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OTKpBIT 3D GeKT yHOPALOUEHUA MEeTa-HUTPOU3OMEDPOB, 3aKJIIOUAIIUICA B
TOM, YTO PACIIOJIOKEHNEe HUTPOM30MEPOB B MOPAIKE POCTA UX KOHIIEHTPAI[UU
MeTa-HUTPOU30MEePOB, — IIPOAYKTa PeaKIuu 3JIeKTPOGUIbLHOTO HUTPOBAHUS
MOHO3aMeIIEHHbIX 6eH30J1a, — IPUBOAUT K 00pPa30BaHUIO TAOJUIIEI MOHO3a-
MEeIEHHBIX 0eH30J1a, TIe KasKI0e COeIUHEeHNEe NMeeT CBOE KECTKO OIPe/esIEH-
HOe MECTO II0 PACIIOJIOYKEHUIO OPTO-, MeTa- 1 Ilapa-HuTpousoMepoB. MeTomzom
COIIOCTABUTEJNHLHOTO HCCIENOBAHUA (PUBUKO-XUMUUECKUX IIapaMeTpPOB MOHO-
3aMeIEéHHLIX 0eH30Ja JaHO O0bsCHEeHNEe M3MEeHEHHSA COCTaBa IIPOAYKTOB pe-
aKIUU BJIEKTPO(GUIBHOrO 3aMeIeHUs IIOJ BO3AEHCTBUEM IIOJOKUTEIbHBIX
Me30MePHBIX 9(D(EKTOB U MOJOKUATEIbHBIX 3JIEKTPUYECKUX 3aPAN0B 3aMECTHU-
Teseii. IlooKuTEeIbHOE BHEPTreTUYECKOE II0JIe 3apANOB 3aMeCTUTeJ el nsMe-
HAET IOJBMKHOCTH T-3JIEKTPOHHOM CHUCTEMBI apOMAaTHUYeCKOro AApa, U €ero
JIeliCTBYe HAIIPaBJIEHO, B IIEPBYIO OUEepelb, HA MeTa-MOJ0XKeHuA. BriepBrie mo-
KasaHo, YTO pacTBOpUMOCTH QyJiiaepeHa Cg, B rajoreH6eH30JaX U aJTKUIOCH-
30JIaX IIPOTEKAET 10 OMHOMY M TOMY sKe MeXaHU3MYy: pearupyiomnum haxkTopom
ABJsIeTCA HEJOKAJIM30BaHHAs T-dJIeKTPOHHAsA cucTeMa 0eH30JbHOro Axpa. B
pacTBOpe MOJIeKYJIbI (hysnepera Cqy, HAXOAATCA B BUE KOMILIEKCOB C IIEPEHO-
COM 3apdAfa T-Tuna. BrICKasaHO IPENIOJIOXKeHNEe, YTO B METHJISaMEIIEHHBIX
6eH30J1a, COMEePIKAIINX ATOMBI TaJIOTeHA B METUJILHOM I'PYIIIe, pearupyoniuM
daxTOpPOM ABJIAETCS HEIOAEJEHHA Iapa P-9JIeKTPOHOB rajIoreHoB.

Binxputo epeKT BIOpAAKYBaHHSA MeTa-HITPOidoMepiB, AKUH IoJArae B TiM, IO
posTaIryBaHHA HITPOiBOMEPIB y MOPAAKY 3POCTAHHA 1X KOHIIEHTpAaIlil mera-
HiTpOi3OMeEpiB, — IPOAYKTY peakiiii eaeKTpo(iJbHOIO HITPyBaHHA MOHO3aMi-
HeHnXx 0eH30J1y, — IPU3BOAUTH A0 YTBOPEHHS Ta0JIUIIL MOHO3aMiIlleHX OeH30-
Jy, Ie KOKHAa CIIOJIyKa Ma€e CBOE KOPCTKO BU3HAUYEHE MicIle 3a PO3TAlllyBaHHAM
OpTO-, MeTa- Ta Iapa-HiTpoizomepiB. MeTomoi0 MOPiBHAJJIBHOTO IOCTiI:KEHHS
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$isuKo-XeMiUHNX HapaMeTPiB MOHO3aMillleHuX 6eH30JIy JaHO IIOSCHEeHHA 3MiHN
CKJIaJy IIPOAYKTIiB peakIlii ea1eKTpodiibHOrO 3aMillleHHs IIiJ] BILIMBOM ITO3UTH-
BHUX Me30MepHUX e(eKTiB i IOBUTUBHUX eJIEKTPUUHUX 3apAAiB 3aMiCHUKIB.
IlosuTuBHE eHepreTwuvyHe II0JIe 3apAMiB 3aMiCHHKIB 3MiHIOE PYXJUBICTH Ti-
€JIEKTPOHHOI CHCTEMU apOMAaTUYHOIO ANpa, i Oro Aisd cupAMOBaHAa, B MEPIITy
yepry, Ha MeTa-moJ0XKeHHs. Brepiie mokasaHo, 1o po3unHeHHA Qysiepery Cg,
B raJioreHOeH30JIax i ankijnbeHs30/1ax Biq0OyBA€ThCS 3a OSHUM i THUM Ke MexXaHis-
MOM: pearyBaJbHUM (haKTOPOM € HeJIOKaJi30BaHa TM-eJeKTPOHHA cucTeMa GeH-
30JIBHOTO Anpa. ¥ pos3umHi MoseKydi dysrepeny Cg, 3HAXOOATHCA Y BUTJIALL
KOMILJIEKCiB 3 IePEHOCOM 3apAny TM-TUIY. BUCIOBIEHO IPUIYIIIEHHS, 1110 B Me-
TUI3aMIIIeHuX 0eH30JIy, 10 MiCTATH AaTOMHU TaJOTeHy B MeTUJIbHiM IpyIi, pea-
r'yBajgbHUM (DaKTOPOM € HeIlo/lijieHa Iapa p-eJeKTPOHIB rajJoreHis.

The effect of meta-nitroisomers’ ordering is discovered and consists in the fact
that the distribution of nitroisomers in order of increasing of concentrations of
meta-nitroisomers, product of the reaction of electrophilic nitration of mono-
substituted benzene, leads to the formation of monosubstituted benzene table,
where each compound has a fixed-determined place by the location of ortho-,
meta- and para-nitroisomers. An explanation for changes in the composition of
the reaction products of electrophilic substitution under the influence of posi-
tive mesomeric effects and positive electric charges of substituents is given by
the method of comparative study of physicochemical parameters of monosub-
stituted benzene. Positive energy field of substituents’ charges changes the
mobility of m-electron system of aromatic nucleus, and its action is directed,
primarily, onto the meta-positions. As shown for the first time, the solubility
of Cg, fullerene in halogen benzenes and alkyl-benzenes proceeds by the same
mechanism—the nonlocalized m-electron system of benzene nucleus is the re-
acting factor. The molecules of Cg, fullerene in solution are in the form of com-
plexes with a n-type charge-transfer. As suggested, the lone pair of p-electrons
of halogens is the responsive factor in methyl-substituted benzene containing
the halogen atoms in the methyl group.

KaroueBrie ciaoBa: ¢yiepeH, apoMaTUUECKHe YIJIeBOJOPOALI, SJIEKTPOHHBIE
a((peKThI 3aMecTUTe e, TOTeHIINATLI MOHU3AINH.

(ITonyueno 17 aneapa 2012 2.)

1. BBEJEHUE

OgHuM M3 KJIIOUEBLIX HAOpPaBJIeHUN B XUMUU (PYJIEPEHOB SABJISIETCS
yCTaHOBJIEHNE 3aKOHOMEPHOCTEH MX B3aUMOIeHCTBUA C MOJEKYyJaMU
pactBopuTeseii. IHTepec K XuMuUu pacTBopeHus dyanepena Cqy, KaKk K
MOJIEKYJIe ¢ VHUKAJbHBIM CTPOEHMEM, BBI3BAH KaK IPUKJIATHOMN, TaK U
(byHIaMeHTaJIbHON 3HAUNMOCTBIO 9TOM IPOOIEeMEI.

0630p paboT, TOCBAIEHHLIX N3YUEHUIO IIPOIlecCa PACTBOPeHUA Py.JI-
JepeHa, MOKasajl, UYTO, B OCHOBHOM, I[€JILI0 IEePBLIX PAabOT OBLII IIOMCK
yHUBepcaJabHOTO mapamerpa pactBopumoctu Cgy [1-3]. BeisicHmiocs,
YTO HU OJHO 13 N3YUYEHHBLIX (DU3NUYECKUX CBOHMCTB PaCTBOPUTEJIEH He OT-
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BeUaeT HOCTABJIEHHBIM K HEMY TPeOOBAHUAM.

Jlo cux mMop BBITOJHAIOTCA PAOOTHI II0 HAXOMKIECHUIO 0006ITaioIero
ypaBHEHMS, CIIOCOOHOrO IPOTrHO3MPOBATH PACTBOPUMOCTL (PyJLIepeHa
Ceo, C WCIIONB30BAHUEM METO/a KOHIIETIMU MOJIEKYJISPHOTO MOA00US
[4-11]. O630p aTHX pabOT MOKABHIBAET, UTO U B 3TOM HAIIPABJIEHUU II0-
CTaBJIeHHAA TeJbh M0 HACTOSIIEro BpeMeHU ellfe He AocTuruyTa. Ilo-
BUINMOMY, VUUTBLIBASA 9TO 00CTOATEIHLCTBO, aBTOpaMu pabotsl [12] BhI-
CKa3aHOo MPEJIIOJI0MKEeHNe, UTO (hyJJIEPEHBI, a TAKKe IPYTIUe HAHOCTPYK-
TYPBI, BPAJ JIX MOT'YT OBITh IPEACTABJIEHEI C IIOMOIIBLIO «KJIACCHUIECKOM»
MOJIEKYJISIPHOM CXEeMBI.

B onybnukoBanubix panee paborax [13—17], mpoiiecc pacTBOpeHUS
dbynnepena C4, MBI paccMaTpruBaeM B paMKaxX 3aKOHOMEDHOCTEH MeiX-
MOJIEKYJISIPHOTO [TOHOPHO-aKIlemTopHOro BazauMmoneiictBua (MIIAB),
MIPUBOIAIIET0 K 00pa3oBaHUIO KOMILIEKCOB ¢ mepernocoM 3apana (KII3)
n-runa. OgHaKo HapAAY ¢ GaKTopaMu, MOATBEPIKAAIONUMU JOHOPHO-
aKIenTopHoe B3aumojeiicTBue MoJsieKya Cg, ¢ MOJEKYJIaMU TTPOU3BO/I-
HBIX apoOMaTHYECKUX YIJIEBOJOPOIOB, CYIIECTBYIOT (DAKTOPEI, KOTOPBIE
He BIIMCBHIBAIOTCA B PAMKHU IIPEICTABJIEHUIN O JOHOPHO-AKIIEIITOPHBIX
B3aumMojelicTBuAX. Hampumep, pactBopuMocTh Cg, B rajloTeH- W aj-
KMI0eH30JIaX HAXOAUTCA B IIPSIMO IPOMOPIIMOHAIbLHOM 3aBUCUMOCTH OT
MOTEeHIIMAJIOB MOHU3AIINN MOJIEKYJ dTUX pacTBopureseii. Torga kKak, B
COOTBETCTBUU C COBPEMEHHBLIMH IIPEICTABJIEHUAMU, 9TA B3aMMOCBA3b
IOJKHA OBITh 00PATHO IMIPOMOPIIMOHANLHOM. ITOT 3hPeKT, 0O0HaApYyKEeH-
HBIY IIPU UccIeqoBaHnn MexaHnaMa pacTBopeHud Cqo [17], KoTOPBI# MBI
HasBaJau 5pPeKToM moTeHInaIa noun3anuu «dPdextom Pl», Habmromga-
eTCs TOJIBKO B TeX CJydyadX, KOTZA 3aMeCTUTe]b B MOJIEKYJie OeH30Ja
SABJISIETCA DJI€KTPOHOTOHOPOM.

YuuTbiBasi pesyJbTaThl 3TUX Pab0T, OLILIO coejaHo 3aKJIIUeHIUe, UTO
mosiBJIeHue 3Toro 3ddeKTa 06yCIOBIEHO TEM, UTO MOJOKUTEIHLHBIN Me30-
MePHBIH 3Q)(PeKT IpeBaInpyeT Hall OTPUIIATeILHEIMUA NHAYKTUBHBIMU 3(-
(bexTamMu 3amecTuTeNEl, KOTOPHIE B TAKOM CJyYae JOJKHBI HECTHU II0JIO-
JKUTEJIbHBIN DJIEKTPUUECKUN 3apsl, BKJIIOUYAA 1 TaJIOreHHbIe 3aMeCTHUTE-
au. B pesysabTaTe sHepreTMyecKoe IoJje MOJOKUTENbHBIX 3apsaoB 3aMe-
CTHUTEJISI YMEHBIIIAeT II0JISIPU3YEeMOCTDb T-9JI€KTPOHHON CHCTEeMbI OEH30JIb-
HOTr0 A[pa IPAMO IPOIOPIUOHAILHO IOJIOMKUTEIbHBIM ME30MEPHBIM 3(-
(hekTam 3amMecTUTEIEH, UTO U BLI3LIBAET YBEJIMYEHNE SHEPIUU NOHU3AIUN
MOJIEKYJI TPOM3BOIHBIX 6EHB0JIa C 9JIEKTPOHOAOHODHBIMU 3aMECTUTEIAMMU.

Kpome sToro, BesIMYMHbI IIOTEHIINAJIOB NOHU3AIINH MOJIEKYJ apoMa-
TUYECKHUX JOHOPOB 3HAUNTEJIBHO IIPEBOCXOLAT IIOTEHIIHMAJ MOHU3AIINU
mosieKkyabl dymnepera Cgy, KOTOPHINI UTpPaeT, B JAaHHOM cCJiyuae, POJb
akIenTopa T-3JeKTpoHoB. CoryiacHo sKe COBPEMEHHBIM IpeICTaBJIEHM-
M, aKIeNTOP MOJI’KeH MMeTh 00JbIllee 3HAUEHWE TTOTeHI[aa NOHM3a-
IUH, YeM JOHOP.

B pabore [17] MBI HMCIIOIB30BANY 3HAUEHUS ME30MEPHBIX 3((EKTOB
Bekkepa [18], mosyueHHBIEe UM KaK Pa3sHOCTL AUIOJBHBIX MOMEHTOB
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IIPOMBBOAHBIX apoMaTudecKux yrieBogoponoB WCsH;—X)- u anudaru-
YecKux yrieBomopoaos ¢ aromom rajoresa W(C,H;—X). IIpu srom Bek-
Kep, IOJIb3YsCh CYIIIECTBYIOIIEi YCTAHOBKO, UTO «NPU 8CeX 3HAUCHUAX
OUunoavbHO20 MOMEHMA HANPABLEHUE €20 XAPAKMEPUIYEem s 3HAKOM 3a-
pada Ha 3amecmumese 6 COOMBEMCMEUL ¢ onpedeseHuem UHOYKMus-
HO020 3¢)pexma», IIOCTABUJI 3HAK MUHYC IJId OUIIOJbHBIX MOMEHTOB ra-
Joren0eH30/10B. B HacTosAleil paboTe MBI MOCTABUJIN 3HAK ILIIOC IJIs
9THUX CUTYaAIlMH W IIOJYUYWJIN HOBbIE 3HAUEHUS IIOJIOKUTEJIbHBIX ME30-
MepHBIX 3(GGEKTOB IJIsd rajioreH- 1 aJKNI3aMeleHHbIX 0eH30J0B, KOTO-
pble IIpuBeAeHBI B Ta0. 1.

3HaueHns Me30MepPHBIX 3()(EeKTOB YBEJINUYWINChH OOJbIIIe, YeM Ha IIO-
PAIOK, 3a HCKJIIOUEHNEeM Me30MepPHOro sdgdeKTa (propa B KauecTBe 3ame-
CTHUTEJISA, KOTOPBIN TaKsKe BhIPOC HA IIOPAL0K, OMHAKO CTAJ MEHbIIIe, YeM
Iass mpem-0yTuiabensona; cMm. Tada. 1. 3Hak (+) MBI IOCTABUJIN HA TOM
ocHOBaHUU, UTO «d3PPeKT PI» MOKHO 00BACHUTD, KaK IMOKa3aHO BELIIIIE,

TABJIAITA 1. MoHosamellieHHbIE O€H30JIa B MOPSAAKE POCTa Mema-u3oMepa B
IPOAYKTE PEeaKINU 3JeKTPOMUILHOIO HUTPOBAHUSA, COCTaBbl HUTPOU3OMEDPOB, a
Tak:Ke pacTBopuMocTh GyineperHa Cy B 3aMellleHHBIX 0eH30J1a, MTOTEHI[UAJ
MOHUBAIUY COeTUHEHUN U Me3oMepHBIe 3(h(heKThI 3aMeCTUTeIe.

H'NE BamecTuTeNn Hurporsomepst P, ,wrmia'| M.s., D |IIH, 5B
-II. MeTa-| opTo- |Hapa-| oo 60
1 -F 0,0 12,4 87,6 99,5 1,2 3,49 9,2
2 —Cl 0,9 29,6 69,5 99,1 5,7 3,78 9,07
3 -Br 1,2 36,5V 62,3V 98,8 4,6V 3,70 8,98
4 -1 2,1 37,9 60,0 97,9 2,1 3,60 8,73
5 —OCH, 2,0 44,0 54,0 — 5,60 — 8,22
6 —CH, 4,4 58,4 37,2 95,6 3,0 3,64% 8,82
7 -CH,CH; 6,5 45,0 48,5 93,5 2,16 3,60? 8,76
8 -CH(CHy), 7,7 30,0 62,3 92,3 1,20 3,559 8,69
9 -C(CHy); 11,5 15,8 72,7 88,5 0,90 3,54% 8,68
10 —CH,CI 14,0 32,0 54,0 — 2,46 — 9,14
11 —CHCI, 33,8 23,3 42,9 — — — —
12 —CCl, 64,5 6,8 28,7 — — — —
13 -COOCH; 68,4 28,3 3,3 — — — —
14 -COOC,H, 72,0 24,0 4,0 — — -0,15 —
15 -CHO 72,0 19,0 9,0 28,0 0,41 -0,22 9,53
16 —-C=N 81,0 17,0 2,0 19,0 0,41 -0,39 9,705
17 -NO, 93,3 6,40 0,3 6,7 0,80 -0,69 9,92

IIpumeuanus. P VcopaBieHO BeJIUYUHY E;Gﬂ nn1a 6pombensosa 3,3 mr-ma ! Ha 4,6

MI-MJI !, yUUTBIBAS JIMHEHHEBIH XapaKTep 3aBHCHMOCTH BCeX (DM3HMKO-XMMUUYECKHUX IIa-
pameTpoB. 2 PaccunTanHble 3HaUeHUA M.5. aTKAILHBIX 3aMeCcTUTeNell 6eH3oa.
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VMEHHO ITPY HAJIMYNH OJOKUTEIbHOr0 3apsaa Ha 3aMecTruTe e OeH30J1a.
Kpowme sToro, kax 0yaeT mOKasaHO Aajbllle, HA OCHOBAHNN HAJIHUUYUSA II0-
JIOXKUTEJLHOTO 3apsafa HA 3aMeCTHUTEeNAX, MeHCTBYIOI[UX uYepe3 IIpo-
CTPAHCTBO, MOXXHO OO'BACHUTL U IIOPSALOK PACIIOJIOMKEHUSA HUTPOU30OME-
poB B TabJ. 1. B 1uTepaType BCTpeuaOTCsa BEICKA3hIBAHUA, UTO BJIUIHIE
SJIEKTPOHHOI'O IO0JISI, JefICTBYIOIIEro Yepes IPOCTPAHCTBO, IIPEBAJIHNPYET
HaJ moJAapusauei mo 6-¢cBa3aM [19] u uto sHaK 3apsama HA aToMax MoJie-
KYJIBI OTHOCUTCA K HeolpeaeideMbIM BessuunHaM [20].

CorsacuHo COBpeMeHHBIM IIpeacTaBiaeHuaM peaxkiiuu MJIIAB c mepeno-
COM 3apsiza OT apOMATHYECKMX MOJEKYJ Ha DJIEKTPOHOAe(UIUTHYIO
MOJIEKYJIY OTHOCATCSA K OJHOMY M3 OCHOBHBLIX KJIACCOB peaKIluii apoma-
TUYECKHUX YIJIEBOJOPOAOB — 3JIEKTPOGUILHOMY apoOMaTHUYECKOMY 3a-
metieHnio (DA3) Bomopoaa 6eH30ILHOTO KOJIbITa. ITH 00a BuIa peakIiuii
MIAB u 9A3 oranuaioTca BBICOKOHM UYBCTBUTEJIBHOCTHIO K DJIEKTPOH-
HBIM 3(ppeKkTam 3amecturesieii. Hampumep, cocTaB M30MePOB B IIPOAYK-
Te peakuuu A3 MoHO3aMeIl[eHHBIX 0eH30Ja oToOpakaeT pacirpeieie-
HIe DJIEKTPUUYECKHUX 3apsI0B HA aToMaxX yriepoaa 0eH30JIbHOTO KOJIbIA
MoHozaMmertreHHoTo 6emzona (M3B). IlosToMy JIOTMYHO IIPEAIIONOMKUTD
CYIIIECTBOBAHNE KOPPEJIAINN MexKAy pacTtBopumocTbio Cq B M3B u
KOHIIEHTPAIIUIMY HUTPOU30MEPOB B IPOAYKTax JAS3.

1.1. OcoGeHHOCTH peaKIuu 3JIeKTPO(GHILHOTO APOMATHUECKOTO
3aMeleHUu

HNurepec K peaxknuaMm A3 BbI3BAH TE€M, UTO 3TU PEaKIIUN U PeaKIluu
MIAB 06begUHSIOT B IMIUPOKUIN KPYT POACTBEHHBIX PEaKIIUA KMCJIOT-
HO-OCHOBHELIX B3ammozelicTBuii. OcoObIii MHTepec AJIs HACTOAIIErO HC-
CJIeJOBAHUS IIPEACTABIAET dKCIEPUMEHTAJIbHO NOKA3aHHBIN (aKT, 3a-
KJIIOUAOIIUICSI B TOM, UTO OSHUM U3 XapaKTEePUCTUUECKUX CBOMCTB pe-
akmuu JA3 ABJIAETCS OIpeaeaaolnee BINAHNE IPUPOLbI 3aMECTUTEI
Ha COOTHOIIIEHE N30MEPOB B IPOLYKTE PEAKIIH.

IIpenniayinye HAIKW KCCJIEIOBAHUSA IIOKA3BIBAIOT, UTO PEAKI[US pac-
TBOopeHUuA (pynepena B M3B oTimuaeTcsa BBICOKOM YYBCTBUTEIbHOCTHIO
K BapbMpPOBAHHUIO 3amecTuresieii. IIosToMy JIOTMYHO OBIIO IIPEAIIOJIO-
JKUTH CYII[ECTBOBAHNE KOPPEIAMUNA MEKIY (PUNKO-XUMUUYECKNMHU I1a-
pamMeTpaMu peaKIiuii pactBopeHus Cqy 1 peakniuamu OA3.

Kiraccuueckum npumepom peakuun JA3 ABIAETCA dJIeKTPOPUILHOE
moHoHHuTpoBanre M3B. B cooTBeTcTBUM C COBPpeMEHHBIM IIpeJCTaBJIe-
HueM peaxmuu A3 mpoxoaar B Tpu craguu. CoOrjiIacHO KBaHTOBO-
XUMHUUYECKUM pacueTaM XM MHOTOUHCJICHHBIM 9KCIePUMEHTAJIbHBIM JaH-
HBIM, Ha IIepBO#l ObIcTpoil paBHOBecHO# cramuu (I) obpasyerca KoM-
ILIEKC C IIEPEHOCOM 3apsiga TM-TUIlA, KOTOPBIH, B 3aBUCUMOCTHU OT dHEpre-
TUYEeCKOT'0 COCTOSIHUS peareHToB, Ha BTopoi craguu (II) mpeBparaercsa
B O-KOMILJIEKC, TpaHchopMUpPYyIOIIuiica 3aTeM, Ha TpeTrbei craguu (111),
B MHIWBUAYAJIbHOE COeJUHEHNE C HOBOM G-CBA3BIO:
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(1)
T-KOMILIEKC 0-KOMILIEKC MPOAYKT
peaxiuu

cragusa 1 craguda I1 cragusa 111

Cy1recTByeT mOJIOKEeHUe, COTJIAaCHO KOTOPOMY peareHTOM Ha CTaauu
(I) aBaseTcs meOKaJIM30BAHHAS TM-3J€KTPOHHAA CHCTEMa apoMaTHUUe-
ckoro aapa (m-9CAd). CmabunrvHocms 00pasyiomieroca T-KOMILIEKcA
sABAseTcA QYHKI[MEN CTelleH IlepeHoca 3apsaaa OT JoHOPa K aKIeITopy,
saBucaAIiaa ot mwiioTHocTu T-JCAS 1 ee TOABUIKHOCTH, T.€. HOJAPUIYE-
mocTu. CTabuIbHOCTD TM-KOMILJIEKCA, IIJIOTHOCTh U MOJAPU3YEeMOCTDb T-
ICAS usmeHAOTCA IPU BapbUPOBAHUU 3aMecTUTesasA. Ha BTOpoii cra-
nuu (II), B oTaumume oT mepBOii, BOSMOMKHO 00pa3oBaHUE TPeX BHUIOB O-
KOMILJIEKCOB — OpmMo-, mema- U napa-c-Komiuiekca. CtabuiabHOCTD
KasKJIor0 U3 HUX 3aBUCUT OT JJIEKTPOHHBIX 3((EKTOB 3aMECTUTENI —
mezomepuoro (M.s.) u uagyktuBHOro. Ha Tperneir craguu (III) o6pasy-
eTcs KOBAJEHTHOe coennHeHne. B oTauume oT peaknuu dA3, peakmus
MIIAB ocramaBauBaeTcsa Ha cTaguu oOpasoBaHusA T-KoMILIeKca. Mccie-
IOBaHUA M3MEHEHUS pacipelesieHns 3JIeKTPUUEeCKUX 3apsagoB B MoJe-
KyJie 0eH30Jia, ABJIAIOIINXCA HUCTOUYHUKAMU PEaKIIMOHHON CUJIBI aTo-
MOB, IPOUCXOAAIIETO IO BANUAHUEM BBOAUMBIX B OEH30JbHOE KOJBIIO
(bYHKIIMOHAJIBHBIX TPYIII, IPOLOIIKAIOTCA ViKe MHOTO JeCATUIeTHH, HO
SIBJISIIOTCS aKTyaJbHBIMU U B HACTOSAIIEee BpeMA.

ITesns HacTOAIIEl PabOTHI COCTOUT B BHIABJIEHUM BOBMOMKHBIX KOppe-
JAMUHA MeXKIY pacTBopuMocCThi0 GysiepeHa Cqy, 1 9KCIepUMeHTaJIbHbI-
MU 3HAUEHUAMHU PU3UKO-XUMHUUYECKUX ImapaMeTpoB peakiiuu JA3. Oco-
OBI MHTEpEeC IIPeACTaBJAET CYIeCTBOBAHNE KOPPEIANN MeXKIy KOH-
IeHTPaIuAMA OpmMo-, Mema- U napa-HUuTPOU30MepPOB, MCTOUYHUKAMU
nHGOPMAIIN O PEaKIIMOHHOM CHJe aTOMOB yriepoja OeH30JIbHOTO
KOJIBIIa, C PACTBOPUMOCTBIO Cyy B 9TX MOHO3aMEIIleHHBIX O0eH30JIa.

2. 9KCITEPUMEHTAJIBHBIE TAHHBIE
2.1. 9ddexT ynopagoueHUA MeTa-HUTPOU30OMEPOB

Ananusupysa xapakTep COOTHOIINEHUN ABYX IIapaMeTpPOB — pPacTBOPU-
MocTH (ysaepeHa (Pcso) ¥ TI0JIOXKUTEJBHOTO Me3oMepHOro agderTa 3a-
mecturenasa (+M) ¢ xonunenrpanuamu C, -, C,- u C, -HUTPOU30MEPOB,
OBLIIO 3aMEeYEeHO, UTO COOTHOIIIEHU (PCGO -C,) u (+M-C,), nnsa Bcex ro-
MOJIOTHYECKUX PAIOB, UMEIOT JIMHEeHHbI 00paTHO ITPOHIOPIINOHATbHBIN
xapakTep; cM. Tabi. 1. Pacmoso:keHne UccaeqyeMblX COeTUHEHU B I10-
pALKe pocTa KOHIIEHTPAIIUY Mema-HUTPOU30MePOB, IIPUBEJIO K 00paso-
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BaHUIO CBOEOODPasHON «YynopsadoueHHOl mabaAulbl MOHO3AMEUL,eHHBLX
Oens3on08» — Tabja.1l, rge Kaskgoe coefUHEHNE HMEET CBOE KECTKO
oIpeeIeHHOe MECTO B COOTBETCTBUU C U3MEHEHMEM COOTHOIIIEHUSA HIAT-
pom3oMepoB B IPoAyKTe peaknuu IA3. PacmosoxxeHne coefuHeHUN B
MMOpsiIKe PoCTa KOHIIEHTPAIUU OPMO- UIN NAPaA-N30MEPOB IPUBOIUT K
Xaocy 1 He JaeT BO3MOXKHOCTH YCTAHOBUTH KaKue-JIn00 o0Ire 3aKOHO-
MEPHOCTH HM3MEHEHUA COCTaBa HUTPOM3OMEPOB IIPHN M3MEHEHHNHM 3aMe-
CTUTEJIS.

Kakx Bugmo 13 Taba. 1, MoHO3aMeIlleHHbLIe 0€H30JIa PACIIOJIOKUINCH B
MMOpsifKe YMEHBIIIEHUS X MOHOPHO# crmocobHocTu. IlepBbIMU CBEpXy
PaCIOJIOMKEHEI ABa TOMOJIOTHYECKHUX PALA rajioreH- U aJKHWI3aMereH-
HBIX OeH30.JIa.

Mexk 1y rOMOJIOTHYECKUMU PSIIaMU IaJOTreHOEH30J0B U aJIKUI0EH30-
JIOB PAaCIOJIOKEHO COeJUHEeHHe MeTOKCHOeH30J (aHM30JI, COeIMHEHNE
Ne 5). Ham He ymaigoch HAWTH OJIs 9TOTO coefnHeHus 3HaueHus M.s. Ox-
HaKo, cyas mo pactBopuMocTu Cg, B 3TOM coegWHEHWHW paBHOM 5,60
Mr-MJI L, ero +M.s. TOJKeH GBITh BHICOKMM. 3IeCh SBHO IOJI’KHBI OBITH
romoJioru MeTokcubensosa ¢ samecturenamu —OC,H;, —OC;H,; u Tax
masee. Ha cylecTBoBaHME IOMOJIOTOB YKA3LIBAIOT HOBOJILHO OOJIBIIINE
WHTEPBAJLl MEKIy KOHIEHTPAIUAMU OpPMo-, Mema- U napa-
HUTPOMU30MePOB coequHeHmit Ne 5 11 Ne 6.

3aTeM HIeT rOMOJOIrMYECKUI PAJ IPOU3BOAHBIX 0€H30J1a, B KOTOPBIX
aTOMBI XJIOPA HAXOOATCA B METHUJIBHOM 3aMeCTHUTee. ITU COeqUHEHU
MIPEACTABIAIOT UHTEPEC TeM, UTO B PeaKI[MU IIePeHOca 3apsama MOJKET
y4acTBOBATh KAK T-3JIEKTPOHHASA CUCTEMA apoOMaTHUYECKOro aapa, Tak u
HOSII p-5/1eKTPOHOB aToMa XJiopa.

B mmxuHell uacTu TabIMIBI HAXOOATCA MOHO3aMeIlleHHbIe 0eH30JIa,
cozep:rale 3JIeKTPOHOAKIIENITOPHEIe 3aMecTuTenn. OKas3aochb, UTO
OHH PAaCIOJIOYKEHLI B IOPALKE POCTA OTPHUIIATEIbLHBEIX ME30MEPHBIX d(-
tdexToB (M.s.) samecTuTeneii, T.e. TaKKe B IMOPAAKE YMEHbBIIEHUA IO-
HOPHBIX CBOMCTB T-3J€KTPOHHOM CHCTEMBI apoOMAaTHYECKOr0 KOJIbIIA,
€CJIM CYUTaTh YBEeJINUEeHIEe —M.»s. PaBHOCHUJIBHBIM YMEHBIIIEHWIO +M.».

Brliie MBI MOKAa3aJi, YTO, B ApOMATUYECKUX YIJIEBOJOPOIAX C 9JIEK-
TPOOOHOPHBIMHU 3aMECTUTEJIAMMU, KOHIIEHTPAIIUN Mema-HUTPON30MEPOB
HaXOOsATCA B 00PATHO IIPOIOPIIMOHAIBHON 3aBUCUMOCTH C PACTBOPUMO-
cTbio pyrmepena Cgy U C MOJOKUTEILHBIMU Me30MEPHLIME 3 PeKTaMu.
OpHakKo, CyIIecTByeT 00paTHO IPOIOPIMOHAJILHOE COOTHOIIIEHTE MEKIY
KOHIIEHTPAIIUAMY Mema-HUTPOU30MEePOB M CYMMOH Opmo- U napa-
HuUTpomsomepamu (Y 0-, I1-) a BeJIMIUHA Y O-, II- PACTET OT HUTPOOEH30Ia
K ¢pTopOeH301y, KaK BuAHO u3 TabJ. IlosToMy HIpH COIOCTAaBUTEIHHOM
HCCJIeJOBAHUY yAOOHEee II0JIb30BATHLCH, BMECTO KOHIIEHTPAI[UU Mema-
HUTPOM30MEDPOB, BEJIMUNHON ) O-, II- B BUJIe MEPHI JOHOPHOMI CIIOCOOHO-
CTHU TajIOTeH- U aJKNJI3aMeIleHHbIX 0eH30JIa, UTO SBJISETCA JJOIMYHBIM,
YUYUTBIBASA, UTO AEJOKAJN30BAHHAA N-9JIEKTPOHHASA ILJIOTHOCTD CO3AeT-
cA p-dJIEKTPOHAMY aTOMOB YIJIEPOAa, PACIIOJOKEHHBIMU B OpmMo- 1 na-
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Pa-TIOJNIOKEHUAX apOMaTUUYECKOTO AApa.
Basa OKCIIEPMMEHTAJIBHBIX NAaHHBIX IIO PACTBOPMMOCTHU CGO B3dATa U3
pabor [1, 4—6].

2.2, PactBopumocts C4, B rajioreH3aMeleHHBIX 0eH30JIa

PactBopumocTs dyinepena Cqy B rajoreH3aMeIieHHbIX 6€H30JIa PACTET
B pAny

—-I>-Br>-Cl (2)

¥ pe3Ko Imazaer Bo Gpropbemsoe.

CyimecTByerT MMOJoKeHNre, YTO B IIpoliecce 06pasoBaHusA M-KOMILIeKCca
Ha IepBoi cramzmu JA3, peareHTOM SABJIETCA JAeJIOKAJTM30BaHHAA T-
SJIEKTPOHHAS CHUCTEMA apoMaTHYecKoro aapa [21]. 9To moJoxeHe derT-
KO IIPOABJIAETCH IIPY COIOCTaBIeHNN pacTBopuMocTH QynnepeHa F, ¢
> 0-, N-COOTHOIIIEHNE ATUX BEJIUUYNH UMEET MPIMO IPOMOPINOHAILHYIO
3aBHCHUMOCTh B PACTBOPaX rajJOreH3aMeINeHHbIX W aJKMI3aMeIeHHbIX
0eH30JI0B, KaK Oy/eT IOKa3aHo HUMXe.

Bce Touku mHa saBumcumoctu (C, —C,), mpeacraBjaeHHON Ha puc. 1,
Je:KaT Ha OOHOM MpAMOii, a oTHoInenue AC /AC,=—1.

CooTHoOIIeHUA (PC60 -Yo-, u-), (M.s.—Yo-, n-), a Takke (I->o0-, 1-),
mpeAcTaBJIeHHLIe Ha PUC. 2, pUc. 3 U puc. 4 COOTBETCTBEHHO, SIBJIAIOTCS
MIPSMO TIPOIMOPIIMOHAIBFHBIMU ¥ YKA3bIBAIOT HA CYIECTBOBaHUE KOppe-
JATUYA MeX Iy 9TuMu BeanunHamu. Koppenanusa (I - 0-, 11-) yKa3bIBaeT
Ha NPUCYTCTBUE «d3(p@eKTa IIoTeHI[haJa NOHU3AlUN» B PeakKIuAX apo-
MATHYECKOTO 3JeKTPOPUIbHOTO 3aMeIeHnsI, IOCKOJIbKY MEKAY IIapa-
METPOM «) 0-, II-», BBIIOJHAIOIIUM POJIb IIJIOTHOCTU T-3JIEKTPOHHOM CU-

4 K] %

opTes

40,01
30,04

20,04

10,04

60,0 800 100 Copr %

Puc. 1. 3aBucumocts mexkay KoHieHtpanuamu C,. u C,_ HUTPOM30MEPOB I'ajio-
reHOEHB0JI0B.
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P, , mr-mat
4 -Cl

6,0 —Br
4,04

-1
2,0 —F

Xo-, o, %
T T T T
08 98,5 99 99,5

Puc. 2. CooTHOIIeHNS MEXKAY PACTBOPUMOCTBIO Cyqy U CYMMOM KOHIIEHTPAIU
0-, II- rajJoreHO0eH30JI0B.

M.s., D
38 e &
-1
3,6 -F
3.4
Y0-, o-, %
I I I I
98 98,5 99 99,5

Puc. 3. CooTHOIIIEHNST MEXKIY Me30MEPHBIMU 3(PPeKTaMu raJIoT€HHBIX 3aMe-
CTHUTeJIel U CYMMOM KOHIIEHTPAIIUi X0-, II- TaJIoreH0eH30JI0B.

I, 3B
10,04
&
9,04 . -Br
8,0 T T J FO-' o, %
98 08,5 99 99.5

Puc. 4. Koppenamnusa
CyMMOI UX KOHIIEHTD

MeXKJy HOTeHIIMAJaMU MOHU3AIUU TaJIOreHOeH30JI0B U
anuu Xo-, I-.

CTeMBLI apOMaTUYECKOr0 AApa TajoreHO0eH30JI0B, W NOTEHIIMaaMU’
voHu3aumuu «I», HabaomaeTcsa HpsAMasd IPOIOPIMOHAILHAS 3aBUCH-
MOCTb, & He 00paTHO IPOIIOPIIMOHAIBHA, KAK TPeOyeTcsa 3aKOHOMEPHO-
CTSIMU DJIeKTPOHHOM TeOPUN.

Ha pucynkax 5 u

6 IpemcTaBIIeHBI COOTHOIIIEHUST MEe30MePHBIX 3(eK-

TOB U CyMMEI ) 0-, II- CO 3HAUEHUAMU BJIEKTPOOTpUIlaTeIbHOCTEMN () aTo-
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M.s.
3,81 =Cl
-Br
3,71
|
3,6
-F
3,54
T — T T
25 3.0 3,5 40 % 9B

Puc. 5. Koppenanusa mexay Me3oMepHBIMH 3dhdeKTamMu rajJoreHHBIX 3aMme-
CTUTEJEH U 3JIeKTPOOTPUIATEILHOCTHIO TaJIOTeHHBIX aTOMOB.

ro-, m-, %
1040
-F
-l
99 - -Br
-1
98
T T T T
2.5 3,0 3.5 4.0 xs 2B

Puc. 6. Koppenamnusa mMexIy CyMMOUN KOHIEHTPAIIUHA XO-, M- W 3JIEKTPOOTPU-
LATEJIHLHOCTHIO T'AJIOTeHHBIX ATOMOB.

moB rajoreHoB (M.s.—y) um > 0-, II-—)) COOTBETCTBEHHO, HAXOAAIINECA B
IPSIMO IPOIIOPIIMOHAJILHOM 3aBucuMocT. O0a COOTHOINIEHUA CBUAETENb-
CTBYIOT 00 M3BECTHOM HEOOBIYHOM IOBEJEHNU I'aJIOT€HOB, 3aKJIIOUAOIIEM-
¢S B TOM, YTO COTJIACHO COBPEMEHHBIM IIPEACTABICHUIM MEXKAY 9TUMU I1a-
paMeTpamMu JOJXKHO ObITh 00PaTHO IIPOHOPIIMOHAIBHOE COOTHOIIIEHUE, 0-
CKOJIBKY UeM 0OJIbIIIE 3JIeKTPOOTPUIIATEIFHOCTh 3aMECTUTENA, TEM MEHb-
I1e JoJI:KeH OBLITH ero Me3oMepHLIN addekT. I mo HacToAIlero BpeMeHun
OTBET Ha BOIIPOC, IIOUEMY Me30MEepHBIH a(deKT fioabeH30/a MEHbIIIE Me-
30MepHOTO 3 deKTa XJIopOeH30Ia, HEe HOIYUUI yOeaUuTeIbHOT0 00hACHe-
HUA.

2.3. AIKuiasaMeleHHbIe 0eH30Ja

Oco60e MecTO B peaKIuax 3JeKTPOMUIBHOTO 3aMEITeHUsa apoMaTuye-
CKUX YTJIEBOJOPOIOB 3aHNMAIOT aJKUJI3aMellleHHbIe 0eH30J1a, KOTOPHIM
MIPUNNCHIBAETCA TOJIOMKUTEJIbHBINT Me30MepPHBIN a(hdeKT, yMeHbIIaio-
IMIUHCS B PALY 3aMeCTUTeJIe:
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_CH3 > _CHchg > I/ISO'CH(CHg)Z > TpeT-C(CH3)3 (3)

¥ TOJIOKUTEJbHBINA MHAYKTUBHLIN 5(QPEKT, pacTyuiuii B 00paTHOM IIO-
pAIKe.

AddheKT Me3oMepun AJKMILHLIX 3aMECTUTENe, OTKPBITLIN B IePBOH
TPETHU IPOIILIOTO CTOJIETHA, CBA3aH ¢ 3(p(heKToM, MOTYUNBIITNM Ha3BaHUE
«3(pdexTom Harana—DBeilikepa». IpdeKT 3axaoUYaeTca B TOM, UTO IIPU
MOHOMOJIEKYJIAPHOM THUIAPOJIN3E N-aJIKUIOCH3TUIPUIXJIOPUIA XJIOP OT-
IeJIAeTCs OT MOJIEKYJIBI B BUe aHMOoHA. [loaToMy rumpoaus JoJKeH Ipo-
TeKaTh JIerue B TOM cJiydae, KOTJa B MOJIEKYJIe UMEIOTCS I'PYIITHI, ITOBBI-
IIAIOIIYE BJIEKTPOHHYIO IIJIOTHOCTD B PEAKITMOHHOM IIeHTPE.

IIo cBoeMy WHAYKTMBHOMY HOeHCTBUIO mpem-OyTUJIbHAS TPYIIa
IoJxHa ObLIa Obl CIOCOOCTBOBATEL TMAPOJH3Y B OOJBINIEH CTeIIeHN, UeM
MeTHJIbHAaA. B melCTBUTEIBLHOCTH MMEET MeCTO 00paTHOe — OTHOCH-
TeJbHAA CKOPOCTH TMAPOJIN3Aa METUIOSHSTUIPUIXJIOPHUIa HAanOO bIA
u nagaet B pany (3). Teoperuueckoe o0bsicHeHME 5TOTO 3 deKTa OBII0
rano Mamnnnkenom Ha ocHOBe MeTona MO. Cornacao Mannukeny [18, c.
83], ahdeKT cBOAUTCS K CONMPIAKEHUIO, AaHAJIOTUUYHOMY TT—T-B3aUMOIeTi-
CTBUAM. IJTO comps:keHrne MaJInKeH HasBaJl «TUIEPKOHBIOTAIIMEH».
OgHAaKO KOHIENIUA TUIIEPKOHBIOTAIINY BOCOIPUHIMAETCA B HACTOSIIEE
BpeMsI He BCEeMH HCCJIEIOBATEJISIMHU, IMIOCKOJIbKY BJIMSHUE ATKUILHBIX
3aMecTuTeJell Ha (PUBUKO-XMMHUUYECKNE CBOMCTBA apOMaTUYECKHUX CO-
eIVHEeHUU MOJKeT OBITh O00'BbACHEHO COBMECTHBIM IEMCTBHEM CTepuye-
CKUX U IIOJAPU3aInoHHBIX ddhderToB [21].

Tem He MeHee, MBI MCIIOJIL30BAN B HACTOMAIIel padoTe sHaueHus M.s.
AJIKUJIbHBIX 3aMECTUTEJell, OMpeaenB UX II0 rpapuKam s rajoreH-

6en3008B — (M.s.—I) u (M.s.— PC60 ), UMEIOIITUM IIPAMO ITPOHOPIIMOHAI -

HBIA XapakTep, OyTeM IrpadMUyuecKoro pellneHus, IIOACTABIAA 3HAUeHU
MIOTEeHITNAJIOB MOHM3amuu U pacTBopuMocTu Cgy I aTKMI0eH30JI0B.
ITonyueHsl, IPaKTUUYECKN OQUHAKOBEIE, II0 ABa 3HAaUeHUuA M.s. IJId KaK-
IOTO aJKMJIOEH30JI1a, YCPeAHEHHLIEe 3HAUeHUA KOTOPLIX IIPUBENCHBLI B
Taba. 1 u Ha rpaduke puc. 7. CoeJaaHo 5TO Ha TOM OCHOBAHUM, UTO HA

rpaduke (PC60 —I), UMeIIeM TaK:Ke IIPAMO IIPOMOPIIMOHAJIBHBIN Xa-

PaKTep, BCe TOUKU [AJIA raJIOreHOEH30JI0B 1 AJKUJIOEH30JI0B JIeXKaT, Ha
OIHOU IIPSAMOIi; CM. puc. 8. 9TO IMO3BOJISAET IPEAII0IaraTh, YTO ¥ Ha I'pa-

dpurax (M.o.—J) u (M.s.— F, ) TOUKH [ rajloreHGEH30I0B U aTKIIOeH-

30JI0B JOJIXKHBI JIEJKATh Ha OMHOI IIPSIMOI.

I MpOBEePKHU IIPEANOJIOMKEeHNA MblI HCIIOJb30BAIN OTHOCUTEIBHYIO
CKOPOCTh peaxIimy TUAPOJM3a n-adkuiabeumsrumpuaxjopuna K .. Kax
BUIHO U3 puc. 9, Mexkay paccuutanubiMu M.s. u K, HabJII01aeTCA Ips-
MO IIPOIIOPIIMOHAJBLHOE COOTHOIIIEHNE, UTO CBUIETEJIbCTBYET B IIOJIb3Y
OPaBUIBLHOCTU IPEIIIOJ0KEHNA, M 00a IIapaMeTpa MOT'YT MCIIOJIb30BaTh-
cdA IPU COIOCTABUTEIBHBIX MCCIEIOBAHUSIX B KaUeCTBE HJOHOPHON CHJILI
AIKMNJIOEH30JI0B.
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; T T
2,0 4.0 6,0 PC“, Mr Mt

Puc. 7. 3aBucuMOCTh MeKIy Me30MepHBIMU a(deKTaMu TajJlOTeHHBIX U aj-
KWJIBHBIX 3aMeCTUTeel 1 PacTBOPUMOCTHIO Cqy B 3TUX COEIUHEHUAX.

-1
Pc,,! M MJI

T T
8,7 8,9 9,1 93 I, 3B

Puc. 8. Koppenamusa Mexay pacTBOPpUMOCTEIO (hyaepeHa Cq, B raJoreH6€H30-
JIaxX ¥ aJKUJI0eH30/1aX U MOTeHI[MAJIaMi NOHUB3AI[UY 9TUX COeUHEeHUIA.

M.s., D
3,7 1 —CH3
] _CaHs
-C,H, _CaH7
3,54
I 1 ] | 1 T
12,0 16,0 20,0 24,0 28,0 320 K

OTH,

Puc. 9. Koppensamnusa Me:xay Me3oMepHBIMU 3QPeKTaMu aJKUIbHBIX 3aMeCTH-
TeJel U OTHOCUTEJHHBIMHU CKOPOCTAMHU PeaKIu! TUAPOJIN3a N-aJTKUJI0eH3-
ruapuaxgopuna K.
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Ha pucynxe 10 mpuBemeHO COOTHOIIIEHNE KOHIIEHTPAIIUN M30MEPOB
(C,—C,.), 13 KOTOPOTro BUAHO, UTO BCE TOUKMU JIeXKAT Ha ONHON IIPIMOIL,
MEXKAY KOHIEHTpAIMAMU HabJogaeTcsa o0paTHO MPOIOPIIMOHAJILHAS
3aBHUCUMOCTG, a oTHoIeHue AC,_/AC,_=-1.

Ha pucynkax 11-14 moxasaHbl OpAMO IPOIOPIIMOHAJIbHEIE COOTHO-

60,0+

40,0+

20,04

c

napa-?

%

Puc. 10. 3aBucumocts Mexkny KoHneHTpanmuamu C, u C,_ HAUTPOU30OMEDOB
ATKUI0EH30JI0B.

Pc“, Mr.MI!
3.0+
2,0+
1,01
—C(CH,),
SIE 9|0

Puc. 11. Koppenanua me:xay pacTBopuMocTbio dyiiaepeHa Cg, B aaKuiadOeH-
30JIaX W CYMMOUM KOHIIEHTpaIuii Xo0-, M- aJIKUI0eH30JI0B.

M., D

¥o-, 1, %

T ] )
92,0 94,0 96,0

3,50

Puc. 12. Koppenamnus Me:xay pacCUNTaHHBIMY 3HAUCHUAMN Me30MePHBIX d(dex-
TOB aJIKIJIbHBIX 3aMECTUTEJIeI 1 CYMMOIi KOHIIEHTPAIINHA X0-, II- AJIKAJI0eH30JI0B.
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Km'ﬂy
s—CH,
28,0
24,04
20,0
16,0
12,0+
Zo-, o-, %
T T T 1
92,0 04.0 96.0

Puc. 13. Koppensamnua MeXIy OTHOCUTEIbHLIMU CKOPOCTAMU PEaKIIUU TUIPO-
Jausa n-ajakunabeHsrunpuaxsgopuna K, u cymMMoil KOHIEHTpamu Xo-, I- aji-

Kuj0eH30JI0B.
I, sB
897 -CH,
8,84
-C H
8,7

Zo-, o, %

T T T
92.0 94,0 96,0

-CH,

Puc. 14. Koppendanusa MexXAy IOTEHIMAIAMY HNOHM3AIUNA AJKNJIOEH30JI0B U
CYyMMOU KOHIIEHTpaluil Xo-, II- aJKNJI0eH30JI0B.

IIeHU (PCGO —>o0-, n-; puc. 11), (M.s.—>0-, ui-; puc. 12), (K .z~ 0-, I-;

puc. 13) u (I-) 0-, 11-; puc. 14), Ha KOTOPBIX BUAHO, UTO, BCE TOUKU Ha
KasKJ0M PHUCYHKE 00pasyioT HpsAMbIe JNHUN.

IIpaMas mPoOPIIMOHATIBHOCTE OTHOIIIEHUA (I—) 0-, I1-) Ha puc. 14 yKa-
3BIBAET, UTO U AJIA peakiuii A3 aJaKuI0eH30JI0B IPUCYTCTBYET 3(pdeKT
PI, rak Kak 3HaueHUs » 0-, I- B PACTBOPaX aJKMUJIOEH30JI0B MOT'YT UTPATh
POJIb TOHOPOB T-3JIEKTPOHOB, IIOCKOJBKY MexXaAy M.s. aJIKUIbHBIX 3aMe-
cTHUTENeH U CyMMO# Y 0-, TI- CYIIECTBYET IMPAMO IIPOIIOPIIMOHANbHAA 3a-
BHCHMOCTL; CM. puc. 12.

Ha pucynkax 11-14 Touku, oTHOcAIMECSa K mpem-0yTaHOEH30Y,
BBIIAJAIOT U3 JIMHEHHBIX 3aBUcUMOCTe. OMHAKO SKCTPAIIOISAINA TOUEK
st mpem-6yTanbOeH30JIa HA KaKAy0 nIpAMYy0 puc. 11-14 maer mpax-
TUYECKU OMMHAKOBBIE 3BHAUEHUA Y O-, II- AJIA TpeT-0yTaHOeH30/a Ha BCeX
pucyHkax — 91,4%, 91,5%, 91,7%, 91,4% cooTBeTcTBEHHO. ITO
o3HauaeT, YTO 3HAUeHWe »o-, II- IJIA mpem-0yTambeHsosia, paBHOE
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88,5% [22], aBisgeTcsa HeBEPHBIM: B JeHMCTBUTEIbLHOCTH OHO PABHSETCS
91,5%. Ha pucyHkax mcIpaBJieHHbLIEe M pacCUMTaHHbIe 3HAUEHUA 000-
3HAYEHEI 3BHAYKOM ©.

2.4. 3aMellieHHbIe 0€H30JIa C ATOMAMH XJIOPAa B METHJIbHOM
3aMeCcTHuTee

«3aMeCTUTEeIH 9TUX COeTNHEHU OTHOCAT K 3aMECTUTEJISIM C HEBLIPaKeH-

HBIM 2(pPEeKTOM OPHUEHTAIIUN, B IIPOAYKTE UX 3JIeKTPOPUIBLHOTO 3aMelrie-

HUA MOJyYaeTcsi CMeCh HUTPOU30MepoB» [22] u ojid HUX, IpaKTUUEeCKH,

OTCYTCTBYIOT NaHHBIe HMO pacTBopuMocTu (ysaepeHa Cg. OmHaxKo, Kakx

BUIHO 13 TaOJIMUIILI, OHM TAaPMOHHNYHO BIIMCAJNCH B OOIIYIO 3aKOHOMEP-

HOCTb II0 pacIIpeieIeHUI0 HUTPOM30MEPOB MOHO3aMEITeHHBIX 0eH30J1a.
Heob6xoamMo oTMeTUTDH, UTO PAJ COeIUHEHU

CeH;CH,Cl, C,H,CHCl,, C;H,CCl, (4)

He ABJIAETCA IMPOCTLIM PALOM I'OMOJIOTOB, T.K. B 3TOM DALY U3MEHAIOTCS B
3aMeCTUTeJIe JBa IIapaMeTpa — KOJHUYECTBO BOJOPOMHBLIX U XJIOPHBIX
ATOMOB, KaXXJbIH 13 KOTOPBLIX MOJKET BJIUATH Ha JOHOPHBIE CBOMCTBA 3a-
MECTHUTEJIA W Ha M-3JeKTPOHHYIO CHCTEMY apoOMaTHUeCKOro mukJja. Ilo-
BUVMOMY, IIOSTOMY OTJIMYAETCS XapaKTep COOTHOIIEHUS, IPeACTABJIEH-
HOrO Ha puc. 15, OT COOTHOINIEHU JJIs IaJoreH0eH30JI0B U aJIKNJI0eH30-
JIOB, IpeacTaBiaeHHBIX Ha puc. 1 m 10. CoorHomernune (C,_—C, ) Ha puc. 15
HAXOJAUTCA B IIPAMO IIPOIOPIIMOHAJIBHON 3aBUCHMOCTH, TOrJa KaK Ha
puc. 1 1 10 — B 0OpaTHO HPOIOPIIMOHATLHOM 3aBucuMOCT. OTHOIIIEHIE
AC, /AC, =1 Ha puc. 15, B oranuue ot rpaduroB Ha puc. 1 u 10, Ha Ko-
TOPBLIX AHAJOIMYHbIE OTHOIIICHUA PABHAIOTCT = —1.

OCHOBHOM BOIIPOC 3aKJIIUYAETCSI B TOM, UTO ABJISAETCS PEATeHTOM 3THUX

c _,%

opTe-

Puc. 15. 3aBucuMoCTs KOHIIEHTPAIIUU N1APA-HATPOU3OMEPOB OT KOHIIEHTDA-
WY OpmO-HUTPOU30MEPOB IIPOMB3BOAHBIX OEH30Ja C aTOMaM{ TajJIOTEHOB B
METUJILHOM 3aMEeCTUTEJIE.
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COeTVHEHUH B peakIiuu pacTBopenusd Gpyiiaepera Cgy?

BoaMo:kHBI [Ba BapuaHTa: HEMOJAeJeHHas Iapa p-3JeKTPOHOB IaJio-
reHOB B OOKOBOM IIelM WJIM T-3JI€KTPOHHAS CHCTEMa apoMaTHYEeCKOIro
anpa.

OcHOBaHMEM [JIs1 IIEPBOTrO IPEAIIOJ0MKEHNA CAYKAT ABA 00CTOSATEIIb-
cTBa. Bo-mepBLIX, B OTJIMYME OT TajIoreHOeH30JI0B U aJKNJIOEH30JI0B,
MeXKJY 3JIEKTPOOTPUIIATEIbHOCTAMY TUX COelfWHEHUH (), W CyMMOH
KOHIIEHTPAaIui 0pmo- U napa-=EuTpousomepos (.~ 0-, II-) HabsogaeT-
cs 00paTHO IIPOIOPIMOHAJILHOE COOTHOIIEHNE, T.€. B COOTBETCTBUU C
SJIEKTPOHHOM Teopmell XMMHUECKUX CBsseir puc. 16. Bo-BTopnix, pe-
3yJIbTATHI IPOBEJEHHOI0 HAMM MCCJICIOBAHNA 3aKOHOMEPHOCTH PACTBO-
peuus Cy, B anudaTuueCKUX yrIeBOLOPOLAX, COAEPIKAIINX aTOM rajio-
reHa, HaAXOJAINETrocs B COeJUHEHHH € aTOMOM yIJepoja B Sp°-
rubpuauzanuu [16, c. 614-615], coraacHo KOTOPLIM, PACTBOPUMOCTD
Ceo PACTET B pALY

X 3B

2,9+ -CCl,
—CHCI,
2.3 -CH,Cl
2,7
o, 1, %
T T T 1
40,0 60,0 80,0 100,0

Puc. 16. Koppensanus MeXIy B5JeKTPOOTPUIATEIbHOCTHIO Y, IPOU3BOLHBIX
0eH30JIa C ATOMaMU TaJIOT€HOB B METHUJIBHOM 3aMECTHUTEJIe ¢ CYMMOI KOHIICH-
Tpanui Xo-, m-.

Cos %

i ?

60

40—

20

T | T T |
20 40 60 80 100 Zo-, mm-, %

Puc. 17. Koppeadanus KOHIEHTPAIIUN O-HUTPOU30MEPOB U II-HUTPOU3OMEPOB
C CYMMOIi UX KOHIIEHTpaIuii Xo-, m-.
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—Cl<—-Br<-I- )

00paTHO MTPOHOPIINOHANBLHO JJIEKTPOOTPUIIATETbHOCTH ATOMOB raJiore-
Ha, T.e. TAKyKe B COOTBETCTBUU C KJIACCUUYECKOU 3JIEKTPOHHON Teopuei
XUMUYECKUX CBA3EH.

C Ipyroi CTOPOHBI, 3TH COeTUHEHUA MOXKXHO OTHECTU K T-3JIeKTPOHO-
ITOHOPAaM, ITIOCKOJbKY KOHIIEHTPAIIUN OPMO- U NApa-HUTPOU30MEpPOB pac-
TYT IPAMO IIPOIOPIIMOHAIBLHO CYMME Y O-, II-, ¥ TapaJIJIeJIbHO APYT K JPY-
ry (cMm. puc. 17). ITosaTomy, 4TOOBI MMETh IPAaBUJILHOE IIPEACTABIIEHIE O
MexanusMe pacTBopeHus Cgz, HEOOXOIMMO paccMaTPUBATL PAALI OeH-
3UJITAJIOTeHUI0B, 0€H3AIbraJIOTEeHUI0B 1 € H30TPUTAJIOTEeHUIOB.

Kaxk BugHO 13 mpuBegeHHOTO HEGOJILIITON0 MaTepruaja, BOIPoC 0 MeXa-
HuU3Me pacTBopeHUs Gyinepera Cg, B 3aMeIlleHHLIX 0eH30Ja ¢ aTOMaMU
XJIOpa B OOKOBBIX METUJIBHBLIX 3aMECTUTEJISIX TOBOJBHO CIOMKHBIN, BHIXO-
IUT 32 PaMKU HaCTOAIIel paboThl U ABJIAETCSI TEMOI OTIeJIbHOTO MUCCJIe-
ITOBaHUA.

M2, D
o2l —CHO
_0ad -C=N
-0,64
_og] -NoO,

1 I T
80 12 16 20 24 28%0-, -, %

Puc. 18. Ilpsamo mpomopIiiMoHAJIbHAs 3aBUCHUMOCTH IIOJIOKUTEJIBHBIX ME30-
MepHBIX 3G(EKTOB 3SJIEeKTPOHOAKIEIITOPHBIX 3aMecCTUTeJeil ¢ CyMMON wux
KOHIIEHTPALUI 0pmo- U napa-"HuTPOU30MepPOB.

M.a., D
02 —CHO
-0,4
~0,6—
-0,8

1 I |
9.6 9.8 10 1I,sB

Puc. 19. O6paTHO TpOTOPIIMOHANbHAS KOPPEJAINNA IMOJOKUTEIbHBIX ME30-
MepHBIX 3(h@dEKTOB 3JIEKTPOHOAKIEITOPHBIX 3aMECTUTEJIeH ¢ MOTeHIIUaJIaMu
WOHU3ALUYU 9TUX COEeINHEHUH.
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2.5. CoenuHeHNsT apOMaTHYIECKUX YIJI€BOOPOJAOB ¢ AKIENTOPHBIMU
3aMeCTHTeIIMHU

CoenuHeHUSA C aKIENTOPHLIMH 3aMECTUTENAMHN MOKHO pasgesUTh Ha
IBe rpynnbl. B mepBy BXOAAT OBa POACTBEHHBIX COENUHEHHUS Me-
TunbensoaT u dTuadersoatr Ne 13 u Ne 14 (tabJ.), BO BTOPYIO — TPH CO-
enquHenus Ne 15—17, xoTopble II0 M3MEHEHNIO KOHIEHTPAIWiI HUTPO-
M30MEPOB U II0 MOHOTOHHOMY YMEHbLIIIeHUIO0 3HaueHuit — M.s. (cHuU3y
BBepX 110 TabJ.), MOKHO 00 BLeIUHUTEL B TOMOJIOTUYECKYIO TPYIIIY.

Metunbensoatr u 5TUIOEH30aT COAEPIKAT OKCU-METUILHYIO U OKCU-
STUJIBHYIO TPYIIIILI, COOTBETCTBEHHO, SABJSIOININECA TOBOJbHO CUJIbHBI-
MU AOHOPAMHU T-3JIEKTPOHOB. MeKaAy HUMHU W YIJIEPOSHBIMU aTOMaMU
0eH30JIbHOT'O KOJIbIIA CTOAT adbleruanblie rpynnsl —CO—, KOoTOphIEe, SIB-
JACh aKIIeNITOPHLIMU, IIPEBPAIIaioT 00a 3aMECTUTENA B aKIIeIITOPHEIE.
Tem He MeHee, TaK)Ke KaK y TOJIYyoJa W dTUJIOEH30JIa, OTHOCAIIUXCA K
ITOHOPHBLIM rpynmnam (coegumHenusd 5 u 6, TabJi.), HAOJIIOZAETCSI POCT Op-
Mo-HUTPOU30MEPOB OT ATUJILHOM K METUJBbHOU I'PYIIIe M, B TAKOM JKe
mopAIKe, YMeHbIIIeHNEe napa-uurpousomMepoB. Takum o6pasoM, JasKe B
9TUX COeIUHEHUIX, BOIIPEKHU 3JIEKTPOHOAKIIEIITOPHOMY XapaKTepy 3a-
MecTHuTejeli, IpeBaJIupyeT AeHCTBHE II0JIOMKUTEIHLHOT0 Me30MEPHOTO
a(dPeKTa 0OKCuU-aIKUJIBHBIX I'PYIIN, IPUBOIAIIEE K YMEHBIIIEHNIO OTPU-
IaTeJLHOTO 3apsl Ha 3aMeCcTHUTeJe, YTO BbI3LIBAET YMEHbLIIIeHUEe KOH-
IeHTPaIuy Mema-HUTPON30MePOB.

Yro KacaeTcA BTOPOU I'PYIIILI, TO OT HUTPOOEH30Ja 10 OeH3aIbAeTruaa
(rabn.) coemmuenua Ne 18—Ne 16 coOTBETCTBEHHO HAUMHAIOT YMEHD-
IIaThCS 3HAUEHUS OTPHUIIATEeIbHBIX Me30MEePHBIX 3(h(eKTOB, WM, UTO
SABJIAETCA aJeKBATHBIM, POCTY HOJIOMKUTEJIbHBIX Me30MepHBIX a(hdex-
TOB. ITO BBI3BIBAET POCT KOHIEHTpAIlNil, B IePBYIO ouepenb, Opmo- u
3aTeM napa-"HuTPOU30MEPOB, KaK yV MOHO3aMeIeHHbIX 0eH30Ja ¢ aTo-
MOM TaJioTeHa B MeTUJbHOU rpyimie. HaunHnaerca yMeHbIIIEHUE Mema-
HUTPOU30MEPOB. Y CTAHOBJIEHO, UTO POCT MOJIOKUTEIbHBIX ME30MEDHBIX
3((deKTOB IPAMO ITPOIOPIIMOHATEH CyMMe KOHIIEHTpaIuii opmo- u na-

9,6 0.8 10 I,3B

Puc. 20. O6paTHO TPOIOPIIMOHANbHAS KOPPEJIAINUA CYMMbBI KOHIIEHTPAIWMI
opmo- U napa-"HUTPOU30MEPOB MPOU3BOAHBIX 0€H30/Ia, UMEIOINX aKI[eITOp-
HbIE€ 3aMECTUTEJIH, C IIOTeHIINaJIaMy NOHU3AIUN ITUX 3aMeCTHUTeJIeH.
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pa-autpousomepoB (cMm. puc. 20), aHAJTOTUYHO TAKOMY K€ COOTHOIIIe-
HUIO IJIs MOHO3aMeIleHHBIX 0eH30J1a C 3JIEKTPOHOIOHOPHBIMHY 3aMECTH-
renamu (puc. 4 u puc. 14). PocT moTeHIInaI0oB NOHU3AINN COeTNHEHU
00paTHO MPOMOPIINOHAJIEH HTOJIOKUTEIbHBEIM Me30MePHLIM a(ddexTam u
cymme Y o-, . Takum oOpasom [Ijisi MOHOBaMEIIEHHBIX ITPOM3BOHBIX
0eH30JIa ¢ BJIEKTPOHOAKIIENTOPHBIMU 3aMECTUTEIAMU OTCYTCTBYeET a(-
dexT «moreunmana Pl». PactBopumocTs Cg B 9TUX COEOIUHEHUAX, IIO-
BUAUMOMY, Ipoucxonut 3a cuer HOII p-sieKTpoHOB aTOMOB asoTa u
KHcJI0poa.

3. BBIBOAbI

1. OTKpPEIT «3(dheKT YyIOPATOUEeHUI Mema-HUTPON30MEPOB» — MPOAYK-
Ta PeaKInu 3JIeKTPOPUIBLHOTO apoOMaTUYeCKOr0 MOHOHUTPOBAHUS MO-
HO3aMeIlleHHbIX 0eH30J1a, II03BOJUBIINHA YCTAHOBUTL HOPALOK M3MEHe-
HUSA COCTABa HUTPOU30MEPOB B IPOAYKTE PEAKIINIl 3JIeKTPOPUILHOTO
3aMeIleHnsI MOHO3aMeIlleHHBIX OeH30JI1a.

2. OCHOBHBIM OPTAaHUBYIOIIUM IIapaMeTPOM MOHO3aMeIlleHHBIX OeH3oJa
SABJIAETCA Me30MepHBIHN adhdeKT 3amecTuTesneii. HaunHas ¢ HUTpoO6eH30-
Ja OTpUIlaTeJbHBIN Me30MePHBIU 3((eKT HauMHAET YMEHBIIIAaThCA W,
IIepexonsda 4yepe3 HOJIb, HAUMHAET YBEeJIMYNBATHCA TIIOJIOKUTEJILHBINA Me-
30MepPHEIA 9(hPeKT.

3. OmgHOBPEMEHHO C MHOJIOMKUTEJIbHBIM Me30MePHBIM 3(h(EeKTOM BO3HU-
KaeT JMeficTBUE 9HEPTETUYECKOT0 MOJIA TMOJOKUTEJIHLHOTO 3apaia 3ame-
CTUTEJISI, YMEHBIIAOIIEr0 IOABUKHOCTD M-9JI€KTPOHHOM CHUCTEMEL apo-
MAaTHU4YECKOI'O dapa, IIOBBIIIAIOIEI'O0 BEJIMYMHBI IIOTEHIIMAJIOB MOHM3a-
UM U BIUAION[Ee HA COOTHOIIEHNE HUTPOM30MEDPOB B IIPOAYKTE peak-
muu JA3.

4. Vlcmob3ysi MeTO/] COTIOCTABJIEHNA, O0HAPYKeHa KODPPEIAINNI MEeXIY
(PUBUKO-XMMUUYECKUMHU IIapaMeTpaMu peakiiuu pacTBoperus Cq, 1 peak-
YU 3JIeKTPOPUILHOTO apoMaTUUYecKoro samerrieHus. Hawmbosee cyie-
CTBEHHBIM, IIO HaIlleMy MHEHHWIO, ABJAETCA TO, YTO OTHOIIEHUA —
AC, /AC,_ B xKoppenanuax (C, —C, ) paBHbI 11 1jIg rOMOJIOTHYECKUX PA-
OB MOHO3aMEIIeHHBIX 0eH30Jia: TrajioreH6eH30JI0B, aJKMUI0eH30JI0B U
0eH30JI0B C TaJIOTEHOM B O0KOBOM METHUJILHOM 3amectuTese. I[Jia MoHo3a-
MeIeHHBIX OEH30JI0B C AKIEIITOPHLIMU 3aMECTUTE/IAMU 9TO OTHOIIIEHNE
MEHbIIIe eJUHUIILI, M OHO Pa3HOe JJIA KayKI0T0 FOMOJIOTHUYECKOr0 PALA.

5. CyIecTByeT IIPeAIIoJoKeHne, UTO Ha IIEPBOI CTaAUU PeaKIInuil JIeK-
TPOPUIBHOIO apPOMATHUYECKOr0 3aMEIeHUsI Pearupyoium (GakTopoM
ABJIAETCA [JeJIOKaJIn30BaHHaA T-3JIEKTPOHHAA CHCTeMa 0EeH30JILHOI'O
IUKJIA, KOTOPAasd IMOATBEPIKIAETCSA IPAMO MPOMOPIIMOHAILHON 3aBUCH-
MOCTBIO COOTHOIIeHUsA F, —)0-, I- s MOHO3aMeILleHHBIX OeH3osa ¢

SJIEKTPOHOJOHOPHBIMU 3aMECTUTEJSAMU. ITO, B CBOIO OUepedb, YKa3bl-
BaeT Ha CYIIIECTBOBAHME CBA3UW MEXKAY PEAKIIUIMHU 3JIEKTPOGUILHOTO
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MOHOHUTPOBAHUA MOHO3aMEIIeHHBIX 0eH30Ja U PACTBOPEHUA MOJEKY.JI
Cso B 9THUX COeIUHEHUIX,, IIPEAIIoJaras ee MeXMOJIeKYIAPHBIN JOHOPHO-
aKIIeNITOPHLIN XapaKTep U, B TO JKe BpeM#, ABJIAeTCA IIOATBePKIeHueM
ITOHOPHO-aKIeIITOPHOTO MeXaH3Ma pacTBopeHus pyanepena Cg,.

6. YcTaHOBJIEHO, YTO pPearupyroniuM (QakTopoM B METHJI3aMeIleHHBIX
0eH30J1aX C aTOMaMU TaJIOT€HOB B METUJIBHOM 3aMECTUTeJe SBJSEeTCS
Helofe/ieHHAas 3JIEKTPOHHAS Iapa p-3JIeKTPOHOB rajioreHa.

7. OTcyTCTBUE KOPPEJAIUN MEKIY PACTBOPUMOCTHIO MOJIeKYJI Cg (F,,)

U CYMMOM Opmo- U napa-"HutTpousoMepoB (D 0-, I-) B MOHO3aMEIIeHHBIX
0eH30JIa C aKIENITOPHBIMHU 3aMecTuTeasaMu (coeguHenua 15, 16 m 17;
Taby. 1) MOKHO O0BACHUTDL TEM, UTO aKIEITOPHLIE 3aMECTUTEN ITacCH-
BUPYIOT T-3JIEKTPOHHYIO CHUCTEMY apoMaTuuecKux saaep. Habmiomaemas
HeOOoJIbIIIAaA PacTBOPUMOCTb MOJIEKYJd Cgy MOMKET IIPOMCXOAUTH 34 CUET
HEeTIO/IeJIEHHBIX P-3JIEKTPOHHBIX ITap aTOMOB KMCJIOPOa 1 a30Ta.

8. CyimecTBOBaHUE NMPAMOI MPOIOPINOHAIBLHON 3aBUCHUMOCTH MEMKIY
CYMMOI 0pmo- U napa-HUTPOU30MEPOB UM MHOTEHIIHAJaMU HNOHU3AIIUU
(3.0-, n-—I) cBUAETEJBCTBYET O HPUCYTCTBUU <«3(hdeKTa mOTEeHIMAIA
MOHU3AIUKU» B PEaKIUaAX dJIeKTPOPUILHOTO apOMaTHUYECKOTO MOHO-
HUTPOBAHUS raJIOTeHOeH30JI0B 1 AJIKUJI0€H30JI0B.

9. Mexay IMOJOKUTEIbHBIMI ME30MEePHBIMU d(MeKTaMu 3aMeCTUTeIeH
(+M.s.) u cymMMoi1 opmo- u napa-auTponsomepos (> o-, m-) HaOMIOTaETCA
MPSMO IIPOIOPIIMOHATIbHAS 3aBUCHUMOCTD [IJIs T'OMOJIOTMYECKUX PAIOB
MOHO3aMeIlleHHbIX 6eH301a; cM. puc. 4, 14 u 20 (ua puc. 20 ymeHbIIIeHTE
—M.s. agexkBaTHO pocTy +M.s.). 9T0, cOBMeCTHO ¢ 3(h(heKTOM yHOpAI0Ue-
HUSA Mema-HATPOU30MEPOB, 03HAYAET, UTO JOMUHUPYIOIINM (PAaKTOPOM B
peaKIuAX 3JIEeKTPOPUIBHOT0 apOMATUYECKOTO 3aMeIeHUA IBIAETC IM0-
JOXKUTELHBIN MEe30MEePHBIHN a((eKT 3aMecTUTe e,

4. SAKJTIOYEHHUE

B macrosimeit paboTe A8 COMOCTABICHUA MbI NCIIOJIb30BaJIN TOJIBKO JIH-
TepaTypHLIe SKCIIePUMEHTAIbHbBIE IMapaMeTphbl. ComocTaBUTEIbLHOE HC-
caemoBaHue pactBopumocTu dyinaepeHa Cgy ¢ KBAHTOBO-XMMHUUYECKUMUI
mapaMeTpaMu, ¢ JaHHBIMU 0 ¥ ®—Bua- u IMP-creKTpoCcKOINN BBIXO-
OUT 33 PAMKY HACTOSIIET0 UCCIEIOBAHUA 1 ABIAIOTCA TEMOI OTAeIbHO-
ro ucciaegoBanusi. OgHAKO HEOOXOAWMMO OTMETUTL, YTO IIPUCYTCTBUE
«9(derTa moTeHIIMAIA NOHU3AINN» B IIPOU3BOAHBIX OE€H30Ja C DJIEK-
TPOHOLOHOPHBIMHU 3aMECTUTEJISIMHU AeJIAeT HEeBO3MOMKHLIM IPUMEHEHNe
pacueTHBIX 3HAUEHUH pacapeleeHus IIJIOTHOCTH 3apPsSO0B, IMOJYUYeH-
HBIX MeTomoM MO, IIOCKOJBKY IPU pacueTax, B KauecTBe dHEePruu Mo-
JIeKYJIAPHBIX opOuTaieil, MCIOJb3YVIOTCA 3HAUCHNA IIOTEHIINAIOB MOHH!-
3aIuy MOJIEKYJI, a CAMH IIOTEHIINAJIbI MOHMU3AINN HCIIOJIb3YIOTCA B Ka-
yecTBe Mephl JOHOPHOM aKTUBHOCTY MOHO3AMEII[eHHbIX 0eH30JI1a C 9JIeK-
TPOHOLOHOPHBIMI 3aMECTUTEIAMM, UTO B JAHHON CUTyAI[UU SABJIAETCS
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