30 TEMNOBE

BUMNMPOMIHIOBAHHA

Inank Maxc (1858 — 1947) — nimeyoruii izux —
meopemux, meopeyb keanmosoi meopii. Hapoouscs ¢ Ki-
ai. 3axinuue bepnincokuil yHisepcumem. Haykoei pobomu
BIOHOCAMBCA 00 MEPMOOUHAMIKU, MEOPIL Men08020 6u-
NPOMIHIOBAHHSL, MeOPIi BIOHOCHOCTI, K8AHMOBOI Meopil,
icmopii | memooonoaii ¢ghizuxu, ghinocoghii. ¥ 1900 p. esie
NOHAMmMA K6aHma Oii, Yum 3aKiae No4amox KaHmosoi
meopii. 3a eiokpumms xeanma 0ii M. ITnank 6y8 yooc-
moenuti Hobenigcokoi npemii (1918 p).

§ 30.1. PiBHOBa:KHe BUIIPOMiHIOBAHHS

BunpominroBaHHs cBiTia BiIOyBa€ThCSI B pe3ybTaTi MEPEXOiB aTOMIB, MOJISKYJ Ta iH-
[IMX aTOMHHX CHUCTEM i3 CTaHiB 3 OUTBIIOI0 B CTAHU 3 MCHIIIOIO €HEPrier0. BunpomineHe CBITIO
Hece 3 CO00I0 YaCcTHHY €HepTii cucteMu. B 3aiiexXHOCTI Biff TOTO, Ie OepeThes I CHepris, po3-
PI3HSIOTH 1 Pi3HI BUAW CBiUCHHS. BUIIPOMiHIOBaHHS, SIKE CYNIPOBOPKYE XiMi4HI IIEPETBOPEHHS,
HA3WBAIOTH XeMiMOMiHecneHIiew. Hanpuknan, cBiveHHst pocdopy, KUl MOBITHPHO OKUCITIOE-
ThCs Ha MOBiTpi. CBiYEHHS B IIbOMY BHUIIJIKy BiJIOYBAa€ThCS 3a paXyHOK 3MEHIICHHS BHYTpIlI-
HBOI eHeprii Tila IpH 3MiHI Horo ximiuHoro ckiany. EjgexTposromiHicueHIiero Ha3uBaoTh
CBIYEHHS, SIKC BUHMKAE IIPU €JICKTPUYHOMY BIUIMBI Ha peyoBHHY. bomOapayBaHHS €JIeKTpOH-
HHUM ITy9KOM TBEPAMX TUT MOXKE BHKJIMKATH IX CBIYEHHS, K€ HA3MBAIOTh KATOMOJIIOMIiHiCIeH-
miero. [Iporecn BHIIPOMIHIOBaHHS, SKi BUHHKAIOTH BHACIIIOK OCBITICHHS TiJI, HA3UBAIOTHCS
(doTomomMiHicHeHITIET0.

B Tux BuUmagkax, KOIU €Hepris, HeoOXiTHa U1 BUIPOMIHIOBAHHS, HAAETHCS Ty HArpi-
BaHHAM, TOOTO MiBOIOM TEIUIa JIO TiJla, BUTIPOMIHIOBAHHS HA3WBAIOTH TEILIOBHM 200 TeMIepaT-
ypuuM. TeruroBe BUNIPOMIHIOBaHHS € HaHPO3IIOBCIO/PKEHIIIINM CBIYEHHSIM TLI, 1 BOHO Ma€ MicIe

nipu Oyzb-sIKif TeMIIepaTypi, OHAK IPH HEBUCOKHUX TEMIIEpaTypax

BUIIPOMiHIOIOTHCS TIPAKTUYHO TiIbKHU 0BT (iH(ppavuepBOHi) XBIIIL.

OTOYNMO TiJIO, SIKE BUIIPOMIHIOE €JIeKTPOMArHiTHI XBUII, HENPO-

HUKHOIO OGOJIOHKOIO 3 i/IealtbHO BinOuBaro4oro noBepxueto (prc. 30.1).

B obomnonwi — BakyyMm. Binbure 0007I0HKOIO BUIIPOMIHIOBAaHHS BIa-

JIe Ha TLJIO 1 TIOTIMHETHCSI HUM (Y4acTKOBO ab0 MOBHiCTIO). Takum un-

HOM, Oyzie BinOyBaTHCs Ge3repepBHII OOMIH SHEPTi€l0 MK TLJIOM 1 BU-

TIPOMIHIOBAHHSIM, SIKE OTOUYE HOTo. SIKII0 PO3MOJIII €HEepril MiXK TUIOM

1 BUIIPOMIHIOBaHHSM 3aJIMIIAETHCS HE3MIHHUM JUISI KOXKHOI JOBIKH-

Puc. 30.1 HM XBUJIi, TO CTQH CHCTEMH TiJIO — BUIIPOMIHIOBAaHHSI OyJie piBHOBaX-
HUM. JlocJIiau MOKa3yl0Th, IO €AMHUM BHIPOMIHIOBAHHSM, sIKe

Moske OyTH PiBHOBAKHMM € TelJiOBe BUIPOMIHIOBaHHs. Bci iHII BUIM BUIIPOMIHIOBAHHS —
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8 30.2. BunpominioganbHa i ROIUHATLHA 30AMHOCHE Ml

HepiBHOBa)XHI. PIBHOBayKHE BUIIPOMIHIOBaHHS XapaKTEPH3YIOThCS PSIOM BIACTUBOCTEH, MpHTa-
MaHHHX TUIBKH HOMy. 30KpeMa, I'YCTHHA MPOMeHeBOi eHeprii piBHOBaKHOT0 BUNTPOMiHIOBAH-
Hfl, il CHIeKTPANBHUIA CKJIAJ, HANIPSIMOK NMOIIMPEHHsI He 3ajieXKaTh Bia ¢opmu i marepiaay
TiJIa, NoMileHoro B 000;10HKY. Lli BIacTHBOCTI BU3HAYAIOTHCS JIMIIIE TEMITEpaTyporo Tiia. PiB-
HOBa:KHe BHUIIPOMIHIOBAHHSI OJHOPifHe, TOOTO HOr0 IryCTHHA € O/IHA i Ta K y BCiX TO4YKax
BcepeauHi 000;10HKH. BoHo i3o0TponHe i Hemoasipu3oBane. J[0 piBHOB2KHHX TPOILIECIB 3aCTO-
COBHI 3aKOHHM TepMoAnHaMikH. Lle o3Ha4ae, 10 TEIIoBe BUIPOMIHIOBAHHS TOBUHHO ITiKOPSTH-
csl IPUHIMIIAM TEPMOJMHAMIKU. ToMy MOXKHa CTBEpKYBATH, IO TEIUIOBE BUIPOMIHIOBAHHS €
3B’SI3YI0UOI0 JIAHKOIO M’K TepMOANHAMIKOIO i ONTHKOI0. 3ayBa)XMMO, 110 JI0 PIBHOBRKHOTO BH-
NPOMIHIOBaHHS (a HE TIIbKH JO PEYOBHHH) MOXKHA 3aCTOCOBYBATH IOHATTS TEMIICPATYpH, IO
JIOPIBHIOE TEMIEpaTypi Tija, SKe HOro BUNPOMIHIOE, OCKIJIbKA BUIPOMIHIOBAaHHS 1 TiJIO Tepedy-
BalOTh Y CTaHi TEPMOJMHAMIUHOI piBHOBary. Llel BaxIMBHil IPUHIIMIIOBUI MOMEHT OyB BIiepIe
3’sicoBaHui pociiicbkuM ¢izukom B.b. Tomitmanm (1862 — 1916) y 1893 p.

§ 30.2. BunpomiHIOBaJIbHA i NOTIMHAJILHA 31aTHOCTI TLJI

JIy1sl XapakTepHuCTHKN TEIUTOBOTO BUIIPOMIHIOBAHHS BBEAEMO JEsIKi BEIMUMHH, SIKI Xapak-
TEPU3yIOTh BUIMPOMIHIOBaHHS B TpocTopi. Li BennunHM MaroTh 3MICT JJ1s1 OY/Ib-SIKOTO BHITPO-
MIHIOBaHHSI, a HE TUTBKH JUTS PIBHOBaXKHOTO.

BunpominioBaibHa 31aTHicTb. [lepin 3a Bce BBEZEMO HMOHSATTSI €HEPTeTHYHOI CBITHOCTI
tina R.. Ilin enepreTnyHoI0 CBiTHiCTIO GyaeM0 po3yMiTH MOTiK eHeprii, 10 BUNPOMiHIOE-
ThCS OIMHHUIIEIO TIOBEPXHI BUMPOMIHIOIYOr0 TijIa y Beix HampsAMKax. BuMiproerscs enep-
reTHYHa CBIiTHICTH y Batax (BT).

3ayBa)xuMO, 10 BUIIPOMIHIOBaHHS CKIIAAETHCSI 13 XBIUIb PI3HUX 4acTOT @ (ab0 JIOBKUH 1).
[MoTix eHeprii, sIKMif BUIPOMIHIOETHCS OAMHMIICIO ITOBEPXHI TLIa B iHTEpBali 4acToT dw, MO3-
naunmo uepe3 dR,, . Sxino inTepBan do HeBenukuii, To notik dR, Oyne mponopiiitauit dw.
TobT0

dr, =r,do. (30.1)

Benuuuna I, HA3UBAETHCS BUMPOMIiHIOBAIBHOIO 37aTHiCTIO Tija. 13 (30.1) BuaHO, M0 BUM-
POMiHIOBAJIbHA 3JaTHICTD € He WO iHIe, IK BeJIMYMHA MOTOKY eHeprii (moTyKHicTb BUNI-
POMiHIOBaHHS), IKA BHIIPOMIHIOETHCS OMHUIEIO MOBEPXHI TiJIa B OMMHHYHOMY iHTEpBa-
Ji gyacror. TobGTo

r, & (30.2)
do

OCKIJTBKY BUIIPOMIHIOBAJIbHA 3/1aTHICTD 3aJI€KHUTh BiJ YaCTOTH, TO ii II€ 4aCTO HA3UBAIOTh
CNEeKTPAJBLHOI0 T'YCTHHOIO BUNIPOMiHIOBAHHSI.

JlocBix mokasye, 110 BUNPOMiHIOBaJIbHA 3AaTHICTh 3aJIEKHUTh HE TIJIBKH BiJl 4aCTOTH, ajie i
BiJl TEMIIEpaTypH BUIPOMIHIOIOUOTO Tijla, TaK [0 BUIIPOMiHIOBAJIbHA 3JJaTHICTh € (DYHKIis Yac-
TOTH 1 TemuepaTypH (I,r). BiIOBiqHO 1 eHepreTHYHA CBITHICTh R Takok € QyHKIUI€0 4acToTH
i Temneparypu R,,r.

3HaI04M BUIIPOMIHIOBAIBHY 3/IaTHICTh, MOXKHA BUPAaXyBaTH EHEPreTHYHY CBITHICTD R,:

Re = [dR,r = Terda). (30.3)
0

BunpowmiHroBaHHS MOXKHa XapaKT€pHU3yBaTH 3aMicTh YacTOTH @ NOBXHHOIO xBwii A. [li-
JISTHITI CTIEKTpa de OyJie BiAIOBIAaTH iHTEpBAIl JOBXKHIH XBWIb dA. JIOBXKWMHA XBIII A TIOB’ si3aHa
13 YaCTOTOO (v CITiBBIHOIIICHHSIM
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30 Tennoee eunpomino8arHs

PRI (30.4)
\% w

Nudepenniroroun (30.4), 3HAXOMMMO CITiBBIIHOLICHHS, SIKE OB sI3ye MiXk c000t0 dA i dw:

2
2nc A
di = ——-do = -—do. (30.5)
® 2rc
3nak “—" y Bupasi (30.5) icToTHOro 3HAYCHHsI HE Mae, BiH JIMIIE BKa3ye HA T€, IO i3 3pOCTAHHIM
OJTHI€T BEIMYMHH, @ a0o0 A, iHIIA BEJIMYMHA 3MEHIIYEThCS. TOMY 3HaK “— MU Hajai IucaTtu He
Oynemo.

BpaxoByroun Buile ckazane, J0JIs1 EHEPTeTUYHOI CBITHOCTI, sIKa IIPUIIaa€ Ha IHTEpBa dA,
o ananorii 3 (30.1), Mmoxxe OyTH Hpe/CTaBlICHA Y BUIJISII:

dR, = r,dA. (30.6)
Sko dw 1 dA, sxi Bxogsate y Bupasu (30.1) i1 (30.6), noB’s3ani chieeignomrennsM (30.5),

TOOTO BiJHOCATHCS O OAHI€T i Tiel x HinstHKE criektpa, To Bennunan dR,, i dR; moBunHI GyTH
piBHUMU:

r,deo = r,di. (30.7)
3aminusinu B (30.7) d2 Bignosiguo (30.5), orpumaemo:
27c 22
r,do =r, o = r, —do, (30.8)
a)z 2rc
3BiJIKH
- T ] (30.9)
e hp2 T e AT 0ome 0?22 '

3a monomororo (30.9) MoxHa mepelTy Bif I 10 I, 1 HABMAKH.

HornmaansHa 3paTHiCTL. Hexall Ha eneMeHTapHy IUIOIIAJKy MOBEPXHI TiIa Majae IOTIK
npomeneBoi exeprii dR,, , 3yMOBJICHHI €IEKTPOMATHITHUMH XBUJISIMH, YacTOTa SIKMX OOMEKEHa
iHTepBasioM dw. YactuHa uporo noroky dR’, 6yae nornmuHyTa TiioM. Toxi 6e3po3mipHa BeTMIrHA

. R,
“ dr,’

(30.10)

TMIOKa3ye, sIKa JOJIs Heprii, 10 aJlae Ha TL10, HUM IOIIMHAEThCs. Benmunny a,, Ha3uBaloTh Mor-
JIMHAJIBHOIO 3ATHICTIO Tija.

[MornuuanpHa 34aTHICTH SIK 1 BUIPOMIHIOBaJIbHA 3/IaTHICTh TAKOX 3AJICKUThH BiJI TeMIiepa-
Typu. ToOTO € QyHKIis 4acTOTH 1 TeMIepaTypH (8,T).

§ 30.3. AGcoTI0THO YOpHE TijI0

Tixa, siki 31aTHI MOTJIMHATH BCe BUNPOMiHIOBaHHS (OyIb-S1KOI JOBKHHH), IKe HA HUX
najgae npu Oyab-sikiii TeMnepaTypi, Ha3MBaOTH a0COJIOTHO YOPHUMHU. 32 BU3HAYCHHSIM,
JUIsl A0COFIOTHO YOPHUX TUT 8,7 = 1 1pu Oyap-sKUX DOBKMHAX XBWIb 1 IPU OyAb-AKil TemIie-
parypi. AOCONIOTHO YOPHUX Tid 5K 1 OyIb-IKHMX IHIIUX i/1€aTi30BaHNX 00 €KTIB B NPUPOIL HE
icHye. OHAK, MOXKHA 3HAWTH TiJa, SKi Tye OJM3BKi 32 CBOIMU BJIACTHBOCTSMU JIO aOCOIFOTHO
JopHHX (Caxka, KuTaiicbka Ty, Oapxar). Halikpammm HaOIIKEHHSIM 10 abCONMIOTHO YOPHOTO
TiJIa € 3aMKHYyTa [TOPOXXHWHA, B CTIHII SKOI 3p00JICHO HEBEIHMKHUI OTBIp, Uepe3 KU BUIIPOMIHIO-
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8§ 30.4. 3axon Kipxeogha

BaHHS MOXe BUXOOUTH Ha30BHi (puc. 30.2).

SIKII0 CTIHKM TaKoi MOPOXHUHM HENPO30pi, TO MPHU JOCTaTHHO MaJIMX po3Mipax OTBOPY B
TIOPOXKHHMHI BCTAHOBHUTHCS BUIIPOMIHIOBAHHS, OJIM3BKE 10
piBHOBaxkHOTO. Yepes oTBip Oyae BUXOIUTH NPAKTUIHO
TaKe K BUIPOMIHIOBaHHS, SIK€ BUIIPOMIHIOBAJIOCH O1 abco-
JIFOTHO YOPHOIO IUIOMIAKOIO Ti€l K (hopmu 1 po3mipiB. Sxmio
Yyepe3 OTBIp B MOPOKHUHY MPOMJIE POMIHB CBITJIA, TO ICIISA
0araToKpaTHOTO BiJIOMBAaHHS 1 PO3CISTHHS BCEpEHHI I10-
POXXHUHHM BiH IPAKTHYHO ITOTIMHETHCS TTOBHICTIO. Lle o3Ha-
Yae, 10 MoAi0Ha MOPOKHUHA 3 MaJIEHHKIM OTBOPOM Belie
cebe sk aOCOJIIOTHO YOPHE TIJIO.

B Teopii TemioBoro BUIpoOMiHIOBaHHS MOPSI/T 3 TIOHST-
TSIM aOCOJIFOTHO YOPHOTO TLJIA YAaCTO KOPHCTYIOTHCS 1HILIOKO
1/1eaJT1i30BaHOI0 MOZICIUTIO PEATBHUX TiT — cipuM Tijiom. Ti-
Puc. 30.2 JIO Ha3WBAIOTh CIPMM, SKIIO HOTO MOIMHAIBHA 37aTHICTH
OJIHAKOBA JJI BCIX YacTOT (MOBXKHH XBHIIb) 1 3aJICXKHUTh
TUTBKH BiJI TEMIIEpaTypH, MaTepiaiy i cCTaHy HOBEpXHi, pudomy ar < 1.

§ 30.4. 3akon Kipxroga*

Mix BUIPOMIHIOBAJBHOIO 1 TIOMIMHAIBHOIO 3JJATHOCTAMU Oy/Ib-SIKOTO TijIa iCHYE IEeBHUN
3B’s130K. B 1IbOMY MO>KHA IEpEKOHATHCS, SIKIO PO3IIISIHYTH HACTYITHUH eKcriepuMenT. Hexaii B
JIesIKy OOOJIOHKY, 3 SIKOI BIJICMOKTAHO TIOBITpS 1 B SIKIH HIATPHIMYETHCS

cTaja TemIieparypa, nominieHo aekineka Tin (puc. 30.3), ski mix

c00010 MOXYTh OOMIHIOBAaTHCS €HEPTi€I0 IILIIXOM BHUIIPOMiHIOBaH-

@ HS 1 TTOTJIMHAHHS €JICKTPOMAarHiTHUX XBWJIb. Jlocmig mokasye, 1o
@ Taka cucTeMa 4epes JIeIKHi Jac repeiisie B CTaH TeIUIOBOi PiBHOBA-

T'M — BCi TiJIa MPUAMYTH OJHY 1 TY X TeMIlepaTypy, piBHY TemIiepa-

@ Typi 06ononkH 7. Tino 3 GiNBIIOI BUMPOMIHIOBAJILHOIO 3/1aTHICTIO

BTpavae Oible eHeprii 3 OAMHUII MOBEPXHI, HIX TUIO 3 MEHIIO0
BHIIPOMIHIOBAJILHOKO 3IATHICTIO. A OCKUTBKH TEMIIepatrypa Til He
3MIHIOETBCS, TO TiJIO, SIKE OijIbIlle BUIIPOMIHIOE €HEprii, TOBHHHO i
Puc. 30.3 OUIbIIIE MOMIMHATH, TOOTO BOJIOMITH OUIBIION IIONIMHAILHOIO 31aT-
HicTo. TakuM 9YWHOM, YMM OiNBIIa BUIPOMIHIOBAJIbHA 3/IaTHICTH
Tina r,y, THM OLIBIIA 1 HOrO MOMIMHAJIBHA 3MaTHICTE Q,7. 3BIACH BUIUIMBAE CITIBBIIHOIICHHS:

r r r r
( oT )l — ( oT )2 — ( ol )3 = ... = (“’_T)k, (30_11)
awT awT awT awT

ne ingekcu 1, 2, 3, ... BIAHOCATHCS 10 PI3HUX TiJI.

Kipxrog y 1859 p. chopmysnroBaB HacTymHMIT 3aKOH: BiTHOLIEHHSI BUNIPOMIHIOBAILHOI 31aT-
HOCTI TiJIa 10 HOTO NMOIIMHATIBHOI 31ATHOCTI He 3aJIesKUTh Bil #ioro mpupoau i BOHO € 151 BCix
TiJT O/HIEIO i Ti€I0 3K YHIBEPCATHHOI PYHKIIEI0 YaCTOTH (TOBKHHM XBILT) i TeMmepaTypu:

)
Tot _ f(a,T) a6o L1 _ o), (30.12)
a,r ar

Cami BeTUUUHH [,7 1 dy7, OKPEMO B3STi, MOXKYTh 3MIHIOBAaTHCh Y BEIHKHX MEKaX TPH TIEPEX0-
Il B1JI OJHOI'O TUJIA O 1HIIOro. BiAHOIIEHHS K X BUSBIISCTHCS OJHAKOBUM JUIS BCIX TLIL.

*Kipxro¢ 'ycras Pobepr (1824 — 1887) — nimeupkuii ¢pizux (mus. ct. 259).
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30 Tennosee sunpomino8arHs

3axon Kipxroga € TOUHUM KiUTBKICHUM y3araJbHEHHSIM INpaBHiIa, SIKE eMITiPUYHO BCTaHO-
BuB e y 1809 p. Ipeso (1751 — 1839). BiamosiaHo 10 1HOT0 MpaBuia, AKIIO MOTJIHHAILHI
30aTHOCTI Tij Pi3Hi, TO OyayTH pPi3HUMM i IX BUIPOMIHIOBAIbHI 31aTHOCTI.
o Sxmo 3actocyBatu 3akoH Kipxroda mo
I aOCOTIOTHO YOPHHX T, JUISL SIKUX d,r =
1, To popmyua (30.12) HaOyne BUIIISALY

r.=f@T). (30.13)

I3 (30.13) BuaHO, 110 Wist aGCOMOTHO
YOPHOT'O TiJIa BUPOMIHIOBAJIGHA 3/IATHICT
€ YHIBEpCAITBHOIO (DYHKIIIEI0 YACTOTH 1 TeM-
nepaTypH.

ExcniepuMeHTansHO Oys0 BCTaHOBIIC-
HO BHUIJIsL yHiBepcanbHoi GyHkil f(w, T)

0 a6o ¢(4,T) (puc. 30.4). ITnoma, ska OXor-
YJ'II)Tpa(biOIICTOBS lﬂ(bpaqepgoﬂe A JroeThCs KPHUBOIO, YMCCIIbHO HOpiBH}O€ CHEP-
BUIPOMIHIOBAHHSI BHUIPOMiHIOBaHHS TeTUYHIA CBITHOCTI aOCONIOTHO YOPHOTO
Buaume Tija MpW BigmoBigHINM Temmepatypi. [Ipn

BUIIPOMiHIOBAHHS I IBUIICHHI TEMIIEPaTypu MaKCUMYM BH-

Puc. 30.4 MIPOMIHIOBAIEHOI 3aTHOCTI 3MIIIYETHCS B

01K KOpOTKMX XBHIIb. [Ipn Temmepartypi, BU-
mii 5250 K, MakcuMyM BHITPOMIHIOBaHHS ITPUTIAJIA€ Ha )KOBTE, CUHE 1 (i0JIETOBE CBITJIO.

8§ 30.5. 3akon Credana-Bonbumana

TeopermuHe 0OTPYHTYBaHHS 3aKOHOMIPHOCTEH BHITPOMIHIOBAaHHS a0COIOTHO YOPHOTO TiJia
MaJIo BEJIMKE 3HaYCHHS B iCTOPIi (hi3MKM — BOHO IPHU3BEIIO JI0 ITOSIBU ITOHATTS KBAHTIB €HEPTii.

JoBruii yac crpoba TEOPETUYHO OTPUMATH BUII yHiBepcanbHOT QpyHkiii f(w, T) e nasa-
Jla 3arallbHOro po3B’s3Ky 3axavi. Y 1879 p. aBcrpiiichkuit dizuk Credan (1835 — 1893), anaui-
3yI0UM eKCIIEpUMEHTAIbHI JIaHi, JIMIIOB BUCHOBKY, 110 €HEPreTHYHa CBITHICTh Rt Oymp-skoro
TiJa IpOIIOpLiiiHA YETBEPTOMY CTETIEHIO a0COMOTHOI TemmniepaTypu. Y 1884 p. inmmii aBcTpiid-
cekui (i3nk boiblMaH, BUXOSUM 13 TEPMOAMHAMIYHUX MiPKyBaHb, TEOPETUYHO OJCPIKAB IS
€HepreTHYHOI CBITHOCTI aOCOIIOTHO YOPHOTO TiJIa HACTYITHE 3HAYCHHS

Ry = [f(0,T)do = 0T, (30.14)
0

ne 0 =5,67-10% Bm/m* - K* - crana, T — abcomoTha Temneparypa. Bemuuna o € He mo in-
re, fIK KLIbKICTh eHeprii, IKa BANPOMiHIOETHCs 32 oquHuII0 Yacy (1c) oxnum kBaapaTHuM
MeTPOM NOBePXHi a0COTI0THO YOPHOro Tiza, mo mae temnepartypy 1 K. Koncranry o Hazu-
BaloTh cTa/1010 CTedhana-boabumana.

Bupas (30.14) orpumaB Ha3By 3akony (popmymnu) Credana-bonbimana. Lleit 3axon nepesi-
psiBest HiMenbkuMu ¢izukamu y 1897 p. O. JTiommepom (1860 — 1925) i E. TTpunrcreiimom (1859
—1917) npu BUNpOMiHIOBaHHI aOCOIFOTHO YOPHOTO TiJla B IHTEPBAi TEMIICPATYP BiJl TEMIIEPaTy-
pu pinkoro noitpst (~83 K) mo T = 2300 K i 3HANIIOB MMiATBEPDKEHHS B IIHPOKOMY TEMIIEpa-
TypHoMy inTepsaii (puc. 30.5).

HOpurmax 30.1. 3natimu nomyosicnicme UNPOMIHIOBAHH AOCOMOMHO YOPHOI Kyai, AKd
3Haxooumucs 6 kKimuami npu memnepamypi T =20 °C . Paodiyc kyai r = 10 cm.
Po3B’s130k. [lomyoicnicms 6unpomiHIO8anHA KYJii Ye eHepeis, o GUNPOMIHIOEMbCA KYEI0 3d
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8 30.6. 3axonu Bina

00UHUYIO Yacy:
Bs P = R,S, @)
oe R, — enepein, wo sunpominioemscs 00uUHUYeEr0 NOGEPXHI 3a
I (inmeepanvha unpominiosanbha sdamuicmp), S = 4z — no-
8EPXHA K)JIi.

IHmeepanvHa BUNPOMIHIOBATLHA 30aMHICIb GUIHAYAEMb-
ca 3akonom Cmegana-Bonvymana:

Rr = oT?, )

0e 0=5,67-10% Bm / »? - K*, T - abcomomna memnepamypa.
Bpaxoeyiouu (2), ompumaemo:

0 P=0oT*S=4n0T’ =
AGcomorHa Temneparypa, T 3
m

MZ'K4

= 4(314)(5,67-107° )(293 K)* (0,1 7)? =52,5 Bm.

Puc. 30.5

8§ 30.6. 3akonu Bina

V 1893 p. nimenpkuit ¢isux B. Bin (1864 — 1928) TeopeTnyHO BHBIB 3aKOH, SIKHI 3aIUCY€-
TBCSI TaK:

TApax =D, (30.15)

ne b — crana Benuumna. Bupas (30.15) HasuBaroTs 3aKoHOM 3MilneHHst Bina: moB:kuHa XBHUI,
sIKA BiMOBiIa€ MAKCMMAJILHOMY 3HAYE€HHIO BUIIPOMiHIOBAJILHOI 3IaTHOCTI a0COJIIOTHO Y0p-
HOTI0 TiJIa, 00epHEHO NMPoNopLiliHa fioro a0COMIOTHIN TeMIepaTypi.
3akon 3mimennst Bina (30.15) HeomHOPa30BO MimaBaBCs eKCIEPUMEHTAIbHIM epesipii i
TIOBHICTIO Y3TOJDKYETBCSI 3 pe3yapTatamu excriepumentiB (puc. 30.6). 3a cydacHUMHU JaHUMY,
crana Bina b = =2,896 - 10° » - K. I3 (30.15) BuaHO, 110 HpH IIi ABHILIEHHI TeMIIEpPaTypH abco-
Mo | JIFOTHO YOPHOT'O TiJIa MAKCHMYM HOTO BUIIPOMIHIOBAJIb-
| HOI 3/aTHOCTI 3MIIIy€ThCSI B OIK KOPOTKHX JIOBXKHH
A xBuib (puc. 30.4 i 30.6).
Po3paxyHKH 3a7€KHOCTI Ay, BiZ TEMITEpaTypH MO~
Ka3yloTh, IO IpHU TemIiepartypi, menmiii 3a T = = 4000
K, MakcnuMyM BHIIPOMiHIOBAJIBHOI 3/JaTHOCTI a0COJIIOT-
HO YOPHOTO TiJIa JISKHUTH 38 ME&KaMU BUIUMOI TiISTHKA
CIEKTpa 1 NpHrazae Ha IUITHKY iH(pauepBOHOTO BH-
npowminropansst. Ipu T = 3000 K Ay = 9,6:107 M. TTpu
T = 5000 K mMakcuMyM BHUIIPOMiHIOBAaHHS BiAIOBigae
JKOBTO-3€NICHOMY KOIBOPY (Amax = 5,8'107 m). Ilpu
0 Temrieparypax, Bummx 3a 6000 K, makcumym 3minry-
€TBCSA B YIIbTpadioneToBy AUIHKY criektpa (puc. 30.4).
Puc. 30.6 I 3akon Credana-bonbimana (30.14), i 3akoH 3Mi-
mennst Bina (30.15) MoxHa BHKOpHCTAaTH IUISl 3HAXODKCHHS TeMmreparyp moBepxHi COHIL
OO0nyBa 3aKOHH JAIOTH O/THAKOBE 3HAUCHHS TeMuepaTtypH rosepxHi Conrs — 6ist 6000 K.
Inmmii 3akon Bina (sikuif, 10 pedi, BUILTHBAE i3 3aKOHY 3MillleHHs BiHa) BKa3ye, 1110 MaKCH-
MaJIbHA BUIIPOMiHIOBaJIbHA 3ATHICTH a0COIIOTHO YOPHOTO Tija 3pOCTAE MPOHOPIIHHO IT°SITOMY
CTETeHIo abCOMOTHOI TeMITepaTypr

=aT”>. (30.16)

1 max
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ne a=1,30-10°Bm/»* - K° - crana Benuunna. Inoxi Bupas (30.16) HasHBAIOTH APYrUM 3a-
KoHOM BiHa.

Mpuxaan 30.2. a) Ipu sxit memnepamypi MaKCUMALbHA SUNPOMIHIOBALLHA 30AMHICTIb
AbCOMOMHO HOPHO20 MINA NPUNAOAE HA O0BIHCUHY XBUNL Aygy = 1,0 nm? 6) Ha siky 0oedicumy
X6uni npunaoae MakCuMaibHa BUNPOMIHIOBAbHA 30AMHICMb AOCOIIOMHO YOPHO20 Mina npu
memnepamypi T = 800 K?

Po3B’s130K. Temnepamypa 6unpoMiHIOBaHHS i O0BICUHA XEUIE, HA AKY NPUNAOAE MAKCUMA-
JIbHA GUNPOMIHIOBALLHA 30amHICIb, 36 s3ani 3akonom smiujennst Bina (30.15):

Thmax = D, )
0e b =2896 107 u - K — cmana eenuuuna. I (1) maemo:

b 289107 u-K

T = . = 2,896-10° K,
j’max 1077 m
-3

Aoy = b _28%6-107 »- K _ 3,62-107% .
T 800 K

8§ 30.7. Po3nonis1 eHeprii B ceKTpi BUNPOMiHIOBAaHHS 20COJTIOTHO YOPHOI'O Tijia

Cripo6u 3HalTH aHATI THYHMIA BUpa3 yHiBepcanbHOI GyHKIIT )1 = @(4,T), sika 3a10BOIbHSIIA
0 eKCrIeprMEeHTAIbHIM KPHBHM, TPUBAJIMK Yac HE MaJIM YCITiXY.

B 1896 p. B. Bin 3anpononyBaB aHaiTHYHNIN BUTIISL (DYHKLIT PO3IIOITY SHEPTii B CIIEKTpi
BHIIPOMiHIOBaHHSI a0COIIOTHO YOPHOT'O Tija!

s
e = ahd e 4T, (30.17)

Iie ay i by — crami BenmmumHM.

®opmyna Bina (30.17) maBanma mocraTHbo 100pe CIIBIAJAHHS 3 PE3yNIbTATaMU JOCIILY
IUIsE Maiux 3Ha4deHb AT, ToOTO [Ist KOpOTKOXBHIIBOBOI yactuhu crekrpa (puc. 30.7).

[Nopmanbii TeopeTHyHi TOCITiKEHHS BUIIISLY YHIBepcabHOI GyHKLi Kipxroda Oyiu 3xiiicHe-
Hi Peneem i JkincoM Ha OCHOBI KIIacH4HOI craTrcTraHol (isukn. Y 1905 p. BOHM OTpEMAH TaKy
(dhopMmyty mist GYHKIIT PO3TOILTY SHEpTii B CIIEKTPi BUITPOMIHFOBAHHS 20COTFOTHO YOPHOT'O TiJia:

My = 2zckTA™, (30.18)

ne k — crana Bonpumana, ¢ — BUAKICTE CBiTIIA, T — aOCONMOTHA TEMIIEpaTypa.

®opmyna Pemesi-/Ixinca (30.18) no6pe y3romkyBanach 3 eKCIEPUMEHTAIBHIME JAHUMH B
o0nacTi JOBruX XBWIb (BENMKUX 3HaueHb AT). sl KOPOTKUX XBWIIb BOHA Oylia sIBHO HETPaBH-
nbHOW (puc. 30.7). ®opmyna Pernes-/lxinca cymepeunsa 3akoHy BiHa i 3akony Credana-bo-
npimana. 3a Gopmynoro (30.18) r;r MOHOTOHHO 3pOCTaE i3 3pOCTAHHSIM YacTOTH (i3 3MEHIIIEH-
HsM A), He Matoun Makcumymy (puc. 30.7), a iHTerpajbHa BUIPOMIHIOBAIbHA 3/IATHICTH a0Co-
JIFOTHO YOPHOTO TiJIa TIpH OY/Ib-sIKii TEMIEpaTypi NMepeTBOPIOETHCS B HECKIHUCHHICTD:

o0 o0 1 o0
R=|rdA=[22ckTA* =-22ckT—| =o. 30.19
-] a9

* Peneit Jlxon Vinbsam (1842 — 1919) Ta Jixinc [xeitme Xoneyn (1877 — 1944) — anrumiliceki
¢izuku.
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8§ 30.8. ®opmyna Inanka

TOIll SIK 3F1,Z(H0 3aKOHY CTe(baHa—Bom,uMaHa R HpOHOpIIlI/IHa T TOOTO € BEIMYHUHOK CKIHYCHOIO
L

dopmyna
IInanka

1 10Ope Y3roJDKYEThCS 3 €KCIIEPUMEHTOM.
Ipani Penes 1 JPxiHca mokazanu, IO TMOCIHIZOBHE
3aCTOCYBaHHS KJIACHYHOI (DI3UKH JIO JOCIIJDKCHHS BH-
MIPOMIHIOBAaHHS a0COJIOTHO YOPHOTO Tijia Ja€ aOCyphaHi
Peii‘_’ﬁfiica pe3yJIbTATH, SIKi CYIEPEUaTh 3aKOHY 30€PEKEHHS CHEPTII.
N Kpurnynnii cra, 10 BUHHUK Yy IPOOJIeMi TEIIOBOTO BU-
MIPOMiHIOBaHHS a0COIOTHO YOPHOI'O Tijla, 0Opa3HO Ha3-
B “ynabTpadioneroBoro karactpodoro”. 3micT Ta-
KOi Ha3BH IIOJISITa€ B TOMY, 110 3aKOH 30€peXKeHHsI eHep-

H
1
)
1
[
)
)

[
[
Y
[
Y
Y
[y
Y
kY
kY
kY

EKCHepI/IMeHTaHLHI
TOYKH

0 - rii mopyuryeTbesi B 00JacTi KOPOTKHX XBHJIb, TOOTO B
obuacri yapTpadionery.
Puc. 30.7 Buxin i3 katac 0 i 13U
Tpodu OyB mif cuy jume Gizumi 3
SIKICHO HOBUMH YSBJIICHHSIMHU TIPO TIPHPOJY BUITPOMIiHIO-
BaHHS.

§ 30.8. ®opmyuia [lnanka

[lepmimM, XTO BiZIMOBHMBCS BiJl KIIACHYHMX YSIBJICHB ITPU BUPILIEHHI NMPOOIEMH BHIIPOMi-
HIOBaHHS a0COJIIOTHO YOPHOTO TiIa, OyB BUmaTHUH HiMenbkuil ¢iznk Maxc [Tnank. B 1900 p.
BiH 3alpPONOHYBAB MPUHIMIIOBO HOBHM METOJ PO3PAaXyHKY (QYHKILII Iz, SIKMH I'PYHTY€EThCS Ha
KBaHTOBHX YsBJICHHSX. B ocHOBY Merozy IlnaHk mOKiIaB ysiBIEHHS IIPO Te, IO TiJla BUIPOMi-

HIOIOTH €HEpriio He Oe3NepepBHO, a OKPEMHUMHU TOPLISIMH, SIKI OfiepKaii Ha3By KBaHTiB. Benn-
YHMHa eHeprii KBaHTa MPOIOpLiiHa YacTOTi, TOOTO

(30.20)

ne h=6,6210% [l - ¢ — crana [Tnanka, v — 4aCTOTA BUIPOMiHIOBAHHS.

Hogi yaBnenns [Inanka npo KBaHTH eHeprii JOKOPIHHO 3MIHWIM MOrsiax (i3HKiB Ha eJie-
MEHTapHI IPOIleCH BUIPOMIHIOBAHHS 1 IMOTJIMHAHHS CBITJa, a TAKOX Ha BCl 1HII TporecH B
MikpocBiTi. Tak BUHHKIIa HOBa €110oXa y BUeHHI Ipo OynoBY Matepii Ta ii pyx.

Kepyrounch ysBIICHHSIMH NP0 KBAaHTOBHH XapakTep BUIPOMIHIOBAHHS OCLIIIATOPIB, [lmaHk
OTpUMaB TaKUH BUpa3 JUIsl BUIIPOMIHIOBAJIBHOI 3IaTHOCTI a0COIIOTHO YOPHOTO TiJa:

27hc? 1
I'M— = TT, (3021)
et 1

Iie ¢ — WBUIKICTH CBiTIa, K — crana Bonbimana, T — aGcomoTHA TEMIIEpaTypa.

®opmyna ITnanka (30.21) no0pe y3romKyeThCs 3 eKCIEPUMCHTAILHUMH JIAaHUMH Y BCHOMY
IHTEepBa IOBXKUH XBHIb PH OyIb-sKkux Temieparypax (puc. 30.7), a e 03Havae, 1o i3 Hei mo-
BHHHI BUIUTMBATH BCl BiZIOMi 3aKOHH TETIJIOBOTO BUIIPOMIHIOBaHHSI.

Hpuxnan 30.3. [umencusnicms cousynoeo ceimna oOina nogepxwi 3emni cknadae C = 1300

Bm/s?. Cxinvrom gomonam na 1 cm®c ionosioae ys senuuuna? Tlpu pospaxynkax npusinamu ce-
PeoHI0 008dcuny xeui, pisHoro A = 550 .

. . . . 2 . .
Po3B’s130k. Kinvkicme ceimnogux ¢oomonis, wo npunaoae na 1 m° nosepxui 3emni, suszua-
uaemovCs Popmynoio:

N= = = =2 1
&t ch ()
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oe &; =Ch/A —enepeais pomona, ). — doedxcuna ceimnosoi xeuni, h = 6,62 - 10 = e - ¢ — cmana
Ianxa, ¢ = 3 - 108 m lc — weuokicme ceimna y saxyymi. Tooi:

(1300 7€ )(5,50-107 )

N = =  =36-10% w2t = 36107 en o,
(6,62-10"* Jixc-c)(3-108 m/c)

HOpuxnanx 30.4. Iokazamu, ax i3 popmyau Inanka moscna ompumamu gopmyny Penes-
IDicinca ma gpopmyny Bina.
Po3w’sa30k. 1. Posenanemo obnacmov 6enukux O008ICUH XGUMb | 8UCOKUX mMemMnepamyp, oe
eHepeisn KeaHma Habaeamo menua 3a cepedrro Kiacuuny enepeiro ocyunamopa KT (e << KT).
hc

<< 1 i senuuuny ek ¢ ¢-ni (30.21) moorcna posxracmu 6 psio:

hc
B yvomy eunaoky T

hc
el _1, NC +(LC )2£+(LC )3£+
KAT KAT® 21 "kaT”™ 3

ch
[ SIKWO obMedcumucs minoku nepuiumu 0soma uienamu (ye modicna pobumu npu T <0,0001),

mo ompumaemo:

2zhc?
o~ ”ASC hlc = 2mekTA™,
1+ —-1
kAT

L]e i € popmyna Penes-/cinca.
ch
2. V 6unaoky Kopomxux 008JCUH X8UTb | HUZLKUX MeEeMRepamyp O >>1 ¢ snamennuxy

@opmynu (30.21) oounuyero moscna snexmyséamu. Tooi mamumemo:

b
Ny =& A e 4T,
oe &, =2hzc?, b =hc/A.
13 popmynu Inanxa (30.21) moorcna ompumamu i 3akon 3miwyenns Bina:
hc
Thyay =——— =
M 4,965k

ma 3axon Cmegana-borvymana:

T2ac?  da 27 %k4
Ry = Gl L B
2> he 15¢2h®
0 e kAT _ 1
5k 4
I3 6upazy o = W Tnank enepue susnayuus senuquny cmanoi h. 3a cywacnumu oanumu
Cc

h = 6,626075 - 10 * /i - ¢ (sionocna noxubka cknadae 0,60 -10°° %).

Hacawmkinerp, 3ayBa)xnuMo, 1110 3a BiIKPUTTS 3aKOHIB TETUIOBOIO BUIPOMiHIOBaHHS Bitbrensmy
Biny y 1911 p. 6yno npucymkeno HobemiBebKy mpemiro.
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