CTpoeHue
aTomMa




Tema nekuun: CTpoeHme atoma
INektop — NBaHoB M.I.

Pa3pabotyunk — laHnnosa [.A.



Llenb nekuuu:
N3MNOXEHMEe CTPOEHUA aTOMOB B paMKax
COBPEMEHHON XUMUYECKOUN TEOPUN

KomneteHuuun, popmupyemsbie y CTyaeHTa:

YMeHus:

] nporHo3MpoBaTb HAa OCHOBE MOJSIOXEHNS ANEMEHTOB B
[lepnoanyeckon cMcTeMe, a Takke COBPeEMEHHbIX
npeancrtaBneHn o CTPOEHNN aTOMOB, CBOUCTBaA S-, p-, d-
9NIEMEHTOB.
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OcHoBHbIe onpeaeneHus

ATOM — HanMeHbLLIAasa YacTuLa XMMUYECKOro 3rieMeHTa,
cnocobHas K CaMOCTOATENBLHOMY CYLLECTBOBAHMUIO U
ABMNSAKOLLAACA HOCUTENEM €ro CBOUCTB.

ATOM — cuctema B3aMMOAENCTBYIOLLMX AaNeMeHTaPHbIX
YyacTuu, cocTosiwas U3 agpa, obpasoBaHHOMO NPOTOHAMMU
N HEUTPOHaMW, N INEKTPOHOB. B aape cocpenoTtoyeHa
OCHOBHag mMacca atoma.

Ha3zBanue Macca, K[ | Macca, a.e. | 3apsj, yci. | 3apsan, K
JaCTHIIBI M. el

IIpoToH 1,6726-10%7 | 1,00728 +1 1,6-10°"
Heiitpon 1,6749-10%7 | 1,00867 0 0
OJIEKTPOH 9,109-10°! | 5,468-10* -1 -1,6-10°"

A.e.M. — atoMHasa eanHuua maccbl — 1/12 yactb Maccbl Hanbonee
pacrnpoCcTpaHEeHHOro ECTECTBEHHOIO CTaburbHOro n3oTona
yrnepoga 12C.
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OcHoBHbIe onpeaeneHus

XNMMNYECKUN INIeMEHT — COBOKYMNHOCTb aTOMOB C
OOWHAaKOBbLIM 3apadoM sapa.

A — mMaccoBoe 4Yucrno

A9 Z — 3apsg aapa atoma (YMcno rnpoToOHOB B S4pe),
COOTBETCTBYET NOPAAKOBOMY HOMEPY ANeEMEHTa B
nepuognyeckon cncteme
A=Z+ N, rge N —4yncno HENTPOHOB.

N3oTonbl — aTOMbl C O4MHAKOBbLIM 3apsaoM s4pa, HO
Pa3HbIM MacCOBbIM YMNCIIOM (pa3HOE YMCINO HEUTPOHOB).

B XMMM4eCKOM OTHOLLEHUM U30TOrMbI ABMASAKOTCS
HepasnuunMbiMK atomamu. Hanpumep, >CI, SCI, ICI

WU3o6apbl — aToOMbl C OAMHAKOBLIM MacCOBbLIM YMCIIOM,
HO pasHbiM 3apsgom. Hanpumep, P4r, K, Ca
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Moaenb atoma bopa

[locTtynatbl bopa

1. QNEeKTPOH MOXET BpaLlaTbCa BOKPYr sApa He no nbbiM opoutam,
a TOIbKO MO HEKOTOPbIM KPYroBbiM opbutam. O3Tn opbuTthl
NONyYMnn Ha3BaHMe cTaluoHapHbIX. [1BUrasicb No crauyOHapHOM
opouTe, aNEKTPOH HE U3NyYyaeT aNeKTPOMarHUTHOM 3HEPTUMN.

2. NsanyyeHne npoucxoauTt Npu ckadkoobpas3HOM
nepexoae anekTpoHa C OAHOW CTaLMOHapHOW
opbOuTbl Ha Apyryto. [Npu 3TOM UcnyckaeTcs

UMW NOTMOLLIAETCA KBAHT ANEKTPOMAarHUTHOroO

N3Ny4YeHNs, SHEepPrms KOTOPOro paBHa pPas3HOCTU
9Hepru atoma B KOHEYHOM U UICXOOHOM ni

COCTOSIHUSIX. }

E —E,=hy



Moaenb atoma bopa
[locTonHCTBa Mmoaenu

Bop BbIMMCINT YPOBHU 3HEPTUN ATIEKTPOHA B aTOME BOAOPOAa.

En =-13,6/n2, rae n — Homep opouThI.

OHEpPrma anekTpoHa BO3pacTaeT No Mepe yaareHHOCTU opbuTbl
oT aapa. OTpuuaTenbHbll 3HaK AHEPIMN O3HAYaEeT YCTONYMBOCTb
CUCTEMbI, KOTOpad Tem 0Oornee yctondmBa, YEM HUXKE ee

QHEeprus.

Bop BbIMUCTIUA paanuyCbl «403BOMEHHbLIX OPOUTY.
r,=0,529 A, 1A (1aHnrctpem) = 107" m.
r =0,529n2.

PaccuymntaHHble YyacToThbl U3 cooTHoweHna AE = hv coBnanu ¢

OAHHbIMW MOJSTyYeHHbIMU N3 aTOMHbLIX CNEKTPOB aToMa Bogopoaa
N HEKOTOPbLIX APYrMX 4acTul C OOHUM 3MEKTPOHOM, Hanpumep,
He+.



Moaenb atoma bopa
HepgoctaTku moaenwu

Mopener He MOXET OOBSICHUTh, MOYEMY IIPOUCXOJUT
KBAaHTOBAHHWE M II0YEMY OJJICKTPOH HA OPOMTE HE M3IydacT
SHEPTHUIO, KAaK TOro TpeOyeT »sieKTpoauHamMuka. Ob0a 3Tu
CBOMCTBA OBLIM MOCTYJIMPOBAHBI.

TeopeTuueckue W SKCICPUMEHTAJIbHBIE JIAHHBIE COBNAAJIU
IUTSL YaCTHIl, COACpKAIUUX OJIUH DJJIEKTPOH, HO TEOpHUS HE
Moriia OOBSICHUTH CIIEKTPAJILHBIE XapaKTEPUCTUKHU
MHOTOJIEKTPOHHBIX aTOMOB, JaXE A CaMOTO IIPOCTOrO
ciay4das — aroma He.

Teopmo OKa3aJIOCh HCBO3MOXHBIM IIPUMCHHUTD JJIA
OOBSICHEHUSI XUMHUYECKOMN CBS3H.
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KBaHTOBO-MexaHu4eckasi moaernb aToma

OcCHOBHbIE NPeanoCbLISIKK

1.  OHeprns B MUKpOMMpPE NOrnoLaeTca Unm nsnyyaeTca gUCKPETHO
B Buae kBaHToB (M. [naHk)

2. Bce Mmukpo4vacTuubl UMET ABOUCTBEHHLIN XapaKTep.
OMEKTPOH NoA0OHO (POTOHY MOXHO paccMaTpuBaTh U Kak
4acCcTuULYy U KaK BOJSTHY.

YpaBHeHune ge bponnaA = himv,
e m wn v — macca M CKOpOCTb YacTulbl.

3. [lpuHumn HeonpepeneHHocTu (IenseHbepr).
CornacHo 3ToMy COOTHOLLUEHNIO HEBO3MOXXHO O4HOBPEMEHHO
TOYHO ONpeaennTb MECTOMOMOXEHMNE YacTULbl N €€ UMNYNbC.
CooTHoOLLeHNE HeonpeaeneHHoOCTeEN NMEET BUA:
Ax-Ap = h/21T, roe Ax — HeonpeaeneHHOCTb KOOPAMHATHI,
Ap — HeonpeaeneHHOCTb UMNYIbCa.
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KBaHTOBO-MexaHuU4eckasa moaernb aToMa

YpaBHeHue LLpeagnHrepa:

2m
A\P(X,y,Z) +M—2(E_U)\“I”(X,y,2) =0

rAc A:82+82+a2
ox> oy° 0z’
Y — BonHoBada oyHKUUSA (NCU-PYHKUNS),
m — macca 4Yactuubl,
U = noTeHuymarnbHasi SHeprus,

E — nonHas aHeprus,
h = h/21r.

— onepatop Jlannaca,



ATOM Bogopoaa

-

W

U W2 _ NnoTHOCTb BEPOATHOCTM 0BHapYKEHUS
9J1IEKTPOHA BONM3M 3agaHHOMN TOYKK

W W = W2411r°dr — BepOSITHOCTb HaxoXOeHWst
arnekTpoHa B obbeme dV (chepuyeckuni
Cfon TOonLwuHoU dr Ha pacCcToAHUU I OT

; anpa)
r,=0,529 A
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KBaHTOBO-MexaHu4eckasi moaernb aToma

BbiBoabl U3 pelleHnda ypasHeHuns LpeaunHrepa

1.. W3 pelweHuna ypaBHeHua LLipeauHrepa aBToMmaTtnyecku
BbITEKAET CYLLECTBOBAHME AUCKPETHLIX YPOBHEW 3HEPruun, To
eCTb KBAHTOBAHHOCTb 3HEPreTU4YeCKNX COCTOAHNN
OKa3blBaeTCs crieaAcTBNUEM MPUCYLLMNX SNEKTPOHY BOMHOBBIX
CBOMCTB.

2. OnNeKTPOH MOXET HaxoamuTbCs B Moo YacTn NPOCTPaHCTBA,
OKpYy>KatloLLero 94p0o, HO BEPOATHOCTb €ro npebbiBaHUS B TOU
NN MHOWM YacTu HeogmMHakoBa. ObnacTb NPOCTPaHCTBA, B

KOTOpomn ¢ BEPOATHOCTBIO 90—95 % MOXHO OOHapPYXNTb
9JIEKTPOH nosny4una HasBaHue amomMHou opbumariu.

3. PeuweHune ypaBHeHusa LpeanHrepa npusoauT
HenocpeacTBeHHO K TPEM KBAHTOBbLIM YMCiaM, KOTopblie
XapaKTepusyT 3HepreTn4yeckoe cocTosHne 1 nosegeHne
3JIeKTpOHa B aToMe.



<

KBaHTOBbLIe YMcna

n — IJJaBHOE KBAHTOBOE YMCIIO
[ — opOuTaIbHOE KBAHTOBOE YHCIIO
m,— MAarHUTHOE KBAHTOBOE YMCJIO

[
mS— CIIMHOBOC KBAHTOBOC HHCIJIO.

[lepBbie TPU KBAHTOBBIX YUCIA (7, [, m,) CICAYIOT U3
peuteHust ypaBHeHud lllpeauHrepa W IMOJHOCTHIO
ONHCHIBAIOT aTOMHYIO OPOUTAIID.

ODHEPreTUYECKOE COCTOSIHUE JJICKTPOHA B  aTOME
IIOJHOCTBIO  ONHCHIBAETCS HA0OpPOM H3  YETHIPEX
KBAHTOBBIX UHCEJI



KBaHTOBbLIe YMcna

I nasnoe keanmosoe yucio

ITpruHUMAaET LEeIOYHnCIICHHbIC 3HaYeHus: n = 1, 2, 3... .

XapaxkTepus3yeT OCHOBHOH YPOBEHb DHEPIUHU
3IEKTPOHA U pa3Mep JICKTPOHHOrO OOJIaKa.

B MHOT031€KTPOHHBIX aTOMaX COBOKYIHOCTD
3JIEKTPOHOB € OJIMHAKOBBIM 3HAYEHUEM IJIABHOIO
KBAHTOBOTO YMCJIA HA3BIBAECTCS IEKMPOHHBIM CILOEM.

[ 1TaBHO€ KBAHTOBOE YHCJIO 11 IR S R e o
(HOMEpP BHEPrETUYECKOr0 YPOBHS)

bykBeHHOE 0003HaUYECHHUE KILIM|N|O
AJIEKTPOHHOTIO CJIO0S




Op6umaﬂbﬂoe K6dHMoeoe 4Yucilto

IIpUHMMeEAT Liea04YnuciaeHHbIe 3HaueHus ot 0 go (n — 1):

1=0,1, ..., (n1).

B MHOTO31€KTPOHHBIX aTOMaX COBOKYITHOCTB JICKTPOHOB
C OAVHAKOBBIM 3HAYECHUEM OpOUTATBHOTO KBAHTOBOTO
YYCJia HAa3bIBACTCA 91EeKMPOHHOU 000NIOUKOU.

MOJTYPOBHS

OpOuTanbHOE KBAHTOBOE 0 o
quCIIo /
bykBeHHOE 0003HAUYECHHUE S d




KBaHTOBbLIE Yucna

Op6um0ﬂbH0€ K6dHMoeoe 4Yucilto

Onpeaenser GopMy aTOMHOM OpOUTAIN

e e

=0 I=1 1—2
S-opOUTallb  p-OpOUTamb d-opouranp
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KBaHTOBbLIe YMcna

Maenumnoe keanmosoe 4ucio

XapakTepus3yeT pe3yiabrar B3auMOAEUCTBUS MArHUTHOIO MOJIA
NBVKYIIETOCA 3JIEKTPOHA C HAJIOKEHHBIM BHEIITHUM MarHUTHBIM
IOJIEM

[IpyHUMAET EI0OYUCIICHHBIC 3HAYEHUS OT —/ J10 +/:

ml=—l, 2 20

OrnpenensieT TUCKPETHBIE BO3MOYKHBIE OPUEHTAIIUN aTOMHBIX
opOuTaieii B IPOCTPAHCTRE.

Hwcto BO3MOXKHBIX 3HAYCHUH /1, IPU TAHHOM 3HAYCHHUN /
COOTBETCTBYET YHCITY CITOCOOOB OPUEHTAIIAN OPOUTAJIEN B
IIPOCTPAHCTBE



KBaHTOBbLIe Yucna

Macnumnoe KkeaHmosoe yucio

[=0, m=0
7 N
=1, m =1, 0,1
py
X Px
=2, m=2,-1, 0,1,2
y z y4
X X y
dxy dxz dyz




Cnunosoe K8aHMOBOE YUCIO

XapakTepuzyeT COOCTBEHHBIM MOMEHT KOJIUYECTBA
IBHKEHMS DJIEKTPOHA

m_=+1/2  Ecnu HanpasieHue CriMHa 3JICKTPOHA
COBIIQJACT C HAIIPABJICHUEM OPOUTAIILHOIO
MArHUTHOTO MOMEHTA

m_= -1/2 Eciu npOTHBOHAINPABIICH
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CTpOeHUE MHOro3sf1IeKTPOHHbIX aTOMOB

1. IlpyuHuMI MUHUMYMA YHEPIrUA

[IpaBuno KileykOBCKOro: YBEIMUYEHUE SHEPIUM U COOTBETCTBEHHO
3alI0JJHEHUE OpOHMTale IIPOMCXOAUT B MOPSJAKE BO3PACTAHUA
CyMMBI KBAaHTOBBIX uMcen (n+/), a npu paBHOH cymme (n+]) B
MTOPSIZIKE BO3PACTAHUS YHCTIA H.

2. lMIpuaoun Iayam

B arome HE MOXKET OBITh IBYX BJIEKTPOHOB C OJIMHAKOBBIM Ha0OpOM
BCEX YEThIPEX KBAHTOBBIX YMCEII

Ha ogHol aToMHOM OpOXTAIM MOTYT pa3MeIIaThCs TOJILKO JBa
3JIEKTPOHA, OTJIMYAOIIMECS CITMHOBBIMA XapAaKTEPUCTUKAMU:| 1|




CTpOeHUE MHOro3sf1IeKTPOHHbIX aTOMOB

1. ITpaBuio I'ynaa

DIIEKTPOHBI B MPEACIAX OJHOTO HOAYPOBHS PACIPEACIIIOTCI TAKUM
oOpa3oMm, 4YTOOBl HMX CyMMAapHbIM CIOHWHOBBIM MOMEHT OBLI
MaKCHUMAJIEH (CTPEMSTCS OCTaThC HECITAPECHHBIMMU )

Pt

p i

ptominn
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S

n=4
n=3

n=2

n=1

CTpOeHUE MHOro3sf1IeKTPOHHbIX aTOMOB

m=-3 -2

_|_

[

-1 0 +1+2

— n=4, [=3

— n=4, [=2

n=4, [=1

— n=3, /=2

n=4, [=0

n=3, [=1
n=3, [=0

n=2, [=1

n=2, [=0

n=1, [=0



CTpOeHUE MHOro3sf1IeKTPOHHbIX aTOMOB

1 mepuon
H 1s!

S-3JIEMEHTBHI
He 1s° 1’

11 mepuon
Li 1s*2s' 1' S-DIIEMEHTBI
Be 152252

B 1s?2s%2p!
C 1s?2s*2p?

Ne 15°2s°2p°

- p-2JIEMEHTBHI




% CTpoeng MHOTO3J1IEKTPOHHbIX aTOMOB

111 mepuon

2429 62!
Na ls72s72p°3s }S-BJIGMGHTBI
Mg 15*25*2p®3s?
Al 15*2s5*2p°3s°3p!
........................... . p-2JIEMEHTHI
Ar 1s*25*2p°3s5°3p°




G CTpoeHMe MHOroaneKTPOHHbLIX aTOMOB

1V nepuon

1
K .....4s S-3JIEMEHTHI
Ca.....4s’

Sc ....35°3p%3d'4s’
Cr ....35*3p°3d"4s’
Mn ....3sz3p63d54s2 L d-251eMeHThI

............................ - p—BHeMeHTBI
Kr ....3s°3p®3d!%4s!4p°




.. CTpoeHVIe MHOIO3J1IEKTPOHHbLIX aTOMOB
VI nepuon
Cs ....4d'%5s°5p%6s!
Ba ....4d'%5s°5p°6s?

La ....4d"%5s*5p®5d'6s d-ameMeHT

} S-2JICMCHTDI

—_

Ce ....4d'%4f>55°5p°5d%6s>
Pr ....4d'%£5s*5p°5d"6s?

Gd ...4d"%4f'5525p%5d! 65> - f-anemeHThI
Tb ....4d"4f55?5p%5d%6s>

Lu ...4d"%f4525p%5d!6s> _
Hf ....4d1%4145525p55d%6s?

} d-3JIeMEeHTBhI

} P-3J1EMEHTHI



CTpOeHUE MHOro3sf1IeKTPOHHbIX aTOMOB

Kaxnplli HOBBIM MEPHOJ] HAYMHAECTCI C 3alOJHEHUS HOBOTO
CJ104].

Kaxxapin 1iepro HAYMHAETCS C S-3JIEMEHTOB, OHU HaXOTCA B
I, II rpynmax, a 3akaHUYMBAETCA p-dJIEMEHTAMH, KOTOPBIE
Haxogarcs B III — VIII rpymnmax (kpome 1 mepuopaa).
Ilocnemuun U3 p-3J1EMEHTOB KaXKIOT0 IEPUOIA — HHEPTHBIN T'a3
C YCTOMYMBOM BOCBMHUAJICKTPOHHON KOH(UTypallueil BHEIIIHETO
caos ns’p®. VHepTHBIE rasbl XapaKTEPU3YIOTCS HAUBBICIIMMU
SHEPTUSIMU MOHU3ALIUH.

S- W . p- BJIEeMEHTbl 00pa3yroT maBHbie moarpymmsl [1CO
(moarpynnbl = A). d-3JIEMEHTBI — IOOOYHBIE HOATrPYIIIEI
(mogrpynmnsl b)
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CTpOeHUE MHOro3sf1IeKTPOHHbIX aTOMOB

4. V s- 1 p- dJIEMEHTOB 3aM0JHACTCA BHEIIHAM CIOKW. YN CI10
3JIEKTPOHOB HA BHEIIIHEM CJIOE€ PABHO HOMEPY IPYIIIIHI.

5. V d-3neMeHTOB 3anoJIHAETCS d-TOIypPOBEHBb MPEABHEIITHETO
caosi — ...(n-1) s*p°d!*1¥xs?.
* V f-3]IEMECHTOB 3alOJIHSIETCS f-IIOAYPOBEHb IIPEAIIPEIBHEIITHETO

cnost — ...(n-2)s*p*d' 2 4 (n-1)s?p°d ! Vns?.

e DOnementhl VII Bce paiMoakTHBHBI, HAYMHAsA ¢ Np, BCE€ U30TOIIbI
3JIEMEHTOB ITOJYYEHBI UICKYCCTBEHHBIM ITYTEM B XOJIE SACPHBIX
pEaKIUM.



I N3MeHeHUue CBOMCTB AJIeMEeHTOB B
cBeTe I'Iepwop,vlquKoro 3dKOHA
Cospemennas GopmMyIuposKa nepuooudecko20 3aKOHA:

CBoONCTBa DJICMCHTOB, @ TaK JK€ COCTaB W CBONCTBA HX
COCIMHEHUN HAXOIATCA B IEPUOANYECKOM 3aBUCUMOCTH OT

3apsjaa sapa.

C yBeIMYCHHEM  3apsjga sAapa aTOMOB  HAOIIOAAETCS
3aKOHOMEPHOE M3MECHEHHUE B UX JIEKTPOHHON CTPYKTYPE.

&

[IporcxoauT 3aKOHOMEPHOE M3MEHEHHE XMMHUYECKUX U TEX
(pr3MYECKUX CBOMCTB aTOMOB 3JIEMEHTOB, KOTOPBIE 3aBUCAT OT

AIIEKTPOHHOTO CTPOCHUS:
*pagnyC aToMa WJId MOHA

*3HEPrysi NOHU3AIINHU
*TEMIIEPATYPHI TUIABJICHUS, KUTICHUS

U I{p



T M3MeHeHVIe CBOMCTB SJIeMEeHTOB B
cBeTe I'Iepwop,uquKoro 3dKOHAd

HW3MEHEHNE aTOMHBIX PAJINYCOB

OpOuTajbHbII pagnyc aTOMa — PaCCTOSHUE OT spa A0 HauboJiee
YVIAJIEHHOTO0 MaKCUMyMa 3JIEKTPOHHOM MJIOTHOCTH.

P dekTUBHBINA paanyc — 1/2 MeXbIACPHOTO PACCTOSHUS AJIs
paccMaTpUBAEMOTO JIEMEHTA B KPUCTAJLIE.

r. HM Fr
’ -+ C o
026 % Rb >
0,22 + ° ) :
“ Na e o o v
0,18 = Ll S o . OOOOOQ OOOOOOOO OoO
014 1 i 0 2w et
’ —= = O ooooowdb (@) Om OO
0,10 o % o
006 + =
0,02 +
10 20 30 40 50 60 70 80 90 %



T NA3meHeHUe CBOMCTB SJIeMEeHTOB B
cBeTe I'Iepwop,vlquKoro 3dKOHAd

H3MEHEHNE SJHEPIUY MOHU3AIIUHA

AHepeusi uonuzauuu (I) — 3TO Ta DHEPIrUs, KOTOPYIO HEOOXOAUMO
3aTpaTuTh, 4YTOOBI OTACIUTH JJIEKTPOH OT aroMa (HEUTPaJbHOTO,
HEBO30YKJICHHOTO, Fa3000pa3HOI0) U YBECTH €TI0 B OECKOHEYHOCTb.

= > IF I

D'—e o2 1

[1o mepuomay (cieBa HampaBo) MOTEHIIMA HOHU3ALUN PACTET, YTO
CBSI3aHO C YMEHBIIICHUEM PaJINyca aTOMOB.

B rmaBHBIX moArpynnax noTCHIAAI YMEHbBIIAECTCI CBEPXY BHU3, UTO
CBSI3aHO C BO3pacTaHUEM paauyca U 3P(OEKTOM dSKpaHUPOBAHUS sapa
BHYTPEHHHMH YCTOMYMBBIMHU 000IOYKaMu s-p°.



T M3MeHeHVIe CBOMCTB SJIeMEeHTOB B
cBeTe I'Iepwop,uquKoro 3dKOHAd

HM3MEHEHUE DHEPIUU CPOJICTBA K DICKTPOHY

OHepeus cpoocmea K anekmpoHy (E) — 3To Ta sHeprus, KoTopas
BBIJICJISIETCS IPU TPUCOCAUMHCHUU DIIEKTPOHA K HEUTPaIbHOMY
HEBO30YKJICHHOMY  aroMy C OOpa3oBaHMEM  OTPHIATEILHO
3apsPKEHHOI'0 MOHA.

1 Ilo mepuoay (CieBa HampaBo) CPOACTBO K IIEKTPOHY JIEMEHTOB
BO3paCTaeT.

B maBHbBIX IOATPYIIIAX CPOACTBO K AIECKTPOHY YMEHBIIACTCS
CBEPXY BHMU3.



T NA3meHeHUe CBOMCTB SJIeMEeHTOB B
cBeTe I'Iepwop,vlquKoro 3dKOHAd

HW3MEHEHHNE 3IEKTPOOTPUIIATEIBHOCTH

Qﬂekmpoompuuameﬂbﬂocmb ITO3BOJIAACT OLICHUTD CIIOCOOHOCTD
aroMa 1aHHOTI'O 3JICMCHTA K OTTATHMBAHHWIO HA ceos BHCKTpOHHOﬁ
INIOTHOCTH I1I0 CPABHCHHUIO C APYI'UMH OJICMCHTAMHN COCAMHCHUA.

1 Hemeramnsl — umeroT HanOonpinue 3HadeHuss O20 (mpoyHo
yIAEPKUBAIOT CBOU JICKTPOHBI U JIETKO MIPUHUMAIOT YY)KHUE)

il MeTtaiael uMeroT Malible 3HaUeHUI OO0 U JIETKO OTIAFOT CBOU
AIEKTPOHBI

[Io mepuoay 0 yBenrumMBacTCs
(10 mIaBHBIM NOATPYIINIAM — YMEHbBIIACTCSA




T M3MeHeHVIe CBOMCTB SJIeMEeHTOB B
cBeTe I'Iepwop,uquKoro 3dKOHAd

N3MeHeHne XuMn4eCKUuX CBONUCTB

F @2;125
Cl 2s°2p®3s*3p*

Br ﬁi@éﬁ&ﬁi@i
I ﬁzip@l_dmxzipi

ITIOJIHBIC aHAaJIOT'

Henomnnble SJICKTPOHHBIC aHAJIOT'H

AJICKTPOHHBIE

[ aHaJI0OTH!

Cl 2s*2p°3s?3p> Cl (+7)2s*2p° CL,O, HCIO, KCIO,

Mn3s?3p®3d°4s> Mn(+7)

2716
3s°3p” Mn,0, HMnO,

KMnO4



T M3MeHeHVIe CBOMCTB SJIeMEeHTOB B
cBeTe I'Iepwop,uquKoro 3dKOHAd

N3MeHeHne XuMn4eCKUuX CBONUCTB

Hapacranue HeMeTaImuyeCKuX CBOMCTB

>

DJIEMEHT Na Mg Al Si1 P S Cl

TUITAYHBIN TUITNYHBIN

METaJT HEMETAJI

Boicimii|  Na,O MgO AL O, S10, PO, SO, CLO,
OKCHI; OCHOBH. | OCHOBH. |aM(OTEPH | KUCIOTH. |KUCJIOTH | KUCJIOTH. | KUCJIOTH.
['mapar NaOH Mg(OH)Zi Al(OH)3i HZSiO3l H3PO4 stO4 HClO4
OKCHIA:




(

JluTepartypa

I'muuaka H.JI. O0mas xumus: yue0. mocodbue jjs By3oB / H. JI. IluHKka ; mon
pen. A. U. Epmakoga. - U3a. 30-e, ucnp. - M.: Uurterpan-IIpecc, 2004. - 728
C.: WIL

["apmn A.I1. Heopranmyeckasi XuMusi B CXeMax, pUCyHKax, TaOJIuIax,
dopmysiax, XUMHUUYECKUX peakiusix: Yue0. mocooue / A.Il. I'apmuH. - 2-¢
u3a., ucnp. u goi. - CII6.: JIans, 2000. - 288 c.

Kapanerbsai M. X. O011ag 1 HeopraHudeckas Xumus: Y YeOHUK ISl
ctyneHtoB By30B / M.X. Kapanerbsui, C.1. Jlpakun. - 4-¢ uza., crep. - M.
Xnmus, 2000. - 592 c.: ui.

VYraii 4.A. O0iast 1 HeoOpraHu4YecKasi XuMusi: Y UeOHUK 151 CTYJICHTOB
BY30B, 00yYarOIIMXCs 110 HAIIPABJICHUIO U cienuanbHOCTH "Xumus" / S.A.
Yraiu. - 2-e uzn., ucop. - M.: Bercmas mkona, 2000. - 527 c.: .
Heopranuyeckasi XuMusi: y4€OHHK JIJI CTYJIEHTOB BYy30B, 00yYarOIIUXCS MO
HanpasiieHuto 510500 "Xumusa" u cnennanpHocTr 011000 "Xumusa" : B 3 T.
T. 1: ®uzuko-xuMuUYeCKre OCHOBBI Heopranudecko xumun / M. E. Tamm,
FO. JI. TpetwsakoB / o pex. FO. JI. TperbsikoBa. - M.: Akanemusi, 2004. -
240 c.: ua.



<

JluTepartypa

6. Heopranuueckas Xumusi: y4€OHUK ISl CTYJICHTOB BY30B, 00YYAIOLIUXCS 110
HanpasiaeHuto 510500 "Xumus" u cnerquansaocTr 011000 "Xumusa" : B 3 .
T. 2: Xumns HenepexoaHbix aneMeHToB / A. A. po3nos, B. I1. 3nomaHoB,
I'. H. Mazo, ®. M. CriupuaonoB / noa pen. FO. JI. TpeTbsikoBa. - M.:
Axagemus, 2004. - 368 c.: ni.

7. 3arpannuk P., ITomak P. OcHOBBEI KBaHTOBOM XuMHH. Llep ¢ genrc. — M.:
Mup, 1979. — 504 c.

8. Xabepautit B. CtpoeHue MaTepuu 1 XuMu4eckas cBsi3b. Ilep. ¢ Hem. — M.
Mup, 1974. — 296 c.

9. T'mnnecmm P., Xaprurtan Y. Moaenb OTTaIKUBaHUS SIICKTPOHHBIX T1ap

BaJICHTHOI 000JI0YKU M CTpoeHue Mojekyi: Ilep. c. anmi. — M.: Mup, 1992.
— 296 c.



