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Hacrosimee 3anaHue ¢ KpaTKHMM H3JI0)KEHHEM TEOPHH HE NpPETEeHIyeT Ha To,
9TOOBI 3aMEHHUTh YUeOHUK 10 (u3nke (CM., Hampumep, [1] B crmmicke TUTEpaTyphl)
WK 00CTOATENbHBIE yueOHbIe Tocoous [2 — 5]. V3noxeHne TeopeTHIecKuX BOIPO-
COB B HEM HANPAaBJICHO JIMIIb HAa TO, YTOOBI HY>KHBIM O0pa3oM paccTaBUTH yIape-
HMS, OTMETHTh TOHKHE MECTa B Kypce, a IJIJaBHOe — 00JIerduTs YUTaTento pereHue
MpeIaraeéMblx 3agad. 3Be3qouKkoi (¥) oTMedeHsl Haubosiee TpyaHbe (TI0 MHEHHUIO
aBTOPA-COCTaBUTEIS ) IPUMEPHI U 33/1a4M JUIsl CAMOCTOSITEIBHOTO PEILICHNUSI.

§ 1. UuTeppepenuus u 1udpakuus BOJH

A. HanosxeHre TByX WJIM HECKOJIBKUX BOJIH, TP KOTOPOM 00pasyeTcs yCToHuu-
BOE TIepepacipe/iejiCHAe B MPOCTPAHCTBE SHEPTHU PE3YJIBTUPYIOMIUX KOJCOaHUH,
HA3BIBAIOT unmepghepenyueni. Habmonare Takyr0 yCTOWYMBYIO KapTUHY MOXHO,
TOJIBKO TOTJa, KOTJa Pa3HOCTh (pa3 CKIIaABIBAIOIINXCS KOJNCOaHUH B KaXKIOH TOUKe
MPOCTPAHCTBA HE 3aBUCHT OT BpeMeHH. O TaKWX BOJIHAX TOBOPST, YTO OHU KoOze-
penmubl. KorepeHTHBIE BONHBI JOJDKHBI UMETh OJMHAKOBYIO 9acTOTy (IJTUHY BOJI-
HBI).

Ecimu Boons ocu X pacnpocTpaHSIOTCS JBE BOJIHBI OJMHAKOBOW MPHUPOIBI (IBE
BOJIHBI Ha TIOBEPXHOCTH BOJBI, JIB€ 3BYKOBBIC BOJIHBI, JIB€ CBETOBBIC BOJIHBI)

v, (x,t)= A, cos(axt —kx) u y,(x,t)=A,cos(wt —kx+35), 10 B pesynsru-

pyroweii Bore umeeM Y(x,1) =y, (x,¢) + ¥, (x,f). D10 He ecTb MPOCTO OIpe-
JIeJICHUE Pe3yNbTUpYyIomield BoNHEL [lociennss ¢opMmyna BeIpaxaeT coO0il dKcIe-
PUMEHTANbHBIA ()aKT W HA3bIBACTCS MPUHUUNOM cynepno3uyuu. Bemmauny @
HA3bIBAIOT MUKIMYECKOW YacTOTOH; OHAa CBsA3aHA C OOBIYHOM YacToTOH V (mpyroe
4acTo BcTpeyaeMoe 0003HaueHue f ) U IepruooM KojieOaHmii 7 COOTHOIICHHEM
o=2nv=2rf=2x/T. (1.1)
Bennuuna k, Ha3piBaeMasi BOJIHOBBIM YHCIIOM, CBsI3aHa C JUTMHON BOJIHBI B Cpefie
A aHAIOrHYHBIM COOTHOIICHHEM
k=2r/A. (1.2)
B cBOIO 0Yepe/b, 4aCTOTa V U JJIMHA BONHBI A CBSA3aHBI APYT C APYTOM M CO
CKOPOCTBIO U BOJIH B CpPElic COOTHOIICHUEM
v-T=v/v=A. (1.3)
IIpu nepexone BOJHBI U3 OAHON CpeAbl B APYTyH 4acTOTa OCTAETCS HEU3MEH-
HOW — M3MEHSIOTCS CKOPOCTh PACIPOCTPAHEHHUS BOJHBI W JJIMHA BONHEL B ciydae

JIEKTPOMAarHUTHBIX BOJIH (B YaCTHOCTH, CBETA) IIPU IMEPEX0/ie BOJHBI U3 BaKyyMa B
cpely ¢ MOKazaTelleM MPEIOMIICHHUS 1 UMEEM:

v=cl/n (1.4)
IJIe ¢ — CKOPOCTh cBeTa B BakyyMme (mpumepro 300 000 km/c),
/ /
gocin_clv_4 (15)
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rae A, — JUIMHA 3EKTPOMArHUTHOH BOJIHBL B BakyyMe. K coxkaneHuto, nuekc «0»

4acTO OIYCKAOT, U ObIBAET HEMOHSITHO, O KaKOW JJIMHE BOJIHBI TOBOPAT — B BaKyyMe
WK B cpellie. B ciryyae Bo3myXxa IMOKa3aTellb NMPEIOMIIEHHUS ISl DJIEKTPOMArHUTHBIX

BOJIH B IIMPOKOM AHANa3oHe YacTOT OJIM30K K €AUHUILIE, TTOOTOMY BEJINYNHBI 2’0 nu

A Taxxke 6MuM3KM APYT K ApYyry. BrpoueM, fis paaHoBONH B HOHOCHEPE 3TO YKE He
TaK.

s pacuéra (a3l BOJHBI IPHU MPOXOXKICHUU B CPEJIe C MOKa3aTesieM IMpesioM-
JICHUSA n paCCTOAHUSA l BBOJAT ITIOHATUEC OINTHYECKOM JJIMHBI ITYTH

I, =nl, (1.6)

y(l,t) = Acos(wt — kl) = Acos(wt —27”1) = Acos(wt —i—”nl) =

0

= Acos(wt - 2—”lom) .
Ao

Ecnu 1Be BOJIHBI OAMHAKOBOM YacTOTHI IBUTAINCH B Pa3HbIX Cpeax, TO 4acToTa
@ u mHa BoNHb A, B BaKyyMe y HUX OyIyT OJMHAKOBBIMH; pasHOCTb Bas A@

JUIA BOJIH MOXKET ((Ha6C)KaTb», OIHAaKo, 3a CUé€T Ppa3sHbIX ONTHYECKUX JINH:

A¢=wt—%z (@t -2E 2T L), (1.7)

onr | Zorrr 2) =
A Ay
OOBIYHEIC JUTUHBI IIPU 3TOM MOTYT OBITH PaBHBI APYT IPYTY.

B cmyuae, HampuMep, 3BYKOBBIX BOJIH WJIH 3JCKTPOMATHUTHBIX BOJH OOJBIIOHN
JUTHHBI BOJIHBI (paJiioIiaa3oH) MOCTPOUTE Pa3HbIe UCTOYHUKU BOJH, JAIOIIHE KO-
TepeHTHBIE JPYT C JPYTOM BOIHBI, CPABHUTEIHFHO HecHoxHO. CHTyalusi He Takas
MPOCTAas IS SJIEKTPOMATHUTHBIX BOJH BHIMMOTO AHWAana3oHa (JJIIMHEI BOJH IOPAIKA
MHUKpoMeTpa). TOJIBKO ¢ MOSBICHHEM JIa3epOB CHUTYaIllsl yHnpocTuiack. Jlo aToro
qarie BCETo ¢ TOMOIIBIO JTMH3 U 3€pKai Aenand ABa (Wi O0bIe) MHAMBIX HCTOY-
HHUKa CBETa, KAKIBIH U3 KOTOPBIX OBUT H300paskeHNEM HEKOETO (OJJHOTO M TOTO *ke!)
ﬂeﬁCTBHTeHbHOFO HCTOYHHKA CBETA. (Pem{oe HUCKIIFOUCHUE — OIIbIT }OHFa C AByMs
IJ_[eJ'ISIMI/l.) Nmenno TO, YTO MHUMBIC HCTOYHUKU 6])IJ'II/I I/l306pa)KCHI/IﬂMI/I OOHOTO U
TOIr'o XK€ HeﬂCTBHTeﬂbHOFO HNCTOYHHKA, ACJIAJI0 UX KOTCPCHTHBIMU IMMOYTHU aBTOMATHU-
yeckn. (K coxanenuro, gaxe B 3TOM ClTydae IpU OOJBIION Pa3HOCTH ONTHYCCKHX
JUTHH JIJI1 MHAMBIX HCTOYHHKOB KOT€PEHTHOCTh Pa3pyIIacTcs. )

WuTepdepenmmst cBeTa — OJJHO U3 MPOSBICHUH TOTO, YTO CBET MPEJCTABISACT CO-
00l BOJTHOBOW TIPOIIECC, B KOTOPOM KOJEONIOTCSA BEKTOPHI HAMPSDKEHHOCTH DIICK-
TPUYECKOTO ¥ MarHUTHOTO Toyei. [I0CKONbKY 3TH IBe BETUYMHBI B BOJTHE HE HE3a-
BHCHMBI, HO CBSI3aHBI IPYT C APYTOM (HEKHM COOTHOIIIEHHEM), MOKHO PAaCcCyKAATh O
KOJe0aHWAX, HaIpUMep, TOJNBKO HANPSHKEHHOCTH  AIIEKTPHYECKOTO  ITOJIS:



E(x,f)= E'O cos(wt — kx — ¢,). Nurepdepenimio (1 andpakiuio) cBera y4EHbIC
CUHTAIOT MPSMBIM JOKa3aTEIbCTBOM TOTO, YTO CBET — 3TO BOJHA (WU CYNEpPIIO3H-
s BoH). PaccMoTpenue cBeta B Buae noToka dactun (HpoToH) HE cMOriio 00b-
SICHUTh Ha3BaHHBIX SBIICHHUU.

WuTepdepenyst cBeTa HaOMIOAACTCS MPH HAJOXKCHUU IBYX WM HECKOJIBKUX
CBETOBBIX IIYYKOB IIPH yCJIOBHUH KOTEPEHTHOCTH BONH. IIpm 3TOM HHTEHCHBHOCTH
cBeTa B OOJIACTH MEPEKPHITUS MYYKOB MMEET XapaKTep YepeyIOIINXCS CBETIBIX U
TEMHBIX I10J10C, l'[pI/I'-IéM B MaKCUMYMaX MHTCHCHUBHOCTb 60.]1])]_]16, a B MUHUMYMax —
MEHbIlIe CyMMbl HHTEHCUBHOCTEH ITyukoB. IIpu mcrnonp3oBaHumM 6eioro cBera MH-
Tep(hepeHINOHHBIE MTOJIOCH OKa3bIBAIOTCSI OKPALIEHHBIMH B Pa3JIMuHbIE IIBETA CIICK-
Tpa. C MHTEp(EPESHIIMOHHBIMH SBICHUSIMH MbI CTAJIKHBAEMCSl IOBOJIHO YacTo: IIBe-
Ta MacJSIHBIX ISITEH Ha acgaibTe, OKpacka 3aMep3aloIinX OKOHHBIX CTEKOJ, PUCYH-
KM Ha KpPBUTBSIX HEKOTOPHIX 0a00YeK U JKyKOB — BCE ATO MPOSBICHHE MHTEP(EpPEeH-
MU CBETa.

[Ipu cnoxeHnu ABYX KOTEPEHTHBIX BOIH aMILTUTY/Aa B TAHHOH TOYKE MPOCTpaH-
cTBa OyZIeT MaKCUMaJIbHOM, €CIi KOJIeOaHHs TPOUCXOIAT CHH(A3HO (B TOUKY OJHO-
BPEMEHHO MPHUXOIAT TOPOBI ABYX BOJH WM OJHOBPEMEHHO JIBE BIIAJMHEI), U OyAeT
B JAHHOHM TOYKE MHUHHMMAaJbHOM, KOrZla BOJHBI MPUXOAAT B Heé B mpoTtuBodase (0T
OJTHOM M3 BOJIH IPUXOJUT TOPO, a OT Ipyroi — BaauHa).

B cBeroBoii BosmHe Bugumoro auama3oHa (0T 0,4 1o 0,8 MKM) HanmpsKEHHOCTD
3NIEKTPUUECKOro T0JIs Konebnercs ¢ uyacTotamyu mopsiaka (4+ 8)X 10 1/cex. Hu
YeJIOBEUECKHH TJ1a3, HU caMble COBEpIIEHHbIE NPUOOPHI HE CIIOCOOHBI YCIIEANTH 32
TAKUMH OBICTPHIMHM M3MEHEHHSIMHU TIOJISI CBETOBOM BOJHBEL. Bce OoHUM pearupyroT Ha
HEKHEe CPEJHNE BEJIMYMHBI MOJISI — CPEIHUE 33 JOCTATOYHO OOJBLION IPOMEKYTOK
BpeMeHH 7 (MHOTO OOJIbIINIA HIeproa Konedbanuid, 7 >>T).

* CkaxeM 06 3TOM 4yTh NOApPOOHeH. B MaTemaTnke mox cpemHNM 3HAYCHHEM
IIepeMEHHOH BETMYUHEI )(f) 32 BpeMs 7 TOHUMAIOT BETHINHY

_ 1
y==[y@at. (1.8)
2 0

IIpy »3TOM cCpenHee OT KOHCTAaHTBl paBHO CaMOHM 3TOH  KOHCTaHTE:
1% 17 1 y
— J Const - dt = Const ~—jdt =Const-—-7 = Const. Jlna nac HauOONBIINN WH-
T T T

0 0
Tepec TMPEeACTABISAIOT mepuonuueckue ¢yHkoun. CpenHee 3HaUYeHHE, HallpuMep,
KocuHyca (Wi cuHyca) Oymer Omm3ko K Hymo. B camom jerne,
— 1 sinwr T sinor
COS @t = _,[COS ot -dt=——=—.——_, 9TO Ipyu MaJIOM OTHOIICHUH T'T

T

0 ot T 2r



ecTh Mainas BennuuHa. OgHaKo Cp€OHEE OT KBaJpaTa KOCHHYCa YK€ HE €CTh Majlasd
BCIIMYHHA:

cos’ wt :ljcos2 ot - dt :L‘[(l +cos2mt)-dt =
Ty 27y

1 Z sin2wr 1

1 1 sin2wt

= t+t— = _—
2T 2T 20 2 T 4 2

(BTOpBIM ciaraeMbIM IpeHeOperaeMm). B 1-M ciaydyae KOCHHYC OJMHAKOBO YacTO

MIPUHUMACT TO IOJIOKUTEIBHBIC, TO OTPHUIIATEIIEHBIC 3HAYCHUS, & B CPEAHEM — HYJIb.

KBampar »xe KocMHyca BCerJa HE OTPHUIATENCH, a IUIOMAAb IO KPUBOU

y(t ) = COS2 @t npu T >>7 paBHA NPUMEPHO MOJOBUHE ILIOLIATU HMPSIMOYTOJIb-

HUKa NoA npsiMoil y = 1.

CuacTiauBBIM 00pa3oM HaIl 11a3 (M COBpeMEHHbBIE MPUOOPHI) pearnpyroT HE Ha
CpeHee ToJie B CBETOBOH BOJHE (OHO PaBHO HYJIO), @ Ha CpeJHEE OT KBagpaTa Io-
7151, KOTOPOE HA3bIBAIOT HMHTEHCHBHOCTHIO BOJIHBI:

I=E (1.9)

CpenteMy e OT KBaIpaTa I0JIsl IPOIOPIHOHAIBHBI INIOTHOCTh YHEPTHU B BOJIHE U
[OTOK 3HEPIUH B HEH.
B cnyuae unrtepdepenuun asyx BomH Y, (t) = A, cos(wt + ¢,) (Hanpumep,

_ 2
0=k, +3,) 1 y,()= A, cos(al + p,) umeen: y5=%zlla

R A2
y§ :72512; y(x9t):yl(xﬂt)+y2(x9t)
711 MHTEHCUBHOCTH B CyMMApHOH BOJIHE TOrJIa moaydaeM GpopMyity:
2 2

—5 . A A
1 =y2(x,t)=7'+72+2AlA2 -cos(@t + @,) - cos(wt + @,) =

=1 +1,+21, -2, - (cos(p, — ¢,) + cosLat + ¢, + @,)) =
=1, +1,+2\11, -cos(p, — @,).

Ecmu @, = —kx, u @, =—kx,, 10
I=1+1,+211, -coskA, (1.10)
e A= ‘ X, — xz‘ — Tak Ha3eIBaeMas pPa3HOCTh X07a. B Gosee obmieM ciydae, Kor-

Jla B€ BOJHBI MPUXOMAT B TOYKY, NPOWAS MO cpelaM C pa3sHbIMHU ITOKa3aTeNIIMH
TIPEIOMIICHUS], BOJIHOBBIE Yncia k OyAyT pasHBIMH, — M TpeOyeTcs pacCUHUTHIBATh

PasHOCTb ONTHYECKUX JINH. *



Mpumep 1.1. /IBe pangunoctannuu A u B H3mydaroT paguoBOIHBEI Ha YaCTOTE f =
= 7,5MI'u B daze apyr c¢ apyrom. Pacctosame mexnay anreHHamu L = 110 m. B
KaKUX TOYKAaX MEXIy HUMH CUTHaI MakcumaieH? OcnaOJeHrWeM CHUTHAJOB TpH
YAaJeHU! OT CTAHIMHA IpeHeOpeyb.

Pemenne. [lycth x — paccTosiHMe 10 OOHOH M3 paguocTaHuui, Toraa (L — x) —
paccrostane 10 Apyroil. UtoObl curHaym B TOYKe HaOMIOIeHHs ObUT MaKCHMalleH,
HeO6X0ﬂI/lMO, '-ITOGI)I BOJIHbI OT OTHACJIbBHBIX CTaHLIl/Iﬁ B OTY TOYKY Ha6J'IIO[leHI/I§I
MPUXOIIIN B (haze WIM CO CIBUTOM Ha BENMYMHY, KpaTHYI0 2 7. Ha si3pIke minH
BOJIH 3TO 03HAYAET, YTO PA3HOCTh ONTHYECKUX UIMH (L — X) ¥ X paBHA HYJIO 1100
KpaTHa JJIMHE BOJHBI:

(L=x)—x=mA, *
rme m=0,£1,£2,£3,.... Inst paJuoBOIH MOKa3aTeab MPEIOMICHHUS B OOBIYHOM

BO31yXxe (He B nonocdepe) 7 ~1, nosromy A~ A;= ¢/f = 40 M (anuHa BoNHbI B

BO3/lyXe NPHOJIM3UTENBFHO PaBHA JUIMHE BOJIHBI B BakyyMme). Ilpu 3ToM 0ObIuHas

JUIMHA W ONTHYECKas IMPAKTHYCCKU COBIAIAIOT JIPYT C ApyroMm. Pemras ypaBHeHHe
(*), nosryqaem:

— _ *%

x, =(L-mA)/2. (**)

Ocraércs BBIOpaTh 3HAYCHMS LEIBIX YHMCET 71 TakK, YTOOBI YIOBJICTBOPHTH

YCIIOBHIO 331a4H, YTO TOYKA HAOIOJICHHUS TOJDKHA OBITh MEXKITy CTAHIMSIMH (a HE 33

TpaHUIIAMH OTPE3Ka, COCIUHSIONIETO CTAHIMH). DTOMY TpPEOOBAHHIO YIIOBIIET-

BopstOT 5 uucen m: —2, —1, 0, +1, +2. Um cooTBeTCTBYIOT 3HaueHus x = 15, 35, 55,
75, 95 metpos.

*) Mpumep 1.2. «llIpocéemnenue onmuxu». Bo MHOTHX ONTHYECKHUX MPUOO-
pax s YMEHBIIECHUS TOTeph Ha OTPaKEHHE TTOBEPXHOCTH JIMH3 ITOKPBIBAIOT TOH-
KOH IuieHKo# ¢ropuna Maraus (MgF,), mokazaTens mpeIoMIICHUS KOTOPOTo /iy =
=1,38 (mokazarens mpenomieHus crexna n; = 1,50). IlycTe Ha cTekioO meprieH-
JIUKYJISIPHO TIOBEPXHOCTH Ta/IaeT BUJUMBINA CBET C Bosayx
mmHO#M BomHBI A = 0,550 MKM. IIpn kaxoii n,=1,00 |MgF,
MHHUMaJIBHON TOJIMHE L TMOKPBITUS OTpa)K€HUE
cBeTa BCIEACTBHE WHTEP(EPEHIMH BOJNH PE3KO
ocnmabuer?

Pemrenne. OTpak€HHBIH CBeT ocladseTcs
BCJICNICTBHE MHTEP(PEPEHIINN BOJIH — BOJIHBI, OTPa-
XKEHHOHM OT HapyXXHOW MOBepXHOCTH IUIEHKH (1),
BOJIHBI, OTPAXXEHHOU OT ITOBEPXHOCTU CTEKJIA U 3a-
TeM BeIeameit u3 mieHku (2) (puc.l). (Uytp Ha-
KJIOHHO€ TIaJeHHE HM300pakeHO AJIsl TOTO, YTOOBI
n30eXaTh HAJOKEHHSI JAPYr Ha Jpyra pasHBIX Puc. 1
JIMHUH. )

Pa3HOCTP ONTHYECKHX [UTHH B 3TOM Clydae
paBHa 2Ln, (MHOXHTENb «2» MOSBHICS W3-3a TOTO, YTO CBETY, NPEXKIC YeM BBIUTH
u3 TUIEHKHM, HY)XHO JOHTH a0 crekna M oOparHo). Jlnst ocnaGneHus BOJH,

Crekno
n,=1,50




Heo0XoanMo, 9TOOBI Ha BEIXOJIE W3 IUIGHKH Pa3HOCTH (a3 paBHAIACH 7T ILTIOC
9HCcI0, KpaTtHoe 2 77 . Ha s3bIKe [UIMH BOJH 3TO O3HAYAET:
2Ln,= A 12+m A.
B nmamHOM mpumepe anuHA BomHBI A = 0,550 MKM — 3TO ANMHA BOJHEI B
BaKyyMe WIH B BO3IyXe (TO, 4TO paHblie 0003HAYaIOCh KaK A,: IJIMHA BOJHEI B

crexie mpu 3toMm 6yne pasna A /(1,5 ), a B mnénke ¢ropuna maraus — A /(1,38)).

Ortcrona noiydaeM Ly, = —— = 99,6 HM (U1 CpaBHEHMS: XapaKTepHBIN pa3zmep
n,

OoBIIMHCTBA aTOMOB Topsiaka 0,1 HM).

3ameuanne 1. Hamu He OBUIO JJOKa3aHO, YTO aMIUIUTY/IA BOJHBI, BHIIICANICH U3
IUIGHKA (HO JOIIeIIneii cHadaja 0 CTeKiIa W OTPa3HBILIEHCS), paBHA aMIDIATYIE
BOJIHBL, Cpa3y OTPaXCHHOW OT IUICHKH. [IJI1 TOro YTOOBI ABE BOJHBI ITOTACHIIH APYT
Ipyra, He00XO0IUMO, YTOOBI OHM OBUTH B TPOTHBOdA3e (3TO MBI yUIN), HO HYKHO
emé, 9To0Bl UX aMIUIATY Bl OBIIH paBHBI ApYT Apyry. [locnenHee, ogHako, He OBLIO
JTOKa3aHO (3TO BBIXOIHT 338 PAMKH IIKOJIBHOM (DHU3HKH).

3ameuanne 2. Oka3pIBaeTCs, YTO MPH OTPAKEHUU OT ONTHYECKH OoJiee MIOTHOM
Cpelsl, IPOUCXOANUT CKAaYKOOOpa3Hoe m3MeHeHne (a3bl BOJHEI Ha 77. Jlokaszarenb-
CTBO 3TOTO TaK)Ke BBIXOIUT 38 PAMKH IIKOJIEHOU IporpaMMel. K cqacTeio, B JaHHOM
npuMepe 00e BOJIHBI OTPAXKAIHUCh OT ONTHUYECKH OoJjiee IUIOTHOM Cpelbl, U Kaxaas
Y3 HUX TOJyYHya CIABHT 10 (a3e Ha OIHO W TO )K€ 3HAYCHUE 7T.

3ameuanne 3. KoppekTHblii pacuér TpeOyeT paccMOTpEHHMsS MHOTOKPAaTHBIX
OTpa’kKeHUI BOJHBI, IPOIIEAIICH B IUICHKY. JTa BOIHA, TOMIA O CTEKJIA, YACTHIHO
OTpa3uTCs, HO YaCTHYHO MPOMIET B HEro (AJIA meJel IpOCBETICHUS ONTHKH HYKHO,
KOHEYHO, YTOOBI MIPOXOAMIO KaK MOXHO OOJIb- JI 5
me cBera). OTpasuBmIascs OT CTEKIa BOJHA :;I A

JUIIb YaCTHYHO BBIMAET HApyXKy: YaCTUUHO —=iJ (@ ~

OHa OTpa3UTCsi OT BHYTPEHHEH MOBEPXHOCTH EE] d-sing

IUICHKH W HAIIPaBUTCSI CHOBA K CTEKITY U T. ¥ :@lﬁb\\
b. SBienue Ougpaxkuyuu BonH (He _—Li

00513aTEJIBHO — TOJIKO CBETOBBIX) €CTh MPOSIB- EE]

JieHne WHTep(QEepeHLUH BTOPUYHBIX BOJIH OT >
BOOOpa)KaeMbIX UCTOYHHUKOB, PACIIOJIOKEHHBIX E]

HA BOJIHOBBIX ()POHTAX B JIFOOBIC MPEIBITYIIHEC :;]\ \
MOMEHTHI BpeMeHU (npunyun Iroiizenca-

@Dpenensn). ['toiireHc BIEPBBIE CTall PacCyXk- Puc. 2
IaTh O BTOPUYHBIX HCTOYHHKAX BOIH,
OpeHens JKe BIEPBBIE NMPUMEHWI K HUM COOOpaXCHHs HWHTEp(EpPEeHIINH BOJH.
Pazymeercsi, mHTepdepeHIHS BOTH OT OECKOHEYHOIO UHCIa BOOOpPaKaeMbIX
HCTOYHUKOB — COBCEM HE IPOCTas BEIlb, a TEOPHUS ITOTO SBICHUS €CTh CIOKHAS
MaTeMaTH4ecKasi TEOPHs, — CIOKHEE, YeM TeopHs HMHTEp(EpEeHIIUH BOJIH BCETO OT

<




nByx ucTo4HHKOB! Tem Oonee yIUBUTENBHO, YTO U TMPAKTHYECKH BaXKHOTO
ONTHYECKOTO TIPUOOpa, OuUPPAKUUOHHOU pewtémKu, MOXHO HAIHCATh IMPOCTYIO
(hopMyITy A TIOJIOKEHHS TJIABHBIX MAKCHUMYMOB.

[lyctp Ha AUPaKIMOHHYIO PEMIETKY B BHIE IUIOCKOCTH C MHOTOUYHCIICHHBIMH
PETYISIPHO M3TOTOBICHHBIMU MapalICNbHBIMU APYT APYTY MIEIIMH HEepHeHIUKY-
JIAPHO PEIIETKE MaJaeT CBET ¢ JUIMHOM BouHbI A. 3a PEmeéTKol mapasuiensHo
pemérke CTaBsT JIMH3Y, B (DOKAJbHOW IUIOCKOCTH KOTOPOW TOMEIIAIOT 3SKpaH,
MapaJyIeNIbHbIN TUIOCKOCTH peméTku (puc.2). Kaxnmas menb mpeacTaBiser coOoi
HCTOYHHMK BTOPHYHBIX BOJH. Ha dKkpaHe BHIAT CIOXHYIO KapTHHY, COCTOSILYIO U3
OYCHb Y3KHUX IMOJIOC (TeM yxke, yeM Oouibliie mTpuxoB N y peuérku). Hekotopsie u3
oJIoC OYYT OYCHb SIPKUMU (TJIABHBIC MAKCUMYMbI), HEKOTOPBIC CJ1a00 3aMETHBIMH,
OyayT u TEMHBIC TOJOCHL. HampaBiieHWsI Ha TJIABHBIE MaKCUMYMBI OIIPEIEIISTIOTCS
¢dopmyoit

dsinp=mA, (1.11)
rne m = 0,£ 1,22, ... — Tak Ha3bIBaeMblil MOPAMOK AUPPaKUKH, d — NEPUOJ
peméTky (He mmpHuHa meneit!). 3Has nepuos pemerky d U u3Mepsis yroi ¢ Ha m-i
TJIABHBIA MaKCHMYyM, MOXKHO OIpPENeNUTh JUINHY BOJHBI. BriBaeT n Ha0O0pOT: 3HAS
JUTHHY BOJIHBI CBETA, HAXOAT MIEPHOJ PEIIETKH.

Uem Oomplre mieNe COAEPKUT peméTka, TeM Oonee Y3KUMH OyIyT TJIaBHBIC
MaKCUMYMBL. YTJIOBO€ PAcCTOSIHHE MEXIy COCEOHHMH TEMHBIMH Iojlocamu (3Ta
BEJIMYMHA COBIATAET C ITMPHUHOHN IITABHBIX MAKCHMYMOB) paBHA

A
4 Ndcosg’

rIe ( 1aéT HalpaBlICHHE HA COOTBETCTBYIOIIMH MaKCUMyM B AU(MPaKIHOHHOH

(1.12)

KapTuHe. Y30CTh TU(PPAKIMOHHBIX MAKCUMYMOB OT JU(PAKIUOHHOMN PEIIETKH 1103~
BOJISIET UCIIOJIb30BaTh €€ B KA4eCTBE CIEKTpaibHOro mpudopa. [lycte Ha pemérky
MOCJIEIOBATENbHO Majall CBET, HampHUMep, >KENTOro I[BeTa, HO C ABYMs Clerka
pa3HbIMU JJIMHAMU BOJIH. Ha ria3 Mbl MOXeEM NOpOM U He CKazaTh, OTIMYAOTCS ATH
IIBa KENTHIX IBETa JIPyT OT JApyra wid HeT. Ho momokeHus ux AuQpakKIMOHHBIX
MaKCUMYMOB OYAyT CYIIECTBEHHO Pa3HBIMH, a BCICACTBUE Y30CTH TOJOC — JIETKO
OTJIMYUMBIMHU APYT OT Ipyra.

Mpumep 1.3. Ha mudpakuuonnyro pemérky, coaepxkanryio 400 mTpuxoB Ha
IMM, MagaeT HOPMAaJbHO MOHOXPOMATHYECKHH CBET C JIMHOW BOJIHBI 0,6 MKM.
Haiitu oOriee 4nciio riaBHBIX AAMDPAKIIMOHHBIX MAKCHMYMOB, KOTOpbIe AaéT 3Ta
pemérka. OnpenenuTh yroy Audpakiui, COOTBETCTBYIOUIHIA MOCICIHEMY MaKCH-
MyMy.

Pemienne. MaKCHUManbHBIA TOPSAIOK IU(GPAKIUK  ONPENETATCS YCIOBHEM

. mA
|Sln (p| <1; rorma B cuy (1.11) mmeem 7 <1, wm
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107°/400 2,5-10°° N
0,6-10° 0,6-10°
T. e. Bcero OymeT BUAHO 2/Mm+1 = 9 mosoc. YToa qudpakiiui, COOTBETCTBYIOIIUN
nocyiegHeMy Makcumymy (m = 4), Haxoaum u3 yciosus (1.11):
. 0,6
‘sm(p4‘ =41/d =4 1
(*) IIpumep 1.4. JIuauy B crieKTpe BOJOPOJA UMEIOT JUIMHY BOJIHBI A 1= 656,45 um,

|m|<d /2=

=0,6, OTKy1a |(pi4| =36,9°.

a geWrepus — A= 656,72 M. Kakoe umcio IITPUXOB JIOJDKHA MMETh AU(ppak-
LIMOHHAS PEIETKA, YTOOBI 3TH JIMHUH B CIIEKTPE 3-TO MOPSAKA OBUTH PA3ITHIMMBbI?
Pemenne. U3 ycmosust (1.11) dsing =mA npu m = 3 Haxomum YriioBoe

pacCTossHUE MEXAY TJIaBHBIMH MaKCUMyMaMH Aq) 14 pa3HbIX JIWH BOJIH:

3(A, - A
d-cosp-Ap=3(A, —4), wm Ap = M JIyis TOro 4ToObI JIMHUM ObLIH
d-cosg
Pa3sIMYMMBI, YIIIOBOE PACCTOSHUE MEXKIY MOJIOCAMH OJHOTO ¥ TOTO K€ IOPSIKA, HO
JUIS Pa3HBIX JUIMH BOJIH, JOJDKHO OBbITh, OYEBMIHO, HE MEHBIIE MIMPMHBI CAMHUX
A 34, -4 A
nonoc §p = ———— (1.12), 10 ectp (4, ) >

> . Otcrona nomyuum
Nd cos ¢ d-cosp  Ndcosg

N> A
34, - 4)
JBYX OJM3KuX JUtiH BosiH. B utore momyuaem: N > 810,60, To ectb Ny, = 811.

3aMeTnM, 4TO B OTBET HE BOLIEN MEPHOJ PEIIETKU (HE 33/JaHHbIH B yCIOBUH
3agaun). HeomnpenenéHHpIM OKa3aJcst ¥ yroi ¢, COOTBETCTBYIOUIMH 3-My HOPSIKY

B IM(PaKUMOHHON KapTUHE. DTH BEJIWYMHBI IIPOCTO COKPATHIMCH B MPOLECCE BbI-

. B kauectBe A 3mech Bo3bMEM cpenHee apuMeTHIecKoe I

qncnennii.
§2. KBanTsl 3neprun Ilnanka

Haumnas ¢ xonna XVII Beka, B (M3KMKe COCYIIECTBOBAIM, I'py0O roBopsi, /ABa
MIPEACTABICHUS. O CBETE — KaK O IMOTOKE HEKMX YacTHUL (KOPRYCKYAAPHAA TEOPHs
HeioToHa) M Kak 0 HEKoeM 60JiHoeom Tipouiecce ([foifrenc). ¥V kaxkmoro w3 mpea-
CTaBJICHUH OBIIIM CBOM JIOCTOMHCTBA M HEJOCTATKH, CBOM CTOPOHHHUKH W NPOTHBHU-
k1. Becb XVIII Bek 11111 ciopbl MEXly CTOpOHHUKaMu AByX Teopuid. K Hawamy XIX
BeKa, Tpyaamu, npexze scero KOnra u @penens nodeny craina ogep>KUBAaTh BOIHO-
Basi TEOPHUS, €CTECTBEHHBIM 00pa3oM OOBSCHUBIIAS SBJICHUS UHTEPYEPEHLIUH U U~
¢dpakunn. «ECTeCTBEHHBIM» — HE 3HAUHT «IETKHMY, «JIeMEHTapHbIM». Jlo6aBuM K
sToMy, 4T0 FOHT 1 @peHens, CTpOro roBops, PacCy Aaiu O HEOHITHOM BOJTHOBOM
npouecce (MMM HE OBUIO MOHATO, YTO MMEHHO KOJEOJIeTCS B CBETOBOH BOJIHE).
JIus B 60-e Toapl XIX Beka mosiBUIach TEOPUS dJIEKTpoMarneTnsmMa Makcsesia u
€ro K€ JJIEKTPOMAarHUTHas TEOPHs CBETA, 110 KOTOPO B CBETOBOI BOJIHE KOJIEOIIOT-
Cs1 BEKTOPBI HAINpPsDKEHHOCTH DIIEKTPUUECKOr0 M MarHUTHOro mosei. Teopus Mak-
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cBeJIa OKOHYATENBHO YTBEPIMIACH B CTATyCe TE€OPUH, a HE TUIIOTE3BI, ITOCIIE OIIbI-
ToB ['epria (B xonme XIX B.).

Maxc ITnmaHk OBLT SIpEIM CTOPOHHHUKOM 3JIEKTPOMArHUTHOHN Teopruu MakcBesia 1
€r0 TEOPHH CBEeTa, B YaCTHOCTH. Korja OH MpHUCTYNII K N3yYEHHIO TaK Ha3bIBaeMO-
TO «u3ayyenus avcontomno 4éprnozo mena» (AYT), OH HE MOT U NIPEIBUAETH, YEM
9TO 3aKOoHYHTCA. Pedr MAET 00 SIEKTPOMAarHWTHOM H3JIyYEHHH, BCET/Ia CYIIECT-
BYIOILIIEM BHYTpPH JIt000#H mosiocT. Ecii OHO BBIXOIMT W3 HETO Yepe3 Mayioe OTBep-
CTHE, TOBOPAT 00 «M3IIy4eHHH aOCOIIOTHO YEPHOTO Tellay.

Jns BeiBoja Hekoel dopmysnsl (criektpa nanydenus AUT) ITnanky B 1900 r.
NPUILIOCH CHEaTh PEBOJIOLMOHHBIN IIAr — MPEIIONIOKUTh, YTO IOIJIOLICHUE H
UCITyCKaHUE DHEPIHU NPOUCXOINT He HeMpPepbIBHO, HO HEKMMH MUHHMAJIbHBIMH
MOPISIMH, Kéanmamu. [I1aHK MpencTaBIsul cebe CTEHKU MOIOCTH Kak Habop HEKHIX
TAPMOHHUYECKHAX OCHWJUIATOPOB C pa3HBIMH dacToTamu. COBPEMEHHBIX MPEICTaBIIe-
HUIl 00 aTOMHOM CTpOSHHUH BemlecTBa TorAa emlé He Obuto. Ho [lmanky m mpyrum
(bu3MKaM yanoch 10Ka3aTh, YTO OT KOHKPETHON MOJIENH BEI[ECTBA BHIBOJIbI HE 3a-
BHCST, IO3TOMY B PACCY>KICHUSAX MOKHO MOJIB30BATHCS JII000H yI0OHOI MOETBIO.

Jiis BEIBOZIa HEKOEH BayKHOU (hOPMYJIBI, COTTIACYIOIIEHCS C IKCTIEPUMEHTOM (3TO
Obu10 cymiecTBeHHO! ), [ImaHKy NpUIILIOCH TPEANOI0KUTh, YTO OCLUIUISITOP C YacTo-
TOH V MOXET UMETh He JI0ble 3HAUCHHS SHEPTUH U3 HENpPEephHIBHOIO HabOpa 3Ha-
YEHUI 3HEPruM, HO JIMLIL BIIOJIHE OmpeAe éHHble (IUMCKPeTHbIE) 3HAYeHMs, Ja-
Baemble (hopmyIion

E =(n+1/2)hv, 2.D
KoTOopas Teneps Hocut ums [Inanka, toe n = 0,1,2,3..., V — gacroTa KonebaHuit, h —
KOHCTaHTa, Hocsmas HbelHe UM Ilmanka. Ilo coBpeMeHHBIM H3MEPEHHAM
h~6,63% 107* k- c.

s Tlnanka waess KBaHTOB ObLia akTOM oTuasHust. OH J0JITOe BpeMsl CUMTAl,
4TO 3TO — JIMIIB MPEIIIOJIOKEHUE, YIIPOIIAloNiee BbIBO (GOPMYJ, U UYTO CO BpeMe-
HEM MOKHO OyJIeT BhIBECTH (DOPMYJIBI M3 KJIACCUYECKHUX COOOpakeHHid (0e3 BCIKHIX
CKay4KOB 110 3HEpruMn). B mocienyromue ros! OH Cienan HECKOIBKO ITOMBITOK TaKo-
IO BBIBO/IA, HO BCE OHM OKa3aJIUCh Oe3ycnemHbMy. Mieto KBaHTOB ¢ OOJNBIINM BO-
oxymiesiaeHueM noaxsatwim apyrue ¢usuku (bop, I'eizentepr, [aymu, dupax),
YBIMH TPYyIaMH U OBLIO MMOCTPOSHO 3aHNE KBAHTOBOU TCOPHH.

Mpumep 2.1. ITouemy 6 06v10eHHOM IHCUZHU MbL HE UYBCMEYEM KEAHMOBAHUA
gnepeuu? llpencraBuMm mapuk Maccoil m = 10 r, KoneOIromuiics Ha TPYKUHKE.
[Tyctp mapuky, mepBOHAYaIbHO MOKOMBIIEMYCS B HOJOXEHHUH PABHOBECHSA, CO00-

IMUJIN CKOPOCTHb UO: 10 CM/C, N MaKCHUMaJIbHOC €TI0 OTKIIOHCHHE OT IIOJIOKCHUA

paBHOBecus coctaBuno 4 = 10 cm. 1) OueHuTe KakoMy YUCITy 7 KBAHTOB COOTBET-
CTByeT dHeprusi mapuka. 2) Ha ckonbko Hamo yBEJMYNTH CKOPOCTH LIApHKa

Uy, 9TO0BI yBEIMUEHNE YHEPTHU COCTABUIIO OJUH KBAHT SHEPTHH, T. €. AE =hv?
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Pemtenne. UYucio n MoxHO HaliTm 1o QopMmyse Uil IOJHOH 3HEpPruu

2 2
—n+L|n, orxyma p="% LM%
2 2hv 2 2hv

yOeauMcest, 9TO TIEPBOE claraeMoe Ype3BbIYaifHO BEJIMKO.) YacToTy HaiaéMm mo ¢op-

1 |k .
Myle y=— |— rae k — Ko3(QUINEHT KeCTKOCTH MpYyXuHBIL. [locneqauii ompe-
m

2

2
mv,

. (M= ipenebperim «1/2» T. K. BCKope

it

JACIINIICA OBl U3 3aKOHA COXpaHCHUS DHEPTUU: . MEI He cTaHeM UCKaTh k,

a Haiaém cpazy gacrory V =1/27 ~0,16 I'n. Torma mis n nomydaeM 9yIOBUIIHO
Gomburoe uncio 7~ 5x 10%. C uem MoxHO cpaBHHTB ero? Hampumep, B 0gHOM
KyGOMeTpe BOJIbI COAEPIKHUTCS MpUMEPHO 3 X 10* MoneKy Bobl, T. €. Ha MOPSIOK
MeHble. Ho xorzia Mbel OTJIMBaEM BOAY AaXKe OYE€Hb MaJBIMH HOPLUSIMHU, MBI BOBCE
HE 33JyMBIBAaEMCSl O TOYHOM YHCIIE «OTJIUTHIX» MOJIEKyJ. Jlosroe Bpemst Jr0Iu BO-
o011ie He 3HAJIM O TOM, YTO BEIIECTBA COCTOST U3 MOJIEKYJI M aToMOB. Bona xa3anach
HenpepsIBHON cyOcTaHnued. CUuTanock, YTO MOXKHO OTIUTH CKOJIb YTOJHO MAJylo
4qaCTb BOAbI. Tenepb MbI 3HAaCM, UTO HC MOXXEM OTJIMTh MCHECC O[lHOﬁ MOJICKYJIbI MO-
nel. Ho 9TO Hac HHCKONBKO HE CMyIIaeT: MBI HHKOTrAa W He oTimBaeMm 3, 100 mmm
Jla’ke MUJIJIMOH MOJEKYJ. MBI BCETa OTIIMBAEM 3HAYUTENBHO OOJbIIEe YUCIO MO-
nexyn. B karute Bomsl pagmycom 1 mm conepxutest 1,4 X 10%° monekys. Jlymats, 4To
MBI MOXKEM TIPOKOHTPOJIMPOBATh yOBUIb MIIM MPHUOABICHHE YHCIIA MOJICKYJT BOJBI B
e€ KyOoMmeTpe ake Ha MIJUIMAapA — yucTast ¢anTasus. [ OBOPUTH O «KBAHTE» BOJbI
(o Monekyine) B OOBIICHHOW XHM3HH, KOHEYHO, MOXXHO, HO OOJBLIMHCTBO JIIOAEH
CIIOKOWHO 0€3 3TOro 00X0oAATCS.

TouHO Tak ke JrOIU I0IAroe BpeMs HE IOJI03PEBATIM HH O KAKOM KBaHTOBAHHWHU
SHepruu. B 0ObIYHOI MeXaHWKe HHEPrHIO BCeraa CUYUTAIN HENPEPHIBHOW BEIUYH-
HoO. JloOGaBneHne MIApHKy Ha TPYKUHKE Haxke Majlod (0 OOBIICHHBIM MEpKaMm)
MIOPIMH SHEPTUH O3HAYACT yBEIWYEHHE YNCIIa 71 CPa3y Ha OTPOMHOE 3HAUCHUE.

UroOb! OTBETHUTH HA BTOPOH BOIIPOC B 33jade, 3auiIeM GopMyTy IS Mpuparie-
HUSI DHEPIHH TapPMOHHUYECKOTO OCLMIUIATOPA MPH YBEJINYEHUH KBAHTOBOTO YHUCIA 1
Ha CANHHUILLY:

h((n+1)+%)v—h(n+%)v:hv:%((UO +Av,)? —vé):

Av,)’
=m| v,-Av, +% ~mv, - Av,,
OTKyla TIONy4aeM  Ag, = v _ ho, /27 4) - h_n ~10°"  wm/c, rme
mu, mu, 2rmA  mA

h ~ o
h=—~1,06-10"* JIx- c. [TOHATHO, YTO C TAKOH TOYHOCTHIO 3a[aTh HAYATIHHYIO
2r

CKOpOCTH (YTOOBI OHa OTBEYalla CTPOTO ONPENENIEHHOMY YUCIY 71) Uil OOBIYHOTO
LIapuKa Ha MPY>KUHKE HE MPEACTaBIIAETCS BO3MOXKHBIM. CUTyanus, 0JHAKO, MEHsI-
ercs IpU IepexolJe K MHUpY aroMoB. Y D3JIEKTpOHa, HampuMep, Macca
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m =0,9% 10" kr u xapaxTepHsie amruuTy 6l A ero aBmkenus (mopsuka 1070 m)
ype3Bbl4aiiHo Masbl. [TosTomy no popmyne Ay, = lA MBI II0JIy4aeM He MaJIEHbKOE
m
M3MEHEHHE HAYaIbHOM ckopocTH — nopsytka 10° m/c.
§3. ®oTo3dpexT. DOTOHBI

BeIpbIBaHHE DJIEKTPOHOB W3 BELIECTBa MOJA NEHCTBHEM CBeTa (DICKTPOMArHUT-
HOTO M3IYYCHHUS) HA3BIBAIOT (POTORNIEKTPUIECKUM dPPEKTOM (MM MPOCTO — (POTO-
a¢dexToM, HO eCTh U OoJiee TOUHOE Ha3BaHUE «BHEIIHUH (HOTORNEKTpUIecKuid 3¢-
(deKT», MoAYEePKHUBAIOLIee, YTO JIEKTPOHBI BBIPHIBAIOTCSA Hapyxy). s u3yueHus
¢boToadderra UCIONTB3YIOT BAKYYMHYIO JIaMITy, BKJIFOUEHHYIO MO0 CXEMe Ha puc. 3, ¢
XOJIOZHBIM KaTOIOM (IIPH 3TOM MOXKHO HpeHeOpedb TepMOIMHCCEH 3IEKTPOHOB).
OO0Jyyast KaToJ CBETOM ONpPEJeNIEHHON YacTOThl U MHTEHCUBHOCTH, CTPOSIT 3aBHCH-
MOCTb CHJIbI TOKa OT HAMpPAXKCHHUA MCEKAY KaTOAOM U aHOJOM (FOBOpHTI CHUMAKT
BOJIBTAMIIEPHYIO XapaKTEPUCTHKY JIaMIbl.) TUIIHYHASA KpUBas U3 TeX, KOTOPbIE MpU
9TOM IOJIy4aloTcsl, I0Ka3aHa Ha pHc. 4.

Uro >xe OKazanoch HEOOBSICHUMBIM 3JEKTpOAMHAMUKONH Makcsemna B hoTodd-

¢exre? [ToHATHO, YTO ANEKTPHUUECKUI TOK OyAET TeM Oobliie, 4eM OO0JIbIlee YHCIIO
JJIEKTPOHOB OY/IET BHIPBAHO M3 KaToza. SICHO, 4TO 4eM OoJIbllle HHTEHCHBHOCTH CBe-
Ta, TeM OoJbllie OyIeT TakMX O3JEKTPOHOB. JTO, MOXHO CKa3aTh, BUJENHU (TOK Ha-
CBIEHUSA [y, PACTET MPH YBEIMYEHWH MHTEHCHBHOCTH cBeTa). Ho BO3HHMKIN He-
npusTHOCTH. Eciy Ha aHOZ MOJaTh OTPUIATENBHBIN MO OTHOMICHHIO K KaTOAY IIO-
TEHLHUAJ, TO B JIAMIIE BO3HUKHET 3aJEP>KUBAOLIEE MIECKTPOHBI AIEKTPHUECKOE TIOJIE.
ITpn 3TOM HeE Bce AIEKTPOHBI, BEUICTEBIINE C KaTOJd, CMOTYT AJOCTHYb aHOJA U J1aTh
TOK. M4, OpOIIeHHBIN BBEpX, BCKOpe ynaaeT BHHU3. OH MOXET U HE JOJIETETh /10
10-ro »Taxka. Msdy U1 3TOr0 HY>KHO COOOIIUTH TOCTATOYHO OOJBIIYIO CKOPOCTE.

UroOBl 3J€KTPOHBI JJOCTUTIIM aHO/A, OHU TP BBIJIETE U3 KaTO/A TOXKE JOJDKHEI
(Ipu «MUHYCE» Ha aHOJEe) UMETh JOCTATOYHO OOJBLIYI0 CKOPOCTh, T. €. OOJBILIYIO
KHHETHYECKYI0 dHepruro. OKuaanoch, 4To 3Ta 3HEprus OyAeT HpOIOpLUOHAIbHA
MHTEHCUBHOCTH cBeTa (KBaJpaTy HANpPSKEHHOCTH 3JIEKTPUYECKOTO MOJs B BOJHE,
KOTOpOe, KaK CUHUTaJIOCh, Pa3TrOHSAET 3eKTPoHbI). Ha ombiTe Takol 3aKOHOMEpHO-
CTH He 0OHapyxuinu. Bugenn npyroe: sHeprus 3JI€KTPOHOB, BEIPBAHHBIX CBETOM U3
KaToZla, YBEINYNBAECTCSI HE C POCTOM MHTEHCHBHOCTH, a C POCTOM 4YacTOThHI CBETA.
[Tpnuém, uem MeHbIIIe YacTOTa, TEM MEHBIIEE 33AEPKUBAIOIIEE M0JIe HA aHO/E Ha-
JI0 TIPUKJIAJBIBATh, 9YTOOBI MPEKPATWIICSA TOK. A TIPH YacTOTaX, MEHBIINX HEKOTOPOH
(pa3Hoii I pa3HBIX BEIIECTB), YJICKTPOHBI BOOOIIE HENb3sI BRIPBATh M3 KaToAa (TIpu
3TOM T'OBOPSAT O «KpacHOH rpanuiie GorodpdexTar).
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8

]
u,o U

Puc. 3 Puc. 4

OnamTeiH B 1905 1. BeckMa 31eraHTHO 0OBSCHII (POTOAIPQEKT, IIPEATIONOKHB,
YTO CBET YacTOTHl V, IJAIOIIUA Ha KaToJ, MPEACTaBisieT cOO0M MOTOK YacTHIL,

KaXKIOW M3 KOTOPHIX OH mpurmcan (B ayxe ¢popmynsl [nanka) suepruto & = hv.
[Mo3xe 3T yacTuibl Ha3BaIu gpomonamu. Korna kakoil-HuOyb U3 (POTOHOB JOC-
TUTAET KaToJla, OH BCTpeYaeT KaKoi-HUOYAb JIEKTPOH Karoja. POTOH MOXKeET OBITH
MZHO6eHHO TIOTJIONIEH STUM 3JIeKTPOHOM. DHeprus A1V B pe3ysibTaTe MEPEXOIHUT K
UIEKTPOHY, U y 3JEKTPOHA MOSBIAETCA BO3MOXKHOCTH IPEOAOJETh CHIIBI, YICPKHU-
BalOIIe ero B KaTtoze. lIpu 3TOM, mpaBra, pacXoAyeTcs YacTh MPHOOPETEHHOH
SHEPIrUU Ha COBEPIIEHHE Pa0OTHI A MPOTHB yIEPKUBAOIINX CHII (TOBOPAT O pado-
me 6vix0da r1ekmpona). B ntore KNHeTHUECKast SHEPTUsl BBUICTEBIINX SJIEKTPOHOB

OKa3bIBaACTCA paBHOﬁ

2
mo

=hv—A. G.1)

Oty dopmyny HazbIBaroT (opmyiiol DitHmreitHa 11 Gorospdexra. (YTouHe-
Hue. @opmymna (3.1) 7aéT MaKCUMaIbHYIO YHEPTHIO BBUICTEBIINX AIIEKTPOHOB. Eciu
JJIEKTPOH MOTIIOTUT (POTOH HE Yy CaMoil MOBEPXHOCTH KaTOJa, TO OH MO JOpOre K
MOBEPXHOCTU MOMKET PaCTepsTh YacTh JHEPIuu. B pesynbrare ero sHeprusi Ha BbI-
X07Ie U3 Karoja Oyaer MeHblne, 4eM AV — A. A BOT HabpaTh MO JOPOre SHEPTHUIO 3a
C4€T CTOJIKHOBEHHIA C APYTMMH JJIEKTPOHAMH €My OY/ET, OKa3bIBaeTCs, BEChMa 3a-
TpyaHHuTENbHO. HO B 3TOM (hr3nkm pa3oOpaimch 9yTh MO3XKeE. )

B KoHIe KOHIIOB, UMEHHO ¢ (hOPMYJIUPOBKOIl «3a paboThl 1o (poToddderry u
JIpyrue paboTel 1Mo Teopernueckor (usuke» DiHITEHH nonyunn HobesneBckyro
mpemuto 1o ¢usuke. Ho 3to 6110 yke B 1925 r. He Hamo mymars, 9to Bce GU3MKU
TYT € C BOCTOPIOM yYXBaTHJIUCh 3a U0 DHHIITEHHA, YTO CBET €CTh MOTOK YaCTHI
(poronoB). PomoHayasbHUK TEOpHM KBAHTOB, [LmaHK, mHpeacTamBiss ODWHIITEHHA
BepnuHckol akageMuy HayK, TOBOPHJI MPUMEPHO Tak: «He OyapTe ciaumkom cTporu
K HalleMy MOJIOZIOMY KOJUIEre 3a TO, YTO OH MHOTJ[a TOBOPHUT O CBETE KaK O MOTOKE
yacTuy. K ToMy e, KaKkyl0 4acTOTy MBI IIpUIKckiBaeM dactuie? Yacrory Koie-
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OaHuil yero? DUHINTEHH OCO3HABAM ATY TPyAHOCTh. OH MOHUMAJ, YTO TPEACTaBIe-
HHE CBETa B BUZE NOTOKA (JOTOHOB — HE MPOCTO BO3BPAT K KOPITYCKYJISIPHOH TEOPHH
ceeta Herotona. B Tom ke 1905 r. BBIIUIa €r0 OCHOBOITIOJIAraromias CTaThs 110 TEO-
pUM OTHOCHUTENBHOCTH, KOTOpas HasbiBanach «K 3JIeKTpoAMHAMUKE ABHIKYIIUXCS
cpen», B KOTOPOH OH ObLI ... NOCIEN0BATENbHBIM CTOPOHHUKOM 3JIEKTPOIUHAMUKH
Maxkcgerna (¢ ero 3JeKTPOMarHUTHON MPUPOION cBeTa). DUHINTENHH (1 ApyrHe Qu-
3MKH) CO3HABaJl, YTO TOTJAIIHAS KapTHHA MUpPa — BpeMeHHasi, U He BcE€ (usukam B
Hell MoKa 110 KOHIIA MOHATO. DTa cUTyalus B (U3MKE MOJTy4na Ha3BaHUE KopRycC-
KYAPHO-6071H0601 Oyanu3m (IBOWCTBEHHOCTDH) Ul CBETa: NPH TPakToBKe (oTto-
a¢dekra cBeT yno0HO CUUTATh MOTOKOM YacTHIL; PH OOBSICHEHUH SIBJIEHUH MHTEp-
(epeHIMM U TU(PPAKINU — BOJHOBBIM IIPOLIECCOM.

Ho u npocTo pacrpocTpaHeHne cBeTa 4acTo yJ00HO paccMaTpUBaTh Kak MOTOK
gactul. Hampumep, mpu pacnpocTpaHEHHH CBETOBOW BOJHBI OOJBINON MHTEHCHB-
HOCTH BJIOJIb TIPSIMOM (JTyd) MOXKHO, KaK U B CIIydae ra3a, TOBOPUTH O CpeIHEH KOH-
LEHTpauy 7 YacTHl ((OTOHOB) B €AMHHUIIE 00BEMa, O IIOTHOCTU MOTOKA 11C 3THX
qacTHIl (KONMYECTBE YACTHII, IEPECEKAOMMX TOBEPXHOCT MIIOMAAbio 1 M* 32 0/1Hy
CeKyHJy NEepIeHIUKYSPHO IOBEPXHOCTH; CUINTAEM, YTO BCe (DOTOHBI ABMXKYTCS CO
CKOPOCTBIO CBETa B BaKyyMe ¢), O TDIOTHOCTH 3HEPTHU B CBETOBOW BOJHE n X AV, O

IUIOTHOCTH NIOTOKA SHEPTUH B CBETOBO BOJIHE ¢ X I V.

[IpocTyto TPaKTOBKY IIPH STOM II0JIy4aeT M TAKOE CIIOKHOE SIBIICHUE, KaK JaBlie-
HHUE CBETa, MaJaloNIero Ha MOBEPXHOCTh (IKCHEPUMEHTAIBHO OTKPBITOE HAIIMM CO-
otevecTBeHHUKOM JleOeneBbiM). JIero B TOM, YTO COTJIACHO TEOPUH OTHOCHUTEIBHO-
CTH, YacTHLAM, ABHXKYIIUMCS CO CKOPOCTBIO CBETa, CIEAYET MPHUIHCATh HYJECBYIO
Maccy U UMIyJIbC, PaBHbIil p =& /c = hV /c = h/A . ]lns cBeTOBOI BOIHbI, ONHCAH-
HOW BBIIIEC, UMEEM TOTJIa TUIOTHOCTh MOTOKa UMIyibca nc X (hV /c) = nhV (410 B
TOYHOCTH COBIIAJACT C IUIOTHOCTBIO SHEpruu (GoTtoHHOro rasa). Ecmu Bece GoToHBI
MOTJIONIAIOTCS MOBEPXHOCTBIO, TO HMITYJbC BCEX 3THX (OTOHOB mepenaéres mo-
BepxHocTy. Ecm 1 M? moBepxHocTH 3a 1 ¢ HOrIomaer ot poToHoB 1k V HMITyIIbCa
HepHEeHINKYISIPHOTO TIOBEPXHOCTH, TO N0 dopmyie 3akoHa HetotoHa Ap /At =F
3TO U €CTh CUJIa CO CTOPOHBI POTOHOB, JIEHCTBYIOIIAs HA MOBEPXHOCTh. OIHAKO pa3
peub uaéT 06 1 M, 3HAYNT, BenMuMHA nhV KaK pa3 COBHAAaeT ¢ gaBieHueM. Eciu
Bce (DOTOHBI OTPAKAIOTCS OT MOBEPXHOCTH (Kak OT 3epKaja), TO MOIyJTb H3MEHEHNUS
UMITyIIbCa Kaxa0ro u3 GpoToHoB Ap, OyneT B 2 paza 0oblie, 4eM NPH MOTJIOIIE-

Hun: 2h v /c (Ap,= Piowax — Plnaaom = — AV /c — hv /c). CooTBETCTBEHHO, NaBJie-
HHUE CBETa Ha 3ePKAbHYIO TOBEPXHOCTH OyIeT paBHO yxe 2 nhv.
Ipumep 3.1. M3mepenus 3aBUCMMOCTH 3ajiepikuBaiomiero Hanpsokenus U,

WIN HANpPsDKEHUSI OTCEYKH (T. €. HaNpsDKEHHs, IIPU KOTOPOM (OTOTOK MpeKpaliaeT-
cs1) OT JUIMHBI BOJIHBI CBETA, MAJAOIIET0 HAa LIE3UEBYIO IUIACTHHY, MOKA3alH Clie-

mytowee. IIpyu ocBewweHnn CBETOM ¢ UMHON BOnHBL A, = 0,4 MKM MOynb Hamps-

)KeHus oTceukn cocraBun U;=1,19B, a mpu /12=0,5 MKM OH paBHSJICS
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U, = 0,57 B. [Tonb3ysch MWL 3TUMH SKCTIEPUMEHTAILHBIMU JaHHBIMU (HE MOJIb3Y-
SICh TaOJIMYHBIMH 3HAUYEHHUSIMH 1TOCTOsIHHO# [11anka /1, ckopocTH cBeTa B BaKyyMme c,
3aps/a 3NEeKTPOHa e; CUMUTAETCs], YTO, HalpuMep, nocTosHHasg [Inanka cama moria
OBITh HaliJieHa 10 3THUM SKCIEPHUMEHTAIBHBIM TaHHBIM) ONPEASNIUTh JUIMHY BOJIHEI

A

max » COOTBETCTBYIOIIYIO KPacHOM rpanuie potodpdexra M me3ns.

Pemenne. /Ima COOTBETCTBYCT CJIy4daro, KOrja 3JICKTPOHbI IMOKUJAI0T (bOTOKa—

X
TOJ C IIOYTHU HyHeBOﬁ CKOPOCTBIO; BCS DHEPIrUd CBETOBOI'O KBAHTA TPATUTCA HA CO-

) he
BepIIeHHe paboThl BEIXOAA: /i V. =——=A,0TKyna
max
he
1= (*)
max A

HanpsbkeHne 0TCEYKH COOTBETCTBYET CIIydar0, KOT/a 3JIEKTPOHbI, BbIJIETAIOIIHE
C KaToJa C HeHyJIeBOH ckopocThio (A < A_ ), TOPMO3ACh DJIEKTPHMUYECKUM I0JIEM

max
JIaMIIbl, HO JOJIETEB 10 aHOZA, TEPSIOT BCIO CBOIO KMHETHYECKYIO SHEPIHIO, — OHA
mv’
MIEPEXOJUT B MOTEHIUANBHYIO: =—¢(=U). . 3anumem 1115 0boux ciyyaes ¢op-
2

. . he he
Myiy DiiHwTeiiHa it porospdexra: — = 4+ eU, U — = A+eU,. Pemwas oty
1
CHCTEMY YpaBHEHHH OTHOCHUTENBHO 4 U A, HAXOINM

eU 4 -U,4,) (*%)
=4
IIpomsBenenust eU Nar0T SHEPTUU B DIIEKTPOH-BONBTAX. (HamoMHMM: 37€KTpOH-
BOJIBT — ATO JHEPIHs, KOTOPYIO MPHOOpPETAaeT ANMEKTPHUECKUI 3apsl, PaBHBIA 3Je-
menTapromy (1,6 X 107" Kir), npoiins pasHocts moTeHimuanos B 1 Boist: 1 3B =
=1,6x 10" Kn x 1B=1,6x 10" Ixx.)
Honcrasnss (**) B (*), Haxoqum

A=

max :—/12/?1(U1 ) =0,65 MKM. h_—~
Ulﬂ‘l _Uz/lz >’(|]J_
(*) Ipumep 3.2. Usnyuyernne ap-
TOHOBOI'O Jia3epa C JUIMHOW BOJIHBI @

A =500 HM cdoKyCHPOBAHO Ha TLIOC-
KOM (pOTOKATOAE B ISITHO AUAMETPOM

d = 0,1 mm. PaGora BeIxona (oTOKa- 2 I 1/ A T
tona A = 2 »B. Ha anon, pacmomo-
JKeHHBIA Ha pacctossHuu [ = 30 MM OT S
KaTo/a, MOJaHO YCKOPSIOIIEe HaIps- S g
xxkeane U = 4 xB. Haittu auamerp § S

£

nsiTHa (OTORIEKTPOHOB HAa aHOJE.
AHOJ cUnTaTh IUIOCKMM M Pacrojio-

Puc. 5
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YKEHHBIM ITapaJuIeIbHO TTOBEPXHOCTH KaTOAaA.

Pemenue. {uamerp nstHa D Ha aHOAE 3aJAI0T 3JEKTPOHBI, KOTOPBIE BBUIETAIOT
C KaToJa MOuTH MapauiebHO NOBEPXHOCTH Karoza (eM. puc.5): D =d +2v7, tae
U — MakcHMallbHasi CKOPOCTb JIEKTPOHOB, BBUICTAIONIMX ¢ (POTOKATONa, T — BpeMs

MpOJIETa JIEKTPOHAMHU PACCTOSTHUST MEXIy KaToJoM M aHoaoM. CKOpoCTh HalaéM
2

c
=h——A, orkyna
1 Y

n3  ¢opmynsl OifHmTedHa a8 poTorddekra

2(.c
Z| h=—A4|~4,13-10"M/c. DTa CKOPOCTH MHOTO MEHBIITE CKOPOCTH CBETA B
m

BaKkyyMe ¢, M03TOMY HET HEOOXOJMMOCTH I0JIb30BaThCS CIOKHBIMH (DOpMyJiaMU
Teopun otHocuresnbHOCTH. (Ha camom nene, HyxHO Oyner emé npoBepuTh, YTO U
CKOPOCTb DJIEKTpOHA BOJIIM3M aHoja OyAET MHOTO MEHBIIIE, YEM ¢, YTO MBI C/IEJIaeM B
KOHIIE. )

- ar
Bpemst T Haiiném u3 Gopmynsl 11t paBHOYCKOPEHHOTO IBH)KEHHS [ =

, Tne

1o 2-My 3aKOHY HrroTona JJIs DJICKTPOHA B TIOCTOAHHOM U OAHOPOJAHOM JJICKTpHUYC-

el eU
CKOM mone: g =— ="= ~234-10" wm/c’. (O6paTnTe BHUMAHHE HA MOPSIOK

m ml
BEJIMYMHBI YCKOPEHUS 3JIeKTpoHa! Bo ckoibKo pa3 oHO Ooible yCKOpeHHst cBoOO -

2]

Horo naznenus!) [loncraHoBka 3Toro 3Ha4yeHust B (GopMmyily JJisl BpeMEHH 7 = _[—
a

naér 7 ~1,60-107c.

OxoHUaTeTHHO IJIS TUaMeTpa MATHA Ha aHofe rmoiydaeMm D =~ 1,42 M.

IIpoBepuM €€, He pa3rOHAIOTCS JIM EKTPOHBI AIEKTPUUECKUM IIOJIEM IO CKO-
pocTel, 6IM3KUX K CKOPOCTHU CBeTa. [IBUrasch yCKOPEHHO, 3JIEKTPOH Mepes Mojuie-
TOM K aHOJY NPHOOPETET KOMIIOHEHTY CKOPOCTH, MEPNEHIUKYIIPHYIO aHOAY, PaB-
Hyl©O U, =ar ~3,74-10" m/c. KoMnoHeHTa cKopocTH, mapajielbHas aHofy, Oyjaer
TaKOM )K€, KaK IPH BBIJIETE U3 KaTOJa, M T. K. OHd MHOTO MEHBIIIE, YeM U,, TO JJIEK-
TpOHbI OyIyT MOATETATh K aHOAY MOYTH IEPIEHANKYISIPHO EMY CO CKOPOCTBIO PaB-
HOM npuMepHO ¥, ~3,74-107 M/c. DTO — COBCEM He MajeHbKas CKOPOCTh. Bcé ske
OHa ocTaBJsieT Julb 12,5% oT CKOpOCTH CBETa B BaKyyMe.*

Ipumep 3.3. OneHnTdH, CKOJIBKO (POTOHOB BHIMMOTO JIuana3zoHa mairydaer 100-
BaTTHas Jlamriouka 3a | cekyHay. CunTars, 4To IMIIb 5% 3HEPTUU JIaMIIOUKa H3ITY-

YaeT B BUIMMOM JHana3oHe 4actoT. CpelHIO UIMHY BOJIHBI CBETa B 9TOM JHara-
30HE NMPHUHATH paBHOU 0,5 MKM.
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Pemenne. [Tycte N — nckomoe 4ucio (HOTOHOB, M3My4aeMBIX JIAMIIOYKOW B
€IMHUILYy BpeMeHHU. Toraa KoJIM4YecTBO SHEPTUH, U3ITydaeMOl B BUAMMOM JHAMa30-

He MOKHO 3anucathb B Buge: N-hv =0,05- P, rae P = 100 Br. Orciona nonayyaem

N =0,05-P/hv~1,3x10" dporonos/c. Orpomuoe umcio!

Ipumep 3.4. @omonvi. «@omonnasa pakemay. OUEHNUTH, Kako MoOIIHOCTH P
JIaMIIOYKY HY)KHO BBEPHYTh B PE(ICKTOP HACTOJIBHOW JaMmImbl Maccod m = 1 xr,
4yTOOBI OHA B3JIETEJIA CO CTOJIA ITOJT ISHCTBUEM CHJI CBETOBOT'O JaBJICHUS?

Pemenne. /[yt Toro 4ToOBI JTamna B3jeTena, HEOOXOAUMO, YTOOBI CHJla JaBiie-
HUSL CO CTOPOHBI CBETa Ha OTPAXAIOUIYI0 MOBEPXHOCTH JAMIIbI, AEHCTBYHOLIAs
BBEpX, IPEBbICHIA Obl CHIIy TSDKECTH mg, ACHCTBYIOLIYIO Ha jJaMmmny BHU3. [Ipenmo-
JOXUM (IJIs1 OLIEHKH), 4TO Bce (DOTOHBI, MCIYIIEHHBIEC JIAMIIOH, B KOHIE KOHLIOB,
JeTAT BepTUKAIbHO BHU3. KaskoMy U3 HHUX ObLI COOOLIEH UMIYIbC p=h/ A, Trae

A — cpemnss yactora ¢potoHos. IycTh namma usinydaer N (OTOHOB 3a OJHY ce-
KyHIy. CyMMapHBII UMITyJIbC, COOOIIEHHBIH BceM ()OTOHAM B €AMHHILy BPEMEHH,

MOKeT ObITh TOra oreHeH o Gopmyne N i/ A. Ou 6bu1 cOOOIEH HOTOHAM JaM-
moii. Jlamma (mo 2-my 3akoHy Hetotona dp/dt = F) neiicTBoBaiia ¢ Takoi CHJION Ha
¢dotonsl. 3HauNT, HOTOHEI, B CBOIO ouepens (1Mo 3-My 3akoHy HpioTOHA), HeHcTBO-

BaIM Ha JamIy ¢ cuioi, pasuoil N i/ A . Takum 06pa3oM, HOIDKHO BBIIOIHATHCS
PaBEHCTBO

Nhl!A=mg. *)
Cuwrast (110 MAKCUMYMY), UTO BCS SHEPTUSI, BELICTUBINASCS B HUTH HAKATHBAHUS
JIAMIIBL, IEPENAETCs (POTOHAM M YHOCHUTCS MMH, 3aMUIIEM (GOPMYITY ISl SHEPTHH:

P=N-hv=N-hc/A. (*%)

CormacHo (*) u (*¥), momydaeM P = mgx ¢ = 3x 10°Br. (!) B atomHoii 60Mbe

3TO HOIydYaeTcs «caMo COBOi», — M TaM JaBjeHHe M3IMydeHHs nopsaka 10'' atm

~10'® Ila. JlaBnenue, MPOU3BOIMMOE COJIHEYHBIM CBETOM Ha 3emiie, HaoOOpoT,

upe3BbIYaliHO Mano, — mopsaaka 10" arm. (Ombitel JleGeneBa, H3yUaBIIEro AaBie-
HHUE CBeTa, OBUIH YPE3BBIYAITHO TOHKIMH!)

§4. Boainbl e bpoiins 1151 3J1eKTPOHOB

B 1924 r. JIyu ne bpoiinp BRICKa3al THIOTE3Y, YTO BOIHOBBEIMH CBOMCTBaMHU 00-
JaJaloT He TOIbKO (POTOHBI, HO M BCe YacTHLBI BooOmie. [lonavamy sta muest kasa-
JIaCh COBEPIIEHHO a0CypIHOH, M TOIBKO BBICOKOE IPOUCXOXKIEHHE cracio 1ne bpoii-
JIL OT «TOOUTHS KaMHSAMUY. DUHINTEHH ke noaepxan uaew! Jle bpoins pacmpo-
ctpanm ¢popmysl [Inanka — DWHIITEHHA U1 S)HEPTUU & = AV | IJIS NIMITyIIbca

p=hll @.1)
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Ha J100BIe YacTUIEL. BEITO, TpaBnaa, He TTOHATHO, YTO KOJeOieTcs B BOHE Ae bpoii-
ns1. (UTo MOHUMATH MO YaCcTOTOM /Ut mapuka? YTo Takoe JUTMHA BOJHEI I HETO?)
B cmygae 3Byka BCE TOHATHO — KOJEOIMIOTCA YACTHIIBI BO3IyXa, B CIIydae CBETa —
HaIpsHKEHHOCTH DJIEKTPUYIECKOT0 M MAarHUTHBIX ToJie. A 3aech 4To? bbuia rumo-
Te3a, 4YTO TaK, MEPHOAMYECKH B MPOCTPAHCTBE M BO BPEMEHH, W3MEHSETCS IUIOT-
HOCTB AJIEKTpPOHA (MOJI, 2JIEKTPOH — HE TOYKa, a 4T0-To OoJiee MM MEHee pa3Ma3aH-
HOE B IpocTpaHcTBe). Ho 3Ta rumoresa He BhIAEPIKATA «HCIBITAHHS HA MIPOYHOCTHY.
Tem He MeHee, CITYCTs BCETO JIUIIb TOJ TOCIIE TOSBJICHUS THITOTE3bI ¢ Bpoiis skc-
MIEPUMEHTATOpaM yJIalloCh HaOIIt0JaTh TU(pakiuio 1ekTpoHos! Tem caMmbiM, OBLIO
JTIOKa3aHO MPSIMBIM CIIOCOOOM, UTO C 3JICKTPOHOM CBSI3aH HEKHI BOJIHOBOM IPOIIECC.
Ho xakoii? Bcé-taku, BonHbl e bpoiins — 3170 BonHbI 4ero? — ®usuku emé A0aro
00 3TOM CHOPHIIH, IPUTOM, OYeHB Topsd0. (B 4éM-To cuTyarms 3mech HamoOMHUHAET
cUTyaruio ¢ Teopueit OpeHens TUQpaKIuN CBeTa: OH MHOTOe OOBSICHIII, HO HeTpa-
BIJIPHO TTOHMMAII, YTO TAK0€ CBETOBAas BOJHA. JTO BoiHA 4ero? ['ennto ObLIO TOC-
TaTOYHO M HETIPaBWJILHOTO TTOHUMaHUs!)

[Tocne pabdot ne bpoitng B ¢pusnke yTBepAUIICS KOPITyCKYJISIPHO-BOJTHOBOH Tya-
JIU3M IUIS BCeX YacTHIl MaTepun. OU3HKU MO-TIPEeKHEMY BO MHOTHX CITy4asx paccy-
XKaamu 00 BIIEKTPOHE, KaK O MAIIOCCHBKOM IIapuKe (IJake — TOYKE), HO B HEKOTO-
PBIX Cliydasx (Takux Kak TUGPAKIUS IEKTPOHOB) MPUXOIMIOCH PACCYKIATh O HEM
kak o BonHe. [1o coBpemeHHbIM npescTaBienusiM (bopH, 1926) Bonna ne bpoiiis —
3TO, Tpy0O0 TOBOPS, BOJTHA BEPOSTHOCTH TOTO, YTO NEKTPOH MOXKHO HAUTH B 3aJlaH-
HOW Touke mpoctpaHcTBa. lllpenunrep B 1926 r. cymecTBEHHO pa3BUI HICHO A€
Bpoiiist: oH mokasan, Kak MOKHO BBEIYHCIIATH TCOPOMICBCKYIO BOIHY B Pa3IMYHBIX
¢u3MIecKuX CUTyanusx. B pe3ynbpTrare MOsSBMIACH KBAHTOBAS TEOPHS aTOMOB, MO-
JIEKYJ, KPUCTAITOB (METAJUIOB U TOYTIPOBOJIHUKOB), ... [IOSBHIINCH TPaH3UCTOPEI,
MHKPOCXEMBI, KOMITBIOTEPHI, MOOMIIEHUKH U BCE, BCE, BCE!

Ipumep 4.1. Kakoii kuHeTHYECKOH SHEPrUuei T0KEeH 001Ia1aTh EKTPOH, YTO-
OBl €ro JUIMHA BOJIHEI Ji¢ Bpoiins Obuia paBHa 0,1 HM = 1070 m? (Ota qnuHa mopsaakKa
pa3MepoB aTOMOB OOJIBIIIMHCTBA XUMUYCCKHUX 3JICMEHTOB. )

2 2 3472
Pemrenue. K:p_:(h//l) _ (6,63-107%) _
2m  2m 2:-0,911:107°(107°)
-17
—2.41.10" = 210 015058,
1,60-107"°

OTa 3HEpPrys MHOTO MEHBIIIE SHEPTUH TOKOS 3JIEKTPOHA mc’ (puMepHO  pas-
Ho#t 0,5 MaB), mosToMy MbI BIIpaBe OBIIH IOJIB30BATHCSI HEPEISATUBUCTCKON (op-
MYJIOHN JJIsl KHHETUYECKOW YHEPTHH.

Ipumep 4.2. Yckopstoliee HAIPsHKCHAE B AIIEKTPOHHO-TTy4UeBON TpyOKe KuHe-
ckoma 25 kB. OueHuTh [UIMHY BOIHBI e Bpoiis amekTpoHa.

Pemenne. KuHeTnueckas sHeprus, KOTOPYIO NPHOOpETaeT 3IEKTPOH, paBHA
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eU = 25x3B = 2,5% 10* 5B MHOT0 MeHblle SHepriy MOKOs 3IEKTPOHA (IPHMEPHO
0,5 M3B = 5x 10° 3B), M03TOMy MOXHO MOIb30BaThCs (DOPMYTAMH MEXAHUKH
HeroToHa (a2 HE TEOPHH OTHOCHTEIIEHOCTH):

2 2
UL A
2m 2m
OTKyZIa HaXOoIuM , = L ~0,77 X 107" M. Dra nmHA MeHBIIE pa3MepoB ca-

N2meU
MOT0 MaJIeHBKOTO aTOMa (IMaMeTp aToMa remus nopsaka 0,6 X 107 m).

Hpumep 4.3. Ilouemy makpockonuueckue o6vekmol (0axce u 04eHv MaaleHb-
Kue) He nOKa3vléarom 601H08bIX ceolicme? OUEHUTH CPETHEKBAIPATHIHYIO CKO-
POCTB Kamenbku TymMaHa ¢ paguycom 0,1 MKM, B3BEIICHHOH B BO3AyXe IMPH KOMHAT-
HOM Temmeparype. OLEeHUTh AJHHY BOJHBI 1¢ bpoiins Takoil kanenbK.

Pemenne. CpeHexBaapaTiiHas CKOPOCTh U, ., KaleIbKH Maccoi m CBsi3aHa ¢

2
TemIepatypoit 7 COOTHOIIEHHEM mv% = %kT, rae k ~1,38x 10> [Ix/K — mo-

3kT
crosiHHast  bombimana.  OtTcroma  HaxoIuM — CKOPOCTh Vgpn, =4[ —>  TAE
KB. m
4
m=p- 3 (p= 10 kr/m® — motHOCTH BOJIBI).
3

Moncrasuss » = 10~ M, TIOJIy9aeM Maccy Karum m ~ 4,2 X 1078 KT; JUIS CpeHe-
KBaIpaTWIHOW  ckopoctr Torma mpum 1 =300K momywaem  OIEHKY

V. 0,054 M/c & 54 cm/c. DTOH  CKOPOCTH  COOTBETCTBYET — MMITYJIbC
p=mUvg,,, ano dopmyie e Bpoils 5TOMy HMITYIIbCY OTBEUAET JUTMHA BOJIHBI
h
A=———=29%x10 "M
mov

Cp.KB.

3T0 — OYeHb MalieHbKasl AJIMHA: OHa MHOTO MEHbBLIE pa3MepOB CaMBIX MaJICHb-
kux atomoB (ropsizka 107'° m). OHa naxe MeHbIIIE pa3MEPOB ATOMHBIX siiep. BomHb!
e bpoiins (kak u aro0ble IpyTre BOJIHBI) MOTIH ObI MPOSBUTE ceOs B OMBITaX IO
uuTepbepenn Wik audpakipn. Ho a1 3Toro pasmepsl 00bEKTOB, Ha KOTOPBIX
OBl OHM IU(parupoBay, TOKHBI OBITH CONOCTABUMEI C JUIMHOW BOJHEL [IoHATHO,
YTO BECbMa 3aTPYAHHUTEIBHO IIOCTPOUTH OOBEKT pa3MepOM MEHbIIe aTOMHOTO sApa.
[TosTOMY YacTHIBI ¢ TAaKUMH MaJICHBKMMH JJIMHAMH BOJIH, KaK y Karejib TyMaHa,
MIPOCTO HUKAK HE MOTYT MPOSIBUTH CBOUX BOJHOBBIX CBOMCTB.

§5. [lnanerapuas moaeas atoma Pesepdopaa
U Teopus aToMa Bogopoaa bopa

Hcropuueckn mepBoil MoJenbi0 aroMa Oblia, MO-BHIUMOMY, MOJENb aroMa
Tomcona (1902). B neit npeanonaranock, 94To B IPOCTEHIIEM aTOME — aTOME BOJIO-
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polia — MOJIOKUTENBHBIA 3apsil, PABHBIN MO0 MOIYIIO 3apsmy JJIEKTPOHA, paBHOMEp-
HO pacrpe/ieIéH BHYTPH mapa paguycom mopsiaka R = 107 M, a 37ekTpoH B HeBO3-
OyXIIEHHOM aTOMe€ MOKOUTCS B IIEHTpe IIapa. Poib MoNMoXuTensHOTO 3apsina Oblia
TaCCUBHOM: OH BCETJa TOKOWJICS, — ABHUTAJICS (KOJIeOascs) JIUIb IeKTpoH. OMHaKo
9Ta MOJENb HE CMOIJIa OOBSCHUTH OCHOBHBIX 3aKOHOMEPHOCTEH H3Iy4eHHUs U Io-
ronieHus ceera aroMamu (cm. ITpumep 5.1).

Ha cmeny moznenn ToMcoHa mpuinia Mojens aroMa, npeioxkerHas Pesepdop-
oM (1911). CortacHo 3TO¥ MOJICITH aTOM MTOXO0XK Ha COJHEUHYIO CUCTEMY: B IICHTPE
pacrioyaraercst O4eHb MaJEHBKOE 0 pa3Mepy HOJOKHUTENBHO 3apsDKeHHOE aTOMHOE
a1po (nmamerpoM mopsaka 1074 m), BOKpyr KOTOpOro BpamaroTcs, Kak MIaHETHI 110
opOuTaM, OTPUIATENHFHO 3apsDKEHHBIE AIEKTPOHBL. Macca siipa MHOTO OoJblie Mac-
CHI DIIEKTPOHOB, YTO TIO3BOJIAIECT CUUTATH SIIPO B MIEPBOM MPHOIIKCHAN HETIOIBHXK-
HbIM. Paguycel opOuT 1 pasmepsl aToMoB nopsiaka 107 M, T. e., py6o roBopsi, Ha 4
mopsiaKa Oopine pa3mMepoB sapa. [lociearee 06CTOATEIBCTBO O3BOISIET TOBOPUTH
0 TIOYTH TOYEHHOM spe. B HOpMarTbHOM COCTOSHHH IIOJIOKUTENBHBIN 3apsi saep
[0 MOIYJIO B TOYHOCTH PaBEH CyMMapHOMY OTPUIATEIHHOMY 3apsAqy BCEX dSJIEK-
TPOHOB aTOMa, — TaK YTO B II€JIOM aTOM 3JIEKTPHUYECKH HeiTpaneH. [Ipu oTpriBe
9JIEKTPOHA OT aTOMa BO3HUKAET HOH — MOJIOKUTENHHO 3apsHKEHHAs! YaCTHUIIA.

Monens Pesepdopaa MHOroe mposicHuia, — HamlmpuMep, B SKCIEPUMEHTaX IO
paccestHNIO TaK Ha3bIBAEMBIX « —dYacTul] (siaep atoMoB renws). Ho y Heé (kak u y
€€ MpeecTBeHHUIIBI — Mozienu ToMcoHa) ObLT OJIMH CYIIECTBEHHBIN M3bsH: (HU3H-
KM 3HAJIH, YTO MPH JFOOOM YCKOPEHHOM JIBIKEHUH 3apsHKEHHOM YacTUITHI OHA OyAeT
M3Ty4aTh 3JEKTPOMAarHUTHOE M3Iy4YeHHEe, a HM3Ilydas, TepsATh dHepruto. [loatomy
AJIEKTPOH B aTOMeE, JABHUTAsICh 110 HEMIPSIMBIM TPACKTOPHSIM, T. €. YCKOPEHHO, TOBOJIb-
HO OBICTPO JIOJDKEH MPOCTO yrnacTh Ha siapo. Ho atoro He mpowucxomur! ITouemy?
He nownsitHo.

Hexoe pemrenne npobnemst B 1913 r. npemtoxun bop. Ero Teopus atoma Bozo-
porna B Mojenu Pesepdopaa Opi1a mouTH KBaHTOBOW. [lo4eMy «IOYTH KBAaHTOBOW?
Jemo B TOM, 9TO MecTaMu Teopus ObLIa MPAKTHIECKH HBIOTOHOBCKOW. OmHAKO Ha
IBIKCHUE DIIEKTPOHA HACHIBCTBEHHO HAKIAIBIBATHCh HEKHE KBAaHTOBEIC YCIOBHS.
Cxopee BCEro, OT TaKOTO CTPAHHOTO THOpHIa KIACCHYECKHX M KBAHTOBBIX Mpea-
CTaBJICHUI MPOCTO OTMAaxXHYJNUCh Obl, HO TEOpHs OJECTsIE OMHMCHIBAIA IKCIIEPH-
MEHTaJIbHBIE JaHHbIe (10 KpaiiHel Mepe, IS aToMa BOJIOpOaa). A OT 3TOTO HE OT-
MaxHEIMbCA!

Bop moctynupoBai (Ipeanonokuil), 4To €Ciy dJIEKTPOH B aToMe JBHXKETCS MO
HEKMM HM30paHHBIM (CTalMOHapHBIM) opOHuTaMm, To OH He m3nydaeT. ([louemy-To!)
Wznyuenne NpoMCXOOWUT JIMIIb MPU NEPEXOAax 3JIEKTPOHOB C OJHOW OpOWTHI Ha
Ipyryto. bop moctynamupoBall, 4To IpH Tepexoaax ¢ OJHOM cTalnnOHapHOH OpOHTHI
Ha JIPYTYIO 3JEKTPOH M3JydaeT KBAaHT CBETA, YaCTOTA M3Iy4EHHs KOTOPOTO Ompesie-
nsiercst (B nyxe [lnanka u DiiHmTeltHa) 13 HOpMYITBI

heo = E, . = E e (.1
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ATOM MOXET HE TOJBKO M3ITydaTh, HO M MOIJIOMIATh KBAaHTHI cBeTa. IIpm 3ToM
MIPOMCXOIUT TEPEXO AIEKTPOHA C OpOWTHI ¢ MEHBINEH 3Heprueil Ha opoOuTy c
OomblIel; Ul ATOr0 4acTOTa MOIVIOIEHHOT0 aTOMOM M3JIyYeHUs. () HOJDKHA yJIOB-
JIETBOPSITH YCIOBHIO:

"o = E o = B (5.1
Kak onpenenuth 5TH BbIACIEHHBIE (CTallMOHAPHBIE) OPOUTHI AIIEKTPOHOB B atoMe?

OcHoBrl Teopun bopa aroma Bogopoa TakoBbl. CUUTAETCS, UTO B 3JIEKTPUIECKU
HEWTpaIbHOM aTOME BOIOPOAA B IEHTPE PacIoiaraeTcs MIPOTOH C MOJI0KUTEIbHBIM
apsgoM Q = +e, tae e = 1,602 x 107 Ki1 — Tak Ha3bIBaeMblif S7eMEHTAPHbIH 3apsil,
BOKPYT KOTOPOTO JBIDKETCS OTPHIATENFHO 3apsDKEHHBIN JJIEKTPOH C 3apsSaoM
q = — e. EnnHCTBeHHAs cUila MEXAYy HUMH — CHJIA KYJIOHOBCKOTO TPUTSIKEHHS, CO-
oOmaromas 3IeKTPOHy LEHTPOCTPEMHTENIFHOE yCKOpeHne. B mpocreiimem cirydae
JIBIUKEHHE OyAeT MpOMCXOTUTh IO KpyroBoil opoute (mocie bopa ¢usmkamu pac-
CMaTPUBAINCH U JPYTHE OPOUTHI — IIIUITHYECKUE). B ypaBHEHHN NBUKEHUS 3JIEK-
TpOHa

mo® e

vk (52)

e k = ~ 9% 10° H M*/Kr’, roKa [IBe HEH3BECTHBIE — CKOpOCTh 3JIEKTPOHA

4re,
U u paguyc opoutel R. bop momonHmi knaccudeckoe ypaBHeHUe (5.2) KBaHTOBBIM
YCJIOBUEM: MOMEHT MMITYJIbCa JJIEKTPOHA HA CTallMOHAPHBIX OpOHMTaX KpaTeH Iepe-
4epKHyTOH nocrostHHOM [1nanka:
muR = nh, (5.3)
e h=h/27)~1,055-107* Ixx c, n = 1,2,3,... . Takum 06pa3om, M0 MperIo-
noxennro bopa, mMeercst cuérHoe 4MCIIO OCOOBIX, BBIJENEHHBIX ycioBueM (5.3),
op6ut. UTOOBI MOMYyYUTh KOHKPETHBIE 3HAUCHHS PaJILyCOB OpPOUT, CKOPOCTEH 3IIeK-
TPOHOB HA HUX W BO3MOJKHBIE 3HAUCHUS SHEPIUi 3JIEKTPOHOB B aTOME, HY)KHO pe-
IIATH cUcTeMy ypaBHeHuit (5.2) — (5.3).

Paznmennm ypaBHeHwue (5.2) Ha ypaBHeHue (5.3) (JeByIO 4acTh — Ha JIEBYIO, TIpa-
BYIO — Ha IIpaBy10). B pe3ynbprare cpasy nosydaeM HabOp BCEX BO3MOXKHBIX CKOPO-
CTel 3JIEKTPOHA B aTOME BOJIOPOAA:

1 el

_47r£0 hon

(5.4)

vVl
Honcrasnsas (5.4) B (5.3), HaxoauM HAO00P BO3MOXKHBIX PAIIyCOB OPOUT 3JICK-
TpOHA:

2

R =47Z'6‘0h—2}’l2. (5.5)
me
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OHeprus 3IeKTPOHA CKJIAIBIBACTCS N3 KHHETHYECKON HEPTUH U TOTEHIHAIBbHON
SHEPTrUX B3aUMOJCHCTBHUS 3JICKTPOHA C AOpOM (KHHETHYECKOH SHEprHer sapa Impe-

HeOperaeM, CUnTas €ro MPaKTUIECKU TOKOSIIAMCS):
2 2

mo’ e
2 R 2R
(yureno ypasuenwue (5.2)). OkOHYATEIHHO MOTYyJaeM:
2 4

E =] L |me 1 (5.6)

4dre, ) 20" n
(*) Ilpumep S.1. B moaesn atoma Tomcona (1902r.) mpexmonaranocs, 9To B
aToOMe BOJIOpOJia MOJOXKUTEIbHBIN 3apsjl, PaBHBIM 0 MOIYNIO 3apsay 3JIEKTPOHA,
PaBHOMEPHO pacHpelenéH BHYTPH 11apa paguycoM nopsaka R = 10'% M. B HeBos-
OyXIEHHOM aToMe BJIEKTPOH MOKOMTCA B IIEHTpe mIapa. YeMy paBeH mepuon Koje-
0aHMi 3JEKTPOHA IPHU MAJIOM €ro cMelleHnH U3 neHrpa? CuuraTh, 4YTO KoJeOaHus

MIPOUCXOIAT BJOJIb ANAMETPa BHYTPH I1Iapa.

Pemenne. Ilpyu OTKIOHEHMM 3JEKTPOHA W3 LIEHTpa HAa paccTosHue r < R, Ha
IEKTPOH OyneT NeHCTBOBATh CHJIA CO CTOPOHBI JIUIL YacTH TOJIOKHUTEIBHOTO 3a-
psima, orpaHMueHHOro cdepol paamyca r. BemmumHa 3TOTO 3apsiia paBHA

E=

4 .. .
q(r=p 5 73, Tae p — 00BbEMHAS IIOTHOCTB 3apsifid, KOTOPYKO MOXKHO HAWTH 110

3

r
¢ . Burore, q(r)=— e. Ha 51IeKTpOH 1pu €ro OTKJIOHEHHH OT
R

dbopmyie p= P
ar R?
3

[EHTpa Ha pAacCTOSHHE 7 HAaYHeT [CHCTBOBAaTh CHJIA, DPaBHAs II0 BEIUYMHE
1 e-q(r) 1 e
. = .~ U HamIpaBJICHHAs K LCHTPY, T. €. BOBHHKHET BO3Bpa-
dre, 1’ dre, R’
LIAIOIAst CHJIA, HPOIOPLHOHATIBHAS BEIMUMHE OTKIOHEHHS OT IOJIOXKCHHUS PAaBHOBE-
cusl — B TOYHOCTH, KaK B CIIydae FApMOHUYECKOro ocuuuisitopa. Pois koaddurmen-

1 €
-—. Toraa no gopmyine ams

Ta KECTKOCTU IIPU 3TOM UrpacT BEINYINHA k=

4rg, R
o m o
nepuoa KoJIeOaHui T=2mx.|— HAXOJWM  YaCTOTy KOJIcOaHUIl:
k
V= 1 ~2,5% 10" I'.
T

Urak, mo moaenu ToMcoHA 3JIEKTPOH B aTOMe KOJIebIeTcs ¢ OTHON €TUHCTBEH-
HOW 9acTOTOH (Y TapMOHHYECKOTO OCHMJUIATOPAa MHOTO OBITH HE MOXeT). Eif cooT-
BETCTBYET JUIMHA BOJIHBI M3nyuenus A =c /v ~0,1 mxm. B neiicTButensHocTH, B
9KCHEPUMEHTaX BUASAT, YTO aTOM BOJOPOJA M3ITy4aeT CBET MHOTUX Pa3HBIX 4acTOT.
OTO M BEIHYIMIO (PM3UKOB OTKa3aThCst 0T Mojenu TomcoHa. *
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IIpumep 5.2. OneHUTH CKOPOCTH JNIEKTpoHA Ha l-oif OGopoBckoit opbute. Bo
CKOJILKO pa3 OHa MEHBIIIE CKOPOCTH CBETa B Bakyyme?
1 & 6
Pemenne. Ilo dopmyne (5.4) umeem v, =——— =2,2X 10° m/c. Ota cko-
TE,
pocThk mpuMepHO B 137 pa3 MeHbIIEe CKOPOCTH CBETa B BakyyMme. FIMEHHO MO3TOMY
TEOpHsI aTOMa OCHOBBIBACTCSl HA HEPEITUBUCTCKOW MexaHuke. (PelsTHBHCTCKEE
a¢dekThl B Heit BCE ke ObIBatOT BakHbI. HO 3TO CyIIECTBEHHO BBIXOAUT 3a PaMKH
LIKOJBHOH (pu3nku.)

Ipumep 5.3. DHeprus noHU3aLKU aToMa Bojopoaa pasHa / = 13,6 3B. Omnpene-
JMTh PaAnyC HAaMMEHBIEH OPOUTHI DJIEKTPOHA B aTOME BOAOPO/IA.

Pemenne. DHeprueli HOHM3AMN Ha3bIBAIOT MUHUMAIIBHYIO HEPTHIO, KOTOPYIO
HY’XHO COOOIIHTH 3JIEKTPOHY, HAXOSIIEMYCS B COCTOSIHUHM C HAaMMEHBILEH YHEPIU-
it (rOBOPST: OCHOBHOM COCTOSIHHH), YTOOBI OH, TPEOJOJICB CHJIBI MPUTSHKCHHUS CO
CTOpOHBI s7pa, MOKUHYN atoM. B atome Bomopoaa, coriacHo dopmyiam (5.5) u

2 2
1 L OTcrona NoTydaeM: R, = 1 & ~0,53 % 107 m.
4re, 2R, 4re, 21

IIpumep 5.4. OneHuTs pasmep (IMaMeTp) CHIBHO BO30YKIEHHOTO aToMa BOJO-
poxa c n = 1000. (B HacTosimee Bpems (Ha 2007 r.) B 1abopaTopusix MOIy4yaroT aTo-
™Mbl ¢ 7= 1100.)

(5:6). 1=|E,|=

2

Pewenne. Ilo popmyne (5.5) R =4re, LGz ~ 0,053 mm. [ cpaBHEHHS:

me
JIMaMeTp YeJIOBEYECKOro Bojoca mpuMepHo paseH 0,08 mm.

Ipumep 5.5. K xakoMy quana3oHy BOJH OTHOCSTCSI 3JI€KTPOMAarHUTHBIEC BOJIHBI,
U3JTydaeMble aTOMOM BOJIOPO/Ia MPHU MEepexo/ie 3JIEKTPOHa B HEM Ha CaMblil HU3IIMH
SHEpPreTHIeCKuil ypOBEHbH?

Pemenue. Cornacao ¢popmysne (5.1) nmpu nepexonax ¢ n-ro (n > 1) ypoBHs 3HEp-
TUH Ha 1-# (caMblif HU3MIAN) AIEKTPOH M3ITyJacT KBAHT CBETA C YaCTOTOM
_ E -E

nl ’

v 5.7

rae 3HadeHus E, matorcs gopmynoit (5.6). CooTBETCTBYIONIHE IIMHBI BOJTH KBaH-

¢ .
TOB CBE€Ta ONPECACTATCA IO (l)OpMyﬂe ﬂ’nl = —. IlogcTanoBKa YMCIOBBIX 3HAUYCHUM
nl

na€t: Ay =0,12 mxm, A, =0,10 Mmxm, 4, ~0,098 Mxm; npu mepexonax c eme 60-

Jiee BRICOKHAX OPOWT MOJTYYAIOTCS IIMHEI BOJH €IIE KOpode.

Bce oTu AmuHBI BOJNH 3JEKTPOMArHUTHOTO M3JIYYEHUS JIEKAaT BHE BUIUMOTO
Jrana3oHa JIuH BoyH (puMmepHo ot 0,4 mxM 10 0,8 MkM) — B obyiacTe yibTpaduo-
JIETOBOTO M3Iy4eHus. JInme npu nepexonax Ha 2-i SHEPreTHYeCKUd yPOBEHBb BO3-

HUKAaeT M3IydeHNE B BUIUMOM JHATa30He: 132 ~ 0,66MxkM. OTHAKO TIPH TIEpeX0aax

MeIy YPOBHAMHU C OONBIIMMHE 7 U m (n > m) JIMHBI BOTH A MOTYT OKa3aThCs

nm
HaCTOJIbKO 60J'II)HII/IMI/I, YTO MomnagyT u I/IH(I)paKpaCHyIO 00J1acTh CIICKTpaA.
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IIpumep 5.6. Kakue cnekTpalibHble JIMHUHM BOAOPOAA MOTYT MOSIBUTHCS, €CIH
ero o0JTyJaTh JIEKTPOHAMH C 3Hepruei 12,5 3B?
Pemenue. Ouenum pasnoctu sHeprui. [lonaras E, ~—13,6 3B = -/, numeem

E,=-I/n’, E, — E, =%1z10,2313,

E,—E, =S1~1219B, E, - F, =12 1~ 12,88,
9 16

OCTaJbHbIE Pa3HOCTH 3Hepruil OynyT emé Oompuie. JIMme mepBble JBE pa3HOCTH
SHEpPruil OKa3aJuCh MEHBIIE YHEPTUH HAJIETAIOUINX 31eKTPOoHOB (12,5 3B). [ToaTomy
13 OCHOBHOTO COCTOSIHHSA (7 = 1) 3JEKTPOHBI aTOMa SJIEKTPOHHBIM YAAapOM Haje-
TAIOUINX JIEKTPOHOB MOTYT OBITH BO30Y KIIE€HBI JIUIIH JO COCTOSIHAN C n =2 U n = 3.
OTH BO30Y’XIEHHBIE JJIEKTPOHBI CITyCTs] KOPOTKOE BpeMsl OyIyT OIyCKaThCsl BHH3 IO
SHEPTUM: U3 COCTOSHUS 71 = 2 MPSIMO B COCTOSIHHE € /7 = |, a M3 COCTOSIHUSA ¢ 1 = 3
JIBYMsI BO3MOXKHBIMH TTyTSIMH — JIMOO TIPSIMO B COCTOsSIHME ¢ 7 = 1, nmnbo — B JBa
NPbDKKa BHU3 — CHAa4aja B COCTOSIHUE C 72 = 2, a y’Ke M3 Hero B cocTosiHne c n = 1. B
pe3ynapTaTte: BO3MOXKHBI ~ HM3JIydeHHs 3-X KBaHTOB CBeTa C  YacTOTaMH

E.—-F E, -F E,.-F
Vi =3 2 Vv, =2 "1y vy =—3 "1 WM OyayT COOTBETCTBOBAThH
h h h
c _ c c _
JUTHHBI BOJTH M3JTyYCHIS: ,132 —_— =658 HM, ,121 =— =122 um, ,131 ==
Vi Vo Vi
=103 M.

Ipumep 5.7. B pamkax teopun bopa onpenenuts pannyc HauMEHbIIEH OpOUTHI
snextpona B uone He'.
2
Pemenue. B ypaBHeHUN OBIKEHUS 3IEKTPOHA mo _ ke_z (5.2) n B popmyie
R R

2 2 2
JUIS DHEpruu F MU E ol (5.6) HyXHO 3aMEHUTH 3apsii NPOTOHA e Ha
2 2R

3apsin siapa Ze (s renust Z = 2). B pesynbrate, Ul CKOPOCTEH 3IIEKTpOHA HA CTa-
LIMOHAPHBIX OpOHTaxX mmosy4aeM (Gopmyiy

2
Lzl (5.4
4re, h n
IUTSL paiiyCOB OpOUT
2
R, =4rs, i > n, (5.5"
me
a I BOBMOYKHBIX 3HAUEHUH YHEPTHid
2 0
- 1 Z me Lz (5.6

4re, 20° n
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[omnaras, Z=2 u n = | (HauMeHbIIasg OPOUTA; OCHOBHOE COCTOSIHHE), TIOTy4aeM
YMCIIOBBIC 3HAYCHHMS OTHX BEIMYMH: U ~4.4X 106M/C, Rip.~0,26 X 10" u

E 1He ~ —54 4 5B.

(*) IIpumep 5.8. B pamkxax Teopun bopa ompenenuts pamuyc aTtoma rems,
CUMTasl, 4YTO B HEM JIBa HJIEKTPOHA ABMXKYTCS 110 OJHON OKPY>KHOCTH, HaXOAsICh BCE
BpeMs B JMAMETPAIBHO IIPOTUBOIIOJIOKHBIX TOYKAX OKPY’KHOCTH.

Pemenne. 3anuinem ypaBHEHHE JBIKCHUS KAKOTO-HHOYIb M3 JIEKTPOHOB aTo-
Ma, y4TS €ro MPUTSDKEHUE SAPOM C 3apsiioM +2e, HAXOISIIMMCS Ha pacCTOSHUN R
OT HETO0, U OTTAIKUBAHUE OT 2-TO 3JIEKTPOHA aTOMA, PACIIOJIOKEHHOTO yXKE Ha BIBOE
OO0JIBIIIEM PACCTOSIHUU:

mo® 2¢° &
=k —k—>, (5.8)
R R (2R)
rae k = , OTKyJia
4re,
ot =L 7€ (5.8)
4re, 4R

JlononHuM 3TO ypaBHEHHE YCIOBHEM Ha MOMEHT HMITYJIbCA OJJHOTO DJIEKTPOHA.
Ha camoit Husmei opoute (KOTOpOoi MBI TOJIBKO U OyIeM HHTEPECOBATHCS ) UMEEM
muR="h. (5.9)
Hens ypaBaenue (5.8) Ha (5.9), momygaemM CKOPOCTB JIEKTPOHA HA HU3IICH Op-
oute

71 €
44ng, b
[oncrasnss (5.10) B (5.9), HaxomuM paanyc camoil MajeHbKOW OpOWTBHI 3JIeK-
TPOHA B aTOME T'eJIHS:

(5.10)

4 n*
R:—~47z‘go—2’ (511)
7 me
9TO cocTaBisieT 4/7 OT paanyca OJEKTPOHA B ATOME BOJIOPOJIA. [oxcranoBka uncIio-
BBIX 3HaweHmi xaet R ~0,30x 107" m. (ITo kunre Iimakn «O6mas xuvmsn» (2008)
OpOUTANBHEIN paliyC JIEKTPOHA B aTOME TeIHsl paBeH 29 MM, 94TO ¢ 3aMedaTeIbHON
TOYHOCTBIO COBIA/IACT C MOJTYYCHHBIM 3HAUCHUEM. )*

§6. Slnepunas puszuka

Ilpomonno-neitmponnoe cmpoenue amommuvix aoep. Hzomonwl. Ilo cospe-
MEHHBIM TPEJCTABICHUSAM Spa aTOMOB COCTOSAT W3 TOJIOKUTENBHO 3apsDKEHHBIX
MIPOTOHOB U 3JIEKTPUYECKH HEHTPaJbHBIX HEHTPOHOB, MAacChl KaKIOTO U3 KOTOPBIX
MPUMEPHO PABHBI YT JPYTY M 3HAYMTETHHO MPEBOCXOIAT MACCY SICKTPOHA (8
1836 u 1839 pa3 COOTBeTCTBeHHo) BBuny 6:1m30cTH Mace MpoTOHA U HEUTPOHA, "y
~ m, ~1,67X% 107 kr, uX 0GBEIUHSAIOT OOIIMM HA3BAHUEM HYKIOH» (OT aHTJIHii-
ckoro cnoBa nuclei — sinpo). COOTHOLICHNE MEKAY YHCIOM TPOTOHOB Z W YHCIOM

. 4
(4 — Z) neitrpoHos B siape , X , rie A — ofliee 4nCI0 HyKIOHOB B siipe (MaccoBoe
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YHCII0) JAHHOTO XUMHUYECKOT0 3JIEMEHTa X, MOXKET BapbHUPOBATHCS B HEKOTOPBIX (HE
CJIMIIKOM HIMPOKHX) Tpe/ienax.

ATOMBI, fJpa KOTOPBIX CO/AEPXaT OJMHAKOBOE YHCIIO MPOTOHOB (2 IIOTOMY H
OJIMHAKOBOE YMCIIO AJIEKTPOHOB), HO Pa3HOE YMCIIO HEHTPOHOB, HA3bIBAIOT U30TOIIA-

12 14
MU XHMHYecKoro snementa. Hampumep, siapa usoronos yriaepora Cu (C co-
JIep’KaT OJMHAKOBOE YHCIIO MPOTOHOB Z = 6, HO pa3HOe YMCIIO0 HEHUTpoHOB: 12 — 6 =
12 14
=6 u 14 — 6 = 8 coorBerctBenHo. Sapa (C crabunbusl, sapa (C He cTaGHIBHEI

(paamoakTuBHbI). JIpyroif mpuMep: M3BECTHBI 3 M30TOma Bojopoxa — 'H, H = D
(neiiTepwii, ero sapo HasbiBaeTcs neiiTporom) u “H = T (TpUTHIL, €ro sSIpo Ha3bIBa-
eTcsl TPUTOHOM). JIeHTPOH COCTOMT M3 ITPOTOHA M HEMTPOHA, TPUTOH — U3 IPOTOHA U
IBYX HelTpoHOB. [lepBbie aBa M30TONA BOAOpOJa CTaOMIBHBL, 3-if He craOuieH.
KoHkpeTHBIe siipa aTOMOB BEIIECTB HA3BIBAIOT HYKAUOAMU; SIPA PaTHOAKTHBHBIX
HU30TOTIOB — PAOUOHYKAUOAMU.

Pazmepyt a0ep. Paguyc aTOMHOTO spa C MacCOBBIM YHCIOM A4 MOKHO OLICHUTb
no popmyne R =134"" x107"° M. Mesxy IpoTOHaMH B SIpe CYIIECTBYET CHITh-
HOE JIEKTPOCTATUYECKOE OTTAJIKUBAHUE. Y AEPIKUBAIOT UX BMECTE B MaJIOM 00beMe
spa TaK Ha3bIBAEMbIC SJICPHBIC CHUIIBL.

Ilpespauienua adep. Kpome NOBOIBHO MHOTOYHCIICHHBIX CTAOMNIBHBIX A1€p, B
MPUPOJE CYMIECTBYET OobInoe 4ncio (a emé OOoJbIle MOIYYSHO HCKYCCTBEHHO)
HecTaOWIBHBIX fIep, KOTOPhIE CaMONPOW3BOJIBHO INPEBPAIIAIOTCS B APYTHE sIpa
(TOBOpAT: pacmagaroTcs).

o — pacnao adep. Ilpn a — pacnane UCXOAHOE MAaTEPHHCKOE SAPO HCIYCKaeT
sapo remust *He (& — yacTHIly) M IpeBpaIaeTcs: B I0UEpHEE SIPO, YHC/IA TPOTOHOB
U HEWTPOHOB Y KOTOPOTO YMEHBIIAIOTCS Ha JIBE €JUHUIIBI Kakaoe. CIIOHTAaHHOMY
(Oe3 BHemIHero BO3AEHCTBUS) « — paclaiy MoJaBep KeHbI TsuKENbIe sapa ¢ Z > 83 u
HeOoJIbIIast TPyIITa peIKO3eMEeNbHBIX JIEMEeHTOB B obsactu 4 = 140 — 160.

S — pacnao sdep — mporecc caMoIIPONU3BOIIEHOTO MPEBPAICHHS AApa B SIIPO C

TEM JKe 3HaYeHUEeM A4, HO ¢ u3MeHeHneM Z Ha AZ == 1 3a cuéT UCIyCKaHUs SJIeK-
TpoHa (WJIM MO3MTPOHA — YACTHIBI, OTJIMYAIOIIEICS OT BJIEKTPOHA JIMIIL 3HAKOM
ANEKTPHUYECKOTO 3apsiia), — MIIM 3aXBaTa 3JEKTPOHA C aTOMHOM 000JI0YKH.

lenenue si0ep XapakTEPHO TOJIBKO JJISI CAMBIX TSDKENBIX Aep, HAaYuHAas OT TOPHUs
(Z =90) u nanee B cropoHy OonbIux Z. BriepBbie neneHne saep HaOIroali 1 Jalid
MPaBWIBHYIO TPakTOBKY 3kcrepuMeHTy ['aH m ltpaccman (1938). OmbiTel ObLTH
TIPOBECHHI C sipaMu ypaHa (Z = 92), koTopble 60MOapANpPOBATINCE MeONeHHbIMU
HelTpoHamu. B pesynbrare 00pa3oBeIBaach mapa sijep ¢ MpUMEpHO PaBHBIMH Mac-
camH, a B KayecTBE «MEJKMX OpbI3r» BBUICTANIN JBa-TpU HeWTpoHa. IlocnenHue
HUMEIOT JI0CTaTOYHO OOJIBLIME SHEPTHH U Yallle BCErO0 HE BHI3BIBAIOT JEJICHUS COCE-
HUX SAep ypaHa (TOAYepKHEM: JTydllle BCETO JACJICHHE ypaHa MPOUCXOTUT MO Jeii-
CTBHEM MEIJICHHBIX, a He OBICTPBIX HEHTpoHOB). ONHAKO, €CIU 3TH «IBa-TPHU HEWl-
TPOHA» 3aMeIUTUTh, OHH YK€ JITKO BBI3BIBAIOT JCIICHUE JPYTUX sep. Tak BO3HHUKA-
eT YenHas peaxyus NCTCHUS.

Tepmosioeprulii cunmes nézkux snemenmos. Ilpu BBHICOKHX TemIeparypax (Io-
pamka 107 K) BO3MOXHBI peakiiiyl CIMSHHS JErKHX sjep ¢ 00pa3soBaHHEM Gonee
TSDKENBIX siiep. Bricokne TemmepaTypbl HEOOXOIMMBI, TIOTOMY YTO BCE sapa 3apsi-
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JKCHBI TOJIOKUTEIBHO, U JUIA COMDKEHUS aep APYT K IPYTy TpedyeTcs mpeooie-
BaTh CHJIBI DJIEKTPOCTATHYECKOT'O OTTAIKUBAHMUS SIEp IPYT OT npyra. B tepmosnep-
HBIX PEaKIUAX MPOUCXOIUT 3HAUUTEIHHOE BBIJCICHUE SHEPTHU, C H30BITKOM KOM-
MIEHCUPYS HayalbHBIE 3aTPAThl SJHEPTUH (TIOTYUICHHUE BEICOKHX TEMIEpaTyp).

Duepzua ceasu. Ilo onpeneneHuro sHepruei cBsA3u £, Ha3bIBAaIOT MUHUMAib-

HYIO HEPIHIO, KOTOPYIO HY>KHO COOOIIUTD SIAPY, YTOOBI MOJHOCTBIO PACIIEHIHUTE €TO
Ha COCTaBIISIOIINE ATO AP0 Z MPOTOHOB U N = A — Z HelitpoHoB. OHa paBHa pa3HO-
CTH

E . (Z,A)=(Zm,+ Nm,-M, (Z,A)c’.

3axon paduoakmuenozo pacnada. Slnpa paTvoaKTHBHBIX H30TOIOB 3JEMEHTOB
CaMOTIPOM3BOJIGHO PACHAAlOTCsl ¢ IPEBPAICHUEM B Siipa U30TOIOB JAPYTUX dile-
MeHToB. (Hanpumep, simpa m3orona yrinepona C B pesynbTate [ — pacmana Impe-

BpAIIAIOTCA B Aapa M30Toma azota 'N.) [lepBEle M3 HEX HA3bIBAIOT MATEPUHCKUMH
(MM POUTENBECKUMH) SpaMH, a siIpa BTOPBIX — JJOYEPHUMH.

B pesysbraTe caMonpon3BOJIBHBIX PACIa OB paguon30Tona unucio N(f) ero emié
HE paclaBIIUXCS SAEp C TeYeHHEM BPEMEHH HENPEphIBHO yMeEHblaeTcs. 3mene-
HHE YHClIa He PACHaBIINXCS sSEp 3a MaJoe BpeMsl df IPONOPLUUOHAIBLHO YUCITY 3TUX
HE pachaBIINXCS AAep

spa

dN =-ANdt, (6.1)

rie A — mocTosHHas pacnazia pasmepHocTH 1/c. Pemas ypasaenue (6.1), Haxomum
3aBUCUMOCTD YHCJa HE pacHaBIIMMHUCA AJIEp OT BpEMEHU
-
N(t)=N,e ™, (6.2)
rae Ny — 4ucio siAep B HauajubHbI MOMEHT BpeMeHu ¢ = 0. Eciiu 3Hauenust Ny u A

W3BECTHBI, TO 10 W3MEPEHHOMY 3HA4eHHIO N(f) MOXHO HaWTH BpeMs, B TE€UCHHE
KOTOPOT'O IIPOUCXOAMI pactaj

r= L[ Mo (6.3)

n .
A \N@®)

Ha sTom ocHoBaH METOA ONPEACITICHUS «BO3pacTa» MOpod B I'€OJIOTHMU U «BO3-
pacray, HanpuMmep, apTedakToB (MPOIYKTOB IESATEIBHOCTH YEIOBEKa) — B apXeoJio-
ruu. Mcronp30BaHue 3TOro METOAA MPEAINOJIaracT, YT0 HU MaTCPUHCKUE, HU JOYEP-
HHUE gapa HE UCYE3AI0T U HE MOABJIAIOTCA MHAYC KaK B PE3YyJIbTAaTE CaMOro paaruoaK-
TUBHOTI'O IIpo1ecca.

Y100HOH XapaKTepUCTHKOM PaJMOaKTHBHOTO pacraia SIBISETCS Nepuoo noiy-
pacnada. Tak Ha3pIBarOT BpeMs 1 (B JUTepaType Haile MUCHOJIb3yeTcs Ooree rpo-
MO371K0e 0003HadYeHue 71,), B TCUCHHE KOTOPOTO KOJMUYSCTBO HE PACTIABIIMXCS SICP

ymenbmaercs Bagoe: N(I)=N,/2, 1. e. Noe’“ =N, /2, otkyna, norapudmu-
pysl, TIOTy4aeM COOTHOIICHHE MKy KOHCTAHTOH pachajia ¥ IepHOIOM MoJypaca-
na

;_In2_ 0693

A A
[Nonp3ysch MOHATHEM MEpHOJa MOTYypaclana, 3aKOH PaAnOaKTUBHOTO pacrajaa
MOXHO ITPEACTaBHUTh B BU/IE

(6.4)
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N(t)=N,x2™"". (62"
Akmueyocmbfo pa()uomomona Ha3bIBAIOT BCHI/I‘II/IHy
A=—dN/dt, (6.5)

OTIPEIEISIIONIYI0 HHTEHCHBHOCT PAacHaioB (YHCIIO PacHagoB B €AWHHILy BPEMEHN).
C yaértom (6.1) u (6.2) Haxogum
A=AN=AN,e " =4e™, (6.6)
T. €., He TOJIBKO YMCJIO HE PACHaBIIMXCS SEP, HO U MX aKTUBHOCTH HKCIIOHEHIINAIIb-
HO yOBIBa€T CO BpEMEHEM,
A(): ﬂz N 0 (67)
— aKTUBHOCTb B Ha4aJIbHBIIl MOMEHT BpemeHH =0.
Jist onpenenieHust BpeMEHH ¢ B METOAAX IaTHpOBaHus, kpoMe (opmysl (6.3), Mo-
JKeT OBITh HCIIOJB30BaHA (POpPMYIIa
t= 1 In A
A A®@®)
TIPH STOM IKCIIEPAMEHTAIFHO U3MEPSIOTCS aKTUBHOCTH A U A(f). [locnennaee BpemMs
OTHAIOT TIPENINOYTEHHE MpsMOMY H3MepeHuto N(f) m dopmyne (6.3) (kak MeTomy
OoJiee TOYHOMY M TPeOYIOIIEMY MEHBIIHNX 3aTPaT BPEMEHH).
Ipumep 6.1. B pesynbrare cepuu paJuoaKTHUBHBIX pacHajoB H30TOI ypaHa

SU mpespamaercst B 130Ton CBUHUA ‘% Ph. CKONBKO o — M f3 — IpeBpalenuii

(6.8)

MIPOMCXOIUT B 3TOM mponecce? ([ — pacmagoM CUYUTaTh BBUIET JJIEKTPOHOB W3
anpa.)
Pemenne. Ilycth x W y — HCKOMBIE YHCIa o — U [ — IpeBpalleHuil.

 —4acCTulbl — 3TO gApa aTOMOB T'€jingd C MaCCOBBIM YUCIIOM A=4n 3apsAA0BbIM
yuciaoMm Z = 2. Macca DJICKTpOHA npeHe6pe>KHMo Majia 10 CpaBHCHUIO C MacCaMU

HYKJIOHOB U sifiep, 3apsiIOBO€ YHCIO dJieKTpoHa Z = —1. M3MeHeHne MaccoBOro
YuClia sapa ypaHa 3amuilleM B BUAE ypaBHeHus 1S x: 238 — 206 = 4x, oTkyma
Mojy4aeM 4YHCIO (X -TipeBpaiieHui: x = 8. Ecmu Obl NMPOMCXOAMIN TOIBKO

0 — pacnajsl, TO 3apAJ0BOE YUCIIO SIIpa YMEHBIIMIOCH OBl 10 3Ha4eHust 92 — x - Z =
=92 — 16 = 76. Ha camom xene, 3apsa0Boe YUCIIO sAep CBUHIA paBHO 82. Huco y
[ — mpeBpamieHnii (Ipyu KOTOPBIX MPOMCXOMUT BBUIET W3 sApa 3JIEKTPOHOB C
3apsiIoBBIM uncno —1) Haiaém u3 ycnoBusi: 82 =76 — y -(—1). Orcrona nomydum
y=0.

Ipumep 6.2. YtoO5b1 OTpe/IENUTh BO3PACT t ApeBHEN TKaHU, HAlICHHOW B OHOM
U3 CTUNETCKUX MApaMAf, B Hell ObUTa ompejesieHa KOHLEHTPAIHs paJnoyTriiepoia

"C. Ona okasamach cOOTBETCTBYIOMIEH 9,2 pacragaM B MUHYTY Ha OJHH 'PaMM YI-
nepona. Konnentpaiuss “C B KHUBBIX PACTEHUSIX COOTBETCTBYET 14,0 pacmamam B
MHHYTY Ha OJHMH rpamM yriaepona. Ilepuox momypacnaga '*C pasen 5730 net. Uc-
X0/ U3 3TUX JaHHBIX, OIPENIENUTb f.

Pemenne. CunTaeTCs, YTO PagHOAKTHBHBIE sIpa yriaepoaa “C opranu3msl (pac-
TEHHS, U3 KOTOPBIX Obuta C/eNaHa TKaHb) MOJY4YaloT B IPOIECCE KU3HEACATETbHO-
cu. Slpa "*C pacnmanaroTcs, HO Ha X MECTO NMPHUXOMAT APYrHe aTOMBI, 4TO U TIOJ-
JICPAKUBACT MOCTOSHHBIM YPOBCHb AKTHBHOCTH A= 14 pacmiazos/mMuH Juis | rpamma
uBoii Matepun. [Tocie cMepTH noctymienne sep 'C mpeKkpamaeTcs, a ueio Tex
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sanep '*C, KoTOpEIe yxke ObLIM B OpraHU3Me, yMEHbIIAETCS 3a CYET PACIAIOB IO 3a-
koHy (6.2). IIpu 3Tom mo 3akoHy (6.6) ocrmabeBaeT M aKTUBHOCTh. Bo3pacT TkaHu
Haiiném o Gpopmynam (6.4) u (6.8):

lln 4, =iln 14,0 zilnl,SZz 5730
A At)) In2 9,2 In2 0,693
IIpumep 6.3. CpenHecyToyHOe MOTpeOICHNE MOIIHOCTH B CpPEeIHEM JOME CO-

crasnster P = 300 Br. Kakas macca m ypana U JOJKHA Pas/elUThCs, YTOOBI

yIIOBJIETBOPHUTH TOAOBYIO IOTPEOHOCTH JIoMa B sHepruu? B oJHOM akTe neneHus
BBICBOOOXK TaeTCs dHeprust W= 190 MaB? 15B = 1,6 x 10" JIx.
Pemenne. Macca pa3genuBIIerocs ypaHa m CBsS3aHa C IIOJHBIM YHCIIOM sIep

-0,420 ~ 3470 ner.

ypaHa N, TIOJIBEPTLINXCS JICIICHHIO, COOTHOIIIEHHEM
-3
m=N-m, = NNi =N. %, TJIe M, €CTh Macca OJTHOTO aToMa ypaHa-235,
A A

Na — aucno ABoranpo, Ny = 6X 10? monp . TTonuas SHEpTrus, U3pacXOoJOBaHHAS 32
Bpems 7 =1 rox, paBHa P 7 = NW. B urore nomnydaem

H Pt

m=_-"_x__"_~0,1r.
N, W

IIpumep 6.4. PagoH — 3T0 o — paAnOaKTUBHBIN Ta3 ¢ aTOMHOM Maccoit 4 = 222.
Kakyto oo momHOH KHHETHIECKOW SHEPTHH, OCBOOOKIaeMOH TIPH pacmane pao-
Ha, YHOCUT ¢ —4actuna? AGCONIOTHOE 3HAUCHNE KMHETHYECKONH SHEPTUU ¢ —dac-
TULIBI TOpsiika 5 MaB.

Pemenne. Kunerndeckas sHeprus 5 MsB 3HauHTENbHO MEHBIIIE SHEPTHH TTOKOS
¢ —HacTHIBL: TocTeHss nopsaka 4m,c” = 4 T3B, T. e. Ha 3 nopsinka Gombme. 10
MO3BOJISIET BECTH PACCMOTPEHHE B paMKaX MeXaHUKU HploToHa. 3amuieM ais pe-

AKIUH 2562 Rn—)zglfPo+;He 3aKOH COXPAHEHHS HMITyJIbCa B CHCTEME OTCYeTa, B

KOTOPOH SApO pagoHa MOKOMWIock, 0 = Mu + m U, U BeIpaXeHHE ISl KHHETUYECKOU

Mu? N mo*

SHEPIrUH MPOAYKTOB pacrana =T. 30ecb m~ 4mp, M =~ 218mp. Pewas

ATy CHUCTEMY YpaBHCHWIA, HAXOIUM JJIS O KHHETUICCKON 3HEPTUH (! -4aCTHUIIBI
mo*/2 M

T M+m
neH.

~ 0,98: mourtu Best sHeprust (98%) yHocurest Gonee JerKol 4acTH-

KonTpoabHbie BOnmpochsl

1. Haiitn nimuHy BOJTHBI CBeTa (B HM), €CJIHM TIPU HOPMAJILHOM TaJCHAH CBETa Ha
IU(PaKIMOHHYIO PEIIeTKY C MOCTOSHHOW 4,4 MKM MaKCUMyM 4-TO TIOpSIKa TSt
9TOM JIJIMHEI BOJIHEI Habmogaercs nox yrioM 30°.

2. KakoBa 3Heprus B JJIEKTPOH-BOJBTAaX PEHTTCHOBCKOTO KBaHTAa C JITHHOMN
BoJiHbI 0,1 HM?



31

3. [MoueMy MakKpOCKOITMYECKHAE OOBEKTHI HE ITOKA3HIBAIOT BOJHOBBIX CBOWCTB?
KakoBa mynHa BOJHBI J¢ Bpoiins 1mapuka i1 HaCTOJIBHOTO TEHHHCA ¢ Maccoil 2 T,
€CJIM TIOCJIE Y/Iapa OH JIETUT CO CKOPOCTBIO 5 M/c?

4. Bo CKOJBKO pa3 CKOPOCTH DJIEKTpOHA Ha 2-W W 3- OOpPOBCKMX OpOUTaxX B
aToMe BOJI0POJIa MEHBIIIE CKOPOCTH Ha 1-0if 60poBCcKoii opouTe?

5%. VHTeHCHBHOCTh COJHEYHOTO H3Iy4CHHS BOIM3M 3eMid  (CONHedHas
nocrosunas) [ = 1,35 kBr/M>. Cunras (upuGmmxénxo) wusnydenne ComHIa
MOHOXPOMATHYECKUM C JIMHON BOJHBI 0,6 MKM, OICHHTh 4YHCIO (HOTOHOB,
€KECEKyH/THO MOMaAaloInX B I1a3 4enoBeka, oopaméHHoro k CorHiry.

6. Ilpu B3psiBe 1-0if aToMHO GOMOBI BhimenMIach sueprus W ~ 10 Jix. B

OIHOM aKTe JIEJICHUs ypaHa 29325 U sricBOOOXKTaeTcs sHeprus W = 190 M»B. Kakas

235
92

7*. OLeHUTH YHEPTHUIO, KOTOPYIO HYKHO COO(?%HI/ITL spam IeuTepusi, 4TOOBI OHU
CMOTTIH CONMM3HUTRLCS HA paccTosiHue nopsiaka 107~ M, Korja CTaHOBUTCSI BO3MOXHOM
peaKuusi CIUSHUS SACP B SIPO TeIHs.

Macca ypaHa ;U B OoM0Oe noasepriiach A€I€HUI0?

3agaumn

1. [IBe pamuocrannnu A u B m3my4aroT paguoBonHB Ha yactoTe f = 7,5 MI'11 B
¢dase apyr ¢ apyrom. Paccrosaue mMexnay antenHamu L = 110 M. B kakux Toukax
MEXITy HUMH CHTHaJl MaKCHMalleH? AHTCHHBI CUMTATh TOYCYHBIMH HCTOYHHKAMU
panuoBonH. Ilpu ynaneHUH OT TOYEUHOTO HWCTOYHMKA AaMIUIUTyla CHUTHalIa
YMEHBIIAeTCsl 00OPATHO MPOTIOPITHOHAIEHO PACCTOSHHUIO 10 HCTOYHUKA.

2. CKOJIBKO TJIaBHBIX MaKCHMyMOB MOXHO HaOI0maTh B JAU(PAKIIMOHHOMN
KapTUHE NpU HOPMaJIbHOM MAaJ€HHUH MOHOXPOMATHYECKOTO CBETa C JUJIMHOMN BOJHBI
600 HM Ha pemETKY ¢ MEPHOAOM 3 MKM.

3%, HenoxsmxkHsie HEBO30Y)KJICHHBIE aTOMBI BOJIOPOAA OOJIyHJaroTCsl ITyYKOM
9NeKTpoHOB. [lpu KakoW MHUHHUMAIBHOW OJHEPIUM SJIEKTPOHOB AaTOM MOXKET
UCITyCTUTD (POTOH? DHEPrusi HOHU3AIMK aToMa BojiopoJa paBHa 13,6 aB.

4*. B paMkax teopur bopa B arome renus ABa 3JEKTpOHA ABMXKYTCS O OJHOU
OKPY)KHOCTH, HaXOsICh BCE BpeMsl B JAMaMETPAILHO MPOTHBOIIOJIOKHBIX TOYKaX
OKpyXHOCTH. OIIEHUTHh FHEPTHIO, HEOOXOAUMYFO IS YIAJCHUS OJHOTO 3JCKTPOHA
13 aTOMa, CUMTAsl YTO OCTABIIUICS AJIEKTPOH OKAKETCS B COCTOSIHUN C HAUMEHbBIIIeH
SHEpruey Assi OJHO3aPSIIHOTO HOHA TeHsl.

235
5. B pe3ysbTaTe CEpUM PAJUOAKTHBHBIX paACIaJOB H30TOIl YypaHa 92U

HpeBpaIaeTcs B U30TON cBUHLA ) Ph. CKOIbKO o — u [ —NpeBpalleHui mpo-
HCXOAWT B 3TOM TIporiecce?

6*. B —axtuBHOCTH yriepona B JKHBBIX pacTeHHsAX paBHA

~ 14,0 pacriafoB/(T ceK) ¥ CYMTAETCS HE N3MEHSIONICHCS B T€UEHHE MHOTHX THICSY
set (NONArakoT, YTo B TeYEHHe MHOTHX THICSAY JIeT TIPOLEHTHBIH cocTaB n3otona ' 'C
B JKMBBIX TKaHsSX OCTaércs Hem3MeHHbIM). K kakol ommOke B OlLlEHKE BO3pacra
JIpeBHEW TKaHW MOXKET IPUBECTH TO, YTO B JPEBHEE BPEMs aKTUBHOCTb Obu1a Ha 5%
menbme? [Tepros monypacnaga u3otomna yriepona *C pasen 5730 ner, In2 = 0,693,
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In0,95 = — 0,0513. (Ha BO3MOXHBII MCTOYHUK OMIMOOK TaKOTO POJia MPHU ITOTBITKE
JATUPOBATh APXEOJOTMYECKUE HAXOAKH PaJUOYIICPOJHBIM METOAOM YKa3bIBacT
akaj. ®oMeHko B cBoel «HOBOM XpOHOIOTHI.)

7. Snpo pacnajioch Ha IB€ 4YaCTH, MacChl KOTOPBIX OKa3aluCh paBHbIMU M| u M,.
OnpenenuTh UX CKOPOCTH, €I 00Iasi KHHeTHUeCKast JHEepTrHsl YacTel paBHa 7.

8. JlBa neiitpoa oGpasoBamu sapo ‘He. CKOJTBKO SHEPrHH MpPH 3TOM
BoIienuiock? Macca nmeditpona mp = 1,01410 a.e.m., macca renust my, = 4,0026
a.e.M.. OTHOM aTOMHO¥ eIMHMUIIE MacCHl COOTBETCTBYET dHeprus 931,5 M»aB.
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