3ansarue 1.
BBoanas 0ecena. MHCTpyKTAXK MO0 TeXHUKE 0€30nacHOCTH. Brorennbie
3JIEMEHTHI, KiIaccupurkanusi. CTpoeHne aToMa U XUMHUYeCKas CBA3b. MeTo
BAJICHTHBIX CBsI3eH

Konmponwvnwie eonpocei..

1. OcHosHble npasuna nogeoenus 8 Xumuueckou naabopamopuu. Texuuxa
bezonacHocmu U Mepbvl NPedoCMOPOICHOCMU Npu  pabome 8 XUMUUECKOuU
Jnabopamopuu.

2. buocennocmo snemenmos, kraccugukayus s1emeHmos.

3. OcHosHble  3aKOHbI  K8AHMOBOU Mexanuku. Ilepuoduueckuili  3aKoH.
DnekmpoHHble CMPYKMYPbl AMOMOS.

4, Cmpyxkmypa nepuoouueckou cucmemsl. Ilepuoouunocms ceoiicms.

5. llopsoox 3anonnenus opoumaneu. Ilpunyun Ilaynu. Ilpasuno [Iyuoa.
IHpunyun naumenvwieri snepauu. Ilpasuno Kneuxosckoeo.

6. H300padicenue  21eKMPOHHOU —~ CMPYKMYpPbl — AGMOMO8  Npu  NOMOWU
971eKMPOHHBIX POPMYT U KBAHMOBLIX SAUEEK.

7. Xumuueckas cea3b u cmpoenue monekyr. OcHoeuvlie NPUHYUNDL
83aUMOOCUCMBUSL AMOMO8 HA NpUMepe MOAEKYIbl 6000POOda.

8. OcHo@Hble MUnbl XUMUYECKOU CES3U.

9. Tubpuousayus.
10. OcHosHble noHAmMUA MemoOa 8AIeHMHBIX CEA3el.

TexHuka 6e30MaCHOCTH U MePhI MPET0CTOPOKHOCTH.

1. Bce oOmBITHI, CBSI3aHHBIE C TPUMEHEHHWEM WM OOpa30BaHHEM SITTOBHUTHIX
BEIIIECTB a TAaK)KE€ BPEIHBIX MMAPOB W Ta30B, MPOBOJIUTE TOJHKO B BBITSDKHOM
mkady, IBEPIBI KOTOPOTO JOJKHBI OBITH OIYIICHBI HA TPETh.

2. B cnyuae mpekparnieHusi paboThl BEHTHJISAIIMOHHBIX YCTAaHOBOK BCE ONBITHI B
BBITSDKHBIX TTIKa(ax JOKHBI OBITH MPEKPAIEHBI.

3. 3ampemiaercss MPOBOAUTH JIFOOBIE OMBITHI C B3PHIBYATHIMA W OTHEOIMACHBIMHU
CMECSIMU.

4. OmbITEI € JIETKOBOCIUIAMEHSIOIIUMHUCS BEIECTBAMH TPOBOJUTE B MaJIbIX
KoJm4ecTBax (He Oojee 2 MiT) ¥ BAAJIU OT OTKPBITOTO OTHSI.

5. Ilpu HarpeBaHUM pacTBOPOB U BEIIECTB B MPOOMPKE HCTIOIB3YHTE JEP>KaTEeIh.
He o6parmaiite orBepcTre MpoOUPKU B CTOPOHY PabOTAIOIIHX.

6. He makmoHsiTeCch Hax COCYAOM, B KOTOPOM IIPOHMCXOJWT HArpeBaHHE WIIH
KHIISTYCHHE KUKOCTH, BO M30SKAHKE TIOTAIaHusT OPBI3T B JIUIIO.

7. Ilpu HEOOXOAMMOCTH ONPEAEIUTD 3aax NapoB (BBIIEISAIOMIEIOCS T'a3a) JETKUM
JNBIKEHUEM JIaJIOHM HamlpaBbTe CTPYK rasa OT ropja cocyiga k cebe u
OCTOPO>KHO BIOXHUTE.



8. Ilpu pa30aBneHUM KOHIEHTPUPOBAHHBIX KUCIOT W IIENOYEH HEOOJIbITNMHU
HOpPLUSAMHU BJIMBAalTE KUCIOTY (WM KOHLIEHTPUPOBAHHBIA PAacTBOp IIEJIOYM) B
BOJ1Y, HETIPEPHIBHO MTOMEIINBAsi 00pa3yIOLIUIICsS pacTBOpP.

9. Eciu cKIIIHKa C JIETKO BOCIUIAMEHSIOLIEICS KUAKOCTBIO ONPOKHHYJIACh WIIU
pa3buinach, HEMEUIEHHO BBIKIIOYUTE BCE HAXOMAIIUECS BOJIM3M UCTOYHUKHU
OTKPBITOTO OTHSI, 3aChIbTE€ PA3JIUTYI0 XKHUAKOCTb MECKOM, COOEpUTE €ro Hu
IEPEHECUTE B MPEAHA3HAYECHHBIN JJIsl 3TOTO JKEIE3HBIN SAIHK.

10.I1pu momagaHuy KOHIEHTPUPOBAHHOTO PACTBOPA KUCIOTHI Ha KOXY MPOMOITE
MECTO 0KOra CTpyeH BOJbI B TEUEHUE HECKOIBKUX MUHYT. Ilociie 3T0oro MoxHo
a100 MPOMBITH 000XKEHHOE MecTO 2-3% pacTBOPOM COJibl, JTMOO BBIMBITH C
MBUIOM.

11.1Tpu CUIIBHBIX OXOTrax MOCie OKa3aHMsI EPBOM MOMOILK 00PAaTUTECH K Bpayy.

12.1lpu oxore KOHIEHTPUPOBAHHBIMH PACTBOPAMH  IIEJIOYEH MPOMOITE
000KEHHOE MECTO CTPyeH BOJbI 10 T€X MOp, MOKa KOKa HE OyJeT Ka3aTbCs
CKOJIB3KOM, TIOCJIE Yero npoMoiTe 1% pacTBOPOM yKCYCHOM KHMCIIOTHI U CHOBA
BOZOHU.

13.Ilpu TepMHUECKOM OXKOTre OXJaJuTe MOPAKEHHOE MECTO, JIJISl YETO IMOMECTHUTE
€ro MoJ CTPYK XOJOJHOM BOAbl. Ilociie OXJaXIEeHHs CMaKbT€ Masbio0 OT
0KOTOB.

14.11pu nonaanuu pacTBOpa JOOOTO peakTUBa B IV1a3 HEMEJICHHO TPOMOMTE €ro
OOJBIIMM KOJIMYECTBOM BOJBI, IOCIIE YETO Cpa3y ke 00paTUTECh K Bpayy.

15.1Tpu oTpaBieHUM Tra3000pa3HbIMH BEIIECTBAMHU (CEPOBOJIOPOJIOM, XJIOPOM,
napamMmu Opoma) BbIMAUTE (BBIBEAUTE MOCTPAJABIIETO) HAa CBEKUM BO3AYX, a
3aTeM 00paTUTECh K Bpady.

OO0mue npaBusa padoThl B XMMHUYECKOH J1a00paTOPHUH.

1. Jlo Havana paboThI, UCMONB3YSI METOIUYECKOE MTOcOoOre (MPAKTUKYM), YUeOHUK
1 KOHCIIEKT JICKIIMI, TOJATOTOBbTECH K HEH.

2. B nmaGoparopum pabGortaiite B xamare. B momemnieHum saboparopuu
3alpellaercss CHUMaTh M pPa3BEeIIMBATh BEPXHIO  OACKIY, TI'POMKO
pasroBapuBaTh, IPUHUMATH TTUIIY, KYPHTh.

3. 3BYKOBbIE CUTHaJIbI MOOMJIBHBIX TEJIE(POHOB BO BPEMs 3aHITHU JOJHKHBI OBITH
OTKJIFOUECHBI.

4. 3anpemraercss TMOKMAATh TOMEIIEHHE JabopaTtopuu 0Oe3  paspermieHus
MperoaaBaTers.

5. 3ampemaercss 0e3 pas3pelieHus MpenojaBaTesisi BKIOYATh M BBIKJIIOYATh
AIIEKTPUYECTBO Ha pabOYMX CTOJIAX, Ta30BbIE KPaHbl, MPUOOPHI.

6. PaGouee mecTo comepKUTE B UYHUCTOTE, HE 3arpoMOXKIas €ro JIHUIITHUMH
npeameramu. Ha paGodeM cTosie TOMKHO HAXOAUTHCS TOJIBKO TO, YTO HY>KHO
JUTSL BBITIOJTHEHUS TEKyIIe paOboThI.

7. Xpanute noptdenu, CyMKH U APYTrue BEIU B CIIEHUATBHO OTBEICHHBIX MECTaX
B J1a0OPATOPHBIX CTOJIAX.

8. PeakTuBbl, mpeqHa3HAYCHHbIE MJsi OOLIEr0 TOJb30BaHUS, HAXOAATCA B
CHEIUaIbHO OTBEACHHBIX JUIsl HUX MecTax (IOoJ TArOW, Ha MoJIKaXx pabodmx



MECT WJIM Ha CHElMaJbHBIX CTOJax), HeNb3s mepemeniath ux orryna. llocie
B3SITHsI TpeOYyEMOT0 KOJIMYECTBA PEaKTUBAa HEMEUIEHHO BO3BpAIllaiiTe HA MECTO
IPOOKHM WM MUIETKU OT HUX, YTOOBI HE CIyTaTh MPOOKH OT Pa3HbIX PEAKTHUBOB.
Ecnu k OyTbUIM C pacTBOPOM HE IPUJIATAETCs MUIETKA, UCHOJIb3YITE YHUCTYIO
IUIETKY, KOTOPYIO IOCE€ 3TOro mpomoirte. TBepaple peakTuBbl OepuUTe U3
Tapbl 1areneM uik GapdopoBoil T0KKOM.

9. Eciin peakTuB B3ST B M30BITKE M HE H3PACXOJOBAH IOJHOCTHIO, HEJb3s
BO3BpAIaTh €ro 00paTHO B Tapy (CKISTHKY WA OaHKY).

10.ITo okoHyanuu pabOTHI yoepuTe cBoe pabouee MECTO, BBIKIIOUUTE MPHOOPHI,
KoTopble Bbl Hcronb30Bany, 3aKpoiTe KpaHbl ¢ BOJAOM U razom. Cnaiite cBou
paboune MecTta NEXKYpHBIM M3 YUCIA CTYACHTOB. [[eXXypHBIE 10 OKOHUYAHUU
paboThI TPyMIbI CIAIOT paboune MecTa JabopaHTaM.

11.3anpemaercss NpOBOAUTH OIBITHI, HE OTHOCSIIMECS K JTaHHOM pabote, 0e3
paspelleHus npenoaaBaTess.

12.1lpu co3maHMM HECTAaHJAPTHOM CUTyalluM B JabOpaTopuud HEMEMJIEHHO
COOOMIMTE MPENOAABATEINIO U BBIUIUTE U3 Ja0OPATOPHUH.

CJ102kHOCTH CTPYKTYPBI aToMa. SnepHast mogeas J. Pesepdopaa

B ocHOBe aTOMHO-MOJEKYISIPHOW TEOPUU CTPOCHHUS BEIIECTBA JICKHUT
MPEACTaBICHUE O BO3MOXHOCTH paszJieieHus (PU3MUecKoro Tejaa Ha MaJible 4acTH,
KaKJas U3 KOTOPBIX COXpaHSAECT XMMHYECKHE CBOMCTBA Tela. DTH YacTH OBLIN
Ha3BaHbI MOJICKYJIaMHU.

[Ipenmonaranock, 9To0 MOJICKYJIBI CIIOKHOT'O COCTaBa MOXKHO Pa3/IelIUTh Ha
JacTH, Ha3bIBaeMble aTOMaMU. ATOMBI B XUMHYECKUX PEAKIUAX HE U3MEHSIOTCA.
Ecau momycTuTh cyliecTBOBaHWE ABMIKYIIUXCS aTOMOB M MOJICKYJI, TO MOXKHO
O0OBSCHUTH MHOTHE HabJt01aeMble Ha OTIbITE CBOMCTBA pusnyeckux Ten. [Ipu sTom
CUMTAJIOCh, YTO ONBITHBIC (haKThl MOKHO MCTOJKOBATh, CYNTAsI ATOMBI U MOJICKYJIbI
toyeuHbiMU TenaMu. OpHako B koHie XIX — nHauane XX B. ObUIM OTKPBITHI
SIBJICHUS, 3aCTABIISIONIUE C/IETaTh MPEINOJIOKEHHUE O CIIOAKHOCTU CTPOCHUSI aTOMOB
U MOJIEKYII.

N3yueHne MpOXOXKACHHUS IJICKTPUUYECKOTO TOKAa Yepe3 Ta3bl M PACTBOPHI
MO3BOJIMIIO OOHAPYXUTh OIHY M3 COCTaBHBIX YacTel aroMa W MOJICKYJbl —
AIIEKTPOH.

[Ipn wu3ydYeHWM MPOXOXKACHHUS DIICKTPUUECKOTO TOKa dYepe3 pPacTBOPHI
AIIEKTPOJIMTA OBLIM OTKPBITHI 3aKOHBI AJICKTPOJIM3a W BBEACHO IPEACTaBICHHUE O
CYIIIECTBOBAHUH TOJIOXKHUTEIILHOTO M OTPUIIATEILHOTO 3apsKCHHBIX aTOMOB WIIH
TPy aTOMOB — KATHOHOB ¥ aHHOHOB.

Ot pakThl TPUBEIN K MBICIH O TOM, YTO aTOM MOXKHO IPEJICTaBUTh KaK
CIIO)HOE O00pa3oBaHUE, COCTOSINEEe W3 OJJIEKTPOHOB M 001acTH, HeECyIel
TIOJIOKUTENbHBIA 3apsin. Bo3Huk Bompoc 00 OTHOCHUTEIBHOM PACIIOIOXKEHUU
AIIEKTPOHOB U TIOJIOKUTENIBHO 3apsHKEHHON OCTaIbHOM YacTH aToMa.



B 1904 rony B. Tomcon u /. JI. TOMCOH mpenioXuiau MOJENb CTPOCHHS
atoMa. ATOM TMPEACTABIET TMOJIOKUTEIBHO 3apSXKEHHBIM IIap, B KOTOPOM
BKpAIUI€Hbl OTPULATEIBHO 3aPSKEHHBIE SJIEKTPOHBL.

B Tom xe romy smoHckuit ¢uszuk X. Haraoka mpeajoXusl MHYH MOJEIb
CTPOCHHMSI aTOMa: aTOM HMMEET CTPOCHHUE, HAIOMUHAIOLIEE CTPOEHUE IIJIAHETHI
CarypH ¢ e€ KoJplLamMu CIIyTHHUKOB. OCHOBHAsi 4acCThb aTOMa - IOJIOKUTEIIBHO
3apsOKEHHBIN  11ap, BOKPYT KOTOPOTO IO KOJIBIIEBBIM OpOUTaM BpalllaroTCs
AJIEKTPOHBI.

B 1906 — 1911 rr. B maGopatopuu 3. Peszepdopna ObLIO H3YyUEHO
MIPOXOKIeHNE Yepe3 (HObTy ABAKIbl HOHU3UPOBAHHBIX ATOMOB I'e€JTUSI — O-HaCTHII.
Oxkazanoch, 4To OOJACTh IOJOKUTEIBHOIO 3apsAa aroMa OYE€Hb HEBEJIMKa IO
pa3MepaMm, uyTo mnporuBopeunno mojenu B. Tomcona m [I. JI. Tomcona. O.
Pesepbopn wucnonb3oBan IuiaHeTapHyro Mozenb X. Haraoku. OpnHako oH
NpeUiokKUIl B oTimuue OoT Haraoku, 4ro Macca aroMa TMOYTH LEIUKOM
COoCpeZloTo4YeHa B 00JIACTH TMOJIOKUTEIBHOTO 3apsiia. JTa o0yiacTh ObljIa Ha3BaHa
A7IpoM aToMa. SxepHas mojens aTroma npeaiioxkena 3. Pesepdopaom B 1911 1. Ho
OHAa HE MOIJIa OOBICHUTH (haKTa YCTOMYMBOCTH aTOMa: BEllb COTJIACHO 3aKOHAM
AJIEKTPOJUHAMUKH SJIEKTPOHBI JIOJDKHBI ObUIM OBl M3Jy4aTh SJEKTPOMArHUTHBIC
BOJIHBI, TE€psIsi KMHETHUYECKYIO SHEPTUI0 M YMEHbIIAs CBOK CKOPOCTh, MOKa HE
ynaayT Ha siapo.

B nmanpHeWmeM wW3ydeHHME CTPOEHHsS arToMa pa3BUBAJIOCh IO JABYM
HaIpaBJIEHUSIM — UCCIIEI0BAHUE aTOMHOTO fAJIpa U AJIEKTPOHHON O0OJIOUKH aToMa.
[lepBas konMyecTBEHHass TeOpUsl MPOCTEHIIEro aromMa BojopoAa Oblia
pa3zpadorana H. bopom B 1913r.

B 1913 r. H. bop npenyioxuin Moiens aToMa BOAOPOJIa, UCXOISl U3 TUIOTE3bI
Peszepdopaa, 10noJIHEHHON HOBBIMH MOJIOKEHUSIMH:

1. DONEeKTPOH MOXET BpallaTbcsl MO ONPEAECTEHHBIM  KPYTrOBBIM
opOuTam, He U3Tydasi JHEPTUH.

2. brnwxaiimas k sapy opOuta OTBE4aeT HOpMajabHOMY, Haunbosee
YCTOMYMBOMY COCTOSIHUIO aTOMa.

3. [TornouieHrue U U3IIy4eHUEe aTOMOM SHEPTUU MPOUCXOJAT JUIIL HPH
NEPECKOKE 3JIEKTPOHA C OAHON OPOUTHI HA JPYTYIO.

Havyayia BOJTHOBOM MEXaHUKH.

Otkpertus ¢uzuku koHma XIX - Hagana XX B. NpuUBENU K BBIBOAY O TOM,
YTO CBET, KOTOPBI paHbBIIE pacCMaTPUBAJICA KaK MPUMEpP BOJIHOBOTO IMpoIiecca,
MOXHO paccMaTpuBaTh KaK COBOKYINHOCTb d4acTull ((POTOHOB), 00sanaromux
MEXaHWMYECKUMH  XapaKTepUCTUKAMU JBWIKEHUS — MAacCOi, DOHEprued u
umiyascoM. B 1900 r. M. Ilnankom OBLJIO TPEAINOJIONKEHO, YTO MPOIECce
U3yYeHUs] aTOMaMHU CBETOBOM OJHEPrMM MPOUCXOAUT HE HEMpPEephIBHO, a
NOPILUSMHU, KBAaHTaMH, BETUYMHA KOTOPBIX 3aBUCUT OT YaCTOTHI HMCITyCKaeMOTO
CBeTa:

E=h-v



B 1905 r. A. DitHImITeiiH MOKa3aj, 4To Macca Tejla CBsi3aHa C €ro SHeprueu

2 o N
COOTHOIIIeHHneM E =MC”. VYpaBuenus I[lnanka u DUHIITEHHA TalOT BO3MOXKHOCTh
MOJIYYUTh COOTHOIIICHUE MEXIy Maccodl ¢hOoTOHAa W JUIMHOW BOJIHBI CBETa, WJIU
YaCTOTOM CBETOBBIX KOJICOAHUN:

C
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B 1924 r. Jlym ne bpoiib Tpeanonaoxuia, KOPIYCKYJISPHO BOJHOBas
npupoja MpUcylla He TOJABKO CBETY, HO M JIIOOBIM ApYyruM Mukpouactuuam. [Ipu

9TOM JIMHA BOJIHBI, COOTBCTCTBYIOIIAA IIaHHOﬁ HJaCTHIC:

h
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B 1927 r. JleBuccon u JlxepMmep OOHApyX WIH, YTO MpU TUDPaKIUU
AJIEKTPOHOB HAa HHKEJIE BO3HHMKAET JU(paKIMOHHAsS KapTHHA, CXOAHAas C
nudpakiMel cBeTa Ha KPUCTALIMYECKOM pelieTke. IDTO SBICHUE MMOIYYHIIO
Ha3BaHUE JAUPPAKIUU HJIEKTPOHOB. OHO cuUMTaeTCs HSKCIEPUMEHTAIBHBIM
JTIOKA3aTeIbCTBOM CYIISCTBOBAHUS BOJIH Jie bpoilis win KOpmycKyJsipHO-
BOJIHOBOTO JlyaJli3Ma 3JEKTPOHOB.

B BOJIHOBBIX CBOMCTBAaX 3JEKTPOHA 3aJ0KEH OJIMH W3 MPUHIAIIOB BOJIHOBOM
MEXaHUKH.

BropsiM siBisieTcss npuHLMN HeornpeaenéHHocTu 1 elizenoepra (1925r.).

B wMexanuke HaOmoIeHHE BOJHOBOTO Tpollecca — MEPHOAMYECKOTO
KOJIEOAHUS CIUTOIIHOW Cpellbl — MO3BOJISIET ONPEASIUTDh JJIMHY BOJHBI H CKOPOCTh
e€¢ pacnpoctpaHeHus. Yem Oosbmie 00JaCTh MPOCTPAHCTBA, B  KOTOPOM
pacmpocTpaHseTCs] BOJHA, TEM TOYHEE MOXHO OIMPENETUTh 3TH XapaKTEPUCTUKH.
Nuaye oOctouT peno mpu mepexoje K oO0beKkTaM Mukpomupa. [eitzendepr
MOKa3aJl, 4TO TOYHOE OIMpEJeNIeHuE TMOJIOKEHHS JJIEKTpOHAa Ha OpOUTE M €ro
CKOPOCTb HE MOTYT ObITh 3adukcupoBanbl. [IpousBeneHue HeomnpeneaEHHOCTEH
nojoxenus (Ax) u ckopoctu (Ap) HUKOT/Ia HE MOXKET ObITh MeHbIIIE, YeM h/mg:
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[IpomMexXyTOK TIPOCTpaHCTBA, B KOTOPOM BEPOSTHOCTh HAXOXKICHHUS
AJIEKTPOHA BEJIMKA, HA3bIBACTCS JIEKTPOHHBIM 00J1aKOM.

A YacTh OKOJIOSIIEPHOTO MPOCTPAHCTBA, KOTOpasi 0XBaTbiBaeT okoyuo 90%
AJIEKTPOHHOTO 00J1aKa, Ha3bIBACTCS ATOMHOM OPOMTAJIBIO.

[IpencraBnenne o0 aToMe C ONpPENEIEHHBIMH OpOWTaMH 3aMEHSETCS B
BOJIHOBOUM MEXaHHUKE MPEICTABICHUEM O BEPOSTHOM HAaXOXJACHUU JJIEKTPOHA B TON



WM MHOW yactu atoma. OIEeHKa 3TOM BEPOSITHOCTH MPOU3BOAUTCS MPHU PELIECHUN
ypaBHeHus llIpenunrepa, onMChHIBAIOLIETO ABUKEHUE DIIEKTPOHA.

Hcexons W3 mpeAcTaBiIeHUs O HAJIMYMM Y DJJIEKTPOHA BOJIHOBBIX CBOWCTB
[penunrep B 1925 1. mpeanosiokwuwi, 4TO COCTOSHHE HABMXKYLIETOCSI B aToOMeE
AJIEKTPOHA JOJDKHO OIMCHIBATHCS HM3BECTHBIM B (PU3MKE YpaBHEHUEM CTOSTUYEH
JJIEKTPOMArHuTHOM BOJIHBL. [lozncTaBuB B 3TO ypaBHEHME BblpaxkeHue ae bponis
(A=h/mv), oH moxyunn HOBOE ypaBHECHHE, CBS3BIBAIOIICEC YHEPTUIO DJICKTPOHA C
IIPOCTPAHCTBEHHBIMM KOOPAMHATAMM M TaK Ha3bIBAEMOM BOJHOBOHN (PyHKIMeEH
(V), COOTBETCTBYIOIIEN B ATOM YPAaBHEHUM aMIUIATYAE TPEXMEPHOIO BOJIHOBOTO
mporuecca.

h2
V¥ +(E-U)¥ =0

 822m
E — monnas sneprusi, U — moTeHIManbHas SHEPIHsl AJIEKTPOHA, VY —
oY oY oY
BTOpasi MPOU3BO/IHASL BOJTHOBOU (PYHKITUU 1O OCSIM X, Y, Z V¥ = o + 6y2 t o’

Oco0eHHO Ba)XHOE 3HAYCHHE JI XapaKTEPUCTUKH COCTOSHUS JJICKTPOHA

uMeeT BosiHOBasg (pyHkuus . [lomobHOo amminTye m000ro BOJIHOBOTO MpoLEecca,
OHa MOXET MPUHUMATh KaK MOJIOKUTEIbHBIC, TAK U OTPUIIATEIbHBIC 3HAUCHUSI.
OZIHAKO BEIMYHHA \y° BCEra MOTOKHTEIbHA. [IprdeM deM GObIie 3HAUCHHE - B
JaHHOW O00JIaCTU TNPOCTPAHCTBA, TEM BBIIIE BEPOSTHOCTH TOTrO, YTO 3JIEKTPOH
NOpPOSIBUT 37I€Ch CBOE JEWCTBUE, T.€. €ro CyIlleCTBOBaHME OyneT OOHapyXeHO B
KaKoOM-JIN0O0 PU3NUECKOM IpoIIecce.
Bonee TouHpM OyneT cieayroliee yTBEP)KICHHE: BePOSITHOCTb OOHAPYKEHUS
3J1eKTPOHA B HEKOTOPOM MajioM o0beMe AV BbIpakaeTcsi NPOW3BedeHHEM
W’AV. Takum 06pa3oM, caMa BeTHYMHA W’ BHIPAKACT IUIOTHOCTH BEPOSTHOCTH
HAXO0XKJIEHUS AJIEKTPOHA B COOTBETCTBYIOIIECH 00JIaCTH MPOCTPAHCTBA.

KBanTOBBIC UHC/Ia

JInst 2JeKTpoHa, HAXOJAIIETOCs IO JACHUCTBUEM CHIJI MPUTSHKEHUS K SpY,
ypaBHenue Illpegunrepa umeeT pelIeHUS HE TPU JIFOOBIX, a TOJBKO IMpHU
OTPENICIEHHBIX 3HAYCHUSX HSHEPruu. PellleHneM 5TOro ypaBHEHUS SIBISIOTCS 3
KBaHTOBBIX umcia (N, I, m).

DHeprus dJeKTPoHa B peaJIbHOM aTOME KBaHTOBaHa.

Bo3MoXHBIE SHEPTreTUYECKUE COCTOSHUS AJICKTPOHA B aTOME ONPECIISAIOTCS
BEJIMYMHON TIJIABHOT0 KBAHTOBOI0 YHCJAAa N, KOTOPOE MOXKET IPHHUMATH
MOJIOKUTEIbHBIC IEJIOYHCICHHBIE 3HaueHus: 1, 2, 3, ... u T.n1. HamMmenbmien
DHEPTUEH DJICKTPOH o0jamaetr mpu N = 1; ¢ yBeIudeHUEeM N SHEPTUs dJICKTPOHA
Bo3pacTtaeT. [10aToMy COCTOSIHME AJIEKTPOHA, XapaKTepU3yoIeecs onpeaeaéHHbIM
3HAQYCHUEM TIJIaBHOTO KBAHTOBOTO 4YHCJa, MPHUHATO Ha3bIBaTh IHEPreTHYECKHM
YPOBHeM OJICKTpOHAa B aroMe: mpu N = 1 3JIEKTPOH HAXOJUTCS Ha IEPBOM
HPHEPreTUYECKOM YPOBHE, IIPU N = 2 HA BTOPOM U T.]I.



['maBHOE KBAaHTOBOE YMCJIO OMPENENSIET U pa3Mephl JIEKTPOHHOro obmaka. s
HHEPreTUUECKUX YPOBHEH AJIEKTPOHA B aTOME (T.€. AJI JEKTPOHHBIX CIOEB WU
000JI0YEK), COOTBETCTBYIOIMX PpA3JIMYHBIM 3HAUEHUSIM N, ObUIM MPHUHSITHI
clieyronue OyKBeHHbIE 0003HAUEHUS:

['1aBHOE KBaHTOBOE YHCIIO N 1 2 3 4 5 6 7
Oo6o03HaueHue sHepreTudeckoro yposuss K L M N O P
Q

He Tombko 3Heprusi 37M€KTpOHA B aTOME HE MOXXET OBITh MPOW3BOJIHHOM.
[IpousBonpHON HE MOXeT ObITh W Qopma dIeKTpoHHOro obnaka. OmnHa
OIpE/CIACTCS OPOMTANBHBIM (IM000YHOE) KBAHTOBBIM 4YHMcJIOM |, KoTOpoe
MOJET MpUHUMAaTh 3HaYeHus oT 0 10 (N — 1), rae N — riaBHOEe KBAaHTOBOE YHCIIO.
Pa3auuHbpIM 3HaUCHHUSIM N OTBEYAET pa3HOE YKMCIO BO3MOXHBIX 3HaueHui |. Tak,
npu N = 1 BO3MOXHO TOJIBKO OJHO 3HAYCHHUE OPOMTAIBHOIO KBAHTOBOTO 4Kcia | =
0, mpu n = 2 | moxet ObITH paBHO 0, 1, ipu N = 3 Bo3MokHBI 3HaueHus | =0, 1, 2.

CoCTOSIHUSL 3JIEKTPOHA, XapaKTePU3YIONIUECS Pa3IMYHbIMH 3HAYCHHSIMH |,
IIPUHATO Ha3bIBaTh YHEPreTHYECKHMH MOAYPOBHAMM 3JICKTPOHA B aTOME. DTUM
I0TyPOBHSM IPHCBOCHBI CJICIYIONIHE OYKBEHHBIC 0003HAYCHHMS:

OpOuTanbHOE KBAaHTOBOE YHUCIIO | 0 1 2 3

O0603HaYCHUE SHEPTETUIECKOTO TIOTyPOBHS S p d f
W3 ypaBuenus lllpeauHrepa Taxke CieayeT, YTO M OPUCHTAIMS JJICKTPOHHOTO
o0laka B MPOCTPAHCTBE HE MOXKET OBITh IMPOWM3BOJILHOW: OHA OIPEICIACTCS
3HaYCHUEM TPEThEro, TaK Ha3blBAEMOTO MATHHTHOr0 (a3MMYTAaJbHOI0)
KBaHTOBOIO YHcJaa M.

MarautHoe KBaHTOBOE YHCIIO MOXKET NMPHHUMATH JFOOBIC ICIIOYHCIICHHBIC
3HAYCHUs, KaK TOJOXHUTEIbHbBIC, TAK U OTpHUIlATeIbHbIC, B mpeaenax ot +l mo —|
yepe3 Hynb. Tak, 1 S-noaypoBHs (I = 0) BO3MOXHO TOJILKO OJHO 3HAYCHHE M =
0; mst p-snektporoB (I = 1) Bosmoxkasr M = 1, 0,—1; mpu | = 2 (d-moaypoBens)
BO3MOYKHBI ITSITh Pa3IMYHbIX 3HaUeHnit m = 2, 1, 0,—1,—2.

CocTosiHHE JJIGKTpOHAa B aTOME, XapaKTEePHU3YIOIIeecs ONpeaeIEHHBIMU
3HAYCHUSIMH KBAHTOBBIX YHCEN n, I, m, T.e. onpeneaEHHBIMU pa3Mepamu, (HopMoit
U OpHEHTAIlMe B MPOCTPAHCTBE 3JICKTPOHHOrO O0JaKa, MOJYYHJIO Ha3BaHUE
aTOMHOM 3JIEKTPOHHON OpOUTAJIbIO.

DJIEKTPOHHBIC MOI000JI0YKH 0003HAYAIOT 10 THUIIAM COOTBETCTBYIOIIMX MM
JIMHWA B @aTOMHBIX CITIEKTPaXx:

S-11071000J109YKa Ha3BaHa M0 «PE3KO0i» s-IMHUHU — Sharp;

p-11071000J109YKa Ha3BaHa 0 «TJIaBHOM» p-nmuHuu — principal;

d-mogo6omnouka Ha3BaHa 1Mo «auddysHoi» d-muauu — diffuse;

f-momo0ostouka Ha3zBaHa 1o «pyHaameHTaabHoi» f-muHrK — fundamental.

UccnenoBanusi aTOMHBIX CHEKTPOB MPHUBEIM K BBIBOAY, YTO, ITOMHMO
KBAHTOBBIX 4mcena N, |, M, 3IeKTpoH XapakTepusyeTrcsi eiié OJHOH KBaHTOBOM
BEJIMUMHOW, HE CBS3aHHOM C JBHIXKEHHMEM DJIGKTPOHA BOKpYr sjpa, a
ompeeNroniell ero CoOOCTBEHHOE COCTOSIHUE. JTa BEIMYMHA MOJY4YrsIa Ha3BaHHE



CIIMHOBOI'0 KBAHTOBOI'0 YHCJIA WIH MPOCTO CIIMHA; CITMH 0003HAYaIOT 6YKBOﬁ S.
Crnun QJICKTPpOHA MOJKET UMCTDb TOJIBKO IBd 3HAYCHUA: +hu—"s.

qGTLIpe KBAHTOBBIX 4YUucCJia — N, |, M, S — MOJHOCTBIO OIIPEACIISAIOT COCTOSIHUE
QJICKTpOHA B aTOMC.

IIpuHIMIIBI 32110/ THEHUSI ATOMHBIX OpPOUTAJIeH 3J1eKTPOHAMM

YucIio 37EeKTPOHOB B aTOME XMMUYECKOIO 3JIEMEHTA OINPEAEIISIETCS 3apsI0M
A7lpa, KOTOPBIM PaBEH MOPSAKOBOMY HOMEPY ATOrO 3JIEMEHTA B MEPUOJMYECKOU
cucreme JI.M.MenneneeBa. Pacnpenenenne 31eKTpOHOB B aTOMAax MOJYMHSIETCS
TPEM OCHOBHBIM IIPUHIUIIAM.

1. IlpyHIMNT MHMHMMYMa 3HEPruM. DJEKTPOHbI B HEBO30YKIEHHOM
aTOME pacCIpeAeIIOTCS 0 SHEPreTHUYECKUM YPOBHSAM U MOAYPOBHSAM TaK, YTOOBI
UX CyMMapHas SHeprusi Oblla MHUHHMMajbHA. OHEPrusi 3JIEKTPOHA B aToMe B
OCHOBHOM OIpEJENAETCS TIJIABHBIM U OpOMUTaJbHBIM KBAHTOBBIMHM YHCIIAMH,
TIOATOMY CHayaja 3amoJHSIOTCS T MOMYPOBHH, IS KOTOpbIX cymma (Nn+l)
ABysgeTcsl HauMeHbplei (nmpaswio B.M.KieukoBckoro). B cooTBeTcTBHM € 3TUM B
MHOT'03JIEKTPOHHOM aTOM€ HaOJI0AAaeTcs CIEAyIoLas MOCieI0BaTebHOCTh: 1S <
25<2p<3s<3p<4s<3d<d4p<bs<4d<bp<bs<4f=5d<6bp<7s<5f~6d
< 6p. Oty nocnenoBaTeIbHOCTh MOXKHO IPEICTABUTH B KpaTKoi Gopme: Eps < E (-
1d = En-2)¢< Enp

2. Hpunmun ITayau. B atome He MOXeT OBITh ABYX 3JEKTPOHOB C
OJIMHAKOBBIM HA0OPOM BCEX YETHIPEX KBAHTOBBIX YHCEIL.
3. IIpaBuno [I'ynapa. B HeBo30yXIEHHBIX aTroMax »JJIEKTPOHBI B

npenesiax JaHHOIO TMOAYPOBHS 3aHUMAIOT MAKCUMAJIbHOE YHCIO CBOOOIHBIX
opOuTaNel, Mpu 3TOM CyMMapHbBINA CIIMH MaKCUMaJIeH.

OcHoBHbIE XAPAKTCPUCTUKH ATOMOB 3JIEMCHTOB

1. Paguyc aToma. Pazmep aroma He MOXKET OBITh OIPENeNIEH TOYHO, T.K.
AJIEKTPOHHBIE OpPOWTAM aTOMOB HE HWMEIOT CTPOTO0 OTPAHUYEHHBIX KOHTYPOB.
CrnenoBaTenbHO, pedb MOXKET UATH HEe 00 aOCOJIOTHBIX pa3Mepax aTOMOB, a
TOJIBKO O pa3Mepax »dTUX YaCTUIl B KpHUCTAIaX W MOJEeKylax, T.e. 00
abdexTuBHbIX pamuycax (ry). DPPeKkTuBHBIE pagUyChl aTOMOB MEPUOIUICCKU
WU3MCHSIOTCS B 3aBUCMMOCTH OT 3apsJia UX spa ¥ Yrciia 3JEKTPOHOB. B mepuose ¢
BO3pacTaHWEM 3apsia SApa aTOMHBIC PAJMYChl YMEHBIIAIOTCS BCIICICTBHE
YBEIMYCHHS CHJI B3aWMOJICHCTBUS 3JICKTPOHOB W SApOM. B rpymmax aToMmHBIC
pagnychl 3JIEMEHTOB, KaK MpaBujio. Bo3pacTaioT cBepXy BHH3, T.K. YBEITUIUBACTCS
YHCIIO AIEKTPOHHBIX CIIOEB B aTOMaX AJIEMEHTOB.

OpOuTtanbHbIil paguyc HECBSI3aHHOI'O aToOMa PAaCCUUTHIBAETCS  KBAHTOBO-
XMMHAYECKMMHM METOJAaMH KaK pPacCTOSTHUE OT €ro sAapa a0 MakCuMyMa
ANIEKTPOHHOM INIOTHOCTH, OTHOCSIIEroCs K IOCIEIHEN 3aHATOM DSJIEKTPOHHOU
opOuTAIH.

B rpymmax mms OJHOTMIIHBIX JJEMEHTOB IPU JABWKEHMM CBEPXY BHM3
HAOI0JaeTCsl 3aKOHOMEPHBIM POCT OpPOUTAIBHBIX PaJWyCOB, YTO CBA3aHO C



YBCIIMYCHUCM YHCJId JJICKTPOHHBIX o6onouek. B nepuogax mnpu ABHKXCHHU CJICBA
HalIpaBO IIPOCICIKUBACTCA, KAK IIPaBUJIIO, YMCHBIICHUC Op6I/ITaJ'II>HI>IX PadInyCoOB.

OTKJIIOHEHHE OT TAaKOTO 3aKOHOMEPHOI'O0 YMEHBIICHHUS OPOUTANIBHBIX PaIUyCOB
HaOJr0/1aeTCs, HaNpuMep, npu nepexoqae oT Mg k Al u oOBsSICHSAETCS TeM, 4TO
MoCJeAHUHN 3IEKTpoH B atoMe Al yxe 3aHuMaeT 3p-opouTtaiib, a 3TO CIOCOOCTBYET
YBEJIMUEHUIO OPOUTAILHOTO pajnyca. AHAJIOTHYHOE BO3pACTaHHE OPOUTAIBLHOIO
paanyca aTomMa IO TOM € NMPUYMHE MPOMCXOAUT U IpU mnepexonae oT Zn k (Ga.
[IpuBoMMBIE HMXKE PAJAMYChl CBSI3aHHBIX ATOMOB (aTOMHBIC, METAJUIMYECKHUE)
HaWJICHbl TyTEM JICJICHUS IMIOMOJIAM KpAaTYaMIIMX MEKATOMHBIX PACCTOSHUM B
KPUCTAJUIMYECKUX CTPYKTypax MPOCTBIX BEHIECTB C KOOPJAWHALWOHHBIM YHCIOM
12. Ilpm npyrux 3HAQYEHUSAX KOOPAMHALMOHHBIE 4YHUCIA B COOTBETCTBYIOLIWE
JIaHHbIE BHECEHBI HEOOXOAUMBIE TornpaBku. OOpaTUM BHUMaHUE, YTO B KpUCTAJLIIC
pagudyc aroMa Trejids HaMHOro OOJibllleé aHAJIOTMYHOTO [JIi aToMa BOAOpOAa.
OOBSCHUTH ATO MOXKHO, €CJIM IPUHATH BO BHUMAaHME 3alpeT Ha IEpPEeKphIBAaHUE
aTOMHBIX OpOHWTaJiel JIT aTOMOB I'eIUs M OTCYTCTBHE TAKOI'O 3alpeTa JJIsi aTOMOB

BOJOpPOJaA.

Ha PHUCYHKC 1. comocTaBiieHbI Op6I/ITEUII>HBIe N aTOMHBIC PaaAnyChbl aTOMOB.
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Japan sapa atoma

Puc. 1. I'paduyeckoe cpaBHeHNe OPOUTAJIBLHBIX (IlyHKTHP)
U ATOMHBIX (TOYKH) PAJUYCOB ATOMOB

2. JHeprus uoHuzamum. E, — 370 sHEprus oTphIBa SJIEKTPOHA OT aTOMa
37eMeHTa ¢ oOpasoBaHMeM KaTmoHa: D — & — I’ (x/[x/Mons). B mepuoge
HauOonbiyo E,; umeror anementsl |A rpymnmbl (IIeJI0YHBIE METaJUIbI), T.K. B
aToMax STHUX JJIEMEHTOB Ha BHEIIHEM JHEPreTHYEeCKOM YPOBHE HaxoauTcs |



ANEKTPOH, KOTOPBIM 3HAYMTENBHO yAan€H otr sAxpa. lloatomy xapakrepHoun
OCOOEHHOCTBIO HMICIOYHBIX METAIIOB SIBISIETCS CKIOHHOCTh K OTJa4ye JIEKTPOHOB
(MeTaymuyeckue cBoWCTBa). B mpepenax kaxaoil rpynmbl A 3HEprus MOHU3AIUH
YMEHBIIAETCSI CBEPXY BHU3, YTO CBUIECTEIBCTBYET O OOJIbIIEM B3aMMOJECHCTBUU
MEXIY AApOM U ayekTpoHamu. B rpynmax b (d-smementsr), 3a uckimouenuem 1B,
M3MEHEHHUE SHEPTUHU MOHU3AIMA HOCUT OOpaTHBIM XapaKTep — OHA YBEJIMYUBACTCA
CBEpXY BHU3.

PasznuyaroT mepByo, BTOPYIO, TPEThIO U T. J. SHEPTUU HOHU3ALMU aTOMa.
Ilepsaa Inepzua uonuzayuu — >TO MUHUMANbHAs YHEPrHs, HEOOXOAUMAs IS
ylaJeHus MepBOTo JIEKTPOHA U3 OCHOBHOTO COCTOSIHUSL aToMa. Bmopas snepzus
uUOHU3QUUU — MUHUMAJbHAS SHEPrusi, HeoOXxoaumas sl yJaJIeHHs BTOPOTO
JJIEKTPOHA W3 OCHOBHOTO COCTOSHHSI OJHO3apSIHOTO KaTHOHA. AHAJOTHYHO
ONPENEISIOTCA mpempsas W NOCAEOyIOuUe IHEPZUU  UOHUZAUUU  AMOMA.
OueBHUIHO, YTO VISl YAAJIEHUS] BTOPOTO 3JIEKTPOHA HEOOXOAUMO 3aTpaTUTh OOJIbIIE
SHEPrUM, YeM JUIS YJAJIECHUs MEPBOrO AJIEKTPOHA. DTOT (PaKT OOBICHIETCS TEM,
YTO BTOPOH AJIEKTPOH MNPUXOIUTCS YIAIATh YK€ U3 OJHO3aPSAIHOTO KaTHOHA.
PaccMoTpuM mepBble SHEpPruM HMOHU3ALMU I HEKOTOPBIX  3JIEMEHTOB
nepuoauieckoit cuctemsl J.M.Menzaeneera (Tadiuma 3).

Tabnuna 3 TlepBbie SHEPTUHM HOHU3AIMHA HEKOTOPBIX aTOMOB, M JI>k/MoI1b

I'pynnsi 3;1eMeHTOB

IMepuoanl
1| 11 v V VI VI \ALL!
1 H He
1,31 2,37
9 Li Be B C N O F Ne
052 10,90 10,80 1,09 1,40 1,31 168 2,08
3 Na Mg Al Si P S Cl Ar
049 0,74 058 0,79 1,01 1,00 1,25 1,52
Fe
0,76
4 K Ca Sc Ti V Cr Mn Co
042 059 063 066 065 065 0,72 0,76
Ni
0,74
Cu Zn Ga Ge AsS Se Br Kr
0,74 1091 058 0,76 094 0,94 1,14 1,35
5

Rb Sr
0,40 0,55



AHanu3 NepBbIX SHEPTU HMOHU3ALMHM aTOMOB IOKAa3bIBAET, YTO B LEJIOM
HaOJI0AaeTCsl 3aKOHOMEPHOCTh POCTa 3TUX BEIUYMH B MEPUOJUYECKON Tabmuie
npy JABWKEHUU CJieBa HampaBO M CHU3Y BBepX. HMMeroTcs U 0OBSICHUMBIE
uckimoueHus. Hampumep, osHeprus wuonuzauuu atoma Be (0,90) Bbime
aHasoruyHon xapakrepuctuku aroma B (0,80). DToT dakT 1erko oObsICHUTD, €CIH
IPUHATH BO BHUMAHKE, YTO TPETUH AJIEKTPOH BO BTOPOM 3JIEKTPOHHOM CJIO€ aTOMa
B nomemmaercs yxxe Ha 2p-opOuTaib. 31eCh CKa3bIBACTCsl B3aUMHOE OTTAJIKMBAHUE
3TOrO0 SJEKTPOHA M HAXOJSIIMXCA B MPEABIIAYIIEM 3JEKTPOHHOM IOJCIOE.
AHanornyHOE UCKITI0YCHUE HAOII01aeTCs U TIpH Tepexoae oT Mg k Al.

Ha pucynke 2 rpaduuecku mpeAcTaBlIEHBI MEpPBbIE HEPIHMH HOHU3ALUU
aTOMOB IE€PBBIX 36 31eMeHTOB nepuoaudeckoit cucremsl [[.11.Menneneena.

3. JHeprus CPoaCTBA K 3JIEKTPOHY. E ., — 5TO 3HEprus NprucoeIMHEHU
AJIEKTPOHA K 3JIEKTPOHEUTPATIbHOMY aTOMY 3JIEMEHTa ¢ 00pa30BaHUEM AHHOHA!
9+ & — I (k/x/mMonb).

Ona Bo3pacTaeT y 2JIEMEHTOB B Ipeleiax IEpHoJa CJlieBa HaIpaso,
JOCTUrasg MakCUMyMma Yy TaJlOT€HOB. Y D3JIEMEHTOB TIpyIIbl A CBEpXy BHU3
HAOJIIOJJaeTCsl YMEHBIICHUE HHEPrUM CPOJCTBA BCIEJICTBUE CYIIECTBEHHOI'O
YBEJIMYEHUS pajguyca. Y 3JeMEeHTOB Ipynnbsl b Hao0aporT.

[Tpu aHanu3e NaHHBIX B TaOIULBI 4 MOKHO 3aMETUTh KaK IMOJIOXKUTEIIbHBIE,
TaK W OTPULATENIbHBIE 3HAUYECHUS CPOJICTBA ATOMOB K 3JIEKTpOHY. OTpuuaTenbHbIE
3HAYEHHUS CPOJICTBA MOKA3BIBAIOT, UTO JJI PUCOEAUHEHUS 1€ OJJTHOTO AJIEKTPOHA
K aTOMY 3HEPIHI0 HEOOXOAUMO 3aTPATUTb.

Ta6nuna 4 CpoaCTBO aTOMOB K 3JIEKTPOHY, K/[/MOJb

I'pynnsi 3JieMeHTOB

IMepuoanl

1| 11 AV V VI VI \ALL!

1 H He
73 <0

5 Li Be B C N O F Ne
16 <0 27 122 <0 141 328 <0

3 Na Mg Al Si P S Cl Ar
53 <0 43 134 12 200 328 <0

Fe

16

4 K Ca Sc Ti V Cr Mn Co
48 <0 18 8 51 64 <0 64

Ni

112

5 Cu Zn Ga Ge AS Se Br Kr

119 <0 | 30 | 107 78 195 | 325 <0



Rb Sr
47 <0

4, OTtHocuTeabHAS 3J1eKTpooTpHIaTeabHOCTH (0J30). OTO BenmmumHa,
XapaKTEPHU3YIOIIasi OTHOCUTENBHYIO CIIOCOOHOCTh aTOMa AJIEMEHTA MPUTATUBATh K
cebe 00IIMe ANEKTPOHBI B MOJEKyse. 3a eauHuny npuHara 90 aroma JIUTUS, Y
¢dTopa TOT MoKa3areab paBeH 4. y 3JIEMEHTOB B IIpEJIeNax Mepuoja ¢ yBeJINUCHHUE
3apsaa anpa HaOmonaercs ypenundeHne D0. B cOOTBETCTBUU C 3TUM 3JIEMEHTHI
CTaHOBATCA BCE Oojee caabbIMHM BOCCTAHOBHUTENSIMU M BCE 0o0Jiee CHIIBHBIMU
okuciuressiMu. BHyTpu rpynnel 90 371€MEHTOB yMEHBIIAETCS CBEPXY BHU3.

Xumuyeckasi CBf3b

XuMuueckasi CBsi3b — 3TO B3aUMOJECHCTBUE, KOTOPOE CBA3BIBAECT OTACIIbHBIC
aTOMBI B MOJIEKYJIbI, HOHBI, PAAUKAJIbI, KPUCTAJLIIBI.

OCHOBHBIM  yCJIOBHEM OOpa30BaHMS XUMHYECKOM CBS3U  SIBIISCTCS
NOHW)KEeHHEe oOmeld sHeprud E MHOroaTOMHOM CHCTEMBI MO CpPAaBHEHHUIO C
SHEPrUeN N30JUPOBAHHBIX ATOMOB, T.€.

A+B— AB
aTOM aToM MOJICKYJia
Eas <Ea+Eg

Pazauuaror 3 TuUma XUMHYECKON CBSI3M: KOBAJCHTHAs, HWOHHAs W
METaJUIMYECKas.

CoenvHEHUs C METAUNIMYECKON CBA3bI0 MMEIOT JBA BAXXHBIX OTJIMYUS OT
VOHHO-KOBAJICHTHBIX COCIUHECHUM:

1. Bricokas a1ekTpo- U TeronpoBOAHOCTb,

2. Mertaisl — KpUCTAUNIMUECKUE BEIleCTBA (MCKIIIOUEHUE — PTYTh).

CBoiicTBa XUMH4Y€CKOW CBSI3H

1. JHeprusi cBSI3W. DTO Ta HHEPrus, Kotopas HeoOxoaumas sl e€
pa3pbiBa; OHa Bcerja OoJbllle HYJIS. DHEPrusi pa3pblBa paBHA IO BEJIMYHUHE, HO
MPOTUBOIOJIOKHA MO 3HAKy JHEpruu obOpazoBaHus. Hambosee mpouHas CBS3b B
mouekynax N, (945.3 k/[x/mons) u CO (1070.0 x/Ix/monb). Camast ciabast CBSI3b
mexy atomamu azota B N;Osz (40.6 xJIx/Moib).

DKCIepMMEHTaIbHO HEPTHUs pa3pbiBa ONpeaensieTcs no 3akony I'ecca.

2. JlamHa cBA3M. DTO PacCTOSHUE MEXKIY SApaMd  aTOMOB,
COEIMHEHHBIX CBA3bI0. EE€ MOXHO SKCHEPUMEHTAIIBHO HM3MEPUTHh C MOMOIbIO
PEHTICHOCTPYKTYpHOTO MeToja. OOBIYHO IJIMHA KOBAJCHTHOM CBS3U COCTABISET
0.1 — 0.2 am. Camas KOpoTKas CBsI3b B MOJIEKyJie neitepo Bomopoma HD
(0.074nm). Pexopa B ayiviHe CBSA3U MpUHAICKUT aTomaM renus He...He — 6.2HM.

3. KpatHocts (mopsiiok) cBsi3M. B pa3iuuHbIX TEOpUSIX CTPOCHUS
XUMUYECKOU CBS3U KPATHOCTH OMPENENSAIOT MO-pasHoMy. B Teopumn 31eKTpOHHBIX
nap JIpronca mopsaoK CBSI3W — 3TO YHUCJO 3JEKTPOHHBIX IMAp, OCYIIECTBIISIOMINX
XUMHUYECKYI0 CBA3b. llopsamok MoxkeT ObITh LenbIM U JApoOHBIM. Tak mopsaok



ces3u B O, paBeH 2, B MonekynspHoM uoHe O, = 2.5, a B none O," = 1.5. Uem
BBIIIE KPATHOCTb CBSI3U, TEM OOJIbIIEE YHUCIIO JIEKTPOHOB 00ECIIEUUBAET CBSI3b, U
TeM TpyaHee €€ pasopBaTb. Tak, sHeprusi TpouHOoM cBsizsu HC = CH 962
kJx/monb, nBoutHOM cBsizm H,C = CH; 712x/Ix/Mons u omuHapHor HiC —
CHj3 369k 1%/MO1b.

4. HOHﬂpHOCTb cBsizu. Omna IMOKAa3bIBACT, HACKOJIBKO JJICKTPOHHAA
IUIOTHOCTh CMCHICHA K OJHOMY M3 dTOMOB. CriocoOHOCTE aToMa CMCIIATh K cebe
SJICKTPOHHYIO IIJIOTHOCTDB XUMHYECKOM CBA3U Ha3bIBACTCsA

DJIEKTPOOTPHULIATEIBHOCTEI0.  Camble  JJEKTPOOTPULATENBHBIE  DJIEMEHTHl  —
aktuBHBIe HeMeTawtbl: F, O, N, Cl; caMbie 211eKTpONOI0KHUTEIbHBIE — IIEIOYHBIC
MeTaulbl.  Yem  Oouibllle  Pa3HOCTb  AJIEKTPOOTPHULATEIBHOCTEH  aTOMOB,
YYaCTBYIOIIMX B XMMHYECKOW CBsI3U, TeM OoJiee mosisipHa cBs3b. [lpenenbHbId

CIy4all TIOJNAPHOW CBSI3M — HWOHHAsA. KOJIMYECTBEHHO BEIWYMHA MOJSPHOCTH
OIPEACIACTCS OunoibHbiM Mmomenmom (), KOTOPBIH paBEH MPOU3BEACHHUIO
3¢ (GEeKTUBHOIO 3apsga Ha paccTosHue Mexay atomamu. W = ( - |. Egunamnma

m3Mepennst - aeGait [D = 3.3 - 10°°° K - m]. Yem Goublire AUMOIBHBI MOMEHT, TEM
Oomee moJsipHa MOJIEKyJIa.
HCI HBr HI
u, D 3.24 2.87 1.14

JIUNIONIbHBIE ~ MOMEHT  YMEHBINIAETCsA, T.K. YMEHBINAETCS  pa3HHIlA
AIIEKTPOOTPUILIATEILHOCTEN MEX Ty aTOMaMH.

S. Yroa cBsi3u. DOTO yYroil MeEXAy BOOOpaKaeMbIMU TMPSMBIMH,
COCJIMHSIONINMHU IICHTPHI aTOMOB.

§ 8. KoBasienTHas cBsi3b
B 1927 rony yuénsie I'eéitmep u JIOHIOH, paccMmaTpuBass MOJIEKYTY
BOZOPOJA CHIEJaId BBIBOJ O TOM, YTO CBSI3b OOpa3yercsl TOJBKO B TOM Ciy4yae,
€CJIM CIIMHBI 3JEKTPOHOB pa3HOHAINpaBieHbl. A CBs3b, 0Opa30BaHHAs 3a CYET
oO111eii Mapkl AIEKTPOHOB, NOJIyYHIa HA3BaHUE KOBAEHMHO.
CymectByeT 2 METOJ]a OITMCAHUSI CBA3U:

1. MBC — wMeTon BaJICHTHBIX CBsi3€H, MPEIJIOKEH aMEPUKAHCKUMU
yu€Hbpimu Crneiitepom u [lonuHrom;
2. MMO — meTo1 MOJIEKYTISIpHBIX opOuTaneit (Marmirken).

OcHoBHbIe noJ10:keHust MBC:

1. CBsi3p BOZHUKAET MEXAY JBYMsI aTOMaMH MpH 000O0IIECTBICHUH ABYX
AJIIEKTPOHOB C Pa3HbIMU CIMHAMHM WU OAWH K3 aTOMOB IMPEAOCTaBIIACT Mapy
AIIEKTPOHOB C IPOTUBOMOJIOKHBIMHA CIIMHAMM, & JPYTOi — CBOOOIHYIO OpOUTAb.
Al + Bt — A|1B wm AT| + B — A|1B. PaccMotpum 06paszoBaHue CBSI3H B
Mogekyie CO

2. CBsi3p BO3HMKAaeT B TOM HANpaBICHUH, B KOTOPOM TIEPEKphIBAaHHE
AJIEKTPOHHBIX 00JIAKOB MaKCUMAaJIBHO.
3. N3 nByx opbOuraneii atoma Hamboyiee MPOYHYIO CBSI3b OOpa3yeT Ta

opOuTaNh, KOTOPAs CHIIBHEE MEPEKPHIBACTCS OPOUTATIBIO IPYTOTO aTOMA.



CsBoiicTBa KoBaJIeHTHOH cBsi3H B cBeTe MBC.

1. Hacpimaemocts oOyCiIOBI€HAa TeM, YTO B 0Opa30BaHUMU CBS3H
MPUHAMAET Yy4YacTHE TOJBKO OMNPEACIEHHOE KOJUYECTBO DJICEKTPOHOB, Kak
MIPaBUJIO, CAMHUYHBIX.

2. HanpaBieHHOCTh — CBOMCTBO KOBAJCHTHOM CBSI3M PacIoJiaraTtbCs
TakKuM 00pa3oM, 4TOObI 00ECIIEUYNTh MaKCUMaIbHOE MEPEKPHIBAHUE AJICKTPOHHBIX
001akoB. Paznnuaror 3 Bua KOBaJICHTHOM CBSI3H:

G — CBA3b — 00pasyeTcs Mo JIMHUU, COCTUHSIONIEH [IEHTPhl aTOMOB,

— (- CO<I <O <—

5 5 P p 5 P

T — CBiA3b — BO3HMKACT B HAMPaBJICHHU ICPICHAUKYIIAPHOM JIMHUH

d — cBs13b 00pa3yroT 0-00aKa, HaXOAIIMECS B MAaPALICIbHBIX TUIOCKOCTSIX.

COCIUHSIOLICH OCHTPBI AaTOMOB,

HampaBnenne cBsizu  00yciaBIMBAaeT MPOCTPAHCTBEHHYIO CTPYKTYpPY
(reoMeTpuUecKoe CTPOCHHE) MOJICKYJIBI.

3. [oasspuzyeMocTs cBA3H. Bce MOJEKyJBl ¢ pasHbBIMU JJIEMEHTAMU
Oonee wWiIM MeEHee TMOJIAPHBL. DIIEKTPOHHAs Mapa CBA3M CMeEIaeTcs K Oojee
AIIEKTPOOTPHUIIATETIFHOMY DJIEMEHTY. Y CIIOBHBIN 3apsiji, BOZHUKAIOIINUN HA aTOMax
npu  00pa3oBaHMM  CBSI3U, Ha3bBaeTcs  agpexmusnviv  3apsoom. OH
yCTaHABIMBAETCs JKcrepuMeHTaibHo. B wmonekyne HCI crenenp woHHOCTH
coctaBisier 18%. B monekyne NaCl wonnas cmszp cocraBisier 80%. [loaromy
KOBAJICHTHAsI CBSI3b MOJAPA3/EISACTCA HAa KOBAJICHTHYIO HEMOJSIPHYIO (YaCTHYHBIN
sapsin 0 = 0) Hp, O,, Fy; koBasieHTHYO TOJsIpHYIO (8 # 0) U, Kak KpalHui clydaii,
npu & = | — monHasa. T.K. MOHHas CBSI3b UMEET CBOM OCOOCHHOCTH, 3TOT THUI
XUMHUYECKOH CBSI3U BBIIETISIOT.

HNonnag cBA3L
HNonnas CBSI3b OTIMYAETCS OT KOBAJICHTHOM TMOJAPHOM TEM, 4YTO OHa
HEHANpPaBJIeHA U HeHaChINlaeMa.



NonHasgs CBA3b OCYIIECTBIIETCA B PE3YJIbTATE JJIEKTPOCTATUYECKOTO
OPUTSHKEHUST TPOTHUBOIIOIOXKHO 3apsSKEHHBIX yacTull. MloHHas cBsA3b He 00sagaer
HaIpPaBJICHHOCThIO, T.K. JJEKTPOCTATHUECKOE IOJIE MOHA HMeEeT ChEepUUEecKyro
cuMMeTputo. LleHTpanbHBII HOH HE  KOMIIEHCUPYETCS OOHUM  HOHOM
MIPOTUBOIOJIOKHOTO 3HAKa, T.€. €ro IOJIe JCHCTBYET MO BCEM HAIPABICHUSM,
MIOATOMY CBSI3b HEHACHIIIIAEMA.

OTcyTcTBHE 3THX CBOWCTB O0YCJIABIMBAET CKIOHHOCTh MOHHBIX MOJIEKYJ K
aCCOLMALINH, T.€. K COEIUHEHUIO IPYT C APYTOM.

I'mOpuan3anusa aToMHBIX OpOUTAIEH

Wtak, kak ObUIO OTMEYEHO B Hayayie, MOJIEKyJa 0Opa3zyeTcs JUIIb B TOM
ciydae, Korjga oOImmas HEpPrusi MOJICKYJbl MEHBINE, YeM SHEPIHs OTICITbHBIX
aTOMOB.

VYuéusie Cneditep u [lonMHT TPENsIOKUIU KOHIEHIUIO O THOPUIU3AIIMH.
CorunacHo eil B 00pa3oBaHWM KOBAJIEHTHOM CBSI3M YYaCTBYIOT HE «YUCTHIE», a TaK
Ha3bIBaeMble «THOpPUIHBIE», ycpenHEHHbIEe 10 ¢dopMe U pasMepam, a,
CJIEIOBATEILHO, U 10 dHEPTUU, opoOuTamu. Yucno takux opOurtaneit paBHO YHUCITY
UCXOJIHBIX OpOUTaICH.

['ubpuanbie opbutanu BCIeACTBUE 0CO0OM CUMMETpUM B OOpa3oBaHUU -
CBsI3€H y4acTHs HE TPUHUMAIOT.
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Boaopoanas cBs3b



Bonopoanasi cBsf3b  — 9TO PA3HOBUIHOCTh KOBAJEHTHOW  CBS3H,
00pa3oBaHHOM IO TOHOPHO-AKIIENITOPHOMY MEXaHU3MY.

Ecnu  Bomopoad B COCIMHEHMM  B3aMMOJICMCTBYET C  CHJIBHO
anekrpoorpunareabHeiM 3aemeHToM (F, O, N, S, Cl), To on MoxeT 00pa3oBBIBAThH
JIOTIOJTHUTENIBHYIO CBSI3b C 3THM aTOMOM.

DOHeprusi BoIOpoaHOW cBsizu HeBenuka §...40 k/[x/Monb, MO3TOMY OHa
JIETKO 00pa3yeTcs U JIETKO pa3pyliaeTcs.

H...F H...O H...N
40 x/Ix/mons 20 kJIx/Moimbe 8 kJ[)K/Monb

C yMeHbBIIICHUE S3JIEKTPOOTPHUIIATEIFHOCTH aTOMa, SHEPTHS CBS3M TaKKe
YMEHBITIAeTCSI.

Tax mnpu oOpazoBaHMM MOJIEKYJBI BOABI, KoBaJlieHTHas cBsizb O — H
CWJIBHOIOJISIPU30BaHa 32 CUET AJIEKTPOOTPUIIATEIbHOCTH aToMa KHCIOPOJa.
DNeKTpoHHOE O0JaKO CBSI3M CMEIIEHO K KHCIOPOJYy, M BCIEJCTBUE 3TOTO,
KHUCIIOpo TiproOpeTaeT 3 (HEKTUBHBINA OTPUIIATENIBHBIN 3apsii —0, a BOJOPOA 10,
T.€. BOAOPO/I MIOYTH JIMIIIAETCS JIEKTPOHHOTO obsiaka. Mexy H ogHOM MosieKyIbl
u O npyrod MOJEKYJbl BO3HUKAET JJIEKTPOCTATHUYECKOE NPUTSDKEHHE M , Kak
CJIEJICTBUE, BOJOPOIHASI CBSI3b.
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O6pa3zyercs mosiekyia cocraba (H,0)y,.

brnarogapss BOAOpPOAHBIM CBSI3SIM TeMIlepaTypa IUIABJICHUS W KUIICHHUS B
TaKUX COCAMHEHHUSIX 3HAYWTEJIbHO BBINIC, YeM y aHAJOTUYHBIX COEJUHEHUM Oe3
BOJIOPOJIHBIX CBSI3EH.
BonopoiHast cBs3b ObIBaET JBYX BUIOB:

1. BuyTpumonekynsipHas — CBsI3b, OOpa3oBaHHAas MEXIy aTOMaMH
OJTHOW MOJIEKYJIbI
2. MexMoeKysipHasi — MEXKIy aTOMaMH Pa3HbIX MOJEKYJ. 3a CYET
TaKHUX CBSI3EU yJIEP>KUBAIOTCS CIUPAIN OJTKOB, HYKJIIEMHOBBIX KUCIOT.
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