25 OCHOBHI

BITIACTUBOCTI
CBITIIA

“Ceimuio — ye nonepeuHi KoMUBAHHs MO20 JiC cepedosi-
wa, siKe € NPUYUHOIO eeKMPUYHUX | MASHIMHUX A6UWY."
Licetime Knepx Maxceenn

Unmanwmii 06’em iH(poOpMariii Mpo OTOUyrOYHid HAC CBIT MU OTPHMYEMO 32 JJOIIOMOTOIO 30DY.
Tomy k He IMBHO, IO MUTAHHS NPHUPOIH 30pY BUHUKIIO IIIE¢ B CHBY JaBHHUHY. SIK MU 6aunmo?
o Take cBiTI0? SIKNM YHHOM 32 JIOIIOMOTOIO CBIT/JIa HAM BJIA€THCS OaYUTH Ha3BHYAIHO IIMPO-
KW Jiama30H SBUII, CIIOCTEpeXKyBaHUX HaMHu? Ha 11i Ta 6araTo iHIINX NHTaHb, OB S3aHUX 3i
CBITJIOM, J]a€ BIATIOBIIb HAayKa, Ky HA3WBAIOTh ONTHKOI0. ONTHKA — po3aia ¢i3uku, B sKoMy
BHBYAIOThCS NMPUPO/A CBIiT/Ia, HOro B3a€MO/isl 3 Pe4OBMHOIO, SIKA NMPOSIBJISIETHCS B MPOIIe-
cax BUNPOMiHIOBaHHSI, IOTJIMHAHHS, Po3cilOBaHHs i mowmMpeHHs cBiTiIa, ¢opMyBaHHS CBiT-
JIOBMX My4KiB Ta ONTHYHI NPHJIATH.

31aBHA BiZIoMa JIisl CBITNIA HA JKMBI OpTaHI3MHU — JIFOJEH, TBAPHH, POCIVH Ta MiKpPOOPTaHi3MU.
ITro miro cBimia Ha3uBaioTh GoTodiosoriunor0. CBIiTIO BiAirpae HaI3BHYAWHO BAKIMBY POJIb B
perymoBaHHi 010JIOTYHMX TpoIeciB Ha 3eMJIi Ta B Mi3HaHHI Npupoaun B3arami. Hi oqHa Hayka He
Morya O JIOCSATTH CyJacHOTO PIiBHS PO3BUTKY 0€3 ONTHYHMX NMPWIIAAiB i iHCTpyMeHTiB. CBIiTiIO —
11e 0cOoONMMBHI BHA Matepii 1 TOMy 3HaHHS HOTO MPUPOJM J03BOJISIE Kpalle 3pO3yMiTH OCHOBHI
BJIACTUBOCTI IHIINX BU/IiB MaTepii, 30KpeMa peUOBHHU.

§ 25.1. XBuiIboBi i KOPIYCKYJIsIPHi ysIBJEHHSI PO MPUPOIY CBIiT/Ia

1. Ha nouarky XIX cr. Oyi0 3po3ymisIo, IO CBITJIO IMOBOMHUTH ceO€ SIK MOIEpedHa XBHIIS
(T'rotirenc, YOur, dpenens). Ajle HIXTO He MIT CKa3aTH, IO 1€ 38 XBWIS, TOOTO, IO KOJUBAETHCS
B miit xBwii. | Tak um iHakIe XBriboBa Teopis [ toiireHca-dpeHens 10CcTaTHRO T00pe MOsCHIOBA-
Ja YAMaIo ONTHYHKX siBHIL (iHTepdepeHLio, TupPaKIIiio, MOMSIPU3ALIIO TOLIO).

B cepenuni XIX cr. MakcBem, po3poOIisitoun TEOpiro eeKTPOMArHiTHOTO Mo, AIHIIOB
BHCHOBKY, [0 €JIEKTPOMAarHiTHA XBWIS y BaKyyMi ITOIIMPIOETHCS 31 MIBUAKICTIO

c- L (25.1)

VEoHto ’

Ie &y 1 4, — BINTOBIIHO ENCKTPUYHA i MarHiTHA craii. I3 (25.1) BuaHO, M0 MIBUAKICTS IONIMPEH-

HS €IIEKTPOMATHITHOI XBIJII Y BaKyyMi CTajia i He 3aJICKHTh Hi BiJl JOBKMHU XBUITi, Hi BiJl YaCTOTH.
®opmyia (25.1) 1ae MOYITHBICTD OLIHHUTH IIBHIKICTH €IEKTPOMATHITHOI XBUJI Y BaKyyMi

c= 1 - 3,00.108 2.

2 . c
(8,85-10712 %)(1,257 107® T/’TM)
M
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8§ 25.1. X6unv06i i KOpRyCcKYISAPHI YAGIEHHS NPO NPUPOOY CEIMIa

Le#i pe3yabTaT CriBIagae 3 eKCIEPUMEHTAIGHO BUMIPSIHUM 3HaYE€HHSM MIBUIKOCTI CBITJIA.
J1y1s IIBUAKOCTI eIeKTPOMArHiTHUX XBHJIb B cepetoBUIL MakcBesut oTpumaB GopMyiLy:

c 1
Ve esopy

Jie & 1 p — BIIMOBITHO Ji€JIEKTPUYHA 1 MArHITHA TIPOHUKHOCTI CEpEIOBHUIIA.

v (25.2)

[ pyHTYIOUHCE Ha CBOIX PO3paxyHKaX, MaKcBesUI JOBiB, IO CBITIO 1€ €NeKTPOMArHiTHI XBH-
i Maroi ToBxWHU. L5 Touka 30py HEBIIOB31 Oynia MiATpUMAaHA 1 iIHIIMMY BYCHUMH, OJJHAK BOHA
MOBHICTIO OTpUMaNa IMiATBEPKCHHS TUTBKH TCIS TOTO, SK CICKTPOMATHITHI XBWII BIAIOCH
reHepyBatH i crioctepiraty B tabopatopii I'enpixy Iepiry B 1887 p. Lli xBruti BonoairoTs BciMa THMHU
BJIACTHBOCTSIMH, SIKi TIPUTaMaHHI CBITIIO-
BUM XBWIIM (B, § 24.5). €muHoro iX Bint-
MIHHICTIO BiJI cBiTJIa OyJO Te, IO BOHU
Oynu HeBummMi. OTXe, CBITIO € HE IO
iHIIIe, K EMEKTPOMATHITHI XBWII Maioi

JIOBXKHHH.
CXeMaTHIHO TUIOCKY eNICKTPOMArHiT-
HY XBIJIFO 300pakeHo Ha prc. 25.1, i3 sxo-
IO BHJIHO, IO BEKTOPH E, B, YTBOpIO-
Puc. 25.1 I0Th npaBI/II‘/'I TBHHT, TOOTO €JIEKTpoMar-

HiTHa XBWJIS TIONICPEYHA.

Bixydy cuHycoinanbHy XBUITIO 3 IOBXKHHOIO A 1 YaCTOTOO 0 MOYKHA TIPES/ICTABUTH Y BHTIISII

E=E, = Epsino(t--),
v (25.3, a)
B=B, = Bysino(t- ),
L
abo
E =E, = E;sin(wt — kx),
y = Eosin( ) (25.3, 6)

B = B, = By sin(wt —kx),

ne E i B ta Egi By — BIAMOBIAHO MUTTEBI Ta aMILTITYIHI 3HAYCHHS HAPYKCHOCTI €ICKTPHIHO-
ro i 1HIYKI[T MarHiTHOrO MoJiB, @ = 27V — KoyioBa (IMKJIiYHA) 4acToTa, V — JiHiiHA YacToTa,
K =27/ A — XBUIIBOBE YHCIIO, U = AV — MBUIKICTH MONMMApPEHHs XBWIi. PiBusaus (25.3) € pis-
HSTHHS TUTOCKO1 €IeKTPOMATHITHOT XBHJII.

EnexrpomarHiTHa XBWIS B HANIPSMKY CBOTO TONTUPCHHS MEPEHOCHUTH CHEPTif0, BEIMYWHA
SIKOI B OJIMHULI 06’ €My (I'yCTHHA €HEPTii eleKTPOMATrHITHOTO MOJIs) AOPiBHIOE

_ &E° +|372.
2 2y

(25.4)

Tyt nepumii T0JaHOK — IyCTUHA eHeprii enexTpuaHoro mois (17.40), apyruii — MaraitHo-
ro (21.24). 3 piBusas MakcBeluia BUILUIMBAE, IO B JOBUIGHAN MOMEHT 4acy Ma€ Micle piBHICTh

Bz
gE?=—, (25.5)
Ho

3B1OKH
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25. Ocnosni enacmusocmi ceimna

E- B (25.6)

A/ €oMo
I3 (25.6) BuaHO, IO B €NEKTPOMATHITHIN XBUIII HAMPY)KEHICTh SISKTPUYHOTO 1 iHIYKITis
MarHiTHOTO TIOJiB MPOMOPIIKHHI OJJHE OTHOMY.
Bukopucroyroun (25.5), 3Haxomumo, 1o rycrusa exeprii (25.4) nopiBHioe

< , B2
& W=¢gyE°=—. (25.7)
. Ho

=g | . I'yctHa TIOTOKY €Heprii eIeKTPOMArHITHOTO IMONsS S JI0-
o § [ piBHIoe MOOYTKY TYCTHHH €HEprii W i IMIBHAKOCTI ITOINIHPCHHS

-H & XBHJII ¢
i ! 2

SH S—we=goe? =B _EB (25.8)
s Ho Ho

(e] ~N

“ e Tyt Bukopucrano Gpopmynu (25.2), (25.6) i (25.7).

oL % - °§ 3 JIOBXWHU XBWJIb BUIUMOTO CBiTJIa Oy OOYHUCIICHI IIIe Ha

= 2 § [ § S moyatky XIX cT. — 3a/I0BTO JI0 TOT0, SIK BUHHUKJIO TIPHITYIIICHHS,
“S | ; % % § IO CBITJIO € eNEeKTPOMATHITHI x7mxmi. CeiTty B7i,Z[1'[OBi,Z[aB miana-

0-13 = S 'g = 30H JIOBJKHMH XBHITb Bill 40-10"mMm g0 7,5 - ZEO M, a6o Big 4000
e | D § 8 g 110 7500 A. BigmoBinui uactotn MoskHa 3HANTH 34 (hopmyioro:
LS s

=1 | N
" Buoume cginio ,§ Tyt uepe3 ¢ no3HaueHa MBUIKICTb CBITJIA Y BaKyyMi, v 1 A —

S| s X BiAmOBiAHO yacToTa i MOBKWHA XBWI. IIIBUmKiCTH cBiToa y
. S § § BaKyyMi € YHIBEpPCAIbHOIO CTAJIOI, TOMY ii ITO3HAYAIOTh CIIe-

o] g § [ E [iaJdbHAM CHMBOJIOM ¢. I3 (25.4) HeBaXkko 3HANTH, IO 4aCcTO-
N §‘ e % Ta BHAMMOTO CBiTJIa JEKUTh B iHTepBami Bim 4,0 10* o

o] &8 7,5 10" Iy.

- S § OnHak, BUIME CBITJIO € e OJHIEIO 13 pi3HOBIfIIlH.OCT€I\/II

S €JIEKTPOMATHITHOTO BHIIPOMiHIOBaHHS. EIleKTpOMarHiTHI XBH-

JIi, 0 TeHepyBaJIHcs B Hociigax I'epra, € OLIbII HU3BKOI Jac-
92 || TOTH 1 BITHOCSITBCS A0 PamioXBmwib. ChOTOIHI, SIK BiIMIYAIOCE B
- § 24.5, enexTpOMArHiTHI XBHJII T€HEPYIOTHCS 1 PEreHepyIOThCsI
= B IIMPOKOMY Jiamna3oHi 9acToT. OKpeMi JUISTHKH CIIEKTpa eJek-
8 - TPOMArHiTHOTO BUIIPOMIHIOBAHHS MAlOTh CBOI Ha3BH, HaBE/CHI
= % B Tabin. 25.1 1 Ha puc. 25.2. Tabnuis 1 pUCYHOK JAroTh YsIBIICH-
. § e HS TIPO MKy eEKTPOMATHITHUX XBHITb.

ol R 3ayBakuMo, IO ONTHKA, SIK HayKa, BIBUAE HE BCE CICK-
. & TPOMArHITHE BHIIPOMIHIOBAHHS, a JIUIIE Te, SKE MOXXE BHBYA-
o] THCS 32 JIOTIOMOTOI0 ONTHYHHX CIIEMEHTIB. J3epKall, MPH3M,

JiH3, TUQPPAKIIHAX PEIIiTOK, a TAKOXK X KOMOIHAMIH, SKIMU
™ N € Di3HI ONTHYHI TPUIAAA — TEIECKONH, MIKPOCKOIH, CIIeK-

- TPOCKOIH TOIIO. J[Jst BCiX ONTHYHMX HMpUCTPOiB (MpHaiB) xa-

J PakTepHUM € Te, IO BOHH MOXYTh (DOpPMYBATH HAIpaBIICHI
ITyYKH TIPOMEHIB, JUIS SKUX JOBKHHA EJICKTPOMATHITHOI XBHUII

A, IO TPOXOIHTH Yepe3 ONTHYHY CHCTEMY, € Habararo MeH-
Puc. 25.2 IIOKO Bi[ JIiHIMHKEX po3MipiB ¢ponTy xBmib D (4 << D).
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8§ 25.1. X6unv06i i KOpRyCcKYISAPHI YAGIEHHSL PO NPUPOOY CEIMIa

Tabms 25.1

110" u V. 10% Iy Kortip mpomeris Eneprist ogaoro ¢horona (kBaHra)

- 10" ik eB
7,60 3,95 TeMHO-uepBOHUI 0,26 1,6
6,20 4,84 UepBoHuit 0,32 2,0
5,90 5,08 OpamKeBHiA 0,36 2,1
5,60 5,36 Kostnit 0,36 2,2
5,00 6,00 3enenni 0,40 2,5
4.80 6,25 Tomyouit 0,41 2,6
4,50 6,67 CuHii 0,44 2,7
3,80 7,89 ®dioeroBuii 0,52 3,3

VY BIONOBIAHOCTI 3 UM ONTHYHI METOAM MOXXYTHb OYTH BiHECEHi 0 OyIb-SIKOi TiISHKH
EIEKTPOMATHITHOT O CIIEKTPA, [ TIIBKK BUKOHYEThCst yMoBa (4 / D) << 1, e A — noBxuHa XBU-
i, D — miniitai po3mipu ¢ppouTy” XBHI.

STkuio A > 1 cM, o ymoBa (/D) << 1 He BukoHyeThCs. He BUKOHYETHCS BOHA i B 00MIACTi y-BH-
MpOMiHIOBaHHsL. ToMy 10 oOnacTi OnTHKN NOTPiOHO, OYEBMITHO, BIJHECTH JOCHUTH HMIMPOKY JUJITHKY
@ITEKTPOMArHITHOTO CIIEKTpa, sIKa IpoCTsAraeThest Bia osxuam x4 = 0,1 A o1 =1 em (puc. 25.2).

Hapmani nig mossitTsaM “cBiTio” OymeMo po3yMiTH BCi €IEKTPOMArHiTHI IO 3 JOBKHHAMH
xBwib Bin 0,1 A 10 1 cm. Takum unHOM, OrTTVKa — HayKa TIpo enekTpoMarHitae morne 3 0,1 A<i<lem
1 Horo B3aEMOJIiF0 3 pedoBHHO0. CITijl pO3yMITH YMOBHICTD BUIUIEHOTO Jialla30Hy XBUJIb.

2. KBanToBY Teopilo cBiTia ctBopyB HiMerpkuil dizuk A. Eftamreiin y 1905 p. B ii ocno-
BY BiH TOKJIAB i/I€f0, IO CBITJIO sIBJIsIE COOOO TIOTIK OKPEMHUX YaCTHHOK, SIKi CTIOYaTKy Ha3WBa-
JIACS CBITJIOBMMH KBaHTaMH, a T3HIIIIE OTPHMAIH Ha3By (OTOHIB (32 IPOMO3UIIEI0 aMEPHKAHCh-
koro ¢izuka I. JIproica B 1925 p).

Einwmeiin Anvoepm (1879 — 1955) — susnau-
Hull HiMeybKull Qizux — meopemux, 0OUH i3 meopyie
cyuacnol ¢isuxu. Hapoouecs ¢ m. Ymoma (Hiveuwuu-
na). 3axinuue Lfropixcoxuil ([setyapis) noximexwi-
kym (1900 p.). ¥V 1933 p. emizpysas i3 Hayucmcovkoi
Himneuuunu ¢ CLLIA, de i npayrosas 00 KiHysa scumms.

Tsopeyn cneyianeroi (1905 p.) i sacanvroi (1916 p.)
meopitl GIOHOCHOCTIE, ABMOP 3AKOHY B3AEMO38 3Ky Md-
cu i enepeii (1905 p.), kopnyckynapuoi meopii céim-
Ja, meopii pomoeghexmy, 0CHO8HO2O 3aKOHY homo-
ximii. ¥V 1917 p. nepedbauus sguuge iHOyKo8aHo20
BUNPOMIHIOBAHHSL. 30 8AXHCIUGE (DIZUKO-MaAMeMamuyHi
docnioxcents i, 30kpema, 3a pobomu no ghomoeghex-
my, Einwmenny 6yna npucyoscena Hobeniscvka
npemisn (1921 p.)

* . .
®poHTOM XBWJII HA3UBAIOTh '€OMETPHYHE MICIE TOYOK, B SIKMX KOJHMBAHHS 3HAXOMSATHCS B
OIHIN (asi.
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25. Ocnosni enacmusocmi ceéimia

Enepris gorona

hc

neh=6,62- 103 JIx - ¢ — crana I[Tnanka.
TakuM 9rHOM, (DOTOHH B 3aJICKHOCTI BiJl YaCTOTH (JIOBKHMHU XBHII) MAIOTh Pi3HY €HEPTifo.
Tax, Hanpukmaz, eHepris pOTOHA 3eICHOTO CBITIA

hc

8
Eq, =hv, == =(662-10" e -¢) S 10" e

. 05-10° u

=40-10" Jpic=25eB.

3

3HaueHHs eHeprii (GOTOHIB iHIIMX YacTOT (JOBXKHH XBWIIb) BUIAUMOTO Jialla30Hy HaBeICHI
B Ta0Omumi 25.1.

SIK BUIHO i3 HABEJECHUX JTAaHUX, CHEPrist (DOTOHIB BUAMMOTO JIialla30Hy € YK€ MaJIolo.

[{o6 3po3ymiTH, HACKIEKA Maja KiTBKiCTh CHEprii, SKa BiTHOCHTHCS JO OJHOTO KBaHTA
CBiTJIa, po3ryIsTHEMO Takui npukiaaza. [Ipumycrumo, mo Tito Macoro M = 1 r majgae 3 BUCOTH
h =1 cm. SIkmio 6 Bcs eneprist, HaGyTa TIIOM TP MAAIHHI, SIKHMOCh YMHOM [IEPETBOPUIIACS B
HKOBTE CBITIO (A, = 5,60 - 107 M), TO cKibku 6 Gy10 BHIPOMiHEHO (OTOHIB.

Eneprist, HaGyTa TLIOM IIpH MaiHHI, JOPIBHIOE HOTO MOTEHIiaNbHil eHeprii Ha BucoTi h:

E, = mgh = (107 x2)(98 x/c?) (1072 u) =98-107° .
Eneprist porona xoBTOrO CBiTIIA
¢ (662:107% [ -c)(3-10° )

=h Z
e 56-107" u

=36-10"" /.

Yucno poroHiB

-5
N = En _ 9,8 10 19,2]9!6’ _ 2,7'1014.
Epe  36:107 o

Taxum unHOM, 3 OKpeMUM (POTOHOM 3B’s13aHa Ayxke Masa eHepris. CaMe 1M HOSICHIOEThCS
TOH (haKT, 0 B OUIBIIOCTI ONTHYHKX JIOCII/IIB MU HE BUSBIIIEMO KBAaHTOBOTO XapaKTepy CBITIA.
3BizcH 3p0O3yMiJIO, O YuM OiIbIIa JTOBKHHA XBUJI (MEHIIA YacTOTa), THM MEHILE BUSBIISIOTHCS
KOPITyCKYJISIpHI BIIACTHBOCTI CBITJIa 1 HABMaKH.

3riaHo 31 CHenialbHOIO TEOPi€l0 BIIHOCHOCTI, eHeprist £ HepO3pHBHO 3B’ sI3aHa 3 Macoo M.
CriBigHomenHs Mix E 1 M 3agaeTbest popmyinoro EfiHmTelina

E =mc?. (25.6)

Ha ocHosi (25.5) i (25.6) 3naxomimo, 1110 Maca pyxoMoro pOToHa M; BHU3HAYAETHCS BUPA30M
hv h

- 25.7

=7 =5 (25.7)

Maca dorona ayxe mana. Hampukmazx, s BUIAMOro ceimia Mg = 4,6 - 10 kr. IIpore B
KOPCTKOMY PEHTTEHIBCHKOMY BHMIIPOMIHIOBAaHHI Maca ()OTOHA CTA€ BXKE CIIBMIpHOIO 3 Macoro

CroKoro enektpona M, ~ 9,1 - 10" kr, a B y — mpomensx Maca (pOTOHA EPEBHUILYE MACY EIEKTPO-
Ha (Tabu. 25.2).
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8§ 25.1. X6unv086i i KOpRYyCKYISAPHI YAGIEHHS NPO NPUPOOY CEIMIA

Tabmms 25.2
m
v 10" I'n
KT B CIICKTPOHHHUX Macax

YepBoHE CBITIIO 4,85 3,57 -10% 3,92 - 10°
3ereHe CBITIO 6,00 4,42 103 4,86 -10°
®dioneroe cBIiTIO 7,89 5,81 - 107 6,38 - 10°
VYieTpadioneroBe BUIPOMiHIOBaHHS 10° 7,36 - 10* 8,09 - 10*
PenTreniBchbKke BHITPOMIHIOBAHHS 3.10* 2,21 - 10% 2,40 - 107
I'amMa-BUNIPOMiHIOBaHHS 3.10° 2,21 - 10% 2,41

OCKIJIbKH 32 TEOPI€I0 BiIHOCHOCTI NPH HAaOJIMKEHHI 10 MBHUAKOCTI CBITJIa Maca Tiia 3 Bil-
MIHHOIO BiJl HyJIsI MacolO CITIOKOIO TOBHHHA HECKIHYEHHO 3pOCTaTH, a Juisl OTOHA, IO PYyXAEThCS
3aBK/IM 31 MIBUIKICTIO CBiTJIA, Maca € CKiHYEHOI0 BeTHUHHOI0 (25.7), TO 3 I[Or0 BHIUIMBAE, IO
Maca CITIOKOI0 ()OTOHA JOPIBHIOE HYIIIO.

3a macoro (hoToHa M; Ta HOro MBUAKICTIO C 3HAXOIUMO IMITYJIEC (POTOHA

hv  h
P, =m:c = — = — 258
f=mpe == 2 (258)

abo0 y BekTOpHi# (opmi

ﬁf:hvﬁ:

v f, (25.9)
C

N =x

Jie N — OMMHUYHHUNA BEKTOP.

I3 (25.8) BuaHO, 1110 iMIyIbC (HOTOHA 3@ AOCOTIOTHOIO BEIMUMHOIO IOPIBHIOE HOTO €HEprii,
TIOZIiJIeHI} Ha MIBUAKICTH CBITJA; HANPAMOK IMITYJIbCY 1 HAPSIMOK MOLIMPEHHS CBITJIA CITiBIA-
natots. ®opmyiy (25.9) 3anucyrots e i Tak:

P, =7k, (25.10)

xe h=h/2r —crana Ilnaska, k = (27 / A)N — XBUIBOBHI BEKTOP, MOIYITb SIKOTO PIBHUN XBHJIBO-

BoMy umcny | K |.

Ormxe, GOTOH, SIK eIeMEHTapHa YaCTHUHKA CBITJIA, BOJIOAIE EHEPTI€I0, IMITYJIbCOM, MOMEHTOM
IMITyTIbCY Ta PSIIOM IHINMX XapaKTepUCTHK. BiMOBIgHO 10 cydyacHWX AaHMX, (DOTOHH HE MaloTh
EIIEKTPHYHOr0 3apsiy, MarHiTHOrO MOMEHTY, €JIEeKTPUYHOrO JMIIONBHOTO MOMEHTY. Yac >KUTTS
(oToHa y BakyyMi € HecKiHueHHIM. OCTaHHE CBIIUHTH PO TE, IO (POTOH € CTIIKO YaCTHHKOIO 1
CaMOBLUIBHO He po3raaerhesl. [Ipyu B3aemortii 3 peyoBHHOIO (POTOH MOKe OyTH MOTIMHYTHI HElo, 1
TOzIi caM (DOTOH 3HMKAE, a HOro €Heprisl MOBHICTIO MEPEXOUTh 10 YACTHHKU PEUOBHHH, SIKa HOTO
nornuayna. KeantoBa (KOpIyCKy/SIpHA) Teopis CBiTia mi3Hime Oyia MiATBEp/UKEHA PAIOM
OpMTIHAIBHHX JOCIIIB, OMHIM 3 SKHX € Hociix bore'. _

CxeMy yCTaHOBKH, 32 JJOIIOMOT 010 sIKOi boTe ekcriepiMeHTanbHO 10BiB icHyBaHHS (o-

* Bore Banbrep (1891 — 1957) — nimeuskuii ¢isuk, naypear Hobeniscbkoi npemii (1954 p.) 3
(i3uKH 32 po3poOKy HOBOTO METOAY peecTpallii YaCTHHOK 3 BUKOPUCTaHHSAM JIBOX 1 OijibIie Ji-
JYHIBHUKIB (MeTox cniBmaxanb (1924 p.))
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25. Ocnosni enacmusocmi ceimia

TOHIB, 300paXkeHO Ha puc. 25.3. J[xepenoM peHTTeHIBCHKOTO BHIIPOMIHIOBAaHHS Oyna TOHKa

:Iﬁl: MeTaliyHa HJ‘IiBKa. Mm, ska OHpOMiI.-IIOBaJ'IaCB CJ'I.a6KI/.IM IIy4KOM Iep-
Mir BUHHOTO PEHTTEHIBCHKOTO BHIIPOMIHIOBAHHS, Iif JI€I0 SKOTO BOHA

oA D A J cama craBana JuKepesaoM PEHTTEHIBCHKMX MPOMEHIB (Lie SBUIIE HAa3H-
BA€THCS PEHTTEHIBCHKOIO (uryopecueniiero). [TniBka po3milnyBaiach

MDK IBOMa YyTJIMBUMH Ta30pO3pSIHUMH JIiumiIbHuKaMu JI4, ski cripo-

MOKHI OyJIi piKCyBaTH KOXHHUI PEHTI€HIBCHKHH IMITYJIbC Ha CTpidIl

M r 1M CT, OCKUIBKM IHTEHCHBHICTH NEPBHHHOTO ITydKa PEHTIEHIBCHKOTO
BUIIPOMIHIOBaHHS OyJia Maa, TO KiJIbKICTh KBAHTIB, SIKi BUIIPOMIHIOBa-

¥ Cr JIHCS TUTIBKOIO, Oyia HeBenuKkoro. [Ipy monanaHHi B JIYMIBHUK PEHT-

Puc. 25.3 TeHIBCHKHX IPOMEHIB BiH CIPanbOBYBAB i MPUBOJAWB y JiI0 OCOOIH-

Bl MexaHi3M M, skuii poOWB BIAMITKY Ha PYyXOMiH mHamepoBiit
crpiui Ct. Konmm © peHTreHiBCchbKe BHUIPOMIHIOBAHHS IOIIMPIOBAJIOCH PIBHOMIpHO Y BCi Ha-
NPSMKH, SK [I€ BHIUIMBAE 13 XBIWIBOBHUX YSBJIEHb, TO OOWABA JIYMIBHUKH CIPAabOBYBAIH O
OJTHOYACHO, 1 BIIMITKM Ha CTPIYlli MPUXOIMINCH OM ofHa nmpoTH ogHoi. Hacmpasni criocTtepira-
JIOCh HITKOM 0e371aHe po3MilIeHHs BiAMITOK. Lle MOKHa TOSICHUTH JIMIIE THM, IO B OKPEMHUX
aKTax BHUIPOMIHIOBAHHS BUHHKAIOTh YaCTHHKH (200 rpyra 4acTHHOK) PEeHTT€HiBCHKOrO BUIIPO-
MiHIOBaHHS ((POTOHM), SIKi TOMIMPIOIOTHECS TO B OAHOMY, TO B IHIIOMY HAMPSIMKY, 3aIyCKAHO4H
B JIIF0 PEECTPYIOUHIA PUCTPIHL.

3. Buxonsud i3 BHIIECKA3aHOr'0, CBITIO HMOBOIUTEL ceOe 1 AK XBHIIS, 1 K IOTIK YaCTHHOK
(dhoronis). Ha mepmmii morsis 30a€ThCs, MO XBIIBOBA 1 KOPIIYCKYJSIPHA TOYKU 30pY Ha MPH-
POy CBITJIa B3a€EMHO BHKJIIOUAIOTh OJTHA OZIHY, aJIe BOAHOYAC IIi OOM/IBI TOUKH 30py OJIMCKyde
MiATBEPILKYIOTHCS €KCIIEPUMEHTOM: sBUINA iHTepdepenmii, audpakiii, momspusamii cBiTia
MATBEP/KYIOTh XBIWIILOBI MOTJIAH, sSBUMIA (hoToedekTy, mominecHeHii i epekry Komnrona
— KOpIYCKYJIsIpHI moryisian. Po3BuToK (hi3WKM 1MOKa3aB, IO XBUIBOBI 1 KBAHTOBI BIACTHUBOCTI
CBiTJIa @X HISIK HE MOKHA TPOTHCTABIATH. B KiHIIEBOMY paxyHKY ()i3WKM JIMIIUT BHCHOBKY,
II0 ABOICTY MPHUPOJY CBITIIA CIi MPUHHATH sIK Oe33anepeunnii (akt. Came 110 JBOICTY HpH-
POy CBiTJa MarOTh Ha yBa3i, KOJIU TOBOPSATH PO KOPITYCKYJISIPHO-XBUJIBOBUN 1yami3M. SIcHO,
IO CBITIIO BUSIBIIIOCS OUTBIN CKIIAJHUM, HIX MTPOCTO XBWJISA YA YaCTHHKA.

Buxin i3 miei cutyarii nokazas BumaTHUA gatcekuii ¢izuk Hinbc Bop, BucyHyBIm cBiit
3HAMECHUTHHA MPHHIUI J0MOBHIOBAJIBHOCTI. 3T1IHO IbOTO MPUHLHILY, JUIS TOSCHEHHS JAHOTO
EKCIICPUMEHTY CIIiJlT BUKOPUCTATH a00 XBUIILOBi, a00 KOPITYCKYISIPHI YSBIICHHS TPO TIPUPOTY
CBiTIIa, aye He Ti i iHmi BogHouac. OqHAK, TS TOBHOTO PO3YMIiHHS MPUPOX CBITIIa HEOOXiTHO
BPaxOBYBaTH K XBWJIbOBI, TaK 1 KOPITYCKYJISIpHI BiacTuBocTi. OOHM/IBA I1i aclIeKTH BIaCTHUBOC-
Tel CBITIIa B3a€EMHO JIONTOBHIOIOTH OZMH OJHOTO.

HaouHo ysBUTH KOpITYCKYIIIPHO-XBITEOBHI TyallisM HEMOXKITUBO. MU He B 3M031 ySBUTH TIO€THA-
HHSI XBIJIBOBUX BIIACTHBOCTEH 3 KOpIycKyIApHUMH. CITifl YCBIJOMHTH, IO XBUIBOBHH 1 KOPITyCKY-
JISIPHUIA aCTICKTH TTOBEJIIHKH CBITIIA — IIe Pi3HI CTOPOHH HOTO TIPHPOIIH, SIKi TIPOSIBITFOTHCS Ha TOCHIT.

Hacamxinens, ciif mnkpecnuty, mo Gopmyna E; =hv cama no cobi moB’si3ye Kopmycky-

JISIpHI 1 XBWJIBOBI BIIACTUBOCTI CBiTNIa: eHeprist E¢ B JiBilf yacTHHI PiBHOCTI BiAHOCHTHCS 1O 4ac-
THHKY, a YacTOTa V B TpaBiii YacTWHI — MO BiANOBIAHOI XBWTi. 3TiMHO KBAaHTOBOI TeOpil,
MIOETHAHHS KOPITYCKYJISIPHUX 1 XBWJILOBHX BJIACTUBOCTEH € MPUPOIHOIO SIKICTIO Bei€ei marepii
B3araiii, TOOTO KOJKHA YaCTHHKA PEYOBHHH BOJIOJII€ XBIILOBUMH BIIACTUBOCTSIMHU 1 KOYKHA XBHJIA
BOJIOJIi€ KOPITYCKYJISIPHIMH BJIACTUBOCTSIMU.

§ 25.2. XapaKTepHCTHKH ONTHYHOTO Aiana30Hy eJ1eKTPOMATHITHUX XBHJIb

OnTHYHMI Jiana30H eIeKTPOMATHITHAX XBIIb IPOCTATAETHCS Bill A = 10 mi IoA= 10%m
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§ 25.2. Xapaxmepucmuku onmuuHo20 0iana3ony eieKmpoMAazHimHux X6ub

(10™ M < 1 <107 M) (puc. 25.2). Bugumuii 1iana3oH € 4ACTKOKO ONTHYHOTO Jiala3oHy i BKIoUae
CIICKTPOMATHITHI XBHII, sIKi CIIPUAMAIOTHCSI JTFOACHKAM OKOM. Mexxi JTiarna3oHy 3aiexaTh BijT iHIH-
BilyaJIbHIX OCOOJIMBOCTEH OKa JIFOIMHH 1 JIeKaTh B MeKax Big A = 3,8 - 10" m moA==7,60- 10" m

(puc. 25.2).
B onTrIii BUKOPUCTOBYETHCS SIK KOJIOBA YacTOTa
2r
=2 25.11
o= (25.11)
ne T — mepion KonmvBaHb, TakK i JiHIIHA 9acToTa
1
== 25.12
Ve (25.12)
SIK1 TTOB’s13aH1 MK COOOIO CITIBBIIHOIIEHHIM
@ =2nv. (25.13)
Jliniitna gacrora BUpaxkaeTbes B 14, a KOJIOBA — B ¢!, Maroun na yBas3i, 1o
A=cT, (25.14)
OTPUMAEMO
a= (25.15)
1%
e ¢ =3 - 10° m/c — mBuKicTs cBiTIa Y Bakyymi. [T MeX BUIMMOTO Jiana3oHy MaeMo
v=(4-8)-10"Tn i w=(25-50)-10"c". (26.16)

Inmi giana3sonu e1eKTPOMArHITHHX XBHJIb. B3arani TeopeTHYHO MOXHA JIOIYCTHTH ic-
HYBaHHS €JEeKTPOMAarHiTHUX XBWJIb BCiX 4acToT Bix v = 01 1o v = co. OpHaK, KOPIYCKYISIpHI
BIIACTHUBOCTI CBIiTJIa HAKJIAJIAIOTh OOMEXKEHHS Ha I1i MOXIIMBOCTI. 3TiJJHO KBAaHTOBOI TEOPii, eie-
KTPOMAarHiTHE BUIPOMIHIOBAHHS 3/IIICHIOETHCSI Y BUTTISII KBAHTIB, EHEPIisl SKUX BU3HAUAETHCS
¢dopmynoro [Inanka-Elnmreiina:

E =ho = hv, (25.17)

neh=6,62-10% - c, i =h/i2zr =1,05- 10> JIx - c.

I3 (25.17) BurumBaE, MO HECKIHYEHHI YACTOTH HEMOXKJIMBI, OCKITBKM BiIMOBiIHI KBaHTH
BUIPOMIHIOBAaHHSI TIOBUHHI BOJIOJITH HECKIHUCHHO BENMKOIO eHepriero. CriBBignomensst (25.17)
HaKIagae OOMEXEHHs i Ha MaJli YacTOTH, SKIIO iCHYyE MiHIMAJIIFHO MOXIIVBE 3HAYCHHS KBaHTA
eHeprii Eo. A 1ie 03Hayae, 110 YacTOTa He Moxe OyTH MEHIION 3a v, =E, /h. Chorofni Hemae

JIaHHX, SIKi O OOMEKYBAIU HIDKHIO MEXY eHeprii ¢potoHa. MiHimManbHa yactora (~ 8 /) crocre-
piraeTsest B CTOSIMMX EIEKTPOMATHITHHX XBHIIIX MK 10HOC(hepoto 1 3eMHoI0 atmocdeporo. Tomy
MiHiMaTbHA eHepris GoToHa € Mermomo 3a 107 Jix.

Bci MOXUTHBI 9aCTOTH €IEKTPOMATHITHEX XBHITb MTOAUISIOTECS Ha TaKi miarnazonu (tadm. 25.3).

OCHOBHOIO OCOOJIMBICTIO €JIEKTPOMATHITHUX XBWJIb € T€, 110 BCI HaBEJCHI BUILE BUIIPOMi-
HIOBaHHS IOMIOHI 32 CBOIM XapaKTepoM, a BIJIPI3HSAIOTHCS JIMIIE YacTOTO. Tak, pajioXBHII,
SIKI BUITPOMIHIOIOTBCS Pa/li0aHTEHOIO, MTOBHICTIO aHAJIOTIYHI MPOHUKAIOUOMY Y - BUIIPOMIHIO-
BaHHIO, SIKE BUIIPOMIHIOETHECS ATOMHUM SIIPOM, IO MA€E iaMeTp JIHIIe 101 M, €JUHOIO BIIMIiH-
HICTIO MK I[UMH JJBOMAa BHJAaMH BUIIPOMIHIOBAHHS € T€, IO iX YACTOTH BiAPiI3HAIOTHCS TMPHU-
630 B 10" pasis.

X04 eneKTpoMarHiTHi BUIIPOMIHIOBaHHS 1 IOiOHI MiXk co0oro, croci0 iX B3aemoii 3 pedo-
BUHOIO 3aJISKUTH BiJl 4acTOTH. Hampukias, OKo 4yTJIMBE TUIBKH 10 BUAMMOTO Jiala3oHy, TOi
SK IIKipa MOXKE BIIYyBaTH TEIUIOBE BUIPOMIHIOBAHHS. PaioXBHII HE HPOIYCKAIOTHCS TOHKOIO
METATIYHOIO TTACTHHKOIO, B TOW XK€ Yac PEHTT€HIBCHKI 1Y - IPOMEHI BUTBHO IPOXOATH Yepe3 Hel.
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25. Ocnosni enacmusocmi ceimna

Tabms 25.3
HasBa nianasony Mexi alanasorty
A v, I'g E
lamma -
BHITPOMIHIOBaHHS < 0,0012 am >24. 10% > 1 MeB
PentreniBceke
BHIIPOMiHIOBAHHS 0,0012-12um  2,4-10%°-2,4.10% 100 eB — 1 MeB
VYnerpadionerose
BHIIPOMiHIOBAHHS 12 — 380 um 7,7-10%-2,4 .10 3,2-100 eB
Bunume
BUIIPOMiHIOBAaHHS 380 — 760 Hm (4-8) - 10" 1,6-33¢B
Indpayepsone
BHITPOMiHIOBaHHS 760 aMm — 1Mmm 2,9 10" -4. 10" 1,2 10° - 1,6 eB
Pagioxsui > 1 MM <12-10° <12-10%eB

3ayBaKUMO JIaTi, IO i3 30UTBIICHHSIM YacTOTH XBIIIb ITiICHITFOETHCS TIPOSIB KOPITYCKYIISPHIX
(KBaHTOBHX) BJIACTUBOCTEH BHIIPOMIHIOBAHHS. XBUII PI3HUX JAlla30HIB BIAPI3HIIOTECS TAKOX i 38
METO/IaMH TeHepallii BUIPOMiHIOBaHHS. [liana3oH elIeKTPOMarHiTHUX XBHIIb, SIKi BUBYAIOTBCS OII-
THKOO, HaM yxe Bimomuii (nuB. § 25.1). EnekrpomarHiTHI XBHII IHIIKX Jialia30HIB BUBYAIOTHCS
IHIIMMU po3aLTaMu (Hi3UKH.

§ 25.3. Yomy mu 6auuMo caMe y BUAMMOMY /iana3oHi?

[epr 3a Bce cimif BiAMITUTH, IO OAYEHHS TMPEIMETIB 3MIIHCHIOETHCS 32 JJOIOMOTOFO CBITIA,
sike HaMm miocwiae Conrre. Criektp BunpoMiHtoBaHHS COHIIS € CIICKTPOM BHUTIPOMIHFOBaHHS a0co-
JIFOTHO YOPHOTO Tina. MakCUMyM iHTEHCHBHOCTI BUNIpOoMiHIOBaHHsI COHIIS TIpUTIAIac Ha JTOBKU-
uy xBuwii 0,55 mxm (puc. 25.4). Ilpu npoxomkenHi cBiTiIa yepe3 atMochepy B pe3ylIbTati po3ci-
SIHHS 1 TIOTJIMHAHHS CKJIaJ] COHSYHOTO CITEKTPa iCTOTHO 3MIHIOETHCS B 3AJIC)KHOCTI Bifl TOBIIUHHI
mapy MoBiTpsi, 3a0pyaHeHOCTI Horo Tomo. B pe3ynbrati criekrp 011 moBepxHi 3eMiTi 00pHBa€THCS
mprOITM3HO Ha XBUNI A ~ 0,3 MKM. XBUITi 3 MEHITIONO JTOBXKHHOIO TIOBEPXHI 3eMJIi HE TOCATAIOTh.

Taxum 9MHOM, TIPH MPOXOKEHHI aTMOoc(hepy HaHOLTBII CHIIBHO TOCTA0IIOETHCSI KOPOTKO-
XBWJILOBA YaCTHHA COHSIHOTO CriekTpa. 13 36inbimentsm noxunau xuii (Big 0,3 — 0,4 MkM B Gik
YEPBOHOTO CBITIIa) JOJIs CHEPTIl, sIka MPUHOCHUTHCS CBITIIOM, 3pocrae. ToMmy HalOiIbII mpHaat-
Wi HUM Ut OaveHHS € iHTepBaJl MOOIM3Y TOBKUHH
XBITI, HA SIKY TIPHIIAIa€ MaKCUMaJlbHA 1HTEHCHB-
HICTh BUNPOMIHIOBaHH:, TOOTO A = 0,55 MKM.

OpHak, nocratHso Oararo eneprii (> 50 %),
SIK 1€ BHAHO i3 puc. 25.4, mpurnagae Ha MIKpo-
XBUIILOBY YACTHHY CIIEKTpa. ToMy i3 eHepreTy-
HHUX MipKyBaHb B NPUHIMUII HE BHKIIOUYEHE 0a-
, UCHHA i B LI JacTHHi cnekTpa. PasoM 3 TuM 1s
0,3 0,55 A, MKM YaCTHHA CIIEKTpa HE MpHAaTHA I OaueHHSI.

Yomy? Jlast poro € mo KpawHii mipi 1Bi
Puc. 254 npudrHA. BimoMo, 1m0 XBUIH0BI BIaCTUBOCTI BU-
TIPOMIHIOBaHHS TIPH3BOATE IO TIOTIPIICHHS PO3JIUTHHOI 3ATHOCTI ONTHYHMX TPUIIANiB, B TOMY
YHCIIi 1 OKa, a 3BIJICH 3p03yMIJIO, IO 13 301IBIICHHSM JIOBKHHH XBIUTI SIKICTh 30pY MOTIPIIY€ETHCS.
OpHak ToJIOBHA MPUYMHA TAiThCA HE B IIEOMY, a BOHA TTOB’s3aHAa 3 KOPITYCKYISIPHIUMH BIIAC-
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8§ 25.3. Yomy mu 6auumo came y suoumomy 0ianazoui ?

THBOCTSIMHU €JIEKTPOMATHITHOTO BHUIIPOMIHIOBAHHS Ta ICHYBAHHSM TaK 3BaHUX BEIUKUX “‘IIIy-
MiB” B Jiana3oHi A0BruxX XBwib. “Illymu” poOmsaTh 1eil Aiama3oH HEMPUIATHAM UIA 30PY BCIX
JKUBHX ICTOT, SIKi MAIOTh TaKy TEMIIEPATypy TiNa, K B MoauHA. Cripo0yeMo Iie TOKa3aTH.

Bimomo, 1o cepente uncio (GOTOHIB, SKi MPUITATAIOTh HA OJHY MOIY KOJIMBAaHb 3 Yacro-
TOI0 (, B PIBHOBAXKHOMY BHIIPOMiHIOBaHHi Ty Temnepatypi T 3a1a€eThest HOPMyYIIOn:

1

ool GO 1" (25.18)

(n)
nek=1,38- 102 JIx/K- crana bonbivaHa.
IMo6mm3y moBepxHi 3emii (73 = 300 K) € ¢oroHr COHSMHOTO BUMPOMIHIOBAaHHS 1 (GOTOHH
BHIIPOMIHIOBaHHSI ITIOBEPXHi 3eMJIi Ta MpeIMeTiB, 10 Ha Hil 3HaxosThcs. KinbkicTs 11X oTo-
HiB, 1110 PHTIAJIA€ HA OJJHY MOy KOJIMBAHb 3 YACTOTOIO () €.

1

. (25.19)
exp[iiw/(kT5)] — 1

<n3> =

Cepenne uncino (HOTOHIB < N > COHSYHOTO BHIIPOMIHIOBAHHS IOOJIN3Y MOBEPXHI 3eMili y
Biznosignocri 3 (25.18) Gyxe:
1
explieo/(kT)] - 1

(ne) = (rc IR)? (25.20)

ne re—pagiyc Conus, R — paaiyc 3emuoi op6ity, (7¢ = 6000 K). Muoxuuk (rg / R)? BpaxoBye
nocnabIeH s TYCTUHH COHSIMHOTO BHIIPOMIHIOBaHHs (PO3CISIHHS, MOTIMHAHHS TOIIO). BpaxoBy-
roun, o re = 695 - 10% kv, R = 149,5 - 10° km, 3Hax01M0, 1110 (rc! R)2 =2,16 10°.
Bupimansue 3Ha4eHHS 1 e()eKTUBHOTO 30pY Ma€ BiHOIICHHS MIX ITOTOKOM (DOTOHIB, SIKi
HecyTh iH(OPMAIIIIO TPO MPEAMETH, i TTOTOKOM TEIUIOBMX (DOTOHIB, AKi HigKOi iH(OpMaIi He
HECyTb, a POCTO CTBOPIOIOTH (poHOBMH “IiryM”. UuM OUTBIINIA TOTIK (OTOHIB, SIKi HECYTH iH(Op-
Maiio 1po IMPeIMETH, 1 MM MEHIIHH MOTIK IIyMOBUX (DOTOHIB, TUM Kparili yMOBH ISl 30PY.
IMotix QotoniB, ski HeCcyTh iH(pOpPMALIIO PO MPEIMETH, BUHUKAE 33 PaXyHOK BiJIOWBAHHS
BiJl TIPEJMETIB COHSYHOTO BHIIPOMIHIOBaHHSA. MOXHA BBaXKaTH, IO IEH MOTIK MPOIOPIiHHUN
cepenHiii KinpkocTi GoToHiB (N ) . TToTik TemmoBux (1rymMoBHX) (hOTOHIB MpOMOPIiiHMIT (N ).

OmnianMo eeKTHBHICTD 30py Y BUAMMOMY Aiana3oHi. [ mpukimamy Bi3sbMEMO CBITIIO 3
A =10,5 Mxm. BignoBinaa eHepris oroHa

_ 2mhc 2(314)(1,05-10"%* Joic - ¢)(3-10° m/c)

hiw = =410 Jpue = 25¢B.
A 5.107" m
Bpaxyemo, mo kTc = (1,38 - 10% Jix / K)(6000 K) = 8,3 - 10 I ~ 0,52 eB i kT; =
=(1,38- 102 Ik /K)(300K) = 0,4 10 Ix=2,6-10%eB. [lna takux (oTOHIB
25eB 25eB
sHaiinemo, mo hw/(kT,) = ——— =481 hiw/kT, = ———— = 96.
KTe) = o528 /KTs 2,6-10%eB

Kopucryrourcs umu ganumy, 3a gornomororo (25.19) i (25.20) sraxomumo, mwo (N5 ) =10 -2

a(n,)=10 =" 3BincH Maemo, 1O BiIHOLICHHS IIyMOBHX (DOTOHIB IO YMCIa (POTOHIB, IO HE He-

=35

cyTs iH(opMaii, ckamae: (N5)/(N-) =107, T06TO BOHO € my>Ke Maie. [IpakTi4HO Ha Wil JOB-

suni xBui (A = 0,5 M) Hisikoro “mymy” Hemae.

* .
KokHa 13 CTOSYMX XBHIb HA3UBAETHCSA MOJIOIO KOIMBAHD.
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25. Ocnosni enacmusocmi ceimia

Jani po3rIsIHEMO CHTYALIF0 B MiKPOXBHIILOBOMY Jiana3oHi (Hampukiaz, mist A = 2 MxM). B
LILOMY BUTIAKY
-34 8
_ 2mhc _ 2(314)-(1,05-10 ,ZZZC ¢)-(3-10°m/c) — 989-10% Jjoic = 0,62 B:
A 2:10"m
ho  0,62eB ho 0,62 eB

= =12 = = 24.
kT. 052eB kT3  2,6-1072 eB

hao

_5 ~10 . -5 ‘o .

Buaunts (N-)~107°,(N;)~10"", s3Bigku (N;)/{Nc) ~107°. OcrauHiii pe3ynsrar cBia-
YHTh, 110 YMOBH IS 30py B IIbOMY BHUIIAJKYy, O€3 CyMHIBY, TipIli, HIX Yy ITOIIEPEAHBOMY.

[MoTpiOHO TPUIHATH IO YBard i Te, MO OAYCHHS 3IiHCHIOETHCS 3a JTOMOMOTOK IPOMCHIB,
BiIOMTHX BiX mpeaMeTiB. Bin ToUkw mpeaMeTa MpoMeHi JOCSTaloTh OKa, MOMIAPIOIOYNCE B TY)KE
MaJjioMy TiecHoMy Kyti AQ ~ S/ r2, nie S — IIoma 3iHwIli, I — BiICTaHb BiJl 3iHUII J0 TIpeaMe-
ta. KpiM TOro BimOWTHII IPOMiHBb MICTUTH HE BCI MOXKIIMBI MOIU JaHOI YaCTOTH, a JIUIIE Ti, SIKi
3yMOBJICH] XapakTepoM BinOuBanms. Terrosi (ryMoBi) (OTOHHM MPHUCYTHI Yy BCIX MOAAX i MOIa-
JIAfOTh Ha BCl TOUKM CITKIBKH OKa i3 BCIX HANPsMKIB, TOOTO i3 TinecHoro kyra 27 . List obcTaBuna
30LIbLIYE YUCIIO MIYMOBUX (OTOHIB npubIU3HO B K = 277/AQ = 271 2 / S pasiB. SIkmio npuiiHs-

2

TH, IO pajiyc 3iHMLI piBHHUH 2 MM, TO S = E(O,Z)ZCM . Tomy mns r = 100 cM orpumaemo

k~0,5-1075. e npr3BOIUTE IO TOTO, IO 3aMiCTh 10°° orpumaeMo (N;)/{N-) =10, mo podurs
OaueHHS HA TAKKX JOBKUHAX XBUJIb MPAKTUYHO HEMOXITUBHM.

CHif, 3perrToro, BIIMITHTH, IO BCE CKa3aHE BITHOCUTHCS 1 IO BUMMOTO Jiarna3oHy, OTHAK BiJl-
HOCHE 30LTBIIICHHS YIICITa ITyMOBYX (D)OTOHIB He 30UIBIIYE 30BCIM Maie 3HAaUeHH (N4 ) /(N ) = 107
HACTUIbKH, 00 31p CTaB HEMO>KIIBUM.

TakuM YHHOM, BUIUMHI Tiana30H HAOLIbIIE MIX0MUTh IJ15 30pY, OCKUIBKH HA OLIBII
KOPOTKi XBHJIi PUNIAJa€ HAATO MaJia J10Js1 eHepril, a Ha GiJIbI JOBIUX XBHJISAX 30pY 3aBa-
JKAaI0Th TeIJIOBI LIIyMH.
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