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JIEKIINS 16

HepI/IO,Z[I/I‘-IeCKaﬂ CUCTEMa XMMHNYECKUX 3JIeMEHTOB

[Ipexke yem paccMaTpuBaTh MEPUOTUIECKYIO CUCTEMY JIEMEHTOB, OCTAHOBUMCS €IIle
pa3 Ha HEKOTOPBIX OCOOECHHOCTAX aTOMa BOJOPOJIa M BOIOPOIONOA00HBIX aToMoB. Ha mpo-
ILIOH JIEKINK OBLIIO TIOKA3aHO, YTO BOJIHOBasI (PYHKIIIS BOJIOPOJIONIOI00HOI0 aTOMa MOYXKET
OBITH TIPEJICTABJICHA B CJIEYIOIIEM BHJIE:

\Ij(ra 97 90) = R(T)Yi,m(ga (p),

rje R(r) — pajuasbHasi 9acTh BOJIHOBON (yHKIIK

Y, m (0, ) — yrioBas gacTh BOJIHOBOII yHKINN, XapaKT€PU3YIOIIasl yIIOBOE PACIIPe-
JIeJIEHUe IS 3aJ1a91 JBYX TeJI B JIIOOOM IEHTPAJILHOM IIOTEHIIAAJIE.

PajnanibHyo BOJTHOBYIO (DYHKIHIO YI00OHO IIPEJCTaBUTh C IIOMOIIBIO Oe3pa3MepHbIX
mapaMeTpoB. XapaKTepHas aTOMHAasl JJINHA, J1JIsI BOJIOPOI0IOI00HOI0 ATOMA OIPEIETISIeTC S
CJIEJTYIOIIUM 0Opa30M:

h2
o = —F——=
uze?’
U, CJIeJI0BATEIBLHO, IIEPBBIil Oe3pa3MepHbIil TapaMeTp ONPEIE/IAeTCA CISIYIONIM 00pa3oM
r
p=—. (16.1)
To

XapaKTepHaﬂ QHEPreTuYeCKad €IMHUIla PaBHa

(Ze*)?
L TR

[IO3TOMY SHEPTHS IIPEJICTABJISIETCS C IIOMOIIBIO CJIEIYIONEro 0e3pa3MepHoro mapamMmerpa:

€
E== (16.2)
€0
B ob6oznauenusx (16.1), (16.2) pagmanbHas 9acThb BOJHOBOI (DYHKIHN BOIOPO/IOIO-
TO0OHOTO aToMa MMEeT BU:
1 -2 2p
R(p) = Np'e™n § { —nn2l+2 -],
rime N — HOPMUPOBOYHBIN KOIDDUITHEHT.
Bripox ennas runepreomerpudeckasd QyHKINS IPEICTABISIETCS CTEHEHHBIM PSJIOM:

« ala+1)
Sla,v,2) =1+ —z+ o z
0" 2l (v + 1)
IIpu 1e/1I0M OTPUIATEILHOM 3HAYEHUU (v 3TOT PsJi ABJIAETCs KOHEYHBIM, YTO, B CBOIO
O‘Iepe,ZLb, ABJIAETCA yCJIOBI/IeM HOJIy‘{eHI/IH CBA3aHHBIX COCTOHHI/HU/I B HOTeHHHaﬂbHOf/I gaMe.
OcobGeHHOCTh YPOBHEIl SHEPIUU aTOMA, BOJIOPO/IA 3aK/IH0UACTCS B TOM, YTO CYIIECTBYET
BBLIPOZKJICHHE: OJIMHAKOBBIC YPOBHH SHEPIMU MOTYT IOJIY9aThCs IPU PA3HBIX KBAHTOBBIX
ynciaax. IloTennuantbaas SHEPrus J1Jis BOJOPOIONOI00HOI0 aTOMa, B KYJIOHOBCKOM HOTEH-
IuaJie UMeeT BUJI:

Zer  RA(l+1)
+ .

Vip = —
o r 2412
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ﬂeKHI/IH 16. HepI/IO,ILI/I‘{eCKaH CUCTEMa XMMHNYCCKUX IJIEMEHTOB

[Tpu
[=0

9 beKTUBHBII TOTEHITIAT B TOYHOCTU PaBeH KYJIOHOBCKOMY. Br1 9TOro morennuaia mpe-
cTaBJjieH Ha pucyHke 16.1.

[Ipu BO3HUKHOBEHUU OPOUTATIHLHOTO MOMEHTa BHJ 3(PMEKTUBHOTO MOTEHIUAJIA CYIIIe-
cTBeHHO MeHgeTcd. Hampumep, npu

=1

9 beKTUBHBIN TOTEHIINAT TPEJICTaBIeH Ha PUCYHKe 16.2: Mpyu MaJIbIX 7" TIOTEHINA PEe3KO
[a/1a€T, & IPU OOJIBIINX 7 — PACTET K HYJIIO.
ITpu
=2

B 9(MEKTUBHOIO IIOTEHIMAA IOX0XK Ha HPEJIBLIYIIHA, OJHAKO, MEHAMYM Oy/eT Ha-
6mro1aThCst TIPH OOJTbIeM (MEHBINEM IO MOJIYJIO) 3HadYeHuu sHeprun (cM. puc. 16.3).

VA 1=0, s-cocTosinue VA VA
& & 2
n=3y n=3y \ /9 n3---'\vﬁ
n=2 =2t~
n=1 [=1, p-cocrosinue [=2, d-cocrosinue
Puc. 16.1. Puc. 16.2. Puc. 16.3.

Hwxkunit ypoBeHb sHEpruu Nnpu HYJIEBOM 3HAYEHUU MOMEHTa KOJMUYeCTBa JIBUZKEHUS
npejicraBjieH Ha pucynke 16.1. Obo3HaunM BeJUIUHy

n=n,+101+1,

rae n, — HOMED YPOBHA B Ka}K,ZLOIU/I 13 IIOTeHIaJIbHBIX M.
Cocrognue n = 1 MoxkeT JOCTUI'aThCA TOJIBKO B TOM CJiydae, KOI'Zla

=0, n.=0.

Cocrosinue n = 2 AOCTUTAETCS B JIBYX CIydasIxK:

[=0, n.=1
n=2 =
=1, n,=0
[IprYeM COCTOsiHME C M, = 1 — TepBbIil BO30Y:K/IEHHBIH ypoBeHb Ha puc 16.1, a ypo-

Berb n = 2,l = 1,n, = 0 — B TOYHOCTH COBIIQJIACT C HIKHUM ypPOBHEM Ha pucyHke 16.2.
[Ipu [ = 1 npoekiust m HNpUHAMAET TPHU 3HAYCHUS:

m=—1,0,1,

[I09TOMY HUXKHUII YPOBeHb Ha puUcyHKe 16.2 nMmeeT KpaTHOCTb BBIPOXKJIEHUS 3, C YUETOM
CIIMHA 9TOT YPOBEHb OKA3bIBAETCS BBIPOK/JIEH IMECTUKPATHO.
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ﬂeKHHH 16. HepI/IO,ILI/I‘{eCKaH CUCTEMa XMMHNYCCKUX IJIEMEHTOB

[Ipu n = 3 BOBMOXKHBI CJIETYIONINE COCTOTHUS:

=0, n,=2
n=3 = =1, n,=
=2, n.=0

CneioBareibHO, YPOBEHb N = 3 OyJeT HaOJIOIaThCsd Ha BCeX Tpex pucyHkax 16.1—
16.3, npuuem Ha pucynke 16.3 oH OyIeT ABIATHCA HUKHUM yYPOBHEM.
CocrosiHnst ¢ pa3HbIM [ B CIIEKTPOCKOITHMH HOCAT OCOObIe HA3BAHUS:

=0 — s-cocrodgHue
=1 — p-cocrosiHme
=2 — d-cocroguue

=3 — f-cocrogume
Bosspammasich Ha3a1, XOTeJI0Ch ObI OTMETUTH CJICYIONINNI HHTEPEeCHBIH (hakT: npu
(=0

MOMEHT KOJIMYEeCTBa JABU2KCHHNA paBEH HYJIIO.
B kimaccmueckoit MexXaHUKe eCIn JacTUIa BpalllaeTCAd BOKPYT IIPUTATUBAIONIETO IEHTPAa,
TO €ee Op6I/ITaJII>HI>II71 MOMEHT HE MOXKET OBITh PpaBeH HYJIIO.
B kBaHTOBOIT MEXaHUKE JIETKO IIOHATD, II0YEMY B CJjiy4dae =0 9JIEKTPOH HE IIaJaeT Ha
AP0, BOCIIOJIb30BABIIMCH COOTHOIICHUEM HeOHpe,ILeﬂeHHOCTefI.
FaMI/IJIbTOHI/IaH JaCTUIbl B HEHTPaJIbHOM IIOJIEe UMeeT CJIG,ZLYIOH_I‘I/IIZ' B!
]32 262

H=-—" =
2m r

Breibpas HekoTOpyIO MUpUHY makera Ar, MOJIyIuM
h
Ap ~ — ~ Ap.
p Ar p p

CpeﬂHee SHa4YCHUE 'aMUJIbTOHMAaHa B 9TOM CJIydae T/
OKazKeTCsd paBHBIM. H

>

h? Ze?

H> -
2u(Ar)?2  Ar’

(16.3)

Ar

BHU/I KOTOPOTO TIpejcTaB/eH Ha pucyHke 16.4.
Munumym 3T0#t PyHKIUU OyIeT JOCTUTATHCS ITIPU

r=To,

TO eCThb Ha PACCTOSTHUHU, PABHOM XapPaKTEePHOMY aTOM-
HOMY pasMepy.
YacTuma He MOXKeT yIacTbh Ha IEHTP, IMOCKOJbKY MpHU HPHUOJMKEHUN K IEHTPY ee
«KUHeTH4IecKas sHeprusi» (meppoe ciaaraemoe B (16.3)) crpemurcst K 6€CKOHETHOCTH.
Taxum obpa3oM, ogHa 13 0OCOOEHHOCTEH KBAaHTOBOI MEXaHUKHU 3aK/IF0UAETCA B TOM, UTO
JABHU2KEHNE BOKPYT IIPUTATUBaAIOIIETIO HEHTPa BOSMOXKHO C HYJICBBIM Op6I/ITa.HbHI)IM MOMEH-

Puc. 16.4.

TOM.
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ﬂeKHHH 16. HepI/IO,ILI/I‘{eCKaH CUCTEMa XMMHNYCCKUX IJIEMEHTOB

Paccmorpum criektp aroma Bogoposa. Ilo ocu y n s pld| f |y
OyJeM OTKIIQIBIBATD YHEPIUIO, & 110 OCH T — PasIud- .~
Hble 3HaY€Hns MOMEHTOB (cM. puc. 16.5). n==6
g ynobcTBa ypoBHEM sHEpruu Ha pucynke 16.5 np—=2>5
Oy/ieM mM300pakaTb He B MaciiTabe, IOCKOJIbKY, Ha ) 9
CaMOM JieJie, IepBbIil YPOBEHb dHEPIuy Ipu 7
=0 n=3 5

OTIMYaeTCA OT HUKHETO B YeThIPe pa3a: €ro SHEPrud 9
10 MOYJTIO B 4 pa3a MeHbIIIe.

KparHocTh BBIpOXKJIeHHS YypOBHeil obO3HaYeHA
10, COOTBETCTBYIOIINMEI HUXKHIUMHU YPOBHSAME Ha, PU-
cyuke 16.5. Hampumep, KpaTHOCTb BBIPOXKJIEHUS S-
ypoBHs paBHa 1, p-ypoBHA — 3. KparHOoCTb BBIPOK-
JleHnsi d-ypoBHsI paBHa MATH, f-ypPOBHS — CEeMHU, W Puc. 16.5.

TakK JaJee.

AHamm3 crekTpa aroMa BOIAOpO/Ia IIO3BOJISET I10- P d f1lg
uath Tabsmiy Menjesreesa.

[Ipemotoxkum, 9TO B aTOME HE CyIIeCTBYeT B3au-
MOJICHCTBHS 9JIEKTPOHOB MEXK Ty coboit — Oyjiem ydu-
TBIBATH TOJIbKO B3aMMOJIEHCTBHE 3JIEKTPOHOB C si/I-
poMm. B sTom ciiydae KaxKjgoe M3 B3aMMOJIEHCTBHIL
9JIEKTPOH — PO OYIET TPEJICTABIATH COOOI BOJIOPO-
JIOITOJIOOHBIN aTOM.

CymiecTByer Takyke HpuHIAN 3amperta llaymnm, )
YTBEPZKJIAIONINNA, YTO B KaxKJIOM COCTOAHUU HE MO- I nepuon
JKeT HaXOUThCst OoJiee 0gHOro vj1ekTpona. C yaeTom
CIIMHA, TaKUM 00pa30M, Ha KaXKJIOM YDPOBHE aToMa
BOJIOPO/Ia MOXKET HAXOJIUTHCS JIBA COCTOSTHUSI.

Cocrosinne BOJIOPO/a 3aIlUCHIBAETCA B BHje 1S,
rJe mepBoe Yrca0 0003HadYaeT 3HadeHue n. AToM re- Puc. 16.6.

Jnit 3amMchBaeTcsa B Bujle 152, MOCKOJIbKY B COCTOAHUM 15 HAXOJATCA JIBa 3JIEKTPOHA (CM.
puc. 16.7)

Y aroma Jsintusg Li umeercd OJMH 3JIEKTPOH CBEpPX MEPBON 3aIlOJTHEHHOW O0OOJIOYUKH,
TO €CTBh €ro MOXKHO 3aIncarh Tak: 1522s. Y aroma Gepmiiana Be TaKuX 97€KTPOHOB 1IBA,
IOTOMY €TI0 COCTOAHMe 3alnchiBaeTcs B Buje 1522s% mm, g xpaTrocTH, 252

Arom 6opa B HaxoauTcs B p cCOCTOSHUH, TIO9TOMY €r0 COCTOSHIE MOYKET OBITh 3aIllUCAHO
B caenyiomeM suje: s2p. Cocrognue aToma yriepona C 3ammceiBaeTcs B BUje s2p? U Tak
Jasiee 710 HeOHa, COCTOAHME KOTOPOTo 3alluchiBaeTcd B BHe s2p°.

Takum obpaszom, y aTomMa HEOHA JIBa JIEKTPOHA HAXOJSITCS HA S YPOBHE U IMECTH —
B p-000JI0YKe, UMeoIell, KaKk OBbLJIO IMOKa3aHO paHee, KPATHOCTH BBIPOXKJICHUSA PABHYIO
mectu. CrreioBaTe/ibHO, y aTomMa HeoHa Ne p-000/109Ka 3aI0/THEHA.

DTOMY COOTBETCTBYIOT § U P-COCTOstHUsI Ipu 1. = 2 Ha pucyHke 16.6 (I mepuos rabiuiist
Memnieseena).

IIpu n = 3 Bropomy nepuoiy Tabauinbl MeHjereeBa COOTBETCTBYIOT § U P-COCTOSTHUS
npu n = 3 Ha pucynke 16.6 (II nepuon tabauier Menesneesa).
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HGKHHH 16. HepI/IO,ILI/I‘{eCKaH CUCTEMa XMMHNYCCKUX IJIEMEHTOB

23 24 2110 216

sp | &p*| &p’ | p' | Sp° | &p
n=1 H He | 2
n=2| Li | Be| B|C | NJ| O] F |Nel| 8
n=3|Na|Mg| Al | Si| P | S |CI| Ar| 8

3d 060JI0YKa — IPYIIa XKeje3a,

4 K Ca// Sc, Ti, V, Cr, Mn, Fe, Co, Ni 18

CuiZn|Ga| Gel| As | Se | Br | Kr

4d 060109Ka — TPYIIa ATV

Rb | Sr ]y 7Zr Nb, Mo, Tc, Ru, Rh, Pd
/

n=>5 /

Ag i Cd| In | Sn | Sb| Te | J | Xe

5d 000JI09Ka — TPYyNIa MJIATAHbI
Cs | Ba | 4f

_ ) Hf Ta, W, Re, Os, Ir, Pt
n—>06 Y 39
Aui{ Hg| T1 | Pb | Bi | Po | At | Rn

18

Puc. 16.7. HepHOﬂH‘IGCKaﬂ cucreMa XuMHNYEeCKHUX JJIEMEHTOB

Kazasoch Ob1, 3d cocTostHIE TaKKe JOJIZKHO OBITH 3a1to/iHeH0. OHAKO, YIUThIBas B3a-
UMOJIEHCTBUE JIEKTPOHOB MEXKY CO00ii, B d-COCTOSIHUU BOJIU3M si/ipa pauajibHasi YaCTh
BOJIHOBO{ (DYHKIINH BejeT cebs Kak 7.

Ecim [ = 2, T0o pajuaibHasg 9acTh BOJHOBOM (byHKIMH BOJIM3HU Hy/Id BejeT cebs Kak 172,
Ecmm ke [ = 0, To pajmajbHas BoJIHOBast (DYHKIMS HE 0OpaIaeTcsd B HOJb IIPH MaJIbIX
PACCTOSHHUAX OT SIIPA.

CiietoBaresibHO, ciiefyroniee 4S-CoOCTOSTHUE HAXOAUTCsT OJINKe K JIpy ([IPUTSITUBAETCsT
CUJIbHEE), U, CJIeJIOBATEJIbHO, OKA3bIBAETCS HUYKE 110 SHEPIUU.

[TosToMy 3arosiHenue ypoBHEH HIAET CJAETYIONIUM 00pa30M: cHAYa/a 3aIloJTHIACTCH S-
obosiouka ypoBHs n = 4, 3aTeM d-000/I09Ka YPOBHA N = 3, U TOJBKO IIOCJIE TOrO p-
obosiouka yposas n = 4, uro coorBercrByer III mepuosy rabiumpr Menjeneesa (cM.
puc. 16.6).

Taxum obpazom, nocse kajius K u kanbiusg Ca ¢ COCTOSHUSIMU, COOTBETCTBEHHO, 45
u 452, cragasa 3anomHsgeTca 3d-060I09Ka — IPyIIIa, JKejle3a. Bcero B 3Toil rpyIme

5 -2 = 10 s1eMenToB.

DJIEMEHTBI 3TOU I'PYNIBI UMEIOT CXOJIHbIE XUMHYECKNe CBOMCTBA, MOCKOIbKY XUMUIe-
CKHe CBOICTBa OJMHAKOBBI, KOIJIA TIOXOXKK BHEINIHUE 3JIEKTPOHHbIE 000I0UKN.

B nepBy1o n BTopyIio rpyImiLy cjeyIomiero psjia nmonagaoT Meab Cu u uHK Z1, a 3aTeM
pacIoIararoTCs MeCTh JIEMEHTOB, Y KOTOPBIX 3amoiiHsgercsa 4p-ypoenb: Ga (rasmmit), Ge
(repmanmnii), As (acrar), Se (cemen), Br (6pom) n Kr (kpumron).

[Ipu n = 5 Ha ypoBHe cHOBa Oy/IyT MPHUCYTCTBOBATHL 18 3/IEMEHTOB, COOTBETCTBYIOITUX
3aroIHeHuIo Hs, 4d u 5p nomyposueit, coorsercTByomux [V nepuosay tadaursr Menese-
eBa.

O/ inH U3 971eMEeHTOB 9TOro Iepuoga — pyTeHuii Ru Obu1 Brepsbie oTKpbIT B Kaszanu u
Ha3BaH B Y€CTh JIATUHCKOTO HasBaHus Poccum.
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Basepraercs 4d-obomoura cepedbpom Ag m kagmumem Cd. B ocmoBHOit Hp-obosiouke
OIATH PACIIOJIOZKEHO MIECTh djieMeHTOB — In (mnumit), Sn (os0Bo) , Sb (cypbma), Te (res-
ayp), I (itox) u Xe (kcemnomn).

B crenyromem nepuoge, mpu n = 6, OyAyT 3a0JHATHCS HocjaegoBaTeabHo 6s, 4f, bd
u 6p nomyposuu (V nepuosn Ha pucyake 16.6). Hamomuanm, 410 B f-0605101UKe MOKET CO-
JiepKaThea ne 6osiee 14 3/1€KTPOHOB, KOTOPDIE B cirydae 4f 060/09Ki 06pa3yioT IrpyIiry
PEJIKO3eMEeTbHBIX 9JIEMEHTOB.

Takum obpaszom, nociie nesus Cs u bapus Ba pacnosiaraercst 9eTbIpHa/IIaTh PEIKO3E-
MEJIbHBIX 9JIEMEHTOB (JIAHTAHOUIOB), a mocje HUX — 10 3JIeMEeHTOB IPYIIIIbI [LJIATHHBIL.

[Tocsie 9TOTO HE3AMOJHEHHBIM OCTAETCS TOJBKO 6p-000I09KA, TTOCTETHUM JIEMEHTOM
KOTOpOIi siBJisieTcst pasiod Rn. Takum o6pas3oM, BCEro B IMECTOM MEPHOJIE PACIIOIAraeTCst

24+2-7+10+ 6 = 32 ajemenTa.

Crenyromas obonouka npu n = 7 (VI nepuos tabmauier Mengeneesa (M. puc. 16.7))
3AIIOJIHAETCS AHAJIOTUYHO MSTOMY IIEpUOJly — CHadaJia 3arnoaagercd 7S, 5f, 6d u ToabKo
3aTeM — 7p oboJiouKa. Takum 0Opa3oM, YUCJIO SJIEMEHTOB B 9TOM I€PUOJIe PABHO 32, Kak
U B IPOIILJIOM II€PUO/IE.

Taxum obpazoM, MOC/IEIHUI 3JIEMEHTBI B 3TOM II€pHOJIE UMeeT aTOMHBIH Homep 118.
DToT 371eMeHT ObLT cuHTE3UpPOBaH B /IyOHE, TO ecTh ceibMmoit iepuosy Tabsmibl MenereeBa
ITOJTHOCTBIO 3amostHeH. HekoTopbie smeMenTsl, Harpumep ayonuit Db, dureposuit F1 66111
cunTe3npoBanbl B [lyOne.

Nrak, mpocToe paccMoTpeHne aToMa BOJIOPOIa TO3BOJISET IMOHATH BCIO IEPUOIUIECKYTO
CUCTEMY XNUMHNYICCKUX IJIEMEHTOB.

PaccmoTpuM Temneph OTIEIBHBIE COCTOSIHUSI, MPEXKIE BCEIO — OCHOBHOE COCTOSTHUE.
Ncexomsa n3 KBAHTOBBIX YUCET, BOJTHOBas (DYHKINS aTOMa BOJI0OPO/Ia OOBITHO 0003HAYAETCS
CJICJTYIOIIUM 0Opa30M:

U =U,m, (16.4)

rJe 1 — IJIABHOE KBAHTOBOE HHC/JIO.

Ecim 661 paccMarpuBasioch He KYJIOHOBCKOE IIEHTpaJIbHOE TI0JIe, a JII000oe JIpyroe, TO
€CTECTBEHHO 6BIJIO 6[)1 CUUTaThb, YTO IHEPIusdA 3aBUCEJIa 6bI OT paJuaJibHOI'O KBaHTOBOI'O
YUCJIa U BEJIMYUHBI OPOUTAIHLHOTO MOMEHTA':

E=F,.,.

3aBUCHMOCTHU SHEPTUH OT 1M He HabJII0IaeTCsd, TOCKOIbKY IeHTPAJIBHOE 1ToJIe 00/1a1aeT
cepuvecKoit cuMMeTpueit.
[TockosibKy B aToMe BOJIOPOJia SHEPIUsl OIPEJIEIAeTC TJIABHBIM KBaAHTOBBIM UHCJIOM,
a He paJuaJibHbIM
n=n,+10+1,

TO 00603HAUEHNS BBOJATCS MMEHHO KaK B BhIpaykeHnu (16.4).
PaccmoTrpum HIzKHee cocTodHme ¢ BOIHOBOM dynkmueit Wi oo KoTopas olpeesdercs
CJIEJIYIOIIIM 00pa3oM:
\:[117070 =ce ",
Hopmupys 3Ty BOJTHOBYIO (DYHKITHIO, TIOJTYIUM:

o0

|c|2/e_2pp2 dp - 4m = 1. (16.5)
0
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[Tosre3HO 3aIIOMHUTE CJIEIYIONINI IPUEM, U3BECTHBIN U3 Kypca MaTeMaTUIeCKOTO aHa-
qmza. MHorue mHTErpaJsibl JIerKO BBIMUC/ISAT, MMOIb3ysACh raMma-dynkimeit 1.
[To onpenenennio, ramMma QYHKIUS OIPEIEIAETCS CJIELYIONUM 00Pa30M:

I'(z) = /e‘tt”‘_1 dt,
0

puyem
L(z+1) =zl z € L.

[Tpusesem unrerpan (16.5) k I-dyukuuu. Beegsa obo3navuenune

2p =t,
BBIYHCJIUM 9TOT UHTEIPAL:
2 —2p 2 2 o Ly T2 2
le|” | e “Pp*dp -4 = 4dx|c|® [ e -gt dt:§|c| 2l =7|e)* = 1.
0 0

CJIG,ILOB&TGJH)HO, BOJIHOBad (byHKHI/IH, oTBe€4Yatolasd OCHOBHOMY COCTOAHUIO, UMEECT CJIe-

JYIOIIIA BUJ;
1
‘11170,0 = —e_”.

N3

N |2 emm——
WlOO Pde ~‘\\
/, sl N
et s \\
4
i / NEN,
7/ \
l’ II r v\
\
I 1 v
[ ] \
1
11 'V
1 1
o ]
\
v Z I
[ ]
L 7
LY ¢ 1
~ LY VA
\ \ 7/ /
,,r- NN, ’ /
AN s
AN ~ /’, Vi
\\\ ‘~_____—’ ”/
~.~--—--"’
Puc. 16.8. Puc. 16.9.

[Tosb3ysich pasMepHbIME (HE TPUBEJIEHHBIME) KOOPIUHATAMHE, MOJIYIUM CJIEyOIIuii
BHJI BOJTHOBO (DYHKIIMKA OCHOBHOI'O COCTOSTHHSI:

1 h?
a= )
Ta’ ’ nZze?

Vio0 =

BaBUCHMOCTD IIOTHOCTH BeposTHocTH | W) 0% OT paccTosnus 7 NpejcTaBIeHa Ha PH-

cyuke 16.8. BprauciamM BepOSITHOCTH OOHAPYKHUTH SJEKTPOH HA PACCTOSHUU T OT $/Ipa
(cm. pue. 16.9).
DTa BEPOATHOCTD OIPEIEIACTCH CJIELYIONIM COOTHOIIEHIEM:

dW = |U|* - 47r? dr.
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[IoTHOCTE BEpOSTHOCTH 7)(T) B 9TOM CJIydae OKa3bIBAETCS IPOIOPIHOHAIBHOI CIIe/Iy-
IOIIEMY BBIPazKEeHUIO:

n(r) ~ e 52,

", CJIeJIOBATEIHHO,

dW = n(r)dr.

Besnmuanna 7)(r) npu MajblX pacCTOSHUSIX PACTET Y
kak r2 (yuacrok I ma pucynke 16.10), a npu 60/b- n(r)
IMUX — SKCIIOHEHINAIBLHO TaJIaeT, YeEMY COOTBETCTBY-
et yudactok II ma pucynke 16.10.

CiiesioBaTeIbHO, B HEKOTOPOI TOYKE MEXK/Iy ITHU-
mMu obsactamu  DYHKIWs 7)(r) TPUHAMAET MaKCH-
MaJibHOe 3HadeHnme. lIpoaunddepennuposas I1LI0T- I 11
HOCTBH BEPOSITHOCTH, TIOJIYIUM:

~

rmax

_or 2\ o _or o 2r
« + | ——|re e =re o |2 - —

a a Puc. 16.10.

CrenosaresbHo, GyHKIus 7(r) IPUHAMAET MaKCUMAaJbHOE 3HAYUCHHE B TOUKE, TJE ee
IIPOU3BO/IHAS PaBHA HYJIIO:

nr)=0 = Tnwe=a

Taxum 0Opa3oM, BEPOSTHOCTH BCTPETUTDH 3JIEKTPOH Ha, PACCTOSHUN IMOPSAIKA Xapak-
TEPHOTO pa3Mepa a — HanOOJIbINAL.

Bruipokienne ypoBHeil sHeprum, KOTOPOe UMEET MECTO JIJId BOJOPO/Ia, WHOTJA HA3bI-
BaeTCsd CJIyYailHbIM BBIpOXKIeHHEM. B JIeficTBUTEIbHOCTH, OHO HE CJIyYailHO U CBSI3aHO C
OIIpeIeJIEHHON cMMeTpHreil KyJJOHOBCKOIO B3aNMOIeHCTBIs, YTO ObLI0 ToKa3aHo B.A. ®o-
KOM. DTO BBIPOKJICHHE IIPUBOJUT K HEKOTOPBIM (DU3UIECKUAM CJIEICTBUSM.

YrioBas 9acTh BOJHOBON (byHKIUH Y], (0, ©) MMeeT OIpeesleHHyI0 YeTHOCTh, KOTO-
past OlpeJIeIsgeTCs CASIYIONUM COOTHOIEHUEM:

C=(-1)"

Panee roBopmiioch, 9To onepaTopbl MOMeEHTa KOJIU4e-
CTBa JBUKCHUS U UHBEPCUU KOMMYTHUPYIOT MEXKTY COOOI,
II09TOMY COCTOsIHHE C OIPeJIeJIEHHBIM MOMEHTOM KOJIIve-
CTBa JIBUKCHUS JOJIZKHO UMEThb HEKOTOPYIO YETHOCTDL. Y T-
JIOBas 9aCTh BOJIHOBOH (DYHKITMH MMeeT CJIeYIOIINA BU/I:

g

Yy ~ €7 PI™ (cos 6), (16.6)

e Pl‘m‘ — IPUCOEMHEHHbBIN TosinHOM JlexkaHapa.

PacemorpuMm JieficTBue onepaTopa MHBEpCUU B cdepu-
Jeckoil cucreme koopgmHat (cMm. puc. 16.11). Ilycrs ectb
HEKOTOPBII pajnyc-BekTop 7. IIpu naBepcun 0THOCHTE b
HO HavaJja KOOPIUHAT

x

Puc. 16.11.

0 —m—10
p—>p+T
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[Ipu Takoit 3amene
eme —y gime . gimm cos — —cosf.
[Ipucoeuuennsrit moguaoM JlexKanpa — MOJUHOM CTEIIEHU
(cos )Iml.
CrenoBaresibHO, BostHOBast yHKIus (16.6) mpumMer coemyromuii BT

UHB __ eimﬂ'(_l)l—|m|Y27m _ (_1)m . (_1)l—|m| _ (_1>l+m—\m\.

l,m

[Tockousbky

0, m=0 m—|m|
m— |m| = — 9 m<0 = (-1 = 1.

CureroBaTesbio, oce MPUMEHEHns OllepaTopa NHBEPCUN

MHB __ (_1>lY2,m7

Il,m

TO €CTh ee YeTHOCTD JlelicTBure/bHo pasHa (—1)L.
Ha pucynkax 16.1-16.2 ypoBHU sHepruu mnpu

n =2

COBIQJIAIOT, XOTd Ha pucyHke 16.1 MOMEHT KojM4decTBa JIBUKEHWUHA [ PaABEH HYJIO, a Ha
pucysake 16.2 MOMEHT KOJIMYECTBa JBUKEHNS PaBeH €INHUIIE.

CrietoBaTeIbHO, BOZMOYKHA CYIIEPIIO3UIINASA JIBYX COCTOSTHUN C OJTHON 1 TOI »Ke SHEePIu-
eif. DTO O3HAYAET, IYTO TAKOE COCTOsIHUE He OyJ/IeT MMETh OIPE/IeJICHHOW YeTHOCTH.

[Ipu paccMoTpeHHEM YE€THOCTH OBLIO IMOKA3aHO, YTO €CJIU COCTOSHUE HEBBIPOXKIEHO,
TO YE€THOCTBH 3allpeliaeT CyIecTBOBaHUEe JIUIOJILHOIO MOMeHTa. B ciydae Bo30yKI€HHBIX
YPOBHEH aToMa, BOJOPOIa B Pe3yJIbTaTe CYIEePIIO3UITNI COCTOSTHUN MOYKET BOBHUKHYTH JTHU-
NOJIbHBIIT MOMEHT.

CremoBaTeIbHO, €CJIM ATOM BOJIOPO/Ia HAXOIUTCS B JEKTPOMATrHUTHOM I10J1€, HAIIPaB-
JIEHHOM, HaIlPpUMeED, 110 OCU 2, TO YPOBEHDb 25 W YPOBEHDb 2Py MOT'YT CMENTUBATHLCS

25 4 2py,

rie unjekc () onpesesisieT 3HaUeHNe TPOEKIINI HA OCh 2.

B pesysibrare, Boznukaromuii gunosibabiii MoMment u [ltapkoBckoe paciieruienue Oy-
AyT JAHEHHBI 110 IIOJIIO.

Ecnm ipu paccmoTpenun aroMa B 3JIEKTPOMArHUTHOM TIOJIE CMEIIEHUs COCTOAHUI He
IIPOUCXOJIUT, TO TIOJI BJIMSIHUEM IIOJII B aTOM€ MPOUCXOJIUT CMEIEHUE 3apsijoB, IPOIOpP-
[IMOHAJIBHOE TIOJII0 U, CJIeJ0BATEIbHO, BOSHUKAET JIUTIOJIbHBI MOMEHT ¢ KOTOPBIM, B CBOIO
odepeib, B3aUMOJIEHCTBYET TOJIE.

CrenoBarebHo, 3deKT cMmelnennsi KBaJpaTudeH 10 MOJI0, a B CIydae aToMa BOJIO-
poaa acdhdekr Illrapka —nHEeH 1O IOJIO.

PaccmoTpuMm Tenepnb cocTosinus, KOTJia

n =2,
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TO eCTh BO3MOKHBI cocToanud W o0, Wa 10, Vo 1,1
Bosmmosag dynknusg Wy 1 1 HAXOIUTCA B HUZKHEM COCTOAHIN C OPOUTAIBHBIM MOMEHTOM
€JINHUIIA, TTOITOMY
n=n—[1—-—1=2—-1—-1=0.

CrenpoBaTeIbHO, ¢ TOTHOCTHIO 0 HOPMUPOBKU BOJTHOBas (DYHKIIASA MMEET CJIe Ty oIt
BUI:
] P 2P _p . i
Uyi1~pe 2§ (0, 20 + 2, ?> Yi1=pe 2sinfe”. (16.7)
Yrober 3anucars dynkmuio Wy _j, HCOOXOAMMO M3MEHHATH 3HAK IIPH (¢ B BBIPaXKe-
uuu (16.7):

4
2

‘1’2717_1 ~ p6_ sin fe™"%.

Paccmorpum teneps Buj Bosnosoit dynkimun Wi . Paguanbnas dynkima B aToM
caydae, O9eBUJIHO, HE U3MEHUTCH, MTO3TOMY C TOYHOCTBIO JI0 HOPMUPOBKMU:

14
2

Wy10 ~ pe 2 cosb.

Bosmosaga dynknusa W oo uMeeT ciaemytomuil B

1

1- =
2P

SIS

\112,0,0 ~ 67% S<_17 27 p) ~e

[TockosbKy 9TOi BOJIHOBOI (DYHKIIMKA COOTBETCTBYET BTO- v
poil ypoBeHb B NMOTEHIMAJILHOM siMe ¢ [ = 0, TO, O4eBUIHO,
y BOJHOBOH (yHKIMHM OyIeT CymecTBOBATH OJUH HOJb (CM.
puc. 16.12). T

PaccmoTpuM Ternepb COCTOsIHUS C OY€Hb OOJILINUME 3Ha- Z
geHusgMu n — Pugbeprosekue cocrosinus. [Ipu ovyenn 00J1b- Woog
IIUX 7 SHEPTrUd YPOBHEH MpUO/IMKaeTCsa K HYJIIO U, CJIe0Ba-
TeJIBHO, JIETKO TTOKa3aTh, YTO B 9TOM CJIydae /IJINHA BOJIHBI Jle- n—1
Bpoitna aemxkymieiics 9acTuipl OyaeT CyIeCTBEHHO MeHbIIe
JnramMeTpa opouTsl. B aToMm cirydae JBrzKeHune OyaeT OJIM3KO Puc. 16.12.

K KJIACCHYECKOMY.

CuresroBaTeIbHO, PACCMOTPEB KJIACCUYECKOE JIBUXKEHHE IEHTPAJILHOM II0JIe, MOYKHO

YCTAHOBUTH HEKOTOPYIO CBA3b ¢ KBAHTOBBIMU SBJICHUSMU.

B kaccudeckoM citydae SHEPrus BpAIAONEncs JacTUIIbl IMEET CJIEJIyIONINi BT

72 Ze? L2
R

2 r 212 (16.8)

HOCKOﬂbe pacCcMaTpUBalOTCA CBA3aHHbIE COCTOAHUA, ¥ KOTOPDBIX
E <0,

TO, cJieioBaTesIbHO, B popmylie (16.8) MOKHO 3aMEHUTH

22 2 2
T Ze L
] 5] 2 r 2412
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B stom ciiydae jgBUKeHUE TIpeJICTABIAECT CODOOI AY
sumanc (em. puc. 16.13), B omHoM u3 HOKyCOB Ko-
TOPOTO HAXOJUTCS TEHTPAJILHBIH OTEHIHAN (HAYAIO0
cepuyeckoil cucTeMbl KOOPIUHAT). b

YT100bI BBIYUCIUTE BEJIMUUHBI 7' U T3, IOJIOXKUM ——— a
B dopmyite (16.8) T Ty

7= 0.

B srom ciyuae ypasaenue (16.8) mpumer ciesry-

IO BAJT;

v

L2
2 2 _
|Elr” = Zer+ 57 =0. Puc. 16.13.
D710 ypaBHEHHE MOXKHO 3aIlMCATh CJICLYIONMM 00pA30M, MOJIEJUB JIEBYIO U IIPABYIO
JacTh Ha |E|:
. Zé? n L?
J— _’r‘ —
Bl 20l E]

Pemas 310 KBajipaTHOE OTHOCUTEIHLHO 1" YPABHEHUE, JIETKO HAWTU BEJIUYUHBI 1y U T'y:

0. (16.9)

r

Ze? AT 212 Ze? Z2et 212

= e -
2|E| B ulE| 28]\ LB plE]

B sToM citydae J1Ierko moIyduuTh BEJIUIUHY OOJIBINON TOIYyOCH SJLIUIICA:
7e? N 7Ze?

— a= .

|E] 2|E|

20 =11 +1 = (16.10)

MozKHO 3aMeTHTh, YTO, He pelas KBajpaTHoe ypasHenue (16.9), nymuy 60/bInoii mo-
JIYOCH JLIMIICA JIEFKO HAWTH, MOCKOJIBbKY 110 TeopeMe Buera cymma KopHei KBaIpaTHOTO
ypaBHEHU paBHa ¢ 0OpaTHBIM 3HAKOM KO3(DDUIIMEHTY MIPH 7'

T 1 ( Zeg) Ze?

‘T T2 \UEl) T 2E!

Takum obpazoM, BeJmdIrHA OOJIBIION IIOJYOCH HE 3aBUCHUT OT BEJIUYMHBI MOMEHTA, a
orpe/iesisiercst ToJIbKO sHeprueit. CBoboIHbBI wieH B ypasuenun (16.9), coryiacHo Teopeme
Buera, paBen npoussejennto Kopaeii. [lockoabKy

r = a—Z¢c, To = a+ C,

rjie a — JIuHa OOJIBINON TIOJTYOCH,
¢ — paccrosinue oT IeHTpa 1o dhokyca (cMm. puc. 16.13).
CileioBareIbHO, IPOU3BEICHIE KOPHEi IpUMeT BUJL;:

2 L2

— =0 =—, 16.11
2p| B (16.11)

rre=(a—c)(a+c)=a
rjie b — JUTMHA MaJIoi TIOJIYOCH SJLIUIICA.
st 6osibImx opoUT JBUZKEHUE, TaKUM 06PA30M, OKA3bIBACTCSI MTOUTH KJIACCHIECKOE.
[Momcrasiisst B (16.10) BbIpaykeHnu JijIst yPOBHEH SHEPIUH BOJOPOJIOIIO00HOIO aToMa, TI0-
JIyYUM:
Ze? Ze? R, 9

= = = n- = apgn
2|F| 2%% puze? o

a


http://lectoriy.mipt.ru

http://lectoriy.mipt.ru 12wu3 15

ﬂeKHHH 16. HepI/IO,ILI/I‘{eCKaH CUCTEMa XMMHNYCCKUX IJIEMEHTOB

rae ag — OOPOBCKMUIT pajiumyc.

TakuM 06pas3oM, JJIIHA GOILIION TTOIYOCH SJUIHIICA ITporopionatbia n?. CocToanns
¢ OOJIBITIMU 3HAYEHUSIMU 1, KOTOPhIe BiiepBble Hab ona1 Puabepr, ceitaac HabIIOMAI0TCS
apu

n ~ 200.

TaKI/IM O6pa30M, €CJIn JJIA BO,ILOpO,LLa 60pOBCKI/II7I pa,ZLI/IyC
o -8
ag =0,5-107% e,
TO JJINHa 6OJII>IHOI7I HOJIyOCI/I OKazKeTCA HOpH,ZLKa
a~ 1074 em.

OOGBLIMHO 5T COCTOSHUS He HAOIIOIAIOTCH, IIOCKOILKY B aTMocdepe IIPU OIPE I IeHHOM
JIaBJIEHUU aTOM HE MOXKET «BBIPACTH» JIO MOMOOHBIX cocrosHuit. OaHaKO B paguoarana-
30HE MEPEXOJIbl MEKJLy YPOBHIMU PUIAGEPrOBCKOrO aToMa HabGIIOIAI0TCS B KOCMOCE.

C 1oMOIIBI0 Ma3ePOB MOYKHO N3YYaTh PUIOEPIOBCKIE COCTOSHUS B BaKyyMe. Bemndu-
na b?, cornacro (16.11), onpesensercs cieLyonmM o6pasoM:

hQZ(l—l—l) B

’ 2 2.2

V= e 1~ ey D =i+,
272 n?

[IpeamnosoKuM, 9TO BeJIMINHA OPOUTAIHLHOTO MOMEHTA BEJIUKA:
> 1.

B sTom ciyaae

1 1 1\* 1 1\?
+1)=P+l="P+l+-—--= +-=-] —=-= + - .
W) =F+l=0+1 4 4 (l 2> 4 (l 2)

CrietoBaTeIbHO, BEJTMIHMHA MAJION ITOJIYOCH OTIPEJIE/ISIeTCST CJIETY FOIIIM 00pa30M:

1
b:aon(l+§).

[<n-—1,

HOCKOJIbe Bcerga

TO MaJjasd MoJayoch b Oy/ieT mpuMepHO paBHa OOJIBIIION, KOT/Ia
[=n—1.

[Ipu sToM 3HAYEeHUM OPOUTATLHOTO MOMEHTA SJLIMIIC IMPAKTUYIECKN ITPEBPATUTCI B

OKPYZKHOCTb:
1

a = agn?, b‘ =amn|[n—=].
l=n—1 l=n—1 2

Taxum oOpazom, cocTosHUS C
l=n—-1

Ha3bIBalOTCA KPYI'OBBIMU COCTOAHUAMM.
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[Ipu 3axBaTe 37€KTPOHA MPOTOHOM Ha, BBICOKHE
OpOUTHI TIEPEX0/I MPOUCXOIUT UMEHHO 110 KPYTOBBIM

S
®
S
S
[~
N

cocrostuusM (cM. puc. 16.14). Z:g

n=2>5
ITpumep 16.1. Vcnoib3ys rnmepexo/ibl 10 KPYTOBBIM 9
COCTOSIHUSIM B BOJIOPOJIOTIOOOHBIX aTOMAaX CPEIHUX n=4 7
9JIEMEHTOB, ILJIAHUPOBAJIOCH CO3JaTh PEHTTEHOBCKUIt
nazep. n=3 5

[Ipeanonaramoch, YTO B pe3ysbraTe B3pbIBa
aTOMHOI OOMOBI B 0Opa3oBaBIteiics mra3zme OyIyT 3a- g — 9

XBaTbIBATHCA 3JICKTPOHLI U Ha6IIIO,ILaTI)CH IIepexo/ibl 3
110 KPYTI'OBbIM Op6I/ITaM. /
Iepexon n=1%
3d — 2p
B 9TOM CJIVHa€ MOZKET IIOIIa/IaTh B PEHTI'€HOBCKYIO
y a b Y Puc. 16.14.

00J1aCTh.

PaccmoTpuMm Tenepb pasnmdHble BOJIOPOJIONOI00HBIE aTOMBI. JacTuria

ete”
Ha3bIBaeTCA IIO3UTPOHUI.
Ecnm mo3uTponmit «BiaeTaeTs B BEMIECTBO, TO OT HETO MOXKET OTOPBATHCH JIEKTPOH, UTO
MIPUBEJIET K 0OPA30BAHUIO CBA3AHHOI'O COCTOsIHUA. B 9T0il 3a/1a4e JIByX Tesl MpUBeeHHAs
Macca B JBa pa3a MEHbIIIE MAaCChl 3JIEKTPOHA:

CretoBaTeIbHO, SHEPTUsT CBA3U OKAYKETCsl B JIBA pa3a MEHbINe SHEPTUH CBSI3W aTOMa
BOJIOPOJIA, TO €CTh OyJIeT IPUMEPHO PaBHA

E ~ 6,7 3B.

[To3uTpoHnit MOKeT HaXOJUTHCS B JIBYX COCTOSI-
HUSX — C COHAIPABJIEHHBIME CIHHAMHU (OpPTOIO3H- ']‘ \l, S—0 1
TPOHWIT) M MPOTUBONOJIOXKHO HAIPaBJIEHHbIME (T1a-
panosurponwuit). CocTosHNs ¢ aHTHIAPAJICTLHBIMA ITapamnosuTponuit 1
CIIMHAMU WMEeT MOJIOKUTENbHYI0 C-9eTHOCTh U MO-
JKeT paciaIarbes Ha j1Ba (poTOHA, KaxKIblil U3 KOTO- -
PBIX UMeeT 9Hepruio npumepHo pasuyio 0,5 MsB (. T T S—1 -1
puc. 16.15). OpTomnosuTtponnit -1

B name Bpems yipaercs HaOJ01aTh 3T POTOHBI
B KocMoce. MHO2KeCTBO TTO3UTPOHHBIX MOHOXPOMATHU- Puc. 16.15.

YEeCKHX JIMHUI BOSHUKAET M3-3a TOIO, YTO IIPH B3PbI-

BE CBEPXHOBBIX 3B€3]] BOBHUKAET PaJIMOaKTUBHBIN aJTIOMUHUI ¢ MaJION SHEpPIrueil, KOTOPhIi

UCITyCKAEeT MO3UTPOHBI. BIIOCIEICTBUN 9TH TO3UTPOHBI 3aXBATHIBAIOTCS 3JIEKTPOHAMHU.
OpTOono3UTPOHKIA, B CBOIO OY€pejib, paciajgaeTcss Ha Tpu (POTOHA, OT KOTOPLIX B KOC-

Moce Tak:Ke Habroaercst HeKoTophlil dbou (cm. puc. 16.15).
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[IycTh ecTh /1Ba pi-Me30HA

AT

¢ maccoit mpumepHo B 200 pa3 0oJibIlle Macchl 3JIEKTPOHA!
w = 200m,

U BpeMeHeM KU3HU
7~ 2-10° cek.

BosmozkHO cymmecTBoBanne qacTunbl 4 e”, KoTopas npeacraBigeT coboil MOIeIb IPo-
TOHa, TOCKOJIBKY B JIaJIbHEHIIIEM MIO-ME30Ha PACIaIaeTcs CIEIYIONNM 00pa3oM:

u+—>e+—|—ﬁu+ue,

nprUdeM Hallpab/eHne e yKasbplBaeT Ha HallpaBJIeHne CIIMHA, fT .

B BemiecTBe moBejeHnEe MIOOHMEBBIX ATOMOB IPU HAOJIIOJICHUU yIJIOBOW CHMMETPUU
MOXKET MOKa3aTh, HAIIPUMED, CKOPOCThb PEaKIIUU IPU MPUCOEIUHEHUU MTPOTOHA K TOMY
UJIX UHOMY XUMUYECKOMY COeIUHEHUIO.

C HOMOIIBIO MIOOHHEBBIX ATOMOB MOYKHO M3yYaTh CBEPXIIPOBOISIINE BUXPH — BUXPHU
AbGpukocosa.

B pesymbprare HabIIOMeHNIT 38 MIOOHHEBBIMIA aTOMaMU BO3HUKJA (S R-Teopusi, OCHO-
Baresm Kotopoit — Benoycos FOpuit MuxaitioBud, nmpodnTaBuinii MpOILIYIO JIEKIUIO, 1
€ro Hay4JHbI pyKoBoauTe b mpodeccop Cmuira Boabaemap Ilerposud.

Bostopo1omo100Hb1ii aTOM TaKKe MOXKET MMEeTh BUJ i~ 4. VI3ydast y-KBAHTbBI, BO3HU-
KaIoIe MPH Iepexojiax B aroMax W~ Z, MOXKHO ¢ OOJIbINON TOYHOCTHIO U3MEPHUTH Mac-
Cy U-ME30HA.

PaceMoTpuM aToMbl, COCTOsIININE U3 (1~ -Me30Ha U aTOMa BOJIOPO/Ia (MJIM €ro H30TOIOB )

wp, pod, pt
Pazmep stux aromos npumepno B 200 pa3 MeHbIe pa3Mepa 0OObIYHBIX ATOMOB, TO €CTh
ag(p) ~ 2,5-107 e,

OJIHAKO OHU SBJIAIOTCS HEUTPAIbHBIMMU.

B pesymbrare obpazyroriuiics aToM MOYKET CBOOOJIHO JIBUTATHCS BHYTPH BeIECTBA,
IIPOHUKASA B 000JIOYKU aTOMOB M TPUOJINKAACH K IpyruM sijipam. [Ipu stom nabiomaercs
MHTEpPeCHOe SIBJIEHUe, Ha BO3MOXKHOCTH KOTOpPOTO BiepBble ykKazan 7.B. 3empaoBuda u,
nezapucumo, A.Jl. Caxapos.

[IpencraBum, uTto p~d aroM oKazascd BOIU3U
aroma Bosiopojia (em. puc. 16.16). Korma atom p~d
[TOJIXO/IAT OJIM3KO K ITPOTOHY, OHU O0'bEeTUHSIOTCS, OT-
JlaBasi SHEPTHUIO B BUJIE BBLIETAIONIErO IJIEKTPOHA, B
pe3yabTaTe 9ero oopasyercs MOJIEKYJIAPHBIN MOH

ppd.

[Iporon u JEedTPOH B 3TOM COEJIMHEHUN HAXO/AT-
ca Ha paccrogHum mopanka 107 ca, mosTomy Be-
POSITHOCTH ITPOHUKHOBEHHS Uepe3 Oapbep JI0BOJHHO Puc. 16.16.
BeJIMKA. B 9TOM ciiydae MOYKeT MPOU30UTH CIIeYIoNast PeaKITis:

pud— *He+ pu~,
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ﬂeKHHH 16. HepI/IO,ILI/I‘{eCKaH CUCTEMa XMMHNYCCKUX IJIEMEHTOB

W, HAIIPUMED, CJIe/yIoIast:
ppd— SHe+~v+pu .

B naspneiimneM p-Me30H cHOBa MOT ObI 3aXBaTUTD JIEUTPOH M, CHOBA NMPUOJIU3UBIIUCH
K IIPOTOHY, BbI3BATH I0JIOOHYIO PEAKIIUIO.

C.C. I'epmrreitnom comectno ¢ JI.U. ITonomapeBbim ObL710 00HAPYZKEHO, UTO JIJIS MO-
JEKYJIbl TPUTUA-ME30H-JICATPOH

tpd

BOBHUKAET PE30HAHCHBIN 3 PEKT, B pe3y/IbraTe 4ero mo100HbI 3P dEKT ¢ 3TOI MOJIEKYJIOMH
UMeeT ropas3io OOJIBIINYI0 HHTEHCUBHOCTD, YeM € MOJIEKYJIOH ppud.

Takzke ObLIO OOHAPYZKEHO, YTO B 9TOM CJIy4Yae B BEIIECTBE OJIUH [i-ME30H MOYKET BbI-
3BaTh 0OJIee CTa peaKIuil KaTaan3a:

t+d— *He+n, (16.12)

B PE3YJIbTATE Yero OCBODOKIAETCS [-ME30H JIJIsi HOBBIX PEAKIINI.

DTO MPe/IITOIOKEeHNEe OBLIO TOITBEPZKJIEHO Ha OIBITE: 38 OJHY MUKDPOCEKYHIY ITPOUC-
XOIUJIO DOJIee CTa peakInii. ITO siBJIEHNE MOTJIO Obl PEITUTD MIPOOJIEMY sIIEPHOTO CHHTE3A.

[IycTs s mpousBojcTBa p-mMe30Ha ¢ sueprueit 100 MsB na yckopuresne neobxoamma
sueprus 10 I'sB. B stom cirydae npu Thicdde peakiuii OT KaxKJI0TO j-Me30Ha B KazKI0i
U3 THICIYIN PEAKIUil BO3SHUKAJ ObI OBICTPBINA HEATPOH.

Eciu okpyKuUTh 9Ty cucTeMy ypaHOM HJIH TOPUEM, TO KAXKJIbI OBICTPBII HEHTPOH MOT
OBl BBI3BATH JI€JIEHNE, B PE3y/IbTaTe 9ero 9nuc/i0 HEHTPOHOB yBE/JIMINBAIOCH Obl. Kazkibrit
CUHTE3 JAefiTepuit-TpuTHd MOT' ObI BHI3BATH 00pa30BAHKE IATH aTOMOB ILTyTOHUS, SHEPT U
JiesieHnst KoToporo B peakrope aromuoit ADC cocrasiisier okosio 200 M3B.

CaenoBarebio, Bo3MOxkeH 10—20-KpaTHbBIN BBIUTPBIII 110 SHEPIUU, UTO ITO3BOJIAIO
OBl OCYIIECTB/ISITh CUHTE3 IpU HU3KUX Temieparypax. K coxkasenuio, 31or 3ddekr He
OCYIIECTBUM, TIOCKOJIBKY B Cirydae, ecau peakius (16.12) mpoucxoaur B IPUCYTCTBUN fi-
Me30Ha

p(t+d) — *He +n,

to B npumepno 50% ciydaes p-Me3oH «upuiunaers K ‘He u BLIBOAMTCS U3 peaxIuu,
nockoJibky Hep — meitrpanbaas gacTura.
[Tocnennue nannbie, noxydennbie B IIEPHe, conepxkar nabioaenns 3a aromaMu

He p.

B sTom ciydae 3axBaT MPOUCXOIUT Ha OYEHb BBICOKHE KPYTOBble OPOUTBHI M, ITOCTE-
[IEHHO OIIyCKAasICh, aHTUIIPOTOH P MOYKET CYIIECTBOBATD B BEIIECTBE JOBOJILHO JIJIUTEIHHOE
BpeMmd. V3ydenne 3TUX mepexo/I0B MO3BOJMJIO C BBICOKOW TOYHOCTHIO OINPEJIETUTH Maccy
AHTUIIPOTOHA — OHA OKA3aJIaCh COBITAJIAIONIEN C MACCOI IPOTOHA, YTO U OBLIO IIPEJICKA3AHO
TEOPETUYECK.

[Ipu HabI0/IeHNK B3PBIBa CBEPXHOBO# ObL/IM OOHAPYKEHBI S/Ipa 2KeJ1e3a C OJHUM JIEK-
TPOH — OCTaJbHBIE 27 OBbLIN YIAJIEHBI. DTO MTO3BOJIMIO YTBEPZKIATh, 9TO TEMIIEpATypa IIpu
B3PbIBE CBEPXHOBOI 3BE3/IbI JIOI?KHA OBITH JJOCTATOYHA, YTOOBI BHI3BATH TAKYIO NOHI3AIIIO
aToMa — TO ecThb nopajka 1019 K.
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