


YBakaeMblii UNTaTEdb!

Bbl OTKpBUTH OIHY W3 3aMedaTeNbHBIX KHUT, U3aHHBIX B CEPUU
«Knaccuyeckuii yHUBEPCUTETCKHH y4eOHUK», MOCBSILEHHON 250-1e-
THIO MockoBckoro yHuBepcuteta. Cepusi BKITtodaeT cpoime 150 yueo-
HHUKOB M Y4€OHBIX NOCOOMI, PEKOMEHIOBaHHBIX K M3aHUIO YUCHBIMH
coBeTaMu (paKylIbTETOB, PEIAKIIMOHHBIM COBETOM CEPHUH M M3/1aBaEMBIX
K I00MJICIO 10 pelIeHu0 Yuenoro coeta MI'Y.

MOCKOBCKHI YHUBEPCUTET BCET/Ia CIIAaBUJICSI CBOMMH IpodeccopaMu
" 1npernoaaBarejiiMu, BOCOUTABIIMMH HE OJAHO IOKOJICHUEC CTYACHTOB,
BIIOCJICACTBHUHU BHCCIHINX 3aMETHBIN BKJIaJ B pa3BUTUC HaIeun CTpPaHBbI,
COCTaBHBIINX TOPJOCTh OTEYECTBEHHOW W MUPOBOM HAYKH, KYJIBTYPHI
o0Opa3oBaHusi.

Bricokuii ypoBeHb 00pa3oBaHHs, KOTOpOoe daeT MOCKOBCKHH YHU-
BEPCUTET, B IIEPBYIO OUEPe/b 00CCIICUNBACTCS BBICOKUM YPOBHEM Hallu-
CaHHBIX BBIAAIONIUMHUCS YICHBIMH U TIelarOTaMU YIEOHUKOB M YIeOHBIX
MOCOOM, B KOTOPBIX COYETAIOTCS KaK TIyOWHA, TaK M JOCTYITHOCTh
M3JIaraeMoro Marepuana. B 3THX KHHTax akKKyMymnupyeTcsi OecrieHHBIH
OTBIT METOAUKU U METOAOJOTHH MPEenofaBaHusl, KOTOPbI CTAHOBUTCSA
JIOCTOSTHIEM HE TOJhKO MOCKOBCKOTO YHHBEPCHUTETa, HO W JPYTHX
yHUBepcUTeTOB Poccun u Bcero mupa.

W3nanne cepun «Kimaccwmuecknii yHUBEPCUTETCKUH yUeOHUK» Ha-
DISITHO JAEMOHCTPUPYET TOT BKJIAlA, KOTOPBIA BHOCHUT MOCKOBCKUUN
YHUBEPCUTET B KIaCCHYECKOe YHUBEPCUTETCKOE 00pa3oBaHue B HAIIel
CTpaHe U, HECOMHEHHO, CITY>KUT €r0 Pa3BUTHIO.

Pemenne »Toii GmaropomHOW 3amaun OBLTO OBl HEBO3MOXKHBEIM 03
AKTUBHOU IMOMOIIU CO CTOPOHBI M3AaTEIbCTB, NPUHABIIUX y4acTHE B
W3IaHUN KHUT cepun «Kimaccnmueckuii yHUBEPCUTETCKUH YIeOHUK» . MBI
pacueHUBaeM 3TO KaK MOAACPKKY MMHU IMO3ULIUU, KOTOPYIO 3aHHUMAeT
MOCKOBCKHUI YHHBEPCHTET B BOIPOCaX HAayKH M OOpa3oBaHUS. ITO
CIY)XHUT TaKXe CBHIETEIHCTBOM TOTO, uTo 250-1eTHui 1o0mirei Moc-
KOBCKOTO YHUBEPCUTETA — BBIIAIOIIEECS] COOBITUE B KU3HU BCEHl Hailei
CTpaHbl, MEPOBOTO 00Pa30BaTEILHOTO COOOIIECTRA.

Pexmop Mockosckozo ynusepcumema [ (e (,} & g,/,ou 'u_{

axaoemux PAH, npogheccop ‘ B. A. Caooenuuuii
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CaeTiol naMsaTi

Hunwt Braoumuposnsi PEYTOBOMH,
Juouu Braoumuposuwr KYPIL] n
Mapuu Heanosnot BYTHHOH
TIOCBSIIIIACTCS

IPEANCJ/IOBHME K IIEPBOMY U3JIAHUNIO

OpFaHI/IqCCKaH XUMUSA OTHOCHUTCA K MOJOABIM €CTCCTBCHHO-HAYy4-
HBIM JUCIUIUIMHAM W HACUMTHIBAET HEMHOTHM 0o0Jiee TIoJIyTopacTa JieT
CBOCTO pa3BUTUA C TOIO YUCTO YCJIIOBHO BI:I6paHHOFO MOMCECHTAa, KOoraa
®. Benep cymen mpeBpaTUTh HEOPraHUYECKOE BEIIECTBO HM30I[MAHAT
aMMOHHS B OpPraHMYECKOE BEIIECTBO MOYEBHHY. 32 3TOT KOPOTKHUIl
WCTOPHYECKAN TPOMEXYTOK BPEMEHH OpraHHuYecKas XUMHUS Cymela
BOMTH B psAJ Haubojee Pa3sBUTHIX U CTPEMHUTEIBHO Pa3BUBAIOLIUXCS
(GyHIaMEHTaJbHBIX HAayK M HAKOIUTH OTPOMHBIN (DaKTHUEeCKHil mare-
puas. He menee 90% Bcex M3BECTHBIX B HACTOALIEE BPEMS] XUMUUECKHUX
COCTMHEHHH SBISIFOTCS OPTaHWYECKUMH, W WX YHCIO TPUOIMKaeTcs
K A€CATU MHIIJIMOHaAM. I/IHTCpCCHO OTMETUTb, YTO XUMHKU-OPraHUKU
COCTaBJIAIOT OoJiee MOIOBHHEBI BCEX XHUMHKOB, 3aHATBIX Haquoﬁ u 1mne-
JATOTUYECKON JIeATeNbHOCThI0. OpraHuyeckas XWMHS 3aHUMaeT J0-
MHUHUPYIOILIEE IMOJI0KEHUE U B MUPOBOM XMMUYECKOW UHAYCTPUH, THE
€KETO/THO TIPOM3BOJATCS THICSYH OPTAaHUYECKHUX MPOTYKTOB.

Hecmotpss Ha TO YTO opraHuveckas XUMHS MOJOJa, OHA cama
MpapoJMTEIbHULIA IO KpaHEeW Mepe YeThIpeX Ype3BbIYaHO BaXKHBIX
COBPECMCHHBIX HAYYHBIX JUCHHWUIIWH: 6I/IOOpI‘aHI/I‘-IGCKa$1 XUMUA, XUMUA
BBICOKOMOJICKYJISIPHBIX COSAMHCHHUH (TIOTUMEPOB), (papMakoIoTnaecKast
XUMUS ¥ IPOMBIIIICHHBIN OPraHuYeCcKuii cuHTe3. HoBbIE HAyKH «OTIOY-
koBanuch» Beero 40-50 seT Hazaa B mpoliecce pa3BUTHS OpraHuYeCcKon
XUMHH 1 TETIephb Pa3BUBAIOTCS COBEPILIEHHO CAMOCTOSATENBHO, C YCIIEXOM
HCITOJIB3Ysl OOTaTeHIUi OMBIT OPTaHWYECKOW XHMHH M €¢ HOBEHIINe
JOCTHKEHHS B TEOPETUUYECCKOW M MpakTHYecKoi obmactsx. Cpean «mo-
TOMKOBY» OpTaHHYECKOW XUMHH HanOojJee Ba)KHOE 3HAYCHHE HMEIOT
(dapmaxoiorudeckas XUMHUs, TOCKOJIBKY MOAABISIONee OOJIBIIMHCTBO
JIEKapCTBEHHBIX TPENapaToB MPEICTABISIOT COOON CIIOKHBIE OpTaHude-
CKHUE COCAUHCHNA, 6I/IOTCXHOJ'IOFI/I$[ 1 COBPEMCHHAA arpoxXuMus (B CBsA3HU
C OCTPBIM Je(PUIIUTOM MTPOFOBOILCTBHS B C1a00Pa3BUTHIX CTPaHAX).



Uro MOXeT AaTh CTYAEHTY, aClMPAHTy M HAauMHAIOIIEMY Y4YEHOMY
M3y4YeHUE OopraHuyvecko xumuu? Ha »TOT BOmpocC TPyJIHO HaTh Kpar-
Kui oTBeT. KakIplii MOXKET yHOBIETBOPUTH pa3Hble OONACTH CBOUX
WHTEPECOB B COOTBETCTBUU C MHTEIEKTyaJlbHBIMU 3alPOCAMH U BO3-
MOXKHOCTAMU. OJHHMX 3Ta Hayka MpUBJIEYET AECTYKTHBHOM JIOTHKOM
U TEOPETHUYECKUMU KOHLEMUUAMH, KaCatOUUMUCI MEXaHU3MOB PA3HO-
00pa3HbIX XUMHYECKHX peaKluii, peaKqHOHHON cOCOOHOCTH OpraHu-
YECKHUX MOJIEKYNl M HamOoJjiee BaKHOW MPOOJIEMBI — CBA3H XUMHUYECKON
CTPYKTYPBI U PEAKIIMOHHOM CIOCOOHOCTH. Bce 3T0 MOXKHO 00bETMHUTE
TEPMHUHOM «(pU3nYecKas opranndeckas XumMus». Jpyryro rpymnmy cry-
JICHTOB, aCIUPAHTOB M MOJIOJBIX YUEHBIX MOTYT IPHUBJIEYb BONPOCHI
CTPOEHHS OPTaHWYECKUX COCTUHEHUN W CBA3aHHBIE C OTHUM MPOOIEMBI.
K ux ycmyram pazHooOpa3Hble COBpeMEHHbIE (PH3UKO-XUMHUUECKUE Me-
tonbl: SIMP-, OI1P-, UK- u YO-criekTpocKomus, Macc-ClieKTPOMETPHS,
a TaKkKe KBAaHTOBOXHMHYECKHE pacdeTHble MeToAsl. OmHako oOmuit
MHTEpEeC K OPraHMYeCcKOW XMMHUHU BcerJa ObLI CBSI3aH C OPraHUYeCKUM
CHUHTE30M, HE TOJIKO YAOBJICTBOPSIIOIIMM MPAKTUYECKHUE 3aMPOCHI, HO
M OTKPBIBAIOIIUM IYTH K MTOJyUYEHHUIO CJIOKHBIX 110 CTPOSHHUIO MOJIEKYII,
COOTBETCTBYIOIINX BBICOYANIINM TPEOOBAHNAM XUMHUYECKON DCTETHKH.

B KpynmHOTOHHAa)KHON XMMHUYECKOH TEXHOJOTHU OOJBITMHCTBO TPO-
LIECCOB B TOW MJIM MHOH CTENEHU CBA3aHO C OPraHUYECKON XHMHEM.
K ux uuciy oTHOCSTCSI MPOU3BOACTBA COBPEMEHHBIX CHIPHEBBIX Marte-
pHaIOB, OMOTEXHOJIOTHYECKHE POU3BOJACTBA, MONYYCHNE MaTepHaIOB
JUISL ONTHYECKOM 3JIEKTPOHMKH, CEHCOpPHBIE TEXHOJIOTHH, MOIy4YeHHE
CYTIEPIPOBOAANINX MaTepHaoB (BBICIIAs KPUTHYECKas TeMIleparypa
JUIsL OPTaHUYECKOTO CyneppoBogHIKa cocTaiser 29 K, Torna kak ans
KEpaMUYECKOr0 HEOPraHMYECKOro Marepuaia Ha OCHOBE MPOU3BOJHBIX
Tamus — toapko 125 K).

B tabmn. 1 0600mmeHBI HEKOTOPEIE HanOoJiee BaKHBIC CPEphl PUME-
HEHUs OPraHMYeCKUX COEAMHEHNH, U ATOT JIaIeKO HE MOJHBIN NepedyeHb
JaeT BIOJHE HAIISIIHOE MPEACTABICHHE O 3HAUYEHUU OPraHU4yeCcKOu
XUMHUH IJIs1 COBPEMEHHOT0 00IIeCTBa.

Oprannyeckasi XUMHsI HAaXOJUTCSl B IOCTOSSHHOM Pa3BUTHU: €3KETroJl-
HO pa3padaTbhIBalOTCA W MPEUIaraloTcs HOBBIE PEareHThl U METOIHKH,
Topa3io peXke — HOBbIE PEaKIHU M, YTO OYEHb BaXKHO, TEOPETHUECKHE
MPUHIUIIBI COBEPUICHCTBYOTCS.

CTyneHThl UM aCHMPAHTHl JOJKHBI MIOCTUTAaTh OPraHUYECKYIO XHU-
MUIO HE B CTaTHKE, a B IMHAMUKE €€ Pa3BUTHUS.

OOBIYHO MPY HANMCAHUK y4eOHUKA 110 OPraHUYECKOH XUMHU MOTYT
OBITh WCIIONIB30BAaHBI JBa aJBTEPHATUBHBIX TPHUHIIMIIA OPTaHU3AINU
OrpoOMHOT0 (PaKTHYECKOTO Marepuaia: NepBbId — TPaAULHOHHBIN — MO
KJIJacCcaM OpTraHMYeCKHUX COSAMHEHWH B COOTBETCTBUU C (DYHKITHOHAIb-
HOH I'pYIIION U BTOPOM, OCHOBaHHBIM HAa MEXaHMU3ME peakuui. B co-
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Taonuma 1

Cdepbl IpuMeHeHHsI OPraHUYeCKUX COeIHHEeHHIT

I. XuMuueckasi TEXHOJIOTHSA

IHoaumepsi MauJible MOJIEKYJIbI

ITOJINDTUIIEH TOIUTHBO (OCH3WH, KEPOCHH, Ma3yT)
MOTIUCTUPOIT KpacuTeH, MUTMEHTBI

TedoH pacTBOpUTENH

KayqyK JIEKapCTBEHHBIC Mpeaparsl

HCKYCCTBEHHAS LIEPCTh
HEWJIOH

MECTUIUIB! (MHCEKTULIUIBI, TepOHLIUIbI)
OTHETYIIHUTEIH, TyLIINCThIC BEeLIeCTBRa,

O GHUPEI JIETepPTeHTHI, pepUKepeHTHI
II. ®usuxa II1. Bruonorusi u GuOXUMHUS
TEPMOJMHAMHUKA OCJIKH 1 TIeNTHIbI
SHEpreTHKa HYKJIEHHOBBIE KUCIIOTBI
CTPYKTypa YIIIEBOZIBI

JMHAMUKA JIMIHZBI

CITEKTPOCKOITHS CTEPOUEI
AIIEKTPOIIPOBOAHOCTD TOPMOHBI

KBAHTOBAsi MEXaHHKa BUTaMHHbI

azcopous HOp(GHUHBI U TOPHUPUHEL
(oToxumus (hepMeHTBI

Ja3epbl

renm

BPEMEHHBIX y4eOHHMKaxX JUIsl CTYJEHTOB MEpBOro roga oOy4deHMs], Kak
MIPABHIIO, MCIIONIB3YETCS CMEIIaHHbBIN MPUHIIUI, T/Ie HapsAIdy C pPaccMOT-
PEHUEM KJIIaACCOB OPraHNUYCCKUX COCI[I/IHGHI/IfI OTACJIBbHBIC ITIaBbl HEJIUKOM
MOCBSIIEHB (YHJAMEHTAIFHBIM MEXaHW3MaM OPTraHMYeCKHX peakiuil
(3amernieHus], OTIIEIUICHUS U IPUCOCIUHCHUS).

3a TociemHuE AECATWICTHS 3a PYOeKOM OBLIO OITyOJUKOBAHO
HECKOJIbKO MPEBOCXOAHBIX y‘{e6HI/IKOB oo OpI‘aHI/IquKOI‘/'I XUMHHU TJI
CTYZIEHTOB IIEPBOTO To/1a O0yUYESHHUS:

A. Streitwieser, C. H. Heathcock, E. Kosower. Introduction to organic
chemistry. Macmillan Publishing Company. N. Y. 4-th Ed. 1992. 1256 p.

K. P. C. Vollhardt. Organic chemistry. W. H. Freeman and Co. N.Y.,
1987. 1275 p.

J. McMurry. Organic chemistry. Brooks/Cole Publishing Company.
Monterey; California, 1984. 1167 p.

L. G. Wade. Organic chemistry. Prentice-Hall. Inc. Englewood Cliffs.
New Jersey, 1987. 1377 p.

T. W. Graham Solomons. Fundamentals of organic chemistry. John
Wiley and Sons. N. Y., 1982. 827 p.



R. J. Fessenden, J.S. Fessenden. Organic  chemistry.  4-th
Ed. Brooks/Cole. California, 1990. 1137 p.

Bce 3T y4eOHHMKHM OJHOTHITHBI IO MPUHLUIY MOCTPOCHHUS, OTIH-
YarOTCsl JIOTUKOM U NIyOMHOM M3JI0KEHUsI, IPEKPACHBIM MIUIFOCTPATHUB-
HBIM MaTepuanoM, OOUIMEM TaOlHUIl ¢ OMUCAHUEM (PU3UKO-XUMUIECKHX
CBONCTB OPraHMYECKHX COCAMHEHMH, a TaKKe TIIATEJbHBIM OTOO-
POM SKCIIEPUMEHTAIBHBIX JTaHHBIX; CHELUANbHBIC Pa3Aeibl OTBEICHBI
OMOOpraHU4YecKO XUMHMU M OMOXMMHUHM M PA3JIUYHBIM BUIAM COBpE-
MeHHOH cniektpockonuu (Y®- u UK-cnekrpam, crnekrpockonun SAMP
u Macc-criekrpoMerpun). K coxanaeHuto, Hu OAMH U3 3TUX Y4eOHHMKOB
HE [IEpEBEJICH HA PYCCKUH A3bIK.

W3 BeleqIIux Ha pycCKOM sI3bIKE HAM XOTEJIOCh Obl PEKOMEHI0BATh
I (14470 1117 K

A. Tepreu. CoBpeMennasi opranuueckast xumus. T. 1, 2. —M.: Mup,
1981.

L. Pobepme, M. Kacepuo. OCHOBBI OpPraHHYECKOM XHMMHU.
T. 1, 2. —M.: Mup, 1968.

Haubonee octpyro mpobiemy npenctaBisieT coOoil co3gaHue co-
BPEMEHHOTO YYCOHHWKA WJIH YIeOHOTO TOCOOWS, IpeIHa3HauYCHHOTO
JUIL CTYAGHTOB CTaplIMX KypCOB, ACMHPAaHTOB M HAYMHAIOUIMX Ca-
MOCTOSITENIbHYIO Hay4YHO-HCCIIEA0BATEIbCKYI0 AEATEIBHOCTD MOJIOBIX
yueHbIX. B MupoBoii HayyHO-y4eOHOI1 TuTeparype, o HalleMy MHEHHIO,
UMEIOTCSI BCETO JIBa YUCOHBIX TTOCOOMS 3TOTO YPOBHS:

@. Kepu, P. Canobepe. YriryOneHHbI Kypc OPTaHHYECKOH XHMUH.
T. 1, 2. — M.: Xumus, 1981 (HOBoe, TpeThe N3MaHue He OBLIO TTepeBeIe-
Ho: . A. Carey, R. J. Sandberg. Advanced organic chemistry. Part «A»
and «By». Plenum Press. N. Y.; L., 1990).

Jlxne. Mapu. Opranuyeckas xumus. T. 1-4. —M.: Mup. 1987-1988!.

OtH ydeOHbIe TTOCOOUS T YIITyOJICHHOTO U3yUCHUs OPTaHIMIeCKOM
XUMHUHU MOTYT OBITh TIOJIE3HBI ACIUPAHTaM M MOJIOJIBIM Hay4YHBIM COTpPYA-
HHUKaM, HO B IIEPBYIO OUEpe/lb OHU NIPEJHA3HAUEHBI VISl IIperoiaBareieit
C 1Lenbl0 OOHOBJIEHUS, PEOpraHM3alud M YIIyOneHHs COOCTBEHHBIX
3HaHUN.

[Ipennaraemplii BHUMAHUIO YnTaTeIIsl y4eOHUK HAIIMCAH JUISl CTYICH-
TOB; B 0COOCHHOCTH OH OyJIeT M0JIe3eH CTaplIeKypCHUKAM, aCTUpaHTaM
U MOJIOIBIM Hay4yHBIM COTPYIHHMKAaM, M30paBLIMM OPraHHYECKYIO XU-
MHIO CBOEH CHELHaIbHOCTHIO. Be3ycloBHO MO HEMY CMOTYT YYHTBCS
U CTYICHTBI [IEPBOTO rojia 00y4eHHsl 10 OPTaHUYECKON XUMMUH.

MBpl cTapanuch NPUACPKUBATHCS KIACCHYECKOTO THIIA OPTaHU3aUN
Marepuana: B COOTBETCTBUM C KJIacCaMM OPTaHMYECKUX COCIMHEHUH.

' ToroBuTcs k w3maHmio TiepeBod 6-ro (TMOCTenHero) W3faHust SToi kmuru: Cmut M.,
Mapu [Ix. Opranuyeckas xumust Mapua: Ilep. ¢ anri. B 4-x tomax. —M.: BUHOM. Jlaboparopus
3nanwmii, 2010.
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OpHaKo, y4UThIBas CHEHUPUKY aCIIUPAHTCKONW MOATOTOBKH, MbI BKJIFO-
YWIA B KHUTY PsiJ] TJIaB, MOCBAIICHHBIX Pa3IMYHBIM MTpodinemMaM (husn-
YECKOW opraHnyeckoil xumuu. MHTEpnperanus JaHHBIX 10 PEAKLUOH-
HOH CITOCOOHOCTH M MEXaHHM3MaM PEaKIMi OPTaHNIEeCKUX COCTUHCHUN
MIPOBOAUTCS 3[€Ch HA OCHOBE JABYX NMPUHIUIUAIBLHO Pa3HBIX TCOPHUM:
TEOPUHU DJIEKTPOHHBIX CMEUICHHWH, YTO TPAIAUIMOHHO Ui BCEX y4ed-
HUKOB, U TEOPUU MOJICKYJSPHBIX OpOMTAJICH, KOTOpas MTHOPUPYETCs
B TIOJABJIAIONIEM OOJIBITUHCTBE YICOHHKOB M YICOHBIX TTOCOOWH. DTO
COCTaBJISIET IIABHOE TEOPETHUECKOE OTIMYME JaHHON KHUTU OT BCEX
JIPYTUX U3MaHUK y4eOHOTO XapakTepa.

Jpyroe Ba)xxHOE OTIIMYUE HAIIETO YYCOHMKA 3aKITIOYASTCsl B TOM, YTO
MBI BKJIFOYHMIIM HECKOJIBKO TJIaB, MOCBAIICHHBIX METAIIOOPTaHHYECKAM
COCIMHECHUSIM TIEPEXOJHBIX METAJUIOB M HX POJU B COBPEMEHHOM
KaTaJnse, TEOPETUICCKIM M CHHTETHYECKUM acleKTaM OOJIBIIION TPyTI-
MBI TaK HA3BIBAEMBIX MEPUITUKINYECKUX PEAKIHHA, KPyITHOTOHHA)KHOMY
MIPOMBIIIJICHHOMY OPTaHUYECKOMY CHHTE3Y M, YTO OYEHBb Ba)KHO, CTpa-
TETMH COBPEMEHHOTO OpPraHMYeCcKoro CHHTe3a. B crernuanbHbIX 1aBax
noJpoOHO M yNIyOJICHHO paccMaTpHUBAIOTCS HauboJiee KapAMHAIbHBIC
po0IeMbl GU3HIECKON OPTaHMIEeCKON XUMHH: HYKICOPHUITHHOE U JIICeK-
TpodWIbHOE 3aMELICHUE Y HACBHIIICHHOIO aToMa yriepoia ¥ B apo-
MaTHYECKOM PAIY, PEAKIIHH ATMMHUHUPOBAHMS, a TaKKe LENbIH CIIeKTP
TOMOJINTUYECKUX PEAKLIUM.

Y4eOHUK BBIXOJUT B CBET B YETHIpeX dacTsAx. B wacte 1 Bommm
maBbl 1-7. [maBel 1 ¥ 2 LEIUKOM MOCBAIICHBI TEOPETUYCCKUM IPO-
OnmemaMm opraHmyeckod XuMHUH. B HUX moapoOHO paccMaTrpuBaercs
TEOpHUsl aTOMHBIX M MOJICKYISIPHBIX OpOUTaJIel MPOCTBIX U CIOXKHBIX
MOJIEKYJI, COMIEpKAIINX KaK 7-, TaK U O-CBA3HM. B TiaBe 2 m3iaratorcs
OCHOBHBIC TPUHIIUIBI TEOPUU DIEKTPOHHBIX CMEIICHUN, OCHOBAHHOU
Ha WHAYKTUBHOM W Me30MepHOM d(eKTax pazIUdHbIX TPYMITHPOBOK.
B maBe 3 paccmarpuBarOTCs KHMCIOTHO-OCHOBHBIC CBOMCTBA OpraHu-
YeCKMX COCIWHEHUN B pacTBOpe W B ra3omoil (aze. IlogpoOHO aHa-
musupytorest C—H-, N—H- u O—H-kucnotHocts u ee 3aBUCUMOCTb
OT CTPYKTYPHBIX (haKTOpOB W TPHUPOABI pacTBopuTeNsi. B rmaBax 4-7
paccMaTpHuBarOTCS CBOMCTBA AJKAHOB, alKEHOB, AJIKHHOB W IHEHOB
YIIEBOAOPOAOB anudarnueckoro psaa. B mase 4 obcyxpmaroTcst He
TONBKO pajJvKajbHble, HO W MOHHBIE peakIMi aikaHoB. B mmaBax 5,
6 1 7 OCHOBHOE BHMMAaHHE CKOHIICHTPHPOBAHO Ha pEaKLUAX 3JIeK-
TpO(HUIBLHOTO ¥ TOMOJIUTHYECKOTO MPUCOSAMHEHHUS K KPAaTHBIM CBSI3AM,
MPHUCOENHEHUS KapOCHOB, a TAKXKE Ha PEAKILUIX OKHCIICHHSI U THIPO0O-
PUPOBaHMS; TIOTMMEPHU3AIUS HEHACHIIIIEHHBIX COSTMHEHUN U MHUTPALIUS
KPaTHOM CBSI3U IO YIIEPOA-yIIEPOJHON LIENH MPEACTABICHA B CKATOU

dopme.
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B uactp 2 Bouum maBsl 8—15. [1aBa 8 1eaukoM MOCBSIIEHA CTEPEO-
XUMHUH OPTaHUYECKHX COCTUHEHHH, PAa3IMYHBIM THIIAM XUPAIbHOCTH
COCIMHECHUM YIVIEpOAa M METOJaM pPas3leiiCHUs ONTHYCCKU AKTHUBHBIX
COCIMHCHUHM Ha DHAHTHOMEPHL. 31eCh K€ MOAPOOHO paccMOTpeHa aK-
TyalibHasi IpoOIeMa OPraHUYSCKONH XUMUU — ACUMMETPUYCCKHUI CHHTE3
CJIOKHBIX MOJIEKYJI CO CTPOTO OIPEEIICHHBIM ITOJIOKEHHEM 3aMECTHTE-
Jieit 1 QYHKIMOHANIBHBIX TPYII y XUPAJIBHOTO aToMa yriepoja. B riase 9
coOpaHbl TaHHBIC TI0 OHOHN U3 MEHTPATLHBIX TPoOIIeM (pu3nIecKoi op-
TAaHUYECKOW XUMUU — MEXaHU3MaM 3aMEICHUS Y HACBHIILIEHHOTO aToMa
yIiepona; MoapoOHO W BCECTOPOHHE OOCYXTAIOTCS MOHO- U OMMOJIe-
KYJSIPHBIM MEXaHH3M 3aMEIlEHUs], TIOHATHE HYKICOPMILHOCTH U POJIb
pPa3IMYHOrO TUIA MOHHBIX IMap B peakiusax cojbBoiu3a. B mase 10
paccMaTpUBAIOTCSI MEXaHU3Mbl PEaKIMA AIUMHUHUPOBAHUS, BKIIIOYAS
BaXHEWIITNE BONPOCHI — HAIIPABIICHHE W CTEPEOXMMHS DIMMHHHUPOBA-
HUS, TIpAYEM 0c000 00CYKIAr0TCsl KOH(UTYPAITUH 00pa3yIomIerocs ai-
KEHa, a TAKKe KOHKYPEHIIUS MPOIICCCOB 3aMEIICHUS U DITUMUHUPOBAHHUS.
I'maBa 11 mocesimeHa pa3HooOpa3HEIM PEAKIHSIM CITHPTOB, OKCHPAHOB,
MPOCTHIX IPUPOB U UX CEPHUCTHIX aHAJIOTOB.

biiok taB 12—15 oTBeieH COBpEMEHHBIM KOHIICHIUSAM apOMaTHYHO-
CTH M peaKIIMOHHOH CIIOCOOHOCTH apOMaTHYECKUX CoeJMHeH M. B rase
12 paccMaTprBalOTCS TEOPETUIECKUE OCHOBBI KOHIIETIIIMHA apOMaTHYHO-
CTH JUIsl PA3HOOOPA3HBIX MOHO- W TOJHMIIMKIMYSCKUX apOMaTHUYECKHX
YIJIEBOJIOPOJIOB, KATUOHOB U aHMOHOB M MX rerepoaHanoros. B mase 13
BHUMAaHHE [EJIUKOM COCPEIOTOYCHO Ha Pa3HOOOPa3HON U XOPOILIO H3Y-
YEHHOW TPYyTMIe peakmuid IEKTPOPUILHOTO apOMaTHYECKOTO 3aMerie-
Hus. [maBa 14 mocBsiieHa poACTBEHHBIM MPOIECCaM FOMOIUTHYECKOTO
3aMelIeHHs U B 00Jiee MMPOKOM CMBICIIE XMMUU CBOOOIHBIX PaIKaIIOB.
B maBe 15 aHanmu3upyroTcs MEXaHHU3MBbl PEaKUUi HyKJICOo()HUIBHOTO
apOMaTHYECKOTO 3aMemieHns (110 HEMOHATHBIM NPUYMHAM 3Ta TeMa He
BKIIFOYAETCS B JIPYT'Ue COBPEMEHHbBIC YUSOHUKH, U HAMU, TI0-BUIUMOMY,
BIIEpPBBIC B Y4EOHOH JUTEeparype MpenrpuHATa IMONbITKA PACCMOTPETh
9TOT BaYKHBIM pa3zien PU3HYECKOH OpraHnYecKOl XHUMUH).

B yacte 3 Bouwin miaBel 16-22. I'maBel 16-18 mocBsIeHbl XUMAU
KapOOHMITLHBIX COCTMHECHNUN (XUMHHU aJTbJCTUIOB U KETOHOB — TIIaBBI 16
u 17). BoabIIMHCTBO peakiuii 3THX COeAMHEHUN coOpaHo B miase 16,
a XMMHS HOIIAT-HOHOB, CAMUX €HOJIOB M pa3HOOOpa3Hble KOHACHCAIIUU
C MX y4acTHeM paccMOTpeHb! B TiaBe 17. ['maBa 18 mocpsmiena pazHoo0-
Pa3HBIM peaKIusIM KapOOHOBBIX KHUCJIOT U X TIPOU3BOAHEIX. B maBax 19
u 20 coOpaHbl Bce HEOOXOAMMBIC CBEIEHHUS 110 a30TCOIACPIKAIIUM
OPTraHWYECKUM COCJMHEHHSAM: aMWHaM, HUTPO-, THA30COCAMHEHUSIM
W a3unam, a B riase 21 — cBegeHus no denonam. B mase 22 npuBeneH
MaTepHall 10 XUMHUH [UKJIOAIKaHOB U UX MTPOU3BOIHBIX; 0c000€ BHUMA-
HUE YJICJICHO KOH(OpMAIUSM IUKIOB U CBSI3U KOH(POPMAIIMOHHOI'O
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COCTOSIHHMSI C PCAKIMOHHOM CIOCOOHOCTBIO, a TaKXKe aHOMEPHOMY
3pQeKTy 1 TpaHCAHHYISPHBIM PEaKIUsIM B CPEIHHUX ITHKIAX.

B uacth 4 Bonum miaBbl 23-29. TecHO cBsi3aHHBIE MEXKIY COOOMH
miaBbl 23 U 24 MOCBAILIEHBI XMUMHUU METANIOOPTaHUYECKUX COEIH-
HEHUI HEMEePEeXOJHbIX METAJIOB U IMOIPOOHOMY aHAIM3y MEXaHWu3Ma
AMEKTPO(MIHPHOTO 3aMeIIeHUsT Y HACBHIIIEHHOTO aroMa yriepoaa (3Ta
npobieMa OTCYTCTBYET B COBPEMEHHBIX KypCaxX OpPraHUYeCKOW XUMUU
JF000TO YPOBHS 00YUYEHUS, HECMOTPS Ha TO YTO IO padoTaM MOCICTHUX
30 ner XX B. co3maHa cTpoiiHasi TEOPHS AIEKTPODUIBHOTO 3aMEILCHHUS
y HaCBIINIEHHOTO aTroMa yriepona). OOmmpHas IaBa 25 TOCBSIICHA
MOJPOOHOMY OTIMCAHUIO TEPUITMKIMYSCKUX PEAKIIUN, MTOJUUHSFOLIIXCS
KOHIICTIIINM COXpaHEHHUS OpOUTaIRHOW cUMMeTpuu. B TimaBe 26 pac-
CMOTpPEH € OOIIUX IMO3UIUI MEXaHU3M Pa3HOOOPa3HBIX CHUTMATPOITHBIX
MePerpyNIHUPOBOK, pa30pOCaHHBIX TI0 MHOTUM paHHUM raBaMm. Ocoboe
TOJIOKeHWE 3aHUMaeT 27 TiaBa, IOCBSIICHHAs CTPOCHHIO, CHHTE3Y
U PEaKIIMOHHOW CIIOCOOHOCTH METANIOOPTaHUYECKHX COSIMHEHUH Tie-
PEXOMHBIX METayuIoB. BakHO, 4TO 37€Ch OOCYXMaeTcss WHTEPECHBIN
MaTepual o FTOMOTEHHOMY METaJIJIOKOMIIEKCHOMY KaTallu3y, peakIusam
THAPUPOBAHHS, METATE3HUCy aJKEHOB M KPOCC-COUETAHHIO Ha KOMILIEK-
cax MepexXOJHBIX METAJIIOB.

JIBe 3aKiroduTeNbHBIC TNIABbl KHHUTH, KaK OBl CTOST OCOOHSKOM
U HE CBSA3aHBl C MPEABIAYIIUMHU IJaBaMU. TeM He MEHee Mbl COWId
1eecoo0pa3HbpIM BKIIIOYUTh WX B HAIIly KHUTY, ITOCKOJBKY 37I€Ch CO-
JICPXKUTCSI OYCHb BakHas WH(OpManus (B 03HAKOMHUTEIHLHOM ILIAHE)
MO TPOMBIIIEHHOMY OpPTaHWYECKOMY CHHTE3Y, a TakKe IO TaKTHUKE
U CTpaTerdyd OPraHMYEeCKOro cHHTe3a. [maBa 28 mocBsileHa KpymHO-
TOHHXHOMY TTPOM3BOJICTBY HambOoJiee IIEHHBIX B MPaKTHYECKOM OTHO-
IICHUN OPTaHUYECKHX COCIWHEHHI: ATHIICHA, TPOMHIIcHa, OyTaueHa,
OeHzoma, Toiyona, (eHona, aHWIMHA H T. 1., @ TaKKe MPOU3BOJCTBY
Ha UX OCHOBE Pa3HOOOPA3HBIX MOJMMEPOB, CHHTETHUYECKUX BOJIOKOH,
MIaCTU(UKATOPOB U IPYTHX IEHHBIX MaTEPHAJIOB. B 3aKIOunTEIHRHON
29 rmaBe, HAUMCAHHOHM MO HAaIIEMy MPEAJOKCHUIO HAIIUM KOJICTON
B. II. Js14uenko, u3naraercsi COBpeMEHHasi KOHIIEIUS TAKTUKU U CTpa-
TEeTMH CUHTE3a CJIOXHBIX MOJIEKYJ Ha OCHOBE METO/a pPaCUJICHEHWS,
BBIOOpa HEOOXOANMBIX TPaHC(HOPMOB, PETPOHOB M CHHTOHOB U CIOCO00B
CBSI3BIBAHHSI CHHTOHOB JIPYT C IPYTOM.

MBI XOTUM IpeaynpeauTh YUTATENS, YTO HEKOTOPhIE TEMBI M0 TEM
WM WHBIM TPUIMHAM HE BOIDIM B JaHHBIA yYeOHUK. DTO TPEXKIe
BCETO OTHOCHUTCS K MIPUMEHEHHUIO CIIEKTPOCKOMUYECKUX METOAOB B Op-
raamdeckord xumun. CrienuanbHbIe pa3nensl Wik maBel mo YO, UK-,
SIMP-CrieKTpOCKOIIUA U MAacC-CIIEKTPOMETPUU UMEIOTCSI MPAKTHUECKU
B KaXJIOM yYeOHWKE IEepPBOTO TOMa OOYYCHHsS, © MBI COWIA BO3MOXK-
HBIM HE BKJIIOYaTh UX B Hall ydeOHUK. boiee mimyOokue 3HaHUS 1O
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CIIEKTPOCKOIIMU MOXHO IPUOOPECTH HE U3 yUYeOHHKA 110 00IIEMY KypCy
OpPTraHMYecKOH XMMMH, a N3 MOHOrpaduil mim y4eGHbIX mocobuii!, mo-
CBSIIIICHHBIX TOMY WJIM WHOMY BHUJY CIIEKTPOCKONMH. Ta ke KOHLIEIIUS
ObLTa MPUHATA HAMHA OTHOCHTEIHFHO OMOOPTaHWYECKON XUMHUH YIJIEBO-
JIOB, JIMITHJIOB, NIENTHJIOB, OCJIKOB ¥ HYKJICHMHOBBIX KHCIIOT, TOAPOOHbBIC
CBEJICHUSI O KOTOPHIX MOJKHO HalTH B y4eOHHMKaxX 10 OMOOpPTaHWYeCKON
XUMHH. MBI HaMEPEHHO OTKAa3alIUCh OT OOCYXKJICHUS T'€TEPOIMKIIH-
YECKUX COEAWHEHUH, 4TO TMOTpeOoBaio OBl HANHMCAHHS €Ile OTHOTO
ToMa. XHUMHUS TETEPOIMKINYESCKUX COSMHEHUH MPEBOCXOIHO U3JI0KEHA
B MoHorpaduu JIx. [xoyns u I. Cvuta [ XUMAS TeTePOIMKIHISCKUX
COEIMHEHMH: TIep. ¢ aHml., 2-e u3a. — M.: Mup, 2004].

ABTOpBI C OJAaroJapHOCTBbIO MPUMYT KPUTHUECKHE 3aMeYaHusi 110
000 W3 TpoOJIeM, 3aTPOHYTHIX B yUeOHWKE. MBI CUMTacM CBOUM
MPHUSTHBIM JIOJITOM BBIPA3UTh PU3HATEILHOCTh COTPYAHUKAM Kadeapbl
OpraHUYECCKOW XUMHH XHMHYEecKoro (akymbreTa MIY 3a OGonbiryio
TIOMOIIIb TP MOATOTOBKE KHUTH K TICUATH.

K TPETBEMY U3JAHHUIO IEPBOI'O TOMA

TpeThe M3manue 3TOW KHUTH BBIXOIUT B CBET, KOTJA, K COXKAJICHUIO,
VILDIM W3 KH3HH BCE €€ aBTOpHL. [lamMsaTh O HUX OCTaercs, U Mbl
permr 000UTHCH 03 TpaypHBIX paMok. Kosurern HUKoTHa HE 3a0yIyT
TO BpeMsi, KOTJIa B TEUCHHUE MISCTH C MOJOBUHOH JIET 3TOT TBOPUYSCKUN
KOJUIEKTUB C OTPOMHBIM yBJIeueHHeM paboTanl HaJ KHWUTOHM, HHOT/A IO
12-16 4acoB B CyTKd, IpHUUYEM MEPUOABl BJOXHOBEHHS U DHTYy3Ha3Ma
BCEr/Ia BO3BPAIIAINCH MTOCIE yIaaKka CHJI M3-3a OOJBIINX Teperpy3oK.

CKoHUAJICsS TaKKe TEPBBIA PELEH3EHT 3TOro y4eOHHKa npodeccop
TuMUpA3EBCKON CENbCKOXO3UCTBEHHON akanemuu Bukrop JleoHumo-
Bu4 Jlpo3n.

Bce oti mromy ObUTM HACTOSIIMMHU YYEHBIMH, KOTOpPBIE BHECIH
3aMETHBIA BKJIAJ B Pa3BUTHE OpraHudeckoil xumuu B Poccun. OHE 110
MpaBy 3aCITy’KHJIN O1aroapHOCTh CBOMX YYEHHKOB.

H. A. I'avoau
M. E. Hsanosa
T. O. Peymosa

Mocxkea, 10 oxmsabps 2006 2.

! Cm., manpumep, JleGenen A. T. Macc-criekTpoMeTpust B opranudeckoii xumun. — M.: BHHOM.
JlaGoparopus 3Hanuii, 2003. —493 c.: ni.
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Mostekynnbl OpraHMYecKHX COCIMHEHUH 00pa3yloTcsl M3 aToOMOB,
PacToNOKEHHBIX B TPEXMEPHOM IPOCTpaHCTBe. Pa3Hbie aToMbl 00pa-
3yIOT PAa3HOE YUCIO CBsA3ed. MOJIEKyNIbl MMEKT OINPEAEIEHHOE IPO-
CTPaHCTBEHHOE CTPOEHUE, KOTOPOE HA3BIBAKOT 2eomempueli MOLeKyIbl.
OCOOEHHOCTH CTPOCHUSI Ka)XIO0W KOHKPETHOM MOJEKYJbl, IPOYHOCTD
CBS3EH MEXIy COCTAaBIIAIONIMMH €€ aTOMaMh OOBSCHSIOTCS Teopuen
BaJICHTHOCTH. OCHOBOM COBPEMEHHOM TEOPHUU BAJICHTHOCTH SIBJISAETCS
KBAaHTOBasl TEOPHUsI, KOTOPask B HACTOSIIIEE BPEMs HACTOIBKO pa3BUTa, UTO
¢ nomonibo 9BM M0OKHO MPaBUIIBHO U JIOCTATOYHO TOYHO MpeicKa3aTh
CTpOocHHE HEeOOJBIINX HECIOKHBIX MOJIEKYl. K ommcaHuio MOJeKyn ¢
MO3ULUKA KBAaHTOBOM TEOPUHU CYLIECTBYET HECKOJIBKO MOAXOA0B, OJJHAKO
HanOoJjee IUPOKO MPHUMEHSETCS Meopus MOAeKYIapHbIX opoumanetl
(cokxpamenno MO), MOCKOIBKY MMEHHO OHa Hambonee 3(dexTuBHA
JUIsl TOHUMaHUs CTPOEHUS U pEaKLIMOHHOM CITIOCOOHOCTH OpraHNYeCKUX
MOJIEKYI. B 3T0#l m1aBe MBI pacCMOTPUM CTPOECHHUE MOJIEKYN B paMKax
teopun MO, a B OCTaJIbHBIX INIaBax HMPHUMEHUM 3Ty TEOPHIO K IPO-
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OreMaM peakUOHHON CIIOCOOHOCTH, CTEPEOXHMMHU M CEIEKTUBHOCTH
B Pa3HOOOpa3HbIX OPraHUYECKUX PeakUuAx. Mbl yBUANUM, YTO TEOPHIO
MOJICKYJISIPHBIX OpOUTasIeli BO MHOTHX CIy4asiX MOXKHO YCIEIIHO TpH-
MEHSATb, MOJIB3YACh JINIIb JIETKO BOCIPUHUMAEMBIMH «KapTUHKaMM», 3C-
kn3amu MO, MouTH He UCIOJIb3Ysl MaTEMATHUYECKUH anmnapaT KBaHTOBOM
TEOpHUH.

OnucaHue CTPOEHUS MOJIEKYJ], €CTECTBEHHO, HAYMHAETCA CO CTPO-
eHus aromoB. Korma-to mossTHe aroma OBLIO HMCKIIOYMTEIBHO XU-
muueckoil kareropueir. Ho B XX B. (DU3HMKH «OTHSIM» Y XUMHKOB
aToM, OOHOBHWJIM €r0 KBAHTOBBIM COAEP’KaHHEM, OOBSICHWIN aTOMHbIE
CIEKTpPBbI, U30TOIHUIO, PAIUOAKTUBHOCTD U JPYTUE SKCIIEPUMEHTAIIbHbIE
HaOmoneHus. B Havase 3TOM MIaBbl Mbl KPAaTKO PaccMOTPUM (u3Hye-
CKHE OCHOBBI TEOPHHU aTOMa, a 3aTeM NepeiieM K TeOpUH 00pa30BaHUs
XUMUYECKON CBSA3U U MOJIEKYJIIPHBIM OPOUTAJISIM IPOCTEHIINX MOJIEKYII.

1.1. YPABHEHUE IIPEJJUHTEPA

Slapo 3aHWMaeT UMb HE3HAYUTENBHYIO YacTh OOIIero oobeMa
aToMa, XOTsl KOHIIGHTPUPYET MOYTH BCIO Maccy aroma. Bokpyr siapa
TPYNIHPYIOTCSA MEeKTpOoHbl. OHM BHOCAT OYEHb HEOONBIION BKIAA B
o0IIyr0 Maccy aTtoma, HO 3aTO 3aHUMArOT OOJIbIION 00beM U 00yCIIOB-
JUBAIOT pa3Mepbl aroMa. [J1aBHas KOHIICTIIUS COBPEMEHHOW TeOopwu
MHUKPOMHpPA COCTOHUT B TOM, YTO B QTOMHOM IIKajie YacTUIbI U BOJIHBI
HE3aMEeTHO TePexXomsiT APYT B Apyra, T. €. YacTUIBI UMEIOT CBOWCTBA
BOJIH, @ BOJIHBI — CBOMCTBa yacTull. HecMOTps Ha TO 4YTO BOJHOBAs
npupoaa GoToHOB (T. €. CBeTa) ObUIA YCTAaHOBJICHA JaBHO, IIOYTH HUKTO
qo 1925 1. He mpUHMMAN BCEpPhE3 TOUKY 3PEHHUS, CONIACHO KOTOpOMH
BEIECTBO (HAIPHUMEp, MIEKTPOHBI, aTOMBI) MTOMTOOHO BOJHE, a HE KOp-
nyckyiasipHo. Ho B 1925 1. JleBuccon u J)xepMep oTKpbUtH Audpaxiuio
(T. €. BOJTHOBBIE CBOICTBA) JIEKTPOHOB Ha KPHUCTAJUIMYECKON peIIeTKe.
OnbIT N0 Audpakuuy, No3Hee MPOBEACHHBIH ¢ JPYTHMU YaCTHIIAMH,
BKITIOYAst MOJIEKYJISIPHBIA BOJOPO, YETKO TOKa3all, 9TO YaCTUIIBI UMEIOT
BOJIHOBEIE cBOMcTBa. B 1924 1. JI. ne bpoiiins mpeanonoku, uTo Jrodas
YacTHIA, IBMKYILASCS ¢ MOMEHTOM KOJIMYECTBa JBMXKEHHS p, TOJKHA
UMETh B HEKOTOPOM CMBICIIC JUTHHY BOJIHBI, BRIpaXKaeMyto Kak A = /p,
rae h—mnocrosiHHas Ilnanka. B 1926 . 3. llpé€nuurep npemioxut
ypaBHEHHE, KOTOpOe MPUMEHHMO sl JII0O0OH CHUCTEMBI (2JIEKTpOHA,
JBIDKYILETOCS aBTOMOOWJISL M T. [.) M PELICHHEM KOTOPOTO SIBISIETCS
BOJTHOBAS (DYHKITUSI STON CHCTEMBI.

MoxHO cka3arb, 4TO poiib ypaBHeHust IlIpénunrepa B KBaHTOBOM
TEOPHUH TaKas e, KaK pojib ypaBHeHU HbI0TOHA B KilacCHYecKor Mexa-
HUKE: UX 4aCTO HA3bIBAIOT «BJOXHOBEHHBIMH ITOCTYJIaTaM1». YpaBHEHUS
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HrproToHa MO3BONIAIOT paccyUTaTh TPAEKTOPUIO YACTHIIBI, a YpaBHEHHE
Ipénuarepa — UX BOTHOBYIO (DYHKITHIO.

Wntepnperauust BoaHOBOH (yHKUMM OyaeT JaHa B CIEAYIOLIEM
paszene, a Toka OCTAaHOBHUMCS Ha BOTIPOCE, TIOUEMY peuieHue YpasHeHUs
LlIpéouncepa naszvigaemcs UMEHHO GOIHOB0U, a HE KaKOW-TUOO HMHOU
dbynkueit. J{ns atoro HanumieMm ypasHeHue Llpémuarepa s mpocTeii-
HIErO Cllyyasl YaCTUIBI, KOTOpasi MOXKET CBOOOJHO ABHIaThCS B OAHOM
u3mepeHund. OHO UMeeT BU/I

(=h*/2m)(d*>y/dx*) + V¥ = E¥,

rae Y — BOJMHOBas (pyHKIMS; J — MOTEHIHalbHAs YHEPrHs YacTHIBI B
TOYKe X; F — ee MojHas SHeprus (KUHETHYECKasl TUTI0C TTOTCHIUAIbHAs);
h («amm» epeuepkHyTas») — nocrossaaas [lnanka, nenennas Ha 27; m —
Macca yacTuibl. [Ipennonoxum, 4To B KaKoi-To 001acTH TIepeMEIICHUs
NOTEHIMAIbHAsT SHEPrusl YacTUIBl paBHA Hymo. Torma B JIeBOM
yactu ypaBHeHus llIpénunrepa nponaaer BTOPON YiI€H U IOIYYUTCA
YIPOLIEHHOE ypaBHEHHE, pelieHHeM KoToporo Oymer y = exp(ikx),
e k = /2mE/h. Ho exp(ikx) = coskx + isinkx, ciemoBaTelibHO,
v = coskx + isinkx. Ilockonbky V' = 0, mosnHas sHeprusi E Oyuer
HCKITIOYUTEIILHO KHHETHYECKON YHEPrHeil YaCTHIIBI, KOTOpask CBSA3aHA C
MOMEHTOM KOJIMYECTBA [BHKEHHsI COOTHOIIeHHEM E = p? /2m, oTkyna
p = V2mE. ComocrtaBieHue 3Toi (OpMylbl ¢ HAHCAaHHBIM BBIIIIC
BBIPOKCHHEM IJIs1 Kk JaeT MOMEHT KOJMYECTBA JBW)KCHHS YaCTHIIBI
p = kh. W3BecTHO, 4TO CcTaHmapTHas (popmMa TapMOHHYECKON BOJIHEI
umMeet Bujt cos(27mx/A), a B BBIpaKCHHUE JUTsl BOTHOBOU (DYHKIIUH BXOIHUT
cos(kx). CrnenoBarenbHo, coskx (WM Sinkx) MOXHO THPEICTABUTH KaK
BOMHY ¢ qmuHOH A = 27/k. KOMOMHUpYs BbIpaKeHHS I p U A,
HOJIy4lM cooTHourenue ae bpoitms: p = kh = (2n/A)(h/2%) = h/A.
Takum oOpa3zom, pemienne ypasuenust Lpénunrepa cBoAUTCS K BOJIHAM
ne bpoiins, cymecTBOBaHHE KOTOPBIX SKCIEPHUMEHTAIBHO JIOKA3aHO
B ONBITax MO JU(pakiuy BEHIECTBA, MO3TOMY OHO W OBUIO Ha3BaHO
BOJIHOBOH (DyHKITHEH.

Jlerko BWIETH, YTO €CIM NOTEHIMANbHAs SHEPrHs paBHA HYIIO,
TO JJIMHA BOJHBI YacCTUIbI paBHa /i/p. Korma moreHimanbHas sHep-
THs OTIMYHA OT HYJS, HO MMEET IIOCTOSHHYIO BEJINYMHY, ypaBHCHHE
Ulpénunrepa npespamaercs B (—h/2m)(d*y/dx*) = (E — V)y, a
pelenue cHoBa umeeT B exp(ikx), HO npu 3ToM E = h2k*2m + V.
Hcnonp3oBanue cootHomenus k = 2n/A maer A = h/\/2m(E—V).
M3 31010 ypaBHeHuUs cienyer, 4To I IOCTOSHHOM IOJIHON 3HEPIUU ¢
pocrom V BenuuumHa E — V' yMeHbIIAeTCAd W IMOATOMY JJIMHA BOJIHBI
pacteT 10 TeX MOp, NMOKa HE JOCTHIHET OECKOHEYHOTrO 3HA4YeHUS
npu E = V. Ho (E — V)—9T0 KHHETHYeCKas SHEPrusi YacTHILIBI.
CrnenoBaTenbHO, C MOHMKEHUEM KWHETUYECKOW DHEPIHU AJIMHA BOJIHBI
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ne Bpoiinst pacteT m AN COCTOSIHUSI TIOKOSI JOCTUTACT OSCKOHEYHOTO
3HaueHUsA. AHanm3 ypaBHeHus [Ipénuarepa, mpeacTaBisionero cooou
muddepeHnranbHoe ypaBHEHHE BTOPOTO MOPSAKA, MOKA3bIBAET, YTO
OHO WMeeT OECKOHEYHOE YHCIIO PEHICHUH, T. €. DHEPIHs YacTHIBl E
MOXET TPUHHMMATh JIo0ble 3HadeHus. OJHAKO SHEpPTusi KBAaHTOBAHA,
MOTOMY HEKOTOpBIE pelIeHUs] HEOOXOMUMO 0053aTeIbHO HCKITIOUNTh.
st 3TOro cHavana HYXXKHO NpUAaTh (PU3MYECKHH CMBICI BOJIHOBON

GbyHKITHH V.

1.2. MHTEPIIPETALIUS PU3HYECKOI'O CMBICJIA
BOJIHOBOU ®YHKIMHN

SIBHOTO (pH3uUecKoro cmbicia pemieHus () ypaBuenust Lpémunre-
pa He nMeror. CMBICT MMeeT KBaJpaT BONHOBOH (yHKImu y2. MHTep-
npeTanus BOJTHOBOK (yHKIHMH Y Oblia 1aHa M. BopHoM 1o aHanoruu ¢
BOJIHOBOH OIITHKOH, B KOTOPOH KBaJApaT aMILIUTYAbI 3J€KTPOMAarHUTHON
BOJIHBI paCCMaTPUBAETCS KAK MHTEHCUBHOCTH AJIEKTPOMAarHUTHOTO H3ITy-
yeHus. B kopryckynsapHON TeopuM cBeTa MHTEHCHBHOCTH — 3TO YHCIIO
UMEIOMHUXCS (JOTOHOB, T. €. HHTEHCHBHOE MOHOXPOMAaTHYECKOE H3ITyde-
HHUE COOTBETCTBYET OOJBIIOMY YHCITY (OTOHOB (KayKABI C SHEpTUe
hv), a MAIOWHTEHCUBHOE — HEOOIBIIIOMY YHCTY TaKUX (DOTOHOB.

AHaJOTUs AJsl 4aCTHI[ COCTOMT B TOM, YTO BOJHOBYIO (DYHKLHIO
YaCTHIIBI MOYKHO paccMaTpUBaTh Kak aMIUTHTYAY, KBapaT KOTOPOH eCTh
BEPOSATHOCTh OOHAPYKUTH 3Ty YACTUIY B KaXKIOHW TOUYKE MIPOCTPAHCTBA.
Hanpumep, 1715 51eKTpoHa W2dx — TO BEIMUKMHA, MPOHOPIHOHANbHAS
BEPOSTHOCTH OOHAPYKUTH DIIEKTPOH B OECKOHEYHO MAJIOM MPOMEKYTKE
MeXIy X U X + dx; y*(r)dt— BepoSTHOCTh OGHAPYXKUTh IEKTPOH B
0eCKOHEYHO MajioM 00beMe MPOCTpaHCTBa dT, PaclojIOKEHHOM Ha pac-
CTOSTHUM ¥ OT IIEHTPa KOOPAWHAT (KOTOPBI 0OBIYHO TTOMEIIAIOT B IIEHTPE
aapa). BeposTHocTHast MHTEpHpeTanysi BOJTHOBOH (DYyHKLIMHU O3HAYaerT,
YTO HENb3s CKa3aTh B TOYHOCTH, IJi€ HAXOJWTCS YacTHIA, HApUMeEp
9NEKTPOH. MOYKHO TOBOPUTH JIMILIb O BEPOSTHOCTH €€ HAXOXKJEHHS B
Pa3IMYHBIX 00JIACTSAX MPOCTPAHCTBA.

Jlydie Bcero 3To MPOWJUIIOCTPUPOBATh HAa KOHKPETHOM IpUMEDE.
BospMem arom Bomopona B Hu3IIEM (OCHOBHOM) COCTOSHUHU. Jliis
3TOTO citydas pemeHue ypasHenus LLpénnarepa mpuBoOIUT K BOITHOBOM
bysxunn Buma y = (1/7a3)'/2 exp(—r/ap), tne ag = 0,53 A — pammyc
Bopa, »r — paccrosaue ot mnentpa sajapa. C MomMolIbo 3TOr0 ypaBHEHUS
MOKHO PacCUUTaTh, YTO BEPOATHOCTDH (IIPONOPLMOHAJIBHAS W) HalTH
3NEKTPOH BHYTPU Hebonbimoi cdepsl obsemoM 1 mv® (oxomo 1/100
o0bemMa aToMa) B TOUKe, oTcTosIIeH Ha 0,5 A or snpa, cocrasisier 15%
OT BEPOSITHOCTH HANTH AIIEKTPOH Y CaMOro S/Ipa, a BEPOSITHOCTh HAUTH
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—7.107
SNIEKTPOH Ha paccTosHuM 1 MM ot spa ctoab Mana (1072107) uto ero
MOYHO TIOJIHOCTBIO TipeHeOpedb. OIHAKO KOHEYHAsI BEPOSTHOCTh HANTH
3JIEKTPOH Jaxke B | KM OT siipa HE paBHA HYIIO.

1.3. KBAHTOBAHMUE

JIrob6oe cBOMCTBO 00BEKTA, JTF0OOE SBICHUE KBAHTOBAHO, BCE B MHUPE
KBAaHTOBAHO, BKJIFOUasi caMo MIPOCTPaHCTBO. B 3TOM 3aKkirouaeTcst OCHOB-
HOM NIPHUHIIAIT KBAHTOBON MEXaHHUKHU. DHEPTHs 00hEKTa He MOXKET U3Me-
HUTBCS HA TPOM3BOJIbHYIO BenMuuHy. OOBEKT MOXKET 00safaTh JIHLIb
OIpEJE/ICHHBIMU 3HAUCHUAMHU SHEPTUU, U HEJb3s CHEeNaTh TaK, YTOOBI
OH UMeEJI KaKyl0-TO MPOMEXYTOYHYIO 3HEPTUi0. DT0, MEXIY IPOUYUM, U
SBUJIOCH IPUYMHON BBeneHUs ypaBHeHUs [lIpénunrepa, kotopoe BMecTe
C M3JIOKCHHOW BBIIIE MHTEPIIpPETalell BOJIHOBOM (DYHKLUMH YCIICLIHO
oOBbsICHSIET KBaHTOBaHUE dHepruu. B pasmene 1.1 ykaswpiBanock, 4To
VISl COIVIAcHs C MPUHLUIIOM KBaHTOBAHUSI HEKOTOPbIE U3 OECKOHEUHOTO
yycna peuieHuit ypaBHeHus llpéaunrepa HyX HO HCKIIOUUTH. DTO
MOXHO CJieJIaTh HAa OCHOBE BEPOSITHOCTHOM MHTEpIpETallly BOJIHOBOM
GyHKIHH.

OrpaHuyeHne Ha BOJHOBBIC (PYHKLIMH MOXKHO HAJIOXKUTh C IIOMOILbIO
TIPOCTOTO 3aKJIIOYEHHs, COCTOSANIET0 B TOM, 4TO eciu W dx win y’dt
€CTh BEPOATHOCTh HAWTH YACTHITY B OOJIACTH dX WU d T, TO CyMMa TaKHX
BEPOSATHOCTEH 10 BCeMy MPOCTPAHCTBY JOJKHA ObITH paBHA CIUHHMIIE.
OTO cilefyeT U3 TOro, 4TO YaCTHLA, €CJIM OHA CYILIECTBYET, ONIPECICHHO
IJIe-TO HAaXOAUTCs, IIyCTh JAXKE OHA «pa3MbITa» IO Bcell BceseHHOM.
TaxnuMm 00pa3oM, BOSHUKACT Kpumepuii nOAHOU 8eposimuocmu (I0-HHOMY
€ro Ha3bIBAlOT «YC108Ue HOPMUPOBKU»), KOTOPBIA HAllaraeT >KeCTKUE
OTpaHMYCHHUS Ha BOJHOBBIC (QYHKIMM, MO0 €My YHOBICTBOPSIOT HE
Bce pemreHus ypaBHenus Lpéaunrepa, a ToJIbKO BOJIHOBBIC (DyHKLWH,
HOPMHUPOBAaHHbIE K €IMHUIIE, KOIIa ffooo y2dx = 1 ans oHOMEPHOTO
JBIDKCHUS WIN ffooo v2dt = 1 Js TPeXMepHOTO JBUKEHHS, IIE X —
JUIMHA, a T — 00BEM.

UTOOBI MOSCHUTE 3TO, OMATH OOpaTHMCSI K aroMy Boaopoaa. B oc-
HOBHOM COCTOSTHUH BOJHOBasi (DYHKIIUS IPOTIOPLUHOHAIbHA exp(—r/ay)
(cM. penpl Ty il pasaen), T. €. ClagaeT o SKCIIOHEHIINAIbHOMY 3aKOHY
npu ynaneHuu otr anpa. OIHAKo MHTErpUpys IO BCEMY IPOCTPAHCTBY,
MO’KHO BBIYHCIIUTD, YTO YCIOBHIO HOPMUPOBKH, T. €. KPUTEPHUIO MOTHON
BEPOSTHOCTH, YIOBICTBOPSIOT HE JIOOBIC KOA((GUIIMCHTHI MPOITOPIIH-
oHanmbHOCTH A B ypaBHeHuH Y = Aexp(—r/ap), a TOJIBKO OIHMH
(Ha3BIBaEMBIii HOpMUPOBOYHBIM MHOKHTENEM N), A = N = (1/7a})'/?,
KOTOPbIM M OBbUI HCIIOJIB30BAaH B IPEAbLIYLIEM paszeiie HMpHU pacyeTax
BEPOSITHOCTH HAaWTH AJIEKTPOH HA Pa3HBIX PAaCCTOSHUAX OT sapa. Ilpu
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JOPYTHX 3HAYCHUSX A KPUTECPHIA TIOIHOW BEPOSITHOCTH HE COOIIOAACTCS U
9TH penieHns ypasHeHus Llpénunrepa Henpuemnemsl. Eciu 3Th pere-
HUSI HETIPHEMJIEMBI, X 0TOpachIBatOT U Toraa B ypaBHeHuu Ll pénunrepa
MOJIHAsl DHEprus E JIeKTpoHa B aToMe BOAOPOAA HE MOXKET HUMETh
3HAYEHUS], COOTBETCTBYIOLUE 3TUM HEIIPUEMIIEMBIM PELICHUsIM. Tak Mbl
MPUXOANM K KBAaHTOBAaHUIO M TENEPb JAOJDKHBI 3aSBUTh, YTO BO3MOXKHBI
TOJIBKO HEKOTOPBIE 3HAYEHMsI SHEPIUMHU BJIEKTPOHA B aTOME BOAOPOAA,
MOCKOJIBKY JIpYTMi€é 3Ha4€HUs COOTBETCTBYIOT HEBEPHBIM CBOWCTBAM
pacupeneneHus MIeKTpoHa B IIPOCTPAHCTBE.

1.4. ATOMHBIE OPBUTAJIN
1.4.1. OPBUTAJIU ATOMA BOJAOPOJA

Korma paccmarpmBatoTcsi BONHOBBIE (DYHKIIMH JUIS SJIEKTPOHOB B
OTJICNIbHBIX aTOMaX, 3TU (DYHKIIMHM HA3BIBAKOT AMOMHbIMU OPOUMAIMU
(cokpamenHo AQO). DKCHEpUMEHTAIBHBIE TOKA3aTEIhCTBA CYIIECTBO-
BaHUsSl aTOMHBIX OpOMTAJIEd MOXKHO IOJYYUTh U3 ATOMHBIX CIEKTPOB.
Hanpumep, npu snmekTpudeckoM paspsifie B ra3000pa3HOM BOIIOPOJE
Mousiekynbl Hp auccouuupyroT Ha aTOMBbI, @ aTOMBI HCIIYCKalOT CBET
CTPOTO OIPENIENIEHHBIX YacTOT, KOTOpPbIe TPYNIHUPYIOTCS CEPHSIMH: B
BUAMMOW obmactu (Tak HasbiBaeMas cepus bambmepa), ymbTpaduo-
nmetoBoil (cepust Jlaiimana), nHdpakpacHoit (cepus [lamena). Eme B
JIOKBAHTOBBIN MEPUOJ OBUIO 3aMEUEHO, YTO BCE CEPUU YHOBICTBOPSIOT
npoctomy ypasHenuto 1/A = R(1/n? — 1/n3), B KoTOpOM A — JTMHA
BOJIHBI MCITyCKaeMOIO CBeTa, R —moctosiHHas Punbepra, ny u np —
yenvle noaoxcumenvHole yucia. Jlns cepun Jlaiimana n; = 1, aig cepuu
banbmepa ny = 2, nns cepuu Ilamena n; = 3 (1, OTHOCUTCS K TIEpBOM
TUHUU cepun). st ApyruX JIMHUHA B KaXIOH cepuu ny = ny + 1 (s
BTOpOH), ny = n; + 2 (ans Tpetbeit), ny = n; + 3 (W11 4ETBEPTOiL)
u T. 1. Takum 00pa3om, HANHIIO SBHBIA MPU3HAK KBAHTOBAHMUS YaCTOTHI
HCITyCKAaeMOTO CBETA.

AToM BOJIOpOAa TpexmepeH, no3ToMy ypaBHenue Ipénunrepa
JIOJDKHO BKITFOYATh KWHETHYECKYIO SHEPTHIO BO BCEX TPEX M3MEPEHHSX
1 OyJeT UMEeTh HECKOJIBKO 00JIee CIIOKHBIN BHJI, YEM MPEJICTABICHHOC B
pazuene 1.1 3Toii maBbl ypaBHEHHUE ISl OAHOMEPHOIO ABMKeHus. [Ipu
€ro PeLICHUH C HAJIOKCHHEM T'PAHUYHBIX YCIOBHM, KOTOPHIC BHITCKAIOT
W3 BEepOSITHOCTHON WHTEPIIPETAllMy BOJTHOBOH (YHKINH, OBUIH TTOTyYe-
HBI CJIEIYIOIINE BHIBOIBI.

1. HeoOxomumMo TpUHATH, YTO CYIHIECTBYIOT TpH Oe3pa3sMepHBIX
KBaHTOBBIX YHCJIa, KOTOpble 0003Ha4Yar0T cumBoiamu 7, [ u m. Iloss-
JIeHWE KBAaHTOBOTO YMCIIA /1 BBI3BAHO TEM, UTO JIEKTPOH MOXET MEHATh
CBOE paccTosiHue OT sifipa. KBaHTOBBIC uncia [ U m CBS3aHbI C YIJIOBBIM
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MOMEHTOM KOJIMYECTBA IBHIKCHUS ANEKTPOHA, KOTOPHII MOKET BpallaTh-
Csl BOKPYT s7jpa B TPEX M3MepeHusax. Yucio / xapakrepusyeT BeTHIHHY
YIJIOBOTO MOMEHTA, & YUCJIO M — OPUEHTAIMIO YIJIOBOTO MOMEHTa B
MPOCTPAHCTBE, TaK KaK YIIIOBOW MOMEHT — BeKTOpHas BenwuuHa. Jlo-
MyCTUMBIMU 3HAUCHUSMH KBAHTOBBIX YHCEJ, KOTOPBIC BBITCKAIOT U3
TpaHUYHBIX YCIIOBUH, siBIsitOTCS n=1,2,3...;

1=0,1,2...(n—1);
m=11-1),1-2)...,—1.

2. DHeprus 3IeKTPOHA, BOOOIIE TOBOPS, JOJDKHA 3aBUCETH OT BCEX
TpeX KBAHTOBBIX 4YMCEJ, WIIHU, [0 KpalHEeW Mmepe, OT JABYX, OJHAKO
YHUKaJIEHON OCOOCHHOCTBIO aToMa Bomopona (HO He JAPYTHX aTOMOB)
SABJISACTCA TO, YTO BSHCPIrUA SJICKTPOHA 3aBUCUT TOJIBKO OT 7. 1o »Toii
TIPUYUHE 7 HA3bIBACTCS 21a68HbIM Keanmosvim uuciom. (Tax, mustn =3 [
MOXKET NMpUHUMaTh 3HaueHus 0, 1 ¥ 2, HO PHEPTUs NEKTPOHA OCTAETCA
MOCTOSIHHOM.) PasperieHHbIME SHEprusMu OyayT SHEPrUH, WMEIOIIHE
sun E, = R/n’.

CriekTp aToMapHOTro BOAOPOAA TENEepPh MOKHO OOBSCHHUTD, IPEAIO-
JIOXKHB, YTO, KaK TOJIHKO AIEKTPOH MEPEXOANUT U3 COCTOSHUS C ITIAaBHBIM
KBAaHTOBBIM YHCJIOM 7n; H SHCPFHCﬁ R/l’l% B COCTOSAHHUE C IJIaBHBIM
KBAHTOBBIM YHCJIOM /1] U dHepruei R/ n%, OH M3JIy4YaeT pa3HOCTb DPHEPTUid
B Bujae ¢oroHa ¢ dHeprueil Av m yacroroit v. ComiacHo 3aKOHY
COXpaHeHHs SHepruu, hv = R /n? — R /n3, 4T0 B TO4HOCTH COOTBETCTBYET
SKCIICPUMCHTAJIbHbIM H36J'IIO,Z[CHI/ISIM.

ATOMHBIE OpOWTaIH aToMa BOAOPOAA MMEIOT OYeHb BAXHOE 3HAYe-
HUE, TaK KaK OHU MOKA3bIBAIOT, KAK pacCIpeAesieH dJICKTPOH (MK dIeK-
TPOHHAasI IUIOTHOCTH) B IpocTpancTBe. AMmuntyna AO y(r) pasiandHa B
Pa3HBIX MECTaxX MPOCTPAHCTBA, & BEPOSITHOCTh HAXOXKIICHUS DJIEKTPOHA
B HEKOTOPOH OCCKOHEYHO MaJION 00JacTH dT BOKPYT TOYKH 7' COCTaB-
nsiet [y (r)]*dr. TlpocTpaHCcTBEHHOE pacTpeielieHUE IEKTPOHA MOKHO
u300pa3uTh TyTeM yKazaHus BednduHbl |[w(r)]> ¢ momomuipio pasHoi
IJIOTHOCTHU HITPHUXOBKU Ha AUAarpamMme. Pacnpe):[eneHHe IIJIOTHOCTH B
HekoTopbix AO Bojopona npeacTaBieHo Ha puc. 1.1.

OpOuTanb 0CHOBHOTO COCTOSTHHS aTOMa BOJIOPO/Ia OYEHB ITPOCTa: OHA
C(pepI/I‘ICCKI/I CUMMCTpPHUYHA U €€ INIOTHOCTH 3KCIIOHCHIMAJIBHO CIIa1acT
o Mepe ynalieHus ot siapa (c. 14). CrnemoBarenbHO, HAaUOOJIEE BEPOSITHO
HAWTH HIEKTPOH OKOJIO spa, IIIe W U, TAKUM 00pa3oM, > MaKCHMAllb-
HBL. DTO COITIACYETCs C MPEICTABICHUEM, UTO SIEKTPOH IS IO CTIKEHUS
HalMEHbILIEH MOTEHUHUAIbHON SHEPTrUU JOJIKEH CTPEMMUTBHCA K SIpY.
OpHako OopOUTAIIb HE COBCEM «IIPIKaTa» K SAPY, @ pacIpoCTpaHsIeTCs
n Ha O6J'IaCTI/I, AO0CTAaTOYHO YAAJICHHBIC OT HETO. Takas CUTyalus
BO3HUKAET BCIIEICTBUE TOTO, YTO OOJBIIOE 3HAYCHHE WMEET HE TOJIBKO
MOTCHIHAJIbHAsA, HO U KUHCTUYCCKAsA SHCPIrus 3JICKTPOHA. HOCHCI[HIOIO
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HEJIB3S MPCACTABUTDh KaK KUHCTUYCCKYTO SHCPIUtO ABUKCHUS 110 Op61/ITC
BOKpYT Si7[pa, KOTOpas MPUBOAMUT K TIOSBICHHUIO IMEHTPOOEKHON CHIIHI,
YIAEPKUBAIOILEH AIEKTPOH BIAIH OT SAAPa, IOCKOJIBKY YINIOBOM MOMEHT
SNIEKTPOHA B OCHOBHOM COCTOSHHM aToOMa BOJIOpOJa pPaBEeH HYJIIO.
(IIpu n = 1 MoxeT OBbITh TOJNBKO OAHO KBAHTOBOE YHCIIO BEIMYMHBI
ymoBoro MomeHnrta: [ = 0, W, CJIeI0BaTENbHO, BEIMYHWHA YTIOBOTO
momenta [I(1+ 1)]'/?h paBna Hy:0.) Takum 06pa3zoM, B KJIACCHYECKOM
MMOHWMAaHUH JIEKTPOH B OCHOBHOM COCTOSIHUM aToMa BOJOPOAA Kak ObI
HE BpallaeTcs BOKPYT sapa, a IPOCTO KayaeTcsl BIoAb paanyca. C 9THM
CBsI3aHa ero KuHeTndeckas sHeprusi. C TOUKHU 3peHus] KBAHTOBOH TEOPUHU
KUHETHYeCKast SHEPTHs JICKTPOHA CBs3aHa C JUTMHOW BOJIHBI AJIEKTPOHA,
pacmpocTpaHsoeiics B paAnalbHOM HalpaBlieHHH. Eciam opOutans
(IOKUMACTCA» K AApy, AJMHA BOJHBI B paJuaJIbHOM HANpaBJICHUHN
HEN30eKHO YMEHBINASTCS ¥ TI0ITOMY KHHETHYeCKasi DHepPTusl Bo3pacra-
et (pasm. 1.1). PeanbHas opOUTANB SBISETCS PE3YITHTATOM KOMITPOMHUCCA
MEXIY YMEPEHHO HU3KOM NOTEHLMAIBHON YHEPrUeil U YMEPEHHO BBbI-
COKOM KMHETHYeCKOM sHepruei. bike K sapy 21eKTpoHHas IIOTHOCTh
BBIIIIC, HO OHA UMCCTCA U Ha YAAJICHHOM OT dApa PaCCTOAHUMU.

Bce opOurtanu ¢ HyneBBIM YIJIOBBIM MOMEHTOM HAa3BIBAIOTCS S-0Op-
outansmu. s-OpOurans Husmed sneprun (n = 1, [ = 0, m = 0)
HasbIBaeTcs 1s-opoutanpio. Ecmu n =2 u /=0, To 310 25-0pOuTans. Ee
SHEprusl BbIILE, YeM dHeprus ls-opOuTanu, mo AByM HpudyuHam. Bo-
TIEPBBIX, OHa WMEET PaauadbHBIA y3en (puc. 1.2), MpeacTaBIsIONIHA
co0o#l chepruuecKkyo NOBEPXHOCTb, BHYTPH U CHApYXH KOTOPOH BOJI-
HOBast (QYHKITUSI UMEET pa3HbIe 3HAKH, U Ha CAaMOW JTOW MOBEPXHOCTH
SNIEKTPOHHAs ITUIOTHOCTH paBHa Hymo. llosiBieHHe y31moB Ha 000
OpOHTANN TTOBBITIAET YHEPTHIO AIIEKTPOHA, 3aHUMAIOIIIETO ATy OpOHTATb,
¥ 4YeM OoJjblle y3JI0B, TEM SHEPrusi OpOMTaIM BBIIIE. DTO CBS3aHO
C TeM, YTO C YyBEIWMYEHHWEM 4YHCJa Y3JIOB JUTMHA BOJHBI AIIEKTPOHA
CTAaHOBUTCS KOPOYC T. €. 0OoJbIIIee YHCIIO IMOJIYBOJIH NPUXOAUTCA HAa OAHY
M Ty e 00JacTh MPOCTPAHCTBA M MTO3TOMY €r0 KHHETHYeCKash YHePTHs
Bo3pacTaeT. Bo-BTOPHIX, MOBBIIEHHE 3HEPTUHU 25-0pOUTANIN 110 CpaBHE-
HUIO ¢ 1s-opOWTaBIO CBA3aHO C TEM, YTO 25-OpOHTAIb MPOCTUPACTCS
Ha paccTosHHe, Ooyiee JaieKkoe OT SApa, W MO3TOMY MOTEHITHAIbHAsS
SHEprus ICKTPOHA Ha HEell Bhillle, 4YeM Ha 1s-opOuTaiu. AHaIOTUYHbIC
3aMeYaHUs MOXKHO CJeJIaTh U OTHOCHTENIEHO 00Jiee BBICOKO JIEIKAIINX
s-opouraneii: 3s, 4s u T. 1.

Ecmm n = 1, equHCTBEHHBIM 3HAYEHHEM, pa3pelieHHBIM Ui /,
SABJISACTCA HYJIb, HO €CJIIM n = 2, KBAaHTOBO€ 4YHUCJIIO Op6I/ITaHbHOFO
YIJIOBOTO MOMEHTA MOKET MPUHUMATH 3HaueHus 0 (2s-opourtains) wim 1.
Ecmu [/ = 1, aroMHBIe OpOHMTaIM HOCAT Ha3BaHUe p-opOutanei. [Ipu
n=2wul=1 mbl uMeeM 2p-opobutans. OHa OTIIMYAETCS OT 25-OpOUTAIIH
TEM, YTO 3aHMUMAIOIIMI ee MEKTPOH 00s1anaeT OpOUTANIBHBIM YIJIOBBIM
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Puc. 1.1. Pactipenenenue IOTHOCTH HEKOTOPBIX aTOMHBIX OpOUTanei aroma Boxopona
B IIPOCTPAHCTBE

MOMEHTOM BeJIMYMHON v/2h. YIIIOBOII MOMEHT SBISETCS CIEICTBUEM
HaJU9Hsl YII0BOTO y3ima (puc. 1.2), KOTOpBIM, Kak TOBOPSAT, «BBOIUT
KPUBU3HY B YIJIOBOE M3MEHEHUE BOJIHOBOUM (PyHKIIMU» (IIap mpeBparia-
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paduanshvle
Y371

1s
(et y3n06) 25 3s
(0dun ysen) (36a y3na )

yrnobeie
Y3nbl

paduasbhsil y3en

2
(odun y3en)

%
(dba y3na)

yrnabsie
/‘ y3b1

(86a y3na)

Puc. 1.2. Y3710BBIE CBOICTBAa M CHUMMETpPHUS aTOMHBIX opOutaneil. Opburans ¢ n = 1

He umeeT y3i1oB. OpbOutamm ¢ n = 2 UMEOT OOWH y3ed, ¢ n = 3 —jaBa y3ia

U T. 1. OTHOCHTENEHO OIepaluy CHMMETPUH MHBEPCHHU (LIEHTP MHBEPCHU COBIAIACT

C LEHTPOM $JIpa) BCE S-OPOUTAIN CUMMETPHYHBI, BCE p-OpOUTAIN aHTHCUMMETPHYHBI,
BCE d-opOUTA CHOBA CHMMETPUYHBI U T. 1.

eTcsl B raHTelb). Hanumune opOuTanbHOrO yriioBOro MOMEHTA OKa3bIBAET
CHJIHOE BIMSIHUE HA pajuajbHyio GopMmy opburtaiu. B To Bpems kak
BCE S-OpOMTAIM y sipa UMEIOT HEHYJEBOE 3HaUCHUE, p-OpOUTaNIN TaMm
OTCYTCTBYIOT. DTO MOXXHO HPEACTaBUTh KaK OTOpachIBaHHUE JIEKTPOHA
OT siipa OpOMUTAIBbHBIM YIIOBBIM MOMEHTOM. Cuila KyJIOHOBCKOTO IpH-
TSKEHMS SNIEKTPOHA K Py TPONopiMoHaibha 1 /72, tie r— paccros-
HHUE OT sipa, a LEHTPOOeXkKHasl CHuja, OTTAJIKUBAIOILAS JIEKTPOHBI OT
a1pa, nporopuxonansta J2 /7> (J — yrosoii Moment). Ilostomy, eciu
yrIoBod MoMeHT J 7 0, mpu OYeHb MasbIX » ILEHTPOOCKHAs CHiia
MPEBOCXOIUT KYJIOHOBCKYIO. DTOT LIEHTPOOEKHBIN 3P eKT MposiBIsIeTcs
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takke B AO ¢ / = 2, KoTopble HasbIBaloTCs d-opOurtamsimu, /| = 3
(f-opOutanm) u Ooyee BBICOKHX opouTamsx (g-, h-, j-opoutanm). Bece
3TH OpOHUTaNM, U3-3a TOro, uto / # 0, HMEIOT HYNIEBYIO aMIUTUTYAY Y
SIIpa ", CIE0BaTENbHO, BEPOSITHOCTh OOHAPYKUTH TaM JIEKTPOH paBHA
HYJIIO.

VY 2p-opbutanu HET pamguaIbLHOTO Y3I1a, HO 3p-0pOHUTallb €T0 UMEET.
OCKH3bl HIKHUX aTOMHBIX OpOMTAalICH; WILIHOCTPUPYIOLIUE Y3JIOBBIS
cBoiictBa m cuMmMeTpruto AO (HO HE BEPOSTHOCTHOE pacHpeeICHHE
SIIEKTPOHA BHYTpPU OpOUTay, Kak Ha puc. 1.1), mpuBenens! Ha puc. 1.2.
CBeTible ¥ 3aTEMHEHHBIE 001aCTH — 3TO MECTA, I7Ie BOJITHOBAS (DyHKITHS
uMeeT pasHble 3HaKku. [lockoabKy BEIOOP 3HaKa MPOU3BOJICH, Oe3pa3iny-
HO, OyZIeM JI1 MBI COOTHOCHUTH 3aT€MHEHHUE 00JIaCTH C MOJIOKHUTEIHHBIM,
a CBETJIbIC 00J1aCTU C OTPUIIATEIHHBIM 3HAKOM BOJHOBOU (DYHKIUH, WU
Ha000poT. [ paHnITa MeXIy CBETION M TEMHOU 00IacTsIMHU OpOHUTaIIeh —
3TO y3el, T. €. TO MEeCTo, IJe BOJHOBas (DYHKIWS paBHA HYIIO, HIIH,
JPYTUMHU CIIOBAMH, MECTO, IJI¢ BOJHOBas (PYHKIUS MEHSET 3HAaK Ha
MIPOTHBOIOIOKHBIN. UeM OoJIbIIe y37I0B, TEM BBIIIE SHEPTHUS JIEKTPOHA,
3aHuMaroiero aanuyio AO.

[Tockonmbky mast p-opOutaneid /[ = 1, KBAHTOBOE YHCIO 7 MOXKET
npuHuMarh 3Hauenust +1, 0 u —1 (c. 21). Pa3usle 3HaueHus m coot-
BETCTBYIOT OpOHUTANISIM C Pa3IUYHBIMH OPHEHTAIUSMU OpPOUTAIHLHOTO
YIIOBOTO MoMeHTa. p-Opbutans ¢ m = 0 UMeeT HyJIEBYIO MPOCKLUIO
YIJIOBOTO MOMEHTA Ha OCh z (puc. 1.2), ¥ 110 3TOW MPUYHNHE e¢ Ha3bIBAIOT
p--opoutaneto. Bun p,-opoutanu (cm. puc. 1.1 u 1.2) TOBOPUT O TOM,
YTO JJEKTPOHHAS MJIOTHOCTH «COOpaHa B 3aBOJIM» BIIOJb OCH z. B aTOM
Cllydae CyIIeCTBYET FOPU30HTAIbHAS Y3JI0Basl IUIOCKOCTh, TPOXOISILAs
yepes SIpo, U BEPOSTHOCTh HAWTH DIEKTPOH B ATOH IUIOCKOCTH paBHA
Hynr0. J[Be npyrue p-opOuTaniu MOXHO TPEACTaBUTh aHAJIOTHYHBIMU
KapTUHAMH ¢ OPHCHTAIMEH «JTOTacTeiy BIOIb ocei x u y (cM. puc. 1.1),
II03TOMY OHHU Ha3bIBAIOTCS Py~ U P,-OPOUTATIAMM.

Ecmau n = 3, To [ MmoxeT mpuHIMATh 3HadueHus 0, 1 u 2. DT0 MPpUBOIUT
K OIHOH 3s-opOutamu, Tpem 3p-opOHTaisM U TSATH 3d-opOuTaiisM.
3d-Opbutaneid mATh, MOCKONBKY Tpu [ = 2 m MOXET IPHHUMATH
sHageHus 2, 1, 0, —1 u —2. Bce 3d-opOuTtanym HMEIOT HYJIEBYIO
aMILTUTYAy y siapa. Y HHUX HET paJuaibHbIX y3i0B (y 4d-opOutaneit
panvanbHbIe Y37l TOSBISIIOTCA), HO Y KaXXIOW €CTh JIBE Y3JIOBBIE
IJIOCKOCTHU (CcM. puc. 1.2).

Brire ObuTO CKa3aHO, YTO SHEPTHsl AIEKTPOHA B aTOME BOJOPO-
Ja 3aBHCUT OT IVIaBHOTO KBAaHTOBOTO YHMCIIA OPOMTAaH, KOTOPYIO OH
3aHMMAaeT, U HE 3aBUCHT OT €ro OpOMTAIBHOTO YIIIOBOTO MOMEHTA.
Takum 00pa3om, B aToMe BOIOPOAA DJIEKTPOH Ha 2s-OpOHMTaId HMMEeT
Ty K€ DHEpPrHio, YTO W Ha J000W U3 Tpex 2p-opburtaneil. Ecim
pasyn4Hble OpOUTATN UMEIOT OJMHAKOBYIO DHEPIHIO, OHU Ha3bIBAIOTCS
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8bIpOdICOeHHbIMU. BBIpOXKIIEHHE aTOMa BOAOPOA MPEJOCTaBIIsIET COOO0M
HEYTO MCKITIOUNTEIHHOE U B U3HKE OOBSICHSIETCS 0Cc000# (popMoii ero
KYJIOHOBCKOTO TIOTEHIIHAJIA.

1.4.2. PASMEPBI ATOMHBIX OPEUTAJIEN

CKOpOCTh MHOTUX PEaKIMH OPraHuYeCKUX COCTUHCHUN 3aBUCUT OT
TOTO, HACKOJIBKO A(PPEKTHBHO B3aUMOJICHCTBYIOT, T. €. IEPEKPHIBAIOTCS,
MOJICKYJISIpHBIC OpOuTaiu peareHToB. OObeMHUCThIC TPYIIILI (HAPUMED,
mpem-OyTUIIbHAS) TIPETSATCTBYIOT CONMKCHHIO PEarcHTOB, CHIDKAIOT
CTCICHb B3aUMOJICHCTBHS OpOUTalieii (MHOTAa /IO HYJIsI) U IMO3TOMY 3a-
TPYIHSIOT peaknuro. JJis OmeHKH cTeprudeckux d(h(HEeKToB HE0OX0TUMO
HUMETh MPEJCTABICHUE O TOM, KAKOBBI pa3Mepbl OpOUTAJICH U HACKOIBKO
JTAJIEKO OHM PACHpPOCTpPaHSIOTCA OT sijpa. [lockombKy MoOJeKymspHbIe
opOuTaNM MONYy4YaloOTCsl U3 aTOMHBIX opOuTaneil (pasn. 1.5), pa3mepsl
aTOMHBIX OpOWTaNell WIrpaloT PEmaroIyl0 pojib. Pa3mepbl aTOMHBIX
opOuTanell onpenessitoT U TO, YTO Mbl Ha3bIBACM «pa3MepaMu aToOMay.

KaxoBpl, HampuMmep, pa3Mmepbl aroMa BOIOpPOJa B €0 OCHOBHOM
ANIEKTPOHHOM COCTOSTHUM? MOXKHO pacCy 1aTh TakK: MOCKOJIbKY IIPH yiia-
JICHWH OT siipa OpOMTaNb CIaIaeT SKCIIOHEHITNAIBHO, aTOM OECKOHEYHO,
BEJIMK, TaK KaK aMIUIUTYIa BOJHOBOW (PyHKIHMH (OpOUTATHM) MOCTUTAET
HYJIsI JIMIIb B Ipejeie OSCKOHEYHOTO PACCTOSHUS OT sipa. JTa To4yKa
3peHHs MPUHITUIHAIBEHO TPaBHIIbHA, HO BPSI JIA ITpHEeMIIEMa JUTsI XUMHUH.

Jpyrasi Touka 3peHHs COCTOUT B TOM, YTOOBI CUMTATh 3a pa3Mep
aToMa paJuyc, Ha KOTOPOM HambOoyiee BEpOSTHO HAWTH HIEKTPOH.
Haubonee BeposSTHBIM panycoM, IPH KOTOPOM OyAeT HaiiieH 3JIeKTPOH,
st 1s-opburtanu sBisieTcst paguyc bopa ag = 0.53 A (53 m). Pammyc
HauOOJbIIEH BEPOSTHOCTH B Cilydae 2s-OpOMTaIM BOXOpPOAA HMEET
BeJIMYUHY 2,76 A(276 nM). Takum o0pa3oM, ¢ YBEITMYEHHUEM SHEPTHU
aToma, T. €. TIpH BO30YXKACHUH, €ro pa3Mepsl yBennuuBaioTcs. [lo mepe
YBEJIIMYCHHSI aTOMHOTO HOMepa (Z) sleMeHTa OpOUTaN «IIOKUMAKOT-
Cs» K APy W HanOoJiee BEPOSATHBIA pamgmyc OymeT paBeH 53 mm/Z, rme
Z —3apsn saapa.

Atom H He Li Be B C N O F Ne

HaubGonee

BEPOSITHBIN pajinyc
1s-opourama (A) 0,53 0,26 0,18 0,13 0,11 0,088 0,076 0,066 0,059 0,053

Takum ob6pazom, ls-opOutanp atoma ymiepoaa B 6 pa3 MeHbIIE
1s-opOuTanm aromMa BOIOPOIA.
1.4.3. CTPOEHUE MHOI'OSJIEKTPOHHBIX ATOMOB

Jns Bcex ipyrux atoMoB, KpoMe Bogopo/ia, ypaHenue péaunrepa
HCKIIIOYUTENBHO CI0KHO, TaK KaK BCE 3JICKTPOHBI B3aUMOJCHCTBYIOT
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JIPYT C JPYroM, 4TO HEOOXOAMMO y4decThb. Jlake Juist Tenus Helb3s 1aTh
aHAIMTHYECKOE BRIpKEHHUE JUTsl OpOUTaIel U MPUXOANUTCS MpUOeTaTh K
YHCIEHHBIM PELIEHUSIM ¢ TIoMolbio DBM (mosyyaroT Tak Ha3bIBaeMble
OpOUTaTN CaMOCOTIIACOBAHHOTO ToJIsT). OgHAKO YTOOBI TMOHATH DJICK-
TPOHHYIO CTPYKTYPY CHOXHBIX aTOMOB, JOCTaTOYHO BOCIIOIb30BATHCS
3HAYNUTENBHO 0OJIee MMPOCTHIM KaueCTBEHHBIM METOIOM, KOTOPBI OCHO-
BaH Ha OpOMTAJIAX, YK€ HalJIEHHBIX Ul aTOMa BOJIOpOJa.

OCHOBHOE COCTOSTHHE aToMa BOJIOpOJa MMEET AIIEKTPOHHYIO KOH-
durypaumio! 1s, T. €. eIMHCTBEHHBIH EKTPOH 3aHUMAET 15-0pOMTaIb.
V renus nBa snekrpoHa. Ecnu B3aTh siapo aroma remus (Z = 2) u
cHayaya JI00aBUTh K HEMY OJUH JJIEKTPOH, TO ITOT BJIEKTPOH 3aliMeT
1s-opOuTanb, KOTopas OyIeT OTIMYaThCSA OT 1s-opOWTaau aromMa BOJIO-
pozia JHIIb MEHBIIMMH pa3MepaMH, T. €. MEHbILEH TuPPy3HOCTBIO, TaK
Kak OONBIIMIA SNEPHBIA 3aps] NPUTATHBACT DJIEKTPOH OMmKke K sAapy
(naubonee BepoaTHBIA pamguyc He™ pasen ap/Z = 0,53/2 = 0,26 A).
Ecnu 3areM 106aBUTH BTOPOMH 3JIEKTPOH, TO MOJIYYHUTCS HEHUTpPAIbHBIN
atoM He, sHeprus koroporo OymeT HaMMEHBINICH B TOM cCiy4ae, KO-
IJJa BTOPOW 3JIEKTPOH 3aliMeT Takxke ls-opburtans. Pesynbrupytomeit
3NEKTPOHHON KoHdHryparmeii Gymer ls? (mBa mekTpoHa Ha 1s-op-
ouranu). Takoe onmcanue crpoeHus atoma He sBiseTcss HETOUHBIM,
MOCKOJIBKY HAJIMYUE BTOPOTO DJIEKTPOHA HMCKaKaeT OpOWTaib TIep-
BOTO, M HA00OPOT. DJIEKTPOHBI B3aUMOICHCTBYIOT IpPyr C JIpyrom,
WX pacmperiesieHne yxe He OyaerT chepudeckun CHMMETPHYHBIM, a
MOJTHAsl PHEPTUs aroMa yKe He paBHA CyMME DHEpPTUH JBYX OHIeK-
TPOHOB, MO OTACIBHOCTH 3aHUMAIOIMX ls-opOutans. TeM He MeHee
ecM TPUTSHKEHHE K SApYy TpeoliamaeT HaJl AIIEKTPOH-OIEKTPOHHBIM
B3aMMOJCHCTBHEM, UCKaKEHHE OpOMTanell He OyldeT OueHb OOJIBIINM.
Takum o00pa3oM, MOXXHO CUHTaTh, YTO aTrOM TeJHs HMeeT KOoH(H-
rypamuio 1s?, B KOTOpOil 1Ba 2NIEKTPOHA HAXONATCA HA BOJOPOJIO-
MooOHOH  1s-OpOHTaNIH, «IOMKATOW» K SIPY H3-3a2 OOJBIIETOo €ro
3apsiza.

Uro0Obl OTIIMYHUTE JPYr OT JpyTa JBa JJIEKTpOHA Ha ls-opOuTanw,
HEOOXOJMMO elle OJHO KBAaHTOBOE YHMCIIO §, KOTOPOE HA3bIBACTCS CITHU-
HoM. CTIMH CBSI3aH C YIJIOBBIM MOMEHTOM D3JIEKTPOHA, BPAIIArOIIETOCs
BOKPYT COOCTBEHHOM ocH. JleTanbHbIN aHAIN3 CIIMHA IEKTPOHA HOCUT
JIOCTaTOYHO YTOHYEHHBIM XapakTep, HO KOHEYHBIH pe3yibTaT MpOCT:
IUISL 3JIEKTPOHA BO3MOYKHO JIHINb OJHO 3HadeHue s = 1/2. CmuH,
a TOYHEE CITMHOBBLIM YITIOBOH MOMEHT, —3TO TaKOe€ K& COOCTBEHHOE
CBOWMCTBO JJICKTPOHA, KaK €ro Macca WM 3apsjl; 3TO (UKCHPOBaH-
HOE CBOWCTBO, XapakTepUCTHKa dacTHIbl. CIUH KaXXAOTO SIIEKTpPOHA

! Tlon snextponHoil KOH(HUIypalKeii MopasyMeBaloT ONpeIeTeHHOe PACpe/eeHne dIeKTPo-
HOB 110 (11,/)-ypOBHSIM.
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B TOYHOCTU OJMH M TOT k€, OH HE MOXXET HHM YBEIMYUBATHCS, HU
yMeHbIIaThcA. ENMHCTBEHHOE pa3inyme MEXIy IABYMsS SJIEKTPOHAMHU
Ha ls-opOuTanu 3aKiroyaeTcsl B pa3iIMYHOW OPHEHTALUU CIIHHOBOIO
YIJIOBOTO MOMEHTa. BennmuuHa yIiIOBOTO MOMEHTa OTHOCHTEIHHO OCH
z cocraBmsier mgh, tme m; paBHo wid +1/2 (a-cnuH), win —1/2
(B-crun). Takum 00paszoM, w3 ABYX 3JICKTPOHOB Ha ls-opOWTain omuH
UMEET Q-CIUH, a APyrod — [-CIHUH, T. €. CIMHBI 3THUX 3IEKTPOHOB
aHTHUITApAJUICIBbHBI UIIH, TI0-IPYTOMY, CTIapEHBI.

B aTome nuTHs epBbIe Ba ANEKTPOHA 3aHUMAIOT 1s-0pOHTab, eie
Gosiee MOATAHYTYIO K siupy ero 3apsgoMm (Z = 3). Tperuil 31eKTpoH
HE MOXET 3aHATh |s-opOuTanb, MOCKOJIBKY CYIIECTBYET €IIe OIUH
B)KHBIA MPHUHIIMI KBAHTOBOW TEOPHUM, KOTOPBIM 3ampelaeTr 3aHUMaTh
Kakyro-1m100 opOutanp Oojiee 4eM ABYM BJIEKTPOHAM. DTOT MPHHIUIL
HasbIBaeTca 3anpemom llaynu, OH SBISETCS KIIOYOM K TOHHMaHHIO
CBOMCTB CIIO)KHBIX aTOMOB M €T0 MOXXHO C(HOpPMYIHPOBATh CIETYIOIIUM
obpazom.

JIo6asi opOUTAIBL MOKET ObITH 3aHATA He 0oJ1ee YeM ABYMS dJIeK-
TPOHAMH, W eCJIU ee 3aHUMAKOT JABa JIeKTPOHA, HANpPaBJeHHEe HMX
CIIUHOB JI0JIKHO OBITH MPOTUBOMNOJIOKHBIM. 3anpet [laynu oTHOCUTCA
KaK K aTOMHBIM, TaK M K MOJICKYJISIPHBIM OpPOUTAIISIM.

[puntun [aynu 3anpeniaet, 9TOOBI TPETUH AIIEKTPOH HAXOAMIICS Ha
yIKe 3al0JTHEHHOH ABYMSI 2JIEKTPOHAMU 1s-0pOHUTaNH, U TOITOMY TPETUI
JJIGKTPOH 3aHWMAET CIICAYIONIYI0 OpOWTaNb HH3IICH »Hepruu. Takoi
opburaneto Oyzner onHa U3 opburaneii ¢ n = 2. [lonanaeT au MEKTPOH
Ha 2s- WU Ha OHY U3 TpeX 2p-opOuTaneit? BrIie MBI TOBOPUIIH, YTO
B CJIydae aToMa BOAOPOJa 9TH OpOUTa I ObUTH BBIPOKACHHBIME (MMEIH
OIHY W Ty K€ DHEPTHI0), OMHAKO JUIS JINTUS U APYTUX aTOMOB 3TO HE
Tak. [IpyunHa cOCTOUT B TOM, YTO MPUCYTCTBUE IPYTUX IEKTPOHOB (Ha
1s-opOuTansix) CHUMaeT BBIPOXKICHHE, TIOCKOJIBKY STH 3JEKTPOHBI, KaK
TOBOPST, «HE HAXOATCS B TEOMETPUYECKOM LIEHTPE aTOMay. S-DJIEKTPOH
XapaKTepHu3yeTCsl HEHYJIEBO BEPOSATHOCTHIO OBITh HAWIIEHHBIM Y s7pa,
TOTJa KaK p-3JIeKTPOH TaM BCTPETUTH Helnb3sl. ClieoBaTeNbHoO, 25-31eK-
TPOH, HECMOTpS Ha MPOTHUBOACWCTBHE OTPHUIATEIHHO 3apsHKEHHOTO
9KpaHa 1s-3JIeKTPOHOB, BCE K€ NMPOHHUKAET 4Yepe3 STOT 3KpaH K Aapy
W HaxOIUTCS MOJ BO3AECHCTBHEM IIOJIOKUTEIBHOTO AIEPHOTO 3apsa,
TOT/Ia KaK 2p-3JIeKTPOH He IPOHHUKAET Yepe3 OTPHUIIATETHHO 3apsKEHHBIN
skpaH. CymMa 3QeKTOB IKpaHHUPOBAHUS U MPOHUKHOBEHHUS IPHUBOIUT
K TOMY, 94TO 2S-3JIEKTPOHBI TI0 SHEPTHH JIe)KaT HIDKE 2p-3IIEKTPOHOB.
AHaJOrMYHO, JUIsl 3JEKTPOHOB C n = 3 DHEprust BO3pacTaeT B psay
3s < 3p < 3d u3-3a >pdexra MPOHUKHOBEHUS HYepe3 BHYTPEHHHE
obonoukn ¢ n = 1 mu n = 2. JIpyrumu crnoBamu, 3()(EKTHBHBIN
SIIEPHBIA 3apsix UIS pa3HBIX OpOWTaei He ogwmHaKoB. Tak, 3p-diek-
TPOH HATpusl NpPU Yy4yeTe SKPaHUPOBAHUSA JOJDKEH HAXOIUTBCS IOJ
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BO3JIeiCTBUEM MEHBILET0 (P PEKTUBHOTO SACPHOTO 3apsizia, 4eM 3s5-3JIeK-
TPOH.

Wrak, snmekrpoHHas KOHQUIypalus aromMa JIUTHS B OCHOBHOM
(am3mem) coctosHMM OyneT 1s?2s. UTOOBI MOCTPOMTH 3IIEKTPOH-
HYI0 KOH(UTypaluio Jr00ro aroMa ¢ HOMEPOM Z, HYXHO Mpe.-
CTaBUTh ce0c aTOMHBbIC OPOHMTAIHM C IOCIEIOBATEILHOCTHIO DHEPTUil
Is <25 <2p <3s<3p<3d< ... u3areM pa3MecTUTb Z IEKTPOHOB,
Ha4YMHAS C OpOMTAIM HHU3IIEH SHEPTHH, B COOTBETCTBHH C MPHHIIUIIOM
[Maynu. HeoOxoanmo IuIIb MOMHHUTB, YTO UMEETCS TOJNBKO ofHa ls-op-
OuTanb, ogHa 2s-0pOUTANb U T. 1., HO OpOHTaNiel Tuma 2p, 3p U T. . 10
TpH, opOutanel tuna 3d, 4d v T. 1. — 10 WATh, a opOuTaNel Tuna 4f,
5f uT. 1. — 1o cemb. Hike NpuBeNIeHBI SNICKTPOHHBIE KOH(MUTYpaIiu
OCHOBHBIX COCTOSIHUH aTOMOB MEPBBIX JECSITH JIEMEHTOB.

H He Li Be B C N (0] F Ne
Is 157 1s%2s 152257 15°25%2p 1s225%2p° 1s22s%2p° 1s5°2s22p% 15%25%2p° 1s%25°2p°

1.5. MOJIEKYJIAPHBIE OPBUTAJIN NOHA H;’

B nmpenpirymux pasgenax B KaueCTBE IPOCTEHIIEH 4acTHULBI pac-
CMaTpHUBAJICSI aTOM BOJOPOJA M OIMCAaHUE CIOXKHBIX aTOMOB OCHO-
BBIBAJIOCh Ha JAHHBIX, MOJYYEHHBIX MpPH M3YYEHHU aToMa BOAOPOJA.
Tenepp Ha TpuUMepe HambOOIee MPOCTON MOJICKYIIB — MOJICKYIISIPHOTO
HMOHA BOJIOpOJA H;r — MBI CHa4aja BBISBUM HauOojee CyIIeCTBEHHBIC
YepTHl TEOPHH CTPOCHHS MOJIEKYI, a 3aTeM 0OCyIuM OoJiee CIOXKHBIE U
XUMUYECKH 00JIee HHTEPECHbBIE MOJICKYIIBI.

1.5.1. JUHEMHBIE KOMBAHAIIUA ATOMHBIX OPBUTAJIEN

Hon H; COCTOMT U3 TpPEX, YaCTHUIl: ABYX IPOTOHOB U OFHOIO
anekTpoHa. [IpOTOHBI OTTaNKUBAIOT APYr Jpyra, HO HPUTATUBAIOT
anekTpoH. CTabuinbHOCTD H;“ JOJDKHA OOBSICHATHCS 0aJTaHCOM MEXIY
KHHETUYECKOW AHEprueld M SHEPTUsMH OTTAJKWBAHUS W TPUTSHKEHUS.
VipoluieHHoe paccMOTpeHUe HOHa H;“ OCHOBAHO Ha TPHUOIKECHUU
Bopna—OmnmnenreiiMepa, B KOTOPOM HCIIONB3YETCsl TOT (akTt, 4To 00a
MIPOTOHA TI0 MacCe 3HAYUTENBHO Tshkeee (mpumepHo B 2000 pa3) ogHOTO
anekTpoHa. BcenencTBue 3Toro siipa ABMXKYTCA Topasio MeAJICHHee,
4YeM DJIeKTPOH, W MOTYT paccMaTpHUBaThCS KaK (UKCHPOBAHHEBIE, a
3NEKTPOH — ABMKYIIMMCS 110 BceMy 00beMy MOJIEKy/Ibl. TOUHBIN pacder
MOKA3bIBa€T, YTO B TO BpeMs KaK OJIEKTPOH IPOXOIUT PACCTOSHUE
1 M, sapa mepenBUraroTCs JIMIb Ha 1 MM, W OIMIMOKA, CBSI3aHHAS C
MIPEIOI0KEHNEM O HaXOXKICHUH siiep Ha (PUKCHPOBAHHOM PAaCCTOSHUHU
JIpyT OT Apyra, OueHb Maja. B Apyrux mosekynax dapa eile Tsbkenee
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U npubImKeHue eie Oonee npuemiemMo. 3HadeHue npuonmxenus: bop-
Ha—OmrmenreliMepa ISl XUMHUU HCKITFOYUTETHHO BEJIUKO, TIOCKOJIBKY OHO
000CHOBBIBACT TaKHE MOHATHSI, KaK AJIMHA CBSI3U, YTOJI MEXKIY CBS3SIMHU,
KoH(UTypanus, koH(pOpMaIusi, CAMMETPHS SIIEPHOTO OCTOBA, KPUBas
MOTEHIMAIBbHOM 3Hepruu u T. n1. [Ipubnmxenne bopaa—Onnenreiimepa
3HAYNTENFHO YIPOIIAET onMcaHne HoHa Hi, cBOmd ero k ypaBHEHHIO
Ipénunrepa s oAHOM (a HE TPEX) YAaCTHUIIBI — MIEKTPOHA B AIEKTPO-
CTaTHYECKOM TI0JI€ IByX CTAllMOHAPHBIX IPOTOHOB.

[lorenunanbHas SHEpPrus IEKTPOHA B MOJie JBYX MPOTOHOB A U B
npornopiponaibHa (1/ra—+1/rg), TIe ra ¥ rg — paccTOSIHUS OT siep A 1
B. Korza s71eKTpoH HaX0IUTCs O4eHb OMU3KO K sapy A, 1/r > 1/rg, u
torna ypaBHeHue Llpénuarepa nmpespariaercs B ypaBHEHHE I OTHOTO
aToMa BOAOPOa, OCHOBHOE COCTOSIHUE KOTOPOTO ONMHUCHIBAETCS OpOuTa-
610 Wi, ¢ meHTpoM Ha sape A (lss). Ecioum ke aIekTpoH HaXOmUTCS
omusko K sapy B, ypasaenne Llpénunrepa npeBpamiaercs B ypaBHEHHE
UL aToMa BoZopofa B, B OCHOBHOM COCTOSIHUM KOTOPOTO 3JEKTPOH
HaxonuTcs Ha opoutanu 1sg. O0Iee pactpeneacHue ICKTPOHA MOKET
OBITh OTIMCAHO BOJHOBOM (DYHKIIMEH:

v~ Isp + Lsg.

Orta ¢yHKIUSA MOMOOHAa aTOMHOW OpOWTaIH, HO PacIpOCTPaHICTCS
Ha BCIO MOJIEKYJIY M TIO3TOMY HA3bIBACTCS MOJLEKYJIAPHOU OpOUMANbIO
(MO). IlockonmbKy MOJEKYJIsIpHaAs OpOWTANb 00pasyeTcss MyTeM CJo-
KEHHS JBYX aTOMHBIX OpOWTajeil, 3TO NMpUOIIMKEHHEe W3BECTHO O]
HA3BaHUEM JUHEUHOU KOMOUHAYUU AMOMHBIX opOumaseti, Wi Memood
JIKAO. Meton JIKAO sBIsIeTCsI TOIBKO MPUOITHKCHUCM.

CornacHo MHTEpIpETalMy BOJTHOBOH (yHKIMH BopHa, BeposTHOCTh
O0OHApYXUTh DIEKTPOH B 00BEME dT B TOYKE 7 MPOTOPIIMOHAIHHA
v?(r)dt u mosTOMy pacrpesieieHue IeKTPOHAa B MOJIEKyJe IpOrop-
ITHOHATILHO

(Isa + 1sp)?dt = (1sa)*d7 + (1sg)*dt+2(1sa) (1sp)dr.

B o6mactu BOMm3m sapa A ammumatyna (1sg) mana (puc. 1.3) u Bepo-
ATHOCTBH HAXOXKJICHUS 3[1€Ch DJICKTPOHA ONPEesieTcs [IaBHBIM 00pa3oM
(1s4)%; B 06nacTy BOIM3M siipa B BEpOATHOCTH HAXOXKICHHS SEKTPOHA
onpenensercs B ocHosHoM (1sg)?. Ho camas Baxkuas ocobennocts MO
BBISBIIACTCS TIPU HMCCJIEIOBAHUN BEPOSTHOCTH HAXOXKJIEHHUS HIIEKTPOHA
B o0ONacTu Mexay siipamu, e lsa u lsg UMEIOT MPUMEPHO PaBHbBIC
aMITTUTYIBL. BEposATHOCTS HAWTH AJIEKTPOH B 3TOM 001aCTH paBHA CyMMe
BEPOSATHOCTH TOTO, YTO OH OBLT OBI TaM, €CJI Obl IPHHAMJIEKAT aToMy A
(1. e. Benmuune (1sp)? B 2TOH 06MACTH), BEPOSATHOCTH TOTO, YTO OH
ObUT Obl TaM, eciau Obl npuHamiexan atomy B ((Is)?), u momoi-
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yBenuqerue amnautyde

Puc. 1.3. IlepexpsiBanue AO, Benmymiee
K CBA3BIBAHMIO A 8

HHUTEJIBHOI BeposSTHOCTH, TpornoprnoHanbHoi 2(1s,)(1sp)dt, koTopas
00yCIIOBJIEHA TPETHUM WICHOM B BRIpaKeHUH U1 W dT. Takum oGpasoM,
BEPOATHOCTb HAWTU ANIEKTPOH B HEKOTOPOM TOUKE B MEXKbSACPHOU
o0JylacTH yBeIMYEHa 0 CPAaBHEHMIO C OXKUIAEMOW B TOM Clydae, €CiH
MBI [IPOCTO UMEEM aToM BOAOPOAA Ha TOM K€ PACCTOSHUH OT JaHHOM
toukw (puc. 1.3).

[lprynHa 3TOTO COCTOMT B TOM, YTO OPOHMTAIM — 3TO BOJHOBBIC
GyHKIMH, T. €. «JIEKTPOHHBIE BOJIHBD), KOTOpbIE, KAK U BCSIKUE APYrHe
BOJIHBI, MOTYT WHTepdepupoBaTh. [lpu mHTEpdEepeHIH IEKTPOHOB
opbutaneit 1sp u lsg, Kakmas U3 KOTOPBIX B MEXBSIICPHON oOacTh
UMeeT MOJIOKUTEIbHYIO aMIUIUTYLY, 00LIas aMIUIMTYa yBEIUUNBACTCSI.
Taxum 0Opa3om, B 00JIaCTH ITEPEKPHIBAHUS MPOUCXOTUT KaK ObI «HaKaIl-
JIMBAaHUE» DIEKTPOHHOU TIOTHOCTH.

OOwenpuHATHIM OOBSICHEHHEM CYILECTBOBAaHMSA IPOYHON XUMHUe-
CKOH CBSI3U SBJSIETCS MPEIIOJIOKCHUE, YTO HAKOIUICHHE 3JIEKTPOHHOMN
IUIOTHOCTU B MEXbsICPHON 00JaCTH NPUBOIUT K TAKOMY IOJIOKEHHIO
SJIEKTPOHOB, B KOTOPOM OHH MOTYT B3aHMOJCHCTBOBAaTb C OOOMMH
aapaMu. OTO MOHW)KAaeT 3HEPruI0 MOJEKYJIbl U JIeJIAeT MOJIEKYIY
cTabunpHON. OHAKO TOYHBIE PacyueThl MOKAa3bIBAIOT, YTO MO KpanlHEH
Mepe st Hy 9T0 0ObsicHeHHE HEBEPHO, OCKOJILKY C/BUT SIEKTPOHOB
OT siIep B MEXbSJIEPHYIO OOJacTh IOBBIIIAET MX I[OTEHIMAJIbHYIO
sHepruto. CommacHO COBPEMEHHOMY OOBSICHEHHIO, B TO BpeMsi Kak
3JICKTPOHBI CIBUTAIOTCS B MEXbsIEPHYIO 001acTh, AO «I10[DKUMAIOTCS
K COOTBETCTBYIOUIMM sipaM. DTO YBEIMUYUBACT JICKTPOHHO-SIEPHOE
HNPUTSDKEHHE B OOJIbIIEH CTEIEHH, YeM OHO YMEHBIIAETCs MPH 3arojl-
HEHHU MEXKbIJCpHOH 00JacTH, W TOATOMY IMOTCHIHAIbHAS SHEPIHS
3HAUUTEIbHO NOHWKaeTcs. [Ipu 3ToM KMHeTUYeCKast 3HEPrHsl 3JIEKTPOHA
MOBBIIIACTCS, HO B CyMMapHOM 3(¢ekTe mnpeolnafacT yBeIUYeHHUE
3JIEKTPOHHO-SIIEPHOTO MPUTSKEHUS], YTO IIOHMKAET SHEPTUIO 3JIEKTPOHA
B none H u Bezer k 06pasoBaHuio CBA3M.
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PeytoB Oner AAeKCaHAPOBMY, AOKTOP XWMMYECKMX HayK,
npodeccop, akasemnk PAH. HarpaxaeH opaeHamn «TpyaoBoro
KpacHoro 3namenn» 1 «OpaeHom AeHunHar, Aaypeat AeHUHCKOM
npemMun. Y4acTHuk Beankoin OTeyecTBeHHOM BOMHbI. MHOrME roAbl
ObIA 3aBEAYIOWMM KadeAPOin OPraHUYeCKOn XUMMUKU XMMUYECKOTO
akyabTeTa MIY, 3aBeayiowmm AabopaTopuen OpraHMyYecKon
XUMUK M30TOMOB MHctuTyTa  9AEMEHTOOpPraHM4eckmux

coeanHeHnin um. A. H. Hecmeanosa PAH, raaBHbiM peaakTopom XypHara PAH
«MeTarnoopraHMyeckas XUMMsS» M YAEHOM PEAKOAAErMIA APYrMX >KYPHAAOB
PAH, 3aB. peaakunen AuTepaTypbl MO XMMMM M3AaTeAbCTBA «Mup». [loa ero
PYKOBOACTBOM MOArOTOBA€HO GoAee 150 KaHAMAATCKMX AuccepTaumid, 15 ero
Y4EHMKOB CTaAK NPO(eccopamm M AOKTOpamm HayK. ABTOP Y4EOHMKOB M Hay4HbIX

MOHOrpaguit.

MAak

Kypu AaekcaHAp A€OHMAOBMY, AOKTOP XMMMYECKMX Hayk,
npoeccop,  3acAyXeHHbld  npogeccop  MOCKOBCKOro
yHuBepcuteTa. YuTan oOWwMiA KypC OPraHMY4eckom XMMMUM AAS
CTYAEHTOB TPeTbero Kypca XMmMyeckoro dakyAbteta MIY.
[NepepaboTaHHas MM Nporpamma 3Toro y4ebHOro Kypca npuHsTa
B kayecTBe 6a30BOW B yHMBepcHUTETax Poccum npu NOAroToBKe Mo
HanpaBAeHMIO «XuMKsI». [ToA ero pyKOBOACTBOM MOAFOTOBAEHO

10 KaHAMAQTCKMX AUCCEpPTaLMi. ABTOP ABYX Hay4YHbIX MOHOrpaduii (B TOM YncAe
B coaBTopcTse ¢ O. A. PeyToBbim 1 . T1. beaeukoi «<Ambidental Anions», Plenum
Press, 1985), wectn 0630poB M y4ebHOro Nocobusi «3asaum Mo OpraHUYECKon
XUMUK ¢ pelueHnsmm» (M.: BUHOM. Aabopatopus 3HaHuid 2001-2014).

\¥

bytun Kum [leTpoBuy, AOKTOp XMMUUECKUX HayK, mpodeccop,
3aCAYXKEHHbIA npodeccop MOoCKOBCKOro yHuBepcuteTa. Yurtan
AEKLIMKU AAS CTYAEHTOB XMMMUECKOTO hakyAbTeTa MIY no kypcy
«Teopetnyeckne nNpodAeMbI OPraHU4ECKON XUMUN» U CTYAEHTOB
Beicwero xumuueckoro koareaxa npu PAH «Teopetnueckas
cTepeoxnmus». bbiA pykoBoauTerem AabopaTopun Teopun U
MEXaHM3MOB OPraHUYeCcKMX peakumin KaceApbl OpraHM4eckom

XUMHUKU XmmMmueckoro akyabTeta MIY. Astop (B coastopcTse ¢ O. A. PeyToBbiM
u W. . beneuxon) HayuHon moHorpacmun «CH-Kucnrotbi» (M.: Hayka, 1982),
nepeBeAeHHOM Ha aHrauickui (Pergamon Press, 1980).
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