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1. TEIVIOBOE N3/IYUEHUE

1.1. O6wue ceedeHusi 0 Men,/1060M U3/ayYeHUU

B konije X1X B. ObI710 3aBepIiieHO TTOCTPOEHNe TePMOAUHAMUKU
M CO3/laHa TeopHUs >3JIEKTPOMarHWUTHBIX SiBJieHUU. TepMoJrHamMuKa
BIIOJIHE YJOBJIETBOPUTEIBLHO OMMCHIBA/IA IIUPOKUU KPYT SIBJIEHUM,
CBSI3aHHBIX C BeIeCTBOM (a MMEHHO C KOPMOYCKYJ/SIDHOM (opmou
Marepuu). Teopusi 3/IeKTpOMarHeTvdsmMa, B CBOKW  OuYepe[b,
YIOBNETBOPUTE/IbHO  OMNUWCHIBA/JIa  SBJEHWS,  CBSI3aHHbIE  C
3/IeKTPOMarHWTHbBIM T0JieM  (Harpumep, C 3JIeKTPOMarHUTHBIMU
BO/THAMM U CBeTOM). B HayKy BOLIO TpeACTaBleHHEe O M0JeBOMU
dbopMe MaTepuu B BHjle U3TydyeHUs. BO3HMK BOMPOC O 3aKOHax
B3aMMOMpeBPallleHUs] MaTepUU B MOJIEBOM U KOPMYCKYJISIpHOM (hopme,
WY, UHBIMUA CJI0BaMH, BOTIPOC O B3aWMOIIPEBPAIleHUH U3TydYeHUusl U
BellleCTBa.

M3 noBCeIHEBHOTO OTIbITA U3BECTHO, UTO BCE TeJ/la He3aBUCHUMO
OT WX arperaTHOr0 COCTOSIHWSI TIPM HarpeBaHWU [I0 OIpejie/IeHHOU
TeMIIepaTypbl TTPUOOPETAa0T CIIOCOOHOCTL CBETUTHCS, T.e. W3/yuaTh
3/IeKTPOMarHuTHele (fanee DM) BOJIHBI, B UaCTHOCTH U CBETOBBIE.
Eciv 3To u3myueHHe MPOMYCTUTL Yepe3 CreKTpalbHbIl mpubop, To
OHO OyZeT pasnaratbCsi B CIEKTpP, T. €. Ha MOHOXpOMaTHYecKue
BOJIHbI Pa3HOHW YaCTOTBHI.

Criektpel OM wu3ydeHuss ObIBalOT pa3TUUHbIMUA. CIEKTpHI,
COCTOSILIIME U3 OTHEe/bHbIX JIMHUM OMNpeJe/IéHHOW [JIMHBI BOJIHBI,
HA3bIBAKOTCS JIMHENYaTbIMU. TaKOBBIMU SIBJISIFOTCS CLIEKTPhI HAarPeThIX
O/ITHOATOMHBIX Fa30B—aTOMHbIe CIEeKTPbI. VX TMHeNYaThIM XapakTep

OOBSICHSIETCSI TEM, UTO B pa3pe’KeHHOM OZHOATOMHOM Ta3e Ka’K[bIi



aTOM U3/yuyaeT UHVMBUYyaTbHO, HE3aBUCUMO OT W3/1y4YeHUsl APYTUX U
TOJIbKO Ha OT/le/TbHBbIX YaCTOTaXx.

Eciv B criekTpe NPUCYTCTBYIOT BCe JJIMHBI BOJIH, TO CII€KTP
Ha3bIBaeTCsl CIUIOMIHBIM. OH MCIyCKaeTcs, Haripumep,  HarpeThiM
TBEpALIM TesioM. CrieflyeT 3aMeTUTh, UTO BCSKOe W3/yuyeHue Tejia
COTIPOBOJK/AETCS TOTEPer 3HepPruyd. ITO TMPOUCXOAUT MO0 3a CUéT
yObLIM 9HEPrUM CaMOTo Tejia, MO0 3a CUET TOTO, UTO TeJIO To/TydaeT
SHepruo U3BHe.

PaccMOTpUM HECKOTbKO MPYMEpOB.

1. Ecm Teno CBeTUTCA 3a CUeT XUMUUeCKMX peakiuid
(Haripumep, okucieHwe  (docpopa Ha  BO3AyXe), TO  3TO
XeMUAtOMUHeCyeHyusi. JHeprusi U3yueHusi B 9TOM Cyyae BO3HMKaeT
3a CYET SHePrur, 0CBOOOK aroIeCst TIPU XUMHUYEeCKOM TIpoLiecce.

2. B cnyuae Bo3pelicTBUS Ha ra3bl U TBepAble Teja 37€KT-
pPUUECKOTO T0Jisi BO3HUKAET 3/1eKMpOAOMUHECYEHYUS.

3. Ilornomenue TesmoM 3Hepruv OM BOJH, MajaroluX Ha Hero,
C TOCAeAYIIMM  UX  TlepeusyueHueM MIPUBOAUT K
¢domontomuHecyeHyuu.

4. B pesynbrare 60MOapAMPOBKYA TIOBEPXHOCTU TBEPABIX Tesl
3/IEKTPOHAMU HaO/MI01aeTcsi KamoooatoMUHeCYeHYusl.

B oT/ivune OT pacCMOTPEeHHBLIX BhbIlle SIBJIEHWN CBeueHHe TeJl
P UX HarpeBaHWM Ha3bIBAeTCS mMemMnepamypHbIM UAU MEN/A08bIM.
VHbIMU ~ c/loBamMM, mMena106biM  u3jdyvyeHueM Ha3biBaeTcsi OM
u3jiyueHWe, BO3HUKalOIlee 3a CYeT BHYTPeHHeM  SHepruu
W3/IydaloIiero Tela W 3aBUCSIee TOJBKO OT TeMIlepaTypbl |

OINTUUYECKUX CBOKMCTB 3TOr'0 TeJia.



OpmauM U3 CBOMCTB OM BOMH SIB/ISAETCS HX CIIOCOOHOCTH
MePEeHOCUTh 3HEpPryi0 OT OJJHOM TOUKM MNPOCTPAHCTBA K [APYroOM.
[ToaTOMY ecnu HarpeToe Tejl0 He BOCIIOMHSIET KaKMM-TM00 obpa3om
3arnac CBOer BHYTPEeHHEeH SHEPruM 3a CUeT BHEIIHUX UCTOUYHUKOB, TO C
TeUeHHeM BPEeMeHHM ero TepMoJAWHaMuuecKas Temreparypa Oyzer
yMeHbIIIaThCsA, T.e. Telo OyZeT ocTbiBaTh. Ba)kKHO OTMETUTH TaKXKe,
YTO UHTEHCHMBHOCTb TEIJIOBOT'O U3/IyYeHHWs 3aBUCUT OT TemIlepaTyphl,
BO3pacTas C ee yBeJIMUeHUEM U YMEHbILLAsICh TIPU ee TIOHWKEHWH.

3aMeTHM, UTO TEDMUH «Harpetoe Tejio» HaJ0 MOHUMAaTb B TOM
CMBIC/Ie, UTO Te/Jio 00/iafjaeT TeMIlepaTypod, OTIMYHON OT
abcomoTHOro Hyssi. Takum o06pa3oM, TerjioBoe W3TyuyeHHe HMeeT
MecTo TIpH /ir06oit Temniepatype T >0.

TeruioBoe wW3MydeHWe — eIUHCTBEHHBIM BHJ, HW3IyUeHUs,
CTIOCOOHBIN  HAaXOAWTBCI B COCTOSIHUM  TEPMO/JMHAMHUECKOTO
PaBHOBECHUS C BeL[eCTBOM, T.e. B TAKOM COCTOSIHWM, KOT/la KOJTMUeCTBO
SHEpPruu, TIOIJIOEHHOe BeleCTBOM, PAaBHO KOJIMYECTBY SHEPIUH,
W3/IyYeHHOMY 3THM BeleCTBOM. [lelCTBUTE/IbHO, TMPe/noJI0XKUM,
Harpy¥Mep, 4YTO MO0 KakKWM-TO TIPUUYMHAM pPAaBHOBECHOE COCTOSIHUE
CHUCTEMBI «TeJi0 - U3JIydyeHWe» HapyIIeHO U Te/I0 WU31ydaeT SHepruu
Oonbille, yeM morJiomiaer. Torga 3amac BHYTpeHHeH SHEPryuu Tesla
OyZleT yMeHbIIaTbCsA, UTO TIPUBE/IET K CHIDKEHHWIO ero TeMIlepaTyphl.
[Tocnennee Oynet 03HauvaTh TIOCTENeHHOe yMEHbILIeHU e
VHTEHCUBHOCTU TeIJIOBOI'0 HW3/IyuyeHUs C TOBEPXHOCTU Teja. IJTOT
npoijecc OyAeT TIPOMCXOJUTh [0 Tex II0p, ITI0OKa He OygeT
BOCCTAaHOBJ/IEHO  pAaBHOBECHOE  COCTOSTHUE  MeXIy TeloM U
n3nyueHveM. O4eBUAHO, UTO PACCY’KAEeHUsI aHAJIOTUUYHOrO TOpsiKa

MOXXHO TIIpOBeCTM M B TOM C/1ydde, KOI'Jda KOJIMYECTBO >SHEPIUH,



W3/TlyyaeMoe TeJI0M, CTAHOBUTCSI MeHbllle SHEPTUH, IOrJI0oIaeMon
TEJIOM.

C [pyroli CTOpOHBI, W3/lydyeHUe, BO30OyXKJaemoe He
HarpeBaHWeM, a KaKuM-TM0O [ApyruM IiporjeccoMm, He Oyzaer
pPaBHOBEeCHbIM. [IpeArono)KuM, UYTO U3/yueHHe HMeeT XapaKTep
XeMWIIOMUHecIieHIIMK. [lorsoijeHre 6Gonbiield Wi MeHBIIeN 10U
WCTYII[EHHOM CBETOBOM JHEPrud He BEPHET BeIeCTBO B €ro
repBoHauasbHoe cocTosiHue. [IpyM 3TOM TOBBIllIEHWE TeMIlepaTyphl,
BbI3BaHHOE TIOTJ/IOII[eHMeM Teria, KakK TIPaBWIo, BeZET JIMIIbL K Oosee
HEPrUYHOMY ITTPOTEKAaHHWI0 XMMHUeCKOW peakiuu. M 3ToT mporjecc
OyZieT TpoZo/DKAThCS [0 TeX TIop, TMoKa OyAeT WIATH XUMHYecKas
peakiusi. Ho Torja v mpeKpaTUTCS XeMUTIOMHHECIEHIUS, U Tora
XapakTep YCTaHOBMBIIErOCS UW3/lyueHus OyZeT  orpezensTbCs
Temriepatypoii Tesna. IIp¥ 3TOM paBHOBeCHOe COCTOsiHHe Oyjer
COOTBETCTBOBATh TEIJIOBOMY H3/TyUeHUIO.

Takum o06pa3oM, paBHOBeCHOe U3/yueHHe BCerjja HOCUT
XapakTep TEeIUIOBOTO H3/yueHus, TIPUUeM TaKOe paBHOBECHE MEeXIY
W3/TlyueHWeM W BellleCTBOM MOJKeT MMeTh MecTO /s Jyitoboro Tesa
(TBEpPOrO, )KUAKOTO, ra30006pa3HOTo).

[ToCKO/IbKY TeruioBOe W3/lydeHWe MOXKeT HaXOAUThCSI B
PAaBHOBECHOM COCTOSIHUM, TO K HEMY COTJIAaCHO TIpe/[CTaBIeHUSIM
K/ITaCCUUYeCKOM  (U3UKM  JO/DKHBI  ObITb  TIPUMEHWMBI  3aKOHBI
TEePMO/JUHAMUKHU, OOII[MM 3aKOHOMEPHOCTSIM KOTOPOW 3TO U3/TydeHHe

AOJ/IKHO ITOAYHMHATHCA.



1.2. Ilapamempbl mens108020 u3/ayyeHust

1. DHepzemuueckas cgemumocmb mea

OgHUM U3 OCHOBHBIX I1TapaMeTPOB, XapaKTepU3YIOIIUX Tell-
JIOBOEe U3J/IlyueHUe Tejia, SBJISIETCS ero SHep2emuueckds C8emumoCcmb
R — KOnMM4ecTBO SHEpPryu, U3jydaeMou eIMHUL[ed MOBEPXHOCTH TeJia
B eJVHUI]y BpeMEeHU II0 BCEM HarpaBjeHusM (T.e. B Tpejesax
TeJIECHOTO yrja 2m). OJOHepreTudeckass CBETUMOCTb  SIBJISIETCS
dbyHKIMel TeMniepaTyphl Tesa, T.e.

R=f (T )

Kak BHUIHO U3 omnpezeneHus], SHepreTuueckasi CBeTUMOCTb U3MePsSIeTCs

B [BT/MZJ U 10 (U3MUeCcKOMYy CMBICTY TpefcTaBiaseT coboi

IJIOTHOCTDB ITIOTOKA 3HePruur U3j1ydyeHusd.

2. HcnyckamenbHas cnoco6HOCMb mea

CrieKTp  TeIUIOBOTO  M3JIyUeHWs  BKJIIOUaeT  MHOXKECTBO
CreKTpalbHbIX cocCTaBsitolMX. OO0 3TOM MOXHO /0TajaThCs,
Hab/roziast, HarmpyuMep, CBeueHWe MeTalJioB, HarpeTbiX /0 BbICOKOU
TeMIlepaTypbl, B YaCTHOCTHU CIIMPaJier J1aMIl HaKa/lvBaHusl. Takue Tesia
WCIYCKaloT SIPKUM CBeT, O/IM3KU 1Mo 1[BeTy K 0esiomMy, KOTOPBIH, Kak
M3BECTHO, He SIBJISIeTCS MOHOXPOMAaTUUeCKUM U TIpe/iCTaB/isieT CoOoi
cyneprio3unuio DM KonebaHMM C pa3AMYHBIMUA JIMHAMH BOJIH.
OnbITHBIM =~ MyTeM  ObLJI0O  YCTaHOBJEHO, UTO MWHTEHCHUBHOCTb
W3/lyueHUsl, MCIYCKaeMOro HarpeTbiM TeJOM, pa3IvuHa  JJist
pa3/IMYHbIX y4YaCTKOB CIIEKTPA/JbHOrO [uara3oHa. B cBsi3u c 3TuM

eCTeCTBeHHO BBEeCTU B pacCMOTpeHMe (yHKLHMIO I, OMKUCHIBAOLYIO



pacripeaesieHMe MHTEHCUBHOCTU TEIVIOBOTO M3J/IyU€HHA M0 YaCTOTaM

u3nydaembix BOJH. Takum ob6pas3oM, QyHKLIMs [, XapaKTepu3yeT
CHIeKTPa/IbHbIM  COCTaB  TeIUIOBOrO W3/ly4yeHus. BemduuHa

Ha3bIBAeTCS UCNyCcKame/abHOU cnocobHocmbio Tena. B obiem ciyuae

dieayer Tadkyke 110Jj1araTb, 4To (l)YHKL[I/IH I, 3aBUCHUT OT TEMIIEPATYPhI

(Ha 9TO yKa3biBaeT XOTS Obl TOT (HaKT, UTO TIPU YyBeJIUUYEHUU
TeMrepaTypbl HarpeBaeMoOro TeJja I[BeT e€ro CBeUYeHUs MEHSIeTCSl OT
TEeMHO-KPacHOTO [0 sIpKO-0esioro), XWMHUYeCcKOro COCTaBa Tefla U
COCTOSIHUSI ero ToBepxHOCTH. C yueToM 3TOro OyjgeM IHCaTh

ob6o3HaueHue (YHKLMK MCIyCKaTeJbHOM CIIOCOOHOCTM B BUfeE T ..

OIIEBI/I,Z[HO, qTo R u rmT CBA3dHbI COOTHOIIIEHHUueM
R=[rdo. (1.1)
0

Anamsupys (1.1), MOXXHO 3aMeTUTh, UTO BeMYMHA [ . UMeeT

CMbIC/T (YHKLMM TUJIOTHOCTU pacripefieieHdsi BeJIMUMHbl R 10

M3/y4aeMbIM TeJIOM 4YacToTaM . [lo3Tomy s r, CyllecTByeT U

pyroe  Ha3BaHUe: r. eCTb  CNeKmpa/abHas  NAOMHOCMb
~/ 2

3Hepeemuueckol ceemumocmu mena; [ . 1=Jx/m".

OTMETI/IM, UTO 4YaCTOTd ® MW [AJIMHA BOJIHBI CB€Td B BdAKYYMe€

CBA3dHBbI COOTHOILIIEHHEeM

2
®
r7ie C—CKOpPOCTb B BaKyyMe.
Torpga
2
dr=—2"do=—2"do.



3HaK «MUHYC» YKa3bIBaeT Ha TO, YTO C BO3pACTaHWEM YaCTOThI
® [A7MHa BOMHBI A yObiBaer. Ilo3ToMy fajsiee B COOTHOIIEHMSX,
CBSI3BIBAIOIMX JJIMHBI MHTEPBanoB dw 1 dA , 3HaK «MHUHYC» Oyzaem
OMYCKaTh.

MuariazoHy 4actoT d® MOXKHO TIOCTaBUTb B COOTBETCTBUE
avana3oH [JavH BoJiH dA. Ilockonmbky wuHTepBasibl do U dA
OTHOCATCSI K OAHOMY U TOMY K€ Y4YaCTKy CIeKTpa, BeJUUUHbI

dR, =rdo 1 dR, =r,.d\ AO/KHBI OBITH PaBHBI, TAaK UTO

2
2
r-do=r.di=r; }“—dco: . izcdco,
2nc ®
W
A2 2nc
lor = rMZ_TEC = rm? . (1.2)

C nomo1ieto (1.2) MOXXKHO MepeilTH OT I,; K I,; ¥ Ha000poT. 3ameTuMm,

uro [r,. ]=Br/™".

3. IMoznowjamesbHas cnocoOGHOCMD
[lycTb Ha 3/ieMeHTapHy TIOMaAKy 0S Tesa MmafaeT MOTOK
SHepruu DM u3yueHusi B Juaria3oHe yactoT dw. O603HauMM 3TOT

notok yepes dd_ . Yacth 3TOro moroka OyAeT OTpakeHa TeJIOM,

apyras  yactb  moryiotutrcsa.  O0603HauMM — TIOTOK  HEpruu,

TIOIJIOLLIEHHBIM 3/IeMeHTOM ITOBepXHOCTHU Tera, yepe3 dd! . BeimuuHa

do’
a,; =——2 (1.3)
do,_
Ha3blBAeTCS  no2aowjamenbHOlU  CnocobHocmblo  Tema.  OTa

Oe3pasmepHasi BeIMUMHA, KakK U [, sBAsSeTCS (PyHKLMel uyacTOThl,

TeMIlepaTypbl, XHMMHUYECKOI'O COCTaBd U COCTOSAHHA €ro IMOBEPXHOCTH.
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N3 (1.3) BugHo, uto a,<1. Ecm Teno ob6nagaeT TaKUMH
CBOMCTBaMM, UYTO BO BCeM Juaria3oHe 4acToT @, =a=1, TO Takoe

Te/l0 Ha3bIBaeTcsi abcomomHo uepHbiM. Ecnmm a <1, He 3aBUCHT OT
[OJ/IMHBL BOJIHBI W TIOJIIpU3aliuM, Teji0 Ha3bIBalOT cepbiM. MOXKHO
I10Ka3aTh, UTO 3HepreTuyeckass CBeTUMOCTb R ceporo Herpo3payHoro
TeJla CBfi3aHAa C 9SHEPreTUUeCcKod CBETUMOCTBIO R~ abCo/oTHO

UepHOro Tejla COOTHOIIEHHUEM

AHaAIOTUYHO

rae r(:T - CIIEKTPa/IbHAdA IIJIOTHOCTb 9HepFETHq6CKOﬁ CBETUMOCTHU

abCoMIOTHO UepHOTO Tesa.

4. PagHogecHasi n/1i0MHOCMb 3Hep2uu u3J/ay4yeHust

PaccMOTpyM  3aMKHYTYHO — TeIJIOM30JIMPOBaHHYHK)  TIOJIOCTb,
CTEeHKM KOTOPOU TMOJAJeP>KUBAIOTCS TPU MOCTOSTHHOW Temrieparype T .
BoienctBre TemsioBOro W3MyuyeHUs] C BHYTDEHHEW TMOBEPXHOCTH
[I0JIOCTU ee o00beM OKaKeTcs 3amoJHeHHbIM OM  BOJIHaMH,
repeceKaroIMMi 00beM TOJIOCTA BO BCEBO3MOXKHBIX HaIlpaBJIeHUSIX.
OTU BOJIHBl HeIPepbIBHO TIOIVIOLIAIOTCS U BHOBb U3J/Iy4YarOTCA
CTeHKamMu T10JI0CTh. Cyreprno3viuss STUX BOJH T[PUBOAUT K
3ar0/THEHUI0 Bcero oObema 1oJsiocT DM T10/ieM, 3HEpPTrusi KOTOPOTo
pacripejiesieHa Mo TI0JI0CTA C HEKOTOPOM MOCTOSIHHOM, 3aBUCSILEN OT

Temrieparypbl, MIOTHOCTbIO U(T). IIpu 3TOM MeXAy CTeHKamMu

moyioctd 1 OM u3/IyueHHeM, JIOKaIM30BaHHBIM B 00beMe II0/IOCTH,

YCTAdHABJ/IMBAETCSA COCTOAHME TEPMOAWMHAMHNYECKOI'0O paBHOBeCHS, ITIPpH
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KOTOPOM KOM4eCcTBO OM 3Hepruu, usjiydyaeMour B eUHULYy BpEMEHU
MOOBIM  yUaCTKOM TIOBEPXHOCTH, PaBHO KOJMUECTBY SHEpIUH,
TIOTJIOI[aeMOMY 3a TO >Ke BPeMsI 3TUM >Ke YUaCTKOM.

Bemuunza u(T) 3aeucum moabko om memnepamypbl CMeHOK

noiocmu U He 3adsucum oOm mamepuand, U3 KOmopoz20 OHU
u32omoeneHbl. JleCTBUTeNbHO, TpeAcTaBUM cebe J[Be TOJIOCTH,
M3rOTOBJIEHHbIE M3 Pa3HbIX MaTepuasoB, HO HUMeloll1e OANHAKOBYHO

Temriepatypy. Ilpepgmonoxkum, uro u(T) 3aBHCHT OT MaTepuasa

creHoK. Torza oObeMHasi MIOTHOCTb SHeprud OM U3/IyueHUs B
repBoii nosoctu Oyzer u,(T), a BO BTOPOH - U,(T), IpudeM U, >U,.
CoeMHAM 3TH TIOJIOCTK M 00ecreuyrnM WM  BO3MOJKHOCTb
obMeHMBaThCsl u3MyueHreM. OUeBHAHO, UTO BC/IEICTBHE TOTO UTO

U, > U,, TIOTOK SHepruu u3 nosjoctu 1 B noaoctk 2 OyaeT 6oblile, ueM

3 nosioctd 2 B 1mojocte 1. Torpa paBHOBeCHOe COCTOSIHHWE B
nosioctsx 1 u 2 OyJeT HapylleHo: ToJIOCTh 1 OyJeT B eAUHUILY
BpeMeHU TepATb SHepruu  Oosbllle, UYeM TMOIJIONIIATh, U,
c/lefioBaTe/IbHO, OyZieT OCThIBaTh, a IOJIOCTb 2 TI0 aHAJIOTHYHBIM
CcooOpakeHUsIM [IOJDKHa Oy/ieT HarpeBaTbcsl. OHAKO TaKOM ITPOLIeCC
MIPOTUBOPEUUT BTOPOMY Havanay TePMOIUHAMUKH, T.e.

Tpe/IoIoKeHHe O 3aBUCHMMOCTH U(T) OT MarepHana CTeHOK Oblo

HeBePHbIM.

[Tpu faHHOM TeMIiepaType paBHOBeCHasi 00beMHasi TJIOTHOCTh
SHepru OM u3MyueHUsi HKMeeT OMpeJe/ieHHOe CIeKTpaJibHOe
pacripesienienie. OObeMHasi CrekTpasbHas TUIOTHOCTb SHEPrUM

u(,T) cBsi3aHa C 06beMHOM IIOTHOCTHIO U(T ) COOTHOIIEHHEM
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u(T)zTu(m,T)da). (1.4)

0
PaBHOBeCHasi TUJIOTHOCTb SHEPrUM TEIUIOBOIO  U3J/IyYeHUs
«UEpHOro Teaa» U U SHepreTMueckas CBETUMOCTh abCOJIHOTHO

yepHOro Tesia R™ CBsI3aHbI MEXY OO0 COOTHOLIEHUEM
R = ZU 5 (]_5)

rae C - CKOpoCTh CBeTa.

1.3. 3akoHOMepHOCMU Men/108020 U3/1y4eHUsl

1. 3akon Kupxzogpa

HpI/I TEIIJIOBOM H3JIYYEHMHW 3SHEPrvsd TEeIVIOBOI'O ABHM)XEHHA B

TejIe Iepexo uT B 9HEepruto
HCIyCKaeMbIX oM BOJIH. IIpu
TIOIVIOLL[eHUU cBeTa IIPOUCXOUT

obpatHoe. B oboux ciyuassx B3avMHbIe

TpeBpallleHus1 TeIJIOBOM U JyUYUCTOU

SHEepruv MIPOTEKAIOT yepes

Puc. 1.1 MPOMEXYTOUYHYI0  CTaJUI0  KosiebaHust
3JIEKTPUUECKUX 3apsfioB B Tese. [losToMy wucnyckatenbHasgs U
TorJiollare/ibHas CrioCOOHOCTU Tesia 00yC/IOB/IeHbl OJHUMU U TeMU
)Ke  JleTalsIMM ero CTPOeHUsT U TeCHO CBsi3aHbl MeXAy COo0O0ii.
PaccmoTpum cructemy Tesn, M30/MPOBaHHYHO OT BHEIUHEW CpeJbl
3aMKHYTOM  0OO/IOUKOM, TIOA/iep)KUBaeMOW TpHA  TTOCTOSTHHOM

temriepatype T (cMm. puc. 1.1) . VI3 BHyTpeHHel M0J/IOCTH 000/I0UKH
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OTKauaH BO3/lyX, TaK uTo Tefa 1, 2 © 3 MOTYyT 0OMEHUBATLCS MEXY
co0oit 1 000/10UKOI HEeprrer TOMbKO 1MocpeicTBOM OM H3/TyueHusl.
OTBIT TIOKa3bIBaeT, UTO B TAKOH CHUCTeMe MeXKIy TelaMd H
H3/lydeHHeM uepe3 HeKOTOpPOe BpeMs YCTaHABIMBAETCS COCTOSTHUE
TepMOJMHAMHUUYeCKOTI0 paBHOBECHsI, XapaKTepu3yrolieecsi OiMHAKOBOM
TeMIIepPaTypoii BCeX Tesl CUCTeMbI, paBHOM Temreparype T 000/I0UKH.
WTak, Temmneparypa BCcex Tes CTaja OJWHAKOBOW U paBHOU T . OfHaKO

MCITyCKaTesbHbIE [ . U MOrJoLlaTe/lbHble 8 ; CIIOCOOHOCTU Tesl MOTYT

ObITh pa3MMUHbIMU. [IpeATonoKuM, UTO 371eMeHTapHas Tiomagka dS
Tesa 1 B Auamna3’oHe 4yacTOT d® XapaKTepu3yeTcCs MCITyCKaTelTbHOU

CIIOCOOHOCTBIO [, >T ., >F .. Toraa Teno 1 B paccMaTpuBaeMOM

Ayara3oHe 4acToT do MCIycKaeT Hepruv 0oJbllie, UeM Tesio 2 WU
3. TlockosbKy, OAHAKO, TeMIriepaTypbl W BHYTPEHHHE SHEpPruu Tej
OCTalOTCSI HEM3MeHHbIMM, Telo 1 [AO/DKHO B JAHHOM /JWaria3oHe

yacToT O0/bIlle SHEPTHUH U MTOTJIONIATh, TO €CTh JO/DKHO OBITh

rxT /

>Y

"

m1¥m2

Puc. 1.2
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ClpaBe//IMBO COOTHOLLIeHUe & ., >a ;, > a 5. Kupxrogy B 1859

I. y1aJI0Ch YCTaHOBUTb, UTO
OmMHoWeHuUe ucnyckame/bHoll cnocobHocmu mena K
e20 noz2aowjamenbHOl cnocobHOCMU He 3agucum om
npupoOobl meaa u sieasemcs 045 8cex mea 00OHOU U moti
Jice yHUBepcanbHol (hyHkyueli yacmomal (UAU OAUHBI
80/1Hbl) U memnepamyphbil:
Lot — f(oT). (1.6)
amT
N3 cootHowenus (1.6), B 4aCTHOCTH, CeAyeT, uTo

rcoT _ rmT r.ooT

amT aooT

amT

1 2 3

3ameTuM, uTO Jji1 abCO/MIOTHO uYepHOro Tena a, =1.

CnepnosarensHo, dyHkuus Kupxroda f(w,T) ecTb He 4To MHOe, Kak

GYHKIMA T ucnyckamenbHoll cnocobHocmu abCcoaomHo UepHO20

mena.
Bocrio/k30BaBIIMCh CBSI3bI0O © M A, mepeiiem ot f(oT) k
o(AT):
32
f (OJ,T) zz—nccp(K,T).
3aBucumoctb @(A,T)=r; [/ ABYX Da3/lIMYHBIX TeMIeparyp

rpeacTaBieHa Ha puc. 1.2. Kak BUAHO u3 puc. 1.2, MakCUMym
(GYHKIMK I, C yBeJHUYEHHEM TeMIIepaTypbl CMEIAaeTCsi B CTOPOHY
bosiee KOPOTKHUX BOJIH.

[Ipy KOMHaTHOU TeMrepaType MaKCHMYM U3y4YeHHUs JIe)KUT B

nanékoit vH@pakpacHoW o0jacTv, W3/ydeHWe B BUAMMOM 006s1acTh
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MIPaKTUUeCKU oTrcyTcTByeT. EcCiu TemmepaTypy yBe/JIWUYMBaTh
no 1000 K, To MakcumyMm To-TipeXXHeMy OyZeT HaxOJuUTbCS B
nH(pakpacHoi 06/1lacTH, HO U W3/lyueHHWe B BUAUMOMN YacCTU CIIeKTpa
CTAaHOBUTCS 3aMeTHbIM. Tak KakK WHTEeHCHUBHOCTb OT JIMHHBIX
KpacHbIX K KOPOTKMM (DHMO/IeTOBLIM BOJIHAM TMajlaeT, Haubosbliiast
WHTEHCUBHOCTb M3TyUeHUs] TIPUXOAUTCS Ha KPacHYI0 4acTb CITEKTpa.
OTO TemriepaTypa «KpacHoro Kanenusi». Ilo Mepe pocta
TeMIlepaTypbl pa3/iduvie B WHTEHCUBHOCTSX TMa/laeT, W3/IydyeHue
npuobpeTaeT KENThbIM, a 3aTeM W Oesblii 1[BeT. IIpu TemmepaType
mexxay 5000 1 6000 K makcMyM TTPOXOAUT uepe3 00/1acTh CIIeKTPa,
K KOTOpOW  uYejiOBeueCKMd TJjla3 Haubojiee  UyBCTBUTEJIEH.
Temniepatypa 5900 K cooTBeTcTByeT TeMrieparype MOBEpXHOCTHU
ConHIla, WCIycKaTeabHasi CIIOCOOHOCTD KoToporo O/m3Ka K
WCITyCKaTe/IbHOM Cr1ocoOHOCTU abCcoMoTHO 4épHOTo Tena. [losTomy
Takoe H3/lyueHHe BOCIIPUHUMAeTCsl TJla30M Kak Oesiblii, JHEBHOMU
cBeT. [Ipu Gosiee BBICOKMX TeMIlepaTypaX MaKCHUMyM CMeIaeTCsl B
ynbTpaduoneroByto  obsactb. Ilpy 3TOM  WHTEHCUBHOCTH B
broneToBo-ro/yooi 06/1aCTH CTAaHOBUTCS OOJIbITIEH, UeM B KpacHOM,
Y U3yueHue nprobpeTaeT royboii OTTEHOK.

Pa3BopaurBasi u3nyueHve B CIIEKTP U orpejiesisi AJIUHY BOJIHBI,
Ha KOTOPYIO TIPUXOAMTCS MaKCUMYM SHEPrUd M3Iy4YeHHs, MOXXHO
OTpe/ie/IuTh TemIlepaTypy U3aydatoljero abCcomoTHO YEPHOTO Tesa
Ui OM3KUX K Hemy 110 cBoMctBaM Tesr. QueBugHOo, uTto CoJHIle U
3BE3/IbI 110 CBOMM HCITyCKaTebHbIM CBOMCTBAM [IO/KHBI OBITH OTM3KU
K abcoyoTHO UYépHBIM Telam. JTO CBSI3aHO C TeM, 4YTO TOJICTast
rasoBass 00o/iouka 3BE37 He MOXKeT 00mazath  GombIoi

OTpa)kaTeJbHOW CIIOCOOHOCTHIO M MX TOIJIoIIaTe/bHasi ClIOCOOHOCTh
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no/mbKHa ObITh O/M3ka K efguHuile. CrefioBarenbHO, ¢doTorpadupys
CTIeKTp 3Be3[lbl U Orpefiesisisi [AJMHY BOJIHbI, COOTBETCTBYHOIIEH
Haubo/bIlIel MoTepe 3HEePrUuM, MOXKHO CpaBHUTETbHO TOYHO Y3HATh
TeMIlepaTypy 3Be3/Ibl.

I'paduk (yHKIMK CrieKTpajbHON TJIOTHOCTU SHepreTUueckomn

CBETUMOCTH abCOJTFOTHO HUepHOro TeJjid r;T, HpeACTaBHEHHOﬁ Ha pHC.

1.2, ObLT TIOCTpPOEH MO 3SKCIMepUMEHTaSbHbIM [JaHHBIM. [IOTBITKU

YCTQHOBUTL BUZ, (GYHKLUU I, TPeANPUHSThIE (U3UKAMH, [OJTOe

BpeMsi He [laBa/ii pe3yJ/ibTata. BMecTe ¢ TeM B X0Zie TeOpeTUUeCKUX U
9KCTIePUMEHTAbHBIX ~ UCCAeloBaHUNM  0COOEHHOCTeM  TeryioBOTO
W3/yueHuss Ten  ObIIM  yCTaHOB/IEHbI  C/e[ylolle  Ba)kKHble

3dKOHOMEPHOCTH.

2. 3akoH Cme¢ana — boabymaua

B 1879 r. Credan, >KCrepumMeHTHpPYs C CEPbIMU TeJlaMH,
YCTAaHOBW/, UTO SHepreTuueckas CBeTUMOCTb J/rO00Oro Tesa
MPOTIOPI[MOHAbHA ~ YeTBEpTOM  CTereHW  ero  abcomroTHOMN
TeMrepaTyphbl:

R'~T*.

Heckonbko 1io3xke, B 1884 r. bosbLMaH, MCMOIb3ys MeTOZbI

TePMOJUHAMUKH, YTOUHW/I MojgyueHHOe CTedaHOM COOTHOILIEHUe,

MMOKd3dB TeOPETUUECKHU, UTO OJIAd abcoMomHo UepHoeo Tejld
R'=[f(oT)do=0T", (1.7)
0

— 2 14
rae 6=5,67-10"° Br/(M™-K") — mocTOsHHAsI, I0/IyYMBILIAsA HA3BAHUE
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nocmosinHoti Cmepana — boabymana. CooTHoiieHue (1.7) HOCUT

Ha3BaHUe 3akoHa CmecpaHa — BoabymaHa.

3. 3akoH BuHa
BuH, m0poBoAs TeopeTMUeCKWe MCC/Ie[OBaHUSI C  LIeJIbI0

ycraHoBuTh Buf, GyHKOMM f(®,T), Mokasam 49ro 3Ta (yHKLHSA

NO/DKHA UMEeTh BU/T
f(0,T)=0’F —mj.
( ) (T

IIpu stom panst ¢yskyuu r (A,T) cormacio (1.4) mnomydaem

COOTHOIIIeHHue
3
r*(k’T)ZZTZC[Zan F(chj’
A A AT
nJIin
N 1

IIpoauddepentyposas r (A, T) 1o A, Momydum

%[r*(i,T)]_—S—w(iT)+ A won)]= 1[;m// (AT) =5y (AT)].

A da
[TpupaBHSB MOC/IejHee COOTHOILIEHUE K HYJ/II0 MPU A = A, TIOJYYUM
ATV (A, T ) =5y (2,T). (1.8)
N3 peinienusi ypaBHenusi (1.8) ciepyet, uto
AnT=b=const. (1.9)
CootHoiieHre (1.9) HOCUT Ha3BaHHe 3adKOHA CMeuweHusi BuHa wnu
nepeoeo 3axkoHa Buna. Koncranta b=2,9-10" M'K Ha3bIBaeTcs
nocmosiHHotl BuHa. ITonyueHHoe BuHOM cooTHoIllleHHe OOBSICHSET

CMelleHre MdKCHMMyMd CHEKTpa]IbHOf/i IVIOTHOCTHU BHEPFETHHGCKOﬁ
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CBEeTUMOCTU TMPU U3MEHEeHUW TeMIleparypbl Teja, [0Ka3aHHOe Ha
puc. 1.2.

3aMETI/IM, YTO U3 COOTHOILIIEHMA
(T =5 w(AT)
1 dopmynel (1.9) crienyert, uTo
o (LT)=(T/b) w(A,T)=C,T®, (1.10)
rae C,=1,29-10"° Br/(m’-K°).

CootHomenue (1.10) HocuT Ha3BaHMe 8MOP020 3akoHa BuHa.

1.4. dopmyna Pirnes - [IycuHca. «Yabmpaguonemoeas
Kamacmpodga»

B 1900 r. mombITKy TOMYYUTb aHAJIMTUUECKUM BUJ, (DYHKLUU
Kupxroda npegnpunsin Paseld. B oT/inuve oT nipefllieCTBEHHUKOB OH
noziollesl K 3TOMy BOMPOCY C TMO3ULMM CTaTUCTUYECKOM (DU3UKH,
pacCMOTPeB paBHOBECHOE W3J/lyueHWe B 3aMKHYTOM TMOJIOCTU C
3epKa/lbHbIMA CTEHKaMM KaK COBOKYMHOCTb CTOSUMX OM BOH
Pa3/IMUHBIX YacToT. Paseli mokasas, uro yucio dn DM kKosebaHMit C
COOCTBEHHBIMM 4YacTOTaMHd B Juarna3oHe OT o [0 o+do,
TIPUXO/AIMXCS Ha eAUHNLTY 00BbEMa, TIPOTIOPIMOHANEHO o dw:

dn ~ o’dw.
Konebanusi ¢ pasHbIMU COOCTBEHHBIMU YaCTOTaMHU ® COBEPILIAITCS
HEe3aBUCUMO [IpYT OT jpyra. [Ipu 3ToM Ka)k[oii cOOCTBEHHOM YacToTe
COOTBETCTBYeT CBOS KoJiebaTesibHasi cTereHb CBOOO/bI, Ha KOTOPYIO B

cpepHeM npuxogurcst sHeprus  2(1/2)KT =kT, rpe k—rmocTosiHHas

Bosbumana. Torga u(o,T)do~kT-6o” do.
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Otkyza
r*((o,T)=f(o),T)=%u(w,T)fvwsz.

B panbHeriinem Pasier U [IPDKMHC YyTOYHWIA 3TO COOTHOLLIEHME,

nonyuuB A pyHkimuu Kupxroda gopmyny

2
®

4mPc?

f(0,T)=———KT. (1.11)

HanHasi hopMysia noJjiyuunsa Ha3BaHue (popmysbl Pajes — JIxcuHca.
HeTpyaHo BupeTb, uto cooTHouueHue (1.11) ymoBieTBopsieT

3aKOHy cMelleHusi Buna. [elictBuTesnibHO, (1.11) MOXKHO MpPUBECTH K

BUAy
. 27c(27¢) kT (27c)° 1
r(4,7)= = KT = —w/(AT),
(A.T) A [ A j Ar’c? At N v(AT)
. 21C , 21C 27c(22¢)’ KT (2m)k 1
r ANT)=—f(—,T)= = AT =—¥(4T),
( ) ys ( A ) Y5 ( A j Ar’c®  P4r*c® r (T)
f(AT)
A
‘\\ dopmyna
N\ Panes - /Ixunca
OKCHEpUMEHT
d)opMyna/'\:\ j
IInanka N
0 A
Puc. 1.3
aHa/IOTUYHOMY TOMY, yTO TTOTYUKJT BuH. ITpoBes

nvddepeHIMpoBaHue, TIpUAeM B utore K dopmysie BuHa.
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OpHako cpaBHeHMe 3aBucuMoctd f(A,T), HOCTpOeHHOH Ha

ocHoBe (1.11), c rpadukoM, MOCTPOEHHBIM 10 3KCIepUMeHTa/IbHbIM
JaHHbIM (cM. puc.1.3), moka3sbiBaeT, uto (opmyna Paness — I>xuHca
YAOBJIETBOPUTE/IbHO  OMNMChIBAeT  3aKOHOMEDHOCTU  U3TyUeHUs
abCOMIOTHO YepHOTO Teja JMIIb B JITMHHOBOJHOBOM YacCTH CITEKTpa
(r.e. B obsacTd HM3KMX YacToT). B 0067acTM KOpPOTKHUX BOJIH
HabJ/Ir0/1aNI0Ch CYI[eCTBEHHOe pacxo)kKJeHWe B JaHHBIX, JaBaeMbIX
Teopuen U 3KcrepuMeHTOM. Kpome TOro, corjiacHo pacCMOTPEHHOMY
paHee, uHTerpasn oT ¢yHkgud (1.11) Ao/bKeH [AaBaTh 3HaueHUe
SHEPreTUYeCKOl CBETUMOCTM Tejla R~ TpW [JaHHOM Temrieparype,
KOTOpasl, OueBHJHO, /[JO/DKHa ObITb BeIMUMHON KOHeuHoW. Ho
WHTerpas

pacxXoAuTCsl, YTO MPOTHMBOPEUMT 37paBOMYy cCMbICay. [lomyueHHbIN
pe3y/ibTaT W3BeCTeH B WCTOPUU (PU3MKM KakK «y/abTpaduoseToBast
Katactpoda».

Paneli wu JbxuHC 1ipu  BbIBOJe  cooTHomeHus (1.11)
WCIIO/Ib30Ba/li  METOJbl CTaTUCTUYECKOW (PU3NKHW, B UYaCTHOCTH
TeopeMy K/IaCCUUeCKOW CTaTUCTUKW O paBHOpAcCIipefie/ieHUH SHepryuu
o crerneHsM cBo6ozbl. [TonyueHHbIe MU pe3y/IbTaThl HAXOJUUCH B
CTPOTOM COOTBETCTBUM C Tpe/ICTaBJeHUsIMUA (PU3MKU TOTO BpPeMeHH,
M03TOMY CTOJIb OUEBHU/HBIE PACXOXKJEHHsI TeOPUU C IKCIIepUMEHTOM

CBHUAETE/IbCTBOBA/IM O HEBEPHOM ITOHHMMdHHUHN ME€XdHU3MOB WM 3dKOHOB

TeIJIOBOro n3jiyuyeHus.
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1.5. Keanmoeasn 2unome3sa. d@opmyna Ilnavka

B 1899 — 1900 rr. HeMenkoMy pu3uky Makcy IlnaHkKy yzmanoch
yCTaHOBUTh BHJ ¢GyHKUMM Kupxroga, TOYHO COr/IacCyroIIUWCA C
3akoHamMu Credana - bosblmaHa, BuHa ¥ ONBITHBIMU JJ@aHHBIMHU.
[InaHk paccMoTpesn TepMOAUHAaMUUeCKyX0 CUCTEeMY, COCTOSILLYIO U3
CTEHOK II0JIOCTY, HaxOJAIUXCA TIpu  TeMmiieparype T, H
3aK/TI0YEHHOT0 B 00beMe 1osiocTd OM usnydeHus. 3nyueHne CTeHOK
nosioctv IlnaHk mnpexacraBun B BHUZe COBOKYNMHOCTM OM  BOJIH,
UCITyCKaeMbIX OTZE/JbHbIMU aTOMaMy, I[IpUYeM [l  OINMUCaHUS
MexaHu3Ma u3nydeHust atomoM OM BosnH [lnaHk BbIOpan Haubosee
MPOCTYI0 MoOjle/lb aTOMa, TPeJCTaBUB ero B BHe KoJjebJrolerocs
QWIONg,  T.e.  JIAHEWHOrO  TapMOHUYECKOTO0  OCLWJIISTOpA.
COBOKYITHOCTb TakUX OCLWUIATOPOB WCIyckaeT OM BO/HBI Ha
BCEBO3MOKHBIX 4YacTOTaXx ®, COOTBETCTBYIOL[UX COOCTBEHHBIM
yactotraM KojebaHuii aromoB. PaccMOTpeB Takyw CUCTEMY B
COCTOSIHUM TepMO/IMHAMUUeCKOTO PaBHOBECUS U YUTs, UTO 00beMHast
IJIOTHOCTb SHEPrUy M3J/IyYeHUsi He 3aBUCUT OT MaTepuasna CTeHOK
TI0JIOCTH, a OmpeJesisieTCs TOJBKO UX TemriepaTypo, [linaHk nomyunsn
B 1899 r. cooTHOleHWe [y CHEKTPaJbHOW  IIJIOTHOCTH
SHEPreTUYeCKOl CBETUMOCTH abCOJFOTHO uepHOro Ttena ((yHKIMU

Kupxroda) B Buze

f(oT)= ® (€4, (1.12)

AmPc?
rae (e,) - CpeAHsisi SHeprusi OCLWIISITOpPA C COBCTBEHHOH YacTOTOH

®. 3aMeTHM, uTO cooTHomeHue (1.12) o Bugy 6mm3ko K (opmyie

Panes — xunca (1.11).
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[Tog6upast Buj Bblpakenus 11 (e,), IlIaHK cienan

PEBOJTIOLIMOHHOE TIPe/ITIoIoKeH e, 3aK/Ttouatoleecsi B TOM, UTO
9Hepausi KoaebaowWuxcs amomos-ounoneli Mojcem
U3MeHSIMbCSl He Henpepbi6HO, d OUCKPemHo, m.e.
nopyusiMu,  NPONOPYUOHA/bHbIMU  HeKomopotl
3/1eMeHmMapHoll  eAUYUHe — K8aHmMy 3Hepauu

KonebaHuil €, .

[aHHOe TmpeArno/iokKeHue U3BeCTHO B WCTOPUU (PU3MKU Kak
KeaHmosas 2unomesd.

Wtak, OM wusnyuyeHue WUCIyCKaeTcs MopuusMu. M3 caenaHHOro
[InaHKOM TIpeAno/IoKeHUs1 BBITEKas0, UYTO 3JHeprusi OCLWLIATOpa
No/DKHa OBITb KpaTHa 3/1eMEeHTapHOW TIOpLMM SHEPTHU g, T.e.
e,=¢€,=Ng,, rge n=0, 1,2, .... B cocrossHuM TepMOLUHAMHUYECKOI'0
PaBHOBECUSI 3HAUEeHUSI SHEPrUM TapMOHHUUYECKUX OCLALISTOPOB

AOJ/DKHBI ITIOJUHNHATHECA CTATUCTHUKE BOHBHMaHa:
ne
P =Cexp| ——2 |, 1.13

rae P - BepOSITHOCTb TOTO, UTO JAHHBINA OCLU/IATOP, MPOU3BOIBHO

BbIOpaHHBII W3  BCell  COBOKymHOCTH N rapMOHUUYECKUX

OCLIW/ISITOPOB, Oy/eT WMeTh 3HaueHWe SHeprud, paBHoe ¢ ; C -

KO3(PuLMeHT, onpeensieMbli U3 yCI0BUSI HOPMUPOBKH:

iPnzl,

n=0

OTKYZa
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C= . (1.14)

(1.15)

CpesiHsis ~ SHEpPrusi ~ rapMOHMYECKOrO  OCLM/IIATOpPA  C
cobCTBeHHO# YacToTOi (¢, ) paBHa
c ne,
. . D ne, exp(—k_l_j
(8,) =D 8,P =D €, P =22 . (1.16)
n=0 n=0 Zexp(_ngoj
= KT

BBezsiem o6o03HaueHue x =¢,/kT , Torga

inexp(—nx) ) i(f (x))
(e,) =g ———= ‘ f(x) =2 exp(-nx) = & de 0 —Eo&m[f ()]
> exp(-nx) n=0

Cymma Y exp(-nx) ectb  GeckoHeuHas  yObIBaromjast
n=0

reoMeTprUUecKasi IPOrPeccusi C MHOYKUTE/IEM (=€ U IepBbIM



24

yeHoMm, paBHbIM 1. CymMma mepBbix N WIeHOB 3TOM MpPOrpeccuu

paBHa (CM., Hampumep, BbIBOA (DOPMyJIbI [/Is1 MHTEHCHBHOCTH |

MV(PPpaKIIIOHHOU pelleTKH)

S qN _1 B e—NX _1
“og-1 e*-1’
otkyza rpu N - 00 110/1y4aeM
S, = 1X
l1-e

C yudyeToM I10/IyUeHHOT'O MO>XKHO 3allMCaThb, UTO

d 1 g8 ¢ £
£ Y=—&—|In =2 =1 _-_20
(€,) odx( l_e_xj e g1 = (1.17)
ekl -1

B wurore, noactasnsas (1.17) B (1.12), ansa ucnyckKaTe/lbHOU
CTIOCOOHOCTH aOCOIFOTHO UYEepHOTO Teja II0JyuyaeM CJiefyroIree

BbIDa’KEeHUe:

o’ O

220 T g2 & (1.18)
e -1

flo,T)=r*(oT)=

Kak 66110 0TMeueHO Bbillle, BuH, MbITasich HAUTU BUJ, GYHKLIUU

Kupxro@a, noayuus /st Hee COOTHOILLIEHHEe
f(m,T):ofF(?j. (1.19)

N3 conocraBnenus (1.19) u (1.18) BuAHO, UTO KBAaHT SHEPrUU
OM KosebaHu# AO/HKEH ObITH MPOMOPIIMOHAIEH YacToTe , T.e.

g, =ho=hv. (1.20)
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[TocrosHHas h=6,63-10"* JI)k-C Ha3bIBaeTCA NOCMOAHHOU
Inauka. C yuetom (1.20) pns pyHkumu Kupxroda okOHYaTeIbHO
MoJTy4yaeM COOTHOLLIEHUE
ho® 1

2.2 ho
4TCC eﬁ—l

r(oT)= (1.21)

CooTtHorenue (1.21) HocuT Ha3BaHUe ¢popmybl [1aaHKa.

dopmyJia ITnanka TIO/THOCTBIO corJiacyercs C
KCIIepUMEHTa/IbHbIMM ~ AaHHbiIMU  (cM.  puc.  1.3).  Ilytem
COOTBETCTBYIOIIIMX MaTeMaTHyecKux mpeoOpa3oBanuii w3 (1.21)
MOTyT ObITh TIO/yueHbl 3akoHbl CredaHa - BosbijMaHa u BuHa.
[enicTBUTETbHO, UHTETPUPOBaHMe COOTHOLIeHus (1.21) mo yacTtoTam

B npeenax ot 0 7o o« naet

© © 3
5 ) e kT hi
et -1
kT)* & X3 K‘z% _, .
= dx = T =0oT".
4r’c?h’ !ex -1 60c’h®
I ,[ x3dx 7zt
U BLIBOJIE OPMYV/JIbI YTEHO 4yTo =—
P ne  Qopmy yUTeHO, S o 17150
_ -8 Bm
0=5,67-10 T —roctosiHHas CtedaHa - bosbiiMaHa.
MR,

Arr?hc? 1
A exp(2ahic/KkTA) -1

3nauenye A, npy kotopom [ (A4T)=

AOCTHUI'a€T MAKCHMMYMd, HAXOOUTCA M3 perieHrud TPaHCHeHAEHTHOI'O

ypaBHEHUS Y TIPUBOJUT K 3aKOHY CMelljeHrs BrHa:
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hc
Ti = _b=2910" y.
"~ 4 965k MK

3aMeTUM TakKXKe, UTO IPU MabIX 4acTOTaX, Korga heo << KT,

dbopmyna ITnanka (1.21) nepexogut B popmyity Pases - [IkuHca:

3 ho 3 2
r(oT)= LN S 0 WL B L _ @ 4.
4n’c? 2 KT| 4n’c?, ho 4r*c?
e -1 P

Otmetum, uto U3 comnoctaBaenus (1.1), (1.4), (1.5) u (1.21)
c/ieflyeT, uTo

C(oT)=te L (1.22)

2.3 ho
TC e 1

®dopmysia IlnaHka XOpOLIO COOTBETCTBOBA/JA 3KCIIEPHMEHTY.
OpiHako ObLIO HETOHSITHO TIOsIBJIEHWe HOBOW TOCTOSIHHOM h. TTouemy
OCLIUJISITOPBI, KOTOPBIMU SIBJISIFOTCSI OOBIYHBIE aTOMBI UJTH MOJIEKYJIBI,
criocoOHbI 3abupaTh WM OT[aBaThb 3HEPTUI0 TOJbKO KOHEUHBIMU

MopLysAMHU, 00s13aTe/IbHO KpaTHBIMU hv?

1.6. IIpumeHeHuUe 3aKOHO8 MeN/108020 U3/1y4eHUsl
Onmuueckas nupomempus

TemriepaTypy abCO/IFOTHO YEPHOTO Tejla MOKHO OIpeeUTh 110
XapaKTepy ero U3jayueHus Ha OCHOBAHUU OJJHOTO W3 paCCMOTPEHHBIX
BbIllle 3aKOHOB U3/yueHUs. MeTozAbl OIpefiesieHUsi TeMriepaTyp,
OCHOBaHHbBIe Ha 3TUX 3aKOHAX, HOCSAT Ha3BaHWe MeTOJI0B onmuueckoll
nupomempuu. B 3aBUCMMOCTM OT TOro, Ha KakOM M3 3aKOHOB

H3/iydueHHud OCHOBAHO M3MeEpeHHe TeMIlepaTyphbl, MEeTO/AbI OITHUUECKOH
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MUPOMETPUM  HMEIOT  CBOM  crielduuecke  0COOEHHOCTH.

PaccMOTpuUM 3TH MeTOJBbI.

1. Memood, ocHOo8aHHbIlI HA 3aKOHe pachpedesieHuUsl APKOCMU

no 0/1IUHam 60/1H

PaHee ObLIO TMOKa3aHO, UTO KpWBasi pacripefiesieHUsi SIPKOCTH
abCo/IIOTHO  YEpPHOTO Tela MO JJIMHAaM BOJIH OIpefesiseTcs
eIMHCTBEHHbIM [MapaMeTpOM, a UMeHHO TeMriepaTypoi. [losTomy 110
BU/ly KPMBOW MO>XHO HETMOCPEe/ICTBEHHO OTpe/e/IUTh 3Ty TeMIlepaTypy
T. Onst 9TOro [OCTaTOUHO HAWTH [AJIMHY BOJHBI Ap., Ha KOTOPYHO
MIPUXOJUTCS MaKCUMYM pacripefiejieHusi. DTUM MeTO/I0M, HaripuMep,

orpenedeTcda TeMiieparypd COJIHL[{:I.

st Ten, KOTOpble He SIBJSIFOTCS aOCOMIOTHO UEPHBIMH, PACUET
TeMIiepaTypbl Mo ¢opmysie BuHa He 1acT UCTUHHOM TeMriepaTypsbl T.
[TosTOMy TemriepaTypa Takux TeJ, ornpejenéHHast o Gopmysne BuHa,

HOCHUT Ha3BaHUe Y8emoeoll memnepamypbl.

Ecii KpuBasi pacripefie/ieHUs1 SIPKOCTH TIO JI/TMHAM BOJIH ISl
Hab/IF0ZIaeMoOro Tela He CMIIKOM OT/IMYAeTCss OT TIAHKOBCKOM
KPUBOM, TO 1iBeTOBasi Temrieparypa T, yKa3biBaeT Ty TeMIlepaTypy
abCoJIIOTHO UEPHOTO Tejla, MPU KOTOPOM ero m3jayueHue Haunbosee
O/M3KO 10 I[BeTYy K HW3/IyueHWI0 HaOmogaemoro Tesna. /st Ten,
00/1a1aroMX 3HAUNTETbHOM CEe/IEKTUBHOCTBIO WCITYCKaHUS, TTOHATHE

O LIBeTOBOU TemriepaType TepsieT CMBIC/I.
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2. SIpkocmHbili Memoo

ITo popmysnie [TnaHka Temriepatypa T MokeT ObITh HaiifieHa U
M0 U3MEepeHWI0 SPKOCTH [Jisi OJHOW [JMHBI BOJIHBI A, €C/M TOJIbKO
MOCTOSIHHYIO b, ompezenuTs B abcomoTHON Mepe. BemnuwnHa b,
npejcTaB/isieT o000l SHEpreTUYecKyr) SIPKOCTb, OTHECEHHYH K
eUHUYHOMY WHTepBaly [IWH BOJH. BenuuuHa b, cBsizaHa C
MCIyCKaTeNMbHOM CroCOOHOCTbIO abCO/IIOTHO UEPHOTO Tejla Ty

COOTHoOlIIeHnemMm

W3 dbopmysibl BUHO, UTO pacripefesieHue SHepPreTUuecKou sipKOCTH
abcomoTHO uépHOrO0 Tela 10 [JJMHaM BOJIH COBIAJaeT C

pacripeaejieHueM €ro 9HepFeTHq8CKOﬁ CBETHUMOCTH.

Tak Kak u3MepeHHe SIPKOCTH B aOCOJIFOTHOM Mepe Tpe/iCTaB/IseT
TPYJHOCTA, TO OOBIYHO OrPAaHWYMBAIOTCS CpaBHEHUEM SIPKOCTU
HabJ/1r0/1laeMOT0 Tejla C HEKOTOPOU Orpefie/iEHHOW SPKOCThIO. [ljis
3TOTO HWCI0J/Ib3YeTCsl TPUO0OpP, KOTOPbIN Ha3bIBaeTCsl MMPOMETPOM C
ucye3aroiieii HUTHIO. [IpuHIUNUAnbHas cxeMa TUpoMeTpa Oyzer
paccmoTpeHa Tio3ke. Celiuac >Ke OCTaHOBUMCS Ha HEKOTOPBIX
MOMEHTaX MeTOAWKH u3MepeHuil. OCHOBHOH  uacThio mpubopa
ABJIIETCS ~ 3pUTe/NibHasg Tpyba C OOBEKTHBOM M OKYJISPOM.
M300pakeHre TIOBEpXHOCTH Hab/r0aeMoro Teja CO3/MA€TCs B
doKanbHOM  TIJIOCKOCTU  OObeKkTHBa. SIPKOCTH  M300paXkeHUs:
MIPOTIOpLIMOHAaIbHA SIPKOCTH  00bekTa. B (okanbHON T110CKOCTH
00BEKTHBA, KPOMEe TOI'O, TOMEIAeTCs 3JIeKTpUUecKasl JlaMIloukKa C

O/THOPOHBIMU TIPO3pauyHbIMK CTE€HKaMU CTeKAsSHHOro OanioHa. B
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OKY/SIp OJHOBPEMeHHO Hab/rofarTcs u3o0pa)keHue TMOBEepXHOCTU
HCC/IelyeMOro Tejla U HUTh JIAMIIOYKWA. Y3KWH CIleKTpaibHbIN
yUaCTOK BBIJE/NSETCS C TIOMOIIbIO IIBETHBIX CBeTO(PHUILTPOB,
pacriojiaraeMbIX OKOJIO OKyJisipa. OOBIYHO BhIZle/sieTcss 00/1acTh B
KpacCHOM yacTH criekTpa BO/m3u A=0,66 MK. HUTb TaMIOuKy MATaeTCst
OT UCTOYHHWKA TOKa. MeHsIsl CUTy TOKa OT MCTOYHHMKA, MOXXHO MEHSITh
Hakal HUTU. Ec/iu SIpKOCTb HUTH Oosbllle SIPKOCTU W300pakeHHsi
TIOBEPXHOCTH TeJia, TO OHA BBICTYIaeT Ha (hOHe M300pakeHUs B BHU7IE
cBeT/ION mosocku. Eciu ke eé SIPKOCTh MeHbllle, TO OHa KaKeTcst
TeMHee. [Ipy coBmafieHWW SIPKOCTeM HUTU M H300pa)keHUS HUTH
ucue3aeT Ha ¢GoHe wu300paxkeHus. I[Ipubop rpaayupyercs TIO
abco/ioTHO UépHOMY Teny Y yCTaHaB/IMBaeT CWIbl TOKAa Hakasa,
COOTBETCTBYIOIIIE ~ HMCUE3HOBEHWIO HHUTH  TIpU Pa3INYHBIX
Temrieparypax aOco/itoTHO uépHoro Tena. Ilocse 3TOro TO
TMOKa3aHUsAM HW3MepUTeIbHOr0 MPHUO0pa, COOTBETCTBYIOLM MOMEHTY
HCYe3HOBEHHUS] HUTHU, MOXKHO OIpeZIeJIUTh Temreparypy abCoroTHO
yépHOro Tesa, ob/ajarolero B AAHHOM WHTepBajie JIMH BOJIH TOU
)Ke SpKOCTbIO, UYTO U SIPKOCTh Habmozaemoro Tena. Ecmm
HaO/moZlaeMoe Te0 TakKXKe SBJISIeTCA aOCOJIOTHO UEpPHBIM, TO
oripefiesisieMasl TaKMM 00pa3oM TemrepaTypa OyZeT ero WCTUHHOU
Temrieparypoi. [l HeuépHbLIX Tes OIpefe/éHHas TaKUM 00pa3oM

TemrepaTypa HOCUT Ha3BaHUe APKOCMHOL memnepamypbl.
3. PaduayuoHHbIll Memoo

OTOT MeTOZJ, OCHOBaH Ha W3MePEeHWM WHTerpajbHOU

1

SHepPreTUYeCcKol SIPKOCTU Teja. WHTerpambHas sipkocts B, =—R |
Vs
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rae R,—uHTerpasnbHas SHepreTUuyeckKas CBETHUMOCTb,
noAuuHsoIIasics 3akoHy CredaHa-bosbliMaHa

B =27*
py

3 nocnenHert hopMysibl C/ieyeT, UTO TeMrnepaTypa Tejia T

MO>XXeT OBbITh Hak/leHa IyTéM M3MepeHHs ero HHTerpasibHON SIPKOCTH
B,. [lnsg 3TOro UCMOJBL3YIOTCSI MpPUOOpBI, HOCSIMEe Ha3BaHHe

paouayuoHHbIX NUPOMEeMpO8.

B 3ToM MeTose mNHMpPOMETP HABOJUTCS HA ITIOBEPXHOCThb
HaKaJIEHHOTO Tejla TakuM obpa3oMm, uToObl  m300pa’keHue 3TOM
TIOBEPXHOCTU TIOYUYHUIOCH B MeCTe PACIOJIO’KeHUsI TepMOoTIaphbl.
HarpeBaHue 1ocsiefiHeld B CBOIO ouepe/ib NPOTIOPLIMOHAIBHO SPKOCTU
n300pakeHusl. B KOHeUHOM CUéTe TOKa3aHHUsI TOKA TePMOIIapbl OyayT
MPOTIOPIIMOHAIBbHBI  SIPKOCTU  Hab/roziaeMoro  abCositoTHO UYEPHOTO
Tela, a CaeloBaTe/IbHO, TPOMOPLMOHAILHEI  ero  abCO/IOTHOM
TeMIiepatype B ueTBEPTON cTereHW. [IpokanubpoBaB MUPOMETP TIO
M3BECTHBIM TeMITepaTypaMm, ero MO>XXHO UCITO/b30BaTh IS U3MEPEeHUs

MOOBIX TemMIepaTyp.
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2. BHEIITHUY ®OTOJ3IEKTPUYECKUI DDPDEKT
2.1. O6wjue nosoxceHus

M3yueHre 3aKOHOB TEIJIOBOTO U3/y4YeHUsl MPUBEIO K PAa3BUTHIO
MpeACTaB/eHU O TOM, UTO UCIOyCKaHWe U  TIOIJIOIeHHe
3/IeKTPOMAarHUTHLIX BOJIH HarpeTbiMM TejJlaMM TPOUCXOAST He
HeTipepbIBHO, a MOpLUsIMU (KBaHTaMU), BeJIMUMHA KOTOPBIX TIPSIMO
MPOMNOpLMOHaNbHA YacToTe u3nyueHus. K unciy siBieHuid, B KOTOPBIX
TIPOSIB/ISIIOTCS  KBAaHTOBbIe  (KOPIYCKYJ/ISIDHbIE), A He BOJIHOBbIE
CBOMCTBa U3/yueHUs,, OTHOCUTCSI BHeIIHUN (POTO3/IeKTpUUeCKUM
sbdekt wim mnipocto dotodahdektr. dPomosgpgdekmom Ha3zbieaemcs
npoyecc ucnyckKaHusi 3/eKIMpoOHOE& eewjecimeoM hood oOelicmeuem
3/1eKMPOMAZHUMHO20 U3/yYeHUsl.

Pa3muuaioT @HewHuli v eHympeHHull  (orodddekThl. [Ipu
BHelllHeM (oTosddekTe 3/71€KTPOHBI OCBOOOXKIAIOTCS CBETOM U3
MOBEPXHOCTHOTO CJIOsl BelllecTBa U TepexofsT B JPYTylHO cpefy, B
YaCTHOCTU B BakyyM. IIpu BHyTpeHHeM (oTo3(ddekTe onTUUeCcKH
BO30Y)K/IeHHbIe 37IeKTPOHBI OCTAIOTCSI BHYTPH OCBEII[aeMOTo TeJia, He
Hapyllas  3J/IeKTPUUeCKYH0  HeWTpaJbHOCTb  mocjefgHero. s
000CHOBaHUSI TUMOTe3bl KBAHTOBOMW TMPHUPO/bLI W3/yueHHss OCHOBHOE
3HaueHWe WMeeT @HewHull ¢omosggekm, kotopeiii u Oyzer
pacCMOTpeH Jiajiee. Ha ero ocHoBe pa3pabaTbIBatoTCsl U
BBIMYCKAKOTCS MHOTOUMC/IEHHbIe TIPOMBIIILIeHHbIe ycTpoiicTBa. Cpeau
HUX MOXKHO BBbIIE/IUTb  (POTO3/IEMEHThI, UCMO/b3yeMble /s
perucTpalyyd CBETOBBbIX TIOTOKOB W TPHUMeHsieMble B Pa3/MYHbIX

00/1aCTIX TeXHUKU: CBsA3H, dBTOMATHKeE, TejIeMeXdHUuKe U T. 1.
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dorosddert Ob1 OTKpeIT B 1887 1. TI'eprem, KOTOpBIi
OOHapy>KW/, UYTO TPOCKAaKWBaHWE WCKPbl MeXAy LIMHKOBLIMU
[IapuKamMu paspsfHUKa MPOUCXOJUT TPU MEHbLIeM HarpsyKeHUn
MeXAy HUMH, eC/IM OJUH U3 LIapUKOB OCBETUTH YJbTPa(UO/IeTOBBIM
CBETOM. 3aHSThIM B TO BpeMsl UCCJ/IeOBaHUSMU 3JIEKTPOMAarHUTHBIX
BOJIH, TIpe/iCKa3aHHbIX MakcBessiom, ['epiy He o6paTusi Ha 3TO
sIBJIeHWe  Cepbe3HOr0  BHUMAaHUS. [lepBble  HcCCIeOBaHUA
npuHagnexat ['anpBakcy (1859—1922), Purn (1850—1920) u B
ocobenHoctu A. I'. CtonetoBy (1839—1896).

C 1888 o 1889 rr. CtosieToB MpoBoAUT MoApoOHOe U3yueHUe
JIeVMICTBHS CBETa Ha 3apsDKeHHble TeJja, Has3blBas STU [JeWCTBUSA
aKTUHO3/IeEKTPUYECKUMHU SIBJIEHUSIMU. Ocgeras Ayroun
MeTa//TMYeCKYH0 MIaCTUHKY, OH YCTaHOBWJI, YTO TIPH 3TOM IJIaCTUHKA
TepsieT 3apsJ, TOMBKO B Tex CJyuyasx, Korjga oOHa Obuia
NpeiBapUTE/IbHO 3apsDkeHa OTpULIAaTeNIbHO (T. €. COeJUHSIach C
OTpHIAaTe/IbHBIM ~ TIO/If0ocOM Oatapen B). Ilpu oOpaTtHOM ke
BK/IFOUeHWH OaTapeu, KOr/ia Ha MJIaCTUHY MOZaBasiCs MOI0KUTEeTbHbIN
3apsj, GoTOTOK He perucTpupoBasca. (CxeMa oOrbITa TipeficTaBaeHa
Ha puc. 2.1. Mexay oOkiazkaMyd KOHZEHCATOpa, COCTOSIIET0 W3
TO/IMPOBAHHOM LMTHKOBOH MacTUHKU C U MeTanmueckoi cetku C',
co3JaBajlacb pasHOCTh MOTEeHLMANO0B € nomolsto batapen B. Toxk I,
BO3HUKAIOLIMK TNPU OCBeljeHHMd macTuHku C  ayrom A, Mor
V3MepAThCS rajibBaHOMeTpoM G.

Ha ocHoBanuu cBoMX n3MepeHu CTOIETOB YCTaHOBUII
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A=,

Puc. 2.1

c/ieylole  3aKOHOMEPHOCTH  pacCMaTpHMBaeMOro  SIBJIEHMS:
1) ucnyckaemble nod Oelicmeuem cgema C NOBEPXHOCMU 6eujecmsd
uacmuybl umerom ompuyamesbHblil 3HaK; 2) Haubonee 3¢ppekmusHoe
deticmeue Ha ¢pomoacpchekm okasbiearom yabmpacgpuonemosbie aAyyu;
3) eeauyuHa uUCNyuwjeHHO20 meaoM 3apsidd NPONOPYUOHAAbHA
no2n0ujeHHol um ceemoeoll 3Hepeuu; 4) gomospgekm seasiemcs
Oe3bIHepyUOHHbIM sie/leHUeM, T. €. OOHapy)KMBaeTCs 3ara3/ibIBaHue B
MOSB/IHUU BBbLIETAIOIMX YacTUL, B HHTepBaje At<3:10° ¢ mocne
Hauvasia ocBeljeHus. B 1898 r. Jlemapy u TomcoH wusmepunu
OTHOLLIEHWe 3apsifia K MacCe uYacCTull, TMOSBJASIOLIMXCS TIpU
doToaddekre, wu3lyuasd UX OTKJIOHEHHME B 3JeKTPUUECKHUX U
MarHUTHBIX TI0/1siX. OCHOBBLIBasCh Ha TIOYUeHHBIX JJaHHbBIX, OHU
TIPUIIUIN K BBIBO/Y, UTO STUMH YaCTUI[aMU SIBJISIOTCST 3/IEKTPOHBI.
PaccMoTpuM B 00IIIUX uepTax MeXaHW3M BbIOMBAHUS JIEKTPOHOB

nipu (otoaddekTe. [Ipy 3TOM OrpaHUUMMCS paCCMOTPEHUEM TOJIBKO
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MeTa/uinueckux Tesl. CorjlaCHO 3/IEKTPOHHOM TeOpUHU 3JIEKTPOHBI B
MeTa/isle (TOYHee, Ba/IeHTHbIE 3JIEKTPOHbBI, 3aHHWMalollie BHELIHUE
000/I0UKM) HaXO[ATCSI B IIPIMOYTOJBHOM IIOTeHLUAJLHON — siMe
KOHeUHO# BbICOTHI Ep (puc. 2.2,a). IIpu Temmneparype abCOMIOTHOTO
Hynsi T = 0 K oHM 3aro/sHAKT B COOTBETCTBUMU C MPUHLMNOM [laynu
pas/iMuHble SHEpPreTUYeckrue YpPOBHU BIUVIOTb O HEKOTOPOro
MaKCHMaJIbHOTO (3HepPrusi 3TOr0 YPOBHSI Ha3bIBaeTCd 3SHEPrueu
®epmu), 06pa3ys 30HY MPOBOJUMOCTH. V3 pUCYHKA BHAHO, UTO

Pa3sHOCTb MeXAy BBICOTOMU

—

E A B ©

A

X 0.5 1 f(E)
Puc. 2.2

MOTeHI[Ma/IbHOTO Topora Ep Ha rpaHulle MeTasiia v 3Heprued @epmu
Er paBHa pabome 6bix00a A, T. e. MUHUMA/bHOU 3Hepauu, KOmopyto
Haoo 3ampamumb, UmoObbl 3/1eKMPOH C 8epXHe20 YPOBHS 8blgecmu 3d
npeode/bl Memasiia.

ITo COBpEMEHHLBIM IIPpEACTABJIEHHUAM 3J/IEKTPOHBI ITIOAUYWHANOTCA
cratiuctvuke @epmu - [Iupaka, a UX pacrpejesieHUe Mo 3HepreTuye-

CKUM YPOBHSIM OMUChIBaeTcs PyHkiyel pacrnpepenenus @epmu f(E).



35

Buj 3Toii ¢yHKIMM ToKa3aH Ha puc. 2.2,6. CTyreHuaTass KpHBasi
COOTBETCTBYET pacripezesieHut0 3JIeKTPOHOB Tpu Temriepatype T = 0
K. Takor BUJ KpWBOM O3HauaeT, YTO BCe SHEPreTUUeCKUe YPOBHH,
pacriosio’keHHble Hwke ypoBHA Pepmu FEp, 3aHATHI 3/1€KTPOHAMM
nosHocThiO [(f(E) = 1 ansi E < Er)], a ypoBHH, JieXKalliye BhIille YPOBHS
®epmu, abcosmotHo cBoboaub! [(f(E) = 0 st E > Er)]. s MeTasios
TUITAYHBIe 3HaueHus SHepruu GepMu mornazaroT B uHTepBan 3—6 3B.

[Ipy oT/MUHOM OT HyAsS TemnepaTtype T TrpaHULIa MeXAy
3aHSITBIMU U MMYCTBIMU SHEPTeTUYECKUMU YPOBHSIMU 30HBI OTIpefiesieHa
He pe3ko [(tuiaBHas kpuBas f(E) Ha puc. 2.2,0)] u3-3a mosB/IeHUs
TEPMHUECKH BO30Y)KE€HHBIX 3JIEKTPOHOB. TeIjioBOe «pa3MbITHE»
TPaHULbl M0 TIOPSIAKY BeJUUMHbI paBHO 2kT W TpU KOMHATHOMU
temrieparype T = 300 K coorBerctByer mpumepHo 0,05 3B, T. e.
COCTaBJIsIeT [/ MeTa/l/IoB 0KoyI0 1 % 3Hepruu E.

[ToKMHYTh TIOTEHLUA/TBHYIO SIMYy W YUTH 3a Mpeje/ibl MeTaslia
MOTYT TOJIbKO Te 3JeKTPOHBI, KOTOpble 00/1aZlal0T J0CTaTOUYHOM
SHEprued i TOro, 4TOOBbI TIPEOZO/eTh TIOTEHLUAIbHBIA TIOPOT
BbicOTbl Ep. Tlpy KomHaTHOW u 0Ooslee HU3KOW TemriepaTtypax
3JIEKTPOHBI HE MOTYT CaMOMNPOW3BOJILHO MOKWHYTh MOTEHLUATbHYIO
sIMy, TIOCKO/bKY paboTa BbIXO/a A /1 METa/IJIOB paBHAa HECKOJILKO
5B. Ut0o0BI 3TO MPOM30ILIO, 3/IEKTPOHAM, HaXOAAIIMMCS B sIMe,
HeoOX0ZAMMO COOOIIUTh /IOTIOTHUTE/NbHYI0 3HEpPruto. OTO MOJKHO
clenaTh, HarpyuMmep, OCBellass MeTa//l CBETOM, y KOTOPOTO SHeprus
KBaHTOB €=hv OoJibitie paboThl Bbixoga A. [loayuuB OT majaroIrei
CBETOBOU BOJIHBI /IOTIOJTHATE/IbHYHO SHEPrut0, HEKOTOPhIE 3/IEKTPOHBI

IMMOKWMHYT META/UI H 6Y,Z[YT ABUIrdaTbCAd C PpPad3HBIMHM CKODPOCTAMH.
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CKOpOCTh 371eKTpPOHA TIpY 3aZIlaHHOM yacToTe V 00/yJarollero cBera
3aBHCHUT OT TOTO, C KAKOT'0 SHEPreTUUecKoro YPOBHS OH ObLT BLIOUT.

OcHoBHbIe 3aKOHOMepHOCTH GoTo3dhdeKTa MpOSBASIOTCS MPU
VM3YUEeHUW 3aBUCMMOCTEM KOJIMUeCTBa MCITyCKaeMbIX OCBeIleHHON
MMOBEPXHOCTBIO MeTasljla (POTO3/IEKTPOHOB (BeJIMUMHBI (POTOTOKA) U UX
KWHETUYeCKUX SHEepPruil OT MHTEeHCHMBHOCTA W YaCTOThI MaJarollero
MOHOXPOMAaTHYecKoro cpetra. Takum oOpa3oM, MpU UCCIeJOBaHUU
doToaddekra Heob6XxoAMMO yCTaHOBUTh CBSI3b MeXIy
XapaKTepUCTUKaMU TaJarollero CBeta W XapaKTepPUCTUKaMH MOTOKa
BbUIETAOLMX (POTO3/IEKTPOHOB. YTIPOLLeHHasd CXeMa YCTaHOBKH,
KOTOPYHO MOXHO HCIIO/Ib30BaTh MJid  u3yueHUs: (PoTto3ddekTa,
rpyBe/eHa Ha puc. 2.3.

MoHOXpOMaTHUYeCKud CBeT C YaCTOTOW V U MHTEHCHUBHOCTHIO J
MIPOHMKAeT dYepe3 KBaplleBOoe CTEK/I0 B OTKauyaHHYK Kojly uepe3
TpybKy T u ocBeljaeT Katof, K, W3roTOB/EeHHbIN W3 UCC/IeLyeMOro
MaTtepuana. VcnyljeHHble KaTtogom (OTO3/IeKTPOHBI MepeMeLlaroTCs
MO/, IEMCTBUEM 37IeKTPUYECKOro moJisi K aHoay AH. B pesynbraTe B
5/IEKTPUYeCKOM Ljel TOsB/seTCsl (POTOTOK, BeJMuvHa Ig KOTOPOro
v3MepseTcs rajibBaHoMeTrpoM A. HanpsbkeHue V mexay aHOLOM U
KaTogOM  M3MeHsSieTCsl  TOTeHLMOMeTpoM R u  u3MepsieTcs
BOJIbTMETPOM V.

DKcnepumeHmManbHO OblLAU  YCMAHOB/AEHbI Yemblpe 3aKOHA

¢domosppexkma.
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Cor/iacHO mepBOMYy 3aKOHY, Ha3biBaeMOMY 3aKOHOM (TOJ/1eTOBa,
ee/iuyuHa ¢pomomoka I, npsimo nponopyuoHabHA UHMEHCUGHO-
cmu J nadawwezo0 Ha Kamoo ceemd nNpu HeU3MEeHHOM
CneKmpa/abHOM cocmaee us/jaydyeHus : Ip = a J. Ha puc. 2.4
NpefCTaB/eHa  JIMHeWHas  3aBUCMMOCTb  (OoToTOKa I  OT
VHTEeHCUBHOCTU J. [laHHYIO 3aBUCHUMOCTBH II0Iy4arOT CJIeAYHOLLUM
obpa3zom.

KaToz,  ocBeljar0OT  MOHOXPOMAaTHUeCKWM  CBeTOM  TIpU
TIOCTOSIHHBIX 3HAUEHUSIX YaCTOThI V U HaTIpsKeHUs V MeXXy KaTo[0M
1 aHozioM. [1py 3TUX yClI0BUSIX U3MepSIOT Be/IMUMHY (OTOTOKA Iy, IIpH

Pd3HbIX 3HAYEeHUAX MHTEHCHUBHOCTH J Majaroiiero Cceetad.
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st v v u V-const

Vo V> v,

Puc.2.4

Bropou 3akoH ¢oTo3ddekTa yTBepKAaeT, UTO 0/18 KAHCO020
eeujecmea Kamooda cyujecmeyem HAUMEHbWAs YACMOMA Vi,
naoarowezo0 ceema, Hudxce Komopoii ¢gomosggekm He
Hab10aemcsl.

I¢|i
J uV -const
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OTa yYacToTa Ha3blBaeTCsl KpacHOM rpaHulled ¢oToaddekTa.
KpacHas rpaHuLia vy, pas/iuyHa Jjis pasHbIX MaTepuasoB U SIBJISIETCS
WX XapaKTepPHUCTUKOU.

BrinosHeHWe 1aHHOTO 3aKOHA MPOBEPSIeTCsl MyTeM MOCTPOeHUs
CIIeKTpa/bHOM XapaKTepUcTUKU Ip(v), T. e. 3aBUCMMOCTU Be/IMUUHBI
(oToTOKa I, OT YACTOTHI V TMAJAroLero CBeTa IPU IOCTOSHHBIX
3HAaYeHUSIX WUHTEHCUBHOCTW J Tajaroliero cBeta W HampsbkeHus V
MeKJy KaToZloM U aHoZoM (puc. 2.5).

Bup kpuBok Iy(v) 3aBUCUT OT MaTepuana KaTtoja. Bemuuuna
dboToToKa I MOXKET WU3MEHSAThCA C W3MEHEeHWeM YacTOThl V CBeTa
MOHOTOHHO W/IM WMETb MaKCMMyM TMpU OMNpeeJeHHOM 4YacToTe,
yMeHbIIIasiCh 110 00e CTOPOHBI OT MAaKCUMAa/IbHOTO 3HAUEHUS.

Tperuii 3akoH ¢oro3dpdekra TrOBOPUT O TOM, UTO
Makcuma/abHasi KuHemuueckasi 3Hepausi T,.. ¢omossrekmpoHos
(HauaibHass cKopocmb) He 3aeucum om uHmMeHcusHocmu J
nadaioujezo ceema.

AHanmu3  BOJIbT-aMIIEPHBIX XapaKTePUCTUK, a WMeHHO
3aBUCMMOCTeN BenuuuHbl (OoTOTOKAa I OT HampsbkeHus U  mexay
KaTogOM U aHOAOM [Jisi HeCKOJbKHWX 3HAaueHWHd WHTEeHCHUBHOCTU J
Majiarolero cBera IPA HEW3MEHHOM 3HaueHWW €ro 4YacTOThl V,
MO3BOJISIET TIOATBEPJUTh BBLITIOJITHEHWE 3TOr0 3akoHA. [IpumepHbIi
B/ TIOA00HBIX 3aBHCHMOCTel TIpHBe/ieH Ha puc. 2.6.

Yyactok AB rpaduka COOTBETCTBYeT TOKY HacChIILleHUs
Liac doTO21€MeHTA. [Ipy 3TOM cua Toka npu V>V, He 3aBUCUT OT
HarpsbKeHUs MeXXly KaTO/IOM Y aHO/IOM, TOTOMY UTO BCe 3/IeKTPOHBI,
BLIOMTBIE CBETOM B 00/1aCTh ITPOCTPAHCTBA MEXK/y KaTOZIOM U aHO/IOM,

JIOCTUTAOT aHO/Ia.
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Puc. 2.6

[Ipu HanpspkeHUsAX V<V, 371eKTpruuecKoe IoJjie Mexay KaTooM
M aHO/IOM HeJ0CTAaTOUHO JJis TOTO, UTOOBI MpU JaHHOW reoMeTpuu
doTosnemeHTa cobpaTh Ha aHOjle BCe BbIOUTHIE 3/IeKTPOHBL. Cusia
TOKa CTAaHOBUTCHA MeHblle [, I[Ipuuem mnpu Hy/sieBOM U [gaxe
OTpULIaTe/TbHOM HamNpsDKeHWW Ha aHOZle CWJla TOKAa OT/IMYHA OT HYJIS.
OTO O0OBSCHSETCS TeM, UTO HEKOTOpble BbIOKWTHIE (OTOHAMM
3/IeKTPOHBI 00/1aJ]at0T JOCTAaTOYHBIM 3arlacOM KMHETHUYEeCKOUW SHepruu
ISl TOTO, UTOOBI Zlake B TOPMO3SIIEM T10/Ie IOCTUYDL aHOZa (yuacToK
rpaduka CD).

[Ipy HekoTOpOM OMpeAeseHHOM Pa3HOCTU MOTeHI[MaoB
3a/lepKUBALOLLero MmoJisi Vi HacTyIaeT COCTOsSIHUE, KOrJla JaXke camble
SHEPTUYHbIe U3 JIETEBLIMX K aHOAY 3JIEKTPOHOB OCTaHAB/IMBAKOTCH
BO/M3M HETO U OTOpachIBarOTCS Haszaz K Karoay. Tok uepe3 dhoTo3J1e-
MEHT TpPU 3TOM CTaHOBUTCA PpaBHbIM HYJO (Touka D rpaduka).

Pabota cun Topmo3siiiero 3/eKTpuyeckoro moJjsi Hafl 37IeKTPOHaMU C
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MaKCUMa/JbHONM KWHeTHUeCcKon BHEPFHEﬁ B MOMEHT HX OCTdHOBKHU

OKOJIO aHOZla paBHA IIPUpPAIIeHHUI0 3TOM YHEprUu:

2
0__vaAKC = eV,

(2.1)

B peanbHOM (oTO3/€eMeHTe aHOZ, W KaToJ, MOTYT OBbIThb
M3rOTOBJIEHb] U3 Pa3/IMUHbIX BelllecTB. [To3ToMy MeXay HUMH, KpOMe
Pa3HOCTH TOTeHLHasoB V, 00yC/OB/IeHHOW BHEIIHUM HCTOUHHUKOM,
BO3HMKaeT TaK Ha3biBaemasi KOHTAaKTHasi pa3HOCTb MOTEHLUANOB V gy
BosibT™MeTp, BK/IIOUEHHBIM B CXeMY, HU3MEPUTb Vi, HE MOXKeT.

CnenoBaTenibHO, TOYKe D rpaduka COOTBETCTBYET MCTHUHHOE

HalIps’KeHHnue

Vp =V, +V,_ . (2.2)

KOHmM

Oco0eHHOCTBIO Npe/CTaB/lIeHHbIX Ha pUC. 2.6 KpuBbIX I4(V) sBseTcs
TO, YTO 3HaueHue V, 0CTaeTcsi TOCTOSTHHBIM, a 3HAaUMT, 1), HE 3aBUCUT
OT UHTEHCUBHOCTH J T1a/iarolilero cBera.

YerBepThid 3aKOH (QoTo3ddexkra yTBepKIaeT, UTO
MakcumaabHasi KuHemuueckas 3Hepausi Tp.. ¢pomosnekmpoHos
(HauaibHass CcKoOpocmb) /AUHEUHO 3adeucum Om Yacmombl V
nadawuwezo ceema. BrinosiHeHHWe 3TOT0 3aKOHa MOXXHO MPOBEPUT,
MOCTPOUB BOJIbT-aMIIEPHYI0 XapaKTePUCTUKY /i1 (UKCHPOBAHHBIX,
HO pasHbIX 3HAUYeHUWM YacTOT V Tafarollero CBeTa M TMPU €ro
HEeU3MEeHHOU uHTeHcuBHOCTH [ (puc. 2.7). U3 TIpYBe/|eHHbIX
KpuBbIX  Iy(V) BU/IHO, UTO MaKCHUMa/ibHasi KUHeTU4eCcKas
Heprust Th.c (OTO3/EKTPOHOB, CBsi3aHHasi C BeauuuHou U,

HU3MEHAETCA IPU U3MEHEHHWHN YdCTOThI V T1a/idtoiiero CcBeTa. HpH‘IEM
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yeM 0oJIbliIe YaCToTa, TeEM Oo/bIIIe KUHEeTHYeCKast SHepIus.
OTKJ/IOHeHue 9KCHepHMEHTaﬂbHOﬁ BOHBT-aMHepHOﬁ
XdpPdKTEPUCTHUKHU OT JIMHEHOM Ha y4acCTke OT TOYKHM BO3HMKHOBEHHA
d)OTOTOKa BILIOTb [0 HAa4Yd/JIbHOI'O YU4aCTKd TOKa HACBIIEHNWA
00BSICHIETCI BO3HUKHOBEHHEM BO3/IE CbOTOKaTO,E[a OTpULlATE/IEHOI'O

00BEMHOTrO 3apsifia, COCTOSIIEro U3 (OTO3TEKTPOHOB MaJlbIX SHEPTHUH.

Ie) I=const
V> Va2V 2V,

Puc. 2.7

B nunHeitinom xapakTepe T (V) MOXHO yOeauThCs, ec/iu
MOCTPOUTh 3aBUCUMOCTH abCOJIIOTHOM BeIMUMHBI  3alMparoiero
HaripsbkeHuss U, oT uactoTel v. [l ybeauTenbHOCTH Ha puc.2.8
npefcTaBieHa T107j00Hasi 3aBHCHMOCTb KMHETHMUECKOW SHepruu
(Thax=eU,) ¢b0T03/71eKTPOHOB OT YaCTOThI.

W3 rpaduka erko orpefesissitOTCS W KpacHas rpaHula Vg, U

pa60Ta BbIXOJ4d A, n noctosgHHas Ilnanka. OTmeTum TOJIBKO, 4TO
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yrojsl o HdKJ/IOHd HpHMOﬁ He 3aBUCHUT OT MdTe€pHd/ld, U3 KOTOPOI'O

W3rOTOBJIEH KaToZ, (tga=h).

UL

- s L

Puc. 2.8

HeobxoaumMo 3amMeTHUTh, 4YTO B paMKaX KJIaCCHYeCKOro
BOJTHOBOTO TIO/IXOZA K W3/Iy4eHUI0 HeBO3MOXXHO OOBSICHUTb 3aKOHbI
doTosddekra. CornacHO BOJTHOBOM TEOPUM 37IEKTPOHBI B MeTaJlje, 13
KOTOpOT0 ce/lnaH  KarTof, rnojJ,  JelCTBUEM  Majarolien
3/IEKTPOMAarHUTHOM BOJIHBI COBEPIAIOT BBIHYXK/EHHbIe KOjie0aHUsI C
aMILUTATYZIOM, TPOINOPLMOHAILHOM aMIUIMTyZe 3TOW BOJIHBL. [Ipu
pe3oHaHCe MeXAy COOCTBEHHBIMH KOJ/Ie0OaHWSIMU 3JIEKTPOHA U
KonebaHUsAMU Taarolleli BOJHBI aMIUIUTy/a KOie0aHWH 37eKTpOoHa
CTAaHOBUTCSA OOJBINON, UTO MOXKeT TPUBECTU K pa3pbiBy CBSI3U
3JIeKTPOHAa C MeTa//IOM W BBIXOJly €ro HapyXy C HeKOTOpOU
CKOpocCThIO V. KuHetnueckasi s3Heprusi Ty, 371€KTPOHa, Ooripe/ie/stoiiasi
3Ty CKOPOCTh, 3aMMCTBYeTCSl y TMajialolllell BOJHBbI, a ee BeJUYUHa
HaXO/IUTCS B TIPSIMOM 3aBUCUMOCTH OT UHTEHCUBHOCTH J 3TOW BOJIHBI.
Ho 3To mnpoTuUBOpeudT [1eCTBUTENbHOCTH, TIOCKOJBKY  OT

WUHTEeHCUBHOCTU J H&AHI-OH.[EFI BOJ/IHbI 3aBHCHUT TOJIBKO YHCJ/IO
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BLIOMBaeMbIX (DOTO3/IEKTPOHOB (TIepBbili 3aK0oH (orosdderra), a
KHHeTHYeCcKasi JHeprus  JJIeKTPOHOB He  3aBHCHUT  OT
UHTeHCMBHOCTH J (Tpetur 3akoH). Kpome ToOro, c¢ mno3suumu
3/IEKTPOMAarHATHON TeOpHH CBeTa Heslb3sl O0BSICHUTL U BTOPOM 3aKOH

dboTtorddekra.

2.2. Keanmoeas meopusi pomosp¢pekma. PomoHbi

B 1905 r. OuHIITeWMH T1I0Ka3al, uYTO BCe OCHOBHbLIE
3aKOHOMEPHOCTH dboTosddekra JIeTKO OOBSCHSIOTCS C
KOPIyCKYJ/ISIPHOM TOYKW 3peHUs Ha wusnyueHue. OH pas3Bul ujeu
[lnaHka W TIpuIllesl K BbIBOAY, UTO W3/IyyeHUEe HCITyCKaeTcs,
pacrpoCTpaHsIeTCs Y TOTJIONIAaeTCsl TO/bKO KBaHTaMU C SHeprueil E =
=hv. IHbIMM C/IOBaMH, CBET YaCTOTOM V He TOJIbKO MOKUJAeT aTOM B
BUjle TIOpLMUW SHepPruy, paBHOM hv, HO u B JajbHeMlllemM
pacrpoCTpaHsieTCs B TIPOCTPAHCTBE U BCTYIaeT BO B3aWMO/[eliCTBUE C
BEIleCTBOM B  BHJle TakOW TOPLMW, JIOKAJM30BaHHOW U
repemelriaroieics Kak 1je/i0e CoO CKOPOCThIO CBeTa. Takue YaCTHI[bI
TIPUHSITO Ha3bIBaThb (hpomoHamu.

OHeprusi () OTOHA 3aBUCUT OT €ro 4acTOThl U paBHa hv. ®OTOHBI

MNepeHocAT He TOJIBKO SHEPruro, HO U UMITYJIbC

_hv
C

P

B HarpaB/ieHWH, COBIIAJiAlOI[eM C HarlpaB/eHWeM PacrpOCTpaHeHHs

BOJIHEI.
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[To rumore3e OUHIITellHA B MOHOXPOMAaTH4YeCKOM CBeTe
YyacTOTOM V BCe KBaHTbl WMEKT OJMHAKOBYH) SHEpPrut0 e=hv.
[Tor/iomeHre NOpLXY CBeTa MPe/CTaB/IsIeTCs KaK MOTJ/IOLeHe OHOTO
dboToHa ofAHUM 3/eKTpoHOM. IIpu 3TOM (POTOH MepesaeT BCHO CBOIO
HEpPryi0 3JIEKTPOHY (CUMTAeTCs, UTO BepOSITHOCTh TOTJ/IOLeHHs
3JIEKTPOHOM O/IHOBPEMEHHO JBYX U O0siee (POTOHOB HUUTOXKHO MaJia).

B3aumofielicTBysi C 37€KTPOHOM MeTasia, (OTOH MOXKeT
oOMeHHBaTbCA C HUM SHepPrueid W HUMITyJbCOM. TakKol Tiporiecc
B3aMMO/IeNCTBUSI HAallOMUHAET yZiap I1apoB, W TMO3TOMY ero obpa3Ho
Ha3bIBalOT CcMo/KHO8eHUeM. @oTo3¢ddeKT BO3HUKAeT MpPU Heynpy2om
cmoskHo8eHUU (HOTOHA C 37eKTPOHOM. [Ipy TakOM CTOJKHOBEHUH
(OTOH TOTJIOLIAeTCs, a ero SHeprus rnepejaeTcsi 71eKTPoHYy. Takum
obpa3oM, »37eKTPOH mMpuoOpeTaeT KHUHETUUECKYHO JHEPryui0 He
MOCTENeHHO, a Cpa3y—B pe3y/bTaTe eJUHOr0 aKTa CTOJIKHOBEHUSI.
OTUM U 00BSICHSIETCS Oe3biHepyuoHHOCMb hoTo3ddekTa.

OHeprusi TorjoijaeMoro (oToHa MOXKeT 3aTpayuBaThbCs Ha
OTpBIB 2/IEKTPOHA OT aToMa BHYTpPU MeTa/sia. OTOpBaHHbBIN 3/1€KTPOH
MOXXeT B3aMMO/IeHiCTBOBAaTh C aTOMOM BHYTPH MeTajljla, Tepsisi CBOKO
SHEPTUI0 Ha Teruio. MakcuMaabHOW SHEPTUeM BbUIETEBIINN 3JIEKTPOH
Oyznetr obnazaTh JIMIb, €CIM BHYTPU MeTa/ula oH OyzeT cBoOojieH,
T. e. He CBsi3aH C aTOMOM, a TIpM BbUIeTe HApPyXy He Oyger
pacxo/loBaTh JSHEPrvI0 Ha Teryio. B 3TOM cijiydyae KuHeTHYecKas
SHeprusi  37eKTpOHa  TPaTUTCS  TOJBKO  HAa  TpeojoJieHre
33/lep>XKUBAIOIIUX CWJI, [JEeMCTBYIOLMX B TIOBEPXHOCTHOM CJIOe
MeTasia, T. €. Ha pabomy 8bix00d.

Bo3HuKaeT BOMpOC: KakK MOXKeT «CBOOOJHBINA 37€KTPOH B

MeTasljie» MOrJIOTUTh (POTOH? [laHHOe yTBep K/JeHue HeCOBMEeCTHUMO C
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3aKOHaMU COXpaHEeHHWs YHeprud W wuMnynabca. Ha camom pere
ITPOTUBOPEUHST HeT, TaK KaK «CBOOOJHBLIN 3/IEKTPOH B MeTaljie» B
nercTBUTe/IbHOCTH He cBoOogeH. OH kak Obl  3amepT B
MOTEHLIMAJIbHOM ~ SIIIIMKe, BOJM3M CTEHOK KOTOpPOrO JeMCTBYeT
3ajep)kuBatoriee mojie. POTOH B3aUMOJIEMCTBYeT He TOMBKO C
3JIEKTPOHOM, HMEeT MEeCTO B3aUMOJEMCTBHE 00eMX 3THX YaCTHUI] C
MeTa/uIoM B IesioM. IIpu B3aMMOEMCTBHH >Xe TpeX Tel 3aKOHbI
COXpPAaHEeHMUs  SHEPTMM U  HUMIyJIbCA  MOTYT  BBINOJIHATHCS
olHOBpeMeHHO. Mmrmynbc (poToHa BOCTIPUHMUMAETCS KaK 3JIEKTPOHOM,
TaK ¥ MeTaJJIOM, SHEPTHs >Ke TepejaeTcsl TOMbKO 3/IEKTPOHY, TakK KaK
Macca MeTaJijla MOXKeT CUUTaThCsl 0eCKOHeUHO OOJIbIIION.

3aKOH COXpaHeHWs] SHEepPrMM TIpuU MorJomeHnn (HoToHa
BLID@KAETCS  YpaBHEHHEM, KOTOPOe Ha3bIBAaeTCs ypaBHEHUEM

OuHIITelHa A1 poTto3ddekra:

hv=A,+ Agix + Tium » (2.3)
rae A, — 3Heprusi OTpbIBa 3/1€KTPOHA OT aTroMa (3Heprusi MOHU3aL1H),
Agx — paboTa BbIXOZa 3/IeKTpOHA 3a Tpefieibl TTOBEPXHOCTU Terla,
Tww — KuHeTMYecKass »SHeprus 3nekTpoHa. CorjaacHO 3TOMy
YPaBHEHUIO 3HEPrusi (POTOHA, MOIVIOLIEHHOTO 3/IEKTPOHOM, TPaTUTCS
Ha OTPBIB 37IeKTPOHA OT aToMa, Ha paboTy M0 BBIXOAY 3/IEKTPOHA 3a
npejiesibl TIOBEPXHOCTM Tejla W Ha COOOIeHWe  3J/IeKTPOHY
KWHEeTUYEeCKOM 5Hepruu. MeTaibl XapakTepu3yrTCsl TeM, UTO Y HUX
uMeeTcsi 0OJIbIIIOe KOJUUECTBO CBOOOJHBIX 3JIEKTPOHOB, I03TOMY
cunTaercs, utro A, = 0. Torga a1 meTanioB u3 (2.3) OKOHUATE/NbHO
c/ielyeT TIpUBbIYHAs /J1g Hac (hopmMa 3arnvcy ypaBHeHusi JUHIITeMHA

A/ BHellIHero (poTo3iekTpuueckoro 3¢ gekra:
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hV:ABbIX+ TKI/IH' (2 ¢ 4)
Onuvpasicb Ha KBaHTOBbIM TOAXOJ K W3Iy4eHHIO UM YypaBHeHUe
OUHIIITeliHa, MOXHO CJeAyloIuM 00pa3oM OOBSICHUTb 3aKOHBI
doTosddekra.

Ilepebill 3aKOH: KOMWUYECTBO BBIOMTHIX 3a €JUHHUI]y BpeMeHU
($h0TO3/1IeKTPOHOB, OIpeJie/sSIFoIUX BeJUUMHy (OTOTOKa Ig, [JO/KHO
OBbITH TIPSIMO TPOTIOPI[MOHA/ILHO KOTMUECTBY TaZAl0IINX 3a 3TO BpeMs
(OTOHOB, KOTOPbIe XapaKTepPU3yIOT UHTEHCUBHOCTh M3/ydyeHust J.

Bmopoli 3akoH: GoTo3ddheKT umeeT MeCTo TOJbKO MPH yC/IOBUH,
yro hv > Agx (g1 MeTamia). DTO O3HauvaeT, UTO CYIIeCTByeT
MUHUMAJIbHAsE 4acTOTa Vi, (KpacHasd rpaHuna) hvy, =Ag, 414
KOTOPOH ellje MoKeT HabsmogaThcsi poTo3hdexT.

Tpemuli u uemeepmbili 3AKOHbl: W3 ypaBHeHUS OWHIITeWHa
BU/ITHO, UTO KWHeTUUecKasi I3Heprusi Ty, /IEKTPOHOB He 3aBUCHUT OT
WHTEeHCHBHOCTHU J, a 3aBUCUT OT YaCTOTHI V Ma/laloIIiero cBeTa, puyemM
JTUHEUHO.

Ot™meTum, yTO ypaBHeHUe OVHIITeNHa JlOTlyCKaeT
9KCTIepUMeHTaIbHYI0 TIpoBepKy. Hawubosiee TouHasi TipoBepka Oblia
BbITIOJIHEHa JIYKMPCKHMM U 3aK/It04aiach B MOCTPOEHUM 3aBUCHMMOCTH
abCOMIOTHOM BeJMUMHBI  3allMPAOIero  HarpsyKeHUs | U3| oT
YyaCTOThI V Nafiatoiilero ceera (CM. puc. 2.8).

OpHOM M3 BaKHEMIIMX XapaKTepucTuk (horosmurrepa (T. e.
dboToKaTo/1a) SIBJIIETCS ero KeaHmosas 3¢pgekmugHocmb (K8AHMOBbIL
8b1x00) Y . I[lycTb Ha (DOTOSMUTTED MMajlaeT B AUHULY BpeMeHu n >> 1
doToHoB. Torga uUWCIO 3MEKTPOHOB N., WCIYCKAaeMBIX 3TUM

(hOTOSMUTTEPOM 3a e[IUHKUIY BpeMeHHU, PaBHO
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n,=Yn. (2.5)

Ecmm sHeprusi (pOTOHa MeHbllle 3HaueHWs, COOTBETCTBYIOLLEro
KpacHou rpanuiie ¢GoTodddeKkra vy, KBAHTOBBIM BBbIXOJ] PaBeH HYJIIO
(3bdexTr He Habmopaercs). Ilpy yBemMUYeHUM 4YaCTOTBI CBeTa V>V,
KBAaHTOBBbIN BBIXOJ] OBICTPO pacTeT, [JOCTUras MaKCHMyMa IIpH
HEKOTOPOM UacToTe Vi, 3aTeM yMeHbIl1aeTCst; TpH elije 60JbliieM pocTe
YacTOTHI MOJKET OMsTh HabIH0AaTbCs Me[JIeHHBbIM POCT KBaHTOBOTO
BbIXO/la. YKa3aHHbIM XapakTep 3aBUCMMOCTHM Y(V) CBsi3aH C
SHEPTeTUYeCKUMU  COCTOSIHUSIMA ~ CBOOOJHBIX  3JIEBKTPOHOB U
HabJIr0/JaeTCsl y MeTasioB.

s OGOMBIIMHCTBA META//IOB MaKCUMa/lbHOe  3HaueHue
BesMuuHbl Y He mpebiaer 0,1 npu sHeprum ¢gotoHa hv=(10—20)
5B. Kpome Toro, kpacHas rpanuua horosddekra [as I1eI0YHBIX

MeTas/uUIOB COOTBETCTBYeT 5Hepruu (HoToHa &,~*3+53B, a gns

OCTa/IbHBIX MeTa/lioB eife Oosbine —&, ~10+15 5B. CkasaHHoe

O3Hayvaer, yTo  MeTa/l/TnuecKue dboTosmutTepsl  HedoTO-
YyBCTBUTEJIbHBI B BUAMMOU 00/1acTH CrieKTpa M, KpOMe TOTO, UMEIOT
Masiblii KBaHTOBBIM BbIX0/. [103TOMYy uHCThie MeTa/libl TIPAKTUUeCKU
He KCIMOJIb3YIOTCS B KauecTBe (DOTOSMUTTEPOB B 3JIEKTPOBAKYYMHBIX
npubopax.

OddexTrBHBIE (OTOSMUTTEPHI B BHAWUMOM U OMMDKHEM
yabTpaduoneToBoid  00/1aCcTSX  CreKTpa CO3/laHbl Ha  OCHOBe
MOTYTIPOBOJHUKOBBIX MatepuasoB. [Ipu 3Tom ciefmyeT OTMETUTbD, UTO,
rnepexo/ii OT MeTa//IOB K TOMYNPOBOJHUKAM, HY>XHO MPUMEHSITh B
ypaBHeHUM OUHIITeiHAa BMeCTO paboTbl BbIXOAA Ap,x APYIYIO

Hepruro W — nopoz pomoaggexma :
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hv= W+E vaxc- (2.6)

OTO CBsi3aHO C 0oJiee C/IOXKHBIM, YeM y MeTa/l/ioB, XapaKTepoM
HepreTUUeCKUX COCTOSSHUM 3JIeKTPOHOB, CIIOCOOHBIX TOKWHYTh
MoJynpoBOAHUK TIpu  ¢oTosddekTe. Cyll[eCTBEHHOe BIUSIHUME Ha
(doToaMUCCHIO OKAa3bIBAIOT NIPUMeCh, 00aBieHHasl B TIOTYTIPOBOHUK,
Y COCTOSTHUE ero MoBepxHOCTU.  [IpM  HMCMosib30BaHUM  MOJYIIPO-
BOJHUKOBBIX (POTOIMUTTEPOB VyAAeTCS YBEJUUYUTh MaKCHUMasbHOe
3HaueHHe KBaHTOBOI'O BbIXo/a Y. 0 0,5 ripu nopore doro3ddekTa
W=1+2 5B.

KopmnyckynsipHble CBOMCTBa (JOTOHA He [O/DKHBI 3aC/IOHUTH TOT
dakT, uTo JJ/1s1 OTPOMHOI0 Kpyra sIBJIleHUI BOJIHOBbIE TIpe/CTaBIeHUS
OKa3a/IMCh B BBICIIIEN CTeTeHH TIJI0JOTBOPHBIMU, TakK KaK U B SIBJIEHUU
doTosddekra ecTb uepThl, T'OBOPSIME B TM0Jb3y KIaCCHUeCKUX
BOJIHOBBIX TPe/ICTaB/eHU 0 CBeTe. DTU UepThl 0COOEHHO OTYETTUBO
MPOCTYMalOT TIPU HUCC/IeJOBaHUU 3aBUCUMOCTU CUIbI (DOTOTOKA OT
JJIMHBI BOJIHBL. {7151 MCC/e0BaHMsI 3aBUCUMOCTH CUJIbI (DOTOTOKA OT
IJIMHBI BOJTHBI HEOOXOAMMO OTpeZie/IuTh CUJy TOKa HacChIIleHus,
KOTOpasi COOTBETCTBYeT BIIOJIHE OTpe/ie/IeHHOM JHepruu Iajaroiiero
ceeta. Eciu 1Mo ocu opAuHaT OT/OXUTh CUIy TOKa HacChIl[eHus,
OTHECEHHYIO K TOTJIOLeHHOM JTYUYHUCTOW SHeprum, a 1o ocu abcuucce -
JJIMHbI BOJIH, TO [laHHasi 3aBUCUMOCTb OyJeT uMeTb BU/[, Tpej-

CTaB/IeHHbIM Ha puC. 2. 9.
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s—

oo

Puc. 2.9

V3 npejcTaBneHHOro pUCYHKa BHUJHO, UYTO KpacHas TpaHULd
COOTBETCTBYeT A=Ay U C yMeHbIlIeH’eM [JIMHbI BOJIHbI CHJla TOKAa Ha
eIMHUL]Y MOIJIOL[eHHOM SHEPruyd BO3pacTaeT. JTO O3HAuYaeT, YTO CBET
c Oosiee KOpOTKOU A/MHOM BOJHBI Oosee 3ddektuBeH. [Ipu 3TOM
HeoOXO0AUMO TPUHATH BO BHHMaHue W TOT (PAaKT, UTO ueM Kopoue
JJIHA BOJIHBI Ma/Ial0LLero CBeTa, TeM MeHbIIle KBAHTOB COZEP)KUTCS B
eJUHULIE TIOT/IOLLIEHHOW SHePrUu.

OJHaKO OMBIT MOKa3asl, YTO X0/ 3aBUCUMOCTH, M300pa)KeHHbIN Ha
puc. 2.9, He BcerJa UMeeT MeCTO. Y psiia MeTa//ioB, 0COOEHHO
I[eJIOYHBIX, [/ KOTOPBbIX KpaCHas TIpaHULia  JIeKUT Jajeko B
BUJUMOM M JAake HWHMpaAKpacHOM 001acTIX CIeKTpa W KOTOPEIE,
CJ1e[0BaTe/IbHO, UyBCTBUTEJIbHBI K IIIMPOKOMY MHTEpBay AJIMH BOJIH,
Hab/iro/laeTcsi cefyroiass O0COOEHHOCTh: CW/a TOKa HMeeT pPe3KO

BbID&)KEHHbIM ~MakKCUMyM /Il OIpeJe/ieHHOI0  CIeKTPaJbHOr0
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y4dacCTKa, 6BICTp0 CIlagada I10 006e ero CTOPOHBI (Ce./leKleeHbllj, N

uzbupamenbHbliil, potosddext, puc. 2.10).

N

Qomomon

2a0 . Fo7 00 700
S A HM

Puc.2.10

CeneKTUBHOCTh (hOTO3/IEKTPUUECKUX SIBJIEHUM OueHb HallOMUHAeT
pe3oHaHCHbIe 3¢ deKThl. [lel0 06CTOUT Tak, Kak OyATO 37eKTPOHBI B
MeTasie 00/1aZialoT cOOCTBEHHBIM TMEPUOJOM KoJsiebaHuM, U 10 Mepe
NpUOMVKeHUsT YacTOThl BO30YXK/AKOI[er0 CBeTa K COOCTBEHHOM
YacToTe 3/IeKTPOHOB aMITIMTYyJa KosiebaHWN WX BO3pacTaeT U OHHU
Tpeo/io/ieBaloT paboTy BbIXO/A.

OTMeTUM, OJJHAaKO, UTO sIBJieHWe Ce/IeKTUBHOrO (oTo3ddekTa
CWIbHO 3aBUCUT OT HaripaB/eHUs] TOJsipu3alid CBeTa U yrja
nagenuss. Eom nagarommii  cBeT  MOJSIPU30BaH  Tak, 4TO
5/IEKTPUYECKMH BEKTOD TlapajilejieH IJIOCKOCTH majenus (Ej), To
3¢ dekT pe3ko ycunuBaercs (puc. 2.11). HaoGopoT, mpu moBopoTe
nyockocty monsipmsarmn Ha 90° (EL)  ceneKTHBHBINA (OTO3(EKT
yucuesaer. B rmiepBoM cCiydae 37eKTpUUECKHMNM BEKTOP vMeeT
COCTaBJISIFOLYIO0, TIepPHeHAUKY/ISPHYI0 K TIOBEPXHOCTU MeTasiia, BO

BTOPOM—HeT. JIerko 3aMeTHTh, UTO 3Ta cocTapssitoilas E, BekTopa
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SJIEKTPHUYECKOT'0 II0JIA E > MnepriecHauKyJIdpHad K IIOBEPXHOCTHU
MeTa/l/ld, TeEM 60]'[]'3]1[6, yeM OJIIDKe yroJ nnaieHruda CBETA K IIpAMOMY, H,
a1e10BaTe/IBHO, Be/IMUKMHA CeJIEKTUBHOI'O MdKCUMYyMd pe3Ko

BO3pacTaeT I0 Mepe yBe/IMYeHUs yrJia NaJeHusl.

Puc. 2.11

CesiekTHBHBIN (HhOTO3(DdEKT SB/ISIETCS MPSIMBIM 3KCITepHMeH-
Ta/lbHbIM CBU/I€TE/TLCTBOM TPUMEHHMMOCTH TIOHSATHS TIOJISIPU3al[uu K
otgenbHOMy (GoToHy. DOTOH Hemb3sl TpeACTaBUTh cebe Kak
TIPOCTPAHCTBEHHO pacripe/le/ieHHbId  O0BEKT, pa3IuyHble YacTh
KOTOPOT'O HaXOAATCS B pa3/iMuHbIX 00/acTaXx (WM TOYKax)
npocTtpaHcTBa. Henb3si mpeactaButh cebe (OTOH Kak HEKOTOPYIO
006/1aCTh TPOCTPAHCTBA, 3allOJIHEHHYH) 3/1eKTPOMarHUTHBIM TI0JIEM.
Henb3si cooTHecT ¢ ()OTOHOM HaMNPSKEHHOCTh 3JIEKTPUUECKOTO WU
MarHUTHOTO TI0/I5i, KOTOPbIMU XapaKTepu3yeTcsl 37eKTpOMarHUTHast
BonmHa. OH sB/sieTCS KBAaHTOBBIM OOBEKTOM, KOTOPbIN Hemb3s cebe

npeacTaBUTb C IIOMOIOBHO KJ/IdCCHYECKHUX O6p&130B. HOBTOMY MBI
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BBIHY)KJIEHbI OIMHUChIBaTh (POTOH C HCMHOJb30BaHUEM KBaHTOBOM
MOJieNIM, KOTOpas MNpPaBWJIbHO OINUCHIBAET HE TOJILKO OTZAe/bHbIE
¢du3nueckre (akThl, HO ¥ BCIO COBOKYMHOCTb SIBJIEHWMM aTOMHOIO U

cybaToMHOTO MHpa.
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3. TABOPATOPHBIN ITPAKTUKYM

JIABOPATOPHAS PABOTA Ne 3-10

OITPEJEJIEHUE ITOCTOAHHOM
CTE®AHA - bOJIBIIMAHA C ITOMOIIbIO ITMPOMETPA

Ilenp paboThl: ompefeneHyde TIOCTOSSHHOM G B 3aKOHe
Crec¢ana — bosibliMaHa, a TakXe 03HaKOMJIEHUE C OJHUM U3 METO/I0B
V3MepeHus TeMIlepaTypbl HarpeThIX Tesl.

IIpuGopel U npuHapIexxHocTu: TnupomeTp JIOTI-72, HUCTOUHUMK
MUTaHWs 3TaJlOHHOW JlaMIbl THUPOMETpPa, MCCAeAyeMas Jiamra C
BO/Ib()PAMOBOM HUTHIO HaKaja, WCTOYHUK IUTaHUSI MCC/IeyeMOu

JlaMIIbl, peocTaT, [iBa aMIiepMeTpa, BOJbTMETP, rpadUKy 3aBUCUMOCTH

TH(IQ), a:r(Tg) n k(P)
METO/ OKCIIEPUMEHTA

B ocHOBe MeTozMKu oOrpeferieHUs] TOCTOSSHHOM O B 3aKOHe
Credana—  bBosmbliMaHa  jiekaT  HaxXOKJeHWe  aOCOJFOTHOMU
TeMIlepaTypbl 1 MCTOYHMKA M3/yuyeHUs C TOMOIbI0 ONTHUYEeCKOrO
MMpoMeTpa C MCYe3arwollled HUTBIO, W3MepeHue HarpsbkeHus U
BOJIbTMETPOM U BEJIMUMHBI CUJIbI TOKA I aMIiepMeTpoM.

Ecmm  wv3nyueHne mpoucXoguT B cpefie C TemnepaTtypou Ty, TO
MOILIHOCTb, TepefilaBaemMasl cpejie C eJUHMULbl ITOBEPXHOCTH TeJa

BC/1eACTBHUE U3/1yUeHMH,
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Ry =a;o(T* =Ty, (3.1)
a MOLL[HOCTb, MU3/lyuyaemMas ITIOBepXHOCTHIO TJI0IAbI0 S,
R,S =a,0S(T"~T7'),
r/le or—TIoTJIoIIaTe/IbHasi ClIOCOOHOCThL Ceporo TeJa.
B kauecTBe w3/Mydarensi B JaHHOW paboTe UCIOJb3yeTCs
BOJIb(hpaMoBasi HUTb JIaMIIbI HaKa/IMBaHUSI, HarpeBaeMasi
3/1eKTpUUeCcKuM TOKOM. [ namrbl HakaimBanusg 1 = 1000 K u

BBIIIIe, 17151 OKpY>Katomeii cpens! To= 300 K, mostomy T," cocTaBUT He
6omee 2 % ot T", 1 TOrJa AMs M3/Iy4aeMoii MOIITHOCTH 3aITHIeM
R,S=a,SoT* (3.2)

rae S — moJiHasg MiIoLaAb MNOBEPXHOCTH BOIb(PaMOBOM HUTH.

MomgHocte ToKa IU, 3arpauvBaeMas Ha  IMOJAJep)KaHue
BO/b()pDaMOBOM HUTU B HaKaJleHHOM COCTOSTHUM TIpU JaHHOM
TeMmneparype T, KOMIIeHCUpyeT H3/1ydaemMyro MoLjHOCTb. Ho He BCsa
3JIeKTprUYeCcKasi MOLLIHOCTb, U3MepsieMasi TIpy MOMOLLA aMIlepMeTpa 1
BOJIbTMETPA, UJeT Ha U3/lyyeHue, TaK KaK 4acTb ee OTBOAUTCS B BUJE
Tervla BCJIeICTBYE TEIVIONPOBOAHOCTH TOKOIOJBOSILNX TTPOBOJOB U
CpeZibl, OKpY>Karolller HaKaJleHHOe TeJIO.

MorHocTte P;, KOTOpas pacxoAyeTcs Ha U3/lydyeHue HakaleHHOr o
Tena, MOXXHO BBIUMC/IUTh, YMHOXUB I[U Ha Ko3(pduuueHt Kk,
onpesesisieMbIi S5KCIIePUMEHTAa/IbHO:

P, = kIU. (3.3)
3nech k<1 — Ko3(puIieHT, yUUThIBAIOIIUI TTIOTEPU MOILHOCTH 3a
CYeT TeIUIONPOBOAHOCTU. 3HAueHus ero JJjs [JaHHOW JIaMIIbI

OTpeziesIII0TCA 110 rparKy, HaXOAIIeMyCsl Ha YCTaHOBKe.
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[TpupaBHuBas kIU K MOILIHOCTH, TepSIeMOU BOJIb(PAaMOBON HUTHIO
Y TIpeACTaB/JieHHOU B COOTHolleHWu (3.2) /s TOBEPXHOCTH S,

3dIlIrChbIBd€M:
kIU = a; SoT* .
Torma pansi omnpeneneHuss noctosiHHOM CtedaHa — bombliMaHa

moJjiyumnm cjiaeayrouiee COOTHOILIEHHEe:

kIU

— (3.4)
arST

o=

B KOTOPOM dry — KO3h@UIMeHT TIOIJ/IOI[eHUs] TIph JAaHHOM
Temrieparype 1, 3HaueHUs1 KOTOPOTO TpHUBeJEeHbl Ha rpauke Ha
yCTaHOBKe.

Ecmu 6b1 uccnenyemoe Teno Obulo abCOMIOTHO UYEpHBIM, TO
HalileHHass yKa3aHHbIM CrocoboM TemriepaTypa Oblla ObI ero
VUCTUHHOW TeMIlepaTypou, B MPOTUBHOM C/yyae OHa XapaKTepusyeT
TemriepaTypy abCOMIOTHO UepHOro Tejla, WMEIOLero [Jsi [JIUHBI
BOJIHBI 655 HM Ty »Ke pKOCTb, UTO U UcciaepyeMmoe teso. [loatomy
Takas TeMmriepaTypa HOCUT Ha3BaHWe SIPKOCTHOM TeMIlepaTypbl Tesa
tg, °C. Ilepexon K spKocTHOW abcosoTHOM Temmeparype Tg
OCYILIeCTB/ISIETCS TT0 U3BECTHOU (popMyJie

Tg=1tg+ 273. (3.5)
3Hags Tgq W cHekTpasbHbIA KO3(Q(@ULIMEHT YepHOTbl ar (CMm.
npuiaraeMbii K yCTaHOBKe TrpaduvK), MOXXHO HAWTU WCTUHHYIO
abcomoTHYIO TemriepaTypy T Tesa, BIYUC/IIEMYIO TI0 popMyJie
Ty

T= , (3.6)

1+£TglnaT
=)




S

rjae ¢, = 1.439-107 MK — [IOCTOSIHHAsA, A = 6.55-107 M — JUTMHA
BOJTHBI KpaCHOT'O CBeTa.

OIIMCAHME 3KCIIEPUMEHTAJ/IbHOM YCTAHOBKHU

[IpyHLMNIMa/IbHAsE  CXeMa  SKCIIepUMEHTallbHOM  YCTaHOBKH
n3o0pakeHa Ha puc. 3.1. B neBoii yacTH pHCyHKa MpUBeieHa CXxema
BKJ/TFOUEHUSI UCCIeAyeMOU JlaMIbl HakaauMBaHusi 12 ¢ Bob(paMoBOM
HUTBIO, KOTOpasi COCTOMT W3 TMOHWXKarollero TpaHcdopmaropa Tp,
peoctaTta R2, amnepmeTpa A u BosibTMeTpa V. B mpaBol ke yacTu —
001U BUJ 1 OCHOBHBIE Y3/1bl upomeTpa JIOIT-72.

[Tupomerp JIOII-72 m1oOCTpOeH TI0 K/JIaCCUUYECKOW CXeme

06
12 / n C OK
! O [ | S N
10ls / /Kl 4 ;o 3(231 N
Tp B (30230)° )
I ¢ S
D 2 7 11 2 1 12
zon] 0 4 ) o ;
R2 ; " 13
]
Puc. 3.1

MOHOXPOMaTH4eCcKoro NnupoMerpa C HCYes3arolljell HUTHK Hakalza U
BK/IFOUAeT B ce0si MMpOMeTpHUUeCcKyto jlaMmy JI, onTUUecKy CUCTEMY
Y OTZie/IbHbIM UCTOYHUK MUTaHWUS TMPOMETPUYECKOU JiaMIibl 13.

HI/IPOMETPI/I‘-IECKBH JlaMIld IMUTAeTCAd OT 3TOro UCTOYHHKA TOKOM,
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peryivpyeMbiM peoctaToM R1, BMOHTUDOBaHHbIM B  KOPITyC
NMMpOMeTpa, MyTeM BpallleHUs pPeryJvpOBOYHBIX KoJell 4 u 5 s
TOHKOW U rpy0oii pery/sMpoBKU. Perucrpaiiyss ToKa OCYIIeCTB/ISIeTCS
amriepmerpoM 11. [Insi W3MeHeHUsI BbICOTbI M HAK/JIOHA OMTHUYECKOU
OCM TNHUpOMeTpa TpeJHa3HaueHbl pyuku 6, 7, 8. IlepemeleHue
oobekTBa OO0 ocCylljecTBisieTcsl BpailjeHueM TpyOsl 9. HOns
npejoXpaHeHus1 00BeKTHBA OT MOBPEXAEHUM HUCITO/Ib3YeTCs 3alllUTHAas
Kpbiika 10.

Ontuyeckass cxemMa NOUpoMeTpa MpuBeleHa Ha puc. 3.2. B
dokyce obwvekTMBa OO TMoOMelljeHa MUpoMeTpuueckas jamma JI c
HUTBKO Hakana, u30rHyToM B (opme mnosykpyra. Okynasp Ok
MO3BOJISIET OIHOBPEMEHHO HaboAaTh CpeAHII YacTb HUTU
MUPOMETPUYECKOW  JlaMIibl W u300pakeHWe  TIOBEPXHOCTU
MCCIelyeMOro HarpeToro TeJsa, pacloio)KeHHOr0 B (hOKaJbHOM
MJIOCKOCTH  0oOBbekTHBa. [losiyueHWe pe3KOW BHUIUMOCTH HUTH
MMMPOMETPHUUYECKOU JlaMITbl OCYILeCTB/ISIETCS TlepeMellleHueM OKYyJisipa

Ok, a pe3koCcTH n300pakeHHst TOBEPXHOCTH UCCIeyeMoro Teja —

06

Puc.3.2
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nepemMelijeHHeM o0bekTHBa O0. Mexy MMpoMeTpruuecKou gamroi JI
u okyaspoM OK mnomeleH KpacHbid cBeTo@uabTp C, KOTOpPBIM
MPOMyCKaeT IMOUYTA MOHOXPOMAaTHUYeCKyK 4YacCTb CBeTa C JJIMHOM
BOMHBI 655 HM, MCITyCKaeMOT0 TeJIOM M HUTBI0. MeXay 00BbeKTUBOM
O6 u nammout JI mna usMepeHusi BbICOKHX (cBwime 1400 °C)
TeMIiepaTyp BBOASATCs roryiotuteny I1. Beibop cBetodunstpoB C u
noryiotutesied Il TIpOM3BOAUTCS TPEXMO3ULIMOHHBIMU TepeK/roua-
tenmsvu 1,2,3 (puc. 3.1).

[lupoMeTp  mipeAHa3HauyeH [ W3MEpPEHUS  SPKOCTHOM
TeMrepaTypbl HarpeThIX TeJl 10 UX TeMJIOBOMY U3/IyYeHHUIO B BUAUMOM
obnactu crmiekTpa B cBeTe 3((PeKTUBHON [MMHBI BOJIHBI 6551 HM.
Huana3on usmepsiembix Temriepatyp oT 900 mo 6000 °C. V3mepeHnue
TemnepaTtypbl  Bbiie 1400 °C  ocyliecTBisieTcs C  [OMOLLBIO
TIOTJIOTUTEJIEN.

HabGnomass  HUTb  MUPOMETPUYECKOW  jammbl  Ha  (poHe
pacKajieHHOTO Tejla, PeryjupyroT TOK HATU [I0 TeX I0p, M0Ka HUTh
CTaHeT HeBUMMOK Ha (oHe M300pakeHHs pacKaJeHHOIO Teja, UTO
TIPOMCXO/IUT TPH PaBEHCTBe SIPKOCTEM H300pa’keHHs PacKaJeHHOTO
Tesla 1 HUTK. 1o mokasaHusiMm amriepmeTrpa 11, BK/IFOUEHHOTO B LieMb
MMPOMETPUUECKOW JiaMIlbl, HWCIO/b3ysd Trpaduk, TpuaaraeMbid K
yCTaHOBKE, MOKHO y3HaTh, KaKOl TeMIiepaType abCOIFOTHO YepHOTO

Tejlda COOTBETCTBYET M3J/IyUyeHHE NCCileAyeMOoro TeJid.

ITIOPAAOK BbBIIIO/IHEHUSA PABOTbI

1. TloaroroBka yCTaHOBKHU K paboTe.
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1.1. O3HaKOMUTBCSA C YCTPOWMCTBOM, TIPUHLAIIOM [E€UCTBUS U
Ha3HaueHWeM pyuyeK YIpaB/ieHWs IMPOMeTPOM. BbIBUHTUTH
3al[UTHYIO KpbITKy 10 o6bekTrBa O6 (puc. 3.1).

1.2. YcraHoBuTh ucciefyeMyro jamny Ha paccrossHud 0.8+1 M or
nnMpoMeTpa.

1.3. IToBopoTOM pery/iMpoBoYHOro koselia 4 (puc. 3.1) mo ymnopa
BIIPABO BBeCTHU IIOJIHOCTBIO peocTtaT nuvpoMmerpa R1 B 1jernsb
NMAPOMETPHUUeCKOM Jamribl. KombLo 5 yCTaHOBUTH B CpejHee
TIOJIO’KeHWe MeXy KpauHUMU (/IeBbIM U MIPABBIM) TTOJI0’KEHUSIMU.

1.4. BkitounTh BWIKY IHypa 0/i0Ka MHUTaHUS TTHUPOMETPUYeCKOM
naMmrisl B ceTb 220 B.

1.5. I'mapa B okynsap Ok mupomeTpa, Me[JIeHHO Bpalljasg KojbLio 4
B/IeBO, [OOUTHCS TaKOro TIOJIO’KEeHUs, TPH KOTOPOM HHUTH
TTUPOMEeTPUUECKON JIaMIIbl CTaia Obl 3aMeTHO CBETUTBCH.

1.6. ITepemeiiienrieM okynsipa OK J0OWUTBCA UeTKOro U300pa’keHHs
HUTH NMMPOMETPUUECKOU JIAMITHI.

1.7. BK/IFOUUTb UCTOUHMK MUTaHUA UCCIelyeMou JlaMIibl B ceTb 220 B
¥ yBeJIMUEHWEM TOKa B Lenu C TMOMOLb0 peoctaTta R2
obecrieunTh BUAVMOE CBeUeHUe JIaMIIbI.

1.8. ITpousBecTr HaBOAKY MUApPOMeTpPAa Ha HUTb UCCAEAYEMOU JIaMITbl.
[lpy 3TOM HYXKHO [JOOWUTBCS TaKOTO TIOJIOXKEHUS, UTOOBI
M300pa)keHusi CpeJIHUX YacTed HUTel THUPOMETPUYEeCKOW U
VCCNIelyeMOM JlaMIl TlepeceKajvucb. OTO [JOCTUraeTcs IyTeM
V3MEeHEeHUs1 BBICOTHI IOJCTaBKM, HA KOTOPOM KPEIWTCA JlaMIla, a
Tak)xe IyTeM BpalljeHUs py4dek 6, 7, 8, ciyxKaljux [/ U3MeHeHs

BBICOThI M HAK/I0OHAa OMNTHUUYECKOW Ocy TrMpoMeTpa. HaBozaka Ha
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pPe3KOCTb  U300pakeHHWss ~ HUTH  WCCAeyeMOM  JIaMIIbl
OCYILIeCTB/IsIeTCsl BpallleHueM TpyOsi 9.
2. TlpoBenenue n3MepeHn 1 06paboTKa pe3yIbTaTOB

2.1. Jlng 3anucyd pe3yJ/ibTaTOB W3MEPEHWW U pacueTOB COCTABUTH

Tab/IHIy.
G,

NQ U, 13, <13>, T;:[, P, Bm

I, A ar k T,K | 2
m/n |B A |A K Bt
1
2
3

2.2. YcTaHOBUTb CeKTOp cBeTo(huabTpoB C U cekTop morjotutesen I1
B MoJioxkeHus 2 (cM. puc. 3.1).

2.3. YCcTaHOBUTb HEKOTOpoe HarpsbkeHHWe U Hakajia WCCiefyeMou
namribl B nipefiesiax ot 6 10 9 B 1 onpefie/iuTh COOTBETCTBYIOLUA
TOK Hakasa [.

2.4. Bpaillas pery/iMpoBouHble Komblia 4 U 5 (cM. puc. 3.1), ypaBHSITh
SAPKOCTM HUTEM WCC/IeyeMOW M THUPOMeTPUYeCKOM JiaMIl I10
HWCUEe3HOBEHUKD TEMHOW WA CBET/JIOM TI0JIOCBI B MeCTe UX
riepeceyeHrsi. CHATb TMOKa3aHus amrepMerpa 11 mupomerpa u

3HaueHMe I1I0Ka3bIBaeMOI'0 UM TOKaA I5 3aHeCTu B Ta6JII/IL[y.
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2.5. IIpoBectu usmepeHus o 1.2.4 Tpy pasa u OrpeeuTb CpeJHee
3HaueHue ToKa nupomMeTtpa <Iy>.

2.6. [IoBTOpUTH U3MepeHus M0 TyHKTaM 2.3—2.5 [Jid elje AByX
3HaueHWUM HarpspbkeHus: U Hakasia MCcjielyeMou J1aMITbl B
yKa3aHHOM Juaria3oHe.

2.7. OnpenenuTs Ji BCeX OMBITOB SIPKOCTHYIO Temriepatypy Tg,
WCTI0/1b3Y$s KPHBYIO Ka/IMOPOBOUHOTO rpaduika (HAXOAUTCS Ha
paboueM MecTe) ¥ HaliZileHHbIe 3HaUeHHsT CPeHET0 TOKa
nupometpa <Iz>.

2.8. 114 HalileHHbIX 3HaueHuH Tg onpefenuTs Mo rpaguKky
(HaxoauTCs Ha paboueM MecTe) KO3(PDHUI[HEHT MOTIOIeHUS
BO/Ib()pama ar.

2.9. BBIUKMCUTH MOII[HOCTD, TIOTPeO/IsieMyt0 JIaMIION, TI0 opMyJie
P=1U.

2.10. Onpesenuth KO3(PbuULMeHT K, yUUTHIBAIOLLWN [TOTEPIO
MOII[HOCTH 3a CUeT TerI0NPOBO/THOCTH, UCM0JIb3ysl I'Pa(UK,
HaXO/AIIMICS Ha paboueM MecTe, U HaliZieHHbIe 3HAaUeHUS
MOILHOCTH.

2.11. Onpesie/iMTh UCTUHHYIO TemMnepaTypy mno ¢opmyie (3.6).
2.12. PaccuutaTh noctossHHYr0 Credana — bosibliMaHa no popmyiie
(3.4), B KOTOpOIi S = (8.8 £ 0.3)-10™° M* — mosHAs TUTOMAAb

TIOBEPXHOCTH HUTU HaKasla UCC/ielyeMOM JIaMIIbI.

2.13. Ucnosb3yst TpU TOTYUEHHBIX 3HAYEHUs1, OTIpeJie/TUTh CpeJHee

3HaueHWe Y PaCCYMTaTh MOTPELIHOCTb U3MEePEeHHUs MOCTOSTHHOU

Credana — bosibLiMaHa.
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BOIIPOCBI 1 3AJAHUSA /151 CAMOKOHTPOJIA

1. YTo Takoe TerioBoe u3jiyuyeHue U KaKOBbI er0 CBOUCTBA?

2. JlaviTe ornpeziesieHUs SHEPreTUUeCKOU CBETUMOCTU U ee
CTMEeKTPaJbHOU MJIOTHOCTU. Kak OHU CBS3aHbI PYT C JPYTrOM?

3. Uro Takoe rorJiomaTeabHas criocobHocTh? Kakue Tena
Ha3bIBAIOTCS aOCOJTIOTHO YEPHBIMU U CEPhIMU?

4. CchopmynupyiiTe U BeiBeuTe 3aKoH Kupxroda.

5. Cdopmynupyiite 3akoH CtedaHa — bosibiimaHa.

6. CdopmynupyiiTe 3aKoH cMellieHus: Buna. [TocTporiTe 3aBUCUMOCTh
W3/TyuaTeIbHOM CTIOCOOHOCTH abCOTFOTHO U€PHOTO Tefla OT JIJTUHBI
BOJTHBI TIPU Pa3HbIX TeMIlepaTypax.

7. UTo Takoe ornrtuyeckas nmupometpusa? UTo NoHMMaroT B
ONTHUYECKOW MUPOMETPUM MOJ, PaAUALIMOHHOM, SPKOCTHOM U
1[BETOBOM TeMITepaTypoi1?

8. KakoBbI yCTPOWCTBO U MPUHLIUI I€UCTBHS ONTUYECKOT0

MMpPOMETpA C MCUYe3aroIL|ell HUTbIO?

JIABOPATOPHAS PABOTA Ne 3-11

OITPEAE/IEHUE
«KPACHOM I'PAHUIIBI» ®OTOIDDPEKTA
N PABOTbBI BIXOJA 3JIEKTPOHOB

Hemn pabGorel: 1) wu3ydyeHWe 3akKoHOB (oTosddexTa;

2) 03HaKOMJIeHHWe CO CHeKTpa/ibHOM XapaKTepUCTUKOW (hOTOKaTo/a;
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3) omnpejiesieHye AJIMHBI BOJTHBI CBETa, OCBellarolero (h0ToKaTo, Npu
KOTOpPOM TpeKpalaeTcsi SMUCCUsi (DOTO3EKTPOHOB; 4) omnpejeneHre
paboThI BLIXOZA 3/IEKTPOHOB M3 MaTepuasia KaTo/a.

IIpuGopsl W TPHHA/JIEKHOCTH. WCTOUHHK CBeTa — JlaMIia
HaKa/IMBaHUs, KOHJIEHCOPHasl JIMH3a, MPU3MEeHHbIM MOHOXPOMAaTOop
YM-2, (hOTO3/1eKTPOHHBIN YMHOXXUTEJTb DIY-18A,

cTabuMM3MPOBaHHbIN BBINPSIMUTE/Tb, MUKPOAMITEPMETD.

OIIMCAHWE 3KCITEPUMEHTAJ/IbHON YCTAHOBKHA

OKcIlepiMeHTa/ibHasi yCTaHOBKa cobpaHa Ha 0a3e TIpU3MeHHOTO
MOHOXpomaTopa YM-2. MoHoxpomartop (puc. 3.3) TipefCcTaB/sieT CoOoi
CTIEKTPOCKOTI, ¥ KOTOPOTO OKYJISIP 3pUTE/ILHOW TPyObl 3aMeHeH IIe/bio 4,
pacrionokeHHoi B (OKaqbHOW TIJIOCKOCTH oOOBekTHBa. I[Ipusma 5
OCYILIeCTBJISIET CIEeKTPaJbHOe pa3/ioykeHHe CBeTa JIaMITbl HaKa/IMBaHUSI.
[ToBopauvBasi MpH3My MOHOXpOMaTopa TyTéM BpalleHuss OapabaHa 6,
MO>KHO HArlpaBUTh Ha BBIXOAHYIO Ieab 4 OTZAe/bHbIe CTeKTPa/bHbIe
WHTEepBasbl WU3/y4YeHUs JlaMIlbl HaKaluBaHUS U TeM CaMbIM H3MEHUTh
YacTOTy OcCBellarolero ¢oToKaTo/ CBeTa.

[lnvHa BOJTHBI, @ C/iefloBaTeIbHO, ¥ YaCTOTa CBeTa OMpeesiFoTCs 110
TOJIOYKEeHUI0 OTCUETHOTO OapabaHa 6 MoHOxpomaropa. [Tepecuér meneHuit
OapabaHa B /JIMHBI BOJIH TIPOM3BOJAUTCA TI0 TpaduKy KaauOpPOBKH
6apabaHa, IpUI0’KeHHOMY K paboTe.

[MupvHa BbIXOAHOUM 4 W BXOAHOW 3 1e/ler peryupyeTcs
OapabaHuvkamu 1 ¥ 2 COOTBeTCTBeHHO. BpaileHue Tmpu3Mbl 5
OCYILIeCTBJ/ISIETCS 3a CUET NTOBOPOTA CTOJIMKA 7, HA KOTOPOM OHA YKpeIleHa.
3HaueHUs1 BXOAHOU 3 U BBIXOJHOM 4 I1je/iel AaHbl Ha SKCIIePUMEHTA/IbHOU

YCTaHOBKE.
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-

' 8 7

Puc. 3.3. Monoxpomatop YM-2

OnTtrueckass cxema 3KCIepUMEHTaTbHOM yCTaHOBKMU TpHBe/leHa Ha
puc. 3.4. Cet oT uctouHuka 1 (s1ammna HakaavuBaHus 12 B, muTatoiascs ot
MOHWXKAIOIIero  TpaHcopMaropa) €  TIOMOLLIBKO  OJHOJIMH30BOTO
KOHjleHcopa 2 (OKyCUpYyeTCsl Ha BXO/IHYIO 11ie/lb 3 MOHOXpoMaTopa Y M-2,

BBIZIEJISIIOIIET0  y3KUM  CIIeKTpajbHbIM UWHTEepBa/l, U Jajiee — yepe3

Puc. 3. 4. OnTrueckas cucrtema yCTaHOBKU
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BBIXO/IHYIO I1le/Tb 4 monaziaeT Ha KaToh, (hOTOYMHOXUTesist 6. C MOMOII[bIO
MepeMeHHOU BXOJHOU IIeqd 3 MOKHO MEHSITb BeJIMUMHY CBETOBOIO
MOTOKa. PerynvpoBKa BBIXOAHOW weMd 4 TI03BOJISIET BBIAE/SATH Y3KUM
CreKTpabHbI WHTEpPBa/l Iyuyka CBeTa, MpOLIEJIIero uepe3 TpU3MYy 5
MOHOXPOMaTOpa.

[I[pyeMHMKOM CBeTOBOIO TIOTOKa CAYXXUT  (POTO3/IeKTPOHHBIN
ymMHOXUTe/b POY-18A. B oTimure oT (OTO3/IEMeHTa, COZieprKalliero
KaTo/ M aHoj, (POTOYMHOXKHTeIb MeXAy KaTOAOM M aHOJIOM COJI€P>KUT
[JVHO/bI, KOTOPbIe UMEIOT MeTa/UTMYeCKyI0 NOBEPXHOCTh, UYBCTBUTEJIbHYIO
K 2JIEKTPOHHON OoMOapZupoBKe, M Osiarofiapsi BTOPUYHOM 3/1IeKTPOHHON
9MUCCUU YCUJIUBAIOT TTOTOK 3JIEKTPOHOB B MWJIJIMOHBI pa3. [Iutanue ®3Y
OCYIL[ECTBJISIETCS OT CTaOUIM3UPOBAHHOTO UCTOUHUKA MATAHMUS.

BbIxoiHOe HarpsbKeHWe UCTOYHMKA uTtanust POY cocrasiisteT oT 800
no 2500 B mpu Toke 4 MKA. HeoOX0guMO OTMETHTB, UTO «ILTHOC»
BBIXOJHOTO  HAmNpsDKeHWsl  COeJMHeH C  KOpPIyCOM  HCTOYHHUKA.
HecTabuapHOCT BBIXOAHOTO HarpshKeHWs WCTOUHWKA TIUTaHUS T10Ciie
nporpeBa B TeueHue 1 yaca He 6osee 0,5 %. MuHMManbLHOe pabouee Harl-
psbKeHHe Ju1d AaHHoro potoyMHoxuTens 750 B, makcumanbHoe — 1500 B.
Karog ¢oTtoymMHOXUTENST CYPbMSHO-1[e3UeBbIM, 00/afjarouii  Maioi
paboToli BBIXOJa W, Ce0oBaTebHO, «KpacHOW rpaHuiei» (oto3ddekTa,

HaXOZSIIeNCsT B BUAUMOM 00/1aCTH CTieKTpa.

IIOPAAOK BBIIIO/IHEHUA PABOTBI

1. Ha  ¢QotoymHOXUTenb  TofaiTe  HarpsbkeHWe — OT
BBICOKOBO/IbTHOTO ~CTaOW/IM3aTOpa HAIpPsDKeHUsl, BEJIMYMHA KOTOPOTO
yKa3aHa Ha yCTaHOBKe. [[7is1 3TOro HeoOXOAMMO BBITIOJHUTH CJIeAyIOIHe
JIeCTBUSL.

1.1. TloctaBbTe y cTabunusaTopa HampsyKeHUs BBIK/IHOUATE b
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BbIXOIHOTO Haripsi>keHus B 1oJiokeHre BBIKJ/IFOUEHO.

1.2. ITocTaBbTe pyuky CTyIleHUaTOM PeryIMpOBKU HarlpsyKeHUs] B
rionoxkenue 1000 B.

1.3. BkitounTe  IITENCe/JbHYH)  BWIKY  IIIHypa  ITATaHUS
crabwizaTopa B po3eTky 220 B, 50 I'i.

1.4. Bkmouute tymbnep CETHb 220 B. Tlpu sTtom 3aropurcs
CUTHa/bHas JIaMIIOYKA, YKas3bIBaloOLasl IIOSIPHOCTb COEAUHEHHOIO C
KOpITyCOM TioJitoca Tipubopa, u yepe3 20 - 30 ¢ KWIOBOJILTMETD JO/DKEH
MO0Ka3aTh BEJIMUMHY BbIXOZAHOTO HaMNpsyKEeHHs.

1.5. Yepe3 2 - 3 MMHYTHI IOC/Te BK/IOUEHUs CeTH TyMOiepom
HATIPSIKEHUVE BBIXOJA Bk/ItouMTe cTabuim3aTop Ha Harpysky. Ilpu
5TOM [0JDKHA 3aropeTbCsl CUTHAJIbHAS JIaMITOYKa BBIXOAHOTO HaMpsKeHUs
KPaCHOrO L|BeTa.

2. Bk/rouuTe IUTeNCeNbHYH) BW/IKY LIHypa IWTAHUSI WCTOUYHHKA
cBeta B po3etky 220 B, 50 I'Li.

3. Tlepem pery/ivMpoBKO# Iesieli MOHOXpOMartopa HeobXoJuMo
03HAKOMWTbHCSI C MHCTPYKI[MeH, puiaraemMoi K pabore.

YcTaHoBUTe LIMPHHY BLIXOAHOM 1jenu 4 MoHOXpoMartopa (puc. 3.3)
C TIOMOIIbIO peryMpoBouHoro OapabaHumka 1 mopsiaka 0,1 mm. IleHa
neneaust 0,01 MM, II03TOMy TMOKa3aHWs Ha OapabaHuUMKe [O/DKHBI
NpeBbIlIaTh AeneHue ¢ uudpou 10.

4. llupuHy BXOAHOM Iijei 3 moAbOepuTe ¢ MOMOIIBI0 OapabaHurKa
2 Tak, 4roObl TpPHM MaKCUMaJbHOM CHWTHajge, CHUMaeMOM C
(bOTOyMHOXUTeJISl, OTK/IOHEHWe CTPeJIKM He BbIXOAWI0 Obl 3a Tipeferbl
IKa/sbl MUKpoamriepmeTpa. /s 3Toro cHauasa HeoOXOJUMO OTKPHITh
BXOZIHYIO IIleJib U TIOBOpauuBaTh OapabaH 6 MHKpPOMETPHUUECKOrO0 BHHTA
IIOBOPOTHOT'O MexXaHW3Ma IPU3MEHHOr0 CTOJIMKa 7 [0 TexX I0p, IIOKa
(OTOTOK He JOCTUTHET MaKCHMMa/lbHOro 3HaueHus. [locne sToro cnepyer

CKOPPEKTHPOBaTh  BXOAHYIO  Iefb,  HaO/mojas  3a  CTpesKou
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MHUKpOaMIiepMeTpa, KOTopasi He I0/DKHA BBIXOAUTD 3a TIPeiesibl IIKaJIbI.
5. JlnvHy BOJIHBI CBeTa, OcCBelljaroillero (OTOKAToM, HW3MeHsHTe
BpailjeHreM OapabaHa 6 TIpU3MeHHOTO CTO/IMKA MOHOXpoMaropa. [1pu aTom
OTMeualiTe JieieHus IKaabl 6apabaHa ¥ TOKa3aHUs MUKpOaMIiepMeTpa.
Ons mepecuéta JeneHuii GapabaHa B [/MHBI BOJH HEOOXOAUMO
WCII0/Tb30BaTh ITIpW/IaraeMelii K pabore rpaduk KamubpoBku OapabaHa.

Pe3ynibTaThl U3MepeHUit 3aHecuTe B Tab/MiLy.

No nenenust bapabana | [IjvHa BOJIHBI A, HM Cusa Toka I, MKA

6. [locTpoliTe KpUBYIO CHEKTpPalbHOM XapaKTepUCTUKU KaToja
(OTOYMHOKUTE/IS1 M POaHaIU3UpyHTe eé.

7. DKCTpano/vpys AJIMHHOBOJIHOBBIM Kpau MOJTyUeHHOM KPUBOU
K HYJIeBOMY 3HaueHHUI0 I, HauauTe A,.

8. Berurciute paboTy BbIXOZa 37IEKTPOHOB B 3JIEKTPOHBOJITAX,

he
WCII0/Ib3yd COOTHOLIeHue A4 =-—.

8blX }\‘

0
9. OueHuTe CUCTEMATUUECKYIO T[IOTPELIHOCTb UW3MepeHUst

JUTMHBI BOJTHBI Ag M pabO0ThI BBIX0/1A Agyix.

BOIIPOCBHI 1 3AJAHUSA AJ1s1 CAMOKOHTPOJIA

1. B ueM 3ak/touaeTcs siBjieHHe BHellHero ¢oTo3addexra?
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2. CdhopmMynupyuTe OCHOBHBIE 3aKOHBI (hOTO3(PeKTa.

w

Kak o0bsicHsIT0TCs 3aK0HBI (hoTo3(h(eKkTa KBaHTOBOU Teopueit
cBeTta?

. 3anmmuTe ¥ 00BsicHUTe hopMYyTy DUHILITeHHA.

OOBsicHUTE SIBJIEHHE CeJIEKTUBHOTO (hoTo3(deKTa.

OOBbsicuuTe onbIT CTO/IeToBa.

N o U A

Kak 3aBHCUT KMHeTHYeCKast SHeprus (hOTO3/IeKTPOHOB
OT YaCTOThI CBeTa, TaZiatolriero Ha oToKaTos?

[TocTpoiiTe 3Ty 3aBUCUMOCTH U OOBSICHUTE €é.

JIABOPATOPHAS PABOTA Ne 3-12

MN3YUYEHUE ITEPBOI'O 3AKOHA
BHEIIIHEI'O ®OTO3PDPEKTA

Ilesib paboThI: M3yueHHe 3aKOHOB BHelltHero ¢oto3ddekTa.
IIpubopbl W TNPHUHAJ/IEKHOCTH: ONTUUYECKAas  CKaMbs,
dboTO31eMEHT B KOXKyXe, OMOK MHUTaHWsS (hOTO3/eMeHTa, UCTOUHUK

cBeTa C O/I0KOM TMHUTaHUsI, MUKPOAMIIepBOIbTMETP.

METO/] SKCIIEPUMEHTA

®oTo3(Q(eKT M3yuaroT C MOMOIIbI0 BaKyyMHbIX (hOTO3/IEMEHTOB
tina CBL wm ®3, cnekrpanibHash UYyBCTBUTEBHOCTb KOTOPbBIX
HaxOAWTCA B BUAMMOW YacTh crektpa. (Cxema BK/IHOUEHUS

doTo3MemMeHTa rpeZicTaBieHa Ha puc. 3.5. POTO3EeMEHT COCTOUT U3
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CTeK/ISIHHOM  BaKyyMHPOBaHHOW  KOJIOBI, Ha BHYTPEHHIOI0
MOBEPXHOCTh KOTOPOM HaHeCeH TOHKWK C/0u meTasia ((poTokaTof
K). Cob6uparoiiuii 3nekTpo/ (aHoz A) B BHie MeTa/UTMUeCKOro KObIia
BIasiH B 6a/lJIOH U TIOMeIIIEH B ero LieHTpe.

[Tpu o6nyueHnMn cBeTOM (HOTOKATOJAa BO3HUKAET 3IMHCCHUS
($h0TO3/1IeKTPOHOB, KOTOPbie B OTCYTCTBUE BHEIIIHErO 3/IeKTPUUeCKOT0
mosii  cobuparoTcs — BOMM3M  KaTo/a, obpa3ys  ob6sako
MIPOCTPAHCTBEHHOTO 3apsifia ()OT03/1eKTpOHOB. [Ipu 3TOM UacTh
(OTO3/1eKTPOHOB, HCITyCKaeMbIX KaTo/O0M, BO3BpaillaeTcsi oOpaTHO.
Ipyrasi e uyacTh, obsazaroiiasi OOIBIIMMHA CKOPOCTSIMU, TIPOXOJUT
Ha aHoZ,. Co3/aBasi 37IeKTpUUecKoe T0jie MeXAy KaTo0M U aHOZOM,
MMEIOIIUM TI0JIOXKUTE/IbHBINA TIOTeHI[Mal 10 OTHOIIeHUI0 K KaToAy,

MO>XHO BJ/IMATBb Hd 3JIEKTPOHHOE ob/1aKo.

r

| AN

Puc. 3.5

[Tom pmelcTBMEM  3/IEKTPUUYECKOTO0 MOJg  (POTO3IEKTPOHBI

YBJIEKAIOTCSl K aHOAY W 37eKTPUYECKUW TOK Bo3pacraer. BenuuuHa
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9TOr0 TOKa 3aBUCUT OT KOJIMYECTBA UCITYCKaeMbIX 3JIEKTPOHOB U OT
TIPUJIOKEHHOM Pa3HOCTH MOTEHLMA/I0B MeX/y KaTOZ0M U aHO[OM.
TunruyHble 3aBUCUMOCTU TOKa (POTO3/IeMeHTa OT MPUI0KEHHOT O
K ero 3jIeKTpoJiamM HarlpsyKeHUs — BOJIbT-aMIlepHble XapaKTepUCTUKU
(BAX) a1 pa3MMUHBIX CBETOBBIX MOTOKOB — MTOKa3aHbI Ha puc. 3.6, U3
KOTOpOTO CJIe[lyeT, UTO TIPU YBeJIMUeHWH HarpsbkeHUsl Bce Oorbliee
YKC/I0 3JIEKTPOHOB, BbUIETAKIIMX C KaToJa B eJUHULY BpeMeHH,
nonajgaer Ha aHog U (GOTOTOK Ig pacrer. Ilpy U > Uy Bce
(GOTO3/1eKTPOHBI TOMAJAalT Ha aHoJ, U POCT TOKa IpeKpalaeTcs.
Hactymaer pexxum HachblileHusi. BenuuuHa (OTOTOKa HaCBIEHUSs
3aBUCUT OT Tajaroljero Ha (OTO3/IEMEeHT CBeTOBOro TMoToka @.
N3MeHATh CBETOBOW TOTOK MOJKHO, HallpuMep, MyTéM HW3MeHEeHUs

PACCTOAHUA MeXAy TOUHeYHBIM MCTOYHHMKOM CBE€Ta U CI)OTOBJ'IEMEHTOM.

f;p l ‘{;fﬂt' 2 CD
T 2
Chae 1 @
/

D >@

2

P

Yin |7 4

Puc. 3.6
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Tak Kak AJI1 TOUeYHOI'O NCTOYHHKA CBeTd OCBEIleHHOCThb

|
E=—, (3.7)
r
rie I — WHTEHCMBHOCTb CBeTa, TIIaflalolllero Ha TOBEPXHOCTh

dboTo3/1eMeHTa TIJIoNIaZiblo S, TO

D= (szs . (3.8)

BenmvurHa (OTOTOKA HACBIL[EHUS I,  COIVIACHO TEepBOMY
3aKOHY (poTo3(PeKTa MponopLrOHaIbHA CBETOBOMY MOTOKY:

iuac=KD. (3.9)

M3 mnocmegHuX [ABYX COOTHOLLIEHWM CJlejyeT, uTO TOK

HachblllleHrds: 00paTHO TIPOTOPIIMOHANIEH KBaJpaTy PpAacCTOSIHUS T

MeXy TOUeUHbIM MCTOYHHMKOM CBETA U (1)0TO9J'I€M€HTOMZ

i = k(izjs. (3.10)

r

Ecnu yuects, uto I, k u S — IOCTOsIHHbIE BEJIMUUHBI, TO, BB
ob6o3HaueHne C=KIS, oKOHYATeSLHO MOXXHO 3amucaTh [Jjisi (POTOTOKA

HaCBIILIeHUs C/ie/lyIolliee BbIpaXkKeHue:
i =— - (3.11)

1
2

[Tomarass Maciirtab 10 ocu abcCIycC paBHBIM , MOJKHO

MOC/IeIHIOI0  (DYHKI[MOHAIBHYIO 3aBUCHMMOCTh HW300pa3suTh IIPAMOi
muauedi. IlocrosiuHas C mpefcTaBiisieT co0OM He UTO HHOe, Kak
TaHTeHC yIJIa HaK/AOHa JToM Tipsgmou. Takoe wu30bpakeHue
9KCTMIEPUMEHTA/IbHBIX JAHHBIX I103BOJISIET IPOBEPUTH BBITOTHUMOCTD

3aKkoHOMepHOocTh (3.11), a ciefoBare/ibHO, U TIePBbIM  3aKOH

doTosaddekra (3.9).
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OIIMCAHUE 3KCIIEPUMEHTAJIbHOUN
YCTAHOBKHA

Ilns TipoBepkH MepBOro 3akoHa (HoTo3ddekTa MpHUMeHsIeTCs
SKCTiepUMeHTaIbHasi YCTaHOBKA, BK/IOUaroIlasi B cebsi OMTHUUECKYHO
CKaMblO, Ha KOTODOW pacCIiojlararoTcs MCTOYHUK CBeTa (Jiamma
HakamuBaHusi 12 B) u noaBwkHbiM (doTosnemeHT CILIB-4, a Takxke
9/IEKTPUUECKYI0 CxeMy, M300pakéHHYI0 Ha puc. 3.5. ®oTo3/1eMeHT
HaxOJUTCS B CBETOHENPOHULIAEMOM KOXXyXe C OTBEPCTHEM HamnpOTUB
CBETOYYBCTBUTEIBHOTO C/104. [l mpefjoxpaHeHusi pOTO371eMeHTa OT
IOIaZjlaHisl Ha Hero pacCessHHOI'O CBeTa B KOXKyxXe IIpeZlyCMOTpeHa
3amuUTHas Tpyoa.

[TutaHve (QoTo37eMeHTa OCYIIeCTB/ISIETCSI OT HCTOYHMUKA
nutanusg  b5-49. YcraHoBKa HarnpsbkeHUst Ha aHojie (hOTO3/1eMeHTa OT
HYJIEBOTO [0 MaKCHMMasjbHOIO 3HAaueHWsl OCYIEeCTB/SIETCS PYYKOU
MOTEeHL[MOMeTpa, pacrosiokeHHOM Ha mnaHem b5-49. V3mepeHue
HarpspkKeHUs1  MeXZAy  KarogqoM W aHOAOM  TIPOU3BOJUTCS
MHKDOBOJIbTMETPOM V, BeluMuMHa CU/Ibl (POTOTOKA OIpefensieTcs
MHUKpOamIiepMeTpoM A, R — peryJrpoBOUYHOE COMPOTHB/IEHHE (CM.

puc. 3.5).

ITIOPAAOK BBIIIO/JIHEHUA PABOTDI

1. TIpou3BeauTe NOATOTOBKY YCTaHOBKH K M3MEPEHUSIM.
1.1. Y6enurech, uTo Bce TyMOJiepbl BbIK/TFOUEHBI.
1.2. O3HaKOMMBIIIKMCh C ONTUYECKOU U 37IeKTPUUECKON CXemMaMu

YCTAHOBKH, BKJ/IIOUNUTE IIOTEIICe/IbHbIe BW/IKHM IIIHYPOB IIMTAdHHUA B
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po3etku 220 B.

1.3. ®oTo371eMeHT €  3aKpbITBIM  BXOJHBIM  OTBEPCTUEM
PacIIOJIOKHUTE Ha PacCTOSIHUU 25 CM OT MCTOYHMKaA cBeTa. [lozaiiTe Ha
dboTosnemeHT HampsbkeHrde okosio 100 B u mpou3BefuTe OTCYET TIO
MHKDPOaMITepBOJIbTMETPY A TIpM 3aKpbITOM BXOJHOM OTBEpPCTHU
3alUTHOM TPyOBI poTO3/1EMeHTa. 3aTeM OTKPOITe OTBePCTHE U BHOBb
MPOU3BEJUTE OTCUET IO MUKPOAMIepBOJIbTMeTPY A. Pa3HOCTb 3THX
OTCUETOB TIpM OTKPbITOM U 3aKpbITOM 3al[uTe (POTO3/IeMeHTa,
co3/laBaeMasi CBETOM, pacCessHHbIM B paboueli KOMHaTe, He [JOJDKHA
MpeBbIlIaTh 1-2 [ejleHWH IIKajabl MHUKpOaMIlepBOJbTMETpa A.
YcraHoBuUTe pa3Mep OTBEPCTUSI MPUCOBOW [JuadparMbl MCTOUHHKA
CBeTa, pacIioJIOKeHHOIO0 Ha OMNTHUYEeCKOM CKambe, paBHbIM 0,5 cMm.
Bxmtounte TymOnep 6/10Ka TWTaHWST MCTOUHWKA cBeTa. OTKpoiite
OTBEPCTUE B 3alIUTHOM KOXKyXe (hOTO3/IeMeHTa.

V3meHsisi pasmep OTBEpPCTHSI MPUCOBOU AuadparMbl MCTOUHUKA
cBeta, fobeliTech, UTOObI CBETOBOM 3allUMK MHUKDPOaMIIepBOJIbTMETPA
A OTKJIOHW/ICS TIPpUMEPHO Ha BCH IIKaay, HO He BBIXOAW/I 3a ee
ripeJieJibl.

2. [IpucTynuTe K BbITIOJTHEHUIO 3a/IaHUM.

3aganue 2.1. CHATHE BO/IbT-aMIIEPHBIX XapaKTePUCTHK

Ilenbro 3TOrO 3ajaHus SAB/SETCS OIpeJe/ieHue HWHTepBasa
HamnpsDKeHWM, T[oJiaBaeMblX Ha (OTO37eMeHT, TIIpu KOTOPOM
Hab/tojaeTcss  (OTOTOK  HackllleHUsl. [ 3TOTO  BBITIOJIHUTE
c/eflyrolye orneparyu.

2.1.1. TlomecTtuTe (HOTO3/IEeMEHT Ha PacCTOSHUU =25 CM OT

HNCTOYHHKA CBeTd.
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2.1.2. YBenuuuBas HarpsbkeHue Ha (otossemente ot 0 B
nol5 B, cHuUMUTe TI0Ka3aHUS MUKPOaMIlIepBOJILTMETPOB A U V uepe3
Kaxbie 2 B.

[Tpu Gosiee BBICOKMX HANpPSOKEHUSIX H3MepeHUs! ITPOU3BOZUTE
yepes Kaxzbie 5 B 10 U4, TP KOTOPOM TOK I1epecTaeT PacTHy.

2.1.3. TIlpousBeguTe wu3MepeHHsT B O0OOpaTHOM IIOpsifKe,
yMeHbllas Harpskenue 1o 0 B.

2.1.4. Pe3ysibTaThl M3MepeHUi 3aHecuTe B Tab/I. 2.1.

Tabmira 2.1
No UB | iy MKA | i MKA | ip. MKA
/11 ri=25cm
1
p)
3

34ech iy — OTCUeT IIO LlIKa/le MUKPOAMIIepMeTpa; 'y — PACCTOsTHUE

oT (poTO3/IeMeHTa JJ0 UCTOYHUKA CBeTa, CM.

2.1.5. Tlpoussegute usmepeHus 1o n. 2.1.2 aag AByX APYyIUx
PacCTOSIHUM MeXAy UCTOYHUKOM CBeTa U (DOTO3/1eMEHTOM.

2.1.6. [In1s1 9TUX pacCTOSTHUI COCTaBbTe MOA00HBIE TaOJ/IULIBI.

2.1.7. IlonyyeHHbIe TPU 80/1bM-AMNepHble XapaKTepUCTUKU 151
pa3MUHBIX CBETOBBIX TIOTOKOB U300pa3uTe B Buze rpadukoB
3aBUCMMOCTH CWIbl (DOTOTOKA OT BeJUUMHBI MPUIOXKEHHOTO K
dboTO3/1eMeHTy HalpsKeHUsl U CPaBHUTE HUX.

2.1.8. AnHanu3upys T1oOJiydeHHble TpaduKu, OIpejeauTe
HaripsbkeHue U,q., TpU KOTOPOM HabmoziaeTcsi (OTOTOK HaChIIIeHUsT
Iyqc; U 3QMMIIWTE MOJTYUYEeHHBbIM pe3ysbTaT. VCronb3ys 3TO 3HaueHue

HallpsDKeHHs, IMMPUCTYIINTE K BBINIO/JTHEHHIO C/IeAYIOIIEro 3aaaHus.
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3apanue 2.2, IIpoBepka nepBoro 3akoHa ¢oro3ddekra

2.2.1. Tlopatite Ha ¢oTo3/1eMeHT HampsbkeHue U,q, 3HaueHHe
KOTOPOT'O HaW/leHO TPU BBINIOJIHEHUM TIePBOr0 3a/JaHusl.

2.2.2. PacnonoxuTte (pOTO3/IEMEHT Ha PAcCTOSTHUM 25 CM OT
VMCTOUYHMKA CBeTa. 3alvIlInUTe TI0Ka3aHus MUKpOaMIlepBOIbTMeTpa A.

2.2.3. I3MeHs1iTe  CBeTOBOM  IIOTOK,  TMaflalol[di  Ha
dboTO3/1eMeHT, yAasis ero OT UCTOUHUKA CBeTa, U yepe3 KaXkable 2 CM
3aIuChbIBalTe M0Ka3aHWs MUKPOAMIIePBOIbTMeTPa A igp;.

2.2.4. [loBTOpuTe Te ke OTCYETHI, BO3Bpalasi (pOTO3/EMEHT B
UCXOJHOE T0JIOKEeHUe, Yepes Te JKe UHTePBasIbl ig) .

2.2.5. Boikmtounte TymOsepbl TIpUOOPOB, OTK/IHOUMTE WX OT
CeTH, OTCOeJUHUTE IITHYPbI OT MUATAKOLUX PO3ETOK.

2.2.6. Pe3ynbTaThl U3MepeHUi 3aHecuTe B Tab. 2.2.

2.2.7. Onpenenure mnoctosiHHyto C 1o dopmyne (3.11),
WCIIO/Ib3YS 3HAUEHUE | o0 4718 F=50 CM.

2.2.8. [l71g Ka>K/I0r0 YCTaHOB/IEHHOT'O PACCTOSIHUS I TI0 (hopmyJie
(3.11) nomcuuTanTe 3HAYEHUE [ .4, UCTIONB3YS MNOCTOSAHHYHO C,
HalIeHHY!O 110 1M.2.2.7, ¥ pe3y/bTaThl 3aHeCTH B Tabm. 2.2.

Tabsmra 2.2

Ne n/m r, CM Ip1, MKA [p2, MKA | Ipep, MKA | [ ygc,MKA
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2.29. Ha ogHOM puUCYHKe T[pe[CTaBbTe  pe3y/bTaTbl

. 1
SKCIIEpUMEHTd M pacCueTa B BHUAE 3dBUCHMMOCTH | ; = f(—zj, d TdKXKe
r

. 1
lHClC OT r_z.

2.2.10. Tlo 53KCnepuMeHTa/JbHOM  KPUBOW  OMpefeuTe

NMocTosiHHYI0 C Kak TaHTeHC yr/ia HaK/IoHa MPSIMOJIMHEMHOTO yJyacTKa

o . 1 o
KPUBOM I ,qc OT — W CPABHUTE C I10JIyUY€HHOH 110 I1. 2.2.7.
r

BOIIPOCBI 1 3AJAHUA /I CAMOKOHTPOJIA

1. B uéM 3aK/Ir04aeTCsl CYLUIHOCTD SIBJIEHWS BHELIHEr 0

dboToaPpdekra?

2. ChopMynupyuTe 3aKOHbI BHellIHero ¢hotoaddekra u
00BSICHUTE UX.

3. MI306pa3uTe 1 00BSICHUTE TIPUUMHY PA3/INUUst BObT-
aMIIepHbIX XapaKTePUCTUK (POTO3/ieMeHTa /1Jisi pa3HbIX
CBETOBBIX ITOTOKOB.

4. IIpy KakuX yCI0BHSIX BO3HUKAeT TOK HAChILeHUs ?

5. O6BsiCHUTe BObT-aMIIEPHYI0 XapaKTePUCTUKY
¢doTo>3/1eMeHTa.

6. [TosicHUTe MeTOUKY onpeesieHust TOCTOSTHHOW C BO BTOPOM

3a/laHUM.
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