JIyYaXx,
JUIS. TIOJyYEHHUsS] KOTOPOM MCHOJB3YKOTCS JUOO0 Jla3ephl, TUO0 ONTHYECKUE CHC-
TE€MBI — KOJUIUMaTOPBHI.

OnTunueckas cxeMa HaOIIOACHUS AUPPAKIUK OT ABYX LIeJIed MpeacTaBieHa
Ha puc. 1. IlapaniensHblil MydoK Jiydel relnii-HeOHOBOTO Jla3epa OCBELAET K-

paH J; ¢ AByMs y3KMMH NapaJUICIbHBIMU LIENIS-

I P2 wmulu 2, PacCTOSIHUE MEXIy CepeAVHaMH Iie-
neir paBuo d. Ha paccrosaum | ot sxpana O

Jlazep 2 pacrojiaraetcst 9Kpan J,, mpuuem 1>>d .
Ad CornacHo mnpunuuny ['roiireHca-®penens,

KaXJas TOYKA IUIOCKOCTH WIENEH, 10 KOTOPOM
JIONJIa CBETOBas BOJIHA, CTAHOBHUTCS HMCTOYHH-
1 | KOM BTOPHYHBIX KOTEPEHTHBIX BOJIH. B o0mactu

WX HaJIO)KEHUS Ha PKpaHe I, B OJIHUX TOUYKaX
MPOUCXOJIUT YCUJICHUE CBETA, a B IPYTUX OCJald-

Puc. 1 JIeHHWEe, TO eCTh HabmromaeTcss WHTepdepeHIus
cBeTa. PesynbpTupytoliee pacrpeseneHie HHTCHCUBHOCTH CBETa Ha JKpaHe I,
MpeACTaBIsACT COOOM YepeloBaHNE MAKCUMYMOB U MUHUMYMOB UHTECHCUBHOCTH
cBeta | B 3aBUCHMOCTH OT cuHYyca yria gudpakiuu @ (puc. 2). [IyHktupom yka-
3aHO TOJIOKEHHE TMEPBUYHBIX MAaKCUMYMOB MU MHUHHMMYMOB, MOJYYEHHBIX MHpPU
nudpakIuy Ha OJHOU IIEIH.

Pe3ynbTaT HanmokeHUss BTOPUYHBIX BOJH, UAYIIUX OT OJHOM IIEIU MOJ yT-
JIOM @, 3aBHCHUT OT umncja 30H DpeHens, yKiIaabIBalOIUXCs Ha [TUPHUHE IICIIH.
Ecnmm 9T0 4mcnmo detHoe, TO aMIUIUTYJa Pe3yJbTUPYIONIETo KojeOaHus paBHA
HYJIIO, TaK KakK KOJIEOaHMs OT KaXKJ0W Mapbl COCEAHUX 30H B3aMMHO MOTaIIAI0T
JIpyT Apyra. Y cIoBUE MEPBUYHBIX MUHUMYMOB UMEET BUJ:
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asin¢=12n%, m=1,2,3, ...

rae @ —yron nudpakiuy, ¢ — MAPHHA IIEIH.

COOTBETCTBEHHO, €CJIM Ha IIUMPHUHE ILEIU YJIOXKHUTCS HEYETHOE YUCIO 30H
®penenst, To HaOmoAaeTcs AUQPPAKUIMOHHBIA MaKCHMYM, COOTBETCTBYIOIIHIA
JNEHUCTBUIO OJTHOM HECKOMIIEHCHUPOBAHHOW 30HBI PpeHens. Y clIOBHE NTEPBUYHBIX
MaKCUMYyMOB OyJIeT UMETh BH/]I

asin¢=i(2m+1)g, m=0,1,2,3,..

Hanuuue Ha skpane 9; AByx mieneit 1 u 2 mogBoauT K TOMY, 4TO Ha AUQPPAKIIH-
OHHYIO KapTHHY OT OJHOW IIENH HaKJIaJbIBaeTCsd MHTEP(EPEHIMsS] BTOPUYHBIX
BOJIH, HIYIIHMX OT ABYX iesneil. OueBUIHO, UTO B TEX HAIIPABIEHUSX, B KOTOPBIX
HU OJIHA M3 LIeJiell He MOCHUIAeT CBET, OH HEe OyJeT pacmpOCTpPaHATHCS U MPHU
IByX wmensax. CleroBaTeabHO, YCIOBUE IIEPBUYHBIX MUHUMYMOB BBIIIOJHSETCS
npu JUQpaKIUK OT ABYX LIEJIEH.

Ecnu Ha ontudeckoit paznoctu xoga 4 = \ BC\ =dsing, d ynoxurcs yeTHOE

YHCJIO MOJIYBOJIH, TO BO3HUKAIOT I'TABHBIC MAKCUMYMbI HHTCHCUBHOCTH.

T(m-1)}’ \(m-1),
[ / \ I
SAVAY VAR
- e N <
~Ma 0 Ala  sing
Puc. 2 ~ Puc. 3
dsing = iZm'; : m=0, 1, 2, 3, ...

Ecnau Ha onTthyeckon Pa3HOCTHU XO4a YJIOKHUTCA HCUCTHOC YUCIIO IMOJYBOJIH

A
—E , TO Ha6J'IIOI[aI-OTC}I JOIIOJJHUTECIIBHBIC MUHUMYMbI HHTCHCUBHOCTH.

dsing =i(2m+1);, m=1, 2,3, ...

[Toutn Bech mudparupoBaHHbIil cBeTOBOM MOTOK (~ 90%)cocpenoToycH B
npezienax HyJIeBOTO MEePBHYHOrO MaKCHMyMa (CM. puC. 2), 3aKIIIOYEHHOTO MEX-
Iy IEPBUYHBIMU MUHEUMyMamu (B mpejenax yria ¢@):

asing =+ A ,m= 1 (ycmoBue nepBoro NepBUYHOTO MHHUMYMa)

17



sin¢1=i'21.

Ecnu d Gonble a, To B peienax * @ yIOKHUTCS HECKOIBKO TJIABHBIX MakK-
cuMyMOB. HaiineM ux uucno, uis 4ero CHadaja HaiJIeM IOPsAI0K TOro IJIaBHOTO
MAaKCHMMYyMa, Ha KOTOPBIM HAKJIaAbIBACTCS NMEPBUYHBIM MUHUMYM. /{15 yero co-
IIOCTAaBUM BBIPAXKEHUs, ONKCHIBAIOIINE YIJIOBBIE IOJIOKEHHSI NEPBUYHOIO MU-
HAMYMa 1 M-TO — IIIaBHOTO MAaKCUMYyMa,

asing; =+ A —nepBblif nepBUYHBIN MakcuMyM (M= 1),
dsing; =+ mMA —rnaBHBI MaKCUMYM.

W3 Qakra HanoXkeHHUs MEPBOrO MEPBUYHOTO MHUHMMYMa Ha M- TJIaBHBIN
MaKCUMYM CIIEAYET, YTO OHU HAOIFOIAIOTCS MO/ OTHUM yTiioM @; . Beipasum Sin
@1 W3 IPUBEICHHBIX BBIPAXKECHUI U MPHPABHIEM

sin¢1=id )
a
mA
4 =M
a d
) mA
sing, =+ J
¢ q
d

OTKy,IIa MIOJIy4uM, 4TO M= , TJI€ M —IOPAJI0K IJIABHOIO0 MakKCMMyMa, OT-

CYTCTBYIOIIETO Ha dKpaHe. CrenoBaTenbHO, Ha dKpaHe B mpenenax +¢@; (cm.
puc. 2) OyayT BCe MAKCUMYMbI, KpOME M0, TO €CTh MOPSIOK MOCICIHETO
riaBHOTo Makcumyma (m —1).

Yncno MakCHMyMOB CIIpaBa M CJlieBa OT IICHTPAIBHOTO MaKCHMyMa PaBHO
(m-1), a oOmee 4YKWCIO MaKCUMyMOB, BMECTE C IICHTPAJIbHBIM, OYICT
N=2(m-1)+1)=2n- 1.

Mupunoit uHTEpHEPEHIIMOHHOM MONOCH — AX Ha3bIBAeTCsl paCCTOSIHUE Me-
KTy CepeIMHAMK COCETHMX MUHUMYMOB (puc. 4).

Puc. 4
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Haﬁ,ﬂeM AX, HCIIO0JIb3YyA YCIIOBHUC JOITOJIHUTCIIBHBIX MUHUMYMOB
: A
dsing =+ (2m+1)§ :

Torma yriosele mostoskeHus nepBoix (M = 0), TOMOTHUTETHLHBIX MUHHMY-
MOB, JIeXKAIMX MO0 00€ CTOPOHBI OT IEHTPATHLHOTO MAaKCUMyMa, OMPEACIIeTCS
COOTHOIIECHHUEM:

: A
dsing =+-—
? 2
: A AX ,
OTKyJaa Sing =iz—d atge :j' [Tpu mManeix yriax Sing = tg ¢, Torna
i=ﬂ = Ax=ﬂ.
2d 2l d

[Ipu nudpakium Ha ABYX HIENAX MIMPHHA MPEMSITCTBHUS paBHA PACCTOSHUIO
MexXIy cepenuHamu meneit — d. Ecnu Ha myTH J1lazepa YyCTaHOBUTH TPEMSITCTBHE
B BUJI€ TOHKOM HUTH, TO IIMPHUHA MPEMSITCTBUS OyJeT paBHA TojimuHe HUTH D.
B stom cnyuae nHabmiogaemas AuQpakIMOHHAsS KapTHHA Ha dKpaHe D, Oyner
aHaJOTM4YHa HaOII0JaeMOl MpU MPOXOXKICHUH CBETa 4Yepe3 dKpaH J; C ABYMS
LICIISIMH.

Onucanue yCTaHOBKH

['enuii-HeOHOBBIN J1a3ep U 00a 3KpaHa J; U I, HA MOACTABKAX Pa3MEILAIOTCS
Ha ONTUYECKOW CKaMbe€ IMOCIENOBATENbHO IPYTr 3a IPYrOM COIJIACHO CXEME,
NpUBEAEHHON Ha puc. 1.

[Tyyox mapayiiesbHbBIX JIydell OT Jia3epa MajaeT HOPMAJIbHO Ha AKpaH J; C
IBYMsI Y3KUMHU IIeIsMU 1 1 2, UMEIOIMMHU OJIMHAKOBYIO IIMPUHY a. PaccTosiHue
Mexay cepenuaamu menei d. udpakunonnas kapTauHa OyneT HabIoAaThCs Ha
dKpaHe I, yIalleHHOM OT J; Ha paccrosiHue | .

BoinosiHeHue u3MepeHuni
A. OnpeneneHue IJUHBI BOJTHBI A N3/Iy4eHus Jiazepa

1. BxotounTs na3ep. Hempo3pauHyto MIACTUHKY C ABYMsI IIEJISAMH Ha TMOJ-
cTaBke (3KpaH J;) YCTAHOBHTH HA TAKOM PACCTOSHUU OT Jia3epa, 9TOOBI CBETO-
BOU MTyYOK IMOJTHOCTHIO TIEPEKPHIBAII 00€ MIETH 10 MUPUHE, IKpaH I, TOMECTHTH
B KOHIIE ONTUYECKON CKaMbH.

2. [lonw3ysch peryIMpOBOYHBIMUA BUHTAMH MOJCTaBKH, YCTAHOBUTD TUTACTH-
HY TIEPICHANKYJISIPHO CBETOBOMY ITYYKY, HAIIPABUB OTPAKEHHBIC JIydH 0OpaTHO
B BBIXOJTHOE OTBepCTHE Jiazepa. JloONThCA HaWIydIiell BUANMOCTH KapTUHBI Ha
JKpaHe Is.

3. CocunTaTh BUAMMOE YUCIO UHTEPPEpEeHIIMOHHBIX MakcUMyMOB N Ha 3K-
paHe.
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4. OnpenenuTs MUPUHY UHTEPHEPEHINOHHON 1os1ockl AX. i 3TOro n3mMe-
pPUTH MO IIKaJie dKpaHa I, AIUHY Bcel MHTEP(EPEHIIMOHHON KapTUHBI U ITY
JUTHHY TIOJICJIATh Ha YUCIIO MAaKCUMYMOB (CM. puc. 4).

5. Orcunrars o nmHeiiKe paccTosHueE |.

6. Paccunrtats 3HaucHue A Mo popmyine A = Axd :

7. I3MepeHust IOBTOPUTH HE MEHEE TpeX pa3, u3MeHss paccrosiaue | . Us3-
MEepeHHUsI 3aHeCTH B Ta0. 1.

Tabomuma 1
d = 160MkM
Homep |, MM A X, MM A, MM <A>, MM
OIIbITa
1
2
3

8. OueHuTh cydaHyIO MOTPEUIHOCTh U3MEPEHU N

> (A-<A>)?
nn-1

A=ty

b. Onpenesienue IMPUHBI IeJIEH @

1. YcTaHOBUTH IIACTUHKY C IBYMS INEISIMH, Kak ykazaHo B 1.m. 1, 2.Co-
CUMTaTh BHJMMOC YHCIIO MHTEep(hepeHIIMOHHBIX MakcuMyMoB N Ha skpaHe O,.
N+1

>

2. 3Mmepenust MOBTOPUTH HE MEHEE Tpex pa3, u3MeHss paccrosuue | . Pe-

3yJIbTAThl 3aHECTH B Ta0J. 2.

d
Omnpenenutsb 3HaYeHUE a 10 GopMmyne a=—, rae M=
m

Tabmuma 2
d = 160Mkm
Howmep N m [ MM a, MM <a>, MM
OIBITA
1
2
3

3. CpaBHUTH MOJTYyYEHHOE CpPEAHEE 3HAUCHWE d C JAHHBIMHU TUTACTUHKHU C
JIBYMS IIEIISIMU.

B. Onpeaesienne TOJIMHBI BOJIOCA

1. 3akpenuTh Ha MMOACTABKE BOJIOC U YCTAHOBUTH KaK yKa3aHo B II. 1. 1, 2.

20




2. CocuuTtarh BUAMMOE YHUCIO UHTEPPEPEHIIMOHHBIX MUHUMYMOB Ha dKpaHe
9.

3. OnpenenuTs MUpUHY UHTEphepeHIIMOHHONU nojockl A X. [ns aToro u3-
MEpPUTH M0 IIKaJe SKpaHa AJUHY BCe MHTEPPEpEeHLIMOHHON KapTHUHBI U MOJIe-
JIUTH 3Ty JIJIMHY Ha YUCIIO MAKCUMYMOB.

4. OTcuuTath 10 JHHEHKE paccTosHue | .

Al

5. Paccuurats Tonmuny Bosoca D o popmyne D = Ax
X

6. M3mepeHusi MOBTOPUTH HE MEHEE TpeX pa3, U3MeHss paccTosHue |
Pe3ynbTaTel 3aHecTH B TAOIHITY 3.

Taomuma 3
A = 0,63Mkm
Homep
OIbITa [, Mm A X, MM D, mm <D>, Mmm
1
2
3

7. Haittu cpennee 3HaueHre D u OICHUTH CIydailHYIO TMOTPEIIHOCTh U3MeE-
pEHU.
8. Cnenartpb BBIBOJI.

I'. Onpenenenne nepuoaa MuGPpaKIMOHHON PelIeTKU

1. Ha myTu cBETOBOTO Jyya YCTAaHOBUTDH TUGPAKIIMOHHYIO PEIIETKY Ha MOJ-
CTaBKE HAa TaKOM PACCTOSIHMM OT 9KpaHa, YTOObl Ha 3KpaHe pa3MecTUIIOCH He-
CKOJIBKO T PAKIITOHHBIX MAaKCHMYMOB.

2. U3meputs paccrosiHue L — 0T mudpakinoHHON penieTku 10 dKpaHa u |y —
paccTosiHuE OT LEHTPaJIbHOTO AU(PPAKIIMOHHOTO MaKCUMyMa 0 MakcuMyma Im-
ro mopsiaka, rae m=1, 2, 3...

Im

3. Omnpenenutsb cuHyc yria nudpakuuu @n o Gopmyne Sing,, = ﬁ :
m

4. Haiitu nepuoa AMpaKkIMOHHON pelieTku mo gopmyie: d =,
sing,,
5. M3smepenust MOBTOPHUTH MPH pa3HBIX 3HaueHUsAX L u HallTH cpemHee 3Ha-
YeHHE Meprojia MOCTOSTHHON pemeTku (d). OIeHUuTh MOrpenTHOCTh U3MEPCHHIA:

_ 2
A=t 2@ =), ge n=a.
’ n(n—1)

6. Cnenarb BHIBOJIBI.
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PABOTA Ne 6
OIIPEJIEJIEHUE MOIJIOMIATEJIBHOM CIIOCOBHOCTH
BOJIb®PAMA

Llenv pabomul. 03HAKOMUTCSI C 3aKOHAMM TEILJIOBOTO HM3Jy4Y€HUS, U3YUUTh
MUPOMETP C <«HUCYE3AI0IIEeH HHUTHIO», ONPEACIUTh MOTJIOMATENbHYIO CIOCO0-
HOCTh BOJIb(ppama.

Obopyoosanue. peryIupyeMblii UCTOYHUK TEIUIOBOTO H3ITydeHHs (Jamra
HaKaJIMBaHUs), TUPOMETP C «HCUYE3aI0NIel HUTHI0», aMIIEPMETP, BOIBTMETD.

Onucanue MeToaa

TennoBbIM M3IIy4EHUEM HA3bIBACTCS M3IIYYEHUE AJIEKTPOMArHUTHBIX BOJIH,
BBI3BAHHOE HArPEBAHUEM TEJ. JTO U3IIYUEHUE UMEETCS IIPU BCEX TEMIIEPATYpPax,
OTJIMYHBIX OT aOCOMOTHOTO HYJs. Ero MOXHO moajiepxarh JUIMTEIbHOE BpeMs,
HEMPEPHIBHO MOABOJISI K TETY SHEPTHUIO.

N3nyyeHue Ha3bIBae€TCsl pAaBHOBECHBIM, €CIIM SHEPIUsl, U3NlydaeMas TeJIOM B
CAVHMITY BpeMEHH, OyJIeT paBHA YHEPTUH, MTOTJIOMICHHON 3a 3TO ke Bpems. [Ipu
PABHOBECHOM U3JIyYEHUHU TEMIIEpATypa Tejaa OCTAETCS MOCTOSHHOM.

JInst XapaKTEepUCTUKH TEIIOBOTO M3JIYUYEHUSI BBOASTCS CIEAYIONINE BEIUYH-
HBI.

[Torok uzny4eHus (MOUTHOCTh U3MydeHus) @ — sto sHeprus W, uziryuaemast
TEJIOM TIPU JAHHOM TEMIIEpAType B €IWHUILY BPEMEHHU B MHTEpBAJIC JJIMH BOJH
ot 0 10 o Bceil MOBEPXHOCTHIO Tela:

dw
O=—— . 1
dt (1)

DHepreTHyYecKas CBETUMOCTh (M37y4aTelbHOCTh) Mg — 3TO 3Heprus, u3iy-

qacMmas TCJIIOM IIpH I[&HHOﬁ TCMIICPATypC B CAMHUIY BPCMCHU C CAWHUIBI I1JI0-
raJl B MHTCPBAJIC JJIMH BOJIH OT 0 J0 00

do
Tds @

CrnexTpanpHas IUIOTHOCTh PHEPTETHYECKONM CBETHUMOCTH Tena Mgy — 3Hep-
rus, MoJdydaeMasl TeJIOM B €JUHHILY BPEMEHH C €QUHHUIIBI TUIONAAN B €AUHNAY-
HOM MHTEPBAJIE IJIMH BOJIH:

_ dM, . (3)
dA
[TornmomarensHas crnocoOHOCTh Tena 4 — BEIUYMHA, ONPEACIIAIONIast, Kakas
4acTh MAJAlOLIEro Ha MMOBEPXHOCTH TEJA IMOTOKA M3JIy4eHUs MOTJIOIAETCS MIPU
JAHHOU TEeMIleparType:

Me/l

L

“do @
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riae d® — majaronmii MOTOK M3TyYCHHS;

d® ’— norsoneHHBIA TOTOK U3TyUYCHHS.

B Teopuu TemnoBoro M3mydeHUs: MOJIb3YIOTCA MOHSATUAMHU a0COJIOTHO Yep-
HOT'O U CEPOTO TEII.

AOCONIOTHO YEpHBIM HA3bIBACTCS TENO, KOTOPOE MOJHOCTHIO MOTJIOMIAET
DHEPIUI0 MAJAIONIEr0 Ha HEro W3JIy4eHUs BceX JUIMH BOJH. J{Jig aOGCOJIFOTHO
yepHoro tena (AUT)

A0 = 1. Benmuunsl, xapaxrepusyioume AUT, Gyaem o003HA4aTh HHICK-

com 0. B mpupone me cymecrsyer AUT. Dto MarepuanbHas abcrpaxius. C
npakTuueckod Touku 3peHuss AUT HyxHO Ju1sl TOro, 4ToObl CPaBHUBATH Xapak-
TEPUCTUKH U3JIyUYEHHUS PEAJIbHBIX TEJl.

CepbIM Ha3bIBA€TCS TEJO, €CIU €r0 IMOTJIOIATeIbHAsT CIIOCOOHOCTh OJIMHA-
KOBa JIsl BCEX JJIMH BOJIH U 3aBUCHUT TOJIBKO OT TEMIIEpaTyphl, MaTepraia u co-
CTOSIHUSI TOBEpXHOCTH. [{71s1 ceporo tena 4 < 1.

3akon Kupxroda MmoxHo 3anucats B nuddepennuanbaoi hpopme aiis mo0o-
ro Tela W B MHTErpaibHOl (opme nns ceporo tena. B mnuddepennumanpuoit

dbopme 3akoH Kupxroda cBsizbiBaeT BeMUUHBI My) U A JU1sl TPOU3BOJIBHBIX TEN
Y YUTAETCS TaK. OTHOILICHHUE CIIEKTPAIbHON MIOTHOCTH SHEPreTUUYECKOU CBETH-
MOCTH TeJIa K €ro MOrjomaTeIbHOW CIOCOOHOCTH JJIsl BCEX TENl OJIHA U Ta Ke

(byHKIUS TeMrepaTypbl U AJTUHBI BOJTHBI

MA“ = (A T)= MY, (5)

®dyukuus f(A, T) maseBaercs dynkiueit Kupxroda, Bemuunnbl Moy u A,
B3STBIC OT/JICJIbHO, MOTYT YPE3BBIYAHO CHIILHO MEHSTHCS MPH MEPEX0Jie OT OJI-
HOro Tena K JApyroMy. OJHAKO OTHOIICHUE MX OKa3bIBACTCS OJUHAKOBBIM JIJIS
BCEX Tell.

B unTerpanbHoit popme 3akoH Kupxroga csizpIBaeT 3HEPreTHYECKYIO CBe-

TUMOCTB CEpOro Tena M, ¢ SHEPreTUYECKON CBETUMOCTBHIO MS AUT
M,=AM? . (6)
3neck A —nornoniareabHasi CiocoOOHOCTh CEpOro Tena.
BumHo (6), 4To mpu JaHHOW TemIepaType CHIIbHEEe U3Iy4aroT Te cephle Te-
Ja, KOTOpble 00J1aAat0T OOJIBIIEH MOTIOMATEIbHON CIOCOOHOCTBIO.
Y cTaHOBIEHBI caeaAyolne 3aKkoHbl u3nydeHuss AYT.
3akoH Credana-bonpimana: sHepreTuueckas ceetumocts AUT npsmo mpo-
HNOpPLMOHAJIbHA YETBEPTOI CTENEHU €ro abCONIOTHON TeMIlepaTypsl. O Ha3blBa-
etcst noctosHHOM Ctedana-bonpimana.
M=o T* 7)

3akoH cmenieHus: Buna (nepBbiii 3akoH BuHa): minHa BoHBI Apy, , HA KOTO-
PYIO IPUXOJIUTCS MAKCUMYM CHEKTPaJIbHOW TNIOTHOCTH SHEPTreTUUYECKON CBETH-
moctu AYT, 06paTHO MpONOPIHOHATBHO a0COMIOTHON TeMIepaType
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i = L 8)

Bennunna C; = 2,910 m-K HasbiBaetcs nocrosHHol Buna.

Bropo#i 3akoH BuHa: mMakcumanabHOE 3HAYEHWE CHEKTPAIBHOW IUIOTHOCTH
sHepreTudeckoi cBeTUMOCTH AUT M, max TPSAMO MPONOPLHOHAIBHO TMSITOM
CTENEHU €ro a0COIITHON TEMIIEPATyPhI

Momax = G T, 9)
Ccy = 1,310° Br/m K.

Ha puc. 1 nokazaHsl SMIUpUYECKHE KPUBBIE pACIPEIEICHNs YJHEPTUU U3ITY-

yeHuss AUT no nimmHaM BOJIH MPU pa3HbIX Temneparypax. BuaHo, yTo 3HaueHue

MaKCuMyMa cneKTpaanoﬁ IJIOTHOCTHU U3JIYUYCHUS ITPH IMMOBBIIICHUN TEMIICPATY-
pbI YBCIINYHUBACTCA, 4 CaM MAKCUMYM CMCIIACTCA B CTOPOHY KOPOTKHX BOJIH.

A A
Puc. 1

[TpaBunbHOE BhIpakeHue ais Gpynkuuu Kupxroda m teopernueckoe odoc-
HOBaHHE CIIEKTpaJbHBIX 3aBUcUMOcTed u3inydeHuss AUT Obuto nano M. Ilnan-
KOoM. OH IpeUIoKUIT UACI0 O KBAHTOBOM XapakTepe u3iydeHusd. [InaHk BeIIBU-
HYJI TUIIOTE3Y. ATOMBI a0COJIFOTHO YEPHOTO TEJa U3IY4YaloT YIHEPTHUIO MOPIHUIMH,
¥ SHEpTUs &€ KaXJo# mopuuy (KBaHTAa) M3JTyUEHUsS CBSA3aHA C YAaCTOTOM M3ITyde-
HUS popMyTIoit

E=hv, (10)
rae V—4acTtoTa U3J1y4deHus;

h — mocTosiHHas BenwunHa, paBHas 6,6210 34 Jx-c.

ITocrostanas h Op1na Berancnena M. ITimankom U mmo3aHee Ha3BaHa €ro MMe-
HEM.

Hcrnonp3ys mpeacTaBieHne 0 KBAaHTOBOM XapaKTepe TETUIOBOTO M3ITyYCHHS,
[Tnank momyunn ¢pyakuuto Kupxroga
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MY = Z”hczm 1 . (11)

5
Z ex%: he )—1
A KT

Iie ¢ — CKOpPOCTh cBeTa; K — mocrosiHaas bonbiiMana.

U3 popmyisl (11) moaydarorcs kak cieacTBus 3akoH Credana-bonbiiMana
U 3aKOH cMeleHus Buna.

Meroabl onpenenaeHus: TeMIepaTypsl Tela MO €ro TeMIOBOMY H3IYyYEHUIO
Ha3bIBAIOTCS oNTHYecKoW mupomerpueit. [Ipubopsl, nmpuMeHsieMble aJisi STOM
€)1, HA3bIBAIOTCS TUPOMETPAMHU.

Haubonee mupoko pacrnpocTpaHEeHbl CIEAYIOIIUE METOIbl OMpPEeeICHUs
TEMIEPATyphl. paJMallMOHHbIN, IPKOCTHBIN U cBeTOBOW. B manHO#l pabote uc-
MOJIB3YETCSl IPKOCTHBIN MeTOJ. B 3TOM MeTone cpaBHHBAIOT SPKOCTH HCCIIE-
ayeMoro tena ¢ ApkocTbio AUT. C moMoImipio 3TOro MeToja ONpeesioT TaK

Ha3bIBAEMYIO SIPKOCTHYIO TeMreparypy I, TO €cTh Takyro temmneparypy AUT,
IIpU KOTOPOM €ro CHEKTpallbHas IUIOTHOCTb JSHEPIeTUYECKONW CBETUMOCTH

M S | paBHa M, ) uccieayemMoro Tena npu JaHHOH A
0 _
M ed — M ed -
Hctunnasa temneparypa tena T > T,. [loatoMy, ecnu Teno He siBhsieTcs ao-
COJIFOTHO YEPHBIM, BBOJST MOITPABKY.

Onucanme yCTAaHOBKH

Jlis w3MepeHus TeMriepaTypbl HUTH Hakajia B pabOTe WCIOJIb3YETCS ONTH-
YECKHUI MUPOMETP C «HcUe3aloIiei HUThIo» (puc. 2).

(7

A

PUII %%

4

Puc. 2
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3nech 1 —00BEeKTUB TUpoOMETpa, 2 —OCIa0ISIIONINNA CBETOPMIBTP, KOTOPHIN
MO>KHO BBOJIUTH U BBIBOJUTH MOBOPOTOM PYKOSATKH 3; 4 —dTalloOHHAs Jamia,
HUTH KOTOPOU uMeeT popMy IOyru; 5 —cBEeTOGUIBTP, NPOMYCKAIOMIUNA KPACHBIH
CBET ¢ JuHOM BOJHEI A = 0,66 MKM, KOTOPBIIf BBOAUTCS C TIOMOIIBIO PYKOSTKH,
pacrojIoXEeHHON Ha OIMpaBe OKYJsipa; 6 —OKyJsIp.

DTaNoHHYIO JIaMITy MOJKIIIOYAIOT K UICTOYHUKY MUTAaHUS. B 11enb 3TaioHHOM
JamIbl BKIIIOUEH peoctaT R u amnepmetp 4, BCTPOEHHBIN B KOPITYC TUPOMETPA.
[lxana nupoMeTpa nMporpagynupoBaHa Mo U3Iy4yeHUI0 a0COIIOTHO YEPHOTO Teja
B rpaaycax Llenscusi. Mensiga conpoTtuBiieHre peoctata R ¢ moMOIIbI0 pyKOSTKH
B BHUJIE KOJIbLIA, BHIBEICHHOT'O Ha JIUIEBYIO YaCTh MUPOMETPA, MOKHO U3MEHUTD
CUJIy TOKa B 3TAJIOHHOM JIaMIle U SIPKOCTh €€ HUTH HaKalla.

H3mepenne TemrnepaTypsl TUPOMETPOM OCYIIECTBISETCS CIIETYIOIINM 00pa-
30M. C momompio o0bekTuBa 1 n300paxkeHne CBETSIICHCS MOBEPXHOCTH Tela,
TEeMIEpaTypa KOTOPOro AOJKHA OBITh M3MEpPEHa, COBMELIAIOT C IJIOCKOCTHIO,
I7Ie yCTaHOBJICHa HUTHh Hakaia 3TajoHHOM namnbl 4. [lpu sToM HabmogaTens
gyepe3 OKyJsip 6 U cBeTOPMIBTP 5 BUAUT N300pakeHHe HUTH 3TAJOHHOM JaMITbl
Ha (OHE N300paKeHMsI ITOBEPXHOCTH Teja (puc. 3).

W3mensist ¢ momoltnsio peoctata R cuity Toka B namme
NUPOMETpa, TOOMBAIOTCS, YTOOBI SAPKOCTh HUTH Hakaja
JaMIIbl U TIOBEPXHOCTU HCCIEyeMOro Teia CTalu OJH-
HaKOBbIMU. [Ipu 3TOM HUTH HaKaja JIAMIIbI «HCYE3aeT»
Ha (hoHE M300pakeHHs] TOBEPXHOCTH UCCIIEIYEMOTO Te-

4 pa. DTO 03HAYACT, YTO CHEKTpasibHAasK IJIOTHOCTH DHEPTe-

TUYECKOM CBETHMMOCTU STAJOHHOW JIaMIIbl MPH JTaHHOM

%) %) TOKE COBNAJAET CO CHEKTPAIbHOM IUIOTHOCTHIO DHEPre-

Puc. 3 THYECKOW CBETHUMOCTH HccienyemMoro tena. [lupomerp

MPEBAPUTENILHO TPAAyUPYIOT MO aOCOIIOTHO YEPHOMY

TeIy, TO €CTh YCTaHaBIMBAIOT, MPU KAKOM TOKE B 3TAJOHHOM JlamIle €€ CIIeK-

TpajbHAas IOTHOCTh SHEPreTHYECKOM cBeTUMOCTH st A = 0,66 MKM coBmagaet

co cnekTpanbHOoi IoTHOCThIO AUT m3BecTHOM Temmepatypsl. [loaTomy no mo-

Ka3aHUsM MUPOMETPA MOKHO OIPEIEIUTh HE UCTUHHYIO TEMIlepaTypy Hcclie-
JyeMOoro Tena, a rTemneparypy 7, abCOIIOTHO YEpHOTO Tella.

Jliia onpenienieHnss ICTUHHOM TeMIiepaTypsl B paboTe JaH rpaduk MonpaBok,
KOTOpBIE HYXHO MPUOaBIATh K MOKa3aHUsAM mupomeTpa. ['paduk pacnonoxxeH
Ha Ja00paTOPHOM CTOJIE.

7

BoinosiHeHue u3MepeHmni

1. BKJIIOYNTh MCTOYHMK MUTAaHHWS U YCTAaHOBUTH Ha JIaMIle HampshKeHUE
3,5B. M3Mmeputs crity TOKa B JamIie o Iikaie npudopa (amMmepmerpa).

2. YCTaHOBUTH MUPOMETP TaK, 4yTOObI M300paK€HHWE HUTH HCCIEAYEeMOit
JaMmbl U1 HUTH STAJOHHOW JIaMITbl TiepeKkpbIBainch. C MOMOIIBIO OKyJsipa J0-
OUTHCS OTYETIIMBOTO H300PaXKEHHUST HUTH UCCIIEAYEMOU JIaMIibl (CM. puc. 3).
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3. [Ipu BBenEHHOM CBETOQUIBTPE D MEJIEHHO MEHSS MOBOPOTOM KOJIbIIA
peoctata R SpKOCTh HUTH 3TaJOHHOM JIaMIIbl, JOOUTHCS OJMHAKOBOM SPKOCTHU
HuTed. OnpenenuTs Mo HIKajae MUPOMETpa IPKOCTHYIO TeMIiiepaTypy t,, C nam-
nel. Pe3ynbrar 3anectu B TaOIUITy.

Tabmmma 1
Homep U,B I, A t,, °C At °C Touem K A
OIIbITA
1
2
3
4

[To rpaduky nomnpaBok omnpenenuts nomnpaBky 4 t, °C, u, npubasisis ee K
SPKOCTHOM TeMIlepaType, HAUTH UCTUHHYIO TEMIIEpaTypy MCCIEIyeMOro Tejaa —
namibl. Beipazuts uctunnyto temneparypy 7., B KenbBunax.

5. 3mepenus noBTopuTh elie 4 paza ¢ pa3HbIMU HanpsbKeHusMu. Pe3yinbra-
Thl U3MEPEHUN 3aHECTU B TAOJIHILY.

6. Beruncauts o dhopmyiie (12) mormomarebHy0 ClIOCOOHOCTh BoJib(hpama
A st KaK0M TeMIepaTypbl

U

AT Tis (12)

npuHumMas g = 5,6710° 8 Br/m? K*. [Tnomanp S u3myyeHus JTamMmbl ykazaHa Ha
ee 3aLUTHOM KOXyXe, He 3a0y/pTe mepesecTi eé B M°. [Toctpouts rpadmk A (7).
7. Cnenatb BBIBOJI.
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PABOTA Ne 7
HNCCIIEJOBAHHUE CIIEKTPOB UCITYCKAHUS
TBEPIbBIX TEJI

Llenv pabomoul. N3ydeHHEe 0COOCHHOCTEH HETIPEPHIBHBIX CIIEKTPOB JIAMIT Ha-
KaJMBaHUS M JIPYTUX WCTOYHUKOB CBETA, OMPEICICHUE UX TEMIIepaTypbl METO-
JaMH ONITUYECKON CIIEKTPOMETPHH.

Obopyoosanue. CUEKTpOMETp Ha OcHOBe criektpodoromerpa CD-4A, am-
TIEPMETP, BOIBTMETD, JJaMIla HaKaJTUBAHMUS .

Onucanue MeToaa
Omnucanne MeToaa MpuBeAeHO B padore Ne6 «OmpeneneHre moriaonaTelb-
HOM CITIOCOOHOCTH BOJIb(hpama.

Onucanue yCTaHOBKH

Ha puc. 1 nokasan o0muii Buj| yCTaHOBKU, COOpaHHOM Ha 6a3e criekTpodo-
TomeTpa CD-4A.

3 2
MoV o g

bl

60JIH

01

Puc. 1

CBeT naMmbl HaKaJMBaHUS MPOXOAMUT LIENb quadparMbl U pacKialbIBaeTCs
B criekTp. OTIeNbHbBIe YacTH CIIEKTpa MOBOpoTOM pydku (1) moouepeaHo BBIBO-
JATCS Ha Y3KYIO LIENb, 32 KOTOPOM pacloiokeH cBeToanoA. [[nrHa BOJHBI MO-
JTaBaeMOM Ha ILEJb YaCTH CIEKTpa yKa3zaHa Ha Iikajie npudopa. CurHan cBeTo-
JIM0/1a MTOAAETCS HA MUKPOAMIIEPMETP.

BobinosiHeHue u3MepeHuni

1. BximtounTh nuTaHue Jamibl (2) ¥ TOBOPOTOM PyYkH (3) YCTAaHOBUTH MO
BOJITMETPY Hanpspkenne 9,5B.
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2. Usmenss pyukoit (1) munay BosHbl oT 600 M 10 1200HM yepe3 50 um

CHSATh 3aBHCUMOCTH TOKa (pOTOJMOJIa OT JIJTMHBI BOJHBI. Pe3ynbrar 3aHEeCTH B
Ta0JIuUILy.

3. BOnu3u makcumyMa (pOTOTOKA MOBTOPUTH U3MEPEHUS uepe3 5 HM, 4TOObI
TOUYHEE YCTAaHOBHUTH MOJIOKEHHE MaKCUMyMa.

4. IToBTOpPUTH 3KCIIEPUMEHT MPH HAINIPSHKEHUU Ha J1amIie He MeHee / B.

Ta0Omuma 1
Howmep A, HM 1y, HA nly ., HA T,K
OIIbITA
1
2
15

5. CkoppeKkTHpoBaTh MOKa3aHUsI MUKpOaMIIEpMETpa YMHOKEHHEM Ha KOd(-

(GUIMEHT, YYUTHIBAIOIMINN CIIEKTPAIbHYIO0 XapaKTEPUCTHKY (OoToAauoIa U IpH-
BEICHHBIN B TAOJIHIIE 2.

Tabmauma 2
Anam | 600 700 800 850 900 950 1000 1050
n |116 | 1,08 | 1,00 | 096 | 0,92| 0,88 0,84 0,80
Tabnuna 2 (mpomoinkeHue)
A,um | 1100 | 1150 | 1200 | 1250| 1300 1350 1400 1450
n |076 |072 | 068 | 0,64 | 060| 056/ 052 048

6. [TocTpouts rpadvku 3aBUCUMOCTH CKOPPEKTUPOBAHHBIX MOKa3aHUU (o-
TOJMO/A OT JIYIMHBI BOJHBI MAJAIOIIETO CBETA OT KAXKJOTO HAIPSKEHUS JIaMIThI.

7. OnpenenuTh TeMIIEpaTypy HATH HaKajia JaMITbl 110 (popmysie mepBoro 3a-
KoHa Buna

2911073

T= 1Ks

/]max
T1e Amax — OmpenensemMas u3 rpaduka JUIMHA BOJHBI, HA KOTOPYIO MPUXOJUTCS
MaKCHMyM TOKa ()OTOUO/IA.

8. Cnenatb BBIBOX
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PABOTA Ne 8
CHSATHUE CHEKTPAJIbHOM XAPAKTEPUCTUKHA
OOTOIIEMEHTA
N OITPEAEJIEHUE PABOTbI BBIXOJA 9JIEKTPOHA

L]env pabomul. 03HAKOMHUTBCS C OCHOBHBIMH 3aKOHOMEPHOCTSIMU BHELIHETO
dboTorpdekTa, CHITH CIEKTPATBHYIO XapaKTEPUCTUKY (HOTOIIEMEHTA U OIpeie-
JUTH pabOTy BBIXOJIA DJIEKTPOHA

Onucanue Mmeroaa

Buemrnum ¢oTtosdhekToM Ha3bIBaeTCs UCMYCKaHUE CBOOOTHBIX AJIEKTPOHOB
TBEPABIMH U KUAKUMU TeJIaMU MPU UX OCBEIICHUU.

[Tpu uzydyenun 3aKkoHOB (PoTo3(pdexTa y METaIIOB MOKET OBITH HCIIOJIB30-
BaH BaKyyMHBIH (POTOIJIEMEHT, MPEACTABISIOMNN CO00M CTEKIISTHHBIN OauIoH,
MIOJIOBUHA BHYTPEHHEW MOBEPXHOCTH KOTOPOTO MOKPHITA TOHKUM CJIOEM METal-
Ja, SIBJISIOUMMCS KaTOJOM. AHOJIOM CIIYKUT METAJTTMYECKOE KOJIBIO, PaCIIoo-
KEHHOE BHYTpHU OayutoHa. MexXly KaToJA0M U aHOJOM CO3JIaeTCs SIEKTPUIECKOe
HanpspkeHue (puc. 1), koTopoe MOKHO M3MEHSTh MPU MTOMOIIY MOTEHIIMOMETpa
R. lns u3MepeHus HarpspkeHus Cry>kuT BosbT™MeTp V. [lpu ocBemenun katona
B LIENH MOSBISAETCS (POTOTOK, CHJIa KOTOPOTO HU3MepsieTcs rajibBanomeTpom G.

3aBUCHUMOCTh CUJIBI (DOTOTOKA OT Hamps-

YKEHUSI TIPU HEU3MEHHBIX 4YacToTe u3lyueHus — Ceemoghuromp
U BEJIMYMHE CBETOBOTO IMOTOKA, MaJArOIIEro
Ha KaToJ1, Ha3bIBA€TCsl BOJIBTAMIIEPHON Xapak-
Tepuctukor orodnementa (puc.2). [Ipu mo-
CTpOeHHH Xapakrepuctuku cuutator U > 0O,
€CII MOTEHIMAaJl aHOZa TMOJO0XKHUTENIEH M0 OT-
HOILICHUIO K TOTEHIMATy Karona, B MPOTHB- _@
HoM ciydae U < 0. Ha puc. 2 BugHO, 4TO C

R
YBCIIMYCHUCM HAIIPSOKCHUA CHJIIA (I)OTOTOKa &

YBCIMYNBACTCA U OOCTHUI'aCT MAKCHUMAJIBHOI'O

3Ha4YeHus |,, Ha3bpIBAEMOro CHJIOW TOKa Ha- £ I|||||
CBIINEHUS. 3aJICP)KUBAIOIIMM ITOTCHIIAATIOM
(HampspkeHHEeM) Ha3BIBaOT Hanpspbkenue U, Puc. 1

IPY KOTOPOM (POTOTOK TIPEKPAIIAETCS. —
@DOTOTOK JOCTUTAET HACHIMICHUsI, KOTJA BCE JJEKTPOHBI, BBUJICTAIONINE U3
karoza 3a 1 ¢, mocturarot 3a 1 ¢ anoma. CnemnoBarensHo, cuia (OTOTOKA HACHI-
menus |, = eM], roe e — 3apsia dMEKTpoOHA, N — YHCIIO AJIEKTPOHOB, BHUICTAIOIINX
u3 karoaa 3a 1 ¢. Korna HanpsbkeHue Ha GOTORIEMEHTE PaBHO 3aJepyKHBAOIIE-
My noteHimany U,, To | = 0, To ecTh 3a7epXKMBalOTCs Jake camble OBICTPHIC
AJIEKTPOHBI CO CKOPOCTBIO Unmax TP BhUIETE. VX KMHETHUYECKAs] SHEPTHSI TTOJTHO-
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CTBIO pacxoayeTcia Ha pa60Ty IMpOTUB CHJI TOPpMO3AIICTO I10JIA

mu?>

——M& =galU, , e m—macca 3J1exkTpona. Ecim, He MeHsIs 4acTOTHI CBETa, YBe-
2

JIMYATH BABOE MAJAOIIAN HAa KaTOJ CBETOBOM MOTOK D), TO 3aJCPKUBAOIIUN
MOTEHIIMAJI HE U3MEHHUTCSI, a CUJIa TOKA HACBIIIEHUS |, yBETMYUTCS BABOE I10 3a-
kony CrosieroBa (cM. puc. 2).

| V=const

(Dy)2=2(D))1

|12

(D)1

IHl

e

Puc. 2

Us 0 U

3akoHoMmepHOCcTH (GoTOdhPerTa 00biICHSIET KBaHTOBas Teopus. CorjiacHo
ATOU TEOPHH, CBET U3TYyUYaETCsl, IEPEHOCUTCS U MOIJIOUIAETCS B BUI€ OTACIIbHbBIX
YaCTHII, Ha3bIBaeMbIX (oToHamMu. DHeprus ¢oToHa £ = hv npu porosddekre
nepesaeTcsi AEeKTPoHy. YacTh 3TOW 3HEPTrUU PacxoAyeTcsl NEKTPOHOM Ha CO-
BepIIeHNE pabOThl BBIXOJAa M3 METAJIA, YaCTh PacCXOyeTcs Ha MyTH K MOBEpPX-
HOCTH. OCTaTOK SHEPTUHN YHOCUTCS JICKTPOHOM B BHUJI€ KHHETUIECKOM YHEPTHUH.
Orta sHeprus OyneT MaKCHUMallbHa, €CIIN JIEKTPOH IMOTJIONIAET YHEPTHi0 (OTOHA
Ha TMOBEPXHOCTH MeTaia. J[is 3Toro ciayyas CHpaBemsiMBO ypaBHEHUE DWH-

mTerHa
2
muo,
hy = A+ —M&
2

Buano, uto npu V<< Yy potodrddexra He OyaeT, TaKk KaK dHEPryus KBaHTA
JOJDKHA OBITH JOCTATOYHO BEJIMKA, YTOOBI COBEPIIUTH PabOTy BBIXO/A:

hvy=A. (1)
MuHuMalnbHas yacTota Vg, , Ipu KOTOPOH elne Bo3MoxkeH (hoToaddekr, Ha-

3bIBACTCS TpaHUYHOM dactoToir Qortodddekra. Ilocrosanas [lmanka h =
= 6,6210°%* JIx(d.

Onucanue yCTaHOBKH

Pabota BeIxoaa 35eKTpOHA orpeAenseTcs no Gopmyse
A=hy, (2)
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rne Vo — rpanudHas yactora Gotodddexra. s HaxoKAeHHs] TpaHUYHON dac-
TOTHI CHUMAETCS CIIEKTpaJIbHAs XapaKTePUCTHKA BAKYYMHOTO ()OTORJIEMEHTA.

Jljis mogydeHus: MOHOXPOMATHUECKOTO CBETa Pa3IUYHON YacTOThI HCIIONb-
3YIOTCSI CBETO(UIBTPHI, BCTABJIEHHBIE B TUCK, KOTOPBIA MOXKHO BpAaIlaTh BOKPYT
TOPU3OHTAIBHON OCH.

Cuna ¢ororoka HachleHus |4 , BEI3BIBAEMOIO CBETOM Pa3IMYHON 4acCTOTH,
U3MEPSIETCS TalbBAHOMETPOM.

CBeTOBBIC TIOTOKH, MPOITYCKAaeMbIe Pa3iIMYHbIMH CBETOPMIBTPAMH, HEOIH-
HAKOBHI. J[J151 cpaBHEHMS BEJIMYMH 3TUX CBETOBBIX MOTOKOB CITY>KUT TEPMOCTOJI-
OWK, 3aMKHYTHIN Ha TAJIbBAHOMETP W UMEIOIINI OTAETHFHOE BXOIHOE OKHO.

[Ipr mageHN MOHOXPOMATHYECKOTO CBETa HA TEPMOCTOJIOMK B €ro IEMu
BO3HUKAET TEPMOTOK, CHJIa KOTOPOTO |7 MpONoOpIioHaIbHa BEIMYMHE CBETOBOTO
notoka @, 1 He 3aBUCUT OT YaCTOTHI CBETA, TO €CTh

lr = ko, , (2)
rae K —xo3¢pduiment nponopuroHaITbHOCTH.

Takum 06pa3oM, Mo cuiie TEPMOTOKA MOXKHO CYJUTh O BEJIHMUYMHE CBETOBOTO
notoka @, , IpOMyIEHHOTO CBETO(UIBTPOM.

[Tpu moCTpoeHUH CTIEKTPATbHON XapaKTEPUCTUKH MOXKHO BOCIIOJIB30BATHCS
OTHOIIEHHEM (OTOTOKA K CHJIE TEPMOTOKA, KOTOPOE MPOIMOPIHUOHAIEHO OTHO-
wenuto |, /@, . I'papux 3aBucumoctu |,/lt oT V 1 mpexacTasnser coboi criek-
TpaJIbHYIO XapaKTEPUCTUKY (HOTOIIEMEHTA.

YcraHoBKa cOCTOUT U3: 1) OCBETUTENs, HANPSHKEHUE Ha KOTOPBIN MMOIaeTCsI
gyepes Tpanchopmarop; 2) BaKyyMHOTO (OTO3JIEMEHTa, KaTOJOM B KOTOPOM SIB-
JsieTCsl CJIOW 11e3usl, HalpsDKeHHe Ha (DOTORJIEMEHT MOJAeTCsl Yepe3 BBIIPSIMHU-
Telb; 3) TepPMOCTOJIONKA; 4) rabBaHOMETPA JIJISl U3MEPEHHS TEPMO- U (POTOTO-
Ka; 5) mepekrovaresisi, IO3BOJISIFOIIETO MOAKII0YaTh TabBAHOMETP JIHOO0 K (o-
TO3JIEMEHTY, JTUOO K TePMOCTOJIONKY; 6) AKMCKa C BCTABJICHHBIMUA B HET'O CBETO-
GuIBTpaMu C yKa3aHHEM YacTOTHI MTPOITYCKAEMOTO UMHU CBETA.

BoinosiHeHue u3MepeHuni

1. BxJTIOUnTh OCBETHUTEIb U HAMPABUTH €r0 CBET Ha TepMOCTONOUK. Bpaiie-
HUEM JHMCKa MTOOYEPEHO YCTAHOBUTH HA MYTH JIydyeil CBETa BCE CBETO(PMIBTPHI
U, BBDK/IaB, MIOKA YCTAHOBUTCS CTpPEJIKA rajibBaHOMETpPA, U3MEPUTh TEPMOTOK B
(nenenusx mikaiel). Pe3ynbraThl U3MEpEHUH 3aHECTH B TAOJIHUILY.

32



Ta0muna

Yacrota cBera V, 4,6 4.8 51 5,7 7,0 7,6
I'n (x10%)

®ororok 1y

Tepmotoxk I,
+3
nmokasanus x10

I /it

2. IlepeBectu s1yd cBeTa Ha poTornemMeHT. M3Meputh (hOTOTOK MPH MPOXOK-
JIGHUH CBETa TOCJIEeI0BATEIbHO uepe3 Bce CBeTOPMIbTphl. Pe3ynbrarsl usmepe-
HUW 3aHECTH B TAOJIUILY.

3. Bbruucauth oTHOUIEHHE (POTOTOKA K TEPMOTOKY |4 / |1 . Pe3ynbraThl BbI-
YUCJICHUI 3aHECTH B TAOJIHITY.

4. IToctpouts rpadux 3aBUCUMOCTH |y / |1 OT yacTOTHI CBETa V, MaaroLIero
Ha (pOTOdIEMEHT.

5. Ilo rpaduky onpenenuTh TpaHUYHYIO 4acToTy (ororddexra u mo ¢op-
myne (1) paccuutath paboOTy BBIXOJa AJIEKTpoHa 3 1ie3us B Jx u 3B. 1 3B =
=1,610" Ix.

6. CpaBHUTH MOJYUYCHHOE 3HAUEHHE PAaOOTHl A BBIXOJa JICKTPOHA U3 13U
¢ TaOJIMYHBIM 3HAUYCHHUEM A5, = 1,933B. Jlyis1 3TOTO OMpEnenuTh OTHOCUTEh-
HYIO TTOTPEITHOCTh pabOThI BBIXO/1a

y = Amao =4 1000,

maon
7. Cnenatb BBIBOJI.
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PABOTA Ne 9
W3YUYEHUE TEMIIEPATYPHOM 3ABUCUMOCTH
COHNPOTUBJIEHHUA TOJYITPOBOJIHUKOB
U OINTPEAEJIEHUE DOHEPI'MU AKTUBALIUU
HPOBOAUMMOCTH

Llenv pabomoi: 1) 03HAKOMUTHCS C 30HHOW TEOPUEH TBEPBIX TEI U pacipe-
JICJICHUEM JJICKTPOHOB 10 YHEPTCTHYSCKUM 30HAM B ITOJYIIPOBOJHHKAX; 2) 03-
HAKOMUTBCS C THUIIAMH TPOBOJIUMOCTH ITOJYITPOBOAHHUKOB; 3) N3YYHTh 3aBUCH-
MOCTb 3JICKTPOCONPOTUBIICHUSI MOJYIPOBOAHUKA OT TeMIEpaTypbl U OIpese-
JIUTh SHEPTUIO0 AKTUBAIIUU TPOBOAUMOCTH.

Onucanue MeToaa

[TomynpoBOIHUKN 3aHUMAIOT MPOMEKYTOYHOE MECTO MO BEIMYUHE YACIb-
HOM 3JIEKTPOMPOBOTHOCTH MEXAY METAJUIAMH U AUDJICKTPUKAMHU. XapaKTepHOE
CBOICTBO MOJYNPOBOJHUKOB 3aKJIIOYACTCSI B TOM, YTO BEJIMYMHA UX DIEKTPO-
IPOBOJHOCTH CHJIBHO U3MEHSIETCS IPU U3MEHEHUH TEeMIIepaTyphl, OCBELICHUS U
T.1. B dacTHOCTH, 3/IEKTPONPOBOIHOCTH MOJIYMPOBOAHUKOB BO3pacTaeT C IO-
BBIIIICHHEM TeMIIepaTyphl, B TO BpeMs KaKk B MeTaJllIaX OHa TaaeT.

CBoiicTBa MOTYIIPOBOJHIUKOB OMKCHIBACT 30HHAS TEOPHs TBEPAbIX Tel. [Toka
N aTomMOB M30JMPOBaHBI, HAOOP PHEPTETHUESCKUX YPOBHEH AJIEKTPOHOB BO BCEX
atoMax oxuHakoB. Ecim ke N aToMOB coenMHEHBI B KpHUCTaJlI, HAPUMEp, CHU-
JaMH DJIEKTPOCTATUYECKOTO B3aMMOJCHCTBHSI MEXIYy MOHAMH W BaJICHTHBIMHU
AIIEKTPOHAMH, TO KaXIbIi YHEPTETHUECKUN YPOBEHB AIEKTPOHOB PACIICTUISETCS
Ha N OJIM3KO pacMoIOKEHHBIX JUCKPETHBIX YPOBHEH, 00pa3yIoNInX >HEPreTH-
YECKYIO 30HY.

Mexny coceqHUMH pa3pelIeHHBIMA 30HAaMU HMMEETCS 3alpelleHHas 30Ha,
KOTOpasi OXBAaThIBACT TAKUE 3HAUCHHS SHEPTUU, KOTOPBIE 3JIEKTPOHBI B KPUCTAI-
Je He MOTYT UMeTh. BaneHTHast 30Ha B MOJIYIPOBOJHUKE 0OpaszyeTcs mpu pac-
IICTUICHUW YPOBHSI, HA KOTOPOM HAaXOJSTCS BaJICHTHbIE (BHEUIHHE) AJICKTPOHBI
aTOMOB B OCHOBHOM COCTOSIHUHU.

CBoOoiHas 30Ha (30HA MPOBOJUMOCTH) B MOJYIIPOBOJIHUKE 00pa3yercs Mmpu
pacuIeTJIeHHH YPOBHsI, HA KOTOPOM MOTYT HaXOJHUTHCS BaJICHTHBIC AJICKTPOHBI
aTOMOB B BO30YK/JI€HHOM COCTOSIHHH.

[Tpu 7 = O B mOIyNpOBOJHUKE YPOBHU BAJICHTHOW 30HBI TIOJTHOCTHIO 3aI0JI-
HEHBI DJICKTPOHAMH, YPOBHHU 30HBI MPOBOJUMOCTH CBOOOIHBI OT DJIEKTPOHOB, a
mupuHa 3anpenieHHol 30Hb6l AEy 00b1uHO MeHbie 1 5B. Takum o6pazom, mo-
JTYIPOBOJIHUK SIBISIETCS TUAIEKTPUKOM (puc. la).

Yr1oObl B MOIYNPOBOJAHUKE BO3HUKIIA COOCTBEHHAs] MPOBOJAUMOCTH, HYXHO,
qTOOBl 9acTh JJEKTPOHOB C BEPXHUX YPOBHEW BaJICHTHOW 30HBI MEPEIUTH Ha
HIDKHHE YPOBHHU 30HBI MMPOBOAMMOCTH. {711 3TOrO BaJCHTHBIM JJIEKTPOHAM He-
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o6xomuMo cooOmmuTh dHepruto AE,, Ha3bIBaEMYI0 SHEPTUEH aKTUBAIMHA COOCT-
BEHHOU MPOBOJUMOCTHU. DTy YHEPTHUIO BAICHTHBIE AIEKTPOHBI MOTYT MOJyYUTh,
Hampumep, rpu Harpese kKpuctamia (puc. 16). OmHOBpeMEHHO B BaJCHTHOW 30-
He 00pa3yroTcsi BAKAHTHBIE COCTOSIHUS DJICKTPOHOB — JIBIPKH. BalleHTHBIE AJIeK-
TPOHBI TEMEPh MOTYT TEPEXOAWTh C HHU3KUX YPOBHEH Ha OCBOOOIHMBIIUECS
BEPXHHE, YTO COOTBETCTBYET IEPEXOAY JAbIPOK B MPOTHUBOIOJIOKHOM Ha-
TIPaBJICHUH.

E =0 T>0
|
| ,_3 3ona
! ’ IEKIMpOHbL npo8ooUMoOCmu
]
-
3anpewennas
4E, | 30Ha
PP PR Ay
—‘—‘—'—O—‘— Banenmnas
—9—0 —0 @ 30Ha
—0_0—_0_§-
a) 0)
Puc. 1

Takum o6pa30M, HOCHUTCJIXM TOKA B CJIydac COOCTBEHHOM IMPpOBOAHUMOCTH I10-
JYIIPOBOJHHKA — 3JICKTPOHBI ITPOBOAUMOCTU U ABIPKH. KOHHCHTpaLII/IH HOCHTC-
Jen TOKa, a CJICAOBATCIIbHO, U 3JICKTPOIIPOBOJHOCTD JKCIIOHCHIMUAJIBHO PACTCT C

TEMIIEpPaTypOH
-AE,

rne AEy — SHEeprusi aKTHBAallMU COOCTBEHHOW MPOBOAMMOCTH; K — mocCTOsIHHAS
Bonbimana; 7' — abcontoTHas Temneparypa.

[IpumecH, BBeICHHBIE B YUCTHIN MOIYNPOBOJHUK, COOOIIAIOT EMY IPUMEC-
HYI0 NPOBOJMMOCTH, JOMOJIHUTEIbHYIO K OCHOBHOW. [losiBIEeHHEe B OCHOBHOW
KPUCTAJUTMYECKON PENIETKE MOJIYNPOBOJHUKA ATOMOB IPHUMECH NPUBOJMUT K
BO3HUKHOBEHUIO B 3alPEIICHHON 30HE JIOKAJIBHBIX PAa3pEUIEHHBIX MPHUMECHBIX
YPOBHEHU.

BasieHTHOCTh MpPUMECHBIX aTOMOB OTJIMYaeTCs Ha * 1 OT BaJIeHTHOCTH OC-
HOBHBIX aTOMOB MOJIYIIPOBOJHMKA. ECiiM y mpuMecH BaJEHTHBIX 3JIEKTPOHOB
0o0JIbllIe, YEM Y OCHOBHBIX aTOMOB, TO U30BITOUHbBIEC AJEKTPOHBI aTOMOB MpPUMeE-
CH HE y4YacTBYIOT B 00pa30BaHMM XMMHUYECKOW CBsI3U B KpucTauie. OHU 3aHU-
MaroT IOHOPHBIC YPOBHH BOJIM3H JHA 30HBI IPOBOIUMOCTH (puc. 2a). [Tpu 7> 0,
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HOJly4YuB 3HEprur0 aktupauuu AE; 3a cYET PHEPrHMM TEIUIOBOTO JABMXKEHUS,
AJIIEKTPOHBI C TOHOPHBIX YPOBHEW NEPEXOIAT B 30HY IIPOBOAMMOCTH. Tak BO3-
HUKAaeT NMPUMECHAs JIEKTPOHHAS MPOBOAMMOCTH IOIYIPOBOJHNKA, KOTOPBIN B
ATOM CJIy4ae Ha3bIBACTCSA IMOJYNPOBOJHUKOM N —THUIIA, a IPUMECH B HEM — JI0-
HOPHOW MPUMECHIO, TAK KaK IMOCTABIIIET JIEKTPOHBI B 30HY POBOJIUMOCTH.

E T=0 | >0 E T=0 | >0

I ’ I

|
% ([ geaeldebe i

| Vpos&eHb

|
|
e ([ A e
|
0|00 0201905

—o_ o o o
%% e %020 2%
—o—ro—0— o—o—ro—0—

Puc. 2

KoHmieHTpamust 371eKTpOHOB MPOBOJAMMOCTU SKCIIOHCHIIMAIIBHO 3aBUCUT OT
TEeMITepaTypbl
-AE;
n~e 2KT
3nech AE; —sHEpTHS aKTUBAIUN TPUMECHOM 3JIEKTPOHHOU MPOBOTUMOCTH.
Ecnu y aTOMOB puUMecH BaJCHTHBIX 3JIEKTPOHOB MEHBIIIE, YeM Y OCHOBHBIX
aTOMOB TIOJTYTIPOBOTHUKA, TO IPUMECHBIEC aTOMBI JIJIsi 00pa30BaHUS XUMHUYECKOM
CBSI3M B KpHCTaJUIE 3aXBATHIBAIOT AJICKTPOHBI M3 YHCIIa BAJICHTHBIX JIEKTPOHOB
OCHOBHBIX aTOMOB. [IpH 3TOM B BaJICHTHOH 30HE OCHOBHBIX aTOMOB 00pa3yrOTCs
JOBIPKH. 3aUMCTBOBAHHBIE 3JIEKTPOHBI HAXOMATCS HA aKIENTOPHBIX YPOBHSIX
BOJIM3M JHA 3alperieHHo i 30HbI (puc. 20). [ oOpazoBaHus IbIPOK TpeOyeTcs
sHeprus aktuBanuu AE,, KOTOPYIO AIEKTPOHBI TPUOOPETAIOT 3a CUET TEIIOBOTO
TIBUKCHHUS.
PaccMoTpeHHBIN MOYIPOBOMHUK O0JIaTaeT IBIPOYHON MPOBOJAMMOCTBHIO U
HA3bIBACTCS TOJNYMPOBOJIHUKOM p — THUIIA, & PUMECH B HEM, 3aXBaThIBAIOIINE
AIIEKTPOHBI U3 BAJICHTHOH 30HBI, — aKI[EIITOPAMHU.
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KoHnnenTpamnuss Hocurenel Toka — JABIPOK SKCIIOHEHIMAIBHO 3aBUCUT OT
TEMIEPATYPbI
-AE,
n~e 2KT
3neck AE, —dHEprus akTUBALMU IPUMECHOM JBIPOYHON TPOBOAMMOCTH.
Hccnenyemplit 06pasel mOayNnpoBOJHIKA — KapOu KPEMHUS C IPUMECSMHU.
TemnepaTypHasi 3aBUCUMOCTb COITPOTHBIICHHS 00pa3la UMEET BU/L

R=R, e2KT ’ (1)
rae Ry — mocrosiHHAs, 3aBHCSIIAs OT MPUPOIBI TOJTYIPOBOIHUKA; AE — SHEPTHS
aKTUBAIMU puMecHO# nipoBoauMocTH, AE = AE; win AE = AE,; k = 1,3810 2
JIx/K —nocrosinnas bonbiiMana; 7 — aObCcoroTHas TeMIiepaTypa.

In R [TpomorapudmupoBaB  BeIpaxke-
aue (1), momyunm

Ian _ AEB];
InR=InR, +—— . 2
Ro 2k T (2)

YpaBuenne (2) rpaduuecku u30-
OpaxaeTcs mpsMoit ymHuer (puc. 3).
BriOpaB Ha mnpsMoi, NHpPOBEIEHHON
yepe3 BCE IKCIEPUMEHTAIbHbIE TOY-
ki, Toukd 1 m 2, paccuntaem 3HEp-
TMIO aKTHUBAIUH 110 opmyiie

In R,

_ IR -InR,
4 E= 2k1_1 : (3)
LERP

Onucanue yCTaHOBKH

OOpaserr MOTYIIPOBOHUKA TIOMeNIaeTcss B TepMocTar. Temreparypa T u3-
MEpSIETCS TEPMOIIApOil M cuMThiBaeTcs co mmkaiasl mpudopa I 4500, mporpa-
ayupoBaHHOTO B Tpanycax llenbcus. CompotuBieHre R u3mepsieTcss MyJbTH-
MeTpoM B KuioOMax.

BoinosiHeHue u3MepeHuni

1. Bxmtounts unaukatop 111 4500u mynsTumeTp B cetb. M3Meputs Temme-
paTypy U cOnpoTuBIeHHE 00pasua. Pe3ynbraTel u3MepeHuil 3aHEeCTH B TaOJIHILY.

2. BKJIIOUUTb TEPMOCTAT B CETh.

3. IToctpouts rpaduk 3aBucumoct Rotr 7u In Rot UT .
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Ta0muna

Howmep onbiTa

t, °C

R, kOM

T, K

UT, K

In R

1

2

7

4. Tlo rpaduxy In R = f(1/T) u mo ¢popmyiie (3) ¥ BBIYUCIUTD SHEPTUIO AKTH-
BaI[MM MPUMECHOM MPOBOIUMOCTH KapOH/1a KPEMHUS B 3JICKTPOHBOIBTAX

(1B = 1,610 ° [Ix).
5. Cnenatb BBIBOJI.
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PABOTA Ne 10
MN3YUYEHMUE a-PACITAJIA

Llenv pabomuwl: uccneaoBaTh MpoLECC OcaabIeHUs TOTOKA (-4aCTHI] B Cpefie
U paccuMTaTh OCHOBHBIC MMapaMeTphl PaAMOAKTUBHOTO pacmaa iyToHus-238.

Obopyoosanue. KOHTEHHEP C PAJUOAKTUBHBIM IpenapaToM, MEXaHHU3M Iie-
peMenieHus, 0JIOK JeTeKTUPOBAHUS, CYETYMK UMITYJIBCOB.

Onucanue MerToaa

PannoakTuBHBIN mpenapat %,Pu, KCIOIb3yeMbIli B JaHHOW paboTte, camo-

IPOM3BOJIHO pacHafaeTcsi ¢ UCIyCKaHWeM Q-vacTull. Aub(da-dacThia mpea-
CTaBIISIET COOOW SAPO aroma Tenusl ,He, COCTOsINEe W3 YETHIPEX HYKJIOHOB:
JIBYX MPOTOHOB U JIBYX HEUTPOHOB. OHA HECET MOJIOKUTENBHBIN EKTPUUECKUI
3apsijl, paBHBI YIBOCHHOMY »JJIEMEHTapHOMY 3apsily e, U HUMEeT Maccy
M,=6,64410°" kr. CrieKTp SHepruy BBUICTAONUINX YACTHI[ SBISETCS AHCKPET-
HBIM, TO €CTh 3TH YaCTULIBI UMEIOT OJHO WJIM HECKOJIBKO CTPOTO OMpeAeIEHHBIX
3HAYeHUU SHEPruu. 3HAYCHHS HPHEPIUU (-4YacTHUIl, UCIYCKAEMBIX paJHOaKTHB-
HBIMHU siIpamMH, JiexaT B npeaenax 4+9 M»B, 4To coOTBETCTBYET MX CKOPOCTH
(1,4+2,0Y10" m/c.

MHTEHCUBHOCTH PaMOAKTUBHOIO Paclafa XapaKTepusyeTcs MepUoIOM II0-
aypactaga Ty, , TO €CTh BpEMEHEM, 32 KOTOPOE YHUCIIO HEPaCIaBLIMXCS sIep
yObIBaeT BaBoe. CyIlIecTBYeT CBsI3b MEXAy KuHeTuueckou sHeprueit W, Bblie-
TAIOIIMX U3 sIpa G-4acTHUIl U MIEPUOOM IoJIypaciana sjaep 3Toro copta. fAmapa,
UCITYCKaIOIINe Q-4acTHIbI C dHepruel nmopsaka 9 M»aB, pacmagaroTcst npakTH-

YeCKH MTHOBEHHO (HampuMep, y sapa 2Po meproz monypacnana f, = 3107 ¢),

a s1pa, UCIYCKAIoIUe -4acTULbl C 3Heprueil Hwke 4 MaB, xxuByT npaktuye-
CKH BEYHO (TaK, PO ‘U HUMEeT Iy, = 4,5910° JIET).

[TprunHON Tako¥l 3aBHUCHUMOCTH SBIISETCS TYHHENbHBI MEXaHH3M aib(a-
pacmaja, T.e. g-4acTHIIa 332 CYET CBOMX BOJIHOBBIX CBOWCTB 00JIaJJacT BEPOSTHO-
CTBIO MMPOHHMKATH CKBO3b MOTCHIUAIBHBII Oapbep, BbicoTa KOTOPOro (Umay) mpe-
BhIIIAeT ee kuHeTHueckyto suepruio (W,) (puc. la).

BeposTHOCT TaKOro MPOHUKHOBEHHS XapaKTepusyercs Kod(h(UIIMEHTOM

npo3pagnocta D Gapeepa. [l ynpomeHHOTo ciiy4as 6apbepa mpsMOyTOIbHOM
dopmsl (puc. 16)

D= eXFi:—Zf:_\/Zma U max _Wa):| ) (1)

rae L — mmpuna Gapbepa, B HaueMm ciydae pasas 210 m, 7 =1 05459710%

Ilx/c — mocrosunas Ilmanka, nemxéHHas Ha 2w, M, — Macca Q-4YaCTHUIIH,
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Umax=21,45M5B — Beicota 6apbepa, W, — KuHeTHYeCcKasi SHEpPTHs MOKHUIaroen
SIIPO A-YaCTHITHI.

3Has K03(pGUIHUEHT MPO3PAYHOCTH M CKOPOCTH L BBUICTAIOIICH (-4aCTHIIBI,
KOTOPYIO MOKHO ONpeAenuTh 1o Gopmyie U =/ 2Wy / My , MOKHO paccUUTaTh
MOCTOSTHHYIO PaJMOAKTUBHOTO pacmaaa

)]
A==D, (2)
£
rjae , — pa3Mep paguoakTHBHOIO sapa (IIMpHHA MOTEHIIMAIBHON SMBbI, paBHAs
10 m).

W W,
\
Umax —
W, — —+ L
|
M ) r
a) 0)
Puc. 1

[MocrosiHHas pacmianga A cBs3aHa ¢ MEPHOAOM TOdypacnana I/ COOTHOIIE-
HUEM

In2

Takum oOpa3zoM, ompenenuB KHHETHYECKYO0 3Hepruto W, ucmyckaeMbIX
anb(da-gactui, MoxHO 1o Gopmyrnam (1), (2) m (3) paccuurarh mepuoa Mmoy-

pacrazga M30TONa . PUW CPaBHHUTH €ro ¢ Ta0aMuHbIM 3HadueHuem 89,6 rosa

(=2,8210%).

Hns onpenenenust snepruu W, BbIICTAOIINX U3 SApa Q-4acTHUIl B JAaHHOU
paboTe UCIONB3YETCS METOJ U3MEPEHUS JIMHBI ITpobdera. ITo JJIMHA TPACKTO-
pI/II/I a-49aCTUllbl B BEIICCTBE. OHa 06BI‘-IHO HpHMOHHHeﬁHa, TaK KaK CTOJIKHOBEC-
HUS TIKEIBIX a-4yacTtull C JIETKUMH QJICKTPOHAMH IPAKTHYCCKU HC BLI3BIBAIOT
yIJI0BOTO paccessHus. Bennunna npoOera @-yacTull B BO3AyX€ Malla U MPU HOP-
MAJIBHBIX YCJIOBUAX HC IIPCBLIIIACT 10cm.

BI/I,Z[ KpPIBOﬁ ocia0JIeHus TOTOKa a-4yacTuil Na B 3aBUCUMOCTH OT IJIMHEI X
npoOera npeacTasiieH Ha puc. 2. [locTpouB KacaTeIbHYIO B TOUKE, COOTBETCT
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BYI-OHICﬁ ocia0JICHUIO TOTOKa Q-
qacTvul B JABa pal3a, HAXOIAAT 3KCTpa-

MOJIMPOBAHHBIN Mpober R, , KOTOphIH
Maji0 3aBUCHT OT YCIOBUM H3Mepe-
HHS, a 3aBUCUT TOJIBKO OT KHMHETHUYE-
ckoii aHeprun W, BbUIETAIOMMX Q-
4acTHI[. DTa 3aBUCUMOCTh BBIPAKAET-
CS  DKCIIEPUMEHTAJIHHBIM  3aKOHOM
Puc. 2 [eiirepa
R=032W\3/2,
rae R— npober g-dactuil B Bo3ayxe B canmumempax, W, — SHEprusi 4acTull B
M»5B.

Onucanme yCTAaHOBKH

YcraHoBka aia omnpeAesieHus MpoOera g-dacTull mokazaHa puc.3. Mccre-
JNyeMbIM UCTOYHUK (O-YaCTHI] MIOMEIIAETCSA Ha MOACTAaBKYy, KOTOpPasi C MOMOIIBIO
BUHTA MOYKET NEPEMENIAThCS B BEPTUKAIbHOM HampaBjeHUU. BennunHa nepe-
MEIICHHS X OTCYUTHIBACTCS 1I0 HOHMYCHOM ITKaje moactaBku (puc.4).

Jlia peructpanuu Q-usnydeHus: ciayxuT Omok nerektuposanus bJI3A-100,
peHa3HAYCHHBIN I U3MEPEHUs INIOTHOCTU MOTOKa a-u3nyuyenus N, B mecte
cBoero pacrosoxkenns ot 0,110 1-1¢ mm - MHH " -CM 2.

biiok neTeKTUpOBaHMS MOAKIIOYEH K U3MEPUTEII0 CKOPOCTH CUETA WM-
nyiabcoB YUM2-2]1 (puc.5), KOTOpEIil perucTpupyeT He TOJBKO 3HAYCHUE W3-
MepAEMOU BEIUYNHBI, HO U €T0 OTHOCUTEIIbHYIO HOTPELIHOCTD B MPOIEHTAX.

Bruieraronme u3 NCTOYHUKA O-4aCTULIBI POXOIAT CJIOW BO3yXa TOIIIUHON
X W BXOJAAT B OJIOK JETEKTUPOBAHMS, IJIE OHM MONAJAlOT HAa CUUHTUILISTOD,
MIPEACTABIIAIONTUN cO00M TOHKHI cioil JroMuHOGOpa, HAHECEHHBIM Ha Mpo3pay-
HYI0 TOJJIOXKKY. [Ipy CTOJIKHOBEHMH (O-4acTULBI C JIIOMUHOPOPOM BO3HUKAET
BCIIBIIIIKA CBETa, KOTOpas (UKCHpPYETCs (HOTOIIEKTPOHHBIM YMHOXKHUTEIEM H

npeo0pa3yeTcss UM B DJICKTPUUECKHUN UMITYJIbC, TOCTYMAIONTUI HA BXO H3MEPH-
tens YUM2-2]I.
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Puc.3

BoinosiHeHUe U3MepeHu

1.O3HaKOMHUTKCS ¢ OMMMCAHUEM YCTAHOBKU M METOJIa U3MEPCHHI.

2. C paspellieHus MPENoIaBaTelisi U B €ro MPUCYTCTBUU BKIIOYHTH B CETh
U3MepUTeNb UMIyJibcoB Y IM2-2]1.

3. [IpuOAM3UTh UCTOYHUK HA MUHHMAJIbHOE PACCTOSIHUE K BXOJTHOMY OKHY
JICTEKTOpa ¢ TOMOIIBI0 KpeManbephl (puc.4). [In 3ToM Ha IIKajie U3MEpHUTEIs
nepeMenieHui 1omkeH ObiTh (x=0).
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4. VI3MepuTh YHUCIIO @ -4aCTHII, MPOIICIINX Yepe3 ACTCKTOP 3a BpeMs IKC-
MTOHUPOBAHMSI, JTO’KIaBIIIUCHh OTHOCUTEIIBHOMN TTorpentHoct 5%.

5. Yuanas npenapar oT JIeTEKTOpa, MPOJI0JDKATh U3MEPEHHS 0 TEX Iop,
MOKa MOKa3aHUsI U3MEPUTEIIST UMITYJICOB HE yMEeHbIUTHCS B 100pa3. PesynbTa-
ThI 3aHECTH B TAOIUILY

X, MM 0 2 4 6 | ...

N

6. BBIKITIOUNTh M3MEpUTETh MU YCTAHOBHUTH PAJMOAKTHUBHBIN Mpernapar Ha
MaKCHUMAaJIbHO BO3MOYKHOE pacCTOSIHUE OT OJI0Ka JIETEKTUPOBAHMS.

Oo0padoTKa pe3yabTaTOB

1. Ha MunnuMeTpoBoil Oymare nocTpouTh rpaduk 3aBUCUMOCTH N, = f(X).
Bun rpaduka nan Ha puc.2. Jljig 3T0Oro HaHECTH Ha ToJie rpaduka SKCIepUMEeH-
TaJbHBIC TOUYKH U COSAUHUTE MX IUIABHOW KpuBOW. B Touke rpaduka Ha ypoBHE
MOJIOBUHBI OT MAaKCHMaJIbHOIO 3HAYEHHsI MPOBEAUTE KACATEIbHYIO K KPHUBOM
rpaduka U IpoAOIKUTE ee 0 mepecedeHus ¢ ocbo abcmucce. Touka nepeceye-
HUS 1aeT 3HaYEHMsI SKCTPANOJIUPOBAaHHOrO npoodera R .

2. Haiitu mpoGer a -yactuil mo popmyre:

R=X, +A,
rae A=19vmM — paccTosiHUE OT paJuOaKTHBHOIO Mpenapara 10 JETEKTopa Mpu

HYJIEBOM 3HAYEHHMH IIKAJIbI U3MEPUTEIS EPEMEILICHUH.
3. Bripaszurthb 3HaueHre R B CM U, MOJICTaBUB €ro B (hOpPMYITy

RY
032

HaAWTU KHHCTUYCCKYIO DHCPIHIO BBUICTAOIMUX H3 IINIYTOHHA IIPH €TI0 paavOaK-
TUBHOM pacrnaac a -4aCTull.
4. Haiitn CKOPOCTB 3THUX « -HaCTHII 110 BBIPAKCHHIO.

W, =1600"

v, = |

rae m, = 66440107 Kr —Macca IMOKOsI @ -4acTHIl.
5. Omnpenenuth Kod(PGUIMEHT MPO3PAYHOCTH TMOTEHIHAIBHOTO Oapbepa
saep miyrtonus (hopmyina 1):
D=¢e?,
TJIe z TOCJE MOJACTAaHOBKY 3HAYCHUIA (PU3NYECKUX KOHCTAHT IPUHUMACT BUJI:
4
z= 1055EV 13288(3432-W, ) ,

rne W, B Ik, HO Oe3 105,
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6. Teneps MOKHO HAWTU MOCTOSHHYIO PaJUOaKTUBHOTO pacmana P,-23810
dopmyine (2), npuauMas r, =107*M (IMpHHA TOTEHIIMATHHOM SIMBI).

7. 1o popmyie (3) paccunrtath nepuo mouypacnaga P,-238.11onyueHHbIi
B CEKyHJaX pe3yJbTaT JAeJuM Ha 315010 roa/c u mojaydaeM IeproI morypaciia-
na B rogax. CpaBHHBas €ro ¢ TaOJUYHBIM 3HAUEHUEM 7, = 896 roja, HaXOAUM
OTHOCHUTEIIbHYIO TIOTPEITHOCTh

Yo%) ==L

[100%.

0
8. CI[GJ'I&TI) BBIBO/JI ITO PE3yJIbTaTaM CpPpaBHCHHA TaOJIMYHOTO I, 1 OKCIICpHU-

MEHTAJIBHOTO 7 IEPUOJIOB MOJypacnaja.
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PABOTA Ne 11
W3MEPEHUE BEPXHEW 'PAHUIIBI DPHEPT YN
BETA-CIIEKTPA

Llenv  pabomul. o03HaKOMJICHME C [-aKTUBHOCTBIO, OCOOEHHOCTSMHU
B-CcreKTpoB, U3MEpPEHNE MaKCUMAIILHOW SHEPTUH [3-4aCTHIL.

ObopydosaHnue. KOHTEHHEP C paJOaKTUBHBIM IMpEenapaToM, KacceTra ¢ Io-
TJIOTUTENIEM, OJIOK AETEKTUPOBAHUS, CAETYNK UMITYIIHCOB.

Onucanue MmeToaa

bera-pacnagoM Ha3pIBa€TCs CaMOIPOU3BOJIBHOE IIPEBPAICHHE sIAEp, IPH
KOTOPOM HX MacCOBOE€ YHMCIIO HE€ M3MEHSACTCs, a 3aps] yBEJIMYMBACTCS WIH
YMEHBIIAETCS HA €QUHUILy. DTOT 3apsii YHOCUTCS DIEKTPOHOM WM IO3UTPO-
HOM, MoKujaroumm sapo. Ilpu anextponHoM P-pacnane Kpome 3J€KTpOHA HC-
IIyCKAETCS aHTUHEUTPUHO — 4aCTULA, HE UMEIOIAsl IIEKTPUUECKOro 3apsaaa. Eé
Macca IOKOs paBHA HYJIIO (WJIH, BO BCIKOM Cllydae, OYeHb MaJia):

?X - Z+A1Y+—2e+ v
31ech 0003HAYEHO:.
?X — UCXOJHOE SIAPO C MACCOBBIM UYKUCIIOM A U 3apsiIOBBIM YHUCIIOM Z |

z+AiY — obOpasytomeecs B pe3yibTaTe B-pacnaja siapo;

_ge_ QJICKTPOH C MAaCCOBBIM YHUCJIOM, PABHBIM HYJIO, U 3apAA0BbIM YN CJIOM —1,

V' — 3JIEKTPOHHOE aHTMHEUTPUHO, MAaCCOBOE U 3apsI0BOE YKCiia KOTOPOIro paB-
HBI HYJIIO.
Kpome snexkTpoHHOoro [-pacmaia CyHIECTBYIOT TakXke MO3UTPOHHBINA [3-

pacnaj], Ipy KOTOpOM 00pa3yroTcsi MO3UTPOH _2e U 3JIEKTPOHHOE HEUTPUHO V ,

n K-3axBart, Ipu KOTOPOM SIIPO MOTJIOIIAET OJUH U3 3JIEKTPOHOB C BHYTPEHHUX
000JI04€K aToMa M U3MEHSIET CBOE 3apsiI0BOE YUCIIO HA EUHUILLY.

B nannoit pabote Mbl OyeM UMETh JIeJ0 C AJNEKTPOHHBIM [(-pacnajoM U B
JanbHeieM Oy1eM rOBOPUTh TOJIBKO O HEM.

Kaxnoe B-akTuBHOE A1p0O KaKOro-a1udo0 3JIeMeHTa, U3Iy4YuB B-4acTHily, mpe-
BpaIllaeTCs B SAPO HOBOI'O AJIEMEHTA, MMEIOIIEr0 ATOMHBIM HOMEDP HA €IMHUILY
OOJIBIINIA, YEM aTOMHBIM HOMEP UCXOAHOTO 3JIEMEHTA.

CorylacHO COBPEMEHHBIM IPEICTABICHUSIM BCE YACTHULIbI, BbUIETAIOLUIUE MPU
B-pacnane, poKIarOTCs B IIPOLIECCE paclajia, a He CYIIECTBYIOT B sApe 3apaHee.
bera-akTuBHBIE sijpa BCTPEUAIOTCS BO BCel 001acTH 3HAYEHUH MacCOBOI'O YHC-
na A , HauuHas OT eIUHHIBI (CBOOOHBIN HEHTPOH) M KOHYAsk CAMBIMH TSDKENbI-
mu sapamu. Ilepuon nonypacnaga B-akTUBHBIX SJ€p U3MEHSAETCS OT HUYTOXK-
HBIX J0Nel cexyrasl 10 ~ 0'° mer. Bhinensiomascs npy eIMHAYHOM aKTe [b-
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paciiaga SHEPIrusA 3aBUCHUT OT TUIIA sApa. Ona MUHMMaJIbHA IJIsT TPUTHA ]3_H

(0,02M5B) u makcumalbHa It ©30TOMa Oopa 1§B (13,4M>5B).

OcBoOoxxaaromasics mpu P-pacnajae dHEprusi ASIUTCS MEXKIY JIEKTPOHOM,
AHTUHEUTPHUHO U JOUYEPHUM SJIPOM, OJTHAKO JOJISl SHEPTHH, TIepeaBacMon apy,
MCYE3al0lee MaJla 110 CPAaBHEHUIO C DHEPruer, YHOCUMOM AJIEKTPOHOM M aHTH-
HelTpuHO. [IpakTHYecKn MOKHO CUMUTATh, YTO 3TH JIBE YACTHIIBI ACIAT MEXKIY
co00i1 BCI0 0CBOOOXKAAIONIyIOCA HEpruio. [Ipu 00bIuHOM MOCTaHOBKE 3KCIIEpH-
MEHTOB aHTMHEUTPUHO HE PETUCTPUPYIOTCS M HAOIIOJAIOTCS TOJIBKO 3JIEKTPO-
HBI, HEPTUsl KOTOPHIX MOXKET MPUHHUMATH JIF000€ 3HAaYEHHE — OT HYJIEBOTO JI0
HEKOTOPOr0 MaKCUMaJIbHOro. MakcuMasbHasi SHEprust -uacTHl] paBHa dHeEp-
I'MH, 0CBOOOXKIAOLIEHCs IpH -pacnane, U ABIAETCS BaKHOH (pU3MUECKOH Be-
JIMYAHOM.

[TockonpKy sHEPrum sApa Kaxaoro 3jaeMeHTa o0pa3yroT AMCKPETHBIN psig,
Ka3aJIoCh ObI CJEIyeT 0XKHUAaTh, YTO SHEPTUHU BbUICTAIOUINX [-4acTHUI] TaKke 00-
pa3yroT AMCKPETHBIN psii 3HAUEHUH, PaBHBIX Pa3HOCTU MEXKAY SHEPTUAMU Ma-
TEPUHCKOTO U JouepHero siaep (puc.l).

Yuco B-gacTui

A Kécrkas
KOMIIOHEHTA

Msrkas KoMm-
MOHEHTA

v

Oueprus B-uactui, MaB
Puc.1. Oxunaemslii ciekTp 3Hepruil B-yactui

OpHako B ACMCTBUTENBHOCTU SHEPTUU [-dacTull J0O0TO -aKTUBHOTO 3Jie-
MeHTa 00pa3yloT HENPEPBIBHBIA CHEKTP, MPOCTUPAIOUIMNCS OT HUYTOKHO Ma-
JIBIX 3HAYEHUH 70 HEKOTOPOH MaKCUMAJIbHOW BEJIMYHMHBI (CM. pHUC.2). DTO sBIIS-
eTCsl BaJKHEWIEeH 0COOCHHOCThIO B-U3IIydeHus], OTJIMYAIOIIEH ero OT IPYrux pa-
JTMOAKTUBHBIX U3TyYEHUH.

JlanHast 0cOOEHHOCTh OOBSACHSAETCS TEM, YTO B KXKIOM aKkTe -pacmana pas-
HOCTb SHEPIrUid MATEPUHCKOTO U JIOYEPHETO SIApa YHOCUTCA HE TOJIBKO AJIEKTPO-
HOM, & pacOpeiesieTCs] MEXIy SJEKTPOHOM U aHTUHEHUTPUHO B PA3HBIX JIONSX,
NPUYEM 3T JOJIU SHEPTUU B PA3IMUHBIX aKTaX pacrajia MOryT U3MEHSIThCS.

DTO MPUBOIUT K TOMY, YTO Pa3HbIC [3-4aCTHUIIbI, BEUICTAIOIINE U3 SIIEP TaH-
HOTO Ipenapara, UMET pa3Hble SHEPTHH, 00pa3yolIue HEPEPBIBHBIN P, Ha-
YMHAs OT MaKCHMaJbHOTO 3Ha4eHUs (KOrja aHTHUHEUTPUHO BOBCE HE OCpET Ha
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ceOst SHEPTHIO U BCs SHEPTHs Mepeaaéres B-yacTuIle) 10 MUHUMAIbHOTO 3HaYe-
HUs (KOTJIa aHTUHEHTPUHO 3a0MpacT MOUTH BCIO BBIJCICHHYIO dHEPrut0). Takum
o0pa3oM, MakcHMallbHasi SHeprusi [-pacnaja paBHa Pa3HOCTU HHEPrUd Ma-
TEPUHCKOTO U JJOUEPHETO SIIEP.

Yucno B-gactuir
A

v

Dueprus B-gactui, Ma>B

Puc.2. JleiicTBUTEIbHBIN CIIEKTP SHEPTHIM

[ToCKOMNBKY SIIPO KAKIOTO JIEMEHTa UMEET BIIOJHE ONMPEISIEHHBIN, TOIBKO
€My CBOMCTBEHHBIM YHEPTETHUECKUI CIEKTP M MOCKOJIbKY Mpu B-pacmajne JaaH-
HOTO DJIEMEHTA MOJy4YaeTCsl BIIOJIHE ONPEACIEHHBIN TOUYEPHUHN JIEMEHT, TO sIC-
HO, YTO MaKCHUMaJIbHAs YHEPTHUs [-CIIEKTpa SIBISCTCS XapaKTEPHOW BEITUYMHOU
IUIsL KQKJ0T0 B-aKTUBHOTO 3JeMeHTa. BOoT moueMy [(-akTHBHBIEC BEIIECTBA MOXK-
HO UACHTU(HUIMPOBATH IO MAKCUMAILHON SHEPTUU HX CIIEKTpa.

Omnpenenenre MakCUMaJIbHOM SHEPTUH [-CIIEKTPa MOKHO NMPOU3BOAUTH pas-
AUYHBIMU criocobamu. OMH U3 HUX 3aKII0YAeTCsl B U3YYEHUHU MOTJIOMEHHs [3-
M3JTyYeHHs BEIIECTBOM (METOJI MOJTHOTO mororieHus ). OObIYHO B KayecTBe MO-
TJIOTUTEIIS UCTIONB3YIOT JINCTOYKU aJIFOMUHUEBOU (DOJIBIH.

B-u3nydeHue, MpoXods Yyepes IO MOTIOMIAIONIET0 BEeIIECTBa, MOCTEIIEHHO
ocnabsieTcss B CBOS HHTEHCHUBHOCTH (CM. puc.3) HHTEHCUBHOCTD M3ITy4eHUs [3-
YaCTHUI] XapaKTEePHU3YyeTCsl TUIOTHOCTHIO MOTOKA. DTO YKCIIO YaCTHII, TIepeceKaro-
IIAX B SUHHILY BPEMEHU SAMHUYHYIO IIOMIAIKY, TIEPICHINKYIISIPHYIO HaIlpaB-
JeHuIo notoka. [lormomenne B-uyacThil JOBOJILHO XOPOIIO, HO HE BIIOJIHE TOYHO
TIOTYUHSIETCSI SKCIIOHSHITUAILHOMY 3aKOHY

J=J,e A, (1)
rne Jo— MIOTHOCTh MOTOKA J-4acTHIl B MECTE PACTIONOKEHHUS CIETUYMKA TIPH OT-
CYTCTBHH TOTJIOTUTEINS; J-TUIOTHOCTh MOTOKA P-4acTUI] B TOM e MECTe, eCIH
MEXIy PaaOaKTUBHBIM IPENapaToM M CYETIYMKOM MMEETCSl CIIOW MOTJIOTUTEIS
TonmuHOM d cM.

['paduik 3aBUCUMOCTH TUIOTHOCTHU 1TOTOKA J(d) OT TONIIMHBI MOTJIOMIAIOIIETO
CJIOSl Ha3bIBaeTCsl KPpUBOii moryomenus. Kospoumuent pu B popmyne (1) Hazbi-
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BaeTcsi 00mmuM KO3I(PUIMEHTOM MOTIJIOIIEHUsI U UMEET pa3MEepHOCTh 00part-
HOW ymHBI. OH MOKa3bIBaeT, KaKasl 4acTh [3-4aCTHII MOTJIOIMIASTCS Ha SIUHUIIE
JUTMHBI UX TIyTH B TaHHOU cpeze. Eciu d BeIpaskaeTcs B ¢M, TO L —B 1/cM.

Y CTaHOBIIEHO, YTO [L B HEKOTOPOM MPHOIMKEHUN MPSMO MPOIOPIIHOHAICH
IUTOTHOCTH P TOTJIOMAtomei cpenpl. Takum oOpa3om, oTHomeHue Wp (Macco-
BbIii K03((PUIHEHT MOTJIOIIEeHNsI) OyICT MOYTH TMOCTOSHHBIM IS PAa3IMIHBIX
BEIICCTB. A TaK Kak TOMIOIICHWE [(-4acTHI] 3aBUCUT OT YHCJa 3JCKTPOHOB B
eIMHUIIe 00bEMa BEIIECTBA, TO MACCOBBIM KO3(PPHUITUCHT MOTJIONICHUS Wp He-
CKOJIBKO HW3MEHSETCS MPONOPIIMOHATLHO OTHOIICHHIO aTOMHOTO HOMepa K
aTOMHOM Macce ayreMeHToB Z/A.

VYpaBuenue (1) MoxeT OBITh MPEACTABICHO TEIEPh B BUJIC:

J=Je P,

riae wp —maccoBblit KO3()PHUIIMEHT TOTJIOIICHHS, H3MEPACMBIi B em?l T
T = pd — «oIMHa» MOIJIOIAOIIEIO CI0sI, U3MepsieMasi B r/lem® U uMeroas
CMBICJI TOBEPXHOCTHOU IMJIOTHOCTH.

KpuBast mornomienus mpeacTaBieHa Ha puc. 3.

J

'JO

1.0

0745

=
i

0.25

=
=

CxopocTh cuéra,
HOPMHPOBaHHAas

2
«Tonmuua» cios aToMUHus, r/cM

]

Puc.3.'paduk, coorBercTByronmii popmyie (2)

N3 dhopmyn (1) u (2) cnexyer, 9yto

In(>) =~ :—'gr.
0

2)(

3)

[TosTOMY, €CiIM MOCTPOUTHh KPUBYIO IOTJIOLICHHS B MOIYI0rapu(MUIECKUX

KOOPJAMHATAX, OTKJIAABIBAS IO OCH aOCIMCC TOIIMHY MTOTJIOMIaomero cios d B
2

CM WM «TOJIIUHY» T B r/cM”, a mo ocu opauHar In(J/Jy), To nomkHa momy-

YUTHCS MpsMasi, TAHTEHC yTJIa HAaKJIOHA KOTOPOW K OCH a0CIMCC AacT HaM, COOT-
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BETCTBEHHO, 3HaYeHUE MO0 0011ero koahuiimenTa moriomeHus | , JM6o mac-
coBoro ko3¢ GuireHTa moryIomeHus pp.

Kak yxe Obu10 0T™MeueHo, popmyia (1), a cieqoBarenbHo, U (2) JHIIb MpHU-
OJM3HUTEIBHO BBIpAXKaeT 3aKOH MOTJIONICHHs. DTO BHJHO, HAallpUMEp, U3 TOTO,
YTO B COOTBETCTBHH C (2) KpuBas IMOTJIOIICHUS JOJKHA ObLTa OBl aCUMIITOTHYC-
CKH TIPUOJIIKATBCS K OCH aOCITUCC, B TO BPeMs KakK B JIEHCTBUTEIBHOCTH 3Ta
KpHUBasl TIEPECEKaeT 3Ty OCh Ha KOHEYHOM PACCTOSHUU T = R, COOTBETCTBYyIO-
IIEM ITOJTHOMY TTOTJIONICHHUIO.

BceneactBre mpHOIM3UTEIIBEHOTO XapakTepa BhIpakeHUs (2) pealibHas KpH-
Basl TIOTJIONICHHSI B ITOJTYJIOTapU(MUICCKUX KOOpJIUHATAX HE SIBJIACTCS CTPOTOH
npsimoii. opmyiny (3) MOXKHO MepenucaTh B BUIE

InJ=In.JO—,ud=In.JO—'gr. (4)

[ToaTOMy eciu MOCTPOUTH SKCIEPUMEHTAIBHYIO KPUBYIO TIOTJIOUICHUS, OT-
KJIaJIbIBast 110 OCH abCIuce T , a o ocH opauHar In J, To 1omKHA MOTyYUTHCS JTU-
HUS, Oym3Kast K psiMoit (cM. puc.4).

4 InJ

\
R T

>
2
«Tonana» CJIOs aJIOMUHUA, r/ecm

Puc.4. DxcnepuMeHTanbHas KpUBas MOTJIOMIEHUS B-4acTULL

IIpaBas 4acTh 3TOM KPUBOW OTJINYAETCS CPABHUTENIBHO KPYTHIM NAJCHUEM,
TaK YTO IKCTpanoiupys €€ K ocu adbcuuce, NOJydyuM «TONIMHY» R BemecTsa
(amroMuHMsT), TpeOyeMmyro s TOJHOTO TOTJIONICHUS HCCIemayeMoro [3-
U3IIy4CHUS.

MaxkcruManbHYI0 SHEPTHIO B-4acTHII ONPEAETSIOT M0 OJHOM U3 CIeIYIOIINX

dopmyn
Ecnu mosHas tommuaa R normomarommero cios menbme 0,03r/cM?, To
3
R _
E=(———)°>M>5B. 5
(0,00667) ®)
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Ecu 0,03r/cm?< R< 0,3r/cm?, T0

E = 192R%"*°\5B (6)
Haxkowner, eciiu R »> 0,3F/CM2, TO
E =(185R+0,245 M5B . (7)

Hanecst Bce Touku InJ(t) Ha rpaduk, HAXOAAT TOUKY HepecedeHus R IToi
KpHuBOH ¢ ocbio T . Halinsg R, BeiOupatoT HykHy0 hopmyiy (5), (6) umu (7) u
ONpEACNAIOT MO Hel »Hepruro FE BepxHEH TpaHUIBl HcciaeayemMoro [3-
U3ITY4YCHUS.

Jlo cux mop peupb nuia 00 YCTaHOBJICHHH >HEPIHMHM BEpXHEH rpaHuibl [3-
CHEKTpa IJIsl KaKOW-IMOO OJHONW KOMITOHEHTHI [-U3IY4YCHHS PaIUOaKTUBHOTO
npenapara. Eciu npenapar 1aét oHOKOMITIOHEHTHOE B-U3Ny4YeHue, To BcE cKa-
3aHHOE BBIIIE TPUMEHUMO HEMOCPEICTBEHHO.

Ecnu sxe npenapat naét B-u3nydeHue, cocTosimee U3 IByX WIN OOJIBIIETO
YHCIIa KOMIIOHEHT (O TaKOW CHTyalluW CBUICTENBCTBYIOT M3JIOMBI Ha Tpaduke
IN(J/Jy) = f(r), To BO3HWKaeT mpeaBapUTETbHAs 3ajada O pa3leICHUH

B u3nmyuyeHus: Ha OTHENbHBIE KOMIIOHEHTBI, ISl KaKIOW M3 KOTOPBIX HY>KHO
HaWTH CBOIO DHEPI'MIO BEPXHEW I'PAaHULIBI €€ CIIEKTpa.

Onucanue J1a00pPaTOPHOIT YCTAHOBKH

JI1st ycTaHOBIIEHUS 3aKOHOMEPHOCTH TOTJIONICHUS -U3TydeHUsS B JAHHOM
pabote ucnonwszyetrcs 6ok nerexktupoBanus bJI3b-100, mpennaznaueHHBIN
JUTSI U3MEPEHUSI TUIOTHOCTH TIOTOKA [B-M3JIydeHUsI B MECTE CBOETO PaCIIOIOkKe-
Hus B nuama3one 3uepruit ot 0,3 10 3,0 M»B. briok moakroYeH K U3MEPUTEIIO
cKopocTH cuéTta ummyibcoB YUM2-2]1 (manee — u3MepuTeb), KOTOPBIH peru-
CTpUpYET HE TOJIBKO 3HaYeHUE M3MEPSEMOU BEIMYMHBI, HO ¥ €r0 OTHOCHUTEIIb-
HYIO MMOTPENTHOCTH B MPOICHTAX.

ParoaKTHUBHBIL P-Iperapar “°Sr (@3/1ydareis) B 3allATHOM KOHTEHHEpE C
OTBEPCTUEM MOMENIEH Ha OMPECIIEHHOM PACCTOSHUM OT BXOJIHOTO OKHa OJoKa
JETEKTUPOBAHUS C TAKMM PACYETOM, UTOOBI MEXKAY IPerapaToM U IETEKTOPOM

B-u3mydeHus: MOKHO OBIJIO CBOOOJTHO PACIOJIOKUTH CJIOW BEIIECTBA, IISIH-
KOM TIOTJIOIIAIONINH TaHHOE M3NTyueHue. B KauecTBe MOTIOTHTENS UCTIONIb3yeT-
cq amroMHUHUU. [Ipr OTCYTCTBUHU MOTIOTUTENS CIOM BO3AYyXa MEXAY Ipenapa-
TOM W BXOJHBIM OKHOM OJIOKa JMETEKTUpPOBaHUs cocTaBiseT 2411 mm. B atoT
3a30p MOXXHO TIOMEIATh ATFOMHUHHUEBBIE TUTACTHHBI PA3TUYHONU TOJIIHUHBI, 000-
3HAYECHHOUN Ha HUX, TOCTETICHHO YBEIMYHMBAS UX OOIIYIO TONIIHUHY.

YcTaHOBKA COACPIKUT CIISAYIONTUE OCHOBHBIC y3IIbI (CM. prc.5).
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Puc.5. O6umii Bux 1abopaToOpHOI YCTAaHOBKH

1. OcHoBaHMe, BHYTpHU KOTOPOTO pa3MELIEHbl PaJIUOAKTUBHBIA IpenapaTr U
KoyumMmatop (popmupoBarenpb mydka B-wyactui). [Tormoturens (JIuCTOUkM anto-
MHHUSI) TOMEIIAIOT Ha BEPXHEW MOBEPXHOCTU OCHOBAHUS BCJE] 32 KOJUTMMATO-
poM.

2. brok nerexkruposanus bJ135-100.

3. U3meputens ckopocTu cuéta uMiryinbcoB Y UM2-2]1.

[ToTOK 37€KTPOHOB, BBUICTAIOIIMX W3 PaJAMOAKTUBHOIO IMperapara, Mocie
POXOXKICHHS 3a30pa (C MOTJIOTUTENIEM WM 0€3 HEro) MomnaaaeT Ha BXOJAHOE OK-
HO Onoka nerextupoBanusi b/I3b-100 u mpeobpasyeTcsi B 3JIEKTPUUECKHE HM-
MYJBChl. DTU UMITYJIbCHI O KaOEII0 HAMPAaBISIOTCS B U3MEPUTENb CKOPOCTHU CUE-
Ta uMiynbcoB YUM2-2J1. Pe3ynbTaTsl n3MepeHus: CpeiHeld CKOpoCTH cuéTa uM-
IyJbCOB BBIBOJATCSA Ha JUCIUIEH. 3/1eCh k€ yKa3aHa OTHOCUTENIbHAs IOIpell-
HOCTh u3MepeHus B %. Iloka3zanus Ha nucriee OOHOBIISIFOTCS KaXKAble JIBE Ce-
KyH/Ibl. 3a 3TO BpeMs UAET YTOUHEHUE PEe3yJIbTaTa, 4YTO OTPaXaeTcs B yMEHbIIIE-
HUM OTHOCHUTEJIBHOW MOTPENIHOCTH Ha auciuiee. [1o okoHYaHuM 3TOro BpeMEHU
pe3yJIbTaT CTUPAETCS U U3MEPEHUE BO30OHOBIIAETCH.

Bobinosinenue padornbl

1. O3HaKOMHUTBCS C ONMCAHUEM K pabOTe U amnmapaTypou.

2. C pa3pelmieHus mpernoaBaTelis U B €ro MPUCYTCTBUU BKIIOYUTh U3MEPU-
tenb 3 (puc 5).

3. YaanuTh KOMIUICKT ATFOMHHUEBBIX IIacTuH (12 MTyK TOJIIMHOM
0,03cMm kakaas) U3 3a30pa KaMepbl ¢ 3-U3JTy4aronuM IpenapaToM U U3MEPHUTh
MJIOTHOCTh MOTOKA 3JEKTPOHOB J. Obpamums eHumanue. njias padotrser Ne 11
MOKa3aHWsl Ha WHIWKATOPE MPUOOpa BBHICBEUMBAIOTCS B HIDKHEHW CTpoke. BHa-
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qaJie MOSBIISIIOTCS IBE 3BE3IOUKHU, a TIOTOM CaMH TIOKa3aHUsS C Pa3MbITOH OTHO-
CUTEIIbHOM morpemHocThio (Hanpumep, 208 = 43 %) JoxaaTbCsi OTHOCHUTEIIb-
HOM morpemHocTH He 6onee 15 %wu 3anucats 3HaueHue J B Tadauiy 1, okpyr-
JIUB JI0 TEJBIX YUCEIN. 3alUIINTE TAK)KE OTHOCUTEIBHYIO MMOTPEITHOCTb.

4. TlomecTHuTe B 3230p MEXKIY MPENapaToM U JETEKTOPOM JIBE aTIOMHHHE-
BBIX TUTACTHHBI U TPOBEIUTE W3MEPEHHE TJIOTHOCTH MOTOKA J, KaK yKa3aHo B
MPEABIAYIIEM ITyHKTE.

5. [IpubaBnss mo ABE TUIACTHHBI, TPOU3BECTH U3MEPEHUS, UCIIONB3YS BECh
KOMITJIEKT TUTacTHH. JIJIs TOCIEeTHUX U3MEPEHU OTHOCUTENIbHAS IOTPEITHOCTh
MOKET OBITh YBEITUYCHA.

Tabmua 1
Tommmua OTHOCHT.
Ne T, J,
a/ MNOTJIOTUTEIISA Honm? N —— IIOTPEIIHOCTD InJ
d, o (AJN), %
1
25

6. BBIKTIOUNTh M3MEPUTEL U BEPHYTHh B 3a30p KaMephl C PaJiOaKTHBHBIM
npernapaToM KOMIUIEKT alFOMUHUEBBIX IJIACTHH.

7. Boruncauts 11 Tabnuiel 1 3HaUEHHE T KaKI0r0 U3MEPEHHS 110 HopMy-
JIe:

1=2,7d + 0,00129(2,4e )r/cm? | (8)

OKPYIJISIsl pe3yJIbTaT J0 THICAYHBIX TOJICH, U jJoraprudMbl HaTypaslbHbIE IIOT-
HocTH mmoToka 37ekTpoHoB (INJ) ¢ Tounocteio g0 0,1 (d — obmiast TomMHA
BJIOKEHHBIX IUIACTHH IOTJIOTHTENS B CAHTHMETPAX).

8. I[ocTpouTts rpaduk 3aBucumoctu INJ = f(7), HauMHAsA OTCYET MO OCIM

ot O. IlpoBecTn TIaBHYIO KPUBYIO TIO TIOCTPOEHHBIM HKCIEPUMEHTAITHLHBIM
TOYKAM M TPOJOJKUTH €€ 10 MepeceueHus ¢ OChI0 T. ToUKa mepecedeHus 1acT
3HaueHue R.
9. B 3aBucumoctu ot 3HaueHusi R BEIOpaTh HEOOXOANMMYIO pacu€THyio Gop-
myny (5—7)u HalTH 110 HEW BEPXHIOIO TPAHUILY SHEPTUH [-U3TyUeHUS.
O1eHUTh MOTPENIHOCTh U3MEPEHUS ATOW PHEPTHH 10 PopMyiaM
_ R 4
10C J

rae 7 0epétcst u3 Tabnuubl 1 B mpoleHTax sl MOCAEAHEr0 U3MEPEHHUS], U

AE=E-* 4R.
3anuceiBaeM pe3ynbTaT B Bujie EX4AE, MaB.
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10. ITo naitneHHOMY 3Ha4eHHIO dHepruu E, ucnonw3ys tabnuiy 2, onpene-
JUTh KAKOMY XHMHYECKOMY DJIEMCHTY B JCHCTBUTEIBLHOCTH MPUHAJICIKUT HC-

CJIICAOBAHHOC B-I/IBHY‘IGHI/IC.

Tabmnuma 2
PagnoakTUBHBIHI [Tepuon Tun OHeprus,
JIEMEHT rnoaypacmnazaa pacrazna Mb>B
36Sr° (cTpoHLMiA) 27, 71er B~ 0,546
30Y %0 (urTpHii) 64,0uac B~ 2,27

0
Clie/lyeT 3aMeTHTb, YTO IIEMEHT 363 ° B pesynbTaTe -pacnaia npeBparia-
€TCS B IPYIOM PaguOAKTUBHBIN DJIEMEHT 30Y 2, KOTOPBIN TaKXe MOJBEPKEH [3-

pacnafy.
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PABOTA Nel2
N3IMEPEHUE TEMIIEPATYPbBI U CTEIIEHU YEPHOTbI
TEJA METOJOM CIIEKTPAJIBHBIX OTHOUIEHHUH
LJeny pabomoi: 03HAKOMHUTBCS C 3aKOHAMH TETIOBOTO U3JIYYEHHS, H3MCPHTh
HHTETPAIbHYIO CTENEeHb YCPHOTHI MCTOYHUKA M3TYYCHHUS M MMOCTPOMTH TPpaduK

€€ 3aBHCUMOCTH OT TeMIIEPATyphl U3TydaTess.
Obopyoosanue: NBYX4aCTOTHBIN pErUCTpaTOp TEIUIOBOro unyuenus PTH1

Onucanue MmeToaa

HcnyckarenpHas ciocOOHOCTh a0COJIFOTHO YEPHOTO Teja MOXKET OBbITh OM-
pezeneHa s pa3iMuHbIX JIJIMH BOJIH U TeMIiepaTyp no ¢opmyiie [lnanka

. 27hc? 1
1= B (1)
e kT =1

IJie ¢ — CKOPOCTh cBeTa B BakyyMme; h —mocrosanas [lnanka;, A — IMHA BOJIHBI,
K — mocrossaaas Bonbiivana;, T — temneparypa. CiaemxoBaTenbHO, IS Y3KOTO
nauara3oHa JIdH BoaH oTA 1o A +dA, B KOTOpOM HCIyCKaTEIbHYIO CIOCO0-
HOCTBI * (A,T) MOKHO CUHTATh MOCTOSIHHOM, DHEpreTHYecKas CBETUMOCTh a0-

COJIFOTHO YEPHOTO Tella paBHa
dR*=r* (A, T)dA.
Ecnu Teno He siBisieTcss aOCOIOTHO YEPHBIM, TO €r0 MCIyCKaTeJIbHas CIo-
COOHOCTH BhIpaXkaeTcst (popMyoit
r(A,T)=AAT)r*(1,T)
rae A(A,T) <1- cnekTpalibHblil KO3DHUIIMEHT U3TYyUCHHUS Tea.

CrenoBaTenbHO, SHEPreTUYECKYI0 CBETUMOCTh Tela Ul JHala3oHa JUINH
BOJIH OT A 110 A +dA Haiinem o popmyie,
dRk=AAT)r*(A,T)dA.
PaccmoTpuMm n3nydeHue Tena ¢ TeMneparypoil T Ui AByX pasaMYHbIX JUINH
BOJH A; U A,1pu pa3nnuHbIX 3Ha4EeHUSX Auamna3oHos 0A; u dA,coorBercTBeH-

HO
dR = ArdA;,
dR, = AyrydA;,
rae Au A, —crekTpanbHble KO3 GUIMEHTHI H3Iy4eHUs Tella IPH IJIMHAX BOJIH
A, 1 A, COOTBETCTBEHHO.

Wznyuyenue, nomeaiiee a0 npueMHuKa (poTtoaros, GOTOCOMPOTUBICHHE),
COCTaBJIIET HEKOTOPYIO YacTh OT OOIIEro u3iaydyeHus uctounuka. OHO ompeje-
JsieTCsl pa3MepaMy MPUEMHHKA, PACCTOSIHUEM OT MCTOYHUKA JI0 MPUEMHUKA U
HaJM4YUEM Ha IMYTU U3JIYYEHUS MOTJIONIAIONIUX CPEell, T.€. ONPEAeIIeTCs TAKUMHU
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rapaMeTpaMy U3MEPUTEIbHON CUCTEMBI, KOTOPbIE HE U3MEHSIOTCA B IPOLIECCE
onelTa. [l IBYX pasiauyHBIX IIPUEMHHUKOB, BOCIIPUHUMAIOLIUX MOTOK I1aJ1ar0-
LIEr0 Ha HUX U3JIyYEHHs B PA3IUYHBIX Y3KUX AUAIla30HAX [JIUH BOJH, BEIUYU-
HBI 3TUX IOTOKOB OYIyT paBHBI:

J2 =K AN, LiA,,
rie K; u K, — ko3 pHUIreHTbl HCIOIb30BaH s IOTOKA M3JTy9YCHHs MEPBBIM U

BTOPBIM IIPUCMHHUKOM COOTBCTCTBCHHO, KOTOPBIC HC HU3MCHAIOTCA B IIPOLICCCC
OIIbITA.
CJ'ICI[OB&TCJ'IBHO, OTHOIICHHUC ITOTOKOB U3JIYYCHUA IJIA ABYX IPUCMHUKOB

U r{_’:d/ll |
J, r,dA,

rae BenumuuHy Z =(K;A/K,A,) MOXHO cUMTaTh MOCTOSHHOM INPH YCIOBHH,
YTO 3aBHUCHUMOCTHIO OTHOIIEHUS CIIEKTPATBHBIX KOA(P(OUIIUMCHTOB U3ITyYCHUS OT
TeMITepaTypbl MOXKHO IIpeHeOpedb /Ui BHIOPaHHBIX A; U A, .
BeyuunHE [, ¥ [, ONpENeNnsioTcs ¢ HoMombio popmyist Ilianka (1). Cre-
JIOBATEIHHO,
Ji_ 7 DCl)lg (expC,/A,T) —1) [dA,
N C.A (expC,/ A T) -1) [8iA,

rie
C, =27hc? =3742107*° Brv?,
C, =hc/k =1,439107% MK,
Ouennm Benmmuuny e€Xp(C,/AT) u cpaBHUM ee C eAUHUIICH.
[Mycte T =300C K, A =1 mxm. Torna,
exp(C,/AT) =exp(,439C107% /1107° [B00O =121,

NpUYeM MOHKCHHE TEMIICPaTypbl M YMECHBIICHHE JJIMHBI BOJIHBI U3MEHUT 3Ty
OILIEHKY B OOJIBIIYIO CTOPOHY. DTO 03HAYAET, YTO IS MCIOJIB3YEMBIX B OIBITAX

TEMIIepaTyp | JUIMH BOJIH €IWHUICH B CKOOKax B opmyite [Imanka MoxxHO Tipe-
HeOpeub (BBIIOTHSIETCS MPUOIIMKeHHas: popmyina Buna).

5
5y i fe(1 1]
J, T AdA, T4, A

[Tposorapudmupyem 3T0 BBIpOKEHHE UM HAWJEM U3 MOJTYyYEeHHOU (HOpMYIIbI
temmeparypy T .
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T =

J A di,
In"t-InZ-5In"2-In-"1
J, A dA,
VYuTeM, 4TO B IPOILECCE OMBITOB COXPAHAIOTCA 3HaUeHUs A, A,, dA; u dA,.
[ToaTOMy 00BEANHUM HICHBI, COAEPKAIINE TOCTOSHHbIEC BEJINYNHBI, B IBE HO-
BbIC KOHCTaHThI L u Z,

L= C2 i - i
A A
Z,=InZ +5Inﬁ+lnd—/]1.
A dA,
Tornma popmya aJist onpeeneHus TemMnepaTypbl IPUMET BUJ

Ini—zO
‘J2

13 dopmynsl (2) BUAHO YTO, 3HAS U3 TAPUPOBOYHBIX OMBITOB BETHMUUHY Z,
M pacCuuTaB 3Ha4YeHUs L, MOXHO, m3mMepuB oTHoIeHue J,/J,, onpeaeauTs co-

OTBETCTBYIOUIYIO TEMIIEPATYPy U3JIYyYAIOMIETr0O Tena. Ba)kHO OTMETUTB, UTO MpU-
0op, Ucnoap3yeMblil B paboTe, u3MepsieT He a0CONIIOTHOE 3HAUEHUE MOTOKa, a
€r0 OTHOILIEHUE K J,, KOTOpask OCTAETCs IOCTOSIHHOM B IPOLIECCE U3MEPEHUN.

N3Mepenue MHTErpaJbHOr0 KO3 (PpULUMEHTA U3JIYUYCHUS TeJia

WHTerpanbHblii KOAQQHUIUEHT U3TydeHus (CTereHb YepHOTHI) Tena Ar or-
penensieTcsi OTHOIIEHUEM

rae R, —»sHepretnueckas cBeTUMOCTh Teia npu temneparype I, R —sHepre-

TUYECKasi CBETUMOCTh aOCOIOTHO YEPHOTO TeJa MPH 3TOH JKe TemrepaType.

Jla Bodbgpama, KOTOPBIM HCIONB3YETCs B ATOW JabopaTtopHOil paboTe B
Ka4eCTBE UCTOYHMKA W3IY4YCHHs (HUTh HaKaja 3JICKTPOJIAMIIbI), HHTETPATbHbIN
kodpbunmenT uznyuenus s remnepatypsl T = 200(K nHagexHo uzmepes. OH
oKazajcs paBHbIM Ayy,, = 0,249.

OTO MO3BOJISIET NPUMEHUTh OTHOCHUTEJIBHBIA METOJ MCCIEAOBAaHUS 3aBUCH-
MOCTH WHTETPaNbHOTO KO3 (UIIMEHTa U3IyYeHUS OT TeMIIepaTypbl M3Iydaro-
LIETO TeJa.

Bripa3zum uHTErpanbHblii KO3(GOUIUEHT U3ITyYeHHs PU HEKOTOPOM TeMIie-
parype T depe3 u3MepsieMble BEIUUUHBL U Ay .
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CornacHo OIIPCACIICHUIO

— RT R2000
AF TRt ! AZOOO '
RT RZOOO

VureM, uyto 1o 3akoHy Credana-BonbplMaHa SHEPreTHYECKUE CBETHMOCTH
a0COJIIOTHO YEPHOT'O TEJIa B 3THX BBIPAKCHUSIX PABHBI
R =oT* R0 =0 [{2000°
Eciu cumTaTh, YTO MOTEPH SHEPTHHU 3@ CYET TEIUIONPOBOAHOCTH U KOHBEK-
MM MaJIbl, T.e. BCS MOJBOAUMAS K BOJIB(PAMOBON HUTH JIAMITBI SHEPTHS HJICK-
TPUYECKOTO TOKA MPEBPAINACTCs B SHEPTHIO M3JIyYCHHs, TO JHEPreTUYECKYIO
CBETHMOCTH MCTOYHMKA MOXKHO BBIPA3HTh Yepe3 MOIIHOCTb Pyqp, KoTopast pac-

CEHBAETCS HA HEM:!
R. = PHCT
. =L
S
rae S —IIomaab U3Iy4aroeil IOBEpXHOCTH.
Haiinem otHOmeHNe K03 (PHUIIMEHTOB U3TyUCHHUS

Ar RT Rzooo P]/ICTU(20004S (20004 dDHCT K d I/ICT

4
A2000 RT RZOOO SoT 4 PHCTZOOO PHCTZOOO T
BCJII/I‘{I/IHy KB HOCJ'IC,Z[HCI/I (I)OpMYJ'IC MOJKHO OIIPpCACINUTD U3 BbIINIC OIIMCAH-

HBIX OIIBITOB IIO OIIPCACIICHUIO TCMIICPATYPbI, €CJIX B IIPOLCCCC I/ISMCpCHI/Iﬁ
CHUMATh AOIIOJIHHUTCIIbHO 3HAYCHHA MOIIHOCTH, paCCCI/IBaCMOﬁ HNCTOYHHUKOM.
DTO HECI0KHO CACJIaTh, TaAK KaK HCTOYHHUK HU3JIYUCHHA HAI'PEBACTCA SJICKTPUUIC-
CKUM TOKOM, MOIIHOCTH KOTOPOTO ITPHU BBICOKUX TCMIICPATYypaX paBHA

Pucr =Ul, (3)
rae U — HampspbkeHHe Ha BOJIb(GPaMOBOI CIIMPad KCTOYHUKA TEIJIOBOTO M3ITY-
yenus, | —cuma Toka B cmpanu. CeaoBaTenbHo, I HHTErPaIbHOIo Kod(h-

dbunreHTa u3JIy4eHus nojaydaemM Gopmyiy
Ar = PyoolK E—F’_?%,
Trac
4
K = (2000

: A=0,24¢.
Pucr2000
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Onucanue yCTaHOBKH

[Tpubop cOCTOUT M3 UCTOYHHUKA U3ITYUCHUS (JTaMIla HaKaJIMBaHHS), TBYX y3-
KOIIOJIOCHBIX (POTONPUEMHHUKOB JUIS JUIMH BOJIH A, U, A, U opraHoB ynpaBieHus

uHauKanuy. Bug nepenneit nanenau 6J10ka mpeacTaBieH HAa PUCYHKE.

1 p 2 3 . 4

&/ M ®/ U B

Ay | MA
/1, :
CeTh (O Hakan
\
yer. | \
9 8 7 ' 6 5
Puc.

1 —Tab10 UHANKATOPA OTHOCUTEIBHON MHTEHCUBHOCTHU U3JIyUEHHS;

2 —HMHIMKATOPBI BEIOpaHHOTO (otonpuemunka (A, mm A,);

3 —TabJI0 HHAMKATOPA HATIPSDKEHHS WM TOKA Ha JIaMIle HAKaJIUBaAHWUS;

4 —MHAMKATOp BHIOOPA U3MEPSIEMOTO TiapaMeTpa (HanpsuKEHHs WM TOKA);
5 —peryiasTop HanpsKEHHUs HAKAA;

6 —nepeKIoYaTellb «TOK MU HAMPSIKEHUE,

7 —peryjisTop MaKCUMaJIbHOW HHTEHCUBHOCTH U3IYUEHUS;

8 —nepexirouaresns GoronpueMunkos (A, umm A,);

9 —BKITIIOYCHHE (BBIKITFOUECHHUE) CETH.

BoinosiHeHue u3MepeHmni

1. BxutounTs npubop HaxkaTueM KpacHou kHomnku 9. [Ipu sTom 3aroparorcs
uHAuKaTopsl 1+4. Perynstop 7 mocTaBUTh B CpeHEE MOJOKEHUE U B JlaJbHEH-
IIIEM €T0 HE TPOTaTh.

2. Perynsropom 5 nipu ropsimem BepxaeM nHaukatope 4 (U , B) ycraHOBUTB
Hanpsokenne 5 B. HaxaB kHomnky 6, 3akeub HykHUE wHaukatop 4 (1, MA) u
3aMEpUTh TOK Ha Jiamrie. MI3MepeHHbIe 3HaYEHUsI TOKA M HAIPSKEHUs 3alHUCaTh
B TaOHILY.

3. Ha tabn0 1 ¢poTonpueMHUKOB 3aMepUTh IOCIE0BaTeNbHO BHavane |, /1,

(roput BepxHmii mHAMKATOp 2), a 3ateM |, /|, (s sTOoro Haxkatuem KHOMKU 8

3a)Keub HWKHHUW HHIUKATOP 2). Pe3ynbTaThl n3MepeHnii Takke 3amucarh B Ta0-
JULY .
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4. BepHyTh iprOOp B UCXOAHOE MOJIOKEHHUE. {151 3TOr0 Ha)KaTueM KHOIKH
6 3axxeub Bepxuuil uaaukarop 4 (U, B), u HaxkatneM KHONKHU 8 3a)keub BEpX-
Huid nHIUKaTop 2 (A,).

5. PerynstopoM 5 mocienoBaTrenbHO yBEIUYMBATh HamnpsbkeHue depe3 1 B
70 MakcUMaJbHOTO 3HadeHus: 11B u myis KakIoro 3HA4YeHHS HANPSKCHUS BbI-
MOJTHATH JEUCTBUS, OITMCAHHbBIC B MyHKTax 2, 3u 4.

6. 3aKOHYMB U3MEPEHHMS U 3aMOJTHUB MEPBbIE YEThIPE CTOIOIA TAOIUIIbI, BbI-
KJIFOUUTH TPUOOp KHOMKOU 9 («CeTh») U BBIHYTh BUJIKY M3 PO3ETKH.

Tabnuma
P . |
U,B I, A 1, /1, 1, /1, HCT 1,/1, In—L T K A
Br I,
5
6 ..
11

/. 3amoJIHUM PACYETHYIO YacTh TaOiuIlbl. PaccunTaemM MOIIHOCTB M3JTydaTe-
151 1o popmyite (3)
P=1I[U,
He 3a0bIB iepeBecTH MA B A.
Temnepatypy nusnyuarens HaigeM 1o Gopmyiie
T= 6490

1,784-
2
Oto dopmyna (2) (cM. onmucaHWe METOAA) C YK€ pacCUATAHHBIMH 3Have-

I
Hussmu Z, u L. OGparute BHHUMaHue Ha TO, YTO In—1 umeeT orpunarensHOE
2

3HaueHue. [loaTromy nocne ero nojCTaHOBKU B 3HaMeHaTese OyJeT cyMMa JIBYX
MOJIOKUTEbHBIX BEJIUYHH.

WHTerpaibHbIil KOOPPUIUEHT U3ydeHus (CTENeHb YePHOTHI) TEIa OIpee-
auM 1o hpopmyiie (4), KoTopas ¢ y4eTom TapHpOBqumx OTBITOB IPUMET BUJ

A = 1226[4”7@
10> m)*
8. Ilo manHbM TaOmuIBl moctpouth rpaduxk A = f(T). Pexomenmyemsrii
macmtad ans T 100K=2 cm, a nist crenenn yepHotsl A @ 0,1=1cwm.

9. Cnenath BBIBOJ O BEJIMYMHE MHTETPATILHON CTETIEHH YEPHOTHI Tea B HUC-
CJIEZIOBAHHOM HWHTEpBaJIe TEMIIEpaTyp M O XapaKTepe TeMIepaTypHOU 3aBUCH-
MOCTH.
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PABOTA Nel13
NCCIIEAOBAHUE BHEITHEI'O ®OTO2PPEKTA

[leap paboThI: CHATH BOJBTAMIIEPHYIO XapaKTEPUCTHUKY (HOTODIEMEHTa C
BHEITHUM (OTOA(PPEKTOM, 3aBUCHUMOCTh TOKA HACKHIIICHHS OT BEIMYUHBI CBETO-
BOTO TIOTOKA, CIIEKTPAJIBbHYIO XapaKTepUCTUKY (OTOIIEMEHTA U pacCUYUTaTh pa-
00Ty BbIX0Aa (POTOAIEKTPOHOB.

Oo6opynoBanue: MoAyabHbIN yueOHbld koMimieke MYK-OK B cocraBe wnc-
caenoBatenbckoro creHaa C3-OKO01, 6moka nuranus UIIC, 6ioka ammnepmerpa
—BosibT™MeTpa AB1 1 coeIMHUTENBHBIX POBOIOB.

Onucanue Mmeroaa

Buemnum ¢otoadpdexkrom HazpiBaeTCS SBICHUE HCIIYCKAaHUS AJIEKTPOHOB
BEIIECTBOM MOJI ACMCTBUEM CBETA, MOTJIOIAEMOTO 3TUM BEIIECTBOM.
PaGoroii BeIxoga Ag Ha3bIBaeTCs HaUMEHbILIasl SHEPIHsl, HeoOXoauMas JJis

OCBOOOKIEHUS JIEKTPOHA M3 JAHHOIO BellecTBa. [l 3J1€KTpoHA, KOTOPOMY
JOCTATOYHO JJIsi OCBOOOXKIEHHMSI UMEHHO 3TOM 3HEPruy M KOTOPBIA MOTJIOTHI
¢$oToH c sHepruel it , MOKHO 3amKcaTh ypaBHEHHE DUHIITEHHA

ha = Ag +Eg ke (1)
rae Ej yuxc — MAKCHMAIbHO BO3MOXHAS KHHETHUECKAS DHEPIHs BBIOUTHIX

anekTponoB; 7 =1,054[10734 J[-c — nocrosiaHas IlnaHka ¢ 4epTol; G — IUK-
JIMYECKasi 4aCTOTa CBETOBOW BOJIHBI.
Tak kak Hadaiy (ortoaddexra cooTBeTcTBYET yeaoBue Eg e =0, TO

U3 ypaBHEHUs 1 cienyeT BbIpaK€HUE NI LMKJINYECKOM 4acTOThl KpacHOM Ipa-
HuUlbl poTtorddekra:
@="2. @
h
OCHOBHBIMHU XapaKTEPUCTUKaMH (OTORIEMEHTA SBISIOTCS BOJIbTAMIIEpHAs,
CBETOBAs U CIIEKTpPaJIbHAaI.
BoJsibTamMnepHble XapaKTePUCTHKH (POTOIJIEMEHTA, IIOJYYEHHBIE IS
OJIMHAKOBOW YaCTOTHI, HO PA3JMYHBIX HMHTEHCUBHOCTEMN CBETA, IPEICTABICHBI HA
puc.l. Yyactok AB rpaduka cooTBETCTBYET TOKY HachlieHus |, ¢oroanemen-

ta. Ciiia TOKa HACBHIIIEHUS HE 3aBUCUT OT HAMPsHKEHUS MEXKYy KaTOJAO0M M aHO-
JIOM, TIOTOMY YTO BCE DJICKTPOHBI, BHIOUTHIE CBETOM B 00JaCTh MPOCTPAHCTBA
MEXK]Ty KaTOJIOM U aHOJIOM, JlocTuraroT aHona. [Ipu nanpsokenusx U < Up amek-
TPUYECKOE MOJIe MEXK/Ty KaTOJIOM U aHOJIOM HEJIOCTaTOYHO JJIsl TOTO, YTOOBI IIPH
JAaHHOU TeoMeTpur (PoTorIEMEHTa cCOOpaTh HA aHOJIE BCE BHIOUTHIE JICKTPOHBI.
Cuia Toka CTaHOBUTCS MEHBIIE | .

[Ipn HEKOTOpPOM ONPENEIIEHHOW PAa3HOCTH IOTEHLUHAJIOB 3aIEPKUBAIOIIETO
nosis Uz HacTynaeT coOCTOSIHHME, KOT'/1a 1aKe caMble SHEPTUYHbIE U3 JIETEBIINX K
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aHOJly AJIEKTPOHOB HE KOCHYBIIMCH €ro OTOpachIBalOTCS Hazal K KaTtoay. Tok
yepe3 POTOIICMEHT MPH 3TOM CTAHOBUTCS paBHBIM HyI0 (Touka D rpadmuka).

T A B
A
C // I Thac
/ |
i |
/, // :
1,07
D ’/L/’/ i X
Puc.1

CBeToBO#l XapakTepucTHKON (oTOdIeMeHTa Ha3bIBACTCSd 3aBUCHUMOCTh
($hOTOTOKA HACBIIIEHUSI OT CBETOBOTO MOTOKA MPU HEM3MEHHOM €r0 CHEKTpailb-
HOM COCTaB€ M MOCTOSSHHOM HaIPSKEHNH

I H = f (CDV)U =const

CBeroBasi XapaKTepUCTUKa BaKyyMHOTO (OTORJIEMEHTa HOCUT JIMHEWHBIH
xapakrep (pu HE CIUIIKOM OOJBIINX OCBEHICHHOCTAX (HOTOKaTOna, KOTaa He
co3maercs OOJIBIIOTO OTPHUIIATEHLHOTO 3apsiia y (oTokaToa U MOXKET OBIThH MO-
JIY4YEH TOK HACBIIICHHUS).

CnekTpajibHOM XapaKTePpUCTUKON (POTOIIEMEHTA HA3bIBACTCS 3aBHUCH-
MOCTh (POTOTOKA HACKIIIEHHS (POTODIEMEHTA OT JIJIMHBI BOJIHBI MAJAIOIIEr0 CBe-
Ta MPU HEU3MEHHON BEJIMYMHE MOTOKA MOHOXPOMAaTHYECKOrO HU3IYYEHHS pa3-
HBIX JIJIMH BOJIH:

IH = f(A)QDA:const'
. 271C
Jliis 3Hagennit A >—— (C —ckopocTh cBeTa) poTodaddexT He HabmOgaCT-

csl, a 3HaYUT U cuia pororoka HaceiieHus paBHa 0. [Ipu ymMeHbIIEHUN ITHHBI
BOJIHBI (DOTOTOK OBICTPO PAcCTET, JOCTUTasi MaKCUMyMa MPU HEKOTOPOU IJIMHE
BOJIHEI A, 3aTeM ymeHbIaetcs. [Ipu nanpHeimemM yMEHbIICHUN JJTUHBI BOJTHBI

MOJKET OIATh HAONI0IAaThC MEAJIEHHBIM POCT (HOTOTOKA. YKa3aHHBIA XapaKTep
CHEKTPATIbHON XapaKTePUCTUKU CBA3AH C SHEPTeTUYECKHUMH COCTOSIHUSIMH CBO-
OOIHBIX JEKTPOHOB U HAOIIOIAETCS Y METAIJIOB.

Kpachas rpanuma ¢orodddexra s MEn0oYHbIX METaUIOB COOTBETCTBYET
sHeprun (oTtoHa &, =3+5 3B, a U1 ocTalbHBIX MeTawioB eue Oosbiie. Cka-
3aHHOE 03HAYaEeT, YTO METANINYeCKUE (POTOAIMUTTEPHI HEPOTOUYBCTBUTEIBHBI B
BUJUMON 00JIACTH CIIEKTpa M, KPOME TOr0, UMEIOT, KaK MOKAa3bIBAET OIBIT, Ma-
JbI KBAaHTOBBIA BBIXOX. [I0ATOMY 4HMCTBIE METasUIbl MPAKTUYECKH HE HUCIIOJIb-
3yIOTCSl B Ka4eCTBE (JOTOIMUTTEPOB B ANEKTPOBAKYYMHBIX MIPHOOPAX.
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OddexTuBHBIE (POTOAMUTTEPHI B BUAUMON M ONMkHEH yiapTpaduosieToBoin
00JacTsIX CHEKTpa CO3/IaHbl Ha OCHOBE MOIYITPOBOAHUKOBBIX MaTepHasioB. [Ipu
TOM CJeIyeT OTMETUTh, YTO TEPeXOs OT METAUIOB K TOJIYIPOBOJHUKAM,
HY’)KHO NPUMEHATh B ypaBHeHHH OiiHmrTeiHa (1) BMecTo paboThl BhIxoma Ag

npyryto saepruto W —mopor dotosrddexra:
ha =W+ E - 3)
D10 CcBsi3aHO ¢ O0JIee CIIOKHBIM, Y€M Y METAJUIOB XapaKTepoM dHEpreThye-
CKUX COCTOSIHUH DIJIEKTPOHOB, CITOCOOHBIX MOKUHYThH MOJYIPOBOJHUK TPHU (HO-
todpdekre. CylecTBeHHOE BIMSHUE Ha (POTOIMHUCCHIO OKA3bIBACT IPUMECH,
no0aBiieHHAs! B MTOJYIIPOBOJAHUK, U COCTOSIHUE €0 TOBEPXHOCTH.

[Tpu ucnonp30BaHUU MOIYIPOBOJAHUKOBBIX (DOTOIMUTTEPOB MOPOT (HOTOI-
¢dexra W =1+2 5B.

Onucanme yCTAaHOBKH

B kagecTBe MCTOYHHMKOB CBeTa B JAOOPATOPHON YCTAaHOBKE HMCIOJIb3YETCS
Ha0Op M3 BOCBMHU CBETOAMOJIOB, U3IYUYAIONMINX B PA3IMUHBIX y3KUX JUATIA30HAX
JUTMH BOJIH. DTU JTMATIa30HbI JISKAT B BUANMOW U MH(PPAKPACHON YACTIX CIICK-
Tpa ¥ yKa3aHbl Ha TAHEII CTEH/IA.

B xauectBe ¢oTosMuTTEpa HCMONB3yeTCs KaToj] (POTOIEMEHTa, W3rOTOB-
JICHHBIA M3 TMOJYIIPOBOJIHUKOBOTO BEIICCTBA. DJCKTPOHBI, BEIOUTHIC CBETOM M3
KaToja, COOMPAIOTCS aHOJIOM.

Ha puc. 2. npencraBieHa 3JIeKTpUUYeckas cxeMa. B kadyecTBe HMCTOYHHUKA
O/J1C ucrnonb3yeTcs reHepaTop PeryaIupyeMoro MOCTOSHHOTO HApsHKeHHs 0J10-
ka UIIC1, paboraromuii B nuanazone 0+20 B. O6patuTe BHMMaHue Ha Iipa-
BUJILHOCTH TTOAKITIOUEHUE MOISIPHOCTH aMmriepMeTpa. Takoe BKIFOUeHHUEe odecre-
YUBaeT TOJABJIICHUE CETEBBIX HABOJOK B M3MEPUTENbHOU Iienu. [Ipm sTom Ha
WHIUKATOPE aMIlepMETpa BBHICBEYMBACTCS CHJIA TOKA CO 3HAKOM «—>», KOTOPBIH
HE HY)KHO yYHUTHIBATb.

= +
A

0:20B | - 4

Puc. 2

Ha pH03 IMOKa3aHbl ITAHCIIN YIIPABJICHUSA 0JI0KOB U crioco0 u3 COCIMHCHUA.
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1 —1abn0 OTHOCUTENHHOU UHTEHCUBHOCTH U3TyYEHUS;

2 —MHIUKATOp HOMEpA CBETOIUOA;
3 —perymstop Hanpsbxerus 20B;

4 —BBIXOJIHBIE THE3/1a reHepaTopa HanpsikeHus 20B;
S —PpEeryJAaTOp OTHOCUTEIbHON MHTEHCUBHOCTH U3TyYEHUS;

6 —nepexioyaTeNb GOTOIUOIOB;
/ —KHOIIKA «CETHY,;
8 —T1albi10 3Ha4YeHus TOKA;

9 —uHIUKATOp BEIOPAHHOTO TIpe/eNia U3MEPEHUN aMIIepMEeTPa;
10 —kHOMKa NEPEeKITIOYEHUS MTPEACIIOB U3MEPEHHUI aMIIepMETPa,

11 —rtabno 3Ha4YEeHHI HANPSIKEHUS,

12 —uHIMKaTOp BEIOPAHHOTO TpEeiia U3MEPEHHI BOJBTMETPA,;
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MIHC1 ['enepaTopsl HanpsKEHUA
I 3
1/, Q Q
CETh @
0...6,3B 0...20B
yeT. g —o o+ —9 o+
7 6 5 »
C3-0K01
4/ ~ @
11
9 12
AmriepmeTp @)0( 10 [BombsT™meTp & 20CB AB1
@ ® 20C ® 20B
® 20 ® 2B
8 . IvA 1= 1= 13
HvrkA H = o=
e’ [ | [ ©
~2 _°
L 1]
14 15 Puc. 3 16




13 —kHOMKa NePEeKITIOUYEHUS MPEACIIOB U3MEPEHHUH BOJIBTMETPA,
14 —BxoaHbIC THE3/1a aMIIEPMETPa,

15 —kHOMKa MepeKIIoUeHUst MA/MKA;

16 —BXOHBIC THE3/1a BOJIBTMETPA.

3aganue 1 CHsTHE BOJBTAMIIEPHON XapaKTePUCTUKH.

1. Cobpatp yctaHoBky mo cxeme. [locne mpoBepku mpaBUIBLHOCTH COOpPKU
MPerno/iaBaTesieM BKIIOUYHTH 00a 0JI0Ka KHOTIKAMU 7/ <CETh».

2. llepexmouarenem 6 ycraHoBuTh Ha Omoke WIIC1 wu3mywarens c
A =43Cam. I1pu 3Tom B okomeuke 2 Oynet ropeTh nugpa «0».

3. Pyukoro 5 «ycrtaHoBka |,» BeicTaBUTH Ha Tabyo 1 3TOro 6j0Ka OTHOIIE-

aue | /1,=21000+ 0,005.

4. Ha 6moke AB1l ycTaHOBUTH Tpeneibl U3MEPEHHs MOCTOSHHOTO TOKa
20 MKA u ocTostHHOTO HanpspkeHus 20B.

5. Ha renepatope HampsiKeHH PYyKOATKOIO 3 yCTaHABIUBATh HAPSKEHUS,
yKa3zaHHbIe B Tabmuie 1, u u3mMepatb TOKU. Pe3ynbTaTel H3MepeHHil TOKOB 3aHe-
cti B Tabymiyy 1. 3HaK «—» JJi1 TOKOB HE YYHMTHIBATh (IIPU TaKOW MOJIIPHOCTH
MEHBIIIE KOJICOAHHsI B CETH M CTa0MIIbHEE TIOKA3aHHs).

Ta0Omuma 1

U,B 0,05 2 4 6 10 14 17 19,5

| , MKA

6. [loMeHsTh MOJIPHOCTH HA TEHEPATOPE Ha-
npspkeruii (4). [Ipu 3ToM BosbTMETp OyAeT MoKa- |

3bIBaTh OTPHUIIATEIbHBIC 3HAYCHUS HAMNPSHKCHHS. ﬁ
3anoIHUTh Ta0IHILy 2.

TabOmnura 2
U,B —-0,05 -0,50 -1,0

|, MKA

Puc. 4

7. Ilepetiti Ha m3nmyvarenu ¢ A = 660EM u A, =520HM U CHATH BOJBTaM-

NIEpHbIE XapakTepucTUku (M. /11 5 u 6). BEIKITIOYNTH YCTaHOBKY.
8. Iloctpouts Ha omgHOM Tpaduke |(U) BonbTamriepHbIe XapaKTEPUCTHKH

Tpex uanaydarenei (puc. 4).

3aZ!aHI/I€ 2 CHsATHE 3aBUCHMOCTH TOKa HaCbIIICHHUA OT BCIIMYHUHBI CBCTOBOI'O
IIOTOKaA.
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1. BkimrounTh 00a Oioka KHONKaMu 7 <«CeTh». Ha renepaTope HampsokeHUH
pykosTkoii 3 ycraHOBUTh Ha Tabi0 11 BoiasTmerpa 15B (mpenmen usmepenumii
noikeH 0bITh 20B, MOCTOsSIHHOE HAIIPSKEHNE).

2. Bruntounts mepekirouatenem 6 uzmydatens A,. [Ipu 3Tom B okomke 2
NOSIBUTCS LU (ppa «2>»,

3. Ha ammepmerpe nepexmouatenem 10 BBICTaBUTH Tpenel HU3MEPEHHM
20 MKA, TTOCTOSHHBIN TOK.

4. Pykosatkor 5 «YcraHoBka |,» BeicTaBuTh Ha Tabso 1 6ioka UIIC1 yka-

3aHHbIe B Tabmuie 3 3HaueHus | /|, u Bucath 3Ha4eHUs TOKA HACBHIIICHNUS, KO-
TOpBIE TIOKAXKET MPH ATOM Ta0JI0 8 amriepMerpa (3HaK «—»HE YYUTHIBATD).

Tabmuma 3

/1, | O o1, 02| 03| 04 05 ©O06 Oy O8 09 1

IHAC

5. BeIKIIOYHTh YCTaHOBKY M MOCTpouTh rpaduk 3aBucumoct |, (1/1,).

JIuHEeHHBIN XapaKTep 3aBUCUMOCTH IOATBEPIKIACT IKCIICPUMEHTAIBHBIN 3aKOH
CroneroBa.

3ananue 3 CHATHE CHEKTPATbHON XapaKTEPUCTHKU (OTOIIEMEHTA.

1. Bxirounts 00a Oioka KHonkamu 7 «ceTh». Ha renepatope HampsokeHU
(6;mox UTIC1) pykositkoit 3 ycTaHOBHUTH Ha Tabno 11 BonbTMETpa HampsiKeHHE
15B (mpenmen w3mepenuii npubopa aosmkeH ObiTh 20B, MOCTOSIHHOE HampsKe-
HHE).

2. Pykostkoro 5 «YcraHoBka |,» Ha Omoke MIIC1 ycTtaHOBUTH 3HaueHUe

I /1,=05, xoTopoe OyneT ocTaBaThCsl HOCTOSHHBIM B 3TOM 33[aHUH.

3. BricraButh Ha ammniepmetpe npeaen namMepenuit 20 MKA, MOCTOSIHHBIN TOK
(ropuT HWXKHSIS CUTHAJIbHAS JIaMTouka 9).

4. TlocnenoBaTelbHO BKJIIOYAEM B CETh BOCEMb H3JydaTesied C MOMOIIbIO
nepexsoyaTeNss 6 U 3amuchiBaeéM MOKa3aHUsl TOKa Ha Tabjo 8 ammepmeTpa B
tabnuiy 4 (3BHaK «—» He y4WThIBaTh). )i MEPBBIX ABYX H3IydaTesiel MmokKasa-
HUS 3aKUCHIBATh 110 UX MAKCUMAaJIbHBIM 3HAYEHUSIM.

Tabanma 4
Ne u3-
Jay4a- 0 1 2 3 4 5 6 7
Tels

A, HM 430 470 520 565 590 660 700 88
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5. BBIKIIOYUTH YCTAaHOBKY.
6. [Toctpouts Tpaduk 3aBucumoctu | (A) W HalWTH IIMHY BOJNHBEI A, , IpH

KOTOPOI TOK CTAaHOBUTCS PaBHBIM HYITO (mmpekpamaercs GoTodpdexr).
7. I1o sTOMyY MOTy4eHHOMY 3HAYEHUIO KpacHOU rpaHuIlbl poTtodddexTa pac-
_hc
cuuTaTh paboTy BbIXOZa o popmyne A, . =—.

A

K
8. Cnenartpb BBIBOJI.
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KOHTPOJIBHBIE BOITPOCBHI

PABOTA Ne 1

1. JTaiiTe onpenencHue nHTEpPEpEeHIINN CBETA.

2. Kakue BOHBI HAa3bIBAIOTCSI KOT€PEHTHBIMU 7

3. Uemy paBHa pa3HocTh (a3 AP u onTHueckas pa3HOCTh Xoaa A BOJH, KO-
TOpbIEe MAKCHUMAJIbHO YCHJIMBAIOT JIPYT JIpyTra Npu uHTepdepeHnn?

4. KakoBa TOJIIMHA BO3AYIIHOTO 3a3opa d B mMecTe HAONIONEHUS B OTpa-
KEHHOM CBETE BTOPOTO TEMHOTO KOJIbIIa?

5. YUto mpousoiger ¢ konblamMu HprOTOHA NpU yBEIMYEHHH ONTHYECKOU
IUIOTHOCTH CPEJIBI B 3a30pe?

6. UeMy paBHO M3MEHEHHE TOJIMHBI BO3AYIIHOTO 3a30pa MpHU Mepexoie OT
CBETOBOT'0 KOJIbIA K COCEIHEMY TEMHOMY ?

7. Kak usmenutcst Bu1 UHTEpHEpEHIIMOHHON KapTUHBI, €CITU EPEHTH OT Ha-
OJIFOICHUH B OTPAXKEHHOM CBETE K HAOJIIOJICHUIO B IPOXOISIIEM CBETE?

PABOTA Ne 2

1. Yto mpencrasiseT co0oit nudpakmoHHas pemerka’?

2. Yemy paBeH nepuof 1upakiMOHHON PELIETKH, Y KOTopoil Ha 1 MM Ha-
HeceHo 1000mrpuxoB?

3. KakoBo ycroBue nosyueHus rJIaBHbIX MAKCUMYMOB TpH TU(paKLUH 10~
CKUX BOJIH Ha TU(PAKIIMOHHON perieTke?

4. KakoBO yCIIOBHE MOJY4YECHUS TJIABHBIX MUHUMYMOB MPH JUGPAKIIH T110-
CKUX BOJIH Ha TU(PAKIIMOHHOH perieTke?

5. Uto npenctapusioT coboit 30HbI DpeHenst U OT Yero 3aBHCUT YMCIIO 30H
Dpenens, yKIaapIBAIOIMXCS Ha MIOCKOM HIeTU?

6. KakoB HamOosbIMii MOPSAIOK CIEKTpa OT AUMPAKIMOHHONW PEIIETKH C
nepuoaoM d = 3,5mkM, ecnu munHa BosiHbl cBeta A = 600HM?

7. Kak u3MeHsieTcss MHTEHCUBHOCTH TJIaBHBIX MAaKCHMYMOB C yBEJIMYCHHEM
gucna meneit N npu Audpakiuu 0T MHOTHX IIeJei?

8. B yem 3akmtovaercsa qudpaxius cBeTa?

PABOTA Ne 3

1. B yewm 3akirouaercs sBiIeHHE HHTEP(HEPEHITNN CBeTa?

2. Kakue BOJHBI MpU HAJIOKEHUU OO0pa3yloT YCTOWYMBYIO MHTEp(EpEHIH-
OHHYIO KapTUHY?

3. Kak oOpa3ytotcs B untepdepomerpe LIM-10 aBa KOrepeHTHBIX Jyya H
yeMy paBHa UX ONTHYECKas pa3HOCTb X0Aa?
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4. Yto moka3pIBa€T OTHOCUTENIbHAS JUAJIEKTPHUECKasi MPOHULIAEMOCTh Cpe-
Bl 7
5. Uemy paBeH aOCOMIOTHBIN MOKA3aTENb MPEIIOMIICHUS CPEJIbI?

6. Kak 3aBHCUT OTHOCHUTEILHAS JAUBJICKTPUYCCKAsA NPOHUIACMOCTb CPEIbl &
OT KOHIOCHTPAIUKU MOJICKYJI no?

7. Kak 3aBuUCUT aOCOJIFOTHBIN MOKa3aTellb IPEJOMIICHUS BEIIECTBAa N OT OT-
HOCHUTEIIBHON TUAJIEKTPUYECKOM MPOHUIIAEMOCTH CPEIbl £ U MATHUTHOU ITPOHU-
IaEMOCTH CPEbI L?

8. Kak 3aBuCHT aOCOIOTHBINA MOKa3aTeb MPEIOMIICHUS BEIIECTBA OT JIaB-
JIEHUA?

PABOTA Ne 4

1. Kakoii CBET SIBISIETCS €CTECTBEHHBIM ?

2. Kakoii cBeT sIBiIsieTcs MI0CKOMOIAPU30BAHHBIM ?

3. Kaknmu criocob6amMu MOXKHO MOTYYUTh TOJISIPU30BAHHBINA CBET?

4. IToueMy MPOUCXOIUT MOJISIPU3AIUS CBETA IPU OTPAKEHUU OT TUBJIEKTPH-
Ka?

5. OT 4ero 3aBUCHUT CTENEHb MOJSPU3ALUN OTPAKEHHOTO JTydya?

6. Chopmynupyiite 3akoH bprocrepa.

7. Ecu ecTeCTBEHHBIN CBET HpOﬁI{CT ucpe3 nojripona, TO KaKk UM3MCHUTCA
€ro UHTCHCUBHOCTH?

8. Chopmynupyiite 3akoH Maitoca.
PABOTA Ne 5

1. B gyewm 3akimrodaercs siBieHue Tudpaxiuu cBera?

2. B yem otinune nudpakuun Opaynrodepa oT Apyrux BUIOB TUGpaKIIuu?

3. Kakue MUHUMYMBI 1 MAaKCUMyMbl HHTEHCUBHOCTH CBETa MPH AUPPAKIIH
OT ABYX U OoJiee 1iesei Ha3bIBatoTCs INIABHBIMU ?

4. Kak ompenenuTh MOPSIOK TJIABHOTO MAaKCHMMyMa, OTCYTCTBYIOLIETO Ha
’KpaHe U3-3a HAJIOKEHUS IEPBUYHOTO MUHUMYyMa?

5. Ilo kakoit GopMyisie MOKHO ONPEACITHUTh YIIIOBOE MOJIOKEHHE (Yroy Tu-
(pakiuu) JOTMOJHUTEIBHBIX MUHUMYMOB WHTEHCHBHOCTH TNpPH AM(PAKIHU OT
JIBYX IIIEJICH?

7. Yto Ha3bIBaeTCS MUPUHON HHTEP(PEPEHIIMOHHOM MOTOCHI?

8. ITo kakoii popmyiie pu AUPpaKIuK Ha HUTH (BOJIOC) MOYKHO BBIYHCITUTH
TOJIIIMHY 3TON HUTH?

PABOTA Ne 6

1. Kaxkoe N3JIYUYCHUC HA3BIBACTCA TETJIOBBIM 7
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2. Ha3zoBuTe XapakTEepUCTUKU TEIJIOBOTO U3ITY4YECHHUS.

3. I1o xakoil XapaKTepUCTUKE TEMJIOBOIO U3JIyUYEHHUsI PEAIbHOTO TEJIa MOKHO
U3MEPUTh €r0 TEMIEpPaTypy ONTUYECKUM HUPOMETPOM C <«HCUE3AIOIIEH HU-
THIO»?

4. Kakyro TeMIiepaTypy U3MepsieT ONTUUYECKUI MTUPOMETP?

5. Kakoiif 3aK0H TEmI0BOro HM3Iy4eHHsS OOBSCHSET, IMOYeMy TemIlepaTypa,
u3MepsieMasi TUPOMETPOM, BCErla HUKE UCTUHHOMN TeMIepaTyphl peaibHOro Te-
na?

6. Kak Haxonutcs B 1abopaTtopHOil paboTe UCTHHHAS TEMIIepaTypa BOIb(-
pPamMoOBOM CHIMpaH JaMIIbl HAKAJTUBAHUS ?

7. Ilo xakoMy 3aKOHY ONpEIeNAeTCs NOMIOMATEIbHasl CIOCOOHOCTh BOJIb(-
pama B ytabopaTopHOii paboTe?

8. 3aBHCHT 1M NOTJIOLIATENIbHAS CIOCOOHOCTh PeabHOIO Tejla OT TeMIlepa-
TypbI?

PABOTA Ne 7

1. Kakoe Teno Ha3bIBaeTCsi aDCONIOTHO YEPHBIM ?

2. Kak ¢opmynupyertcs 3akon Credana-bonpiiMana st abCOMIOTHO YE€pHO-
ro Tena? 3anumuTe ero Gopmyy.

3. Kak uzmMeHsercst ¢ pocToM TemrepaTyphl JJIMHA BOJIHBI, HA KOTOPYIO MpU-
XOJUTCSI MAKCUMYM U3ITy4eHUs1 aOCOIOTHO YEPHOTO Tea?

4. Chopmynupyiite 3akoH cMmerieHuss BuHa st aOCOMIOTHO YEpPHOTO Teia
3aMUIIUTE ero Gopmymy.

5. UTto Ha3pIBaeTCsl CHEKTPAJIbHOMN MJIOTHOCTHIO SHEPreTUYECKOW CBETHMO-
CTH Tena? 3aluIlINTe €€ ONPEIEIUTEIbHYI0 POopMYyITy.

6. Kak 3aBucHUT OT TeMmIepaTypbl BEIMYMHA MaKCUMyMa CHEKTPaJbHOU
IUIOTHOCTHU YHEPreTUUECKON CBETUMOCTH Teja?

7. Kak Ha3pIBaeTCsl BEJIMYMHA, IPONOPLHUOHAIbHAS TUIOIIAIU, 3aKIFOUEHHOM
MEXIy TrpaduKOM CHEKTPaTbHOW IMJIOTHOCTH SHEPreTHYECKOW CBETUMOCTU U
OCBI0 4acTOT (JUIMH BOJIH)? 3alHUIINTE OMPEISIUTENLHYIO (POPMYITy 3TOM BeEJH-
YUHBL.

PABOTA Ne 8

1. Kakoe siBiieHHe Ha3bpIBaeTCsl BHEITHUM (HOTOAHPEeKTOM?

2. Ot yero 3aBUCHUT cuja GOTOTOKA?

3. Kak cuna ¢poToToka 3aBUCUT OT BEIMIMHBI CBETOBOTO MTOTOKA?

4. KakoBO Ha3HAuYC€HHE TEPMOCTOJOMKA B paboTe? OT yero 3aBUCUT TEPMO-
TOK?

5. [latite onpeneneHue KpacHou rpanuiibl hotodddexra?

6. Kak skcriepuMeHTaIbHO ONPEACIIUTh «KPacHYo TpaHuily potodddexrrar»?

7. OT1 yero 3aBUCHUT pabOTa BBIXOJA JEKTPOHA U3 BEIIECTBA?
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8. Kak skcriepuMeHTaIbHO ONpeAesuTh paboTy BhIXOa 3JIEKTPOHA?
PABOTA Ne 9

1. Kakue BemniecTBa OTHOCSATCS K MOJTYTPOBOHUKAM ?

2. Kakwe TUIIbI TPOBOAMMOCTH TIOJTYTIPOBOTHUKOB BaM N3BECTHBI?

3. Kax 3aBUCHUT CONTPOTHRIICHHE MOTYNPOBOJTHUKA OT TEMITEPATYPHI?

4. Kak 30HHast TEOpHs TBEPIBIX TEJ OOBICHIET TEMIIEPATyPHYIO 3aBUCH-
MOCTB CONPOTHUBJICHUS TIOTYTIPOBOTHUKOB?

5. Kak ompenenuTh SHEPTUIO aKTHBAIMW MPUMECHOW MPOBOJAUMOCTHU, HC-
noJib3ys rpaduk 3aucumoctu INR = f(1/T)?

6. Kakue HocuTenw 3apsjia SBISIOTCS OCHOBHBIMHM B ITOJIYIPOBOJHHKAX
N-tuna?

7. Kakue HoOcUTEIM 3apsjia SBISIOTCS OCHOBHBIMHM B ITOJIYIIPOBOJHHKAX
p-THUma?

8. Kakumu cBoiicTBaMu 001a1aeT p-N-iepexo?

PABOTA Ne 10

1. Kakoe siBneHHe Ha3bIBACTCA PaJAMOAaKTUBHOCTHIO? JlaiiTe onpesenenue ec-
TECTBEHHOM U MCKYCCTBEHHOU PaJOAKTUBHOCTH.

2. Kakue BUIbI paIMOAaKTUBHBIX pacnaioB Bel 3HaeTe?

3. CopmynupyiiTe OCHOBHOM 3aKOH paJMOAKTHUBHOTO pacmajna. [loscHute
(pU3MUECKHIA CMBICIT IIOCTOSIHHOW pacnana — A.

4.Yro Ha3bIBaETCS NEPUOAOM TOTypacnana?

5. KakoB mMexanu3m Q-pacnana? bnarogapsi kKakuM CBOWCTBaM MUKpPOYaCTHU-
1[I BOBMOXKEH Q-pacraj?

6. Kak cBsizanbl mocTosiHHas a-pacnana A u kodddumuent npo3paynocta /[
MOTEHITHAIBHOTO Oaphepa?

7. Kak cBsi3aHbl KUHETUYECKAsl PHEPT ST Q-4aCTULIBI U JUIMHA ee podera?

8. I1o kaxoii popmyse MOKHO ONPEACTUTh ATUHY BOJTHBI MUKPOYACTHIIBI ?

PABOTA Ne 11

1. Kakoe siBnenue Ha3bpiBaeTcs B-pacnagaom?

2. Kakue Buapl B-pacmanoB Ber MoxkeTe OTMETUTH?

3. [Touemy B cimyuae P-pacmana HaOMIOJaeTCs CIEKTP SHEPTUi BbUIETAIO-
IMIMX JJIEKTPOHOB, a HE Kakas-TuOo omnpenenéHHas AJs JaHHOTO BEIIECTBa
SHEPrus?

4. Kakue 3aKOHBI COXPaHEHUs BBHITIOTHSIIOTCS TIPU STOM BHJIEC PaJNOAKTHUB-
HOTO pacraja?
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5. Otkyna OepyTcsi BbUIETAIOUINE U3 SApa DJIEKTPOHBI, €CIH B CAMOM SIpe
UX HET?

6. Kak 3aBUCUT MJIOTHOCTH MOTOKA (-yacTuil J OT TONIIUHBI MOTIOTHTEI
d?

7. Yto Takoe TOMIIUHA CJI0s MOJHOrO MOMIoMeHus R , Kak oHa 3aBHCHUT OT
MaKCHUMaJIbHOW SHEPTHH -CHEKTpa U KaK OMpeesieTcs?

8. Kak HaxomuTcsi BepXHsAA TpaHMIIA SHEPTUU [-CHEKTpa IO KPHUBOIi
InJ=f(R)?

9. YUem oTinyaroTcst OOMIHMI U MACCOBBINA KO PUITUEHTHI TOTJIOMICHUS ?

10.Kak mpou3BOaUTCS OlEHKa MOTPEIIHOCTA U3MEPEHHS BEpXHEH IpaHuUIlbI
SHEPIUu B-crexTpa
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