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JIEKIINS 13

KBanToBasi pmnsmuka

Mpsr pacemarpuBasii MUKpOhU3nKy. ATOM — KBAHTOBaHUE CHCTEMBI B KYJTOHOBCKOM
nojie. Mosiekynia — KBaHToBaHHe Kojebanuii. B kosiebaTelbHOM CIIEKTPE SKBHIUCTAHT-
Hble ypoBHU. KBaHTOBBIE CBOMCTBA KBAHTOBO OTJIMYAIOTCS B 3aBUCUMOCTU OT ITOTEHIINA-
Ja. B ganpe nmorennmast Boobdie jpyroit. Eciu B arome moreHnual 3ajaH, TO B sJIpe OH
dopMmupyercst U3 TeX caMbIX YACTHUIl, U3 KOTOPBIX OHO COCTOWUT.

Terepsb MBI TIEpeiiieM K M3YUIEHUIO 3JIEMEHTaPHBIX YaCTHIl, TO €CTh TeX, KOTOPhIE Pa3-
JpobuTh OosbIe HeMb3s. M3 KocMoca MpuIeTaloT MPOTOHBI OTPOMHBIX SHEPTUiA, U ITePBbIe
UCTOYHUKU JIJIS SIJIEPHBIX Peakiins ObLIN MMEHHO U3 KOCMOCA.

PaccmoTpuMm pacriosioykenne 37ieMEeHTAPHBIX YacTUIl Ha JUArDAMME.

Buuzy — doron, HeliTpuHO M IpaBUTOH, 3aTeM JIEKTPOH ¢ Heprueii mokod 0,5 M»3B.
Hanee — mezonbr (106 MsB), mmonsr, kaousl ¢ superueit 498 MsB. IIporon u Heiitpon ¢
sueprueii 938 MsB, nmam6ga-qactuma Ag. Bpema »xuznm Taxoit gactunsr 10710 c.

Puc. 13.1.

Ha camom seste Bce 9Tn BpeMeHa O9eHb GOJIbITe, T. K. CPABHUBATH HAJIO CO BPEMEHEM,
HEOOXOMMBIM Ha TIPOJIET S1JIpa CO CKOPOCTBIO CBeTa, a OHO pasHo 10722 ¢,

YIuBIISIeT, 9TO CPeAu YACTUL] €CTh OJMHOYKH, €CThb JBOHUKH, ecThb Tpoiku. C deM 3T0
cesa3ano? Ceituac umeercs yxke 2000 3/ieMeHTAPHBIX YACTHII,

To, ¥ro HAXOIUTCA OT HEATPOHA U BBIIIE — OAPUOHDI, IACTHUIIEL C ITOJIYIIEIBIM CIIHHOM.

ITromsl 1 KAOHBI (IETOIHCICHHBII CIIMH) — ME30HBL.

[InoHBI, KAOHBI # BCE UTO BBIIIE — ITO &TPOHBL.

A To0, uTO paHbIIle HA3LIBAJIOCH MIOOHLI — Telepb MIOOHBI. MIOOHBLI U 3JIEKTPOHBI $IB-
JIAIOTCH JIEHTOHAMH (IIOTOMY HYTO JIETKHE).

Puc. 13.2.
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Jleknusa 13. KBanrosas dbusnka

[To mMepe Toro, KaKk M3yvajuch 9acCTUIbI, OOHAPYKUIU, ITO €CTh JIBA KJIacCa B3aUMO-

JIeICTBUM.
7t +p— A+ KO

Bpems 370it peaknuu 7 ~ 10723 ¢. OHO HUYTOKHO, 3HAYUT HUYTOZKHO B3aUMOJIeiicTBIe
MEYKJIy IMMOHAMU U ITPOTOHAMH.

A Bor A’ — pt + 7~ xuser 3 * 10710 cexyHabBI, TO eCTh OYEHD JOJITO. 3HAYNT, B3aH-
MojeiicTBue ciaboe.

[TosToMy peaknuu moJIeTUINCH Ha CIJIBHOE B3amMo/ieiicTBre U ciraboe.

[Tonyumnock 4 Buja B3auMOJIEHCTBUIT: CHIIBHOE, CIaboe, SJeKTPOMArHUTHOEe U I'DaBU-
TaIMOHHOE.

Bo Bcex Teopusix 1moJisi €CTh HEPEHOCYUKU B3AUMOJICHCTBUSI.

Tabauma 13.1.

Bzaunmoneiicrsue IIepenocunk | R .,
CHJIBHOE T 10713
caaboe G 1010
SJIeKTpOI\IaI‘HI/ITHOQ ")/ o0
FpaBI/ITaI_H/IOHHOQ g oo

J1151 TPaBUTAIIMOHHOI'O B3aUMOJIEHCTBIS IIEPEHOCUYNK — I'PABUTOH, HO €ro II0Ka He Ha-
. Hy»KeH B3pBIB KaKOU-TO 3BE3/IBI.

Bce ocranpable mepeHOCUNKH OBLIN OOHAPY7KEHBI.

st Toro, 4ToOBI CpaBHUBATH B3aMMOJENCTBHA, OblIa BBe/leHa CHJIOBasl KOHCTAHTA ¢,
XapaKTepU3yIollas BepOsITHOCTh pacrajga. OHa olpe/iessercs Tak:

DHeprusi B3aNMOEHCTBUsT HA dJIeMEHTapHO JI/THHE

g - X °
apakTepHasl SHEePTUs

PaCCMOTpI/IM QJICKTPpOMaruuTHOE BBaI/IMO,ILGﬁCTBI/IeI

/A,  e*mec 1 e 1
501 = = = — =00 = —
9 M2 h mc?2 ke 137

['paBuTanmonHoe B3aUMOJIEHCTBIE OMUIIEM C IOMOIIBI0 (POPMAJILHOIO BBEJICHUS I'Da-
BUTAIIMOHHOI'O 3apsija.
2 2
. Y My 9

gr —
P r r’

Grp = YM3, Kak 1 B cllydae ¢ 371eKTPOMAIHUTHBIM:

2
_ Gy

Gop = 50 = 1075,

KOHe‘{HO, 9TO BBaHMO,ILefICTBI/Ie HUYTO2KHO II0 CPABHEHHUIO C IJIEKTPOMAaIlHUTHBIM.

st cuytbHOTO:
2
q;{,u Eﬂ RS{

= Yenmon = ~1

he

he

Jlnst citaboro:
My ~ 100I'5B — g, = 10712
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Jleknusa 13. KBanrosas dbusnka

To ecTb, KOT/1a MBI pacCMaTPUBAEM CHIBHOE B3ANMOJIEHCTBIE, TO MOYKHO OTKUHYTH BCe
npyrue. Ecin pacecmarpuBaeM 3JIEKTPOMAarHUTHOE, TO HE YIUTHIBAEM I'DABUTAIIMOHHOE U
caaboe.

B pesysibrare nzydenus sijiepHbIX PEAKIHI OKA3aJI0Ch, YTO YaCTUIAM HYXKHO ITPUIIU-
CHIBATH BHYTPEHHUE KBAHTOBBIE UNCJIA, KOTOPBIE COXPAHSIOTCS.

CoxpaHArOTCS:

1. Bapan Q =3 q;;

2. Ilpoeknust MOMeHTa UMITYJIbCA U UMITYJIbC 1., p, J.

[ToMuMO 9TOro COXpaHSIIOTCS:
1. b — xpacora (beauty)
B — Gapuonnblii 3apsi/1
L — nenronHbIi 3aps
S — crpanHOCTh (Strange)
C — ouaposanwue (charm)
. T — npaBnusocts (true)
Hampumep, ects IPOTOH, KOTOPBIN MOXKET PACIACTHCS:

AR AN e N

pt —et +7.

DHEPreTuIecKr 9TO BO3MOXKHO, HO IIPOIIECC He UIET. BapuoOHHBIM 3apsi IPOTOHA PABEH
eJINHUIIE, a ClIpaBa — HOJb. I3-3a 9TOro u HET peaxInuu.

prAe +.

Best aTa Teopust Bocxoaut K 1930-biM rojiaMm, Korjia ['eitzenbepr oOHAPY KM, ITO MaCCh
[POTOHA ¥ HEHTPOHA IIOYTH OJUHAKOBEL (1M, 2 My,). IlosToMy oH Ha3BaT 9TO HYKJIOHOM,
KOTOPBII MOXKET OBITh B JIBYX COCTOAHHAX. Takoe pasjie/ieHue MOXOyKe Ha 3eeMaHOBCKOE
paciiernjieHue ypoBHeii.

Torma ecTh KaKoe-TO U30TOMUIECKOE IIPOCTPAHCTBO, TJIe

1

[Iporon, I = +=
% U30TOINYECCKUNA JAyIJIET

Heitrpon, I3 = —5

Torya BOTHOBYIO (PYHKIIMIO HYKJIOHA MOXKHO TPEJICTABUTL B BUJIE CyMMbBI BOJITHOBOM
dpYHKIIMU TPOTOHA U HEHATPOHA.

‘PN :awp+ﬁwn7

2 2 _
o + |87 =1.
Ho nmommmo symiera, oKasajoch, 9TO €CTb ellle U TPUILIET.

at

7TO N30TOINYECKUAA TpHuIiljaeT

™

Toryma crimn pasen exunaul; [ = 1, a npoeknun [, = +1,0.
CuMMeTpHusi B M30TOIMMYECKOM IIPOCTPAHCTBE — 9TO 3aKOHBI COXPAHEHMS BPAIICHUS B
M30TOIMIECKOM IIPOCTPAHCTBE OT IIPE0OPA3OBAHMUSI.
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Puc. 13.3.

Tabauma 13.2.

Mq
336
338
540
1500
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v

O
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+|To|n | s

oo Ieo | oo | o | o T=e TH T

koind | ond |

Ho xorma gacTuir ctajgo MHOTO, TO 0OHAPYKUINA OOJIee CI0KHBIE MYJIBTUILIETHI.

Obpasyercss 6apUOHHBIA MY/ILTHUILIET.

Takoe omryrenre, 9To 3TO OJHA YACTUIA. KCIUM HAPUCOBATH SHEPTUN ITUX UACTHII,
CJIOYKUTCSI BIIedaT/IeHne, Oy/ITO SHEPIUsl PacIlenniach.

OHO BO3MOKHO U3-3a CIIOHTAHHOT'O HAPYIIEHUA YCTONIUBOCTH.

Puc. 13.4.

[Ipu BpareHun 9acTuIlbl HepexogdaT ogHa B Apyryio. lemn—Mann n IBeir namim
[IPOCTPAHCTBO, IIPU BPAIIEHUN B KOTOPOM, COXPAHSIOTCS My/IbTUILIeThl. OHO HA3BIBAETCS
[IPOCTPAHCTBO yHUTAPHOH cummMerpun. [Ipenosmoxkuimm, 9To Bece 9T 6apuOHbI U ME30HBI —
He 3JIeMeHTapHbIe YACTUIIBI, & CJIOXKHBIE, COCTOsIIe N3 (PYyHIAMEHTAJIBHBIX JacTuil. Vx
Ha3BaJIM KBapKu. JJ0/IKHO OBITH TPU KBapKa.

Ksapku OpiBatoT «up-downs, «strange-charmy», «beauty-truths.

YrBepkau, 410 6030H cOCTOUT U3 Tpex KBapkos: B = {¢;, ¢;, ¢k}, & Me30HbI U3 ABYX,
puveM KBapKa M aHTHKBapKa.

OHU TIpe/IIIoJIarasim, 9To IPOTOH MMeeT Takyio cTpyKTypy: p = {uud}, 3apsang Q = 1,
HapuonHbIii 3apsan B = 1, usocnun [, = % Heitrpon: n = {udd}, Q=0, I, = —%.

7t = {ud} .
K* = {u,s}.
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[Tocie pa3BuTHud 3TOH TEOPUU FKCHEPUMEHTATOPHI CTAJIN UCKATH YACTUILY C HEIETbIM
crimaoM. Hampumep, menanu, ¢ momompio omnbiTa Mummkena. Ho TodHOCTb, ¢ KOTOPOIA
JieJIa I SKCIIEPUMEHTHI, He COOTBeTCTBOBaJsIa HyxKHO#. Ho kBapkm Tak m He Hamumm. To
€CcTh CBOOOJHBIX KBapKOB He cyinecTtByeT. OHE He BBLIETAIOT U3 IIPOTOHA, IOTOMY UTO
€CTb IJIEHEHEe KBapPKOB.

Ecrs wactuna: AT = {uuu}, #Ho no npununy Ilayim nse ojuHAKOBbIE YaCTHUIBI HE
MOT'YT HaXOJUThCA B OJJHOM M TOM Ke Mecte. [losToMy BBesM elne 0JHO KBaHTOBOE YHC-
Jo — 1BeT KBapka. OH MoKeT ObITh CUHUIT, KpacHbIi, »ke/1Thiil. Hayka, paccmaTpuBatoriast
KBapKOBbIe 00pa30BaHUs, HA3BIBACTCS KBAHTOBON XPOMOIUHAMUKOIM.

[Touemy ke KBapKu He CYIIECTBYIOT B cBOOOmHOM Buue! Ecim ecTb OIuH KBapK u
JIPYTOif, MBI HHKAaK HE MOYKEM BBIBECTH HMX B CBODOJHOE cocTodgHue. BBOJIUTCA KBapK-
KBApKOBBII ITOTEHITHA.

Vb(r)zg—l—br.

[pu r ~ 107 cm V,, = 1 I'sB;
mpu 7 =~ 107'2 em V,, = 10 T'sB.

Puc. 13.5.

[Tonpobyem pazbemHUTH KBapKu. Bo3zbMmeMm HeHTpoH. B HeM KBapKu CBA3aHbI. Te-
nepb yaaJuM ojuH d-kBapkK. Korjma mbl OyjieM pacTdaruBaTh, TO POJIUTCS Tapa «KBapK-
aHTUKBapK». I Torna d-kBapk BepHETCS B HEHTPOH, a JApyrue JaBa 0O0pasyioT MUOH.

Puc. 13.6.

KBapk-KBapKOBBIil TOTEHITHAJ Y/IAJI0CH TOJTYIUTh C TIOMOIIBIO UCCIe0OBAHUS IapMO-
aust {cé} u Gorommonnust {bb}.

Cy1ecTBYIOT JBa 9KCIIEPUMEHTAIBHBIX (haKTa, KOTOPbIE MOT'YT OBITH 00bSICHEHBI TOJIb-
KO C IIOMOIIBIO KBapKa.

Omua 13 HEX — 3T0 00bsICHEHNE MArHUTHBIX MOMEHTOB HYKJIOHOB.

Y HeHdTpaJbHOI Y9acTHUIBI HE MOXKET OBITh MarHUTHOTO MomeHTa. CIHMH eCTh, HO TO-
ka HeT. Korja ke crajii M3MepsATb MArHUTHBIE MOMEHT HEHTPOHA, OKA3aJ0Ch: [, =
—1,91p,5; A nporona — fi, = 2, T9piup.

C TouKM 3peHHs KBApPKOBOI'O PACCMOTPEHHUsI, HAJI0 B3dATh OTHACJIbHbIE KBAPKH U CJIO-
JKATh UX MarHUTHBbIE MOMEHTHI.
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Kax omucars B3anmosieiicTBie HyKJIOHOB?
Bosbmem j1Ba B3ammogeiictus. [lepsoe:

p(uud) + p(uud) = 3 * 3 = 9 BAPUAHTOB CTOJIKHOBEHUI,

T. K.
Ouwu = Oud = odd .
Bropoe: 3
7t (ud) + p(uud) = 3 * 2 = 6 BApUAHTOB CTOJKHOBEHMIL.
Torma:
Opp 3
Onp 2

9TO OTJINYHO HOATBEPKIAeTCd.
Bce kBapku 3KcIiepuMeHTAIBLHO HANJIEHBI Ha YCKOPUTEISIX, a8 UX MAaCChl U3MEPEHDI.
CaMmbIM TTOC/IETHUM OBLTT OOHApY?KeH t-KBapK, HO TEOPETUKN BCETJa CAUTAJIU, ITO OH
€CTb.

Tabsmma 13.3. JlenTonuble TAPBI

Ve vy vy

Tabnuma 13.4. KBapkoBble mapbl

u c t

d S b

CI/IMMeTpI/IH 3aKJII049aceTCd BOT B 4YEM:

Tabauma 13.5.

Q AQ
U, vy, [ 0
e I T -1 -1
Q AQ
u ¢ t %
d S b —% -1

Hyxk/toHbI COCTOAT TOJBKO U3 u-KBAPKOB U d-KBAPKOB. DTO HAIl COBPEMEHHBIN MUD.
Takxke, Kak u e, V.

u 1 d — 9TO mepBoe MoKoJeHe KBapKoB. CHadasa ObLIO TPeThe MOKOJIeHne, KOTOPOe
3aTeM, MpeodpPa3oBaJIOCh BO BTOPOe, & OHO — B mepBoe. [Ipu aToM He coxpaHdAoTcsa KBaH-
TOBbIe dncja. A B HGera-pacuajie He COXpaHSIeTCs YeTHOCTh. B c/1abbix B3anMOIeHCTBUSIX
OHa HE COXPaHSAeTCs.
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DxcnepuMenT By OBLT CIeIyIOMIM: BUTOK ¢ TOKOM, BHYTpH paaroakTusHoe 1po % Co.
[Tox neficTBreM TIOJIsT CIIMHBI BBICTPOSITCS. Torjaa JA0/KHA OBITH IOJHAA CUMMETPHUS OT-
HOCHUTEJIbHO TIocKocTu. Ho oKazajioch, 9TO B OJHY CTOPOHY HJET OOJIbINE YACTHUIl, a B
JAPYTYIO MEHBIIIE.

Ha ocroBanum 3Toro ObLIO CAEIAHO IPEIIIOJI0KEHHEe O CYIIeCTBOBAHUU CJIa0OTO M30-
CIIMHA.

Bce 310 onmcanne — B pamrax CTaHIapTHOW MOJIE/IN.
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