BO Bropoii cragum ofpasylorca anermixodepment A (c. 42), o-ke~
TOCHyTapatr M OKcajxoamerar. B Tperneii ¢ase peammsyerca yuka
HKpeb6ea, npeacrasnennsiii Ha ¢. 424. Hukn HpeGca maunmnaercsa peax-
mueil oxcajoanerara ¢ aneTwsr-HoA u ToT ke oKcajoanerar pereHepH-
pyercs npu oBopore no nukny. QnpenejieHHENEe PeaKNUH IUKIA, BHIIOI-
HAOINEro KaTAIMTUYECKYD (YHKIHIO, CONPOBOKIAITCA NHEPEHOCOM
atomos H wa HAJl mim dxasonporenn. Ha wasxpmbie Asa anexTpona,
nepernecennsie ¢ HA/LH na O,, cnETesnpywTcs tpn moaexynn AT
(okucaureavnoe gochopuarposanue). ITOT HEPEHOC. IIEKTPOHOB
ocymecrtrigerca B pgsixarensnoit mernm. Ilpu mepexome or mepsoir
¢asnr Ko Bropoit Beipenserca CO. npum pepeHoCe BHEKTPOHOB C
HAJl - H ma O, obpasyerca H,0. O6muit Sanarc nponecca aspoGHOTO
JBIXaHAA

CeH,:0¢ + 6H,0 + 60, + 36 AND + 36 — 6CO, + 12H,0 + 36ATD.

JAsixauue murOro sddertusree ramoansa. Ipu ramromise namene-
HvMe cBOOOMHON SHEprMM Ha MOJbL IIIOKO3sl cocrasuseT — 197 w]lm,
upu asixarmmam — 2880 w][x.

Crnosxuble mpomeccsl MeraGoamsMa, 3amaCaHHA U PaCXofOBAHHA
9HEPTrHM HPOCTPAHCTBEHHO JOKAJIM30BAaHH B KJAeTKax. J[sixamme pea-
nmayerca B MemOpaHax MHUTOXOHApHMI, (oTocmHTe3 — B MeMOpamax
XJoponnactos. BHOXmMEueCKMe NPONECChl IBOAINMOHHO aflallTHPO-
BaHLL. TakK, ¥ JKMBOTHBIX NYCTHHL M ¥ IITHI CJABHBEIM MCTOYHMKOM
MeTabonmIeckoit DHeprum ABNAETCA KMp, a He Dimrored. B mycrsine
Hano ofecmednmBaTh HE TOALKO MAaKCHMAaJIbHbLI BLIXOA PHEPLMM, HO I
MakcuMyM o0pasoBaEMA BOAB — HPYM OKMCJIEHAM JKAPA HIPOM3BOAIT-
¢ BABoe O0ALHIe BOJABI, 9eM DPH OKUCHeHMH rianxoresa. na mrai
CymeCTBEHHA MeHbInag Macca ;Kmpa. Macca Iinkoresa W CBA3aHHOIT
¢ gUM BOJIH B 8 pas Goxplie, ueM MacCa KHpa, AAOOIag WpH OKIC-
JIGHUHM TO 7K€ KOIMUeCTBO DHEPTHH.

HoapoGuoe paccMoTpeRHe H CXxeMbI BCeX MeTafOJNUYeCKHX myTeir
€ONep’KaTCA B PYKOBOACTBAaXx mo Omoxmmum. Ml BepBeMCsa I fAplXa-
anp u  QorocmaTesy B . 13, DoceBAmMenHOil OmosHepreTike,
u B ri. 14, nocsamennoit GoTodMONOrnIECKNM TpoOmeccaM.

§ 2.11. Cuapnrie u ejalole B3auMoneiicTena

BaamMogeiictBua aToM0B B OHMOJOTMUECKHMX MOJEKyJaX, pPaBHO
KaK I B MOJEKYJaX CHHTCTHIECKHX OPraHMUECKHX COeJUHEHMil,— 3T
Opessie Bcero XHMITYECKHE KOBANeHTHHIE CBA3M, KOTOPLIC MBI HAa30-
BeM CHALHLIMHM, JHeprufa, meoOxopmmaa jra paspeisa C—C-ceasm,
pasra 348,6 x[[x/mons, aneprua C—N-ceasm 336 w]l»/Mons u T. .
CnibHbie B3aUMOREHCTBUA ONpeReysaidT IellHOe CTPOeHHe GHOmOJM-
MepOB, CcOeJMHEHNE JPYT C APYroM COOTBETCTBYIOIIMX MOHOMEpPOB —
aMUHOKHMCJOTHEIX OCTATKOB, HYKJIGOTHHOB, rexcosd. Cuibnnle cBA3m
06pa3yTCs BHENIHAMH DIEKTPOHAMHM aTOMOB; TEOPHA KOBAJCHTHBHIX
cBszell MoskeT OBITh OCHOBAHA TONbKO Ha KBaHTOBOi Mexammke. Co-
oTBeTCTBYOMadA o6nacTh QUINKH WiIM TEOPETHUECKON XMMHUW HMEHY-
eTcHa K6aHTOB0L TuMuell.
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B xope OmoxmMmuecKMx peaknmii, KaTalW3UpyeMBIX depMeHTaMm,
TWPOUCXOAAT TepecTpoiika XMMHUECKMX cBA3eil, mepecTpoiika 3IEKT-
POHHBIX 060NOYEK.

Onuaxo Guonormueckme MONEKYJNHl He MOINE OBl (PYHKIHOHHPO-
BaTh M JKA3Hb B U3BECTHHIX HaMm (POpMaX HE CYIIECTBOBala Obl, €CIH
©b1 TOMUMO CHIbLHHIX B3aMMONEHCTBMIl BHYTPM OMONOTMIECKHX MOle-
KyXI ¥ MeKpQy HOMA He pelicTBosalW Obl HeBajeHTHHIe, HeXMMHUIe-
cKue, cnaboie cunbl, HXetuw u mx opranomnsi — reTeporeHuse CACTe-
MBI, cymecTsopaHue ¥ (YHKIHOHMDOBAaHME KOTOPHIX ONpPenelfsioTcH
MeKMONCKYNAPHHIMA B3anMonefiCTBNAMN HEBaleHTHOro XapaKTepa.
Vicnmonuunrenn mouyrm BCex MONEKYIAPHBIX (YHKNHI B KIETKaX —
OenKN — B3aMMOACIICTBYIOT ¢ JHIMAAMHN M YriesopaMu, ¢ HYKIenHO-
BBIMA KUCIOTaMd M C MalbIMA MOJeKyJiaMu. BszawMojelicTsMsa dTH
OpedMymEecTBeHHO cjaldnle, TaK KaK CHIbHBIE B3auUMoAeHCTBHA CO-
3paBaiy OBl CHMIIKOM JKECTKMe M YCToilunpele CTPYKTYpH, XMOIEH-
nble MONEKYXAPHOH TOABMKHOCTH, HEOOXOMUMON N BHINOTHEHNHA
OHONOTVYECKNMYU MONEKYJIaMA MX pasHooOpasHbIX 32124, BKIIOYAI0-
IMUX TOHKYIO PeryJiAilui0 XMMWYECKMX peaKnuil, KOMOapTMeHTanuio,
ycragopliende rpajiueHToB KoHOeHTpanwm. llepedwmcnaum BmAabl cxa-
ObiX B3amMofieiicTsmii B OMOXOTMYECKAX CHCTEMaX W OXapaKTepm-
3yeM muXx.

1. Honnvie cessu. Cuinl B3auMoneiicTBNA MeKNY VMOHAMH, OMNCHI-
BaeMbie 3aKoHOM Hynona. Jueprmsa BzamMoneiiCTBHA JBYX HOHOB €
3apANaMu e, U e, PasHa

e e

Le (2.27)

er’

Uﬂou =

THe T — paccrofiivie MeKny WOHaMH, € — AWINeKTphuveckas TPOHM-
1aeMoCcTh Cpeibl. PaszHowmeHHBIe 3apAnsl npATATHBATCH, Uken <0,
onHonMennbie oTTankusalTea, Uy > 0. Vonnrie caasn oGpasyores,
B 9JaCTHOCTH, MEKIY HOHOTE@HHHIMHU Ipynmamn B Oeixax (Hampumep,
Tay~, Juat), memgy TaxkuMu rpynmamMu ¥ MaiblMH I1POTHBOMONAME,
Meskny GochaTHHME TPpynmaMn 8 HYKNEAHOBLIX KHCAOTAX U KaTHO-
HaMH T. X.

2. Hon-0unoavrvie gzaumodelicTéus MEHKRY HMOHAMYU M HONAPUHI-
MU rpynnami molexyid. OHA onpepeisioTca 3apAlOM WMOHA H AANONb-
HBIM MOMEHTOM B3amMopeliCTBYIOmeil ¢ UM aTOMHON TpYUIBL.

3. OpuenTayuonndvle cuabt. JNeKTPOCTaTHILCKAE B3anMopaeiicTsug
MeKay AnnonAMA. JIMnoNbHBIH MOMEHT P MajXoll MONeKYIb nuin
ATOMHOM TPYNNBl pPaBeH MO TOPSAKY BEIAYMHB NPOM3BENEHVI0 3a-
pana anexrpora (4.8 107" en. CI'CI) ma puvMHy XHMUUECKON CBAZM
(~107% cm). Epmunga nunonsuoro momenta, pasuas 10~ en. CI'C3,
Ha3sisaetcd nebaem (D). {mnonm cTpeMATCA YCTaHOBHTHCH auTHIIA-
pajulelbHo WJIH B XBOCT» ApYT K APYry. OHeprus opMeHTalUOHHOro
B3auMoefiCTBEA ABYX AMNOodeli o0paTHO npomoplHoHaXbHA KyOy
PacCTOSHAA MEXKHY HUMHE:

Uogp = ;,1.— {Plpz - "?i‘(‘pl—?z‘(p—?‘l} (2.28)
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Ecnm gsa AMNONA YCTAHOBJIEHBI «B XBOCTH APYT K JPYTY, T. €. Bce
TPH BEKTOPa Py, P M ¥ KOJIIMHEAPHEI, TO '

Uop ——217:112/7'3 (2 ‘)9)‘

Ec:m JUIONBHEIE MOJIGKYJHl HAXOAATCA B COCTOAHHHU TEMJOBOTO JBH-
JKeHNA B rase WAM B RHAKOCTH, TO BhIpaskenue- (2.28) caeayer
YCpPeJHNTH 0[O BCeM B3AMMHBIM OPHWEHTANMAM JAuUIoNeHl ¢ yyeToM
6oxenmanosa gakropa exp(—U/kT). llpu mocratouno BHICOKOH TeM-
neparype, korna U < k7, yecpeguenne maer

(2.30)

4, Unoyryuonnvie cuavt. IlocToaBHBII AMIONS MOJEKYJIH WIH -
ATOMHO# TpYHOBI MHAYDHMPYET B HPYroil MoJexyle MIM [pyIIe aTto-
MOB JMIOJNBHBIA MOMEHT, ¢ KOTOPHIM OH BaamMopeiicrsyer, Jlumonn-
BB MOMEHT, MHAYNMPOBAHHLI 3JMEKTPHYECKAM HOJIeM ¢ HampsKeH-
Hocteio E, panen

p=caE, - (2.31)

THe @ — TONAPU3YeMOCTh, XAPAKTePU3YOMad coocobHOCTh BMEKTPOH-
Hoii 0007109k cMemaThcA NOX JelicTeHeM sineKTpuueckoro nona. Ilo-
" JIAPW3YeMOCTH MMEeT pasMepHOCcTh ofbeMa, MOpAJOK BeIMIHELL. mo-
JAPU3YEMOCTH ATOMOB M MAJNEIX MONERYJ TOT e, uTo MX 00bLeMos,
1. e. 107* cM’, B namem cnyuae mHanpaiKeHBOCTH JEKTPHISCKOrO
HonA AMOONA B MOJIeKyJe, OTCTOAMNEH OT Hero Ha paccrosume T,
ecrs £ =2p/r* (ecim p m r nmapamiennHHI), W DHEPLHA HERYRIAOH-
HOro B3aMMOJeCTBHA paBHA

Usan = —"'1,0E* = —2ap*/r*, (2.32)

Hopo6uo. U,,, sueprna wWHAYRIHOBHOrO B3amMOAeficTBHA ofpaTHO
NpounopIMoHaibHa IMeCToN CTeNeHM PACCTOAHNSA, HO OT TEMIEPaTyphl
He 3aBHCHT. ’

CDopmme (2.28) — (2.32) cupaseyMBEl JUIUL JIA TOYSUHBIX JIH-
moseit, T. e, mpu ycuopmm p < er, rae e — sapAa snexTposa. Ecau
2T0 YCIOBUE He BHIIONHEHO, TO Heo0X0AuMo OpPOBOAMTHL PACIET B3a-
BMOJeiicTBMA TOYEYHBLIX 3apANOB, MOHONo.el,

Ilepeuncnennsie B3aMMOJEHCTBHA ABAATCA JAEKTPOCTATUICCKH-~
MU, DHEPrUA NPUTAKEHNA WIN OTTAIKMBAHMA BHIYMCIAETCA Ha OCHO-
Be KJIAcCHYecKoil aneKTpocTaTuri. HeanrtoBbie s(erTs mparTmie-
CKH He CYIIeCTBEHHEL.
© 5. Hducnepcuonnvie cuavi. Bsaumoneilicrene BaJeHTHO HaCHIIMEH-
HHIX 3JEKTPOHHHIX 000J0YeK aTOMOB M MOJIEKYJN. JT0 CHIBI, HE 3aBH-
cAmyue 0T HAJMIMA 3apAMOB, QUOONLHHX MOMEHTOB, KBAJAPYIONBHBIX
MoMeHTOB M T. 7. TakoBnl, HampmMep, CHJBI, JeilCTBYIOIEe MeXAY
monexyxama N,, O, CO., Graropogsbix rasoB B MX CMecH (BO3AyX)
® DOPo3Hb. JTH CHJLL ONpefelfioT HeMgeaibHoe NoBeJReHNe Geagm-
MONBHBIX Ta30B, UX CKMKeHMe. /[MCOepCHOHHBIE CHJIBI OTBETCTBEHHAL
8a CYMIECTBOBAHHE MONEKYJAPHHIX KPUCTALIOB, B YACTHOCTH, KpH-
CTAN0B YLAEeBoJiopoRoB. JlncmepcnonBEie CWILI MMET KBaHTOBOME-
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. XaHHYECKYI IPHPOAY, B paMKaX KIacCHYeCKOil (PuU3nKH HeXLIA
" OOBACHHUTH MX CYIIECTBOBAHME.

JeMEHTAPHBIN pacueT dHEPIHU AUCHEPCHUOHHOrO BsanMoneucTBnn
WCXONUT M3 NPEJCTaBIHEHUA IHNEKTPOHOB TAPMOHUYECKMMM OCHIMILIA-
cTopamu. Meay ABYMA OJMHAKOBLIMH OCIMIUIATOPAMY pEANH3YETCH
MIHOBEHHOE AUIONb-FUIONFHOE B3aMMONEICTBHE, BCIEJCTBHE YEro
BMECTO NEePBOHAYANLHOr0 Kojxebamma ¢ vacTOTOH ®, BO3HMKAIOT [ABa
HOPMANLHBIX KONeDaHMA ¢ YACTOTAMM, KOTOphle OTIAMYAIOTCA OT ®,
Tem Oonbimie, uem cunbHee saamMojeincreue, COOTBETCTBEHHO HM3Me-
usercA m HyleBaa smeprua koxeGamuit., B orcyrcresme Baammopeii-
CTBUA OHA paBHA

Ey =6, (2.33)

% — nocrosrpas Ilmanka. Muoskurens 6 monyuaerca moTroMy, 4TO
KA DIeKTPOH-OCHHM/IATOP NUPEANoNaraeTcaA WMEIOIAM TpH CTe-
nenn cBoGoxsl. Ilpm BaaumopeiicTBum Hynesas dHeprua wojuebauwmit
pasua

1 vz 2 \1/2
el e
- 1/2 2¢°
+ 1+ + 1—};‘— . (2.34)
T/ie € — 3apA] BIEKTPOHA, f—Koad)d)nnuenT YIOPYrOCTH OCIUIIATO-
pa, r— paccroaame Me;kay ocmmiaTopamu. lpm e*/fr* <« 1
. ~ 3% 3 bt 2.35
&y~ Shoy— “’o;z_rs'a, (2.39)
¥, cleJ0BaTeNbHO, JHEPruA B3aNMOJEHCTBHA PaBHA
' o
L/?I["CII == go e g - h(ﬂo f2 A (2.36)
TloMecTuM 9AEKTPOH-OCHUINIATOP B 3neKTpuueckoe noxe E. Cuna

¢E, peficteyoiiasg Ha 3JMEKTPOH, YPaBHOBEMIMBAeTCA YUPYro# cuiaoi
Jr. CremoBaTenbuo, WHAYNMPOBAHHBIH JMIONbHBIE MOMEHT paBeH

2
p=er="7E=dE, (2.37)
rjie a — HOJIHPYIBYGMOCTL OCHYIJIJIHTOPH, paBHaﬂ
k 82 _ 82

(m — macca ocgunasaropa). Ilogcrasnsaa a B BeIpamenue (2.36), no-

Jyuaem - .

Unen = — o oy - (2.39)
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JHeprusa ANCIEPCHOHHOTO B3amMofeiicTBMA Tamke ofpatrO Hponop-
IMOHAIbHA LISCTOH CTEMEHM PACCTOAHMA MEKNY B3aMMOJelcTBYIOMn-
mun cuncremamn. Haamume muommrena % s suipamennu (2.39) cpu-
JeTeIbCTBYET O KBAaHTOBOMEXAHMYECKOI HpPHUpOAe JMCOepPCHOHHLIX
cwit, BllepBbie packpsitoil JloHmOHOM.

Jimcnepcnonsbie caiibl HMEIOT YHABepCAlbHOe 3HAUEHNE A BHYT-
pR- O MERMONEKYJSAPHBHIX B3aUMONEHCTBHII ATOMHBIX CPYOI H MO-
JIEKYX € HACHIEHABIMA BAJEHTHLIMN CBA3AMM,

Cnuapl 3, 4, 5 BPHHATO HA3bIBATh BAH-HEP-BAANBCOBLIME, TaK Kak
B CyMMe OHH ONpPEAENAIT MEKMONCKYIAPHOe TPUTIAEEHHE, OTBeT-
CTBeHHOe 33 HONpPAaBKY HA NaBlenne B ypaBmeHmi Ban-nep-Baamnca
A peanbHbIXx razos. llompasxa ma o6beM ompelelnseTcs B3aHWMHbBIM
OTTAJKABAHMEM MOIEKYI HA MAaIbIX pacc'mmm;n OPEPONa KOTOPOI®:
TaK/Ke KBAaHTOBOMEXAaHMYECKAS,

Hopanon BEJWINHLI JHEPTAH BaH-TEP-BAajbCcOBBIX BaamMoneii-
CTBHIl COOTBETCTBYET TEILIOTe MCIAPEHHA mmu{oc'm Ouna mmeer no-
panox Benwunusr 10 wJlx/moxn.

6. Bodopodnvie ceasu. Cnenmbnqecxne NOHOPHO-AKNEITOPHBE
BaauMmoneiicTeua, cosnasaemeie aromom H B rpympmax O—H, N—H,
F—H, Cl—H, wnnorpa 8 S—H. Bopopon ceasbiBaer 9Tm rpynnel ¢
BanesTHo HacoumeHubimur atomamm O, N, F, nmanpnmep, B Boje:

—H-. -O—H---o

v
LY TRy O

Bopmoponasie ¢BA3H ONPCALNAIT CTPOSHME M CBOICTBA BOMNBI, OHH HI-
paoT ouenh BaKEYKW poib B GOPMHpOBAHMK CTPYKTYp Ouomonmmepom:
d B MX B3aMMOAECHCTBHUAX ¢ MAJILIMA MONEKYJXaMU. JHCPraU BOAOPOI~
HOIX cBaseii mment popaAmok 4—29 wllw/mons. IloppoGnee o mux:
paccxasano B § 4.3.

7. Tudpogobusie s3aumodeticreus. Bunononnmeps — Gexxy u ny-
KJIEGHHOBbIE KMCIOTH — (PYHKOIMOHHPYIOT THABHLIM 00Pa3oM B BOJHOM.
oxpyxennn. [uiapodobubie cuibi — cHxpl cHeHUIECKOr0 OTTANKH-
BaHHAA M@Ky HEHONAPHBHIMA ATOMHBIMHM IPYNOHAMH U MOJEKYJaMH BO-
Abl. dto arTponuiiablil addexT, onpenenaeMslil 0cOGEHHOCTAMY CTPYH-
TYpPHl BoABl KaK KOHJIGHCHpOBAHHOW cucrembl. I'mnpodobabie B3ammo-
AeiicTBHA MIPAT BaKHEIMYI0 poXb B (OpMUPOBARUU CTPYKTYPHE
GenxoB, HAAMONEKYXAPHBIX cncTem (MeMOpanmul) o T. A

O ruapodobasix BaamMmoneilcTBrAX pacckazaso B § 4.3.

CnaGple B3amMMOJeEiicTBHA OTBeTCTBEHHBI 33 MONEKYIAPHYW Tuod-
KOCTh, T. €. KOH(OPMaIMOHHbIE CBOICTBA OHOMONMMEPOB M MAXBIX
moneryn (em. ra. 3). Mn ompepenseTca MolerynasipHoe y3HapaHWe,
peannayemoe B (epmenraTmBHom kartanmse (ri. 6), B GmocmHTE3E:
(rn. 8) m B nexom paAfe OHOJXOrMYECKHX BPOLECCOB, NPOMCXOAAIINX
1a MOJEKyIAPHOM YpPOBHe.



