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RoanektueHble BO30OYXAEHUSA
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B KON/1eKTUBHbLIX AAEPHbIX BO3OYyKAeHNAX
6onbluMe rpynnbl HYK/IOHOB COBEPLUAIOT
cornacoBaHHoe (CKoppennpoBaHHOE) ABUXKEHUE
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HepoctatouHOCTb moaenu obonouek ana
06bACHEHUA cneKTpa AAepHbIX BO36YXKaAeHUN

Bo36y)XaEHHble COCTOAHUA AAep B moaenu 060104eK BO3HMUKAIOT
npu nepexoae o4HOro, ABYX UM HECKO/IbKUX HYK/IOHOB
Ha 6onee BbiICOKMe cBo60AHbIE NOA06010UKMN.

1;630 obosouky JHEPrMy Takux Bo3byxaeHuin
= 1d3,, ¥ — MEeras/IeKTPOHBO/IbTbI.
vy 2512 L1d2s OnbIT NOKa3biBaeT, qgo y apep_
1d eCTb MHOXXeCTBO BO3byKaeHuin
T 5/2 ] C CYLL,eCTBEHHO MEeHbLUMMU
06199 3|-éeprm|nnu, KOTOpble Henb3A
06bACHUTb B paMKax mogenu
(%1% 1Py 1 obonouek P 8
00010800 1p; p .
CpeaHee pacctoaHue mexay o6onoukamm
—0—0—6—0—15,,, 15 AE j5onouex = R = 41 - A~1/3M3B,
nn  pp 1.e.~ 15 M3B gna 150
5 n=7 MaB gna “35Pb.
Y maxcénnix adep ANA g2

paccmosaHue mexcoy nodobosoykamu =~ 1 M>3B.

AHMmauua Ha Jlekuuun




Ana o6bacHeHUA MHOroobpasua aaepHbIX BO3OyKAeHUN
VAOOHO UCNoNb30BaTb AaHANOIMUIO C MONIEKYNAPHOM
cnekTpockonueun (AByXxaToMHasa MOJIeKyna):

€ DNIeKTPOHHbIE
COCTOAHMUA AE, ~ 13B
(opbutanmu)

KonebaTtenbHble

COCTOAHMUA AE. ., =~ 0,13B
(vibrations)

) BpauwiaTtenbHble
6 E coctoaHua  AEg,,; ~ 10733B
(rotations)

2




B monekynax (M atomHbix aapax!) BosHMKaloT
TPU HaKnaabiBatoLwmecs BeTBU BO36yXaeHum,
U3 KOTOpPbIX 04Ha oaHo4vYacTu4Haa (o6onoueyHan)
N ABe KONNEeKTUBHbIX (BUbpaunu u BpawieHusa).
JHeprnmn KONNEKTUBHbIX BO3OyKaAeHUU
MOryT 6bITb CYLLLECTBEHHO MEHbLle
3HEpPrmm o4HOYaCTUYHDIX.
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BpawatenbHble YPOBHU YETHO-YETHbDIX
HecdepUuyecKkux aaep: Knaccuueckas
X SHeprua BpaweHus:
. Gw?> L*
2 26’
rae G — MOMEHT UHepLUuUM,
7 L — opbutanbHbIt MOMEHT.
B OCHOBHOM COCTOAHUM
Ocb (ground state) yéTHO-4éTHOrO
CUMMETPUN g npa (T.e. npu oTCyTCTBUM
y BpaweHus) J o= 07,
Ecam agpo Bpawaerca, ero CNMH LenaMKkom obycnosneH
3TUM BpaweHnem u | = L. B KBAHTOBOU MexXaHUKe

J? = h?J(J + 1) n nony4aem:
A%J(J + 1)
2G

Eg, =




KBaHTOBas mexaHMKa 3anpeLllaeT BpalleHue aapa
BOKPYr OCM CMMMETPUM, B TOM uucne cpepruyecKkoro aapa
BOKpPYr 110601 ocu, npoxoaAawlen yepes ero LeHTp

B chepuuyecku cummeTpudyHom agpe
AAEepHbIA NOTEeHUUan, AeUCTBYIOWMIA HA HYK/IOHDI,
npu NOBOPOTE BOKPYr N1060M ocwy,
npoxoasllein yepes ero LeHTp, He meHAeTcA
W, cnepoBaTeNibHO, HEe BOSHUKaeT cun,
3aCTaBNAOWMX HYK/IOHbI TAKOro Aapa
COrNacoBaHHO Y4acTBOBAaTb BO BpaLLaTe/IbHOM ABUXKEHUM.

AHaNOrMYHO 3TOMY HE UMEEeT CMbIC/1a FTOBOPUTDb
0 BpaweHun aedopmunupoBaHHOro AApa,
umerowiero popmy
AKCUANbHO-CUMMETPUYHOro 3NUNCOUAQ,
BOKPYr OCM CMMMETPpUmn Z.

BO3MOXXHO AnLLb BpaLLEeHNe BOKPYr OceM
nepneHAUKYAApPHbIX OCU CUMMETPUMN
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BpawlaTenbHble YPOBHMU

BpalwjaTtenbHble YPOBHU
YETHO-YETHOro AApa
MMEIOT INLLb YETHbIE [:

J =0,/,2,}3/,4,/'i/,6,/,8,...

HeuéTtHble | nucknouatorca
coobpaxceHUAMU cummempuu.
Mpn 3TOM YETHOCTb COCTOAHUM
cJ] =0246,8,..
nonoxutenbHa (+1).
NMoaTomy 4éTHoCTb
BpaLlaTe/ibHbIX COCTOAHUMN
TaKXXe NoNoXXUTe/bHa.
Taknum obpasom,
BpaljaTe/ibHble YPOBHMU
YETHO-YETHOro AApa C POCTOM
SHeprum obpasyior
cnepyowmnii pag sHauenuii J°:

0%, 2%, 4%, 6%, 87, ...



Hecdepunueckoe agpo moxkert BpaLlaTbCs
TO/NIbKO BOKPYr ocei nepneHANKYNAPHbIX
ocu cummeTpum agpa (nycrb 3To ocCb Z),
Hanpumep BOKPYr ocu X:

CMMMETPUMn



Kak Bpawaertca agpo?

AApo He MOXKeT BpaL,aTbCA Kak eAuHOe C HEU3MEHHbIM
BHYTPEHHMM CTpOeHuem Teno (Hanpumep, KaK TBEpaoe Teno),
NOCKOJ/IbKY Y TAaKOTO A4pa HET BHYTPEHHEro Bo36yxKaeHus,
T.€. TAKOMY BpaLleHUIo No-NpeXXHemy oTBeyaeT OCHOBHOe
cocTosHue agpa. NMpu spaweHnn agpa c Bo36yKaeHnem
BpalLaTeNbHOro COCTOAHUA NO ero NOBepPXHOCTU KakK Obl
pacnpocTpaHAETCA Kpyrosas BoOJIHA BHELWHUX HYK/IOHOB,

a chepuuyecKkan cepaueBuHa aapa (B cooTseTcTBUM

C NPUHLMNAMM KBAaHTOBOW MeXaHUKW)

, AHMMmauma
He y4acTByeT BO BpalleHUn N He Aaet

Ha JleKuuu

BKNaja B €r0 MOMEHT UHepUUW.

3TO OTANYHOE OT OCHOBHOTO
COCTOAHUA BHYTPEHHee

noseaeHue HyKI0HOB

u obecneunsaer Hegpq

apepHoe Bo36yxaeHue. cepé" a'o“lgﬂc,q

CKopocTb BpallieHusa aapa — 10%1-10%2 060poToB B ceK



KonebatenbHblie (BUH6paLUOHHDbIE) YPOBHMU
chepuueckux agep

B chepuuecknx agpax spaliarenbHblie COCTOAHUA
OTCYTCTBYIOT U HU3KO9HEPruyHana 4acTb CNEeKTpa
obycnosneHa KonebaHuamm popmbl aapa BOKpyYr
paBHOBECHOMWN. [1pu paccMmoTpeHUU TaKUX KonebaHum
NoOMoOraeT aHa0rMA MmeXXAay AAPOM U Kansieu XXUAKoCTH.

Ona onncaHuA Taknx KonebaHmMim MOXXKHO UCNONb30BaTb
(c yuéTOM KBaHTOBaHUA) maTeMaTUUYECKUM annapar,
Brepsble npumeHaswumuca Paneem (1877 r.) npu
PacCMOTPEHUM KNaCCUUECKUX KonebaHunim ¢popmbl Kanaum
XUNOKOCTU. ITU KonebaHmna KnaccnpuumpyrorTca no
YI/I0BOMY MOMEHTY (MynbTUNoAbHOCTU) | BO3OYKAEHUA
n yeétHoctu P.



B cB060aHOM HEBO3OYKAEHHOM COCTOAHMM KanaA
XUAKOCTU NpuHUMaeT chepudeckyto popmy. NMostomy
nerye Bcero (c HammeHbLUen s3Heprnen) Bo3bykaatorca

Masible rapMOHUYECKne KonebaHma BOKPYr paBHOBECHOM
chepuueckoun popmbl 6e3 usmeHeHUA 0H6BEMA.

doTo
nocneaosaresibHbIX Agepopmaumm
XUAKOU Kanaun
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MocnepoBaTtenbHOCTb 3TUX AedopmaLimii oTBeyaer
U3MEHAIOWMMCA KBaapynoabHbiMm aedopmaumam, T.e.
NEeKTPUYECKMM KBaapynonbHbim (/] = 2 ) KonebaHuam



B agpe HeBO3MOXHbI 3N1eKTpuyeckne gunonbHble (J = 1)
KonebaHuA, Korga HEUTPOHbI U NPOTOHDI

ABUraloTcA CUMHXPOHHO (CcMH$a3HO)
Hepas3aeneHHbIMU

Npu Taknx aBUXKeHUAX
AAPO nNepemeLlaeTca Kak
eauHoe uenoe 6e3 usmeHeHus
CBOEro BHYTPeHHero CoCToAHUA

J=1 T.e. 6e3 BO36YyKAeHuUA.

pp + nn

B agpe BO3MOXHbI 3/1eKTpuiecKkme gunonbHble (J = 1)
KonebaHuA, Korga HEMTPOHDbI U NPOTOHDbI ABUTralOTCA
npoTuBodasHO N NPOUCXOAUT pa3aeneHue NPOTOHHOM
U HEUTPOHHOM CcOCTaBAAKOLWMX Aapa (nonapusauma aapa)
6e3 nsmeHeHMA NONOXKEHUA ero LEeHTPa TAXKECTH

AHUMaUUA
Ha JleKuuun

J=1

NPOTOHbI HEWUTPOHDI




CuHda3Hble aneKTpruyecKkue
KBaApynoJibHble KonebaHusa
B AApe BO3SMOXHbl

dasza
BbITAHYTOCTMU
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E1-npotusodasHbie u E2-cuHdasHble
KonebaHusa (Bo36yXaeHnA) aToMHbIX Aaep

E1l
G G
4 AHnmauua N
1 Ha JleKuuun 2

1 1

CNUHbI-YETHOCTU COOTBETCTBYIOLLMX
HUXaNLnX BO3OYKAEHHbIX COCTOAHUM
B YETHO-YETHbIX A4pax




dNeKTpuyecKmne oKTynonbHbie cnHdpasHblie KonebaHusa
cucrembl 3apanos, cosaaowme E3-usnyyeHume
U BO3HMKalowume npu nornoweHun E3-nsnyyeHuns
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Bupeo
Ha JleKuuu

CNMUH-YETHOCTb COOTBETCTBYIOLLEro
HUXXanwero Bo36yXAEHHOro COCTOAHUA
B YUETHO-YETHbLIX AApax 3~




AHUMaUMA Ha JlekKuuun

M1-cuHdasHble B aape BO3MOHb!

KonebaHus M1-konebaHusa (Bo36yxaeHuA)
cnepyloLero TMNa:

Takue M1-KonebaHusa He ABNAKOTCA
BO36y)XaAeHMAMM aTOMHDbIX aaep

Mpun Takux KonebaHuax

BHYTPEHHAA CTPYKTYpa 06beKTa
HEe MEeHAETCA U NO3TOMY

HeT ero Bo3bykaeHus. CNMH-YETHOCTb
O6veKT Konebnercsa COOTBETCTBYIOLLEro
(Bpawaerca Typga-cioaa), HU}KauLero
HEe MEeHAA BHYTPEHHEero CTpoeHuns BO36yXAEHHOrO
COCTOAHMUA
B YETHO-YETHbIX AApax




INeKTpuvYecKkne MOHOMOJIbHbIE
E0-konebaHusa - TaKk Ha3biBaemas
«AblXaTe/NbHas moaa»

CuHdasHoe MpotusodasHoe
AbixaTtenbHoe KonebaHue AbixaTtenbHoe KonebaHune
NPOTOHOB U HEUTPOHOB NPOTOHOB U HEUTPOHOB

tl tZ > tl

AHUMaLUA CnNUH-YETHOCTb COOTBETCTBYIOLLLUX
HUXKaULIUX BO3OYXKAEHHDbIX COCTOAHUMN

Ha JleKuum B YETHO-4&THbIX Agpax 07




fapmoHuuyecKkne KonebaHmna KaxXaom mynbTUNONAbHOCTH
M 4aCTOTbl W KBAHTYIOTCA, T.e. UMeeTCA KBaHT 3Heprum hw
Ka)XA0MU MyNbTUNONIbHOCTU, Ha3biBaembl GOHOHOM
3TON MYNbTUNONBHOCTU. B BO36YXAEHHOM Aape
OAHOBPEMEHHO MOXeT bbITb HECKONbKO $OHOHOB
Pa3sINUHON MYNbTUNONbHOCTM.
JHeprua Bo3byXKaeHUA TaKoro aapa Aaétca BbiparKeHuem:

J

rae 1; — 4ncno GOHOHOB MYNIbTUNONBHOCTH J,
a hw] — 3Heprna ¢oHOHA 3TOU MY/IbTUNO/IbHOCTM.

Bo3byxXaeHua ¢ | = 0 nexxart BbICOKO NO SHEpPrum us-3a
TOro, YTO AAPO, KaK U XKUAKOCTb, C TPYAOM NOoAAAETCA
CXKATUIO U pacTaXKeHuto. Hnxkanwmm no sHeprum
N MYNbTUNONbHOCTU KonebaHmnem dpopmbl A4pa,
KaK npaBuao, asnaertca cmHdasHoe
E2-konebaHune (/] = 2), kKotopomy B YETHO-YETHOM
AApe oTBeyaeT BO3byXaeHue co CNUH-YETHOCTbIO 2.



NpeanbHbIU cnekTp
KBagpyno/bHbIX
KonebaHum YETHo-
4YETHOro Aapa:

0+2%3%4*,6* n = 3 ¢oHoHna
——————— E— 3hw2
hwz
0+,2*, 4+ n =2 (poHona
b E = Zhwz
hwz
n =1 ¢oHon

P E = 1hw2

h(l)z
0+ n = 0 ¢oHoHoB
— J—
E=0
OcHOoBHO®e
COCTOAHMEe

PeanbHbi cnekTp
KBaApyno/ibHbIX
KonebaHui YETHO-
YEéTHOro Aapa

114Cd

4+ n=2 1,28 MaB

2+ 1,21

0+_1 13

2+ - 0,56 MsB
n=40

0+ 0

JHeprua KBaapynosibHOro
Bo36yxpeHua E =n-hw,



B sape BO3MOXXHO 04HOBpeMeHHOe BO36yXXaeHue
OAHOYACTUUYHbIX U KONNEKTUBHbIX
cTeneHeun csoboabl "
o

w N

BpalwieHue
KBa ApynonbHoe
KonebaHue

,/
,/
’

AHMMauunAa Ha JleKuuu




HobenescKaa npemusa no ¢pusuke 1975r.

3a OTKpPbITUE CBA3U MEXAY KONTEKTUBHbIM
N MHAUBUAYAJZIbHBIM ABUXKEHUEM YacTUL,
B aTOMHOM Aape un co3aaHune Ha 6ase 3Tou CBA3MU
Teopumn CTPYKTYpbI Aapa

¥ b. MoTtTenbcoH ‘
0. Bop Ben Mottelson [X. PenHyotep
Age Bohr James Rainwater

NaHuUA CLLUA



MonAapusauuoHHble KonebaHUA aTOMHbIX aaep

C pocTom 3Hepruu B aapax NOABAAIOTCA BO36yXaeHus,

B KOTOpble BOB/1eYeHbl BHYTpeHHUe (Hanbonee cunbHo
cBA3aHHble) HYKNOHbI. K TaKum BO36YyKAEeHUAM OTHOCATCA
nonapusalMoOHHble KONIEKTUBHbIE BO36YyKaeHuA,

B NpoLecce KOTOPbIX NPOMUCXOAUT ANHAMUNYECKOE
NPOCTPAHCTBEHHOE pa3geneHue NMPoOTOHOB M HEUTPOHOB AAPA
U nocneaHee npmobperaer COOTBETCTBYIOWMUU, FTAPMOHUYECKMU
MEHAILWUUCA CO BpeMeHEeM 1eEKTPOMArHMTHbIN MOMEHT.

F1S ¥

dNeKTpuyeckue MaruuTHble
dNeKTpnyeckue UNOJIbHblE
AWUNONbHbIE A
KBaApyno/ibHbie M1-konebaHus

E1l-konebaHun
E2-konebaHunsa («HOXXHUUHBIER)



M'mraHTcknm aunonovHbin (E1) pe3oHaHC B
ceyeHuAx nornoweHusa ¢otoHoB aapamum 2C u 2%8pb

201~ Ceuenue qf%”a: 12
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AHumauuma Ha JleKuum

NMonapusauyuoHHbIe
3IeKTpuyeckue KBagpynonbHble (E2)
N HOXXHUYHble (M 1) konebaHus

PaspgenéHHble N0O1I0BUHON Nepuoaa
$a3bl KonebaHum:

- 1 nn PP
$lnn ‘
' i / M1
E2




HoXXHUYHble Ko/sebaHUuA
(scissors mode)

0
0
.......
.............

AHMMauuA Ha Jlekuun




MoHononbHble (abiXaTenbHble)
nonapu3sauUoHHbIE CNMHOBbIE KonebaHuA
(c nepeBopoTOM CNMMHOB HYK/ZIOHOB)

ptn| ——3, PN




MonoxkeHne HEKOTOPbIX KONNEKTUBHbIX
NONAPU3ALLMOHHDbIX AAEePHbIX BO3OYKaAeHnN
Ha SHepreTU4ecKom ocu
B 9KCNepumeHTax ¢ poToHamu

<>

Bo36byxaeHusn o

C nepeBopoToMm nn
,—. CMVHa HYK/IOHOB: \ -

[+1/2 M’MraHTCcKUM
M1 ANNONbHbIN Pe30HaHC
~ CMUHOBbLIE
n p -
M1
HOXXHUYHbIE y N
. o / .
v | L }
5 10 15 dHeprua GoToHa,

M>B



3aKknouuTenbHble 3ameyaHua 06 aToMHbIX A4 pax

AmomHoe a0po -
eANHCTBEHHAA KBAaHTOBAaA CMCTEMA MHOTUX Ten,
noaBeprKeHHaA BCeM BUAAM
dyHAaMeEHTaNbHDbIX B3aMMOAEeUCTBUMN.

ApepHaa maTtepusa — HOBOe, He BCTpevatloweecs B 06bluHOM
OKpYrKatowWwem HaCc MUpe COCTOAHME BELLEeCTBA, NpoaBaaoLLee
HeobbluaHOe pa3HOObpa3ne NPOTUBOPEUUBDIX
(v paxke HecoBMmeCTMMbIX) CBOMCTB:

OHa noxorka Ha ras (ras pepmum-yacrtuu),

OHa noxoXa U Ha XnaKocTb (bepmMun-xnagKocrb),

OHa noxoXa u Ha TBepAaoe Teno,

OHa moXKeT BeCcTU ceba KaK nnasma,

OHa HageneHa CBOMCTBaMM CBEPXTEKYUYECTH,

OHa NoKa3biBaeT HETPUBMUAJIbHbIE HYK/IOHHbIE KOppenauuu,
OHa nposaBasaeT HeobbluaHOe pa3sHoOObpa3sue Bo36YKAEHUN,
OHa ABNAeTcA — HeucyepnaembliM UCTOYHUKOM SHEPrum.

N3yyeHUe amomHbIx 0ep 0asneKo om 3aeepuieHus



3epKanbHoe
OoTpaXKeHue

3aKOH COX p

HéT'H OCTU.

He

9UHaXKed1o
90HAavrexdag




KsaHTOBOE uncno yémrocmeo (P) — cnepcteme 3epKasibHOU CUMMETPUM.
YETHOCTb COXpaHAETCA B CU/bHbIX U 31€KTPOMArHUTHbIX
B3aumogencremax. CoOCToaHMA CUCTEM, YHaCTBYIOLLUX B

TaKUX B3aUMOZAENCTBUAX, XapaKTepu3yloTca onpeaenéHHoim

yéTHoCTbIO — nonoxkutenbHoi: Y(—1) = Y(7r)
unn otpuuatenbHoii: P(—r) = —YP(7).
Onepauua NPOCTPaHCTBEHHOI MHBEPCUHN P cBoauTca K

npeob6pa3oBaHNIO KOOPAUHAT 7 — —T U IKBUBANEHTHA
nocneaoBaTe/IbHOCTU ABYX C/1IeAyIOLLMX onepaLuii:

Y4 yA

Z
AY ﬂ?;epkano 1 4 2 Z,7’
,/' + || 3epranbHoe ¢ Nosopot /s
0 > OoTpaXXeHue // Ha 180° ,/
0 — 0-1 > < 0
X X X
VA

Tak Kak ¢pusnyeckue 3aKoOHbl UHBAPUAHTHbDI K BPaLLLEHUAM,
TO BMeCTO NOJIHOM NPOCTPAHCTBEHHO MHBEpPCUM yv
MOYHO OrpaHUYUTbCA 3EPKAsbHLIM OompaxceHuem



Mpu npocTpaHCTBEHHO UHBEPCUM BMECTO

NneBou onepauun NoIHOM UHBEPCUU X
MOXXHO UCNOab30BaTb NPaBYIO ONepaumto
3epKa/ZIbHOro OTpa*KkeHusn

X
A

?(x; =Y, Z) };{.K\ .......... ?(f: Y, Z)

>y




[0 1954 r. HBapPMAHTHOCTb BCeX PU3NYECKUX 3aKOHOB
OTHOCUTE/IbHO NPOCTPAHCTBEHHOW UHBEPCUN He Bbi3biBaNa
COMHeHun. B 1954-1956 rr. noasuauncb Hosble PaKTbl,

B YaCTHOCTU, O-T — napaaoKc:

Habnopanuco chegyouwme cnabble pacnaapi:

K+ { 0t >t + 1 -21%, YETHOCTb NONOXKUTENDBHA,
Tt >t + v + T -5,6% YETHOCTb OTpULLATENbHA.

B 1956 r. amepuKaHCKue TeopeTUKU Lee n Yang
BbICKa3a/IM runoTtesy 0 HeCOXpaHEeHUMN YETHOCTU B CN1abbix
B3aumogeuctsuax. B 1957 r. B8 Konymbuinckom
yHusepcutete (CLUA) nog pykosoactsom magam Wu
BbINOZIHEH ONbIT, NOATBEPAUBLUUNA ITY rMNoOTe3y.

=

55555605

Nobel prize 1957




U3yyanca pacnap,

OnbiT By 60Co(5%) > $ONi + e~ + ¥,
) CnuH adpa 3@pk
60
p‘em%“"g:‘& co N’O
9,\3\"

Umnynec Aopo \
3/1eKMpPOHa Kobaabma .
Mpu 3epKaibHOM OTPaXKEHMU MEHAETCA HaNpas/ieHUe MMNybCa

3/1IeKTPOHA U He MeHAETCA HanpaBJ/ieHne CNuHa aapa Kobanbra

Mpu 3epKanbHOU CUMMETPUN YNCNO INEKTPOHOB, NEeTALMX
Ha/1eBO U HanNpPaBo A0NXKHO 6biTb 0AMHAKOBbIM. B onbiTe

By UMC/10 31EKTPOHOB, NeTALWMX Hanpaso, bbino 6onbLue
YUMCNA SNEKTPOHOB, IETALUX HaNeBo. 3epKabHas
CMMMETPUA OKa3anacb HapyLLEHHOM.




Ecan B cucteme yactuy, BEPOATHOCTU
/ Pa3/INYHbLIX HanpaBl'IEHMVI CNMUHa

i ﬂ

B OAHY CTOPOHY, TO NonApu3auma
cmonpoyeHmMHasaA (eOuHuU4YHasA)

AnA oTaenbHoO YacTULbl FOBOPAT O )\
nonepe4yHol wav rnpooos1bHoU nonapusauum:

CnuH Umnynbc
CnuH <:.ﬁy Jlesas

Umnynbc
&==>—> [Ipasas

lMonepeyHas nonapusauma [1podos1bHAA nonapusauma



NNMpoaonbHYIO NONAPU3ALLUIO YACTULLbI
XapaKTepusyloT Be/IMMUHOMU criupasnbHocmu h.

rae J - BEKTOP CMHA YacTULbl, @ P - €6 MMNYAbC

lMpaeononapu3osaHHbie YacTuubl umerot h = +1.
Jleeononsapu3zo8aHHbIe - h =-1.



B 1958 r. 6b1210 YCTAaHOBNEHO, YTO CNUPANBHOCTb
HeUTpUHO oTpuuartenbHa (h = - 1), a aHTUHEUTPUHO

— nonoxutenbHa (h = +1):

Ve
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®

v
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v
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|l
e~

AaochN<IaScC

TaKkux yactuy 8 npupopae Hert!

h= 11 9TO cBUAETeNbCTBYeT oGUOTcy'rCTBmA
B C/1abbIX B3aMmoaeuncTBuax
L =+1, MHBAPNaHTHOCTK
K NPOCTPaHCTBEHHOU UHBEPCUU
U HECOXPAaHEHUU YETHOCTHU
B 3TUX B3aMMOAENCTBUAX



an nonapusauna 6e3maccoBon YacTULbl

- - S = = ~ —_—

(QJ

MpoaonbH

mo6a;| YyacTmua HyneBou Maccou NPoAOo/bHO
nonApusoBsaHa, T. €. UMeeT He 6onee ABYX opueHTaLun
CNUHA — — NapanaeNbHyl0 U aHTUNAPaNNENbHYIO eé
UMMY/IbCYy HE3aBUCUMO OT Be/INYMHbDI CNUHA.

Nmnynec
<C:0—Y—> MU ———

nuH
3TO cnepcTBue penaTuBUCTCKOM KMHEMATUKMU:

Penamuesucmckoe
C)) COKpaujeHue
’7& pasmepa

@ X P

y CNUH
A




Umnynsc
h=+1 h=-1
®oTOH MmoKeT b6biTb B 060UX 3TUX KOHPUrypaumuax
Ob6ocHosaHuUe Npo0osabHOU nNoaapu3ayuUU pomoHa:

—_ e

E — nanpsaxéHHocTb E

3NEeKTPNYECKOro
nona ¢oToHa
CnuH (1) Umnynec
M <= UL—>

MpaBblit BUHT JleBbl BUHT
(h =+1,], = +1) (h=-1,],=-1)




JKCNepUuMeHTaIbHO YCTAaHOB/IEHO,
4yTO B cNabbix npoueccax
C 3apAHCEeHHbIMU C1abbiMmu moKkamu
PENATUBUCTCKUE OTPULLATENIbHO 3apAXKEHHbIe
NenToHbl € , U , T POXAAITCA NPenMyLLeCTBEeHHO
71€60-1M0/1APU308AHHbIMU,

a nx aHtmyactuupbl (e, u*, T*) — npeumyiecrseHHo
npaeo-noaAsapuU308aHHbLIMU C NonApusaumnein v/c
(v — cKopocTb YacTuubl).

Takum obpasom, 6am3ka kK 100%
NpPoAo/bHAA NONAPU3ALUA YIbTPAPENATUBUCTCKUX
(v = c) 3apa)KeHHbIX NenTOHOB.

O6wiee npaBuao, BbiTEKAlOWEee U3 CTPYKTYpPbl cnaboro
B3aMMOAEUCTBUSA, TAaKOBO:

ynompapenamuesucmcKue ¢pepmMuoHbl,
yyacmeyrouwjue 8 nrobom cnabom npoyecce
C U3SMeHeHuUem 3apadd, Mmo2ym umems CnUpasnbHOCMb
mosabKo -1 0a8 yacmuy u +1 0a29 aHmuyacmuy.




