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JIEKIINS 1

Pdu3nvyeckre OCHOBbI KBAHTOBOI MEXaHUKMN.
KopnyckyasspHO-BOJIHOBOIi AyaJiu3M

1.1. Pe3ynbTaThl KBAaHTOBOII MeXaHUKN. KopnycKyJIsipHO-BOJTHOBOI1 Jyaan3M

KBanToBasi MexaHnKa eCcTh OCHOBa HE TOJIbBKO COBPEMEHHON (PU3UKM, HO U COBPEMEH-
HOTO ecTecTBO3HaHUA BooOIIe. OHa ompege/ia BO MHOTOM U COBPEMEHHYIO (hUI0CODUIO
HAyKH.

B navanabHBI 1epuoji pa3BUTHsI KBAHTOBOM MEXaHUKN OBLIO OY€Hb TPYIHO IOHATH U

IIpeJICTaBUTL poucxojdiiue giennd. [lo ciiosam JI. . Jlanmay, BeqmaaiimuMm jrocTuzKe-
HHEeM OBLJIO TO, IYTO «MbI CMOTJIM IIOHATH JaKe TO, 9TO He MOIVIN cede IPeICTaBUTh».
Wcxonst 3 aKcrepuMeHTaIbHbBIX (PaKTOB ObLIN BhIpaOOTaHbI HOBbIE IIOHATHS 1 3aKOHBI,
KOTOPBIE MTO3BOJIU/IN CBA3ATH Pa3/IMIHbIC SIBJICHUS MEXKy COOO U 00bSICHUTD CYIIECTBY-
OIIe 3aKOHOMEPHOCTH.
B kauecTBe BBejieHUs IIepEUYUC/INM PE3YyJIbTAaThl KBAHTOBOU MEXaHUKW, KOTOPbIE
pelmIn MpodIeMbl KJIaCCHIeCKON (pU3UKM:

1)
2)

3)

CrtpoeHne aToMOB, aTOMHBIX sAep, MmoJiekyJs. Ilepuommyeckasi cucrema
.. MenneJjieeBa.

Xumudeckasi CBs3b (B 0COOEHHOCTH CBsA3b HEHTpaJbHBIX MOJIeKy.T Tuna Hy), Ba-
JIEHTHOCTb, B TOM YHCJIe HallpaBJIeHHAsT BaJ€HTHOCTD.

TernsioBble 3aKOHBI:

a) JBYyXaTOMHbIE MOJIEKYJIbI, TEINIOEMKOCTbD JIBYXaTOMHBIX MOJIEKYJI (OTCYyT-
cTBUE BO3OYXKJICHUS KOJIe0ATETbHON CTeleHn CBOOO/IBI TP HOPMAJIbHBIX TEM-
nepaTypax);

6) 9JIEeKTPOHHAsl TEIIOEMKOCTDH (OTCYTCTBUE BKJIAJIA SJIEKTPOHOB B TEILJIOEM-
KOCTb TBEP/IBIX TeJI TIPU HOPMAJIbHBIX TeMIIEPaTypax);

B) 3aBHCHMOCTH TEIIJIOEMKOCTH OT TEMII€PATYPhI.

Teopust TBEpABIX TEJI: CYNIECTBOBAHUE METAJLJIOB, JUIJIEKTPUKOB, ITOJTIYyIIPOBOJI-
HUKOB. KBaHTOBash MexaHuKa IpuUBesia K MOABICHUIO 30HHOM TEOPHU: IIPU TTPOU3-
BOJICTBE HEKOTOPBIX IOJIYIIPOBOJHUKOB X BHAYAJIE OUUIIAIOT OT IIPUMeECeil, a 3aTeM
BBO/ISIT CIEIUA/IbHBIE TPUMECH, YIIYUIIAIONINE UX CBOMCTBA.

Marnetusm: dpeppomMarHeTnsm, anTudeppoMarieTu3m, cjaadbblii MAarHEeTU3M
U JPYyTUe TPOSIBJIEHNsT MATHUTHBIX STBJICHUI.

KBanTOBBIE TeHepaTOPhI: Ma3ephl, Ja3epbl U JIP. YCTPOUCTBa.

TyHHeabHbIE TEPEXOAbI — CIIOCOOHOCTD YACTHIIBI, 00/ A0IIell MEeHbIIeH IHep-
rueil, 9eM MOTEeHIMAJIbLHBIN Oapbep, OKa3aThCs IO JPYIYyI0 CTOPOHY 3TOro dbapbepa
(61aroapst TYHHEJIBHBIM [IEPEX0/IaM depe3 KYJIOHOBCKU Gapbep TepMOsiIepHBIE pe-
AKITUU BO3MOKHBI IIPUA TOpa3/io 0oJjiee HUBKUX TeMIIepaTypax, YeM Te, YTO CJIeIYIOT
U3 KJIACCHYECKUX TIPEJICTaBJICHNUIT ).

TepmosiziepHble peakKnuu. Y IIpaBJIgeMblii TeEpMOsIAePHbI cuHTe3. TyHHE b
HBI€ TIEPEXOIbI ITOJIYIIPOBOTHUKOB.

TyHHEIbHBI MUKPOCKOI — IIPHOOP, MO3BOJISIONINI BUIETH OT/IeIbHBIE ATOMBI.

Pezonancubie 3dpdekThr. Be3 yuera pezonancHbix 3¢pHEKTOB HEBO3MOXKHA, Pa-
boTa sgJepHOTO peakTopa 0e3 CHIbLHOIrO oboralieHus ypaHoOBOi pyJbl. B sjiepHom
peakTope U?% nenmurcea TemiosbIME HefiTpoHaMu. HelTpoHbI, Hosydalomuecs Ipu
nenennn U2 3aMeigach B obIIeit ToMIIe ypana, pe30HAHCHBIM 06pa30M MOTYT I10-


http://lectoriy.mipt.ru

http://lectoriy.mipt.ru 2u3 10

Jleknus 1. OcHOBBI KBaHTOBO# MexaHuku. Kopiycky/isipHO-BOJTHOBOI JTyan3m

11)

12)

13)

14)

15)

16)

riomarhed gapaMu U238 ToCKOIbKY y 9TOro M30TOIa CYMIeCTBYIOT SHEPIeTHICCKIe
ypoBHHU ¢ sHeprusaMu rnopsgiaka 10—20 3B. Yrobbl n3dbexkaTh BpeHOTO MOTJIONIEHUS
neitrporos U2 cymecrsytor sameymarenn (rpadputosble, Tazxkenas Boja), B KOTO-
PBIX BBLJIETAIONIME HefTPOHBI TepseT SHepruio, YToObl ObIThL 3axBadeHHbIME U2
TaxkuM o6pa3oM, Jlazke B IPUPOTHOM ypamne, cojepxkameM 0,7 % U3 BozmoxkHo
OCYIIECTBUTH SIIEPHYIO PEAKITHUIO.

TepmosiiepHas peaknus B BOJIOPOJIHOII 6oMOe umMeeT BUI:

d+t— *He+n.

dlnpo °He mecrabuibHoe, mosToMy pachajaerca na “He u meiirpon. Omako mpu
sHeprun nopsizika 20 MsB cyiiecTByeT sHepreTudeckuii ypoBeHb, Ha KOTOPBIH I10-
maJaloT JAefirepuit u TpuTHit pu cOMMKeHnU. Birarogaps sToMy 3Ta peakius B CTO
pa3 cuibHee, 4eM JelTepuil-aeirepueBad.

CBepXIIpoBOMMOCTb, CBepXTeKy4decTb. ‘He npu HU3KHUX TeMiepaTypax Ipe-
cTaB/isieT cob60il KBAHTOBYIO YKHIKOCTD.

Pusnka 6€JIbIX KapJIUKOB 1 HEUTPOHHBIX 3Be31. CBoiicTBa 3THX 00BEKTOB 00b-
SICHAIOTCS UCKJIIOUUTEIHHO ¢ KBAHTOBOM TOUKHU 3PEHUs: IJIOTHOCTD OEJIbIX KapJ/IMKOB
Tak BeJIMKa, ITO, OJ1aromapst KBAaHTOBO-MexaHndecKoMmy npunnuiy [laysim Bosaukaer
JlaB/IeHNe, KOMIIEHCUPYIOIIee CUIbl TpaBuTaruu. TOIHO Takoe ¥Ke sSBJICHUe TTPOUCXO0-
JINT U B HEHTPOHHBIX 3BE3/IAX.

Makpockonunieckue KBaHTOBbIe siBjieHUd: 3ddekT JI>kozedpcona, AHape-
eBcKoe oTpakeHue. DdpdekT J[zxo3edcoHa BOBHUKAET, €C/IN MEXK/LY JIBYMS CBEPX-
[IPOBOIHUKAMU ITOMECTUTDH JAUIJEKTPUK. Ha oCHOBE 3TOT0 siBJIE€HUS MOXKHO M3TOTO-
BuTh ycrpoiictea — CKBU b, 1103B0JIsIIOIIINE U3MEPSATH HAIIPS2KEHHOCTH MArHUT-
HOTO 10JIsA ¢ TouHocThIo 10 1077 Ie. AHpeeBcKkoe oTpazkKeHne BOSHIKACT Ha IPAHH-
e OOBITHOTO MeTaJIJIa U CBEPXIIPOBOIHUKA. JTOT 3(PPEKT MO3BOJISIET HAKAILINBATH
Kpaiine MaJjible 00bEeMbl SHEPIUU, ITO UCIHOJB3YEeTCA B U3MEPEHUAX, HAIIPUMED, I10-
TOKOB HEPI'UU OT 3BE3]I.

DJieMeHTapHbIe YaCTUIlbl, KOPIIYCKYJISIPHO-BOJIHOBOI ayasim3Mm. CBoiicTBa
9JIEMEHTAPHBIX YACTHUIL OTIPEJIEIISIIOTCST KBAHTOBOM MeXaHUKU. POy IeHne 9acTull mpu
B3aMMO/IEIICTBUH OIpeJIesIsieT OJMH W3 OCHOBHBIX IPWHITMIIOB KBAHTOBON MeXaHU-
KU — KOPITYCKYJ/IsIDHO-BOJTHOBOM JTyaJ/THU3M.

Bcenennas: jjannbie, 1oJydeHHbIE B pe3yJIbTaTe HAOIIOIEHIA 38 AaHI30TPOIIAEH pe-
JINKTOBOTO U3JIyUeHUs He IIPOTUBOPEYAT TOMY, UTO CYIIECTBYIOIINE CTPYKTYpbl Bee-
JIEHHOI — TaJIAKTHKM, CKOILICHUs TaJaKTUK, — BO3HUKJIU B PE3y/IbTaTe KBAHTOBOI
daykryanun Ha paHHeM 3Taine (¢popMupoBanust BeeineHHOI.

DTOT CIUCOK MOYKHO JIOTTOJTHUTD, HAIIPUMED, SIBJIEHUSIMU, CBSI3aHHBIMUI ¢ OMOJIOTHeil, Kiie-
TOYHBIMU MEXaHI3MaMU.

Qus3nyueckoit OCHOBOI KBaHTOBON MEXaHUKHU SIBJISETCS KOPILyCKYJISIPHO-BOJIHOBO
JAyaJIn3M.

Pasuble 00beKTHI IPUPOJIBI (CBET, ATOMBI U T.JI.) B OJIHUX YCJIOBUSIX MOTYT HPOSIBJISITH
CBOMCTBa BOJIH, & B JIPYTUX YCJIOBUSX — CBOMCTBa JacTUIl. Takmm 0Opa3oM, KBAHTOBAsI
MeXaHUKa CBA3bIBAET JIBa, Ka3aJ10Ch Obl, COBEPIIEHHO Pa3HbIX Ka4eCcTBa OJHOIO U TOIO YK€
00beKTa — BOJIHOBBIE U KOPITYCKYJIIpDHBIE CBONCTBA.

Koprycky/isipHO-BOTHOBOI /1ya/tm3M ObLIT BHaYa/Ie OOHAPYKEH JIJIsT 3JIeKTPOMATHUTHBIX
KOJICOaHMIl.
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1.2. 3akoHbI TEILJIOBOr'O PaBHOBECHOI'O U3JIy1Y€HUd. I'unoresa Ilnanka.

K kontry 19-ro Beka OBLIO yCTAHOBJIEHO, YTO CBET MIPEJICTABIAET COOOM IeKTPOMATrHUT-
Hble KOJIeOaHUsI, YAOBAETBOpsifomre Teopun Makcpesia. DTOMY CIIOCOOCTBOBAJIM OIIBITHI
u Teopusd MakcBeslia, a TakxKe siBjieHUs HHTepdEepenun, Mudpakiud 1 HOJISPH3allii.
O/iHUM U3 perramIux JI0Ka3aTeibcTB Oblin onbIThl [enpuxa l'epria ¢ pajuoBosiHamMu u
CYIIIeCTBOBaHUe CBeTOBOrO Janjenus, uaMepennoe [1.H. JlebeneBbim.

Kazasoch 661, Teopust, IOTBEPKIEHHAS CTOJIBKUME SKCIIEPUMEHTAMU, SBJISETCH BEP-
Hoit. OJIHAKO CyIEeCTBOBAJIM HEKOTOPhIE HESICHOCTH, HAIIPUMED — 3aKOHBI TEILJIOBOIO PaB-
HOBECHOI'O U3JIyUeHNs] (YePHOTO M3JIyYeHUsI).

PaccmorpuM HEKOTOPYIO M30JUPOBAHHYIO TOJIOCTD, B
KOTOPOI TOJJIEPKUBAETCS TIOCTOSTHHAsE Temieparypa 1
(em. pue. 1.1).

B pesynbrare kosiebanuit aTOMOB HUCITYCKAETCS U TTOTJIO-
IAeTCsT JIEKTPOMATHUTHOE U3/IydeHne. B KOHIe KOHIIOB B
[IOJIOCTH YCTAHABJIUBACTCS TEPMOIUHAMUYIECKOE PABHOBE-
cue. To uzydenune, Koropoe 6y/IeT B paBHOBECUU C BeIle-
CTBOM IIpU 33JIaHHOI Temieparype 1’ u Ha3bIBaeTCs paB-
HOBECHBIM M3JIydYeHUeM. Takoe paBHOBECHOE U3JIyIeHUE
HA3BIBAIOT YE€PHBIM, TIOCKOJIBKY BCE U3JIyIeHUe C TOBEPXHO-
CTH MOJIOCTH TOTJIOIIAETCSA ITON K€ TTOBEPXHOCTHIO.

Caenas orsepcrue (1) B CTEHKe MOJOCTH, MOKHO U3Me-
PUTH BBIXOJIdINee OTTYy/Aa UepHoe uzjydenue. [lockosibky
YEePHOMY PABHOBECHOMY W3JIYUE€HUIO MOXKHO COIOCTABUTH
TeMIIepaTypy, B 3TOM CJIydae CTAHOBATCS MPUMEHUMBI 3aKOHBI TEPMOINHAMUKH.

PesysnbraTom nmpumMenenus TepMOIXHAMIYIECKAX COOTHOIIEHU siBiisieTcs 3aKoH Cre-
dana — BoabmaHa:

e=o0T"

rae € — 9Heprusd TCIIJIOBOI'O M3JIYYCHUA.
0 — HEKOTOPbIil K03 UIHEHT TPOIOPIINOHATILHOCTH.
B pmaibHeiinemM BOZHHUK BOIIPOC O CIIEKTPAJILHOM COCTaBe YE€PHOIO MU3JTyIeHH.
JI1s HAXOXKIeHU CIIEKTPa MPEJICTaBUM ILJIOTHOCTD U3JIYUEHHS B CJIEIYIOIIEM BU/IE:

de = p(w,T) dw,

rae W — 9aCTOTa U3JIyICHUA.
TTosmmas QHEPIrus B 9TOM CJiydae 6y,ZLeT nHTerpaJioM IIJIOTHOCTHU M3JIYyYI€HUHdA II0 BCEM
qacCTOTaM:

£ = /p(w, T) dw. (1.1)
0

Taxum obpazoMm, 3ajiatda HAXOXKJCHUS CIEKTPAJIBHOIO COCTaBa CBOIUTCS K HAXOXK/IE-
Huto Buga dyukimm p(w, T).

B pamkax kmaccmaeckoil cTaTuCTHIeCKON (PU3UKN MOXKHO OBLIO ObI OObSICHUTD ABJIE-
HIe 9epPHOIro U3JIy9YeHns TaK: B IIOJIOCTH Ha PUCYHKe 1.1 ycTaHaBIMBAINCH CTOSTINE BOJIHBI,
KOTOPBIE €CTh HE YTO MHOE, KaK OCIUJLISITOP.

CortacHo CTaTUCTUYIECKON (pusmKe, SHEPTUS OCIUILIATOPBI OIIPEIE/IAETCS CIIeTYIONNM
BBIPasKEHUEM:

Eocy = KT
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CrenosarenbHo, GyHKIWs p(w,T) IPUHUMAET CJIETY 0NN BIT:

rje n(w) — YUCI0 OCIIILIATOPOB.
Hues10 oCIIIIIATOPOB BCEr/[a MOKHO OIIPE/IeTHTh 2
CJIEJIYIOIIUM 00PA30M: PACCMOTPHUM HAPAJIICJICITIIIE
(cm. pue. 1.2).
EC.HI/I Ha CTEeHKaX HaIIPA2KEHHOCTDb 3JICKTPHUYICCKO-

r'0 ¥ MarHUTHOTO TTOJIeil paBHA HYJIIO, TO PEIICHUE JIJId
9JIEKTPOMATHUTHBIX BOJIH OyJIeT UMETb CJICIYIOIHit L, e >
’¢
BUJL; L L,
Y L,

¢ = Asinwt sin (k,x) sin (kyy) sin (k,z).

Puc. 1.2.
B sToM citydae Ha OJlHOM M3 KOHIIOB BOJTHOBOJIA

pelenue HyJjieBoe. LITO6I)I pemenue 6I)I.HO HYJIEBOE U Ha APYTI'OM KOHIIE Ha PaCCTOAHUN
xr=L,, y=1L,, z=1L,/
HEOOXOIUMO, UTOOBI
k,’xLx = TNy, k’yLy = TNy, ksz = TNns,
Terteps, i1 pasHbIX N KOJUYIECTBO BOJIH B HEKOTOPOM IIPOMEXKYTKE PaBHO:
Akfox = 7TA’n,1.

Anajiornunslii BuJ 6yyT UMeTh BbIPAasKeHHs J|JIsl YHC/Ia BOJIH B HalpaBjeHuax Ly, L.
Z

////////////

Aky Ay Ak,

3

An = Anl An2 Ang = L:r Ly [JZ7

a 9UCJIO OCIHUJIJIATOPOB B €JMHUIIE 061>eMa, COOTBETCTBEH-
HO, OKazKeTCA paBHBIM:

Ap — Ak, Ak, Ak,
3 )
Benuuunst £y, ky, k., cBA3aHBI ¢ 9aCTOTON CJIeyIONTIM
COOTHOITIEHUEM Puc. 1.3.
2

? — k:xz + kyz + k227

HO9TOMY B IpoMexKyTKe Aw umcio ocruaiatropos Ak, Ak, Ak, — oxna BocbMas 4acTb
mrapa B npocrpancTse (cum. puc. 1.3), HOCKOIBKY

ky >0, k, > 0, k, > 0.
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B sTom citydae 9uc0 OCHUIISTOPOB IIPUMET BU/T:

3

S
nwl €

e |
An=-3<-.9
" m 8

IJIe 9HCJI0 2 BOBHUKAET U3 38 TOTO, YTO Y CBETa BO3MOXKHBI JIBE HOJIAPU3AIINL.
[TpomuddepenipoBas 310 BhIpazkeHne 0KOJIO MOBEPXHOCTH Tapa (em. puc. 1.3) 1o w,
[TOJTY 9UM IUCJIO OCIUJIIITOPOB B eIMHUIIE 00 beMa, IPUXO/IsINeecs Ha HHTEPBaJ 9acToT dw.

dn,, = )
w23

[TosTomy, corytacHo Kjaccuaeckoii craructuke, Gyukims p(w,T') mpumer BU:
2 w2
plw,T)=—= = de=—=dw. 1.2
( ) ) 203 203 ( )

Dta dopmyna Hocut HaszBanue popmyia Pesiess — l>kunca.

Paccmorpum rpaduk pacrpeeseHus SHEPTUU 10 da- de
croram (cm. puc. 1.4). B coorsercruu ¢ (1.2) Mo
de 9
— ~ W
dw 1
2
3aBucuMOCTb, mojydalonasicad na rpaduxe 1.4, Ho- ~wW
CUT Ha3BaHUe «yJbTpaduosieToBasg KatacTpoda», o-

CKOJIbKY 9HEPI'Msl - MHTerpaJibHasd BeJUYUHA, a MHTErpaJl
sueprun (1.1), cormacHo rpaduky, pacxoganuTcsl.

DTO CBUJIETETHLCTBYET O TOM, UTO KJIACCHIECKAs CTATH-
CTHYECKas MEXaHUKa B 3TOM ciydae HenpuMennMa. Popmyna Panes — Jxxurca npuMeny-
Ma, TOJIBKO TP MaJIbIX 9acToTax, To ecTh Ha ydacTke (1) rpaduka 1.4.

B obsacTi BBICOKHX 9acTOT (MAJIbIX JIMH BOJIH) BWH TeopeTndeckn ompenesin, 9ro

Puc. 1.4.

w
3
plw. 1)~ f (),
T
OJTHAKO BUJ (DYHKIUH f OH OIpPEeTUTh HE CMOT.
Buy dbyskiun f(W / T) npepnoxkui Muxeabcon. Cuaurast, YT0 U3JIyYarolyue OCIUILIsI-
TOPbI COOTBETCTBYIOT PacCIIpE€AEC/ICHUIO BOHbHMaHa, OH IPEJJIOZKNJI 3aBUCUMOCTDb

m'u2
1)~

Coobpasto ¢ s1uMm, Bun npepioxun ciaeayonwit Bu dyuakiun p(w, T):

p(w, T) ~ wie™ ¥,
e b — HeKoTopasi ITOCTOSTHHASI.

Ota dopmy/ia BIOCJIEJICTBUH 101y UnIa Ha3Banne «popmyna Bunas.

DTOT BHJI COOTBETCTBOBAJ IKCIIEPUMEHTY IIPU OOJIBIINX dYacToTax (ydIacrok (2) Ha
pucynke 1.4).

Bompocom remioBoro nzimydenus 3ansiyics [Lnank. On 3aMeTus1, 9To 9T1 JiBe 00JIaCTH
(1) u (2) MOXKHO CIIUTH, IPUHIB HEKOTOPYIO THIIOTE3Y, IIPOTHBOPEYAIILYIO KJIACCHIECKIM
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npesacrapiaerusM. CoracHo ruriore3e IljaHKa, OCIUIISITOPHI BEIIECTBA MOTYT HCITYC-
KaTb HEPIUIO HE HENPEPHIBHO, 8 HEKUMU MTOPIUSIMU.
OH 1peIoXKUI 3a1cCh

e = hw.

Ha camom stente Ilmank paccMmaTpuBag caeyoniuit BUT:
€ = hv,

HO, IIOCKOJIbKY IIPOMU3BOJIUTHL BBIYUCJICHUA y;;o6Hee B TepMHHaX I_H/IKJH/ILIGCKOﬁ 9aCTOThI W:

h
w=2mr = h=—.
27
Ucnonb3ys cBoto runoresy, [lnank mosryumt ciieryiontyio ¢hbopMmyrry
hw? 1

hw

) [ — 1.3
p(w,T) 3 TE (1.3)

KOTOpas 00bejiuHsieT 06e 3aBUCUMOCTH Ha puc. 1.4.
1) Ecim
hw < kT,

T0, pa3noxkuB (1.3) Mo MaJoOMy mapaMeTpy SKCHOHEHTHI, TTOJIy UM

ho? kT kTw?
T = —— = — ~ 2

TO ecTb hopmysy Pajies — JIxxumca.
2) Ecmm xe
hw > kT,

TO KCIOHEHTa B 3HaMeHarejse (1.3) HaMHOTO GOJIbIe €MHUIIbL, ¥, CJIEJ0BATEBHO,
nostyaaem dopmyny Buna, mpudem b = h.

[Tyankape, nmosaakoMuBImChL ¢ paboroit [lnanka, ckazai, 4To TUIIOTE3a KBAHTOB Me-
usger punocoduio HayKn U IMPUBOJIUT K HOBOM MeXaHUKe, B KOTOPOM Iepexo/i U3 OJHOTO
COCTOSHUS B JIPYTO€ BO3MOXKHO OCYTIECTBUTH, MUHYS BCE IMTPOMEKYTOTHBIE COCTOTHUSI.

Koria maganmch KocMuvdeckue MCCJIe/IOBaHNs, ObLI N3MEPEH CIIEKTP PEJIMKTOBOIO U3-
JIy9eHUsI, OCTaBIIIerocst oT rops4eii crajun Beenennoii. OKa3aaoch, 9TO 9TOT CHEKTP CO-
riacyerca ¢ popmyioit Ilnanka ¢ Tounoctsio g0 107°. ITpu Temueparypax nopsxa 1076 K
MOABJISIIOTCA OTKJIOHeHUs OT (popmysibl [Lmamka, anm3orponus peJIMKTOBOTO U3JTyYCHUS.

[Inank ke Torja, XOTsd W COMHEBAJICA B CBOMX pe3yibraTtax, Hamucaa: «Ha ocHoBa-
HUU TocTosiHHOM [lranka MOXKHO MMOCTPOUTH CHCTEMY €CTECTBEHHBIX €IMHUI], KOTOpas B
CUJIY HE3aBUCUMOCTHU OT CIEIMMOUKU TeJI U BEIIECTBA, COXPAHIET CBOE 3HAUYEHUE JIJI BCEX
BpPEMeH U JIJIs BCeX KYJIbTYDP, B TOM YHCJI€ U BHE3EMHBIX, He CO3JaHHBIX Y€JIOBEKOM ».

B a1y cucremy eauHuUIl BXO/IAT:

1) I'paBuTarmoOHHAsT TOCTOSTHHAS

rie my, — macca Ilnanka

My = 2 - 107°r = 1019mHym0H-
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2) Ennauna qymast — Jdaunaa Ilnanka

h

mpyC

L ~ 3107 cum.

pl —

3) Emununa spemenu — Bpewms: Ilnanka

h

e

T, >~ ~ 10™*3 cexk.

pl —
Cunraercs, aTo Halra Beemennast mponsoiiia oT pa3Mepa IpuMepHo paBHOIt ayuab [Lnan-
Ka, 3a BpeMd [[1aHKa JOCTUTHYB MaKpPOCKOINYIECKUX Pa3MEPOB.

1.3. ®oroddpdexT

BropbiM adbdekTom, KOTOPBI cMOTJIn 00bSICHUTH B pAMKaX HOBOII KBAHTOBOI MeXaHU-
KU, sBjsieTcs sipjieane porodaddekTa, orkpbiToe B 1886-1888 rogax 'ernpuxom ['epriem
BO BpeMs OIIBITOB 110 TOJIYYeHHUIO PaJinoBOJIH. Takum obpasoM, JjokazaB Teopuio Makc-
BeJLIa, OH OJHOBPEMEHHO OOHAPYZKMJI 3 MEKT, KOTOPBIIT TPOTHBOPEUNUT BOJTHOBOI TeOpUN
cBeTA.

Ucxonst 3 onbITOB OH 3aMETHJI, UTO JIJIMHA JIYTU Pa3PsA/IHUKA yBEIUINBAIACH, €CJIH
Pa3psIHUK OCBEIAJICs yJIbTPAMUOJIETOBBIM U3/IyUeHUEM JIPYTOro Pa3psiIHUKA, KOTOPBIi
YBEJIMYNBAJT NOHU3AIIHIO.

[Tozmree, B 1889 roxy A.I. Croseror obHapyzkmia, 9to npu (HoToddderTe yxomar
OTpHIATEIbHBIE 3apSAIbI (9JIEKTPOH ObLT OTKPBIT ToMcoHOM Jiutib B 1897 rojy), u ¢pororok
TedeT TOJIHLKO TOIVa, KOTJa 00JIydaeTcs OTPUIATETbHBIN 3/IeKTpod. OH TakyKe OTMETHII,
4TO (DOTOTOK IIPOMOPIIMOHAJIEH UHTEHCUBHOCTU CBETA.

Taxxxe A.I'. CroseroB obHapyKuI, 9TO 1pu 00IyIeHUN UH(PPAKPACHBIM CBETOM (hO-
103 deKT He HADJIFOTAETCS.

B 1899 romax memerkuii nccieaoBaresb Jlenap mokasal, 9To:

1) Ilpu doroadderre BbLIETAET JTEKTPOH,
2) DHeprus BbUIETAIONINX 3JIEKTPOHOB 3aBUCUT OT YAaCTOTHI ¥ HE 3aBUCUT OT WH-
TEHCUBHOCTHY T1a/IA0IIEro CBeTA.

C TOKM 3peHusi KJIACCUIeCKUX IPeCTaBIeHN 9TOT (DAKT KayKeTCsl HEBEPHBIM: 0O0JIb-
masi THTEHCUBHOCTD ITaJIAfONIEr0 CBETa CO3/aeT OOJIBIIYIO HAIPSAKEHHOCTb, KOTOPas 3a-
CTaBJISET JIEKTPOH BBLIETATH C MOBEPXHOCTH.

Nzmepenus Jlenapsa Brocseactsun yrounsnck Muumkenom, Pesepdopom. Tlosry-

JaJach ceayroras (popMyIia:

mu?

— = ¢+ hw, (1.4)
2
rjie ¢ = const — HEKOTOpas IOCTOsHHAS, 3aBUCAINAs OT MaTepHaJia.
OnbIT CTABUJICA CJICIYIOMMUM 00pa30M: 3JIEKTPOHBI ¢ KATO/Ia BhLIETAIN HA OTPUIATE b
HO 3apsIZKEHHYIO CETKY, IPOITYCKABIIYIO TOJBKO 3JIEKTPOHBI C SHEPTHEil BBIIIe HEKOTOPOTO
[IOPOTOBOI0O 3HaYCHUA. MeHss moTeHuat Ha ceTKe, MOKHO OBbLIO H3MEPUTDH 3TY IHEPTHIO.
Bruepsbie 00bsacan ¢horoaddext u noayauia popmysty (1.4) Ansbepr Ditamrreitn. Ou
[PEJIIOIOKIT, ITO MOPIUAMEI SHEPTUH 00/IAJIAI0T HE TOJIHLKO OCIMLIATOPBI BEIIECTBa,
HO U 3JIEKTPOMArHUTHOE U3JIyUYeHUE — MOPIUSAMHE SIBJIIIOTCS TaK Ha3blBaeMble KBAHTBI
cBeTa.
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l'umoreza DiiHIITEiHA COCTOsAIA B TOM, UTO SJEKTPOMATHUTHOE II0JI€ COCTOUT U3
CBETOBBIX KBAHTOB ¢ sHeprueii hw. Bemuuuna ¢ B Bbipaxkenun (1.4) B 3ToM ciydae —
SHEPI'Us BBIXO/Ia JIEKTPOHA U3 BEINIECTBA, 3aBUCSINAA OT CAMOIO BelllecTBa.

Taxum obpasom, GoToaddeKT — BTOPOE KOPIIYCKYJIAPHOE SIBJICHHE.

Borasuras maeio o cymecTBOBaHNN KBAHTOB CBeTa, DIHINTEHH He pacCMaTPUBAJ MM-
IyJIbC 9TUX KBAHTOB: OH MCXO/WJ U3 3aKOHA BuHa.

[Irapk B 1909 roay BBLABUHYII Teopuio, KOTOPYo B 1916 romy pasBui UHIITENRH: eCTr
y CBETOBOI'O KBAaHTA €CTh IHEPIUd

e = hw, (1.5)
a PaCIpPOCTPAHAETCS OH CO CKOPOCTBIO €, TO €r0 MMIIYJILC PaBeH
e hw -
p=-=—=hk = p=nhk, (1.6)
c c

rie k — BOJIHOBOI BEKTOD.

Ciie1oBaTesIbHO, CBETOBbIE KBAHTHI NMEIOT UMITY/IbChl. Popmyser (1.5), (1.6) pesnsaru-
BUCTKU MHBapHAHTHBL. JIefiCTBUTEIBHO, B KypCe TEOPHHU I10JIs OBLITH BBEJEHBI CJIE/YIONIIE
BBIDAKCHUA JJId 4-BEeKTOPa UMILYJIbCAa U BOJTHOBOI'O 4-BeKTOpa, 00beUHAIONINCC B ypaB-

P = (=.7)
Cc

w- (29

KOTOpOe, (haKTHIECKH, pacraiaercs Ha cucreMy ypasaenuii (1.5), (1.6). Takum obpasom,
[MITapk npenckaszas Tpetuit HaO0gaeMblil 3ddekT — 3dpderT Komnrona.

HEHUE

= P'=hK,

1.4. 9dbdexkT Komnrona

Kowmmron mcceeoBas paccesinie peHTIeHOBCKUX JIydeil Ha ¢BOOOIHBIX 9JIEKTPOHAX.

M3BecTHO, UTO €C/IM YacToTa IaJAI0IIEro CBeTa 3HAYUTEIbHO OOJIbIIe XapaKTepPHbIX
9acTOT B aToMe, TO JIEKTPOHBI MOXKHO pacCcMaTpuBaTh Kak cBoOOgHBbIE. KoMIToH 0OHAa-
PYZKIJI, 9TO JIJTUHA BOJIHBI PEHTI€HOBCKOT'O U3/IyYeHUs TI0CJIe IIPOXOXK ICHUS BEIECTBA, IJ1e
IIPOUCXOINT pacCesiHre Ha CBOOOIHBIX 3JIEKTPOHAX CTAHOBHUTCS OOJIBIIE:

X:A—i-@(l—cos@), (1.7)
mce
rae ¢ — yroJs paccestHusl.

Bropoe ciraraemoe B (1.7) He 3aBucut ot Bemectsa. Ha camom nesie B acpdexre Komrr-
ToHa HAOJIIOIACTCA TAKXKE HEeCMEIIECHHAS JTUHAS, B OCOOEHHOCTH IIPU PACCETHUN Ha, TIKe-
JIBIX 3J1eMeHTax. JleJlo B TOM, 9TO 9acTOTa PEeHTTEHOBCKMX KBAHTOB OKA3LIBAETCH HEI0-
CTATOYHOI I B3AaUMOACHCTBUS C HEKOTOPBIMU BHYTPEHHUMHE 3JICKTPOHAMM, [IO9TOMY B
TeX CAydasX JJIMHA BOJHBI HE U3MEHSIETCS.

Dopwmyia (1.7) B TOYHOCTH OTBEYAET PACCEMBAHUIO YaCTHUIIbI 6€3 Macchl (KBAHTA CBETA )
Ha, CBOOOIHOM 3JIEKTPOHE. 3aKOH M3MEHEHHA YaCTOThI UMEeT CJICLYIOMUil BUI;

W = ~ . (1.8)
2mhw
1+ (1 —cos(h))

mc?
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Ecmn yaects, aTo

TO MPH TIOJICTAHOBKE B Bbipazkenue (1.8) B TouHocTn nojyunm Beipaxkenue (1.7).

Taxum obpa3oM, OBLIO JIOKa3aHO, YTO CBETOBbIE KBAHTHI 00JIa/IAI0T UMITYIbcOM. Biio-
CJICJICTBAU CBETOBBIE KBAHTHI TIOJIYIN/IN HAa3BaHUe «(POTOHBI». BBIIO TaKKe MoKa3aHo, UTO
B HEKOTOPBIX CJIydasX, HAPUMED IIPU MaJIbIX JJTHHAX BOJIH, MIPOSBJISIOTCS KOPITYCKYIISAP-
HbIe CBOMCTBa CBeTa.

B konrne 20-x rogos /I.B. Ckobe/IbIbIH permi HAIIPAMYo TpoBepuTh popmyay Kowmrr-
tona(1.7), paccMarpuBasi aHAJIOTHIO C COYJAapEeHHeM OUIbSPIAHBIX mapoB. OUbIT IPOBO-
nuiics B Kamepe Buibcona. [lpesbiaymmme pe3yibraTbl HEIb3sk ObLIO CIUTATH HAJICYKHBI-
MU, TIOCKOJIBKY SHEPTHH PEHTTEHOBCKOIO U3JIyIeHUsT HE XBATAJIO JIJI TOrO, YTOOBI IPUIATH
9JIEKTPOHY OT/AYH JIOCTATOYHYIO JIJIT TOYHBIX N3MEPEHUI SHEPTHUIO.

J1.B. CkobGestbIibIH UCIIOIb30BaJ PaIN0aKTUBHBIIHI
HUCTOYHHK ¢ OOJIBbIION 3Heprueii ¢poronos. M3 okor-
ka (1) B kamepy Buibcona (2) ucmyckamnucs ¢doro-
HBI, KOTOPbIe OOHAPY KUBAJIUCH 110 3JIEKTPOHY OTIAYN
(3)(em. pue. 1.5). UTobbI 9/1€KTPOHBI, BbLIETAOIINE
u3 okorika (1), He MeIaau SKCIEPUMEHTY, B TIOme-
PEYHOM HAITpaBJIeHUN ObLIO BKJIIOYEHO CHJIBHOE Mar-
HuTHOe Tose H.

MaruutHoe 10J/Ie, BBEJIEHHOE U3 METOIMIECKUX
co00OpazKeHuit, ChIIPAJIO BayKHYIO POJIb B CJIELYIONIEM
OTKPBITHUH.

Kamepy Buiibcona nepunogmdecku mpoHU3BIBAIN
kocmuaeckue Jjiyan (4). Cauranock, 910 KOCMUYECKHUE JIYIU €CTh He UTO HHOe, KaK PaJiio-
AKTUBHOCTH (KOTOpas nMmeeT sHepruio nopsaka 1 MsB). Ograko qacTurpl, IpoxXoIuBIine
kamepy CKOOeJIbIbIHA, B CUJIBHOM MATHUTHOM I0JI€ MMPAKTUIEeCKN HE OTKJIOHSIIUCH. JTO
03HAYAJI0, YTO KOCMHYCCKHUE JIYIH HECYT OOJIBIIYIO SHEPIHUIO.

Yeranosus cuerunku leiirepa (5) B coBIajieHUN € JBYX CTOPOH KaMepbl BHIbCOHA.
Ecim npouncxonio copnajienne, TO BKIOYAIaCh KamMepa BuabcoHa. DTO MO3BOJINMIO U3-
OexkaTh Oecrosie3not nudopMaIun.

B pesysibrare 6nL1a cobpana 60JIbIllas CTATUCTUKA, YTO MPHUBEIO K OTKPBITUIO TTO3M-
TpoHa, JacTuilbl FOKaBbI, [-Me30Ha U MHOTUX JIPYTUX JaCTHUIIL.

Puc. 1.5.

1.5. UnTepdepennus

fABnenne nnrepdepeHnun HeBO3MOXKHO OOBSCHATH C HOMOIIBIO YACTHII, ABUKYIIIXCS
[I0 HEKOTOPBLIM TpaekTopusiM. Takmm o6pasoM, ¢ OJHOIl CTOPOHBI — CBETOBBIE KBAHTBI,
KOTOPBIE IMEIOT HMILYJIBC, & C APYroit, HanpuMmep, — andpaxnus Ppaynrodepa Ha 1ByX
I[EJISAX, KOTOPYIO C MOMOINBIO KBAHTOB OObSICHUTD He HMOJIY IUTCS.

Paccmorpum fBe mienu a u b, Ha KOTOpBIE HaJaeT HapaUle/IbHBI IydOK CBeTa OT
ucrounuxa K. B pesyibrare na skpaue (1) Habsogaercss untepdepeHIHOHHAs KAPTHUHA.
BosbMmeM ogify U3 TOUEK MHHEMYMa 9TOH HHTEPMOEPEHITHONHON KapTHHBL — TOUKy A (CM.
puc. 1.6).

C TOYKH 3peHUsI CBETOBBIX KBAHTOBOM MUHUMYM OODBSICHAETCHA TEM, YTO CBETOBBIE
KBaHTBI He IOIIAJAl0T B 9Ty TOUYKY. 3aKpBIB INesb b yBHJIUM, 9TO B Touke A mossurcs
HEKOTOPAasl OCBEIICHHOCTD.
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Taxum oOpa3oM, ¢ TOYKU 3peHUsi KOPITYCKYJI, Jie-
TANIUX TI0 OIIPEJIEJIEHHBIM TPAEKTOPUSM, 9TO sIBJIEHUE
OODbSACHUTD HE MOJIYIUTCS. b

OObsicuenne nHTEPMEPEHITNN HA ST3BIKE KOPILYC-
KyJ u Oy/leT O3Ha4YaTh CO3/IaHUE KBAHTOBOH MeXa-
nukn. Ileslb KBAaHTOBOI MeXaHUKU — OObACHUTD K
BOJTHOBBIE SIBJIEHUSI HA KOPITYCKYJISIPHOM SI3bIKE. ‘

B ypasuenusx (1.6)—(1.7) me rosopumsioch 0 Tpa-
€KTOPUU YACTHUIL, & JIUIIb MOCTYJIUPOBAJIOCH, ITO Ua-

CTHUIIBI UMEIOT ITOPITUIO SHEPTUN U ITOPITUIO MMITYJIbCA. Puc. 1.6.
Mpr samms MoJT9a, TIpeJIIoaraeM, 9To, MOCKOJIBKY Yy
YACTUIILI €CTh SHEPTUS U UMITYJIbC, OHa 00JIa/IaeT OIpe/IeJIEHHON TPAeKTOPUeEll TBUKEHN .

Ha ciemytomux jekiusx Oyer MoKa3aHO, UTO KOPIIYCKYJISPHO-BOJTHOBON yaJIi3M
uMeeT BceoOlllee U YHUBEPCAJLHOE 3HAUYEHME: HE TOJIHLKO BOJIHBI CBETa ITPOSBJISIIOT cebst
KaK YaCTHIIbI, HO U YACTHIIHI ITPOSABIAIOT cebsl KAK BOJIHDIL.

B 1911 r. Pesepdop/1 OTKpbBLI CyIIECTBOBAHNE aTOMHOI'O siJipa, U, KaK CJIeJCTBUE, T10-
JIy9uJia paclpocTpaHeHre IIJIaHeTapHas MoOJieJb aToMa. Bmecre ¢ 3TUM OTKPBITHEM
BO3HUK BOIIPOC, IMOYEMY 3JIEKTPOH He MajaeT Ha spo. CorjacHo 3aKOHAM KJIACCUYECKON
9JIEKTPOJIMHAMUKU, 38 BPEMs

7~ 1078 cek.

9JIEKTPOHBI JIOJIZKHBI OBLIN OBl YIIACTH Ha sIJIPO.
Bropoit BozHuKIINIiT BOIpoc — mpobiieMa CIeKTPaJIbHBIX 3aKOHOMepHocTell Baib-
Mepa. bajgbMep 3ameTw1 cieyoree i HaOJII0Ial0NIUXCA YacTOT:

L1y (1.9)

w=R ﬁ n’2
rje n,n' — 1esble Yucia,

R — HekoTopas BesmvuHa.

TomcoH, OTKPBIBIINI 3J1EKTPOH, YTBEPIK/IA, YTO JIEKTPOH HAXOIUTCS B OKPYKEHUN
PABHOMEPHO PACIIPEJIEIEHHOTO OJIOXKUTETLHOTO 3apsi/ia U KOJIeDJIeTCsd MeXKJIy HUMHU C
KOHKPETHOH OIpe/IeJIeHHON 9acToTol. B TakoM cirydae 3JIeKTpOH MOXKET UMETb OJIHY WU
HECKOJIPKO KPATHBIX 9aCTOT KoJIeOaHuil, HO 3aBUCHMOCTH (1.9) ¢ HOMOIIBIO TAKO MOJIesm
OOBSIICHUTH HE MOy IUTCS.

[IpesicraBienne aroma Kak CUCTEMbl MeMOpaH, a He OCIUJIIATOPOB TaKKe He JIaBAJIO
TPedyeMOTro pe3yJibTara.

Taxum oOpazoM, 1ocje OTKPBITUS ATOMHOTO SIpa CYIIECTBOBAJIO JIBE TTPOOJIEMbI:

1) YeroitamBoCTh aTOMA;
2) CrekTpaJibHble 3aKOHOMEPHOCTH.

JIrobombiTHO, uTO TOMCOH He BEPWI B IJIAHETAPHYIO MOJIE/Ib ATOMa, U IMEHHO I10 ITO
[pUYrHe IIPOrHaJI cBoero yuyennka bopa k Pesepdopy, rie u Bop npurien K pesyiabraram,
KOTOPBIe OY/IyT B JTaJLHEHIIIEM PACCMOTPEHBI Ha JIEKITUIX.
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