29 AOUCTEPCIA

| NOINMHAHHA
CBITIIA

§ 29.1. HopmasbHa i aHOMaNBHA AUCTIEPCis

[le HetotoH y 1672 p. BCTAHOBUB, IO MOKA3HUK 3AJIOMJICHHS CKJISTHOI TIPU3MHU 3aJICKUTD BiJ
KONBOPY (MOBXKUHY XBHITI) Maqaro4oro ceimia. e ssurite, ToOTo 3a/IeKHICTh KoediieHTa 3a710M-
JIEHHS1 BiJl JOBKMHHU CBITJIOBOI XBHJIi, HA3UBAETHCA AuUcCHepciel0 cBiTiIa. TakuM yvHOM, IS
KOKHOI JJaHOT peYOBMHHU KOCDIIIIEHT 3aIOMIICHHS € (DYHKIIIEIO JOBXKUHHU XBIITI

n= f(A). (29.1)

Jucnepcielo peyoBMHM HAa3MBAIOTh BeJIMYHHY, KA MOKAa3y€, IK MBUIKO 3MiHIOE€THCS
MOKA3HHUK 3aJIOMJICHHA 3i 3MiHOI0 JOB:KMHH CBIiT/IOBOI XxBHMJi. Hexail noB)kuHI CBITIIOBOI
XBHWII A1 BIJAIIOBIIA€ ITOKA3HUK 3aJIOMJIEHHS /11, @ JOBXKUHI XBHIIL Ay — TOKA3HHUK 3aJIOMIIEHHS My,
Toni cepennst mucriepcist pedoBuHr < D > Ha minsiHII JOBXHWH XBWIb BiX A1 10 A2 BUPAa3UThCA
CITIBBITHOIIEHHSIM

n, —n An

<D>=*%—+ = —,
-4 AL

(29.2)

e An =n; — Ny, a AL =4, — ;. 3HaueHHS AuCIiepcii peYOBUHU MOOIH3Y JaHOI JJOBKIHN XBHIIL A
OTPUMAEMO, SIKIIO TIeperIeEMO 10 HECKIHUEHHO MaJIOr0 iHTEpBaJy JOBXHH XBWIIb. TO/i CIiBBI-
JTHOUICHHS (29.2) 3aMiHHUTBCS MOXiAHOK KoedillieHTa 3aJIOMIICHHS 7 10 JOBXHHI XBUJI A

dn d
D=—=—1f(). 29.3
TG (29.3)
Jlnist Beix Ipo3opux OE3KONIPHUX PEeYOBUH KOS(ILIEHT 3aIOMIICHHS 77 MOHOTOHHO 3pOCTaE i3
n 3MEHIIICHHSM JTOBKUHA XBwii A. Ha puc. 29.1 nHa-
{ \ BEJIEHO 3AICKHICTE 72 BiJ A J1st CKy1a (JIerKuit (IriHT
1,70 \ (xp. 1), xBapuy (kp. 2) i Girooputy (kp. 3). Sk BHIHO
\ 13 prCyHKa, KOCDIL[IEHT 3aJIOMJICHHS] OCOOJIMBO CHITb-
1,60 \
N

HO 3pOCTA€ i3 SMCHIIICHHSIM JOBKUHU XBUJIi B 001aCTi

’ \ KOPOTKHMX XBWJIb. TakuM YMHOM, IMCIIEpCis BCixX

LIUX PEYOBHH 3POCTAE 32 YUCEIHLHUM 3HAYECHHSM 13

3MEHIIICHHSM JOBXUHH XBwii. L]e, kpiM Toro, CBII-

150 YUTh, 1110 (hiosIeTOBI MPOMEHi 32/ I0MITIOIOTHCS CHITh-
Hillle 3eJICHUX, a 3eJIeHi — CHIbHillle YePBOHHUX.

1,40 Pi3na 3a10MITI0BaHICTh TIPOMEHIB Pi3HOTO KOJIb-

02 04 06 08 10 A mMkvM OpyJ03BOJAE PO3KIACTH OljI€ CBITIO HA HOro MOHO-

XpoMaTH4Hi cki1anoBi. [lomiOamit nocmiy OyB Briep-

Puc. 29.1 re noctanennii Hetoronom y 1672 p. Cxema mpo-

TO JI0cITily TIoka3aHa Ha puc. 29.2. CoHsYHMI ITy4OK CBiT/Ia KOJIOBOTO MEPEPi3y PO3TATYETHCS TPH-
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8§ 29.1. Hopmanvha i anomanvHa oucnepcis

TPaHHOIO MIPU3MOIO Ha €KpaHi B KOJIBOPOBY cMYXKY AB, siky HetoTon Ha3BaB criekrpom. CBiTiIo
CoHI 1a€ CYIIJIBHAM CTIEKTp 3 HENEpEepBHUM Iie-
\ \. PEXOIOM OHUX KOJIBOPIB B iHIII, IO O3HAYAE Ha-
A gHicTs B COHSIYHOMY CBITJII KOJIMBAaHb 3 Haipiz-
HOMaHITHIIINMH JJOBXWHAMH XBHIIb.
HeonnopaszoBo pobuiicek cripobu oTpuma-
TH aHAJTITHYHHHA Bupa3 QyHkuii (29.1), sxa Bu3-
Hayae 3aJIeKHICTh 7 Big A. OnHa 3 6aratbox mo-
OynoB Oyna BUKOHaHa B riepiiii momoBuai XX
cT. BitoMnMm MatematukoMm Komr. Buxomsunm 3
ysaBieHb PpeHens npo BIUIMB MOJIEKYJ Ha dac-
TUHKY e(ipy, BiH ofepKaB TaKy GpopMy.Ty:

n=A+EZ+£4+..., (29.4)
o Ao

ne A, B, C, ... — craili BEJIUYUHH, SKI BU3HAYAIO-
. THCS CKCIIEPUMEHTAITBHO, A, — TOBKHUHA XBUI Y

BakyyMi. J{yst GinbIrocTi BumaikiB MokHa oOMe-
KUTHUCH NEPIINMH JIBOMA WwieHaMH. Tozi
B
n=A+—. (29.5)
12
0

Puc. 29.2

Bpaxoyrouu (29.5), mucmepcist peuoBHHU BUPA3UTHCS TAK:
p_dn _ 2B (29.6)
di 23

dn dn .
13 (29.6) BuaHO, mo npu B > O’E <0 abo T >0. Taxy nucnepcito Ha3UBaIOTH HOP-
0 Vo

. dn dn
MaibHOI0. B cepermuni XIX cr. Oyn0 BCTaHOBIIEHO, IO Y PsIly PEYOBUH TN >0 (d— <0).
0 Vo
Lle Brepute crioctepiras @. Jlepy (1862 p.) Ha mapax #omy. Lo mucrepcito Ha3Ba aHOMAJIb-
Ho10. [li3Hime OyI0 BCTAHOBIICHO, IO SBUIIC aHO- yal

MaJIbHOI JiUCTepcii criocTepiraeTbes I THX pedo- /\A
BUH, SIKI CHJIBHO ITOIVIMHAIOTH CBITJIO, 1 TUIBKM Ha 2.2 v
TIeBHIM IJSIHII CIIEKTpa, TOYHIIIE, MOOMU3y JIiHii /
TIOTJIMHAHHSL
Ha puc. 29.3 HaBeneno xij mucnepciitHoi Kpu- a5
BOI TSI pO3YMHY IliaHiHY Ha JIUTSHIII CMYTH TIOTJTHA- /"
HHs. Ha nianni AB noka3HuK 3aloMiIeHHS i3 3pocTa- | 4
HHSIM JIOBXKWHH XBUJII 3pocTae. Lle i € anomanbHa Juc- & /
nepcis. Y BCIX pedoBUHAX iCHYIOTb 00JIacTi aHOMallb- 1
HOI aucnepcii, ae He 000B’SI3KOBO y BUANMIN Yac- 076 0,68 0,6 0,52 0,44 A, MKM
THHI cCIieKkTpa. Hampukian, aHoManbHa aucriepcis Puc. 29.3

IS cKima crioctepiraeteest B odmacri 0,350 MM, mist
kBapiry — 0,190 mxm, mst proopury — 0,130 mxM. TloBHa nuctiepciitna kpuBa st Oyb-sIKOT pe-
YOBHHH CKJI[IAETHCS 3 00J1aCTell aHOMAJIbHOI JIUCTIEPCi, 1110 Bi/ITOBIIAIOTH CMyraM IOIIMHAHHS 1 00-
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29 Jlucnepcis i noenunanms ceimia

Jlacteil HOpMaJIbHOI JWCHEpCii, pO3TalloBaHMX MDK CMyramMH IONIMHAHHS, 1€ PEYOBHHA €
IIPO30POIO.
§ 29.2. EnleMeHTH KJIacHYHOI Teopii qucnepcii cBitTia

EnexrpomarnitHa Teopist cBiia MakcBesa, sika HE MiCTHTh €JIEKTPOHHHX 1 aTOMHO-MOJIe-
KyJISIpHUX KOHCTaHT, HE JIa€ 3MOT'HY ITOSICHUTH JIcHepciio cBiT1a. BoHa mana 3mory BCTaHOBHTH
3B’SI30K MK MOKA3HUKOM 3aJI0MJIEHHS 7 i lieJIeKTPHYHOI0 & TA MATHITHOIO # NIPOHUKHOC-
TAMHU OJHOPIAHOrO cepeaoBUINA. OCKIJILKY & i ¢ 1JI5 TAKOr0 cepel0OBUILA BeJIMYUHM CTAJI,
TO MOKA3HUK 32JIOMJICHHSI He MOBHHEH 3aj1eaTH Bi aoB:xkunu (yactorm) xBmii. Excre-

PUMEHTAJIBHI JiaHi CBiYaTh IpO 3BOpOTHE. Binoma dopmyna Makcsemra N = \/; B [IbOMY BijI-
HOIICHHI MOXe OyTH 3aCTOCOBaHA JIUIIE TSI ACIKHAX ra30mofiOHMX i piIKuX mieneKTpukiB. Jlms
TBEPIUX TUT 1 OUTBIIOCTI pimnH 15 Gopmyna He 3actocoBHa. Tak, st Bomu N = 1,33, a & = 81.
[pote, us “cyrepedHicTs” He TIOB’3aHA 3 SKUMUCH IPUHIIMIIOBIMU HEJIOMIKaMH Teopii MakcBe-
uta. BoHa 3’siBMJIacsi BHACJIIOK HeMPaBHJIBLHOTO 3acTocyBaHHs (popmynn Maxkcsesuia, a
TOYHiIIe BHACII/IOK HeXTYBaHHs sIBULIEM aucnepcii. [Ipnunna kpueThes B TOMY, 10 &, 5K i 71,
3QJIE)KUTh Bill YaCTOTH 3MIHHOTO enekrpomarditaoro momst: € = f(v). Tomy 3Hauenns ¢ = 81

JUTS BOJTU BiTHOCHUTRCS JI0 CTAIliOHAPHOTO TIOJIS 1 3yMOBJICHE OPi€HTAIIIHHOO MOIAPH3AIl€r0, TOO-
TO, TIEPEBAKHOIO OPIEHTAITIEIO B IIOMY TIOJII MOJIEKY BOAM, IO MAIOTh BEJIHKI JUITOJIHHI MOMCH-
TH. Y 3MIHHOMY I10JIi MOJIEKYJIM BOJHM HE MOXYTh PaIlTOBO 3MIHIOBATH CBOIO OPi€HTAIII0, TOMY
TIpH 301IBIICHHI YaCTOTH ITOJS BENUYMHA & Oy/ie 3MeHITyBaTuch. Ilpu BeJIMKUX 4acToTax v =
10%° I (BUAMMUI Jiana30H CBiT/Ia) & BUBHAYAETHCS JIHIIIE eJ1eKTPOHHOIO MOJIAPU3AIIEI0 ce-
PeIoBHINA, TOOTO BUMYIIEHHMH KOJIUBAHHSIMH €JIEKTPOHIB B aTOMAaX, MOJIeKyJax afo io-
HAX cepeJOBHMILNA MiJ Ji€l0 eJIeKTPOMArHiTHOrO moJisi cBiT/IOBOI xBumii. Ile o3nauae, 1o
£(v) < &(0), a, 3Hauuts, n < 9. [IpaBuiibHE TIIyMaUYCHHsI AUCIIEPCii CBITIIA OYII0 AaHO MICIIs CTBO-
pernst JIopeHIIOM KiTacH4YHOi elIeKTpOHHOI Teopii OyIoBH pedoBHHHM. Buxomsuu i3 miei Teopii,
JAUCIIEPCis CBIT/IA PO3MIAIAETLCA AK Pe3yJbTAT B3a€MO/Il eJ1eKTPOMATHITHUX XBHJIb i3 3a-
PSUKEHHMH YaCTHHKAMH, SIKi BXOASITH 10 CKJIATY PEYOBHHH.

PosriisiHeMo aeranpHiNIe KIaCHYHY €JIeKTPOHHY TEOpiro JUcHepcii B OJHOpiAHOMY AieseK-
TpuKy. I3 hopmynn MaxkcBenia BUIUIHBAE, IO AUCIEPCiI0 POpMaIbHO MOXKHA PO3TIISIIATH SK
HACITIJIOK 3aJICKHOCTI MiCTCKTPUYHOI MPOHUKHOCTI CEPENOBHUINA & BiJf YaCTOTH MaIar0doro
CBiTIIA .

Bimomo, mo B CI

P,
ZoE

e=1+y.=1+ (29.7)
II€ Xe — AlENEKTPUYHA CIPUIAHATIMBICTD cepeioBuia, P, — mpoekiis BekTopa Hoispu3aLii Ha
HaNpsIMOK HanpyXeHocTi E enekTpuaHOro moms, & — eIeKTpuyHa cTana.

Bpaxosyioun (opMyry Makcsemna & = N%, y BEKTOPHOMY BHIJISII MA€EMO:

B
n=1+—%t. (29.8)
&E
B CWJ1y TOro, 1o HOJIHpI/IBaIIiH CCpCAOBHIIIA 3YMOBJICHA TUIBKHA 3MiIII€HH$IM eJ'IeKTpOHiB (GJ'IGK-
TPOHHA TOJSIPU3ALis), U OJHOPIJHOTO JieieKTpuKa (CepeloBHINa) BEKTOp MONSPU3ALi J10-
piBHIOE

P, =Np,, (29.9)

ne N — 4ncino aToMiB B OXUHHIN 00’ €My, P,— HaBEICHUH AUITONEHUI MOMEHT aToMa.
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8§ 29.2. Enemenmu xnacuunoi meopii oucnepcii ceimia

JLy1st cripoIieHHs BBayKaTUMEMO, IO MOJISIPU3aliisi 3yMOBJICHA TUIHKH 30BHIIIHIMH (ONITHY-
HHUMH) enekTpoHamy, i Bci N atomiB € aromamu oqHOTO copty. IJist aToMa 3 OHUM OITHIHAM
€IIEKTPOHOM (JIOITYCKAEMO, 1[0 ATOMH HE B3aEMOIIFOTH MiXk COO00)

Pe=—6€Z [ P,=-eNZ, (29.10)

Iie e — abCOITIOTHA BEIMYMHA 3apsily eIeKTpoHa, Z — 3MIIICHHS CJICKTPOHA TiJ| AI€I0 CIECKTPHY-
HOTO TI0JISI CBITJIOBOT XBIJIi. 3HAK «—» BKa3ye, MO P, P, i Z mnporminexHi 3a HanpsMkoM. [Ipu
BpaxyBaHHi (29.10) piaictb (29.8) HaOyne BursiLy

n?=1- NeZ (29.11)
&E

OTxe, 3a1a4a 3BOJUTHCS 10 3HAXOMKEHHS 3MIIIEHHS z €IIEKTPOHA B aTOMI TIiJT €0 Tepi-
OITUYHOTO 3MIHHOTO EJICKTPUYHOrO IIOJIS MPY BPaxyBaHHI BCIX CHII, IO JIiFOTh HAa €IIEKTPOH B
aTOMI.

JIist mpo30pHX PEYOBHH B TIEPIIIOMY HAOIIDKCHHI MOYKHA BBaXKATH, 1[0 HA KOIWBHHUNA OIITHY-
HUH eJIeKTPOH JIIOTh JBi CHIIH:

a) 30ymKyro4a cria
F

3

s = —€E = —eE,cos o, (29.12)

ne E, —ammiityna HanpyxeHocTi E, @ =27v — nuxiiuHa yactora CBITJIOBOI XBUII;
0) moBepTaroya KBasinpy:KHa CHJIa B3aEMOJIii OIITHYHOTO €JIEKTPOHA 3 iHIIOI0 YaCTHHO0 aToMa

F,.=-kZ, (29.13)

ne K — xoedimieHT KBa3inpy»XHOCTI, KUl OB’ 3aHUIA 3 MACOIO €IEKTPOHA Mg 1 HOTO BJIACHOKO
4aCcTOTO (g, TaK

k = mywg. (29.14)
Toni
Froe = —Mo@3Z. (29.15)
JudepenuianbHe piBHAHHSA pyXy €JIEKTPOHA MIPY BUMYIICHHX KOJIMBAHHAX MA€ BUIJISA
-
Mo cL_ZZ = —mywiZ — eE, cos wt. (29.16)
t
Po3B’s3xom piBHsHHS (29.16) €
_ eE, cos wt 3
Z--—22% eZE . (29.17)
My (wg — @) M (0 — @)

Iincranoska 3Hauenns Z i3 (29.17) B (29.11) mae

2
n2-1+ % (29.18)
My&o(wy — @)

I3 ananizy Bupasy (29.18) Bumamo, mio i3 36inbmIeHHsIM @ Bix 0 10 wo aGCOMOTHHH TOKa3-
HUK 3JIOMJICHHS 71 CEPEAOBHIIA MOHOTOHHO 3POCTA€E BiJl BEJIMUMHU CTATHYHOTO MOKAa3HUKA 3a-
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29 Jlucnepcis i noen

2
aomnenus  n(0) = |1+ Lz =1
My €p@q
no . Ilpy @ = wo dynkuis (29.18)
TEPOUTh  PO3PHB 1  3HAYCHHA N
CTpHOKONOMIOHO 3MIHIOETBCS Bif + 00 10 —
00, a 3 MOJAJIBIINAM 30UIBIIEHHIM 0 BII g
n(0) JI0 00 TIOKA3HKK 3aJIOMJICHHS 3HOBY 3POC-
Tae Big — oo mo 1. I'padik 3amexHOCTI 1
BiJl w, BiAMOBigHO 10 hopmynu (29.18),
300paxkeHo Ha puc. 29.4. 3pocraHHS n

0 o % JI0 HECKIHYCHHOCTI TPU @ — o HE Mae
(Gi3U9IHOTO 3MICTY 1 TOSCHIOETHCS THM,
Puc. 29.4 o0 y BHINE HABeJCHHUX MipKyBaHHSX

MH He Opajii 10 yBaru BTPaT eHepril,
3yMOBJICHHX BHIIPOMIHIOBAHHAIM BTOPUHHMX €JICKTPOMATHITHMX XBWIb, CHIBYyAapaMu Mixk
aToMaMH Ta iHIIMMH NPHYMHAMM. [HINMMU cI0BaMu, He BPAX0BaHO NMOIJIMHAHHS CBITJIa.

L1i BTpaT HAONMM)KEHO MOXHA BPaxyBaTH, SIKIIO MPUILYCTUTH, [0 Ha KOJIMBHUHN EJIEKTPOH
JIie TOIaTKOBa CHJIA OTOpY, SIKa MPOTIOPIIiiiHa HOTO MIBUIKOCTI
. dz
F,=-1r—, (29.19)
dt
ne ' — xoedinient onopy. Toni nqudepeHumianbHe PiBHSIHHS BUMYLICHUX KOJIHMBAaHb ONTHYHOTO
€JICKTPOHA 3 BPaxXyBaHHIM 3TacaHHs MaTUME BUIJISL
-
d°z dz =
- = —y—= - w}Z ——E0 Ccos wt, (29.20)
dt dt mg

xe y =r/m, — koedinient sracauns. Poss’szasum pisusaus (29.20) BigHOCHO Z i nigcraBuBmm
oro B (29.11), orpumaemo:

2. b 2
, Ne“(wff — ©°)
n® =1+ 2 2y2 2 29
n Mosol(wg — )" + 7 0]
__________ B I (29.21)
Cmyra Pospaxynku mOKa3ylThb, 11O
TOVIMHAHHSL koedimieHT 3racanHa y ¢ Oararto

pasiB MeHmii 3a @. Tomy 3racanus
_________ iCTOTHO BINIMBA€E HA 3aJI€KHICTH N1
D Bil @ Jume B 00JacTi yacTtor o,
AKi € ayxe OJU3BKHMHM [0 (),
TO0TO, B 00/JACTIi CHJIBHOIO TIIO-
ramHaHHsa cBitma. Tomy B cmysi
MOTJIMHAHHS CIOCTEPIra€Thesi 3MeH-
[IEeHHS] MOKA3HUKA 3aJIOMJIEHHSI TIPH
30iIbIIEeHH] YacToTH @ (a He 30LIh-
uieHHst 10 Heckinuennocti). Ile siBu-
Puc. 29.5 e 0TPHMMAJIO HA3BY AHOMAJIBHOI H-
crepcii (puc. 29.5). 3a meskamu cMyru

I

I

I

I

I

———————— —-
I

I

(]

8_—

1

(39“
e
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8§ 29.3. IHoenunanns (abcopbyis) ceimaa

noraunanns y’w® << (0f —©°)* (a1n pospimkennx rasis y = 10tc™) i popmyan (29.21)
i (29.18) noBHicTIO ekBiBajleHTHi, i BOHM ONMCYIOTH XiI KPUBOI, fIKA XapaKTepu3ye
HOpMauIbHY aucnepcito (puc. 29.5, ginsinku kpuBoi AB i C/]). Takum 4yuHOM, qucnepciiina
KpHBa 3aJIe3KHOCTI 1 BiX @ ckiaagaernest 3 ginsHok AB i C/H, ne n pocre (06aacTh
HOpMaJIbHOI aucmepcii), i BC, ne n pi3ko mamae (o6iacTh aHOMAJABHOI aucmepcii) i3
30ibIIeHHsIM 4YacToTH cBiTiaa. OOsacTe aHOMaJbHOI JHCIiepcii CIiBHamae i3 CMYroro
MONIMHAHHS, MAKCHUMYM $SIKOT IPUIAJAE HA (g, @ caMa cMyra By3bka (puc. 29.5).

Joci MM BUXOAWIM 3 TOro, MI0O KOXHA PEYOBHHA XAPAKTEPU3YETHCS JIMILEC OJHIEHO
LUKJIIYHOIO YacCTO (g BUTHHUX KOJIMBAHb ONTHYHHX €IEKTpoHiB. HacmpaBni, aToMu peasbHOro
CEepEIOBUILA XapaKTEPHU3YIOThCS HE OHIE IMKIIIYHOKW (PE30HAHCHOK) YaCTOTOKO (o, @ MAIOTh
ix GaraTo, IO BIATIOBiA€ BEMHMKIH KUTBKOCTI OCHWISITOPIB 3 PI3HUMM MacaMu 1 3apsiiamu (g,
Qk), 1 K HACIIIOK, 3 PI3HUMU BJIACHUMH YACTOTAMH (ok. 3 BPaXyBaHHIM CKa3aHOro (opmyia
(29.21) HabOyne BurIsAY:

2 602 _ 602
p2o1e Ny G @) — (29.22)
€0 "k Mok (%k—w) + Yo
abo
Ne? (0§ — )
n?=1+ >y — (29.23)

k 2 2
EoMg (g — @ ) + 7o

e ¢ — Koe(irienT 3racanus st ociisatopa k-ozo copty, fy — 6e3po3mipHuii KoedirieHT
fk = ( “)

ky2 Mo

(29.24)
Mok

IO HOCUTh Ha3BY CHJIM K-0z0 ocumisitopa. Crila oCHMIIATOPA XapaKTepu3sye e(eKTHBHICTH
NOIIMHAHHA OCHHJISTOPOM PEYOBMHM CBIT/Ia 3 IMKJIIYHOI0 YaCTOTOI0 (g i i BU3SHAYAIOTH

n 3 eKCIIePUMEHTATBHUX IaHHX.

I'padik 3amexHOCTI 7 BTl @ 32 HopmyItoro
(29.23) naBemeno Ha puc. 29.6. dDopmyna
(29.23), B OCHOBHOMY, 33I0BLIILHO
Y3TOIKYETHCS 3 TOCIITHUMH JaHUMH.

VY BCiX pO3MISTHYTHX BUILE BUITAJKaX MU
BBXKAJIH, 110 HA OCIAIISITOPH JIi€ JIUIIIE TTOJIE CBIT-
JI0BOI XBWII, TOOTO He BPaXOBYBaBCSl BILUIMB

Puc. 29.6 BHYTPIIIHBOT0 10JIsl, sIKe CTBOPIOIOTH MO-

JIIPM30BAaHI MiJ Ai€l0 MOJisl CBiTJIa HABKO-

aumHi Mosekyan. Ileii BiimB THM OUIbIIMIA, YHAM MEHINA CepeaHsl BiICTaHB MiXK MO-

JIeKyJIaMH. Y Jy)ke CTHCHYTHX T'a3aX, piAMHax 1 TBEpIMX Tilax IeH BIUIMB iCTOTHMHA. BpaxyBaBimm

e maibke omgHovacHo, I'. Jlopenn i JI. Jlopenn orpumany HacTynHy GOpMyITy 3aJIeKHOCTI 7 BiJ
:

0

21 Ne? 1

n?+2 3gm, a)g - o

= (29.25)

dopmyiy (29.25) nasupaiots popmy.aoro Jopenua-Jlopenua. Ii napeneno mis Bunajaky

cepelloBHINa 3 OJHIEI0 BIACHOIO YacTOTOIO0 o 1 KoedimienTtoMm 3racaHus y = 0. Lls dpopmyna
J00pe ONMUCYE 3AISKHICTD /(W) TP BEJIMKUX TUCKAX Ta3iB.
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29 Jlucnepcis i noenunanHs ceimia

§ 29.3. Horaunanus (a6copOuis) ciTiia
TpoXOKEHHS CBITIIA Yepe3 PeYOBHHY MPH3BOINTH 10 BUHUKHEHHS KOIMBAHb CICKTPOHIB Ce-

PEIOBHIA IIiJ] BIUIMBOM €JICKTPOMATHITHOI'O IOJS, IO € MPUYMHOI0 BTPATH €Heprii XBHIIEIO.
[paBna, enexTpoHN AAIOTh BTOPUHHY XBUIIIO, SIKA YACTKOBO KOMIICHCYE BTpAueHy eHepriro. Aie
BHACHIZIOK PI3HUX BUJIB B3a€MOJIii €IEKTPOHIB €HEPTisl eJIeKTPOMAarHiTHOI XBHJII NEPEXONUTH B
iHIII BUM eHepril (TEIUIoBY, XIMiYHY, €IEeKTPUYHY TOIIO). Lle MpakTU4HO i € IPUYMHOKO MOTJIH-
HaHHsI (rocnabiensst) cBitia. OmHaK, KpiM 3MiHK eHeprii (aMIuTiTy 1) BiqMiueHi BHILE B3aeMOIiT
MIPU3BOMATH 1 0 3MiHM a3y KOIMBaHb, IO 3YMOBIIOE muctiepciro. OTxe, sBUINA AUCHEPCii i
TIOTJIMHAHHSI CBITJIA TICHO ITOB’sI3aHI MK cO0OIO.

Moraunannsim (abcopOuicro) cBiT/Ia HA3MBATHMEMO BTPATY e€Hepril CBiTJIOBOI XBHUII,
SIKA MIPOXOJAUTD Yepe3 Pe4OBHHY, BHACJIIOK NIePEeTBOPEHHs eHepril XBWIi B Pi3Hi BUIU BHY-
TpilIHBOI eHeprii pe4oBUHH 200 B €HEPril0 BTOPMHHOrO BHNPOMiHIOBaHHsA. [lormuHaHHA
CBITJIa MOXKE CYNPOBOJKYBAaTHCS HarpiBaHHSAM Ta 10HI3aLli€l0 PEUYOBUHH, 30Y/DKEHHSIM aTOMIB i
MOJIEKYJT CepeZoBHIIIa, (DOTOXIMIYHUMH HpoIiecaMy, AepOpMaLlisIMH, PO3CISTHHSM CBITJIa, IHTYKO-
BaHHMM BUIPOMiHIOBaHHSM TOIIIO.

3aKOH MOTTTMHAHHS CBITJIa eKCIIEPUMEHTAILHO OYB BiakpuTuid y 1729 p. ¢paniry3skum ¢izu-
koM II Byrepom (1698 — 1758) i Teopernuno BcraHOBieHHi y 1760 p. HimenbkuMm (izukom
L. Jlambeprom (1728 — 1777). JlamOepT BBaXKaB, 110 KOXKHUIA [I1ap PEYOBUHU OTHAKOBOI TOBLIMHU
TIOTJIMHAE CBITJIO OTHAKOBO, a, 3HAYMTH, 1 KOe(IL[EHT MOTTIMHAHHS HE 3aJI)KNUTh BiJl TOBIIMHU.

|I X , CrpoOyeMO BUBECTH 3aKOH TOTJIMHAHHS PEYOBHHOIO
T CBITIIA, KW CIpaBeIIMBO HOCHUTH Ha3BY 3aKoHy byrepa-

1, 1 1dx ! JlambGepra.
] : : | Hexait Ha map peYOBHMHH TOBIIMHOKO X IIEPIICHIUKY-
—— 1 |, I[pHO Iajac NapaielbHUi Iy4OoK CBIiTIa 3 iHTCHCHBHICTIO
: : Iy, a BUXOUTP i3 peUOBHHM 3 iHTEHCUBHICTIO /. Brinimo B

X PCUOBHHI HECKiHYEHHO TOHKHMI IIap TOBIIMHOKIO dX (pHC.
Puc. 29.7 29.7).. IIpyr npoxokeHHI CBITIA 4Yepe3 TaKI/I.I\/'I map iHTeH-
CHBHICTh HOTO 3MEHIIYETHCS.. 3MEHIICHHS 1HTEHCHBHOCTI

CBITJIa IPOTOPLIHO IHTEHCHBHOCTI 113/IAF0YO0T0 CBITJIA 1 TOBLIMHI MONIMHAIOYOT0 mapy. TooTo

dl =—adxl, (29.26)

Iie o — KOeIilieHT MPONOPIIHHOCTI, SKUIi HOCHTh Ha3By KoedimieHTa moriauHanus. Sk i no-
myckaB JlaMOepT, Koe(illieHT MOTIIMHAHHS HE 3aJIeKUTh BiJl IHTEHCHBHOCTI TTaJJal040T0 CBITIA
1 TOBIIMHY IIApy PEYOBHHU. 3HAK «—» B (29.26) BKa3ye, 0 IHTCHCHBHICTD CBITJIa 3MEHIIY€-
ThCs1. Bupas (29.26) 3amumiemo tak

I X
j% - —afdx,
Iy 0
3BIJIKH
Inl —Inly = —ax,
abo

| =1,e7%%. (29.27)

®opmyia (29.27) i Ha3uBaeThes 3akoHoM Byrepa-JlaméepTa.
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8§ 29.3. lHoenunanns (abcopbyis) ceimaa

Sk 1 IOKa3HUK 3aJIOMJICHHS, KOS(iIliEHT OTIMHAHHS 3aJICKUTh JIUIIE Bl TOBKIUHU XBIII,
XIMIYHOI TIPUPOAM i CTaHY PEUOBHHHU. SIKIIO BUOpATH TOBIIWHY IIAPY PEUYOBHHHU X :]/ a, TO
Iy / | =e=~2,718. Omxe, koedimieHT MOTTHUHAHHS TOPiBHIOE 00epPHEHiil BeTHYHHI TOBIIH-
HM LIapy, B SIKOMY iHTEHCHBHICTh CBiTJIa 3MeHIIY€ETHCS B € Pa3iB.

Byrep i HezanexHo Bix Hhoro bep (1792 — 1876) BcranoBwIH, 110 MOTIHHAHHS CBITIIA PO3-

9UHOM (B HEMOTIIMHAIOYOMY PO3YMHHHKY) IPOIOPIiHE MOHOKYISIpHIM KoHIeHTpaii C po3-
YMHEHOI PEYOBHHH, TOOTO

o = a,C,

Iie dp — Koe(illieHT MOTIMHAHHSA, XapaKTePHUIi 1JIs1 MOJIEKYJIM PO3YMHEHOI PeYOBHHH, SIKUI
He 32JIeKUTh BiJl KOHIEHTpauii. 3aKOH IOIIMHAHHS B IbOMY BUIIJIKY Ma€ TaKUH BUTIIAL

| =1 e %C%, (29.28)

Bupas (29.28), sikuii HasuBaroTh 3akoHOM byrepa—bepa, crpaBemiuBuii 1uist ra3iB i po3du-
HIB MaJoil KoHIeHTpalii. B Mexax cnpaBemnBocti Bupa3 (29.28) MokHA BHKOPHCTATH IS
BH3HAYEeHHS KOHIEHTPALii NOTJINHAI0Y0i Pe4OBMHM B PO3YHHI.

BcranosieHo, 1o KoeimieHT MOTTHHAHHS 3aJIeKUTE Bif JOBKAHA XBIii (a ~ 1/4). Ile o3-
Hayae, 10 MOTJIMHAHHS HOCUTH CeJIeKTHBHMII XapakTtep. L{iM moscHIOEThCS 3a0apBiIeHICTh B
KOJIbOpY MONJIMHAIOUNX cepenoBuil. CepeoBuIle, sSIKe HE MOMIMHAE CBITIIO BCIX JIOBXXHH XBHJIb
B iHTEpBaJIi BUAMMOTO Aialla30Hy, HA3UBAIOTh A0COIIOTHO IPO30PHM.

SIKio cepesoBuINe MOTIIMHAE CBITIIO BCIX JIOBXKHMH XBHIIb, 110 HAa HHOTO MaJa€, TO Take cepe-
JIOBHIIIE 3/IA€THCSI TEMHUM. Y BCIX IHIIMX BHIIAJKAaX CEPEIOBHUILE HAOyBa€ KOILOPY THX JIOBXKHH

o

> o o S oo o
oo ol ol el A
K & oo v N
o0 o0 o TN o0 00
AT e ISES

Puc. 29.8

XBWIb, SIKI HE MOTTIMHAIOTHCS HUM. Hampukimazg, cepeloBHIle Mae YePBOHMNA KOMip, SKIIO BOHO
MOTJIMHAE CBITJIO BCIX IOBXKUH XBUIIb, 38 BUKITIIOUECHHAM YepBOHOr0. B rasi (Hanpukiian, napa Me-
TaJiB), /e aTOMH PO3MIIIICHI HA BEJMKHX BiJCTAHSX
ONMH  BII  OFHOTO, 3aJIEXKHICTh  KoedimieHTa
MOTJIMHAHHS BiJl JOBXHHHA XBWIII 300pakaeTbCs y
BUIVISA/l CYKYITHOCTI BY3BKHX CIIEKTPAIBHUX JIIHIH, SKi
1,0 / BI/IMOBIIAI0Th 4acToTam BJIACHHUX KOJIMBaHb

a
2,0

eNeKTpOHIB B aromax. Jlus mpukiany, Ha puc. 29.8
/ HaBeZIeHa 3aJIOKHICTb o BiJ| A ISl TApH HATPIIO.
0 \\ 7»,10% CriekTpy TOTJIMHAHHSA PIAWH 1 TBEPOUX TUI, SIK
4000 5000 6000 7000 8000 MOPaBWIO, JAOTh MIMPOKI CMYrH MOTIHHAHHS (pHC.
29.9), xoua 3yCTpIYalOTBCSA OKPEMi PEYOBHHH i3
Puc. 29.9 BY3bKMMH CMyraMd moriMHaHHsS — (com — pijKo-
3EMENBHUX SIIEMEHTIB), SIKi PA30M 3 THM, B COTHI 1 THCSIYi pa3iB MIMPILI 3a JIiHii MOTTHHAHHSL.
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29 Jlucnepcis i noenunanms ceimia

CriekTp HOTIMHAHHS 0araToaTOMHHX Ta3iB CKIIAIAETHCS 13 CKIAHUX CMYT, TOAL K OIHO-
aToMHi ra3u (mapu Mertaiy) MaloTh Pi3Hi JIiHIT HOTIMHAHHS, [IHPUHA SKUX 1HOMI CKIIANae COTi
o aHrcrpema. 3O0UTBIICHHS THCKY Ta3y IMPU3BOMUTH JIO TOTO, IO CIIEKTPH IMOTJIMHAHHS
CTaIOTh PO3ILIMBYACTUMH 1 NIPH BUCOKUX THCKaX HAOIMKAIOTHCS JI0 CHEKTPIB MOTJIMHAHHS pi-
quH. [lomiGHi mocminHi JaHi 31 BCi€l0 OYEBHIHICTIO MOKA3ylOTh, IO PO3LIMPEHHS BY3bKHX
JIHIA NOTJIMHAHHS € PEe3yJIbTATOM B3a€MOJIil aTOMIB OJMH 3 OJHMUM. BuXoasum i3 ckazaHOro,
OYEBHAHO, 010, AaHAII3yIOYM CIEKTP IMOIJIMHAHHSA IIEBHOI PEYOBMHM, MOXKHA OTPHMATH
iH(hOpMaIlif0 PO Xapakrep MiXMOJEKYJSPHUX (MiXKATOMHHX) B3a€MOIi, 3MiH arperaTHOro
cTaHy Tomo. MeToa AOCHi/KEHHsI CTaHy PEYOBHHH, SKHH I'PYHTYETHCS Ha aHaji3l CIEKTpiB
noriuHaHHs (cnekTpiB abcopOuii), oTpuMaB Ha3By aGcopOUiliHOI aTOMHOI i MoJIeKyJIsIpHOT
CIEKTPOCKOIIii.

8§ 29.4. Bin’emHe norjJMHaHHA CBiTJIa

3rigHo 3akony byrepa-JlamGepra (8 29.3) koediuieHT MOrIMHAHHS HE 3aICKHUTD BiJ| iHTCH-
CHBHOCTI IaJjal0uoro CBITJA, a, 3HAUMTH, 1 BiJl TOBUIMHH IOTJIMHAIOUOTO LIapy PEeYOBHHH. Bus-
HayHU{ pociicbkuid Gisuk pagsHebkoi nobu C.1. Basunos (1891 — 1951pp.) mizpae mepesipii
3akoH byrepa-JlamOepTa i BCTAHOBUB, 110 BiH BUKOHYETHCS B JOCTATHBO IMPOKUX MEXaX 3MiHU
IHTEHCHBHOCTI CBiTJIa, TIpUUOMY JUTs Oarathox pedoBrH. OnMHAK, HAa JACSKUX CIICIiaJbHO BHOpa-
Hux pedoBuHax C.I. BaBuioB criocTepiraB npu JIOCTaTHBO BEIMKHX IHTEHCHBHOCTSIX CBITJIa
3MeHIIeHHs KoedinienTa normHanus. 3okpema, B 1925 p. C.1. Basuiios i BJL Jleswin® crioc-
Tepirajam 3MeHIIeHHs MOTJIMHAHHS CBIT/Ia IPH J0CTATHHO BEINKUX iHTEHCHBHOCTSIX B ypa-
HOBOMY CKJIi. Byito noBenieHo, 110 py NeBHUX YMOBax KoeQillieHT MOTJIMHAHHS MOKe CTATH
BiT’eMHIM, TOOTO MOXe BiOyBaTHCS Bil’€MHe NMOIVIMHAHHSA CBiTiIa. [HOmMuU croBamu, ce-
pEIOBHIIE TPH BKa3aHUX yMOBax HE TUIBKH HE TOTJIMHAE CBITIIA, a caMme Horo mincumoe. Ha Take
TIOTTIMHAHHS Bepiue BkazaB y 1939 p. pociiicekuii ¢iznk paasHcbkoi 1oou B.A. ®abpukaHnr.

SIkicHO 3MiHY Koe(illieHTa TOTIMHAHHS IIiJ MI€I0 TMOTY>KHOTO BHIPOMIHIOBaHHS MOXHA
MIOSICHUTH TaK: 332 PaxXyHOK IOTJIMHAHHS €HEprii MOTYKHOT0 BUIPOMIHIOBAaHHS YacTHHA aTOMIB
(MOJIEKyIT) CepeOBHINA TIEPEXOUTh Y 30yKeHui cTad. B pe3ynbrati 1boro qoist He30ymKke-
HHUX aTOMiB (MOJICKY.I), 3AAQTHUX IOTJIMHATH SHEpPrilo MOJsi, 3MEHIIYEThCS, a, 3HAYUTh, 3MCH-
HIYETHCS 1 OrIMHATBHA 30aTHICTH cepemoBuiia. Llei eexT miaCHIoeThes, Ko atoMu (Mo-
JIEKYITH) CEpEIOBHINA MOXYTh I1epe0yBaTh y 36ymkeHoMy cTani Tpusamuii uac (> 10°c). Mosx-
Ha MiIiOpaTH TakKi CepeFOBHINA, B IKUX BHACIIIOK Mii MMOTY>KHOTO CBITIOBOTO ITyYKa OUTBIIICTh
aToMiB (MOJIeKyn) OyayTh 3HAXOMUTHCS B 30y/KeHOMY cTaHi. Take cepeoBHINE caMe CTaHe
JOKEPEJIOM BUIIPOMiHIOBAHHS.

Bigxunenns Bix 3akony byrepa-Jlambepra, BusiBneni C.1. BaBuioBuM, cTaHOBISTE 0C00-
JUBUH IHTEpeC, OCKUIBKU II€ € TMepli BKa3iBKM HA iCHYBaHHS HETIHIMHUX ONTHYHUX SBUII,
TOOTO, SIBUIL, JUISl SIKMX TPUHIUI CYNEPIIO3HUIIi{ HE CIPaB/IKY€EThCA.

Mpuxaan 29.1. Ilposopa nracmunxa nponyckae noao8uHy naoaryo2o Ha Hei C8imio6o2o
nomoky. Busnauumu xoeghiyicnm noznunanns, saxuo moswuna niacmurku d = 4,2 cu. Poscito-
sannam ceimna 3nexmyeamu. Beaxcamu, wo 10 % naodaiouoco ceimnosoeo nomoxy 6iobusac-
MbCsl 810 NOBEPXHI NILACTUHKUL.

Po3B’s130k. [locnunanns ceimaa meepoumu pewosunamu 30iicHI0eEMbCs 32i0H0 3akony By-
2epa-Jlambepma (29.27):

| =1,e7%¢, 1)

* Jlesmin Bagum Jleoninosuu (1896 — 1969) — pocilicbkuil (i3uk pagsHCBKOI 100U, OIMH i3
3aCHOBHHMKIB PaJsTHCHKOI IIKOJIM JIIOMIHECICHIIIT, qBiyi laypeat aepxasHoi npemii CPCP.
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8 29.4. Bio ‘emne noznunanmus ceimia

de Iy — inmencusnicmo nadarouo2o, na wiap moswunolo d nocnunaiouoi pevosunu, ceimna, I —
IHMEeHCUBHICMb CEIMIA NICIA BUX0QY 1020 i3 PeHOBUHU, 0. — KOeIYIEHM NOSTUHAHHSL.
32iono ymosu 3adaui uepe3 NAACMUHKY NPOXOOUMb MINbKU NOJOBUHA CE8IMII0B020 NOMOKY
1 =11 2. Kpim mozo 10% ceimnosozo nomoky eiobusacmucsi 6i0 nosepxmi naacmunku. Tomy,
spaxosyrouu ye, popmyna (1) nabyoe suensidy:
I _
-0 = 091,79, @)
0
2
abo
1 _
= =09e7d. ©)
2
Jloeapugpmyrouu ocmanniii 6upas, ompumaemo:.
In2+1n0,9 0,693-0,105
o= =

=014 cm™.
d 4,2 cm

Hpuxnanx 29.2. B 4 Y%-nomy po3uuni pewosuru 6 npo30pomy PO3HUHHUK) THMEHCUBHICMb
ceimna na enubuni ly = 2,0 Cyv nocradbmoemocs 6 71 = 2 pasu. Y ckinoku pasieé nocrabnioemscs
inmencusnicmo ceimna na anubuni Iy = 3,0 cm y 8 Y%o-nomy posuuni mici sc pevosunu?

Po3B’s130k. Cropucmaemocs 3axonom Byeepa-bepa (29.28):

| =1 e ¢, 1)

Ode C — Konyenmpayis po3uuHHOI peuosunU, 0y — KoeqiyieHm No2IUHAKHS, XapaKmepHuil OJis
Monekynu posuunenoi pewogunu. /s 1-oeo posuuny, uxoosuu iz (1), maemo:

=L = e, @
ly
071 2-020 pO34UHY"
=S = e, ®
P
Jocapugpmyrouu (2) i (3), maemo:
Inn, = aCyly, @)
Inn, = agColy,

36I0KU

Colp . _0,0830ex) -

_ 2 —2,079, _8.
Cl T 0,042,0 cm) T2

Inn, =
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