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I'maBa I

OCHOBHbBIC MOHATHA U onpeacjicHus

1.1. Ctpoenne BemecTBa

ONHUM H3 OCHOBHBIX NOHATHH XHUMHH M JPYTHX €CTECTBEHHBIX HAYK
SIBJIAETCS ATOM. DTOT TEPMHH UMEET JaBHEe IMPOHCXOXKACHUE; OH HACUUTEHIBAET
yxe okono 2500 met. BnepBele noHsaTHE aToMa 3apoaunnock B IpesHeil I'penun,
IpUMepHO B V B. /10 H. 3. OCHOBOIOJOXHUKAMH aTOMHUCTHYECKOTO YUeHHUs OBLTH
npeBHerpeveckue punocods Jepkunmn! u ero yuennk JleMokput. IMeHHO OHH
BEIJIBUHYJIH HJIE0 O TUCKPETHOM CTPOEHHH MAaTe€pHH H BBENTH TepMUH «ATOM)».
JeMOKpHUT ompeensyl aTOM KAaK HAUMEHBIIYIO, Jajiee HeAeIUMYIO, YaCTHILy
MaTepHuH.

Vuenne JleMOKpHUTa He MNOMYyYHMIO MIHPOKOTO PACOPOCTPAHEHHUs, W B
TeueHHe OOJBIIOr0 HCTOPHYECKOrO MEepHoJa B XHMHH (a BO BpeMeHa
CPETHEBEKOBBS —
aNXUMHH) TOCIOJACTBOBaNAa Teopus Apuctotens (384 — 322rr. go H.3.).
CornacHO yueHHIO APpHCTOTENs, OCHOBHBEIMH HaualaMH IOPUPOAB! SBISIOTCA
aOCTpakTHBIE «IPHHIMIEB: XOJOA, TEIIO, CYXOCTh W BIAXHOCTh, MpH
KOMOMHAIIMH KOTOPBIX OOpa3yIOTCsl YETHIPE OCHOBHBIX <«QIEMEHTA-CTHXHH»:
3eMIIs, BO3/YX, OTOHB
U BOJIA.

N tonpko B Hauane XIX cronetus aHrauiickuili yuensii [>xon aibToH
BO3BpAIlaeTcsl K aTOMaM KaK HAUMEHBIINM YaCcTHIIAM MAaT€pPHH H BBOJHUT B
HayKy 3TOT TEPMHH. DTOMY HpeIIIeCTBOBANH paboTBl TaKHX 3aMeUaTeNTbHBIX
yueHbIX, Kak P. Boinb (B kHUre « XHMHK-CKENTHK» OH HAHEC COKPYIIHTENHHBIH
yaap no npejacTaBieHusM anxuMmukos), JIx. [Tpuctau u K. B. Illeere (oTkpbITHE
kucropoaa), I'.Kasenmum (oTkpeitHe Bomoponaa), A.JI.JlaByaspe (mombITKa
COCTABUTH HEPBYIO TabAHIly HpocTeIX BemiecTB), M. B. JloMmoHOCOB (OCHOBHEIE
MIOJO)KEHUST aTOMHO-MOJIEKYJISIPHOTO  YU€HHs, 3aKOH COXPAaHEHHS Macchl),
K. JI.TIpyct (3aK0OH MOCTOSIHCTBA COCTABA) M MHOTHE JIPYTHE.

OTKpEITHS B 00aCTH (DH3HKH, ClleaHHbBle B KoHIE XIX — nepBoii Tpeta XX
CTONETUH, 3aCTABHAM YYEHBIX COBEPIICHHO HHAYE€ CMOTPETh HA AaTOMHO-
MOJIEKYISIpHOE yueHHe. OKa3aI0Cch, YTO aTOM 00N aeT CIOXKHBIM CTPOSHHEM U
He SIBJI1eTC HauMEeHBIIeH YaCcTHIIeH MaTepun.

3nmeck MBI He Oy/1eEM NPHBOANTE YCTApeBIIEe ONpe/IeeHHE 3TOr0 MMOHSTHS, a
cpasy  JmaauM  (OPMYNHPOBKY, OasHUPYIOMIYKOCS  HA  COBPEMEHHBIX
Hpe/ICTABICHUSAX.

1 Jlepxunn (Aedxanmol) — mpeprerped. dpumocod. O xu3Hn JIEBKHINA TPAKTHIECKH
HHYETO HE H3BECTHO.
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ATom (rped. oTOUOL — HEEMUMEII) — 5TO HAMMEHBIIIAS YACTUIIA XUMUYECKOTO
3MEMEHTA, CHOCOOHAd K CaMOCTOSTENBHOMY CYHIECTBOBAHUIO U SABIAIONIASACS
HOCHTENIEM €ro CBOWCTB. ATOM MpeJACTaBIsIeT COOOH 3NIEKTPOHEHTPATBHYIO
MHKPOCHCTEMY, COCTOSIIIYIO K3 TOJOXHTENBHO 3apsKEHHOrO sApa H
COOTBETCTBYIOIErO YUCTA JMEKTPOHOB.

| XumMn4aeckuii 3J1IeMeHT — BHAJ ATOMOB C OIUHAKOBLIM 34piaJIOM dpa.

XUMHYECKUH 3JEMEHT — 3TO NOoHATHE, 4 HC MATCpHUAJIbHAAg YaCTUIIA. 210 HE
aToM, a COBOKYINHOCTL ATOMOB, XAaPAaKTCPUIYIOIIUXCA  ONPECACICHHBIM
OPU3HAKOM — OJIMHAKOBEIM 34pAJI0OM Apa.

DNeKTPOH [Ap.rpeu. MAEKTPOV— AHTAPH (XOPOIIO JIEKTPU3YETCA pH
TpeHHH)|— craOuibHas >JeMeHTapHas YacTHIA, HMEIoIas Maccy MOKOs,
PAaBHYIO 9,109-10° kr=5,486-10%a.e.m.2, u Hecylias 3JIeMEHTApHBIN
ompuyamenvubill 3apaa, paBHBIA 1,6 - 107" K.

B xumun u B ¢Qu3MKe OpH pelIeHMH MHOTHX 3a7ad 3aps/ JIEKTpoHa
OPHHUMAIOT 32 —1 M 3apsabl BCEX OCTAJBHBIX YACTHI] BBEIPAXAIOT B 3THX
€JIMHHIAX. DIEeKTPOHBI BXOAAT B COCTAR BCEX ATOMOB.

IIporon (rped. TPOTOG— NEPBHIA)— 3JIEMEHTapHAs YaCTHIA, SBISIOMIASCS
COCTABHOW 4YACTBIO f7€p aTOMOB BCEX XHUMHYECKHX 3JIEMEHTOB, 0Omanaer
Maccoli mokos m,=1,672-10kr=1,007 a.e.M. U >IeMEHTAPHEIM
noI0KHCUMENLibIM SNEKTPHYECKIM 3aDA/IOM, PAaBHEIM MO BENHUHHE 3apafty
3JeKTpoHa, T.€. 1,6 - 107 " K.

Hucno OpoOTOHOB B AJpE ONpEeACICT HOpHﬂKOBBIﬁ HOMEDP XUMHUYECCKOTrO
JJICMCHTA.

HeiiTpon (nat. neutrum— HA TO, HH JPYroe)— IEKTPUUECKH HEUMPATbHASA

3JeMCHTApHAS YACTHIIA ¢ MACCOW MOKOS, HECKOJNBKO MPEBEBIMAOIICH MacCy
27

nokos npotoHa m,= 1,675 107" kr=1,009a. e. m.

Hapsiny ¢ npoToHOM HEHTPOH BXOJHT B COCTaB BCeX ATOMHBIX snep (3a
HCKJTFOYEHHEM sIpa HM30Toma Bojopoja 'H, mpesncrapnsiomero coGoil omum
IIPOTOH).

Taboauua 1
Hexomopbte xapakmepucmuky 31eMeHmapHbix Yacmuy,
GX00SMUX 6 COCMAE AMOMA

Dnemenmapna | Obosnauen Macca Onexmpuyeckuii 3apsa0
A yacmuya ue 6 e0. CH(xz) 6a e 6 Kn 6 sapAoax
NeKmpona

INeKTpoH | e 1 9,109-107" 1 5468107 1 1,6-1077 1

a. €. M. — aTOMHas ¢AHMHHIIa MACChl, CM. HUXKC.
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Mpotok | p CL672-107 11007 L 16-107 11

Heiitpon
0o6o0marommee (rpynmnoBoe) Ha3BaHHE MPOTOHOB H HEUTPOHOB — HYKAOHUYL.
| MaccoBoe ame0 — o6Imee UHCIO HYKIOHOB (IPOTOHOB H HEHTPOHOR) B AIpe.

Snpo aToMa COCTOHUT W3 MPOTOHOB, YHCIO KOTOPBIX PABHO MOPSIKOBOMY
HOMepy anemeHTa (Z), u HeriTporos (N). A=Z+ N, rae A — MaccoBoe YHCIO.

Hyxmmnoer (mar. nucleus— sanpo)— oOmiee Ha3BaHHE AaTOMHEIX —sJiep,
XAPAKTEPUBYIOTCS  OMpPEJENEeHHBIM  YHCIOM  [POTOHOB W HEUTPOHOB
(BEIMUHHON TONOKUTENHEHOTO 3aPs/ia i MACCOBBIM YHCTIOM).

I[JIH TOr0 YTOOBI YKas3aTh XUMHYECKHAH JJIEMCHT, JOCTATOUYHO HA3BATH
TOJBKO OJHY BCJIUYNHY — 3apsaia sajapa, T.€. HOpHI{KOBBIﬁ HOMEP DJJIEMCHTA B
Hepnonnqecxoﬁ CHUCTEME. I[J'IH ONpeaceHUs HYKIUAA 3TOro HEAOCTATOUYHO —
HAJ0 YKAa34aTh TAKXE U €10 MaCCOBOEC UNUCIIO.

I/IHOFﬂa, HE COBCEM TOUHO, MOHATHE «HYKIHUI» OTHOCAT HE K CAMOMY APy,
a KO BCEMY aTOMY.

H3oTonnl (rped. 160 — ouHAKOBEIH + TOTO0L — MECTO) — HYKIN/IB, HMEIOIIHE
OJMHAKOBOE YHCIO IPOTOHOB, HO Pa3NHYAOIINECS MACCOBBIMHI YHCIAMH.

MzoTonel — HYKIWJLI, 3aHUMAOINNAE OJHO U TO K€ MECTO B HepnonnquKoﬁ
CUCTEME, T. €. ATOMBI OJJHOT'O K TOI'0 )K€ XUMHYECCKOI'O 3JICMECHTA.

22 2 24
Hanpumep: ;;Na, ;1Na, 3iNa — usorons! Hatpus.

Hzo6apur (rpeu. 1L0— paeubii + POPOC— Bec)— HYKIHALL, HUMEOIIHE
OJIMHAKOBEIE MACCOBBIE UHCNA, HO pa3TUYHOE YHCA0 OpOTOHOB (T.e.
OTHOCAIIMECS K PA3THYHEIM XHMHUECKHM sMeMeHTaM), Hanpumep, ~°Sr, Y,

Zr.

Hzomonwr— HYKJIHJLI ¢ OJMHAKOBLIM YUCTIOM Heﬁ’I‘pOHOB.

JIOBONBHO OATO XUMHKH HE JIeNald YeTKOr0 pa3nHuHsg MeXTy aTOMaMH U
MOJIEKYJIaMH OpOCTEIX BemecTB. B 1811r. A. ABoraapo NpeanoxXuil rHIOTe3y,
KOTOpas MO3BOMASNIA OJHO3HAYHO OOpEAEaNTh 3TH MOHATHS, OJHAKO
COBpPEMEHHHKH €€ He OIEHHIIH, U OHA MOJYYHIa NpU3HAHHE TOJBKO B 1860T.,
nocne cocrosiBierocs B Kapncpys (I'epMaHus) mepBOro MeXIyHApOAHOTO
Che371a XMMHKOB, KOTJIa MOJIEKYJIa CTajda MOHUMATECS KaK Melabuaiiasg JacTura
BEIEeCTBA, YUACTBYIOIIAS B €0 XMMHUYECKHX IpeBpalleHuax. I1o Mepe pa3sBuTHS
€CTECTBEHHBIX HAYK OINpeAeNeHHE MOJIEKYJIBl IpPETEpHeNo  HEKOTOPEIE
HU3MEHEHHS.

MOJ'IeKyJ'Iﬂ (yMeHBIHI/ITCJ'IBHOe OT JlaT. moles— Macca)— O9TO HAUMCHbIIAA
JacTUulla BEIIECTBA, ONPECACIAOIas €ro cBoiicTBa. COCTOUT U3 ATOMOB OJTHOT'O
NI PAa3InIHBIX XUMHAYECKUX J3JICMCHTOB U CYHICCTBYCT KAK €IMHAA CUCTEMA
ATOMHLIX AJ1€p U 3JCKTPOHOB. B CJIyuac OJHOATOMHBIX MOJCKYJI (Haan/IMep,
6JIaFOpOIIHI>IX ra3013) NOHATHUA aTOMA U MOJICKYJIBI COBIA/IAIOT.

ATOMEI YACPKUBAKOTCA B MOJICKYJIC ¢ ITIOMOIIBIO XUMHUYCCKUX CBs3EH.
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B xumun, kpoMe aTOMOB U MOJIEKYJI, IPUXOJAUTCS pacCMATPUBATE U JIpyTHe
CTPYKTYpPHBIE €IMHUIIBI; HOHBI U PAJTUKAIIBI.

Honbl (rped. 10V— WAYIIHH)— 3IEKTPUUYECKH 3apAdCEHHble JaCTHIIE,
oOpa3zoBaBmipecss W3 AaToMOB (WIM AaTOMHBIX TIpyON) B  pe3yibTaTe
MIPUCOETUHEH U] WIIH [TOTEPH 3IEKTPOHOB.

IMomoxutenbHO 3apsHKeHHBIC HOHBI HA3BIBAIOTCS Kamuoramu (Tped. KoTo—
BHHU3 + HOH), OTPHIATENBHO 3apsDKeHHBIe— anuonamu (Tped. OVOo.— BBepX +
HOH).

Hanpumep, K'— karnon kams, Fe’ — kaTuoH sxenesa, NH} — katnon
ammonns, Cl — aHHOH Xnopa (XMOpHA-aHHOH), S* — aHHOH cepbl (CyTb(HI-
auuon), SO, — Cynbhar-aHuoH.

Pamukaner (nar. radicalis— KopeHHOH)— dYacTHIBI (ATOMBI WM TPYIIBI
aTOMOB) C HECIIAPEHHBIMH HIEKTPOHAMH.

OHH 00/1afaloT BEICOKOM peakmHoOHHOH crocoOHocThio. Hanpumep, H-—
panukan eoaopoaa, Cl-— paaumkan xmopa, - CH;— paaukan-merun. B 1o xe
BpeMsl MapaMarHUTHBIE MOJEKYJsl, Hampumep, O,, NO, NO,, umeroume
HeCIIapeHHBIE 3JEKTPOHBI, HE ABIAIOTCS PAAUKATIAMH.

HpOCTOG BCIICCTBO — BCINCCTBO, COCTOAINCE U3 ATOMOB OOHOI'0O XUMHYCCKOTO
JJIEMCHTA.

IMpocToe BemecTBO— 3TO (OpMa CYLIECTBOBAHUA XHUMHUYECKOTO JIEMEHTA.
MHorue 37eMeHTEl MOTYT CYIIECTBOBATE B BHJI¢ HECKONBKHX MPOCTHIX BENIECTB,
Hanpumep, yraepon (rpagur, ammas, kapoul, dymiepersl), dochop (Oensii,
KPAacHBIH, YePHBIH ), KHCI0PO/ (030H, KHCIOPOJ).

N3BecTHO 0K0J0 400 IPOCTHIX BEMIECTB.

AanoTpémusa (rped. CALOG— Jpyroii + TPOME— MOBOPOT)— CHOCOGHOCTE
XHMHYECKOTO JJIEMEHTA CYIIECTBOBATE B BHJIE JIBYX HIH HECKONBKUX MPOCTHIX
BEIIeCTB, OTIUYAIONINXCSA KOJHYECTBOM aTOMOB B Monekyne (Hanpumep, O, u
O3) WM pa3HOU CTPYKTYpOH KPUCTAILIOB (IpadHT U aimas).

Mosmmopdusm  (rped. TOAUOPOOC— MHOrOOOPasHEIN)—  CMOCOGHOCTE
TBEP/BIX BEHIECTB CYIIECTBOBATh B JIBYX HWIH HECKOJBKHX (OopMax ¢
Pa3sTUYHON KPHCTANIHYECKOH CTPYKTYpOH M pa3IHUHBIMH k€ CBOHCTBAMH.
Taxue GopMBI HA3BIBAIOTCS TOIUMOPYHBIMH MOTU(QUKATIHSIMHE.

Hanpumep, FeS, MoxeT o0pa3oBBIBaTH JBa BEHIECTBA C Pa3IHYHBIMH
KPHCTAJUTHYECKHUMH  CTPYKTypaMH  (DOJUMOpQHEIE MOJHGHKAINH):  OJHO
Ha3BIBAETCS MHPHUT, a Jpyroe— Mapkasur. SBISIFOTCS JH 3TH BeIIECTBA
ATOTPONHBIMH Moau hukanmsamMu? He sBisirorest.

AJNIOTpONHST OTHOCHUTCS TOJNBKO K MPOCTHIM BEUIECTBAM M PAcCMATpUBAET
KaK pa3luude B COCTaB€ HX MOJEKYN, TaKk U pa3idiihe B CTPOEHHH
KPHCTAJUTHYECKUX pemeToKk. Eciu peds HJIeT O pasiuudd B CTPOEHHH
KPHCTAJUTHYECKUX PENIETOK HPOCTBIX BEUIECTB, TO MOHATHS AHOAUMOPPUIM U

6



OCHOBHBIE IOHATHA 1 onpeneyicHusd

annomponysa COBNAJAIOT, HAIpUMep, O rpaduTe U adMa3e MOXKHO CKazaTb, UTO
3TO AJUTOTPONHEIE (GOPMBI, 2 MOKHO — HOJTUMOPQHEIE GOPMBIL.

Bosmoocnocme obpazosanus 08yx u 6onee 6006 MONEKYI,
CO0epacawyux pasiuuHoe Yucio amomos

Kucmopon. OOpasyer ape amrorponsble ¢opmel: O, u O;— 030H. OHH
Pa3THYAOTCA KaK 0 QU3HISCKUM, TaK U 10 XUMHYECKHUM CBOMCTBAM,

Kucnopon O,— OecuipeTHsIi ras, 0e3 3anaxa. O30H O3 — ra3 roxyooro mnpera
¢ XapakTepHBIM 3amaxoM (Jaxe CBOe Ha3BaHHME OH HOMYYdlI oT rped. wiew
(0zein)— NaXHYTH).

B XHIKOM W TBEPAOM COCTOSHHSIX KHUCIOPOJ OKpallieH B OJeHO-TOIy0ot
neeT. O30H B XHJKOM COCTOSHHH WHTCHCHBHO OKpallleH B (DHONETOBEIH IBET, B
TBEP/IOM COCTOSIHIH UMEET YepHO-(WHOJETOBEIN IIBET.

Kucnopon napaMardHuTeH, 030H THAMArHUTEH.

Taboauua 2
Temnepamypuei gpazoevix nepexodos Oy u O
Tumenns,"C | Trnapnermsas " C | TIOTHOCTD, T/cM’
0; e 218, x. 1,14
o L AT P w151

IMo XxuMHYECKOH aKTHBHOCTH KHCIOPOJA W O30H PE3KO paznuuarotcs. O30H
Gomee peakIMOHHOCTIOCOOEH, YeM KHCIOPOJ, M MpOosBIsSeT Ooliee CHIBHEIE
OKHCITUTENIBHEIC CBOHCTBA.

HecmoTps Ha TO, 4TO KHCIOPOJA B3aUMOJEHCTBYET MOYTH CO BCEMH
JNeMEHTAMH B CBOOOJHOM BHJE, BO MHOTHX CIy4asX 3TH PEaKIHH OPOTEKAOT
TONBKO MPH MOBEIIICHHON TemmoepaType. O30H e pearupyer cO MHOTHMH
BELIECTBAMH B TAKHX YCIOBHIX, KO[JA KHCIOPOJA OCTAETCS WHEPTHEBIM,
HaIpuMep,

0; +2KI+H,O0=0,+1,+2KOH
PbS +20; =PbSO4 + O,
O30H OKHCISET PTYTH H CEPedpO B OKCHIEBI.

®ocdop. UzeecTHB! 1Be a/oTponHble GopMEl hocdopa: Oenas u KpacHas.
Benpiii docdop cocrout u3 terpaszapuueckux monaekyn Py. KpacHbii dochop
MOXHO PACCMATPHUBATEH KaK MOJMMepHEBIe MoJeKybl P. besycioBHo, B TBepaoM
COCTOSIHHH 3TH MOJHGUKAIMH OTJIHYAIOTCA W CTPOCHHEM KPUCTAUTHYECKHX
pemeTok, 1 HGHU3HIECKUMH CBOHCTBAMH.

Bce amnorponsbie ¢opMel (dochopa TakKe NPOSBIAIOT 3HAYUTETBHOE
pasnuure U B XUMHUYECKHX CBOHCTBAX, KOTOPBIE, IPEkKIE BCETO, 3aKIIOYAIOTCS B
WX Pa3TUYHOU peakIuoHHON cnocoOHOCTH. Bempiti dpochop— Oonee akTuBHAS, a
KPACHEIN — MeHee aKTHBHAS (DOPMEL

Benpiii docdop MeaTeHHO OKHCHSETCs Ha BO3JIYXE YXKe NpH OOBIYHOH
TemoepaTtype (deM 00yCIOBIEHO CBEUeHHE 0esloro ¢ochopa), B TO BpeMs Kak
KPACHEIN YCTOWYHB HA BO3/IyXe W 3ar0paeTcs TOJNBKO MPH HATPEBAHHH.

7
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Obpazosanue pasauynvix KPUCMALAUYECKUX Peulemox

OToT cny'{aﬁ ANJTOTPONUNA MOXKHO  paCCMATPHUBATL TAKXE H  KaK
HOJ'II/IMOp(i)I/BM OPOCTHIX BCIICCTB.

Yraepon. g yriepoaa U3BeCTHO HECKONBKO AJLIOTPOIMHBIX MOH(DUKAIIHL:
rpadur, anma3s, KapOuH, QyrepeHsl.

I'padbur u anma3 oO0pa3yiOT aTOMHBIE KPHUCTAUTHUECKHE PElIeTKH,
pa3THUYaroIIHecs MO CTPOSHHIO. DTH JIBAa BEUIECTBA PE3KO PAZIHYAIOTCS H IO
CBOUM (DHU3HUYECKHM CBOWCTBAM: aiMa3 OeCIBETHBIH, MNPO3pavuHbId, rpadur
YEpHO-CEpOr0 IIBE€TA, HENPO3pauyHBId, alMa3— CcaMo€ TBEPJOE BEIIECTBO,
rpaduT — MATKHIA, aTMa3 He MPOBOJHUT JNEKTPUUECKUH TOK, TPAdUT MPOBOJUT
JMeKTpUUecKuil TOK. TTpy OOBIYHBIX YCIOBHIX aJIMa3 BIAETCS METACTAOUITBHOH
(menee yctoiiuuBoii) Qopmoii. Ilpu HarpeBamnu amvaza (7 >1000°C) o
HeoOpaTumo mepexonut B rpadut. Tlepexoa rpaduTa B anMa3 OpOTEKAeT MPH
GoJiee BEICOKO#H Temmeparype U 00s13aTelbHO IPH OUeHb BRICOKOM JaBICHHH.

On0B0. X0pOoIII0 H3BECTHHI IBE AJUTOTPONHEIE (OPMBI OTOBA— CEpoe U Oeloe.

Cepoe o0moBo (C-OJIOBO) CYINECTBYET MOpH Temmeparype Humxe 13,2°C,
IPOSIBIISIET MOAYNPOBOJAHHKOBEIE CBOWCTBA, OYEHb XPYNKOE BEUIECTBO C
ITOTHOCTEIO 5,846 r/em’.

Bemoe onoBo (B-0m0BO)— MO (UINUECKAM CBOWCTBAM THUIHYHBIH MeETAIT
cepeGpHCTO-0esoro IBeTa, XOpOUI0 HPOBOJAUT TEIUIO W BIEKTPHUECKHH TOK,
MIACTHYHELH, IIOTHOCTS 7,295 r/em’ YCTOHYMBO B HHTEpBaje Temoeparyp 13,2 —
173°C. Bseime 5Toif  TeMmmeparypsl [3-0J0BO  MEPEXOAUT B  JPYLYIO
MOIUGDUKATIHIO —
3-010BO, KOTOPOE HMEET JAPYroe CTPOCHHE KPUCTALINYECKON pEIETKH |
ITOTHOCTE 6,54 r/cm’.

Muorne mnomuMmopdHBIE (HIH AJUIOTPONHEBIE) MOJAHGHUKAIHH MOTYT

HAXOJUTHCA B METACTAOMIBHOM  COCTOSHHH, T.€.  CYHIECTBOBAThH
MPOJOJDKUTENRHOE BPEMs TIPU YCIOBHUAX JIJIA HUX HE XAPaKTEPHBIX («B UyKOM
obmacTiy).

Hanpumep, OGeroe 0JI0BO MOXET MEPEOXJIAKAATHCI W CYIIECTBOBATH
OpOAOKUTENBHOE BpeMs MpH TeMmmeparype Hmke 13,2°C, oaHako ero
COCTOSHHE TIpH 3THX YCIOBHSX HEYCTOHYHBO, IIOITOMY MEXaHHYECKHE
MIOBPEX/IEHHs], PE3KOE COTPSICEHHE H T.I. MOTYT BBI3BATH PE3KHH HEPEXO] B O
¢dopMy. DTO XOpOIIO H3BECTHOE SIBIEHHE HA3BAH «OJOBIHHOH YyMO».
ITpumecn TakXe OKAa3BIBAIOT CYIIECTBEHHOE BIWSHHE HA MEPEX0] M3 OJHOU
¢dopMEl B Apyryto. Hanpumep, HesHaUHTENbHAS] IPUMECH BUCMYTA IPaKTHIECKH
IIpeZIOTBpAIlAeT Iepexoa Oenoro omoBa B cepoe, a J00aBKa ANFOMHHUS,
HA000pOT, YCKOPSET 3TOT MEPEXO/I.

Jms kaxxnolt asumorponHoH (MM noXUMOpQHON) GOPMEI CYIIIECTBYET CBOH
olIpe/Ie/IeHHBI HHTEPBAJI TEMIEpATyp U JIaBIEHHH, e 3Ta MOJAUQUKAIHs
ycroiiuuBa. Hampumep, npu temnepatypax 10 95,6°C ycrotiunBa poMOuueckas
cepa (O-dopma), a mpu Gojee BBICOKOM TeMmepaType— MOHOKIWHHAS (f-
¢dopma). DTH /IB€ ATOTPONHBIE HOPMBI OTIHYAIOTCS APYT OT JApyra CTPOEHHEM
KPHCTAJUTHYECKHUX PELIETOK.



OCHOBHBIE IOHATHA 1 onpeneyicHusd

CnoxHoe BCIICCTBO, WIH COCIHMHCHHUEC — BCIICCTBO, COCTOAICC U3 AaTOMOB
Pa3sHBIX XUMHUYECCKHUX 3JICMCHTOB.

Hzomoppusm (rpeu. 1Lo— paBHBIA, DOAOCHBIA + MOPOE— dopma)—
CIIOCOOHOCTh CXOJHEIX IO COCTABY BEIIECTB OOpPAa3OBHIBATH CMEIIAHHEIE
KPUCTAJUTEL, B KOTOPBIX OJH3KHE MO pasMepy aTOMBI, HOHBI WU ATOMHBIE
IPYOIHPOBKH CIYYAiHBEIM 00pa3oM 3aMeHIatoT JApYT Apyra.

Hanpumep, B kpucramiax amoMokamHeBblx kBacroB KAI(SO,),- 12 H,0
HOHBI KAIHA MOTyT OBITH 3aMelleHbl HOHAMH PYyOWAHs WIIH aMMOHHS, a MOHBI
AI* nomamu Cr'* umn Fe®*. B aToM ciyuae rOBOpAT, UTO KATHOHEI KAIHs
n30MOpGhHBI KaTHOHAM pyOWAWMsS WIH aMMOHHS, a KAaTHOHBI AJIOMHHHSA
H30MOP(GhHBI KATHOHAM XPOMa HITH XeJesa.

1.2. KoJn4yecTBeHHbIE COOTHOMICHAA B XHMHHA

Macchl aTOMOB ¥ MOJIEKYJ OY€HB MAJIBI, U UCOOIB30BATEH JJISl YUCIEHHOTO
BEIPQKCHUS UX BEJIHYHH OOLICTPUHITYIO €IHHUIYY HU3MEPEHHUS— KIIOTPaMM —
Heyno0Ho. TTosToMy A BBIpaKEHHS MAacc aTOMOB H MOJEKYJ HCIONB3YIOT
JPYIYIO €MUHHUITY H3MEPEHHS — ATOMHYFO €JJHHHUITY MACCHI (4. €. M.).

ATOMHAs eNMHHUIIA Macchl (a.€.M.)— €IHHHIIA H3MEPEHHsS Macc aTOMOB,
MOJIEKYJT ¥ 3JIEMEHTAPHBIX YacTHII.

3a aTOMHYIO eTHHHUILY MACCHI mpuHATa 1 /12 Maccel HGyKJ'II/IIIa YLIIepoJia 2c,
Macca atoro nykinyaa g enuaunax CHU pasna 1,9927 - 10 % kr.
1 19927107

laeM=—m="""0" =16606-10""kr.
12 12

OTHOCUTEIbHAA ATOMHAA Macca (YCTapeBHIMI TEPMUH— ATOMHBIN Bec)—
Macca aroMa, BBIPAKEHHAS B ATOMHBIX eIHHHIAX Maccel (a.e.M.).
O6o3Hauaercd A, .

BOJIBIIMHCTBO MPUPOAHBIX XUMHYECKHX 3JIEMEHTOB MPEACTABISIIOT COOOH
cMech H30TOMOB. II03TOMy 3a OTHOCHTENBHYHO ATOMHYIO MAacCy 3JIEMEHTA
OPHHUMAIOT CpejHEEe 3HAUEHHE OTHOCHTENBHOM aTOMHONM MAacChl OpPUPOAHOH
CMECH €ro M30TOIOB C YYETOM HX COJEpXKaHHA B 3€MHBIX ycIOBHAX. MIMeHHO
STH 3HAYECHHA U NpHuBeaeHHB! B Ileproauueckoii cHCTEMe.

Hanpumep, kucaopoa HMeeT TpH H30TONA '*0, "0 u "0, ux arommse
MAacCHl M COJIEp>KaHHe B IPUPOJIHON CMECH NPHBEEHBI B TabHIE 3.

Taboauua 3
Hzomonuwitl cocmae kuciopooa 6 npupoodHol cmecu

CogepxaHue B IPHPOAHOH
Aep PHPOA AToMHas Macca

H3oton CMeC;/IA,) ::szMH. H30TONA &, €. M. A, ;
60 99,759 E 15,995



I'nasal

Cpe/iHee 3HAUEHHEe ATOMHOHW MACCBI ¢ YUeTOM BKIAaJa KaKJOro H30TOMA
BEIUHCISIETCA IO CIeYIOIeH hopMyie:

Ar:ZAm O

rjae A, ;— aTOMHBIE MAacCHl COOTBETCTBYIOIIMX H30TOIOB, #;— COJEPKAHHE HX B
OPUPOTHONH CMecH (B MONBHBIX Joisax). Iloxactamsas B 31y  QopMmyry
COOTBETCTBYIOIINE 3HAYEHHS M3 TAOJHIBI 3 TS aTOMHOH MAacChl KHCIOpOJa,
TONYYHUM:

A,=15,995-0,99759 + 16,999 - 0,00037 + 17,999 - 0,0024 =
=15,999a.e. m.

OOpaTuTe BHHMaHHE HAa TO, YTO ATOMHAs Macca W MAacCOBOE€ YHCIO—
COBEPIIICHHO PA3THYHBIC TOHATHS ; IEPBOE — MACCA ATOMA, BEIPAXKCHHAS B 4. €. M.,
a BTOpPO€— YHCJIO HYKJIOHOB B sape. ATOMHasg macca— JApoOHas BeJMYMHA
(MMeeT Tienoe 3HAUeHHe TONBKO M H3oToma '°C), B OTIHYHE OT MACCOBOTO
YHCIA, KOTOPOE SIBIISIETCS BCET/IA IETBIM.

YucneHHO 5TH BEJIMYUHEI OYeHBb OJU3KY; HAIPUMED, IS BOJIOPOJA ATOMHAS
Macca pasHa 1,0078, a maccoBoe uHciao paBHO 1, Ais reaus aToMHAs macca
pasHa 4,0026, a MaccoBoe uncao— 4.

OTHOCHTENBHEIE AaTOMHEIE MACCHI HMEIOT JpOoOHBIE 3HAUCHHS MO
CIETYFOLTUM TPUYHHAM

1) GONBIIMHCTBO 3AEMEHTOB, CYIICCTBYIOMIUX B HPUPOE, MPEICTABISIOT
CMeCh HECKOJBKHX H30TOMOB, W B IlepHOJIMYECKON CHCTEME YKAa3BIBAETCS
CcpemHee 3HAUYCHHE OTHOCHTENBHOM aTOMHOW MAcChl CMECH HPHUPOJHOTO
H30TOIMHOTO COCTABRA.

2) A MOHOM3OTOIHBIX SIEMEHTOR (HampuMep, - Na) 5To 3HaueHHe Gyaer
TaKKe JPOOHBIM, T.K. MAcCa HYKIOHOB, BEIDAKCHHAS B a.€. M., HE SABISIETCA
neneM gyucyioM (cM. Tabi. 3) U npu 00pa3oBaHUU AApA YACTh MACCHI HYKJIOHOB
IEPEXOJUT B JHEPIHIO, B COOTBETCTBHH C YPABHEHHEM Fopuy=Am-c%, Tie
c=3-10m/c— CKOPOCTH CBETA B BAKYyMe.

ITpu obpazoBanun JFOOOH CBSI3H BCErNIA BBIACTSICTCS SHEPIHS, HA YTO U
pacxoayercss YacTh MACCH CBSI3BIBAIOMIUXCS dacThll. B ciayuae oOpasoBaHus
XUMHYECKHX CBS3€H 3Ta BEIWYMHA OUCHb MaJia, MO3TOMY H3MEHEHHEM MAacCHI
3/1ECh MPEHEOPETalOT H CUNUTAIOT, YTO Macca OOpa3oBaBIICHCS YACTHIBI paBHA
CyMME MAacC YacTHIl, YYACTBYIOMHX B ee oOpazoBaHuu. [Ipu 0Opa3oBaHUHU ke
Spa BEUICNSETCS OYEHb OOJNBIIas SHEPTHS, U «JISPEKT MAacCBD» XOpPOIIo
3aMEeTeH.

MOJ’[eKy.]'[ﬂpHﬂﬂ Macca— mMacca MOJICKYJbI, BBEIpAXCHHAsA B a.€.M. Macca
MOJICKYJILI TPAKTUYCCKHA paBHA CYMME OTHOCHUTCILHBIX ATOMHBIX MACC
BXOAAIIUX B HCC ATOMOB.

10



OCHOBHBIE IOHATHA 1 onpeneyicHusd

Eciti sxe BemecTBO COCTOHUT HE U3 MOJIEKYI, 4, HanpuMmep, u3 noaos (NaCl),
nm sBisiercst oxuromepom [(H>0),], To OTHOCHTENBHYIO MOJEKYISIPHYIO MacCy
YKa3BIBAIOT /TS (QOPMYJIBHOH e€HHUIEI BemlecTa. 1oy dopmynsHON ennHUIIEH
BEIIECTBA CIIEAYET MOHUMATh XUMHYECKHH COCTaB HAHUMEHBIIErO KONHUYECTBA
JIAHHOTO BELIECTBA.

Moab— eauHHDA W3MEpEeHHs KoaWdyecTBa BemmecTBa. OOo3HawaeTcs V.
1 MOJIb — 3TO TaKO€ KOJHYECTBO BEIIECTBA, B KOTOPOM COJIEPXKHTCSI CTONBKO XKe
CTPYKTYPHBIX €/THHUI] (ATOMOB, MOJEKYJI, HOHOB, Pa/INKAJIOB), CKOJBKO ATOMOB
conepxures B 0,012 kr u3oTona yrmeposa C, a UMeHHO —

NA=6,022-10 3 Mons ! — uncio Agorapo.

Mouasipaas macca BeriecTBa (M) paBHA OTHOIIEHHIO MACCHI 3TOCO BEIIECTBA
(m) x ero koaHueCTRY (V):

m="
v
ITpexxHee onpeneNeHne: Macca OJHOTO MOJIS BEIIECTBA, YUCACHHO PABHA €T0
MOJIEKYIISIPHOH Macce, HO BEIpaXaeTcsl B €IMHUNAX I/Monb. Bo3MoxHO, 0HO, Ha
MEPBBIX OPax, OOJETYUT PEIICHHE PACUSTHEIX 3a7a4.

OOpaTuTe BHHMAHWE HA pas3IHYHEe B MNOHATHIX: «MOJApPHAS Macca» U
«MONEKYJIApHAS Maccay, MOXOXKUX MO 3BYYAHUIO, HO OTHOCAIMIUXCS K PasHOMY
yucny OOBEKTOB: MEPBOE— 3TO Macca OJHOrO MoJs BemlecTBa (T.e. Macca
6,022-10% MOJIEKYJT), 4 BTOPOE— Macca OJTHOH MOJNEKYJEI, U BRIpaXKEHBI OHH B
PAa3HBIX €JHHUIAX — [/MOJIb U 4. €. M. COOTBETCTBEHHO.

IMoHsTHE «KOMHYECTBO BEHIECTBA» W, COOTBETCTBEHHO, €JWHHIA €ro
HU3MEPEHHS — MOJIb UCHOJB3YIOTCA B OONBIIHHCTBE XUMHUECKUX PACUETOB. DTa
BEIHYHHA OJHO3HAYHO CBS3aHA C MACCOH, YHCIIOM CTPYKTYPHBIX €IHHHI] H
o0beMoM (ecnd 3TO ra3 WIH Taphl) BemiecTBa. EcioM 3aJaHO KOJHYECTBO
BEIIECTBA, TO STH BEJTUYHHEI JIETKO PACCUUTATE.

v

Vv
V=224n-v (npuH.y.)
14 _V-R-T

V:
P

MaccoBast mos BeniecTBa A B CHCTEME— OTHOIIEHHE €r0 Macchl K Macce
BCEH CHCTEMBI (YacTO 3Ty BETHUHHY BBHIPAXAIOT B %0):

or =24 % 100%
m

11



I'napa I

Bce 3amaun, cBsI3aHHEIE C PACUETaMH [0 MACCOBBIM JIOJSIM, CITEYET PEIaTh,
HUCOONB3Ys 3Ty (dopmyay. UToOBl u30exarh JOCAJAHBIX TEXHHUYECKHX OIIHOOK,
PEKOMEHIyeM IIPH MPOBEJICHUH PacUeTOB cpa3y ke % NEePEBEeCTH B JIOJH.

O0beMHasi X0JI KOMIIOHEHTA— OTHOIIEHHE 00BeMa KOMIOHEHTA K 00BeMy
BCEH CHCTEMEI:
A
A
7

CHCTEMBI

MoabHast O0JA KOMIIOHCHTA— OTHOIICHHC KOJIHYECCTBA BECIIECCTBA (MOJIB)
KOMIIOHEHTa A K 06meMy KOJINUCCTBY MOJIEH BceX KOMIIOHEHTOB CHCTEMEL:
Ay =—a—
-
v

CHCTEMBI

3aK0H COXPAHEHHS] IHEPTHM — JHEPeUs He GO3HUKAEm U3 HUYe20 U He
ucyesaem 6ecciedHo, Ho OMOebHbBIE ee 8UObL MO2YM Nepexodums opye 6 opyed
1O CMPO2O ORPEOeneHHbIM IKEUBATCHMHBIM COOMHOWEHUSM.

Tak, ecin 3HEPrUs XUMHUYECKHX CBS3€H B MIPOJYKTaX PeaKIuH OOJbIIe, YeM
B peareHTax, To 0CBOOOX/I€HHAS HEPTUS BBLIENIETCS B BHJE TEILIA, CBETA, THOO
3a cyeT Hee Mpou3oiaeT pabora (HapUMep, B3PBIB HITH JABIKEHHE ITOPIIIHS).

3akoH coxpaHeHust maccesl (M. B.JlomonocoB, 1748r.)— macca 6cex
8euecms, 6CMYyRUSUIUX 8 PeaKyuio, PasHa MAcce 6Cex NPOOYKMO8 PeaKyii.

C Touku 3PpE€HU ATOMHO-MOJICKYJIAPHOTO YUCHH 3aKOH COXPAaHCHU MACChI
00bsICHAETCA TaK: B PEIYILTATE XUMHUCCKUX peaKHI/Iﬁ aTOMBbI HC HCUC3AI0T U HC
BO3HUKAIOT, 4 NPOUCXOAUT HUX NEPCrpynmnupoBKa. Tak kak 4HCIIO aTOMOB J0
PeaKun U M0OocCjie OCTACTCA HCU3MEHHBLIM, TO HX 061118.51 Macca TAKXE HE
HU3MCHACTCA.

Ha ocHOBaHuM 3TOro 3aKoHa OpOBOJATCA BCE PACUCTHI MO YPABHCHUAM
XUMHYCCKHUX peaxunfz’l.

3akon moctrostHeTBA coctaBa (IIpyct, 1806r.)— kaswdoe xumuueckoe
coeduHene umeem 6NOIHE ONPEOeneHHbIN 1 NOCMOSIHHBIY COCMA8.

Kak crmencTBHe H3 3TOr0 3aKOHA BBITEKAET, UTO COCTAB XHMHUECKOTO
COETUHEHHUS He 3aBHCHT OT cnocola ero moxydeHus.

BelnlecTBa, COCTaB KOTOPBIX MOJUHHSETCS 3TOMY 3aKOHY, HOJYYHITH
HasBaHHE OanbmonuOvi. BelecTBa, COCTaB KOTOPBIX 34BHCHT OT Cmocoda
MOTyUeHHs, HA3BIBAOTCA Oepmonaudamu (HATPUMED, OKCHJIBI MEPEXOTHBIX
METAJLIOR).

3akoH KpaTHBIX oTHoweHmil (JJaneToH)— ecnu 06a anemenma obpazyom
MeHCOYy COOOU HeCKOAbKO COCOUHEHUN, MO MACCO8ble KOMUUECMEa OO0HO20
IAEMEHMA, COCOUHSTIOWUECA C OOHUM U MEM e MACCO8bIM KOAUUECNEOM
Opye02o, OmHOCAMCSL Mexcdy cobol KaK HeboavbuLe Yeavle YUCAd.

12



OCHOBHBIE IOHATHA 1 onpeneyicHusd

3akon ABoragpo (1811r.)— 8 pasuvix obvemax paziuuHvIX UOEATLHBIX
2a308 NPU OOUHAKOBBIX YCAOGUAX (Memnepamype U Oa6AeHUU) COOEPHCUMCS
O00UHAKOBOE HUCAO MOTEKVIL.

CrencTBus U3 3aK0HA ABOTaIpo

1°. 1monp mOOOTO WAEANBHOTO [a3a MNPH OJHWHAKOBBIX  YCIOBHAX
(TeMneparype U JJaBI€HHH) 3aHUMAET OJIMH H TOT Xe 00BEM.

ITpu HOpMANBHBIX YCIOBUSX (H.V.):

-t=0°C(T=273K)

- p=101325TIa=101,325 xITa=1 atmMm =760 MM pT. CT.

- MOJISI?HBIIZ o0veM rOOOrO wWAEANEHOrO Taza paseH 22,4 n/MoNb
(22,4-107w).

2°, TInOTHOCTH HACANBHBIX TA30B PH OJHHAKOBEIX YCIOBHSX (TeMIeparype
W JIaBIIEHHH ) IPSAMO NPONIOPIHOHANBHBI HX MOJSPHBIM MaccaMm:

T. K. U3 3aKOHA ABOTQJIpO CIEAYET, YTO NPH OAWHAKOBBIX YCIOBHSAX (p U f) s
JOOBIX WACATBHEIX Ta30B OTHOIICHUE V/ V= const.

Jnd ra3oB BBOJAST HOHSATHE OTHOCHTENHEHOHW IUTOTHOCTH OJHOTO Ta3za Mo
apyromy. D,(X)— oTHoCHTEIBHAS IIIOTHOCTH ra3a X mo rasy A:

M
DA(X)zpi:MiX OpU  px=pa U Ix=1,.

Pa A

1.3. Xumu4yeckne cuMBOJIBI H GOpMYJIbI

B xuMun, kak U B KaXJO0H HayKe, €CTh CBOS CHCTEMAa YCIOBHBIX 3HAKOB,
3HAHWE KOTOPOH HEOOX0AUMO /TSl HOHUMAaHHS 3TOr0 TPEIMETA.

XuMHYecKkass CHMBOJNMKA— 3TO CBOEOOpasHBIH ax(aBUT, C MHOMOIIBIO
KOTOPOr0 3allUCHIBAIOT «CIHOBa» — (OPMYNBl COEMHHEHHH W «(pasby —
ypaBHEHHs XUMHYECKHUX Peakluii, B TOM WM HHOH Mepe OTpaKarollie peaabHo
MPOHCXOAAIINE MTPOLECCHI.

Eme B cpenHEBeKOBbE H3BECTHBIE TOrAAa XHUMHUECKHE O3IEMEHTHI
0003HAYANH YCIOBHBIMH CHMBOJAMH, TaKUMH K€, KaKHe€ HCIONh30BANH JUTA
oGo3HaueHHs HeOecHBIX Tel. [leno B TOM, UTO, IO NPEACTABICHUSIM ATXHMHUKOB,
KaX/IOMy U3 H3BECTHBIX B TO BPEMsl 3JEMEHTOB COOTBETCTBOBAJIO CBOE HeGeCcHOE
TEJNO.

HexkoTopble npecTaBIeHHs ATXUMHKOB OTPaXE€HB! B CTHXOTBOPHOH (opMe:

Cemb memannog cozoan céem—
o uucny cemu naanem.

Han nam kocmoc Ha 006po:
Meow, sceneszo, cepebpo,
3namo, onoso, ceuney,

Cuint moll, cepa— ux omey.
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H cnewsu, moi coin, y3name:
Bcem um pmymo— poonas mame.

O06o3HaueHns HeOeCHBIX Tem H «COOTBETCTBYIOIIIUX» WM XUMHUUYCCKHUX
JJIEMECHTOB, IPUHATEHIC B CPEC/THUC BEKA, IPCACTABJICHEI B Ta6J’II/IH€ 4.

Taonuua 4
CUMBObL XUMUHECKUX DAEMENMOE, NPUHAMbBLE 6 CPEOHUE 8eKA

Dnemenm | 3onomo E Cepebpo E IKeneso Meow E Pmymo E Ceuney E Onoso
Henﬁlzg;oe Connye Jlyna Mapc Benepa  Meprypuii Camypn | FOnumep

Cumeson @

BesycnoBHO, TakHe CHMBOJEI Ui 0003HAYEHHS XHUMHUYECKHX 3JIEMEHTOB
Obuth He oueHb yn0OHEBI. bosee Toro, k 1800 roay OpLTo H3BecTHO OKOJNO 34
XMMHYECKHX 3JEMEHTOB (IIpaBaa, HEKOTOpHIE elle He OBUIM BBIJIENEHBI Kak
IIPOCTHIE BEIIECTBA, a OBUTH M3BECTHHI NMPEUMYIIIECTBEHHO B BHJIE OKCHIOB), U
HCTIOJIE30BaHHE TOT00HOH CHMBOJIMKH CTAJI0 HEBO3MOXXHBIM.

J. JansToH Opefloxul Jpyrue o003HAUeHHd XHMHUYECKHX 3JIEMEHTOB,
HUKE [TPHBE/IEHB] HEKOTOPBIE TPUMEPHI 3TOH CHMBOJIHKH:

'

'

|
v v 1 i 1
' ' ' ' '
' ' ' ' '
' ' ' ' '
' ' ' ' '

__________ e [

v v | | |
' ' ' ' '
' ' ' ' '
' ' ' ' '
' ' ' ' '
' ' ' ' '
' ' ' ' '
' ' ' ' '

Tabnuua 5
CUMB0IbL XUMUHECKUX IAEMEHMOo8, npedioxcennsie /1. lanemonom

Bodopoo Kucnopoo

' ' '
' ' '
' ' '
' ' '
' ' '
----------- Rttt il Sttt Rl SRl
' ' '
' ' '
' ' '
' ' '
' ' '

T

Kak BUIHO U3 3THX IPUMEPOB, B HEKOTOPBIX CIrydasx JanbToH HCHONBp30Bal
HavalbHbIe OYKBBI AHMIHHCKUX HA3BaHHWH 3JEMEHTOB (HAIpUMep: xxelne30 — fron,
menb— Copper, cBuBen — Lead), oOBeleHHBIE KPyXKOM. M3BeCTHBIN mBeacKui
xuMuK XIX croneruss Menc Sko6 bepremmyc, BHecmmii GONBIION BKJIAA B
pa3paboTKy aTOMHCTHYECKOH Teopur JlaNbTOHA, OPETOXKHIT COBEPIIEHHO
HOBYIO CHUMBOJIMKY JUIsi 00O3HAUY€HHS XHMHYECKHUX 3JeMeHTOB. OH pelIni, 4To
KaXJIOMy XHMHYECKOMY BJIEMEHTY JIOJDKEH COOTBETCTBOBATH CBOH OCOOBIH 3HAK,
KOTOPBI OJTHOBPEMEHHO OBUT OBl M CHMBOJOM XHMHYECKOTO JJIEMEHTA U
oGo3Hauan OBl OMMH aroM. B KadecTBe TaKOro CHMBOJIA OBLTO MPEATOXKEHO
HCTIOJIF30BATh HAYANBHYIO OYKBY JATHHCKOTO HA3BaHWS JJIEeMeHTa (HaupuMep,
Boaopoa— Hidrohenium— cumson H, cepa— Sulfur— S u T.1.). B Tex cnayuasx,
KOTJla HA3BaHHS JIBYX 3JIEMEHTOB HAYMHAIOTCA C OJHOH M TOH ke OYKBEI,
JnoGapisiack BTopast OyKBa, BXOJSIIas B HA3BaHHE 3TOTO 3IEMEHTA, HAIIpUMeEp,
C— yrepoa, Cu— menp, Cd— kaamuii, Tak NOABUIHCE CUMBOJIBI XHUMHYECKHUX
3JEMEHTOB, KOTOPHIMH ITOJNB3YIOTCS] BO BCEM MHUPE U OHEBIHE.

HekoTtopble 3meMeHTH (HAalIpUMep, >KeJie30, 30J0TO, CBHHEI) HU3BECTHBI C
rIIyGOKOH APEBHOCTH, M UX HA3BAHHUS HMEIOT HCTOPUUYECKOE POUCXOXKICHHE.

P
[P

'
'
'
'
'
_________ Fmmmmmmmymmmmm—mm
' '
' '
' '
' '
' '
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OCHOBHBIE IOHATHA 1 onpeneyicHusd

B ocHOBY Ha3BaHWH 3JIEMEHTOB, OTKPHITHIX 3a mociaennue 300 ner, OpuH
MIOJOKEHB! Pa3NUYHEIE MPHHIMIEL [0 MHHEpATY, W3 KOTOPOTO BIEPBBIE OBLT
BBIJIENIEH 3TOT 3JEMEHT, HampuMmep, OepmyiMii (10 HA3BaHHWIO MHHEpANTa—
Oepuita), MO HA3BAaHWIO CTPaHBI— POJIMHEI IMEPBOOTKPHIBATENS, HALPUMED,
repmanmii (HeM. xuMuk K.Bunkiep) B dectp I'epMaHNH, 1O HEKOTOPHIM
CBOMCTBAaM, HaITpUMeEDP, XJIOP (OT rped. YAWPOG — 3eneHEli), docdop (ot rpeu.
POGC — cBeT, PEPM— Hecy). MCKyCCTBEHHBIE 3IEMEHTHI MOJTYYHIH CBOU Ha3BaHHS
B YECTh U3BECTHBIX YUEHBIX, HAIPUMED, MEHENEBUH, ZUHINITEHHNI.

Ecin cHMBOI XHMHYECKOTO 3I€MEHTA MBICIEHHO BIHCATH B KBajJpaT, TO
YIJIBI 3TOTO KBA3/IpaTa UCTONB3YIOT, IPH HEOOXOHUMOCTH, JUTS JIOTIOJHHTETBHOH
HH)OPMAIIHH:

MACCOB0€E YUCHO UBOMONA 3apA0 uoHa
THopsadxoevtii nomep snemenma YUCTIO AMOMOE IIEMEHMA
(3apad adpa) 6 coedunenuy

C DOMOIIBI0 XUMHUUYECKHX CHUMBOJOB 3JIEMEHTOB 3alHCHIBAIOT XUMHYECKHUE
dopmynsl Bemecte. Hanpumep, dopmyna ceproii kucrnotel H,SO, mokaseiBaer,
YTO MOJIEKYZA 3TOTO COEAMHEHHS COCTOHT U3 ABYX aTOMOB BOJOPOJa, OJAHOTO
aTOMa CePBl M YETBIPEX aTOMOB KHCIOpoaa. MCmonme3ys XUMHUYeCKHe (GOPMYIIEL,
3aNHCHIBAIOT YPABHEHUS XUMHUECKHUX PeaKlui, Hanpumep:

C+ 02 = C02
HCI+NaOH=NaCl+H,0

B neByw uYacTh ypaBHEHHsS 3alKCBIBAIOT BEIIECTBA, BCTYHAKOIIAE B
XUMHYECKYIO peaknuio (UCXOJHBIE BEIIeCTBA), 4 B MOPABYIO— BEINIECTRA,
obpasyroluecs B pe3yibTaTe Peakiuu (IPOAYKTHl PEAKIUH), MPHUYEM UHCIO
ATOMOB K@XKJOTO DJIEMEHTA B JIEBOH YACTH YpaBHEHHS JOMKHO OBITh PAaBHO
YHCITy ATOMOB 3TOTO DJIEMEHTA B MPaBOH 4YacTH (3aKOH COXPAHEHHS MAcChI
BEIIECTB).

JlroGas xumuueckas GopMyla— 3TO YCIOBHAS 3alHCh, KOTOpas Hecer
OMpeICNICHHY0 HHOOPMAITHIO O JAHHOM BELIECTBE, U B 3aBHCHMOCTH OT TOTO,
KAKYI0 HHQOPMAIHIO XOTAT COOOIINTD, NOMB3YIOTCS PA3THUHBIMA (HOPMYIAMH.

1°, Moaexyasipaas ¢opmysia (wiu OpyTTO-GOPMYIa) OTPAKAET TOJBKO
KAYeCTBEHHBIM U KOJUYECTBEHHBIN COCTAB COEJIMHEHNS, T. €. OKA3BIBAET, ATOMBI
KAKHX 3JIEMEHTOB U B KAKOM KOJIIMUECTBE BXOJAT B COCTAB JIAHHOIO BEIIECTRA, U
HHYErO HE TOBOPHT O €r0 CTPOEHUH, HAIIPUMED:

H,O CH, C.H, NH;

600a Meman Smunien aMMuaxK

2°, T'paduueckasn dpopmysia (ee OMIMOOUHO YACTO HASBIBAIOT CTPYKTYPHON
dopMyJIol) MaeT AONOJHUTETEHYI0 HHA)OPMAIHIO: KpPOME KAUECTBEHHOTO H
KOJIUYECTBEHHOTO COCTaBa OHA IIOKA3bIBAET, B KAKOW [MOCIEJ0BATENHEHOCTH
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I'napa I

ATOMBI CBA3aHBI IPYT ¢ IPYTOM, 4 TAKKE YKA3BIBAET KPATHOCTH CBa3ell (pocTas,
JIBOHAA, TPOWHAS):

O\\ /O —H /O —H HeN—H
H-O-H S Cu I
7\ \ H
0O O—H O—H

OnHAaKO 3TH (HOPMYJIBI HUYETO HE TOBOPAT O CTPYKTYpPE MONEKYI, T.€. HE
OTPAKAIOT OTHOCUTEIBHOE PACHIONOKEHHE ATOMOB B MPOCTPAHCTRE.

3° DaexTponHas (opmy/ia HeceT JONOTHUTETBHYIO HHOOPMAIMIO [0
CPaBHEHHUIO C TrpadUUecKkoil (XOTs, MO CYTH, OUYEHh HAa HEe [MOXO0Xa)—
MOKA3BIBAET, KAKHE K3 BAJEHTHEBIX JJICKTPOHOB YYACTBYIOT B 00pa3OBaHHH
CBs3el, a TaKkKe HATHYAE HECHOAPCHHBIX JJICKTPOHOB W  HEMOJETCHHBIX
3JEKTPOHHBIX Map:

H:O%H HIN.H
H

4°,  CrtpykrypHas ¢opmyna wm3o0paxkaercs B macmrabe, B
COOTBETCTBYIOIIEH MPOEKIHH, JAf0oIIe 00BeMHOE MPE/ICTABIEHHE O MOJEKYJIe U
MOKAa3bIBAE€T OTHOCHTENBHOE pacloJOKEHUE aTOMOB B mOpocTpaHcTBe. Ilpu
HE00XOAUMOCTH K CTPYKTYPHBIM (DOpPMYJIaM TPUIATAFOTCA TAOJHUIIE], B KOTOPBIX
YKAa3BIBAIOT JITMHEI CBI3€H (PACCTOAHUS MEXAY IEHTPAMU CBA3aHHBIX aTOMOB) U
BAJICHTHBIE YIJIBI (YIJIBI MEXY CBSI3IMH).

5°. BO3MOXHO HCHONBE30BAHHUE H JIPYTHX BAPHAHTOB (GOPMYJT JUTS MIEpeadn
COOTBETCTBYIOIEH HMHGOPMaUU O MOJEKyJde MM OOJNErdyarouiuX BOCIPHATHE
HH)OPMAIIHH, HAIIPHMEP

H-O-H H-N-H [ BF;
H

[ moKa3eIBacT HATMYHE CBOOOTHON opOUTAITH

3agavum ¢ pazbopom

1. CKOJIBKO aTOMOB BOJIOPOA coepkutcs B 111 Boaopoa npu H.y.?
Pewenue. T.x. 1 MOITB THO00TO HICANBHOTO ra3a 3aHUMAeT IpH H.y. 22,4 1,
T0 B 1.1 BOAOpoaa (MBI MOKEM CUHTATEH €r0 MPUOMIKECHHO UACATEHBEIM ra3oM)

Oyaer coaepskaTbcs =0,045 Monp Mosekyn Boaopoaa. Kaxnaas mMolekymna

b
BOJZIOPOJA COCTOHMT U3 JBYX aTOMOB, 3HAYHT, KOJHYECTBO aTOMOB B JBa pasa
oonbie: 2-0,045=0,09 monb. UToOBl HAHTH, CKOJBKO aTOMOB HAXOIHUTCSI B
3TOM KOJIIMYECTBE BEIISCTBA, YMHOXHUM €0 Ha UHCIO ABOTAIPO:

0,096,022 -10% =54 10" mryk.
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OCHOBHBIE IOHATHA 1 onpeneyicHusd

2. Kakoa macca 1 monexyns NaOH?
Pewenue. Paccuntaem cHauana MonekyIspHylo maccy NaOH B enunHnax
a.e. M., HICXO0/I U3 3HAUEHHH aTOMHBIX MacC HaTpHsl, KUCIOPOAA U BOJOPOJA.

M,(NaOH)=23+16+1=40a.e. M.
A Teneps nepesenieM B eauHUIBI CH:
40-1,6606-10°7=6,64-10°kr

3. Kakas osHeprus BeIJensercs NpH 00pa3oBaHWM aroMa Tenus U3
3NEeMEHTapHBIX YaCTHII?

Pewenue. AtomHas macca remus 4,0026a.e. M. PaccuutaeM cymMmapHYIO
Maccy MeMeHTapHbBIX YaCTHII, COCTABIIAIOMINX TeIHii:

2my+2my+2m,=2(1,007+1,009+5,5-10%=4,0331a.e.m.
HedekT Maccel cocTapaseT
4,0331 —4,0026=3,05-10"a.e. m.
J5M151
3,05-1072-1,6606-102'=5,1-10kr

E=Amc’=5,1-107-(3:10%'=4,6- 10’13I[>K.

4. Ar CaO pacreopuiu B H30BITKE BOJIBI Maccoi Br. Beipasure mMaccoByro
JIOJTEO BEIIECTBA B MOJYUYEHHOM PAacTBODE.

Pewenue. Ina pemieHus 3Tol 3a7aud HEOOXOJHUMO MOMHHTE, UTO MPH
pACTBOPEHHH  OKCHJIa  KaJdbllUd B  BOAE€  OPOHUCXOMUT  PEaKIHs
Ca0+H,0=Ca(OH),, no3TOMy pacTBOPEHHBIM BEMIECTBOM OYJIeT THAPOKCHA
KaJBIIHs.

w="m (5 100%).
mp-pa
Maccy BellecTBa HaliieM MO YPaBHEHHUIO PEAKITAU:
mE0) gy A 1324
M(Ca0O) 56

Macca PacTBOpPaA CKIAABIBACTCA U3 MACCHI BCIIECTB, O6p830BaBIHI/IX ITOT pacTBOP
(HOCKOJIBKy B PE3YILTATE PCAKIINN HEC BLINAJACT OCA/TOK U HE BLIACTACTCA ras,

HHUYEro BEIYHUTATH He TpeOyercs) 4 + B. Takum oGpasom, ®= A3 4 (X 100%).

m(Ca(OH),) =M(Ca(OH),) -

5. Cvmemamu 11,21 xmopa u 22,41 Boaopona. Haiinure oOnemMHEBIE M0JTH
ra3oB B CMECH HOCIE TPOXOKIACHUS PEAKITHH,

Pewenue. Tlporekaer peaknus H,+Cl,=2HCl Tak kak 00meMBI rasos
MPONOPIHOHATEHEl X KOJHYECTBAM BemmecTB, T0 1 o0beM Bomopoma Oyner
pearupoBate ¢ 100BEeMOM XJiopa, OpH 3TOM oOpasyrorca 2 o0beMa
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I'napa I

XJIOPOBOAOPOJA. XJIOp B HEAOCTATKE, OH MOpOpearupyeT MOJHOCTBIO; 11,21
BOAOPOAA BCTymHT B peaknuio u eme 11,21 ocramerca. Xmnopoojaopoaa
nomyuures 2-11,2=224 1.

CymMmapheiii  o0veM  cucreMbl 11,2+224=336n. OObeMHas jo0ias
Boaopoaa 11,2/33,6=0,33 (33%), xnoposogopona 22,4 /33,6= 0,67 (67%), niu

100 -33=67%.

6. B crnase conepxutcs 40% K u 60% Na. Haiinure mMonpHBIE A0aH
KOMIOHEHTOB,

Pewenue. M(K) =39, M(Na)=23. Eciiu B 1001 crnara coaepxkutca 40t K,
T0 310 cocrapymsier 40/39=1,03Mone. 60T Harpusi— 310 60/23=2,61 Moub.
Oo6miee komnuecTBo BemectBa B 100r cnmasa 1,03 +2,61=3,64 Mmoas. Otcrona
MosbHBIE foau: kKamus 1,03 /3,64 =0,28 (28%), matpus 2,61/3,64=0,72 (72%),
nimm 100—-28=72%.

7. CoenuHeHne yraepoaa ¢ BOJAOPOAOM CoepkuT 75 % yriepoja 1o Macce.
Haiinure dopmyry aToro coeanHeHus.

Pewenue. Hammem dopmyny B obmem suae: C.H,. Macca yraepona B
MOJIEKYJIE 3TOrO BEIIECTBa MponopnuoHansHa 12x, Bonopoaa—y. T. k. MaccoBas
nossa yraepoaa 75%, nomyuaem: 12x:y=75:25, orciona x:y=6,25:25=1:4.
Hckomas dpopmyna CH,.

8. TlnmoTHOCTE raza no Bo3ayxy 0,55. Uro a1o 3a raz?

Pewenue. Cpenasist MonspHas Macca Bo3ayxa 29. UroOsl HaliTH MOJISIPHYIO
Maccy rasza, yMHOXHM 29 Ha IIIOTHOCTH raza: 29-0,55=16. Orta moaspHas
Macca cooTBeTcTByeT MeTany CH,, Apyrux BapHaHTOB HET.

3anavu Aa8 pelieHUs

1. CymmapHBIi 3apsa KaKoro KOJHYeCTBA IEKTPOHOB cocTarmster 1 Kn?
KaxoBa macca 1 MONB 3J€KTpOHOB?

2. CKOJIBKO aTOMOB BOJIOpo/ia coAepkuTcs B 3 1 Boas! a)npu 20°C u 1 atwm;
6)npu 150°C u 1 atm?

3. Kakas sHeprus BBIAEIUTCS NMpH 00Opa30BAHHH K3 JIIEMEHTAPHBIX YACTHI]
1 Momb HYKIHA0B °0?

4. B u30pITKE BoABI 00BeMoM 11 pacTBopriH x T Kanus. KakoBa maccoBas
JI0JI4 BEIIECTBA B IOIYUEHHOM PacTBOpe?

5. 16,81 xmopoBogopona u 5,61 GpomoBomopona pactBopuiu B 100 M
BOJIB1. Halinure MaccoOBEBIE 10JTH BELIECTB B pacTBOpE.

6. TIpu 2000°C cremeHp TepMHUYECKOH auccorHanuu (T.e. MOJNBHAS JOJA
MOJIEKYJI, PACMaBIINXCS MOJ JEHCTBHEM TEIUIa) BOJBI COCTABIIET OKOJIO 2%.
Paccuwnraiite MoIBHBIE W O0OBEMHBIE JONH BCEX KOMIIOHEHTOB B PAaBHOBECHOMW
CMeCH IIpH 3TOH TeMIepaType.
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OCHOBHBIE IOHATHA 1 onpeneyicHusd

7. Paccumuralite MacCOBYIO JIOJIO CIIHPTA B BOJHOM PacTBOpE ¢ OOBEMHOL
nmoneit 40%, ecmu mroTHOCTE cnupra (pu 20°C) 0,79 r/mi.

8. Cmumn nBa pactBopa: 10T 20% xnopunma Gapus u 20t 10% cynedara
kamust. HaliiuTe MacCOBEIE JIONTH BCEX PACTBOPEHHEIX BEIIECTB,

9. B coeirHEHHH a30Ta ¢ BOAOPOJOM cojepxurcs 87,5% a3ora mo macce.
Haiinure dopmyry aToro coeanHeHus.

10. Hekwuii raz uMeeT mIOTHOCTE 0O Bojopoay 8,5. Uto 310 3a raz?

11. Mzo0Opasute rpadudeckue dopMyasl azorta, okcuma xenesa (II0),
(hochopHOH KUCTOTEL
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I'nmasa II

Ctpoenue aToma

2.1. Pannne MoaeJHd aToMAa

N3yueHne NpOXOXIeHHUs 3ITEKTPUUECKOr0 TOKA depe3 PasHuHBIE Cpefbl
(ra3el, pacTBOpBI, PAaCILIaBHI), IPOBOJUBINEECS B MPOIUIOM CTOJETHH, JIANIO
MIEPBBIE IKCIEPUMEHTANBHEIE (aKTHI, HATONKHYBIIHE HA MEICTb O CIOXHOM
CTPOEHHH aTOMA.

B 30-x romax XIX Beka aHrimiickuil gusuk Maiikn Papaneil ycraHOBHMI,
YTO ONEeKTPOXHMHYECKHE MPOLECCHl  XapaKTepU3yIOTCAd  OHpe/e/IeHHBIMH
COOTHOIIEHUSIMH, KOTOpPBIE YKA3BIBAIOT HA TO, YTO JIEKTPUUYECKHE 3apsfbl, TaK
XK€ KaK W Marepusi, UMEIOT JHUCKPETHBIH XapakTep, W CYIIEeCTBYEeT HEKHH
MHHUMAJBHBIN 3apsil.

DKCHOEpUMEHTHl ¢ Ta30pas3psAHBIMH TPyOKaMmH, NpOBEJEHHBIE BO BTOPOH
MOJOBHHE MOPOILTOr0 BeKa, ¢ OUEBHJHOCTBIO MOKA3aldH, YTO B COCTAB aTOMOB
JIOJDKHBI BXOJIUTH OTPUIATENHHO 3apshKeHHBIE YaCTHIIE, KOTOPBIE BIIOCIECTBUH
ObLTH HA3BAHBI SIEKTPOHAMES. DTH OMBITHI ¢ PA3PEKEHHBIMH Ta3aMH HMENTH
JIOCTATOYHO mpocToe odopmieHne. B crexnsHHy0 TpyOKy BOAWBalmH JBa
3NEKTPO/Ia, 3aTeM TPyOKY BaKyyMHPOBAIH JO AaBIE€HHS NpuMepHO 10 MM pT. CT.
(0,013T1a). Ha omekTpoABl MNOJABANH BEICOKOE HAIpPsDKEHHE (HECKOJIBKO
KUJIOBOJBT) U IO CBEYEHHIO CTEHOK TPYOKH M OCTATOYHBIX ra3oB HAONOAAIH
MOTOK YACTHI[, KOTOpBIE MNEpPEMEIIATNCh OT OTPUIATEIBHOrO 3IEKTPoAa K
MOJOXXKUTENBHOMY. EcClH Ha ITyTH 3TOr0 MyYKa YCTAHABIHBAIH KakKoe-THOO
IpensITCTBHE, HAPUMEpP, BEPTYIIKY, TO OHA HAYHHANA BpAIIaThCs, YKa3BIBAs,
YTO YACTHIIEI HMEIOT KOHEUHYI0 Maccy. Ecii rasopaspsiiHyo TpyOKy moMernany
MeXy IUIACTHHAMH IUIOCKOr0 KOHJEHCATOPA, TO MOTOK YaCTHI[ OTKIOHSUICS K
OMHOM M3 HHX, 4 UMEHHO K TOH, KOTOpad 3apsbkeHa MOJOXKUTEIBHO, YTO
TOBOPHJIO 00 OTPHIATENEHOM 3apsijie YaCTHII.

B 1896rony AHpu bekkepenb, paboTas ¢ COETHHEHHSIMH ypaHa, OTKPBLI
SBJICHHE PAJUOAKTUBHOCTH— CAaMOMNPOHU3BOJIBHOTO paclaja aTOMOB OJHOTO
3NeMEeHTa U TPEBPAIleHHs] X B aTOMBI JAPYroro XHMHYECKOro 3ieMeHTa. IIpu
3TOM OBUTO OOHApyXX€HO, YTO TakKHe MPEBPALIeHHs] COIPOBOXIAIOTCS
HCITyCKaHHEM HEBHJIUMBIX [1a30M H3ITyYeHHH.

Heckoneko mosxe cynpyru Ileep Kiopu u Mapus Cxrnoposckas-Kroopu
0oCHApYXHJIH, YTO HEBHJHMOE H3TyUYeHHE HCIYyCKAIOT HE TONBKO COEIHHEHHS

3 OnexTpoH OBUT HepBOl M3 OTKPBHITHIX SJEMEHTAapHBIX dYacTHn. B 1874r.
Jox. Jx. CTOHEH TPEAMONOXKHI, YTO 3MEKTPHISCKHH TOK TPEACTaBIseT cO0O0H MOTOK
OTPHIATENBHO 3apSKEeHHBIX YACTHI, HA3BAHHBIX UM 3JeKTpoHAMH. OJHAKO MPHOPUTET
OTKPBITHSI 3JIEKTPOHA MOYTH MOBceMecTHO npu3Haercs 3a k. k. TomconoM, KOTOpHIH
9KCHEPHUMEHTANBHO JOKA3aJl HAJTHYHE 3JIEKTPOHA H ONPEACTHI OTHOUICHUE €ro 3apsja K
Macce.
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CtpoeHue atoMa

ypaHa, HO W JIpyTue BellecTBa. B pesynbraTe KPOMOTIUBOW PabOTEI UMU OBLTH
OTKPHITHI JIBA HOBBIX XUMHUECKUX AIEMEHTa, KOTOPEIe OBLTH Ha3BaHEI “paauii” u
“HOJIOHUE” .

B 1899r. Pesepthopa oOHapyxmi, YTO pPATUOAKTHUBHBIE DJIEMEHTHI
UCITYCKAFOT JIBA BU/IA U3JTyUEHHUI, KOTOPEIE OH Ha3Bal O~ U B-myun. TTo3xe GBLIO
YCTaHOBJIEHO, YTO PaJHOAKTUBHEIE BEIIECTBA MOLYT HCIYCKaTh TpU BUJA
U3IydYeHuii: o, U Y. O-U3MydeHHe MpPEACTABIseT coOON MOTOK ANEp aToMOB
rejus ¥, COOTBETCTBEHHO, (-4aCTHUIBEI UMEIOT Maccy 4 a. e. M. U JJIeKTPUIEeCKUH
zapaa +2, B-Mydd— 3T0 TOTOK BIEKTPOHOB, 4 Y-IyUd— 3IEKTPOMATHUTHOE
H3IyueHHe ¢ OUeHb KOPOTKOH JTHHOM BOTHEI?,

Bce 3Ti SKcmepuMeHTaNbHEIE (DAaKTBl TOBOPUIM O TOM, YTO aTOM HMEET
CIIO)KHO€ CTPOEHHE U B €r0 COCTaB JIOMKHBI BXOAUTH DJEKTPOHEL. A T. K. aTOM B
LeJIOM SIBISIETCS DJIEKTPOHEUTPATBHON YacTUIEW, TO OTpULIATENBLHBIN 3apsija
3JEKTPOHOB JOKEH KOMIEHCUPOBATECS MONOKUTETBLHEBIM 3aps/IOM.

Okonmo 1900r. [x.JIx. ToMcoH mnpeqraraeT NOepBYI0 MOJEIb aroma,
COTJIACHO KOTOPOH MONOKUTENBEHBIN 3aps/l pABHOMEPHO 3alONHAET BeCh 00beM
aToma, a OTPHUIATENBHBINA, NPEJCTABICHHBIM 3IEKTPOHAMH, BKpAIIEH B JTY
MOJIOXKUTEIBHO 3aPSOKCHHYIO cdepy. DTa MOAENb MOTyJnia Ha3BaHUE «ITYIUHT
Tomcona». Bce monyueHHBlE K TOMY BPEMEHM 3KCOEPUMEHTANBHEBIE JIaHHEIE
MOJIENb OOBICHUTE He Moryia. OHa B KaKOi-To Mepe oOBbsicHsU1a onbITel Papases
U SKCIEPUMEHTHI C Tra3opaspsaHbIMH TpyOKaMH, HO HE MOIJIa OTBETUTH HA
CaMBIl TVIABHBIH BOMPOC: «KaK BOOOIIE MOXET CYIIECTBOBATH TaKas CHCTEMa
JIEKTPUUECKUX 3apsaaoB?» HecMOTps HA 3TO, yueHBle HEKOTOpPOE BpeMs
MOJB30BAIUCEH 3TOH MOJIEIRIO.

4 Brocnencrsuu Goutu OTKpHITH H JAPyrHe THIHI PaJHOAKTHBHOTO pacmama: B'-pac-
najg (MCHMyCKaHHE TO3HTPOHOB), NIEKTPOHHBIH 3aXBaT (3aXBaT AMPOM OpPOHUTANIBHOTO
3NMEKTPOHA), HCIMYCKaHHE 3ama3/bIBAIONINX HEHTPOHOB, CIIOHTAHHOE JIENEHHE A/Ep, a B
1961 r. mox pyKOBOACTBOM akajgemMuka DiepoBa — MPOTOHHBIH pacmai.

> OmHOM M3 OCHOBHEIX TEODEM  SMEKTPOCTATHKH  SBIAETCA  Teopema,
cthopmynupoBaHHast B XIX Beke aHrmuiickuM ¢usukom u matemarukom C. HpHmoy:
BCAKAas PAaBHOBECHA KOH(GHTYpamus MOKOAIIHXCA TOYEYHBIX 3JIEKTPHUECKHX 3apsaaoB
HEyCTOHYHBA, €CIIH Ha HHX, KPOME KYJIOHOBCKMX CHMJI TPHTSDKEHHSA H OTTATKHBAHMA,
HHKAKHE JAPYTHe CHIBl He JeHCTBYIOT. DTa TeopeMa BBITEKAeT H3 YTBEPXKJEHHA, 4TO
MOTEHIMANIBHAA JHEePTHs CTATHYECKOH CHCTEMBI 3JIEKTPHUECKHX 3apsAfioB HE MOXeET
HMeTb MHHHMMyMa. Hanuuue ke MHMHHMyMa TOTEHIMATBHOH OSHEPTHH ABIAETCA
HeOOXOHMBIM YCIIOBHEM yCTOHYHBOTO PABHOBECHS.
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I'naga II

Ol-4aCTHULIBI

Puc. 1. Onvim no npoxoxcoenuio O-4acmuy Yepes 6euecmso.

B 1910r. crynentsl Pesepdopna Xanc Teidirep u DpHect Mapcaen
IPOBOJIMNIK  3KCHOEPUMEHTH 10 OOMOapIUpoBKe  O-YACTHUIIAMH  TOHKHX
METALTMYECKNX IACTUHOK. OHH OOHApy>XHIHM, YTO OONBIINHCTBO O-YaCTHIL
IpOXOJIT uepe3 Gonbry, He W3MeHsis cBoed Tpaekropun. M 310 OBULIO
HEYIMBUTEIHHO, €CIM NPHHSTH MPAaBHIILHOCTH MO/ieu aroMa ToMcoHa.

Y aMBUTENHHBIM OBLTO KaK Pa3 TO, YTO HEKOTOPHIE YaCTHIIBI OTKJIOHSIHCEH OT
[IEpBOHAYANEHON TPAaeKTOPUM M K BCEOOIIEMY YAWBIEHHIO NpuMepHO 1 U3
20000 O-uacTHil OTKIOHSJIACH HAa yron Omuskwid k 180°, T.e. OTCKakuBana
oOparHo (cMm. puc. 1).

W3 pe3ynsTaroB 3TOr0 3KCIEPUMEHTa MOXHO OBUIO CJENATh CIeTyFoIIne
BBIBOJIBL:

1) B aTOMe €CTh HEKOTOPOE «IIPEISITCTBHE», KOTOPOe OBUTO HA3BaHO SLIPOM;

2) spo MMeET MOJIOXHUTENBHBIH 3apsi/] (MHAYE MTOJOKUTENBHO 3apsDKEHHBIE
O-4aCTHIIBI HE OTpaXalnch OBl Ha3an);

3) saapo uMeeT OYeHb MaNEHBKHE pasMephl M0 CPaBHEHHMIO C pasMepaMu
camoro atoma (JIUIIb HEe3HAYMTENbHAsl YacTh O-UacTHIl U3MEHsIa HallpaBlIeHe
JIBIKEHUS);

4) anpo uMeeT OOIBIIYIO MACCY, [T0 CPABHEHHUIO C MACCOH (l-4acTHII.

DKCOepUMEHTHl MO PACCeSHHIO O-YaCTHI[ MO3BONWIN TaKXKe OILEHUTH
pasMepel sJep ¥ aTOMOB!

- A7lpa UMEIOT TUAaMETPHI MOPSAAKa wh—_10" M,

- ATOMBI IMEIOT aMeTpsl mopsiaka 1070w,

Jns oOBsICHEeHHs MOMYYEHHBIX pe3yJNbTaToB Pesepdops BBIIBHHYI HJIEO
IUTaHeTapHOro cTpoeHus aroma. OH paccMarpuBal aroM Kak Mojio0ue
CourHeuHOH CHCTEMBI: B IIEHTpE — S/po, CoJepikallee OCHOBHYIO MAacCy W BeCh
MIOJOKUTENBHBIA 3apsAj aToMa, a BOKPYr, MO pasHBIM OpOWTaM, BpaIlAIOTCS
3NEKTPOHBL. DTa MOJIENb JOBOJBHO XOPOIIO OOBSICHSIA HAKONMBIIHICS K TOMY
BpEMEHH 3KCIIEpUMEHTATBHBIN MaTepHal, HO CTpajana IByMsl HeJI0CTATKaMu:

1) B CoOTBETCTBHM C YpaBHEHMSIMH KIACCHYECKOHW BIEKTPOANHAMUKH
3apsDKeHHAs YacTHIA, JBHXKYINA’ICS C YCKOpeHHeM (a D3JeKTpOH B arome
JIBIDKETCS] C EHTPOCTPEMHUTENHHBIM YCKOPEHHEM), J0JKHA U3IY4aTh IHEPTHIO.
ITpu 3TOM mOTEPs SHEPIHH J0JKHA IPUBOJIUTH K YMEHBIIEHHIO PAJIyca OpOUTEI
1 TIAJIEHUIO BIIEKTPOHA Ha /PO.

2) HemnpepplBHOE  H3MEHEHHWE  TPAeKTOPHH  BJIEKTPOHA  JIOIDKHO
CHocoOCTBOBAaTh M HENPEPHIBHOMY W3MEHEHHIO YacTOTHl H3IyUYeHUs W,
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CIE/IOBATENBHO, HENPEPBIBHOMY CHEKTpy uHcoyckaHus. Ho askcnepumeHTEI
MOKA3bIBANM, YTO CHEKTP HCOYCKAaHUS BOAOPOAA, a TAaKXKe JPYTHX AaTOMOB,
HAaXOAAIMUXCA B Ta3000pa3sHOM COCTOSHUM, COCTOMUT U3 HECKOJBKUX I10JIOC, T. €.
HMeEET AUCKPETHBIA XapakTep.

Beixos U3 cosjaBiierocs moyiokeHusl ObLT HabiieH B 1913 romy maTckum
¢mukoM Hunbcom bopom, KOTOPHIH HpeAoXWI CBOIO TEOPHUIO CTPOSHHUS
atoMa. Ilpu 3ToM OH He OTOpachIBal MOJHOCTBIO MPEXHHE MPEJCTABICHUS O
IUTAHETAPHOM CTPOEHHWH aToMa, HO Juisd OOBSICHEHHs yCTOHYMBOCTH TaKOH
CHCTEMEI CJeNal NpenoaokeHne, YTO 3aKOHBI KIIACCHUeCKOH (M3HUKHU He BCeraa
IPUMEHNMBI JITsI OMCAHHUS TaKUX CHCTEM, KaK aTOMBI, U COpMYJIHPOBAI JBa
MOCTyNaTa.

IepBoiii moctynar bopa. DaeKTpoHB MOTYT BpallaThCs BOKPYT S/pa Mo
CTPOTro OMpeNIeICHHBIM CTAlIMOHAPHBEIM OpOUTaM, MPU 3TOM OHHU HE U3IYYArT U
He MOTJIOMIAI0T SHEPTHUIO.

Bropoii mocrynar Bopa. Tlpu nepexone ¢ onHOH OpOMTHI Ha JAPYIYIO
3JEKTPOH MOMJIOMIAET WIH UCITyCKAaeT KBAaHT SHEPTUU.

BOp OPEANOJOXKUWI, YTO MOMCHT UMITYJILCA JJId JJICKTPOHA B ATOMEC MOXKET
OPUHUMATL JUCKPETHLIC 3HAYCHHs, PABHLIC TOJBLKO NETIOMY YHUCTY KBAHTOB

N h
JCUCTBUA 7 , UTO MATCMATUUYCCKH MOXECT OBITE 3aMACAHO TaK:
o

nh
myr=—, 7
2
[Jle m— Macca JNEKTPOHA, V— JUHEHHAs CKOPOCTH €ro BpAlIeHUs, ¥— PaJUyC
OpOUTEl, 77— TJIABHOE KBAHTOBOE UYHCIO, MPUHUMAIOIIEE [ETOUUCTEHHBIE
- 34
3HaueHus OT | a0 OeckoHeuHocTH, a A=6,625-107"Ix/c— nocTosHHAS
Ilnanka. VYpasHeHue (7) mpenactaBiser co0ol MaTeMaTHUECKOE BEIpaKECHUE
nepeoro nocryiata bopa.
DHeprus ONEKTPOHA HA COOTBETCTBYIoHIeH opbute onpenenseTcs
BEIPAKEHUEM

g 2w (10)
n'h

B »ToM ypaBHeHHU, BCe BEIUYHHEI, KpPOMeE #, SIBIIAIOTCS KOHCTAHTAMU.
Takum o0OpazoM, B5Heprusi JIEKTpPOHA B aTOME OIpesIeNsseTcs 3HAYeHHEeM
[MIaBHOTO KBAHTOBOIO 4HCIA. Hns aroma Bojopoja npu n=1, E=2,176-10"

I[)K i 13,63B (1 37eKTPOHBOJNET— 3TO 3HEPrUs, KOTOPYIO an06peTaeT
3JEKTPOH, NPOXO/s Pa3HOCTH NOTEHIUAIOB B 1 BOJNBT, U paBHa 1,6 107 I[)K)

Hcnonr3ys mnpuBeleHHBIC BBINE YpaBHEHUs, Bop paccuuTan choekrp
W3TyUeHHs] aTOMa BOJIOPO/JIa.

B arome Boj0posa 3JIEKTPOH MMeeT MUHHMANBHYIO 3HEPIMIO Ha HEepBOH
opOute. Takoe cOCTOSHHME OJJIEKTpPOHA HA3BIBAETCS OCHOBHBIM, WIN He
BO30Y>K/IeHHBIM. Ecii 3TOMy 37eKTpOHY COOOIIUTE JOCTATOYHYIO 3HEPTHIO, TO
OH MOXET MEeperTH Ha JPYIVI0 OpOUTY ¢ OONBIIMM PaJnyCcOM, HampuMep Ha
opbury Ne2?, 3 W T.4., B 3aBUCHMOCTH OT COOOIICHHOH 3Hepruu. Takoe
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I'naga II

COCTOSTHHE Ha3bIBaeTCsl BO3OYX/IEHHBIM, OHO SIBISETCAd HEYCTOHYMBBIM.
DIEeKTPOH MOXKET HaXOJHUTHCS HAa 3THX OpOUTAX HENpOOLKUTEIBHOE BpeMs, a
3aTeM MEePeXOIUT Ha JIpYIyio OpOUTY ¢ MeHbIeH 3Hepruel, B KOHEUHOM HTOre
BO3BpAIasich B OCHOBHOE COCTOsiHME. [IpM 3THX mepexojax HpPOUCXOIUT
WCITyCKaHNE JHEPTHH B BHJIE HIEKTPOMATHUTHOTO HU3ITyUeHHUsI.

B 1900r. TIna\k OpeAnoNoXui, 4TO U3IYYEHHE U MOLJOLICHHE PHEPruu
MOeT MPOHUCXOJIUTH TOJBKO CTPOTO ONpesIeNeHHBIMU HOPIUSIMU, Ha3BaHHBIMU
MM KBaHTaMH. HacToTra n3aydeHus CBsi3aHa C JHEprHel ypaBHEHHEM:

E=hv wumm E=%, (1)

rJle ¢— CKOPOCTh CBeTA B BaKyyMe paBHas 3 - 10°m/c. TTosToMy uactoTa 3TOrO
W3TyUYeHHUs 3aBHCHT OT PasHOCTH MeXay OHeprusiMu ypoBHed (AE). B
3aBUCHMOCTH OT JUIMHBI BOJNHBEI A 3TO H3IydYeHHE MOXKET OTHOCHTECS K
Pa3TUYHBIM 00JaCTIM CHOEKTpa: PEHTICHOBCKOU, yIETPa(UOIETOBOH, BUAUMOL
nim uHppakpacHord. Ha puc. 2 cxemMaTniecKy MoKa3aHbl epexo/bl MeKTPOHA B
BO30Y>K/IEHHOM aTOMEe BOJIOPO/Ia, KOTOPEIE BBI3BIBAIOT M3ITYUEHHE B PAa3IMYHBIX
o0macTax cuekTpa.

Jlatiman

Puc. 2. Dnexmpounvie nepexodvl ¢ amome 000pood,
COOMEEMCMEYIOWUE PAZHBIM CEPUIM.
Pacuetel Bopa oOkazainch B BEIUKOJENHOM COLNNACHU C Pe3yJbTaTaMmH,
MOJTYY€HHBIMHU 3KCIIEPUMEHTANBHO (CM. TaluI. 6).

Tabonuua 6
Jlunvl onn cnexmpanvuvlx aunuti 6 cepuu baremepa (euoumas obaacme)
A, HM A, HM
(sxcnepumenm) (pacuemmnvie)
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... 656466 . 656,47
486,271 k 48628

"""" 834171 3417

410201 410293
397,120 397123

Ilpn netanbHOM U3YYEHHHM CIEKTPANBHBIX JIHHWEH — OKA3adoCh, 4TO
HEKOTOpBle W3 HHUX MNPEACTABISIOT co0oii He OJHY, a HECKONBKO OITU3KO
PacHoNOXKEHHBIX JINHUE. DTO YKA3BIBAIO HA TO, YTO CYIIECTBYIOT Pa3iNYHEIE
OpOUTEI, HA KOTOPBIX JJIEKTPOHBI UMEIOT ONu3KUe 3HaueHWs sHepruid. [ms
00BsACHeHHS 3TOr0 (akTa 3oMMepdenba MPeANON0KUN, YTO MEKTPOHBI MOTYT
BPAIATECA HE TOJBKO MO KPYTOBBIM, HO U IO SJTUOTHYECKAM OpOUTaM.

Onunako Teopus bopa He sBisulack yHUBepcanbHOH. C ee MO3UIIUMN HEMb3s
OBLIO OMUCATH MOBEJICHHEe aTOMa BOJIOPOJia B MarHutHoM moie. He ynaetcs
TaKke  OOBSICHUTE  OOpa3oBaHWEe  MONEKYNBl  BOJOPONA,  BO3HHUKAIOT
HEMpeoJ0IMMBIe TPYAHOCTH TPHUHIMITHANGHOTO Xapakrepa NPU ONHUCAHUA
MHOTOJIEKTPOHHEIX aTOMOB. BOpOBCKass Teopus B XUMHUH MpPAaKTUYECKU HE
HCTIONB3YeTCS.

Vka3aHHBIE TPYJAHOCTH MOXXHO MPEOJIONETh, €CIIU MOJXOAUTh K OMHUCAHUIO
CTPOEHHs aTOMa C TO3UIUE OoJiee MIMPOKOH TeOpUH— KBAHTOBOH MEXaHUKH,
paccMaTpuBaronieil MOBeieHWEe UYACTHI] B MHUKPOMHpe. 3aKOHBI, KOTOpEIE
OIMUCEHIBAIOT SBJEHUS, IPOUCXOJSIINE B MUKPOMUPE, CYLIECTBEHHO OTIUYAKOTCS
OT 3aKOHOB, OMUCEHIBAIOIINX MOBe/IeHHe MakpoTel. KBaHTOBOE UHCIIO #, KOTOPOE
OBLIO MCKYCCTBEHHO BBEJEHO B TeopuH bopa, OKasbIBaeTCs ¢ TOUKH 3peHHUs
KBAaHTOBOU TEOPHH HEN30EXKHEIM CJIe/ICTBHEM Oolree OOIINX 3aKOHOB.

JlBoiicTBeHHAss TpUpOJa MHUKpPOMHpa ObLTa BIepBBle YCTAHOBIEHA JJis
ceta. C OfHOH CTOpOHBI, JUIsi CBETa XapaKTepHHl TaKWe SBIEHHUS Kak
uHTepdepeHnns U AUPPAKIHs, KOTOPbIE MOTYT OBITE OOBACHEHBI TONBKO C
MIO3HITHH €ro BOTHOBOH Npupojkl. C Npyroi CTOPOHEI, siBiIeHHe GoTodddexTa ¢
NO3UNKE  3TOH TeopuM OMUCATH HEBO3MOXHO. ITO MOXHO CJeNaTh,
IIPE/INONIOXKHB JUI CBETa KOPHYCKYJSApHYIO (OT Jar. corpusculum— 4acTwIa)
npupoay. B 1905r. DHHmMTENH BBICKA3all MBICTb, COIVIACHO KOTOPOH CBET
UCIYCKAeTCA B BUJE UACTHII, HA3BAHHBIX ()OTOHAMU WM KBaHTaMH. Kaxupii
(doToH 00aamaeT dHeprueki, onpenenseMol ypasHeruem (11).

N3 xopmyckyJSpHOH NOPUPOABI CBETA CIENOBANO, YTO (OTOHEI JIOKHEBI
obnajate ompejeneHHoO Maccoii. Macca mokosi ¢oOTOHa paBHA HYJO, a MpH
JIBOKEHUH (DOTOH MpUOOpeTaeT NUHAMUYECKYIO Maccy. [l BEIUMCIEHUs STOH
Macchl DUHIITEHH Mpe/TOKUI ypaBHEHHE SKBUBATEHTHOCTH MAaCChl U SHEPIHH:

E=mc’. az)
O0wenunss ypasaernns (11) u (12) nomryunm:
m= h ;  p=me=_—
Ac A

i
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A=—, (13)
P

IJIe p— UMIOYJIEC GoToHA.

B 1924r. dpanmysckuii ¢usuk ae bpolink McXoAs W3 OpencTaBIEHHs O
JIBOUCTBEHHON MpUpO/ie MUKPOMHpPA, MPEINONOXKMI, YTO 3IEKTPOH HMeer
olIpe/IeNIeHHYI0 JUTMHY BOJIHBI, KOTOpasl YKIa/JBIBAaeTCs Ha OpOUTE IeJIoe YHCIIOo
pas. OTo o3HaYaeT, uTo 27 =nA.

TIpeanonoxenue e bpoins B 1927 rogy nomyumsio 3KCOEpUMEHTATLHOE
noATBepXKAeHHe. AMepukaHckue ¢mukd JleBucoH u xepmep HaOmomanu
JIM(PaKIHIO TEKTPOHOB HA KPUCTAILIAX XJIOPH/A HATPHUS.

B teopuro Bopa npuHIMN KBaHTOBaHWS OBLT BBEJIEH NPOU3BOJILHO. B Hell B
OCHOBHOM WCHONB30BANHCH 3aKOHBI KIAcCHYeCKOW MexaHWKH. OTKpBITHE
BOJTHOBBIX CBOWCTB 3JIEKTPOHA, ()OTO3(h(EKT, ONBITEI ¢ a0CONIOTHO YEpHBIM
TEJIOM TPHUBENH K CO3/[AHHIO HOBOrO pasjena (U3UKN— KBAHTOBOH MEXaHHKH.
Bonemyto ponb B ee co3aanuu ceirpamu . lpeaunarep u B. Ietizentepr.

KBanTOBOMEXaHHYECKas] MOJIeNIb aTOMa HE Takasl HarNsIHAas, KaKk MOJEeNb,
mpe/ioxkeHHass bopoMm, a MaTeMaTH4ecKWH anmapaT KBAaHTOBOH MeXaHHWKH
HECPAaBHEHHO CITOKHee. IMosTomy OCHOBHEIE TIOJOXKEHHS
KBaHTOBOMEXaHUYIECKOH MOJIENM CTPOEHHUs] aroMa OyayT pacCMOTPEHBI YHCTO
KauecTBEHHO, 0e3 MCIONB30BaHUsT MAaTEMAaTHIECKOro annapara. MHoroe us3 Toro,
yT0 Oy/IeT U3I0KEHO B CIEAYIOMEM pas/ielie, YNTATEN0 IPUIETCS IPHHSTE «HA
Bepy», 0e3 JokazatenscTB. KBaHTOBBIE uHciaa OyAyT NpOCTO BBEAEHBI JUTA
ONMCAaHUS TOBE/EHHs 3JEKTPOHA B aTOMe, B TO BpeMs KaK OHHM SIBISFOTCS
crencTBHeM petienns ypasHenus Ll peaunrepa.

2.2. KBaHTOBOMEXAHHYECKASI MO/eJIb CTPOCHHS ATOMA

Iefizen0epr ykasal Ha NPUHIUNHANGHBIE pa3dnyMs B HAOMIONEHHUH 3a
MHKpPO- U MakpooObekTamu. HaGmonenne 3a moOBIM 00BEKTOM, B MPUHIIHMIE,
CBOJIUTCS K JIBYM CITy4dasim:

1) O0Bekr cam mnojmaer Kakwe-mnOo curHanel. Hampumep, mym ot
paGorTarorero ABUTATes], TEIUIOBOE U3TyUYeHHE | T. II.

2) Ha mnaGmopaeMblii 00BEKT OKa3bIBaeTCs KaK0e-TO BO3JIEHCTBHE,
HampuMep, OONyYeHHE CBETOM, pajJMOBOJNHAMH W T.M., U PETHCTPUPYETCS
OTPaXEHHBIM CHrHaN (KaK 3TO MIMPOKO HCHOJB3YEeTCsl B PaJHONOKAaluH, B
sxojokarun). [IpudemM, deM CHITEHEe BO3JEHCTBHE HA HAOMIOJIAEMEBIN OOBEKT,
TeM CHJIbHee (IIpU IPOYHMX PAaBHBIX YCIOBHUSIX) OTPaKeHHBIH CUTHAN M HaJIeXKHEe
perucrparnys o0beKTa.

Ecnu Benercs HaOmoJieHHe 32 NPUBBIYHBIMH JUISI HAC MaKpOOOBEKTAMH, TO
JISHCTBHE HA HUX 3IEKTPOMATHUTHOTO HU3ITyYeHHs (CBET, Pa/IHOBONHEI U T. /1.) He
W3MEHSIOT HU WX IOJOXEHHs, HU MX CcKopocTH. CoBepIIeHHO HHade OOCTOMT
JIeI0 TpU HAONFO/IeHnN O0BEKTOB MHKpPOMHpA, HANpHUMep, JJMEKTpOHOB. Ilpu
JIECTBMH KBAaHTA CBETAa HA 3JEKTPOH CKOPOCTH MOCIETHEro He ocraercs 0es3
n3mernenus. IToaToMy, onpenenus mpy AeHCTBAM (OTOHA HONOXKEHNE 3IEKTPOHA
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B KaKOW-TO MOMEHT BPE€MCHHU, MLI HE€ B COCTOIHWUHM B 3TO XK€ MIHOBCHHC
ONpECIUTL €T0 CKOPOCTL — OHA YK€ U3MCHUTACE.

Teﬁ3eH6epr OpeJJIOKUIT COOTHOLICHHUE, KOTOPOC TMOJYYWIO HA3BAHUC
«COOTHOIICHHUE HeOHpeIleJIeHHOCTeﬁ»Z

ApAx> 2—}; (14)

rne Ap— HeONpe/eJeHHOCTh B 3HAYEHHWHM HMIIYJNbCa YacTHIBI, a Ax— He-
OIPEJIENICHHOCTD B €€ KOOpAMHATaX. M3 3TOro COOTHOIIEHUs CIELYyeT, UTO YeM
TOYHEe OIIpe/IeNeHbl KOOP/AWHATHI 3JeKTPOHA, TEM C MEHBIIeH TOYHOCTBIO Oy/er
olpe/iesieH ero UMIYJIbC U Hao0opoT. MHEIMU CIIOBaMH, TOBOPUTE O TPAEKTOPHH
JJMEKTPOHA HEe MMeeT CMBICIA, TaK KaK JUI ONHMCAHUs MoclefHed Heo0X0auMo
TOYHO 3HATH W KOOPJHMHATHI 3JIEKTPOHA W €r0 WUMITYJBC B KAXKJBIH MOMEHT
BpeMeHH (4YTO OBLIO 3aloXeHO B Mojens aromMa bopa). CoorHolneHue
HeOoNpe/IeIeHHOCTEH MMOKa3hIBAET, YTO CTOJIb TOUHOE ONMCAHKE JBHXXEHUS TaKOH
MaJleHbKOH YacTUIIBI, KAK 3TEKTPOH, HEBO3MOXKHO, T.€. CAMO NOHITHEe OopOnTa
(TpaekTopus) DIEKTPOHA OKa3plBaeTCd  HecocTosTenbHBIM.  HeoOxoaum
COBEpIIEHHO MHON METO/l ONHCAHUsS MOBEJEHUs JIEKTPOHA B aTOMe, KOTOPBIH
JlaeT KBaHTOBas MeXaHHKAa. B KBaHTOBOH MeXaHWKE JUI ONHCAHUS MOBEJECHUS
3EKTPOHA HCXOIHBIMH SIBISIOTCS JIBA MOJIOKEHHUS:

1) dsuoicenuie dnekmpona HOCUM BOAHOBOU XaApaKmep,

2) Hawy 3HAHUA O NOBEOEHUU DIEKMPOHA UMEIOM 8ePOSIMHOCMHBIY (Unu
cmamucmuyeckuil) xapaxmep.

HekoTopble pa3bsICHEHHs] N0 MEPBOMY IOJOXEHUIO OBUTH yXe JaHbl (Ha
ctp. 25). TIpoKOMMEHTHPYEM BTOPOE MOJIOKEHHE. B COOTBETCTBUM ¢ MPUHIUIIOM
HeonpeneneHHOCTH [ eif3eH0epra HUKOI/IA HENB3s TOYHO YCTAHOBUTH MECTO
HaxOXJIeHHs dacTurpl. Jlydinee, 4To MOXHO c/enaTh B 3TOM cCiy4yae, 3TO
yKa3aTh BEpOSTHOCTH, C KOTOPOM dacThia OyneT HaxXoJWThCSI B 001IacTH
npocTpancTBa AV=Ax-Ay- Az

B 1926 r. lllpeaudrep npeajioxxul ypaBHEHHUE, B KOTOPOE JJIsi ONMUCAHUS
[IOBEJIEHUs! 3JEKTPOHA B aTOMe OBbLTa BBE/IEHA BONHOBAsS (YHKIWS. YpaBHEHHE
nMeeT 0OMaH4YMBO MTPOCTOH BHJI:

By =E¥, (15)

rne E— monHas sHeprus vactunpl, W — BomHOBasS (QyHKITHS, ;g oneparop
I'amunerona. ['aMUIBTOHNAH TOKA3BIBACT, KAKUE MATEMATHUECKHE OMepaIuu
HY)KHO TPOU3BECTH C BOJHOBOH (YHKIHEH, YTOOBI pEUIUTh YpaBHEHUE
OTHOCHUTENBHO SHeprud. dusnyeckuil CMBICT BOJHOBOW ()YHKIIUU OIPEICTUTE
TPYJHO, a BOT KBaapaT moayns ee |V |2 onpeJieNsieT BEPOSITHOCTh HAXOXASHUS
3NEKTPOHA B JTAHHOH 00JaCTH IPOCTPAHCTBA.

VpaBuenue IUlpenunrepa TOYHO  pemiaeTcs JAAs  BOJAOpoJa U
BOJIOPOJIONOIO0HBIX aTOMOB (T.€. JUIS CHCTEM, COCTOSIINX U3 S/pa U OJHOTO
anekTpoHa). M3 pemieHns 3Toro ypaBHEHH IS aTOMa BOJIOPO/IA BEITEKAJIO, UTO
MOBE/ICHHUE JJIEKTPOHA B ATOME OMUCHIBACTCS YETHIPEMS KBAHTOBEIMH UHCTAMU.
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1°. I'maBHOe KBAHTOBOE 4HCaA0 1. OHO MOXET MPUHUMATH 3HAYECHHUd OT |
JIo GECKOHEYHOCTH, KOTOPHIE OIIPEIENSIOT:

a) HOMep 3HepreTHYecKoro ypoBHs (B Teopun bopa— Homep opOHTEI);

0) MHTEpBAN 3HEPTHH NEKTPOHOB, HAXOJAIINXCS Ha 3TOM YPOBHE;

B) pa3mepsl opOuTaineii (B Teopun bopa— panuycel opour);

I') YHCJIO MOypPOBHEH JTAHHOTO 3HEPreTHYeCKOro YpOBHS (IIepBEIH YpOBEHB
COCTOMT U3 OJIHOTO MOy POBHS, BTOPOH — U3 JBYX, TPETHH — U3 TPeX U T. 11.).

n) B Ilepuonmuueckoii cucreme [I. . MeHneneeBa 3HAUEHHIO TJIABHOTO
KBAaHTOBOT'O YHMCIIa COOTBETCTBYET HOMED MIEPHO/Ia.

HHorna mose3yroTcess OyKBEeHHBIMH 00O3HAYEHHWSIMH [ITABHOTO KBAaHTOBOTO
YHCNa, T.€. KXKJIOMY YHCIEHHOMY 3HAYEHHIO # COOTBETCTBYET ONpe/elIeHHOE
OykBeHHOE 0003HAYEHUE!

Taonuua 7
Bykeennvie 0603naUeHUs 2IAGH020 KEAHMOB020 YUC
Yucnennvie
1 2 3 4 5
3HAYEeHUs N
bBykeennoe
K|L|M|N
0bo3nauenue 0

2°, Op6uTanbpHOe WK A3UMYTAJILHOE KBAHTOBOE 4ncyio £. OpOuransHoe
KBaHTOBOE UHCJIO ONpesieNsieT MOMEHT KOJNWYECTBAa JBIDKEHHS (MOMEHT
HMITYJIECA) 3IEKTPOHA, TOYHOE 3HAUeHHE €ro 3HEPTUU U GopMy opOuTaiei.

HoBoe noHsiTHe «OpOUTANE) [0 3ByYaHHIO HAIOMHHAET CIIOBO «OpOUTa», HO
MMEeT COBEpIIEHHO HMHOHN cMBIcH. OpOuTans— 3T0 00NAcTh NMPOCTPAaHCTBA, B
KOTOpPOH BEPOSTHOCTH HAXOXK/IEHHS 3IEKTPOHA UMEET ONpe/ielleHHOe 3HAUeHHe
(90— 95%). NHorna opOWTamBI0 HA3BIBAIOT IPAaHUYHYIO MOBEPXHOCTH 3TOH
obmacTy, a Ha PHCYHKax, KaK MpaBWIO, W300paxaloT ceyeHue 3Tol obmactu
ILTOCKOCTHIO, TIPOXOJIAIIEH Yepe3 HAYano KOOPJWHAT M JeXalled B INTOCKOCTH
pucyHka. B Hawano KoopAWMHAT NOMEINAIOT IIEHTp siipa aroma. IloHATHE
opOuTane, B OTIIMYKE OT OPOMUTEHI, HE NO/Ipa3yMeBaeT 3HAHUs TOYHBIX KOOP/UHAT
anekTpoHa. OpOHUTATBFHOE KBAaHTOBOE YHCIO 3aBHCHT OT IJIABHOI'O KBAHTOBOIO
YHCTa ¥ IPUHAMAET CJIeTYIOIINe 3HAUESHHSI:

£=0,1,...,(n-1),

IpUYEM KaKIOMYy 3HAUYEHWIO TVIABHOTO KBAHTOBOTO YHCIA M COOTBETCTBYET A
3HaueHUul opOuTasbHOro KBaHTOBOrO uncna {. Hampumep, ecimm n=1, 10 £
IIPUHUMAET TONBKO OHO 3HaueHue (£ =0) npu n=2 BenuuuHA { IPUHUMAET ABA
sHaueHus1: 0 1 1 # T.74. KaxnoMy 4YuCiIeHHOMY 3HAUY€HUIO f COOTBETCTBYET
olpejiesieHHas reOMeTpuyIecKkas popMa opOuTaleli U NIpUNUCkIBaeTCsl 0yKBEHHOE
oGosHauenue. [lepBble ueThlpe OyKBEHHBIX 0003HAUEHHS UMEIOT HCTOPHUIECKOE
IIPOMCXOXKJIEHHE W CBS3aHBl C  XapaKTepoOM  CHEKTPAJbHBIX  JIMHHM,
COOTBETCTBYIOIIHNX 3JEKTPOHHBIM IIEPeX0/IaM MeX/ly 3THMH MOJIypPOBHIMU: S, P,
d, f— muepBble OYKBBl AHIVIMHCKHAX CJIOB, HCIOJH30BAHHBIX JUI1 HA3BaHWS
CHEKTPANBbHBIX JHUHUH sharp (pe3kuid), principal (tnaBHBIH), diffuse

(muddysueii), fundamental (ocHOBHOH). OO0O03HAYEHUs JPYrHX IOJypPOBHEH
UIYT B a(haBUTHOM TOPSJKE: g, A, ... .
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Taonuua 8
Yucao nodyposHets, onpedeisemvly sSHaueHuem n
3nauenuen | 1 2 3 4 5

Bnauenue ¢ | 0| 0O (1O 1 (210123 ([0f1]2]3]4

bykeennoe
0603Haq'£sspspdspdfspdfg

Yucno R 5 3 4 5
nodyposueti

JIroGoit mogypoBeHE onpeenseTcs IByMs KBAHTOBBIMU YHCTAMU — [JTABHBIM
(npu 3anucH OOBIYHO YKAa3BIBAIOT YHCIEHHOE 3HAUY€HHE) M OpOMTANBHBIM (IIpH
3amMcl  OOBIYHO HCHONB3YIOT OykBeHHoe oOo3HaueHne ). Hanopumep,
SHEPreTUYECKHi MOYyPOBEHb, A1 KoToporo =2 U £ =1 ciaefyeT 3a0MCaTh TaK:
2p-noaypoBeHb. Bce opOuTamm ¢ OJMHAKOBBIMH 3HAYEHHAMH £ WMEIOT
OJIMHAKOBYIO T€OMETPUUYECKYIO (DOPMY H, B 3aBUCHMOCTH OT 3HAUEHHH TJIABHOTO
KBaHTOBOT'O 4YHCNA pa3iHualoTCs pasMepaMH, T.e. SBIAIOTCS [O0J00HBIMU
¢urypamu. Hammpumep, Bce opOutamu, 1is KOTopeix £ =0 (s-opOutaniu) UMEroT
¢dopMy cdeprl, HO PazIUYAOTCS PaJUyCcaMH, B 3aBUCHMOCTH OT 3HAYEHUS
[JIABHOTO KBAHTOBOTO ymcia u. Uem Goubllle 3HAYSHUE B, TEM OOIBIIE PasMepEI
opburaneii, Hanpumep, ls-opOUTaas UMeeT HAUMEHBIINE PasMepBl, paauyc 2s-
opburanu Goxblie, 3s-eme OonbIIe.

3°. MarauTHoe KBAaHTOBO€ YHCJa0 M,. BpameHue ainekTpoHa BOKpPYT sijpa
MOXXHO CpaBHUTH C JIBIDKEHHEM TOKa M0 3aMKHYTOMY KOHTYpy. Ilpm 3tom
BO3HMKAET MArHUTHOE T[I0Jie, HANpPsXKEHHOCTh KOTOPOTO  HalpaslieHa
MEepHeH/MKYISIPHO TUIOCKOCTH BpallleHHs 3JIeKTpoHa. Eciau aToM Haxomutcs BO
BHEIIHEM  MArHUTHOM [oJe, TO, COMJacHO  KBAaHTOBOMEXaHHYECKHM
[IpE/ICTABIIEHUSIM, €ro JJIEKTPOHBI JIOIDKHBI  PACIIONIOXKHUTECS TakK, YTOOBI
IIPOEKIIMM WX MAarHWTHBIX MOMEHTOB Ha HANpaBleHWE 3TOr0 MoJisl OBLTH
nesouncineHHbMA  (cM. puc.3). TIpy 3ToM OHM MOrYT HOpPHUHAMATH Kak
OTpHIIATENbHBIE, TAK U ITOJIOXKUTENFHBIE 3HAUYEHHs], BKIIOUAs! HyJIEBOE.

UucreHHOe 3HAaueHWE MPOEKIMM MAarHUTHOIO MOMEHTa U SIBISIETCS
MarHUTHBIM KBAaHTOBEIM uucioM. Ecian 3HaueHHe OpOMTANEHOIO KBaHTOBOIO
YHCTa PpaBHO £, TO MAarHUTHOE KBAHTOBOE YHCIO Oy/eT NIPUHUMATE 3HAYEHUS OT
—{ no + £, Burouas Hotb. O0I1Iee KOJTMUEeCTBO 3HAUeHHH Oy/er paBHO 24+ 1.

HANPAANCEHHOCHIb 6HEUIHE20
MACHUMHBO20 NOJIA
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Puc. 3. Quzuueckuii cMbICT MAZHUMHO20 KEAHMOB020 YUCTA

Takum 00pazoM, MarHUTHOE KBAHTOBOE YHCIO ONpEJENsieT PacloNOKeHne
opOuTaneli B NPOCTPAHCTBE OTHOCHTEIBHO BHIOPAHHOM CHCTEMEI KOODJHMHAT.
OOmee YHCIO BOSMOXHBIX 3HAU€HWH M1, MTOKA3bIBAET, CKOJBKMMHU Criocobamu
MOXHO PAacHONOXHUTH OpOWTANH JAHHOrO TMOJAYpPOBHS B MPOCTPAHCTBE, T.e€.
o01ee yucino opouTanel Ha Oy POBHE.

Taonuua 9
Yucao opbumaneii Ha noOyposHe
n 1 2 3
/ 0 0 1 0 1 2
m, 0 0| -1,0,+1 0] -1,0,+1 -2,-1,0,+1,+2
Yucno
opbumaneit 1 1 3 1 3 5
HA nOOYyposHe

OpOuransHOMY KBaHTOBOMY uYHciIy £=0 COOTBETCTBYyeT €IMHCTBEHHOE
3HAUYEHWE MarHMTHOTO KBaHTOBOTO 4ncia m,= (). DTN 3HAUEHHs XapaKTepU3yroT
BCe S-OpOUTAIH, KOTOpBIE UMEFOT (hopMy chephl. T. K. B 3TOM ciiyuae MarHUTHOE
KBAaHTOBOE YHCJIO IPUHUMAET TONHKO OJIHO 3HAUYEHWE, KAXKJIBIH S-T10/TypOBEHb
COCTOHUT TOJBKO M3 OHOU opOuTamu. PaccMoTpuM It060# p-moypoBeHb: MpH
£=1 opOuramu uMerT GopMy ranrenel (00beMHBIE «BOCEMEPKH»), MATHUTHOE
KBaHTOBO€ YHCIIO TPHHHUMAET ciefayromue 3HaveHus my,=—1, 0, +1 (Tpu
3HAUEHWs), CIIE/OBATENHHO, pP-TIOlyPOBEHb COCTOUT M3 TpeX OpOWTaled, n 3TH
opOuTanM pacroiararoTcs BJAOJAL TPEX OCeH KOOPJMHAT W, COOTBETCTBEHHO,
0003HAYAKOTCS Py, Py, p-. Jna d-moayposns £=2, m,=-2, -1, 0, +1, +2 (5
3HAUYeHUl), U J00H J-MOAYpPOBEHH COCTOUT U3 MSITH OpOUTaNed, KOTOpPEIE
ompejieleHHBIM  00pa3oM  pacloNiOkKeHBl B MPOCTPaHCTBE (CM. puc.6) U
COOTBETCTBEHHO 0003HAYAIOTCA dyy, dis, dsy, a?z2 u dxz,yz . Uerkipe u3 nsatu d-

opbuTaneli UMEOT GOPMY UYETHIPEXJIEMECTKOBBIX PO3ETOK, KAXK/asA U3 KOTOPBIX

00pa3zoBaHa IByMs TAHTEISMH, TSTass OpOUTANb MPEJCTABISAET COOOM raHTeNb ¢

TOPOM B SKBATOPHATBHON IIOCKOCTH ( d , -OpOUTANE) U PACHONIOXKEHA BJOJE
z

ocH z. «Jlenectkuy opOutamu dxz,yz PAaCIONOKEHEI BJIONB Oced x 1 y. Opdutam

Ay, diz 1 d,; PACIIONOXKEHEBI MEX/TY COOTBETCTBYIOUIAMH OCSIMH.
1% gz
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d-opburanu z

Puc. 4. [Ipocmpancmeennvie konguzypayuu s-, p- u d-opobumanei

YeTBepTHIH SHEPreTUUECKUI YPOBEHD COCTOUT U3 YETHIPEX MOJYPOBHEH — s,
p, d u f. TlepBbie TpY U3 HUX AHATOTHYHBI PACCMOTPEHHBIM BHIIIE, 4 Y€TBEPTHIM —
J-TIOAYypOBEHb COCTOUT YyXe U3 CeMH opbOuTaneill, NOPOCTPAHCTBEHHBIE
KOH(QUIYPAIIUH KOTOPBIX JOCTATOUHO CIIOXHBI, U PACCMATPUBATE UX MBI HE
Oyaem.

4°. CniuHOBOe KBAHTOBOE€ 4HCJIO (COHMH JJIeKTpoHa), m;. B 1926 r.
Vnenbex u ToaacMUT mNOKA3aaW, YTO TOMUMO OpPOUTATBHOTO JIBHYKEHUS
3JIEKTPOH JIOJDKEH YYaCTBOBAaTh BO BPAIIEHWH BOKPYT COOCTBEHHOH ocH,
MPOXOAAIIeH depe3 HeHTp. [103TOMY 3JE€KTPOH NOJKEH MMETh COOCTBEHHBIH
MOMEHT HUMIYJbCa, & TaK KaK OH SBJIAETCS 3apsHKEHHOW 4YaCTHICH, TO U
MATHUTHBEIH MOMEHT. 3TO TMpEACTaBICHUE JOBOJBHO NPUMHUTHBHO, HO
UCOONB3YeTCs JUId HALMAAHOCTH, IMO3TOMY MBI OyJeM UM MOJB30BATHCA.
Bo3MOXXHEI TOJBKO J1BA HAMIPABJICHUS BpAIleHUs IEKTPOHA BOKPYT CBOEH OCH:
MO0 YW MPOTHB 4YacoBOl crpenaku. CreoBaTeIbHO, CIIMHOBOE KBAHTOBOE YHUCIO

NPUHAMAET JINIIG JIBA 3HAUYEHNA: + 5 U —1 .
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Puc. 5. Bosnuknogenue cnuna saekmpona (coznacto Yiaenbexy u I'ondcmumy)

TakuM 00pa3om, COCTOsIHHE BIIEKTpOHA B aroMe olpejensiercss HaGopom
3HAYEeHUH YETHIpeX KBAHTOBEIX umcel. [loHATHE «opOUTaNb» OBLIO JAHO BEHILIE
(eMm.  ¢1p.29). OmnpenesuMm  YeT4e  HEKOTOPHIE  TEPMUHBI,  KOTOpEIE
HCHOJB30BATUCE MPU PA3bICHEHUN (DU3UUECKOTO CMBICA KBAHTOBEIX UYHCEN W
OY/yT UCMIOJE30BATECA B JAATBHEHIIIEM,

I'pynma  opOuramed, HMEOMMX OJMHAKOBOE 3HAUEHHE OPOMTANHEHOTO
KBAaHTOBOT'O YHCJA, 00pa3yeT IHePreTHIecKHii MOTyPOBeHb.

COBOKYITHOCTE BCeX oOpOWTanedl ¢ OJWHAKOBBIM 3HAUCHHEM TJIABHOT'O
KBAaHTOBOT'O UHCTA, T.€. OpOuTaneld ¢ ONM3KUMH 3HAYEHUSIMH SHEPrum,
o0pasyeT HepreTH4eCKHil YPOBEHbD.

Ecmu opu ONHUCAHWU CTPOCHUA aToMa BOJAOPOJAa HE BO3HHUKACT 0COOBIX
HpO6J'IeM— BCE€ro OJUH JBJICKTPOH, KOTOpBIﬁ B OCHOBHOM COCTOsdHHUHU OOJIXXKCH
3aHUMATh Op6I/ITaJ'II> ¢ MHUHAMAJIBHOU 3Hepmel71, TO TOpU ONUCAHUN CTPOCHUA
MHOTO3JICKTPOHHBIX aTOMOB HeO6XOI[I/IMO YUHUTLIBATH B3aUMOJIEHCTBHE
JJCKTPOHA HE TOJLKO € IApOM, HO U ¢ JIPYIUMHU DJJCKTPOHAMU. Orcrona
BO3HHUKACT HpO6J'IeMa noCJICAOBATCIIBHOCTHU 3aMI0JIHCHUA JJICKTPOHAMU
Pa3INIHBIX HOHypOBHeﬁ B aroMe. JTa TOCHeI0BaTeIbHOCTE ONpeaCIACTCA
TPEMs «IIPABUTAMID.

1. Mpuanun IMayan. B ogHOM aTtomMe He MOXeT OBITH JIBYX 3JEKTPOHOB C
OJIMHAKOBBIM HA0OpOM 3HAUEHHUH BCEX YETHIPEX KBAHTOBBIX UHCElL.

DTO 03HAYAET, UTO 3NEKTPOHHI JOKHBI OTIMYATHECS 3HAYEHHEM XOTS OBl
O/IHOTO KBAaHTOBOro uHcia. IlepBele TpU KBAHTOBBIX YHCIA XapaKTEpU3YIOT
opOuTaib, HA KOTOpOH HaxoAuTcs 31eKTpoH. U eciau ABa 3IEKTPOHA HMEKOT
OJIMHAKOBBIH NX HA0OP, TO 3TO O3HAYAET, UTO OHU HAXOJIATCSA HA OJTHOM M TOH Xe
opOutanu. B cooTBercTBUM ¢ mpuHIMIOM Ilayan OHM JOIDKHBI OTINYATHBCS
3HAUEHWEM cIUHA. M3 3TOro cirejyer, 4To Ha OJTHOH OpOHUTAIH MOTYT HaXOAUTCS
TOJIBKO /IBA 3IEKTPOHA ¢ IPOTUBOMOJIOXKHBIMU 10 3HAKY 3HAUECHUSMH CIIUHA.

Jii  omnpeneneHuss  «€MKOCTH»  3HEPreTMYECKOrO0  ypOBHA, T.€.
MAaKCHMAJIEHOTO UYHCIA 3IEKTPOHOB, KOTOPEIE MOTYT HAXOJAUTHCA HA YPOBHE C
[JIABHBIM KBAHTOBBIM YHCIIOM H, COCTABUM CIIEIYIONIYIO TaOIHILy:
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Tabauya 10
MarcumanbHas SAeKMPOHHAA eMKOCIIb NEPEBIX MPEX SHEPLEMULECKUX YPOsHel
n ), m s YUCHO INEKMPOHOE
¢ HA nOOYpoeHe
Ly O 0 el o 20 2
20 o el 2 s
e T e Vel e T
30 o el 2 I8
17 R -1,0,+1 el e L
B S

W3 TaGaumnpel BUAHO, UTO YHCJIO OpOWUTAicll HAa JAHHOM 3HEPreTUYSCKOM
YPOBHE B 3aBHCHMOCTH OT 3HAYE€HHUs # 00pa3yeT apru(METHIECKYIO IPOrPeCCHIO,
rJie nepBBId WwieH a; = 1, a nocnenuuii — a,=2{+ 1. Pa3HoCTh nporpeccuu paBHa
2, a yucio unieHoB— u. Cymma S, Iporpeccuy B 3TOM cirydae Oy/eT paBHa:

_4+a, n=(1+2£+1)n

Sn
2 2

=+ 1Dn,

acyueroM {=n—1
S,=(n—1+Dn=n"

Takum o06pazoM, ofliee unciao opbutagell HA SHEPreTHUECKOM YPOBHE CO
3HAUEHUEM TJIABHOTO KBAHTOBOLO UYHCIA M PABHO M°, A Tak KaK HA OJHOU
opbuTaTM  MOXET HAXOJUTHCA JIUIIG JIBA JJIEKTPOHA, MNOMYUAEM, UTO
MAaKCHMAJIbHasl SIIEKTPOHHAS EMKOCTh SHEPIeTHUECKOTO YPOBHS COCTABISET 21°.

CymiecTByeT ompejieieHHas (popMa 3alHUCH COCTOSHUSA ITEKTPOHA B aTOMe.
Hanpumep, 1issi OCHOBHOT'O COCTOSHUS 4TOMA BOJIOPO/IA OHA BBITJISTAT TAK:

YUCTIO INEKMPOHOE
Vposeno ——> 1s'

noodyposets

OT0 03HAauUaeT, YTO HA MEPBOM IHEPreTHUECKOM YPOBHE Ha S-TIOJAYPOBHE
HAaXoAuTCs oauH OyekTpoH. CymectByer ©  jApyras ¢dopMma  3amucH
pacopesielieHds 3JeKTPOHOB 0 MOJYPOBHIM — ¢ MOMOIIBI KBAHTOBBIX SUEEK.
OpOurase B 3TOM cilydae NPHHATO YCIOBHO 0003HAa4YaTh KBaJpaTamu, a
SMEKTPOHBI— CTpenkamMu | wmd |, B 3aBHCHMOCTH OT 3Haka cnuHa. Torma
3NEKTPOHHOE CTPOSHHE ATOMAa BOJIOPO/Ia MOXKHO H300pasHTh TaK:

IST
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DIeKTPOHHOE CTPOEHHE aroMa ¢ GONBIINM YHCIOM 3IEKTPOHOB, HAIpUMED
aToMa 6opa, MOXKHO 3aIUCATh CIAEAYIOIUMH CIOCO0aMH:

A

2p
1522522])1 UM » ¢T

)

2. Ilpaeuao XyHaa. DTO MOpaBUIO OMNpEAENSET IOCIEJ0BATEIBHOCTE
3aII0JTHEHWs OpOUTANEl 3MeKTPOHAMH B IIpe/ieiax OIHOrO IO/1yPOBHS.

ITpaBumo Xynna dopmynupyercss Tak: «B mpenemax ojHOrO MoaypoBHS
3JIEKTPOHEI  PACIIONAraloTcsl MO OpOUTATsIM TaKuM o0pa3oM, UTOOBI HX
CyMMapHBIH cnvH OBUT MakCHMAlbBHBIM, T.€. Ha IOJYPOBHE JOKHO OBITH
MAaKCHUMAIBHOE YHCIO HECHAPEHHBIX JJIEKTPOHOBY». PacCMOTpUM BEINONHEHUE
3TOro MpaBUNA HA IPUMEpE 3aMOMHEHUS p-TI0 Y POBHS.

1 sapuanm AL DT DAL A ] [ wA] (v

CYMMAPHbLL CHUH % ! % ! IE ’
Deaquanm T T ML ML (] [#M[A] []

CYMMAPHbLL CHUH % 0 % 0 % ’

B cootBeTcTBUU C OpaBUIOM XyHI[a 3aM0JIHCHUEC Op6I/ITaJ'IeI71 OpoOuCXoanuT
no neppoMy BApHUAHTY, T.€. CHavualla JJCKTPOHLI 3aHUMAIOT BCC CBO6OHHBI€
0p6I/ITaJ'II/I 1 TOJBKO IOTOM MPOUCXOAUT UX CIIApUBAHUE.

3. Ilpunnun HamMmeHbmield JHeprum (mpaBuiao  KiedxoBckoro).
3amonHeHNe JHEPreTHMYeCKMX YpOBHEH B BOJIOPOJONOAOOHBIX — aTOMax
(MHUKpocHCcTEMa, cOCTOAIMIasl W3 sApa M OJHOTO 3IIEKTPOHA) IMPOHWCXOIUT B
COOTBETCTBHE C MOHOTOHHBIM POCTOM [NIABHOT'O KBAHTOBOrO uucna n (n=1,2, 3,

n T1.7.). Ilpn KaxgOM 3HAUEHWHM # 3allOJHEHHWE IOJYPOBHEH JOKHO
OCYIIECTBIATECS B NOPS/IKE BO3PACTaHUS] OpOWTAIBLHOrO KBAHTOBOTO 4Hcna £,
KOTOpOoe NpuHMMaeT 3HaueHus ot (0 no (n—1). U 3anonHeHue Clemyromero
JHEpPreTHYecKOro YpOBHsS HAUMHAETCS TOJBKO B TOM CIilyyae, KOIJa
Ope/BIyIIMH  ypOBEHb  3allOJHEH MOJHOCTBIO. MaKCHMMalbHOE — YHCIIO
3NEKTPOHOB HAa JHEPreTHYecCKOM YPOBHE ompejaensercs ¢opmyiaoll 2n w,
CITE/IOBAaTENIbHO, MAKCUMAJIBHEIE YHCITA 3JIEKTPOHOB B HEPHO/AX JIOJKHBI OBITH
CITE Y FOUTHMHU:

Tabnuuall
TIpeononazaemoe wUcI0 3NEKMPOHOE 6 NEPUOOAX
Ne nepuoda (n) | Makcumansroe Yucio MeKMpoHoe
1 i 2
"""""" 2y
"""""" 3R
"""""" 4 0
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PeaneHo xe B Tlepronnueckoli cucreMe HabmoAaeTcs Apyras KapTUHa:

Tabnuual2
Peanvroe yucno snekmponoe ¢ nepuodax

Ne nepuoda (n) | Maxcumanvuoe 4ucio 2MeKmponos

Kak BuaHO u3 »3ToH TaOmuIBl, NEPUONBI PACHONATAOTCA MapaMu,
HCKITFOUEHUE COCTABISET TOJBKO NEPBBIA NEpUO], COJEpXKAallMid BCEro JBa
3JeMEeHTa, Yy KOTOPBIX 3alOJHAETCS MEpPBBIM DJHEPreTUUeCKUd ypOBEHb,
COCTOAIIMI W3 OJHOTO MNOJYPOBHS, U HET BHYTPEHHUX 3IEKTPOHOB, KOTOpHIE
MOTrJIA OBl NOBIUSTE HA CTPOCHHUE BHEIIHETO YPOBHS. B OCTaNBHEIX ke CIydasx
HAOMIOAaeTCs CNeAyomas KapTUHA: CTPOCHHE TPEThEro Mepuoja IMoa00HO
CTpOeHHI0 BTOpOro (M 00a cojepXkaT mo 8§ 3IEMEHTOB), CTPOCHHE MATOr0
nepuoia moao0HO CTPOEHHWIO 4deTBepToro (M B oboux mo 18 sneMeHTOB),—
CEIEMOT0 MOI00HO CTPOCHUIO MIECTOro (1Mo 32 3IIeMeHTa).

3HAaUUTENBHO  Jy4llleeé  COBNAJieHME C  JEHCTBUTENBLHOCTHIO  Jaer
pacupeseneHue  JIEKTPOHOB 1o (n+/4) rpynnaM,  OpeaiosKeHHOe
B. M. KneukoBckuMm: «B aTome kaxaplil 3J€KTPOH 3aHUMAET TOT OJIyPOBEHb, HA
KOTOPOM €ro SHeprus OyJeT MUHUMATEHOW .

Brilne yka3pIBaloCh, UTO DJHEPrUs JJIEKTPOHA ONPEJIeNIeTcs He TOJNBKO
3HAYCHHEM T[JIABHOTO KBAHTOBOTO YHCNIA, HO U 3HAYEHUEM OpPOUTATBHOIO,
MO3TOMY JIJIS TOTO, UTOOBI ONpeeNUTh, KAKOU TOAYPOBEHb OyIET 3aMONHATHCS
3JIEKTPOHAMH B MEPBYID OYepe/b, HEOOXOMUMO YUMTHIBATE 3HAYCHHUA O0OHMX
KBAHTOBEIX UHCEN.

Jas  mpakTUUecKoro nOpuMeHeHHs npaBuio KIeuKOBCKOTO  MOXHO
c(hOpMyIIMPOBATH TaK:

a) «3anoaHEeHHE OAYpOBHEH 3IEKTPOHAMU POUCXOJIUT B
MOCHE/IOBATENFHOCTH YBETUUEHHUSS CYMMBI COOTBETCTBYIOIIMX KM 3HAYEHUH
TJIABHOT'O U OPOUTATBHOTO KBAHTOBBIX YUCEN».

0) «B ciydyae OJMHAKOBBIX 3HAYEHWHA HTOH CYMMBI U1 HECKOJBKHX
MOYPOBHEH, 3alOJIHAETCA CHAayajda TOT MOJAYpPOBEHb, JJ KOTOPOrO TIIaBHOE
KBAHTOBOE UHCIO UMeeT HaUMeHEbIIIee 3HAYEHUE,

PaccMOTpUM KOHKpETHOE IPUMEHEHUE 3TOTO MIpaBUiia:

Tabauya 13
Cymma 3Hauenuil 21aeH020 U ROBOYHO20 KEAHMOB020 YUCIA

n 1 2 3 4 5 6
¢ 00|10|1|2 0|1|2|3 0|1|2|3|4 0|1|2|3|4|5

35




I'naga II

Leee [P P P o

Jms nepBBIX ABYX 3HaYeHWH CyMM (k+{), paBHBIX COOTBETCTBEHHO | U 2,
HET ANBTEPHATHBHBIX BAapHAaHTOB, W 3allOJHEHHWE MOJYPOBHEH IPOHWCXOJUT B
CHeIYIOMIEeH NoCaeI0BATENEHOCTH: 15 U 3aTeM 2s. HaunHas co 3HaUeHUs CYMME],
paBHOH 3, BO3HMKAIOT JBAa BApUAHTA: 3ANONHATH 2p-NOAYPOBEHb WU 3s-
noJaypoBeHb. B cooTrBeTcTBMM C mpaBWiIOM KIl€4KOBCKOTrO, BBIOHpaeM TOT
MOJIypOBEHB, /UI1 KOTOPOTO # MMEET MEHbIee 3HAUEHHE, T. €. 2p-MOypOBEHE.
3ateM 3anonHsieTcs 3s-noaypoBenb. Jlanee 3Hauenue n+ £ =4, Takux 3HaUeHUH
OIIATH JBA: JUI 3p-TIOAYpOBHSA WM Uil 4s-IOAYpOBHS (CIydad, aHAJOTHMYHBINA
npeaptyeMy). CHadana OyJeT 3anoyHITECS 3p-, a 3aTeM 4s-oaypoBeHb. 3d-
[IOJTyPOBEHB OCTaeTcsl CBOOO/HBIM, TaK Kak cymMMma m+{ 1 Hero GoJjplie, yeM
s 4s.

TTpumensis MPaBHIIO Kneukosckoro, MOy YNM CIEYIOUTY IO
MOCIEe0BATENBHOCTE 3aNIOMHEHUS SJHEPreTHUECKUX MOAYPOBHEH:

Is 25 2p 3s 3p 4s 3d 4p 5s 4d 5p 4f 5d 6p.

Ho Ttakoe 3amosHeHME NPOMCXOAWUT 0 OIpejeleHHOro MomeHTa. Eciu
paccMOTpeTh M3MEHEHHe SHEPrHH MOJYpPOBHEH ¢ yBeIWYeHWeM 3apsjaa sjpa
atoMa (cM. puc.8), TO MOXHO YBUAETH, UTO 3HEPrUs BCeX MOJAYpOBHEN
cHmkaercd. Ho CKOpPOCTH TOHWXKEHHS 3HEPrud y PasHBIX MOJAypOBHEH He
onuHaKoBa. [loaToMy, eciu 710 Kanbus 3d-1oaypoBeHb OB [0 3HEPTHUH BHIIIE
4s, TO HAUMHAS CO CKAHAWS W MOCTEAYIOUINX 3JIEMEHTOB, €ro JHEPrHs Pe3Ko
CHHXAETCSA, O UeM TOBODHT, HANPHMEp, SIeKTPOHHOE CTpoeHHe HoHa Fe’'
(15°25%2p%35*3p"34°). U3 puBeIeHHOrO 3MEKTPOHHOrO CTPOEHHs HOHA BHJIHO,
YTO JIBA BAJICHTHBIX OJJIEKTPOHA JKele3a VYIUIM ¢ MeHee DHepreTHYecKu
BEITOTHOTO 45-TIOMYPOBHSA. AHATOTUYHAS MHBEPCHUs 3HEPruii Habmronaerca y Ss-
u 4f-, a TaKke y 6s- U SfMonypoBHEH.
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Puc. 6. Cxema usmenenus sHepaun NOOYPOSHEL ¢ pOCMOM 3apada Aopd.

B nanmeHelitieM OBUIO YCTAHOBIEHO, YTO TONHOCTBI) W HANOJOBHHY
34MOTHCHHEIE 10y POBHM 00J11af0T TOBBIIEHHOH YCTOHUMBOCTRIO. TaK, P d—
MOJYPOBHS YCTOHUUBBIMU ONMEKTPOHHBIMH KOH(bI/Il"ypaHI/IHMI/I apmstotes d'0 m d°,
a JUTs £-TI0/[ypOBHS — COOTBETCTBEHHO /' 1 f7. ITUM 0GBACHIIOTCS AaHOMATHUH B
CTPOEHUM BHEIIHUX DHEPreTUUECKUX YPOBHEH HEKOTOPBIX 3JEMEHTOB,
HaIpUMep, Y XpOMa BAICHTHBIE OIEKTPOHBI JIOMKHEI OBUTH  PACloNaraThes
3d*4s’, a peanmsHo— 3d°4s', y Memu nomxkHO GBITE 3d°4s”, a Ha caMoM jene

3d"4s!, Ananormumsie nepexomﬂ 3MEKTPOHOB ¢ $-TMIOIyPOBHS HA d-NIOYPOBEHD
HAOMIOAar0TCA Y MOJUOIeHA, cepelpa, 30J10Ta, a TAKKE U Y f~2IEMEHTOB.

EcTh Takke W HEKOTOpBIE JAPYrHe 4aHOMATWH B CTPOECHUH BHENTHUX
JHEPreTUYEeCKNX VPOBHEH, B OCHOBHOM Yy AaKTHHOHUJIOB, KOTOpPbIE 3/1€ChH
paccMaTpuBaTtkcs He OyayT.
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I'naga II

IMocae npoyTeHus raaBbl 2
Bol 10MkHBI 3HATH, YTO...

CocTosiHHe DIEKTPOHA B aToMe omnpejienseTcs HabopoM 3HAUEHUH YeThIpex
KBAHTOBBIX UHCEN, KAX/I0€ U3 KOTOPHIX OTPAKAET ONPEACTEHHYIO (DU3NUECKYIO
BenuunHy. JIAsS mOepBBIX TpeX KBAHTOBBIX UHCENT MOXXHO BBECTH U
FeOMETPUUECKYIO HHTEPIPETAIMIO:

2Na6HOe K8AHMOB0E YUCAO0 N OUPeIeNIeT pa3Mephl opOuTanet,

opbumanvroe keaumogoe uucno f OIpeNeNsieT TeOMETPUUECKYI0 (opMy
opOuraneti,

MASHUMHOE K8aHMO80e YUCAO M, OTIPEJIENIeT PacloioxkeHne opburtaneil B
MPOCTPAHCTBE OTHOCUTEIBHO BHIOPAHHOM CUCTEMBI KOOP/UHAT.

3anonHEHUEe DHEPreTHYECKUX MOAYPOBHEH aTOMOB JJIEKTPOHAMU B
HEBO30YX/ICHHOM COCTOSTHUU HOUUHIETCS TPEM MPABIIIAM:

npunyuny Ilaynu,

npasury Xynoa u

npasuny Kneukoeckozo.

3agavum ¢ pazbopom

1. MOryT 11 57eKTpoHb HOHa Rb' HaX0MUThCA Ha CAEAYIONIUX OPOUTATAX:
1) 4p; 2) 3f; 3) 5s; 4) 5p?

Pewenue. Dmement Rb Haxomutcs B rimaBHoH moarpynme | rpynmer V
mepuoaa TaObmMnEl MeHjeneeBa, 3HAYAT, y HEro HAYMHAET 3aMOJHSATHCS
3JI€KTpOHHI>II/I YPOBEHb ¢ FNABHBIM KBAHTOBBIM uHcIoM n=>5: 5s'. V nona Rb*
BHEIIHWH 3JEKTPOH TMOTepsH. 3HAaUUT, HU Ha Sp, HU Ha Ss-opOHTAIIxX
HeBO30YX/IeHHOro HMoHa Rb' 51mekTpoHOB HeT. OJIHAKO SIEKTPOHBI MOTYT
MIepeXO/IUTH Ha 3TH OpOUTAIH npu BO30Y>K/IEHHU aTOMa.

H3o06pasum mpennocneqHuid ypoBeHsb (n=4): 4s p6d°f° Ha nem Haxonutcs
8 3IeKTPOHOB, KaK M y J00OTr0 s-37eMeHTa (T. €. JIeMEHTA [NIaBHON HOATPYIIIBI
I wm II rpymnoer Ilepuoandeckodi TaOmuIpl, y KOTOPOro 3amojHSETCS s-
nomypoBens). ITouemy 4d u 4f-noxypoBrau mycteie? Jlego B TOM, UTO 3HEPTHS
4d-nonypoBHs BBINIE, ueM 5s, a 4f— paxe Beime, yeM 6s, a cHavana
3aMOJHSAIOTCS OAYPOBHHU C MeHbIIel 3Hepruei (npaBuno Kneukosckoro). UTak,
57eKTpoHbl Rb™ MOTyT HaXoaUThCS Ha 4p-OpOUTATIAX.

Ocranock MOHSATH, MOTYT JIM OHH HaxXoJuTECS Ha 3f-opOutansx. IIpu n=3
opOuTanbHOE KBaHTOBOEe uwMciao { mnpuHuMaeT 3HadeHus 0,12, KOTOpEIe
COOTBETCTBYIOT S, p W d-moAypoBHsAM. A 3f‘moaypoBHS MOIPOCTYy He
CYIIECTBYET.

2. Tlpusenute , TIDHMEDEL TpeX {acTHIL (aTOMBI, MOHBI) C 3JEKTPOHHOH
KOHbHUryparnmeii 15725 P 635 p.

Pewenue. Tlopxopaumii snemeHT Ilepnoganueckod cucremel— Ar (8
3NEKTPOHOB HA TPETHEM — BHEIIHEM — 3JIEKTPOHHOM ypoBHE). fIcHO, uro Apyrux
ATOMOB C TaKOH OJJIeKTpOHHOH KoHQurypanued Her. Ho MBI 3Haem, uTO
3IEMEHTHI, Y KOTOPBIX HE XBAaTaeT, KaK MPaBuiIo, 1 —3 3JeKTPOHOB 10 YCTOHYMBOH
8-37IeKTPOHHOM 000JI0UKH, CTPEMSITCS IPHOOPECTH UX U CTATh OTPUIATETBHBIMU
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CtpoeHue atoMa

HOHAMH, a uUMeromue | — 3 3IeKTpoHa Ha CIETYIOUIEM YPOBHE — OTJaTh MX H

CTaTh I'%OJIO)KI/ITGJIBHBIMI/I noHamu. Takum oGpazom, 310 MoryT OeITE Cl™ , 8%, P
+

K*, Ca®™, Sc™... BoiGepuTe MmoGEIe Ty YaCTHIIE! HA BAII BKYC.

3. Ckonpko ayeMeHTOB ObUl0 OBl B V mepuoje, ecan OBl CIIHHOBOE
KBAHTOBOE YHCJIO UMENO0 €TMHCTBEHHOE 3HaUeHUe — 17
Pewenue. B pealbHOCTH COHHOBOE KBAHTOBOE YHCIO, KAaK W3BECTHO,

OpHHUMAET [Ba DPAasHBIX 3HaueHus: +3 U —4. Eciu xe oHO HMeno Gbl

€/IMHCTBEHHOE 3HAUYCHUE, TO JJIEKTPOHHAS 000I0UKa MOTIa OB BMECTUTE BIIBOE
MEHBIIIEe YUCIO ANEKTPOHOB, T.K. BCE OHU JOJDKHBEI OTIUYATHCS JPYT OT APYTra
HA0OpOM KBAaHTOBBIX umcen (npuHimn [laynu), a, cneoBaTeNnBEHO, DIEMEHTOB B
nepuo/ie ObLTo OBI B 2 pa3a MeHBIIIE,

4. Kakve KBAaHTOBHIE 4YHMCIA W KaK JIOJDKHBI, O BalleMy MHEHHIO,
W3MEHUTBCA TOpPH  [epexoje OT Hamero Mupa K 1) O/IHOMEpHOMY;
2) nsaTuMepHOMY ?

Pewenue. JIna oTBeTa Ha 3TOT BONPOC HEOOXOIUMO YSACHUTH, KaKue U3
4 KBaHTOBBIX UHCEJl IMEIOT OTHOIIEHHNE K Pa3MEPHOCTH NIPOCTPAHCTBA.

I'nmaBHOE KBaHTOBOE YHCIO K ONpeJeNsieT YNCIO 3JIEKTPOHHBIX YpOBHEH
(obomouek, clloeB) U XapakTepu3yeT B OCHOBHOM pa3Mep 3JeKTPOHHOro o0aKa:

n=1 O n=2 o n=3

IToHsATHO, YTO pa3sMEpPHOCTH MPOCTPAHCTBA (HEHYJEBas) HE BIMSET HA 3Ty
XapaKTEePUCTHKY.

OpOuransHoe KBaHTOBOE YHCIHO { XapakTepusyeT (opMy 3IIEKTPOHHOTO
oGmnaka. Kpome TpexmepHOro, MBI MOKEM HArNAJHO IMPEJCTaBUTH cebe JHIIb
JIByX- ¥ OJTHOMEPHBIH MHUPEL. B 7IByXMepHOM MUpe 37eKTpOoHHEIE 001aKa, KaK U
BCE OCTAJbHOE, CTaHYT IUIOCKUMH, HO TOHsSTHE (GOpPMEI coxpaHuTcs. B
CYIIHOCTH, H300pakeHMe OOBEMHBIX 3JEKTPOHHBIX oOONakoB Ha Oymare,
NPOEIUPOBAHUE UX B MIOCKOCTH JIUCTA, U €CTh B KAKOH-TO Mepe mepexoj K
JIBYyXMEpHOMY MHpY. UT0 ke KacaeTcs 0JIHOMEpPHOr0, TO 371eCh HOHITHE (OPMEI
CTUPAETCS, OCTAETCS JINIIE pasMep (MPOTSHKEHHOCTR). BeposaTHO, opOuTanbHOE
KBAHTOBOE YHCIIO IIPHA ITOM MOTEPSET CMBICI.

Ecnu paccmarpuBarh IpOCTpaHCTBO GOIBIIEN pa3sMEPHOCTH, YeM HaIlle, TO
MIOHSTHE «(QOPMBD» 37I6CH CTAHOBHUTCS rOpas3/io MINpe, U HeNIb3s HCKITI0YATh, YTO
JUTsl OITUCAHMSI BCETO MHOT000pasust (hOpM SIIEKTPOHHBIX 00JIAKOB MTPU IAaHHOM H
norpebyercs GoJbIe pa3IUYHBIX 3HAUECHHUH £.

MarHuTHOoe KBAaHTOBOE UHCIO M, XapaKTEepPU3YeT MPOCTPAHCTBEHHYIO
OpHEHTAIIMIO 3JEKTPOHHOrO0 00JaKka, a 3HAYMT, 3aBUCHT OT DPa3sMepHOCTH
Hanpamyto. IIpu ¢ =0 m, MoXXeT NpUHUMATE €AUHCTBEHHOE 3HaueHue (), 4To
OTpakaeT €AUHCTBEHHYI0 BO3MOXXHOCTE OpHEHTalUd B  IPOCTPAHCTBE
cteprueckd cuMMeTpHaHOro s-ooxaka. Ilpu £ =1 m, npuaMMaer 3 pasmTUYHBIX
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I'naga II

sHavenus: — 1, 0, 1 — ranteneoGpasHEle p-00Maka MOTYT OBITH BEITSHYTHI BJIOJb
PasHBIX KOOPJMHATHEIX OCEH: py, py, p,. ECIU pa3sMepHOCTh NPOCTPAHCTBA, T. €.
YHUCIIO KOOPJIMHATHBIX OCEH, MEHSETCS, TO U3MEHHUTCS] M YHCIO0 BO3MOXXHOCTEH
JUIS PACIIONIOKEHUs NIEKTPOHHEBIX OONAKOB, 4 3HAYUT, HA0Op m, OyJeT ApYrUM.
IMTockosmbKy € KOJMYECTBO PA3HBIX 3HAYEHWH M, TPU JJAHHOM £ Ompeelser
KOJIUYECTBO OpOHTANEH HA JAHHOM I10/TypOBHE, 3TO MPHBOJUT K CYIIECTBEHHBIM
WN3MEHEHHSIM B XUMUH.

m;— CIIMHOBOE KBAHTOBOE YHCJIO — IPUHUMAET JIBA 3HAYeHHs: +35 U ->5. DTO
oTpaxkaeT TOT (akT, 4Yro HA OpOUTATM MOXET HAXOJAUThCA JIBa
«IPOTHBOIIONIOXKHO 3aKPYYEHHBIX» 3JeKTpoHa. OOBIYHO CIIHH CBSI3BIBAETCS C
COOCTBEHHEIM MOMEHTOM WMIYJbCA 3JEKTPOHA M, KaK TAaKOBOH, MOXeT
H3MEHSTHCS IPH IIEpeXo/ie K MHOH pasMepHOCTH MPOCTPAaHCTBA.

3anavu Aa8 pelieHUs

1. Haiinure B Ilepuoaudeckoll cucreMe Kak MOXXHO OCoJbIIe CiTydaeB
HapyuieHus Ilepuonnyeckoro 3akoHa B Qopmynuposke I, M. MeHmeneeBa:
«XUMHYECKHE M (U3UYEeCKHe CBOICTBA JIEMEHTOB HAXOJATCS B MEPUOUIECKON
3aBUCHMOCTH OT X aTOMHBIX BeCOB». UeM 0OBSICHUTE 3TH HapyLIeHUs?

2. MOTyT JiH 57€KTPOHBI a) HeBO30Y X /IEHHOT0, 6) BO30Y)aeHHOro HoHa Na*
HAXOAUTECS Ha 25, 2d, 3f, 4s, Sd-opburamax? OdocHyliTe.

3. Hanumure 3neKTpOHHOE CTpOoeHue aToMoB dyieMeHToB I u II mepuojaos
TTepuoauyeckoli CUCTEMEI.

4, HpI/IBeﬂI/ITe JiBa IpUMEpa CIIOKHBIX BemZech, B COCTAB KOTOPLIX BXOJAT
TOJBKO YaCTULBI € 3ICKTPOHHBIM CTPOCHUEM 1s72s p6.

5. Kakue 3HAYEHUS HMEIOT KBAHTOBBIE YHCTA Ui CAMOTO BHENIHETO
3NEKTPOHA HEBO30YKIECHHOTO aTOMA JIUTHSA?

6. I[OHYCTI/IM, YTO HCKAad BCCIICHHAA Y UMEECT Ha60p KBAHTOBEIX YUUCECJIT:
n=1,2,3,.. my=—1, ..., +
— — 1
0=0,1,2,...n my=+1,

Ckombko 3nemeHTOoB ObuTO ORI B III mepuonie meproauyecKod CHCTEMBI
BCeJICHHOH Y7
Kak BBI fymaeTe, CKOJIBKO M3MepeHHUi MoxeT OBITh BO Beemerrnoi Y?

7. Kak u3MeHHWIOCh OBl YHCIO 3JAEMEHTOB BO BTOPOM IMEpUOJe Halek
MEePUONYECKOH CUCTEMBI, €Clid OBl Opu MPOYUX HEU3MEHHBIX KBAHTOBBIX
YUCIaX CIHUH UMENT OBl 3HAYEHUS M, = i% ?

8. CKOJNBKO TIPOTOHOB U HEHTPOHOB COAEPXUTCA B A1ApaxX aTOMOB a) 'Li;
119G . oy 235779
6) “Sn;B) U7
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I'nmasa III

XuMHUYecKkada CBA3h

3.1. 3aroJgoBok

MounekysiBl XHMHYECKHX BEHIECTB MPEICTABISIOT COO0H CIOXHYIO CHCTEMY
ATOMHBIX siA€p H OIEeKTPOHOB. ATOMEI B MONEKylIe YAEPKUBAIOTCA
MPEUMYIIECTBEHHO CHJIAMH 3IEKTPOCTATHYECKOTO Xapakrepa. B atom ciryuae
TOBOPAT, UYTO OHH CBA3aHBl XHMHYECKOH CBA3bIO. XHUMHUYECKass CBA3b
OCYIIECTBIAETC §- M p-DIEKTPOHAMH  BHEHNIHEr0 M d-2JIEKTPOHAMHU
IpeJBHENIHErO CIO0sA. JTa CBA3b XapaKTEpH3YeTCs CAeIYOINME NapaMeTpaMH:

1. [Tnuno ceasu— mexncoaoepnvim paccmosnuem Mexcoy 08yMs XUMUYECKY
CBAZAHHBIMU AMOMAMU.

2. Banemwmmnwvim yenom— yeaom Mexcoy 6000paxcaemuiMu  IUHUAMYU,
RPOXOOSUYUMU YePE3 YEHMPBL XUMULECKU CEAZAHHBIX AMOMO8.

3. Dnepeueil C6A3U— KOTUYECMBOM DHEP2UL, 3AMPAYUBAEMON HA ee pa3Pble 6
2a3000pA3HOM COCIOSHU.

4. Kpammuocmvio c6a3u— UUCIOM INEKMPOHHBIX NApP, RNOCPEOCMEOM
KOMOPLIX OCYIECMENACMC XUMUYECKAS C513b MENCOY AmOoMaMIL.

ATOM B MOJEKyle— MOHITHE YCIOBHOE, T.K. €r0 3HEPreTHuecKoe H
JNMEKTPOHHOE COCTOSHHE B KOpPHE OTIHMYAETCS OT H30JHPOBAHHOTO aToOMa,
CTpOEHHe KOTOporo OBLIO pa3o0paHo B Opeapayiiel rase. PaccMoTpuM, Kakue
CHJIBI BO3BHHUKAIOT MEXJIy UYACTHIIAMH B TpOCTeilell cHucTeMe, COCTOSIIeH U3
JIBYX TOPOTOHOB M OJHOTO 3JeKTpoHa (cM. puc. 9). Ecin Mel OyaeM cOmmxarb
JIBa MPOTOHA, TO MEXJTY HUMH BO3SHHKHYT CHITBI OTTATKHUBAHUSI, H O MONYyYeHHH
YCTOHYHBOMH CHCTEMBI TOBOPUTH HE MpUXOAUTCs. TToMecTHM B HX HOJIe OJHH
3NMEKTPOH. 371€Ch MOT'YT BOSHHUKHYTH JIBA CIy4asl.
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“ +
Puc. 9. Pacnpedenenue cun ezaumodeticmeus mexcoy aopamu u snexmponom ¢ H; .

Ieperiii, KOrma SJMEKTPOH HAXOJAUTCS MEXAY OPOTOHAMH (a), U BTOPOI,
KOrJa OH pacmosaraercs 3a oJHuM u3 Hux (0). B o0oux ciay4asx BO3HHKArOT
CHJIBI IPUTSDKeHUs. B mepBoM ciiydae COCTABNSIOMINE 3THUX CHN (OPOEKIWH) HA
0CB, IPOXOJSILIYIO Yepe3 NEHTPHI MPOTOHOB, HAIIPABJIEHEI B IPOTHBOIONOXHEIE
CTOPOHBI C CHJIAMH OTTAJKUBAaHHUS (CM. pUC. 9a) © MOT'YT UX KOMIOEHCHPOBATE.
IMpu 5ToM BO3HHKAET SHEPrETUUECKH YCTOHUMBas cucTeMa. Bo BTOpoMm ciyuae
COCTABISFOLINE CHI MPUTSKEHUS] HAMTPABICHEI B Pa3HBIE CTOPOHEI (CM. pHUC. 90)
W TPYyJHO TOBOPUTE 00 YPAaBHOBEHNIMBAHHH CHJ OTTAIKHBAHHS MEXIY
npotoHamu. OTCIOfIa ClieflyeT, YTO sl BO3HUKHOBEHHS XHMHUECKOH CBSI3H C
obpasoBaHHEeM MOJEKYJbl HWIH HWOHA OIEKTPOHBI JIOKHBI HAXOJUTHCS
IPEUMYIIECTBEHHO B MEXBSIEPHOM MPOCTPAHCTBE. JTa 00JACTH HA3BIBACTCS
CBSI3BIBAIOIIEH, T. K. IPH HAXOXJCHHH TAM DJIEKTPOHOB 00pasyeTcs XUMHUUECKas
cBs13b. O0NACTh, HAXOAIIASACA 34 AAPAMH, HA3BIBAETCS Pa3pBIXIAIOIIEH, T. K. IPH
HOMAJAHHH B Hee JJIEKTPOHOB XHMHUYECKasl CBA3b He obpasyercs. 3aech ObLI

PACCMOTpEH NpocTeHnmii cryuali 00pa3soBaHUs XHMHYECKOH CBA3H B HoHe H .

HpI/IMeHI/IB AHATTOTUYHEBIC PACCYXKACHUA K MOJICKYJIC BOJA0POAd, MOXKHO HpPIﬁTPI K
BBIBOJTY, 4YTO MNOIBJICHHUEC BTOPOro JJICKTPOHA B CBH3BIBaIOIIIeI>i obmactu CIIe
Oonee crabmwmusnpyer cucremy. Cle0BaTeNBHO, I 00pa30BaHUSA YCTOHUHBOM
XHUMHYECKOH CBA3HM HEOOXOJMMa, MO MEHBINEH Mepe, OJHA IeKTPOHHAS mapa.
CnuHBI JJCKTPOHOB B JTOM CJIyua€ IOJKHBI OBITE AHTUNIAPAICIBHEL, T. €.
HApaBJICHLI B PA3HLIC CTOPOHLI. O6p830BaHI/I€ XHMHYECKOH CBI3H JOJIKHO
CONPOBOXKIATLCA TOHUKCHUEM MOJIHOH JQHEPrun CUCTEMEI.
E, sl=/moms

Puc. 10. Hamenenue nomeHyuaibHoOU SHEP2UU CUCHEMbL U3 08YX AMOMOE 8000POId KAK
QDYHKYUU PACCMOSHUA MENCOY HUMU.
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PaccMoTpuM H3MEHEHHE MOTEHITHANBEHOW HEPrHH CHCTEMEBI HA TpUMEpE
cOmmKkeHuss JBYX aTOMOB Bojopoja. Korma aromMel HAXOnsITCS Ha OYEHB
OOJBIIOM PACCTOSHHUM JAPYT OT JAPYra, OHH HE B3aUMOJCHCTBYIOT W SHEpPTHS
TAKOH CHCTeMBEI Oau3ka K HyJso. I1o Mepe ux CONMKEHHS BOSHHKAIOT CHJIBI
MPUTSHKEHN MEKIY ICKTPOHOM OJHOTO aTOMa H SIIPOM JIPYroro U HaoOOpoT.
DTH CHITBI YBEIUYHUBAIOTCS OOPATHO HPONOPIHOHANBHO KBAJApaTy pPACCTOSHUS
MEXy aTOMaMH. DHEPrus CHUCTEMBI MOHIKaeTca. 110 Mepe cOMImKeHns aTOMOB
HAYHUHAIOT UTPATH POJH CHIBI OTTATKHBAHUS MEXITY UX SAPAaMH U JJIEKTPOHAMHU.
VBenuueHWe CHJI OTTAJIKHBAHHSA OOPAaTHO MPOHNOPIMOHAIBEHO YK€ IIECTOH
CTeeHH paccTosHus., KpuBas NOTEHNHANEHOW SHEPIUH TPOXOMUT Yepes
MUHHMYM, a 3aTeM PE3KO YXOAuT BRepX (puc. 10).

PaccTosHHe, COOTBETCTBYIOIIEE MONOKCHHI0O MHHHMYyMa Ha KpPHBOH,
SIBJTACTCS PABHOBECHBIM MEXBAACPHBIM PACCTOAHHEM H OOpEeTseT JIHHY
XUMHYECKOH CBsI3U. Tak KaK aTOMEI B MOJIEKYJIE YUYACTBYIOT B KOJNCOATEIEHOM
JBIKCHHH OTHOCHTEIBHO TOJOXEHHS PABHOBECHS, PACCTOSHHE MEXIY HUMH
MOCTOSIHHO MEHSETCS, T.€. aTOMBI HE JKeCTKO CBS3aHBEI JPYr C JPYTOM.
PaBHOBECHOE PacCTOSHHE COOTBETCTBYET IPU JAHHOH TEMIIEPATYPE HEKOTOPOMY
ycpeaHeHHOMY  3HaueHHro. € MOBBINICHHEM TEMIEPATYPBl  AMILIATY A
KoneOaHus yBenrnunpaercs. TIpH KakoH-TO JOCTATOYHO OOMBINOH TeMIEpaType
4TOMBI MOTYT Pas3IeTeThCs Ha OECKOHEUHO OOJBINOE PACCTOSIHHE JIPYT OT APYTa,
yTO OYyJeT COOTBETCTBOBATH PA3phIBY XHMHUYECKOH CBs3d. [ TyOMHA MHHHMYyMa
MO0 OCH DHEPIUH ONpeNCTsIeT JHEPIHI0 XUMHUCCKOW CBS3H, 4 BETHYHHA ITOH
SHEPrHH, B39Tas ¢ OOpaTHBIM 3HAKOM, OyJeT paBHA JHEPIHH JTUCCOIHAIINU
JAHHOH JByXaTOMHOW uvacTHNBI. Ecmu cOMMKArOTCS aTOMBEI  BOJOPOJA,
3JIEKTPOHEI KOTOPBIX UMEIOT MAPAUICTEHEIC CIHHEL, MEXTy ATOMAMH BO3HHKAIOT
JIUIIG CHJTBI OTTANKUBAHWA, a MOTCHIHANBHAS 3HEPrUs TAKOH CHCTeMEI Oynaer
BO3pacraTh (puc.10).

Puc. 11, Pesynomamot croxcenus 08yx cunycouo.

Kak yxxe 0TMeUanoch Bhille, B 00pa30BaHUA XUMUYECKON CBSA3U YUaCTBYIOT
§-, p- U d-3NEKTPOHBI, UMEIOIINE PA3THUHYI0 eOMETPHUECKYI0 KOHQUTYPAIHIO
JMEKTPOHHBIX OOJAKOB ©  pa3liUYHble 3HAKH BOJHOBBIX (YHKIHH B
npocTpaHcTBe. [ BO3HHKHOBEHHS XHMHUECKOH CBs3H  HEOOXOIUMO
nepeKpbIBaHie YacTell ONeKTPOHHBIX OO0OMOUEK € OJWHAKOBBEIM 3HAKOM
BOJHOBOH (DYHKIMH. B mpOTHBHOM ciyuae XHMHYecKas CBA3b He o0pasyercs.
D10 yTBEpKJACHUE JIETKO OOBACHUTH HA TPUMEPE HANOKEHUS JIBYX CHHYCOWI,
KOTOpbIE B MEPBOM MPUOIIKEHHH MOTYT OTOXAECTBIATHCA € BOJTHOBBIMHU
¢byHKIESIME (CM. pHc. 11):

B cnyuae HamoXeHHs IBYX CHHYCOWJ ¢ Pa3HBIMH 3HAKAMH B OJTHON U TOH
xe 00macTu (puc. 11a) cymMmapHas COCTAaRIAIOMAsA UX OyAeT paBHA HYJIO — CBSI3H
HeT. B npoTHROMONOXXHOM ClTyuae MPOUCXOAUT CIOXKEHHE aMILTUTYA KodeOaHui
U o0pa3yercs HOBasi CHHYCOWa — XUMHUECKas CBA3b 00pazoBanack (puc. 110).
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B 3aBHCHMOCTH OT CHMMETPHH 3JEKTPOHHBIX OOJAKOB, B pe3yJIbTATE
MEpeKPHIBAaHUS  KOTOPBIX  00Opasyercss XHMHYecKas CBsi3b, CYMMapHOE
JMEKTPOHHOE 00JaK0 OyAeT UMETh Pa3sIHUYHYI0 CHMMETPHIO, B COOTBETCTBHH C
KOTOPOH OHH PAacTaIat0TCs Ha TPH BHAA: G-, TT- U O- CBSI3H.

G-CBSI3b OCYIIECTBISIETCS MpPH TEpeKpHIBAHWH OONAKOB BJONH JIHHUH,
COETMHSIONEN [EHTPBl AaTOMOB, MpH 3TOM MAaKCHMalbHad JIEeKTPOHHAS
OJAOTHOCTh  JIOCTUTA€TCd B MEXBIJEPHOM  MHPOCTPAHCTBE U HMEET
HUIHHAPHYECKYI0 CHMMETPHIO OTHOCHTENBHO JHHHH, COETUHSIIONIEH MEeHTPHI
aTtomoB. Kak BuaHO U3 puc. 12, B 00pa30BaHUH G-CBSI3W B CHITy CBOEH [IapOBOH
CHMMETPHH BCEr/1a NPHHUMAIOT YUYACTHE S-3JIEKTPOHBL. OHH 00pas3yroT G-CBsI3b B
pe3yabTaTe MEPEKPhIBAHMS CO CIEAYIOUINMH 3JIEKTPOHAMHU JPYroro aroma: s—,
Px— d ., —9nektpoHamu. C OIeKTPOHAMH, HAXOJSUIMMHCS HA JPYrHX

opOuTansax, HaNpuMmep, py WIH pz, BO3HUKHOBEHHE XHMHYECKOH CBS3H
HEBO3MOXHO, TaK KaK MPOUCXOANT EPEKPHIBAHNE B 00JACTSX, [7I€ JIEKTPOHHAS
ILTOTHOCTh UMEET MPOTHBOMOJIOXKHEIE 3HAKH. B03MOXHOCTH 00pa3oBaHHs O©-
CBSI3H $-2NMEKTPOHAMU HE HCUEPIBIBAETCA, OHA MOXET 00pa3oBaThCa B CIydae
HepeKPHIBAHMS M JIPYTHX 3JEKTPOHHBIX OONAKOB, TAKHX, KaK JIBYX px WIH px U

d

x2y?

Puc. 13. llpumepvr - u L-ceasei.

Q0 0 <

o) O e =

Px Px
Puc. 12. Hexomopbie npumepsl 06pazosanus O-cea3ei.

T-CBSI3M BO3HHUKAIOT MPU NEPEKPBIBAHUH ICKTPOHHBIX 00JAKOB HAJ U O]
JUHUEH, COCTUHSIOMIEH HEHTPH aroMoB. CyMMapHBIC 3JIEKTPOHHBIC O0JaKa
TaKke CHMMETPHUUHO PAaClONOKEHBI OTHOCHUTENBFHO 3TOW OCH, HO OHH HE UMEIOT
NATUHAPHUYECKOH CHUMMETpHUH, Kak B clyyae O-CBs3u. B cumy cBoero
MPOCTPAHCTBEHHOTO PACIIONOXKEHHS T-CBSI3b O0Pa3yIOT JIEKTPOHBI HA TAKHUX
napax opOuTane# Kak py— py, Pz— Pz, Py — dxy-
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6-cBA3b O0PAsylOT TONBKO d-3NMEKTPOHBI 3a CUET MEPEKPBIBAHHS BCEX
YEeTHIPEX CBOMX JIENIECTKOB JJNEKTPOHHBIX OOJIaKOB, PACHONOXEHHBIX B
napajuteNnbHBIX MIOCKOCTAX. Takoe BO3MOXXHO, KOIJia B OOPasOBaHWUHM CBS3H
YYacTBYOT dxy — dxy, dxz— dxz, dyz— dyz-2EKTPOHEL.

Beime Opima  paccMOTpeHa  KiacCHGHKANHs  XHMHYECKHX — CBSI3EH,
WCXOJIMBIIAS W3 CHMMETPHH BIEKTPOHHBIX 00;akoB. CylecTByeT M JApyrou
OJX0J K KJIACCH(HKAINH XHMHUYECKOH CBA3M, OCHOBAHHBIM Ha XapakTepe
pacrpeieneHus SIEKTPOHHON IUTOTHOCTH MEXIy arOMaMH B MONEKYJe, T.e€.
XMMHYECKass CBS3b PACCMATPHBAETCS C TOYKH 3PEHHUs NPHUHAIEKHOCTH
3NEeKTPOHHOU Maphl TOMY WM HHOMY aToMy. Bo3MoxxHEI TpH ciryuas. TlepBerii:
3NEeKTPOHHAS Mapa CBA3BIBAET B MOJIEKyJe /1BA OAWHAKOBBIX aroma. B atom
clyyae OHa B PAaBHOH Mepe MPHHAIEXUT UM oOomM. B Monekynme Her
pas3jieneHHsl [EHTPOB TSHKECTH MOJOXKHTENFHOIO W OTPHIATEIBHOTO 3apsijIoB.
OHH COBIIA/IAIOT, U TaKas CBA3b HA3BIBAETCS KoganeHmuou nenonapron. Ecou xe
3NEeKTPOHHAS Mapa CBs3BIBAET JBAa PA3IHYHBIX aTOMa, TO OHA CMEIIaeTCs B
CTOpOHY Oolee  BIIEKTPOOTPHIATENHHOIO  artomMa. LIeHTpEl  TshKecTH
MOJOXKUTENBHOTO M OTPHIATENBHOTO 3apsIOB Pa3/IeNSIOTCs, CBSI3b CTAHOBUTCS
TOJSIPHOKM W HOCHT Ha3BAHUE KOBUIEHMHOU NOAAPHOU CBSI3H.

Tpernil ciaywail cBsi3aH ¢ NOMHOH mepejauell SIEKTPOHHOM MHapel BO
BI4JICHHE OJHOrO W3 aTOMOB. DTO MPOUCXOAHWT HPH B3aHMOJIEHCTBHH JBYX
ATOMOB, PE3KO OTJIHYAIOMIHUXCA [0 3JIEKTPOOTPUIIATENEHOCTH, T. €. CIIOCOOHOCTH
YAEPKHUBATH JNEKTPOHHYIO APy B CBOEM 3JEKTpHueckoM nouxe. [Ipu aTtoM aTom,
OTJABIIHMH 3JEKTPOHBI, CTAHOBUTCS TOJIOXKUTENHHO 3apsKeHHBIM HOHOM, a aTOM,
OPUHSBIIMHA HMX,— OTPUIATENHHBIM. B 3TOM ciydae CBsI3b HOCHT Ha3BaHHE
UOHHOU.

XapakTep CBsI3H BO MHOIOM OIpeAesieT (H3UKO-XHMHYECKHE CBOHCTBA
BEIIIECTB.

BemecrtBa, MONEKYJTBl ~ KOTOPBIX  XapaKTEpU3YIOTCS  KOBAJIEHTHOH
HEMOJSIPHOH  CBSA3BIO, MOTYT B  TBEPAOM COCTOSIHHH  OOpa3OBBIBATH
MOJIEKYISIDHBIE H AaTOMHBIE KPHCTAJUTHYECKHE pemeTKH. B  MONeKyIspHBIX
pemieTkax HalGromaeTcss OUeHb craboe MeXXMOJEKyIsIpHOe B3auMmozeiicTue. B
y37aX KpUCTALTHYECKOH PEIIeTKH MOJNEKYJIBl YAEPKHBAIOTCS 34 CYer
o0pazoBaHns B HIX MCHOBEHHBIX M HaBeJIEHHEIX aunoneii. Paznenenne nenTpoB
TSKECTH OTPUIATENHHBIX U MOJIOXKHUTENBHBIX 3apA0B B MOJIEKYIE IPOUCXOTUT
BCIIE/ICTBHE BpAIIEHHs MHAphl 3JIEKTPOHOB M PACHONOXKEHHS €€ B KaKoH-TO
MOMEHT BpEMEHH 3a OJHHM H3 sjep. Takoe COCTOSIHHE B MOJIEKyJe
HaOmro1aeTcsi oueHp Manoe Bpems. I1o3ToMy TakoM JWMONB HOCHUT Ha3BaHHE
MTHOBEHHOr0. OJIHAKO 3TOr0 BPEMEHH OBIBAaeT JOCTATOYHO UL TOTO, YTOOKI
WHIYIHUPOBATH AUNONG HA JPYrod Moijekyne. CHIBl, CBS3BIBAIOIINE MOJIEKYIEI
3a cyeT 00pa30BaHHs MTHOBEHHBIX W HABE/JIEHHBIX JHUITONEH, YacTO HA3BIBAIOT
BaH-JIep-BaATbCOBBIMH. B 00IIieM cirydae K BaH-/1ep-BaalbCOBBIM CHIIAM OTHOCSIT
JMFO0BIE  CHJBI  MEXMOJEKYJISIPHOIO B3aHMOJIEHCTBHS: JAWUIIONB-JAUIONBHOTO,
OPHEHTAIIHOHHOT0, JIUCIIEPCHOHHOTO W T.H. BaH-7ep-BaalbCOBBI  CHIIBI
SIBIISIFOTCS] OY€Hb CTA0BIMH, BCIIECTBHE YEr0 KPUCTALIHYECKYIO PEIIETKY JIETKO
paspylIHTh HE3HAaYHTENbHBIM HarpeBaHueM. Bce BemiecTBa, wHMeromue
MOJIEKYISIPHBIE KPHCTAJUTHYECKHE pELIEeTKH, obxanatoT HHU3KHMH
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TeMIepaTypaMH IUIaBIEHWS W KdINeHus. BaH-Jep-BaaibcoBa CHIIa pacTeT C
YBEJMYEHHEM KOJHYECTBA OJIEKTPOHOB B MOJIEKyJle, TaK KakK [OBBINIAETCS
BEPOSITHOCTh 00pa3oBaHWS MIHOBEHHBIX JWmojield. B mousekyre Bojoposa
IPUCYTCTBYET OJHA Mapa 3JEKTPOHOB, IO3TOMY OH H SIBISIETCS CaMBIM
HU3KOKHIIAMIM. MOJEKyIbl KHCIOpoJa W a30Ta OTIHYAIOTCS COJEpKaHHEM
3NEKTPOHOB HA OJIHY Hapy. X TeMOepaTypsl KMIIeHHs OTiHYaloTca Ha 134C.

ITpocteie BemiecTBa, 00NAAAOMINE ATOMHOH KPHCTALTHYECKOH PENIETKOMH,
HA000pOT, XapaKTEPU3YIOTCS OUYEHb BBICOKHMH TEMIEPAaTypaMH IUIABIEHHS U
kuneHns. B aTom ciyuae GeckoHEUHOE YHCIO AaTOMOB COE/TMHEHO HENOISIPHBIMU
KOBAJICHTHBIMH CBSI3IMH B THTAHTCKYI0 MOJIEKYJy. OHEprus pasphiBa
KOBAJICHTHOH HENOJSApHOHN CBA3W Benuka. I1o3ToMy, 4TOOBI paspylIHTH TaKykO
KPHCTAJUTHYECKYIO PEIIETKY, TpeOyloTCcs GONbIINE 3HEpreTHYeCKHue 3aTparsl. B
TO K€ BpEMs, €CIH BEIIECTBO XapaKTEPH3YyeTcsl OJHHM MEXKaTOMHBIM
paccTosHHEM B KPHCTAJUTMYECKOH peIIeTKe, OHO Oyaer o0maaaTeh W OYEHb
BBICOKOH TBEpAOCTEIO. [TpHMEpPOM MOXKET CITYKHTH AITMa3.

TemmnepaTypsl UIaBIIEHHS M KHIIEHHS BEIIECTB, ATOMBI B MOJIEKYJIE KOTOPBIX
CBSI3aHB! KOBAJIEHTHOH MONSPHOW CBS3BI0, W OONA/IafOIIHe MOJEKYIIpHOU
pEIIeTKOH, TaKKe HH3KH, HO BBINIE YeM Y BEIIECTB C HENOIIPHBIMH
MoJekynamMH. B GosbIIMHCTBE CBOEM 3TO rasbl IPH KOMHATHOH TeMmmeparype.
ITpumMepoM MOXET CITY>KUTH XJIOPHCTBIH BOJIOPOJ, CEPOBOJIOPOA H T. M. IIpsiMoii
3aBHCHMOCTH MEXJy BEIWYWHOH JHIOABHOTO MOMEHTA H TeMIepaTrypoi
KumneHns1 He HaOmopaercs. CKopee BCEro, OHA OMNPENENSeTCs MOJEKYISIpHOU
MacCOH COe/IMHEHHs], 33 HCKITFOUYeHHEM aMMHAaKa, BOJIBI M (DTOPHCTOTO BOJIOPOJA.
OTH coeaWHEHHs B PpAAy HM HOAOOHBIX  00JaJalOT  HAWBBICIIUMH
TeMIIepaTypaMH IUIABJICHUS W KUIEHHs, Pe3KOe WX YBEJIHYeHHE OOBICHIETCS
oGpazoBaHHEM MeX/Ty MOJIEKYJIAMH BOJOPOIHBIX CBSI3EH.

AToMBI  a3oTa,  Kuciaopojaa M (TOpa  SIBIAIOTCS  CaMBIMH
3NEeKTPOOTPUNIATENBHEIMH  aToMaMH. OHH CHIIBHO CMENIAloT 3JEKTPOHHYIO
ILTOTHOCTh B MOJIEKyJe Ha ce0s. B pesynerare sToro y Bojopona oOpasyercs
IIpAaKTHYECKH CBOOGOJHAs OpOWTaNb, a, HAOpUMEp, y aToMa (Topa HUMeeTcs
cBOOOHAS BIEKTpOHHAS napa. [losBiseTcs BO3MOXKHOCTE 00pa30OBBIBATE MEXTY
MOJIEKYJIAMH JIOTIOJTHHTENBHBIE CBSI3H [0 JIOHOPHO-AKIIENTOPHOMY MEXaHH3MY,
YTO MPHBOJAUT K CYIIECTBOBAHHIO HE TOJBKO B XHJKOW, HO M ra3oBoil Qase
mosekyn cocraBa (HF), u (H,0),. Hamnuwe Takux MONEKYJN NPHBOAUT K
MIOBBIIICHHIO TEMIIEPATYP KHIEHHS M IUIABIEHHS MO CPAaBHEHHIO C TEMH Ke
BENUYNHAMH Y aHAIIOTOB.

HauGonpmmpmu  TeMoepaTypam#l  IUIaBJA€HHS H  KHIEHHA  00majaroT
BEIIIECTBA, B y3/IaX KPUCTAINIHYECKOH PENIETKH KOTOPBIX PACIIONOXEHBI HOHEIL.
Or0  00OBsSCHSAETCS  CHIBHBIM  3JIEKTPOCTATHYECKHM  B3aUMOJIEHCTBHEM
MOJOXKUTENBHBIX W  OTPHIATENHHBIX HOHOB. CHIBI XK€  OTTANKHUBaHHSA
OMHOWMEHHBIX HMOHOB 3HAYHTENHHO MEHBINE, T. K. PACIIONOXEHBl Ha OONBIINX
paccTosHHAX JpPYr OT Jpyra. BciencrBue 3TOro Bce BELIECTBA, HMEOIIHE
WOHHBIE KPUCTANIMYECKHE PEUIeTKH, OONaJaloT BBHICOKUMH 3HAUYEHHSMH €€
aHepruii oopasoBanns. MoHHAS CBA3b OCYIIECTBISETCS B FAJOT€HH/aX, OKCHIAX
W B CONAX THOA HUTPATOB, Cynb(haToB W T.m. [ paspyIlIeHHs HOHHBIX
KPHCTAJUTOB TpeOyeTcsl 3HAUMTEeNbHAS TEIUIOBAas BHEPrHs, YTO M OIpeJeser
BBICOKHE TEMIEPATYPHI ITABIEHHUS U KHIIEHH S, KOTOPEIE, B CBOIO 0Uepe/b, Oy IyT
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3aBHCETH OT 3aps/la HOHOB, UX PAJAUYCOB U MJICKTPOHHOH MOAKIAAKH, UeM BEIIIe
3apsa U MEHBIIE PaJNyC HOHA, T€M BBIIIEC TeMOepaTypa IuiaBieHus. pyrum
CBOMCTBOM HOHHBIX BEIIECTB SBJISIETCS CHOCOOHOCTH OOPa3OBBIBATH PACILIABEI,
XOPOIIO MPOBOAMAIIHNE ITSKTPHUSCKHUE TOK.

Takum 00pa3zoM, MOXHO CIENATh BBIBOJ, UTO (HHU3UKO-XUMHUECKHE CBOWCTBA
COETMHEHUN CUTBHO 3aBHUCSAT OT IPUPOIB XUMHUYECKOH CBSI3H B HUX.

DneKkTpoHHAS mapa, 00pa3yromas XHMHYECKYIO CBsI3b, KaK YK€ OTMEYaIoch,
HAXOAUTCS B OOIIEM MONB30BAHHH JBYX siep. B 3ToM cioyuae JBHXEHHE
KOKAOTO DJEKTpoHA OyAeT OIMUCHIBATECS HOBOH BONHOBOH  (DYHKIHEH,
SBJIAOIICHCS pemenneM ypaBHeHus llpenauHrepa ans 3TOH CHCTEMEL JTa
BOJIHOBAas (YHKIHS OTIHYACTCA OT AarOMHBIX (YHKIIHH ©H Ha3BIBaeTCA
MOJIEKYJIIPHOHM (hYHKIHEH, COOTBETCTBYIOMICH OIpPE/CTCHHONH MOJIEKYJITPHOH
opbutamu. MONEKYIApHEIE OpOUTAIH XapPaKTEPH3YIOTCS  OMpPEeICHHBIMH
3HAYCHUSAMH TMOJHOW DJHEPIUH CHCTEMEl. B Mojekyne, Kak H B aToMe,
CYIIECTBYET IOCIEA0BATENFHOCTh YHEPreTHYEeCKUX ypoBHeH. OJIHAKO cTporoe
pemienne ypaeHeHus IlpeawHrepa i HHAX NONYYHUTH HE OPEACTABISIETCS
BO3MOXXHBIM W TO3TOMY MNPHOEral0T K MPUONHKEHHBIM METOJIAM  pacyuerTa,
OTIMYAOLIAMCS JIPYT OT JIpyra CrocoOOM 3ajlaHHsS MOJIEKYJISPHOH BONHOBOH
¢yukun. HanGonee mupokoe pacopocTpaHeHHe MMOJyUHIH JIBA METOJIA: METO/
BAJCHTHBIX CBS3€H H METO]I MOJICKYJIAPHEBIX OpOUTANEH.

3.2. MeToa BaJIeHTHBIX CBA3el

B Merojie BaNi€HTHBIX CBA3el XHMHUECKas CBA3b PACCMATPHBAETCA Kak
ABYX?JIEKTPOHHAA U ABYXIEHTPOBasi, T.€. Mapa JJIEKTPOHOB, 0Opa3yOIINX
CBA3b, JIOKATU30BAHA B IPOCTPAHCTBE MEX/TY ABYMS aATOMAMH U HAXOAUTCA B UX
ofleM MONB30BaHUH. BO3MOKHBEI JBa MeXaHH3Ma oOpa3soBaHus oOieid
aMeKTpoHHON mapel. IlepBblii Ha3piBAeTCS OOMEHHBIM U 3AKITIOYAETCA B
COAPUBAHHUU JIBYX JJIEKTPOHOB, MPUHAISKANIAX PA3HBIM aTOMaM H HMEFOIIHM
MPOTHUBOMOJIOKHBIE CIUHEBL. Ero MOKHO BBIPA3UTH CIEAYIOMIEH CXEMOI:

MLy =My

Bropoli MexaHH3M, Ha3BIBAEMBIH JOHOPHO-AaKIIEOTOPHEIM, OPHBOJUT K
0o0pa3oBaHUIO XUMHUYECKON CBA3H 34 CUET MPEJOCTABICHHS OJHHM aTOMOM B
ofliee MONAB30BAHHE MAPHl AIEKTPOHOB, a JPYIHM— CBOOOTHOH opOHTamw.
ATOM, MPeJOCTABNAIOMINN SNEKTPOHHYIO MApy, HA3BIBAETCS JOHOPOM, 4 aToM,
HUMEIOIHN CBOOOHYIO OpOUTANB, — akienTopoM. Cxema o0pa3oBaHUS CBA3H B

IOTOM CJIy4ae€ BBITIAAUT TAK:
ML=

PaccMoTpyM ~ BO3MOXHOCTH  TOpPEJACKA3aHHS  COCTABA  XHUMHYECKHX
COEIMHEHUH MeXJy BOJOPOJOM U 3JIEeMEHTaMHd BTOpPOro  HEpHUoja
Iepuonnueckoii cucremer: Li, Be, B, C, N, O, F, Tak kak B aroMe BOJOpoOJa
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HUMeeTCs TONBKO OJIUH 3JIEKTPOH, H 00pa3oBaHHe CBSI3H OyAeT MPOHCXOAUTH MO
0OMEHHOMY MEXaHHU3MY.

ATOM JHTHS Ha 2S-TIOAYpPOBHE HMEET OJIMH HECHAPEHHBIH 3JEeKTPOH H,
CITEZIOBATENFHO, COETUHEHHE AOKHO MMeTh coctaB LiH. ¥V aroma Gepmmims
3TOT MOJYPOBEHH 3allOJHEH W HET HH OJHOr0 HECHapeHHOI'O JIIEKTPOHA,
CITEZIOBATENbHO, OEpUIIHH HE NOKeH 00pa3oBBIBATH HHU OJHOH XUMHYECKOH
cBa3u. Y Oopa W creayrommx 3a HUM 3nemertoB (C, N, O, F) npoucxomur
[IOCITEZI0OBATENHHOE 3aII0JTHEHHE 2p-TIOAYPOBHS, H ATOMBI 3THX 3JIIEMEHTOB OyayT
HUMETH OIpEe/IeTIEHHOE YHCIIO HECIAPEHHBIX 3JIeKTpoHOB. Ecim npu o0pa3zoBaHun
CBfI3€ YUYHTBIBATH TOJNHKO HANHYHE HECTIAPEHHBIX NIEKTPOHOB, TO ISl 3THX
3JEMEHTOBR JIOJDKHBI 00pa3oBaThCs CIEAYIONINE BOJOPOAHBIE coeanHeHus: BH,
CH,, NH;, H,O, HF. Orcrona BHAHO, YTO, TPUMEHSS TONBKO OOMEHHEIH
MeXaHH3M 00pa30BaHHsl XUMHUYECKOH CBSI3H, MOXKHO BCTYIIUTH B MPOTHBOPEUHE C
IKCHEPUMEHTANBGHBIME  JTAHHBIMH:  OepHUUIHiT  00pasyeT COeJHHEHHE C
B0J10pooM coctaBa BeH,, BosopoHbIe coelnHEHHUs GOpa TaKXXe HMEIOT IPpyron
cocTaB, a IpocTeiilliee COeNUHEHHE YINEpOJa C BOJOPOJOM HMEET COCTaB
CH,.YcTpanuTh 3TO NPOTHBOPEYHE MOXKHO, MPEINONOXKHB, YTO AaTOMEI
3JEMEHTOB BTOPOr0 TMEpHOAA B OOpPa3OBAHHM MOJEKYN YYACTBYIOT B
BO30Y)KZIEHHOM COCTOSTHHH, T.€. HPOUCXOJIUT PACIAPHBAaHHE S-3ITEKTPOHOB U
mepexo/l X Ha p-moaypoBeHb. Ho TyT BO3HHKaeT JApyroe HECOOTBETCTBHE C
ONBITHBIMH JTAHHBIMH. TTOCKONBKY 3HEPTHH S- U p-3JEKTPOHOB PAa3lNYHEL, TO U
9HEPIUH Oo0pa3yeMBIX HMH XHMHYECKHX CBs3ed JIOJDKHBI OTIHYATHCA, 4,
ClleZIoBaTeNbHO, MOM00HBIE CBI3H D—H /OMKHBI HMETh pasHyKo JUIHHY (B
3aBHCHMOCTH OT TOTO, OPOWTANH KAKOrO THIA MPHHUMAIOT YYacTHE B HX
oOpasoranuu). CorjacoBaTb TEOPHUIO H  3KCIEPUMEHT MOXHO, BBEAA
IIPEANoOIOXKeHHe 00 YCpeTHEHHH JHEPrHH S- W p-TOJypoBHEH W 00pa3oBaHHH
HOBBIX YPOBHEH, HAa KOTOPHIX JHEPTHH 3JEKTPOHOB, HAXOJSNIMXCS YK€ Ha
opOuTANSIX PYroro THNA, OJJHMHAKOBEL. A pa3 3TO Tak, TO MO NPaBHIYy XYHAA, B
aToMe TMOSBISETCS MaKCHMAIbHOE YHCIO HECIAapeHHBIX 3JEKTPOHOB. JTa
THIOTE3a TONY4YHJIa Ha3BaHWE SBIEHWA THOpUAM3alMH, a opoOuTamy,
obpazyronecss B pe3yJNbTaTe YCpe/JHEHHs SHEPruil MmoaypoBHEH, HA3BIBAIOTCS
rHOpUAHBIMH. ECTECTBEHHO, YTO MPH 3TOM MEHSIOTCS U (GopMa 3IEKTPOHHBIX
00aKkoB, M UX PACIOJIOXKEHHE B MPOCTPAHCTBE. B 3aBHCHMOCTH OT TOro, Kakue
opOuTanM y4acTByIOT B 00pa3oBaHHH THOPHIHBIX OpOWTANeH, paccMaTpUBAIOT
pasmuuHBlE THNB THOPHAHM3AIMM W MPOCTPAHCTBEHHBIE KOHQUIYPaIlUH
obpazoBaBmMXxcs THOpUAHBIX opOuTanel (cM. puc. 14.). Hucrno nosryyuBmmxcs
rHOpUIHBIX OpOHTaNed J0KHO OBITH paBHO OOHIeMy 4YHCTy oOpOHTaned,
BCTYNHBIIMX B THOpuau3anuio. B 3aBucuMocTH OT TOro, kakwe opOHTANH
B3aUMOJIEHCTBYIOT ~MeXJy CO0OH, paccMaTpHBAIOT HECKONBKO  THIIOB
THOpHIN3AIHN:

sp-rudpuan3anus. B 5TOM SBISHHH NPHHAMAIOT YYacTHE S- W OJHA p-
opOuTany, U B pe3ynbTare o0pasyroTcs JBe OpOWUTATH HOBOT'O THIA, KOTOPHIE
Ha3BIBAIOTCS SP-THOPHAHBIMH. DTH OpPOHTAIH HMEOT (HOpMY, MOKA3aHHYIO HA
PHCYHKE, OCH UX JIeXXaT Ha OJHOH MpsaMoH, oGpasys yron 180°. B oGpazoBaHuu
cBs3el B Mosekyine BeH, npuHUMAaroT yyactue sp-ruOpuaHBle OPOUTATH aToMa
OGepHILTHS 1 MOJIEKYJTA IMEET JJHHEHHOE CTPOSHHE;
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Sp

Puc. 14. Ilpocmpancmeentoe pacnoroxceue SAeKMpPOHHbIX 00IAK08 O PA3TUYHBIX
munoe 2ubpuouzayuu.

sp*-rubpuamanus. Bo B3auMoeiicTBHe BCTYNAKOT s- U JIBe p-OpOUTANH, B
pe3yrbTare 4ero o6pasyroTcsl TpH OpOUTAIH HOBOT'O THIIA, KOTOPHIE HA3BIBAIOTCS
sp>-ruGpuaEeIME  (cM. puc. 14.). Ocu >Tux opGuTamell nexar B OfHOM
ILTOCKOCTH, W YINBI MeXay HuMH paBHbl 120°. Hanpumep, arom Gopa B
Monekyie BF; HaX0QuTCA B Sp°-THGPHIHOM COCTOSIHHH, M T4 MOJEKYIA HMEeT
(hopMy MpaBHIIEHOTO TPEYTOJNBHUKA C ATOMOM 00pa B IIEHTPE;

sp>-rubpuamzanus. B 5TOM ciyuae MCXOJHBIMH SBIAKOTCS §- U TPH p-
opOutanu. B pesynbrare rubpuausanue 00pasyroTcs YeThIpe HOBBIE OPOUTAIH —
Sp3—FI/I6pI/IIIHI>Ie (cM. puc.14.). Ocu >THX opOHTaNel HAmpaBlieHB OT IEHTPa K
BEPUIMHAM TETPad/ipa, YIIBI MeXAy ocsamu paeubl 109°28°. CH,— monekyia
MeTaHa, IJIe PEeATH3yeTcs 3TOT THO THOPHAH3AINH, HMEET TeTpad/IpHuIecKoe
pacmoioxxeHHe aToMOB Bojiopoaa. B Momekyne ammuaka (NH;) arom azora Toxe
HaxOJIUTC B Sp -THOPHJHOM COCTOSHHH, TPH Mapbl BJEKTPOHOB SBISIOTCS
o0ImUMH C aTOMaMH BOJIOPOJIA M YYACTBYIOT B OOpa3sOBaHHWHM CBs3eH, a OJHA
3NEeKTpOHHAs mapa (HemoJeNeHHas JJIEKTPOHHAs Hapa) NPHHAIEXKHT TONBKO
aTtoMy asora. Jlnsg mpenckasaHus TeOMETPUH MOJIEKYJBl aMMHAaKa aToM a3oTa
clleIyeT IOMECTHTE B IIEHTP TETPad/pa, aTOMBI BOJIOPOJa— B TPU BEPIINHEL, a
HEMOJIENIEHHYIO BJIEKTPOHHYIO apy — B UETBEPTYIO BepIinHy. EcrecTBeHHO,
[IOJO)KEHHE 3TOH JIIEKTPOHHOH mapbl HSKCHEPHMEHTAIBHBIMH — METOJaMHU
3a()UKCHPOBATh HEBO3MOXKHO, HAXOJAT JHIIH MOJOXKEHHS aTOMOB BOJOPOJA U
azora. Bce 23TO NOpPHUBOAHT K TOMY, YTO MOJNEKYJa aMMHaKa HMeer
OUPaMHJATEHYI0  (OpMy. AHATOTHYHO MOXHO PAaccMOTpeTh CTpOeHHe
MOJIEKYNBI BOJB. B Hell /Be HemojeleHHBIE 3JIEKTPOHHEIE MAphl KHCIOPOja
3aHUMAIOT JIBE BEPIIMHBI TETPAd/Ipa, a JBE JIPYTHe 3aHATH ATOMAMH BOJIOpPO/A,
YTO NPHBOJUT K YIJIOBOH (opMe MONEKyJsl BOJBI. OIHCHIBATE TEOMETPHIO
Mosiekysisl HF ¢ ATHX MO3WIUE HEe UMEET CMEICTA, T.K. SICHO, YTO OHa OynaeT
JHHEIHA, TOCKOJIBKY Yepe3 JB€ TOUYKH MOXKHO MPOBECTH OHY HPSAMYIO JIHHHUIO.

Henonenennas snekTpoHHAs mapa o0pa3yer 0oJiee PasMBITOE «IIEKTPOHHOE
obmako», 4YeM cBs3pIBafonIas (00oOmiecTBieHHas, oOmas), MO3TOMY OHA
3aHUMaeT OONBIIMH 00BEeM, NMPHBOJAS K YMEHBIIEHHIO BAJIEHTHHIX YIJOB MO
CPaBHEHHIO C TETPA3APUIECKHUMH.

BaneHTHEIE IEKTPOHEI PACIONAraloTCs He TOJBKO Ha - U p-OpOHTANIX, HO
n Ha d. TlocnenHue TakXke MPHHHUMAIOT y4YacTHE B 00pa30OBaHHH THOPHIHBIX
opOuTanei. OCXIIIGCTBJIHIOTCH JIBA Cioydas THOpHIM3AaIHH C Yy4YacTHeM d-
opburaneit: sp'd® u sp’d. B OepBOM clyuae MOIEKYId PEATH3yeT
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OKTAd/IPUYECKOe CTPOEHHe, a BO BTOPOM 0o0pasyercs TpUrOHANbHAS
ounupamusa.

ITpeanonoxenne 06 06pa3oBaHUN TMOPHAHBIX OpOHTANEH OBLIO GONBIINM
JIOCTIDKEHHEM TEOPUH BANEHTHBIX CBA3EH, HO HE OMUCHIBAIO BCE BO3MOXKHBIE
MPOCTPAHCTBEHHBIE KOHPUTYPAITHHA MOJEKYJT, BCTPEUAIOIIHECS B IPUPO/IE.

Bosee o0IIy0 TEOPHUIO MPOCTPAHCTBEHHOTO CTPOSHUS MOJIEKYIT IPE/IOXKUAIT
Tunagecnu, HCXOAA U3 YHCTO DIEKTPOCTATHUYECKHUX mpejcTaBiennii. OHa
OasupoBaiack Ha OOJBIIOM SKCIEPUMEHTATBEHOM MaTepuaiie, 0O0OLICHHOM
CunpukoM u Ilayamael. OCHOBHBIE TMOJNIOKEHHS TEOPUH 3aKIIOYAIOTCA B
CIETYIOMIEM:

1 Feomempwz MOJEKYIbL UTU UOHA onpedeﬂﬂemc;z UCKAIOYUMENBHO YUCIOM
JNAEKMPOHHBIX nap Ha 8anenmuol 0bonouKe yenmpansvrHo2o amoma.

2. Dnexmponnvie nApbl NPUHUMAIOM MAKOE PACHOACHCEHUE HA 8ANEHMHON
06010UKe amMoMa, APU KOMOPOM OHU MAKCUMATBHO YOaneHsi Opye om opyed,
m.e. JREKMpOHHblE RNapbl 6edym cebs mak, Kak ecau Ovi OHU  83AUMHO
ommanxkueanuce. I eomempuueckue MHOLOSPANHUKY, DEATUIVIOWUECS PU IMOM,
noduunsomes gopmyne Jexapma-Dinepa: «4ucno eepuiun + uucno epawe —
quCno pebep pasHo 08ym».

3. Ob6racmv npocmpancmeéa, KOMOpYI0 3aHUMAEM  HECEA3bl8aIouyas
HENOOENEHHA NApA DAEKMPOHO8 umeem 6onvuiue pasmepel, yem ma obaacmo,
KOMOpas 3aHAMA CEA3BIBAIOWEN DAEKMPOHHOU NAPOH.

4. Paszmep obaacmu npocmpancmed, 3aHAMOU CEA3bIEAIOWEN NApol
INEKMPOHO8,  YMEHLUIACCA ¢ VBETUUEHUEM  INEKMPOOMPUYAMETbHOCHY
AU2AHOA U C YMEHBUIEHUCM INEKMPOOMPUYANETBHOCINY YEHMPATLHO20 AMOMA.

5. Jlee anexmpounvie napvl 080UHOU C8A3U 3aHUMAIOM 6oabUYIO 06RACHb
HPOCMPANCMEa, Yem 0OHA INEKMPOHHAS NAPA NPOCMOH CE3MU.

OO0o3HaYeHNs,, HCHOJB30BAaHHBIE /Ui ONHCaHHS  [EOMETPHYECKOH
KOH(HUIYparuy MOJIEKY T

A — MHOTOBAJIEHTHBIA aTOM

X — aTOMBI, CBA3aHHBIE C ATOMOM A

1 — YHUCI0 aTOMOB X

E — HenonieteHHad napa 31€KTpOHOB

m — KOJIMYECTBO HENOJIENEHHBIX JNEKTPOHHBIX Map

Torna ¢opmyna monekymel mo I'mmmecnu 3anucbiBaercs Tak: AX,Ej.
I'eomeTpust MONEKyNBl 3aBUCHT OT CyMMBI n+m. UHcno n, omnpepaensiomee
KOJIMYECTBO aTOMOB X, HEMOCPE/ICTBEHHO MPUCOEUHEHHBIX K aTOMY A, paBHO H
€ro KOOpAHHAIMOHHOMY 4Hchy. Kaxjgas 3IeKTpoHHas mapa MNpHHHUMAeTcd 3a
ToYeuHbIH 3apsn. LleHTpanbHEIN aroM A moMemaercs B HEHTP cdepsl
HEKOTOPOro pajinyca, KOTOPHIM JJid OJJHOTHIHEIX OPHCOEIUHEHHBIX aTOMOB X
paBeH miuHe cBsisn A—X. Ha moBepxHOCTH cdephl pacrojararorcsl TOYeYHBIE
3JEKTPOHHBIE mapbl. IIpuMeHss OpaBHIO  MAaKCUMAJIBHOTO  yAaJeHHs
SJEKTPOHHBIX Map HA cdepe APYr OT Jpyra, MOXHO BBIBECTH TEOMETPHIO
NPOCTEUIINX MOJIEKYJ U HOHOB, MOCTENEHHO YBEIUUYHBAsA CYMMY TOJIEIEHHBIX U
HENOJIeIEHHEBIX Tap (¢cM. puc. 15.).
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Mornekyny AX paccMaTpuBaTh He HMEET CMBICHIA, TaK KaKk OHa Bcerja
JHHEIHA, CKOIBKO ObI aTOM A HH HUMEJ HETO/IEJCHHBIX JIEKTPOHHBIX 1ap.

Monekyna AX, Takke Bcerja JIHHeHHa, Tak Kak MAaKCHMAaIbHOE
OTTANKUBAHHE JBYX 3ICKTPOHHBIX AP pacmojiaraeT MX HAa KOHIIAX AHaMeTpa
YCIOBHOH chepl.

TpH cBA3BIBAIOMINE TEKTPOHHBIE MAPhl, MAKCHMAIBHO YAANEHHEIE APYT OT
JIpyra, 00pasyroT MPaBUIBHBIN TPEeYrodbHUK (Momekynsl AX;). B aTom ciydae
yron X-A-X paeen 120°. Takoe crpoerne umetoT Monekyasl BF;, AlF;. Ecmm
OIHY W3 CBS3BIBAIONIMX JJIEKTPOHHBIX Map 3aMEHUTh HEMOAEICHHOM mHapol
3NEeKTPOHOB, MOJIeKyJIa OyaeT onuceBaThes hopmynod AX,E u uMeTs yrioBoe
CTpOEHHUE, NPUYEM, COTTIACHO TpeTheMy npaBuiy I'mnecnu, yroa X-A-X cTaHeT
Menbie 120°. TlpumepoM TakoH reOMETPHH MOXKET CIIY>KHUTh Moslekyna SnFo.

F
G
Cl—Be—Cl B Sn
/N /N
F F F F
AX,y AXj3

AXE

ro0 o0
& & A
AX, AXE AXE,

k\ | F CS\F

F
AN 13 O

Puc. 15. 3asucumocmeo ceomempu MOJAEKY/l OmM PACROJIONHCEHUA AMOMOE U DNEKMPOHHBbIX
nap Ha NOGEPXHOCMU Cepbl.

UYeTblpe CBA3BIBAIOIIME MAapbl NIEKTPOHOB B IPOCTPAHCTBE 00pasyroT
terpasap. Mo Twmmecnn, sto o AXy. Vroan X-A-X cocrasur 109°28’,
THIHYHBIME TPEICTABUTENSIMH 3TOTO THIIA MOJEKYJ SBISIOTCS Mosekyasl CHy,
CCly, SnF,. TTocnenoBaTenpHO YMEHBIIAS YHCIO CBI3BIBAIONINX AP JIEKTPOHOB
W YBENUYHBAs UHCIO HEMOJENEHHBIX 3JEKTPOHHBIX Hap, /U1 MOJEKYJ THIA
AXE mpuxoauM K UX TPUrOHATBHOMY MNHPAMUJATBHOMY CTPOEHHIO, a I
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Mosekyn tHna AX,E,— k yrmoBoMy. Takas reoMeTpusi MOIy4aeTcs, €CIU B
BEpIINHAX TeTpa’Apa MOCIEJOBATENBHO  JOKANH3YIOTCS  HEMOJEICHHEIE
SNEKTPOHHBIE Maphbl, YTO MPHBOAHT K YMEHBUICHHIO TETPadJpHUUECKOro yria.
IIpumepom Monekynsl Tuna AX;E saeagercs Monekyma ammuaka NH;, a tuna
AX,E,— monekyna Boasl H,O.

KoopanHaonHoe uncno “mars”’ peanusyercs B Modekynax THma AXs.
ITpumepamMn MOJOOHBIX MOJIEKYJ SIBISIFOTCS MEHTAQTOPHA M MEHTaXJIOPHI
docthopa (PFs, PCl;). Tlate aTOMOB raJloreHOB B MPOCTPAHCTBE 3aHHMAFOT
BEPIUIMHBl TPUTOHANBHOH OunupaMuapl. Tpu aroMa pacmomararoTcs B
3KBATOPHATEHOH IUIOCKOCTH, 00pasysl paBHOOEIPEHHBIH TPEYTrOJBHHK, a JBA—
COOTBETCTBEHHO HaJ M MOJ 3TOH MIOCKOCTBIO. PaccrosHne A—X oT neHTpa
MOJIEKYJIBI JIO OJHOH W3 BEPUIMH MTHPAMHU/IBI, HA36IBAEMOE aKCHAIBHBIM, GOJbIIe
AHAJIOTHYHOrO 3KBATOPHAIBEHOTO. BaneHTHBIN yroa Mexay CBA3sIMH, TeXalIMH
B 3KBaTOPUANBHON NIIOCKOCTH, paBeH 120°, a B akcuansHor — 180°. TIpu BBIBOAE
reOMETPUYECKOH (OPMBI  MOJIEKYJ, SIBJSIFOIIMMHCS — MPOU3BOJAHBIMH  OT
TPUTOHATBHOW GUIUPAMHU/IBI, JJIs1 HETIOIEIEHHBIX 3MEKTPOHHBIX AP BO3HUKAIOT
JIBe AaNbTePHATHBHBEIE BO3MOXHOCTH pacnojiokeHHs. IIpu  akcHanbHOM
PACIIONOKEHHH OHA WCHBITHIBAET OTTAIKHUBAHUE OT TpeX ONH3IEXAIIHX aTOMOB,
a B D3KBATOpPHANIBHOH— OT 7AByX. IloaToMy mepREle HENOAENEHHBIE MAPEI
3JEKTPOHOB BCEr/la 3aHUMAIOT 3KBATOPHAIBHOE MON0XKEHHE KaK SHEPreTHUECKH
HauGonee BEIro/iHOE. [IpUMepoM MOXET CIIyKHUTh MOJIEKYJIA TeTpadTOpHIa CEPHI
SF,, kotopas umeer (opMmy Kauenedl win aucheHonaa. B Mosekygax THma
AX;E,, Takux, kak CIF; wiu ICl;, BTOpas HemojeneHHAs 3NTEKTPOHHAS mMapa
pacmomaraeTcsl TakXKe B JKBATOPHANBHON miockocTd. IloaToMy Bce ueThipe
aToMa HaxOJATCs B OJJHOH IUIOCKOCTH, HaoMuHAs 1o ¢opme Oyksy T. 3a cuer
TOro, YTO HEMOoJeNIeHHas Mapa 3JIEKTPOHOB 3aHHMAeT O0NacTh MPOCTPAHCTBA
Gonplero pasmepa, NPOUCXOAHT HCKAXEHHE COOTBETCTBYIOMINX BaJEHTHBIX
YIIOB B CTOPOHY UX YMEHBIIEHHd. TpeTbs HEMOJeNeHHad Mapa 3JIEKTPOHOB,
TaK)Ke 3aHHMas MONIOXEHHE B 3KBATOPHANBHOH ILTOCKOCTH, mpeolbpasyer T-
o0pasHyl0 Mojekyry B jmuHelHylo. IIpenctaBurenem Mosekynm tuma AX,E;
spisiercsa mosiekyna XeF,.

HauGonee BEITOHOE pa3MelIeHHE [IECTH aTOMOB X BOKPYT IEHTPaJIBEHOTO
atoMa A— okrasapuueckoe. Momekynsl tuna AXg, Hanpumep SFq, nmerot
¢dopMy okrasapa. [lepBast Hermo/eeHHas Napa HIEKTPOHOB 3aHUMAET JIFOOYIO U3
BEPIINH OKTa3/pa, NOpeBpallasd €ro B KBaJpaTHyH nOupamuay. Ilpumepom
Mousiekysel Tuna AXsE Moxer cayxuth IFs. JInd BTopoH 37AeKTpOHHOH Hapbl
HUMEIOTCSI /IB€ BO3SMOXKHOCTH PACHONOXEHHS: MO COCEJCTBY C HepBoi (1mc-
OJO)KeHHE) ©  HAmpoOTHB  Hee  (TpaHC-TIONOXeHHe). MakcuMaibHOe
OTTANKUBAHHE 3aCTABJIAET IPHUHIATH TPAHC-OPHEHTAIHIO JBYX 3IEKTPOHHBIX Hap.
Bcneacreue sroro monekynel Tina AXyE, uMeror GpopMmy KBajapaTta, HanpuUMep,
XeF,. Yeenuunpas fajibliie YUCIO HENOJEAEHHBIX Nap JIEKTPOHOR [T MOJIEKYJT
tna AX;E; u AX,E,, Jerko npuiTH K BEIBOAY COOTBETCTBEHHO 0 T-00pazHOM U
JUHEHHOM HX CTpoeHHH. IIpuMepel BEIIECTB € TAKUM THIOM MOJEKYJ
HEU3BECTHEIL.

AHAJOTHYHEIM 00pa3oM, UCXOJ U3 TEOPHH MAKCHMAIEHOTO OTTATKHBAHUS
SNEKTPOHHBIX Map, MOXHO TMpPEACKa3aTh CTPOECHHE MOJNEKYI C YHCIOM
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3JIEKTPOHHBIX map Gosee mectu. Ho coelrHEHNUs TAKOTO COCTaBA NPAKTHYECKH B
JANBHEHIIEM BCTpeUYaThcss He OyayT, W TOITOMY OrpaHHYUMCS JIHIIb
PACCMOTPEHHEM I'eOMETPUN MOJIEKYJT, ONMHCAHHEIX BBIIIE,

Takum  0o0pasom, Teopus BANICHTHEIX CBA3eH ©W  MAaKCHMAJIBHOI'O
OTTANKUBAHUA JJICKTPOHHBIX Map 00NajaeT JWIIb OpeICKa3aTeNbHOW CHIIOH B
000CHOBaHHH TeOMETPUH MOJEKYJ. OOBSICHHUTH Xe MHOTHE JIPYTHe SKCIepH-
MEHTATBHBIC (DAKTHI OHU HE MOTYT. DTH METOJIBI HECOCTOSTEIBHEI IPH OMHCAHHH
SJEKTPOHJC(PUIINTHEIX MOJEKYJ, TAKHX KaKk OOpOBOJAOPOJEBI, C HEUYCTHBIM
YHCIOM 3JIEKTpOHOB. OHH TaKke€ HCHBITHIBAIOT OOJNBINHE TPYJHOCTH MPH
0OBSICHEHUH [BETA COSTMHEHUN U MPEICKA3aHUH UX MATHUTHBIX CBOMCTB,

3.3. Metoa MoJIeKyJSIPHBIX OpOHuTAJIeH

Bonemed mpeacka3aTenbHON CHIOH 007amaeT MeTOA MOJEKYJISPHBIX
opburaneti (MO). B HeM MoJleKyJia pacCMaTpPHBAETCS KaK €IHHAS CHCTEMA SJIep
U 2JIeKTPpOoHOB, TlocmeHIe HAXOITCA B OOIIEM MOJB30BAHUHN BCEX SIIEP aTOMOB,
oOpasyrommx MoJieKysry. Takum o0pasom, Metom MO XHMHUYECKYI0 CBA3b
paccMaTpUBaeT KAaK MHOIOIEHTPOBYH) M MHOIO3JIEKTPOHHYIO. B 3TOoM
chayvae aias TpUONMKEHHOro peeHus ypaBHeHHs IllpeauHrepa BoJHOBAS
(YHKIHSA, COOTBETCTBYIOIIAS MOJIEKYJIAPHON OpOUTANH, 3a/1a€TCs KaK JTHHEHHAS
KOMOWHAIUS aTOMHBIX oOpOuTaieii, T.e. Kak CyMMa W Pa3sHOCTh ATOMHBIX
BOJTHOBBIX (DYHKIHIH ¢ KO3 QUIIHECHTAMH, YKA3EIBAKOITUME HA JOTIO HX BKIAJA B
o0pazoBaHHe MOJEKYJIIPHOH OpOHTANH:

IP+ = Cllpl + CQlPQ 5
Y_= C31P1 — C41P2 .

IMoxy4eHHBIH MeTOA MONYYHI HAa3BaHHE JIMHEHHOM KOMOWHAIIMH aTOMHBIX
opburaneti (JIKAO-MO).

B wmerone JIKAO MO jnma oOpasoBaHHS YCTOHYHBOH MONEKYJISPHOH
opOuTanu HeoOXOJMMO, YTOOBI 3HEPIHMH ATOMHBIX OpOHTamed ObuTH ONH3KH
apyr K japyry. Kpome Toro, HyXHO, YTOOBI HX CHMMETpPHS HE CHJIBHO
orinuanack. ITpy BBIONHEHHH 3THX ABYX TpeOOBaHHH KO3(QQHUIHEHTHI €| U C 3
JIOJOKHB! OBITH OJNIM3KUMH 1O CBOMM 3HAYEHHSAM, a 3TO, B CBOIO OYepelb,
obecreunBaeT MaKCHMAIBFHOE MEPEKPBIBAHHE BIIEKTPOHHBIX oOmakoB. Ilpu
CITO)KEHHH aTOMHBIX OpOHTaNel oOpa3yercsl MOJIEKyIsIpHass OpOUTANb, 3HEPTHS
KOTOpOH TMOHH)XaeTCsl OTHOCHTENHHO JHEPruHd aTOMHBIX opoOuTanei. Takas
MOJIEKYISIpHasl OpOHTaNh Ha3bIBaeTcsl cBsi3bIBawomIeii. BomHOBas ¢yHKIHS,
COOTBETCTBYIOIIAsl CBA3BIBAIOIIEH OpOHWTANM, TMONy4daeTcss B  Ppe3yibTare
CITOXEHHS BOJHOBBIX (QYHKIUH C OJHMHAKOBHIM 3HAKOM. OJIEKTPOHHAs
ILTOTHOCTH TPH 3TOM KOHIEHTPHUPYETCS MEXTY SIPaMH, U BOJHOBAs (QYHKIHS
IPUHEMAET MOJOXHTENbHOE 3HaueHHe. [IpH BBEIUMTAaHWH aTOMHBIX OpOuTanel
3HEpPrusl MOJEKYJNSpHOW OpOHMTANH MOBBIIIAETCA. JTa OpOWUTANEL HA3BIBAETCS
paspbIXasiomeil. DIeKTpoHHAs IUIOTHOCTH B 3TOM CHIy4yae pacloiaraercsd 3a
aapaMH, a MeXAy HHMH paBHa Hymo. BonHoBas ¢QyHKIHS B JBYX
00pa3oBaBIIMXCS MEKTPOHHBIX 00JaKaX WMeeT HPOTHBOIOIOXHBIE 3HAKH, YTO
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XOPOIIO BHJHO U3 CXEeMBI OOpa30BaHHS CBS3BIBAIOMICH W PaspBIXJIAIONICH
opOuraneii, npuBeICHHON Ha puc. 16:
MO

12

SPAs
:‘E $ 33@ W c”’"ls/

c”1s

ITepexcprieanue
AO Gt :0

v

Puc. 16. Cxema obpasoeanus ceasvieaiowert
U PA3PLIXA[IOW el MOREKYAAPHLIX opbumanell.

Korma atoMHas opOUTANE OJTHOTO H3 ATOMOB BCIIEJCTBHE OONBINON pa3HUIIBI
B DHEPIHMH WIH CHMMETPHH HE MOXET B3aWMOJCHCTBOBATH C AaTOMHOM
OpOUTANBID JPYroro aromMa, OHA NEPEXOJUT B DHEPrETHUCCKYID CXeMY
MOJIEKYJIAPHEIX OPOUTANCH MOJEKYJBl ¢ SHEPrHEH, COOTBETCTBYIOMICH eH B
aTtoMe. QOpOUTATE 3TOr0 THIA HA3BIBACTCS HECBA3BIBAKOIICIA,

Knaccudukarnus opOuraneli Ha G WM T OPOU3BOJAUTCI B COOTBETCTBHH C
CHMMETpHEH UX JIEKTPOHHBIX OONIAKOB AHANOTUYHO G- H T-CBSI3sIM B METOJIEC
BAJCHTHBIX CBSI3€H: G-OpOHTANE HMEET TAaKyH CHMMETPHIO JJIEKTPOHHOTO
o0naka, mpu KOTOPOH MOBOPOT €e BOKPYT OCH, COeAWHSIOMmEH saapa, Ha 180°
MPHUBOAUT K OpOUTANH, MO (GOpME HE OTIHYMMOH OT MEPBOHAYANBEHOH. 3HAK
BOJIHOBOH (YHKIIHH TIPU 3TOM He MeHsierca. B cmywae ke f-opOutamu npu
moBopore ee Ha 180° 3HAaK BONHOBOH (YHKIMHM MeHseTcs Ha
MPOTHBOMONOXKHEIN, OTCIOla  CIeTyeT, UTO §-OJNEKTPOHBI AaTOMOB  MpH
B3aHMOJICHCTBHH MEXTY COOO0M MOTYyT 00pa30OBEIBATE TOJNEKO G-OPOUTANH, & TPH
(urecTh) p-opOuTamu atomMa— OJHY G- U JIB¢ T-OpOUTATH, TpUUEM G-OpOHTATH
BO3HHKAET MPH B3aUMOJICHCTBUH Py ATOMHBIX OpOUTANEH, a M-opOuTass— mnpu
B3aUMOJICHCTBHH py U pz. MOJCKyIsIpHBIE T-OpOUTATH  MOBEPHYTHI
OTHOCHTEIEHO MEXbBSIEpHOH ocu Ha 90°. 31ech HAOMIOAAETCS MONTHAS AaHATIOTHS

¢ METOJA0OM BAJICHTHEIX CBSI3EH.
Mo

Hr
40 W 4' ‘ 0-'%\, o,
> M—wenue :.
2p, 2p, Z :

2p, n"2p,

Puc. 17. Cxema 06pazoeanus cea3bl6qiOuux U paspuixasiowmux opoumanel
0s 2p-amomnvix opbumanei.
s Toro 4To0BI OTIHYATE CBA3BIBAIOIINEG U PA3PBIXJIAIONINE OPOUTAH JPYT
OT Jipyra, a TaKXke HX MPOUCXOXKJEHHE, MNPUHATA CIEIyIollas CHCTEMaA
0003HaueHu. CBsA3BIBAarOmMAs OPOUTATE O003HAUACTCS COKDAIICHHEM «CBY,
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pacnoyiaraloliiMcsl COpaBa BBepXy Hoche rpedeckod OyKBEI, 0003HAvarOIIeH
OpOHUTaNTb, & Pa3pBIXISAIONIA]— COOTBETCTBEHHO «pasp». IIpHHATO elne oAHO
o0o3HAYeHHE: 3BE3MOUKOH MOMEUAITCs pasphIXisiomue opburamy, a 6e3s
3Be3JI0YKH — CBaA3bIBatone. Ilocie o06o3HAYEHHS MOJEKYISIpHOH OpOUTATH
mUmieTcs 0003HAUCHHE ATOMHON OpOHTATH, KOTOPOH MOJIEKYNIsapHas o0s3aHa
CBOHM MPOUCXOXACHHEM, HAIPUMED, T T2py. ITO 03HAYAET, YTO MOJIEKYIISpHAS
OpOHTANE T-THNA, PaspHIXIAOMas, 00pa3oBagach NpH B3aUMOJEHCTBHH 2 py-
aTOMHBIX opOuranei(cm. puc. 17):

Ipu paccMOTpEeHHH SIEKTPOHHOTO CTPOCHHS MOJIEKYNBI ¢ TOYKH 3peHHUs
METO/la MOJIEKYJApHBIX opOutaned (MO) HyXHO PpPYKOBOJCTBOBATHCS
CIIe TYFOITAMH MPABHIAMH:

1 3ﬂ8KmpOHbl 8 MOJIEKYNe, KaK U 6 amome, 3anumarom coomsemcmesyrowue
0p6umcmu, KOmopble Xapakmepusyromcs ceoum Ha60pOM K8AHMOBbIX HUCen,

2. Qucno obpaszyiomuxcst MOAEKYAAPHBIX Opbumaneti pagHo YUCILy amomHbIX
opbumanei y4acmeyowux 6 ux obpazosanuu;

3. Pacnpedenenue 31eKmpoHO8 HO MOTEKYAPHbIM OPOUMATAM, MAK HCe KaK
U 6 amome, NOOUUHSEMCA APUHYURY HauMeHvwel snepeuu, npunyuny Hayau u
npasury Xynoa;

4. JIna monexyn, 06pazosanivix amomMamu 0OHO20 XUMUYECKO20 IAEMEHMA
(comon0epHbIx), BbiUcpbIUL 8 DHEP2UU 3a Cuem OOPA30BAHUSL CEA3BIBAIOUYel
OpBUManU KOMNEHCUPYEMCS NOBLIMEHIEM IHEPRUU PA3PLIXIAIOWeEl opoumani.
Ha snepeemuueckoii ouazpamme 0be opbumany pacnonazamcs CUMMEMPULHO
OMHOCUMENbHO amomubix opoumanei (cm. puc. 18):

AO MO AO
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Puc. 18. Dnepeemuueckan ouazpamma MoaeKyIapHbix opoumanett
O 20MOAOEPHBLX MOAEKYI (HA NpUMEpPE MOJEKYIbl 6000pP00a)

5. B eemeposdepnvix (pazHOIIEMEHMHBIX) MOAEKYAAX —CEA3bIEAIOUUE
opbumanu no mepeuu baudice xk opbumansim bonee INEKMPOOMPUYAMETLHOLO0
amoma (B), a  paspeixnmiomue—  bausice  k  opbumanu  menee
anexmpoompuyamenvrozo amoma (A). Pasnocme 6 dHepausx UCXOOHBIX
amomnvix opbumaneti (b) pasna noasprHocmuy cea3U. SmMa pazHocms A6AAEMCs
MepOll UOHHOCMU C6A3Y, d PA3HOCMb 6 DHEPRUAX MedCcoy CeaA3vlealoyeli
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OpbUmManb U aMOMHOU Opbumanero 6onee INEKMPOOMPUYAMETLHO2O AMOMA
onpeodensiem KOBANCHMHOCMb Cé3U. (cm. puc. 19):

AO MO AO
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Puc. 19. Dnepeemuueckan ouazpamma MOoaeKyIApHbIx opoumanett
O 2emepoadepHO MOJIEKY b,

6. KpamHocmb XUMUYECKOU C8s3U pasrna NOAOBUHE PA3HOCHU HUcaa
DNEKMPOHO8, PACHONONCEHHbIX HA  C8A3bI6ATOWUX 0p6umajmx, u yucaa
INAEKMPOHO8 HA PA3PBIXTAIOULUX.

Jms npumepa pasOepeM 3HeEpPreTHYECKHE JHACPAMMBI H  3IEKTPOHHOE
CTPOCHHE TETEPOSACPHBIX U TOMOSJIEPHBIX MOJEKYJI H HOHOB, 0OpPa30oBaHHBIX
JBYMS aTOMaMH 3JIEMEHTOB MEPBOTO H BTOPOrO MEpHOAOB Ilepuoanueckoii
CHCTEMEI,

V 3NeMEHTOB MEpPBOrO MEPHOJA BAICHTHOW OpOWUTANBIO sBAseTcsa ls-
opouTane. DTH JBE AaTOMHBIX OpOUTANH OGPasyroT JBEe O-MOJEKYISpPHEIE
opOuTATH — CBS3BIBAOLIYI0 W PaspBIXISIONIYI0. PaccMOTpHM 3JeKTpoHHOE

cTpoenne MonekynspHoro nona Hj . OH HMEeT O/IHH 3JIEKTPOH, KOTOPHIA Gy/IeT

3aHUMATE 0OJlee DHEPreTHUECKH BBICOJHYIO S-CBA3BIBAIONIYI0 OpOHTANs. B
COOTBETCTBHH ¢ MPABHIOM MOJCUETa KPATHOCTH CBs3H OHA Oyner pasHa 0,5, a

TaKk KaK B HOHE WMEETCHA OJIMH HECTIAPEHHBIH diekTpoH, H, Oyaer obmamate

napaMaroHuTHEIMHA CBOMCTBaMHU. 9J’I€K’I‘pOHHO€ CTPOCHUC 3TOFO HOHA 3aIllIICTCA
o aHAJIOTUHA € BJICKTPOHHBIM C’I‘pOeHI/IeM aToMa TaK: ’CBLS' TlosiBenue BTOpOFO
JJICKTPOHA HaA  S- CBSI3BIBAFOIICH Op6I/ITaJ'II/I OpUBEICT K 3H€pF€TI/I‘{€CKOI/I
JuarpaMMe, OIUCHIBAOIIEH MOJICKYTTY BOJAOpPOJa, BO3PACTAHUIO KPATHOCTHU
CBSI3H JIO €JIUHUIIBI H JUAMATHUTHBIM CBOMCTBAM. BO3paCTaHI/I€ KpAaTHOCTHU CBA3N
TIOBJIEUET 33 COOOH H YBCIUUCHUEC SHEPIUNU JUCCOTUAITNN MOJICKY JIBI H2 u Gonee
KOpOTKOMy MEXBAACPHOMY PACCTOIHUIO MO CPABHCHHUIO C AHAJTOTHYHOH
BGJ'II/I‘{I/IHOI/I Y UOoHa BOAOPOaA. 9JI€KTPOHHO€ CTPOCHUEC H2 MQJXHO 3alliCaTh TAaK:
#CB
1%

S o
18- \)—IS—T—/\ 18 13
(ot ot Gt

+
H, H, 2 He
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HsyxaTomuas monekyia He, cymecTBoBRaTs He Oy/IET, TaK KAK UMEIOIHECS
y JIBYX aTOMOB Tellds UYeTBIPE IEKTPOHA PAacIoioKaTcs Ha CBA3BIBAIOIIEH H
Pa3peIXJIsIOmIet opOUTAISIX, YTO MPUBOANUT K HYIEBOH KpaTHOCTH ¢Bssu. Ho B TO

xe Bpems HoH He; Oy/eT ycTOMYHB U KpaTHOCTE cBs3H B HeM pasHa 0,5. Tak

Xe, KaKk M HWOH BOJOpOJa, 3TOT HOH OyaeT o00NajaTh napaMarHHTHBIMH
CBOHCTBAMH

Y 3JeMeHTOB BTOPOro MEpHOJAa MOSBISIOTCS €lle YeTBHIpe ATOMHBIX
opOutamu: 2s, 2px, 2py, 2p,, KoTOpble OyIyT IPHHUMATE YUacTHE B 00pa30BaHHN
MOJIEKYISIPHEIX opOHTaned. Pasnuune B 3HEprusx 2s- v 2p-opOHUTaNeH BETHKO, U
OHM He OyayT B3aUMOJAEHCTBOBATH MeXIy co0oli ¢ oOpasoBaHHeM
MOJIEKYISIPHBIX OpOHUTaNell. DTa pasHUIA B 3HEPTHAX MPH MEPEX0/ie OT MEPBOro
3NeMeHTa K T[ocieqHeMy OyJerT VyBeIH4YHBaThCa. B CBI3H ¢ 3THM
00CTOATENECTBOM 3MEKTPOHHOE CTPOSHHUE JIBYXaTOMHBIX TOMOSIIEPHBIX MOJIEKY T
3JEMEHTOB BTOPOro mHepHojaa OyJeT ONHCHIBATHCS JIByMs 3HEPreTHYECKHMH
JHArPaMMaMH, OTITHYAIONIAMHCS MOPAIKOM PACTIONOKEHAS HA HHX 0 2p, U
O°2py,. TIpi OTHOCHTEIBHOM YHEPreTHYECKON OMH30CTH 2s- U 2p-opOHTATeH,
HaOmoZaeMOl B Hauale @epHoJa, BKIIOYAas AaTOM a30Ta, JJIEKTPOHBL,
Haxomsammecs Ha P25~ u +F2p-opOuTansax, B3aHMHO OTTATKHBAKOTCS,
Mosromy O%2p,- n O 2p,-opOutamn OKasBIBAIOTCS 3HEPreTHYECKH Oomee
BBITOJIHBEIMH, ueM **2p,.-opbutains. Ha puc.20 mpencraBieHBl 00€ NUATPAMMEL
Tak Kkak yuacTHe 1s-3JIEKTPOHOB B 00pa3OBaHHH XHMHYECKOH CBS3H
HE3HAYHUTENFHO, WX MOXXHO HE YYHTBIBATH MPH 3JIEKTPOHHOM OIHCAHHH
CTPOEHHUS MOJIEKYJI, 00Pa30BAHHBIX 3IEMEHTaMH BTOPOr0 HEpUOAA.

IIpencrapneHHEIE Ha puc. 20 JHEPIreTHYECKHE JIHArpaMMBl,
MIOJITBEPKAEHHBIE CIIEKTPOCKONNYECKUMH JaHHBIMH, TOKA3bIBAIOT CIIETYFOLTHIA
TIOPSIJIOK Pa3MEIIeHNs] MOJIEKYIIPHBIX OpOHUTANEH C yBENHYEHHEM 3HEpPruu OT
Li, 10 N, BKIFOUHTENLHO!

+FBs < PP g << 05 < WPPD g <
< DCszy — Dc52p2< ‘cssz < Dpa3p2py < Dpa3p2pZ <<‘pa3p2pX ,
a ot O, H ganee:
$B g < WPBP] ¢ #BY ¢« WP 'Cszx <
<0O%2p, = O%2p, <OP*F2p, < OFFP2p, < $#F2p, .
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Puc. 20. Dnepeemuneckue ouazpammot ypoeHel 08yXamoMHbIx MOAEKYL
NpU SHAYUMETLHOM U HESHAYUMENLHOM
DHEP2EMUUECKOM PAZIUtUY amomubix 2s- u 2p-opbumanei
Bropoli mepuoa cHCTEMBI OTKPHIBAIOT JHTHH M OEPHIUHH, Y KOTOPHIX
BHEIIHUI SHEPreTHUECKUH YPOBEHB COJEPXKHUT JHUIIb S-NIEKTPOHBI. I 3THX
3JEMEHTOB CXeMa MOJIEKYJISIPHBIX OpOHTANed HHUYeM He OyJeT OTIHYAThCS OT
SHEPreTHYeCKHX AHAarpaMM MOJEKYJI U HOHOB BOJAOPOJA U remaus, ¢ TOH JHIIb
Pa3HHUIIEH, YTO ¥ MOCIEeTHUX OHA MOCTPOeHA U3 1s-3IIeKTPOHOB, a y Li, 1 Be,—
U3 2s-3NEKTPOHOB. 1S-3JIEKTPOHBI INTHS U GEPUILTHS MOXHO PacCMaTpHUBATh KaK
HECBS3BIBAIOIINE, T.€. NPUHA/UIEXAIIHE OTACTFHBIM aToMaM. 37aech OyayT
HaONFO/IATECS T€ K€ 3aKOHOMEPHOCTH B HW3MEHEHHH IOpPSJIKA CBSI3H, SHEPrHU

JHUCCOIHAIIMA M MATHHUTHEIX CBOWMCTB. MoH Li; “MeeT OJUH HecHapeHHBIH

SNEKTPOH, PACTIONOKEHHBIH Ha  *"25-OpOMTAalH— HWOH NapaMATHUTEH.
IMTosiBeHHEe BTOPOro 3IEKTPOHA HA 3TOH OPOWTANH NPHBEJET K YBEIHYEHHIO
3HEPTUH JTUCCONHAIINN MOJIEKYJIHI Li; M BO3pacTaHUIO KpaTHOCTH cBsi3d ¢ 0,5 1o
1. MarHuTHEIE CBOWCTBA NPHOOPETYT JIHAMArHUTHBIN Xxapaktep. Tperuil s-
SNEKTPOH  pacmonoxkutcs Ha  *P*P-opbutanu, uto OymeT CnocoOCTBOBATH
YMEHBIIEHHIO KPAaTHOCTH CBsI3H A0 0,5 M, KaK CIEeJCTBHE 3TOr0, MOHWKEHHIO
3HEPIUH JIUCCOIMAINH. Takoe 3JIeKTPOHHOE CTPOSHHE HMEET MapaMarHHTHBIH

HOH Bez. Mounekyna Be,, Tak sxe kak u He,, cyllecTBOBaTH HE MOXET H3-3a

HYJIEBOTO TOPS/KA CBSI3H. Y 3THX MOJEKYJ YHCIO CBS3BIBAIOUINX JIEKTPOHOB
PABHO YHCTY Pa3pPBIXJISIOIINX.

HaneHeliiee 3a00MHEHHE MOJICKYJSPHBIX SHEPreTHUYECKUX YPOBHEH i
JIBYXATOMHBIX TOMOSIJICPHBIX MOJICKYJI H HEKOTOPBIX HOHOB 3JI€MEHTOB BTOPOTO
NepHo/ia MOKa3aHo Ha puc. 21,

Kak BHAHO U3 PHCYHKA, MO Mepe 3alQNHEHHS CBI3BIBAOIIMX opOuTameii
SHEPTHs TUCCOIHAITHH MOJIEKYJT YBETHUHBAETCSA, 4 C MOSIBICHHUEM AIEKTPOHOB HA
PA3PBIXJISIOMUX OpOUTANIX yMeHBIIACTCA. Psj 3akaHUMBaeTCS HeCTAOWIBHOMN
monekymoid Ne,. M3 puCyHKa Takke BHAHO, YTO YJATEHHE O3JIEKTPOHA C
Pa3pEIXJISIOmeH OpOUTATH NPUBOJUT K MOBBIIICHUIO KPATHOCTH CBSI3U H, KaK
CNEJICTBHE HTOTO, YBEIHYCHHUIO DSHEPTHH JIUCCOIMALMH U YMEHBIICHHIO
MEXBIJIEPHOTO  paccTosHHUA. MoHM3alMs  MOJEKYNBl, CONpPOBOXAaeMas

58



XuMnueckas CBa3b

y/aNeHHEM CBS3BIBAIOIIETO 3IEKTPOHA JaeT NPSIMO IPOTHBOMOIOXKHEIH 3 deKT.
CpaBHHTE 3HEpPreTHUYECKHE JHArPaMMBl CHEIYIOMIUX JBYX MHAp MOJEKYlI H

nonoe: O}, O, N; , N,, npuse/ieHHbIE Ha pHC. 21:

Moaexysprste opburam B, C, N; N, 0, 0, F, (Ne)
oleP - - = — o™ - - — %
P, e ———————— T A— RN AN
oP — — 4 & Rl NN
2P, ng 4+ AU RNEHNN oF ¥ ¥ % %
orr H % N K * X ¥ #
o * ¥ N 4 o * ¥ & %
TIopAAOK CBA3K 1 2 2,5 3 2,5 2 1 0
MexbAIEPHOE PACCTOSHUE, A 1,59 1,31 1,12 1,10 1,12 1,21 1,42 —
DHeprus AECCOMEAIMM,KAX/Mons 288,4 627 828 940 629 494 151 —

Puc. 21. Duepeemuneckue ouazpammol 08YXAMOMHBIX MOJEKYA U UOHOG
nemMenmos emopozo nepuoda Ilepuoduueckou cucmemut

I'etepoanepHbie MOdeKyabl. 13 ABYXaTOMHEBIX MOJEKYT CaMOH NMPOUYHON
SIBJISIETCS MOJIEKYJIa a30Ta, KPATHOCTEH CBSI3U B KOTOpoM paBHA TpeMm. JIorHuHO
OPEANONIOXKUTh, YTO Y TETEPOSACPHBIX MOJEKYNT W OJHO3APSAHBIX HOHOB,
HMEIOIIHUX OJMHAKOBOE UHCIO 3NEKTPOHOB ¢ Ny — UeTHIPHANATh, — KPaTHOCTH
cBsa3u Oyaet Takoi xe. Takumu Mmonekynamu siisiiorcs CO, BF, BeNe u noHEI
CN, NO*, CF*, BO". Tlo ananoruu ¢ MOJIEKYJIOH a30Ta OHH JOJKHBI 00JIaaaTh
BBICOKUMH 3HAYEHHSIMH JHEPrHUd jaucconuanyu. Takod BBIBOJ HETPYJHO
clenarb, PACOPOCTPAHAS CXEMY MOJNEKYIAPHBIX OpOHUTanell TOMOSIEPHBIX
MOJIEKYI Ha rereposepHsle. IIpu 3TOM HaJl0 YUUTEIBATH, YTO 2- H p-OpOHTAIH C
YBETUUEHHUEM 3apsJia 1/1pa MOHIXKAIOT CBOIO JSHEPrHUIO, 4 pACUICILUIEHUE MEXTY
HHUMH IO SHEPTUHU PACTeET.

BcenencTeue 3TOr0 MOSABISIOTCS CYIIECTBEHHBIE OTIHYHS B OOpa3OBaHUHU
MOJIEKYJIIPDHBEIX ~ opOuTaieli y HEKOTOPHIX TIeTePOSJIEPHBIX MOJEKYT OT
roMosiepHEIX. TIpOMIIFOCTpUpYEM 3T0 yTBEpX/eHHe Ha mpuMepe HoHa NO' u
Moutekyasl CO.
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Puc. 22. Dnepeemuyeckue duazpammvl ons uona NO™ (a) u monexynor CO (6).

ITockonmbKy 3apsipl siiep aTOMOB a30Ta M KHCIOPOAAa OTIHYAIOTCS Ha
¢JIMHUILY, CYIIECTBEHHOTO OTIHYMA B JHEPrHAX HX aTOMHBIX opOurtanell He
Ha0TI0AaeTCa M cXeMa MOJIEKYISpHEIX opbuTaneii noaa NO' Gyner anamornysa
CXeMe MOJIEKYJIIPHEIX OpOuTamell MOJEKyJasl a3oTa (cM. puc.22a). Bce
opOHTAT  aToMa KHCIOpPOJAa TO DHEPrHH PACHONOKEHBl HIKe, YeM
COOTBETCTBYIOIIME ATOMHBIE OpOWTAH aToMa yriiepoja, T.K. 3apsaa supa
KHACIOpOJa HAa JiBe €IWHUIB! OoJblie. Pe3ynbTaToM 3THX 3HEPreTHYeCKHX
pasmuunii GyJeT CYIIECTBEHHOE OTJIHUHE MOIIEKY IIAPHBIX opbutaneii okcuaa
yriaeposia OT MOJICKYJIAPHEIX opOuTaneii nona NO™ (cM. puc. 226). 2s-opOuTans
KHCIIOpOJa  PacroyiaraeTcsl 3HAUYNUTENBHO HIDKE 2s-opOuTanu  yriepoja,
CeICTBHEM Uero sipisieTcs WX ciaaboe B3aUMOJEHCTBHe, NPUBOALIICE K
00pazoBaHUIO Ca0OCBS3BIBAIONIEH *-OpOUTANH, SHEPTHs KOTOPOH MPAaKTHYECKH
He OTIHYAETCS OT aTOMHOHU 2$-OpOUTANN KHCTOpoaa. B To xe BpeMms sHeprun
2p-opOuTaneii Kucmopoaa W 2s-opOMTANH yriepoja ONH3KH. DTa OGJIH30CTH
OPHBOJUT K OOpAasOBAHHIO JIBYX *-CBA3BIBAIOLIMH W  *-paspBIXIAOLIEH
opOuraneii. Eciu BepXHsas 3aHATas *-opOutams B HoHe NO' o6namaer Apko
BEIPAKEHHBIM CBSI3BIBAIOIIAM XapakTepoM, To B Modekyide CO ata opOutans
apnserca  cnabopaspeixisiomedi. ITostomy wnom CO’  HMeeT 3Hepruio
JIICCONIHAIINH HECKOJBKO GonplIyio, yeM Monekyia CO. OOpazoBaHHe Npyrux
NEPEUHCIIEHHBIX BEBIIE MOJNEKYT W HOHOB COMHHTENBHO, T.K. B HHX
3HepreTHYecKue pasauynd eme conplne, yem y CO.

Merajuindeckass CBfi3b., B OTIMUME OT HOHHBIX H KOBAaJICHTHBIX
COCI{I/IHCHI/Iﬁ METAIIB  OTIHYAIOTCS  BBICOKOM JQJICKTPONPOBOAHOCTLEIO U
TECILUTOMPOBOAHOCTEIO. Bricokas JICKTPONPOBOAHOCTE METANITOB YKA3LIBACT HA
TOQ, YTO JJICKTPOHBI CBO6OHHO MOTYT NOEPEABUTATLCA BO BCEM €TO o0bpeMe.
UHBIMH ClIOBaMH MeETAJLTI MOXKHO paccMaATpUBATL KAaK KpPUCTAJI, B Y3JaxX
PELICTKA KOTOpOro PACOIOXKEHBI HOHBI, CBA3aHHEBIC JJICKTPOHAMU,
HAaXoJAIIIUMHUCA B O6III€M NOJB30BAaHHUU, T.€. B METAJIAX UMCECT MECTO CHJIBHO
HCJIOKAIU30BAHHAA XUMHYCCKas1 CBA3b. COBOKyHHOCTB JJCKTPOHOB,
06€CHC‘{I/IB€1IOIIII/IX ITY CBA3b, HAZBLIBAOT SJICKTPOHHLIM Id30M.

Bosee O6IIIPII>1 ooaxoa K OpeCcTaBICHUID O HWOHHBIX, KOBAJICHTHBIX W
MCTAJUTMICCKUX KPUCTANIIOB MOXHO IMOJYYUTL, NOPUMEHAd MNOPEACTABICHUEC
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METOJIa MOJIEKYJIAPHEIX opOuTtaneli Kk HuUM. IIpeanonoxuM, 4To TBEPIOE TEIIO
IIpe/ICTaBIsIET U3 ce0s €TUHYI0 MONEKYTy, OOpa30BaHHYIO OONBIIAM YHCIOM
aToOMOB, BHemHHe opOWTANH STHX ATOMOB OpPH B3aHMOACUCTBHU OOpa3yrOT
CBA3BIBAIOIINE M HECBA3HIBAIOIINE MOJCKYJISIPHBIE OpOUTATH. DHEpreTHdyecKas
30HBI, 00Pa30BAHHEIEC CBS3BIBAIOIINMH MOJCKYISPHBIMU OPOUTANIIME, HA3EIBAIOT
BAJICHTHO# 30HO#. 30Ha, OOBCAUHAIOMAS HECBA3BIBAIOIIME OpOUTATH,
HA3BIBACTCS 30HOH MPOBOTUMOCTH. DHEPreTHUECKUE PA3IUYUS AIEKTPOHOB B
mpeJieNiaX 30HBI MBI, U H3MEHCHHE WX SHEPTUU B 30HE MOXHO HPEICTABUTE KaK
HENPEPBIBHYIO TOJOCY 3HEPrud. Mexay 30HOH MPOBOJAUMOCTH W BAJIEHTHOH
30HOU OTCYTCTBYIOT KAaKHe-THOO YPOBHH dSHepruid. I103TOMYy TaM 3JIeKTPOHEI
HAXOJUTECS HE MOTYT, DHEPreTHUYecKas 30Ha, Pa3/eNSoNas BAICHTHYIO 30HY H
30HY IPOBOJTUMOCTH, HOCUT HA3BaHHE 3aNPEIICHHOI.
E4 ~,—) 30Ha
, —}nponozmmoc'm

— | BaJeHTHadA
30Ha

Puc. 23. Dnepeemuneckue 3016l 8 KPUCHALIE, 00PAZOE6AHNBIE AMOMHbIMU OPOUMAIAMU,

DIEeKTPONPOBOJAHOCTE B TBEPAOM Telde 00ecHeuHBaeTcs MpeooIeHHEM
JMEKTPOHAMH 3aIPelIeHHOH 30HBI, T.€. IPOTEKaHHE XIEKTPUUYECKOr0 TOKa
olecnieuuBaeTcd MNEPEXOJOM DIEKTPOHOB U3 BANEHTHOM 30HBI B  30HY
IIPOBOAIMMOCTH. B 3aBHCHMOCTH OT IIMPWHBI 3aUPENIeHHON 30HBI BCE TBEPABIE
TeNna MOXHO pa3/ieUTh HAa TPH KJAcca: JUIEKTPHKH, MOJIYIPOBOJHHKH H
IPOBOJHUKU-METAIBL. [ HM30M9TOPOB  IIMpWHA  3alpelieHHOH  30HBI
cocTaBiseT Ooiee 3 DIEKTPOHBONBT, JId MOIYNPOBOAHHKOB OHA JEXHT B
npenenax ot 0,1 go 33B. B merammax BcreACTBHE MEPEeKpHIBAHUS BAJCHTHOH
30HBI U 30HBI IPOBOJIIMOCTH 3aIpEIlleHHAs 30HA IPAKTHYECKH OTCYTCTBYET.

Tabauya 3.1
Hucno 31eKmponnbix nap Koopounayus
2 Jlunelinas
3 [TpaBUNBHBIH TPEYrOIBHHK
4 Tetpasap
5 TpuroHanbHast OHIHPaMHIA
6 Oxrasap
Tabauua 3.2
Yucao Tun
anexmponn | Koopounayus | n | m MOREKY Dopma monexyn | Ipumepur
blX nap
2 Jureiimas | 2 | 0 [ AX, Juneiinas | BeH,, BeCl,
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Aol AXe | Tetpaonp | ¢ CH,, SiCly
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2 2 AX,E, Yrnoas H,0, SCl,
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