Pasnen 2. CTPOEHUE ATOMA. IEPUOJIVNYECKU 3AKOH
N NEPNOJIMNYECKAA CUCTEMA XUMMNYECKHUX
BJEMEHTOB J.1. MEHJIEJIIEEBA

2.1. Atom. CTpoeHne aToma

AroM. HaumeHbll1ast yacTUIIa Xumu4eckoeo anemenma, siBJsito-
1IasiCs HOCUTEJIEM €r0 XMMMUYECKHX CBOMCTB U CITOCOOHAs K CaMOCTO-
STeJTLHOMY cylecTBoBaHMIO. [IpeacTapisieT cod0il yCTOMIMBYIO 3JIEKT-
POHENTPATIEHYIO CHUCTEMY, COCTOSIIYIO M3 ITOJIOXKUTEIIEHO 3apsKeH-
HOTO $/ipa U OTPULIATEIbHO 3apsKeHHBIX 3J1eKTPOHOB. CocTaBHas YacTh
NPOCMbIX U CAOICHBIX Geliecms. ATOM XapaKTepU3YeTCsl amOMHbIM HOMe-
POM, GMOMHOU MACCOI, MACCOBbIM HUCAOM. ATOMBI OMHOTO XUMHUUYECKO-
ro 3JIEeMEHTAa MMEIOT OOWHAKOBBINA 3apsd sdpa. Amommusie paduycel B
CPEIHEM JOCTUTAIOT BemyrHE! [11 - 10 HM.

ATtomHoe sapo (saapo). LleHTpanbHast MOJOXUTETLHO 3apsisKeH-
Hasl cOCTaBHAs YacTb aTOMa, B KOTOPOI CocpemoToUeHa MPaKTHIec-
K1 Bcst ero Macca. COCTOUT M3 HYKIIOHOB (IIPOTOHOB M HEMTPOHOB).
IlonoxXuTeabHBIN 3apsii aTOMHOTO SiApa paBeH YMCIY BXOISIIMX B
Hero nNpoToHoB. BennunHa 3apsiga aTOMHOTO siipa — OCHOBA Hepuo-
duueckoeo 3aKoHa, OTIPENeNaeT amomHubiid (TIOPSIIKOBEIN) HOMep Bie-
MEHTA 6 nepuodu4eckoil cucmeme. ATOMHOE SIpO 3aHUMAET He3HAYN-
TEJIBHYIO YacTh 00beMa aToMa, ero paguyc okoyo [11 - 106 .

ATtomHbIii HOMep. [TopsiAKOBBII HOMEp 37eMeHTa (Nnop) B Ie-
PUOIMYECKOI cCTeMe. YKa3bIBaeT 3apsijl siapa ero aToMoB (7)), uuc-
JIO TIPOTOHOB B stmpe (N }p), YHCIIO 3JICKTPOHOB B aTOMe TAHHOTO
aneMeHTa (Ne ). _

Nuop =Z =N(Ip) = Ne

3apsn sapa aroma (Z). [TonoXUTENbHBIN MEKTPUYECKUI 3a-
psn saapa (LIEHTPaJIbHON YacTH aToMa), YHMCJIEHHO PaBHbBIA KOJIMYE-
CTBY IIPOTOHOB B aTOME U IOPSIAIKOBOMY HOMEpY 3JIEeMEHTa B IepUO-

nmyeckoit cucteMe .M. Mengeneesa Z = N(} p) = N p0p . 3apsin simpa

aToMa oIpeAessieT NPUHAIJIEXXHOCTh aTOMa K OIPeIeICHHOMY SJIEMEHTY.

Dnexrpudeckne 3apspl. [logoxuTebHbIE WU OTpULIATEIbHBIC
3apsabl, KOTOPBIMK OOJIANAIOT YaCTHUIIEI BEIIeCTBA (IJIEKTPOHBI, IIPOTO-
HBI, siIpa aTOMOB). B3anMomeiicTBre yKa3aHHBIX YaCTHII OIIPEIEIISICTCS
HaJTIMYMEM Y HUX 3JIEKTPUIECKIX 3apsIIOB, JIEKUT B OCHOBE CTA0MIIBHO-
CTU aTOMOB 3JIEMEHTOB, OIPENCIISICT IIPUPOLY XUMUYECKOU CEA3U.
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DeMeHTapHble YacTulpl. [ pynnoBoe Ha3BaHUE MeTbUaIIIX
00BEKTOB MaTepUU; COCTaBHbIC YaCTH aTOMOB BellecTBa. Hampumep,
doTtoH, 31eKTpoH. Bo BCex mpolieccax ajeMeHTapHbIC YaCTUIIE BEIYT
ce0sI KaK TOYCUYHBIC YACTUIIBI, pa3MepaMM KOTOPBIX MOXHO IIpeHe0-
peub. B aTOM ux oTinuure oT ghyH0ameHmarbHuiX 4acmuy.

DJIeKTPOH. YCTOMYMBAS A1eMeHmMAapHas Yacmuya, BXOIs1Iasl B
COCTaB aToMa. XapaKTepu3yeTcsl Maccoii, paBHo# 1/1837 macchl mpo-
TOHA, OTpULATeIbHBIM 3apsiaoM -1 (1,6 - 10-° Kir), ciuaom 1/2, mar-
HUTHBIM MOMEHTOM. Pa3myaior BHeIIHIe, BHYTPECHHME, BAJICHTHEIC,
ClapeHHbIe, HeCTapeHHbIe JIEKTPOHBI.

DJieMeHTapHbIi 21eKTpHdecKuii 3apaj (e). HaumeHbumit anex-
mpuueckull 3aps0, KOTOPEIM 00J1amaeT 3JIeKTPOH (e—) W MpoToH (e*);
e==1,6-10" Ku.

Hyknonbl. O0l11iee Ha3BaHUE [UISI IPOTOHOB M HEHTPOHOB, OC-
HOBHBIX YaCTHI1I, COCTABJISIIOIIMX SIApa aTOMOB XMMUYECKUX 3JIEMEHTOB.

IIporon %p CrabwibHast gpyHdamenmanvHas (31emeHmapHas)
yacmuya ¢ eIUHUYHBIM IIOJIOXUTEIbHBIM 3JIEKTPUYECKUM 3aPSIIOM,
Maccoit mokost 1,67 - 10?7 kr. OnHa M3 ABYX COCTaBHBIX YACTHLIL SIpa
aroma. (MckioueHne— s1apo u30Toma atoma Boaopoga (IpoTus),
COCTOSIIIEe M3 OJHOIO IMPOTOHA).

Yuciio MpOTOHOB B Spe aToMa OMpeIesieT 3apsad adpa U
amomHuili (TIOPSIAKOBbBIN) HOMep BJeMEHTA B IIEPUOIUYECKON CUCTe-
Me. Macca npoTtoHa nmpuMepHo B 1837 pa3 Gosibliie MacChl 3JIEKTPOHA.
CrabuiabHOCTh TpoToHa cocTaBister 10— 1032 ner.

HeﬁTpOH(f) n) Dyndamenmanvras SNEKTPUICCKU HENTpaIbHasI
yacmuya co cuuHoM 1/2 1 Maccoit mokos 1,67 - 10-? kr. YacTo Heit-
POH OTHOCST K 3JIEMEHTApPHBIM YacTULiaM. YKMCII0 HEUTPOHOB B SIpe
atoma N(}p) MOXHO HaiiTi IO pasHOCTH:

N(in)=A-N(lp)=A-2Z

3apsn Macca
Yactuua | Cumson Kn OTHOCHTEJILHAS KT a.e.M.
eIMHULA
IpoToH p 1,6-10-19 +1 1,67-10-27 1
Heiitpon bn 0 0 1,67-10-27 1
DIIeKTPOH e 1,6-10-19 —1 9,1-10-31 1/1837

35




Maccosoe unci0. CymMMa 4uciia IPOTOHOB (N{p)l/l HEUTPOHOB
(N{)n) (HYKJIOHOB) B s1ipe aTOMa KOHKPETHOTO 3JIeMEHTa:
A =N(lp)+N(}n)
O6o3HauaeTcst LMGPO BBEPXY CeBa y CUMBOJIA XUMUYEC-
Koro aneMeHTa. HanmpuMep, '°0, 2S. Mcrionb3yeTcs i1 XapakKTepuc-

TUKWA U30TOIOB U PATMOAKTUBHBIX DJIEMEHTOB. MIMeeT 1eIouncieH-
HBIe 3HaUeHMs. [IpakTuecKy coBIamaeT ¢ aTOMHOM Maccoit (A =Ar).

ATOM
(3n1eKTpoHeTpaabHasl YacTULIA)

PO 9JIEKTPOHHAas 000JI0UKa
(3apsim —MOJIOKUTETbHBII) (3apsim —OoTpUIATETHLHBIN)
HYKJIOHBI =
/ \ BJICKTPOHBI (e)
IIPOTOHBI — | P HEHTPOHBI — ¢ '
N(ip)+N(bn)=A Ne)=2

1
rae N(lp) — YUCJIO MPOTOHOB,

N (én) — YHCJIO HEUTPOHOB
A — MaccoBoe 4HCIIO aToMa

N(}p) =7, N(lon) =A- N({p),
A = Ar

®DynnamMeHTAIBHBIE YACTHIBL. [ pyIIIIOBOE HAa3BaHME JISTKUX U TSI-
JKEJIbIX YACTUIL; COCTaBHBIE YaCTU aTOMOB; OOBEKThI MaTEpPUU, Mpeodpa-
3YIOIINECS B aTOMBI 3JIEMEHTOB B IIPOIIECCE B3aMMOICIHCTBUS IPYT C
JIPYTOM, HAIIpyMep, TIPOTOH, HEHTPOH, Me30H. B oTmmume ot srmeMeH-
TapHBIX YaCTHULI, (PyHIaAMEHTAIBHbIC YACTUIILI UMEIOT KOHEUHBIE pa3Me-
pol (106 HM), 4TO yKa3bIBaeT Ha LEJIECOOOPA3HOCTh UX BIACIEHKS B
OTIEIIEHYIO TPYITTY YaCTHII, pa3MepaMi KOTOPBIX TIPH Pa3IMIHOTO Poma
B3aMMOJICHCTBUSIX HeJb3sl MpeHeOpeub. B yueOHoli uTeparype 4acto
¢yHIaMeHTaTbHbIC YACTUILIbI BKJIIOYAIOT B 3JIEMEHTaApPHbIE YACTHUIIBI.
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Xumuyeckue yacTuubl (yactunbl). CyMMapHOe Ha3BaHUE aToO-
MOB, MOJIEKYJI, HIOHOB, PaJAMKaJIOB, MOH-PAAUKAIOB. XUMUUYECKUE
YACTUIILI MOTYT UMETh 3apsil, HECITApEHHBIN 2JIEKTPOH (3JICKTPOHHI),
OO0 TO U APYroe OMHOBpeMeHHO. Pa3mmyaior amomubie u mosexyasap-
Hble XUMUYECKUE YaCTHULIbI.

ATOMHBIE XMMHYECKHE YACTHIbI (aTOMHbIE YacTunpbl). YacTu-
ILIbI, COCTOSIIIME U3 OMHOTo aToMa. Kaxkmass aToMHass XUMUJecKasT ya-
CTUIIA TIPEICTABIISICT COOOI CHUCTEMY B3aMMOMICHCTBYIOIINX 31eMeH-
MapHuixX U PyHOaMEeHMANbHBIX Yacmuly,, COCTOSIIIIYIO M3 sSIpa M DJIeKT-
poHoB. Cpeayt aTOMHBIX XUMIYECKIUX YACTHUIL PA3TNJalOT: U30AUPOEAH-
Hble amoMbl, AMOMHble UOHbl, AMOMHble PAOUKAAbl, AMOMHble UOH-PA-
OJukanbl. ATOMHBIC XUMIYECKIE YaCTUIIBI— MCXOMHBIN YPOBEHD XMM-
YEeCKOI OpraHu3alyy MaTepUu.

ATOMHBIE YaCTHUIIbI

M3oaupoBaHHBLIA ATOMHBIE ATOMHBIE ATOMHBIE

aToM paguKaIbl VIOHBI MOH-PaINKaIbI
He, Ne Cl, H Na*t, K+ | Fe3*, V2*, He*
HET 3apsida, HeT
HECKOMITEHCHU-
POBaHHBIX
3JIEKTPOHOB

MoeKyisipHble XUMHYECKHE YACTHIIbI (MOJIEKY/ISIPHbIE YACTH-
upl). YacTuiipl, cocTosme U3 AByX 1 6ojiee aToMoB. Kakiast Moseky-
JISIpHAsI XUMHMYECKask YaCTUIIA IIPEACTaBISIeT COO0M HAUMEHBIIIYIO CO-
BOKYITHOCTb XMMHWUYECKH CBSI3aHHBIX aTOMHBIX YaCTHUII, CIIOCOOHYIO K
CaMOCTOSITETbHOMY CYIIECTBOBAaHMIO M OOJIaNAIOIIYI0 YCTOMYMBOM
cTpykTypoii. Cpeny MOJEeKYISIPHBIX XUMWYECKUX YACTHUIL Pa3INYaloT;
MOJICKYJIbI, MOJICKYJISIPDHBIC MOHBI, MOJICKYJISIDHBIC PaayKajIbl, MOJIe-
KYJISIpHBIC MOH-PaIUuKaIbI.

’/—’ MonekysipHble YaCTHUIIbI |
\ \

Monekyisl | MonekyrsipHble | Monekyisipable | MonekynsipHble
HMOHBI paauvKabl VOH-PATVKAIbI

H,, CI, S04, NO;y~, (0)) 0,5, CI,*, CIy
NH4*
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M3otombl. Pa3HOBUIHOCTE aTOMOB OTHOTO XUMUUECK020 I1eMeH-
ma ¢ ONMHAKOBBIM 3apsiZIoOM $/ipa, HO Pa3sHBIMU MACCO8bIMU HUCAAMU.
SAnpa M30TONOB comep:KaT OMMHAKOBOE YKCIIO IIPOTOHOB, HO pa3HOE
YHCI0 HEHTPOHOB. M30TOIBI 3aHMMAIOT OTHO M TO XK€ MECTO B IICPHO-
JIMYECKOU crcTeMe 3jeMeHTOB. O003HavYaloTCsl C YKa3aHUEeM COOTBET-
CTBYIOIIIETO MacCOBOIO YMCJIa MOC/Ie Ha3BaHUSI XUMUYECKOIO dJIeMEH-
Ta WJIM CJIeBa BBepXy CMMBOJIA 3jieMeHTa. Hanpumep: yrrepon— 12 vm
12C. M3oTomsl BOmopona MMEIOT ellle M MHANBUAYyaJIbHBIC HAa3BAHMUS:
'"H— npotuii, 2H— neittepuit, *H— tputnii. Amommbie maccol Xumu-
YECKUX JIEMEHTOB, NPUBOAMMBIE B MEPUOIUUYECKON cUCTEME, SIBJISI-
I0TCS CPETHUMM apU(PMETUUECKMMI MACCOBBIX YHUCE MPUPOTHBIX U30-
TOITOB C YYETOM MX MAacCOBOM HOJU B IIpUpoae. Pazmuyaior cTabmib-
HBbIC U HECTAOWJIbHBIE (paaroaKTUBHBIC) M30TONEL. B mmpupome Berpe-
YaroTcsl CTaOMIIbHBIC M HECTAOUJTbHBIE U30TOIbl. OHU TaKXKe MOTYT ObITh
TOJY9eHbI UICKYCCTBEHHBIM ITyTEM C TTOMOIIBIO STIEPHBIX PEAKLIVIA.

Cra0uibHbIe H30TONbI. 130TOITBI, CYIIECTBYIOIIME B HEU3MEH-
HOM BUJE HeoIpeaesieHHo moiro. HampuMep: ipotwit, aeiitepuii. M3
CMeCH CTaOMIIBLHBIX M30TOIIOB COCTOSIT BCTpPEYAIOLINECsT B IPHUPOIE
3JIEMEHTBI TIEPUOANIECKON cCUCTeMBI. B HacTosIee BpeMs M3BECTHO
6omee 300 cTaOMIBLHBIX M30TOIIOB.

Hecra0mibHble H30TONBI, PATMOAKTHBHBIE H30TOMbI. CaMOITPOM3-
BOJIBHO pacIaialolIrecst Co BpeMeHeM 13oTombl. HanprMep, mepromst
nonypacnana (1) m3orono: T((H) = 12,26 roma; 1(**C) = 5680 neT.

M3006apbl. ATOMBI pa3HBIX XUMUYECKIX DJIEMEHTOB, MMEIOIIINEC
CYMMapHO OIMHAKOBOE KOJIMYECTBO HENTPOHOB 1 IIPOTOHOB, HO pa3-
JIMYHBIA 3apsin sapa U pa3iMuHble XUuMHYeckue cBoiictBa. Hampu-
mep, “Ar, ¥K, “Ca.

Ilnanerapnas moaeab ctpoenusi atoma Pesepdopna. Teopus,
COIJIACHO KOTOPOI aTOM COCTOMT M3 TSLKEJIOTO IOJIOXKUTEIBHO 3apsi-
JKEHHOTIO siipa U JBMXKYIIMXCSI BOKPYT HEIrO 3JIEKTPOHOB. DJIEKTPOH
yIepXKUBaeTCsl Ha OpOUTE 3a CUET PaBEHCTBA JIEKTPOCTATUYECKUX U
LEeHTPOOEKHBIX CWI. M3 prc.3 BUOHO, YTO CTAIIMOHAPHOE COCTOSTHHUE

OmvZ0O
JIOCTUTAETCS TIPU PaBEHCTBE LIEHTPOOEKHOMN CUITBI F@—%ﬂ CUJIBI
r

0ze20
QJICKTPOCTATUYCCKOI'O ITPUTAKCHUA F 5 %ZT% .
Omv20 Oze20 r
% r % %# %

38

rae Z — 3apsii aapa, m— Macca 3JIEKTpOHa, € — 3apsil 2JEKTPOHa,
V — CKOPOCTb BJIEKTPOHA, I — Paguyc OpOUTHL.

Puc.3. Monenb ctpoeHust aroMa (1o Pesepdopmy)

Mopnenn cTpoenus atoma no Bopy. Mogenb, npenyoxxeHHast
natckuM dusznkoM H. bopoM, ocHOBaHa Ha ABYX MOCTYyJaTax.

IMepBbIit MoOCTyNAT yTBEPXKAAET, YTO 3JIEKTPOH BpallaeTcs
BOKDYT $I/Ipa TOJBKO 1O onpedeseHHbiM cmayuoHapHbim opoumam. Kor-
Jla 3JIEKTPOH HAXOAUTCSI HAa CTAlIMOHAPHOUM OpOUTE, aTOM MpeObIBaeT
B YCTOMYMBOM COCTOSIHUM— HE TOIJIOIIAET U HE U3Ty4aeT SHEPIUIO.

CorlacHO BTOPOMY TIOCTYJIaTy aTOM U3y4aeT Wi TOTJIoIa-
€T HEPTUIO TOJIBKO TIPW TIEPEXOMe JIEKTPOHA C OMHOW CTAallMOHAp-
HOI OpOUTHI HAa APYIYIO.

2.2. KBaHTOBO€E COCTOSIHME JJIEKTPOHA B aTOME

KBanToBas MexaHMka. D10 pasnen (pM3MKM, KOTOPBIA M3ydaeT
COCTOSIHUE U JIBMKEHME 0OBEKTOB MUKPOMUPA (HAPUMED, 3JIEKTPOHA),
K KOTOPBIM HeJTb3sl IIPUMEHUTH KJTACCHUIECKYIO MeXaHNKy HbloToHa.

KBaHTOBO-MeXaHMYECKasT TEOPUsI CONEPKUT IBAa OCHOBHBIX
TTOJIOXKEHUSI.

1. BIeKTpOH MMeeT NBOWCTBEHHYIO Npupoay. OH obiagaer
CBOWCTBaMM M YaCTULIBI, ¥ BOJIHBI OMHOBpeMeHHO. Kak yacTuiia siek-
TPOH MMEET MacCy U 3apsili, HO ABVKEHUE DJIEKTPOHOB— 3TO BOJTHO-
BOI mpoliecc. DeKTpoHaM CBOMCTBEHHO siBJieHUe Audpakiuu (I1o-
TOK 3JICKTPOHOB OTMOAeT MPENsITCTBYE).

2. [TonoxeHue 3JIEKTPOHA B aTOME HEOIpeaeIeHHO. DTO 3Ha-
YUT, YTO HEBO3MOXHO OJHOBPEMEHHO TOYHO OIPENEIUTh U CKOPOCTh
9JIEKTPOHA, U €r0 KOOPAMHATHI B MPOCTPAHCTBE (MIPUHIIMIT HEOIpe-
JIEJIGHHOCTH).

DIeKTPOoHHOE 00/1aK0. MOMEHTAIBHBIC TTOJIOXKEHHUS JIEKTPOHA B
JMO0OI YacTU MPOCTPAaHCTBAa BOKPYT siipa aToMa; 00J1aK0 BEpOSITHOCTH
HaxOXIEHUsI 2JIEKTpoHa. MaKcuMallbHasl IJIOTHOCTh 3JIEKTPOHHOIO
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00J1aKa COOTBETCTBYET HaMOOJIbIIIEH BEPOITHOCTU HAXOXICHUST 3JIeK-
TpOHA B JaHHOI 00JacTM MPOCTPAHCTBA BOKPYT smpa. Hampumep,
[IJIS1 aTOMa BOAOPOJa HAaXOXIeHME 3JIeKTPOHA HanboJjiee BEPOSTHO Ha
paccrogaum 0,053 HM OT sapa. DTO pacCTOSHIE OIpeaesIeT paguyc
aroMa Bogopoaa (R) u ero opourtaib.

Puc.4. DiekTpoHHOE 0671aK0 aTOMa BOIOPONa

DJIeKTPOHHAA IIOTHOCTh. [11OTHOCTH anexmponHo20 obaaka,
ornpezensieMasi BEpOSTHOCTbIO HAXOXIEHUS 3yiekTpoHa. Ha pasznuu-
HBIX PACCTOSIHUSIX OT siipa JEKTPOHHAS IJIOTHOCTDb pa3uyHasl.

IInoTHOCTD BeposiTHOCTH. OTHO M3 BaXKHEMIIINX IIOHSITHIA TE€O-
pUY BepOSITHOCTH. B KBaHTOBOIT XMMUKN— KBaIpaT aMILTATYIBI BOJIHO-
Boil pyHkumy OWLP niam npousBeaeHe GyHKIMKA W Ha ee KOMIUIEK-
cHO-conpskeHHyo W* onpenenser BEpOSITHOCTb HAXOXKIEHUS 3JI€K-
TpOHA B JAaHHOU TOYKE MpOCTpaHCTBa. Bemmuamnaa WW*dxdydz paBHa
BEPOSITHOCTU HAXOXIEHUS 3JEKTpoHA B 00beMe ¢ pedopamu dxdydz.
3navenue [WW*dxdydz = | yKa3bIBaeT, 4TO BEPOATHOCTb HAXOXIIE-
HUS 3JIEKTPOHA BO BCEM IPOCTPAHCTBE BOKPYT aTOMHOIO siipa paBHa
CIHULIL.

OpouTaib. DHEPreTUECKOE COCTOSTHIE JIEKTPOHA B aTOMe, MOJIe-
KyJle, XAMUYCCKOM COSIMHECHNM, XapaKTepU3YIOIeecsT OIpeaeICHHBIMI
3HAYEHMSIMU KBAHTOBBIX YKCEJI: IJIABHOI'O, OPOUTATbHOIO, MArHUTHOTO.

AromHuas opoutaib. YacTe oObeMa aToMa BOKDYT s11pa, B KOTO-
POM BEpOSITHOCTh HaXOXAECHUS 3JIEKTpOHAa Haubosblas (IIpeBbiliaeT
90%). BepossTHOCTh HAXOXICHUSI 3JIEKTPOHA B TOM WM MHOM TOUKE
MPOCTPAHCTBA OIPEAEISIeTCS INIOTHOCTBIO BEPOSITHOCTI. ATOMHAS Op-
OuTaANIb XapaKTepu3yeTcs SHeprueii, (popMoii, pa3MepoM, OpHUEHTAIIA-
el B TIPOCTPAHCTBE, CUMMETPHUEH. DTU XapaKTePUCTUKU OIIPEICIISIIOT
HaOOpBI KBAHTOBBIX YKCEIT.
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CootHomenne ae Bpoiira. Yactuie Maccoit m, ABUKYLIEHCS
CO CKOPOCTBIO V, COOTBETCTBYET BOJIHA JJIMHOM A:

h
A =— , rme h— mocrostHHas Ilnanka.
mv

ITocrosinnas Ilnanka h. YHuBepcanbHasi TOCTOSIHHAS.

h=6,63-103JIx-c

IIpunmun HeompeneaenHocTH. HeBO3MOXHO OTHOBpPEeMEHHO
OIIPENCIINTh U CKOPOCTh (MJIM UMITYJIBC P = MV) U ITOJ0XECHUE MUK-
poyacTulbl (ee KOOpauHaThl). MaTreMaTuyecKoe BbIpakeHUe MpUH-
LIMIIa HEOMpeneJeHHOCTH uMeeT BuA: Aq Av = h/m, rue npousBee-
HHE HEOIIPeIeICHHOCTEH MOMoKeHUST (AQ) U CKOpocTH (AV) HUKOT-
JIa He MOXeT OBITh MeHbIIe h/m.

W3 npuHIMIIa HEOIpeAeICHHOCTU CIIEAYET, YTO YeM TOYHEe
omnpeneseHbl KOOPAWHATEI YacTULbl (4eM MeHblne Aq), TeM MeHee
OIIpeIeJICHHOM CTAaHOBUTCS BEJIMUMHA €€ CKOpOCTU (OoJplne Av) U
Hao0OpOoT.

Jns TsoKkenblx yacTull (MaKkpoyacTull) BeJnyrHa h/m oyeHb
MaJia, IO9TOMY JUISI HUX CIIpaBeUTMBbI 3aKOHBI KJIACCUYECKON Mexa-
HUKU, COTJIACHO KOTOPBIM CKOPOCTh M TTOJIOKEHHE YACTUIIBI MOTYT
OBITh TOYHO OIIpeeICHB OMHOBPEMEHHO.

Boanosas ¢pynkuusa VY. KBaHTOBO-MeXaHUYECKUIA METOJ OITH -
CaHWs IBIDKEHUS 3JIEKTpOHA B aToMme. BoiHoBast pyHkums W B pas-
HBIX TOYKaX aTOMHOTO IIPOCTPAHCTBAa IPMHUMAET pa3HbIC 3HAUYCHUS:

Y =W (x,y,2), TI€ X,y,Z— KOOPAWHATHI TOUKH.
W2— KBagpar BOJTHOBOM (PYHKIIMU— BEPOSITHOCTb HAXOXKIIE-
HUS 3JIEKTPOHA B JAHHOIN TOYKE aTOMHOTO MPOCTPaHCTBA.

BeposATHOCTh HaxoXIEHUs SJEKTpOHa B 2JIEMEHTe o0beMa
(dV) onpenensierca BenmunHO W? -dV.

OpOuTans— IPOCTPAHCTBO BOKPYT SIpa, B KOTOPOM HamboJee
BEPOSITHO TIpeOBIBaHMe 3JIeKTpoHa. CTpOro TOBOpPSI, OpOUTAIIb — ITOHS-
THE MaTeMaTUYeCcKoe, ero CMbIC BbITEKAET U3 BOJTHOBOIO YPaBHEHUSI.

Boanosoe ypasuenue IlIpeaunrepa. YpapHeHue IllpenuHrepa
CBSI3BIBACT BOJTHOBYIO (DYHKIINIO W ¢ TIOTCHLIMAIBHOI SHEePTrHeit 3/IeK-

8m
h2

— CyMMa BTOPbIX MTPONU3BOJHBIX

tpoHa (E ) u ero monHoii sueprueit E: 0y + (E-E,)w=0
Py tw o’y
+ +

ax> oy’ oz’

rue 02w =
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BOJIHOBOU (pyHKuUMK W MO KOOpAMHATaM X, y, Z; m— Macca 3JIeKT-
poHa; h— mocrossHHag ITnaHka.

Pemrenug ypaBHenmst llIpenmHrepa BO3MOXHBI TOJBKO IIPU
BITOJTHE OTIpeieIeHHBIX TUCKPETHBIX 3HAUCHUSIX SHEPTUU DJIEKTPOHA.

PemieHueM BOJIHOBOTO YpaBHEHUSI SIBJISIIOTCSI pa3IMUHbIE BOJI-
HOBbI€ (PYHKLIMU W, W, ¥, .. ¥, KaKnoid U3 KOTOPBIX COOTBET-
CTBYeT cBoe 3HauyeHue sHepruu: E, E,, E., ..., E . Takum obpasom,
KBaHTOBaHWE DHEPIMU MHUKPOCHUCTEMBI BBITEKAET M3 PELIeHUST BOJI-
HOBOTO ypaBHeHUsI. BomHoBas ¢pyHKIMS W, KoTOpas SIBIsIeTCS pellle-
HueMm ypaBHeHUs1 IllpeauHrepa, Ha3bIBaeTCs OPOUTANIBIO.

Vpasuenne IlIpeaunrepa niaa aroma Boaopoaa. TouHoe peliie-
Hue ypaBHeHUs [llpenuHrepa (M3-3a MaTeMaTHMIEeCKUX TPYITHOCTEI)
BO3MOXHO TOJIBKO JJIST CAMOTO ITPOCTOT0 aToMa Bojgoponaa. BoimHoBoe
ypaBHEHHWE JIJIsT aTOMa BOJIOPOJA MOXHO 3aIicaTh B BUIE:

8mm U 20
oo B Sl

e €— 3apsiy 3JIEKTPOHA, I— PAaCCTOSTHUE 3JICKTPOHA OT sIIpa.
VYpasuenue [ pegmHrepa nMeeT 66CKOHEYHOE MHOKECTBO PEIICHMIA.
YTOOKI 3TH PEeIICHUSI UMEIU CMBICI, JOJIKHBI YIOBICTBOPSITHCS CIIC-
OylolIue TpeOOBaHUS:

1. ®yukumsa W gokHa OBITH OMHO3HAYHON (MMETh TOJBKO
OJTHO 3HAaYeHME B KaXKIOU TOUYKE, T.¢. OMHO3HAYHO OIPEIEIsTh BEPO-
SITHOCTh HAXOXIICHUS 3JIEKTPOHA B JAHHON TOYKE).

2. OyHk1msa W 10mKHA ObITh HENTPEPBIBHONM M KOHEYHOM (101~
JKHa 00palaThes B HYJIb TaM, THe 3JICKTPOH HE MOXKET HaXOIUThCS. W
JODKHA aCUMITOTHYECKM TPHOJIIIKATECI K HYJIIO TIPU I, CTpeMs-
1meMcsl K 06CKOHEYHOCTH).

3. ®ynkuns W goKHa ObITh HOPMUPOBAHHOM. DTO yCIOBHUE
MaTeMaTHIeCKU BBIPAXKAeTCs] YPaBHEHUEM:

Iwzdu

" TpeOyeT, YTOOBI BEPOSTHOCTh HAXOXIEHUS 3JIEKTPOHA TIe-Tu00 B
IIPOCTPAHCTBE ObLIa PaBHA €AMHMIIC.

DT TPU YCIIOBUSA, HajlaraeMble Ha (PyHKINIO W, SKBUBaJICH-
THBI TTocTyaTaM bopa.

KsanroBbie unciaa. llenabie wim momayuensie (x1/2) uyucna,
OTMCHIBAIOLIME Pa3pPEIIeHHBIE JUCKPETHBIE COCTOSTHUST aTOMOB U MOJIE-
Kyl (aTOMHBIE M MOJIeKyIsspHble opOuTanu). KBaHTOBBIE uMcla
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XapaKTepU3YIOT SHEPTeTUUECKOE COCTOSTHUE KaxKIIOTO JIEKTPOHA B aTOME
Wi B Mojiekysie. KBaHTOBass MexaHUKa BBOIUT [UISI SHEPreTHUYECKOM
XapaKTepHUCTUKH BJICKTPOHOB HA0Op YeThIPEeX KBAHTOBEIX UMCEJI: TJIaB-
HOe KBAaHTOBOE 4mMCIO (n), opOUTabHOE KBaHTOBOE 4ymcio (/), mar-
HUTHOE KBaHTOBOE YMCIIO (m,), CIUHOBOE KBAHTOBOE YUCTIO (/1).
I'naBHoe KBaHTOBOE YHMCJIO (#) XapaKTepu3yeT SHepreTuyec-
KW YpOBEHb W ONpENessieT pasmep 34eKmMpoHH020 004aKa, TO €CTh
cpemHee pacCTOSHME 3JICKTPOHA OT sapa; IPUHUMAET IeJI0YNCIICH-
HBIe 3HadyeHUs 1, 2, 3,...7,...00, KOTOPBIE COOTBETCTBYIOT HOMEPY
SHEPIreTUYECKOro YPOBHS:
Atom
~ \

a0po 21eKMPOHHAST 000104KA

MpeanoCieIHU I HOCHAeTHU I
9HEePreTUYECKU it (BHEITHUIT)
YPOBEHb SHepreTuyec-
KU
YPOBEHb

sHepreTuueckue yposuu (K, L, M, N, ...)

HanMmeHpIIIyio 5HEepruio UMEIOT 3JIEKTPOHBI IIEPBOTO YPOBHS
(n = 1); yeM OOJIBIIE 1, TEM OOJBIIYIO SHEPTUIO NMEIOT 3JICKTPOHBI.

OpOuTaibHOE KBAaHTOBOE YHCJI0, TOOOYHOE KBAHTOBOE YMCIIO
(/) xapakTepur3yeT SHEPIUI0 SHEPreTUYeCKOro MOoAypPOBHS U ompee-
JisieT (popMy 2JEKTPOHHOTO 00J1aKka; IPMHUMAET 11eJI0YMCIeHHbIE 3Ha-
yeHus ot 0 go (n— 1). Yucno aHepreTMYecKUx MoaypoOBHEN Ha Kax-
JIOM YPOBHE PaBHO HOMEPY SHEPTeTUIECKOTO YPOBHSI.

Hanpumep, n =1, [=0

n=2, [=0,1

IlonypoBHU, MMelOLME OIpeAesieHHbIE YKMCIeHHbIE 3Haue-
Hug [, 0003HayalOT OyKBaMu:
/=0 (s-momyposeHb), / = 1 (p-nonyposeHb), / = 2 (d-nonypoBeHb).
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MarnuTHOe KBaHTOBOE 9iCIIO (/1,). KBaHTOBOE YMCIIO, XapaK-
TepU3ylolllee SHEPIUIO DJIEKTPOHA B aTOMe (IHEPTUIO aTOMHBIX OpOM-
Tajiei) M OIpeIeIsTioliee OPUESHTAIINIO JIEKTPOHHOTO 00JIaKa B IIPO-
CTPaHCTBE OTHOCHUTEILHO BHEIIHEN cuibl. CBI3aHO ¢ OpOUTATEHBIM
MOMEHTOM KOJIMYECTBA ABUXKEHUS 2JIEKTPOHA, SIBJISIIOILIMMCST BEKTOP-
Ho¥i BenuurHOM. ITpu HalOXKeHUU Ha CUCTEMY BHELIHETO MAarHUTHO-
TO MOJIsl 3TOT BEKTOP MOXKET COBMAaAaTh C HaMpaBJIEeHUEM T10Jis1, UMETh
MPOTUBOIIOJIOXKHOE HaIpaBJIeHWE, a TAKKe 3aHMMATh ITPOMEXYTOU-
HOE TOJIOKEHNE 10 OTHOIIEHUIO BHELITHero mojis. KonmyecTBo mpo-
KLUl BeKTopa OpOMTATbHOIO MOMEHTa KOJMYECTBA IBVKEHUST Ha
HaIpapJieHNe BHEITHETO MAarHUTHOTO MOJISI XapaKTepu3yeT 3HaUeHUs
MAarHUTHOTO KBaHTOBOTO uncia. B 3aBucMMoOCTI OT OpOUTAITHLHOTO KBaH-
TOBOTO YMCJIa MAaTHUTHOE KBAHTOBOE YMCJIO MOXKET IMPUHUMATD 11eJ10-
YMCJIEHHBIe 3HaYeHus oT -/ 1o + [/, BKiovas HoJib. [Ipu 3amaHHOM
3HaYeHUU “/” YMCJIo 3HAYEHUI MarHUTHOIO KBAaHTOBOTO UMCJIa paB-
HO m, = 2/ + 1. Yncno 3HaveHuit 2/ + 1 onpenensieT Ynuciao MoIoxKe-
HUI opbuTaeil OMMHAKOBOW (POPMBI Ha MOAYPOBHE, TIpw [/ = 1 m, =
2-1+1=3,mpu [=2m=2-2+1=3.

I'padpmnueckoe n3obpakeHre opouTaieii B MOIAYypOBHSIX S, p, d, fi

T IO T T T T T T T 7

S ) d f

OpOuTaIu ¢ ONMHAKOBOM SHEPrUeii HA3bIBAIOTCS GbIPOHCOCHHBIMIL.
CnnoBoe KBaHTOBOE 4HCI0 (/). KBaHTOBOE YMCII0, XapakTe-
pu3yoliiee COOCTBEHHbIII MOMEHT KOJIMYECTBA IBVDKEHUS 3JIEKTPOHA
B aToMe, MoJieKyse, Kpuctamie. IIpoekimst cliMHa Ha BHIOpaHHYIO

(MarHuTHy10) och H naet apa 3HaueHust +1/% u — 1/2 /i , roe:

= — , h— nocrognHas [1nanka.
21

OOBIYHO 3HAYEHUSI CIIMHOBOTO KBAHTOBOI'O YMCJIa 3aITMChIBa-
0T + 1/2 u— 1/2, a Ha rpad®dUYeCcKUX cXemMax JIEKTPOHBI C Pa3HbBIMU
3HAYEHUSAMU m_0003HAYAIOT CTPEJIKAMM: 1 JIMOO | . DJIEKTPOHBI O~
HOM aTOMHOM WJIM MOJICKYJIIPHOM OPOUTAIN UMEIOT IIPOTHUBOITOIOX-
HO HarllpaBJIEeHHbIE CITMHBI . OnmMHaKoBbIE 3HAYEHMST CITUHOBOTO
KBAHTOBOI'O YMCJIA JIEKTPOHBI MOTYT UMETh JIMIIb HAXOASICh Ha pa3-
HBIX opOUTassx: |t |1 |1 |mim|! |1 ]! | . Pa3HOCTh MeXIy AByMsI 3HaUe-
HUSMU CIIMHOBOTO KBAHTOBOTO YMCJIa, KaK M Pa3HOCTb MEXKIY ITBYMS
3HAYEHUAMU IPYTUX KBAHTOBBIX YHUCEJI, LIEJIOUMCIIEHHA!
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+1/2— (-1/2) = 1.

Cmun (5). CoOCTBEHHBIT MOMEHT KOJIMUECTBA ABUXKEHMUS 2JIe-
MEHTapHOI YacTUIIbI, MMEIOIIeil KBAaHTOBYIO TIPUPOAY, M HE CBSI3aH-
HBIN ¢ MepeMellleHeM YacTHUIIbl Kak 1esoro. Mamepsiercs B equHu-
1ax nmocrosiHHoi IlnaHka.

S-0poMTANIb. DHEPreTUYECKOE COCTOSIHUE 3JIEKTPOHA B aTOMeE,
XapaKTepu3yemMoe HabopoM 3HaYEHUI IJIaBHOTO (#), opouTanbHOro (/)
Y MarHUTHOTO (m,) KBaHTOBLIX yucen: n21, =0, m, = 0.

p-opouTab. DHEPreTUYECKOE COCTOSIHME DJIEKTPOHA B aTOMeE,
XapakTepu3yeMoe HabopoM 3HaYeHUI IJIaBHOTO (#), opouTanbHOro (/)
Y MarHUTHOTO (m,) KBaHTOBbIX uncen: n22, I =1, m,=1,0,-1. B
HU30JIMPOBAHHOM aTOM€ P-OpPOMTANIM TPEXKPATHO BBIPOXKIEHBI.

d-opouTanb. DHEPreTUYECKOe COCTOSIHUE DJIEKTPOHA B aTOMeE,
XapakTepu3yemMoe HabopoM 3HaYEHUI IJIaBHOTO (#), opouTabHOro (/)
Y MarHUTHOTO (m,;) KBaHTOBLIX yncen: n23, =2, m,=2,1,0, -1,
-2. B uzonmpoBaHHOM atome d-opOUTaiIb MSITUKPATHO BeipoxKaeHa. [Tpo-
CTpaHCTBeHHBIC (DOPMBI OPUEHTAIINN 3JIEKTPOHHBIX 00J1aKOB S, p 1 d
opOuTajei rmpeacTaBiaeHbl Ha puc. 5.

Puc. 5. IIpocrpaHcTBeHHbIE (DOPMbBI M OpUEHTALIUU
9JIEKTPOHHBIX 00JIaKOB S, p U d— opOuTtaneit

f-opOnTanb. DHEPreTMUECKOE COCTOSIHUE JIEKTPOHA B aTOME,
XapakTepru3yemMoe HabOpoM 3HAuyeHMIi TJIaBHOTO (#1), OpOUTAJILHOIO
(/) 1 MarHUTHOTO (/M) KBAHTOBBIX uncel: n 24, I =3, m, = 3, 2, 1,
0, -1, -2, -3. IIpocTpaHCTBeHHbIE (POPMBI IJTEKTPOHHBIX OOJIAKOB,
COOTBETCTBYIOLIMX f~OpOUTAIISIM M300paKaroTCs B BUIE CIIOXKHBIX BOCh-
MUJIETIECTKOBBIX (DUTYP.
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IIpuHuun HauMeHbIeil 3HepruM (MUHMMYMA 3Heprum). B ycToii-
YUBOM COCTOSTHUM 3JIEKTPOHBI HAXOMSITCSI Ha HauboJjiee HU3KMX SHEpP-
TeTUIECKNX YPOBHSIX M TTOMYPOBHSX.

DTO O3HAYaeT, YTO KaXKIBIi HOBBIM SJIEKTPOH ITOIIAgacT B
aToMe Ha caMblif HU3KUI (10 SHEPTUM) CBOOOIHbII MOAYPOBEHb.

7151 MHOTO3JIEKTPOHHOTO aTOMa HEPrus opouTaieil Ha ypoB-
HSIX U TIOAYPOBHSIX U3MEHSIETCS CleaytolmnM obpazom: 1s < 2s < 2p <
33<3p<45<3d<4p<55<4d <5p<6s ..

I[IpuHuUMIT HaMMEHbIIeH 3HEPTUM— TJIABHEUIIWN TPUHIIAIL,
XapaKTepU3YIOIIU SHEPTeTUKY 3JIEKTPOHOB B aTOME U aToMa B lie-
JIOM, 3TOT NMPUHLIMIT CIIPABEIJIUB U JUIST MOJEKYJI.

Ipynoun ITayam. B atome He MOXET ObITh ABYX 9JIEKTPOHOB C
OIMHAKOBEIM HA0OPOM UYETHIPEX KBAHMOBBIX HUcen, T.e. KaXIbII 31eK-
TPOH B aTOME MMeET CBOIl HabOp KBAHTOBBIX UKCEJI, KOTOPBIA ITOJI-
HOCTbBIO OMpENessieT dHepeemuuecKkoe cocmostue 3J1eKTpoHa. B cooT-
BETCTBHUU ¢ TIpuHIMTIOM [laynmm Ha ogHOU amomHoU opoumanu MOXET
HAXOIMTHCS HE 00JIee IBYX JIEKTPOHOB C IPOTHUBOIIOIOXKHO HaIlpaB-
JICHHBIMU criiHaMHu. ClienoBaTeTbHO, IJTST aTOMHOM S -OpOUTaI MaK-
CHMAaJIbHOE YMCJIO 3aITOTHSIONINX €€ JIEKTPOHOB PaBHO IBYM, IS p-
opbouraineii— 1mectu, 1 d-opouraneii— necaru, as f-opouraneii—
YETBIPHAALATU:

OO OOTTTITTITTITT

s p d f
Ipynoun ITayam BeIMOTHSETCS U IJISI MOJIEKYJL.

IIpasuno Xynna. [Ipu dopmrpoBaHUM 3JIEKTPOHHOTO MOMTYPOB-
HS$1 BJIEKTPOHBI 3AITOJIHSIIOT MAKCMMAJIbHOE YMCIIO CBOOOIHBIX OpOUTasIei
TaK, YTOObI YKMCJIO HECIIAPEHHBIX 3JIEKTPOHOB ObLIIO HAMOOJIBIIM.

Hanpumep, s atoma a3oTa Ha 2 p-IIOAYPOBHE COTJIACHO
NpaBuy XyHJa TPU BJIEKTPOHA Pa3MECTITCS CAEAYIOLINM 00pa3oM:
. B a1OM Cityyae 4mMcno HecnapeHHbiX 31eKMpPoHOE8 I CyMMapHOE
3HAYEHUE VX CIIMHA, OyIeT MaKCUMAaIbHBIM. 3HAK CyMMBI IIPH 3TOM 3Haue-
HUS He uMeeT. Takoe 3aroJIHeHWe aTOMHBIX OpOuTaieil 3JeKTpoHaMuU
COOTBETCTBYET HpuHuuny Haumenvuieil snepeuu. IpaBmno XyHaa BBIITOI-
HSIETCSI Y TIPY 3aIIOJTHEHMH 3JIEKTPOHAMU MOAEKYASAPHbIX opoumanneil.

IIpasuna KneukoBckoro.

1. IlocnenoBaTenbHOE 3alIOJIHEHE aTOMHBIX OpOMTajeil pu
YBEJIMYEHUU 3apsia siapa MPOUCXOOUT OT OpOUTAell C MEHbIIUM
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3HaYEHUEM CYMMBI IJIABHOTO U OPOUTAIbHOIO KBAHTOBBIX Yuces (1 +
) X opObutansiM ¢ OoJIBIIMM 3HayeHWEeM 3Toit cymMmbl. Hampuwmep,
g 3d-opoutaneii (n = 3, I=2) cymma (n + 1) = 5, a i 4 s-opouraneit
(n=4,1=0) cymma (n + I) = 4. 3Hauur, 4 s-TIOAYPOBEHb HOJIKCH
3aIOJIHATBCS paHblile, YeM MOAYypoBeHb 3d.

2. I1pu onuHakoBbIX 3HaYeHUsIX (n + [) BHayajge MPOUCXOIUT
3arojJHEHNEe OpOMTAIM ¢ HAMMEHBIIIMM 3HAaYE€HHMEM IJIaBHOI'O KBaH-
ToBOTO ymcia. Hampumep, mist ckangus -Sc- 3d- u 4 p-opburanu
MMeIOT ofauHakoBoe 3HaueHue (n +1): 3+ 2 (d) u 4 + 1 (p). Crneno-
BaTeJIbHO, BHayaje OyaeT 3arojiHAThcA 3 d-opOutaib, 3aTeM— 4p-
opouTab.

BoemHne 3J1eKTPOHbI. DJICKTPOHBI, HAXOMSIIMECs] HA BHEIII-
HeM (TToCIeMHEM) SHEPTeTUYECKOM YPOBHE aTroMa (MoJieKyibl). CIro-
COOHBI yYacTBOBaTh B 00pa30BaHUM XMMMUYECKOI CBS3U.

BHyTpenHue 3/1eKTPOHBI. DJIEKTPOHBI, HAXOASAIIECS Ha BHYT-
PEHHUX YPOBHSX aroMa (MoJeKynsl). Kak mpaBmwio, He IPpUHUMAIOT
y4acTusi B 00pa3oBaHUM XUMUIECKOI CBSI3H.

BajieHTHBIE 3JIEKTPOHBI. DJIEKTPOHBI TTOCJETHUX SHEpreThyec-
KUX YpOBHe. BajeHTHBIE 3JIEKTPOHBI MMEIOT MaKCUMAaJIbHYIO 3HEp-
TUIO U YYAaCTBYIOT B 00pPa30BaHUM XMMUYECKON CBSI3M MEXIY aToMa-
MM B MOJIEKYJaX.

B aTomax 571€MeHTOB INIaBHBIX MOATPYTI (A) BCE BaJIEHTHbIE
3JIEKTPOHBI HAXOMATCST Ha nocieOHem SHEPreTUIeCKOM YPOBHE, U MX
YUCJIO PaBHO HOMEPY TPYIIIIEL.

B aromax sneMeHTOB moOOYHBIX TToarpynn (B) Ha mocnenHem
SHEPreTUYECKOM YPOBHE HAXOOUTCS He Oonee 08yX 3JEKTPOHOB, OC-
TaJIbHbIe BAJIECHTHBIE 2JIEKTPOHBI HAXOMASITCS HAa npednocieoHem SHeEP-
reTuyeckoMm ypoBHe. OOIee YKMCIO BaJCHTHBIX 3JEKTPOHOB TaKXke,
Kak IpaBWJIO, paBHO HOMeEPY IpyIinbl. Hampumep, nas atoma Kuciao-
pola BaJIeHTHBIE 3JICKTPOHEI— 25?2p*, a mi1a atoma Maprania— 3d®4s?.

Hecnapennblie 31eKTpOHbI. DJIEKTPOHBI, HAXOISIIMECS Ha pa3-
HBIX aTOMHBIX (MOJICKYJISIPHBIX) OpOHTaJIsIX . I1o oTmembHOCTH MOTYT
AMETh KaK IMapajuleIbHOE, TaK M aHTUIIAPAJLICIFHOES PAaCIIOIOKEHIE
CIIMHOB: . . . .

IIpu B3auMOIEUCTBUMM ABYX 3JEKTPOHOB, MPUHAIIEKAIIUX
pa3HBIM aTOMaM U UMEIOIINX ITPOTUBOITOJIOXHOE HAIIpaBJIeHNE CITH-
HOB, 00pa3yeTcsl XUMIUIeCKast CBSI3b:

L |+ |-

AO AO MO
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(AO— aromHas opoutanb, MO— MoJeKyJsipHasi opoOUTab).

CnapeHHblIe 3JIeKTPOHbI. [[Ba 3JIEKTPOHA C IPOTUBOIOJIOXHBIM
HaIpaBlIeHUEM CIIMHA, HAXOASIIMECS HA OMHOM aTOMHOM (MOJIEKY-
JISIPHO#) OpOMTANIM MM O0pa3ylollye XMMUYECKYIO CBSI3b 3a CUET
co3naHus O0IIIeil 3JIeKTpOHHOM mapbl. HanpuMep, y aroMa K1ciopo-
J1a Ha BHEIIIHEM SHEPIeTUYECKOM YPOBHE MMEIOTCS IBa CIIAaPEHHBIX 1
JTBA HECTIAPEHHBIX P-3JIEKTPOHA.

2.3. DHepreTHYECKOe COCTOSIHHE IJIEKTPOHA B aTOMe

DHepreTHyeckoe coctosinue. CoCTOSTHUE, XapaKTepHU3yollee
3HEPIUIO 3JIEKTPOHA, aTOMa, MOJIEKYJIbl, HA4aJIbHOI'O WJIM KOHEYHO-
TO COCTOSTHUSI XUMWYECKOM CUCTEMEL.

DHepreTHYecKoe COCTOSHHE 3JIEKTpoHA B atome. CoOCTOSTHUE
9JIEKTPOHA B aTOME, XapaKTepu3yeMoe HabOpOM KBAaHTOBBIX YKCE, B
OCHOBHOM TJIaBHOTO ¥ OPOMTAJIBHOTO.

DHepreTnyeckas quarpamma atoMa. Cxema 1ocieaoBaTe/IbHO-
IO PACIOJIOXCHUS YPOBHEH 3Hepruu (aTOMHBIX OpOWTajicil) B aTOME.
Ha puc.6 naHa pacuyeTHast cxeMa OTHOCUTEIBHOIO PACIIONIOXEHUST Op-

ouTaneil ;s atoMa Bomopona (a) u MHoroaﬂeKTpOHHbI)é aTtoMoB (0).
a

A
0

|

6f

Sl [ []
6p 5d

6s 6s 4fl

esr L1 s [11]

5f
5p 4d

[ =
; L

n=4
4p
4s 3
n=3 II—_ji_
3p 3d
3s 3s
2s

Fl

DHeprus
@
u

n=4 | |

4p

LI

3d

4s

3p

2p 2p

1s 1s
Puc.6. CxeMa OTHOCUTEIBHOTO PAaCIIOJIOKECHUA Op6I/ITEU'[€I71

IUTSI aTOMa BOIOpOo/a (a) ¥ MHOTO2JIEKTPOHHBIX aTOMOB (0).
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OcHoBHOe U BO30YyXKaeHHOe cocTossHne. Husiiree u Gosee BbI-
COKO€ 3HEPreTUYeCKUe COCTOSIHUS BJIEKTPOHOB B aTOME WJIM MOJie-
Kyjie. B mepBoM cirydgae TOBOPSIT 06 OCHOBHOM (HEBO30YKICHHOM)
COCTOSTHUM aTOMa WUIM MOJIEKYJIBI, BO BTOPOM— O BO30YKICHHOM.
[Tpumep mepexoma MoJIEKYyIbl BOJOPOAA U3 OCHOBHOTO (HEBO30YX-
JICHHOTO) cocTosiHus (a) B BO30yxKIeHHoe (0) mom AeiicTBUEM CBETa
MOKa3aH Ha puc. 7.

a) a P f)) g P
— .
% " hv ! N
S —op—-— e e —
£ S T tem \ ;
~ \ /
' "+!:;c8 G &
Al Mo Al Al Mo Al

Puc.7. Tlepexon MOIeKyIIBI BOIOPOIA M3 OCHOBHOTO COCTOSIHUS ()
B BO30yXIeHHoe (0) moa JeicTBUeM CBeTa

DieKTpoHHas 000109Ka. COBOKYITHOCTD 3JIEKTPOHOB aToMa C
OIIMHAKOBBIM 3HAYEHUEM TIJIaBHOTO M OJAMHAKOBBIM 3HAYEHHEM Op-
OUTaTLHOTO KBAaHTOBEIX umcesn. OmpenenseTcs SHEPTeTUISCKIM T0-
nypoBHeM. YacTo TepMHH 3JIEKTPOHHASI 000JI0YKA MCIOIB3YIOT IS
OIpeelICHUsI COBOKYITHOCTH 3JICKTPOHOB aTOMa ¢ OOWHAKOBBIM 3Ha-
YEHUEM TOJIbKO INIABHOTO KBAHTOBOIO YMCIA.

DHepreTHYEecKmii ypoBeHb. YPOBEHb, 3aHUMaeMBbI 3JIEKTPOHOM
B aTOME B 3aBUCHMOCTH OT SHEPIUH DJIEKTPOHA. FHepeemuueckoe co-
CMosiHUe 31eKmpoHa B aTOME XapaKTEePU3YETCS 3Ha4YeHueM e1a6H020
K6anmoeoeo uucaa. 3anuceiBaetcsd 1, 2, 3 U T.0. DJIEKTPOHBI OJHOTO
SHEPTeTUIECKOTO YPOBHS 00pa3yIoT 3JeKTPOHHEIN CIION.

DJeKTpoHHbli ¢j10i. COBOKYITHOCTb 3JIEKTPOHOB aToMa ¢ 0du-
HAKO0BbIM 3HAYEHUEM 21a8H020 K8AHMO06020 Yucia. OTpeaessieTcs Hep-
TETUYECKIM YPOBHEM.

DHepreTHYECKuii NOAYPOBeHb. JHepeemuyeckKoe coCmosiHue IJeK-
TPOHA B aTOME, XapaKTepU3yeMOe 3HAYeHUIMU 21a8H020 N 0pOUmMans-
HO20 K8aHMOBbvIXx yucen. 3amuckiBaeTcs 1s-, 2s-, 2p-, 3s-, 3p-, 3d- u
T.1. DJIEKTPOH, HAXOMSIIIUICS Ha S-IIOAYPOBHE HA3BIBACTCS S-3JICKT-
POHOM, Ha P-TIOAYPOBHE— P-3JIEKTPOHOM, Ha d-TTomypoBHe— d-3J1eK-
TpOHOM, Ha f-TomypoBHEe— f-371€EKTPOHOM.
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3acTpoiika 3JIEKTPOHHBIX 000J109€K aTOMOB. [1ocie0BaTe IbHOCTE
3arI0JTHEHUST amMOMHbIX 0pOumaneli, YAUTHIBAIOIIAs YMCIIO JIEKTPOHOB
Ha HUX U 3HA4YE€HME CIMHA. 3aCTPOMKA IJIEKTPOHHBIX 000J104Y€K aTOMOB
OCHOBaHa Ha: npuHyune Haumenvulel snepeuu, npunyune Iayau, npagu-
se Xynoa. I1pu 3an10JIHEHUM aTOMHBIX OpOUTaIeii MHOTORJIEKTPOHHBIX
aTOMOB YIOOHO TaKXKe TOJIb30BaThCsl npasuiom Kieuxoeckoeo.

DnekTponHas Kondurypamms. Pacnpedenenue 31eKmpoH08 B SNEK-
TPOHHOM cJioe (000JIOUKE) aTOMa 1O dHepeemu4ecKum YPOGHAM U NO-
dypoesusam (opoutajsim). OOBIYHO 3aMKMCHIBAETCS IS aTOMOB BJIEMEH-
TOB B OCHOBHOM (HEBO30YXXIEHHOM) COCTOSIHUM.

DnektponHas gopmyaa — DD, dopma 3amucu pacrpeneacHus
21€KMPOH08 B ATOMAX 3JIEMEHTOB TI0 SHepeemu4eckKum YPosHaM U nody-
posHAM (3aTIUChH 31eKMPOHHOU Koughueypayuu). YUCIo 37eKTPOHOB Ha
MOAYPOBHE YKa3bIBaeTcsl LIM(MPOI BBEpXy CIipaBa y OYKBEHHOro 000-
3HAYCHUSI TTOAYPOBHS. 3ammcCh JIEKTPOHHOM (hopMyJBI HadMHAETCSI C
Hu3IIero (MepBoro) sHepreTuyeckoro yposHs. Hanpumep, aisa atoma
BoOAOpOIa 3JIeKTpoHHas popMyia 3amuuiercs 1s!'. DTo 3HAUMT, YTO ¥
aTroMa BOJOPOA UMEETCsI ONMH S-3JIeKTPOH, HaXOMSIIUIACS Ha TIEPBOM
ypoBHe. J1J1s1 aToMa HaTpyst JIeKTPOHHAs (hopMmyia 3amuiiercs 1s72s22pf3s!.

YHMCJIO 9JICKTPOHOB HA IMOAYPOBHEC

1 §2 %§2 356 231

HOMED YPOBHS CHMBOJI ITIOAYPOBHSI
(n)

W3 aToi1 3amucu ciemyeT, 4TO y aToMa HaTpusl Ha IEPBOM
SHEPreTUYECKOM YPOBHE HAXOIUTCS JBa S-3J€KTPOHA, Ha BTOPOM—
BOCEMb 3JIEKTPOHOB, 13 HUX JBa 3JIEKTPOHA Ha S-TIOAYPOBHE U ILIECTh
Ha P-IOAYPOBHE, WM OOMH 3JIEKTPOH Ha TPETbEM JHEPreTUYECKOM
YPOBHE Ha S-TIOJIyPOBHE.

I'padmueckas 3nekTponnas gopmyna — I'Dd. dopma mipen-
craBjieHus (3amucu) pacrpeieieHus: JIeKTPOHOB B aTOME C IMOMO-
LIbI0 rpaduYecKOro U300paxkeHus: amomubix opobumaneti. Hanpumep,
11t atoMa Bogoponga I'Dd:

S
IJId aTOMa a3oTa. nin
2p

1Is 2s

2p [t 1]t
2s(1 1

Is [11 |
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2.4. Ilepuonuyeckuii 3akoH. Ilepuoanueckas cucrema
xummnyeckux 3aementoB JI.A. MenneneeBa

ITepnonuueckuii 3akoH .. Menneneesa. DyHnamMeHTaIbHBIN
3aKOH €CTECTBO3HAHUSI, OCHOBHOM 3aKOH XUMUU. OTKPBIT PYyCCKUM
xumnkoM .M. MenneneeBsiM B 1869 r.: “CBoiicTBa 3J€MEHTOB, a
TTOTOMY M CBOKCTBA 00pa3yeMbIX UMH TTPOCTHIX M CIIOXKHBIX T€J, CTO-
ST B MEPUOANYECKON 3aBUCUMOCTU OT UX aToMHoro Beca”. CoBpe-
MeHHasi (popmysrpoBKa: “CBoHCTBa MPOCTHIX TeJI, a TaKXkKe POpMBI U
CBOICTBA COETMHEHUI BJIEMEHTOB HAXOMATCS B MEPUOANIECKON 3a-
BHCHMMOCTH OT BEJIMYMHBI 3apsiia siiep MX aToMoB” . DU3NUECKUii CMBICIT
MEePUOIMYECKOro 3aKOHa 3aKJII0YaeTcsi B MEPUOIUYSCKOM M3MEHe-
HUU CBOICTB 3JIEMEHTOB B Pe3yJIbTaTe NMEePUOINYSCKM BO30OHOBIISIIO-
LIUXCS TTIOMOOHBIX BJIEKTPOHHBIX 000JI0YEK aTOMOB TPU TOCIIEN0BA-
TEJIbHOM BO3paCTaHWU 3HAYEHMI IJTABHOTO KBAHTOBOTO YHKCJIA.

Ilepnonmueckas cucrema 3yementoB V1. Menneneesa. Cucme-
Ma Kaaccupukayuu xumuueckux anemenmog, coznanHasi JI.11. Menaenee-
BBIM Ha OCHOBE OTKPBITOTO MM TEPUOJMYECKOro 3akoHa. [lo3Bossier
BBISIBJISITH CBSI3W MEXIY XMMUYECKUMM 3JIEMEHTaMM, OTpaKaloliye mx
cxofcTBO M pazmuure. OCHOBaHA Ha TIEPUOINIECKON 3aBUCMMOCTH (DU~
3MYECKMX U XMMUYECKMX CBOMCTB 3JIEMEHTOB OT 3apsifa sapa UX aToMa.

Ilepruonmueckas Tabmua. /paguueckoe npedcmaesnerue nepuo-
duueckoll cucmembl 31eMeHmoe (nepuodu4eckoeo 3akoua). COCTOUT U3
TepUOAOB U IpymIl (CM. TIpuiIL. 1).

®opmMa nepuoIMIECKOil CHCTEMbI 3JIEMEHTOB, (hopMa NepHOIH-
yeckoii Ta0mnpl. Popma, onpenessieMast 3aluchbio JIEMEHTOB IEPUO-
na. PaznuyatoT kopomkyio u daunnyto ghopmy nepuoouueckoll mabauypi.

Kopotkas dopma nepuonuyeckoii Tadaumpl. PopMa neproam-
YECKOM TaOJIUIIBI, TIPU KOTOPO# 6oabuiue nepuodsl 3aTTUCHIBAIOTCS B
dee cmpoku. I1pu 3anricu NepuonoB B KOPOTKOU hopme oOpa3yroTcs
2naeHbvie U NoOoUHble NOOSPYNNbL.

JlnunHas dhopma nepruoauueckoii Tadmipl. GopMma repruoardec-
KOI TaOIMIIbI, IPU KOTOPOU KaxcObill nepuod 3alIucaH B 00HY CIPOK).

BHyTpenHsisi rOpM30HTAIbHASL IEPHOTUYHOCTD 3J1eMeHTOB. /[o-
NOAHUMEeAbHAS NEPUOOUMHOCIb 8 20PU3OHMANBHOM PAJY NepUoOUHecKoll
cucmemst anemenToB JI.1. Menneneesa. HaGmonaetcs ms p-, d- u f-
3JIEMEHTOB.

BHyTpeHHsIs1 rOpU30HTaIbHAS TTEPUOINYHOCTh 3JIEMEHTOB 00YC-
JIOBJICHA IBYX3TATHBIM 3aIl0JIHEHUEM 3JIEKTpOoHaMHu p-, d- u f- opouTa-
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sreid. T1epBbIi 2Tl 3aKJIIOYAETCs 3aITOTHEHUEM OpOUTAJIEN SJIEKTPO-
HaMHU C OMWHAKOBBEIM CIIMHOM, BTOPOIl — C IIPOTUBOIIOJIOXKHEBIM 3Ha-
YeHUEM CIIMHA.

Bropuunas nepuoaMYHOCTb 3JeMeHTOB. Hemonomonnoe usme-
HeHue C8OUCME I1eMeHMO08 U UX COeOUHEHUT C8epXY 6HU3 8 0OHOIU epynne
TEepUOANYECKON CUCTEMBI 3JIEMEHTOB. BTOpuuHasi meproanyHOCTb
9JIEMEHTOB OOBSICHSIETCSI CXKaTUEM PaJMyCOB aToMma BCJIEICTBHE 3a-
MOJTHEHMSI 3JIEKTPOHAMHU TIyOMHHBIX d- 1 f- ITOAypOBHE 1 9KpaHHU-
pOBaHMSI MMU siIpa aToMa. BTropuyHasi mepHOAMYHOCTb 3JIEMEHTOB
MPOSIBJISIETCS, HAIIpUMEp, TIPA PACCMOTPEHUM 3aBUCUMOCTU CYMMBI
YeThIpPeX IMMOTCHIINAIOB MOHU3ALNHI 3JIeMEHTOB IV IpyIImsl OT X mo-
psakoBoro Homepa (puc. 8). BropruHas nmepuoanyHOCTb SJIEMEHTOB
HaO0JII01aeTCsT TAKXKe U ISl COSAMHEHMI OHOTO 3JIeMEHTA.

(L, v Ipv ;4 1,), 38

A
150 C
130 t-
110 |- Ge

Sn Pb
90 - C/V
70 1 T L I2e e S
e 30 S0 70 N

Puc. 8. 3aBrcrMOCTb CyMMBI YETBIPEX MOTEHIIMATIOB MOHU3ALUU
971eMeHTOB [V TPYIIIBI OT TTOPSIIKOBOTO HOMEpa

ITepuon B nepromnyeckoii cucreme, nepuon. CogoxkynHOCHb Xu-
MUYECKUX 2NEMEHMO08, 20PU3OHMAAbHO U NOCACO08AMENbHO PACHONONCEH-
HbIX 8 nepuoou4eckoll mabnuye 31emMeHmos 6 nopsoKe 803paACMaHusl 3apsi-
da s0pa ux amomos. Kaxplil meproa HAYUMHAETCS 1ET0YHBIM MeTal-
JIOM U 3aBEPILAETCSI MHEPTHBIM ra3oM. MIcKimoueHue npeacTaBisieT rep-
BBl TIEPMOJA: OH COCTOMT M3 JIByX 3JIEMEHTOB— BOIOPOIA W TeJIus.
IMepuonmyeckas TabIMIIA COOSPXXUT 7 TIepruonoB: U3 Hux 1, 2, 3 Ha3bI-
BalOTCS MaJbiMH (KOpOTKMMH), a 4, 5, 6, 7— O0ojbuvMH (IIMHHBIMHE).
IMocenare TIepUONB ACJSTCS Ha PSIBI TP M300pakeHUH TaOJIUIIEI B
KOpoTKoii hopme. Hauany mepuona COOTBETCTBYET HAvajlo 3arojiHe-
HUSL DJIEMEHTAMKM HOBOTO 9HEPreTUYECKOrO YPOBHSI B aTOMaX.
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Homep neprona— mnopsiikKoBblli HOMEP MEPUOIOB B IEPUOIU-
yeckoit cucteme (mepuoaudeckoil Tadiauiie). Homep nepuoaa coot-
BETCTBYET YMCJIY 3HEPreTHYeCKHX YPOBHEH B IJIEKTPOHHOI 000JI0YKe
aTOMOB 6cex s/1eMeHmo8 danHoeo nepuoda. HucrenHo pasen 3Ha4eHUIo
[JIABHOTO KBAHTOBOIO YKCJIa BHEHIHUX 3JIEKTPOHOB ATOMOB 2/1eMEHMO8
paccmampueaemozo nepuood.

MaJibie nepuobl, KOpoTKHe nepuopl. OOlliee Ha3BaHUE nepBoeo,
8MOP020 U MPembe2o nepuodos TIEPUOTNICCKON CHCTEMBI 3JIEMEHTOB.

Bosbimme nepuoapl, 1mHABIE Hepuoabl. OOIiee Ha3BaHUE Yem -
6epmoeo, NAMmMoeo0, uecmozo U cedbMo2o nepuodos IepuoaNnIecKoi cu-
CTEMBI 3JIECMEHTOB.

BcraBnas nekaga, nekaga. CogokynHocms 0ecimu XUMUYECKUX
2/1eMeHmMo8 00H020 Nepuood, XapaKmepusyruuxcs nocie008amenbHbim
3aNoAHeHuemM 6 ux amomax 00Hoz2o d-moaypoBHs; d-3J€MEHTHI Ol-
Horo nepuoaa. HarmpumMep, B 4eTBEpTOM MEPUOE 3TO TEMEHTHI:
5, S¢— 4,Zn; B iATOM niepuoze: ,,Y— ,Cd; B mectom nepuone: g, La,
Hf— , Hg u T.1.

I'pynna B nepuoauyeckoii cucreme 3j1eMeHToB. COBOKYITHOCTh
XUMUYECKHUX JIEMEHTOB, pacrojioxeHHbIX B Tabauile .M. MeHnene-
€Ba BePTUKAJIBHO M OO0JIANaroIINX OJMM3KMMHU CBOiicTBaMH. I 'pyrimsr
obo3HavarTcss puMcKuMmu nudpamu [— VIII.

IMoarpynma. Kaxknast rpyrmna noapasziensieTcsl Ha riaBHylo (A)
1 no6oynyio (B) moarpynmy. ATOMBI 3JIeMEHTOB OIHOM MOATPYIITBI Ha
BHEIITHNX SHEPTETUYECKUX YPOBHSIX UMEIOT, KaK MPaBUJIO, OMMHAKO-
BOE YMCJIO 3JIEKTPOHOB.

I'maBHast ToArpyImma COAEPKUT 3JEMEHTHI MaJIbIX U OOJIBIINX
nepruoaoB (MeTallIbl U HeMeTalibl). [1o00YHast moarpyrmna coaepKuT
BJIEMEHTBI TOJIBKO OOJIBIIMX MEPHUOAOB ( TOJIBKO METAJUIBI).

Hampumep, rmmaBHyo moarpyrmy 1 rpymmsl (A) COCTaBIISIIOT
sneMeHThl Li, Na, K, Rb, Cs, Fr, a mobounyto noarpymmy 1 rpym-
bl (IB) cocraBnstor anemeHtsl Cu, Ag, Au.

I'maBayto moarpyry VIII rpymmsr (VIIIA) o6pa3yroT uHepT-
uele ra3el: He, Ne, Ar, Kr, Xe, Rn, a mo6ounyto moarpymiry (VIIIB)—
Tpu Tpuanpl: Tpuaaa xenesa Fe, Co, Ni u nx aHayioru. Takum odpa-
30M, B TabJuile o0ulee YUCIIO TJIaBHBIX MOArpyN— &, MOOOYHBIX - 10.
YacTo moarpyImmy Ha3bsIBalOT OOLIMM Ha3BaHUEM 3JIEMEHTOB WIIM TI0
IIepBOMY COCTaBJISIONIEMY ee 3JeMeHTy. Hampumep, moarpymma ra-
JIOTEHOB, TIOATPYIINA IIEJIOYHBIX METAJIJIOB, TTOATPYIIa a3oTa (a3or,
docdop, MBILIBSIK, CypbMa), OATPYIINa KrcJiopoaa (KUCIOpo, cepa,
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ceJieH, TeJUIyp, MOJIOHUI), MOArpymIa xpoma (XpoM, MOJUOMIEH,
BoJibhpam). MHOIIa TepMUH MOATPYIINA MCIOJb3YeTCsS HE B CTPOIOM
cMmbiciie. HampuMmep, monarpymra ajlloMUHUS, B KOTOPYIO HE BXOAMUT
0op, MOArpyIIia 0J0Ba, KOTOPYIO COCTABJISIOT OJIOBO M CBUHELL.

BrimesnstioT 1Ba TOMIOJTHUTEIBPHBIX CeMEIHCTBA: JTAHTAHOWIBI 1
akTruHOMABI. KaXmoe U3 3THX CeMeiCTB COOePKUT 110 14 371eMEeHTOB.
OHUY moMenIaloTCs ABYMSI TOPU30HTAILHBIMU PSIIAMHU ITOI OCHOBHOM
TaOJIULEN.

HenepexonHbie 31eMeHTHI, S-, P-3JeMEHTBI. DJIEMEHTEI, B aTO-
MaX KOTOPBIX IIPOMCXOIUT 3aIIOTHEHUE S- VTN P-TIOAYPOBHS. Pacrio-
JIaraloTcsl B TVIABHBIX MTOATPYIIAX TIEPUOINIECCKOMN TaOIHIIEL.

s-aaemeHnTbl. DyemMeHTHI [ u 11 rpynm rmaBubix noarpynm (1A,
ITA) nepuoanueckoit CUCTEMBbI 3JIEMEHTOB. ATOMbBI 3THUX 3JIEMEHTOB
Ha BHEIIHEH 3JIEKTPOHHOI 000JI04Ke MMEIOT oauH ns! (rmoarpyrmna
IA) wm gBa (rmoarpymma IIA) s-amekTpoHa ns?. BiaeMeHTHI [A mon-
TPYIIIBl HA3BIBAIOTCS IIEIOYHBIMM MeTautlaMu. K HUM OTHOCSITCS:
JIMTUIA, HATPUI, Kaauii, pyounui, uesuit, ppanuuit. DiaemeHTsl 11A
MOATPYIIITEI HA3bIBAIOTCS IIEJI0UYHO3eMETbHBIMI MeTautaMu. K HUM
OTHOCSTCS: OepuJUIMii, MarHUi, KajdblLUl, CTPOHLIMIA, Oapuii, pa-
nuit. OTcrofa s-3JeMeHThl MHOTAA Ha3bIBalOT S-MeTaJliaMu. CUJIbHbIE
BOCCTaHOBUTEJIN, TIPOSBIISIIOT cTerieHN okuciaeHus +1 (IA smemeH-
Tbl) Wi +2 (ITA snemeHTsl). O0agaI0T NOBBILLIEHHONH XMMUYECKOM
aKTUBHOCTbIO, HEKOTOPbIE CAaMOBOCILIAMEHSIOTCSI Ha Bo3ayxe. B3phi-
BO- M ITIOKapOOITaCHHI. P S-3]IeMeHTOB M X COSMMHEHMIT TOKCUIHEI.

p-3aeMenThl. DaeMeHThl 111 u VIII rpynn rimaBHBIX mOArpyIin
(ITTA— VIIIA) nepuoanyeckoil CUCTEMBbI 3JEMEHTOB. ATOMbI 3TUX
9JIEMEHTOB Ha BHEIIHEH 3JIEKTPOHHOM 000JI04Ke UMEIOT OT TpeX (IO~
rpynia I11A)- ns’np! 1o BocbMM 31eKTpoHOB (moarpynma VIIIA)—
ns’np®. Takum 0o0pa3oM, oOI1Iast JIEKTpOHHAsA GOpMYyJia BaJEHTHBIX
BJIEKTPOHOB P-2JIEMEHTOB Ns’np'®, riae n— HoMep Iepuoaa (IJIaBHOe
KBaHTOBOE YHCIIO).

Ilepexonnbie 3aeMeHThI, d, f — 37€eMeHTBI. DJIEMEHTHI, B aTO-
MaxX KOTOPBIX ITporcxXoauT 3anonHeHne d- win f-momyposns. K mepe-
XOOHBIM 3JIEMEHTAM OTHOCATCS d-3JIeMEHTHI YETBEPTOTO, IISTOTO U
LIECTOTO TIEPUOAOB, JIAHTAHOMAL M aKTWHOWIEI, BCETo 58 3IeMeH-
TOB. [1pOSIBIIAIOT MeTaJTMIECKIE CBOMCTBA. PacIioIoskeHBI B n0604HbIX
nodepynnax nepuoduueckou mabauysi. Haripumep: cKaHIWit, IIMHK,
Me€b, 30JI0TO U ApYyrue.

54

Henepexonubie MeTawibl. O0lliee Ha3BaHKE HEKOTOPBIX MeTal-
JIOB IJIaBHBIX MOATPYIII NEPUOAUYECKON CUCTEMBI 3JIEMEHTOB, UMe-
IOIIMX OJTM3KMEe XMMHUIecKre cBoiicTBa. K HelepeXomHbBIM MeTaIlaM
OTHOCSTCY: aJIOMUHUWM, TaJIMi, UHOAWU, TaJUIUA, OJIOBO, CBUHEII,
CypbMa, BUCMYT, TTOJIOHUIA. Bce nenepexodusie memanavi OTHOCSTCSA K
p-3JeMeHTaM, MMEIOT IIePEeMEHHYIO CTCIICHb OKMCIICHUS (MCKITIOUe-
Hue Al, Ga, In), ux okcuabl SIBASIIOTCS aMOTEpPHBIMU (UCKITIOYE-
Hue okcunbl T1, In). I'mapunel HelrepeXoOmHBIX METAJIIOB CKIIOHHBI K
MMOJIMMEPHU3aINN WA Ta3000pa3HEL.

Ienounbie MeTawibl. OOLICE HA3BAHUE XUMUYECKUX JIEMEHTOB,
COCTaBJISTIOIIMX TJIABHYIO TOATPYIITY NEePBOii TPYIIbI TICPHOINISCKON CH-
CTeMbI 2JIEMEHTOB: JIMTWUI, HATpUil, Kaauid, pyounuii, uesuii, dbpaH-
umit. SIBnsitoTcsl HauboJiee aKTUBHBIMUM MeTaliaMuy. TuapoKcHap 1eou-
HBIX METAJUTOB HA3BIBAIOTCS MIEJI0YAMH, OTHOCSITCSI K CHJTBHBIM OCHOBA-
HUSIM U 3JieKTposiuTaM. OTIMYarOTCSl BHICOKOM XUMMUECKON aKTUBHOC-
TBHIO, BO3PACTAIOIICH C YBEJIMYCHHEM TOPSIIKOBOTO HoMepa. CHIbHEIC
BOCCTAHOBUTEJIU, B COEIUHEHMSIX MPOSIBIISIIOT CTENEeHb OKUCIeHUs +1.

ITlenoyno3emenbHbIe MeTaLIbI. OOlllee HAa3BaHUE XUMUYECKUX
3JIEMEHTOB, COCTABJISIIOIINX IJIABHYIO MOATPYINLY BTOPOii IPYNIbI IIePH-
OJMUYECKON CUCTEMBbI BJIEMEHTOB: O€pMJIJIMI, MarHWi, KaJlbLIUiA,
CTpoHUMI, Oapuit, panuii. O61aaa10T OMU3KUMU (PUBMUYECKUMU U XU-
MUYECKMMM cBoiicTBamu, ocobeHHOo Ca, Sr u Ba. CBoiicTBa 6epu-
JINSL 1 MarHUST HECKOJIBKO OTJMYAIOTCS OT CBOMCTB ILIEJIOYHO3EMEIb-
HBIX METAJUIOB: O€pUJIJIMIA TI0 CBOMICTBAM MOXOX Ha aJllOMUHUI, Mar-
HUM— Ha OUHK. XUMU4YecKas aKTUBHOCT IIEJIOYHO3EMEIbHEIX Me-
TaJIJIOB MEHbIIIE, YeM Yy LIEJOYHBIX METAJIOB, BO3pacTaeT OT Kallb-
us K panuio. CHbHbIE BOCCTAHOBUTEIM, B COCIMHEHUSIX TIPOSIBIIS -
0T CTeTIeHb OKUCaeHYs +2. TuapoKcHabl HEKOTOPHIX 1IeJI0YHO3eMEITb-
HBIX METAJUIOB OTHOCSTCS K IIeJI0YaM.

MueprHbie ra3pl, 01aropoaHble ra3bl. DIEMCEHTHI IJIABHOIM HOATPYI-
b1 VIII rpymms1 nieprommyeckoii cucteMsl J1.M. MeHneneesa: renmii (He),
HeoH (Ne), aproH (Ar), kpuntoH (Kr), kceHon (Xe), pamoH (Rn). Kpo-
Me Tesivsl, Ha BHEIIHEN 000JI0UKe aTOMbI UMEIOT BOCEMb 3JIEKTPOHOB—
ns?np®. Biarogaps 3armojiHEHHON BHELHEH 000I0UYKE MOHOATOMHBI U
XVUMHWYECKN MHePTHBI. VI3BECTHEI 3apsoKeHHBIC MOJICKYIISIPHBIC YaCTUIIBI
He,", Ne," u npyrue. B nociennee BpeMsl OTKPbIThI COEAUHEHMSI MHEPT-
HBIX Ta30B ¢ KUCI0ponoM, Hanpumep, XeO,. M3 MHePTHBIX Ta30B BLICO-
KO pamroakTUBHOCThIO 00j1anaeT panoH. Bo BeeneHHolt Hanbosnee pac-
MpocTpaHeH reuii, B atmocdepe 3eman— aprot (0,934% mno oobemy).
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Jlantanouapl. CemeiicTBo u3 14 f-31eMeHTOB 1IECTOro nepuoaa
neproanyeckoi cucteMsl anemMeHToB 1. Y. MeHaeneeBa, cieaytommx
3a JJAHTAHOM C amoMHbiMu Homepamu 58 — 71, OMU3KUX TI0 IJIEKT-
POHHOMY CTPOCHUIO aTOMOB 1 XUMUIECKNM CBOICTBaM. JIaHTaHOUIBI
pacmnoJioXeHbl BHU3Y NMEPUOINYECKON TaOJIULIbI OTIEIbHON CTPOKOM.

Axtunonnpl. CemeiicTBo U3 14 f-31eMeHTOB ceabMOro nepuoaa
nepuoanyecKoil cucremsol 3eMeHToB JI. 1. MeHneneeBa, caeayonmx
32 aKTUHUEM C nopsaokogsimu Homepamu om 90 do 103 v pacnionoxeH-
HBIX BHU3Y TIEPUOINICCKOI TaOIMIIBI OTAEILHOM CTPOKOM. Bee akTh-
HOMIBI OJM3KH 10 (PM3NIECKUM M XUMHUYECKIM CBOIMCTBaM, obiama-
JOT paIoaKTUBHOCTHIO. B prpome HeKoTopble aKTHHOWIBI BCTpeYa-
IOTCSI TIPEUMYIIICCTBEHHO B PacCesTHHOM BHIIE.

Anajnoru. XuMm4yecKue 3JeMeHTHI, OJIM3K1e TI0 CBOMM CBOM-
ctBaM. Kak mpaBmiio, aHaJlorW BXOISIT B COCTaB OTHOM ITOATPYITITEI
(TPYIIIBI) TIEPHOINYECKON CUCTEMBI 3JIEMEHTOB.

ITorenmman nonnsaman (1), TOHM3AIMOHHBIN TOTCHIIAN, SHEP-
TUsT HOHU3AUU. DHEPTYsl, HeoOXoamuMasl [UTSl yIaJeHHs 3JICKTPOHA U3
aToMa Ha 6eCKOHEYHO 00JIbIIIoe paccTosiHue. M3mepsieTcsl B 3JIEKTPOH-
BoJibTax (3B) wiu B kJI/monb. Hanpumep, mnoreHUMan MOHU3ALUU
aToMa JIMTUs paBeH 5,39 3B, Kajubuusi— 6,11 3B, cBuHIIA— 7,42 3B.

CpoacTBo K 3JIEKTPOHY. DHEPIHsI, BBIICIISIONIASICS TIPU IIPUCO-
eMMHEHNU 3JIEKTPOHa K atoMy. Harrprmep, CpoziCTBO K 3JIEKTPOHY aToMa
Bogopoaa pasHo 0,75 3B, kuciaopoga— 1,47 3B, ¢propa— 4,52 3B.

DnexTpoorpunarebHocTh (D0). Ceolicmeo amomos 0aHHO20 sne-
MeHma ydepicusams 34eKmpoHbl; YCIOBHAsI BEJIMYMHA, XapaKTepHU3yIo-
1ast CIIOCOOHOCTh CBSI3aHHOTO aToMa TPUTSATUBATh 3JIEKTPOHBI, OCY-
LIECTBIISTIONINE XUMUYECKYIO CBsI3b. KONMMUEeCTBEHHO XapaKTepu3yeTcst
MOTEHILIMAJIOM MOHU3AM aTOMa 1 €r0 CPOJICTBOM K DJIEKTPOHY.

DJIeKTPOOTPULIATEILHOCTD OIPENEISIOT KaK MOJIyCyMMY SHEp-
T MOHU3AIMY U CPOJNICTBA K 3JIEKTPOHY:

B0=——.

OtHocuTesbHAA 3J1eKTpooTpunaTeabHocTh (0D0). Beauuuna,
Xapakmepu3syouas cnoCOOHOCMb AMOMa NPUMSALUBAMb INEKMPOHbL, OCY-
wecmeasnoujiie Xumu4eckyio césa3b. OTpenessieTcs OTHOCUTETbHO 3JIeK-
TpoOTpULIATeIbHOCTU aToMa JIuTUsL. OO0 aToMa JT1000ro 371eMeHTa X
MOXHO paccyuTaTh 1o hpopMyie: QO(X)

090(X) = ———*.
90(Li)
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OBD0— BaxHas xapaKTepHCTHUKa 2JieMeHTa. YeM MeHbllIe 3Ha-
yeHre OO0 3eMeHTa, TeM CUJIbHEE BBIPaXKEHBI €ro MeTaUIMYecKue
CBOICTBa, YeM OOJIbIIIc— HeMEeTAIIMICCKIE CBOMCTBA. Pa3HOCTh 3HaA-
yeHnit OD0 B3aMMOACHCTBYIOIINX aTOMOB XapaKTePHU3yeT CTCIICHB
MOHHOCTH OOpa30BaHHON MMHU XMMUYECKOW CBSI3U: C YBEJIUUYEHHEM
pasHoCcTH (A,,) CTENMEHb MOHHOCTH CBS3M BO3pacTaeT. Makcumais-
Hoe 3HaueHue OO0 umeet Prop (4,0), MuHuMaIbHOe— 1e3uii (0,7). B
Ieproaax IMepuoOINIecKOi CUCTeMbI 31eMeHTOB 3HaueHnsT OO0 sire-
MEHTOB YBEJIMUYMBAIOTCS CJIeBa HAIIPAaBO, B IVIABHBIX IOATPYIIIaX—
YMEHBbILAI0TCS CBepXy BHU3. C yBeJIMYeHUEM MOPSIIKOBOIO HOMepa djie-
MeHTa 3HaueHus: OO0 u3aMeHsoTcs nepuoanyecku. aMeHeHue 3Ha-
yeHnit OO0 moaTBep:KIaeT XxapakTep U3MEHEHUs CBOMCTB 2JIEMEHTOB
B neprogax 1 rpyrmax. 3HadyeHuss OO Wi HEKOTOPHIX 3JEMEHTOB
[JIaBHBIX TOATPYNH (KpOMe MHEPTHBIX ra30B) MPUBEACHBI B MPHUJL. 2.

Artomublii paguyc. Paccmosinue om yenmpa amoma 00 2nasHo2o
MAKCUMYMA NAOMHOCIU BHeUHe20 21eKMPOoHH020 ca0s. Takoi aToM-
HBII paguyc Ha3bIBaeTCsI OopOUTAIbHBIM. OH XapaKTepU3yeT aTOM B
OCHOBHOM (HEBO30OYXIEHHOM) COCTOSIHUU. B peaibHbIX Monekyrax
TIPOCTBHIX BEILECTB 32 AMOMHbIL paduyc MOXHO CUUTATh HOAOGUHY
MeNCBA0ePH020 PACCMOSAHUSA MeHcOY 08YMS 83AUMOO0CLICIBYHOUWUMU AMO-
mamu. Takue amomHoie paduycet Ha3bIBAIOT 3(peKTHBHBIMH.

IlepuoaUYHOCTD ATOMHBIX PATUYCOB. 3HAYEHUS AMOMHBIX Pa-
duycos 31emMeHmo8 HAaxX00AMcs 8 Nepuooudeckoll 3a8UCUMOCMU Om
amomHoeo Homepa snemenma. Hambosee 3HAaUMTEIFHO aTOMHBIE pa-
nuycel (R) M3MeEHSIIOTCS MpM TIOSBJICHUM 3JICKTPOHA Ha BHEIIHEM
YPOBHE aTOMOB (Ilepexoj K HOBOMY Mepuoay)— puc.9.
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Puc. 9. 3aBucuMOoCTb 3HaYEHUI AaTOMHBIX PaIMyCOB aTOMOB
OT aTOMHOIO HOMepa 3JIeMEHTa
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I1TepuoaYHOCTH MJIOTHOCTH NMPOCTLIX BemecTs. /1iomHocms npo-
CcMblIX eeujecme HaXOAUTCS B NepuoouUeckoll 3a8UcUmMocmu om amomHoO-
20 Homepa (N) snemenmosg. 1llenouHble MeTaUIbl UMEIOT MUHUMAJIb-
Hble 3HAUYE€HUS TUIOTHOCTU, CAMBIM TSDKEJIBIM 3JIEMEHTOM SBIISIETCS
ocmuii (puc. 10).
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Puc. 10. 3aBUCHMOCTD TJIOTHOCTHY TIPOCTHIX BEIICCTB
OT aTOMHOIO HOMepa 3JIeMeHTa

ITeproaMYHOCTH MOTEHINAIOB HOHU3ALNH. SHAUEHUs NOMEHY U~
anoe (1) HAXOmATCA B nepuoduueckoil 3asucumocmu OT aTOMHOIO HO-
Mepa snemeHTa (N). W3 puc. 11 BUIHO, YTO MHEPTHBIE Ta3bl UMEIOT
MaKCHMaJibHOe 3HayeHue I, a 1e10YHble MeTalJIbl— MUHUMAJIBHOE.
DTO OOBSICHSIETCSI pa3iMyuMeM aTOMHBIX PaJMyCOB, a TaKXe 3aBep-
LIIEHHOCTBIO BHEILHEN 3JIEKTPOHHOM 000J0YKHM Y aTOMOB MHEPTHBIX
ra3oB 1 MUHUMAJIBHBIM KOJINYECTBOM BaJICHTHBIX 3JIEKTPOHOB Y aTo-

MOB HICJIOYHbIX METAJIJIOB.
Hepuodoi
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