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NuBepcus BOJIH NPOCTPAHCTBA-MATEPUH B KOPITYCKYJIbI
(He Haoo nymamu 5my ungepcuro ¢ mou, KOmopas paccmampugaemcs 8 KBAHMOoB8oU MexaHuKe)

Hwxeuko b.C.
fizika3000 @yandex.ru

Ha ocHoBe KoHIENIMY JBUTAIOIIETOCS IPOCTPAaHCTBA-MaTEPUH
(fizika3000.narod.ru ) caenaHo yro4YHeHHE KOPIMYCKYISIPHO-BOJHOBOIO Tyaln3Ma
MaTepHUH U [0Ka3aHo, 4To mpeoOpazoBanue JIopeHIia TECHO CBSI3aHO C 3TUM
IyaJIn3MOM U JJIs1 JBUKEHUS [IPOCTPAHCTBA-MAaTEPUN BHYTPH aTOMa OHO SIBIISIETCS
3aKOHOM HWHBapHAaHTHOCTH BPEMEHH, 33JAI0LIIM HEJTMHEWHOCTh BHYTPUATOMHOM
CTPYKTYpHI. B aToMe 3TOT 3aK0H paboTaeT HaIpsSIMYIO U MOCKOJIbKY B HEM
OTCYTCTBYET NPSMOJIMHEWHOE HHEPLIMOHHOE JIBUKEHHE, TO CCHUIKH Ha PEJIITUBU3M B
KBAaHTOBOW MEXaHUKE M3JIHILHU.

N3BeCTHO, 4YTO KOPILYCKYJISIPHBIC BEJIMYUHBI, TAKUE KaK dHEPTUs E U uMITyJibC

,5 YaCTHLIbI CBA3BIBAIOTCA KOPIIYCKYIIIPHO-BOJHOBBIM AYAJIU3MOM C BCIIMYWHAMHA

XapaKTEPHBIMU JJIS1 BOJTHOBOTO ONMCAHUS, - JJIMHOW BOJIHBI A ¥ YaCTOTOU V 4epe3
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COOTHOIUEHUI: E=hv, ’B:nZ’ rae n - COAUHUYHBIM BEKTOP, YKa3bIBAIOIIUU

HaIpaBJIE€HUE PACHPOCTPAHEHHUS BOJHBI.

Onnako B OOJIBIIMHCTBE CIIy4acB BOJTHOBBIE U KOPIYCKYJISIPHBIE CBOWCTBA
YacTUI] PacCMaTPUBAIOTCSA OTAECIBHO JPYr OT Jpyra, B TO BpeMs Kak
KOPHYCKYJSIPHO-BOJHOBOM  Jyajdu3M  NOpEAINojaraeT  OJHOBPEMEHHOE  HUX
n3MeHeHue. OUeBUIHO, UYTO CYIIECTBYeT IMpeoOpa3oBaHUE, KOTOpoe HaET
COTJIACOBAHHOE U3MEHEHUE BOJTHOBBIX U KOPIYCKYJIAPHBIX XapaKTEPUCTUK YACTHII.

JIeiCTBUTENBHO, HAMMIIEM TPHU BEJIWYHUHBI, UMEIOIIUX PAa3MEPHOCTH JIJIMHBI:
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WNuBepcus - 53T0 mpeobpa3oBaHue, MPU KOTOPOM KaKJOH TOUKE BHYTPH
(BHE) Kpyra CTaBUTCS B COOTBETCTBHE TOYKA BHE (BHYTPM) Kpyra, Jiexkaunias Ha
Jyde, IPOBEAEHHOM M3 LIEHTPA Kpyra B JaHHYIO TOYKY TaK, YTO IIPOU3BEICHUE

pacCTOSIHUM OT 3TUX TOYEK J0 LIEHTpa Kpyra paBHO KBaJIpary pajunyca Kpyra.

WNusepceus, KOTOpas r€OMETPHUUECKH HarJs{HO WJUTIOCTPUPYET
npeoOpa3oBaHUWE BOJIHOBBIX BEJIMYMH, HMMEIOIIMX pa3MEPHOCTh JUIUHBI, B
KOPIYCKYJISIpHBIE TpeoOpa3yeT TakKe BEIMYMHBI, HE HMEIOIIUX Pa3MEpPHOCTH
JUIMHBI, HO U3MEHSAIOIIUXCSA OJHOBPEMEHHO ¢ HMMM. Hampumep, ecim mnonenurs
KJIACCUYECKUH pajinyc 3JEKTPOHA, OOPOBCKHUI paanyCc U KOMITOHOBCKYIO JIMHY
AJIEKTPOHAa Ha KBaJpaT 3apsja 3JEKTpOoHa U B3SITh OOpaTHbIE BEIMYUHBI, TO
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Hab6mogaemas MHBEPCUS 3TUX BEIMYMH TECHO CBS3aHA ¢ IPEoOpa3’0oBaHUEM
Jlopeniia, KOTOpoe OBLIIO BBIBEIACHO MM, C IEIBIO ClIE/IaTh ypaBHeHHs MakcBelia
HWHBApUAHTHBIMHA IJIA 3apiaga ABUXXYIICTOCS HpHMOHHHefIHO U paBHOMCPHO, C
y4ETOM 3ala3IbIBaHUst PACIPOCTPAHEHHUS TOJIA  M3-3a KOHEYHOM CKOPOCTH CBETA.

JlanHbIC YCIOBUS MPUBEIN K TOMY, YTO C TIOMOIIBIO 3TOT0 peoOpa3oBaHus CTAN



CUMTaTh OTPE3KH M MPOMEKYTKH BPEMEHU COKPAIIAIOIIUMUCSA. 3AECh 3TO
npeoOpa3oBaHuMe HAa OCHOBE KOHIIETIIMU JBUTAIOLIETOCS MPOCTPAHCTBA-MATEPHUH
HA000OpPOT BBIBOJUTCS M3 YCJIOBHUS CYIIECTBOBAaHHUS €IMHOTO HHBAPUAHTHOIO
BPEMEHM B CYLIECTBYIOIIMX CHUCTEMAaX OTCYETA M U3 COOTHOUIEHUS MHBEPCUU
KJIACCUYECKOIr0 pajguyca DdJekTpoHa B boposckuii pammyc. IIpu  stom
Ko3(purrenToM npeodpa3oBaHUs B ITOM MHBEPCHM SIBISETCS KOMITOHOBCKHIMA
paauyc 3JIEKTpPOHa.

JIeCTBUTENBHO, PAacCMOTPUM BEKTOpP NEPEMELIEHUS JJIEKTPOHA Kak
KOPIYCKYJIbI IO OpOUTE BOKPYT siApa U3 TOUKU A B TOUKy B (cM. puc.) 3a Bpems ¢
pPaBHOE BPEMEHH NPOXOXKAECHHUS CBETOBOIO CHrHaja OoT TOYkM A 1o unenrtpa O,
OTpaXEHHs OT He€ U MPOXO0KACHUS A0 TOUKHU B. D10 yciaoBue He0OX0AMMO, YTOOBI
COOJIIOCTH YCJIOBUE €IUHCTBA BPEMEHHU B CHCTEMax CBS3aHHOM C SJIpOM B IICHTpE
OpOUTHI U C BIEKTPOHOM oOpamarmumcs no opbure. OgHako mpubderarb K
CBETOBBIM CHUTHajlaM JUIsi TOro, 4YTOObI B CHCTeMax OTcuyéra coOJ0aI0Ch
€IMHCTBO BPEMEHHU HE 0053aTE€NBbHO — 3TO TOJBKO «MBICIICHHBIM HKCIIEPUMEHT>,
BBISBJISIFOIIMH BO3MOKHOCTh CYILIECTBOBAHHE E€IMHOIO BpeMEHU. B peanbHOM
MHPE POJIb CBETOBBIX CUTHAJIOB BBIMIOJHSIIOT BOJHBI A€ bpouss. JledcTBUTENBHO,

COIJIaCHO IIOCTYJIaTy KBAaHTOBOW BOJIHOBOM MEXAaHUKE KaxKJI0u YacTULE
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PacnipocTtpanenue BOJIHBI 1€ bpouins 3JIEKTpOHAa BOKPYT sapa, B CYIIHOCTH,
MIPEJCTABISACT HENPEPBIBHOE U3JIy4YEHHUE, OTPAKEHUE OT SAApa U IIOIVIOLIECHUE €€
2JIEKTPOHOM. JlaHHOE ycioBue VHBAapUaHTHOCTU BPEMEHHU pPAaBHOLICHHO B
KBaHTOBOM MeXaHUKe TPeOOBAaHHUIO K BOJHE, B BUJIE KOTOPOU 3JIEKTPOH JABUTACTCS
BHYTpPH aTOMa, ObITh HEMPEPHIBHOM.

W3 pucyHka BHUIHO, YTO KOHEYHas TOYKa B INepeMelleHns dJIEKTPOHA 3a

BpeMsi ! HpeolpasyeTcss HMHBEpPCHEH OTHOCHTENBHO OKPYKHOCTH paiuyca |OC| B

TOYKy D:



Kpome TOro, wu3 mpsMOYrojJbHOIO TpPEYrojIbHUKA OCB wumeeMm

t t
oC = \OB\Z - \CB\Z . 3ameuast, 4uTo OB = % U CB= % , Y IOJICTABJISIS] 3TU 3HAYECHHUS,

2

¢ 2 2
oC = %1/1—‘}—2 uimm OC = 031/1—‘)—2 . 3ameyast, yTo OC =R u OB = R, IOJIy4YUM
C C

2 2
ct vt
IMOJIYYUM BBIPAKCHUC! oC = (—j —(;j , KOTOPOC MOJKHO ICpCIICaTh B BUJIC:



V2
R= Rm/l —— WU B IIPUBBIYHOM JUIA npeoOpazoBanus Jlopenia o603HaueHUN
c

2
1%

[ :lm/l——z. Takum 00pa3om, U3 yCIIOBUS CYIIECTBOBAHHS €JIMHOTO BPEMEHH B
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CHUCTEMAX OTCYETA, CBSI3AHHBIMHU C JBYMS ABWXKYIIMMHUCS  OTHOCHUTEIBHO APYT
Jpyra 4acTHIIaMU MoJydaeM rnpeoopazoBanue JlopeHiia, KOTOpoe B IaHHOM CITydae
HWCKPUBJIAET TPACKTOPUIO ABWXKYLIETOCS  Te€la OTHOCHUTEIBHO IOKOSIIECHCA
gacTuipl. [Ipy 3TOM 3a TOKOSAIIYIOCS YaCTUIly MOXHO B3SITh JIIOOYIO U3 HUX.
CnenoBarenbHo, TmpeoOpa3oBanue JlopeHiia B TOM ciydae, B KOTOPOM OH €ro
paccMoTpen, T.€. PU NPSMOJMHEWHOM JBWUKECHUU 3apsia, TAe OHO JAEIaeT BPEMs
U PACCTOSHUE 3aBUCUMBIMU OT CKOPOCTH €r0 JABWXECHHS, B JIAHHOM CIIy4yae Mpu
JBWKCHUU JJIEKTPOHA BOKPYT sJpa OHO MEPEXOJUT B HHBEPCHIO TaKuUM
o0paszom, 4TOOBI BpeMsi OCTaBAJIOCH ISl HUX eAuHbIM. [Ipu 3ToM BoHa 1ie bpoiins
9JIEKTPOHA, T.€. paauyc bopa otoOpaxaeTcs B €ro KJIIaCCHUECKUN paguyc.

_CB?
DB

OB

b

rae DB — KnaccU4ecKul paauyc 3JeKTpoHa, OB- mvHa BOJIHBI 1€ bpoiiis
anekTpoHa, CB — aynunHa BoaHbl KoMnTOHA 371€KTpOHA.

[IpumeuatenbHO TO, YTO MEpeEMEIICHHE 3IeKTpoHa oT Touku C 10 Touku B
vt paBHO JiMHEe BoJiHBI KoMrniToHa snekTpona. Eciu Bpemst 6b1710 Ob BApUAHTHBIM,
Kak MpeayiaraloT DWHIITEHH M €ro IMoclieIoBaTeNid, TO CKOPOCTh 3JIEKTPOHA V
npuHuMana Obl JIOObIE 3HAYEHUS, YTO TMPOTHUBOPEUYUT OMBITY W KBAHTOBOU
MEXAHHUKE, COTJIACHO KOTOPHIM BEJIMYMHBI XapaAKTEPU3YIOLIUE JIBHKEHUE
3JIEKTPOHA B aTOME NMPUHUMAIOT TOJIBKO pa3peui€éHHbie 3HaueHus. Kpome toro, u3
3TOrO CJIEAYET TAKKE, YTO Ha OKPYKHOCTH, PAJUyCOM KOTOPOM SIBIISIETCS JJIMHA
BOJIHBI Jie¢ bpoilis, JOKHO yKIIaAbIBaThCS 1I€JI0€ YUCIIO JUIMH BOJHBI KoMrToHa
YacTULBL, T.€. Rye gp= 1 Ay W v = ¢/n

WNnBepcust, coxpaHsas €AMHCTBO BPEMEHH, MAET TaKXKE JAPYroe NOHUMAaHHUE
COKpaleHus: JUIMHBl. B gaHHOM ciydae 3TO OTOOpa)X€HWe IJIMHBI BOJHBI JI&
bpoina Rp B R, T.e. kak TakoBO€ COKpauleHue JJIMHbl OTCyTCTBYeT. Pamnyc R

Ha30BEM paauycom JlopeHna.



PaccMoTpuM 3aBUCMMOCTh MaccChl 3JIEKTPOHA OT CKOPOCTH €ro JBUKEHUS,
KoTopasi ObUta OOHApy>KeHa SKCIEPUMEHTANIbHO, HE BBIBOJAWIACH HU U3 KAKHUX

TeOpI/IfI U TO3TOMY CHHUTACTCA OIIBITHBIM ITOATBCPIKIACHUCM HpCO6p330BaHI/ISI
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[Tepenumem 3Ty popMyiIy CleayoLuUM 00pa3oM:
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N3 pucyHka BHIUMM, YTO OTHOIIEHHME V/C paBHO OTHOIIEHHIO oTpe3koB CB/OB,
KOTOPOE B CBOIO OYe€pellb paBHO OTHolIeHUIO oTpe3koB DB/CB. CnegoBarenbHO

BennuuHa otpe3ka CB cooTBercTByer Macce m, a oTpe3ok DB cooTBeTcTBYeT
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Jm*—m,’, a orpesok CD macce my Ecmu 0603Hauuts A“m=m~-m,", T0 u3

IPSAMOYrOJIbHOTrO TpeyronsHnka BCD |, Gyaem mmers m” = my® + A’m. D10
03HA4yaeT, YTO MAacChl B3aUMOJECHCTBYIOIIMX YACTHUIl HE SBIAIOTCA aAJUTHUBHBIMU
BEJIMYMHAMHM, @ UX OOIIas Macca OmpeaessieTcsl Mo MpaBWiIaM IMPSMOYTOJIbHOTO
TPEyTOJIbHUKA. Ortcrofa HarfagaIHO BHAHO, YTO 3JEKTPOH, HAXOJAUIMMICS Ha
opOute OeCKOHEYHO OOJBIIOT0 PaJNyca CO CKOPOCTHIO OJIM3KOW HYJIO HMEET
Maccy paBHYIO m < mj, TaK KaK BEChb IPSAMOYIOJbHBIA TpeyroinbHuk BCD
CTAHOBUTCSI HUYTOXKHO MajbIM. EciM ke K HEeMy NPUIIOKHUTh YCKOPSIOIIUI
MOTEHIINAJI, 3aCTaBISAIOMUN ero 6ojee ObICTpee NMepecKakuBaTh Ha APYTrHE TaKHUe
’Ke OpOUTHI, TO 3a CYET TMNOTEHY3bl  MPSIMOYTOJbHOro TpeyronbHuka BCD,
KOTOpasi OTPa)kaeT BEIMUYHMHY CKOPOCTH V, Macca YacTHUIIbI OYJeT pacTH U MPHU V=C
CTaHOBHUTCS O€CKOHEUHO OonblIol, Tak kak karer CB mnpsmoyronbHOro
tpeyroasHuka OBC craner napamiensHbIM ero runorenyse OB BBuay toro, uro
OH fABJIAETCS OTpaKeHUEM CKOpocTH cBeTa c. Kpome Toro, ata xe popmyna maér
COOTHOILEHHUE JIJIS1 UMITYJIbCOB:
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YMHOXEHHE 3TOTO PaBeHCTBAa HA c2 AT HaM BBIPAKCHHE, HAa3hIBAEMOC B
KBaHTOBOM MEXaHUKE PEIATUBHCTCKAM TaMIJIbTOHHAHOM, HO KOTOpPOE 37eCh
cieyeT 0e3 BCSIKOTO PesITUBU3MA:

E? = p2c? + mg’c?

Jlanee, ABM)KEHUE MPOCTPAHCTBA-MATEPUU BHYTPU aTroMa IOAYUHSICTCS

3aKOHaM JMHAMUKH BPAIIAfOIIErocs Tena, T.€. B HEM IMPH BPAIICHUH BO3HUKAIOT

I.[CHTpO6e)KHBIe CUJIbl, YPABHOBCIINBACMBIC HCHTPOCTPCMHUTCIIBHBIMH CUJIAMMU:

BeIpa3zuM CKOPOCTB v 4epe3 CKOPOCTh CBETA C
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HpHMeaneano TO, 4TO 34€Ch CCTb INIOTHOCTh SHCPI'UU IPOCTPAHCTBA-
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MaTepun Maccoif m B obseMe Kyba ¢ pebpom Ry, a Ry —R”  mmomans cios

3TOTO MPOCTPAHCTBA-MATEPUH, TIJI€ NPOU3OILIA KOHIEHTPAIMsS  DHEPTUU B
pe3ynbrare ero BpamieHus. ClieayeT OTMETHTh, YTO KOJMYECTBO MPOCTPAHCTBA-
MaTepUX B KOHIICTIIMM JBUTAIOIIETOCS IMPOCTPAHCTBA-MATEPUU  H3MEPSICTCS
00béMOM. BoiHa 3eKTpoHa, pacpOCTPAHSAIOIIASCS B 9TOM CIIO€ MMPOCTPAHCTBA-
Marepud BO BCEM 00BEMe KyOa ¢ pedpom Ry, mMmeeT sHepruto, onpeaensieMyro

BBIPAKEHUEM
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DTO0 03HAYaeT, YTO OTHOIICHHUE <1, B CyIIIHOCTH, aHAJIOTUYHO BEPOSTHOCTH

MOSIBJICHUSI DJIEKTPOHA B HEKOTOPOM 00BEME OTIPENENIEeMON €ro HOPMUPOBAHHON

BOJTHOBOU (pyHKIIHEH.



N300paxEéHHas Ha YepTex e WHBEPCHUS JEKTPOHA KaK BOJHBI B KOPIYCKYITY
U TIOCNe[IHEEe BBIPAXKEHHE, HAIJBIIHBIM 00pa3oM MOKa3bIBAIOT, YTO MPOUCXOINT,
KOI'Ia €r0 CKOPOCTh PaBHA CKOPOCTH CBETA WM PaBHA HYJIIO.

B mepBom ciyyae uacTuiia, mpuOIMKasCh K SAPY, YBEIMYMBAET CBOIO
v2
ckopocTs. [Ipu 3ToM paauyc JlopeHua ymenbmaercs R = R, |1 - EE BMECTEC C 3TUM

KJIACCUYECKUH paanyc 3JIeKTpoHa U bopoBckuil paguyc npuOImxarTcs K JJIUHE
BonaHbl Kommnrona. B MoMeHT, Korja OHM CTaHOBSTCS pPaBHbI JAPYT JpYry,
CKOPOCTb JJIEKTPOHA CTAaHOBUTCS PAaBHOM CKOPOCTH CBETa BHYTPU aroMa H
nanpHelee eé Bo3pacTaHue Npekpamaercs us-3a 3¢pdexra UepeHkoBa, KOTOPHIi
pacnpocTpaHéH U Ha BHYTPUATOMHOE NPOCTPAHCTBO-MATEPUIO HAXOIALLErOCs B

HEJIMHECHHOM COCTOSAHHNHU, T.C. JICKTPOH U3JTYHACT 3JICKTPOMAIrHUTHYIO BOJIHY.

?\'ﬂe6p

Takum oOpazom, BOJIHA, B BHJIE KOTOPOW SJIEKTPOH JBUTAICS BHYTPH aToMma,
M3JIy4aeT 4acTh CBOEH IHEPTHUMU.
B cnyuae, xorga ckopocTh 3JIEKTpOHA CTAHOBHUTCS OJM3KOHN HyII0, TO bopoBckuit

panuyc u paauyc JlopeHia cTaHOBSATCS 0€CKOHEYHO OOJIBIIUMH U UX OTHOIICHUE



npuOIu3uTEILHO paBHO enunule R/Ro=1. B 3TOM ciyyae anekTpoH qBUraeTcs Kak
KOpITyCKyJia TI0 opOure OECKOHEYHO OOJBIIOTO pajuyca, ¢ KOTOPOM OH MOXKET
NepecKakuBaTh Ha JIPyrue TakKue K€ OpOUTHl M COBEpIIaTh, TaKUM 0Opa3oM,

ABUKCHUSA HA3BIBACMBIC 3JICKTPUICCKUM TOKOM.

AHaJOTHYHBIM 00pa3oM MOKHO COCTAaBUTh WHBEPCUU JPYTHUX BEJIUYMH,
XapaKTepU3yIOLIMX BOJHOBYKD U KOPHYCKYJSPHYIO CTOPOHBI 3JIEKTPOHA.
CnenoBarenpHO, I 3JIEKTPOHA B aTOME BBIABISETCA TpPHU psifa BEJIWYMH,

CBSI3aHHBIX MEXJy co00i mpeoOpa3oBaHHWEM, KOTOpPOE HA3bIBACTCS HMHBEPCHEU

2
A = — W SABJIIOTCS KOPHEM KBaJpPaTHBIM U3 CyMMBI KBaJApaTOB OJHOUMEHHBIX

BCJIIMYMH.
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WHuBepcus MO3BOJISIET HA3bIBaTh JIBE BETUYHHBI MHBEPCHBIMH OTHOCUTEIBHO
Ko3(puirenTa HHBEpCHH, HE YKa3bIBasi Ha TO, KaKas U3 HUX SBISIETCSA 00pas3oM, a
Kakasi npooOpa3zoM. PaccMOTpeHHYIO BbIlI€ MHBEPCUIO KJIACCHYECKOTO paauyca
AJIEKTPOHAa B OOPOBCKHMI pajlyCc MOXKHO paccMaTpuBaTh OJIHOBPEMEHHO Kak
MHBEPCHUIO OOPOBCKOTO pajuyca (BOJHOBOW CTPYKTYPHI) B KJIACCUUECKUN pajinyc
3JEKTPOHA (B KOPIYCKYJISIPHYIO CTPYKTYpY). [Ipn 3TOM Hag0 3aMeTUTh, 4TO 3aKOH
(mpeoOpazoBanue) JlopeHna HOcUT OOUIUI XapakTep, U MPUMEHUM HE TOJBKO K
AJIEKTPOHY, HO U K JIIOOBIM OOBEKTaM BpaLIAOLIErocs MPOCTPAHCTBA-MaTEPHUHU.
@opmynsl 3akoHa (mpeobpazoBanus) JlopeHmna Bmecte ¢ GopMysiaMu UHBEPCUU
MOKa3bIBAIOT, YTO (PU3HUECKUE BEIMIMHBI KBAHTOBOW MEXaHUKH COOTHOCATCS APYT
C JAPYrOM TakKXe KaK OTpPE3KM B IPSMOYIOJbHOM TPEYIOJbHUKE C BBICOTOMU
IIPOBEAEHHON M3 BEPIUMHBI IPSAMOrO yrjla Ha runoreHysy. lloatomy nBukeHue
IIPOCTPAHCTBA-MaT€pUH BHYTPU aTOMa MMEET HEJIMHEWHYIO CTPYKTYpY,
3amaBaeMyio 3akoHoM (mpeoOpazoBanueM) JlopeHIla OIUCHIBAIOIIMM  €T0
JIBUKEHHE BOKPYT siipa. B aTome 3TOT 3aKOH paboTaeT HANpSAMYIO U MOCKOJBKY B
HEM OTCYTCTBYET IMpPSMOJMHEWHOE WHEPLUUMOHHOE JBHUKEHUE, TO CCBUIKM Ha
pPENSATHUBU3M B KBAaHTOBOM MeXaHMKe M3MUIIHU. [Ipu 3TOM OGOJBIIMHCTBO
KBaHTOBBIX PELICHUH AJISl 3JIEKTPOHA SIBISAIOTCS JIMHEHHBIMU alNpOKCHUMALUSIMHU
HEJIMHENHBIX aTOMHBIX MPOLECCOB, OMUCHIBAIOIIMMH C JOCTATOYHONW TOYHOCTHIO
IBWKEHHE JJEKTPOHA, HO HECHOCOOHBIE OMHMCAaTh B LEJIOM JBHKCHHE

MPOCTPAHCTBA-MaTEPUH BHYTPHU aTOMa TeM 0oJiee, BHyTPHU CIOKHOTO aToMa.




